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Two months ago, we had a process redesign.
Last month? The I/O schedule changed...again.
Today, skids showed up and didn’t match spec.
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Editor’'s Page

A New Online Face for GE

s the calendar flips to May, spring is finally beginning to push a tough

winter out of the way in the Northeastern part of the U.S. With the

change of season, many companies in the chemical process industries
(CPI) are renewing a push to invest in longterm growth. A recent report
from the American Chemistry Council (ACC; Washington, D.C.; www.
americanchemistry.com) suggests that ethane supplies from shale forma-
tions in North America could help boost investment and chemical manu-
facturing in the U.S. This is one of several good signs for the CPI.

CPI companies are not alone in investing to improve their products.
Here at Chemical Engineering, we continue to invest in our products as
well, the latest example being a comprehensive redesign of our Website
(www.che.com). You may have noticed the change already if you have vis-
ited the Website since its launch at the end of April.

Begun in Fall 2010, the ChE.com redesign was a process in which we
examined the experience from the perspective of our loyal readers. While it
was a painful process at times, it was ultimately rewarding, and I hope you
will appreciate the enhanced features and enjoy the new “look and feel.”

The main goal of the redesign was to create an improved user experience
for our readers. The first thing most visitors will notice on ChE.com is a
completely refreshed homepage. The clean new look is intended to draw
users’ eyes to everything that Chemical Engineering has to offer. We have
substantially increased our online offerings and have made it easier to
locate the type of information you have come to expect from the magazine,
including our quintessential, practical how-to articles.

Among the new items that you will find on the redesigned Website is an
area labeled “Only on ChE.com”. This section highlights our growing col-
lection of Web-exclusive feature articles and provides a convenient place
to retrieve online extras for articles that have been published recently in
the magazine. You will also find our new searchable and browseable New
Products section, which will be updated daily with the latest technologies
being launched for the CPI.

Another new offering is a “My che.com” area. From this section, regis-
tered users will be able to customize RSS feeds on the topics that interest
them the most and manage their accounts and the level of access they
have to our various products. Visitors with the most-basic registration, for
instance, can upgrade their accounts to the Gold level to gain access to our
archives and Facts at Your Fingertips. Meanwhile, visitors who upgrade to
the Platinum level will receive online access to the full Chemical Engineer-
ing Plant Cost Index (CEPCI) database.

The new Website also features access to our newly launched discussion
groups. Through our new presence on LinkedIn, we are launching a general
discussion forum and three topical subgroups: Process Automation, Water
Treatment and Reuse, and Solids Processing. We encourage you to join
these online communities through the links on our site and begin to inter-
act with us and other ChEs who have faced or are facing similar challenges
in their jobs. In the coming weeks, we will begin to offer experts on a variety
of topics to help moderate the lessons to be shared there.

Other tools to help you in your everyday work include
quick access to a searchable buyer’s guide. The bottom
of the page contains links to everything that Chemical
Engineering has to offer, including our expanding selec-
tion of eNewsletters. It also provides contact information
for our staff. I sincerely hope you like the investment
we have made in www.che.com. Please take a look. Your
feedback is welcome (morourke@che.com). |

Mike O'Rourke, Publisher
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Innovation for
sustainable solutions

Outotec develops, supplies and supports
technology for the sustainable use of Earth’s
natural resources. As a global leader in
the field, Outotec has developed several
breakthrough technologies in minerals
and metals processing over the decades.
Outotec also offers innovative solutions
for the chemical industry, industrial water
treatment and alternative energy sources.

QOutotec

www.outotec.com
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Missing a major CTC player?

February, Coal-to-Chemicals, pp. 16-20: I find it quite
interesting that no mention of one of the largest coal-to-
chemicals (CTC) practitioners is made in the article. The
company is of course South Africa’s Sasol. Any reason for
ignoring them? They are, after all, round about number 30
on the list of the world’s largest chemicals companies...
P. Julius Pretorius, senior research scientist
Saskatchewan Research Council, Saskatoon, Canada

Yes, Sasol is a major player in coal-to-chemicals technology,
as this magazine has pointed out on numerous occasions,
including: A primer on coal-to-liquids (January 2009, pp.

23-27); A new surge in coal gasification (February 2007, pp.

18-21); and Gas-to-liquids projects get the green light (May

2004, pp. 23-27). That said, the oversite was unintentional.

—Ed.

LEAN Chemical Manufacturing

There has been a great deal of new activity around so-
called lean thinking or the lean enterprise lately, even
though the practical application has been going on since
the early 1900s. It was started by Henry Ford, and fol-
lowed on by Edwards Deming and Taiichi Ohno. These
three were relentless foes against waste.

If the chemical process industries (CPI) were to implement
lean to the fullest extent, one vision might look like this:

Reaction kinetics would not go away, but there would
be a profound diminishing of all other unit operations.
Why? Because we would control our reactions at the mo-
lecular level, and by this I mean one molecule at a time,
just as the lean approach proposes that the most efficient
and fast work process is one-piece-flow. Instead of large
batches of chemical molecules going into large reactors in
chemical plants, usually far removed from their custom-
ers, we would react one molecule with another in micro-
chemical plants to produce exactly the new molecule that
each customer needs for its operation.

Why is this important? First, there would be little, if
any waste from these micro-operations. The unit operation
of waste management or minimization could literally go
away. Think of the thousands of overhead manhours we
spend associated with this activity that brings no value.

If you consider what our CPI plants consist of today,
over 90% of the physical plant is there for no other reason
than to separate the good stuff from the not-so-good stuff:
distillation, extraction, adsorption, leaching, decanting,
sublimation, gaseous diffusion, dialysis and so on.

Even storage would be minimized as we would move
our micro-plants onto the customers’ sites, just as we do
Oxygen (vacuum swing adsorption) VSA plants. Since the
separation unit operations would diminish, then all of the
associated piping, controls, power and other ancillary op-
erations would also be minimized.

Seems impossible, you say? So did putting man on the
moon and so many other far-reaching visions. Take the
first step: embrace this vision as a company initiative.

Ed Anderson
President, Lean Implementation Services of Florida
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Biotechnology Entrepreneurship:
From Science to Solutions. By Michael
Salgaller. Logos Press. 3909 Witmer
Rd., #416, Niagra Falls, NY 14305.
Web: logos-press.com.2010.216
pages. $64.95.

Reviewed by Kris Mani,
NSR Technologies Inc.,
Decatur, Illinois

any books have been aimed at would-be entre-
| \ / I preneurs interested in starting companies. All
address the myriad of complex issues that aspir-
ing entrepreneurs must address to transform a promising
idea into a full-fledged business. The contents of this book
provide a sobering overview of the biotechnology business
for any aspiring biotech entrepreneur

While all new businesses must address the same core
issues — finding investors, building a team, and so on —
there are notable differences among different business seg-
ments. Starting a science- or technology-based business, for
example, is considerably more complicated than starting
a restaurant, for example, if only because larger financial
resources are required and the timespan needed to reach
positive cash flow and profitability is longer.

Starting a biotechnology business is certainly among
the most challenging for an entrepreneur. Society’s need
for medications is large and continues to grow. The range
of products to meet those needs includes active pharma-
ceutical ingredients, targeted therapies, medical devices
and delivery vehicles. This demand creates significant op-
portunities for entrepreneurs with the right combination
of technical and managerial skills, as well as the vision to
start a biotechnology businesses. However, the regulatory
and product-filing requirements, in addition to competitive
factors, can vary significantly for a given targeted product,
making the biotechnology field particularly challenging.

With help from a number of industry insiders with
specialized knowledge in various business-development
areas, Salgaller has authored and assembled a compre-
hensive overview of the critical issues that entrepreneurs
face during both company startup and the transition to
an established entity. After an initial chapter that reviews
the common reasons for starting a biotechnology company
— including favorable societal impact, altruism and the
desire for wealth — the book provides details on company
formation, team-building, intellectual-property protection
and financing. These topics are of general applicability,
not only for starting a biotechnology business, but also to
business startups in other areas. Later chapters dealing
with exiting the business venture and effective network-
ing are also widely applicable.

The middle section of the book addresses issues specific
to the business of biotechnology. Any aspiring biotech-ori-
ented entrepreneur would be well advised to master them.
Specific topics addressed include: partnering with indus-
try; licensing and technology transfer from universities
and federal laboratories; regulatory affairs; and obtaining

technology in motion

Packaging

BEUMER stretch hood®

The powerful packaging
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Optimal safety for all palletised loading units.
Proven reliable in all weather conditions and
keeps its appearance at the same time. The
high-capacity packaging machine, BEUMER
stretch hood®, efficiently combines the latest
control technology, sophisticated function
modules and secure film handling. See
for yourself. You can find more information
about the BEUMER company and its
products on the Internet.

www.beumer.com
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— FDA-approved silicone elastomer
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— Choose from a range
of 20 different sizes
— Compliant with FDA and cGMP
guidelines
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info@mueller-gmbh.com - www.mueller-gmbh.com
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satisfactory reimbursement from health insurers for the
anticipated end-product. The material in these chapters is
described well and in great detail. The reader is left with a
clear understanding of the effort needed to meet the mar-
ket challenges for any medical product or device.

The long period for moving a product to market, high de-
velopment cost for new drugs, and clinical trial risks mean
that an entrepreneur must have not only excellent techni-
cal skills but also the ability to secure sustained funding by
demonstrating progress at each product-development stage.

Structure and Properties of Crosslinked Polymers.
By Gasan Magomedov, Georgii Koslov and Gennady Zai-

kov. iSmithers Rapra Publishing, Shawbury, Shrewsbury,
Shropshire, SY4 4NR U.K. Web: ismithers.net. 2011. 492

pages. $205.00.

Ashford’s Dictionary of Industrial
Chemicals. 3rd ed. By Robert D. Ash-
ford. Wavelength Publications, Kama-
kura, Botus Fleming, Cornwall, PL.12
6NJ U.K. Web: industrialchemistry.info.
2011. 10,449 pages. $300.00 (eBook).

Handbook of Flavors and Fra-
grances. Compiled by Michael and
Irene Ash. Synapse Information Re-
sources Inc., 1247 Taft Ave., Endicott,
NY 13760. Web: synapseinfo.com. 2011.
980 pages. $375.00.

Practical Guide to Smoke and
Combustion Products from Burn-
ing Polymers: Generation, Assess-
ment and Control. By Sergei Levchik,
Marcelo Hirschler and Edward Weil.
iSmithers Rapra Publishing, Shawbury,
Shrewsbury, Shropshire, SY4 4NR, UK.
Web: ismithers.net. 2011. 252 pages.
$130.00.

The Biodiesel Handbook, 2nd ed.,
Edited by Gerhard Knothe and Jon
Van Gerpen. AOCS Publishing, 2710 S.
Boulder Ave., Urbana, I11. 61802. Web:
aocs.org. 2010. 516 pages. $129.95

Metallurgy and Corrosion Control
in Oil and Gas Production. By Bob
Heidersbach. John Wiley & Sons Inc.,

111 River Street, Hoboken, NJ 07030.
Web: wiley.com. 296 pages. $110.00.

Uhlig’s Corrosion Handbook, 3rd
ed., Edited by R. Winston Revie. John
Wiley & Sons Inc., 111 River Street,
Hoboken, NJ 07030. Web: wiley.com.
1,288 pages, $195.00 m

Scott Jenkins
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Freeze-drying hased on fine-spray
produces uniform microspheres

freeze-drying system recently commer-

cialized by ULVAC, Inc. (Chigasaki,
Japan; www.ulvac.co.jp) produces spherical
particles by spraying a solution into a vac-
uum chamber. The approach has numer-
ous advantages over conventional freeze-
drying, and can be used for generating dry
powders in the pharmaceutical, food and
electronics industries.

The system works by spraying a solution
through a specialized nozzle into a vacuum
chamber (diagram) with pressures in the
range of 5-30 Pa. As the raw material enters
the chamber, it disperses to form droplets of
uniform size, since air resistance is virtually
zero inside the vacuum chamber. As water
evaporates from the droplets, latent heat is
removed, and the particles self-freeze into a
powder whose size can be controlled within
the range of 100—400 pm. The frozen parti-
cles settle onto a heated shelf, where the re-
maining water is removed and product col-
lected. The patented vacuum chamber and
heated collection apparatus is designed to

Cold trap

reduce drying times and collect
over 95% of the dry material.
Among the major advantages
of the fine-spray technology is
the direct production of a uni-
form powder, eliminating the

- Undiluted solution

Water particle

formation
/

process

1

Self-freezing
process
Vacuum

-l |

need to crush dried material
before final packaging. Con-
ventional freeze-drying gener-
ally requires crushing and clas-
sification steps, which have the
potential to introduce contami-
nation to sterile products, says
David Mount, ULVAC business
development manager. In ad-
dition, the particle size distribution is nar-
rower with the fine-spray approach, and the
resulting particles are porous, allowing ex-
cellent solubility when the product is recon-
stituted, adds ULVAC’s Ryoshin Imai.

The system is available in two sizes — a
laboratory size, with a capacity of up to 5 L
of process solution, and a production size (up
to 150 L).

CNT-enhanced memhranes

show promise for desalination method

y immobilizing carbon nanotubes (CNTs)

within polymer membrane pores, scien-
tists at the New Jersey Institute of Tech-
nology (NJIT; Newark, N.J.; www.njit.edu)
were able to significantly improve the ef-
ficiency of desalination via a membrane
distillation process. Somenath Mitra and
colleagues at NJIT used a vacuum to force
a dispersion of CNTs into the pore network
of commercially available polymer mem-
branes. The result is a uniform distribution
of 0.5-wt.% multiwalled CNTs in the mem-
brane. The scientists found that, compared
to the membrane alone, flux doubled and
salt reduction was five times higher with
the CNT-infused membrane. The result
could allow the use of membrane distilla-
tion for purifying brackish and seawater as
a lower-energy alternative to reverse osmo-
sis and other thermal and chemical desali-
nation methods.

Note: For more information, circle the 3-digit number
on p. 78, or use the website designation.

In testing the CNT-infused membranes
with solutions of salt water from 10 to
34,000 mg/L, the NJIT team observed “sig-
nificantly higher flux and salt reductions at
all feed flowrates” and mass transfer coef-
ficients that were two to six times higher in
the presence of CNTs.

In a recent paper, Mitra and the other
NJIT scientists proposed that the CNTs
alter the water-membrane interactions
such that a higher transport of pure vapor
can occur across the membrane. The CNTs
help the membrane maintain high hydro-
phobicity, which can prevent clogging, and
also may facilitate the transport of water
through the membrane by adsorption to
the CNT surface or by travel along the
CNT surface.

The NJIT team hopes to find a commer-
cial partner to help develop the technology
at larger scale.

)\ Drying

process

Medium pump

Heater

Source: ULVAC

Wastewater reuse

Aqua-Chem Inc. (Knoxville,
Tenn.; www.agua-chem.com)
has developed a filtration-
based process for purifying
wastewater from large-scale
carpet manufacturing. The
process effectively removes
dyes and other additives from
wastewater to reduce concen-
trations from around 800 ppm
to less than 30 ppm. A recent
pilot with a U.S.-based carpet
manufacturer demonstrated
that 70% of wastewater effluent
in dyeing operations can be
reused in manufacturing. The
company says with optimiza-
tions planned for the full-scale
system, the process will be able
to recover 90% of wastewater.

A cleaner route to MEK

Within the next two to three
years, ldemitsu Kosan Co.
(Idemitsu; Tokyo; www.
idemitsu.com) plans to in-
stall 80,000-100,000-ton/
yr production capacity for
methyl ethyl ketone (MEK)
in Asia. The new production
facility will utilize a new pro-
cess that the company has
developed and demonstrated
in a 400,000-ton/yr plant at
its Tokuyama Factory. The
process involves a direct hy-

(Continueson p. 10)
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A step closer to commercial production of spider silk

Spider silk has many unique properties
that make it suitable for applications
such as coatings and medical products. As
a protein, the silk is remarkably stable and
is only destroyed physically or digested and
recycled by the spider. However, an industri-
ally viable synthetic route to spider silk has
eluded researchers over the last 25 years,
says Axel Leimer, managing director at AM-
Silk GmbH (Planegg/Martinsreid, Germany;
www.amsilk.com). “There have been many
patents, but no products.”

AMSilk may have the answer, having de-
veloped a fermentation process capable of
producing kilogram quantities of material,
which is sufficient for product development
and testing, says Leimer. The process relies
on E. Coli bacteria in which the protein se-
quence — solved by the Technical University
of Munich — has been expressed for high
production yields. The company has also
developed a process to extract the synthetic

silk from the bacteria, and aims to produce
the silk proteins at the 100-kg scale in the
near future.

The company is targeting both medical
and technical film applications for the new
material. For example, silk beads have been
shown to be good carriers for drugs, having a
high (30-60%) drug-loading efficiency, with
a good “release curve,” while the silk itself is
biocompatible. The synthetic silk can also be
made into a 10-pm thick film that feels like
Cellophane, has the same or better tough-
ness and yet is completely clear — proper-
ties suitable for optical coatings, explains
Leimer. Another potential product is nonwo-
vens for filtration applications in the medi-
cal and biotechnology sector or technical
films that can be functionalized.

In March, the company received €5 million
in Series B financing to further commercialize
the technology. First products are expected to
be ready for marketing later this year.

(Continued from p. 9)

dration using a hetero-poly acid
instead of the indirect hydration
by sulfuric acid. Elimination of
the H,SO,4 removes the need
for corrosion-resistant equip-
ment and the waste associated
with the liquid acid.

Replacement for indium

Researchers at Eindhoven
University of Technology (the
Netherlands; www.tue.nl) have
developed a replacement for in-
dium tin oxide (ITO) — animpor-
tant material used in the manu-
facturing of displays. Available
supplies of the rare element are
expected to be exhausted within
as little as ten years, according
to the University. The replace-
ment is a transparent, conduct-
ing film produced in water, and
based on electrically conductive
carbon nanotubes and plastic
nanoparticles.

The research team was able to
achieve higher conductivity by
combining low concentrations
of CNTs and conducting latex in

(Continuesonp. 13)
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‘One-pot’ ammonia-horane recharging could hoost fuel-cell vehicles

mmonia borane’s (AB) capacity to con-

tain and easily release large amounts
of hydrogen has made it an attractive
candidate to store the gas for onboard
fuel-cell powered vehicles. A major tech-
nological hurdle that remains is how to
reintroduce hydrogen to spent AB in an
energy-efficient way. Now, a team com-
prised of researchers from Los Alamos
National Laboratory (Los Alamos, N.M.;
www.lanl.gov) and the University of Al-
abama (Tuscaloosa, Ala.; www.ua.edu),
has published a single-vessel method
to recycle the material left when Hj is
released. The method could significantly
reduce the expense and complexity of
ammonia borane recycling, and repre-
sents a step toward the practical use of
H, for powering automobiles.

The scientists developed a regen-
eration process in which the spent fuel
material (polyborazylene) is reacted at
40°C with hydrazine and liquid ammo-

nia in a sealed pressure reactor to yield
recharged AB. The researchers envision
the use of removable tanks containing
AB that would be interchanged with a
fresh AB container when the H is re-
leased. “By recharging the AB off-board,
you can access more thermodynamically
reasonable chemistry than what would
be required for direct onboard regen-

eration of AB,” explains LANL scientist
John Gordon.

One caveat for the widespread use of
this method is the need for hydrazine,
production of which would have to in-
crease for large-scale AB recycling. It is
envisioned that hydrazine production
could occur in situ at a possible, future
AB-regeneration facility.

A new high-temperature alloy

ast month, Carpenter Technology Corp.

Wyomissing, Pa.; www.cartech.com)
licensed an alumina-forming austenitic
stainless-steel alloy developed at the U.S.
Dept. of Energy’s Oak Ridge National
Laboratory (ORNL; Tenn.; www.ornl.gov).
The new alloy is said to be unique in that
the composition allows for alumina scales
to form on the exterior of steel, which pro-
vides significant oxidation resistance. The
alloy displays “excellent” creep strength at

high (700-800°C) temperatures, and can
be produced at a lower price than existing
alloys that require high amounts of nickel,
says ORNL.

Potential applications include recu-
perators and heat exchangers, down-
hole drilling and chemical processing
equipment and materials — applica-
tions in which high-temperature or cor-
rosive environments are encountered,
says ORNL.
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Goal slurry as a substitute for diesel fuel

n Australian team including CSIRO

(Melbourne; www.csiro.au) and the Uni-
versity of Newcastle (www.newcastle.edu.
au) has developed an alternative pathway
for producing ultra-low-ash coal that, the
team believes, can be used to fuel diesel
engines, thus providing the opportunity
for diesel engines to replace steam engines
for large-scale base-load power genera-
tion. The method involves slurrying and
micronizing the coal to a size less than 30
pm to liberate the mineral matter, then
using ultra-fine flotation to remove the
coal from the mineral matter. The micron-
ized raw coal slurry has the appearance of
crude oil, and is called micronized refined
coal (MRC).

The team has studied a range of Aus-
tralian coals, and verified that if coal is
ground finely enough, flotation will yield
a consistent low-ash product with signifi-
cantly higher coal recovery than the prod-
uct of earlier studies. In laboratory tests,

the team used an Isamill for ultrafine coal
milling. For the laboratory Isamill, the en-
ergy for micronizing the coal was about 65
kWh/ton of coal. The laboratory Essa flo-
tation cell and Universal Flotation tests
yielded 2-3% ash for all coals at a combus-
tibles recovery of 85-93 wt.%. Tests in a
larger pilot J-cell produced a lower concen-
trate ash of 1-2%.

A few small-scale demonstration proj-
ects have been proposed in Australia.
These involve mostly a two-stage program
starting with pilot testing of fuel produc-
tion at about 1-3 ton/d for use in large test
engines, and engineering for larger dem-
onstration plants. This would be followed
by a 10,000-h demonstration plant with a
7-10-MW power plant.

CSIRO and partners are now considering
two New South Wales sites for pilot plant
development, but Norman anticipates that
the catalysts will be available for commer-
cial use by the end of 2011.

(Continued from p. 10)

an inexpensive polystyrene film.
Although the conductivity of the
film is still 100 times lower than
that of ITO, the scientists believe
the use of metallic nanotubes
can quickly close the gap.

Automated pyrolysis

Researchers at the Fraunhofer
Institute for Solar Energy Sys-
tems (ISE; Freiburg, Germany;
www.ise.fraunhofer.de) have
developed a fully automated
pyrolysis system for producing
hydrogen from fuels. The system
can be used with gaseous and
liquid fuels, such as natural gas,
biogas or diesel, and produces
more than 80 vol.% H..

The system features two reac-
tors, which alternate between
pyrolyzing the fuel and burning
off the carbon deposits that form
on the catalyst. The researchers
developed a non-precious-metal
catalyst capable of withstand-
ing the high temperatures (over
950°C) used for the decoking
step. A prototype of the two-

(Continueson p. 14)
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A renewable, ‘green’ oxidation catalyst

cientists from the National Institute of

Advanced Industrial Science and Tech-
nology (AIST; Tsukuba, Japan; www.aist.
£0.jp), in collaboration with Tokyo Univer-
sity of Science and Panchakot Mahavidya-
laya University, have demonstrated that a
nickel-complex-type organic nanotube (Ni-
ONT), developed by AIST, can catalyze oxi-
dation reactions for producing industrial
chemicals. For example, the researchers
have demonstrated that Ni-ONT dispersed
in aqueous hydrogen peroxide catalyzes
oxidation reactions at room temperature,
producing 2,3,6-trimethylphenol (TMP);
trimethylquinone (TMQ; an intermediate
for making vitamin E); benzophenone (an
ultraviolet absorbing agent); tetralone (an
agrochemical intermediate); and epoxides
(for photo-curing of resins). A selectivity of
more than 90% was achieved for TMQ, and
a 55-60% selectivity for TMP. The Ni-ONT
did not lose its activity after at least five

cycles with recycled catalysts.

Unlike traditional oxidation reactions,
which use heavy metal catalysts, organic
peroxides or high temperatures, those
carried out with Ni-ONT occur at room
temperature with hydrogen peroxide,
without producing hazardous or haloge-
nated wastes. Ni-ONT is also a solid in
aqueous solutions, so it can be simply fil-
tered for reuse. As a result, the scientists
believe the new catalyst will be more
economical and environmentally friendly
than alternatives.

Ni-ONT is synthesized by simply mix-
ing an aqueous solution of a nickel salt
into an alcohol solution of peptide lip-
ids — amphiphilic molecules composed
of glycylglycine and aliphatic acids. The
resulting structure is a cylindrical nano-
tube with all of the Ni ions exposed on the
inner and outer surfaces (see CE, Janu-
ary 2009, p. 16).

(Continued from p. 13)

reactor system was on display

at the Hannover Trade Fair (April
4-8).ISE has also developed a
one-reactor pyrolysis system that
alternates between recharging
with fuel and regeneration. The
small units deliver a continuous
supply of H, with very low CO
content for use in a fuel cell.

Renewable acrylic acid

The Dow Chemical Co. (Mid-
land, Mich; www.dow.com)

and OPX Biotechnologies, Inc.
(OPXBio; Boulder, Col.; www.
opxbio.com) are collaborating
on the development of an indus-
trial-scale process to make bio-
based acrylic acid from a fer-
mentable sugar (corn or sugar
cane) feedstock. OPXBio has
developed its EDGE (efficiency
directed genome engineering

) technology to engineer mi-
crobes and bioprocesses faster
than conventional genetic en-
gineering methods, and has al-
ready demonstrated the ability
to produce bioacrylic acid in an

(Continues on p. 16)
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Commercial production for
a self-cleaning coating

I.ast month, PJI Contract Pte Ltd. (Singapore; www.pji-
con.com.sg) opened a production facility for the man-
ufacture of titanium dioxide solution — a self-cleaning,
nanocoating material developed at Singapore Institute
of Manufacturing Technology (SIMTech; www.simtech.a-
star.edu.sg), a research institute of the Agency for Science,
Technology and Research (A*Star; Singapore; www.a-star.
edu.sg). PJI Contract has licensed the patented TiO,
manufacturing process from A*Star, and has already ap-
plied the self-cleaning coating on the facades of several
commercial buildings.

The self-cleaning properties of the TiO, coating technol-
ogy are derived from the oxidative and hydrophilic nature
of the coating. When exposed to sunlight, TiOy catalyzes
the oxidation of organic compounds and microbes. Water
is repelled by the hydrophilic coating, and thus washes
away dust and dirt. The coating has been recognized by
Singapore’s Building and Construction Authority’s Green
Mark Scheme.

In addition to using the technology for self-cleaning coat-
ings for buildings, PJI Contract plans to make the coating
available in a spray can for the consumer market. The com-
pany anticipates the TiOy coating will become one of its
top-ten revenue generators.

Solar cells made of
carhon nanotubes

solar cell made of carbon nanotube (CNT) fiber has

been demonstrated by researchers from Fudan Univer-
sity (Shanghai; www.fudan.edu.cn). University professor
Huisheng Peng says, “For the fibers we use, the carbon
nanotubes exhibit a high degree of alignment with much
improved mechanical and electrical properties. Therefore
those fibers greatly enhance the short current density, open
voltage, and the energy conversion efficiency of solar cells.”
Also, the fibers are ultralight and flexible, and may see ap-
plications not possible with conventional solar cells.

The researchers used polydiacetylene-CNT-composite
fibers. Peng says high-resolution transmission electron mi-
croscopy indicated a multiwalled structure for the building
nanotubes with a diameter of about 8.5 nm. “Our nanotube
fibers exhibit much higher specific strength and specific
stiffness than current engineering fibers. For example, the
specific strength of a nanotube fiber is 2.9 times that of
T1000 — the strongest commercial fiber — and the specific
stiffness is 3.9 times that of M70J — the stiffest commer-
cial fiber,” he says.

The reseachers found that the properties of CNT fibers
are strongly dependent on the lengths of the nanotubes.
The spinnable nanotubes they are now using are shorter
than 1 mm. They will now try to make longer nanotubes.

Peng says the solar cells could see application in aero-
space as in foldable solar panels or in photovoltaic skins,
since they could be easily woven into clothes.
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Desalination without pressure or membranes

fter a nine-month field demonstration at

BTX, Inc’s Sleepy well site in Indiana,
Pa., Altela Inc.’s (Albuquerque, N.M.; www.
altelainc.com) AltelaRain 4000 water de-
salination system has been shown to turn
Marcellus Shale wastewater into distilled
water. The demonstration, funded by the
U.S. Dept. Of Energy’s National Energy
Technology Laboratory (NETL; Pittsburgh,
Pa.; www.netl.doe.gov), showed that 77% of
the water stream can be treated onsite, and
the average treated water cost per barrel
was approximately 20% lower compared to
previous total conventional disposal costs
at the site. The system also significantly
reduced the need for trucking wastewater
from the site.

The AltelaRain system is based on ther-
mal distillation, which desalinates and de-
contaminates brackish and polluted water
by mimicking nature’s way to make rain
water. The system consists of a tower con-
taining chambers separated by a thermally
conductive, water-impermeable plastic
sheet. On one side of the sheet, brackish

water falls through the chamber and is
evaporated by a cross flow of air. The water
from the saturated air then condenses on
the other side of the plastic, with the en-
ergy of condensation transferred across the
plastic to heat the evaporation chamber.
The system operates on low-grade waste
heat, and requires no pressure, high tem-
peratures, filters or membranes as used in
alternative reverse-osmosis or mechanical
vacuum-compression systems.

Based on the field data generated by the
NETL demonstration, Altela increased the
efficiency of its technology by more than
30%. The company also designed larger tow-
ers for the system and four AltelaRain 600
modules were sold and installed in William-
sport, Pa., to treat 100,000 gal/d of produced
and flowback water from hydraulic fractur-
ing. The commercial installation is a 50-fold
increase in capacity over the demonstra-
tion unit, and is said to be the first of many
planned facilities for the Marcellus Shale
Basin and similar shale-gas basins through-
out the U.S. |

(Continued from p. 14)

18-month pilot-scale program
(CE, March 2010, p. 12). An
independent lifecycle analy-
sis concluded that OPXBio’s
process has the potential

to reduce greenhouse gas
emissions by 70% compared
to petroleum-based acrylic
acid production.

The companies anticipate
that a commercial bio-based
acrylic acid could be on the
market in three to five years.

Less TiO, for paint

Last month, Dow Coating
Materials (DCM), a business
unit of Dow (see above), intro-
duced Evoque Pre-Composite
Polymer technology — an ad-
ditive that improves the particle
distribution and light-scattering
efficiency of TiO,, thereby im-
proving the “hiding” efficiency
and allowing up to 20% less
TiO, used in the formulation.
Additional benefits include
improved barrier properties,
such as stain and corrosion
resistance, says DCM. [
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PETROLEUM REFINING
IN THE SPOTLIGHT

Faced with increasing
competition from abroad
and more environmental

regulations at home,
U.S. refiners look to new
process technology to
remain relevant

otorists filling up at U.S.
gasoline stations these days
may think that petroleum
refiners are making good
profits, but it depends on where the
station gets its fuel. The industry is
plagued by overcapacity and is con-
cerned about government regulations
that call for greater use of renewable
fuels and tougher pollution control.
The National Petrochemical & Refin-
ers Assn. (NPRA, Washington, D.C.;
www.npra.org) is lobbying strongly in
Washington against pollution-control
regulations it claims are unfair and
impede refiners’ ability to produce
fuels economically (see box, p. 18).

Profit margins improved somewhat
in 2010 from a depressed 2009, but re-
finery utilizations “continue to hover
in the mid-70s,” says Alan Gelder,
a consultant with Wood Mackenzie
(Houston; www.woodmac.com). Gross
refining margins in the first quarter of
this year ranged from a “super normal”
$12/bbl in the U.S. Gulf Coast for refin-
ers that have access to low-cost crude,
to only $0.08/bbl in Europe.

The combined North American-Eu-
ropean market has excess capacity of
about 3 million bbl/d, says Gelder, and
even if most of this gap was closed, ex-
cess would remain until at least 2015,
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FIGURE 1. BASF has developed a three-step manufacturing process to produce its
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as previously deferred new capacity
comes online. The U.S. Gulf Coast and
northwestern Europe, where most of
those continents’ refining capacities
are located, each has crude distillation
capacity of about 8.9 million bbl/d (the
two markets are intertwined, with the
U.S. importing gasoline from Europe
and exporting diesel fuel). Another
problem for U.S. refiners is a growing
shortage of heavy crude from Mexico
and Venezuela — this after refiners
had invested heavily in heavy-crude-
upgrading equipment in recent years.
Meanwhile, the potential recovery of
the U.S. refining industry may be de-
railed by lower-cost imports from large
new refineries that are being built or
are planned in Asia and the Middle
East, says Rich Thomas, senior consul-
tant with Baker & O’Brien, Inc. (Hous-
ton; www.bakerobrien.com). By 2015,
the Middle East and India will have
about 5 million bbl/d of export capac-
ity. This includes several refineries in
Saudi Arabia and the Reliance refinery
in Jamnagar, India. The latter is “the
single largest grassroots refinery ever
built,” with more than 1 million bbl/d of

CHEMICAL ENGINEERING WWW.CHE.COM MAY 2011

combined capacity, says Thomas.
Thomas and Gelder spoke at the
recent NPRA annual meeting in San
Antonio, Tex. Most meeting sessions fo-
cused on refinery operations and tech-
nology. Several companies offered new
technologies for fluid catalytic cracking
(FCC), alkylation and distillation.

New FCC technology
Staged reactions normally take place
over fixed catalyst beds, but BASF
Corp. (Houston; www.catalysts.basf.
com) has developed multistage reac-
tion catalysts for FCC. In this case,
the catalyst itself contains multiple
stages (Figure 1), each of which has
a specific catalytic function, explains
Alexis Shackleford, a BASF technical
service engineer. BASF’s initial offer-
ing is Fortress, a two-stage catalyst de-
signed for residual feeds that contain
traces of nickel, which is detrimental
to catalyst performance. The catalyst’s
two functions are to crack the resid
and passivate the nickel.

As in conventional catalysis, a spe-
cialty alumina in the catalyst traps
the nickel and forms nickel aluminate.
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However, Shackleford notes that nickel
accumulates mainly on the catalyst
surface, so BASF concentrates the alu-
mina within 8 pm of the surface of an
80-pm microsphere, in contrast with
the conventional method of distribut-
ing it evenly throughout the particle.
In a commercial trial in a refinery,
Fortress reduced hydrogen yield by 0.05

wt.% (an indication of improved metals
passivation) and coke yield by 0.7 wt.%
(17%), compared with a conventional
catalyst. This resulted in a 0.7 wt.% in-
crease in yields of gasoline and liquid
petroleum gas (LPG), says Shackleford.

In the catalyst manufacturing pro-
cess, kaolin precursor microspheres are
formed in a slurry, added to a second
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NPRA EYES EPA REGS
The U.S. needs to develop “a redl

energy program” that includes pe-

troleum as well as other sources of
energy, said Charles Drevna, president
of the NPRA, at the association’s recent
annual meeting in San Antonio, Tex.
Consumers and policymakers should
realize that “we are part of the solution
instead of a problem,” he said. “There's
room enough for all sources of energy,
but we want a level playing field.”

In particular the association is con-
cerned about measures taken by the
U.S. Environmental Profection Agency
(EPA; Washington, D.C.) to regulate
emissions of greenhouse gases (GHGs)
and to increase the amount of ethanol
that must be mixed with gasoline.

In the case of ethanol, refiners typically
sell gasoline that contains 10% ethanol
(E10), a safe level of ethanol that does
not affect vehicle performance. This is
within the current requirements of EPA's
Renewable Fuels Standard (RFS), which
calls for the industry to use increas-
ing amounts of ethanol (13.8 billion
gal this year, rising to 36 billion gal
by 2025). Refiners are faced with hit-
ting the “blendwall” within the next two
years or so, when the total volume of
ethanol required will push the average
ethanol content of gasoline above the
10% level.

However, EPA has made decisions that
already permit the use of 15% ethanol
(E15) in cars and light trucks for model
years 2001 and later. NPRA and other
organizations have challenged the de-
cisions in federal court, contending that
EPA violated the Clean Air Act (CAA) by
issuing partial waivers that allow the use
of E15 in some engines, but not others.
“EPA's decision to allow E15 in the mar-
ketplace before adequate testing has
been conducted disregards the sq?ety of
consumers,” says Drevna.

In the case of GHGs, NPRA has been
supporting legislation that would trans-
fer the authority to regulate GHGs from
the EPA to Congress. A bill that would
do this was recently approved by the
House of Representatives and similar
legislation was pending in the Senate at
press time.

Gregory Scott, NPRA's executive vice-
president and general counsel, notes
that in 2008 the Supreme Court ruled
that EPA could regulate GHGs under the
Clean Air Act. As a result, last year EPA
ruled that industry (including petroleum
refiners) would have to develop a Best
Available Control Technology (BACT)
standard for major refinery additions,
and to show that the additions would
not cause “significant deterioration.”
Also, next December EPA is scheduled
to propose a New Source Performance
Standard (NSPS) for GHGs, to be final-

ized next year. a




PROCESS INSIGHT

Selecting the best amine/solvent for gas treating is not a trivial task.
There are a number of amines available to remove contaminants such
as CO,, H,S and organic sulfur compounds from sour gas streams.
The most commonly used amines are methanolamine (MEA),
diethanolamine (DEA), and methyldiethanolamine (MDEA). Other
amines include diglycolamine® (DGA), diisopropanolamine (DIPA),
and triethanolamine (TEA). Mixtures of amines can also be used to
customize or optimize the acid gas recovery. Temperature, pressure,
sour gas composition, and purity requirements for the treated gas
must all be considered when choosing the most appropriate amine for
a given application.

Primary Amines

The primary amine MEA removes both CO, and H,S from sour gas
and is effective at low pressure. Depending on the conditions, MEA
can remove H,S to less than 4 ppmv while removing CO, to less than
100 ppmv. MEA systems generally require a reclaimer to remove
degraded products from circulation. Typical solution strength ranges
from 10 to 20 weight % with a maximum rich loading of 0.35 mole
acid gas/mole MEA. DGA® is another primary amine that removes
CO,, H,S, COS, and mercaptans. Typical solution strengths are 50-
60 weight %, which result in lower circulation rates and less energy
required for stripping as compared with MEA. DGA also requires
reclaiming to remove the degradation products.

Secondary Amines

The secondary amine DEA removes both CO, and H,S but generally
requires higher pressure than MEA to meet overhead specifications.
Because DEA is a weaker amine than MEA, it requires less energy for
stripping. Typical solution strength ranges from 25 to 35 weight % with
amaximum rich loading of 0.35 mole/mole. DIPAis a secondary amine
that exhibits some selectivity for H,S although it is not as pronounced
as for tertiary amines. DIPA also removes COS. Solutions are low
in corrosion and require relatively low energy for regeneration. The
most common applications for DIPA are in the ADIP® and SULFINOL®
processes.

]
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Selecting the Best Solvent for Gas Treating

Tertiary Amines

A tertiary amine such as MDEA is often used to selectively remove
H,S, especially for cases with a high CO, to H,S ratio in the sour gas.
One benefit of selective absorption of H,S is a Claus feed rich in H,S.
MDEA can remove H,S to 4 ppm while maintaining 2% or less CO, in
the treated gas using relatively less energy for regeneration than that
for DEA. Higher weight percent amine and less CO, absorbed results
in lower circulation rates as well. Typical solution strengths are 40-50
weight % with a maximum rich loading of 0.55 mole/mole. Because
MDEA is not prone to degradation, corrosion is low and a reclaimer
is unnecessary. Operating pressure can range from atmospheric,
typical of tail gas treating units, to over 1,000 psia.

Mixed Solvents

In certain situations, the solvent can be “customized” to optimize the
sweetening process. For example, adding a primary or secondary
amine to MDEA can increase the rate of CO, absorption without
compromising the advantages of MDEA. Another less obvious
application is adding MDEA to an existing DEA unit to increase the
effective weight % amine to absorb more acid gas without increasing
circulation rate or reboiler duty. Many plants utilize a mixture of amine
with physical solvents. SULFINOL is a licensed product from Shell Oil
Products that combines an amine with a physical solvent. Advantages
of this solvent are increased mercaptan pickup, lower regeneration
energy, and selectivity to H,S.

Choosing the Best Alternative

Given the wide variety of gas treating

options, a process simulator that can

accurately predict sweetening results is a

necessity when attempting to determine

the bestoption. ProMax® has been proven

to accurately predict results for numerous

process schemes. Additionally, ProMax

can utilize a scenario tool to perform

feasibility studies. The scenario tool may

be used to systematically vary selected

parameters in an effort to determine the

optimum operating conditions and the appropriate solvent. These
studies can determine rich loading, reboiler duty, acid gas content of
the sweet gas, amine losses, required circulation rate, type of amine
or physical solvent, weight percent of amine, and other parameters.
ProMax can model virtually any flow process or configuration
including multiple columns, liquid hydrocarbon treating, and split flow
processes. In addition, ProMax can accurately model caustic treating
applications as well as physical solvent sweetening with solvents such
as Coastal AGR®, methanol, and NMP. For more information about
ProMax and its ability to determine the appropriate solvent for a given
set of conditions, contact Bryan Research & Engineering.

Bryan Research & Engineering, Inc.

P.O. Box 4747 « Bryan, Texas USA ¢ 77805
Il 979-776-5220 * www.bre.com ¢ sales@bre.com
- Circle 5 on p. 78 or go to adlinks.che.com/35065-05



slurry that has a high concentration of
specialty alumina, then spray-dried to
obtain a two-stage microsphere of the
desired size. The catalyst structure is
completed in a crystallizer, in which
zeolite is grown from the kaolin and
binds each particle together.
Commercial trials of a second mul-
tistage catalyst, called HALO, are

scheduled to start shortly. HALO is
designed to provide high attrition re-
sistance for gas-oil feeds where attri-
tion is a concern.

Gasoline yield has been improved by
6% and coke production reduced by 15%
in pilot tests of a new zeolite FCC cata-
lyst developed by Rive Technology, Inc.
(Monmouth dJunction, N.J.; www.riv-

Energy conservation and optimization are key issues for chemical and
polymer plant profitability and regulatory compliance. Proper evaluation and
correction of energy losses can help bring significant cost savings and

reduce greenhouse gas emissions.

Our complete optimization program can help you:

m Evaluate opportunities for energy savings
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Provide ROI calculations for management review
Identify needed operation and procedure changes
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Implement advanced process control

Contact us today for information on how Mustang can help reduce the

energy stranglehold on your facility.

MUS TANG Email: robert.stodghill@mustangeng.com
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etechnology.com). Rive is working with
Grace Davison (Columbia, Md.; www.
grace.com) to further develop and com-
mercialize the technology, says Barry
Speronello, a research fellow with Rive.
The catalysts differ from conventional
zeolite catalysts in that they contain
a small percentage of mesopores with
a pore diameter of about 40 A. These
mesopores are integrated to form “mo-
lecular highways” throughout the zeo-
lite crystals, the bulk of which consist of
conventional micropores of <10 A.

Speronello says that while standard
zeolite catalysts are very efficient at
cracking smaller FCC feed molecules
that can enter the micropores, many
feed molecules are too large to enter
and must first pre-crack less selectively,
either thermally or outside the zeolite.
Similarly, larger product molecules, of
gasoline or light cycle oil, fit tightly in
the micropores, so they can stay lon-
ger and be overcracked to less valuable
gases and coke. The molecular highways
largely avoid these problems, he says.

Rive produces the zeolite by a propri-
etary process in which surfactant mi-
celles are used to create the mesopores.
Rive and Grace plan to begin refinery
trials in late spring and expect to com-
mercialize the technology in 2012.

Integrated & Proven Catalyst Tech-
nologies Corp. (Inprocat; Houston;
www.inprocat.com) has developed a
process to remove undesired catalyst
fractions that limit FCC-unit produc-
tivity. In the process, called Quanta,
catalyst is taken out of the FCC unit,
treated to remove the unwanted par-
ticles, then returned to service.

Augusto Quinones, president of In-
procat, declines to describe the pro-
cess, but says its steps take advantage
of the different physical properties of
the catalyst particles and in pilot tests
on resid feed, the method improved
gasoline yield by 2 wt.% and lowered
coke production by 5 wt.%. Inprocat is
forming a joint venture with Porocel
International LLC (Houston) to com-
mercialize the technology.

Organic peroxides are used to re-
move sulfur from sour crudes in an
oxydesulfurization process being de-
veloped by Auterra Inc. (Malta, N.Y,;
www.auterrainc.com). In the FlexDS
continuous process, crude is fed to a
fixed-bed reactor, where 99+% of its
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FIGURE 2. Valero Energy uses divid-
ing-wall columns to obtain a concen-
trated benzene stream from reformate

sulfur content is converted to sulfones
over a proprietary catalyst. In the last
step, the sulfones are separated from
the crude by a caustic medium and re-
covered as sulfur dioxide or gypsum.
Eric Burnett, president, says the
process also lowers nickel, iron and
vanadium contaminants, which are
removed in the last step of the process.
Auterra has been operating a small
pilot plant and is building a larger,
2-bbl/d unit. Burnett estimates that
the capital cost of a commercial plant
would be one-third that of an equiva-
lent hydrotreating installation, with
“significantly lower” operating costs.

‘Solid’ alkylation

In recent years, a number of compa-
nies have developed solid-acid alkyla-
tion catalysts to substitute for the con-
ventional sulfuric acid and hydrogen
fluoride processes, which are environ-
mentally hazardous. However, no com-
mercial units have been built that use
these technologies, says James Ne-
hlsen, process development manager
for Exelus, Inc. (Livingston, N.J.; www.
exelusinc.com). “The biggest stumbling
block is that refiners are reluctant to
try something new,” he says.

Nehlsen believes Exelus has a better
answer with its ExSact process, which
has been licensed by AB Mazeikiu Nafta
(Mazeikiai, Lithuana). ExSact uses a
specially designed zeolite catalyst in
a dual swing-bed reactor at 75°C and
about 300 psig. Acceptable feeds range
from ethylene to butenes, says Nehlsen.

The catalyst triples the life of other
solid acid catalysts, he claims. Also, the
reactor is carbon steel, so the capital

cost is expected to be 60% below that of
a sulfuric acid alkylation plant, says Ne-
hlsen, and the operating cost 5% lower.

Benzene and the dividing wall

A new regulation that requires the ben-
zene content of gasoline to be reduced
to 0.62 vol.%, from the previous require-
ment of 1.0 vol.%, went into effect Janu-

ary 1. The requirement is part of the
second phase of the Mobile Source Air
Toxics (MSAT II) regulation from the
U.S. Environmental Protection Agency
(EPA: Washington, D.C.; www.epa.gov).

Most refiners have already developed
an approach to meet the regulation, says
Bryan Glover, a senior business leader
for naphtha and gasoline technol-
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ogy with Honeywell’s UOP LLC (Des
Plaines, Ill.; www.uop.com). Smaller
refineries, for which the cost is more
burdensome, have been granted ex-
tensions to 2015.

Valero Energy Corp. (San Antonio,
Tex.; www.valero.com) came up with a
novel and less expensive way to meet
the benzene rule. Instead of building

a costly new benzene extraction plant,
Valero opted to produce benzene con-
centrate by distillation at four of its
refineries and ship the concentrate to
its existing aromatics recovery plant
in Corpus Christi, Tex.

The company chose dividing-wall dis-
tillation columns (DWCs) to produce the
concentrate from reformate and started

Circle 36 on p. 78 or go to adlinks.che.com/35065-36
22 CHEMICAL ENGINEERING WWW.CHE.COM MAY 2011

up three DWCs at the end of 2010. A
fourth is scheduled to start up in 2011.

A DWC’s advantage is that it sepa-
rates three-component mixtures, a frac-
tionation that would otherwise require
two columns in series. “Compared with
a two-column system, a DWC saves
capital costs, uses less energy and has
a smaller footprint,” says Daryl Hanson,
Valero’s technical fractionation adviser.

In Valero’s process, reformate is fed
to the middle of the column, on one
side of the vertical wall. The lighter
fraction flows upward and exits the
top of the column, while heavier ma-
terial is recovered from the bottom. A
third fraction, a benzene-rich stream,
flows around the top and bottom ends
of the wall and is recovered midway
up the column on the opposite side of
the dividing wall (Figure 2).

A DWC recovers essentially all ben-
zene in the feedstream while maximiz-
ing benzene purity in the concentrate,
says Javier Quintana, Valero’s techni-
cal reforming and aromatics adviser.
“With conventional fractionation in a
single column, you would achieve only
one-third to one-half of the concentra-
tion, so it would cost two to three times
as much to transport the material.”

The DWCs “are meeting our expecta-
tions for performance,” says Quintana,
adding that a DWC typically costs
30-40% less than a two-column system
and uses about 30% less energy.

The Valero installations are a sig-
nificant step forward for DWC technol-
ogy and mark the first use of DWCs in
the Western Hemisphere, says William
Townsend, manager of KBR’s London
Technology Center. DWCs were first
commercialized in the 1980s, but accep-
tance has been slow. “People still have
reservations about operability and con-
trol,” says Townsend. Today there are
only a few dozen DWCs in the world, he
says, with most in BASF plants.

UOP includes a DWC in its Pacol En-
hanced Process (PEP), part of a linear
alkyl benzene (LAB) complex that selec-
tively removes aromatics in the olefin/
paraffin feed. The DWC separates a
mixed stream into light paraffin, aro-
matics and benzene, which is then used
to obtain LAB. So far, UOP has designed
five PEP units that include a DWC,
three of which are in operation today. B

Gerald Parkinson
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GETTING A
REAGTION

Continuous flow and specialty
hatch reactors with built-in
flexibility allow processors to
get more reactions with less

equipment

FIGURE 1. The newly designed OptiMix HE models use the thermal fluid

contained in the half coil to create a circulation through the baffles, which
results in an increased heat transfer area that shortens cycle times

s chemical processors continue

their quest to process more with

less equipment, they are seek-

ing reactors capable of helping
with this endeavor. For this reason,
many are turning to continuous flow
reactors because they provide scale-
ability and flexibility. However, ven-
dors of specialty batch reactors are
making every effort to provide these
same characteristics in their models,
as well. As a result, there are a lot of
new technologies to choose from, mak-
ing the hardest part finding the reac-
tor that will supply the most benefits
to a particular process.

“There are two key issues in the
chemical process industries (CPI)
when it comes to reactors: scaleabil-
ity and flexibility,” says Robert Ashe,
president of AM Technology (Cheshire,
U.K.). He says scaleup has been a major
factor for years in the CPI, which has
often been solved via the use of batch
or microreactors. “However, these are
effectively scale limited, so when pro-
cessors try to increase the scale, they
often run into problems.”

Ashe explains by saying that an
ideal batch reactor performs in the
same way as an ideal flow reactor, but
with batch, as the system gets larger,
it moves away from the idealology
quickly because of the mixing and heat
transfer constraints, moving the pro-
cess away from true batch and closer
to fed batch. As a result, many proces-
sors have started looking at microre-

AM Technology

actors, which allow them to vary
the parameters under ranging
conditions to help accelerate the
development cycle, and engineers
have been finding that in some
processes, there are substantial
improvements in yield, quality
and cycle time. But, they’re still
left scratching their heads as to
how they can exploit those capa-
bilities at higher throughputs (for
more on microreactors, see CE,
April, pp. 17-20).

Ashe continues to say, “Once
you mess around with the scale
of microreactors, the capabilities
you see tend to suffer the same
[as] they do in batch reactors —
meaning you lose a lot of them.”

Recently, processors have re-
alized that flow reactions allow
them to make the larger volumes

they want while still permitting
variations of parameters. Flow
chemistry also allows them to get
a stream of data from one experiment,
showing how the system will perform
under ranging conditions, which can
help accelerate the development cycle
and accurately demonstrate how it will
work out on the larger scale, he says.
Flexibility, too, is becoming increas-
ingly important. Continuous reactors
have been used in the CPI for years,
but usually for dedicated purposes.
Ashe says he is now seeing, especially
in pharmaceuticals and fine chemi-
cals, that there is a wide variety of re-

FIGURE 2. A reactant is being added to the
fourth stage of a 10-stage Coflore ACR reactor

action types or a single product being
synthesized in a series of steps. “The
idea that processors have a single
reactor doing a dedicated job is a big
obstacle for them, given the fact that
they are often processing more than
one product or varying the steps of a
single product.”

Martin Jonsson, sales and market-
ing manager with Alfa Laval’s reac-
tor technology group (Lund, Sweden)
agrees that flexibility is a growing
issue and adds that batch reactors
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were previously the go-to choice when
flexibility was needed in a process. He
says many chemical processors come
from an environment of batch reactors
because it is possible to run different
types of chemistry while using the
same reactor, but because the benefits
of flow technology are garnering a lot of
attention, more processors are begin-
ning to inquire about flow chemistry.
“They want to know, ‘Can we perform
a fast reaction in the same reactor as
a slower reaction?” he says. “They are
looking for flow reactors that enable
them to do both types of reactions in
the same equipment.”

And, several vendors — including
Alfa Laval, AM Technology, Corning
S.A.S. (Avon, France) and Buss Chem
Tech (Pratteln, Switzerland) — are de-
livering options that can.

Alfa Laval’s ART plate reactors are
continuous, multi-purpose flow reac-
tors for a wide range of applications
within the fields of pharmaceuticals,
fine and specialty chemicals. The re-
actor consists of a series of cassettes.
The core of each of these is a specially
designed process channel plate, into
which the process and utility channels
are machined. These are designed to
promote optimum mixing and heat-
transfer performance.

Different numbers of these cas-
settes can be stacked vertically and
held together in a frame. Each cas-
sette has one process inlet and one
process outlet port. Secondary ports
make it possible to add specific re-
actants or to insert measuring and
monitoring devices that are posi-
tioned along the length of the plate
to provide access to the main pro-
cess channel. The process channels
are connected in series to ensure the
required residence time. The utility
channels can be connected in series
or in parallel and each is fitted with
two thermocouple ports.

The reactor frame holds the plates
together in compression, thus seal-
ing the fluid channels. This frame is
spring loaded to ensure that the cor-
rect sealing force is maintained at all
times, even when extreme tempera-
tures are involved.

Jonsson says because the modular
arrangement makes it multi-purpose,
the ART plate reactor can help convert



Alfa Laval

batch processes to continuous ones.

In a similar vein, Buss’s BCT Loop
Reactor can help processors make the
transition from batch to continuous.
The reactor is being used increasingly
as a continuous reactor system due to
its ability to intensify the reaction and
to shorten the reaction time in new
and existing plants.

In the BCT, the raw material is
dosed into the reactor system near
the reaction mixer. In the reaction
mixer, gas is dispersed into fine
bubbles and reacts efficiently with
the liquid raw material. The heat
exchanger ensures stable operation
conditions, and final product can be
discharged from the self cleaning, in-
line filter which keeps all catalyst in
the reactor system.

Under the constant reaction condi-
tions achieved by this design, catalyst
lifetime increases, and the consump-
tion of catalyst is lower than that of
batch reactors. Catalyst is replaced
periodically using an automatic dos-
ing and discharging system.

Meanwhile, AM Technology offers
its Coflore flow reactors, which are
multi-stage flow reactors designed to
deliver good plug flow and mixing over
a range of operating conditions. Avail-
able in sizes from laboratory to indus-
trial scale, the Coflore design employs
a patented mixing technique where
free moving agitators within each re-
action stage promote mixing when
the reactor body is subjected to lat-
eral shaking. This generates intense
mixing without the need for rotating
shafts, mixing baffles or mechanical
seals. Problems of centrifugal separa-
tion (when two phases are present)
are also eliminated.

FIGURE 3.

The ART plate reactor
is a continuous, multi-
flow reactor suitable for
a range of applications
in the pharmaceuticals,
fine and specialty
chemical industries

Continuous flow benefits

Aside from the improved catalyst and
solvent use, experts say continuous
flow offers a host of other potential
benefits. A major advantage for many
processors is time savings. “The batch
reaction itself may take only five min-
utes, but before you can run that reac-
tion, you have to go through a whole
sequence of operations,” says Ashe.
“You have to inert the vessel, load it
with solvent and heat it to the right
temperature before you can start the
reaction. At the end of the reaction,
you have to cool it down, so that a five
minute reaction may actually require
a five or six hour cycle time.”

He says in a flow reactor, those dif-
ferent operations are working in par-
allel, meaning the process is heating
up and feeding at the same time that
it is reacting and cooling down, sub-
stantially compressing the total oper-
ating time.

Other opportunities relate to the
way flow reactors perform. Using a
flow reactor, processors can operate
closer to the ideal process control con-
ditions under which the particular
chemistry will benefit. For example,
an unstable product can be reacted to
cool down quickly before impurities
build up. The effects of back mixing
could also be reduced, further reduc-
ing the chance of impurities in prod-
uct. The tighter control — especially
the ability to start the second reac-
tion at the optimum point, improved
heat transfer capabilities and ability
to stop a reaction at any point during
the process — permits reactions that
normally would be unsafe to run in
batch processors to be performed in
flow reactors.

A
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“Typically if you perform a reaction
under good flow conditions, you get a
substantial uplift in yield, faster reac-
tion time, lower levels of impurities,
and improved safety, and if the reaction
is going faster as it often will in a flow
reactor, the size of the equipment can
come down substantially,” notes Ashe.

These benefits can be enhanced,
especially on smaller scale, using
continuous flow reactors as part of
a turnkey system, says Steve Ciucci,
chief operating officer with Parr In-
strument (Moline, Ill.), which pro-
vides the 5400 continuous flow tu-
bular reactor for development and
research purposes. “If you are doing
research, you have to know how
you’re going to handle feedstocks and
under what temperature, pressure,
pH and other conditions you will run
your reaction to reap the optimum
amount of benefits. Turnkey systems
are the best way to achieve that,” he
says. A turnkey system would include
not only the tubular reactor, but mass
flow controllers, automation control-
ler, automated valves, backpressure
regulators, as well as probes and
detectors used to measure the condi-
tions during the research process.

Specialty batch reactors

While the benefits associated with
continuous flow reactors may sound
intriguing, even flow reactor vendors
urge users not to count out batch reac-
tors. “While there are clearly a number
of benefits associated with continuous
flow reactors, there is still chemistry
that works well in batch reactors and
will receive only limited benefits using
flow technology,” says Jonsson.

And for these applications, specialty
batch reactor vendors are upping their
game in order to provide the same
level of benefits, efficiency and service



AM Technology

to create a circulation
through the baffles. This
results in an increased
heat transfer area up to
25%, enabling a more ho-
mogeneous, faster thermal
management, which helps
shorten cycle times.

So how to decide
whether an improved spe-

FIGURE 4. This Coflore ACR platform has an at-
tached reactor block. This is a laboratory scale flow

reactor with ten mixed reaction stages

as continuous flow. For example, Tom
Adams, director of technical sales with
De Dietrich Process Systems (Union,
N.J.), says his company, which pro-
vides glass lined batch reactors, has
tried to focus on improving process
efficiency within the reactor in the
areas of mixing and heat transfer and
in terms of how and where users add
different materials. The company has
also made strides to improve associ-
ated operations like cleaning, main-
tenance and contamination issues to
increase the speed and efficiency of
cycle times.

“All different aspects of improv-
ing the process, making the reac-
tion more efficient, taking less time
between batches — whether on the
process side or the steps that happen
between batches — have been im-
proved,” he says.

Further, flexibility is also an option.
“Glass lined reactors offer flexibility
over a range of temperature and mate-
rials,” he says. “Some alloys work well
in some chemistries, but not others,
whereas a glass lined reactor has a
very broad corrosion resistance across
the whole spectrum, and allows tem-
peratures and pressures across a wide
range, as well.”

This flexibility is important in to-
day’s economy, says Adams, as many
companies are making the move to-
ward contract or flexible manufactur-
ing operations in which they will be
running a different product each week
or month.

Efficiency is also important for
batch reactors, which led De Dietrich
to introduce the OptiMix HE (heat
exchange) for process intensification.
The newest design uses the thermal
fluid contained in the half-coil in order

cialty batch reactor or a
continuous flow reactor
will be right for a specific
process? In most cases the
decision will be based on what type
of chemistry is running and which re-
actor will work best for that chemis-
try. However, where there are safety
concerns or where the chemistry has
been changed to work with a con-
tinuous process, a flow reactor will
likely be the best option. “When you
run a reactor at cold temperature to
minimize the heat release that would
definitely be another area where a
flow reactor would work best because
it can remove heat much more effi-
ciently,” says Jonsson. “I also think
when it comes to mixing sensitive
reactions that there could be advan-
tages with flow over batch.”

Before making the switch from
batch to continuous, Ashe cautions
processors to educate themselves.
“The chemical industry has been
using batch reactors for a long time
and the know-how in terms of how
to scale up and use them is well es-
tablished,” he says. “There is a lot of
ground to be covered before the same
level of knowledge is out there in
terms of flow processes.”

With that in mind, he says proces-
sors need to manage their expectations
for flow. “The idea that they can have a
continuous process from start to finish
using flow methods is nice in principle,
but in practice it’s different because
there are many processes that are dif-
ficult to operate in flow by nature of
the products they are handling.”

That said, all parties agree it is best
to closely study the chemistry that will
be occurring in the reactor and speak
to providers of both flow and batch
reactors to see which will best handle
the process while providing the high-
est level of efficiency. |
Joy LePree

HAVER & BOECKER

YOUR SOLUTION
PROVIDER

The cost-saving
packing system

HAVER®
FFS DELTA NT

Filling of free-flowing
granular, micro-granular or

powdery bulk materials into
plastic tubular film bags

made of PE or PP

HAVER & BOECKER, Germany
Phone: +49 2522 30-271
E-mail: chemie@haverboecker.com

www.haverboecker.com

The designation ® indicates a registered trademark
of HAVER & BOECKER OHG in Germany. Several
indicated designations are registered trademarks
also in other countries worldwide. M 944-E4
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Low cost hidding

aise your hand if you ever re-

gretted going with the low cost

bidder. Keep your hand raised if

the low cost bidder ever yielded
you the highest cost result. If your of-
ficemate is staring at you quizzically,
pretend to be working out the shoul-
der kink that originated two evenings
ago when you played racket ball with
the vice president of human resources
at the gym.

Distillation columns at Fraction-
ation Research Inc. (FRI) are driven
by steam, which originates in a boiler.
Oklahoma State University (Stillwa-
ter, Okla.; www.okstate.edu) owns the
boiler, and the university personnel
assist with controls, maintenance, in-
spections and environmental compli-
ance. Repairs are undertaken at FRI'’s
expense. For many years, almost
every year, the repair bills were high.

Nevertheless, it passed every
annual state inspection.
The subject boiler is cylin-

drical with a diameter of 8 ft

Mike Resetarits is the technical director at FRI

and a length of 22 ft. It is rated
at 600 hp. It is comprised of a
natural gas combustion cham-
ber, four tube passes for hot
gases and a shell wherein water is
vaporized. The water/steam chamber
typically functions at 200 psig.

During March of 2009, an alert oper-
ator pointed out that steam was issu-
ing from two small, hot gas vent holes.
The boiler was shut down immediately
— and opened. As always, cracks were
found in the tube sheet and many tube
welds. Until that time, the university
had usually recommended a low-cost
boiler repair company, and FRI usu-
ally had gone down that path.

In 2009, however, FRI decided to

Circle 38 on p. 78 or go to adlinks.che.com/35065-38
28 CHEMICAL ENGINEERING WWW.CHE.COM MAY 2011

(Stillwater, Okla.; www.fri.org), a distillation re-
search consortium. Each month, Mike shares his
first-hand experience with CE readers

consider other options including a
new boiler, a new larger boiler, a used
boiler and a used larger boiler. Twice,
FRI visited an excellent company that
specializes in used boilers. Addition-
ally, four meetings were held with uni-
versity personnel. The decision trees
on the conference-room whiteboard
were so large that they extended onto
walls, floors and ceilings. None, how-
ever, bore useful fruit.

I was the decision maker. The cost
of every option was at FRI’s expense.
It was the fourth meeting, and it was
decision time — and I wasn’t ready.
In a semi-exasperated state I stum-
bled upon a question that I never
asked the university personnel before,
“What would you do?” They answered
almost in unison, “That’s easy, we'd
hire Lucky Wilson.” “Who the heck is
Lucky Wilson?” I said. “He’s the best
boiler man in the state, but we can’t
use him because he is never the low
cost bidder. We don’t even ask him to
bid anymore.”

You have already probably guessed
as to how this story turned out. Lucky
Wilson and his team inspected the
damage, welded the tube sheet, re-
welded the tube ends, and the boiler
has performed very well ever since.
The cost to FRI was roughly an addi-
tional 20% over the low cost bidders.

Cost is an important variable in
any project, but, performance is the
most important variable. A multiplic-
ity of bids makes sense, but, it also
makes sense to allow a vendor whose
done something efficiently before, to
do it again.

Unfortunately for you, Lucky Wil-
son’s real name has been withheld to
prevent the Kansans and Texans from
finding out about him. FRI doesn’t
want his price to go too high. |

Mike Resetarits
resetarits@fri.org



o

HEMICAL
NGINEERING

FACTS AT YOUR FINGERTIPS

Department Editor: Scott Jenkins

process industries (CPI) is crucial to

many unit operations, and selecting the
most effective pressure sensors for a given
situation can be complicated by a range of
factors. An initial key fo selection is establish-
ing an accurate understanding of exactly
what is meant when the term “pressure” is
used, since there are different types. Other
critical considerations include the following:
media compatibility, environment, process
control, electrical isolation and output signal.

Pressure measurement in the chemical

Pressure types

Pressure measurements can be affected by
what type of pressure sensing equipment is
used, and understanding the different types
of pressure is a prerequisite for selecting sen-
sors or gages for your application. Accuracy
can suffer if pressure types are misunder-
stood. Differences in pressure types have
everything fo do with the reference point for
a given pressure measurement. Here are
definitions for five common pressure types:
Gage pressure — Gage pressure, the type
that most people first imagine when thinking
of measuring pressure, covers a positive
pressure range. lts zero (reference) point is set
at ambient pressure, and it is unaffected by
changes in barometric pressure because the
sensor is open fo the atmosphere. This allows
the current atmospheric pressure fo be the ref-
erence against which all subsequent changes
in pressure are measured. Gage pressure ef-
fectively can measure pressures below 1 psi,
as well as pressures up to 200,000 psi.
Vacuum pressure — Like gage pressure,
vacuum pressure’s zero point is ambient pres-
sure, and sensors measuring it are vented

— and therefore unaffected by barometric
change. Since vacuum pressure refers to

a negative pressure range, the distinction
between vacuum and gage pressure is really
a function of direction and magnitude. Sen-
sors measuring this type are commonly used
in vacuum pump systems and applications
where suction is required.

Compound gage pressure — This pres-
sure type is the combination of gage and
vacuum pressure in that it involves both
positive and negative pressure changes.

Its zero is therefore set at atmospheric
pressure, and it is vented. The value of a
compound gage is seen when used in ap-
plications where the pressure fluctuates from
positive to negative and vice-versa. Sensors
measuring this pressure fype typically do
not exceed 100 psi in range.

Sealed pressure — Sealed pressure refers
to a situation where the pressure sensor is
not vented. This is primarily done to protect
the sensor, by avoiding the introduction of
moisture or dust into the sensor housing.
The sensor is sealed with a pressure equal

Pressure
measurement
considerations

MAIN FACTORS TO CONSIDER FOR CHEMICAL PRESSURE MEASUREMENTS

Factor Reason Solution

Media A pressure-sensing element will Pressure sensors constructed from

compatibility | come in contact with varying one-piece 316L stainless steel,
concentrations of chemicals, nickel and cobali-based superal-
temperatures and pressure ranges | loys are free from internal welds,
depending on the industry sector | O-rings and very thin isolation
in which the application appears, | diaphragms offer excellent media
including petrochemicals, food, compatibility for most chemicals.
pharmaceuticals, water, refrigera- | The one-piece design ensures
tion, alternative energy or power outside media do not permeate
generation the sensor body

Process New processes for heavy oil, Pressure sensors with new tech-

control alternative energy and water puri- | nologies and wetted materials are

fication systems demand extreme
operating conditions, such as low
ambient temperatures (-50°C),

high media temperature (150°C),

needed. High-temperature, oil-free,
bulk silicon piezoresistive sensors
are ideal for these emerging mar-
kets. Superalloys, such as Inconel,

to the atmospheric pressure at the time of

gas-liquid mixtures

as well as complex and volatile

Hastelloy and Waspalloy, with thick
sensing diaphragms, offer the

best solutions without the need for
complex sensor packaging and
expensive secondary seals

Environment

electronics to shortcircuit

Rain, ice, dust and pressure
washers can cause water to seep
into sensor housings and cause

Absolute and sealed-gage refer-
ence pressure sensors protect
electronics from these conditions.
If venting is required to maintain
accuracy at low pressures, provi-
sions must be made for dry, non-
corrosive environments for sensors
to "breathe”

generate noisy signals

Electrical Improper grounding and lightning | Pressure sensors with custom
isolation strikes can cause electrical electronics and a sensing element
failures of pressure sensors, as a able to withstand 500 V d.c.isola-
result of isolation failure tion can work in extreme electri-
cal conditions
Output signal | Depending on distance and en- A 4-20-mA output signal is recom-

vironment, certain output signals
can experience signal loss or

mended for fransmission lengths
greater than 15 ft in environments
with electrical noise

Table content submitted by Karmiit Sidhu, vice president of business development at American Sensor
Technologies (Mount Olive, N.J.; www.astsensors.com)

Reference Gage Vacuum Compound Sealed Absolute
Positive
pressure
Ambient I —-_———--
Negative co—o
pressure

Source: APG

sealing. This pressure then becomes the ref-
erence pressure against which all pressure
changes are measured.

Because it is sealed, unvented pressure
sensors are unavoidably affected by baro-
metric pressure changes. It is not typically
used in low-pressure applications because
the barometric shift of a few psi would affect
measurement accuracy significantly. How-
ever, at 1,000 psi and above, the relatively
small shift would go unnoticed and can be
smaller than the error band of the sensor.

In one real-world case, a sealed pressure
type sensor was calibrated at a manufac-
turing facility in Utah and then shipped to
Indiana. The atmospheric pressure differ-
ences between the locations caused the unit
to fail in Indiana, while it worked properly
in Utah.

Absolute pressure — Absolute pressure

is used when the zero point must be set to
absolute zero. To achieve this, the sensor is
also sealed, but under a vacuum condition, so
that air molecules are removed from the enclo-
sure. This then becomes the reference point
and allows measurements to be made with
reference to absolute zero. By definition and
design, this is sensitive fo barometric changes.
Unlike sealed pressure, absolute pressure

is often used in low-pressure applications
measuring atmospheric conditions, such as in
weather stations, aircraft and laboratories.

Notes

Material on pressure types was contributed by
Elden Tolman, product design engineer at Automa-
tion Products Group Inc. (APG; Logan, Utah;
Wwww.apgsensors.com).




Mroz Aydin

Chester Mroz becomes president and
CEO of Yokogawa Corp. of Amer-
ica (Houston), the North American
division of Yokogawa Electric Corp.

Alaaddin Aydin becomes sales direc-
tor for Germany for Maag Group
(Grossostheim, Germany), a maker of
gear pumps and pelletizing systems.

Greene’s Energy Group (Houston),
a provider of services for drilling,
production, pipeline, and process op-

Dumba

Integrated Project Services (Lafay-
ette Hill, Pa.), a full-service engineer-
ing, construction, commissioning and
qualification company dedicated to
the life sciences industry, names
Jeffrey Odum biotechnology expert
and director of its North Carolina
operation.

The Penspen Group (Surrey, UK.),
an independent family of companies
that provides a range of services to
the oil-and-gas industries for pipe-

Simm Sipla

Mike Simm as its new director of oil-
and-gas-field engineering.

Greg Sipla is named executive vice
president of Tegrant Corp. (DeKalb,
I11.), a manufacturer of engineered
packaging solutions and energy-
efficient components.

UOP LLC (Des Plaines, Ill.), a
Honeywell company, names Mike
Millard vice president and general
manager of its catalysts, adsorbents

erations, names Maury Dumba vice lines, transportation, storage and and specialties business. ]
president of business development. production facilities, appoints Suzanne Shelley
PT1 POCKET TESTER i hals a
COMPANY

Conductivity/TDS/Salinity Pen

MYRONL.COM

AWWA Booth #2441

Water Quality Instrumentation
Accuracy - Reliability « Simplicity

... Since 1957

EVERYBODY NEEDS ONE
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FOCUS ON

Packaging,
Transportation
and Storage

Milliken

Efficiently stack a wide
range of packages

The Robotpac (photo) is a fully
articulated and fully auto-
matic robot that reliably and
efficiently palletizes and depal-
letizes even complex packing
situations. Designed for use
with a wide range of packag-
ing containers — such as bags,
crates, canisters or trays — the

Robotpac also saves floorspace,

and features an easily adaptable grip-
ping system. — Beumer Group GmbH,
Beckum, Germany
www.beumer.com

A plastic clarifier that produces
glass-like transparency

Millad NX 8000 is a clarifying agent
for polypropylene (PP) that can ren-
der the plastic exceptionally clear and
bright. The properties of PP treated
with the Millad NX 8000 allow for
packaging materials that have high
overall “shelf appeal” for many con-
sumers, according to the company
(photo). Further, with this PP clarifier,
transparency is no longer limited to
thin or highly oriented parts, allowing
thicker-walled parts to approach the

Note: For more information, circle the 3-digit number

on p. 78, or use the website designation.

Beumer Group

look of clear materials, such as glass
or amorphous polymers. — Milliken &
Co., Spartanburg, S.C.
www.millikenchemical.com

This drum lid is ideal for flam-
mable or combustible materials
Ideal for flammable or combustible ma-
terials, the latching drum lid from this
company has fusible plugs that are ap-
proved by the insurance company FM
Global. The latching drum lid (photo)
can convert a 55-gal steel drum into a
safe storage container for oil- or solvent-
soaked materials. It can easily attach
to new or reconditioned drums, and al-
lows access to drum contents without
having to remove the drum ring, lid or
bolt. The latching handle opens and

New Pig

Pharmacontrol Electronic

closes easily with one hand. In case of
a fire, the seals melt to vent pressure
and prevent drums from bursting. —
New Pig Corp., Tipton, Pa.
www.newpig.com

Apply serial numbers to each unit
for secure supply chain

The Track & Trace electronic monitor-
ing system (photo) from this company
is for pharmaceutical packaging. It
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Windméller and Holscher

CDF

provides a way to individually label
each packaging unit (including single
folding boxes, shipping cases and pal-
lets) with a serial number. The codes
guarantee verification of individual
units and allow complete verification
of the unit’s source. The Track & Trace
System increases patient safety by
preventing the use of counterfeit med-
icines in the pharmaceutical industry.
— Pharmacontrol Electronic GmbH,
Zwingenburg, Germany
www.pharmacontrol.de

Containers that offer
environmental benefits

The Cheertainer is a form-fit, bag-in-
box container (photo) that offers envi-
ronmental benefits in logistics, stor-
age and waste disposal, the company
says. For example, by shipping flat, the
Cheertainer can reduce transport and
handling costs by ten times compared
to rigid packaging. Also, the bag-in-
box format consumes less plastic in
product manufacture than rigid pack-
aging. This translates to a reduction
in landfill disposal by 92%, says the
company. The Cheertainer is available
in sizes from 3 to 25 L. — CDF Corp.,
Plymouth, Mass.

www.cdfl.com

This pump is a single-use
version of the original

Designed for filling containers with
pharmaceutical products, a new ver-
sion of this company’s rolling dia-
phragm pump is designed for one-
time use. The single-use pumps are
gamma-irradiated to ensure complete
sterilization of the system, and are
pre-validated. They can eliminate the
cleaning and sterilization step from
pharmaceutical and biological product
processes. — Bosch Packaging Tech-
nology, Minneapolis, Minn.
www.boschpackaging.com

This program allows realtime

supply-chain product tracking

A radio-frequency identification (RFID)
pilot program by this Norwegian orga-
nization allows participating manu-
facturers and food producers to track
their products throughout the supply
chain in realtime. The organization
leases plastic pallets equipped with
RFID tags for product transportation.

Colder Products

Handheld RFID readers read the tags
and encode the serial shipping con-
tainer code into the tag user’s memory
component. The readers transmit the
ID number, which is linked to the ship-
ping details, to the company’s backend
system, as well as specialized software
that stores the data and makes them
available for online use. — Norsk Last-
beerer AS, Oslo, Norway
www.nlpool.no

This packaging machinery

is mobile

The Topas FFS (form-fill-seal) line
(photo) is a moveable machine for bag-
ging a wide range of free-flowing bulk
goods. With a compact design, it can
move among different docking stations
underneath multiple silos. The bag-
packing apparatus can be assembled
to move on wheels, rails or air-cushion
systems. The Topas FF'S machinery can
accommodate bag sizes for products
weighing between 5 and 50 kg. The
Topas is also available with a weigh-
ing system, volumetric dosing ability,
an air-evacuation system, edge-sealing
and other features. — Windmoller &
Holscher KG, Lengerich, Germany
www.wuh-group.com

Use this storage tank for

potable water

Designed for storing potable water in
industrial, commercial and residen-
tial settings, the HighDRO Potable
Water Storage Tank is both effective
and economical, says the company.
The tanks range in size from 300 to
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60,000 gal, and are constructed from
either factory-welded stainless steel
or factory-coated carbon steel. The
lightweight steel shell is lined with a
polymer composite material for high
strength and long life. The water
tanks are pressure-tested, and comply
with several relevant ANSI standards.
— Highland Tank, Stoystown, Pa.
www.highlandtank.com

Tune this feeder by

turning a wrench

The model HS8 vibratory drive feeder
from this company is ideal for pack-
aging solid materials because the
tray can be easily tuned by tighten-
ing or loosening a bolt with a wrench.
The feeder avoids the need to adjust
springs on the vibratory drive. — Eriez
Manufacturing Co., Erie, Pa.
www.eriez.com

These fittings protect workers
from chemical exposure

The DrumQuik assembly (photo) is a
dip-tube-based system for dispensing
liquids from drums and intermediate
bulk containers (IBCs). It is designed
to dispense fluid in a closed manner,
protecting workers from chemical expo-
sure while at the same time protecting
the chemicals from outside contamina-
tion. The DrumQuik system features
a connection that allows rapid hookup
and disconnect, as well as a valve that

allows automatic shutoff. — Colder

Products Co., St. Paul, Minn.

www.colder.com |
Scott Jenkins



ERIC ABBEY / OWNER

LOVING PETS CORPORATION

DECORATIVE FEEDING BOWLS AND PET TREATS
CRANBURY, NJ

SINCE 2005 18 EMPLOYEES

NO SMALL
ACHIEVEMENT:

SELLING MORE
WITHOUT
GOING BROKE

CHALLENGE: Eric was enjoying astronomical
growth. Orders for the Bella Bow!(", the company’s
top seller, were going through the roof. But demand
was putting a strain on Eric’s relationship with his
supplier, not to mention his cash flow.

SOLUTION: Eric had the Cash Flow Conversation
with his PNC banker, who used his manufacturing
industry knowledge to tailor a solution to fit Eric’s
specific needs. They agreed that increasing Eric’s line
of credit' would help keep production lines flowing
smoothly — and allow Eric and his team to go out and

sell even more, without worrying about cash shortfalls.

ACHIEVEMENT: Loving Pets recently sold more
than 330,000 Bella Bowls™ in a single month — the most
ever. Now that Eric’s cash flow is steady, he can focus
on taking his business to the next level.

WATCH ERIC’S FULL STORY at pnc.com/cfo and
see how The PNC Advantage for Manufacturers can
help solve your business challenges, too. Call
1-877-535-6314 or visit a PNC branch to start your
own Cash Flow Conversation today.

ACCELERATE RECEIVABLES
IMPROVE PAYMENT PRACTICES
PNC CFO INVEST EXCESS CASH
Cash Flow Options LEVERAGE ONLINE TECHNOLOGY
ENSURE ACCESS TO CREDIT




TIM HUNTER / OWNER
McINNES ROLLED RINGS
CUSTOM MANUFACTURER
ERIE, PA

SINCE 1992 70 EMPLOYEES

NO SMALL
ACHIEVEMENT:

WORKING
FASTER THAN
THE DAY BEFORE

CHALLENGE: Tim’s business is all about speed.
From fabricating to processing to shipping, it’s about
doing it faster than the competition. Tim needed his
cash flow to keep up with his inventory and a bank
that could help him stay ahead of it all.

SOLUTION: Tim had the Cash Flow Conversation
with his PNC banker, who put his detailed knowledge
of the manufacturing industry to work. Utilizing
lockbox services, Tim was able to get payments
into his account faster — and with online tools like
PINACLE® he was able to track and manage his
cash position from anywhere, 24/7.

ACHIEVEMENT: McInnes Rolled Rings has expanded
its market share significantly — and continues to grow.
Tim’s cash flow is keeping pace and his inventory is
turning faster than ever.

WATCH TIM’S FULL STORY at pnc.com/cfo and see
how our solutions for manufacturers can help meet
your business challenges, too. Call 1-877-535-6314
orvisita PNC branch to start your own Cash Flow
Conversation today.

ACCELERATE RECEIVABLES

IMPROVE PAYMENT PRACTICES
PNC CFO INVEST EXCESS CASH
Cash Flow Options LEVERAGE ONLINE TECHNOLOGY
ENSURE ACCESS TO CREDIT



Growing demand for freshwater in the
U.S. and China will increase market for
desalination technologies and seawater
reverse osmosis (SWRO) plants.

Why?

NEW PROCESS ECONOMICS PROGRAM REVIEW

Reverse Osmosis for
Seawater Desalination

Findings:
e Agriculture, municipalities and industry have increased demand
¢ Global water-resource quality and quantity have deteriorated
¢ Cost savings breakthrough in SWRO technology

eDouble-digit growth projected for large-scale SWRO plants by 2015

The review examines the materials, processes, markets and economics for
today’s SWRO technologies. The review includes the design and economics
for a complete SWRO membrane process to remove salt from seawater to
produce drinking water for a single-stage 15 million gal/day desalination plant.

For more information and to purchase this report, contact:

Angela Faterkowski

+1 936 597 5412 mfoNSULT‘ING has been
angela.faterkowski@ihs.com Seer2d acquired by
www.sriconsulting.com/pep

www.ihs.com
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Harnessing llle Power of a

bIGLONE -

Dustg 0o
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gas
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Solids with purge gas

Simple construction and low costs estahlished
this technology long ago as a workhorse for
gas-solid separation. These guidelines incorporate
nearly a lifetime of experience, to bring even
hetter performance within reach

Shrikant Dhodapkar
The Dow Chemical Co. and
William L. Heumann, Consultant

ue to their simplicity of con-
struction, lack of moving parts,
ability to operate at a wide
range of temperatures and

pressures, low capital and operating
cost, cyclones have been the work-
horse for gas-solid separation in a
wide variety of industries. If properly
designed and installed, cyclones can
be used to control particulate emis-
sions as low as 5 microns in size, and
sometimes to smaller sizes in extreme
applications. They can be used as pri-
mary separators, pre-cleaners to re-
duce solids loading or as classifiers to
separate incoming dust into various
size fractions.

Successful applications of cyclone
technology can be found in numerous
industries, such as the following (with
typical examples):

e Chemical (product recovery after
pneumatic conveying, process sepa-
ration)

e Petroleum (FCC cracking units, pe-
troleum coke process)

e Mineral (smelting operations, ore
refining)

e Agricultural (grain processing and
handling)

¢ Fine chemicals (Powder coatings,
separation, classification, grinding
circuits)

e Coal (pulverization
grinding circuits)

e Food processing (product separation
and recovery)

e Pharmaceuticals (product separa-
tion and recovery)

e Environmental (stack sampling)

e Power (ash removal and emission
control)

e Automotive (removal of particles at
air intake)

The earliest recorded patents on cy-

clone design date back to the 19th cen-

tury. Cyclone designs have tradition-

ally evolved out of empirical studies

where researchers had extensively in-

vestigated certain cyclone geometries.

For the most part, the development

of cyclone technology has remained

empirical — driven by data from labo-

ratories and large-scale installations

[1—4]. However, in the past 50 years,

significant progress has been made

operations,
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FIGURE 1. In a uniflow cyclone the
cleaned air exits the cyclone in the
same direction as the inlet air

on the theoretical front, and most re-
cently on computational fluid dynamic
(CFD) modeling of swirling flows [5].

CYCLONE CLASSIFICATION
Cyclones can be broadly classified into
two categories based on the direction of
exit gas — uniflow cyclone (also known
as swirl tubes; Figure 1) and reverse
flow cyclone (Figure 2). In a uniflow cy-
clone the cleaned air exits the cyclone
in the same direction as the inlet air,
whereas for reverse flow cyclones, the
vortex within the cyclone reverses di-
rection and exits from the top of the
cyclone. Key features of each type of
cyclone are summarized in Table 1.

In this article, we focus on the fea-
tures, design and performance charac-
teristics of reverse flow cyclones, which
are by far the most common designs in
the chemical process industries (CPI).

Cyclones, used as gas-solid sepa-
rators, are designed to remove the
smallest particle in the incoming
dust-laden gas with the highest pos-
sible efficiency. The design objective
is to minimize particulate emissions
while maintaining a reasonable pres-
sure drop. Cyclones for classification
applications are designed to generate
a sharp cut where particles above a
designated size are theoretically col-
lected at 100% efficiency and below it
are allowed to exit with the gas.

Various cyclone designs have evolved
during the past two centuries, mostly
through empirical investigations and
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TABLE 1. COMPARISON OF UNIFLOW
AND REVERSE FLOW CYCLONES

Uniflow Cyclone

Reverse Flow Cyclone

Conical section is rare

Consists of a cylindrical tube.

Consists of a cylindrical sec-
tion at the inlet and conical
section at the dust exit

Vortex does not reverse direction

Outer vortex reverses direc-
tion. Inner vortex is in the op-
posite direction

stream)

Dust is removed with a stream
of gas (5-10% on incoming

Dust is removed as solids

Easy to install in a bank of
multiple cyclones

Standalone applications are
more common than multiple

cyclones
Does not require seal at the May require seal at the solid
solids exit exit

from the top of the cyclone

FIGURE 2 (left). Unlike uniflow cyclones (Figure 1), where the cleaned
air exits the cyclone in the same direction as the inlet air, for reverse
flow cyclones, the vortex within the cyclone reverses direction and exits

Cyclones
classifiers / separators

|
v 12

Reverse flow design

Uniflow design

—P{ Gas inlet

—’( Gas outlet or vortex finder

KEY FOR FIGURE 4
a = cyclone inlet height
b = cyclone inlet width
B = dustexit or solids
outlet at bottom
D = cyclone barrel
(cylindrical section)
inner diameter
D, = exit duct or vortex
finder inner diam-
eter
h = height of the cylin-
drical section
H = total height of the
cyclone (flat top to
dust exit)
S = length of vortex
finder tube
FIGURE 4 (left).
Cyclone geometry for
conventional designs is
defined by critical dimen-
sions as shown here

Conventional

design

—D{ Cylinder to cone ratio

FIGURE 3 (left).
A number of different

characteristics

—»‘ Dust exit (hopper)

(modifications to

conventional designs)

Modifications |

—b{ Internal finish

performance and

Unconventional
design

—»‘ Single vs. multicyclones

duty of reverse flow

| can affect the
| cyclone designs

imaginative explorations. Some re-
cent efforts with computational tools
— CFD, or the combination of CFD
and discrete element method (DEM)
— have validated previous designs
and opened up possibilities for further
improvements.

Most variations in conventional
designs, as outlined in Figure 3, are
geared toward modification of certain

features of cyclone geometry while re-
taining the basic concept (Figure 2).
Examples of unique (unconventional)
designs can be found in the patent lit-
erature — typically addressing a niche
or a gap in process application.

WORKING PRINCIPLE
A three-dimensional rotational and
spiraling (swirling) motion is im-

CHEMICAL ENGINEERING  WWW.CHE.COM MAY 2011

parted to the incoming dust-laden
gas stream as it enters the cylindri-
cal section of the cyclone (Figure 2).
The spiraling or swirling motion can
be imparted either using a tangential
inlet or with axial swirl vanes. This
is commonly known as the outer vor-
tex but is really a single vortex flow
that has been “pulled” into itself. The
centrifugal forces generated by this
swirling motion are orders of magni-
tude higher on the dust particles as
compared to the gas molecules. As a
result, the particles preferentially
migrate toward the wall of the cy-
clone. The outer vortex transports the
particle-rich layer downward toward
the cone section and, subsequently,
the particle discharge. The continu-
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Tangential

Wrap around

ally reducing diameter of the outer

vortex transitions eventually into an

inner vortex, which travels in the op-

posite direction — moving toward the

gas exit tube at the top of the cyclone.

Many particles can be expected to be

lost if they enter the inner vortex,

therefore, the flow pattern in a cy-

clone should be such that:

e All particles are separated before
the flow reversal occurs

e Particle reentrainment is minimized
during transition from outer to inner
vortex

The velocity profiles in the outer and

inner vortices, their stability and the

residence time of particles within the

separation zone are key factors affect-

ing the separation characteristics of a

cyclone. Major parameters influencing

separation efficiency are:

e Inlet gas velocity or flowrate

e Gas properties: density, viscosity,
composition, pressure

e Particle properties: density, shape,
size, size distribution, friability, co-
hesiveness, electrostatic properties

e Cyclone geometry: geometric dimen-
sional ratios

¢ Cyclone diameter

¢ Dust loading or concentration

e Wall surface roughness

e Configuration: Inlet, outlet designs,
air leakage from bottom, disengage-
ment hopper and so on

Cyclone geometry for conventional de-

signs is defined by critical dimensions

as shown in Figure 4.

Oftentimes, the dimensions are
quoted as a ratio of a geometrical fea-
ture with the cyclone diameter (D).
Geometrically similar cyclones (re-
gardless of the size) are said to belong
to the same “family”. Common cyclone
designs [1, 2, 4-6] have been tabulated
in Table 2 as a reference guide.

Different types of gas inlet configu-
rations are summarized in Figure 5.
The tangential inlet design is by far
the most common, least expensive, and
mostly easily made to accommodate
unusual construction requirements.
Tangential inlet has been reported
to be the most efficient design. How-
ever, in the authors’ experience, wrap-
around inlets can be equally or more
efficient when adjusted for equivalent
cyclone diameter at a given through-
put. Wrap-around inlets are advanta-

®

Gas exhaust Gas exhaust

Inlet Inlet

=7
-

Helical Axial vanes

(%

Gas exhaust Gas exhaust

FIGURE 5. Gas vortex can be generated by different gas inlet configurations

geous when the dust loading is high
and in high throughput designs. Axial
inlets are most often used in multi-cy-
clone configurations. Similarly, many
creative variations to the simple cylin-
drical gas outlet design (vortex finder)
can be found in practice (Figure 6).
Conical designs are known to help
stabilize the vortex and increase pres-
sure recovery.

PERFORMANCE METRICS

The performance of a cyclone is evalu-

ated on three attributes:

1.Overall collection efficiency (or emis-
sion rate of uncollected dust)

2.Pressure drop across the cyclone

3.Total cost of ownership: Capital (pur-
chase, installation) and operating
costs (energy, maintenance)

Fractional collection efficiency
If an engineer is to judge the rela-
tive merits of competing designs, then
there must be a metric for efficiency.
In the case of cyclones, the collection
efficiency depends on particle size —
the smaller the particles, the lower
the removal efficiency. The behavior is
best explained by the concept of frac-
tional collection efficiency (also known
as grade efficiency; Figure 7).

Fractional efficiency is the defined as
the weight fraction of incoming dust of
a given particle size that is collected.
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Weight of separated dust
with particlesize dp:
Weight of incoming dust
with particle size dpi
@

An ideal fractional efficiency curve
would be a step-function with a ver-
tical line at the critical diameter or
cut-size. However, an S-shaped curve
is observed in practice. Particle re-
entrainment after collection, agglom-
eration of fines fraction, turbulent
mixing due to wall roughness, random
differences in particle trajectory and
particle attrition are often cited as the
underlying reasons.

In the S-shaped curve, the particle
size corresponding to 50% efficiency is
called the cut-size (or dpsg). It is the
particle size that has a 50/50 chance
(equally probable) of being collected.
Cut-size is often used as a measure of
the collection efficiency of the cyclone.
However, cut-size alone is an insuffi-
cient measure. One must specify the
sharpness of cut (slope of the frac-
tional efficiency curve) or additional
points on the curve. One way to specify
sharpness of cut is to take the ratio of
particle sizes corresponding to two ar-
bitrary efficiencies on the fractional
efficiency curve, for example:
Sharpness of cut = dpgg / dpgg
Where subscripts 80 and 20 refer to

Fractional
Efficiency (dp) =

particle size corresponding to 80% and



TABLE 2. COMMON CYCLONE DESIGN RATIOS

Design name Inlet type a/D b/D De/D S/D h/D H/D B/D
Stairmand, high efficiency Tangential 0.50 0.20 0.50 0.50 1.50 4.00 0.38
Swift, high efficiency Tangential 0.44 0.21 0.40 0.50 1.40 3.90 0.40
Lapple, general purpose Tangential 0.50 0.25 0.50 0.63 2.00 4.00 0.25
Swift, general purpose Tangential 0.50 0.25 0.50 0.60 1.75 3.75 0.40
Stairmand, high throughput | Wrap around/scroll type 0.75 0.38 0.75 0.88 1.50 4.00 0.38
Swift, high throughput Wrap around/scroll type 0.80 0.35 0.75 0.88 1.70 3.70 0.40
Storch T1 Tangential 0.28 0.28 0.34 0.39 1.50 5.31 0.18
Storch T2 Tangential 0.84 0.24 0.48 1.06 2.10 4.90 0.38
Storch T3 Tangential 0.87 0.32 0.56 1.05 2.40 4.30 0.48
Storch T4 Tangential 1.00 0.15 0.45 1.13 3.50 6.21 0.35
Tengbergen Tangential 0.49 0.27 0.40 0.57 0.65 2.33 0.40
Muschelknautz Tangential 0.52 0.15 0.33 0.89 0.73 2.40 0.67

Different length Different tip design Conical Perforated

\/
/\

FIGURE 6. Many variations to the simple cylindrical gas outlet design (vortex finder) can be found in practice. Conical designs,
for example, are known to help stabilize the vortex and increase pressure recovery
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(aerodynamic or Stokes, equivalent diameter)
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fractional efficiency is a

-

function of cyclone design

[
o

efficiency

Fractional efficiency
I

and operating parameters
(gas flowrate, gas-solid
properties, solid loading).
It can also be affected by
other factors, such as air
leakage from the bottom,
or presence of bends at the
inlet and outlet.

Particle size

log scale

(aerodynamic or Stokes equivalent diameter)

A design labeled as a
“high efficiency” cyclone
design rated at “99.9%

FIGURE 7. Fractional efficiency is the
defined as the weight fraction of incoming
dust of a given particle size that is col-
lected

20% fractional efficiencies respectively.

For objective comparison of various
cyclone designs, one must compare
the fractional efficiency curves of the
quoted cyclones at the proposed oper-
ating conditions (Figure 8). A quali-
fied vendor should be able to provide
such curves upon request. The reader
is cautioned to check the source and
basis for fractional efficiency curves.
Calculated theoretical curves without
experimental validation are not con-
sidered reliable.

It is important to note that differ-
ences in fractional efficiency curves do
not imply a difference in overall per-

FIGURE 8. For objective comparison of various
cyclone designs, one must compare the fractional
efficiency curves of the quoted cyclones at the pro-

posed operating conditions

formance (emission rate) of a cyclone.
It also depends on the particle size
distribution of the incoming dust as
explained later.

Total collection efficiency

Performance guarantee statements,
such as “95% efficient at 5 microns”
or “collection efficiency of 99.9%”, are
often made by vendors. Such state-
ments are meaningless unless one un-
derstands the basis of the calculation.
Overall efficiency of a cyclone depends
on the fractional efficiency curve of the
cyclone and the particle size distribu-
tion of incoming dust (Figure 9). The
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efficiency” for coarse par-
ticles may separate only a
fraction of incoming par-
ticulate if the incoming
dust is extremely fine.

It is easier to measure the total
collection efficiency of an operating
cyclone than to estimate or measure
its fractional efficiency. Using the par-
ticle size distribution of inlet dust and
fractional efficiency curve provided by
the vendor, one can estimate the total
collection efficiency and compare it
with the measured value. Further in-
vestigation must be conducted if the
differences are unacceptable.

For environmental applications,
the total emission rates are used as a
measure of cyclone performance. The
particle size distribution and specific
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gravity of incoming dust must be spec-
ified if such a metric is used.

Key factors affecting efficiency

Typically, and within a broad range

of operating conditions, the collection

efficiency of a cyclone will respond as

follows:

e Increase with
velocity

e Increase with increase particle spe-
cific gravity

e Increase with increase in solids
loading

e Increase with decrease
temperature

e Increase with decrease in cyclone
diameter

¢ Increase with decrease in gas outlet
diameter (vortex finder)

e Increase with increase in particle
residence time in cyclone

The magnitude of these effects may dif-

fer from one cyclone family to another.
The specific gravity of gas decreases

with increase in temperature, while

the gas viscosity increases with in-

crease in temperature. The effect of

gas viscosity is dominant. Therefore,

the overall efficiency decreases with

increase in temperature.
Anincreasein dustloadingincreases

the collection efficiency of a cyclone.

Particle agglomeration of fines frac-

tion coupled with sweeping action of

coarse particles at higher loadings is

one of the explanations. The following

empirical equation by Smolik [4] can

be used for calculation of efficiency

improvement due to solids loading.

increase in inlet

in gas

fle)=1-(1- f(c, ))(?]

2

)

Where flcy) and flcy) are fractional ef-
ficiencies at ¢; and cg concentrations
(any units) respectively.

A rule of thumb for an acceptable
range of inlet gas velocity is 45 ft/s (14
m/s) to 120 ft/s (37 m/s) with a typical
velocity being around 65 ft/s (20 m/s).
Calculating fractional efficiency
curve. Fractional collection efficiency
can be calculated using any of the fol-
lowing approaches:

e Semi-empirical models

e Theoretical force balance and trajec-
tory calculations

e CFD models

Svaroveky ] Total collection efficiency, % = p f(dp;) - w(dp;) x 100
__________________ 11
c
]
g E
] Fractional =
© collection =
e Scaling from experimental | § 0.5 efficiency. Pasfitige L0.52
data obtained on geometri- g distribution =
cally similar units o — w(dp;)
Theoretical models based on | £ g
calculation of particle tra- 5 o
jectory in a swirl flow have dpi
evolved over the past 50 years. Particle size
Barth, Dietz, Muschelknautz (aerodynamic or Stokes equivalent diameter)
SR i ¢ log scale
Leith-Licht and Mothes-Lof- <

fler are most notable. A thor-
ough discussion on these mod-
els can be found in Hoffman
and Stein [5].

Performance characteristics of a
new cyclone can be calculated using
laboratory test data on a geometri-
cally similar cyclone (same family).
The Stokesian scaling approach [5, 6]
is commonly used. The x-axis (particle
size) of the fractional efficiency curve
(Figure 7) is shifted using the new es-
timated particle size. The correspond-
ing y-axis (fractional efficiency) re-
mains unaltered.

—tes U'i—m g—new D )

test

p—new "~ gi—new u g—test

3

Where

dp = particle size

pp = particle density

Ug; = gas velocity at cyclone inlet

By, = gas viscosity at operating
conditions

D = cyclone body diameter

Subscript “test” corresponds to the
test data, and “new” corresponds to
the new application.

Empirical studies by Heumann [3]
on industrial scale cyclones suggest
that the effect of cyclone diameter
(D) is more significant. The following
equation has been proposed instead:

L5
DHPW
D/‘ES/‘
4)

Measurement of particle size dis-
tribution. Except in a few rare cases,
we do not deal with mono-disperse
particulate. Particles within a process
are more commonly spread over some
range of physical and aerodynamic
particle sizes. The methods utilized
for characterizing the particle sizes
actually measure the particle size
distribution (PSD) of the solids and,

ppfmr Ugi—m-t :ug—new
Prsew Usicnonw Meiea

dp,,, =dp,,
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FIGURE 9. Overall efficiency of a cyclone depends
on the fractional efficiency curve of the cyclone and
the particle size distribution of incoming dust

usually, are presented as a probability
density or cumulative probability den-
sity functions. It is vital to have an ac-
curate description of the aerodynamic
PSD of the solids entering the cyclone
to accurately predict the collection ef-
ficiency of the cyclone.

Aerodynamic methods actually
measure the terminal velocity distri-
bution of the particles, not the size
distribution. Since terminal velocity is
a more abstract, and difficult concept
than particle diameter, these measure-
ments are usually converted to size
distributions utilizing Stokes’ law for
presentation purposes. Proper speci-
fication of an aerodynamic PSD in
Stokes’ equivalent diameters requires
that both diameter and density are
specified. In all aerodynamic methods,
a particle density or specific gravity
is used to convert the terminal veloc-
ity distribution to a size distribution.
For most of the cascade impactors and
other probes used with stack testing, it
is assumed that particle specific grav-
ity is 1, and the actual specific gravity
of the particle is often never measured.
Regardless of the measured particle
density, it is important to utilize the
particle density as specified with the
PSD, or adjust both simultaneously.
Pressure drop. The estimation of ex-
pected pressure drop due to a cyclone
in the expected operating range of gas
flowrates and solids loading is par-
ticularly important when air mover
delivery rate is sensitive to back pres-
sure (for instance, in fans), or the
pressure rating of upstream process
equipment (for instance, in dryers) is
adversely affected.

Pressure drop across any process
equipment is the difference between
static pressures at the inlet and the out-

let. The pressure drop is an indication
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EXAMPLE: PRESSURE DROP CALCULATION

| Cyclone design: Stairmand High Efficiency (see Table 2)
a/D=0.5;b/D=0.2; D,/D=0.5

Cyclone diameter (D) = 1 m = 3.28 ft

Inlet gas flowrate (Q) = 1.83 m3/s = 3870 ft3/min

Gas velocity at inlet (Ug;)= 18.3 m/s = 60.0 ft/s

Gas density (pg) = 1.2£i<g/m3 =0.075 |b/f3

Solids concentration at inlet (c) = 5.0 g/m3

a b
16| — | —
AP = [DID]{ng;
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FIGURE 10. This plot by Svarovsky clearly shows that
cyclones with higher efficiency will exhibit higher pressure

drop [4]

of dissipative (non-recoverable) energy
losses per unit volume of process fluid.
Cyclones are unusual in the sense that
the exit gas, due to its swirling action,
has a significant dynamic component
in the radial direction that affects the
static pressure measurement at the
wall of the outlet. Consequently, the
measured difference in static pres-
sure between inlet and outlet is often
lower than actual pressure drop. For
lab or pilot scale studies, venting the
cyclones to the atmosphere and mea-
suring the inlet pressure is the best
option. However, for in-process mea-
surement, one may choose a location
further downstream of the outlet and
then subtract the line losses between
cyclone outlet and measurement loca-
tion. If fixed pressure measurement
devices are utilized, it may be neces-
sary to purge the instrument lines to
ensure they do not become blocked by
particulate matter. A purge velocity of
0.5 m/s has been found to be sufficient
to keep the taps clean.

A generalized version of pressure
drop equation is as follows:
AP= Euler number X Velocity head

16ab
DZ

2
p.Ug

5 %)

air-only =

Euler number has been found to be
weakly sensitive to Reynolds number
in the typical operating range of cy-
clones.

For lightly loaded cyclones, the
equation proposed by Shepherd and
Lapple [7] has been found to be most

AP vy 4 llPS]
BB

6)

Sle

wi

=1,218 Pa=4.89 in. H,0

air-only = 1,286 Pa = 5.
APy i = AP, (1-0.02¢°%) =1,286(1-0.02[5]")
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Where

a = Inlet height, m

b = Inlet width, m

D = Cyclone diameter, m

D, = Gas exit duct (vortex finder) di-
ameter, m

@ = Actual gas flowrate at the inlet,
m3/s

pg = Gas density at operating condi-
tions, kg/m3

Ug; = Gas velocity at the inlet of the
cyclone, m/s

AP,;,.on1y = Pressure drop in Pascal
(1.013 X 105 Pa = 1 atm = 14.7 psi)
Interestingly, the pressure drop across
a cyclone decreases with increase in
dust loading initially and then in-
creases again for heavily loaded gas
stream.

The following equation by Smolik
[4, 5] can be used to calculate the pres-
sure drop reduction due to dust load-
ing.

AP, sotias =
Where

¢ = solids concentration in gas at cy-
clone inlet, g/m3

See the box, above, for a calculation
example.

AP,y (1-0.02c")
(@]

Performance evaluation
Svarovsky [4] plotted the pressure
drop characteristics (represented by
Euler number [Equation (8)]) versus
collection efficiency (represented by
Stokes number [Equations (9) and
(10)]) for various industrial cyclones
(see Figure 10).

AP
Eu= I
2
EPgU (€))
_ dpszoppU )
50 18u,D
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Where

D = Cyclone diameter, m

dpso= Cut-size or particle size corre-
sponding to 50% collection efficiency,
m

AP = Pressure drop across cyclone, Pa
Q = Gas flowrate, m3/s

U = Characteristic axial (gas) velocity
based on cyclone diameter, m/s

pg = Gas density at operating condi-
tions, kg/m3

Ky = Gas viscosity at operating condi-
tions, kg/(m-s) or Pa-s

Cyclones with higher efficiency
will exhibit higher pressure drop.
Figure 10 shows that cyclones with
lower Stokes’ number (lower cut-size
or higher efficiency) have higher pres-
sure drop. Therefore, there is always
a trade-off between pressure drop and
collection efficiency. The data (Figure
10) can be represented by the follow-
ing equation:

Fu= 12
Stk

This relationship can be further ex-
ploited to benchmark the performance
of an installed cyclone (Figure 11).

U=

(10)

(11

CYCLONE SPECIFICATION
Process and site conditions

Due to the simplicity of cyclones and
the lack of moving parts in the process
flow stream, cyclones are frequently
used in severe applications. Even in
common, relatively non-severe appli-
cations, there are frequently process
conditions that significantly impact
the proper design of a cyclone. In
some cases, the desire for high perfor-
mance from the cyclone must be bal-
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10,000

anced with maintenance, operability,
or other economic factors that result
from the process conditions.

One common example is cyclones
used in conjunction with fluidized bed
reactors. In many of these applica-
tions, the fluidized bed catalyst is ex-
pensive, which argues for the highest
possible cyclone efficiency. There are
several conflicting process consider-
ations though. For numerous reasons,
it is often better to use cyclones that
are installed internal to the fluidized
bed vessel. The physical dimensions
of the vessel are driven by the desired
reaction kinetics and over-sizing a
fluidized bed can be very costly. Many
times, the bed material is comprised
of abrasive particles. Maintaining
and replacing cyclones within a ves-
sel can very difficult, so these cyclones
are often designed for longevity. This
might mean that the cyclone construc-
tion is of an abrasion-resistant mate-
rial or lining, which is very heavy and
expensive. Often, cyclone geometry is
altered to accommodate the economi-
cal installation and repair of the lin-
ing. Velocities are often minimized
since the rate of erosion is greatly af-
fected by the cyclone inlet velocity and
to a lesser extent, outlet velocity. As
previously described, reduced inlet or
outlet velocity, or both, will reduce the
cyclone collection efficiency.

One of the most important process
variables to define for proper cyclone
operation is the range of conditions
that the cyclone should operate be-
tween. Engineers should use care to
specify the normal operating condi-
tions as accurately as possible, and to
provide the desired range if the con-
ditions are variable or there is some
uncertainty about the proper operat-
ing conditions (for example, normal,
minimum and maximum). It is very
common to find cyclones that are op-
erating improperly because they were
“over-designed.” Engineers should
avoid the desire to add a “safety fac-
tor” to process variables used for the
primary design of the cyclone. Many
times by trying to make a cyclone de-
sign “safe”, the result is ensuring the
cyclone performs less than optimally.

A typical turn-down ratio for a
cyclone is around 1.5:1 between the
minimum and maximum flow con-

High efficienjcy
design
1,000

Cyclone AP is
higher than expected

Eu =~/(12/Stkso)
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~
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High throughput
\ design
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e
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(common designs)
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FIGURE 11. The relationship in Figure
10 can be further exploited to benchmark
the performance of an installed cyclone

ditions, but can reach 3:1 in some
unique installations. The real limits
on turn-down are that, at the low-
est flow condition, the inlet veloc-
ity in the cyclone should exceed the
minimum velocity at which the solids
that are being transported will stay
in suspension. This is known as the
saltation velocity. The maximum ve-
locity should not exceed either of
the following: the velocity at which
the cyclone will exhibit significant
acoustical noise generation (Ranque-
Hilsch vortex separation) and initiate
particle attrition, thereby effectively
reducing the collection efficiency. As
a practical limit, this starts to become
a consideration above 120 ft/s (36.5
m/s) and 160 ft/s (48.8 m/s) inlet and
outlet velocities, respectively. Cyclone
pressure drop varies exponentially
with the velocity, if all other variables
remain constant. For most cyclones,
the empirical exponent for pressure
drop versus velocity is between 2.1
and 2.3. So if the flowrate and sub-
sequent range of flows is to be 2:1 for
a given cyclone, we can expect the
range of pressure drop to be over 4:1
from the maximum to the minimum
flow condition. In most systems, this
is not an attractive range of design
for the blower or fan.

Multi-cyclones. Smaller diameter cy-
clones (at the same inlet gas velocity
and solids concentration) will be more
efficient than a larger diameter cy-
clone. Therefore, a battery of smaller
cyclones in parallel must always out-
perform a single large cyclone. In
practice, however, that is not always
true. The difficulties associated with
equally distributing incoming gas
and solids and creation of crosscur-
rents through the hopper along with
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FIGURE 12. A disengagement hopper
arrangement at the bottom of the cy-
clone is an efficient approach to mitigate
re-entrainment

compromises in design required to
cluster the cyclones may outweigh
the benefits. Smaller cyclones may
also tend to plug if the collected solids
are sticky and cohesive. On the other
hand, multi-cyclone configurations are
compact and require less headspace.
This requirement is critical in instal-
lations where cyclones are internal to
a process vessel (e.g. reactor). A larger
turn-down in gas flow can be achieved
if some of the cyclones can be taken
off-stream.

For proper design of cyclone, the
following process and mechanical
specifications should be provided to

the vendor:




TABLE 3. TROUBLESHOOTING GUIDE

Symptom Possible Cause Solution
1.Collec- Design basis is wrong Verify specified design conditions and vendor performance predictions are
tion Ef- correct
ficiency is If higher AP can be provided by the system air mover and the collection ef-
lower than ficiency is close to the desired level, modify cyclone inlet and/or outlet to
expected increase the velocity
Replace the cyclone with a cyclone of better design
Gas leakage into the cy- Check and repair any leaks or holes
clone Check to make sure flange connections are properly gasketted and tight
Check and repair feeder valves for proper operation and gas tightness
Inlet or outlet ductwork is Check and repair inlet and outlet ductwork if any flow disturbance is induced
improperly designed into the cyclone
There_is an internal ob- Ensure that any access doors are flush and smooth
struction Ensure that there are no instruments or probes sticking into the cyclone flow
stream
If the cyclone is lined, check for and repair any major erosion that causes
sharp edge disturbance to the flow stream
If plugging is occurring see item below
2.Plugging | Feeder valve is sized im- Resize and replace the airlock valve at the outlet

properly for the particulate
loading and density

Cyclone discharge diam-
eter or dipleg is too smaill
for the particulate loading
and apparent density

Redesign and replace lower sections

Dipleg plugs

Add dipleg purges if problem is caused by poor aeration (although the intro-
duction of purge gas itself can reduce collection efficiency this is preferable
to 0% collection resulting from a plug).

Check and repair dipleg discharge valve

Particulate matter build up

If caused by condensation, insulate and/or heat trace

on surfaces

Consider non stick coatings or polished surfaces

Periodic cleaning with vibration, air cannon or both

Replace with a cyclone with greater internal clearances

Provide easy access for cleaning and maintenance

(Continues on p.42)

Process specifications:

e Gas flowrate: (normal, minimum,

maximum)

Operating gas temperature: (at nor-

mal, minimum, and maximum)

Operating gas pressure: (at normal,

minimum, and maximum)

Gas compositions: (at normal, mini-

mum, and maximum)

Condensable components: humidity

Composition and characteristics of

incoming dust (such as hygroscopic,

explosive, abrasive and so on)

Particulate loading: (at normal,

minimum, and maximum. It is also

important to specify an “upset” load
if one can occur)

e Aerodynamic particle size distribu-
tion with specified particle density
or specific gravity

e Desired collection efficiency or al-
lowable emission rate

e Allowable AP

Mechanical specifications:

e Design temperature: (minimum,
maximum)

e Design pressure: (minimum, maxi-
mum)

Ambient conditions (minimum,
maximum)

Location (indoor versus outdoor)
Applicable design code(s)

Mounting or support requirements
Installation envelope dimensions
Preferred materials of construction
Special features required: (for in-
stance, access doors, poke holes, in-
sulation, heat tracing or jacketing,
abrasion resistant lining, internal
finish or coating, external paint or
finish specifications, and so on)
Accessories desired: (for instance,
airlock or other feeder valves,
diplegs, dust receiver vessels, fire/
explosion suppression system, blow-
ers, and so on)

¢ Noise specification

Installation guidelines

Cyclones do not have any moving
parts but, when properly designed
and operated, can provide impressive
performance. Such performance is
purely a function of the internal flow
patterns that are set up within the cy-
clone. For this reason, it is vital that
the cyclone be installed and operated
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in a way that these flow patterns are
not inadvertently disturbed.

Cyclones are designed to discharge
the collected particles into a gas tight
area that is sufficiently remote from
the actual discharge point of the cy-
clone. Active vortex flow and the poten-
tial for re-entrainment of fine particles
that have been collected will extend
far below the actual discharge of the
cyclone. Vortex severity is a function
of the cyclone geometry and flowrates.
A minimum of three cyclone discharge
diameters (B) of clearance between
the cyclone discharge and the clos-
est point at which collected particles
may accumulate should be provided.
If the cyclone velocities are high, the
particles to be collected are very fine,
or both, greater clearance is advised.
A disengagement hopper arrange-
ment at the bottom of the cyclone is
an efficient approach to mitigate such
re-entrainment (Figure 12).

Gas leakage from the bottom is
the most frequent cause for loss of
efficiency in a process cyclone. Many
cyclones are operated under negative
pressure relative to the final solids

a1



TABLE 3. TROUBLESHOOTING GUIDE (Continued)

Symptom Possible cause

Solution

3. Erosion Cyclone inlet velocity is

too high

Replace the cyclone or modify the inlet so that the inlet velocity is as low as
possible (just above the saltation velocity at the minimum flow condition) *

Reduce the gas flowrate if possible

Particulate is abrasive

Use the lowest possible inlet velocity

Make the cyclone out of more abrasion resistant construction. If a combina-
tion of corrosion is occurring with erosion then the materials of construction
must first be corrosion resistant since virtually all materials will abrade away
rapidly when in an oxidized state

Use cyclones that have larger diameters

Design the installation and cyclone itself so that worn parts can be replaced

and/or repaired as economically as possible

4.APis too
high

Design basis is wrong

Verify specified design conditions and vendor performance predictions

If the high AP is not causing any real problem, leave it alone.The cyclone
should be providing higher collection efficiency than specified

Modify air moving portion of the system to accommodate higher AP

Enlarge the cyclone inlet or outlet pipe to reduce velocity (note this will re-
duce the cyclone collection efficiency) *

Replace the cyclone

Excess air leaking into up-
stream ductwork

Repair ductwork

5.APis too
low

Design basis is wrong

Verify specified design conditions and vendor performance predictions

If the low AP is not causing any real problem, leave it alone.

outlet fo increase velocity *

If the cyclone efficiency is too low by a small margin, modify the inlet and/or

Increase the gas flowrate to the cyclone

Leaks into the cyclone

Repair

Reduced swirl intensity

Clear internal obstructions, accumulation on the walls, repair damage

* Modification to the inlet may require changes to the vortex finder in order to avoid direct impingement of particles or short circuiting of flow

discharge location. Even in those in-
stallations, where the cyclone inlet
pressure is positive relative to the
final discharge, it is common for the
pressure above the discharge point to
be negative due to the vortex flow. In
these cases, if the valve or container
through which the cyclone discharges
its solids is not gas tight, a reverse flow
will be pulled into the cyclone causing
a significant reduction in collection ef-
ficiency. It should also be noted that a
rotary airlock should not be installed
directly at the outlet of a cyclone. It
can lead to loss of efficiency due to re-
entrainment. A vertical tube (collar)
or disengagement hopper configura-
tion between the rotary airlock and
the cyclone bottom is recommended.
Clogging of dust outlet can be prob-
lem with smaller cyclones handling
cohesive solids. There are three pos-
sible solutions to this problem:
e Choose a design with larger outlet
e Choose a larger cyclone diameter
e Ensure reliable flow out of disen-
gagement hopper
Gas inlet and outlet piping (ductwork)
can also have a significant effect on cy-
clone performance. The most common
problems with inlet ducting are elbows
that are too close to the cyclone inlet.
Horizontal elbows should be arranged
in the same flow rotation as the cyclone
and, if not, should be at least four duct

diameters away from the cyclone inlet.
Vertical elbows should be at least two
duct diameters away from cyclone inlet
where possible to ensure that down-
stream shedding eddies do not ad-
versely affect the flow into the cyclone.

Another common problem is when
solids accumulate on the bottom (floor)
of the gas inlet. Often, the disruption
to flow caused by the turbulence of gas
over the accumulated solids causes a
significant loss in collection efficiency.
Most often, this problem is caused by
a combination of low velocities, poorly
designed transitions, and/or verti-
cal elbows that are closely coupled to
the cyclone inlet. Most cyclones have
rectangular inlets and most piping or
ductwork leading up the inlet is round.
To connect the two, a transition is re-
quired. Transitions should be gradual
with an included expansion angle of
no more than 22 deg. when possible.
This expansion angle will help prevent
solids from accumulating at bottom of
the inlet transition. If the average cy-
clone inlet velocity is low (within 20%
of the saltation velocity), a “flat bottom”
transition may be advised. In this case,
the bottom of the horizontal duct is on
the same elevation as the bottom of
the cyclone inlet and all of the vertical
transition is along the top of the rect-
angular to round transition piece. If a
transition is expanding along one axis
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only, it is best not to exceed 15 deg. in
expansion angle.

If the elbow is close coupled to the
cyclone inlet, where the gas is turned
from vertically upward to horizontal,
the solids may settle out on the bottom
of the cyclone inlet. This is especially
true as the elbow radius becomes
smaller, the elbow is closer to the cy-
clone inlet, and if used with a sharply
expanding transition along the bottom
surface.

The most important consideration
with the outlet piping is to ensure
that it does not significantly impede
the spinning of the gas within four
pipe diameters of the cyclone gas out-
let. Any significant reduction of gas
rotation prior to this distance can re-
duce the spinning motion within the
cyclone and reduce cyclone collection
efficiency. Generally speaking, elbows
and transitions do not cause a signifi-
cant impact on the spin and can be
used. The engineer should be aware
that the pressure losses through these
fittings will be much higher than nor-
mally predicted for the flow conditions
due to the gas spin.

Seemingly small flow disturbances
in the cyclone itself can cause signifi-
cant decreases in cyclone performance.
Access doors must be designed and
fabricated so that they are flush and
smooth. Likewise, instruments should



not extend into the flow stream or
have recessed pockets that can cause
a flow disturbance.

Troubleshooting guide

For common operational problems
in cyclones, see the troubleshooting
guide (Table 3).

FINAL REMARKS

Cyclones continue to be an indispens-
able and ubiquitous process technology
for gas-solid separation operations. If
designed and installed correctly, they
work reliably and efficiently. The el-

egance of their design simplicity hides
the complex underlying fluid-particle
flow phenomena, which often leads to
lack of understanding of critical vari-
ables. More in-depth discussion on cy-
clone design can be found in the refer-
ences. |

Rebekkah Marshall
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Feature Report

Design of today’s industrial combustion burners
must allow operation with multiple fuels
while keeping emissions low

David Littlejohn, Robert Cheng, Peter Therkelsen,

Kenneth Smith and Sy Ali

Lawrence Berkeley National Laboratory

ombustion provides heat for
many industrial processes and
accounts for over 80% of the
power used by turbines to gen-
erate electricity. Over the past several
decades, regulatory action and con-
cerns over environmental air pollut-
ants, such as oxides of nitrogen (NOx),
have pushed industrial process de-
signers to develop burners that lower
pollutant emissions and prompted
manufacturers to switch to cleaner-
burning fuels. Going forward, indus-
trial combustion — both for process
heat and power generation — will be
characterized by an increasingly di-
verse fuel supply and a greater need
to reduce pollutants and carbon diox-
ide emissions. As substitutes to natu-
ral gas, coal and oil, alternative fuels
are being considered by the chemical
process industries (CPI) for power
generation and process heating. These
include low-heat-content fuels such as
landfill gas, biogas and synthesis gas
(syngas), as well as hydrogen.

To take full advantage of these al-
ternative fuels, CPI engineers are
exploring a number of approaches
aimed at reducing carbon emissions,
improving fuel flexibility and increas-
ing efficiency for combustion systems.
A key part of the effort is the develop-
ment of combustor designs that oper-
ate effectively using a range of fuels
while maintaining low emissions and
stable performance.

In this article, we discuss the low-
swirl combustor design, its operation

and its performance with natural gas,
hydrogen and low-heat-content fuels.
We believe that the low-swirl com-
bustor design can make a substantial
contribution toward a reduced carbon
footprint and higher air quality.

New demands on burners
For many years, burners for industrial
process heating and power generation
were relatively simple devices. The
primary criteria for burners were good
heat distribution, good flame stability
and turndown capability. Until recent
decades, emissions were not a primary
concern in burner development.
Industrial burner manufactur-
ers have successfully responded to
the challenge of reducing emissions
from combustion systems. There are
a number of lean, premixed burner
designs for use with natural gas that
can achieve low (sub-15 ppm or even
single-digit) NOx emissions. However,
concerns about COy emissions and fos-
sil fuel availability, as well as discus-
sions over the creation of a carbon cap-
and-trade program or other carbon
tax, have created new challenges.
Burners that have been carefully op-
timized to operate cleanly with natural
gas may not be capable of operating
with alternative fuels. The combustion
properties of these alternative fuels can
differ significantly from natural gas.
Combustors that have been optimized
for clean operation on natural gas may
not burn the alternative fuels cleanly,
or even worse, may become unstable
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Pollutant concentration

Flame temperature

FIGURE 1. CO levels (red) rise as flame
temperature decreases. Increasing the
fuel-to-oxidizer ratio leads to higher flame
temperatures (blue) and higher NOx

and get damaged or destroyed.

The ideal burner design would be
able to operate cleanly on both natural
gas and alternative fuels, and be able
to switch between fuels with little or
no change in operating conditions.

Production of pollutants in flames
depends on several factors — fuel-air
mixing, fuel-air ratio, flame tempera-
ture and fuel composition. Gaseous
fuels tend to burn more cleanly since
they can be mixed with air to produce
a uniform air-fuel mixture without
undergoing a phase change. It is more
difficult to produce uniform mixtures
from liquid fuels. Liquid fuels are
sprayed into the air for combustion,
and fuel droplets are surrounded by a
fuel-rich zone until the liquid fuel is
completely vaporized. The processes
involved with solid fuel combustion
are even more complicated. All of
these factors must be considered in
the development of cleaner-burning
combustion systems.

Stoichiometry and temperature

The temperature at which a flame
burns depends on the type of fuel used
and the flame stoichiometry. In com-
bustion, stoichiometry is a term that
is used to describe the ratio of fuel to
oxidizer consumed during the combus-
tion process. For example, in the com-
bustion of methane (CHy + 209 —>



FIGURE 2. With a series of vanes at exit angles of about 35-40 deg, the low-swirl
burner splits the flow of incoming air into a non-swirling center surrounded by a

swirling annular flow

COq + 2H50), twice as much oxygen
is consumed as methane on a mole or
volume basis. The equivalence ratio
of a system is defined as the ratio of
the experimental fuel-to-oxidizer ratio
to the stoichiometric fuel-to-oxidizer
ratio. The equivalence ratio may be ex-
pressed as either: phi (fuel-to-oxidizer)
or lambda (air-to-fuel).

In the methane combustion reaction
above, there is no residual oxygen and
no residual fuel, so the system has an
equivalence ratio of one both as fuel-
to-oxidizer ratio or air-to-fuel ratio.
The equivalence ratio phi will be used
in this article when discussing fuel-
air mixtures. When there is less fuel
than air available for the flame (phi
<1), the flame is lean and burns at a
lower temperature than a flame at
stoichiometric conditions. A rich flame
with more fuel than available air (phi
>1) also burns at a lower temperature
than a stoichiometric flame, but gen-
erates partially oxidized species from
the fuel, including carbon monoxide,
formaldehyde and other aldehydes.
Since these species can contribute
significantly to poor air quality, rich
flames are generally avoided.

NOx production paths

NOx are regulated pollutants, and
consist primarily of nitric oxide (NO)
and nitrogen dioxide (NOy). In a flame,
NOx can be formed by three different
processes to generate thermal NOx,
fuel NOx and prompt NOx.

Thermal NOx is produced at high
temperatures by elementary reactions
of the Zeldovich mechanism:

Ny +O—>NO+N 1)
N+0y—>NO+0 (2)

N+OH—NO+H 3)
Fuel NOx is produced from combus-
tion of nitrogen-containing fuel com-
ponents. Fuel-generated NOx can be
avoided by using fuels without signif-
icant quantities of nitrogen-contain-
ing compounds.

Prompt NOx is produced by radi-
cal reactions in the flame. However,
this is a relatively small channel for
NOx production, and generally not as
important to overall NOx emissions
as thermal NOx. In most combustion
systems, thermal NOx is the domi-
nant production channel, and NOx
emissions can be controlled by limit-
ing the flame temperature.

The dependence of NOx and carbon
monoxide concentrations on flame
temperature are shown for lean flames
in Figure 1. At very lean conditions,
the flame temperature is not suffi-
ciently high to completely burn out
CO, and CO levels rise rapidly as the
flame temperature decreases. As the
fuel-air mixture is made increasingly
lean, it approaches the lean blowout
limit where the flame does not release
sufficient heat to sustain itself. On the
other side of the graph, flame temper-
ature, and NOx, increase as the fuel-
to-oxidizer ratio increases.

Low-NOx burner design

Low-NOx burner design involves sev-
eral factors. One factor is to establish
mixing of the air and fuel before they
flow into the flame zone, so the flame
burns at a uniform and well-defined
temperature. If air and fuel are poorly
mixed, there will be fuel-rich regions
and fuel-lean regions within the flame
zone. The fuel-rich regions will burn

FIGURE 3. The interaction of the flows at
the exit of the swirler assembly creates a
flow profile that expands radially outward

with a high flame temperature, gener-
ating excess NOx, and possibly burn-
ing incompletely due to excess fuel.
The fuel-lean regions will not generate
much NOx, but may burn at too low a
temperature for complete combustion.

An effective gas-mixing system
should be integrated into a low-emis-
sions burner design, but the creation of
a volume of mixed fuel and air in the
burner upstream of the flame zone can
introduce some safety concerns. Proper
control of the flame position must be
maintained to avoid the flame flashing
back to the fuel injection zone. The fuel
injection system should be insensitive
to pressure fluctuations in the flame
zone to avoid combustion oscillations.

Premixed burners can often operate
effectively over a range of lean equiva-
lence ratios. For maximum efficiency,
the burner should be set to operate at
the highest flame temperature that
will produce acceptable NOx emissions
and will not damage the downstream
section of the combustion system.

One advanced premixed burner de-
sign that is capable of very low-emis-
sion operation is the low-swirl burner
(Figure 2). The low-swirl burner is a
scalable design that has demonstrated
excellent operating stability while
achieving low-emissions performance.
The concept was developed as a flame
research tool by one of the authors
(Robert Cheng), and is used for indus-
trial heating applications.*

*Note: The low-swirl burner design has been
licensed by Honeywell’'s Maxon Corp. (Muncie,
Ind., www.maxoncorp.com) for process heating
over a specific heat-output range and was com-
mercialized for natural gas operation. The low-
swirl burner technology is available for licensing
for other applications.
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The low-swirl burner splits the flow
of incoming air into a non-swirling
center flow surrounded by a swirling
annular flow. The swirl in the annu-
lar region is generally created by a se-
ries of vanes with exit angles of about
35-40 deg. The interaction of the flows
at the exit of the swirler assembly cre-
ates a flow profile that expands radi-
ally outward. This interaction causes
the axial flow velocity to ramp down
as the flow expands outward (Figure
2, diagram). This velocity downramp
creates the unique flame stabilization
mechanism of the low-swirl burner.
Once the burner is lit, the flame set-
tles in the region downstream of the
swirler exit, where the flow velocity
matches the turbulent flame speed of
the fuel-air mixture (Figure 3). The
burner design can accommodate fuels
with a wide range of flame speeds. The
flames of fuels with high flame speeds,
such as hydrogen, will burn close to
the burner exit, while the flame of
low-heat-content fuels, such as landfill
gas (with low flame speeds) will settle
at a lower velocity region farther from
the burner exit.

Low-swirl burner and flex-fuel
Development of fuel-flexible combus-
tors (also referred to as injectors) in
turbines for electricity generation
is an important potential applica-
tion for integrated-gasification com-
bined-cycle (IGCC) power plants. As
an example of the process required to
modify burner designs for operation
with alternative fuels, we discuss an
investigation adapting the low-swirl
burner for operation with both natu-
ral gas and syngas in power turbines.
With U.S. Dept. of Energy support,
research is underway to explore de-
sign concepts to adapt the low-swirl-
based combustor for turbines that
will allow operation with natural
gas, medium-hydrogen-content (un-
shifted) syngas, and high-hydrogen-
content fuels.

What are the most important issues
associated with designing a turbine
combustion system that can operate
efficiently and cleanly on multiple
types of fuel? The following issues
should be considered: First, compare
the properties — such as heat content,
density, flame speed, range of flamma-
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bility and autoignition temperature —
of the fuels to be used.

One parameter that is used to as-
sess fuel interchangeablity is the
Wobbe Index (W.I.), which is defined
as the higher heating value divided
by the square root of gas specific grav-
ity. The W.I. is helpful in assessing
fuel supply and control issues for a
combustion system, but it does not ad-
dress the combustion properties of the
fuels. Wobbe Index values for natural
gas, hydrogen, and medium hydrogen
syngas and high hydrogen syngas are
listed in Table 1. Natural gas and hy-
drogen have similar W.I. values, but
the syngas blends are significantly
different. This indicates that the fuel
circuit in a natural gas combustor
could be used for hydrogen, but a dif-
ferent fuel circuit would be needed for
the syngas blends.

The combustion properties of the
fuels add another layer of complex-
ity to the analysis. The specifications
of a 200-MW (F class) power turbine
will be used to investigate the oper-
ating conditions for a conceptual tur-
bine combustor based on the low-swirl
design. The airflow from the turbine
compressor is roughly constant at
full load. The turbine combustor will
have a well-defined heat release, and
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this value can be used to determine
the fuel flowrates. Selected values for
operating parameters are listed in
Table 2. Flame temperature will be
constrained by NOx production and
should be about 1,840K to achieve
single-digit NOx emissions. The pri-
mary zone refers to the flame region.
A portion of the incoming air is split
off before the combustor and injected
downstream of the flame to reduce
the temperature to about 1,700K, the
upper limit for the turbine inlet tem-
perature. The flowrate of unshifted
(medium-hydrogen) syngas is substan-
tially higher than that of other fuels.
The values in Table 2 can be used
to develop a conceptual combustor de-
sign that can utilize all of the fuels of
interest. The flowrates and the fuel
combustion properties suggest that it
would be difficult to use a common fuel
system for all three fuels. By incorpo-
rating two fuel circuits in the combus-
tor assembly, it will be possible to op-
erate the turbine at full load with any
of the fuels and switch between fuels
without shutting down (Figure 4). The
flowrate of medium-hydrogen syngas
will require a supply system with a
larger cross-section than natural gas.
High-hydrogen syngas can be supplied
at a lower pressure than the medium-



TABLE 1. PROPERTIES OF POTENTIAL FUELS
FOR A GASTURBINE IN AN IGCC PLANT

TABLE 2. POWERTURBINE OPERATING PARAMETERS
FOR NATURAL GAS AND TWO SYNGASES

Natural | 100% Medium | High Natural | Medium | High

gas H2 H2 H2 gas H2 H2
Specific gravity 16.4 2.0 20.6 7.3 Fuel temperature, K 458 366 366
Molecular wt., kg/kmol | 0.54 0.07 0.71 0.25 Primary zone temperature, K | 1,839 | 1,839 1,842
Density at std. temp. 0.65 0.08 0.86 0.30
and pressure, kg/m? Mass flow (fuel), kg/s 12.4 57.1 224
Lower heating value, | 47,450 [120,580( 11,193 |27,842| | Mass flow (air). ks/s 382 382 382
kd/kg Primary zone fuekto-air 0.032 |0.149 |0.059
kc‘:\;v;g heating value, 32,676 | 10,059 | 9.687 8,457 Totallmass oW kg e 266 511 476
Wobbe Index, MJ/m3 44.2 38.3 11.4 17.0 Normalized mass flow 1.00 1.13 1.05

hydrogen syngas to provide a suitable
flowrate through the same circuit.

Since hydrogen-containing fuels are
more susceptible to flame flashback
and autoignition, the injection site for
these fuels is placed as close as pos-
sible to the combustor exit. This ar-
rangement minimizes the volume of
mixed air and fuel upstream of the
flame zone. The natural gas injection
site can be optimized for natural gas
injection and located upstream of the
syngas injection site. The dual-fuel-
channel concept will minimize the
modification of the low-swirl injector
design developed for turbines, provide
acceptable fuel injection pressures for
all fuels and will allow seamless tran-
sition between fuels.

At present, only a conceptual design
for a fuel-flexible, low-swirl combus-
tor for power turbines has been devel-
oped. Considerable development and
testing will be required to establish
a geometry that will satisfy all of the
requirements of such a burner. There
are a number of potential issues to be
explored, including:

e Fuel injection and mixing

e Variations in flame speed and flam-
mability with fuel composition

e Flame behavior during transition
between fuels

e Turbine instabilities and oscillations

® Cooling and temperature control of
the combustor hardware

Coal gasification
Net carbon emissions can be reduced
by using fuels from renewable sources
or by removing carbon from the fuel
stream (either before or after the com-
bustion system). Lowering carbon in
the fuel stream has focused attention
on hydrogen as a fuel. Hydrogen can be
produced by the gasification of coal.
The U.S.is one of a number of regions
throughout the world with abundant
coal reserves. To reduce the emissions
and carbon footprint from coal-based

power generation, pilot-scale studies
are underway to gasify coal in IGCC
plants. Coal gasification systems heat
coal with steam and limited amounts
of oxygen or air to yield a syngas that
consists primarily of CO, COg and H,.
The syngas can be processed by the so-
called water gas-shift reaction to gen-
erate a mix of primarily Hy and COy
(CO + HQO —_ 002 + H2)

The high-hydrogen-content syngas
can be burned in a gas turbine to gen-
erate electricity. It is highly desirable
to be able to burn natural gas in the
turbine when syngas is not available.

The high concentration of carbon
dioxide in the mix simplifies capture
of CO, for sequestration or other pur-
poses, such as enhanced oil recovery.
Capturing COq takes energy, so the
goal is to establish a high concentra-
tion of COy in the gas stream before
separation. There is also an increas-
ing emphasis on improving system ef-
ficiency so that more useful energy is
extracted for a given quantity of fuel
burned.

Autoignition in hydrogen-contain-
ing fuels is a concern at turbine op-
erating conditions, and continues to
be an area of active research. While
hydrogen does not have a particularly
low autoignition temperature, it has
a very low ignition energy. The condi-
tions at which autoignition occurs de-
pend on a number of factors, including
the composition of the fuel, the fuel-to-
air ratio, pressure and temperature.
If fuel is injected into air at condi-
tions suitable for autoignition, there
is a time delay before ignition occurs.
There is disagreement between exper-
iments and models of ignition delay
(Figure 5).

To avoid the possibility of autoigni-
tion in a combustor, the residence time
for the airflow to pass from the fuel in-
jection point to the flame zone should be
kept as short as possible when operat-
ing on fuels with high hydrogen content.

The design goal for the low-swirl injec-
tor, for example, is to keep the residence
time below 5 ms, which should supply
a suitable safety margin at typical tur-
bine operating conditions. |

Edited by Scott Jenkins
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Non-ideal Gas Galculations
Using Analytical Residuals

A refresher on simplified calculations
of thermodynamic changes of real gases

Subin Hada and Shafik E. Sadek
Chemical and Biomolecular Engineering
University of South Alabama

any operations involving ideal gases are readily

calculated using a basic knowledge of thermody-

namics. Non-ideal gas behavior, however, can de-

viate significantly from that of ideal gases, and in
some cases, large errors can be introduced in process cal-
culations if a gas is improperly assumed to behave ideally.
The pressure, volume and temperature (PVT) relationship
of a gas defines its behavior and is used to account for its
non-ideality. This PVT behavior of a gas is described by its
equation of state (EOS). Knowledge of the EOS allows us
to estimate the behavior of the gas more accurately when
it is undergoing physical operations, such as compression
or expansion.

The introduction of “residual functions” (defined as the
difference between a property of the real gas and that
property for an ideal gas held at the same temperature
and pressure) simplifies the calculation of thermodynamic
function changes, such as the enthalpy or the entropy,
when the conditions of a gas are changed. For example,
the energy required to compress a non-ideal gas may dif-
fer significantly from that of an ideal gas and is readily
estimated by using the appropriate “residuals.” Residuals
are determined from the EOS.

Tables or charts of dimensionless expressions of resid-
ual enthalpy and residual entropy are available in the lit-
erature, but these are awkward to use in computational
algorithms. Property algorithms are available in some
chemical engineering software but these are not always
available to the practicing engineer. Analytical expres-
sions make it easier and more convenient to use residuals
in process calculations.

Two equations of state commonly used by chemical en-
gineers are the Redlich-Kwong-Soave (RKS) and the Peng-
Robinson (PR). These are pressure-explicit forms (that is,
with the pressure expressed as a function of temperature
and specific volume.) These equations require only the
knowledge of the critical properties of the gases, which
are usually readily available, and can be carried out using
handheld calculators. An example of an application on gas
compression is given.
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Definitions

A residual thermodynamic function is defined as the dif-
ference between the value of a property and the ideal gas
value of that property at an equal temperature and pres-
sure. The residual of a thermodynamic property B of a ma-
terial at a temperature T and pressure P is:

B*(T,P) = B (real property at T, P) — B*(ideal gas property at T, P)
(e))

Because gas behavior approaches ideal gas behavior as the
pressure is reduced, the residuals of gases approach zero
as their pressure is reduced. Consequently, at a constant
temperature, T, the residual function, BE, can be calculated
by integrating the differential dBE from a lower pressure
limit of Py — 0 to the system pressure P.

fOPdBR - BR =fUPd(Brm/ _Big)=f:d real _fopd ig (2)

Since thermodynamic properties are functions of state,
a change in the thermodynamic property of a material de-
pends only on its initial and final conditions and not on the
path taken to make the change. Because of this, residuals
simplify the calculation of non-ideal gas property changes
in process calculations. The thermodynamic property
change between an initial and a final state can be readily
determined by using residuals in a three-step calculation.
For example, to calculate the change in a property “B” (usu-
ally the internal energy, enthalpy or entropy) when a mate-
rial is taken from an initial temperature 7'; and pressure
Py to a final temperature Ty and pressure Py, the change
may be expressed as:

AB(T,.P, to T,.P,) =[ B(T,.P,) - B(T,,P,)]

= B(T,,P,)- B*(T,,P,) (st step)

) ) 3
+ B*(T,,P,)- B*(T,.R) (2nd step) @)
- B(T,,P)-B*(T,,P) (3rd step)

The first and third terms in the last part of the above equa-
tion represent the residuals at the final and initial condi-
tions, respectively. The middle term represents the change
in property for an ideal gas between (T';,P;) and (T, Ps), and
requires knowing the ideal-gas specific heat. It is important
to note that a change with temperature of the Gibbs free



TABLE 1. VALUES OF THE PARAMETERS
INTHE EQUATIONS OF STATE

TABLE 2. SUMMARY OF THE RESIDUAL FUNCTIONS
FOR DIFFERENT CUBIC EOS

RKS PR Residual internal energy, UR
o RT
a. = 0427480 e 6, = 045724 =« s | 45T qlm Y
1% c EOS b \JTT.a V+b (10)
K =0.48508 K =0.37464
1551710 - 0.156130" | +1.542260 - 0.269920" | | pp a (k) V+b(1-12)
+1(In an
2 2 EOS 20\2 JIT.a v+bl1+2
a=[l+K(1—\/f)] a=[l+K(1—\/f)] ‘ ( )
Residual enthalpy, HR
a=a.a a=aa
RKS “[ KT +l]1n[v]+RT(V—IJ
RT % 12
b= 0.086640 = b= 0.07780% EOS | b\JTLa Vb v
Critical and reduced properties are subscripted ¢ and r PR a KT v+ b(l B \/E) V
w is the acentric factor +1fIn +RT ig 1 (13)
Note: The original RK equation of state used the same con- EOS Zb‘/z Y TTCO( V+b (1 + \/E ) \4
stants as the RKS equation but without o = 7-1/2
Residual entropy, SR
energy, AG, or the Helmholtz free energy, AA, re- v Vi
quires knowing the absolute value of the entropy, S | RKS K 1 [ ] - Rln ( ) 14y
(see the relationships listed in the Boxes on p. 51), | EOS byTT.a [V +b V-b
and cannot be determined without resorting to the
third law of thermodynamics. The effect of tempera- 52 )
ture on the free energies is outside the scope of this | PR S Y b(l - 2) _RIn Ve 15)
paper and will not be discussed here. = 2b\/2'l'l'coc V o+ b(l +2 ) V-b
Derivation of residuals Residual Gibbs energy, GR
The derivation of residuals is shown in most ther- u v Ve v
modynamics textbooks [I-3]. Residuals for single | RKS —In [ ] + RTIn ( ) +RT (—Ig = 1) 16)
components are calculated from the isothermal re- EOS b V+b V-5 4
lationship expressed by Equation (2): ( )
Va+b(1-2 it
R_ real _ 4 In + RTIn +RT | —-1
Jap'=Jas" - fas @ leos | 22 v+b(1+42) (V-b) ve )| an
The isothermal differentials for the actual material
and ideal gas properties can be expressed in terms | Residual Helmholiz energy, AR
of pressure or volume as either one of the following v Vi
differentials: RKS Dn +RTIn as)
9B EOS b V+b V-b
dB=|—| dP o (5)
aP ),
9B PR ¢ in V+b{1-+2) +RTln(Vig ] 19
dB - (W) av ©® |[EOS | 26v2 |vb(1+12) V-b 4+
,

The differentials (dB/0P)p and (dB/oV)p are deter-

mined from the basic thermodynamic functions (the com-
bined first and second laws) and the EOS used to describe
the material’s PVT relationship. The preferred differential
depends on the EOS used, whether it is volume- or pres-
sure-explicit. Pressure-explicit forms are more commonly
used, and in this case the differential with respect to vol-
ume [Equation (6)] gives a more convenient form to use.

Equations of state

Cubic equations of state are closed-form equations that
are modifications of the Van der Waals equation, with con-
stants that are related to the critical properties of the ma-
terial. The generalized pressure-explicit cubic equation of
state [3] is given by:

b RT a(T)

(V-b) (Vp-1)(V+y-1)

(7

where «, B, ¢t and y are constants specific to the material
and related to its critical properties.

An early cubic equation is the Redlich-Kwong (RK) equa-
tion which was later modified by Soave and is still com-
monly used in chemical engineering; it is often called the
Redlich-Kwong-Soave (RKS). Another equation still used
after many years of application is the Peng-Robinson (PR)
equation of state.

The RKS equation of state is:

P RT B a
“WVob) V(v+b) ®)

The PR equation of state is:
P RT _ a
" (V=b) V(V+b)+b(V-b)

9
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The constants in Equations (8) and (9) are expressed in
terms of the critical properties as shown in Table 1.

Residuals of thermodynamic functions

Residuals of the thermodynamic functions are determined
by combining the basic first and second laws of thermo-
dynamic functions (Box 1 on p. 51) and the Maxwell rela-
tions (Box 2 on p. 51). The residual for each thermodynamic
function can be determined for the property of interest by
applying Equation (2), Equation (6), and the appropriate
Maxwell relation to eliminate the entropy term.

Residuals were calculated based on the pressure-explicit
Redlich-Kwong-Soave and the Peng-Robinson equations
and the results for the five thermodynamic functions are
summarized in Table 2.

Example calculations
Two examples are now presented to demonstrate the use of
residuals. Both involve the compression of methane at an
initial temperature of 200K. For simplicity, the compres-
sions — isothermal and adiabatic — are assumed to be car-
ried out reversibly.

For methane, the following parameters are used [2]:

T, = 190.56K
P,=4.6MPa
©=0.011

Cpi8/R = 4.568 - (8.975x10-3)T +

(3.631x10-5)T2 - (3.407x10-8)T3 +

(1.091x10-11)74
Example 1: Isothermal flow compression. Determine
the work required to compress methane isothermally (at
200K) from a pressure of 1 MPa to 10 MPa. The compres-
sion is to be carried out in a continuous flow operation.

Assuming a reversible compression, the work to com-
press one mole of gas isothermally is the flow work

W=deP=AG

Where

AG=G, -G,

-(G,-G¥)+(cx -cr)-(G, -c¥)
- Gf +(G¥ -G)-GF

_G" + RTIn (ij _GF

B
For the given problem, the Gibbs free energy residuals
require knowledge of the gas specific volumes at the two
temperature limits. These actual volumes are determined
from the EOS. The ideal gas values are computed from the
ideal gas law.

Table 3 summarizes the parameters and the properties
using the RKS and PR equations of state for pure methane
at 200K, and the estimates of the compression energy re-
quired. The ideal gas value is also calculated.

The work required to compress the gas isothermally
based on the RKS equation of state is about 31% lower
than the work required to compress an ideal gas. The work
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TABLE 3. SUMMARY OF ISOTHERMAL
COMPRESSION CALCULATIONS.
| RKSEOS | PREOS | units
Parameters
a, 0.233 0.249 J m3/mol2
k 0.502 0.392 dimension-
o 0.975 0.981 dimension-
a 0.228 0.245 J m3/mol2
b 2.984 x 10-5 | 2.680 x 10-5 | m3/mol
Properties
V, 6.603 x 10-5 | 5.984 x 10-5 | m3/mol
V; 1.552 x10-3 | 1.539 x 10-3 | m3/mol
Vo9 1.663 x 104 | 1.663 x 10-4 | m3/mol
V;ig 1.663 x10-3 | 1.663 x 10-3 | m3/mol
GR -1,311 -1,407 J/mol
AGig (=Wig) | 3,829 3,829 J/mol
GR -109 =122 J/mol
AG (=W) 2,627 2,544 J/mol
TABLE 4. SUMMARY OF ISENTROPIC

COMPRESSION CALCULATIONS

RKS EOS PR EOS Units
Ty 359.55 360.02 K
V, 2.850 x 10-4 | 2.759 x 104 | m3/mol
V,ig 2.989 x 104 | 2.989 x 10-4 | m3/mol
SR -2.530 -2.574 J/mol K
ASig 1.414 1.465 J/mol K
SR -1.116 -1.109 J/mol K
HoR -1,089 -1,215 J/mol
AHig 5,633 5,651 J/mol
H;R -332 -344 J/mol
AH (=W) | 4,876 4,780 J/mol

required to compress the gas based on the PR equation of
state, is about 34% lower than that required for an ideal
gas. The results from the two EOSs agree within about
3%, and both show a significant difference of gas behavior
from ideality.
Example 2: Reversible adiabatic compression. De-
termine the work required to compress the gas adiabati-
cally between the two given pressures, starting with a
gas at 200K.

If the compression is carried out adiabatically, the work
done, W, to compress the gas is equal to its change in en-
thalpy during an isentropic compression:

W=H,-H,

And since the compression is carried out adiabatically and
reversibly, then

AS=S, -8, =0

= (S, =S5 )+ (S5 = 8) = (8, - 5¥)

Here, the ideal gas entropy change is:

it i i I C;f Pz
AS*=(S¥ -s;’)=fT‘ T dT—Rln(F]j



BASIC THERMODYNAMIC
RELATIONSHIPS

The basic thermodynamic relations for one mole of a single
component combine the first and second laws of thermodynam-
ics and are expressed as follows:

Internal energy, U

dU =TdS - PdV (20)
Enthalpy, S

Gibbs free energy, G

dG =VdP - SdT (22)
Helmholtz free energy, A

dA =-PdV - SdT (23)

Here, S and V represent the specific entropy and specific volume
of the material; P and T are its pressure and temperature.

Therefore,

2 C P
AS =S+ [ S2ar - Rin| 2| - s* =0
27 P

To calculate the work required, the compressed gas tem-
perature Ty that satisfies the above equation must first
be determined. This is readily done since all the variables
in this equation are known (T'; , P; and Ps) with the only
unknown being T. A trial-and-error procedure using MS-
Excel or Mathcad can be set up. Using Excel, for example,
a spreadsheet is prepared. The first step is to select some
final temperature, Ts. From the EOS, the value of V5 is
determined that satisfies this temperature and the system
pressure, Py, using, for example, Goalseek or Solver. Using
these temperatures (T'; and the assumed value of T) and
pressures (P; and Py) the overall entropy change, AS, is
calculated. This calculation is repeated with different tem-
peratures until a value of AS = 0 is finally obtained. This
will then be the value of Ty that satisfies both the isen-
tropic change and the EOS.

The compressor work, W, can now be calculated. It is
equal to the enthalpy change, AH, of the gas. Once again,
using residuals:

W=AH=H,-H, =(H,-HS)+(HE - HF)-(H, - H)

T, .
= Hf +fTI' CdT - Hff

Table 4 summarizes the results obtained from the isen-
tropic compression calculation described above.

For comparison with an ideal gas, the final temperature
(Tyi8)* after the ideal-gas isentropic compression is calcu-
lated this time from AS = 0. Again, using an iterative cal-
culation, this temperature is determined to be:

MAXWELL RELATIONS

Because the thermodynamic properties are functions of state
and are exact differentials, the Maxwell’s relations define the
effects of pressure and volume on the entropy. These are:

o), (),
7). ~ &),

(Ty8)* = 346K

(24)

(25)

and the work required to compress the ideal gas to the de-
sired pressure of 10 MPa is

Work = (AH8)* = 5,134 J/mol

The real gas calculations are about 5% and 7% below the
ideal gas compressions based on the RKS and PR equa-
tions of state, respectively. The difference in the estimates
between the two equations of state is about 2%. |

Edited by Gerald Ondrey
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snecifying Gas Turbines

Amin Almasi
WorleyParsons Services Pty Ltd

as turbines are widely used
throughout the chemical process
industries (CPI) — especially in
petroleum refineries and petro-
chemical facilities — to provide both
mechanical-drive and power-genera-
tion capabilities. Presented below are
a variety of recommendations related
to the selection and arrangement of
gas turbines and auxiliaries, perfor-
mance testing, and proper operation
and maintenance of these systems.

In general, gas turbines have al-
ways been tolerant of a wide range
of fuels including conventional liquid
and gaseous fossil fuels, and high-
and low-heating-value fuels (such as
gasified coal, wood and biofuels and
so on). For gas turbines, the primary
performance objectives include the
ability to demonstrate optimum fuel
consumption, maintain low emissions
and ensure reasonable reliability.

Ongoing improvements for gas tur-
bines have been achieved by three
main factors:

e Metallurgical advances that have
enabled the production of gas tur-
bine components with increased
temperature ratings
The application of the cumula-
tive body of advanced knowledge
developed by the aircraft-engine
industries has benefited many ap-
plications in the chemical process
industries (CPI), with favorable
results
e Advanced computer technology has
been used to optimize the design,
simulation and operation of gas
turbines
All of these factors have contributed to
avast range of ongoing design improve-
ments for the air-compressor itself (for
instance, enabling improved pressure-
ratio increases), for the combustion
system (producing lower emissions and
greater fuel efficiency), and for the tur-
bine (for instance, through the develop-
ment of single-crystal blades, improved
cooling strategies and more).

This guidance can help to improve the specification
and operation of these workhorse units,
which are used throughout the CPI as hoth
mechanical drivers and power generators

The design and arrangement of in-
dividual gas turbine packages is a
complex undertaking. When evaluat-
ing competing gas turbine options,
the user must weigh the needs and re-
quirements of the application against
the specific performance attributes and
other defining characteristics of the
gas turbines offered. Compromises or
tradeoffs are often required to balance
the application-specific requirements
and constraints against competing tur-
bine options. Condition monitoring and
predictive maintenance can help to im-
prove overall operation and reliability.

The ability to maintain control
of speed in the face of sudden load
changes is also important. Today,
thanks to advances in modern control
technologies, it is possible to simply
and effectively control these highly re-
sponsive machines.

Gas turbine types and design
There are two main types of gas tur-
bines — aero-derivative gas turbines
and heavy-industrial gas turbines —
and each varies in terms of its weight,
combustor design, turbine design,
bearing design and lube oil system.
In general, heavy-frame units are
slower in speed than aero-derivative
gas turbines, and they have higher air
flow and tend to require more time-
and labor-intensive maintenance and
management of spare parts. Mean-
while, heavy-industrial gas turbines
typically use hydrodynamic bearings
while aero-derivative units typically
use anti-friction bearings.

Ongoing advances in the aircraft
engine and space technologies sector
have been used to provide more eas-
ily maintainable, flexible, lightweight
and smaller aero-derivative gas tur-
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bines for use in other industrial sec-
tors. The key to easing maintenance
is to use a modular concept, which
enables the removal and replacement
of key components without requiring
the entire gas turbine to be removed
from its support mounts. In general,
heavy-industrial units tend to require
greater time and effort than aero-de-
rivative units to remove and replace
the combustor parts and more effort to
inspect or repair the various sections
of the gas turbine.

For both power-generation and
mechanical-drive services, the gen-
eral preference among operators has
been to use aero-derivative units in
remotely located applications (includ-
ing offshore applications), and to use
heavy-frame industrial units in more
easily accessible baseload applica-
tions. However, there will always be
exceptions.

Heavy-industrial gas turbines tend
to consume more fuel and approxi-
mately 50% more air than aero-de-
rivative units. Because of this, heavy-
industrial gas turbines are exposed
to greater amounts of potential con-
taminants in the air and thus face an
increased risk of corrosion (especially
sulfur-related corrosion). In particu-
lar, the large cross-sectional area of
the blades and vanes used in heavy-
industrial turbines makes them more
susceptible to corrosive attack, but
their increased size also enables them
to tolerate more corrosion compared to
the blades of the aero-derivative gas
turbines, which tend to be thinner and
have a higher aspect ratio.

Hot-end drives. Gas turbines can be
arranged in one of two ways: as a hot-
end drive configuration or a cold-end
drive configuration. The hot-end drive



FIGURE 1. Shown here is an example of a heavy-frame industrial gas turbine. In
recent years, metallurgical advances have helped to increase the temperature ratings
of all types of turbines. Reprinted with permission from [1]

configuration is more common. In a
hot-end drive configuration, the loca-
tion of the gas turbine output shaft
is at the turbine end where exhaust
gases can reach high temperatures.
This not only affects bearing operation
and life, but also makes the turbine
more difficult to service, as the train
assembly (driven equipment, coupling
and so on) must be fitted through the
exhaust duct.

In hot-end arrangements, insuffi-
cient attention to key design and oper-
ational aspects — such as the output
shaft length, high temperatures, ex-
haust duct turbulence, pressure drop
and maintenance accessibility — often
results in power loss, excessive vibra-
tion, shaft or coupling failure, and in-
creased downtime for maintenance.
Cold-end drives. By comparison, in
the cold-end drive configuration, the
gas turbine output shaft connects to
the front of the air-compressor. In such
a configuration, the driven equipment
can be more easily accessed by opera-
tors and maintenance technicians. Un-
like a gas turbine with a hot-end drive
configuration, driven equipment in the
cold-end configuration will be exposed
to ambient temperatures only.

However, the cold-end configura-
tion has several drawbacks that must
be considered. For instance, the air-
compressor inlet must be configured
to accommodate the gas turbine out-
put shaft to the driven equipment.
This will affect the inlet air duct.
This inlet duct must be turbulent-free
and provide uniform, vortex-free flow
throughout the operating speed range.
Problems resulting from a poor design
can be catastrophic. For example, inlet
turbulence can induce surge in the

air-compressor, resulting in complete
destruction of the unit.

Inlet air-duct turbulence is also a
major reliability concern, since air
compressors — particularly axial ones
— are very sensitive to surge (that is,
unstable operation due to low air flow
as result of air duct turbulence). Surge
can result in machine destruction in
several seconds. This is a major reason
why hot-end drive configurations are
preferred and more widely used.

In cold-end drive configurations, the
potential for air duct turbulence can be
greatly reduced with the use of turbu-
lence-free ducting designs, but these
impose higher pressure drop, which is
not acceptable for some applications.

Figure 1 and Figure 2 show exam-
ples of heavy-frame industrial and
aero-derivative gas turbines, respec-
tively. Figure 3 shows a large power-
generation gas turbine.

Competing designs
Gas turbines can be categorized into
two main groups. Single-spool ma-
chines and multi-spool machines. In
single-spool, integral-output shaft
gas turbines, the air-compressor and
power turbine are assembled on the
same shaft (the gas turbine output is
located at the end of this shaft).
Single-spool, integral-output shaft
gas turbines — both hot-end drive
designs, and cold-end drive designs
— are used primarily to drive elec-
tric generators (an integral-shaft gas
turbine is uncommon for mechanical
drive applications). The high torque
required to start pumps and com-
pressors under full pressure results
in high turbine temperature during
the startup cycle (when the flow of

cooling air is low or non-existent).

One exception is very large compres-
sors that are driven by gas turbines,
as in liquefied natural gas (LNG) re-
frigeration compressor trains, which
typically use a single-spool, integral-
output shaft gas turbine (for example,
a 40-MW or larger train).

By comparison, a single-spool, split-
output-shaft gas turbine is a single-
spool gas turbine that drives a free
power turbine. Such an arrangement
contains an air-compressor and cou-
pled turbine spool, which delivers hot
gas to to the turbine, which is coupled
to the driven equipment. In this con-
figuration, the air-compressor and its
turbine component shaft (the turbine
that drives the air-compressor) are not
physically connected to the free power-
turbine shaft. Rather, these two shafts
are coupled aerodynamically. Split-
output-shaft gas turbines offer easier
startup when used for mechanical-
drive applications.

Usually, mechanical drive gas tur-
bines (such as those used to drive a
process compressor or large pump)
that are referred to as a split-shaft,
mechanical-drive gas turbines, are able
to attain self-sustaining operation be-
fore picking up the load of the driven
equipment. Power-generation turbines
can be designed to operate at the same
speed as the driven equipment, thereby
eliminating the need for a gearbox.
This can provide an efficiency advan-
tage, because typical gearboxes create
losses equivalent to 2-4% of net power
generated. However, such a design is
limited to hot-end drive configurations,
because free-power-turbines should be
located next to the air-compressor-tur-
bine hot-gas stream.

Dual-spool gas turbines contain two
shafts (each has its own air compres-
sor and turbine section). One shaft
passes through the other. In a dual-
spool, split-output shaft gas turbine,
independent low- and high-pressure
compressors and turbines generate
the hot gases that drive the free tur-
bine (for higher-power applications,
there may be three shafts, each oper-
ating at different speeds).

Optimum overrating
Degradation and environmental con-
ditions, such as temperature and hu-
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midity, can have considerable
impact on gas turbine out-
put power. Discussed below
are some guidelines for the
sizing of gas turbines based
on applicable codes, experi-
ences and lesson learned in
various projects.

In general, gas turbines
should be designed to provide
an average of 12-14%more
power than the driven equip-
ment requires (5% as tolerance
to meet the driven equipment
shaft-brake power), an addi-
tional 2% for the gear box (if
applicable), an additional 2%

for fouling and erosion, and
finally an additional 5% for
longterm gas turbine deterio-
ration). Care should be taken
when selecting the starting device and
evaluating its rating.

In general, the preferred starting
device is an electro-hydraulic configu-
ration — whereby an electric motor
drives a hydraulic pump, which trans-
mits hydraulic power to start the gas
turbine. The starting device should be
rated to supply minimum 110% of the
gas turbine's required starting torque
(under worst-case scenarios).

Helper drivers are not recommended
except for special cases. A helper driver
is a separate rotating machine (based
on a motor, engine or similar) that is
coupled to the gas turbine train to help
the startup train. They may be discon-
nected after startup or stay in connec-
tion during operation. In general, they
are not recommended since they de-
crease reliability and flexibility.

The main exception — very large,
compressor trains driven by heavy-
frame gas turbines (such as large LNG
trains) — often use variable-speed
electric motors as helper drivers and
power equalizers (for instance, to gen-
erate mechanical torque during hot
days when gas turbine power is low,
and to generate electricity in the win-
ter when gas turbine power is higher
than required by the train).

Hot start (that is, startup shortly
after gas turbine shutdown, when the
machine is still hot) is critical since
all complex systems, such as machine
cooling systems (particularly the air
cooling systems used for the blades)

should be ready for this kind of startup
(for example to handle hot gas from a
still-hot combustion system). The gas
turbine should be capable of an imme-
diate hot start at any time after a trip
for three consecutive start attempts.

Specification tips

The issues discussed next should be
addressed during the specification and
purchase of any gas turbine system.
Startup. Cold-start and hot-start re-
striction details are very important,
and such details should be finalized
during the bidding stage. Igniters
should not remain in the primary
combustion zone during operation
since extremely high temperature
over the long term can degrade them
and create reliability and operating
problems. The rotating blades and the
labyrinths of shrouded rotating blades
should be designed to start up without
rubbing. Sealing components (such
as labyrinths, honeycombs, or abrad-
able surfaces) are required at all in-
ternal close-clearance points between
the rotating and stationary parts and
all external points where shafts pass
through the casings.

Maintaining suitable clearances.
This is an ongoing challenge in gas
turbines, due to the impact of chang-
ing temperatures between cold and ac-
celerating conditions. The most severe
conditions, which usually occur after a
restart, will determine the minimum
clearance that should be required.
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FIGURE 2. With an aero-derivative gas turbine, such as the one shown here, the purge period
should be designed to displace a minimum of six times the exhaust-system gas volume (in-
cluding turbine, exhaust duct, waste-recovery device and exhaust stack) before firing the unit.
Reprinted with permission from [1]

For variable-speed, mechanical-
drive applications, the speed range
for single-shaft gas turbines is recom-
mended to be 25% (80 to 105% of rated
speed), and for gas turbines with two
or more shafts the speed range is rec-
ommended to be 45% (60% to 105%).

For power-generation application,

the required speed is usually constant,
since generator speed and network
frequency are fixed.
Compressors. Two types of air-com-
pressors are available — axial com-
pressors (with up to 19 stages) and
centrifugal compressors (with one or
two impellers). The air-compressor
supplies compressed air to the gas tur-
bine combustor to generate hot gases
and drive the turbine section. An in-
crease air-supply pressure to the com-
bustor (to increase the air-compressor
ratio) is very important to improve
turbine power generation.

An increase in air-compressor ratio
is the prime contributor in the overall
increase in simple-cycle thermal effi-
ciency (efficiency without either heat
recovery or steam generation from the
hot exhaust gases) to above 35% (par-
ticularly for aero-derivative units).
Today, aero-derivative gas turbines
are available with simple-cycle ther-
mal efficiency above 44%.
Combustors. Combustor design is
a complex task. There are two main
designs for combustors: the can-
annular combustor design and the
annular-section design (including



the single combustor). Two types of
can-annular combustors are avail-
able: more-efficient, straight flow-
through designs, and reverse-flow
combustors. The advantage of the
reverse-flow combustor, as used in
many heavy-industrial gas turbines,
is the use of a regenerator.
Regenerator. A regenerator has
many potential configurations, but in
general, it uses hot turbine exhaust
gases to increase the heat value of the
high—pressure, inlet compressor air
feed to the combustor. In general the
use of a regenerator helps to improve
the overall thermal efficiency of the
gas turbine system.

Blades. Aero-derivative units use
blades that are relatively long and thin
(giving them a relatively high aspect
ratio) and incorporate tip shrouds to
dampen vibration and improve blade-
tip sealing characteristics.

By comparison, heavy-frame indus-
trial gas turbines incorporate blades
that are relatively short and thick
(that is, they have a low aspect ratio)
and have no shroud. Ongoing improve-
ments in metallurgy and casting tech-
niques have allowed turbine manufac-
turers to eliminate mid-span shrouds
and lacing wires in many designs.

In all types of gas turbines, the tur-

bine blades are subject to stresses re-
sulting from high temperature, high
centrifugal forces and thermal cycling.
Most designs rely on various cooling
systems, and these cooling mecha-
nisms decrease the effects of the ex-
tremely high temperature of the gases
delivered from the combustor. But
high temperatues are still experienced
by the blades.
Shaft. As a rule-of-thumb for power-
generation gas turbine packages, the
generator shaft diameter should be
equal to or greater than the gas tur-
bine shaft diameter because the gas
turbine shaft is usually fabricated
from higher-grade alloy materials. For
mechanical-drive applications, both
shafts should have approximately the
same diameters (in case of the same
operating speed).

For all gas turbines, the shaft mate-
rials should be high-strength, suitable
grade steel. Proper weld procedures
and material compatibility must be
considered. Fabrication details should

consider anticipated loads that could
result from vibration.
Performance curves. The gas tur-
bine manufacturer should supply the
following performance curves: net out-
put, net heat rate, exhaust tempera-
ture, and exhaust flow versus ambient
temperature for the specified fuels at
site conditions.
Couplings. Due to their extreme op-
erating conditions, all gas turbines
have the potential for blade fail-
ures resulting from torsional, lateral
or resonance forces or fatigue. The
proper selection of couplings (that
connect the gas turbine to the driven
equipment) is the best way to tune the
torsional character of the train and
avoid the coincidence of system dy-
namic natural frequencies and train
excitation frequencies that can lead to
blade failures.
A variety of coupling options are
available:
1.High-torsional-stiffness  couplings
(preferably a dry, flexible- diaphragm
type) or direct-forged, flanged, rigid
connections. These are optimum
selections for all types of gas tur-
bines if proper coupling or connec-
tions with suitable load-carrying
capacity and misalignment capa-
bility are required, if there are no
interferences between the system’s
natural frequencies and the train’s
excitation frequencies and if tran-
sient situations do not impose any
specific problems.
2.Flexible couplings using soft ele-
ments like rubber. These provide
greater elasticity and damping, but
also tend to require more mainte-
nance since rubber elements may
become degraded and require re-
placement.

Managing excessive excitation
The blades’ natural frequencies must
not coincide with any source of exci-
tation within a range that spans from
10% below the minimum governed
speed to 10% above the maximum con-
tinuous speed. Stress analysis should
be performed if the torsional, lateral
or blade excitation falls close to the
train natural frequencies, to ensure
that the resonance will not be harmful
for the system.

The main potential sources of exci-

tation in a gas turbine train include:

e Unbalance in the rotor system

e First-harmonic passing frequencies
of various rotating and stationary
components in the train

e The first ten rotor-speed harmonics

¢ Frequencies generated by gas-pas-
sage splitters

e [rregularities in vane and nozzle
pitch

e Periodic impulses caused by the
combustor arrangement

¢ Oil-film instabilities (whirl)

e Internal rubbing points

e Diffuser passing frequencies

¢ Gear-tooth meshing and side bands

e Gear problems

¢ Coupling misalignment

¢ Loose rotor-system components

e Whirl resulting from hysteresis and
friction

e Boundary-layer flow separation

e Acoustic and aerodynamic cross-
coupling forces

e Asynchronous whirl

e Startup or shutdown conditions

e Governor control-loop resonances

e Fuel pressure pulsation

® Rolling element/race frequencies
of anti-friction bearings for aero-
derivative gas turbines (Note: Anti-
friction bearings rely on rolling
elements to carry loads, so various
frequencies known as rolling ele-
ment/race frequencies are generated
by them)

Auxiliaries. Auxiliaries and acces-

sories (such as a filter inlet system,

exhaust system and so on) must be in-

stalled with proper supports since they

are in the vicinity of a gas turbine, and

are thus subjected to vibrations.
Similarly, corrosion protection must

be provided for the filter, ducting, and

silencer. For instance, the filter house

(mounted on top of the gas turbine

enclosure) and silencers (including

the inlet-silencer perforated-plate el-

ement) exhaust plenum and exhaust

silencer must be fabricated from suit-

able grades of stainless steel. Silenc-

ers should have a rigid structure and

be suitably designed to prevent dam-

age from anticipated acoustical or

mechanical resonances or differential

thermal expansion.

Inlet and exhaust filters. The inlet

and exhaust systems should be de-

signed for a minimum practical pres-
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sure drop. A filter with 100% removal
efficiency for particle sizes of 3 microns
or larger (and minimum 99% removal
of particles of 0.5 to 3 microns) is typi-
cally used. The filter system requires
an entrance screen to prevent debris
from entering the system, and the de-
sign should include a downward-ori-
ented air inlet or a louver or cowling
to keep rain and snow out.

The design should include proper
access to facilitate maintenance, a
differential-pressure alarm for each
stage of filtration, and should use
modular construction (via fully factory
assembled modules).

Some of the worst effects of turbine
hot-section corrosion are experienced
in offshore applications or facilities
that operate near the sea coast. Sulfi-
dation corrosion instigated by sea salt
exposure can be minimized through
the design of the inlet-air filtration
system and selection of suitable tur-
bine materials and material coatings.
The duct system. The optimum duct
system has a minimum number of di-
rection changes, and includes proper
turning vanes (to assure uniform
flow distribution and to avoid reso-
nance). The system should be designed
to ensure a velocity limit of 20 m/s
and 30 m/s for the inlet and exhaust,
respectively.

The ducts should be sufficiently
rigid to minimize vibration (a plate
that is 5 to 10 mm thick is generally
used), and the access points required
for cleaning and inspection should be
considered. The ducting and casing
design must permit field balancing in
the end planes of the rotors without
requiring the removal of major cas-
ing components (in other words, the
machine and ducting arrangement
should allow proper access for various
rotor rebalancing in situ).

Inlet air and exhaust system. The
layout of the inlet and exhaust system
must be designed with great care. For
instance, the air inlet must be upstream
of the exhaust stack during prevailing
wind conditions, and its relative posi-
tion must avoid any recirculation of ex-
haust gases that could result from any
conceivable potential wind conditions.
(As a general rule of thumb, the mini-
mum horizontal separation is typically
on the order of 7.5 meters). The air inlet

FIGURE 3. This figure shows the internal structure of high-pressure turbine blades
that are equipped with cooling distribution throughout the core of the blade airfoil
and root. Reprinted with permission from [1]

should also be elevated a minimum of
5 m from the ground, and the gas tur-
bine exhaust must also be outside of
the specified, three-dimensional fire-
hazard zone (this is the zone with the
greatest potential for flammable gas re-
lease, as determined by the site’s safety
team) and outside any classified
electrical areas.

Thermal analysis is also necessary,

and great care must be executed,
especially for extremely cold ambi-
ent temperature, or packages are
likely to operate over a wide range
of conditions.
The lubrication system. In any gas
turbine system, the lubrication sys-
tem is often a source of trouble. Neces-
sary lubrication points and lubrication
spare points should be provided. The
lubrication oil system for any gas tur-
bine should include two pumps, each of
which is sized for at least 20% greater
flow than the train oil demand. The
oil supply line to critical components
should be monitored (mainly with re-
gard to oil pressure).

As a rough indication, the inlet
oil temperature and oil tempera-
ture rise through the bearing should
be maintained at les than 50°C and
30°C, respectively.

Dual removable bundle shell-
and-tube oil coolers, in a parallel ar-
rangement, and double filters with
removable element and stainless steel
piping and valves are typically used.
For oil reservoir volume, a retention
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time of more than eight minutes is
recommended. For aero-derivative gas
turbines, which typically have anti-
friction bearings and use synthetic lu-
brication oil, the turbine lubricating-
oil system is usually separate from
the driven equipment lubricating-oil
system. And when the gas turbine is
equipped with antifriction-type bear-
ings, the use of an instrumented,
metal chip-detection system — an on-
line system to monitor for metallic de-
bris — is strongly recommended.

With heavy industrial-type gas
turbines, hydrodynamic bearings are
typically preferred, and these tend to
require mineral-based lubricating oils.
Such systems tend to require one in-
tegral lubricating-oil system per train.
In a common oil system, the lubricant
is a typically a hydrocarbon oil corre-
sponding to ISO Grade 32 or similar.
The fuel system. The fuel system is
also a critical component of any gas
turbine system and needs special at-
tention. A fuel strainer (typically a
Y-type strainer with stainless steel
internals) and a blowdown system
with a manual valve is typically in-
cluded for purging and warming up
the fuel system for approximately 20
minutes prior to startup. To prevent
condensate mist carryover or hydrate
formation (if required), a fuel gas su-
per-heater designed to deliver 40°C
fuel gas should be included. If fuel gas
compression is required, a screw com-
pressor is recommended.




Evaporative coolers are not rec-
ommended due to the possibility of
damage on gas turbine internals and
decreasing reliability from water car-
ryover or poor water quality. Liquid-
to-air heat exchangers to cool the inlet
air (for performance enhancement)
and steam- or water-injected exchang-
ers for emissions-control purposes are
not recommended, because they tend
to engender significant maintenance
requirements.

Mechanical design issues
The most critical areas for mechanical
design are the sealing system, bearing
system, number of stages and staging
arrangement, casing size and design,
casing joint design, rotor dynamics,
rotor and blade structural design and
performance, gas turbine component
material selection, and design and
arrangement of power-transmission
components.

Turbine section shafts experience
high temperature changes during
transient operations such as startup,
and shutdown. Turning equipment
(typically a turning gear or ratchet
device) should be furnished where
the turbine shaft requires rotation
to avoid thermal distortion of the
shaft during startup or immediately
following a shutdown. The turning
equipment should be automatically
engaged and preferably driven by an
electric motor.

Degradation of each stage or section
of gas turbine has a cumulative effect.
For instance, a degraded stage or sec-
tion will create different exit condi-
tions compared to a new stage, and
each subsequent stage will end up op-
erating further away from its design
point. The main causes of degradation
are increased tip clearances, changes
in airfoil geometry, and changes in
the surface quality of the components.
Such degradation is caused by a vari-
ety of mechanisms:

e Fouling caused by the adherence
of particles to foils and annulus
surfaces

e Hot corrosion that results in the loss
or deterioration of material from
components as they are exposed
to hot gases (typically by chemical
reactions)

e Abrasion-related erosion resulting

from hard or incompressible par-
ticles in the gas streams impinging
on flow surfaces

e Abrasion resulting from rotating
surfaces rubbing on a stationary
surface or damage caused by foreign
objects striking the flow-path com-
ponents (the use of an inlet filtra-
tion system can help to reduce some
of these issues)

Case studies for degradation

In a study on a mechanical-drive gas

turbine, the clearance was increased

from around 3% (design value) to
around 4.5%, and this led to the fol-
lowing changes:

e A 20% increase in the surge flow co-
efficient (the surge flow coefficient
identifies the minimum flow that
results in surge — a very danger-
ous instability that can result in
machine destruction even in several
seconds)

e A 12% reduction in pressure coef-
ficient (that is, a 12% reduction in
the discharge pressure of the air-
compressor under constant suction
conditions)

e A 2.5% efficiency loss for the entire
gas turbine system

Extensive studies showed the perfor-
mance reduction of the air-compressor
section of the gas turbine deteriorated
as a result of spraying salt water
in the inlet. The resulting deposits
caused increased surface roughness
on the compressor foils (the majority
of the deposits occurred at the first
stage and had become insignificant
after the fourth stage). This buildup
shifted the compressor operating line
to both a lower flowrate and a lower
pressure ratio.

Several gas turbines being over-
hauled after three to four years in ser-
vice showed major degradation issues,
mainly related to reduced flow in the
air-compressor section and reduced ef-
ficiency in the turbine section.

The effect of individual component
degradation is also influenced by the
control system and the control modes
of the gas turbine. Additionally, the
method and location of measuring
the control parameter (such as tem-
perature and pressure-measuring
sensors, which are used to control gas
turbines) will determine the behavior

of the machine in a degraded state.

It is commonly accepted that gas
turbine degradation cannot be en-
tirely avoided, but certain precautions
(such as careful selection and main-
tenance of the inlet filtration system)
can clearly reduce the rate of its oc-
currence and impact. The site-specific
conditions that dictate contaminants,
their size, concentration and composi-
tion, need to be carefully considered
during the selection of the inlet filtra-
tion system.

Similarly, the rate of deterioration
can be slowed by regular cleaning.
However, online cleaning (some wash-
ing methods without disassembling
gas turbine) will usually only clean
the first few stages of the air-com-
pressor (because the increase in tem-
perature at later stages will evapo-
rate the washing or cleaning fluid). If
the gas turbine internals (especially
the blades) can be accessed with mod-
erate effort (for example, when the
machine casing is horizontally split)
additional cleaning by hand can be
effective.

Any degradation of the components
will always lead to observable changes
in parameters. Because different
types of degradation on different com-
ponents will alter the gas turbine in
different ways, this finding can also be
used for diagnostic purposes. For ex-
ample, monitoring of pressure (using
discharge pressure against a refer-
ence) is the optimum way to monitor
degradation (also for the practical rea-
son, flow is usually not as easily moni-
tored compared to pressure).

Condition monitoring

Because degradation or deterioria-
tion in a gas turbine system often
creates an unbalanced situation, vi-
bration monitoring is an excellent
way to monitor gas turbine systems
for signs of ongoing degradation. Vi-
bration monitoring of the casings
(using a minimum of two sets for
the compressor and turbine casings)
is always recommended (using both
velocity measurements for low-speed
vibrations up to 2k Hz, and acceler-
ometers for higher-speed vibrations
and for hot sections). Non-contacting
probes are typically used for axial
and radial vibration monitoring. For
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journal bearings, non-contacting X-Y
probes mounted at a 45-deg angle
from the vertical centerline are typi-
cally used, in addition to velocity seis-
mic transducers for bearing housings
and two sensor probes for axial- posi-
tion thrust bearings.

Temperature monitoring at strate-
gic locations — for instance, to track
temperatures related to the gas tur-
bine rotating system, oil temperature
and hot-air flow path — is also impor-
tant. Thermocouples mounted at the
lubricating oil outlets of the bearings
can provide for alarms (and sometimes
emergency shutdown). Hydrodynamic
thrust and radial bearings are often
equipped with replaceable resistance
temperature detectors (RTDs).

In a typical installation, six ther-
mocouples may be placed around the
turbine exhaust-gas frame to mea-
sure the exhaust gas temperatures
for alarm and trip capabilities. Heavy-
duty industrial turbines usually have
two sets of thermocouples, which can
monitor and generate an alarm for the
maximum-allowable  turbine-space

temperature.
For aero-derivative gas turbines,
two  wheel-space  thermocouples

should be located downstream of the
last turbine wheel (using thermocou-
ples and conduits that are as small as
possible). Electronic governors should
be provided with triple-input sen-
sors and triple processor redundancy
(using two-out-of-three voting logic). It
should prevent the turbine speed from
increasing beyond the specified over-
speed limit in any case of loss of rated
load (resulting from, for instance, cou-
pling failure or process upset).

In the case of multiple shafts, each
shaft should have its own overspeed
trip-protection system, which allows
for online testing without overspeed-
ing the turbine (that is, the overspeed
trip system should be independent of
the governor).

Meanwhile, the following auto-
matic-shutdown systems should be
considered: Overspeed, low fuel sup-
ply, combustor flame out, low lube oil
pressure, radial and axial shaft vibra-
tion in addition to driven equipment
necessary shutdown(s).

When it comes to ongoing opera-
tions, it is difficult to identify the rate

58 CHEMICAL ENGINEERING WWW.CHE.COM MAY 2011

of degradation. However, as a rule of
thumb, the performance degradation
during the first 24,000 hours (around
three years) of operation can be ex-
pected to be around 2 to 6%. This as-
sumes degraded parts are not replaced
(if parts are replaced and the machine
is properly revamped, the expected
performance degradation can be as-
sumed to be around 1 to 1.5%).

Before the gas turbine leaves the
manufacturer, it must be tested for
performance. Due to difficulties in
commissioning new gas turbines, a
comprehensive shop performance
test should be conducted; this is es-
pecially important for units destined
for remote areas and offshore appli-
cations.

Specific settings for various control,
alarm and shutdown thresholds are
often the subject of considerable de-
bate. Although certain guidelines can
be set up to predict what level is ac-
ceptable, analysis of shop performance
test results can provide an excellent
source of data for this purpose.

Any shop performance test (carried
out in accordance with ASME PTC
22) should include measurement and
verification of the following important
system attributes:

e Inlet system pressure drop

e Exhaust back pressure

e Barometric pressure

e Emissions (specified levels of NOx,
CO, COy and unburned hydrocar-
bons)

e Qil system performance

¢ Bearing and seal performance

e Starting device

e Fuel system

e Vibration condition and control
corrections

It should also include six satisfac-

tory starts and stops in the automatic

mode, and should demonstrate satis-

factory performance up to a minimum

load (typically 50 to 100% load, with

a maximum load variation of 5%) and

fuel crossover (if applicable). Perfor-

mance data conducted at the existing

shop conditions should be corrected to

compare with the guaranteed perfor-

mance data, using reviewed and ac-

cepted performance correction curves

(since the manufacturer’s shop condi-

tions, such as ambient temperatures

and altitude, are usually different



with jobsite conditions, these correc-
tion curves are necessary to identify
optimal site conditions based on avail-
able shop performance data).

The purge period (to purge the
whole gas turbine system and make
it ready for startup) should displace a
minimum of six times of the exhaust
system volume (including turbine, ex-
haust duct, waste recovery device and
exhaust stack) before firing the unit.

Meanwhile, the ignition tempera-
ture of the gas should be higher than
the surface temperatures of gas tur-
bine. Generally high temperatures
and pressures can lead to damages
and safety issues. To avoid this, an in-
dependent pressure relief valve (PRV)
should be provided for protection.

On the other hand, temperatures
and pressures that are too low may
also lead to low efficiency. When a
noise enclosure is required, a ventila-
tion system that is used to generate
a negative pressure within the enclo-

sure (when located within a safe area)
or a positive pressure (when located
within a hazardous area) that has two
100% ventilation fans — one operat-
ing and one standby fan, each sized for
100% capacity required for the enclo-
sure — with controls including auto-
matic start, should be considered.

Closing thoughts

This article provides recommenda-
tions for the optimization of gas tur-
bine arrangements for a large variety
of power and compression applica-
tions. It is intended to support users
during the specification and purchase
of gas turbine packages. The impact
of degradation on gas turbine perfor-
mance underscores the importance of
condition-monitoring systems. Proper
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design and selection of inlet filtration
and treatment systems, together with
proper maintenance and operating
practices, can significantly affect the
level of performance degradation, en-
vironmental impacts and thus time
between repairs or overhauls. |
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Environmental Manager

Optimizing Biological Water
Treatment in Petroleum Refining

Biokinetic modeling tools can significantly
improve process control performance, a
common culprit for permit excursions

David Kujawski and Arthur Wong
Refinery Water Engineering
& Associates

astewater streams from

petroleum refineries pres-

ent some of the largest

ranges of variation in con-
taminant loadings and contain some
of the toughest contaminant profiles
to treat. These factors render the
wastewater treatment processes dif-
ficult to control. The most challenging
area of wastewater process control in
petroleum refining lies in biological
treatment, due to the vast number of
control variables present as compared
to other chemical-treatment processes.
This article discusses the differences
in controlling wastewater treatment
processes by mean cell-retention time
versus food-to-mass ratios, and further
elaborates on how biokinetic modeling
can be used to build a comprehensive
model across normal and transient op-
erating conditions.

The challenges

Operating conditions specific to petro-
leum refining further aggravate these
plants’ process control efforts. These
conditions can include the following:

e The presence of recalcitrant aromat-
ics, polynuclear aromatics (PNAs)
and polycyclic aromatic hydrocar-
bons (PAHs)

The presence of a wide variety of ni-
trification inhibitors

Eight or even more independent
sources of influent, all with vary-
ing characteristics, coming from
oil processing units whose person-
nel rarely interact with each other,
nor with the wastewater treatment
plant’s operational staff

FIGURE 1.

In this step of the
biological wastewa-
ter treatment, the
activated sludge is
aerated

e Lack of sufficient early-warning re-
sources to detect loading changes or
inhibitory toxics

e Lack of sufficient equalization
(through a large mixing tank to buf-
fer the quality of changing influent)

e Insufficient diversion resources (a
strategy to divert particularly diffi-
cult-to-treat influent, and then in-
troduce it back with high dilution)

e Operation in upset mode more of the
time than in design mode

e Operation in dynamic state more
often than in steady state

To further complicate matters, most

petroleum-refinery wastewater plants

are not designed empirically, but rather
are based on theoretical design data
from someone else’s wastewater plant
under steady-state conditions, which
of course holds for only part of the time
in a petroleum refinery. Under the
conditions that a refinery’s biological
wastewater plant has to operate, these
assumptions fail more often than not
in the real world of process control. For
example, to really control the activated
sludge process with the most current
mean cell-retention time (MCRT)
methodology, you have to establish the
optimum MCRT range within which to
operate for the realization of the spe-
cific effluent treatment goals. How do
you do this without the biokinetic con-
stants and coefficients for the specific
plant design and the specific range of
influent profiles, unless you're willing
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to take an educated guess? Histori-
cally, these guesses work well in some
industries, but in petroleum refining,
these guesses have more often been
the number one cause of the inabil-
ity to control the biological-treatment
process, which of course culminates in
effluent permit excursions. With the
biokinetic constants, however, you can
precisely and mathematically deter-
mine the MCRT control parameters,
and all related realtime process con-
trol adjustments.

Moreover, with the tremendous
number of variables in a biological
wastewater-treatment system, it is
extremely difficult to quantitatively
interpret the results observed from
experimental or unintentional op-
erational excursions from the normal
control ranges. The use of biokinetic
models as a measurement tool pro-
vides the last word in an absolute
metric format upon which the success
or failure of an operational change
can finally be based, without ques-
tions raised as to potential interfer-
ences in interpretation.

And last but not least, without the
actual field determination of the spe-
cific biokinetic constants for a given
plant, many attempts to operate a true
MCRT control program fall short, such
that the end result resembles more of
a food-to-mass (F:M) control program,
based on a trial-and-error operational
strategy with its considerable built-



FIGURE 2. This photo depicts the clarification step of the activated sludge process

in error based on analytical methods
available for the measurement of the
food. This error is more than significant
in petroleum-refinery wastewater due
to the dependence of the F:M calcula-
tions upon biochemical oxygen demand
(BOD) and its nonlinear relationship
to chemical oxygen demand (COD) or
other quick-test substitute parameters.

MCRT vs. F:M control strategy

In some wastewater applications, the

use of the F:M strategy for control of

an activated sludge process works well.

However, in many types of industrial set-

tings, perhaps none more notable than

petroleum refining, this strategy falls
short of adequate due to the following:

e Wide ranges of relative biodegrad-
ability of the substrate (food) in the
influent

® Wide ranges of variability in the
influent

¢ The intermittent presence of biologi-
cally toxic and inhibitory compounds
in the influent

Inherently, the actual calculation of

F:M has several pitfalls, including

the following:

® In petroleum-refinery wastewater,
there is no representative quick test
for the substrate. The amount of ox-
ygen consumed in five days (BODjy)
would be representative, but does
not meet quick adjustment turn-
around times. Total organic carbon
(TOC), total petroleum hydrocar-
bons (TPH) and COD, do not have
a consistent linear relationship to
BODjs in refinery wastewater. As
such, considerable error in process
control enters into the calculation
itself. Conversely, the use of the
MCRT strategy does not depend on
measuring the substrate

e Unlike the use of MCRT strategy, F:M
cannot be directly related mathemati-
cally to the microbial growth rates. As
such, most of the operational and pro-
cess control benefits of biokinetic mod-
eling cannot be effectively achieved
with F:M. Only MCRT can capture the
entire spectrum of benefits that trans-
late in operational cost savings
Unlike the MCRT strategy, the
process for determination of the
optimum-target-control ranges for
F:M is also not practical under fre-
quently changing load conditions
inherent in  petroleum-refinery
wastewater because of the lag time
between the measurement of the
food and the mass. As such, the opti-
mum target F:M ranges are usually
based on some other plant’s design
and characteristics, which usually
do not match the process consider-
ations for the plant being designed
Adjustment of sludge wasting rates
to control the F:M ratio is a trial-
and-error process. With the use of
the MCRT strategy, sludge wasting
is calculated precisely and adminis-
tered mathematically to hit the tar-
get control range

More ‘miles’ per bug

The use of biological treatment has a
narrow fit in the overall scheme of avail-
able technologies applicable for process-
ing wastewater and related sludges.
However, when biotechnology does fit
(for more, see Biological Wastewater
Treatment, Chem. Eng. October, 2005,
pp. 44-51), there is no alternative that
is more cost effective. Within the range
of various biological-treatment designs,
there is no process more efficient and
more controllable than the activated
sludge process (Figures 1 and 2).

Based on this premise, a worthwhile
goal of petroleum-refining wastewater
plants is to initiate a path directed to-
ward maximizing the return on invest-
ment of the activated sludge system.
In other words, making a longterm
concerted effort toward trying to have
the activated sludge system consume
as much of the refinery’s wastes as pos-
sible. But, how much can an activated
sludge system take? What is its true
operational capacity based on what re-
ally comes down the sewer? How do you
determine what the limit really is?

Although biological treatment has
proven its effectiveness, trying to de-
termine the parameters for optimizing
its performance is not easy. Because
of the tremendous number of pro-
cess variables involved in biological
wastewater-treatment, performance
and control are not always straightfor-
ward. In many cases, metrics deployed
to monitor performance and control
appear to do so on a macro-view level.
But, because there are many other non-
biological, chemical mechanisms occur-
ring simultaneously in a bioreactor, on
a micro-view level what may appear
to be the result of biological treatment
may in fact be facilitated by enzymatic
reactions, chemical oxidation, precipi-
tation, adsorption, ligand-complex for-
mation reactions, sludge entrapment,
air stripping and more. Now add to
that problem the fact that especially
with petroleum-refinery wastewater,
steady-state conditions are not always
prevalent, and in addition, the textbook
stoichiometric biomass relationships
are frequently skewed by the presence
of inhibitory toxic compounds.

In short, when attempting to quan-
titatively define all of the important
metrics related to gauging the true
performance of the specific micro-
biological population functioning in
a given plant, there is only one way
to accomplish that with 100% reli-
ability, and that is through the use
of biokinetic modeling tools. Only if
you know the true kinetic and meta-
bolic reactions of microbial growth in
a system, are you able to truly con-
trol that process. And this knowledge
culminates in maximizing the true
operational plant capacity, starting
with maximization at the individual,
microbial cell level.
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Fine tuning biokinetic modeling
With the advances of biotechnology
over the last decade, direct biokinetic
modeling of full-scale operating acti-
vated-sludge plants is now a reality.
Furthermore, the supplementation of
the full-scale modeling efforts with
sidestream, bench-scale continuous-
feed process simulation in multiple
application areas throughout a petro-
leum refinery is a wave of the future.
The key indicator for reaping an op-
erational benefit with this tool falls
in target areas where the refinery
has little room to play with process
control variables due to the sensitive
nature of the effluent quality, compli-
ance risks or effects on the production
process itself. In other words, process
optimization cannot be fully exploited
too far from the middle of the estab-
lished control ranges due to critical
restraints. Furthermore, rarely will
the sole train of a full-scale plant be
allowed to play with changes in more
than one variable at one time.

Unfortunately, the relationships of
many biological-treatment variables are
in fact influenced by multiple correlation
phenomena. Sometimes the productive
operational adjustments lie at the outer
ranges of standard deviations from the
normal ranges. And more importantly,
in utilizing modern mathematical tools
to the fullest extent, the evaluation of
a plant’s performance variables at the
higher ranges of standard deviation are
vastly valuable in fine tuning the accu-
racy of the model itself.

Most petroleum refineries do not
have the budget to construct processes
with standby units that can be alter-
nately used for experimentation. The
use of a simple-to-build and easy-to-
operate online bench-scale simulator
of a full-scale activated-sludge system
would solve the aforementioned prob-
lems and add greatly to the accuracy,
effective predictability and overall
value of the concurrent full-scale plant
modeling efforts.

Conducting a modeling study

Using chemical engineering principles,
bioengineers have quantitatively cre-
ated reaction-rate mathematical mod-
els that have primarily been used for
design and sizing calculations. Simi-
lar design models can be constructed

TABLE 1. RESULTS FROM AN ACTUAL
BIOKINETIC MODELING PROJECT

Biokinetic constant Before After

k (Maximum substrate 0.469 mg COD/mg 0.935 mg COD/mg
utilization rate) SS-day SS-day

K (Half saturation con-

stant) 140.61 mg/L COD 555.56 mg/L COD

K (Specific substrate uti-
lization coefficient)

0.0033 L/mg COD day

0.0017 L/mg COD day

Y (Cell yield)

0.25 mg SS/mg COD

0.33 mg SS mg COD

Ky (Decay coefficient) | 0.035 days-!

0.030 days-!

SS = suspended solids

based upon real-world observations
and collection of material balances
and substrate balances across an op-
erating activated-sludge plant. This
is predicated upon the proper ana-
lytical program to collect mass- and
volumetric-flow data along with the
corresponding chemical analyses. This
is not a trivial task in the confines of
an operating wastewater system com-
pared to a controlled laboratory envi-
ronment, but it can be achieved.
First step: Determine the biokinetic
constants and variables, including the
following:

0 = Mean cell retention time
1/6 = Growth rate of microbial popu-

lation
Y = Cell yield
U = Specific substrate utilization
rate
K; = Decay rate coefficient
K = Specific substrate utilization
coefficient
k = Maximum substrate utilization
rate
K, = Half saturation constant (efflu-
ent ---> Y% k)
S, = Effluent substrate (the level of

a given contaminant parameter
after treatment)
The underlying, biological kinetic
expressions can be obtained from fit-
ting operating data as a function of
microbial growth rate. The data can
be fitted using computerized linear re-
gression analyses, which ensures the
predictability of the model.
Second step: Build and calibrate
the plant-specific biokinetic model
and related equations, including the
following:
e Target MCRT model versus effluent
quality
e Construct a predictive “what if”
model that will allow you to manip-
ulate changes in influent flow and
quality
e Assess the extent of inhibitory bioki-
netic response and adjust the model

accordingly
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e Determine optimum steady-state
operating conditions and determine
operating strategy during non-
steady-state conditions

e Create a calculative model for pro-
cess variable adjustments

Once the biokinetic constants are
determined, a comprehensive model
across all normal and transient op-
erating conditions can be predicted.
Predictive control of complex biologi-
cal systems is the next stage toward
achieving maximum utilization of pe-
troleum-refinery-treatment assets as
well as maintaining effluent quality.
Just as chemical reaction kinetics are
used in every upstream unit opera-
tion to optimize the process, biologi-
cal kinetic modeling can be utilized to
achieve a greater control over environ-
mental stewardship as well as return
on investment.

The biokinetic constants

The key operational biokinetic con-
stants for realtime process control
considerations include the following:
Maximum substrate utilization
rate, k: This number defines the
total contaminant loading capacity of
the entire biological plant, and can be
calculated in terms of organic (carbo-
naceous) mass or nitrogenous (auto-
trophic) mass.

Cell yield, Y: This number defines
the biomass production and carbon
dioxide generation resulting from
biological oxidation, and can be ex-
panded to define the equilibrium
shift between the COy and the pro-
duced biomass. The ability to mea-
sure this enables a plant to control
and shift the equilibrium, thus plac-
ing a handle on such important fac-
tors as sludge disposal and oxygen
utilization.

The key operational biokinetic
equations for plant performance eval-
uations and “what if” simulations are
the following:

Growth rate versus substrate utiliza-



tion:1/6 = (Y)(U) — Ky4

Effluent substrate versus MCRT:
S, = (/6 + Kp/(Y)(K)
Biomass generation versus COg:

Y= (1/+ Ky / (K)(S,)

Case history example

Actual results obtained from the
biokinetic modeling of a large U.S. pe-
troleum refinery’s wastewater plant
are given in Table 1. In this case, the
refinery experimented with a process
change that represented a controlled
change in the metabolic activity of car-
bonaceous microorganisms deployed
in the activated-sludge aeration basin,
at the cellular level. The “Before” col-
umn represents operation under nor-
mal historical conditions. The “After”
column represents operation during
the experiment.

Two significant knowledge points
were gained with the study results
shown in the table:
1.The increase in maximum substrate-

utilization rate demonstrated that
the plant nearly doubled its total-or-
ganic-loading capacity by employing
the operational changes during the
experiment.

2.The increase in cell yield demon-
strated that the biomass production
increased nearly 30% by employing
the operational changes during the
experiment.

So what did the plant personnel con-

clude about its future prospective alter-

natives? They learned that by deploying
the experimental conditions perma-
nently, they could gain a 50% increase
in plant capacity, but at a cost of a 30%
increase in biomass disposal costs.

If we could leave you with one con-
cluding concept, it would be this:
Biokinetic modeling + Source control
+ Bench-scale continuous plant simu-
lator = State-of-the-art petroleum-
refinery wastewater process control B
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A powerful simulation resource for refiners

Bryan Research & Engineering introduces the latest addition to

its simulation suite: ProMax Refinery Reactor Suite

ences in catalyst performance by providing
the user with a calibration toolbox to tune
single event kinetic parameters to predict
plant performance. The first release of
the Reactor Suite will include catalytic
reforming, with future releases covering
hydrotreating, hydrocracking, and fluid-
ized-bed catalytic cracking (FCC).

ProMax is also widely known for its
ability to model many aspects of a refinery.

or over 35 years, Bryan Research &

Engineering Inc. (BR&E) has been com-
mitted to providing the energy industry
with process simulation software that
accurately and efficiently predicts the per-
formance of gas processing, refining and
petrochemical processes. Today, BR&E’s
ProMax simulator is used by engineers
around the world to design and optimize
processing facilities. Totally integrated
with Microsoft Visio, Excel, and Word, For instance, ProMax may be used to:
ProMax is a comprehensive tool that offers model atmospheric and vacuum towers;
incomparable flexibility. * model main fractionators, including FCC

The current version of ProMax contains and coker;
a suite for modeling equilibrium, conver- e characterize crude oils;
sion, Gibbs minimization, and user-defined ¢ model gas and liquid sweetening;
reaction sets. In addition to these features, e model sulfur recovery;
BR&E is excited to introduce its newest e study refinery changes on sour treating

simulation resource, ProMax Refinery
Reactor Suite, which is a series of catalytic
reactor models based on the concept of
single event kinetics. This tool will allow

systems;

simulate caustic treaters; and
investigate preheat exchange and
fouling.

the refiner to model reactors with little
to no kinetic rate-based data. ProMax
Refinery Reactor Suite accounts for differ-

A ProMax license includes much more
than just software. Bryan Research &
Engineering is committed to providing

unrivaled customer support. BR&E offers
free training sessions around the world,
provides timely customer support from a
staff of knowledgeable and experienced
engineers, and sets up free initial plant
models for operating companies.

ProMax’s advanced technology, includ-
ing over 2,500 pure components and 50
thermodynamic package combinations,
along with BR&E’s exceptional client
services unite to make ProMax the “must
have” simulation resource.

www.bre.com

The right safety solution for your facility

Fike’s Axius rupture disc can withstand 100,000 cycles
fromvacuum to 95% of marked burst pressure

Fike has over 65 years of
pressure relief experience
including development of the
most advanced rupture

disc technology

available in

ncreasing industry standards have

forced chemical facilities to run at
higher capacities with fewer resources. In
order to be successful under these condi-
tions, facility processes and equipment
need to be running at peak performance
—without sacrificing safety. Overpressure
protection is an important part of asset
and personnel safety. Lack of safeguard-
ing can cause mechanical damage, loss of
product, environmental damage, person-
nelinjuries and production downtime.
Careful consideration is given to selecting
the process equipment which will yield the
desired results, and the same should be
true for the overpressure protection of that
equipment.

any market.

G2 is a patented

Fike technology that creates rupture discs

unrivaled in cycle life, performance accu-

racy, and manufacturing consistency.
Fike’s Axius rupture disc is the direct

result of this technology. Cyclic perfor-

mance is derived from the absence of

stress zones that can fatigue in rigorous

applications. The manufacturing process
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used to produce the Axius utilizes millions
of data points to provide product repeat-
ability and precision. The bottom line,
says Fike, is that the Axius does what it’s
supposed to, when it’s supposed to, every
time. The Axius has been cycle-tested to
the worst-case scenario: from full vacuum
to 95% of the marked burst pressure for
over 100,000 cycles without failure. When
burst, they measured well within stated
tolerances. The Axius has also been suc-
cessfully used for PRV/SRV protection.

All Fike pressure relief products are
compliant with global code regulations and
are designed to meet or exceed industry
requirements for rupture disc perfor-
mance, reliability, and quality. And the
company’s industry experts help custom-
ers to select the rupture disc most appro-
priate for their needs. Fike pressure relief
products, including the top performing
Axius rupture disc, are part of the critical
path to lowering plant costs and helping to
achieve higher profitability.

www.fike.com
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Close coordination saves time and money

Tiger Tower Services garners support from the client and alliance partners to blind,

open, clean, inspect and repair 114 vessels

Tiger Tower Services (The Tigers) specializes in vessel turn-
around and repair — but it takes more than a lone specialist to
complete a job under budget and under schedule.

For example, one of the nation’s largest processors of natural
gas and natural gas liquids chose The Tigers to participate in a
turnaround involving 114 vessels (columns, drums and exchang-
ers). Although The Tigers are highly professional and experienced,
they cannot complete a project like this alone; they need coopera-
tion from the client and from reliable partners... and it all begins
by pre-planning.

For this time- and schedule-sensitive project, The Tigers and
their client representatives performed extensive pre-planning
including a site safety plan and blind lists for each item. The Tigers
also coordinated with subcontractors during the pre-planning on
such activities and preliminary schedules/logistics for scaffold-
ing, insulation removal and replacement, chemical cleaning and
steam cleaning, non-destructive testing activities, and exchanger
bundle pulling and reinstallation.

The project scope also involved installing 776 blinds (some of
20 in. diameter) and blinding all 114 items and battery limits. All
the vessels were opened and cleaned to allow API 510 inspection.
Finally, all the vessels were closed, the blinds pulled and the plant
area cleaned so normal production could begin again.

Tiger Tower Services devoted 14,642 total man-hours to the
project with no recordable injuries. Despite running one day
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Tiger Tower Services recently completed a 114-vessel project
fora natural gas processing plant-ontime and on schedule

over schedule during the discovery phase, the project was still
completed under schedule and under budget. That’s the value of
coordination, cooperation and getting the right people on your
turnaround team, says the company.
www.tigertowerservices.com

Manage risks and increase visibility

The DeltaV SIS Process Safety System from Emerson is integrated with the control

system for maximum reliability

Manufacturers need to ensure process e
safety while at the same time reduce

costs and improve operational efficiency.
The DeltaV SIS process safety system from
Emerson Process Management can help
manage operational risks by increasing
visibility into the process. This is especially
true when used with the DeltaV automa-
tion system for process control. Used
together as an integrated control and
safety system (ICSS), the DeltaV and the
DeltaV SIS systems have an integrated but S

N portal, providing earlier warnings of poten-
tial hazards. The integrated engineering
environment enables management of all
aspects of system configuration — hard-
ware, control strategies, and safety loops —
and includes built-in change management
and history. This integrated approach also
eliminates the need for expensive data
mapping and handshaking logic that is
common in disparate solutions.

The DeltaV SIS process safety system
complies with IEC 61511 standards for

separate architecture, providing one com-
mon user environment.

The DeltaV SIS system is integrated
with the DeltaV engineering, maintenance
and operations environment. However, the
DeltaV SIS power supplies, communica-
tions channels, hardware and real-time
operating systems are physically separate
and independent of the DeltaV basic pro-
cess control system (BPCS). Together they
automatically monitor, control and collect
both process and safety-related data. This
“integrated but separate” architecture pro-

architecture.

Integrated yet separate: DeltaV SIS
uses the same tools as its process control

sibling, while retaining safety integrity

vides many advantages, including:
single view of all process information;
common engineering tools;

no interfaces or mapping required;
reduced lifecycle cost with simplified

With a common interface, operators are
able to control both systems through one

independence. When used with the DeltaV
BPCS, DeltaV SIS maintains this compli-
ance with physical separation, while still
delivering all the benefits of total integra-
tion. The DeltaV SIS integrated but sepa-
rate architecture does not mean the same
hardware for control and safety, nor does
it require an interface and data mapping.
Integrated but separate architecture is
unlike any other — providing a single set of
tools for operators and engineers, which
improves efficiency and helps manage
risks. www.DeltaVSIS.com/Integrated
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Check critical water and wastewater parameters

Myron L Company manufactures hand-held and fixed instruments for testing the
quality of process water and effluent

yron L Company manufactures

reliable cost-effective handheld
instruments and monitor/controllers for
managing critical water quality parameters
in process control and for influent and
effluent screening. The company’s latest
digital handheld, the Ultrameter Il 9P, is
based on the tried and tested design of
the Ultrameter II. The 9P adds the ability
to perform in-cell alkalinity and hardness
titrations either as stand-alone measure-
ments or as part of an LSl calculation.
Alkalinity, hardness, pH and temperature
values can be manipulated in the LSI cal-
culator to predict the effect of changes
on water balance. Measurements are
extremely accurate, and the 9P is simple to
operate and maintain.

The 9P is packaged as part of the AHL
Titration Kit whose hard foam-lined carry
case contains: the 9P; 9P cell extender;
required reagents for in-cell alkalinity,
hardness and LSl titrations; standard cali-
bration solutions for all parameters; stor-
age solution to protect the pH/ORP sensor;
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All-in-one: a comprehensive kit
accompanies the new Ultrameter I11 gP

and pipette for precision dispensing with

additional tips. Sensors are internal and

included.
High performance features include:

e fast, one-touch measurements for con-
ductivity, resistivity, TDS, ORP, free chlo-
rine, pH and temperature;

e intuitive prompts step users through
alkalinity, hardness, and LSl titrations;

convenient LSI Calculator accepts both
grains and ppm hardness units;

e easy keypad calibration;

e stable four-electrode conductivity cell
eliminates polarization, increasing accu-
racy with minimal maintenance;
powerful microprocessor-based surface
mount circuitry;

unique pH/ORP glass sensor
construction;

versatile solution modes for accuracy in
diverse water quality applications;
efficient design features auto-off that
minimizes power consumption —one 9V
battery lasts up to 1 year/5000 readings;
advanced proprietary temperature
compensation and TDS conversion
algorithms.

The 9P is also capable of wireless commu-
nication with the bluDock option installed.
The bluDock uses Bluetooth technology to
transfer data wirelessly to a personal com-
puter and comes with user-intuitive soft-
ware that makes it easy to analyze saved
water sample data. www.myronl.com

Your global source for high-temperature fabrics

Hi Temp Products produces FM-approved high-temperature materials for hot-work
operations —with safety in mind

s a manufacturer of welding pads,

welding blankets and welding cur-
tains with more than 20 years’ experi-
ence, Hi Temp Products has developed
a patented silicone elastomer coating
and a proprietary manufacturing tech-
nology that sets it apart from all others.
This unique combination has resulted in
products that lead the industry in perfor-
mance and affordability, especially among
FM-approved materials. Hi Temp products
can also boast the only FM-approved weld-
ing blanket made with a fiberglass base
fabric, and the highest temperature rating
of a fiberglass base fabric.

FM approval is extremely important
because ANSI, the American National
Standards Institute, adopted the FM stan-
dard as ANSI/FM 4950. This is currently the
only recognized standard specifically for
evaluating welding pads, welding blankets
and welding curtains for use in hot-work
operations. Hi Temp Products is one of the
few manufacturers that have FM-approved
materials in all three product categories.
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Tools for the job: Hi Temp products

offer superior protection for hot work

The Hi Temp product line includes the fol-

lowing FM-approved materials:

e Welding Pad: for horizontal use to pro-
tect against heavy molten metal splash;

e Welding Blanket: for horizontal use to
protect against the sparks, and splatter
produced during welding, cutting, grind-
ing and other hot work operations;
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e Welding Curtain: for vertical use to
contain sparks by forming enclo-
sures around areas where hot work
is being performed. These materials
are designed to protect personnel and
equipment from intense heat and flame,
welding, sparks, and metal splashes.
When using welding pad, welding blanket
or welding curtain material, it is impor-
tant to make sure the fabric is ANSI/
FM4950 approved and that it is used for its
intended purpose: material approved as
a welding curtain should not be used as a
welding blanket, the company notes.

All materials are available in rolls, pre-
cut sizes, and constructed pads. Custom
sizes can be made to order for blankets,
pipe wraps and welding pads.

Hi Temp Products was founded in
1989. The Canadian headquarters is in
Edmonton, Alberta. The US headquarters
isin La Conner, WA, with sales offices and
distribution centers strategically located
in Canada, the United States, Europe and
China. www.hitemp.ca
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Delivering results for chemicals and polymers

Mustang provides highly experienced process engineers and project managers for all
types of process projects, including automation and control

M ustang has wide-ranging experience
on chemical and polymer projects,
with a project management team whose
members have worked together for more
than 30 years. Similarly, Mustang’s pro-
cess engineers average more than 20
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Mustang has completed more than
11,000 engineering projects worldwide

years on these types of process industry
projects. Behind the scenes, the company
boasts superior support teams and the
latest 3D modeling techniques, including
laser scanning, to streamline projects and
reduce costs.

Mustang can manage its client’s proj-
ects from conception through to opera-
tions. With its proven processes and focus
on safety, it executes projects that come
in with predictable results —on budget, on
time and with flawless startup. Mustang
personnel have experience in most of the
licensed petrochemical, chemical and
polymer processes used today and can
assist clients with the introduction of
“first of a kind” or licensed technologies.
Mustang offers comprehensive technical
and economic studies, technology evalu-
ation, experimental program design, pilot
plant programs, and acquisition of physical
and chemical property data.

Mustang’s Automation and Control
group adds still another dimension to
Mustang’s total project capabilities on

behalf of its clients. An experienced team
with extensive process knowledge pro-
vides a vendor-independent approach
with cost-effective and workable solutions
for complex IT, automation and control
projects. Front-end definition is a forte of
the team, combined with innovative tools
and methodologies that allow Mustang to
be a full service provider of automation
integration services, including advanced
process control and abnormal condition
management.

Mustang supports its projects with
extensive front-end planning, established
procedures and proven best practices. The
company uses its own stage gate process
(Stage COACH) and a proprietary project
management tool (PACESETTER) to ensure
that projects are successful from start to
finish.

Founded in 1987, Mustang has more
than 4,000 employees with offices around
the globe and has completed over 11,000
projects for more than 350 clients.

www.mustangeng.com

A one-stop resource for inspection and testing

PetroChem Inspection Services provides safe, reliable, and affordable inspection and
testing services in refineries, storage facilities and chemical processing plants

lients rely on PetroChem Inspection

Services for all their inspection needs —
Advanced, Onstream, Turnaround, Quality
Assurance, capital projects, and more.

PetroChem Inspection Services has
served the refining and petrochemical
industries for over 30 years. In addition
to on-stream and turnaround APl inspec-
tion capabilities, PetroChem offers a
complete array of non-destructive test-
ing such as ultrasonic, magnetic par-
ticle, radiographic, and eddy current.
Technicians are fully trained and certified
in accordance with SNT-TC-1A and have
advanced certifications for many of the
inspection techniques. All technicians
are certified professionals with both the
American Petroleum Institute (API) and
The American Society of Non-Destructive
Testing (ASNT). A specialist in advanced
technology, PetroChem was the first U.S.-
based service provider for guided wave
ultrasonics.

Services include:
e mechanical integrity programs

PetroChem

e on-stream resident inspectors

e turnaround inspectors

e NDE services —all disciplines

e Tank inspection and calibration

e computerized radiography

e guided wave ultrasonic inspection
 helium mass spectrometer leak testing

e ACFM

® APl 510, 570, and 653 certified
inspectors

e NACE coating inspectors

e vendor quality assurance and QA/QC
inspectors.

With their combined expertise in both

management and technical areas of

inspection of storage terminals including

their associated piping and equipment,

PetroChem delivers outstanding results

with the highest quality inspections and

safety performance.

PetroChem’s parent company, TUV
SUD America Inc., is a leading testing,
inspection and certification organization,
itself a subsidiary of TUV SUD AG (Munich,
Germany), which has over $1.5 billion
sales and 16,000 employees at over 600
locations worldwide. This strong founda-
tion gives PetroChem the experience and
resources to support both locally and
globally operating companies with its wide
range of services in the US and worldwide.

www.petrochemintl.com

CHEMICAL ENGINEERING WWW.CHE.COM MAY 2011 69



Gulf Coast Special Advertising Section

Stop wasting valuable MP steam for heating duties

Back-pressure often restricts the use of cheap low-pressure steam—a problem solved
by the PowerTrap combined steam trap and pump from TLV Corp.

Many refineries and petrochemical
plants use costly medium-pressure
(MP) steam for low-temperature heating
duties, notes TLV Corp., when they could
instead be using cheaper and more read-
ily available low-pressure (LP) steam.
Alternatively, plants may use LP steam for
heating, but waste energy by sending the
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Steam power: TLV’s PowerTrap
works at line pressures up to 200 psig

condensate to drain. TLV’s PowerTrap, a
combined steam trap and pump, avoids
both these problems by returning LP con-
densate to the boiler house even against
significant back-pressure.

LP steam is a versatile heat source that
is so abundant on many process plants
that it is frequently vented to atmosphere,
wasting its valuable energy content. MP
steam, on the other hand, is scarcer and
more expensive to produce, sometimes to
the point where MP steam demand is made
up by letting down high-pressure steam—a
very wasteful operation.

So why is MP steam often used for low-
temperature heating duties in reboilers,
exchangers, jacketed vessels and preheat
coils? Acommon reason is that if there is
significant back-pressure in the conden-
sate return system, the pressure of the
LP steam is too low to drive condensate
through a steam trap and into the con-
densate main. Instead, the system stalls:
condensate backs up in the equipment and
impedes heat transfer.

The typical way around this problem is
either to use MP steam for heating, or to
use LP steam and dump the condensate to
drain. Either way, energy is wasted.

A much better way to use LP steam for
heating when back-pressure is high is to
install a TLV PowerTrap, a combination of a
steam trap and a steam-powered conden-
sate pump.

The PowerTrap optimizes process heat-
ing equipment performance by ensuring
continuous drainage of condensate from
equipment at steam pressures between
vacuum and 200 psig.

It reduces energy costs by allowing
plentiful LP steam to be used for process
heating, avoiding the need to dump con-
densate or use costly MP steam instead.

The PowerTrap also improves the avail-
ability and reliability of process systems.
It reduces channel head gasket damage,
and eliminates cavitation or seal leakage
issues often experienced with electric
pumps, says the manufacturer.

www.tlv.com

Blast resistant modules and storage units

Founded in 1998, A Box 4 Uis the industry leader in the manufacture of blast resistant

modules and storage units

Box 4 U originally manufactured stor-

age units, but quickly saw the need for
worker safety in the petrochemical, chemi-
cal processing and construction industries.

Now, A Box 4 U specializes in blast
resistant modules (BRMs) in both stan-
dard and custom designs. The company’s
strengths include an innovative approach,
rapid response, and flexible financing
which allows customers to purchase,
lease, or lease-to-own their BRMs.

A BRM from A Box 4 U has roof and wall
panels strengthened with steel tube stiff-
eners. To demonstrate its performance,

a standard BRM from A Box 4 U was field
tested at a blast overpressure of 5 psi and
a duration of 500 ms. The module survived
without any structural damage. All com-
ponents of the BRM were found to have
suffered damage within or below the “low
medium” range. Damage to non-structural
components such as conduit pipes, light
fixtures, HVAC unit and interior sheathing
was minor or non-existent.

A Box 4 U engineered blast resistant

modules and

buildings provide

safety for offices,

conference

rooms, equip-

ment and

sensitive stor-

age as well as

an industry exclusive,

new Tool Cribs. ABox 4 U

also offers custom designed and
engineered blast resistant modules and
buildings to meet just about any customer
requirement.

The company’s latest offerings include
new Multi-Section BRMs, effectively dou-
bling the width of a standard 12-ft BRM to
24 ft or more. All the usual A Box 4 U fea-
tures are standard, including the compa-
ny’s world renowned blast resistance. With
the only Multi-Section on the market with
open design floor plans, A Box 4 U is able
to custom design and engineer any number
of specialized, safe, work environments.

The new QUAD POD two-story BRMs
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are the

answer to limited space
in the workplace. The Quad Pod features
a standard A Box 4 U BRM with a second
BRM stacked on top. QUAD PODS are avail-
able in all the company’s standard leasing
sizes: 8 ft x 20 ft, 8 ft x 40 ft, and 12 ft x
40 ft. The QUAD POD is engineered to meet
or exceed APl 753 and is designed for ease
of installation and teardown without weld-
ing on the job site. www.abox4u.net

Only A Box 4 U blast resistant modules
(BRMs), like the new Multi-Section BRM

shown above, are field tested and proven
blast resistant
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The expert source for rental energy solutions

Aggreko supplies rental equipment and services for temporary process cooling,
climate control, power generation, and compressed air
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Cooling towers and generators are
among the equipment available

ggreko’s proven experience and

innovation have made it the premier
resource for rental energy solutions for
the petrochemical and refining indus-
tries. Drawing on vast industry-specific
knowledge, the company develops custom
solutions to meet the challenges of turn-
arounds, shutdowns and general mainte-
nance, including process, operational and
environmental constraints.

Aggreko Process Services (APS) con-
sists of an experienced process engineer-
ing team. It can design and install process
enhancement solutions within a matter of
weeks, rather than the months required for
a typical capital project. This enables cus-
tomers to capture short-run market oppor-
tunities. APS specifically targets process
limitations caused by high ambient tem-
peratures and fouled or under-performing
equipment.

To address the demands for emergency
or supplemental cooling at refineries,
factories or other plants, Aggreko Cooling
Tower Services (ACTS) was created. It

provides 24-hour availability of the larg-
est fleet of modular cooling towers in the
industry, and enables operations to keep
running smoothly during emergencies
or maximize production while reducing
the risks inherent in process cooling.
Additional benefits of ACTS include:
® maximize production during hot summer
months or peak demand times;
maintain production while repairing or
maintaining existing cooling tower;
reduce costly downtime after disaster
strikes; and
* meet or exceed customers’ own environ-
mental and safety standards.
Whether providing rapid emergency
response to equipment failures or vessel
cooling services to increase production,
Aggreko is committed to delivering the
highest performance standards 24/7/365.
Aggreko keeps production and profitability
flowing while delivering valuable time and
cost savings, thanks to its experience, skill
and specialized equipment.
www.aggreko.com/northamerica

Heat transfer fluids for the oil and gas industry

Therminol heat transfer fluids from Solutia are widely used in refining, gas
processing, oil and gas pipeline operations, and reprocessing used lube oils

herminol heat transfer fluids from

Solutia are commonly used in offshore
and onshore oil and gas processing,
fractionation, refining, transportation,
and recycling operations. Therminol 55,
Therminol 59, Therminol 62, Therminol
66 and Therminol VP1 have successfully
demonstrated low-cost, reliable, and safe
performance in these applications for
decades. Therminol fluids are selected
because they provide lower capital and
operating costs, and better temperature
control, than other heat transfer options.

In gas processing and fractionation,

Therminol fluids are frequently used to
heat gases for regenerating solid desic-
cants (such as molecular sieve) in gas
dehydration beds; to reboil liquid desic-
cants (such as glycols) used for gas dehy-
dration; to regenerate liquid solvents (such
as amines) used for gas sweetening; to
heat gas stabilization and NGL fraction-
ation reboilers; and for other gas process-
ing operations.

In oil processing and refining,
Therminol fluids are often used to enhance
oil/gas/water/sediment/salt separation
and for other processing and refining

operations such as low-sulfur gasoline
production, solvent extraction, and sulfur
recovery.

Therminol heat transfer fluids have
applications in transportation too.
Pumping stations along oil and gas pipe-
lines often require heating to control the
viscosity of oil streams, and to prevent
condensation of components from gas
streams. Therminol heat transfer fluids
have proven capable of meeting these
requirements in virtually any environment.

And the reprocessing of used lubri-
cating oils involves operations at very
high temperatures and high

-
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h vacuum, for which Therminol

heat transfer fluids are ideal.
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pressure, high thermal stabil-
ity, and good heat transfer
performance, supporting
process needs at virtually any
temperature.

J www.therminol.com
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Improved wash water service from new pumps

Gulf Coast refinery replaces maintenance-intensive positive-displacement pumps
with Wood Group SPS surface pumps

Reciprocating positive-displacement (PD)
pumps are often used for wash water
service in refineries. They can be costly to
operate, frequently leak and require con-
stant monitoring and maintenance in order
to comply with environmental and safety
standards. They suffer repeated valve,
packing and drive train failures requiring
costly rebuilds. In this Gulf Coast refinery,
wash water PD pumps cost approximately
$250,000 annually to maintain and repair.
The refinery operator needed more reliable
and economical technology for wash water
pumping applications.

Wood Group Surface Pumps replaced
the PD pumps with an economical SPS
Surface Pumping System. Two model
TJ-7500, 64-stage tandem SPS units with
400 HP motors (producing 250 GPM at
1,842 psig) were installed. One SPS unit
served as the primary pump, with the
second system in place as a backup. The
SPS units feature easily replaceable multi-
stage horizontal centrifugal elements.
They were designed for improved abra-
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SP1o00 pump installation at Texas
refinery for wash water service

sion resistance, reduced wear and higher
efficiency, and feature a single mechanical
seal that operates at suction pressure.

The bearing frame/thrust chamber is
supplied as a replaceable module and is
interchangeable with other SPS units. The
thrust chamber features a very low number
of rotating parts for long, trouble-free life

and minimal maintenance. It includes an
oil-ring lubrication system for optimum

oil dispersion and reduced operating tem-
peratures, plus a thermocouple to provide
periodic or permanent temperature moni-
toring/shutdown protection.

After installation of the SPS units,
pump fluid losses, leakage and environ-
mental issues were eliminated. There has
been 100% up-time, 24/7 run reliability
with no failures. Only minimal change in
controls and operating procedures were
required to adapt to the new pumps. The
SPS pumps are very quiet with minimal
vibration. Maintenance requires only quar-
terly change of the thrust chamber lubri-
cant and routine vibration measurement.
Maintenance personnel now focus their
efforts on non-pump issues and opportu-
nities at the refinery. The new units have
supplied a dependable flow of wash water
at design rates, which helped reduce foul-
ing of the exchangers and provided more
stable unit operation.

www.woodgroupsurfacepumps.com

Process simulation, turbocharged for speed

A performance boost allows CHEMCAD from Chemstations to avoid the compromise
between speed and rigor in both dynamic and steady-state recycle simulations

HEMCAD, the flagship process simulation software suite from

Chemstations, is now capable of delivering rigorously calcu-
lated results for dynamic simulations and steady-state recycle
loops even faster than before. A new feature known as Thermo
Acceleration, which can effect significant gains in calculation
speed, has been incorporated for use in CHEMCAD simulations.

Thermo Acceleration is a unique and proprietary solution intro-
duced by the CHEMCAD development team, originally to address
dynamic simulations used in conjunction with operator training
and real-time performance monitoring systems.

These systems demand a very short calculation and response
time from process simulation. This has often meant giving up
rigorous calculation for pure speed; in many cases, a lack of rigor
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meant that the overall system was incapable of providing the
required project value. These systems are often characterized by a
large number of chemical components, very non-ideal thermody-
namics requiring activity-coefficient methods, and, often, aque-
ous electrolytes. Chemstations set out to solve this dilemma, and
Thermo Acceleration was the key to delivering a process simula-
tion that meets both the rigor and the speed requirements.

After months of development, internal testing showed 30%
to 90% reductions in calculation time for established test cases.
More importantly, in actual use in the field, these results were
borne outin a large-scale operator training project.

Once the concept was proven, the development team began
the next phase of Thermo Acceleration by applying the same con-
cepts to recycle calculations in steady-state simulations. Again,
similar improvements in calculation time were achieved, this time
with difficult-to-converge recycle loops. Considering that the vast
majority of simulation work is steady-state, this development has
wide applicability and potential to reduce the time spent working
with the simulator.

Thermo Acceleration will be turned on automatically for all
new simulations starting with the release of CHEMCAD 6.4 later
this year. Users retain the choice to use or disable this feature
via an easy-to-access setting. Steady-state simulations that do
not incorporate recycle loops will not be affected by the Thermo
Acceleration setting. www.chemstations.net
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A versatile range of emergency relief vent valves

These new manway pressure and pressure/vacuum reliefvents go well beyond the
performance of normal pressure relief systems, says manufacturer Valve Concepts

he new VCl 8900 Series from

Valve Concepts, Inc. (VCI) pro-
vides the versatility that comes
with innovative design and modu-
lar construction. Available in both
top-guided (spring-loaded) and
hinged (weight-loaded) configu-
rations, 8900 Series relief vents
feature a one-piece flange base
with an integrated bolting pad to
accommodate the hinged design.
The modular design allows the
valves to be converted from a
pressure/vacuum vent to a pres-
sure-only vent or vice versa.

“The design also permits the
pressure pallet assembly to be
easily removed for unobstructed
access to the tank for cleaning, inspec-
tion or repairs,” says Aaron Brantley, VCI
product engineer. “Plus, the flange base
incorporates a set of integrated lifting lugs
for easier removal or installation.”

Unlike competitive emergency pressure
relief vents that use an O-ring for sealing,

Modular design makes the VClI 8900 a
versatile pressure/vacuum reliefvalve

8900 Series units utilize a flat diaphragm,
which forms around the seat to provide a
tighter seal and improved reliability. “The

pressure pallet assembly provides an
effective vapor-tight seal when the tank is
not under emergency conditions,” Brantley
continues, “and after the excess pressure
is relieved, the pallet assembly will reseat
to again provide a vapor-tight seal.”

Relief pressure on the hinged Model
8930 pressure relief vent and Model
8940 pressure/vacuum relief vent can
be adjusted to <o0.5 psig by adding or
removing lid weights and counter-balance
weights in any combination. The top
guided Model 8910 pressure relief vent
and Model 8920 pressure/vacuum relief
vents can be adjusted from 0.5 to 15 psig
by simply tightening or releasing spring
pressure. All models are available with
20-inch or 24-inch ASME and API flanged
bases, with other designs on request.

VCl, a division of Cashco, Inc., is head-
quartered in Ellsworth, Kan. Cashco
manufactures a broad line of throttling
rotary and linear control valves, pressure
reducing regulators and back pressure
regulators. www.cashco.com

The industrial website for today’s engineer

Global sealing products manufacturer Flexitallic has revamped its website to provide
easy and rapid access to the information engineering professionals need
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Dynamictools: Flexitallic’s new website

he profile of today’s engineer is chang-

ing the landscape of industrial mar-
keting and how companies are reaching
prospects and customers. The Flexitallic
Group (Flexitallic), an international market
leader in industrial static sealing products,
has listened to this need and has created
an interactive industrial website that is
designed specifically for the research and
buying needs of engineers in 2011.

“Creating this next-level website
speaks directly to our markets and to our
customers,” says Jim Lenahan, Marketing
Manager of Flexitallic. “It is important that
our website model align with the demand
of our industry engineers to understand
their needs for researching, selecting and
making buying decisions online.”

Today, online methods dominate the
stages of the buying cycle. 2010 reports
from engineering portal Global Spec dem-
onstrate that engineers have significantly
reduced their reliance on traditional chan-
nels, preferring to use supplier websites,
online catalogs and other online resources
that help educate, improve decision
making capabilities, and increase their
confidence level in making final purchase
decisions. “Next-generation engineers
have stepped up the demand of what they
expect from their industrial suppliers
online,” adds Lenahan. “They expect tai-
lored solutions.”

“Most industrial websites are just a lit-
tle more than a brochure, with many com-
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panies still not on board with the changes
that have taken place in the market,” says
Keith Miller, VP of Sales, Marketing &
Engineering for Flexitallic. Intuitively struc-
tured, the Flexitallic website provides easy
and rapid access to product information,
online training, specifications, decision-
making tools and live technical and cus-
tomer service.

“Increased web capabilities brings
the elements of technology together with
information and dynamic tools for engi-
neers who require real time information
and response,” adds Miller. “This helps
them make intelligent research and buy-
ing decisions, resulting in shortened sales
cycles in our business.”

The Flexitallic Group is an interna-
tional market leader in the manufacture
and global supplier of high-quality, high-
value industrial static sealing products.
Flexitallic has manufacturing locations in
15 countries and over 600 stocking dis-
tributors worldwide.

www.flexitallic.com
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PRODUCT sHOWCASE

Delta Cooling Towers, Inc.

Delta Cooling Towers
manufactures a complete line
of corrosion-proof engineered
plastic cooling towers. The
towers incorporate a high effi-
ciency counter-flow design and
carry a 15-year warranty on the
casing, which is molded into a
unitary leak-proof structure of
engineered plastic. Allmodels
are factory assembled, simple
toinstall and nearly
maintenance free.

1-800-289-3358
www.deltacooling.com
sales@deltacooling.com

Circle 203 on p. 78 or go to
adlinks.che.com/35065-203

Circle 201 on p. 78 or go to
adlinks.che.com/35065-201

Protect pressure or vacuum
instruments from clogging,
corrosion and damage.
Compaci and Economical, Plasi-0-Matic
Gauge Guards prevent dangerous leaks and
allow dependable instrument readings from
full vacuum to 250 psi.

® PTFE or FKM
diaphragms.

e PVC, Polypro or
PVDF bodies.

¢ Available with
or without
gauges.

e Gauge
Shie?ds for

harsh environments.
EREE
Cata/s
g,
TR@‘ .
w55 (_BLUE
iGing

PLAST-O-MATIC VALVES, INC.
CEDAR GROVE, NJ 07009
(973) 256-3000 o Fax: (973) 256-4745
www.plastomatic.com ¢ info@plastomatic.com
Circle 206 on p. 78 or go to
adlinks.che.com/35065-206

Save hours of

A Saflex” 3000 system (10,000 to

Water Jet Productivity

(248) 624-5555
I NLB Corp. nlbmktg@nlbusa.com ),

Circle 205 on p. 78 or go to
adlinks.che.com/35065-205

Buy Our Filter . ..
Protect the Future

Protect natural habitats and
environments by utilizing our
filters to help eliminate the
release of toxic materials.

A portion of every order that
is placed with Midwesco® in
2010 will be donated to non-
proft organizations to fight
against climate change.

Call today to schedule a free
collector coaching session!
800.336.7300

midwescofilter.com/products.aspx

“We Take The Dust Out of Industry!”®

Circle 204 on p. 78 or go to
adlinks.che.com/35065-204

Circle 207 on p. 78 or go to
adlinks.che.com/35065-207




Engineering e-material, e-solutions, e-courses
and e-seminars for energy conversion systems:
« Physical Properties « Steam Approximations
* Power Cycles « Power Cycle Components/Processes
* Compressible Flow

ENGINEERING SOFTWARE

ircle 202 on p. 7 r t Phone/FAX: (301) 540-3605
I P o 30 oo Web Site: http://www.engineering-4e.com

adlinks.che.com/35065-202 Visit the web site to check out free demos etc.!

GET GONNECTED TODAY
_ www.che.com. |

CRYSTALLIZATION & PRECIPITATION

Dr. Wayne J. Genck Genck International

3 Somonauk Court, Park Forest, IL. 60466

Tel (708) 748-7200 Fax (708) 748-7208
genckintl@aol.com — http://www.genckintl.com

¢ Design/Scale-up *Troubleshooting * Particle Habit

* Size Distribution  Purity ¢ Product Micro-Analysis
¢ Laboratory Investigations ¢ Caking * Polymorphism

* Filtration * Drying  Kinetics Studies

404 Industrial Seminars ¢¢¢

Circle 246 on p. 78 or go to adlinks.che.com/35065-246

NOISE MEASUREMENT, ASSESSMENT, AND CONTROL + COMPUTER NOISE MODELING

ADVERTISE IN
THE CLASSIEIED

ACOUSTICAL CONSULTANT:

NOISE CONTROL ENGINEERING
HOUSTON, TEXAS | CALGARY, AB
(713) 789-9400 (403) 259-6600

www.HFPacoustical.com/CE

INDUSTRIAL AND ENVIRONMENTAL SOUND LEVEL SURVEYS + REGULATORY COMPLIANCE STUDIES

Circle 248 on p. 78 or go to
adlinks.che.com/35065-248

FERC. EUB, OSHA, NEPA + FLANT NOISE CONTOURS.
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NEW & USED EQUIPMENT

EQUIPNET

FILTER PRESSES
Shriver e JWI e Komline ¢ Sperry
Recessed and Plate & frame designs

PARTS SERVICE CENTER
Plates: Poly ¢ Alum & CI
Filter cloth and paper
Side bars e Hydraulic cylinders
Avery Filter Company, Westwood, NJ
Phone: 201-666-9664 * Fax 201-666-3802

E-mail: larry@averyfilter.com
www.averyfilter.com

ror GASES & LiqQuiDs!

XCHANGER

(952) 933-2559 info@xchanger.com

www.EquipNet.com/chemical :: 781.821.3482 :: Sales@EquipNet.com

236018 - Alloy Fab 5000 Gallon 316L Stainless Steel Reactor
235923 « Wiped Film Evaporator System

235909 « Westfalia Separator

235912 « Ross 42N Double Ribbon Blender in 316L Stainless Steel
235977 « Hull Tray Dryer with SIHI Vacuum Skid

236029 - Tolan 1500 Gallon 316L Stainless Steel Reactor

Advertise in
the Classified

CONTACT:
Eric Freer

Tel: 713.343.1904
Fax: 832.251.8963
email: efreer@che.com

ater Treatment Specialists

» Clean technologies for metal recovery
and sulphate removal

» Improve rate of water recycle and re-use

» Reduce water treatment costs

www.bioteqwater.com
1-800-537-3073

BIOTEQ

ENVIRONMENTAL TECHNOLOGIES INC.
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WABASH SELLS & RENTS
Boilers

20,000 - 400,000 #/Hr.

Diesel & Turbine Generators
50 - 25,000 KW
Gears & Turbines
25 - 4000 HP

We stock large inventories of:

Air Pre-Heaters  Economizers ¢ Deaerators
Pumps * Motors  Fuel Oil Heating and Pump Sets
Valves ¢ Tubes ¢ Controls ® Compressors
Pulverizers * Rental Boilers & Generators
24/7 Fast Emergency Service

800-704-2002
Phone: 847-541-5600 Fax: 847-541-1279
www.wabashpower.com

wabash rouer cauipment co.

444 Carpenter Ave., Wheeling, IL 60090



Advertisers’ Index

Advertiser Page number
Phone number Reader Service #

Advertiser Page number
Phone number Reader Service #

Advertiser Page number
Phone number Reader Service #

Advertiser Page number
Phone number Reader Service #

ABox4U SECOND

1-877-522-6948 COVER
adlinks.che.com/35065-01

* ABB Automation 321-7

Technology Products AB
adlinks.che.com/35065-02

Aggreko 14
1-800-348-8370
adlinks.che.com/35065-03

Beumer Group GmbH 7
adlinks.che.com/35065-04

Bryan Research
& Engineering
1-979-776-5220

adlinks.che.com/35065-05

Cashco VCI 13
1-785-472-4461
adlinks.che.com/35065-06

Chemstations, Inc. 12
adlinks.che.com/35065-07

Corzan HP Piping Systems 2
1-888-234-2436 ext. 4477393
adlinks.che.com/35065-20

* Donadon SDD 321-4
39 02 9011 1001
adlinks.che.com/35065-08

Emerson/Corporate 4
adlinks.che.com/35065-09

Emerson/ FOURTH

Delta V Group COVER
adlinks.che.com/35065-10

Fike Corporation 10
1-866-758-6004
adlinks.che.com/35065-11

Flexitallic 26
1-281-604-2400
adlinks.che.com/35065-12

GEA Wesfalia
Separator AG
49 2522 77-0

adlinks.che.com/35065-13

* GEA Wiegand GmbH  32|-2
49 7243 705-0
adlinks.che.com/35065-14

19

25

Haver & Boecker 27
49 2522 30-271

adlinks.che.com/35065-15

Heinkel USA 58

1-856-467-3399
adlinks.che.com/35065-16

Hi Temp 24
1-713-688-3011
adlinks.che.com/35065-17

Jenike & Johanson 59
1-978-649-3300

adlinks.che.com/35065-18

Load Controls 63
1-888-600-3247

adlinks.che.com/35065-19

¢ Maire Tecnimont

¢ Metso France

32I-5
adlinks.che.com/35065-21

321-8
adlinks.che.com/35065-22

Muller GmbH 8
49 (0) 7623/969-0
adlinks.che.com/35065-23

Mustang Engineering 20
adlinks.che.com/35065-24

Myron L Company 30
adlinks.che.com/35065-25

Outotec Oyj 6
adlinks.che.com/35065-26

PetroChem
Inspection Services
1-281-884-5100

adlinks.che.com/35065-27

43

¢ Siemens AG/IA&DT CC 32I-3

PNC Financial 32a-32b
adlinks.che.com/35065-28

ProSim 8
adlinks.che.com/35065-29

Samson AG 15
49 69 4009-0

adlinks.che.com/35065-30

adlinks.che.com/35065-31

Solutia, Inc. 1
1-800-426-2463
adlinks.che.com/35065-32

SRI Consulting 33
1-936-597-5412

adlinks.che.com/35065-33

Tiger Tower Services 16
1-281-951-2500

adlinks.che.com/35065-34

TLV Corporation 1
1-704-597-9070
adlinks.che.com/35065-35

Vac-U-Max 22
1-800-822-8629
adlinks.che.com/35065-36

Vanton Pump
& Equipment Corp.

1-908-688-4216
adlinks.che.com/35065-37

18

Western States
Machine Co.
1-513-863-4758

adlinks.che.com/35065-38

28

Wood Group
Surface Pumps 21
1-281-492-5760
adlinks.che.com/35065-39

See bottom of next page for

advertising sales representatives' contact information

Classified Index - May 2011

Advertiser Page number
Phone number Reader Service #

Advertiser Page number
Phone number Reader Service #

¢ International Section

Amandus Kahl Hamburg 74
adlinks.che.com/35065-201

Applied E-Simulators

Software 75
adlinks.che.com/35065-241
Avery Filter Co. 76

1-201-666-9664
adlinks.che.com/35065-242

BioteQ Environmental
Technologies
1-800-537-3073

adlinks.che.com/35065-243

CU Services 75
1-847-439-2303
adlinks.che.com/35065-202

Delta Cooling Towers 74
1-800-289-3358
adlinks.che.com/35065-203

75

76

Engineering Software
1-301-540-3605
adlinks.che.com/35065-244

Equipnet, Inc. 76
1-781-821-3482

adlinks.che.com/35065-245

Genck International 75
1-708-748-7200

adlinks.che.com/35065-246

Heat Transfer
Research, Inc.
1-979-690-5050

adlinks.che.com/35065-247

75

HFP Acoustical
Consultants
1-713-789-9400

adlinks.che.com/35065-248

Indeck 76
1-847-541-8300
adlinks.che.com/35065-249

64

75

Intelligen, Inc.
1-908-654-0088
adlinks.che.com/35065-240

Midwesco Filter
Resources
1-800-336-7300

adlinks.che.com/35065-204

NLB Corp. 74
1-248-624-5555
adlinks.che.com/35065-205

Plast-O-Matic Valves, Inc. 74
1-973-256-3000
adlinks.che.com/35065-206

74

Ross, Charles

& Son Company
1-800-243-ROSS
adlinks.che.com/35065-250

THIRD COVER

76

Sabic
97 1 4 4298462

Advertisers’

Product Showcase.......... 74
Computer Software........ 64,75
Consuting P I eI LI 75
Distillation .............. 75-76
Equipment, Used or Surplus

New forSale............... 76
Advertiser Page number

Phone number Reader Service #

Tel-Tru Manufacturing 74
adlinks.che.com/35065-207

Wabash Power
Equipment Co.
1-800-704-2002

adlinks.che.com/35065-251

76

Western States
Machine Co.
1-513-863-4758

adlinks.che.com/35065-252

75

Western States

Machine Co.
1-513-863-4758
adlinks.che.com/35065-253

76

76

Xchanger, Inc.
1-952-933-2559
adlinks.che.com/35065-254

Send Advertisements and Box replies to:
Eric Freer
Chemical Engineering, 11000 Richmond Ave, Houston, TX 77042
E-mail: efreer@che.com  Tel: (713) 343-1903

CHEMICAL ENGINEERING  WWW.CHE.COM MAY 2011

77




May 2011

HEMICAL ]
NGINEERING New Product Information
JustFAXit!

Fill out the form and circle or write in the number(s)

below, cut it out, and fax it to 800-571-7730.

or go to

www.che.com/adlinks

Go on the Web and fill out the
online reader service card.

A

Name Title
Company
Address
ity Vil i
Cit State/Province Zip/Postal Code
Country\ Telephone Fax
Email | I I 1 b rrrrreerrrerrrr el
FREE PRODUCT INFO 14 Engineering, Design & Construc- | 29 10 to 49 Employees 47  Pollution Control Equipment
all the tions) tion Firms 30 50 to 99 Employees & Systems
YOUR INDUSTRY 15 Engineering/Environmental Ser- 31 100 to 249 Employees 48  Pumps
01  Food & Beverages vices 32 250 to 499 Employees 49  Safety Equipment & Services
02 Wood. Pulb & F?a or 16 Equipment Manufacturer 33 500 to 999 Employees 50 Size Reduction & Agglomeration
03 Inorga‘nic Cphemicpals 17  Energy incl. Co-generation 34 1,000 or more Employees Equipment
04  Plastics, Synthetic Resins 18 Other YOU RECOMMEND, 51 Solids Handling Equipment
05 Drugs & Cosmetics JOB FUNCTION SPECIFY, PURCHASE 52 Tanks, Vessels, Reactors
9 (please circle all that apply) 53 Valves
06 Soaps & Detergents 20 Corporate Management ) )
) . 21 Plant Operations incl. Mainte- 40  Drying Equipment 54  Engineering Computers/Soft-
07 Pa|ntsl& Allled.Products nance P ) 41  Filtration/Separation Equipment ware/Peripherals
08 Org'amc Chemlcal§ 25 Engineerin 42 Heat Transfer/Energy Conserva- | 55 Water Treatment Chemicals
09  Agricultural Chemicals g g tion Equipment & Equipment
10  Petroleum Refining, 23 Research & Development 431 i
; nstrumentation & Control Sys- 56 Hazardous Waste Management
Coal Products 24  Safety & Environmental tems Systems g
i i 26  Other. ) ) .
112 ;ubberé Mlchl' Plasélcs ) 44 Mixing, Blending Equipment 57 Chemicals & Raw Materials
e M°t"T|’ .ay’l &a,\js’t l‘:‘:,rarg'ci EMPLOYEE SIZE 45 Motors, Motor Controls 58  Materials of Construction
etallurgical & Metal Products 28  Less than 10 Employees 46  Piping, Tubing, Fittings 59 Compressors
1 16 31 46 61 76 91 106 121 136 151 166 181 196 211 226 241 256 271 286 301 316 331 346 361 376 391 406 421 436 451 466 481 496 511 526 541 556 571 586
2 17 32 47 62 77 92 107 122 137 152 167 182 197 212 227 242 257 272 287 302 317 332 347 362 377 392 407 422 437 452 467 482 497 512 527 542 557 572 587
3 18 33 48 63 78 93 108 123 138 153 168 183 198 213 228 243 258 273 288 303 318 333 348 363 378 393 408 423 438 453 468 483 498 513 528 543 558 573 588
4 19 34 49 64 79 94 109 124 139 154 169 184 199 214 220 244 259 274 289 304 319 334 349 364 379 394 400 424 439 454 469 484 499 514 529 544 559 574 589
5 20 3 50 65 80 95 110 125 140 155 170 185 200 215 230 245 260 275 290 305 320 335 350 365 380 395 410 425 440 455 470 485 500 515 530 545 560 575 590
6 21 3 51 66 81 96 111 126 141 156 171 186 201 216 231 246 261 276 291 306 321 336 351 366 381 396 411 426 441 456 471 486 501 516 531 546 561 576 591
7 22 37 52 67 82 97 112 127 142 157 172 187 202 217 232 247 262 277 202 307 322 337 352 367 382 307 412 427 442 457 472 487 502 517 532 547 562 577 592
8 23 38 53 68 83 98 113 128 143 158 173 188 203 218 233 248 263 278 203 308 323 338 353 368 383 308 413 428 443 458 473 488 503 518 533 548 563 578 593
9 24 39 54 69 84 99 114 129 144 159 174 189 204 219 234 249 264 279 204 309 324 339 354 369 384 309 414 429 444 450 474 489 504 519 534 549 564 579 594
10 25 40 55 70 85 100 115 130 145 160 175 190 205 220 235 250 265 280 295 310 325 340 355 370 385 400 415 430 445 460 475 490 505 520 535 550 565 580 595
" 26 41 56 71 86 101 116 131 146 161 176 191 206 221 236 251 266 281 296 311 326 341 356 371 386 401 416 431 446 461 476 491 506 521 536 551 566 581 596
12 27 42 57 72 87 102 117 132 147 162 177 192 207 222 237 252 267 282 297 312 327 342 357 372 387 402 417 432 447 462 477 492 507 522 537 552 567 582 597
13 28 43 58 73 88 103 118 133 148 163 178 193 208 223 238 253 268 283 298 313 328 343 358 373 388 403 418 433 448 463 478 493 508 523 538 553 568 583 598
14 20 44 59 74 89 104 119 134 149 164 179 194 209 224 239 254 269 284 209 314 329 344 350 374 389 404 419 434 449 464 479 494 509 524 539 554 569 584 599
15 30 45 60 75 90 105 120 135 150 165 180 195 210 225 240 255 270 285 300 315 330 345 360 375 390 405 420 435 450 465 480 495 510 525 540 555 570 585 600

If number(s) do not appear above,

please write them here and circle:

Fax this page back to 800-571-7730

ADVERTISING SALES REPRESENTATIVES

Mike O’Rourke, Publisher

Chemical Engineering

110 William St., New York, NY 10038-3901
Tel: 215-340-1366; Fax: 609-482-4146
E-mail: morourke @ che.com

Alabama, Canada, Connecticut, Delaware,
Florida, Kentucky, Maine, Maryland,

Massachusetts, Michigan, New Hampshire,
New Jersey, New York, North & South Carolina,
Ohio, Pennsylvania, Rhode Island, Tennessee,

Vermont, Virginia, Washington, D.C., West
Virginia, Latin America

North America

Jason Bullock,

District Sales Manager
Chemical Engineering

8325 Broadway, Ste. 202/PMB 261
Pearland, TX 77581

Tel: 281-485-4077; Fax: 281-485-1285
E-mail: jbullock@che.com;
Arkansas, Arizona, California,
Colorado, Georgia, Kansas,
Louisiana, Missouri, Nevada,
Oklahoma, Texas

Dan Gentile

District Sales Manager

Tel: 512-918-8075

E-mail: dgentile @che.com

Indiana, lllinois, lowa, Minnesota,
Wisconsin

Eric Freer

Inside Sales Manager

Chemical Engineering;

11000 Richmond Ave, Houston, TX 77042
Tel: 713-343-1903

E-mail: efreer@che.com

Product Showcase, Literature Reviews,
Classified Display Advertising

Alaska, Hawaii, Idaho, Mississippi,
Montana, Nebraska, New Mexico,
North & South Dakota, Oregon, Utah,
Washington, Wyoming

International

Petra Trautes

Chemical Engineering

Zeilweg 44

D-60439 Frankfurt am Main
Germany

Phone: +49-69-58604760

Fax: +49-69-5700-2484

Email: ptrautes @che.com

Austria, Czech Republic, Benelux,
Eastern Europe, Germany, Scandinavia,
Switzerland, United Kingdom

78 CHEMICAL ENGINEERING

Dipali Dhar

Chemical Engineering

110 William St., New York, NY 10038-3901
Tel: 212-621-4919; Fax: 212-621-4990
E-mail: ddhar@chemweek.com

India

Katshuhiro Ishii

Chemical Engineering

Ace Media Service Inc., 12-6, 4-chome
Nishiiko, Adachi-ku, Tokyo 121, Japan
Tel: 81-3-5691-3335; Fax: 81-3-5691-3336
E-mail: amskatsu @dream.com

Japan

WWW.CHE.COM MAY 2011

Ferruccio Silvera

Chemical Engineering

Silvera Pubblicita

Viale Monza, 24 Milano 20127, Italy
Tel: 39-02-284-6716; Fax:
39-02-289-3849

E-mail: ferruccio @silvera.it/www.
silvera.it

Andorra, France, Gibraltar, Greece,
Israel, Italy, Portugal, Spain

Rudy Teng

Chemical Engineering
Professional Publication Agency
6F-3 # 103 Fen Liau St Neihu
Taipei 114 Taiwan

Tel: 886-2-2799-3110 ext 330;
Fax: 886-2-2799-5560

E-mail: rudy_teng@ppa.com.tw
or idpt808 @ seed.net.tw
Asia-Pacific, Hong Kong, People’s
Republic of China, Taiwan




Economic Indicators

PLANT WATCH

Evonik builds surfactants

plant in China

March 30,2011 — Evonik Industries AG (Es-
sen, Germany; www.evonik.com) is building
an integrated production plant for organic
specialty surfactants at its site in Shanghai,
China.With an investment in the upper dou-
ble-digit million euro range, the production
network is scheduled to begin operation in
mid 2013.

... and a new catalyst plant in Argentina
March 29,2011 — Evonik Industries AG

plans to build a new facility to produce
alcoholates to be used as catalysts for the
manufacture of biodiesel in Argentina. Con-
struction work on this plant, which will have
capacity of over 60,000 metric tons per year
(m.t./yr).is expected to be completed by
the end of 2012.The project is still contingent
on the approval of the relevant authorities.

Dow and Binhua announce new JV for
PCE production in China

March 29,2011 —The Dow Chemical Co.
(Midland, Mich.; www.dow.com) and Befar
Group Co. (Binhua) have announced a
memorandum of understanding (MoU) for
anew 50-50 joint venture (JV) fo produce
perchloroethylene (PCE).The two compao-
nies will explore development of a new, PCE
manufacturing facility in Binzhou, Shandong
Province, China, which would have an initial
capacity of 40,000 ton/yr, with the ability to
double production soon thereafter. Assum-
ing the ferms and milestones of the MoU are
met and subject to customary government
approvals, Dow and Binhua estimate pro-
duction would beginin 2014.

BASF Chongqing MDI project

has been approved

March 25,2011 — BASF SE (Ludwigshafen,
Germany; www.basf) has received ap-
proval from the Chinese authorities for a
400,000 m.t./yr diphenylmethane diisocyo-
nate (MDI) project in Chongging, China.
The investment will total approximately
€860 million.The facility, which will produce
a core component mainly used for poly-
urethane foams, is expected to start up

by 2014.This facility will consist of an MDI
plant, a nitrobenzene plant and an aniline
plant. It will form the center of an integrated
chemical -production complex operated
by the Chongaing (Changshou) Chemical
Industry Park.

AkzoNobel boosts cellulose-

derivatives capacity in China

March 23,2011 — AkzoNobel (Amsterdam,
the Netherlands; www.akzonobel.com) is
to invest more than €60 million in boosting
production capacity for its Bermocoll cellu-
lose derivatives (paint and building material
thickeners).As well as constructing a new
facility at its Ningbbo multi-site in China, the
company will also debottleneck the existing
manufacturing site in Omskaldsvik, Sweden.
The two projects willincrease capacity fo
close to 40,000 ton/yr.The debottlenecking
projectin Sweden is due to be completed
by the end of this year.The new plantin
Ningbo should be on stream in early 2013.

UOP technology for detergents
production in China

March 22,2011 —Technology from UOP LLC
(Des Plaines, lll; www.uop.com), a Honeywell
company, has been selected by Great Orient
Chemical for a new petrochemicals com-
plexin China that will produce the key ingre-
dient for biodegradable household laundry
detergents. Great Orient Chemical expects
the new complex to produce up to 100,000
m.t./yr of linear alkylbenzene (LAB).The proj-
ectis expected fo come on stream in the 2nd
Q of 2012.Great Orient Chemical Pte.Ltd.,
wholly owned by the Singapore GOC Pte. Ltd,
is a JV between Indonesian Salim Group and
Korean ISU Chemicals focused on expand-
ing detergents capacity in China.

Wacker expands its polysilicon
production in Germany

March 14,2011 — Wacker Chemie AG
(Munich, Germany; www.wacker.com)

is expanding its production facilities for
hyperpure polysilicon at its Burghausen
and NUnchritz sites in Germany. By taking
debottlenecking measures, it will increase
annual quantities at each site by 5,000 m.t.
First volumes from these expansion mea-
sures are expected to be available in 2012.
The debottlenecking involves investments
totaling some €130 million.

Huntsman to expand polyurethane
production in India

March 9,2011 —The Polyurethanes Div. of
Huntsman Corp. (Everberg, Belgium; www.
huntsman.com) plans to expand its poly-
urethane (PU) production capabilities with
a $10-million investment over the next year
for the construction of a systems house in
Pune, India.The new facility, which is sched-
uled to be operational by the end of the 1st

Q of 2012, will replace Huntsman'’s existing
system house inThane, India.

Oxea to build new carboxylic-acids

unit in Germany

March 8,2011 — Oxea GmbH (Oberhausen,
Germany; www.oxea-chemicals.com) will
build a new carboxylic-acids unit in Ober-
hausen, Germany.The new unit will boost
Oxea’'s global carboxylic-acids production
capacity by an additional 40% on top of the
already announced capacity expansion
projects becoming effective at the end of
2011.Subject to approval by the relevant
authorities, the new carboxylic acids unit is
planned to come on stream by late 2012.

MERGERS AND ACQUISITIONS

Berkshire Hathaway to acquire

Lubrizol for $9.7 billion

March 14,2011 — Berkshire Hathaway Inc.
(Omaha, Neb.; www.berkshirehathaway.
com) andThe Lubrizol Corp. (Wickliffe, Ohio;
www.lubrizol.com) have announced a de-
finitive agreement for Berkshire Hathaway to
acquire 100% of outstanding Lubrizol shares
for $135 per share in an all-cash fransaction.
The transaction, which was unanimously
approved by the board of directors of each
company, is valued at approximately $9.7
billion, including approximately $0.7 billion
in net debt.The fransaction is subject to the
approval of Lubrizol's shareholders and the
satisfaction of customary closing condi-
tions, including the expiration of waiting pe-
riods and the receipt of approvals under the
Hart-Scott-Rodino Antitrust Improvements
Act and applicable non-U.S. merger-control
regulations.Berkshire Hathaway and Lubri-
zol expect the transaction to be completed
during the 3rd Q of 201 1. After the close of
the transaction, Lubrizol will operate as a
subsidiary of Berkshire Hathaway. Lubrizol
willremain located at its Wickliffe, Ohio,
headquarters and will continue fo be led by
its current management team.

Lanxess buys Syngenta’s Material
Protection business
March 1,2011 — Lanxess AG (Leverkusen,
Germany; www.lanxess.com) has agreed fo
acquire the Material Protection business of
Syngenta AG (Basel, Switzerland; www.syn-
genta.com).The transaction will be financed
from existing liquidity and was expected fo
close in April 2011.Both parties have agreed
not fo disclose the acquisition price. B
Dorothy Lozowski
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Economic Indicators 2009 w2010 mmmm 2071 s

CHEMICAL ENGINEERING PLANT COST INDEX (CEPCI) GEE
(1957-59 = 100) Feb.'11  Jan.'11 Feb.'10 600
Prelim. Final Final Annual Index:
CEIndex 577.9 564.8 539.1 2003 = 402.0
Equipment 701.8 681.9 641.1
Heatexchangers & tanks =~ ————— 668.8 635.8 587.3 2004 =444.2 =0
Process machinery 653.5 643.7 6103 2005 = 468.2
Pipe, valves & fittings - 8683 859.2 796.1
Process instruments 4408 4311 4205 | 2006=499.6 | 500
Pumps & compressors —————— 8926 876.5 903.4 2007 =525.4
Electricalequipment ————— 4980 495.2 468.4 _
Structural supports &misc  —— 7321 707.4 660.0 2008 = 575.4 450
Construction labor 325.0 326.6 330.2 2009 = 521.9
Buildings 509.9 505.5 500.5 2010 = 550.8
Engineering & supervision ————____ 334.9 334.8 342.4 400
J FMAMUJJ ASOND
CURRENT BUSINESS INDICATORS LATEST PREVIOUS YEARAGO
CPl outputindex (2007 = 100) Mar.'11 = 88.1 Feb."11 = 87.1 Jan.'11 = 87.2 | Mar.'10 = 84.5
CPI value of output, $ billions Feb.'11 = 2,049.7 Jan."11 = 20464 | Dec.'10 = 19743 Feb."10 = 1,789.6
CPl operating rate, % Mar'11 = 759 | Feb'1 = 750 | Jan.'11 = 751 [ Mar.'10 = 720
Producer prices, industrial chemicals (1982=100) — Mar'11 = 3129 | Feb11 = 3042 [ Jan.11 = 2914 | Mar'10 = 2731
Industrial Production in Manufacturing (2007=100) — Mar'11 = 90.7 | Feb.11 = 90.1 [ Jan.11 = 89.6 | Mar'10 = 85.1
Hourly earnings index, chemical & allied products (1992 = 100) Mar.'11 = 157.4 Feb."11 = 154.6 Jan."11 = 1564 | Mar.'10 = 150.0
Productivity index, chemicals & allied products (1992=100) — Mar.'11 = 113.7 Feb."11 = 1134 Jan."11 = 1140 | Mar'10 = 111.2
CPI OUTPUT INDEX (2007 = 100) CPI OUTPUT VALUE ($ BILLIONS) CPI OPERATING RATE (%)
120 2500 85
110 2200 80
100 1900 75
90 1600 70
80 | ” 1300 65 |‘
70 1000 60 | |
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Current Business Indicators provided by Global Insight. Inc., Lexington, Mass.

MARSHALL & SWIFT EQUIPMENT COST INDEX 1500 CURRENT TRENDS
(1926 = 100) 1st@ 4th@ 3d@ 2nd@ Ist@ . -
2011 2010 2010 2010 2010 T Are you still accessing the
M&SINDEX — 14902 14767 14733 14613 14483 CEPCI numbers the slow way,
Process industries,average — 1,549.8 1,537.0 15344 15221 15103 1470 shuffling back through library
Cement 15466 15325 15300 15192 1,508.1 155 archives for the old reference
Chemical 15198 1,507.3 15052 14935 1.481.8 values?
Clayproducts —___ 15349 15214 15183 15056 14960 1440 CE's Online CEPCI provides an
Olass 14472 14327 14285 14164 14030 easy way around such hassles,
Paint — 15607 15458 15421 1527.6 1515, ronfing access fo the enfire
Paper 14594 1447.6 14445 14301 14164 - 9 9 . .
Patrol uct CEPCI database, including dll
P P 16525 16404 1,637.0 16259 16156 Larch:
Rubb 15962 1,581.5 1,579.3 1,564.2 1,551.0 1395 annual archives (1947 to pres-
Related industries ent) and monthly data archives
Electrical power 14612 1,4349 14192 1,4140 1,389.6 1380 (1970 to present). And, instead
Mining,milling _____ 1,599.7 1,579.4 15767 1569.1 15521 1365 of waiting more than two weeks
igerati 1,827.8 1,809.3 1,804.8 17869 17722 o0 for the print or digital edifions
Steampower ____ 15230 15064 15023 1,4880 1,475.0 of the magazine to arrive, sub-
1335 scribers to the Online CEPCl can
Annual Index: dat it
access new data nasiti
2003-1,123.6 2004=1,178.5 2005-1,24.5  2006=1,302.3 1320 oleted as soon as s
2007=1,373.3 2008=1,449.3 2009=1,468.6 2010=1,457.4 o cuared. .
Visit www.che.com/pci for
Marshall & Swift's Marshall Valuation Service® manual. 2011 Equipment Cost Index Numbers reprinted and more cmd other ﬁps on COpifG'
published with the permission of Marshall & Swift/Boeckh, LLC and its licensors, copyright 2011. May not be
reprinted, copied, automated or used for valuation without Marshall & Swift/Boeckh's prior permission. cost trends qnd merhOdObgy' u
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Opportunities in
Petrochemical Industry

SAUDI BASIC INDUSTRIES CORPORATION (SABIC) represents Saudi Arabia's industrial image, a world-class manufacturer
of basic chemicals, fertilizers, polymers and metals. SABIC was established in 1976 and ranks today among the world’s top
five petrochemical companies. It has more than 45 manufacturing sites world wide, of which 20 are in Saudi Arabia. SABIC
has operations in more than 40 countries, besides marketing and investment divisions based at its headquarters in Riyadh.
It has the strength of more than 31,000 highly skilled and satisfied employees. For more information about SABIC, please

visit www.sabic.com

Ethylene Glycol Specialist JRE29683
Qualification: B. Sc. in Chemical Engineering, an additional degree in
Business Management would be an added asset.

Experience: The candidate must possess a verifiable record of over 15
years professional working experience in a developed Petrochemicals
environment in the EG derivatives; must have proven experience in
technical and plant operations and a working knowledge of operation in
an international market environment.

Poly Olefin Specialist JRE29682
Qualification: B.Sc. in Chemical Engineering. An additional degree in
Business Management would be an added asset.

Experience: The candidate must possess a verifiable record of over
15 years professional working experience in a developed Petrochemicals
environment preferably in the polyolefin derivatives; must have proven
experience in technical and plant operations and a working knowledge of
operation in an international market environment.

Fertilizer Specialist JRE30260
Qualification: B.Sc. in Chemical Engineering. An additional degree in
Business Management would be an added asset.

Experience: The candidate must possess a verifiable record of over 15
years professional working experience in a developed petrochemicals
environment in the cracking derivatives; must have proven experience in
technical and plant operations and a working knowledge of operation in
an international market environment.

Extruder Specialist JRE30270
Qualification: B.Sc. in Chemical / Mechanical / Plastic Engineering.
Experience: The candidate should have minimum of 15 years experience
in a plastics compounding including: extrusion/compounding equipment
technology and troubleshooting, mixing/ blending equipment, solids
handling, pelletizing equipment, classification and packaging processes
and equipment. The candidate should have knowledge of computerized
process control, PLC, or DCS systems. International experience traveling
and providing compounding support for Europe and Asia compounding
operations is required. Experience with Pl, ASPEN, SPC. SAP is an added
advantage.

Fired Heaters & Boilers Specialist JRE30283
Qualification: B.Sc. in Mechanical / Chemical Engineering. Candidates
with an M.S. Degree is preferred.

Experience: The candidate should have minimum of 15 years
professional experience in fired heaters and boilers with broad
experience in design check, performance enhancement, troubleshooting,
and failure analysis of fired heaters and boilers. Good experience in
refractory design and installation is desirable.

Ethane/Naphtha Ethane/Naphtha Cracking Specialist JRE30284
Qualification: B.Sc. in Chemical Engineering. An additional degree in
Business Management would be an added asset.

Experience: The candidate must possess a verifiable record of over 15
years professional working experience in a developed petrochemicals
environment preferably in the Ethane/Naphtha cracking derivatives; must
have proven experience in technical and plant operations and a working
knowledge of operation in an international market environment.

Distillation/Separation Specialist JRE30286
Qualification: B.Sc. in Chemical Engineering. An additional degree in
Business Management would be an added asset.

Experience: The candidate must possess a verifiable record of over 15
years professional working experience in a developed Petrochemicals
environment in the separation technology; must have proven experience
in technical and plant operations and a working knowledge of operation
in an international market environment.

Unfired Heat Transfer Equipment Specialist JRE30287
Qualification: M.Sc. / B.Sc. in Mechanical / Chemical Engineering.

Experience: The candidate must have a minimum of 15 years professional
experience in the Heat Transfer discipline with a focus on the oil and gas
industry. The Heat Transfer Specialist is expected to have a sound
background in engineering, as well as knowledge in the field of heat transfer
and physics of transport phenomena and fluid flow. The candidate should
have experience in troubleshooting and de-bottlenecking of (unfired) heat
transfer equipment in operating plants, heat transfer equipment operating
data analysis and interpretations, preparation of heat transfer equipment
design (thermal, hydraulic, and mechanical), capital project support and
quality assurance, training, technology development and guidance on
design practices and procurement standards.

APPLICATION PROCESS: Candidates may send CVs to oildxb@jvi-global.com

Processing preference will be given to CVs received at www.jerryvarghese.com/applyonline
Please select your source of CV as “Print Advertisement” quoting the above Job Title and Ref. No.

(JRE). To view complete job details, please visit www.jerryvarghese.com/sabic

@ JERRY VARGHESE

‘Where your search ends...and ours begin’
Celebrating 27 Glorious Years

W jug-media.com
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EMERSON. CONSIDER IT SOLVED:
Circle 10 on p. 78 or go to adlinks.che.com/35065-10
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