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Flowserve Gestra
Steam Traps.

Lower costs. Less
environmental impact.
That’s what a trusted
partner gives you.

With soaring energy costs and
“green” mandates, switching to Gestra
thermostatic steam traps not only
saves money, but it also reduces your
impact on the environment. Which

is why in Europe, where energy costs
are higher and environmental man-
dates stronger, Gestra has long been
a preferred solution.

Actuation Valves

Accessories Control

Actuators Quarter-Turn
Electric Nuclear
Mechanical Multi-Turn
Pneumatic Check

Controllers Accessories

Positioners
Digital Services
Electro-Pneumatic  Repair
Intelligent Refurbishment
Pneumatic Training

Switches Maintenance Supervision

Quarter-Turn Mobile Machining

For additional Gestra product
information and to find your local
distributor, contact us at:

(502) 267-2218 or
FCD-Gestra-USA@flowserve.com
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From concept to commissioning

Coded Process Equiment, Plants, Skids and Systems

THE DIFFERENCE BETWEEN A VENDOR
AND A TRUE PARTNER IS ONE WORD: RELIANCE

Having worked with a variety of process industries over last 30
years in India and abroad, we have realised one thing: There is no
such thing as a challenging assignment. For a worldclass design
engineering, manufacturing and supplying company like ours, it is
just another day at work. No wonder our clients have not only given
us repeat orders but have also trusted us to build them complete
plants, skids, piping systems, structurals and other complex
packages. And we have never let them down.

Our 100+ expert engineers and more than 400 skilled technicians
ensure that we always solve the problem no matter how complex it
is. Needless to add, our plants and equipment conform to ASME,
TEMA, DIN, BIS, IS, SMPV, EJMA, AP, and C-GMP standards and
and we offer them under third-party acceptance of Lloyds, TUV,
Jacobs H&G, BVIS, AKER, SAIPEM and TCS.

Don't take our word for it. Ask us for references and details of our
projects in your industry. We will be happy to discuss with you.

Dipesh Engineering Works An ASME U, U2, R STAMP CERTIFIED COMPANY
ALSO AVAILABLE WiTH PED CERTIFICATION

3, Sheroo Villa, 87 J.P. Road, Andheri West, Mumbai 400053. India.
Tel: +91.22.2674 3719/2674 3729 | Fax: +91.22.2674 3507
E-mail: sales@dipeshengg.net | www.dipeshengg.com

PROVIDING CUSTOMIZED CODED PROCESS EQUIPMENT AND WORLDCLASS TURNKEY PLANTS TO GLOBAL CLIENTS SINCE 1981
Circle 7 on p. 62 or go to adlinks.che.com/29254-07



WE ARE 30,000 INNOVATORS DELIVERING SUSTAINABLE ENVIRONMENTAL SOLUTIONS
Join us or hire us. We will show you how our 30,000 North American
employees are making the world a better place through sustainable solutions.

Learn more about our global leadership at www.veolianorthamerica.com

WWATER SERVICES AND TECHNOLOGIES o WASTE SERVICES e ENERGY AND FACILITY MANAGEMENT o PASSENGER TRANSPORTATION
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A boost in
accurate
positioning

Trial-and-error tuning during
start-up is a thing of the past.
Thanks to its precisely manu-
factured bypass restriction, the
rugged Type 3755 Booster by
SAMSON can be set exactly for
its task and lead-sealed. As the
booster is completely balanced,
it works reliably and remains
unaffected by changing pressure
conditions. It supplies one-to-one
signal pressure with a defined
hysteresis. And the booster does
all this very quietly.

Combined with a positioner, the
booster has even more to offer:
Both devices ensure a fast and
accurate positioning of the valve,
even when handling high flow
rates or pressure drops.

SAMSON Type 3755 -
boosting performance

Aol088eN - Circle 24 on p. 62 or go to adlinks.che.com/29254-28

Germany - SAMSON AG - MESS- UND REGELTECHNIK
Weismiillerstrafe 360314 - Frankfurt am Main

Phone: +49 69 4009-0 - Fax: +49 69 4009-1507
E-mail: samson@samson.de

Internet: www.samson.de

U.S.A. - SAMSON CONTROLS INC.

4111 Cedar Boulevard - Baytown, Texas 77523-8588
Phone: +1 281 383-3677 - Fax: +1 281 383-3690
E-mail: samson@samson-usa.com

Internet: www.samson-usa.com
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Texas cement plant ready to share

award-winning process
On May 5, 2010 Texas Lehigh Cement (Buda, Tex.; www.
texaslehigh.com) was awarded an Environmental Excel-
lence Award by the state environmental agency Texas
Commission for Environmental Quality (TCEQ; Austin;
www.tceq.state.tx.us). The company won for its alternative
fuel project because of its outstanding community part-
nership process. Judges for the award said they could see
potential for other plants and other industries to apply
this type of process, and Texas Lehigh Cement president
Robert Kidnew has said he would be happy to help other
firms understand it and use it for themselves.
Alternative fuel voluntary testing protocol. In 2008
Texas Lehigh Cement needed a more economic and reli-
able source of fuel to supplement the coal used in its
kiln. As they started to evaluate a locally manufactured
fuel made of chipped waste wood and chipped waste
tires, they hired Carbon Shrinks (Austin, Tex.; www.
carbonshrinks.com) to develop a community engagement
process. Together they designed a voluntary testing pro-
tocol that addresses concerns expressed in one-on-one
discussions with local environmental critics and commu-
nity members.
Carbon Shrinks listened to concerns about air emis-
sions and potential odors that are beyond the scope
of permits. They designed a process that weighs and
scores science-based test results and transparently ex-
plains them to a community advisory committee. That
process is now available for anyone else to use in their
own alternative fuel project.
Economic benefits never more important. The reces-
sion has hit all U.S. cement plants hard, so the financial
benefit of every project has to be solid. For Texas Lehigh,
the return on investment of their voluntary testing pro-
tocol stacks up well, and the environmental benefit posi-
tions them well for the future. Not only do they now have
capacity to use cheaper fuel and the direct experience of
using it — showing that the quality of their manufactur-
ing process is uncompromised — they have thoroughly
mitigated the risk of expensive community push-back.
Potential critics are now friends and allies.
Future market demand for lower-carbon cement. The
U.S. Green Building Council and Wal-Mart are both devel-
oping supply chain standards that look at the carbon in-
tensity of manufactured inputs. It may only be a matter of
time until bid specifications for cement and concrete with
lower carbon intensity are commonplace. Wood-fuel-ready
plants such as Texas Lehigh are poised to jump in at the
head of the pack to win those bids.
Terry Moore, principal and co-founder
Carbon Shrinks LLC, Austin, Tex.

Postceripts, corrections

July, Chementator, Fast pyrolysis, pp. 11-12: In the
description of the fast pyrolysis plant that Ensyn Tech-
nologies is building with Tolko Industries in High Level,
Alberta, the annual production was cited as 850,000 L. In
fact the annual production will be 85 million L. B



If you can only attend one event during
the year, make it WEFTEC, the largest
water quality exhibition in North America.

Take advantage of the opportunity to meet one-on-one with more than 900 exhibiting companies, the most knowledge-
able manufacturers, consultants, and contractors in the water and wastewater industry. Capitalize on unique educational
opportunities and form quality business relationships for your organization.

WEFTEC Exhibitors represent the most comprehensive array of products and services including:

Activated Carbon Contractor Services Environmental Filters Pipes
Advanced Water and Consultant Services Hydrogen Sulfide Control Pumps
Wastewater Treatment Contaminant Removal Infiltration/Inflow Control Rehabilitation
Aeration Systems Corrosion Protection Instrumentation SCADA Systems
Aerobic and Anaerobic Computer Software Laboratories Security
Treatment

) . . Data Monitoring Leak Detection Stormwater
Biological Nutrient Removal and Analvsis )

) ) Y Membrane Technologies Tanks
Biosolids and Sludge Dewaterin

. 9J Motors and Motor Controls Valves

Chemicals and Digesters
Chemical Handling .9. . Odor Controls Water Recycling/Reuse
Collection Systems Disinfection Ozone ...and so much more.

Preview the technical program and exhibitor list at www.WEFTEC.org/announcement

® 83rd Annual Water Environment Federation Technical Exhibition and Conference
EO/‘ O New Orleans Morial Convention Center | New Orleans, Louisiana USA
Conference: October 2-6, 2010 | Exhibition: October 4-6, 2010

the water quality event™

www.WEFTEC.org v Feerztion o WEF WQL?

the water quality people

Circle 37 on p. 62 or go to adlinks.che.com/29254-37



www.altana.com

Our business is

Customer
proximity

In today’s global economy, close customer relationships
and in-depth knowledge of the local markets and requi-
rements are key success factors. ALTANA is at home in all
the world’s markets for specialty chemicals, ideally placed
to offer our customers innovative products and services
on the spot.

Specialty chemicals are our business. A business we pursue
with passion and dedication in more than 100 countries.
Four specialized divisions work together to ensure that
ALTANA's unrivalled competence and service excellence
continue to improve and expand. With a clear vision of
what our customers expect of us, it is our ambition at all
times to develop solutions that turn opportunities into
future reality.

© BYK

Additives & Instruments

© ECKART

Effect Pigments

© ELANTAS

Electrical Insulation

© ACTEGA O ALTANA

Coatings & Sealants

Circle 1 on p. 62 or go to adlinks.che.com/29254-01
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Bookshelf

Ludwig’s Applied Process Design for
Chemical and Petrochemical Plants.
4th ed. Vol. 2. By A. Kayode Coker.
Elsevier Inc. The Boulevard, Langford
Lane, Kidlington, Oxford OX5 1GB,
U.K. Web: elsevier.com. 2010. 961
pages. $223.00.

Reviewed by Kamal Shah,
Aker Solutions, Houston

wig’s Vol. 2” is written as a process design manual for

the distillation unit operation. Intended for process
engineers involved in designing distillation columns, trays
and packed towers, the book provides in-depth discussion
of design methods not only for distillation, absorption and
stripping units, but also for enhanced process units involv-
ing extractive, azeotropic and reactive distillation.

Among the interesting and unique features of the book
is a detailed discussion of the design impact of tray geom-
etry and details related to the mechanical design of trays
and their hardware — information practicing chemical
engineers involved with column trays should find useful.

Throughout the book, the author makes good use of equa-
tions, graphs, charts, calculations and examples. A broad ref-
erence list, appendices and supplements are also included.

This book’s (Volume 2) five chapters begin at Chapter 10,
which, after discussing foundation concepts, provides guid-
ance on selecting thermodynamic models for simulation
using commercially available software, as well as selecting
equations of state and K-value methods. Other notable
features of Chapter 10 include information on determining
thermodynamic properties, methods for carrying out multi-
component equilibrium flash, bubble point and dewpoint
calculations, and methods for component separation.

Chapter 10 also includes a rigorous explanation of
plate-to-plate calculations using total or partial condens-
ers and multiple-feed and side-stream configurations.

In addition, the chapter describes methods for tray siz-
ing and geometry selection, as well as tools for analyzing
column performance. Concepts such as heat integration of
columns, capital cost considerations and tradeoffs are ex-
plained in an easily understandable manner.

Chapter 11 covers complex petroleum-mixture charac-
terization and discusses the use of fractionation-distilla-
tion units to produce different products. This chapter also
discusses applications in natural-gas processing.

Enhanced distillation techniques, such as maximum-
and minimum-boiling azeotropes, heterogeneous azeotro-
pic distillation, close-boiling-point component distillation,
pressure-swing distillation, extractive distillation and
reactive (catalytic) distillation, are covered in Chapter 12.

Chapter 13 deals with the impact of mechanical design
on tray performance. The chapter covers several tray
types and the application, mechanical design and hard-
ware details of each. The chapter devotes space to design
methods and specifications to be used during the me-

The comprehensive and practical fourth edition of “Lud-



chanical design of column tray components, including as-
sociated hardware details for proper tray hydraulics and
liquid distribution of the feed, side draws and reflux.

Chapter 14 provides details for various packing types,
packing supports, liquid distributors, intermediate packing
supports and redistributors. It offers an extensive review
of packed columns, as well as generalized pressure-drop
charts and equations for sizing columns with random and
structured packing.

The book serves as an excellent resource for distilla-
tion unit operations that are crucial to the gas-processing,
chemical and petrochemical industries.

Rubber Seals for Fluid and Hy-
draulic Systems. By Chellappa
Chandresekaran. Elsevier Inc., 30
Corporate Drive, Suite 400, Burlington,
MA 01803. Web: elsevier.com. 2010. 160
pages. $149.00.

Process Risk and Reliability Man-
agement: Operational Integrity
Management. By Ian Sutton. Elsevier
Inc., 30 Corporate Drive, Suite 400,

Burlington, MA 01803. Web: elsevier.
com. 2010. 850 pages. $195.00.

Wildlife Toxicology: Emerging Con-
taminant and Biodiversity Issues.
Edited by Ronald J. Kendall and others.
CRC Press, 6000 Broken Sound Park-
way, NW Suite 300, Boca Raton, FL

33487.2010. 340 pages. $119.95.

Thermo-oxidative Degradation

of Polymers. By T. Roy Crompton.
iSmithers Rapra Publishing Ltd.,
Shawbury, Shrewsbury, Shropshire
SY4 4NR, U.K. Web: ismithers.net.
2010. 136 pages. $200.00.

Advanced Process Control: Beyond
Single Loop Control. By Cecil Smith.
Wiley, 111 River St., Hoboken, NJ 07030.
Web: wiley.com. 2010. 450 pages. $99.95.

Innovation in Industrial Research.
By Paulo de Souza. CSIRO Publishing,

P.O. Box 1139, Collingwood, Victoria
3066, Australia. Web: csiro.au. 2010.
152 pages. $44.95.

Advances in Catalysis. Vol. 53.
Edited by Bruce Gates, Helmut Knoez-
inger and Friederike Jentoft. Elsevier
Inc., 30 Corporate Drive, Suite 400,
Burlington, MA 01803. Web: elsevier.

com. 2010. 644 pages. $224.00. [ |
Scott Jenkins

technology in motion

BEUMER stretch hood®

The powerful packaging
solution for the chemical
industry.

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.

Circle 4 on p. 62 or go to adlinks.che.com/29254-04
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October 19 - 21, 2010 | Reliant Center, Hall E | HOUSTON, TEXAS
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)

LOCATION: Houston, Texas. ChemInnovations is strategically located
in the center of North America’s CPI.

—

NETWORKING: Meet face-to-face with 200+ exhibitors and over 125 speakers.
CONTENT: An in-depth conference to help solve your biggest processing challenges.

BUGDET SAVER: Get deep attendee discounts with early registration. We have all
the tools you need to get approval, save money and increase ROl for your company!

Register early at cpievent.com
with code: CHEMREG
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CHEMENTATOR

Edited by Gerald Ondrey

September 2010

Enzyme-hased method could make
C0, capture economically viable

codexis (Redwood City, Calif.; www.
codexis.com) and COy Solution (Que-
bec City, Canada; www.co2solution.com)
have jointly developed a cost-effective
method for capturing carbon dioxide
from coal-fired power plants.

Solvent-based systems for captur-
ing COy are relatively well-understood,
but they have not been widely deployed
because they are energy-intensive and
inefficient. Solvent-based approaches
involve a trade-off between the kinet-
ics of COg absorption by the solvent and
the energy required to regenerate the
greenhouse gas for sequestration or fur-
ther use, explains Jim Lalonde, Codexis
vice president for biochemistry and en-
gineering R&D.

“You want something that binds COy,
but not too tightly,” he says. For example,
the solvent monoethanolamine (MEA)
offers efficient COy capture, but requires
high energy to regenerate the gas.

The new process depends on two tech-
nologies: new forms of the enzyme car-
bonic anhydrase (CA) that are tolerant
of elevated temperatures; and carbon-
capture solvents that require less en-
ergy to regenerate CO,.

Codexis is using a proprietary ge-
netic-screening and directed-evolution
approach in developing an early proto-
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40-60°C

type of CA that is stable for 30 min at
temperatures of 85°C (natural, human
CA is unstable above 55°C). The enzyme
catalyzes COy absorption into solvents
whose properties allow COy regenera-
tion at lower energies. Without the en-
zyme, these solvents, such as monom-
ethyl-diethanolamine (MDEA), would
have unfavorably slow reaction kinetics
for COgy capture.

In modest quantities, the optimized
enzyme accelerates the rate of CO,
capture in MDEA by about 50 times
compared to the rate without enzyme.
Once the CO, is absorbed, the energy
required to drive off the COq is 30% less
than the conventional solvent, because

HigherT

of MDEA’s sterically hindered molecu-
lar structure. The Codexis/COy Solu-
tion process is designed to reuse sol-
vent, and is compatible with multiple
carbon sequestration approaches.

Codexis is applying its directed-evo-
lution technology to further increase
the stability of CA by orders of mag-
nitude and, if successful, will scale up
the process to eventually capture tons
per day of COg by the end of the current
project, Lalonde says. The project is par-
tially supported by a $4.7 million grant
from the U.S. Dept. of Energy’s (DOE;
Washington, D.C.; www.energy.gov) Ad-
vanced Research Projects Agency-En-
ergy (ARPA-E).

An attractive way to remove arsenic from water

World’s largest PDH unit

magnetic composite based on reduced gra-

phene oxide (RGO) has been developed by
a Korean team with an exceptional capacity
to remove arsenic from drinking water. The
team, headed by professor Kwang S. Kim
from the Center for Superfunctional Materi-
als, Dept. of Chemistry, Pohang University
of Science and Technology (www.postech.
ac.kr), South Korea, claims the composite
can achieve nearly complete removal (more
than 99.9%) of arsenic — within about 1 ppb
— from water. The magnetite-RGO (M-RGO)
composite is superparamagnetic at room
temperature. It soaks up arsenic when dis-
persed in water and is then easily removed
from the water with a permanent magnet.

Several methods have been developed to
remove arsenic from drinking water. For ex-
ample, arsenic can be removed from drinking

Note: For more information, circle the 3-digit number
on p. 62, or use the website designation.

water through coprecipitation of iron min-
erals such as magnetite (Fe3O4) nanocrys-
tals. However, those adsorbents are difficult
to use in continuous flow systems, such as
rivers, due to small particle size and insta-
bility — magnetite is highly susceptible to
oxidation when exposed to the atmosphere.
Therefore, the team decided to synthesize
M-RGO due to its large surface area and the
stability of the RGO.

The team synthesized graphene oxide via
Hummer’s method. The graphene oxide was
exfoliated in water to produce a suspension
of graphene oxide sheets. An aqueous mix-
ture of FeCls and FeCl, was added slowly
to the solution, and ammonia solution was
added quickly to precipitate Fet2 and Fet+3
ions for synthesis of magnetite nanopar-

(Continuesonp. 12)
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Lummus Technology (Bloom-
field, N.J.), a CB&l company
(The Woodlands, Tex.; www.
cbi.com), has been awarded a
contract by Tianjin Bohua Petro-
chemical Co. for the license and
engineering design of a grass-
roots propane dehydrogenation
(PDH) unit to be built in Tianjin,
China. It will be the first PDH
plantin China, and upon startup
in 2012, will be the largest PDH
plantin the world, says CB&l.

The unit will use the Catofin
dehydrogenation process to
produce 600,000 metric tons
per year of propylene. (for more
on Catofin and PDH, see Push-
ing Propylene Production, CE,
March 2004, pp. 20—24)
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A more efficient, less expensive way
to continuously make hioethanol

n enhanced reactor technology that

boosts the speed of producing bioetha-
nol by a factor of four while decreasing
production costs by 25% compared to a
stirred batch fermenter has been devel-
oped by IHI Corp. (IHI; Tokyo; www.ihi.
co.jp). The technology features a cohesive
strain of yeast to increase the number
density of microorganisms in the reactor,
and utilizes the flow created by the carbon
dioxide gas released by the fermentation
to enhance the contact (mixing) between
the yeasts and glucose feed solution. As a
result, the continuous process eliminates
the need for mechanical agitation and aer-
ation, thereby reducing operating costs,
maintenance and reactor size.

In IHT’s process, glucose solution is con-

tinuously fed to the bottom of the reac-
tor and flows upward by the gas gener-
ated by fermentation. The gas is collected
by an umbrella-like structure at the top,
and then moves into a small side vessel.
There, the gas is separated from the fer-
mentation broth (yeast aggregates and
liquids), which is recycled to the bottom
of the reactor. Ethanol is recovered from
a side stream leaving the settlement part
of the reactor.

In a pilot reactor (8.6-L reactor volume,
1-m high and 10-cm dia.) operating at its Yo-
kohama facility, IHI has demonstrated the
technology with one month of continuous op-
eration. An ethanol production speed of 25 g/
Lh was achieved, and the average size of the
yeast aggregate maintained at 0.5-1.5 mm.

A new iodine-hased catalyst for asymmetric synthesis

Professor Kazuaki Ishihara and colleagues
at Nagoya University (Nagoya, Japan;
www.nubio.nagoya-u.ac.jp/nubio4/english/
main-e.htm) has discovered an efficient,
chiral, salt-based hypervalent iodine cata-
lyst that could replace toxic metal catalysts
without generating the waste or explosion
risks associated with hypervalent organo-
iodine complexes. The researchers took the
radical step of swapping iodine bonded to
carbon for an iodite (IOy~) or hypoiodite
(IO-) anion as the oxidant, which can be
generated from iodide (I-) by simple oxi-
dants, such as hydrogen peroxide. The team
also coupled the (hypo)iodite with a chiral,
quaternary-amine counter ion to solubilize
the inorganic iodite in organic solvents and
provide a chiral environment to control the
geometry of the reaction.

In the laboratory, the researchers per-
formed an enantio-selective, oxidative cy-
cloetherification of ketophenols to 2-acyl-
2,3-dihydrobenzofuran derivatives — a key
structure in several biologically active com-

pounds — catalyzed by in-situ-generated
chiral, quaternary-ammonium-(hypo)iodite
salts, with hydrogen peroxide as an envi-
ronmentally benign oxidant (only water
and alcohol are generated as byproducts).
After recrystallization, an optical purity of
99 ee % is achieved for this reaction, the
highest selectivity with the lowest catalyst
loading ever seen in asymmetric, hyper-
valent-iodine catalysis, says Ishihara. The
team confirmed that asymmetric synthesis
using inorganic iodide catalyst occurred in
several hours for 10 mol% catalyst, which
is faster than the 17 hours required for the
same concentration of an organic iodine
catalyst, suggesting the possibility for real
industrial use.

Ishihara expects that a variety of oxida-
tive coupling reactions could be controlled
by these salts in place of transition metal
catalysts, and is aiming to make an inter-
molecular version — joining two molecules
together rather than reacting two sites on
the same molecule.

REMOVE ARSENIC FROM WATER

(Continued from p. 11)
ticles. The graphene oxide was reduced
to RGO by hydrazine hydrate, which was
added slowly for 4 hours at 90°C.

In the composite that the team created,
the magnetite nanoparticles are well dis-
persed in the RGO matrix with an average
particle size of 11 nm. The nanoparticles are

not simply mixed in or blended with RGO,
rather, they are entrapped inside the RGO
sheets. The composite is especially effective
in arsenic removal — compared with bare
magnetite — because the graphene sheets
greatly increase the number of adsorption
sites. Also, the stability of magnetite is in-
creased by the RGO, so that it can be used in
continuous flow systems for longer periods.
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Nanofiber applications

Last month, DuPont (Wilming-
ton, Del.; www.dupont.com)
introduced the first nanofiber-
based polymeric battery separa-
tor that boosts the performance
and safety of lithium-ion batter-
ies. Tradenamed Energain, the
separators are said to increase
power by 15—-20%, increase
battery life by up to 20% and im-
prove battery safety by providing
stability at high temperatures.
The battery separators are
made into a web using a propri-
etary spinning process that cre-
ates continuous filaments with
diameters between 200 and
1,000 nm.

The company has begun
construction on a facility in
Chesterfield, Va., to manufac-
ture product for development
and commercial sale. Slated
to startup in the first quarter of
2011, the facility will initially have
the ability to supply 20% of to-
day’s hybrid and electric vehicle
needs. While the initial uses
for the separator are in hybrid
vehicle batteries, the nanofiber
technology will target other
renewable-energy applications
as well as a broad range of lig-
uid filtration applications for the
biopharmaceutical, microelec-
tronics, and food-and-beverage
industries, offering “superior”
retention, filter life and flow re-
sistance, says DuPont.
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SEGURING
THE GPI

Heightened activity toward CFATS
compliance brings the need for
integration and a shift of cultural
perspective into view

s potential threats continue to

make headline news around the

world, it is clear that the need

for security measures is an on-
going process, and that this process
requires vigilance. The chemical pro-
cess industries (CPI) are considered
part of the critical infrastructure in
the U.S., and as such are regulated by
the U.S. Dept. of Homeland Security
(DHS; Washington, D.C.; www.dhs.
gov) under the Chemical Facility Anti-
Terrorism Standard (CFATS). Already
renewed for one year, the standard is
again set to expire in October 2010,
but all signs are that CFATS is here
to stay and the CPI have taken great
strides toward compliance.

CFATS implementation

“The chemical industry is well along
in implementing the current chemi-
cal security regulations, which are
rigorous, enforceable and protective of
the American public,” says Lawrence
Sloan, president and CEO of the So-
ciety of Chemical Manufacturers &
Affiliates (SOCMA; Washington, D.C.;
www.socma.com). At the 2010 Chemi-
cal Sector Security Summit and Expo
held in July, Sue Armstrong, acting
deputy assistant secretary for In-
frastructure Protection of the DHS,
reported on the progress made with
CFATS implementation. At the time
of the summit, over 38,000 top-screens
had been submitted and reviewed,
over 6,000 security vulnerability as-
sessments had been submitted and
reviewed; over 3,100 site security

plans had been submitted and were in
review; and DHS inspectors had made
over 244 compliance assistance vis-
its. As of June, almost 5,000 facilities
were covered by CFATS with rank-
ings in the top four tiers. Over 4,000 of
these facilities were given final tiers
and the rest were preliminarily tiered
facilities (for more on CFATS, “tiers”
and other CFATS-related terms see
Chemical Plant Security, Chem. Eng.,
pp. 21-23, September 2009).
Revisions being considered. Even
as compliance moves forward, sev-
eral aspects of CFATS are under
scrutiny by the U.S. Congress. One
main issue is a proposed revision
to mandate use of inherently safer
technology (IST). Other areas of
discussion relate to broadening the
scope of the standard to include, for
example, water-treatment plants.
Congress is considering multiple
bills in the House of Representatives
and Senate to either reauthorize the
existing standards for a limited time
or to significantly alter them.

In late July, legislation that would
make the existing CFATS standard
permanent took a step forward with
bipartisan support in the Senate
Homeland Security and Government
Affairs Committee. The legislation
would extend the existing CFATS by
three years, to October 2013. Both
SOCMA and the American Chemistry
Council (ACC; Arlington, Va.; www.
americanchemistry.com) support this
extension of the current standard.

Referring to the recent Senate com-

FIGURE 1. Siemens and other industry security experts are seeing
a strong trend toward remote, third-party management of security
systems. This Siemens center is located in Dallas

mittee’s actions, Sloan says “We thank
Senator Collins for this extension,
which gives chemical manufactur-
ers and DHS valuable time in which
to continue to strengthen protections
against attack and more fully assess
the effectiveness of the entire CFATS
program.” The next step in the legis-
lative process for this bill is consider-
ation by the full Senate.
Harmonization. While CFATS is the
main regulatory agent for CPI secu-
rity, there are a number of exemption
categories under which facilities must
comply with other governing bodies.
One example is that some facilities fall
under the Maritime Transportation
Security Act (MTSA) regulations. For
some of these facilities, there is con-
cern about how to comply with overlap
among various government agencies,
and this concern was expressed during
a question-and-answer period at the
July Chemical Sector Security Sum-
mit. This concern is recognized and
being addressed by an effort to create
multi-agency harmonization through
working group initiatives, such as the
MTSA/CFATS Harmonization group.

Security experts

Security in the CPI did not start with
CFATS. As ACC president and CEO
Cal Dooley states, “Since 2001, ACC
members have helped lead the way
on chemical security, well ahead of
government regulation. They have in-
vested more than $8 billion on facility
security enhancements under ACC’s
Responsible Care Security Code.”
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Yokogawa

Even so, there has been much activity
in CPI security recently, mostly due to
CFATS and perhaps partly due to the
greater visibility and interest given
to security and the corresponding in-
crease in available resources.

Ryan Loughin, director of the chem-
ical & energy solutions of ADT Ad-
vanced Integration (Norristown, Pa.;
www.adtbusiness.com/petrochem-ce)
says that “Just in the last 30-60 days
there has been a lot of movement from
DHS, so there has also been a lot of
movement from the CPI,” referring to
requests for security system design,
awarding of contracts and more. Com-
panies are asking for help in designing
their site security plans (SSPs) and
then redesigning them when rework
is needed as feedback from the DHS is
received, explains Loughin.

For CPI facilities seeking help, there
are a number of security-expert com-
panies, such as ADT and others, that
offer assistance with designing, build-
ing and managing security systems.
And these companies have developed
expertise with CFATS so that they
can, for example, specifically address
what a facility might do to meet the
requirements of the risk-based perfor-
mance standards (RBPSs) that are es-
tablished in CFATS. “One of the beau-
tiful things about the RBPSs,” says
Michael Saad, senior director consult-
ing services with Huffmaster Crisis
Response (Troy, Mich.; www.huffmas-
ter.com), “is that they leave it to the
facility to determine how to achieve
the level of security performance re-
quired. But that is a sword that cuts
both ways. It also requires the facility
to determine how to create layers of
integrated security.” This is where the
security experts can help.

Managed services and other
trends. At a briefing given on August
10 at Siemens AG’s (Munich, Germany;
www.siemens.com) U.S. headquarters
for their Security Solutions Business
Unit (Buffalo Grove, Ill.; usa.siemens.
com/buildingtechnologies), Carey
Boethel, vice president and business
unit head for Security Solutions, ex-
plained two trends that are currently
shaping security strategies. The first
is a proliferation of physical security
information management (PSIM) and
command-and-control centers. This re-

FIGURE 2.The integrated field wireless gateway (left), EJX-B Series differential
pressure and pressure transmitter (center) and YTA Series temperature transmitter
are Yokogawa’s field wireless devices based on the ISA100.11a standard

fers to command-and-control centers
that work toward an efficient informa-
tion flow during emergency situations
to ensure a unified command and
intelligent response to threats — a
control center at a police department
was given as an easy-to-understand
example. Formerly, only very large
businesses were interested in these
centers due to the expense, but more
recently that is changing.

The second trend is hosted or man-
aged services. This refers to hiring an
outside company — a security expert
— to monitor the incoming security
data (from video surveillance, for ex-
ample, but also a wide-range of other
information) and initiate actions when
needed. As Boethel explains, “Hosted
applications once focused on small
and medium-sized businesses, but
are now entering an enterprise-class
phase where large multinational com-
panies are embracing the technology.”
In fact, Boethal expects that managed
video services industry-wide will have
more than a 15% compounded annual
growth rate. An interesting conclusion
can be drawn from these two trends
— the distinction between “high-end”
and “low-end” security system users
is going away. Large, mid-sized and
small facilities are exploring all op-
tions for their site security plans.

Phil Atteberry, director of managed
security services at Siemens, manages
both of Siemens’ remote-monitoring
centers in Dallas, Tex. (Figure 1) and
Beltsville, Md. He has seen a “huge
trend” toward managed services with
about an 8% increase from 2007-2010
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in third-party security monitoring. At-
teberry sheds some light on the reasons
for this increase when he says “Before
it was a single-alarm system, but now
it is more enterprise-based ... one focal
point can monitor the total situation
awareness of the facility.” Advantages of
third-party security monitoring include
having an expert, who best understands
the incoming security data, monitor it;
reducing or eliminating the need for on-
site monitoring personnel and the asso-
ciated costs; and reducing the potential
that an event might be missed due to
a lapse of attention to a video screen,
for example, during a long period of
inactivity on the screen. Since remote
centers monitor a number of sites, there
is inherently more activity being moni-
tored and therefore more stimulation to
keep personnel attentive.

The increase in requests for remote
monitoring is a trend that has been
noted by a number of security experts.
ADT’s Loughin sees more requests for
third-party video and alarm monitor-
ing for their special operations moni-
toring facility in Aurora, Colo., and
cites cost-effectiveness as a strong
reason for this movement. Saad also
notes that an increase in demand for
Huffmaster’sinteractive remote-video-
monitoring services led Huffmaster to
renovate and expand the space and re-
sources devoted to those services.

Securing process control

For the CPI, securing process control
systems is a vital part of any security
plan. And, the CPI has been very ac-
tively involved in leading-edge efforts



in cyber security. An example of this
is the Roadmap to Secure Control Sys-
tems in the Chemical Sector (www.us-
cert.gov/control_systems/pdf/Chem-
Sec_Roadmap_First_Edition.pdf),
which is a document published in Sep-
tember 2009 that presents a security
vision for industrial control systems
in the CPI, proposes a comprehensive
plan for implementation, and identi-
fies milestones over a ten-year period.
Preparation of the roadmap was truly
a cooperative effort that included the
DHS and a substantial number of vol-
unteers from CPI companies.

Citing the roadmap and other ef-
forts in cyber security standards,
Ernest Rakaczky, portfolio manager
of control system cyber security for
Invensys Operations Management
(Plano, Tex.; www.iom.invensys.com)
says “In a lot of ways, the chemical
sector is leading the way.” Rakaczky
stresses the importance of control
and IT experts working together to-
ward the common goal of security. He
says that typically, firewall technol-
ogy is changing faster than controller
technology. With a core competence
in control, Invensys builds its control
systems so that they can easily be
updated with the latest security sys-
tems. This built-in ability to update
the control system allows the user to
take advantage of the newest tech-
nologies without large investments.

Threats to control systems can come
from a variety of sources. Firewalls
are very effective at preventing intru-
sion. People with access to the control
system, however, are a credible threat,
whether through accidental means
(such as unwarily using personal de-
vices or USB sticks), or through inten-
tional means (such as by a disgruntled
employee for example). “A malicious
insider is the tough threat,” says Gra-
ham Speake, principal systems archi-
tect for Yokogawa Corp. of America’s
(Newnan, Ga.; www.yokogawa.com/us)
IA Global Strategic Technology Mar-
keting Center in Dallas, Tex. Threats
to control systems are “no longer theo-
retical” says Speake, citing the recently
discovered Stuxnet worm that was
distinctly targeted to attack a specific
control system. “One way to increase
security,” says Speake, “is to build
more security into products so that

no matter how you put them together
they are still secure.” Yokogawa says
it has taken a step in that direction by
developing the world’s first field wire-
less devices based on the ISA100.11a
industrial wireless communications
standard (Figure 2).

What makes the Stuxnet worm such
big news in the control community is
not just that it was deliberately made
to attack control systems, but that it
is highly sophisticated — enough so
that it attacks a previously unkown
vulnerability and it wraps libraries to
hide PLC programming changes. “The
worm is a wake-up call. A lot of opera-
tions people and even security decision
makers had still been on the page that
malware is only an incidental threat
to control systems and physical pro-
cesses, and that sophisticated threats

. were not something they had to
worry about. All that has changed
with Stuxnet,” says Andrew Ginter,
chief security office with Industrial
Defender, Inc. (Foxboro, Mass.; www.
industrialdefender.com).

A basic principal of cyber security
plans offered by Industrial Defender
is Defense-in-Depth (Figure 3), which
presumes that no single mode of se-
curity mitigation is impenetrable and
therefore several layers are needed.
The company’s approach includes
three major categories including: in-
trusion prevention, which is applied
at network perimeters with a firewall,
and within servers and end-point de-
vices via the recently introduced Host
Intrusion Prevention System (HIPS);
access management, which provides
rigorous authentication and authori-
zation before allowing access through
the perimeter; and monitoring and re-
sponse, which integrates intrusion de-
tection, performance monitoring and
event management.

Third-party management. An inter-
esting shift is occurring in that more
companies are looking for outside se-
curity management of not only physi-
cal security systems, but also cyber
security systems. Ginter explains that
while there has been a reluctance to let
information out to third parties, com-
panies are getting more comfortable
with this through cloud computing and
“software as a service”, where comput-
ers and functionality are rented. He
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says that some CPI customers have
said that “If you've got a good security
posture now and you want to take a
step up, outsource it.” Their reason-
ing is that industrial-control-security
experts, such as Industrial Defender,
understand the system and follow the
rules (set up by the user) since that’s
what they get paid to do. Industrial De-

fender has a remote control center at
its headquarters in Foxboro, Mass.
Invensys’ Rakaczky says, “One ele-
ment where there is a big future is
managing security. The overall suc-
cess of security is not [a question of]
how many firewalls or security de-
vices I put in, but once I do this, how
do I manage it?” He sees a goal to be
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Industrial Defender

FIGURE 3. Industrial Defender’s De-
fense-in-Depth solution takes a multi-
pronged approach to security

learning how to address an attack and
how to manage it so that a user can
work through the attack (and not shut
down). And Speake, who fairly recently
joined Yokogawa coming from a CPI
company, says that with his CPI back-
ground, when it comes to managing
the security systems he would choose
to outsource it. He cautions, however,
that you would have to be careful
about who does it and where.

A cultural shift
With CFATS implementation well
underway, and cooperative working
groups, such as those involved with the
Roadmap to Secure Control Systems in
the Chemical Sector, and those work-
ing on standards to improve wireless
security, there is a heightened level
of awareness about security — both
physical and cyber — in the CPI. Most
agree that the typical CPI facility has
a well-established safety culture where,
as Rakaczky puts it “everybody in the
plant has a stake in ensuring that ev-
eryone is safe.” He says that this type
of culture that drives safety is getting
started on the security front, and that
“training, policies and procedures, and
managing everyday activities will have
the biggest influence on cyber security.”
Andrew Wray, senior global market-
ing manager with Honeywell Process
Solutions (Phoenix, Ariz.; www.honey-
well.com), another leader in expert se-
curity systems, has noticed a “cultural
shift in a plant environment where
everyone feels more a part of secu-
rity.” Whereas people have previously
viewed certain surveillance items, such
as video cameras, an intrusion on their
privacy, Wray says that now “People
believe they have a right to feel secure
and safe, and they see video surveil-
lance as a benefit to that end.” | |
Dorothy Lozowski



Veolia Water Solutions and Technologies

FROM SEATO
SHINING SEA

Desalination
technologies are
improving to make
seawater and brackish
water treatment more
efficient and cost
effective for industry

though the municipal water de-

mand is considerably greater

than that of industry, many of

the municipal needs are ad-
dressed by relatively basic technolo-
gies, while industrial requirements
can only be met with advanced treat-
ment options. And, as industrial water
demands continue to grow due to
regulatory restrictions and mandates,
water treatment providers are devel-
oping innovative desalination tech-
nologies, which allow saltwater and
brackish water supplies to be cleaned
up in a more cost effective, energy ef-
ficient manner.

“Municipalities are beginning to
reserve fresh water supplies for the
population, which means industry is
now required to find alternative water
sources, such as seawater and brack-
ish water to support manufacturing
processes,” notes Gary Martin, seg-
ment general manager of water and
wastewater solutions, with Siemens
Water Technologies (Warrendale, Pa.).
“We're finding this especially true in
applications for the power, chemical
and mining industries where we are
increasingly being asked to find so-
lutions for retrofits, expansions, up-
grades or new installations.”

FIGURE 1. Pictured is a Chevron facility in
San Ardo, Calif., where Veolia’s OPUS system

has been operating

Siemens Water Technologies

FIGURE 2. This photo shows an installation of an RO high-pressure pump and the
energy recovery devices (in the background)

Typically brackish water is used
more broadly in industry, but that
doesn’t preclude the use of desalina-
tion of seawater as a key technology
solution to the overall issue of indus-
trial water scarcity around the globe.
“Just as you have multiple ways to
generate electricity, such as coal, wind,
sun and gas based on geography and
atmospheric conditions, the same can
be said of water,” notes Joseph Such,
general manager of reverse osmosis
and electrodialysis systems with GE
Power & Water (Trevose, Pa.). “We can
clean up water using different technol-
ogies such as desalination of seawater
or reuse of brackish water. Clearly,
with water scarcity, we are looking at
all the different levers we can pull to
assist with this issue, and that may
include desalination of saltwater if the
customer is near the sea, or reusing
municipal or industrial wastewater if
the customer is inland.”

He continues to say that this will
remain a persistent issue for indus-
try even in areas where fresh water
is plentiful due to mandates that pro-
hibit facilities from disposing of waste-
water, permits being withheld due to
high water use or by economic drivers
such as the increasing cost of fresh
water. “In any of those situations, de-
salination will undoubtedly be part of
the solution.”

Industrial technologies

Although municipal- and industrial-
desalination needs share some com-
mon technologies in that most ad-
vanced treatment technology uses
membranes for removal of suspended
solids and dissolved solids, in munici-
pal applications these two methods
are usually sufficient to meet the
quality requirements. In industrial
applications, however, the water often
needs additional treatments, such as
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water either from the sea or from increasingly salty inland

sources. Analysts at Global Water Intelligence, an industry
service, estimated that in 2008, desalination facilities around the
world produced nearly 12-billion gallons of water each day. This
amount is expected to more than double by 2016. The bulk of this
amount is attributable to the Arab countries around the Persian
Gulf. Other countries such as Spain, France, Greece and ltaly are
also turning to desalination. While most large desalination plants
are fueled by oil or gas, smaller and medium-sized plants can run
partly or even entirely on renewable energies.

“Often people in these plants don’t know how reliable and ef-
ficient solar-powered desalination plants, or wind-powered and,
perhaps someday tidal-energy-driven plants, work,” says Marcel
Wieghaus of the Fraunhofer Institute for Solar Energy Systems
(ISE; Freiburg, Germany; www.ise.fhg.de). The European ProDes
initiative, of which ISE is a member, intends to change that by
conducting a study of examining how renewable energies can be
harnessed more effectively in the future to transform seawater and
brackish water into drinking water.

ProDes, which stands for Promotion of Renewable Energy for
Water Production through Desalination, has established an array
of processes for desalinating seawater and brackish water. Cur-
rently most European desalination plants rely on reverse osmosis,
where high-pressure and semi-permeable membranes separate
water from salt and unwanted organic constituents. Plants operat-
ing on conventional energy forms deliver around 400,000 m3/d
of drinking water. When it comes to desalination plants running on
renewable energy, the spectrum ranges from simple solar distilla-
tion plants with a capacity of a few liters a day to wind-powered
reverse osmosis plants capable of desalinating nearly 2,000 m3.

Ultimately the best technology for the task depends on the salinity
of untreated water, the local infrastructure and the quantity of water
required. “The more remote the location, the more worthwhile and
profitable it is to use plant systems run on renewable energy and
to set up a water treatment operation that is not dependenr on an
external energy supply,” explains Weighaus. He and a team of
researchers have installed solar-powered desalination plants on
the Canary Islands of Gran Canaria and Tenerife.

Wor|o|wio|e, more and more people are obtaining drinking

SOLAR DESALINATION

In a similar vein, IBM (Armonk, N.Y.) and the King Abdulaziz City
for Science and Technology (KACST) (Riyadh, Saudi Arabia) are
collaborating to create a water desalination plant powered by solar
electricity, which could significantly reduce water and energy costs.

A new, energy efficient desalination plant with an expected pro-
duction capacity of 30,000 m3/d will be built in the city of Al
Khafji to serve 100,000 people. KACST plans to power the plant
with the ultra-high concentrator photovoltaic (UHCPV) technology
that is being jointly developed by IBM and KACST. This technology
is capable of operating a CPV system at a concentration greater
than 1,500 suns. Inside the plant, the desalination process will
hinge on an IBM-KACST developed technology, a nanomembrane
that filters out salts as well as potentially harmful toxins in water
while using less energy than other forms of water purification.

According to KACST scientists, the two most commonly used
methods for seawater desalination are thermal technology and re-
verse osmosis, both at a cost ranging from 2.5 to 5.5 Saudi Riyals
per cubic mefer. Combining solar power with the new nanomem-
brane, the project may significantly reduce the cost of desalinating
seawater at these plants.

“Currently Saudi Arabia is the largest producer of desalinated
water in the world and we continue fo invest in new ways of mak-
ing access fo fresh water more affordable,” says Dr. Turki Al Saud,
vice president for research institutes, KACST.

Because over 97% of the world’s water is in the oceans, turning
salt water info fresh water cost effectively and energy efficiently
offers tremendous potential for addressing the growing worldwide
demand for clean water. One of the most efficient means of desali-
nation is reverse osmosis. But there are obstacles to unlocking this
reserve — principally biofouling, degradation by chlorine and low
flux challenges. The joint research focuses on improving polymeric
membranes through nanoscale modification of polymer properties
to make desalination much more efficient and much less costly.

“Our collaborative research with KACST has led fo innovative
technologies in the areas of solar power and of water desalina-
tion,” says Sharon Nunes, vice president, IBM Big Green Innova-
tions. “Using these new technologies, we will create energy-effi-
cient systems we believe can be implemented across Saudi Arabia
and around the world.” a

verse osmosis modules with standard

bining a proprietary high-rate chemi-

pre-treatment and post-treatment WATER TREATMENT cal softening process, known as Multi-
products, it has the multiple effect of PROVIDERS flow with filtration, ion exchange and
reducing energy use, reducing costs, BWA Water Additives reverse osmosis, this technology gen-

increasing availability through the
use of products that are proven to
work together and shorter schedules
and start up times.”

Brad Biagini, a product manager
with Veolia Water Solutions and
Technologies (Cary, N.C.) agrees that
all-in-one treatment technologies are
efficient solutions. For example, the

IBM

Veolia

www.wateradditives.com
Dow Water and Process Solutions
www.dowwaterandprocess.com
GE Water and Process Technologies

www.ibm.com/smarterplanet/water
Siemens Water Technologies
www.water.siemens.com
www.veoliawaterst.com

erates high quality water with a low
waste volume.

And GE Water’s Propak NA Series,
which was designed for industrial ap-
plications in boiler feed, combines ul-
trafiltration hollow-fiber membranes
to take out solids with spiral wound
RO membranes to take out dissolved
salts on a single skid. “Being on one

www.gewater.com

Amdro from Veolia, which he says was

skid saves on footprint, and because

initially developed for water treatment
in the phosphate fertilizer industry, is
a reverse osmosis technology operated
in double-pass mode. By combining
the company’s Actiflo high-rate clarifi-
cation process with filtration, RO and

ion exchange, the technology gener-
ates high-quality effluent with mini-
mum pre-treatment requirements.
Similarly, the company’s OPUS tech-
nology uses a reverse 0smosis process
operated at an elevated pH. By com-
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they aren’t buying two separate sys-
tems, it also saves on capital costs. Op-
erational cost savings can also be had
because the systems are optimized to
work together.” [ |

Joy LePree



(CHEM|NNOVATIONS

CONFERENCE

he first ChemInnovations 2010

Conference and Expo (www.

cpievent.com) is designed to

provide engineers in the chem-
ical process industries (CPI) with tools
and knowledge for solving today’s
complicated processing challenges.
Scheduled to take place at the Reli-
ant Center in Houston October 19-21,
ChemlInnovations is expected to at-
tract over 150 exhibitors and more
than 2,000 attendees.

ChemlInnovations is focused on
fostering innovative thinking and on
delivering the innovative technolo-
gies and approaches that are vital in
addressing current processing chal-
lenges. The event was put together to
help attendees anticipate market and
regulatory trends in the CPI.

Conference keynote speakers will
address various aspects of innovation,
including how to cultivate innova-
tive thinking and support innovation
while meeting the regulatory demands
placed on the CPI.

The ChemlInnovations conferences
are organized into seven tracks, with
track titles including the following:
¢ Business insight for engineers
® Process design and operations —

nurturing your plant production
e Energy efficiencies and the use of

alternative energy sources
e New horizons in automation
e Environmental, health and safety —
let’s talk regulations and operations
The ChemInnovations 2010 event pro-
gram also features poster sessions,
CPI training seminars, workshops
and a host of special activities.

CHEMENTATOR

LIGHTNING ROUND

Further in keeping with the innova-
tion theme, ChemlInnovations 2010
will showcase a unique track called
the Chementator Lightning Round.
This track parallels a monthly edito-
rial department in Chemical Engineer-
ing. Using a fast-paced, interview-style
format, the Chementator Lightning
Round will provide a look at newly
proven technologies and approaches
that could lead to breakthroughs in
CPI applications. The interviews will
be led by the Chemical Engineering
editorial staff. The following technolo-

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

on p. 62, or use the website designation.
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to generate syngas from waste and other materials

gies are among those to be presented
within this track at ChemInnovations
2010. The date and time of each pre-
sentation follow each writeup.

Plasma-enhanced gasification
offers improved waste disposal
Plasma-enhanced melter (PEM) gasifi-
cation technology developed by InEnTec
Chemical LLC (Fleming Island, Fla.;
www.inentecchemical.com) employs a
direct-current plasma arc and an alter-
nating-current glass melter to generate
synthesis gas (syngas) from hazardous
and other wastes (Figure 1).

As waste is fed into the primary ves-
sel, it contacts the plasma and is im-
mediately broken down into its atomic
and molecular constituents. The dis-
sociated products of organic waste
recombine to form the components of
synthesis gas, while inorganic materi-
als are entrained or dissolved in the
glass phase. Since steam and oxygen
are also fed into the PEM gasification
reactor, the PEM essentially conducts
an almost instantaneous steam-meth-
ane reforming reaction.

The company says the syngas pro-
duced is of high purity, and the PEM
works well on nearly all forms of bio-
mass and waste material, including
hazardous waste from chemical plants,
municipal waste, non-hazardous indus-
trial waste and medical waste. The ini-
tial commerecial site for this technology
is operating at Dow Corning’s Midland,

Mich. site. In addition to being convert-
ible to other products, the syngas pro-
duced by the PEM can also be used as
a fuel to produce energy, a scheme with
attractive energy balances, the com-
pany says. — Oct. 21, 12:30 PM

A steam thermocompressor
with improved efficiency
Through a careful redesign informed by
computational-fluid-dynamics (CFD)
modeling, a research team at Kadant
Johnson Inc. (Westford, Mass.; www.
kadant.com) has developed a steam jet
thermocompressor that improves per-
formance and energy efficiency com-
pared to conventional units.
Thermocompressors use high-pres-
sure steam to entrain flow from a
lower-pressure steam source in order
to boost pressure for reuse. By optimiz-
ing the thermocompressor geometry,
entrainment-ratio improvements of
15 to 25% over conventional designs
have been observed. Thermocompres-
sors have been applied widely in the
CPI to boost low-pressure steam, but
are often oversized and operate at
higher differential pressures than are
needed. The results are energy waste,
operational problems and poor control.
— Oct. 20, 11:50 AM

A new refractometer
compensates for drift
A novel refractomer developed by
Flexim GmbH (Berlin, Germany;

CHEMICAL ENGINEERING WWW.CHE.COM SEPTEMBER 2010 24D-1



Combustion
air blower
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www.flexim.de) compensates for drift
and deposit sensitivity in inline pro-
cess measurements of refractive index,
overcoming a key disadvantage of con-
ventional instruments.

Rather than measuring the critical
angle of refraction, the new refractome-
ter sets up a differential measurement
based on a method that measures light
transmitted through a bi-prism.

A parallel light beam crosses the
fluid to be measured, and is refracted
and split at the surface of the measur-
ing prism. The two intensity peaks
from the split beam are detected on
a charge-coupled device (CCD) sensor
that is positioned in the focus of an op-
tical lens. The distance between them
is correlated to the refractive index of
the fluid through Snell’s Law (ratio
of the sines of the angles of incidence
and refraction equals the ratio of the
velocities in the two media).

While the critical angle approach can
be useful in the laboratory, its value is
diminished somewhat in process ap-
plications because only the material
at the prism surface contributes to the
measurement. This characteristic can
be problematic because measurements
are sensitive to particles adhering to
the prism surface, and are not appli-
cable for low-flow conditions or highly
viscous materials. — Oct. 20, 3:30 PM

Cogeneration process has high
thermal efficiency, low emissions
The Ecoces Cogeneration system pro-
duces electrical and thermal energy
with thermal efficiencies of 90 to 92%
and achieves exhaust emissions of less
than 5 ppmv for NOx and 10 ppmv
carbon monoxide. The cogeneration
system can be applied to both lean-
burn and rich-burn internal-combus-
tion (IC) engines.

To achieve higher thermal efficien-
cies than conventional systems, the
Ecoces system combines engine ex-
haust from an IC-engine-driven gen-
erator with combustion air (Figure
2). The controls allow the auxiliary
burner to fire a heat-recovery steam
generator at near stoichiometric ox-
ygen-to-fuel ratios, maximizing the
overall thermal efficiency and mini-
mizing emissions.

“This approach to cogeneration pro-
vides for a means to produce steam at
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varying rates, independent of electri-
cal load,” comments technology devel-
oper Ronald Bell.

Bell, an industry consultant, origi-
nally patented the technology in 1991,
then optimized the control system in
2005, and worked with General Sys-
tem Co. Ltd. (Korea) to set up a com-
mercial demonstration in 2006. — Oct.
20, 11:50 AM

Catalyst system allows high-effi-
ciency propriolactone production
A process under development by No-
vomer (Waltham, Mass.;www.novomer.
com) utilizes a novel aluminum-based
catalyst system that allows carbon
monoxide and ethylene oxide to react
to form propriolactone with greater
than 99% efficiency.

Propriolactone is a versatile chemi-
cal intermediate that can be converted
to acrylic acid, acrylate esters, 1,3-
propanediol and polypropriolactone
(PPL), a polymer that has similar
properties to polyethylene and poly-
propylene, but is biodegradeable. The
new catalyst system, discovered by
Cornell University (Ithaca, N.Y.; www.
cornell.edu) professor Geoff Coates,
enables an economically viable route
to PPL, which has not yet been made
on a commercial scale.

In Novomer’s process, the CO, ethyl-
ene oxide and process solvent are com-
bined in a reactor with the catalyst
under mild reaction conditions. After
formation of propriolactone, the cata-
lyst is separated from the product and
recycled with the solvent.

Novomer says an ethylene-oxide-
based route to acrylic acid has strategic
advantages over current technology,
which is based on propylene oxidation.
Further, the company says in 2009, its
process was determined to have a cost
advantage of more than 30% over ex-
isting acrylic acid processes.
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Novomer recently completed con-
struction of a continuous pilot unit to
verify the catalyst lifetime in a closed
loop system. Novomer is seeking part-
ners to commercialize the technology.
— Oct. 19, noon

Plate reactor can replace batch
processes with continuous ones
Alfa Laval’s (Lund, Sweden; www.
alfalaval.com) ART plate reactor en-
ables some batch processes in phar-
maceutical production, as well as fine
and specialty chemicals, to convert to
continuous operation. The ART reac-
tor uses channeled plates to integrate
the mixing channel with heat trans-
fer surfaces, creating a modular, con-
tinuous reaction system.

The ART plate reactor consists of a
series of cassettes with specially de-
signed channel plates at their cores.
Machined into the plates are process
and utility channels, which are de-
signed to optimize mixing and heat
transfer performance. Each cassette
has process inlet and outlet ports, as
well as secondary ports through which
reactants may be added or monitoring
devices may be inserted. Multiple cas-
settes are typically stacked and held
together in a frame.

“Continuous reactors ... will not re-
place all batch reactors,” Alfa Laval ex-
plains, “but in cases where the chem-
istry is limited by the batch reactor,
or where safety is an issue, the ART
plate reactor can help a great deal.”

Two plate-reactor models are com-
mercially available, covering the range
of laboratory trials to production of up
to 1,000 ton/yr. Standard plate reactors
are constructed with stainless steel or
Hastelloy, and can operate at tempera-
tures between —60 and 200°C without
any reactor changes. Design pressure
ranges from full vacuum to 20 bar. —
Oct. 19, noon









Your new title after
reducing emissions
at your plant?

Hero.

You know you’d look good in a cape.

Now's your chance to be the hero of your plant by bringing it into emissions compliance using Garlock's
Style 212-ULE Valve Stem Spool Packing. Engineered for easy cutting and installation, Garlock’s 212-ULE
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first-principles mathematical model
that relates the moisture of product
exiting the dryer to the temperature
drop of hot air (after contact with the
product and the drying rate), the in-
strument provides a 30% advantage
or more in reducing moisture varia-
tion compared to conventional means
of moisture control.

The control system adjusts the
dryer to stay near a target moisture
content (as determined by laboratory
samples or process set points) in re-
sponse to changes in the feedrate or
moisture level of the feed. Since the
dual-temperature-sensor instrument
can survive the harsh environment of
the dryer, it can operate without the
time delays required of conventional
sensors that work outside the dryer.
It can be used on belt, flash, spray,
fluidized-bed and rotary dryers. The
system can reduce energy costs by 7
to 10% and can help avoid underdried
product material. — Oct. 20, 3:30 PM

A non-invasive density and
viscosity measurement device

A new non-invasive, percussion-based
device for measuring the density of
process liquids and loose solids is
mounted on the outside of tanks, stor-
age vessels and pipes.

The apparatus consists of a striker
and receiver module, which is mounted
on process equipment, and a data pro-
cessing unit. The striker/receiver gen-
erates vibrations by making contact
with the exterior of the vessel and col-
lects vibration information on the in-
teractions between the vessel wall and
the content material. The data proces-
sor applies mathematical algorithms
to the resulting vibration patterns and
calculates density and viscosity.

The software-driven technology al-
lows non-invasive and non-radiomet-
ric measurements of density and vis-
cosity regardless of vessel geometry or
material, says Alexander Raykhman,
a co-inventor of the technology, which

is being commercialized by Ultimo
Measurement LLC (Providence, R.1,;
www.ultimompd.com). The instru-
ment is expected be available com-
mercially before the end of 2010. —
Oct. 20, 3:30 PM

A phosphogypsum-free

route to P,O5

A new process has been designed to
offer a more energy-efficient and en-
vironmentally benign approach to
making phosphorous pentoxide (Py05)
from phosporite (phosphate rock).

In a direct reaction between an
acid gas, such as SOz and calcium
phosphate, P;Oj is liberated from the
phosphate rock and calcium sulfate is
formed. The calcium sulfate is further
heated to produce lime and sulfur ox-
ides.

“PyOs can be recovered as phos-
phoric acid at desired concentrations
without having to go through the
phosphoric acid step,” says process

MONITOR VISCOSITY SIMPLY

SENSE MIXER MOTOR HORSEPOWER
WITH UNIVERSAL POWER CELL

EASY INSTALLATION
* No holes in tanks or pipes
o Away from sensitive processes

VERSATILE
* One size adjusts to motors, from
small up to 150hp
o Works on 3 phase, fixed or variable
frequency, DC and single phase power

SENSITIVE
¢ 10 times more sensitive than
just sensing amps

CONVENIENT OUTPUTS
 For meters, controllers, computers
4-20 milliamps 0-10 volts
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LOAD CONTROLS
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inventor Mohammed Elgafi, chief en-
gineer at EM&C Engineering Associ-
ates (Cerritos, Calif.).

Current wet processes for produc-
ing phosphoric acid require 2.8 tons of
sulfuric acid per ton of PoO5 produced
and generate phosphogypsum, con-
sidered a hazardous waste, at rates of
four to five tons per ton of PyOs5.

According to Elgafi, the process can
save at least $300/ton of PyO5 pro-
duced, as well as five tons of water
with improved energy efficiency. —
Oct. 19, 3:45 PM

Hydrogen peroxide synthesis
using a microreactor
Scientists at Japan’s National Insti-
tute of Advanced Industrial Science
and Technology (AIST; Tokyo, Japan;
www.aist.go.jp) have developed a glass
microreactor that allows smaller-scale
production of hydrogen peroxide from
hydrogen and oxygen.

Designed to provide a method for

producing H50, at the point of use, the
microreactor ensures the proper dis-
tribution of gas reactants and reaction
solution over the catalysts. The reactor
is fabricated using chemical isotropic
etching with hydrofluoric acid, and
also numerically controlled microma-
chining. Together, the two methods are
able to generate narrow channels of
width 0.05 mm, as well as wide chan-
nels in the sub-mm size range to con-
trol gas-liquid distribution over the
catalyst and promote productivity.

The new microreactor has been
used to generate aqueous hydrogen
peroxide safely and at more than 5%
(wt). — Oct. 19, noon

Realtime analysis of equipment

gives full-system picture

A new methodology for realtime analy-

sis of multiple pieces of equipment is

offered by a division of Flowserve Corp.

(Fairfield, N.dJ.; www.flowserve.com).
The approach and associated in-

strumentation can monitor multiple
pieces of equipment, collecting high-
resolution data that allow engineers
to examine cause-and-effect interac-
tions among all the components over
the course of normal operational
swings. As an example, Flowserve
points to a case where the analysis
approach monitored in realtime a
complete feedwater system with ten
locations for flow and six to eight
pumps in operation, along with many
valves and tanks.

Flowserve Integrated Solutions
Group co-founder Dale Winterhoff
says, “From this, you can get a true
system picture relating cause and ef-
fect to operational performance.”

The monitoring system generates
“high-resolution data” that are pro-
grammable to be preprocessed accord-
ing to engineers’ needs. It has been
employed in several industry sectors.
— Oct. 20, 3:30 PM [ |

Scott Jenkins

Circle 38 on p. 62 or go to adlinks.che.com/29254-38
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Mweftec 2010

the water quality event™

he Water Environment Federa-

tion (WEF; Alexandria, Va.; www.

weforg) will host the 83rd an-

nual Weftec technical exhibition
and conference October 2-6 at the Morial
Convention Center in New Orleans. The
largest water-quality conference in North
America, Weftec 2010 features 112 tech-
nical sessions, along with 35 workshops
and six local facility tours. Its techni-
cal program and exhibition are designed
to provide engineers and water quality
professionals with the latest industry in-
formation and a host of educational and
networking opportunities. The event will
feature a keynote address by economics
journalist Steven Solomon, author of the
book “Water: the Epic Struggle for Wealth,
Power and Civilization.” The following is
a small sampling of products on dis-
play at Weftec 2010.

This process converts sludge
into biogas and fertilizer

This firm has built 20 thermal hydroly-
sis plants to date, with five plants now
under construction. The firm also re-
ceived an order for a sludge-treatment
plant in Drammen, Norway, that will
treat approximately 20,000 ton/yr of
municipal sludge. Biogas generated at
this plant will have an energy content
of 16 GW/yr, suitable for cogeneration
or as vehicle fuel. The digested sludge
is dewatered into a pasteurized fer-
tilizer. The sludge-treatment plant is
scheduled for completion in the second
half of 2011. Booth 7631 — Cambi AS,
Asker, Norway

www.cambi.no

Measure flowrate in partially
filled pipes with this device

The Tidalflux 4300 measures the vol-
umetric flow of electrically conductive
liquids in partially filled pipelines. The
device’s capacitive flow-level measure-
ment system is built into the wall of
the tube and works for levels between
10 and 100% of the pipe cross-section.
The Tidalflux provides errors of less
than 1% of the measured value, even
in cases of rough product surfaces and
distorted flow profiles. Booth 1967 —
Krohne Inc., Peabody, Mass.
www.krohne.com
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Plast-O-Matic Valves

Moyno

These grinders ensure
uniform sludge streams
Annihilator grinders (photo)
are twin-shaft, solids-reduc-
tion units designed to ensure
that harsh solids in primary
sludge streams are ground
uniformly and efficiently. The

grinders can reduce the need
for repairs by protecting down-
stream equipment from being plugged
or damaged by large solids in a variety
of industrial and municipal applica-
tions. Annihilator grinders feature op-
timized cutter combinations and a one-
piece flange housing. The design places
the mechanical seal and the bearing
on separate stainless-steel sleeves to
allow for quick onsite replacement of
worn components without purchasing
complete cartridge designs. Booth 5739
— Moyno Inc., Springfield, Ohio
WWW.moyno.com

An actuator that can adjust
automatically to voltage

The new series EBVA electrical actua-
tor (photo) automatically adjusts to the
voltage provided within its standard
voltage range of 85 to 240 V alternating
or direct current. Also offered in a 12 to
24 V version, the actuator can gener-
ate torques of 177 in.-lb with an 11 s
cycle time. The actuator is designed to
work with a plasticizer-free ball valve.
Booth 6646 — Plast-O-Matic Valves
Inc., Cedar Grove, N.J.
www.plastomatic.com

Fluid Metering

Inject hypochlorite for treatment
of municipal drinking water
The Chloritrol valveless metering sys-
tem (photo) can accurately measure,
liquid sodium hypochlorite and calcium
hypochlorite for treating municipal
drinking water. Metering sodium hy-
pochlorite presents a unique challenge
because of the fluid’s tendency to outgas.
The Chloritrol System is a valveless,
duplex-pump design where the primary
pump injects liquid hypochlorite directly
into the water main, and the secondary
pump removes outgas bubbles from the
system, preventing loss of pump-prime.
The Chloritrol will self-prime against
pressures up to 125 psi. Internal compo-
nents are made of hard ceramic materi-
als, which provide longterm, drift-free
accuracy. In addition to sanitizing drink-
ing water, the Chloritrol can be used to
add sodium hypochlorite to municipal
swimming pools, water parks, food-
processing plants and in waste treat-
ment applications. Booth 1561 — Fluid
Metering Inc., Syosset, N.Y.
www.fmipump.com |
Scott Jenkins

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

on p. 62, or use the website designation.



Pushing capacity limits

contacting devices became avail-

able for use in distillation, absorp-
tion and stripping columns. Those
devices included high-performance
random packings, structured pack-
ings, high-capacity structured pack-
ings, augmented crossflow trays, coun-
terflow trays and cocurrent flow trays.
At the request of FRI’'s membership,
many of those devices were tested in
FRI’s 4-ft and 8-ft test columns.

The FRI test columns, and all of the
ancillary equipment, were designed
in 1952. The original designers of the
unit imagined that the columns would
contain simple single-pass, crossflow
trays at 24-in. spacings. None of those
designers imagined the eventual ex-
istence of today’s two-pass, cocurrent
flow trays, which have at least 50%
more capacity. None imagined cocur-
rent flow trays at all. Nevertheless,
subsequent to 2004 the following
three cocurrent flow trays were tested
at FRI: Shell ConSep, Koch-Glitsch
Ultra-Frac and UOP SimulFlow. All
worked well, but, it was beginning to
concern the FRI membership that the
capacities of the contacting devices
were near to exceeding the capacities
of the FRI test unit.

In 2007, FRI's Executive Committee,
authorized the use of $2 million to up-
grade the test unit and perform mainte-
nance work that would extend its life for
an additional 20 years. The first thing
that FRI did was contract with FTS In-
spection & Engineering Services (www.
ftsinspection.com; Bartlesville, Okla.) to
perform a mechanical audit of all ves-
sels and lines. FT'S ultimately concluded
that even after 50 years of operation, the
unit was mechanically sound and safe.

Thereafter, FRI staff engineers at-
tempted to identify hydraulic and
heat transfer bottlenecks in the unit.
Project money was spent using the
motto “One safe and correct step at a
time”. Over the last two years, many
small and medium-sized projects were
performed, with an overall target of
25% increase in unit capacity. The two
biggest unit bottlenecks proved to be
the steam-generating boiler and the
cooling tower. Even repaired, the boil-

Starting around 1970, many new

er’s capacity was stuck at
17 million Btu/h. Mean-
while, the cooling tower
was also stuck at 17 mil-
lion Btu/hr and therefore

needed to be refurbished.
Temperature excursions in the 1990s
had embrittled the plastic fill. Some
areas of the fill were so under-irrigated
that birds had built nests in between
the fill sheets. The cooling tower was
completely refurbished.

FRI’'s Technical Committee ap-
proved what was called an empty col-
umn test, which took place in October
of 2009. The low-pressure column was
emptied, so that no trays or packings
would limit the unit’s capacity. An
auxiliary boiler was rented to run in
parallel with the existing boiler. FRI’s
two reboilers were piped-up for paral-
lel operation; so were the two condens-

ers and the two reflux pumps. After
about a week of lining out and minor
troubleshooting, FRI’'s unit was run
steadily at 24 million Btu/h — a 41%
increase over the previous maximum.
FRI’s maintenance budgets are an-
nual and forever. FRI’s upgrade project
is now considered to be complete, at a
total cost of only $716,000. FRI stands
ready to test the next generations of
trays and packings. Bring ‘em on! W
Mike Resetarits

Mike Resetarits is the technical director at
FRI (resetarits@fri.org), a distillation research
consortium headquartered in Stillwater,

Okla. Each month, Mike shares his first-hand
experience in this column.

FRANKEN

As a worldwide supplier of HIGH-QUALITY SEPARATION PLANTS we stand for:
e Qutstanding separation technology & cost-saving solutions

® | ong standing experience with over 700 units installed worldwide
e Customized all-in solutions supplied by one partner
* Permanent technology development, qualified consulting & testing service

For additional information please contact: FRANKEN FILTERTECHNIK KG, Germany
Phone: +49 (0) 2233 974 40-0, e-mail: info@frankenfilter.com, web: www.frankenfilter.com
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Controlling
Membrane Fouling

particles on membrane surfaces leads to performance loss.
Fouling can dramatically reduce the efficiency and econom-
ic benefits of a membrane process. The type of fouling and how
strongly it appears depends on several parameters, including
the following:
* Nature of solutes and solvents
® Membrane process
e Pore-size distribution
® Membrane surface characteristics and material of construction
¢ Hydrodynamics of the membrane module
e Process conditions

COMMON FOULING MODES

The deposition and accumulation of suspended and dissolved

crossflow velocity or by increasing turbulence on the membrane
surface, which increases the back transport of the particle away
from the membrane. The challenge becomes balancing high

fluxes and low fouling with low investment and operating costs.

Membrane properties

As an essential part of the membrane process, the membrane
itself has a strong influence on fouling. Typically, hydrophilic
membranes are specified because they exhibit an affinity for
water, which is one of the main tools used to reduce the ad-
sorption of foulants onto the membrane surface. A hydrophilic
membrane is surrounded by water molecules, which work as a
protective layer. The hydrophilicity and hydrophobicity of some
polymeric membrane materials are shown in Table 2.

Membrane fouling can be a confounding problem in water treat-
ment systems. Several of the most common types of fouling are
shown in the following table.

POLYMERIC MEMBRANE PROPERTIES

Property Polymer

Hydrophobic Polytetrafluoroethylene (PTFE, Teflon)
Polyvinylidenefluoride (PVDF)
Polypropylene (PP)
Polyethylene (PE)

Hydrophilic Regenerated cellulose

Cellulose ester

Polycarbonate (PC)
Polysulfone/polyethersulfone (PS/PES)
Polyimide/polyetherimide (PI/PEI)
(aliphatic) Polyamide (PA)
Polyetheretherketone (PEEK)
Cellulose triacetate (CTA)

FOULING EXAMPLES

Foulants Fouling mode

Large Particles present in the original feed or

suspended developed in the process can block module

particles channels

Small colloi- Colloidal particles can raise a fouling layer or

dal particles | block the porous structure of the membrane

Macro- Gel-like cake formation on top of the mem-

molecules brane or macromolecular fouling within the
structure of porous membranes

Small Molecules such as substituted aromatics can

molecules adsorb onto the membrane structure and
reduce the water content of the membrane,
which lowers permeability

Scalants Depending on the pH, salt may precipitate on
the membrane.This reduces the membrane
area and may reduce the water content in the
membrane

Biological Growth of bacteria on the membrane surface,

material which leads to a gel-like cake on the membrane

REDUCING FOULING

Influence of the bulk solution

Properties of the bulk solution can affect membrane fouling, but
whether these properties can be manipulated depends on the
actual process conditions.

Adjusting pH, varying temperature and changing particle size
are possible parameter changes that may be manipulated to
influence the fouling behavior of a bulk solution. For example,
operation at low pH can help prevent scaling of calcium sulfate
by changing the solubility of the salts. This can significantly
reduce the precipitation of calcium sulfate on the membrane.

Concentration polarization

Concentration polarization is the accumulation of rejected par-
ticles, especially during microfiltration and ultrafiltration, to the
extent that transport to the membrane surface becomes limited.
High flux through the membrane can cause rejected particles
to accumulate on the surface of the membrane. Concentration
polarization reduces the permeability of the solvent and can
lead to a limiting flux, where an increase in pressure does not
correspond to a rise in flux.

Reducing concentration polarization leads to higher limiting
flux and lower fouling tendency. Controlling concentration polar-
ization is essential for a process to be economically beneficial.

Concentration polarization can be controlled by increasing

Because hydrophilic membranes have lower chemical resistance
than hydrophobic ones, their chemical stability and cleanability
have to be evaluated as part of the selection process. It should
be noted that most membranes are polymer blends.

Most polyethersulfone (PES) membranes contain some poly-
vinylpyrolidone (PVP) to increase hydrophilicity. The problem is
that PVP is not stable against oxidizing agents, which may lead
to changes in membrane porosity if not closely monitored.

Porosity

Porosity can reduce fouling during microfiltration and ultrafiltra-
tion. The strongest fouling is caused by the blocking of membrane
pores. Therefore, their pore size should be smaller than the
average particle size, and a membrane with a narrow pore-size
distribution is preferred to avoid the blocking of bigger pores.

Influence of the permeate flux

Critical flux is another factor that can be influenced to reduce
fouling in microfiltration, ultrafiltration and nanofiltration
processes. It is defined as the flux below which a decline in
flux with time does not occur, while above this flux, fouling
starts. At critical flux, the number of particles transported to the
membrane is similar to the number of particles that diffuse away
from the membrane. In operation below critical flux, the fluxes
are reversible, which means that as long as flux is below the
critical flux, membrane permeability is not changed by fouling.
The advantages of critical flux are that constant fluxes and
membrane properties can be sustained for longer periods. On
the other hand, the conditions of critical flux require lower pres-
sure, hence a higher membrane area is required. Therefore,
the tradeoff between higher investment costs and lower fouling
tendencies has to be assessed for each process.

The material in this column is adaped from the following article: Lipnizki, J.,
Straregi%sAfor Controlling Membrane Fouling, Chem. Eng., September 2007,
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WHO'S WHO

Pagenkemper Roller

James Diamantis becomes director of
strategic accounts for Wayne
Chemicals (Fort Wayne, Ind.).

Bernhard Pagenkemper becomes sales
director for the machinery div. of
Haver & Boecker (Oelde, Germany).

Colfax Corp. (Richmond, Va.), a man-
ufacturer of fluid-handling solutions,
promotes William Roller to executive
vice-president of Colfax Americas.

Kim Tutin is appointed to the newly
created role of technology and

Tutin

innovation scout at Georgia-Pacific
Chemicals LLC (Atlanta, Ga.).

Wolfgang Sautter becomes managing
director at Voith Turbo BHS Get-
riebe GmbH (Sonthofen, Germany),
a manufacturer of turbo gearboxes.

Darrin Drollinger is elected executive
director of the American Society of
Agricultural and Biological Engi-
neers (St. Joseph, Mich.).

Hansen Technologies Corp.
(Bolingbrook, I11.) adds two regional

Sautter Muzyka

sales managers: Jim Walker (north-
eastern U.S. and Canada) and Jim
Price (southwestern U.S.).

DuPont (Wilmington, Del.) names
Doug Muzyka chief science and tech-
nology officer. Tony Su, currently
DuPont’s director of marketing and
sales in China, succeeds Muzyka as
president of DuPont Greater China.

Ingen Biosciences appoints Karine

Mignon-Godefroy as director of

research and development. [ ]
Suzanne Shelley

MAXIMIZE YOUR MEMBRANE'S
PERFORMANCE

NanoCeram’ continues to re-write the rules of filtration.
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technical Committee) industry
standard for platinum RTDs
is 0.12%, making an RTD
more than twice as accurate
as a thermocouple. RTDs also

have lead wires, but they can
be configured in two-, three- or
four-wire circuits. A two-wire
lead circuit has problems with
lead wire compensation and
should only be used for short
connections. The best solution is a four-
wire circuit, which is used when a high
degree of accuracy is required.

RTDs and thermocouples are avail-
able in various versions to suit virtu-
ally any industrial application. As a
general rule, RTDs are more accurate
and drift less but are more expensive
than thermocouples. RTDs are useful
up to more than 600°C, while thermo-
couples can go up to several thousand
degrees Celsius.

Signal conversion, transmission

The millivolt signal from a thermo-

couple or the milliohm signal from

an RTD must be converted to a form
suitable for use by the control system.

Typically, this function is performed

by an analog-to-digital (A/D) converter

obtained via one of the following:

e Wiring directly to an analog input
card in a programmable controller
(PC), programmable logic control-
ler (PLC) or a distributed control
system (DCS)

* A multiplexer that converts it to a
digital value that can be transmit-
ted over a network

e A temperature transmitter, which
converts the sensor signal to a
4-20-mA signal that can be sent
over long distances on a twisted pair
of wires or wirelessly

Wiring the sensor signals directly to
a PC, PLC or DCS analog-input card
works only if the control device is
nearby. The cost of running lead wires
is extremely expensive, and long dis-
tances can be affected by electrical
noise. The lead wires themselves act
as antennas that pick up noise.

A multiplexer is typically mounted
in a field enclosure centrally located
among several sensors. A multiplexer
might accommodate signals from doz-
ens of nearby sensors, with each sensor
attached to an analog input channel.

FIGURE 5. High density transmitters, such
as these, can accept up to eight thermocouple ter can be easily installed in remote or inac-
cessible areas, where running wire would be
too impractical

or RTD inputs each, thus replacing many
individual wire runs in applications such as
columns and reactors

Multiplexers, along with remote ter-
minal units (RTUs), data acquisition
systems and data concentrators are
widely used, especially in rehabilita-
tion or retrofit applications where it is
too expensive to run additional sensor
wire or twisted pairs through existing
conduit or underground passages.

A temperature transmitter is an
industrially hardened device that can
be installed near the sensor, even in
hazardous areas (Figure 4). Twisted-
pair copper wires (or wireless com-
munications) from each transmitter
convert and carry the signal from the
field to the controller. Using transmit-
ters can be economically justified due
to the lower cost of copper versus ther-
mocouple lead wire and the improved
reliability and performance of trans-
mitters. The recent advent of so-called
high-density transmitters combines
the multiplexing technology (the abil-
ity to receive multiple sensor inputs)
with reliable transmitter technology
to provide an option that is both ro-
bust and effective from a cost-per-point
basis in applications communicating
data from large quantities of sensors.
High-density transmitters complement
traditional single-point transmitters to
provide the plant designer with mea-
surement communications options for
different plant applications.

The choice of how to convert the sig-
nal depends on several factors:

e Distance to the converting device

(long distances affect accuracy)
¢ Electrical noise in the area, which

may interfere with lead wires
e The number of nearby sensors,

which influences whether a high
density transmitter or a multiplexer

RTU can be used
In recent years, additional factors
have entered the equation. CPI de-
cision makers are now much more
aware of the high cost of installing

30 CHEMICAL ENGINEERING WWW.CHE.COM SEPTEMBER 2010

FIGURE 6. A wireless temperature transmit-

wires. Estimates for installing wires
currently say that parts and labor add
up to a cost of $50 to $200 per foot,
and up to $2,000 per foot in hazard-
ous areas. With such high costs, wiring
sensor signals directly to a controller
is rarely an option, unless the control-
ler is in the immediate vicinity of the
process unit.

Instead, chemical plants are turn-
ing to transmitter technology (ana-
log, HART, fieldbuses and wireless)
because these methods drastically
reduce wiring costs while improving
measurement reliability.

A high-density transmitter can
save a project a considerable amount
of money, because it replaces up to
eight individual transmitters with
a single device. For example, a glass
manufacturer re-instrumented 12
vapor-deposition furnaces. Each fur-
nace had 16 temperature monitoring
points, so using conventional trans-
mitters would require 192 devices.
Instead, they installed high-density,
eight-input transmitters (Figure 5),
which accept eight sensor signals.
The savings amounted to $10,000
in transmitter costs, and $21,000 in
labor costs. The labor savings associ-
ated with the installation arose from
reduced wiring and terminations, as
well as the transmitter’s ability to
detect when a thermocouple fails or
needs to be recalibrated, eliminating
unnecessary maintenance.

Improved transmitters
Another factor entering the equation
is the increased capability of trans-
mitters. While they were once limited
to making the 4-20-mA conversion,
transmitters now perform a variety
of functions that make them more at-
tractive and cost effective.

Not too many years ago, a trans-
mitter was considered an expensive












TABLE 1.THE VERSATILITY OF POLYMER-PIPING SYSTEMS

Concept Jointing technology Typical Characteristics
OD-range /
Feature Report mm
Thermoplastic | (Butt-fusion) welding; | 16 - 2,000 Standard in the CPI
pressure pipe solvent cement joint-
reached the state that jointing ing. flanging
of PVC-U, for instance, can be | Double Solvent cement 20 - 225 Increased safety due to
done with a special solvent ce- containment jointing; (Inner pipe) | pipe-in-pipe concept; outer
ment that is even able to cope butt-fusion welding shell frequently made of
. transparent PVC-U
with long-term and steady con-
tact to strong oxidizers, such as | Dual Welding (butt fusion / | 16 - 2,000 Increased safety due to
L laminates rod); flanging pipe-in-pipe concept; sig-
concentrated sulfuric acid. e -
. . nificant increase of the
A? soon as the d1mens1on's of range of applicability as the
fabrication tolerances of pipes thermoplastic inliner is only
and fittings exceed a certain used OIT the “rc:he_mici?l bgr-
limit, solvent-cement jointing WIS @ e el el e
’ . h I th T |
beco'mes no longer practically IFSRngge?d by the externa
feasible due to both the gaps . P ——— oY EST— —

P » ubes ush-fit sockets, flar- <2in. oiled tubing made, for
that need to be “bridged” and ing, screwing, custom- example, from full fluori-
the procedure of assembly (re- ized solutions nated polymers used in
quired forces, application of double containment piping
the cement and so on). In all are of particular interest
those cases the dual laminates for very demanding CPI-
(based on welding and flang- applications (for instance,
. . J g electronic-grade chemical
ing) are then.w1de1y accepted media handling)
asl an alternatlv.e..N(?te that no Ventilation Socket jointing in < 800 Frequently the only econom-
S0 vent-cemfent jointing is rec- | hines combination with sol- ical alternative to handle
ommended in the field of dual vent cement joining corrosive exhaust fumes
laminates. or (rod-)welding

. . Customized Multiple and very Usually Pipes as semi-finished
QA and standardization piping individual < 250 products; mostly no system-
Since the market introduction concept required

of polymer-piping systems a

few decades ago, many national stan-
dards (for instance, DIN in Germany
or ASTM in the U.S.) have been elabo-
rated, continuously developed and
stepwise accepted — also globally in
many cases. Nevertheless, standard-
ization of polymer-piping systems
is completed by international ap-
plication norms which are updated
regularly by international competent
working groups. For selected applica-
tions (such as drinking water or gas
supply) additional approvals com-
bined with external third-party test-
ing supervised by a separate quality
assurance body (for example, the DIN
Certco in Germany) do effectively
increase the quality level of such ap-
proved piping systems. As a rule, such
approvals are based on even stricter
national quality-assurance (QA) reg-
ulations (such as various DIN Certco
guiding rules). For the global CPI it
is very important to consider that the
so- called German Institute for Build-
ing technology (DIBT; Berlin; www.
dibt.de) provides a unique, worldwide
approval based on such QA guide-
lines. This DIBT approval is the basis
for a very narrow-meshed testing pro-
gram and documentation of each lot of

piping products. In particular, while
setting a strong priority on the com-
mitment to a clearly defined material
formulation — to be disclosed to the
DIBT by a non-disclosure agreement
(NDA) and an integrated third-party
testing procedure — approved prod-
ucts are also linked to a comprehen-
sive chemical-resistance list that will
also provide additional safety factors
(distinguishing between temperature
and media concentration) for appro-
priate dimensioning of the piping sys-
tem. Thus, this DIBT-approval should
be considered as much more than just
a national German QA issue; it is
rather a very helpful specification tool
for end-userss making use of polymer-
based piping systems for conveyance
of hazardous chemical media.

In addition to its presence in the
standards of the American Welding
society (AWS), the jointing of such
systems is documented and updated
in comprehensive detail by the guide-
lines issued by the German Welding
Society (DVS) [5]. Similar to the fab-
rication standards of polymer-piping
system components, these guidelines
have been globally accepted over
many years, laid down in many end-
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user specifications and are continu-
ously being updated and completed.
Furthermore, the regular training
and education of polymer-welders is
based on these standards. Note that
a given DIBT pipe approval does di-
rectly refer to the respective DVS
guidelines regarding planning, con-
struction and joining of the respec-
tive piping products. Thereby, addi-
tional support is given to keeping up
with quality.

In addition, many competent end-
users (typically bigger companies in
the CPI) rely on the use of a sensi-
ble and in-house developed system
of standards, which are also part of
their respective process specifica-
tions. Of course, these internal and
individual standards are also regu-
larly reviewed and updated based on
a steady growing experience gained
from practical long-term use of poly-
mer piping systems.

Versatile piping concept

There is no other class of material
showing a larger variety of piping con-
cepts available for CPI applications
than polymer pipes. Table 1 presents
a number of these.
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FIGURE 4. Shown here is view of a
BCF weld of PVDF (polyvinylidene fluo-
ride). The energy for melting the poly-
mer is introduced from the outside; the
formation of a crevice-free and smooth
inner surface in the joining region is
achieved by temporarily inserting a bal-
loon filled with compressed air

A good investment over decades
Although polymer-based piping sys-
tems have not reached the status
of metal-based piping in CPI usage,
there are a variety of quite demand-
ing segments in CPI where the spe-
cific advantages of polymer pipes have
been understood, systematically and
successfully exploited for many years
now [6]. The global chlorine industry,
basic-chemical synthesis, logistic part-
ners for chemical media, surface tech-
nologies (for example, galvanizing and
pickling industry), pulp and paper,
as well as power plants are the most
important fields of application. The
combination of the practical experi-
ence gained from these sectors and the
knowledge derived from other fields of
application leads to a considerable pool
of data supporting the assessment and
further understanding of the longterm
performance as well as to assist in the
decision making for material selec-
tion. The continuous evolution of that
knowledge-pool is efficiently supported
by both an active international net-
work of polymer-corrosion specialists
as well as international and national
joint efforts in polymer-corrosion re-
search of institutes, universities and
industry-partners. In this concern the
immense contribution (30 years of ac-
tive research) of the Swerea KIMAB
(former Swedish Corrosion Institute,
SE) as well as the recent activities of
the NACE (U.S.), Eurocorr (EU), FGK/
GfKorr and KRV (Germany) should be
recognized. The result of this work is
primarily a steadily increasing pool
of longterm-field references, thor-
oughly evaluated case studies of key
applications as well as the buildup of
systematic databases to extrapolate
or forecast the corrosion process of a

FIGURE 5. After 17 years of continu-
ous contact with 35 wt.% hydrogen per-
oxide (25°C), only 60 pm of corrosion
attack is measured with PVC-U piping
components. Such minor traces of cor-
rosion do not influence the function or
safety of the system at all

FIGURE 6. This graph show the isothermal
diffusion coefficients of mixed acid (HNO3/
HF; T= 65°C) with variable concentration
(wt.%) in PVC-U determined from the combi-
nation of laboratory-scale immersion testing
and simulations (source: Swerea KIMAB [7])

given polymer in contact with chemi-
cal media under varying service condi-
tions. Figures 5 and 6 provide an im-
pressive example of the status of such
efforts in this field.

Physical and natural barriers
A comparatively high thermal expan-
sion, longterm creeping under me-
chanical load as well as a significant
reduction of mechanical properties
under increasing temperature are the
well-known, inherent shortcomings of
polymers that have to be considered
in any polymer-product application.
Those processes are, of course, well-
understood, and corresponding ma-
terial data are always considered in
the material selection, design and
dimensioning. Polymer-specific safety
factors and very reliable data to
quantify the longterm creep behavior
support this selection process. When
using smaller pipe-dimensions (O.D.
typically < 110 mm) in the CPI, many
experienced end-users specify the ap-
plication of thick-walled piping sys-
tems for safety reasons (for instance,
pipe series 9 for PVC-U). As already
mentioned, the use of dual laminates
for handling of chemical media at el-
evated temperatures or higher pres-
sure (or both) is also a widely applied
tool to fully exploit the potential of
chemical resistance properties of a
given polymer and to surmount some
of the polymer-inherent shortcom-
ings. Keeping a proper bonding of the
inliner to the FRP sleeve maintained
as well as not exceeding the critical
wall-thickness of the inliner are nec-
essary preconditions to guarantee a
safe operation.

The energy-transporting properties
of polymers can strongly be influenced

by compounding with suitable func-
tionalizing additives; by doing so, even
an increase of the thermal conductiv-
ity of a few orders of magnitude under
retention of the electrical insulation-
properties is possible.

The non-destructive monitoring of
corrosion processes in polymer pip-
ing is still an unfulfilled demand of
many end-users and the realization
of such a concept is currently not in
sight. However, efficient management
of corrosion knowledge, practical expe-
rience, a rational understanding of the
chemical processes and materials in-
volved can already give a good and re-
liable basis for a sustainable and safe
operation. Competent manufacturers
are always good partners for the end-
customer in case of need.

Quo vadis industrial piping ?

Despite being a small branch of the
industry, industrial piping and pip-
ing for the CPI have always been
very innovative. During the last few
years, the impulse for innovation in
the chemical industry shows a focus
at the site of compounder and pro-
cessors rather than at the site of the
raw material suppliers. In the field of
materials and piping concepts, a trend
towards more pressure-resistant and
stiffer pipes has become evident. The
various approaches are quite versatile
and cover innovations such as layered
structures, continuous welding of ori-
ented polyolefin tapes on polyolefin
pipes made from the same polymer;
and the use of innovative copolymers
or fillers, to name just a few. The topics
“functional layers” and “nano-technol-
ogy” have just emerged in practically
relevant concepts for this type of in-
dustry and are expected to strongly
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Adding an organic Rankine cycle system

Turbine (T-100) generation, hp 1.291 x 104
Condenser (E-107) consumption, hp 57.72
Pump (P-100) consumption, hp 1,031
Total power recovery, hp 1.182 x 104
Total power recovery, kW 8,815

to generate power onsite can help operators
optimize the overall economics of comhustion-
related systems and emissions controls

Ali Bourji, John Barnhart,
Jimmy Winningham, Alan Winstead
WorleyParsons

he ever-increasing cost of fuel

and relentless push for environ-

mental responsibility are con-

stant factors in the profitability
of many chemical process operations,
and fluctuations in the prices of nat-
ural gas and other fuels can make it
hard to predict future energy costs
and the impact of such fluctuations
on profits. However, the impact of
fluctuating fuel costs, and the regula-
tory uncertainty related to managing
emissions can be reduced by increas-
ing energy efficiency and incorporat-
ing innovation into the design of any
combustion-related system that pro-
duces fluegas.

Numerous industrial processes in-
volving furnaces, heaters, kilns and
boilers that combust fossil fuels re-
lease large quantities of energy in the
form of waste heat that is contained in
the fluegas. An organic Rankine cycle
(ORC) system can efficiently utilize
this waste heat to generate electricity,
even from relatively low-temperature
fluegas streams.

An ORC resembles a typical Rank-
ine cycle, but instead of circulating
water as the working fluid, an ORC
uses a refrigerant — typically an or-
ganic fluid such as ethane, propane,
propylene or various name-brand re-
frigerants, such as R-245fa (discussed

below). An ORC also operates at lower
temperatures compared to the more
widely used steam-based Rankine
systems. For instance, steam-based
systems typically operate at tempera-
tures corresponding to low-pressure
steam; that is 250°F or higher. By
comparison, an ORC can efficiently
operate at temperatures below the
boiling point of water, from 212°F to
as low a temperature as desired for
a given application. Thus, the use of
an ORC can be a more cost-effective
method for capturing waste heat from
fluegas compared to the use of a tra-
ditional steam-based Rankine cycle.
This is accomplished by reducing flu-
egas temperatures below what is pos-
sible in a steam-based system without
the need for a complex heat exchange
system.

When properly designed, an ORC
system can remove more heat from
a fluegas stream than a steam-based
Rankine system and thus can be effec-
tively used with cooler fluegas streams
compared to those produced by steam-
based Rankine systems.

Meawhile, most fluegas-treatment
methods, such as those involving flu-
egas scrubbing, carbon capture, and
carbon sequestration require the flu-
egas stream to be cooled prior to its
introduction into the treatment train.
Thus, the addition of an ORC system
can be of great benefit when used in
combination with a downstream flue-
gas-treatment system, and can help

FIGURE 1. This simulation flowsheet
for an ORC system shows the basic
equipment, flow streams and power

requirement and recovery based on R-

245fa as the working fluid. The stream

numbers indicate the order in which the
streams flow

to improve the overall economics of
fluegas treatment by generating ad-
ditional power from waste heat in the
fluegas stream — heat that would oth-
erwise simply be lost to cooling water
or to the atmosphere.

The basic ORC scheme

The simple process flow diagram that
is provided in Figure 1 shows a basic
ORC system. The liquid refrigerant
(also called the working fluid) flows
from the surge drum (D-100) to the
pump (P-100) where the fluid is pres-
surized. The pressurized fluid is then
sent to the evaporator (E-100). The
evaporator vaporizes the working fluid
by heat exchange with the fluegas
stream. Once vaporized, the working
fluid then enters the turbo-expander/
generator (1-100) where, by process of
expansion, the fluid produces usable
work in the form of electrical energy.
After expansion, the fluid enters the
air-cooled condenser (E-101) where it
is condensed back to liquid form and
returned to the surge drum.

Figure 1 also provides values for
the basic fluegas stream variables
along with a small table that shows
the quantity of power produced by the
turbo-expander/generator train, the
components that are power consumers
(and their respective power consump-
tion), and the net power recovered by
the system.

Power-recovery rates will vary for
different applications based on fuel
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FIGURE 2. This chart, showing the power-recovery po-
tential at various fluegas temperatures, can be used to ap-
proximate the power-recovery rate for various fluegas inlet
temperatures at a given ambient temperature of 70°F

FIGURE 3. This chart compares the accuracy of the net

power recovery estimated using Equation (1) versus the net
power recovery as predicted by the simulation model. As shown,
the results predicted by the simulation and the results predicted

by the equation differ by no more than -0.1% to +0.23%

TABLE 1.REFINERY WASTE-HEAT-RECOVERY POTENTIAL

Refinery size, Net power Value of recovered
1,000 bbl/d recovered, MW power, $ millions/yr
500 to 600 22 to 27 up to 12.9

400 to 499 18 to 22 up fo 10.7

300 to 399 1310 18 up to 8.6

200 to 299 910 13 up fo 6.2

100 to 199 4109 up to 4.3

and fluegas composition. The case il-
lustrated in Figure 1 is based on a
typical fluegas flowrate, temperature,
pressure and composition [I] with an
ambient air-temperature of 70°F, and
assumes that natural gas is the fuel
used by the fluegas source.

The curve shown in Figure 2 can
be used to approximate the power-
recovery rate for various fluegas inlet
temperatures at the assumed ambi-
ent temperature. Note that power
recovery varies linearly with fluegas
temperature for a given ambient tem-
perature and fluegas stream, allowing
for easy interpolation to estimate the
power-recovery rate for a specific ap-
plication.

Equation (1) is derived empirically
from simulation data, and can be used
to estimate the potential power re-
covery that is possible when using a
simple ORC:

P=q, [AngTa +BT, +CT, +D] N

P = Net recovered power, kW

Qg = Fluegas flow, million std. ft3/h
Ty; = Fluegas inlet temperature, °F
T, = Ambient temperature, °F

A = -0.00411 (unitless constant)
B = 0.775 (unitless constant)

C = 1.122 (unitless constant)
D = —211.63 (constant)

This equation produces estimates of
fluegas temperatures that have an
accuracy of £ 0.23% between 350 and
500°F with ambient temperatures
varying between 50 and 100°F. Figure
3 illustrates the percent difference in
the values calculated by the equation
versus those produced by simulation.

Equation (1) also assumes that the
cycle is running in the working fluid’s
subcritical region. The subcritical
region is the ranges of temperature
and pressure below the fluid’s critical
point — that is, where distinct liquid
and vapor phases exist. Note that this
equation is only provided for quick es-
timation purposes. More accurate re-
sults can be easily achieved by simu-
lating the simple process.

Using Equation (1) to obtain empiri-
cal data on fluegas rates and tempera-
tures for various refinery units, it is
easy to formulate a table such as that
shown in Table 1. Based on the size of
the refinery, the potential power re-
covery and the associated dollar value
of the power recovered can be approxi-
mated with suitable accuracy. For the
case discussed here, the reported dol-
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lar values of the power recovered an-
nually are based on a plant on-stream
factor of 8,000 hours per year, and a
conservative, per kW-h value of $0.06.

Various ORC configurations
Although, the main focus of this article
is on the use of a simple ORC configu-
ration, specific modifications may be
made to the cycle and to improve the
heat-recovery efficiency and increase
the quantity of power recovered. For
example, as shown in Figure 5, if an
additional heat exchanger (E-102)
were provided to preheat the refrig-
erant stream entering the evaporator
(E-100) by heat exchange with the tur-
bine exhaust stream, then an increase
in power recovery of at least 10% over
the simple cycle may be realized. De-
pending on the size of the specific in-
stallation, this could prove to be a very
significant increase.
However,whileimproved heat-recov-
ery efficiencies and the potential to in-
crease the quantity of power recovered
are always gratifying, the addition of
extra equipment requires additional
capital, operations and maintenance
expenditures. These additional costs
must be weighed against the value of
the power recovered. Thus, depend-
ing on the required payback time and
forecasted energy prices, the addition
of a simple ORC system may prove to
be the most cost-effective solution for
a particular application.
Choice of a working fluid. The sim-
ulated properties of the working fluid
used in this study are based on the
physical properties of the refrigerant
R-245fa (1,1,1,3,3 — pentafluoropro-
pane), which has the trade name Gen-
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etron and is a product of Honeywell
[2,3,4]. The characteristics of R-245fa
make it particularly suitable for flu-
egas heat-recovery applications using
ORC technology. This refrigerant has
the required thermodynamic proper-
ties — namely, relatively high criti-
cal and condensing temperatures —
which are necessary for operating in
the temperature range between typi-
cal fluegas temperatures and the am-
bient temperature of the heat sink.

This particular refrigerant also has
a relatively high decomposition tem-
perature, which is desirable for heat
exchange with hot fluegas streams.
Furthermore, R-245fa has desirable
environmental traits that make it a
refrigerant of choice for many indus-
trial refrigeration systems, in light
of environmental concerns related
to the ozone layer and fugitive emis-
sions. For instance, the fluid has a
zero ozone-depletion potential (ODP),
a relatively low global-warming po-
tential (GWP), and it is not considered
a volatile organic compound (VOC) in
the U.S. [4]

The economics and heat-recovery po-
tential of an ORC are a function of the
thermodynamic properties of the se-
lected refrigerant. Thus, the selection
of the best working fluid for a given ap-
plication is important to the successful
implementation of any waste-heat-re-
covery system. Refrigerant blends may
also be considered, and the choice of
refrigerant or refrigerant blend must
be optimized on a case-by-case basis.
Designers and marketers of ORC sys-
tems and their component machinery
have process simulations and empiri-
cal data that are needed to accurately
model and optimize ORC systems spe-
cific to any given fluegas stream.

It is tempting to choose a working
fluid based solely on the desire to max-
imize the power-recovery efficiency,
but there are other factors to consider,
as well. For instance, depending on
the specific application and location of
the installation, it may be necessary to
select a working fluid that is environ-
mentally friendly, safe, and economi-
cal in addition to being inexpensive
and readily available.

Air-cooled heat exchangers vs. cool-
ing water. The results of this study
are based on the assumption that in

Hydrodealkyation — 4.6%

Alkyation — 11.3%

Delayed
coker - 3.7%

Utility boilers — 9.7% Atm distillation — 13.6%

FCC - 37.0%

Refinery waste-heat-recovery breakdown

Vacuum - 3.7%
Naptha HDS - 1.8%

Jet/kero HDS - 0.7%
—— Diesel HDS - 1.4%

CCR-12.6%

CCR = Continuous catalytic
reforming

FCC = Fluid catalytic cracking
HDS = Hydrodesulfurization

FIGURE 4. In this breakdown of waste-heat recovery by refinery unit, one can see
that particularly high rates of potential waste-heat recovery are possible for fluid cata-
lytic cracking, atmospheric distillation and catalytic reforming units and utility boilers

the particular application, air-cooled
heat exchange is more economical
than systems based on cooling water.
Air coolers, depending on the cool-
ing duty required, are generally not
high energy consumers but they may
require a significant amount of plot
space. The decision of which type of
heat exchange methodology, in terms
of capital cost, operating cost, operat-
ing logistics and potential impact on
the overall heat-recovery potential,
must be evaluated on a case-by-case
basis for each application.

Acid-gas condensation issues.
When establishing the temperature at
which the fluegas will exit the waste-
heat-recovery unit, consideration must
be given to the potential for acid con-
densation. This occurs when the water
vapor in a fluegas stream is allowed
to condense, carrying with it any com-
pounds that may form an acid when
combined with water.

In most cases, industrial fluegas
streams are produced by the combus-
tion of a fossil fuel. In many cases,
this fuel contains some form of sulfur,
which will likely be converted to some
form of SOx during combustion. If
cooled below the acid dewpoint, these
combustion byproducts, along with
carbon dioxide, can combine with the
water vapor present in the fluegas
stream and form corrosive acids [5].

To prevent equipment corrosion,
any item that comes in contact with
the cooled fluegas stream must be con-
structed of special materials that can
withstand damage from such acids,
and these special materials can add
considerably to equipment costs. Such
fluegas systems are also commonly de-
signed to remain above the acid dew-
point to avoid corrosion.

While these design and operating
considerations can add considerably

to the overall system cost, the con-
densation of fluegas provides addi-
tional opportunity for energy capture,
because as the water vapor in the
fluegas stream condenses, the latent
heat of vaporization of the water will
be transferred to the working fluid,
thereby increasing the potential power
recovered via the ORC system.

An economic analysis must be per-

formed to balance the tradeoffs and
determine whether cooling the fluegas
stream below its acid dewpoint and
capturing the extra energy is worth
the additional capital necessary to
implement the metallurgical require-
ments to withstand the potential for
acid attack.
Plant economics and air permit
benefits of ORC technology. If
properly designed, the use of an ORC
system can provide a facility with an
opportunity to produce additional elec-
tric power without an increase in air
emissions. As a general rule of thumb,
any combustion-related facility can
benefit from ORC installations on fur-
nace stacks if electrical power from ex-
ternal sources is limited, expensive, or
unreliable by providing the plant with
internal power-generation capabilities
and an additional source of electricity
for captive use at the site.

It is also worth noting that facilities
in certain regions face restrictions on
air emissions that make it costly or im-
possible to amend air permits to add
furnaces, cogeneration units or other
means of increasing utility power, a
situation that can limit expansion and
modernization opportunities. How-
ever, the installation of an ORC sys-
tem on existing furnaces allows for the
generation of electrical power without
increasing air emissions by capturing
waste heat from furnaces already in
operation.
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Working fluid: R-245fa
Turbine (T-100) generation, hp 1.426 x 104
Condenser (E-101) consumption, hp 170.7
7-100 Pump (P-100) consumption, hp 910.0
Fluegas E-100 Fluegas Total power recovery, hp 1.318 x 104
inlet = outlet Total power recovery, kW 9,830
400°F 185°F
1,200 million
std. ft3/d
E-101
A
“
E-102
R
D-100
P-100

FIGURE 5. The addition of a pre-heater unit (E-102) to this ORC configuration helps
the system enhance the overall heat-recovery efficiency and increase the quantity of

recovered power

A typical ORC installation will usu-
ally generate a significant surplus of
electricity compared to the power that
its own equipment uses, so an ORC sys-
tem’s net utility costs are generally less
than zero. An ORC system is therefore
a minimal contributor to a plant’s over-
all operating costs, which is another
advantage of using ORC technology to
improve both fluegas treatment and
onsite power generation.

Final thoughts

Ongoing political developments are ex-
pected to bring about stricter enforce-
ment of environmental regulations and
increased incentives to reduce fossil-
fuel consumption and imports, while
the escalation of energy prices is tight-
ening profit margins for all chemical
process and refinery operators. ORC
systems offer a promising means of en-
hancing waste-heat recovery from flu-
egas in both existing and new facilities,
and thus help to improve the overall
economics of fluegas treatment.

Today, thanks to advances in refrig-
erants (and blends), and ongoing in-
novations in heat exchange technology,
metallurgy, and simulation tools, the
classic ORC system can be optimized
to fit ideally within a wide range of flu-
egas sources and treatment systems. Bl
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Environmental Manager

Selecting Laboratory

Exhaust Systems

With upfront thought, exhaust systems can ensure
personnel safety and improve huilding efficiency

Paul A. Tetley
Met-Pro Corp.

s components of chemical re-

search facilities, fume-hood

exhaust systems for labora-

tory workstations are often
taken for granted. Yet the choice of
exhaust system, when designing or
specifying a laboratory workstation,
can have a tremendous impact on the
safety of the laboratory building’s oc-
cupants as well as those in adjacent
buildings. The choice of a fume-hood
exhaust system can also affect a build-
ing’s longterm operating costs.

A better upfront understanding of
the various types of exhaust systems
and their operation can eliminate po-
tentially significant safety problems
in the future while optimizing the effi-
ciency of the building and the reliabil-
ity of the system.

Exhaust system basics

The main purpose of a fume-hood ex-
haust system in a laboratory is to re-
move contaminated air resulting from
chemical fumes, reactions and other
laboratory activities. The system must
provide maximum protection while
using the least possible amount of air.
It must control the flow of two types
of air: workstation exhaust, and the
clean air that replaces it.

When designing new laboratory facil-
ities, or upgrading existing ones, safety
— with regard to re-entrainment of
workstation exhaust into the building
or adjacent buildings — and indoor air
quality to protect building occupants,
are the most important considerations
for a fume-hood exhaust system. In
addition, the system’s ability to com-
ply with appropriate pollution-control
standards (including elimination of
unpleasant odors in the discharge

stream) is also a key consideration.

Other important considerations in-
clude: system efficiency, initial and oper-
ating costs and roofline aesthetics (Fig-
ure 1). For example, quiet, vibration-free
performance can be important to protect
delicate laboratory instruments.

Before selecting a laboratory work-
station fume-hood exhaust system,
the location of the workstation should
be carefully thought out. Its location
can significantly affect efficiency and
safety. For example, occupants in the
laboratory can create air turbulence
simply by walking past the worksta-
tion, causing contaminants to be pulled
outside of its air space. For a work-
space designed with an air diffuser di-
rectly above the fume hood, significant
air turbulence can cause contaminants
to escape into the laboratory.

In addition, airflow into the labora-
tory will affect the performance of a
fume-hood exhaust system. Since the
laboratory should maintain negative
air pressure with respect to the out-
side, the doors, windows, air vents and
other openings should remain closed
during normal operation to ensure that
any contaminants will be exhausted
through the fume hood, rather than
by other laboratory openings.

The effectiveness of a laboratory
fume-hood exhaust system can be
gauged in terms of safety provided.
The principle design parameter is to
allow safe removal of fumes away from
the operator and from the occupants of
the laboratory. The velocity of the air
entering the hood from the room is the
key factor in achieving this safety. If
the velocity is too low, the fumes can
escape the hood and enter the room. If
the velocity is too high, air turbulence

FIGURE 1. Roofline aesthetics are
among a host of considerations when
selecting a fume-hood exhaust system
for a laboratory facility

at the sash (damper) can occur, which
may push fumes into the room. Airflow
velocities that optimize safety can vary
by manufacturer, but typically are in
the range of 100 ft/min.

Exhaust flow from a fume hood should
be greater than the supply air to create
outside-in air movement and thereby
contain airborne contaminants.

Workstation fume-hood exhaust sys-
tems can be either constant-air-volume
(CAV) or variable-air-volume (VAV) de-
signs. A CAV fume hood exhausts air at
a constant rate, with an airflow velocity
that increases as the sash is lowered. A
VAV laboratory fume hood attempts to
eliminate the variable velocity by vary-
ing the air volume exhausted through
the hood. In doing so, it can reduce the
total supply of exhaust air, and con-
tribute to reduced operating costs. VAV
fume hoods use a closed-loop exhaust
system to monitor the amount of air
being exhausted in order to maintain
the required average face velocity. The
control system also helps monitor the
presence of contaminants. In addition,
many VAV hoods use visual and audi-
ble alarms and gages to warn of inad-
equate air velocity or exhaust system
malfunctions.

Exhaust system fans
Laboratories can choose from a number
of fume-hood exhaust-system designs
based on the requirements of the facil-
ity. Exhaust systems rely on hidden,
but essential subsystems, including ex-
haust fans and ventilation systems.
Fume-hood exhaust systems typi-
cally employ a network of air ducts
(plenums) leading to a roof-mounted
exhaust system that is driven by one
of three fan technologies: axial, cen-
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trifugal, and mixed-flow impeller. The
fans in each of these categories can
be direct-drive designs, with the fan
wheel mounted directly on the motor
shaft, or belt-driven, with the fan wheel
mounted on a separate drive shaft and
driven by power from the motor trans-
ferred through one or more belts.
Axial fan systems Axial fan blades
draw air into fan housings and dis-
charge air in the same axial direction
— ideal for moving large volumes of air,
rated at cubic feet per minute (ft3/min)
at low pressures, and also rated in static
pressure (SP). Fan blades used in axial
fans are typically plastic, aluminum,
stainless steel or fiberglass. Different
types of axial fans used for industrial
applications include panel fans, which
are wall-mounted to draw air into — or
exhaust air out of — a room, and tube
axial fans, which are connected to a se-
ries of ductwork conduits for exhausting
contaminated or hot air from a location.
Centrifugal fan systems Centrifugal
fans have blade wheels mounted inside
a housing. The blades can be forward-
curved, backward-curved or straight.
Exhaust air is pulled into the inlet of
the blower housing and deflected by the
fan blades into a spiral pattern. This
pattern of airflow is then focused by
the scroll housing and directed into a
single outlet airstream. The airstream
leaves the fan’s housing at a right
angle to the axis of the housing assem-
bly. A variation on the traditional, cen-
trifugal scroll-type fan housing is the
tubular centrifugal fan, which uses a
cylindrical housing rather than a scroll
housing and cutoff assembly.

A centrifugal fan is designed to work
at fairly high revolutions per minute
and with a tall, roof-mounted exhaust
stack in order to discharge the exhaust
air at sufficient height above a facility
to prevent re-entrainment of exhaust
air (and its possible noxious fumes or
unpleasant odors) into the building
and surrounding facilities. Because of
the size and height of the stack, it re-
quires expensive and complex mount-
ing hardware for stability and to mini-
mize vibration. This includes elbows,
flex connectors, spring vibration isola-
tors and supporting guy wires.
Mixed-flow impeller systems Mixed-
flow impeller systems generally pro-
vide greater airflow than centrifugal

FIGURE 2. A difference
between exhaust system
types is the height of

rooftop stacks, a charac-
teristic with value in ac-
commodating space and
weight restrictions

fans, and greater air pressure than
axial fans. These systems eliminate re-
entrainment of exhaust air and odors
into a facility and surrounding build-
ings with improved indoor air quality
(IAQ). This technology typically incor-
porates low-profile, roof-mounted ex-
haust systems with lower-speed fans
as compared to the other technolo-
gies. To minimize noise levels, these
systems employ low-vibration, direct-
drive motors to draw in the exhaust
air from a laboratory fume hood.

A noticeable difference between ex-
haust systems with centrifugal fans
and those with mixed-flow impellers
is the height of the exhaust stacks:
mixed-flow impeller systems present a
lower profile and smaller footprint on
the roof (Figure 2). This characteristic
has obvious value in accommodating
space and weight restrictions, as well
as in its aesthetic qualities (more and
more communities are passing ordi-
nances limiting overall building height,
including rooftop appurtenances).

As the name implies, a mixed-flow
impeller system combines the best at-
tributes of both axial and centrifugal
air movement technologies. Impellers
in this approach have high efficiency,
consume less energy and are typically
quieter. In addition, true mixed-flow
technology is stable throughout the
impeller performance curve. Therefore,
these impellers do not have a stall or un-
stable performance region, as is found
on axial and centrifugal fan curves in
regions of higher pressure. The concern
is that systems operating at or near
this unstable performance region can
give rise to significant performance,
sound and vibration problems.

Mixed-flow impellers blend the ex-
haust air from a laboratory fume hood
with outside, ambient air to reduce the
concentration of contaminated particu-
lates, as measured in parts per million
(ppm) or milligrams per cubic meter
(mg/m?®) to a level that can be safely
and legally exhausted to the atmo-
sphere. These fans draw exhaust air
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into a network of ducts that transport
it to the outside of the facility, usually
to the roof, where it is mixed with am-
bient air. In some cases, particularly
where local ordinances dictate rooftop
appearances, mixed-flow impeller sys-
tems may be mounted in an enclosed
facility (this is usually done for aes-
thetic reasons).

Using base-mounted bypass damp-
ers, a mixed-flow impeller can draw in
twice as much fresh air as exhaust air,
resulting in a much lower concentra-
tion of contaminants and odor-causing
elements to be treated from the labo-
ratory fume hood.

Release to atmosphere

Because a mixed-flow-impeller ex-
haust system can generate relatively
high escape velocities, even at fairly
low fan speeds, additional fresh air is
entrained into the exhaust mixture
when it is expelled from the rooftop
stack by means of a nozzle/windband
section. This mechanism creates a pro-
tective envelope around the discharged
exhaust-air mixture and leaves the
surrounding air stationary to improve
entrainment. The exit velocities of
these escape gases can exceed 6,300
ft/min and can send an exhaust plume
more than 120 ft into the air, even into
steady crosswinds. Of course, a variety
of factors can determine the effective-
ness of the system, including building
architecture, surrounding terrain and
even weather conditions.

As an example, a mixed-flow impel-
ler moving an exhaust and clean air
mixture at 80,000 ft3min will typi-
cally generate 6,300 ft/min exit veloc-
ity. According to wind tunnel research,
additional air is entrained into an air
plume through aspiration, even at exit
velocities of 3,000 ft/min (the mini-
mum velocity specified by the ANSI
79.5 standard for clearing chemical
contaminants in laboratory ventila-
tion systems).

A belt-driven, centrifugal-fan ex-
haust system and duct network can



also mix contaminated and clean air
similar to a mixed-flow impeller, with
useful dilution effects when released
into the atmosphere. But the centrif-
ugal fan approach requires a rooftop
stack with sufficient height, some-
times as high as 40 ft or more. For the
same dilution and operating efficiency,
a mixed-flow impeller system will typ-
ically rise only about 15 ft above the
roofline. Because of the lower height,
the mixed-flow impeller exhaust sys-
tem would not require the extra stabi-
lizing hardware needed with centrifu-
gal fan exhaust systems.

Tall exhaust stacks are not the only
structures associated with centrifugal
fan systems. Often, centrifugal fan
systems also need a rooftop penthouse,
mainly to protect service personnel.
Because centrifugal fan systems rely
on belt-drive motors — in contrast to
the more reliable direct-drive motors
of mixed-flow impellers — periodic
maintenance visits are required to ad-
just belt tension or to replace pulleys
or failed belts. The penthouse enclo-
sure maintains safe, workable condi-
tions for maintenance personnel.

In terms of reliability, laboratory
workstation fume-hood exhaust sys-
tems based on mixed-flow impellers
arerelatively simple and maintenance-
free compared to the belt-driven fans
and blowers of typical centrifugal and
axial fan systems. The belts alone in
a belt-drive system, which can stretch,
loosen and break over time, require
regular maintenance and repair, re-
sulting in shorter expected operating
lifetimes. For example, the minimum
expected lifetimes (L;;) of bearings
in belt-driven systems are typically
40,000 h, while the expected operat-
ing lifetime of direct-drive motor bear-
ings can be at least 200,000 h for some
mixed-flow impeller systems.

A quieter solution

Noise managementis also an important
consideration for most laboratories and
areas — in some cases requiring firms
to perform noise studies at their prop-
erty lines to determine the noise levels
of a facility’s various systems, includ-
ing the laboratory exhaust system. The
lower speeds and inherently quieter
design configuration of the direct-drive
motors in mixed-flow-impeller exhaust

systems, compared to axial and cen-
trifugal fan systems, usually translate
into lower noise and vibration levels. In
addition, for applications where noise
must be tightly controlled, mixed-flow
impeller systems can be designed with
integrated noise attenuators that do
not increase the overall height of the
roof exhaust fan.

Axial and centrifugal fan exhaust
systems can also be equipped with
noise-reduction attachments, such as
a discharge silencer, added onto the
exhaust stack. But this adds to the al-
ready tall stack height, and requires
additional mounting hardware to mini-
mize vibration induced in the building.
Even at their lower motor speeds, there
is little sacrifice in performance with
a mixed-flow impeller. It can provide
greater airflow than a centrifugal fan,
and greater air pressure than an axial
fan, at lower rotational speeds.

Compared to belt-driven centrifugal
and axial fans, direct-drive mixed-flow
impeller fans are energy-efficient and
cost-effective choices for fume hoods,
with about 25% greater energy effi-
ciency than belt-driven centrifugal fan
systems. Improperly aligned shafts,
pulleys, pillow blocks and motors in a
belt-driven system can rob it of power,
and can introduce reliability issues.
Also, the outlet nozzle of a mixed-flow
impeller system can be designed for
high exhaust-gas exit velocities even
at lower fan speeds and corresponding
reduced power requirements.

For further energy efficiency, it may
be necessary to specify a variable-speed
drive system. The use of variable-speed
drives can contribute to lower energy
costs, running at slower fan speeds at
night when laboratories are unoccu-
pied. In addition, if one fan fails in a
multiple-fan exhaust system, the re-
maining fans increase speed to com-
pensate. This is critical in many bio-
safety level (BSL) laboratories, where
redundancy is mandatory.

In addition, energy savings are also
possible by recovering some of the heat
normally lost through exhausted air.
Mixed-flow impellers can be equipped
with unique heat-recovery modules
that extract warmed air from the ex-
haust flow and transfer the heat energy
to the intake of a building’s ventilation
system, significantly reducing heating

fuel costs for the building (for every 1°F
in added heat, there is a corresponding
3% reduction in heating fuel costs).

Ductless laboratory fume hoods
The three major laboratory fume-hood
exhaust systems discussed so far as-
sume the use of ductwork networks to
vent contaminated air from the labo-
ratory. In recent years, ductless labo-
ratory fume hoods have emerged as
lower-profile alternatives. In ductless
designs, the hood incorporates a carbon-
bed or other type of filter to remove and
control contaminants. The filter media
must be matched to the types of chemi-
cals used in a laboratory. General-pur-
pose filters will adsorb a percentage of
most chemicals and gases, while par-
ticulate matter filters may be needed
for some applications. In some cases, a
chemical impregnate may be needed in
the filter to alter the target chemical to
a less hazardous material.

A ductless, laboratory fume hood has
no external connections other than its
power cord, making it extremely por-
table and useful for facilities that re-
quire more than occasional redesign.
The power cord connects to electronic
systems that monitor airflow and filter
conditions for operator safety, as well
as provide visual and audible alarms
when needed. A ductless approach is
not a substitute for all ducted systems,
and should never be used in any chemi-
cal laboratories involving unknown
results (for which the filter may not
work). Admittedly, ductless laboratory
fume hoods sacrifice efficiency for por-
tability, especially compared to a cen-
trifugal or mixed-flow impeller system,
and they require careful monitoring of
the carbon filter’s condition so that re-
placement can occur once the filter has
become saturated. |
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TABLE 1. KEY PATTOOLS AND APPLICATIONS

PAT Tool

flow cell or transmission probe that
requires neither sample preparation
nor laboratory analysis [3]. The pro-
cess can be more tightly controlled,
problems detected earlier, and overall
product quality and yields improved.

Many chemical reactions used in
the manufacture of APIs use metal
catalysts. In some cases, these metal
catalysts are doped with carbon black
particles to increase the catalyst sur-
face area. The high sensitivity and
throughput of a Fourier-transform
near-infrared (FT-NIR) system can an-
alyze these solutions with carbon-black
concentration levels of 0.05-0.5%.
Catalytic hydrogenation reactions are
potentially sensitive to matrix effects.
Inline analysis provides kinetic and
mechanistic information that can be
used to study the sensitivity of the re-
action to matrix effects.

Optimal mixing

An agitator impeller can be designed
and operated such that agitator power
input is used to maximize flow with
minimum shear, maximize shear with
minimal flow, or to balance shear and
flow at a designated point in between.
However, solid-solid, liquid-liquid or
solid-liquid mixing or combinations
thereof are complex. For these applica-
tions, high-shear mixers are typically
used because they can combine immis-
cible fluids to produce emulsions and
dispersions through the controlled
formation and integration of droplets.
They are also used for deagglomera-
tion and particle size reduction to im-
prove the blending of solid ingredients
into liquids.

Many powders are difficult to dis-
perse efficiently and the resulting
mixtures are prone to persistent clog-
ging, which tends to drive up costs and
drive down throughput. Early indica-
tion of these problems can control or
eliminate them.

Tomography involves taking mea-
surements around the periphery of
an object, such as a process vessel or
impeller, to determine what is going
on inside [4]. Each image (tomogram)
is composed of an array of derived
conductivity measurements. Process
vessels with all types of mixers and
accessories can be retrofitted with a
linear tomography probe, typically a

Application in Unit Operations

Near Infrared Spectroscopy (NIRS)

Raw material testing, Drying, Pow-
der blending, Coating

Fourier Transform Near Infrared Spectroscopy (FT -NIR)

Mixing, Reaction, Solvent recovery

Microscopy (PVM), X-ray diffraction (XRD),
Raman Spectroscopy (RS)

Afttenuated Total Reflectance (ATR), Particle Video

Crystallization, Drying, Powder
blending, Coating

Heat Balance Calorimetry

Reaction, Crystallization

Laser Diffraction (LD)

Crystallization, Milling, Granulation

Digital Image Processing(DIP)

Crystallization, Milling, Granulation

Dynamic Light Scattering (DLS)

Crystallization, Milling, Granulation

Tomography Mixing, Filtration, Drying
Turbidity Metering Crystallization, Filtration
Conductivity Metering Filtration
Thermodynamic Lyophilization Control (TLC) Lyophilization
Acoustic-Resonance Spectrometry (ARS) Tableting

baffle, to measure axial mixing and
solids concentration levels. The drug
and the diluents can be dry-mixed in a
double cone mixer, which gives ease of
cleaning and complete discharge. The
homogeneity of the mixture can be
confirmed using NIR measurements
with an FT-NIR spectrometer.

Solvent recovery

The solvent recovery process involves
the distillation of a feed or crude sol-
vent from a low purity of about 60%,
to a pure product that can be reused in
the manufacturing process. This pro-
cess is commonly analyzed by offline
GC, requiring an operator to collect a
sample from the process and take it to
a laboratory for analysis. This process
can take longer than 1 h and result in
the distillation of a product that does
not meet specifications.

Process FT-NIR has many benefits
over GC in this application, and, if im-
plemented correctly, can give realtime
analysis of the feed streams and the
product [5]. High-quality NIR spectra
can be collected usually in less than
1 min and the quantitative analysis
of multiple components performed.
This information is then used as a key
component of the control strategy to
change column temperatures or re-
flux ratios in either a feedback or feed
forward control. This results in better
product quality and yield.

Crystallization

Pharmaceutical crystallization pro-
cesses are extremely complex and are
not baseline scalable. The key aspects
of a crystallization process are the rate
of nucleation and growth rate of the
crystals. Both of these rates depend on
the type of flow, mixing, heat and mass
transfer rates of the process in an un-
predictable manner. Impurities and
additives can have a significant effect
on these rates by altering the interfa-
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cial energy of particular crystal faces.

The main measures of the outcome of

a crystallization process, listed here,

are difficult to reproduce and achieve.

e Particle size distribution, or the rel-
ative amounts of particles present,
sorted according to size

e Crystal shape (needle, cube and
plates)

e Polymorphic form — polymorphism
is the tendency of some compounds
to exist in more than one stable
crystal form

The size and shape of the crystals

formed has a strong effect on process-

ability. Smaller-sized and nonspherical
particles make flow, filtration and pro-
cessing more difficult. Fine particles
have greater surface area and can
collect more impurities at the surface.

The solubility of different polymorphic

forms may differ, and dissolution rates

will depend on crystal size as well as
polymorphic form.

Supersaturation measurement is
the key process variable that affects
crystallization performance [6]. To
control supersaturation, the solubil-
ity curve and meta-stable zone width
(MSZW) need to be known.

Focused-beam reflectance measure-
ment (FBRM) can be used to measure
the solubility curve and MSZW by
identifying the point of dissolution
and point of nucleation at different
solute concentrations. FBRM provides
information about yield, suitable seed-
ing locations and optimal zones of op-
eration to get uniform particle size.
MSZW depends on cooling rate, agita-
tion and solid concentration.

Uneven or different particle-size dis-
tributions may require further powder
processing, such as milling or compac-
tion. In some cases, the additional pro-
cessing costs can be reduced or elimi-
nated through realtime observation of
crystal size distribution using laser dif-
fraction (LD), and the progress of crys-






Pristine Processing

dispersion can be achieved in a liquid
cell with the addition of appropriate sur-
face-active agents. Dispersion can also
be achieved by controlled agitation or
by the application of ultrasound. Here,
there is always a possibility of changing
the particle-size distribution due to the
thermodynamic Ostwald ripening or re-
crystallization effects. In addition, the
blender is stopped at fixed intervals for
sampling. This process of interruption of
the blend cycle and repeated sampling
may change the state of blend.

NIR spectroscopy is a fast and non-
destructive method to determine blend
homogeneity of all the compounds and
endpoints in blending. Online Raman
spectroscopy can evaluate the effect of
parameters such as blend time, blender
speed, API placement in the blender,
filler particle size and density, multiple
tablet components, and sample homo-
geneity. The tool is feasible due to large
number of samples across the run
(sampling every 20 s) and the availabil-
ity of spectral information on all blend
components throughout the process.

Controlled granulation
The purpose of granulation is to con-
vert light, small powders into high-
density free-flowing granulates. A
number of phase changes or process-
induced transformations can occur
due to the different process steps of
wet granulation, which include wet-
ting, mechanical stress and drying.
Granulation or the manufacture of
pellets using the extrusion-spheroni-
zation technique includes several pro-
cess stages (blending of the dry mass,
wet granulation of the mass, extrusion
of the moist mass, rotation of the ex-
trudate by spheronization, and dry-

ing). Consequently, depending on the
drug substance and excipients pro-
cessed, solution-mediated polymorphic
transformations probably take place.
A lack of particle size measurement in
granulator processes denies cost sav-
ings and product consistency.

In granulation, particle size is criti-
cally dependent on the amount of lig-
uid. Using inline particle-size analyz-
ers, variables such as moisture content
and liquid saturation of the agglomer-
ate can be controlled for desired par-
ticle size [7]. An image-processing sys-
tem with particle vision management
(PVM) can be used as a PAT tool to
accurately control granule growth in
high-shear granulation processes.

Tableting

Conventional tableting presses are
multistage cycling processes that em-
ploy punches and dies. These machines
are more expensive to operate and less
efficient to use than systems based on
acoustic-resonance spectrometry (ARS),
which measures sample compaction,
axial strain, deformation, hydration,
drying endpoint, elasticity, molecular
stacking, and homogeneity [8]. ARS
identifies and quantifies an analyte on-
line, providing a simple and continuous
method of process control for tableting
operations.

Perfect coatings

To be coated, tablets are loaded in
large rotating pans and vented for hot
air drying with coating-material-filled
intagliations. Intagliations are impres-
sions typically achieved by engraving
or impressing an identifying mark or
logo onto a tablet or other solid dosage
form. Because edges and corners can-
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not be coated to the same thickness as
the tablet face, the final product may
appear to be nonhomogenous, imper-
fect and not finished at all.

NIR spectroscopy is used as an at-
line technique for monitoring tablet
film coating in a Wuster column. The
is also useful for analysis of the active
layer of film-coated tablets, for inline
analysis of film coating of pharmaceu-
ticals pellets in a fluidized-bed appa-
ratus and for inline monitoring of tab-
let film coating in a pan coater.

Raman spectrometry is used as
a tool to examine the variability of
tablet coatings by a spectral changes
correlation with coating thickness [9].
Here, a probe operates with a revolv-
ing laser focus to average content and
coating nonuniformity.

PAT potential
PAT usage encourages the application
of process engineering in pharmaceu-
tical manufacturing and regulatory
assessment. PAT, therefore, holds the
great promise of improving productiv-
ity, efficiency and quality of pharma-
ceutical intermediates, active ingredi-
ents and finished drug products. W
Edited by Deborah Hairston
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Economic Indicators

PLANT WATCH

Dow Corning considers biomass plant to
produce steam and electricity

August 20,2010 — Dow Corning’s (Midland,
Mich.; www.dowcorning.com) Midland
manufacturing site is considering the instal-
lation of a biomass-powered energy facility
fo provide a renewable, reliable and cost-
effective supply of steam and electricity
necessary for the site’s operations. Cirque
Energy. LLC, which would build, own and
operate the plant for Dow Corning, recently
filed for appropriate environmental permits.
Biomass energy from the plant would be
produced by gasification of plant-derived
organic matter. The biomass energy facility
at the Midland site would initially use waste
wood chips, as well as dead trees or old
growth harvested as part of sustainable for-
estry initiatives.

SNC-Lavalin receives a contract in
Alberta’s oil sands

August 19,2010 — SNC-Lavalin Inc. (Montre-
al,Quebec, Canada; www.snclavalin.com)
has been awarded an engineering and
procurement contract by Grizzly Oil Sands
ULC for its new Algar Lake steam assisted-
gravity drainage (SAGD) facility located
near Fort McMurray in Alberta.The project
consists of an initial 5,000 bbl/d SAGD
cenfral-processing facility with associated
well pads, flow lines, tank farm and 8-MW
cogeneration facility. The detailed design

of the project is expected to be completed
in April 2011.This is a unique project in the
fact that the execution planis based on
engineering and constructing a completely
modularized processing facility capable of
being frucked fo site.

SGL Group expands its isostatic

graphite capacity

August 19,2010 — SGL Group (Wiesbaden,
Germany; www.sglcarbon.com) will invest
approximately €75 million into the capacity
expansion of isostatic graphite within the
next three years.This expansion supports
the global growth of its customers in the
solar energy, light emitting diode (LED) and
semiconductor industries. A significant part
of the investment will involve the construc-
fion of a new, fully automated Iso Graphite
Green Production Center at the Bonn, Ger-
many, site. Commissioning is scheduled for
2012.1n this context SGL Group will increase
its global, annual isostatic-graphite capac-

ity from 5,000 metric tons (m.t.) fo 15,000 m.t.

BASF plans to build dispersions plant

in Huizhou, China

August 16,2010 — BASF SE (Ludwigshafen,
Germany; www.basf.com) will investin a
dispersions plant in Daya Bay Petrochemi-
calIndustrial Park in Huizhou, China.With a
capacity of 100,000 ton/yr, the new plant will
produce XSB dispersions for the paperin-
dustry and acrylic dispersions for industries
that include coatings, construction, printing-
and-packaging and adhesives. Production
is scheduled to begin inthe 1st Q of 2012,
subject fo government approval.

Outotec to design and deliver filiration
technology to iron-ore project in Australia
August 5,2010 — Outotec Oyj (Espoo, Fin-
land; www.outotec.com) has been awarded
orders for Australia’s Karara Iron Ore Project,
worth more than €28 million. Outotec will
design, deliver and install the complete flota-
tion circuit along with all filtration technology
for the project.The Karara Iron Ore Project
located in Western Australia is a 50-50 joint
venture between Gindalbie Metals Ltd.and
Chinese steel producer AnSteel.Itis part of
the development of the Karara magnetite
deposit, which has the potential for more
than 30-million-m.t./yr processing of mag-
netite over its estimated 30-year life. The first
phase of operation is scheduled for 2011.

.. and will deliver chromite sintering
technology to South Africa
August 3,2010 — Outotec Oyj has signed
a contract with RB Met Engineering (Pty)
Ltd.and Xstrata Merafe PSV for the delivery
of chromite sintering technology to Xstrata
Merafe's ferrochrome plant located in Rus-
tenburg, South Africa.The contract value

is approximately €17 million. The plant
will treat 600,000 m.t. /yr of chromite ore.
Xstrata Merafe’s project is subject to an
environmental permit by local authorities in
Rustenburg, and the plant is expected to be
operational in 2012.

BASF begins upgrade of North American
catalyst manufacturing operations
August 3,2010 — BASF Corp.'s catalyst divi-
sion (Iselin, N.J.; www.catalysts.basf.com)
has initiated several capital investment
projects to enhance the company’s manu-
facturing operations for copper-chrome cat-
alysts at its production sites in Erie, Pa.and
Elyria, Ohio.The multimillion-dollar invest-
ments are aimed af re-engineering, refrofit-
ting and further automating catalyst manu-
facturing af both sites. BASF says the capital

improvement projects will be completed in
phases through the early part of 2011.

MERGERS AND ACQUISITIONS

Teijin to develop silicon inks with the
acquisition of NanoGram

August 8,2010 —Teijin Ltd. (Tokyo; www.teijin.
co.jp) has acquired NanoGram Corp. (Milpi-
tas, Calif.; www.nanogram.com) to function
as a U.S.base for the development of silicon
inks with semiconductor properties and the
processes to manufacture such inks.As a
wholly owned subsidiary of Teijin, NanoGram
will pursue its inferest in expanding info de-
velopment of silicon-based nanoparticles,
working closely with the Teijin Group’s Inte-
grativeTechnology Research Institute.

Air Liquide acquires a German

syngas plant

August 6,2010 — Air Liquide (Paris, France;
www.dairliquide.com) has signed an agree-
ment with OXEA GmbH for the acquisition of
its syngas plant based in Oberhausen, Ger-
many.Anti-trust authorities have given their
approval.This large plant has a production
capacity of approximately 83,000 Nm3/h of
syngas — a mixture of hydrogen and carbon
monoxide — used in the production of oxo-
intermediates and oxo-derivatives, which are
used in high-quality coatings, lubricants and
cosmetic and pharmaceutical products.

Axens signs agreement for

activated alumina business

August 4,2010 — Axens (Rueil Malmaison,
France; www.axens.net) has signed an
asset sale agreement (ASA) with Canada-
based RioTinto Alcan regarding the sale
by RioTinto Alcan of its activated alumina
business in Brockville, Ontfario. The ferms of
the ASA are confidential.The transaction is
expected fo close by end-September 2010.

Bilcare enters agreement to acquire
Ineos’ Global Films business
August 2,2010 — Ineos Group (Lausanne,
Switzerland; www.ineos.com) has entered
into a binding agreement for the sale of its
Global Films business fo Bilcare AG for ap-
proximately €100 million.The deal comprises
the business, assets and personnel related
to Ineos’ Films operations located in North
America, Europe and Asia.The transaction
was expected to be completed at the end
of August, subject to necessary regulatory
filings and approvals. |
Dorothy Lozowski
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Economic Indicators

2070 mEEN 2009

2008

CHEMICAL ENGINEERING PLANT COST INDEX (CEPCI)

650
(1957-59 = 100) June'l0 May'10 June'09 |Apnual Index:
Prelim. Final Final
CElIndex 556.4 558.2 512.0 2002 = 395.6 S0
Equipment 668.1 6702 601.5 2003 = 402.0
Heat exchangers & tanks 628.7 629.9 538.0
Process machinery 632.0 631.8 584.9 2004 = 444.2 550
Pipe, valves &fittings 818.5 828.3 749.0 2005 = 468.2
Process instruments 4194 424.8 391.8
2006 = 499.
Pumps & compressors 898.4 903.1 898.9 006 = 499.6 500
Electrical equipment 482.2 473.2 459.8 2007 = 525.4
Structural supports & misc 697.5 697.5 610.0 2008 = 575.4
Construction labor 326.7 327.8 325.6 450
Buildings 509.4 513.9 485.7 2009 =521.9
Engineering & supervision 339.1 339.7 347.2
Starting with the April 2007 Final numbers, several of the data series for labor and compressors have 4y J FMAMSGUJUGUJASGOND
been converted to accommodate series IDs that were discontinued by the U.S.Bureau of Labor Statistics
CURRENT BUSINESS INDICATORS LATEST PREVIOUS YEARAGO
CPloutput index (2007 = 100) Jul'io = 88.8 Jun.'10 = 88.1 May."10 = 88.5 Jul'o9 = 83.9
CPI value of output, $ billions Jun.10 = 1,753.1 May."10 = 1,780.7 Apr.'10 = 1,854.6 Jun.'09 = 1,597.2
CPl operating rate, % Jul'io = 7.7 Jun.'10 = 71.2 | May.'10 = 71.4 Jul'09 = 66.6
Producer prices, industrial chemicals (1982 = 100) Jullo = 2887 [ Jun.10 = 2677 [ May'l0 = 27238 Jul'09 = 236.1
Industrial Production in Manufacturing (2007=100) Jul'lo - = 90.6 | Jun.10 = 89.6 | May.'10 = 90.0 Jul'09 = 84.1
Hourly earnings index, chemical & allied products (1992 = 100) Jul'io = 152.6 Jun.'10 = 1833 | May.'10 = 152.8 Jul'09 = 148.8
Productivity index, chemicals & allied products (1992 = 100) Julmlo = 1203 | Jun.10 = 1206 | May10 = 1192 Jul'09 = 1185
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

JFMAMUJJASOND

JFMAMUJJASOND

Current Business Indicators provided by Global Insight. Inc., Lexington, Mass.

JFMAMUJJASOND

MARSHALL & SWIFT EQUIPMENT COST INDEX

(1926 = 100) 2nde@  1st@ 4th@ 3d@ 2nda O
2010 2010 2009 2009 2009 B
M & S INDEX 1,461.3 11,4483 1,446.5 1,446.4 1,462.9
Process industries,average — 1,522.1 1,5103 1,511.9 15151 1,534.2 1470
C t 1,519.2 1,508.1 1,508.2 1,509.7 1,532.5
Chemical 14935 14818 14831 14858 15048 4
Clay products 1,505.6 1,496.0 14943 14958 15129 1440
Glass 14164 1,403.0 1,400.1 1,400.4 1,420.1
Paint 1,527.6 15151 1,514.1 1,5151 1,535.9 1425
Paper 14301 1,4164 14158 14163 14356 B
Petroleum products 1,625.9 1,6156.6 1,617.6 1,6252 1,6435
Rubb 15642 1,551.0 15605 1,560.7 1,581.1 1395
Related industries
Electrical power 14140 1,389.6 15377.3 13708 13947 1380
Mining, milling 1.569.1 1,552.1 1,548.1 1,547.6 1,562.9 1365
Refrigerati 1.786.9 1,772.2 1,769.5 1,767.3 1,789.0
Steam power 1,488.0 1,4750 1,470.8 1,471.4 1,490.8 1350
Annual Index: 1335
2002=1,104.2 2004=1,178.5 2006=1,302.3 2008=1,449.3 1320
2003-1,123.6 2005-1,244.5 2007=1,373.3  2009=1,468.6 g W A

Marshall & Swift's Marshall Valuation Service® manual. 2010 Equipment Cost Index Numbers reprinted and
published with the permission of Marshall & Swift/Boeckh, LLC and its licensors, copyright 2010. May not be
reprinted, copied, automated or used for valuation without Marshall & Swift/Boeckh's prior permission.

CURRENT TRENDS

capitcl equipment prices (as
reflected in the CE Plant Cost
Index) declined in June, an un-
usual phenomenon given that
equipment prices typically peak
around August of each year.

Meanwhile, Current Business
Indicators from Global Insight,
Inc. show that CPI output dropped
for the fourth consecutive month
in June. Data from the American
Chemistry Council indicate a July
rebound, however, in both produc-
tion and capacity utilization.

Finally, note that the bases for
the CPl Output Index and Indus-
trial Production in Manufacturing
changed from 2002=100 to
2007=100 on June 25.

Visit www.che.com/pci for
more. W
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Carbon Footprint Initiative Report:
PET's Carbon Footprint—To Recycle or Not to Recycle

Recycling programs using curb-side collection typically displace less than 50% of new
polyethylene terephthalate (PET). Community programs with plastic bottle take-back,
mandated separate collection, or deposits on bottles tend to report much higher
displacement rates. For regions that already have a recycling infrastructure, the aim
should be to boost recycled PET (rPET) displacement of virgin PET (vPET) significantly
above 50%.

SRI Consulting's (SRIC) PET's Carbon Footprint report is an independent evaluation of the
carbon footprint of PET bottles with an analysis of secondary packaging from cradle to
grave and from production of raw materials through to disposal. The study draws on
SRIC's deep knowledge of chemicals and plastics production as well as its Carbon
Footprint Yearbook, providing an unbiased and transparent analysis that is thoroughly
documented for those interested in the details. This report is important for PET regulators
and policy makers and will be of interest to producers and users.

For an abstract, table of contents, purchasing details and other information, contact
Angela Faterkowski +1 281 203 6275, afaterkowski@sriconsulting.com
or visit our website

www.sriconsulting.com/GHG

Smart Research. Smart Business.

LN
SR,(ONSULTING
s

A Division of Access Intelligence, LLC

Circle 30 on p. 62 or go to adlinks.che.com/29254-30

MENLO PARK + HOUSTON - BEUING + NEW DELHI - RIYADH -+ SEOUL - TOKYO - ZURICH



I0onDemandCalculator.com

vV ¢

Circle 8 on p. 62 or go to adlinks.che.com/29254-08

EMERSON. CONSIDER IT SOLVED:




