STANDARD XCHANGE HEAT EXCHANGERS

ONCE THE STANDARD
ALWAYS THE STANDARD

EVEN AFTER

100 YEARS

For over 100 years, Standard Xchange heat exchangers have kept
mission-critical systems up and running. Today we still set the standard -
engineering and building the most reliable, innovative heat transfer

technology in the USA. So whether you're looking for a part or building
a plant, you know you'll get the optimal heat transfer solution.

: Standard 2change
Find out what we can do for you at

xylem.com/standardxchange a xylem brand
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VersiFeeder comes in
three different trough

sizes and screw sizes
from 1/4" to 6.

/h

AccuFeed polymer
body screw feeder. Two
trough sizes, screws
from 1/4” to 6",
ideal for sanitary
applications.

x - = - =
Bioseptic Feeder
specifically designed

for pharmaceutical
sanitary applications.

Sanitary VersiFeeder, no tools “@
disassembly, feed screw can
be removed from both front and
rear of the feeder.

5 Require Expert Solutions

Critical Applications

Vibra Screw Feeder Technology

Consistency and accuracy are mandatory in any
dry material processing system, and Vibra Screw's
volumetric screws feeders deliver both. They employ
controlled vibration to control density variations and
ensure smooth movement throughout the feed process.
The result is £ 1-2% accuracy consistently.

VersiFeeder with
100 t* capacity
Live Bottom Bin.

Our experts work to understand the specific needs
of your application: dimensional constraints, unusual
temperature, heavy loads, moisture content, long
distances, high wear, or other unique factors. Then we
recommend a solution optimized for your application.

Vibra Screw's various model volumetric feeders are
available with a number of different size metering
augers, and hopper sizes.

VersiFeeder with
free standing
hopper. Screw

sizes from 1" to 6"

and hoppers from
51t to 15 ft°.

» Screw sizes from 1/4” to 16”

» Hopper sizes from 1 ft° to 500 ft?

« Carbon steel and stainless steel construction

» Sanitary designs

* AC or DC motors with drive packages available
* High Temperature and High Pressure Designs

» Special screw coatings for abrasive applications

Metering Conveyor
comes in sizes from
2" to 6" screw.

Model HD-2 Heavy Duty
Screw Feeder with 16"
screw designed for glass
making operation.

Twin 16” screw feeder
designed to feed cement
for a nuclear waste
remediation system.

« Batching Systems * Loss-In-Weight Feeders » Vibratory Screeners
« Bulk Bag Filler + Live Bottom Bins * Vibratory Pan & Tube Feeders
« Bulk Bag Unloaders + Live Bins * Volumetric Belt Feeders

» Vibra Blender
* Flexible Screw Conveyors .

755 Union Blvd,
Totowa, NJ 07512
973-256-7410
www.vibrascrew.com

:'_:,' perform in the service for which it is sold, &
g we'll refund your money. Ask any other 8

+ Spiral Conveyors .
System Integration .

Weigh Belt Feeders
Water Treatment Systems

The Vibra Screw Guarantee
; No time limits. No conditions.
% If your Vibra Screw equipment doesn't [

VIBRA SCREW INC.

The most trusted name in dry
solids processing

equipment manufacturer to
put that in writing.

LAAA"'

For details visit adlinks.chemengonline.com/82578-01
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Cover Story

Selecting Expansion Joints in CPI Applications

In order to maximixe longevity and reduce process downtime, it is imperative
to understand the factors that determine the proper selection of
expansion joints. Guidelines are presented that can help with
selection decisions for expansion joints

In the News

Chementator

Large-scale production of insect proteins from

waste; Renewable dimethyl ether plant planned; An
electrochemical process for producing and recycling VRFB
electrolytes; Advanced amine-scrubbing solvent offers
carbon-capture advantages; Reducing the carbon footprint
of quicklime production; and more

Business News

Ascend to build HMD plant in China’s Jiangsu province; LG
Chem to construct world’s largest battery-cathode materials plant;
Veolia to build EV-battery recycling plant in the U.K.; Perstorp acquires
GEO di-methylolpropionic acid business; and more

Newsfront PAT Framework Provides Benefits in
the CPI Beyond product quality, process analytical technology (PAT)
strategies optimize processes and efficiency in the chemical process
industries (CPI)

Technical and Practical

Facts at your Fingertips Process Hazard
Identification Methods This one-page reference provides brief
descriptions of several analysis methods for identifying and evaluating
potential process hazards

Technology Profile Production of Allyl Chloride
This one-page summary describes the industrial process for generating the
chemical intermediate allyl chloride

Feature Report Optimizing Vapor Recovery from
Storage Tanks Light hydrocarbons in storage tanks can vaporize and
vent to the atmosphere, creating harmful emissions. An optimized vapor-
recovery unit can effectively and economically reduce such emissions

Engineering Practice Specification Tips to
Maximize Heat Transfer Presented here are some practical
points to help in the selection of a shell-and-tube heat-exchanger design for
various applications
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Equipment and Services

Focus on Particle Sizing

Learn more than just particle size with this imaging unit; Elliptical movement
for high-moisture screening; Centrifugal sifters achieve high throughput;
Analyze particle shape and size in suspension and emulsions; and more

New Products

This chemical metering pump can handle long-chain polymers; Use this
optical gas-detection camera for methane leaks; A maintenance app
with integrated AR function; Proprietary control technology for pneumatic
conveying units; This tool simplifies lubricant application; and more

Applied Technologies Connecting Research and
Production Data to Deliver Chemical Innovation
Enhancing data management using LIMS software provides improved
product-development opportunities

Departments

Editor’s Page Spotlight on hydrogen

As interest in hydrogen for its potential to play a significant role in
decarbonization intensifies, investments and project announcements are
rapidly expanding
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Chemical Connections

Follow @ChemEngMag on Twitter

Join the Chemical Engineering Magazine
E LinkedIn Group

Visit us on www.chemengonline.com for more
(.) articles, Latest News, New Products, Webinars, Test
your Knowledge Quizzes, Bookshelf and more

For content related to COVID-19 and the CPI, visit
www.chemengonline.com/covid-19/

Coming in March

Look for: Feature Reports on Rotating Machinery; and Cystallization; A
Focus on Flow Measurement and Control; A Facts at your Fingertips
on Respiratory Protection; a Newsfront on Corrosion; New Products; and
much more
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You gain more options to fit your needs, build up product
quality, increase safety, reduce costs and minimize risks.
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Endress+Hauser helps you to improve your processes:

= With our field instruments that are designed with safety in mind
= With our worldwide industry application know-how
= With technologies and services for performance optimization

Do you want to learn more? EndrESS+ Hauser @

www.endress.com/chemical People for Process Automation

For details visit adlinks.chemengonline.com/82578-02
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Editor's Page

Spotlight on hydrogen

riven by climate-related concerns, interest in hydrogen for

its potential to play a significant role in decarbonization is

surging. An increased urgency to get on track with decar-

bonization targets set by governments and corporations for
the next few decades has sparked investments in technologies for
low- and no-carbon hydrogen production, infrastructure and broader
application areas.

Moving toward a hydrogen economy

Last month, the International Renewable Energy Agency (IRENA;
www. irena.org) issued its new report, titled “Geopolitics of the Energy
Transformation: The Hydrogen Factor.” In brief, the report analyzes
how a global hydrogen economy could reshape geoeconomics and
geopolitics. For example, countries with low-cost renewable energy
could become centers for “green” hydrogen supply and export, since
green hydrogen is produced by electrolysis, using renewable energy
sources. While IRENA affirms that there are many uncertainties in how
the hydrogen market will develop, it estimates that hydrogen could
contribute up to 12% of global energy consumption by 2050. During
this decade, it is expected that there will be a focus on gaining tech-
nology leadership, while hydrogen demand is expected to increase in
the 2030s, as the cost of green hydrogen becomes competitive with
fossil-fuel-based production.

As of November, there were over 520 large-scale hydrogen-related
projects announced worldwide in 2021, representing about $160 bil-
lion of direct investments, according to the Hydrogen Council (www.
hydrogencouncil.com) and McKinsey & Company (www.mckinsey.
com) in their co-authored report “Hydrogen for Net Zero.” While this is
a significant investment, the report estimates that it is only about 25%
of the amount that will be needed by 2030 in order to reach the 2050
net-zero emission targets.

Applications and advances
Currently, the main applications for hydrogen are in petroleum refining
and chemical (ammonia) production. Hydrogen use can, however, be
expanded to reduce emissions in additional industrial applications,
such as in steel production, as well as in aviation, shipping and truck-
ing, thus greatly increasing its demand.

Steam methane reforming (SMR) is currently the main production
route for hydrogen. Advances in hydrogen production are focused
on two routes: 1) producing green hydrogen by electrolysis of water
using renewable energy sources; and 2) reducing emissions from
SMR to produce a low-carbon, or “blue” hydrogen, by capturing the
produced carbon dioxide. In addition to making green hydrogen cost-
competitive with the fossil-fuel-based route, additional challenges to
advancing the hydrogen economy include transportation and distri-
bution of the product.

For recent news on hydrogen in this issue, see
“Advanced amine-scrubbing solvent offers carbon-
capture advantages” on p. 6, and “Demonstration
plant will convert waste biomass into emissions-free
hydrogen” on p. 8. In addition to our magazine and
website, the latest news on hydrogen can also be
found in our e-letters that are specificallly dedicated to
this topic, as well as our newest event, HydrogeNext
(www.experience-power.com/hydrogen-next). M

Dorothy Lozowski, Editorial Director
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Large-scale production of

Edited by:
Gerald Ondrey

insect proteins from waste

gronutris (Saint Orens de Gameuville,
France; www.agronutris.com) has
selected Blhler AG (Uzwil, Switzer-
land; www.buhlergroup.com) as its
process-solution provider for its first com-
mercial-scale black-soldier-fly plant. Buhler
will deliver a full-scope solution for the fa-
cility, which will be built in Rethel, France.
The plant is planned to go into operation in
2023, and when operating at full capacity,
will process up to 70,000 ton/yr of organic
residues and produce high-quality protein
for the aquaculture and pet-food markets.
BUhler’s scope for Agronutris will cover
the entire supply chain (diagram). This in-
cludes feedstock preparation to provide
safe, palatable and
nourishing feed to the
larvae and a fully auto-
mated larvae-growth
system with  sophisti-

Collection

n;’_/!"i'_%\." e
Organic residues

their harvesting size in the rearing area, the
larvae are sent to the processing area of the
plant. As a first step, the larvae are carefully
sieved from the rearing residue. Then they
are washed to remove any residual frass
on the surface. A live-larvae storage solu-
tion, which can be added optionally to the
process, allows the decoupling of process-
ing from harvesting schedule, which leads
to a high operational flexibility. Afterwards,
the larvae are turned into a puree in a mi-
cro-cutter mill, which quickly inactivates
the larvae and efficiently releases the lipids
from the cells. After puree pasteurization
in a heat exchanger, the lipids are sepa-
rated in a decanter and further purified in

Breeding

I
T () seed lanvae

Black soldier fly

Rearing
0

cated climate control.
Buhler will also deliver
the processing line to
efficiently transform the
grown larvae into pro-

Feedstock
preparation

Protein meal

tein meal and lipids with ‘i/.r

consistent quality, as
well as the frass (excre-
ment) handling system for a secure offtake
of the rearing residues. Buhler will also be
responsible for the entire automation and
the timely project execution (engineering,
procurement, manufacturing, supply, instal-
lation and commissioning).

The objective of the processing is to gen-
tly defat the larvae to get protein meals and
lipids ready to use in pet food and animal-
feed applications. After they have reached

Larvae
processing

I
) Animal nutrition

Biihler’s
Technology Scope

Residue
pr($sing
Lipids Fertilizer

1
Plant nutrition

=

Biihler

a high-speed separator. Besides the lipids,
the decanter step also results in a solid and
stick water fraction. The stick water fraction
is concentrated in an evaporator and then
recombined with the solid fraction. Sub-
sequently, the mixture is dried to achieve
a shelf-stable, protein-meal product. The
protein meal can be further ground in a mill
to the final particle size, before it is pack-
aged in the desired lot size.

Renewable dimethyl ether plant planned

ngineering design is underway for

a new plant for making renewable

dimethyl ether (rDME) from biogas

produced by agricultural digesters
or derived from landfills. Project developer
Oberon Fuels (San Diego, Calif.; www.
oberonfuels.com) is basing the new plant
on its existing reactive distillation technol-
ogy for making DME from methanol.

In the process, raw biogas (methane and
CO,) is first reformed to obtain synthesis gas
(syngas; CO and H,). The syngas is catalyti-
cally converted into MeOH, which then en-
ters the company’s reactive distillation col-
umn to produce renewably sourced DME.
Central to the process are Oberon’s pro-
prietary skid-mounted, modular production

units, each capable of producing 10,000
gal/d of DME from waste products.

Elliot Hicks, Oberon co-founder, says the
company’s rDME will initially be sold into the
propane market. “When blended with pro-
pane, the rDME reduces the carbon intensity
of the propane, helping to meet renewable-
fuel requirements in places like California,”
Hicks says.

In the future, rDME may have applications
in the hydrogen economy, and as a renew-
able diesel-fuel substitute. “rDME is useful
as a hydrogen storage agent,” says Hicks,
and as engines for burning DME are further
developed, rDME will be a renewable sub-
stitute for diesel fuel in off-road, heavy-duty
agricultural vehicles and others, Hicks says.

CHEMICAL ENGINEERING WWW.CHEMENGONLINE.COM FEBRUARY 2022

DRIVE & CHARGE

The R&D teams from Hol-
cim Ltd. (Zug, Switzer-
land; www.holcim.com)
and Magment GmbH
(Oberhaching, Germany;
www.magment.co) have
developed a unique con-
crete with high magnetic
permeability, which en-
ables electric vehicles to
recharge wirelessly while
in motion. Known as in-
ductive charging, this
breakthrough concrete-
based solution reduces
the need for charging
stations, while also sav-
ing time. The technology
is currently being tested
by researchers at Purdue
University (West Lafay-
ette, Ind.; www.purdue.
edu). Other applications
under development in-
clude the electrification
of industrial floors to re-
charge robots and fork-
lifts as they work.

NANOLIPIDS

Wacker Chemie AG (Mu-
nich, Germany; www.
wacker.com)and Corden-
Pharma  (Luxembourg;
www.cordenpharma.
com) have signed a de-
velopment  partnership
to jointly develop know-
how and processes for
the manufacturing of lipid
nanoparticles (LNPs).
LNPs are drug-delivery
systems for nucleic-acid
therapeutics consist-
ing of special fats, which
ensure that actives can
safely enter the body in
order to exert their biolog-
ical effect. The protective
capsules are an essential
component of advanced
medicines, such as mes-
senger ribonucleic acid
(mRNA)-based  drugs,
protein replacement ther-
apeutics and antibody
therapeutics.

Both companies will
first jointly build up R&D
capacities for developing
solutions in the field of
LNP formulation at their
respective manufactur-

Continues on p. 6
( p.6) 5 '
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An electrochemical process for

producing and recycling VRFB electrolytes

lectrochem Technologies & Materials Inc. (Mon-

treal, Canada; www.electrochem-technologies.

com) has recently patented its process for the pro-

duction and recycling of all vanadium electrolytes
(VE) used in vanadium redox flow batteries (VRFBs). This
electrochemical technology offers a sound and profitable
alternative to the chemical production of electrolyte, says
company president, Francois Cardarell.

Industrially, all vanadium sulfates electrolyte solutions
are prepared chemically by reacting high-purity vanadium
pentoxide (V,0Os5) as starting material with high-purity sul-
furic acid. However, the chemical process requires the use
of a reducing agent that allows the reduction of the barely
soluble peroxovanadium (VO,*) cation into highly soluble
vanadyl (VO2+) cation and, to a lesser extent, V3+ cation to
reach the targeted molarities. The proper reducing agent

Vanadium - gyifyric acid

pentoxide (make-u
. 09 ( p)
Recycled acid

Current v
— =)
Oxygen gas <—— fectrons A
Anion-exchange Catholyte

Anolyte out membrane (AEM) tank
(concentrated‘—— % \, y
sulfuric acid) %% 1

Mixed metal oxides Zc“

(MMO) Anode (+) for 25 am née ) F—

! o3 I . Catholyte (-) )
- FV(Z'A‘l’":g onygen A <‘§ - Gamven | caboyieau
nolyte in (dilute —_ uspension 0 ‘anadium
sulfuric acid) " Anoyte l-cf'ﬂ"-'-‘-@?---- V05 in HS0,) Soeo)

Anode reaction Cathode reaction
2H,0 + 2802 — 0,{g}r +2H,80,+ 4o V,04s)) + 4H,30. + 3 = V0S50, + 0.5V,(S0,); + 1.580, + 4H,0

|
Electrochemical reaction

2V,04(s) +5H,50, = 2V0S0, + V,(S0O,), + 1.50,(g)t + 5H,0 Electrochem

used is either an organic compound, such as oxalic acid,
or an inorganic reagent, such as vanadium (lll) oxide (V503),
sulfur or gaseous SO,. During the chemical processes, the
dissolution reaction kinetics are driven by temperature and
the concentrations of both H,SO,4 and the reducing agent.
As a result, the production rate is not easily adjustable,
Cardarelli says.

By contrast, the single-step electrochemical process is
only driven by the amount of electricity supplied — no ad-
ditional chemicals are required, because the reduction is
only performed by the electrons provided at the cathode,
explains Cardarelli. In Electrochem’s process (flowsheet), the
suspension (slurry) made of solid V5,05 with H,SO, is elec-
trolyzed inside the cathode compartment of a divided elec-
trolyzer with a plate-and-frame configuration and separated
with an anion-exchange membrane (AEM). The electrolysis
is conducted until the catholyte — made of equimolar acidic
solution of vanadium (lll) and vanadium (IV) sulfates — is
finally produced. Meanwhile, in the anode compartment, the
anolyte (dilute H,SO,) is concentrated until the maximum
H,SO,4 concentration is reached and it can be recycled with
make-up H,SO, for producing a new batch of catholyte.

The process is also used to recycle end-of-life spent vana-
dium electrolytes, because the process removes deleterious
impurities. The process is currently performed commercially
at Electrochem’s facilities in Boucherville to produce trade-
named electrolyte formulations Vanalyte and SuperVanalyte,
and to recycle used electrolytes. Ongoing discussions with
users and constructors are underway to build skid-mounted
or containerized modular units that can be deployed on-site,
with nameplate capacities ranging from 5,000 to 25,000 L/d.

ing sites — Wacker Biotech in
Amsterdam, the Netherlands,
and CordenPharma in Capo-
nago, ltaly. The aim is to offer a
broad spectrum of LNP formu-

oneywell UOP (Des Plaines, lll.;

Advanced amine-scrubbing solvent offers
carbon-capture advantages

stable, so the stripper (for solvent recov-

lations, which the companies
plan to produce as contract
manufacturers according to
good manufacturing practice
(GMP) guidelines.

BIOTIN

In January, Wacker also signed
a contract with Biosynthia ApS
(Copenhagen, Denmark; www.
biosynthia.com) to develop a
large-scale fermentation-based
process for the production of
biotin (vitamin B7) — a coen-
zyme for the metabolism of pro-
teins, fats and carbohydrates.
The companies are dedicating
“considerable” R&D resources
in a multi-year program, which
will build on Biosyntia’s biotin
technology. Only plant-based
raw materials will be used in fer-
mentative production.

Biotin has a wide range of appli-

(Continues on p. 8)

www.honeywell.com/uop) recently

began offering a post-combustion

carbon-capture system based on
new advanced solvent technology that al-
lows for improved carbon-capture econom-
ics for hard-to-abate industries, such as
steelmaking, rotary kiln operations (such
as cement-making) and natural-gas power
production. The advanced solvent technol-
ogy has been licensed by Honeywell UOP
from the University of Texas at Austin (www.
utexas.edu), where the technology was de-
veloped at the Texas Carbon Management
Program, led by chemical engineering pro-
fessor Gary Rochelle.

The proprietary amine solvent developed
by Rochelle’s group has two distinct advan-
tages over conventional amine solvents used
to capture CO, from fluegas. First, it absorbs
CO, more quickly than other current-genera-
tion solvents, allowing for a shorter absorber
for the capture phase, which saves capital
costs. Second, the solvent is more thermally

ery and CO, collection) can be operated at
higher temperatures and pressures. This low-
ers the energy requirements for compressing
the captured CO,, explains Rochelle. Beyond
the solvent, the advanced carbon-capture
system has an enhanced heat-recovery sys-
tem that allows improved utilization of heat
energy. Taken together, the system has im-
proved process economics for carbon cap-
ture, making it more viable for CO, abate-
ment at industrial facilities.

The commercially available technology
works at a wide range of CO, concentrations,
but 4-20% CO, in fluegas is the projected
operating range, Rochelle says, and it is avail-
able for installation at new facilities or to be
retrofitted onto existing ones. Ben Owens,
vice president and general manager, Honey-
well Sustainable Technology Solutions, says
the company has begun dialogues with sev-
eral potential customers, but has not yet an-
nounced the first CO,-capture project using
the advanced solvent technology.

CHEMICAL ENGINEERING WWW.CHEMENGONLINE.COM FEBRUARY 2022
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Reducing the carbon footprint of quicklime production

ecomposing limestone (CaCOy) into quicklime

(burnt limestone; CaO) releases significant

CO, emissions, both from the combustion of

fuel needed to heat the kiln to temperatures
over 1,000°C, and by the release of CO, from the reac-
tion itself (CaCO5z - CaO + CO,). Because quicklime is
a key ingredient in the production of cement, as well as
being used in steel, pulp-and-paper and other indus-
tries, efforts are underway to reduce the carbon foot-
print of this operation.

One such effort is the 30-month Decarbonate project
that is scheduled to be completed in March. Led by the
Technical Research Center of Finland (VTT; Espoo, Fin-
land; www.vttresearch.com) with nearly a dozen indus-
trial partners (see diagram), the Decarbonate project in-
volves the construction of a 12-m, 300-kWe electrically

gases and Fischer-Tropsch (F-T) liquids. For this step,
the H, is supplied from a 21 kW PEM electrolyzer. The
O, co-product from the electrolyzer supplies an oxygen-
enhanced circulating fluidized-bed (oxyCFB) calcinator.

By using low-emission electricity instead of combus-
tion for decomposing CaCO3 — a central part of ce-
ment production — and by capturing the CO, produced
in the production process, it is possible to run a cement
plant with close to zero CO, emissions, says VTT.

In the E.U., emissions trading is steering the industry
towards reducing emissions. At the current price level,
a decrease of 1 metric ton in CO, emissions means a
savings of €60 for the company. For a medium-sized ce-
ment plant, for example, a one-third reduction in emis-
sions would mean savings of several million euros per
year, says VTT.

heated rotary kiln to
perform precalcina-
tion of raw powders
for cement, and the
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quicklime and “lime
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A more sustainable alternative for producing

egg-white protein

gg white is one of the most impor-

tant protein ingredients for the food

industry, with a market of 1.6-mil-

lion ton/yr in 2020 and projected to
grow in the future. Searching for sustain-
able alternatives to animal-based proteins
has been of growing interest within the food
industry. One alternative is so-called cellular
agriculture, also called precision fermenta-
tion when used for recombinant ingredi-
ent production. Such biotechnology-based
methods decouple the production of animal
proteins from animal farming by instead
using a microbial production system to pro-
duce a specific protein.

In a recent study published in Nature Food,
researchers from the Future Sustainable
Food Systems research group at the Univer-
sity of Helsinki together with the Technical
Research Center of Finland (VTT; Helsinki;
www.vttresearch.com) show that fungus-
produced ovalbumin — the main protein of

egg white — could have the potential to miti-
gate part of the environmental burden asso-
ciated with chicken egg-white powder. This
is especially true when using low-carbon en-
ergy sources in the production. Compared
to its chicken-based counterpart, ovalbumin
produced by precision fermentation reduced
land-use requirements by almost 90% and
greenhouse-gas emissions by 31-55%, ac-
cording to the study.

“VTT has succeeded in producing oval-
bumin with the help of the filamentous as-
comycete fungus Trichoderma reesei,” ex-
plains Emilia Nordlund, research manager
at VTT. “The gene carrying the blueprints for
ovalbumin is inserted by modern biotech-
nological tools into the fungus, which then
produces and secretes the same protein
that chickens produce. The ovalbumin pro-
tein is then separated from the cells, con-
centrated and dried to create a final func-
tional product,” she says.

cations in food and bev-
erages, infant nutrition,
nutraceuticals, pet food,
animal feed, pharmaceu-
ticals and cosmetics.

FUNCTIONAL GLASS

An international research
team, led by scientists
from the Nanyang Tech-
nological University
(NTU) Singapore (www.
ntu.edu.sg), has devel-
oped a material that,
when coated on a glass
window panel, can effec-
tively self-adapt to heat or
cool rooms across differ-
ent climate zones in the
world, helping to cut en-
ergy usage. Developed
by NTU researchers
and reported in a recent
issue of Science, the
first-of-its-kind glass au-

(Continues on p. 9)

CHEMICAL ENGINEERING WWW.CHEMENGONLINE.COM FEBRUARY 2022



tomatically responds to
changing temperatures
by switching between
heating and cooling.

The self-adaptive glass
is developed using lay-
ers of vanadium dioxide
nanoparticles composite,
poly(methyl  methacry-
late), and a low-emissivity
coating to form a unique
structure that could mod-
ulate heating and cool-
ing simultaneously. The
newly developed glass,
which has no electrical
components, works by
exploiting the spectrums
of light responsible for
heating and cooling. Dur-
ing summer, the glass
suppresses solar heating
(near infrared (NIR) light),
while boosting radiative
cooling (long-wavelength
IR) to cool the room. Inthe
winter, it does the oppo-
site to warm up the room.

CYBERSECURITY

In January, the Interna-
tional Society of Automa-
tion (ISA; Research Trian-
gle Park, N.C.; www.isa.
org) and the ISA Global
Cybersecurity ~ Alliance
(www.isa.org/isagca),
with contributing author
Gary Rathwell, released a
new white paper entitled,
“Implementing an Indus-
trial Cybersecurity Pro-
gram for Your Enterprise.”

The ISA/IEC 62443
standard provides pow-
erful tools to reduce the
risk of financial, reputa-
tional, human and envi-
ronmental impact from
cyber-attacks on indus-
trial automation and con-
trol systems (IACS). Any
specific company is likely
to find that while most of
the standard applies to
their IACS, parts of it may
not. It is therefore recom-
mended that each com-
pany establishes their
own IACS Cybersecurity
Program to manage cy-
bersecurity risks, and
ISA/IEC 62443 2-1 pro-
vides guidance on how to
establish such a security
program for IACS asset
owners. This whitepaper
provides the guidance on
how to do this. a
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Demonstration plant will convert waste biomass
into emissions-free hydrogen

new demonstration plant near Ba-

kersfield, Calif. will produce carbon-

negative “green” H, from woody

biomass waste, such as agricul-
tural residues from orchard trees and wal-
nut shells. Developed by Mote, Inc. (Los
Angeles, Calif.; www.motehydrogen.com),
with engineering partners Fluor Corp. (Irving,
Tex.; www.fluor.com) and SunGas Renew-
ables (Houston; www.sungasrenewables.
com), the plant will be designed for 7,000
metric tons per year (m.t./yr) of H, produc-
tion, alongside 150,000 m.t./yr of carbon
capture and storage (CCS) capacity, with
startup expected by 2024.

“The plant is demonstrating the first-ever
system integration of biomass gasification,
CO, geologic storage, a syngas water-gas
shift (WGS) reaction and H, purification.
“Using waste biomass as our feedstock
gives us an incredible value stream of tak-
ing CO, out of the air and producing clean
H,, for the transportation market at the same
time,” explains Joshuah Stolaroff, Mote co-
founder and chief technology officer.

Adapting the principles of coal gasification

for biomass, the process gasifier acts as a
pressurized, fluidized bed that is oxygen-
fired, wherein woodchips are converted to
a synthesis gas (syngas) stream consist-
ing of mainly CO and H, — unlike in coal
gasification, there is little sulfur or N, to deal
with. “When we get the syngas that comes
out of the gasifier, we purify it for the sub-
sequent WGS reaction. There, we react the
CO with water to make more Hy and COs.
That is one approach that sets us apart from
other biomass gasification projects that have
been proposed,” adds Stolaroff. Several Ho-
purification steps follow to separate the CO,
and to remove particulate and tar impurities
before the H, is compressed to 700 bars for
transportation. The CCS portion of the pro-
cess will employ Fluor's proprietary system
based on a propylene carbonate solvent. Ac-
cording to Stolaroff, the demonstration plant
is one-third the scale of Mote's proposed
full-scale plant. In the future, the company
is planning to fine-tune the WGS catalyst for
specific biomass compositions and evalu-
ate other CCS schemes, including cryogenic
and membrane-based technologies.

This new thermoplastic elastomer has a large

impact resistance

hermoplastic elastomers
(TPEs) are typically co-
polymers of a plastic and
a rubber that have both

thermoplastic and elastomeric SIS

properties. The best-known

TPEs include styrenic block

polymers, which contain molecular blocks
of polystyrene (which is hard) and polydiene
(which is rubbery). Two important examples
are  polystyrene-b-polyisoprene-b-polysty-
rene (SIS) and polystyrene-b-polybutadiene-
b-polystyrene (SBS).

To improve the mechanical properties of
styrenic block polymers, researchers from
Nagoya University (www.en.nagoya-u.ac.jp)
and the Zeon Corp. (Tokyo, both Japan;
www.zeon.co.jp) have developed an indus-
try-friendly synthesis of chemically modified
SIS, such as hydrogen-bonded SIS (h-SIS)
and ionically functionalized SIS (i-SIS), which
is SIS with positive ions such as sodium
bonded in it (diagram). These results were
reported last March in Science Direct. Since
then, the partners have recently reported, in
ACS Omega, the first study to evaluate the
impact resistance of the new elastomeric
materials based on i-SIS, and compare them
to the impact resistance of a typical high-
strength material based on glass-fiber-rein-
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forced plastic (GFRP), which has a tensile
strength of 330 MPa. Drop-weight impact
tests demonstrated that i-SIS with monova-
lent or divalent cations is 3 to 4 times more
impact resistant than chemically unmodified
SIS. Moreover, i-SIS with divalent cations is
found to be 1.2 times more impact resistant
than typical high-strength GFRP. In sum-
mary, i-SIS, especially with divalent ions, was
found to be highly impact resistant, even
though inorganic fillers (hardening additives)
are not incorporated into the polymer and
the molecular structure of the polymer is not
chemically cross-linked.

These properties give the new material a
great potential to become a next-generation
elastomeric material for use not only in inte-
rior and exterior automobile parts, but also
for automobile bodies, and even the outer
panels of automobiles, trains and other ve-
hicles that require light-weight structural ma-
terials with high impact resistance, as well as
ease of manufacture. [ |
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Plant Watch

Ascend to build HMD plant

in China’s Jiangsu province

January 12, 2022 — Ascend Performance
Materials (Houston; www.ascendmaterials.com)
signed an investment agreement to construct a
new hexamethylene diamine (HMD) and specialty
chemicals plant in Lianyungang, Chinain the
Xuwei New Area Park. The new plant will be
Ascend’s largest investment outside of the U.S.

LG Chem to construct world’s largest
battery-cathode materials plant

January 11, 2022 — LG Chem Ltd. (Seoul,
South Korea; www.lgchem.com) plans to
construct the world’s largest plant dedicated
exclusively to manufacturing battery cathode
materials. LG Chem plans to invest approximately
KRW500 billion ($420 million) on a site at the
Gumi National Industrial Complex 5 by 2025 to
procure cathode-material production capacity
of 60,000 metric tons per year (m.t./yr).

Veolia to build EV-battery

recycling plant in the U.K.

January 11, 2022 — Veolia (Paris, France; www.
veolia.com) has announced plans for its first
electric vehicle (EV) battery-recycling facility in
the U.K., which will have the capacity to process
20% of the U.K.’s end-of-life EV batteries by
2024. Veolia’s new facility in Minworth, West
Midlands marks the first step in developing its
recycling technology and treatment capacity
within the U.K.

SK Geo Centric and PureCycle to

build recycled PP plantin Ulsan

January 10, 2022 — SK Geo Centric (SKGC;
Seoul, South Korea; eng.skgeocentric.com)
and PureCycle Technologies, Inc. (Orlando, Fla.;
www.purecycletech.com) signed an agreement
to open Asia’s first recycled-polypropylene
(PP) plant in Ulsan, South Korea. The facility
is expected to have a production capacity
of 60,000 m.t./yr, with completion expected
in 2024.

Réhm announces PMMA capacity
expansion in Shanghai

January 3, 2022 — Réhm GmbH (Darmstadt,
Germany; www.roehm.com) has invested in the
expansion of a production plant for polymethyl
methacrylate (PMMA) molding compounds
in Shanghai, China. The expanded molding-
compounds plant will go into operation in 2023.

Merck to construct membrane
production plant in Wisconsin
December 29, 2022 — Merck KGaA (Darmstadt,
Germany; www.merckgroup.com) announced
that its Life Science business sector has
been awarded a €121-million contract for

the construction of a lateral-flow-membrane
production facility over a three-year period at
the company’s U.S. site in Sheboygan, Wis.
The contract award from the U.S. Department
of Defense, on behalf of the U.S. Department of
Health and Human Services, is part of an effort
to ensure secure local supply and production of
critical products for pandemic preparedness.

Hexion to expand epichlorohydrin
production capacity in the Netherlands
December 21, 2022 — Hexion Corp. (Columbus,
Ohio) announced plans to expand production
of epichlorohydrin (ECH) at its manufacturing
site in Pernis, the Netherlands. The planned
expansion willadd 25,000 m.t./yr of ECH capacity
and utilize bio-based renewable feedstocks
by leveraging glycerin-to-ECH production
technology. The planned expansion will occur
over the next three years with production startup
anticipated in late 2024.

Perstorp expands capacity for
trimethylolpropane

December 21, 2022 — Perstorp AB (Malmo,
Sweden; www.perstorp.com) has ramped up
production capacity for trimethylolpropane
(TMP) at its site in Veercelli, Italy to meet growing
demand from the European market. Common
applications for TMP include use in saturated
polyesters for coil coatings, polyurethanes for
coatings and elastomers, acrylic acid esters for
radiation curing, esters for synthetic lubricants
and for surface treatment of pigments. Perstorp
also operates TMP production sites in China,
Sweden and the U.S.

OMV scales up ReOQil advanced recycling
process for new demonstration plant
December 20, 2022 — OMV AG (Vienna, Austrig;
www.omv.com) plans to build a chemical-
recycling demonstration plant based on its
proprietary ReQil technology, which converts
waste plastics into synthetic feedstock. With
a design capacity of 16,000 m.t./yr at the
OMV site in Schwechat, Austria, plant startup
is planned for early 2023. A ReQil pilot plant
has been operating at the site since 2018, and
an industrial-scale plant is planned for 2026.

Mergers & Acquitisions

Perstorp acquires GEO’s
di-methylolpropionic acid business
January 11, 2022 — Perstorp has acquired
the di-methylolpropionic acid (DMPA) business
of GEO Specialty Chemicals (Ambler, Pa.;
www.geosc.com). This acquisition further
accentuates the company’s strategic presence
in polyurethane and alkyd dispersions for
waterborne coatings applications. GEO will
continue to produce DMPA exclusively for
Perstorp at a plant in Allentown, Pa.
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Thermo Fisher Scientific acquires
protein manufacturer PeproTech
January 6, 2022 — Thermo Fisher
Scientific Inc. (Waltham, Mass.; www.
thermofisher.com) completed its
acquisition of PeproTech, a developer
and manufacturer of recombinant
proteins, for a total cash purchase
price of approximately $1.85 billion.
PeproTech will become part of Thermo
Fisher’s biosciences business.

Clariant acquires BASF’s U.S.-
based Attapulgite business assets
December 28, 2022 — Clariant AG
(Muttenz, Switzerland; www.clariant.
com) agreed to acquire BASF SE’s
(Ludwigshafen, Germany; www.basf.
com) U.S. Attapulgite business for $60
million. BASF’s Attapulgite business is
one of the largest attapulgite businesses
in North America, with mining operations
in Georgia and Florida and processing
operations in Quincy, Florida.

Cargill to acquire industrial
chemicals portfolio from Croda
December 22, 2022 — Cargill, Inc.
(Minneapolis, Minn.; www.cargil.com)

reached an agreement with Croda
International Plc (Snaith, U.K.; www.
croda.com) to acquire the majority
of its performance technologies and
industrial chemicals business for €915
million ($1.03 billion). Expected to close
in summer 2022, the Croda acquisition
will greatly expand Cargill's bioindustrial
market presence, especially in Europe,
the U.S. and Asia.

SK Geo Centric and Tokuyama
form isopropyl alcohol JV
December 22, 2022 — SK Geo Centric
and Tokuyama Corp. (Tokyo; www.
tokuyama.co.jp) plan to invest roughly
KRW120 billion (around $100 million)
in a 50-50 joint venture (JV), which will
produce and sell high-purity isopropyl
alcohol (IPA) for semiconductors. The
JV will construct a manufacturing plant
to produce 30,000 m.t./yr of IPA. The
plant will begin pilot operations in 2023
before being commercialized in 2024.

Cummins and Sinopec launch JV
to produce electrolyzers in China
December 21, 2022 — Cummins Inc.
(Indianapolis, Ind.; www.cummins.com)

and China Petrochemical Corp. (Sinopec
Group; www.sinpecgroup.com) formed
a 50-50 JV located in Guangdong
Province, China. The JV will initially
invest $47 million for a manufacturing
plant to produce proton-exchange
membrane (PEM) electrolyzers. The
plant will initially have a manufacturing
capacity of 500 MW/yr of electrolyzers
upon completion in 2023, which will be
gradually increased over the next five
years to reach 1 GW of manufacturing
capacity per year.

Entegris to acquire

CMC Materials for $6.5 billion
December 16, 2021 — Entegris, Inc.
(Billerica, Mass.; www.entegris.com)
and CMC Materials, Inc. (Aurora, lll.;
www.cmcmaterials.com) announced
a merger agreement under which
Entegris will acquire CMC Materials
in a cash and stock transaction with an
enterprise value of around $6.5 billion.
CMC Materials is a leading supplier
of advanced materials, primarily for
the semiconductor industry. [ |
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PAT Framework
Benefits in the C
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Beyond product quality, process analytical technology (PAT) strategies optimize processes and
efficiency in the chemical process industries

IN BRIEF

BENEFITS OF PAT
TOOLS OF THE TRADE
DIGITALIZING PAT DATA

NEW APPLICATIONS FOR
PAT

he process analytical technology

(PAT) initiative was started by the

U.S. Food and Drug Administration

(FDA) in 2003 to ensure quality of
product in the pharmaceutical industry; how-
ever, many sectors of the chemical process
industries (CPI) had already been incorporat-
ing similar strategies. Today’s advancements
in analytical technologies and digitalization
have taken these practices further, provid-
ing benefits in efficiency and optimization, as
well as product quality and consistency.

PAT provides an integrated framework that
enables real-time measurement of the qual-
ity attributes of a product during the manu-
facturing process. Companies can steer and
optimize these quality measurements via
multivariate control of critical process pa-
rameters. While the framework reflects the
concept that quality cannot be tested into a
product but must be deployed throughout
the life of the product, adopters found that,
in addition to generating actionable insight
into processes to enhance product quality
and consistency, the in-depth understanding
that this framework provides can create ad-
ditional benefits.

Benefits of PAT

According to Merilee Whitney, head of the
BioContinuum platform, Millipore Sigma, the
U.S. and Canada Life Science business of
Merck KGaA (Darmstadt, Germany; www.
emdmillipore.com), employing PAT helps
processors in key aspects, including:

® Process improvement — monitoring, in
real time, process parameters and quality at-
tributes for greater process understanding
and optimization, control and reproducibility
during development phases

¢ Process automation — reducing off-line
sampling and manual feeding via an auto-
mated nutrient control-loop strategy and de-
creasing the risk of contamination and mini-
mizing the risk of batch failures

e Product yield and quality — understand-
ing real-time process knowledge through

Mettler Toledo

FIGURE 1. Shown here is a PAT-equipped Synthesis Work-
station for Process Development and Optimization. For ac-
celerated process knowledge, Easymax automated reactor is
equipped with ReactlR in situ FTIR and ParticleTrack particle
characterization PAT. Used in conjunction with Dynochem
process modeling, the technology facilitates rapid develop-
ment, optimization and scale-up of chemical reactions and
crystallization processes

PAT to help increase product yield and prod-
uct quality

Further, PAT frameworks can help lower
manufacturing and development costs and
processing times, as well as improve pro-
ductivity and efficiency, says Martin Gadsby,
CEOQ at Optimal Industrial Technologies (Bris-
tol, U.K.; www.optimal-ltd.co.uk). “These
frameworks can also enhance capability
and sustainability, facilitating the reduction
in the footprint of existing facilities. In effect,
the comprehensive overview offered by PAT
enables companies to clearly pinpoint where
and how processes can be improved from
both quality and commercial perspectives.”

PAT has been successfully applied to both
process development and manufacturing ac-
tivities. “In process development, PAT is used
for defining critical process parameters, qual-
ity attributes and design space in which the
process operates in a manner that ensures
optimal yield, quality and safety and minimizes
byproducts that require additional workup
and waste disposal,” says Ulrich Schacht,
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principal technology and application
consultant with Mettler-Toledo (Co-
lumbus, Ohio; www.mt.com). “De-
fining the space employs PAT, often
orthogonally, to measure and under-
stand the relationship between fre-
quently competing reaction variables
and overall reaction performance. In
manufacturing, PAT is used to ensure
that the process is stable and is op-
erating within the prescribed design
space. PAT solutions enable proces-
sors to build quality into the process
instead of ensuring quality by exten-
sive testing during production.”

Schacht continues: “The net result
of applying PAT is the enhancement
of process understanding. PAT pro-
vides the measurement data required
to fully understand a reaction or pro-
cess and then to ensure that the pro-
cess is operating as expected. The
result of this process knowledge is
higher chemical product quality, less
waste and greater safety.”

Optimal’s Gadsby adds that the
benefits of PAT cover multiple as-
pects of a business that ultimately
make chemical processing facilities
more agile and lean. “By enabling
real-time, quality-centric measure-
ment and control, it is possible to
reduce or eliminate waste and re-
works, improve energy and resource
utilization, maximize throughput and
reduce cycle times,” he says. “This
improved capability in material pro-
cessing allows for the use of more
widely sourced, possibly lower-cost
raw materials, greatly improving busi-
ness sustainability. By consistently
delivering high-quality products with
lower final quality variability, chemi-
cal manufacturers can improve cus-
tomer satisfaction and market value
while lowering product giveaway.”

PAT can also help chemical pro-
cessors shorten downtime and re-
duce activities associated with tradi-
tional “after-the-fact” quality control
activities performed at the end of
the manufacturing process by en-
abling real-time quality assurance
strategies and reducing process-
ing times and costs. “Furthermore,”
says Gadsby, “By adopting similar
automated strategies in analytical
laboratories, any such necessary
testing can be performed faster and
more efficiently. As a result, manu-

facturers can boost the productiv-
ity of existing facilities and reduce
time-to-market, not only with faster
development times, but also by
adopting real-time release-testing
strategies. They can also leverage
their PAT capability to increase the
throughput and capacity of existing
facilities without increasing the main
manufacturing infrastructure.”

Tools of the trade

Successful implementation of PAT
framework requires multiple com-
ponents. At its core, PAT utilizes
a variety of instruments, such as
spectroscopic and chromatographic
compositional analyzers and fixed-
purpose sensors. The most-used
instruments include single-purpose
sensors for measuring a specific
variable such as pH, turbidity or dis-
solved oxygen, says Calum Welsh,
product manager, reaction analysis,
with Mettler-Toledo. “In-situ spec-
troscopic monitors such as FTIR
[Fourier-transform infrared], Raman,
UV/VIS [ultraviolet/visible], NIR [near
infrared], NMR [nuclear magnetic
resonance] and mass spectroscopy
provide large data volume,” he says.
“In addition, on-line chromatography
is used for identifying/tracking reac-
tion species and for impurity profil-
ing. Particle characterization probes
such as FBRM [focused-beam re-
flectance measurement] and in-situ
imaging systems provide information
about crystallizations and emulsions
and allow real-time visualization of
particles” (Figure 1).

Additionally, there are constant
improvements to ensure precision
and accuracy of instrumentation,
with precision having the utmost im-
portance when it comes to effective
process control, says Michael Kester,
senior chemical product manager
with Endress+Hauser Optical Analy-
sis, Inc. (Greenwood, Ind.; www.
us.endress.com). “Another key ingre-
dient to a successful technique is a
high degree of reliability, where a sys-
tem can run unattended 24/7, indefi-
nitely, before maintenance is required.
Finally, it is also vital for the technique
to be unaffected by sample condi-
tions, negating the use of a sample
conditioning system. Approximately
80% of the time that a process ana-
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lyzer fails, it is due to an issue with the
sample handling system.”

Martin Hornshaw, director of En-
terprise, Science and Innovation with
Thermo Fisher Scientific (Waltham,
Mass.; www.thermofisher.com)
agrees that improvements in sam-
pling are important for the continued
advancement of PAT techniques.
“For PAT to really make a difference
in supporting the development and
implementation of a new process,
an approach that is 100% reliable in
aseptically taking a sample for analy-
sis is critical,” he says. “In addition,
and particularly in process develop-
ment, the PAT solution should include
the ability to acquire multiple mea-
surements from the same sample,
aseptically taken from a bioreactor
(or multiple bioreactors) with mul-
tiple analytical technologies (Figure 2)
to acquire a vast amount of data in
real time. Technologies that remove
sample aseptically and can then send
them to analytical devices are grow-
ing in popularity and there are several
such technologies available.”

For the greatest benefits, PAT in-
struments are embedded into the
process, says Alfred Kania, busi-

Thermo Fisher
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FIGURE 2. Double throughput or deepen sample
knowledge using the Thermo Scientific Vanquish
Duo UHPLC System for Dual LC, featuring a dual
split sampler and two pumps, either as separate
modules or combined in the dual pump. The dual
liquid chromatography system has the same
footprint as a single instrument, but contains two
flow paths, allowing users to run the same method
on both flow paths or run two different methods
simultaneously on the same instrument
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FIGURE 3. Optimal’s software for PAT-driven
manufacturing, synTQ, provides a regulatory-com-
pliant, scalable and modular central platform that
supports total quality management activities. The
software solution generates immediate actionable
insight into R&D and manufacturing processes

by creating a single interconnected network of
instruments, analyzers, management software and
automation systems

ness development manager with
Siemens (Houston; www.siemens.
com) “A PAT strategy should consist
of embedding one or more PAT ana-
lyzers in the process for continuous
monitoring. PAT analyzers provide
data which needs to be interpreted
as they provide both chemical and
physiochemical information about
the process. The biggest benefit is
to combine these measured data
with process data and quality data of
the consumed raw materials and to
time-align all the data in a consistent
way. The aligned data can then be
used in statistical models to predict
product quality in real time and initi-
ate changes in the process to keep
or get the process back on track.”

Additionally, says Rudi Spinner,
product manager with Siemens
(Karlsruhe, Germany), fast measure-
ment is, for many processes, a very
important requirement. “Manually
taking lab samples and analyzing
them is by far too slow, especially
when results of this untimely analysis
can result in detrimental effects such
as an explosion in the process. With
fast, online monitoring, the opera-
tors know exactly what is going on
in their processes in real time.”

To get the most from a PAT frame-
work, additional components are
needed, often including industrial
automation devices such as distrib-
uted control systems (DCS), pro-
grammable logic controllers (PLCs)
and supervisory control and data
acquisition (SCADA) systems. MVA
(chemometric modeling) platforms
are also necessary. Other systems,

such as historians, laboratory in-
formation management systems
(LIMS), manufacturing execution
systems (MES) and business plat-
forms, such as enterprise resource
planning (ERP) tools may also be
included in large-scale PAT frame-
works. And, PAT knowledge man-
agement software often serves as
a central hub, connecting disparate
elements and combining data to
generate holistic process under-
standing. This platform also stores,
filters, processes and visualizes key
information and generates reports
for quality auditing purposes.

‘A PAT knowledge-management
platform provides the ability to seam-
lessly connect to all other compo-
nents of a PAT framework,” explains
Optimal’'s Gadsby. “In  particular,
agnostic, multivendor solutions that
can support connections with differ-
ent instruments, MVA packages and
control systems are extremely useful,
as they enable chemical manufac-
turers to integrate the products that
best address their needs within their
PAT strategies without compatibility
issues” (Figure 3).

Digitalizing PAT data

“PAT contributes to the digitalization
of chemical plants by creating con-
tinuous data streams that reveal what
the plant process is doing at a par-
ticular point in time. This continuous
stream of data feeds into databases,
either on premises or in the cloud and
can be mined like any other process
data to find the most optimal process
operating conditions,” says Endress
+ Hauser’s Kester.

Christiane Jaeckle, manager of
technology and concepts for the
chemical industry with Siemens (Er-
langen, Germany), says: “PAT and
digitalization are a perfect match be-
cause PAT enhances technologies
such as artificial intelligence and digi-
tal twins. Also, digital capturing of the
process can be performed 24/7 with
results being shared across the com-
pany. Embedding PAT in the process
means you are bringing more data
and knowledge into the process,
which is the goal of digitalization.”

While data analytics come into
play when there is a deeper under-
standing of the chemical process

and can be used to troubleshoot the
process or find optimal process con-
ditions for producing the best prod-
uct as efficiently as possible, data
complexity can become a challenge
when multivariate data are collected
using analytical techniques,” says
Endress+Hauser’s Kester.

“Multivariate  calibrations  must
be done to ensure an appropriate
measurement from a technique,” he
explains. “Creating a chemometric
model that ties together the com-
plex process data to the measured
property of interest often requires
sophisticated  spectroscopy and
chemometric techniques. Software
packages that perform these calcu-
lations and manipulations are getting
easier to use all the time (Figure 4).

Kester continues: “What we are
seeing today is software that can ac-
tually do much of the work that che-
mometricians previously did them-
selves. Plus, this new software can
be configured to automatically gener-
ate new models as necessary to ac-
commodate process variations such
as recipe changes or different oper-
ating conditions such as changes in
temperature or pressure.”

Optimal's Gadsby agrees that data
complexity does need to be ad-
dressed in PAT frameworks due to
the nature of the processes involved.
“Firstly, it is important to carefully
design the systems, not only by de-
termining key analyzers and data

Raman RunTime embedded analyzer software
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FIGURE 4. Embedded analyzer software simplifies
data interpretation and delivers actionable infor-
mation quickly
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As PAT initiatives find their way into many
sectors of the CPI, processors are finding
new applications and reaping the benefits of
PAT strategies.

According to Thermo Fisher's Hornshaw, PAT
is underutilized in bioproduction. “Although a
number of biopharma and biotech companies
are currently exploring the implementation of
more sophisticated multiplexed PAT tools in
process development up to pilot scale, it has
not advanced further for most,” he says.

In biopharma, particularly for process de-
velopment and pilot scale, for protein thera-
peutics and viral vectors for gene and cell
therapies, many of the same analytical tech-
nologies and approaches would have rel-
evance, says Hornshaw. For example, mass
spectrometry, ultra-high performance liquid
chromatography, liquid chromatography-
MS and spectroscopic techniques such as
Raman spectroscopy would have relevance.
“These different technologies measure differ-
ent process parameters and product quality
attributes,” he explains. “Multiplexed analy-
sis, which captures information on a range of
process parameters and/or product quality
attributes at the same time is a particularly
exciting area for the development of analyti-
cal approaches to support the rapid devel-
opment of optimized processes. These may
also be relevant to the final process applied
at commercial manufacturing scale in par-
ticular circumstances.”

Millipore Sigma’s Whitney agrees that as

I N
MilliporeSigma ‘

)

L B

FIGURE 5. MilliporeSigma’s ProCellics Raman
Analyzer probe is immersed into the bioreactor,
protected from external straylight with a light-
proof fabric. The instrument is controlled by Bio4C
PAT Raman software

points, but also by defining highly ef-
fective computational strategies.
“Moving on, it is essential to adopt
and continuously optimize advanced
analytical methods for modeling and
simulating manufacturing processes
based on Big Data,” he continues.
“In this way, it is possible to reduce
any inherent complexity and inac-
curacy of data. The use of increas-
ingly sophisticated and accurate
automated intelligent control (AIC),
quality and track-and-trace predic-
tive models is extremely helpful to

NEW APPLICATIONS FOR PAT

technologies expand, especially those de-
signed for the bioprocessing industry, there
are many more potential applications in bio-
processing: “Integration of PAT for the biopro-
cessing industry in bioprocess manufacturing
is currently evolving from the offline paradigm

" SN PR

g LR ey o
FIGURE 6. The EZ Series Online Analyzers include
new and unique parameters, numerous measure-
ment ranges and provide data 24/7. With continu-
ous monitoring from EZ Series analyzers, trends
and potential issues can be identified before they
become problems

to at-line and in-line analytics. Technologies
to actively monitor critical quality attributes,
such as aggregation, glycosylation, residual
host cell protein (HCP) and bioburden, to
name a few, would advance biomanufactur-
ing towards real time” (Figure 5).

In a different vein, chemical processors are
employing PAT frameworks into water qual-
ity analysis, both upstream and downstream
of the process, to better manage the water
cycle. “In the CPI, it's important to analyze
and monitor source water, process water
and effluent water. Instrumentation and
analysis are integral here not only to improve
product quality and yield, but also to meet
regulatory compliance, enhance safety, pro-
tect downstream equipment and minimize
waste, all of which greatly impact the bottom
line,” says Denton Slovacek, principal of ap-
plication development with Hach (Loveland,
Colo.; www.hach.com).

He says PAT framework is being applied to
continuously monitor turbidity, suspended
solids, chlorine, pH, conductivity, total or-
ganic carbon and other measurements
necessary for the water coming into, going
through and leaving the process. The ease
of use of today’s monitoring tools, the abil-

address these challenges. Even
more, the near unlimited power of
the cloud is ideal to help overcome
data complexity as it enables busi-
nesses to process large volumes of
data. Using the power of analytics in
a PAT knowledge manager helps to
make sense of the complex.”

As for future goals, Thermo Fish-
er’s Hornshaw sums it up: “l envis-
age a future where a process is fully
automated, routinely needing no
human intervention. This would in-
clude appropriate PAT technologies
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ity to present and trend relevant data to the
user via simplified software platforms and
employ that knowledge for real-time control
of the process to optimize water usage is
what engages PAT strategies for the water
cycle, says Slovacek (Figure 6).

Similarly, PAT strategies are being applied
to enhance safety, says Charu Pandey, se-
nior global technical and application solu-
tions specialist, with Emerson (Shakopee,
Minn.; www.emerson.com). “Combustion
safety, for example, is a great application for
these technologies. Combustion probes can
be installed in flue ducts of boilers to contin-
uously measure the CO and oxygen concen-
tration in the duct. Onsite boilers are used to
generate steam for process heat around the
plant. Flue duct walls, as well as the com-
bustion probes themselves, are hot surfaces
where combustibles can ignite. For this
reason, boiler operators establish controls
around CO and/or oxygen concentration
measurements if the increase in CO concen-
tration or decrease in oxygen concentration
is too great, the boiler can be shut down.”

He adds that pH and conductivity analyti-

Y

Emerson

FIGURE 7. Accurate and reliable measurements
are critical in a wide range of chemical process-
ing facilities to protect capital assets, ensure
product quality, increase process uptime, enhance
safety and reduce energy costs

cal instruments can also be used for com-
bustion measurement in chemical process
control. “In-situ and close-coupled extrac-
tive combustion probes are often installed
in flue ducts of boilers that provide process
heat for reboilers, reactors and heat ex-
changers” (Figure 7). a

placed up and down the process,
with data flowing into the digitally
automated control system, enabling
automated real-time decision mak-
ing that reliably and reproducibly
produces a product at maximum
yield and quality in the shortest time
possible. Every facility would take
this approach and that process ana-
lytical data would be an essential
element of the control of this futuris-
tic, fully automated process and the
monitoring of it remotely.” |

Joy LePree
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Learn more than just particle
size with this imaging unit

The Hydro Insight (photo) is a dy-
namic-imaging accessory for this
company’s Mastersizer 3000 parti-
cle-sizing instrument. Through real-
time particle imaging, this tool helps
users to see beyond particle size —
powering more in-depth materials
research and exciting scientific ad-
vances. Sitting alongside the Mas-
tersizer 3000 laser-diffraction sys-
tem, the Hydro Insight provides live
particle images by combining Vision
Analytical's dynamic imaging exper-
tise with this company’s flow-cell
technology. Based on these images,
it also generates quantitative data
on particle shape, alongside parti-
cle-size data from the Mastersizer
3000. The combination of high-res-

§ olution imaging with high-range la-

ser-diffraction data provides a more
comprehensive overview of materi-
als than laser diffraction alone, says
the company. — Malvern Panalytical
B.V., Almelo, the Netherlands
www.malvernpanalytical.com

Elliptical movement for
high-moisture screening

This company has engineered a
new, elliptical-motion Niagara XL-
Class vibrating screen (photo) for a
Brazilian iron-ore producer. The new
technology handles screening appli-
cations with high-moisture content,
and can easily handle capacities
up to 3,500 ton/h while minimizing
water usage. The XL-Class runs in
an elliptical motion of up to 6 X g
in a high-moisture iron-ore screen-
ing application to ensure stratifica-
tion in all phases of screening. The
new vibrating screen also features
a robust elliptical exciter drive that
offers a bearing life up to 75,000 h.

F Iron ore contains up to 15% mois-

ture, and often behaves like a pasty,
clay-like material, prone to blind-
ing on a screen deck. The elliptical
motion and increased acceleration
of the XL-Class ensures that the
material is stratifying without blind-
ing or contamination. The elliptical-
motion XL-Class vibrating screen is
available in a wide range of sizes,
in either a single module or tandem

Particle Sizing

design. —Haver & Boecker Niagara,
St. Catharines, Ont., Canada
www.haverniagara.com

Sizing-dispensing system for
abrasive bulk materials

A newly introduced sizing-dispens-
ing system (photo) for abrasive ma-
terials receives, scalps, stores and
dispenses sand, rutile, zircon and
other dense, abrasive materials
on-demand, free of dust. Fed by a
pneumatic conveying line, the sys-
tem is equipped with an integral cy-
clone that separates incoming solids
from the air stream. A rotary airlock
isolates the pneumatic system from
atmospheric pressure and meters
material into a vibratory sifter that
discharges on-size particles into a
surge hopper. With extended verti-
cal sides, the surge hopper stores up
to 19 ft3 (540 L) of material, enabling
the system’s flexible screw conveyor
to dispense material when needed,
while reducing the number of on-off
cycles required for the independent
pneumatic-delivery system to replen-
ish the hopper with material. The
enclosed 10-ft (3-m) conveyor, with
curved, rigid carbon-steel tubing and
heavy-duty round-wire screw, can
handle a broad range of free-flowing
and non-free-flowing bulk materials,
from large particles to fine powders,
including products that pack and
seize, with no separation of blends.
— Flexicon Corp., Bethlehem, Pa.
www.flexicon.com

Centrifugal sifters achieve

high throughput

GS centrifugal sifters (photo) auto-
matically separate powders, granules
and other dry, bulk materials into two
product streams at a throughput rate
up to 300% higher than common
flat-deck sieves on the same foot-
print using identical screens, materi-
als and cut points, says the company.
Featuring a proprietary design with a
rotating paddle assembly, the sifters
direct fine particles through a mesh
screen and divert oversized particles
to the discharge using only centrifugal
force and gravity. The centrifugal sift-
ers typically achieve 99.9% efficiency,
versus 85% efficiency for flat-deck
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sieves given the same inputs without
requiring the vibration, shaking or gy-
ration that sieves typically require to
process the material. The rotary sieve
comes in a choice of carbon-steel
or stainless-steel construction, with
screen mesh sizes from 100 to 4,000
um and throughput rates up to 120
ton/h. Four standard models and
custom designs are available to suit
sanitary, non-hazardous and hazard-
ous ATEX environments. — Gericke
USA, Inc., Somerset, N.J.

www.gerickegroup.com

Modular units for simple

circuit selection in grinding

This company’s horizontal mill plant
units (photo) are pre-engineered plant
units that provide optimized grinding
performance and simplify project man-
agement through easy circuit selection
and flowsheet implementation. At the
same time, they ensure safe operabil-
ity and maintainability thanks to their
state-of-the-art design. The scope
of the unit can be tailored according
to project requirements (brownfield
or greenfield, open or closed circuit).
The horizontal mill plant units combine

Metso Outotec

the company’s horizontal mills, clas-
sification, pumping and automation
technologies with a wide range of ser-
vices and operation support. Benefits
include: grinding and classification
expertise to support flowsheet imple-
mentation; pre-engineered modules
for simple and rapid execution; easy
process optimization, thanks to com-
prehensive automation and digitali-
zation features; and more. — Metso
Qutotec Corp., Helsinki, Finland
www.mogroup.com

Analyze particle shape and size
in suspensions and emulsions

The Analysette 28 ImageSizer, in
combination with the new automatic
wet dispersion unit, is especially suit-
able for analyzing fine particles, poorly
flowing, fine-agglomerating or sticky
materials that do not react in water

or other liquids. For perfect disper-
sion, the sample material is fed into a
closed liquid-circulation system and is
pumped with high power through the
measuring cell between a camera and
an LED strobe light. The continuously

Fritsch

obtained images are the basis for the
analysis with a variety of evaluation
possibilities. For wet measurement,
three different bi-telecentric lenses
are available for optimum adaptation
of the total measuring range from
5 pm to 3 mm. In combination with
the powerful industrial camera, they
guarantee the highest accuracy of the
imaging of each individual particle at
the same imaging scale and the high-
est shape accuracy with the great-
est possible depth of field. — Fritsch
GmbH, Idar-Oberstein, Germany
www.fritsch.de |
Gerald Ondrey
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New Products

Blue-White Industries

Hans Turck

Dréger

Siemens

This chemical metering pump
can handle long-chain polymers
The Flexflo A3 peristaltic metering
pump (photo) is designed to deliver
smooth and gentle chemical feed
for industrial water treatment with-
out damaging long-chain polymers.
In chemical treatment applications
for industrial wastewater, the pump
will accurately and consistently dose
off-gassing chemicals, such as per-
acetic acid (PAA) and sodium hypo-
chlorite (NaClO) with no vapor lock
and no loss of prime. Additional
A3 features include a 5-in. intuitive
touchscreen display, which will re-
spond even when the operator is
wearing work gloves. The extra-large
icons are easily recognizable and
highly responsive. Because of the
A3'’s broad feed range and turndown
ratio, users may be able to standard-
ize operations on just one feed pump
for all chemical dosing needs. Con-
trol methods for the pumps include
manual, remote analog/digital, Eth-
erNet/IP, Modbus TCP/IP and Profi-
bus. — Blue-White Industries, Ltd.,
Huntington Beach, Callf.
www.blue-white.com

Decentralized 1/0O solutions

for the Ex area

This company has approved its IP67
block input/output (I/0) modules
(photo) for the TBEN-S and TBEN-L
versions for use in Zone 2 areas. The
company is said to be the first sup-
plier to enable cabinet-free decentral-
ized automation solutions with ATEX
and |EC Ex approval, which can con-
siderably reduce required mechani-
cal labor, wiring and commissioning
times. In conjunction with the devices
of the IP67-rated IMC interface se-
ries, it is possible to implement the
cabinet-free connection of intrinsi-
cally safe signals from Zone O or 1.
Users can also implement cabinet-
free safety, RFID, |0-Link, controller
or cloud solutions directly in Zone 2,
since virtually the entire lloT ecosys-
tem is offered in these designs. Users
must also install the TBSG-L, TBSG-
S or IMC-SG protective housings
when implementing the 1/0 solutions
inZone 2. — Hans Turck GmbH & Co.
KG, Mdlheim an der Ruhr, Germany
www.turck.com

Use this optical gas-detection
camera for methane leaks

The MetCam optical gas-detection
camera (photo) automatically identifies
and quantifies methane leaks, even
under challenging conditions. Poten-
tial hazards from escaping gases can
thus be assessed more quickly and
more precisely. Methane gas leaks
are invisible, but even the smallest
leaks can endanger the safety of an
industrial plant and damage the en-
vironment, and there are often dense
facility areas that are difficult to access
with many potential leak sources. For
such areas, MetCam complements
conventional point gas-detection sys-
tems with area monitoring. In contrast
to point detectors, the gas source
does not have to be in the immediate
vicinity of the gas camera. Its field of
view is already sufficient to detect the
escaping gas. This means that detec-
tion is independent of wind or other
influences. The gas cloud is visualized
as a colored overlay on a black and
white video image. In addition, the
MetCam automatically quantifies the
concentration of the escaping gas. —
Dréger, Inc., Houston
www.draeger.com

A maintenance app with
integrated AR function

Comos Mobile Worker (photo) is a
new software application (app) for mo-
bile data management with integrated
augmented reality (AR) functionalities.
It was developed in cooperation with
Augmensys GmbH, a specialist in the
field of mobile data management and
AR. For the fast and safe maintenance
of process plants, the Comos Mobile
Worker app visualizes and processes
all required data — from enterprise
resource planning (ERP) systems, en-
gineering data and also live data from
the process control system — in an
easy-to-use interface. Thanks to a di-
rect connection to Comos engineering
software, all engineering data can be
linked to enable a holistic view of the
plant. Changes or annotations can be
securely transferred through the bidi-
rectional exchange between the sys-
tems. The integration of location data
also supports on-site navigation. —
Siemens AG, Munich, Germany
www.siemens.com
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A dosing system for automated
contact-angle measurements

The success of coating and bond-
ing, as well as other surface pro-
cesses, depends on wettability.
The relevant parameters are con-
tact angle and surface free energy
(SFE), which are measured with
drops of one or more liquids that
are dispensed onto the material.
Automation of dosing devices has
advanced to simplify serial testing
of materials. However, the often-
cumbersome change of liquids and
slow positioning and dosing can
lead to time losses. The Dosing
Hub (photo) is a system for con-
tact angle measurements that is
designed for automatic dosing se-
quences with up to three different
dosing units. With high-speed and
precise positioning, the system en-

Kriss

ables reliable wetting analyses with
up to four liquids. — Kriiss GmbH,
Hamburg, Germany
www.kruss.de

Proprietary control technology

for pneumatic conveying units

The ET line of advanced controllers
are designed to automatically man-
age operation of this company’s
pneumatic vacuum-conveying sys-
tems (photo). Applying proprietary
technology, ET conveyor control-
lers feature a sensor-based design
that monitors material levels in the
feed hopper, vacuum conveyor
or receiving vessel via a choice of
three operating modes, automati-
cally controlling material transfer at
every step, avoiding the potential
for human error. Suitable for manag-
ing the transfer of powders, pellets,
granules and other bulk materials,
the ET line of electronic control-
lers comprises the ET-Advance for
monitoring up to four level sensors
at the same time, and the ET3 and
ET4 for monitoring individual sen-

Volkmann USA
_

sor locations. The controllers may
be adjusted to change the vac-
uum-pump suction time, material
discharge time, line clearing time
and other parameters to quickly ac-
commodate different materials and
recipes. ET controllers may be inte-
grated into existing programmable
logic controller (PLC) environments
or operated as standalone units. —
Volkmann USA, Inc., Bristol, Pa.
www.volkmannusa.com

A module that grants function-
al safety to drive systems

The SK TU4-PNS, known as the
PROFlsafe module, provides com-
prehensive safety for the reliable
operation of this company’s drive
systems (photo). This PROFIsafe
module is a drive-integrated so-
lution for decentralized variable-
frequency drives (VFDs) that im-
plements functional safety within
the system to stop operation and
avoid potential injuries or compo-
nent damage. In addition to the

[ 10152 S 20 30 HF |

NORD Gear

standard functions — STO (safe
torque off) and SS1 (safe stop 1)
— PROFIsafe includes additional
safety features, with functions such
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as SLS (safely limited speed), SSR
(safe speed range) and SSM (safe
speed monitor) incorporated into
the drive units. These functions, as
well as SDI (safe direction) and SOS
(safe operation stop), achieve SIL 3
(safety integrity level 3) or PLe (Per-
formance Level 3) Category 4. —
NORD Gear Corp. Waunakee, Wis.
www.nord.com

Electrical pressure generator for
portable automatic calibrations

The ePG (photo) is a new electri-
cal pressure pump for industrial
pressure-calibration  applications.
The ePG is a robust, portable, bat-
tery-operated pressure pump that
enables easy and quick pressure
generation from near vacuum up
to 20 bars (300 psi). With a field-
replaceable, long-lasting battery
pack, users can perform a large
number of pressure calibrations
on a single charge. The ePG can
be used together with any existing
pressure calibrator, meaning users

Beamex

do not need to buy a new calibrator
but can simply replace their manual
hand pump with the ePG. It is very
intuitive to operate, with coarse and
fine adjustment buttons to eas-
ily generate the required pressure.
When the ePG is used together
with the MC6 family of calibrators,
it enables fully automatic pres-
sure calibration. — Beamex, Inc.,
Marietta, Ga.

www.beamex.com

This tool simplifies

lubricant application

The Model 1154 Lincoln dual-piston
lever-action grease gun (photo) fea-
tures a thumb-operated switch that
allows users to toggle between high-
volume and high-pressure lubricant
application modes. This makes it
easier for technicians working on a
wide range of equipment to quickly
adjust the tool to match changing
lubrication requirements as they

work. For high-volume applications,
the Model 1154 requires just one-
third the number of strokes, com-
pared to standard grease guns, to
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apply the same amount of lubricant.
The high-volume position allows
efficient greasing of all lubrication
points with fewer strokes. Large
joints, bushings and bearings can
be filled quickly. It is also suitable
for lubricating large surface areas.
If high pressure is needed, such as
when a fitting is blocked, it can be
difficult for an operator to clear, but
in Model 1154’s standard pressure
position, the tool can more easily
open the fitting without an operator
having to apply excessive force. —
SKF, Inc., Lansdale, Pa.
www.skf.com

A new member added to this
family of rental compressors
This company has added a new air
compressor for the 10-bars range to
its portfolio of rental solutions. The
TVS2500 (photo) is the largest air
compressor made for rental pack-
ages to date and is characterized by
arobust design, efficient technology,
particularly quiet operation and high-
temperature resistance. Thanks to a
frequency inverter, assemblies can
“E I | OO

E e X Gy =
P o
be optimally controlled, so that the
required pressure and volume flow
is always achieved. The variable
speed control also enables a gentle
start with low starting current. This
reduces the load on the power grid
during startup by a factor of 2.5. —
Aerzener Maschinenfabrik GmbH,
Aerzen, Germany

www.aerzen.com

Use these filter cartridges for

treating chemical contamination
This company has expanded its
water-treatment product portfolio
with three new filter cartridges, in-
cluding carbon block, pleated and
melt-blown (spun) media. The new
cartridges will enhance sediment-
removal capabilities and widen
applications to address chemi-
cal contamination concerns. The
new spun and pleated filter car-

tridges improve sediment removal
efficiency to as low as one micron
through advancements in compo-
sition, surface area and pore size.
The activated carbon units, which
operate at a rate of 10 microns,
address areas not covered by the
company’s existing products, in-
cluding: taste and odor; lead and
chlorine; and volatile organic com-
pounds (VOGCs). — Rusco, Inc.,
Brooksville, Fla.

WWW.rusco.com
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CHEMICAL ENGINEERING WWW.CHEMENGONLINE.COM FEBRUARY 2022

A



Biihler

AlfaLaval

Hemco

Tuf-Lok International

22

A balance enclosure for

critical weighing procedures

The VSE balance enclosure (photo)
is offered in widths of 24, 36 and 48
in., in order to accommodate an ana-
lytical balance and other small-scale
laboratory processes. Constructed
of chemical-resistant metal framing
and 1/4-in. thick clear acrylic side
panels and viewing sash. Efficient
airflow design with airfoil and bypass
directs contaminants to baffled ex-
haust, thereby providing superior air-
flow and containment performance
for user protection. The viewing sash
is angled 15 deg for ease of viewing,
with 8-in. reach-in opening height.
The sash swings upward to provide
20 in. of access opening. Two ser-
vice ports are located in lower-right
and left-rear wall. — Hemco Corp.,
Independence, Mo.
www.hemcocorp.com

A new volume for this

family of bead mills

The Cenomic Optima bead mill (photo)
has a range of technological improve-
ments that result in higher flowrates,
higher power inputs and improved
cooling to deliver up to 25% higher
productivity than previous mills of the
Cenomic family. The Cenomic Optima
is said to offer 37.5% more grinding-
disc surface for more efficient bead
activation. The 30-kW drive unit allows
users to increase power input and thus
more rapidly reach the required spe-
cific energy for optimal grinding. This
can improve productivity by up to 25%
without increasing the footprint, says
the company. A ceramic inner liner en-
sures the products stay cooler during
grinding and allows the usage of the
higher power input without breach-
ing the product’s temperature limit. A
larger screen diameter reduces pres-
sure within the chamber and delivers
at least 25% higher flowrates. This
speeds up the process and avoids
unwanted hydraulic packing. —Buhler
AG, Uzwil, Switzerland
www.buhlergroup.com

Leveraging digitalization to
optimize hygienic processing

The new CM Connect (photo) is a
subscription-based condition monitor
and cloud gateway. It enables plant
operators to access rotating-equip-

ment data on processing lines from
a remote location. With data on ac-
tual runtime, trend analysis and time
to next service close at hand, plant
operators can make informed mainte-
nance decisions using their personal
computers and mobile devices. This
protects process continuity and criti-
cal assets, improves workplace safety,
saves time and money, and delivers
competitive advantage. Acting as a
gateway communicating via Blue-
tooth, the CM Connect can link up
to 10 of this company’s CM wireless
vibration monitors. It then transmits
the data over a 4G cellular network to
the cloud for review and analysis on
an intuitive, user-friendly dashboard.
Besides linking CM wireless vibration
monitors, the CM Connect can also
act as a sensor. It measures vibration,
inboard temperature and total runtime
when mounted on LKH, SRU, SX and
DuraCirc pumps, or other rotating
machines, such as agitators or mix-
ers. — Alfa Laval AB, Lund, Sweden
www.alfalaval.com

This DP transmitter

has SIL 2 certification

The new model DPT-20 differen-
tial pressure (DP) transmitter (photo)
is suitable for many industrial pro-
cesses. As a SIL-2 certified instru-
ment, it meets the highest safety
requirements. The compact trans-
mitter operates with an accuracy of
<+0.065% of span. Due to a three-
dimensional temperature compen-
sation on adjustment, it provides a
reliable measuring result, even under
unfavorable ambient conditions. The
DPT-20 is available with measuring
ranges between —10 and 10 mbars,
and -16 and +16 bars, and is de-
signed for a static pressure of up to
400 bars. There are three communi-
cation protocols available for integra-
tion into existing systems. — WIKA
Alexander Wiegand SE & Co. KG,
Klingenberg, Germany
www.wika.de

Self-aligning pipe

and tube couplings

This company’s ring-grip pipe and
tube couplings (photo) are heavy-
duty, self-aligning couplings for either
high pressure (up to 150 psig) or full-
vacuum-rated applications. These
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couplings can be installed quickly
and easily, reducing costs. They are
available in 2- through 10-in. pipe
sizes and are made for use on plain-
end pipes or tubes, regardless of
pipe- or tube-wall thickness. Other
features include self-grounding, vi-
bration resistance and externally
leak-proof, with an extremely high
end pull for difficult applications. No
machining or grooving is required
to maintain pipe or tube integrity.
Every coupling becomes a union,
providing easy and low-cost main-
tenance when piping components
need replacement. Numerous stan-
dard gasket materials are available
to meet special design conditions,
such as food-grade requirements,
higher temperatures or special
chemical-resistant applications. —
Tuf-Lok International, Madison, Wis.
www.tuflok.com

Optimize technology scouting
and investing with this platform
This company has significantly re-
vamped its Scout software (photo)
for open-innovation and technology
scouting with new features, includ-
ing a redesigned visual user experi-
ence that helps identify and assess
early-stage technologies for innova-
tion investment. Until now, most or-

ganizations have defined their future-
leaning innovation priorities based on
technology readiness levels (TRLs),
an approach first developed in the
1970s. But such methods require a
pre-existing sense of where to look,
which, for early-stage technolo-
gies, can be notoriously difficult to
discern. The new analytics tools in
Scout fill this gap by helping com-
panies discover strategic innovation
opportunities proactively. The new
Scout analytics suite is an integrated
toolkit that leverages the latest in
machine learning technology, along

with an easy-to-use, drag-and-drop
visual interface. It allows users to
identify technologies poised for dis-
ruptive growth and assess research
programs primed for breakthrough
results. Scout also now provides
in-depth analytics tools to help in-
novation teams assess and prepare
for key technology trends looming
on the horizon. — Wellspring World-
wide, Chicago, /Il
www.wellspring.com

These enclosures now feature
enhanced gasket protection

Stahlin

m )

The PolyStar series of electrical and
industrial polycarbonate enclosures
(photo) now features new foam-in-

place gaskets. These gaskets pro-
vide full, secure contact to the mat-
ing cover surface with a continuous
overlapping seal that ensures no air
gaps, no glue joints and no shrink-
ing of gasket size due to stretching
of the material. The result is maxi-
mum sealing integrity and reliable
protection of all wiring, connections,
instrumentation and controls housed
by PolyStar enclosures. Enclosures
are available with matching polycar-
bonate latches for a fully nonmetal-
lic enclosure, or with stainless-steel
latches. Latches can be swapped
easily without any tools, making ret-
rofitting the enclosures in the field ac-
cessible to all users. Cover options
include hinged or screw; with either
opaque or smoked finish. Select
Polystar models are listed as cULus
Type 4X; or Type 6P for the U.S.
and Canada; or are certified as IEC
IP66 with select sizes IP68. A total
of 13 sizes are available. — Stahlin,
Belding, Mich.

www.stahlin.com

50+
VARIABLES

in engineering an

performance on

> Absorbers

> Gas Quench

> Gas Wash Systems
> Spray Dryers

> Injectors

> Fuel Burners

efficient spray system
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For details visit adlinks.chemengonline.com/82578-09
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MTE

Michael Smith Engineers

Protect motors with

this new dV/dt filter

The dV E-Series motor-protection fil-
ter (photo) mitigates reflective waves,
reduces rise time and limits peak volt-
age, resulting in reduced motor heat-
ing, longer cable and motor life, and
a significant reduction in downtime
and total ownership cost. Using a dV/
dt filter enables uptime and protects
a.c. motors from the destructive ef-
fects of the variable-frequency drive
(VFD) pulse-width modulated voltage
that can damage cables and motors.
The dV E-series offers up to 60%
lower wattage loss versus competitive
dV/dt filters, enabling more efficiency
and savings, and ensuring longer life
and protection for equipment around
the filter, according to the manufac-
turer. It features a compact design
that is said to be up to 73% lighter
and 35% smaller than other com-
mercial products for easier installation
in crowded cabinets. — MTE Corp.,
Menomonee Falls, Wis.
www.mtecorp.com

Use these gear pumps with
asphalt and bitumen
The ASP Series of internal gear pumps
has added two new pumps, the
ASP1 and ASP2 (photo), which can
handle abrasive media. When pump-
ing asphalt, bitumen and other similar
abrasives that solidify at ambient tem-
peratures, pumps have traditionally
been sealed with packing that must
continually leak to stay lubricated. The
new ASP pumps are supplied with this
company’s O-Pro cartridge seal, which
uses O-rings in combination with a lu-
bricating grease. This means that the
seal does not need periodic repacking
or re-tensioning of the seal gland, which
eliminates leaks and prevents loss of
product and the associated clean-up
costs. The pumps are designed to melt
ambient-temperature solids to a liquid
state prior to pump startup by using
integral jacketing for steam or hot oail.
— Michael Smith Engineers, Ltd.,
Woking, U.K.
www.michael-smith-engineers.co.uk l
Mary Page Bailey and Gerald Ondrey
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Digital technology improvements and an ever-growing field of applications are reshaping
the power and chemical process industries. Stay on top of key trends and possibilities
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e
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Applied Technologies

Connecting Research and Production Data to
Deliver Chemical Innovation

Enhancing data management using LIMS software provides enhanced product-

development opportunities
Frank Wahl and de-
Covestro AG I i
Christian Mueller veopmen
Thermo Fisher Scientific Inc (R&D) ~and
: produc-
ccurate and efficient data tion  envi-
management is key to pro- ronments,
ductive and collaborative and  data
working practices, yet re- need to
cording, storing and analyzing large be shared
quantities of laboratory data can be between
challenging. With many laboratories t h e s e
using disconnected systems and groups.
data often stored in siloed locations, Before the
numerous organizations face ineffi- implemen-
ciencies in their processes, a lack of tation of a
collaboration and manual data tran- LIMS, data
scription, increasing the risk of errors.  were input | f ( 1 !
Implementing laboratory informa- manually, instruments can be recorded directly, improving process automation

tion-management system (LIMS) soft-
ware, as part of a digital transformation
strategy, can overcome data manage-
ment challenges and bring many other
benefits. Data output from instruments
can be recorded directly, improving
accuracy and increasing process au-
tomation (Figure 1). These high-qual-
ity data are stored centrally allowing
easier collaboration between stake-
holders. And the availability of data for
further analysis means crucial insights
can be more readily identified. Potential
benefits include increasing productivity,
reducing costs and driving optimiza-
tion and research through improved
connectivity and collaboration.

Covestro AG (Leverkusen, Germany;
www.covestro.com), a global producer
of high-performance materials, has
successfully introduced Thermo Sci-
entific SampleManager LIMS software
(Thermo Fisher Scientific; Waltham
Mass.; www.thermofisher.com) in 21
laboratories over 10 sites, involving
around 1,700 people. We examine
how their data management approach
has changed, their experience of im-
plementing SampleManager LIMS and
the benefits they have observed.

Data management challenges
Collection of data is important
across both Covestro’s research

often into shared spreadsheets, an
error-prone, labor-intensive process
that resulted in data siloes. Informa-
tion was then communicated by
phone from the laboratory to the
production line. Subsequent analy-
sis occurred only on a small scale,
and data for an entire process were
not considered holistically or retro-
spectively, so trends and potential
opportunities for optimization could
be missed.

The potential of a LIMS

After much consideration, Covestro
identified a LIMS to streamline data
management as a crucial part of their
digitalization strategy. By integrating
instruments with the software, data
entry and storage would be auto-
mated, bringing improvements in ef-
ficiency and accuracy.

LIMS allow data to be standardized
and harmonized. No matter what
its source, the underlying database
remains the same, so meaningful
comparisons and extrapolations can
be made. This enables easier collab-
oration and analysis, with the data
able to be used and reused to in-
form current and future projects. For
example, data can be used to moni-
tor processes and identify trends to
inform optimization, and act as feed
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for R&D projects. Ideas “hidden” in
these data could be the key to the
new products or processes of the
future. As Frank Wahl, project man-
ager R&D Solutions at Covestro,
who was responsible for the imple-
mentation of SampleManager LIMS,
says, “The data of today are the raw
materials of tomorrow.”

Practical implementation
Introducing any new technology,
including a LIMS, requires effective
change management and com-
pany-wide participation to smooth
the process. Wahl explains, “Involv-
ing different teams in discussions
throughout the implementation pro-
cess reduces the time taken for staff
to go from opponents to proponents
of the new system.”

Thermo Fisher’s professional ser-
vices team was instrumental in guid-
ing the process, working closely with
stakeholders at Covestro to suggest
the best path forward for the imple-
mentation. Taking a consultative ap-
proach, the team looked at all pro-
cesses within the scope of the project
to determine the best way to config-
ure the LIMS to fit Covestro’s labora-
tory workflows. Their focus was on
configuration over customization to
achieve a more future-proofed solu-
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tion that would be easier and less
costly to support and maintain.

Wahl explains, “The significant ex-
perience of Thermo Fisher's team
with interfaces to SAP’s Enterprise
Resource Planning and other third-
party systems helped us integrate
SampleManager LIMS tightly into
the existing Covestro infrastructure,
easing the transformation process
and ensuring that existing best prac-
tice was maintained. We were able
to incorporate the specific require-
ments of individual laboratories with
relatively low effort.”

During the initial phase of imple-
mentation, there were some hurdles
and, according to Wahl, “It took
time for this ‘activation energy’ to
be overcome.” However, as staff
learned about the new system, they
could see how it positively impacted
their roles and confidence grew. For
example, the removal of manual
data input and transfer reduced
their administrative workload, allow-
ing more time for scientific tasks.
Any concerns disappeared within a
few months, and they began shar-
ing and discussing suggestions for
optimizations. Later, the broader
benefits to the company, including
increased productivity, were also
clearly recognized and their contri-
bution to this reinforced the team'’s
positive experience.

By the end of the implementation
process, Wahl noted, “You have a
great product placed in the labora-
tory and our scientists now rely on
it.” At Covestro, there is now full
confidence in the system and staff
consider SampleManager LIMS to
be integral to their work.

Benefits of LIMS for Covestro
After the implementation, Covestro
realized a number of benefits, in-
cluding time and cost savings. As a
direct result of integrating the LIMS
with instrumentation, skilled labora-
tory staff no longer spend time in-
putting and sharing data (Figure 2).
Instead, data collation is automated
in a central database that is readily
accessible to all who need it. And
when decision-making is required,
this is better informed by all the
available data.

When data are needed for a proj-
ect or to develop an idea or process,
this may already exist and be stored

in the sys-
tem so time
and effort is
not spent
on  dupli-
cation. As
researchers
can see all
available
data, they
can focus
on areas
where there
are  gaps,
meaning
research

efforts are
better fo-
cused. The availability of high-quality
“big data” alongside advanced ana-
lytics allows trends to be studied —
for example, the effect of weather on
processes. The synergy between dif-
ferent parts of the business, such as
R&D and production, is maximized.

The benefits of the Sample-
Manager LIMS introduction have
been felt throughout the company.
Wahl comments, “Thermo Fisher’s
configuration-over-customization
approach has allowed us to stan-
dardize and harmonize our LIMS
landscape, as SampleManager
LIMS is introduced into more labo-
ratories.” And those without Sam-
pleManager software are now re-
questing it, with implementation in
more sites scheduled to begin in
2022-2028.

Concluding remarks

The implementation of an integrated
LIMS is pivotal to any digital-trans-
formation strategy. With vendor
support and stakeholder involve-
ment, the best configuration of the
LIMS can be built to standardize
and streamline processes, reduce
manual interactions and connect
instruments to provide a complete
flow of information from research
through to production.

This automated digital data man-
agement saves time and improves
accuracy, which benefits laboratory
staff and drives process optimization
while increasing productivity. What'’s
more, due to the standardized for-
mat of the data, maximum value
benefits can be obtained through its
analysis, across the company. Sci-
entists can now use existing data in

FIGURE 2. After integrating the LIMS with instrumentation, skilled laboratory staff no
longer spend time inputting and sharing data

new projects rather than collecting
it again, avoiding redundancy. Fur-
ther study using advanced analyt-
ics can help generate new ideas or
uncover potential product develop-
ment routes that before might have
stayed “hidden” in existing data. The
introduction of LIMS software has
led to long-term gains for Covestro
and demonstrates how LIMS can
be implemented to bring company-
wide benefits. [ |

Edited by Gerald Ondrey
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Facts At Your Fingertips

Process Hazard Identification Methods

Department Editor: Scott Jenkins

Drocess hazards  analyses
(PHAs) are structured reviews

during the engineering design
process intended to detect potential
hazards that were not addressed by
the design team. This one-page refer-
ence describes commonly employed
PHA methods.

PHA methods

PHAs are often conducted or moder-
ated by a specialist, with participation
by the design team, owner’s employ-
ees or experienced operators. Sev-
eral PHA methodologies exist, each
suitable for specific purposes and for
certain phases of project develop-
ment and plant lifecycle (Figure 1).
Consequence analysis. This meth-
od quantitatively assesses the con-
sequences of hazardous material re-
leases. Release rates are calculated
for the worst-case and alternative
scenarios. Toxic points are defined
and release duration is determined.
Hazard identification analysis (HAZ-
ID). HAZID is a preliminary study per-
formed in early project stages when
hazardous material, process informa-
tion, flow diagrams and plant location
are known. It is generally used later on
to design the preliminary piping and
instrumentation diagrams (P&IDs).
What-if. This is a brainstorming
method that uses questions starting
with “What if . . . ?,” such as “What if
the pump stops running?” or “What if
the operator opens or closes a certain
valve?” Participation by experienced
staff is important to foresee possible
failures and identify design alterna-
tives to avoid them.

Hazard and operability study
(HAZOP). This technique has been
a standard since the 1960s in the
chemical process industries. It is
based on the assumption that there

will be no hazard if the plant is oper-
ated within design parameters, and
analyzes deviations of the design vari-
ables that might lead to undesirable
consequences for people, equip-
ment, environment, plant operations
or company image. If a deviation
is plausible, its consequences and
probability of occurrence are then
studied by the HAZOP team. Usually,
an external company is hired to inter-
act with the operator company and
the engineering company performs
this study. Evaluating risk involves
multiplying the consequence level by
the frequency of occurrence.
Layer-of-protection analysis
(LOPA). This method analyzes the
probability of failure of indepen-
dent protection layers in the event
of a scenario previously studied in
a gquantitative hazard evaluation like
HAZORP. It is used when a plant uses
instrumentation independent from
operation (safety instrumented sys-
tems to assure a certain safety integ-
rity level (SIL)). The study uses a fault
tree to study the probability of failure
on demand (PFD) and assigns a re-
quired SIL to a specific instrumen-
tation node. For example in petro-
leum refineries, most companies will
maintain a SIL equal to or less than
2 (average PFD >10-3 to <10-2), and
a nuclear plant will tolerate a SIL 4
(average PFD >10-5 to <10-4).
Fault-tree analysis. Fault-tree anal-
ysis is a deductive technique that
uses Boolean logic symbols (that is,
AND or OR gates) to break down
the causes of a top event into basic
equipment failures or human errors.
The immediate causes of the top
event are called “fault causes.” The
resulting fault-tree model displays
the logical relationship between the
underlying basic events and the se-

lected top event.

Quantitative risk assessment (QRA).
QRA is the systematic development
of numerical estimates of the ex-
pected frequency and consequence
of potential accidents based on engi-
neering evaluation and mathematical
techniques. The numerical estimates
can vary from simple values of prob-
ability or frequency of an event occur-
ring (based on relevant historical data),
to very detailed frequency modeling
techniques. The events studied are
the release of hazardous or toxic ma-
terials, explosions or boiling liquid ex-
panded vapor explosion (BLEVE). The
results of this study are usually shown
on top of the plot plan.

Failure mode and effects analysis
(FMEA). This method evaluates the
ways in which equipment fails and the
system’s response to the failure. The
focus of the FMEA is on single equip-
ment failures and system failures.

Timing

Methods have more impact in some
design phases than others. For ex-
ample, if a consequence analysis
is not performed in a conceptual or
pre-FEED (front-end engineering and
design) phase, important plot-plan
considerations can be missed. Oth-
ers, like HAZOP, cannot be devel-
oped without a control philosophy or
P&IDs, and are performed at the end
of FEED or detailed engineering (or
both) to define and validate pressure
safety valve locations and other pro-
cess controls and instrument safety
requirements. QRA or LOPA (or both)
are done after HAZOP to validate sit-
ing and define SIL levels and meet
the level required by the plant. |

Editor’s note: This column was adapted from the following article:
Glardinella, S., Baumeister A, and Marchetti, M. Engineering for Plant
Safety, Chem. Eng. August 2015, pp. 50-58.

e Expert judgement e HAZID * HAZOP e HAZOP « [nspections  Preventive and corrective * HAZID
 High level risk o What-if [ OPA ® Constructability e Materials and maintenance checks
identification * Consequence analysis *QRA review equipment tests  Periodically check instrument

o FAT & SAT
 Hydrostatic tests

and relief-valve calibration

FIGURE 1. Typical hazards analyses that are used throughout a CPI project lifecycle o Periodic hazards analysis
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Technology Profile

Allyl chloride production

By Intratec Solutions

Iyl chloride (3-chloropro-
pene; Figure 1) is primar-
ily used almost exclusively
s a chemical intermediate
in the production of epichlorohydrin.
A three-carbon epoxide, epichloro-
hydrin is used in the manufacture of
epoxy resins prevalent in coatings,
adhesives, and plastics. Epichlorohy-
drin is also used in the manufacture
of synthetic glycerine, textiles, paper,
inks and dyes, solvents and surfac-
tants. Additionally, allyl chloride is a
common alkylating agent relevant to
the manufacture of pharmaceuticals
and pesticides
The vast majority of allyl chloride
produced on commercial scale is
made from chlorine and propylene,
via high-temperature chlorination pro-
cesses. The uses and applications
of allyl chloride may vary according
to the product grade. The main form
of allyl chloride is commercial grade,
with 99 wt.% minimum purity.

Production process

The process for making allyl chloride
from propylene and chloride compris-
es three major sections: (1) chlorina-
tion; (2) propylene recovery; and (3)
product treatment (Figure 2).
Chlorination.  Liquid propylene is
sent to an evaporator, and is vapor-

Cl \/\

Allyl Chloride

FIGURE 1. Allyl chloride is an intermediate in the
production of epichlorohydrin

Propylene,
chlorine

v

Hydrochloric acid,
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A

Dichloropropane
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Chloropropenes
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FIGURE 3. Several pathways exist for the production of allyl chloride

ized and preheated to the chlorination
reaction temperature. It is then fed,
along with chlorine, to an adiabatic re-
actor, where the chlorination reaction
is carried out, producing allyl chloride
and byproducts.

Propylene recovery. The reactor ef-
fluent is cooled and routed to the pre-
fractionator, where HCl and unreacted
propylene are separated from chlo-
ropropenes, dichloropropenes, chlo-
ropropanes and heavier compounds.
The pre-fractionator overhead stream,
containing HCI and propylene, is
passed in countercurrent with demin-
eralized water in the HCI absorber,
forming a hydrochloric acid solution
with 32% purity that is stored. The
off-gas, mostly propylene, is sent to
a caustic wash step, which removes
residual HCI. The washed propylene is
compressed and routed to a decanter
and dried by adsorption for water re-
moval. Part of dried propylene is re-
turned to the feed, and the remainder
is recycled to the pre-fractionator.
Product treatment. The bottom
stream from the pre-fractionator, rich
in allyl chloride, is directed to the light-
ends column, which strips compo-
nents lighter than allyl chloride. These

light components are burned as fuel.
The bottom product of this column is
sent to the purification column, where
allyl chloride is removed from the top,
condensed and routed to storage
vessels, while the bottoms are sent to
the dichloropropene column. This last
distillation step separates dichlorides,
which are collected from the top and
sent to storage, from heavy compo-
nents, which are burned for fuel.

Production pathways

While the main commercial produc-
tion pathway for allyl chloride is the
direct high-temperature chlorination
of propylene, examples of other path-
ways include thermal dehydrochlori-
nation (cracking) of dichloropropane
and oxychlorination using hydrogen
chloride and propylene (Figure 3).
While based on cheaply available
feedstocks (dichloropropane and hy-
drogen chloride), such processes are
either less used or of nho commercial
interest due to low allyl chloride selec-
tivity and the generation of byproducts
with no significant commercial use. Al-
lyl chloride can be safely transported
and stored in carbon-steel vessels. B

Editor's note: The content
for this column is developed
by Intratec Solutions LLC
(Houston;  www.intratec.us)
and edited by Chemical En-
gineering. The analyses and

1. Evaporator
2. Chlorination reactor
3. Prefractionator

4. HCI absorber models presented are based

RF+== @
Demineralized water
a CW<—{"1 0
ST« @
— Hydrochloric acid (329%)
Light-ends Allyl _ )
o far fuel chloride  Dichlorides
= - $ 'y i
Propylene —¥ "1‘_.' 3 l ‘ !
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Chlorine
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FIGURE 2. The diagram shows the production of allyl chloride
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5. Propylene drying

6. Light ends column

7. Purification column

8. Dichloropropene column
9. Refrigeration unit

10. Cooling tower

11. Boiler

CW Cooling water
RF Refrigeration fluid
ST Steam

on publicly available and
non-confidential information.
The content represents the
opinions of Intratec only.
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Selecting Expansion
Joints in CP| Applications

In order to maximize longevity and minimize process downtime, it is imperative to understand
the factors that determine the proper selection of expansion joints. The following guidelines can
help with selection decisions for expansion joints

Eric Blazej
Proco Products Inc.

IN BRIEF

EXPANSION JOINT TYPES

FACTORS FOR JOINT
SELECTION

SELECTION
RECOMMENDATIONS

lthough sometimes overlooked or
treated as an afterthought in a pip-
ing system, expansion joints are
critical elements in chemical pro-
cess industries (CPI) operations for provid-
ing flexibility and stress relief to piping sys-
tems. Failures in expansion joints can result
in leaks of process fluids, with implications
for personnel safety, environmental protec-
tion and operational uptime. Selecting the
correct type of expansion joint for the pro-
cess conditions will maximize the lifetime of
the joint. By considering a full set of pro-
cess characteristics when selecting expan-
sion joints, plants can maximize production
and operational uptime while still maintain-
ing safety and environmental stewardship.

Expansion joint types
Expansion joints can be split into three gen-
eral categories: rubber expansion joints,
polytetrafluoroethylene (PTFE) expansion
joints and stainless-steel expansion joints
(Figure 1). Each type has its own advantages
and disadvantages. In addition, there are
multiple design variations for each type, with
different joint geometries that help their per-
formance in specific applications.

The vast majority (~95%) of rubber and
PTFE expansion joints are found off the suc-

tion and discharge of process pumps. In-
stalling expansion joints where pumps and
piping connect, for example, can extend
the longevity of the pump. The mechanical
seals and bearings inside the pump will op-
erate longer without needing to be replaced.
Other common locations include boilers,
heat exchangers, tanks and cooling towers.
Stainless-steel expansion joints are usually
found in the middle of pipe runs to help with
movements in the piping system from ther-
mal expansion and contraction. They can
also assist with seismic activity.
Rubber expansion joints. Rubber expan-
sion joints are generally more versatile than
other types of expansion joints. They ef-
fectively handle compression (movement
inward), extension (movement outward), as
well as lateral offset, vibration and sound
dampening in a shorter overall length com-
pared to other expansion joints. Over the
years, rubber expansion-joint manufacturers
have standardized a specific overall length
for each pipe size. This makes finding a
replacement easier should a failure occur.
Rubber expansion joints are a standard,
stock item as opposed to stainless-steel ex-
pansion joints that are manufactured specific
to each application.

For rubber expansion joints, the most

FIGURE 1. Expansion joints are generally categorized by their materials of construction: rubber (left), stainless steel (right)

or polytetrafluoroethylene (PTFE; center)
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common elastomers are ethylene pro-
pylene diene monomer (EPDM) rubber,
polychloroprene (also known as Neo-
prene), nitrile rubber, butyl rubber (Fig-
ure 2) and natural rubber. Table 1 con-
tains specific uses and properties for
each elastomer type. Chemical com-
patibility, pressure and temperature
may preclude them from being used
under some process conditions. The
table can be referenced for additional
design characteristics that may need to
be taken into consideration.

The two most common types of
rubber expansion joints used are the
spherical style and spool type. Spheri-
cal expansion joints are a molded de-
sign allowing for higher pressure rating
and a flowing arch. They also come with
floating flanges for easy installation.
Spool-type expansion joints are hand-
built and are more of a “heavy duty”
option. Spool-type joints offer more
movement than a spherical style due
to the wider profile arch. They can also
be manufactured with a filled arch for
slurry applications with solids. Both ex-
pansion joints are offered with multiple
arches for additional movement. Mul-
tiple arches will always mean a longer
overall length (Figure 3). This should be
taken into consideration when design-
ing the piping system.

Additional types of rubber expansion
joints include reducing concentric and
eccentric, wide arch low spring rate
for plastic piping, large lateral offset for
settlement, straight spool pieces to help
mitigate excess sound and vibration,
and finally ducting joints.

PTFE expansion joints. For applica-
tions that handle caustic, basic or acidic
process media, PTFE expansion joints
may be used (Figure 4). PTFE expansion
joints also handle compression, exten-
sion, lateral, vibration and sometimes
sound dampening. There are two com-
mon types of PTFE expansion joints.
The first is a molded design, which is
good for low-pressure applications and
offers a low spring rate. Low spring
rates are ideal for polyvinyl chloride
(PVC), chlorinated PVC (CPVC), high-
density polyethylene (HDPE), fiber-rein-
forced polymer (FRP) piping systems,
as well as tanks. The second is a PTFE-
lined rubber expansion joint. This type
of expansion joint is used for tough, de-
manding applications and has the abil-
ity to resist corrosive attack at elevated

temperatures. These types of expansion
joints are most commonly found on the
chemical process side for pulp-and-pa-
per operations.

Stainless-steel expansion joints.
Stainless-steel expansion joints are
used in applications where rubber and
PTFE cannot handle the operating con-

ditions for the given applica-
tion. These types of joints are
available in several variants,
such as 304, 316 and 321
stainless-steel grades (Figure
5). They can also be made
from other specialty metals,
such as titanium, Hastelloy
and Inconel. Stainless-steel
expansion joints are good for
handling compression, exten-
sion, lateral and sometimes
vibration. As long as a piping
system is properly guided and
anchored, the expansion joint
will function properly. The Ex-
pansion Joint Manufacturers
Association Inc.’s (Tarrytown,
N.Y.; www.ejma.org) website
offers further details on this
topic that should be consid-
ered when designing the pip-
ing system.

Most of the time, stainless-
steel expansion joints will exert
a larger overall force on the
piping system and also require
a longer overall length than a
rubber expansion joint, which
can be a major drawback. This
can be avoided only if multi-
ple-ply bellows construction is
utilized. Stainless-steel expan-
sion joints traditionally have a
higher cost, as well as longer
lead time spent due to specifi-
cation and engineering.

There are many styles for
stainless-steel expansion
joints, including: internally
pressurized, externally pres-
surized, flexible loops, gimbal,
hinged, universal and pres-
sure-balanced. Once again,
all will be custom-engineered
specific to each application.

Stainless-steel  expansion
joints are highly engineered
products compared to rubber
expansion joints. Should an
application arise that requires
stainless steel to be used,
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FIGURE 2. Butyl rubber, used in the joint shown here,
is a common elastomer

FIGURE 3. Multiple arches can provide additional
movement, but increase length

FIGURE 4. For applications involving caustic, acidic or
basic process media, PTFE can be used

A



plant personnel
should consult an
industry specialist.

An important
note to remember
is that stainless-
steel expansion
joints  should not
be confused with
stainless-steel flex
connectors, which
are made from
stainless-steel hose
and braid (Figure
6). Stainless-steel
hose and braid
is only intended
to address lateral
movement in a sin-
gle plane, whereas
an expansion joint
FIGURE 5. Stainless-steel expansion joints can be made from 304, can move in mul-

316 or 321 steels .
tiple planes.

Factors for joint selection

When selecting expansion joints for pro-
cess pipes and equipment, engineers
should begin by following a set of criteria
for determining relevant information. The
set of criteria agreed upon by the industry
is known by the acronym “STAMPED.”
By gathering information according to
this set of factors, one is able to deter-
mine a basis for which expansion joints
should be used. The components of the
acronym are defined here:

e S size. What are the diameter and
pipe thickness? Determining the size of
piping can be accomplished by mea-
suring the outer diameter of the

differential between winter- and sum-
mer-month temperatures? What is the
install temperature versus the process
operating temperature?

e A application. What are the details
of the application? What type of equip-
ment is being connected? What are the
characteristics of the process media? Is
the process media acidic, basic or neu-
tral? Is the process media abrasive (for
example, a solids-containing slurry) or
aggressive? Is the expansion joint ex-
posed to weather conditions? Is there
a chemical that can attack from the out-
side? If the process medium is a solu-
tion, what is the percent concentration
of the solute? Is there a material safety
data sheet (MSDS) available for the
chemicals under consideration?

e M movement. What type of move-
ment will the joint experience? Com-
pression, extension, lateral? Are their
multiple movements at once (con-cur-
rent versus non-concurrent)? Has the
piping system shifted over time? Are
multiple arches (rubber expansion joints)
or more convolutions (stainless-steel ex-
pansion joints) required? Increased the
number of arches, convolutions or over-
all length of the expansion joint allows
greater movement capabilities.

e P pressure. What is the pressure
inside the pipeline? Does the pressure
vary, and if so, what is the range of pres-
sure experienced? Will the system be
tested at 1.5x operating pressure? Is
there a burst pressure rating required?

e E end fittings. What type of equip-
ment is the expansion joint mated to?

pipe, looking for an engraving in
the flange, or noting the size of the

|
flange on the equipment it is mated %‘;ﬁh

to. You can also determine the pipe
size by looking on the side of the bel-
lows. A size (in millimeters, rubber
expansion joint only) may be desig-
nated. Metal expansion joints may
also have tagging. Are the size of the
equipment mating flange and piping
system flange the same size? If not,
you may need a reducer.

e T temperature. \What is the
process temperature? Is the tem-
perature variable? Will the process
temperatures stay below the tem-
perature rating for the material of the

;T

e
| |

s &k“‘.‘""-‘.

]

expansion joint in all situations? Will

the expansion joint be located out- FIGURE 6. Stainless-steel hose-and-braid connectors, like

. . th
doors? If so, what is the potential ,,,;’,5,2

32

shown here, address lateral movement in a single
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TABLE 1. MATERIALS AND PROPERTIES OF ELASTOMERS COMMONLY USED FOR EXPANSION JOINTS

Property/ performance

Common name

Chemical name

ASTM 1418 designation

Hardness range
(durometer)

Low temperature
(min. service), °F

High temperature
(max. service), °F

Abrasion

Cold

Heat

Acid (dilute)

Acid (concentrated)
Chemicals
Impermeability

0zone

Sunlight
Solvents
Water

Weather

Generally resistant to
the following:

Chlorobutyl

Chloro-isobutyl-
ene-isoprene

CIIR
40-75

—60 to 10

250 to 300

Good
Good
Very good
Excellent
Good
Excellent
Very low

Excellent

Very good

Fair to good
Good

Good to excellent

Animal and
vegetable oils;
fats; greases; air;
water, oxidizing

Elastomer types

EPDM/EPT Hypalon Neoprene
Ethylene-propylene-  Chlorosulfonated Poly-chloroprene
diene monomer polyethylene
EPDM CSM CR
40-90 40-95 40-95
—60 to —20 —60 to —30 -50to-10
300 275 220
Good to excellent Excellent Excellent
Excellent Good Good
Excellent Excellent Very good
Excellent Excellent Excellent
Excellent Very good Good
Excellent Excellent Fair to good
Fairly low Low to very low Low
Outstanding Outstanding Very good to

excellent
Outstanding Outstanding Very good
Poor to failr Poor Poor
Excellent Fair Good
Excellent Excellent Excellent

Vegetable and ani-
mal fats, oils, ozone;
many strong and
oxidizing chemicals,

Strong acids and
bases; freons;
hydroxides; ozone;
alcohols; and etch-

Moderate acids and
chemical, ozone,

oils, fats, many sol-
vents, oily abrasive

chemicals; ozone  ketones, alcohols ing, alkaline and hy-  applications
pochlorite solutions
Generally attacked by Qil; solvents; Mineral oils, sol- Ketones, esters; Oxidizing acids;
the following: aromatic hydro- vents, aromatic certain chlorinated,  esters and ketones,
carbons hydrocarbons nitro and aromatic aromatic, chlori-

These can include threaded, flanged,
weld, grooved and so on. Also, from
what material do the end fittings need to
be composed?

e D delivery. Is this item time sen-
sitive? If so, is rush delivery required?
Can a different type of expansion joint
be used temporarily or permanently? Air
freight may be required versus ocean or
truck freight.

The STAMPED criteria can go a long
way toward narrowing down the choices
in expansion joints, but there are still a
variety of choices within each of those
categories, and different designs are
available for particular conditions and
applications. Contacting an expansion-
joint vendor can be a valuable resource
for selecting the appropriate type of ex-
pansion joint.

nated and nitro
hydrocarbons

hydrocarbons

Selection recommendations
STAMPED is a valuable tool for select-
ing the appropriate type of expansion
joint. This acronym will get you well on
your way to selecting the proper expan-
sion joint for your application, however,
it is not the “end-all, be-all.” Some addi-
tional design criteria, as well as common
knowledge to have in your back pocket,
include the following:

Rule of 250. The “Rule of 250" con-
cerns pressure and temperature of the
media. If the pressure is lower than 250
psi and temperature lower than 250°F,
then rubber expansion joints should be
used. For applications above 250 psi
and temperatures over 250°F stainless
steel should be used. It is highly advised
to use stainless-steel expansion joints
for all steam and condensate applica-
tions.
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Buna-N

Butadiene
acrylonitrile

NBR
40-95

—40 to +30

240

Good
Good
Good
Good
Good
Fair to good
Low

Fair

Poor
Fair
Fair to good
Fair

Most hydrocarbons,
fats, oils, greases,
hydraulic fluids,
chemicals and
solvents

0zone, ketones, es-
ters, aldehydes, nitro
and chlorinated,
hydrocarbons, polar
solvents, methyl
ethyl ketone

Natural rubber

Polyisoprene

NR/IR
30-90

—20 to 65

185

Excellent
Excellent
Good

Fair to good
Fair to good
Fair to good
Fairly low

Poor to fair

Poor
Poor
Fair to good
Fair

Water, air, average-
concentration acids,
bases, alcohols,

salts, ketones, best
abrasion resistance

0zone, strong acids,
bases, oils, solvents,
most hydrocarbons
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TABLE 2. TEMPERATURE CORRECTION FACTORS FOR
STAINLESS-STEEL EXPANSION JOINTS

34

Temperature, °F Material
304 stainless steel 321 stainless steel
Ambient 1.00 1.00
150 0.96 0.97
200 0.92 0.94
250 0.91 0.92
300 0.86 0.88
350 0.85 0.86
400 0.82 0.83
450 0.80 0.81
500 0.77 0.78
600 0.73 0.74
700 0.69 0.70
800 0.64 0.66
900 0.58 0.62
1,000 - 0.60
1,100 - 0.58
1,200 - 0.55
1,300 - 0.50
1,400 - 0.44
1,500 - 0.40
Pressure-temperature relationship.

It is important to note that all types of
expansion joints are unable to operate
at the maximum operating pressure and
temperature at the same time. For ex-
ample, consider a 6-in. 321 stainless-
steel expansion joint with a pressure
per square inch (psi) rating of 150. This
means the expansion joint can operate
up to 150 psi at 70°F. If we increase the
temperature rating to 200°F, we can
conclude that the psi rating must be
multiplied by a factor of 0.92. Therefore,
the expansion joint is now rated for 138
psi at 200°F. Table 2 contains tempera-
ture correction factors for two types of
stainless-steel expansion joints.

Specific temperature requirements.
Beyond the so-called Rule of 250, the
selection of expansion joint material
should get more specific. EPDM and
butyl rubber expansion joints are suitable
up to 250°F, but Neoprene is only good
to 225°F and nitrile rubber up to 212°F.
Different types of stainless steel (the most
common being 321, 304 and 316) each
have their own limitations as well.

MSDS. Material safety data sheets pro-
vide details on various compounds that
might be present in process media. The
information can include details about

the potential health and environmental
hazards of the components, as well as
chemical compatibility. It is highly rec-
ommended that users consult MSDS
before selecting an expansion joint. Two
similar compounds used in a process,
such as ethylene glycol and propylene
glycol, could require different expansion
joints at elevated temperatures. Ethyl-
ene glycol is suitable for EPDM expan-
sion joints, while propylene glycol works
with nitrile rubber. The degree of speci-
ficity that users can have for the type of
media that the expansion joint will en-
counter can have a huge impact on the
type of elastomer selected.

Control rods. All types of expansion
joints can be offered or manufactured
with control rods (Figure 8). This is a
preventative measure and should be
considered for all expansion joints. The
natural reaction of a piping system is
to extend outwards once pressurized.
Without proper restraints or anchors,
the expansion joint may extend past its
capabilities. This could lead to an imme-
diate or premature failure. Not only can
control rods be used to prevent over-
extension, but they can also be used to
prevent over compression. If an expan-
sion joint is in the vertical position, and a
heavy piece of equipment sits on top of
the expansion joint, or if a pipe hanger is
not properly installed, the weight of the
pipe may “pop” the expansion joint.
Brochures, submittals, CAD drawings
and so on. Almost every expansion joint
manufacturer offers detailed submittals,
brochures or computer-assisted design
(CAD) drawings. Brochures cover basic
information about the expansion joint,
such as overall length (OAL), movement
and weight. Submittals are a bit more
technical and may include bill of materi-
als, spring rates and so on. CAD, build-
ing information modeling (BIM) and Revit
drawings are the most in-depth and can
also be used in engineering programs,
such as the pipe-stress-analysis soft-
ware CAESER or CAEPIPE, to ensure
that the piping system will work effec-
tively with reduced stress points once
the expansion joint is installed.

Sound. If the pipe operation results in
high-frequency sound (high-pitched
squealing traveling through the piping),
rubber expansion joints are the best so-
lution and will help mitigate this issue.
Concentrations. Beyond the identity of
the process media that is present, con-
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centrations of various components within
the media are also important. For exam-
ple, a 5% solution of a caustic substance
might be suitable for a particular type of
elastomer, but if the concentration of the
same caustic material is increased to
20% the rubber may not be compatible.
In these cases, PTFE or stainless-steel
expansion joints might be required.

Gas handling. For processes involving
gases, the material should be consid-
ered carefully also, since rubber expan-
sion joints are somewhat permeable to
gases. Cases where gas escape would
be a problem might also require the use
of stainless-steel expansion joints.

Life expectancy. It can be useful to
identify factors that might reduce or
extend the lifetime of an expansion
joint. The average lifespan of a rubber
expansion joint is roughly 7-10 years.
Depending on the particulars of an ap-
plication, however, expansion joints
might only last a matter of 2-3 months,
while other joints might function well
for 25 years or more. Some of the fac-
tors that can contribute to a shorter
life expectancy are high pressure, high
temperature, aggressive or abrasive
media, exposure to outdoor weather
and extensive levels of movement. This
is also a similar case for stainless-steel
expansion joints and hose and braid.
Traditionally, however, stainless-steel
expansion joints will last much longer
than rubber expansion joints.

Cycle life. This can be defined as the
life expectancy of an expansion joint. If
an expansion joint were to fully extend
or compress from its initial position
through a complete range of motion,
we can conclude that is has experi-
enced one cycle. We call this a “full
load cycle.” Rubber expansion joints will
typically wear and tear before they reach
their point of failure due to life cycle. In
some cases, high-amplitude cycles will
in fact wear down rubber expansion
joints. Stainless-steel expansion joints,
on the other hand, will typically require
this information up front during the de-
sign phase. Higher life cycle will lead to
specialized engineering of the expan-
sion joint.

Safety of plant personnel. The majority
of expansion-joint manufacturers offer
sleeves, jackets or some other sort of
protective shield that can be wrapped
around the expansion joint. This simple
procedure can help prevent a cata-

strophic failure from
causing damage to
nearby equipment
or plant personnel.

Expansion joint
surveys. Expansion
joints do not last
forever. Manufactur-
ers provide expan-
sion joints based on
STAMPED  criteria
to maximize longev-
ity. However, a de-
finitive method for
determining exactly
when to replace ex-
pansion joints or to

identify the exact
moment when they
will fail does not

exist. The best way
to prepare for an ex-
pansion joint failure,
and to limit downtime in the event of a
failure, is an expansion joint survey. This
is offered as a completely free service by
most member companies of the Fluid
Sealing Association (FSA; Wayne, Pa;
www.fluidsealing.com). This process
is proactive as opposed to reactive,
catches failures before they happen,
streamlines ordering replacements and
leads to stocking recommendations.
Surveys can be critical for plant main-
tenance, especially with plants that are
trying to maximize productivity and prof-
its while also limiting downtime. Surveys
have the potential to help a plant avoid
environmental concerns associated with
expansion joint failures as well.

No matter what process details are
found in a process, expansion-joint
manufacturing companies will be able
to guide plant personnel toward the cor-
rect type of expansion joint for given op-
erational conditions. [ |

Edited by Scott Jenkins

beyond its capabilities
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FIGURE 8. Control rods prevent the expansion joint from extending
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Feature Report

Optimizing Vapor

Recovery

from Storage Tanks

Light hydrocarbons in storage tanks can vaporize and vent to the atmosphere, creating
harmful emissions. An optimized vapor-recovery unit can effectively and economically

reduce such emissions

Yik Fu Lim
Taner Industrial n the chemicals, petroleum refining and
Technology Sdn Bhd natural gas industries, storage ves-
Dominic C.Y. Foo sels are used to contain various liquids,
University of Nottingham such as condensates, crude oil and
Malaysia produced water. Condensate and crude oil
Mike Boon Lee are usually kept in fixed-roof, atmospheric-
Ooi pressure tanks between production wells
NGLTech SdnBhd and pipelines or truck transportation. In
offshore fields, the storage vessels usu-
IN BRIEE ally contain crude oil and condensate

produced from connected wells, or from
nearby platforms [7].

In most cases, light hydrocarbons, such
as methane, volatile organic compounds
(VOCs), natural gas liquids (NGLs) and haz-
ardous air pollutants (HAPs), in the crude
oil tend to vaporize and collect within the
space between the fixed roof and liquid
level of the tank [2]. Ambient temperature
changes cause the fluctuation of liquid level
in the tank, leading to the escape of vapors
into the atmosphere. These escaped va-
pors cause income losses due to reduction
in hydrocarbon volume and changes in the
American Petroleum Institute (API) gravity
measure of the oil. Apart from potential fire
hazards, they also contribute to environ-
mental pollution, because methane (C1)
and carbon dioxide (CO,) are greenhouse
gases that contribute to global warming [3].

Flash gases may be flared or vented di-
rectly to the atmosphere — the latter results
in an environmental emissions impact [4].
Therefore, a commonly accepted option
to simultaneously reduce light hydrocar-
bon emissions and realize significant eco-
nomic savings is to install vapor-recovery
units (VRUs) on storage vessels. VRUs are
relatively simple systems that can capture
approximately 95% of the light hydrocar-
bon vapors for sale, or for onsite usage
— for instance, as fuel. Ref. 2 reported
the generation of savings from recover-
ing light hydrocarbons, while at the same
time reducing the volume of HAPs and

BASE-CASE SIMULATION
PARAMETRIC STUDIES

HYDRATE FORMATION
STUDY

OPTIMIZATION MODEL

COMPARISON OF
RESULTS

SENSITIVITY ANALYSIS

TABLE 1. FEED COMPOSITION FOR STUDY [5]

Components Composition, mol %
Oxygen (0,) 0.80
Water (H,0) 9.28
Hydrogen sulfide (H,S) 0.00
Carbon dioxide (CO,) 6.69
Nitrogen (No) 13.80
Methane (C;) 31.68
Ethane (C,) 6.73
Propane (Cs) 13.41
i-Butane (i-Cy) 3.29
n-Butane (n-Cy) 7.41
i-Pentane (i-Cg) 2.38
n-Pentane (n-Cs) 1.76
Hexanes (Cg) 1.20
Heptanes (C;) 0.91
Octanes (Cg) 0.47
Nonanes (Cq) 0.12
Decanes (C4q) 0.04
Undecanes (C11) 0.01
Dodecanes (C1,) 0.01
Totals 100

methane emissions.

For this article, simulation and optimiza-
tion were performed on a VRU for the re-
covery of light hydrocarbons. The process
parameters that affect profitability were
identified and optimized in order to achieve
higher profitability for the VRU.

Base-case simulation

A base-case simulation model (Figure 1)
was developed using the commercial pro-
cess simulation software Aspen Hysys v8.8,
using a thermodynamic package employ-
ing the Peng-Robinson equation of state,
which is frequently used to evaluate natu-
ral gas systems in industry. The feedstream
composition is taken from a literature case
study reported for a floating production
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FIGURE 1. The simulation model for this optimization exercise was developed using Aspen HYSYS software

storage and offloading (FPSO) unit
[5], as shown in Table 1.

As shown in Figure 1, light hydro-
carbon feed (Stream 1) that is vented
or flared from a storage vessel is fed
at atmospheric conditions (1 atm
and 40°C) to a liquid ring compres-
sor. The feed is compressed to a
pressure that corresponds to the
maximum temperature (150°C) at
the outlet of the compressor (in order
to prevent damage to the compres-
sor). The compressed gases then
pass through an air cooler (with a
pressure drop of 0.3 barg), where
ambient air at 35°C is used for cool-
ing. Next, a suction scrubber (a
three-phase separator) is used to
separate the gas phase (Stream 4)
and aqueous layer (Stream 6) from
the product (Stream 5), which is the
organic phase.

The separated organic phase in
the product stream is delivered into
a surge vessel for sale, or for further
processing. The aqueous phase in
Stream 6, which mostly consists of
water, is mixed with the expanded
gas (Stream 13) with a small amount
of hydrocarbon before entering the
heat exchanger (HE) as the cooling
medium. Upon exiting the HE, this
stream is then flared or vented.

The gas phase from the suction
scrubber (Stream 4), which mostly
consists of light hydrocarbons and
some unwanted gases, is sent to the
compressor section of a turbo-ex-
pander. The latter is used to convert
energy from expanding the high-pres-
sure gases to drive the compressor
or generator [6]. The compressed
hydrocarbon gases next enter the
HE (with a pressure drop of 0.3

ing medium. The un-
wanted gases, with a
pressure of 19 barg,
next enter the expander section of
the turbo-expander, to recover their
pressure. The condensate from the
cold separator is recycled to the suc-
tion scrubber in order to recover the
uncaptured hydrocarbon.

Note that the temperature of the
entire system should be maintained
in order to prevent icing and hydrate
formation in the pipelines. The ex-
panded gas (Stream 13) is the only
potential stream where hydrate may
be formed. Hence, the pressure
of the expanded gas is to be con-
trolled to avoid the expanded gases
stream from reaching hydrate for-
mation temperatures. Furthermore,
the outlet of the compressor should
not reach temperatures higher than
150°C to avoid damaging the com-
pressor. It is also worth noting that
the maximum pressure of the system

TABLE 2. RECOVERY BASED ON COMPRESSION RATIO OF LIQUID RING COMPRESSOR

Case Compression Temperature Pressure  Energy Propane i-Butane n-Butane C5+ Total Greenhouse
ratio of liquid of Stream of Stream required, recovery,%  recovery,%  recovery, recovery, recovery, gases
ring compressor  2,'C 2, barg kW % % % reduction, %
1 5.00 126.81 4.07 42.02 6.91 19.53 27.89 54.63 21.81 0.39
2 5.50 132.07 4.57 44.74 8.03 2217 31.43 56.77 23.47 0.48
3 6.00 136.88 5.08 47.25 9.48 25.57 35.87 60.07 25.72 0.59
4 6.50 141.31 5.59 49.57 10.69 27.89 38.30 59.34 26.48 0.67
5 7.00 145.43 6.09 51.73 12.09 30.61 41.32 60.13 27.81 0.77
6 7.50 149.27 6.60 53.76 13.52 33.24 44.16 60.84 29.09 0.88
7 8.00 152.88 7.11 55.67 15.01 35.84 46.90 61.50 30.36 1.00
TABLE 3. RECOVERY BASED ON OUTLET TEMPERATURE OF AIR COOLER
Case Temperature  Duty required, Mass flowrate  Propane i-Butane n-Butane C5+ Total Greenhouse
of Stream kw of air, kg/h recovery,%  recovery,% recovery,% recovery,% recovery,%  gases
3,C reduction, %
1 45.00 74.38 26,777.29 17.70 41.97 54.09 63.83 33.38 1.10
2 46.00 73.28 26,380.66 16.81 40.19 52.14 63.32 32.53 1.06
3 47.00 72.18 25,985.83 15.95 38.43 50.17 62.76 31.68 1.01
4 48.00 71.09 25,592.47 15.11 36.68 48.18 62.16 30.82 0.97
5 49.00 70.00 25,200.23 14.30 34.95 46.17 61.53 29.96 0.92
6 50.00 68.91 24,808.79 13.52 33.24 4417 60.85 29.10 0.88
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Table 2. As shown,
the total recovery of
hydrocarbon in the
product stream in-
creases when the
compression ratio is
increased. To maxi-
mize the recovery of
hydrocarbon and yet
remain bound to the
above-mentioned
constraints, the op-
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FIGURE 4. The relationship between the product stream yield and the

Stream 16 temperature is nearly linear

is to be maintained below 20 barg for
safety and maintenance purposes.
Within the simulation, two set op-
eration models were used to main-
tain the pressure of the streams to
avoid backflow.

Parametric studies

The purpose of parametric studies
is to examine the effect of operating
parameters, such as compression
ratio (CR) of the liquid ring compres-
sor, temperature at air cooler outlet
(Stream 3), pressure of expanded
gas (Stream 13) and temperature of
Stream 16, on the recovery of hy-
drocarbon in the product stream.
Note that the latter also corre-

timum CR should be
7.5, in order to main-
tain the outlet tem-
perature of the liquid ring compres-
sor lower than 150°C.

Parameter 2: Temperature at air
cooler outlet (Stream 3). For this
case, the CR of the liquid ring com-
pressor is set to 7.5, the tempera-
ture of Stream 16 is set at 75°C and
the expanded pressure of Stream
13 at 0.4 barg. The temperature
of the ambient air, which is used
as coolant for the air cooler, is set
to 35°C, to allow a minimum tem-
perature difference (AT) of 10°C.
Hence, the lowest exit temperature
of Stream 3 is at 45°C. The simula-
tion results are summarized in Table
3. As shown, the recovery of hydro-
carbon is inversely proportional to

the increase in temperature. Hence,
the lowest temperature of Stream
3 (45°C) should be chosen as the
optimum condition, as it recovers
the most hydrocarbon, which also
leads to the highest greenhouse
gases reduction.

Parameter 3: Expanded pres-
sure at Stream 13. For this case,
the compression ratio of the liquid
ring compressor is fixed at 7.5, and
the temperatures of Streams 3 and
16 are fixed at 45°C and 75°C, re-
spectively. Additionally, the pres-
sure of Stream 7 is also observed to
ensure the pressure will not go be-
yond 20 barg. At these conditions,
the expanded pressure at Stream
13 is being manipulated, aiming to
keep it near atmospheric pressure.
Note that the temperature of Stream
15 is being observed because this
stream has the highest possibility of
forming hydrate.

The results of changing this pa-

rameter are summarized in Table
4. Based on these findings, nei-
ther C5+ recovery nor greenhouse
gases reduction are significantly af-
fected by the expanded pressure
of Stream 13. The highest total
recovery is observed at 0.2 barg.
However, the corresponding tem-
perature of Stream 15 is very low at
—9.5°C, while the pressure of Stream
7 is higher than 20 barg. Hence, a
pressure of 0.3 barg at Stream 13
is chosen.
Parameter 4: Temperature of
Stream 16. For this case, the CR
of the liquid ring compressor is set
to 7.5, the temperature of Stream
3 is set to 45°C and the expanded
pressure of Stream 13 is set to 0.3
barg. The temperature of Stream 16
is manipulated to find the optimal
temperature that could increase total
hydrocarbon recovery, while meeting
the minimum approach temperature
of 3°C (by comparing with the tem-
perature of Stream 7). The tempera-
ture of Stream 15 is also observed,
due to the potential for hydrate for-
mation, as mentioned earlier.

Table 5 shows that the high-
est total recovery and greenhouse
gases reduction is observed at
80°C. Therefore, this is set as the
optimum temperature for Stream
16. After these parametric studies,
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TABLE 4. RECOVERY BASED ON PRESSURE OF EXPANDED GAS

Case Pressure of  Temperature Pressure of  C5+ Total Greenhouse
Stream 13,  of Stream Stream 7, recovery, % recovery,% gases
barg 15,°C barg reduction, %

1 0.20 -9.50 20.71 63.76 33.41 1.10

2 0.30 -8.05 19.92 63.80 33.40 1.10

3 0.40 -6.70 19.19 63.83 33.38 1.10

4 0.50 -6.03 18.46 63.87 33.36 1.10

5 0.60 —7.26 17.54 63.92 33.35 1.10

6 0.70 -8.38 16.75 63.96 33.33 1.10

TABLE 5. REGOVERY BASED ON TEMPERATURE OF STREAM 16

Case Temperature Temperature Temperature C5+ Total Greenhouse
of Stream of Stream of Stream recovery, recovery,%  gases
16,°C 15°C 7,°C % reduction, %
1 50.00 0.35 102.95 57.43 26.03 0.79
2 55.00 -1.51 99.60 59.10 27.62 0.86
3 60.00 -3.30 96.42 60.56 29.16 0.92
4 65.00 —4.95 93.60 61.80 30.62 0.98
5 70.00 -6.54 90.89 62.88 32.04 1.04
6 75.00 -8.05 88.39 63.80 33.40 1.10
7 80.00 -13.05 84.68 64.63 34.71 1.16
TABLE 6. COST ANALYSIS OF OPTIMUM Aspen Hysys in order to identify the
CONDITIONS conditions for hydrate formation. A
CR of liquid ring compressor 75 hydrate formation graph with pres-
Temperature of Stream 3, 45 sure versus temperature is shown
’ in Figure 2. Hydrate formation in
Expanded pressure at Stream 13, 0.3 9 y )
barg Stream 15 can occur when there is
T G TG 80 high pressure :elnd low temperature.
In the simulation model, the pres-
0, .
C5+ recovery, % sl sure of the expanded gas in Stream
Total recovery, % 34.71 13 is close to 0.01 barg, which
Greenhouse gases reduction, % 1.16 requires very low temperature to
Mass flowrate of condensate, kg/h 316.8 form hydrate. )
Gross profit, §/h 26.2 . Fl;lrthermore, the' hydrate forma-
tion” stream analysis tool was also

cost analysis is performed to maxi-
mize the profit gain from the VRU.
The cost of the condensate recov-
ered from the feed is taken as $50/
barrel, while the unit cost of elec-
tricity (for compression) is set to
$0.02/kWh. Cost analysis results
are shown in Table 6.

Hydrate formation study
According to the parametric studies,
the pressure of the expanded gas at
Stream 13 and the temperature of
Stream 16 affect the temperature of
Stream 15. In this study, a simula-
tion is done to determine the condi-
tions under which hydrates will form
at Stream 15 when Stream 13 is
mixed with Stream 6 (which consists
mostly of water).

Stream analysis has been car-
ried out using the “envelope” tool in

carried out for specific tempera-
tures and pressures to determine
the conditions of hydrate formation.
The optimum conditions from the
four parameter studies were ana-
lyzed for hydrate formation. For the
optimum conditions of Stream 15 at
—13.05°C and 0.3 barg (see Table 5),
hydrate formation does not occur.
At 0.3 barg, hydrate formation oc-
curs at a temperature of —18.71°C;
while at —-13.05°C, hydrate will form
at 0.75 barg.

From the above analysis, it can
be concluded that potential hy-
drate problems are not significant
in this case.

Optimization model

Optimization is next carried out for
the VRU, based on the base-case
model built earlier. The model was
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solved using MS Excel Solver, and
verified with Lingo commercial soft-
ware. In this optimization model,
the objective was set to maximize
the hydrocarbon in the product
stream (Ampq), While the CR of
the liquid ring compressor and the
temperature of Stream 16 are the
manipulated variables. Note that
the temperature of Stream 3 is kept
at 45°C, while the expanded gas
pressure (Stream 13) is kept at 8°C,
since those are the optimum condi-
tions that lead to maximum total hy-
drocarbon recovery. The base-case
data for the optimization model are
shown in Table 7. The objective of
the optimization is given in Equation
(1) below:

maxAmMyyoq = AMcRr + AMg 16 + Mpase

(1)

where Amgg is the additional hy-
drocarbon recovery from the base
case (in kg/h) achieved by manipu-
lating the CR value; Amg4g is ad-
ditional hydrocarbon recovery from
the base-case (in kg/h) by manipu-
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Figures 3 and 4, re-
spectively. As shown
in Figures 3 and 4,
the relationships
of these variables
show a linear trend.
The linear relations

e are then deducted
from the base val-
ues, and result in the
revised form that is
shown in Equations

80.00 81.00

FIGURE 5. The temperatures of Streams 15 and 16 are correlated here

lating the temperature of Stream
16; and my,ee is the base case
product flowrate of the product
stream (304.84 kg/h).

Three scenarios are analyzed in
the optimization model. Scenario
1’s goal is to maximize the product
flowrate based on the constraints
outlined in the base-case section.
Scenario 2 explores the possibility
of increasing the boundary range
of constraint (outlet temperature of
the liquid ring compressor), in order
to maximize the increment of its
gross profit. In Scenario 3, a new
constraint is added to reduce the
risk of hydrate formation.

Scenario 1. To maximize mass
flowrate of the product stream
(Amproq), the relationships between
Amgs and its manipulating vari-
ables (CR and Tg1g) are first de-
termined. Their relationships are
first determined independently. By
running the simulation model in
Aspen Hysys, the flowrate of the
product stream as a result of ma-
nipulating the variables is shown in

(2) and (3).

AR = SB0R ~Mpgse =24.2CR— 181 .és)a

AM16=S5716~Mpase=2.39Tg16- 17918
3)

Additionally, the temperature of
Stream 2 (Tgp) is dependent on
the compression ratio, as shown
in Equation (4). On the other hand,
the temperature difference between
Streams 16 and 7 (AT) is given in
Equation (5).

Tep=7.21CR + 95.23 @)

AT =-0.098(Tg1gR + 13.44Tg15—444.28
(5)

The constraints are given below in
boundary Equations (6) and (7):

Tgo < 150°C 6)
AT > 3°C (7)

The objective in Equation (1) is
solved, subject to the constraints in

290
2799 &
s
270 "~

Gross profit, $/h
[+
8

1833
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Price of electricity

Variation from base value

—&— Compression ratio of liquid ring compressor —e— Temperature of stream 3

—@— Temperature of stream 16

2755

Price of condensate

FIGURE 6. Sensitivity analysis shows that most parameters are actually quite sensitive
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TABLE 7. BASE CASE DATA FOR

OPTIMIZATION.
Compression ratio of liquid ring

compressor, CR =
Temperature of Stream 16 (7gy), 75
(C)

Mass flowrate of product stream 304.84

(Mpase)> ka/h

Equations (2) through (7), resulting in
a product flowrate of 320.8 kg/h. The
optimization results were re-simulated
and verified with Aspen Hysys. The
optimal results for CR (7.6) and Tgg
(80.74°C) obtained from the optimiza-
tion model are also verified by re-run-
ning the simulation model in Aspen
Hysys. The difference between the
optimization and simulation models is
determined as approximately 0.04%,
which is negligible.

Scenario 2. In this scenario, the ob-
jective remains the same as in Sce-
nario 1. However, temperature for
Stream 2 (Tgp) is set to be 5°C above
the actual restriction, which is 155°C.
This is because the increase of CR
values increases the product mass
flowrate of Stream 5 (see Figure 5),
which generates higher income.
Therefore, a new constraint is added
as in Equation (8):

Tep < 155°C 8)

Note that all the other constraints

remain the same as in Scenario 1.
Solving for the objective in Equation
(1), subject to the constraints in Equa-
tions (2) through (5) and Equations (7)
and (8), resulted in a product flowrate
of 337.2 kg/h. The optimization results
were verified with Aspen Hysys. Re-
running the simulation model in Aspen
Hysys shows 0.15% difference from
the optimization model, which can
be neglected.
Scenario 3. In this scenario, the ob-
jective is the same as Scenario 1, but a
new constraint is added for Stream 15
temperature (Tg1s) to prevent hydrate
formation. Hydrate formation could
reduce the hydrocarbon recovery, as
well as the profit. Although the hydrate
formation study indicated that the for-
mation temperature is much lower at
—-18.71°C (0.3 barg), to reduce the risk
of hydrate formation, Tg45 is set to be
higher than —10°C in Equation (9) :

Ts15>-10°C ©)
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TABLE 8. COMPARISON OF BASE-CASE AND OPTIMIZATION RESULTS

Before Scenario 1 Scenario 2 Scenario 3
optimization
Compression ratio 7.50 7.60 8.29 7.60
Temperature of Stream 16, °C 80.00 80.74 80.74 78.53
Mass flowrate, kg/h 316.8 320.8 337.2 313.2
C5+ recovery, % 64.63 64.81 65.34 64.38
Total recovery, % 34.71 35.15 36.95 34.32
Greenhouse gases reduction, 30.45 31.46 37.16 30.77
kg CO,e/h
Gross profit, $/h 226.2 229.4 243.0 223.5
Increment of gross profit, % - 1.41 7.43 -1.19
Payback period, yr 0.69 0.65 0.71

Note also that Tgy5 depends on the
Stream 16 temperature (TS16), as
shown in Figure 5. The simulation
results indicate that their correlation
may be given as in Equation (10):

Ts1 5 =—O.26(TS1 6)2 +39.09Ts1 6—1 ,4872
(10

Solving the objective in Equation (1),
subject to the constraints in Equa-
tions (2) through (7) and Equations
(9) and (10), yields a product flow-
rate of 313.2 kg/h. Similar to ear-
lier scenarios, the differences be-
tween the Lingo and Hysys models
are negligible.

Comparison of results
The results from the base-case model
and those from the optimization
scenarios are shown in Table 8. As
shown, there are increments of gross
profit increase for both Scenarios 1
and 2, as compared to the base-case
model. Scenario 3, however, shows a
decrease in gross profit. The reason
for reduced gross profit is due to the
additional constraint set for Tgqs,
which causes Tgyg to have lower
value, and leads to lower gross profit.
The economic evaluation tool in
Aspen Hysys was used to evaluate
the economics of the VRU system,
resulting in capital cost of $1,263,500
(operating cost is negligible). The
payback period of each scenario is
shown in Table 8, calculated assum-
ing an annual operating time of 8,000
h. The last row of Table 8 shows that
the three scenarios are comparable
for their payback period, with Sce-
nario 2 slightly outperforming the oth-
ers, with the highest greenhouse gas
reduction of 37.16 kg of emissions

per hour (CO5e/h). Note that the lat-
ter is calculated based on the differ-
ences of methane and CO, flowrates
in the feed (Stream 1) and Stream 16,
which is sent to flare. Note also that
methane is generally regarded as a
greenhouse gas that is 25 times more
powerful than COs, in terms of global
warming potential.

Sensitivity analysis

Sensitivity analysis was next per-
formed to identify the parameters that
have significant influence on the gross
profit of the project. In the analysis,
several parameters, including com-
pression ratio, price of condensate,
outlet temperature of Stream 3, tem-
perature of Stream 16 and the price
of electricity, were studied to evaluate
the gross profit. Each of the param-
eters is set to have +20% variation in
their values compared to the base-
case model.

Based on Figure 6, it can be seen
that apart from the price of electric-
ity, all other parameters are very
sensitive. The most sensitive param-
eter is the cooler outlet temperature
(Stream 3), which will lead to the big-
gest difference of gross profit of ap-
proximately $100/h. Additionally, the
price of condensate will also lead to
significant gross profit difference of
approximately $90/h.

These analyses confirm that im-
plementation of VRUs on storage
vessels reduces pollution while also
generating extra profit. The optimiza-
tion results showed that increased
recovery of hydrocarbon leads to in-
creased profit, with a payback period
of approximately 0.7 years, coupled
with greenhouse gas reduction of
more than 30 kg COoe/h. Sensitivity
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analysis shows that careful control of
Stream 3 temperature is required, be-
cause it is the most influential param-
eter among all those analyzed. |

Edited by Mary Page Bailey
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Engineering Practice

Specification Tips to Maximize Heat Transfer

Presented here are some practical points to help in the selection of a shell-and-tube
heat-exchanger design for various applications

John Boyer and Jim Klimek
Xylem Inc.

eat exchangers are widely
used in various sectors of
the chemical process in-
dustries (CPI), including:
chemical; oil and gas; power gen-
eration; food and beverages; heat-
ing, ventilation and air conditioning
(HVAC) and refrigeration; pulp and
paper to name a few. Their use is
expecting strong growth over the
coming years, driven, in part, by a
rising focus on environmental impact
and improving efficiency standards.
Although used for varied applica-
tions, a heat exchanger’'s primary
role is to transfer heat from one fluid
or gas to another in order to control
the temperature of a system and
manage waste heat. Growing envi-
ronmental concerns and regulations
are motivating energy-intensive in-
dustries to look at ways to improve
heat exchanger performance and
maximize energy efficiency use.
Choosing the right heat exchanger
to fit the needs of specific appli-
cations and systems is critical in
achieving optimal efficiency.
Operating conditions, ease of
access for inspection and main-
tenance, and compatibility with
process fluids are just some of the
variables to be considered when
assessing heat exchanger options.
Other factors include the following:
® Maximum design pressure and
temperature
¢ Heating or cooling applications
¢ Maintenance requirements
* Material compatibility with process
fluids
e Gasket compatibility with process
fluids
¢ Cleanliness of the streams
e Temperature approach
A properly selected, installed and
maintained heat exchanger can help
enhance the reliability and efficiency
of a fluid system by optimizing en-
ergy consumption and reducing as-
sociated operating costs.
In this article, we look at the spec-

ification  tips
to  maximize
heat transfer
in  shell-and-
tube (S&T)
heat exchang-
ers in order
to boost heat
exchanger
performance

FIXED TUBESHEET
DETAIL

CENTURY C200 TYPE "BEM*

=

and increase

efficiency.

3 I _

S&T

exchangers
The shell-and-

Bord

tube heat ex-
changer’s flex-
ible design,
high pressure
and tempera-
ture capabilities, and its ability to
handle high levels of particulate
material make it the most common
heat exchanger type used. Mechani-
cally simple in design and a proven
technology, the shell-and-tube de-
sign offers a low-cost method of
heat exchange for many process
operations. The following is a brief
description of each of the most com-
mon shell-and-tube configurations:
Straight-tube, fixed-tubesheet ex-
changers. The fixed-tubesheet ex-
changer is the most common, and
typically has the lowest capital cost
per square foot of heat-transfer sur-
face area. Fixed tubesheet exchang-
ers consist of a series of straight
tubes sealed between flat, perfo-
rated metal tubesheets (Figure 1).
Because there are no packed or
gasketed joints on the shell side,
potential leak points are eliminated,
making the design suitable for higher
pressure or potentially lethal service.
However, because the tube bundle
cannot be removed, the shell side
of the exchanger (outside the tubes)
can only be cleaned by chemical
means. The inside surfaces of the
individual tubes can be cleaned
mechanically, after the channel cov-
ers have been removed. The fixed

FIGURE 1. In a fixed tubesheet exchanger, straight runs of tubing are attached to
two perforated tubesheets. The design has no shell-side gasket or packed joints.
This minimizes the potential for leakage, and makes this exchanger ideal for
high-pressure operations, or those handling potentially lethal fluids

tubesheet exchanger is limited to
applications where the shellside fluid
is non-fouling; fouling fluids must be
routed through the tubes.

In line with the Tubular Exchanger
Manufacturers Association (TEMA)
heat exchanger standards and no-
menclature, shell-and-tube heat-
exchanger types have a three-letter
designation which refers to the spe-
cific type of stationary head at the
front end, the shell type, and the
rear-end head type, respectively.

Common TEMA designations for
the straight-tube, fixed-tubesheet ex-
changers are BEM, AEM, NEN. Com-
mon applications include the following:
® \apor condensers
¢ |iquid-liquid exchangers
e Reboilers
® Gas coolers
Removable-bundle, externally
sealed, floating-head exchang-
ers. Floating-head heat exchangers
are so named because they have
one tubesheet that is fixed relative
to the shell, and another that is at-
tached to the tubes, but not to the
shell, so it is allowed to “float” within
the shell. Unlike fixed tubesheet de-
signs, whose dimensions are fixed
at a given dimension relative to the
shell wall, floating-head exchangers
are able to compensate for differen-
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tial expansion and contraction be-
tween the shell and the tubes.

Since the entire tube bundle can
be removed, maintenance is easy
and inexpensive. The shell-side sur-
face can be cleaned by either steam
or by mechanical means. In addi-
tion to accommodating differential
expansion between the shell and
tubes, the floating tubesheet keeps
shell-side and tube-side process flu-
ids from intermixing.

Although the externally sealed,
floating-head design is less costly
than the full, internal floating-head
exchanger, it has some design limi-
tations due to it being a serviceable
joint exposed to the atmosphere:
both shell-side and tube-side fluids
must be non-volatile or non-toxic,
and the tube-side arrangements are
limited to one or two passes. In ad-
dition, the packing used in this ex-
changer limits design pressure and
temperature to 300 psig and 300°F.

Common TEMA designations are
AEW and BEW. Applications include
exchangers handling the following:
¢ |nter- and after-coolers
e Qil coolers
e Jacket water coolers
Removable-bundle, outside-
packed, floating-head exchang-
ers. This design is especially suited
for applications where corrosive lig-
uids, gases or vapors are circulated
through the tubes, and for air, gases
or vapors in the shell. Its design also

allows for easy inspection, cleaning
and tube replacement, and provides
large bundle entrance areas without
the need for domes or vapor belts
(Figure 2).

Unlike the previous design, only
shell-side fluids are exposed to
packing, allowing high-pressure, vol-
atile or toxic fluids to be used inside
the tubes. The packing in the head
does, however, limit design pressure
and temperatures.

Common TEMA designations are
BEP and AEP. Typical applications
include the following:

e Oxygen coolers

® \olatile or toxic fluids

e (Gas processing
Removable-bundle, internal clamp
ring, floating-head exchangers.
This design is useful for applications
where high-fouling fluids require fre-
quent inspection and cleaning. And,
because the exchanger allows for
differential thermal expansion be-
tween the shell and tubes, it readily
accommodates large temperature
differentials between the shell-side
and the tube-side fluids.

This design has added versatility
since multi-pass arrangements are
possible. However, since the shell
cover, clamp ring and floating-head
cover must be removed before the
tube bundle can be removed, ser-
vice and maintenance costs are
higher than in “pull through” designs
(discussed next).

OUTSIDE PACKED
FLOATING HEAD DETAIL

FIGURE 2. In a removable bundle, outside packed floating head exchanger, straight runs of pipe are at-
tached to one fixed (or stationary) head, and one floating head, which allows the entire assembly to be
removed for cleaning and repair. Also, the floating head accommodates differential thermal expansion

during operation

CHEMICAL ENGINEERING WWW.CHEMENGONLINE.COM FEBRUARY 2022

Common TEMA designations are
AES and BES. Typical applications
include the following:
® Process plant condensers
¢ |nter- and after-cooler designs
e (Gas coolers and heaters
e General purpose industrial heat

exchangers
Removable-bundle, pull-through,
floating-head exchangers. In the
pull-through, floating-head design,
the floating-head cover is bolted di-
rectly to the floating tubesheet. This
allows the bundle to be removed
from the shell without removing the
shell or floating-head covers, which
eases inspection and maintenance.

This is ideal for applications that
require frequent cleaning. However,
it is among the most expensive de-
signs. And, the pull-through design
accommodates a smaller number of
tubes in a given shell diameter, so it
offers less surface area than other
removable bundle exchangers.

Common TEMA designations are
AET and BET, and typical applica-
tions include the following:
® Exchangers handling chemical fluids
e Hydrocarbon fluid condensers
e Air or gas compressors
e |nter- and after-coolers
Removable-bundle, U-tube ex-
changers. In the U-tube exchanger,
a bundle of nested tubes, each bent
in a series of concentrically tighter
U-shapes, is attached to a single
tubesheet (Figure 3). Each tube is
free to move relative to the shell, and
relative to one another, so the design
is ideal for situations that accommo-
date large differential temperatures
between the shell-side and the tube-
side fluids during service. Such flex-
ibility makes the U-tube exchanger
ideal for applications that are prone to
thermal shock or intermittent service.

As with other removable bundle
exchangers, the U-tube bundle can
be withdrawn to provide access to
the inside of the shell, and to the
outside of the tubes. However, unlike
the straight-tube exchanger, whose
tube internals can be mechanically
cleaned, there is no way to physically
access the U-bend region inside
each tube, so chemical methods are
required for tube-side maintenance.
As a rule of thumb, non-fouling flu-
ids should be routed through the
tubes, while fouling fluids should be
reserved for shell-side duty.

A
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equipment.
Common
TEMA des-
ignations in-
clude BKU,
BJM, BFM
and DED.
Specially de-
signed  ex-
changers are
often called

for in the fol-
lowing appli-
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¢ Reboilers
e Steam
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FIGURE 3. Removable bundle U-tube exchangers have only one tubesheet, which

e \/apor
condens-

allows for maximum differential expansion between the shell and the tubes dur-

ing operation

This inexpensive exchanger al-
lows for multi-tube pass arrange-
ments. However, because the U-
tube cannot be made single pass
on the tube side, true countercur-
rent flow is not possible.

Common TEMA designations are
BEU and AEU, and typical applica-
tions include the following:
¢ Qil cooling
e Chemical condensing
e Steam heating

Special designs
For applications with high vapor
flow and high-pressure conditions,
a specially designed shell-and-tube
exchanger is often the only viable
solution. Special designs may also
be called for when applications have
temperature crossing, meaning the
outlet temperature of the warmed
fluid exceeds that of the cooled fluid.
The following are several examples:
e TEMA K-type shells, which allow
for proper liquid disengagement
for reboilers
* TEMA J-type shells, which accom-
modate high vapor flows by allow-
ing for divided flow in the shellside
e Two-pass TEMA F-type shells,
which can be used for applications
when a temperature cross exists
e TEMA D-type front head designs,
which are often the answer for high-
pressure tubeside applications
While these specially designed
heat exchangers may be the solution
to a process problem, construction
costs tend to be higher than those of
“standard” engineered shell-and-tube

ers
e Feedwater
heaters

Pre-engineered exchangers

Fixed-tubesheet and U-tube shell-
and-tube heat exchangers are the
most common types of pre-engi-
neered heat exchangers available
today. Such models are often used
as components in vapor condensers,
liquid-liquid exchangers, reboailers
and gas coolers for smaller capacity
applications such as pilot plants.

Standard fixed-tubesheet units,
the most common pre-engineered
shell-and-tube heat exchangers,
range in size from 2 to 8 in. in di-
ameter. Materials of construction in-
clude brass or copper, carbon steel
and stainless steel. Even though
this exchanger is one of the least
expensive available, it is still gener-
ally constructed to standards speci-
fied by the manufacturer and not
to TEMA specifications. If the user
desires, pre-engineered exchang-
ers can be constructed to American
Society of Mechanical Engineers
(ASME) codes.

U-tube heat exchangers are
commonly used in steam-heating
applications, or heating and cool-
ing applications that handle chemi-
cal fluids as opposed to water.
While the U-tube is generally the
lowest-priced heat exchanger
available, service and maintenance
costs tend to be higher than other
exchangers, since the nested, U-
bend design makes individual tube
replacement difficult.

Custom-designed heat exchang-

ers, though more expensive than

the pre-engineered counterparts,

are generally made to higher design

standards than pre-engineered ex-

changers. Many manufacturers fol-

low the TEMA standards for design,

and fabrication following the TEMA

industry classifications:

¢ TEMA Bis the most common TEMA
designation, and provides design
specifications for exchangers used
in chemical process service

e TEMA C guidelines provide specifi-
cations for units used in commercial
and general process applications

e TEMA R guidelines provide speci-
fications for exchangers used in
petroleum refining and related pro-
cess operations

Each of these classes are applica-
ble to shell-and-tube heat exchang-
ers with the following limitations:

e Shell diameter does not exceed

100 in.
¢ Pressure does not exceed 3,000 psi
e The product of shell diameter (in.)

times pressure (psi) does not ex-

ceed 100,000

Standards set by the American
Petroleum Institute (API) are also
generally accepted throughout the
heat exchanger industry.

While there are obvious advan-
tages to purchasing a custom-de-
signed exchanger that meets either
TEMA or APl manufacturing guide-
lines, these specifications add to the
cost of the exchanger and may have
a longer manufacturing cycle. |

Edited by Gerald Ondrey

Authors

John Boyer is the Heat Transfer
Commercial Team manager at
Xylem Inc (1 International Drive,
Rye Brook, N.Y. 10573; Phone:
716-303-6179;  Email:  john.
boyer@xylem.com). He has addi-
tionally held roles in application
| engineering, product/market
management, engineering and
general management. Boyer holds
a B.S.Ch.E. from the State University of New York at Buf-
falo and Six Sigma Green Belt Certification, Lean, from
the University of Michigan College of Engineering.

Jim Klimek is the Heat Transfer
Product & Business Development
manager at Xylem Inc. (Same ad-
dress as above; Phone: 716-862-
4118; Email: jim.klimek@xylem.
com). He has additionally held roles
in application engineering and
product and application-engineer-
ing management. He holds a
- B.S.Ch.E. from the State University
of New York at Buffalo.

CHEMICAL ENGINEERING WWW.CHEMENGONLINE.COM FEBRUARY 2022



HOTOPRODUCTS

Beltran Technologies, Inc.

www.beltrantechnologies.com

High-Performance Gas Cleaning, Emission
Control and Gasification Solutions from
Beltran Technologies

Beltran Wet Electrostatic Precipitator Systems are speci-
fied for cleaning a wide range of gas streams. WESP’s
are used for metallurgical processing operations and
sulfuric acid gas cleaning. WESP's are also used down-
stream from wet or dry flue gas desulfurization units,
which cannot capture fine particulates and acid aero-
sols. They are superior on high ash content and sticky
residues (which may also contain mercury and heavy
metals), oily residues/tars, mercury (as condensed
oxide), emissions from municipal solid waste (MSW)

in waste-to-energy applications and biomass syngas
cleaning.

* Ultralow emission of submicron particulate, acid mist
and visible plumes

* Advanced modular design—minimized field assembly,
flexible configuration

* Available in corrosion-resistant alloys, conductive
composites or FRP construction

For details visitadlinks.chemengonline.com/82578-14

All Hapman equipment is delivered with
an industry exclusive Performantee™ -
a true performance guarantee.

For more information:

call 800-427-6260,

e-mail sales@hapman.com, or
visit hapman.com

PosiPortion™ Volumetric & Gravimetric
Feeders DELIVERS MATERIAL FOR batching operations

Hapman’s PosiPortion Feeder precisely delivers a wide range of
bulk solids, granules and powders. Measurement and controls
provide accurate doses or continuous delivery by weight or vol-
ume. The flexible hopper is designed with steep side walls, large
inside corner radii and a long throat to maximize natural in-flow
while facilitating external agitation to maintain the integrity of ma-
terial without degradation, segregation or agglomeration.

The PosiPortion Screw Feeder delivers accurately metered material
for batching operations. Accuracy options to achieve +/1% deliver
material to downstream process equipment. PosiPortion’s structural
tube frame allows for installation beneath silos or Flexible Interme-
diate Bulk Containers (FIBC) unloaders. Additional options for an
integral hopper with dust collection allows for additions of minor
materials.

The PosiPortion Feeder uses quick coupled components in an easy-
to-clean design. Paired with a wide range of auger options, these
features allow the unit to handle different material for batching
without contamination. Controls and instrumentation are included
to automate batch processes.

Volumetric feeders are currently available with just 8 weeks lead
time. Crushing most competition by at least half the time.

For details visit adlinks.chemengonline.com/82578-15

CHEMICAL ENGINEERING WWW.CHEMENGONLINE.COM FEBRUARY 2022



mailto:sales@hapman.com
http://www.hapman.com

New & Used Equipment

CONTROL
SYSTEMS

Recipe-controlled. 10,/0Q. CIP/SIP.
Fast design/install. Reliable support.

Scan to learn more
& get a free quote.

Try our mobile app:
mixers.com/web-app

1-866-797-2660 m

www.RossSysCon.com ROSS

For details visit
adlinks.chemengonline.com/82578-240

Barcedingjon:the

For details visit
adlinks.chemengonline.com/82578-241

ADVERTISE IN THE
CLASSIFIEDS

Contact your Sales Representative for More Information:

JASON BULLOCK | jbullock@chemengonline.com
713-974-0911

TERRY DAVIS | tdavis@chemengonline.com
404-434-5123

PETRA TRAUTES | ptrautes@accessintel.com
+4949 58604760

Advertising Sales Representatives

Vesconite Hllube
solves vertical
pump
bushing
problems

e Low friction

o No swell

e Increase MTBR
e Quick supply

Toll Free 866-635-7596
vesconite@vesconite.com
www.vesconite.com

For details visit
adlinks.chemengonline.com/82578-242

ror GASES & LiqQuibps!

XCHANGER.

(952) 933-2559 info@xchanger.com

For details visit
adlinks.chemengonline.com/82578-243

North America
Matthew Grant | VP & Group Publisher
mgrant@accessintel.com

Jason Bullock, CBC | District Sales Manager

Tel: 713-974-0911 | E-mail: jbullock@chemengonline.com
Chemical Engineering 1940 Fountain View #514 Houston, TX
77057

Alabama, Alaska, Arizona, Arkansas, California
Colorado, Florida, Idaho, Hawaii, Idaho, Illinois, Indiana
lowa, Kansas, Kentucky, Louisiana, Michigan, Minnesota,
Mississippi, Montana, Missouri, Nebraska, Nevada, New
Mexico, North Carolina, North Dakota, Ohio, Oklahoma

Oregon, South Carolina, South Dakota, Tennessee, Texas,

Utah, Virginia, West Virginia, Wyoming, Washington,
Wisconsin

Terry Davis | District Sales Manager

Tel: 404-634-5123 | E-mail: tdavis@accessintel.com

Chemical Engineering 2276 Eastway Rd., Decatur, GA 30033
Connecticut, District Of Columbia, Delaware, Georgia
Maine, Maryland, Massachusetts, New Hampshire, New
Jersey, New York, Pennsylvania, Rhode Island, Vermont,
Canada, Latin America

46

International
Petra Trautes

Tel: +49-69-58604760 | Fax: +49-69-5700-2484

Email: ptrautes@chemengonline.com

Chemical Engineering Zeilweg 44 D-60439 Frankfurt am
Main Germany

Austria, Czech Republic, Benelux, Eastern Europe
Germany, Scandinavia, Switzerland, United Kingdom

Dipali Dhar

Tel: 718-263-1162 | E-mail: ddhar@accessintel.com
Chemical Engineering 40 Wall Street, 16th Floor, New York,
NY 10005

India

Katshuhiro Ishii

Tel: 81-3-5691-3335; Fax: 81-3-5691-3336

E-mail: amskatsu@dream.com

Chemical Engineering Ace Media Service Inc., 12-6,
4-chome Nishiiko, Adachi-ku, Tokyo 121, Japan
Japan

Ferruccio Silvera

Tel: 39-02-284-6716 | Fax: 39-02-289-3849

E-mail: ferruccio@silvera.it/www.silvera.it

Chemical Engineering Silvera Pubblicita Viale Monza,
24 Milano 20127, Italy

Andorra, France, Gibraltar, Greece, Israel, ltaly,
Portugal, Spain

Rudy Teng

Tel: +86 13818181202, (China) | +886 921322428
(Taiwan) | Fax: +86 21 54183567

E-mail: rudy.teng@gmail.com

Chemical Engineering 8F-1 #181 Wulin Road Hsinchu
30055 Taiwan

Asia-Pacific, Hong Kong, People’s Republic of
China, Taiwan

CHEMICAL ENGINEERING WWW.CHEMENGONLINE.COM FEBRUARY 2022



Advertisers Index

Advertiser............. Page number
Phone number Reader Service #

Advertiser............. Page number
Phone number Reader Service #

Advertiser............. Page number

Phone number Reader Service #

Abbe, Paul O...........ccceeennei. 20
1-855-789-9827
adlinks.chemengonline.com/82578-07

ARKEMA Chemical................. 27

adlinks.chemengonline.com/82578-11

Arkema, INC.....cccoevviiiiiiiinanns 17
adlinks.chemengonline.com/82578-05

Beltran ......cccoiiiiiiiiiii, 45
adlinks.chemengonline.com/82578-14

Connected Plant
Conference 2022..........ccc....... 24

www.connectedplantconference.com

Ekato Process

Technologies GmbH .............. 19

1-201-825-4684 x205
adlinks.chemengonline.com/82578-06

Endress & Hauser.................... 3
adlinks.chemengonline.com/82578-02

See bottom of opposite page
for advertising
sales representatives'

contact information

-—

EST Group - Curtis-Wright ...... 1
1-877-537-9120
adlinks.chemengonline.com/82578-04

Flexicon.......cccovvviiiiiieninennns Ccv4
1-888-FLEXICON
adlinks.chemengonline.com/82578-13

HAPMAN.......coiii, 45

adlinks.chemengonline.com/82578-15

Lechler.....ccccooeeiviiiiiicieieeeenns 22
1-800-777-2926
adlinks.chemengonline.com/82578-09

Nel Hydrogen...........cccceeenenns 21
1-203-949-8697
adlinks.chemengonline.com/82578-08

Plast-O-Matic Valves, Inc....CV3
973-256-3000
adlinks.chemengonline.com/82578-12

1-704-716-7022
+49 2961 7405-0
adlinks.chemengonline.com/82578-19

Ross MiIXers ......ccoeevveveienennnen. 7
1-800-243-ROSS
adlinks.chemengonline.com/82578-03

Vibra Screw........ccccoveunennnen. Cv2
1-973-256-7410
adlinks.chemengonline.com/82578-01

Classified Index February 2022

New & Used Equipment ............

Advertiser
Phone number

Page number
Reader Service #

Advertiser
Phone number

Page number
Reader Service #

Ross MiXers .......ccccoeeevenninnen. 46
1-866-797-2660
adlinks.chemengonline.com/82578-240

Scoutwest .......cooeieiiiiiiiiennen. 46
adlinks.chemengonline.com/82578-241

Vesconite Bearings............... 46
1-866-635-7596
adlinks.chemengonline.com/82578-242

Xchanger......cocoveevieiiiiieniennen. 46
952-933-2559
adlinks.chemengonline.com/82578-243

FOR ADDITIONAL NEWS AS IT DEVELOPS, PLEASE VISIT WWW.CHEMENGONLINE.COM

February 2022;VOL.129; NO.2

Chermical Engineering copyright © 2022 (ISSN 0009-2460) is published monthly by Access Intelligence, LLC, 9211 Corporate Blvd., 4th Floor, Rockvile, MD  20850. Chemical Engineering Executive, Editorial and Publication Office: 40 Wall Street,
16th Floor, New York, NY 10005. Phone: 212-621-4694. Subscription rates: U.S. and possessions 1-year $199.97, 2-years $ 359.00, Canada and International 1-year $ 399.97, 2 years $ 719.00. Back Issues & Single Copy Sales $59.00 per
copy. Periodical postage paid at Rockville, MD and additional mailing offices. Postmaster: Send address changes to Chemical Engineering, 9211 Corporate Blvd., 4th Floor, Rockville, MD 20850. Phone: 1-800-777-5006, Fax: 301-309-3847, email:
clientservices@accessintel.com. Change of address two to eight weeks notice requested. For information regards article reprints please contact Wright's Media, 1-877-652-5295, accessintel@wrightsmedia.com. Contents may not be reproduced in any
form without permission. Canada Post 40612608, Retun undeliverable Canadian Addresses to: The Mall Group, P.O. Box 25542 London, ON N6C 682 Canada

CHEMICAL ENGINEERING WWW.CHEMENGONLINE.COM FEBRUARY 2022




48

Economic Indicators

2019 == 2020 ==m 2021

Download the CEPCI two weeks sooner at www.chemengonline.com/pci

(1957-59 = 100)

CElndex

Equipment
Heat exchangers & tanks
Process machinery
Pipe, valves & fittings
Process instruments
Pumps & compressors
Electrical
Structural supports & misc.

Construction labor

Buildings

Engineering & supervision

Nov.’21  Oct.’21

Prelim. Final
7725 761.4
972.8 956.4
828.5 816.7
976.6 962.6
1385.2 1361.0
569.8 559.8
1178.3 1178.1
671.5 644.5
1064.1 1044.6
3487 350.4
796.8 782.0
310.7 3108

Starting in April 2007, several data series for labor and compressors were converted to accommodate series IDs discontinued by the
U.S. Bureau of Labor Statistics (BLS). Starting in March 2018, the data series for chemical industry special machinery was replaced
because the series was discontinued by BLS (see Chem. Eng.,April 2018,p. 76-77.)

CURRENT BUSINESS INDICATORS

CPl outputindex (2017 = 100)

CPIvalue of output, $ billions

CPl operating rate, %

Producer prices, industrial chemicals (1982 = 100)

Industrial Production in Manufacturing (2017 =100)*

Hourly earnings index, chemical &allied products (1992 = 100)

Productivity index, chemicals & allied products (1992 = 100)

CPIOUTPUT INDEX (2017=100)t

CHEMICAL ENGINEERING PLANT COST INDEX (CEPCI)

Nov.’20 | Annyal Index:

Final

oo 2013 = 567.3

728.1 2014 = 576.1

614.8

2246 2015 = 556.8

979.2 2016 = 541.7

423.2

10840 2017 = 567.5

569.5 2018 = 603.1

768.5

336.4 2019 = 607.5

6127 2020 = 596.2

309.6

LATEST
Nov.21 = 997 Oct.'21
Oct.21 = 2,093.1 Sept.'21
Nov.21 = 795 Oct.'21
Nov.'21 = 3437 Oct.'21
Nov.'21 = 100.6 Oct.'21
Nov.'21 = 194.8 Oct. ‘21
Nov.’21 = 96.8 Oct.'21

CPI OUTPUT VALUE (sBiLLions)

J FMAMUJ J A S OND

PREVIOUS YEAR AGO
98.9 Sept.'21 = 976 Nov.'20 = 943
2,020.8 Aug.21 = 19849  Oct'20 = 16844
789 Sept.'21 = 77.8 Nov.'20 = 749
3347 Sept.'21 = 3282 Nov.'20 = 2324
999 Sept.'21 = 986 Nov.’20 = 96.2
195.0 Sept.'21 = 197.5 Nov.'20 = 1895
96.4 Sept.'21 = 357.0 Nov.20 = 923

CPI OPERATING RATE (%)

110 2300 80
i 2000 .
100
1900
95 70
1800
90 65
85 1700
80 1600 &
75 1500 55

JFMAMUJJASOND

JFMAMUJJASOND

JFMAMJJASOND

*Due to discontinuance, the Index of Industrial Activity has been replaced by the Industrial Production in Manufacturing index from the U.S. Federal Reserve Board.
tFor the current month’s CPI output index values, the base year was changed from 2012 to 2017
Current business indicators provided by Global Insight, Inc., Lexington, Mass.

ESSENTIALS FOR THE CPI PROFESSIONAL

Learn about the industry’s critical
topics by viewing the latest

On Demand webinars.

FREE On Demand Webinars
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CURRENT TRENDS

he preliminary value for the CE Plant

Cost Index (CEPCI; top) for Novem-
ber 2021 (the most recent available) is
once again higher than the previous
month, continuing the upward trend
that dominated 2021. The increase for
November is driven by two of the sub-
indices in particular — the Equipment
and Buildings subindices — which both
saw increases that offset smaller de-
creases in the Construction Labor and
Engineering & Supervision subindices.
The current CEPCI value now sits at
28.7% higher than the corresponding
value from November 2020. Mean-
while, the Current Business Indicators
(middle) show increases in the CPI out-
put index for November and for the CPI
output of value for October.



ONE SECOND
SECOND T0 NONE

Introducing the new CAFE Electric
Valve Actuator Exclusively
from Plast-O-Matic

90° actuation in as fast as one second,
configurations up to 20 Nm.

STANDARD CAFE ACTUATOR FEATURES \ -

| \ I
* |[P67 rated, corrosion-resistant glass filled polypro ' } i
£ 5

housing

Both models come with
optional fail-safe closed, open,
freeze, or pre-set position.

e Multi-range, automatic multi-voltage 24-240 AC/DC

* Brushless DC motor with ICP for soft start

* Anti-condensation heater

* Manual override & torgue limiter protection

* Multicolor LED status lights plus visual position

indicator ADDITION“L CAFE NITRO FEHTU RES

¢ |SO 5211 mounting with interchangeable coupling for

: ) « Mndiilati -10VDC & 4-20 mA
virtually any V4 turn valve Modulation 0-10 VDC & 4-20 mA

¢ Modulation control can be changed on the fly
s MODBUS RS-485

* Friendly user interface with 128 x 128
OLED display and full navigation

¢ Premium heavy duty power board on all models
¢ Feedback via programmable relays

¢ Reverse operation Normally Open/Normally Closed

* Wiring permits drop-in replacement for most current kevboard F
actuators o N
* On board timer USA Assembled
USA Fngineered

PLASTU: M AT I c Cedar Grove, NJ & Riverside, CA = 973-256-3000 = plastomatic.com

For details visit adlinks.chemengonline.com/82578-12



Reduce and Distance Plant Personnel while
Boosting Output and Preventing Contamination
with automated, enclosed bulk equipment and systems from Flexicon

Automated, sealed BULK-OUT® Enclosed Bulk Bag Weigh Batch Bulk Bag Discharging Systems
Discharger-Conveyor Systems replace Systems feed a central weigh hopper can loosen solidified material and meter
multiple workers dumping hand-held mechanically, and remove weighed it into liquid streams (shown), screeners,
bags manually, while preventing batches pneumatically, requiring labor size reduction equipment and continuous
contamination. only to attach/detach bulk bags. blenders—automatically.

Dual SWING-DOWN® Bulk Bag Fillers Flexicon Bulk Bag Filling Lines TIP-TITE® Drum/Box Dumpers

fed by weigh hoppers fill up to 40 automatically dispense pallets, fill bulk seal, tip and mate a discharge cone to
bags per hour with only one operator bags, and disconnect/accumulate filled a gasketed hopper lid, open a slide gate
connecting empty bags and one forklift bags, minimizing operator involvement. and feed downstream processes—
removing full bags. automatically and dust-free.

Flexicon automated equipment and systems can move your
bulk materials at higher capacities with fewer personnel,
cutting costs while distancing operators from one another.

USA UK +44 (0)1227 374710
sales@flexicon.com AUSTRALIA +61 (0)7 3879 4180 ®
1 888 FLEXICON SOUTH AFRICA +27 (0)41 453 1871 e . c o K
SPAIN  +34 930 020 509
3@% FRANCE +33(0)7 61 36 56 12 .com
ETANDAR DS GERMANY +49 173 900 78 76
. SINGAPORE +65 6778 9225
)0 INDONESIA +62 81 1103 2400

MALAYSIA +60 10 282 2400

r O ) e _i ot
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See the full range of fast-payback equipment at flexicon.com: Flexible Screw Conveyors, Tubular Cable Conveyors, Pneumatlc Conveying Systems, Bulk Bag Unloaders, Bulk Bag
Conditioners, Bulk Bag Fillers, Bag Dump Stations, Drum/Box/Container Dumpers, Weigh Batching and Blending Systems, and Automated Plant-Wide Bulk Handling Systems

©2022 Flexicon Corporation. Flexicon Corporation has registrations and pending applications for the trademark FLEXICON throughout the world.

For details visit adlinks.chemengonline.com/82578-13
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