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We’re raising expectations.

The presence of polar gas or steam is no
match for dynamic gas phase compensation

When highly accurate liquid level measurement is required, Levelflex M

goes to work. Microwave pulses are directed down the instrument’s probe and
reflected from the medium’s surface. Level is determined by the time required
for the pulse to travel to the surface and back. This means reliable measurement
is not affected by changes in process conditions, turbulence or foam.

Continuous gas phase compensation technology is one way Endress+Hauser is
raising expectations. With traditional level instruments, the presence of polar
gas or steam can cause an error of 28% or greater depending on the pressure in

the application. Levelflex M uses dynamic gas phase compensation to virtually
eliminate this error. One more reason Endress+Hauser is the preferred supplier
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Falling petrochemical demand

e world of petrochemicals is approaching a critical time in its history. A
cyclical downturn, caused by a build up of new supply in the Middle East
and Asia, is occurring at the same time as energy and feedstock prices —

while highly volatile — appear to have moved to sustained higher levels. Add
into this picture a major credit crisis, a recession in the U.S. and elsewhere,
and it is clear that this business cycle could be very different from those of the
past. Meanwhile, there are more challenges: consumer environmentalism is
taking root in some regions, and legislation to control carbon emissions seems
all but certain to become law in Europe and the U.S. in the next few years. For
the first time in a long time, the petrochemical industry needs to ask whether
it is temporarily facing slower growth in demand or the start of limited de-
mand destruction. The trick will be distinguishing between the two in a fickle
and fluid business environment.

Some early warning signs are already visible. Year-on-year consump-
tion of the major plastics resins in the U.S. has fallen over the past two
years. At the same time, consumption growth for major petrochemicals has
turned negative in North America and Europe.

Most attention in the petroleum-refining and petrochemical industries is on
low cost production. Little focus is on consumer behavior. More should be. In
a new environmental age, consumers may start to pass over products derived
from fossil fuels. There is some evidence that it is happening already:
¢ When gasoline prices were at $4/gallon, U.S. consumers cut their miles

driven. Smaller vehicles became more fashionable as did mass transit.

With gas prices down around $2.80/gallon at the time of publication, this

effect may be reversible, but it could also be a sign of a permanent ero-

sion in per capita demand
e Cloth and paper bags are challenging the dominance of plastic for packing
groceries, and beverage packaging may be shifting from PET bottles
e Smaller but more-functional cell phones are becoming an alternative, not
an addition, to land lines, potentially reducing plastics demand
Any demand destruction will be highest in the developed countries. In
emerging economies, rising populations and a growing middle class should
foster per-capita consumption growth. But demand destruction in one
place is likely to impact the market as a whole.

Meanwhile, environmental legislation is looming in North America and
Europe. If adopted, carbon pricing schemes will amount to a tax on in-
dustrial production, influencing competitiveness, product pricing and con-
sumption levels in the effected regions. An EU emissions-trading scheme
set to come into force for chemicals in 2013 is seen by industry commenta-
tors as the equivalent of a 10-35% tax on production. The result could be a
shift in where certain petrochemicals are made, and even give some a bad
image among the public as contributors to global warming. Regulations
like REACH (Registration, Evaluation and Authorization of Chemicals) in
Europe are meant to merely identify substances of concern, but they are
likley to also create pressure for the replacement of some chemicals.

Due to the unique properties and usefulness of petrochemicals, there is
no prospect that the world will completely turn its back on petrochemicals,
but there is a real risk that consumer-driven effects will
destroy some existing consumption and moderate future
growth. The degree to which this happens will depend on
the price of energy, the depth of a global economic slow-
down over the next 12 months or so, and the direction of
environmental legislation in the developed world. To head
off demand destruction, the petrochemical industry will
have to go on the offensive now, touting its environmental
stewardship and the practicality of its products. |

John Pearson, Divisional President
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Dreyfus Foundation establishes

$250,000 prize for chemical science
The Camille and Henry Dreyfus Foundation announces
the establishment of the Dreyfus Prize in the chemical
sciences to recognize an individual for exceptional and
original research in a selected area of chemistry that
has advanced the field in a major way. The biennial
prize of $250,000 is one of the largest awards dedicated
to the chemical sciences in the U.S. The first prize is
scheduled to be announced in April 2009.

The first Dreyfus Prize will be presented in the field
of materials chemistry, honoring the accomplishments
of the Dreyfus brothers, Camille and Henry. Born and
educated in Switzerland in the nineteenth century, the
Dreyfus brothers were pioneers in both science and
industry. Their development of the first commercially
successful system for the production of cellulose ac-
etate fiber contributed significantly to the evolution of
the modern textile industry.

“A key feature of the Dreyfus Prize is that the area
of focus will change each cycle. This underscores the
rich diversity of chemistry and will ensure the con-
temporary nature of the Dreyfus Prize,” says Dorothy
Dinsmoor, president of the Camille and Henry Drey-
fus Foundation. Further information is available at

www.dreyfus.org.

Call for papers: 2009 AIChE
Spring National Meeting

The Call for Papers for the 2009 AIChE Spring Na-
tional Meeting in Tampa, Fla., April 26-30, is now open.
Professionals working in all areas of chemical engineer-
ing and related disciplines are invited to submit pro-
posals. Submissions in the following areas and topical
conferences are particularly welcome:

¢ Engineering Sciences and Fundamentals
e Separations Division (also see Topical T8)
e Management Division
e North American Mixing Forum
e Energy and Transport Processes (also see Topical T5)
e Environmental Division
e Process Development Division
¢ Nuclear Engineering Division
e Fuels and Petrochemicals Division
e Liaison Functions
e Topical 4: The 21st Ethylene Producers’ Conference
e Topical 5: Emerging Energy Frontiers in Research
e Topical 6: 9th Topical Conference on Gas Utilization
e Topical 7: 12th Topical on Refinery Processing
e Topical 8: Distillation Topical
e Topical 9: Sustainability: Lessons, Actions
and Outlook
e Topical A: Applications of Microreactor Engineering

To submit a proposal, please visit www.aiche.org/spring
and click on the Call for Papers link. Deadline for all
Preliminary Submissions is December 1, 2008.
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| count on

Which Krauss-Maffei Centrifuge best meet your company’s requirements are
better to be discussed face-to-face. You can count on more than 80 years
of experience and the dedicated know-how of our engineers. As a benefit
of our in depth consultation and experience, your operating and investment
costs can be reduced. Take advantage of KMPT's Tradition with approved
Krauss-Maffei Centrifuges, Filters and Dryers. Further information on KMPT

is available at www.kmpt.com/active

Advancing Separation Solutions

Krauss-Maffei Centrifuges, Filters, Dryers and Systems
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Bookshelf

.NanoEthics: The Ethical

and Social Implications of
Nanotechnology. Edited by

Fritz Allhoff, Patrick Lin, James
Moor, John Weckert. John Wiley
and Sons, Inc. 111 River St.,
Hoboken, NJ 07030. 2007. 385
pages, $39.95, paperback.

Reviewed by

Christopher M. Kelty,
Department of History of Sci-
ence, Harvard University,
Cambridge, Mass.

wide range of issues related to the nanosciences

and nanotechnology, some of which are previously
published, some of which are new. The quality of the es-
says is highly variable with a handful of well-written,
thought-provoking pieces and a large collection of cur-
sory, speculative or otherwise vague articles. Because
of this, there is a lot of repetition. At least a third of the
articles give 1-2 pages defining what nanotechnology is,
though not always consistently. Whether the discipline
of nanoethics exists, or should exist, is an issue the edi-
tors take up in the introduction, without necessarily
answering.

Clearly, many of the questions asked in this volume are
questions that should be asked across the domain of sci-
ence and engineering in society, such as the question of
the moral obligation to developing countries, the ethics of
life-extension or the privacy concerns over ever-proliferat-
ing surveillance devices. Other contributions narrow the
concern to nanotechnology more specifically, such as the
issue of regulating nanomaterials differently than bulk
materials or carefully studying the environmental and
health risks of new nanomaterials. Those essays that are
focused on specific questions related to ongoing research
or regulatory problems are the richest ones. Some of the
best discussions takes place in the articles focused on the
precautionary principle (Part III) and its implications and
those on democracy and policy (Part V), especially the
issue of civic engagement in science. Other sections cover
health and environment (Part IV), broad social impacts
(Part VI) and the distant future (Part VII).

Overall, the issues raised here are issues that do
deserve more attention from scientists and engineers,
from government and from citizens, even if they are
not necessarily nano-specific. However, there are also
a range of concerns that might not deserve to take up
our valuable attention: the dangers of artificial intelli-
gence, self-replicating robots out of control or the ethics
of colonizing other planets. Such issues are the stuff of
science fiction ethics, and they have to date commanded
the lion’s share of media and public attention on nano-
technology for exactly this reason. Nanoethics caters to
this popular attention by re-printing the Wired article,
Why the future doesn’t need us, by Bill Joy, and Ray-

This book is a collection of essays covering a very
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mond Kurzweil’s testimony concerning the societal im-
plications of nanotechnology, both of which bypass the
realities of scientific and engineering research and its
day-to-day challenges in favor of long-term prediction
based on scant evidence and little more than common
sense as a methodology. While the book contains a good
many reflections on hard problems, perhaps the first
ethical hurdle will be refusing the temptation to let
science fiction ethics stand in for a concerted, research-
oriented ethical deliberation.

Introduction to Materials Chemis-
try. By Harry R. Allcock. John Wiley
& Sons, Inc. 111 River St., Hoboken,
NJ 07030-5774. Web: wiley.com. 2008.
432 pages. $99.95.

Control Valve Primer: A User’s
Guide. Fourth edition. By Hans D.
Baumann. ISA, 67 Alexander Drive,
Research Triangle Park, NC 27709. Web:

isa.org/books. 2008. 161 pages. Non-
member: $109.00, member: $99.00.

Smart Sensors and Sensing Tech-
nology. By S. C. Mukhopadhyay and G.
S. Gupta. Springer, 233 Spring St., New
York, NY 10013. Web: springer.com.
2008. 447 pages. $129.00.

Analysis, Synthesis and Design
of Chemical Processes. Third edi-
tion. By R. Turton, R. C. Bailie, W. B.
Whiting and J. A. Shaeiwitz. Pearson
Higher Education, 1 Lake St., Upper
Saddle River, NJ 07458. Web:

pearsonhighered.com. 2009. 1,040
pages. $130.00.

Bioelectrochemistry: Fundamen-
tals, Experimental Techniques and
Applications. By P. N. Bartlett. John
Wiley & Sons, Inc. 111 River St., Hobo-
ken, NJ 07030-5774. Web: wiley.com.
2008. 494 pages. $240.00.

Plasma Chemistry. By Alexander
Fridman. Cambridge University Press,
32 Ave. of the Americas, New York, NY
10013-2473. Web: cambridge.org. 2008.
1,024 pages. $170.00.

Chemical and Energy Process
Engineering. Edited by Sigurd
Skogestad. CRC Press, 6000 Broken
Sound Parkway, NW, Suite 300, Boca
Raton, FL 33487. Web: crcpress.com.
2008. 440 pages. $89.95. [ |
Kate Torzewski
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Need a tumble blender ASAP? We can ship from stock.

Now, the world’s leading manufacturer of blenders, mixers and
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V-Blenders and Double Cone Blenders.

No one can beat Ross quality, pricing and support. And best
of all, we can ship most popular sizes from stock to deliver
the blending capacity you need now. Trial rentals available.

Call 1-800-243-R0OSS. Or visit www.dryblenders.com.
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Making nanoparticles at Mach 2.6

new pilot reactor — claimed to be the

world’s first, complete two-step supersonic
reactor — for producing nanoparticles has
started operation at the Technology Service
Center of the Wolfgang Industrial Park (IPW)
GmbH, a subsidiary of Evonik Industries
AG (Essen, Germany; www.evonik.com). De-
signed by Evonik’s Process Technology & En-
gineering Service Unit, in collaboration with
seven universities and the German Aerospace
Center (DLR; Cologne, Germany), the reactor
uses supersonic flow to generate particles in
the gas phase. Its advantages over conven-
tional reactors are its high heating and cool-
ing rates as well as its homogeneous tem-
perature and velocity profile, which enable
the production of particles with a controlled
diameter and narrow size distribution, says
Dr. Dannehl, senior engineer in the Particle
Technology unit of Evonik Technology & En-
gineering Service Unit of Evonik. The super-
sonic reactor has thus far been used for mak-
ing SiOg nanoparticles with yields of up to
several kilograms per hour.

In the reactor (diagram), a pressurized
mixture of air and methane is fed to a po-
rous burner in which the combustion of the
gases ensures a homogeneous temperature

—
Hot gas
supply [

I€ >I¢

First nozzle

profile. Before the burner narrows in the
first nozzle, a precursor (for example, tet-
raethylorthosilicate for making SiO,) is in-
jected. At the narrowest point of the nozzle
(6 mm X 15 mm area) the mixture reaches
the speed of sound (Mach 1), and ultimately
reaches up to Mach 2.6 through isentropic
expansion. Downstream, a shock wave is
created causing the translational energy
to be converted to internal energy, and the
temperature rises to about 1,200K as the
precursor and hot-gas mixture ignites ho-
mogeneously. As the hot material travels
through the reaction volume, nuclei grow,
aggregate and fuse — under plug-flow con-
ditions — to form spherical SiO, particles.
The product stream is then “frozen” as it en-
ters the second nozzle, where the gas phase
again speeds up in the narrow channel,
thereby stopping the reaction. A diffuser is
used to stop the flow, and a water quench
prevents the products from heating up. The
particle size can be made smaller or larger
by varying the reaction length.

Solid-catalyst, ionic-liquid combination
shown to depolymerize cellulose

esearchers at the Max-Planck-Institut fir

Kohlenforschung (Milheim, Germany;
www.mpi-muelheim.mpg.de/kofo) have dem-
onstrated that solid acids are powerful cata-
lysts for the hydrolysis of cellulose dissolved
in an ionic liquid. Even the cellulose fraction
of wood, which is predominantly lignocel-
lulose, can be hydrolyzed by the technique,
says Ferdi Schiith, leader of the institute’s
heterogeneous catalyst group. The cellulose
undergoes selective depolymerization into
cellulose oligomers, which can be readily
precipitated by adding water, he says.

Hydrolyzing cellulose into fermentable
sugars is a crucial step in the production
of biofuels or chemicals from biomass; how-
ever, the B-glycosidic linkages that bind the
sugars together are protected by the tight
packing of cellulose chains in microfibrils,
explains Schiith. As a result, severe condi-
tions, such as dilute sulfuric acid at high
temperatures, have been required for hydro-

Note: For more information, circle the 3-digit number
on p.66, or use the website designation.

lysis, which also leads to undesirable side
products and requires additional steps to
neutralize and dispose of spent acid.

Schiith’s group has found that cellu-
lose dissolved in the ionic liquid BMIMCI
(1-butyl-3-methylimidazolium chloride) in
the presence of macroreticulated styrene-
divinylbenzene resins functionalized with
sulfonic groups [Amberlyst 15DRY, a prod-
uct of Rohm and Haas (Philadelphia, Pa.)]
produces reducing sugars after about one
hour at 100°C. Schiith believes the reaction
is the most selective process to date, forming
predominantly oligomers in the first stage,
which subsequently break down into sug-
ars. If the process is terminated at the right
time, cellulose fragments ideally suited for
further processing in biorefineries can eas-
ily be isolated, he says. Schiith described the
research, published in a recent issue of Ang-
ewandte Chemie, at a press event last month
at BASF SE (Ludwigshafen, Germany).

Reaction volume
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Heavy crude

UOP LLC (Des Plaines, Ill.; www.
uop.com) plans to do further de-
velopment of its Catalytic Crude
Upgrading (CCU) technology
through an agreement with Bra-
zil's Petrobras (Rio de Janeiro)
and Albemarle Corp. (Baton
Rouge, La.). CCU is a process
for upgrading heavy oil in the
field so that it may be pumped
through a pipeline.

Based on UOP’s fluid cata-
lytic cracking (FCC) technol-
ogy, CCU upgrades a portion
of the heavy raw crude to
create cutter stock to dilute the
remainder of the crude. Under
the agreement, Albemarle
will provide an improved FCC
catalyst and Petrobras, which
has piloted the process, will do
further testing.

Foam reactor

A porous foam reactor that is
ten times more energy efficient
than conventional packed-bed
reactors is being developed

at the Laboratory of Chemical
Reactor Engineering, Eind-
hoven University of Technology
(Netherlands, www.tue.nl). The
reactor features a solid foam
made of aluminum and carbon,
which serves as a gas-liquid
contactor as well as a catalyst
support. Because the foam
consists of up to 97% open
space, the pressure drop over
the foam was demonstrated,
experimentally, to be ten times
lower than that of a packed
bed at the same gas and liquid
velocities, says researcher
Charl Stemmet. In a follow-up
project, the solid foam is coated
with palladium using standard
wash-coating techniques, and
an oxidation reaction will be
studied. The project’s industrial
partners, BASF Nederland,

(Continues on p. 14)
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Uhde

A new gasifier slated for its commercial debut

hde GmbH (Dortmund, Germany; www.

uhde.biz) has commercialized a new
gasifier design, the Prenflo (pressurized
entrained-flow) with Direct Quench (PDQ)
process, which is an optimized design of its
Prenflo PSG gasification process for applica-
tions requiring hydrogen-rich syngas gener-
ation (ammonia, methanol, Hy, liquid fuels
and IGCC power plants with carbon capture
and storage). PDQ combines the dry feed
system, multiburners and membrane wall
of the Prenflo PSG process with a propri-
etary water-quench system that saturates
the raw syngas with water for subsequent
gas treatment to generate syngas-based
products, such as Hy, liquid fuels or chemi-
cals. Because the quench occurs in the same
reactor vessel with water (instead of gas),
capital-intensive systems, such as a waste-
heat boiler, a dry fly-ash removal system
and a quench-gas compressor are no longer
required, says Karsten Radtke, head of gas

technologies at Uhde. Investment costs are
thus reduced by 30%, he says.

As in the PSG process, the PDQ process
(diagram) converts coal powder into syngas
(mainly Hy and CO) at a pressure of 40 bars
and a temperature of over 1,500°C using Oy
and steam as the gasifying agent. The hot
gas is then quenched to about 200-250°C
by a cascade of water within the gasifier,
then cleaned in a scrubber. Coal-slurry exit-
ing the bottom of the gasifier is filtered and
most of the filter cake recycled.

Uhde received the first commercial order
for the PDQ process in June —two 1,000-MW
(thermal) gasifiers for a U.S. coal mining and
operating company, which will produce syn-
gas for making methanol-derived gasoline
when it starts up in 2012. Since then, fifteen
1,000-MW,;, units have been selected from
five different customers that will build coal-
to-liquids or synthetic natural gas facilities

based on Prenflo PDQ, says Radtke.

A less-expensive catalyst to make EG from cellulose

esearchers at the Dalian Institute of

Chemical Physics (China; www.english.
dicp.ac.cn) and the University of Delaware
(Newark; www.che.udel.edu) are develop-
ing a tungsten-carbide/nickel catalyst that
degrades cellulose into polyols at 245°C
and 60 atm. The catalyst is believed to fa-
cilitate hydrolysis and hydrogenation re-
actions. Laboratory results show that the
use of WC, instead of traditional platinum
and ruthenium catalysts, leads to a higher
yield of ethylene glycol (EG) relative to
other polyols, an outcome that is enhanced
by promoting the WC with a small amount

of Ni. The synergistic effect of WC and Ni
boosts the EG yield to 61% — the highest
reported yield of EG from cellulose conver-
sion, say the researchers.

The new catalyst is expected to be more
cost-effective for cellulose degradation than
catalysts based on expensive platinum
group metals. Also, because of the increas-
ing demand for EG as an intermediate in
the manufacture of various products, such
as polyester fibers, resins and antifreeze,
the production of polyols from renewable re-
sources is an attractive alternative to those

based on ethylene oxide.

A trash-to-syngas process earns a patent

HREG Technologies, Inc., a startup com-

pany in Yorba Linda, Calif., has received
a patent on a pyrolysis process that converts
municipal waste and other bio-organic ma-
terials into a synthetic gas of 350-600 Btu/
scf quality, depending on the nature of the
waste. So far the company has only modeled
the process, but Peter Nick, president, says
the technology is designed to use proven,
reliable components. “It’s basically a small
blast furnace,” he says, noting that gasifi-
cation and slag separation take place in a
single reactor.

In the PHREG concept, shredded trash is
fed to the top of a vertical reactor and py-
rolized by hot, upflowing driver gases. Syn-
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gas product exits the top of the vessel, and
slag (about 2 vol.% of the feed) is recovered
from the bottom. The reactive driver gases
are made by substoichiometric combustion
of recycled product gas at 3,000-3,200°F.
After cleanup, the syngas can power a tur-
bine-generator or be processed to obtain hy-
drogen, methanol, or ammonia.

Nick estimates that a 2,500-ton/d plant
(representing trash from about a million
people), generating 60—100 MW of electricity,
would cost about $210 million. The payback
time would be 2.5—4 yr, depending on offset-
ting landfill tipping fees (ranging from $30
to 100/ton in the U.S.) and applicable “green”

power charge rates ($70-160/MWh).
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(Continued from p. 13)

DSM Research, Ecoceram-
ics, Lummus Technology and
Shell Global Solutions, will
scrutinize the data for making
the decision on whether to
implement this technology.

Smart hoppers

Last month at Powtech
(Nuremberg, Germany; Sep-
tember 30—October 2), the
K-Tron Process Group (Nie-
derlenz, Switzerland; www.
ktron.com) unveiled a new

alternative to other forms of

mechanical hopper agitation.
The non-contacting ActiFlow
device prevents bridging and
rat-holing of cohesive bulk
materials in stainless-steel
hoppers using a patent-
pending drive system with

an intelligent control system.
ActiFlow eliminates mechani-
cal agitators with secondary
motors and gearboxes, and
eliminates the need for flexible
side-wall agitation devices or
aeration pads.

Used in loss-in-weight feed-
ing applications, ActiFlow is
bolted to the outside of the ex-
tension hopper, above the feed
screws. A patent-pending self-
tuning algorithm used in the
control unit monitors the sys-
tem, and continuously adjusts
the amplitude and frequency

(Continues on p. 16)
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Coke drum A/B

This process improvement
speeds up delayed coking

ecoking in a delayed coker operation is a

laborious process that can take up to 18
h. A new method that reduces the time to 6
h has been developed by US Cokertech, LLC
(Norman, Okla.). This effectively triples ca-
pacity for the same drum size, says Kazem
Ganyji, president.

In a conventional delayed coker, residual or
heavy oil in a petroleum refinery is pumped
through a tube furnace at 900-940°F into
one of two parallel coke drums. Vapors pass
to a fractionator, and coke accumulates in
the drum. When the drum is full it is taken
offline for decoking, and the feed is redi-
rected to the second drum. In decoking, the
drum is purged with steam to remove vola-
tile material, filled with water to cool the
coke, then the drum is drained and the solid
coke is removed by a hydraulic cutter.

Cokertech’s Improved Delayed Coker Unit
(IDCU) cuts the decoking time and reduces
operating costs by eliminating the cooling
and hydraulic cutting steps. Instead, steam
is injected into the top of the drum to main-
tain the drum pressure at 50 psig, a valve is
opened at the bottom of the drum, and the
coke is pushed out by the steam (diagram).

Fractionator

Off gas
Steam | >
Naphtha
R ———
Kerosene
R ———
Heater
LCGO
R ———
Coker N S HCGO
Start feed ™ I Crusher I —_—
ar | - »
Steam Steam
/\ Coke
“At that temperature (above 900°F) the coke
is basically a powder, so it’s easily removed,” BFW
says Ganji. “But when you cool it with water Steam

it becomes a hard, solid mass.” A crusher at
the drum exit maintains a maximum par-
ticle size of about 1 in. to avoid clogging a
downstream heat exchanger, where the coke
is cooled to raise steam.

Ganji says a new IDCU wunit costs
$2,500—3,500 per bbl/d, versus $5,000-6,000
for a conventional coker drum, while an exist-
ing coker can be modified for $750-1,000 per
bbl/d. The coke-making cycle of the process
can be reduced to match the decoking time
by installing a larger furnace, which costs
much less than a drum, he says. Cokertech
has piloted the process, and Ganji says he
has a letter of intent for the installation of
12,500-bbl/d IDCUs in 12 minirefineries.

Bringing the corrosion resistance
of tantalum to off-the-shelf stainless-steel parts

antaline (Lyngby, Demnark; www.tan-

teline.com) has developed a process that
creates a surface alloy of tantalum on a
metal substrate (typically stainless steel).
As a result, the surface acquires the cor-
rosion resistance of tantalum — the most
corrosion resistant metal commercially
available — without having to fabricate
complicated parts from the expensive
metal. Unlike alternative coating meth-
ods that are sprayed or dipped, Tantaline’s
Alloy Bonding Surface Technology causes
Ta atoms to grow into the substrate, creat-
ing an alloy at the interface. As a result,
the surface alloy cannot chip or spall, re-
sists pressure variations, and has a wear-
resistance similar to or better than stain-
less steel, says Sgren Eriksen, Tantaline’s
R&D manager.

Parts to be treated are first placed into a
vacuum chamber where a mixture of tanta-
lum pentachloride and hydrogen reacts at
700-900°C and 15-50 mbar to form a dense
film of Ta metal on the surface by chemical
vapor deposition (CVD). Because the feed

gases are distributed by convection and dif-
fusion, the CVD process is nearly indepen-
dent of the part’s geometry, enabling even
complex parts to be treated. The tantalum
layer is then alloyed with the core metal by
a patented alloy bonding technology, and
then a layer of pure tantalum is grown on
the surface alloy, giving the final surface all
the characteristics of pure tantalum. A Ta
thickness of 50 pm is sufficient for most ap-
plications, but can be as large as 200 pm if
needed, says Eriksen.

For the past 15 years, the company has
been researching, developing and produc-
ing a variety of valves, fittings, instru-
mentation and other components for cus-
tomers who deal with corrosive processing
environments (such as sulfuric and hydro-
chloric acid). Early next year, Tantaline
will start up a new facility, which will in-
crease its capacity by ten times. Treated
parts are expected to be directly competi-
tive with those made of special metals,
such as titanium, zirconium and nickel
alloys, says Eriksen.
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of the material activation inside
the hopper to maintain an accu-
rate weighing signal. Advanced
filtering algorithms are used to
screen out extraneous vibra-
tions, even when the device is
running.

Supercon heater

Researchers at Sintef (Trond-
heim, Norway; www.sintef.no)
have replaced the copper con-
ductors in the induction coils of
an induction heater with super
conductors. In so doing, the
energy efficiency is increased
to 80-90%, as demonstrated in
laboratory trials. Induction heat-
ers are commonly used by the
aluminum industry to preheat Al
billets to 500°C before extruding
the billet into profiles. However,
“only 50% of the energy sup-
plied is used to heat the billet,”
explains researcher Magne
Runde. The remaining half is
wasted energy. The induction
coils, which are 1.5 min dia.,
use a magnesium diboride
superconductor enclosed by a
nickel matrix.

Biotech milestone

The Percivia PER.C6 Devel-
opment Center (Cambridge,
Mass.) — a joint venture
between DSM Biologics
(Parsippany, N.J.; www.dsm.
com) and Crucell N.V. (Leiden,
Netherlands; www.crucell.com)
— has been scaled up to 250 L
by DSM Biologics scientists at
its GMP facility in Groningen,
Netherlands. The researchers

(Continuesonp. 18)
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W05 photo-catalyst active

under visible light for VOCs decomposition

esearchers at the National Institute of

Advanced Industrial Science and Technol-
ogy (AIST; Tsukuba, Japan; www.aist.go.jp),
and the University of Tokyo have developed
new photocatalysts that are more efficient
at decomposing volatile organic compounds
(VOCs) than the commonly used titanium
dioxide. The catalysts — tungsten trioxide
promoted with palladium or copper — de-
compose VOCs, such as formaldehyde, acetal-
dehyde, formic and acetic acids, and toluene,
into water and COg when irradiated with
visible light. This feature makes the catalyst
promising for preventing sick housing and
building syndrome and reducing malodorous
substances in rooms, hospitals and cars.

The researchers succeeded in enhanc-
ing the catalytic activity of WO3 by adding
promoting catalysts, such as Pd and Cu
compounds they developed. The catalyst
system is made by simply mixing powdered
WO3 with fine powders of the promoter.

Compared to TiOg, the Pd-WOg3 system
showed seven times higher catalytic ac-
tivity for decomposing formaldehyde, and
the less-expensive Cu-WOj3 catalyst three
times higher activity under visible light il-
lumination. A Pt-WOg3 system also showed
catalytic activity, but has not been pursued
further due to the high cost of Pt.

Both the Pd and Cu-promoted WO3 are
active under sunlight, room lighting and
inside cars, where the ultraviolet fraction
of sunlight is filtered out by glass. Be-
cause the catalyst components are more
expensive than TiOg, the researchers are
working to reduce costs by increasing the
efficiencies. Plans are underway to apply
Pd-WO3 for high-performance air-clean-
ing filters for painting factories, and for
combining the Cu-WOj3; with antibacte-
rial properties for hospital floor tiling and
household use in wall coverings and win-
dow shade blinds.

(Continued from p. 16)

achieved 8 g/L for an immu-
noglobulin (IgG) expressed by
PER.CS6 cells using chemically
defined cell culture medium.
Crucell’s PER.C6 technology
has been developed for the
large-scale manufacturing of
biopharmaceutical products,
such as recombinant proteins.

Selective As adsorber
Lanxess AG (Leverkusen, Ger-

many; www.lanxess.com) has
developed a hybrid adsorber for
removing arsenic from drinking
water. Lewatit FO36 is a combi-
nation of a polymeric anion ex-
change resin and an iron-oxide
with a goethite (iron oxyhydrox-
ide) structure. A proprietary
process is used to distribute the
iron oxide in the pores of the
resin as a thin layer a few nano-
meters thick, thereby increasing
the As selectivity.

Circle 16 on p. 66 or go to adlinks.che.com/7378-16
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This diaphragm adds life
to air-powered pumps

rane ChemPharma Flow Solu-

tions (Diisseldorf, Germany; www,
cranechempharma.com) has developed
a new compound diaphragm, the DEPA
E4, which is said to increase life span,
improve safety and increase efficiency of
air-operated diaphragm pumps. The lam-
inated design of the DEPA E4 ensures
that the diaphragm surface is imperme-
able, thus providing an ultraclean work-
ing mechanism that prevents leaks and
deposits while greatly limiting areas for
bacteria buildup, says the manufacturer.

The diaphragm (photo) is constructed
as a single unit from a combination of
PTFE [poly(tetrafluoroethylene)] and
EPDM (ethylene propylene diene M-
class rubber). The outer piston — usu-
ally a separate component in standard
pumps — is entirely encapsulated. A pat-
ented “noppedE4” surface, consisting of a
uniform sequence of small mounds radi-

ircie

ating in a band within the diaphragm,
imparts superior flexibility to the DEPA
E4, even when compared to standard
rubber diaphragms, says the firm.

The diaphragm is available in four
sizes between 1/2 to 2 in., and offers
high chemical resistance over the pH
range of 0 to 14. Because EPDM is elec-
trically conductive, the diaphragm is
suitable for use in ATEX-conforming
pumps, and it is approved for use in
Zone 0 when used with pumps made
with a stainless-steel casing. |

Bubbler alternative

In the activated sludge process for treat-
ing wastewater, oxygen is commonly
introduced by diffusing fine air bubbles.
This method not only requires energy in-
tensive blowers, but also suffers from poor
efficiency at high solids loading because
the bubbles coalesce, thereby reducing
the residence time and the surface area
for O, transfer from the bubble. These
problems are reduced by a falling droplet
method being developed by a team from
the Dept. of Chemical Engineering at the
University of Newcastle (Australia; www.

newcastle.edu.au).

In the new method, liquid is pumped to
a height where it is turned into droplets,
which then fall into a catchment tub. Exper-
iments have shown that the greater the fall
height, the greater the mass-transfer, with
the greatest mass-transfer rate occurring
during the early stages of the fall. It is also
found that greater O, transfer per volume
occurs with smaller droplet sizes.

A device with 17 L/min flowrate was
used in the study, which involved drops
with 3—7 mm falling from a height of
200-800 mm. An O, transfer rate of about
1.35 kg/kWh was measured. Trials with
brewery waste indicate that the system
is able to produce smaller droplets with
feeds of 10,000 mg/L suspended solids
than with fresh water. a
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2008 SALARY REPORT

Income by branch of engineering

Ch.E.s wonder
when the GPI will
feel the hit of the

changing economy

he past decade has been a vola-
tile period for chemical engi-
neers in the workforce. The late
1990s was a booming time in the
chemical process industries (CPI), with
salary increases greater than ever and
an unprecedented demand for Ch.E.
expertise. This prosperity quickly gave
way to harder times in the early 2000s,
when engineers struggled to keep their
salary increases on par with inflation.
Luck had turned around again in re-
cent years with steadily increasing pay,
but in light of the recent economic cri-
sis, Ch.E.s wonder — when will the CPI
feel the hit of the changing economy?

Recent salary trends

This year, most Ch.E.s enjoyed a
greater annual salary boost than has
been found in nearly a decade. In its
2008 salary survey, the Engineering
Income and Salary Survey and the
National Society of Professional En-
gineers (NSPE; Alexandria, Va.; www.
nspe.org) report a median income of
$102,000, an impressive 11.1% in-
crease since 2007. Gulshan Dua, vice-
president of process engineering and
gas processing of SNC-Lavalin’s chem-
ical and petroleum business unit, has
seen a high level of job satisfaction
with sustained growth. “The trend in
the last two years in particular has
been significant increases in salaries
and overall packages, as much as 40
to 60% increases.”

As expected, education, licensure
and experience pay off greatly for
Ch.E.s. According to the NSPE sur-
vey, having earned a masters degree
boosts the median salary to $104,600,
a 7.5% edge over Ch.E.s with a bach-
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FIGURE 1. With a median salary of $102,000, Ch.E.s are still near the top of the list

elors degree, up from 4.9% in 2007.

Meanwhile, attaining Professional
Engineer (P.E.) licensure proves
to give a significant boost to Ch.E.
salaries. With a median income of
$114,000, PE.s earn a 37.3% higher
salary than unlicensed Ch.E.s, a num-
ber that may also reflect the fact that
many licensed engineers have com-
pleted a higher level of education and
have more years of experience than
most other Ch.E.s.

An annual survey report released
by the Engineering Workforce Com-
mission, a division of the American
Association of Engineering Societies,
Inc. (EWC; Washington D.C.; www.
aaes.org/ewc) provides engineering
salary data at every level of experi-
ence, proving that experience pays off,
with steadily increasing salaries with
increasing years of experience. Table 2
and Figure 2 show Ch.E. salary data
for 2008, which illustrate this trend,
with new graduates starting around
the $60,000 mark and the most sea-
soned Ch.E.s commanding a median
salary of $110,000.

In Figure 3, we compare EWC data
from its five most-recent annual salary
surveys. The graph shows the median
salary of working Ch.E.s as a function
of years since a bachelors degree was
earned. Data for 2004 through 2008 is
shown, with data for years up to 2007
adjusted for inflation to 2008 equiva-
lency. From this data, we see that pay
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TABLE 1: INCOME BY

BRANCH OF ENGINEERING
Aerospace $95,800
Biomedical $102,375
Chemical $102,000
Civil $78,000
Computer $119,178
Electrical $92,240
Environmental $82,000
Mechanical $95,000
Petroleum $120,000
Systems $99.200

Source: Engineering Workforce Commission

generally increased with experience,
with the exception of 2004 and 2007
data, where the salary of engineers
approaching retirement reduced. Also,
when comparing years, we see that
survey participants did not see salary
increases that kept up with the rise of
inflation from 2005 to 2006, though
data has remained somewhat consis-
tent since then.

When compared to engineers of
other disciplines, Ch.E.s still boast
one of the highest median salaries,
as shown in Figure 1. EWC’s latest
report, which found a median Ch.E.
salary of $102,000, is beat out by com-
puter engineers, and only slightly by
biomedical engineers, as seen from the
data in Table 1. Petroleum engineer-
ing proves to be the most profitable
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| TABLE 2: CHEMICAL ENGINEERS — SMOOTHED MEDIAN SALARY

3 4 5

area of Ch.E. practice, with a median
salary of $120,000, the highest of any
engineering discipline.

Overall, according to the National
Association of Colleges and Employ-
ers (NACE; Bethlehem, Pa., www.
naceweb.org), the chemical industries
boasted the second brightest outlook
of any category of employer, being ex-
ceeded only by computer-software-de-
velopment companies. Andrea Koncz,
employment information manager
of NACE, reports that companies in
the CPI plan to hire 19.2% more new
graduates than they did last year.

Though employers are seeking to
hire a record number of Ch.E.s, an Oc-
tober 2007 NACE report that studied
data from the Bureau of Labor Sta-
tistics shows that engineering enroll-
ments are decreasing at a rate of 2.2%
per year. With a slowly dwindling sup-
ply of Ch.E. professionals, the demand
for this expertise is higher than ever.
Usha Singareddy, director of compen-
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sation for Dow Chemical Company
(Midland, Mich.; www.dow.com), has
seen a decreasing availability of new
Ch.E.s, noting that “numbers have
gone down tremendously,” though the
quality of Ch.E. graduates remains
high. One factor that she sees as caus-
ing this is a dropping ratio of students
enrolling in Ch.E. programs to other
engineering programs. Despite the
profitability of working in the CPI,
Singareddy sees many students mov-
ing toward other engineering disci-
plines, including computer and elec-
tronic engineering.

The outlook for Ch.E.s in the UK.
and Ireland has brightened as well,
as determined by IChemE’s 2008 sal-
ary survey (Rugby, UK.; www.icheme.
org). Like Ch.E.s in the U.S., IChemE
survey participants were lucky if they
didn’t see a decrease in salary earlier
in this decade — from 2002 to 2004,
the reported median salary did not
change. Since 2004, however, salaries
have steadily increased. The median
salary in the 2008 report was £47,000,
up 8.8% from 2006.

In the UK., professional engineers
are given the designation of “Chartered
Engineers.” As in the U.S., Chartered
Engineers participating in the IChemE
survey earned a much higher salary
than non-chartered participants, with
a median chartered salary of £57,500
over £36,000, a 59.7% advantage.

Looking toward the future
Ch.E.s may have enjoyed steadily
increasing salaries over the past
couple of years, but the changing
economy may dictate a slowdown in
the CPI and Ch.E. employment. An-
drea Koncz says that this is a diffi-
cult issue to predict. “With the down-
ward trend in the economy, perhaps
all areas will be affected.” However,
she notes, “there is a definite demand
for chemical engineers, and with gas
prices rising and [engineering en-
rollments declining], I would like to
think they will not be affected.”
Kevin Swift, managing director
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of economics and statistics for the
American Chemistry Council (ACC;
Arlington, Va.; www.americanchem-
istry.com), explains that the outlook
may not be as positive as we hope.
“If you look at industries that Ch.E.s
are usually employed in, they usually
peak at this point in the cycle.” He
points out that the housing market
has gone down 60% in the past year,
while vehicle sales have dropped 30%,
two major markets that will directly
affect the CPI. While the demand for
domestic sales in the chemical in-
dustries has dropped, until recently,
increasing international exports had
somewhat offset these losses. Now
that foreign markets are entering the
same economic turmoil as the U.S.,
Swift is seeing a drop in exports as
well. All of this points to potentially
rocky waters for Ch.E.s. “It will be a
tough environment for a year or so,”
Swift says. Despite recent trends in
the increasing demand for Ch.E.s,
“industry might cut back production
levels, and therefore, employment
could drop.”

Though the outlook may be grim,
or uncertain at best, some sectors of
the CPI may weather this economic
storm better than others. John Pear-
son, president and CEO of Access In-
telligence’s chemical business media
division,* expects that the companies
involved in the green revolution may
bode well over the upcoming year. On
the U.S. West Coast, he has noticed
that start-up alternative-fuel compa-
nies have been doing quite well dur-
ing this time, citing companies such
as LS9 (South San Francisco, Calif;
www.ls9.com), which focuses on the
area of biofuel production.

Though SNC-Lavalin’s Dua does
not expect to see salaries increasing
at the same rate as they have been
recently, she still has a positive out-
look, predicting 8-12% increases in
2009. She also agrees that the energy
industry does indeed have a brighter

*Chemical Engineering is published by Access
Intelligence
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FIGURE 2. At times earlier this decade, Ch.E.s struggled to keep their
salaries up with inflation. Now, salaries are much more consistent

Chemical engineers — smoothed salary curves
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FIGURE 3. In 2008, new graduates saw starting salaries around the $60,000 mark,
while the most seasoned Ch.E.s commanded a median salary of $110,000

future. “A significant economic growth
is expected in the coming 10 to 20
years in the energy sector. This will
be complemented by stricter compli-
ance with environmental regulations,
in particular, related to carbon cap-
ture and sequestration, fuel efficiency
improvements, use of alternative (to
fossil fuels) fuels, and minimizing
the use of the scarce water resources,
and so on, which will all be adding to
development of newer projects.” Dua
points out that these new projects
will require a high level of innova-
tion, research and development, mak-
ing the energy sector an area where
Ch.E.s with masters and Ph.D. de-

grees would be in greatest demand.
Increasingly global workforce
As engineering enrollment continues
to decline yet Ch.E. demand increases,
U.S. CPI executives are becoming in-
creasingly concerned about the global
position of the U.S. CPI.

In a Bayer survey of Fortune 1000
science and technology company
CEOs, concerns about the science
technology, engineering and math-
ematics (STEM) workforce showed
up strongly. At 95%, nearly all of the
executives are concerned that the U.S.
is in danger of losing its global leader-
ship position in science and technol-
ogy due to a shortage of STEM talent,

Circle 20 on p. 66 or go to
adlinks.che.com/7378-20



http://adlinks.che.com/7378-20
mailto:info@bioengineering.ch
http://www.bioengineering.ch

TABLE 3: CHEMICAL ENGINEERS — SMOOTHED MEDIAN SALARY CURVES VERSUS YEARS OF EXPERIENCE

Years since baccalaureate degree
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Source: Engineering Workforce Commission

with more than half reporting that
their companies are already experi-
encing such a shortage. When it comes
to rising international competition,
68% are concerned that other coun-
tries’ increasing access to STEM tal-
ent is giving rival companies based in
these countries a competitive advan-
tage over those in the U.S., with 20%
of respondents saying they are “very
concerned.” Dow’s Singareddy notices
this trend as well, explaining that she

is seeing a significant drop in Ameri-
can students, while the international
student population continues to grow.

In the past few years, the CPI has
seen an interesting change in the
Ch.E. workforce worldwide. Andreas
Beckers, head of corporate communica-
tions at Uhde GmbH (Dortmund, Ger-
many; www.thyssenkrupp.com) points
toward the increasing workforce in
Asia. Just a few years ago, engineer-
ing firms could attract Ch.E.s in Asia
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for relatively low salary. “Now,” Beck-
ers notes, “the engineering workforce
is growing across India and China.”
Their demand is growing at the same
time, and U.S. and European firms can
no longer secure these professionals
as easily. “Salaries must now be much
higher in order to hold on to these
engineers,” Beckers explains. SNC-
Lavalin’s Dua, too, sees this change
in the global Ch.E. workforce affect-
ing the U.S, saying that the situation
has changed drastically in the last 2-3
years with respect to the availability
of good process engineers from China
and especially India. “The demand for
them has increased tremendously, and
hence, their expectations [have too],”
she says. Furthermore, she warns
that “the downturn in the industrial-
ized world will be made by growth in
the developing world, namely India,
China and South America.”

Despite a high demand and increas-
ing salaries for engineers in Asia,
there appears to be a surplus of Ch.E.s
in Nigeria. Using her own country as
an example, one reader explains that
“there are up to 30,000 chemical en-
gineers in Nigeria without a job, de-
spite [all of] the petroleum companies
in the country.” With the focus of the
rising global Ch.E. workforce in Asia,
the CPI may be overlooking an un-
tapped resource in African countries
and other areas of the world.

SNC-Lavalin’s Dua provides insight
into the negligence of the U.S. to explore
talent in such areas. “I have dealt with
a few chemical engineers from some
untapped resources and have mixed
opinions — not all have the right skill
set and experience to fit directly into
the North American markets — some
need extensive on-the-job training.” W

Kate Torzewski
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WHEN SIZE

MATTERS

Particle sizing equipment gets updated
to meet the changing needs of the CPI

s chemical processors continue
to feel the pinch of the worsen-
ing economy, particle sizing is
becoming an increasingly im-
portant issue because it can impact
reaction rates and productivity. With
the needs of chemical-process-indus-
tries (CPI) customers in mind, manu-
facturers of a variety of particle sizing
equipment — from classifiers to ham-
mer mills to grinders — are enabling
their products to create smaller and
smaller particle sizes, increase quality,
reduce waste and boost throughput.

A finer grind

According to almost every particle-siz-
ing equipment manufacturer, there is
a definite trend toward finer particle
sizes because, as the particle becomes
smaller, more surface area is exposed,
which can result in higher reaction
rates, more potent product or higher
productivity. However, as equipment
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Prater-Sterling

Evolution Hammermills were designed
for cellulosic and grain ethanol applica-
tions. Besides pulverizing any grain,
there are models designed to grind cobs
or wood chips for cellulosic ethanol, all
while requiring up to 20% less energy

makers upgrade machines to help
their CPI customers achieve smaller
particle sizes, they are also making
operational improvements, such as in-
creased energy efficiency or improved
roll positioning systems, allowing pro-
cessors to get more bang for their pur-
chase buck.

For example, Modern Process
Equipment (Chicago, I11.) has updated
its Gran-U-Lizer line, which has tra-
ditionally featured pairs of corrugated
rollers through which material passes,
to accommodate finer particle sizes via
the use of a variety of roll surfaces. In
addition, abrasion-resistant roll mate-
rials are being developed to reduce the
amount of wear on the rolls.

Alpha air classifiers
were developed for the
production of fine products
below 40 um. As a centrifugal classifier,
this model can achieve high yields at
very low, specific energy consumption

Brian Thomas, vice president, says
tolerances and positioning are also
being improved. “As our roll position-
ing system becomes more precise, we
can control the gap between the grind-
ing rolls to one-half of one-thousandth
of an inch, which is one-eighth the
thickness of a hair,” says Thomas. “In
some cases rolls can be run so they
are actually touching the product as it
goes through.”

Bill Brown, division manager, chem-
ical/minerals at Hosokawa Micron
Powder Systems (Summit, N.J.), says
his firm also hears customers asking
for finer particle sizes, as well as en-
ergy efficiency, and is responding by
modifying existing equipment offer-
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Rotex

ings. One example of Hosokawa’s re-
sponse can be seen in the remake of
the Mikro ACM air classifying mill,
which is a high-speed impact mill that
offers grinding and classifying in a sin-
gle machine. “We’ve made so many ad-
justments to this machine that it looks
different, so we’ve named the updated
model the eCM,” notes Brown. “Via the
updates we've been able to reduce the
energy requirement or make a finer
particle-size distribution at the same
energy requirement or utilization in
certain applications using the eCM.”

Enhancing quality

Oliver Schmitt, business line manager,
process systems, with Malvern Instru-
ments Ltd. (Malvern, England), agrees
that there is a general trend towards
the production of finer particles with
narrower particle-size distributions,
but adds that many products also now
have very well-defined upper or lower
specifications. “These specifications

The APEX dry separation screener is made for efficient performance, quick and easy
maintenance and cleaning and increased process uptime within a production line

deliver enhanced functionality, allow-
ing the manufacturer to access new
markets or improve the quality of an
existing product,” he says.

He explains that the best way to
achieve this tight particle size is to
install online particle sizing equip-
ment that delivers realtime analysis,
such as Malvern’s Insitec range of at-,
on- and inline-particle-size analyzers.
They provide particle size measure-
ment in the size range of 0.1 to 1,000
microns for both wet and dry streams.
Malvern also supplies the Parsum

range of instruments, which use the
technique of special filter velocime-
try to provide inline measurement for
particles up to 6,000 microns.
Another means of achieving im-
proved quality is to install sizing
equipment such as a variable-speed
air classifier that is able to recover or
extract more “good” product per ton.
“This means the equipment needs
to be more efficient at taking good
product from the material that is pre-
sented to it, while having the ability
to reject undesirable, oversized prod-

Raymond® High Performance

Jet-Stream™ Classifiers

The Raymond® Jet-Stream™ Classifier is
designed to meet exacting product specifi-
cations in applications requiring the produc-
tion of ultra-fine powders (10 micron APS
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and metallic powders.
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e Greater Uniformity
e Improved Fineness Control
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smaller and finer particle sizes, some are taking it a step

further and attempting to achieve nanoscale-sized par-
ticles. “Our customers are starting to see the benefits of nano-
size particles, whether it's reducing to nanoparticle size using wet
media milling or downstream processing of nanoparticles such
as coating nanoscale-sized carbon particles, so we are introduc-
ing products that focus on nanoparticle technology to meet those
needs,” says Bill Brown, division manager, chemical/minerals with
Hosokawa Micron Powder Systems (Summit, N.J.).

The Hosokawa Nano Particle Technology Center (Summit, N.J.),
headed by C.C. Huang, is dedicated to developing, manufacturing
and commercializing nanoparticles and composite materials. The
center works in conjunction with Hosokawa’s Nano Technology
Centers in Japan fo bring American customers the same technolo-
gies, including Mechano Chemical Bonding (MCB) Technology.
MCB addresses the cost and processing issues of nanoparticle ap-
plications. It is a technique by which materials can be chemically
bonded together by using mechanical energy without any binders.
Various nanocomposites and engineered particles can be created
with superior functional performance.

In addition to this technology, the U.S. Center also offers a variety
of nanoparticle processing equipment, including the Alpine AHM,
a universal wet mill. It features an enclosed horizontal agitated
ball mill for both closed-circuit and single-pass submicron to nano-

Whi|e many chemical processors are looking to grind to

NANOSIZE ME

meter milling applications, as well as steep particle-size distribu-
tions and an easily exchangeable screen.

For downstream processes, the Center offers the Nobilta, which
is designed for particle surface modification and sphericalization,
micro to precision macro mixing and production of engineered
composites. It is equipped with a water-cooled jacket for even op-
erating temperature control and has options for hard-facing and
ceramic line components. It is suitable for applications that pro-
duce heat-sensitive, sticky and abrasive materials.

However, Hosokawa is not alone in its pursuit of the nanoparticle
size. Brookhaven Instruments Corp. (Holtsville, N.Y.), which spe-
cializes in light-scattering, particle-sizing equipment, is also mov-
ing into this territory with its NanoDLS, a particle size analyzer for
flow and batch mode applications.

Jeffrey Bodycomb, products manager, says the NanoDLS is the
gateway to absolute nanoparticle sizing, including proteins and
their aggregates, polymers, dendrimers, micelles and other col-
loidal materials. Based on the principles of dynamic light scat-
tering, the analyzer uses an automatic, variable-power laser
at 638 nm, maximum 35 mW power, an optical cell design, a
single-mode fiber, a self-protecting avalanche photodiode and a
25ns/522-channel digital autocorrelator. The optical cell design
allows the unit to measure samples from extremely low to high
concentrations, which, in turn, permits small volumes and vertical
flow patterns. 3

uct,” says Joseph Muscolino, sales
manager with Sturtevant (Hanover,
Mass.). “This permits processors to get
more useable product from the same
amount of material and increases the
quality of the finished product be-

cause it has less contamination from
the oversized particles.”

Sturtevant’s Side Draft classifier fits
this bill, according to Muscolino. The
energy-efficient classifier is suitable
for consistent separation of particles in

the 100 to 400 mesh range. Its work-
ing principle is simple: Material enters
through the feed spout, is evenly con-
veyed across the top of the distribution
plate and drops into the separating
zone, creating a uniformly dispersed
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curtain of material. Forces generated
by the rejector cage and process air
subject the curtain of material to parti-
cle size classification. High separation
efficiencies and precision of classifica-
tion are obtained by controlled air flow
and rejector cage speed. The multi-pin,
variable-speed rejector cage allows
only the selected fines to pass into the

fines chamber and exhaust into the
system collector. The coarse particles,
after passing through the separating
zone, fall into the coarse outlet.
Muscolino says this model is finding
increased use in coal-to-chemical fa-
cilities that need to use a sizing device
to upgrade the particle size of the coal-
fired fly ash so it can be used as a filler
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in cement. The air classifier rejects
undesirable oversized carbon particles
that contaminate fly ash. Oversized
particles are also problematic in silica
flour applications where the powder
needs to remain very white and pure,
and air classifiers with wear-resistant
alumina liners are a proven solution.

Similarly, Henry Sachura, regional
sales manager with Sweco (Florence,
Ky.) says his customers are seeking
the same type of quality efficiency.
“Our CPI customers have been ask-
ing for a true cut where there are no
fines in the overs and no overs in the
fines,” he notes. “So they are looking at
adding ultrasonics, air classification
or more exotic screen meshes to their
screening processes.”

As a result, Sweco now offers Ecutec
Alpha air classifiers, which have been
developed to consume very little en-
ergy during the production of fine
products below 40 pm, to be used in
conjunction with grinding mills.

The Alpha classifier can be fed ei-
ther by gravity from the top or in the
main airstream from below. For sepa-
rations below 20 pm, the product is in-
troduced from the bottom for optimum
dispersion of the feed. Where coarser
separations are required, it is possible
to introduce feed from the top of the
classifier, and this configuration helps
minimize the energy consumption by
reducing the pressure drop.

The unit can be supplied with a ce-
ramic classifier wheel, and the body
itself can be lined with ceramics or
polyurethane for wear protection or to
prevent contamination. The rotor and
the body can also be constructed in
stainless steel.

Waste reduction

With the rise in commodity pricing
comes a rise in the cost of waste. For
many chemical processors, this means
there is now value in creating finer
particle sizes without producing a lot
of dust or leaving much residue in
the machine. Seeing their customers’
desire to make classifications of finer
particles,but not wanting excess waste,
Hosokawa Micron Powder Systems
retuned its Acucut High Energy air
classifier. With the updates, the unit
uses dual-stage operating controls to
ensure sharp cuts and narrow-band,
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particle-size distributions typically
below the 10 micron range. Options
are available for control of product
contamination, protection against cor-
rosion and classifying adhesive pow-
ders. An extremely high dispersive
energy applied to the process material
ensures high yields, even with sticky
and difficult to disperse products.

Boosting capacity & throughput
The trend toward getting more mate-
rial out of the same process also ap-
plies to particle-sizing operations.
However, in many cases facilities can’t
make room for equipment with larger
capacities and a larger footprint. “In
retrofit applications, there’s usually
limited floor space, so we have to
squeeze more into an existing pack-
age in order to improve throughput
efficiency,” says Dan Ferris, applica-
tions engineering manager with Rotex
Global LLC (Cincinnati, Ohio).

To assist with this need, Rotex of-
fers the APEX dry separation screener.
“We’ve been able to take the existing
models and increase the screen area
by going taller with a stacked design,”
explains Ferris. “This allows us to
add capacity via stacked screen areas
without increasing the footprint.”

The APEX is available with screen
areas from 9 to 110 ft2 and offers gy-
ratory reciprocating motion that rap-
idly distributes, stratifies and sepa-
rates particles as they move across
the screens to the discharge end. In
addition to the larger screen area, the
machine was designed for simplified
maintenance and cleaning with screens
weighing less than 7 1b and easy access
to outlets for reduced downtime.

And for cellulosic- and grain-eth-
anol applications that are in need of
a capacity boost, the Evolution ham-
mermill, introduced by Prater-Ster-
ling (Bolingbrook, Ill.), can provide
a 15 to 25% increase in throughput
while giving a substantial amount of
horsepower savings.

Besides pulverizing grain, there are
models designed to fine grind whole
cobs, large wood chips and cellulosic

fibers for cellulosic ethanol in one
pass. Because of the way the Evolu-
tion is designed, raw materials are
pre-ground so the screen never sees

the whole product, which helps get
the product ground and out of the mill
faster, using less horsepower. |

Joy LePree

from helical gears
from extra heavy castings

two or three lobe rotors

TUTHILL

N

+ Longevity, stability and heat absorption

« Greater strength and rigidity from large integral cast

M-D PNEUMATICS™ BLOWERS AND VACUUM BOOSTERS

4840 West Kearney Street, Springfield, Missouri 65803-8702
1-800-825-6937 or 417-865-8715 « Fax: 417-865-2950 - http://vacuum.tuthill.com

our PD P|u5® line of heavy-duty rotary positive displacement blowers, long

known for their quality, dependability and outstanding performance, have specially
designed features to provide fast solutions for pneumatic conveying,
+ Added durability from five-bearing design
+ Quieter performance and greater strength

See what our proven track record can do for your pneumatic conveying application. Call
1-800-825-6937 for the representative nearest you or visit http://vacuum.tuthill.com.

Vacuum & Blower Systems
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FOCUS ON

Temperature and

Pressure Measure

Calibrate high-quality thermom-
eters with this instrument

The 4180 Series Precision Infra-
red Calibrators (photo) includes
two new models, 4180 and 4181,
which according to the manufac-
turer are easy enough to use in the
field and accurate enough to use in
the laboratory. The 4180 calibrator
has a temperature range of —15°C
to 120°C, with radiometric (non-
contact infrared) display accuracy
of + 0.40°C; and the 4181 calibra-
tor measures from 35 to 500°C, with
radiometric display accuracy of
+0.35°C. The 4180 Series calibrators
have features that allow users to ad-
dress quality issues commonly not
covered by other calibrators in the
same class, including emissivity and
size of source effect. Additional fea-
tures including target stability, tar-
get uniformity, 6-in. target diameter,
traceable radiometric calibration,
and compensation for the emissivity
settings of the radiation thermom-
eter being tested overcome some of
the other most common limitations.
— Hart Scientific, a division of Fluke,
American Fork, Utah
www.hartscientific.com

A pressure transducer for hazardous
applications is introduced

The PT-400 Amplified Output Pressure
Transducers (photo) provide a minimum
of 10-million operating cycles with high
accuracy of £0.25% F.S. , in operating tem-
peratures from —40 to 180°F. Additionally,
these sensors cover pressures ranging
from 0 up to 20,000 psi, along with high-
burst pressure to 3X full scale (limited by
the process connection) and overpressure
to 2X full scale for in-process reliability.
The PT-400 is designed for demanding ap-
plications in oil drilling, water and waste-
water industries as well as for general use
in other industries. Weighing in at just
10 oz, the PT-400 transducers offer stan-
dard 4-20-mA, 0-5-Vd.c. and 0-10-Vd.c.
outputs. Their integrated electronics are
fully enclosed inside an all-welded stain-
less-steel housing. Their rugged construc-

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

on p. 66, or use the website designation.

Control Company

tion and performance attributes make
them well suited for static and dynamic
pressure measurement where an ampli-
fied output signal is desired. A number of
options, including extended temperature
compensation, higher accuracy ratings
and alternate process fittings, among oth-
ers, are available. — Automation Prod-
ucts Group, Inc. (APG), Logan, Utah
WWW.apgsensors.com

Ultra-compact pressure transmitters
offer an economical alternative

The new GC51 and GC52 gauge and dif-
ferential pressure transmitters (photo)
offer an economical alternative to net-
work process transmitters when a digi-
tal protocol is not required. The innova-
tive design features an ultra-compact
NEMA 4X/IP65 enclosure measuring
only 2.65-in. dia. Stainless-steel wetted
parts accommodate either wet or dry
media. The GC51 is available in ranges
up to 0-7,500 psig and the GC52 offers
D/P ranges up to 400 in. of water. A built-

in LED display and a 4-20-mA output
provide both local indication and remote
signaling. These transmitters are ideal
for measuring fluid levels in tanks, water
towers and across differential pressure
membranes in water purification sys-
tems, says the manufacturer. In addition,
media isolators can be added for sludge
or caustic media installations. — Ash-
croft Inc., Stratford, Conn.
www.asheroft.com

This infrared thermometer
includes a handy wristband
This company’s Traceable Infrared Ther-
mometer (photo) with a handy wristband
operates simply: turn on; point at sample;
and take a reading in less than a second.
The unit reads both in Farenheit and
Celsius temperature scales with a tem-
perature range of —-67 to 482°F and -55 to
250°C. The instrument can be used on any
surface — solids, semi-solids and liquids.
Non-invasive, no-touch, measurements
(Continues on p. 57)
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WHO'S WHO

Bollinger

ChemLogix (Blue Bell, Pa.) appoints
Francis Ezeuzoh director of finance
and accounting.

Harioff Kottmann is named CEO of
Clariant International Ltd. (Mut-
tenz, Switzerland).

Clayton Reed joins Omnitrol Net-
works (Mountain View, Calif.) as
vice-president of sales.

Steven A. Sonnenberg becomes execu-
tive vice-president of Emerson (Aus-
tin, Tex.) and president of Emerson

Sonnenberg

Erskine

Process Management, while John
Berra is named chairman of Emerson
Process Management.

Mettler-Toledo Product Inspec-
tion (Ithaca, N.Y.) elects Rick Bol-
linger strategic accounts manager —
pharmaceutical.

Michael Santangelo is named cus-
tomer service supervisor by Midland
Manufacturing (Skokie, I11.).

Racine Federated Inc. (Racine,
Wis.) names John Erskine Jr. chair-

Perkins Sawall

man of the board. He is succeeded as
president by Dave Perkins.

James Stoppert is elected president
and CEO of Segetis, Inc. ( Minne-
apolis, Minn.).

Wika (Lawrenceville, Ga.) appoints
Steve McCullough CFO.

Richard Sawall becomes vice-

president of the Wisconsin

Biodiesel Association

(Milwaukee, Wis.). |
Kate Torzewski

Programmahle, Digital
Dispensing & Metering

|deal for...

eramic Internals
1% Accuracy

® FLUIDw
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Metrohm USA
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New Products

CS Unitec

Non-sparking, non-magnetic safety
tools for hazardous locations
Manufactured from special aluminum-
bronze or copper-beryllium alloys, these
non-sparking, non-magnetic hand tools
(photo) meet ATEX regulations for safe
use in areas where hazardous, flam-
mable or combustible vapors, liquids,
dusts or residues may be present. This
line of safety tools consists of hammers,
flange wedges, striking wrenches, im-
pact sockets, screwdrivers, shovels and
other hand tools. They comply with the
ATEX Directive stating that no tools
that can cause sparks are permissible
in Ex Zones 0, 1 and 2 (flammable gas,
mists or vapors); Zones 20, 21 and 22
(combustible dusts) and M1 and M2 for
mining. Each tool is laser engraved for
the proper Ex Zone classifications in-
dicating the zones for which it can be
used. — CS Unitec, Norwalk, Conn.
www.csunitec.com

Conductive tubing eliminates static
discharge and prevents buildup

A full range of conductive fluoroplas-
tic tubing is now offered in a variety
of sizes and configurations to elimi-
nate and prevent the build-up of static
charges. PTFE Conductive Tubing
(photo) is available with a conductive
ID. that conforms to AMS-H-27267
— having a minimum conductance of

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

on p. 66, or use the website designation.

Parker TexLoc

10-20 micro-amps with 1,000 V-d.c.
applied over a 14-in. length. Designed
to eliminate static charges affecting
combustible fluid transfer and to pre-
vent the build-up of static charges that
might damage sensitive electronic de-
vices, it can be supplied a wide variety
of configurations. Available in sizes
from 1/8- to 4-in. I.D., Conductive Tub-
ing can be supplied as smoothbore tub-
ing, liners, and in convoluted and wire-
wrapped convoluted styles. It provides
anti-static properties to eliminate dust
and other particulates, and offers in-
creased wear- and UV-resistance. —
Parker TexLoc, Fort Worth, Tex.
www.parker.com

For electrochemical analysis,

use this rotating disk

The Eco Chemie Autolab Rotating Disk
Electrode (RDE; photo) is designed for
electrochemical analysis. Featuring
a sleek motor design and sealed, low-
noise contacts, the RDE substantially
minimizes the noise interference that
is often associated with rotating disk
studies. Autolab RDE maintains speeds
from 100 to 10,000 rpm, and it can be
controlled manually or from a remote
analog system. To address a wide range
of applications, electrode tips are avail-
able with both 3- and 5-mm diameter
disks in Pt, Ag, Au and glassy carbon.

A 5-mm blank tip is also available for
personal material studies. Autolab
RDE is backed by expert application
and service support through this firm.
— Metrohm USA, Inc., Riverview, Fla.
www.metrohmusa.com

These tank-cleaning

heads improve uptime

Two new NLB 3750 3D tank cleaning
heads (photo) feature a redesigned
hub assembly that triples the seal life
of previous models and greatly sim-
plifies seal replacement, according to
the firm. Both deliver the 3D clean-
ing action made popular by previous
NLB models, with rotating high-pres-
sure water jet nozzles mounted on a
revolving head to maximize interior
coverage in tanks and reactors. The
NLB3750-85 operates at pressures
from 4,000 to 13,000 psi with a flow
rate of 80 gal/min. The NLB3750-110
operates at from 4,000 to 8,000 psi
and 110 gal/min. Both have stainless-
steel bodies for durability and ease
of cleaning. High-pressure water jets
remove chemical and resin build-up
from tanks and reactors faster and
more thoroughly than manual meth-
ods, while eliminating the need for
anyone to enter a confined space. —
NLB Corp., Wixom, Mich.
www.nlbusa.com
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WEG Electric Motors

Omega Engineering

Precision handheld pumps for
pressure and vacuum calibration
The HPP series precision calibration
pumps (photo) are available in four
models. The HPP-100 and HPP-VAC
are economical pumps designed for 0 to
6.9 bar (0 to 100 psi) and 0 to —.95 bar
(0 to 028 in. Hg) vacuum, respectively.
Both models feature dual O-rings on
all pistons for smooth operation with
zero leakage. The HPP-600 is a pneu-
matic pump that can generate both
vacuum and pressure. It covers a range
from —.95 bar (28 in. Hg) vacuum to 41
bar (600 psi) pressure. The HPP-10K
hydraulic pump can generate pressure
from 0 to 690 bar (0 to 10,000 psi). It
is compatible with most hydraulic flu-
ids, oils and water. All pumps are de-
signed to provide long-term reliability
in harsh environments, making it ideal
for use in automotive, chemical and
petroleum industries. — Omega Engi-
neering, Inc., Stamford, Conn.

www.omega.com

Fiberglass grating can replace

steel in many applications

Duragrid 1-in. R-7300 fiberglass grat-
ing is specially designed to replace
1-in. steel grating in corrosive envi-
ronments, such as offshore drilling
and production platforms, refineries
and chemical plants. It is extremely
strong and impact resistant, able to
span 36 in. with a load of 100 1b/ft2 and
a deflection of less than % in. Virtually
maintenance-free, it will not rust and
corrode like steel grating, thus reduc-
ing maintenance costs. With a rectan-
gular-bar design, it is well-suited for

New Products

Strongwell

applications exposed to wave uplifts,
or when all surfaces of the bars need
to be kept clean. At half the weight of
1-in. steel grating, Duragrid is eas-
ily handled in installation, and cost
less to ship than steel grating. Also, a
non-skid surface on fiberglass grating
is safe for workers, while having low
electrical and thermal conductivity. —
Strongwell, Bristol, Va.

www.strongwell.com

New communication interfaces im-
prove the versatility of flowmeters
This firm has introduced new com-
munication options for its Micro Mo-
tion 24008 transmitter. These compact
devices, which mount integrally onto
Micro Motion Elite Coriolis meters, are
now available with DeviceNet or Profi-
bus DP communication protocols in ad-
dition to the traditional interfaces such
as 4-20 mA, frequency and HART. The
new communication options make the
Micro Motion 2400S transmitter ideal
for OEMs operating in global markets,
where different communications stan-
dards are often employed. The trans-
mitter provides a simple and fast inter-
face with an existing PLC architecture
together with the added benefits of
direct digital communications. — Em-
erson Process Management, Boulder,
Colo.

WWwWWw.emerson.com

These two motors designs comply
with API requirements

Two new PetroDuty motor designs are
being offered by this firm — the 4th edi-
tion API-541 and 1st edition API-547.
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These new motor designs have been
specifically developed to satisfy or ex-
ceed the strict requirements set forth
by the American Petroleum Institute
(API). The newest PetroDuty-541 is
rated 500 h.p. and above, as set forth
by the API, for use in critical applica-
tions in the petroleum industry. With
a voltage capacity of 2,300-13,200 V,
it also offers dual voltage at 2,300 and
4,000 V. The PetroDuty-547 is suitable
for use in general purpose petroleum
or chemical applications, as well as in
other industrial severe-duty environ-
ments. Rated for 250-3,000 h.p, it has a
voltage capacity of 2,300-3,200 V. Both
motor designs operate on 50 and 60 Hz
frequencies. — WEG Electric Motors
Corp., Atlanta, Ga.

www.weg.net/us

These spigot ends are compatible

with all major piping manufacturers
Factory-installed spigot connections are
now available for this firm’s thermo-

Plast-O-Matic Valves

plastic valve and piping products line.
Constructed of ultra-pure, corrosion re-
sistant polypropylene or Kynar PVDF,
the Series ZSP True Blue spigot ends
(photo) minimize deadleg, and are de-
signed for BCF (bead and crevice-free)
and infrared butt-fusion and socket-fu-
sion piping. Spigot sizing is dimension-
ally compatible with all major piping
manufacturers. An optional Class 100
cleanroom and double-bagging proce-
dure is available for ultra-pure appli-
cations. — Plast-O-Matic Valves, Inc.,
Cedar Grove, N.dJ.

www.plastomatic.com

Boker’s,

This firm now offers 22,800 washer
sizes in a variety of materials

This manufacturer of washers has
added 800 sizes to their product offer-
ing. With this addition, non-standard
washers and spacers are now avail-
able (photo) without tooling charge in
more than 22,800 sizes, and offered in
a choice of more than 2,000 commonly
specified and hard-to-find materials,
including low carbon sheet steel, five
types of spring steel, stainless steel,
aluminum, brass, copper and nickel
silver, as well as non-metallics such as
Delrin, Teflon, Mylar and nylon. This
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Bimetallic Trap

CONA®TD
Disc Trap
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Thermostatic Trap

CODI® Condensate
Collector / Diverter

CONA®-control
Monitoring
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ARI-Armaturen USA, Inc., 9363 Winkler Dr. Suite A, Houston, TX 77017, USA
Phone: 713-947-3622 Fax: 713-947-3635
Internet: http:/www.ari-armaturen.com E-mail: info@ari-armaturenusa.com
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Lyon Workplace Products

broad variety of sizes encompasses miniature washers as
small as 0.080-in. O.D., to large washers with O.D.s up to
5.140-in. Customers can simply select a size and specify a
material and quantity at this firm’s website. — Boker’s, Inc.,
Minneapolis, Minn.
www.bokers.com

This workstation keeps computers

safe on the plant floor

A new computer workstation (photo) is designed for shop
floor use in manufacturing plants, maintenance facilities
and warehouses — anywhere computer security and pro-
tection against dust, dirt and other airborne contaminants
are important. The new workstation easily handles a 21-in.
monitor, keyboard, CPU, printer and supplies. Features
include: an ergonomic, sliding keyboard shelf; keyed alike
built-in locks secure to the doors; a Lexan upper-door insert
for easy screen viewing; a power surge suppressor strip;
and vibration resistant 5-in. Performa rubber casters. The
overall cabinet is 30-in. width by 28 Y4-in. depth by 59 Y4-in.
height. The workstation is available with forklift base (ships
assembled) or mobile base (casters not installed). — Lyon
Workplace Products, Aurora, 1.
www.lyonworkplace.com

This anti-surge compressor controller

has an built-in HMI

This firm has introduced its first stand-alone compres-
sor anti-surge controller with a built-in color HMI (human
machine interface) display. The Em-400 HMI displays a
live compressor surge map for easy viewing of compressor
performance. In addition to the live compressor map, the
Em-400 HMI also provides all of the information and con-
trol capability found in more expensive HMI systems. This
compact display, which is built into the front panel of the Em
400 controller, does not require any additional panel space.
Other features of the Em-400 include control of up to three
compressor bodies, capacity control, performance monitoring,
load sharing, recycle transfer control, user-directed pressure
override control and standard ethernet communications. —
Petrotech, Inc., New Orleans, La.
www.petrotechinc.com [ |
Kate Torzewski
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New Products

An inline seal

with a clamp connection

In addition to both threaded-pipe and
flanged connections, sterile, standard-
compliant connections for instruments
are now also possible in the form of a
clamp connection (DIN 11 864-3). The
standard material for wetted parts
is 1.4435 stainless steel, and special
materials, such as 1.4539 stainless
steel or Hastelloy, are also available.
The 981.51 diaphragm seal (photo) is
especially suitable for applications in
the pharmaceutical and food indus-
tries, as well as for painting lines. The
patented inline seal is notable for its
cylindrical construction, enabling it
to be mounted directly into pipelines
and making it self-draining. — WIKA
Alexander Wiegand GmbH & Co. KG,
Klingenberg, Germany
www.wika.de

Characterize foreign particulate
matter on filters, automatically
New capabilities have been added to
the Morphologi G3 automated particle-
characterization system, enabling the
fully automated detection, enumera-
tion and size classification of foreign
particulate matter (FPM) collected on
a filter (photo). In the pharmaceutical
industry, this is especially important
in controlling particulate contamina-
tion of materials for injection or in-
halation. Analysis of FPM on filters
has traditionally been performed by
manual light microscopy; now, the
Morphologi G3 brings fully automated
image analysis to accelerate charac-
terization and remove operator sub-
jectivity. — Malvern Instruments Ltd.,
Malvern, UK.

www.malvern.com

Three new receivers for dense-
phase and vacuum conveying

The P-Series vacuum sequencing re-
ceivers have been redesigned to the
same finish standards as this firm’s
line of weigh feeders. As part of the

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

redesign, the modularity of
the P-Series receivers was
improved through the intro-
duction of extension modules
to increase receiving volume.
The new sealing and ground-
ing designs make cleaning
and disassembly more op-

erator friendly. Premium
Pneumatics offers dense-
phase vacuum conveying

for short distances, in addi-
tion to dilute-phase vacuum
conveying capabilities. The vacuum
receivers feature sanitary design and
meet the 3-A sanitary standard for
pneumatic conveyors. Three models
include: the P10, conveying up to 600
kg/h; the P30 (photo), conveying up
to 1,800 kg/h; and the P100, for up to
4,000 kg/h. — K-Tron (Switzerland)
Ltd., Niederlenz, Switzerland

www.ktron.com

Save fuel and water with this
boiler condensate module

The planning, production and instal-
lation of high-pressure condensate

CHEMICAL ENGINEERING WWW.CHE.COM NOVEMBER 2008

WIKA Alexander Wiegand

Loos Deutschland

Malvern Instruments

systems used to be very complicated,
but this firm has developed a compact
module. The CSM-CC high-pressure
condensate service module (photo)
should be considered for a high-pres-
sure condensate level of 50% and
higher. The module is individually di-
mensioned for each order, and consists
of a heat-insulated pressurized tank
with sensors wired on a terminal strip,
actuators, fittings, pump modules and
a control cabinet. The condensate tank
base contains a heating nozzle pipe in
which the condensate temperature
and pressure are maintained. Depend-
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New Products

ing on fuel costs, condensate parame-
ters and operating times of the boiler
systems, the system can pay for itself
in as little as a year, says the manu-
facturer. — Loos Deutschland GmbH,
Gunzenhausen, Germany
www.loos.de

This level-measurement device
gets a redesign

The completely redesigned plumb bob
electrochemical level-measurement
system, Nivobob (photo), offers the
following enhancements: increased
durability, via a brushless motor; a
new rope system, which extends

the time between services; and a
larger measurement distance (up to
40 m with the tape version). For
smaller plants without visualiza-
tion systems, an additional remote box
is available that allows up to 15
instruments to be remotely con-
trolled. Measurement data can
easily bne integrated into existing
control systems, as the Nivobob of-
fers both ModBus and Profubus DP
communication, alongside the 4-20
mA output signal. — UWT GmbH,
Betzigau, Germany

www.uwt.de

Four new sizes of this turbomo-
lecular pump

The line of HiPace turbopumps (photo)
has been broadened to include four
new sizes. They are characterized by
their high pumping speeds for both
light (Hy, He) and heavy (Ar, CHy)
gases, achieving high throughputs for
even heavy gases. In addition to pho-
tovoltaics and semiconductor technol-
ogy, the pumps range of applications
includes coating architectural glass
and eyeglass lenses, as well as in-
dustrial applications such as furnace
engineering. Protection Class IP 54
and SEMI S2 assure their suitability
for industrial applications. — Pfeiffer
Vacuum GmbH, Asslar, Germany

www.pfeiffer-vacuum.net

Avoid contamination with

these magnetic mixers

The magnetic agitators of the BMR
Series (photo) meet all requirements
that exist today for GMP-compliant
production. The open design of the
magnetic impeller permits clean-

UWT

Pfeiffer Vacuum

Christ Water Technology Group

ing in place (CIP), as demonstrated
by independent studies carried out by
the Swiss University in Widenswil,
in accordance with the three methods
European Hygienic Engineering and
Design Group, total organic carbon
(TOC), and riboflavin. The generous
dimensions and material combina-
tion (silicon carbide on zirconium
oxide) of the ceramic sleeve bearing
offer the longest operating lifetime,
says the manugfacturer. Thanks to
hydrodynamic properties of the agi-
tator blade and the patented “lift-
off” lubrication channels, wear and
the release of unwanted particles are
almost negligible. — Zeta Holding, a
member of the Christ Water Technol-
ogy Group, Tobelbad, Austria

www.zeta.com
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Beckhoff Automation

A new tool for

scientific automation

A graphic display of curves is essen-
tial for optimizing controllers and
setting drive axes. The new TwinCAT
Scope (photo) features a separate Log-
ger and Viewer, and has been rede-
signed for scientific automation. The
Logger, which can be installed in a
Windows CE control system, records
the data from different channels with
time stamps and saves them interme-
diately. The data can come from dif-
ferent PCs and software devices, in-
cluding PLC and Motion Control. The
viewer fetches data from the Logger
and displays it. — Beckhoff Automa-
tion GmbH, Verl, Germany
www.beckhoff.com

Pick the WFI system that meets
your needs

The Polaris range of water-for-injec-
tion (WFI) products is designed in
accordance with GAMP, cGMP, ISPE
and FDA guidelines to meet the prod-
uct quality specifications of USP, Ph
Eur and other international pharma-
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Tight budgets, fewer resources, and the process analyzer sampling system needs updating.

Where do you start?

At Swagelok we have made building and operating process analyzer
sampling systems simpler, more efficient and better for your bottom
line. Our Modular Platform Component (MPC) systems have a patented
modular substrate design that utilizes 50% fewer seals than other
ANSI/ISA 76.00.02 miniature modular designs. Installation and main-
tenance is fast and easy. You can use our menu-driven software to
configure systems or we can assemble the complete system to your
design. When the pressure is on, our MPC systems are a faster,

smarter solution. Contact your authorized Swagelok sales and service

center or visit www.swagelok.com
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New Products

copoeia standards. Polaris MED
multiple effect stills use a fall-

ing film technology to produce

up to 10,000 L/h (with 3 bars
industrial steam) of WFI from a
purified warter feed, with options
for simultaneous or alternate
clean steam and WFI production.
For higher flowrates, or where pu-
rified water is not available as a
feed, Polaris VCD vapor
compression stills are ca-

pable of producing up to

25,000 L/h of WFI from

a softened mains water

feed. They can ber heated

by steam or an electric
immersion heater, and

an electrically powered

vapor compressor pro-

vides the additional energy
necessary to produce distilled
water at a temperature between 25
and 90°C. Polaris CSG (photo) pro-
duces 5,000 kg/h of clean steam from
a purified water feed, and incorpo-
rates a stripping device using clean
steam to remove incondensable gases
to improve product quality. — Veolia
Water Solutions and Technologies,
Saint Maurice, France
www.veoliawaterst.com

A manifold for precise injection
of small amounts of fluid

This injection manifold mount system
(photo) enables the precise injection of
a fluid into a flow stream. Any ported
VHS (very-high-speed) micro-dispense
solenoid valve can be mounted so that
the outlet port is in close proximity
to the flow stream. This ensures the
dual benefit of minimal captive cap-
illary volume and increased injected
volume repeatability. The new mount
system is suitable for laboratory, bio-
medical and chemistry applications,
and especially for flow-injection ana-
lyzers. Key features include a captive
capillary volume of 0.5 pL. and pres-
sures up to 120 psi. — Lee Products
Ltd., Gerrards Cross, UK.
www.leeproducts.co.uk

Up to six valves can be mounted
on this distribution ring

The valve ring distribution system on
Vesta sterile valves (photo) allow com-
plex processing using different oper-

Veolia Water Solutions
and Technologies

ating, cleaning and sterilization
media. Compared with conven-
tional systems with single valves
or complex and expensive valve
blocks, the single-seat valves in
the Vesta Multiport distribu-
tion system are located pocket-
free in a ring with an appropri-
ate annular passage section. A
maximum of six isolation valves
can be located in both the inlet
and return circuits, and it is
possible to have different valve
sizes in one ring. The Multiport
also allows different flow direc-
tions for the inlet and return
pipework, with fixed grid spac-
ings. — GEA Tuchenhagen GmbH,
Biichen, Germany
www.tuchenhagen.com

This sieve mill

keeps getting better

The ConiWitt sieve mill (photo) offers
a number of improvements over its
predecessors. For example, the mill-
ing distance can be precisely adjusted
to less than I mm, even without the
sieve support ring that was required
in the past. The sieve surface is 25%
larger, and therefore the flowrate is
higher than conventional models.
With Triclamp connection, the mill-
ing head can be easily and quickly de-
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Lee Products

GEA Tuchenhagen

Frewitt

tached from the shaft, which makes
the ConiWitt suitable for lighter-duty

laboratory work. — Frewitt S.A.,
Granges-Paccot, Switzerland
www.frewitt.com

Lots of wireless devices

are now ready for action

Last month, this firm began shipping
open interoperable WirelessHART
standard products from its Smart
Wireless range of pressure, flow, level,
temperature, pH and discrete trans-
mitters and gateways; AMS Suite
predictive maintenance and Wireless
Snap-On software; 375 Field Com-
municator, and with native wireless
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New Products

interface DeltaV and Ovation digital
systems. The continuous stream of
future new products will also use the
standard, introducing the soon-to-be-
released valve position transmitter,
the Smart Wireless THUM Adapter
that will unleash standard diagnostics
in legacy devices. — Emerson Process
Management, Baar, Switzerland
WWW.€mersonprocess.com

A new class

for this belt scale

Intercont Opus is designed for legal-
for-trade belt scales that have been
used for evaluating electronics in Ger-
many and other countries for many
years. Compared to its predecessor,
the Intercont Opus offers state-of-the
art technology, based on the ARM9-
based processor platform. Approval
for the new product includes previous
1 and 2 accuracy classes, but also the
most demanding class 0.5 in accor-
dance with EC Directive 2004/22/EC,

which means that it is recognized
by all EU Member States. Inter-
cont Opus is available as a panel-
mounting unit or as a stainless-
steel device for onsite installation.
Modbus, Profibus DPVO0, Devi-
ceNet or Ethernet are available
for connection to the automation
system. — Schenck Process GmbH,
Darmstadt, Germany
www.schenckprocess.com

Transmit temperature readings
wirelessly with this device

The Wtrans series now contains
a new transmitter with M12 con-
nection for adaption to existing
Pt 1000 resistance thermometers
(photo). Additional receiver designs
are also available, which have two
analog inputs instead of four, and
also have two relays for a variety of
monitoring tasks. The transmitters
are located in a probe handle and are
protected by a watertight housing.

JUMO

The radio frequencies used are largely
insensitive to external influences, per-
mitting transfer even in tough indus-
trial environments. The probe is avail-
able with an installation length of 50

Together towards increased competitiveness

Poéyry Tango™ is our way to execute a long-term partnership with our clients. In this concept
we take care of agreed responsibilites by working closely with the client. While Poyry assists
you by taking care of engineering and projects, you have more time to concentrate on your

core business.

P&yry is a global consulting and engineering firm. Pdyry’s annual net sales in 2007 amounted
to EUR 720 million and it employs 8000 experts.

Poyry, Business Area Chemical Industry
P.0.Box 16, FI-01621 VANTAA, Finland, Tel. +358 10 3311, e-mail: chemical@poyry.com

S POYRY

Www.poyry.com
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to 1,000 mm. The transmitter covers
the temperature range of —30 to 260°C
(with a fixed protective tube), or —100
to 500°C (with M12 connector and re-
mote probe). — JUMO GmbH & Co.
KG, Fulda, Germany

wWww.jumo.net

Save energy and time with these

new rotary blowers

Unveiled at Powtech 2008, the DB
166 C and DB 236 C (photo) are this
firm’s latest generation of rotary
blowers. System operators not only

GoatThroat Pumps

benefit from the significant energy
and operational savings that these
blowers offer, but are also able to take
advantage of considerable savings for
installation, planning, commissioning
and certification, says the manufac-
turer. Covering air deliveries from 10
to 25 m3/min for pressures up to 1,000
mbarg (500 mbar vacuum), the new
DB blowers also provide “exceptional”
reliability and availability. As with all
other Compact Series blowers, these
new models are fitted with an energy
saving EU-effl rated drive motor as

standard, and feature Omega Profile
rotors with a specially designed block
casing to ensure low energy consump-
tion. Integration of the Omega Con-
trol Basic with the firm’s advanced
controller enables the units to pre-
cisely match blower performance to
meet demand. — Kaeser Kompresso-
ren GmbH, Coburg, Germany
www.kaeser.com

These filtration membranes
outperform their predecessors
Tetratex Extreme ePTFE membrane
filter elements display a significantly
higher permeability compared to pre-
vious Tetratex membranes, and de-
liver increased dust-collector airflow
characteristics and excellent particle-
capture rates, says the manufacturer.
The complex structure of the mem-
brane ensures particulate emissions
can be maintained at near-zero levels
for the operational life of the media.
The new membranes are used for in-

Circle 36 on p. 66 or go to adlinks.che.com/7378-36

e Gas pumps

Metal diaphragm
compressor system

Seybert & Rahier
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... to make sure your process
does not run out of air

o Complete compressor systems

 Engineering and support services
Your competent provider of systems and

package solution in all questions of oil and
contaminant-free compression of gases...

sera-Strasse 1

GmbH + Co. BetriebsKG  D-34376 Immenhausen

We're putting on the pressure...

For more than 60 years...

¢ Low and high pressure diaphragm compressors

o Comprehensive system monitoring

serd

Tel. 05673/99 90

www.sera-web.de
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Michell Instrumen|

New Products

dustrial filtration applications, and
are designed to maximize filtration ef-
ficiency, airflow and operational dura-
bility. — Donaldson Filtration Compo-
nents Ltd., Newton-Le-Willows, U.K.
www.donaldson.com

Standard milling machines and
classifiers get downsized
Introduced last month at Powtech
2008 (Nuremberg, Germany; Septem-
ber 30—October 2), the Picojet opposed
jet mill is one of the manufacturer’s
minimachines that have been down-
scaled from the well-known standard
machine range that will gradually be
added to the Picoline series. The Pi-
cojet fluidized-bed opposed mill, with
integrated classifier, features a 20-mm
classifying wheel that runs at speeds
up to 60,000 rpm, simultaneously
maintaining the rinsing gap geom-
etry with tolerances of just a few mi-
crometers. Reinstalling the classifying
wheel after cleaning can be carried out

so precisely with no need for
elaborate adjustment that all
operation critical tolerances
are reproducible. The classi-
fier from the Picojet can be|
used as an independent mod-
ule on the Picozirk classifier]
mill, or can be used on its
own as the Picosplit classifier,
For dry powder processing,
the range is completed by the Picolex
fine impact mill and the Piconizer spi-
ral jet mill. — Hosokawa Alpine AG,
Augsburg, Germany
www.alpine.hosokawa.com

New software version enables

faster, more complex modeling

Ansys POLYFLOW 3.12 is the latest
version of software for the analysis of
plastic and rubber processing, glass
forming and food processing. The new
Version is faster, more efficient and can
handle larger problems than previous
releases, since it includes several new

Petrochemical, Gas Processing, Refineries

You are in charge for the gas process.
We supply the matching compressor.

Oilfree crosshead piston compressors for downstream applica-
tions are used in gas process technology and petrochemical
industry. They are optimized for the media, adapted to perform-
ance, working very efficiently, and are conforming to ATEX.

®
%h’-e’n Customized Compression

Mehrer Kompressoren, P.O. Box 10 07 53, 72307 Balingen, Germany
Phone +49 (0)7433 2605-0, Fax +49 (0)7433 2605-41, e-Mail info@mehrer.de
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solvers and modeling features tailored
for specific applications, says the firm.
Newly built in is the ability to provide
data to structural analysis software
from the company, which improves the
accuracy of virtual prototyping predic-
tions. — Ansys, Inc., Southpointe, Pa.

WWWwW.ansys.com

This long-lasting pumps

deliver most liquids from drums
Made from high-performance poly-
propylene, these liquid-transfer
pumps (photo, p. 32I-7) will safely
deliver most solvents, acids, caustics
and oils from 5-55-gal drums at a
rate of 4 gal/min, depending on the
viscosity. Typically, owners will need
to change O-rings once or twice dur-
ing the pump’s 8-10-year lifetime.
The pumps are offered with Viton,
Santoprene, EPDM or Nitrile seal-
ing, depending on the fluid. — Goat-
Throat Pumps, Milford, Conn.
www.goatthroat.com

Keep turbines ice-free

with this hygrometer

Protection against icing is vital to
prolonging the life and efficiency of
gas turbines. Applying the cooled-
mirror measurement principle, the
Optidew hygrometer (photo) delivers
a repeatable, drift-free dew point or
relative humidity measurement. The
robust design of the Optidew for anti-
icing systems is capable of withstand-
ing the moist demanding conditions.
When compared with traditional poly-
mer RH probe, the Optidew Anti-icing
version offers far better accuracy and
stability, says the firm. The unit has
a dynamic measuring range from —50
to 90°C dew point over a temperature
range of —10 to 90°C, and provides two
4-20-mA output signals. — Michell In-
struments, Ely, Cambridgeshire, UK.
www.michell.com [ |

Gerald Ondrey
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Process Economics
Program

Highlights from a Current Review

The Biobutanol Review is based on a Process Economics Program concept of a proprietary
process from the University of lllinois for the production of this second generation biofuel.

www.sriconsulting.com/PEP
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Process Modeling

A model solution for the CPI:
reducing risk while increasing profit

Mark Matzopoulos
Process Systems Enterprise Ltd.

rocess modeling has progressed
from the “molecule accounting”
of steady-state flowsheeting
packages to become a central
platform for capturing and deploy-
ing chemical process industries’ (CPI)
intellectual property (IP). Systematic
modeling has moved center stage to
help companies differentiate them-
selves from their competitors while
also providing a set of tools with
which it is possible to adapt rapidly to
changing market conditions.

The traditional approach
Until recently, process modeling usu-
ally meant “process simulation”, and
simulation typically meant either per-
forming flowsheeting studies using
a commercial program, running an
in-house Fortran model of a reactor,
or performing a computational fluid
dynamics (CFD) analysis of the fluid
flows inside a stirred tank.

Each of these activities still has
a valid place in the panoply of tech-
niques deployed within the CPI to
generate information for design and
operational decisions. Indeed, each
has unique advantages: process flow-
sheeting tools are easy to use and gen-
erate heat and material balances and
basic equipment-design information
quickly; in-house programmed models
embody valuable corporate knowledge
collected over many years; CFD tools
can model individual units to a very
high level of mechanical detail for de-
tailed equipment design.

However, besides the fact that each
of the approaches outlined above is

usually pursued largely indepen-
dently with little overlap between
either the software or the groups of
people doing the work, each has its
own limitations. Flowsheeting is ef-
fectively a “molecule accounting” ex-
ercise that uses standard off-the-shelf
(and “black-box”) models that are not
able to reflect the complexity of many
common processes, particularly in in-
dustries other than the traditional oil-
and-gas and petroleum-refining base.
In-house programmed models are
often inflexible and difficult to main-
tain, and have the added disadvan-
tage that the knowledge of the code
and the assumptions inherent in the
model typically reside in one or two in-
dividuals; they also tend to be limited
to single units and cannot deal with
the surrounding flowsheet. CFD mod-
els generate high accuracy informa-
tion on fluid flow and mixing, but are
not ideally suited to handling complex
chemical phenomena such as crystal-
lization and polymerization occurring
within the fluids — information that
is of critical importance to the process
designer or reaction engineer.

In addition, none of these traditional
approaches deals effectively with pro-
cess dynamics, meaning that it is not
possible to design for transient condi-
tions. This is the chemical engineering
equivalent of architects beingrestricted
to designing in two dimensions, and it
limits or eliminates application in the
whole area of batch processing.

Notwithstanding the drawbacks
of the traditional approaches, in re-
cent years modeling as a whole has
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Moves Genter-Stage

FIGURE 1.

Molecular weight

distribution with

respect to monomer

and co-monomer for a

polyolefin-based polymer:

The model was used for recipe design
for production of a new grade of polymer

taken on a much-more-elevated and
central role within the CPI, from the
mainstream chemical manufacturers
in Japan and Korea to catalytic tech-
nologies providers such as Stid-Che-
mie, fuel cell companies such as UTC
Power and Toyota and food manufac-
turers such as Friesland Foods.

What has brought about this
change? Well, for a start, modeling
tools and methodologies have matured
significantly. Concerted research, in-
vestment in software implementation
and successful application to large-
scale systems have gone a long way
to overcome the limitations described
above. The net effect is that it is now
possible to model complex chemical
processes to a high degree of predic-
tive accuracy, to the point where mod-
els provide reliable quantification for
support of many key design and oper-
ating decisions and — crucially — for
management of the IP and the risk as-
sociated with innovation.

Secondly, new methodologies have
been devised, refined and proven. Cur-
rent tools allow the incorporation of
experimental data — laboratory, pilot
and plant — into models in order to
ensure that they reflect observed re-
ality. If performed correctly, this can
provide models with a predictive capa-
bility that is virtually scale invariant.
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conditions and fixed unit pa-
rameters), it will calculate
outputs (for example, product
flowrates and other values).
It should by definition have a
predictive capability so that,
given a new set of feed or re-
actor operating conditions, it
calculates accurate revised
rates for the product streams.
At its best, a model is capable
of predicting actual behavior
with accuracy over a wide
range of conditions, making it
possible to explore the design
or operational space compre-
hensively and be confident in
the results.

Past practice has combined
models — the relationships

FIGURE 2. Shown here are the key steps in constructing a validated first-principles model

with a good predictive capability over a range of scales

Similarly, the ability to couple CFD
hydrodynamic models with models
of chemical phenomena, now well es-
tablished, means that complex mixing
effects and chemical reactions can be
considered simultaneously. The com-
bination of these factors means that
activities such as crystallizer scaleup
or the design of multitubular reactors,
once black arts, are now routine appli-
cations of modeling.

Models can now provide accurate
quantification in support of most
areas of design or operation within a
single framework — from highly de-
tailed models of individual equipment
to plant-wide flowsheets; from start-
up to shutdown as well as the steady-
state operation in between; across the
“process lifecycle” from experimenta-
tion by research chemists to day-to-
day operation by plant operators, and
across all sectors of the CPI.

Modeling has, in fact, reached the
stage where models have enough pre-
dictive accuracy to replace physical
testing in many cases. Model-based
innovation technologies apply high-
accuracy models to rapidly explore the
design space for new reactors, fuel cell
design or new catalyst formulations,
with only the most promising candi-
dates going to physical testing.

Perhaps as important as the tech-
nological advances is a change in per-
ception by management. “Modeling-

aware” managers increasingly realize
the potential of modeling to capture
IP, and use this not only to accelerate
innovation and develop unique com-
mercial advantages, but to drive down
development costs and make their or-
ganizations more efficient. Equally
important, there is an increasing body
of qualified people schooled in pro-
cess systems engineering, many who
used state-of-the-art modeling tools
for their Ph.D. research, and there is
an increasing body of “off-the-shelf”
models discussed in literature and
available commercially.

All of this means that the companies
deploying such techniques are gain-
ing a rapid innovation advantage over
their slower peers. This will be partic-
ularly true in the future for IP-based
organizations, such as process technol-
ogy companies and process licensors.

Capturing IP

So how does a company go about cap-
turing its IP in a model?

The model. First it is worth defin-
ing what a process model is. Whether
written in Fortran or a modern mod-
eling language, a model is essentially
a collection of physics, chemistry, en-
gineering and operating knowledge in
equation form, coupled in some way
with empirically determined data.
When executed for a given set of in-
puts (for example feed flowrates and

describing a process — with
their mathematical solutions,
often with data thrown into
the mix in the form of hard-coded val-
ues or empirical functions with lim-
ited ranges of applicability. The result-
ing models — often black-box models,
where users were unable to modify or
even see the underlying relationships
— were limited in scope, inflexible,
difficult to maintain and often lacked
robustness. The coarse assumptions in
the generic models gave them limited
predictive capability.

Modern “equation-based” techniques
separate the engineering aspects from
the mathematical solution using
fourth-generation languages or graph-
ical representations. They also sepa-
rate model and data. This means that
a complex unit can be now described in
tens of lines of physical and chemical
relationships rather than thousands
of lines of code, with significant impli-
cations for development time, quality
assurance, ease of understanding and
maintenance, and of course, lifecycle
cost. This fact alone has removed a sig-
nificant hurdle from the development
and application of models.

Modeling across the corporation
and process lifecycle. Perhaps the
main advantage is that equation-
based systems provide the ability to
customize models to include valu-
able corporate knowledge and reflect
exact process configurations. This
significantly improves their ability
to be used for innovation and genera-
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tion of competitive advantages.

Modern modeling environments pro-
vide this capability in the most natural
and accessible way. In equation-based,
“open model” systems the model is es-
sentially an executable document — in
effect, a blueprint for the process —
that captures the fundamental struc-
tures of the physics and chemistry
without requiring the authors to con-
cern themselves with the details of the
mathematical solution.

Once such a blueprint is available,

it becomes a place where different
groups within the organization can
deposit their corporate knowledge in
a way that can readily be utilized by
other groups. For example, reaction
specialists can work with R&D chem-
ists to create a reaction set, which is
then used by reaction systems engi-
neers to design a reactor, which is de-
ployed within a flowsheet by chemical
engineers, and so on. Once seen as a
management dream, this type of work-
flow is becoming more commonplace
in companies adopting a systematic
modeling approach.
Combining first principles mod-
els and data. Models are typically
a combination of the theoretical and
the empirical. Current best practice
is to fix everything that can reliably
be known from theory. There is no
point in attempting to infer a mass
balance by analyzing data when the
equation can simply be written down.
This drives models toward “first-prin-
ciples,” which are usually the chemical
engineer’s definition of first principles
— multicomponent diffusion, reaction
kinetics, and so on — rather than a
more rigorous definition involving mo-
lecular or quantum physics.

When all the “known knowns” (to
paraphrase Donald Rumsfeld) are
listed — typically heat- and material-
balance relationships, reaction kinet-
ics, hydraulic relationships, geometry,
and so on — it is time to address the
“known unknowns”. These are typi-
cally the parameters — well known
to engineers and chemists — within
these equations: heat transfer coeffi-
cients and reaction kinetic constants,
for example. Generic values for these
can often be found in the literature or
in corporate knowledge for the pro-
cess, which sometimes is sufficient.

However as can be seen below,
there is often significant ad-
vantage to be gained in de-
termining more accurate or
appropriate values from real
data — experimental, pilot or
operating data.

This approach brings the best
of both worlds, combining as it
does well known theory with
actual observed values. But
how does it work in practice?

A ‘how to’ summary
The key steps in constructing a
validated first-principles model with a
good predictive capability over a range
of scales are as follows:
Step 1. Construct the first-princi-
ples model. This is probably perceived
as the most daunting step by people
not familiar with the art. However, it
need not be as onerous as it sounds.
If starting from scratch, many of the
relationships you would implement
have been known for generations:
conservation of mass, conservation of
momentum, conservation of energy
and pressure-flow relationships are
standard tools of the trade for chemi-
cal engineers. Thermophysical proper-
ties are widely available in the form
of physical properties packages, either
commercially or in-house. The chal-
lenge lies mostly in selecting the ap-
propriate level of fidelity for your re-
quirements and availability of data.
However, most people don’t start
from scratch. There is an increasing
body of first-principles models of many
types of processes available from uni-
versity research, in equation form in
the literature, or as commercially sup-
plied libraries. In fact, as models in-
creasingly become constructed from
faithful representations of fundamen-
tal phenomena, such as multicompo-
nent mass transfer and reaction ki-
netics, they become more universally
applicable to diverse processes.
Step 2. Estimate the model param-
eters from data. Having constructed
the first principles model of a unit or
a process, it will often — and almost
always when dealing with reaction, for
example — be necessary to estimate
some parameters from data. This can
be simpler or more challenging than
it sounds, depending on the quality of
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FIGURE 3.

Shown here are
mass-concentration

contours for propylene

oxide in a semi-batch polyol reactor

data available. Usually initial values
are taken from literature or corporate
information sources. Then, in order
to ensure a high degree of predictive
ability across the design or opera-
tional space these values are adjusted
by applying mathematical optimiza-
tion-based, parameter-estimation (PE)
techniques to the experimental (labo-
ratory or pilot plant) or operating data
using the information contained in the
model. Thus the model parameters are
“tuned” to reflect the observed behav-
ior as closely as possible.

If performed correctly, with data
gathered under suitably defined
and controlled conditions, param-
eter estimation can generate scale-
invariant sets of parameters, which
has enormous implications for pre-
dictive modeling. It means that, for
instance, the reaction kinetic pa-
rameters determined from an exper-
imental apparatus at a scale of cubic
centimeters can accurately predict
performance in a reactor several or-
ders of magnitude larger.

Modern parameter-estimation tech-
niques are capable of estimating mul-
tiple parameters in complex models
involving tens or hundreds of thou-
sands of nonlinear equations using
data from dozens of experiments. In
addition, the ability to use dynamic
as well as steady-state experiments
means that it is now possible to de-
sign experiments that generate far
greater information content than pre-
viously possible.

Step 3. Analyze the experimental
data. Parameter estimation has an
important additional benefit: model-
based data analysis. The estimation
process produces quantitative mea-
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UTC Power Corporation

FIGURE 4.
UTC Power
systematically
applies model-
ing to reduce
the cost of
physical test-
ing during fuel
cell develop-
ment

sures of the degree of confidence
associated with each estimated pa-
rameter value, as well as estimates
of the error behavior of the measure-
ment instruments.

Often this analysis exposes inad-

equacies in the data — for example
certain reaction-kinetic constants in
which there is a poor degree of confi-
dence, or which are closely correlated
with other parameters. It is usually
easy to identify the parameters of
most concern and devise additional
experiments that will significantly en-
hance the accuracy of, and confidence
in, subsequent designs.
Step 4. Design additional experi-
ments, if necessary. Frequently this
is done in an intuitive way, for exam-
ple, by designing an experiment that
maximizes production of an impurity
rather than the main product, in order
to better characterize the kinetics of
the side reaction. For more complex
situations, model-based techniques
for the design of experiments — a
major recent development — make it
possible to design experiments that
maximize the information generated,
thereby minimizing the uncertainty,
for the target parameters.

Optimal experiment design is
achieved by determining the optimal
values for key aspects of experimental
procedure, such as the temperature
profile to be followed over the duration
of the experiment, the initial charges
and temperature, and the times at
which measurements (for example,
samples for analysis) should be taken.
In addition to maximizing parameter
accuracy, the approach typically re-

sults in significantly reduced experi-
mentation time and cost.

Step 5. Repeat Steps 2 to 4 until
parameter values are within ac-
ceptable accuracy. Determining
acceptable accuracy in this context
means evaluating the effects of pos-
sible values of parameters on key de-
sign criteria (for example, the conver-
sion of a key component in a reactor),
as part of a formal or informal risk
assessment. This can be done using
the model itself.

It is the combination of the first-
principles model and suitably refined
data that provides the uniquely pre-
dictive capability of such so-called
advanced process models over a wide
range of conditions.

Once suitable model accuracy has
been achieved, the model can be used
to optimize many different aspects of
design and operation. It is possible
to determine optimal size and con-
figuration of reactors; to minimize
process energy costs; to optimize
recipes and operating policy in order
to reduce batch times and maximize
product quality; to scale up crystal-
lizers with confidence that they will
actually produce crystals of the right
size and shape; to determine the
likely temperature gradients in a fuel
cell on load change; to rank catalyst
alternatives and select the optimal
catalyst type; to determine catalyst
loading regimes; to determine opti-
mal operating conditions for given
plant constraints; to determine opti-
mal operating policies for changes in
feedstock or other upsets or events; to
troubleshoot poor operation; to gener-
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ate linearized models for model-pre-
dictive control within the automation
framework; and so on.

The benefits to this approach
The procedures outlined above are
all readily achievable and are being
applied in many different areas of
the CPI.

For companies designing new pro-
cesses or catalyst formulations, for
example, models of sufficient accuracy
reduce the need for physical (for exam-
ple, pilot plant) testing by restricting
this to the one or two examples identi-
fied by a comprehensive preliminary
exploration of the design space.

What this means in broad terms for

the process corporation is that it is
now possible to do the following:
¢ Design process, equipment and opera-
tions to an unprecedented level of ac-
curacy, and apply formal optimization
techniques to determine key param-
eters rather than rely on trial-and-er-
ror simulation. This alone can bring
about percentage improvements in
“already optimized” processes, trans-
lating to significant profits for prod-
ucts in competitive markets
Represent very complex processes
— for example, crystallization and
polymerization, or the complex
physics, chemistry and electrochem-
istry of fuel cells — in a way that
was simply not possible in the past.
This facilitates and accelerates the
design of new processes, enables re-
liable scaleup, and provides a quan-
titative basis for managing the risk
inherent in any innovation.
Integrate R&D experimentation and
engineering, as well as use models as
a medium of transfer for the activi-
ties of various departments within
those divisions.
The ability to create models that
can be used in a number of contexts
within the organization means that it
is possible to recover any investment
in developing models many times
over. For example, models are increas-
ingly embedded in customized inter-
faces and supplied to end users such
as operations or purchasing person-
nel, who benefit from the use of the
model’s power in providing advice for
complex decisions without having to
know anything about modeling.
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What is in the pipeline?

There are still well-known cases
where different tools perform differ-
ent jobs better. For example, fluid
dynamics is better handled by CFD
packages than by the advanced pro-
cess-modeling approach described
above, which is better for dealing
with complex chemical phenomena.
Increasingly it is possible to com-
bine the two approaches to get the
best of both worlds. For example, it
is now possible to reduce the model-
ing of a full-3D fuel-cell stack from a
CFD model that would involve many
millions of calculations to a hybrid
model that contains only a few hun-
dred thousand. Similar consider-
ations apply to multitubular reactors,
which may contain as many as 20,000
catalyst-filled tubes — all with differ-
ent temperature profiles — within a
liquid-filled shell. The computation is
still challenging, but results can be
achieved in hours rather than days

or weeks and without any significant
compromise on accuracy.

More exciting developments are on
the way. Advances in the related fields
of global sensitivity analysis (GSA)
and global optimization will have sig-
nificant implications for process design
in the future. Global sensitivity analy-
sis can be used to map the uncertainty
— in the form of probability distribu-
tions — in various process parameters
onto the probability distribution for
various plant key-performance indica-
tors (KPIs). Thus, the uncertainty in
a particular reaction-kinetic constant
can be translated into the likelihood
of making a product that represents
less-than-optimal profit — or indeed
zero profit. The resulting analysis can
be used to direct research dollars into
the study of the parameters that have
the greatest effect on, say, profitabil-
ity, raising the possibility of quantita-
tively justified R&D spending.

Similarly, global optimization cou-

The best way to heat and cool
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purity materials better
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AMETEK heat exchangers
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pled with robust numerical-solution
techniques will make it possible to
search much-wider design spaces than
are currently possible. New develop-
ments in modeling of thermophysical
properties such as the SAFT (statisti-
cal associating fluid theory) equation
of state — an advanced thermody-
namics platform that is revolutioniz-
ing physical property calculation for
complex or “difficult” materials such
as associating fluids, polymers and
electrolytes — make it possible to
predict accurate, pure component and
mixture properties from a minimum of
data. In the near future it will be pos-
sible to model, for example, the power
station COq post-combustion clean-up
and include the design of the solvent
as an optimization variable.

Jack be nimble, Jack be quick

This may well be the motto of the CPI in
the future (or indeed at present) as sup-
ply and demand positions change daily,
with significant financial consequences.

Innovation by its nature always in-
volves a degree of risk arising from
uncertainties and gaps in available
knowledge. To make rational — and in
many cases rapid — decisions on com-
plex matters requires accurate quan-
tification of the options available.

The availability of powerful gen-
eral-purpose models means that this
is now possible. The companies that
adopt such techniques wisely will
benefit in competitive advantage in
the future. |

Edited by Gerald Ondrey
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iodiesel can be produced from
Bvegetoble oils by three types

of reactions: base catalyzed
transesterification of the oil; direct
acid-catalyzed transesterification of
the oil; and conversion of the oil to its
fatty acids, and then to biodiesel.

Biodiesel is typically produced by
a base-catalyzed reaction (Figure 2).
This method of production has several
advantages, including the following:
low temperature (150°F) and pressure
(20 psi) reaction that requires only
standard materials of construction;
direct conversion to biodiesel with no
infermediate compounds; and high
conversion (98%) with minimal side
reactions and a low reaction time.

In the chemical reaction for base-
catalyzed biodiesel production,
vegetable oil is reacted with a short
chain alcohol (signified by ROH)
in the presence of a catalyst to
produce glycerin and biodiesel. The
fatty acid chains associated with
the oil, which are mostly palmitic,
stearic, oleic, and linoleic acids for

naturally occurring oils, are repre-
sented by R', R" and R'"" (Figure 1).

PRODUCTION STEPS

Mixing of alcohol and cata-
lyst. The catalyst is typically sodium
hydroxide (caustic soda) or potassium
hydroxide (potash). It is dissolved in
the alcohol using a standard agitator
or mixer. Methanol or ethanol is com-
monly used as the alcohol.

Reaction. The mixture of alcohol
and catalyst is charged info a closed
reaction vessel, and the oil is added.
The reaction mix is kept just above the
boiling point of the alcohol, 160°F,
to speed up the reaction, although it
is sometimes recommend to run the
reaction at room temperature. The
reaction time can vary from 1-8 h.
Excess alcohol is used to ensure total
conversion of the oil to its esters.

The amount of water and free
fatty acids in the incoming oil must
be monitored, because if either
level is too high, it can inhibit soap

formation and the separation of
glycerin downstream.

Separation. Glycerin and biodiesel
are the two main products of reac-
tion, with each containing an amount
of unreacted alcohol. Since the
glycerin phase is much more dense
than biodiesel phase, the two phases
can be separated by gravity in a
settling vessel, with glycerin simply
drawn off the bottom of the settling
vessel. Alternatively, a centrifuge can
be used to separate the two materials
more quickly.

Glycerin neutralization. The
separated glycerin contains unused
catalyst and soaps, which are neutral-
ized with an acid. Water and alcohol
are removed to produce glycerin

at 80-88% purity to sell as crude
glycerin. Alternatively, glycerin can
distilled to 99% purity or higher for
selling to the cosmetic and pharma-
ceutical industries.

Methyl ester wash. After the
biodiesel is separated from glyc-
erin, residual catalyst or soaps can
be removed with a gentle warm
water wash.

Alcohol removal. Unreacted alco-
hol in both the glycerin and biodiesel
phases is removed by flash evaporo-
tion or distillation. The recovered alco-
hol is then reused for mixing with the
catalyst. Alcohol removal can occur
after the wash and neutralization, as
shown in Figure 2 to the right, but it
can occur before these steps as well.

Product quadlity and registra-
tion. Prior to use as a commercial
fuel in the U.S., the finished biodiesel
must be analyzed to ensure it meets

Biodiesel
Production

—>Metha Catal

Excess methanol

Glycerin

Biodiesel

ASTM specifications. Additionally, all
biodiesel produced must be regis-
tered with the U.S. Environmental
Protection Agency (Washington, D.C)
under 40 CFR Part 79.
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ressure relief systems are vital

in the chemical process indus-

tries (CPI) for handling a wide

variety of situations. They are
used to prevent pressurization above
a system’s design pressure; for vent-
ing during an unusual or emergency
situation; and for normal depressur-
ization during a shutdown, as exam-
ples. In some cases, such as when non-
combustible gases including steam,
air and nitrogen are used, venting into
the atmosphere may be an option. In
other cases, such as those typically en-
countered in the hydrocarbon sector,
elaborate systems for the disposal of
vented gases may be required.

This article describes some of the
causes of overpressurization, the
types of valves and rupture disks
that are available and some of the
components needed for a pressure
relief system. Example calculations
are given, as well as a list of instal-
lation considerations.

Causes of overpressurization

An overpressurization may result
from a single cause or a combination
of events. Typically, not all causes
will occur simultaneously. In case of
an external fire in vessels that pre-
dominantly handle vapors, such as
knockout drums, there may be a rapid
temperature rise in the metal accom-
panied with a rise in pressure due
to expansion. In case of external fire
in vessels that contain liquids, there
will be a rise in pressure as the lig-
uid vaporizes. Pressure may also
rise abruptly due to thermal expan-
sion when a blocked-in pipeline or
other equipment containing a liquid
is heated. Relieving pressure under
these situations is essential to prevent

failure. It is also required in systems
where a continuous flow of vapor or
liquid is suddenly stopped by a down-
stream blockage.

While a full description of the vari-
ous causes of overpressurization is be-
yond the scope of this article, details
are provided by API [I]. The following
is a partial list:
¢ Blocked outlet
e Failure of control valve
e Cooling water failure
e Power failure
e Instrument air failure
¢ Heat-exchanger-tube failure
¢ External fire

Safety relief valves

There are several types of safety re-
lief valves available on the market,
including the following.
Conventional: Conventional pres-
sure-relief valves are susceptible to
back pressure. Such valves are not
recommended when the total back
pressure exceeds 10% of the set pres-
sure. For systems operating at pres-
sures close to atmospheric or at low
pressures, the limit of 10% is rarely
achieved. Therefore, these valves find
application mainly in high-pressure
systems, or in systems that relieve to
the atmosphere (for example, steam
and air).

Balanced bellows: Balanced pres-
sure-relief valves are used when con-
ventional pressure-relief valves can-
not be used because of the reasons
mentioned above. Such valves are
not susceptible to back pressures as
high as 50% of set pressure. The valve
opening is independent of the back
pressure. At higher back pressures,
these valves will still relieve at the set
point, but with a reduction in capac-
ity. Therefore, it is recommended that
if balanced pressure-relief valves are
to perform as rated, the back pressure
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Unexpected high-
pressure situations can
he relieved with a proper
relief-system design

should be limited to about 50% of the
set pressure.

Pilot operated: In such valves, the
main pressure-relief valve opens
through a pilot valve. Pilot operated
valves are used in the following cir-
cumstances: 1) The pressure-relief-
valve set pressure is lower than 110%
of the operating pressure and 2) when
high back pressures are applicable.
The opening of the valve is indepen-
dent of back pressure.

Rupture disks

A rupture disk is a pressure reliev-
ing device that is used for the same
purpose as a relief valve, but a disk is
a non-reclosing device — or in other
words, once it is open it will not close.
This means that whatever is in the
system will continue to vent until
stopped by some form of intervention.
The following are the applications of
rupture disks [3]:

For quick action: Rupture disks
are very fast acting. Therefore, they
are used in cases where relief valves
may not be fast enough to prevent a
catastrophic failure. Some engineers
prefer to use rupture disks to prevent
heat-exchanger-tube ruptures because
they are concerned that pressure relief
valves would be too slow to prevent
pressure build-up scenarios.

To prevent plugging of relief
valves: In certain processes, the pro-
cess fluid contains solid particles that
may cause blockage within a relief
valve, rendering it useless. In such
cases, a rupture disk is normally used
upstream of the relief valve. Purified
terephthallic acid plants (PTA) is a
typical application example.
Handling highly viscous liquids:
In systems handling highly viscous
liquids, such as polymers, depressur-
ization through a relief valve may be
too slow for a given situation. A rup-
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DEFINITION OF TERMS

Set pressure: The inlet gauge pressure at which the pressure relief valve is set to open
under service condition

Flare stack

Battery limit
(unit 03)

Main flare
K.O. drum

) &8

Overpressure: The pressure increase over the set pressure of the relieving device ex-
pressed as a percentage
Relieving pressure: The sum of the valve set pressure and the overpressure
Superimposed back pressure: The static pressure that exists at the outlet of a pressure
relief device at the time the device is required to operate. It is the result of the pressure in
the discharge system coming from other sources and may be constant or variable
Built-up back pressure: The increase in pressure in the discharge header that develops
as a result of flow after the pressure relief device opens
Back pressure: The pressure that develops at the outlet of a pressure relief device affer
the pressure relief device opens. It is the sum of the superimposed and the built-up back
pressures

Abbreviations

Pressure at pipe inlet, kg/cm2a
Pressure at pipe outlet, kg/cm2a
Gas flowrate, kg/h

Gas compressibility factor

ﬂNg,\‘)UN‘U

Gas temperature, K

M,,  Gas molecular weight, kg/kmol

f Moody’s friction factor

k Ratio of specific heats, CP/ C,

a  Absolute pressure, as in kg/cm2a
g Gauge pressure, as in kg/cm2g

ture disk is the preferred choice.

Loss prevention: In systems han-
dling low-molecular-weight hydrocar-
bons, there is always a chance that
some material will pass through the
pressure relief valve into the flare
system — leading to material loss. In
such cases, a rupture disk is normally
used upstream of the relief valve.
For economic reasons: Many pro-
cess industries use exotic materials,
such as titanium and Hastelloy C.
In these cases, rather than having
a pressure relief valve made of Has-
telloy C, it may be cheaper to have a
rupture disk made of Hastelloy C fol-
lowed by a stainless-steel pressure-
relief valve.

PRESSURE RELIEF SYSTEMS
Open and closed systems

In cases where non-hazardous fluids
are used, such as steam, water and air,
a typical pressure-relief system con-
sists of several pressure relief valves
that discharge through short tail pipes
to the atmosphere. These systems are
termed open disposal systems.

When hazardous fluids, such as hy-

drocarbons are in use, the tail pipes
are connected to a common flare
header, which is ultimately routed to
a flare stack where the hydrocarbons
are burned. In many cases, the fluid
relieved is toxic or flammable. In such
cases, it is mandatory to discharge
the gases through a closed disposal
system such as the flare. The flare
system converts the flammable va-
pors to less objectionable compounds
by combustion.

Components of closed systems
Pressure-relief valve-outlet pip-
ing: The flare system starts with out-
let pipes from the various pressure re-
lief valves of a unit. These valves are
piped together to a common unit-flare
header, which is routed to the unit-
flare knockout (K.O.) drum.

Unit flare header: Discharge pipes
from the pressure relief valves in in-
dividual units are connected to the
respective unit-flare headers. These
headers are either connected directly
to the main flare header, or are routed
to the flare K.O. drums, which in turn
are connected to the main flare header

FIGURE 1. A network of flare head-
ers may be used in a complex process

(Figure 1) with a recommended mini-
mum slope of 1:500. All unit flare
headers are continuously purged from
the upstream end towards the respec-
tive K.O. drums to avoid ingress of
air into the system. Fuel gas, or inert
gases, such as nitrogen are typically
used as purge gas.

Unit-flare knockout drum: In cases
where the discharge from a unit is ex-
pected to contain appreciable quanti-
ties of liquids, especially corrosive,
fouling and congealing liquids, a unit-
flare K.O. drum of a suitable size is
mandatory. Another reason for requir-
ing such a drum may be that it is not
feasible to have all headers continu-
ously slope toward the main-flare K.O.
drum. In this case, the unit flare head-
ers are sloped toward the unit-flare
K.O. drums. The vapors from these
drums are then routed to the main
flare header [2].

Unit-flare K.O. drums are sized

to separate particles in the range
of 300-600 microns, and hold liquid
discharge for 5-10 min from a single
source. The liquid collected in these
drums should preferably be drained
by gravity to the blowdown drum. If
a congealing type of liquid is likely to
be discharged, the drums should be
heat traced or provided with steam
coils [2].
Main flare header: The main flare
header receives discharge through in-
dividual unit-flare headers, or through
unit-flare K.O. drums. The flare header
should not have pockets and should be
free draining toward the nearest K.O.
drum, typically with a slope of 1:500.

Although flare headers are nor-
mally sized based on pressure drop,
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TABLE 1. RELIEF LOAD SUMMARY
Relief load, kg/h

Relief Valve | Cooling External
Tag No. water failure | fire
PSV-01 12,870 13,453
PSV-02 6,750
PSV-03 10,536 9.872
PSV-04 14,076 8,970
PSV-05 5,783
PSV-06 12,960 11,423
PSV-07 15,052 6,432
PSV-08 5,764
PSV-09 16,732 8,976
PSV-10 7,432
PSV-11 13,422 5,133
PSV-12 9,984
Total load | 95,648

velocity cannot be ignored. A Mach
number in the range of 0.2-0.5 is
recommended. The third criterion
that should be checked is the change
in density of flare gases along the
length of the flare header. In many
cases where flare discharges are at
high temperatures, the flare gases
cool down due to the length of the
flare header. This leads to an increase
in density and, correspondingly, a de-
crease in flowrates. Therefore, while
estimating pressure drops in such
flare lines, it is a good idea to divide
the header into sections and estimate
pressure drops separately.
Main-flare knockout drum: In ad-
dition to the unit-flare K.O. drum, a
main-flare K.O. drum close to the flare
stack should be provided. This takes
care of condensation in the header
that results from atmospheric cooling.
Similar to the unit-flare K.O. drums,
these drums are also sized to separate
out liquid droplets of 300-600 microns
in size, and for holdup of 20-30 min [1]
of liquid release. Pumps are installed
with the K.O. drum to transport any
collected liquid to a safe location. The
pumping capacity should allow the
liquid holdup to be emptied in 15-20
min. When congealing liquids are in
use, the drums should be provided
with steam coils [2].

Seal drum: Seal drums are located
close to the flare stack or are sometimes
integral with the flare stack. These

»

A

@ 16,732 kg/h b 14,076 kg/h @l

@ 15,052 kg/h
PSV-08
PSV-10

[T} n [} N -
3|3 3 sl|a .

S| = > S| To main flare
2012 P 2112 K.O. drum
£ < £ A I

) ) B
"3 X ™3
g 2 5
) =) )
i ® 28,012 kg/h /© 69,356 kah y y®B 95,648 kgh | B
N

»
»
>

b Unit flare
header

Main flare
header

13,422 kg/h
PSV-11 cl
PSV-12

(

)

FIGURE 2. This sketch of a typical flare system is used as the basis for the sample

calculations explained in the given example

drums protect against flame flash-
back from the flare tip. The seal drum
should have a diameter of at least two
times the flare pipe diameter [1].
Flare stack: Flare stacks are usually
elevated structures designed to burn
flammable vapors.

Relief system piping

Inlet piping: The inlet piping from
the protected equipment to the pres-
sure relief valve should be sized to
prevent excessive pressure loss that
can cause chattering with consequent
reduction in flow and damage to seat-
ing surfaces. The recommended prac-
tice is to limit the total pressure drop
in the inlet piping to 3% of the safety-
valve set pressure [I]. The piping is
designed to drain towards the pro-
tected vessel.

Discharge piping: In case of over-
pressurization in a vessel, the rel-
evant pressure-relief valve will start
to open at the set pressure. At this
moment, the downstream pressure at
the valve is the superimposed back
pressure of the system. The valve
keeps opening as the pressure builds
up. The resultant flow creates a built-
up back pressure on the discharge
pipe. As long as the built-up back
pressure is less than the overpres-
sure after the valve opens, the valve
will remain open and perform satis-
factorily. If however, the built-up back
pressure develops at a rate greater
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than the overpressure, it will tend to
close the valve. Therefore, proper siz-
ing of discharge pipes is very impor-
tant in such systems.

Discharge piping and manifolds
are sized for the contingency that
produces the largest relief load. Pipe
sizing is carried out by working back-
ward from the battery limit of the
unit flare header up to the outlet of
individual, pressure safety valves.
The superimposed back pressure of
the flare header at the battery limit
is defined. Thereafter, based on the
relief loads, pressure drop calcula-
tions are carried out to arrive at the
back pressure of the individual, pres-
sure relief valves. In the course of
the calculations, two parameters are
checked for compliance:

e The Mach number at each pipe sec-

tion should not exceed 0.5
e The back pressure at each safety

valve should not exceed 30-50% of

the set pressure
The isothermal flow equation based
on the outlet Mach number is given by
API [I]. This method calculates pres-
sure buildup backward up to the out-
let of relief valves, thus avoiding the
need for trial and error methods:

2 2 2
i
D (m,) \B) | \B)] (B

(1a)
or,
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TABLE 2. FLARE DISCHARGE PIPING CALCULATIONS

Segment |Set Line [Line [Flow- |Pres- [Den- |Rough-|Pipe [No.of No.of [No.of |Pres- |Pres- |% of [Mach
pres- [size [size rate [sure ([sity |ness (length |tees |valves|elbows|sure ([sure [set |no.
sure P, factor Py Py pres-

sure
kg/ |m |in. |kg/h [kg/ |kg/m3 mm m kg/ |kg/
cm?2g cm2a cm2a |cm2g

AtfoB 0.30|12 (95,648 |1.5000 |4.2899 |0.1 15 0 1 0 1.6234|0.5904 0.4004

B to PSV-01 (5.0 0.10|4 12,870 (1.6234 {4.6428 |0.1 30 0 1 3 2.7780(1.745 |34.9 |0.4480

B to PSV-11 (5.0 0.15|6 13,422 (1.6234 [4.6428 |0.1 30 0 1 3 1.8282|0.7952|15.9 [0.2077

BioC 0.25|10 (69,356 |1.6234 |4.6428 |0.1 15 0 0 0 1.7528 |0.7198 0.3863

C to PSV-03 |5.0 0.15|6 10,536 (1.7528 {5.0129 |0.1 30 0 1 3 1.8712|0.8382|16.8 [0.1510

C to PSV-04 |5.0 0.15|6 14,076 (1.7528 {5.0129 |0.1 30 0 1 3 1.9616|0.9286|18.6 [0.2017

C to PSV-09 |5.0 0.15|6 16,732 (1.7528 {5.0129 |0.1 30 0 1 3 2.0449(1.0119|20.2 |0.2398

CtoD 0.20|8 28,012 |1.7528 |5.0129 |0.1 15 0 0 0 1.8111|0.7781 0.2258

D to PSV-06 |5.0 0.15|6 12,960 (1.8111 [5.1796 |0.1 30 0 3 1.9832|0.9502|19.0 [0.1797

D to PSV-07 5.0 0.15|6 15,052 (1.8111 [5.1796 |0.1 30 0 1 3 2.0417 (1.0087 |20.2 |0.2088

L1 ry P\ B. Likewise, segment 2 is a section of | 3.293 x 10-7 (95,648/(1.5 x 0.302)) x

D" (M )2 “Np |~ 1l -In P the flare header between points B and | (0.95 x 373/1.4 x 86)0-5 = 0.4003

2 ? ?/ (1b) | C.Let us assume a superimposed back

The Mach number at the outlet of
each pipe section is given as follows

[1]:
zr \"’
kM,
(2)

In the next section, a solved example
illustrates the procedure.

w
p,D?

M,=3293x10" x

EXAMPLE

An extractive distillation plant has
twelve safety valves. There are two
major relief scenarios: cooling water
failure and external fire. Table 1 sum-
marizes the relief rates under these
two conditions. The governing case is
the cooling water failure because it
occurs plant wide. External fire oc-
curs only at localized areas and the
relief loads come from only a couple
of safety valves. Hence, we will con-
sider the cooling water failure case
here. For simplicity, we will assume
that set pressures of all safety valves
are 5.0 kg/em? g.

The flare network is divided into
segments as shown in Figure 2. Seg-
ment 1 is a section of the flare header
between the battery limit A and point

pressure at point A of 1.5 kg/cm? a.

Piping between points A and B
Data

Flowrate: 95,648 kg/h (Table 1)
Pressure at point A, Py: 1.5 kg/cm?2a
Molecular weight of vapor, M,: 86

Temperature of vapor: 100°C
Straight length of pipe : 15m
Number of elbows: 0
Number of valves: 1
Number of tees: 0
Compressibility factor: 0.95
Ratio of specific heats, C,,/C,: 14

Viscosity: 0.000009 kg/m s

Roughness factor, €:
0.0001m (0.1 mm)
Pipe diameter, D (assumed):

0.30 m (12 in.)
Calculations
Density of vapor: PM,,/ZRT
=4.2899 kg/m3

Volumetric flowrate:
95,648/(4.2899 x 3,600) = 6.193 m3/s
Velocity in pipe: 6.193 x 4/(n x (0.30)2)
=87.61 m/s
Reynolds number, Ng,:
0.30 x 87.61 x 4.2899/0.000009
= 12,528,371
Outlet Mach Number, Ms:

Fanning’s friction factor (to be solved
by iteration):
1Nf = —4logle/(3.7D) + 1.256/(Np D]

=0.0038
Moody’s friction factor: 4x0.0038
=0.0152
Equivalent length: 17.8 m
fL/D: 0.0152 x 17.8/0.3

Using Equation (1b), P;/ Py is calcu-
lated to be: 1.08226
Py 1.08226 x 1.5

= 1.6234 kg/cm?2a
Hence, the pressure at point B is
1.6234 kg/cm2a

Piping between point B and

PSV-01, 1st trial

Data

Set pressure of PSV-01: 5.0 kg/cm?2g
Flowrate: 12,870 kg/h (Table 1)

Pressure at point B, Py:
1.6234 kg/cm?2a
Molecular weight of vapor M, 86

Temperature of vapor: 100°C
Straight length of pipe: 30 m
Number of elbows: 3
Number of valves: 1
Number of tees: 0
Compressibility factor: 0.95
Ratio of specific heats, C,,/C,: 14

Viscosity: 0.000009 kg/m s
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Roughness factor, :
0.0001m (0.1 mm)
Pipe diameter, D (assumed):

0.08 m (3 in.)

Calculations
(detailed steps not repeated)
Density of vapor: 4.6428 kg/m3
Volumetric flowrate: 0.7700 m/s
Velocity in pipe: 153.186 m/s
Reynolds number, Ng,: 6,321,901
Outlet Mach number: 0.6998
Fanning’s friction factor: 0.0052
Moody’s friction factor: 0.0208
Equivalent length: 40.65 m
P,/Py: 2.67214
P 4.3380 kg/cm2a

Hence, the back pressure at PSV-01 is
4.3380 kg/cm?2a, or 3.3050 kg/cm2g.

The ratio of the back pressure to
the set pressure for PSV-01 works out
to 66.10% which is more than that
recommend for balanced bellow-type
valves. In addition, the Mach number
is 0.6998, which is greater than the
recommended limit of 0.5. Therefore,
we need to increase the line size in the
stretch between B and PSV-01. Let us
now select a line size of 4 in. for the
second trial.

Piping between point B and

PSV-01, 2nd trial

Data

Set pressure of PSV-01: 5.0 kg/cm?2g
Flowrate: 12,870 kg/h

Pressure at point B, Py:
1.6234 kg/cm2a

Molecular weight of vapor, M,: 86
Temperature of vapor: 100°C
Straight length of pipe: 30 m
Number of elbows: 3
Number of valves: 1
Number of tees: 0
Compressibility factor: 0.95
Ratio of specific heats, C,,/C,: 14

Viscosity:
Roughness factor, €:

0.0001m (0.1 mm)
Pipe diameter, D (assumed):

0.000009 kg/m s

0.10 m (4 in.)

Calculations
(detailed steps not repeated)
Density of vapor: 4.6428 kg/m3
Volumetric flowrate: 0.7700 m/s
Velocity in pipe: 98.03 m/s
Reynolds number, Ng,: 5,057,041
Outlet Mach Number: 0.4480
Fanning’s friction factor: 0.0049

Moody’s friction factor: 0.0196
Equivalent length: 43.31m
P,/Py: 1.71121
Py 2.7780 kg/cm2a

Hence, the back pressure at PSV-01 is
2.7780 kg/cm?2a, or 1.745 kg/cm?2g.

The ratio of the back pressure to
the set pressure for PSV-01 is 34.90%,
which is acceptable. The Mach num-
ber is 0.4480, which is also within ac-
ceptable limits.

A summary of parameters and cal-
culation results is given in Table 2.

INSTALLATION FEATURES
Correct installation of relief valves
and the associated relief system is
very important for their proper opera-
tion during upsets to ensure the safety
of personnel and the plant. Some use-
ful guidelines follow:

¢ Pressure relief valves should be
connected to the vapor space of the
protected equipment

The inlet line should be self drain-
ing back to the process vessel. This
is to prevent accumulation of liquid
that can corrode or block the sys-
tem. Likewise, the outlet line from
the pressure relief valve should be
self-draining to the flare header. To
meet this requirement, it is recom-
mended that relief valves are in-
stalled at a high point in the sys-
tem (Figure 3)

For reliable overpressure protection
it is best to install pressure relief
valves without any isolation valves.
However, pressure relief valves
sometimes do not reseat properly
and start to leak. Therefore, in many
cases, two safety valves are installed
to allow replacement of relief valves
that are leaking while the plant is
in operation. This also facilitates
testing and servicing of relief valves
regularly without interrupting plant
operations

Whenever two pressure relief valves
are installed as mentioned above,
isolation valves are provided for each
relief valve (Figure 4). This is to fa-
cilitate isolation of the “A” valve for
maintenance while taking valve “B”
online when required. In such cases, a
%-in. bleeder valve with an isolation
valve is recommended in between the
isolation valve and the pressure relief
valve. This is needed because when
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Safety
valve
outlet line

Column

FIGURE 3. In order to make relief
valves self-draining to the flare header,
it is recommended that they be in-
stalled at a high point in the system

the “A” valve has been isolated, the
section between the isolation valve
and the pressure relief valve is still
at the operating pressure of the col-
umn. The bleeder is used to depres-
surize this section before the valve
is removed from the line, otherwise
it could be an unsafe condition for
maintenance personnel [4]
Whenever two pressure relief
valves are provided, it is mandatory
that a mechanical interlock system
is installed between the respective
isolation valves to ensure that one
of the isolation valves is open at all
times. This is to eliminate opera-
tor error, which might mistakenly
create a situation where both the
isolation valves are in the closed
position, leading to unavailability
of either of the relief valves for any
particular equipment

Pressure relief valves in steam,
water or air service are connected
to the atmosphere through a short
vertical pipe. To keep this pipe free
from liquid accumulation, a small
weep hole is drilled at the lowest
point of this pipe

Whenever a rupture disk is installed
upstream of a pressure relief valve,
it is important to have a pressure
indicator in the section between the
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FIGURE 4. When two pressure relief
valves are used, isolation and bleeder
valves are needed to prevent an unsafe
condition

two (Figure 5). The reason for this
is that in case of a pin-hole leak in
the disk, vapors from the protected
equipment would pass through to
the section between the disk and
the safety valve. After some time,
the pressures upstream and down-
stream of the disk would be the same
and the disk would never burst
The unit and the main flare header
should slope towards the main,
flare-header K.O. drum. This is to
ensure that condensed vapors, if
any, do not back up and accumulate
immediately downstream of the
safety valves [ |
Edited by Dorothy Lozowski
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Engineering Practice

Understand reliability, condition monitoring
and maintenance management to keep
rotating equipment in top form

Sourav Kumar Chatterjee
Hindustan Petroleum Corp.

anagement is a process of
managing risk; maintenance
management is a process
of managing risk for opera-
tional reliability. Since it is hard to
manage what cannot be measured, ef-
fective maintenance management de-
mands good data on machine health —
a comprehensive condition monitoring
program, carried out by skilled and
determined personnel, using appro-
priate tools and technology.
Condition-based maintenance man-
agement (CBMM) is a value-adding
process based on logical analysis of
measured data taken from operating
equipment. In today’s process plants,
maintenance management has be-
come a core function supporting the
business needs of the organization. We
have moved far beyond the old-fash-
ioned and demoralizing notion that
maintenance is simply a cost center.
The tasks of modern CBMM include
the following:
e align maintenance goals with the
organization’s business goals
identify key performance indicators
and their target values
e manage and upgrade skills
use modern tools and techniques to
perform maintenance function in a
reliable way
¢ optimize costs
improve overall equipment effec-
tiveness
e eliminate hazards
e periodically review and benchmark
performance

An evolving discipline

The concept of reliability refers to fail-
ure-free operation for a defined period
of time. There are two basic ways to
achieve this. The first is “failure proof-
ing” through high quality in design
and manufacture. The second is based
on condition monitoring (CM), avoid-
ing breakdowns by allowing main-
tenance to be carried out in a timely
manner. In practice, we combine both
these approaches: reliability is de-
signed into the system, sustained by
careful operation and monitoring, and
supported by planned maintenance.

Approaches to reliability and main-
tenance have evolved through four
generations. The first of these was to
run the equipment until it failed, and
then carry out reactive or corrective
maintenance. The second generation
introduced the concept of preventive
maintenance, carried out at fixed
intervals regardless of whether it
is needed or not. The third genera-
tion saw the adoption of predictive
maintenance and condition-based
maintenance (CBM), under which
maintenance takes place only when
needed. Figure 1 shows how the latter
approach reduces the overall mainte-
nance burden while simultaneously
improving reliability.

The fourth generation of mainte-
nance management concepts brings
together CBM and reliability-based
maintenance (RBM). The latter goes
beyond CBM in that it involves people,
machines and methods, using disci-
plined, logical tools to identify ways of
eliminating failures while utilizing re-
sources in optimal ways. The principal
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Enhances Reliability

Reactive maintenance

Maintenance effort

Preventive maintenance

Condition-based maintenance

Proactive maintenance
Time

FIGURE 1. The move to condition-
based and predictive maintenance is
reducing the overall maintenance burden
while increasing reliability

Operation, control and
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Fixingthe “\\ 4" Maintenance
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design
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failure modes and hazard
and effects control

|

Life cycle cost analysis

FIGURE 2. Considerations in incorpo-
rating reliability at the design stage

objectives of RBM are to implement a
business process for maintenance, im-
prove asset reliability, foster a reliabil-
ity-based work culture, and adopt the
necessary enabling technologies.

A machine that is poorly designed
or constructed can never be expected
to operate reliably, no matter how
much maintenance it receives. For
that reason, reliability begins at the
design stage. Figure 2 shows some of
the factors that should be considered
when planning for reliability at the
design stage.

Figure 3 shows how reliability can
be sustained and improved through
condition monitoring, careful mainte-
nance, and the desire to do things bet-
ter in future.
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FIGURE 3. Reliability begins with good design, and is sustained through condi-

tion monitoring, careful maintenance, and the desire to improve

MTBF and its role in CBM
Mean time between failures (MTBF) is
a statistical measure of the likelihood
of failure within a given time interval,
and an important benchmark when
assessing the performance of any
maintenance program. For equipment
that is not generally repaired, such
as light bulbs and bearings, MTBF is
more commonly referred to as MTTF
(mean time to failure), but the math-
ematics are the same.

For a constant failure rate L, the
probability of failure at time ¢ (the
failure density function) is:

f(t) =Le™™

Integrating this gives the cumulative
probability of failure within time #:

F(t)=1-e™

and the probability of survival for the
same time interval is:

S(¢)=1-F(t)=e"

The “probable hazard rate” at time ¢ is
the rate of change of cumulative fail-
ure probability at time ¢, divided by
the probability of survival at time ¢:

_dF(¢)/de f(¢)  Le™

(t)= LR 1F() " -

or in other words simply the failure
rate L.

The mean time to failure for an item
with failure density f(¢) is the average
of all time values from zero to infinity,
weighted according to the failure den-
sity function:

The denominator will ordinarily be
1, because the device has a cumulative
probability of 1 of failing at some time
between ¢ = 0 and infinity.

Substituting the value of f(¢) from
Equation (1) and integrating gives:

MTBF =1/L

In other words, this is the reciprocal
of the failure rate. Similarly, for dual-
redundant systems the MTBF is 3/2L.

The above analysis makes many
assumptions, such as the idea that
one item of equipment can be truly
identical to another, and that operat-
ing conditions do not change over the
life of the equipment. Since process
plants are complex environments in
which these assumptions obviously
do not hold true, attempts to predict
reliability from first principles are of
limited accuracy. Measured values of
MTBF are, however, valuable in de-
termining whether a CBM program is
having the desired effect of increas-
ing overall reliability.

A strategic approach to CBM

Success in CBM depends 20% on tech-

nical resources and 80% on people.

The most important features for suc-

cess include the following:

e A skilled and determined facilitator

e A team that communicates and col-
laborates well

e Genuine support from senior man-
agement

FIGURE 4. Organizational structure for CBM

¢ A time-constrained, results-oriented

approach

Scope and methodologies that are

manageable with the available re-

sources

Goals that are smart (specific, mea-

surable, attainable, realistic, and

timely), with kpis that reflect the

primary objectives of the business

(high uptime, quality assurance,

low operating cost, no catastrophic

failures, resource optimization,

goodwill, customer loyalty, employee

loyalty, performance management

social reorganization)

Periodic progress tracking and man-

agement updates

“Gap analysis”, with appropriate mea-

sures when shortfalls are discovered

e Change management to ensure sus-
tained improvement

Launching a CBM program is a stra-

tegic transformation that requires sup-

port from top management (Figure 4).

Many CBM efforts do not yield the de-

sired results and are soon abandoned

after losing support. There are several

key reasons for failure:

¢ Condition monitoring and equip-
ment inspections are not rigorously
applied

e The most appropriate CM practices
are not used

e Operators are not asked for their in-
puts through a formalized system

¢ Front-line maintenance staff do not
trust recommendations from the CM
section and ignore them

¢ Front-line maintenance staff over-
react to recommendations from the
CM section

e The CM system relies on one person

¢ Inadequate training

CHEMICAL ENGINEERING WWW.CHE.COM NOVEMBER 2008 47


http://WWW.CHE.COM

ibration occurs in almost
Vevery mechanical  device

found in a process plant. Vi-
bration is fundamental to CBM,
especially in rotating machinery.
When properly measured, and
associated with other data such as
noise and operating temperature,
vibration can reveal a great del
about the condition of machines
and their component parts.

Excessive vibration can result
from construction defects in the
complete machine or its compo-
nents, assembly problems, forces
or vibration transmitted from
pipework or associated equip-
ment, operation outside normal
limits, wear, damage, and elec-
tromagnetic forces.

The measurable properties
of vibration are its plane, fre-
quency, amplitude, and phase.
For a rotating machine, the plane
of a particular vibration mode —
either radial or axial — can be
used to distinguish different types
of faults (see below).

The amplitude and frequency of
vibration can be plotted against
one another fo produce a “vibra-
tion signature” (Figure 5). Typi-
cally, there will be one or more
peaks at particular frequency
values. One of these will cor-
respond to the rotational speed
of the machine (“1x RPM”),
but there may also be multiples
of this fundamental frequency
(“2x RPM”, “3x RPM” and so
on). Fans and motors, whose
rotating parts are characterized
by multiple blades and poles re-
spectively, may also show peaks
at the “blade passing frequency”
(BPF) and multiples of it.

Vibration analysis first aims to
locate any significant peaks in
the frequency spectrum, noting
their amplitudes, phases, and
relationships fo the fundamental
RPM and BPF frequencies. The
eventual aim is to assign a source
to each peak.

VIBRATION ANALYSIS FOR BEGINNERS

1XRPM 2XBPF

Amplitude
nN
<

Frequency

Amplitude

Phase

FIGURE 5. Vibration signature of a rotating
machine showing peaks corresponding to the
rotational frequency and its harmonics, and

similarly for the blade passing frequency (BPF)

The importance of phase

Phase is the term used to indicate
relative motion between two vi-
brating bodies. Consider an un-
balanced rotor, simply supported
on two bearings. The vibration
spectrum will be dominated by
the 1x RPM component, but the
vibration will show phase differ-
ences depending on where and
in which direction it is measured,
and on whether the imbalance is
static or dynamic.

At a single bearing, vibra-
tion measured in the vertical
direction will differ in phase by
90+20 deg. from that measured
in the horizontal direction.

If the rotor is statically unbal-
anced, there will be no phase
difference across the rotor for
measurements faken in the same
direction (radial-radial or hor-
izontal-horizontal). At a single
bearing, on the other hand, vi-
bration measured in the horizon-
tal direction will differ in phase by
90+20 deg. from that measured
in the vertical direction.

If the rotor is dynamically un-
balanced, however, there will be
a phase difference between the
two bearings (radial-radial or
vertical-vertical). The size of this
difference reflects the ongu|c1r
orientation of the forces causing
the imbalance. For instance, if the
vibration is due to heavy spots on
the rofor that are 180-deg. apart,
the phase shift will also be close
to 180 deg.

Understanding resonance
Resonance occurs in a vibrat-
ing system when the forcing fre-
quency coincides with a natural
frequency of the machine or its
mounting. Resonance is charac-
terized by large vibration am-
plitudes and highly directional
vibration, in which the phase
difference between vertical and
horizontal measurements will be
close to either O or 180 deg.

The best way to detect reso-
nance is by plotting vibration
amplitude and phase against
speed (a Bode plot), using data
measured as the machine runs
up fo speed or runs down fo a
standstill. If ot a particular speed
the vibration increases greatly
and also changes phase, then
the system is in resonance.

Starting from a speed on one
side of the point of resonance,
the phase changes through
90 deg. at the point of resonance
itself, and then through a further
90 deg. as we move to the other
side (Figure 6).

The following cases illustrate
some specific machinery prob-
lems and the types of vibration
that characterize them.

Imbalance

See Figure 7.

* 180 deg. out of phase on the
same shaft

* 1x RPM is always present and
normally dominates

e Amplitude varies with the

FIGURE 6. At the resonant frequency, the vi-
bration amplitude rises sharply, and the phase
changes through 180 deg.

square of the speed

e Can cause high axial as well
as radial amplitudes

® Balancing requires correction
in two planes at 180 deg.

Bent shaft

See Figure 8.

e High axial vibration

® 1x RPM dominant if bend is
near shaft center

e 2x RPM dominant if bend is
near shaft ends

e Phase difference in the axial
direction will tend towards

180 deg.

Angular misalignment

See Figure 9.

e Axial vibration is high, and
typically there is a 180-deg.
phase difference across the
coupling

e Not unusual for 1, 2 or 3x RPM
to dominate, and higher har-
monics may also be visible

e Coupling and bearing prob-
lems can produce similar
symptoms. Bearing misalign-
ment (cocked bearing), for in-
stance, will show a 180-deg.
phase shift from one side of
the bearing to the other, or
from the top of the bearing to
the bottom

Parallel misalignment

See Figure 10.

e Radial vibration is high, and typ-
ically shows a 180-deg. phase
difference across the coupling

CBM in practice

The three basic questions in CBM are

deciding what, when and how to moni-

tor. In more detail, the approach is:

1.Identify the components that are
susceptible to failure.

2.For each component, identify the
symptoms that indicate forthcoming
failure, and the measurable variables
that relate to these symptoms.

3.Set acceptable limits, and if neces-
sary alarms, for these critical mea-
sured variables.

4.Train personnel on how to monitor
the critical variables and the action
to be taken when limits are crossed.

5.Analyze the monitored data to im-
prove understanding of the past and
current health of the machine, and
predict future failures.

6.As failures approach, take action as
necessary (Figure 14, p. 50).

There are two types of CBM systems:

online and offline. Online systems

are used mainly for critical equip-

ment items and when very rapid
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response is needed. Offline systems
rely on data collection using por-
table devices and physical observa-
tion. Though the technology varies
greatly in complexity, the aims and
techniques of both approaches are
very similar.

The list below sets out the main
steps in CBM data collection and anal-
ysis. Though the list refers mainly to
the modules that make up a typical
online CBM system, the same func-
tions can be carried out offline, using
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FIGURE 7. Imbalance
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®2x RPM often larger than
1x RPM; severe misalignment
will show higher harmonics

e Similar symptoms to angular
misalignment

e Coupling design can influence
the shape and amplitude of the
vibration spectrum

Loose mounting

A loose mounting will produce
phase readings that vary errati-
cally from point to point around
the machine train. A single soft
foot will usually show a phase
difference, often greater than
90 deg., between itself and the
foundation. The soft foot will
also show a phase difference
compared to the other feet of the
same machine.

Electrical problems

See Figure 11.

e For electric motors, a poor
connection on one phase of

the power supply can cause

excessive vibration at a fre-
quency of 2F;, with sidebands
at 1/3 Fy, where Fj is the sup-
ply frequency

e The vibration amplitude at 2F;
can exceed 25 mm/s if left un-
corrected

® Diagnosis is particularly diffi-
cult if the connector loses con-
tact only occasionally

Eccentric rotor

See Figure 12.

e A rotor that is mounted ec-
centrically on its shaft pro-
duces an air gap between the
rotor and stator that varies in
width, and induces pulsating
vibration

e It is often necessary to magnify
the spectrum before it is pos-
sible fo distinguish 2F; from
a harmonic of the rotational
speed

e Common values of the pole
pass frequency (Fp) are in the
range 0.3-2 Hz

FIGURE 11. Electrical problems FIGURE 12. Eccentric rotor
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Bearing failure
The earliest indications of bear-
ing failure appear in the ultra-
sonic range (Figure 13a). Three
important measures are the
spike energy, expressed in gSE
units; high-frequency  distribu-
tion (HFD); and shock pulse.
Spike energy is typically around
0.25 gSE during this first stage.
In the second stage of failure
(Figure 13b), the components of
the bearing begin to “ring” at
their natural frequency, generally
in the range 500-2,000 Hz. By
the end of this stage, sidebands
have appeared above and
below the natural frequency. The
spike energy increases, typically

to 0.25-0.50 gSE.

By the third stage (Figure 13c),
specific bearing-defect frequen-
cies and harmonics appear. As
wear progresses, the number of
sidebands grows. Physical wear
is now visible, and may extend
around the periphery of the
bearing. The spike energy in-
creases to 0.5-1.0 gSE.

In the final stage (Figure 13d),
discrete bearing-defect frequen-
cies disappear and are replaced
by random broadband vibration
forming a “noise floor” as failure
becomes imminent; a large peak
at 1x RPM can also appear. Both
the noise floor amplitude at high
frequencies and the spike energy
may in fact decrease, and gSE
may rise to high levels. 3

portable instruments, spreadsheets
and even paper records.

Sensor module: Provides data either
through online sensors or portable
measuring instruments.

Signal processing module: Receives
data from the sensor module or other
instruments and performs functions
including filtration, spectrum analysis
and resolution demodulation.
Condition monitoring module:
Compares data from the sensor and
signal processing modules with ex-

pected values, judges whether there
are significant deviations, and initi-
ates an alert if necessary.

Health assessment module: Uses
data from the condition monitoring
module to diagnose the condition of
the system and its components, gener-
ates records and suggests causes for
any probable faults identified.
Prognostic module: Predicts the fu-
ture condition of the system and its
verious components.

Decision support module: Recom-
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mends and schedules maintenance ac-
tions to be carried out.
Documentation module: Creates
reports for management information
systems and maintenance engineers.
Topics include task scheduling, bench-
marking and reliability tracking.

When to measure

Deciding on the monitoring frequency
to adopt at the beginning of a CBM
program requires a knowledge of two
things: the equipment criticality, and
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the MTBF, or average probability of
failure, derived from historical data.
Once the CBM program is in opera-
tion, the monitoring frequency can be
altered based on subsequent experi-
ence (Figure 15, p. 51).

The choice of whether to intervene
for maintenance purposes on any
particular occasion is made through
a knowledge of Overall Equipment
Effectiveness (OEE). Defined as the
mathematical product of availability,
performance, and quality, OEE is the
minimum performance from any asset
or system required to meet the organi-
zation’s business needs.

OEE = availability x performance

x quality, where:

Availability = (actual available time)/
(ideal available time)

Performance = (actual delivery of

Failed
Prognosis Maximize life
@ for failure with minimum
Q =
[ [ ]
g Diagnose ' m [ W |
® cause sl Repair with
o ow -
c \\‘-*. % deterioration . [LEHMD
;.E or eliminate Startup checks, FIGURE 14.
2 defect post mortem, .
s " == /. ol | RCA & document Monitoring,
© Identity wend& |oa diagnosis and
defect baseline repair is a cyclic
checks process
Ideal |
Time m—)
Trend Diagnose Plan  Schedule Repair Trend

product in a given time)/
(desired delivery in the same time)
Quality = % restoration to rated con-
dition x % maintainability

As an arbitrary example, a plant
whose assets have targets of 98% per-
formance, 99% performance and (98%
x 99%) quality will have a target OEE
of 98% x 99% x 98% x 99% = 94%. If
the actual OEE falls below this level,
maintenance intervention is required.

Some of the data needed to derive
the OEE target will be obtained from

the CBM program itself. Equipment
items that lack a means of continuous
performance monitoring, such as pres-
sure relief valves or pressure switches,
must continue to rely on time-based
maintenance. Historical MTBF data
can be used as a starting point for as-
signing maintenance intervals.

What to measure

The most important field measure-
ments in a CBM program are gen-
erally vibration, temperature, noise,

CASE STUDY:
DIESEL-FEED PUNMP MOTOR

had been running with high levels of noise and vibration since
it was commissioned in 2000.

The pump is a horizontal split-case design with twin impellers,
manufactured by KSB. It handles diesel at a rated flowrate of
256 m3/h and 727 m head.

The driver is a two-pole induction motor rated at 600 kW. It runs
at 2,980 rpm from a three-phase, 6.6 kV, 50 Hz supply. The motor
bearings at the pump end are of types NU219C3 and 6219C3, and
at the free end type NU219C3.

The coupling is a flexible type manufactured by John Crane Metas-
tream. Both motor and pump are mounted on a single steel base
frame, whose feet are bolted to the concrete foundation.

The non-driving end of the motor recorded a horizontal vibration
component with a maximum amplitude of 13 mm/s. This compares
to an acceptable value of 5 mm/s as specified by 1ISO 2372/10816
(Rev 1).

The company decided fo undertake a root cause analysis (RCA)
based on vibration analysis using Emerson CSI 1600 and 2120 data
collector/analyzers, backed up by field observations, inspection of
motor parts after dismantling, and diagnostic fests as required.

A|0rge electric motor driving a centrifugal pump in a refinery

Looking at the evidence

Measurement showed that the average value of the horizontal vibra-
tion component (7.0 mm/s) was nearly twice the vertical component
(3.6 mm/s). This suggested that the problem was likely to lie with the
motor frame, the supporting structure or the foundation.

The amplitude of the vibration peak corresponding to the rota-
tional speed of the motor (49.7 Hz) did not vary with the load on the
motor. This indicated that rotor eccentricity was unlikely.

The peak corresponding to the second harmonic (100 Hz) of the
supply frequency showed sidebands that reveal the presence of vi-
bration caused by electromagnetic forces.

The motor legs were checked for possible distortion causing a soft
footing, but were found to be in good order. However, when the motor

This 600 kW
motor driving a
refinery diesel
pump suffered
vibration and
noise problems.
After first dealing
with soft foot-
ings, mainenance
engineers elimi-
nated resonance
by adding brac-
ing and new
foundation bolts
to the steel frame

was uncoupled from the pump and run on its own, dial gauge read-
ings showed that the base frame was distorted diagonally.

The motor was removed and dismantled by a specialist agency.
The rotor runout was found to be within normal limits, but severe rub
marks were observed on both the rotor and the stator core, spread
over both radial and axial directions. The rotor laminations were
distorted, leading to inter-lamination clearances that varied around
the periphery, and both bearings were damaged.

First analysis

The possible causes were determined to be among the following:

* A soft footing

® Loose rotor laminations

e Vibration transmitted from the pump

® Electromagnetic forces

Since a long outage would be needed finally to identify the cause,
the motor was repaired as far as possible, balanced, and put back
info service with new bearings. Vibration and noise remained
high.

Vibration measured at the motor bearings was seen to be worse
when the motor ran uncoupled from the pump. This meant that vi-
bration transmitted from the pump was unlikely to be the problem,
and instead suggested that the trouble lay in a soft footing.
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The design rated allowable parameter values

Yes - Initiate diagnostic analysis, severity, trend,
confirmatory tests to drill down to potential failure modes

Continue normal
operation and
monitoring

Downtime required plan for outage
considering prognostic analysis outcome

FIGURE 15. A functional approach to CBM

process variables, and lubricant con-
dition.

Vibration can reveal both the roto-
dynamic and structural stability of a
complete machine and of its compo-
nent parts, including bearings. Vibra-
tion Analysis for Beginners (box, p. 48)
explains this in detail, with specific
examples.

Temperature provides information
about the machine loading, bearing
condition, lubrication or cooling prob-

lems, insulation breakdown, and pro-
cess deviations.

Acoustic analysis highlights the con-
dition of rubbing surfaces, and prob-
lems involving resonance or transmit-
ted vibration.

Process variables, such as flowrate,
pressure, temperature, speed and
power consumption, provide informa-
tion on the system within which in-
dividual machines operate, especially

when loads are varying.

Lubricant condition, including con-
tamination, degradation and changes
in appearance, can reveal a great deal
about the condition of bearings, rub-
bing surfaces and seals. [ |
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FIGURE 16. Since soft-footing and foundation resonance
problems were addressed, the motor has run within acceptable
vibration limits

Careful measurement revealed gaps of 0.2 mm causing soft foot-
ings on legs two and three of the motor, and a smaller gap of
0.02 mm on leg number four. All four legs were properly adjusted,
using single sheets of stainless steel to prevent possible vibration
problems caused by multiple layers of shim. The grease in the motor
bearings was replaced and the motor given a test run.

Second try

The horizontal vibration component initially fell, but after running
for three hours at full load it increased to 9 mm/s at the non-driving
end. The vertical component increased too, and so did the noise
level, with audible modulation (beats).

The dominant frequency for all vibration components was 49.7 Hz,
indicating that the problem likely was with rotor imbalance, reso-
nance, magnetic field imbalance, or an unsatisfactory foundation.

After three hours’ running, additional peaks were observed at the
second harmonic. This signaled the presence of an electrical defect,
a damaged rofor, or a problem related to the rotor-stator air gap.

The phase shift between the horizontal and vertical component at
the non-driving end was 200 deg. There was no phase difference
between measurements made in the same direction at each end of
the shaft, showing that dynamic imbalance was not the problem.

Phase measurement on the newly-adjusted legs of the motor con-
firmed that there was now no problem with soft footings.

Sattisfied that the problem was limited to the motor, the engineer-
ing team carried out further tests with the motor uncoupled from the
pump. They measured vibration in all three axes and at both ends
of the shaft.

As before, the main peak in each spectrum appeared at the first
harmonic of the motor speed, with low-amplitude sidebands at twice
this frequency. However, vibration at this frequency was also noticed
when the motor was stopped or coasting down, indicating the like-
lihood that vibration was being transmitted from another nearby
pump running at the same speed.

With a soft footing already ruled out, the assumption was that
either the foundation or the steel base frame was resonating at a
frequency corresponding to the operating speed of the motor, and
also transmitting vibration from nearby equipment.

Corrective action

The base frame on the motor side was strengthened by welding three
segments of I-beam to each side of the frame (photo, p. 50). The free
ends of these segments were secured by J-shaped foundation bolts,
2 in. dia. and 4 ft. long, grouted in place. Diagonal braces were
also added to the frame at the front and rear of the motor.

The motor was overhauled, with repairs to the rotor laminations,
rotor balancing, and new bearings. The bearing housing was insu-
lated to minimize vibration induced by electromagnetic effects.

The equipment was recommissioned in May 2004. At full load,
horizontal vibration at both ends of the motor was below 4 mm/s,
and noise was substantially less. Figure 16 shows vibration levels
when the motor and pump had been operating for 10 months since
the foundation modification. The rein&rced foundation no longer
has a resonant frequency close to the operating frequency of the
motor, so it transmits less vibration from nearby equipment and is
better able to absorb vibration from the items mounted on it. |
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et More From VUertical
Thermosiphon Rehollers

The effects of three different
heat-transfer-enhancement devices
are outlined here

TABLE 1. EFFECT OF TUBE INSERTS
ONVTR DESIGN PARAMETERS

Parameters

Effects

Heat-transfer surface area

Decrease up to 25%

Subcooled zone length

Decrease up to 59%

Omid Zadakbar, Ali Vatani
and Kianoosh Karimpour
University of Tehran

very common heat exchanger in
the chemical process industries
(CPI) is the vertical thermosi-
phon reboiler (VTR; Figure 1).
Due to size and fluid-flow restrictions,
however, its heat transfer rate is often
quite low. The subcooled region formed
at the thermosiphon’s tube-bundle base
usually causes reduction in the tubes’
average heat-transfer coefficient.
Improvements in performance can
be achieved with the application of
heat-transfer-enhancement devices —
specifically wire matrix inserts (Fig-
ure 2), twisted-tape inserts (Figure 3)
and helically coiled inserts (Figure 4)
— in the subcooled zone of a vertical
thermosiphon reboiler. These enhance-
ment devices reduce the required heat-
transfer surface area, subcooled zone
length and maximum temperature of
the reboiler tube wall, while increasing
the overall heat-transfer coefficient,
subcooled-zone overall heat-transfer
coefficient and average heat flux rate
(Table 1). All together, these benefits
translate into a reduction in the size of
the exchanger, the area of installation
and the initial investment.

VTR opportunities for inserts

Vertical thermosiphon reboilers oper-
ate by natural circulation of the liquid
(from the still through the downcomer
to the reboiler) and the two-phase mix-
ture (from the reboiler through the re-

Maximum temperature of reboiler tube

Decrease up to 2%

Overall heat transfer coefficient

Increase up to 29%

coefficient

Subcooled zone, overall heat-transfer

Increase up to
215%

Average heat-flux rate

Increase up to 22%

turn piping). The flow is induced
by the hydrostatic pressure
imbalance between the liquid
in the downcomer and the two-
phase mixture in the reboiler
tubes [I]. Hydrostatic pressure
on the fluid at the entrance to
the tubes causes the forma-
tion of a subcooled zone in the
VTR tubes. This zone includes
a significant number of reboiler
tubes, the magnitude of which
depends on fluid type. Since con-
vective heat-transfer coefficients
in the subcooled zone are significantly
lower than boiling heat-transfer coef-
ficients, the presence of a subcooled
zone reduces the overall heat-transfer
coefficient in the reboiler tubes. Mean-
while, the fluid in this zone is in the
liquid phase; so, its high density low-
ers the velocity of fluid and causes es-
tablishment of laminar flow [2]. These
conditions increase the surface tem-
perature of the tubes and cause foul-
ing to occur.

The application of heat-transfer-en-
hancement equipment increases the
overall heat-transfer coefficient inside
the tubes of vertical thermosiphon
reboilers and significantly improves
performance. In fact, these devices
decrease the subcooled-zone length
(Figure 5) and surface temperature
of the tubes, thereby reducing fouling
in this zone [3]. Meanwhile, the pres-
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FIGURE 1.
Vertical ther-
mosiphon re-
boilers operate
by natural cir-
culation of the
liquid (from the
still through
the down-
comer to the
reboiler) and
the two-phase
mixture (from
the reboiler
through the re-
turn piping)

sure drop in the subcooled liquid zone
is reduced and other parameters, such
as required heat-transfer area, are im-
proved. The potential benefits of these
heat transfer enhancement devices are
illustrated in Table 2, which summa-
rizes the results of a study (see Meth-
odology, p. 53) in which various inserts
were compared with plain tubes. Note
that the results in the study should
not be used for choosing between vari-
ous types of inserts, which is beyond
the scope of this article.

Wire matrix inserts

In viscous, single-phase-flow applica-
tions, wire matrix inserts are widely
used to improve heat-transfer charac-
teristics. More recently, these devices
have also been successfully applied for
two-phase flow applications, such as
reflux condensers and thermosiphon
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TABLE 2. EFFECT OF TWISTED TAPE INSERTS, HELICALLY COILED INSERTS
AND WIRE MATRIX INSERTS ON VERTICALTHERMOSIPHON REBOILERS *

Reboiler Twisted tape Helically Wire matrix in- Simple
parameters inserts (y=2) coiled inserts | sert (low density) | tube
Subcooled region length, m 0.37 0.18 0.31 0.44
Single-phase heat-transfer coefficient, W/m2K | 322 769 417 243
Overall heat-transfer coefficient, W/m2K 1,261 1,378 1,310 1,065
Required heat-transfer surface area, m2 30.80 28 29.80 38.11
Number of tubes 159 147 153 196
Maximum temperature of tube wall, °C 102 100 102 104
Tube pressure drop, kPa 15.4 15.5 15.5 15.3
Single-phase pressure drop, kPa 2.59 1.29 2.29 3.10

* Note that the results in the study should not be used for choosing between various types of inserts, which is beyond the scope of this article.

Cal Gavin Ltd.

FIGURE 2. Wire
matrix inserts cre-
ate more-ideal-flow
conditions within
individual tubes
by continuously
removing stagnant
fluid from the tube

with fluid from the
center of the tubes

METHODOLOGY

he effects of using wire matrix inserts, helically coiled inserts and twisted
tape inserts were studied on a simulated model (Figure 6). At first, the mean
temperature over the cross section of the flow was determined. The mean

S

S T

wall and replacing it p|GURE 3. Twisted tapes, when inserted into tubes, tend
to promote turbulence as well as to intensify mixing of the
hot and cold fluid

enthalpy temperature can be determined more simply by experiment, by insert-
ing a mixer. Temperature evens out downstream of the mixer, becoming equal to
the enthalpy mean temperature and can be determined by taking measurements
at a point.

Next, the distribution of mean fluid temperature, the rate of heat flow, and fluid and
wall temperatures along the tube were determined. The length of subcooled zone
was defermined assuming that the femperature at the end of the subcooled zone
becomes equal to the saturated temperature at the local pressure. In order to deter-
mine the vapor fraction of the tube outlet using the Furzer equation [ 12], we assumed
that the pressure drop along the thermosiphon is less than allowable pressure drop
(based on Furzer equation assumptions). Heat fransfer coefficients and pressure drop
along the subcooled zone were determined by Blasius equation [ 13]. In addition, the
equations derived by ESDU and Chen were used to determine the convective heat-

FIGURE 4. The use of a full-length, helically

transfer coefficients and friction factors corresponding fo each insert [ 14]. a

reboilers. In all these applications,
the boundary layer fluid is continu-
ously displaced from the tube inner
surface and remixed with the bulk
fluid, thereby improving the convec-
tive heat transfer [4].

Analysis of the thermosiphon with
a wire matrix insert placed inside an
individual tube shows that the flow
distribution is leveled out across all
of the exchanger. The result is a dra-
matic improvement in heat transfer
efficiency with all the installed area
now effective.

The inserts create more-ideal-flow
conditions within individual tubes by
continuously removing stagnant fluid
from the tube wall and replacing it
with fluid from the center of the tubes.

This, in turn, reduces the residence
time of fluid in contact with the heat
transfer surface and creates a flow re-
gime where the velocity profile across
the tube is nearly flat. Although wire
matrix inserts depend upon an in-
crease in pressure drop to achieve
these flow conditions, the enhance-
ment in heat transfer is much larger
than would be achieved by simply in-
creasing tube-side velocities. In fact,
heat transfer enhancement is usually
achieved at much-lower superficial
velocities than would be employed in
plain tube designs. Thus, it is often
possible to reconfigure a bundle to
reduce the number of passes, thereby
maintaining or reducing the original

pressure drop overall and dramati-
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coiled insert can increase the swirl and pres-
sure gradient in the radial direction

cally increasing the performance of
the unit.

Twisted tape inserts
When inserted into tubes twisted tapes
tend to promote turbulence as well
as to intensify mixing of the hot and
cold fluid. This, in turn, improves the
heat transfer process. Investigation of
enhancement efficiency, heat transfer
and friction-factor characteristics of
thermosiphon-reboiler tubes that are
fitted with twisted tape inserts of dif-
ferent twist ratios indicates that the
swirl flow helps decrease the bound-
ary layer thickness of the hot air flow
and increase residence time of hot air
in the inner tube.

The enhancement efficiency and
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Nusselt number (where numbers
above 100 indicate a shift toward
turbulent flow) increases with de-
creasing twist ratio (y, which is
equal to pitch length based on 180°,
divided by tube diameter); the fric-
tion factor also increases with de-
creasing twist ratio. In the case of
the twisted tape inserts, the mean
Nusselt numbers increase about
188% fory =5.0 and 159% fory = 7.0,
when compared with the plain tube.
This particular study shows that the
smaller the twist ratio, the higher the
mean Nusselt number. The partition-
ing and blockage of the tube-flow cross
section by the tape results in higher
flow velocities. Secondary fluid motion
is generated by the tape twist, and the
resulting twist mixing improves the
convective heat transfer.

Sources of data. Many researchers
have investigated the effect of twisted
tape inserts on heat transfer and
friction in a circular or rectangular,
smooth pipe in both experimental and
numerical studies. Dutta, Dhal and
Saha [5] numerically predicted the
friction and heat transfer characteris-
tics for laminar flow in a circular tube
fitted with regularly spaced twisted-
tape elements, which were connected
by thin circular rods. Ray and Date [6]
experimentally investigated correla-
tions of heat transfer and flow frictions
in a square duct with twisted tape in-
serts. Kumar and Prasad [7] reported
the improved collection of solar energy
(vis-a-vis water heating) by means of
twisted tapes inserted in the water
flow tubes. Sukhatme [8] experimen-
tally studied the effect of a twisted-

Length of subcooled zone, m

- Helically coiled

- Twisted tape
Wire matrix

Plain tube

10,000 30,000

Re number

50,000

FIGURE 5. These tube inserts decrease

the subcooled-zone length of the tubes,
thereby improving overall heat transfer
efficiency

tape insert on the heat transfer rate
and pressure drop in laminar flow
under uniform heat flux. Meanwhile,
Duplessis and Kroger [9] conducted
experimental and numerical studies
with the constant wall temperature in
laminar flow. Bergles [10] provided a
correlation of heat transfer inside the
tube for turbulent flow.

Helically coiled inserts
Tubes fitted with the helically coiled
inserts give higher heat-transfer rates
than the plain tube. The mean Nusselt
number increased by about 165% when
compared with plain-tube correlations
from Sieder and Tate [11]. The use of
a full-length, helically coiled insert can
increase the swirl and pressure gradi-
ent in the radial direction. The bound-
ary layer along the tube wall is thin-
ner with the increase of radial swirl
and pressure, resulting in more heat
flow through the fluid. Furthermore,
the swirl enhances the flow turbu-
lence, which leads to even better con-
vective heat transfer. Thus, the higher
the Reynolds numbers the greater the
Nusselt number. [ |
Edited by Rebekkah Marshall

Overall heat transfer coefficient Wm2K
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FIGURE 6. This graph compares the
results of the simulated model (see
box, p. 53) with other simulated model
results for plain tubes
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Tuthill Vacuum & Blower Sy}

FOCUS ON

Compressors,
Fans & Blowers

Training and parts aid in com-
pressed-air system maintenance

This company is offering a free interactive
Air System Maintenance CD that details
common maintenance functions for rotary
screw compressors, refrigerated and des-
iccant dryers, filters and drains. Using in-
structional video, voice over and graphics,
this CD illustrates the steps necessary for
routine maintenance and keeping air sys-
tems in top operating conditions. Included
are Website links for many accessory
products. This company also offers parts
for preventive maintenance and re-

pair of compressed-air equipment
(photo, p. 56). — Kaeser Compres-

sors Inc., Fredericksburg, Va.
www.kaeser.com

Drive pneumatic conveying applica-
tions without blowing noise limits
The Qube blower package (photo), featur-
ing the new Qx blower, is a quiet, low-cost,
quick delivery solution for pneumatic con-
veying applications and more. Benefits in-
clude high efficiency with low noise (< 75
dBA); pressures up to 18 psi; a compact
footprint; and a powder coated steel enclo-
sure for (24 dBA attenuation). Additional
features include integral check valve; dis-
charge from back; and discharge flexible
connector. — Tuthill Vacuum & Blower
Systems, Springfield, Mo.
www.vacuum.tuthill.com

Compressed air program cuts plant
energy costs up to 40%

Said to be the industry’s first intelligent,
compressed-air-management program of-
fering plant-wide analysis, realtime pro-
cess control and pneumatic system design
in a single integrated solution, the Norgren
IQ program (photo) assesses both supply
and demand of compressed air in plants
and adjusts output dynamically to ensure
continuous, optimal performance. This in
turn saves energy, reduces operating ex-
pense, prevents downtime and increases
productivity. Up to 40% annual energy
reductions have been achieved, says the
vendor. The program is powered by part-
nering-firm Pneu-Logic Corp.s (Portland,
Oreg.; www.pneulogic.com ) proprietary
software, which aggregates and analyzes

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

on p. 66, or use the website designation.

trend data and tightens parameters over
time, essentially “getting smarter as it
goes.” Unlike competitive products, which
are limited to single assessments, Norgren
1Q provides continuous monitoring and ad-
justment. Norgren IQ's open architecture
interfaces with a wide variety of air com-
pressors. — Norgren, Inc., Chicago, Ill.
WWWw.norgren.com

Go 100% oil-free for

high-purity needs

This vendor’s line of electrically-powered
compressors delivers from 200 to 1,500 cfm
at pressures up to 150 psi, producing clean,

Blackmer

oil-free air suitable for high-purity appli-
cations. The units are also designed with
sensitive environmental considerations in
mind, with a sound-attenuating canopy
to keep noise levels to a minimum. All
units are equipped with a 100%, oil-free,
two-stage screw compressor, and offer dis-
charge temperatures of only 20° above am-
bient temperature with built-in aftercool-
ers. The units require 480-V, three-phase,
60-Hz power and have a flexible operating-
pressure range. Meanwhile, the manufac-
turer offers a full line of refrigerated and
regenerative desiccant dryers that can
be packaged with all of its compressors
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Kaeser Compressors

to provide an unlimited supply of clean,
dry air where necessary. For higher pres-
sures, the vendor offers a container-sized
air compressor rental that combines die-
sel-based compression with electric-drive,
high-pressure boosting. With electric-drive
boosting, pressures can be raised to 600 psi
at a flowrate of 900 cfm. — Aggreko, LLC,
Houston, Tex.

www.aggreko.com

High-pressure air can be

oil free and energy efficient, too

ZD high pressure compressors are said to
be the first in the world to offer 100% oil-
free air with a Class 0 certification. Risk
of any contamination by oil is effectively
eliminated, thereby eliminating the need
for subsequent product decontamination
in applications such as the PET blowing
market. The ZD produces high-pressure
air (40 bar) in four stages, achieving lower
pressure ratios per stage, which induces
less wear-and-tear and reduced mainte-
nance costs. Meanwhile, four-stage com-
pression lowers energy consumption by
7% compared to a three-stage buildup.
The ZD is also offered with an integrated
variable speed drive (VSD), which is par-
ticularly useful if output requirements
change frequently. With the VSD, up to
35% energy savings can be achieved. For
low-noise requirements, a model at 76.4
dBA is available. — Atlas Copco, Stock-
holm, Sweden

www.atlasco pco.com

Maximize efficiency of

water treatment aeration

The IntelliView Line of aeration controls
and control systems is designed to maxi-
mize efficiency of blowers and compres-
sors in wastewater operations. A system
can be purchased as a part of the vendor’s
own aeration-blower system or integrated
into third-party installations, including
those that are preexisting. Models are
available for any type of blower. Positive
displacement blowers may be controlled
with variable speed drives. Multistage
centrifugal blowers may be variable speed
or inlet throttled. Single stage centrifugal
control options include variable speed,
inlet guide vanes, and variable discharge
diffuser vanes. All IntelliView blower
controllers include equipment health
monitoring and safety shutdown as well
as process control options. A variety of
protocols are available for both serial and

Ethernet communications, allowing di-
rect connectivity to SCADA systems and
PLC networks. The Dissolved Oxygen
(DO) control algorithm was specifically
developed for aeration applications. Aera-
tion basin air-flow control, Most-Open-
Valve (MOV) logic, and pressure control
are among the many options available to
optimize the IntelliView system for virtu-
ally any wastewater treatment facility. —
Dresser Roots, Houston, Tex.

www.dresser.com

These blower packages are ready to
operate on delivery

For applications ranging from pneumatic
conveying to aeration wastewater treat-
ment, this manufacture offers a variety
of pressure and vacuum blower pack-
ages (photo) that are ready to operate
— shipped completely assembled and
pre-piped. All packages feature a modu-
lar base/discharge silencer, V-Belt drive
system, OSHA V-Belt drive guard, motor
slide base, and interconnecting fittings.
Packages boast premium-brand blowers
and motors and top-of-the-line silencer/
filter components, controls and accesso-
ries. The sturdy elevated bases are heavy
gauge reinforced steel plate with rugged
ventilated drive guards that can with-
stand abuse. Two Pressure System Pack-
ages, the PSS and PFS, are available in
pressures to 15 psi and flowrates ranging
from 50 to 2,100 cfm. The PSS Package
uses a horizontal inlet silencer and sup-
port plus an inlet filter with weather-
hood, while the PFS features an integral
inlet filter/silencer with weatherhood.
Meanwhile, the VDS System Vacuum
Blower Package is built with the same
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premium features using a Sutorbilt Leg-
end vacuum pump with a vacuum relief
valve and is available in vacuum ratings
to 16 mm Hg. — Wm. W. Meyer & Sons,
Inc., Libertyville, Il1.

www.wmwmeyer.com

Mobile LPG evacuation is a safe and
efficient alternative to flaring
When compared to the traditional method
of flaring propane and other liquefied pe-
troleum gases (LPG), these mobile LPG
evacuation units (photo, p. 55) offer a
more-cost-efficient and safe alternative
for removing residual gas from tanks that
needed to be moved, repaired or replaced.
The units feature the manufacturer’s
LB Series reciprocating gas compres-
sors — model numbers LB161, LB361 or
LB601, specifically. In addition to a trailer-
mounted unit, a skid-mounted version is
offered for easy transportation in a truck
bed or via a small trailer to the destina-
tion. The portable liquid-transfer and va-
por-recovery units are constructed with a
variety of engine drive styles and options.
The units are designed with the traditional
“LU” mounting style, which includes the
compressor, liquid trap, strainer, four-way
valve and related piping. LB Series com-
pressors are available with transfer rates
from 35 to 700 U.S. gal/min (132-2,630 L/
min) and designed to handle transfer and
recovery of liquefied gasses like propane,
butane, and anhydrous ammonia. All mod-
els feature ductile iron pressure parts for
greater resistance to both thermal and
mechanical shock. — Blackmer, Grand
Rapids, Mich.
www.blackmer.com |
Rebekkah Marshall
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Emerson Process Management

Dickson
(Continued from p.31)

are ideal for food preparation, life sci-
ences, pharmaceuticals, petroleum prod-
ucts, clean rooms, electronics, and field
use. The minimum and maximum feature
permits viewing highest and lowest read-
ings at any time. — Control Company,
Friendswood, Tex.

www.control3.com

Wireless transmitters

extend their range

Wireless transmitters have been applied
to a variety of applications. Some exam-
ples are monitoring temperatures in cold
rooms (photo); monitoring temperatures
in mobile situations, such as in railcars;
and temperature measurement in harsh
plant environments, such as in steel
mills. This company recently announced
the expansion of its wireless solutions
with the release of the Extended Range
Antenna, available on Rosemount 305185,
648, and 702 transmitters with Wire-
lessHART output. Oil and gas industries
and others operate facilities where mea-
surement points are separated by long
distances, making wiring and powering
of measurement points expensive. The
extended-range-antenna  option pro-
vides a cost-effective way to access this
information by increasing the distance
between self-organizing points up to a
half mile (2,600 ft). — Emerson Process
Management, Pittsburgh, Pa.
WWW.€mersonprocess.com

An alarm thermometer
with one or two probes
This alarm thermometer can be used to
ensure that temperature-sensitive chemi-
cals stored in both refrigerators and freez-

ers do not deteriorate. Featuring tamper-
resistant audible and visual alarms, the
instrument comes in a two-probe model
(MM125; photo) that can monitor both
refrigerators and freezers simultaneously
and a single-probe model (MM120). Fea-
tures include: a visual display of the alarm
that remains even if temperatures are no
longer out of range, alerting supervisors
to the need for remedial action; alarm
controls on the back of the unit, making
it tamper-resistant once mounted on the
outside of the refrigeration unit; large
LCD display of current temperatures,
minimum and maximum temperatures,
alarm conditions and battery levels; and
an automatic scrolling display of refrig-
erator and freezer conditions every five
seconds. Both models are continuous, cali-
brated and certified thermometers that
are able to monitor temperatures in the
range of —58 to 158°F (-50 to 70°C). —
Dickson, Addison, I11.
www.dicksondata.com

High-speed infrared linescanner for

noncontact temperature measurement
The new MP150 High Speed Infrared
Linescanner (photo) is specifically de-
signed for modern, high-speed manu-
facturing processes. Featuring the
latest electronics, optics, communica-
tions and mirror mechanisms, one key
feature facilitated by this technology
is a scan speed up to 150 Hz, which is
three times faster than its predecessor.
Another unique feature of the MP150
is the on-board Ethernet TCPI/IP
communication capability. During instal-
lation, the user connects directly to the
linescanner without the need for any
controller or connection boxes. A com-
plete suite of software solutions has been

enhanced to take advantage of the in-
creased data acquisition capabilities and
extended communication properties of
the MP150. The system packages allow
the user to simply and quickly configure
the system to analyze thermal data to
monitor and control their manufacturing
processes. — Raytek, Santa Cruz, Calif.
www.raytek.com

This indicating temperature
transmitter has no exposed threads
Designed for pharmaceutical, biotech and
food-and-beverage applications, the hous-
ing of this transmitter is constructed from
316L stainless steel and has no exposed
threads. It is resistant to most of the
cleaning chemicals typically found in the
targeted application sectors. Additionally,
with its NEMA 4X (IP67) environmental
sealing and the ability to withstand ambi-
ent temperatures of up 158°F (70°C), the
transmitter is suitable for most CIP (clean
in place) applications. The instrument
features a four-digit (-1,999 to 9,999),
seven-segment LCD with visible dimen-
sions of 1.31 in. X 0.52 in. The process
temperature can be configured for display
in either degrees Farenheit or Celsius and
the update of the readings is user-select-
able between 0.25 and 2 seconds, accord-
ing to the filter on the readings. With a
Y-in. NPT conduit entry, %-in. NPT sen-
sor connection and universal electronics,
this new temperature transmitter can be
used with virtually every type of RTD and
thermocouple. — Weed Instrument Co.,
Round Rock, Tex.
www.weedinstrument.com ]

Dorothy Lozowski
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NEW Masterflex
Pumps & Tubing
Catalog

e Featuring all-new MASTERFLEX
L/S® digital pump drives and
redesigned B/T® process pumps

o | atest formulations of
MASTERFLEX pump tubing,
including Solve-Flex®
fluoropolymer-lined tubing for
solvents and other aggressive
chemicals

e All products backed by FREE
applications assistance

Request your FREE
catalog today!
Call 800-323-4340 or
visit ColeParmer.com/3907

/~” Cole-Parmer

2660

Stainless Steel
Membrane Modules

Scepter® mem-
brane modules
combine rugged
tubular SS sup-
port with a pat-
ented titanium
dioxide mem-
brane, providing
superior sepa-
ration perfor-
mance and years of reliable filtra-
tion in applications where extreme
process conditions or difficult feed
streams make other methods un-
suitable. The tubular membrane
modules have all-welded, no-gas-
ket construction and are available
in horizontal and vertical orienta-
tions. Membrane areas are avail-
able from 1 to 8000 sq. ft. with
separation ratings of 0.1 and 0.02
microns nominal, and the mem-
branes are suitable for extreme
chemical conditions, pressures,
and temperatures.

Graver Technologies, Inc.
(302) 731-3539 (US)
info@gravertech.com
www.gravertech.com

Delta Cooling Towers, Inc.

Delta Cooling Towers
manufactures a complete line

of corrosion-proof engineered
plastic cooling towers. The tow-
ersincorporate a high efficiency
counter-flow design and carry a
15-year warranty on the casing,
whichis molded into a unitary
leak-proof structure of engi-
neered plastic. Allmodels are
factory assembled, simple

to install and nearly
maintenance free.

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

sales@deltacooling.com
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207-846-6100

Protect pressure or vacuum
instruments from clogging,
corrosion and damage.
Compact and Economical, Plast-0-Matic
Gauge Guards prevent dangerous leaks and
allow dependable instrument readings from

full vacuum to 250 psi.

e PTFE or FKM
diaphragms.

* PVC, Polypro or
PVDF bodies.

¢ Available with

‘. or without
gauges.
o=
o J GouFe
Shields for
e

harsh environments.

“TmvE)
vﬂzlmne @LUE "

CEDAR GROVE, NJ 07009
(973) 256-3000 © Fax: (973) 256-4745

www.plastomatic.com ® info@plastomatic.com

Video Demonstration
How to Measure
Chemical Color

Visit www.hunterlab.com to view a
free video of the measurement of a
chemical product to determine color
characteristics that correlate to product
quality. HunterLab systems measure the
color of chemical & petroleum products
inthe form of powders, pellets, granules,
tablets, fibers, pastes and liquids. They
also measure metrics such as APHA/
PtCo/Hazen, Gardner Scale, Saybolt,
ASTM D1500, yellowness/whiteness and
transmission haze.
info@hunterlab.com 703-471-6870
www.hunterlab.com

@HunterLab

Measure Color...Measure Quality
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Intelligen Suite

The Market-Leading Engineering Suite for Modeling, Evaluation,
Scheduling, and Dehottlenecking of Single & Multi-Product Facilities

sSuperPro SchedulePro

)0

Use SuperPro Designer to model, evaluate, and Switch to SchedulePro to schedule, model,
debottleneck batch and continuous processes and debottleneck multi-product facilities

Tracking of equipment occupancy Tracking demand for resources Inventory tracking for raw materials,
in multi-product facilities (e.g., labor, materials, utilities, etc.) intermediates, products, and wastes

SuperPro Designer is a comprehensive process simulator that facilitates modeling, cost analysis, debottlenecking, cycle time
reduction, and environmental impact assessment of biochemical, specialty chemical, pharmaceutical (bulk & fine), food, consumer
product, mineral processing, water purification, wastewater treatment, and related processes. Its development was initiated at the
Massachusetts Institute of Technology (MIT). SuperPro is already in use at more than 400 companies and 500 universities around
the world (including 18 of the top 20 pharmaceutical companies and 9 of the top 10 biopharmaceutical companies).

SchedulePro is a versatile finite capacity scheduling tool that generates feasible production schedules for multi-product facilities that
do not violate constraints related to the limited availability of facilities, equipment, resources and work areas. It can be used in
conjunction with SuperPro (by importing its recipes) or independently (by creating recipes directly in SchedulePro). Any industry
that manufactures multiple products by sharing production lines and resources can benefit from the use of SchedulePro. Engineering
companies use it as a modeling tool to size utilities for batch plants, identify equipment requirements, reduce cycle times, and

debottleneck facilities. ) )
Circle 240 on p. 66 or go to adlinks.che.com/7378-240

Visit our website to download detailed product literature
and functional evaluation versions of our tools

INTELLIGEN, INC. e 2326 Morse Avenue ® Scotch Plains, NJ 07076 e USA
Tel: (908) 654-0088  Fax: (908) 654-3866

Email: info @intelligen.com ® Website: wwwe.intelligen.com

Intelligen also has offices in Europe and representatives in countries around the world
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Fanno Flow

( true compressible flow)

e  This rigorous program calculates
the pressure drop and final prop-
erties of a gas flowing adiabati-
cally (no heat transfer) in a con-
stant diameter pipe with friction.

®  The compressible pressure drop
is compared to the incompressi-
ble pressure drop.

®  This program is required for

analyzing the backpressure of
safety valves.

po | M w M2| v2

T T2

® 26 other programs are available
for fluid flow, heat transfer, steam
turbines, etc

CU Services LLC

725 Parkview Cir, Elk Grove, IL 60007
Ph 847-439-2303 rcronfel@cuservices.net

WWW.cuservices.net

Circle 241 on p. 66 or go to adlinks.che.com/7378-241

Circle 243 on p. 66 or go to
adlinks.che.com/7378-243

Engineering e-material, e-solutions, e-courses

and e-seminars for energy conversion systems:

« Physical Properties * Steam Approximations
* Power Cycles * Power Cycle Components/Processes
* Compressible Flow

ENGINEERING SOFTWARE
Phone/FAX: (301) 540-3605
Web Site: http://members.aol.com/engware
Visit the WED SITE 0 CNECK OUT 1188 U8Mmos et

Circle 242 on p. 66 or go to
adlinks.che.com/7378-242

Circle 244 on p. 66 or go to
adlinks.che.com/7378-244

Advertise in
the Classified

For more information on
classified advertising,

please contact:
Helene Hicks

Tel: 212.621.4958
Fax: 212.621.4976
email: hhicks@che.com
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HSC Chemistry® 6

Circle 245 on p. 66 or go to
adlinks.che.com/7378-245
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NEW & USED EQUIPMENT

. A
DISCGHAR i

* Pilot Plant and Production Sizes Available
e Fully Opening Cover for Easy Inspection
o Stable Inertia Plate Design
e Clean In Place Systems
* Unique Splash Deflector Isolating
“Wet Zone” from “Dry Zone”
 PLC Control
* Explosion-Proof
* Residual Heel Removal Systems
e Fully Contained,
Automatic Discharge
* Quick Release Rotor for Easy Maintenance
 Reciprocating Feed Pipe for Superior Feed Distribution
 Available in Various Materials; 316L, 904L,
Hastelloys B and C, Fluoropolymer Coated

@ ROUSSELET
E

703 West Housatonic Street — Ste L15,
Pittsfield, Massachusetts 01201-6616
413.499.4818 » 413.499.5648
sales@robatel.com
www.rousselet-robatel.com/che08

entrifuge Reconditioning,
Upgrades & Field Service

Economy Recovery Conservation
Serving the chemical, petrochemical, plastics,
pharmaceutical and food industries
We Stock: TANKS * VESSELS
* REACTORS * HEAT EXCHANGERS
* CHILLERS * COLUMNS * MILLS
* SCREENERS * SILOS
* DUST COLL*)RS * MIXERS
* BLENDERS * PUMPS * CENTRIFUGES
* DRYERS * FILTERS * COMPRESSORS
* AND MUCH MORE!

EcReCon has over 20 acres of surplus
process equipment available for sale.

“ We Buy and Sell Process Equipment from Individual
Pieces to Complete Plants and Provide Full Plant
Dismantling Services”

www.ecrecon.com

Phone: * Fax:

Email:

Circle 255 on p. 66 or go to
adlinks.che.com/7378-255

Circle 254 on p. 66 or go to
adlinks.che.com/7378-254

Circle 251 on p. 66 or go to
adlinks.che.co 378-251

HOCKMEYER

Equipment Corporation
A leader in the grinding and
dispersion industries

New & Used Equipment
Dispersers * Mills « Mixers ¢
Tank & Tote Washers °
Particle Size Analysis ¢ Vessels

Visit us at www.hockmeyer.com
or call us at 252-338-4705

Wanted to purchase:
Used Dispersers & Mixers

Circle 252 on p. 66 or go to
adlinks.che.com/7378-252

TRANSTORE:

TALLUKA
calL417.862.0707
www.custom-metalcraft.com

Circle 253 on p. 66 or go to
adlinks.che.com/7378-253

API/Fine Chemical
Facilities for Sale!

131481 - Complete API/ Fine Chemicals Processing Facility
Location: Turkey

141514 - Pilot Scale Manufacturing Process Plant
Location: Belgium

Pilot Scale & Production Equipment Available

131940 - (5) Appx 10,000 L Glass Lined Horizontal Single Wall Tanks
83228 - 1991 Summix Bolz 980L Stainless Steel Nauta Style Dryer
83218 - Guedu 90 No/Po 90 L Stainless Steel Pressure Dryer
83224 - Franco-Montan 600 L Stainless Steel Vacuum Tray Dryer

EQUIPNET

EquipNet.com/chemical +1.781.821-3482

Circle 256 on p. 66 or go to adlinks.che.com/7378-256

\

INTERNATIONAL

OneSiteForEquipment.com
\"]

GAS TO LIQUIDS PLANT AUCTION
NOVEMBER 20, 2008 - Lots open for bidding Wednesday, November 12th

400 BBL/D GAS TO LIQUIDS PILOT PLANT

e Plant Converts Natural Gas to Diesel, Naptha & Wax.

PLANT TECHNOLOGY PACKAGE

e ConocoPhillips Syngas & FT Product Upgrading Technology Package consists of Process & Catalyst Details.

Go to OneSiteForEquipment.com to view all lot details and terms for bidding.

REGISTER TODAY for your free Bidder ID at OneSiteForEquipment.com/Register
or call (713) 590-1623 for more information.
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WABASH SELLS & RENTS
Boilers
20,000 - 400,000 #/Hr.
Diesel & Turbine Generators

NEW & USED EQUIPMENT

//r" ¥ ’y/-f///r/f/// o, (e '"J

AVAILABLE IMMEDIATELY FROM STOCK !!!!
APV Gaulin Homogenizer, Model #M3-5TBS-160, 160 GPH @ 5000 PSI

1 Pint Ross Sanitary Jacketed, Vacuum Double Planetary Mixer, HV- Blades 50 - 25,000 KW
1 Quart-2 Gal Ross Jacketed, Vacuum Double Planetary Mixer, S/S (4) Gears & Turbines
1 liter — 45 liter Horizontal Media Mills, S/S (8) 25 - 4000 HP

We stock large inventories of:

Air Pre-Heaters * Economizers * Deaerators
Pumps ¢ Motors ¢ Fuel Oil Heating and Pump Sets
Valves ¢ Tubes * Controls ® Compressors
Pulverizers ¢ Rental Boilers & Generators

24/7 Fast Emergency Service

800-704-2002
Phone: 847-541-5600 Fax: 847-541-1279

www.wabashpower.com
wabash POWER E ENT CO.

1 Gal. Union Process Model 1-S Szegvari Attritor
Model W-750-H Greerco Horizontal Colloid Mill, 316 S/S
1SH Mikro Pulverizer, Stainless Steel Construction
196- S Quadro CoMill, Sanitary Type 316 Stainless Steel
18”- 36" dia. Sweco Vibro Energy Separators, (6)

2 CFM to 1600 CFM Stokes and Kinney Vacuum Pumps (75)

TOO Many Items to List...... Please contact us for more info.

WEBSITE: WWW.HPEQUIP.COM
P.0.BOX 839, Montville,NJ 07045
PH# 973-335-9770, Fax#973-335-5333

e-mail: jim@hpequip.com
Circle 260 on p. 66 or go to
adlinks.che.co 378-260

444 Carpenter Ave., Whe g, IL 60090

Circle 261 on p. 66 or go to
adlinks.che.com/7378-261

Filter Presses S 800.232.9334 219.663.8210

Clarifi 1
sand Firs Irtowater.com
LIl NEVW USED SURPLUS

Accessories iltration EqUipment

Circle 262 on p. 66 or go to adlinks.che.com/7378-262

PROCESS & MACHINERY

PROCESS FILTRATION EQUIPMENT

CONTROL _ _
JWI Filter presses with polypro recessed plates
ABB/BAILEY Sizes available: 2, 3, 5, 12, 25, cu. ft.
Sparkler & Niagara horizontal plate filters,
T™M T™M
INFI90 /NETWSWRK9O Model 33D17, 18523, 1824S, 3348S
Symphony Komline 1 x 12' SS Vac. Belt Filter
FOXBORO Nutsche filter, 10 gal, 316 SS, 35 psi
I/A Series™ Stainless Steel ERTEL & STAR Filter presses

Star 18" diameter SS plates, 14 chamber, 45 sq. ft.
Netzsch 10 cu. ft. 630 mm, polypro plates
Several small Oberlin belt filters

Cost-effective replacement, repair, and
repair/exchange of hard-to-find DCS parts.

ONE YEAR WARRANTY
Avery Filter Company, Westwood, NJ

We also purchase surplus or Phone: 201-666-9664 Fax 201-666-3802
decommissioned DCS equipment. E-mail: larry @averyfilter.com

2';‘.?',:’,(5’3,::‘62;,3339,'8?;5%’ (770)271-9932 www.pmcx.com www.averyfilter.com
Circle 263 on p. 66 or go to Circle 264 on p. 66 or go to
adlinks.che.com/7378-263 adlinks.che.com/7378-264

r Random Pz
g with: Facklng Euppurts * Liguid [!Ilstnhutnrs
= Mist Eliminators = Trays = Structured Packing
= pther internals

XCiHANGER

3-2559 info

Circle 259 on p. 66 or go to
adlinks.che.com/7378-259

GET CONNEGTED TODAY
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PROCESS TECH.

ﬁ FACULTY POSITION

Kenai Peninsula College/UAA
Anchorage location, PCN# 5004 99.
Tenure-track teaching position.
Fulltime, to begin August 2009.

Position details and application:
www.kpc.alaska.edu
(click on KPC Employment)

UAA is an AA/EO Employer and Ed. Institution.
Applicant must be eligible for employment under
the Immigration Reform/Control Act of 1986 and
subsequent amendments. Your application for
employment with UAA is subject to public disclosure.

Circle 267 on p. 66 or go to
adlinks.che.com/7378-267

CUSTOM TANKS &
PRESSURE VESSELS

Vessels, reactors and storage
tanks designed to meet your
special requirements!

® 2 ASME Certified plants in the USA

o USFDA, BISSC, ABS, API and UL code
requirements

* 316 and 304 stainless steel, and

many alloys
Call Ross today!
1-800-524-oss | R
wwwistoragevessels.com ROSS

TEXAS A&M UNIVERSITY - QATAR
Chemical Engineering Program

Applications are invited for two chemical engineering faculty positions at all levels
at Texas A&M University's branch campus in Doha, State of Qatar. Texas A&M Uni-
versity at Qatar (TAMUQ) is a partnership with Qatar Foundation. Now entering its
fifth year of operation, TAMUQ offers Bachelor of Science degrees in Chemical,
Electrical and Computer, Mechanical, and Petroleum Engineering. The degree pro-
grams are identical to those of the main campus at College Station, Texas. A Texas
A&M University diploma is awarded to graduates. A new, state-of-the-art engineer-
ing building for teaching and research opened in 2007.

Applicants for these positions must have a Ph.D. in Chemical Engineering or closely
related field. Preferences will be given to individuals with research and teaching
interests in the areas of process integration and design, process safety, petroleum
and gas processing, environmental engineering and thermodynamics, but outstand-
ing candidates with research interests in other areas of Chemical engineering will
also be considered. Prior teaching experience in USA and familiarity with ABET ac-
creditation is desirable. We offer competitive salaries and summer funding is guar-
anteed. Liberal allowances for professional travel and for relocation to Qatar are
provided. Fringe benefits include free furnished housing in one of several gated
communities, K-12 education for dependents, group health insurance, annual leave
allowance, and a car allowance.

Applicants should send curriculum vitae, detailed statement of research and teach-
ing interests, and arrange to have letters of recommendation sent to: Dr. Mahmoud
El-Halwagi, Chair-TAMUQ CHEN Search Committee, Artie McFerrin Department
of Chemical Engineering, Texas A&M University, College Station, Texas 77843-3
122. Call (979) 862-3985 for additional information. The complete dossier should be
received by March 31, 2009. Early applications are encouraged since applications
will be reviewed as they are received.

Texas A&M University is an equal opportunity employer. The University is dedicated
to the goal of building a culturally diverse and pluralistic faculty and staff committed
to teaching and working in a multicultural environment and strongly encourages ap-
plications from women, minorities, individuals with disabilities, and veterans. More
information about Texas A&M University is available on the web at http://www.tamu.
edu and http://www.gatar.tamu.edu/. The University is responsive to the needs of
dual career couples.

Texas A&M University provides equal opportunity to all persons regardless of race,
color, religion, sex, national origin, disability, age or veteran status and encourages
applications from members of groups under-represented in engineering.

Circle 268 on p. 66 or go to
adlinks.che.com/7378-268

ADVERTISE IN
THE CLASSIFIED

Contact Helene Hicks
Tel: 212-621-4958
Fax: 212-621-4976

Email: hhicks@che.com

CRYSTALLIZATION & PRECIPITATION

Dr. Wayne J. Genck Genck International

3 Somonauk Court, Park Forest, IL. 60466

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

* Design/Scale-up *Troubleshooting ¢ Particle Habit

¢ Size Distribution e Purity * Product Micro-Analysis
e Laboratory Investigations ¢ Caking * Polymorphism
e Filtration * Drying e Kinetics Studies

¢44¢ Industrial Seminars ¢¢¢

Circle 270 on p. 66 or go to adlinks.che.com/7378-270
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ADDAX

PETROLEUM

Addax Petroleum, founded in 1994, is an
international Exploration and Production company
active in the Oil and Gas industry

As a fast-growing independent company, we target world-class opportunities in emerging markets offe-
ring prolific petroleum basins. We have a strategic focus on Africa and the Middle East and in less than
15 years, we have become one of the largest and fastest growing independent oil producers in West
Africa, and a pioneering investor in the Kurdistan Region of Iraq. Addax Petroleum has an aggressive
exploration programme of over 50 wells in the next 3 years in Nigeria, Cameroon, Gabon, the Kurdistan
Region of Irag, and the Joint Development Zone between Sdo Tomé and Principe and Nigeria.

Since February 2006 Addax Petroleum Corporation has been listed on the Toronto Stock Exchange with
a secondary listing on the Main Market of the London Stock Exchange in May 2007. We have over 700
employees worldwide.

Ready to grow with us?

At Addax Petroleum, we believe that an entrepreneurial spirit is essential to generating growth and
to delivering maximum value to our stakeholders.

To support our challenging projects, we are seeking proven and experienced exploration and production
professionals with a real desire to participate in our success through the following vacant opportunities.
These positions are based in our Geneva office (Switzerland):

¢ Project Engineers

¢ Mechanical Engineers

¢ Pipeline Engineers

¢ Planning Engineers

e Cost Estimators

¢ Quality Assurance Engineers

In addition to a BSc degree or higher education in the relevant subject, significant work experience
gained with a major operator would be a distinct advantage. Previous experience in deepwater, and
exposure to West African and Middle Eastern countries is an asset.

Further details of Addax Petroleum opportunities are available at: www.addaxpetroleum.com

To apply for any of the above disciplines, please send your resume to the following email address:
recruitment@addaxpetroleum.com
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Fill out the form and circle or write in the number(s)

below, cut it out, and fax it to 800-571-7730.

Name

or go to

www.che.com/adlinks

Title

Go on the Web and fill out the
online reader service card.

A

Company

Address

City

State/Province

Zip/Postal Code

Country\

Telephone

Fax

Email | | | I | 1 I 1 1

FREE PRODUCT INFO

(please answer all the questions)

YOUR INDUSTRY

01  Food & Beverages
02 Wood, Pulp & Paper
03  Inorganic Chemicals
04  Plastics, Synthetic Resins
05 Drugs & Cosmetics
06 Soaps & Detergents
07  Paints & Allied Products
08 Organic Chemicals
09  Agricultural Chemicals
10  Petroleum Refining,

Coal Products
11 Rubber & Misc. Plastics
12 Stone, Clay, Glass, Ceramics
13  Metallurgical & Metal Products
1 16 31 46 61 76 91 106 121
2 17 32 47 62 77 92 107 122
3 18 33 48 63 78 93 108 123
4 19 34 49 64 79 94 109 124
5 20 35 50 65 80 95 110 125
6 21 36 51 66 81 96 111 126
7 22 37 52 67 82 97 12 127
8 23 38 53 68 83 98 113 128
9 24 39 54 69 84 99 114 129
10 25 40 55 70 85 100 115 130
11 26 41 56 71 8 101 116 131
12 27 42 57 72 87 102 117 132
13 28 43 58 73 88 103 118 133
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If number(s) do not appear above,
please write them here and circle:

14 Engineering, Design & Construc-
tion Firms

15  Engineering/Environmental Ser-
vices

16 Equipment Manufacturer

17 Energy incl. Co-generation

18  Other.

JOB FUNCTION

20 Corporate Management

21 Plant Operations incl. Mainte-
nance

Engineering

Research & Development

24  Safety & Environmental

26  Other.

EMPLOYEE SIZE
28 Less than 10 Employees

22
23

211
212
213
214
215
216
217
218
219
220
221
222
223
224
225

226
227
228
229
230
231
232
233
234
235
236
237
238
239
240

241
242
243
244
245
246
247
248
249
250
251
252
253
254
255

256
257
258
259
260
261
262
263
264
265
266
267
268
269
270

271
272
273
274
275
276
277
278
279
280
281
282
283
284
285

286
287
288
289
290
291
292
293
294
295
296
297
298
299
300

29
30
31
32
33
34

10 to 49 Employees

50 to 99 Employees

100 to 249 Employees
250 to 499 Employees
500 to 999 Employees
1,000 or more Employees

YOU RECOMMEND,
SPECIFY, PURCHASE
(please circle all that apply)

40
41
42

43
a4

45
46

301

303
304
305
306
307
308
309
310
311
312
313
314
315

Drying Equipment
Filtration/Separation Equipment
Heat Transfer/Energy Conserva-
tion Equipment

Instrumentation & Control Sys-
tems

Mixing, Blending Equipment
Motors, Motor Controls

Piping, Tubing, Fittings

316
317
318
319
320
321
322
323
324
325
326
327
328
329
330

331
332
333
334
335
336
337
338
339
340
341
342
343
344
345

346
347
348
349
350
351
352
353
354
355
356
357
358
359
360

361
362
363
364
365
366
367
368
369
370
371
372
373
374
375

376
377
378
379
380
381
382
383
384
385
386
387
388
389
390

391
392
393
394
395
396
397
398
399
400
401
402
403
404
405

406
407
408
409
410
41

412
413
414
415
416
417
418
419
420

421
422
423
424
425
426
427
428
429
430
431
432
433
434
435

436
437
438
439
440
441
442
443
444
445
446
447
448
449
450

47  Pollution Control Equipment

& Systems

Pumps

Safety Equipment & Services
Size Reduction & Agglomeration
Equipment

Solids Handling Equipment
Tanks, Vessels, Reactors
Valves

Engineering Computers/Soft-
ware/Peripherals

Water Treatment Chemicals

& Equipment

Hazardous Waste Management
Systems

Chemicals & Raw Materials
Materials of Construction
Compressors

48
49
50

51
52
53
54

55
56
57

58
59

451
452
453
454
455
456
457
458
459
460
461
462
463
464
465

466
467
468
469
470
471
472
473
474
475
476
477
478
479
480

481
482
483
484
485
486
487
488
489
490
491
492
493
494
495

496
497
498
499
500
501
502
503
504
505
506
507
508
509
510

511

512
513
514
515
516
517
518
519
520
521
522
523
524
525

526
527
528
529
530
531
532
533
534
535
536
537
538
539
540

541
542
543
544
545
546
547
548
549
550
551
552
553
554
555

556
557
558
559
560
561
562
563
564
565
566
567
568
569
570

571
572
573
574
575
576
577
578
579
580
581
582
583
584
585

586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
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Economic Indicators

PLANT WATCH

Oxea expands carboxylic-acids
production, adds butyric acid

October 14,2008 — Oxea GmbH has
decided to produce butyric acid at its
North American production site in Bay
City,Tex.The existing carboxylic-acids
production plant will receive significant
upgrading.The changes to the unit are
expected to be completed in the 3rd

Q of 2009.The expansion in Bay City

and process improvements in Marl and
Oberhausen (both Germany) will result in
anincrease of Oxea’s global production
output of carboxylic acids by 25-30%.

Caloric wins contract for

another H, plant in France

October 2,2008 — Caloric Anlagenbau
GmbH will provide engineering,
procurement and commissioning
services for a new hydrogen plant and
the corresponding distributed control
system (DCS), using Caloric’s HC steam-
methane-reforming (SMR) hydrogen-
production technology. It is anticipated
that the hydrogen production plant will
be operational by the end of 2009 and will
produce 2,200 Nm3/h hydrogen.

IPS technology to drive new

power stations in Chile

October 2,2008 — Invensys Process Systems
(IPS) has announced that it signed a multi-
million dollar contract with Maire Tecnimont
Group to supply DCS systems and solutions
for two coalfired power stations currently
under construction in Coronel, Chile.Each
of the new plant’s power islands will be
made up of one steam generator and one
steam turbine generator block.The plants
will have an outfput of approximately 370
megawatts each.

ExxonMobil’s MTG technology
selected for CTL projects

October 1,2008 — ExxonMobil Research
and Engineering Co.has enfered info an
agreement with Synthesis Energy Systems,
Inc. (SES) that provides SES the option fo
execute up to 15 methanolHo-gasoline
(MTG) technology licenses in its global
operations. SES has assigned the first
license o a project near Benwood, W.
Va.This approximately 7,000-bbl/d unit
will be based on commercially proven
MTG technology, which incorporates

improvements (CE, December 2006, p.
11) since the technology was originally
commercialized by ExxonMobil 20 years
ago (CE,March 1986, p.12E).

HPD to supply salt production and
caustic facility to Shintech

October 1,2008 — Shintech Inc.,a wholly
owned subsidiary of Shin-Etsu Chemical Co.,
Ltd. of Japan, has selected HPD (Plainfield,
III.), a Veolia Water Solutions & Technologies
company, to supply a salt crystallization
plant and a caustic-soda-concentration
system as part of the expansion of its
production facility in Plaquemine, La.

This expansion will double the output in

the existing Plaguemine facility. Current
production includes polyvinyl chloride
(PVC) resins, 1.0 billion Ib/yr of chlorine, 1.1
billion Ib/yr of caustic soda, 1.65 billion b/
yr of vinyl chloride monomer (VCM), and 1.3
billion Ib/yr of PVC. Shin-Etsu is the world’s
largest producer of PVC.

Vertellus Specialties to expand

vitamin B3 production in China
September 30,2008 — Vertellus Specialties
Inc. plans to expand its vitamin B3
manufacturing capacity in Nantong,
Jiangsu. Vertellus is proceeding with the
engineering and permitting work to build a
3-cyanopyridine production unit at Nantong
with capacity of 7,000 metric fons (m.1.) per
year.Vertellus expects fo break ground on
this project in the beginning of 2009.

UOP technology selected for refinery
expansion in United Arab Emirates
September 30,2008 — UOP LLC, a Honeywell
company, has announced that the Abu
Dhabi Oil Refining Co., also known as Takreer,
has selected UOP fo supply technology

and engineering services for an expansion
atits Ruwais Refinery in the United Aralbb
Emirates.The refinery will produce propylene,
unleaded gasoline, naphtha, liquefied
petroleum gas (LPG), aviation turbine fuel,
kerosene, gas-oil, bunker fuel and other
hydrocarbon derivatives.The refinery is
expected to be complete in 2014.

Chemtura to boost calcium-
sulfonate-grease capacity by 60%
September 29,2008 — Chemtura Corp.
will increase calcium-sulfonate-grease
capacity by 60% at its West Hill, Ont.,
Canada plant.The higher volume is
scheduled to go online by Fall 2009.

ABB wins $36-million solar-

power order in China

September 25,2008 — ABB has won

a contract with LDK Solar to supply
electrical systems, equipment and related
engineering and project management
services for a new production plantin
Xinyu City, China.When completed, the
facility in Jiangxi province will be Asia’s
largest polysilicon plant, with a capacity
of 15,000 m.t./yr. The first production

line of the new plant is scheduled for
completion in the 4th  of 2008, and 5,000
to 7,000 m.t. of polysilicon are expected to
be produced in 2009.

Ticona to add LCP Unit at Nanjing
integrated chemical complex

September 24,2008 —Ticona, the
engineering polymers business of Celanese
Corp.,has announced that it plans to build
anew 7,000-m.t./yr liquid-crystal-polymer
(LCP) production facility at the Celanese
infegrated chemical complexin China.
Construction is slated fo begin in the 1st half
of 2009, and the facility is projected to be
operationalin 2010.

MERGERS AND
ACQUISITIONS

SABIC establishes'SABIC Capital Lid.

in the Netherlands

October 14,2008 —The Saudi Basic
Industries Corp. (SABIC) has announced
the establishment of a new, wholly
owned company with a paid up capital
of €18,000. The company, SABIC Capital
Ltd.,is based in the Netherlands.The new
company will be primarily responsible
for the financing and tax operations of
SABIC’s investments in Europe and the
U.S.following the acquisitions of DSM
Petrochemicals, GE Plastics and other
acquisitions.

Veolia Water and Mubadala launch a
joint-venture company
October 7,2008 — Mubadala Development
Co. (Mubadala) and Veolia Water have
announced their intention to create a joint-
venture company that will focus on water
production and wastewater collection and
freatment in the Middle East and North
Africa (MENA) region. The joint-venture
company will be owned 51% by Veolia Water
and 49% by Mubadala. |
Dorothy Lozowski

November 2008;VOL.115; NO.12
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Economic Indicators 2008 I 2007 mm
DOWNLOAD THE CEPCI TWO WEEKS SOONER AT WWW.CHE.COM/PCI

CHEMICAL ENGINEERING PLANT COST INDEX (CEPCI)

(1957-59 = 100) Aug.'08  Jul'08  Aug.'07 680
Prelim. Final Final Annual Index:
CE INDEX 619.3 608.8 531.5 2000 = 394.1 600
Equipment 761.0 746.4 632.9 _
Heat exchangers & tanks 784.2 760.1 602.9 2001 =394.3
Process machinery 680.6 669.5 601.5 2002 = 395.6 550
Pipe, valves & fittings 881.5 875.5 747.4 2003 = 402.0
Process instruments 457.8 459.0 428.6
Pumps & compressors 872.9 869.9 836.1 2004 = 444.2 200
Electrical equipment 468.1 468.2 434.5 2005 = 468.2
Structural supports & misc 843.9 815.8 669.9 _
Construction labor 325.1 521 3174 | 2006=4996 ) 450
Buildings 529.7 5215 478.6 2007 =525.4
Engineering & supervision 352.3 352.9 356.4 400

Starting with the April 2007 Final numbers, several of the data series for labor and compressors have been JEWMANI RS OND

converted to accommodate series IDs that were discontinued by the U.S.Bureau of Labor Statistics

CURRENT BUSINESS INDICATORS LATEST PREVIOUS YEAR AGO

CPI output index (2000 = 100) Sep.'08 = 104.0 Aug.'08 = 106.9 Jul.'08 = 107.8 | Sep.'07 = 109.1
CPI value of output, $ billions Aug.'08 = 1,998.2 Jul'08 = 20820 Jun.'08 = 20739 Aug.07 = 1,687.5
CPI operating rate, % Sep.'08 = 770 Aug.'08 = 79.2 Jul.'08 = 799 Sep.'07 = 81.6
Construction cost index (1967 = 100) Oct.'08 = 802.8 Sep.'08 = 7966 | Aug.'08 = 7784 | Oct'07 = 749.0
Producer prices, industrial chemicals (1982=100)— Sep.'08 = 314.6 Aug.'08 = 3238 Jul.'08 = 3045 | Sep.'07 = 2275
Industrial Production in Manufacturing (2002=100)*—______Sep.'08 = 108.5 Aug.'08 = 1113 Jul'08 = 1123 | Sep.'07 = 114.0
Hourly earnings index, chemical & allied products (1992 = 100) — Sep.'08 = 1439 Aug.'08 = 1423 Jul.'08 = 1420 | Sep.'07 = 1425

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

; CPI OUTPUT INDEX (2000=100) CPI OUTPUT VALUE ( Biliions) o CPI OPERATING RATE (%)

Sep.'08 = 130.2 Aug.'08 = 1335 Jul.'08 = 1328 | Sep.'07 = 1378

1

108 2200 82

105 1900 80
102 1600 78
99 1300 ‘ ‘ 76
96 1000 74

J FMAMJJASOND J FMAMJJASOND J FMAMJJASOND
*Due fo discontinuance, the Index of Industrial Activity has been replaced by the Industrial Production in Manufacturing index from the U.S. Federal Reserve Board.
Current business indicators provided by Global insight, Inc., Lexington, Mass.

MARSHALL & SWIFT EQUIPMENT COST INDEX THE ONLINE CEPCI
(1926 = 100) 3rd@ 2nd@ 1st@ 4the 3ride 1480 CE's Online CEPCI provides ac-
M&SINDEX __ aes  omy oo o 2T, wes o Lo e enﬁre/tisgori'cal CEJPC;
Processindustries,average _ 15382 1491.7 14632 14523 14456 140 atabase {top). And, instead o

waiting more than two weeks for

Cement__ 15202 14735 14481 14353 14275 1435 the print or online version of the
Chemicals 15115 14648 14385 14279 14210 1420 magazine fo arrive, subscribers
Clayproducts 14956 14535 14291 14150 1,408.8 1405 o the Online CEPCI can down
Glass 14324 13851 13597 13488 1,341.8 1500 wn
Paint = 15439  1,494.8 1,467.6 1,457.1  1,451.2 load new data as soon as it is
Paper______ 14431 14000 13777 13692 13640 1875 calculated. Visit www.che.com/
Pefroleumproducts 16444 15944 15558 15437 15362 1360 pci fo subscribe to the following:
Rubber 15756 15375 15123 15001 14948 - « Electronic nofification of
Related industries 1330
Electricalpower_____ 14544 14128  1,3804  1,3749 1,359.0 monthly updates
Mining,milling 11,5462 14989 14733 14608 14532 1315 e All annual data archives
Refrigeration_____ 17931 17414 17119 16988 1,691.7 1300 (1947 to present) and monthly
Steampower ______ 1,4993 14532 14268 14164 1,407.4 st 2nd Srd 4 data archives (1970 to present)
e Option to download data in
Annual Index: Excel format
2000=1,089.0 2002=1,104.2 2004=1,178.5 2006=1,302.3 o A selection of he|pfu|
2001=1,093.9 2003=1,123.6 2005=1,244.5 2007 =1,373.3 cost-estimation articles u
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PROCESS INSIGHT

Physical solvents such as DEPG, NMP, Methanol, and Propylene Carbonate
are often used to treat sour gas. These physical solvents differ from chemical
solvents such as ethanolamines and hot potassium carbonate in a number of
ways. The regeneration of chemical solvents is achieved by the application
of heat whereas physical solvents can often be stripped of impurities by
simply reducing the pressure. Physical solvents tend to be favored over
chemical solvents when the concentration of acid gases or other impurities
is very high and the operating pressure is high. Unlike chemical solvents,
physical solvents are non-corrosive, requiring only carbon steel construction.
A physical solvent’s capacity for absorbing acid gases increases significantly
as the temperature decreases, resulting in reduced circulation rate and
associated operating costs.

Typical Physical Solvent Process

DEPG (Dimethyl Ether of Polyethylene Glycol)

DEPG is a mixture of dimethyl ethers of polyethylene glycol.
Solvents containing DEPG are marketed by several companies including
Coastal Chemical Company (as Coastal AGR®), Dow (Selexol™), and
UOP (Selexol). DEPG can be used for selective H,S removal and can be
configured to yield both a rich H,S feed to the Claus unit as well as bulk CO,
removal. DEPG is suitable for operation at temperatures up to 347°F (175°C).
The minimum operating temperature is usually 0°F (-18°C).

MeOH (Methanol)

The most common Methanol processes for acid gas removal are
the Rectisol process (by Lurgi AG) and Ifpexol® process (by Prosernat). The
main application for the Rectisol process is purification of synthesis gases
derived from the gasification of heavy oil and coal rather than natural gas
treating applications. The two-stage Ifpexol process can be used for natural
gas applications. Methanol has a relatively high vapor pressure at normal
process conditions, so deep refrigeration or special recovery methods
are required to prevent high solvent losses. The process usually operates
between -40°F and -80°F (-40°C and -62°C).

NMP (N-Methyl-2-Pyrrolidone)

The Purisol Process uses NMP® and is marketed by Lurgi AG.
The flow schemes used for this solvent are similar to those for DEPG. The
process can be operated either at ambient temperature or with refrigeration
down to about 5°F (-15°C). The Purisol process is particularly well suited
to the purification of high-pressure, high CO, synthesis gas for gas turbine
integrated gasification combined cycle (IGCC) systems because of the high
selectivity for H,S.

Comparing Physical Solvents for Acid Gas Remaoval

PC (Propylene Carbonate)

The Fluor Solvent process uses JEFFSOL® PC and is by Fluor
Daniel, Inc. The light hydrocarbons in natural gas and hydrogen in synthesis
gas are less soluble in PC than in the other solvents. PC cannot be used for
selective H,S treating because it is unstable at the high temperature required
to completely strip H,S from the rich solvent. The FLUOR Solvent process
is generally limited to treating feed gases containing less than 20 ppmv;
however, improved stripping with medium pressure flash gas in a vacuum
stripper allows treatment to 4 ppmv for gases containing up to 200 ppmv H,S.
The operating temperature for PC is limited to @ minimum of 0°F (-18°C) and
a maximum of 149°F (65°C).

Gas Solubilities in Physical Solvents

All of these physical solvents are more selective for acid gas than
for the main constituent of the gas. Relative solubilities of some selected
gases in solvents relative to carbon dioxide are presented in the following
table.

The solubility of hydrocarbons in physical solvents increases with
the molecular weight of the hydrocarbon. Since heavy hydrocarbons tend
to accumulate in the solvent, physical solvent processes are generally not
economical for the treatment of hydrocarbon streams that contain a substantial
amount of pentane-plus unless a stripping column with a reboiler is used.

Gas Component DEPG PC NMP MeOH
at 25°C at25°C | at25°C | at-25°C

H, 0.013 0.0078 0.0064 0.0054
Methane 0.066 0.038 0.072 0.051
Ethane 0.42 0.17 0.38 0.42
co, 1.0 1.0 1.0 1.0
Propane 1.01 0.51 1.07 2.35
n-Butane 237 1.75 348
Ccos 2.30 1.88 2.72 392
H,S 8.82 329 10.2 7.06
n-Hexane 1.0 13.5 42.7
Methyl Mercaptan 224 27.2 34.0

Choosing the Best Alternative

A detailed analysis must be performed to determine the most
economical choice of solvent based on the product requirements. Feed gas
composition, minor components present, and limitations of the individual
physical solvent processes are all important factors in the selection process.
Engineers can easily investigate the available alternatives using a verified
process simulator such as ProMax® which has been verified with plant
operating data.

For additional information about this topic, view the technical
article “A Comparison of Physical Solvents for Acid Gas Removal” at
http://www.bre.com/tabid/147/Default.aspx. For more information about

ProMax, contact Bryan Research & Engineering or visit www.bre.com.

Bryan Research & Engineering, Inc.

979-776-5220 « www.bre.com ¢ sales@bre.com
Circle 02 on p. 66 or go to adlinks.che.com/7378-02
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