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Joined up  
thinking

A plant is made up of a million decisions, big and small. It’s  
a complex flow of people, resources, designs and schedules. 
Success requires collaboration, and a complete understanding 
of strategic activities and events. 

With AVEVA information integrity, all project data can be exploited and 
shared at every stage of the asset’s life, joining up the details to show the  
big picture. The result is accurate and efficient project performance and  
asset operations that are always under control, reducing risk, time and cost.

With a global sales and service network in more than 40 countries, AVEVA  
is a leader in engineering design and information management solutions  
for the process and power plant industries.

Choosing AVEVA will be one of the best decisions you ever make.
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Corzan® HP
Piping Systems

888.234.2436 ext. 4477393   |   fbcbuildingsolutions.com

Don’t just spec it...

To learn more visit corzanhpit.com

NEW Corzan® HP pipe and fittings work  
better under pressure...so you don’t have to.

25% better, as a matter of fact.* So why just specify 
ordinary non-metallic piping when there’s a more reliable alternative?  
Used in combination with Corzan HP �ttings—the only pressure-rated 
Schedule 40/80 �ttings on the market—high-performance Corzan HP 
piping provides added peace of mind. Plus, you get all the bene�ts of 
traditional Corzan piping, including certi�cation to the higher cell class 
rating of 24448. Specify with con�dence.

it

NEW Corzan® HP pipe and fittings work  

© The Lubrizol Corporation 2010, all rights reserved. Corzan is a registered trademark of The Lubrizol Corporation. 
 *  The pressure rating of Corzan HP pipe is 25% higher than standard CPVC at 180°F.

27076_HP_Ad_Chemical_Engineering.indd   1 8/13/10   11:43 AM

Circle 17 on p. 62 or go to adlinks.che.com/35067-17

ZZ_CHE_070111_Full_pg_ads.indd   2 6/22/11   1:04:00 PM



49  Pristine Processing  New Piping Code 
for High-Purity Processes  It is essential 
that industry codes, standards and regula-
tions keep up with evolving technology 
and changing demands of the CPI  

EQUIPMENT & SERVICES

24I-1 New Products & Services (Interna- 
  tional Edition)  Compressed air filters 

for space-constrained applications; This 
grounding cable retracts to prevent 
damage from outdoor use; Single-use 
bioreactors for cell culture applications; 
Plastic transition fittings with metal 
threads; and more

26  Focus on  Valves and Actuators  An 
actuator for safety and emergency ap-
plications; Modular valve construction 
allows for custom solutions; A pressure-
reducing valve for high-purity applica-
tions; This ball valve is an alternative to 
metal; and more

54  New Products & Services  Evaporators 
designed for mining and water-treatment 
applications; A pump that is effective at 
low flowrates; These floor decals with-
stand forklifts and pallets; and more

COMMENTARY

5   Editor’s Page  China’s playing field 
levels  Some analysts predict that China’s 
manufacturing edge could be erased 
within the next five years. Where would 
that leave the rest of us? 

COVER STORY 

28  Cover Story  A Clearer View of Crys-
tallizers Understanding how crystallizer 
equipment operates can aid purification 
efforts in the CPI

NEWS

9  Chementator  An innovative way to re-
cover elemental sulfur from sulfur dioxide 
emissions; A one-step route to cellulosic 
ethanol features a multitasking yeast; A 
catalyst line with low or zero rare-earth 
metals; Finland becomes the home of a 
large bio-gasification plant; A new urea 
process is slated for its commercial debut; 
Beet sugars yield para-xylene; and more

13  Newsfront  New Solutions in Hy-
drometallurgy  Developing alternative 
process technology is not just nice, but 
necessary to extract hard-to-reach metals 

19  Newsfront  Absorbents for Spills  
While clay products have reliably been 
used to handle spills, modern absorbents 
often prove to be more labor-, time- and 
cost-efficient alternatives 

ENGINEERING

23  The Fractionation Column  When trou-
bleshooting the extractor Sometimes a 
column revamp requires retraining of the 
operators and technicians

24  Facts at Your Fingertips  Gas-Liquid 
Mixing  This one-page reference guide 
describes physical considerations needed 
for good gas-liquid mixing

34  Feature Report  Heat Exchangers for 
Hot Acids: Material Selection  Ad-
vances in materials science are opening up 
new possibilities in materials selection for 
heat exchangers

38  Engineering Practice  Liquid-Gas Co-
alescers: Demystifying Performance 
Ratings  Before selecting a coalescer, it is 
important to understand how they work 
and how they are rated

44  Engineering Practice  Inspecting 
Fractionation Towers  While physically 
inspecting the interior of a distillation 
column can be a tedious, and often dirty 
task, it is also a great opportunity to iden-
tify and avert potential process problems

IN THIS ISSUEJULY 2011 VOLUME 118, NO. 7

www.che.com

 ONLY ON CHE.COM

Our redesigned website featuring:  
New Products; Latest News;  

and more

DEPARTMENTS

Letters  . . . . . . . . . . . 6

Bookshelf . . . . . . . 7–8

Who’s Who . . . . . . . 25

 Reader Service  
page . . . . . . . . . . . . 62

Economic  
Indicators . . . . . 63–64

ADVERTISERS

Product Showcase . . 57

 Classified  
Advertising . . . . 58–60

Advertiser Index  . . . 61

COMING IN AUGUST

Look for: Feature Re-
ports on Process Control; 
and Capital Cost Estima-
tion; a Solids Process-
ing article on Drying; a 
Focus on Rupture Disks 
& Pressure Relief; News 
articles on The Bio-Based 
Economy; and Analyz-
ers; An Environmental 
Manager article on Green 
Chemical Engineering; 
Facts at Your Finger-
tips on Heat Transfer; a 
new installment of The 
Fractionation Column; 
and more

Cover: David Whitcher

     CHEMICAL ENGINEERING   WWW.CHE.COM  JULY 2011     3

02_CHE_070111_TOC.indd   3 6/22/11   2:08:06 PM



4 Portland Road, • West Conshohocken PA 19428  USA

800-222-3611
610-941-4900 • Fax: 610-941-9191

info@paratherm.com
www.paratherm.com ®

®

of your system with one of Paratherm's three specialized 
system cleaners.

Paratherm's nine heat transfer fluids are designed to 
cover a broad temperature range as well as a range of 
compatibility and performance criteria. The fluid chart below
can give you a feel for their specifications, but to narrow it 
down to the right product for your application all it takes is a
short conversation with one of Paratherm's sales engineers.
Eliminate the downside risk and call Paratherm today or 
check us out on the web.

Copyright© Paratherm Corporation 2011

Did you know that 90% of heat transfer fluid 
breakdowns are caused by equipment issues?
If you just check your hot-oil on a regular basis you could 
practically eliminate unplanned shutdown or loss of production. 
The easy way to do this is by conducting a Fluid Analysis. Because
Fluid Analysis isn't just to check your fluid; it's to test your system.

When we test your fluid (we suggest annually or more 
frequently for demanding service) the values we get from boiling
range, viscosity, and acidity tell us what's going on in there. Better
yet, together with a one-to-one system review with you, those same
test results can help pinpoint emerging issues with oxidation, over-
heating, or possible mismatches in those interrelated components
that could lead to a downtime-causing problem.

This can help you keep the system up when it's supposed to be
up, and know in advance if any corrections are needed for when
you do have scheduled downtime. Your system runs better, your
fluid lasts longer, and your process earns its keep.

The Immersion Engineering™ team of engineers can get deep
into your process with you from the design stage, customizing 
maintenance plans, process expansions or, in cases where the 
Fluid Analysis and system review suggests it, just a good cleanout

Fluid Analysis
Fluid Maintenance
Training

Troubleshooting
Consulting

HEAT TRANSFER FLUIDS

Paratherm CR® HTF
Paratherm MR® HTF
Paratherm MG™ HTF
Paratherm LR™ HTF
Paratherm HR™ HTF
Paratherm HE® HTF

Products

Paratherm NF® HTF
Paratherm OR® HTF
Paratherm GLT™ HTF
Paratherm SC® Cleaner
Paratherm LC™ Cleaner
Paratherm AC™ Cleaner

Services

Listing and temperature range chart for all Paratherm heat transfer fluids.

Immersion
Engineering™
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Engineering™
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Editor’s Page

For a little over two decades now, China’s rise in the chemical process 
industries (CPI) has often appeared to outsiders like a runaway reac-
tion. Low wages, a very low-valued currency and certain government 

policies have provided the perfect migration spot for jobs, contracts and 
intellectual property that had previously been sheltered in developed na-
tions. According to analysts, however, China’s wage advantage — arguably 
one of the most crucial factors in the equation — could evaporate in less 
than five years.

In fact, according to a recent analysis by The Boston Consulting Group 
(BCG; Chicago, Ill.; www.bcg.com), the U.S. is expected to experience a 
manufacturing renaissance as the wage gap with China shrinks and cer-
tain U.S. states become some of the cheapest locations for manufacturing 
in the developed world. “All over China, wages are climbing at 15 to 20% a 
year because of the supply-and-demand imbalance for skilled labor,” says 
Harold L. Sirkin, a BCG senior partner. “We expect net labor costs for man-
ufacturing in China and the U.S. to converge by around 2015.”

After adjustments are made to account for American workers’ relatively 
higher productivity, wage rates in Chinese cities such as Shanghai and 
Tianjin are expected to be about only 30% cheaper than rates in low-cost 
U.S. states. And since wage rates account for 20 to 30% of a product’s total 
cost, manufacturing in China will be only 10 to 15% cheaper than in the 
U.S. — even before inventory and shipping costs are considered. After those 
costs are factored in, the total cost advantage will drop to single digits or 
be erased entirely, Sirkin says.

Meanwhile, Chris Kuehl, economic analyst for the Fabricators & Manu-
facturers Association, Intl. (FMA; Rockford, Ill.) highlights another com-
parison that brings the issue into an even stronger light. In a recent 
economic update newsletter, Fabrinomics, he says, “If one looks at the 
managerial levels and among skilled workers, the rate of Chinese wage 
growth is about 135% per year; in the U.S., that same group is seeing wage 
growth of 3.7%. The Chinese pay scale is still far less than in the U.S., but 
that gap is closing very fast.”

Kuehl admits China has made great strides in terms of productivity — 
an improvement by a factor of ten in the last 20 years. Yet, he claims, this 
still leaves China at one-third of the productivity the U.S. boasts, and the 
U.S. is seeing productivity gains of almost 8% per year these days.

“The amazing observation from all this is that China is not going to have 
a cost advantage over the U.S. after 2015,” he says. “If, as expected, the 
Chinese are forced by inflation threats to start pushing the value of their 
currency higher, the balance could shift pretty quickly. Then there is the 
potential for much higher transportation costs as the price of oil rises.” 

Kuehl believes that for both nations, future emphasis will be on the do-
mestic market, and that could well be significant for the U.S. manufac-
turer in a variety of ways. “If China shifts its attention to its own domestic 
market and away from exports, it will allow U.S. producers to recapture do-
mestic market share,” he says. “As the U.S. manufacturing company looks 
to its own market, it will be generally better positioned 
than the Chinese competitor, as the distribution infra-
structure in the U.S. is better suited than China’s.”

According to Kuehl, most everything in China’s trans-
portation network is currently pointed out of the country 
to service export, and its internal transportation system 
is often inferior. China will need some infrastructure work 
to be able to service its domestic markets as effectively as 
U.S. suppliers are able to service American customers.  ■
 Rebekkah Marshall
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Controller-based batch systems
Chris Morse’s article in the March issue [Solving Common 
Batch Problems: Controller-Based Systems, pp. 39–43] 
makes an excellent case for embedding the batch execu-
tion engine in the DCS controller rather than the com-
monly adopted “legacy” approach of relying on a PC-based 
batch execution server. [. . .] As postulated by Mr. Morse, 
our customers have, in fact, benefitted from absolute batch 
execution security, scalability, availability, reduced cycle 
times, ease of engineering and maintenance, integrated 
operator interface, modularity, flexibility, and enhanced 
batch reporting and analysis. 

On the other hand, I would dispute Mr. Morse’s implica-
tion that batch manufacturers’ recent competitive pres-
sures have drastically changed to suddenly require this 
“new” embedded architecture. I offer a few examples to 
support my point: 
•	 	The	stated	benefits	within	the	ISA	S88	standard	itself	

are unchanged between the 1995 and 2010 versions. 
These	include	reduced	time	to	production,	reduced	
batch automation cost, straightforward recipe develop-
ment, and reduced lifecycle engineering efforts 

•	 	Presentations	from	the	early	years	of	WBF	[World	
Batch	Forum]	(late	1990s)	tout	the	same	manufacturers’	
needs and automation benefits — reduction in imple-
mentation time and costs, reduced cycle time, less plant 
idle time, better data and understanding, predictable 
time to introduce new products, better schedule optimi-
zation, modularity, flexibility and so on 

•	 	A	review	of	Functional	Design	documents	from	our	
own group’s late 1990s projects reiterates the same 
project objectives and economic justifications — se-
cure recipe execution, reduced cycle time, centralized 
and integrated operator interface, reduced operating 
delays, flexibility, better utilization of process equip-
ment, enhanced reporting, and batch data archiving, 
among others

All these are the same as the “new” requirements that Mr. 
Morse cites. Instead, I would argue that the needs have 
been there all along. [. . . ]

Dave Christie
Engineering Manager, Yokogawa Atlanta Engineering 

Center, Batch Center of Excellence, Newnan, Ga.

Correction

April 2011 Newsfront — Shedding Light on Microreac-
tors, pp. 17–20:  On p. 19, middle column, the dimen-
sions	given	for	Ehrfeld-BTS’s	Miprowa	system	are	
incorrect.	Line	4	should	read:	“The	laboratory	unit	has	
channel dimensions of 1.5 mm x 12 mm, which enable 
the kinetics of the reaction to be understood. In the 
pilot	unit,	the	reactor	has	channel	sizes	(3	mm	x	18	
mm)	that	are	small	enough	to	maintain	the	advantages	
of microchannels, but sufficiently large for increased 
production	volumes	and	reduce	fouling	problems.”	The	
online version of the article and the downloadable pdf 
file of the article have been corrected.

Letters
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The Chemical Engineering bookstore 
offers a variety of industry topics  
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For a complete list of products, visit the  
Chemical Engineering bookstore now.  
http://store.che.com/product/book
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Bookshelf

Pump Wisdom: Problem Solving for 
Operators and Specialists. By Heinz P. 
Bloch. John Wiley & Sons Inc., 111 River 
Street, Hoboken, NJ 07030. Web: wiley.
com. 2011. 224 pages. $49.95.

Reviewed by Stanley S. Grossel,  
Process safety and design consultant, Clifton, N.J.

Despite their ubiquity in the chemical process 
industries (CPI), process pumps fail catastrophi-
cally each year in large numbers. The author, a 

world-recognized expert on pumps and other process 
equipment, has written this book to explain some elusive 
failure causes and to provide permanent remedial actions 
to avoid or minimize such failures. In the preface to this 
excellent book, the author states that he intended to write 
a book that would squeeze material to enhance both pump 
safety and reliability into 200 or so pages. To date, some of 
this material has been too widely dispersed to be readily 
accessible, and some important material has never been 
published before. In my opinion, the author has achieved 
his goals. The book provides valuable knowledge based 
on the author’s years of experience in the petroleum and 
chemical industries on techniques for stabilizing centrifu-
gal pump performance and maximizing pump efficiency. 

Its concise format allows readers to get to the heart of 
potential problems and helps them devise strategies to 
prevent costly failures. This book will be useful not only to 
pump operators and designers, but also to process-design 
and project engineers, who have to select and install cen-
trifugal pumps, as well as to maintenance engineers, who 
have to see that they run safely and efficiently.

Topics covered in the book’s early chapters include fun-
damental principles of centrifugal process pumps, includ-
ing pump performance, operation at zero flow, impellers 
and rotors, as well as centrifugal pump types and pump 
mechanical response to flow changes. Early on, the book 
also offers a succinct review of pump selection and indus-
try standards, including ANSI and ISO versus API pumps, 
and includes a wealth of practical information designed to 
help minimize problems. Among the topics found are pip-
ing design and selection of stationary seals and gaskets.

Subsequent chapters describe practices to ensure reliable 
operation of pump bearings, lubricant application and cool-
ing considerations in good detail. Topics considered include 
lubricant viscosities, bearing housing protection and cost 
justification. There is also a good overview of mechanical 
sealing options for long life. 

Later chapters present pump startup, surveillance and 
shutdown procedures, as well as impeller modifications 

Circle 5 on p. 62 or go to adlinks.che.com/35067-05
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and pump and lubricant maintenance. The book offers a 
good review of vibration, including its causes, monitoring 
methods, effect on bearing life, and acceptance limits, and 
also discusses often-overlooked pump issues, such as driv-
ers, couplings and alignment.

For a complete list of topics in each of the book’s 16 chap-
ters, view the online version of this article (www.che.com). 

Plasma-Assisted Surface Coating. By Georg Erkens 
and others. Sulzer Metaplas GmbH, Zentralniederlassung, 
Am Böttcherberg 30-38, 51427 Bergisch Gladbach, Ger-
many. Web: sulzermetco.com. 2011. 72 
pages. $12.42. 
 
TRIZ for Engineers: Enabling In-
ventive Problem Solving. By Karen 
Gadd. John Wiley & Sons Inc., 111 
River Street, Hoboken, NJ 07030. Web: 
wiley.com. 2011. 504 pages. $75.00. 

Engineering Strategies for Green-
house Gas Mitigation. By Ian S.F. Jones. Cambridge 
University Press, The Edinburgh Building, Shaftesbury 
Road, Cambridge CB2 8RU, U.K. Web: cambridge.org. 
2011. 184 pages. $110.00

Petroleum Engineer’s Guide to Oil 
Field Chemicals and Fluids. By Jo-
hannes Fink. Elsevier Inc., 30 Corporate 
Drive, 4th floor, Burlington, MA 01803. 
Web: elsevier.com. 2011. 808 pages. 
$139.95.

Handbook of Industrial Hydrocar-
bon Processes. By James Speight. 
Elsevier Inc., 30 Corporate Drive, 4th 
floor, Burlington, MA 01803. Web: el-
sevier.com. 2010. 602 pages. $150.00.

Renewable Raw Materials: New Feed-
stocks for the Chemical Industry. 
Edited by Roland Ulber, Deiter Sell and 
Thomas Hirth. John Wiley & Sons Inc., 
111 River Street, Hoboken, NJ 07030. 
Web: wiley.com. 2011. 244 pages. $180.00.

Membrane Process Design Using Residue Curve 
Maps. By Mark Peters and others. John Wiley & Sons 
Inc., 111 River Street, Hoboken, NJ 07030. Web: wiley.com. 
2011. 264 pages. $135.00.  ■
   Scott Jenkins

Get Aggreko, and keep your operations 
moving throughout the hottest parts of  
the year.

Offering the industry’s most dependable temporary 
cooling solutions, rental generators and more, 
Aggreko has everything you need to maintain 
summertime productivity with confidence.

Summertime doesn’t have 
to mean downtime.

Power Generation

Heating and Cooling Solut
ions

100% Oil-free Compressed Air

Dehumidification

Process Engineering

Rental Solutions
Contact Aggreko at 800.348.8370 or visit us 
online at aggreko.com/northamerica.
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A process for making polyols from soybean 
oil and glycerin has been licensed by its 

developer, Battelle (Columbus, Ohio; www.
battelle.org), to Emery Oleochemicals Amer-
icas (Cincinnati, Ohio; www.emeryoleo.
com), who intends to produce the renewably 
sourced polyols at prices similar to those of 
petroleum-based polyols. As multifunctional 
alcohols, polyols are widely used in industry, 
especially for making polyurethane foams 
and coatings, as well as polyesters. 

The Battelle-Emery process depends on 
an ozonolysis reaction of the carbon-carbon 
double bonds in soybean oil to produce a 
molozonide — a reactive, cyclic intermediate 
with three oxygen atoms and two carbons. 
Glycerin is then added to effect a ring-open-
ing polymerization reaction that gives rise 
to polyols of various molecular weights. “We 
can control the molecular weights and –OH 
content of the polyols by adding different 
amounts of glycerin,” says Battelle market 
manager Rick Heggs. The robust Battelle 
technology emerged out of efforts to find new 
uses for soybean-based products. The process 
also provides a way to use glycerin, an under-

utilized byproduct from biodiesel manufac-
turing. “It’s more or less a one-pot reaction,” 
says Heggs, and works without the need for 
pretreatment steps or product separation.

Emery’s involvement in the project owes 
much to the fact that the company has had 
success handling ozone as a chemical reagent, 
and has learned how to generate the gas 
cost-effectively. With their renewable poly-
ols, Emery will target the markets for rigid 
polyurethane insulation and liquid polyure-
thane coatings, where the renewably-sourced 
polyols can serve as drop-in replacements 
for petroleum-based products, as well as the 
market for flexible polyurethane foam, where 
the soybean-based polyols can replace about 
25–40% of petroleum-derived materials. 

Although the licensed technology was de-
veloped for soybean oil, Emery can poten-
tially use other triglycerides as feedstocks. 
The company has been granted exclusive 
rights to the Battelle technology for North 
America, South America and Europe. Heggs 
said Battelle is working on a possible li-
censing agreement with another company 
for Asia. 

Process for renewably sourced polyols licensed 

Sulfur dioxide emissions from metals 
smelters and other process plants are 

typically treated by converting the SO2 to 
sulfuric acid, but this may not be conve-
nient, because of the shipping cost for plants 
located far from an acid market. WorleyPar-
sons (Monrovia, Calif.; www.worleyparsons.
com) offers a solution to this problem with a 
process that converts SO2 to elemental sul-
fur, which is easier and safer to ship.

WorleyParsons’ process works with a 
pure SO2 stream that is extracted from the 
offgases by an amine-based concentrator. 
After that, the process has two steps, both 
of which use conventional technologies. In 
the first step, methane is reacted with liquid 
sulfur in an externally fired tube heater at 
about 650°C to obtain hydrogen sulfide and 
carbon disulfide (see figure). The H2S is then 
reacted with the SO2 stream to produce el-
emental sulfur by the Claus process.

The Claus reaction takes place over two 
or three alumina-filled beds, says Helmy 
Andrawis, vice-president and process engi-

neering manager. CS2 is converted to H2S 
by hydrolysis, using water produced in the 
process. “The only piece missing (compared 
to a standard Claus plant) is the reaction 
furnace to make SO2,” says Andrawis. “We 
don’t need that because we already have 
SO2 from the smelter.” 

Andrawis adds that the process converts 
more than 95% of the total sulfur in the gas 
to 98%-pure sulfur. WorleyParsons has pre-
pared designs for a commercial-sized plant 
under a contract with Norilsk Nickel (Mos-
cow, Russia), he says, and is now bidding to 
build the plant.

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

Waste-to-biofuels
Valero Energy Corp. (San 
Antonio, Tex.; www.valero.
com) is one of �ve companies 
that have invested a total of 
$60 million in new �nancing 
in Enerkem Inc. (Montreal, 
Que.; www.enerkem.com), 
which has developed a pro-
cess to produce liquid fuels 
and chemicals from municipal 
solid waste. Valero, the largest 
independent petroleum re�ner 
in the U.S., has made a num-
ber of investments in biofuels 
technology and operates ten 
corn ethanol plants, which 
make it the largest ethanol 
producer among U.S. re�ners. 

In Enerkem’s process, 
shredded garbage is gasi�ed 
and converted sequentially to 
methanol, acetate and etha-
nol. The company is building 
a commercial-scale plant in 
Edmonton, Alta. Scheduled 
for startup in 2012, it will 
convert 100,000 m.t./yr of 
garbage into 10 million gal/yr 
of methanol. A similar plant is 
being built in Pontotoc, Miss., 
with startup set for 2013.  (For 
more details on Enerkem’s 
process, see CE, October 
2010, p. 14).

Beet sugars yields PX
In an extension of its reform-
ing process for producing 
liquid fuels from plant sugars, 
Virent Energy Systems, Inc. 
(Madison, Wisc.; www.Virent.
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A compact, inexpensive and energy-
saving continuous process to make 

bioethanol is being developed by pro-
fessor Yoshio Katakura at Kansai Uni-
versity (Osaka; http://microbial.life-bio.
kansai-u.ac.jp), in collaboration with 
the Kinki Bio-industry Development 
Organization (Osaka), Kansai Chemi-
cal Engineering Co. (Amagasaki), and 
Akita National College of Industry 
(Akita, all Japan). The so-called CCSSF 
process (consolidated, continuous, solid-
state fermentation) uses simple equip-
ment that can easily be installed next to 
a biomass-treatment facility.

In the CCSSF system (diagram), a 
slurry (50 wt.% water) of biomass, dia-
static enzymes and yeast is continuously 
fermented in a rotating drum. The etha-
nol vapor generated in the headspace of 
the drum is continuously removed and 

condensed as a 30–40% aqueous solu-
tion. In laboratory trials, a 93% ethanol 
yield has been observed (87 g ethanol 
from 165 g of starch). The researchers 
have also demonstrated that cellulose-
based raw materials, such as cotton fi-
bers and recycled waste-paper, can be 
used as raw materials.

Unlike conventional processes, CCSSF 
does not require separate units for per-
forming saccharification and fermenta-
tion, and only compostable residues are 
produced, thus eliminating the wastewa-
ter treatment unit. As a result, investment 

costs for a CCSSF system are expected to 
be significantly lower than conventional 
ethanol plants. Katakura estimates that 
the system is capable of producing etha-
nol for less than ¥100/L ($1/L). 

With support of about ¥200 million 
($2 million) from Japan’s Ministry of 
the Environment, a 40-L demonstra-
tion unit is now being designed, with 
startup slated for 2013. This system 
will process five tons of raw mate-
rial (dry) and be capable of producing 
750,000 L of ethanol from 1,500 tons of 
starch-based raw materials. 

The research  group of professor 
Akihiko Kondo at Kobe Univer-

sity (Kobe City, http://www2.kobe-u.
ac.jp/~akondo/index_English.htm) has 
developed a one-step, pretreatment 
process for making bioethanol from cel-
lulose and lignocellulose. The process 
uses an ionic liquid — which converts 
cellulose into a gel — and a genetically 
engineered yeast (arming yeast) that 
incorporates multiple enzymes at the 
cell surface for breaking down cellu-

lose into fermentable sugars. 
The pretreatment process takes 

place at a lower (100°C) temperature 
than that of conventional hydrolysis 
(which uses dilute sulfuric acid at a 
temperature of around 200°C) and 
does not have to deal with waste asso-
ciated with the acid treatment. When 
the arming yeast is added to the gel, 
the enzymes decompose the cellulose 
into sugars, which are then fermented 
— by the same yeast — into ethanol.

In laboratory trials, Kondo demon-
strated that the arming yeast can sur-
vive in the presence of the ionic liquid, 
and that the method works for cellulose 
as well as bagasse, the lignin-contain-
ing waste from processing sugarcane. 
The researchers are now optimizing 
the process and seeking to lower the 
temperature even further with differ-
ent ionic liquids. The one-step process 
is expected to “drastically” reduce the 
costs of ethanol production.
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This one-step route to cellulosic ethanol features a multitasking yeast

Waelz slag used in commercial ceramic bricks

Researchers from the University of 
Cantabria (Santander, Spain; www.

unican.es) have developed a process 
for incorporating Waelz slag into ce-
ramic clay construction bricks, offer-
ing an alternative for disposal of the 
industrial byproduct. The engineers 
replaced between 20 and 30% of clay 
with slag, and found that the inclusion 
at that level did not have any signifi-
cant detrimental effect on the physi-
cal, mechanical or chemical properties 
of the ceramic bricks. Incorporation of 
slag at levels higher than 30% begins 
to result in more significant effects on 
the brick properties. 

The Waelz process is a commercial 
technology used to recover volatile 
metals from electric-arc-furnace (EAF) 
dust. It generates a product mixture of 
ZnO and PbO, as well as slag, the non-
volatile component of the dust, consist-
ing mostly of iron oxide. Landfilling the 
slag can represent an environmental 
burden and can mean disposal costs in 
some areas. In addition to providing a 
way to manage waste material, the par-
tial substitution of the clay with waste 
slag “also contributes to reducing the 
depletion of natural resources, mini-
mizing production costs and providing 
a way to manage waste material,” the 

research team says. The real push for 
incorporating industrial byproducts 
into construction materials would come 
with high disposal fees, adds researcher 
Guillermo San Miguel. 

To produce the bricks, the engineers 
pre-treat the slag to reduce particle 
size and homogenize particle size dis-
tribution. Using industrial-scale equip-
ment, the slag is then mixed with the 
clay mix and water, then extruded to its 
final brick shape. The encapsulation of 
heavy metals by the ceramic greatly re-
duces leaching, compared to using the 
slag as a filler material in civil engi-
neering applications, such as roads. 
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Grace Davison (Columbia, Md.; www.
grace.com) has commercialized a set 

of catalysts and additives for fluid cata-
lytic cracking (FCC) that contain either 
zero or low rare-earth metal content. The 
new product family, known as Replacer, 
includes new catalysts for processing 
both hydrotreated and residual-fuel-oil 
(resid) feed, as well as environmental 
additives for sulfur treatment. 

The product family employs the compa-
ny’s proprietary zeolites and incorporates 
new stabilization methods that allow the 
products to achieve similar performance 

to existing FCC technologies without the 
need for rare-earth metals, whose limited 
and uncertain supply makes them costly. 

The new catalysts are the result of an 
effort over the past three years by Grace 
Davison to apply its experience in rare-
earth-free catalysts from the 1980s and 
1990s to modern catalyst systems. “The 
overall R&D timeline was quick, and mar-
ket willingness to trial new catalysts has 
also accelerated,” said Shawn Abrams, 
vice president and general manager for 
Grace Davison Refining Technologies. 

Most of the 25+ applications using 

these new catalysts are in low-metals 
and hydrotreated feed applications, but 
Grace Davison has also developed a 
product for high-severity applications, 
called ResidUltra, that has 40% less 
rare-earth metal than benchmark resid 
catalysts. “The real challenge is to sus-
tain activity and selectivity in resid pro-
cessing,” said Abrams.

The new catalysts have been tested 
by third parties and their performance 
has been confirmed by petroleum re-
finers in multiple full-scale commer-
cial applications. 

A catalyst line with low or zero rare-earth metals
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Finland becomes the home of a large biogasification plant
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Metso (Helsinki, Finland; www.metso.
com) is supplying a 140-MWth bio-

gasification plant to Vaskiluodon Voima 
Oy in Vaasa, Finland. When it starts 
up in December 2012, the €40-million 
gasification plant, which will be lo-
cated next to the existing 565-MW coal-
fired power plant, will convert biomass 
(mainly forest residues) into a so-called 
biogas that can be combusted with coal. 
The gasification facility will enable 
Vaskiluodon Voima to replace 25–40% 
of the coal it now uses with renewable 
energy, thereby reducing CO2 emissions 
by about 230,000 ton/yr.

At the Vaasa plant, wet, pre-pro-
cessed biomass is first dried on a large 
belt dryer and then fed to an air-blown, 
circulating-fluidized-bed (CFB) gasifier. 
The 140-MWth CFB gasifier — said to 
be the world’s largest — operates at 

around 850°C and close to atmospheric 
pressure, and gasifies the dried biomass 
into biogas — a mixture of carbon mon-
oxide, hydrogen, methane (and other 
hydrocarbons), carbon dioxide, water 
and nitrogen — with a heating value of 
around 6 MJ/Nm3.

“Metso’s new biogasification technol-
ogy, including biomass drying, offers a 
new, cost-effective alternative for large 
coal-fired plants to increase the share 
of biomass and reduce the proportion 
of coal and emissions,” says Juhani 
Isaksson, product manager for Metso. 
Although coal plants can also directly 

co-fire with some biomass, the incorpo-
ration of the drying step broadens the 
diversity of biomass that can be used. 
The net efficiency of the power plant is 
only reduced by a fraction of a percent 
due to the trace moisture remaining 
after drying, says Metso.

A glass flow reactor is now available in ceramic

Last month, Corning SAS (Avon, 
France), a subsidiary of Corning Inc. 

(Corning, N.Y.; www.corning.com), intro-
duced the Advanced-Flow G4 Ceramic 
Reactor — the latest addition to the com-
pany’s line of glass flow reactors. The G4 
is made of sintered-ceramic fluidic mod-
ules based on the design of the Advanced-
Flow G1, G2 and G3 predecessors, which 

are made of glass. The similar design of 
the fluidic modules eases scaleup, with a 
throughput factor increase of more than 
60 when going from the Advanced-Flow 
G1 through the high-flow G4.

The G4 reactor has an internal vol-
ume of up to 6 L and has a processing 
capacity of more than 300 kg/h. The 
ceramic construction of the G4 — de-

veloped together with Mersen/Boostec 
(Paris; www.mersen.com) — has a “su-
perior” thermal conductivity. Modules 
are connected together in a stainless-
steel frame with Perlast gaskets, and 
can operate at temperatures from –25 
to 200°C, and pressures up to 18 barg 
in the process path (up to 6 barg in the 
heat exchange path).
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com) has produced para-
xylene (PX) from beet sugar. 
Virent says the catalytic pro-
cess converts plant-based 
sugars into PX molecules 
that are identical to those 
made from petroleum (For 
details on Virent’s technology 
see CE, May 2010, p. 11).

A new flowmeter
Fluid Components Interna-
tional LLC (FCI; San Marcos, 
Calif.; www.�uid-components.
com) recently introduced its 
ST100 Series — the �rst ther-
mal mass �owmeter to meet 
new Foundation Fieldbus 
(FF) H1 standards. Besides 
FF H1, the �owmeter can 
quickly be con�gured to other 
protocols, including Pro�bus 
PA and Modbus, thanks to a 
plug-in bus-communication 
card. The device also sup-
ports analog HART version 7.

Designed for monitoring gas 
�ow in various applications, the 
ST100 features a backlighted 
readout that simultaneously 
displays �owrate, totalized �ow, 
temperature and pressure. The 
display also has a writable �eld 
where operators can type in 
an identi�cation term, and four 
through-glass, touch-activated 
buttons with extra functional-
ity. The ST100 measures �ow 
with an accuracy of  ±0.75% 
of reading, and is the only 
�owmeter in its class to offer 
an option for a pressure trans-
ducer, allowing measurement 
of temperature, pressure and 
�ow with the same probe.     ❐

A novel nickel-manganese-gallium alloy, in-
troduced by Goodfellow Corp. (Oakdale, 

Pa.; www.goodfellowusa.com), elongates in 
a magnetic field, allowing the conversion of 
magnetic field energy into kinetic energy. 
The material offers an alternative to con-
ventional actuators, and could find other 
uses in energy harvesting systems, breaker 
switches, sensors and others.

Grown as a single crystal using a modified 
Bridgman technique, the NiMnGa alloy has 
a crystal microstructure that realigns in a 
magnetic field of less than 0.8 T to produce 
growth in one direction. Proprietary modi-
fications to the Bridgman method, which is 
used for single-crystal growth of some semi-
conductor materials, were necessary in order 
to maximize the material’s performance. 

The NiMnGa alloy exhibits greater strain 
outputs (magnitude of growth in the desired 

direction) than piezoelectric and magne-
tostrictive materials, whose changes are 
typically in the range of 0.1–0.2% of their 
original length. The alloy typically length-
ens between 3 and 5%, with up to 6% pos-
sible, and also changes with greater speed 
— cycle times of 1–2 kHz are observed. The 
magnetic field response “is faster and more 
efficient than a traditional temperature-
induced response,” says Goodfellow, and the 
elongation is “fully reversible,” by applying a 
magnetic field at right angles to the original 
or by using a return spring. 

The crystals, composed of 50% Ni, 28% Mn 
and 22% Ga, are offered in three standard 
sizes with a length of 20 mm, and varying 
thicknesses (1 or 2 mm) and widths (2.5 or 
5 mm). The company, which has sold the 
material for research use already, also will 
make crystals with custom dimensions.  ■

Magnetic-shape-memory alloy  
offers alternative to traditional actuators

(Continued from p. 9)

Stamicarbon B.V. (Sittard, the Netherlands; 
www.stamicarbon.com), the licensing and 

IP Center of Maire Tecnimont S.p.A. (www.
mairetecnimont.it), has recently signed a 
license agreement with Tierra del Fuego 
Energia Y Quimica S.A., an Argentina based 
company controlled by shareholders from 
China. The agreement concerns a urea syn-
thesis plant and a urea granulation plant 
with a capacity of 2,700 metric tons per day 
to be built in southern Argentina. 

The plants will be located near the city Rio 
Grande in Tierra del Fuego. Stamicarbon 
will deliver the process design package, the 
proprietary high-pressure equipment, and 
associated services for both the synthesis 
and the granulation plant. The plants will 
be built by Chengda Engineering Corp. of 
China (Chengda; www.chengda.com). Start 
up is planned for 2013.

The urea synthesis plant will use the Sta-
micarbon Avancore urea technology, mark-
ing the commercial debut for this process. 
Avancore (flowsheet) is a further devel-
opment of Stamicarbon’s Urea 2000plus 
technology, and reduces the required plant 
height to just 22 m — even for large-scale 
plants — thereby “considerably” reducing 
the investment costs. According to Stamicar-
bon, Avancore incorporates major improve-
ments in the core urea technology that have 

led to the elimination of several traditional 
equipment items (and the associated costs), 
including the following:
•		Use	 of	 Safurex	 stainless	 steel	 —	 an	 im-

proved duplex steel developed with Sandvik 
Materials Technology (Sandviken, Sweden; 
www.smt.sandvik.com) — the air supply 
for passivation is no longer required

•		The	 absence	 of	 oxygen	 means	 there	 is	
no need to combust hydrogen, so the H2 
converter is eliminated and the synthesis 
section has become intrinsically safe with 
respect to explosion risks

•		With	the	quantity	of	inert	gas	substantially	
reduced, less gas has to be vented from the 
urea synthesis section, so the high-pres-
sure (HP) scrubber can be replaced by a 
medium-pressure (MP) scrubber

A new urea process slated for 
its commercial debut
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A
s demand for basic metals 
grows, engineers and scien-
tists are looking for new ways 
to extract these elements from 

ores. “The easy stuff has already been 
found and processed. One of the main 
challenges of mining and minerals 
processing companies is now the eco-
nomical processing of low-grade ores”, 
says Steve Rogers, managing director 
of the Parker Center for Integrated 
Metallurgy Solutions (Perth, Western 
Australia; www.parkercentre.com.au). 

Rogers says other challenges include 
water and energy use, and the increas-
ingly stringent requirements regard-
ing the environmental performance of 
mining and processing activities.

Minerals processing companies are 
looking at flowsheets that can use 
poorer quality water, such as tailings 
wastewater or saline-process source 
waters, he says. For example, copper 
has been traditionally obtained from 
chalcopyrite (CuFeS2) — the main 
copper ore — by smelting. Most cop-
per is still recovered from chalcopyrite 
ores by smelting. However, smelting is 
energy-intensive and entails high cap-
ital costs and long construction times. 
Smelters can also emit considerable 
amounts of SO2 gas — a main cause 
of acid rain.

Therefore, one of today’s main chal-
lenges is to develop commercially 

viable chalcopyrite-leaching tech-
nologies and this is a key objective of 
many mining and minerals process-
ing companies.

Currently about 20% of world cop-
per is produced from large-scale heap 
leaching of low-grade copper oxide 
ores followed by solvent extraction 
(SX) and electrowinning (EW). A small 
number of plants treat secondary cop-
per sulfides via pressure leaching, fol-
lowed by SX-EW.

To help meet the challenges of the 
minerals industry, the Parker Center 
undertakes research with the coop-
eration of CSIRO (Melbourne, Aus-
tralia; www.csiro.au) and several uni-
versities. Its main projects include: 
developing a viable heap bioleaching 
process for treating low-grade chal-
copyrite ores; controlling ferrihydrite 
precipitation in the zinc and nickel 
industries; and developing new tech-
nologies for the economic processing 
of nickel laterite ores.

Tackling nickel laterite ores
Most nickel has been traditionally 
obtained from nickel sulfide ores, 
even though nickel laterite ores are 
the most abundant. However, tech-
nical challenges have so far delayed 
the exploitation of laterite ores. As 
the reserves of sulfide ores dwindled, 
companies have focused on developing 

technologies for the economical exploi-
tation of laterite ore reserves.

The companies involved with min-
erals processing have responded vig-
orously to those challenges and have 
developed many novel technologies, es-
pecially leaching technologies. Several 
of those technologies have undergone 
extensive testing and are now begin-
ning commercial operation or are on 
the verge of commercialization. 

A novel atmospheric leaching pro-
cess for copper concentrates, called 
Galvanox, is offered by Bateman Engi-
neering N.V. (Amsterdam, the Nether-
lands; www.bateman.com), which has 
its engineering center in Johannes-
burg, South Africa. Galvanox is a gal-
vanically-assisted atmospheric leach-
ing of primary copper concentrates 
originally developed by researchers 
David Dixon and Alain Tshilombo of 
the University of British Columbia, 
Canada. Bateman has obtained a li-
cense from the university to imple-
ment the technology (for flowsheet, 
see online version of this article).

Chalcopyrite is commonly associ-
ated with pyrite (FeS2). The enhance-
ment of chalcopyrite leaching rate, 
when in contact with pyrite, has been 
attributed to galvanic interaction be-
tween chalcopyrite and pyrite.

Pyrite acts as the cathodic site for 
oxygen and ferric ion reduction reac-
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Developing alternative process technology  
is not just nice, but necessary

Developing alternative process technology 

NEW SOLUTIONS IN  
HYDROMETALLURGY

FIGURE 1.  Outotec’s HydroCop-
per process is undergoing com-

prehensive testing at this plant at 
Pori, near Helsinki, Finland

Outotec
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tions, while chalcopyrite acts as the 
anode and is, therefore, preferen-
tially dissolved.

Linus Sylwestrzak, leaching tech-
nology specialist with Bateman En-
gineering, says Galvanox does not 
require fine grinding, generates el-
emental sulfur and has low oxygen 
demand, requires no surfactants, can 

cost-effectively treat low grade con-
centrates down to 9% copper, leads to 
complete copper recovery — typically 
in less than 12 h — and is fully com-
patible with conventional SX-EW.

While the Galvanox process has 
not yet been commercialized, a pro-
cess involving high pressure and tem-
perature autoclaves, known as Total 

Pressure Oxidation (TPOX), has been 
successfully commercialized by Free-
port-McMoRan Copper & Gold Inc. 
(Phoenix, Ariz.; www.fmi.com).

The company’s plant, at Bagdad, 
Ariz. — initially a chalcopyrite con-
centrate pressure demonstration 
plant capable of producing 40-million 
lb/yr of copper — has been converted 
into a molybdenum concentrate leach-
ing plant able to produce high-grade 
molybdic oxide.

The company says the Bagdad 
plant was the first in the world to 
operate a medium-temperature pres-
sure leaching process that minimizes 
acid production. 

The TPOX process is followed by 
conventional SX-EW techniques. 
While the cost of TPOX is relatively 
high, high copper recoveries, better 
than 99%, are achievable.

Different approaches
Quite a different technology, a chlo-
ride-based atmospheric leaching pro-
cess called HydroCopper, is used by 
Outotec Oyj (Espoo, Finland; www.
outotec.com) to leach the copper of 
chalcopyrite and other sulfides. The 
process has not yet been commercial-
ized, but is undergoing comprehen-
sive testing at the Pori site, a research 
center (Figure 1) and demonstration 
plant in Finland, says Outotec’s met-
allurgist, Liisa Haavanlammi.

The HydroCopper process (Figure 
2) has a flexible modular flowsheet 
that can be tailored to different kinds 
of copper concentrates. This allows 
optimizing the process from mine 
to metal and extending mine life to 
lower cut-off grades. When smelter 
concentrate cannot be cost-effectively 
produced, HydroCopper may prove a 
feasible alternative.

The process allows chalcopyrite and 
other copper sulfides to be effectively 
leached under atmospheric pressure 
at a temperature of 80–100°C in a 
strong, aggressive chloride solution 
using Cu+2 ions as the oxidant.

Copper is precipitated from the pu-
rified leach solution as Cu+1 oxide, 
which is reduced by hydrogen gas 
to metallic copper powder, and then 
melted and cast into copper product 
such as wire rod, bars or billets.

The process can effectively handle 
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impurities, such as arsenic and mer-
cury, which can be harmful in pyro-
metallurgical processes. According 
to Outotec, the process has been de-
signed to meet the strictest directives 
for emissions.

Alternative technologies, which are 
said to be especially effective on high 
carbonate ores, have been developed 
by MetaLeach Ltd. (London, U.K.; 
www.metaleach.com), a wholly owned 
subsidiary of Alexander Mining plc. 
The company owns the intellectual 
property to two ambient tempera-
ture, ambient pressure, hydrometal-
lurgical technologies, AmmLeach and 
HyperLeach. 

The AmmLeach process utilizes am-
monia-based chemistry for the extrac-
tion of base metals, especially copper, 
nickel, zinc and cobalt from ore depos-
its and concentrates. 

The primary difference between 
AmmLeach and acid leaching is that 
the leaching is conducted in a moder-
ately alkaline solution, which allows 
using AmmLeach on high carbonate 
ores where acid consumption would 
be prohibitive. Also, in the AmmLeach 
process, undesirable metals and other 
impurities are either insoluble or sig-
nificantly suppressed, with consider-
able capital and operating cost sav-
ings, says the company.

The process has an extremely high 
selectivity for the target metal over 
iron and manganese, which are insol-
uble under AmmLeach conditions.

The company said it has developed 
a new process for the solvent extrac-
tion of zinc from ammoniacal solu-
tions. It said testing has shown that 
zinc can be efficiently extracted using 
commercially available reagents in a 
single stage and stripped with acid so-
lutions, with greater selectivity than 
has previously been reported.

Targets for the AmmLeach process 
include nickel laterite ores, gold/cop-
per oxides and silver/zinc oxides, and 
molybdenum oxides.

Alexander Mining’s CEO, Martin 
Rosser, says the company is conducting 
a demonstration project for the extrac-
tion of copper in the Argentine north-
western province of Salta. The com-
pany will now look at the next stage of 
commercialization of the process.

The company is also marketing its 
Hyperleach process, which is a chlo-
rine based process that does not re-
quire Cl2 gas to operate. The oxidant 
can be generated on-site via industry 
standard chlor-alkali technology. The 
process operates at ambient tempera-
ture and pressure and is suitable for 
heap leaching as well as tank leach-
ing. It leaches base metal sulfides in-
cluding chalcopyrite, bornite, chalcoc-
ite, millerite, and enargite.

The MetaLeach processes are still 
in the demonstration stage, but a cop-
per and nickel extraction process, by 
CESL Ltd. (Richmond, B.C., Canada; 
www.cesl.com), part of the Technology 
Division of Teck Resources Co. (Van-
couver, B.C.), is already in operation.

The first commercial hydrometal-
lurgical facility using CESL technol-
ogy is now operating in the Carajás 
region of Brazil (Figures 3 and 4). It 
is a 10,000 metric ton (m.t.) per year 
copper plant built by Vale S.A. (Rio de 
Janeiro, Brazil).

The CESL copper process consists 
of four main steps: copper mineral 
oxidation, copper leaching from the 
oxidation residue, solvent extraction 
to purify the copper leach liquor, and 
electrowinning to recover copper in a 
commercial product form.

The process uses existing technolo-
gies but combines them in a novel way. 
It involves oxidation of sulfide concen-
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FIGURE 2.  Outotec’s HydroCopper process has a modular �owsheet that can be 
tailored to different kinds of copper concentrates
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trates at elevated pressure and tem-
perature in the presence of catalytic 
chloride ions.

Impurity metals, such as nickel, 
cobalt and zinc are also oxidized dur-
ing the process. The leach filter cake, 
containing oxidized copper, hematite 
and elemental sulfur, is repulped with 
recycled raffinate from solvent extrac-

tion. Impurities are removed from the 
copper-rich solution by solvent extrac-
tion. The purified solution is then elec-
trowon, producing copper cathodes of 
LME Grade A standards.

The CESL nickel process also be-
gins with a pressure oxidation step. 
Complete dissolution of the nickel, 
copper, cobalt and zinc occurs within 

the autoclave. Impurity metals are 
removed from the nickel solution by 
precipitation. The cobalt can be recov-
ered from the solution through a pu-
rification stage. Nickel is precipitated 
as a hydroxide or sulfide, which may 
be processed further to metal or sold 
as an intermediate product. If metallic 
nickel is to be produced, ammonium 
sulfate is used to leach nickel from the 
intermediate product. The resulting 
nickel electrolyte is electrowon to pro-
duce nickel cathodes.

The company says the process pro-
duces no gaseous emissions and there 
are no significant liquid effluents. 
Solid byproducts are environmentally 
stable leach residues and gypsum, 
plus a minor amount of precipitated 
impurities such as magnesium and 
zinc, it says. A CESL plant can be lo-
cated on-site.

Current work on the company’s 
nickel processing technology focuses 
on the production of separate nickel 
and cobalt intermediate products 
using a novel solvent extraction pro-
cess. Flowsheet enhancement work is 
underway to evaluate different pro-
cessing methods for producing nickel 
metal from various intermediates.

Simplicity 
The many innovations that appeared 
during the past few years range from 
complex flowsheet development to 
simple, yet ingenious improvements, 
often resulting in lower energy re-
quirements and cleaner operation.

An example is a simple, yet novel ap-
proach to pressure oxidation leaching 
called the Activox process, marketed 
by Norilsk Nickel (Moscow, Russia; 
www.nornik.ru). The process is a com-
bination of fine grinding and pressure 
oxidation, resulting in milder operat-
ing conditions.

Conventional pressure oxidation 
operates at temperatures exceeding 
200°C with overpressures of 2,200 kPa 
or more.

Activox is a form of pressure oxida-
tion that operates at temperatures of 
about 100°C and pressures of 1,000 
kPa. The milder operating conditions 
simplify the engineering require-
ments and reduce costs, yet maintain 
the advantages of pressure oxidation, 
says the company.
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The process breaks down sulfide 
minerals by reacting them with oxy-
gen to produce discharge slurry con-
sisting of a solid residue and liquor. 
The company has developed down-
stream flowsheets for concentrates 
containing nickel, cobalt and copper, 
using well established solvent extrac-
tion technology. 

The Activox process has been dem-
onstrated in several pilot plants. 
The latest pilot plant was the Tati 
nickel plant in Botswana, in south-
ern Africa.

Fine grinding is also at the basis of 
the Albion process, developed by MIM 
Holdings, now Xstrata Plc. (London, 
U.K.; www.xstratatech.com).

The process, intended to treat con-
centrates produced from refractory 
base and precious metal ores, consists 
of a hot oxidative leach of finely ground 
concentrates at atmospheric pressure. 
The company says the development 
of the process paralleled the develop-
ment of new fine grinding mills. This 
has enabled leaching to be carried out 
under far less demanding conditions 
than previously required in pressure 
or bacterial leach plants.

The process was recently commis-
sioned at Xstrata Zinc’s Nordenham 
zinc demonstration plant in Ger-
many, which commenced operation in 
January this year. Designed to treat 
40,000 ton/yr of concentrate, it has 

been able to treat up to 56,000 ton/
yr of concentrate. The company said 
it is conducting a feasibility study to 
expand its Albion plant to produce 
150,000 ton/yr of concentrate, with a 
view to commissioning the expansion 
in late 2013.

The company has also been operat-
ing a demonstration plant for the Al-
bion process at the San Juan de Neiva 
zinc refinery in Spain, which started 
up in July of last year. It is designed 
to treat 9,000 ton/yr of concentrate to 
produce 4,000 ton/yr of metal. Xstrata 
Zinc is studying the option of treat-
ing 220,000 ton/yr of concentrate in 
an expanded Albion plant, to produce 
100,000 ton/yr of zinc metal, with the 
intention of reducing operating costs 
and energy consumption. The expan-
sion is planned to be commissioned in 
early 2014.

Both plants treat zinc/lead bulk 
concentrate from the McArthur River 
Mine in Australia. The concentrate is 
ground in a bank of M3000 IsaMills at 
the mine prior to transport.

A third Albion plant — for gold pro-
duction — is scheduled to be commis-
sioned in December this year at the 
Las Lagunas tailings-treatment proj-
ect in the Dominican Republic. The 
plant is designed to produce 65,000 
oz/yr of gold and 600,000 oz/yr of sil-
ver. An M3000 IsaMill is installed on 
site.
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using CESL Ltd’s technology
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Tackling the hard stuff
Since the “easy stuff” has already 
been found and processed, the indus-
try has been increasingly turning to 
the not-so-easy stuff, including nickel 
laterite ores. These have been the 
main target of Direct Nickel Pty Ltd 
(Sydney, Australia; www.directnickel.
com). The company’s hydrometallur-
gical process to treat nickel laterite 
ores will be tested at CSIRO’s miner-
als processing facility at Waterford in 
Perth.

It involves tank leaching at atmo-
spheric pressure and moderate tem-
perature. The process uses nitric acid, 
instead of the sulfuric acid commonly 
employed for treating nickel laterite 
ores. The nitric acid is continuously 
recycled. Nitric acid consumption 
is about 30 kg/m.t. of feed material, 
versus 300–1,000 kg/m.t. for sulfuric 
acid-based leaching. Extraction effi-
ciencies are about 95% of nickel and 
85% of cobalt.

Direct Nickel says alternative pro-
cesses are uneconomic when the mag-
nesium content of the ore reaches 3%, 
whereas there is no upper limit for the 
its process. It says operating and capi-
tal costs are about half those of exist-
ing processes.

Biohydrometallurgy
While all the technologies described 
above involve chemical and mechani-
cal processes, a new field — biohy-
drometallurgy, including bioleaching 
— has opened up, involving the use of 
bacteria and other microorganisms to 
do part of the job.

For example, technologies for bi-
oleaching sulfide ores in an engi-
neering heap environment have been 
developed by GeoBiotics LLC (Lake-
wood, Colo.; www.geobiotics.com). The 
company’s two main technologies are 
Geocat and Geoleach.

The company says Geocoat combines 
the low capital and operating costs of 
heap leaching with the high recover-
ies associated with other processes, 
such as roasting, pressure leaching, or 
stirred-tank biooxidation. The process 
is applicable to refractory sulfide gold 
concentrates and to sulfidic copper, 
nickel, cobalt, zinc, and polymetallic 
base metal concentrates.

The Geoleach process uses iron- and 
sulfur-oxidizing microorganisms to 
facilitate the oxidation and leaching 
of sulfide minerals. The organisms 
include mesophile bacteria (Thiobacil-
lus ferrooxidans, Thiobacillus thiooxi-
dans, and Leptospirillum ferrooxidans) 
and moderate and high temperature 
thermophillic bacteria, such as the Ar-
chaea Sulfolobus and Acidianus.

The outlook
The present challenges faced by the 
minerals processing industry have 
stimulated the development of much 
good technology and science. Many 
companies and organizations around 
the world are doing research on issues 
including the following:
•		Using	microorganisms	 to	develop	a	

heap bioleaching process for treat-
ing low-grade chalcopyrite ores

•		Controlling	ferrihydrite	precipitation	
in the zinc and nickel industries

•		Developing	 solvent	 extraction	 sys-
tems for the recovery of copper, 
nickel, zinc and cobalt from leach 
solutions with a high chloride con-
centration

•		Understanding	the	factors	governing	
the rates of corrosion of lead-based 
alloys as anodes in the electrowin-
ning of copper, nickel and zinc

These research efforts aim to help 
overcome current roadblocks in the 
minerals industry, and help exploit 
hitherto untapped mineral deposits. ■

Paul Grad
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F
or years, clay has been the go-to 
product for spill containment 
simply because it was cheap and 
did the job. While clay, also re-

ferred to as diatomaceous earth, sand 
or kitty litter, will always have a place 
in in spill containment, if it’s the only 
product being used to clean up hazard-
ous and other spills, it could be costing 
your facility more than you realize. 
With more modern options available 
— including everything from polypro-
pylene to super-absorbent polymers to 
corn cobs and cotton — experts sug-
gest a clean-up plan including more 
than one type of absorbent is the most 
cost-effective and safest way to go.

“A lot of people in processing are old 
school and think clay is best way to 
clean up a spill. But anyone still exclu-
sively using clay for spill containment 
is a fool,” says Lenny Johnson, presi-
dent of Chemtex, Inc. (Cumberland, 
R.I.) “Clay has a purpose and place in 
spill clean up, but it should be used 
in conjunction with other products to 
do the job in a way that cuts down on 
labor and disposal costs in cleaning up 
a spill — clay is not the only method 
in existence.”

What’s available
The spill containment industry is now 
host to numerous products, such as 
melt-blown polymer, recycled cotton 
and high-tech super-absorbent poly-
mer products. While each material has 
its own set of characteristics and price 
range, almost all have advantages 
over clay-based products.

For example, polymeric prod-
ucts, like those available from 
New Pig (Tipton, Pa.) and Chem-
tex, are lighter in weight and 
more absorbent than clay. “Typi-
cal clay-based absorbents aren’t 
really absorbent,” says Chris 
Iuzzolino, product manager for 
absorbents and spill control 
product lines with New Pig. “Ma-
terials like oil will coat only the 
outer surface of the clay, which 
means you need more product to 
clean up a spill, so they aren’t really 
efficient. Polypropylene is really ab-
sorbent, so you use less product when 
cleaning a spill, which means there is 
less to dispose of on the back end.”

Johnson of Chemtex believes that 
despite the lower upfront cost of clay, 
it actually costs two times more than 
polymeric products would in a real-life 
spill containment scenario. He points 
out that the main difference between 
clay and melt-blown polymer is that 
clay absorbs 0.5 to 1 times its weight, 
while the non-woven polymeric prod-
uct his company offers absorbs be-
tween 12 to 25 times its weight, de-
pending on the viscosity of the liquid. 
“If you have a chemical spill that re-
quires 10 bags of clay, you would likely 
only need one bale of pads to absorb 
the same spill,” he says. 

Using this scenario, he explains 
that to move 10 bags of clay at 40 
pounds each would require someone 
with a forklift. Conversely, one person 
could lift the 15-pound bale of pads 
and bring it to the spill site. In addi-

tion, you would need multiple work-
ers in protective gear with shovels 
and brooms to lay down the clay and 
then scoop and sweep it. One person 
could do the same job without the 
shovels and brooms, just by putting 
the pads on the spill, and disposing of 
them with a gloved hand into a drum. 
He adds that it is likely cheaper to 
dispose of the contaminated pads, as 
well. He estimates that 40 bags of 
contaminated clay would fill at least 
two drums, while the single bale of 
contaminated pads would require just 
one drum, meaning the facility would 
also save on disposal costs if those 
costs were incurred either by weight 
or number of drums.

Sellars Co. (Milwaukee, Wis.) offers 
absorbent products made from 80% 
recycled cellulose fibers that are suit-
able for cleaning up most leaks, drips 
and spills. Its Preferred pad has been 
proven in independent laboratory tests 
to absorb as much as two of the lead-
ing competitor’s heavy-weight melt 
blown pads, which means it would 
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While clay products have reliably 
been used to handle spills, modern 

absorbents often prove more labor-, 
time- and cost-efficient alternatives

ABSORBENTS 
FOR SPILLS

FIGURE 1.  Hazardous lagoon sludge is 
treated with super-absorbent polymers, render-
ing it a solidi�ed substance that is easier to 
remove from the site
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pick up many times over what could be 
achieved using clay. “Users spend less 
time picking up saturated pads and 
rolls with the Preferred line of absor-
bents,” says Mike Radovich, vice presi-
dent of sales with Sellars.  The products 
are made from recycled, 100% natural 
cotton grown in the U.S. and are “in-
credibly absorbent if left untreated.” In 
addition, he says, “We are able to keep 
our costs down because these recycled 
paper products aren’t part of the global 
market. Unlike oil-derived polymeric 
products, our pads haven’t take a price 
increase in five years.”

Then there are granular products 
such as Spill King (Palm Beach Gar-
dens, Fla.) absorbent material, which 
is a non-toxic, non-flammable, en-
vironmentally safe and lightweight 

amorphous silica product. The sub-
stance can absorb all materials except 
hydrofluoric acid, leaving little or no 
residue. “Less than half a pound of 
Spill King can completely absorb one 
quart of motor oil without leaving any 
residue to re-clean,” says Bob Irving, 
president. “Clay, earth and sand prod-
ucts require 15 lb of material to absorb 
the same amount and would leave a 
slippery residue.”

Again, the benefits here include the 
upfront savings of using less product to 
capture a spill, which results in greatly 
reduced disposal costs on the back end. 
“This absorbent will save money on 
shipping, storing and disposal. Its light 
weight and high absorbency will make 
it easier to handle,” notes Irving. “Clay, 
earth and sand products come in 40 to 

HOW TO CLEAN UP A SPILL
•		Assess the risk.	Before	you	attempt	to	clean	up	a	spill,	make	sure	you	are	taking	into	
account	everything	 that	might	be	affected	by	 that	 spill.	 Look	at	 the	 risks	 to	human	
health,	 the	 environment	 and	property.	 If	 possible,	 identify	 the	 spilled	material	 and	
determine	how	much	has	spilled.	Use	the	container’s	label	or	MSDS	(material	safety	
data	sheet)	to	identify	the	liquid	and	the	primary	dangers	posed	to	spill	responders	
and	the	environment

•		Select personal protective equipment (PPE).	Choose	the	appropriate	PPE	to	safely	re-
spond	to	the	spill.	This	could	include	goggles,	gloves	or	respirators.	Check	the	MSDA	
and	 literature	 on	 the	 chemical	 spilled	 for	 the	 best	 PPE	 recommendations.	 If	 you’re	
uncertain	of	the	danger	or	the	spilled	material	is	unknown,	assume	the	worst	and	use	
the	highest	level	of	protection

•		Confine the spill.	Limit	the	spill	area	by	blocking,	diverting	or	confining	the	spill.	Stop	
the	spread	of	liquid	before	it	has	a	chance	to	contaminate	a	water	source.	Spill	kits	
are	designed	 to	 facilitate	a	quick,	 effective	 response.	Non-absorbent	barriers	 such	
as	containment	booms,	drain	covers	and	spill	berms	are	available	to	confine	liquid,	
minimize	spill	area	and	protect	drains.

•		Stop the source.	After	the	spill	is	confined,	stop	the	source	of	the	spill.	This	may	simply	
involve	turning	a	container	upright,	closing	a	valve	or	plugging	a	leak	from	a	dam-
aged	drum	or	container.	Be	sure	to	transfer	liquids	from	the	damaged	container	to	a	
new	one

•		Evaluate the incident and implement clean up.	Once	 the	 spill	 is	 confined	and	 the	
source	has	been	stopped,	it	is	time	to	develop	a	plan	of	action	for	implementing	the	
spill	clean	up.	Place	absorbents	that	are	chemically	compatible	with	the	liquid	spilled	
through	the	spill	area.	Once	the	absorbents	are	saturated,	 they	should	be	properly	
disposed.	Sorbents	do	not	 render	 liquid	non-flammable,	 neutral	 or	 less	 hazardous	
and	will	 take	on	 the	characteristics	and	properties	of	whatever	 liquid	 is	absorbed.	
Therefore,	all	measures	must	be	taken	as	if	you	were	handling	the	liquid	itself.	Always	
refer	to	the	MSDS	for	the	chemical	absorbed	before	proceeding

•		Decontaminate.	Decontaminate	 the	 site,	 personnel	 and	 equipment	 by	 removing	or	
neutralizing	the	hazardous	materials	that	have	accumulated	during	the	spill.	This	may	
involve	removing	and	disposing	the	contaminated	media,	such	as	earth,	that	were	ex-
posed	during	the	spill	incident.	An	effective	decontamination	area	ensures	the	health	
and	safety	of	emergency	responders

•		Complete required reports.	Complete	 all	 notifications	 and	 reporting	 required	by	
local,	state	and	Federal	guidelines	for	reporting	spill	incidents.	Failure	to	do	so	can	
result	 in	severe	penalties.	Necessary	 reports	can	 include:	medical	 record	reports,	
company	 incident	 reports,	 Local	Emergency	Planning	Commission	 reports	or	Na-
tional	Responsible	Center	Reports

(Courtesy of Chemtex, Inc.)

Circle 15 on p. 62 or go to adlinks.che.com/35067-15
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50 lb bags, while one Spill King bag at 
10 lb equals 3 of bags of clay product.”

And then there are the super ab-
sorbent polymers. M2 Polymer Tech-
nologies, Inc. (West Dundee, Ill.) of-
fers Waste Lock products, which are 
a class of cross-linked, non-biodegrad-
able polymers capable of absorbing 
and retaining up to 500 times their 
weight in water. “Waste Lock products 
are widely used in the environmental 
industry to treat many types of aque-
ous wastes,” says Martin Matushek, 
owner of the company. “The advantage 
of these water-swellable super absor-
bent polymers is that they can absorb 
many times their weight in water 
with nominal or negligible increase in 
waste volume or weight.

“I’ve gone into meetings with this 
stuff with people who were dead set 
against spending what we charge for 
the absorbent, thrown a handful into 
their coffee cup and asked them to 
quickly calculate their labor savings 
and walked out with them buying it,” 
says Matushek. “It has its advantages 
even though it seems expensive up 
front. Yes, it costs $2/lb, but you may 
only need 10,000 lb of this, versus 
material that you could buy for $0.40/
lb, but would need 80,000 lb. In ad-
dition, clay and mineral absorbents 
would take an hour to process a spill, 
but ours [super-absorbent polymers] 
takes 10 min. And then there are al-
ways the disposal cost savings you get 
when disposing of a fraction of what 
you would dispose of with clay.”

The right combination
While the proposed cost savings seem 
substantial, they shouldn’t be the only 
determining factor in product selec-
tion. “The problem with absorbents is 
that there is no one-size-fits-all prod-
uct,” says Matushek. For this reason 
you need to consider several things 
when deciding what products to use in 
your facility.

FIGURE 2. Absorbent products made from 80% recycled cellulose �bers are suit-
able for cleaning up most leaks, drips and spills. The cotton-based products are ca-
pable of absorbing many times more than traditional materials

New Pig
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P.O. Box 1362 | 79373 Muellheim, Germany
www.auma.com
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FIGURE 3.  Polypropylene products are lighter in weight and more absorbent than 
clay-based materials, often making them easier and less expensive to use and dis-
pose of in the long run

Sellars

ABSORBENT AND  
SPILL KIT PROVIDERS

Chemtex www.chemtexinc.com
M2 Polymer Technologies 
 www.m2polymer.com
New Pig www.newpig.com
Northwest HazMat  
 www.nwhazmet.com
Sellars www.sellarscompany.com
Spill King www.spillking.com
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Iuzzolino suggests the first consid-
eration is the liquids stored in the fa-
cility. “Knowing what types of liquids 
you’re dealing with will clue you in to 
the types of absorbents or spill kits 
you need on hand. Many are designed 
to absorb certain types of liquids or 
might not be chemically compatible 
with what you have,” he says.

The second criteria should be 
quantities. “We tell customers to 
plan for the worst case scenario,” he 
notes. “If you have a 5,000-gal tank, 
but have a spill kit for 30 gal, you’re 
not really prepared.”

Finally, the chosen product must 
adhere to local, state and federal 
regulations regarding disposal. “If a 
customer sends waste to an incinera-
tor, they want an absorbent with a 
high BTU value and low ash content,” 
Iuzzolino says. “Or if you’re sending 
material to a permitted, hazardous 
waste landfill that only accepts non-
biodegradable absorbents, that is a 
very important consideration.”

It’s important to make the distinc-
tion between biodegradable or non-
biodegradable absorbents. Although 
the absorbent materials themselves 
aren’t hazardous, once they absorb 
something, they must be treated and 
disposed of based on the material they 
now contain. So depending on how 
the liquid is classified, the saturated 

absorbent will have to go to either a 
hazardous or non-hazardous waste 
landfill, depending on regulatory clas-
sification. Usually hazardous waste 
landfills require non-biodegradable 
absorbents so they don’t break down 
in the landfill and release the toxin, 
while biodegradable absorbents are 
preferable for non-hazardous mate-
rial because they create less waste in 
the landfill.

Even with all this taken into con-
sideration, it’s important to note that 
nothing is perfect. As Jim Potts, di-
rector of operations with Northwest 
HazMat (Springfield, Or.), which both 
cleans up spills and sells spill kits, puts 
it, “There’s always a trade off when 
selecting absorbents. Some materials 
are cheaper to buy, but are heavier to 
put down, pick up and dispose of. We 
generally use what works fastest and 
does the best job.”

And often, a one-two punch of ab-
sorbents is needed, according to the 
experts. “There will always be a need 
for clay-based products because not 
all surfaces are perfectly flat,” says 
Radovich. “There are cracks and crev-
ices in most surfaces and pads tend 
to not get into those areas, so follow 
up cleaning may be needed, and that 
will likely include clay-type products. 
But still, using a more absorbent and 
lighter material on the majority of the 
spill will reduce labor and disposal 
costs, even if a follow up with clay 
products is required at the end.”

Johnson agrees: “We are never going 
to do away with clay, but if the clean 
up uses pads or some other material 
for 90% of the spill and clay to get the 
rest, then instead of using and dispos-
ing of 50 bags of clay, you can get by 
with maybe five bags of clay and one 
bale of pads. Everyone concerned with 
limiting costs and having a proper 
spill plan should have multiple prod-
ucts on hand because you never know 
what a job will entail.” ■

Joy LePree
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FIGURE 4.  Knowing what types of 
liquids you’re dealing with will clue you 
in to the types of absorbents or spill kits 
you need on hand

WHAT MAKES A SPILL HAZARDOUS?

According to Spill King, a spill is generally considered hazardous waste if it contains 
any of the following characteristics:

•	Ignitable:	A	flash	point	of	less	than	140°F	(60°C)
•		Corrosive:	A	pH	of	less	than	or	equal	to	2.0,	or	greater	than	or	equal	to	12.5,	or	cor-
rodes	steel	at	a	rate	greater	than	6.35	mm	per	year	at	55°C

•		Reactive:	Unstable,	reacts	violently	with	water;	is	sufficiently	cyanide	or	sulfide	bearing	
to	produce	toxic	gas;	is	capable	of	detonations	or	forms	potentially	explosive	mixtures	
with water

•		Toxic:	If	the	material	tests	positive	and	is	above	a	certain	concentration	for	39	con-
taminants	 that	 the	EPA	has	 listed	 in	Federal	regulations	(for	example,	certain	pesti-
cides,	 benzene,	 heavy	metals,	 such	as	 lead	or	mercury)	 and	halogenated	organic	
substances,	such	as	pentrachloro	phenol	and	trichloroethylene

New Pig
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I have an ongoing dispute with a long-
time colleague, Bob Miller. I said he 
ruined my new safety boots. He said 

he didn’t.
Bob was a young, fearless distillation 

engineer at a time when our extrac-
tion engineer refused to take a trip to 
Japan to inspect new trays going into 
an old extractor. I called Bob into my 
office and asked him to take the trip, 
even with zero extraction experience. 
Bob accepted the assignment, but wor-
ried that he had no safety footwear. I 
offered him my brand new safety boots. 
I would have given him all of my shoes 
if that is what it took to keep me out of 
that old, dirty extractor.

When Bob came back from the in-
stallation he handed me the boots 
without blinking an eye. They looked 
like they had been run over by an in-
dustrial lawnmower. He insisted that 
that is what they looked like when I 
loaned them to him. I disagreed. His 
tray installation had gone well — that 
is what mattered most.

About two weeks later, Bob gave a 
slide presentation to the entire dis-
tillation/extraction group, describing 
the installation. Half of the slides 
were photographs of the feet of a 
young, fearless distillation engineer 
standing on trays inside the column. 
The early photographs show bright 
and shiny boots; the later photo-
graphs showed the boots deteriorat-
ing quickly. Bob had given me the 
proof that I needed — I had indeed 
given him good-as-new boots.

Just a few days later, on a Friday 
afternoon, my supervisor came into 
my office stating, “Our Japanese sales 
office says that your extractor is not 
working. You need to catch a flight 
tomorrow.” I looked high and low for 
Bob. He was nowhere to be found. I 
decided that I needed to take this trip 
myself. Troubleshoots sometimes last 
weeks, or years. My flight to Japan 
was fraught with anxiety. The char-
donnay tasted like glycol. I arrived at 
the refinery on a Monday afternoon. 
The production engineer led me into 
the control room. The noise in there 
was almost deafening. It was the but-
terflies fluttering in my stomach.

I looked over the control board. The 

unit was running very smoothly, but, 
it was running at the old feed and 
solvent rate. I asked their production 
engineer, “What happens when you in-
crease the rates?” He said, “We don’t 
know.” I said, “You don’t know?” Then 
he replied, “Column pressure drop is 
too high.” To that, I said, “These trays 
are designed to operate at high pres-
sure drops. Just go ahead and increase 
the rates.” “Really?” he asked. “Really,” 
I answered.

The next day when I arrived in the 
control room, the column was purring 
at the as-designed rates, which were 
about 20% higher than the old rates. 
All of the control-room engineers and 
operators were beaming. My review of 
the control board showed that all was 
well — very well. That night, the plant 
manager took us all to a long, expen-
sive dinner, rife with sake, karaoke 
and toasts to the extractors.

The first moral of this story: We all 
get stuck in paradigms. The control 
room personnel had convinced them-
selves that the extractor was incapa-
ble of functioning above a certain pres-
sure drop. In Bob’s words, “Sometimes 
after a column revamp, the operators 
and technicians need to be retrained.” 
The second moral of this story: Don’t 
loan Miller your safety boots. ■

For an excellent how-to article on tower inspec-
tions, see pp. 44–48.

Fractionation Column
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Department Editor: Scott Jenkins

Gas-Liquid Mixing: 
Physical  

Considerations

Gas-liquid reactors in the chemical process 
industries (CPI) have increasingly been 
designed to handle larger manufacturing 

scales. Since gas-liquid reactors can represent 
substantial capital and operating costs for 
the user, optimizing mixing and maximizing 
productivity are critical. The need for efficiency 
at larger scales places more importance on un-
derstanding the physical phenomena of mixing 
and more of a burden on equipment design. 

Physical demands of mixing
A number of complex physical phenomena must 
be considered to achieve optimal function of 
mixing equipment in cases where gaseous and 
liquid substances interact. For a gas-liquid reac-
tion to occur, a low-density compressible gas 
must be dispersed into a much denser liquid 
with a reasonably long contact time. Usually, 
significant turbulence must be induced into the 
liquid phase to aid mass transfer and reaction. 
In addition, rapid movement of the liquid phase 
is often required at heat-transfer surfaces, which 
are often removed by some distance from mix-
ing impellers. In some cases, the liquid phase 
can contain a significant level of solids, which 
must be kept suspended. 

Gas-liquid reactors commonly consist of 
large pressure vessels with sophisticated 
internal components for gas feed and exhaust, 
liquid feed and outlet, heat-transfer and baf-
fling, as well as agitation.  

The two major categories of gas-liquid 
reactions are those with a “pure” feed gas, 
and those in which the gas contains a sig-
nificant fraction of inert gases in addition to 
the reactant. For a gas-liquid reaction to take 
place, a molecule of gas must dissolve in the 
liquid phase and then meet a molecule of the 
reactant. A catalyst material is often present, 
in which case both reactants must meet on the 
active site of a catalyst.

The catalyst’s high specific surface area 
means that the reaction is usually limited by 
transport of the gas through the boundary layer 
around the gas bubbles and into the liquid 
phase (Figure 1). The specific rate of mass 
transfer through the boundary layer is gov-
erned by the standard mass-transfer equation:

m = kLa (c* – c)                     (1)

where c is the actual concentration of dis-
solved gas and c* is the theoretical equilib-
rium concentration of dissolved gas.

The film mass transfer coefficient (kL) is 
mainly a function of the physical proper-
ties of the reactants, and is less sensitive to 
mixing conditions. The specific surface area 
(a) also depends on material properties, but 
can be significantly increased by changes to 
process design. These two factors are usually 
expressed together as a specific mass-transfer 
capacity (kLa), since it is difficult to measure 
either one directly. 

The term (c* – c) in Equation (1) is sensitive 
to changes in process design in that influences 
can be designed to increase the theoretical 
equilibrium concentration of dissolved gas (c*). 

According to Henry’s law, the value of c* is 
proportional to the partial pressure of the reac-
tive gas. So the use of a reactant gas in a pure 
form raises process efficiency, but the presence 
of volatile solvents reduces it. Increasing 
reaction pressure can boost productivity, but 
higher pressures also mean higher operating 
and capital investment costs. The target for the 

design engineer is to optimize 
kLa and operating pressure to 
achieve the required productivity 
at the lowest cost. 

Gases with inert  
components 
Many industrial gas-liquid 
processes involve reactant gases 
diluted with significant amounts 
of inert gases. This includes all 
processes using air (21% oxygen 
in nitrogen) or fluegas (carbon 
dioxide or sulfur dioxide in ni-
trogen), in which the feed gases 
are used on a once-through basis 
and then discharged. 

In cases where gases contain 
inerts, paying particular attention 
to the reaction stoichiometry is 
very important. Here is a list of 
considerations, using 
air as an example:
•		The	mass	transfer	

rate is very sensitive to 
the concentration driving 
force (c* – c). The equilib-
rium concentration is pro-
portional to the oxygen partial 
pressure, which is reduced by 
the dilution with nitrogen to 
about one-fifth 

•		100%	consumption	of	the	oxy-
gen from air is not possible, so 
reactors must operate with stoi-
chiometric excess. Exhaust from 
industrial oxidation processes, 
for example, typically contain 
around 4–15% residual O2 

•		O2 partial pressure in the 
dispersed gas phase changes 
as the O2 is consumed, and 
this must be taken into account 
in reactor design 

•		Mass	transfer	cannot	be	
increased by recirculating gas 
from the headspace, since the 
headspace gas concentration 
is depleted

•		Since	large	amounts	of	inert	
gas are present, a stoichio-
metric excess of reactant is 
required; often high gas rates 
result, and flooding of impel-
lers is possible

•		Practically,	the	loss	in	mass	
transfer capacity generally 
requires larger reactors, and large reactors 
require particular attention to maintaining the 
homogeneity of the mixture 

Impellers for high gas rates
Traditionally, for reactors that have high gas 
rates, combinations of impellers, such as 
flat-blade disc turbines (FBDTs), pitch-blade 
turbines (PBTs) and wide-foil impellers are 
used. More recently, impellers with concave-
shapes are increasingly being used (Figure 
2). With these impellers, the gas feed can be 
dispersed into the liquid phase using a radially 
pumping primary disperser (PD). One or more 
secondary dispersers (SD) can also be used on 
the same shaft, but higher up in the liquid to 
provide a combination of axial blending of the 
liquid and redispersion of the gas (Figure 3). 
The left diagram shows a compartmentalized 

flow pattern with FBDTs. The right side shows 
axially extended vortices with the SD. 
The two vortices created by the FBDT, one 
above and one below the impeller, “roll” over 
one another, while The PD/SD system gener-
ates significant material exchange in the axial 
direction. This reduces the required blend time.

When there are significant quantities of 
dispersed gas present, traditional impellers 
rapidly lose power, whereas the concave-
blade impellers of the PD/SD type are much 
less affected.

Reference 
1.  Himmelsbach, W., Kellar, W. Lovallo, M., 

Grebe, T. and Houlton, D. Increase Productivity 
Through Better Gas-Liquid Mixing. Chem. Eng., 
October	2007,	pp.	50–58.
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dioxide or sulfur dioxide in ni-
trogen), in which the feed gases 
are used on a once-through basis 
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FIGURE 1. Gas-liquid reactions are limited by transport of 
the gas into the liquid phase

FIGURE 2.  Impellers with concave shapes are used to 
help initiate movement of the liquid axially

FIGURE 3.   Flat-blade disc turbines produce compart-
mentalized �ow (left), while primary and secondary dispers-
ers redisperse the gas (right)
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PeoplePeoplePeoplePeople

John Derbyshire becomes president of 
KBR Technology (Houston).

Doug Keith is promoted to president 
of the drive technologies division of 
Siemens Industry (Atlanta, Ga.).

Travis Thibodeaux becomes direc-
tor of operations support for Multi-
Chem (Houston), a provider of oilfield 
production and support chemicals.

ITT Corp. (White Plains, N.Y.)  
appoints Colin Sabol to lead strategy 
and business development for the 

standalone, publicly traded water 
company it will spin off later this 
year. He is currently responsible  
for strategy and business develop-
ment for ITT’s fluid and motion  
control group.

Robert Hansen becomes CEO of Dow 
Corning (Midland, Mich.). 

Sir William Wakeham becomes presi-
dent of IChemE (London). Wakeham 
was knighted in 2009 by Queen Eliza-
beth II in recognition of his service to 
the field of chemical engineering.

Protexic Brands (Arlington Heights, 
Ill.), a subsidiary of Tegrant Corp. 
(DeKalb, Ill.), promotes Bill Bucklew 
to vice president of engineering.

Jeroen Bloemhard is named business 
vice president and global executive 
director of Dow Corning’s Xiameter 
brand (Midland, Mich.). 

PSE, Inc. (London), a provider of  
process modeling software and ser-
vices, appoints Dale Curtis Jr.  
president of its Americas operation.■

Suzanne Shelley
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Modular valve construction  
allows for custom solutions
The Entech DRV-BN non-slam nozzle 
check valve (photo) has a modularity that 
allows for customized solutions, as well 
as in-field reconfiguration and a consis-
tent spring force mechanism for quick 
and easy maintenance. The DRV-BN is 
a large-bore addition to this company’s 
line of check valves for preventing 
backflow. The DRV-BN is suitable for 
applications where minimal pressure 
losses are essential, such as com-
pressor stations and gas facilities, 
pump and wellhead injection plants, 
water distribution and treatment, and 
tank storage. — Cameron, Houston
www.c-a-m.com

An actuator for safety and  
emergency applications
The Skilmatic (photo) is a self-
contained, electrohydraulic valve 
actuator that is designed for safety-
related applications, including emer-
gency shutdown duty. A major design 
feature of the actuator is its combination 
of electrical operation, hydraulic actua-
tion and mechanical failsafe motion. The 
Skilmatic also has an advanced control 
and monitoring system. — Rotork Fluid  
Systems, Bath, U.K.
www.rotork.com

A pressure-reducing valve for 
high-purity applications
Series PRH-U valves (photo) are new pres-
sure-reducing valves that use thermoplas-
tic materials that are selected specifically 
for industries where ultrahigh purity is 
required, such as the pharmaceutical and 
semiconductor industries. Constructed 
of a machined Kynar 740 PVDF (polyvi-
nylidene fluoride) body, the PRH-U valves 
have metal-ion-free EPDM (ethylene pro-
pylene diene monomer) seals to achieve 
high purity in a fused piping system. In 
addition to using ultrapure materials, the 
PRH-U valves are prepared with a three-
step cleaning process that includes a pro-
prietary pre-assembly cleanroom treat-
ment, a post-assembly hot-and-cold rinse 
with deionized water and a final class-100 

clean and double-bag 
procedure. The valves regu-

late downstream pressure from 10–125 
psi, with a maximum inlet pressure of 
150 psi. — Plast-O-Matic Valves Inc., 
Cedar Grove, N.J.
www.plastomatic.com

This ball valve is  
an alternative to metal 
The PE100 ball valve (photo, p. 27) is 
suitable for gas, sewer and water applica-
tions where metal ball valves have typi-
cally been installed. The thermoplastic 
valve is 50% lighter than comparable 
metal valves, and is available in 1–6-in. 
sizes. The new PE100 features a two-step 
planetary gear system to ensure smooth 
opening and closing, and eliminate water 
hammer. The PE100 is suitable for below-
ground service, and can be installed using 
butt, socket or electro-fusion technologies. 
— Asahi America Inc., Malden, Mass.
www.asahi-america.com

Rotary airlocks that are built  
for long service life
These rotary airlocks (photo) are designed 
for extended life, with features that include 
heavy-duty casting, precisely machined ro-
tors with larger shaft diameters to mini-

mize deflection and ANSI-rated flanges to 
resist distortion. The airlocks are available 
in sizes from 4 to 24 in. and come in car-
bon steel and stainless steel. They can be 
equipped with various drive packages. — 
Cyclonaire Corp., York, Neb. 
www.cyclonaire.com

Eliminate sewer backflow with 
this check valve
The CheckMate inline check valve (photo) 
is designed for backflow prevention and 
odor mitigation in combined-sewer and 
sanitary-sewer overflow and stormwater 
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Valves and  
Actuators 
The Entech DRV-BN non-slam nozzle 
check valve (photo) has a modularity that 
allows for customized solutions, as well 
as in-field reconfiguration and a consis-
tent spring force mechanism for quick 
and easy maintenance. The DRV-BN is 
a large-bore addition to this company’s 
line of check valves for preventing 
backflow. The DRV-BN is suitable for 
applications where minimal pressure 
losses are essential, such as com-
pressor stations and gas facilities, 
pump and wellhead injection plants, 
water distribution and treatment, and 

Cameron, Houston

actuator that is designed for safety-
clean and double-bag 

procedure. The valves regu-

Valves and 
Actuators 

Cameron

Rotork  
Fluid Systems

Plast-O-Matic Valves

Cyclonaire

Red Valve
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applications. The valve features an elas-
tomer-fabric-reinforced design that allows 
maintenance-free performance and allows 
significant cost savings. — Red Valve Co., 
Tideflex Technologies Div., Carnegie, Pa.
www.redvalve.com 

This large ball valve is 
‘actuation-ready’
The TB Series True Union Ball Valve 
(photo) incorporates an actuation-mount-
ing pad that meets the requirements of 
the ISO 5211 standard, and an integral 
panel mount foot pad. With sizes ranging 
from 2.5 to 6 in., the TB Series features 
pressure ratings to 235 psi, double O-ring 
stem seals, low torque ratings and revers-
ible PTFE seals. The new version of the 
TB Series is compatible with earlier ver-
sions of TB valves of the same diameter 

and end connections. — Hayward Flow 
Control, Clemmons, N.C.
www.haywardflowcontrol.com

This valve is designed for  
dust collection
This company’s new DDV Dust-Duty 
Valve (photo) comes with a robust cast 
housing designed for greater capacity, 
and is said to be an ideal solution for dust 
collection applications. It is suitable for 
applications such as baghouses, cyclones 
and dust collectors with a maximum pres-
sure differential of 60 in. of water column. 
Available in cast iron or stainless steel 
with square or round flanges from 6 to 14 
in., the DDV can be used in environments 
with temperatures up to 300°F. — Wm. W. 
Meyer & Sons Inc., Libertyville, Ill.
www.wmwmeyer.com

A metered scale is  
on the valve body
This company’s needle-pinch valve has a 
metered scale on the valve body. Marked 
with 1-mm divisions, the molded-in 
scale allows calibrations to be recorded 
and replicated. Valve installation does 
not require fittings, cutting or removal 
of existing tubing, the company says. 
Fluid contact with the valve has been 
eliminated in the newly updated de-
sign, so the valve can be used, reused 
and disposed of without contamination. 
Constructed of Delrin acetal resin, the 
needle-pinch valves are intended for 
soft-wall tubing with O.D. from 1.0 to 
13.0 mm. — Flow-Rite Controls Ltd., 
Byron Center, Mich. 
www.flow-rite.com

(Continues on p. 56)

Circle 14 on p. 62 or go to adlinks.che.com/35067-14

Asahi America Hayward Flow ControlWm. W. Meyer & Sons
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C
rystallization is a key purifica-
tion technique for various sectors 
of the chemical process indus-
tries (CPI). Several approaches 

for industrial crystallization have 
evolved over time, and highly special-
ized crystallizer designs have been de-
veloped, especially in long-established 
industries. Solution crystallization is 
an important unit operation because 
the process can generate high-purity 
products from solutions containing 
significant levels of impurities with 
relatively low energy input. 

This article is intended to expand 
knowledge of the various crystallizer 
configurations, including forced cir-
culation (FC) and draft-tube-baffle 
(DTB) configurations, which will be 
discussed in detail.

Classification of crystallizers
Two schemes have been employed to 
classify crystallization equipment. 
One uses the method of generating su-
persaturation, while the other scheme 
uses the method by which the growing 
crystals are suspended.

There are six primary methods for 
generating supersaturation: evapora-
tion, cooling, adiabatic-flash (vacuum) 
cooling, chemical reaction, antisolvent 
addition and pH adjustment. However, 
classification according to the method 
of generating supersaturation is not 
entirely satisfactory, since different 

means of generating supersaturation 
may be employed within the same 
type of equipment. When classifying 
according to the method of suspending 
the growing crystals, crystallizers fall 
into one of four basic types:
1) Mixed-suspension, mixed prod-
uct removal (MSMPR) crystalliz-
ers.  Also sometimes called circulating 
magna crystallizers, this type of equip-
ment circulates the growing crystals 
through the zone of the crystallizer 
where the supersaturation conditions 
are generated. This may be accompa-
nied by mixed- or classified-product 
removal, and with or without destruc-
tion of fines. 
2) Circulating liquor/classified- 
suspension crystallizers.  In this 
type, only the liquor or a weak slurry is 
circulated, while the bulk of the grow-
ing crystals are not circulated. Super-
saturation is imparted to the liquor in 
one part of the equipment, whereupon 
this liquor is circulated to another 

area where it relieves the supersatu-
ration on growing crystals. This type 
of crystallizer is also available with or 
without fines destruction capabilities. 
The units are usually identified as  
Krystal- or Oslo-type crystallizers.
3) Scraped-surface crystallizers.  
Crystallization is induced by indirect 
heat exchange with a cooling medium 
at the heat-transfer surface, which is 
continuously scraped and agitated to 
minimize fouling. This type of equip-
ment employs vertical tanks with 
scrapers or horizontal pipes.
4) Tank crystallizers.  Crystalliza-
tion is produced by cooling the feed so-
lution in either static or agitated tanks 
by natural convection and radiation, 
by surface cooling through coils or a 
jacket, programmed evaporative cool-
ing, reaction or antisolvent methods.

MSMPR crystallizers
The term MSMPR carries the assump-
tion that a perfectly uniform product 
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mixture exists in the mixed slurry of 
the active volume, where the percent-
age of suspended solids and crystal 
size distribution (CSD) are perfectly 
uniform. This uniformity is also pres-
ent at the point of product discharge. 
In addition, it is assumed that the 
mother liquor has the same residence 
time as the solids. Thus, there is no 
deliberate attempt to control the resi-
dence time of the crystals of any size.

Forced-circulation crystallizer
The FC crystallizer (Figure 1) is a type 
of MSMPR unit. This design usually 
has the lowest capital cost per pound 
of product generated. The feed usually 
enters the downpipe at a point follow-
ing the discharge of the product slurry 
to the solid-liquid separation device. 
The combined stream, consisting of 
fresh feed and recirculated slurry, 
is pumped via an axial flow pump 
through the circulating pipe to a ver-
tical or horizontal heat exchanger, 

where it is heated by con-
densing steam. 

This slurry-and-feed 
stream is introduced into 
the crystallizer below 
the liquid surface in the 
vapor body, the part of 
the FC where flashing 
occurs. It mixes with the 
slurry at the point of feed 
entry and raises the local 
temperature to cause 
flashing (evaporation 
under vacuum) at the 
liquid surface. The flash-
ing causes cooling at the 
surface, resulting in su-
persaturation that is re-
lieved as crystal growth 
occurs or as new nuclei 
are formed in the active 
volume. FC units operate 
with a high circulation 
rate, which limits scal-
ing. The lowered scaling 
enables the unit to evap-
orate solutions that have 
scaling solutes, such as 
calcium sulfate.

At times, FC crystal-
lizers can be designed 
for classified product dis-
charge, usually by sus-
pending an elutriation 

step beneath the crystallizer body. 
Introduction of mother liquor to the 
lower portion of the leg fluidizes the 
particles prior to discharge, and se-
lectively returns the smaller crystals 
to the body for future growth. Many 
NaCl plants have such a process step 
for both classified product discharge 
and for keeping a suspension of cal-
cium sulfate in the unit to reduce 
scaling. The concept is that maintain-
ing small CaSO4 crystals in the ves-
sel encourages growth on the crystal, 
rather than forming scale throughout 
the system.

Another modification of an FC unit 
involves a conical inlet for the slurry  
to flow into the crystallizer. The coni-
cal entrance improves mixing in the 
body, allowing better dispersion of the 
supersaturation and improving the 
uniformity of the slurry at the boil-
ing surface. This installation may also 
be combined with baffling, in order to 
allow removal of fines and clear-liquor 

advance (removing mother liquor with-
out removing crystals). This builds the 
slurry density beyond its natural level. 

An important point is that both 
classified product removal and fines 
destruction are not entirely consistent 
with the MSMPR properties regard-
ing residence, because these practices 
are deliberate attempts to modify the 
residence time of the crystals based on 
their size.

The heat exchanger in an FC unit 
usually has a one- or two-pass con-
figuration, often with 1.5-in., 12-gauge 
tubes. It is essential to limit the temper-
ature differential between the steam 
and the slurry in the heat exchanger 
to avoid boiling in the tubes, which can 
lead to scaling, plugging and excessive 
nucleation. In addition, there must be 
adequate liquid head at the point of 
entry to the body (submergence of the 
slurry leaving the heat exchanger) to 
avoid flashing in the recirculation line. 
Doing this avoids premature flashing 
in the heat exchanger tubes and the 
inlet piping prior to entry into the crys-
tallizer tank. Another aspect of the FC 
crystallizer is the use of an axial-flow 
pump to achieve high slurry flow with 
reduced crystal breakage and second-
ary nucleation.

In an adiabatic evaporative-cooling 
FC unit (where the heat exchanger is 
omitted), the feed is introduced to the 
body at a position adequately below 
the liquid-vapor surface to avoid flash-
ing during the mixing process.

In both configurations, supersatura-
tion is minimized by high circulation 
rates (typically about 7 ft/s) and by 
limiting the temperature drop at the 
liquid-vapor surface to 3–8°F, with 
some inorganic salt slurries being lim-
ited to a 1–5°F decrease.

For some applications, supersatu-
ration is generated by indirect cool-
ing, as opposed to evaporation. In this 
case, the process flowrate is designed 
to operate at a low temperature drop 
(0.5–5°F) and low log-mean-temper-
ature-difference (LMTD) across the 
heat exchanger. The goal is to stay 
within the metastable zone to reduce 
fouling on the tubes. The end result 
is usually a large surface area, aimed 
at achieving the required heat trans-
fer and improve on-stream time. The 
difference between an effective design 
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versus a poor design could be a matter 
of running for weeks or months versus 
hours or a few days prior to washout. 

Vortexing in the main body of the 
crystallizer can cause a supersatu-
rated slurry to bypass the boiling sur-
face, resulting in high levels of super-
saturation within the body, variable 
nucleation rates and cycling of the 
CSD between fine particles and coarse 
crystals as the crystal surface area 
varies. A number of design features 
are used to minimize this problem, in-
cluding the following:
•		Installation	 of	 a	 vortex	 breaker	 in	

the cone of the crystallizer
•		Maintaining	the	slurry	inlet	nearly	

tangential to the contour of the crys-
tallizer body, with the angle depend-
ing on the vessel diameter

•		Keeping	 sufficient	 submergence	 of	
the feed as it enters the crystallizer 
body, thereby preventing flashing 
and vortexing

•			Adjusting	 slurry	 inlet	 velocity	
through the recirculation line to 
avoid	 a	 jet	 across	 the	 crystallizer	
tank, and unfavorable vortexing. 
An important parameter here is the 
Froude number, a dimensionless 
number used to evaluate the influ-
ence of gravity on flow

Froude number can be expressed as: 

NFr = V2/(D ∙ g)  (1)

Where V is slurry velocity in ft/s; D is 
the vessel diameter in feet and g is the 
gravitational constant (32.2 ft/s2). For 
example, a light organic slurry with 
a viscosity of 1–3 cP and a specific 
gravity of 1.2–1.3 would suggest a NFr 
value that is less than 0.14.

FC units typically range in diameter 
from 2–20 ft, with some units being as 
large as 40 ft. They are especially use-
ful for high evaporation loads. A unit 
used for evaporating water at 380 mm 
Hg can typically be designed to handle 
250–300 lb/h ft2. The CSD is wide, 
with a theoretical coefficient of varia-
tion	(CV)	of	50%.	In	reality,	the	CV	is	
often in the 20–40% range due to de-
viations from perfect mixing. 

Nucleation and crystal growth
The	 MSMPR	 configuration	 can	 be	
utilized to determine the kinetics of 
nucleation and growth for a system.  
Both growth and nucleation are de-

pendent on supersaturation, with 
nucleation often having a higher order 
of dependence on supersaturation ver-
sus growth. 

Nucleation can be expressed as:

B0 = kl MT
jsb (2)

Where B0 is the number of nuclei 
formed per unit volume per unit time; 
kl is the rate constant function of tem-
perature; MT is the slurry density; b 
and j are power functions; and s is su-
persaturation concentration.

Higher MT values (slurry densities) 
promote secondary nucleation, but 
also lower the level of supersatura-
tion. The goal is to find a balance with 
operating conditions to maximize size 
distribution. Other formulas include 
agitation speed raised to a power. 
Often b = 1–3 and j = 1.

Crystal growth can be expressed as:

G = k2 sg = dL/dt (3)

Where G is the growth rate of a char-
acteristic crystal face chosen to rep-
resent crystal size. Change in char-
acteristic length (k2) is a function of 
temperature, agitation, impurities 
and the system; s is supersaturation 
concentration; g is system-specific.

Combining Equations (2) and (3) 
yields the following: 

B0 = k3 Gi MT 
j   (4)

Where i = b/g. A critical kinetic param-
eter is the value of i, which determines 
the relative dependence on supersatu-
ration of nucleation versus growth. The 
population-density model is used to de-
termine the kinetics. An example of the 
determination of i	is	given	in	Ref.	3.  

The traditional operation of an FC 
crystallizer affords limited flexibil-
ity in changing the size distribution.
The following equation shows that the 
ratio of median crystal size (Lm) for 
two different conditions is:

Lm2/Lm1 = (τ2/τ1)(i-1)/(i+3)  (5)

If	one	changes	the	residence	time	(τ), 
with everything else kept the same, 
the following is predicted: For i < 1 
(which is rare), the median crystal size 
decreases slightly with an increase in 
residence time; for i = 1, theoretically, 
Lm  remains the same, and for i > 1, the 
median particle size would increase. 

The change is not great. For exam-

ple, when i = 2, Lm increases only 15% 
when the residence time is doubled. 
This suggests that residence-time 
changes are not an effective means for 
increasing particle size.

Figure 3 is a graphical presentation 
of Equation (5), which demonstrates 
limited improvement in particle size 
for i values in the 1–2 range, which is 
commonly	seen.	Other	than	adjusting	
the residence time or slurry density, 
the FC crystallizer offers little poten-
tial to change the CSD. Changing op-
erating conditions, such as residence 
time	for	an	MSMPR	has	a	small	effect	
on the mean particle size and CV. 

Greater control of the CSD is pos-
sible	by	adjusting	 the	 residence	 time	
of the crystals in a certain size range, 
such that it differs from the residence 
time of the liquid phase. This can be 
accomplished by fines destruction and 
classified product removal, which are 
deviations	 from	 a	 true	 MSMPR	 ma-
chine. A cautionary note for classified 
product removal is that these units 
have a tendency to cycle (even with 
fines destruction) and while the CV is 
decreased, the mean particle size may 
decrease due to the cycling. 

Draft-tube-baffle crystallizers
Mechanical	 impellers	 and	 agitators	
can impact the level of secondary 
nucleation and breakage. For this rea-
son, low-speed impellers in draft tubes 
are at times placed in the body to re-
duce the shear forces seen by the FC 
circulating pump. The draft tube is an 
efficient design to suspend solids with 
lower power input. 

Figure 2 depicts a typical draft tube 
baffle	(DTB)	crystallizer.	In	this	device,	
a slow-moving (60–125 rpm) impeller 
is installed in a draft tube, which cir-
culates the slurry upward to the boil-
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ing surface where the supersaturation 
created by evaporation and cooling is 
relieved with nucleation and growth.

The high flowrates from the agitator 
are mixed with the feed stream to limit 
surface cooling to approximately 1–2°F 
during flashing. This limitation keeps 
the supersaturation at a low value. 
Cooled slurry is returned to the bottom 
of the vessel through the space between 
the outside of the draft tube and an 
annular baffle. It then mixes with the 
heated slurry returning from the heat 
exchanger or with an adiabatic feed.

The active volume includes volumes 
inside and outside the draft tube, but 
not areas behind the baffle. DTBs usu-
ally contain slurry equal to 25–50% of 
apparent settled volume. This active 
volume is circulated one to four times 
per minute, which limits nucleation 
and scaling on the vessel walls while 
promoting growth on the existing crys-
tal surfaces. Crystal residence times 
are usually 4–6 h, with the production 
rates often ranging from 60–85 kg/m3 
h. The period between washouts often 
increases with longer residence time 
and slurry density as a result of de-
creased supersaturation and scaling. 

The annular baffle area functions 
as a settling zone through which a 
stream of mother liquor and fines is 
separated from the slurry in the active 
volume. The segmentation is due to 
differential gravitational settling. The 
result is a residence time for the fines 
that is less than the residence time for 
the product. The CSD in the body is 
controlled by adjusting the vertical ve-
locity of the mother liquor in the baffle 
areas and controlling the maximum 
crystal size that will be removed and 
dissolved. This can be achieved either 
by changing the flowrate in the baffle 
area or the amount of area used for 

the baffles. The maximum 
size of the crystals (Lf) that is 
theoretically removed by the 
baffle can be used to modify 
the CSD of the product. The 
term Lf has a hindered set-
tling velocity equal to the 
free vertical velocity. If Lf is 
too large, the increased su-
persaturation generated by 
recrystallizing the dissolved 
fines can cause nucleation 
in the unit, resulting in peri-

odic upsets in the system and cycling 
of the CSD. 

Increasing the percent solids in the 
slurry to a concentration greater than 
the “natural make” (the percent sol-
ids without other means of building 
slurry density) is at times achieved 
by withdrawing a stream of mother 
liquor from the upper portion of the 
baffle zone. This procedure thickens 
the slurry in the body. This practice 
is referred to as clear liquor advance 
(CLA) or double-discharge operation 
(DDO). It is employed for systems that 
have low natural make. A larger crys-
tal size may result due to lower lev-
els of supersaturation (more crystal 
surface area in the slurry), increased 
residence time for the solids and re-
moval of fines in the CLA. Potential 
downsides could include increases 
in secondary nucleation and crystal 
breakage. High slurry densities tend 
to reduce the baffle efficiency. To im-
prove performance, a lamella plate is 
installed in the crystallizer body to 
direct flow vertically at the baffle en-
trance, or by the installation of alter-
ing doughnut baffles in the settling 
zone behind the regular baffles. These 
doughnuts dissipate large liquid ed-
dies that can trap and carry out unde-
sirable larger crystals. 

A fines-destruction system produces 
larger crystals with a narrower size dis-
tribution. Ideally, the heat exchanger 
would supply enough heat to both sat-
isfy the evaporation requirements and 
to raise the temperature of the low-
solids slurry removed from the baffle 
to destroy unwanted fines. For appli-
cations where the only heat removed 
is that which is required for adiabatic 
cooling of the feed, fines destruction 
is achieved by selectively removing a 
weak slurry stream containing fines 

and redissolving them via dilution 
prior to their return to the crystallizer, 
often in the region below the impeller. 

This technique increases supersatu-
ration in the crystallizer body, which 
increases both crystal growth and 
nucleation rates. The reason is that  
excess fines are destroyed by the heat 
of dilution and then the dissolved sol-
ute is recrystallized in the body. The 
result is a unit that operates at higher 
internal production rates, due to pro-
duction of both product crystals and 
recrystallization of dissolved fines. 

The fines-destruction stream, while 
low in percentage of suspended sol-
ids, can often represent a flow that is 
a multiple of the product underflow 
stream. Thus, the recrystallization 
of the dissolved fines can represent a 
significant percentage of the internal 
production of the unit. In comparison 
to the product stream, this configura-
tion deliberately reduces the residence 
time of the crystals of size Lf or less. 
Some fines also migrate to the product 
stream. The ratio of the product crystal 
residence time to the fines residence 
time is referred to as R, or τP/τF.

Fines destruction, in the form of ac-
celerated removal and destruction of 
fine crystals ≤ Lf, can be used to increase 
the product size. With fines dissolution 
and recycling to the crystallizer, the 
supersaturation and production rate 
increase, thereby increasing the nucle-
ation rate (fines are destroyed) and 
the growth rate, yielding a larger CSD. 
Under some conditions, a bimodal dis-
tribution with a small peak in the 0 to 
Lf size range is obtained. A first-order 
estimate of size improvement is: 

 (6)

This indicates that the size increase 
is dependent on R, Lf and i. Lm is the 
median crystal size. 

One can then determine the impact 
of various combinations of Lf and R 
in order to yield the desired product 
size. Frequently, Lf is in the 20–80 
µm range, and there is a large impact 
of increasing R, which is often in the 
4–10 range. Note that, as expected, the 
ability to improve the size distribution 
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diminishes as the value of i increases.
Equation (6) indicates that the po-

tential size enlargement is dependent 
on R, Lf and the relative kinetic order, 
i. This relationship is shown for a typi-
cal inorganic salt in Figure 4. Note 
that only increasing Lf yields moder-
ate size improvement, with the nega-
tive impact of significant production 
loss due to dissolution of the fines. A 
more advantageous method is to in-
crease the value of R, and remove the 
fines at a smaller size. The production 
loss is decreased while the circulation 
rate for fines removal is increased. The 
shadowed area in Figure 4 represents 
the approximate operating regime for 
most industrial crystallizers. 

In a sense, a DTB is a hybrid 
MSMPR, with the active volume re-
sembling the MSMPR mode, but cou-
pled with a classification zone. The 
DTB has two distinct volumes at play, 
the crystallization active volume and 
the baffle volume used as a clarifier. 
From a kinetic standpoint, the crys-
tallization zone may be referred to as 
an MSMPR unit. People may initially 
think that there are no fines in the 
product stream and that they all move 
to the baffles. This is not the case; 
there are fines in the product.

Further CSD improvements can be 
achieved with an elutriation device. 
This element will normally be coupled 
with a fines-destruction system to 

avoid upsetting the percentage of sol-
ids and the dynamics in the unit, which 
can lead to cycling of the product CSD.

When destruction of fines is not de-
sired, the baffles are eliminated and 
the internal circulation rate is de-
signed to minimize nucleation in the 
active volume suspension. This con-
figuration is called a draft tube (DT) 
mode of operation. ■
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T
o make the modern materials we 
use every day, such as plastics, 
metals, electronics, pharmaceu-
ticals, fuels and so on, strong 

acids are used to convert the earth’s 
raw materials into modern materials. 
In fact, so many tons of acid are used 
(200 million metric tones of sulfuric 
acid annually worldwide) that the 
gross domestic product (GDP) of most 
industrial nations are directly corre-
lated to sulfuric acid usage. 

In the chemical process industries 
(CPI), many kinds of acids are uti-
lized as reactants, intermediates and 
key ingredients to create the chemical 
building blocks of materials we use in 
our daily lives. These acids — which 
include sulfuric, hydrochloric, nitric, 
phosphoric and acetic, to name a few 
popular ones — are often heated and 
cooled in heat exchangers. 

Heat exchangers represent one of 
the most fundamental pieces of chemi-
cal processing equipment and are vital 
to heating-and-cooling process streams 
and reagents. In many cases, acids are 
heated in heat exchangers to increase 
their reactivity, improve yields and 
drive higher efficiencies. While a pro-
ductivity gain can be realized by in-
creasing an acid’s temperature, so does 
its associated corrosiveness increase 
— and in an exponential manner. As a 
result, heat exchangers are subject to 
some of the most severe corrosive en-
vironments, because they are typically 
the point where the acids are the hot-
test and most aggressive. Therefore, to 
handle highly concentrated hot acids 
(greater than 100°F), specialty materi-
als and metals are often utilized. 

This article focuses on the specialty 
metal solutions for heat exchangers. 
These specialty metal solutions in-
clude titanium, nickel alloys, zirco-
nium, and the exotic metal tantalum. 

This article will take a close look at 
and compare the different material 
options from the corrosion resistance, 
reliability, availability and material 
cost perspectives; and describe the ad-
vantages, shortcomings and potential 
possibilities each material option rep-
resents for heat exchangers.

A specialty-metal heat-exchanger 
solution serves a niche in the industry, 
delivering corrosion resistance and 
mechanical stability where no other 
materials can survive. Although usu-
ally found in the most severe applica-
tions, these materials have specific ap-
peal in numerous industries including 
the chemical processing, oil and gas, 
specialty chemical, pharmaceutical, 
food and mining industries. 

This “niche” however is growing as 
the next generation of chemical pro-
cesses are being developed. Compared 
to the processes developed decades ago, 
newly developed chemical processes 
are utilizing higher temperatures, 
higher pressures and more aggres-
sive chemistries in an effort to achieve 
greater efficiencies.  Furthermore, ex-
isting processes are being pushed to 
achieve greater efficiencies. As a re-
sult, higher performing materials are 
needed to successfully run, contain 
and safely operate these processes. In 
these demanding applications, engi-
neers are faced with critical decisions 
to specify heat exchangers that meet 
their organization’s targets of perfor-
mance, safety and costs while also tak-
ing into account a plethora of process 
related variables and application spe-
cific criteria. To make good decisions 
engineers must evaluate numerous 

factors, which include the following: 
•		Corrosion	resistance	that	is	needed	

for each unit’s unique processing 
conditions

•		Corrosion	 rates	 and	 how	 they	 will	
affect the heat exchanger’s perfor-
mance and useful life over time 

•		The	 combination	 of	 pressures,	 tem-
peratures, concentration and flow and 
the effect they will have on the heat 
exchangers and their corrosion rates

•		Abrasiveness	of	the	processing	fluid	
or slurry and the need to combat 
erosion and abrasion

•		Need	 to	 accommodate	 for	 process	
swings and variability

•		Heat	exchanger	design	type	that	 is	
most suitable for the process

Only when these basics are under-
stood can the engineer begin to make 
an informed decision on the best mate-
rial of construction for heat exchang-
ers that will ensure a high performing, 
safe and economical process. 

Fortunately, there exist some high 
quality manufacturers of heat ex-
changers that can help guide engi-
neers through the gauntlet of choices 
that	exist.	Nevertheless,	it	is	essential	
for engineers to understand the spe-
cialty material options that are avail-
able — both traditional and cutting 
edge. This understanding will give 
the engineer the background he or she 
needs to make the best decisions. 

With regard to heat exchangers, 
there are many different types and 
designs available that go beyond the 
scope of this article. However within 
the CPI, tube-and-shell, plate-and-
frame heat exchangers represent the 
most popular types of designs.   
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Specialty metal materials are gen-
erally considered to be titanium, 
nickel alloys, zirconium and tanta-
lum. Although tantalum is an exotic 
metal, this article will include tanta-
lum when referring to specialty met-
als. Some things for the engineer to 
consider when selecting materials for 
heat exchangers include: 
•		Estimated	service	life	of	material
•		Reliability	(safety	and	economic	con-

sequences of failure)
•		Material	costs

Estimated service life
The most important thing to consider 
when	evaluating	a	specialty	metal	so-
lution is the corrosion resistance or 
corrosion rate of the metal in the tar-
get media, because it directly impacts 
the	estimated	service	 life	 of	 the	heat	
exchanger.	 Each	 specialty	 metal	 has	
its own niche, and depending on the 
processing	environment	and	the	needs	
of the application, a metal’s strengths 
and weaknesses may or may not be 
suitable. For example, to illustrate 

how these materials compare, Figure 
1	 shows	 the	 relative	 corrosion	 resis-
tances	of	the	various	specialty	metals	
in	sulfuric	acid	(H2SO4), while Figure 
2 compares the metals’ performance 
in	 hydrochloric	 acid	 (HCl).	 Typically	
corrosion rates are shown in 5 mills 
(0.005	 in.)	per	year,	which	 for	a	heat	
exchanger would cause problems rela-
tively	quickly.	

As can be seen in these charts, tanta-
lum’s corrosion resistance is second to 
none, followed by zirconium, nickel al-
loys	(“Hastelloy”	is	the	common	trade	
name	 produced	 by	 Haynes	 Interna-
tional) and titanium in both solutions. 
Tantalum. From a corrosion perspec-
tive,	 tantalum	 is	 the	 most	 corrosion	
resistant metal that is in common use 
and gets its corrosion resistance from 
a tenacious oxide layer. Tantalum’s 
superb corrosion resistance is compa-
rable to glass and is practically inert 
to most oxidizing and reducing acids, 
except fuming sulfuric, hot alkalis 
and hydrofluoric acid. Taking no other 
factors into consideration, tantalum 
metal is an ideal choice from the cor-
rosion	 resistant	 point	 of	 view,	 giving	
the engineer the best chances for suc-
cess.	However	tantalum	metal	is	also	
a	very	expensive	material	and	is	typi-
cally	cost	prohibitive	even	when	clad-
ded. Only in process conditions where 
no other material will perform ad-
equately has tantalum been the mate-
rial of choice for heat exchangers — at 
least in its traditional forms. 

Typically, tantalum could be found 
in	 a	 variety	 applications	 and	 indus-
tries that deal with hot concentrated 
acids such as sulfuric acid, hydrochlo-
ric acid, and nitric acid in polymer 
production, metal pickling, acid pro-
duction and specialty chemical pro-
duction. Due to its negligible corrosion 
rate, tantalum also finds use in the 
pharmaceutical and food manufactur-
ing	industries	where	even	the	smallest	
amount of metallic impurity cannot be 
tolerated in many products [1].

Recently,	 however,	 there	 have	 been	
developments	 in	 processing	 tanta-
lum metal to create a surface alloy on 
process	 engineering	 equipment	 (CE, 
November	 2008,	 p.	 16).	 This	 surface	
treatment,	is	based	on	a	chemical	vapor	
deposition process that grows tanta-
lum metal into a base substrate, like 
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FIGURE 1 and 2.  As can be seen in these charts, tantalum’s corrosion resistance 
is second to none, followed by zirconium, nickel alloys (“Hastelloy” is the common 
trade name) and titanium in both H2SO4 (above) and HCl (below) solutions
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stainless steel, until a thin, uniform, 
rugged surface of pure tantalum metal 
is created, exhibiting all the chemical 
properties of tantalum, but at a much 
lower cost. This material option is an 
excellent choice if the engineer desires 
the corrosion resistance of tantalum. 
However this option should be avoided 
when considering slurries, as abrasion 
could lead to premature failures. 
Zirconium alloys. Zirconium alloys 
exhibit excellent resistance to cor-
rosive attack and work well in many 
organic and inorganic acids, salt solu-
tions, strong alkalies and some mol-
ten salts. Zirconium is produced as 
two major alloys for CPI applications; 
grade 702 is considered “pure” zirco-
nium, while grade 705 is zirconium 
alloyed with 2.0–3.0% niobium. Of the 
alloys, Zr 702 has better corrosion re-
sistance than Zr 705, however Zr 705 
has better strength properties due to 
the addition of niobium [2].

Zirconium owes its corrosion resis-
tance to the natural formation of a 
dense, stable, self-healing oxide film on 
its surface. Unalloyed zirconium has 
excellent resistance to sulfuric acid 
up to 60% concentration at the boiling 
point and has excellent corrosion resis-
tance in hydrochloric acid. Zirconium 
is also highly resistant to most alkali 
solutions up to their boiling point. Zir-
conium’s corrosion resistance could 
be compared with titanium in many 
ways, however zirconium is much more 
robust than titanium in withstanding 
organic acids, such as acetic, citric and 
formic acids at various concentration 
and elevated temperatures. For all of 
zirconium’s attributes, it still can be 
corrosively attacked by fluoride ions, 
wet chlorine, aqua regia, concentrated 
sulfuric acid above 80% concentration, 
and ferric or cupric chlorides [3]. Zir-
conium has found its way into many 
types of applications and industries, 
including hydrogen peroxide produc-
tion, rayon manufacture and the han-
dling of phosphoric, sulfuric acids and 
ethyl benzene. 
Titanium. Titanium is an established 
metal when dealing with corrosive ap-
plications. Titanium is available in 
a range of different alloys with the 
most corrosion resistant grades being 
titanium 7, 11 (containing 0.15% pal-
ladium), and 12 (containing 0.3% Mo 

and 0.8% Ni). In the CPI, titanium 
and its alloys offer good corrosion re-
sistance in many process solutions 
and owe their corrosion resistance to 
the strong oxide film. The oxide film 
formed on titanium is more protective 
than on stainless steel, and it often 
performs well in media such as sea-
water, wet chlorine and organic chlo-
rides. While titanium offers good cor-
rosion resistance to these solutions, it 
certainly is not immune to them, espe-
cially at elevated temperatures such 
as seawater at temperatures greater 
than 110°C [3].

Titanium equipment can be found in 
a variety of industries, which include 
chemical-processing, pulp-and-paper, 
and marine applications. A major use 
for titanium is in seawater or brackish 
water applications. It is also used ex-
tensively in the production of chlorine. 
Nickel alloys. Nickel alloys are com-
monly used when typical steel mate-
rials don’t offer the corrosion perfor-
mance that is needed. When dealing 
with aqueous solutions to enhance the 
performance of nickel materials, the 
most important alloying elements are 
Fe, Cu, Si, Cr and Mo; with Cr and Mo 
playing a major role in nickel’s corro-
sion resistance. By varying the con-
centrations of Cr and Mo in the nickel 
alloys, the corrosive environments in 
which nickel alloys can be successfully 
applied are varied; but they typically 
are found in a range of acid, salt and 
alkali applications. The addition of 
chromium (15–30%) improves the cor-
rosion resistance to oxidizing solutions, 
while the addition of molybdenum (up 
to 28%) significantly improves the re-
sistance to non-oxidizing acids [4]. 

Focusing on some of the more cor-
rosion resistant nickel alloys, C-22, 
C-276, and B-2 all have good corro-

sion resistance in a variety of media. 
In the case of HCl, the corrosion resis-
tance of these alloys depends greatly 
on the molybdenum content. The alloy 
with the highest concentration of mo-
lybdenum, B-2, exhibits the best cor-
rosion resistance.

In other solutions, such as nitric 
acid (HNO3), chromium is an essen-
tial alloying element responsible for 
providing the necessary corrosion re-
sistance. Nickel alloys’ weaknesses 
evolve around their interaction with 
the media and their environment in 
the form of impurities. Under ideal 
testing conditions, for example B-2, 
the alloy works well in pure deaerated 
H2SO4 and HCl, but deteriorates rap-
idly when oxidizing impurities, such 
as oxygen and ferric ions, are present. 
Another important consideration is 
the presence of chlorides (Cl–). Chlo-
rides generally accelerate the corro-
sion attack, but the degree of accelera-
tion differs for various alloys [3].

Having a wide range of applicability 
in acids, salt solutions and caustic en-
vironments, nickel alloys have found 
their way into a variety of industries 
such as the chemical, petrochemi-
cal, oil and gas, nuclear, conventional 
power generating, paper and marine.

Reliability
The role that heat exchangers play in 
a process is far from insignificant in 
that they provide the needed energy. 

Specialty materials cost comparison 
versus stainless stell
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  Cr Mo

C-22 22% 13%
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B-2 1% 28%

FIGURE 2.   
Although the costs 
of specialty metals 
are higher than for 
stainless steel, the 
need for corrosion 
protection in hot 
acid applications is 
often justi�ed
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Heat exchangers are typically a major 
piece of capital equipment, and most 
processes do not have redundancy of 
equipment at this scale. In most cases 
the failure of a heat exchanger would 
cause a processing line down to have 
an unexpected shutdown, costing time 
and money.

So what is the cost of a failed heat 
exchanger? The true costs of replacing 
or repairing a heat exchanger is not 
simply the equipment itself. Engineers 
must also consider product contami-
nation, lost of production, safety and 
the high maintenance costs associated 
with premature failures. In many pro-
cessing environments, the additional 
cost usually associated with materials 
that are more corrosion resistant is in-
variably less than the disruptions and 
distractions caused by failed capital 
equipment. This is especially true for 
large processing plants with several 
dependent operations.  

Material and product costs
When looking at material costs it is 
far more advantageous to look at the 
cost of ownership versus the initial 
out-of-pocket costs. In most cases it is 
more cost effective to specify materi-
als that will provide an extended ex-
changer life, and this is especially true 
in areas that are difficult to replace or 
are critical to the safety and perfor-

mance of the operation. Usually the 
increased costs of a specialty metal 
unit are insignificant when compared 
to the costs associated with loss of pro-
duction time, out of specification prod-
ucts and maintenance. 

Compared to 316 stainless steel or 
even polymer solutions, specialty met-
als are relatively expensive and are 
therefore reserved for applications 
that require specialty metal proper-
ties and characteristics. While metal 
prices are continuously fluctuating, the 
latest estimates for a solid specialty 
metal solution is anywhere from 4.5 
to 10 times the cost of a 316 stainless 
steel solution, with the exception of a 
solid-tantalum unit, which would be 
significantly more. However, as a sur-
face treatment, tantalum surface alloy 
actually costs less than other special 
metal solutions, since the tantalum 
metal is applied very efficiently. 

Conclusion
When considering heat exchangers 
and specialty materials for your op-
eration, there are always tradeoffs. 
Historically, the optimal properties of 
life, reliability and material costs are 
rarely realized in one single mate-
rial set. In addition to the process re-
quirements, organizational goals may 
influence your material selection by 
more strongly emphasizing different 

aspects, such as safety, process reli-
ability or cost reduction strategies. 
In any case, compromises need to be 
made, and it ultimately comes down 
to corrosion protection versus costs. 

Advances in material science are 
opening up new possibilities in mate-
rials. Through material developments, 
combinations of materials are being 
engineered to minimize the tradeoffs 
we face in material selection for heat 
exchangers and other processing 
equipment. These new composites are 
taking materials like tantalum, which 
has superb corrosion resistance, and 
growing a durable, rugged surface on a 
standard material like stainless steel. 
The result is superb corrosion resis-
tance, on readily available material 
at costs comparable to less corrosion-
resistant specialty metals. Is it the 
answer to all our corrosion materials 
problems? No, but with continual ad-
vances in materials the engineer will 
be armed with more tools in the battle 
between aggressive corrosive media 
and corrosion resistant materials for 
heat exchangers and other process 
equipment.  ■

Edited by Rebekkah Marshall
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HEAT EXCHANGER TYPES 

Tube-and-shell heat exchangers remain the most prevalent type in the CPI due to 
their rugged, welded design and full range of materials available for construction. 
Because they do not have gaskets, the potential leak paths are minimized. Tube-and-

shell heat exchangers also are known for their low pressure drop and ability to handle 
a wide range of materials, from clean liquids and vapor streams to slurries and steams 
containing high levels of particulate matter. 

Plate-and-frame heat exchangers are versatile and highly efficient. They can also be 
produced in a variety of different materials, including specialty alloys. However, they all 
utilize gaskets between each plate, which somewhat limits pressure and temperature. 
Despite the limitations, plate-and-frame heat exchangers can be up to 5–7 times more 
efficient than a tube-and-shell heat exchangers. This efficiency is a result of a more 
tortured path, which creates higher turbulence and consequently a better heat transfer 
coefficient (U-value). 

Another variety of the plate-and-frame heat exchanger is the “fully welded” plate 
and frame. This variety does not use gaskets, but takes advantage of a special welding 
process to bond the plates together. The process provides the strength and durability of 
a tube-and-shell heat exchanger, while maintaining the high efficiency of a plate and 
frame. While these welded plate and frames are somewhat limited in materials options, 
when compared to the options available in a tube-and-shell exchanger, especially spe-
cialty materials, recent advances in this technology are making more corrosion-resistant 
materials available (other than stainless steel). One example is the use of tantalum sur-
face alloys in welded plate and frames, where the product would have the efficiency of a 
plate-and-frame heat exchanger, the ruggedness of a tube-and-shell, and the corrosion 
resistance of tantalum. 
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E
ngineers working in the chemical 
process industries (CPI) some-
times have to deal with aerosol 
contamination issues in which 

liquid-gas coalescers are routinely 
employed. For example, liquid-gas co-
alescers are used to protect compres-
sors, liquid-gas contactors, turbines, 
low-NOx burners, metering and in-
strumentation stations, and for many 
other applications.

Choosing the right coalescer type 
can be a confusing task as many of 
the equipment-supplier claims can be 
difficult to understand without more 
background information on how the 
products are rated. This article sup-
plies this information and explains 
how the commonly used rating pro-
cedures can affect the performance 
claims output.

For evaluating a coalescer efficiency 
rating, it is important to have the test 
procedure specified and consider the 
different test options, as they will 
affect the rating. Furthermore, the 
same coalescer can give different per-
formance ratings depending on the 
test method used.

This article compares the differ-
ent test methods commonly used to 
rate liquid-gas coalescers, includ-
ing the DOP [1], sodium chloride [2], 
ANSI/CAGI [3] and the liquid aerosol 
separation efficiency (LASE) test [4]. 
A review of how vertical liquid-gas 
coalescers operate is also presented, 
including key model features of media 
velocity and annular velocity as they 
pertain to test conditions.

Both the DOP and the sodium chlo-
ride methods provide information only 
on the media capture efficiency and do 

not take into account many of the fac-
tors associated with how a liquid-gas 
coalescer operates. The ANSI/CAGI 
test is a marked improvement oper-
ating under oil-saturated conditions, 
with a poly disperse inlet particle size 
distribution. The LASE test takes the 
evaluation to a further degree by in-
creasing the “challenge” load (inlet 
concentration) to > 1,000 ppm, and 
also taking into account the annular 
velocity and using a full flow sampler 
to eliminate any side stream bias.

COALESCER BASICS
As mentioned above, there are a num-
ber of methods that have been applied 
to evaluating liquid-gas coalescers in 
a laboratory setting. In order to un-
derstand how the test procedures af-
fect the performance ratings, it is first 
necessary to have an understanding of 
how liquid coalescers operate.

Vertical liquid-gas coalescers
Figure 1 depicts a vertical high-effi-
ciency liquid-gas coalescer system. 
Inlet gas with liquid aerosol con-
tamination enters at the bottom of 
the housing into a first-stage knock-
out section. Here any slugs or large 
droplets (> 300 µm) are removed by 
gravitational settling. The gas then 
travels upward through a tube sheet 
and flows radially from the inside of 
the cartridges through the coalescer 
medium to the annulus. The inlet 
aerosol distribution ranges from 0.1 
to 300 µm, and after passing through 
the coalescer medium, is transformed 
into enlarged coalesced droplets rang-
ing from 0.5 to 2.2 mm. The advantage 
of flowing from the inside to outside of 

the coalescer cartridge is that the gas 
velocity can be more easily adjusted 
in the annulus by selecting the opti-
mum housing diameter to prevent re-
entrainment of coalesced droplets.

Four steps have been identified with 
the mechanism of the formation and 
removal of droplets in the coalescer 
medium:
1) Capture
2) Coalescing
3) Release
4) Drainage and separation from media

The formation of the coalesced drop-
lets first involves the capture of the 
small aerosols onto the fibers of the co-
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Before selecting a coalescer, it’s important  
to understand how they work and how they are rated

FIGURE 1.  Shown here is a typical 
high-efficiency, liquid-gas coalescer

Liquid-Gas Coalescers:
DEMYSTIFYING PERFORMANCE RATINGS
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alescer medium. The actual coalescing 
or merging of the fine droplets is be-
lieved to take place on the fibers, and 
especially at fiber intersections. The 
coalesced droplets are then released 
from the fiber due to the drag force 
of the gas flow exceeding the adsorp-
tion energy. This process is repeated 
through the depth of the coalescer 
medium until the coalescing process 
is completed and the largest possible, 
stable droplet size is achieved. Dur-
ing the coalescing stages, the growing 
droplets are also draining downward 
inside the media pack due to the force 
of gravity.
Surface treatment. One way to im-
prove the draining of the coalesced 
liquid drops in the medium is to apply 
a surface treatment that changes the 
medium’s wetting properties by low-
ering the overall surface energy. This 
ensures that both oil and aqueous 
drops will not wet the surfaces and 
hence will have lower liquid-fiber at-
traction forces, thereby allowing bet-
ter drainage.

Modeling the vertical coalescer
The modeling of the vertical liquid-gas 
coalescer system can be divided into 
two basic aspects for performance: 
media velocity and annular velocity. 
Media velocity. The media velocity 
(vmed) is defined as the actual flowrate 
divided by the coalescer filter area:

vmed = Qa/NAmed (1)

Where: 
Qa = actual system flowrate (at sys-
tem conditions)
N = number of coalescers
Amed = media area for one coalescer
Qa is obtained from the standard sys-
tem flowrate, Qs:

Qa= QsSgrair,stp/rg (2)

Where:  
Sg = gas specific gravity 
rair,stp = density of air at standard 
temperature and pressure
rg = density of gas at system conditions

The media velocity is not the actual 
velocity through the open pores of the 
media, but rather an average by con-
vention over the combined pore area 
and solid matrix area in the spatial 
plane normal to the flow direction. 
The maximum media velocity for a 
coalescer construction is related to 
a number of factors intrinsic to the 
particular coalescer design and to the 
physical properties of the system.
Effect of system conditions on 
media velocity. The ability of the co-
alescer medium to perform effectively 
will also depend on the system envi-
ronment. While different coalescer 
constructions will exhibit quantitative 
differences, they will follow the same 
qualitative behavior. The media veloc-
ity has been determined to depend on 
system parameters such as inlet aero-
sol concentration, aerosol density, gas 
density and gas viscosity. An analysis 
of how the inlet liquid-aerosol concen-
tration affects the maximum media 
velocity is presented in Figure 2 for 
surface treated and untreated co-
alescer media.

At low aerosol concentrations, the 
maximum media velocity is constant 
and is unaffected by aerosol levels. 
Under these conditions, the media 
is limited by the capture mecha-
nism and is not affected by drain-
age. At higher levels of aerosol con-
centration, the coalescer medium 
becomes limited by drainage and is 
inversely proportional to the aero-
sol concentration. The effect of the 
surface treatment on this process is 
to enhance the drainage and allow 
for higher maximum media veloci-
ties under the same aerosol loading 
when limited by drainage. The plot of 
the surface-treated coalescer media 
is based on an increase in drainage 
ability of about threefold. The effect 
of the increased drainage of the sur-
face treatment is to extend the con-
stant portion of the plot and raise the 
drainage limited curve to three times 
the untreated value. 
Annular velocity. The annular veloc-
ity (vann) is defined as the actual flow-

rate divided by the annulus area:

vann = Qa/Aann (3)

Where Aann is the cross-sectional 
annular area defined as the cross-
sectional area of the housing without 
coalescers minus the area of the co-
alescer end-caps:

Aann = πRh
2 – NπRc

2 (4)

Where:  
Rh = radius of the housing
Rc = radius of coalescer end-cap
N = number of coalescers

The enlarged droplets leaving the 
coalescer media pack can be assumed 
to be as large as possible for the 
given flow conditions when complete 
coalescence has occurred. Therefore, 
the coalesced droplet diameter will 
be the same for any specific design 
of the coalescer cartridge as long 
as complete coalescence has been 
achieved. If complete coalescence is 
not achieved, the calculation of the 
coalesced droplets must take into ac-
count the degree of coalescence.

In most industrial applications, the 
coalesced droplets will range in size 
from 0.5 to 2.2 mm and will be mostly 
influenced by the interfacial tension, 
which is significantly affected by the 
liquid-gas types, liquid density, sys-
tem temperature and system pres-
sure. As the pressure is increased, the 
gas density will increase, while the 
liquid density is only slightly affected. 
The solubility of the gas in the liquid 
is enhanced with increasing pressure. 
This leads to a substantial decrease 
in interfacial tension with increasing 
pressure and consequently to signifi-
cantly smaller coalesced droplets at 
the higher pressures.

Once the coalesced droplet size has 
been estimated, the next step is to de-
termine the maximum annular veloc-
ity that can be sustained without re-
entrainment. In general, the coalesced 
droplets will produce Reynolds num-
bers (Re) outside of the creeping flow 
regime (< 0.1) and Stokes law. Instead, 
a force balance is used between the 
liquid droplets settling by gravity and 
the drag force of the gas flowing up-
ward in the opposite direction.

As the gas leaves the coalescer car-
tridge and travels upward in the an-
nulus, it contributes to the total flow, 
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Liquid-Gas Coalescers:
DEMYSTIFYING PERFORMANCE RATINGS

FIGURE 2. This graph shows the effect 
of surface treatment and liquid loading 
on media velocity
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thereby increasing the annular veloc-
ity. The annular velocity is modeled 
as a linear function with vertical dis-
tance, and the annular velocity is zero 
at the bottom of the cartridge and in-
creases to a maximum value at the top 
of the cartridge.

Once the coalesced droplets are 
formed, they immediately drain ver-
tically downward in the coalescer-me-
dium pack. As a direct consequence of 
the treatment, the coalesced droplets 
are shielded from the upward gas flow 
in the annulus in most of the length of 
the coalescer cartridge. The coalesced 
droplets are first exposed to the an-
nular gas flow when they appear on 
the external face of the coalescer me-
dium pack at the bottom third of the 
coalescer cartridge (Figure 3a). Once 
the coalesced droplets are released to 
the annular space they are subjected 
to the force of the upward flowing gas. 
The trajectory of the coalesced drop-
lets is modeled on a force balance be-
tween gravity settling and the drag 
force created by the gas flow past the 
droplets. This analysis leads to the 
calculation of a critical annular veloc-
ity for re-entrainment (vc).

The use of a surface treatment on 
high-performance vertical liquid-gas 
coalescer cartridge systems has been 
proven to significantly enhance perfor-
mance by allowing higher flowrates or 
smaller housing diameters compared 
to untreated coalescers [5].

Due to the surface treatment, there 
are minimal coalesced droplets pres-
ent in the annulus above the drain-
age point at the bottom third of the 
coalescer cartridge. For a coalescer 
cartridge that is not specially sur-
face treated, the coalesced liquids are 
present throughout the length of the 
coalescer in the annulus space, and 
the critical annular velocity for re-en-
trainment is given for the top of the 
element (Figure 3b). For the treated 
coalescer, it is allowable to have an-
nular velocities greater than the crit-
ical value for re-entrainment in the 
portion of the annulus space where 
there are no liquids present. This per-
mits the maximum annular velocity 
at the top of the coalescer cartridge to 
be about three times the critical re-
entrainment value needed at the ver-
tical position of the lower one third 

of the cartridge height where liquids 
are present.
Determination of minimum hous-
ing diameter. The housing diameter 
is determined from the area of the 
annulus and the area of the coalescer 
end-caps. The maximum annular 
velocity at the top of the coalescer 
cartridges is used to determine the 
annular area required. The value of 
the maximum annular velocity [vann 
(max)], at the top of the coalescer car-
tridges is dependent on the critical an-
nular velocity for re-entrainment (vc) 
and the vertical location at which the 
coalesced droplets are present in the 
free annulus space. This relationship 
can be described as follows:

vann (max) = kavc (5)

where ka is the annular velocity en-
hancement factor due to drainage.

For the untreated coalescer me-
dium, the coalescer cartridge is com-
pletely wetted and coalesced droplets 
are present in the annulus space up 
to the top of the annulus where the 
annular velocity is highest. There is 
no drainage enhancement, and ka = 1. 
The maximum annular velocity to pre-
vent re-entrainment is then equal to 
the critical value for re-entrainment:

Untreated coalescer:  
vann (max) = vc (6)

The effect of the surface treatment 
is to greatly increase the drainage, 
and the annular velocity at the top 
of the coalescer cartridge can now be 

significantly higher than the criti-
cal value since there are no coalesced 
droplets present in the annulus except 
in the bottom third of the cartridge. 
The maximum annular velocity is now 
determined, with ka = 3.1, as follows:

Surface treated coalescer:   
vann (max) = 3.1vc (7)

Convincing evidence for the en-
hanced maximum annular velocity 
given by Equation (5) has been dem-
onstrated by laboratory tests [6, 7, 
8] and is presented in Figure 3. Vi-
sual observations during these tests 
also confirm that liquids are present 
on the outside of the coalescer pack 
only at the bottom third for the sur-
face treated coalescer and are present 
throughout the length of the wetted 
untreated coalescer.

LABORATORY  
TEST PROCEDURES
A description of laboratory methods 
that have been reported by a number 
of gas-filter and coalescer manufactur-
ers and their relevance to actual field 
operation is provided below. 

DOP test
An organic liquid, dioctyl phthalate 
(DOP), is first vaporized by heating 
and then cooled down, allowing the 
DOP to condense and create a nearly 
mono-disperse drop-size distribution 
at 0.3 µm. A portion of the aerosol 
mist created is mixed with carrier air 
and flowed through a filter disc used 

VC

VC

Surface
treated coalescer

Figure 3a Figure 3b

Untreated
coalescer

FIGURE 3.  Surface 
treatment of the media 
reduces the coalesced 
droplets present in the 
annulus above the drain-
age point at the bottom-
third of the coalescer car-
tridge. As a result, treated 
coalescers (a) can have 
annular velocities greater 
than the critical value for 
re-entrainment than for 
untreated coalescers (b)
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as the test sample at a controlled flow-
rate with an aerosol concentration of 
100 ± 20 µg/L (~ 77 ppm). Typically, 
the test sample is a filter disc with an 
area of 100 cm2 and is challenged at 
a flowrate of 32 L/min. The inlet and 
outlet of the test sample is analyzed 
for aerosol content using a forward 
light-scattering photometer. 

The test is run on clean, dry filter 
samples and at minimal pressure to 
assure sufficient flow with the outlet 
at atmospheric pressure. Results are 
measured as percent penetration on 
a scale setting of down to 0.001% or 
even to 0.0001%. Values are commonly 
reported as percent removal at 0.3 
µm, with percent removal equal to one 
minus the percent penetration.
Advantages. The DOP test is an in-
dustry standard used for rating high-
efficiency particulate air (HEPA) fil-
ters, and standard test equipment is 
readily available. The test is a reliable 
and useful way to evaluate the cap-
ture efficiency of a filter media under 
initial use conditions.
Disadvantages. The test conditions 
are not representative of field condi-
tions. The aerosol pressure is very low, 
and the challenge aerosol concentra-
tion is below that of many typical field 
applications. The aerosol challenge is 
also nearly mono disperse and uses 
a different liquid than would be en-
countered in actual service. The test 
is run with a clean and dry filter in 
service. Also the test sample is a fil-

ter disc, and this is not always a good 
simulation of a coalescer cartridge 
that can contain pleated media and 
outer wrap materials. Lastly, the test 
is not measuring a saturated media 
that would be expected for a liquid-
gas coalescer in service.

Sodium chloride test
An aerosol challenge is created by 
atomizing a sodium chloride solution 
into a clean, dry filtered air stream. 
The water carrying the sodium chlo-
ride is vaporized, leaving behind solid 
salt crystals. The salt particle-size dis-
tribution can be varied in a controlled 
manner by adjusting the sodium-chlo-
ride solution strength, the pressure 
and the air flowrate. The aerosol chal-
lenge is passed through a test filter 
disc (typically 90-mm dia.) used as the 
test sample. 

The test flowrate is adjustable and 
field-service gas fluxrates are typi-
cally used. An isokinetic probe is used 
to draw off a controlled portion of the 
aerosol stream and pass it to a laser 
particle counter. The concentration 
of the aerosol stream is maintained 
above 106 particles per cubic meter 
and both inlet and outlet air streams 
are evaluated for particle counts.
Advantages. The sodium chloride 
test allows for the use of an aerosol 
challenge that has a varied particle-
size-distribution range similar to that 
encountered under field conditions. 
The flow per filter area is adjustable 

and is typically run at conditions simi-
lar to actual field use. The test appa-
ratus includes laser particle counters 
that have improved accuracy over the 
light scattering methods used in the 
DOP test. This method has found wide 
acceptance in many industries, includ-
ing the microelectronics field, and is a 
reliable and useful way to evaluate 
the capture efficiency of a filter media 
under initial use conditions.
Disadvantages. The test conditions 
are not representative of field condi-
tions. The aerosol pressure is very 
low, and the challenge aerosol is made 
up of only solid particles. The test is 
also run with a clean and dry filter in 
service. Also, the test sample is a fil-
ter disc, and this is not always a good 
simulation of a coalescer cartridge 
that can contain pleated media and 
outer wrap materials. Lastly, the test 
is not measuring a saturated media 
that would be expected for a liquid-gas 
coalescer in service.

LASE test
The efficiency of liquid-gas coalescers 
is measured using a test stand config-
ured as shown in Figure 4. The test 
stand utilizes an assembly consisting 
of a standard size element installed in 
a housing of a standard inside diam-
eter. An oil aerosol challenge is gener-
ated upstream of the element using an 
ultrasonic spray nozzle. Performance 
measurements are taken only after 
the coalescer assembly differential 
pressure and sump drainage rate have 
stabilized, that is, reached equilibrium. 
The test flowrate is adjusted up to the 
rated flow of the test coalescer and the 
annular velocity is also adjusted to 
representative field conditions by ad-
justing the test housing diameter. 

The removal efficiency of the co-
alescer is determined by installing a 
full flow sampler at the outlet of the 
coalescer assembly. The reason for 
employing the full flow sampler is to 
eliminate sampling biases and ensure 
that all of the downstream oil, both en-
trained and wall flow, is captured and 
accounted for. An extraction and ana-
lytical analysis are then performed on 
the full flow sampler to determine the 
amount of oil that was collected dur-
ing the test.
General description of the test 

Oil and air 
injector nozzle

3

Inlet air
ball valve

(from manifold)

Rotometer inlet 
air regulator

Air rotometer 
(300 SCFM)

Rotometer 
pressure gauge

Oil reservoir 
air regulator

Inlet air 
regulator

Inlet air 
control 
valve

Thermocouple

Inlet air 
pressure 
gauge

Measuring section

Coalescer test housing

Full flow sampler
Globe valve

Oil reservoir

Oil 
rotometer

Oil challenge 
air rotometer

Oil drain sump

FIGURE 4.  The schematic of the liquid aerosol separation efficiency (LASE) test 
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stand. The test stand is supplied 
with dry air that is prefiltered and 
coalesced to eliminate any back-
ground dirt or liquid aerosols. The 
oil is supplied to the atomizing noz-
zle via a pressurized oil reservoir, 
and the coalesced oil is collected in 
a sump and measured. It is impor-
tant to measure the incremental 
amount of oil that is drained from 
the coalescer housing throughout 
the duration of the test. These data 
are used to determine the actual liq-
uid challenge. Actual system flow-
rates are monitored and controlled by 
a regulating valve, and the flowrate is 
measured with a calibrated rotometer. 
System pressure, temperature, and 
differential pressure across the co-
alescer assembly are also measured.

The inlet to the housing is through 
the bottom center of the housing. No 
settling chambers, inertial separators 
or other attempts to precondition or 
remove oil challenge before contact 
with the element is permitted. The 
minimum air velocity between the at-
omizing nozzle and the test element 
inlet, including all parts of the hous-
ing, is 80 ft/s minimum (24.38 m/s). 
Aerosol generation. A liquid loading 
system utilizing an ultrasonic spray 
nozzle is used to generate the aero-
sols. The oil used for this evaluation is 
Mobil Corp.’s DTE – 24 lube oil.

The quantity of aerosol (by mass) 
and size distribution produced by 
the nozzle depends on the flowrate 
through the nozzle and the physi-
cal properties of the medium being 
sparged. The varying sized aerosols 
generated by this system (0.1–1.0 µm) 
are considered to be representative of 
what would be typically found in the 
aftercooler exhaust air from a recipro-
cating compressor.
Full flow sampler. The full flow 
sampler is an inline design and con-
tains a flat sheet, non-corrugated 
Teflon membrane having a removal 
rating of at least 0.45 µm and a mini-
mum effective area of 0.26 ft2 (0.025 
m2). The sampler has a baffle plate 
to guard against direct impingement 
of oil droplets onto the medium and 
to provide a uniform flow across the 
membrane disc. It also has a surface 
finish, material of construction and 
design that allow proper extraction 

and clean up. The inlet and outlet are 
equipped with Triclover fittings to fa-
cilitate installation and demounting. 
These fittings are sealed when not in 
use and during extraction procedures 
to avoid contamination. 
Sampler extraction and analysis 
method. After a test run, the down-
stream sampling membranes are ex-
tracted by laboratory-grade hexane. A 
pre-weighed quantity of each solvent 
is introduced into the sampler and 
allowed to mix for a known period of 
time. An aliquot of the mixture is re-
moved and analyzed by either an in-
frared spectrophotometer when Freon 
is used, or gas chromatography mass 
spectrometer (GCMS) method when 
hexane is used as the extracting sol-
vent. The minimum detectable oil level 
is 0.001 ppmw, based on air at 100°F 
and 100 psig. The upstream or chal-
lenge aerosol concentration is deter-
mined by direct gravimetric measure-
ment following the saturation of the 
test element and stabilization of the 
saturated assembly differential pres-
sure by measuring the sump drainage 
oil from the coalescer housing during 
the sampling period. Subsequently, 
the actual upstream-liquid-challenge 
concentration is determined by adding 
the downstream aerosol concentration 
to the sump concentration.
Advantages. The LASE test allows 
for the use of an aerosol challenge 
that has a varied particle-size-distri-
bution range similar to that encoun-
tered under field conditions. The flow 
per filter area is specified at 100% 
rated flow. The test conditions are 
under pressure and the test coalescer 
is tested for efficiency after it has be-
come saturated with oil. The aerosol 
concentration in the challenge feed is 
1,112 ppm and represents a realistic 
and difficult field application. The an-

nular velocity is controlled at condi-
tions expected under field conditions 
also at the maximum velocity per the 
LASE sizing method as calculated for 
the test conditions. The sampling tech-
nique used is a full flow sampler, and 
this method allows for more accurate 
results than sidestream evaluation.
Disadvantages. The test conditions 
are not completely representative of 
field conditions, as the test pressure is 
still lower than typical operating con-
ditions and uses air as the carrier gas 
and oil as the liquid aerosol.

 
ANSI/CAGI
The ANSI/CAGI method follows a sim-
ilar procedure and uses similar equip-
ment to the LASE test as described 
above, with a few exceptions that are 
shown here:
1) The aerosol challenge is much lower 
at 40 ppm
2) The annular velocity is not adjusted 
to the expected industrial use
3) The downstream sampling uses a 
sidestream method that first catches 
wall flow in a small vessel separator 
followed by a membrane sampler
Advantages. The ANSI/CAGI test 
allows for the use of an aerosol chal-
lenge that has a varied particle-size 
distribution range similar to that 
encountered under field conditions. 
The flow per filter area is specified at 
100% rated flow. The test conditions 
are under pressure and the test co-
alescer is tested for efficiency after it 
has become saturated with oil.
Disadvantages. The test conditions 
are not representative of field condi-
tions. The aerosol pressure is lower 
than typical operating conditions and 
uses air as the carrier gas. The aerosol 
oil challenge is set to 40 ppm, which 
is lower than many field applications 
and makes this an easier test to get 

TABLE 1:  COMPARISON OF DIFFERENT LABORATORY TEST METHODS FOR 
RATING LIQUID-GAS COALESCERS

Test 
method

Aerosol 
type

Inlet aerosol 
challenge

Test run at  
saturated  
conditions

Test run  
at max.  
loading

Test run at  
maximum  
annular  
velocity

Outlet  
sampling 
method

DOP Liquid  
(dioctyl 
phthalate)

100 ± 20 
μg/L of Air 
(~ 77 ppm)

No No No Full flow

NaCl Solid  
(salt)

> 106 par-
ticles per 
cubic foot 
greater than 
0.003 μm

No No No Isokinetic  
probe

CAGI Liquid 
(lube oil)

40 ppm Yes No No Isokinetic  
probe

LASE Liquid 
(lube oil)

1,112 ppm Yes Yes Yes Full flow
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high-efficiency results. The test proto-
col does not specify the annular veloc-
ity, and this will also enable the test to 
provide high-efficiency results as well. 
The downstream sampling method 
uses a wall flow collector and iso-ki-
netic probe that is not as accurate as 
using a full flow sampling membrane.

Concluding observations
Depending on the test method used, 
varying efficiency ratings can be ob-
tained for the same test coalescer. A 
comparison of the test methods dis-
cussed here are presented in Table 1 
along with the actual test results in 
Table 2 obtained using the SepraSol 
Plus liquid-gas coalescer. 

The DOP and sodium chloride tests 
were found to provide information 
only on the media capture efficiency 
and were not taking into account 
many of the factors associated with 

how a liquid-gas coalescer operates. 
The ANSI/CAGI test is a marked 

improvement operating under oil-sat-
urated conditions, with a poly disperse 
inlet particle-size distribution.

The LASE test takes the evaluation 
to a further degree by increasing the 
challenge load to > 1,000 ppm, and 
also taking into account the annular 
velocity and using a full flow sampler 
to eliminate any sidestream bias.

So for evaluating a coalescer effi-
ciency rating, it is important to have 
the test procedure specified and con-
sider the different options, as they will 
affect the rating. As seen in Table 2, 
the same coalescer gave quite differ-
ent readings such as a 0.001 ppm out-
let using the ANSI/CAGI test, and a 
magnitude higher outlet of 0.01 ppm 
when tested under more severe condi-
tions using the LASE test. ■

Edited by Gerald Ondrey

TABLE 2: TEST RESULTS FOR A 
HIGH-EFFICIENCY LIQUID-GAS 

COALESCER
Test 
Method

Performance  
Rating

DOP 99.999% at 0.3 μm
NaCl 99.7% > 0.3 μm
ANSI/CAGI 0.001 ppmw oil down-

stream
LASE 0.01 ppmw oil down-

stream
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D
istillation columns are often 
workhorses in the chemical 
process industries (CPI), and at 
times, it is necessary to physi-

cally inspect the interior of a column. 
This article demonstrates what an in-
spection can reveal, by sharing the ex-
perience of actual fractionation-tower 
inspections in a petroleum refinery. 
The points mentioned are intended to 
provide guidance to future tower in-
spectors, so that they can focus on ex-
tremely important and relevant points 
that will directly impact the operation 
of distillation columns.

Inspection basics
Who inspects? Whenever a fraction-
ation tower is opened for inspection, it 
is important that it be inspected and 
analyzed by a qualified process engi-
neer, who has been trained in what to 
look for.

Typically, inspections are carried out 
by a number of different departments, 
each one focused on its particular area 
of concern. Column components are 
usually inspected by the equipment 
inspection department. The produc-
tion department, besides checking if it 

is necessary to replace or repair inter-
nals, inspects if the tower is clean or 
if it has accumulated large quantities 
of coke, salt or corrosion products dur-
ing operation. Cleaning, repairs and 
mountings are the responsibility of 
the maintenance department.

The process department inspector is 

usually responsible for critically ana-
lyzing changes made in a column and 
for identifying potential operational 
problems. Something as simple as the 
replacement of a downcomer can gen-
erate a significant fractionation-effi-
ciency loss if it is not properly mounted. 
For example, if the clearance under a 
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While physically inspecting the interior  
of a distillation column can be a tedious,  

and often dirty task, it is also a great 
opportunity to identify and avert  

potential process problems

Inspecting 
Fractionation 
Towers

Parting box

Pre-distributor
channel

Metering 
boxes

Trough
Orifice

Drip tube 
with square 
spoon base

FIGURE 1.  Check nozzles for plugs. This one is blocked 
with a piece of packing 

FIGURE 2.  Water testing quickly identi�es nozzle  
plugging

FIGURE 3.  This schematic shows the con�guration of the gravitational distributor 
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downcomer is too small, the column 
could suffer from flooding because of 
the flow restriction. The construction 
crew, however, does not always under-
stand how a column works, and might 
therefore make decisions that are not 
the best. It is essential to have people 
who are knowledgeable about the dis-
tillation process to critically analyze 
and address these types of details in 
the column. In addition to the criti-
cal analysis, it is imperative that the 
process inspector avoid repeating 
old practices and errors that can be 
dragged on for years and become part 
of the way of working.
Preparing for inspection. A criti-
cal inspection is a tedious and often 
dirty task. It is necessary to remain 
inside the tower for hours. A job well-
done, however, can identify potential 
problems and will save headaches 

when the tower is back in operation.
It is important to identify problems 

before opening the fractionation tower 
for inspection. Monitoring the vari-
ables in the column will allow the in-
spector to focus on sectors that have 
been identified as problematic in ad-
vance. For example, if the column is 
flooded at the top, between the kero-
sene sump and the top of the tower 
(identified by the differential pres-
sure and gamma scanning), that sec-
tion should be inspected immediately 
when the column is opened. In our 
particular case, we intended to replace 
the distributors and the wash bed of 
the vacuum tower, because we knew 
from monitoring pressure drop dur-
ing operation that it was filled with a 
large quantity of coke.

This article covers these examples, 
and more from the point of view of 

the process. To put this type 
of inspection into practice, it 
is necessary to prepare a de-
tailed program to know what to 
inspect and how to look for the 
potential problems. An expe-
rienced process engineer once 
said that a good observer and 
detector of potential problems 
inside the column turns him-
self into the liquid that flows 
through the downcomers and 
into vapor, which rises through 
the trays.

The manufacturing site
This article shares experiences 
from inspections performed in 
the vacuum and atmospheric-
pressure fractionation towers 
in our refinery, during routine 
maintenance shutdowns of the 
units in November 2008. The 
refinery, owned by YPF S.A. is 
called Luján de Cuyo, and is 
located in the province of Men-
doza in Argentina.

Our vacuum tower, CV10, is 
37 m long with a diameter of 
8.2 m in its largest section. It 
processes around 9,000 m3/d of 
atmospheric residue. Our crude 
distillation atmospheric tower, 
CV1, is 39.6 m long and 4 m in 
diameter. It processes around 
11,000 m3/d of crude oil.

Full inspections for each of 
the towers had been planned. Previ-
ous planning was necessary to avoid 
delays and time extensions of the 
scheduled shutdown. Although a com-
plete inspection of each one of the 
towers was conducted, this article 
presents only the points of major in-
terest, which will be useful for process 
inspectors. We focus on the following 
points of concern: 
Vacuum tower
•		Inspection	 and	 testing	 of	 

distributors 
•		Inspection	and	testing	of	sumps	and	

chimney trays
•		Inspection	 of	 dual-element	 filter	

screens
•		Design	problems
Atmospheric distillation tower
•		Inspection	 of	 trays	 (valves,	 holes,	

measurements of weirs and clear-
ances under the downcomers)
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FIGURE 4.  Inspection uncovered a miss-
ing bolt

FIGURE 5.  Some drip tubes were bent, 
causing uneven liquid distribution

FIGURE 8A (top) and 8B (bottom).   
This design mistake caused a pipe to be 
wetted from a nozzle, which could poten-
tially cause corrosion

FIGURE 6.  Even though dirt was found in 
the distributor, the design compensated for 
the fouling

FIGURE 7.  This blockage required that the 
distributor be dismounted and cleaned
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•		Inspection	and	testing	of	sumps
•		Design	problems
•		Test	of	gravity-flow	distributor

Vacuum distillation tower
Light vacuum gas oil (LVGO) 
pump around distributor. Among	
a	 total	 of	 19	 spray	 nozzles,	 only	 one	
was	 found	 to	 be	 plugged.	 It	 was	
agreed	 with	 the	 maintenance	 staff	
to	randomly	select	20%	of	all	nozzles,	
dismount	 and	 check	 them.	 If	 50%	 of	
these	 nozzles	 were	 plugged	 or	 dirty,	
all	 nozzles	 would	 be	 dismounted	 for	
cleaning	and	inspection.

The	 nozzle	 that	 was	 found	 to	 be	
plugged	 (Figure	 1),	 was	 blocked	
with	 a	 piece	 of	 packing	 (Flexiring).	
To	 shed	 light	 on	 our	 question	 of	
how	 it	 could	 have	 gotten	 there,	 we	
went	to	inspect	the	dual-element	fil-
ter	screens	 that	are	external	 to	 the	
tower.	 We	 found	 two	 different	 pos-
sible	 explanations:	 1)	We	 found	 no	
meshes	 inside	 the	 filters,	 and	 this	
would	 allow	 the	 packing	 piece	 to	
bypass	the	filters,	and	2)	One	of	the	
dual-element	filters	was	dismounted	
to	connect	a	segment	of	piping	that	
bypassed	 the	 dual	 filters.	 Someone	
had	 decided	 to	 dismount	 it	 to	 give	
operational	flexibility	to	the	unit. 
Distributor testing.	 To	 verify	 that	
no	 spray	 nozzles	 had	 been	 plugged,	
they	 were	 tested	 with	 water.	 Figure	
2	shows	what	happens	when	the	flow	
through	 the	 nozzles	 is	 not	 adequate.	

This	is	due	mainly	to	operational	fail-
ures,	or	in	the	worst	case,	plugging	of	
the	nozzles.	A	plugged	nozzle	produces	
a	poor	flow	for	washing	on	a	portion	of	
the	bed.
LVGO/heavy vacuum gas oil 
(HVGO) fractionation bed dis-
tributor.	We	have	a	gravitational	dis-
tributor	in	the	LVGO/HVGO	fraction-
ation	 bed	 (Figure	 3).	The	 LVGO	 fills	
the	pre-distributor	channel	through	a	
feed	pipe.	The	liquid	overflows	into	a	
parting	box.	Then,	 troughs	are	 filled.	
At	 the	 top	 of	 each	 trough	 there	 are	
orifices,	where	the	liquid	flows	to	drip	
tubes.	 The	 liquid	 arrives	 to	 spoons	
bases	 (the	 liquid	 drains	 through	 the	
corners	 of	 a	 base,	 called	 the	 spoon	
base	—	see	Figure	3)	and	distributes	
liquid	to	the	bed.

The	 first	 thing	 that	 was	 observed	
during	the	inspection	of	this	distribu-
tor	 was	 that	 the	 central	 parting	 box	
was	uneven.	Figure	4	shows	a	missing	
bolt	necessary	to	hold	the	box.

Unevenness	 in	 the	 central	 part-
ing	box	will	 affect	 liquid	distribution	
to	the	bed	below,	since	the	liquid	will	
flow	 preferentially	 to	 some	 troughs.	
A	 section	 of	 the	 packing	 will	 be	 dry	
due	to	reduced	 irrigation,	and	a	poor	
end	 point	 (the	 highest	 temperature	
recorded	 during	 distillation)	 or	 cloud	
point	 (the	 temperature	 at	 which	 the	
liquid	has	a	cloudy	appearance	signi-
fying	that	wax	is	beginning	to	crystal-
lize)	would	result.

In	certain	sections,	drip	tubes	with	
square	spoons	bases	were	not	in	place,	
but	were	 instead	on	the	bed.	Also,	as	
shown	in	Figure	5,	some	were	bent	so	
that	the	liquid	distribution	to	the	bed	
was	not	good.

Even	though	to	enter	the	column	it	
was	(and	should	be)	washed	for	hours,	
there	was	dirt	inside	the	side	troughs	
of	 the	 distributor	 (Figure	 6).	 As	 the	
holes	 from	 where	 the	 liquid	 enters	
are	 above	where	 the	 dirt	 was	 in	 the	
troughs,	there	should	have	been	no	ob-
struction	to	the	passage	of	liquid.	This	
shows	the	effectiveness	of	this	design	
in	terms	of	antifouling.

Even	 with	 the	 advantages	 of	 this	
technology,	 however,	 the	 inspection	
uncovered	 a	 clear	 blockage	 in	 the	
center	 parting	 box	 (Figure	 7),	 which	
hindered	the	passage	of	 liquid	 to	 the	
lateral	 troughs.	 This	 was	 discovered	
through	 a	water	 test	 of	 the	 distribu-
tor.	 As	 a	 result,	 the	 distributor	 was	
dismounted	and	cleaned.
HVGO pump around.	 We	 found	 a	
design	mistake	in	this	section.	Figures	
8a	and	8b	show	how	a	branch	pipe	was	
wetted	by	liquid	issuing	from	the	spray	
nozzle.	This	occurred	because	the	pipe	
was	inclined.	Given	that	the	values	of	
total	 acid	 number	 (TAN)	 and	 sulfur	
content	of	 the	current	HVGO	are	1.3	
kg	(mg	KOH	per	gram	of	hydrocarbon)	
and	 0.67	 wt.%	 respectively,	 and	 the	
operating	temperature	exceeds	200°C,	
the	jet	flow	from	the	nozzle	could	neg-

FIGURE 10.  The “Y” �lters were in-
spected

FIGURE 12.  Inspection uncovered de-
formed column internals, such as this grid

FIGURE 11.  This deformed mesh 
taken from the Y �lter would allow solids 
to pass to the spray nozzles and poten-
tially cause plugging

FIGURE 13.  Modi�cations need to be 
made according to design. A correct 
grid arrangement is shown here

FIGURE 9A and B.  A longer nozzle 
might have caused a worse corrosion 
problem to the pipe weld
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atively impact and contribute to corro-
sion of the feed piping.

To resolve this issue, we tried plac-
ing a longer nozzle to stop the liquid 
from wetting the branch pipe. The 
tube placed was as long as we could 
make it, taking the inclination of the 
pipe into account. Figures 9a and 
9b show how the spray distribution 
would have wetted the branch-pipe 
weld if we decided to carry out the 
modification. Once we saw this, how-
ever, we became concerned about cor-
roding the weld. Any leak in branch 
pipe would cause poor distribution 
over the entire bed, leading to poor 
heat transfer and possibly coking on 
the packing. Therefore, we decided 
to go back to the original arrange-
ment, and we mounted the shorter 
pipe back, with the compromise to 
replace it during the next shutdown 
of the unit.

While no nozzles were plugged, it 
is appropriate to comment on another 
design error as to the dual filters of 
the HVGO pump-around loop. They 
are located upstream of the control 
valve. Dual filter screens should be 
downstream of any equipment before 
entering the column, to avoid plugging 
in the nozzles. This anomaly dates 
from the construction of the plant in 
1970. We will fix them during the next 
shutdown of the unit. 
Wash bed distributor. Before en-
tering the tower for inspection, we 

observed from the manway that an 
arm of the distributor was broken, so 
liquid came out between the two sec-
tions. The visual inspection, inside 
the column, showed that eight out of 
61 nozzles were plugged. In this par-
ticular case, all the spray nozzles were 
replaced by new ones, so all of them 
were dismounted. When we inspected 
the dismounted nozzles, we were sur-
prised to find that more than eight 
nozzles were actually plugged. About 
50% of the nozzles were plugged in-
ternally. This would have probably 
appeared during the water test of the 
spray nozzles. The lesson in this case 
is the importance of the spray-distrib-
utor water test.

Each flowstream that circulates to 
the column contains two  “Y” filters 
(Figure 10). These dual filters are 
meant to stop any solids that could 
plug the column internals. We found 
only one filter whose mesh was de-
formed (Figure 11), which allowed the 
passage of dirt to the spray nozzles.

In inspecting the upper grid of the 
bed, which was raised to the height 
of the manway, we found a broken tie 
rod. Figure 12 shows how the grids 
were deformed. One bed was entirely 
replaced as planned. One thing to 
consider is that when the mainte-
nance staff mounted this new bed, 
they were doing so without drawings. 
According to design drawings, each 
bed layer should be at a 45-deg. angle 

to the layer below, and this was not 
being respected in the installation. 
So, we had to intervene to properly 
reinstall the layers. The lesson here 
is to try to keep abreast of all changes 
made. Figure 13 shows a correct flow 
grid layer arrangement.

Atmospheric distillation tower
This column is composed of 39 valve 
trays and structured packing. From 
top to bottom, the configuration is the 
following: 
•	Trays	1	to	13	
•	Tray	14	(kerosene	sump)
•	Trays	15	to	23	
•		Tray	 24	 (atmospheric	 light-gas-oil	

sump) 
•		Trays	25	to	33	
•		Tray	34	 (atmospheric	heavy-gas-oil	

sump) 
Bottom trays 35 to 39 (stripping sec-
tion between petroleum feed and 
stripping steam inlet)
Trays 1 to 10, are two-pass, and 11 to 
39 are four-pass trays. The inspection 
was conducted in detail for each of the 
trays and structured packing. This ar-
ticle includes only the highlights.
Trays inspection. We found missing 
valves in some cases along the column, 
and some valves were found to be cor-
roded (Figures 14a and 14b).

Improper assembly of the panels 
that compose the trays, produced 
holes (Figure 15) that allowed weep-
ing, which worsened the quality of 

FIGURE 15.  Improper assembly of 
column internals can lower fractionation 
efficiency 

FIGURE 14A (top) and B (bottom).  
Some valves on the trays were found to 
be missing or corroded

FIGURE 16.  This panel was rotated 
about its normal position, rendering the 
inlet weirs inoperable 

FIGURE 17.  Check that downcomer 
clearances are within speci�cations

FIGURE 18.  During installation of the 
distributors in the column, downcomers 
were damaged
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fractionation. Besides the formation 
of holes, improperly placing a panel 
may negate the functionality for 
which it was built. Figure 16 shows 
a panel rotated about its normal po-
sition. As can be seen, if the panel is 
rotated, the inlet weir will not work. 
The inlet weir function is to prevent 
the liquid from the downcomer from 
lifting the valves closest to the inlet 
downcomer and weeping through the 
inlet row of valves.

In each of the trays we took mea-
surements of the weirs, and the 
clearances under the downcomers to 
ascertain a liquid seal on the tray. If 
there is no liquid seal, gas may rise 
up the downcomers, producing liquid 
entrainment and flooding. Conversely, 
if the clearance under the downcomer 
is too small, it will increase the height 
of liquid in the downcomer. When the 
downcomer backup reaches the tray 
above, flooding will occur. It is suffi-
cient to have one undersized clearance 
to bottleneck an entire fractionator.

In the particular case shown in 
Figure 17, the clearance under the 
downcomer was 29 mm. According 
to the design drawing, however, this 
clearance should be 43.5 ± 3 mm. This 
problem was solved by cutting the 
bottom of the downcomer to accept-
able values.

Between trays 19 and 20 are the at-
mospheric light-gas-oil (ALGO) pump-
around inlet pipe distributors. It was 
noted during the inspection that dur-
ing the installation of the distributors 
in the column, downcomers were dam-
aged (Figure 18). This caused signifi-
cant losses of fractionation capacity.

Sumps. Kerosene, ALGO and atmo-
spheric heavy-gas-oil (AHGO) sumps 
were tested with water. They were 
filled with water to a certain level. 
Then we cut off the water and waited 
about 20 minutes to look at the fall of 
the water level. The conclusion of the 
test was that no problems were ob-
served with sump leakage.

Anecdotally, during the final visual 
inspection of the tower, just before 
being closed, we found a pipe scaffold 
in the AHGO sump. It was hiding, so 
that if we had not properly performed 
the final inspection, the scaffold de-
bris may have generated significant 
damage in the area.
Gravity flow distributor. The grav-
ity flow distributor, located in the wash 
section, was tested with water to see 
what happens when the flow increases. 
Figure 19 shows how it fills the central 
parting box, and the poor distribution 
of liquid that results when the flow is 
increased above design values.  ■
  Edited by Dorothy Lozowski
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FIGURE 19.  When flow is increased 
above design values, poor distribu-
tion of liquid results in the gravity flow 
distributor

TIPS FOR TOWER INSPECTIONS

Foremost, it is important that an inspection is carried out by a 
team of people that includes a qualified process engineer who 

is familiar with the fractionation column and has been trained in 
what to look for. Here are some additional tips gained from expe-
rience in tower inspections:

 
1.  Identify problems before opening the fractionation tower for 

inspection. Monitoring pressure drop and other variables can 
pinpoint problem areas in advance of the inspection

2.  Prepare a detailed schedule for inspection. Keep in close con-
tact with the maintenance personnel

3.  It is important to have adequate tools that will be needed dur-
ing the inspection

4.  “Think like the liquid” when inspecting and closely observe 
where the liquid will flow through the downcomers and where 
the vapors will rise up, looking for obstructions or design 
flaws 

5.  Test spray nozzles with water to check for plugging
6.  Monitor any changes made to the column, making sure instal-

lations are done according to design
7.  Check that clearances under the downcomers are within speci-

fications. Improper clearances can cause flooding or entrain-
ment

8.  Before closing the column at the end of an inspection, make 
sure all tools or other items brought in have been removed

9.  Inspect and maintain the filters periodically
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In the emerging and ever-expand-
ing areas of bioprocessing, where 
maintaining hygienic designs and 
practices is of paramount impor-

tance, and semiconductor manufactur-
ing, which has its own stringent purity 
requirements, there is a need to stan-
dardize the essential codes and stan-
dards that are available. The goal is to 
consistently achieve process systems 
that meet the highly refined cleanli-
ness and cleanability requirements 
that these industries demand. In ad-
dition to cleanliness and cleanability 
requirements, process operators must 
integrate safety into all high-purity-
design philosophies and standardiza-
tion efforts.

This article discusses the impor-
tance of, and need for, engineering 
codes and standards that govern the 
design of high-purity process piping 
systems. The focus of this article is the 
new Chapter X (High Purity Piping) 
that is found in the 2010 issue of the 
American Society of Mechanical En-
gineers (ASME) B31.3 Process Piping 
code. This chapter deals mainly with 
the bioprocessing and semiconductor 
industries, but also includes a sub-

set of bioprocessing-related industries,  
such as pharmaceuticals manufactur-
ing, biofuels production, food-and-
dairy production and others.

Evolving purity requirements
Early on (in the 1920s), the food-and- 
dairy industry, through the coopera-
tive effort of the International As-
sociation of Food Industry Suppliers 
(IAFIS; now the Food Processing Sup-
pliers Assn.), the International Assn. 
for Food Protection (IAFP), and the 
Milk Industry Foundation (MIF) — 
formed the 3-A Sanitary Standards 
organization, or simply “3-A SSI.” 3-A 
SSI was instrumental in establishing 
the first set of standards, protocols 
and methodologies to ensure that this 
industry could produce food prod-
ucts on a repeatable basis that were 
free from pathogenic bacteria. Such 
bacteria are potentially derived from  
contaminated piping systems as a 
result of an inadequate cleanability  
design, an insufficient cleaning 
regimen, or cross contamination of   
dissimilar products.

Until the late 1990s, the food-indus-
try standards that were initiated by 

3-A SSI were widely utilized by two 
other industry sectors — pharmaceu-
ticals and semiconductors — that both 
require a particularly high degree  
of purity throughout their processes 
and utility systems, but for very  
different reasons. 

The pharmaceutical industry, like 
the food-and-dairy industry, expends 
great effort to design, install and main-
tain its process systems to ensure a 
high degree of hygienic purity. In gen-
eral, process systems used by pharma-
ceutical manufacturers require added 
care and documentation during both 
the manufacture of individual com-
ponents that make up these systems, 
and the fabrication and installation 
of the complete systems. While the 
pharmaceutical and food-and- dairy 
industries both require high degrees 
of cleanliness, they each have their 
own differing set of guidelines on how 
to achieve and maintain the desired 
cleanliness.

Piping used throughout the semi-
conductor industry, on the other hand, 
requires a degree of purity that is 
even higher than that required of 
the pharmaceutical, food-and-dairy 

Solids Processing

It is essential that industry 
codes, standards and regulations 
keep up with evolving technology 

and changing demands of the 
chemical process industries

William M. Huitt
W.M. Huitt Co.
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representing Arc Machines, Inc.

Vicencio B. Molina III
Air Products and Chemicals, Inc.
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Pristine Processing
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feedstock
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hydrolysis
(sacchari-
fication}

Enzyme
production

Simplified bioethanol process diagram

Glucose
fermentation

Pentose
fermentation

Distribution

Ethanol
product

Lignin
utilization

Pretreatment

FIGURE 1.  CPI manufacturing involving biological or  
biochemical processes requires high-purity system design 
that provides an environment that is conducive to desired 

bacteria while preventing, through its integrated cleanability, 
any unwanted bacterial contamination 

New Piping Code for  
High-Purity Processes
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industries, but for altogether different 
reasons. During semiconductor manu-
facturing, bacterial contamination is 
not the driving consideration that it is 
in the food-and-dairy, and pharmaceu-
tical industries. Rather, semiconduc-
tor operations have a critical need to 
mitigate the potential for particulate 
contamination, which can be devas-
tating to today’s highly miniaturized 
electronic components. Microscopic 
particles in semiconductor facilities, 
whether coming from equipment, tub-
ing, or the various fluids used during 
the manufacture of silicon chips, can 
render the chip useless, or at the very 
least, out of specification.

In the face of such exacting purity 
requirements, the widely used ASME 
B31.3 Process Piping code proves its 
adaptability, in terms of keeping pace 
with changing technology demands 
across these varied industry segments. 
Three primary segments — food-and- 
dairy, semiconductor and pharmaceu-
tical — have served as initiators and 
proponents during the development of 
standards to meet the needs of their 
respective industries. In particular, the 
industry-specific standards developed 
by 3-A SSI, Semiconductor Equip-
ments and Materials International 
(SEMI), and ASME’s Bioprocessing 
Equipment (BPE) Committee led the 
way in establishing criteria for the 
high-purity component design, system 
design, fabrication and installation re-
quirements to meet the needs of these 
specific industry sectors. While indi-
vidual, industry-specific codes are in 
place, the ASME B31.3 piping code is 
also relevant to all of these industries, 
as it establishes engineering prac-
tices to ensure piping system integrity  
and safety.

While the industry-specific stan-
dards define the particular degree of 
purity and cleanability required in 
those sectors, and establish the com-
ponent and system designs needed to 
meet those requirements, ASME B31.3 
has  recently expanded its content to 
incorporate requirements that estab-
lish structural integrity and safety 
parameters  for high-purity applica-
tions. In order  to meet these integrity 
and safety requirements, the reader 
or user of an industry-specific stan-
dard can now be referred to the ASME 

B31.3 Process Piping Code, and more 
specifically to its latest Chapter X.

In an effort to harmonize its efforts 
and dovetail seamlessly with the pre-
vailing codes and standards mentioned 
above, ASME recognized the fact that 
while many of the B31.3 sections and 
paragraphs referenced by 3-A, SEMI, 
and BPE could be applied appropri-
ately as written, there was concern 
that B31.3 did not meet all of the needs 
of the bioprocessing and semiconductor 
industries, especially when it comes to 
high-purity fabrication, examination, 
testing and inspection. This was the 
impetus for the development of the 
new Chapter X addition to the ASME 
B31.3 Process Piping code. 

Chapter X: High Purity Piping 
The ASME B31.3 Process Piping code 
has developed over time to become 
the preeminent piping code for the 
chemical process industries (CPI). The 
2008 issue of B31.3 consisted of nine 
chapters. Chapters I through VI are 
considered to be the base code. These 
chapters are essentially written for 
metallic piping that is intended for 
fluid services that can be categorized 
according to what B31.3 defines as 
normal and Category D fluid services. 
[Author’s note: Shortly after the writ-
ing of this article, the 2010 issue of the 
ASME B31.3 Process Piping code was 
published in March 2011.]

The requirements for nonmetallic 
piping and piping lined with nonmetal-
lic materials can be found in Chapter 
VII, and are supplemental to the base 
code. Nonmetals were initially intro-
duced to the code in its 1976 publica-
tion, but not given their own chapter 
until the 1980 publication. The para-
graphs in Chapter VII are numbered 
with respect to the paragraphs in the 
base code with the added prefix A. 

Requirements associated with han-
dling toxic fluids, defined by ASME 
B31.3 as Category M fluid services 
in Chapter VIII, were first added in 
the 1976 publication. This chapter 
establishes more-stringent require-
ments for toxic fluid services, and 
was also developed to supplement the 
base code. The paragraphs in Chapter 
VIII are numbered with respect to the 
paragraphs in the base code with the 
added prefix M. 

Chapter IX, added in the 1984 pub-
lication, provides supplemental re-
quirements for operations involving 
high-pressure fluids. The paragraphs 
in Chapter IX are numbered with re-
spect to the paragraphs in the base 
code with the added prefix K. 

Adding to those supplemental chap-
ters is the latest Chapter X High Pu-
rity Piping, which is included in the 
2010 issue of the ASME B31.3 code (as 
noted, the latest issue was published 
in March 2011). As in Chapters VII, 
VIII, and IX, Chapter X is supplemen-
tal to the base code, so that the respec-
tive base code paragraphs included in 
Chapter X carry the added prefix U, 
to establish their connection with the 
high-purity piping requirements de-
tailed in Chapter X.

Application of Chapter X
As noted, Chapter X is a supplement 
to the base code of B31.3. It provides 
supplemental recommendations to 
augment those paragraphs in the base 
code where additional requirements 
are needed for high-purity applica-
tions. However, readers should note 
that while ASME B31.3 is considered 
by many to be the preeminent piping 
code, it is not a design guide. Specifi-
cally, as stated in its introduction: “The 
designer is cautioned that the code is 
not a design handbook; it does not do 
away with the need for the designer or 
for competent engineering judgment.” 

High-purity fluid service is defined 
in B31.3 as “A fluid service that re-
quires alternative methods of fabri-
cation, inspection, examination, and 
testing not covered elsewhere in the 
code with the intent to produce a con-
trolled level of cleanliness. The term 
thus applies to piping systems defined 
for other purposes as high purity, ultra 
high purity, hygienic, or aseptic.”

This definition touches on the rele-
vant points in which the requirements 
that are spelled out in the supple-
mental B31.3 Chapter X are needed 
— specifically during the fabrication, 
inspection, examination and testing 
of high-purity piping systems. How-
ever, depending on the industry- or 
case-specific requirements related to 
material attributes and specific in-
stallation requirements, the designer 
or engineer may need to go beyond 
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B31.3 Chapter X and refer to the other 
industry-specific design requirements, 
as mentioned earlier.

Safety considerations
Chapter X in B31.3 also integrates 
safety into high-purity piping systems, 
by adapting the B31.3 code to incorpo-
rate some preferential, safety-related 

nuances that are associated with those 
industries that utilize high-purity 
piping systems. It does so by adapt-
ing its basic philosophy for safety to 
that of the industry-specific compo-
nents, material joining methods, and  
purity requirements. 

For example, achieving acceptable, 
repeatable welds is a key element dur-

ing the fabrication of high-purity pip-
ing systems. These high-purity welds 
are accomplished most efficiently by 
means of a certified welding operator 
using an orbital welder. In addition to 
the requirements for acceptable gas 
tungsten arc (GTA) welds listed in 
B31.3, the user will need to refer to the 
criteria for acceptability of these types 

Circle 16 on p. 62 or go to adlinks.che.com/35067-16

ORGANIZATIONS AND STANDARDS RELATED TO HIGH-PURITY PIPING
3-A Sanitary Standards, Inc. (3-A SSI; 6888 Elm St., Suite 2D, 
McLean, VA 22101; 3-a.org)
•		P3-A	 002:2008	 Pharmaceutical	 3-A	 Sanitary/Hygienic	 Stan-
dards	for	Materials	for	Use	in	Process	Equipment	and	Systems

•		P3-A	003:2008	P3-A	End	Suction	Centrifugal	Pumps	for	Active	
Pharmaceutical	Ingredients

American Society of Mechanical Engineers (ASME; Three Park 
Ave., New York, NY 10016-5990; asme.org)
•	ASME	B31.3	2008	and	2010	editions
•		ASME-Bioprocessing	Equipment	(BPE)	Standard	2009

American Welding Society (AWS; 550 N.W. LeJeune Rd., 
Miami, FL 33126; aws.org)
•		AWS	 D18.1	 Specification	 for	Welding	 of	 Austenitic	 Stainless	
Steel	Tube	and	Pipe	Systems	in	Sanitary	(Hygienic)	Applications

International Society of Pharmaceutical Engineers (ISPE; 3109 
W. Dr. Martin Luther King, Jr. Blvd., Suite 250, Tampa, FL 
33607-6240; ispe.org)
•		ISPE	Baseline	Pharmaceutical	&	Engineering	Baseline	Guide

Semiconductor Equipment and Materials International (SEMI; 
805 East Middlefield Road, Mountain View, CA 94043;  
semi.org)
•		SEMI	 E49.8-2003	 Guide	 for	 High-Purity	 and	 Ultrahigh	 Pu-
rity	Gas	Distribution	Systems	 in	Semiconductor	Manufacturing	
Equipment

•		SEMI	F1-96	Specification	for	Leak	Integrity	of	High-Purity	Gas	
Piping	Systems	and	Components	

•		SEMI	F19-0310	Specification	 for	 the	Surface	Condition	of	 the	
Wetted	Surfaces	of	Stainless	Steel	Components	

•		SEMI	 F20—0706E	 Specification	 for	 316L	 Stainless	 Steel	 Bar,	
Forgings,	Extruded	Shapes,	Plate,	and	Tubing	for	Components	
Used	 in	 General	 Purpose,	 High	 Purity	 and	 UltraHigh	 Purity	
Semiconductor	Manufacturing	Applications

•		SEMI	F22—1102	Guide	for	Gas	Distribution	Systems
•		SEMI	F78—0703	Practice	for	Gas	Tungsten	Arc	(GTA)	Welding	
of	 Fluid	 Distribution	 Systems	 in	 Semiconductor	Manufacturing	
Applications

•		SEMI	 F81—1103	 Specification	 for	 Visual	 Inspection	 and	 Ac-
ceptance	of	Gas	Tungsten	Arc	(GTA)	Welds	in	Fluid	Distribution	
Systems	in	Semiconductor	Manufacturing	Applications			 ❏

18_CHE_070111_PP.indd   51 6/23/11   10:37:56 AM



52     CHEMICAL ENGINEERING   WWW.CHE.COM   JULY 2011

Pristine Processing

of welds as defined in ASME-BPE, or 
the respective SEMI standards. 
Biochemical processes. The addi-
tion of Chapter X could not be more 
timely. Over the past few decades, the 
breadth and depth of bioprocessing 
operations has continued to grow. For 
instance, the growth of the biofuels 
industry, coupled with the introduc-
tion of many new and evolving bio-
technology-based processes through-
out the CPI, has increased demand 
for process systems that are able to 
reliably handle biologics, both refined 
and industrial,  while controlling 
the risk of contamination. This has 
pushed the demand for high-purity-
system design beyond the boundaries 
of the pharmaceutical industry, and 
has cascaded into industries that are 
typically unfamiliar with the need for 
system cleanability.

Biochemical processes utilizing hy-
brid cellulase enzymes and bacteria as 
catalysts demand a very different set of 
design guidelines compared to chemical 
processes that do not use living organ-
isms. During biochemical processing, 
operators must maintain an environ-
ment that ensures that the specialized 
enzymes and bacteria can thrive and 
perform their consumption and pro-
cessing of the pretreated feedstock.

However, efforts to maintain an 
environment that is conducive to 
the survival of the intended bacteria 
and enzymes also creates a suitable 
environment for unwanted bacteria 
to thrive. If the proper steps are not 
taken throughout the process, a pro-
liferation of unwanted bacteria can 
devastate colonies of the desired bac-
teria, ruining the process. Specifically, 
efforts to prevent the contamination of 
a biochemical process, such as the one 
shown in Figure 1, requires a system 
design that is conducive to clean-in-
place (CIP) or steam-in-place (SIP) ca-
pabilities (Note: SIP systems are often 
also defined as sterilize-in-place or 
sanitize-in-place systems; the terms 
are considered to be synonymous).

Figure 1 shows the key stages in 
the biochemical manufacture of etha-
nol. The only segments of this process 
that would require high-purity-piping 
design concepts are those that handle 
the enzymes (the primary catalyst en-
zymes for the process), namely in the 

enzyme production (if the enzymes 
are produced onsite rather than  out-
sourced), saccharification and fermen-
tation steps of the process. 

Readers should note that the term 
high-purity, in the case of Figure 1, 
should not be misconstrued as an ap-
plication for hygienic piping. During 
the production of ethanol, for example, 
the process system does not need to 
achieve a hygienic-level of cleanliness. 
But, it does have to be cleanable from 
an engineering standpoint. 

This is where ASME B31.3 Chapter 
X and BPE work well together, by es-
tablishing acceptable design and fab-
rication requirements that are needed 
to achieve a cleanable system. These 
include criteria that define acceptable 
welds, surface finishes, mechanical 
joint connections, required slope, ex-
amination requirements and more.
Semiconductor manufacturing. 
Unlike bioprocessing operations, the 
semiconductor industry has a rela-
tively narrow bandwidth of technologi-
cal requirements that are used by other 
industries. Specifically, the high degree 
of purity, testing and the extremely 
sensitive instrumentation required by 
semiconductor manufacturers do not 
readily translate into practical use by 
many other industries. Thus, the semi-
conductor industry is relatively auton-
omous in that respect. 

With some semiconductor manu-
facturers producing chips with di-
mensions at the 32-nanometer (nm) 
level, and research going on at the 
15-nm level, it is easy to see why the 
design, fabrication, and maintenance 
practices required to ensure exacting 
purity requirements of their process 
fluid distribution systems are of para-
mount importance. 

During semiconductor device fabri-
cation, a variety of ultrahigh purity 
gases and chemicals are used during 
many of the processing steps, such as 
dry etching, wet etching, plasma etch-
ing, chemical vapor deposition, physi-
cal vapor deposition, and chemical-me-
chanical planarization. Engineering 
steps must be taken to ensure that 
these fluids be of ultrahigh purity, and 
must ensure that all associated tubing 
and components that distribute these 
fluids be maintained in an ultra-high-
purity mode, as well. 

To meet these demands, semiconduc-
tor manufacturers can now use B31.3 
Chapter X in conjunction with the pre-
vailing SEMI standards, as these two 
documents bring together the neces-
sary criteria to establish acceptable de-
sign attributes, acceptable materials of 
construction, fabrication quality, test-
ing protocols, validation, examination 
and inspection requirements.

The impact of Chapter X 
As mentioned earlier, the addition 
of Chapter X to the content of B31.3 
could not be timelier. Chapter X aug-
ments not only the B31.3 base code, 
but the ASME-BPE, ISPE baseline 
guide, and SEMI standards, as well, 
at a time when all of these high-purity 
industries are undergoing significant 
changes and facing more-rigorous pu-
rity requirements than ever before.

This preliminary movement of the 
ASME B31.3 piping code into the realm 
of high-purity process requirements is 
just an initial step. Once a segment of 
industry is adopted by ASME in such 
a manner, it adds a whole new level of 
thinking and evaluation to the stan-
dardization of that high-purity indus-
try. The American National Standards 
Institute (ANSI) accreditation pro-
gram. to which ASME adheres, legiti-
mizes the standardization process and 
institutes an ongoing review process, 
which  brings fresh new insights and 
technological advances to the con-
tinuing evolution of the industries  
it touches.

In general, many of the standards 
that have been developed specifically 
for high-purity industries have been 
driven and guided by the participa-
tion of active standards-development 
committee members, who are directly 
associated with the pharmaceutical 
and semiconductor industries. The 
addition of Chapter X invites the in-
volvement of a more-diverse array of 
experts from a broader group of indus-
tries (for instance, the biofuels indus-
try and other CPI sectors) that also 
have demanding purity and cleanabil-
ity requirements. This promises to 
bring new vision and cross-industry 
collaboration when it comes to the on-
going evolution of high-purity piping-
system standardization. ■

Edited by Suzanne Shelley
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S ince 1956 the employees of Mueller 
Steam Specialty have been dedi- 

cated to the manufacture of high quality 
products delivered on time and with 
superior customer service. Our core line 
of rugged strainers is available in a wide 
range of types and materials. Whether you 
require basket strainers, Y strainers, 
“Tee” type strainers, duplex strain-
ers, or even temporary strainers, Mueller 
will deliver your order from stock or cus-
tom engineer and manufacture it to your 
requirements. In addition to its strainer line, 
Mueller offers a full line of check valves, 
butterfly valves, pump protection and 
specialty products for a variety of industries 
and applications. Choose Mueller Steam 
Specialty for your next project.

A Watts Water Technologies Company
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Evaporators designed for mining  
and water treatment applications
DriBoss evaporation equipment (photo) 
is designed for mining, water-treat-
ment and oil-and-gas applications. The 
efficient DriBoss wastewater evapora-
tor is supported by company-provided 
services, as well as by ancillary compo-
nents such as pumps, valves, controls 
and sensors, which are also supplied 
by this company. DriBoss equipment 
is available with both water-fracturing 
and atomized-mist designs, and can 
withstand caustic and corrosive envi-
ronments. — Dust Control Technol-
ogy, Peoria, Ill.
www.dustboss.com

A pump that is effective  
at low flowrates
The STX1220A Sliding 
Vane line (photo) per-
forms effectively and 
efficiently at lower flow-
rates (from 42–92 gal/min), and is 
ideal for use in handling low-viscos-
ity chemicals, even those up to 22 cen-
tistokes. Constructed of stainless steel 
with PTFE mechanical seals, the pump 
is compatible with corrosive chemi-
cals. The STX1220A’s pushrod-free de-
sign allows higher pump speeds, from 
700 to 1,200 rpm. — Blackmer, Grand 
Rapids, Mich.
www.blackmer.com

These floor decals  
withstand forklifts and pallets
Designed specifically for industrial 
facilities, DuraMarker decals can be 
used as floor signs and markers that 
stand up to turning forklift tires and 
sliding pallets. Made of a tough poly-
carbonate material, the DuraMarker 
signs have a smooth surface to resist 
torquing by forklift tires. Aside from 
durability, DuraMarker signs and floor 
striping are also designed for easy in-
stallation — just clean the surface, 
remove the backing and press down. 
Also, the floor decals can be easily re-
moved if the facility layout changes —  
they will not leave adhesive residue 
when peeled off. — FloorSignage LLC,  
Columbus, Ohio
www.floorsignage.com

This epoxy resin  
meets outgassing requirements
A new expoxy resin formulation from 
this company, identified as 20-3652 
Epoxy Potting and Encapsulating 
Compound, meets NASA outgassing 
requirements. The 20-3652 product 
is a filled epoxy casting, potting and 
encapsulating resin system. This is 
a dielectric-grade epoxy that exhib-
its excellent physical, thermal and 
electrical insulation properties. The 
20-3652 resin shows excellent adhe-
sion to most substrates. — Epoxies, 
Etc., Cranston, R.I.
www.epoxies.com

Use this vacuum  
for 110-gal drums
The Reversible Drum Vac liquid 
vacuum (photo) can empty 110-gal 
drums containing coolant, hydraulic 
oils, wastewater and other materials. 
It can also be used for filling drums 
after a floor spill or transferring con-
taminated liquids to a filtration tank. 
Powered by compressed air, the Drum 

Vac does not require electricity and 
has no moving parts. The two-way 
pump assembly comes with a number 
of accessories, such as a shutoff valve, 
a 10-ft flexible vacuum hose and a 
110-gal drum with a bolt ring and lid. 
— Exair Corp., Cincinnati, Ohio
www.exair.com

A modular version of wastewater 
treatment system is introduced
This company has introduced a mod-
ular version of its biological water-
treatment system, known as ABMet. 
The patented system uses naturally 
occurring microbes to reduce levels of 
selenium and other metals in water 
from coal mines and power plants. 
The ABMet process involves running 
wastewater through a biologically ac-
tive filter, which is “seeded” with mi-
crobes that target selenium and other 
potentially toxic metals. The initial 
ABMet systems were customized de-
signs specific to a particular site, but 
the company is now offering its bio-
reactor water treatment product in 
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and atomized-mist designs, and can 
withstand caustic and corrosive envi-

Dust Control Technol-

A pump that is effective 

The STX1220A Sliding 

efficiently at lower flow-
rates (from 42–92 gal/min), and is 
ideal for use in handling low-viscos-
ity chemicals, even those up to 22 cen-

Dust Control Technology

Blackmer
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a scaleable, modular format that re-
duces installation and overall project 
costs. The company says the modular 
version of ABMet is particularly well-
suited to meet the operational, regu-
latory and economic priorities of the 
coal mining industry. — GE Power & 
Water, Trevose, Pa.
www.ge.com

Bulk bag equipment that can 
empty partially
With a slide-gate system, the Mate-
rial Master Bulk Bag Discharging 
equipment (photo) can halt material 
flow to allow partial bag discharge. 
The modularly constructed discharg-
ing apparatus is constructed from 
304 stainless steel with continuous 
TIG (tungsten inert gas) welds, and 
features bag massaging to promote 
consistent material flow. The system’s 
design ensures dust-tight operation, 
and easy operator access to the bag 
spout. — Material Transfer & Storage, 
Allegan, Mich.
www.materialtransfer.com

An industrial gas-standards gen-
erator for sulfur impurities
The Span Pac 261-I (photo) is an in-
dustrial gas-standards generator that 
is specifically configured to make 
standards for trace concentration 
sulfur impurities in an olefin matrix. 
The company’s Trace Source perme-
ation tubes add known concentra-

tions of key sulfur species to a flow of 
high-purity ethylene or propylene gas. 
Dual temperature zones allow simul-
taneous addition of common sulfur 
contaminants at typical ppm and ppb 
concentrations. Rugged and easy to 
use, the Span Pac 261-I is designed for 
field mounting with process analyzers, 
and can be operated remotely. — Kin-
Tek Laboratories Inc., La Marque, Tex. 
www.kin-tek.com

New CFD software allows  
increased functionality
A new post-processing tool for com-
putational fluid dynamics (CFD) 
analysis allows engineers to more 
easily manipulate and manage data 
from multiple simulations. Known 
as Chorus, the software package can 
quickly analyze up to thousands of 
computer simulation cases simulta-
neously, enabling new insights. The 
Chorus software package features an 
integrated data management system, 
and is designed to allow engineers 
to collaborate and share results. The 
company says that the software’s core 
benefit is bringing together an under-
lying understanding of the physics of 
fluid dynamics with statistical analy-
sis abilities. Among the key features 
provided by the Chorus software are 
a unified environment for enhanced 
metadata and field-flow analysis, 
rapid visualization and exploration of 
3D surfaces, and automated plot and 

data extraction. — Tecplot Inc., 
Bellevue, Wash. 
www.tecplot.com

Protect concrete structures 
with this compound
MCI POWR is a water-based 
alkylalkoxy silane that con-
tains this company’s migrating 
corrosion-inhibitor technology. 
Specifically designed to protect 
new and existing concrete struc-
tures from moisture, salt intru-
sion and freeze/thaw scaling, 
MCI POWR can extend the life 
of reinforced concrete bridges, 
highways, parking decks and 
concrete floors. According to 
the company, the small molecu-
lar size of MCI POWR allows 
deep penetration into concrete 
and provides repellency by 

chemically reacting with the cement. 
Treated structures are hydrophobic, 
but retain their original appearance. 
MCI POWR can be applied by spray, 
brush, roller or squeegee. — Cortec 
Corp., St. Paul, Minn.
www.cortecvci.com

Electromagnetic interference  
won’t affect this position sensor
Billed as the world’s first commer-
cially available fiber-optic position 
sensor (FOPS), the MR330 Series po-
sition sensor (photo) has an all-optical 
design that is not affected by electro-
magnetic interference such as light-
ning, radiation, magnetic fields and 
other harsh environmental conditions. 
The company says the product’s fiber 
optics make it well suited to long-dis-
tance position sensing (up to hundreds 
of meters) without being affected by 
ground loop problems. The new FOPS 
employs a novel optical technique in-
side a passive sensor, and has an ac-
tive controller connected to a duplex 
fiber-optic link. The MR330 works well 
in areas that require precise motion 
control and position measurement in 
challenging environments, such as oil 
rigs, satellite antennas, solar panel 
arrays, actuator systems, steel mills, 
transportation systems and medical 
instrumentation. — Micronor Inc., 
Newbury Park, Calif.
www.micronor.com ■
  Scott Jenkins

Material Transfer & StorageKin-Tek Laboratories

Micronor
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Focus

(Continued from p. 27)

Globe valves that are available 
in many configurations
This company’s Clampseal Y-angle 
and T-pattern globe valves are avail-
able in over 12,000 configurations, in-
cluding sizes from 0.5 to 4 in. In addi-
tion, they come with socket welds, butt 
welds, clamp connectors, flanged 
ends or a variety of specialized 
arrangements. The Clampseal 
globe valves are also available 
in a variety of materials, in-
cluding carbon steel (SA 105), 
low-alloy SA 182-F22 and F91, 
as well as 316 stainless steel and 
more. Design features also include 
a pressure-seal bonnet and a quick-
replacement packing chamber. — Con-
val Inc., Somers, Conn.
www.conval.com

A butterfly valve with high 
strength and chemical resistance
The FK Polypropylene Butterfly Valve 
Series is designed for highly corrosive 
environments. The FK valve’s design 
features a special trapezoid shape in 
the liner, and a serrated body cavity 
that guarantees a bubble tight seal 
while keeping breakaway torque at 
a minimum. The versatile valve has 
double self-lubricating seals and di-
rect-mount actuator capability. — As-
sured Automation, Clark, N.J.
www.assuredautomation.com

These actuators  
now have a UL listing
The Tritex II electric actuators are 
now listed by UL (Underwriter’s Lab-
oratories Inc.; Camas, Wash.; www.
ul.com), with file number E325731. 
The a.c.-powered Tritex II combines 
a brushless servomotor with either 
rotary or linear actuation and the 
company’s digital position-control 
system. The actuators’ built-in me-
chanical converters eliminate the 
need for traditional ball-screw or 
gear-reducer mechanisms. Incorpo-
rating all required position control 
and power electronics into the actua-
tor also eliminates the external servo 
amplifier and the cables associated 
with a typical servo system. — Exlar 
Corp., Chanhassan, Minn.
www.exlar.com

These ball valves have  
live-loaded stem packing
This company’s 334 Series ball valve 
incorporates several innovative design 
features for improved process perfor-
mance. The valve features high-cycle, 
live-loaded stem packing and direct-
mount actuation along with a variety 
of seat options. The spring-energized 
stem seals self-adjust to compensate 
for wear, pressure and temperature 
changes, ensuring a leak-tight seal 
and a long service life. — Inline Indus-
tries, Baldwin Park, Calif.
www.ballvalve.com 

This line of cast-bronze valves is 
American-made
Valves in a new line of cast-bronze 
products from this company are cast, 
machined and tested in the U.S. Gate, 
globe and check valves are available. 
The multiturn valves are suitable for 
applications such as heating, venti-
lation and air conditioning (HVAC) 
systems, potable water, irrigation and 
OEM. The valves are also available in 
a lead-free option. — Conbraco Indus-
tries Inc., Matthews, N.C.
www.apollovalves.com

This valve lock has  
universal compatibility
The NL-H Hybrid lock provides secure 
lockout for all sizes of manual valves, 
and has universal compatibility, the 

company says, eliminating the need 
for maintaining an inventory of as-
sorted lockout products for each valve 
type. The universal NL-H uses a flex-
ible steel cable to immobilize a valve’s 
handwheel or lever. The unit secures to 
the valve with a padlock. Constructed 
of 316 stainless steel, the NL-H valve 
lock is suitable for use in harsh envi-
ronments, such as in offshore drilling 
or chemical applications. — Nether-
locks Safety Systems, Houston
www.netherlocks.com

Valves for proportional  
pressure relief
The RHPS Series PRV model pres-
sure relief valves provide proportional 
venting of overpressures for piping 
systems up to 1 in. The valves are de-
signed to operate smoothly, opening 
gradually and reseating accurately 
in proportion to the increase and de-
crease in pressure over the set open-
ing pressure. The PRV’s balanced 
design is unaffected by system back-
pressures of up to 50% of the valve’s 
set pressure. They are constructed of 
316L stainless steel, and have fluoro-
carbon or nitrile seats and seals. The 
PRV valves are available in a wide va-
riety of set pressures and can operate 
in temperatures from –4 to 176°F. — 
Swagelok Co., Solon, Ohio
www.swagelok.com ■
  Scott Jenkins

Conval

tion, they come with socket welds, butt 
welds, clamp connectors, flanged 
ends or a variety of specialized 

cluding carbon steel (SA 105), 
low-alloy SA 182-F22 and F91, 
as well as 316 stainless steel and 
more. Design features also include 
a pressure-seal bonnet and a quick-
replacement packing chamber. — Con-

Inline Industries

Exlar
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• PTFE or FKM
diaphragms.

• PVC, Polypro or
PVDF bodies.

• Available with 
or without
gauges.

• Gauge
Shields for
harsh environments.

PLAST-O-MATIC VALVES, INC.
CEDAR GROVE, NJ 07009

(973) 256-3000 • Fax: (973) 256-4745
www.plastomatic.com • info@plastomatic.com

Compact and Economical, Plast-O-Matic
Gauge Guards prevent dangerous leaks and
allow dependable instrument readings from
full vacuum to 250 psi.

Protect pressure or vacuum
instruments from clogging, 
corrosion and damage.

SEALS/GUARDS 2C AD-07  8/15/07  8:59 AM  Page 1

PRODUCT SHOWCASE

Circle 202 on p. 62 or go to 
adlinks.che.com/35067-202

Circle 201 on p. 62 or go to 
adlinks.che.com/35067-201

Advertise in  
the Buyers' Guide

Buyers' 
Guide 2012

Contact:

Eric Freer
Tel: 713-343-1904
Fax: 832-251-8963
Email: efreer@che.com
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2ND ANNUAL

27th

USERS SYMPOSIUM
PUMP
INTERNATIONAL

C O - L O C AT E D  W I T H

www.cpievent.com

North America’s Leading Global
Process Industries Event in 2011
Chemical  |  Petrochemical  |  Plastics  |  Refi ning

September 13 – 15, 2011  |  Houston, Texas

CI11 ad_7x4.875_3.indd   1 3/17/11   11:28:17 AM
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Intelligen Suite®

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

SuperPro® SchedulePro®

Use SuperPro Designer to model, evaluate, and
optimize batch and continuous processes

Migrate to SchedulePro to model, schedule,
and debottleneck multi-product facilities

Easy production tracking, conflict
resolution and rescheduling

Tracking demand for resources
(e.g., labor, materials, utilities, etc.)

Managing inventories for input,
intermediate, and output materials

SuperPro Designer is a comprehensive process simulator that facilitates modeling, cost analysis, debottlenecking, cycle

time reduction, and environmental impact assessment of integrated biochemical, bio-fuel, fine 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

500 companies and 900 universities around the globe (including 18 of the top 20 pharmaceutical companies and 9 of the top

10 biopharmaceutical companies).

SchedulePro is a versatile production planning, scheduling, and resource management tool. It generates feasible
production schedules for multi-product facilities that do not violate constraints related to the limited availability of equipment,

labor, utilities, and inventories of materials. 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 shared utilities, determine equipment requirements, reduce cycle times, and debottleneck facilities.

Visit our website to download detailed product literature and

functional evaluation versions of our tools

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

Email: info@intelligen.com ● Website: www.intelligen.com
Intelligen also has offices in Europe and representatives in countries around the world

Circle 240 on p. 62 or go to adlinks.che.com/35067-240
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SOFTWARE

Circle 247 on p. 62 or go to adlinks.che.com/35067-247

HTRI Xchanger Suite® – an integrated, easy-to-use suite of tools that 
delivers accurate design calculations for

 • shell-and-tube heat exchangers • fired heaters
 • jacketed-pipe heat exchangers • air coolers
 • hairpin heat exchangers • economizers
 • plate-and-frame heat exchangers • tube layouts
 • spiral plate heat exchangers • vibration analysis

Interfaces with many process simulator and physical property 
packages either directly or via CAPE-OPEN.

CAPE-OPEN
Compliant!

Heat Transfer Research, Inc. HTRI@HTRI.net
150 Venture Drive www.HTRI.net
College Station, Texas 77845, USA 
 Circle 241 on p. 62 or go to

adlinks.che.com/35067-241

Circle 244 on p. 62 or go to
adlinks.che.com/35067-244

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://www.engineering-4e.com
Visit the web site to check out free demos etc.!

Circle 252 on p. 62 or go to
adlinks.che.com/35066-252

DISTILLATION

GET CONNECTED TODAY

www.che.comwww.che.com

Circle 248 on p. 62 or go to
adlinks.che.com/35067-248

HFP
NOISE MEASUREMENT, ASSESSMENT, AND CONTROL  •  COMPUTER NOISE MODELING

NOISE CONTROL ENGINEERING
ACOUSTICAL CONSULTANTS

HOUSTON, TEXAS
(713) 789-9400

CALGARY, AB
(403) 259-6600

INDUSTRIAL AND ENVIRONMENTAL SOUND LEVEL SURVEYS • REGULATORY COMPLIANCE STUDIES FE
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www.HFPacoustical.com/CE

CONSULTING

Circle 246 on p. 62 or go to adlinks.che.com/35067-246

CRYSTALLIZATION & PRECIPITATION

Dr. Wayne J. Genck  Genck International 
3 Somonauk Court, Park Forest, IL. 60466
Tel (708) 748-7200  Fax (708) 748-7208
genckintl@aol.com – http://www.genckintl.com 

 • Design/Scale-up • Troubleshooting • Particle Habit
 • Size Distribution • Purity • Product Micro-Analysis
 • Laboratory Investigations • Caking • Polymorphism
 • Filtration • Drying • Kinetics Studies

◆◆◆  Industrial Seminars  ◆◆◆

Interested? For more information on 
classified advertising, please contact: 

Eric Freer
Email: efreer@che.com
Tel: 713.343.1904 • Fax: 832.251.8963

Advertise in the ClassifiedAdvertise in the Classified

CLASSIF IED ADVERTIS ING THAT WORKS

20_CHE_070111_CLASS.indd   59 6/23/11   1:44:27 PM



60     CHEMICAL ENGINEERING   WWW.CHE.COM   DECEMBER 201060     CHEMICAL ENGINEERING   WWW.CHE.COM   JULY 2011

Circle 253 on p. 62 or go to
adlinks.che.com/35067-253

DISTILLATION

NEW & USED EQUIPMENT

Circle 249 on p. 62 or go to
adlinks.che.com/35067-249

Circle 251 on p. 62 or go to
adlinks.che.com/35067-251

WABASH SELLS & RENTS
Boilers

20,000 - 400,000 #/Hr.
Diesel & Turbine Generators

50 - 25,000 KW
Gears & Turbines

25 - 4000 HP
We stock large inventories of:

Air Pre-Heaters • Economizers • Deaerators
Pumps • Motors • Fuel Oil Heating and Pump Sets

Valves • Tubes • Controls • Compressors
Pulverizers • Rental Boilers & Generators
24/7 Fast Emergency Service

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

www.wabashpower.com

POWER EQUIPMENT CO.
444 Carpenter Ave., Wheeling, IL 60090
wabash

Circle 242 on p. 62 or go to
adlinks.che.com/35067-242

FILTER PRESSES
Shriver • JWI • Komline • Sperry

Recessed and Plate & frame designs

PARTS SERVICE CENTER
Plates: Poly • Alum & CI

Filter cloth and paper
Side bars • Hydraulic cylinders

Avery Filter Company, Westwood, NJ
Phone: 201-666-9664 • Fax 201-666-3802

E-mail: larry@averyfilter.com
www.averyfilter.com

Circle 243 on p. 62 or go to
adlinks.che.com/35067-243

Water Treatment Specialists
 » Clean technologies for metal recovery 

and sulphate removal
 » Improve rate of water recycle and re-use
 » Reduce water treatment costs

www.bioteqwater.com
1-800-537-3073

Circle 245 on p. 62 or go to adlinks.che.com/35067-245

236018  •  Alloy Fab 5000 Gallon 316L Stainless Steel Reactor 
235923  •  Wiped Film Evaporator System
235909  •  Westfalia Separator 
235912  •  Ross 42N Double Ribbon Blender in 316L Stainless Steel
235977  •  Hull Tray Dryer with SIHI Vacuum Skid
236029  •  Tolan 1500 Gallon 316L Stainless Steel Reactor

www.EquipNet.com/chemical  ::  781.821.3482  ::  Sales@EquipNet.com

Chemical Processing Equipment 
from Merck

Circle 254 on p. 62 or go to
adlinks.che.com/35067-254

HEAT EXCHANGERS
Liquid Cooled

Air Cooled

▼
▼

FOR GASES & LIQUIDS!
Talk Directly with Design Engineers!

Blower Cooling  Vent Condensing

(952) 933-2559  info@xchanger.com

Circle 250 on p. 62 or go to
adlinks.che.com/35067-250

HIGH SPEED 
DISPERSERS

World Class Dispersers,
In Stock And Ready To Ship!

 • Sizes from 1 HP to 200 HP
 • Many sizes in stock
 • All new and fully warranteed

Ross will beat any major 
manufacturer’s quote!

 1-800-243-ROSS
  USA Tel: 631-234-0500 • Fax: 631-234-0691
  www.dispersers.com

Advertise in 
the Classified
CONTACT: 

Eric Freer
Direct: 713.343.1904
Mobile: 281.384.8793
Fax: 832.251.8963
email: efreer@che.com

CONTACT: 

Eric Freer
Direct: 713.343.1904
Mobile: 281.384.8793
Fax: 832.251.8963
email: efreer@che.com
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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 Re�ning,  

Coal Products
11 Rubber & Misc. Plastics
12 Stone, Clay, Glass, Ceramics
13 Metallurgical & Metal Products

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
22 Engineering
23 Research & Development
24 Safety & Environmental
26 Other————————————
EMPLOYEE SIZE
28 Less than 10 Employees

29 10 to 49 Employees
30 50 to 99 Employees
31 100 to 249 Employees
32 250 to 499 Employees
33 500 to 999 Employees
34 1,000 or more Employees

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

40 Drying Equipment
41 Filtration/Separation Equipment
42 Heat Transfer/Energy Conserva-

tion Equipment
43 Instrumentation & Control Sys-

tems
44 Mixing, Blending Equipment
45 Motors, Motor Controls
46 Piping, Tubing, Fittings

47 Pollution Control Equipment 
& Systems

48 Pumps
49 Safety Equipment & Services
50 Size Reduction & Agglomeration 

Equipment
51 Solids Handling Equipment
52 Tanks, Vessels, Reactors
53 Valves
54 Engineering Computers/Soft-

ware/Peripherals
55 Water Treatment Chemicals 

& Equipment
56 Hazardous Waste Management 

Systems
57 Chemicals & Raw Materials
58 Materials of Construction
59 Compressors

Fax this page back to 800-571-7730

New Product Information July 2011

JustFAXit!      or go to
Fill out the form and circle or write in the number(s) 
below, cut it out, and fax it to 800-571-7730.

www.che.com/adlinks
Go on the Web and �ll out the  
online reader service card.
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PLANT WATCH
BASF to build world’s largest single-train 
TDI plant in Europe
May 26, 2011 — BASF SE (Ludwigshafen, Germany; 
www.basf.com) will build the world’s largest 
single-train toluene diisocyanate (TDI) plant 
in Europe. The plant will have a capacity of 
300,000 metric tons (m.t.) per year and will be 
fully integrated with precursor production. The 
TDI plant will be located at one of the company’s 
integrated Verbund sites in Antwerp, Belgium 
or Ludwigshafen, Germany and will start 
production in 2014. 

UOP technology selected to expand 
Iraqi fuels production
May 25, 2011 — The State Company for Oil 
Projects (SCOP), under the Ministry of Oil for 
Iraq, has selected UOP LLC (Des Plaines, Ill; 
www.uop.com), a Honeywell Company (www.
honeywell.com), to provide key technologies 
to process 300,000 barrels per day (bpd) 
of domestic crude oil into gasoline and 
diesel fuel at a new facility in Nassiriya, Iraq. 
UOP will provide reforming, isomerization, 
fluid-catalytic-cracking (FCC) and selective 
hydrotreating technologies. Design will begin 
in the 2nd Q of 2011.

M&G to launch new PET and PTA plants  
in the U.S. Gulf Coast region
May 12, 2011— The M&G Group (Tortona, Italy; 
www.gruppomg.com), has announced that it 
will build a new polyethylene terephthalate (PET) 
plant in the U.S., co-located and integrated with 
a new purified terephthalic acid (PTA) plant. The 
new PET single-line plant will have a capacity 
of 1-million m.t./yr. The new PTA unit will have a 
capacity of 1.2-million m.t./yr and will provide 
full upstream integration for all of M&G’s U.S. 
PET capacity. Two technologies are at the final 
evaluation stage for this PTA plant, which will 
be the largest in the Americas and among the 
largest in the world, says the company. 

DuPont to expand titanium  
dioxide capabilities
May 11, 2011 — DuPont (Wilmington, Del.; www.
dupont.com) has announced a comprehensive 
titanium dioxide expansion plan that will add 
about 350,000 m.t./yr of global capacity.  A new 
line at the Altamira, Mexico site is scheduled for 
completion by year-end 2014, and will provide 
approximately 200,000 m.t./yr of new capacity. 
Facility upgrades underway at DuPont’s five 
TiO2 manufacturing sites will continue over 
the next three years, yielding an additional 
150,000 m.t. of capacity. 

DSM and Roquette to build commercial-
scale bio-based succinic acid plant
May 9, 2011 — Royal DSM (Heerlen, 
the Netherlands; www.dsm.com) and 
Roquette Frères (Lestrem, France; www.
roquette.com) will build a plant for the 
production of bio-based succinic acid. 
With a capacity of about 10,000 ton/yr, the 
plant will be Europe’s largest bio-based 
succinic acid facility. It is expected to 
come on stream in 2012 and will be built 
on the premises of Roquette in Cassano 
Spinola, Italy. Financial details of the in-
vestment will not be disclosed.

Lanxess expands capacity for 
polychloroprene solid rubber
May 6, 2011 — Lanxess AG (Leverkusen, 
Germany; www.lanxess.com) is investing 
€17 million in the expansion of its production 
capacities for polychloroprene solid rubber. 
The expansion at the Dormagen, Germany 
site is scheduled for completion by the end 
of 2012 and will increase production by 10% 
to 63,000 m.t./yr. Lanxess produces and 
markets polychloroprene solid rubber under 
the brand name Baypren. Uses for this prod-
uct range include the production of cable 
sheathing, hoses, belts, seals and air springs. 

The Linde Group to build a hydrogen and 
synthesis gas plant in China
May 4, 2011 — The Linde Group (Munich, 
Germany; www.linde.com) plans to build 
a large hydrogen and synthesis gas 
plant in the Chongqing Chemical Park in 
Western China in a joint enterprise with 
Chongqing Chemical & Pharmaceutical 
Holding Co. (CCPHC). The project has 
a total investment value of around €200 
million. Linde holds 60% of the shares in 
the joint enterprise with CCPHC. The plant, 
which will be supplied by Linde’s Engi-
neering Division, is expected to come on 
stream in the 3rd Q of 2014.

MERGERS AND ACQUISITIONS
Ashland plans to acquire  
International Specialty Products
May 31, 2011 — Ashland Inc. (Covington, Ky.; 
www.ashland.com) has agreed to acquire 
International Specialty Products Inc. (ISP; 
Wayne, N.J.), a global specialty chemical 
manufacturer of functional ingredients and 
technologies. Under the terms of the stock 
purchase agreement, Ashland will pay 
approximately $3.2 billion for the business 
in an all-cash transaction. 

BASF and Ineos sign joint-venture 
contract for Styrolution
May 30, 2011 — BASF SE and Ineos Industries 
Holdings Ltd. (Lyndhurst, U.K.; www.ineos.com) 
have taken an important step toward the 
establishment of the joint venture (JV) company 
Styrolution. On May 27, the companies signed 
a contract, which regulates the formation 
of Styrolution. The establishment of the JV is 
subject to approval by the appropriate antitrust 
authorities. The company headquarters will 
be located in Frankfurt am Main, Germany 
and 50% of the shares will be owned by BASF 
and 50% by Ineos. (For more, see CE, January 
2011, p. 59)

Huber renames business unit to reflect 
broader base of fire retardant additives 
May 11, 2011 – Huber Engineered Materials 
(HEM; Atlanta, Ga.; www.hubermaterials.
com) is renaming its Alumina Trihydrate 
(ATH) business unit Fire Retardant Additives.  
The new name is said to more accurately 
reflect the variety of non-halogen fire-retar-
dant and smoke-suppressant technologies, 
brands and products now offered for a vari-
ety of end-use applications

AkzoNobel plans to restructure  
ICI Pakistan
May 2, 2011 — Akzo Nobel N.V. (AkzoNobel; 
Amsterdam, the Netherlands; www.akzono-
bel.com) has announced its intention to 
seek agreement from the Board and share-
holders of ICI Pakistan Ltd. (ICI Pakistan) 
to separate the organization’s paints and 
chemicals businesses. Under the terms of 
the proposal, AkzoNobel would retain direct 
majority control of the paints business by 
separating it into a new legal entity (Ak-
zoNobel Pakistan Ltd.) through a de-merger 
process approved by the Pakistani courts. 
Subsequently, AkzoNobel would dispose of 
its entire shareholding in the remainder of 
ICI Pakistan.

Clariant closes its acquisition  
of Süd-Chemie 
April 26, 2011 — Clariant AG (Muttenz, 
Switzerland; www.clariant.com) has 
completed the purchase of 96.15% of the 
shares in Süd-Chemie from One Equity 
Partners and the family shareholders. 
Clariant will make a public offer to acquire 
the outstanding shares from Süd-Chemie 
minority shareholders. The overall transac-
tion value amounts to approximately €1.9 
billion (CHF 2.5 billion).                                      ■

Dorothy Lozowski  

BUSINESS NEWS
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CURRENT BUSINESS INDICATORS LATEST PREVIOUS YEAR AGO

CPI output index (2007 = 100) May. '11 = 87.5 Apr. '11 = 87.0 Mar. '11 = 87.4 May. '10 = 85.1

CPI value of output, $ billions Apr. '11 = 2,081.2 Mar. '11 = 2,072.8 Feb. '11 = 1,990.4 Apr. '10 = 1,769.7

CPI operating rate, % May. '11 = 75.4 Apr. '11 = 74.9 Mar. '11 = 75.3 May. '10 = 72.8

Producer prices, industrial chemicals (1982 = 100) May. '11 = 336.0 Apr. '11 = 322.7 Mar. '11 = 312.9 May. '10 = 271.9

Industrial Production in Manufacturing (2007=100) May. '11 = 89.8 Apr. '11 = 89.4 Mar. '11 = 89.9 May. '10 = 86.7

Hourly earnings index, chemical & allied products (1992 = 100) May. '11 = 156.2 Apr. '11 = 154.9 Mar. '11 = 156.1 May. '10 = 152.7

Productivity index, chemicals & allied products (1992 = 100) May. '11 = 111.0 Apr. '11 = 110.9 Mar. '11 = 112.8 May. '10 = 109.8
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CURRENT TRENDS 

Capital equipment prices, 
as reflected in the CE Plant 

Cost Index (CEPCI), increased 
approximately 1.14% on av-
erage from March to April. 

Meanwhile, according to the 
American Chemistry Council’s 
(Washington, D.C.; www.
americanchemistry.com) most 
recent weekly economic re-
port at CE press time, indus-
trial production increases in 
May were led by pharmaceu-
ticals and specialty chemicals, 
while production actually fell 
in basic chemicals.

Visit www.che.com/pci for 
more information and other 
tips on capital cost trends 
and methodology.  ■

            2009            2010            2011

CHEMICAL ENGINEERING PLANT COST INDEX (CEPCI)

              (1957-59 = 100) Apr. '11
Prelim.

Mar. '11
Final

Apr. '10
Final

CE Index 582.4 575.8 555.3
Equipment 708.2 698.7 666.0
   Heat exchangers & tanks 671.4 657.5 622.6
   Process machinery 665.3 662.0 625.4
   Pipe, valves & fittings 868.9 862.8 829.5
   Process instruments 443.7 438.7 426.7
   Pumps & compressors 904.7 898.5 902.4
   Electrical equipment 502.6 499.4 472.5
   Structural supports & misc 752.8 738.6 688.7
Construction labor 325.8 324.2 327.3
Buildings 517.1 514.1 508.9
Engineering & supervision 333.6 334.3 341.4

 

MARSHALL & SWIFT EQUIPMENT COST INDEX
(1926 = 100)  1st Q

 2011
 4th Q
 2010

 3rd Q
 2010

 2nd Q
 2010

 1st Q
 2010

M & S INDEX  1,490.2  1,476.7  1,473.3  1,461.3  1,448.3 

Process industries, average  1,549.8  1,537.0  1,534.4  1,522.1  1,510.3 
   Cement  1,546.6  1,532.5  1,530.0  1,519.2  1,508.1 
   Chemicals  1,519.8  1,507.3  1,505.2  1,493.5  1,481.8 
   Clay products  1,534.9  1,521.4  1,518.3  1,505.6  1,496.0 
   Glass  1,447.2  1,432.7  1,428.5  1,416.4  1,403.0 
   Paint  1,560.7  1,545.8  1,542.1  1,527.6  1,515.1 
   Paper  1,459.4  1,447.6  1,444.5  1,430.1  1,416.4 
   Petroleum products  1,652.5  1,640.4  1,637.0  1,625.9  1,615.6 
   Rubber  1,596.2  1,581.5  1,579.3  1,564.2  1,551.0 
Related industries
   Electrical power  1,461.2  1,434.9  1,419.2  1,414.0  1,389.6 
   Mining, milling  1,599.7  1,579.4  1,576.7  1,569.1  1,552.1 
   Refrigeration  1,827.8  1,809.3  1,804.8  1,786.9  1,772.2 
   Steam power  1,523.0  1,506.4  1,502.3  1,488.0  1,475.0 

Marshall & Swift's Marshall Valuation Service© manual. 2011 Equipment Cost Index Numbers reprinted and 
published with the permission of Marshall & Swift/Boeckh, LLC and its licensors, copyright 2011. May not be 
reprinted, copied, automated or used for valuation without Marshall & Swift/Boeckh's prior permission.

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

 Annual Index:

2003 = 402.0

2004 = 444.2

2005 = 468.2

2006 = 499.6

2007 = 525.4

2008 = 575.4

2009 = 521.9

2010 = 550.8
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the choice is yours. I/O on Demand eliminates steps and gives you the flexibility to easily handle
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