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It takes the right fluids to achieve high levels of performance, 
productivity and economy. For operating supplies that meet critical 
functional and protection needs in demanding applications, choose 
fluids from Dow. We supply advanced, proven, and reliable          
solutions for heat transfer, lubrication, fluid power, freeze and 
corrosion protection, and deicing.  
 

™ †

 increase processing efficiency and economics in 
high temperature processing environments. www.dowtherm.com

™ ™

 help prevent system corrosion and freeze damage 
in water-based HVAC, food and beverage, and other systems. 
www.dowfrost.com

™  reduce wear and extend the life 
of industrial, mobile, marine and other equipment while offering 
important fire-resistance and economic benefits. www.ucon.com

™  help maintain winter aviation 
safety while contributing to on-time flight departure performance.  
www.ucaradf.com

We stand behind our fluids with a global support team that can 
provide the application, technical, regulatory, sales and customer 
service assistance you require. For fluids that perform, choose  
fluids from Dow. 

U.S, Canada, and Mexico: 1-800-447-4369
Latin America: (+55) 11-5188-9222

Europe: +800-3-694-6367* or (+32) 3-450-2240
Asia-Pacific: +800-7776-7776* or (+60) 3-7958-3392

®TMTrademark of The Dow Chemical Company (“Dow”) or an affiliated company of Dow
†SYLTHERM Fluids are manufactured by Dow Corning Corporation and distributed by 

The Dow Chemical Company

*Toll-free service not available in all countries.

Fluids that 
Move Your 
World

Dow Chemical Ad No. DH-09-1120
Full Page, 4 color process
Smallest Trim Size: 7-7/8" X 10-1/2"
Largest Bleed Size: 8-3/8” X 11”
Process Heating
Chemical Engineering
Alexander Marketing Services, Inc.
Grand Rapids, Michigan 49504 USA
Job No. DH-17109
December 17, 2009
Electronic �le prepared for: 
Process Heating
Chemical Engineering
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FILLER FOR PALLET 
JACK BAG REMOVAL
Low profile version of patented 
TWIN-CENTERPOST™ filler allows 
removal of filled bags using a 
pallet jack, eliminating the need 
for a forklift or roller conveyor. 
Low cost standard models offered 
with many performance options.

BULK BAG FILLER USES 
PLANT SCALE
Full length forklifting tubes 
allow positioning of this TWIN-
CENTERPOST™ filler model on a 
plant scale as needed, allowing 
you to fill by weight without 
investing in load cells and 
automated controls. 

FILLERS WITH AUTOMATED 
FEEDING SYSTEMS
Every Flexicon filler is offered with 
pneumatic (shown) or mechanical 
(bottom right) feeding/weighing
systems, as well as inlet adapters

to interface with 
optional overhead 
storage vessels.

COMBINATION 
BULK BAG/DRUM FILLER
Patented SWING-DOWN® filler 
features a fill head that lowers 
and pivots down for safe, easy bag
spout connections at floor level, 
and a swing-arm-mounted chute 
for automated filling and 
indexing of drums.

PATENTED 
SWING-DOWN® FILLER
Fill head lowers, pivots and stops 
in a vertically-oriented position, 
allowing operator to safely and 
quickly connect empty bags at 
floor level and resume automated 
filling and spout-cinching 
operations.

CANITILEVERED 
REAR-POST FILLER
Offered with performance options 
including: powered fill head 
height adjustment, pneumatically 
retractable bag hooks, inflatable 
bag spout seal, dust containment 
vent, roller conveyor, and vibratory
bag densification/deaeration system. 

BASIC FILLER FOR 
TIGHTEST BUDGETS
A lighter-duty version of the 
economical TWIN-CENTERPOST™ 
filler, the BASIC FILLER reduces 
cost further still, yet has an 
inflatable bag spout seal and feed 
chute dust vent as standard, and a 
limited list of performance options.

PATENTED 
TWIN-CENTERPOST™ FILLER
Two heavy-gauge, on-center posts 
boost strength and access to bag 
hooks while reducing cost. Standard 
manual fill head height adjustment,
and feed chute vent for displaced dust. 
Numerous performance options. First
filler to receive USDA acceptance.

X-0750

Fill one bulk bag per week or 20 per hour
at the lowest cost per bag

Flexicon’s extra-broad model range, patented innovations and performance enhancements 
let you exact-match a filler to your specific cost and capacity requirements

USA
sales@flexicon.com
1 888 FLEXICON

See the full range of fast-payback equipment at flexicon.com: Flexible Screw Conveyors, Pneumatic Conveying Systems, Bulk Bag Unloaders, Bulk Bag Conditioners, 
Bulk Bag Fillers, Bag Dump Stations, Drum/Box/Tote Dumpers, Weigh Batching and Blending Systems, and Automated Plant-Wide Bulk Handling Systems

©2009 Flexicon Corporation. Flexicon Corporation has registrations and pending applications for the trademark FLEXICON throughout the world.

.com

NEW

UK
AUSTRALIA

SOUTH AFRICA

+44 (0)1227 374710  
+61 (0)7 3879 4180
+27 (0)41 453 1871

X-0750 BBFAd.qxd  8/17/09  11:34 AM  Page 1
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Commentary

5  Editor’s Page  
 Safety, Ethics on 
the Horizon The 
complicated world of 
chemical processing 
makes equipment mal-
functions virtually in-
evitable, despite efforts 
to avoid them. When 
the warnings from en-
gineers and operators 
are ignored, however, 
the situation becomes 
an issue of ethics... 
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Coming in July

Look for: Feature 
Reports on Reliable 
Flow in Bins and 
Hoppers and Revamps 
and Turnarounds; 
an Engineering 
Practice article on 
Controlling Acoustic 
Coupling in Industrial 
Furnaces; Focus on 
Process Control; News 
articles on Biobased 
Chemical Products and 
NOx Control; Facts at 
Your Fingertips on 
the Impact of Carbon 
Emission Prices on 
Efficiency Economics; 
and more

Cover: David Whitcher
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27  Facts At Your Fingertips Distillation 
Tray Design This one-page reference 
guide outlines calculations for column tray 
parameters, such as minimum downcomer 
area and number of trays

36   Feature Report Piping Design for 
Hazardous Fluid Service Extra fire-
safety considerations and precautions 
are needed for plant piping beyond the 
requirements of codes and standards

43   Environmental Manager Containing 
Fugitive Emissions This article presents 
practical ways to seal valve stems and pre-
vent unwanted emissions

equipment & serviCes

51  Focus  Computer Modeling This 
software allows data exchange for 3-D 
modeling; Simulate fluidized bed thermo-
dynamics with this software; This software 
integrates electrical and physical plant 
design; Predict spray system performance 
with these services; New algorithms of-
fered for multicore processors; and more

Cover story

28  Cover Story  
Decoding Pressure Vessel 
Design When submitting 
design specifications for 
pressure vessels, many users 
fail to provide manufacturers 
with sufficient information, 
such as external loadings, and 
wind and seismic loadings. 
This article spotlights those 
areas of the ASME Boiler and 
Pressure Vessel Code where 
information is often missing 
and describes how to improve 
pressure vessel specification 

news

11   Chementator  An electro-
chemical process to recover 
sulfuric acid and metallic iron 
from iron-sulfate waste; A 
non-invasive density and viscos-
ity meter; A water-free solar 
thermal plant; Combined CO2 
mitigation and H2S removal; Photocatalysts 
that make H2 from water; A H2-generation 
process that combines production, purifica-
tion and compression; and more

17  Newsfront  Just Cool It Chemical proces-
sors are examining new process-cooling 
technologies in an effort to conserve water 
and capital

21  Newsfront  Keeping Corrosion At Bay 
Today’s user friendly, proactive corrosion-
monitoring systems provide process engi-
neers with realtime information, helping to 
avoid failures and reduce costs

engineering 

26   The Fractionation Column  
Propelling Fractionation 
Research An introduction to 
Fractionation Research Inc. 
(FRI), an international consor-
tium of 70 companies that 
conducts distillation research 
on behalf of its members. 
Written by FRI technical di-
rector Mike Resetarits, the 
column will become  
a regular feature in CE

In ThIs Issuejune 2010 Volume 117, no. 6
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We don’t have a department 
dedicated to quality. We have 
a company dedicated to it.
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Simulated computer modeling, dimensional testing, and electron scanning 

of raw materials – you name it, we’ll go to any lengths to ensure that if it’s 

from Swagelok, it’s top quality. Because Quality isn’t just one of our values. 

It’s our attitude. It’s the focus of every associate, affecting everything from 

our services to our products. And by using the same disciplines, practices, 

and technologies through every offi ce in every country, that focus is constant. 

We know that quality isn’t just a well-made product, it’s customers served 

beyond what they were expecting. To see what that attitude can do for you, 

visit swagelok.com/quality.

swa5573-05_Quality_CEI_AR_20100429.indd   1 4/29/10   1:35 PM
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Editor’s Page

Any chemical engineer can attest to the fact that safety is an ongoing 
pursuit in our profession, where we occasionally find our teams taking 
two steps forward and then one step back. Foreseeing and avoiding 

every type of equipment malfunction is practically impossible, and even 
the most diligent, conscientious and experienced professionals are bound 
to make mistakes. However, when the insightful warnings of engineers or 
operators are ignored — particularly by their superiors — labels like mal-
function and mistake sound more like negligence and misconduct. Sadly, 
such unethical head turning continues to be found at the root of many 
industrial safety incidents, casting a shadow on the remarkable safety 
progress that we’ve made over the past several decades. 

In that vein, disasters in one industry often serve as lessons or wakeup 
calls for another. Such is the case in what we know so far about events sur-
rounding the Deepwater Horizon, the  mobile offshore-drilling unit owned by 
Transocean (Houston; www.deepwater.com) and leased by BP (London; www.
bp.com), which exploded on April 20th, killing eleven men and spewing stag-
gering volumes of petroleum and natural gas into the Gulf of Mexico. While 
the official cause of the notorious disaster will be investigated for months to 
come, allegations of head turning give reason for pause today. 

Early interviews and testimonies with the Deepwater Horizon crew al-
lege that safety concerns were ignored by management on more than one 
occasion leading up to the explosion. The most basic explanation for the 
inaction is that the team was under pressure to speed up its production 
schedule, a condition that is likewise common in the chemical process in-
dustries (CPI). In fact, here is where we find the paradox: When setpoints 
are being changed and equipment is being pushed to its limits, process 
upsets and malfunctions are at their greatest probability; yet so are the 
chances that an individual will dismiss a warning that should have been 
investigated. In other words, ethics are more likely to be compromised 
when safety is also at its most vulnerable point.

That reality is disconcerting enough by itself, but it becomes downright 
alarming in the context of what has taken place at many CPI companies 
over the past year. In order to either minimize financial losses or main-
tain profitability amidst the 2008–2009 recession, most CPI companies 
reduced staff. Many of those reductions targeted the most experienced 
engineers and operators, who were already dwindling in supply vis-à-vis 
retirement. So what we have now is a group of industries on a capac-
ity upswing, being maintained and operated by overstretched — and in 
many cases under-experienced — people. We do not have to guess what 
the worst-case effects of this situation might be. 

The best case scenario would be that this precarious state of affairs 
would put the CPI on a heightened state of alert. In that atmosphere, inex-
perienced engineers and operators would be quick to speak up when they 
observe something unsettling or find themselves beyond their skill level. In 
turn, managers would reward those who speak out and be quick to provide 
guidance where needed. Most importantly, raised safety concerns would 
not fall flat on a single ear. 

Now more than ever, we must all be diligent to voice 
the risks we observe and take seriously those that are 
brought before us. Because, if engineers and opera-
tors can’t speak up for safety and be heard, the conse-
quences will be deafening. ■
 Rebekkah Marshall

We address these complex issues in our Engineering Ethics Webinar, 
which will be broadcast live on June 10th at 3:00 p.m. Eastern Time 
and offered on demand later on (www.che.com/webcasts). 

Safety, ethics on the Horizon
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every type of equipment malfunction is practically impossible, and even 
the most diligent, conscientious and experienced professionals are bound 
to make mistakes. However, when the insightful warnings of engineers or 
operators are ignored — particularly by their superiors — labels like mal
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New gasification process?
April, A new gasification process moves a step closer to 
commercialization, p. 11: It would seem IHI is a little 
behind the times with this process — say about 20 years. 
Battelle developed and proved this process in the 1980s. 
Furthermore, DOE and others funded and proved out the 
process over 15 years ago. In 2004, DOE selected a team 
to build a 285 MW version of this plant. It was cancelled a 
couple of years later as being too costly. One wonders too 
costly compared to what? Cap and Trade!

Daniel L. Dunn, P.E.
Northridge, Calif..

While the idea of coal gasification is not new, the pro-
cess described in this article is certainly new for IHI, 
since the company is in the process of demonstrating 
the technology in Indonesia. — Ed. 

CO2 and oceanic acidity?

I have a comment on CO2 as an atmospheric pollut-
ant [commenting on the March Editor’s Page, “Opin-
ions on GHGs”]. If one subscribes to the concept of 
evolution and the beginning of life in a primordial 
slime, then one has to recognize that CO2 is abso-
lutely necessary to life on earth. Something had to 
supply the carbonaceous matter to the solution to 
provide amino acids for the first living organisms. 
Proceeding from there, carbon dioxide provides the 
carbonaceous material for the growth of all plants 
and animals. The wonderful reaction between carbon 
dioxide and water in the presence of chlorophyll and 
sunlight provides food for all living organisms. 

I question whether the small increase in carbon dioxide 
concentration in the atmosphere will have a great effect 
on the acidity of our oceans. The ionization constant for 
the acid H2CO3 is 4.4 3 10–7, yielding a pH of 6.43. I know 
carbon dioxide in water can and will dissolve calcium car-
bonate. I have seen such a solution bubble from the ground 
at Mammoth Hot Spring in Yellow Stone Park. The water 
flows over the calcium carbonate deposit until it cools; as 
the CO2 is lost, calcium carbonate crystals deposit. I am 
sure this process begins at higher temperatures and pres-
sures far beneath the earth’s surface. It seems to me that 
there are numerous other acids available to be dissolved in 
the oceans that will yield a more acidic solution.

I enjoyed your editorial, and I read your magazine 
monthly.

Edward C. Murray
Valley Forge, Pa

Postscripts, corrections

Chemical Engineering Plant Cost Index (Online database 
subscription only; www.che.com/pci): In any downloads 
prior to the week of June 1, 2010, the January 1993 num-
bers may have contained errors. The problem has been 
fixed. Our thanks to reader Kristine V. Beese for bringing 
this to our attention.     ■

Letters

C
ir

c
le

 1
8

 o
n

 p
. 

6
2

 o
r 

g
o

 t
o

 a
d

li
n

k
s.

c
h

e
.c

o
m

/2
9

2
5

1
-1

8

04_CHE_060110_LET.indd   6 5/27/10   3:06:02 PM



*75019_36*

DOC PATH: Production:Volumes:Production:MICROSOFT:MECHANICALS:75019_Dynamics:DOCS:75019_36M_Dynamics_M5.indd 
IMAGES:
75020_BACKGROUND_SW300_01.tif  CMYK  450 ppi  100%  Up to Date  Production:MICROSOFT:_MASTER_ART:75020_Dynamics:75020_Background:75020_BACKGROUND_SW300_01.tif 
75020_Schorr_Tag_SW300_04.psd  CMYK  1175 ppi, 1109 ppi, 1666 ppi, 1573 ppi  102.05%, 108.11%, 71.99%, 76.26%  Up to Date  Production:MICROSOFT:_MASTER_ART:75020_Dynamics:75020_
Tags:75020_Schorr_Tag_SW300_04.psd 
75020_Steele_Tag_SW300_04.psd  CMYK  1198 ppi, 1166 ppi  100.12%, 102.88%  Up to Date  Production:MICROSOFT:_MASTER_ART:75020_Dynamics:75020_Tags:75020_Steele_Tag_SW300_04.psd 
75020_Price_Tag_SW300_06.psd  CMYK  1200 ppi, 1304 ppi  100%, 92%  Up to Date  Production:MICROSOFT:_MASTER_ART:75020_Dynamics:75020_Tags:75020_Price_Tag_SW300_06.psd 
75020_Desai_Tag_SW300_08.psd  CMYK  1200 ppi  100%  Up to Date  Production:MICROSOFT:_MASTER_ART:75020_Dynamics:75020_Tags:75020_Desai_Tag_SW300_08.psd 
75020_Mitsu_1Tag_Right_SW300_06.psd  CMYK  1410 ppi, 1253 ppi  85.1%, 95.77%  Up to Date  Production:MICROSOFT:_MASTER_ART:75020_Dynamics:75020_Tags:75020_Mitsu_1Tag_Right_SW300_06.
psd 
75020_Mitsu_2Tag_Left_SW300_04.psd  CMYK  1145 ppi, 1331 ppi  104.78%, 90.14%  Up to Date  Production:MICROSOFT:_MASTER_ART:75020_Dynamics:75020_Tags:75020_Mitsu_2Tag_
Left_SW300_04.psd 
75020_Rowe_Tag_SW300_06.psd  CMYK  1407 ppi, 1204 ppi, 1437 ppi, 1281 ppi  85.24%, 99.6%, 83.49%, 93.67%  Up to Date  Production:MICROSOFT:_MASTER_ART:75020_Dynamics:75020_Tags:75020_Rowe_Tag_
SW300_06.psd 
75020_manu_ERP_Johnson_Jason_SW300_03.psd  CMYK  503 ppi, 503 ppi, 652 ppi  59.54%, 59.55%, 46%  Up to Date  Production:MICROSOFT:_MASTER_ART:75020_Dynamics:75020_Manu_ERP:75020_manu_
ERP_Johnson_Jason_SW300_03.psd 
75020_manu_ERP_Andersen_Elizabeth_SW300_02.psd  CMYK  2035 ppi  14.74%  Up to Date  Production:MICROSOFT:_MASTER_ART:75020_Dynamics:75020_Manu_ERP:75020_manu_ERP_Andersen_Eliza-
beth_SW300_02.psd 
75020_manu_ERP_Ito_Shu_SW300_02.psd  CMYK  2016 ppi  14.88%  Up to Date  Production:MICROSOFT:_MASTER_ART:75020_Dynamics:75020_Manu_ERP:75020_manu_ERP_Ito_Shu_SW300_02.psd 
75020_manu_ERP_Berger_Katherine_SW300_02.psd  CMYK  2526 ppi  11.88%  Up to Date  Production:MICROSOFT:_MASTER_ART:75020_Dynamics:75020_Manu_ERP:75020_manu_ERP_Berger_Katherine_SW300_02.psd 
75020_manu_ERP_SwiftEric_SW300_02.psd  CMYK  2235 ppi  13.42%  Up to Date  Production:MICROSOFT:_MASTER_ART:75020_Dynamics:75020_Manu_ERP:75020_manu_ERP_SwiftEric_SW300_02.psd 
75020_manu_ERP_Patten_Michael_SW300_01.psd  CMYK  1983 ppi  15.13%  Up to Date  Production:MICROSOFT:_MASTER_ART:75020_Dynamics:75020_Manu_ERP:75020_manu_ERP_Patten_Michael_SW300_01.psd 
Microsoft_Logo_Black.ai  35.33%  Up to Date  Production:MICROSOFT:_LOGOS:Microsoft_logo:Microsoft_Logo_Black.ai 
Because_its_everybodys_business_LOGO_LOCKUP.eps  Up to Date  Production:MICROSOFT:_LOGOS:Misc:Because_its_everybodys_business_LOGO_LOCKUP.eps 
dyn-ERP_cmyk.eps  Up to Date  Production:MICROSOFT:_LOGOS:Misc:dyn-ERP_cmyk.eps
FONTS:
Felt Tip Woman  Regular  Type 1 
-banhart- ver : 010  Regular  True Type 
Segoe  Regular, Bold  OpenType

FILE: 75019_36M_Dynamics_M5.indd
SO5 Artist: Tracy Fontaine

SO5#: 75019_36
Client: Microsoft
Brand: Dynamics
Job Name: Asset Building
JWT #: 1003156
Campaign:  Manufacturing - ERP - REAL
Proof: 5  Page: 1

PP: Christian Colasuonno
PM: Nick Vitale 
AD: Jon Campo
ECD: None
CD: Louis-Philippe Tremblay
CW: Jeff St Jean
AE: Michael McKloskey

Saved: 4-14-2010 3:38 PM
Printed: 4-14-2010 3:38 PM
Print Scale: None
Printer: 4880-1_SWOP3_133
Media:  Print
Type: Magazine
Vendor: None

INKS:
 Cyan
 Magenta
 Yellow
 Black

INK DENSITY: 300

Safety: 7” x 9.75”
Trim: 7.65” x 10.5”
Bleed: 8.125” x 11”
Gutter: None

Pub Date: None
Publication: None
Ad#: None

Gc]limi`n�>sh[gc]m¡�?LJ�b_fjm�om�qile
�gil_�_``c]c_hnfs�[h^�jlipc^_�

\_nn_l�]omnig_l�m_lpc]_(�Q_�][h�hiq�a
liq�[m�go]b�[m�q_�q[hn(Ì

\_�[\f_�n
i�[]n�ih�

^[n[�

ch�l_[f�n
cg_

g[e_�
cn�_[mc

_l�ni�g
[h[a_

��

][mb�`
fiq

e__j�nb_�gimn�jijof[l�cn_gm�ch�mni]e

g[e_�mol_�iol�il^_lm�[l_�
`cff_^�ih�ncg_

[onig[n_�iol�j[j_l�jli]_mm_m

DQG

DQG

DQG

DQG

DQG

DQG

Ë;n�63<�237,&&�q
_�b[p_�ni�

������g[h[a_�jli^o
]nm�ch�ip_l�/&***

�mnil_mÂ

Microsoft Dynamics® ERP fits your company and business processes, not the other way around.  
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Calendar

NORTH AMERICA
Hydraulic Institute 2010 Spring 
Meeting. Hydraulic Institute (HI; 
Parsipppany, N.J.). Phone: 973-267-
9700; Web:  pumps.org
Fort Worth, Tex. June 9–12

Recycling Metals from Industrial 
Waste. Colorado School of Mines. 
(Golden, Colo.). Phone: 303-273-3321; 
Fax: 303-273-3314; Web: outreach.
mines.edu/cont_ed/heavy.shtml
Golden, Colo. June 22–24

7th International Symposium 
on Contact Angle, Wettability 
and Adhesion. MST Conferences 
(Hopewell Junction, N.Y.). Phone: 
845-897-1654; Web:  mstconf.com
Danbury, Conn. June 23–25

103rd A&WMA Annual Confer-
ence & Exhibition. Air and Waste 
Management Assoc. (Pittsburgh, Pa.). 
Phone: 412-904-6020; Web: awma.org

Calgary, Alta., Canada June 22–25

Chemical Sector Security Expo. 
Synthetic Organic Chemical Manu-
facturers Association (Washington, 
D.C.). Phone: 202-721-4165; Web: 
socma.org
Baltimore, Md. July 6–8

Semicon West 2010. SEMI North 
America (San Jose, Calif.). Phone: 
408-943-6978; Fax: 408-943-7953; 
Web:  semiconwest.org
San Francisco, Calif. July 13–15

IFT 2010 Annual Meeting and 
Food Expo.  Chicago Institute of 
Food Technologists (Chicago, Ill.). 
Phone: 312-782-8424; Web: www.
am-fe.ift.org
Chicago, Ill. July 17–20

Gordon Research Conference on 
Green Chemistry. Gordon Research 
Conferences (West Kingston, R.I.). 

Fax: 401-783-7644; Web:  grc.org/pro-
grams.aspx?year=2010& 
program=greenchem
Davidson, N.C. July 25–30

21st Biennial Conference on 
Chemical Education. American 
Chemical Society (ACS) Division of 
Chemical Education. (Washington, 
D.C.). Email: program@bcce2010.org; 
Web:  bcce2010.org/home/home.php
Denton, Tex. August 1–5

IWA World Water Congress and 
Exhibition 2010. International 
Water Association (Alexandria, Va.). 
Phone: +31 703 150 793; Web:  iwa-
2010montreal.org
Montreal, Ont., Canada Sept. 19–24

ChemInnovations 2010 Confer-
ence & Expo. Tradefair Group, Access  
Intelligence LLC (Houston). Phone: 
713-343-1879; Web: cpievent.com
Houston Oct. 19–21

Calendar

Circle 3 on p. 62 or go to adlinks.che.com/29251-03
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EuropE
International Conference on Me-
dicinal Chemistry. LD Organisation 
(Louvain-al-Neuve, Belgium). Phone: 
+32-10-454777; Fax: 32-10-459719; 
Web: ldorganisation.com
Reims, France June 30–July 2

Macro 2010: 43rd IupAC  
World polymer Congress. Royal 
Society of Chemistry (RSC; London, 
U.K.). Phone: +44 20 7437-8656; Fax: 
+44 20 7437-8883; Web: rsc.org/Con-
ferencesAndEvents/RSCConferences/
Macro2010
Glasgow, Scotland July 11–16

1st International Conference 
on Materials for Energy 2010. 
Dechema Gesellschaft für Chemis-
che Technik und Biotechnologie e.V. 
(Frankfurt am Main, Germany). 
Phone: +49 69 7564-201; Web: 
dechema.de/enmat2010
Karlsruhe, Germany July 4–8

5th International Symposium on 
Bioorganometallic Chemistry. 
Ruhr Universität Bochum (Bochum, 
Germany). Phone: +49-23-4322-4153; 
Email: isbomc10@rub.de; Web: rub.de/
isbomc10
Bochum, Germany July 5–9

Japan-u.K. Symposium: Cataly-
sis for a Sustainable World. RSC 
(London). Phone: +44 20 7437-8656; 
Fax: +44 20 7437-8883; Web: rsc.org/
ConferencesAndEvents/
London, U.K. July 15–16

Analytical research Forum 2010. 
RSC (London). Phone: +44 20 7437-
8656; Fax: +44 20 7437-8883; Web: 
rsc.org/ConferencesAndEvents/RSC-
Conferences/
Loughborough, U.K. July 11–16

K 2010: 18th Int’l Trade Fair plas-
tics and rubber. Messe Düsseldorf 
GmbH (Düsseldorf, Germany). Phone: 

+49 211 4560-01; Web:  k-online.de
Düsseldorf, Germany oct. 27–Nov. 3

ASIA & ElSEWhErE
19th International Symposium on 
plant lipids. American Oil Chem-
ists’ Society (Urbana, Ill.). Phone: 
217-359-2344; Fax: 217-351-8091; 
Web:  aocs.org
Cairns, Australia July 11–16

5th Society for Biological Engi-
neering Int’l Conference on Bio-
engineering and Nanotechnology. 
American Insitute of Chemical Engi-
neers (AIChE; New York, N.Y.). Phone: 
800-242-4363; Email: secretariat@
icbn2010.com; Web:  icbn2010.com 
Biopolis, Singapore Aug. 1–4

CphI South America. UBM Inter-
national Media BV (Maarsen, the 
Netherlands). Web:  cphi-sa.com
Buenos Aries, Argentina Aug. 17–19 ■

Scott Jenkins
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Ultimo Measurement (Providence, R.I.; 
www.ultimompd.com) has developed tech-

nology for measuring density and viscosity 
of process fluids, loose solids and mixtures 
non-invasively — a percussion-based device 
that can be mounted on the outside of pro-
cess tanks, pipes or other vessels. The device 
strikes a vessel’s outside wall, exciting the 
content material, then senses the resulting 
vibrations, which are related to the density 
and viscosity of the content material by a 
complex combination of physical laws. Pro-
prietary software then analyzes the oscilla-
tion data with specialized algorithms that 
relate the material’s oscillation signature 
with its density or viscosity, explains Ultimo 
CEO Frank Lubrano. The software is adap-
tive and self-learning, and can discriminate 
between valuable and ambient vibrations.

The system’s ability to collect information 
from outside the vessel wall lengthens its 
service life, since it never contacts the mate-

rial being measured. Also, the adaptive na-
ture of the striker device and analysis algo-
rithms make the measurement tool effective 
with virtually all types of liquids, slurries 
and loose solids, and with any type or size of 
storage vessels or conduits constructed from 
a wide range of metals, fiberglass or plastic. 

Lubrano points out that his company’s 
device allows processors to obtain early 
data on viscosity and density, which can 
reduce plant waste, save resources and im-
prove product quality. He also notes that in 
field-testing, the device has achieved preci-
sion of 0.1% on light powders and 0.5% on 
polymer materials. 

The technology was originally applied as 
a level measurement tool, but the company 
has adapted its core technology for density 
and viscosity analyses. Ultimo has produced 
prototypes of the measurement devices and 
is looking to license its proprietary technol-
ogy to partners.

A device to measure density and viscosity non-invasively

An electrochemical process for recovering 
sulfuric acid and metallic iron from iron-

rich sulfate wastes, such as spent pickling 
liquors and pregnant leach solutions gen-
erated in minerals and metals processing, 
has been patented by François Cardarelli, 
an independent researcher located in Mon-
treal, Canada (www.francoiscardarelli.ca). 
Cardarelli says the process offers a green 
solution to the processing of these wastes, 
most of which currently end up in landfills 
or disposal piles.

In Cardarelli’s process, an iron-rich sul-
fate solution is pH-adjusted to below 3.0 by 
adding a neutralizing agent, such as sodium 
hydroxide, and fed to the cathode side of 
an electrolytic cell (diagram). The adjust-
ment is necessary to avoid the evolution of 
hydrogen at the cathode, a competing pro-
cess, says Cardarelli. Iron deposits on the 
titanium cathode (a material chosen to pre-
vent H2 evolution), while sulfate anions mi-
grate through an ion-exchange membrane 
to the anode. Initially there is a 10% solu-
tion of H2SO4 on the anode side. Acid re-
moval starts when the H2SO4 concentration 
reaches about 30%. Oxygen evolves from the 
iridium dioxide-coated Ti anode. 

Cardarelli has tested the process, using 
1-ft2 electrodes, and is negotiating with po-
tential industrial partners to do pilot tests 
with units containing about 20 12-ft2 elec-
trodes. No cost figures are available as yet, but 
Cardarelli says the economics of the process 
depend on disposal costs, the costs of H2SO4 
and scrap iron, and the utilization of oxygen 
onsite. He notes that scrap iron currently 
sells for about $300 per metric ton (m.t.) in 
the U.S. and up to $450/m.t. in Europe.

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

Edited by Gerald Ondrey June 2010

An new olefins process
A 40,000-m.t./yr demonstration 
plant for a new process that pro-
duces olefins by catalytic crack-
ing of paraffins-rich naphtha will 
be started up in October by SK 
energy (Seoul, South Korea; 
www.skenergy.com) at Ulsan, 
South Korea. Developed jointly 
with KBR (Houston; www.kbr.
com), the Advanced Catalytic 
Olefin (ACO) process uses a 
proprietary granular zeolite 
catalyst in a fluidized bed. 

The olefins yield is about 65% 
and the propylene:ethylene ratio 
is 1:1, versus about 50% and 
0.5:1 for naphtha steam crack-
ers, says Tim Challand, presi-
dent of KBR Technology. The 
process temperature is about 
650°C, compared to about 
850°C for a steam cracker. KBR 
is the exclusive, worldwide 
licensor of the technology. (For 
more details on ACO, see CE, 
March 2007, p. 20).

LiPF6 made in the U.S.A.
Honeywell (Morristown, N.J.; 
www.honeywell.com) has signed 
a contract with the U.S. Dept. of 
Energy (DOE; Washington, D.C.) 
for a $27.3-million grant to pro-
duce high-purity lithium hexaflu-
orophosphate — a conductive 
salt that is one of four critical 
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ChementatoR

Carbon nanotube (CNT) membranes devel-
oped by researchers at Rice University 

(Houston; www.rice.edu) could have applica-
tions as nanoparticulate filters, and as nano-
scale scaffolds for catalysts. The devices are 
silicon dioxide wafers with laser-bored holes 
(~500-µm dia.). The holed wafers are sub-
jected to a chemical-vapor-deposition (CVD) 
process, during which a “forest” of CNTs 
grows inside the holes (photo). 

The CNTs inside the holes create a ma-
trix through which only nanoscale particles 
can pass. In testing, the research team, led 
by Rice engineer Robert Vajtai, was able to 
remove greater than 99% of sub-micron par-
ticles from air. The filters’ permeability is af-
fected strongly by the duration of nanotube 
growth, Vajtai explains.

In a recent paper in the journal ACS 
Nano, the researchers reported functionaliz-
ing the nanotubes with catalytic palladium 
metal to achieve gas-phase heterogeneous 
catalysis. Using the dehydrogenation reac-
tion of propene to propane as a test system, 
the activated membranes showed “excellent 
and durable activity” as a catalytic support, 
enabling a low activation energy for the pro-
pene dehydrogenation reaction of ~27.8 kJ/
mol and a turnover rate of 1.1 molecules per 
Pd site per second.

Kazuhiro Sayama and colleagues at the 
Solar Light Energy Conversion Group 

at Energy Technology Research Institute, 
National Institute of Advanced Industrial 
Science and Technology (AIST; Tsukuba, 
Japan; unit.aist.go.jp/energy), have devel-
oped a cesium-treated tungsten oxide pho-
tocatalyst that shows a 19% quantum effi-
ciency at 420 nm, which is 48 times higher 
compared to existing photocatalysts. The 
Cs-WO3 photocatalyst is expected to boost 
the commercial potential for making hydro-
gen from water in a low-voltage electrolysis 
process developed at AIST.

The enhanced catalyst is made by surface 

treatment of WO3 photocatalyst, either by 
adding a cesium salt to a solution for hydro-
thermal treatment, or by impregnating the 
WO3 particles with Cs2CO3 and sintering at 
500°C. Subsequent washing with a strong 
acid or FeSO4 solution removes excess Cs 
ions from the WO3 surface, forming ion ex-
change sites. The catalyst is used as an ion-
exchange membrane of an electrolysis cell 
operating with an aqueous Fe2(SO4)3 solu-
tion as electrolyte. When the cell is irradi-
ated by light, the Fe+2 is oxidized to Fe+3 at 
the catalyst site. This enables the electroly-
sis of water into H2 to proceed at about half 
the voltage of a conventional electrolyzer. 

An enhanced photocatalyst for making H2 from water

12     ChemiCal engineering   www.Che.Com   June 2010

components in rechargeable 
lithium-ion batteries. 

The grant — awarded as 
part of the american recovery 
and reinvestment act of 2009 
— is intended to help honey-
well become the first domestic 
supplier of liPF6. honeywell 
has developed a process that 
produces less waste and a 
more consistently pure liPF6 
than alternative processes, 
says the firm.

Biotech milestone
last month, DSm Biologics 
(www.dsmbiologics.com), 
a business unit of DSm 
Pharmaceutical Products 
(Parsippany, n.J.), success-
fully scaled up its proprietary 
XD technology from 2 l to 
50 l using a Cho (Chinese 
hamster ovary) line. XD tech-
nology dramatically increases 
the cell density and optimizes 
the conditions for protein 
production of a biological 
culture. The scaleup runs at 
DSm demonstrated a record 
level of viable cell densities 
of up to 170 million cells/ml, 
and record titer improvements 
of 5–10 fold over standard 
fed-batch and perfusion 
processes have been con-
sistently achieved in multiple 
mammalian cell systems, 
including Cho and Per.C6, 
says the company.

“Companies can now sub-
stantially shrink their bioreac-
tor size requirements by 5–10 
fold, reducing Capex [capital 
expenses] required for building 
a new plant and ultimately re-
ducing overall cost of goods,” 
says Jeremy Caudill, vice 
president, sales and business 
development.

CNTs show promise as a filter  
and a catalyst support

Combined CO2 mitigation and H2S removal

Last month at the Global Refining 
Summit (Rotterdam, the Nether-

lands; May 17–19), Swapsol Corp. 
(Monmouth Junction, N.J.; www.swap-
sol.com) introduced a completely new 
sour-gas-cleanup process that reduces 
hydrogen sulfide levels below detect-
able levels (under 4 ppb) while reacting 
with carbon dioxide to form water, sul-
fur and a polymer of sulfur and carbon 
(carsul). Although still in the labora-
tory stage of development, the process 
promises to have application in clean-
ing up landfill gas, sour-gas, fluegas 
and Claus tailgas, as well as serving 

as an alternative to Claus technology, 
says COO Wolf Koch. Swapsol has ap-
plied for U.S. and international patents 
on all aspects of its technology.

Named after its discoverers, the 
Stenger-Wasas Process (SWAP) involves 
the reaction of H2S and CO2 at tempera-
tures of 70–200°C and ambient to mod-
erate pressures. The exothermic reaction 
is carried out in a catalyst-packed tubu-
lar reactor and produces sulfur, water 
and carsuls. The catalyst is a naturally 
occurring mineral ore that is pretreated 
in a manner analogous to common hy-
drotreating catalysts, says Koch. Sulfur 

can be recovered from carsul by simply 
heating it, leaving behind a polymer of 
carbon that may have applications as a 
construction material. 

Thus far the company has performed 
the reaction in 1- and 2-in.-dia. tubular 
reactors, and believes scaleup to a com-
mercial process with a large shell con-
taining multiple tubes is not a problem. 
Swapsol is now planning to start testing 
its applications in a pilot plant during 
the 3rdQ of 2010, and move to the first 
commercial application — most prob-
ably a landfill-gas-cleanup operation — 
during 2011, says Koch. 

(Continued from p. 11)
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A recently developed hy-
drogen generation unit 

combines an autothermal, 
fluidized-bed methane re-
former with a metal hy-
dride compressor. Aside 
from combining the re-
forming, H2 separation 
and compression, which 
are part of conventional H2 
generation (top diagram), 
the engineers behind the 
system demonstrated the 
use of Pd-alloy membranes 
in a fluidized-bed environ-
ment. The unit is designed 
to produce H2 outputs of 
15 m3/h (standard temper-
ature and pressure) and 
has achieved H2 purities of 99.99%.

The system, originally supported under 
a U.S. Dept. of Energy (DOE; Washington, 
D.C., www.energy.gov) program, was devel-
oped by Membrane Reactor Technologies 
Ltd. (MRT; Vancouver, B.C., Canada; www.
membranereactor.com), along with part-
ners Ergenics Corp. (Ringwood, N.J.; www.
ergenics.com) and Linde North America Inc. 
(Murray Hill, N.J.; www.us.lindegas.com). 

MRT developed a steam methane reformer 
equipped with 25 palladium-alloy membranes 
that allow in-situ separation of H2 generated 
by the methane reforming reaction (bottom 
diagram). The Pd alloy membrane selec-
tively allows H2 molecules to diffuse out of 
the reforming zone through the foil. “The H2 
removal actually drives the thermodynamic 
reaction equilibrium forward,” says MRT 

president Tony Boyd, “so methane conversion 
rates are high at relatively mild operating 
conditions” (550°C reactor temperature).

The purified H2 is absorbed into cool metal 
hydride beds, then desorbed at higher pres-
sure after heating. A series of metal hydride 
beds can compress H2 from sub-atmospheric 
pressure to 100 bar in a single system by 
engineering the hydride composition in each 
compression stage, Ergenics says.  

Boyd envisions the system being used in 
smaller industrial markets for onsite H2 
production, to avoid transporting large num-
bers of H2 cylinders. In addition, the system 
could be located at future H2 filling stations 
that supply fuel-cell automobiles. 

The team is working to address remaining 
technical issues before moving to the design 
of a commercial prototype, Boyd says.
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ChementatoR Pt-free fuel cells
Solvay S.a. (Brussels, Bel-
gium; www.solvay.com) has 
increased its stake in aCal 
energy (runcorn, u.K.) by in-
vesting £1.5 million (€1.75 mil-
lion). aCal will use the funds 
to accelerate the next stage of 
development of its FlowCath 
Pt-free cathode technology for 
fuel-cell systems. This technol-
ogy uses a proprietary liquid 
catalyst in the cathode instead 
of precious metals. Solvay and 
aCal are currently prepar-
ing to install the world’s first 
demonstration fuel-cell system 
using FlowCath at Solvay 
interox’s industrial site at war-
rington, u.K. expected to be 
operational later this year, 
the £1.9-million investment 
will consist of three fuel-cell 
stacks with an electric power 
of 5 kw per unit. The units are 
manufactured by SolviCore, a 
50:50 joint venture of Solvay 
and umicore (Brussels; www.
umicore.com).

Water-free solar  plant
Construction has begun on a 
solar Brayton-cycle demonstra-
tion plant and research facility 
at CSiro’s national Solar en-
ergy Center (newcastle, new 
South wales, australia; www.
csiro.com). The project is a joint 
effort of the CSiro energy 
Transformed Flagship and the 
australian national university 
(anu; Canberra; www.anu.
edu.au).

unlike conventional solar-
thermal plants, which con-
centrate the sun’s energy to 
generate steam for driving a 
turbine, the Brayton thermo-
dynamic does not use water. 
instead, the concentrated 
solar energy is used to heat 
compressed air, which then 
expands through a gas turbine 
to generate power. energy to 
compress the air is obtained 
from batteries. The Brayton 
cycle consists of four steps: 
adiabatic compression, iso-
baric heating, adiabatic expan-
sion of the heated gas, and 
isobaric cooling.

The CSiro system includes 
450 heliostats to reflect the sun 
onto a 30-m-high solar tower, 
which will power a 200-kw tur-
bine. The plant will be capable 
of operating at temperatures 
above 900°C and will be fully 
operational by march 2011.

Algae has recently become an R&D focus 
for making third-generation biofuels be-

cause these oil-containing microorganisms 
reproduce so quickly and can be grown away 
from arable farmland. However, getting the 
oil from the cells — and the water — is en-
ergy intensive. Traditionally, the cells are 
first concentrated into a slurry by compres-
sion or centrifugation. Then, the cell walls 
are broken down by acid hydrolysis or pul-
verization. Finally, liquid-liquid extraction 
with an organic solvent (such as hexane or 
acetone) is used to extract the oil, and the 
solvent recovered by distillation. 

A simpler process, which also promises to 
be more efficient while consuming less en-

ergy, is being developed by Hideki Kanda, 
chief scientist of the Energy Engineering 
Research Laboratory, Central Research In-
stitute of Electric Power Industry (CRIEPI, 
Tokyo, criepi.denken.or.jp/en). The process 
takes advantage of a unique property of liq-
uefied dimethyl ether (DME) — its miscibil-
ity in both oil and (to a lesser extent) water. 
In the process, liquified DME is continu-
ously circulated through a column contain-
ing algae slurry at room temperature and 
0.5 MPa pressure. After about 10 minutes, 
the oil is extracted into the DME. The oil-
laden DME can then be phase separated 
from the water, and the DME recovered as 

Using DME to extract ‘green crude’ from algae

(Continues on p. 16)
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ChementatoR

Oasys Water Inc. (Cambridge, Mass.; www.
oasyswater.com) has commercialized 

a forward-osmosis (FO) membrane as the 
next step toward introducing its lower-cost 
desalination and water-reuse technology. 
The membrane, developed by Professor 
Menachem Elimelech, chair of chemical en-
gineering at Yale University (New Haven, 
Conn.; www.yale.edu), is a polyamide thin-
film composite that can be produced on 
conventional manufacturing lines, says 
Lisa Sorgini, vice president of markets and 
strategy at Oasys Water. “The Oasys mem-
brane is roughly 60% thinner than standard 
reverse-osmosis (RO) membranes thereby 
reducing resistance to water passage with-
out reducing salt rejection,” she says.

As in RO, FO uses a semi-permeable 
membrane to separate fresh water from dis-
solved solutes, with the separation driven 
by an osmotic pressure gradient. In FO, a 
salt solution of higher concentration draws 
purified water from the (lower concentra-
tion) feed stream through the membrane. 
Purified water is then obtained by evapo-

rating away the salt of the “draw” solution.
The Oasys Engineered Osmosis (EO) pro-

cess uses a patented ammonium-carbonate 
draw solution that, at high concentrations, 
can provide osmotic pressures in excess of 
400 atm making it possible to treat high-sa-
linity feeds that are infeasible for RO, says 
Sorgini. Unlike RO, which requires high hy-
draulic pressure to counteract the osmotic 
pressure and drive separation, EO operates 
at atmospheric pressure with less expensive 
materials of construction, she adds. The EO 
process uses low-temperature (40–50°C) 
heat to evaporate the draw solutes. 

Oasys plans to incorporate full-scale 
membranes (manufactured by a third party 
partner) with the patented EO process to 
produce a system for waters with salinities 
of 10,000 to over 150,000 mg/L of dissolved 
solids. Sorgini estimates that the Engi-
neered Osmosis process will be 40–80% 
more cost effective than traditional seawa-
ter reverse-osmosis systems. The first com-
mercial system is scheduled for release in 
June, 2011.

Forward osmosis moves a step closer to commercialization

At the Hannover Messe 2010, Alumina do 
Norte do Brasil S.A. (Alunorte; Barcarena, 

Brazil; www.alunorte.net) and Outotec Oyj 
(Espoo, Finland; www.outotec.com) received 
the X Prize (special recognition) for energy 
efficiency in alumina production. The award,  
part of the German Energy Agency’s (dena; 
Berlin, Germany; www.dena.de) Initiative 
EnergieEffizienz, was bestowed to Alunorte 
for using an energy efficient calcination pro-
cess developed by Outotec.

To make alumina (Al2O3), bauxite is first 
digested in sodium hydroxide, which recov-
ers aluminum as aluminum hydroxide. The 
Al(OH)3 is then calcined to form Al2O3.

In the calcination process, Al(OH)3 is first 
mixed in two preheating stages with the hot 
waste gas from the calcining stage, predried 
and partially calcined. The mixture between 
gas and solid is carried out in a venturi 
dryer, followed downstream by a cyclone, 

where gas and solids are separated. The 
final calcination is performed at 970°C in a 
circulating fluidized-bed (CFB) reactor. The 
hot alumina is discharged from the CFB and 
cooled in a two-stage, fluidized-bed cooler by 
preheating the combustion air. 

Using simulations, Outotec developed 
a procedure that improves the efficiency 
of cyclone separation, which considerably 
reduces the amount of solids remaining in 
the gas, thereby improving the heat trans-
fer while reducing the pressure losses 
in the process. Using this procedure, 
Alunorte has been able to reduce specific 
energy consumption for calcination from 
3,000 kJ/kg to 2,790 kJ/kg — an annual 
energy saving of about 56-million kWh, 
and a reduction of CO2 emissions of ap-
proximately 18,000 m.t./yr. The €100,000 
investment led to a operating-cost reduc-
tion of €1,360,000/yr. ■

Energy efficiency prize for alumina production

Fuel-cell catalyst
Chemists at Brookhaven Na-
tional Laboratory (Upton, N.Y.; 
www.bnl.gov) have received 
three patents for catalysts 
and their production methods, 
which have the potential to 
reduce the amount of platinum 
needed for fuel cells.  Two of 
the patents were awarded for 
catalysts that speed up oxy-
gen reduction — one is com-
posed of a thin layer of Pt on 
palladium nanoparticles; and 
the other includes metal ox-
ides, such as those of niobium 
and ruthenium, with a thin 
layer of Pt on the metal-oxide 
catalysts. The third patent cov-
ers a process for adding gold 
clusters to Pt-based catalyst, 
which is said to improve the 
performance of fuel cells dur-
ing acceleration. The catalysts 
and technology are available 
for licensing.

Zeptomole detection
The latest triple-quadrapole, 
LC/MS (liquid-chromatog-
raphy mass-spectrometer) 
system from Agilent Tech-
nologies Inc. (Salt Lake City, 
Utah; www.agilent.com) has 
a 10-fold increase in sensi-
tivity over its predecessors, 
enabling the instrument to 
detect molecules at the zepta-
mole (10–12 mol) level. Incor-
porating iFunnel technology, 
the system covers a linear 
dynamic range over six orders 
of magnitude.

Washdown motors
At Interphex (New York; April 
20–22), Stainless Motors, Inc. 
(Rio Rancho, N.M.; www.stain-
lessmotors.com) launched 
what is claimed to be the first 
washdown-duty stainless-steel 
motors approved for use in 
hazardous locations. The mo-
tors are UL-approved for use in 
Class I, Div. 1, Groups C and D 
and Class II, Div. 1, Groups F 
and G environments. They are 
highly resistant to caustic liq-
uids, vapors and dust, making 
them suitable for applications 
requiring safety, cleanliness 
and wash-down tolerance, 
says the manufacturer.  ❏
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vapor by depressurization. 
In laboratory trials using blue-green algae 

(a mixture of microalgae, including the genus 
Microcystis), the DME-based extraction was 
shown to be 60 times more efficient at ex-
tracting oil than traditional methods. The 

product “green crude oil” was subsequently 
shown to have a molecular weight of 200–400 
and a calorific value of 10,950 cal/g (which is 
below that of dry wood). The researchers are 
further optimizing the extraction process 
with other algae, and plan to scale up the 
process with commercial partners.

Using DME (Continued from p. 14)
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L
ike other aspects of chemical pro-
cessing, cooling operations are 
being closely examined for ways to 
reduce costs and resource usage. 

Whether it’s cooling towers or indus-
trial gases, experts say embracing new 
technologies makes it possible to get 
more bang for your cooling buck.

Cooling technologies
Currently, the fleet of cooling towers 
in the chemical process industries 
(CPI) is fairly old and a large num-
ber of them are approaching the end 
of their design life, says Paul Lindahl, 
director of market development with 
SPX Thermal Equipment and Ser-
vices (Charlotte, N.C.). “This means 
the towers now require more frequent 
inspections and more work to keep 
them structurally fit, so many own-
ers are evaluating whether or not to 
replace them,” he says.

Though capital is tight, replacing 
an aging cooling tower with one that 
conserves water, energy or both, just 
might make good fiscal sense in re-
source cost savings, say the experts.

Hybrid cooling towers are a suit-
able replacement for traditional 
equipment when the goal is to reduce 
water and energy consumption. Most 
traditional cooling towers run water 
across a fill material and then blow 
air across it to provide cooled process 
water, which is both water and energy 
intensive. Hybrid fluid coolers, on the 
other hand, employ a design that can 
provide leaving-water temperatures 
in ranges similar to temperatures 
achieved with conventional evapora-
tive cooling tower systems, while re-
ducing energy and water use, cutting 
operating costs and providing clean 
water for a process.

Thermal Care (Niles, Ill.) offers 
Hybrid Fluid Coolers, featuring an 
adiabatic design, which operate as air-
to-water heat exchangers and use a 
number of variable speed fans as dic-
tated by process cooling requirements, 
says Tom Benson, vice president of 
sales and marketing.

During much of the year and in 
warm weather climates, hybrid cool-
ers can provide 85°F exit water tem-
peratures. In cooler climates, leaving-
water temperatures as cool as 46°F 
are possible without using glycol. 
And, the units do this while saving 
big on energy and water consumption. 
On hot weather days, the relative hu-
midity of ambient air is increased by 
spraying an atomized fine mist of city 
water into the incoming air stream on 
both sides of the unit. The adiabatic 
system decreases the air temperature 
as it enters the unit and results in 
lower exit water temperatures com-
pared to those achieved by a cooling 
tower alone.

Users can run process water temper-
atures low enough using only a hybrid 
fluid cooler so that it might be possible 
to operate equipment without the use 
of additional, central-chilling units. 
And, since the hybrid fluid coolers are 
closed loop, there is no need to replace 
evaporated process water, which uses 
less water for process cooling than a 
conventional evaporative cooling tower 
system and conserves water. As a 

bonus, process water is kept clean and 
uncontaminated without the need to 
treat for water scale or bacteria. 

Frigel (East Dundee, Ill.) offers a 
similar piece of equipment, called 
the Ecodry system, which the com-
pany touts as Intelligent Process 
Cooling — a system that uses ambi-
ent air to cool clean process water 
and offer flexibility.

What makes the Ecodry systems 
smart begins with a close-circuit fluid 
cooler, in place of a traditional cooling 
tower. The water returning from the 
process is pumped into heat exchang-
ers and cooled with ambient airflow. 
This process provides clean water at 
the right temperature to process ma-
chines year round. 

Ecodry can also be used in con-
junction with the company’s Micro-
gel (chiller/TCU combo) or Turbogel 
(TCU) to serve as an alternative to a 
central chilling system and provide 
temperature control at each machine. 
In this case, a single set of uninsulated 
pipes supplies the process water, with-
out heat gain, to a Microgel or Turbo-
gel on each machine. These units offer 
high flow, precise temperature control 
and a built-in free cooling valve that 
provides automatic free-cooling when 
ambient temperatures are lower than 
the process set point. By controlling 
flow and temperature at the point of 
use, energy is conserved. 

Another method of reducing cooling-
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Figure 1.  Cryogenic cooling 
is suitable for processes such as 
refrigeration and size reduction. 
These photos depict equipment 
using N2 for food processing and 
particle reduction
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tower water usage is through reduc-
ing water plume, the cloud of water 
vapor produced by a cooling tower 
when warm, moist air is cooled by 
the ambient air. The SPX ClearSky 
Plume-Abatement System (Figure 2) 
is another approach to hybrid cooling 
towers that focuses on reducing cool-
ing plumes. The bonus here is that it 
can be installed into existing cooling 
tower applications, negating the need 
for complete system replacement.

According to Lindahl, instead of hav-
ing an air-cooled heat exchanger on 
top of the wet tower and sharing the 
same fan, this system has an air-to-air 
heat exchanger above the wet section. 
It takes warm air from the wet section 
and pulls outside air across the other 
side of the heat exchanger and warms 
it up before it goes into the tower, 

which reduces the amount of relative 
humidity in the air leaving the tower 
so it doesn’t make a visible plume.

“This system is also helpful for 
chemical processors faced with zero 
site discharge requirements,” explains 
Lindahl. “Because you’re cooling air 
that leaves the wet section using out-
side air, there’s a lot of water that’s 
condensed in that heat exchanger. 
That water can be allowed to fall back 
into the tower to reduce the amount of 

makeup water that’s required to oper-
ate the tower.”

In addition, he says, that clean 
water steam can be extracted and 
used to dilute wastewater streams or 
to improve the quality of plant water. 
“This is beneficial to people trying to 
stretch the water budget in the plant,” 
notes Lindahl.

And for applications such as fluid 
loop cooling, direct vapor condensing, 
hydrocarbon desuperheating and sub-

Process cooling service Providers

Air Liquide www.airliquide.com
Air Products www.airproducts.com
Arkema www.arkema-inc.com
Baltimore Aircoil  
 www.baltimoreaircoil.com
Edmonds Engineering 
 www.edmondsengineering.com

Frigel www.frigel.com/NA
Niagara Blower www.niagarablower.com
SPX Cooling Technologies 
 www.spxcooling.com
SPX Thermal Equipment and Services 
 www.spx.com
Thermal Care www.thermalcare.com

A look At r22 rePlAcements

The U.S., among other countries, has passed laws that man-
date commercial facilities to phase out usage of the refrigerant 
R22 by 2015. Used extensively throughout the world in HVAC 

systems, process chillers and industrial refrigerant plants, R22 con-
tains hydrochlorofluorocarbons, which are reputed to damage the 
ozone layer and contribute to global warming.

The ban prohibits R22 refrigerant usage in various areas of pro-
duction, in household equipment and in certain kinds of vehicles. 
New refrigeration and air conditioning equipment being manu-
factured can no longer contain the chemical. Bans on new R22 re-
frigerant in the maintenance and servicing of existing refrigeration 
and air conditioning systems takes place this year, while the use of 
recycled R22 for the same purposes will be prohibited by 2015.

As the refrigerant is phased out, alternative substances have been 
made available. However, R22 replacement “is not a trivial pro-
cess,” says Gus Rolotti, director of technical sales and services with 
Arkema Inc. (Philadelphia, Pa.). R22 retrofits necessitate modifying 
existing heating and cooling/refrigeration systems to accommodate 
the replacement, and doing so with minimal process interruption. 
He adds that because an existing refrigeration system is already 
designed for use specifically with R22, it is likely that users will lose 
some capacity when replacing the refrigerant. “Something has to 
give,” he says. “If a system is already at the limits of its capacity, 
maybe retrofitting with a new refrigerant is not the right option.”

However, if retrofitting appears to be a feasible solution, there 
are many alternatives to choose from. Arkema offers several in its 
Forane line of refrigerants. The company says Forane 427A is an 
effective replacement for R22 in a variety of temperature-critical 
refrigeration and air conditioning applications. As a matter of fact, 
recently completed R22 retrofit installations using 427A have dem-
onstrated overall system performance comparable to R22, says the 
company. In addition, no adjustments or change-outs to the expan-
sion valves or other major components were required during any 
of the retrofit operations.

One of the retrofits was undertaken in a high-temperature re-
frigeration baby-food preparation room at La Mere Poule (Saint-
Leonard, Quebec, Canada). Previously, the room was cooled by 
an R22 refrigeration system, using a semi-hermetic, reciprocating 
compressor with a rooftop-mounted condenser and a ceiling-
mounted evaporator assembly. A change of the compressor oil 
to POE (polyolester oil), replacement of the system filters, and 
deep evacuation were performed. No changes in settings were 
required for the expansion valves, pressure controls or other sys-
tem components. 

According to La Mere Poule, overall system performance was 
nearly indistinguishable from the system’s prior performance with 
R22. Operating pressures with Forane 427A were close to those 
measured for R22 and compressor discharge temperatures and 
amperage draw were both lower.

Jon Edmonds, president of Edmonds Engineering Co.,(Birmingham, 
Ala.) suggests that natural refrigerants may once again be gaining 
popularity as replacements for R22 in the chemical processing and 
industries. “Ammonia, carbon dioxide and, to a lesser degree, pro-
pane have renewed interest in industry for use as refrigerants.”

Sometimes referred to as R717, ammonia or NH3, anhydrous 
ammonia is commonly found in industrial refrigeration. Ammonia 
has the advantage of high latent heat and excellent heat transfer 
properties and is readily available at an economical cost when 
compared to other commercial refrigerants. From an environmental 
standpoint, ammonia has no ozone depletion or global warming 
potential and is biodegradable.

Carbon dioxide, also known as CO2 or R744, is undergoing re-
surgence for use in low-temperature applications. While its use as 
a refrigerant does not contribute to greenhouse gas problems, it is 
considered a high-pressure refrigerant. A CO2 refrigeration system 
that experiences an emergency shutdown or power outage may 
require measures to contain the refrigerant.

Propane is commonly found in large chemical and refining fa-
cilities. As a highly flammable gas, however, its use is restricted to 
facilities where requirements of specific area classifications, such as 
explosion-proof electrical devices, are reguired.

Edmonds says that while natural refrigerants are making a come-
back, in chemical applications where safety is a hot button issue, a 
piggyback system might be in order. This type of set up consists of 
ammonia as the primary refrigerant, located in the safe environ-
ment of a protected room where it would condense and cool the 
CO2, which would then circulate to remote users.

“This is done to prevent the ammonia from circulating out. If CO2 
gets loose, it is still an issue, but not as large and dangerous of an 
issue as an ammonia leak,” explains Edmonds. 

Rolotti reminds readers that if faced with phasing out R22 or se-
lecting a refrigerant for a new system, the choice should be based 
on the actual requirements of the cooling process, such as what 
temperature range is needed, the equipment available for the spe-
cific application and the capacity of the system, including the dif-
ference between winter and summer conditions. Additional criteria 
may include safety considerations, familiarity of the chosen refrig-
erant and ease of integration into existing infrastructure. ❏
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cooling, Niagara Blower offers a Wet 
Surface Air Cooler (WSAC) technology 
(Figure 3) that may help reduce the 
amount of water required in a plant 
due to the ability to use low-quality 
water as spray makeup. Commonly 
used for adding capacity in “thermally 
challenged” plants, WSAC coolers and 
condensers offer additional direct cool-
ing without having additional tower 
capacity or makeup water.

The basic principle of WSAC tech-
nology is that heat is rejected by 
means of latent (evaporative) heat 
transfer. Warm process fluids or va-
pors are cooled in a closed-loop tube 
bundle. Open-loop water is sprayed, 
and air is induced over the tube bun-
dle, resulting in the cooling effect. 
The process fluid being cooled never 
comes in contact with the environ-
ment. Due to the closed-loop design, 
spray water never contaminates the 
process stream, and higher cycles of 
concentration can be achieved.

Industrial gas tactics
As more facilities are looking to increase 
cooling capacity without complete re-
placement of a process cooling system 
or major capital costs, industrial gases 
may provide a competitive solution.

“For processors who are looking to 
boost capacity of mechanical refriger-
ation systems, or overcome refrigera-
tion shortfalls, liquid cooling-nitrogen 
systems can be used either by intro-
ducing the nitrogen in direct contact 
with a refrigerant or through a sec-
ondary heat-transfer fluid, heat ex-
changer and circulating pump,” says 
Marna Schmidt, industry manager of 
industrial cryogenics, with Air Prod-
ucts (Allentown, Pa.).

The benefit here, she says, is the 

ability to provide a large amount of 
cooling quickly, with lower upfront 
costs than installing a new mechani-
cal system and more flexibility for the 
future. While this “bolt-on” method 
won’t work efficiently for large refrig-
eration capacities, it is a solid, eco-
nomic solution for smaller processes 

such as reaction cooling or size reduc-
tion (Figure 1). For example in reac-
tion cooling, a water cooled system or 
heat transfer fluid might traditionally 
be used, but liquid nitrogen can be in-
corporated to provide necessary cool-
ing and temperature control for lower 
temperature operations, greater flex-

Figure 2.  Instead of having an air-cooled heat exchanger on top of the wet tower and 
sharing the same fan, the ClearSky system has an air-to-air heat exchanger above the wet 
section. It takes warm air from the wet section and pulls outside air across the other side 
of the heat exchanger and warms it up before it goes into the tower, which reduces the 
amount of relative humidity in the air leaving the tower so it doesn’t make a visible plume
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ibility and, where strongly exothermic 
reactions are used, it can help main-
tain a stable temperature and aid in 
difficult reactions.

“It’s a boost that will help with 
what they are trying to do today, in 
that liquid nitrogen can cool an inter-
mediate heat transfer fluid in a flex-
ible way,” explains Schmidt. “Users 

will acquire fast cool times 
using only the liquid nitro-
gen that’s required, based en-
tirely on the refrigeration load 
needed for that reaction.”

In size reduction processes, 
heat is generated by the fric-
tion necessary to crush the ma-
terial. Not only can the mate-

rial being processed suffer in quality 
due to the creation of heat, but it also 
wastes electricity when 99% of the 
electrical energy is being converted 
into heat and only 1% is converted 
into crushing energy.

In cases like this, liquid nitrogen 
can be introduced into the mill with 
the product that’s being reduced to 
provide partial cooling and remove 
the heat generated by the milling 
system. “This allows more energy to 
be focused on the size reduction pro-
cess and assists in getting smaller 
particles in cases where heat genera-
tion may agglomerate particles,” says 
Schmidt. Better still is that liquid ni-
trogen can be used only when needed 
based on external temperature and 
climate conditions (think summer 
months when the outside ambient 
temperatures are higher).

However, processors have to con-
sider whether industrial gases will 
work for their needs. “Processors still 
have to look at the application and 
balance fixed and variable costs,” says 
Schmidt. “The trade off lies in the high 
capital investment and fixed costs over 
the lifetime of newly purchased me-
chanical equipment, and those same 
cost areas for liquid nitrogen, which 
has lower upfront costs, but a run-
ning variable cost based on how much 
liquid nitrogen will be needed over 
a lifetime. If nitrogen can be reused 
elsewhere in the process, then the eco-
nomics become more favorable.”

Still, she says, an innovative tech-
nology may exist for a particular need 
as industrial gas providers strive to 
take what is learned in one industry 
and apply it to another. “We look at 
it as cross fertilization of industries,” 
says Schmidt. “The solutions we pro-
vide in one industry can often be 
taken into another industry to solve a 
similar problem.” ■

Joy LePree
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Figure 3.  The basic principle of  
Niagara’s WSAC technology is that 
heat is rejected by means of latent 
(evaporative) heat transfer. This illus-
tration demonstrates how it works

Source: Niagara Blower

Complete Solutions for 
Mass Transfer

Sulzer Chemtech, USA, Inc.
8505 E. North Belt Drive
Humble, TX 77396
Phone: (281) 604-4100
Fax: (281) 540-2777
ctus.tas@sulzer.com

For complete solutions to your 
mass transfer needs, one call  
to Sulzer Chemtech does it 
all: 281-604-4100. Or visit  
www.sulzerchemtech.com

Sulzer Chemtech is a world leader in 
the design and supply of mass transfer 
equipment such as trays and pack-
ing and all associated services. For 
decades, companies have turned to 
Sulzer Chemtech for innovative prod-
ucts that improve the performance of 
their processes, including products 
like MellapakPlus structured packing, 
VGPlus tray technology, and VKR mist 
eliminators for vapor/liquid separation. 
In order to validate innovative solutions, 
Sulzer also provides engineering ser-
vices which include CFD, Engineering 
Studies, and Pilot Testing.

For major turnarounds or routine col-
umn repairs and maintenance, Sulzer 
provides a complete range of instal-
lation services, including emergency 
equipment replacement regardless of 
OEM; consignment hardware lockers 
and trailers; and the Sulzer tower hard-
ware replacement program (SHaRP). All 
services are provided around-the-clock, 
with the quickest response rate in the 
industry and an enhanced customer 
focus. In order to provide regional sup-
port and rapid response, Sulzer facilities 
are strategically located throughout the 
U.S., Canada and Mexico.

MOVING AHEAD
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G
iven the recent focus on cost 
control, it’s likely that chemi-
cal processors will suffer sticker 
shock when they learn that in-

dustry spends $276 billion annually 
on corrosion prevention, monitoring 
and repair. Even more abrasive is the 
fact that this figure does not include 
the cost of downtime or accidents re-
sulting from corrosion damage. How-
ever, as capital spending allowances 
continue to come under tighter scru-
tiny, asset management and sustain-
ability become crucial, and installing 
the right corrosion monitoring system 
can help bolster these efforts, while 
actually controlling corrosion preven-
tion, monitoring and repair costs.

As the economy is slow to rebound, 
there are two key phrases in the 
chemical process industries (CPI): 
asset management and sustainabil-
ity, notes Michael McElroy, business 
development manager with Pepperl + 
Fuchs (P+F; Twinsburg, Ohio). “People 
are paying more attention to anything 
related to reliability and sustainabil-
ity, especially when it concerns safety 
and environmental discharges. And, 
all of these hot-button topics are af-
fected by corrosion,” he says. “To en-
sure both proper management of as-
sets and sustainability of equipment, 
processors must know the condition 

of their piping, tanks, valves, pumps 
and other assets. They must know 
when they need maintenance to avoid 
shutdowns or accidents. And, corro-
sion monitoring is an integral part of 
these focus areas.”

Corrosion monitoring perks are 
many. They range from high-value 
benefits (such as accident and shut-
down avoidance) to mid-range value 
advantages (including optimizing 
the life of equipment by not having 
extensive wear) to lower-range, but 
still significant, value that stems 
from knowing when and what kinds 
of maintenance are actually needed 
based on knowledgeable predictions 
(instead of replacing parts on a time-
based schedule) to recognizing and 
maintaining the sweet spot of corro-
sion inhibiting chemicals. 

But how can the “right” corrosion 
monitoring system actually help re-
duce the cost of corrosion monitoring 
itself? According to P+F, corrosion pre-
vention, monitoring and repair costs 
are better controlled when corrosion 
is viewed as a process variable, rather 
than as a purely historical value or in 
a complex, scientific method.

And the key to this lies in user-
friendly monitoring that provides pro-
active, realtime data that can be ana-
lyzed and used by process engineers.

Proactive, realtime monitoring
One such instrument is P+F’s Cor-
rTran MV, which affords greater in-
sight to the process engineer. This 
two-wire, multivariable, 4–20-mA 
HART transmitter evaluates general 
and localized (pitting) corrosion, as 
well as conductivity, in realtime. It is 
designed to take corrosion monitoring 
out of the laboratory and into every 
day process control because unlike 
corrosion coupons, which establish a 
historical average corrosion rate over 
time, CorrTran MV can monitor corro-
sion online and in realtime.

Via integration into a new or legacy 
system, the tool gives plant operators 
the ability to monitor corrosion rates 
within their existing software and 
control system like any other process 
variable, while the HART signal al-
lows multivariable monitoring of 
general corrosion, localized corrosion 
and conductivity.

According to Mike Mendicino, prod-
uct manager with P+F, this type of 
monitoring provides many benefits 
over traditional methods. “Coupons 
provide only two data points — the 
mass before you put it into the process 
and the mass after it corrodes. These 
limited data give you a corrosion rate, 
but no knowledge of what happened 
between,” he says.
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Today’s user friendly, proactive corrosion- 
monitoring systems provide process 
engineers with realtime information, 

helping to avoid failures and reduce costs

Keeping  
Corrosion  
at Bay

Newsfront

P+F’s CorrTran MV is designed to take corrosion 
monitoring out of the laboratory and into every day 
process control because unlike corrosion coupons, 
which establish a historical average corrosion rate 
over time, CorrTran MV can monitor corrosion online 
and in realtime

Pepperl + Fuchs

08_CHE_060110_NF2.indd   21 5/26/10   9:58:13 AM



Newsfront

“With automated methods, users 
get near immediate notification that 
something has happened to cause cor-
rosion, right now,” he explains. “Engi-
neers can look at the process and know 
the temperature is increasing or the 
pH is off. This gives them the power 
to relate corrosion to events that take 
place during the actual process and 
permits engineers to determine and 
correct whatever process upsets are 
affecting corrosion.”

Similar realtime, online corrosion 
monitoring is also available in wire-
less systems for remote locations, such 
as refineries and tank farms. Honey-
well Process Solutions’ (Morristown, 
N.J.) SmartCET is a self-contained, 
battery-operated, wireless corrosion 
transmitter. Users install the trans-
mitter in the field and hook it up to 
the corrosion monitoring probe, which 
is placed in the process. This probe-
transmitter combination communi-
cates a signal to the home base unit, 
called a Multinode, which receives 
the wireless signal. The data can be 
uploaded directly into the plant con-
trol system, allowing variables to be 
trended and alarmed, in the same way 
as other process variables like temper-
ature and flowrate. For corrosion and 
material specialists, further statistical 
data are available automatically from 
the system, providing trendable corro-
sion mechanism information. 

“This is a very cost effective solu-
tion for processing facilities with re-
mote locations or tank farms because 
it does not require the expense of run-
ning wires,” says Phillip Ng, global 
senior product manager of corrosion 
with Honeywell. “And, the transmit-
ters provide very dynamic data, which 
can be read every 30 seconds.”

He says while some may scoff at 
this because they believe corrosion is 
a slow process, the timely, dynamic 
data allow operators to pinpoint the 
times when corrosion activity starts 
spiking. “Since engineers can see 
what change in the process is caus-
ing corrosion spikes, they don’t need 
a corrosion specialist to translate the 
data,” he explains. “They don’t need 
to understand fundamental corro-
sion science and theory, but simply 
what process change has taken place 
and how to react to that change to 

stop the corrosion from happening.”
James Gray, divisional president with 

Metal Samples Corrosion Monitoring 
Systems division of Alabama Specialty 
Products (Munford, Ala.), agrees that 
this type of data from remote locations 
is crucial. His company offers a remote 
telemetry system that obtains real-
time corrosion monitoring data via the 
Internet from anywhere in the world. 
The system features communications 
via Inmarsat Isat M2M satellite to a 
secure Web Monitor data server.

The system is available for use with 
corrosion monitors based on electrical 
resistance, linear-polarization resis-
tance or sand (erosion) probes (see box 
on p. 22). A small optional solar panel 
connects to the base station for use 
where no power is available.

“This technology allows remote loca-
tions to enjoy the same benefits of real-
time data,” says Gray. “Because users 
can now take readings at these remote 
locations at whatever frequency they 
want, they can graph out corrosion 
rate data, allowing them to profile the 
actual corrosion rate at shorter time 
intervals than would be possible with 
traditional methods.”

A similar, but non-invasive corrosion 
monitoring technology is available 
from GE Energy (Greensville, S.C.) for 
installation where the integrity of pip-
ing, vessels and other fixed assets was 
historically subjected to time-based 
manual inspection methods requir-
ing excavation, scaffolding and special 
permits. GE’s Rightrax system reduces 
these problems via online technology 
that provides improved, more timely 
and more frequent corrosion/erosion 
information, helping to decrease the 
risk of asset failure. The system uses 

Circle 9 on p. 62 or go to adlinks.che.com/29251-09

Honeywell’s XYR 6000 Wireless Smart-
CET Corrosion Monitoring Transmitter 
accurately measures corrosion rate and 
pitting without the expense or hassle of 
installing cabling

Honeywell
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ultrasonic sensing technology that at-
taches to the outside of the asset and 
measures wall thickness. Rightrax 
sensors can be polled periodically, al-
lowing users to assess not only the 
useful life by comparing current val-
ues to minimum thickness limits, but 
to establish historical trends.

This ability to trend data provides 
several benefits. First users can un-
derstand the rate at which corrosion/
erosion is progressing, allowing better 
maintenance planning. Second, users 

can correlate data with process data, 
providing insight into cause and effect 
relationships that can help operators 
understand and avoid conditions that 
accelerate corrosion/erosion rates and 
asset degradation.

Integration provides users with the 
ability to display, trend, analyze, plot 
and correlate data. Software also per-
mits import/export functionality for 
integration with reporting tools and 
programs, as well as automation capa-
bility that can automatically analyze 

Corrosion Monitoring teChniques

There are several methods of monitoring corrosion, which can be broken down into 
two main categories: traditional and automated corrosion monitoring techniques. 
Within each of these categories, there are a variety of methods. The most popular 

are defined here by Pepperl + Fuchs.

Traditional
Traditional corrosion monitoring techniques include the following:
•		Mass loss: Often referred to as coupons, mass loss methods incorporate inserting 

pieces of metal directly into the process. Coupons are weighed before insertion and 
after extraction. Typically, after 90 days they are again weighed and studied to deter-
mine the corrosion rate and type

•		Resistance measurement: Similar to coupon measurement, resistance measurements 
use wires that are exposed to the process. Resistance is measured and, as the wires 
corrode, resistance increases, providing an indication that corrosion is occurring

•		Polarization resistance: This technique measures the inhibition of the corrosion pro-
cess. This measurement is inversely proportional to the corrosion current

•		Acoustic emission: Different types of corrosion emit different sounds. These sounds are 
recorded and provide information about the process relative to corrosion

•		Ultrasonic examinations: As corrosion occurs, the wall thickness of pipe deteriorates. 
Ultrasonic examination of the pipe can determine the remaining wall thickness. This 
calculation is based on the time it takes for non-audible acoustic waves to travel back 
and forth

Automated methods
Automated corrosion monitoring techniques include:
•		Linear polarization (LPR): This technique involves the measurement of the polariza-

tion resistance of a corroding electrode to determine the corrosion current. Since the 
voltage-current response of a corroding element tends to be linear over a small range, 
determination of the polarization resistance allows the corrosion current to be deter-
mined. The slope of the response, the polarization resistance, is inversely proportional 
to the corrosion current, allowing a corrosion rate to be calculated

•		Harmonic distortion analysis (HDA): HDA measures the resistance of the corrosive 
solution by applying a low frequency sine wave to the measurement current. Using har-
monic analysis, the solution resistance is determined and combined with the polariza-
tion resistance of the LPR method to calculate a more-accurate general-corrosion rate

•		Electrochemical noise (ECN): This method evaluates the fluctuation in current and volt-
age noise generated at the corroding metal-solution interface. This technique is gener-
ally used to detect non-uniform or localized corrosion.

While some experts suggest that in this limited economy spending on corrosion moni-
toring is currently down because it is not an absolute necessity when it comes to get-
ting process to the barrel or to the customer, ignoring the practice is not advisable.  
“Deciding not to monitor corrosion is like deciding not to maintain a car,” says James 
Gray, divisional president of Metal Samples Corrosion Monitoring Systems division 
of Alabama Specialty Products. “If money is tight, you have to buy gas to make the 
car go, but you don’t have to change the oil, but you know that sooner or later this is 
going to become an expensive problem. That’s what happens with corrosion monitor-
ing if you chose not to do it. Due to a lack of corrosion monitoring, a pipe will become 
too thin and an accident will occur and someone will get hurt or something will be 
released to the environment.”

To avoid this worst-case scenario, Gray advises selecting the best corrosion monitor-
ing technique within your budget. “Using coupons is better than using nothing at all if 
you can’t afford a more proactive system, because by using nothing at all, you’re just 
prolonging the inevitable,” warns Gray.  ❏

GEA Process Engineering

GEA Wiegand GmbH
Einsteinstrasse 9-15 
76275 Ettlingen, Germany 
Telefon: +49 7243 705-0 
Telefax: +49 7243 705-330 
E-Mail: info.gewi.de@geagroup.com 
Internet: www.gea-wiegand.com

Distillation and 
Rectification
 Recovering recyclables
 Treating solvents
 Producing alcohol
 Cleaning waste water

This is just a small choice of examples 
for which we can offer you a plant 
conception. We will find a way to 
design your process with our distilla- 
tion plants so that it will be even 
more economic. 
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data using user-written rules and 
embedded knowledge. When spe-
cific conditions or anomalies of an 
unknown origin are detected, the 
system can send advisories to per-
sonnel who can then take immediate 
action to control the situation.

Specialized applications
Fortunately, proactive analysis of cor-
rosion data is not limited to the pipes 
and tanks within chemical processing 
facilities. Nalco Energy Services (Sug-
arland, Tex.) offers a pre-boiler cor-
rosion-control strategy called NCSM 
technology. The company’s 3D Trasar 
boiler technology, using the NCSM 
minimizes boiler feedwater corrosion 
by measuring the net oxidation/re-
duction potential (ORP) as a voltage 
reading of the bulk feedwater at the 
actual boiler operating temperatures 
and pressures. NCSM technology de-
tects changes in oxidation/reduction 
stress and responds in realtime by 
changing oxygen scavenger or metal 
passivator feed to maintain the ideal 
ORP setpoint.

This technology makes it possible 
to detect and react to the conditions 
inside the boiler system under actual 
operating temperatures and pres-
sures. This is a significant leap in tech-
nology, according to Maureen Gerty, 
global industry development manager 

with Nalco, who says previously 
samples had to be cooled, which 
did not provide the same type of 
response as measuring at-temper-
ature ORP. “When you can take these 
measurements at temperature, you 
are actually measuring the real corro-
sion stress potential, which is far more 
sensitive than a measurement that’s 
been cooled,” Gerty explains. “This al-
lows users to capture all the potential 
stresses involved and because this 
information is part of the 3D Trasar 
boiler technology platform, it can be 
incorporated with all propriety dash-
boards, notifications and alarms, so 
realtime visibility is possible.”

This realtime capability can be pro-
grammed to notify key personnel and 
automatically respond by pushing 
more of certain chemicals or cutting 
back on them.

And for cleanrooms or other pro-
cesses that require air monitoring, 
Purafil’s OnGuard 3000 Atmospheric 
Corrosion Monitor is an electronic in-
strument that provides realtime read-
ings of an environment’s corrosive 
reactivity level. The OnGuard 3000 
also provides realtime temperature 

and relative humidity readings, which 
affect the rate of corrosion. By using 
OnGuard 3000 along with a control 
system, users may take preventive ac-
tion before corrosion damage leads to 
repairs and production shutdown. 

Kevin Wilson, technical services engi-
neer with Purafil, says when the tool is 
tied into a control system, it is possible 
to automatically bump up the amount 
of air or pressure being pumped into 
the room when the measured interval 
of corrosion climbs too high.

“With today’s RoHS (Restriction of 
Hazardous Substances Directive) in-
struments, the traces on circuit boards 
and instruments are more susceptible 
to more kinds of corrosion than the 
traditional lead traces. This kind of re-
altime knowledge provides the power 
necessary to keep a room at optimal 
conditions and avoid frequent replace-
ment of expensive electronic equip-
ment or unplanned downtime caused 
by loss of that equipment.” n

Joy LePree

Purafil’s OnGuard 3000 Atmospheric Cor-
rosion Monitor is an electronic instrument 
that provides realtime readings of an envi-
ronment’s corrosive reactivity level

Purafil

HIGH  PRESSURE  PUMP ING  SOLUT IONS
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Walter Bonnett becomes vice- 
president of PSG marketing for Dover 
Corp.’s Pump Solutions Group 
(PSG; Redlands, Calif.).

Christopher Pappas becomes presi-
dent and CEO of Styron, a chemicals 
and plastics firm that was recently 
divested from Dow Chemical Co. to 
become a privately held company.

Toray Plastics America (North 
Kingstown, R.I.) names Scott Van 
Winter vice-president/general man-
ager of the Lumirror Polyester Film 

Div., and Gianfranco Chicarella prod-
uct manager for the Torayfan Div.
 
Rob Scoffin is named CEO of soft-
ware developer Cresset Group Ltd. 
(Welwyn Garden City, U.K.).

EagleBurgmann (Houston), maker 
of mechanical seals and related  
systems, names Van Funchess OEM/
EPC project sales.

Steve Braig becomes president and 
CEO of Trexel, Inc. (Woburn, Mass.), 
supplier of MuCell microcellular 

foaming technology for thermoplas-
tics-processing systems.

Hans Liao becomes director of meta-
bolic engineering for OPX Biotech-
nologies (Boulder, Colo.).

Colfax Corp. (Richmond, Va.), a 
maker of fluid-handling solutions, 
names Arne Forslund to the newly 
created position of senior vice-presi-
dent Europe, Middle East, Africa and 
Asia. He is also CEO of Colfax pump 
subsidiary Allweiler AG. ■

Suzanne Shelley

Bonnett ForslundScoffinVan Winter

WHO’S WHO

Funchess
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I have 70 supervisors. It sometimes 
feels like I am pulled in 70 differ-
ent directions — north, south, east, 

west, up, down and inside-out. But 
even after two years at this job, I can 
still hold my hand steady — if I put 
it in a vice. Nevertheless, I feel that 
I have the best job in the distillation 
world; I am technical director at Frac-
tionation Research, Inc. (FRI; Stillwa-
ter, Okla.; www.fri.org).

FRI is a consortium of 70 compa-
nies that pool portions of their annual 
distillation research budgets to collec-
tively perform distillation research. 
My 70 supervisors are 70 distilla-
tion experts from 70 global compa-
nies, which include petroleum refin-
ers, chemical companies, engineering 
companies and vendors of distillation 
equipment, particularly trays and 
packing. Each of those companies 

seems to have different distillation 
needs and focuses, from thermody-
namics to intensification, from crude 
columns to beer columns, from tray 
development to packing troubleshoot-
ing, and so on. 

The bulk of FRI’s research budget 
is spent in Stillwater, Okla., where 
the membership owns two large dis-
tillation columns. The low pressure 
column is operated at pressures rang-
ing from 10 mmHg to 165 psia (11.4 
bara). The lower section is 4 ft (1.22 
m) dia.; the upper section is 8 ft (2.44 
m) dia. The high-pressure column is 
operated at pressures up to 500 psia 
(34.5 bara). In those two research col-
umns, thirteen different binary sys-
tems have been used to study the hy-
draulics and efficiencies of trays and 
packings. Both columns are about 80 
ft (24 m) tall and both have windows. 

These windows often reveal impor-
tant insight that would otherwise be 
overlooked. For instance, if you have 
ever looked into a deisobutanizer op-
erating near the critical point, you 
would swear that you were seeing 
liquid-liquid extraction. 

FRI’s research directions come 
from the Technical Advisory Commit-
tee (TAC), which holds two meetings 
each year. Since FRI’s membership is 
very global, one meeting each year is 
held in the U.S., while the other meet-
ing rotates between Europe (during 
even years) and the Far East (during 
odd years). 

Each of the 70 member companies 
assigns an engineer to the TAC. At 
every FRI TAC meeting, approxi-
mately 75% of the time is devoted to 
reviews of research results of the last 
six months. Then, projects for the next 
six months are discussed and voted 
upon. Meetings are led by Paul Steacy, 
the TAC chairman, and UOP’s distil-
lation “ace.”

In Oklahoma, approximately 20 
people are employed by FRI — the 
president, the technical director, four 
Ph.D. engineers, eight technicians and 
administrative personnel. Working to-
gether they produce data, correlations 
and reports. FRI’s ultimate product 
is DRP, the Device Rating Program. 
That program is used globally to rate 
trayed and packed columns. 

When the Oklahoma engineers and 
technicians ask if my instructions are 
coming from me or my 70 bosses, my 
typical retort is “We are one and the 
same.” Distillation lovers often exhibit 
an uncanny ability to reach consen-
suses. For us, the only worthy direc-
tion is forward. That is FRI’s direction 
and the direction in which I hope to 
propel readers of this column over the 
coming months. ■
 Mike Resetarits

resetarits@fri.org

Fractionation Column

Propelling distillation research
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Department Editor: Scott Jenkins

Distillation  
Tray Design

In a distillation column tray, vapor 
passes upward through liquid that is 
flowing across a horizontal perforated 

plate. Vapor passing through the perfo-
rated plate forms a two-phase mixture 
with the liquid and enables mass transfer 
contacting. This mixture is typically quite 
turbulent. Tray design must allow the 
turbulent liquid to fall away from the 
rising vapor in the space above the tray, 
while also enabling the vapor bubbles 
to rise out of the falling liquid in the 
downcomer. The downcomer is usually 
a vertical plate that enables the already 
contacted froth to travel down to the next 
tray without remixing with the up-flowing 
vapor from the tray below.

Generally, designing a column tray en-
tails determining the minimum downcom-
er area that still allows vapor bubbles 
to rise through the liquid, selecting the 
number of downcomers, determining 
the active area, and checking the flow 
path length to see if a person can pass 
through a tray manway. These factors 
are the primary drivers for determining 
overall tower size.

Downcomer area is determined by the 
maximum recommended downcomer ve-
locity. Divide the volumetric flow of liquid 
by the downcomer velocity to obtain the 
downcomer top area. Typically a curve 
of maximum downcomer velocity versus 
the density difference between liquid and 
vapor is consulted during this process.

A downcomer is generally straight 
unless its area exceeds 8% of the tower 

area. In that case, the downcomer is 
sloped such that its bottom area is 60% 
of its top area.  

Active area
The active area of a distillation tower is 
where the vapor contacts the liquid to 
effect mass transfer. Above the active 
area, where the liquid falls away from 
the rising vapor, is the volume where the 
vapor can expand. Typically, the active 
area is calculated to be the tower cross-
sectional area minus the downcomer top 
and downcomer bottom area.  

The minimum active area (ft2) for nor-
mal valve trays can be determined from 
the following relationship, which is a 
modification of a commonly used correla-
tion [1] taken at 82% of jet flood:

Active area = V-Load / [TS0.5 (0.0762 – 
0.00092(ρV2)) – 0.011WL] 

Where,
V-Load = CFSV (ρV / (ρL – ρV))0.5 
TS = Tray spacing, in.
ρV = Vapor density, lb/ft3 
WL = Weir loading, gal/min per in. 
CFSV = Vapor volumetric flow, ft3/s

The required active area is dependant 
on the vapor density and weir loading. 
Note that the weir loading need not be 
known at this point. Assume a weir load-
ing value of 5 gal/min per in. intially. 
Typical tray spacings are 24 in. 

Tower area and diameter
Based on the above areas, the overall 
tower area and diameter can be deter-
mined by the following:

AT = ADtop + ADbottom + AA
D = 2(AT/ π)0.5 

Where,
AT = Tower area, ft2
ADtop = Downcomer area at top, ft2
ADbottom = Downcomer area at bottom, ft2
AA = Active Area, ft2
D = Tower inner dia., ft

Number of downcomers
Once the tower diameter is determined, 
then the number of downcomers can be 
chosen. As a starting point, an initial 
design should use a single downcomer. 
The resulting weir length is calculated 
from a standard chord-length calcula-
tion, which is iterative for a given 
downcomer area.

BW = {[(πD2/360) cos–1(2Z/D)] – 2AD}/Z

Where,
Z = [(D2/4) – BW

2]0.5 
BW = Weir length of one downcomer, ft

A good place to start the iterative 
process is with a weir length 0.8 times 
the tower diameter. If the resulting weir 
loading is greater than 12 gal/min per 
in., then increase the number of tray 
passes to two. Recalculate the outlet weir 
length for each of the side downcomers 
of the column by using half the downcom-
er area. Check the weir loading again 
(for the tray with side downcomers). If 
the weir loading continues to exceed 12 
gal/min per in., increase the number of 
tray passes to four. It is assumed that the 
two-pass tray with side downcomers has 
the shortest weir length.

The simplest approach to designing 
4-pass trays is to assume equal bubbling 
area and make the side downcomers one-
quarter of the total downcomer area, and 
make the center (and off-center) downcom-

ers one-half of the total downcomer area.  
Maintaining the resulting downcomer 

widths at 6 in. or more will allow a person 
to reach into the downcomer for installa-
tion. In addition, make sure the resulting 
tray-flow path-length is 16 in. or greater 
to enable a person to physically pass 
through the trays. These minimum size 
criteria may increase the column diameter 
to above the previously calculated value.

Other considerations
Other criteria that need to be consid-
ered are; downcomer backup, spray 
fluidization, and entrainment. In addition, 
minimum load conditions need to be 
determined. The criteria for determining 
the low-end vapor and liquid range are 
weeping, tray stability and dry-tray pres-
sure drop. 

Reference
1.  Glitsch Inc. “Ballast Tray Design Manual; Bul-

letin No. 4900.” 3rd Ed. Glitsch Inc., Dallas, 
Tex.,1974.

Note:  Material for the June “Facts at Your Finger-
tips” was supplied by Dan Summers, tray technol-
ogy manager, Sulzer Chemtech USA Inc. 

Side view of a simple tray arrangement
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T
racing its origins to 1915, the 
American Society of Mechanical 
Engineers (ASME) Boiler and 
Pressure Vessel Code (the code) 

[1] has become the established safety 
standard governing the design, fabri-
cation and inspection of boilers and 
pressure vessels, as well as nuclear 
power plant components during con-
struction. Section VIII, Division I of 
the code addresses pressure vessels 
operating at either internal or exter-
nal pressures exceeding 15 psig. 

Despite the prevalence of pressure 
vessels in the chemical process in-
dustries (CPI), a clear understanding 
of the basis-of-design responsibilities 
involved in designing, fabricating and 
repairing such a device remains elu-
sive. Vessel users are responsible for 
providing all necessary data to ensure 
the manufacturer can design and fab-
ricate a pressure vessel in full compli-
ance with the code.

The lack of clear understanding can 
result in a disconnect between users 
and manufacturers during pressure ves-
sel specification. The disconnect is often 
magnified because, although Section 
U-2(a) of the ASME Code clearly defines 
the responsibilities for establishing the 

basis of design, users often lack access 
to the code language and its associated 
interpretations. Basis of design refers 
to well-defined information that could 
form the foundation for inspection and 
test acceptance criteria.

While engineering specifications 
often provide sufficient data for a man-
ufacturer in certain basic areas — such 
as internal and external pressure, tem-
perature, vessel orientation, material 
of construction, corrosion allowance 
and vessel contents — pressure vessel 
fabricators usually receive insufficient 
information from users in areas such 
as wind, seismic and external loadings. 
The incomplete specification infor-
mation makes a proper and complete 
vessel design difficult and can lead 
to inaccurate price quotes. Providing 
complete information will help avoid 
cost overruns and change-orders.  

The intent of this article is to clarify 
those areas of pressure vessel specifi-
cation  where information is commonly 
omitted and areas where further clari-
fication is required. Further, this article 
is intended to improve understanding 
of which responsibilities are shoul-
dered by vessel users and which by 
manufacturers. By providing a more 

comprehensive basis of design for a 
vessel, users and manufacturers can 
save money and formulate specifica-
tions with public safety in mind. 

All 50 U.S. states, all Canadian 
provinces and many local jurisdictions 
and territories have formally adopted 
the ASME Code as a safety standard 
for boilers and pressure vessels. Each 
jurisdiction employs a chief inspector 
who is a member of the National Board 
of Boiler and Pressure Vessel Inspec-
tors. Meanwhile, the code is frequently 
a prevailing basis in other countries 
throughout the world. 

Vessel Design 
Design versus operating T and P 
In engineering specifications, often no 
distinction is made between the design 
pressure and operating pressure. Sec-
tion UG-21 of the code recommends a 
suitable design pressure above the op-
erating pressure of the vessel at which 
the vessel will normally operate. The 
operating pressure should represent 
the most severe exposure of pressure 
and temperature the vessel is expected 
to experience under normal operating 
conditions, whereas the design pres-
sure should allow for potential pres-
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sure surges up to the setting of the 
pressure-relief device. The design tem-
perature should account for the lowest 
and highest operating temperature, in 
addition to operational upsets, atmo-
spheric temperature and other sources 
of cooling. The design and operating 
conditions should be established in a 
process safety review meeting within 
the user’s organization. 

Based upon the material of construc-
tion, the nominal plate thickness and 
the minimum design temperature, the 
manufacturer will have to determine 
the requirements for welding. For car-
bon steel and low-alloy vessels, the re-
quirement for Charpy impact testing 
can be determined in Section UCS-66 
of the code. For high-alloy vessels, 
such as those fabricated of austenitic 
stainless steel, the manufacturer will 
refer to Section UHA-51 of the code. 
The manufacturer will determine if 
impact testing is required and if the 
shop has a qualified weld procedure to 
meet the requirements of the Code.  

Vessel contents
With regard to vessel contents, the 
key phrase for the fabricator is “lethal 
service.” Vessels are considered lethal 
service if the contents, whether mixed 
with air or alone, are dangerous to life 
when inhaled. Lethal service imposes 
mandatory Code-compliance require-
ments on the manufacturer, such as 
100% radiography of all welds. These 
requirements can substantially in-
crease the vessel’s fabrication cost. 

If the process involves hydrogen 
sulfide, where there is a risk of sulfide 
stress cracking, then the manufacturer 
needs to be advised of the require-
ments of the National Association of 
Corrosion Engineers (NACE) standard 
RP0472 and NACE publication 8X194. 
Hydrogen sulfide service will have re-

strictions for material-grade, post-weld 
heat treatment, and allowable hard-
ness of the weld and heat-affected zone; 
all of which will impact the manufac-
turer’s cost for fabrication. The user 
should identify dangerous compounds 
in its process and address the dangers 
in a process safety review meeting.

The user should provide the specific 
gravity of the process fluid, since the 
manufacturer must account for the ad-
ditional static pressure due to the static 
head of the liquid, per section UG-22(b).

Materials of construction
While the material of construction is 
commonly included in equipment speci-
fications, clarification is often required 
as to the impact the material specifi-
cation has on the fabrication and the 
quote. Information in the specification 
should allow the manufacturer to deter-
mine whether or not its qualified weld 
procedures and qualified welders are 
sufficient for the alloy specified. In cases 
where the manufacturer has to qualify 
a procedure for an alloy not commonly 
welded in the shop, the cost impact 
should be evaluated.

The material specification and the 
grade designation should also be pro-
vided to the manufacturer. For ex-
ample, if the vessel is fabricated from 
austenitic stainless plate, then indi-
cate the ASTM International (ASTM)
specification and grade, such as: A240-
316L. For the nozzles the specifica-
tion and grade will be A312-316L. If 
the process safety review determines 
that seamless pipe is required for the 
nozzles, then this should be clarified, 
since it will impact the vessel’s cost. 
For flanges, the specification and grade 
will be A182F-316L. Depending on the 
process, some users may prefer using a 
carbon-steel backing flange in conjunc-
tion with a stainless-steel stub-end. If 

that is the case, clearly indicate 
it in the specification. 

A material specification for 
appurtenances is commonly 
not given. Items such as lift-
ing lugs, support lugs, skirts 
and support legs can often be 
specified with a different grade 
material than that of pressure 
retaining items. The user may 
have a vessel where all of the 
pressure-retaining items and 

wetted surfaces are 316L stainless 
steel, but the lifting lugs and support 
ring may be fabricated from 304 stain-
less steel. Depending on the user and 
the service, a stainless-steel vessel 
with carbon-steel legs might be accept-
able, provided there is a “poison pad” 
between the two materials such that 
the pressure-retaining items are not 
at risk of carbon contamination. Often 
manufacturers will specify an alter-
nate material grade for appurtenances 
in order to minimize fabrication cost. If 
alternate material grades are unaccept-
able for appurtenances, that should be 
stated in the specification, particularly 
when manufacturers are competitively 
bidding for the contract.

Stainless-steel surface finish
For users in the food-and-beverage and 
pharmaceutical industries, there are 
often requirements for special inter-
nal- and external-surface finishes. Am-
biguity and different interpretations 
about user expectations and manufac-
turer capabilities can arise when the 
mechanical finish is specified as one 
of the following: satin, polished, bright, 
dull or mirror. Parameters such as con-
tact time, material feedrate, abrasive 
pressure and application of lubrication 
will have an impact on the finished 
product. Special finishes supplied by 
the manufacturer are not published by 
ASTM International.

Polishing and grinding involve the 
removal of metal from a surface with 
an abrasive, resulting in surface direc-
tional marks. There is no definition of 
an abrasive grit size that differentiates 
grinding from polishing. As a guide, 
however, grit sizes of 80 and coarser can 
be associated with grinding, whereas 
grit sizes of 120 and finer can be as-
sociated with polishing. Nevertheless, 
simply specifying the grit size cannot 
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Table 1.  surface finish comparison
Grit  

finish
Ra  

(microinch)
RMS  
(µm)

36 142 4.06

60 87 2.49

80 71 2.03

120 52 1.47

150 42 1.20

180 30 0.86

220 19 0.53

240 15 0.43

320 12 0.36

400 9 0.25

Mirror +/- 4 0.13

Figure 1.  The pickling process re-
moves the heat tint produced during 
welding (left = before; right = after)

Pressure 
Vessel  
Design 
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be equated to a specific surface finish. 
Buffing is not intended to remove 

metal from the surface. It is intended 
to brighten and smooth the exist-
ing surface with cotton- or felt-based 
media and with the application of lu-
bricants to the buffing wheel.

For precise and consistent results, it 
is recommended that the surface finish 
be specified in a range of minimum and 
maximum level of roughness average 
(Ra). This can be expressed in micro-
inches or micrometers (Table 1).

The Specialty Steel Industry of 
North America (SSINA) publishes a 
designer handbook of specialty fin-
ishes for stainless steel, which pro-
vides detailed descriptions and sam-
ple photographs. The handbook can 
be downloaded free of charge at www.
ssina.com. Photographs for compari-
son of certain standard finishes (Nos. 
1, 2B, 2D, 2BA, 3, 4, 6, 7 and 8) for 
sheets or various nominal thicknesses 
can also be found at the website. 

Vessel heads
Some of the most common heads in 
service are as follows:  ASME flanged 
and dished (torispherical), 2:1 elliptical 
flanged and dished (ellipsoidal), conical, 
toriconical, hemispherical and flat.

Heads are formed based upon out-
side vessel diameter, with the excep-
tion of elliptical and hemispherical 
heads, which are formed to the inside 
diameter. When ordering the head, the 
vessel manufacturer will provide the 
head manufacturer with the minimum 
permitted thickness that is required 
based upon the calculations. Thinning 
of the vessel head takes place primar-
ily at the knuckle regions and the cen-
ter of the dish (Table 2). 
Torispherical heads. Torispherical 
heads have dish radii equal to the di-
ameter of the head or vessel shell, and 
the knuckle is 6% of the head inside-
crown radius as required by Section 
UG-32(e) of the ASME Code (Figure 
2). The straight flange (skirt) is a 
standard 1.5 in. for heads formed from 
3/16-in. plate and heavier. Straight 
flanges up to 2 in. can be provided 
upon request. For some head manu-
facturers, a 3-in. straight flange can 
be provided for head diameters rang-
ing from 36 to 54 in. as long as there 
is a minimum plate thickness of 3/16 

in. For heads 54 in. and larger, a 3-in. 
straight flange can be provided with a 
minimum plate thickness of 0.25 in.

When specifying a torispherical 
head for a pressure vessel, it is im-
portant for the user to clearly define 
an ASME flanged and dished (tori-
spherical) head. Standard flanged and 
dished heads are manufactured, but 
do not meet the code requirement of 
a minimum 6% inside-crown radius 
for the knuckle region. As a result, the 
standard flanged and dished heads 
provide a higher stress concentra-
tion factor and discontinuity in the 
knuckle region. Some manufacturers 
offer an ASME 80–10 head where the 
dish radius is 80% of the head diam-
eter and the knuckle radius is 10% 
of the head diameter. The advantage 
of an ASME 80–10 head is that it is 
thinner (~66% of the thickness of an 
ASME torispherical head), which re-
sults in a smaller blank size and re-
duced labor cost. 

A third option for a torispherical head 
is an ASME high-crown head, where the 
dish radius is 80% of the head diameter 
and the knuckle radius is a minimum of 
6% of the head diameter.
Ellipsoidal (2:1) head. A 2:1 elliptical 
flanged and dished head provides a dish 
radius that is approximately 90% of the 
inside head diameter and a knuckle 
that is approximately 17.3% of the in-
side head diameter. The geometry of the 
ellipsoidal head is provided in Section 
UG-32(d) of the ASME Code. 
The decision of whether to specify and 
use a torispherical head versus an el-
lipsoidal head is mainly an issue of  
head clearance. Users should decide 
which head better suits their needs.

If a dished head requires a bolt-
ing flange, then the manufacturer 
must design the head and flange in 
accordance with the code’s Appendix 
1 (1–6). The cost of adding a bolting 
flange is significant.
Toriconical heads.  The transition 
geometry of a toriconical head is typi-
cally limited to a maximum half-apex 
angle of 30 deg (Figure 3). The knuckle 
cannot be less than 6% of the outside 
diameter of the head skirt or less than 
three times the calculated knuckle 

thickness as outlined in UG-32(h). 
Toriconical heads or transitions 

may be used when the half-apex angle 
is greater than 30 deg and further re-
quires the design to be in compliance 
with the mandatory Appendix 1 of 
the code. A conical head or transition 
does not have a knuckle. Therefore a 
reinforcing ring is required by Appen-
dix 1–5(d) and (e). Half-apex angles 
greater than 30 deg for conical heads 
and transitions shall be in accordance 
with Appendix 1–5(g) of the code.  
Un-stayed flat heads.  These can 
be incorporated into the design, but 
have limitations in pressure and 
temperature due to their geometry 
(Figure 4). Section UG-34 of the code 
provides the design requirements 
for un-stayed flat heads and covers. 
This includes bolted blind flanges, 
flat plates with retaining rings, and 
threaded covers. The section provides 
nineteen examples of un-stayed flat 
heads that can be used, but clarifies 
that other designs, which meet the re-
quirements of UG-34, are acceptable. 

The user may have an un-stayed flat 
head design that is to be incorporated. 
If so, users should provide a sketch of 
what is desired and allow the manu-
facturer to bring the proposed design 
into compliance with the code.

Details are needed when specify-
ing closure heads on a pressure ves-
sel. When specifying the vessel shell 
length, reference it from the tangent 
line of one head to the tangent line of 
the opposite head. The tangent line is 
an accepted datum for most shops.

Nozzle schedule
Most users generally provide a nozzle 
schedule, but significant information 
is inherently omitted. When providing 
a nozzle schedule, the manufacturer 
is focused on size, type and quantity. 
The physical placement of the nozzles, 
and their projections can be addressed 
during the drawing review process 
(Figures 5 and 6). The user needs to be 
clear on the types of flanges required 
— raised-face slip-on flanges, raised-
face weld-neck flanges or lap-joint 
flanges with stub-ends. When stub-
ends are considered, be sure to clarify 

Table 2.  guideline for head Thinning during forming
Head thickness range Allowable thin-

ning during 
forming

12-gauge, up to and including 0.25-in. plate 0.032 in.

5/16-in. nominal thicknesses up to and including 0.5-in. plate 0.062 in.

9/16-in nominal thickness up to and including 1.0-in. plate 15%
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Type A or B stubs ends. For the nozzle 
necks and any internal piping, specify 
electric-resistance-welded (ERW) pipe 
or seamless pipe (SMLS). Seamless 
pipe cost is considerably higher and 
will increase the vessel’s cost. The 
manufacturer is responsible for deter-
mining if the nozzle requires a rein-
forcement pad. 

Users should also define the nozzles 
used for inspection and overpressure 
protection. If there is not a safety relief 
device attached directly to the vessel, 
most users will not identify an over-
pressure protection nozzle. If the safety 
relief device is not directly attached 
to the vessel, identify the nozzle con-
nected to the piping system containing 
the safety relief device. If the vessel 
has a manway opening then clarify 
whether or not a hinge or davit arm is 
required. If the vessel requires a stud 
pad or sight glass, then specify it.

A manufacturer and model number 
for the sight glass should be provided 
with the vessel specification so the 
manufacturer can obtain a quote. For 
stud pads, be sure to specify the size 
and flange rating for the pad.

Safety and teSting
Corrosion allowance
The user should also specify a corro-
sion allowance for the vessel accord-
ing to Section UG-25 of the pressure 
vessel code. The only situation for 
which a corrosion allowance is not re-
quired in the specification is when ex-
perience in “like service” has proven 
corrosion did not occur or the corro-
sion is superficial. Both the internal 
and external surfaces of the vessel 
should be considered.

If the vessel is subject to internal 
corrosion, then the design should in-
corporate a drain nozzle at the lowest 
point or a pipe extending into the ves-
sel from any other location to within 
0.25 in. of the lowest point. 

Depending on the service, the user 
may elect to have telltale holes drilled 
part of the way into the pressure re-
taining items. The code requires the 
holes to be 1/16-in. to 3/16-in. dia. The 
holes’ depth must be greater than 80% 
of the thickness required for a seam-
less shell of like dimensions. The holes 
should be on the surface opposite 
where the deterioration is expected. 

Telltale holes are not permitted in ves-
sels intended for lethal service.

Non-destructive examination 
A common oversight is the specifica-
tion of the degree of non-destructive 
examination (NDE) testing that is re-
quired. Radiographic examination is 
the most common method of NDE and is 
incorporated into the code to establish 
joint efficiencies for the weld seams. 

All radiographic examination should 
be in accordance with Section VIII, 
Division I, UW-51 and with Article 2, 
Section V of the code. Section UW-52 
provides the minimum extent of spot 
radiography, as well as procedural 
standards, evaluation and retesting. 
When specifying NDE, be sure to clar-
ify what level is required. Radiography 
will increase the cost of the vessel.

Inspection openings
Inspection openings are important for 
routine inspections of the vessel for 
safety and life expectancy. Elliptical 
manhole openings are permitted by 
the code provided the opening is not 
less than 11 in. by 15 in. or 10 in. by 16 
in. and a circular manhole is not less 
than 15-in. inside diameter (ID). 

For hand-holes, the minimum size 
restriction is 2 in. by 3 in., except 
for vessels over 36 in. dia. where the 
minimum size handhole is 4 in. by 6 
in. and is used in place of a manhole. 
If the vessel is less than 18 in. ID but 
over 12 in. ID, the code requires the 
vessel to have at least two handholes, 
or two plugged and threaded inspec-
tion openings, no smaller than 1.5 in. 
nominal pipe size (NPS).

For vessels with ID between 18 and 
36 in., the code requires either a man-
way, two handholes or two plugged, 
threaded inspection openings not less 
than 2 in. NPS. For vessels with IDs in 
excess of 36 in., the code requires one 
manway opening, with the exception 
that two 4- by 6-in. handholes can be 
used if the vessel geometry does not 
permit a manway. 

Nozzles attached to piping or in-
strumentation can be used for in-
spection openings, provided the 
openings meet the required size and 
are located to afford an equal view 
of the interior of the vessel. It is the 
user’s responsibility to identify the 
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Figure 2. The geometry of an ASME 80-10 torispherical head is such that the dish 
radius is 80% of the head diameter and the knuckle radius is 10% of the head diam-
eter, while an ellipsoidal head has a dish radius that is 90% of the inside head diam-
eter and a knuckle 17.3% of the inside head diameter
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inspection openings on the vessel 
prior to design and fabrication.

Overpressure protection
All vessels are required to have over-
pressure protection in accordance with 
Section UG-125 of the code. The relief 
device can be located directly on the 
vessel or installed within a process or 
utility pipeline connected to the ves-
sel. In either case, authorized inspec-
tors may require identification of the 
nozzle that will be connected to the 
safety relief device. The identification 
of the nozzle for safety relief is the re-
sponsibility of the user and should be 
discussed internally during the user’s 
process safety review. 

Stainless-steel surface treatment
Users requiring a stainless-steel vessel 
often do not provide specifications for 
cleaning the vessel prior to shipment. 
Stainless-steel surfaces and welds re-
quire special surface treatments in 
order to remove light surface contami-
nation. During fabrication, a vessel may 
be exposed to shop dirt, carbon-steel 
particles, permanent marker, crayon 
marker, oil and grease — all contami-
nants that can accelerate corrosion. 
Carbon steel particles and iron can be-
come embedded in the plate and heads 
due to routine shop handling, forming 
rolls, layout tables, cutting tables and 
carbon-steel grinding operations.

The most complete resource for 
cleaning stainless steel is ASTM 
International A380-06 (Standard 
Practice for Cleaning, Descaling and 
Passivation of Stainless Steel Parts, 
Equipment and Systems) [2]. The 
standard recommends the user pre-
cisely define the intended meaning 
of passivation since there are several 
distinct operations.  

The first of these operations is de-
fined in Paragraph 1.1.1 of ASTM 
Standard 380, where passivation is 
a process by which a stainless-steel 
surface, when exposed to air or other 
oxygen-containing environments, will 
spontaneously produce a chemically 
inactive surface. It is now accepted 
that this film will develop in an ox-
ygen-containing environment pro-
vided the surface has been thoroughly 
cleaned and descaled.

For most users, passivation is the 

removal of iron compounds from the 
surface of stainless steel by means 
of a chemical dissolution. This is ac-
complished with an acid solution that 
will not etch the surface or have sig-
nificant effects on the material. Some 
methods involve cleaning the vessel 
with a 20–25 vol.% nitric acid solution 
at 120°F for 30 min. The nitric acid 
solution removes contaminants and 
oxidizes nickel on the surface to form 
a chromium-oxide film on the surface 
and thus prevent further corrosion 
and oxidation. 

Citric-acid treatment is the least 
hazardous and most environmen-
tally safe method for removal of free 
iron and other metal and light sur-
face contamination. Citric acid is 
preferred with most manufacturers, 
since no special handling equipment 
or safety devices are required; no 
NOx fumes are released and no corro-
sion occurs in nearby equipment that 
might come in contact with the solu-
tion. Typical citric acid solutions are 
4–10 wt.%. Spraying the solution and 
lightly scrubbing the surface with a 
soft brush is the preferred method for 
cleaning large vessels.

The user must be aware that a pas-
sivation treatment includes degreas-
ing, immersion and rinsing. The de-
greasing process is crucial since air 
cannot form a protective film when 
grease or oil is present on the surface.  
Therefore, it is important that the 
manufacturer clean the vessel with a 
commercial-grade degreaser prior to 
passivation. After treating the vessel 
with nitric or citric acid, a thorough 
rinse with clean water should follow 
without allowing the surface to dry 
between steps.

The pickling process removes the 
heat tint produced during welding 
operations (Figure 1). Since nitric 
and citric acids do not remove surface 
layers, pickling removes the protec-
tive oxide layer between 0.001 and 
0.0015 in. of the substrate layer. Pick-
ling paste, nitric-hydroflouric acid 
(HNO3–HF), is typically applied with 
a nylon brush and can only be left in 
contact for 15–30 min before exces-
sive corrosion is initiated. Similar 

to the passivation treatments with 
nitric acid, shop personnel will need 
to wear the proper protective clothing 
and receive proper training for han-
dling the product.

ASTM standard A380 also ad-
dresses mechanical cleaning, includ-
ing such processes as power brush-
ing, sanding, chipping, grinding and 
abrasive blasting. For removal of 
localized areas of scale, grinding is 
typically the most effective. To avoid 
the risk of contaminating the stain-
less steel, grinding operations have to 
be carefully monitored to ensure the 
grinding wheels being used have not 
been previously used on carbon steel 
plate. However, the standard does not 
recommend abrasive blasting with 
silica, since it is nearly impossible to 
remove the embedded silica from the 
surface of the material. Walnut shells 
or glass beads are the preferred media 
for abrasive blasting.

ExtErnal loadingS
Section UG-22 of the code provides a 
short list of various external loading 
conditions that need consideration, 
including the following: wind, snow, 
seismic loadings, as well as super-
imposed static and dynamic reac-
tions from attached equipment, such 
as machinery, piping and insulation. 
While most specifications issued to 
fabricators cover the bare necessities 
for sizing a new vessel, many exclude 
external loadings.  Some specification 
sheets are incomplete, such as those 
requesting consideration for wind 
and seismic loadings.  

Specifications typically will refer-
ence the required code for wind and 
seismic loadings, such as American 
Society of Civil Engineers (ASCE) 
Standard 7-05 Minimum Design Loads 
for Buildings and Other Structures 
[3]. However, they often do not provide 
specific information on the vessel’s geo-
graphical location, the wind exposure 
category, the elevation of the vessel 
from grade or the importance factor. 
Without these details, the wind and 
seismic loadings provide an inaccurate 
picture as to what the vessel might 
see in an upset condition. The ASME 

Table 3. examples of Combined loadings
Design Pressure 
in Inner Vessel, 
psig

Design Pressure 
in Annulus, psig

Pressure Used for De-
sign of Inner Vessel, 
psig 

Pressure Used for 
Design of Jacket, 
psig

+250 +50 +250 and −50 +50

-15 +200 −215 +200

+100 and -15 +150 +100 and−165 +150
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Boiler and Pressure Code, Section VIII 
is referenced in ASCE 7-05. 
Seismic loadings. Section 15.7.2 (c) 
of ASCE 7-05 requires hydrodynamic 
vertical, lateral and hoop forces to be 
considered in cylindrical tank and ves-
sel walls. These forces shall be evalu-
ated to determine the increase in hy-
drostatic pressure and hoop stress.  

In addition, Section 15.7.3 requires 
the evaluation of all structural com-
ponents that are an integral part of 
the lateral support system. The evalu-
ation should ensure that connections 
and attachments for anchorage and 
other lateral-force-resisting compo-
nents, as well as nozzle penetrations 
and openings are designed to main-
tain structural stability and integrity 
of the shell. Vessel stiffness in rela-
tion to the support system should be 
used to determine the forces on the 
vessel. If the vessel is oriented hori-
zontally, then analysis is required 
at the saddle supports per Section 
15.7.14.3. The combination of these 
loads should be used to establish the 
maximum allowable working pres-
sure of the vessel as outlined in Code 
Interpretation VIII-1-01-03. 
Wind loadings. Wind loadings are 
covered in Section 6.5 of ASCE 7-05. 
The design procedure for wind load-
ings on pressure vessels requires de-

termining wind speed, impor-
tance factor, exposure category, 
topographical factor and gust 
factor. The wind speed is ob-
tained from ASCE 7-05., which 
provides a map of the U.S. with 
basic wind speeds for various lo-
cations, including special wind 
areas at the hurricane coast-
lines of the following regions: 
the west coast of Mexico, the 
eastern part of the Gulf of Mex-
ico and the Southeast U.S. and 
the Mid- and North Atlantic. 
It is important to understand 
that it is assumed that the wind 
could come from any horizontal 
direction. Where there is moun-
tainous terrain, gorges or other 
special wind regions, there can 
be an adjustment made to the 
values in Figure 6-1 of the code 
to account for higher local wind 
speeds.  This adjustment shall 
be based on local meteorologi-

cal information.  
The occupancy category is provided 

in Table 1-1 of ASCE 7-05. The occu-
pancy category is based upon the na-
ture of occupancy during upset condi-
tions involving excessively high winds 
or earthquakes. The categories for oc-
cupancy range from Occupancy Cat-
egory I (buildings with low hazard to 
human life in the event of catastrophic 
failure) to Occupancy Category IV (es-
sential facilities, such as hospitals).  
Facilities that manufacture or process 
hazardous fuels, hazardous chemi-
cals, hazardous waste or explosives 
are considered to be an Occupancy 
Category III. If the hazardous mate-
rial exceeds a threshold quantity es-
tablished by a local jurisdiction, then 
the vessel is classified as Occupancy 
Category IV. The importance factor 
for wind loadings is provided in Table 
6-1 of ASCE 7-05 and is based upon 
the occupancy category. 

Pressure vessels are placed into one 
of three exposure categories (B, C or 
D), which depend on ground surface 
roughness. To derive the exposure cat-
egory, surface roughness must first be 
defined. Surface roughness is deter-
mined by natural topography, vegeta-
tion and nearby buildings and struc-
tures. Surface roughness category B is 
defined as suburban areas and wooded 

areas with numerous, closely spaced 
obstructions the size of a single-family 
house or larger. Surface roughness C is 
defined as open terrain with scattered 
obstructions of heights less than 30 ft. 
This category encompasses flat open 
country, grasslands and water surface 
areas in hurricane-prone regions. Sur-
face roughness D is characterized by 
flat, unobstructed areas outside of the 
hurricane-prone regions. This includes 
salt flats, mud flats and unbroken ice.

A vessel’s surface-roughness cat-
egory is then used to determine its ex-
posure category. Exposure category B 
is defined by surface roughness B with 
the wind prevailing in the upwind di-
rection for a distance of at least 2,600 
ft, or 20 times the height of the build-
ing, whichever is greater. 

Exposure category C is used for 
cases where Exposures B or D are not 
applicable. Exposure D applies when 
the surface roughness is defined as sur-
face roughness D, where the prevailing 
wind direction is upwind for a distance 
of 5,000 ft or greater. Exposure D can 
also apply to surface roughness B or C 
for a distance of 600 ft, or 20 times the 
height of the structure, whichever is 
greater. If the site under consideration 
is located in a transition zone between 
exposure categories, then the largest 
wind forces apply.

Topographical effects only need to 
be considered for increased wind speed 
over hills and ridges. Section 6.5.7 of 
ASCE 7-02 provides detailed proce-
dures for calculating topographical 
effects. The gust effect factor for rigid 
structures should be 0.85, per Section 
6.5.8.1, or should be calculated. If the 
vessel is dynamically sensitive, then 
Section 6.5.8.2 of ASCE 7-05 provides 
the necessary steps to calculate the 
gust effect factor.

These five constants and categories 
provide sufficient data for the fabrica-
tor to properly design the vessel for 
wind loadings. The ASME Code re-
quires manufacturers to consider the 
combination of the vessel design pres-
sure along with the secondary stresses 
from wind or seismic loads.  
External piping loads. External 
nozzle loadings are typically over-
looked, especially those loadings im-
posed by high-temperature piping. It 
is the user’s responsibility to notify the 

Material thickness

Inside
diameter 

(I.D.)

Inside 
knuckle 
radius
6% (I.D.) min.

V
es

se
l

C L
30.0°

Straight
flange

Tangent
line

 
VesselCL

Figure 3.  Toriconical heads and transition 
geometries are limited to a maximum half-apex 
angle of 30 deg

Figure 4.  Requirements of un-stayed flat 
heads and covers include bolted blind flanges, 
flat plates with retaining rings and threaded cov-
ers. Here are a few examples
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fabricator if the piping may impose 
excessive loadings on the nozzles. 
This includes excessive loadings 
during normal operating conditions 
and during upset conditions. Sec-
tion 15.7.4 of ASCE 7-05 requires 
the analysis of the piping system 
connected to the vessel during 
earthquake conditions. 

The piping system and supports 
shall be designed such that there 
is no excessive loading on the ves-
sel wall. The assumption that a 
nozzle is an anchor point for piping 
is poor practice. Stresses need to be 
considered in the shell/head at the 
nozzle-to-shell juncture. Therefore 
all external loads are considered to 
be acting simultaneously. All exter-
nal loads, such as the longitudinal 
and circumferential shear loads and 
moment loads, have to be considered 
with the radial and torsional loads in 
conjunction with the design pressure of 
the vessel. 

These loads can be analyzed per the 
Welding Research Council (WRC) Bul-
letin 107 and its supplement (Bulletin 
297 — for cases where the stress is 
evaluated in the shell only) [4,5]. Cal-
culating loads with WRC 107 and 297 
is time-consuming if performed manu-
ally, because numerous non-dimen-
sional geometric parameters have to 
be interpolated from multiple charts. 
Computer software programs are avail-
able to aid calculations.  

External equipment loads 
Agitators and mixers are another 
source of external nozzle loadings. Ob-
tain the mixer reaction loads from the 
equipment manufacturer and relate 
these loads to the vessel manufac-
turer. The mixer reaction loads have 
an impact on the cost of the vessel if 
a reinforcement pad, or gussets are 
required, or if the plate thickness on 

the vessel head needs to be increased. 
Some users have invested significant 
expense to replace wrecked agitators 
due to flexing nozzles. Calculating the 
stress on the vessel shell and nozzle is 
the same as those calculations for pip-
ing nozzles using the WRC 107 / WRC 
297 procedures.  

JaCketed veSSelS
Jacketed vessels are addressed in Ap-
pendix 9 of the ASME Code. Appendix 
9 applies to the jacketed portion of the 
vessel, which includes the wall of the 
inner vessel, the wall of the jacket, 
and the closure between the inner ves-
sel and the jacket. The manufacturer 
shall consider the combined loading 
of the vacuum/pressure on the jacket 
wall along with the pressure/vacuum 
within the inner vessel wall and deter-
mine which of these is greater than the 
individual loading (Table 3).

The code categorizes jacketed ves-
sels, which provides a convenient 
method to assign closures.

Type 1 – Jacket (any length) confined •	

entirely to cylindrical shell
Type 2 – Jacket covering part of the •	

cylindrical shell and one head
Type 3 – Jacket covering any portion •	

of the head
Type 4 – Jacketed with an added •	

stay or equalizer rings to the cy-
lindrical shell portion to reduce 
the effective length

Type 5 – Jacket covering the cylin-•	
drical shell and any portion of ei-
ther head

Half-pipe jackets are covered in a non-
mandatory appendix of the code, Ap-
pendix EE. The calculation procedure 
in the code is for the conditions where 
there is positive pressure in the ves-
sel shell or head and positive pressure 
in the half pipe jacket. The code fur-
ther provides restrictions to half pipe 
jacket sizes of NPS 2, 3 and 4 with 
vessel diameters ranging from 30 to 
170 in. The code does permit jackets of 
other geometries, such as circular seg-
ments, channels or angles.

The vessel manufacturer should 
consider other combinations of pres-

Nozzel identi-
fication:
Nozzel size:
P  (Concentrated 
 radial load): lb
M1  (External over-
 turning moment): in.–lb
M2  (External over-
 turning moment): in.–lb
V1  (Concentrated 
 shear load): lb
V2  (Concentrated 
 shear load): lb
MT  (Concentrated external 
 torsional moment): in.–lb

MT

P

V2
M2 M1

V1

 

Nozzel identi-
fication:
Nozzel size:
P  (Concentrated 
 radial load): lb
ML  (External over-
 turning moment): in.–lb
MC  (External over-
 turning moment): in.–lb
VL  (Concentrated 
 shear load): lb
VC  (Concentrated 
 shear load): lb
MT  (Concentrated external 
 torsional moment): in.–lb

P

VC
MC ML

MT

VL

Nozzel identification:
Nozzel size:
P  (Concentrated radial load): lb
ML  (External overturning moment): in.–lb
MC  (External overturning moment): in.–lb
VL  (Concentrated shear load): lb
VC  (Concentrated shear load): lb
MT  (Concentrated external 
 torsional moment): in.–lb

Figure 5.  It is the vessel user’s re-
sponsibility to notify the fabricator as to 
whether the piping imposes excessive 
loadings on the nozzles

Figure 6.  Agitators and mixers are 
sources of external nozzle loading. Users 
should obtain the mixer reaction loads 
from their maker, and relate that to the 
vessel manufacturer
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sure loadings outside of what is pro-
vided in the rules of Appendix EE. 
These include the following:
•		Negative	 pressure	 inside	 the	 vessel	

and inside the jacket
•		Negative	pressure	inside	the	shell	and	

positive pressure inside the jacket
•		Positive	pressure	inside	the	vessel	and	

negative pressure inside the jacket
•		External	nozzle	loadings	from	piping	

connections
•	Cyclic	loadings	to	any	of	the	above		 	
	 combinations
When	specifying	the	half	pipe	jacket	be	
sure	to	provide	the	manufacturer	with	
the	pipe	size	required,	the	pitch	of	the	
coils,	 the	design	 temperature	and	 the	
design	pressure.	An	approximate	loca-
tion of the half-pipe inlet and outlet 
nozzles	 is	 beneficial	 for	 the	manufac-
turer	 to	 determine	 potential	 interfer-
ences	with	other	nozzles	on	the	vessel.

Dimpled	 and	 embossed	 jackets	 are	
another	 form	 of	 jacket	 assemblies	
and	are	addressed	by	Appendix	17,	a	
mandatory	 appendix	 of	 the	 Code.	 If	
the	manufacturer	is	using	a	plate	that	
has	 been	 dimpled	 or	 embossed	 prior	
to	welding,	 then	a	proof	 test	shall	be	
performed	in	accordance	with	Section	
UG-101	 of	 the	 code.	 The	 proof	 test	
requires	 the	 use	 of	 a	 representative	
panel,	 which	 is	 rectangular	 with	 at	
least five pitches in each direction and 
not less than 24 in. in either direction. 
A proof test can add additional cost to 
the	fabrication	of	a	vessel.

It	is	strongly	recommended	that	if	a	
vessel	requires	any	type	of	jacket,	the	
user	 should	 provide	 a	 supplemental	
specification sheet with a drawing of 
the	 vessel	 and	 the	 required	 location	
of	 the	 jacket(s).	The	 required	 surface	
area and heat transfer calculations 
are	the	responsibility	of	the	user.	 ■
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I
ncorporating fire safety into plant 
design takes on two fundamental 
goals: to prevent the occurrence 
of fire and to protect the initially 

uninvolved piping and equipment 
long enough for operations person-
nel to perform their duties and for 
emergency responders to get the fire 
under control. While it is impractical 
to completely eliminate the potential 
risk of an accidental fire in a complex 
process-plant facility that is expected 
to handle and process hazardous 
chemicals, it is reasonable to assume 
that certain aspects of design can be 
incorporated to reduce that risk.

Designing facilities that use and 
store hazardous chemicals requires 
a demanding set of requirements, at 
times beyond what can practically be 
written into industry codes and stan-
dards. It is ultimately the responsi-
bility of the engineer of record (EOR) 
and the owner to fill in those blanks 
and to read between the lines of the 
adopted codes and standards to cre-
ate a safe operating environment, 
one that minimizes the opportunity 
for fire and its uncontrolled spread 
and damage. 

This article will not delve into the 
various trigger mechanisms of how a 
fire might get started in a process fa-
cility, but will instead discuss contain-
ment and control of the fuel component 
of a fire that resides in piping systems 
that contain combustible, explosive or 
flammable fluids.

In the design of piping systems con-
taining such fluids, there are critical 
aspects that need additional consid-
erations beyond those involved in the 
design of piping systems containing 
non-hazardous fluids. There are two 
key safety aspects that need to be 
incorporated into the design, namely 
system integrity and fire safety.

System integrity
System integrity describes an expecta-
tion of engineering that is integrated 
into the design of a piping system in 
which the selected material of con-
struction (MOC), system joint design, 
valve selection, examination require-
ments, design, and installation have 
all been engineered and performed in a 
manner that instills the proper degree 
of integrity into a piping system. While 
this approach is certainly needed for 
the piping design of so-called normal 
fluid service it is absolutely critical for 
hazardous fluid systems.

The design of any piping system, haz-
ardous or non-hazardous, is based, in 
large part, on regulations and industry 
accepted standards published by such 
organizations as the American Soci-
ety of Mechanical Engineers (ASME) 
and the American Petroleum Institute 
(API). The standards published by 
these organizations include tables that 
establish joint-pressure ratings based 
on MOC and temperature. Where the 
joint-design consideration for hazard-
ous fluid services departs from that of 
non-hazardous fluid services is in gas-
ket and seal material specifications. 

This is due to the need for sealing 
material to contain hazardous chemi-
cals for as long as possible while sur-
rounded by a fire or in close proximity 
to a fire. The effect of heat from a fire on 
an otherwise uninvolved piping system 
can only be delayed for a relatively short 
period of time. And the first thing to fail 
will be the mechanical type joints.

Depending on the type of fire and 
whether the piping is directly in the 
fire or in close proximity, the window of 
opportunity, prior to joint seal failure, 
for an emergency response team to get 

the fire under control is anywhere from 
a few hours to less than 30 minutes. As 
you will see, a number of factors dictate 
the extent of that duration in time.

A system in which the gasket mate-
rial is selected on the basis of material 
compatibility, design pressure, and 
design temperature may only require 
a solid fluoropolymer. In a fire, this 
non-metallic material would readily 
melt, allowing the contents of the pipe 
to discharge from the joint once sealed 
by the gasket. Specifying a gasket that 
is better suited to hold up in a fire for 
a longer period of time gives the emer-
gency responders time to bring the ini-
tial fire under control, making it quite 
possible to avoid a major catastrophe.

Fire-safe system
Preventing the potential for a fire 
requires operational due diligence 
as well as a proper piping-material 
specification. However, controlling 
and restricting the spread of fire 
goes beyond that. Results of the as-
sessment reports of catastrophic 
events coming from the U. S. Chemi-
cal Safety and Hazard Investigation 
Board (CSB; Washington, D.C.) have 
shown that many of the occurrences 
of catastrophic incidents have actu-
ally played out through a complex 
set of circumstances resulting from 
design flaws, instrumentation prob-
lems, pipe modifications, inadequate 
fire-proofing and human error. 

Events, such as a fire, are not neces-
sarily then the result of a hazardous 
fluid simply escaping through a leaky 
joint and then coming into contact with 
an ignition source. There are usually a 
complex set of events leading up to a 
fire incident. Its subsequent spread, 
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into a possible catastrophic event, can 
then be the result of inadequate de-
sign requirements that extend beyond 
the piping itself.

While this discussion touches only 
on piping issues, know that this is 
only a part of the overall integration 
of safety into the design of a facility 
that handles hazardous fluids. What 
follows are recommended piping de-
sign considerations that are intended 
to substantially reduce the risk of 
the onset of fire and its uncontrol-
lable spread throughout a facility. In 
discussing the spread of fire, it will 
be necessary to include discussion re-
garding the needs for disciplines other 

than piping, namely fire proofing of 
structural steel.

 
General codes and standards
From a fire-safety standpoint, some 
requirements and industry regula-
tions are stipulated in the Interna-
tional Fire Code (IFC), published by 
the International Code Conference 
(ICC) under IFC 3403.2.6.6. There are 
also requirements by the National Fire 
Protection Assn. (NFPA) under NFPA 
1 and NFPA 30. Test requirements for 
fire-rated valves can be found under 
API 607 — “Fire Test for Soft Seated 
Quarter Turn Valves.” Starting with 
the 4th edition of this API standard, 

it was added that, among other things, 
the tested valve has to be operated 
from fully closed to fully open after 
the fire test. Prior to the 4th edition 
a soft-seated fire-rated valve had to 
only remain sealed when exposed to 
fire without having to be operated, or 
rotated. Additional fire test require-
ments can be found as published by the 
BSI Group (formerly known as British 
Standards Institution) as BS-6755-2 
“Testing of Valves. Specification for 
Fire Type-Testing Requirements,” and 
FM Global FM-7440 “Approval Stan-
dard for Firesafe Valves.”

With exception to the specific re-
quirements covered in the valve test-
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IncIdent no. 1  
Valero-McKee refInery,  
Sunray, tex., feb. 16, 2007

Without going into great detail as to the cir-
cumstances that led up to this incident, piping 
handling liquid propane in a propane deas-

phalting (PDA) unit ruptured. The location of the rup-
ture was in a section of isolated piping that had been 
abandoned in place several years prior. A valve, in-
tended to isolate the active flow of liquid propane from 
the abandoned-in-place piping, had been unknow-
ing left partially open due to an obstruction inside the 
valve. Water had gradually seeped in past the valve 
seat over the years and being heavier than the liquid 
propane, settled at a low-point control station where 
it eventually froze during a cold period. The expand-
ing ice inside the pipeline subsequently cracked the 
pipe. When the temperature outside began to warm, 
the ice thawed allowing liquid propane to escape 
from the active pipeline, through the partially closed 
valve, and out the now substantial crack. The resul-
tant cloud of propane gas drifted toward a boiler 
house where it found an ignition source. The flame of 
the ignited gas cloud tracked back toward its source 
where the impending shockwave from the explosion 
ripped apart piping attached to the PDA extractor 
columns causing ignited propane to erupt from one 
of the now opened nozzles on the column at such a 
velocity as to create a jet fire. 

The ensuing jet fire, which is a blow-torch like 
flame, discharged toward a main pipe rack approxi-
mately 77 ft away, engulfing the pipe rack in the jet fire. As the 
temperature of the non-fire-proofed structural steel of the pipe rack 
reached its plastic range and began to collapse in on itself, the 
piping in the rack, which contained additional flammable liquids, 
collapsed along with it (Figure 1). 

Due to the loss of support and the effect of the heat, the pipes in 
the pipe rack, unable to support its own weight, began to sag. The 
allowable bending load eventually being exceeded from the force 
of its unsupported weight, the rack piping ruptured spilling its flam-
mable contents into the already catastrophic fire. The contents of 
the ruptured piping, adding more fuel to the fire, caused the flames 
to erupt into giant fireballs and thick black smoke. 

The non-fire-proofed support steel (seen on the left in Figure 1 
and on the right in Figure 2) was actually in compliance with API 
recommendations. Those recommendations can be found in Pub-
lication 2218 — Fireproofing Practices in Petroleum and Petro-
chemical Processing Plants; API Publications 2510 — Design and 
Construction of LPG Installations; and 2510A — Fire-Protection 

Considerations for the Design and Operation of Liquefied Petro-
leum Gas (LPG) Storage Facilities. In these issues of the publica-
tions it was recommended that pipe-rack support steel within 50 ft 
of an LPG vessel be fire proofed. The collapsed support steel was 
approximately 77 ft from the extractor columns, which is beyond 
the 50-ft recommended distance. 

While the EOR was in compliance with the governing code, with 
regard to fire proofing, there may have been a degree of compla-
cency in defaulting to that minimum requirement. This goes back 
to a point made earlier in which it was said that industry standards 
are not intended to be design manuals. They instead provide, “… 
the minimum requirements necessary to integrate safety into the 
design, fabrication, inspection, installation, and testing of pip-
ing systems…” Proprietary circumstances make it the imperative 
responsibility of the EOR or the owner to make risk assessments 
based on specific design conditions and go beyond the minimum 
requirements of an industry code or standard when the assessment 
results and good engineering practices dictate.  ❏

Figure 1.  A collapsed pipe rack as a result of heat from a jet flame

Figure 2.  The same collapsed pipe rack as Figure 1 seen from above 
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ing standards, the codes and standards 
mentioned above provide generalized 
requirements that touch on such key 
aspects of safety as relative equip-
ment location, mass volume versus 
risk, electrical classifications, valving, 
and so on. They cannot, and they are 
not intended to provide criteria and 
safeguards for every conceivable situa-
tion. Designing safety into a particular 
piping system containing a hazardous 
liquid goes beyond what should be ex-
pected from an industry-wide code or 
standard and falls to the responsibil-
ity of the owner or EOR. As ASME 
B31.3 states 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.”

When designing piping systems to 
carry hazardous liquids, the design 
basis of a project or an established 
protocol for maintenance needs to 
incorporate a mitigation strategy 
against two worse-case scenarios: (a) 
A leak at a pipe joint containing a 
hazardous liquid, and (b) The rupture 
or loss of containment, during a fire, 
of surrounding hazardous piping sys-
tems, not otherwise compromised that 
would add fuel to the fire.

The occurrence of those two fail-
ures, one initiating the incident and 
the other perpetuating and sustain-
ing the incident, can be minimized or 
eliminated by creating a design basis 
that provides the following:
•		Added	assurance	against	the	poten-

tial for joint failure
•		Added	 assurance	 of	 containment	

and control of a hazardous liquid 
during a fire

•		Safe	evacuation	of	a	hazardous	 liq-
uid from the operating unit under 
distress

Fire prevention through design
Piping joints. When designing pip-
ing systems to contain hazardous liq-
uids, one of the key objectives for the 
design engineer should be taking the 
necessary steps to minimize the threat 
of a leak, steps beyond those typically 
necessary in complying with the mini-
mum requirements of a code. There are 
certainly other design issues that war-
rant consideration, and they will be 
touched on much later. However, while 

the pipe, valves, and instrumentation 
all have to meet the usual criteria of 
material compatibility, pressure, and 
temperature requirements there are 
added concerns and cautions that need 
to be addressed. 

Those concerns and cautions are 
related to the added assurance that 
hazardous liquids will stay contained 
within their piping system during 
normal operation and for a period of 
time during a fire as expressed in such 
standards as API-607, FM-7440, and 
BS-6755-2. Designing a system, start 
to finish, with the intent to minimize 
or eliminate altogether the potential 
for a hazardous chemical leak will 
greatly help in reducing the risk of fire. 
If there is no fuel source there is no 
fire. In the design of a piping system, 
leak prevention begins with an assess-
ment of the piping and valve joints.

There are specified minimum re-
quirements for component ratings, 
examination, inspection, and testing 
that are required for all fluid services. 
Beyond that, there is no guidance 
given for fire safety with regard to the 
piping code other than a statement in 
B31.3 Para. F323.1 in which it states, 
in part: “The following are some gen-
eral considerations that should be 
evaluated when selecting and applying 
materials in piping: (a) the possibility 
of exposure of the piping to fire and 
the melting point, degradation tem-
perature, loss of strength at elevated 
temperature, and combustibility of the 
piping material under such exposure, 
(b) the susceptibility to brittle failure 
or failure from thermal shock of the 
piping material when exposed to fire 
or to fire-fighting measures, and possi-
ble hazards from fragmentation of the 
material in the event of failure, (c) the 
ability of thermal insulation to protect 
piping against failure under fire expo-
sure (for example, its stability, fire re-
sistance, and ability to remain in place 
during a fire).”

The code does not go into specifics on 
this matter. It is the engineer’s respon-

sibility to raise the compliance-level 
requirements to a higher degree where 
added safety is warranted and to define 
the compliance criteria in doing so.

Joints in a piping system are its 
weak points. All joints, except for the 
full penetration buttweld, will de-rate 
a piping system to a pre-determined 
or calculated value based on the type 
of joint. This applies to pipe longitudi-
nal weld seams, circumferential welds, 
flange joints and valve joints such as 
the body seal, stem packing, and bon-
net seal, as well as the valve seat. 
For manufactured longitudinal weld 
seams, refer to ASME B31.3 Table 
A-1B for quality factors (E) of the 
various types of welds used to manu-
facture welded pipe. The quality factor 
is a rating value, as a percentage, of 
the strength value of the longitudinal 
weld in welded pipe. It is used in wall 
thickness calculations as in the follow-
ing equations for straight pipe under 
internal pressure: 

 (1)

 (2)
Where:
c  = sum of mechanical allowances
D = outside dia. of pipe
d = inside dia. of pipe
E =  quality factor from Table A-1A 

and A-1B
P = internal design gage pressure
S =  stress value for material from 

Table A-1
t = pressure design thickness
W =  weld-joint strength-reduction 

factor
y = coefficient from Table 304.1.1
Also found in Para. 304 of B31.3 are 
wall thickness equations for curved 
and mitered pipe.

With regard to circumferential 
welds, the designer is responsible 
for assigning a weld-joint reduction 
factor (W) for welds other than lon-
gitudinal welds. What we can do, at 
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Figure 3.  If flanged 
joints are necessary, it is 
suggested that fire-safe 
spiral-wound type gas-
kets with graphite filler 
be specified
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least for this discussion, is to provide, 
as a frame of reference, some quality 
rankings for the various circumfer-
ential welds based on the stress in-
tensification factor (SIF) assigned to 
them by B31.3. In doing so, the full 
penetration buttweld is considered 
to be as strong as the pipe with an 
SIF = 1.0. The double fillet weld at a 
slip-on flange has an SIF = 1.2. The 
socketweld joint has a SIF = 2.1. Any 
value in excess of 1.0 will de-rate the 
strength of the joint below that of the 
pipe. With that said, and assuming 
an acceptable weld, the weld joint, 
and particularly the full penetration 
buttweld, is still the joint with the 
highest degree of integrity. In a fire, 

the last joint type to fail will be the 
welded joint.

The threaded joint has an SIF = 
2.3 and requires a thread sealant 
applied to the threads, upon assem-
bly, to maintain seal integrity. With 
flame temperatures in a fire of around 
2,700–3,000ºF the thread sealant will 
become completely useless if not va-
porized, leaving bare threads with no 
sealant to maintain a seal at the joint. 

The flange-joint-sealing integrity, 
like the threaded joint, is dependent 
upon a sealant, which, unlike the 
threaded joint, is a gasket. Flange 
bolts act as springs, providing a con-
stant live load so long as all things 
remain constant. Should the gasket 

melt or flow due to the heat of a fire, 
the initial tension that was given the 
bolts when the joint was assembled 
will be lost. Once the gasket has been 
compromised the sealing integrity of 
the joint is gone. 

Knowing that the mechanical type 
threaded and flange joints are the 
weak points in a piping system, and 
the primary source for leaks, it is sug-
gested that their use be minimized to 
the greatest extent possible. Consider 
the following design points:
•		Do	not	specify	flange	joints	solely	for	

installation purposes
•		Specify	flange	joints	only	where	re-

quired for equipment connections 
and for break-out spools

IncIdent no. 2:  Formosa PlastIcs corP.,  
PoInt comFort, tex., oct. 6, 2005

A trailer being towed by a forklift operator 
down a pipe rack alley in the Olefins II 
operating unit of Formosa’s Point Comfort 

facility attempted to back the trailer up into an 
open area between pipe rack support columns 
in an effort to turn the rig around. When the 
operator, in the process of pulling back into 
the pathway, began to pull forward the trailer 
struck a protruding 2-in. blow-down valve on 
a vertically mounted Y-strainer that was con-
nected to a 4-in. NPS liquid propylene line 
subsequently ripping the valve and nipple 
from the strainer (Figure 4). Liquid propylene 
under 216 psig pressure immediately began 
discharging into a liquid pool from the 2-in. opening and partially 
vaporizing into a flammable cloud. 

The flammable cloud eventually found an ignition source, ignited 
and exploded, in-turn igniting the pool of liquid propylene. The 
fire burned directly under the pipe rack and an attached elevated 
structure containing process equipment and piping. About 30 min 
into the event, non-fire-proofed steel sections of the pipe rack and 
the elevated structure containing process equipment collapsed 
(Figure 5). The collapse caused the rupture of equipment and ad-
ditional piping containing flammable liquids, adding more fuel to 
an already catastrophic fire. The flare header was also crimped in 
the collapse and ruptured, causing flow that should have gone to 
the flare stack to be discharged into the heart of the fire. The fire 
burned for five days.

Again, as in Incident No. 1, you can see in Figure 5 the result 
of insufficient fire proofing of steel beams and columns in close 
proximity to process units. And fire protection does not apply 
only to vertical columns. As you can see, it is not sufficiently 
effective to have the vertical columns protected while the hori-
zontal support steel is left unprotected and susceptible to the heat 
from a fire. 

Another key factor in the Formosa fire was the ambiguous deci-
sion by the designer to orient the Y-strainer blow-down in such a 
position of vulnerability. While there is absolutely nothing wrong 
with installing the Y-strainer in the vertical position, as this one 
was, they are normally installed in a horizontal position with the 
blow-down at the bottom, inadvertently making it almost impos-
sible to accidentally strike it with enough force to dislodge the 
valve and nipple.

However, orienting the blow-down in such a manner, about the 
vertical axis, should have initiated the need to evaluate the risk and 
make the determination to rotate the blow-down about its vertical 
axis to a less vulnerable location, or to provide vehicle protection 

around the blow-down in the form of concrete and steel stanchions. 
Both of these precautionary adjustments were overlooked.

The plant did perform a hazard and operability study (HAZOP) 
and a pre-startup safety review (PSSR) of the Olefins II operating 
unit. In the CSB report, with regard to process piping and equip-
ment, it was stated that, “During the facility siting analysis, the 
hazard analysis team [Formosa] discussed what might occur if a 
vehicle (for instance, fork truck, crane, man lift) impacted process 
piping. While the consequences of a truck impact were judged 
as “severe,” the frequency of occurrence was judged very low 
(that is, not occurring within 20 years), resulting in a low overall 
risk rank [The ranking considered both the potential consequences 
and likely frequency of an event]. Because of the low risk ranking, 
the team considered existing administrative safeguards adequate 
and did not recommend additional traffic protection.” ❏
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Figure 5.  Collapse of non-fire-proofed structural steel 

Figure 4.  The impact point (left)
showing the damaged Y-strainer
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•		If	 a	 lined	 pipe	 system	 is	 required,	
use	the	type	requiring	the	liner	to	be	
fused,	 a	 coupling	 installed	 and	 one	
that	is	suitable	for	multi-axis	bending

Threaded	 joints	 should	 be	 limited	
to	 instrument	 connections	 and	 then	
only	 if	 the	 instrument	 is	 not	 avail-
able	with	a	 flange	 or	welded	 connec-
tion.	If	a	threaded	connection	is	used,	
it	should	be	assembled	without	thread	
compound	then	seal-welded.	This	may	
require	partial	dismantling	of	the	in-
strument	to	protect	it	from	the	heat	of	
the	welding	process.

It	 is	 recommended	 that	piping	 sys-
tems	be	welded	as	much	as	possible	and	
flanged	joints	be	minimized	as	much	as	
possible.	 That	 includes	 using	 welded	
end	 valves	 and	 inline	 components	
where	 possible.	 If	 flanged	 joints	 are	
necessary	for	connecting	to	equipment	
nozzles,	 flanged	 valves,	 inline	 compo-
nents,	or	needed	for	break-out	joints,	it	
is	suggested	that	a	spiral-wound	type	
gasket	with	graphite	filler	be	specified.	
This	material	can	withstand	tempera-
tures	 upwards	 of	 3,000ºF.	 There	 are	
also	 gasket	 designs	 that	 are	 suitable	
for	when	 a	 fluoropolymer	material	 is	
needed	 for	 contact	with	 the	chemical,	
while	 also	 holding	 up	 well	 in	 a	 fire.	
These	are	gaskets	similar	in	design	to	
that	shown	in	Figure	3.
Valves.	A	fire-rated	valve	meeting	the	
requirements	 of	 API	 607	 (Fire	 Test	
for	Soft	Seated	Quarter	Turn	Valves)	
is	 designed	 and	 tested	 to	 assure	 the	
prevention	of	fluid	leakage	both	inter-
nally	along	the	valve’s	flow	path,	and	
externally	 through	the	stem	packing,	
bonnet	 seal,	 and	 body	 seal	 (where	 a	
multi-piece	body	is	specified).	Testing	
under	API	607	subjects	a	valve	to	well	
defined	and	controlled	fire	conditions.	
It	requires	that	after	exposure	to	the	
fire	 test	 the	 valve	 shall	 be	 in	 a	 con-
dition	that	will	allow	it	 to	be	rotated	
from	 its	 closed	 position	 to	 its	 fully	
open	 position	 using	 only	 the	manual	
operator	fitted	to	the	test	valve.	

Quarter	 turn	 describes	 a	 type	 of	
valve	 that	 goes	 from	 fully	 closed	 to	
fully	open	within	the	90	deg	rotation	
of	 its	operator.	 It	 includes	such	valve	
types	as	ball,	plug,	and	butterfly	with	
a	valve	seat	material	of	fluoropolymer,	
elastomer,	or	some	other	soft,	non-me-
tallic	material.

Standards	 such	 as	 FM-7440	 and	

BS-6755-2,	 touched	 on	 earlier,	 apply	
to	virtually	any	valve	 type	 that	 com-
plies	with	 their	 requirements.	Under	
the	 FM	 and	 BS	 standards,	 valve	
types	 such	 as	 gates,	 globes,	 and	 pis-
ton	 valves	with	metal	 seats	 can	 also	
make	excellent	fire-rated	valves	when	
using	 a	 body	 and	 bonnet	 gasket	 and	
stem	packing	material	similar	in	tem-
perature	range	to	that	of	a	graphite	or	
graphite	composite.
Process systems.	At	the	onset	of	a	fire	
within	an	operating	unit,	 initially	un-
affected	process	piping	systems	should	
not	be	a	contributor	to	sustaining	and	
spreading	what	is	already	a	potentially	
volatile	 situation.	There	 are	 basic	 de-
sign	concepts	that	can	be	incorporated	
into	 the	 physical	 aspects	 of	 a	 process	
system	that	will,	at	the	very	least,	pro-
vide	 precious	 time	 for	 operators	 and	
emergency	responders	to	get	the	situ-
ation	under	control.	In	referring	to	the	
simplified	piping	and	instrumentation	
diagram	(P&ID)	in	Figure	6,	there	are	
seven	main	points	to	consider:
1.		Flow	 supply	 (Line	 A),	 coming	 from	
the	fluid’s	source	outside	the	operat-
ing	unit,	needs	to	be	remotely	shut	off	
to	the	area	that	is	experiencing	a	fire

2.		The	flow	path	at	the	systems	use	point	
valves	(VA-1)	needs	to	remain	open

3.		The	flow	path	at	drain	and	vent	valves	
(VA-2)	needs	to	remain	sealed

4.		The	 external	 path	 through	 stem	
packing	and	body	seals	needs	to	re-
main	intact	during	a	fire

5.		The	bottom	outlet	valve	(XV-2)	on	a	
vessel	 containing	 a	 flammable	 liq-
uid	should	have	an	 integral	 fusible	
link	for	automatic	shut-off,	with	its	
valve	 seat,	 stem	 packing	 and	 body	
seals	remaining	intact	during	a	fire

6.		Pipeline	A	should	be	sloped	to	allow	
all	liquid	to	drain	into	the	vessel

7.		The	 liquid	 in	 the	 vessel	 should	 be	
pumped	out	to	a	safe	location	until	
the	fusible	link	activates,	closing	the	
valve.	There	should	be	an	interlock	
notifying	the	control	room	and	shut-
ting	down	the	pump

Those	 seven	 points,	 with	 the	 help	 of	
the	 P&ID	 in	 Figure	 6,	 are	 explained	
as	follows:
Point 1.	 The	 supply	 source,	 or	 any	
pipeline	supplying	the	operating	unit	
with	a	flammable	liquid,	should	have	
an	 automated,	 fire-rated	 isolation	
valve	(XV-1)	located	outside	the	build-
ing	or	operating	unit	area	and	linked	
to	the	unit’s	alarm	system	with	remote	
on/off	operation	(from	a	safe	location)	
at	a	minimum.
Point 2.	Any	point-of-use	valve	(VA-1)	
at	 a	 vessel	 should	 remain	 open	 dur-
ing	 a	 fire.	 The	 area	 or	 unit	 isolation	
valve	 (XV-1)	will	 stop	 further	 flow	 to	
the	 system,	 but	 any	 retained	 or	 re-
sidual	 fluid	 downstream	 of	 the	 auto-
matic	shut-off	valve	needs	to	drain	to	
the	vessel	where	 the	 increasing	over-
pressure,	 due	 to	 heat	 from	 the	 fire,	
will	be	relieved	to	a	safe	location,	such	
as	a	 flare	stack,	 through	RD-1.	 If	 the	
Valves,	XV-1	and	VA-1,	are	closed	in	a	
fire	situation	the	blocked-in	fluid	in	a	
heated	pipeline	will	expand	and	poten-
tially	rupture	the	pipeline;	first	at	the	
mechanical	 joints	 such	 as	 	 seals	 and	
packing	 glands	 on	 valves	 and	 equip-
ment,	as	well	as	flange	joints,	and	then	
ultimately	the	pipe	itself	will	rupture	
(catastrophic	failure).	During	a	fire,	ex-
panding	liquids	and	gases	should	have	
an	unobstructed	path	through	the	pip-
ing	to	a	vessel	that	is	safely	vented.	
Point 3.	 Valves	 at	 vents	 and	 drains	
(VA-2	&	VA-6)	need	to	be	fire-rated	and	
remain	closed	with	seals	and	seat	intact	
for	as	long	as	possible	during	a	fire.
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Figure 6.  A simplified P&ID used in the discussion about process systems
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Point 4. During a fire, another source 
for valve leakage is by way of stem 
packing and body seal, as mentioned 
earlier. Leakage, at these seal points, 
can be prevented with valves that are 
not necessarily fire-rated, but contain 
stem packing and body seal gasket 
material specified as an acceptable 
form of graphite (flexible graphite, 
graphoil and so on). This is a fire-safe 
material which is readily available in 
non-fire-rated valves.
Point 5. The valve on the bottom of 
the vessel should be fire-rated with a 
fusible link or a fail closed position. 

Relying on an air or electric operated 
valve actuator may not be practical. A 
fusible link is most certainly needed 
on a manually operated valve. The 
contents of a vessel containing a haz-
ardous liquid needs to get pumped to 
a safe location during a fire until such 
time as the fusible link is activated, 
closing the tank bottom valve, or the 
pump fails. All valved gage and instru-
ment connections (SG-1) mounted on 
a vessel should have a graphite-type 
stem packing and body-seal-gasket 
material at a minimum. Flange gas-
kets at these gage and instrument con-

nections should be of a spiral-wound 
fire-safe gasket type similar to those 
mentioned earlier. Specialty tank-
bottom valves (XV-2) should be given 
special consideration in their design 
by considering a metal-to-metal seat, 
or a piston valve design along with 
fire-rated seal material.
Point 6. As mentioned in Point 2, the 
residual fluid in Line A, after flow has 
been stopped, should be drained to 
the vessel. To help the liquid drain, 
the pipeline should be sloped toward 
the vessel. The intent, as mentioned 
above, is to prevent sections of any 

IncIdent no. 3: BP RefIneRy, 
texas cIty, tex., July 8, 2005 

In the design layout of a duplex heat-
exchanger arrangement (Figure 7) in the 
resid-hydrotreater unit of the BP Refinery in 

Texas City, Tex., the designer duplicated the 
fabrication dimensions of the 90-deg fabri-
cated elbow-spool assemblies shown in Fig-
ure 7 as Elbows 1, 2, and 3. While the pipe 
sizes and equipment nozzle sizes were the 
same, permitting an interchangeability of the 
fabricated elbow spool assemblies, the service 
conditions prohibited such an interchange. 

The shell side conditions on the upstream 
side (at Elbow 1) were 3,000 psig at 400ºF. 
The shell side conditions on the downstream 
side (at Elbow 3) were 3,000 psig at 600ºF. 
The intermediate temperature at Elbow 2 
was not documented. In the initial design, 
the material for Elbow 1 was specified as 
carbon steel, Elbow 3 was specified as a 
1 - 1/4 chrome/moly alloy. The reason for 
the difference in material of construction 
(MOC) is that carbon steel is susceptible to 
high temperature hydrogen attack (HTHA) 
above ~450°F at 3,000 psig, therefore the 
chrome/moly alloy was selected for the 
higher temperature Elbow 3.

At 3,000 psig and temperatures above 
450°F hydrogen permeates the carbon steel 
and reacts with dissolved carbon to form 
methane gas. The degradation of the steel’s 
tensile strength and ductility due to decarburization, coupled 
with the formation of methane gas creating localized stresses, 
weakens the steel until it ultimately fatigues and ruptures.

In January 2005, scheduled maintenance was performed on the 
heat exchanger assembly. The piping connected to the heat ex-
changers was dismantled and stored for the next 39 days. After 
maintenance was completed, the piping was retrieved from stor-
age and reinstalled. 

The elbows of different material were not marked as such and 
the maintenance contractor was not warned of the different 
MOC for the elbows. Elbows 1 and 3 were unknowingly in-
stalled in the wrong locations. On July 8, 2005, approximately 
five months after re-installing the piping around the heat ex-
changers, the elbow in the #3 position catastrophically failed as 
shown in Figure 8.

As you can see in Figure 9 the carbon steel, after becoming 
progressively weakened by HTHA, fractured on the inside of 
the pipe and catastrophically failed. The incident injured one 
person in operations responding to the emergency and cost the 
company $30MM.

The one thing you can take 
away from this incident is: Do 
not dimensionally replicate 
piping spools or assemblies of 
different materials. The other 
underlying, but significant 
component you can also take 
away is this: In the initial de-
sign of a plant facility the en-
gineer of record will routinely 
hold formal design reviews 
that will include all key personnel with vested interest in the proj-
ect. In doing so, include, among the attendees, key operations 
and management plant personnel from one of the owner’s op-
erating facilities, if available. These individuals typically bring a 
lot of insight and knowledge to a review. Whereas the designers 
may not have the wherewithal to think along the lines of issues 
that might pertain to a facility turnaround, the plant personnel 
will. These are issues that they normally think long and hard 
about. Make use of this resource. ❏

Elbow 3
(failure location)

Elbow 1
carbon steel

Elbow 2

High-temperature
hydrogen to furnance

Low-temperature
3,000 psig

hydrogen feed

Preheat gas

Preheat gas
to separator

Heat 
exchanger A

11/4 chrome
alloy piping

11/4 Chrome alloy pipe

Heat 
exchanger B

Bolted flange
(typical)

Carbon steel pipe

Figure 8. Severed 8-in. 
NPS hydrogen piping

Figure 7. Heat exchanger flow diagram 

Figure 9.  Fragments of 
the failed 8-in. NPS carbon-
steel spool
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pipeline that do not contain a relief 
device from being blocked and isolated 
during a fire. If the piping system for 
flammable fluid service is designed 
properly, the contents will be able to 
drain or expand into a vessel where 
over-pressurization can be relieved 
and safely vented. 
Point 7. It will be necessary to evacu-
ate as much of the hazardous fluid as 
possible from tanks and vessels in the 
fire area to a safe location. The pump-
out should continue until there is in-
adequate pump suction head, or until 
the fusible link on XV-2 is activated. 
At that time the pump interlocks 
would shut down the pump.

With regard to tank farms, the fol-
lowing is a suggested minimum con-
sideration for a safe design: Drain 
valves should be of a fire-rated type. 
Tank outlet valves should be of a fire-
safe type with a fusible link. Tank 
nozzles used for gages or instrument 
connections should have, at a mini-
mum, valves containing stem pack-
ing and seal gasket material specified 
as an acceptable form of graphite, as 
mentioned above, or some other fire-
safe material. Gaskets used at nozzle 
flange joints should be a fire-safe gas-
ket similar to the spiral wound gas-
kets mentioned earlier or the gasket 
shown in Figure 3. 

Inline valves in piping downstream 
of the tank outlet valve, such as pump 
transfer lines and recirculation lines, 
do not necessarily need to be fire-
rated, but should have stem packing 
and seal gasket material that is fire-
safe as mentioned earlier.

Situations will arise that do not fall 
neatly into what has been described 
above. If there is any doubt with regard 
to valving then default to a fire-rated 
valve. Each piping system identified 
as needing to be fire-safe should be 
designated as such. Where individual 
fire-safe valves are to be strategically 
located in a system, they should be 
designated on their respective P&IDs 
either by notation or through the as-
signed pipe material specification. 
The pipe-material specification should 
be indicated on each pipeline of the 
P&ID. The specification itself should 
therefore be descriptive enough for 
the designer to know which valve to 
apply at each location.

Lessons learned from incidents
While this particular discussion is spe-
cific to piping leaks and joint integrity 
it bares touching on a few subjects that 
are integrally associated with piping 
safety: pipe rack protection, protecting 
piping from vehicle traffic, and design-
ing for disaster (HAZOP). 

In Incident Number 1 (box, p. 37), 
the onset of a fire that might otherwise 
have been quickly controlled becomes 
a catastrophic event because piping 
mounted on the unprotected structural 
steel of a pipe rack, outside the extent 
of the initial occurrence, becomes col-
lateral damage adding more fuel to the 
fire causing it to sustain itself, increase 
in intensity and continue to spread. 

In Incident Number 2 (box, p. 39), an 
unprotected and protruding pipeline 
component (Y-strainer) is damaged, 
causing a major leak that operating 
personnel were unable to stop. The en-
suing fire lasted for five days.

In Incident Number 3 (box, p. 41), 
two dimensionally identical spool 
pieces were designed for a system in 
which the two were fabricated from 
different materials because their ser-
vice conditions were very different. It 
can only be assumed that this was an 
erroneous attempt at trying to achieve 
duplication of pipe spools in an effort 
to assist the fabricator in their pro-
ductivity of pipe fabrication. Instead it 
ultimately caused injury to one person 
and cost the plant owner $30MM.  ■

Edited by Gerald Ondrey
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Containing fugitive emissions 
of volatile organic compounds 
(VOCs) and hazardous air 
pollutants (HAPs) is a chal-

lenge to the chemical process indus-
tries (CPI). It has been estimated that 
these industries account for half of all 
fugitive emissions, and 60% of these 
emissions are the result of valve stem 
leaks. In addition to environmental 
benefits, effectively containing these 
emissions can yield significant opera-
tional and economic benefits and avoid  
punitive penalties for non-compliance 
with regulatory standards. If cap-and-
trade or carbon-tax programs become 
law, then reducing emissions below 
mandated levels could yield carbon 
credits or reduced tax liabilities. Over-
all, emission reduction improves op-
erating efficiency and creates a safer, 
more productive workplace. 

This article describes how to effectively 
seal valve stems, including leak detec-
tion and repair (LDAR); various types of 
sealing solutions, their advantages and 
limitations; performance standards and 
testing; and proper installation.

Environmental impact
VOCs and HAPs are major contribu-
tors to ground-level ozone, a significant 
component in smog, which can cause 
respiratory illnesses. Some VOCs and 
HAPs are known or suspected carcino-
gens. The U.S. Environmental Protec-
tion Agency (EPA) prescribes proactive 
LDAR programs, including identifying 

leaking components, comparing leak-
age levels to compliance standards, 
making the necessary repairs, ongo-
ing monitoring and measurement, re-
cording and maintaining data, taking 
corrective actions, training and audits. 
These programs are costly and time 
consuming, and involve thousands 
of plant components, such as valve 
stems, flanged-joints, pump seals, 
pressure relief devices, end connec-
tions and others. Plant personnel de-
vote much time and effort to gathering 
information, maintaining databases 
and generating the requisite reports, 
all for the ultimate objective of stop-
ping leaks.

To avoid leaks in the first place, the 
EPA encourages the use of low-leak 
valve and packing technologies. Cur-
rent consent decrees are giving atten-
tion to the most prevalent method of 
controlling valve stem emissions — 
compression packing (Figure 1).

Valve stems
Studies have indicated that leaking 
valve stems are by far the single larg-
est source of fugitive emissions in pro-
cessing plants. These emissions can be 
controlled by following simple guide-
lines that take into account the valve 
and its service conditions, the seal 
supplier’s recommendations, proper 
seal installation and ongoing perfor-
mance monitoring. 

Obtaining clear input on the type of 
valve to be sealed and its mechanical 

condition is the logical starting point. 
The most-effective sealing solution 
depends on whether the valve is occa-
sionally actuated, such as a manually 
operated gate valve, or a continuously 
actuated control valve. Poorly main-
tained equipment can cause stem 
packings to fail, so it is important to 
inspect the physical condition of the 
valve for damage to the gland studs 
or stem, which if bent or gouged can 
push into or tear the packing. 

Next considerations include the 
temperature, media and pressure to 
which the valve seal will be subjected, 
as well as the level of sealing perfor-
mance required to comply with fed-
eral, state and local regulations, con-
sent decrees and company standards. 
It should be noted that while federal 
regulations may require seal perfor-
mance with a maximum leakage of 
10,000 ppm, most states and consent 
decrees mandate 500 ppm and lower. 
Some local air-quality-management 
districts may require levels as low as 
250 ppm. 

Sealing types
Different types of seals have differ-
ent performance attributes in terms 
of valve actuation force; interaction of 
axial compression to radial expansion 
of the packing; friction; emission level; 
and the ability to retain and adjust a 
seal for compliance. There are a number 
of viable choices for valve stem seals, 
notably die-formed flexible graphite, 
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FIGURE 2.   
Braided, flexible graphite  
packings deliver low leak  

performance for field repacks
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FIGURE 1.  This cross-sectional view 
shows a typical valve-stem  
sealing assembly

Practical ways to seal valve stems 
and prevent unwanted emissions
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braided flexible graphite (Figure 2), 
engineered seal sets (Figure 3), bellows 
sealed valves and live-loaded packing 
sets (Figure 4). Table 1 gives details for 
these various seal types.

Performance standards
Two standards for valve seal perfor-
mance are API 622, “Type Testing of 
Process Valve Packing for Fugitive 
Emissions” and ISO 15848, “Indus-
trial Valves — Measurement, Test and 
Qualification Procedures for Fugitive 
Emissions — Part 1: Classification 

System and Qualification Procedures 
for Type Testing Valves.” Introduced 
in 2006, API 622 provides test meth-
ods for fugitive emissions, corrosion 
and physical characteristics of valve-
stem compression packing indepen-
dent of valve type (Figures 5 and 6). 
ISO 15848 qualifies the entire valve 
including its sealing components.

API 622 prescribes only test 
methodology, whereas ISO 15848 
prescribes both test procedure and 
pass-fail criteria. Other standards 
include Germany’s TA-Luft for 

qualifying packing and gasket per-
formance, as well as the standards 
of individual refiners and chemical 
processing companies. Table 2 pro-
vides the basic criteria of API 622 
and ISO 15848.

Proper installation
Just as important as selecting the right 
seal for a particular valve application 
is making sure it is installed properly. 
Correct installation insures more even 
compression of the packing, which re-
sults in better emissions performance 

Table 1.   Sealing TypeS
Seal  Type Description Attributes

Die-
formed 
flexible 
graphite

•  Flexible graphite with a minimum carbon content of 
95% is die-formed into rings with braided carbon or 
graphite yarn end-rings 

•  The die-formed rings are flat and come in various 
densities.  Higher density rings are used for higher 
service pressures

•  Temperature capability to 850ºF in atmosphere and 
1,200ºF in steam; pressure capability to 4,000+ psig

•  Usually capable of 500-ppm leak performance

•  This method has been providing adequate emis-
sion performance for over 30 years, but may not 
attain the low leak rates demanded by the most 
stringent air-quality-management districts, con-
sent decrees and standard performance speci-
fied by plant end users

•  Rings are made for a specific valve stem and 
box sizes, and may require adjustment to obtain 
and maintain low emission results. Multiple-step 
installation required

Braided 
flexible 
graphite 
(Figure 2)

•  95%+ carbon purity, usually with  
proprietary yarn treatment

•  Wire reinforcement of the flexible  
graphite yarn is common

•  Temperature capability to 850ºF in atmosphere, 
1,200ºF in steam;  pressures to 4,500 psig

•  Capable of <500 ppm and <100 ppm performance

•  Introduced in the 1990s, it provides superior 
emissions performance

•  One size braid can be used to pack many differ-
ent sizes of valves, but may require adjustment 
at startup to obtain low emission results

•  Multiple-step installation; easy field replacement

Engineered 
sets
(Figure 3)

•  Combination of die-formed flexible graph-
ite rings of various geometries and densi-
ties and braided yarn or braided flexible 
graphite yarn packings

•  Good to 850ºF in atmosphere, 1,200ºF  
in steam and pressures of 10,000 psig

•  Capable of <500 ppm  
and <100 ppm performance

•  Some types date to the emission demands of California 
1970s — the first clean air laws

•  Superior emission performance
•  Sets are made to the specific valve stem and box sizes
•  Some feature simpler installation procedures  

to compress the set  
•  Engineered sets are preferred by OEM valve manufacturers 

wanting low emission performance with assembly  
line speed of installation

Bellows 
sealed 
valves

•  Metal bellows seal incorporated into  
the valve design.  Packing type seals  
are used as secondary seals

•  Temperature and pressure capabilities 
depend on bellows metallurgy, design and 
construction; should match the pressure 
class and material rating of the valve

•  Virtually zero emissions
•  High cost at multiple times that of a standard packed 

valve
•  If the seal fails, there is no possibility of adjustment.   

The valve must be taken off-line and rebuilt or replaced
•  In some cases elongated valve bonnets are required  

to accommodate the bellow.  Space can be an issue

Live  
loading 
(Figure 4)

•  Disc spring (Belleville) 
washers are com-
pressed on the gland 
follower under the 
gland stud nuts

•  Temperature and 
pressure capabilities 
depend on the type 
of seal used; live load-
ing does not enhance 
these ratings

•  Can be used with any packed valve
•  Effectively increases the energy in the gland stud bolts.   

As packing consolidates, there is less degradation  
of compressive load for better seal maintenance

•  Live loading represents added expense, but provides some performance  
enhancement for valves subject to numerous actuations or thermal cycles

•  A good solution for valves that are difficult to monitor and access for future 
adjustment

•  Debate continues regarding its effectiveness since carbon/graphite packings 
consolidate very little
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and longer service life. Begin by refer-
ring to the manufacturer’s installation 
instructions. Then, remove all the old 
packing, inspect the stem and stuffing 
box for any visible defects, and replace 
or repair any worn or damaged com-
ponents. Next, measure the stem and 
bore diameters and stuffing-box depth 
to calculate the correct packing size 
and number of rings. If using braid, 
cut the rings to size using a mandrel 
the same size as the stem or a packing 
cutter. The rings are usually installed 
one at a time. 

Special care must be taken not to 
break die-formed flexible graphite 
rings when installing them over the 
stem and into the valve’s packing box 
bore. Installation of engineered sets is 
governed by manufacturers’ specific 
instructions. After the packing has 
been installed, check for proper com-
pression and actuate the valve per 
the manufacturer’s instructions. Then 
make any necessary adjustments 
and monitor performance against the 
manufacturer’s specifications. 

Most manufacturers offer perfor-
mance guarantees and warranties 
specific to a particular type of packing. 
Promising a certain level of emission 
performance, these guarantees are 

subject to operating conditions and re-
quire installation to the manufactur-
er’s specifications. Most guarantees 
are dependent on the equipment’s con-
dition. If valves are worn and require 
rework, the packing performance 
guarantee may be rendered null and 
void. Most valve-stem seals can wear 
over time, so service life limitations 
are typically specified in performance 
guarantees. It is advisable to get these 
programs in writing to assess their ap-
plicability to plant requirements.  The 
latest consent decrees are requiring 
documentation verifying the leakage 
performance of low-leak packings and 
valves as part of enhanced LDAR pro-
grams. Most performance guarantees 
are also contingent upon the creden-
tials of the installers, which are usu-
ally trained and certified by the seal 
manufacturer. Manufacturer site su-
pervision and accountability may also 
be available, but at a price. 

There are a number of basic criteria 
for high-performance, low-emission 
valve stem seals. Emissions should be 
less than 500 ppm using EPA measur-
ing methods. Since the seal may be 
exposed to flammable media, it should 
be fire-safe as verified by API 607, API 
589 or similar tests. The valve-stem 

seal should also be capable of main-
taining a seal that is thermally cycled 
and accommodates reasonable actua-
tion force, which is especially impor-
tant in control valves.

Following this guidance on sealing 
selection and installation and engaging 
the expertise of sealing manufacturers 
and practicing the elements of proac-
tive LDAR will prepare CPI plants for 
any type of inspection or audit. The 
rewards of good sealing selection and 
practices will manifest themselves in 
regulatory compliance, increased plant 
efficiency, improved profitability and a 
healthy work environment.  ■

  Edited by Dorothy Lozowski

FIGURE 3.  Engineered 
sets are favored by 
valve builders for low 
emission performance
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FIGURE 5.  This graph shows weight  
retained in the high-temperature oxidizing  
air environment as specified by API 622

FIGURE 6.  An emission test chart for 
API 622 is depicted here
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FIGURE 4.  Live 
loading: Disc spring 
washers on the gland 
bolts store energy 
that can prolong seal-
ing performance

Table 2.  a comparison of performance sTandards
Test procedure iso 15848 api 622
Media Helium or methane Methane
Sensing method Stem seal:

   Vacuum: Helium
   Flush: Helium or methane

Modified EPA Method 21 
with fixed probe

Pressure 90 psig 600 psig

High temperature 392°F and 752°F 500°F

Thermal cycles 7 3
Actuation ≤ 2,500 cycles (on-off valves)

≤ 100,000 cycles (control valves)
1,500 cycles

Pass/fail Class A: ≤ 10–6 cm3/s/m of stem diameter
Class B: ≤ 10–4 cm3/s/m
Class C: ≤ 10–2 cm3/s/m

Agreement of manufac-
turer and end user

Adjustments Limited number and frequency Limited
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Sealing Special Advertising Section

Sealing systems cut pumping energy costs
Common installation arrangements for mechanical seals may use more energy than 
the motor driving the pump, but careful choice of seal support systems can cut costs

For pump energy efficiency improvements, look to sealing sys-
tems; that’s the message from the Fluid Sealing Assn. (FSA; 

www.fluidsealing.com) and the European Sealing Assn. (ESA; 
www.europeansealing.com).

A mechanical seal is an energy-efficient device in itself, but the 
same is not always true of the support systems used to control the 
operating environment around the seal. FSA research shows that 
in many applications, thermal energy lost by the seal flush system 
exceeds the power required to run the pump to which the seal is 
fitted. As a result, the energy savings that can be achieved from 
better seal support systems are often far higher than those pos-
sible through fitting variable-speed drives or re-sizing pumps.

Recent developments in mechanical seal technology and mate-
rials have focused on producing seals that can operate without 
additional support systems, even in challenging applications. 
Older seal designs, however, often require a supply of liquid 
– either once-through or recirculated – to remove heat and prevent 
contaminants in the process fluid from damaging the seal.

Some of the simpler seal support systems, notably Cool 
External Flush (API Plan 32) and Cooled Recirculation (API 
Plan 21), operate by diluting and/or cooling the pumped fluid. 
As Figure 1 shows, the resulting heat loss can easily be greater 

than the power required to drive the pump. This wastes energy 
and reduces the available capacity of plant cooling and heating 
systems.

Figure 2 shows that API Plans 32 and 21 between them account 
for more than one-third of seal support systems operating at tem-
peratures above 200°C (400°F). The FSA obtained this information 
from a survey of 28,000 seal applications.

Figure 2 also shows that some alternative seal support sys-
tems use considerably less energy than the wasteful Plans 32 
and 21. Plan 23, for instance, is a high-temperature arrangement 
similar to Plan 21 in that the seal is supplied with liquid that has 
passed through an external cooler. Whereas in Plan 21 the source 
of this liquid is the discharge side of the pump, via a flow control 
orifice, in Plan 23 a pumping ring in the seal chamber does the job 
with much lower energy consumption. Arrangements using a bar-
rier gas (Plan 74) or a seal that can handle the duty without recir-
culation (Plan 2) have virtually zero energy requirement.

The study of the 
energy used by seal 
support systems 
falls under the 
umbrella of Sealing 
Systems Matter, a 
project by the FSA 
and the ESA to help 
users of sealing 
devices and systems 
use less energy, 
contain emissions, 
improve safety, and 
increase equipment 
reliability by opti-
mizing sealing sys-
tems. An important 
part of the initiative 
is a focus on life-
cycle costs, rather 
than the initial costs 
which have tradi-
tionally dominated 
seal selection. ■

47 kW (160,000 BTU/
hr) = power required 
to replace heat lost 
through dilution of the 
pumped fluid

7.6 l/min (2 gpm) kerosene 
flush at 38°C (100°F)

351 W (1,200 BTU/hr) 
= frictional power con-
sumed by seal

Figure 1: The 47 kW of heat lost from this seal flush could 
represent more energy than the pump motor consumes

Figure 2: Some of the most commonly 
used seal support designs (top) are also 
some of the most energy-hungry (above)
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A trade body that 
is built on quality
The European Sealing Assn. (ESA; www.

europeansealing.com) has become so 
confident of the strength of its member-
ship base that it is now prepared to caution 
member companies who do not pull their 
weight, says Brian Ellis, the organization’s 
general secretary. “Everyone has technical 
expertise to contribute, even if they are not 
doing frontier research,” Ellis says. “So we 
are noting the work that member compa-
nies do, and those 

who take information but don’t contribute 
will not be welcome in future.”

The ESA’s strategic plan emphasizes 
activities that individual member compa-
nies cannot do on their own, Ellis says: 
“That’s why we spend a lot of time working 
on laws and standards with bodies like the 
European Commission.”

Another important task is to spread 
information about sealing technology 
widely and affordably. One new ESA pub-
lication, Successful sealing with elasto-
mers, takes the form of an interactive CD. 
Other publications use print-on-demand 
technology to eliminate inventory and 
ensure that buyers always receive the lat-
est version. 

The revised and updated ESA website 
can be viewed in multiple languages and 
carries discussion forums for ESA mem-
bers. “As soon as someone hears about 
a new standard or a piece of legislation 
which may affect our industries, the infor-
mation is made available on the forums so 
that we can discuss it,” says Ellis. ■

Brand new: ESA’s interactive guide to 
O-rings and other elastomeric seals

nies do, and those 

Brand new: ESA’s interactive guide to 

Successful sealing with elastomers

An interactive guide to diagnose and prevent seal failure

ESA Publication No. 019/10

2010 April

YOUR GLOBAL GASKET PROVIDER

 Graphite oxidizes at high temps. 

So gaskets made with graphite 

deteriorate as well. Thermiculite®, 

the revolutionary sealing material 

from Flexitallic, maintains its integrity 

up to 982º C. Preventing leakage and the 

loss of bolt load that can be so costly— 

and ultimately dangerous. Replace your 

graphite gaskets. It will cut your handicap.  

Visit: www.flexitallic.com, or call us at 

USA: 1.281.604.2400; UK: +44(0) 1274 851273.

ANOTHER  
REASON WHY YOU 

DON’T GOLF IN 

450° C
 WEATHER. 

Circle 7 on p. 62 or go to adlinks.che.com/29251-07
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Sealing Special Advertising Section

The search for an 
effective alternative 

to traditional mineral 
fiber material in sheet 

gaskets has 
often been 
an exercise 

in frustration. 
Once-promising 

graphite has shown mixed 
results, especially at 

higher temperatures 
in oxidizing environ-
ments. When the carbon 
in graphite reacts with 
atmospheric or process 
oxygen to form carbon 
dioxide (O2 (gas) + 

C(solid) > CO2 (gas)), oxidation occurs. 
In addition, naturally occurring impurities 
cannot be refined from raw graphite, creat-
ing another set of performance problems.

Some gasket manufacturers have 
attempted to compensate by incorporat-
ing oxidation-inhibitor additives into their 
graphite-based products, but these stop-
gap measures have been effective only at 
delaying – not eliminating – the eventual 
effects of time and temperature.

The most promising alternative to tradi-
tional mineral fiber materials and graphite 
has been Vermiculite-based materials. 
Vermiculite is a hydrated lamellar mineral 
composed of aluminium-iron magnesium 
silicate. Unlike the traditional mineral fiber 
(an aluminosilicate fiber) Vermiculite is 
a plate structure: non-oxidizing, capable 
of exfoliating, thermally stable and fire-
safe, with broad chemical resistance and a 
plate-shaped primary particle—all excel-
lent properties for gasket raw materials.

Flexitallic, a company with U.S. head-
quarters in Deer Park, Texas and manu-
facturing plants in the U.K. and China, 

has used the remarkable properties of 
Vermiculite to develop Thermiculite, a gas-
ket material that seals as effectively as tra-
ditional mineral fiber materials and more 
effectively than graphite without negative 
consequences.

Thermiculite is composed of chemically 
and thermally exfoliated Vermiculite, simu-
lating the structure of exfoliated graphite 
with some notable exceptions – it main-
tains integrity through a wide range of 
temperatures, from moderate to extreme, 
and it maintains broad chemical resistance 
and freedom from oxidation. It is suitable 
for replacing aramid fiber, glass fiber, 
carbon fiber, PTFE and graphite in a wide 
array of applications.

Thermiculite is available in a wide and 
flexible array of configurations, from spi-
ral-wound, serrated metal and sheet gas-
kets to braided packing.

www.flexitallic.com

Peak performance from this new gasket material
Flexitallic’s Thermiculite gasket material combines peak performance with 
environmental safety, avoiding some of the drawbacks of graphite

Harness the power of 
positive press.

The YGS Group is the authorized provider of
custom reprints from Chemical Engineering.

Custom reprints from 
Chemical Engineering 
could be one of the 
smartest marketing 
decisions you make.

Contact The YGS Group
at 717.399.1900 x100 or
learn more online at 
www.theYGSgroup.com/reprints

Chem Eng_HalfHorz_bleed.indd   1 3/10/09   4:05:45 PM
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This software allows data  
exchange for 3-D modeling
The Mechanical Equipment Interface 
product (photo) is designed to allow 
integration of modeling informa-
tion between otherwise incompatible 
three-dimensional (3-D) design sys-
tems. In particular, plant piping de-
signers often have to integrate suppli-
ers’ equipment models that have been 
created in a mechanical computer-as-
sisted design (MCAD) system. These 
model formats are often incompatible 
with plant design systems, the com-
pany says. The Mechanical Equipment 
Interface product allows bi-directional 
exchange of three-dimensional models 
between MCAD systems and plant de-
sign systems, such as this company’s 
PDMS. — Aveva Solutions Ltd., Cam-
bridge, U.K.
www.aveva.com

Simulate fluidized bed thermo- 
dynamics with this software
The Barracuda v14 simulation soft-
ware (photo) offers 3-D modeling of 
chemical, thermal and flow dynam-
ics in gas-solid and liquid-solid sys-
tems. The latest release includes a 
new chemistry module for modeling 
homogeneous and heterogeneous 
chemical reactions inside fluidized 
bed reactors. It also is designed to 
model the release of an entrapped 
gas or liquid within a solid. Other 
features of the software include a 
liquid injection module that simu-
lates liquid spray coating of par-
ticles, and a wear model that allows 
wall wear to be reported on a yearly 
basis. Barracuda is capable of model-
ing fluid-catalytic-cracking reactors, 
circulating-fluidized-bed burners 
in coal plants, gasification reactors 
and others in laboratory, pilot and 
production scale. — CPFD Software 
LLC, Albuquerque, N.M.
www.cpfd-software.com

This process management  
software adds functionality
Version 7 of TrakSYS process 
management software has been 
updated to improve intelligence-
based decision making and fa-
cilitate realtime data exchange 
among systems. Updates to the 
new version are focused on the 
delivery of personalized, action-
able and timely information to 
those needing it throughout the 
enterprise. Raw data can be con-
verted to readily useable intelli-
gence by analytics that users are 
able to configure on personalized 
“dashboards.” — Parsec Automa-
tion Corp., Brea, Calif. 
www.parsec-corp.com

This MPC algorithm is re-
written for modern software
The DMCX1 model predictive 
control (MPC) software is a re-
write of a 1990s-era dynamic 
matrix control (DMC) algorithm. 
The adjusted process-control algo-
rithm uses modern compilers and 
software technology, and is ten 
times faster than previous versions 
of the modeling software package, 
the company says. The DMCX1 soft-
ware contains a “data historian” 
that exports data to most process 
watch software packages. — Cutler 
Technology, Boerne, Tex.
www.cutler-tech.com 

This software integrates electri-
cal and physical plant design
Substation V8i integrates design tools 
for electrical systems with those for 
3-D building modeling. The software 
supports key electrical system compo-
nents, such as electrical schematics, 
grounding grid, lightning protection 

and lighting design. The software in-
tra-operates with this company’s other 
software offerings on site design, ar-
chitectural design and building model-
ing. The integrated system can replace 
paper-based workflows and disparate 
collections of software. The company 
says its software can reduce electrical 
system design time by 30%. — Bentley 
Systems Inc., Exton, Pa.
www.bentley.com

Predict spray system perfor-
mance with these services
This company offers process-model-
ing services for predicting the perfor-
mance of spray systems or fabricated 
components when actual operating 
conditions are difficult to replicate 
in the laboratory. Services offered 
are computational fluid dynam-
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ics (CFD), finite element methods 
(FEM) and fluid structure interac-
tion (FSI). CFD is used to determine 
how spray performance is affected 
by gas and liquid flows, gas veloc-
ity, temperature, pressure and other 
operating conditions. Models can 
determine factors such as evapora-
tion time, spray trajectory, drop size 
distribution in the gas flow and wall 
wetting. FEM is used to analyze ma-
terial suitability for spray injectors, 
while FSI evaluates the interaction 
between solid structures and flowing 
fluid at given conditions. — Spray-
ing Systems Co., Wheaton, Ill. 
www.spray.com

Use this simulation platform for 
chemicals research
The latest version of Materials Stu-
dio modeling and simulation plat-
form is said to cut time to solutions 
in materials and chemical research. 
Designed for a wide range of applica-
tions, including catalysis, polymers 
and drug development, the updated 
software features improved parallel 
codes at every simulation scale, in-
cluding quantum, atomistic and me-
soscale. The company has also added 
an integrated set of tools for polymer 
and soft-matter research as well as a 
wider range of analytical instrument 
simulations, including Raman spectra 
simulations. — Accelrys Software Inc., 
San Diego, Calif. 
www.accelrys.com

An improved user interface is a 
highlight of this software version
Version 2 of this company’s object-
oriented simulation software features 
an improved user interface, including 
a more intuitive scheme for finding 
and navigating between model com-
ponents. The new version also has 
additional tools for debugging and 
validation of models, and a network li-
censing capability to allow the system 
to be used on multiple desktops and 
across multiple geographic locations. 
Other added features for Version 2 
are an enhanced help function, on-
line videos and an easier way to view 
full-screen animation. — Simio LLC,  
Sewickley, Pa.
www.simio.biz

New algorithms offered 
for multicore processors
This not-for-profit numerical 
software development organi-
zation offers a library of nu-
merical algorithms for chemi-
cal research that are optimized 
for performance on multicore 
computing architectures. The 
downloadable NAG Library 
for Symmetric Multiprocessors 
(SMP) and Multicore (photo) is 
designed to help industrial and 
academic chemical researchers 
make the best use of the processing 
power available through the shared-
memory parallelism of multicore com-
puter systems. The mathematical and 
statistical algorithms are key tools 
in modeling, chemometrics and other 
chemical engineering research, espe-
cially at the nanoscale, the organiza-
tion says. — Numerical Algorithms 
Group, Oxford, U.K.
www.nag.com

New tools included in this  
flowsheet simulator
HSC Chemistry 7.0 is process flow-
sheet simulation software that has 
four distinct modes — particles, reac-
tion, distribution and experimental. 
The latest version of the software has 
added drawing features, new spread-
sheet features and routines for mass 
balancing and data reconciliation. 
The new distribution mode allows 
the software’s use for high-temper-
ature process models. HSC Chemis-
try 7.0 contains an enhanced ther-
modynamic database that includes 
data on over 25,000 different chemi-
cal species. — Outotec Research Oy,  
Pori, Finland
www.outotec.com/hsc

This Web-based design tool can 
reduce project development costs
A newly launched front-end design tool 
from this company allows for rapid de-
velopment and evaluation of capital 
project options in the process indus-
tries. The software tool integrates 
flowsheet development, 3-D layout, 
factored cost estimation and design 
deliverables generation. Its simple 
and powerful interface increases engi-
neers’ productivity, the company says, 
asserting that both operating and en-

gineering companies can realize a 50% 
reduction in project development costs 
using the software system. Among the 
features of the software are automatic 
consistency checks of design param-
eters across multiple documents, in-
stant updates after design changes, 
and continuously updated cost esti-
mates based on an industry-accepted 
price database. — ConcepSys Solu-
tions LLC, Houston, Tex.
www.concepsyssolutions.com

Expanded design services  
offered by this firm
This company recently introduced 
an expanded services department to 
complement its software products. 
Supporting the petroleum and gas, 
power, pulp and paper, chemical and 
aerospace industries, the service de-
partment offers plant design and 
analysis, piping design, data transla-
tion, as well as software development 
and customization, including 2D to 3D 
drawing conversion. — SST Systems 
Inc., San Jose, Calif.
www.sstusa.com

Use this software package  
for technical plotting
PSI-Plot Version 9.5 for Windows is de-
signed for technical plotting and data 
processing in science and engineering 
fields. Version 9.5 builds on previous 
editions, but adds features,  includ-
ing built-in mathematical functions, 
matrix decomposition and maximum 
likelihood estimation for generalized 
linear models. In addition, the soft-
ware package has added over 100 new 
predefined fitting models. — Poly Soft-
ware International, Pearl River, N.Y.
www.polysoftware.com ■

Scott Jenkins 

T
im

e,
 s

Number of cores

20,000

25,000

15,000

10,000

5,000

0
2 4 8

Nearest Correlation Matrix Performance Study

Fortran library Mark 22
NAG library for SMP and multicore Mark 22

Figure shows the speed increases of using the 
NAG library for SMP and multicore – NAG rou-
tine used “Nearest Correlation Matrix” problem 
size of N = 10,000

N
u

m
er

ic
al

 A
lg

or
it

h
m

s 
G

ro
u

p

16_CHE_060110_CUS.indd   52 5/26/10   2:49:50 PM



Presentations from Top Executives at Leading 
Materials & Technology Suppliers

Register Now! Visit www.mbspolymer.com/pepp today!

POLYETHYLENE – POLYPROPYLENE CHAIN
Global Technology & Business Forum

June 13-15, 2010
Swissôtel, Zürich, Switzerland
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BWB Technologies  
Model XP Flame Photometer
The BWB- XP is a high quality, high perfor-
mance instrument employing modern technol-
ogy to measure alkali and alkaline earth met-
als Sodium (Na), Potassium (K), Lithium (Li), 
Calcium (Ca) and Barium (Ba). Liquid samples, 
when introduced to a flame fuelled by pro-
pane or lpg, will emit light of a specific wavelength, the intensity of 
which will be proportional to the concentration of the ions present.  
The principle has been understood for over one hundred years, but 
the BWB-XP brings 21st century technology to the technique, mak-
ing analysis more reliable, accurate and simple than ever before.
BWB Technologies   www.bwbtech.com

Circle 292 on p. 62 or go to adlinks.che.com/29251-292

No More Guessing! Measure Color
For Optimal Quality.

The UltraScan VIS spectrophotometer 
objectively qualifies slight lot differences 
in yellowness and color for clear and chro-
matic chemicals. (Dry or Liquid, hot or cold, 
large or very, very small samples.) Generate 
an electronic record of the test results. 
Download Tech Notes.
www.hunterlab.com/Industry/Chemical

 

www.hunterlab.com  703-471-6870 info@hunterlab.com
Circle 294 on p. 62 or go to adlinks.che.com/29251-294

Free Catalog - Magnatrol Solenoid Valves
Catalog details 2-way bronze & stainless 
steel solenoid valves 3/8” - 3” to control 
flow of Water, Ammonias, Fuel Oil, Gas, 
Steam, Brine, Solvents, Cryogenics and 
Oxygen.  Available NC/NO, packless con-
struction, continuous-duty coils for all volt-
ages, no differential pressure required to 
open and 2-way straight thru design.
For literature or same day quotation contact:
MAGNATROL VALVE CORPORATION
67 Fifth Avenue • P.O. Box 17, Hawthorne,  

New Jersey • 07507 • U.S.A.  PHONE: 973-427-4341 - FAX: 973-427-7611  
E-MAIL: info@magnatrol.com  WEB SITE: www.magnatrol.com

Circle 293 on p. 62 or go to adlinks.che.com/29251-293

Buy Our Filter . . .
Protect the Future
Protect natural habitats and environments by utiliz-
ing our filters to eliminate the release of toxic ma-
terials.  A portion of every order that is placed with 
Midwesco® in 2010 will be donated to nonproft or-

ganizations to fight against climate change. 
Call today to schedule a free collector 
coaching session! 800.336.7300 
www.midwescofilter.com.products.aspx

      “We Take The Dust Out of Industry!”®

Circle 291 on p. 62 or go to adlinks.che.com/29251-291

Buy Our Filter . . .
Protect the Future
Protect natural habitats and environments by utiliz
ing our filters to eliminate the release of toxic ma
terials.  A portion of every order that is placed with
Midwesco

      “We Take The Dust Out of Industry!”

Mag Hydroxide
Mixing Magnesium Hydroxide Is Fast & Easy With Pulsair

• Pulsair can mix mag 
hydroxide in all kinds of 
tanks: steel - stainless steel 
- polyethylene - fiberglass 
- concrete - wooden - totes 
and drums • No special 

requirents • No internal baffels  • No structural supports • No rein-
forcments • Low maintenance • Most installations take less than 
a day • Retrofit exisitng caustic or storage tanks. Sound easy? It is 
easy! Call Pulsair Systems for additional Information and pricing  
800-582-7797 Or by email sales@pulsair.com Pulsair Systems, 
Inc., Bellevue, WA; Tel: 800-582-7797;     www.pulsair.com

Circle 290 on p. 62 or go to adlinks.che.com/29251-290

EquipNet provides asset management ser-
vices to world-class chemical companies

 Our offerings include asset 
evaluation and appraisal, site 
reconfiguration consulting, 
project management, and sales 
and marketing. These services 
yield a large supply of high-
quality process equipment and 
unused MRO parts available for 
sale at the EquipNet Market-

Place™, the largest website of its kind. Contact:  E.J. Paturzo,  
Managing Director: Chemical  (781) 821-3482 x100   
epaturzo@equipnet.com    www.EquipNet.com/chem  

Circle 295 on p. 62 or go to adlinks.che.com/29251-295
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Cleveland Wire C loth Wire Cloth

Specializes in high temperature, corro-
sion resistant, and specialty metals and 
alloys for process functions, as well as 
OEM components. Wire cloth is woven to 
precise, customer requirements. Catalog 
includes application data, design guide-
lines, technical specifications, ordering 
information, and a new, interactive CD with 
a wire cloth specifications calculator. 
Tel: 800-321-3234 (U.S. & Canada) or 
216-341-1832; Fax: 216-341-1876;  
cleveland@wirecloth.com;  
www.wirecloth.com

Circle 296 on p. 62 or go to adlinks.che.com/29251-296

www.che.com

High Cycle Life Plastic Pinch Valve
Plast-O-Matic Valves, Inc. has devel-
oped an all-thermoplastic, air operated  
pinch valve with a newly designed sleeve  
element that lasts up to five times longer  
than traditional designs. The sleeve ele-
ment in Series HSA is a patent-pending 
design featuring variable thicknesses and  

a tapered shape. It is molded from EPDMh2, a new formulation of  
Ethelyne-Propylene-Diene-Monomer using a proprietary curing pro- 
cess for greater elasticity, durability, and longevity. This elastomer,  
combined with the new design, enables the pinch element to achieve 
over 1,000,000 cycles under test conditions. Further Information: 
Plast-O-Matic Valves, Inc., 1384 Pompton Ave., Cedar Grove, NJ 07009

Circle 298 on p. 62 or go to adlinks.che.com/29251-298

Literature Review 2010

Contact: Helene Hicks 
212-621-4958 hhicks@che.com Inside Sales Manager/CEBG Sales Manager.    

 September closing: 8/6/10

Chemical Engineering is the preferred 

publication among CHEM Show Attendees

 CE

 advertizing in CE  

CEBG 
 about products and services  
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Chemical Engineers 
Total Circulation: 64,464*
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The Wayman Group, 2009 CHEMshow survey

Literature Review 

Pulp & Paper

Food & Beverage

Rubber & Miscellaneous

Place Your Ad H ere!
Advertise in Chemical Engineer-
ing Literature Review, a special 
bound-in-the-magazine supplement 
that can showcase your latest cata-
logs, brochures, and spec sheets. 
Reach over 266,700 engineering 
professionals who turn to Chemical 
Engineering every month for just this 
kind of production information.
Contact: Helene Hicks 
Inside Sales Manager 
Phone: 212 621-4958   Fax: 212 621-4976 
hhicks@che.com

Mixing Solutions by Pulsair Equipment

This brochure describes Pulsair's mix- 
ing systems that release sequential 
pulses of air or gas to mix tank con- 
tents. Systems are adaptable from a  
single 55-gallon drum to multiple 
1,000,000 gallon tanks and can be  
managed from a central control unit.  
Pulsair mixers are currently in use  
worldwide in the petroleum, lubricant, 
wastewater, food and wine industries.
Pulsair Systems, Inc.,  
Bellevue, WA; Tel: 800-582-7797; 
www.pulsair.com   sales@pulsair.com
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Join thought leaders and decision makers in the petrochemical and plastic converting industry at the  
First GPCA Plastics Summit. The Summit provides the perfect platform for Middle East and global executives  

in the plastics industry to exchange ideas, best practices, and provide leadership for a sustainable future  
across the value chain.  

SUSTAINABLE GROWTH ACROSS THE VALUE CHAIN 
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PRODUCT SHOWCASE

Circle 202 on p. 62 or go to
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adlinks.che.com/29251-205

• 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

New!

STANDARD SEALS FOR
C.E.M.A. & METRIC 

SCREW CONVEYORS

Famous MECO quality

and reliability in a

standardized seal

Manufactured by

WOODEX Bearing Co.
Georgetown ME USA
1 800 526 8800 Toll-free
+1 207 371 2210 Worldwide
www.mecoseal.com

®

• Simple yet effective diffuser 
silencing 

• Suitable for high pressure, high 
temperature  steam and gas  

• Compact size and weight 
• Non Clogging 
• Minimum supporting requirement 

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

www.cuservices.net 

Model  
D800 
Silencer 
 

High Pressure 
Silencers 

57 
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Krytox
Fluorinated Lubricants

miller-stephenson chemical company, inc. 
California  -  Illinois  -  Connecticut  -  Canada

e-mail: support@miller-stephenson.com 
www.miller-stephenson.com

Krytox® Fluorinated Greases and Oils
are: Chemically Inert. Insoluble in common
solvents. Thermally stable. Temperature range
(-103˚F to 800˚F). Nonflammable. Nontoxic.
Oxygen Compatible - safe for oxygen serv-
ice. Low Vapor Pressure. Low Outgassing. No
Migration - no silicones or hydrocarbons. 
Krytox offers Extreme Pressure, Anticorrosion
and Antiwear properties. Mil-spec, Aerospace
and Food Grades (H1 and H2) available!
Useful in Vacuum Systems. 
We also offer a complete line of inert 
fluorinated Dry Lubricants and Release
Agents. 
For technical information, call 203.743.4447
800.992.2424 (8AM - 4 PM ET).

m
s

®

Circle 203 on p. 62 or go to
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Delta Cooling Towers, Inc.

Delta Cooling Towers 
manufactures a complete line 
of corrosion-proof engineered 
plastic cooling towers.  The tow-
ers incorporate a high efficiency 
counter-flow design and carry a 
15-year warranty on the casing, 
which is molded into a unitary 
leak-proof structure of engi-
neered plastic.  All models are 
factory assembled, simple 
to install and nearly 
maintenance free. 

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

Circle 204 on p. 62 or go to
adlinks.che.com/29251-204

Phone: (212) 269-7840          
Fax: (212) 248-4780

E-mail Address:
doyleroth@aol.com
www.doyleroth.com

HEAT
EXCHANGERS

SHELL & TUBE
•Deliveries are prompt
• STANDARD units are Sized and Selected by 
COMPUTER for greater accuracy

• Capabilities in sizes up to 80” diameter,
50 ton capacity.

Standard or Custom Built
to suit your requirements
Quality Heat Exchangers
Economy Priced!
Prompt Delivery!
Send for Data Book Catalogs
and Capability Brochure

DOYLE &
ROTH MFG.
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Intelligen Suite 
The Market-Leading Engineering Suite for Modeling, Evaluation, 

Scheduling, and Debottlenecking of Single & Multi-Product Facilities

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

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

SuperPro SchedulePro

Tracking of equipment occupancy
in multi-product facilities

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

Inventory tracking for raw materials,
intermediates, products, and wastes

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

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

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

Recipe DB

Circle 240 on p. 62 or go to adlinks.che.com/29251-240
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NEW & USED EQUIPMENT

Circle 244 on p. 62 or go to
adlinks.che.com/29251-244

SOFTWARE

Circle 241 on p. 62 or go to adlinks.che.com/29251-241

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 242 on p. 62 or go to
adlinks.che.com/29251-242

Circle 243 on p. 62 or go to adlinks.che.com/29251-243

251237 •  Unused Pfaudler 8,000 Gallon Glass Lined Reactor 
265155 •  6000 Gallon 316 Stainless Steel Half Pipe Coil Jacketed Reactor
199570 • 1999 Alloy Fab 2500 Gallon Hastelloy C-276 Reactor
200170 •  Pfaudler 1000 Gallon Glass Lined Reactor - Year 2004
 88419  •  Pfaudler RA-48 Series 500 Gallon Glass Lined Reactor - Year 2002
233664 • 18 Gallon Hastelloy C276 Kilo Lab Reactor System

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

Quality Pre-Owned Reactors in 
Hastelloy, Stainless Steel & Glass Lined Steel 

Circle 245 on p. 62 or go to
adlinks.che.com/29251-245

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/29251-246

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 247 on p. 62 or go to
adlinks.che.com/29251-247

ADVERTISE IN 
THE CLASSIFIED

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

Email: hhicks@che.com
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New & Used eqUipmeNt

Circle 248 on p. 62 or go to 
adlinks.che.com/29251-248

Circle 251 on p. 62 or go to 
adlinks.che.com/29251-251

Circle 249 on p. 62 or go to 
adlinks.che.com/29251-249

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 250 on p. 62 or go to 
adlinks.che.com/29251-250

NEW RIBBON
BLENDERS 
PRICED 

30% LESS
World’s #1Manufacturer!

	 •	All stainless, highest quality!  
	 •	Sizes 1 to 500 cu.ft.
	 •	Many sizes in stock!
Call now!
1-800-243-ROSS
USA Tel: 631-234-0500 • Fax: 631-234-0691
www.ribbonblenders.com

Circle 252 on p. 62 or go to adlinks.che.com/29251-252

Call AMISTCO for your Random Packing needs 
along with: • Packing Supports • Liquid Distributors 
• Mist Eliminators • Trays • Structured Packing • Other Internals

RANDOM PACKING

1-281-331-5956 • 1-800-839-6374
amistco@amistco.com
www.amistco.com

PALL RINGS 

HIGH 
PERFORMANCE 

STYLES 

METAL  AND 
PLASTICS 

MANY IN STOCK

distiLLAtiON

Advertise in  
the Buyers' Guide

Buyers' 
Guide 2011

Contact:

Helene Hicks
Tel: 212-621-4958
Fax: 212-621-4976
email: hhicks@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 refining,  

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 June 2010

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 fill out the  
online reader service card.
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Mike O’rourke, Publisher 
Chemical Engineering 
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Alabama, Canada, Connecticut, Delaware, 
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Chemical Engineering 
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For additional news as it develops, please visit www.che.com

Plant Watch
Evonik plans to shut down  
polyethylene waxes production
May 21, 2010 — Evonik Industries AG (Essen, 
Germany; corporate.evonik.com) intends 
to shut down its production of polyethylene 
waxes in Heme, Germany at the end of De-
cember, 2010. This step was taken as part of 
a profitability analyses. 

Lonza selects Nansha for new  
vitamin B3 plant
May 11, 2010 — Lonza Group Ltd. (Basel, 
Switzerland; www.lonzagroup.com) has se-
lected Nansha, China as the location for its 
new vitamin B3 manufacturing site. The new 
facility will provide an additional 15,000 met-
ric tons per year (m.t./yr) of product, repre-
senting an increase of more than 40% over 
current capacity. Lonza will invest approxi-
mately CHF50 million in the construction of 
the new nicotinate plant over the next three 
years. The capacity will be added in phases, 
with the first phase expected to come online 
in 2011, followed by full operation in 2012.

Lanxess and TSRC to create  
rubber JV in China
May 7, 2010 — Lanxess AG (Leverkusen, Ger-
many; www.lanxess.com) and TSRC Corp. 
(Taipei, Taiwan; www.tsrc.com.tw) will enter 
into a 50:50 joint venture (JV) in Greater China 
called Lanxess-TSRC (Nantong) Chemical In-
dustrial Company Ltd. The two companies are 
jointly investing $50 million in a new plant that 
will produce nitrile rubber (NBR) in Nantong. 
The plant will have an initial capacity of 30,000 
m.t./yr. Groundbreaking is scheduled for 
September, 2010, and production is expected 
to start in the first half of 2012. Clearance for 
the JV from the relevant anti-trust authorities is 
expected by the end of July, 2010.

DuPont Tate & Lyle Bio Products 
expanding Bio-PDO production
May 5, 2010 — DuPont Tate & Lyle Bio Prod-
ucts, LLC (Loudon, Tenn), a JV between 
DuPont (www.dupont.com) and Tate & Lyle 
(www.tateandlyle.com), have announced 
an expansion to their facility to increase pro-
duction of bio-based 1,3 propanediol (Bio-
PDO) by 35%. Construction is scheduled to 
start in June, and the expansion is expected 
to be complete by 2nd Q 2011. 

Linde builds air separation  
unit in Kazakhstan
May 5, 2010 — The Linde Group (Munich, 

Germany; www.linde.com) is set to con-
struct a large, state-of-the-art air separation 
unit (ASU) for ArcelorMittal, the world’s larg-
est steel corporation, at ArcelorMittal’s Temir-
tau site in Kazakhstan. This plant will be Ka-
zakhstan’s first industrial-scale development 
with a capacity of 2,000 m.t./d and has an 
investment value of around €95 million. It is 
set to go onstream mid-2012. 

SNF invests to increase global 
manufacturing by 50%
April 21, 2010 — SNF (Andrézieux, France; 
www.snf-group.com) is investing in new 
production capacities starting in 2010 
through 2012. Total production will increase 
from 380,000 ton/yr to 580,000 ton/yr as 
follows: In Plaquemine, La. a 50,000-ton/
yr acrylamide plant and four 20,000-ton/
yr anionic powder plants; In Taixing, China, 
a 50,000-ton/yr acrylamide plant and four 
20,000-ton/yr anionic powder plants and 
the opening of two 20,000-ton/yr cationic 
powder plants; In Andrézieux, France, 
20,000 ton/yr of anionic polymer and 
10,000 ton/yr of cationic polymer; A new 
plant in Vizag, India to produce polyacryl-
amide emulsions and liquid followed by 
acrylamide and powder polyacrylamide.

HPD to supply systems  
for sodium sulfate production
April 20, 2010 — Alkim Alkali Kimya A.S. (Al-
kim, Instanbul, Turkey; www.alkim.com/tr/
index.aspx) has selected HPD (Plainfield, 
Ill.; www.hpdsystems.com), a Veolia Water 
Solutions & Technologies company, to sup-
ply evaporation and crystallization process 
equipment for their new greenfield plant in 
Çayırhan, Turkey. The new plant will produce 
120,000 ton/yr of pure sodium sulfate from 
glauberite, extracted through a unique 
solution mining process. The HPD system 
produces glauber salt as a first purifica-
tion step followed by re-crystallization to an 
anhydrous sodium sulfate in a multi-effect 
evaporator. The end product is a key com-
ponent in consumer products, pulp & paper, 
and the textile industry. 

Mergers and acquisitions
Honeywell and DuPont announce  
JV for new refrigerant
May 20, 2010 — Honeywell (Morristown, 
N.J.; www.honeywell.com) and DuPont 
(Wilmington, Del.; www.dupont.com) have 
announced a manufacturing JV to pro-
duce a new refrigerant for use in automotive 

air-conditioning systems. The new refrigerant 
is said to have 99.7% lower global warming 
potential than the current refrigerant. Under 
the agreement, DuPont and Honeywell will 
share financial and technological resources 
with the intent to jointly design, construct 
and operate a manufacturing facility for the 
new product. Prior to the construction of the 
new plant, the JV will begin supplying the 
new refrigerant in the 4th Q 2011, in time to 
meet EU regulatory requirements.

Omnova Solutions completes acquisition 
of Dow Chemical’s product line 
May 17, 2010 — Omnova Solutions Inc. 
(Fairlawn, Ohio; www.omnova.com) has 
completed the acquisition of The Dow 
Chemical Co.’s (Midland, Mich.; www.dow.
com) hollow sphere plastic pigment (HPP) 
product line. Concurrently, the RohmNova 
paper coatings JV has been terminated. 
The termination was necessitated by Dow 
Chemical’s acquisition of the JV partner, 
Rohm and Haas Co.

Evonik Industries, Tasnee and Sahara plan 
JV to produce superabsorbents
 April 26, 2010 — Evonik Industries AG (Essen, 
Germany; corporate.evonik.com), National 
Industrialization Co. and Sahara Petrochemi-
cals are planning to set up a JV to produce 
superabsorbent polymers. Their intention 
is to build a state-of-the-art facility with a 
80,000-m.t./yr capacity at Jubail in Saudi-
Arabia. Startup would be in the 1st Q of 2013. 

Songwon and Tangszhan  
Baifu to form a JV
April 19, 2010 — Songwon Industrial Co. 
(Ulsan, Korea; www.songwonind.com) 
and Tangshan Baifu Chemical Ltd. have 
announced their intention to form a JV to 
manufacture and sell thioester antioxidants. 
The two companies have signed a 
memorandum of understanding whereby 
Songwon will take an initial stake of 30% 
in Tangshan Baifu Chemical Ltd. with the 
option to extend its share to up to 50% at 
a later date. The JV will be operational by 
January 1, 2011.  ■

Dorothy Lozowski
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Economic Indicators

CURRENT BUSINESS INDICATORS LATEST PREVIOUS YEAR AGO

CPI output index (2000 = 100) Apr. '10 = 98.5 Mar. '10 = 96.8 Feb. '10 = 95.9 Apr. '09 = 90.4

CPI value of output, $ billions Mar. '10 = 1,864.7 Feb. '10 = 1,789.6 Jan. '10 = 1,786.8 Mar. '09 = 1,482.0

CPI operating rate, % Apr. '10 = 73.5 Mar. '10 = 72.1 Feb. '10 = 71.3 Apr. '09 = 65.9

Producer prices, industrial chemicals (1982 = 100) Apr. '10 = 274.0 Mar. '10 = 273.3 Feb. '10 = 265.7 Apr. '09 = 220.1

Industrial Production in Manufacturing (2002=100)* Apr. '10 = 101.4 Mar. '10 = 100.4 Feb. '10 = 99.4 Apr. '09 = 95.7

Hourly earnings index, chemical & allied products (1992 = 100) Apr. '10 = 151.5 Mar. '10 = 150.0 Feb. '10 = 150.4 Apr. '09 = 146.4

Productivity index, chemicals & allied products (1992 = 100) Apr. '10 = 138.6 Mar. '10 = 137.2 Feb. '10 = 138.0 Apr. '09 = 133.1
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DOWNLOAD THE CEPCI  TWO WEEKS SOONER AT  WWW.CHE.COM/PCI
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CURRENT TRENDS 

Typically, the graphs on this 
page display data for two 

years: the current and previous 
years, which would in this case 
correspond to 2010 and 2009. 
In last month’s issue, however, 
we began including data for one 
additional year, 2008, because 
true economic recovery not only 
requires that we surpass 2009 
levels, but that we also exceed 
those of early 2008. 

In the Feburary CEPCI the 2009 
milestone was surpassed. And 
although the gap between 2010 
and 2008 continues to narrow 
with the March preliminary 
CEPCI, it has not yet been erased.

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

2010              2009              2008          

CHEMICAL ENGINEERING PLANT COST INDEX (CEPCI)

              (1957-59 = 100) Mar. '10
Prelim.

Feb. '10
Final

Mar. '09
Final

CE Index 541.8 539.1 522.6
Equipment 645.5 641.1 616.6
   Heat exchangers & tanks 592.5 587.3 563.2
   Process machinery 614.1 610.3 597.3
   Pipe, valves & fittings 801.7 796.1 761.0
   Process instruments 421.0 420.5 385.1
   Pumps & compressors 903.4 903.4 898.0
   Electrical equipment 472.1 468.4 459.6
   Structural supports & misc 665.6 660.0 636.1
Construction labor 328.4 330.2 325.7
Buildings 504.3 500.5 494.9
Engineering & supervision 341.8 342.4 349.0

Starting with the April 2007 Final numbers, several of the data series for labor and compressors have 
been converted to accommodate series IDs that were discontinued by the U.S. Bureau of Labor Statistics 

 Annual Index:

2002 = 395.6

2003 = 402.0

2004 = 444.2

2005 = 468.2

2006 = 499.6

2007 = 525.4

2008 = 575.4

2009 = 521.9

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

 2010
 4th Q
 2009

 3rd Q
 2009

 2nd Q
 2009

 1st Q
 2009

M & S INDEX  1,448.3  1,446.5  1,446.4  1,462.9  1,477.7 

Process industries, average  1,510.3  1,511.9  1,515.1  1,534.2  1,553.2 
   Cement  1,508.1  1,508.2  1,509.7  1,532.5  1,551.1 
   Chemicals  1,481.8  1,483.1  1,485.8  1,504.8  1,523.8 
   Clay products  1,496.0  1,494.3  1,495.8  1,512.9  1,526.4 
   Glass  1,403.0  1,400.1  1,400.4  1,420.1  1,439.8 
   Paint  1,515.1  1,514.1  1,515.1  1,535.9  1,554.1 
   Paper  1,416.4  1,415.8  1,416.3  1,435.6  1,453.3 
   Petroleum products  1,615.6  1,617.6  1,625.2  1,643.5  1,663.6 
   Rubber  1,551.0  1,560.5  1,560.7  1,581.1  1,600.3 
Related industries
   Electrical power  1,389.6  1,377.3  1,370.8  1,394.7  1,425.0 
   Mining, milling  1,552.1  1,548.1  1,547.6  1,562.9  1,573.0 
   Refrigeration  1,772.2  1,769.5  1,767.3  1,789.0  1,807.3 
   Steam power  1,475.0  1,470.8  1,471.4  1,490.8  1,509.3 

Marshall & Swift's Marshall Valuation Service© manual. 2010 Equipment Cost Index Numbers reprinted and 
published with the permission of Marshall & Swift/Boeckh, LLC and its licensors, copyright 2010. May not be 
reprinted, copied, automated or used for valuation without Marshall & Swift/Boeckh's prior permission.
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Endress+Hauser, Inc
2350 Endress Place
Greenwood, IN  46143
inquiry@us.endress.com
www.us.endress.com

Sales: 888-ENDRESS
Service: 800-642-8737
Fax: 317-535-8498

The information you need at your fingertips.

Information at your fingertips in seconds! Whether you’re planning, procuring, installing and commissioning or operating 
a plant, W@M – Life Cycle Management from Endress+Hauser keeps you up to date on the complete installed base of pro-
cess automation equipment, even for non-Endress+Hauser products. W@M is designed as an open and flexible information 
platform with software applications and services that reduce equipment failure and plant downtime, and minimize repair 
and maintenance costs, cutting total life cycle costs. Talk to us today. We’ll be glad to tell you more about how W@M can 
help improve your business. www.us.endress.com/W@M

Circle 5 on p. 62 or go to adlinks.che.com/29251-05

ZZ_CHE_060110_Full_pg_ads.indd   4 5/25/10   10:19:14 AM


	01
	02
	03
	04
	05
	06
	07
	08
	09
	10
	11
	12
	13
	14
	15
	16
	17
	18
	19
	20
	21
	22
	23
	24
	25
	26
	27
	28
	29
	30
	31
	32
	33
	34
	35
	36
	37
	38
	39
	40
	41
	42
	43
	44
	45
	46
	47
	48
	49
	50
	51
	52
	53
	54
	55
	56
	57
	58
	59
	60
	61
	62
	63
	64
	65
	66
	67
	68

