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Materials of Construction in the Fatty Acid Industry
E.E. RICE, Vice President, Engineering, Humko-Sheffield Chemical, a Division o f
Kraf t Inc., White Station Tower, PO Box 398, Memphis, TN 38101

ABSTRACT
The b a s i c material o f c o n s t r u c t i o n for the tankage

a n d r e a c t o r s that are u s e d in the f a t t y c h e m i c a l indus -
try i s one o r a n o t h e r variant o f the 300 s e r i e s stainless
steels. The use o f t h e s e alloys essentially eliminates
the possibility o f iron a n d o t h e r m e t a l contamina-
t i o n s w h i c h m a y e i t h e r degrade the p r o d u c t o r
c a t a l y z e u n d e s i r a b l e o x i d a t i o n a n d o t h e r side r e a c -
t i o n s . With certain exceptions, it has b e e n f o u n d that
Type 304 stainless s t e e l may be u s e d in fat ty
c h e m i c a l processing at t e m p e r a t u r e s up to 150 C a n d
Type 316 stainless s t e e l for t a n k s a n d vessels d e s i g n e d
f o r use a b o v e that t e m p e r a t u r e . Where w e l d i n g is in-
volved in the f a b r i c a t i o n o f e q u i p m e n t d e s i g n e d for
high t e m p e r a t u r e u s a g e , it h a s b e e n f o u n d necessary
t o use e i t h e r a s p e c i a l l o w c a r b o n stainless s t e e l o r a n
a l l o y w h i c h c o n t a i n s an e x t r a i n g r e d i e n t that will in-
h i b i t c a rb ide precipitation in the weld area s i n c e s u c h
precipitation usua l ly r e s u l t s in a p o i n t o f corrosion
a n d u l t i m a t e f a i l u r e . In the fabrication o f p r e s s u r e
vessels, it i s n o r m a l p r a c t i c e to use c a r b o n s t e e l p l a t e s
o f s u i t a b l e t h i c k n e s s that have a m i n i m a l a m o u n t o f
the d e s i r e d a l l o y b o n d e d to the s u r f a c e r a t h e r than fab-
r i c a t e o f s o l i d a l l o y . This n o t only r e d u c e s the cost
o f the vessel but adds g r e a t l y to the s t r e n g t h o f the
s h e e t s i n c e most high alloys lose t e n s i l e s t r e n g t h
r a p i d l y as t e m p e r a t u r e s are i n c r e a s e d w h i l e c a r b o n
s t e e l r e t a i n s s t r e n g t h u n t i l very high temperatures are
r e a c h e d . In a d d i t i o n t o the 300 s e r i e s stainless steels,
c e r t a i n h i g h l y s p e c i a l i z e d a l l o y s s u c h as Inconel 825 ,
C a r p e n t e r 20 C b , o r M o n e l are f r e q u e n t l y u s e d for ex-
t r e m e a c i d c o n d i t i o n s . The l o w e r cost o f a l u m i n u m as
c o m p a r e d t o a high a l l o y m a k e s it attractive f o r stor-
age t a n k s but it c a n be u s e d only w h e n materials con-
tain n o m o i s t u r e , s i n c e even t r a c e s o f w a t e r accelerate
the rate o f corrosion a n d r a p i d l y r e n d e r the tank u n -
u s a b l e . N e w m a t e r i a l s o n the s c e n e are fiberglass-
p o l y e s t e r tankage a n d a p p l i e d l i n i n g s o f the p h e n o l i c
o r the epon-epoxy t y p e . T h e s e m a t e r i a l s do n o t have

a wide application, but w h e r e t h e i r u se i s p o s s i b l e , it
is a l o w e r cost a n s w e r to the p r o b l e m of iron
contamination.

I f it c o u l d be sa id that t h e r e are b a s i c m e t a l s for the
fat ty c h e m i c a l i n d u s t r y , they w o u l d have t o be t w o o f the
so-called 18-8 s e r i e s austenitic stainless steels, Type 304 a n d
Type 316 in one o r a n o t h e r o f t h e i r variant f o r m s ( T a b l e
I).

Typically in this i n d u s t r y , Type 304 stainless s t e e l i s
u s e d for f a t t y chemical processes w h e r e the temperature
d o e s not e x c e e d i 50 C, a n d Type 316 is u s e d for tempera-
t u r e s a b o v e this level. The principal difference in t h e s e t w o
a l l o y s i s that Type 3 1 6 h a s a d d e d 2 to 3% m o l y b d e n u m ,
w h i c h greatly i m p r o v e s resistance t o c o r r o s i o n particularly
a t elevated temperatures. S i n c e this a l l o y i n g component
will act in m u c h the s a m e w a y a s e x c e s s c h r o m i u m in the
p r o m o t i o n o f a ferritic s t r u c t u r e , the n i c k e l i s usua l ly
i n c r e a s e d slightly in o r d e r t o keep the a l l o y in the austenitic
f o r m , a n d c o n s e q u e n t l y it r e m a i n s less s u b j e c t t o inter-
g r a n u l a r c o r r o s i o n as well as retains the n o n m a g n e t i c
property that i s typical o f austenites.

One p r o b l e m o f any a l l o y containing b o t h c h r o m i u m
a n d c a r b o n is the precipitation of a c h r o m i u m ca rb ide as
the a l l o y i s s u b j e c t e d to w h a t is c a l l e d the sensitizing
t e m p e r a t u r e r a n g e o f 566 to 871 C , a t e m p e r a t u r e r a n g e
that will a l w a y s o c c u r d u r i n g any type o f w e l d i n g . In this
r a n g e , the c a r b o n leaves s o l u t i o n in the austenite a n d
selectively r e a c t s with c h r o m i u m f o r precipitation as the
ca rb ide a l o n g g r a i n b o u n d a r i e s . This l e a v e s the area im-
m e d i a t e l y a d j a c e n t to the ca rb ide g r a i n d e f i c i e n t in
c h r o m i u m s i n c e the c a r b o n wi l l tie up 17 t i m e s its o w n
w e i g h t o f this metal. This r e n d e r s the b o u n d a r y less resis-
tant to corrosion, a n d the e n d r e s u l t i s e v e n t u a l weld area
failure. In e x t r e m e c a s e s involving severe corrosive c o n d i -
t i o n s , i t can also r e s u l t in an electrochemical a c t i o n b e i n g
initiated b e t w e e n the chromium-rich a n d the c h r o m i u m -
d e p l e t e d a r e a s a n d c a u s e t o t a l f a i l u r e due t o d e s t r u c t i o n o f
the g r a i n b o u n d a r i e s w i t h r e s u l t i n g lack o f c o h e r e n c y o f the

TABLE 1

Materials of Construction: 1 8 - 8 Stainless Steels

Type Ni Cr C Mn Si P S Mo
N o . % % Max % Max % Max % Max % Max % %

304 8 - 1 2 1 8 - 2 0 0.08 2.0 1.0 0 . 0 4 5 0.03 --
304L 8 - 1 2 1 8 - 2 0 0.03 2.0 1.0 0 . 0 4 5 0.03 --
3 1 6 1 0 - 1 4 1 6 - 1 8 0.08 2.0 1.0 0 . 0 4 5 0.03 2 . 0 - 3 . 0
316L 1 0 - 1 4 1 6 - 1 8 0.03 2.0 1.0 0 . 0 4 5 0.03 2 . 0 - 3 . 0
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TABLE II

Materials o f Construction: European Offsets for Type 316 L

M a t e r i a l N o . DIN Marking
(German) (German)

AISI TYPE 316L

4 4 0 4 a X3 CrNiMo 18 10
4429 b - X2 CrNiMo 18 14
4435c - X2 CrNiMo 18 14
4436 d - X5 CrNiMo 18 12
4571e -- XI0 CrNiMo 18 10

a E s s e n t i a l l y s a m e as Type 316L.
bE.~sentially same as Type 316L-Special Low Nitrogen Grade.
CEssentially s a m e a s T y p e 3 1 6 L - N i c k e l c o n t e n t slightly higher.
d s a m e as (c) e x c e p t C a r b o n s p e c i f i c a t i o n i s 0 . 0 7 % max.
eEssentially same as Type 316 with T i t a n i u m a d d e d a t 5XC level

f r e q u e n t l y r e f e r r e d to a s T y p e 3 1 6 T iin E u r o p e .

grains. F o r this r e a s o n , i t is necessary t o a l t e r the a l l o y for
e q u i p m e n t that m u s t be f a b r i c a t e d by w e l d i n g i f s u c h
e q u i p m e n t i s to be s u b j e c t e d to o t h e r than m i l d l y corrosive
conditions. The s i m p l e s t m e t h o d o f d o i n g this is t o l i m i t
the a m o u n t of c a r b o n p r e s e n t t o not more than 0 . 0 3 % s i n c e
i t has b e e n f o u n d that this wi l l not precipitate a c o n t i n u o u s
film o f c h r o m i u m c a r b i d e , a n d s u c h a l l o y m a y then be
w e l d e d w i t h o u t severely l i m i t i n g the life o f the vessel.

There are o t h e r m e t h o d s o f preventing i n t e r g r a n u l a r
corrosion t h r o u g h the use o f a d d i t i o n a l a l l o y i n g c o n s t i t u -
ents that will selectively tie up the c a r b o n r a t h e r than a l l o w
i t to form a ca rb ide with c h r o m i u m . O n e s u c h m e t a l is
titanium. If this m e t a l i s a d d e d at a rate e q u a l to five t i m e s
the c a r b o n c o n t e n t , a n d if certain a d j u s t m e n t s are m a d e in
the n i c k e l / c h r o m i u m ratio, a n e w resistant stainless k n o w n
a s Type 321 results. A n o t h e r variant, Type 347 , r e s u l t s
w h e n a m i x t u r e o f t a n t a l u m and c o l u m b i u m is a d d e d at a
level e q u a l to 10 t i m e s the c a r b o n c o n t e n t . N e i t h e r Type
321 n o r Type 347 stainless s t e e l s is wide ly u s e d in the
fat ty a c i d i n d u s t r y in this c o u n t r y , a s t h e i r most i m p o r t a n t
u se is f o r the fabrication o f e q u i p m e n t that is f r e q u e n t l y
h e a t e d a n d c o o l e d t h r o u g h the sensitizing zone previously
n o t e d . T h e s e a n d s i m i l a r a l l o y s may be e n c o u n t e r e d ,
h o w e v e r , in e q u i p m e n t m a n u f a c t u r e d in E u r o p e , particular-
ly in G e r m a n y o r Scandinavia, w i t h some t i t a n i u m a d d e d
a l l o y s b e i n g r e f e r r e d t o as AISI Type 316Ti. B e c a u s e o f
overlapping specifications f o r v a r i o u s a l l o y i n g constituents,
several m a t e r i a l n~tmbers are o f t e n l i s t e d by f o r e i g n v e n d o r
c o m p a n i e s as b e i n g the same as AISI Type 3 1 6 L . These
may o r m a y not be s u i t a b l e replacements d e p e n d i n g o n the

e x a c t c o n d i t i o n s to be e n c o u n t e r e d , T a b l e II.
As t o the uses o f v a r i o u s f o r m s o f t h e l 8 - 8 a l l o y s for

fat ty c h e m i c a l processing, the c o m m o n e s t is the b a s i c Type
304 as u s e d for the fabrication o f s t o r a g e t a n k s a n d p i p e -
l i n e s w h i c h are not s u b j e c t e d t o t e m p e r a t u r e s in e x c e s s o f
150 C. S i n c e n o n e o f the f a t t y a c i d s are c l a s s i f i e d as
severely corrosive at this t e m p e r a t u r e , it is n o t necessary t o
use the l o w c a r b o n form even t h o u g h w e l d i n g m a y be u s e d
in fabrication. The majority o f the processing e q u i p m e n t ,
h o w e v e r , is f a b r i c a t e d o f Type 316 L s i n c e m o s t reactions o r
processes r e q u i r e temperatures in e x c e s s o f 150 C. In this
category are both b a t c h a n d c o n t i n u o u s splitters, h y d r o -
genation vessels, esterification a n d o t h e r r e a c t o r s a n d
distillation e q u i p m e n t . In the case o f the distillation e q u i p -
m e n t , the a l l o y is o f t e n u s e d in the form o f a s o l i d s h e e t o f
ca. 5 / 8 " o r 3 / 4 " t h i c k n e s s s i n c e it is not necessary to
w i t h s t a n d high haternal p r e s s u r e s , but only to prevent
c o l l a p s e u n d e r full v a c u u m . In the o t h e r c a s e s n o t e d , these
are usua l ly p r e s s u r e vessels, a n d it i s c o m m o n practice to
fabricate from a c l a d m e t a l in w h i c h the s h e e t o f the alloy
of ca. 3/16" o r 1/4" in t h i c k n e s s is f u s e d t o a s h e e t o f the
p r o p e r t h i c k n e s s o f c a r b o n s t e e l b e f o r e r o l l i n g o r o t h e r
fabrication. S i n c e all w e t t e d s u r f a c e s are of a l l o y , the
e q u i p m e n t i s as fu l l y corrosion resistant as i f i t w e r e s o l i d ,
a n d an e c o n o m i c p u r p o s e is s e r v e d by greatly r e d u c i n g the
a m o u n t o f expensive a l l o y a n d s u b s t i t u t i n g i n s t e a d the
m u c h c h e a p e r c a r b o n steel. The previously m e n t i o n e d
Type 321 a n d 347 stainless steels, as we l l as t h e i r E u r o p e a n
offsets, may o r d i n a r i l y be u s e d f o r any fabrication w h e r e
Type 3 1 6 L is i n d i c a t e d e x c e p t i n g p o s s i b l y for con-
t i n u o u s s p l i t t e r c o l u m n s a n d distillation reboilers.

In a d d i t i o n to the usua l 18-8 s e r i e s o f stainless s t e e l s ,
t h e r e are o t h e r h i g h l y specialized a l l o y s s u c h as C a r p e n t e r
20 Cb a n d I n c o l o y 825 , ( T a b l e l I I ) . T h e s e are q u i t e dis-
s i m i l a r in analysis but in properties r e l a t e d to use in the
f a t t y c h e m i c a l p r o c e s s i n g they are s o m e w h a t c o m p a r a b l e ,
as t h e i r corrosion resistance i s m u c h the same for the uses
w h e r e t h e s e a l l o y s are i n d i c a t e d .

O f t h e s e high alloys, the C a r p e n t e r 2 0 Cb is p r o b a b l y the
most corrosion resistant o f all austenitic stainless steels, as
it may be u s e d t o p r o c e s s i t e m s w i t h up to a 4 0 % concen=
tration o f b o i l i n g s u l f u r i c a c i d a n d s t i l l m a i n t a i n a con-
trollable a n d p e r m i s s a b l e level o f corrosion. This a l l o y is
c u r r e n t l y b e i n g u s e d in the form o f c l a d s h e e t s f o r the
fabrication o f vessels w h e r e h i g h l y a c i d i c c o n d i t i o n s e x i s t .
The o t h e r a l l o y n o t e d , l n c o l o y 825 , is f r e q u e n t l y u s e d in
c l a d form for the f a b r i c a t i o n o f esterification vessels w h e r e
e i t h e r s h o r t c h a i n a c i d s are p r o c e s s e d or w h e r e s u l f u r i c a c i d
is u s e d as a c a t a l y s t for o t h e r reactions. A n o t h e r use o f this
a l l o y , also in c l a d f o r m , i s the fabrication o f splitting vessels

TABLE III

M a t e r i a l s o f C o n s t r u c t i o n : High Alloy S t a i n l e s s S t e e l s

AL 26--1
T y p e 3 1 6 L C a r p e n t e r 2 0 C h I n c o l o y 8 2 5 (E-Brite)

N i %
C r %
C %
M n %
S i %
P %
S %
M o %
Cu %
At %
T i %
Co + T a %
N %
N i + C u %
Fe %

1 0 - - 1 4 3 2 . 5 - - 3 5 . 0 3 8 - - 4 6 i n c . C o 0 . 5 m a x
1 6 - 1 8 1 9 - 2 1 1 9 . 5 - 2 3 . 5 2 5 . 0 - 2 7 . 5

0 . 0 3 m a x 0 . 0 6 m a x 0 . 0 5 m a x 0 . 0 1 m a x
2 . 0 m a x 2 . 0 m a x 1 . 0 m a x 0 . 4 m a x
1 . 0 m a x 1 . 0 m a x 0 . 0 5 m a x 0 . 4 m a x
0 . 0 4 5 m a x 0 . 0 3 5 m a x 0 . 0 2 m a x
0 . 0 3 m a x 0 . 0 3 5 m a x 0 . 0 3 m a x 0 . 0 2 m a x
2 . 0 - 3 . 0 2 . 0 - 3 . 0 2 . 5 - 3 . 5 0 . 5 - - 1 . 5

3 . 0 - - 4 . 0 1 . 5 - 3 . 0 0 . 2 m a x
0 . 0 2 m a x

8 X C m i n , 1 . 0 m a x ' 0 . 6 - - 1 . 2

2 2 . 0 m i n

0 . 0 1 5 m a x
0 . 5 m a x

J . A M . O I L C H E M I S T S ' S O C . , N o v e m b e r 1 9 7 9 ( V O L . 5 6 ) 7 5 5 A



TABLE IV

Materials of Construction: Alloy Comparisons

Ni Cr C Mn Si P S Mo
% % Max% Max% Max% Max% Max% %

Type 316L 10-14 1 6 - 1 8 0.03 2.0 1.0 0.045 0.03 2.0-3.0
AL-6X (Typical) 24.5 20.25 0.025 1.5 0.5 0.025 0.01 6.25

TABLE V

Materials of Construction: Approximate Rates of Corrosion -Inches
per Year Tallow Fatty Acids

Storage Ester Ester Still
tanksa reactors b reactors c reboilers d

Aluminum 2S 0.0039
Monel 400 0.0018 0.0110 0.0180
S.S. Type 304 <0.0001 0.0630 0.0035
S.S. Type 316 <0.0001 0.0017 0.0620 0.0002
Carpenter 20 Cb 0.0017 0.0130 0.0001
lncoloy 825 0.0013 0.0110 0.0001
lnconel 625 0.0005 0.0004
AL 26-1 (E-Brite) 0.0002

aMoisture free, 160 F.
bpTSA Catalyst, 195 F.
c0.25% H2SO4 Catalyst, 295 F.
dNominal 500 F exposure (465-550 I.').

or c o l u m n s that are d e s i g n e d to p r o c e s s c o c o n u t or o t h e r
l a u r i c oils s i n c e the s u p e r i o r resistance t o corrosion over
Type 3 1 6 L is very u s e f u l in this type o f processing. There is
also a n e w alloy available that is properly k n o w n as Al-
l e g h e n y 26-1 but is c o m m o n l y c a l l e d E-Brite. This a l l o y is
m u c h different from the o t h e r s in that it contains little o r
n o n i c k e l a n d is c o n s e q u e n t l y ferritic r a t h e r than austenitic.
This a l l o y also d i f f e r s physically in that it is h i g h l y mag-
n e t i c , a property that is usua l ly not f o u n d in stainless steels.
E-Brite i s a v a c u u m r e f i n e d s t e e l , a n d in a p p e a r a n c e s e e m s
i d e n t i c a l t o Type 316 e x c e p t that the c o l o r i s very slightly
b lu ish by comparison. This a l l o y is relatively n e w a n d
deserves a c l o s e look for many p u r p o s e s . While it is s o m e -
w h a t more expensive than Type 3 1 6 L , it is ca. 4% l i g h t e r in
d e n s i t y so that a correspondingly l e s s e r a m o u n t is n e e d e d
for a g i v e n u s e . An i m p o r t a n t d i f f e r e n c e , h o w e v e r , is that
the t h e r m a l conductivity is ca. 20% b e t t e r than that o f 1 8-8
a l l o y s a n d this, c o m b i n e d with t h e l o w e r d e n s i t y , can be
v a l u a b l e w h e n d e s i g n i n g a heat e x c h a n g e r or a c o n d e n s e r
w h e n s u c h des ign is h a m p e r e d by available s p a c e f o r instal-
lation. As to resistance t o a c i d i c a t t a c k , E-Brite i s in a c l a s s
w i t h l n c o l o y 825 a n d C a r p e n t e r 2 0 Cb as f a r as f a t t y
c h e m i c a l p r o c e s s i n g is c o n c e r n e d a n d s h o u l d be basically
interchangeable w i t h t h e m .

B e f o r e l e a v i n g the area o f stainless s t e e l s , we s h o u l d at
l e a s t m e n t i o n a n o t h e r very s p e c i a l i z e d Allegheny Lud lum
s t e e l , A L - 6 X , T a b l e IV. This a l l o y is a u s t e n i t i c nickel-
c h r o m i u m s t e e l containing over 6% m o l y b d e n u m . The
principal advantage o f this a l l o y is its e x t r e m e resistance to
c h l o r i d e a n d s t r e s s c o r r o s i o n c r a c k i n g . F o r this reason, it is
o n e stainless s t e e l that may be u s e d to fabricate c o n d e n s e r s
a n d h e a t exchangers that are to be c o o l e d with b r a c k i s h
w a t e r o r even w i t h sea w a t e r . S i n c e very f e w fatty a c i d
p l a n t s are l o c a t e d d i r e c t l y on the o c e a n , this u se is of little
m o m e n t , but it c o u l d p r o v e u s e f u l in a reverse c o n d i t i o n
s u c h a s the case o f a s w e e t w a t e r evaporator that is to be
d e s i g n e d for a f e e d s t o c k that has been a c i d i f i e d with
h y d r o c h l o r i c a c i d . This w a t e r , even a f t e r b e i n g n e u t r a l i z e d
w i t h a n alkali, c o u l d be high in c h l o r i d e ion c o n t e n t a n d
thus r e s u l t in deterioration o f conventional 18-8 stainless

s t e e l s t h r o u g h s t r e s s corrosion cracking.
There is one o t h e r f e r r o u s m e t a l w h i c h was not pre-

v i o u s l y n o t e d but w h i c h is wide ly u s e d in the fat ty c h e m i -
cal i n d u s t r y a n d i s p r o b a b l y the c o m m o n e s t , plain c a r b o n
s t e e l . The use o f this m e t a l by the i n d u s t r y i s basically
e c o n o m i c a n d not b e c a u s e o f any unique properties.
C a r b o n s t e e l is wide ly u s e d for s t o r a g e t a n k s for l o w a c i d
c o n d i t i o n s such as the storage o f g l y c e r i d e r a w materials
a n d v a r i o u s solvents s u c h as h e x a n e , methanol a n d iso-
p r o p a n o l . A n o t h e r c o m m o n use i s for the storage o f l o w
a c i d b y p r o d u c t s s u c h as e s t e r a n d f a t t y acid pitches. C a r b o n
s t e e l may "also be u s e d for transfer l i n e s in the a b o v e
services as we l l as in o t h e r s w h e r e t r a c e iron p i c k u p is not a
p r o b l e m . Tanks for the storage of 5 0 ° B e ' c a u s t i c soda a n d
66 ° Be '+ s u l f u r i c a c i d may also be c o n s t r u c t e d o f this
r e a s o n a b l y p r i c e d m e t a l as may s t o r a g e b o t t l e s for com-
p r e s s e d gasses s u c h as h y d r o g e n , n i t r o g e n , air a n d dry
c a r b o n d i o x i d e . Transfer l i n e s f o r t h e s e chemicals a n d
g a s s e s may also be o f c a r b o n s t e e l a s may l i n e s for s t e a m ,
w a t e r a n d any l iqu id o r g a s e o u s f u e l s . C a r b o n steel is u s e f u l
a l s o , as previously n o t e d , for the m a n u f a c t u r e o f clad m e t a l
s h e e t s w h i c h can then be u s e d in the f a b r i c a t i o n o f resistant
v e s s e l s at m u c h l o w e r c o s t s than w h e n u s i n g s o l i d a l l o y .

Certain n o n f e r r o u s a l l o y s are also u s e d in some a r e a s o f
f a t t y chemical processing. The more c o m m o n o f these are
Inconel, Monel, a n d a l u m i n u m , l n c o n e l 625 contains 6L%
N i + C o , 21.5% C r , 9.0% Mo, 3.5% Cb + T a a n d 2.5% Fe.
M o n e l 400 consists o f 6 6 . 5 % Ni + Co a n d 3 1 . 5 % C u .
A l u m i n u m a l l o y s s u c h a s 2 S c o n t a i n typically 9 7 - 9 9 % Al.
In the p a s t , t h e s e a l l o y s have h a d v a r y i n g uses in f a t t y
c h e m i c a l plants, but for the most o f these they are b e i n g
g r a d u a l l y d i s p l a c e d by one o r a n o t h e r of the n e w e r a l l o y
s t e e l s s h o w n in T a b l e V. l n c o n e l , basically an a l l o y o f
n i c k e l a n d c h r o m i u m , has b e e n u s e d f o r the high tempera-
t u r e e x p o s u r e to fat ty chemicals that w o u l d be c o m m o n in
distillation e q u i p m e n t a n d also in the fabrication o f esteri-
fication vessels, particularly t h o s e w h e r e acid catalysts were
to be used . These uses have n o w b e e n r e p l a c e d for the most
part with high "alloys s u c h as Incoloy 825 or Carpenter 20
C b , w h i c h o f f e r essentially the same resistance t o corrosion
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but with a d i s t i n c t e c o n o m i c advantage. In m a n y c a s e s
w h e r e only a h i g h t e m p e r a t u r e is i n v o l v e d w i t h n o m i n e r a l
a c i d p r e s e n t , as f o r e x a m p l e distillation e q u i p m e n t , this
alloy has b e e n r e p l a c e d by an even m o r e reason'ably p r i c e d
a l l o y such as Type 3 1 6 L . T h e r e is one i m p o r t a n t u se
r e m a i n i n g for Inconel, h o w e v e r . Thin s h e e t s o f this a l l o y
are u s e d to line l a rge b o i l e r s t a c k s to prevent c o r r o s i o n
w h e n u s i n g h i g h s u l p h u r f u e l s , particularly r e s i d u a l oils that
are also high in v a n a d i u m , the o x i d e s o f w h i c h c a t a l y z e the
conversion o f s u l p h u r d i o x i d e to s u l p h u r t r i o x i d e a n d
c o n s e q u e n t l y i n c r e a s e the level o f s u l p h u r i c a c i d f o r m e d .

M o n e l i s a n o t h e r a l l o y that i s b e i n g u s e d to l e s s e r d e g r e e
in the fabrication o f e q u i p m e n t for t h e p r o c e s s i n g o f f a t t y
chemicals. This a l l o y , basically o f n i c k e l a n d c o p p e r , was at
one t ime wide ly u s e d f o r esterification vessels a n d for t a n k s
d e s i g n e d for s u l p h u r i c acid a c i d u l a t i o n o f soapstocks. It was
also u s e d a l m o s t exclusively in the fabrication o f p r e s s u r e
vessels a n d s t o r a g e t a n k s d e s i g n e d for the p r o d u c t i o n o f
q u a t e r n a r y a m m o n i u m c o m p o u n d s from f a t t y a m i n e s . This
l a t t e r u se was primarily b e c a u s e o f the excellent resistance
o f M o n e l t o t h e extremely high concentration o f active
c h l o r i d e s d u r i n g this reaction. This a l l o y i s s t i l l very satis-
f a c t o r y f o r the uses n o t e d , but the cost h a s e s c a l a t e d f a r
more than a l l o y s t e e l s a n d i s n o w a t a p r i c e n e a r l y d o u b l e
that o f Type 3 1 6 L a n d a b o u t 1% t i m e s that o f I n c o l o y 825
or C a r p e n t e r 2 0 C b . B e c a u s e o f the e c o n o m i c a d v a n t a g e o f
one o r a n o t h e r o f t h e s e alloy s t e e l s , they are n o w com-
m o n l y s u b s t i t u t e d for M o n e l in the f a b r i c a t i o n of esterifica-
tion e q u i p m e n t , a n d C a r p e n t e r 20 Cb is f r e q u e n t l y u s e d f o r
the fabrication o f a c i d u l a t i o n e q u i p m e n t . The use o f M o n e l
in the fabrication o f e q u i p m e n t f o r the p r o d u c t i o n a n d
storage o f q u a t e r n a r y a m m o n i u m c o m p o u n d s still con-
t i n u e s , but i t w o u l d seem that h e r e , too , this a l l o y m a y be
d o o m e d s i n c e the i n t r o d u c t i o n o f a l l o y s s u c h as Allegheney
A L 26-1 or E-Brite, a n d AI-6X as t h e s e a l l o y s p r e s e n t
e c o n o m i c a d v a n t a g e s a l o n g w i t h e x c e l l e n t resistance to
c h l o r i d e a t t a c k a n d the r e s u l t a n t s t r e s s corrosion c r a c k i n g
that f o l l o w s .

The o t h e r m e t a l n o t e d earlier, a l u m i n u m , was a t one
t i m e wide ly u s e d in the fabrication o f s t o r a g e t a n k s a n d
transfer p i p e l i n e s b e c a u s e of its l o w p r i c e a n d e a s e o f
h a n d l i n g , c o u p l e d w i t h a heat transfer rate far s u p e r i o r t o
any o f the resistant f e r r o u s alloys available. Over the
y e a r s , this m e t a l h a s b e e n f o u n d t o have many d i s a d v a n -
t a g e s a n d b e c a u s e o f t h e s e the usage by the f a t t y c h e m i c a l
i n d u s t r y has d e c l i n e d . P r i m a r y a m o n g the disadvantages i s
the difficulty o f c l e a n i n g an a l u m i n u m s y s t e m s i n c e a n
alkaline c l e a n e r r a p i d l y a t t a c k s the m e t a l leaving, at b e s t ,
h a r d t o c l e a n p i t s , a n d at t h e w o r s t , a c t u a l perforation.
A n o t h e r p r o b l e m w i t h a l u m i n u m is that in the p r e s e n c e o f
even t r a c e s o f m o i s t u r e the m e t a l i s s u b j e c t t o a t t a c k by
fatty a c i d s , a n d this at tack, even t h o u g h i t progresses
s l o w l y , will eventually r e n d e r the s y s t e m u n u s a b l e . . A
f u r t h e r disadvantage of the use o f this m e t a l for l a rge
s t o r a g e t a n k s i s t h e fact that the l o w strength r e q u i r e s the
use o f very t h i c k s h e e t s o f 5 / 8 " o r m o r e for f a b r i c a t i o n .
B e c a u s e o f the stresses set up d u r i n g w e l d i n g , s u c h t a n k s
m u s t then be n o r m a l i z e d by f u r n a c e treating a f t e r f a b r i c a -
t i o n . This m a k e s f i e l d w e l d i n g f o r e i t h e r alteration or r e p a i r
very d i f f i c u l t s i n c e on cooling, i t i s n o t u n c o m m o n to have
v i r g i n m e t a l c r a c k in a r e a s a d j a c e n t to a we ld . In o r d e r t o
a v o i d this s i t u a t i o n , it i s n e c e s s a r y t o heat the a r e a s ad-
j a c e n t to the weld w i t h m u l t i p l e a c e t y l e n e t o r c h e s d u r i n g
the w e l d i n g p r o c e d u r e a n d then g r a d u a l l y cool by r e d u c i n g
s u c h t o r c h h e a t to a l l o w the weld area to c o o l s l o w l y , a s the
i m m e d i a t e w i t h d r a w a l o f the h e a t w o u l d c a u s e a very r a p i d
t e m p e r a t u r e r e d u c t i o n due to the high h e a t conductivity o f
a l u m i n u m . This is extremely d i f f i c u l t t o do in the f i e l d , a n d
c o n s e q u e n t l y l a rge a l u m i n u m t a n k s are s e l d o m c o n s t r u c t e d
for the m o d e r n f a t t y acid i n d u s t r y . A n o t h e r p r o b l e m that
h a s a r i s e n in the past w i t h a l u m i n u m t r a n s f e r l i n e s is a
s u d d e n a n d apparently inexplicable explosion. T h e s e

explosions have o c c u r r e d w h e n u s i n g c o m p r e s s e d a i r to c l e a r
l i n e s r a t h e r than u s i n g an i n e r t gas s u c h a s nitrogen. The
s o - c a l l e d e x p l o s i o n m a y o c c u r w h e n a c o m p l e t e o r p a r t i a l
b l o c k a g e o c c u r s in a n a l u m i n u m line that is b o t h s t e a m
heat-traced a n d i n s u l a t e d . U n d e r t h e s e c o n d i t i o n s , the
t e m p e r a t u r e o f a partially f i l l e d line m a y easily rise t o 150
C , a t w h i c h p o i n t l o w e r c h a i n f a t t y a c i d s wi l l r e a d i l y i g n i t e
a n d b u r n in the p r e s e n c e o f c o m p r e s s e d air. The r e s u l t i n g
i n t e r n a l fire h e a t s t h e p i p e l i n e t o a t e m p e r a t u r e a p p r o a c h -
i n g the m e l t i n g p o i n t w h e r e i t m a y r u p t u r e due t o the
i n t e r n a l p r e s s u r e , a n d the f l a m e b l o w o u t l e a d s t o the
s u p p o s i t i o n that an i n t e r n a l e x p l o s i o n h a s o c c u r r e d . That
s u c h b l o w o u t i s n o t a t r u e e x p l o s i o n is s h o w n by the fact
that s i m i l a r c o n d i t i o n s involving stainless s t e e l p i p e l i n e s
have r e s u l t e d in t h e h e a t i n g o f t h e c o m b u s t i o n area to
r e d n e s s w i t h o u t d a m a g e to t h e s y s t e m o t h e r than an
i n t e r n a l c o k i n g o f char from the partially b u r n e d f a t t y
material.

There is one n o n f e r r o u s m e t a l that i s i n c r e a s i n g in usage
a t the e x p e n s e o f s t a i n l e s s steels. This i s t i t a n i u m , a n d its
u se is i n d i c a t e d in e q u i p m e n t t h a t is to be s u b j e c t e d t o b o t h
corrosive a n d h i g h l y erosive conditions. One o f the bes t
e x a m p l e s o f this application i s in the f a b r i c a t i o n o f the
p l a t e s o f a plate-type heat e x c h a n g e r w h e n h i g h velocities
are i n v o l v e d , particularly w h e n a l iqu id b e i n g h e a t e d m a y
e x c e e d the b o i l i n g p o i n t a n d i n t e r n a l flashing t h u s o c c u r s .
This h i g h l y erosive c o n d i t i o n can c u t t h r o u g h Type 316
p l a t e s in t h e relatively s h o r t t ime o f a f e w w e e k s w h i l e
t i t a n i u m p l a t e s a p p e a r t o be u n a f f e c t e d w i t h e x p o s u r e s o f a
y e a r o r m o r e , a n d the e x t r a 4 0 t o 50% cost is we l l j u s t i f i e d .

In a d d i t i o n t o t h e v a r i o u s m e t a l s c o m m o n l y u s e d in t h e
f a t t y c h e m i c a l i n d u s t r y , t h e r e are also several c o a t i n g s that
can be a p p l i e d to c a r b o n s t e e l t o m a k e it corrosion resis-
t a n t . O n e o f the m o s t u s e f u l o f t h e s e i s glass. I n the m a n u -
f a c t u r e o f glass-lined e q u i p m e n t , a c a r b o n s t e e l vessel i s f i r s t
p r e p a r e d , c l e a n e d , f l u x e d a n d c o a t e d w i t h the g la s s com-
position. T h e e n t i r e vessel i s t h e n f i r e d in a kiln in o r d e r to
f u s e g la s s c o m p o n e n t s to a c o n t i n u o u s l a y e r . Vesse l s o f this
type may be f o u n d u s e f u l w h e r e e x t r e m e corrosive c o n d i -
t i o n s are involved s u c h as a high a c i d i t y o r a h i g h l e v e l o f
active c h l o r i d e s . I n s i t u a t i o n s s u c h a s t h i s , a g l a s s 4 i n e d
v e s s e l will usua l ly be s o m e w h a t c h e a p e r in p r i c e than w o u l d
be one c o n s t r u c t e d o f a s u i t a b l e h i g h alloy. The g l a s s q i n e d
e q u i p m e n t , h o w e v e r , h a s m a n y disadvantages w h i c h t e n d t o
o f f s e t the l o w e r c o s t s , the p r i n c i p a l o f w h i c h is susceptibili-
ty t o b o t h m e c h a n i c a l d a m a g e a n d t h e r m a l s h o c k . When
s u c h a vessel i s d a m a g e d , it i s very d i f f i c u l t t o r e p a i r s a t i s -
factorily a n d usua l ly m u s t be r e p l a c e d o r else r e l e g a t e d t o a
different operation. A f u r t h e r d i s a d v a n t a g e is in the
m e t h o d s available f o r h e a t i n g a n d cooling. I f the m a t e r i a l
b e i n g p r o c e s s e d i s e x t r e m e l y corrosive even t o high alloys,
t h e only s o l u t i o n i s t o j a c k e t the v e s s e l a n d install a d e q u a t e
controls to prevent t h e r m a l s h o c k . I f h i g h a l l o y s are satisfac-
t o r y , a b a y o n e t b u n d l e m a y usua l ly be a t t a c h e d t o a
m a n h o l e cover, w h i c h c o v e r m u s t a l so be c o n s t r u c t e d o f t h e
s a m e high a l l o y . A f u r t h e r d r a w b a c k to the use o f glass-
l i n e d vessels i s the d i f f i c u l t y o f a d a p t i n g t h e m t o o t h e r
p u r p o s e s s h o u l d the initial u se b e c o m e o b s o l e t e , s i n c e it i s
i m p o s s i b l e t o add n o z z l e s or flanges. The uses i n d i c a t e d
f o r glass-lined v e s s e l s a r e primarily f o r s t o r a g e t a n k s , s m a l l
r e a c t o r s a n d s y s t e m s w i t h active c h l o r i d e s s u c h a s q u a t e r -
nary a m m o n i u m c o m p o u n d s . It is also p o s s i b l e t o line
c a r b o n s t e e l vessels w i t h e l a s t o m e r s s u c h as N e o p r e n e ,
K o r o s e a l , b u t y l r u b b e r , a n d so f o r t h . Vesse l s o f this type
are wide ly u s e d in d e i o n i z a t i o n s y s t e m s s u c h as m a y be
u s e d in the p r o c e s s i n g o f glycerine s w e e t w a t e r . T h e s e
l i n i n g s are severely l i m i t e d for t e m p e r a t u r e r e a s o n s a n d
b e c a u s e o f the difficulties of installing h e a t i n g a n d c o o l -
i n g s y s t e m s w i t h i n the vessel. R e p a i r s t o a d a m a g e d l i n i n g
c a n be m a d e in the f i e l d a n d c u r e d in p l a c e w i t h heat l a m p s .
T h e s e elastomers, a n d also Teflon, are very u s e f u l for the
l i n i n g o f p i p e s w h i c h are to be u s e d for the transfer o f
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severely corrosive l iqu ids s u c h as mineral a c i d s as typically
u s e d in the regeneration o f deionization resins s i n c e the
s t r u c t u r a l strength of the m e t a l pipe p r e v e n t s b r e a k a g e o f
the pipeline w i t h p o s s i b l e harm to personnel a n d / o r e q u i p -
m e n t .

The most c o m m o n l i n i n g s e n c o u n t e r e d in the m o d e r n
f a t t y c h e m i c a l s p l a n t will be s p r a y e d a n d c u r e d coatings o f
e i t h e r the epon-epoxy o r the p h e n o l i c t y p e . The principal
uses o f t h e s e c o a t i n g s are for s t o r a g e t a n k s t o s o m e d e g r e e
a n d f o r t a n k c a r s to a m a j o r d e g r e e s i n c e the cost o f stainless
s t e e l tank cars is a l m o s t prohibitive. C o a t i n g s c o m m o n l y
u s e d are Lithcote, A m e r c o a t , a n d Talicor. O f these, the
most c o m m o n a n d usua l ly s u i t a b l e for all a r o u n d service is
Lithcote # L C - 1 9 . The l i n i n g s s h o u l d be shop a p p l i e d s i n c e
c l o s e l y c o n t r o l l e d t e m p e r a t u r e s d u r i n g c u r i n g are necessary.
It is p o s s i b l e t o coat s t o r a g e t a n k s in the f i e l d a n d cure with
p r o p a n e or gas-fired h e a t e r s a f t e r i n s u l a t i n g the tank
with several i n c h e s o f l o o s e f i b e r g l a s s b a t t s, but this m e t h o d
s h o u l d be u s e d only as a last resort, as it is n e a r l y impossi-
ble to have a c o a t i n g w h i c h is not o v e r - b a k e d in s o m e areas
a n d u n d e r - b a k e d in o t h e r s . O n e c o m m o n p r o b l e m with
t h e s e c o a t i n g s is mechanical d a m a g e , a n d care m u s t be
t a k e n not to s c r a t c h t h r o u g h the c o a t e d s u r f a c e to the base
m e t a l o r corrosion a n d / o r iron contamination may r e s u l t .

The use o f s p r a y e d a n d c u r e d c o a t i n g s p r e s e n t s a un ique
p r o b l e m in that s u c h a c o a t i n g h a s a certain porosity even
t h o u g h it be very m i n o r , a n d this c a u s e s the c o a t i n g to act
a s a m e m b r a n e in electrogalvanic action. Rate f a c t o r s may
be d e t e r m i n e d for the corrosion due to galvanic c o u p l e s
m a d e up o f m e t a l s c o m m o n l y u s e d in fat ty chemical plants,
T a b l e V I . T o c o m p a r e c o r r o s i o n r a t e s w h e n la rge a r e a s o f
d i s s i m i l a r m e t a l s are i m m e r s e d in a n electrolyte, the relative
rate o f corrosion may be o b t a i n e d by s u b t r a c t i n g the f a c t o r
for the c a t h o d i c e n d from the a n o d i c e n d , a n d this r e s u l t i n g
n u m b e r may then be c o m p a r e d w i t h o t h e r c o u p l e s to
d e t e r m i n e the most u s e f u l s y s t e m . The r a t e s o f corrosion
are also d i r e c t l y proportional t o the s u r f a c e area o f the
m e t a l e x p o s e d . This b e c o m e s very i m p o r t a n t w h e n d e a l i n g
w i t h s p r a y e d a n d c u r e d coatings in t a n k a g e involving a n
electrolyte s u c h as c rude g l y c e r i n e sweet~;ater, s i n c e s t o r a g e
t a n k s w i t h s u c h a c o a t i n g m i g h t well be f i t t e d w i t h stainless
s t e e l c o i l s in an a t t e m p t to r e d u c e c o r r o s i o n o f the c o i l . I f
we w e r e to c o n s i d e r an u n c o a t e d 3 0 , 0 0 0 g a l l o n s t o r a g e
tank w i t h an i n t e r i o r s u r f a c e o f ca. 1,800 s q u a r e feet a n d
f i t t e d with 100 ' o f 3 " stainless s t e e l coil h a v i n g ca. 9 0
s q u a r e feet o f s u r f a c e , the r a t i o o f c a r b o n s t e e l t o stainless
s t e e l w o u l d be 20: 1 , a n d a given area o f the c a r b o n s t e e l
w o u l d therefore be very s lowly c o r r o d e d . I f this t a n k ,
h o w e v e r , w e r e l i n e d w i t h an epon-epoxy o r p h e n o l i c
coating, it w o u l d be e x p e c t e d that the t o t a l s t e e l area
e x p o s e d t h r o u g h p i n h o l e s w o u l d be s o m e t h i n g o f the o r d e r
o f 1 s q u a r e i n c h . This then c h a n g e s the r a t i o from 20:1
s t e e l to s t a i n l e s s t o 13,000:1 stainless to steel. The rate o f
corrosion at t h e s e p i n h o l e s w o u l d therefore be i n c r e a s e d by
2 6 0 , 0 0 0 t i m e s o r an e x t r e m e l y severe c o n d i t i o n , a n d the
tank c o u l d be r a p i d l y p e r f o r a t e d . This can be a v o i d e d i f the
stainless s t e e l c o i l s are also c o a t e d w i t h the r e s i n to keep
the r a t i o o f e x p o s e d s t a i n l e s s to s t e e l at a l o w level. In
a d d i t i o n to c o r r o s i o n r a t e s t h r o u g h electrogalvanic action,

TABLE VI

Materials of Construction: Dissimilar Metals Corrosion

Less noble anodic end Rate factor

Aluminum 100
Carbon Steel 67
Brass 24
Monel 17
Inconel 13
SS-300 Series 7
Carpenter 20 Cb 4
Cathodic end more n o b l e

t h e r e is also the p h e n o m e n o n k n o w n as electroenosmosis
w h i c h involves electrogalvanic a c t i o n t h r o u g h a m e m b r a n e .
This c o r r o s i o n m u s t be a v o i d e d at all cost s i n c e i t o c c u r s
b e h i n d the film a n d r e s u l t s in the t o t a l d e s t r u c t i o n of the
b o n d a n d a s u b s e q u e n t s l o u g h i n g o f f o f the coating. It is,
therefore, e x t r e m e l y i m p o r t a n t that n o dissimilar metals
be u s e d in a c o a t e d s y s t e m w h i c h is s t o r i n g even a weak
electrolyte.

F u r t h e r materials o f construction for the f a t t y chemical
i n d u s t r y are totally nonmetallic t a n k s s u c h as fiberglass a n d
w o o d . T a n k s c o n s t r u c t e d o f c y p r e s s have b e e n c o m m o n for
a c i d u l a t i o n o f s o a p s t o c k s f o r m a n y y e a r s , but b e c a u s e o f
the p r o b l e m s o f l e a k a g e , i f the t a n k s are not kept filled at
all times, the use o f high a l l o y s i s increasing. F i b e r g l a s s
t a n k a g e is increasing, a l s o , due to its l o w initial cost and
relative f r e e d o m from d a m a g e by e i t h e r t h e r m a l o~" m e c h a n -
ical s h o c k . T h e s e t a n k s a n d also fiberglass duc t w o r k are
l i m i t e d by the stability o f t h e polyester r e s i n ' u s e d as a
b i n d e r . T h e s e r e s i n s may be s u b j e c t to chemical a t t a c k or to
d a m a g e by t e m p e r a t u r e s o f over 105 C. S o m e m e a s u r e o f
selectivity is p o s s i b l e , h o w e v e r , i f a tank i s d e s i g n e d f o r a
p a r t i c u l a r p u r p o s e s i n c e d i f f e r e n t r e s i n s may be e m p l o y e d
in m a n u f a c t u r e . In g e n e r a l , e x p e r i e n c e w i t h fiberglass t a n k s
h a s not b e e n particularly g o o d in f a t t y a c i d p l a n t s ; h o w -
ever, c o n s i d e r a b l e advances have been m a d e in the past
d e c a d e , a n d it wou ld seem l o g i c a l that f u r t h e r advances
c o u l d r e s u l t in m o r e u s a b l e materials.
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