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TABLE III 

B a y  
/Minet te  a_l Jesup 

% Rosin acid ............................ / 4 2 . 5  I 45.0 

% Fa t ty  acid ............................. [ 4 8 . 4  [ 43.0 

% A~h ....................................... ] .... , o.o: 

Plan t s  

% Minera l  acid ......................... 

% Neutra ls  ................................ 

% Unsaponif iable  ...................... 

% L ign in  ................................... 

% Mois ture  b ............................. 

Acid va lue  ................................. 

Lovibond  color c ........................ 

0.011 

2.13 

~.6 

D.23 

2.1 

0.0( 
~o 0.0( 

2.0 
~o 2.7 

7.8 

0.0 c 
io 0.1~ 

1.1 
~o 1.5 

169 

5/4.o 

St. M a l y s  Pensaco la  

52.4 46.6 

35.7 42.1 

O.0', 0 .025 
to 0.Ol 

0.0( 2 0.002 
to O.0' 0 to 0.009 

1,5 1.38 
to 1.7 

8.4 6.6 

0.1: 0.06 
to 0.26 to 0.25 

1.5 1.5 
to 1.9 to 1.7 

166 170 

3 5 / 2 . 4  35 /1 .5  
to 3.0 to 2.4 

a Semieont inuous  plant .  
b F r o m  cen t r i fuge ;  0 .6% or less f rom s torage tank .  
r 5% in benzol, 1 in. 

i f  they are distilled. F o r  that  mat ter  it is not essen- 
tial for  tall oil from batch systems, which are very  
well controlled. 

S u m m a r y  

The conventional batch process for  tall oil produc- 
tion was changed to a semieontinuous one by prop- 
erly sizing tanks to reaction times and adding a 
screen and a continuous centr ifugation step. 

As a fu r the r  inlprovement an ent irely new, con- 
t inuous acidulation process has been developed which 
includes proport ioning of reagents, controlled mix- 
ing, and degasification, followed by tall oil separation 
in a special form of nozzle type of centrifuge. Both 
these processes produce higher  quali ty tall oil at 
lower cost than the original batch process. 

The economy of the process has been improved by 
modifying the centrifuge to remove fibers, which 
eliminates a costly and troublesome screening step. 
Lowest costs are produced by a plant specifically de- 
signed to use waste acid from a chlorine dioxide 
bleaching process. 

hand-treated. Consequently the reaction time, the 
treat,  and the skimming-off of tall oil are subject to 
human error. Two washing plants have been in- 
stalled for a major  naval stores producer  at two t a l l  
oil distillation plants. Briefly the system consists of 
an AC-VO nozzle-type centrifuge, as used in the 
continuous tall oil installations, preceded by water  
washing. Wash water is mixed with the crude tall 
oil fed to tile centrifuge in order to remove the soap, 
excess mineral acids, and lignin present in most of 
the batch-produced tall oil. This company has found 
it imperative that  lignin be reduced to a minimum 
before distilling. F rom the standpoint  of corrosion 
in their expensive fraet ionat ing towers, excess min- 
eral acids must also be reduced to a negligible amount. 

This washing system is not required on tall oils 
produced in the continuous acidulation process, even 
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Corrosion Testing and 
Tall Oil 

Corrosion Problems m Processing of 

H A R O L D  C. T E M P L E T O N ,  Alloy Steel Products Company, Linden, N e w  Jersey 

I 
T IS  O U R  I N T E N T  t o  present information on the c o r -  

r o s i o n  problems encountered in tall oil processing. 
Some of the information is new, some has been 

published previously. We shall briefly summarize some 
of the information published to date, present new 
plant corrosion test data, a n d  point up areas where 
empirical corrosion data are lacking or conflicting. 

Corrosion test work may be performed in several 
stages. Laboratory  tests using actual or synthesized 
solutions yield a great deal of information and, in the 
absence of other means of testing, must be the basis 
for  construction of process equipment. 

The next  step in corrosion testing f requent ly  will be 
the pilot-plant stage. Corrosion can be studied by 
visual observation of corrosion effects on equipment. 
Samples exposed to the solution can addit ionally be 

analyzed by weight loss computed to tradit ional  un i t s  
for  expressing corrosion penetrat ion as inches per 
year  or mils per year. 

The ultimate stage for testing would be in the 
operating plant. Samples exposed to operating con- 
ditions of the full-scale plant will yield the most 
accurate corrosion information. Differences of sig- 
nificanee may exist between plant conditions and 
laboratory or pilot operations, producing inaccurate 
and sometimes erroneous results. Plant  corrosion in- 
formation comes from examination of equipment af ter  
service periods or from special test rods carrying 
samples of interest as potential construction material. 
Examinat ion of equipment will yield only qualitative 
results. Test rods also furnish information of a qnali- 
tative nature,  and, of greater  importance, quanti tat ive 
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data  are obtained which can be used for accurate se- 
lection of materials.  

The type of test rod which we have used in our 
collaborative p lant  tests is shown schematically in 
F igure  1. This rod is designed to be inserted in a 
flanged process line of any  size, 2 in. or larger. The 
test rod adapter  is sized to match the diameter  of the 
raised face flange on the line where the rod is to be 
installed. The pressure drop is minor  and can be 
tolerated in near ly  any operat ing line. Each rod is 
custom-built  to the proper  size and of materials  which 
will wi thstand the exposure. We normal ly  suggest a 
min imum exposure time of 60 days. Shorter  exposure 
times may  lower the accuracy of the results. 

F igure  2 shows test rods constructed and ready for 
installation. All samples are normal ly  insulated f rom 
each other and f rom the rod-support ing members. 
When  desired, dissimilar materials  are coupled to- 
gether to determine effects f rom the couple. In  other 
instances some samples may  be connected to the rod 
mater ia l  and the test rod adapter  connected to the 
piping system to determine effects f rom dissimilar 
materials  under  these conditions. The rod can also be 
furnished without  the flange adapter  for installation 
in a tank or reactor. 

Table I shows corrosion test results in a tall oil 
recovery system. The solution consisted of tall oil and 
naphtha plus sulfuric acid at a temperature of 200~ 
maximum. The solution is noncorrosive to the aus- 
tenitie stainless steels except 18-8 (304), which shows 
a low-weight-loss corrosion rate  (.0028 in. per year)  
with some localized a t tack plus p i t t ing  to a depth of 
.009 in. in a two-month exposure. 

T A B L E  I 

Tall  Oil Recovery System 

Solu t ion :  O i l - - N a p h t h a  phls  su l fur ic  acid 
Temp er a tu r e :  200~ max imum 
Exposure :  1,440 hrs. 

Pen.  Spec. No. Alloy in . /y r .  Remarks  

1 .............................................. 

2 .............................................. 
3 .............................................. 
4 .............................................. 

5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

6 .............................................. 

Stainless  
type 316 

Aloyco 20 
Wor th i t e  
Sta inless  

type 304 

Ampco 18 

Carbon steel 

.0000 

.0000 

.0000 

.0028 

.0336 

No at tack 
No a t tack 
No a t tack 

Some p i t t i ng  and  
localized a t tack 

H e a v y  genera l  
a t tack 

Completely cor- 
roded 

T A B L E  II 

H i g h  Tempera tu re  Reactor  

So lu t ion :  Successive esterifications, amidizat ions,  and  su l fur iza t ions  of 
ta l l  oil  

Tempera tu re :  3O0~ average,  5 5 0 ~  maximum 
Exposure :  421 hrs.  

~Iater ia l  

~ o n d  ............................................................. 
Nickel ............................................................ 
Inconel  .......................................................... 
18-8S Sta inless  Steel ..................................... 
18-8Mo S t a i n l e s s - - T y p e  316 ........................ 
t t as te l loy  B .................................................... 
Haste l loy C .................................................... 
Aloyco 20 ....................................................... 
20% Ni cast i ron  ........................................... 
Ni-resist  ......................................................... 

Ind ica ted  corrosion r a t e - -  
inch pene t ra t ion  per  year 

L i q u i d  

0.022 
0.038 
0.005 
0.009 
0.0014 
0.0065 
0 . 0 0 0 1  e 
0.0006 
0.013 
0.0062 

Vapor  

0.012 
0.01& a 
0.0003 
0.0001b, r 
0.0001 e 
0.006 
0.O001 e 
0.0001 e 
0.016 
0.012 

P i t t i n g  in surface to m ax imum  depth of 0.006 in. 
b P i t t i n g  in  surface to m ax imum  depth of 0.002 in. 
c Less than.  

Table I i  (1) gives the results of p lant  corrosion test 
covering successive esterifications, amidizations, and 
sulfurizations of tall oil. Type  316 is sat isfactory for 
this service. Several other materials  are equally suit- 
able but  more costly so 316 would be first choice for  
all classes of equipment.  

Labora to ry  corrosion tests in refined tall oil were 
reported upon by Teeple (2). These tests were run  
at various tempera tures  to determine the effect of 
t empera ture  on the resistance of the materials.  Under  
the conditions of test, 316 stainless is resistant  up to 
575~ but  above tha t  t empera tu re  the resistance of 
316 drops appreciably.  La  Que and Clarke (3) re- 
ported on plant  tests of f a t t y  acids f rom tall oil, 
giving results both on samples exposed in the liquid 
and vapor  phases. The liquid-phase t empera tu re  of 
test was 530~ and results show considerably higher 
rates at this t empera tu re  in p lant  test  than  were 
repor ted for the 545~ tests by  Teeple. 
The specific solution compositions were not given so 
it is impossible to draw definite conclusions as to the 
reasons for the var ia t ion in corrosion rates reported 
by  these two studies. 

We have recently completed evaluation of corrosion 
test results on samples exposed to solutions at the 
base of two different tall oil f raet ionat ing towers. The 
exposure t empera ture  was the same in both cases, 
but  the solution conditions were quite different (Ta- 
bles I I I  and IV) .  

All of the austenitic stainless steels, except type 
304, were resistant  to the solution of 20% fa t ty  acids, 

T A B L E  I I I  

Base of Tail  Oil Yrae t iona t ing  Tower  

Solut ion:  20% oleic- l inoleic  acids, 60% rosin  acids, and 20% tal l  oil 
pi tch 

Tempera tu re :  265~ (509~ 
Exposure :  1,296 hrs.  

R, emarks  Spec. Alloy 
No. 

A-1 Stainless  type 304 
A-2 a Stainless  type 316, 

2 .2% Mo 

A-3 a Stainless  type 316, 
2 .5% Mo 

A-4 Aloyeo 20 

A-5 Stainless  type 317 
A-6 Monel 

A-7 ~Iild steel 

Pen.  
I.P.Y. 

0.1849 
0.0001 

0.0001 

0.0000 

0.0000 
0.0066 

Very heavy even c o r r o s i o n  
Very l i gh t  spotty etch, many  

very small  pits,  .001 to 
.002 in. deep 

Same as A-2 

B r i g h t  and clean, no evi- 
dence of a t tack  

Same as )--4 
Heav i ly  sealed and  moder- 

ately etched 
Completely corroded 

Chemical  composit ion of samples A-2 and A-3 : 
Sa.mple n e a t  ~ Cr Ni Mo MN Si C 

A-2 7053 19.32 10.49 2.20 0.52 0.86 .020 
A-3 5041 19.33 10.37 2.54 0.55 0.80 .048 
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TABLE IV 
Base of Tall Oil Fraetionating Tower 

Solution: 65% fatty ueids, 35% rosin acids, in liquid phase 
Temperature:  265~ (509~ 
Exposure: 3,216 hrs. 

Spec. Alloy 
No. 

B-1 Aloyco 18-8S (304)i 
B-2 a Aloyeo 18-8S 2r 

2.2% Me (316) 
B-3 a Aloyco 18-8S Me, 

2.5% l~Io (316) 

B-4 AIoyco 20 
B-5 Stainless type 317 

B-6 t,{onel 

B-7 Carbon steel 

Pen. 
I .P.Y. 

0.0342 

0.0275 
0.0087 

0.0089 

Remarks 

a Chemical composition of samples B-2 and B-3 : 
Sample Hea t  # Cr Ni i~[o IgiN Si C 

B-2 7053 19.32 10.49 2.20 0.52 0.86 .020 
B-3 5041 19.33 10.37 2.54 0.55 0.80 .048 

Completely corroded 
Specimen lost 

Very heavily etched, somewhat 
heavier attack adjacent to 
metal washees 

t t eavy  even etch 
Moderate to heavy etch, slightly 

heavier attack in area adja- 
cent to metal washer 

Heavy tenacious protective 
coating, selective attack un- 
der metM washer, heavy at- 
t a c k  at edges of specimen, 
where coating was appar- 
ently abraded off 

Completely corroded 

I~IG. 2. 

60% rosin acids, and 20% tall oil pitch a t  509~ 
(Table I I I ) .  

The samples exposed to the solution of 65% fa t t y  
acids and 35% rosin acids (Table IV)  were heavily 
at tacked except for the 317 alloy sample. The rachel 
sample does not show a high-weight-loss corrosion 
ra te ;  however selective at taek under  the metal  washer 
holding the sample and heavy at taek at the edges of 
the specimen would rule out the use of rachel. The 
corrosion rate  of 317 alloy would be acceptable for  
equipment  where corrosion allowances can be made. 
The corrosion rate for 317 alloy is too high for  satis- 
fac tory  use in eonstruetion of low-corrosion-tolerance 
equipment  such as valves. Because of this, an addi- 
tional test rod is present ly  being exposed to this 
solution for  the purpose of selecting an alloy which 
would be suitable for equipment  such as valves. 

These results show the effect of solution emnposition 
change on eorrosion ra te  even at the comparat ively  
moderate  tempera ture  of 5097F. The corrosion results 
shown in Tables I I I  and I V  demonstrate  the very  
potent effect of solution composition changes on cor- 
rosion rate. This appears  to be one area where em- 
pirical corrosion data are lacking, and addit ional  cor- 
rosion work is necessary at the present  time. 

Type  316 stainless steel is necessary to wi ths tand 
the corrosive conditions of the tall oil recovery sys- 
tem. Type  304 is not suitable for  this service because 
of the pi t t ing at tack of the solution on this alloy. 
Worthi te  and Aloyeo 20 alloy were also found to be 
suitable for  the service. 

Disti l lation and fraet ionat ion of tall oil requires 
316 alloy as a minimum. Fo r  some conditions, i.e., 
higher t empera tu re  and some solutions, addit ional 
alloying is required, for  example type 317. In  the 
test results given in Table I I I ,  increase of molyb- 
denum content f rom 2.2% to 2.5% did not eliminate 
the minor p i t t ing  of the 316 alloy. The process con- 
ditions which require molybdenmn contents in excess 
of the 2.5% are not clearly outlined on the basis of 
data  presented here. Addit ional  test ing would be 
necessary to determine more aceurately  the point to 
which type 316 of 2.5% molybdenum content is usable 
and where higher molybdenum contents are required. 

With  an addit ional  inerease in t empera ture  (above 
575~ as indicated on laboratory  tests) ,  317 alloy 
beemnes unsuitable for  use. Of the mater ia ls  tested 
at  higher temperature ,  Hastel loy C and Inconel have 
the best resistance to attack. 
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�9 Letter to the Editor 

On the Origin of Stearic Acid in Ruminant Depot Fat 
N 1951 Reiser (1) repor ted  that  rumen contents 
were capable of par t ia l ly  hydrogenat ing  linolenie 
acid and later  (2) explained that  the high level 

of sa turated f a t t y  acids in ruminan t  fa t  resulted f rom 
hydrogenat ion by rumen bacteria. Similar studies 
have been made by others (3, 4). Later  the evidence 

(5) was reviewed, and new data were presented to 
suppor t  the hypothesis. 

I f  it should be t rue that  the stearic acid of ruminan t  
depot fa t  is f rom hydrogenated Cls unsa tura ted  acids 
of the diet, it should follow that  a ruminan t  animal  
reared on a rat ion free of fa t  would develop depot 


