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~IG. 20. Effect of peripheral speed upon viscosity of cottmb 
seed slurry. 

Disintegration runs 9-13. 

due to hardening of the meal particles during llrC- 
pulverizing. 

4. The presence of hulls slightly increased the dis- 
integration, power consumption, and viseosity. 

5. The effect of solvents was small;  a slightly 
greater  disintegration, power consumption and viscos- 
i ty being obtained with the heavier solvent. 

6. The higher per ipheral  speeds were the more ef- 
ficient, the disintegration and power consumption in- 
creasing with increase in speed. The higher speeds 
also caused the l imiting value of the s lur ry  viscosity 

to be reached more quickly owing to the quicker ex- 
tract ion of the oil. 

7. In  disintegrat ing the cottonseed meats to less 
than 80-mesh-particle size, two-thirds of the meats 
were reduced to less than 300-mesh particle size. 

8. The high nlechanical s t rength of pigment  glands 
w a s  t~Ollfi r n l e t l .  
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Corrosion Tests in Organic Sulfations and Sulfonations 
W. Z. FRIEND, Corrosion Engineering Section, Development and Research Division, 
International Nickel Co., Inc., New York, N. Y. 

B U L F A T I O N  and sulfonation are among the proc- 
esses used to change the propert ies  of organic 
materials  sueh as to introduce greater  solubility 

or to make a hydrocarbon more reactive for  fu r the r  
synthesis. These processes are used par t icular ly  in the 
prepara t ion  of surface-active materials  including de- 
tergents, emulsifiers, wett ing agents, and penetrants  
f rom animal a n d  vegetable oils and f rom fa t ty  alco- 
hols, aronlatics, and other hydrocarbons.  The agents 
commonly employed for  sulfation or sulfonation are 
various strengths of SO:~ in water,  f rom 66 ~ B6 sul- 
furic acid, or even weaker, to strong oleums. Tlle 
s trength of acid used and tempera ture  will depend 
usually upon the degree of saturat ion of the hydro- 
carbon, the location to which the a t tachment  is to be 
directed and other factors. In some cases chloro- 
sulfonic acid and even bisulfite solutions are used as 
sulfonating agents. 

The selection of corrosion-resisting materials  for  
construction of reactors and for washing and neu- 
tralization equipment  depends chiefly upon the tem- 
pera ture  used and upon the anmunt of dilution of 
sulfuric acid which occurs during processing. The 
purpose of this paper  is to pl'esent the results of 
some plant  and laboratory  corrosion tests in organic 
sulfations and sulfonations under  a var ie ty  of oper- 
ating conditions. This will serve as an indication of 

the metals and alh)ys which should be considered for  
the construction of processing equipment.  The infor- 
nlation given concerning the test conditions in the 
plant  corrosion tests is that  provided by  the plant  
where the tests were Blade, or as nmeh of it as can be 
published. Because of the scope and complexity of 
this field no at tenlpt  has been nlade to deal wi th  the 
chemistry of the processes refer red  to except in a 
general way. 

The corrosion tests repor ted here were made with 
tlle spool-type speeinlen holder i l lustrated in Fig. 1. 
This method of testing is substant ia l ly  in accord 
with A.S.T.M. Recommended Practice for Conduct- 
ing Plant  Corrosion Tests, A224-41. ~ Briefly, the 
assembly consists of previously cleaned and weighed 
specimens of the several metals and alloys to be 
tested, lnomlted on the spool-type holder with non- 
metallie par ts  of porcelain to separate and insulate 
the specimens f rom each other and f rom the metallic 
par ts  of the holder. Two similar specimens of each 
mater ial  were included on each spool. The complete 
test assemblies were fastened firmly in p l aee  in the 
desired, test locations in operat ing plant  equipment  
and allowed to remain for sufficient lengths of t ime 
to give reliable indications of corrosion behavior. 
Each of tile test .~pecimens used had an exposed area 
of 0.5 sq. din. 

1A.S.T.M. Standards, Par t  I, p. 522, 1944. 
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F I O .  ] ,  S p o o l - t y p e  spee in l eu  
o f  m e t a l s  in p l a n t  e q u i p m e n t .  

h o l d e r  u s e d  in t e s t i n g  c o r r o s i o n  

Upon eonIpletion of tests, the test spools were re- 
moved, dismantled, and the s p e c i m e n s  e x a m i n e d ,  
cleaned of all scale and corrosion product, and re- 
weighed. From the weight  losses, areas of specinieus 
and duration of exposure, the corrosion rates were 
calculated in terms of mg. per sq. din. per day and 
these rates transposed to inch penetration per year 
( ipy) ,  the unit  used in the accompanying tables. 
This unit  is based upon the assumption of unifornI 
corrosion in practice from one side of the metal  only. 
The rate shown for each material  is the average of 
the two speeiniens included in each test. Ill addition, 

each specimen was examined for cracking, pitting, 
and other forms of local attack. Where pitt ing or 
local attack occured, depth of the five or ten deepest 
pits was measured microscopically or with a depth 
gauge. In the accompanying tables maximum depth 
of pitt ing is reported where it occurred. 

Aill)roxinmte conlpositiollS of the metals and alloys 
inchided in one o r  m o r e  o f  t h e s e  tests are shown ill 
Table I. 

Sulfated Otis 

The sulfated oils, long used as wett ing agents and 
penetrants,  are nlade from a variety of aninml and 
vegetable oils including castor, olive, tea seed, corn, 
peanut,  lard. nears foot, and fish oils. They sometinles 
are referred to as snlfonated oils but nlore correctly 
are sulfated oils since the bond is mostly through the 
oxygen of a sulfate group. A e o n u n o n  representative 
of this class of nlaterials is sulfated castor oil, known 
as Turkey red oil, used ill textile dying. Sulfat ion 
of animal and vegetable oils usually is done ~fith 6 6  ~ 

B 6  sulfuric acid at temperatures from 20 to 6 0 ~  

( 6 8  to 140~ and with good agitation during reac- 
tion. With sonle of the more highly unsaturated fats, 
temperatures must  be kept in the neighborhood of 
10~176  Sulfat ion usual ly  is done in batches 
which may require from 6 to 24 hours, depending 
upon size of batch and nature of the oil. After  sul- 
ration, sodium sulfate or sodimn chloride solutions 
are added to salt out the produet which is separated, 
washed with glauber's  salt solution, reseparated and 
finally neutralized with caustic soda, soda ash or 
ammonia.  Frequently,  washing and neutralization 
are done in the sulfation vessel. 

The results of a number of plant corrosion tests 
in the sulfation, washing, and neutral ization of oils 
in operating reactors are summarized in Table II. In 
Tests 1 to 6 inclusive, sulfation, washing, and neu- 

T A B L E  I 

Nominal Compositions of Metals and Alloys Used in Corrosion Tests 

: M e t a l  or Alloy Carbon Other 
~ % 

~Ionel . . . . . . .  , 
" S "  Monel 
Nickel . . . . . . . . . . . . . . . . . . . . . . .  
[neone] 
7 0 - 3 0  C o p p e r - N i c k e l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0opper . . . . . . . . . . . . . . . . . . . .  
Bronze ( 8 5 - 5 - 5 - 5 )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Red Brass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Yellow Brass . . . . . . . . . . . . . . .  
Phosphor Bronze . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Silicon Bronze . . . . . . . . . . . . . . . . . . . . . . .  
FIastelloy -~ 
Hastelloy B 
H a s t ~ l l o y  C 
Ha stelloy D 
Illium R 
Illium G . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Durimet 2 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Alloyco 2 0  . . . . . . . . . . . . . . . .  
Worthite . . . . . . . . . . . . . . . .  
Pioneer Metal . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 8 - 8  S t a i n l e s s  ( T y p e  3 0 2 )  
1 8 - 8  S t a i n l e s s  ( T y p e  3 0 4 )  
1 8 - 8  M o  S t a i n l e s s  ( T y p e  3 1 6 )  
1 8 - 8  M o  S ~ a i n l e z s s  ( T y p e  3 1 7 )  
2 5 - 2 0  S~t~a.inloss ~ T y p e  3 1 0 )  
2 5 - 1 2  S t a i n l e s s  ( T y p e  3 0 9 )  
2 7  C r  S C a i r d e s s  ( V P y p e  4 4 6 )  
1 7  C r  Stainless ( T y p e  4 3 0 )  
1 3  C r  Stainless ( T y p e  4 1 0 )  
1 - 6  C r  I r o n  ( T y p e  5 0 2 )  . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . .  
Chemical Lead . . . .  
Tellurium Lead . . . . . . . .  
Antimony Lead 
Duriron . . . . . . . . . . . .  
Ni-Resist T y p e  3 
l~i-Rasist T T p e  1 
Mild Steel . . . . . . . . . . . . .  
Cast Iron . . . . . . . . . . .  

Chro- 
Nickel Copper mium I r o n  

% ,~ % % 

6 7  3 0  . . . .  1 . 4  
6 3  3 0  . . . .  2 
9 9 . 4  O.1  . . . .  0 . 1 5  
7 8 . 5  0 . 2  1 4  6 . 5  
3 0  7 0  . . . . . . . .  
. . . .  9 9 . 9  . . . . . . . .  
. . . .  8 5  . . . . . . . .  

8 5  . . . . . . . .  
. . . .  6 5  . . . . . . . .  
. . . .  9 6  . . . . . . . .  
. . . .  9 6  . . . . . . . .  

5 7  . . . . . . . .  2 0  
6 2  . . . .  6 

8 5  3 

5 8  6 2 2  6 
2 9  4 2 0  B a l .  
2 9  4 2 0  B a l .  
2 4  2 2 0  B a l .  
3 5  .. . .  2 5  B a l .  

9 . . . .  1 9  B a l .  
9 . . . .  1 9  B s [ .  

1 3  . . . .  1 ~  B a l .  
1 3  . . . .  1 8  B a | .  
2 0  . . . .  2 5  B a l .  
1 3  .. . .  2 5  B a l .  
. .:  . . . . .  2 7  B a l .  
. . . . . . . .  1 7  B a l .  

. . . .  1 3  Bal. 
. . . . . . . .  5 Bal. 

. . . . . . . .  fii'L 
~8 .... . . . . . .  i; Bal. 
1 4 . 5  6 2 B a l .  
. . . . . . . . . . . .  Bal. 
. . . . . . . . . . . .  Bal. 

M o | y b -  M a  nga- 
denum Silicon nese 

% ~ 

.. . .  0 . 1  1 . 0  

. . . .  4 0 . 7 5  
. . . .  0 . 0 5  0 . 2  
. . . .  0 . 2 5  0 . 2 5  

.... ~i"" i-" 
~o 1 2 
3 0  1 1 
1 7  1 1 

1 0  1 
5 0 . 6  1 . 2 5  
6 0 . 6  1 . 2 5  
3 1 . . . .  
3 1 . . . .  
3 3 . . . .  

5 .... i::.; 
. . . . . . . .  1 . 2  
2 . 2 5  . . . .  1 , 5  
3 . 2 5  . . . .  1 . 5  

. . . . . . . .  1 . 5  

. . . . . . . .  1 . 5  

. . . . . . . .  1 

. . . . . . . .  1 

.... l i i g  .... 

. . . .  1 . 8  1 . 3  

. . . .  0 . 2 5  0 . 4 5  

. . . .  1.8 0 . 5  

0 . 1 5  
0 A  
0 . 0 5  
0 . 0 8  

0 . 1  
0 . 1  
0 . 1  

0 . 1  
0 . 2  
0 . 0 7  
0 , 0 7  
0 . 0 7  
0 . 1  
0 . 2 0  m a x .  
0 . 0 8  m a x .  
0 . 0 8  m a x .  
0 . 0 8  m a x .  
0 . 2 0  m a x .  
0 . 2 0  m a x .  
0 . 3 5  m a x .  
0 . 1 2  m a x .  
0 . 1 5  m a x .  
0 . 1 0  m a x .  

2 . 7 5  m a x .  
2 . 8  
0 . 2  
3 . 4  

P b 5 ;  S n  5 ;  Z n 5  
Z n  1 5  
Z n  3 5  
S n  3 . 7 5 ;  P 0 . 2 5  

W 5  
A l l  
~V 1 

P b  9 9 . 9  
T e  . 0 4 - . 1 0  ; P b  B a l .  
P b 9 4 . 5 ;  S b 6  
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T A B L E  I I  

P l a n t  Tests in Su l fa t ion  of Animal  and Vegetable Oils 

Su l fa t ions  of va r ious  vegetable and an imal  oils wi th  66 ~ B4 su l fur ic  acid. Test  spool immersed in ag i ta ted  
l iqu id  in  su l fa t ion  reactors d u r i n g  sulfat ion,  washing,  and  neutra l iza t ion,  except Tests 7, 8, and 9 i nvo lv ing  

su l fa t ion  only. Acid added was about  20 to 25% by weight  of oil in each batch. 
Tempera tu re :  20 ~ to 60~  ~ to 140~ 

Mater ia l  

1. Monel .............. 
2. Nickel ..... 
3. Inconel  ................................ 
4. Hastel loy B 
5. Hastel loy C 
6. Chemical Lead 
7. Ni-Resis t  ( T y p e 3 )  
8. Ni-Resist  (Type ] ) .................... 
9. Copper ....................................... 

10. Mild Steel 
l l .  Cast  I ron  ............................. 
12. I l l i um R .............................. 
13. Dur ime t  2o 
14. 18-8 Stainless  (Type 3(14) ......... 
15. 18-8 Mo Stainless  (Type 316) ._  

Test 1 
D u r i n g  16 

Batches  

Cod Liver  
Oil 

0.0O05 
0 , O O l  

0.0060 

0.0016 

0.0070 

{).0{)11 i I 

Corrosion Rate,  inch pene t ra t ion  per  100 batches (a)  Corrosion Rate,  inch per  year  (b)  (e l  

Test 2 Test  3 
D u r i n g  20 D u r i n g  25 

Batches  Batches  

Tallow. Red, 
()live, and Castor and 
Castor  Oils Olive Oils 

0.o0~b5 0.00o8 
0 I)o I .q ( p ) 0.0010 
0.0012 

0 . 0 1 2  0 . 0 0 3 1  

o.ooI 6 
0.0010 (p) 

qF,()}l. () 

o.Oo17(I)) I).Oo27 (10 

(a)  P roduc t ion  rates vary  considerably at different  plants .  To stand- 
ardize the results,  corrosion rates in Tests 1 to 6 have been shown in 
in. pene t ra t ion  per  100 batches. Average product iml  may r u n  150-25o 
batches per year. Batches are 12 to 24 hours  in dura t ion ,  

(p)  Signifi~.anI local alta( 'k 

Test 4 
l ) u r i n g  14 

Batches  

Neatsfoot 
and Fish 

Oils 

O.O05 
I I . O  I 3 
O 0 1  

~ . ~ l t  

0.( ._  

o . l I  

o . o 2 4  

Test 5 
l ) u r i n g  40 

Batches 

( ! a s t o r ,  T e a  
S e e d ,  a n d  
[ ) l i v e  Oi l s  

O.O006 
0.0010 
0 . 0 0 1 7  

o.005 
0.001 .q 
0.0061 

[) . lmlO(p) 

Test  6 
l ) u r i ng  36 

Batches 

Olive and  
Red Pi ts  

I.DO02 
0.0007 
0.0004 

0.0050 

o.002o 

Test 7 
D u r i n g  70 

Days  

Animal  and 
Vegetable 

Oils 

0.o024 
{) .00 }{2 
0.0027 

~L0019 

o.0o54 

0.0054 

1~.#)090 

Test 8 
D u r i n g  7 

Days 

Vegetable 
Oils 

0.o04 
O.Oll 
o.012 

0.0005 
0.023 
o .0 l  5 
0.024 

0.o07 
0.004 
IL012 
o . f ) l  l 

Test 9 
D u r i n g  20 

Days 

P e a n u t  
and Corn 

0 i l s  

0.005 
~).010 
0.006 
0.001 

0.018 

0.008 
0.010 

(b)  The exact number  of bat('hes processed is not known so resul ts  
of Tests  7. 8. and 9 are showll in inch penet ra t ion  per year. 

(e) Tests 7. ;4 and 9 were made d u r i n g  sul fa t ions  only wi thou t  wash- 
ing  and neutra l iza t ion.  

in the form of pitting:, 

tralization were done in t h e  same vessel. In Tests 
7, 8, and 9 sulfation only was carried out. Due to 
-variations in length of batches and other factors, the 
results of the first six tests have been reduced to a 
common basis and expressed as " inch  penetration per 
100 batches." The number of batches carried out 
per year may vary from about 150 to 250. In Tests 
7, 8, and 9 the number of batches was not given so 
that corrosion rates have been shown as " inch  pene- 
tration per year."  The relative quantities of oil and 
acid varied, but the proportions used in Tests 3 and 
8 probably are typical. In Test 3 each batch required 
2,200 pounds of oil and 500 pounds of 66 ~ B6 sulfuric 
aeid and lasted 15 hours, h i  Test 8 each batch re- 
quired an average of 4,125 pounds of oil and 1,085 
pounds of 66 ~ B6 acid. Corrosion rates in a quick 
sulfat ion process, using 98% sulfuric aeid and aeetie 
anhydride,  are shown in Table III.  

T A B L E  I I I  

P l a n t  Test  in  Quick Su l fa t ion  of Tegetable  Oils 

Immersed  in su l fa t ion  reactor  in mix tu re  of vegetable oils and 96% 
su l fu r i c  acid plus  acetic anhydr ide .  Su l fa t ion  be ing  carr ied out  only 
ha l f  of total  exposure time. Exposure  to vegetable oil only d u r i n g  

balance of time. Agi ta ted  90 r.p.m, u n d e r  full  load. 
Tempera tu re :  27 ~176 (80~176 

Dura t ion  of test.: 210 hours .  

Corrosion Rate,  
Mater ia l  inch penet ra t ion  

per year  

Monel .................................................................... 0.001 
Nickel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0029 
Ineonel  .................................................................. o.0015 
Hastel loy C ............................................................ 0.0004 
I l l i um R ................................................................ Q.0013 
Chemical Lead ...................................................... o.t)32 

These test results are indicative of the good per- 
formanee of Monel in the sulfation of animal and 
vegetable oils, which has been confirmed by its per- 
formance in operating reactors o v e r a  period of years. 
Monel is used for the construction of complete sul- 
raters, l inings, heating coils, agitators, pipe, fittings, 
pumps, and pump rods. Corrosion resistance is fa- 
vored by the fact  that the concentrated acid, when 
added, is dispersed in the oily media, which provide 
a somewhat protective film. The ult imate use of 

nmst sulfated oils calls for a l)roduet of high purity,  
with niininIum discoloration. I'sers have observed 
that, in nlost eases, oils processed in Monel equipment 
are equivalent in color to those processed in glass. In 
the case of sulfated olive and tea seed oils there is 
seine indication that nickel snlfat ing equipnlent may 
give better color. Monel also has good resistauee to 
corrosion by the diluted sIdfuric acid and the alkalis 
eneountered in washing and neutralization equip- 
ment. The results of plant corrosion tests in the wash- 
ing and neutralization o f  sulfated vegetable oils are 
showu ill Table IX'. The east nit.kel-chrlmfiUm-ln01yb- 
deluun-Jron alloys t 'ontaining silicou and /o r  COl)per 
sut.h an tile l )ur imet  alloys, Alh)yeo 20, and Worthi te  
are used for pumps  and valves in sulfation aud wash- 
ing systems since they have suitable resistance to 
both COllcentrated and dihlted sulfuric acid at the 
temperatqres encountered. Type 1 Ni-Resist and acid 
resisting bronzes are used to some extent for pumps 
and valves although their corrosion rates usual ly  are 
higher than the other materials mentioned. 

('heroical lead has been. next to Monel, the material 
most eonmionly used for oil sulfation reactors, al- 

T A B L E  IV 

P lan t  Tests in W a s h i n g  and Neutra l iza t ion  of Sulfated Oils 

T e s t  1 : Immersed  half-way down in wash tank.  Sul fa ted  oil dilut~ed 
1 to 1 with water.  Neutral ized wi th  10% caustic soda. Agitated.  
Tempera tu re  4 0 ~ 1 7 6 1 7 6  Dura t ion  of test  60 days. 

T e s t a  2 a n d  3 :  Immersed  in wash t ank  d u r i n g  washing,  neut ra l iza t ion  
and panr~ing. Sul la ted  vegetable oil mixed with approximate ly  5% 
su l fur ic  acid p lus  small amoun t s  of sodium chloride and sodium sul- 
fate. Agi ta ted about  640 ft. per-minut~e. Test  2 near  bottom of t ank  
in aquemls acid layer.  Test 3 half-way up  tank, p r inc ipa l ly  in oil- 
acid mixture .  Tempera tu re  5 0 ~ 1 7 6  I )u ra t ion  of test 45 days. 

Corrosion Rate, inch per  year  
Matvrial  . . . . .  

.__ Test 1 Test 2 Test 3 

Monet.  .................................................... D.0005 0.0030 0.0032 
Nickel ..................................................... 0.0013 0.0044 0.0043 
Inconel  ................................................... 0.0008 0.0030 0.0029 

........ 0.0023 ] 0.0030 

........ 0.0003 0.0002 
........ 0.0041 0.0043 
0.o06 0.017 I 0.018 
o19 / o15 I o12 
O.I)t#9 . . . . . . . . . . . . . . . .  
0.0035 0.O09 I 0.010 
. . . . . . . .  / o .oo~  / 0 . 0 0 7  
o.oo17 , ........ ~ ........ 

Hastel loy B ............................................ 
Hast~elloy C ............................................ 
Dur ime t  20 ............................... : ............ 
Ni ,Resist  (Type 1 ) ................................ 
Cast  I ron  ............................................... 
( 'heroical Lead ....................................... 
18-8 Stainless  (Type 304)  .................... 
18-8 M'o.Stainless (Type 316) .............. 
Bronze ................................................... 



3 5 6  T i l E  J O U R N A L  OF  T t t E  A M E R I C A N  O I L  ( . t I E . l I S T S  S O C I E T Y ' ,  ( ) C T O B E R ,  1 9 4 8  

though subject to  some attack, part icular ly by  the 
alkaline solutions used for neutralization. The stain- 
less steels are subject to attack by  sulfuric acid solu- 
tions in the range of concentrations from about 20% 
to 80% and consequently are usually not used for oil 
sulfonation equipment where these c o n c e n t r a t i o n s  
occur. Type 316 stainless steel is used to some extent 
for  washing and neutralization equipment where more 
dilute acid solutions are encountered. 

Nickel-clad, Inconel-clad, and stainless-clad steels 
arc used for the storage of finished sulfated oils. The 
use of  the clad steels for  large tanks provides economy 
as well as protection for the product.  The results of 
some laboratory corrosion tests in several finished 
sulfated oils are shown in Table V. In  view of the 
fact that  these corrosion rates are so low, they have 
been shown in terms of rag. per sq. dm. per day (todd) 
as well as the customary unit  of inch penetration per 
year  ( ipy) .  

T A B L E  V 

L a b o r a t o r y  Corros ion  Tes t s  in ~ i n i s h e d  Su l fa ted  Oils 

T e s t  1 : I n  su l fa ted  r ed  oil. S t i r r ed  3 or  4, t imes  a day.  D u r a t i o n  7 
days .  Room t e m p e r a t u r e .  

T e s t  2 : I n  su l fa ted  cas tor  oil, D u r a t i o n  21 days .  Room t e m p e r a t u r e .  
T e s t  3 : I n  su l fa ted  olive oil. D u r a t i o n  21 days .  Room t e m p e r a t u r e .  

Ma te r i a l  

Nickel  ..................... 
Monel ..................... 
Ineone l  ................... 

Corros ion  Ra te  

T e s t  1 . . . . . .  P a r t l y  Tes t  2 Tes t  3 

I m m e r s e d  I m m e r s e d  I m m e r s e d  Immersed 

todd ipy mdd ipy mdd ipy I todd ipy 

1.2 0.0002 3 . ~  0 . ~ 0 0 5  10.1 0 .0000210 .3  0 . 0 0 0 ~ - 5 '  
1.2 0 .0002 4.3 0 .9007 
0.9 0.0002 I 1.5 0 ,0003 

Sulfated Alcohols and Sulfonated Aromatics 
A wide variety of detergents and wetting agents 

are now made by the sulfation of f a t ty  alcohols such 
as lauryl,  myristyl ,  oleyl, cetyl, and stearyl alcohols, 
or of fa t ty  esters such as the mono-glycerides, and 
can be refer red  to generally as aliphatic or alkyl 
sulfates. In most eases these are converted to corre- 
sponding sodium, potassium, or ammonium salts by 
t reatment  with the corresponding alkali for use as de- 
tergents. They f requent ly  surpass soap and sulfated 
oils in wetting out, emulsifying, and detergent  prop- 
erties, do not hydrolyze to alkali in water, and show 
no tendency to tu rn  rancid in storage. They generally 
are stable toward acids, alkalies, and salts and are not 
precipitated by the hardness (Ca. and Mg. ions) pres- 
ent in most natural  waters. 

Another  important  group of surface-active agents 
are those based upon the sulfonation of aromatic 
hydrocarbons such as benzene and naphthalene. A 
class of detergents re fer red  to as alkyl aryl  sulfo- 
hates are prepared by  connecting paraffin hydrocar-  
bon groups, such as a keryl  or kerosene group, to 
benzene sulfonie ac id  and treat ing the resulting 
material  with alkali. Products  of this type are man- 
ufactured in petroleum refineries as well as other 
plants. Benzene sulfonic acid also is prepared as an 
intermediate product  in the synthesis of phenol. 
Naphthalene sulfonic acids, in addition to serving as 
a base for  wetting agents and detergents, are used 
for the p r o d u c t i o n  of naphthols to serve as dye 
intermediates. 

A considerable number  of these sulfations and s ul- 
fonations are made with strong sulfuric acid or [~vith 

oleum at moderate temperatures. Where the sulfuric 
acid concentration is not  allowed to fall  below about 
80% during the reaction, steel and cast iron reaction 
equipment generally is used. In  some cases where 
66 ~ B~ sulfuric acid is used and acid condentrations 
are likely to fall below 80%, the use of Monel sul- 
fonating equipment would be indicated as shown by  
the test results in Table VI during sulfonation of 

TABLE V I  

L a b o r a t o r y  Corros ion  Tes t s  in  Su l fona t ion  of Aroma t i c  
H y d r o c a r b o n s  w i t h  Su l fu r i c  Acid 

T e s t  1 : Sul fona t ion  of n a p h t h a l e n e  to m a k e  n a p h t h a l e n e  sul fonie  acid.  
S t a r t  w i th  93v~ su l fu r i c  ac id  which  is d i luted wi th  w a t e r  to about  
3 0 %  ac id  concen t ra t ion  at  end  of sul fonat ion.  D u r a t i o n  of t e s t :  29 
hou r s  a t  s u l f o n a t i n g  t e m p e r a t u r e  of 1 6 5 ~ 1 7 6  792 h o u r s  at  
3 0 ~ 1 7 6  due  to p lan t  shu tdown.  Tes t  spool i m m e r s e d  in l iquid.  
Agi ta t ion  d u r i n g  su l fonat ion .  

Te~t 2 :  Su l fona t ion  of a r o m a t i c  h y d r o c a r b o n s  w i t h  9 4 %  su l fu r i c  acid.  
Acid  concen t ra t ion  a t  end of su l fona t ion  8 0 %  H2SO4. Tes t  spec imens  
i m m e r s e d  in l iquid in l abora to ry  su l fonator .  Solution ag i ta ted ,  Tem- 
p e r a t u r e :  5 0 ~ 1 7 6  D u r a t i o n  of t es t :  24 hour s .  

Mate r i a l  

Monel ........................................................................ 
Nickel  ....................................................................... 
Incone l  ..................................................................... 
18-8 Me Sta in less  (Type  316)  .................................. 
25-20 S ta in less  (Tyl3e 310)  ...................................... 
~,Vorthite .................................................................... 
D u r i m e t  20 ................................................................ 
Has te l loy  B ............................................................... 
Has te l loy  D ............................................................... 
Chemical  Lead  .......................................................... 
T e l l u r i u m  L e a d  ......................................................... 
D u r i r o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Corrosion Rate ,  
inch per  y e a r  

Test  1 I 

Based  on I Test  2 
29 hou r s  
a t  165r I 

~ /  o o1~ 
0.006 ] 0.022 
0.012 ~ 0 .050 
1.85 / ........ 
2 .54 ........ 
1.68 ........ 
0 .067 ........ 
0 .036 ........ 
0 .015 ........ 
0.045 ........ 
0 .041 ........ 
Ga in  ........ 

naphthalene. These tests unfor tunate ly  did not in- 
clude steel or cast iron specimens for direct compari- 
son. However, in another test, shown in Table VI I  
during sulfonation of phenol with 98% acid at 120~ 
(250~ and where the acid was diluted with water, 
mild steel showed a high corrosion rate. Monel, chemi- 
cal lead, Hastelloy alloys A and B, Alloyco 20, and 
Illium were observed to have suitable corrosion re- 
sistance under  these conditions. 

T A B L E  V I I  

P l a n t  Tes t  in Su l fona t ion  of Pheno l  with 
9 8 %  Su l fu r i c  Acid 

Immersed in  su l fona t ion  ket t le  d u r i n g  20 batches  of 12.5 hours  each.  
W a t e r  added d u r i n g  las t  one-half  h o u r  of batch  and  solut ion neu t ra l i zed  

to p H  3. M a k e  180 ba tches  p e r  yea r .  
T e m p e r a t u r e  of su l fona t ion  : 1 2 0 ~ 1 7 6  

D u r a t i o n  of t e s t :  40 days  (20 ba tches ) .  

Corros ion  Rate ,  
inch  p e r  Fear ,  

M a t e r i a l  based  on 180 
ba tches  pew y e a r  

Monel ..................................................................... 0.005 
Nickel  .................................................................... 0.012 
Incone l  .................................................................. 0.016 
~Iastelloy A ............................................................ 0.006 
H a s t e n o y  B ........................................................ ... 0 .002 
I l l ium R ................................................................. 0.007 
Alloyco 20 .............................................................. 0.008 
Mild Steel .............................................................. 0 .26 
Chemical  Lead  ....................................................... 0.003 
18-$ S ta in less  (Type  3045 ....................... : ............ 0.06~ 
18-8 Me Sta in less  (Type  316)  ....... ~ ...................... 0 .14 
18-8 Me Sta in less  (Type  317)  .............................. o .14 
25-12 S ta in less  (Type  3095 .................................. 0.047 
25-20 S ta in less  (Type  310)  .................................. 0.040 

Where sulfonations are carried out with strong 
oleums at high temperatures  such as 165 to 175~ 
(330 to 350~ or with weaker sulfuric acid solu- 
tions at unusually high temperatures  such as 225~ 
(440~ corrosion rates of all common metals and 
alloys are l ikely to be high as indicated by  the test 
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results shown in Table VIII. In these cases, sul- 
fonators probably would be made of glass-lined steel 
or other non-metallic material. 

T A B L E  V I I I  

P l a n t  Tests in  Organ ic  Sul fona t ions  a t  H i g h  Tempera tures  

T e s t  1 : Sul fona t ion  of py r id ine  with 65% oleum. Tempera tu re :  165- 
1 7 5 ~176  D u r a t i o n :  45 hours.  

T e s t  2 :  Sul fona t ion  of naph tha lene  wi th  20% oleum. Tempera tu re  
175~176  D u r a t i o n :  10 hours.  

T e s t  3 : Sul fona t ion  of weak organic  base u n d e r  260 psi, gauge pres- 
sure. Mixture  composed of 1,000 lb. organic  base, 790 lb. 66~ 
su l fur ic  acid and  2,515 lb. water .  S t i r red  at 35 r.p.m. Te mpera tu r e :  
2 2 5 ~176176176  Dura t i on  of tes ts :  48 hours  and  272 
hours.  

Material 

Mone] ............................................. 
" S "  Monel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Nickel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Inconel  ........................................... 
Hastel loy A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Hastel loy B ..................................... 
Ha stelloy C ..................................... 
Yfa stelloy D .................................... 
I l l i um G .......................................... 
n l i u m  R ......................................... 
Wor th i t e  ........ : ................................ 
Dur ime t  20 .................................... 
Ni-Resist  (Type 1) ......................... 
Cast  I ron  ........................................ 
D u r i r o n  .......................................... 
Chemical Lead ............................... 
An t imony  Lead .............................. 
Te l lu r ium Lead .............................. 
Sil icon Bronze ................................ 
18-8 Stainress. (Type 304)  ............ 
18-8 Mo Stainless (TYpe 316)  ....... 
25-12 Stainless  (Type 309)  ........... 
25-20 Stainless  (Type 310)  ........... 
17 Cr Stainless  (Type 430)  ........... 
13 Cr Stainless  (Type 410)  ........... 
4-6 Cr I r o n  (Type 502)  ................. 
Mild Steel ...................................... 

Corrosion Rate, inch per  year  

Test  1 

1.2 

0.15 

0.072 
0.38 
0.15 

0.038 
0.053 
1.26 
1.45 
0.059 

0.12 
0.070 
0.063 
0.11 
0.84 
1.34 
3.26 
2.12 

Test 2 

0.84 
0.81 
1.51 
1.67 
0.64 

o.77 

2.38 

Test  3 

48-hr. 
test  

0.16 

1.48 
1.48 

0.27 
2.01 

(x) 

0.38 
0.050 
0,029 
0.11 
0.043 

272-hr.  
tes t  

0.19 

0.41 

0.15 
0.094 
0.026 
0.11 
0.13 

(x) Corroded ent i re ly  away. Or ig ina l  thickness 0.031 inch. 

Washing and neutralization of naphthalene sul- 
fonic acid usually can be done in Monel or Type 
316 stainless steel equipment as indicated by the test 
results in Table IX. Considerable Monel and stain- 
less steel equipment is used for the handling of alkyl 
aryl sulfonates in petroleum refineries and in other 
plants, both before and after treatment with alkalies. 
The results of corrosion tests in the storage of a liquid 
alkyl aryl sulfonate detergent are given in Table X. 

TABLE IX 

Plant Test in ~/ashing and Neutralization of 
Naphtha lene  Sul fonic  Acid  

Immersed  in  wash ing  of naph tha lene  sulfonic acid ( con ta in ing  
50% solids) a t  p H  1, followed by neut ra l iza t ion  wi th  soda ash 

to p H  3. Agi ta ted  a t  145 r.p.m. 
.Tempera ture :  35~176 ( 9 5 ~ 1 7 6  

D u r a t i o n  of t e s t :  80 hours .  

Corrosion Rate,  
Material inch penetration 

per year 

Monel ..................................................................... 0.013 
Nickel .................................................................... 0.030 
Inconel  .................................................................. 0.022 
I-Iastolloy A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.013 
Ni-Resist  (Type 1) ................................................ 0.061 
Mild Steel .............................................................. 2.2 
Cast  I ron  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 . 0  
Chemical Lead ....................................................... 0.039 
18-8 Sta inless  (Type 302)  .................................... 0.040 
18-8 Mo Sta inless  (Type 316)  .............................. 0.011 
Copper ................................................................... 0.020 

Inconel and Type 316 stainless steel, either in solid or 
clad-steel form, are used for the storage and handling 
of some alkyl sulfate base materials after production 
and before neutralization. The corrosiveness of these 
materials will depend upon whether free sulfur diox- 

ide is present  in appreciable amount.  I f  so, corrosive 
conditions may  be severe, par t icu lar ly  in the vapor  
sections of closed storage tanks where sulfur  dioxide 
has an oppor tun i ty  to accumulate and a sulfurous 
acid solution to condense. Worthi te  and the Dur imet  
alloys also are used for  pumping  these materials.  
Inconel-clad steel towers are used for  the spray-dry-  
ing of some sodium alkyl sulfate detergents where 
protection of white color as well as corrosion resist- 
ance are factors. 

T A B L E  X 

P l a n t  Test  in  Storage of L i q u i d  Alkyl  Aryl Detergent  

Composi t ion:  25% act ive and 10% sodium sulfate.  Immersed  
in l iqu id  phase. 

Tempera tu re :  4 8 ~ 1 7 6 1 7 6 1 7 6  Dura t i on  of test 37 days. 

Material 

Monel .................................................................. 
Nickel .................................................................. 
Inconel  ................................................................ 
18-8 Sta in less  (Type 304)  .................................. 
18-8 Mo Stainless  (.T~'pe 316)  ............................ 
18-8 Mo Stainless  (Type 317)  ............................ 
Copper ................................................................ 
Red Brass  ........................................................... 
Yellow Brass  ...................................................... 
Phosphor  Bronze ................................................ 
70-30 Copper-Nickel ............................................ 
Chemical Lead ..................................................... 
Ni-Resist  (.Type 1) .............................................. 

Corrosion Rate 

mdd  ipy 

0.12 0.00002 
0.03 < 0.00001 
0.08 0.00001 
0.03 < 0.00001 
0.10 0.00002 
0.06 0.00001 
0.45 0.00007 
0.42 0.00007 
0.37 0.00006 
0.36 0.00006 
0.14 0.00002 
2.4 0.00030 
0.13 0.00003 

< Less than. 

T A B L E  X I  

Corrosion Tests in Condensat ion of Naphtha lene  
Sul fonic  Acid with Formaldehyde  

Te~t 1 : Test spool immersed in  l iqu id  in labora tory  reactor.  Dura t i on  
of tes t :  29 hours  a t  1 1 0 ~ 1 7 6  792 hours  a t  3 0 ~ 1 7 6  due 

to p lan t  shut-down. Agi ta t ion  d u r i n g  elevated t empera tu re  operat ion 
only. 

T e s t  2 : P l a n t  tests in l iquid  and vapor  phases in opera t ing  autoclave.  
Dura t i on  of tes t s :  9 days. Tempera tu re :  115-145~176  
P r e s s u r e :  50 psi. 

Mater ia l  

Monel ..................................................... 
Nickel .................................................... 
Inconel  .................................................. 
18-8 Mo Stainless  (Type 316)  .............. 
25-20 Stainless  (Type 310)  .................. 
Wor th i t e  ................................................ 
Du r im e t  20 ............................................ 
Hastel loy B ............................................ 
Has te l ley  D ............................................ 
Chemical Lead ....................................... 
Te l lu r ium Lead ...................................... 
D u r i r o n  .................................................. 

Corrosion Rate, inch per  year  

Test  1 

Based on 
29 hrs. 

at 110~ 

0.007 
0.010 
0.017 

> 4 . 8 0  
1.10 
0.015 
0.015 
0.003 
0.006 
0.052 
0.053 
0.007 

Test  2 

L iqu id  Vapor  

0.012 0.040 
........ 0.14 
........ 0.075 

> Grea te r  than.  Specimens destroyed by corrosion d u r i n g  test. 

T A B L E  X I I  

Labora to ry  Test in Su l fena t lon  of Oleic Acid 
with Chlorosulfonic  Acid 

Used 80 par t s  oleic acid to 20 pa r t s  chlorosulfonic acid. 
S t i r red  once a week. 

Tempera tu re  : 20~176 (68~176  
D u r a t i o n  of tes t :  42 days. 

Mater ia l  

Monel .................................................................. 
Nickel .................................................................. 
Inconel  ................................................................ 
18-8 Sta inless  (Type 304)  .................................. 
25-20 Sta inless  (Type 310)  ................................ 
18-8 Mo Sta inless  (Type 316)  ............................ 
17 Cr Steel (Type 430)  ..................................... 
D u r i m e t  20 ......................................................... 
Hastel loy B ......................................................... 
Silicon Bronze .................................................... 
Phosphor  Bronze ................................................ 
Chemical Lead .................................................... 
Mild Steel ............................................................ : 

Corrosion Rate, 
inch per  year  

L iqu id  

0.0033 
0.0023 
0.0013 
0.0021 
0.0015 
0.0020 
0.0035 
0.0010 
0.0003 
0.0063 
0.013 
0.037 
0.0056 

Vapor  

0 .0019 
0.0004 
0.0007 

0.0013 
0.0020 
0.0018 
0.0033 
0.0001 
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Corrosion tests have been made in the condensation 
of naphthalene sulfonic acid with formaldehyde,  with 
the results shown in Table XI .  Monel has shown suit- 
able resistance in this applicat ion at 110~176 

a s  indicated in Test 1. However,  ill Test 2, when 
operat ing at 115-145~176 under  50 psi. 
pressure there was evidence that  sufficient sulfur  di- 
oxide may  have collected ill the uppe r  par t  of the 
vessel to significantly increase the corrosion rate in 
the vapor  phase. A Monel agi ta tor  and shaft  was 
used in this reactor, and the shaft  showed some in- 
creased corrosion in the vapor  phase. 

T A B L E  X I I I  

L a b o r a t o r y  Tes t s  in  9 9 . 5 %  Chlorosulfonic  Acid 

H a l f - i m m e r s e d  in l iquid  in  open beake r s .  
T e m p e r a t u r e :  Room.  

D u r a t i o n  of t e s t :  30 days .  

Corros ion  Ra te  
Mate r i a l  Appea ra nee 

Monel .............. 

Nickel  ............. 

Incone l  ............ 

18-8 Sta in less  
(Type  3 0 4 ) . .  

todd ipy 

0.84 0.0001 

Gain  

0.17 0 .00003 

0.56 0.0001 

Green i sh  discolorat ion above l iquid l ine 

Hea r s '  g reen  discolorat ion above l iquid line 

No discolorat ion or  a t t ack  

Du l l ing  of f inish above l iquid l ine 

Other Sulfonations 
The results of laboratory  tests in the sulfonation 

of oleie acid with chlorosulfonic acid at 20 to 45~ 
(68 to l13~  are shown in Table X I I .  I t  is evident 
that  a good many  materials,  with the exception of 
lead, have suitable resistance at this temperature .  In 
view of the labora tory  tests in ehlorosulfonie acid as 
shown in Tables X I I I  and XIV,  it is probable  that  
Ineonel would be considered a suitable mater ial  f rom 
the s tandpoint  of product  color. No test results are 
yet  available in ehlorosulfolfie acid sulfonations at 

T A B L E  X I V  

L a b o r a t o r y  Tes t s  in Mix tu r e  of 5 0 %  Chlorosulfonic  Acid and  
5 0 %  S u l f u r  Tr iox ide  

Exposed  in l iquid and  v a p o r  phases .  
No ag i ta t ion .  

T e m p e r a t u r e :  10~176 C. ( 5 0 ~ 1 7 6  
D u r a t i o n  of t e s t :  145 days .  

I Corro_. sion Ra te  

Mate r i a l  IAquid Vapor  

Monel I m d d  ] ipy  m d d  i p y  

Nickei'.'.'.'-'.'.'.'.'.'.'.'.['.'.'.'.'.['.'.'.'.'.'.'.'.l 0 :24 ] 0 :00004 0.08 I 0 .00001 
Ineone l  ............................ 0.06 0 .00001 0.05 I 0 .00001 
Has te l loy  A ..................... ] 1.8 I 0.0003 0.93 I 0.0002 
/-Iastelloy B ..................... ] 0.12 I 0 .00002 0.09 I 0 .00002 
Mild Steel ........................ [ 1.8 I 0.0003 0.41 [ 0 .00008 
Chemical  Lead  ................. ] > 380.0 I > 0.048 5.0 ] 0 .0006 

> G r e a t e r  than .  Spec imens  des t royed  by cor rosmn.  

higher tempera tures  although such tests are now in 
progress. In  view of the probable  format ion of hydro- 
gen chloride, corrosion rates would appear  to depend 
upon amount  of water  present.  Among the wrought  
materials  it would be expected that  ] I a s t e l l o y  B, 
nickel, Monel, and lneonel would have the best cor- 
rosion resistance ill the order named. 

In  sulfouations with bisulfite solutions, corrosive 
conditions are likely to be very  severe as they are in 
all hot strong sulfurous acid conditions. Since Hastel- 
loy C normal ly  has the best resistance to such condi- 
tions, it would be expected to show best perforlnanee 
and this is confirmed by  the test results in Table X V  

T A B L E  X V  

P l a n t  Test  in Su l fona t ion  of O r g a n i c  Acid w i t h  
Sod ium Meta  Bisulf i te  

Sod ium metablsulf i te  a n d  su l fu r i c  acid  added to o r g a n i c  acid  a t  
8 5 ~ 1 7 6 1 7 6 1 7 6  E a c h  batch 3 hours .  D u r a t i o n  of test,  
3 ba tches  or  9 hours .  Tes t  spool pa r t i a l ly  i m m e r s e d  a t  l iquid 

v a p o r  in t e r f ace  in 50-gallon reac tor .  

Corros ion  Rate ,  
Mate r i a l  i nch  p e r  :,,ear 

Monel ...................................................................... 0.14 
Nickel  ...................................................................... 0.17 
Ineonel  .................................................................... 0 .049 
Has te l loy  C .............................................................. 0 
Wor th i t e  ................................................................ 0.007 
I n i u m  R ................................................................... o.009 
P i o n e e r  Metal .......................................................... 0 .006 
Ni-Besis t  (Type  1) .................................................. 0.36 
18-8 Sta in less  (Type  304)  .................................... 0.11 
18-8 Mo Sta in less  (Type  316)  ................................ 0.12 

dur ing sulfonation of a tri-basic organic acid with 
sodimu meta-bisulfite. Siteh cast materials  as Illium, 
Pioueer Metal, and Worthi te  should be suitable for  
valves and pmnps.  Corrosive conditions probably  
also would prevai l  dur ing washing of these sulfo- 
nates so long as all appreciable concentration of SO., 
remained. At the low tempera tures  associated with 
washing Types 316 and 317 stainless steels and lead 
should be used. 

Most of the corrosion tests reported here were made 
ill response to questions concerning the corrosion re- 
sistance of materials  ill specific processes. The3" cover 
Olfly a l imited number  of the possible operat ing con- 
ditions which may be encountered in organic sulfona- 
tions. Addit ional  tests are being made as the occasion 
demands and these should help to define more clearly 
tlle linfiting conditions for  the use of the various 
metals and alloys. 

The author  is indebted to his associates in the 
Corrosion Engineer ing Section of The In ternat ional  
Nickel Co., Inc., who handled the cleaning, weighing, 
and assembly of test specimens for  a number  of 
the plant  tests, and to the operat ing personnel of 
the plants  in which these tests were made. 


