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I. INTRODUCTICOR




I. INRTRODUCTION

The factor of ocorrosion of materials of construction is one of the
most important to be considered in the design of chemical plant equip-

nment, for the majority of the chemicals used in processing equirment are

of corrosive nature, Since the elementary metals are either too ocorrosive,

expensive, or haven't encurh strength, many alloys have been developed to
overcome these difficulties. The corrosion rates of alloys have been
studied in many oorroding media, both in the laboratory and in the plant.

During the manufacture of kraft peper pulp from wood, the aripinal
fats and resins present in the wood are saponified by the caustic in the
digesters into soluble soaps. These soaps pass out with the waste liquor
into the ooncentrators where the digesting chemicals are removed, Dur-
ing this corcentration process, these soaps, ocalled sodium resinates, se-
parate ocut and are removed., The mixture of soaps is treated with mineral
acid to liberate the correspanding fatty acids whioh are called, in this
country, crude fatty aeids or crude tallol,

Vhen these acids are heated to the distillation tempereture, they
cause considerable corrosion of the materials of construction and the roe-
rlacement of equipment is necessarye. For example (27), ome-fourth inch
copper tubes had to be replaced every three months in one plant. A preat

denl of work has been done in recent years to overcome this difficulty,

but no final solution to the problem has been found althourh several elloys

have bean developod vhioch are much better than those previously used for



equipment fabrication.

The distillation of the crude futty aclds is oarried out in pipe
stills under hirh vacuum. After each pass of the raterial through &
seoction of the still, baffle plates remove some of the unvolatilized acids,
and in this way & separation of the orudes is accomplisheds Due to the
rnode of operation, there is & hich veloeity of vmpors and liquids through
the still which aot to scour off any films which are formed on the tubes,
It was for this reason th:t copper tubes corroded so rapidly, for &s soon
as & f11m was foarmed on the walls of the copper tubes, 1t was wiped away
exposing fresh surface for attacke

The object of this thesis was to study the ef fest of warying composi-
tions of iron, nickel, copper, and aluminum alloys on their ocorrodibility
by crude tallol at three hurdred degroes cemtigrade, and if possible to
find a suitable material for the comstruction of tallol distillatiom equip-
ment. For this purpose eighty-five cormerocial alloys were selected with
wide ranges of oammposition whereby the eifect of various alloy: ing elements

on the ocarrosion rate could be obtained.
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Ile REVIEW OF LITERATURE

Composition of the Crude Fatty Acldse - The oom;:08ition of the crude

materials has been determined by a study of the findings of Hubscher (12),
Dittmer (7), and de Keghel (5). To survmrize thelr fimdings, the tallol
contains approximately 50 por cemt fatty mcids, 40 per cemt rosin sclds,
and 10 per cent wmsaponifiable sterols and pitche The fatty acids are come
posed principally of oleis, linoleic, and linolenic aclds with small amoumnts
of related acids, while the rosin acid is principelly abletic aold.

Production in the United States. - The United States produced in 1936,

4,000 tons per day or a total of 1,753,000 tons per year of sulfate pulpe
From plant practice (25), 1t hae been found that the orude soids anount to
approximntely 2 per cent by weight of the pulp produced which would indicate
about 35,100 tons per year as the ;08sible production of fatty aclds.

De He Killeffer (14), in & recent article, stated that since 1836 the pro-
duction of pulp has inoressed 150 per cent which would mean & possible pro-
duotion of approximately 87,000 tons of fatty aclids in 1938,

Increase in Value of Tallol by Distillation, - The orude tallol has

ususlly been burned under boilers for its fusl value which amounted to only
$6400 per ton. However, if the orude mterial 48 distilled for the recovery
of the fatty scids and rosin acids, its value my be raised consldersbly
socording 4o the velue of the refined material om the market. A few years
ago 1ts value was about £80.00 (26) per ton when there wans a crect demand

for this material, but in the last few years the demand for this product hus



decreased with & oorresponding decrease in merket price. Depending on
market conditions, any paper company that is refining the orude tallol
should find a material inorease in its incame Ironm the sale of these dye
moducts.

Corrosion by Boilinr Tallol. -~ Meurice de Eeghel (6), in 1927,

stated that wrought iron, osst iron, coppor, ginc, tin, and nickel vessels
werc appreciably attacked by bolling tallol after six hours'! ex-osure
while alumimum was only, slightly attacked, Of the mterials tested by

de Keghel, 1t appeared that a lumimm was apparemtly the most suitable
material of comstruction.

Corrosion Prevention of Copper in Fatty Acidas = 4 Cerman patemt (1)

claimed the prevention of oorrosion of copper surfaces by fatty acids, ea-
pecially acetic, by the addition of small amounts of substences such as

H,S04, (coat),, HZSS.F or base metal) these substances causing the de-

6.
position of any copper dissolved in the organic acid,

Corrosion of Lead Tenks by Oleic hcid. = G, O Heyer (11), in 1833,

found thst lead lined iron tanks containing oleic acid had t. be replaced
after two vears of service while lead lined wooden tanks lasted more than
eirht years. lLaboratory experiments on ocorrosion of lead end lead-iron in
oleic acid and water showed lead in contact with iron corroded more repidly
then lead alone, and hence the destructive agant was shown to be oleic acid
lodeing botween the iron wall and 1ts lead lining.

Use of 18 Per Cont Cr and 8§ Por Cent XNi Steels - In a discussion on the

heat and acid resisting properties of steels, W, He liatfield (%), stated that

18-8 chrome-nickel steels were resistant to the hot liguid and wepors of olele



and stearic acidss In & similar paper, Je. 4. Lee (17) stated that the
addition of molybdemm to 18-3 steels greatly increased their rssistance
to orgenic aeids, laxwell (15) stated that the resistance of 26=3.56=1e5
chrome-nickel-molybdenum steels to fatty acids as oleisc and palmitic was
spotty but that it held up in some oceses. This alloy has been suggested
far use in seamless tudbing In place of 1848425 Cr-Ni-ifo steel which has
been found to be excellent in corrosion resistance but is not available
in seamless tubing,

Iron, Chromium, and Molybdemum Alloys - FEs Brelecken (2), from a

caparison of laboratory tests and actuml installations found in 1937 that
it was ;ossidle to avold the use of nickel in preparing steel which is
highly resistant to hot fatty acids in both liquid end vapor phases, by
alloying iron with 17 per cent Cr and l¢6 per cent Ho.

Corrosion Tests in Crude Tallol, - Lilburn E, %erd (28), in 1937,

tosted a wide varlety of metals and alloys for the corrosive effeots of hot
tallols His results indiecated that copper, nickel, aluminum, and thoir
elloys, qirome-nickol steels up to and including 18-8 steels wers unsatisfactary
because of thelr high corrosion rates. The result with alwsinum does not agree
with the result obtained by de Keghel (5) who found aluminum to be the only
sultable mterial in his tests, Ward also disarreed with Hutfleld {3) in the
case of 18-8 chrome-nickel steels, for Hatfisld hed stated thet these steels
wore resistant to the hot liquid and vapors of oleic and stearic acids. The
di fferense in this case ray have been due to the fact that Vard was not using
pure oleioc acid, but it was one of the castituents of his corroding medium

HWerd found that stainless steels containing not less than 20 per cent Cr



and not less than 9 per oent Hi were satisfactory, with the most suitable
ons contalning 29 per cent Cr and 9 por ceat Ni. He also found that
stainless steel containing 22 p-r cent Cr axd 3 per cent Yi, and 18-8
steel containing 3 per oemt Mo were satisfactory.

Tinder (23) in 1938, investignted several other alloys and found that
the most suitable chrome-alokel alloys had compositlions between 20..20 par cemt
Cr sand 15«3 per cent Ni, and also that the addition of ln had & fevorable
effect, In comtradiction with this last statement, Speller (22) stated th:t
the addition of manganese had no effect on the corrosion resistance of
alloyse In Tinder's tests the 16-38 chrame-nickel steels proved to have
rood corrosion resistanoe vhich did not check with the res:lts sa obteined
by Viard who found these alloys to have a relatively high ocorrosion rates

Corroeion by Stearic Acid. - Kiichiro Kino (15), in 1933, investigated

various metals and alloys in eontact with stearic moid at 330-340°C, and
found that Germen silver, silicon steels, snd coprer showed the least loss
in weisht. Niekel snd chromium, however, showed good rosistance while alum-
inum, zino, lead, duraluminum, wrought iron, steci, stainless steel, brass,
cobalt, and tin were readily attacked. In ancther article, Eino (16) stated
that bronze and rickel bronze exhibited the hirhest realsianee to eorrosiom,.

Alloys Used in the Somp Industrye - Ge L. Cax (4), in a paper discussing

corrosion of metals in the scap and allied products indusiries, yave scme ree-
cont informtion on the alloys that were being used for distillstion equip-
ments Inconel, an alloy of 70e5 per cemt Hi and 13 por cent Cr had been used

as a material of construction of a s4ill and showed no appreciable corrosiom

after three years., It appeared that obsolesence rathor than carrosion would




determine the useful 1ife of this equipment, The 18~3 chrome-rickel

steols with or without the eddition of stabili:ing elements had some
application but were inferior to the 18-8-2 chrame-ni ckel-nolybdemm
steels. Momel metal, an alloy of 67 per cemt Ki end 30 por cent oopper
was beinz used for bubble caps in dlstilling colurms and for piping in

the distillation and purification systeme. While copper was used somewhat
in this industry, it was being replaced by monel mctal, for the copper cor-
roded rapidly where the velocitlos were hirh as in pips bmds, MNickel
Rezist, an alloy of 14 per cent ¥i, 3 per cemt Cr, and 6 per cent “u was
hoing used in plece of plain cast iron, for its resistance to corrosion
wee 50-160 per oemt creater than for plain cast iron. aven &mnll amounts
of certain alloying elements had a proncunced effeot in improving tne re-
sistance of fatty acids. The addition of 3 por cent Ni with or without the
addition of chromiunm doubled the resistance of orst iron, and these cast
irons did not suffer praphitic corrosion to the same extent as plain cast
iron.

Mechanism of Carrosion, - Vilbrandt and %urd (24) sisted that since

the fattr acids were ron-sonductors and the temperature of operation pre-
cluded the presence of weter, the corrosion rust take plase by direct
chemiesnl aetim. In this ezse the astion wes controlled first by the dif-
fusion of the fatty acids throuch en oxide film on the surface of the metal
and then by the diffusion through the product of the reaction. iiatts (30)
concluded that all corrosion wes eleotrochemical in nature.

Conclusions. -« From the precediny experimental and ectual plant testa,

1t oan be seen that there has been 1little coordimtion of the corrosion data,



for the various inveatirators used different equipment s Operating condi-

tisns, corrodirg nediums, length of exposure, temperatures, and moans of
preparing the samples. Since only a mmall psrcemtage of the awailable
materials have been tested for corrosion properties in hot orude tallol,
additional work on this subjeot in an endsavor to find an economicanl, well-

suited, resistant alloy seemsd desirable.
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I1I, EXPuRIMNINTAL

Ae Purrose of Ltudy

The object of this investipation wss to detarmine the effect of
alloving elaments on the corrodibility of alloys of irorn, copper,
nickel, and aluminum in contact with crude tallol at 300°C, and the
rolative value of these motuls and alloys for serviee und-r these con-

ditions.

Be Materials

Corroding Medium. - The corroding medium was & mixture of fatty acids,

called crude fntty eoids or orude tallol, that was obtained as a by~-product
in ths manufacture of kraft paper pulp. The tallol was compuged of fatty
acids, rosin scids, and unsaponifieble sterols and pitch., The fatty acids
consisted of oleic, linoleic, linolenic, end related acids while the rosin
ncids were composed principally of abietie acid,

The alloys that wereo used in the tests were tabulated with their come

positions in the tebles 1 through S,
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Ce Apparatus

Three types of vessels were used to sarry cut the expsrimentsl cor-
rosion tests on the various alloys,

Stainless Steel EKettle, ~ The first and mest important testing epparatus

is shown in fipure 1, It oonsisted of & stainless steel kettle cortaining
the corroding medium, a stirring mechanism (F), heating device (B and G), and
thermostat (C) to maintein the temperature between 209° and 3029C, The
stirrer (F) was first made by riveting strap steel blades to & steel rod,

but this proved unsatisfactory as the rivets cofroded during the first
twenty-four hours of testing. To overcome this defeoct the strap steel blades
woere brazed onto the rod, snd this worked very efficiemtly. The blades of
the stirrer were bent in such a direction as to cause a .slow flow of the aocids
past the samples.

The lioeting device was divided into two parts. The first part (B) con-
gisted of a 75C.watt, stainless steel oconted Aminco lolaz Irmersion Heater
with a 56-inch heating o) enent whioch was obtained from the Ameriocan Instrument
Companv. The second vert consisted of three heating ooclls (G) insulated
from the outside of the kettle Ly means of pleces of ceramic ware and covered
with a thick layer of asbestos insulation. In heating the bath to 300°9C both
of the heaters were used, but when the temperature reached 300°C, the ocutside
heater w8 turned off, However, this proved unsatisfaotory for the radiation
wag too great for the capecity of the immersion heater so that another scheme

had to be useds This was to place the cutside heater in ssries with a 150~.watt
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bulb after the temperature reashed 300°C, and the hest supplied by the
outside heater compensated for the rediation losses, The immersion heater
wa3 placed in & circuit with a relay and thermostet as shown in the wiring
diagrame Tie thermostat (C) wns e Preeision Temperature Regulator, Model
B, manufactwrod by the Fastern En;ineoring Companye. Diphenylamine wae used
as the smsitive liquid, snd the temperature adjusted at 300°C, By using
the system of partial heatling, the temperaturs was oontrolled within 2°C,
In order to keopr doen raliation lecss, the lrettle was lagged with an inch
thiock layor of wsbeslos oement,

The atirring mschaniszm (F) was driven -t 16 repeme by a § H, P, motor
with the necessary reducing zears, az shown in the photographs,

The sawuples were suspended from glass hooks which were in turn hung
from steel hooks screwed into thrended holes im the cover of the lmttle,
This rothod of suspanalon prevented the samples from touching eash othor or
any other metallie pert.

4 oondenser (A) wos ;lece? in the cover to return any wlatilised aolds
to tho rettle while at the same %timp asting as a vent for the non-candensible
grses formed, The condenser w:s conuected to a hood to earry awmy the reses
formed which had a very founl, penetrating odor.

Inconel Ketile, -~ The scsond type of lettle thet wes used wes fabricated

from Inconel and the cover was made of en Inconel plated steel plate, In

this ocase, the agitetlion wns accomplished by a Monel prepeller attached to a
Honel rod rotating ut 40 resuie The tempersture was controlled in essentially
the seme manner as the previous case, und the semples were suspended from the

cover just as in the stoel l:etile,



PLATE 1

Corrosion Testing Apparatus



PLATE 2

Corrosion Testing Apparatus



The hoating in this oase was dane entirely {rom the ocutside, Two of
the rosistance ooils were placed in series with a 200~watt electric buldb
to compensate for radlation while the third coll was rlaced in the circuit
with the relay and thermostat. After regulation of the resistance wires,
this method also kept the temperature within 2°C,

Gless Vessel. ~ The third type of vessel conslsted of a well-insulated

5000c rlass flaske The heating in this case wns acoomplished by placing the
f1ask on & hot plate snd using the heater in the circult with the thermostat,
This method did not keep the temperature as oonstant as in the previous cases,
for there was considerable lag in the heating and cooling of the heater, and
in addltion no agitation was employed.

Since this vessel could socammodate only & few samples, it wos not used
in any of the major tests, dbut only to determine the effect of noid mmber

o the corrosion rate.

De JMothod of Proocedurs

Preparation of Semples. - The samples were cut or pground to approximately

one inch by two inches, the rough edges filed off, and a amall hole drilled

in each semple so that it could be suspended from the glass hooks. Ths samples
were then washed with bentene Lo remove any oil from the surface, dried with a
oclean cloth, and thoﬁ oarefully weiphed. The dimensions of each sample were
messured using a magnifyins glass and a hundredth-inch steel scale.

¥o special treatment was glven to the alloys except the welded samples,

for it was desired to approximate plant conditions as nearly as possible. Due
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to the cutting, there were probably some stralns set up in the edges of
the metal, but the alloys were not amwaled to remove theme

The welded sampleg, which were about 2 x 2 inches in size, were out
in half by & mechining tool and any rough edzes rachined off. Cne piece
of each welded alloy was mashined smmooth so that the inside of the weld
yould be subjeot to attask by the hot fatty acids,.

Finel Treatment of the Spmples. - At the end of esch run, the semples

were washed twice with bensene and wiped oclean with a clean cloth. After
weirching the samples, they wore sxemimed for piliiing that was visible to
the eye. Yo ettecpt was made %o ewalusbte the dopth of pltting,.

Pirst Test in Steinless Steel Kst.lee - After plaocixg seven zellons

of tallol in the stainless steel vessel, the tallol was heated up to about
1009C, to chenge it from & thick, viscous mass to s thin ligquld., Then the
sarples were ineerted end the cover lowared uron the kstile and holted fast,
The stirring device was then set in motion and vizorous heat applisd to
tring the temperature up to 009C. Ia the first run the regulation of the
hoatinz devices was necessary, sad ooansequently, the tempursiture varied
rather videly. &t the end of twanty-fowr hours, the heat wes shut off and
tho ssmples removed, cleaned with benzene, dried, and carefully weighed.
After this the samples were returnsd to the kotile and the hest applied
again to raise the temperature to 3009, By having = partial heating from
the outside, the temperature was held falrly ccastant wntil a drop of msroury
stusk in ths terminals of the thermostat and shut off the internsl healere
The time could ot be tulken accurataly for this reason, and the results of
the “irst rm eantot be considerad to have 3 high Jdepree of ascuracy.

Second Test in Stainlest theel Katlle, - Ia the second run, Lowever,




suitable opsrnting oconditions were found so that the temperaturs remained
at 300°C ¢ 2°C during the entire rum,

Third Test in Glass Vessel. - In the third run, vhioh was performed

in the rlass vessel, no difficulty was enoountored except that the tempera-
wire varied shout £ 4° from the desired temperature of 300°C,

Fourth Test in Inconel Ksttle, - The fourth run ran smoothly until the

hesting wire bumed out and hence only & twenty-four-hour run was msde,
Since this was a ocomparative run to determine the relative effect of staine
less steel and inconel kettles, the results were comparable at twenty-four

hourse.

Deorease in Acld Humbers - An acid n-ber was taken st the beplming

and end of the first run. About one gram of the acids wes dissolved in 50
ec. of ethyl aleohol and titrated with standard allmli using rhenolphthalein
as an indicator. Considerable trouble was encountered in observing the end
poink, for the solutiom wus dark brown in color. The solution wus diluted
with more alechol, but the end point was no essier to determine. The acid
punbear was oaleulated as the numbsr of milligrams of potassium to neutralice
one gram of the aoid.

Carrosion Rate Formula, -« The method of coperation of this test was an

adaptation of the standard static corrosion test as outlined by Perry (20).
In caleulating the corrosion rates, the formula given in Speller (21) wms
used for all cases. The formula which gives the rate of corrosion in inches
per yeer, was &8 follows;

P g 24xVWx 380
SxAxTx (2.54)3




“lG=

where
F--Rate, in inches penetration per year
W-=Loss in welcht in grams
Se=Specilic gravity

T-=Time in hours

E. Results and Data

Arranzenmt of Tables. - Table 1 gives the trade mame, speoilia

’g;uvity. manufsoturer, aud ssmple muwbers of the epecimens used in the
first yan. The semple muber is used to refer to the compositions and
retos of corrosion piven for the first run in Teble 2. Table 2 gives
the ocupositions of the alloys tested in run 1, the deta necessary for
the caloulation of the corrosion rates and the corrosion rates for the
twenty-four and seventy.two hour tests of run l.

Table 3 rives the trade name, manufagturer, specific gravity, and
alloy numbers of the alloys tested in runs 2, 3, and 4.

Table 4 gives the corrosion results for the twenty-four and seventy-
twio hour tests of the iron alloys that were tested in run 2. Tables b,
G, and 7 rive the corrosion results for the twenty-four and seventy-two
hour tests of the niclel, ocopper, and alumimm alloys respectively that
wore tested in run 2.

Table 8 gives the oarrosiom results of the two alloys tested in order

to determine the effect of acid number on corrosion rate in rum 3.
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Table 9 rives the corroeion results for the twenty-four hour test of
the nickel alloys that were tested in the inconel kettle in order to de-
torzine the affect of the campssition of the kettle on corrosion ratos in

™un 4.
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iable 1

Janufacturers of Samples Used in -un 1

Sample Spacific
Number Trade Hame sanufactarer Gravity
1 A=3d ?lleghany Steel Gorggny 7.54
: b \ . 7.0
4 A~66 ) " Y 7.70
o5 307 " " " 8.02
” ] 1] B
o O EO? ) \ N 8.0
o 7 316 3406
o 8 617 ‘: : :: $406
o § 547 7.37
«10 }mstglloy L iaynes-itollite ge. £.80
%11 o3 o 9.24
5 12 R C 1t "t $ 8 . 94
13 1 Amaglcan 401§1ng “111 go. 7450
14 < 7453
. ” 113 " 2t
ib 2 W " n " :; 'gi
l:; 5 n 1] " 1 .? : 93
18 6 1t 4] H n ,7 .93
19 Algoa S53=i=u Aluginum go. gf Lrarioa £.89
20 99 4 2,72
21 .ezistal KAR vrueible Jtoel Jo. of Arories 7.94
€38N t 7] " Y 4] 1
' 7 7 072
23 t 4 ”n " " i 13 7 . 84
o [11 T v 1) n LA " 1]
Z& " 1{2‘45& © W " " W " ,’;.,9,33'
Eg ) 17 " " 7 “ " 7 * 70
27 " 24 2] " 143 i} 1 7 :65

#* Cast Metal
o Welded Alloys
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“able 1

{ Jontinued )

danufacturers of Jamples Used in :un 1

Sarple Specifie
Humbor Prade Name lanufacturer Gravity
28 aorite i'dchians Products Co. 8.086
%29 Llloy 48 " " " 7.75
30 302 Carnsgie Illinols Steel Corp. 7.51
5 1 5 16 3] i 13 ] 8 '05
32 3509 N " " " 7 .83
33 446 " " " " 7.47
54 Nioxel International ilickel Co. 8.88
35 “onel Yetal " ¢ " 8.80
36 Inconel " " 8.55
37 "ndure 18~-8=3«lip a8publie Steel Co. 8.08
38 " 18"8"3 n 1 1 7 098
#39 Curiron the Duriron Lo. 7 .00
40 18«8~i0 Seurge inknown 8.08
41 177 " " 7 .50
42 18-8 " " 7493
#43 Cli=2 Gonsral Alloys Co. 7.88
44 Angle Iron source unknown 7.83
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Banufacturers of Sarmmlea Used in :ung & & 4

Sample Specifie
surber irade Home Msnufacturer Gravity

croloy & ‘he Babgock & 7ilcox :ube Co. 7.80
t 9 4] ” t i ] " ki 7 . So
17 772
" 24 [} ## " 1] ? 65
1t ﬁ‘:f'ha " [} n 11 7 ¢ 94
] 4 " t " n ki 7 .84
" 7 n ft " " 7 * ?2
" A28 0 " " " " 7:91
Alloy 48 ¥ichians Produets Co. 775
it 4 9 4} L ] n 7 o 70
" 100 3 " " 7.87
3] 122 (1] [4] 7 . 89
Zorite " " 5.08
302 Unrneglie lllinois Steel Jorp. 7.91
3 16 " 11 111 1" 8 .05
309 1) 1t " n
44 6 1@ n i 1" 7
American wolling 111 CJo.
n i 4] "

tms%atal i2 Crugible Stgol go. gf Amesioa 7.75
1%
"

1" " " i

" " 1] 4]

" 1® Li] 1
a

" id

L=33 Allegheny idteel
A=d4d 7 "
A=BE "

28 =56 "

029 307 "

030 307 "

031 316 "

032 316 "

033 317 "

034 317 “

036 347 )

036 347 "

# Cast Metal
o Welded Alloys
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Table 3

( Continued )

Sample Specific
Humber  Trade iiame lenufagturer Gravity
#37 Q Alloy A General Alloys Co. 8.06
438 Q Alloy B " " " 7«54
%39 “conomet " " " 7.78
40 C=1 " " " 7.60
whl Cii=1 " " " 7.90
142 CN=2 " " " 7.85
43 X~-ite " " " 8.086
1 Hasteiloy A naynes Stellite Co. 8.80
%5 4} B ”n i} 9.24
‘;3'46 0t C 11 " H 8.94
47 Kiochrome Driver-harris Co. Bo36
48 #{ehrome V " " " Be4l
49 iirex " " " B.55
50 Yonel " " " 8.80
5 Inoonel International litckel Jo. B.58
52 ifekeol " ! " 8.05
53 Z #lckel " " " 8.85
&4 i'onel " " " 9.80
5 K ‘onel " " " 3,60
#56 #1 .esist (Cu free) " " " 7085
257 i1 ..eaist " " " 7458
£8 ilooa 28-5& Alunminum Co. of Areries 2,71
5 " 33";‘311 fa n W i 2.7
60 ] 533_&21 i " ] te o 67
61 1 9‘9'§ n " 13 n 2.72
52 " 55 "‘S _“ [} " " ”t 2 R 6 9
W63 40 Alloy dational Smelting Co. 2.77
254 12 S Alloy " " " 2.64
#6565 40 ! i.lloy " " " 2.63
#66 5 5 Alloy " " " 2.66
67 shrormium Cu-3 American rass CoO. 8.90
68 Chromium Cue=i " voon 8.50
68 Ambrae 850 " poon 8.86
70 02 free Cu Phelpa~Dodge Copper Co. 8494
71 Duronge 11 Bridgeport B:ass Co. 8.54
72 Duronze III " w0 7.69

# Cast letal
o Welded Alloys
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( Continued )

Sarplae - _ Specific
dumber Irade iame Lanufacturer Uravity
(L) qille=-eclanna 456 uilla~licCanna Co. 7 .50
74 1 " 5’2 " " i 7 80

»

5 t 1] 162‘}-, " " " 8 55
76 Cormercial Hbronze  ievere Gogper & Branss Co, 8.81
77 iow Bress " oo 8466
78 Seventy-inirty " " v G52
79 Luntsd i‘etal " " oo 3442
80 Phospiior Hronze " " ven f1.85
81 Adriraltiy letal " " N 13462
B2 herculoy " " v 1452
a4 Copper n " n u 8:92
84 Phosphor Uronze " " Ron 5481
85 Strap Steel Soures Unknown 7 .85
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V., DISCIBSION

Corments on Procedure. -~ In reviewing the procedure thet wus used in

the ocorrosion tests it seemed advisable to consider the possibility of
mak’ ng soms changes. It was noticed that the acid number deoressed rapidly
during the test runs, and experimaent proved that this had a large effect on
the corrosion ratoe. Since the secid numbor deoreased from about 15C to 90
during the first twenty=-four hours, it did not seem feasible to chanpge the
acid bath during the tests, for this would necessitate a number of changes
even [or & twemty-four hour run and give a non-continuous effect.

it was not advisable to lower the temperasture to prevent lowering the
acid number, for this would not give the effect that is obtained in the

plantse It was shown by run 5 that the decrease in acid mmber rosulted in

a deorvasing of the oorrosion rate to & very considerable extent, snd hence
it would be desirable to modify the testing mothod in order to approximate
plant conditions. One means of aecomplishing this purpose would be to
opernte the tests with a continuous oycle of hot fotty acids. This method
would require & large quantity of material, however, and at the same time
cause many dffic:ltles in operation.

Therefore, it seemed advisable to cantinue with the present met!:od of
operation and obtain the relative corrosive effect of the hot, orude tallol,

and after theso effeotz had bean observed, the better materials oould be

tested in plant equipment 4o obtain the actual oarrosian rates.

Some of the samples teated formed films on the swrfaces whioh oould not




be removed with any solvent which would not attack the metal itaelf, One
method that has been used with c ausiderable success in same cases v:8 to

remove the film by abrasive method., Before this method can be used, how-
ovar, the error due to its effeot must be known. Ko attempt wes made to

utilige this mothod in the final preparation of the semples.

Control of Thermostat lap, - After regulating the hevting elamants so

that the temperature remained oonstant, no serious difficulty wes encountered
in the operction of the equipment, Care had to be taken with the thermostat
50 that a bit of mercury did not etick betwsen two terminals and shut off
the heat, However, vhen a layer of lubricating oll wus ;leeed over the mer-
oaxry, the "sticking” effect was eliminated,

Theory of Corrosion with Fatty Acids. - F. Ce Vilbrandt end L. E, "ard

(24) have stated timt since the aoids were non-oconduotors snd no wetar was
present, the corrosion took plmoe by a direct chemicel mechanism. The rate
was controlled by the diffusion of the corroding agent throuph an oxide film
onn the surfece of the metal end them by the diffusion through the reastion
product.

During the present tests oxidizing conditions may have existed evem
thouph precautions were taken to minimige the amount of oxypen thet came ine
to contaot with the fatty acldse A number of samples had strongly adherenmt
soales that appeared like oxides; however, there is more possidbility that the
scales were salts of the futty soids,

Effeot of Acid Numbr. -« The third test was run specifically for the

purpose of determining the effect of acld number on the corrosive properties



of the fatty acids. Two test samples, one of 18«3 chrome-nickel steel

and the other of 12 per cent chrome steel, wers subjeocted to the corroe
sive effocts of the fatty acids at 300°C, for twenty-four hours; and

after these samples wore removed, two similar fresh semplos were tested

for twenty-four howrs in the same acids In the cuse of the plain chrome
steel, the corrosion rate deoreased to 25 per oent of that in the first
twenty-fow hours., For the 18-8 steel, the rate decressed to 25 por cemt
of thet in the first twenty-four hours. These results indlcated that the
corrosion rates chtained in these tests could not be oonsidered as absolute
values.

Bffect of Xettlo Com-ositlon on Carrosion Rate. - In order to deter-

mine the effect of the »iile's oomposition on the rate of corrosion of
the samples, test 4 waa rum for camparison of an Inoonel kettle with a
stainless stee)l Ypitle used in test 2. In test 2, several nioksl samples

were placed in the stainlsss steel kettle slong with the other samples

while in test 4, only nickel alloys were used in an Inconel kettle using

a Monel stirrer. The results indicated that the camposition of the kettle
had no effect on the carroeicn rate or the relative rates of corrosion of
the nickel alloys. This should be repeated with nickel alloys and steel
alloys in the Incamol ettle.

Effect of Cold orking, - In the method of preparetion of the samples,

the rourh edges were filed off, and this instituted some ocold working
strains in the metal which were important in the case of the stainless

steols. After the samples were tested, some of tho specimens showed that




at the {ile marks there was noticeable pitting vwhile in the other pore

tion of the metal those affects wore not noticed.

However, in the preparntion of the welded alloys that were machined
smooth, whioh is ancther form of cold working, there was no pitting that
wes noticeable to the eye.

Effect of Welding. = In the first test, the 185-8 welded sample was

sewed in halfl and filed smoothe After testing for their corrodibility

in the fatty molds, the welds showed attack especially ot the weld, Ewem
in the sample in whlch the weld bead was not filed off, the weld showed
8lisht sizns of plttings In this teet the 18.8.3 Mo steels, which were
not filed, showod no signs of attucks In the socond test, in vhich one
section of tho welded alloy wes machined smooth, no pitting effect was
roticed, Fowever, in some cases, aither the weld or the surronding metal
wes stained e slicsht bronse oolor. The oause of this may have bean due to
staining by the fatty acids or thelr decom: osition products, or to the
precipitation of some retallioc clement or campound on the surface of the
iron.

Effeot of Films on Stainless Steels. « One of the outstanding character-

istios of the chrame-nickel steels is their resistance to oxidizing oonditions,
The cause of this resistance offect is sald by Bain (3) to be caused by the
farmation of sn oxide film which is repaired almost instantansously when
brokens The chroms alloys also exhibit this effest but to a much more limited
extent than the chrome-nickel alloys. The presence of molybdemm (24) eids in
the formation of a more impervious film and also improves the resistance of

18«8 steels to interpgranular corrosion to which the 18-8 steels are susceptidble.
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The protective power of & surface film is relative, according to
Hedges (10), Bvans (5), and Jotmson (13), and depends upon the existing
physioal end chemioal conditions. The oxide films are useless unless
they can be autamatioally kert in repair, for they are subjeo* t. wear,

From the disoussion under the seotion "Theory of Corrosion with Fatty
Aclds," it wng seen that the composition of the soale was not determined,
However, some of the properties of the soales were observed, and these help
to 7ive m explanmtion of the corrosion rates. Vhere the soales were loosely
attached, flaky, and soft, the corrosion rates were high. In these cases,
the [ilms that were formed must have allowed the corrosive acids to diffuse
to the surfacc of the motal and cause considerable corrosion.

Effoot of Chromium Content on Carrosion Kates. - Curve 2 tshows the

effect of chramium content on the corrosion rates by het fatty molds, It
can be seen from this curve that as the chromium content is increased, the
oorrosion rate deoreases markedly to & composition of about 24 per eent Cr
where the curve [attens off'e However, even in the oase of the 24 per ocent
Cr thore ls too much ocorrosion to warrant its use for the fabrication of
sequipmant for the distillation of the erude tallol. In these cases the film
we soft and porous so thet it did not give adeguate protestion %o any of
the alloyse The surfaces appeared pitted in adiition to the etohing effect,
and this was fwrther cause for discarding the alloy for possible use.

Bffect of Chromium.Nickel Content an Corrosion Rates. - Previcus tests

(23) (29) mve shomn that the addition of nisckel to ohromium steels increased
thoir resistance until the addition of 8 per cent Ni with 18 por cent Cr
produced a stesl which showed border line resistance, for in some cases it

has pood resistance while in other oases it exhibits only a fair ocorrosion
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resistance. Of the 18-8 alloys that were tosted in these tests, most of
them showed only feir resistanse to corrosion. However, as the alloyling
aloments are increased cbove this oomporitin, there is a char;e in which
a series of highly resistent alloys are formed. The 25 per cent Cr amd
13 per cent Ni alloys showed the best resistance of all the ohrome-niokel
alloys that were tested, for they lost little or no weight during the cor-
rosion tosts. The 26 per ocent Ni and ZO per oemt (r alloy did not show as
good resistance as the 26~13 chrome-nickel steel, but it was highly re-
sistent to the corrosive effects, From this it can be seen that increasing
the amownt of niokel ebove about 13 per oent does not inoreese the cor-
rosion resistunce to any aprreciuble extent,.

ultect of Hothod of Fabrioation. = The ferm in shich the netal is

fabricated seemed %0 have some effect upon the corrcsion resistence. The
cast alloys hed lower recistonce than the corresponding rolled ealloys with
the same composition. An explanation of this offect may be postuluted
from the appenrsnce of the surfuce. ©&ince tho swface in the ocase of the
cast alloys was relatively rough, the protective film that wae formed may
have been disoontinuous in nature and allowed some corrosion to teke place,
and in addition the cast surface has a larger surface of contact to the
fatty aclds,.

The cast, hirh niockel chrame alloy of 66 per eent N1 and 20 psr cemt Cr
dd rot show very rood rosistance. The cast 38 per cent Fi, 18 per cent Cr
alloy showed gamewhat bettar resistance. Fram this snd the previous dls-
oussinn, it seems that neither the very low all yed nor the extremely high

alloysd chrome-nickel alloys show the best reslstance, but intermediate
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alloys have the best oarrosiun rasistance properties.

Effeet of Molybdemum on the Corrosion Resistance of 18-8 Steels, -

The 18-8 steels alloyed with 3 to 4 per ceat molybdemum exhibited & ocor-
rosion resistance equal to that of the 25 per ocent Cr, 13 per cent Ni
alloys. Hence, 1t seems wmesesssry to use the highly alloyed chrome-
nickel steels if a small amount of molybdemmm is added to the oormon 18-8
wriety. The molyddenum pives the 18-8 steels grenter recsistance epgainst
intergrenular atteck,

Lficet of Ciliocon on Corrosion Resistance. - {he cast alloys of iron

end 14 per comnt silioon, tested in run 1, showed no loss in weight., This
effoot is obtained due to the precsence of the vory corrosion resistant
iron siliclde in the all y.

Carrosion lesistanca of Nickel and its allovs. - The only alloy of

nickel that showed resistance oompsrable with that of the molybdenum steels
wms an alloy of 80 per cent Wi and 20 per cent Cre. The alloy of 50 per
oant Ni, 18 por cent Cr, 20 per oemt Mo, end 6 per cemt ¥, whioh was the
next best resistant nlokel alloy had only o resistence compareble with that
of & plain 18«8 steel, Pure nickel had an intermediate resistanse in res.
pect to the nickel alloys with an alloy of 67 per oent Ki and 30 per cemt
Cu of only falr resistance., The east iron containing about 20 per cemt ¥i,
2 per oent Cr with sand without 7 psr cemt Cu showed very poor corrosion
resistanse to the hot fatty acids.

Most of the nickel alloys were coated with a very loose scale that
was easily washed off, Since this protective film was soft and none
adherant, the niscksl alloys would not be expected to have & wvery high



oorros ion reslgtance., The nmore resistant alloys did not show this
soaling or pitting effect.

Corrosion Resistance of Aluminum snd its Alloys, The cast aliminum

alloys ocontaining 4 p:r eent Cu ar 12 per cent 51 showed slight pain in
weipht whieh may have been due to the formation of a filme The alloys
containinz 5 per oemt Si, 0425 per cent Cr, and 1.3 and 2,6 por cent Mg
had corrosion rates about the same magnitude as sluminum. The pure
alumimm exhibited a corrosion resistance similar to thet of 13-8 chrome-
niclkel steel,

Corros ion Resistanss of Coprper and ite Alloys. The outstanding

chareoteristic of coppor and its alloys was the very noticeable socaling

and pitting effecte that were the result of corrosions DPure copper

showed better resistance than any of its alloys that were tested. The
alloying effect, shown by varying the amount of zine added in -~mbination
with the copper, mey be cited as an example of this effect as showmn in
curve 1, Thles curve shows the effect of incremsing the amount of zine in
bLrasses on their corrosion resistance. The curve is plotted as percentarge
oompositi n apainst corrosion rates for hoth the 24 hour and 72 hour tests.
In examining the curwve, it is notleced that there is a break in the curve
at about 80 per cent Cu axd 20 per cent 2n which msy be due to the forma-
tion of & less resistant solld solution., The alloys of copper and &bout

10 per cent aluminum did not show very good earosion resistance. The tin
bronzes showed intermediante resistance wiile alloying with about 3 per cent

silicon pave inconsistent results.
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Cheakins of Reaulis.- Check sam;les were not rim in most cases,

and hence the results of further tests ray chanre the relative positions
of the alloys slirhtly, far there is relatively little difference in
corrosion rates in many cases, However, the magnitude of the corrosion

rates will not be meterially changed.
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Ve RECOMENDLATIOS

After completion of these ocorrosion tests there were many questions
which remained unsettled that sugrest the advisadbility of further re-
search. With the results of this thesis in mind, the following resccrmen-
dations are mades

le In order to obtain the true corrosion effects of plant condi-
tione, it seems advisable to test the alloys which have been found suit-
able for materials of construotion in actual plant distillations.

Z2e Since the mode of distillation in practice glves the fotty aclds
8 high velooity, it would be of interest to subject the alloys to the
effeots of hish welocity.

S+ The effeot of heat transfer on the corrodidility of the alloys
should be tested, for this factor may have considerable effect on the core
rosion rate.

4. Since the alloys may have an entirely different rate of corrosion
with the wapars of the fatty aclds, the warious alloys should be tested with
respect to their corrosive effect,

B¢ Since it 1s knowm that some cold working has deleterious effects on
corrosion rete, it wuld be impoftant to test many samples of the same nmetal
that have teen subjected to differcnt treatmonts,

G6e The {inish on a metel often affects the rate of oorrosion, and it

would be interesting to 'now the initlel and rinal effects of the surfuch
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oondition on the rate of corrosion.

7. The stesl and nickel alloys should bs tested in the Inconel
kettle to detormine its effoot on thelr corrosion retes.

8. If it is rossible to pet more alloys with a wider variation in
alloyins elememts, the effects of the alloylin; elunent could be deter-
mined more quantatively.

9« Since the mechanism of corrosion in the fatty acide is not de-
finitely known, this problem presents an interssting subject for research,.
In order to noocomplish this, the followlny problems would have to be
solved:

Ae The rossibility of ionization at high temporutures should be in-
veatipgated,

Be The cquestion of the possible oxldlziny propertiss of the fatiy
acidés should be investigated.

Ce The composition of the films should be investigated to deternine
the products of the corrosion reaction,

L. The conduotivity of the hot solution should be measured to de-
tormine the possibllity of depositicn of one metel upon another.

Be The possibility of corrosive sulfur compounis rresemt in the
taliol should be Anvestigated.

10, If some mothod oould be oblained of dissolving the films from the
motals after corrosion, a better and more accwrate measure of the corrosion
rate could bo ottained.

11, Cheok samples should be run ou eaoch alloy in order to get & nore

accurate neasure of the relative corrosion rates,
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VI, CONCLUSIORS

From the results obtalned, the followins conclusions have been
drawngy

1. The materinl that is recormended for the fabriocntion of still
tubes is the 20 per cent Cr and 13 per cent N1 stoel vhich showed no
attack after seventy-two hours exposure te the hot fatty aeids.

2¢ The 12-B=3 chrome-nickel-molybdenum steel whioch showed & maxie
mmn ocorrosion of 40072 inches penetrstion per year can not be recorrended
beosuse it is not awvnllable in the form of seanless tubinge.

3s The 18-85 chrome-nickel steels showed considerable variation in
sorrosion resistance, but nons had more than a falr resistance.

4, The chrome-nickel alloys with 10-20 per cent Cr and 30-67 per
cent N1 showed only & reslistance comparahle with the 18«3 chrome-nickel
alloys.

He The cast alloy of 25 por cent Cr end 1% per eent Ni and the 18-8«3
chrome-nickel-molybdernim showed considerably less resistance than the rolled
+1loye of the same corny:osltion,

6. The chrome steels showed very hish corrosion rates, but the rotes
deorcased as the percentare of chromium increased,

7+ The cast alloy of iron and 14 rer cent Si showed no corrosive
effect from the hot acids.

8. The 20 per cemt Cr end 20 per cmt Nl alloy exhibited the best
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resistanse of the nickel slloys, with pure nickel exhibiting only an in-
termedinte resistance, The alloy of C7 per cent N1 and 30 per cent Cu
showed only a fair rosistance to the hot fatty acids.

9« The oast alloys with a&bout 4 per cent Cu or 12 per cent (i
showed a slirht pein in weisht after exposure to the Liot, fatiy ecids.

10 The addition of O per cemt 51, «25 per cent Cr, or 2.5 per cent
M- did not exhibit very ruch differsnce in ocorrosion rete from the rate
of rure aluminume The ;ure aluminum Jmd & corrosion rate of the same
marnitude as 18-8 chrome-nickel steel.

11, Pure copper rave a rreater resistance than any of its alloys that
woere tested. In the brasses, as the peroentopge of tine inoreased the cor-
rosion rate increased very rapidly. At a composition of about 30 per cent
Cu and 20 per cemt Zn, the rate of carrosion showed a very ebrupt inorsase.

12, The alloyins of coprer with about 26 por ocent Si, 4-7 per ceni Sn
or 7-10 per cent Al gave hirh ocorrosion retes in all oases, with the silicon
alloys havin~ a somewhat better reaistence than the Sn and Al alloys of
COD. €'

13. Sealins was noticeable in the chrome steele in the form of a soft,
porous, Llack seale., The morc resistant stesls showed no &irn of elther
soaling or pltiing.

A11 nickel alloys except the ones of hirhest resiztance were covored
with a loose, flalky, bluish colored scale after ex;osure to the fetty aeclis.

All the copper allsys showed a somewhat more adheront blue-gray soale
than the nickel alloys,

Tone of the aluminum alloys showed siynas of sonling,

14. The less resistant steols, nickel alloys, and most coprer alloys



had signs of »itting.

15, From twenty-four hour i4ssts, 10«8 chromeo-nickel steels showed
a corrosion rate 75 per cent less in the second twenty-Ifowr hours using
fresh samples of the alloy in each test. In the same mmnner & 13 per
cent chrome ateel ghowed a corrosion rate 25 per cent less than in the
first twenty-four hour test,

164 From tests of nickel alloys in both stainless steel and Inconel
kettles, 1t was fourd that the ocomposition of the kettle had lititle effect
eithor on the rate of corrosion or the relative positions of the alloys
with ons anothere

17, Since the acid nunber decreased from about 150 to 90 in the first
twenty-four hours of the test and to abo:t 60 in seventy-two hours, the re-
sults of these tests can only be considerod as relsilve results, and not as
a quantAtive measure of the coryosion rate that would be obtaimed in the
rlant,

15« The welding of chramw-nickel all.ys does not produce & i:irher
corrosion rate than the met&l from which the welds are made provided that
they are properly annealed.

15, ©Since sheck sam; les were not run in most cases, the relative
positions of one alloy vith anothor may vary somevhat on further tests,

far there is relatively little difference in corrosion rates in many ocases,






VII, SIMEARY

This investigation was underteken in order to determine the
effoot of alloying on the corrodibility of various alloys to hot
crude tallol., To agoomplish this, n series of eighty-five irom,
niekel, copper, &and aluninum alloys were exposed to twenty-{our end
soverty-two hour coarrosion tests to the crude fatty aeids. The testa
were oarried out in stainless steel aml It ~onel lLettles that were
thermostatiocally controlled at 3000 ¢,

The 26 per ocemt Cr and 13 per cent Ni vod the 18-8 chromoe
niekel alloy with 3-4 per oent Mo exhibited the best ocorrosion re-
sistance to the orude hot tallole The 18+8 chrame-nickel and the high
nickel-chroms alloys hed only a falr resistance while the plain chrome
alloys had high corrosion rates.

Pure copper exhibited a hetter resistiance to the corrosive effects
than any of its alloys, but all the alloys sealed very badly.

The 80 por cent N1 and 20 per cemt Cr alloy were attacked very
little, but pure nickel and most of the other nickel alloys were attacked
fairly rapidly and were soaled oomaidarably.

Only the oast alloy of aluminum containing 4 per cemt Cu exhibited
good resistance qualities while other alloying elements did not affect
the rate of corrosion of pure slumimm a preciably even though no soaling

wus noticeable,



The ao0id mmber had considerable alfest on the corrosion rates
vhile the composition of the kettle had little or no effect on the
corrosion rate,

Filing of the samples instigated pitting in the file marks

while machining did not appreciably affect the corrosion rates.
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