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. SEMI-ANNUAL REPORT

Ducember, 1949

Jorresion Studies on Titenlum snd Zireonium Metsls

L. B, Golder, I. R. Lene, nand ¥, Mace

This investigation was initisted in June, 1947, %o obtsin guenti-
tative date on the corrosion resistance of titanium end zirconium metels
snd tholr alloys to escids, bases, eﬁd 38lts. Since, from the utilitarian
viewpoint, titenlum may becoma s successful replncement for steinless steel,
two of the more corrosion-resiztant varieties, type 315 and Carpenter No.
20, have been usei in perellel tests to obtein a besis for comparison,
Also, sine~, for certain pur:roses, zirconium msy become & rerlacement for
the much leas pbundant tentazlum metsl, ertensive tests hsve been mede on
the corrosion resicstance of this metal,

During the past six months tests have been mado on the corrosion
resistance of titenium in sclitions of phosnhorisz, hydrochlorie, sulfurie,
and nitric aclds; sloo i{v mixtures of concentrated sulfuric snd nitrie
zeide, Titeniun, zirconiwm, anl stsinless stoels were tested in wateé—
gsaturated chlorine gag and in chlorine-saturated wster, The following zom-
pounds ware used in carryiag out tests on titenium and zirconium: ferric,
cunrie, mercurie, caleium, sluninuwsi, zinc, ond megnesianm chlorides, end

oxalic, formie, lactie, tartsrie snd tenaic seiis. A iiscussion of the

v:rious tests follows.

Titanium -~ phosnhoric ecid:

Titeniun wes tested in verious conmcentrstions of aersted phosphorie

acld for six days et three cifferent temperstures, 350, 60°, and 100° C.
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Corrosion Dacember, 1949

Corroaion rates at 35° C ranged from a low of 0.13 mils per year in a 5
percent golution of the acld to @ high of 29,7 mils per yesr in the con-
centrated (85 percent) acidi. (See Table I). At 60° C rates varied from
0.74 m.n.y. in 5 percent =zcid to %67 m.p.v. in B5 perecsnt seid. The cor-
rosion resistence of titanium to phosphoric ecid solutions st 100° C wes
very poor, since even in the 5 percent acid solution the rate was 202 m.p.y.
¥hen the concentration of the acld wes raised to 50 percent, the rate was
1845 m.p.y.

Titanium - hydrochloric aoid:

Titanium was tested in vsrious concentrations of serated hydro-
shloric scld for six deys et 35°, 60°, and 100° C. At }5° C corrosion
rates were not appreciasdble until the concentretion of acid exceeded 6 per-
cent (Table I). Rates at 60° C ranged from 0.1l m.p.y. in 1 percent acid
to 1098 m.p.y. in 20 percent scid. At 100° C retes vsried from 0.35 m.p.y.
in 0.5 percent acid to 938 m.p.y. in 4 percent acid,

Titanium - sulfuric acid:

T{tanium was tested st 35° C in verious concenirations of sul-
furic ecid which were kept setureted with oxygen-free nitrogen. Rates reng-
ed trom 8,00 m.p.y. in 5 percent acid to & meximum of 1640 m,-.y. in 80
percent acid (Table 11).

Titenium - nitric seid:

Titaniun wes tested at 60° C in various concentrations of awsrated
nitric scid. Corrosion rates were sll less then 1 m.p.y. (Table II).

Titanium - sulfuric snd nitric mscid mixtures:

Titanium samples were tested in non-serated and stetic mixtures

of concentreted (96.5 percent) sulfuric acid and concentrated (69.5 percent)

2 RN IV sk SIS e ) e S e 8 e,

SRl Al v L el A A A R e moeeAY



g
5

LRI

st b

AR A

STEL:

Eirestant

o

&5
2

T

ARG

IR e IO

AT TR

Y F R T R T LY,

e

Ty
»

R R

R e T

;:v
X
]
7
¥
%

Fadian

Corrosion December, 1949

nitriec seld st 350, 600, end 100o C. At 350 C corrosion rates rsnged from

a maximum of 10.6 mils per yeer in e mixturs of 99 mrcent sulfuric - 1

percent nitric ecid to a minimum of 0.28 mils per yesr in 1 percent sulfuric -
99 perzent nitric acid. VWhen the concentretion of sulfuric acid droruved

balow 50 percent the corrosion rates were sll less than \ mil per year (Tsble
II1). Colored oxide films were observed on &ll scmples tested within the
renge of 80 percent sulfuric - ?0 percent nitric seid to 20 percent sulfuric -
80 percent nitric soid.

Corrosion rates st 60° C ranged from a minimum of 0.10 mils per
year in & mixture of 1 percent sulfuric - 99 percent nitric scid to a maxi-
aum of 75.0 mils p;r yoar in 99 percent sulfuric - 1 percent nitric acid.

At 100° C rates ranged from 2.65 to 1000 m.p.y. over the same range of ncid
concentrations es those used at 60° C. 'hen the conzentration of sulfuric
acid fell below 70 pereent in the mixture of the two scids st 60° ¢, ti-

tenium was sstisfsctorily resistent., However, at 100° ¢ the concentration

of sulfuric acid above which the metel corroded excessively was only 30 per-
cent. Colored cxide films were obsarved on sll samples tested st 60° C

snd 100° ¢ within the range of 80 percent sulfuric - 20 percent nitric scid
to 1 percent sulfuric ~ 99 vercent nitric acid.

Titanium - inorgsnic chlorides:

Titanium was tested in esrated solutions of mapnesium, ferrie,
cuprie, ani mercuric chlorides in concentretions ranging from 1 to 20 per-
cont snd at three different temneratures, 350, 600, snd 100o C. Corrosion
rates in all instances were negligible (Tsdle IV). Tests in serated 5 wnnd
10 percent calcium chloride at 35° C gave negligible rstes, but when the

matal was tested in 10 psrcent caleoium chloride at 100° C one of the four
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Corrosion Deqember, 1949

samples tested had two large, deep pits which penetruted sbout halfwey
through the semple and which were filled with a white substence (presumebly
titenivm dioxide). Other mush smaller pits were slso present. The corrosion
rate for this cample was 3.74 mils ner year. The same type of pitting was
observed when titanium wes tested in 25 percent cslcium chloride solution

at 100° C. nlthough the sveraze corrosicn rate was very .ow (0.61 m.p.v.),
there were preaent about six fairly large nits per sample, some buing quite
deep, psnstrating sbout halfway through the samples (i.e. sbout 0.020 inches
dsen),

Toats in aerated 5 and 10 percent cluminum chloride aolutiong at
35°.C and tn 10 percent aluminum chloride at 100° ¢ gave zero or negligible
gorroaslon rstes. Hovever, in 25 percent sluminum chlrride cot 100° C, ti-
tanium vwas seversly corrodsd., Three out of four samples were evenly corroded
while the fourth contained num-rous shallow pits rimilar to those formed ia
ealeiwa chloride zolutions.

Tests iu serated 5 end 20 percent zinc chloride solutions at 350,
60°, end 100O C gave nogligible corrosion retes. Although the corrosion
rate for titenium in boiling 5 pereent zine chloride -olution was zero
gince no weight loss occurreld, numercue small oits were present on the sur-
faces of the semnlses. Howevor, pitting was not ses severe ce that which had
occurred in 25 vercent caleium chloride solution et 100o C.

Jitenium, -irconium, ani steinlesas steels - chlorine- saturetsd water snd

vater-saturcsted chlorins:

Titenium, zirconium, snd type 316 and Carpenter 20 atainless steels
were tested at room tempersture totally immersed in chlorina-seturasted weter

for a poriod of 172 hours. Corrosion rates for titanium end zirconium wers
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Corroaion December, 1949

negligi bl~, those for Cerpenter 2J steinless steel very low, while the rates
for tyns 316 stuinless stssl were sporecisble (Table V).

Hoviever, when these metals and alloys were tested in an atmosphers
of weter-seturated chlorine, merked differsnces in corrosion resistence were
observsd, Titenium showed no evidence of corrosion with the exception of a
very slight loss in weight. On the other hend, zirconium waes only slightly
resistent to &n asttack which wes characterized dy the formastion on the sur-
face of the metsl »f a voluminous mossg~like or fungous-like grey-colored
corrosion product. The undsrlyinz metel wss badly pitted and in several in-
stencss the pits penetreted entirely through the sample. Zirconium matal
orevared by the Poote Minerasl Cempsny (iolide process) vss subjected to the
zame test and recults similar to those vith Bureau of Mines (megnosium re-

duction process) zireconlum wer: obtained (Fizures I-IV),

Titanium, zirconium, and stalnless steel - oxalle reld:

- Titanium sxhibited poor corrosion resictence tn even very dilute
solutions of aerzted orulle scld st elsvated temperstures (Teble VI). TEven
a 0,5 percent acid solution at 60° ¢ gove s reate of 94.5 mils per yerr end
higher percontagses and temveratures gavs correspondingly grester corrosion
reten, In contrast, zirconium geve very low rstes (less than 9.50 m.-.v.)
iz all concentretions of acid tested. In the concentrations tested, Car-
penter 20 steinless steel resisted the corroaive sction of ovalic ¢oid much
better then titanium,

Titanium, zirconlum, snd steinleas steel - formic acid:

Titenium shoved negligible corrosion rstes when tested 13 seruted
90 porcent formic acid et 60° C, snd in aserated 25 an1 50 percent formie

acid at 100° C (Teble VI). However, when tested in boiling (non-eerated)
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Corrosion December, 1949

25, 50, and 90 percant formic scid, corrosion rates wer: 96,0, 300, and

118 mils per yeers, respectively. These tests clourly demonstrate the im-
portsnt part plsyed by oxyzen in inhibiting corrosion under certsin condi-
tions, Zirconiuwn gave rates of less than 9.2 m.v.y. for all concentrations
of acid tested and Carpenter 20 stainless steecl less then 7.0 m.o.y.

Titenium, zirconium, end steinless steel - lactic secid:

Titenium, zirconium, sni Carnenter 20 stainless =teel were erach
tested in various acncentrations of aersted lactic acid. The only appreclable
corrosion rate (12.2 m.n.y.) was that shovm by the stsinless steel in boil-
ing 85 porcent scid (Table VI).

Titenlum, zirconiwn, und steinless steaegl - tartaric aciu:

Titanium, zirconiwsn, and Cerpenter 20 stafnless steel were each
tested in verious concentrations of aerated tarteric acid st 25° C. Cor-
rosion ratses were zero or negligible (Table VI).

Titanium end stainless stzel - tanniz secid:

Titenlur snd Cerdenter 20 stsinless steel showed zero or negligible
corrosion rates when tested in 25 percent tsanie acid & iutisn (Table VI).

Ziroopium snd stoainless steel - inorgenic chloriles:

Zirconiun snd Carpenter 20 stainless steel were both tested in
serated solutions of celeium, sluminum, zinc, and msgnesiwa chlorides in
concentrstions ranging from 5 to 20 percént end at three ¢iffersnt tempers-
turss, 35°, 60°, &nd 100° ¢, At 350 C retes for both metsls were negligible.
(See Table VII). Rates for zirconium were zero or negligible in all solu-
tions tested at 60° and 100o C. Carpenter No., 20 stainless stsel waa ep-
precisbly ~orrodsd by 10 percent aluminwa chloride solution st 600 snd 190° ¢

and by 5 pereent zine chloride solution at 100° ¢,
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Corrosion Decembor, 1949

Titeniuwn snl zirconium - sulfurous acigd:

Titanium and zirconium samples vere tested im sulfurous scid (6
percent solution of sulfur dioride) at 60° ¢ and 100o C. The tests were
carried out under pressure in sealsed glass tubes to prevent the loss of any
sulfur dioxide from solution st these temperstures. Corrosion rates were
negligible.

Ti{ tenium, zirconium, and stsinless steel -~ hoiling ehromic ecid:

Titaniuwn, zirconium, snd Carpenter 20 stulnless steel were each
tested in boiling chromic acid (10 percent CrO;) for a period of eleven days.
The corrosion rates for the three metsls were, respectively, 0.04, 0.00, end
91.0 mils per yeoar,

Zirconiun - nitric sci::

Tests vere made on zirconium {n 10, 20, 30, 40, and 50 psrcent
nitric eold soluticas at 62° C. Rutes were sll negligible (0,00 -~ 0.10 m.r.y. )

Zirconium - boili:.g nitri: acid test (Huey teat):

Zirconiam was testsd in boiling 65 percant nitric ecid for one 24-
hour and four 48-Lsur test periods. Corro:sion rates for the successive per-
iods were 0.44, 0.)4, C,08, 0,09, and 0.00 m.v.y., respectively, giving en
average of 0.1l m.;.y.

Zirconium - phogphorie acid:

Zirconium was tested in boiling 85 percent phosphoric acid for sir
deys. ‘The corrosion rate was very high (739 m.p.y.).

Stainless steel - boiling red fuming nitric scidi:

Carpenter No. 20 stainless steel, when tested in boiling red funming
nitric acid for a period of eleven day3, showed s corrosion rate of 1l6.1 mils

per yeer. Identicsl tests using titanium and zirconium metals gave retes of

AWt A Sn R vy
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Corrosion Decenber, 1949

0.26 and 0.29 mils per ysar, respectively.

x % %

Future program:

The program for the immedimte future will include a continustion
of tests on titanium snd zirconium metals with inorganic and orgenic scids
end solutions of sslts end bases at different concentrations snd tempera-
tures. Tusts have just been started on the corrosion resistance of s series
of titenium-zirconium elloys to msterials used for rocket fuels. Simulsted
marine atmosphere tests (salt soray) will slso be msde. Galvenic corrosion

resesrch will be conducted on titanium snd zirconium and ihelr alloys.
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Titanium - Inorgsric Acids (with seration)
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TAHKLE I

Decenmber, 1949

Average corrosion rete
Test Soclution 6-day run, mila per year
{percent by weight) 350 C [l “100Y ¢
1.0 H3 P04 - ~ 0.12
3.0 H3PO4 - -- 62.0
5.0 H3PO4 0.13 0.74 202
10 H3PO4 0,30 1,50 455
15 H3PO4 -- - " 480
20 H3POy 0.60 13.7 685
30 H3PO4 0.7 59.0 1040
32,5 H3P04 5.64 - -
35 H3PO4 5.80 - ¢ -—
37.5 H3P04 8.40 -- p -
40 HzPOs 13.4 128 1550
50 HzPOs 18.5 179 1845
60 Hi3PO4 22.4 239 -
70  HzPOy 26.8 280 -~
80 HzPO4 29.0 340 --
85 HaP04 29.7 367 --
0.5 HC1 , - - 0.35
1.0 BC1 0,23 0,11 18.5
1.5 HCl -- - 173
2.0 HC1 -- 0.64 272
2.5 HCl - .- 444
3.0 Hcl 0.29 0,38 696
3,5 HCl - -~ 689
4.0 HC1 -- 42,6 933
5,0 HCl 1.46 42,5 --
6.0 HCL 2.44 13 -
700 HCl - 176 hadad
7.5 BZ 20,8 - --
10.0 Hel 40,1 351 --
12.5 HC1 59.5 604 -
15.0 HC1 96.7 729 --
17.5 HC1 122 - --
20.0 HC1 175 109b -
-
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Titenium - Inorganic Aclds

December, 1949

Averspe ~orrosion
Test solution Tampersture rete, 6-dey Tun,
{perzent by weight) o C Aerstion aily per yesr
5 HoS04 - 35 Np - sat'i, 8.00
10 H804 35 Ho - sat'l. 41.5
20 Ho304 35 No - sat'd. 60.4
20 HpS04 25 N> - sst'd. 152
40 Ho804 35 Np - aat'd, 264
50 Hps04 25 No - set®d, 95
60 HpS04 35 No - sat'i, . 29.6
65 Hp504 35 Np - set'd. i 14,9
" 70 Hos04 35 No - sat'i. 38.0
75 Hos0y 35 No - sat'd, 1620 :
80 Ho304 35 No - sat'i, 1640 *
85 HpS04 35 No - sat'd, 1790
90 HoS04 35 No - set'i, 493
96.5 HoS04 35 No -~ set'i, 216
10 HNO3 60 pir - sutti, 0,48
20 HNO3z 60 pir - sut'd, 0,67
30 H03 60 8r - sat'l, 0.85
40 HNOz 60 sir - sat'l, 0.69
50 HNO3 80 slr - set'i. 0.40
€0 ENC3 69 elr - zet'd. 0.33
70.4 HXO3 €9 air - art'd, 0,31

# 73-hour run
* 48-hour run
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| 8 Corrocion Decamber, 1949
g: s A TAHLE 111
jg‘ Mteniun ~ Sulfuric snd Nitrice Acid Mixtures
e
A Aversge corrosion rato
%‘ Test Solution* 6-day run, mils ner ysar
¢ % {percent by weight) 150 ¢ 60Y ¢ 100° ¢
g g 100 H2504 + O HNO3 209 -- --
: -4 99 H2s04 + 1 HNO3 10.6 15.0 1000
g . 95 B304 ¢ 5 HNO3 8,31 74,4 1060
3 I 90 Hz504 + 10 HNO3 8.80 68.9 1050
g g 80 HpS04 + 20 HNO3Z 9.50 62.5 927
3 IS 70 HpS04 + 30 HNO3 5.68 49.1 759
3 IR 60 HpS04 + 40 HNO3 7,16 32,8 585
Y 50 B804 + 50 HNO3 1.42 15.17 265
3" 40 HpS04 4 60 HIO3 0.66 6.15 106
30 Hps04 + 70 HNO3 0.34 2.36 37,0
1 S 20 H2S04 + 80 HYO3 2,38 1.83 12.5
2 10 HpS04 + 30 HNO3 .24 0.45 3.89
% B 5 Hp304 + 95 HNO3 0.28 0.20 1.85
7 1 Hp304 + 99 HNO3 7,28 0.10 0.65
1 S 0 Hp304 + 170 HNO3 0.45 0,31 --
iz
?{ < * /81l solutions non-gserasted snd static
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s

o TAHLE IV ;
3 k|
: @ Titanium - Inorgenic Chlorides (with weration) %

s >

B 3

v i

Average corrosion rats
iest Solution 6-day run, mils per yesr
{ eresnt by weight) 359 C 60° ¢ 100% C

FeClz 0.02 - 0.00
FoCl3 0.09 -- 0.93
19 FeCl) 0,00 - 0.99
15 FeCl2 9.10 - 0.13
20 PeCl3 0.13 -- 0.13
1 CucCly 0.14 - ———
5 Sullo 0.18 - -
10 oully 0.922 - -
15 CuClp 0.22 -- -
1 BzCly 0.92 -- -
5 HeClo 0.75 0,00 -

e T P TORER R R A e e e
n S -

5 10 HgCl2 -~ - 0,04
: set’d, wol'n, Hgllp 2.25 0.20 0.04
; 5 CuCl2 9.00 - -
L

10 Cr0iz 0.07 -~ 0.29
l 25 CaClp - -- 0.61
% 5 A1013 0.0 -- -

I ] e EHEATMI 8 s vy CAITRP N I R SR AT AR S B e B A8 2 iy Wy A ok

i . 10 #1C13 0.0 - 0.09
2 7 25 A1013 - - 258
2 -

20012 0.5 0.24 0.10
M2012 0.0 0.70 -
20 4gCl2 0.14 - —

0
5

3 g S ZnCl?2 0.6 2.0 0.20 (0,00*)
0
5

I T N

* Boiling and non-serated ‘ g
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3 TARE V
};}, @ Titanium, 2ireconiwn, sni Stainless Steels - Chlorine (Room Tempersture)
‘) Teat Solution Avorage corrosion ratis
g' Motal ( percent by weight) 17°-hr, run, mils per year
% C.R. Tiz/ Cl2 ssturated Hp0 0.10
¥ C.R. 2r& Cl2 saturated H20 0.56
¢ 316 8.5,/ Cls saturated Hp0 15.4
s 20 8.5.4 Clz saturated Hp0 1.46
% C.R. T H20 saturated Cl2 0.07
é C.R. 2v HpO0 satursted Clz 192
316 S.S. H20 saturastsed Clo 5217
20 s.s. HoO saturated Clp 478

1/ Cold rolled titanium

2/ Cold roiled zircomium

3/ Tyve 316 steinless stael

4/ Cernenter 20 steinleas steel
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R
TARLE VI 4
3
Titenium, Zirconium snd Stainless Steel - Organic Acids (with seration) §
Avorege zorrosion rate :
Test Solution 6-iay run, mils per yesr *
¥etal (percent by welsht) 350 C 508 ¢ 100° C | Bollling! :
c.r, 1Y 0.5 oxelic 0.55 | 94.5 2.0 |, -- ;
C.R. Ti 1 oxslie 5.96 1177 828* ;- g
C.R., an/ 1 oxeile 0.13 0.20 - $ - K
PG 3.5, 1 oxulic 0.8 1,30 — - .
C.R. Ti 5 oxalic 4.%4 368 1200* 3 -- »
C.R., Zr 5 oxalio 0.29 0.30 - d - ’,
PO &.9. 5 oxelice 0.26 ?.61 S -
C.R. Ti 1M oxelle * 0.58 450 1240* -
C.R. Zr 10 oxellc 0.48 - - - i
0 3.8, 10 oxsiic 0.19 - -— - .
C.R. Ti 25 oxslic - 470 1945* L b
C.x. ™ 10 formie - - 0.18 |; 0.20
C.R. Zr 10 tormic - - - { 0.00
R0 3.8, 10 foralc . - - _— ] 6.30
C.R. Tt 25 formic -- -- 0.74 |° 96.0 X
C.R. 2r 25 foruic -—- - - 0.09 :
20 S.8. 25 formie - - - 6.21
C.R. Ti 50 formic - - 0.04 300
C.R. Zr 50 forzic -- - - 0.19
20 S.S. 50 formie -- - - 1.92
C.R. T 90 formic y 0433 0.7 - 118 ,
> R. 21 90 formic 0.12 - - . 0.16 3
20 S.S. 90 formic 0.17 - - {1 1 5
C.R. Tt 25 lactio 0.93 - - 4 - £
C.R, Zr 25 lsctic 0.73 - - i - 2
C.R. T4 50 lectic 0.28 - - |, -- H
C.R. dr 50 lactlioc 0.0 - _— | -~ ¢
C.R. T 85 lectic v 0,00 - 0.33 0.40 g
C.R. Zr 85 la-tic 0.920 - - 0.09 %
70 3.8, 85 lectic 0.20 - - 17.2 g
C.Re T 10 tartaric 0.90 - - - g
7 R, 2 10 tsrtarice N.90 - — - %
20 8.3, 10 tartaric 0.00 - - - 2
c.5. Ti 25 tartaric 0.20 - - - %
C.R. Zr 25 torterio © 0,20 - o - 3
20 S.8. 25 tertarie 0.97 - -— - =§
nR. ™ 50 tartaric 0.08 -- — .- 3
20 8.8, 50 tartarie 0.08 - - - 3
R, T 25 tannie 0.00 0.00 0.00 - %
20 8.S. 25 tennie 0.00 0.00 0.29 -- 4

0ld rolled titenium

e
g/ Cold rolled zirconium
/ C

arpenter 20 stainless stsel

* three-dsy run
# boiling solutions were non-
serated
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g};‘ g‘* o TAHLE VII

B PO 7

é : Zireonium and Stuinless Steel - Inorgsnle Chiori les (with aerstion)

E - Avarage corrosion rate

& . Tast solution v-day run, milg per year

, . Metel (nercent by veiznt) 350 ¢ 507 ¢ 1000 ¢

vk . !

: : C.R. Zrd/ 5 CeCl2 0,00 -- -

b C.R. r. 1) CaCl? 0,00 0.00 0.00

20 S.8.4 10 =C12 0.01 0,04 0.11
C.R. Zr 5 i1Cl= 0.0 - --
C.R. 2y 15 A1C13 0.02 0.06 0.00
20 8.3, 10 AlC13 0.39 14.4 45.2

4 C.R. Zr 5 7ZnCl2 0.01 9.28 0,04(0D*)

4 2J s.8, 5 ZnCl? 0.94 0.15 1),3(6.)5%)

C.R. 2Zr 20 ZnC12 0.02 -- -

1 20 3.9, 22 72nCl? 0.05 - -

2] C.R. Ir 5 MgCl2 0,02 0.00 -~

a1 7 3.8, 5 MaCl?2 ¢.07 0.90 --

A C.R. Zr 20 ¥gCle 0.15 0.00 -~

i} 20 2.8, 20 '7qC12 0.09 -- -
1/ Cold rolled zirconium * boiling and non-serated

2/ Ceroenter 20 steinless steel
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Mge 1 X1

fitavium ulter 172 hours exposuro in an atmos phere
of wnbter-sat mted chlorine., .verage corrosion rate
was 0,07 wils per year,

Vig. 2 Xi

. Zirconimm ofter 172 howrs exposure in an atmosphere

0. webtor-ssburated chlorine, Average corrosion rate
vias 192 nils ver yoeor,
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Pige 3 X1

lype 316 stainless steel after 172 hours exposure

in an atuosphere of weter-saturated chlorire, Averspe

corrosion rate was 527 nils per year,

rrTmaTe

MO AL ¢

l;‘igo 4 X1
garponter Lo, 20 stainless steel aiter 172 hours
cxposure in an atmosphere of water-saturated chlorine.
Averuye corrosion rate was 473 mils per yoar,
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