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o f  uranium by sui table  solvent extraction methods. The decay stomge vessels 
are  equipped with water-cooled c o i l s  t a  mahtain a mmxbm solintian temperature 
o f  3 8 " ~ ~  Details of t he  processing development work with homsgeneous reactor  
fue l  solution and the operation of the H E  Chemical Processing Plmt have 
been repol-ted.ls2 

m e  use of suil_Puric acid solutions f ~ r  dissolving the esz~rasisn md f i s -  
sion products required corrosion studies to determine suitable materials f o r  
the processing plant under the projected cond-itions of operation, 
it was desired t o  obtain general.. corrosion inf'aimaticm md t h e  effect of the 
Lyge of atmosphere on the behavior of %he t e s t  materials. 
t i ves  ~f the program were t o  deternine a sc:tisfactory m t e r i n ~ -  far: (1) the 
c2i.ssolver tank using 4 and 10~8 E/I Hc2S04 solut-io~is a t  a maximum temperature o f  
160"~; ( 2 )  the decay storage vessels coataining 4 M H ~ S O ~  solutiam at 3 8 " ~  
maximum;  and ( 3 )  accessory equipment; such as piping, valve bodies, pumps, 
e t c . ,  which would be contacted sone of the time by 4 M R2SQ4 solut:iom containing 
corrosion and f i s s ion  products ;at around 3 8 " ~ -  
were tes ted  f a r  possible service as pun9 bearings, 

In  particular,  

The immediate abjec- 

In  addition, several, nonmetals 

Tne carrasion program was conducted by the Maz.tesi;-zl.s Research Section o f  
the Reactor Experiment l Engineering Division at the request of' the Chemical 
Technology Division . 3 r a  

Based. upon the resu l t s  of a l i t e r a%we sum-ey, 1.5 metals and IXXIIW-~- ,~~S  
w i t h  varying degrees of' resistivity t o  a t tack  by suLfurlc acid solutions were 
selected f o r  corrosion t e s t ing*  The Imrslterials were used i n  a number of fab- 
r ica ted  foms, including sheet9 plahe, bar, pipe, ana other assor ted  shapes e 
T'be nominal chemical compssi.tIons of the -best materials are listed in Table 1, 
When gearfietry pemit ted,  specimens were abraded on 80- and 120-grit p 
All specimens were degreased in benzene vapor, dried at 100°C, and weighed 
bo the nearest 0.1 + 0 2  mg. 
repeatedly dried ana weighed until the veight was ccmstanL 

Graphi-Z;ns and- alwninm oxide specimens were 

Specimens were rerfioved from the t e s t  sol1Xti.ons at frequent intemals f o r  
weighing and microscopic exmination, 
as-scrubbed weight losses since generally &he films an exposed specimens were 
negligible 

Corrosion rates were detcxmined f r a  

Boili-ng t e s t s  were run in e i the r  3- o r  5-li-t;er, three-neck Pyrex f l a s k s  
equipped w i t h  a water-cooled Gr&8wn or AJI1Litm condenses, aerat ion tube, and 
themnometer w e l l .  
insubtea containerso 
immersed in an agitated, themosta;ticaLly controlled wa-ber bath. The flasks 
were equipped w i t h  i n l e t  and autle-%, tubes t o  permit; aeration a f  the solaxtion 
with different types a f  atmospheres, The tesk  so~utions were not changed 
during the course of the corrosion testsm 

The flasks were heated w i t h  375-w infrared I.mps housed in 
m e  t e s t s  at 3 8 ' ~  were run in ~ O Q - I ~  ~r_Zezmeyer flasks 
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Table 1, Nominal ChemicaJ. Compositions af 
Corrosion-Tesd Materials 

Material Composition ( w t  $) 

Sintered high-purity alumina (-8% M;203) 

Hastelloy C 

e 347 ss 

i rconim,  c rys t&  bar Q,I Ti, 0.1 Fe, balance zirconium 
- 



-4- 

Two sulfur ic  acid concentrations were examined, 4 - M  and 10.8 M I  Tests i n  
the 10.8 M solution were ruxl at atmospheric boiling tempera%wct ( 1 6 0 ° C ) ;  tests 
in the 4 M  H2S04 solution were run at  38°C ma a% atmospheric boiling tempera- 
t u r e  ( llO°C). 
( a i r ,  oxygen:, and helium) and the presence of synthe-kic corrosion md fission 

l%e variables investigatxd. included the t ype  of a%mo~phere 

products 

TESTS 10.8 A4 H&Xl* SOLUTION 

'Ike preliminary tests evaluated the corrosion resistance of seven mekals 
and alloys i n  the 10.8 hd E2S04 ss~u~ion, 
20-Cb stainless steel ,  Has%el l~y  B, I l l i i ~ ~  13, lead, t a~ i t a lu ,  Zircday-2, and 
crystal-bar zirconium, 
with (1) no aeration, (2 )  oxygen aeration, and ( 3 )  oxygen aeration with syn%hetic 
corrosion and f i ss ion  products present. 

The Ynr%;$;erials included Carpenter 

Tests  were conawtea at -tsoi~ing tenperature ( -160"~) 

Effect of Atmosphere 

Corrosion rates of the rmterials in boiling 10.8 M B2SQ4 scalutioxa, bath 
wi%hout and with oxygen aerakion, are shorn in Tables 2 and 3, respectively, 
Tlne reported values are  average rates Tor duplicate specimens. 
t e s t s  was the deviation Prom %be average value greater than l l $ a  

In  none of the 

Tantalum was v i r tua l ly  unaffected i n  each of the enviromen%s, ELB indicated 
by corrosion rakes of 8,2 mpy or" less, 530th crystal-bar zirconium and Zircalsy-2 
exhibited moderately good C C X ~ Q S ~ O ~  resistance to tbe  two envir~rnents; corrosion 
rates were between 6 and 11 rnpy, Since under certain conditions, both tantalum 
and zjrconium and i t s  allays are subject to hydrogen adsorption aGd .subsequent 
embritllement, a spechen. o f  "&;he fe~mer a d  one of &he Zircaloy-2 %ha% had been 
exposed in the  oxygen-aerated solution were ajnaLyzcd fo r  hgrdrogen csn%en% by 
a vacuum fusion technique, 
hydrogen occurred, 

1x1 neither case had a significanb increase in 

A b 1  the other materials showed. excessive C Q ~ ~ O S ~ Q ~  r&w, altkns 
presence of oxygen (even tho its so lubi l i ty  must be very low) a-ff 
beneficially the corrosion ce OF severah of the sUoys,  For example, 
bhe resistance of Carpenter 20- t a in less  steel  rms increased b 
of 2, Illim R by ta fac tor  o f  8, armd HasZ;elboy B by a factor  of 2 
vas present. 
Oxygen had an ogposite effect  on the corrosion of lead; its carrosfow rate 
was threefold greater w i t h  oxygen than it vas in  i t s  absence* 

Hastellsy B experienced localized attack i n  both envisomenks, 

Effect o f  Additives 
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Material 

Material 



the salt concentrations when t he  acid was di luted t o  4- Ad H,&304 i n  a i c h  t e s t s  
to be discussed later were rim. 'The concen%ralions in the two solutions are 
typical of tbsse that might be expected, after dissolution and di lut ion of 
the solids from the 'taydrockme underflow' pst.5 

Additive 

average ccarrosisn rates for ih.xplicate specimens i n  boiling, oxygen- 
aerated. 1038 M E2S04 ~ 0 1 ~ t i ~ p n  contafning %be simdated, corrosion and fission 
products are shown in Table 5. The agreement i n  rates for duplicate specimens 
was v e q  goodl; the m~mimm deviation frm the  average value for a particular 
ma2;erj.al t;ras 15%. 
the corros5o~l attack, 

In aBI insLances, ~ m i f ~ x m  me-t;a.l removal was produced by 

Althaugl? a l l  t h e  materials except "etalm corraded ad; high ra%es, 
several interesting changes in corrosion behavior were a b s e ~ e d .  
the corrosion rate for carpenter 20m~b stainless steel was 267 mpy; wi"chaut 
the additives, the rate was 22,060 mpy. 
salts mong the additives was possibly responsible for the improved corrosion 
resistance, since bath s&LtS have been used successfuJIl 

For exmple, 

The presence of cupric and f e r r i c  

t o  reduce at tack on 
austeni t ic  stainless steels by sulf 'wic acid, scr&u%ions, ri 



Material 

ehaviar was 
These m-te 
itives-plus-s 
respectively. 

e corrosion 
corrosion resistance of 2. 

"clht; sme a s  in the. aclditives- 
cases was 

Corsasicm t e s t s  were 
C ;znc'E fission products 
t e (-nooc) 10 m e  effe 

m e  
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Mater ia  

Uminm oxide 415 

Carpenter 204% SS 440 

Hastellay B 4-40 

113biurnz R 440 

Lead 44s 

Stell-itc 6 435 

Tar&.taZuna 440 

~g3.;pe 3-1-6 ss 440 

Zircaloy-2 44-0 

Zircon:jmx, cryst& bar 440 
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4 

Fig 4. Corrosion of Type 316 Stainless Steel by Helium-Aerated 4M H2S04 Solution at 38°C. 
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Table 7. Corrosion o f  Various Materials by BPaili 
Helium-Aerated 4 Ad E2SQ4 Salu%isn at 1lO"C 

T o t a l  Corrosion 
Time Rate 

(w?Y) 

&hxminm oxide 

Hastelloy B 

Illiuna R 

. 
Lead 

Zirconim, crystal bar 

545 

525 

530 

435 

435 

435 

2 

40 

44s 

4 

4 

435 

435 
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UNCLASSIFIED 
Pflc)TO T10876 

Fig. 4. Cracks Near Sheared Edge of Carpenter 20-Cb S t a i n l e s s  Steel 
Exposed.. i n  Boiling, Bel-im-Aerated 4 M 11$04 Solution. Test D-A. 25X. - 

. .  
Pig, 5. Cross-SectLorza.l.. V i e w  of Cracks Formed. in Carpenter 

20-Ch S t a i n l e s s  Steel Exposed f o r  525 h r  in Boiling, Hel imn-  
Aerated 4 M H2S04 Solution. Test D-A. 
1oox. Etched i n  glyceria,-regia, - 
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(a) ~ d g e  View, a. 

('01 Insid-e View, 2 + ~ ,  

Fig. 6. Cracks on Carpenter 20-Cb Stainless S t e e l  Stress. 
Specimen (Tnsei-t Removed) After 31-7 hr in Boil ing 4 M H2SQ4 
Solu t  i on. - 
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Fig.7. Effect of Atmosphere on the Corrosion of Carpenter 20-Cb Stainless Steel by Boiling 4M H2S04 Solution. 
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Table 9. Corrosion of Various Materials at 110°C by Boiling, 
Helim-Aemted 4 M H2S04 Solution Containin$ 

Synthetic Corrosion and Fission Products 

Material 
Corrosion m e  

Rate of 
bPY> Aktack 

Carpenter 204% SS 
(3/l6-in. -%hick plate) 

(1/26-in.-thick sheet) 
Carpenter 20-Cb SS 

Cmphitar 14 
Eastelloy I3 (4 
Hastellay C (b) 

ZUiw R 

Lead 

StE.Llite 6 

Tmta3-uxn 

Type 309sc'b ss 

T Y J ~  316 ss 

Type 347 ss 

Zircalsy-2 

Zirconium2 crystal bar 

Unif0XTfl Original w k i t e  color 

Uniform LustrauE; silver-gray 
f i b  

Urnifom Lustrous silver-gray 
film. 

Unif o m  Original condition 

0 Specimens disintegrated 

Uniform. Grayblack film 

Intergranular Silver-gray f i b  

UX'lifQXXl Mo-ttbed, gray-mite f i lm 

P i t t i ng  and Gray-brom f i h  
i n t e rg raUar  

P i t t i n g  asla BJrsm-green film 
intergrmular 

Uniform Met&Zic luster 

Uniform Silver-gray f i lm 

Uniform Gray-tan % i U  

Unifam Gmy-brom fib. 

Uniform Golden-tara film 

Uniform Mottled, L m  film 

(a) 25-hr t e s t  
(b) 50-hr t e s t  
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n 

Surface V i e w  

Fig. 10. Intergranular Attack on I l l i u m  R Exposed f o r  2000 h r  
i n  Boiling, Helium-Aerated 4 M 132S04 Solu t ion  Containing Synthe t ic  
Corrosion and Fission Product;. Test C-M. 25X. 
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UNCLASSIFIED 
ORNL-LR-OWG 38119 

0 500 1000 1500 2000 2500 3000 
EXPOSURE TIME- (hr) 

Fig. i f .  Corrosion of Welded and Unwelded Carpenter 20-Cb Stainless Steel by Boiling, Oxygenated 
4 M H,SO, Solution Containing Additives. 

Fig. 12. Knife-line Attack on Ekposed Cross Section of Carpen- 
ter 20-Cb Stainless Stee l  Specimens After 3000 hr in Boiling, Oxygen- 
Aerated 4 M HzS04 Solution Containing Synthetic Corrosion and Fission 
Products. (a) Test D-Y. (b) Test D-U. 2X. 

I 



Fig. 1-3. Knife-line Corrosion Attack on Carpenter 20-Cb Stainless  
S t e e l  Weld Specimzn Fxposcd f o r  3000 hr  i n  Boiling, Oxygen-Aerated 4 - M 
HzSO4 Solution Containing Syntheti c Corrosion and Fi s s ion  Products. 
Test D-V. Etched i n  gl-yccria-regia.  75X. 

Fig. 14. Cross Sect ion Showing Knife- l ine Atiack Along Hoot 
Weld i-n Carpenter 20-=Cb S Lainless S t e e l  Specimen Fxposcd far 3000 
hr i n  Roi l ins ,  Oxygen-Aerated h M H2SOd Solution Containing Syn- 
bhct ic  Corrosion and F i s s j o n  Prozucts. Test  D-V. Etched i n  
g lycer ia - reg i  a. 250X. 
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Fig. l5 . Localized- At;”l;ack on Carpenter 20-Cb Sta:i.n3..ess S t e e l  
Weld Metal Exposed f o r  3000 hr i n  Boiling:, Oxygen-Aerated 
HzSO4 Solution Containing Syritlie L i  c Corrosion and Fis s ion  
T e s t  D-V. Etched- i n  g lycer i  a-reg? a. 250X. 

I, 

Frig. 1-6. Surface Attack on Carpentex- 20-Cb Stainless S t e e l  
Fxposed f o r  3000 lir i n  Boil ing,  Oxygen-Aerated. 4 M H2S0* SoI..ution 
Containing Synthe t ic  Corrosion and.. F i s s ion  Products  . 
Etched Ti.n glycerj-a-regia. 25OX. 

Test ,  D-V. 
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Table  12. Effect of Ruthenimn or, the Corrosion 
o f  Several Materials by Helium-Aerated, 

Boiling 4. M H2SQ4 Solution a t  110°C 

Material 

Carpenter 20-Cb SS 0 65 25 
Hastelloy €3 0 25 3 
Zirconium, crystal  bar 0 25 IL 

Carpenter 20-Cb SS 20 45 172 
Hastelloy 13 20 II-5 4.1 
Zirconium, crystal  bar 20 45 1 

The rate of attack of bath Caqenter  20-Cb ataaialess s t e e l  and 
Hastelloy B was accelerated by ruthenium, 
increased by a fac tor  of 7; the rate f o r  Hastellay B, by a factor  o f  3-k 
Crystal-bar zirconium was unaffected by the presence of ruthenium. 

The rate for the former m8 

Althoup$ 20 ppm of ruthenium caused an acceleration i n  the rate sf 
attack on Carpenter 20-Cb stainless sLeel, this effect was nut widen% i n  
the combined presence of the additives including ruthenium and chromic, 
cupric, f e r r i c ,  uranyl, and zirconium ions, 
additjves present, the observed rate f o r  the a l loy  i n  %si-ling, hckim-aerated 
4 M II~SO* soJ-utiion was 2 rspy. 

As mentioned earlier, with all 

DI$CUSSICON OF RESULTS 

A complete s m w  of corrosion data from the %E3 Chemical P x ~ ~ e s s i n g  
Plant  t e s t  program i s  included in Tabhe 3-3. 
values f o r  duplicate specimens1 

The reported rates axe average 

0P the seven metals and alloys examined in bai l ing 1018 M R2SOa solution 
with (1) no aeration, (2 )  oxygen aeration, ma (3) oxygen a e r a t ~ o n  with syn- 
thet ic  corrosion and fission products premmt, "Cntslm was the a d y  material 
which could be considered fo r  EL dissolvez- tank, '_T"hc corrosion sesislance of' 
tantalum. was near-negligible, ad. it was not subject to hydrogen uptake in m y  
enviroments tes"ced, 
%he use of a tantalum liner for this part of the system i s  quite rensanozbhee 

Since ofiy in the cfissokvxxr is  1 0 ~ 8  M ~ ~ $ 0 ~  gresent, 



t 

Table 13. Sununary of Corrosion Data for HRT Chemical Processing Plant 

Material 

Corrosion Rate (mpy) 
Boiling 10.8 !,4 H2SO4 4 A4 H,$3U* at 38°C Boiling 4 M H&304 

MO Oxygen Oxygen md Helium Oxygen and Helim Oxygen Helium and Oxygen and 
Aeration Aeration Additives Aeration Additives Aeration Aeration Additives Additives 

Aluminum oxide 
Cb SS 

SteUite  6 
S te l l i t e  9 8 ~ 2  
Tantalum 
3OgSCb SS 
316 ss 
347 ss 
Zircaloy-2 

10, ooo 
34 

Gain 
U 
l?D 

m 
a 

a 
a 

a 

12 
m 
Ni! 
8 

ND 
a 
a 

Gain 
U 
ISD 
ND 
m 
ND 
ID 
ND 
U 

a 

a 
a 
a 
a 
a 

10 
32 

Gain 
3 

hB 
15  
Q 

43,000 
5,900 
a 

76,000 
6 9 , m  

a 

ND 

U 

6 
3 

Gain 
125 
m 

6 
2 

Gain 
>15,000 

215 
30 
1 

15 
135 
Q 
2 
4 
4- 

U 
0, 

10 
Gain 2 

20 3 

>15 3 000 
475 
30 

240 

ND 
a 

5 
8 
a 
a 

* No data obtained. 
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1-t should be borne in  mind, however, t ha t  should sulfur trioxide be fomed by 
any inems it could possibly have a detrimental effect  on the corrosion r e s i s t -  
ance of %mtaJ-um, 
containing free sulfur  tr ioxide has been regcm-bed,s 

Severe attack of tantdwn by co centrl-nted. s"MPfw"ic acid Et 
The other ma-kerials, including Carpenter 20-Cb stainless  s tee l ,  Easteellay 

B, allium X, chemical-grade lead, Zircalay-2, and cryslzel-bar zirconium cor- 
roded excessively i n  one o r  mare of the e ~ ~ ~ i ~ ~ g 3 r n e n - b ~ ~  so that t h e i r  use 42s a 

lines could not; be csnsideredn 

4 d~ Solution 

If the Chemical Processing Plant o f  the Homogeneous Reactor T e s t  is oper- 
ated as designed, a l l  pasts ~f the  plant except the dissolver a re  contacted 
only by 4 M HzS04 solutions containing dissolved corrosion and f i ss ion  products 
a t  temperatures nat i n  excess of 9 ° C  (100*F). If t h i s  condition could be 
mrmteed,  types 309scb9 315, 547, and ~etrpente-6. ~ O - C ' O  staifiess steel would 
be suitable materials for constmelion. It i s  possible, however, that the 
design conditions m y  not always be fu l f i l l ed ,  and i n  such cases, insuff ic ient  
soluble f i ss ion  and corrosion products m y  be present t o  give corrosion i n h i -  
b5"cion o r  the temperature may be higher than c 

7The choice be'cween the 3OO-sesier; stainless s t ee l s  and Carpenter 20-Cb 
stainless  s t e e l  f o r  the major material s f  construction is not easy, 
the design. temperature, both materials have excellent general corrosion 
resistance t o  the 4 MH2SQ4 solutions and neither appears susceptible ta 
localized attack; at the boiling point bokh m t e r i a l s  present problems, In 
the absence of synthetic corrosion and f i ss ion  products, type 34'7 stainless 
s-beeL (regresentative of the 300-series steels) i s  attacked at  rates i n  excess 
of 100,000 mpy3 a rate which could not be tolerated even f o r  short periods of 
bine, 
t ype  347 stainless  s t e e l  corrodes at &he low rate o f  4 mpy. Carpenter 20-Cb, 
8x1 the other hand, bas a re la t ive ly  law general corrosion rate i n  the boiling 
acid even i n  the  absence of dissolved carrosi,on md flsalsn products, but it 
i.s susceptible to stress-corrosion cracking an& does show localized atlack i n  
veld areass II~wever, %he ra t e  a f  localized at tack i s  not as  great as is the  
general Genetration rate of' type 34-7 s ta inless  s t e e l  i n  -the additive-free 
environment, and i n  the presence o f  the eorrosian and f i ss ion  products the 
frequency and. severity of localized attack i s  greatly reduced. 

A t  %"C, 

In  the presence 06 a SuffiCient ~ a n t i ' c y  of fission and corrosion products, 

In view of the above considerations it appears tha t  Carpenter 20-Cb slain- 
less s t e e l  would be a reasonable choice f o r  %he decay storage tanks, and .bg?pe 
347 stainless s t e e l  should be suitable f a r  the pipfng system, which is o d y  
periodically contacted by the acid, 

In  the 4 M boiling acid, e i ther  zirconiurrm or Zircahy-2 would be expected 
t o  give excellent service and to be f reer  of ~ s r r o s i o n  problems than the 
austenitic stainless  s tee ls ,  1 . c  improvement i n  corrosion behavior, however, 
~ m d d  be offset  by the high cost o f  the material md by the difficulty of 
fabrPfca$;ing such a system from z i r ~ o n i w ,  
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