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The corrosion resistance cf tho r im mil tloriwn aUoys containing 
from 2 to 6$ chromium, columbfnfum (niobium), titanium, zirconium and 
titanium-zirconium i n  distilled water a t  95% has been investigated. 

The true effects of t R e  vazious U o y  additions could not be de- 
termined because of the more mrked effect  of cold norking, 
found that a sample cold rolled 75$ and annealed would show a tenfold 
higher weight change over a.n otherwise identical sample cold rolled 68$ 
and mealeaj or a decided loss i n  w e i g h t  corqpmed t o  a relat ively smal l  
gain. 

It was 

It is planned t o  investigate this phenomenon fWfther,, 

The Metallwg Division of ORNL is engaged i n  a thorium research 
program which indudes alloy development worko 
i s t i c s  can Be an important fac tor  in d e t e a n i n g  the application of thorium 
and/or its alloys9 -the Comosfon Group of the Reactor Fxperimental Engineering 
D%vfs%on was asked t o  make comosion t e s t s  on samples of the various al loys.  

Since corrosion character- 

As there was no specific application i n  mhd and in view of the c o m n  
usage 0% water as a coolant, th i s  Was chosen as the medim, A temperature 
of 95% was chosen because it permitted use of testing equipment already 
available is the corrosion laboratory and it represents a practical  maximum 
for the use of water under atmospheric press~~e. It has been found in  the 
past t h a t  s2n elepoaure period of one month 5.8 long enough t o  indicate those 
materials whfeh have no possible application because of excessive corrosion, 
and yet tests of this length do not fnmlve excessive manpowerI 
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TEST CONDITIONS 

A s  was stated in  the introuuction, the corrosion conditions were 
chosen rather azbi t rwi ly ,  

Corrosion Nedium 

DistfPPed water of  the typical analysis Listed i n  Table IB 
Column I was used as the rn&ium, The water was  not changed during 
the entire exposwe period nor was any attempt made t o  control the 
pEo 
test periode 

@oXumn 2 of "abbe I is an analysis of the water made a f t e r  the 
The temperature was maintained a t  95 2 loco 

Test App%;patus 

The t e s t s  were conducted by individually suspending the samples 
from p p e x  glass hooks to t a l ly  submerged i n  8 battery jar contain- 
ing 16 Liters of a is i fued water. 
maintained by m electr ical ly  heated water bathc Excessive evapo- 
ra t ion loss: was avoided by the use of 2s aluminum plate  covers on 
%he battery ,jare 

%e solution temperature was 

Sample Ccmpositfon, Preparation md Treatment 

All a m p l e e  werc' tes ted  as received from the MetUuPgy Division, 
No mechanical workfng o r  etching WES done by the corrosion group. 
Samples were d5greaeed i n  acetone and alcohol, dried and weighed, 

Sample identif"Se8tion9 &L$sry composition and metallurgical 
history l a  listed i n  T&le XI, 

After tasting, swnpLss were dried, weighed etnd examined visually. 
Originally the intention was t o  examine &filming techeques and 
base the rate of attack om deflknea weightsc 
between emplea and the high rate si' attwk ma& th i s  proeadure 
unnecessary, 

"he gross differences 

Esneequently the weight changes are as removed f r o m  
the testing medium, 
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TABI;F: I 

coRRos10EJ MEDIUM ANALYSIS 
(Distilled Water) 

1 
Concentration of all Constituents in Sample Before 

23 5*55 
Ppno Alkalinity as @ G O 3  0.0 
MOOo Alkalinity as C G O 3  201 

Dissolved Cog 1.0 
Dissolved Sobids 5.8 
Non-Volatile Solids 2.2 
Sf02 0.5 
Fe ‘82 
p1 0.05 
CU 0.02 
mi Qe02 
C r  0.02 
U - 
Ca 1*9  
M g  001 
Na 1.7 
so4 400 
c 1  001 

1.2 
203 
0.8 
00 3 

Specific Resistance 2075 x 105 
Soap Hardness as CsCO3 detn, 803 

rJ03 
PO4 
F 0.02 

2 
After 

5*0 
000 Ppm 
200 PPm 

1.5 x 105 ohms-cm 
8,O PEym 
L O  
6.1 
303 
0.5 

Units - - 

e 02 
0 0 6  . 02 
* 02 
0 02 - 

1.9 
.1 

1.7 
4.1 
1.9 
1.2 
2,4 
0.7 
0.3 

.02 
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TABU3 I1 

SAMPLE IDEWI'IFICATIONp COMPOSITION AND l4ETALLURGICAL TREATMENT 

Sample Code+ 
Nurdber N m e r  

1 

2 

3 

4 

5 
6 

7 

8 

9 
10 

ll 

12 

13  

14 

15 

Ames w 
Ames 6 

Ames W 

Ames w 
Ames w 
NO, 3 

A592 

~472 

A487 

~ 4 2 5  

Ah24 

A625 

A627 

A429 

A417 

Treatment 

Cold rolled 75$ and annealed at  
30 minutes i n  vacuum 

for 

Cold rolled 86qd and annealed at 75OoC for  
30 minutes in vacuum 

Cold rolled 86% 

Cold rolled 25$ 

Ames W remelted and cast i n  ZrOg under 
Argon, cold rolled 68$? annealed at 75OoC 
for  one hour in vacuum 

ARES m e t a l  remelted and cast  in ZrO2 
under vacuum, hot rolled 80$9 cold rolled 
40$ and annealed at 750% for  one hour i n  
vacuum 

AmRe metal remelted and cast i n  Zr02 under 
vacuump cold rolled 68$ and annealed at 
750°C for  one hour in vacuum 

Same as (8) 

Same as (83 

Same as ( 8 )  

h a ;  metal. remelted and cast in ZrO2 under 
vacuum, co3droUed 75% and annealed at 
750% for 30 minutes in vacuum 

same 88 (12) 

same as (8 )  
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TABLE I1 (CONT'D) 

SAMPLE IDEmTIMcATION,  COMPOSITIOR AND MDl32ALL~GICAL !FREhITMENT 

Saqle Code* 
NWer Huniber 

16 

17 

18 

19 

20 

21 

25 

23 

24 

A613 

A614 

A433 

~ 6 2 1  

~624 

~615 

~616 

A619 

A620 

Composition 

m-44 zr 

Th-2$ T i  

Th-kqd T i  

~h-6q6 T i  

Th-lqb Ti-lqb Zr 

Th-lqd Ti-& Zr 

Th-& T i 4 $  Zr 

Th-L.$ Ti-l$ Zr 

Tr eatmnt 

sane as (E) 

same as (12) 

Same as (8) 

same as (12) 

Same as (12) 

sanae as (12) 

Same as (12) 

Same as (12) 

sane as (12) 

*Ames C - Late shipment of Ames cast metal 

b s  W - Early Ames production, rolled at Westinghouse, 
annealed, cold rolled 6% and annealed one hour 
at 75OoC in vacuum 

A l l  other numbers are OREPL Metallurgy Divi8iOn melt nunibera 
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* 
TEST RESULTS 

The results of the thirty-day exposure t o  d i s t i l l ed  water at  95OC 

These descriptions may be compared 
are l i s t e d  in  Table 3 together with B brief description of sample 
appearance at the end of the test, 
wfth the photographs in Figures 1 through 11, 

CORROSION RATES OF THORIUM AND THORIUM ALLOYS EXPOSED 
TO DISTILLED WATW AT 950c FOR 30 DAYS 

Wt, Change 
MDM* Sample Appearance 

D u l a  gray-white, loosely adherent powder 
SaRle 

1 
1 

I 

9 2 
2 

-590 
-609 

Mottled dark way on gray-white - sluffing 
S€UIl@ 

-1s 850 3 Mottled dark gray on gray-white - sluffing, 
severe p i t t ing  attack 

Same 

Also 

3 -i8 1 9 ~  

4 
4 

-518 
-%c 30 

Sample black - exfoliated along ro l l ing  plane 
S e  

5 -15 0 9 Dul l  gray-white, loosely adherent powder - 
incipient cracks 

S- 5 -23 0 7 

6 
6 

-lab02 - 7,l. 

7 -720 Mottled black on gray-white - sluffing - marked 
pi t t ing attack 

SEUIE? 7 -576 

8 
8 

Gray-white, loosely adherent powder - some flaking 
Sm€! 

9 
9 

-20 0 9 - 508 D u l l  gray - f a i r ly  adherent powder 
same 

+40 0 B 10 Mottled dark gray, loosely adherent powder - 
some flaking 

saxat? 10 4- 743 



TABLE: 111 (COMT'B) - 
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CORROSION RATES OF THORIUM AM, !I'€iORL'uM U O Y S  EXPOSED 
TO DISTIUED WATEE? AT 9S°C FOR 30 DAYS 

Test 
Sample No, 
-I 

11 

11 

12 

12 

13 
13 

14 

15 
15 

16 
16 

17 
17 

18 

19 
3-9 

20 
20 

21 
21 

22 
22 

23 
23 

24 
24 

160 

1 6 0 ~  

181 

1 8 3 ~  

182 

161 

162 
1.62~ 

173 
17% 

174 
1 7 4 A  

159 

179 
179A 

180 
1 8 0 ~  

175 
17% 

176 
1 76A 

177 
177A 

178 
178A 

182.A 

W t .  Change 
MDW Appearance 

+loo, 3 

+ 59.2 

-444 

-276 

-813 

-229 

- 51.1 
302 

-237 
-265 

-353 
-431 

+2,926 

-538 
-625 

+1,420 - 58 

-281 
-251 

-1,341 

- - 
-785 
-748 

- 43 
-488 

Spotted dark gray and black, loose powder - some 
flaking 

Same 

Light gray sluffing scale - some pi t ted with 
what looks l ike  erosion 

Same 

Black, exfoliated and flaking badly 
same 

Light gray, Pooaely adherent powder 

Light gray, loosely adherent powder 
Same 

Gray-white, loosely adherent powder 
Gray-whfte, loosely adherent powder, cracked 

Dark gray powder - sluffing 
Same 

Dark gray - blistered and exfoliating 

Gray - slightly blistered - flaking badly 
%me 

Light gray powder - sluffing 
same 

Sample tstaLlg. disintegrated 
same 

Light gray, spst%ed, yellowish-brom - pit ted 
Same 

Black OB gray - appearance of erosion - f l a i n g  
sale 

*MDM - M i l l i g r a m s  per squre deeiwter per month 
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P H O T O  NO. 10769 
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PHOTO. N m 

SAMPLE NO. 6.  

FIGURE 
THO R I Uh 
AFTER I 
AT 95”  run 3 v  D A Y S .  
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P H O T O  NO. 10771 

S A M P L E  NO. 8 ( 2 %  C.R.) 

SAMPLE N0.9 ( 4 %  C.R.) 

F I G U R E  4. C O R R O S I O N  OF T H O R I U M  - 
C H R O M I U M  A L L O Y S  E X P O S E D  T O  DISTILLED 
W A T E R  A T  95O F O R  3 0  D A Y S .  
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P H O T O  NO. 10772 

I" 

SAMPLE N0.I I (4% C/,-68% C.R.) 

F I G U R E  5. C O R R O S I O N  OF THORIUM-NIO- 
BlUM ALLOYS EXPOSED TO DISTILLED 
WATER AT 9 5 ° C  FOR 3 0  DAYS. 
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PHOTO N 0 . 1 0 7 7 3  

SAMPLE NO. 12 ( 4 %  C/ , -75% C.R), 

SAMPLE N0.13 ( 6 %  CL) 

FIGURE 6 .  C O R R O S I O N  OF T H O R I U M -  
N I O B I U M  ALLOYS E X P O S E D  T O  DISTIL- 
LED WATER AT 9 5 ° C  F O R  30 DAYS.  
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PHOTO No. 10776 

Y 

SAMPLE N0.18 ( 2 %  T i )  

SAMPLE NO.19(4% T i )  

SAMPLE N0.20 (6  % T i )  

FIGURE 9. CORROSION OF THORIUM-  
TITANIUM ALLOYS EXPOSED TO DISTILLED 
WATER A T 9 5 O C  FOR 30  DAYS. 
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PHOTO NO. 10778 

U SAMPLE N0.23 ( 2 %  T i  -I&'Zr) 

SAMPLE NO. 24 ( 4 %  T i - l  % Z r )  

FIGURE 1 1 .  CORROSION OF THORIUM- 
TITANIUM-ZIRCON1 UM A L L O Y S  EXPOSED 
TO DISTILLED WATER AT 95°C FOR 30 DAYS. 

-2 I- 
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I 
* DISWSSION OF TEST RESULTS AX) PIdUlNED TESTS 

Y 

The lapge wight changes m d  the obtrious attack of the samples explains 
the elimination of the Bnmwtigation of defilming techniques at this  the.  

However, the marked difference i n  sate of attack caused by relatively 
s m a l l  differences i n  cold working has raised a. question requiring further 
investigation, 
cold roll ing pr ior  t o  annealing, backed up by the results shown in Figure 3 
for remelted stock, Figures 5 Bnd 6 on a &$I niobium alloy and Figures 7 
and 8 on a 4$ zirconium alloy2 indicate that  wmosion-wise the amount of 
cold working, despite subsequent annealing, has more effect  than many of the 
alloy addit ions e 

t h i s  phenomenon i n  the hope of determining the reason for  the change, and 
possibly finding a lead t o  inproving the corrosion resistance of all thorium, 

Corrosion attack &om i n  Figure 1 with three degrees of 

Consequently, a set OR samples is being prepared t o  investigate further 

r, 'fhe author wishes t o  exprnss his appreciation t o  the following people 
for their cooperation and assistance i n  making these tests. 

M P ~  Do E, Hamby of the Netallurgy Division for  the production and 
fabrication of the samples. 

Mias Helen Barker o f  the Corrosion Group for the handling of' the 
specimens and the photographic work. 

Mr, Jo Bo Edgerton of the Analytical Chemistry Division for the water 
m%t,l.yses 




