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CORROSION OF SOME REACTOR MATERIALS IN 
DILUTE PHOSPHORIC ACID 

by 

J. E. Draley, S. Greenberg , and W. E. Ruther 

ABSTRACT 

Corros ion t es t s in dilute phosphoric acid (pH 3.5) at 
elevated t empe ra tu r e a r e descr ibed for X8001 aluminum, 
18-8 s ta in less s tee l s , a luminized carbon s teel , and Zircaloy. 

In a 307-day dynamic tes t at 18 f t / s ec and 315°C, 
X8001 aluminum cor roded at a ra te of y mdd for the f i r s t 
240 days. In subsequent exposures , the co r ros ion ra te in­
c reased , but the total average penet ra t ion at 307 days was 
only 0.0005 inch. At 200 days, the total co r ros ion in this tes t 
was one-fiftieth that in dis t i l led water . Static t e s t s at 225°C 
gave cor ros ion r a t e s too low to m e a s u r e (<0.2 mdd). 

Of severa l different 18-8 s ta in less s tee ls t es ted in 
this solution at 315°C, only sens i t ized type 316 suffered in te r ­
granular at tack. General at tack r a t e s of the other samples , 
of the order of ^ m d d , were obtained for the per iod from 94 
to 186 days. Although this is much l a r g e r than the ra te in 
dist i l led water , it r e p r e s e n t s a penet ra t ion ra te of onlyabout 
5 X 10"^ inch /yea r . 

Aluminized carbon steel did not suffer rapid c o r r o ­
sion in this solution at 315°C, even when la rge a r e a s of the 
carbon steel were exposed. There was a tendency for c o r ­
rosion to separa te the s teel and aluminum with some spec i ­
mens , depending on the heat t r ea tmen t . 

Zircaloy-2 and Zircaloy-3 cor ros ion were of the same 
o rde r in this solution at 315°C as in water . 

INTRODUCTION 

- • 

Since 1942, a luminum has seemed a logical choice for fuel e lement 
cladding in nuclear r e a c t o r s . Its absorpt ion c r o s s sect ion is low, i ts cost 
is low, i ts technology is reasonably well known, and i ts co r ros ion r e s i s t ance 



in water is acceptable at modera te t e m p e r a t u r e s . However, at t e m p e r a ­
t u r e s suitable for the production of economic power , the co r ros ion of 
commerc ia l alloys is unacceptably rapid. 

Since the development of special alloys for this application,(1) the 
p rospec t of using aluminum has seemed more likely. Unfortunately, the 
special alloys have shown cor ros ion r a t e s s trongly dependent upon water 
composit ion, especia l ly at high flow r a t e s . Under unfavorable operat ing 
conditions (leading to undes i rab le water composit ion), co r ros ion r a t e s have 
been observed to be unacceptably high. 

In an effort to reraedy this situation, some effort has been raade to 
inhibit the cor ros ion of the special a l loys , such as X8001. In this group 
the inhibition studies culminated, in 1956, in the observat ion that a phos ­
phoric acid solution at pH 3.5 (room t empera tu re ) a lmost completely 
prevented co r ros ion of this alloy at 290°C. The resu l t s of our exper iments 
showing the effects of phosphate and hydrogen ion concentra t ions have been 
reported.(2) Some additional s tat ic co r ros ion t e s t s have been run s ince , 
and these a r e he re in descr ibed . 

The very p romis ing r e su l t s obtained c rea ted an in t e re s t in the be ­
havior of this alloy in such solutions at high flow r a t e . Cor ros ion in phos­
phoric acid solutions m o r e dilute than pH 3.5 has been studied by Grant(3) 
of the ANL Reactor Engineer ing Division and by General E lec t r i c Company 
personnel at Hanford and Valleci tos . At pH 3.5 a brief tes t by I. Cohen''*) 
at 343°C indicated excellent co r ros ion r e s i s t ance at a flow ra te of 20 feet 
pe r second. At Hanford and, on a subcontract to Argonne, at the Babcock 
and Wilcox R e s e a r c h Center , efforts were made to extend the test ing t ime 
and hence to provide m o r e valuable r e s u l t s . An apparent sensi t ivi ty to 
weld zone cor ros ion of s ta in less s teel loop components in this environment 
r e s t r i c t e d the Hanford efforts. At Babcock and Wilcox the r e su l t s were 
compromised by mechanical fai lure of a pump bear ing in the middle of the 
tes t . This type of tes t has now been repea ted at Argonne, and is included 
in this r epor t . 

With the good behavior of the a luminum alloy indicated, it was of 
in te res t to de termine the feasibil i ty of using other r eac to r m a t e r i a l s in 
this environnaent. The re su l t s of co r ros ion t e s t s having this objective 
conclude this repor t . 

EXPERIMENTAL 

The stat ic co r ros ion t e s t s were pe r fo rmed in a constantly re f reshed 
s ta in less steel autoclave sys tem, which has been previous ly descr ibed . (1) 
The samples were e lec t r i ca l ly insulated from the s ta in less steel by a r t i f i ­
cial sapphire rods . 



The dynamic exper iments were pe r fo rmed in tes t loops. A high-
p r e s s u r e circulat ing purap raaintained the flow of liquid pas t the samples . 
A smal l pump continuously fed f resh H3PO4 solution of pH 3.5 into the 
loop. The p r e s s u r e of the loop was maintained by a Grove b a c k - p r e s s u r e 
regulator at severa l hundred ps i above the vapor p r e s s u r e of the solution. 
The discharge of the regula tor went to the drain . The samples were 

4~ X 2 X -I*-in. p la tes with -^ - in . dia s emic i r cu l a r channels mil led in the 
i x 2-in. edges . The shape was chosen to fit an existing eddy cu r ren t 
th ickness gauge(5) and to p e r m i t e lec t r i ca l insulation of the samples from 
the s ta in less steel by ar t i f ic ial sapphire rods . Details of const ruct ion have 
previously been published*' -' for one of the two loops used in this study. 

The m a t e r i a l s used for samples were X8001 aluminum (0.89 w/o Ni-
0.48 w/o Fe -0 .13 w/o Cu-0.11 w/o Si), Z i rca loy-2 , Z i r c a l o y - 3 , Types 304, 
347 and 316 s ta in less s teel , and 1020 carbon steel a luminized with X8001 alloy 
by the Chicago Metall izing Corporat ion. 

The aluminum was heat t r ea ted for 10 days at 315°C p r io r to 
dynamic tes t ing to reduce subsequent heat t r ea tment effects on the eddy 
cu r ren t gauge. The surface of the samples was p r e p a r e d by etching in a 
50 H2O : 50 HNO3 : 10 HF (by volume, using reagent grade acids) mix ture 
and r ins ing in dist i l led water . 

The Zi rca loys were etched in a s imi l a r mix ture of ac ids , i m m e ­
diately t r a n s f e r r e d to 50 H2O : 50 HNO3, and then r insed in dis t i l led water . 
Some samples were a lso tes ted with surfaces p r e p a r e d by wet grinding 
(240 gri t Duri te) . 

The s ta in less s tee ls were tes ted in both the quench annealed and 
the sensi t ized (at 704°C for 24 hours) condition. As with the Z i rca loys , 
both etched and wet ground surfaces were tes ted . 

Samples of the aluminized carbon s tee l were heat t r ea t ed in a i r 
and in vacuum at 704°C f o r ^ h o u r . A longer (2-hour) t r ea tmen t in vacuum 
at 732°C was also used. Other spec imens were tes ted in the a s - s p r a y e d 
condition. Some spec imens were sect ioned to expose var ious surfaces of 
carbon s tee l . No special surface p repa ra t ion except degreas ing was used 
on the aluminized coating. 

Eddy cu r ren t th ickness gauge readings coupled with the des t ruct ive 
defilming of samples by the methanol- iodine method were used to evaluate 
the co r ros ion of aluminum X8001 vs t ime , except as noted in the text. F o r 
the other m a t e r i a l s , the samples were weighed with the i r co r ros ion coating 
intact and the r e su l t s obtained as weight change per cm^ vs t ime . 



The solution was made up using C.P. orthophosphoric acid and 
doubly dist i l led water . The ref reshment ra te was about 10 c c / m i n for the 
static sys tems and about 35 c c / m i n for the dynamic sys t ems . The pH was 
m e a s u r e d at room t empera tu re by means of a Model G Beckman pH m e t e r . 
The effluent from the t e s t s measu red within the range pH3.55 ± 0.06. 

DATA AND RESULTS 

X8001 Aluminum Alloy 

Static: This alloy was cor ros ion tes ted in autoclaves at 225°C. Two 
concentrat ions of phosphoric acid were used; one at pH 3.5 and one at 
pH 4.0. The replenishing solution was helium satura ted . 

Each point in Fig. 1 r e p r e s e n t s the amount of co r ros ion which oc­
c u r r e d with one sample . The values were determined after removal of the 
cor ros ion product by success ive t r ea tmen t s in bor ic acid and in ch romic -
phosphoric acid solutions, an older defilming technique. The amount of 
sca t te r shown is not abnormal ; it is a resu l t of unknown f i lm-s t r ipping 
e r r o r s , and the variat ion in behavior between samples . Because of the 
sca t te r it is not possible to es t imate cor ros ion r a t e s c loser than about 
0.05 m i l / y r . No significant slope of the curve (or "cor ros ion ra te") could 
be es t imated at pH 3.5. There is no rea l a s su rance that the cor ros ion 
curve at pH 4.0 is t ru ly a s t ra ight l ine. It was drawn that way in the ab­
sence of more rel iable information. 
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Corros ion of X8001 Aluminum in 
Dilute Phosphoric Acid 
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These samples were examined for pitting at the end of the tes t . A 
few very shallow microscopic pits of about 0.06-mm diameter were noted 
on some samples and were completely absent on o thers . There was no 
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cor re la t ion between length of t ime in tes t and the number or size of the 
p i t s . The cor ros ion r a t e s obtained in these t e s t s a r e compared in Table I 
with previous ly repor ted ratesv^) at a slightly higher t e m p e r a t u r e . 

Table I 

STATIC CORROSION OF X8001 ALLOY IN 
DILUTE PHOSPHORIC ACID 

Tempera tu re 
(°C) 

225 

290 

pH (measured at 
room t empera tu re ) 

3.5 
4 .0 

3.5 
4.5 

Approx. Cor ros ion 
Rate (mi l s /yea r ) 

<0.05 
0.2 

<0.05 
1.0 

Couples: The effect of e lec t r i ca l ly coupling samples of X8001 alloy 
to s ta in less s teel was a lso investigated in stat ic t e s t s at 225°C to de te r ­
mine the extent of damage that might resu l t from such coupling in a r e ­
actor application. Couples were made by pass ing type 304 s ta in less s teel 
bolts through an aluminum sample . The behavior of the couples was 
s imi la r in pH 3.5 and pH 4.0 acid. At the f i r s t viewing per iod, the pH 4.0 
samples showed an i r r e g u l a r encrus ta t ion of white co r ros ion product 
(loosely attached) on the aluminum next to the s ta in less s teel . The c o r r o ­
sion product did not inc rease with t ime and most of it had fallen off by the 
end of the tes t . The pH 3.5 couples did not show this encrus ta t ion initially, 
but a rep lacement sample at this pH exhibited it to a somewhat l e s s e r extent. 

Under the mic roscope the 40 and 80-day samples were quite s i m i ­
la r in appearance . A lacework of mic roscop ic pits in the aluminum surface 
near the s ta in less steel was filled with a white co r ros ion product . There 
was no pitt ing under the washe r s or bolt heads , and only slight at tack on 
the inside of the bolt holes in the aluminum. There was no sign of an a c ­
ce le ra ted at tack on the s ta in less s teel due to i ts coupling with the a lumi­
num. When the 80-day samples were defilmed, it was obvious that the 
lacework of pi ts extended further from the s ta in less s tee l for the pH 4.0 
tes t than for the one at pH 3.5. Also, the total amount of mic roscop ic pitting 
was g rea t e r for pH 4.0 exposure . There had been no se r ious penet ra t ion 
in e i ther ca se . 

A s imi l a r couple tes t (18-8 s ta in less s teel vs X8001) was pe r fo rmed 
in he l ium-sa tu ra t ed , pH 3.5 H3PO4 at 315°C. Crevice evaluation samples 
made by fastening two pieces of a luminum sheet together were a l so exposed 
in this tes t . Four couples and four c rev ice couples were exposed. 



There was no noticeable effect of coupling to s ta in less s teel during 
the tes t per iod of 106 days. One m e m b e r of an X8001-X8001 crevice 
sample had a s t r ing of very smal l b l i s t e r s located in or near the contact 
a r ea . These were noted at about 16 days, but did not grow during the r e s t 
of the tes t . 

Dynamic Test : The dynamic cor ros ion exper iment for X8001 a lumi­
num in pH 3.5 H3PO4 c lear ly indicated the improvement in cor ros ion r e ­
s is tance in this environment (Fig. 2). The dist i l led water and pH 5.5 curves 
were previously repor ted '^ ) and a r e included for compar ison. For example 
the total co r ros ion at the end of previous t e s t s was 62 mg/cm^ for water 
and 17 mg/cm^ in pH 5.5 H3PO4. At the same exposure t ime, the cor ros ion 
was only 1.1 mg/cm^ in pH 3.5 H3PO4 (7 mg/cm^ » 10~^-inch penetrat ion) . 

5 0 

DISTILLED 
O WATER 

.y" 

DYNAMIC CORROSION OF X800I 
ALUMINUM - 18 FT/SEC-315 " C 

100 150 2 0 0 2 5 0 3 0 0 

T I M E , day 

Fig. 2 

Comparison of the Dynamic 
Corros ion of X8001 Alumi­
num at 315°C in Water and 
Dilute Phosphoric Acid 

The cor ros ion points obtained by defilming the specimens a re 
plotted in Fig . 3 with an expanded scale to show more c lear ly the two types 
of cor ros ion experienced. 

Fig. 3 

Dynamic Corros ion of X8001 
Aluminum in Dilute P h o s ­
phoric Acid. (Eddy Curren t 
Points a r e Averaged Data 
from Four Samples.) 
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Up to about 240 days the s a m p l e s w e r e c o a t e d with a b l u e - g r e e n s m o o t h 
c o r r o s i o n p r o d u c t which d a r k e n e d with t i m e of e x p o s u r e to a v e r y d a r k 
g r e y . F i g u r e 4 shows a t y p i c a l s a m p l e in th i s p e r i o d . 

100,599 2.3X 

F i g . 4. A p p e a r a n c e of T y p i c a l X8001 S a m p l e E x p o s e d 
for 119 Days in p H 3 . 5 H3PO4, 18 f t / s e c , 315°C. 

At about 240 days the p r e v i o u s l y s m o o t h c o r r o s i o n coa t ing showed 
a few t iny b l i s t e r s . The b l i s t e r i n g a c c e l e r a t e d t h r o u g h o u t the r e m a i n d e r 
of the t e s t . A s a m p l e e x p o s e d the full 307 days i s shown in F i g . 5. 

100,601 2.3X 

F i g . 5. A p p e a r a n c e of T y p i c a l X8001 Sample E x p o s e d 
for 307 Days in p H 3 . 5 H3PO4, 18 f t / s e c , 315°C. 

A m i c r o g r a p h at h igh m a g n i f i c a t i o n (see F i g . 6) of a c r o s s s e c t i o n 
of a s a m p l e e x p o s e d 307 days c l e a r l y shows the s u b s u r f a c e v o i d s . The 
c o r r o s i o n p r o d u c t on the i n n e r s u r f a c e of the vo ids i n d i c a t e d tha t a p a t h 
e x i s t e d for the e n t r a n c e of w a t e r . Some s m a l l e r , m o r e a n g u l a r vo ids 
wi thout c o r r o s i o n p r o d u c t l in ings w e r e no ted in the m e t a l f u r t h e r f r o m 
the c o r r o s i o n i n t e r f a c e . Th i s s u g g e s t e d tha t c o r r o s i o n p r o d u c t h y d r o g e n 
w a s e n l a r g i n g the vo ids in i t i a l ly , fo l lowed by w a t e r c o r r o s i o n in t h o s e 
vo ids for which a w a t e r p a t h w a y had b e e n opened . 

The c o r r o s i o n c u r v e up to the o n s e t of b l i s t e r i n g w a s l i n e a r wi th a 
s lope of about y m i l l i g r a m p e r d e c i m e t e r p e r day (mdd) ; a f t e r b l i s t e r i n g , 
the s lope r a p i d l y i n c r e a s e d . C h a n g e s of r a t e of t h i s s o r t have b e e n r e ­
p o r t e d for somie l o n g - t e r m t e s t s of s o m e m e l t s of X8001 in w a t e r in s t a t i c 
a u t o c l a v e s . T h i s m a k e s it i m p o s s i b l e to c l e a r l y define the H3PO4 a s the 
c a u s a t i v e agen t in t h i s e x p e r i m e n t . It should be po in t ed out tha t the c l o s e 
a g r e e m e n t b e t w e e n r e p l a c e m e n t s a m p l e s and s a m p l e s left in the e n t i r e t e s t 
i s u n u s u a l in the d y n a m i c c o r r o s i o n of a l u m i n u m . 



Bakelite Mount 

Outer Oxide 
and Crud 

Compact Oxide 

Metal 

110,296 

F i g . 6. 

lOOOX 

C o r r o s i o n I n t e r f a c e of X8001 S a m p l e E x p o s e d 
307 Days in pH 3.5 P h o s p h o r i c Ac id (18 f t / s e c ) . 

A p o r t i o n of the c o r r o s i o n p r o d u c t f r o m a s a m p l e e x p o s e d 307 days 
w a s s u b m i t t e d to the X - r a y g roup for iden t i f i ca t ion . The s t r o n g p a t t e r n 
ob ta ined w a s tha t of a u g e l i t e , Al2P04(OH)3. 

C h e m i c a l a n a l y s e s of c o r r o s i o n p r o d u c t f r o m s e v e r a l s a m p l e s in 
t h i s t e s t (Tab le II) i n d i c a t e d i r o n and n i c k e l c o n c e n t r a t i o n s s ign i f i can t ly 
g r e a t e r t h a n would be e x p e c t e d f r o m the c o r r o s i o n of X8001 a l u m i n u m . 
The d a r k g r e y c o l o r of the c o r r o s i o n p r o d u c t and the h igh i r o n and n i c k e l 
c o n c e n t r a t i o n s s u g g e s t t ha t t e s t e q u i p m e n t c o r r o s i o n p r o d u c t (c rud) had 
d e p o s i t e d on the o u t e r s u r f a c e of the s a m p l e s . 

T a b l e II 

ANALYSES O F ALUMINUM CORROSION P R O D U C T 

Sample 

122 
118 
115 

Exposure 
Time, days 

119 
223 
277 

Al, w/o 

22.9 
21.9 
25.6 

F e , w/o 

15.1 
14.7 
13.9 

Ni, w/o 

3.8 
4.0 
3.6 



Stainless Steel 

Static: Samples of 18-8 s ta inless s teels were exposed for per iods of 
up to 182 days m he l ium-sa tu ra ted phosphoric acid solution at pH 3 5 and 
315°C Weight changes were as shown m Table III Data for type 347 a r e 
plotted m Fig 7 

Tab le III 

WEIGHT LOSS O F STAINLESS S T E E L S A M P L E S E X P O S E D TO 
pH 3 5 H3PO4, 315°C, He SATURATED 

Sample 

Days Exposure 

Type 347 Annealed 

1) as pickled 
2) as pickled 
3) wet ground 
4) wet ground 

Type 347 Sensitized 

5) as pickled 
6) as pickled 
7) wet ground 
8) wet ground 

Type 316 Annealed 

I) as pickled 
2) as pickled 
3) wet ground 
4) wet ground 

Type 316 Sensitized 

5) as pickled 
6) as pickled 
7) wet ground 
8) wet ground 

Type 304 Annealed 

1) as pickled 
2) as pickled 
3) wet ground 
4) wet ground 

Days Exposure 

Type 304 Sensitized 

5) 
6) 
7) 
8) 

Total Weight Loss m mg/cm^ at Indicated Exposures 

14 

-0 10 
-0 07 
-0 07 
-0 03 

-0 03 
-0 19 
-0 09 
-0 07 

-0 04 
-0 04 
-0 04 
-0 03 

-0 07 
-0 11 
-0 07 
-0 12 

-0 07 
-0 10 
0.15 
0 13 

10 

0 11 

0 12 
0 25 

24 

0 14 
0 15 
0 13 
0 11 

0 13 
0 15 
0 12 
0 19 

0 05 
0 09 
0 01 
0 02 

0 35 
0 58 
0 07 
0 03 

0 10 
0 09 
0 11 
0 17 

31 

0 58 

55 

0 76 
0 73 
0 80 
0 87 

0 95 
0 97 
0 75 
0 86 

0 81 
0 88 
0 73 
0 57 

1 55 
0 89 
0 53 
0 70 

0 78 
0 63 
0 55 
0 03 

41 

0 77 

0 74 
0 74 

94 

1 08 
1 03 
1 11 
1 24 

1 21 
1 26 
1 13 
1 26 

1 16 
1 27 
1 07 
0 92 

2 21 
-

0 93 
1 02 

1 21 
1 03 
0 84 
0 18 

70 

0 81 

186 

1 25 

1 19 
1 36 
1 43 

1 50 
1 44 
1 37 
1 54 

I 32 
1 63 
1 15 
1 13 

2 15 
-

1 05 
1 20 

1 20 
1 30 
0 82 
0 10 

81 

1 09 

1 12 
1 06 

158 

0 88 

168 

1 02 

1 11 
1 07 
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Fig. 7. Corros ion of Type 347 Stainless 
Steel in Dilute Phosphoric Acid 

The samples were covered with a dark thin film. There was some 
evidence of a smal l amount of loose crys ta l l ine deposit but no evidence of 
localized attack, such as pitting. The crys ta l l ine deposit was brushed 
off with Kleenex before weighings. The attack ra te (Fig. 7) of j mdd ap­
pea r s to be 10 to 100 t imes g rea t e r than for dist i l led water . The uncer ­
tainty is due to the lack of data for ref reshed water at the same conditions 
of t empera tu re and oxygen content. The phosphoric acid ra te chosen 
r ep re sen t s a penetra t ion ra te of about 5 x 10"^ inch pe r year and cannot 
be considered a larming. 

P o s t - c o r r o s i o n metal lographic examination revea led local ized 
in tergranular at tack only on the sensi t ized type 316 samples (Fig. 8). The 
annealed type 316 specimens showed only a very slight tendency toward 
preferent ia l grain boundary attack. 

A s imi la r tes t with fewer samples was per formed at 225°C in 
helium sa tura ted phosphoric acid. The resu l t s a r e shown in Table IV. 

At about 40 days, samples had very light temper films ranging 
from almost metal l ic to light blue. At about 80 days, samples were 
covered with a thicker t emper film, but one samiple in the pH 3.5 acid 
had an a r e a (~4 cm^) of slightly darker and heavier film. No pitting was 
noted. Weight changes were of the same magnitude as those observed in 
dist i l led water . 

• / 

/ 
§ 

1 

^ " ' ^ 

1 r 

~ l / 4 m ^ i _ _ . i 1 — — 

TYPE 347 STAINLESS STEEL 
pH 3.5 H s P O ^ - H e SAT 

3 I5 °C 

AVERAGE 

1 

OF 8 SAMPLES 

1 
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I n t e r g r a n u l a r A t t a c k of S e n s i t i z e d Type 316 S t a i n l e s s S tee l 
C o r r o d e d in pH 3.5 P h o s p h o r i c A c i d a t 315°C for 186 Days 

T a b l e IV 

CORROSION O F T Y P E 347 STAINLESS S T E E L SHEET 
(AS R E C E I V E D ) IN D I L U T E PHOSPHORIC 

ACID AT 225°C 

Time, days 

47 
87 
40 
80 

pH 

3.5 
3.5 
4.0 
4.0 

Weight Los s , 
mg/cm^ 

0.02 
0.05 

<0.01 
<0.01 

D y n a m i c T e s t : A d y n a m i c t e s t w a s p e r f o r m e d on type 316 and 347 
s t a i n l e s s s t e e l s h e e t a t 260°C in pH 3.5 H3PO4. No h e a t t r e a t m e n t w a s pe r ­
f o r m e d ; s u r f a c e s w e r e wet g r o u n d (240 g r i t ) . V e l o c i t i e s w e r e 2 and 
22 f t / s e c . The weight c h a n g e s a r e p r e s e n t e d in T a b l e V. 
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T a b l e V 

WEIGHT LOSS O F STAINLESS S T E E L ; 260°C; pH 3.5 H3PO4* 

Sample 

316-1 
2 

3 
4 

347-1 
2 

3 
4 

Ve loc i ty , 
f t / s e c 

22 
22 

2 
2 

22 
22 

2 
2 

To ta l Weight L o s s , in m g / c m ^ , at 
I nd i ca t ed E x p o s u r e T i m e s , days 

9.0 

0.04 
0.05 

0.06 
0.07 

0.03 
0.03 

0.07 
0.06 

L _ ! 

14.8 

0.05 
0.06 

0.07 
0.08 

0.05 
0.04 

0.08 
0.08 

22.6 

0.06 
0.07 

0.09 
0.09 

0.05 
0.03 

0.09 
0.09 

29.4 

0.06 
0.06 

0.09 
0.09 

0.05 
0.04 

0.10 
0.10 

38.1 

0.06 
0.06 

0.09 
0.09 

0.05 
0.04 

0.10 
0.09 

^ R e f r e s h i n g so lu t ion w a s s a t u r a t e d with h y d r o g e n at 200 p s i . 

The s a m p l e s e x p o s e d at 22 f t / s e c had th in , m u l t i c o l o r e d f i lms tha t 
p e r s i s t e d e s s e n t i a l l y u n c h a n g e d t h roughou t the t e s t . The s p e c i m e n s in the 
s l o w e r s t r e a m c h a n g e d f r o m m u l t i c o l o r e d at n ine days to a dull gold by 
the end of the t e s t . The fact tha t the f i lms a r e obv ious ly th in , coup led with 
the low to ta l we igh t l o s s , i n d i c a t e d a v e r y low c o r r o s i o n r a t e , of the s a m e 
o r d e r a s ob ta ined in d i s t i l l e d w a t e r . 

Obv ious ly , the s t a i n l e s s s t e e l d y n a m i c loop u s e d to con ta in the 
a l u m i n u m spec inaens for the 307 -day t e s t in pH 3.5 p h o s p h o r i c a c i d a t 
315°C w a s a l s o e x p o s e d to t h i s e n v i r o n m e n t . No weigh t change eva lua t i on 
was m a d e , but it is s ign i f i can t t h a t no o p e r a t i n g diff icul ty a f t e r the b r e a k -
in r u n was a t t r i b u t a b l e to the p h o s p h o r i c ac id . T r o u b l e w a s e x p e r i e n c e d 
with the n i c k e l b e a r i n g l a b y r i n t h d u r i n g b r e a k - i n . The n i c k e l w a s so 
s e v e r e l y a t t a c k e d tha t a r e p l a c e m e n t wi th a s t a i n l e s s s t e e l l a b y r i n t h w a s 
n e c e s s a r y . 

One s e c t i o n of the loop p ip ing con ta in ing a w e l d e d type 304 o r i f i c e 
w a s r e m o v e d and s e c t i o n e d at the c o n c l u s i o n of the 3 0 7 - d a y t e s t . No i n t e r ­
g r a n u l a r a t t a c k w a s no ted at any po in t . The a p p e a r a n c e was c o m p a r a b l e to 
tha t t y p i c a l l y o b s e r v e d in p u r e w a t e r t e s t s , i n d i c a t i n g no a b n o r m a l c o r r o ­
s ive a t t a c k o c c u r r e d . 

A l u m i n i z e d C a r b o n Stee l 

Two c o m p l e t e l y c l a d (by s p r a y a l u m i n i z i n g ) s p e c i m e n s and s e c t i o n s 
of o t h e r c o a t e d s p e c i m e n s with one face of c a r b o n s t ee l e x p o s e d have b e e n 



The samples were covered with the usual smooth black film. Un­
cer ta in ty in the amount of co r ros ion product re ta ined during these t e s t s 
makes it impossible to compare co r ros ion r a t e s in phosphoric acid solu­
tion with those in wate r . 

The rma l Stability of Phosphor ic Acid Solution 

A boiling exper iment was pe r fo rmed to give p r e l im ina ry informa­
tion as to whether t he rma l decomposit ion or volatil i ty would complicate 
the use of phosphoric acid solution in boiling r e a c t o r s . An e lec t r ica l ly 
heated s ta in less s teel autoclave, of 6-in. ID and 18 in. ta l l , was half filled 
with solution and 2 kw of heat supplied. At t empe ra tu r e (252°C, 600 ps ia) , 
t he rma l equi l ibr ium was es tabl i shed by bleeding and condensing the s team 
at the ra te at which it was produced. The condensed s team was tes ted for 
pH and res i s t iv i ty . This condition of t he rma l equi l ibr ium was main ta inedfor 
about 30 minutes . At the end of this per iod the s t eam bleeding was stopped 
and the autoclave was maintained at 250°C for an additional 4 hours to see 
if t he rma l decomposit ion of the phosphoric acid produced any volati le com­
ponents . The steana was again bled at the equi l ibr ium ra te to dist i l l these 
components if p resen t . Condensate m e a s u r e m e n t s a r e p re sen ted in 
Table VII. 

Table VII 

CONDENSATE FROM pH 3.5 H3PO4(250°C, 600 psia) 

Tes t 

Initial Equi l ibr ium 

1 After 4-|-hours 
at 250°C 

Rate 
(Ib/hr) 

3.6 

3.6 

pH 
at 20°C 

5.7 

5.7 

Specific 
Res i s t ance , 

(ohm-cm at 20°C) 

1,300,000 

1,300,000 

A previous 1-hour run with dis t i l led water produced a gradual 
cleanup of the sys tem, with a t e r m i n a l value of 450,000 o h m - c m specific 
r e s i s t ance and pH of 5.5. Measu remen t s of the f i r s t dis t i l la te with the 
H3PO4 solution showed essent ia l ly these same values . Within 15 minutes 
the specific r e s i s t ance had exceeded 1 megohm, indicating that the cleanup 
was completed. Fo r the next 15 rainutes the values shown in the table for 
initial equi l ibr ium were obtained. 

The data indicate that the re la t ive volati l i ty of H3PO4 was very low 
under these operat ing conditions and that t h e r m a l decomposi t ion to volati le 
products did not occur in this length of t ime . 



also shown in te rgranu la r at tack according to the r e su l t s of worke r s at 
Hanford. Our t e s t s did not confirm th is , e i ther in a s tat ic systenn with 
sens i t ized samples or in a dynamic sys tem with a welded specimen. Until 
the factors involved a r e be t te r understood, the use of type 347 would seem 
prudent as it has a good co r ros ion r e c o r d both he re and at Hanford in 
dilute phosphoric acid. 

Aluminized Carbon Steel 

The use of p rope r ly heat t r ea t ed aluminized carbon steel appears 
to combine the advantages of the low cor ros ion ra te of a luminum with the 
low cost of carbon s teel . Both crud format ion and penet ra t ion ra te would 
be higher in the case of a pinhole through the a luminum, but our p r e l i m ­
inary t e s t s did not indicate that they would be dangerously high. 

Zi rconium 

Zirconium alloys were not at tacked in any unusual fashion in this 
environment , suffering weight changes of the same o rde r of magnitude as 
in dist i l led water . 

The rma l Stability 

At 252°C, 600 ps i , the re was no tendency for the dilute phosphoric 
acid to produce volati le components or to c a r r y over into s t eam conden­
sa te . Unfortunately, the autoclave available did not adequately r e p r e s e n t 
a scaledown of an operat ing boiling water r e a c t o r , such as the EBWR. For 
example , at 60,000 Ib /h r , the EBWR has a ra te of l ibera t ion of s t eam in 
the vesse l of 50 lb pe r minute per square foot of w a t e r - s t e a m interface . 
The autoclave provided a r a t e of only 0.3 in the same uni ts . Due caution 
should therefore be exe rc i s ed in extrapolat ing the boiling autoclave data 
to an operat ing boiling r e a c t o r . 

CONCLUSION 

Most of the common reac to r me ta l s invest igated cor roded at a c ­
ceptably low ra t e s in dilute phosphoric acid (pH 3.5). It would obviously 
be unsafe to genera l ize this s ta tement to include other untes ted components . 

Nickel and sens i t ized type 316 s ta in less steel were severe ly a t tacked 
by this solution at 315°C. 
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