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CORROSION STUDIES PERTINENT TO 
BROMINE TRIFLUORIDE PROCESSES 

by 
J . G. Schnizlein, R. K. Steunenberg and R. C. Vogel 

ABSTRACT 

The cor ros ion r a t e s of cer ta in me ta l s and al loys have 
been de te rmined in s eve ra l solutions typical of bromine 
t r i f luor ide p r o c e s s e s . Nickel, Monel and K. Monel showed 
excellent co r ros ion r e s i s t ance in the following solutions at 
125° C: bromine t r i f luor ide , ten mole per cent bromine in 
bromine t r i f luor ide , ten mole per cent bromine pentafluoride 
in bromine t r i f luor ide , and ten mole per cent uran ium hexa -
fluoride in bromine t r i f luor ide . Inconel and Duranickel a l so 
proved sa t i s fac tory . Stainless s tee l , mi ld s tee l , m a g n e s i -
xim and aluminum a r e suitable for l e s s c r i t i ca l a p p l i c a 
t ions . Nicloy-9 was totally unsa t i s fac tory . j 

Among the s i lver so lders tes ted , Amer i can Pla t inum 
Works Silvaloy 355 far excelled the o the rs in i ts co r ros ion 
r e s i s t ance toward bromine t r i f luor ide . Its use is a p p r o 
p r i a t e in the a s sembly of l abora to ry appa ra tus . 

The cor ros ion ra t e of Monel in aqueous a luminum n i 
t r a t e solutions exhibited a s t rong pH dependence, especia l ly 
in the t e s t s at higher t e m p e r a t u r e s . It was a lso observed 
that p r io r contact with bromine t r i f luor ide reduced the co r 
ros ion of Monel by aluminum n i t r a te solut ions . The addi 
tion of sma l l amounts of sulfamic acid to the a luminum n i t ra te 
solution marked ly inhibited the co r ros ion of Monel at low 
pH values and a t e m p e r a t u r e of 70° C. This effect p e r s i s t e d 
up to four days , depending upon the ini t ia l sU|lfamic acid 
cone entr a t ion. 

Tes t s on the high nickel al loys (nickel, Monel, K Monel 
and Inconel) subjected a l t e rna te ly to bronnine t r i f luor ide and 
aqueous aliiminum n i t r a t e solutions showed pene t ra t ions of 
4 to 5 X 10"^ mi l per cyc le . 

I . INTRODUCTION 

These co r ros ion studies were undertaken in o rde r to or ient p r o p 
er ly the development of p r o c e s s e s using bromine t r i f luor ide . Such a 
p r o c e s s has been contemplated for the separa t ion of uran ium and fission 
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products from spent fuels from nuclear r e a c t o r s . These studies a r e 
l imi ted to s ta t ic t e s t s ; therefore cases involving flow, s t r e s s , c r e v i c e s , 
e tc . , should be examined m o r e careful ly. 

Qualitative and semi-quant i ta t ive data of the cor ros ion of ce r ta in 
me ta l s by halogen fluorides had shown al loys of high nickel content to be 
mos t suitable for s m a l l - s c a l e , s e m i - p e r m a n e n t l abora tory equipment. 
For pilot plant and ful l -scale eqmpment , however , the questions of cost 
and equipment life r equ i red m o r e careful de terminat ions of co r ros ion by 
bromine t r i f luoride solut ions. Corros ion t e s t s up to 20 weeks in dura 
tion were conducted on the high nickel al loys and a few other common 
me ta l s at 125° C in four bromine t r i f luor ide solutions (pure, 10 mole per 
cent b romine , 10 mole per cent bromine pentafluoride, and 10 mole per 
cent uranium hexafluoride) . The exper imenta l r e su l t s and descr ip t ions 
of the equipment and p rocedures a r e p resen ted in Section II. 

Since it is m o r e convenient to use s i lver solder for joining com
ponents than he l i a r c welding, the cor ros ion of var ious s i lver so lders in 
bromine t r i f luor ide was invest igated. Although the study was not as ex
tensive as that above, the data p r e sen t ed in Section III c lea r ly show the 
super ior r e s i s t a n c e of Silvaloy 355 (American Pla t inum Works) . 

One scheme of p rocess ing p lu tonium-uranium alloys by a fluoride 
volati l i ty method suggests that plutonium and fission product f luorides be 
removed fronn the Monel or nickel ve s se l by washing with an aqueous 
aluminum n i t r a te solution. It was, the re fo re , appropr ia te to invest igate 
the co r ros ion of these m a t e r i a l s xonder these c i r c u m s t a n c e s . The study 
of the cor ros ion of Monel in a luminum rdt ra te solutions is p resen ted in 
Section IV. It was hypothesized that n i t rous acid is an in te rmedia te in 
the cor ros ion m e c h a n i s m . This hypothesis offered the possibi l i ty of in 
hibiting co r ros ion by n i t rous acid r emova l through additions of sulfamic 
acid, f e r rous sulfamate, u rea or other s imi la r r e a g e n t s . It was found 
that sulfamic acid was the m o s t effective addit ive. A study of i t s effec
t iveness and the influence of per t inent va r i ab les i s p resen ted in Sect ionlV. 
Most of the t e s t s were of shor t duration because the a luminum n i t r a te 
solution would be used only as a wash. 

Since a p r o c e s s v e s s e l might be subjected a l t e rna te ly to i n t e r -
halogen and aqueous solut ions, the high nickel al loys were t es ted under 
cyclic conditions s imi la r to those planned for a d i s so lver . These data 
a r e p re sen ted in Section V. 

Hyman, H. H . , R. C. Vogel, and J. J . Katz, "Decontamination of 
I r r ad i a t ed Reac tor Fue l s by F rac t iona l Dist i l lat ion P r o c e s s e s Using 
Uranium Hexafluoride, " Pape r 546, Internat ional Conference on the 
Peaceful Uses of Atomic Energy, Geneva, Switzerland (July 7, 1955). 
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n . CORROSION OF VARIOUS METALS BY BROMINE TRIFLUORIDE 

SOLUTIONS 

A . Static Refluxing Tes t s 

1. Apparatus 

The long- t e rm cor ros ion t e s t s were conducted in nickel 
boi le rs const ructed of 3-inch nickel pipe, 12 inches long, with a t tached 
a i r - coo l ed condensers (see F igure 1). T e m p e r a t u r e r egu la to r s were 
ins ta l led to prevent an unexpected i n c r e a s e in t e m p e r a t u r e . A gauge 
and manifold sys tem pe rmi t t ed p r e s s u r e m e a s u r e m e n t and cont ro l . 

The boi ler , containing 450 m l of halogen fluoride, was 
heated by means of a s b e s t o s - c o v e r e d Nichrome wire wound aro\ind the 
lower half of the boi ler . The vapor from the upper port ion pas sed 
through the side a r m to the condenser . Condensate was r e tu rned to the 
bottom of the boi le r . The t e m p e r a t u r e was mainta ined at 125 i 5°C. 

The meta l coupons, previous ly cleaned by the method 
descr ibed below, were held in a nickel rack (see F igure 2) by Teflon 
insu la to rs to prevent e l ec t r i ca l couples . Nickel, Monel, K Monel, 
Inconel, welded nickel , and welded Monel were t es ted in the f i r s t s e r i e s ; 
Duranickel , Incoloy, aliiininum, magnes ium, s ta in less s tee l , mi ld s tee l , 
and Nicloy-9 were tes ted in the second. The coupons were supported in 
the liquid, at the l iquid-vapor in te r face , and in the vapor space . 

Four different b romine t r i f luor ide solutions were tes ted 
(pure, 10 mole per cent b romine , 10 mole per cent bromine pentafluoride, 
and 10 mole per cent uran ium hexafluoride) . The p r e s s u r e over each of 
these sys t ems was different, but the method of operat ion and the t e m 
p e r a t u r e were the s a m e . 

2 . Coupon P r e p a r a t i o n 

Squares ( l - l / 2 inch) were shea red from l / l 6-inch sheets 
of the m a t e r i a l s to be t e s ted . To e l iminate the s t r e s s a r e a of the shea r , 
l / l 6 inch was mi l led from all four edges . In the p r e - e x p o s u r e t r ea tmen t 
the 1 3/8 X 1 3/8 X 1/16-inch coupons were polished for one minute with 
a pas te of water and scouring c leanse r supported on a j>ad of fine (000) 
s tee l wool using a dr i l l p r e s s . The coupons were then washed with water , 
r insed with dis t i l led water , then acetone, dr ied in an oven at 110° C, a l 
lowed to cool, and weighed. The coupons were supported between the 
Teflon space r s in the rack (see F igure 2) and a r r a n g e d so that each of 
t h r ee se ts in the boiler were respec t ive ly in the liquid, at the liqxiid-vapor 
in te r face , and in the vapor space . 
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FIGURE 1 

CORROSION BOILER FOR INTERHALOGEN SYSTEM 
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FIGURE 2 

COUPON ARRANGEMENT IN CORROSION BOILERS 
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The halogen fluoride was refluxed at 125° C for a given 

per iod of t ime in the boi ler . After removing the coupon rack from the 
boiler and allowing excess in terhalogens to drain off and evapora te , the 
rack was further dr ied in an oven at 110° C. The rack and coupons were 
cooled, d i sassembled and the coupons were weighed. The weights of the 
high nickel al loys were de te rmined after the f i r s t , th i rd , seventh, e lev
enth and, in some c a s e s , twentieth weeks of exposure . The other m e t a l s 
were weighed after the f i r s t , second, th i rd and fourth weeks . Each cou
pon was rep laced in the rack in i ts fo rmer posit ion and r e tu rned to the 
boiler for additional exposure . Since the in te rva l weights showed no evi 
dence of change of r a t e with t ime the exposures were t e rmina ted . After 
the ent i re s e r i e s of exposures to the halogen f luorides , the coupons were 
washed for 1/2 hour in 1 M aluminum n i t r a t e , 0.05 Al sulfamic acid solu
tion, pH adjusted to 0 . 5 , to remove the fluoride f i lms . The r e su l t s of 
this s e r i e s of t e s t s a r e given in Table 1. 

I 3 . Discuss ion 

The high nickel al loys showed ex t remely low cor ros ion in 
the in terhalogen solutions and a r e , the re fo re , excellent m a t e r i a l s of con
s t ruc t ion . Inconel is somewhat l e s s r e s i s t a n t than nickel and Monel. 
Duranickel , Incoloy and s ta in less s tee l a r e of in t e rmed ia te value, show
ing modera t e co r ros ion r a t e s . Although mi ld s tee l gave a somewhat 
l a r g e r co r ros ion r a t e the difference of cost m u s t be cons idered to a r r i v e 
at a sa t i s fac tory choice of m a t e r i a l . Aluminum, although showing a fair ly 
low cor ros ion r a t e under these condit ions, suffered cons iderable at tack at 
a point of leakage on the outside surface of ve s se l s used in the l abora to ry 
(see F igu re s 3 and 4). Evidently the fluoride film hydrolyzes readi ly in 
a i r and the hydrolys is products of b romine t r i f luor ide at tack a luminum 
rapid ly . Magnesium might bear further cons idera t ion . Nicloy-9 is com
pletely unsa t i s fac tory . 

B . Cor ros ion in Bromine Tr i f luor ide Condensate* 

In the co r ros ion studies of the previous sect ion the cor ros ion 
products were allowed to accumula te in the refluxed interhalogen in which 
the coupons were i m m e r s e d . Although very low r a t e s of a t tack were ob
se rved , it was n e c e s s a r y to know to what extent the co r ros ion products in 
solution might influence the r a t e . The solubility of nickel fluoride in b r o 
mine t r i f luor ide has been r epo r t ed as about 1 mg per 100 g solution at 25 
and 70° C. 2 

*The work outlined in this sect ion was c a r r i e d out by W. J . Mecham 
and I. O. Winsch. 

Sheft, I . , H. Hyman, and J. J . Katz, "Solubility of Some Metal 
F luor ides in B r F j . " J . Am. Chem. Soc. , 75, 522, (1953). 
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CORROSION IN INTERHALOGEN SYSTEMS AT 125 C 

Coupons: I 3/8 i n . x 1 3/8 i n . x 1/16 i n . i n i t i a l l y 
p o l i s h e d wi th f ine s t e e l wool and s c o u r i n g 
c l e a n s e r p a s t e , washed, deg rea sed and 
d r i e d a t 110 C. 

S u p p o r t s . I n s u l a t i n g Tef lon s p a c e r s . 

F l u o r i d e Film Removal. 1 M A K N O j j j , 0 . 05 M s u l f a m i c a c i d , pH 0 . 5 . 

P e n e t r a t i o n i n rails p e r y e a r ( a ) 

Metal 

N i c k e l 

Welded N i c k e l 

Monel 

Welded Monel 

K Monel 

Incone l 

D u r a n i c k e l 

I n c o l o y 

Aluminum^®' 

Magnesium^^' 

Time of 
Exposure 
(Weeks) 

11 

11 

11 

11 

11 

U 

4 

4 

4 

4 

Vapor 

+ (d) 

+ 

+ 

+ 

0 .0002 

0 .0005 

0 .12 

1.3 

0 

- ( h ) 

P u r e BrF3">' 

I n t e r f a c e 

+ 

0 0004 

+ 

+ 

0 .003 

0 .010 

0 .28 

3 .2 

0 . 7 1 

-

L i q u i d 

+ 

+ 

0 .005 

0 .005 

0.007 

0.027 

0. 30 

3.6 

0,70 

+ 

10% 

Vapor 

+ 

0 

+ 

0 .004 

0.009 

0 .0008 

0 .23 

1.4 

0 . 19 

-

BrF j - 90% 

I n t e r f a c e 

0.006 

0 .012 

0 .025 

0 .029 

0 . 0 3 1 

0 .045 

0. 30 

1.5 

0. 10 

-

BrF j 

L i q u i d 

0 .012 

0 .005 

0.029 

0 .018 

0.036 

0.046 

0 .26 

1.7 

+( f ) 

+ 

10% B 

Vapor 

+ 

+ 

+ 

+ 

0 .008 

+• 

0. 30 

0 74 

0 

-

r j - 90% BrF j 

I n t e r f a c 

0 .002 

0 . 0 0 1 

0.020 

0 .015 

0 .025 

0.029 

0. 37 

1.0 

0 .17 

-

e L i q u i d 

0 .004 

0.006 

0 .024 

0 .033 

0 .034 

0 . 0 4 1 

0. 37 

0.9 

t ( d ) 

+ 

10% UF( 

Vapor I 

0 .008 

0.007 

0 .004 

0 .005 

0 .005 

0 .020 

0 . 05 

0.7 

+ 

-

' = ' - 90% BrF j 

n t e r f a c e 

0.018 

+ 

0 .003 

0 .002 

0 .004 

0 . 0 1 1 

0 .02 

1.2 

+ 

-

L i q u i d 

0.008 

0.0003 

0 

0 

0 .004 

0 015 

.009 

2 . 5 

+ 

-

S t a i n l e s s S t e e l 

(Type 304) 

S t a i n l e s s S t e e l 

(Type 347) 

Mild S t e e l 

N i c l o y - 9 

3.6 2.0 

7 .8 11 

74 

16 

160 

4 .9 

27 

2 . 4 

6 .8 

3 . 3 

5 .2 

( a ) In c a s e s when t h e c o r r o s i o n r a t e i s of t he o r d e r of l e s s than 0. 1-mil p e n e t r a t i o n pe r y e a r , the 
a c t u a l numbers c a r r y l i t t l e s i g n i f i c a n c e . They have been i n c l u d e d i n t h i s d a t a to emphasize t h e 
f a c t t h a t t h e t e s t d e m o n s t r a t e s high r e s i s t a n c e ; t h a t i s , a c o r r o s i o n r a t e of 0 . 0 0 1 mi l pene 
t r a t i o n p e r y e a r fo r meta l A and 0 .002 mil p e n e t r a t i o n p e r yea r for m e t a l B does no t n e c e s s a r i l y 
mean t h a t A i s tw ice a s good as B, bu t t h a t both meta l s a r e en t i r e l y s a t i s f a c t o r y for s e r v i ce . 

(b) The exposu re t ime for p u r e B r F , to n i c k e l th rough Incone l was 20 weeks i n s t e a d of 11. 

( c ) I n i t i a l UFg c o n c e n t r a t i o n i n l i q u i d . Removing and r e p l a c i n g samples n e c e s s i t a t e d some l o s s of 
UFg so t he f i n a l UFg c o n c e n t r a t i o n was 5. 1 mole %. 

(d) + i n d i c a t e s a weight ga in l e s s than 1 mg. 

( e ) C o n c e n t r a t e d HNO, wash used to remove f l u o r i d e f i lm from aluminum. 

( f ) Weight g a m 7 . 8 rag t o t a l . 

(g) No method d e v i s e d for f i lm removal w i thou t a t t a c k of coupon. Weight changes a r e of t he same 
o r d e r o f magn i tude as D u r a n i c k e l , so p e n e t r a t i o n s shou ld be of t h e same o r d e r of m a g n i t u d e . 

(h) ~ i n d i c a t e s no measurement made. 
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By incorpora t ing a condensate r ece ive r into a loop designed to 
t es t valve opera t ions , coupons could be mainta ined in the bromine t r i f luo
r ide condensate . The condensate was rehea ted to ^̂ -'70° C and it overflowed 
from the coupon container through the tes t valves back into the sti l l pot. 
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The data in Table 2 show acce le ra t ions of a t tack from 4 to 20 
t imes those in stat ic long t e r m t e s t s . However , the r a t e s a r e st i l l s a t i s 
factori ly low for any use . 

Table 2 

CORROSION IN BROMINE TRIFLUORIDE CONDENSATE 
AT 70° C FOR 650 HR j 

1 3/8 in. X 1 3/8 in. x 1/16 in. coupons init ial ly 
pol ished with fine s tee l wool and scouring c leanse r 
pas te , washed, degreased , and dr ied at 110° C. 
Supported in in terhalogen condensate between Teflon 
s p a c e r s . F luor ide fi lms were removed with 0. 1 M 
A1(N03)3, 0.05 M sulfamic acid, pH 0.5 solution 
before weighing. 

Nickel 
Welded Nickel 
Monel 
Welded Monel 
K Monel 
Inconel 

III. CORROSION OF SILVER SOLDER 

m i 

0 

1/yr 

036 
024 
10 
11 
19 
08 

Ea r ly in the l abora to ry studies with bromine t r i f luor ide solut ions, 
p rec ip i ta tes of s i lver hal ides were observed when samples were h y d r o -
lyzed in aqueous solut ions . Since the total el imination of s i l v e r - s o l d e r e d 
connections from l abora to ry equipment was i m p r a c t i c a l , especia l ly in the 
Hoke Model 413 diaphragm valve a s s e m b l i e s , a co r ros ion study of ava i l 
able s i lver so lde r s was under taken. Cer ta in l imi ts were placed on the 
choice of s i lver so lders to be t e s ted . Silver so lde r s containing phosphorus 
were excluded because of the formation of br i t t le phosphides with nickel at 
the braz ing t e m p e r a t u r e with subsequent danger of c racking . Since a 
hand to rch was used in the l abora to ry on va r i ed s izes of equipment, the 
choice of low to medium t e m p e r a t u r e al loys was m a d e . An addit ional 
factor was the avai labi l i ty . 

Braz ing and Soldering Nickel and High-Nickel Al loys . In ternat ional 
Nickel C o . , New York, N. Y. , Tech. Bui . T -34 . 
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A s e r i e s of elinn.ination t e s t s were made f i rs t by placing l / 4 - i n c h 

lengths of 1/16-inch d iameter solder and l / 4 x l / 4 - i n c h Monel-solder 
couples in 1/2-inch Fluorothene sainple tubes containing bromine t r i 
fluoride. These were maintained at 70° C in an oven for 24 hou r s . Most 
of the pieces of solder d is in tegrated (note F igure 6, No. 6). The data 
p resen ted in Table 3 and F igure 5 were obtained from the couples that 
r emained sufficiently intact to weigh. No at tempt was made to remove 
cor ros ion products from the s a m p l e s . 

Table 3 

CORROSION OF VARIOUS SILVER SOLDERS 

11 

Handy and H 

Easyflo 

Easyflo 
Easyflo 
RT 

RTSN 

Easyflo 
Alloy 

No. 

No. 
No. 

1/4-

armon 

3 

45 
35 

Brazing 

inch 
Exp 

IN BROMINE 

Monel s 
ose d to 

Sil 

Ag 

50 

45 
35 
60 
60 

50 

TRIFLUORIDE AT 

quares with 
BrF3 at 70 

70 C 

silver solder on one 

C, dried and 

ver Solder Composition 

Weight Per cent 

Cu 

15. 5 

15 
26 
25 
30 

15. 5 

Zn 

15. 5 

16 
21 

15 
-

16. 5 

Cd Other 

16 3 Ni 

24 
18 
-

10 Sn 

18 

wei ghed. 

Time of 
Exposure, 

hr 

24 
24 
24 

24 
24 
19 1/2 

43 1/2 
115 

side. 

Total 

mi 1/hr 

0.085 

0. 075 
.099 
Disintegrated 

. 15 

.095 

. 065 

.037 

American Platinum Works 

Silvaloy 35 

Silvaloy 40 

Silvaloy 45 

Silvaloy 50 

Silvaloy 503 

Silvaloy 355 

35 26 
40 

45 

50 

50 

56 

18 
15 

15. 

15. 

22 

21 

15 

16 

16. 5 

15. 5 

17 

18 
27 
24 
18 
16 3 Ni 

5 Sn 

24 

24 

24 

24 

24 

19 

43 

115 

139 

1/2 
1/2 

0 .077 
.086 
. 2 9 ( F l aked) 
. 082 
. 12 
.010 
.0056 
.0019 
.0016 

Additional t e s t s of Silvaloy 3 55 (American Plat inum Works) were 
conducted in the boiler i l lus t ra ted in F igure 7 for longer per iods of t ime . 
The data for liquid, interface and vapor cor ros ion a r e p resen ted in 
F igure 8. 
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FIGURE 5 

CORROSION OF VARIOUS SILVER SOLDER - MONEL COUPLES 
IN BROMINE TRIFLUORIDE AT 70°C 

1/4" square of 1/32" Monel with silver solder on one side 

T h e r e i s n o c l e a r l y d e f i n e d r e a s o n f o r t h e s u p e r i o r c o r r o s i o n r e 
s i s t a n c e of S i l v a l o y 3 5 5 i n b r o m i n e t r i f l u o r i d e . C o m p a r i s o n w i t h R T a n d 
R T S N i n d i c a t e s t h a t n e i t h e r t h e a b s e n c e of c a d m i u m n o r t h e p r e s e n c e of 
t i n s e e m s t o b e t h e i m p o r t a n t f a c t o r . 

M o n e l c o u p o n s c o a t e d o n o n e s i d e w i t h S i l v a l o y 3 5 5 s h o w e d a h i g h 
i n i t i a l c o r r o s i o n r a t e b u t t h e r a t e q u i c k l y d i m i n i s h e d t o l e s s t h a n 12 m i l s 
p e r y e a r b a s e d o n a t h r e e - w e e k ' s t e s t i n b r o m i n e t r i f l u o r i d e a t 125° C . 
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A. Samples prepared by coating one side of a Monel coupon with the silver solder being tested. 
1. A.P. W. No. 355 couple; original sample. 
2. A.P W. No. 355 couple exposed to BrFs six days at 70°C. 
3. Easyflo Brazing Alloy couple exposed to BrFs five days at 70OC. 
4. Easyflo Brazing Alloy couple; original sample. 

fSigfA 

. f ' "5"..'-^ • • •- : ' _ . ; • : ' _ . 

B. Samples consisted of 1/16-inch wire; an unexposed sample is shown for comparison. 
5. A.P. W. No. 355 exposed to BrF3 six days at 70°C. 
6. Easyflo Brazing Alloy exposed to BrF3 twenty-four hours at 70°C. 

FIGURE 6 

CORROSION OF SILVER SOLDERS BY BROMINE TRIFLUORIDE 
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BOILER FOR CORROSION TESTS 
WITH BROMINE TRIFLUORIDE 
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FIGURE 8 

CORROSION OF SILVER SOLDER ON NICKEL AND MONEL BY BROMINE TRIFLUORIDE 

Type of Silver Solder: American Platinum Works No. 355 (coupons coated on one side only) 

Temperature: 125 - 130°C 

Coupon Size 
In vapor and Uquid: 1/2 x 1/2 x 1/32" 
At interface: 1/4 x 1/4 x 1/32" 

Penetration Corresponding to 
1 mg. Wt. Loss, mils 

0.043 
0. 035 
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IV. AQUEOUS CORROSION OF MONEL 

A. Aluminum Ni t ra te Solution Corros ion 

During the course of any interhalogen p r o c e s s with radioact ive 
m a t e r i a l s it may be essen t ia l to decontaminate equipment and subsequently 
t r e a t and perhaps r ecove r f issionable m a t e r i a l s . One acceptable solution 
for this i s a luminum n i t r a te because of i ts abil i ty to solubilize fluoride 
sa l t s through complex format ion. Thus , the co r ros ion r a t e of Monel in 
a luminum n i t r a t e solutions is of i n t e r e s t . 

The technique adopted for these exper iments was in accord
ance with s tandard co r ros ion test ing p r a c t i c e s . Coupons of Monel were 
supported on edge on plas t ic (methacryla te) ho lders in a luminum n i t r a t e 
solut ions . P r e l i m i n a r y t e s t s showed that var ious methods of cleaning the 
coupons, i . e . , r ins ing with water , scrubbing with soap and water , polishing 
with a wire brush or c rocus cloth, had a negligible effect upon the weight 
of the coupon or i t s co r ros ion r a t e . Although a thin black film was formed 
on the surface during the t e s t s , it p o s s e s s e d no m e a s u r a b l e weight and a p 
p e a r e d to have no inhibiting effects on the co r ros ion r a t e . 

In o rde r to es tabl i sh a sui table per iodof i m m e r s i o n , the effect of 
t ime upon the co r ros ion r a t e was de te rmined . The samples (1 x 2 x 0 . 05-inch 
coupons) were placed in 0 • 10 M aluminum n i t r a te solution of pH3.62 a t26°C. 
The coupons were then removed after 24, 48, 72, 144 and 312 hours and 
weighed. The coupon rennoved after 24hours was innmersed another 24 hours 
and compared with one i m m e r s e d for 48 h o u r s , and so forth. This p r o c e 
dure allowed a compar i son between the incrennental and the total undis turbed 
co r ros ion . The r e s u l t s , shown in F igu re 9. indicate a constant r a t e of c o r 
ros ion over the t ime per iod t es ted . The r e s u l t s a r e plotted d i rec t ly as 
weight loss against t ime since the coupons were a l l of the same a r e a . The 
total t ime t e s t s showed the same r a t e , 6 m i l s / y r , as the inc remen t t e s t s . 
Since the cor ros ion r a t e was found to be independent of t ime within the in
t e r v a l invest igated, an a r b i t r a r y s tandard per iod of 144 hours was chosen 
for further r u n s . This per iod of t ime gave a convenient m e a s u r a b l e weight 
l o s s under these condit ions. La t e r exper iments indicated that solutions at 
lower pH values showed a cons iderab le influence of t ime on the c o r r o s i o n 
r a t e . The re fo re , these data can only co r r ec t l y be used for i n t e r c o m p a r i -
son for the reproduced per iod of t ime of 144 hours for low pH va lues . 

F u r t h e r exper iments at 26°C were pe r fo rmed with 0.05 to 0.5 M 
alumintim n i t r a t e solutions in the pH range of 0.3 to 3.8. The pH values were 
de te rmined before and after each exper iment . All t e s t s were made on dupli
cate samples for 144 h o u r s . The r e s u l t s , r e p r e s e n t e d in F igure 10, a r e 
plotted a s co r ros ion r a t e v e r s u s the ave rage of the ini t ia l and final pH. It i s 
apparent that the r a t e at 26°Cwas ordy sl ightly dependent upon pH, i nc reas ing 
somewhat in the s t rongly acidic solut ions . Var ia t ions in the concentrat ion of 
a luminum n i t r a t e , except as it affected the pH, had no apprec iab le effect. 
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FIGURE 9 

EFFECT OF TIME ON THE CORROSION OF MONEL BY ALUMINUM NITRATE 

Test Conditions: 0.10 M A1(N03)3, pH 3. 62, 26°C 
Test Specimen: Monel sheet, 1 x 2 x 0. 05 in. 

200 

3.5 4 .0 0.5 1.0 1.5 Z.O 2.5 3.0 

AVERAGE OF I N I T I A L AND FINAL pH 

FIGURE 10 

EFFECT OF pH ON RATE OF CORROSION OF MONEL IN ALUMINUM NITRATE SOLUTION 

Test Specimen: Monel sheet, 1 x 1 x 0. 05 in. 

KEY: 

Aluminum Nitrate 
Concentration, M 

0.05 
0.10 
0.30 
0.50 

Test Temperatiire 
26°C 70°C 
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Since fas ter decontamination of any ves se l by operat ing at 

higher t e m p e r a t u r e s might be des i r ab le , co r ros ion r a t e s at 70°C were in
vest igated brief ly. As in the 26°C exper iments , the pH was adjusted with 
n i t r i c acid and the coupons were i m m e r s e d for a per iod of 144 h o u r s . The 
beakers were sealed with sheets of p las t ic to nninimize evaporat ion and 
placed in an oven the rmos ta t ed at 70°C. No definite control of ae ra t ion 
was applied. The cor ros ion r a t e s at this higher t e m p e r a t u r e were g r e a t e r 
and a lso much m o r e dependent upon pH. These r e su l t s a r e a lso p resen ted 
in F igure 10. 

The r e su l t s of these t e s t s suggest that the co r ros ion of Monel 
by aluminum n i t r a te solution is caused by the n i t r i c acid formed as a hy
dro lys i s product . The co r ros ion r a t e s a r e l e s s than 30 m i l / y r at room 
t e m p e r a t u r e , but a r e genera l ly higher and much m o r e dependent on pH 
at elevated tennperatures for this a r b i t r a r y t ime of 144 hours contact . 

B . Sulfamic Acid Inhibition of Ni t ra te Cor ros ion 

It i s believed that n i t rous acid is an in te rmed ia te species in 
the co r ros ion mechan i sm since the co r ros ion is probably due to n i t r a t e 
oxidation of the m e t a l . This hypothesis offers the poss ibi l i ty of inhibiting 
the co r ros ion by n i t rous acid r emova l through addit ions of sulfamic acid , 
f e r rous sulfamate , f e r rous sulfate, u r e a or other s imi l a r r e a g e n t s . 
Quantitative t e s t s showed sulfamic acid to be the m o s t effective addi t ive. 
A study of the effectiveness of sulfamic acid and the influence of per t inent 
va r i ab les is p re sen ted below. 

Most of the t e s t s were of shor t durat ion s ince it is not expected 
that a pa r t i cu la r a luminum n i t r a te solution would be in contact with Monel 
for an extended per iod . The t e s t solutions were d e - a e r a t e d by bubbling 
ni t rogen through them. All the t e s t s were c a r r i e d out in a n i t rogen a t m o s 
p h e r e . Evaporat ion was min imized by sa tura t ing the n i t rogen with water 
vapor before pass ing it over the tes t solut ions . Runs at 70°C were made 
in an oven equipped with a vacuum chamber which was flushed with n i t r o 
gen and sealed from the a t m o s p h e r e . Other beakers containing water were 
placed in the chamber to l imi t evaporat ion from the t e s t solut ions . 

Two Monel coupons, each 1 x 1 x l / 3 2 inch, were used in each 
t e s t . These were cleaned in p repa ra t ion for exposure by one of the follow
ing two methods : (1) the coupon was scoured with fine s tee l wool and a 
household scouring c l eanse r , followed by water and acetone r i n s e s ; or (2) 
the coupon was i m m e r s e d 5 minutes in bromine t r i f luor ide at room t e m 
p e r a t u r e , then dipped into 0 .5 M aluminum n i t r a t e , hydraz ine sulfate so lu
tion, r in sed with water and finally ace tone . The hydrazine was p r e s e n t to 
reduce the bromine formed to b r o m i d e . 
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About 125 ml of solution was used for each pai r of coupons. 

All the data repor ted a r e average observat ions for two coupons. Adjust
ments of acidity were made with n i t r ic acid. Before weighing, each coupon 
was washed with water and dr ied with acetone . Aweight loss of 1 ing was 
equivalent to a penetra t ion of 0. 003 m i l . 

Data on the cor ros ion of Monel by aluminum n i t ra te solutions 
at 70° C a r e given in Table 4 for both scoured and bromine t r i f luor ide-
washed coupons with 0 to 0.05 M sulfamic acid concent ra t ions . Data s e 
lected from Table 4 a r e plotted in F igure 11 to i l lus t ra te the effect of t ime 
and sulfamic acid concentrat ion. The upper curve shows the total c o r r o 
sion at a pa r t i cu la r t ime by an aluminum ni t ra te solution in the absence of 
sulfamic acid. It is of i n t e re s t that the cor ros ion is radica l ly reduced 
after a penetra t ion of 1 mi l during the f i rs t 150 h o u r s . The reason for 
this is that as the cor ros ion proceeds the solution becomes less acid. 

Table 4 

CORROSION OF MONEL BY ALUMINUM NITRATE SOLUTIONS AT 70 C 

Effects of Time, Pretreatment, and Sulfamic Acid Concentrations 

Solution: 
NH„HSO, as indicated. 

Coupon Treatment: 1 x 1 x 1/32-in. Monel coupons cleaned before experiment 
as follows: (1) immersed for 5 minutes in BrF^ at 25 C, 
dipped in 0.5M. AKNOj)^ saturated with hydrazine sulfate, 
rinsed in water and dried with acetone - indicated as 
"BrP j , "o r (2) scoured with fine steel wool and scouring 
cleanser, water washed and dried with acetone -
indicated as " S c . " 

Corrosion in Total Mils Penetration 

Sulfamic Acid 
Concn., M 

Coupon 
Pretreatment 

Time, Hours 

24 
40 
48 
64 
71 

136 
143 
168 
192 
216 

0 

Sc 

1.1 
1.6 

-
2.2 

-
3.0 

-
-
-
. 

0 

BrF3 

0.081 

-
0.26 

-
0.52 

-
1.05 
1.06 
1.06 
1.08 

0.0005 

BrF3 

0.015 
0.15 

-
0.52 

0.00 

Sc 

0.25 
0.54 

-
0.88 

-
1.5 

-
-
-
. 

0.0005 0.001 0.001 0.002 0,002 0.005 0.01 

B r F , B r F , B r F , B r F , Sc 

0.01 

B r F , 

0.02 

BrF , 

0.05 0.05 

Sc 

0.010 0.009 0.009 0.007 0.49 0.006 0.005 0.29 
0.10 - 0,027 - 0.60 - - 0.42 

0.012 - 0.011 - 0.010 0.008 
0.46 - 0.28 - 0.77 - - 0.52 

0.016 - 0.016 - 0.015 0.012 
1.8 - - 0.84 

0.46 - 0.15 - 0.039 0.023 
0.76 - 0.36 - 0.19 0.085 
0.93 - 0.60 - 0.47 0.26 
1.00 - 0.78 - 0.73 0.84 

BrP3 

0.006 

0.009 

0.013 

0.027 
0.033 
0.083 
0.23 
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FIGURE 11 

INHIBITING NITRATE CORROSION OF MONEL WITH SULFAMIC ACID 

Temperature: 70°C 

Test Coupons: 2 - 1 x 1 x 1/32" Monel, washed with BrF3 
Corrodent: 125 ml. 0.1 M Aluminum Nitrate, pH = 0. 5 (initially) with Sulfamic Acid as indicated 
Atmosphere: Nitrogen 

T h e p r e v i o u s l y m e n t i o n e d s t u d y d e m o n s t r a t e d t h a t t h e c o r r o s i o n of M o n e l 
b y a l u m i n u m n i t r a t e i s p r i m a r i l y d e p e n d e n t o n t h e s o l u t i o n a c i d i t y a n d n o t 
t h e a l u m i n u m n i t r a t e c o n c e n t r a t i o n . U n d e r t h e c o n d i t i o n s of t h e s e e x p e r i 
m e n t s i t w a s f o u n d t h a t f o r s u l f a m i c a c i d c o n c e n t r a t i o n s of 0 t o 0 . 0 5 M a t 
70° C , t h e a c i d i t i e s of t h e s o l u t i o n s a l l d e c r e a s e d , c o r r e s p o n d i n g t o a p H 
i n c r e a s e f r o m 0 . 5 t o 4 i n 1 6 8 h o u r s . T h e d a t a p r e s e n t e d i n F i g u r e 10 
s h o w t h a t a t 70° C a n d a p H of g r e a t e r t h a n 2 . 5 , t h e c o r r o s i o n i s s m a l l 
a n d c o n s t a n t , w h i l e i n m o r e a c i d s o l u t i o n s t h e c o r r o s i o n i s m u c h g r e a t e r . 
I t i s , t h e r e f o r e , i m p o r t a n t t o e m p h a s i z e t h a t in t h i s t y p e of c o r r o s i o n t h e 
t o t a l p e n e t r a t i o n i s a f u n c t i o n of t h e r a t i o of m e t a l a r e a t o t h e s o l u t i o n 
v o l u m e , a n d t h a t t h e p H of t h e s o l u t i o n i s c o n t r o l l e d o n l y a t t h e b e g i n n i n g 
of t h e e x p o s u r e . 

T h e c o r r o s i o n i n h i b i t i o n i s s h o w n t o i n c r e a s e w i t h i n c r e a s 
i n g s u l f a m i c a c i d c o n c e n t r a t i o n i n F i g u r e 1 1 . T h e i n h i b i t i n g e f f e c t i s 
a p p r e c i a b l e f o r 75 h o u r s a t a s u l f a m i c a c i d c o n c e n t r a t i o n of 0 . 0 0 5 M . 
T h i s e f f e c t d e c r e a s e s t h e c o r r o s i o n b y a f a c t o r of a b o u t 3 0 . F o r 0 . 01 M 



3.0 
s i i l famic a c i d the effect l a s t s for about 140 h o u r s , for 0. 02 M about 150 ho 
and for 0. 05 M about 165 h o u r s . F r o m t h e s e da ta i t i s a p p a r e n t t ha t i t i s 
not p a r t i c u l a r l y w o r t h w h i l e for w a s h i n g v e s s e l s to u s e s u l f a m i c a c i d con 
c e n t r a t i o n g r e a t e r t h a n 0 . 0 1 M. 

T h e m a g n i t u d e of t h e s e e f fec t s i s a l s o a funct ion of the coupon 
p r e t r e a t m e n t . In F i g u r e 12 the effect of coupon p r e t r e a t m e n t on the c o r 
r o s i o n of Mone l by a l u m i n u m n i t r a t e in the p r e s e n c e and a b s e n c e of s u l 
f a m i c a c i d i s d e m o n s t r a t e d . It i s obv ious t h a t the coupons i m m e r s e d in 
b r o m i n e t r i f l u o r i d e , fo l lowed by a q u e o u s w a s h e s , a r e c o n s i d e r a b l y m o r e 
c o r r o s i o n r e s i s t a n t t han t h o s e c l e a n e d m e c h a n i c a l l y . In the a b s e n c e of 
s u l f a m i c a c i d , t h i s i m p r o v e m e n t i s a f a c t o r of 3 to 10. In the p r e s e n c e 
of the c o r r o s i o n i n h i b i t o r , the i m p r o v e m e n t i s f r o m fifty to e igh ty fold. 
It i s h a r d to u n d e r s t a n d the r a t h e r p ro found effect of t h i s b r o m i n e t r i 
f l u o r i d e dip p r e t r e a t m e n t , but f o r t u n a t e l y t h e b r o m i n e t r i f l u o r i d e c o n t a c t 
i s s i m i l a r to the e x p e c t e d m o d e of o p e r a t i o n a s r e l a t e d to the v e s s e l to be 
d e c o n t a m i n a t e d . 
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FIGURE 12 

EFFECT OF COUPON PRETREATMENT ON NITRATE CORROSION OF MONEL 

Temperature: 70°C 

Test Coupons: 2- 1 x 1 x 1/32" Monel 
Corrodent: 125 ml. 0.1 M Aluminum Nitrate, initial pH = 0. 5 with Sulfamic Acid as indicated 
Atmosphere: Nitrogen 
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I n T a b l e 5 d a t a a r e s h o w n f o r r o o m t e m p e r a t u r e c o r r o s i o n o f 

M o n e l b y 0 . 1 M a l u m i n u m n i t r a t e . C o r r o s i o n i s c o n s i d e r a b l y l e s s t h a n a t 

7 0 ° C . I n F i g u r e 1 3 a r e p r e s e n t e d t h e c o r r o s i o n d a t a a t t w o t e m p e r a t u r e s 

w i t h a n d w i t h o u t s u l f a m i c a c i d . I n t h e a b s e n c e of s u l f a m i c a c i d , i t c a n b e 

s e e n t h a t t h e c o r r o s i o n i s i n c r e a s e d b y a f a c t o r o f p e r h a p s 6 0 b y i n c r e a s 

i n g t h e t e m p e r a t u r e 4 5 d e g r e e s . H o w e v e r , i n t h e p r e s e n c e of 0 . 0 1 M s u l 

f a m i c a c i d a t t h e e n d o f 5 0 h o u r s t h e c o r r o s i o n i s i n c r e a s e d b y a f a c t o r o f 

o n l y 4 f o r t h e s a m e t e m p e r a t u r e i n c r e a s e . T h e s e d a t a a l s o p o i n t o u t t h a t 

s u l f a m i c a c i d d o e s n o t s o d r a m a t i c a l l y i n h i b i t t h e a l r e a d y l o w c o r r o s i o n 

a t r o o m t e m p e r a t u r e a s i t d o e s a t t h e e l e v a t e d t e m p e r a t u r e s . T h u s , i t 

m a y b e c o n c l u d e d t h a t t h e i n c l u s i o n o f s u l f a m i c a c i d i n t h e w a s h s o l u t i o n 

w o u l d b e m o s t u s e f u l i f i t w e r e n e c e s s a r y t o h e a t t h e s o l u t i o n , o r i f t h e 

p o s s i b i l i t y o f t h e s o l u t i o n b e c o m i n g w a r m c o u l d n o t b e a v o i d e d . 

Table 5 

CORROSION OP MONEL BY ALUMINUM NITRATE SOLUTIONS AT ROOM TEMPERATURE 

Temperature: 20 to 30 C. 

Solution: 125 ml of 0.1 \I Al(NOj)j at pH 0.5 with sulfamic acid as indicated. 

Coupon Treatment: 1 x 1 x 1/32-in. Monel coupons cleaned before weighing as follows: 
(1) immersed for 5 minutes in BrP^ at 25 C, dipped in0.5_M 
Al(NO ) saturated with hydrazine, rinsed in water and dried with 
acetone - indicated as " B r P j , " or (2) scoured with fine steel wool 
and scouring cleanser, water washed and dried with acetone -
indicated a s "So . " 

Corrosion in Total Mils Penetration 

Sulfamic Acid 
Concn., M̂  

Coupon 
Treatment 

Time, Hours 

24 

48 

96 

144 

192 

288 

Sc 

0.082 

0.156 

BrF. 

0.001 0.002 0.005 0.01 0.01 0.02 0.05 0.05 

Sc 

0.042 

BrPg BrP j Sc 

0.048 

BrFg BrP j Sc 

0.026 

B r F , 

0.004 

-

0.006 

0.007 

0.010 

-

0.047 

-

-

. 

0.003 

-

0.004 

0.004 

0.005 

0.003 

-

0.003 

0.004 

0.005 

-

0.078 

-

-

. 
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FIGURE 13 

EFFECT OF TEMPERATURE ON NITRATE CORROSION OF MONEL 

Test Coupons: 2- 1 x 1 x 1/32" Monel, washed with BrFs 
Corrodent: 125 ml. 0.1 M Aluminum Niuate, initial pH = 0. 5, with Sulfamic Acid as indicated 
Atmosphere: Niuogen 

T h e e f f e c t of t h e i n i t i a l p H of t h e s o l u t i o n h a s b e e n b r i e f l y r e 
e x a m i n e d . T h e d a t a p r e s e n t e d i n T a b l e 6 s h o w t h a t a s t h e p H i s i n c r e a s e d , 
t h e c o r r o s i o n r a t e s d e c r e a s e . F o r e x a m p l e , a t a p H of 0 . 2 , t h e c o r r o s i o n 
of t h e s c o u r e d c o u p o n s a t 70° C i s 0 . 63 m i l i n 2 4 h o u r s , w h i l e a t a p H of 
1 . 5 t h e r a t e i s a b o u t o n e - t e n t h t h i s v a l u e . A t 25° C t h e c h a n g e i s l e s s 
m a r k e d , s i n c e t h e r a t e s a t l o w p H a r e a l r e a d y q u i t e l o w . 

T h e s e d a t a h a v e p o i n t e d o u t t h a t a f t e r a n i n t e r v a l of t i m e d e 
p e n d e n t o n t h e i n i t i a l s u l f a m i c a c i d c o n c e n t r a t i o n t h e i n h i b i t i o n e f f e c t i s 
l o s t . T h i s i s s h o w n b y t h e p l o t s o n F i g u r e 1 1 . I t w a s of i n t e r e s t t o k n o w 
w h e t h e r t h e s u l f a m i c a c i d w o u l d s t i l l b e a b l e t o i n h i b i t c o r r o s i o n if t h e 
w a s h s o l u t i o n s w e r e k e p t i n t h e a b s e n c e of M o n e l d u r i n g t h e p e r i o d of i n 
h i b i t i o n . A n e x p e r i m e n t w a s p e r f o r m e d t o a t t e m p t t o a n s w e r t h e q u e s t i o n 
of w h e t h e r t h e s u l f a m i c a c i d i s d e s t r o y e d b y n i t r o u s a c i d f o r m e d b y o r d i 
n a r y n i t r a t e d e c o m p o s i t i o n o r w h e t h e r i t i s d e s t r o y e d b y n i t r o u s a c i d 
p r o d u c e d d u r i n g t h e M o n e l - n i t r a t e r e a c t i o n . T h e p r o g r e s s of c o r r o s i o n 
w i t h a f r e s h l y p r e p a r e d a l u m i n u m n i t r a t e s o l u t i o n a t 70° C w a s c o m p a r e d 
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with that of a solution aged 144 hours at 70°C in the absence of Monel. The 
data obtained a r e plotted in F igure 14. It can be seen that the inhibition 
effect is lost if the solution is s tored in the absence of Monel. The total 
penetrat ion is only a l i t t le l e s s for solutions kept in the absence of Monel 
during the inhibition per iod than for those in the p r e sence of Monel during 
the ent i re aging per iod. 

Table 6 

E F F E C T OF pH ON NITRATE CORROSION OF MONEL 

Solution: 125 ml of. 0. 1 M A1(N03)3, O.O5MNH2HSO3 

Coupon Trea tmen t : 1 x 1 x l / 3 2 - i n . Monel coupons cleaned before tes t 
as follows: (1) i m m e r s e d for 5 minutes in BrF3 at 
25°C, dipped in 0. 5 M A1(N03)3 sa tura ted with 
N2H4 •H2SO4, r in sed in water and dr ied with acetone -
indicated as "BTF^" ; or (2) scoured with fine s tee l 
wool and scouring c leanse r , water washed and dr ied 
with acetone - indicated as "Sc. " 

In i t i a l 
Solut ion 

p H 

0 . 2 

0 . 5 

1 . 5 

0 . 2 

0 . 5 

1 . 5 

3 . 0 

Coupon 
P r e t r e a t m e n t 

Sc 

S c 

S c 

B r F j 

B r F 3 

B r F s 

B r F j 

T e s t 
D u r a t i o n , 

h o u r s 

2 4 

2 4 

2 4 

4 8 

4 8 

4 8 

4 8 

T o t a l P e n e 
a t 25°C 

0 . 0 5 

0 . 0 3 

0 . 0 1 

0 . 0 0 9 

0 . 0 0 4 

0 . 0 0 6 

0- 0 0 3 

t r a t i o n , m i l 
a t 70°C 

0 . 6 3 0 

0 . 2 9 0 

0 . 0 5 8 

0 . 1 5 2 

0 . 0 0 9 

0 . 0 1 2 

0 . 0 1 6 

In summar iz ing it can be said that: 

(1) Sulfamic acid will inhibit the co r ros ion of Monel by 0. 1 M 
aluminum n i t ra te at a pH of 0. 5 for a per iod of t ime dependent upon the 
sulfamic acid concentra t ion. 

(2) A sulfamic acid concentrat ion of 0.01 M appears to a s s u r e 
cor ros ion inhibition at 70° C for a 0. 1 M aluminum n i t ra te solution at a pH 
of 0. 5 for m o r e than 100 h o u r s . 



Af 
(3) A s u l f a m i c a c i d c o n c e n t r a t i o n g r e a t e r t han 0 . 0 1 M i s 

p r o b a b l y not p r a c t i c a l s i n c e the s u b s e q u e n t e x t e n s i o n of the i nh ib i t i on i s 
s m a l l . 

(4) T h e s u l f a m i c a c i d - a l u m i n u m n i t r a t e w a s h s o l u t i o n s 
s h o u l d be u s e d i m m e d i a t e l y a f t e r p r e p a r a t i o n s i n c e the effect of the s u l 
f a m i c a c i d i s l o s t on s t a n d i n g . 

(5) If t h e r e i s a s s u r a n c e tha t the so lu t ion t e m p e r a t u r e wi l l 
not r i s e a p p r e c i a b l y a b o v e 25°C, the a d v a n t a g e g a i n e d by u s i n g s u l f a m i c 
a c i d i s s m a l l . 

(6) T h e c o m b i n a t i o n of s u l f a m i c a c i d in the a l u m i n u m n i t r a t e 
so lu t ion and the p r e t r e a t m e n t wi th b r o m i n e t r i f l u o r i d e showed a g r e a t e r 
i nh ib i t i on . 
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FIGURE 14 

EFFECT OF SOLUTION AGE ON INHIBITING NITRATE CORROSION OF MONEL WITH SULFAMIC ACID 

Temperature: 70°C 
Test Coupons: 2- 1 x 1 x 1/32" Monel, washed with BrFs 
Corrodent: 125 ml. 0.1 M Aluminum Niuate, initial pH = 0. 5 



Q.S 

CORROSION OF MONEL EXPOSED ALTERNATELY TO BROMINE 
TRIFLUORIDE AND CERTAIN AQUEOUS SOLUTIONS 

T o d e c o n t a m i n a t e s a t i s f a c t o r i l y any v e s s e l u s e d in a b r o m i n e t r i 
f l u o r i d e p r o c e s s invo lv ing r a d i o a c t i v e m a t e r i a l s , t h e Mone l wi l l n e c e s 
s a r i l y be a l t e r n a t e l y e x p o s e d to b r o m i n e t r i f l u o r i d e a n d v a r i o u s a q u e o u s 
w a s h e s . A l u m i n u m n i t r a t e so lu t ion i s the m o s t p r a c t i c a l d e c o n t a m i n a t i o n 
a g e n t . T h e a d d i t i o n a l s t e p s i t e m i z e d be low w e r e i n t e n d e d to s i m u l a t e t h e 
t r e a t m e n t of a Mone l d i s s o l v e r for p r o c e s s i n g u r a n i u m fuel r o d s . Step 9 
e m p l o y s a t y p i c a l d e c a n n i n g so lu t ion such a s would be u s e d i n i t i a l l y in a 
p r o c e s s to r e m o v e the a l u m i n u m c a n s f r o m u r a n i u m r o d s p r i o r to b r o 
m i n e t r i f l u o r i d e t r e a t m e n t . 

The coupons p r i o r to t r e a t m e n t w e r e c l e a n e d in the s a m e p r o c e 
d u r e d e s c r i b e d in Sec t ion I for the long t e r m c o r r o s i o n t e s t s , i . e . , 
p o l i s h e d with a p a s t e of w a t e r a n d s c o u r i n g c l e a n s e r s u p p o r t e d on fine 
s t e e l woo l . T h e y w e r e s u p p o r t e d b e t w e e n Tef lon s p a c e r s in the r a c k a n d 
e x p o s e d in the fol lowing s t e p s : 

(1 

(2 

(3 

(4 

(5 

(6 

(7 

(8 

(9 

(10 

P l a c e d in b o i l e r ( i l l u s t r a t e d in F i g u r e 15). 

F l u o r i n a t e d at 1000 m m p r e s s u r e wi th c h l o r i n e t r i f l u o r i d e a t 
r o o m t e m p e r a t u r e for 10 m i n u t e s . 

B o i l e r e v a c u a t e d . 

T r e a t e d with l i qu id b r o m i n e t r i f l u o r i d e a t 125°C and m a i n 
t a i n e d u n d e r r e f l u x for 20 h o u r s . 

L i q u i d r e m o v e d , b o i l e r e v a c u a t e d whi le nna in ta in ing h e a t . 

A l lowed to coo l , h e l i u m a d m i t t e d , a n d coupon r a c k r e m o v e d 
f r o m b o i l e r . 

Coupons t r e a t e d with one l i t e r 1 M a l u m i n u m n i t r a t e , 0 . 0 5 M 
sulfannic a c i d , pH 0. 5 a t r o o m t e m p e r a t u r e for 4 h o u r s . 

R i n s e d with d i s t i l l e d w a t e r for 10 m i n u t e s . 

Coupons t r e a t e d with one l i t e r 2 . 8 M s o d i u m h y d r o x i d e , 
2 . 7 M s o d i u m n i t r a t e so lu t ion a t a p p r o x i m a t e l y 90°C for 
4 h o u r s . 

R i n s e d with d i s t i l l e d w a t e r ( t ime v a r i e d to su i t r e g u l a r 
w o r k i n g h o u r s ) . 

(11) D r i e d a t 100°C for l / 2 h o u r . 
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The coupons were weighed at the completion of the f i rs t , second, 

thi rd , tenth, twelfth and fourteenth cyc les . The attack was uniform 
throughout the tes t and the cor ros ion ra t e s given in Table 7 were calcu
lated from the weight l o s s e s . 

Because the cor ros ion ra tes were all l e ss than 0. 005 mi l per 
cycle it appears feasible to a l te rna te interhalogen sys tems and aqueous 
sys tems under conditions s imi la r to those set forth in these exper iments . 

Pressure 
y Gages ^ x 

Helium—»• 

Chlorine ». 
Trif luoride 

Vacuum —* 

Air Reflux 
Condenser 

Boiler 
Cover 

Asbestos a 
Glass Wool 
Insulation 

Coupon ROCK 

Coupons 

Heater 
( 5 0 0 wotts max.) 

Bromine 
Trif luoride 
Reservoir 

FIGURE 15 

BOILER FOR INTERHALOGEN PHASE OF CYCLIC CORROSION 
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CORROSION RATES OF HIGH NICKEL ALLOYS SUBJECTED TO 
ALTERNATE INTERHALOGEN - AQUEOUS SYSTEMS 

(As given in the text) 

Coupons 1 3/8 X 1 3/8 X 1/32 inch polished 
•with scouring c leanser and fine s tee l wool. 

Metal 

Nickel 
Welded Nickel 
Monel 
Welded Monel 
K Monel 
Inconel 

Cor ros ion 
(mils per cycle) 

0.0047 
0.0041 
0.0044 
0.0044 
0.0047 
0.0040 
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