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CORROSION OF THE VOLATILITY PILOT PLAN'I INOR-8 HYDROFLUORINATOR 
AND NICKEL 201 FLUORINATOR DURING FORTY FUEL-PROCESSING 

RUNS WITH ZIRCONIUM-URANIUM ALLOY 

E. L. Youngblood R. G. Nicol 
R. P. Milford J. B. Ruch 

ABSTRACT 

Corrosion of the Volatility Pilot Plant process vessels 
was periodically determined during 40 processing runs in 
which uranium was recovered from both irradiated and nonirra- 
diated zirconium and Zircaloy-2-clad fuel elements. The 
primary reaction vessels were the hydrofluorinator, constructed 
of INOR-8, which was exposed to gaseous hydrogen fluoride and 
an NaF-LiF-ZrF4 molten salt mixture at 500 to 650°c, and the 
fluorinator, constructed of Nickel 201 (low-carbon nickel), 
which was exposed to fluorine and molten salt at about 500°C. 

designed with substantial corrosion allowances. 
the corrosion allowance remaining and maximum bulk-metal loss 
rates, the vessels should be suitable for at least 28 addi- 
tional runs and possibly considerably more. 
have been made. 

ultrasonic measuring devices. Direct measurements were made 
by Vidigage, and remote measurements were made in the hydro- 
fluorinator by a pulse-echo technique originally developed 
for use in the Homogeneous Reactor Test. Pitting, cracking 
and intergranular corrosion were studied visually with tele- 
scopes and mirrors, by radiography, by wax impressions, and 
by removal and examination of specimens. 
corrosion rates were also determined from analyses of corro- 
sion products in the salt. 
other metal that had potential as fluorinator construction 
material were obtained from corrosion rods inserted in the 
fluorinator. 

marily by bulk-metal l o s s .  
17 in. of the vessel, making it necessary to replace this 
section after 29 runs; but this cracking is believed to 
have been due to weld stresses on a substandard piece of 
INOR-8. The maximum corrosion rate of 0.14 mil/hr of HF 
exposure (38 mils/month of molten salt) occurred in the 
replacement bottom. The maximum rate for the remainder of 
the vessel after 40 runs was 0.028 mil/hr of HF (8.1 mils/ 
month of molten salt or about 0.7 mil per run). 
estimated to be not more than 20 mils deep or 20 mils in dia- 
meter, and several small fissures estimated to be not more 
than 10 mils wide, were seen in the lower section of the 

Both the hydrofluorinator and the fluorinator were 
Based on 

So far, 40 runs 

Wall-thickness measurements were made primarily by 

Hydrofluorinator 

Corrosion data for Nickel 201 and 

Corrosion in the INOR-8 hydrofluorinator occurred pri- 
Cracking occurred in the lower 

A few pits 
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hydrof luor ina tor  after 40 runs, bu t  no extensive cor ro-  
s ion  w a s  observed. 

The Nickel 201 f l u o r i n a t o r  had s i g n i f i c a n t  bulk-metal 
l o s s e s  and in t e rg ranu la r  cor ros ion .  The weld f i l l e r  metal  
61 used f o r  cons t ruc t ion  o f  the  f l u o r i n a t o r  w a s  s e l e c t i v e l y  
a t tacked  by aqueous so lu t ions  used t o  decontaminate t h e  
system. 
o f  F2 exposure occurred i n  t h e  lower vapor region a f t e r  1 4  
runs.  Two specimens c u t  from the  lower f l u o r i n a t o r  w a l l  
a f t e r  29 runs had a t o t a l  corrosion rate ( including i n t e r -  
g ranular  corrosion on the  in s ide  and outs ide  s u r f a c e s )  of  
0.28 t o  0.56 mil /hr  of exposure t o  F2. P i t s  up t o  10 m i l s  
deep were measured i n  the  vapor sec t ion  a f t e r  14  runs.  

'The maximum Nickel 201 bulk-metal loss  of  0.9 mil /hr  

INTRODUCTION 

The Fluoride V o l a t i l i t y  P i l o t  P l a n t  a t  Oak Ridge National Laboratory 

w a s  used t o  demonstrate a nonaqueous process f o r  recovering enriched 

uranium from spent  f u e l  elements. From September 1960 through November 

1963, f o r t y  runs were m d e  with both i r r a d i a t e d  and noni r rad ia ted  

zirconium and Zircaloy-2-clad f u e l .  The process  used gaseous hydrogen 

f luo r ide  t o  d i s so lve  t h e  f u e l  element i n  an NaF-LiF-ZrF4 molten sal t  

mixture i n  the  500 t o  650"c temperature range. This was done i n  the  

hydrof luor ina tor  ves se l  which w a s  constructed of INOR-8." A f t e r  t h e  f u e l  

element w a s  dissolved,  the  molten sal t  w a s  t r a n s f e r r e d  t o  t h e  f luo r ina to r ,  

where it w a s  sparged with elemental  f l uo r ine  t o  v o l a t i l i z e  uranium from 

the  sa l t  as UF6. 

mally operated a t  500°C. 

b The f l u o r i n a t o r  was constructed of Nickel 201 and nor- 

The hydrof luor ina tor  and f l u o r i n a t o r  were 

connected by INOR-8 pipe.  

a 

bNickel 201 w a s  formerly known as L (low carbon) n i cke l .  

Nominal INOR-8 composition ( w t  %): 71% N i ,  16% Mo, 7% Cr, 5% Fe. 

Nominal 
composition ( w t  $): 
0.05% S i ,  0.05% Cu. 

99.5% N i ,  0.01% C, 0.2% Mn, 0.15% Fe, 0.005% S, 
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The results of this study indicate that the equipment can tolerate 

28 more runs, making a total of 68. 

Because of'the high corrosion potential of the system, corrosion 

rates of the hydrofluorinator, fluorinatoG and associated lines were an 

important consideration in the successful operation of the process. 

Corrosion-rate measurements for the hydrofluorinator were made after 7, 

14, 21, 29 and 40 runs. 

after 14, 21, and 29 runs. 

Vidigage 

Homogeneous Reactor Test Pitting, cracking, and intergranular corro- 

sion were studied by visual examination with a Questar telescope,b an 

Omniscope, by wax impression, by radiography, and by specimen removal 

and examination. Chemical analyses of the salt from the first 14 runs 

were made to determine hydrofluorinator corrosion rates from corrosion 

products in the salt. Of particular interest was a study of the bottom 

17 in. of the hydrofluorinator which was removed after 29 runs because 

a crack developed near thermocouple-weld beads. 

two 4-in.-diam sections -trepanned from the lower part of the fluorinator 

after 29 runs. Aqueous solutions were used to clean and decontaminate 

the equipment before most corrosion measurements were made. 

Measurements for the fluorinator were made 

Wall thicknesses were measured primarily by 

a and by a pulse-echo method originally developed for use at the 

C 

Also of interest were 

Corrosion results after 7, 14, and 21 runs have been reported pre- 

viously . 2,3,4 The purpose of this report is to give corrosion results 
after 29 and 40 runs and to summarize corrosion results from the entire 

zirconium program. 

a 

bManufactured by Questar, Inc . , New Hope, Pa. 
Manufactured by Branson Instruments, Inc . , Stamford, Conn. 
C Manufactured by Lerma Corp., Northampton, Mass. 

. 
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HYDROFLUORINATOR CORROSION 

Des c r i p  t ion o f Hydro f l u o r  i na t o  r 

The hydrof luor ina tor  w a s  about l 7 - f t  high and w a s  cons t ruc ted  of  

r o l l e d  and welded INOR-8 p l a t e  (Fig.  1). 

f u e l  elements during d isso lu t ion ,  w a s  5-1/2 i n .  i n  o u t e r  diameter and w a s  

made from four  2 - f t  s ec t ions  and one 1-ft sec t ion  of  r o l l e d  1/4- in .  p l a t e  

welded toge ther .  

1/2- in .  p l a t e .  

Above the  cone w a s  a 24-in.-OD vapor de-entrainment s ec t ion  made of 3/8-  

i n .  p l a t e .  The vesse l  w a s  l oca t ed  i n  c e l l  1 of Building 3019 and had a 

6- in .  -diam pipe extending upward i n t o  the  penthouse f o r  fuel-element 

charging. 

The lower 9 f t ,  which he ld  the  

Above t h i s  s e c t i o n  w a s  a 16-in.-high cone made from 

The sa l t  i n t e r f a c e  w a s  normally i n  the  con ica l  s ec t ion .  

A d i s t r i b u t o r  p l a t e  and 3/8-in. INOR-8 pipe were a t t ached  t o  the  

A bottom o f  the  hydrof luor ina tor  f o r  introducing HF i n t o  the  ves se l .  

1 /2- in .  INOR-8 pipe l i n e  was a l s o  a t tached  t o  the  bottom of  t h e  d i s t r i b -  

u t o r  p l a t e  f o r  t r a n s f e r r i n g  molten sa l t  t o  the  f l u o r i n a t o r .  A t h i r d  

3/8-in. INOR-8 pipe en tered  the  hydrof luor ina tor  27 i n .  above the  cone 

and w a s  used f o r  charging feed sa l t .  

The 5-1/2-in.-diam sec t ion ,  cone, and t h e  lower 2 f t  o f  t he  24-in.-  

diam sec t ion  o f  t he  hydrof luor ina tor  were heated by a furnace t h a t  had 

s i x  sepa ra t e ly  con t ro l l ed  hea t ing  zones. The t o p  o f  the  24-in.-diam 

sec t ion  w a s  heated with tubu la r  e l e c t r i c  hea te r s  he ld  a g a i n s t  t he  ves se l  

with c l i p s  t h a t  were t ack  welded t o  the  ves se l .  Temperature measurements 

were made with thermocouples loca t ed  i n  a we l l  i n s i d e  the  v e s s e l  and t ack  

welded t o  the  outs ide  su r face .  
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The HF i n l e t  l i n e  and the  mol ten-sa l t  t r a n s f e r  l i n e s  were heated by 

au to res i s t ance  hea t  generated by passing a low-voltage a l t e r n a t i n g  cu r ren t  

through the  l i n e .  

Operating Environment 

Four types of  f u e l  elements were processed during the  zirconium pro- 

gram, as follows: (1) dummy elements containing no uranium (designated 

as T-ser ies  runs) ,  ( 2 )  noni r rad ia ted  elements containing about 1 w t  % 

uranium (TU-series runs) ,  ( 3 )  i r r a d i a t e d  f u e l  cooled f o r  about 6 years  

(R-ser ies  runs) ,  and ( 4 )  i r r a d i a t e d  f u e l  cooled from 6 t o  1 3  months (R- 

s e r i e s  runs ) .  In  add i t ion  t o  f u e l  d i s so lu t ion ,  the  hydrof luor ina tor  w a s  

subjec ted  t o  molten-sal t  f lushes  and HF sparges f o r  t e s t i n g  and cleaning 

the  system ( a l s o  designated as T-ser ies  runs). A summary o f  t he  run con- 

d i t i o n s  f o r  t he  zirconium program i s  given i n  Table 1. 

Aqueous so lu t ions  were used f o r  c leaning the  system f o r  inspec t ion  

of  the  ves se l  w a l l s  and f o r  reducing the  r a d i a t i o n  background. 

oxa la t e  so lu t ion  (0 .3  t o  0.35 M )  w a s  used t o  remove the  s a l t  f i l m ,  a 

so lu t ion  of  aluminum n i t r a t e  (0.01 t o  0.24 M )  and d i l u t e  n i t r i c  a c i d  

(0.01 t o  0.8 M )  were used f o r  removing sca le ;  sodium hydroxide-hydrogen 

peroxide-sodium t a r t r a t e  so lu t ions  (5-1-1 and 5-2-2 w t  %) were used f o r  

removing rad ioac t ive  ma te r i a l  such as ruthenium. Table 2 g ives  the  de- 

contamination condi t ions used during the  zirconium program. 

Typical Operating Conditions 

Ammonium 

- 

- 

- 

The process w a s  operated on a batch b a s i s .  E i t h e r  one o r  two f u e l  

The elements were charged t o  the  hydrof luor ina tor  a t  room temperature.  

ves se l  w a s  then purged with helium and heated t o  about 6 5 0 " ~ .  

diam sec t ion  w a s  kept a t  650"~ f o r  about 30 min t o  melt  sa l t  sp lash  from 

The 24-in.- 
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Table 1. Hydrofluorinator Run Conditions 

, --- 
Sal t  Composition Vessel Wall Temperature 

f ~ - - _ _ ~ - ~ _ _ -  
NaF-LiF-ZrF, Vaaor Salt- Molten €IF Flow HF ~ 

Exposure 
Designation" - - - ~ - _  I n i t i a l  . Final  Content W t  $ Max Min Max- Min Time, h r  g/min Time,  h r  

Run Mole % Uranium Region Region S a l t  Residence I' 3ate 

S a l t  Transfer  
S tudies  
b T -1 

T-2 
T-3 
T-4 
T-5 
T-6 
T-7 

Tu-lC 
Tu-2 
TU-3 
Tu-4 
Tu-5 
TU-6 
Tu-? 

T-8 
T -9 
T-10 
TU-8 
Tu-9 
Tu-10 
Tu-11 

Tu-12 
R - 1  
R-2  
R-3 
R-4 
R-5  
R-6 
T-11 

TU-13 
Tu-14 
TU-15 
R-7 
R - 8  
R-9 
R-10 
R - 1 1  

T-13 
T-14 

T-12 

27-27-46 

43 -22 - 3 5 
38-30-32 
39-39-22 
38-37-25 
38-37-25 
38-37-25 
37-37-26 

40-35-25 

33-41-26 
42-34-24 
42-35-23 

39-38-23 

37-38-25 

38-37-25 

28-30-42d 
32-33-35 
38-37-25 
35-41-24 
35-42-23 
36-40-24 
35-42-23 

39-38-23 
38-35-27 
37-35-28 

37-35-28 
37-35-28 

36-35-29 
32 - 38 -30 
40-32-28 

39-33-28 
39 -32 -29 
40- 31 -29 

39-33-25 

41 -31-28 

40-33-27 
e 
e 

41 - 31 -28 

38-32-30 

39-33-28 

27-27-46 None 

31-17-52 None 
30-27-43 None 

30-27-43 
30-27-43 
31-30-39 
27 -27-46 

34-26-40 
30-27-43 
30-31 -39 
37-29-34 
29 -29 -42 
34-28-38 
30- 30 -40 

20-22-58 

27-27-46 
28-32-40 
28 -32-40 

27-28-45 

29 -31-40 
28-32-40 

31-29-40 
27-25-49 
27-27-46 
29 -27-44 
28-27-44 
28-27-45 

33-26-40 
25-29-46 

29-25-46 
30-24-46 
32-24-44 

30-25-45 
30-25-45 
31-24-45 
29-25 -46 
32-26-42 

31-23-46 

None 
None 
None 
None 

0.3 
0.2 
0.3 
0.5 
0.2 
0 .3  
0.2 

None 
None 
None 
0.2 
0.2 
0.2 
0.3 

0.3 
0 .1  
0.2 
0.2 
0.1 
0.1 
0.1 
0.03 

0.4 
0.2 
0.2 
0.4 
0.4 
0.5 
0.4 
0.3 
0.04 

435 425 565 535 

31-26-43 None 575 62 5 

478 650 

590 
5 70 
5 50 
590 

560 
620 
5 70 
575 
525 
525 
515 

520 
460 
520 
525 
555 
520 
555 

590 

570 
520 

525 
515 
500 

615 

528 

5 60 
536 
575 
685 
5 50 
620 
5 50 
625 
615 

410 560 520 
380 530 

-, 

None 
None 

500 630 
460 625 
390 650 
440 655 

7 run Tota l  

400 670 
450 650 
390 65 5 
440 650 
400 650 
385 650 
405 650 

14 run To ta l  

395 640 
3 60 5 60 
400 640 
400 652 
395 665 
395 650 
395 665 

21 run Tota l  

350 640 
400 650 
370 650 
370 645 
475 653 
410 660 
400 550 
385 655 

400 690 
385 660 
450 645 
445 680 
438 660 
435 630 
380 648 
500 620 

29 run T o t a l  

-, ~ 

430 
500 

40 r u n  Total 

5 50 
495 
5 30 
500 
525 

490 
500 
495 
555 
500 
500 
5 00 

503 
510 
490 
495 
500 
495 
500 

505 
500 
495 
490 
550 
500 
495 
490 

495 
500 
5 00 
495 
500 
502 
498 
490 
5 31 

500 
500 

44.5 

87 
95 
57 
51.5 
62 
59.5 

509 * 5 

44 
35 
32.5 
36 
36 
35 
37 
765 

87 
89 

111 
49 
70 

129 
59 

1,359.0 

53 

52 
52 
38 
35 
90 
36 
50 
38 

78.3 
62.8 
58.3 
29.8 
64.8 
29.2 
32.6 
31.0 
35 -2  
49.0 
47.5 

1,750 

I ,  

2.268.5 

' 0  

104 
40 

150 
190 

' 162 
I 150,110,40 

180,40 
, 150,40 

150,40 

I 
I. 

0 

38 
41.5 
25 
22.5 
27 
26 
23 

203 

23 
24 . 
19.5 
11 
22 
19 
17 

338.5 

18.9 

18.0 

22.8 
__ 28.0 
503.4 

19.8 

18.9 
12.6 

25.1 
29.5 

23.2 

30.0 

24.0 

33.2 
24.0 

19.7 

686.2 
28.7 
28.5 
20.6 
18.3 
18.6 
16.5 
18.5 
17.6 
22.3 

0.7 
1.4 

877.9 

aRuns are l i s t e d  i n  chronological order.  

t he  T-series simulated fue l  elements of Zircaloy-2 were used. 

'In the Tu-series a l l o y  f u e l s  w i t h  Zircaloy-2 cladding w a s  used. 

dAbnormal f i n a l  ZrF 

eSal t  w a s  blended from 27.5-27.5-45 and 37.5-37.5-25 mole % NaF-LiF-ZrF4 sal ts .  

fHF f l o w  rate w a s  varied dur ing  d i s so lu t ion  t o  determine the e f fec t  of  flow on dissolution rate.  
The 40 g/min rate w a s  used for  sal t  clean-up a f te r  d i s so lu t ion  w a s  completed. 

' content  w a s  due t o  an operat ional  error. 4 

I 
I 

1 



Table 2. Decontamination History of t h e  V o l a t i l i t y  P i l o t  P l a n t  Hydrofluorinator  

Cleaned A f t e r  Time Temperature 
R u n  Number: Cleaning Solutiona ( h r  1 ("c)  
T-7 (7 runs)  0.35 M ammonium oxa la t e  41 95 -100 

5 w t  7 H N O ~  - 5 w t  $ ~ 1 ( ~ 0 3 ) 3  

5 w t  7 H N O ~  ( i n  lower 3 f t  o f  v e s s e l  on ly )  
0.35 M ammonium oxa la t e  4 9 5 -100 
5 w t  $ A l ( N O 3 ) 3  ad jus t ed  t o  a pH of 3.5 with KOH 

10 95 -100 

TU-? (14 runs )  0.35 M ammonium oxa la t e  4 60 
3 25 

7 25 
TU-11 (21 runs )  No cleaning w a s  done 

T-11 (29 runs )  0.35 M amoniwn oxa la t e  
(6 washes) 

0.1 M Al(N03)3 - 0.01 M - HN03 

5 , l , l  w t  $ NaOH, H202, sodium t a r t r a t e  
5,2,2 w t  $ NaOH, H202, sodium tartrate 

- 
(2 washes ) 

T-14 (40 runs) ' 0.3 M ammonium oxa la t e  
(7-washes, c i r c u l a t e d )  
(1 wash, s t a t i c )  

Detergent so lu t ionb  
(2  washes ) 

0.1 M - ~ ( ~ 0 3 ) ~  - PH 3.5 

5-1-1 w t  $ NaOH, H202, sodium t a r t r a t e  

50-95 
25 

50-95 
50-95 

25 
50-95 

25 
25 
25 

25 -80 
80-95 

25 
25 -80 

{ 2 
92.5 

{ 1: 80-95 
25-50 

50 
20 25 

a 

bAp-proximately 1.25 l b  of dishwasher de te rgent  i n  350 g a l  of water. 

Water r i n s e s  a r e  no t  included i n  t h i s  t a b l e .  
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t he  previous run. Af te r  the  meltdown, hea te r s  on t h i s  s ec t ion  were 

turned o f f .  

37.5-37.5-25 mole % NaF-LiF-ZrF4 

f i l l i n g  the  5- l /2- in .  s ec t ion  and p a r t  of  the  conica l  s ec t ion .  Af t e r  t he  

sa l t  t r a n s f e r ,  only the  cone, the  5-1/2-in.-diam sec t ion ,  and the  HF l i n e  

The f eed - sa l t  t r a n s f e r  l i n e  w a s  heated t o  about 650°c, and 

a w a s  charged t o  the  hydrofluorinator ,  

were heated.  Anhydrous hydrogen f luo r ide  vapor w a s  introduced a t  the  

bottom o f  the  hydrof luor ina tor  a t  40 t o  l 9 O  g/min. Unreacted (excess)  HF 

w a s  recycled during the  d i s so lu t ion .  I n  most runs, the  remaining HF i n -  

ventory w a s  discarded a f t e r  t he  run, and f r e s h  ma te r i a l  w a s  charged f o r  

the  next run.  Commercial HF w a s  charged t o  the  system by d i s t i l l a t i o n  t o  

reduce the  s u l f u r  conten t .  Typical HF analyses  a r e  given i n  Table LA i n  

the  Appendix. A s  the  d i s so lu t ion  proceeded and t h e  ZrF4 content  of the  

sa l t  increased, there  w a s  a corresponding decrease i n  the  melting po in t  

of the  sa l t .  The operat ing temperature of t he  hydrofluorinator  w a s  r e -  

duced t o  keep the  temperature about 50°C above the  melting poin t  of the  

sal t .b  

p le ted ,  the  system w a s  sparged with HF a t  40 g/min f o r  2 h r  t o  d isso lve  

This w a s  done t o  reduce corrosion.  Af t e r  d i s so lu t ion  w a s  com- 

me ta l l i c  impur i t ies  t h a t  might cause plugging of the  molten-sal t  t r a n s f e r  

l i n e s .  

A sa l t  f reeze  valve i n  the  t r a n s f e r  l i n e  between the  hydrof luor ina tor  and 

The molten sa l t  w a s  then sparged f o r  an hour with N2 t o  remove HF. 

f l u o r i n a t o r  w a s  then melted, and the  molten salt  w a s  t r ans fe r r ed  t o  the  

f luo r ina to r ,  l eav ing  only a small hee l  i n  the  hydrof luor ina tor .  The 

a The sal t  w a s  previously p u r i f i e d  t o  about 400 p a r t s  per  mi l l ion  
impur i t ies  a t  Y-12 p l a n t .  P r iva t e  communication with F. A. DOSS, June 3, 
1964. 

bThe i n i t i a l  melting po in t  of the  sal t  w a s  about 610°c, and the  f i n a l  
w a s  about 450. 

. 
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hydrof luor ina tor  furnace h e a t  and the  s a l t - t r a n s f e r - l i n e  au to res i s t ance  

h e a t  were shu t  o f f ,  and a f r eeze  valve w a s  allowed t o  form i n  the  t r a n s -  

f e r  l i n e .  A summary of t y p i c a l  operat ing condi t ions of  t he  hydrof luor i -  

na to r  i s  given i n  Table 3. 

Table 3. Typical Hydrofluorinator  Operating Conditions 

During Zirconium Processing 

Typical Time 
Hydrofluorinator,Condition Required p e r  R u n  ( h r )  

1 2  

3 
4 
3 
14 

a 
Heat up t o  650°c, no sa l t  or HF 

A t  650"c without sa l t  or HF 

A t  650"c with sa l t  but  no HF 

A t  650"c with salt ,  HF and Z r  

Cooling from 6 5 0 " ~  t o  500°C with salt ,  HF, and Z r  

A t  500°C with sal t ,  HF and Z r  4 
A t  500°C with sa l t  and HF but  no Z r  3 
A t  500°C with sa l t  bu t  no HF o r  Zr 6 
Cooling from 500°C t o  100°C without sa l t ,  HF, 20 o r  Z r  

a There w a s  usua l ly  a small sa l t  h e e l  from the  previous run.  

History o f  Hydrofluorinator  

The hydrof luor ina tor  and a s soc ia t ed  l i n e s  were i n s t a l l e d  new a t  the  

start  of  t h e  zirconium program. 

used o r i g i n a l l y  f o r  t he  HF and sa l t  t r a n s f e r  l i n e s .  

a crack, caused by sa l t  expansion during heat ing,  developed i n  a 12-in.-  

long INOR-8 adapter  t h a t  connected t h e  molten-sal t  t r a n s f e r  l i n e  t o  the  

hydrof luor ina tor  a t  the  bottom o f  t h e  ves se l .  This adapter  and the  one 

f o r  the  HF i n l e t  l i n e  were replaced with 3-in.-long adap te r s .  

(14 runs) ,  the  Inconel  pipe on t h e  HF l i n e  had corroded severely,  and 

t h i s  l i n e  and the  molten-sal t  t r a n s f e r  l i n e  were replaced wi th  3/8-in.  

sched-40 INOR-8 pipe.  

Inconel  p ipe  (3/8 i n . ,  sched 40) w a s  

Af t e r  TU-6 (13 runs), 

Af te r  TU-7 

Af t e r  run TU-8 (18 runs) ,  piping was modified, and 
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the salt-transfer line between 

replaced with 1/2-in. sched-40 

because of its availability at 

thermocouple well and dip tube 

the hydrofluorinator and fluorinator was 

INOR-8 pipe (the larger pipe size was used 

that time.). 

inside the hydrofluorinator, which origi- 

After TU-11 (21 runs), the 

nally extended to the bottom of the hydrofluorinator, were shortened so 

they extended only to the bottom of the conical section. This was done 

to more easily charge fuel elements into the lower section. After T-11 

(29 runs), a crack was discovered between two thermocouple-weld beads 

about an inch above the bottom of the hydrofluorinator. The distributor 

plate and 14 in. of the 5-l/2-in.-OD section directly above were removed 

and replaced with a new distributor plate and a 14-in. section of 5-in. 

sched-40 INOR-8 pipe. 

were also replaced at this time. 

routed through a larger cell hole to allow more complete insulation of 

the line; this eliminated cold spots in the autoresistance-heated line. 

About 4 ft of the HF line and molten-salt line 

After TU-14, the feed-salt line was 

Hydrofluorinator Corrosion Measurements and Results 

Wall-Thickness Measurements 

Hydrofluorinator wall-thickness measurements were made by a Vidigage 

in every instance except after 40 runs. The Vidigage is an ultrasonic 

measuring instrument having an accuracy of about ?l$. It measures the 

predominant wall thickness (not sparsely located pits) and was used to 

indicate the loss of bulk metal. This method required placing a probe 

against the surface to be measured and therefore was usable only when 

access was possible, such as during nonradioactive runs or after vessel 

decontamination. 

After 7 runs, Vidigage measurements were made of the hydrofluorinator 

before and after it was cleaned with an aluminum nitrate-nitric acid 
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solution, which caused only negligible corrosion.2 The vessel was 

cleaned prior to Vidigage readings taken after 7, 14, and 29 runs. 

However, no cleaning wits done prior to the wall-thickness measurements 

made after 21 runs. 

After 40 runs, the hydrofluorinator was only partially decontaminated, 

and wall-thickness measurements were made with the ultrasonic pulse-echo 

procedure originally developed for the Homogeneous Reactor Test With 

this method, a crystal transducer was placed inside the hydrofluorinator, 

which was filled with water to couple the transducer to the wall. The 

transducer emitted ultrasonic pulses that produced reverberation in the 

vessel wall at a point opposite the transducer. The time between pulses 

from these reverberations was measured by an electronic gating circuit 

and counter and was converted directly into wall thickness. This method 

also indicated predominant wall thickness. A n  estimate of the error of 

the pulse-echo system, based on time constants in the electronic cir- 

cuitry, is 43.3% for 1/4-in. material and k2.54'0 for 1/2-in. material; 

however, the error could be as high as +lo$.' 

measurements taken in the 3/8-in. large-cylinder section of the hydro- 

fluorinator is shown in Fig. 1A in the Appendix. These measurements 

have a maximum variation of 5 mils or 1.3% of the wall thickness. 

The variation of duplicate 

The pulse-echo method was particularly suited to the hydrofluorina- 

tor since measurements could be made through the fuel-element-charging 

line from a low-radiation background area. The instrument could be ad- 

justed to measure thickness of the vertical walls and the 60" conical 

section. Also, this method did not require insulation removal for access 

to the vessel, a necessity with Vidigage measurements. 
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I n  addi t ion  t o  wal l - thickness  measurements of  the  hydrofluorinator ,  

da t a  on metal  l o s s e s  were obtained by micrometer measurements of 3/8-in. 

sched-40 INOR-8 thermocouple and instrument l i n e s  removed from the  hydro- 

f l u o r i n a t o r  after 21 runs. 4'6 These two l i n e s  extended the  e n t i r e  length  

of  the v e s s e l ,  The 1-in.-OD sec t ions  of  t he  l i n e s  loca ted  i n  the  conica l  

s ec t ion  ( see  Fig.  1) were not  measured s ince  the  o r i g i n a l  diameters were 

not  accura te ly  known. However, these  sec t ions  showed no s igns  of abnormal 

cor ros ion .  

I n  general ,  the  hydrofluorinator  w a s  divided i n t o  four  a reas  f o r  

corrosion study, as follows: (1) The upper cy l inder  (24-in.  OD with a 

3/8-in. - t h i ck  w a l l ) ,  whichwas exposed l a r g e l y  t o  vapor and sa l t  sp lash  

and w a s  

the  vesse l ;  ( 2 )  t he  conica l  s ec t ion  (1/2- in .  w a l l ) ,  which w a s  t he  normal 

in t e r f ace  a rea  and w a s  therefore  exposed t o  both vapor and sal t ;  (3 )  the  

upper 94 i n .  of t he  5-1/2-in.-diam sec t ion  (1/4- in .  w a l l ) ,  which w a s  

normally f i l l e d  with sa l t  and which he ld  the  f u e l  elements during d isso-  

l u t i o n ;  and ( 4 )  the  lower 1 4  i n .  of t he  5-1/2-in.-OD sec t ion ,  which w a s  

replaced a f t e r  29 runs and which had shown somewhat higher  corrosion r a t e s  

than the  remainder of t h e  ?-l/Z-in.-diam sec t ion .  

operated a t  a genera l ly  lower temperature than the  remainder of  

Table 4 shows the  maximum and average wal l - thickness  lo s ses  and 

corrosion r a t e s  based on H F  exposure and molten-sal t  residence time f o r  

measurements made a f t e r  d i f f e r e n t  runs.  Note t ha t  i n  some runs measure- 

ments were made i n  only on'e quadrant and for only c e r t a i n  por t ions  of t he  

ves se l  due t o  i n a c c e s s i b i l i t y  of c e r t a i n  a reas .  The t a b l e  shows only the  

a 

a Corrosion r a t e s  based on molten sa l t  exposure time include the  
per iods during which HF w a s  p resent  i n  t h e  system. 
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Table 4.  Wall-Thickness Loses in the Hydrofluorinator During 
Zirconium Processing 

Molten Corrosion Rate 
Number HF S a l t  Wall Thickness Lossa (mils/hr o f  HF (mils/month of 

of Exposure Exposure (mils) exposure) molten sal t  exposuref 
Avg Max Avg Max Avg Runs ( h r )  (hr)  Max 

24-in. -OD section 
24-in.-OD sect ion (lower 21 i n .  of , 

24,in.-OD s e c t i o n  (lower 21 i n .  of 

Instrument l i n e  from 24-in.-ODb 

Thermocouple W e l l  from 24-in.-ODb 

24-in.-diam section 
24-in. -diam section (lower 21 i n .  ) 

the no r th  w a l l  only) 

the north w a l l  only) 

sec t ion  

sec t ion  

Conical section 
Conical section (no r th  w a l l  only) 
Conical section (north w a l l  only) 
Conical section 
C o n i c a l  section 

Upper part of 5-1/2-in.-OD sect ion 
Upper part  of 5-1/2-in. -OD section 

(north w a l l  only) 
Upper p a r t  of 5-1/2-in.-OD section 

(north w a l l  only) 
Instrument l i n e  from upperb 5-112- 

b i n . - O D  section 
Thermocouple w e l l  from upper 

5-1/2-in.-OD section 
E n t i r e  5-1/2-in. -OD section 
E n t i r e  5-1/2-in.-OD section 

Lower 1 4  i n .  of 5 - i p - i n .  OD 
s e c t i o n  (replacement bottom) 

Distributor p l a t e  holes  (or iginal  ' 
pla te )  

Lower 14 i n .  of 5-1/2-in.-OD section 
(where no ou t s ide  a t tack  was 
present) 

40 
29 

21 

21 

21 

14 
7 

40 
29 
21 
14 
7 

40 
29 

21 

21 

21 

14 
7 

llC 

29 

29 

Lower 14 i n .  of 5-1/2- in . -OD section 

5-1/2-in.-OD sec t ion  (6  t o  18 i n .  

5-1/2-in.-OD sect ion (bottom 6 in . )  
Thermocouple well (bottom 6 in.)b 

29 

21 

21 
21 
21 

(where outs ide a t tack  was present) 

from bottom) 

Instrument l i n e  (bottom 6 in . )b  

24-in. -diam Section 
877.9 2,268.5 25 10.1 0.028 0.012 8.1 
686.2 1,750 12 10.6 0.017 0.015 5.0 

3.3 
4.4 

503.4 1,359 13 10.6 0.026 0.021 7.0 5.7 

503.4 1,359 7 3.2 0.014 0.006 3.8 1.7 

503.4 1,359 7 3.3 0.014 0.007 3.8 1.8 

338.5 

877.9 

338.5 

203 

686.2 
503.4 

203 
Upper 

877.9 
686.2 

765 18 6.0 
509.5 11 9.3 

2,268.5 25 15.3 
1,750 11 8.0 
1,359 16 12.4 

765 16 10 
509.5 10 4.2 

Par t  of 5-1/2-in.-diam Section 
2,268.5 21 10.3 

Conical Section 

1,750 16 9.8 

0.053 
0.054 

0.028 
0.016 
0.032 
0.047 
0.049 

0.023 
0.022 

0.018 
0.046 

0.017 
0.012 

0.030 
0.021 

0.025 

0.011 
0.014 

17.2 
15.8 

8.1 
4.6 
8.6 

14.3 
15.3 

6.8 
6.7 

5.7 
13.3 

4.9 
3.3 
6.7 
9.6 
6.0 

3.3 
4.1 

503.4 1,359 13 7.3 0.026 0.015 7.0 3.9 

503.4 1,359 12 7.0 0.024 0.014 6.5 3.8 

503.4 1,359 11 6.0 0.022 0.012 5.9 3.2 

338.5 765 12 4.0 0.035 0.012 11.5 3.8 
203 509.5 11 0.7 0.054 0.003 15.8 1 .0  

191.7 518.5 27 8.7 0.14 0.045 38.0 12.3 

Bo t tom Part  of 5-112-in.diarn Section 

0.03 t o  - 9.6 t o  12.9 - 

0.0% - 7.5 

686.2 1,750 23 t o  31 - 
0.04 

- - 686.2 1,750 18 

686.2 1,750 69 - 0.10 - 28.8 - 
503.4 1,359 16  11.1 0.032 0.022 8 .6  6.0 

503.4 1,359 18 
503.4 1,359 26 
503.4 1,359 50 

12.8 0.036 0.025 9.7 6.9 

22.0 0.10 0.044 26.9 11.8 
17.0 0.052 0.034 14.0 9.1 

aMeasurements were made ver t ical ly  a t  3-in. intervals  in  the north, south, east and w e s t  quadrants unless 

bBased on a n  or iginal  diameter of  0.675 i n .  

'The replacement bottom was used for runs TU-13 through T-14. 
dCorrosion based on molten salt exposure includes the periods during which HF was  present. 

specif ied otherwise. 
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gross  l o s s  and does not  include o the r  a t t ack ,  such as p i t t i n g  o r  cracking, 

which w i l l  be discussed l a t e r .  Since t h e r e  w a s  from 10 t o  20 m i l s  of 

v a r i a t i o n  i n  w a l l  th ickness  of  t he  same nominal-size ma te r i a l  used i n  the  

hydrof luor ina tor  w a l l ,  th ickness  l o s s e s  were determined by sub t r ac t ing  the  

f i n a l  value from the  i n i t i a l  thickness  measured a t  approximately the  same 

po in t .  

p r o f i l e  of the  loss a f t e r  29 runs i s  given i n  Fig.  2A i n  the  Appendix. 

Figure 2 i s  a p r o f i l e  of  the  gross  metal  l o s s  a f t e r  40 runs.  A 

After  40 runs, the  24-in.-diam c y l i n d r i c a l  and conica l  s ec t ion  had a 

maximum thickness  loss  (excluding p i t s  o r  c racks)  of  25 m i l s  and an average 

a t t a c k  of about h a l f  t he  maximum. The s m a l l  c y l i n d r i c a l  sec t ion ,  exclud- 

ing the  bottom 14 in . ,had a comparable loss ,  w i t h  a maximum of 21  m i l s  and 

an average of  10.3. I n  t h i s  sec t ion ,  the  maximum corrosion r a t e  s ince  

the  four teenth  run appears t o  have reached a r a t e  of  about 0.024 mil/hr,  

based on HF exposure, and 6.7 miwmonth based on sa l t - r e s idence  time. 

Measurements made of  t h e  3/8-in.  instrument l i n e s  removed a f t e r  21 runs 

agree we l l  with the  above r a t e  (excluding the  bottom 6 i n . ) .  Corrosion 

r a t e s  measured a t  var ious times showed more v a r i a t i o n  i n  the  cone and 

l a r g e  cy l inder  than i n  t h e  s m a l l  cy l inder ,  poss ib ly  because of the  smaller  

number of readings taken i n  those a reas .  However, a maximum r a t e  o f  about 

0.028 m i l / h r  of  HF exposure and 8.1 miqmonth of  sa l t - res idence  time 

appears f a i r l y  cons i s t en t  with previous measurements i n  the  cone and l a r g e  

cy l inder  s ince  the  four teenth  run. The maximum corrosion r a t e s  f o r  t he  

hydrof luor ina tor  a f t e r  40 runs a r e  given i n  Table 5 .  

Corrosion of  t he  bottom 1 4  i n .  of  t he  hydrofluorinator  must be con- 

s idered  i n  two p a r t s  s ince  the  o r i g i n a l  bottom w a s  replaced a f t e r  29 runs.  

Measurements taken of  t he  lower 1 4  i n .  of  the  o r i g i n a l  bottom a f t e r  7 and 
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OANL-DWG 64-2370A 
CORROSION RATES 

( m i l d h r  OF EXPOSURE TO 
MOLTEN SALT AND HF) 

MAXIMUM 

AvERAGE71 
c ._ 
ul 

TOP 
CYLINDER 

/ 3/8-in. WALL 

2 4 i n .  OD 

OD N N  
9 9  
0 0  

/ 

BOTTOM 
CYLINDER 

1. 
'/4-in. WALL 

5'/2-in. OD 

REPLACED 
PORTION, 
BOTTOM 

c ._ - P 
ro 

4 4  RUNS 

0 5 i0 15 20 25 30 
WALL-THICKNESS LOSS (mils) 

Fig. 2. Hydrofluorinator Wall-Thickness Loss During Forty Zir- 
conium Processing Runs. 
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Table 5.  Maximum Corrosion Rates i n  the  Hydrofluorinator 

Af te r  40 R u n s  

Corrosion Rate 
Thickness (mils /hr  (mils/month 

Loss o f  HF of  molten- 
Location ( m i l s )  exposure ) sal t  exposure ) 

24-in.-OD sec t ion  25 0.028 8.1 
Conical s ec t ion  25 0.028 8.1 
5-l /2- in .  -OD sec t ion  21  0.023 6.8 

Bottom 1 4  i n .  of  5-l/2-in.-OD 27 0.14 38.0 

(excluding bottom 1 4  i n .  ) 

section" 

a Corrosion measurements a r e  given f o r  t he  replacement bottom, which w a s  
i n s t a l l e d  a f t e r  TU-11 (used f o r  11 runs). 

1 4  runs ind ica ted  corrosion r a t e s  comparable t o  those f o r  t he  upper por- 

t i o n  of  the  sec t ion .  Af t e r  21  runs, t he  lower sec t ion  showed a maximum 

a t t a c k  of 18 m i l s  (0.036 mil/hr of  HF exposure), compared with a maximum 

of 13  m i l s  (0.026 mil /hr  of  H F )  f o r  the  upper por t ion .  An instrument l i n e  

removed a t  t h i s  time showed a maximum wall- thickness  loss of 50 m i l s  (0.10 

mil /hr  of H F )  a t  a l o c a t i o n  about 1-1/2 i n .  above the  d i s t r i b u t o r  p l a t e  

(Fig.  3 ) .  

l o s s  of  26 m i l s  (0.05 mil /hr  of  HF) a t  about the  same loca t ion .  

corrosion occurred i n  the  v i c i n i t y  of  a c l i p  t h a t  he ld  the  l i n e s  aga ins t  

the  ves se l  w a l l .  The higher  corrosion r a t e  a t  t h i s  l oca t ion  w a s  apparent ly  

due t o  turbulence of the  HF-salt mixture a t  t h a t  po in t  s ince  the  upper 

sec t ion  o f  t h e  l i n e  showed only normal l o s s e s .  

A thermocouple wel l  removed a t  the  same time showed a maximum 

This 

Vidigage measurements taken on the  bottom 14 i n .  of  t he  hydrof luor i -  

na to r  a f t e r  29 runs were complicated by corrosion of the  outs ide  sur face ,  

where sal t  had leaked through the  cracked w a l l .  S a l t ,  i n  the  presence of 

air ,  i s  more cor ros ive .  I n  a reas  where no ex te rna l  a t t a c k  occurred, t he  

. 
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OR N L-L R-D wg .673 48 

Fig. 3. Corrosion of an Instrument Line Removed From the Bottom 
of the Hydrofluorinator After Twenty-one Runs. 



v e s s e l  showed only the  normal corrosion r a t e ,  with a maximum l o s s  of  18 

m i l s  (0.026 mil/hr of  HF). 

w a s  a maximum l o s s  o f  69 m i l s  (0.10 mil/hr of  HF). 

However, where ex te rna l  a t t a c k  occurred the re  

The replacement bottom f o r  the  hydrofluorinator  w a s  made of  5- in .  

Wall- sched-40 INOR-8 pipe and w a s  i n  use from run 30 through run 40. 

thickness  lo s ses  i n  t h i s  a r ea  a f t e r  11 runs var ied  from negative values 

t o  a maximum l o s s  of  27 m i l s  (0.14 mil /hr  of HF) and an average l o s s  of  

8.7 m i l s  (0.045 mil/hr of HF). This w a s  much hi-gher than the  r a t e s  f o r  

o the r  p a r t s  of t he  hydrofluorinator  during t h a t  per iod.  However, t he re  

w a s  a 28-mii v a r i a t i o n  i n  the  thickness  o f  t he  o r i g i n a l  w a l l  of  t he  r e -  

placement sec t ion ,  and, t h i s ,  along with a poss ib le  instrument e r r o r  o f  

as much as +lo% (25 m i l s ) ,  could account f o r  a l a r g e  p a r t  of  t he  unusually 

high r a t e  i n  t h i s  s ec t ion .  

Since the  maximum bulk metal l o s s  f o r  most of  the  hydrofluorinator  

w a s  l e s s  than 28 m i l s ,  the  poss ib le  instrument e r r o r  and s l i g h t  va r i a t ions  

i n  the  loca t ion  of  t he  poin ts  measured could r e s u l t  i n  an e r r o r  t h a t  w a s  

a s i g n i f i c a n t  f r a c t i o n  of  t he  t o t a l  l o s s  (although the  prec is ion  of the  

measurements seemed good). However, these e r r o r s ,  based on the  w a l l  

thickness remaining, a r e  much smaller .  Curves of the  o r i g i n a l  w a l l  th ick-  

ness of the  hydrofluorinator  a t  3-in.  i n t e r v a l s  v e r t i c a l l y  from top  t o  

bottom, s t a r t i n g  a t  the  top head weld a r e  given f o r  the  north,  south, 

e a s t ,  and west quadrants i n  Figs .  3A through 6A (Appendix). 

w a l l  th ickness  remaining (excluding p i t s ,  cracks,  o r  in te rgranular  corro-  

s i o n )  a t  the end of  40 runs i n  the  l a r g e  cy l inder  with i t s  nominal 3/8-in. 

w a l l  (excluding the  top  conica l  head, which w a s  not  measured) w a s  0.370 i n .  

The conica l  sec t ion ,  with a nominal 1/2- in .  w a l l ,  had a minimum thickness  

of  0.476-in. 

The  minim^ 

The upper s m a l l  cyl inder ,  with a nominal thickness of . 
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1/4- in . ,  had a minimum of  0.233 i n .  The lower 1 4  i n .  of  the  small 

cyl inder ,  which had a nominal thickness  of  0.272 i n . ,  had a minimum of 

0.257. I n  a l l  a reas ,  the  maximum l o s s e s  (excluding p i t s  or cracks)  w a s  

l e s s  than 10% of  the  o r i g i n a l  w a l l  th ickness .  

A i r  Oxidation o f  INOR-8 

The r a t e  of oxidat ion of  INOR-8 i n  a i r  is  of  i n t e r e s t  s ince  the  

e x t e r i o r  of t he  hydrofluorinator  w a s  exposed t o  a i r  a t  high temperature 

(about 6 5 0 " ~ )  f o r  long t imes.  

I n s t i t u t e  (BMI) i n  which IN OR-^ specimens were exposed t o  a i r  a t  700°C 

f o r  2000 h r . 7  There 

w a s  a not iceable  amount of f l ak ing  of t he  oxide s c a l e .  While the  oxida- 

t i o n  r a t e  f o r  t h e  hydrof luor ina tor  has not  been measured sepa ra t e ly  (any 

metal  l o s ses  would have been included i n  wal l - thickness  l o s s e s ) ,  t he re  

w a s  no not iceable  f l ak ing  of  t he  e x t e r i o r  when the  hydrof luor ina tor  w a s  

examined a f t e r  run T-11  (29 runs ) .  

Corrosion of  INOR-8 by Aqueous Cleaning Solut ions 

S tudies  were made a t  B a t t e l l e  Memorial 

A corrosion r a t e  of 1.6 mils/month w a s  obtained.  

Three types of  aqueous so lu t ions  were used i n  c leaning the  hydro- 

f l u o r i n a t o r  system a t  var ious times during the  zirconium program (Table 2 ) .  

Ammonium oxala te  so lu t ions  (0.3 t o  0.35 M )  were used f o r  sa l t  removal; 

n i t r i c  a c i d  (0.01 t o  0.8 M )  aluminum n i t r a t e  (0.01 t o  0.24 M )  w a s  used as 

a con t ro l l ed  corrodent f o r  removing me ta l l i c  s ca l e ;  and 5-1-1 and 5-2-2 

- 

- - 

w t  '-$ sodium hydroxide -hydrogen peroxide -sodium t a r t r a t e  so lu t ions  were 

used as complexing so lu t ions  t o  remove back-absorbed a c t i v i t y  (mainly 

Ru). Both Vidigage and labora tory  s t u d i e s  were made t o  determine the  106 

amount of  hydrof luor ina tor  corrosion a t t r i b u t a b l e  t o  c leaning so lu t ions .  

Previous experience with ammonium oxa la t e  so lu t ions ,  such as those 

used i n  c leaning the  hydrofluorinator ,  showed them t o  have a neg l ig ib l e  a 
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effect on INOR-8, and no further studies were done with ammonium oxalate 

solutions. After run T-7, Vidigage wall-thickness measurements were 

made before and after the hydrofluorinator was cleaned for 10 hr with 

boiling 5 wt % HNO --5 wt $I A1(N03)3 solution. 

wall-thickness change, within the accuracy of the instrument. 

8 

There was negligible 3 
2 

Laboratory corrosion studies were conducted at BMI in which INOR-8 

was exposed to alternating cycles of boiling 0.1 N Al(N0 ) --0.01 N HNO 

and 5-2-2 wt $I NaOH- H 0 -NaC H 0 

lar to that received by the hydrofluorinator.’ 

0,009 to 0.054 mil/month were measured for INOR-8 in the caustic-peroxide- 

tartrate solution. The aluminum nitrate-nitric acid mixture gave rates 

up to 11.5 mils/month during the first 3 hr of exposure, but the rate 

decreased to less than 3.1 mils/month after 19 hr, and to 1.5 mils/month 

after 84 hr. The cumulative corrosion rate for three aluminum nitrate- 

nitric acid cycles (120 hr ) and two caustic-peroxide-tartrate cycles 

(40 hr) was less than 0.89 mil/month. 

- 3 3  - 3  
at room temperature, an exposure simi- 2 2  2 4 6  

Corrosion rates from 

Based on the laboratory data, the wall-thickness loss from the hydro- 

fluorinator due to the cleaning solutions used during the zirconium 

program was estimated to be less than 1 mil. 

Surface Attack on the Hydrofluorinator Walls 

Surface attack inside the hydrofluorinator, such as pitting and 

cracking, was observed by several methods during the zirconium program. 

At the end of TU-7 (14 runs), pit-depth measurements were made in the 

entire vessel by gamma radiography and in the 24-in.-diam section by 

replication with dental wax. 3’10 Gamma radiography with a 1921,source 

revealed only three areas of pitting. 

located about 3 ft down from the top of the 24-in.-diam section. 

One was about 2-in. in diameter, 

This 
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a r e a  had p i t s  w i t h  a depth up t o  7.5 m i l s .  The o ther  two a reas  t ha t  

showed p i t t i n g  a t t a c k  were i n  t he  conica l  s ec t ion  about 6 i n .  below the  

top  of the  cone. These p i t s  had a maximum depth of  10 m i l s .  

Wax impressions capable of  showing 0 . 1 - m i l  i r r e g u l a r i t i e s  were a l s o  

made i n  the  24-in.-diam sec t ion  a f t e r  1 4  runs.  

firmed the  presence of  p i t s  i n  t h i s  sec t ion .  The maximum p i t  depth found 

w a s  8 m i l s .  Many o t h e r  p i t s  were found, varying from 0.5 t o  5.5 m i l s  

deep. Wax impressions were not  made i n  the con ica l  o r  ?-l /z-in.-diam 

sec t ions .  Both the  wax r e p l i c a t i o n s  and gamma radiographs showed the  

welds t o  be i n  good condi t ion .  

These impressions con- 

Metallography of  t he  instrument l i n e  and thermocouple wel l ,  removed 

from the hydrof luor ina tor  a f t e r  21  runs, revealed t h a t  t he  sur face  exposed 

i n  the  vapor sec t ion  w a s  s l i g h t l y  roughened, w i t h  t he  g ra in  boundary show- 

ing more a t t a c k  than t h e  g ra in .  The metal exposed t o  the  i n t e r f a c e  

region w a s  very rough, while tha t  exposed t o  sa l t  w a s  very smooth. Only 

one loca t ion ,  about 8 i n .  below the  top  of t h e  hydrofluorinator ,  showed 

in t e rg ranu la r  corrosion.  The conclusion reached from the  metallographic 

s tud ie s  o f  these  l i n e s  was tha t  t h e  INOR-8 l i n e s  were not  s e l e c t i v e l y  

a t tacked  by the hydrof luor ina tor  environment. Addit ional  information on 

hydrof luor ina tor  sur face  a t t a c k  w a s  obtained from the  me ta l lu rg ica l  exami- 

na t ion  o f  t he  bottom sec t ion  removed a f t e r  29 runs.  

i n  the  following sec t ion .  

6 

This w i l l  be discussed 

Per iodic  observat ions of  the  in s ide  of  t he  hydrof luor ina tor  were 

made w i t h  a Questar  te lescope (40 t o  80 power) and an Omniscope (a low- 

magnification per iscope)  t o  look f o r  a reas  o f  high corrosion.  

observat ions were usua l ly  made a f t e r  t he  system had been cleaned t o  remove 

the  sa l t  film. 

These 

A t  the  end of  t h e  40-run zirconium program, the  in s ide  
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sur face  of  the  5-1/2-in.-diam sec t ion  and the  lower p a r t  of the cone sec-  

t i o n  were inspected.  This w a s  done with a Questar te lescope and mir rors .  

A few p i t s  were seen i n  the  5-l/2-in.-diam sec t ion ,  such as the  one shown 

i n  Fig.  4. The l a r g e s t  p i t  w a s  es t imated t o  be no more than 20 m i l s  i n  

diameter o r  20 m i l s  deep. 

sec t ion ,  running upward from the  lower weld. 

es t imated t o  be not  more than 10 m i l s  wide, and they d id  not  appear t o  be 

Several  s m a l l  f i s s u r e s  were seen i n  the  conica l  

These f i s s u r e s  (Fig.  5 )  were 

very deep. 

i n  good condi t ion.  

Welds i n  the  lower p a r t  of t h e  hydrofluorinator  appeared t o  be 

No a reas  of  extensive p i t t i n g  o r  cracking were seen. 

Examination of  t he  Lower 17 inches of  the  Hydrofluorinator 

Af te r  run T-11 (29 runs) the  hydrof luor ina tor  w a s  decontaminated, and 

a v i s u a l  inspec t ion  w a s  made of  the  e x t e r i o r .  

sa l t  l e a k  i n  the  5-1/2-in.-OD sec t ion  o f  t h e  ves se l  j u s t  above the  g i r t h  

weld jo in ing  the  d i s t r i b u t o r  p l a t e  t o  the  5- l /2- in .  s ec t ion .  The crack, 

This examination revealed a 

shown i n  Fig.  6, occurred i n  the  hea t -a f fec ted  a rea  of two s t a i n l e s s - s t e e l -  

sheathed thermocouple weld beads. The leakage was through two i n t e r s e c t i n g  

c racks .  The ho r i zon ta l  crack w a s  1-1/8 i n .  long and w a s  l oca t ed  between 

the  thermocouple heads and the  g i r t h  weld a t  the  d i s t r i b u t o r  p l a t e .  The 

v e r t i c a l  crack w a s  3/8 i n .  long and w a s  between the  two thermocouple heads. 

Both cracks were in t e rg ranu la r  and appeared t o  have o r ig ina t ed  a t  the  ex- 

t e r i o r .  Only a small quant i ty  of  sa l t  had leaked through the  crack and 

covered about a 6-in.-diam c i r c l e  on the  e x t e r i o r .  The e x t e r i o r  of  t he  

hydrofluorinator  and the  thermocouples i n  t h e  a r e a  of  t he  l e a k  were severely 

corroded, as i s  normal with metals i n  contac t  with molten f luo r ides  i n  a i r .  

Since thermocouple f a i l u r e  occurred during run R-1,  presumably the  crack 
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Fig.  5. 

A f t e r  Forty R u n s .  

F i ssure  i n  t h e  Conical Sect ion of t h e  Hydrofluorinator 
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a l s o  occurred then,and the  sal t  sea led  the  crack s u f f i c i e n t l y  t o  permit 

continued opera t ion .  

The lower 17 i n .  o f  t h e  hydrofluorinator  w a s  removed f o r  metallurg- 

i c a l  examination.” No gross  bulging w a s  found i n  the  bottom sec t ion ,  

and t e s t  specimens removed from t h i s  s ec t ion  showed no l o s s  of  t e n s i l e  

s t r eng th  o r  b r i t t l e n e s s  of  the INOR-8. However, chemical analyses  ind i -  

ca ted  tha t  it apparent ly  w a s  from an INOR-8 hea t  (SP-26) known t o  be 

suscep t ib l e  t o  weld cracking.  Other i n t e rg ranu la r  cracks,  up t o  

65 m i l s  deep, were found on the  e x t e r i o r  sur face  below t h e  lower g i r t h  

weld. 

bead welds and the  g i r t h  weld on substandard INOR-8, suscept ib le  t o  weld 

cracking.  

12  

Apparently the  l e a k  r e su l t ed  from the e f f e c t  of t he  thermocouple 

Many cracks between 10 and 40 m i l s  deep were found on the  in s ide  

sur face  o f  t he  ves se l  near  the  l eak .  These cracks,  shown i n  Fig.  7, were 

c l a s s i f i e d  i n t o  two groups. The f irst  cons is ted  of  cracks perpendicular 

o r  ad jacent  t o  welds and were apparent ly  assoc ia ted  w i t h  weld s t r e s s e s .  

The second group dontained ho r i zon ta l  cracks a l igned  i n  v e r t i c a l  rows 

throughout t he  lower 1 2  i n .  o f  the  ves se l .  The ho r i zon ta l  cracks m y  

have r e su l t ed  from the  r o l l i n g  operat ion used i n  f ab r i ca t ion .  

An important aspec t  o f  t he  i n t e r n a l  cracking i n  the  lower sec t ion  of  

t he  hydrofluorinator  w a s  t he  p o s s i b i l i t y  t h a t  cracking extended i n t o  the  

remaining 5-1/2-in.-diam sec t ion .  Since the  lower 9 f t  of  the  hydro- 

f l u o r i n a t o r  w a s  made from f i v e  separa te  cy l inders  welded together ,  it 

w a s  poss ib le  t ha t  t h e  part examined was not  c h a r a c t e r i s t i c  o f  t he  e n t i r e  

5-1/2-in.-diam sec t ion .  

complete c y l i n d r i c a l  s ec t ion  and about an inch o f  the  second one. While 

a chemical ana lys i s  showed the  two sec t ions  t o  have the  same composition, 

The po r t ion  of  the  ves se l  removed included one 
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Fig. 7. INOR-8 Specimen Removed From t h e  Bottom Sect ion  o f  the 

Hydrofluorinator  Af t e r  Twenty-nine Runs. 
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no cracking w a s  seen i n  the  upper sec t ion . '  

t i o n  of  the  remainder of  the  hydrofluorinator ,  using a Questar  te lescope,  

d id  not r evea l  extensive cracking such as w a s  seen i n  the  bottom sec t ion .  

The d i s t r i b u t o r  p l a t e  appeared t o  be i n  good condition, and no areas  

of  extensive corrosion were seen by v i s u a l  examination. All d i s t r i b u t o r -  

p l a t e  holes  were open, and a l l  holes  except one were l a rge  enough t o  

a l low a 0.234-in. d r i l l  b i t  t o  en ter ,  but  none would pass a 0.25-in. b i t ,  

Furthermore, v i s u a l  examina- 

This ind ica t e s  t h a t  t he  o r i g i n a l  0.188-in.-diam hole  had increased i n  d i a -  

meter from 46 t o  62 m i l s  (a  surface-thickness loss  of  23 t o  31 m i l s )  dur- 

ing the  29 runs.  

HF exposure, s l i g h t l y  higher  than the  general  corrosion r a t e  of the  ves se l .  

Corrosion of Molten-Salt and HF l i n e s  

This represents  a corrosion r a t e  of  about 0.04 m i l / h r  o f  

Generally, the  molten-sal t  and HF piping i n  the  system were exposed 

t o  l e s s  severe operat ing condi t ions than the  hydrofluorinator .  A poss ib le  

exception w a s  the  HF i n l e t  l i n e ,  which w a s  heated a t  a l l  times tha t  molten 

sal t  w a s  i n  the  hydrof luor ina tor .  

i n  the  ho r i zon ta l  por t ion  of  t he  heated l i n e  near  t he  hydrofluorinator .  

The sa l t . - t r ans fe r  l i n e  between the  hydrofluorinator  and f l u o r i n a t o r  w a s  

Molten sal t  as we l l  as HF w a s  present  

normally near  room temperature except when it was heated f o r  making t r ans -  

f e r s .  This w a s  done once each run and required 2 t o  4 h r  t o  hea t  t he  l i n e  

to , abou t  550°C t o  make the  t r a n s f e r .  

of  sa l t  w a s  allowed t o  f reeze  i n  the  l i n e  near  the hydrofluorinator  t o  

form a s e a l  ( f reeze  va lve ) .  

Af te r  t he  t r a n s f e r ,  a small quant i ty  

The f eed - sa l t  t r a n s f e r  l i n e ,  a t tached  t o  the 24-in.-diam sec t ion  of 

the  hydrofluorinator ,  a l s o  remained unheated except during t r a n s f e r s .  

Feed-salt  t r a n s f e r s  were made once a run and requi red  heat ing the  l i n e  
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f o r  2 t o  4 h r  a t  about  650"~. 

remainder of  t he  t i m e  t o  keep ou t  HF and rad ioac t ive  ma te r i a l .  

The l i n e  w a s  purged with n i t rogen  the  

A rup ture  occurred a f t e r  TU-6 (13 runs)  i n  the  1-in.-OD adapter  a t  

t he  junc t ion  between t h e  s a l t - t r a n s f e r  l i n e  and the  bottom o f  t h e  hydro- 

f l u o r i n a t o r .  This w a s  t he  a rea  where the  f r eeze  valve w a s  formed. I n  

add i t ion  t o  the rupture  the re  were many o t h e r  cracks on the  o u t e r  sur face  

(F ig .  8 ) .  Metallography revealed t h a t  t h e  rupture  and o the r  cracks were 

in t e rg ranu la r  and t h a t  they o r ig ina t ed  on the  outs ide ,  i nd ica t ing  t h a t  

they were caused by sa l t  e ~ p a n s i 0 n . l ~  Apparently t h i s  w a s  a r e s u l t  o f  

sa l t  melting i n  the  cen te r  o f  t he  f r eeze  valve before  the  s a l t  a t  each 

end became molten. The adapter  w a s  replaced temporar i ly  u n t i l  a f t e r  TU-7, 

a t  which time 3- in . - long adapters  were i n s t a l l e d  i n  both the  sa l t  t r a n s f e r  

and HF i n l e t  l i n e s .  The s h o r t e r  adapter  allowed more uniform heat ing,  and 

no f u r t h e r  d i f f i c u l t i e s  were experienced. Por t ions  o f  these  3-in.-long 

adapters  were examined metal lographical ly  a f te r  they had been used f o r  15 

runs ( a f t e r  T-11) and found i n  good condi t ion.  

Or ig ina l ly ,  a l l  t h ree  autoresis tance-heated l i n e s  t h a t  en tered  t h e  

hydrof luor ina tor  were made of  3/8-in.  sched-40 Inconel  p ipe .  

(14 runs )  a l e a k  developed i n  the  HF l i n e  about 2 f t ' f r o m  the  hydrof luor i -  

Af t e r  TU-7 

na to r .  Figure 9 shows a sec t ion  of  pipe i n  which the  l e a k  occurred. 

Metallography revealed t h a t  chromium and i ron  had been leached from t h e  

Inconel pipe i n  the  v i c i n i t y  of t he  l eak .  

pipe b u t  w a s  l e s s  severe a t  g r e a t e r  d i s tances  from t h e  hydrof luor ina tor .  

Leaching occurred a l l  along the  

1 3  

Thinning of  t h e  p ipe  w a l l  by cor ros ion  apparent ly  caused l o c a l i z e d  over- 

hea t ing  (750°C maximum temperature) and even g r e a t e r  cor ros ion .  

The 3/8-in. sched-40 Inconel  p ipe  from t h e  s a l t - t r a n s f e r  l i n e  between 

the  hydrof luor ina tor  and f l u o r i n a t o r  showed much less  cor ros ive  a t t a c k  
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Fig. 9. Corrosion of Inconel Pipe i n  the Hydrofluorinator HF 
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than the  HF l i n e ;  however, t he re  w a s  i nd ica t ion  of metal  loss,  p a r t i c u l a r l y  

i n  the  a reas  c l o s e r  t o  the  ves se l s .  The Inconel  piping i n  the  th ree  auto-  

res is tance-heated l i n e s  a t t ached  t o  the  hydrof luor ina tor  w a s  replaced with 

INOR-8 pipe a f t e r  TU-7 (14 runs ) .  

Af t e r  run T-11, corrosion measurements were made on both the  3/8-in. 

sched-40 INOR-8 HF i n l e t  l i n e  and the  1/2- in .  sched-40 INOR-8 s a l t - t r a n s -  

f e r  l i n e  a t  the  bottom of  t h e  hydrof luor ina tor .  

long were removed from each l i n e  near  the  hydrof luor ina tor .  Wall-thickness 

measurements were made by Vidigage, and a meta l lurg ica l  examination w a s  

made by BMI. 

Sect ions approximately 4 f t  

1 4  

The in s ide  sur face  of  t he  HF l i n e  w a s  roughened by corrosion products 

t o  a depth o f  about 3 ' m i l s ,  and t h e r e  w a s  a t o t a l  wal l - thickness  l o s s  of 

6.4 m i l s  (based on an o r i g i n a l  average w a l l  th ickness  of 82.4 m i l s ) .  

Assuming t h a t  the  l i n e  had received the  same HF and molten s a l t  exposure 

as the  hydrof luor ina tor  during the  1 5  runs i n  which i t  w a s  used, the  

corrosion r a t e  w a s  0.018 mil/hr o f  HF exposure and 6.5 mils/month o f  

molten sa l t  exposure. These r a t e s  a r e  about the  same as the  average corro-  

s ion  r a t e s  i n  the  hydrof luor ina tor .  

The sec t ion  of  t he  s a l t - t r a n s f e r  l i n e  removed a f t e r  run T-11 showed 

14  no s i g n i f i c a n t  meta l lurg ica l  change and l i t t l e  sur face  roughening. 

Measurements of  microsections ind ica ted  a 1- t o  3 - m i l  wall-thickness loss ,  

while Vidigage measurements showed a 5 -  t o  8 - m i i  l o s s  (based on an o r i g i n a l  

w a l l  th ickness  of 109 m i l s ) .  

approximately 62 h r  of  molten sal t  exposure, while the  l i n e  w a s  heated f o r  

sa l t  t r a n s f e r s .  

This corrosion occurred during 11 runs o r  
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Corrosion Measurements by Chemical Analyses 

Metal l o s s  from the  hydrofluorinator  w a l l  during the  f i r s t  14 runs 

w a s  determined by analyzing the  s a l t  t r ans fe r r ed  t o  the  f l u o r i n a t o r  f o r  

the  major cons t i t uen t s  of INOR-8." Mater ia l  balances were made f o r  

nickel ,  i ron,  chromiwrqand molybdenum. Corrosion r a t e s  based on the  

t o t a l  i n s ide  sur face  of  t he  hydrofluorinator ,  15-20 and HF exposure time 

a r e  given i n  Table 6. 

Corrosion r a t e s  based on n i cke l  and molybdenum were lower than r a t e s  

determined from Vidigage data. 

removed only a f t e r  a c i d  washes. 

Nickel p l a t ed  on the  ves se l  w a l l s  and w a s  

S ign i f i can t  amounts of molybdenum were 

seldom found i n  the  process streams considered i n  the  ma te r i a l  balance.  

Corrosion r a t e  determinations based on chromium and i ron  were some- 

what e r r a t i c  from run t o  run. 

of  HF exposure, based on chromium, and 0.052 mil/hr HF exposure, based on 

i ron,  a r e  i n  fa i r  agreement with Vidigage r a t e s  taken a f t e r  14 runs ( see  

Table 4 ) .  

However, t he  average r a t e  of  0.041 m i l / h r  

FLUORINATOR CORROSION 

Descript ion of F luor ina tor  

The V o l a t i l i t y  P i l o t  P l a n t  f l uo r ina to rb  w a s  about 7 f t  high and w a s  

made from 3/8- in . - thick Nickel 201 p l a t e .  

metal  61'. 

Welds were made w i t h  f i l l e r  

The upper and lower sec t ions  of t he  ves se l  were 16  i n .  i n  

ou te r  diamter.  They were joined by a 5-3/4-in.-OD cen te r  sec t ion ,  as 

shown i n  Fig.  10. Only the  lower sec t ion  contained s a l t .  The cen te r  and 

a 

bAlso c a l l e d  the  Mark I11 f l u o r i n a t o r .  

Nominal composition of INOR-8 ( w t  %) is:  71% N i ,  16% Mo, 7% C r ,  5% Fe. 

C Nominal weld f i l l e r  metal 61 composition ( w t  $): 93% N i ,  1.0% Fe, 
0.25% Cu, 1 .5% A l ,  2.0 t o  3.5$ T i ,  0.15% C, 0.75% S i .  
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Table 6. Estimate of Hydrofluorinator Corrosion by Corrosion- 

Product Mater ia l  Balance 

Corrosion Ratea i n  mi ls /hr  of KF Exposure, Based on 
Run the  INOR-8 Corrosion Products Below 
No. N i  Fe C r  Mo 

T -1 0.003 0.013 b C 

T -2 b 0.007 < 0.012 C 

T-3 < 0.001 0.073 0.036 C 

T-4 0.009 0.044 0.031 C 

T-5 < 0.004 0.033 0.026 C 

T-7 0.013 0.091 0.030 0.013 

T-6 0.004 0.031 b < 0.004 

Average 0.041 0.027 

Tu-2 

Tu-3 
Tu-4 
Tu-5 

73-6 
Tu-7 

- b 0.017 C 

0.003 0.051 0 097 0.0 

0.009 0.118 b 0.009 

0.004 0.045 0.041 0.002 

< 0.005 b b < 0.005 

0.006 0.083 0.077 0.024 

Average 0.052 0.041 

a Corrosion r a t e s  a r e  based on the  e n t i r e  i n s ide  sur face  a r e a  of the  hydro- 
f l u o r i n a t o r .  

bMaterial  balances were nega t ive .  
C Not determined . 

. 
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upper sec t ions  were de-entrainment regions f o r  removing s o l i d s  from the  

gas stream t h a t  w a s  discharged through the  5-in.-diam pipe a t  the  top  

of the  ves se l .  The cen te r  s ec t ion  formed a she l f  above the  lower sec t ion ,  

through which piping and s i x  1/4-in.-diam corrosion rods en tered  the  

ves se l .  

The lower sec t ion  contained a d r a f t  tube t h a t  provided in t imate  

contac t  between s a l t  and fluorine.  Fluorine w a s  introduced i n t o  the  

bottom of the  d r a f t  tube through a 1/2- in .  sched-80 n i cke l  pipe.  Waste 

sa l t  w a s  removed from the  f luo r ina to r  through a second 1/2- in .  sched-80 

n i c k e l  pipe t h a t  extended t o  the  bottom o f  t h e  ves se l .  

taken through a 1 - i n .  sched-40 Inconel  pipe t h a t  en tered  the  vapor 

space i n  the  upper sec t ion .  An a i r -opera ted  v i b r a t o r  w a s  a t t ached  t o  

t h i s  l i n e  t o  a i d  i n  sampling. Uranium hexafluoride product from the  

f l u o r i n a t o r  w a s  co l l ec t ed  i n  a movable-bed NaF absorber  connected t o  the  

5-in.-diam pipe a t  the  top  of  t he  ves se l .  

S a l t  samples were 

The lower sec t ion  of t he  f l u o r i n a t o r  w a s  heated by a single-zone 

furnace,  which could be r a i s e d  and lowered. 

were heated sepa ra t e ly  by tubu la r  e l e c t r i c  hea t ing  elements a t tached  by 

c l i p s  tack-welded t o  the  ves se l .  These sec t ions  were covered with in su la -  

t i o n .  The temperature of t he  ves se l  w a s  measured by thermocouples a t tached  

t o  the  ou te r  sur face  and by thermocouples i n s e r t e d  i n  a w e l l ’ i n  the  lower 

sec t ion .  

The cen te r  and upper sec t ions  

Operating Environment of  t he  F luor ina tor  

The f l u o r i n a t o r  w a s  exposed t o  the  following environments during the  

zirconium program: 

no f luo r ine  w a s  used (T-ser ies  runs) ,  ( 2 )  nonradioactive runs 

(1) s a l t  t r a n s f e r s  i n  which no uranium w a s  p resent  and 

. 
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i n  which uranium w a s  f l uo r ina t ed  from the  s a l t  (TU-series runs) ,  (3 )  rad io-  

a c t i v e  runs with both 6-year- and 6- t o  13-month-cooled elements (R-series 

runs) ,  and ( 4 )  f l uo r ine  purges of  the  empty vesse l  f o r  condi t ioning su r -  

faces  by forming a NiF2 f i lm  t h a t  reduced the  amount of conversion o f  UF6 

t o  UF a t  the  w a l l s .  4 
Aqueous so lu t ions  were occasional ly  used t o  c lean  the  f l u o r i n a t o r  

f o r  inspec t ion  or t o  reduce the  r ad ia t ion  l e v e l .  

so lu t ions  (0 .3  t o  01.35 M )  - were used t o  remove s a l t  f i l m s  from the  i n t e r i o r  

sur face .  

aluminum ni t ra te - -0 .01  M n i t r i c  a c i d  so lu t ion .  However, the  use of  alum- 

inum n i t r a t e  o r  n i t r i c  a c i d  i n  the  f l u o r i n a t o r  was usua l ly  avoided due t o  

the  high corrosion r a t e s  on Nickel 201 and weld f i l l e r  metal  61. 

t i o n s  of  5-1-1 and 5-2-2 w t  $ sodium hydroxide, hydrogen peroxide 

sodium t a r t r a t e  were used t o  remove a c t i v i t y  from the  f l u o r i n a t o r  sur face  

a f t e r  runs T-11 (29 runs ) and T-14 (40 runs ) .  

Here, ammonium oxala te  

Meta l l ic  f i l m  w a s  removed a f t e r  T-11 (29 runs)  with a 0.1 M - 

- 

Solu- 

and 

The system w a s  usua l ly  kept under a dry ni t rogen atmosphere when not  

i n  use. Af te r  each cleaning o r  exposure t o  a i r ,  the  ves se l  w a s  f l uo r ine -  

conditioned t o  reform the  f luo r ide  f i l m  on the  inner  sur faces .  Condition- 

ing w a s  done by introducing a d i l u t e  mixture of f luo r ine  i n  n i t rogen  and 

slowly increasing the  f luo r ine  concentrat ion and temperature u n t i l  normal 

operat ing condi t ions were reached. The operat ing condi t ions f o r  the  

f l u o r i n a t o r  during zirconium processing a r e  given i n  Table 7, and the  

condi t ions f o r  c leaning the  ves se l  a r e  given i n  Table 8. 

Typical Operating Conditions 

The fluorinator w a s  operated on a batch bas i s .  It w a s  heated t o  

operat ing temperature j u s t  p r i o r  t o  the  s a l t  t r a n s f e r  from the  hydro- 

f luo r ina to r .  The lower sec t ion  w a s  usua l ly  he ld  a t  about 500°C, while 
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Table 8. Fluorinator Decontamination History 

J 

Time Temperature 
Cleaned After Run: Cleaning Solution Used a,b (hr 1 ("C 1 

60 
95 

0.35 M ammonium oxalate TU-7 (14 runs) - 

m-11 (21 runs) 

T-11 (29 runs) 

No cleaning done 

0.35 M ammonium oxalate 50-95 
25 (6 washes) 

0.3 M - m(NO3I3 70 50-95 
0.1 - M A1(N03)3 

0.1 M Al(N0 )3-0.01 M HNO 
(2-washe sp 

50-95 
25 

50-95 
25 

5-1-1 wt % NaOH-H202- 10 25 

5-2-2 wt % NaOH-H202- 20 25 
sodium tartrate 

sodium tartrate 

(7-washes, circulated) 
25 -80 
80-95 

25 -80 
80-95 

{E 25 

T-14 (40 runs) 0.3 M ammonium oxalate 

(1 wash, static) 92.5 
Detergent solutionC 
(2 washes ) 

5-1-1 wt $I NaOH, H202, 20 25 
sodium tartrate 

~~~ ~~ 

a The top half of the fluorinator was not exposed to cleaning solution 
during some washes. 
bWater rinses are not included. 
C Approximately 1.25 lb of dishwasher detergent in 350 gal of water. 
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t he  neck sec t ion  was a t  about 425 and t h e  upper sec t ion  w a s  a t  about 375. 

Temperatures were kept  a t  f a i r l y  cons tan t  values  throughout each run. 

S a l t  from the  hydrof luor ina tor  (about 27.5-27.5-45 mole % NaF-LiF-ZrFk 

p lus  uranium, mp about 450°C) w a s  t r ans fe r r ed  t o  the  bottom sec t ion ,  f i l l -  

ing it t o  3 t o  1 4  i n .  below the  5-3/4-in.-diam sec t ion .  

The sal t  w a s  sparged with n i t rogen  a t  about 14  s t d  l i t e r s / m i n  ( s l m )  

f o r  20 min t o  ensure a uniform mixture  f o r  sampling. 

taken by lowering a l a d l e  on a chain through the  1 - i n .  p ipe  extending i n t o  

the  upper sec t ion  of  t he  f l u o r i n a t o r .  During the  sampling per iod,  an 

at tempt  w a s  made t o  prevent  a i r  e n t r y  i n t o  the  v e s s e l  by balancing the  

pressure  i n  t h e  v e s s e l  a g a i n s t , t h a t  i n  the  sample cubic le  w i t h  n i t rogen  

purges.  However, t he re  w a s  some a i r  flow i n t o  the  f l u o r i n a t o r ,  p a r t i c u -  

l a r l y  i n  the  runs p r i o r  t o  run T-11. 

salt samples were 

A f t e r  sampling, t he  sa l t  w a s  f l uo r ina t ed  u n t i l  the  uranium content  

a w a s  l e s s  than 10 ppm. This w a s  usua l ly  done i n  two s t e p s .  Fluorine w a s  

f irst  introduced a t  about 6 slm f o r  1 h r  and 40 min and then a t  about 

13 s l m  f o r  20 rnin.b 

with n i t rogen  and the  sa l t  resampled. The s a l t  then remained i n  the  

ves se l  f o r  s eve ra l  hours while the  UF w a s  desorbed from t h e  movable-bed 6 
absorber ( f i l l e d  with NaF p e l l e t s ) .  Fluorine w a s  used t o  sweep the  UF 

from the  NaF; consequently t h e r e  w a s  some exposure of the  upper po r t ion  of  

t he  f l u o r i n a t o r  t o  a f luor ine-n i t rogen  atmosphere during t h a t  time, bu t  

only the  exposure during f l u o r i n a t i o n  and condi t ioning w a s  included i n  

Af t e r  f l uo r ina t ion ,  the  v e s s e l  w a s  immediately purged 

6 

a 

bAdditional f l u o r i n a t i o n  w a s  done i f  requi red  t o  reduce the uranium 

Typical F 

content  of the  sa l t  t o  l e s s  than 10 ppm. 

ana lys i s  i s  given i n  Table 2A i n  the  Appendix. 2 
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corros ion- ra te  determinations.  

t he  NaF p e l l e t s  from the  absorber  w a s  discharged i n t o  the  f l u o r i n a t o r .  

The sa l t  w a s  again sparged with n i t rogen  and sampled. 

f l u o r i n a t o r  w a s  emptied and then cooled t o  room temperature i n  a 

atmosphere. 

zirconium processing a r e  given i n  Table 9. 

Af t e r  desorpt ion o f  the  UF6, a por t ion  o f  

F ina l ly ,  t he  

ni t rogen 

Typical f luorinator  operat ing condi t ions f o r  runs during 

Table 9. Typical F luor ina tor  Operation Conditions f o r  

Each Run During Zirconium Processing 

Fluor ina tor  Condition Typical Time Required pe r  Run ( h r )  

Heat up t o  500°C (no sa l t  except h e e l )  

A t  500°C with, no sal t  present  

2 

2 

50 
2 

A t  500°C with s a l t  but  no F2 

A t  500°C with sa l t  and F2 

A t  500°C with F -N mixture i n  t o p  

Cool down from 500°C t o  100°C with no 

2 2  sec t ion  

sa l t  present  

4 
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ODeratinff Historv of  F luor ina tor  
~ ~ ~~ 

The f l u o r i n a t o r  and assoc ia ted  l i n e s  were i n s t a l l e d  new a t  the  

beginning o f  t he  zirconium program and were used throughout the  program 

with only a few changes. These changes, along with abnormal operat ing 

condi t ions t h a t  might have inf luenced corrosion,  a r e  given i n  t h i s  

s ec t ion .  

The movable-bed absorber  w a s  i n s t a l l e d  above the  f l u o r i n a t o r  a t  the  

P r i o r  t o  t h a t  time, fixed-bed NaF absorbers f i l l e d  

The absorber  w a s  a t tached  t o  the  5-in.-diam 

end o f  T-7 (7 runs ) .  

with NaF p e l l e t s  were used. 

pipe above the  f luo r ina to r ;  f langes and a copper O-ring gasket  were used. 

c 
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During the  f i rs t  R-ser ies  runs, t h i s  flanged connection developed a leak ,  

and, a f t e r  T-11, it w a s  replaced w i t h  a welded connection. The l e a k  w a s  

apparent ly  caused by overheating the  copper O-ring gaske t .  

l e a k  occurred i n  t h e  f luo r ina to r ,  and it developed p r i o r  t o  run TU-13 i n  

the  welded j o i n t  between the  sampling l i n e  and the  f l u o r i n a t o r .  It appar- 

e n t l y  w a s  caused by the v i b r a t o r  used on the  l i n e  during sampling. The 

weld w a s  repaired, and the  sampling procedures were modified t o  reduce the  

use o f  t he  v ib ra to r ,  preventing f u r t h e r  l eaks .  

Only one o t h e r  

- 

I n  o t h e r  p ip ing  changes, the sal t -sampling l i n e  was changed from 

3/4-in. t o  1 - i n .  sched-40 p ipe  a f t e r  T-7 (7 runs) i n  order  t o  make passage 

of  the l a d l e  through t h e  l i n e  e a s i e r .  The waste sa l t  l i n e  from the  f l u o r -  

i n a t o r  t o  the  waste can w a s  replaced a f t e r  TU-7 (14 runs) because the  l i n e  

had been bent  when the  f l u o r i n a t o r  w a s  forced ou t  of  alignment by the  

furnace.  

Overheating of  t he  lower sec t ion  of  t he  f l u o r i n a t o r  occurred during 

runs T-8, T-9 and R-8 .  

dur ing T-8, and the f l u o r i n a t o r  w a s  heated t o  75OoC t o  prevent f r eez ing .  

During T-9, a plug formed i n  t h e  s a l t - t r a n s f e r  l i n e  between the  hydrofluor- 

i n a t o r  and f luo r ina to r ,  and t h e  temperature w a s  increased t o  about 715°C 

t o  t r y  t o  melt  the  plug.  A s e c t i o n  of  t he  t r a n s f e r  l i n e  w a s  replaced 

during t h i s  run, and t h e  e n t i r e  l i n e  w a s  replaced after T-10. During R - 8  

simultaneous f a i l u r e  of two temperature c o n t r o l l e r s  r e s u l t e d  i n  the  lower 

sec t ion  of t h e  f l u o r i n a t o r  being heated t o  about 890"c f o r  a s h o r t  time, 

A high-melting sa l t  w a s  charged t o  the  system 

. 

but  t he  overheating apparent ly  w a s  not  de t r imenta l .  

S i x  groups of 1/4-in.-diam corrosion rods were exposed t o  the  f l u o r i -  

na to r  environment during the zirconium program. These specimens were made 
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o f  Nickel 201 rod welded with f i l l e r  metal 61 and of o t h e r  metals t h a t  

were promising f o r  f l u o r i n a t o r  cons t ruc t ion .  The runs during which each 

group o f  rods w a s  exposed are given i n  Table 10. 

Table 10. Corrosion-Rod Exposure i n  the  F luor ina tor  

During Zirconium Processing 

Corrosion Rod Group Number Runs 

I T-1 through T-7 

I1 TU-1 through TU-5 

I11 TU-6 and TU-? 

I V  T-8 through TU-10 

V TU-11 through T-11 
TU-13 t o  present  a V I  

~ ~~~ ~~~~~ 

a Rods were s t i l l  i n  t h e  f l u o r i n a t o r  a t  t he  end o f  t he  zirconium program 
(T-14). 

Two 4-in.-diam d i sks  were trepanned from the  lower sec t ion  o f  t he  

f l u o r i n a t o r  a f t e r  T-11 (29  runs)  f o r  me ta l lu rg ica l  ana lys i s .  They were 

removed from t h e  i n t e r s e c t i o n  of  g i r t h  and seam welds (Fig.  10) af te r  

radiography revealed t h a t  t he  weld had been s e l e c t i v e l y  a t tacked .  New 

plugs were welded i n t o  t h e  holes  from which the  d isks  were removed. 

F luor ina tor  Corrosion Measurements and Resul ts  

Bulk Metal Losses 

Bulk metal l o s s e s  from the  f l u o r i n a t o r  were determined pr imar i ly  by 

Vidigage wal l - thickness  measurements. These measurements gave the  predom- 

inan t  thickness  and d i d  not  include p i t s  o r  i n t e rg ranu la r  corrosion, which 

were measured by o t h e r  methods. An extensive survey of t he  f l u o r i n a t o r  
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was made a f t e r  TU-7 (14 runs) .3  A v e r t i c a l  row of measurements w a s  made 

i n  each quadrant of  t he  vesse l ,  with thickness  being determined a t  1 - i n .  

i n t e r v a l s .  These thicknesses  were then compared with the  o r i g i n a l  w a l l  

th ickness  t o  determine l o s s e s .  

The maximum wall- thickness  loss of 27 m i l s  (0.9 mil /hr  of  f l uo r ine  

exposure) occurred i n  the  5-3/4-in.-diam neck. This corrosion r a t e  w a s  

cons i s t en t  with r a t e s  previously obtained f o r  t h e  Mark I and I1 f l u o r i -  

nators.21 The maximum l o s s  i n  the  lower sec t ion  a f t e r  TU-7 w a s  16 m i l s  

(0.52 mil/hr of  f l uo r ine  exposure), and the  maximum l o s s  i n  the upper 

de-entrainment s ec t ion  w a s  14 m i l s  (0.5 mil /hr  of f l uo r ine  exposure ): 

A l imi t ed  number of Vidigage measurements w a s  made, i n  the  lower 

4 sec t ion  only, a f t e r  runs TU-11 (21 runs) and T-11 (29 runs ) .  Measure- 

ments were not  made i n  the  upper sec t ion  because it w a s  covered with 

in su la t ion .  The lower-section measurements were made a t  3- in .  i n t e r v a l s  

i n  one v e r t i c a l  l i n e .  A comparison of the  wal l - thickness  l o s s e s  i n  the  

lower sec t ion  a t  var ious times during the  program i s  given i n  Table 11 

below. The lower to ta l -wal l - th ickness  l o s s e s  measured a f t e r  21 and 29 

runs ev ident ly  r e s u l t e d  from the  small number o f  readings taken then, 

compared with the  extensive survey made a f t e r  14 runs.  

measurements made a f t e r  21  and 29 runs ind ica t e  tha t  no extensive w a l l -  

th ickness  l o s s  occurred during t h a t  time. 

However, t he  

Addit ional  corrosion information f o r  t h e  f l u o r i n a t o r  w a s  obtained 

a f t e r  T-11 (29 runs)  from two k-in.-diam d i sks  trepanned from the  lower 

sec t ion  .’ 
radiography revealed t h a t  welds i n  the  ves se l  had been s e l e c t i v e l y  

a t tacked .  Micrometer measurements of t he  base metal  (cor ros ion  o f  t h e  

They were removed f o r  me ta l lu rg ica l  examination a f t e r  gamma 
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Table 11. Bulk Metal Losses in the Bottom 16-in.-diam Section 
of the Fluorinator During Zirconium Processing 

F 

Wall Thickness Loss Corrosion Rate 
(mils) (mils/hr of fluorine exposure ) 

Number of Runs Maximum Average Maximum Average 

14" (after TU-7) 16 6 0.52 

21b (after TU-11) 9 4.7 0.23 

29b (after T-11) 9 5 0.15 

0.19 

0.12 

0.09 

a 

bMeasurements made at 3-in. intervals in 1 quadrant. 
Measurements made at 1-in. intervals in 4 quadrants. 

weld metal will be discussed later) indicated wall-thickness losses of 2 

to 10 mils (0.04 to 0.17 mil/hr of fluorine exposure) for the upper disk 

and 5 to 15 mils (0.09 to 0.26 mil/hr of fluorine exposure) for the lower 

one. Wall-thickness measurements made during the zirconium program are 

given in Table 12. 

a 

The disks trepanned from the fluorinator after T-11 provided access 

holes through which the internal piping was measured. The 2-in.-diam 

draft tube had a diameter decrease of about 30 mils (15 mils surface loss). 

All 1/2-in.-diam piping had decreased 0 to 25 mils, with the upper portion 

measuring about 10 mils more than the bottom. 

Corrosion rods exposed to the fluorinator environment during the 

first 29 runsb also provided bulk-metal-loss data. Rods made of sections 

a There was an 8- to 10-mil variation in the original wall thickness 
at locations from which the disks were removed. 

bFive groups (of six rods each) were exposed during the first 29 
runs. 
not removed at the end of the zirconium program (40 runs). 

A sixth group of rods was installed at the end of 29 runs but was 



Table 12.  Bulk  Metal Losses from the Nickel 201 Flhorinator During Zirconium Processing 

Fluorinea Corrosion Rate 
Number Exposure Molten Sa l t  T o t a l  Wall Thickness m i l s  month of 

Section of  the of Time Exposure Time Loss ( m i l s )  ( m l l s / h r o f o s u r e  1 
Fluor ina tor  Measured R u n s  ( h r )  ( h r )  Maximum Average Maximum Average Maximum Average 

Bottom 16-in.  - d i a m  section' 29 57.6 1,922 9 5 0.15 0.09 3.4 1 .9  
h-in.-diam disk trepanned 29 57.6 1,922 2 t o  10 - 0.04 t o  - 0.8 t o  - b 

from top of lower 0.17 3.6 

f r o m  the bottom of the 0.26 5.7 

sec t ion  
b-in.-diam d i sk  trepanned 29 57.6 1,922 5 t o  15b - 1.9 t o  - 0.09 t o  - 

lower sec t ion  

Bottom 16-in.-diam section' 21 38.7 1,337 9 4.7 0.23 0.12 4.9 2.6 

0.4 0.3 7 -7  5.5 % B o t t o m  cone 21 38.7 1,337 14 10.0 
C 

Bottom 16- in .  - d i a m  sec t iond  1 4  30.9 694 1 6  6 0.52 0.19 16.9 6.3 
14  30.9 694 1 3  6 0.4 0.2 13.7 6.3 
1 4  30.9 694 22 9 0.7 0.3 23.2 9.5 

1 4  30.9 694 20 7 0.6 0.2 21.1 7.4 
1 4  30.9 694 . 1 4  4.5 0.5 0.1 14.7 4.7 

d 

d 
B o t t o m  cone 

Bot tom head 
d Neck 

Top cone 

TOP 16-in.dia.111 section 

Top head 

14  30.9 694 27 13 0.9 0.4 28.4 13.7 
d 

d 

1 4  30.9 694 10 4 0 .3  0.1 10.5 4.2 d 

a 

bBased on o r i g i n a l  thickness of 0.370 t o  0.378 a t  top and 0.370 t o  0.380 a t  bottom. 

%easurements were taken every inch i n  each quadrant. 

Fluorine exposure t i m e  does no t  include vessel  exposure during desorption. 

C Only one s e t  of  measurements were made ve r t i ca l ly  every 3 in. 

6 I 
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Y 

c 

of  Nickel 201, some of which were joined w i t h  weld f i l l e r  m e t a l  61, were 

included i n  each of  t he  f i v e  groups used during the  f i r s t  29 runs.  The 

rods were in se r t ed  i n  the  lower sec t ion  o f  t h e  f l u o r i n a t o r .  Separate  

measurements were made f o r  both the Nickel 201 and weld f i l l e r  metal 61 

i n  the  sal t ,  i n t e r f ace ,  and vapor regions o f  the  rod. The runs during 

which each group of  rods w a s  exposed is  given i n  Table 10. Table 1 3  i s  a 

summary of  the  bulk metal l o s s e s .  Corrosion r a t e  f o r  both the  Nickel 201 

rods and the  weld f i l l e r  metal 61 va r i ed  widely among t h e  groups. 

The bulk-metal loss  r a t e  f o r  t he  Nickel 201 w a s  from 0.06 t o  2.5 m i l s / h r  

of  f l uo r ine  exposure. The maximum r a t e  f o r  t he  weld f i l l e r  metal  w a s  

from 0.09 t o  3.7 mils /hr  of  f l uo r ine  exposure. 

l o s s e s  were h ighes t  a t  the  i n t e r f a c e  and lowest i n  the  vapor region f o r  

both the  Nickel 201 and weld f i l l e r  metal  61 rods.  

had a s l i g h t l y  h igher  l o s s  than t h e  Nickel 201. 

6,9,22 

I n  general ,  bulk-metal 

Weld f i l l e r  metal  61 

It i s  d i f f i c u l t  t o  r e l a t e  t he  wide v a r i a t i o n s  i n  bulk-metal loss  i n  

var ious s e t s  of corrosion rods t o  operat ion condi t ions o r  the  use o f  

decontamination so lu t ions .  

of  f l uo r ine  exposure) occurred only i n  the  group-I11 rods, which were ex- 

posed f o r  two nonradioact ive runs p lus  an ammonium oxala te  wash. While 

these  runs were e s s e n t i a l l y  i d e n t i c a l  w i t h  l a t e r  runs,  t he  l a t e r  runs were 

genera l ly  smoother because of  refinements made i n  operat ing techniques.  

F luor ina tor  P i t t i n g  

However, unusually high r a t e s  (over 1 m i l / h r  

The p i t t i n g  a t t a c k  on the f l u o r i n a t o r  w a l l  was measured a f t e r  TU-7 

(14 runs)  by gamma radiography.3 P i t s  up t o  10 m i l s  deep were found i n  

the upper sec t ion  and i n  the  con ica l  s ec t ion .  

were made s ince  t h a t  time. 

No f u r t h e r  measurements 

However, a f t e r  T-11 (29 runs) ,  the  f l u o r i n a t o r  



Table 13. Bulk-Metal Loss Rates f o r  Nickel 201 and Weld F i l l e r  Metal 61 
Corrosion Rods (Groups I through V )  i n  the F luor ina tor  

Fluorine Molten S a l t  Corrosion r a t e  (mils /hr  of  F2 Exposure) 
Group Exposure Exposure Vapor In t e r f ace  S a l t  

Mat e r ia l  Number ( h r )  (h r  1 Maximum Average Maximum Average Maximum Average 

Nickel 201" 
Nickel 2 O l a  

I 12 3 67 0.06 0.04 0.08 0.07 0.09 0.06 
I1 10.5 205.5 0.14 0.08 0.43 0.40 0.34 0.28 

Nickel 201 I1 10.5 205 -5 0.13 0.11 0.54 0.42 0.34 0.30 
Nickel 2 O l a  I11 3 -1 99 0.21 0.20 2.1 1.9 2 .o 1.5 
Nickel 201 I11 3 -1 99 0.45 0.34 2.5 2.1 1.7 1.5 
Nickel 201 IV 5.8 601 0.26 0.12 0.24 0.21 0.93 0.38 
Nickel 201 IV 5 -8 601 0.33 0.18 0.36 0.30 0.48 0.39 

Average 0.15 0.77 0.57 

Weld f i l l e r  metal 61aJb I 1 2  3 67 0.11 0.06 0.09 0.08 0.10 0.08 
Weld f i l l e r  m e t a l  61aJb I1 10.5 205.5 0.26 0.23 0.58 0.57 0.64 0.59 

Nickel 201 V 20.9 625 - - - - 0.18 0.13 . &  

I1 10.5 205.5 0.19 0.09 0.64 0.57 0.35 0.34 b Weld f i l l e r  metal 61 
Weld f i l l e r  metal  6laJb 111 3-1 99 1.17 1.3 3.7 3.0 2.5 2.4 
Weld f i l l e r  metal  61 111 3 -1 99 0.54 0.29 3.2 2.8 2.3 2.0 
Weld f i l l e r  metal  61 

Average 0.37 1.22 0 -95 

IV 5 -8 601 0.33 0.22 0.35 0.30 0.29 0.26 b 

a 

bRates are f o r  weld f i l l e r  m e t a l  61 used i n  joining sec t ions  of the  corrosion rods. 
These corrosion rods were fluorine-conditioned before being i n s t a l l e d  i n  the  f luor ina tor .  

C' c 
1 I 
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w a s  inspected v i sua l ly ,  and no unusual cor ros ive  a t t a c k  on the  Nickel 201 

metal w a s  observed. 

In t e rg ranu la r  Corrosion 

Nickel 201 corroded in t e rg ranu la r ly  i n  the  f l u o r i n a t o r  atmosphere 

(Fig.  11). This in t e rg ranu la r  a t t a c k  w a s  v i s i b l e  i n  as-pol ished metal-  

l u r g i c a l  specimens, and, when the  specimens were etched w i t h  1:l n i t r i c -  

g l a c i a l  a c e t i c  ac ids ,  add i t iona l  grain-boundary modification became 

evident .  I n  t h i s  repor t ,  i n t e rg ranu la r  corrosion,  grain-boundary modifi- 

ca t ion ,  and a small amount of sur face  roughness have been c l a s s i f i e d  as 

penet ra t ion  determined by metallography. 

In t e rg ranu la r  corrosion and grain-boundary modification represented 

a s i g n i f i c a n t  p a r t  of  t he  t o t a l  corrosive a t t a c k  on the  Nickel 201, as 

shown by corrosion-rod da ta  i n  Table 1 4  and by the  fluorinator-specimen 

data i n  Table 1 5 .  The weld f i l l e r  metal 61, on the  o ther  hand, showed 

much l e s s  grain-boundary modification than bulk  metal l o s s .  

The two 4-in.-diam disks  trepanned from the  f l u o r i n a t o r  a f t e r  T-11 

(29 runs )  probably give the  most r e l i a b l e  corrosion data obtained f o r  t he  

lower sec t ion  of  t he  f l u o r i n a t o r .  The lower d i sk  w a s  taken from near  t he  

bottom of the  lower sec t ion  i n  a loca t ion  t h a t  would have been submerged 

i n  sa l t  during operat ion.  The upper one w a s  removed from an a rea  s l i g h t l y  

above the  normal sa l t  i n t e r f a c e .  Corrosion da ta  a r e  given i n  Table 15 .  

Note t h a t  i n  add i t ion  t o  the  corrosive a t t a c k  in s ide  the  vessel, g ra in-  

boundary modification occurred on the  outs ide  as a r e s u l t  of  a i r  oxida t ion .  

F luor ina tor  Corrosion by Aqueous Cleaning Solut ions 

The f l u o r i n a t o r  w a s  pe r iod ica l ly  cleaned w i t h  aqueous so lu t ions  t o  

reduce the  r ad ia t ion  l e v e l  and t o  expose the  sur face  f o r  examination 
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Fig. 11. Grain-Boundary Modification of Nickel 201 Specimens Removed From the Fluorinator 

W a l l  Af te r  Twenty-nine R u n s .  
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Table 14. Maximum Corrosion Rates fo r  Nickel 201 and Weld F i l l e r  Metal 61 

i n  Groups I Through V F luor ina tor  Corrosion Rods 

Vapor I n t e r f a c e  S a l t  
Metal Metal Metal  

Bulk l u r g i c a l "  Bulk l u r g i c a l "  Bulk l u r a i c a l a  
I 

T o t a l  Corros ion  Group Metal  Loss Loss T o t a l  Corrosion Metal  Loss Loss T o t a l  Corros ion  Metal  Loss Loss 
No. ( m i l s )  ( m i l s )  l m i l s )  ( rni ls /hr  F2J ( m i l s )  ( m i l s )  xmi l s )  ( m i l s / h r  F2,d ( m i l s )  ( m i l s )  ( m i l s )  ( m i l s / h r  F2f 

N i c k e l  201 

Ib 0.7 
I T b  1 . 5  
I1 1 . 4  

IIIC 0.7 
I11 1 . 4  
IV 1 . 5  
N 1 - 9  

- v 

Weld f i l l e r  me ta l  61 

1 .5  
5.5 
6.0 
2 .a 
2.5 
7.0 
6.0 

2.2 

7.0 
7.4 
2 .7  
3.9 
8.5 
7.9 
- 

1 . 0  

4 .6  
5.7 
6.5 
7.8 
1 . 4  
2 . 1  

9.5 
5.5 
4.5 
2.5 
5 -0  

10 .0  

12.0 

10.5 
10.1 

10.2 

9.0 
12.8 
11.4 
1 4 . 1  

0 *9 
1 .o 
1.0  

2 -9  
4.1 
2.0 

2.5 
- 

1.1 

3.6 
3 .6  
6.1 
5.1 
5.4 

3.7 

2 .a 

11.5 12.6  1.1 

7.0 10.6 1 .0  

7.0 10.6 1 . 0  

2 .7  a .a 2 .9  
6.0 11.1 3.6 

31.0 36.4 6.2 ul 
P 7.0  9 .a 1.7 

3.0 6.7 0.32 

Ib 1 . 3  0 1.3 0.1 1.1 0.2 1 . 3  0.1 1.2 2.0 3.2 0.3 
IIb 2 . 7  1.0 3.7 0.4 6.1 0.5 6 .6  0 .6 6 .7  0 6.7 0.6 
I1 2.0 0.2 2.2 0.2 6.8 0 6.8 0.6 3.7 0 3.7 0.4 

I I f  5.3 0 5.3 1 .7  1 1 . 5  0 11.5 3.7 7.8 0 7.8 2.5 
I11 1 . 7  1 .a 2.7 0 -9  9.9 2.5 i 2 . 4  4.0 7.2 2.5 9.7 3.1 
N 1.9 0.5 2.4 0.4 2.0 1 . 5  3.5 0.6 1 . 7  2.5 4.2 0.7 

- 

&The m e t a l l u r g i c a l  l o s s  i nc ludes  both  i n t e r g r a n u l a r  a t t a c k  and gra in-boundary  m o d i f i c a t i o n .  

b C o n t r o l  specimen - f l u o r i n e  condi t ioned  for 5.3 h r  a t  560-670°C. 
C C o n t r o l  specimen - f l u o r i n e  condi t ioned  for 3.2 h r  a t  600-645°C. 
dCorros ion  r a t e  i s  i n  m i l s  per h r  o f  f l u o r i n e  exposure .  
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Table 1 5 .  Corrosion of Nickel 201 Specimens Removed from 

the  F luor ina tor  W a l l  A f t e r  29 Runs 

Bulk Grain Boundary Mod. Corrosion Sound 
Metal Ins ide  Outside To ta l  Rate Me t a l  
Loss Surface Surface Attack (mils /hr  Remaining 

Location ( m i l s )  ( m i l s ) .  ( m i l s )  ( m i l s )  of  ~ 2 )  ( m i l s  ) 

Upper trepanned 2 t o  5 
sec t ion  10" 

9 16 t o  0.28 t o  354 
24 0.42 

Lower trepanned 5 t o  6 11 22 t o  0.38 t o  348 
sec t ion  15" 32 0.56 

a Based on an 8- t o  10-mil v a r i a t i o n  i n  the  o r i g i n a l  w a l l  th ickness .  

(Table 8 ) .  

sa l t  f i l m s ,  aluminum n i t r a t e  (0.1 M)-nitric a c i d  (0.01 M )  so lu t ion  w a s  

used a f t e r  T-11 (29 runs )  as a mild corrodent t o  remove rad ioac t ive  

Ammonium oxala te  so lu t ions  (0.35 M )  were used f o r  removing - 

- - 

mate r i a l  t h a t  had penet ra ted  i n t o  the  a reas  l e f t  by in t e rg ranu la r  corro-  

s ion  of the  Nickel 201, and sodium hydroxide-hydrogen peroxide-sodium 

t a r t r a t e  so lu t ion  (5-1-1 t o  5-2-2 w t  %) w a s  used t o  remove back-adsorbed 

a c t i v i t y  . 
Corrosion of ammonium oxala te  so lu t ion  on n i cke l  had previously been 

determined t o  be low. 899 Nickel corrosion r a t e s  f o r  0.5 M ammonium oxala te  - 
a t  r e f l u x  temperature were 0.064 t o  1.22 mils/month, depending on pH and 

sa l t  content  .23 When the  aluminum n i t r a t e - n i t r i c  a c i d  and caus t i c -  

pe rox ide - t a r t r a t e  so lu t ions  were c i r c u l a t e d  through the  f luo r ina to r ,  the  

n i cke l  content  w a s  watched c a r e f u l l y  t o  prevent excessive corrosion.  
a 

a Assuming uniform corrosion,  the  n i cke l  analyses  ind ica ted  an average 
wal l - thickness  l o s s  of 1 . 7  m i l s  i n  t he  lower 16- in .  s ec t ion  of t he  f l u o r i -  
na to r  due t o  the  aqueous cleaning a f t e r  T-11. Most of  t he  cor ros ion  
occurred during the  use of  the  Al(N0 ) -HNO so lu t ions .  3 3  3 
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However, an examination of  the  f l u o r i n a t o r  a f t e r  t he  cleaning following 

run T-11 (29 runs)  revealed t h a t  t he  weld f i l l e r  metal 61 had been se l ec -  

t i v e l y  a t tacked .  This a t t a c k  on a specimen c u t  from the  f l u o r i n a t o r  i s  

shown i n  Fig.  12 .  The weld metal  w a s  removed t o  a depth of about 40 m i l s ,  

but, as shown i n  Fig.  12, the  thickness  of  t he  remaining weld metal w a s  

s t i l l  about the  same as t h a t  of  t he  ves se l  w a l l .  Weld metal l o s s  w a s  

f a i r l y  uniform throughout the  vesse l ,  and gamma radiography of t he  welds 

i n  the  lower sec t ion  ind ica ted  t h a t  there  were no a reas  of  extensive pene- 

t r a t i o n .  
Y 

9 a Studies  were made a t  BMI and ORNL t o  determine the  cause of the  

s e l e c t i v e  a t t a c k  on weld f i l l e r  metal 61. A t  BMI, corrosion specimens 

made from the  f l u o r i n a t o r  w a l l ,  as wel l  as prepared specimens, were ex- 

posed t o  a l t e r n a t i n g  cycles  o f  bo i l i ng  0.1 M Al(N0 ) -0.01 M HNO 

5-2-2 w t  % NaOH- H 0 

and - 3 3  - 3  
NaC H 0 a t  room temperature. The r e s u l t s  o f  t h i s  2 2 -  2 4 6  

exposure, given i n  Table 16, i nd ica t e  t h a t  t he  Al(N0 ) -HNO 

corrosive t o  both Nickel 201 and weld f i l l e r  metal 61 than i s  the  caus t i c -  

pe rox ide - t a r t r a t e .  I n i t i a l  corrosion r a t e s  i n  the  Al(N0 ) -HNO during 

the  f i r s t  3 h r  were considerably higher  than l a t e r  r a t e s .  The use o f  

caus t ic -peroxide- ta r t ra te  appears t o  increase  corrosion by subsequent 

treatment with Al(N0 ) -HNO 

Nickel 201 welded with f i l l e r  metal  61 nor t h e  f i l l e r  metal 61 corrosion 

specimens ind ica ted  s e l e c t i v e  a t t a c k  by the  decontaminating so lu t ion .  

However, the  weld f i l l e r  metal  61 specimen removed from the  f l u o r i n a t o r  

w a s  s e l e c t i v e l y  at tacked,  as shown i n  Fig.  13. Based on these s tud ie s ,  

i t  was concluded t h a t  the  weld f i l l e r  metal 61 a t t a c k  w a s  caused by the  

aluminum n i t r a t e - n i t r i c  a c i d  cleaning so lu t ion  used a f t e r  run T-11. 

i s  more 3 3  3 

3 3  3 

Neither  the  prepared corrosion specimen of  
3 3 3' 
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Table 16. Corrosion Rate of Fluorinator Materials in Alternating 

-0.1 N Al(N0 ) and 

5-2-2-wt % NaOH- B ~ o ~ - N ~ c ~ H ~ o ~  at Room Temperature 
3 3  Cycles of Boiling 0.01 N_ HN03 - 

Corrosion Rate 
Nickel 201” Nickel 2Ola Weld Filler 
Fluorinator Test Metal 61 
Specimens Specimens Rod 

Exposure Conditions (mils/mon th ) (mils/mon th ) (mils/month ) 

A1(N03)3-HN03 - first 3 hr 152 to 244 108 to 166 59 to 67 

Al(N0 ) -HN03 - next 81 hr 3 3  34 to 36 11 to 23 14 

Caustic -peroxide-tartrate - 6 to 8 3 to 6 7 to 8 
next 20 hr 

Al(N0 ) -HN03 - next 16 hr 60 to 67 57 to 63 39 to 41 3 3  
Caustic-peroxide-tartrate - 4 to 5 2 to 4 4 to 5 

next 20 hr 

Al(N03)3-HN03 - next 20 hr 78 to 87 47 to 53 36 to 41 

Cumulative rate for 120 hr 39 to 40 22 to 28 18.7 
of Al(N03)3-HN03 and 40 hr 
of caustic-peroxide-tartrate 

a Specimens had weld filler metal 61 in seam welds. 
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I/B I n c h  

Fig.  13. Se lec t ive  Corrosion of Weld F i l l e r  Metal 61 by Aqueous 

Cleaning Solut ions.  

so lu t ions .  

V e r t i c a l  faces  were f l a t  before  exposure t o  

Y 
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The reason is  not  known f o r  t h e  d i f fe rence  between the  corrosion 

r a t e  f o r  t he  weld f i l l e r  metal 61 from the  f l u o r i n a t o r  specimen and t h a t  

f o r  the  prepared specimens 

weld f i l l e r  metal 61). 

weld f i l l e r  metal 61 composition. 

(which d id  not  show s e l e c t i v e  a t t a c k  of  the  

Analyses of  the  f l u o r i n a t o r  welds gave a t y p i c a l  

The l a r g e r  r a t i o  of  Nickel 201 t o  weld 

f i l l e r  metal 61 i n  the  f luo r ina to r ,  compared with t h a t  f o r  the  corrosion 

specimen, may have increased the  weld f i l l e r  metal 61 a t t a c k  i n  the  f luo r -  

i n a t o r  by galvanic  corrosion.  

A i r  Oxidation o f  Nickel 201 

8 

Specimens removed from the  lower por t ion  of  t he  f l u o r i n a t o r  a f t e r  

run T-11 (29 runs)  showed t h a t  grain-boundary modif icat ion had occurred 

on the  e x t e r i o r  sur face  t o  a depth of 9 m i l s  and 11 m i l s  on the  upper and 

lower specimens, respec t ive ly  (Table 15). The residence time of molten 

sal t  i n  the  ves se l  provides a conservat ive est imate  of  t he  time t h a t  t he  

e x t e r i o r  of the  ves se l  w a s  heated.  Based on sa l t - res idence  time, the  

e x t e r i o r  corrosion r a t e  w a s  3.4 and 4.2 mils/month. Studies  a t  BMI gave 

a corrosion r a t e  of 1 .6  mils/month f o r  Nickel 201 i n  a i r  a t  700°C f o r  

2000 h r . 7  

considerable in t e rg ranu la r  corrosion.  

I n  these  s tud ie s ,  the  n i cke l  s c a l e  w a s  adherent,  bu t  there  w a s  

The Mark I and I1 Nickel 201 f l u o r i n a t o r s  used i n  previous V o l a t i l i t y  

P i l o t  P l an t  programs exhib i ted  s i m i l a r  e x t e r i o r  corrosion l o s s .  21 The 

Mark I vesse l  had a 3- t o  8 4 1  corrosion l o s s  (1.8 t o  4.7 mils/month of 

exposure t o  molten s a l t )  a f t e r  1250 h r  of molten s a l t  a t  600 t o  725°C. 

The Mark I1 vesse l  w a s  exposed f o r  1950 h r  t o  molten s a l t  a t  540 t o  730°C 

and showed an e x t e r i o r  corrosion l o s s  of  1 t o  6 m i l s  (0.37 t o  2.2 m i l s /  

month of  exposure t o  molten s a l t ) .  
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Corrosion of Other Metals in the Fluorinator Environment 

Corrosion-rod studies in the fluorinator environment included metals 

potentially suitable for fluorinator construction. The specimens included 

binaries of nickel and iron, cobalt, aluminum, magnesium, and molybdenum, 
a and specimens made of INOR-8, INOR-1, 

metal 61, INCO-41, E-nickel and high-purity vacuum-melted (HPVM) nickel. 

Nickel 201 specimens were included in each of the five groups of rods 

evaluated during the zirconium program. The other metals were included 

in one or more of the groups. 

HyMu 80,b Nickel 201, weld filler 
C d 

The specimens were located in the lower section of the fluorinator, 

and portions of them were exposed to vapor, interface, and salt regions. 

Maximum corrosion rates for specimens in each group and the location in 

which maximum corrosion occurred are given in Table 17. The runs during 

which each groups was exposed and the run conditions are given in Tables 

10 and 7. Groups 11, 111, and IV were exposed to normal fluorinator 

conditions. Group I was exposed to salt containing no uranium; conse- 

quently, the salt was not fluorinated. Group V was exposed to normal 

fluorinator conditions plus the extensive aqueous cleaning given the 

system after T-11. The aqueous cleaning is responsible for a.large part 

of the corrosion of this group, particularly that of the HyMU 80 specimens 

a INOR-1 nominal composition (wt $) - Ni, 78; M0,20; Fe,0.3; Mn,O.5; 
si,0.5. 

bHyM~ 80 nominal composition (wt %) - Ni,79; Mo,4.0; Mn,0.50; Si, 
0.15; Fe,bal. 

Cu,O.25; Mn,0.35; Fe,0.4; Si,l.O; Ti,0.5 max. 
C INCO-41 (Ni filler metal) nominal composition (wt %) - Ni, 97 min; 

%-nickel nominal composition (wt %) - Ni-2Mn. 
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Table 17. Maximum Corrosion Rates fo r  Groups I Through v, 
F luor ina tor  Corrosion Rods 1 2  

Location Corrosion Rate ( m i l s  per h r  
Group of maximum of F2 exposure) 
No. Metal corrosion" Metal LossD I G C  Totald 

I 

I1 

I11 

IV 

V 

L-nic ke l ,  condi t ioned 
Weld f i l l e r  metal 61, 

Nicke l  HPVM 
E-nickel  
Ni-5 Fe 
N i - 1 0  Fe 
N i - 2 0  Fe 

conditioned 

L-nickel,  conditioned 
Weld f i l l e r  metal 61 
L-nickel  
Ni-5 Co 
Weld f i l l e r  metal 61 
N i - 1 0  Co 
N i - 1  Al 
Ni-3 A1 

L -n ic  ke l ,  conditioned 
Weld f i l l e r  m e t a l  61, 

L -nic  k e l  
Weld f i l l e r  metal 61 
N i - 1  Mg 
N i - 0 . 1  Mg 

HyMu 80 

conditioned 

~ i - 0 . 0 5  ~g 

L-nickel 
Weld f i l l e r  metal 61 
L -nic  k e l  
I N C O  -41 
N i - 1 0  Fe 
HyMu 80 
INOR-8 

L-nickel 
N i - 1  A1 
Ni-5 Mo 
I N O R - 1  
INOR-8 
HyMu 80 

L 
L 

L 
L 
L 
V 
L 

L 
L 
L 
L 
I F  
I F  
I F  
I F  

L 
I F  

I F  
I F  
I F  
I F  
I F  
I F  

L 
L 
I F  
L 
L 
L 
L 

L 
L 
L 
L 
V 
L 

0.09 
0.10 

0.06 
0.07 
0.09 
0.08 
0.08 

0.34 
0.64 
0.34 
0.57 
0.65 
0.78 

0.82 

2 .o 
3.7 

2.5 
3.2 
2.8 
3.3 
2.9 
1 .3  

0.9 
0.3 
0.4 
0.6 
1.3 
1 .2  
1 .o 

0.18 
1.83 

0.55 

0.99 

0.53 
1.31 

2.62 

0.96 
0.17 

0.29 
0.06 
0.83 

0.67 

0.67 

10.4 

0.42 

0 

3-71 
0 
0.33 
0 
1.48 

0.9 

1.6 
0.8 
0 
0 
0 
0 

0 

5 :3 
0.4 
2.1 
0.9 
0.7 
0.4 
0 

0.14 
0 
0 
0 
0 
0 

1.1 
0.27 

0.36 
0.15 
0.91 
0.50 

10.5 

1.0 
0.64 
1.0 
4.28 
0.65 
1.11 
0.55 
2.29 

2.9 
3.7 

4.1 
4.0 
2.8 
3.3 
2.9 
1 .3  

6.2 
0.7 
2.5 
1.5 
2 .o 
1.6 
1.0 

0.32 
1.83 
0.99 
1.31 
0.53 
2.62 

a 

bBy micrometer readings. 

dBased on sound metal remaining, assuming t h a t  intergranular ly  a t tacked  

V = vapor; L = l i q u i d ;  I F  = vapor-liquid interface.  

c In te rgranular  a t tack  and g ra in  boundary modification. 

and leached portion i s  unsound. 
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Corrosion r a t e s  of  Nickel 201 and o t h e r  ma te r i a l s  present  i n  more 

than one group showed considerable  v a r i a t i o n  between groups. 

t i o n  has not  been f u l l y  explained, although it may have been due t o  

This va r i a -  

d i f fe rences  i n  the  HF and s u l f u r  content  of  t he  f l u o r i n a t o r  sa l t .  

Although the re  w a s  a considerable  v a r i a t i o n  i n  corrosion r a t e s  o f  

a l l o y s  from d i f f e r e n t  groups, s eve ra l  conclusions a r e  apparent  from the  

corrosion rod r e s u l t s .  The bulk metal l o s s  from the  n i cke l  b inary  a l l o y s  

w a s  about t he  same as f o r  Nickel 201, but ,  t he  presence of  i ron ,  aluminum, 

and manganese considerably reduced the  in t e rg ranu la r  corrosion.  Extra-  

high-puri$y n i cke l  w a s  most suscept ib le  t o  both bulk metal  loss  and 

in t e rg ranu la r  a t t a c k .  Mater ia ls  t h a t  show promise of improved performance 

over Nickel 201 f o r  f l u o r i n a t o r  cons t ruc t ion  were weld f i l l e r  metal  61, 

E-nickel, N i - 5  Fe, Ni-lA1, INOR-8 and HyMu 80. 

of  t he  corrosion rod da ta  can be obtained from’refs. 6, 9, 12  and 22. 

A more complete coverage 

DISCUSSION AND CONCLUSIONS 

The corrosion da ta  obtained from the  hydrof luor ina tor  during 40 

zirconium processing runs i nd ica t e s  t h a t  INOR-8 i s  a s u i t a b l e  s t r u c t u r a l  

ma te r i a l  i f  a corrosion allowance is  included i n  the  design of  t he  ves se l .  

Cracking i n  the  lower sec t ion  of  t he  vesse l ,  which caused the  most concern 

i n  the  present  hydrofluorinator ,  i s  thought t o  be due t o  the  use of  a sub- 

s tandard piece of INOR-8 and is therefore  not  expected t o  be a problem i n  

f u t u r e  hydro f luo r ina  t o  rs . 
The maximum bulk metal l o s s  i n  the  hydrofluorinator ,  0.14 mil /hr  of 

HF exposure (38 mils/month of  molten sa l t ) ,  w a s  measured i n  the  rep lace-  

ment bottom used f o r  the  l as t  11 runs. 

questionable because of t he  accuracy of t h e  measuring device and the  l a r g e  

However, t h i s  high r a t e  i s  

b- 

. 
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61 

i. 

-. 

v a r i a t i o n  i n  the o r i g i n a l  w a l l  th ickness  o f  the  replacement bottom. 

the re  i s  some ind ica t ion  both i n  t h i s  ves se l  and i n  previous hydrof luor i -  

na to r s  t h a t  t h e  corrosion r a t e  decreases a f t e r  the  f irst  f e w  runs.  The 

maximum r a t e  i n  the  remainder o f  t he  v e s s e l  a f te r  40 runs w a s  0.028 mi l /hr  

o f  exposure t o  HF (8.1 mils/month of exposure t o  molten s a l t ) .  

Also, 

24 

The maximum p i t t i n g  a t t a c k  measured i n  the hydrof luor ina tor  w a s  10 

While these  l i m i t e d  data m i l s  a f t e r  1 4  runs and 20 m i l s  a f t e r  40 runs.  

a r e  not  s u f f i c i e n t  t o  determine the  rate of  p i t  growth, a value o f  0.5 

mil/run appears reasonable f o r  es t imat ing  the  l i f e  expectancy o f  t he  

ves se l .  

Based on the  maximum rate o f  0.14 mil /hr  o f  HF exposure, t he  bulk 

metal l o s s  during a normal run (24 h r  o f  exposure) would be 3.1 m i l s .  

assumption t h a t  a p i t t i n g  a t t a c k  of  0.5 mil/run occurred a t  the  same 

loca t ion  as the  maximum bulk metal l o s s  would g ive  a t o t a l  l o s s  o f  3.6 

mils/run. 

allowance, of which about 100 m i l s  s t i l l  remain. Therefore t h e  hydrofluor-  

i n a t o r  should be s u i t a b l e  f o r  a t  l e a s t  28 more runs.  

l o s s  r a t e  f o r  bulk metal, 0.028 mil /hr  of  exposure t o  HF, which w a s  t h e  

maximum observed i n  t h e  o r i g i n a l  ves se l  a f t e r  40 runs, the est imated l i f e  

would be 85 a d d i t i o n a l  runs.  

Corrosion results from the Mark I11 f l u o r i n a t o r  during zirconium f u e l  

The 

The hydrof luor ina tor  w a s  constructed with a 125-mil corrosion 

According t o  the 

-processing appear t o  be cons i s t en t  wi th  previous r e s u l t s  from the  Mark I 

and Mark I1 f l u o r i n a t o r s  .'l All t h ree  were made o f  Nickel 201; however, 

the  Mark I and Mark I1 f l u o r i n a t o r s  were operated i n  the  540-to-730"C 

temperature range and with an NaF-ZrF 

while t he  Mark I11 f l u o r i n a t o r  w a s  operated a t  about 500°C with an NaF- 

LiF-ZrF4 sa l t  containing less  than 1 w t  % UF4. 

s a l t  containing about 11 w t  $ UF4, 4 

The maximum corrosion 
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r a t e s  observed i n  the  Mark I and Mark I1 f l u o r i n a t o r s ,  including i n t e r n a l  

and ex te rna l  i n t e rg ranu la r  corrosion,  w a s  1 .2  and 1.1 mils/hr of F2 expo- 

sure ,  r e spec t ive ly .  

Mark I vesse l  and i n  the  sa l t -conta in ing  region i n  the  Mark 11. 

The maximum rate occurred i n  the  vapor sec t ion  i n  the  

The maximum corrosion r a t e  observed f o r  the  Nickel 201 i n  the  Mark 

I11 f l u o r i n a t o r  w a s  0.9 m i l / h r  of F2 i n  t h e  vapor region. 

based on wal l - thickness  measurements made after the  f i r s t  14 runs and 

represents  only bulk metal  loss  s ince  the re  has been no me ta l lu rg ica l  

examination of  t he  metal i n  the  vapor region of  t h e  ves se l .  

removed from the  lower f l u o r i n a t o r  w a l l  ( t h e  sa l t -conta in ing  region)  a f t e r  

29 runs had a maximum corrosion r a t e  o f  0.56 mi l /hr  o f  F2, including i n -  

t e r n a l  and e x t e r n a l  i n t e rg ranu la r  a t t a c k .  P i t t i n g  up t o  10 m i l s  deep w a s  

observed i n  t h e  vapor sec t ion  of  the  f l u o r i n a t o r  a f t e r  14 runs.  

This r a t e  w a s  

Specimens 

The s e l e c t i v e  corrosion of weld f i l l e r  metal  61 observed af ter  29 

runs w a s  due pr imar i ly  t o  the  n i t r i c  acid-aluminum n i t r a t e  s o l u t i o n  used 

f o r  c leaning the  system. I t s  use f o r  f l u o r i n a t o r  c leaning has been d i s -  

continued. Corrosion-rod data ind ica t e  that  while weld f i l l e r  metal  61 

has a higher  bulk metal l o s s  r a t e  than Nickel 201 i n  the  normal f luo r ina -  

t o r  environment it has a lower t o t a l  corrosion r a t e  because o f  the  l o w  

r a t e  of  i n t e rg ranu la r  a t t a c k .  It i s  the re fo re  f e l t  t ha t  corrosion of  

weld f i l l e r  metal  61 w i l l  not  be the  l i m i t i n g  f a c t o r  i n  the  l i f e  o f  t he  

f l u o r i n a t o r .  

Addit ional  corrosion da ta  would be requi red  from the  vapor region of  

t he  Mark I11 f l u o r i n a t o r  i n  order  t o  determine the maximum t o t a l  cor ros ion  

rate of  t he  vesse l ;  however, a rate of  1 .2  mik/hr of F2 exposure appears 

t o  be a reasonable es t imate ,  based on p a s t  experience and on the  maximum 

. 

i 
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bulk metal loss measured after 14 runs, 0.9 mil/hr of F2 exposure. 

Mark I11 fiuorinator was built with a corrosion allowance of 175 mils. 

The 

So far, it has been exposed to 76.4 hr of F2 attack, and, at an estimated 

maximum corrosion rate of 1.2 mil/hr of F 

of corrosion allowance remaining after the 40-run zirconium program. 

Based on a 2-hr fluorine sparge per run (corrosion rate, 2.4 mils/run), 

the estimated life of the fluorinator would be 34 additional runs. Based 

on the fluorine-induced corrosion obtained from specimens cut from the I 

lower fluorinator wall after 29 runs, 0.56 mil/hr of F2 exposure, the 

estimated life of the vessel would be 117 additional runs. 

there would be about 83 mils 2' 

Future corrosion information is expected to be obtained from con- 

tinued periodic examinations of the hydrofluorinator and fluorinator 

vessels and from metallurgical examinations when they are removed from 

the process at the end of their useful life. 

Data obtained from corrosion rods and from laboratory studies at BMI 

7,25,26,27,28 indicate that INOR-8 and ~ ~ u - 8 0  show promise of and ORNL 

improved performance over Nickel 201 for future fluorinator construction. 
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Table 1 A .  Analyses of  HF from the  Hydrofluorinator Vapor Generator" 

Composition of HF' 
Run Number R u n  Number 

Component T-2 T-6 

HF 98.4 w t  % 98.9 w t  % 

H2° 
S 

Z r  

N a  

L i  

C r  

Mo 

N i  

cu 

Sn 

Fe 

M g  

S i  

1.35 w t  % 
< 50 

< 5  
< 5  
< 5  
< 2  

< 1  

1 
0.1 

< 2  

5 
0.5 
2 

1.0 w t  $7 

< 50 
C 

10 

C 

0.5 
C 

2 

5 
C 

5 
0.8 
1 

a 

bAnalyses given i n  ppm unless  s t a t e d  otherwise.  

From 0 ~ ~ ~ - ~ ~ - 6 0 - 1 2 - 1 9 .  

Below l i m i t  of de tec t ion .  C 

a Table 2A. Analyses of  Fluorine 

F2 O2 and/or N2 H F ~  

89% 7% 4% 
~~~~ ~ 

a Three-month average - p r i v a t e  communication, W .  H .  Taylor, Oak Ridge 
Gaseous Diffusion Plan t ,  ' May 28, 1964. 

bFluorine w a s  passed through a NaF t r a p  t o  remove HF before being used 
i n  the  f l u o r i n a t o r .  
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Fig.'lA. Duplicate Measurements Made in the Hydrofluorinator to 

Indicate the Precision of the Pulse-Echo Technique. 
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Fig. 2A. Hydrofluorinator Wall-Thickness Losses After 29 Runs. 
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Fig. 4A. Hydrofluorinator Wall Thicknesses Before and After 40 

Zirconium Runs (South Wall ) . 
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