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1.0 INTRODUCTION 

T h i s  report  presents the r e s u l t s  of w a l l  thickness measurements made 
on the hydrofluorinator, f luorinator,  and associated instrument piping i n  

21 processing runs with zircaloy-2 and al loy f u e l  elements made i n  the 

Vola t i l i ty  P i lo t  Plant. 

t i o n  runs, and 11, TU-1 through TU-11, were complete flowsheet demonstra- 
t ions  runs f o r  evaluation of all process steps including fluorination and 
product recovery. 

A f t e r  run TU-11, process instrument piping As removed from the 

lower 5-in.0I.D. section of the hydrofluorinator. V i s u a l  examination of 

the piping reveded  one area of apparent excessive corrosion at  the lover 

end of instrument l ine  1-1000-1. Although two previous w a l l  thickness 

measurements''* had failed t o  show abnormal vessel  w a l l  corrosion, the 

vessel  w a s  re-examined with the IfVidigage". 

examination was made of the lower section of the fluorinator (Table 1). 

Ten runs, T-1 through T-10, were only dissolu- 

A t  the same time, a cursory 

2.0 PLANT EPOSVRE CONDITIONS 

The runs were made by the flowsheet shown i n  Fig. 1. Tables 2 and 

3 summarize the P i lo t  Plant exposure conditions f o r  the hydrofluorinator 
and fluorinator,  respectively. 

made after runs T-7 and TU-7, 
Previously corrosion surveys had been 

3.0 HYDROFLUORINATOR CORROSION 

The hydrofluorinator w a l l  thicknesses were determined with the 
Vidigage, an ultrasonic measuring device accurate t o  * 1% of the thick- 

ness measured (Fig, 2). 
used t o  remove residual  salt or  metall ic films, respectively, from the 
vessel  w a l l s ,  
ment of p i t t i n g  and intergranular a t tack must await metallographic 
examination. 

Neither ammonium oxalate nor nitric acid was 

Since the Vidigage detects only bulk m e t a l  loss ,  measure- 

1. E. C. Moncrief and A. P, Litman, "Corrosion of the Vola t i l i ty  
P i l o t  Plant INOR-8 Dissolver After Seven Cold Dissolution Runs," ORNL-CF- 

A. P, Litman, "Corrosion of Vola t i l i ty  P i lo t  Plant Mark I INOR-8 
60-11-80 (Nov, 1960). 

2. 
fiydrofluorinator and Mark I11 Nickel Fluorinator A f t e r  Fourteen Dissolu- 
t i o n  Runs, 'I ORNL-3253 (Feb. 1962). 
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Fig, I .  Schemolic diogrom of Volatility Pilot Plant. 

Fig. 1. V o l a t i l i t y  P i l o t  P l an t  Flowsheet. 
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Table 1. Summary of Corrosion Rates of Volat i l i ty  P i lo t  Plant 
Process Vessels and Associated Instrument Piping 

Corrosion Rate 
mi1s/hra mils/moD 

Point of Examination Average Maximum Average Maximum 

Hydrofluorinator w a l l  
F i r s t  6 in.  of bottom cylinder 0.025 0.036 6.8 9.6 
Area 6-18 in. above bottom 0.022 0.032 5.9 8.5 
Remainder of bottom cylinder 0.015 0.026 4.0 6.9 
Conical section 0 ., 025 0.032 6.6 8.5 
F i r s t  21 in. of top cylinder 0.021 0.026 5 -6 6.9 

Hydrofluorinator dip-tubes 
F i r s t  6 in ,  of l i n e  I - 1 O O 0 - l c  0.043 0.100 11.5 26.5 
Remainder of l i n e  1-1000-1 0 e 013 0.024 3.4 6.4 
Line TW-1000-ld 0,012 0 0 022 3.2 5 08 

Fluorinator w a l l  
Bottom cylinder 
Bottom cone 

00121 0.232 2.5 4.9 
0.259 0.362 5 -4  7.5 

%ased on 503.4 hr KF exposure time for hydrofluorinator w a l l  and dip- 

bBased on 1359 hr molten salt residence Wme for  hydrofluorinator w a l l  
tubes and 38,7 h r  fluorine exposure for  fluorinator w a l l .  

and dip-tubes and 1337.3 hr for  fluorinator w a l l .  
Liquid l eve l  probe. C 

dThermocouple w e l l  

The lower 6 in. of the  bottom cylinder w a s  surveyed i n  1-in. ver t i -  

c a l  and 30-degree circumferential increments. Corrosion i n  t h i s  area w a s  
the highest of any zone surveyed, with a maximum w a , l l  thickness loss  of 

17 mils compared w i t h  7 mils after run TU-7. 
The next 12 in.  of the bottom cylinder was' measured i n  1-in. ver t i -  

c a l  and 90-degree circumf'erential increments. 

1-2 mils lower than i n  the first area surveyed. 

Corrosion i n  this area w a s  

The remainder of the b,ottom cylinder, the conical section, and 21' 

in. of the top cylinder were measured i n  3-in. increments along the 

ver t ica l  w d 1  contour i n  the "A" quadrant of the vessel. 

rosion was  i n  the conical section, averaging 12.4 mils, or -2 mils more 
than after run TU-7. 

Maximum cor- 

Micrometer measurements on the hydrofluorinator instrument piping 
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Table 2. VPP INOR-8 Hydrofluorinator Process History 

No. of NaF-LiF-ZrFq Vessel Wall Temperature Molten HF KF 

Designation Dissolved I n i t i a l  Final Max Min Max Min Time, hr g/ min hr 

Fuel Composition, During Dissolution, 'C Salt Flow Exposure 
Run Elements mole $J . Vapor Region Salt Region Residence Rate, Time, 

Salt transfer 
s tudies  

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

TU-lC 

T'J -2 

Tu-3 

TU-4 

Tu-5 

TJ-6 

Tu-7 

T -8 
T-9 
T-10 

Tu-8 

Tu-9 

Tu-10 

T u - l l  

1 
1 
1 
1 
1 
1 
2 

2 

2 

2 

2 

1 

1 

1 

2 

2 

1 

1 

1 

1 

2f 

27-27-46 27-27-46 

43-22-35b 31-17-52 
38-30-3$ 30-27-43 
39-39-22b 31-26-43 

38-37-25b 30-27-43 
38-37-25b 31-30-39 

38-37-25b 30-27-43 

3 ~ - 3 7 - 2 6 ~  27-27-46 

40-35-25d 34-26-40 

37-38-25' 30-27-43 

33-41-gd 30-31-39 

42-34-24' 37-29-34 

42-35-23' 29-29-42 

( 4 . 3  wt % u )  
( 4 . 2  w t  $ u)  

( 4 . 3  w t  % u)  
( 4 . 4  wt $J u)  

( 4 . 3  wt % u)  

( 4 . 3  wt $J u) 

( 4 . 2  w t  $J u)  

38-37-25d 34-28-38 

39-38-23' 30-30-40 

28-30-l~2~ 20-22-58e 
32-33-35d 27-28-45 
38-37-25d 27-27-46 

35-41-2kd 28-32-40 

35-42-2$ 28-32-40 

36-40-24' 29-31-40 

35-42-2$ 28-32-40 

( 4 . 3  w t  $J u) 
( 4 . 2  wt $ u )  
( 4 . 2  wt $ u) 

( 4 . 2  wt $ u )  

435 

410 

575 
590 
570 
550 
5 90 

560 

380 

620 

570 

575 

525 

525 

515 

520 
460 
520 

525 

555 

520 

555 

425 

N.A. 
N.A. 
N.A. 
500 
460 
390 
440 

400 

450 

390 

440 

400 

385 

405 

395 
360 
400 

400 

395 

395 

395 

565 

560 

625 
630 
625 
650 
655 

670 

650 

655 

650 

650 

650 

650 

560 

652 

665 

650 

665 

530 

640 

640 

Total 

535 

520 
525 
550 
495 
530 
500 
525 

490 

500 

495 

555 

500 

500 

500 

500 
510 
490 

495 

500 

495 

500 

44.5 

87 
95 
57 
51.5 
62 
59.5 
53 

44 

35 

32.5 

36 

36 

35 

37 

87 
89 

49 

70 

129 

59 

1359.0 

I J l  

- 

0 

104 
40 
90 
90 
90 

118, 150 
135 

92 

125 

150 

146 

150 

121 

150 

150 
190 
162 

150, u o  

180 

150 

180 

0 

38 
41.5 
25 
22.5 
27 
26 
23 

23 

24 

19.5 

LL 

22 

19  

17 

23.2 

30.0 

18.0 

18.9 

24.0 

22.8 

28.0 

503.4 
the T-series simulated f u e l  elements of zircaloy-2 plate,were used. 

bBarren salt charge 60 t o  115 kg. 

'In the Tu-series alloy f u e l  with zircaloy-2 cladding w a s  used. 
%,en salt charge 95 t o  l.1.2 kg. 

eAbnorn!al final ZrF4 content due t o  operational e r ror  (see CF-62-1-36). 
f h e  new element plus T-8 cwcass .  
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Table 3. WP L Nickel Fluorinator Process History 

Ib l ten  F2 Flow . 
Vessel Wall Temperatures, 'C salt Rate, F2 

Designation mole $ Region Renion Region Region hr STP hr 

NaF-LiF-ZrFq Without Fp" With Fp Residence l i ters /min Exposure 
Run Composition, Vapor Sa l t  Vapor salt Time, at  Time, 

F conditioning 

S a l t  t ransfer  

2 

s tudies  

T-1 
T-2 

T-4 

T -6 

T-3 

T-5 

T-7 

F2 sparge t e s t s  

Tu-1 

Tu-2 

Tu-3 

TU-4 

Tu-5 

Tu-6 

Tu-? 

T-8 
T-9 
T-10 

Tu-8 

Tu-9 

Tu-10 

Tu-ll 

None 

27 -27 -46 

31-17-52 
30-27-43 
31-26-43 
30-27-43 
30 -27 -43 

27-27-46 
31-30-39 

None 

34-26-40 
( 4 . 3  w t  $ u )  
( a . 2  wt % u)  

( 4 . 3  wt % u )  
( 4 . 4  wt $ u)  
( 4 . 3  wt % u)  
( 4 . 3  h-t % u)  
( 4 . 2  wt $ u)  

30-27-43 

30-31-39 

37-29-34 

29-29-42 

34-28-38 

30-30-40 

20-22-58 
27-28-45 
27-27-46 

28-32-40 
( 4 . 3  w t  % u)  
(+0.2 w t  % u)  
( 4 . 2  wt % u) 
( 4 . 2  wt % u )  

28-32-40 

29-31-40 

28-32-40 

-375 

3;:;;; 
170-160 
340-325 
375-360 
480-475 
360-340 

525-500 

405-375 

475-450 

325-300 

325-300 

390-350 

375-350 

360-340 

590-340 
565-335 
340-330 

365-330 

390-355 

365-340 

365-320 

565-550 

555-540 
570-545 
550-525 
515-485 
580-550 
575-560 
605-580 

575-550 

530-510 

515-490 

575-550 

535-510 

570-525 

580-560 

575-550 

630-310 

520-495 

360-350 

460-440 

330-320 

330-315 

360-325 

360-340 

3601340 

750+b-525 
715'-515 
525-500 

530-500 360-330 

535-515. 365-340 

520-505 360-340 

515-500 350-325 

670-560 

570-535 

505-500 

505-500 

510-500 

515-500 

510-500 

505-500 

510-500 

500-495 

525-515 

505-500 

510-495 

Total 

0 

49 

38 
78 
94 
15 
27 
15 
18 

45 

52 

40 

38 

36 

34 

65 

50 

141 
202 
lll 

54 

33 

60 

42.3 

1337.3 
- 

5 psig 5.3 
( s t a t i c )  

0 

0 
0 
0 
0 
0 
0 
0 

a 
12 

6 

9 

4, 12 

4, 16 

6, 16 

6, 16 

0 
0 
0 

6, 16 

6 

6, 18 

6, 14 

None 

None 
None 
None 
None 
None 
None 
None 

12.0 

2.5 

2.5 

1.75 

1.25, 1.0 

1.0, 0.5 

1.0, 0.4 

1.0, 0.7 

None 
None 
None 

1.7, 0.3 

1.7 

1.7, 0.4 

1.7, 0.3 

38.7 
aIn a few instances, excursions t o  680°C naxirmun i n  salt region and 6 5 0 " ~  maximum i n  vapor region were noted. 

bHigh temperature reached during removal of high ZrFq content salt t o  waste. 
'High temperature resul ted from melting of salt plug i n  t ransfer  l i n e  MS-1004-1 a t  f luorinator  (see CF-62-1-36). 
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are  also plotted i n  Fig. 2. 

obtained, a l l  losses are calculated based on 3/8-in0 pipe of 91 mils w a l l  
thickness. Excessive corrosion occurred 1-2 in. aQove the bottom of in- 
strument l ine  I - l O O & l  (Fig, 3). 
are scheduled at BMI. 

the lower end of i n s t m e n t  l i ne  1-1000-1. 

Since base-line data on the piping were not 

/ 

EIetUographic studies on both dip-tubes 
Table 4 summarizes the micrometer measurements for  

4.0 FLUORINATOR CORROSION 

A cursory examination of the wall thickness loss i n  the fluorinator 
a f t e r  run TU-11 showed a maximum thickness lo s s  for  the limited area 
surveyed of 14 mils i n  the bottom cone (Fig. 4). 
for  this zone was nearly double the average loss reported a f t e r  run TU-7 
(6 mils) .  

The 10 mil-average loss 

The 4.7 mil  average for the bottom cylinder was less than the average 
loss after run TU-7 (6 mils). 
made a f t e r  run TU-ll, additional readings are needed for  a valid c o q a r i -  
son. 
corrosion did not occur during the last four fluorinations. 

W a l l  Thickness Loss of Bottom Section of 
Hydrofluorinator Instrument Line, 1-100-1 

However, since only a limited survey was 

Nevertheless, the fluorinator measurements indicate that excessive 

Table 4. 

Distance up from 
bottom of pipe, 

Approximate Wall Thickness Loss, mils" 
Fig. 2 plott ing symbols 

0 0  5 
1.0 
1.5 
200 
3 .o 
4.0 
5 90 
6.0 
12.0 
S8.0 
24.0 
28.0 

24 
37 
41 
41 
26 
13 
17 
12 
12 
9 
9 
12 

bl 
50 
38 
38 
18 
14 
13 
13 
9 
z 
5 
5 

11 
23 
32 
28 8 

8 
6 
7 
4 
12 
3 
6 
5 

%sed on 3/8-in. pipe of 0.675 in.  OoD. and 0.091 in. w a l l  thick- 
ness. 
around circumference. 
over-all pipe diameter loss  was assumed t o  occur equally on both 
w a l l s  0 

Measurements made along pipe diameter and equidistant 
Although pipe corrosion was  not uniform, 
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UNCLASSIFIED 
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Fig. 3. View of Bottom Section of Instrument Line 1-1000-1 Showing 
Apparent Corrosion. 



- 10 - 

U N C L A S S I F I E D  
ORNL-LR-Dwg 67351 

8 

Salt Composition: N a F -  LiF-ZrF4 
20/37-22 132-34158 
mole VO plus 0.210.4 
w t  O10 u. 

Cylinder 16in. 

2 0  in. 
Cy1 i nder L, 16 in OD 

/Bottom 

EXPOSURE CONDITIONS 
TEMP, OC: Vapor region; 315-520 

Salt region; 495-570 
TIME, hr: F2 

Solt 1337.3 

1 30 

28 

26 

24 

e -- 22 

t z 20 

a 
0 
3 

LL 
0 

i: 18 

16 
I- 
C 
0 

w > 
0 

I- 
I 

14 

: 12 
: IO 
I 

E 

6 

4 

2 z 

teoding from 
Vidig oge " 

Meosurementz 

Avgz4.7 

\vg= 10.0 

0 
0 4 8 12 16 20 

VESSEL WALL THICKNESS LOSS, mils 
4 

Fig. 4. Wall Thickness Loss of Fluorinator Bottom Sections Af'ter 
Eleven Fluorinations. 
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