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1.0 INTRODUCTION

This report presents the results of wall thickness measurements made
on the hydrofluorinator, fluorinator, and.associated instrument piping in
21 processing runs with zircaloy-2 and alloy fuel elements made in the
Volatility Pilot Plant. Ten runs, T-1 through T-10, were only dissolu-
tion runs, and 11, TU-1 through TU-1l, were complete flowsheet demonstra-
tioné runs for evaluation of all process steps including fluorination and
product recovery. '

After run TU-11l, process instrument piping ﬁas removed from the
lower 5-in.-I.D. section of the hydrofluorinator. Visual examination of
the piping revealed one aree of apparent excessivebcorrosion at the lower
end of instrument line I-1000-1, Although two previous wall thickness
mea.surementsl’2 had failed to show ebnormal vessel wall corrosion, the
vessel was re-examined with the "Vidigage". At the same time, a cursory

examination was made of the lower section of the fluorinator (Table 1).
2.0 PLANT EXPOSURE CONDITIONS

The runs were made by the flowsheet shown in Fig. 1. Tables 2 and
3 summarize the Pilot Plant exposure conditions for the hydrofluorinator
and fluorinator, respectively. Previously corrosion surveys had been

mede after runs T-7 and TU-T.
3.0 HYDROFLUORINATOR CORROSION

The hydrofluorinator wall thicknesses were determined with the
Vidigage, an ultrasonic measuring device accurate to * 1% of the thick-
ness measured (Fig. 2). Neither_ammbﬁium oxalate nor nitric acid was
used to remove residual salt or metallic films, respectivély,ffrom the
vesselfwalls.' Since the Vidigage detects only bulk metal loss, measure-
ment of pitting and intergranular attack must await metallographic

examination.

1. E. C. Moncrief and A, P. Litman, "Corrosion of the Volatility
Pilot Plant INOR-8 Dissolver After Seven Cold Dissolution Runs," ORNL-CF-
60-11-80 (Nov. 1960).

2. A. P. Litman, "Corrosion of Volatility Pilot Plant Mark I INOR-8
Hydrofluorinator and Mark III Nickel Fluorinator After Fourteen Dissolu-
tion Runs," ORNL-3253 (Feb. 1962).
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Table 1. Sumuary of Corrosion Rates of Volatility Pilot Plant
Process Vessels and Associated Instrument Piping '

Corrosion Rate .-

, mils/hre mils/mo®

Point of Examination Average Maximum Average Maximum
Hydrofluorinator wall

First-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 k.0 6.9

Conical section 0.025 0.032 6.6 8.5

First 21 in. of top cylinder 0.021 0.026 5.6 6.9
Hydrofluorinator dip-tubes

First 6 in, of line I-1000-1°  0.043 0.100 11.5 26.5

Remainder of line I-1000-1 0.013 0.024 3.4 6.4

Line TW-1000-1% 0.012 0,022 3.2 5.8
Fluorinator wall ’

Bottom cylinder 0.121 0.232 2.5 k.9

Bottom cone 0.259 0.362 5.4 7.5

%Based on 503.4 hr HF exposure time for hydrofluorinator wall and dip-
tubes and 38.7 hr fluorine exposure for fluorinator wall.

bBa.sed on 1359 hr molten salt residence time for hydrofluorinator wall
and dip-tubes and 1337.3 hr for fluorinator wall.

cLiquid level probe.
dThermocouple well.

The lower 6 in. of the bottom cylinder was surveyed in l-in. verti-
cal and 30-degree circumférential increments. Corrosion in this area was
the highest of any zone surveyed, with a maximum wall thickness loss of
17 mils compared with 7 mils after run TU-T.

The next 12 in. of the bottom cyiinder was measured in l-in. verti--
cal and 90-degree circumferential incrémenté. Corrosion in this area was
1-2 mils lower than in the first area surveyed.

The remainder of the bottom cylinder,ythe conical section, and 21
in. of the top cylinder were measured in 3-in. increments along the
vertical wall contour in the "A" quadfant of the vessel. Maximum cor-
rosion was in the conical section, averaging 12.4 mils, or ~2 mils more
thah after run TU-7.

Micrometer measurements on the hydrofluorinator instrument piping



Teble 2. VPP INOR-8 Hydrofluorinator Process History

No. of NaF-LiF-ZrF), Vessel Wall Temperature Molten HF HP
Fuel Composition, During Dissolution, °C Salt Flow Exposure
Run Elements mole % . Vapor Region Salt Region Residence Rate, Time,
Designation Dissolved Initial Final Max Min Max Min Time, hr g/min hr
Salt transfer 27-27-46 27-27-46 435 425 565 535 4l 5 0 0
studies
-1% 1 43-22-35°  31-17-52 410 N.A 560 520 87 10k 38
T-2 1 38-30-32P  30-27-43 380 N.A. 530 525 95 4o k.5
T-3 1 39-39-220  31-26-43 575 N.A. 625 550 57 90 25
T-4 1 38-37-25P  30-27-43 590 500 630 Lgs 51.5 90 22,5
T-5 1 38-37-25P  30-27-43 570 460 625 530 62 90 27
T-6 1 38-37-25°  31-30-39 550 390 650 500 59.5 118, 150 26
-7 2 37-37-26°  27-27-46 5% kho 655 525 53 "135 23
TU-1° 2 40-35-254  34-26-40 560 oo 670 k9o iy 92 23
(+0.3.wt % U) :
-2 2 37-38-258  30-27-43 620 k50 650 500 35 125 2l
(+0.2 wt % U)
TU-3 2 33-b1-2694  30-31-39 570 390 655 kg5 32.5 150 19.5
(+0.3 wt % U)
TU-4 2 ho-3h-2kd  37.29-34 575 4o 650 555 36 146 1
‘ (+0.4 wt % U) .
TU-5 1 42-35-23¢  29-.29-42 525 400 650 500 36 150 22
(+0.3 wt % U)
TJ-6 1 38-37-254  34-28-38 525 385 650 500 35 121 19
(+0.3 dwt % U)
TU-7 1 39-38-23 30-30-40 515 4o5 650 500 37 150 17
(+0.2 wt % U) .
T-8 2 28-30-424  20-p2-588 520 395 640 500 871 150 23.2
T-9 of 32-33-35¢  27-28-k5  L60 360 560 510 89 190 18.9
T-10 2 38-37-254 27-27-46 520 Loo 640 490 111 162 30.0
TU-8 1 35-41-24  28-32-40 525 400 652 495 g 150, 110 18.0
(+0.3 wt % U)
TU-9 1 35-ko-23d  28.32-40 555 395 665 500 70 180 2.0
(+0.2 wt % U)
TU-10 1 36-ho-248  29.31-40 520 395 650 k95 129 150 22.8
(+0.2 wt % U) ’
Ty-11 1 35-h2-238  28-32-k0 555 395 665 500 59 180 28,0
(+0.2 wt % U)
Total 1359.0 503.%

8In the T-series simulated fuel elements of zircaloy-2 plate, were used.
Pparren salt charge 60 to 115 kg.

®In the TU-series alloy fuel with zircaloy-2 cladding was used.
d'Ben.rren salt charge 95 to 112 kg.

®Abnormal final ZrF), content due to operational error (see CF-62-1-36).

fOne new element plus T-8 carcass.
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Table 3. VPP L Nickel Fluorinator Process History

Molten Fo Flow
Vessel Wall Temperatures, °C Salt Rate, Fo
NeF-LiF-ZrF), Without Fp¥ With Fo Residence 1iters/min Exposure
Run Composition, Vapor Salt Vapor Selt Time, at Tinme,
Designation mole % Region Region Region Region hr STP hr
F, conditioning None 630-310 670-560 0 5 psig 5.3
) (static)
Salt transfer 27-27-46 ~375 565-550 : kg 0 None
studies
T-1 31-17-52 175-150  555-540 38 0 None
7.2 30-27-43 . 180-150 570-545 78 0 None
T-3 31-26-43 170-160  550-525 9k 0 None
-k 30-27-43 340-325 515-485 15 0 None
T-5 30-27-43 375-360  580-550 27 0 None
76 31-30-39 480-475  575-560 15 0 None
-7 27-27-46 360-3k0  605-580 18 0 None
F, sparge tests None 525-500 575-550 520-495 570-535 45 a 12.0
TU-1 34-26-40 L05-375 530-510 360-350 505-500 52 12 2.5
(+0.3 wt % U)
TU-2 30-27-43 475-450 515-490 L60-440 505-500 Lo 6 2.5
T (+0.2 vt % U)
TU-3 30-31-39 325-300 575-550 330-320 510-500 38 9 1.75
(+0.3 wt % U) :
TU-4 37-29-34 325-300 535-510 330-315 515-500 50 L, 12 1.25, 1.0
(+0.4 wt % U)
TU-5 29-29-42 390-350 570-525 360-325 510-500 36 4,16 . 1.0, 0.5
(+0.3 wt % U)
TU-6 34-28-38 © 375-350 580-560 360-340 505-500 3k 6, 16 1.0, 0.k
(+0.3 wt % U) .
TU-7 30-30-h0 360-340 575-550 360-340 510-500 _ 65 6, 16 1.0, 0.7
(+0.2 wt % U)
T-8 20-22-58 590-340 750+b-525 1 0 None
T-9 27-28-45 565-335 715¢-515 202 o} None
T-10 27-27-46 340-330 525-500 11 0 None
TU-8 28-32-40 365-330 530-500 360-330 500-495 5h 6, 16 1.7, 0.3
(+0.3 wt % U)
TU-9 28-32-ho 390-355 535-515  365-3L40 525-515 33 6 1.7
(+0.2 wt % U)
TU-10 29-31-40 365-340 520-505 360-340 505-500 60 6, 18 1.7, 0.4
(+0.2 wt % U)
TU~11 : 28-32-40 365-320 515-500 350-325 510-495 42.3 6, 1k 1.7, 0.3
(+0.2 wt % U)
Total 1337.3 38.7

8Tn a few instances, excursions to 680°C meximum in salt region and 650°C maximum in vapor region were noted.

bl-ligh temperature reached during removal of high ZrFu content salt to waste.
®High temperature resulted from melting of salt plug in transfer line MS-1004-1 at fluorinator (see CF-62-1-36).
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are also plotted in Fig. 2. Since base-line data on the piping were not
obtained, all losses are calculated based on 3/8-in.vpipe'of 91 mils wall
‘thickness. Excessive corrosion occurred 1-2 in. ahove the botto; of in-
strument line I-lOOO;l (Fig. 3). Metallographic studies on both dip-tubes
are scheduled at BMI. Table 4 summarizes the micrometer measurements for

the lower end of instrument line I-1000-1.
4,0 FLUORINATOR CORROSION

A cursory examination of the wall thickness loss in the fluorinato;
after run TU-11 showed a maximum thickness loss for the limited area
surveyed of 14 mils in the bottom cone (Fig. 4). The 10 mil -average loss
for this zone was nearly double fhe average loss reported after run TU-T
(6 mils).

The 4.7 mil average for the bottom cylinder was less than the aﬁefage
loss after run TU-7 (6 mils). Hbﬁéver, since only a liﬁited survey was
made after run TU-11, additional readings are needed for a valid compari-=
son. Névérthéless, the fluorinator méasureﬁenté indicate that excessive
corrosion did not occur during the‘last four fluorinations.

Table 4. Wall Thickness Loss of Bottom Section of
Hydrofluorinator Instrument Line, I-100-l

Distance up from Approximate Wall Thickness Loss, mils®
“bottom of pipe, Fig, 2 plotting symbols
in. (o] A C o a
0.5 2l 1 11
1.0 37 50 23
1.5 41 38 32
2.0 41 38 28
3.0 26 18 8
4.0 13 c 14 6
5.0 17 13 T
6.0 12 13 b
12,0 12 9 12
18.0 9 T 3
24.0 9 5 6
28.0 12 5 5 ’

-

®Based on 3/8-in. pipe of 0.675 in. 0.D. and 0.091 in. wall thick-

- ness. Measurements made along pipe diameter and equidistant
around circumference. Although pipe corrosion was not uniform,
over-sll pipe diameter loss was assumed to occur.equally on both
walls.
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