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@ORROSION/EROSION TESTS ON CANDIDATE 
VOLOXIDIZER MATERIALS 

J .  G .  Morgan 
Fuel Recycle Division 

ABSTRACT 

Corrosioa/erosion tests were carried o u t  at 650OC on type 316 stainless steel and Ii-icoloy 800II. 
A moist air atmosphere containing 55 ppni iodine was maintained in two rotating drums. Dimensional 
measurements of the walls after the test showed very small changes. After 4000 h the stainless steel 
drum showed a thin oxide scale. The Incoloy X O O H  drum had even less attack after 6000 h. 

1. INTKODUCTIQN 

Voloxidation is a proposed step in the lieadend process of a fuel recycle plant. Sheared 
fuel elements are heatcd in a rotaiy kiln containing lifting flights and licatitig and c.ooling 
zoi-ics. A t  these conditions, the U 0 2  is converted to lJ308 with the rclcaw of tritium and 
to  some extent iodiric and certain noble gases. Solids loading would be -10% by volume, and 
thc kiln will rotate at 1 rpm. With a heated zone of -650"C, there is potential surface 
abrasion caused by thc ceramic solids and metal hulls as well as corrosion from the iodine 
relcased from the fuel. l w o  candiclatc materials, type 3 16 stainless steel and [ncoloy 80071, 
were tcsted at 650°C in air for several tnoritlis. This experimental program by Holland' used 
two drums rotating in a furnace. 'The dniins \vere loaded with solid materials, and wall 
thickness measurements were taken periodically during the test. Curved sections of the 
candidate materials were bolted together to fonn thc experimental drums. 

This report describes additional testing with the samc materials exposed to  a controllcd 
atmosphere containing watcr vapor and iodine. 

2. APPARATUS AND PRQCEDURES 

Each test drum was made by welding together the curved segments used in the previous 
yrolgran. The nominal 1/4-in.-thick plate formed 18-1 /2-in.-djani cylindrical shells welded 
t o  21-in.-diarn, 1/4-in.-thick circular end plates. Each drum, one 316 SS arid the other 
1nco1oy 8001-1, was mounted horizontally in a fumacc with 2-1 /2-in.-diam SS shafts. 'Ihe 
driw shafts exteridcd throw& the furnacc wall and were supported on pillow blocks (Fig. 1). 
Tlic shaft was rotated at 1 rpm by a motor operating through a gear rcduction unit and a 
V-belt pulley arrangement. Two gas liiics were attached to each drum, one extending into 
the far end to provide an efficient atmosphere sweep. 
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Fig. 1.  rest drum configuration. 

The predicted atmosphere in the voloxidizer is shown in l'able 1. The mixture was 
simulated using moist air and iodine. The flow diagram for the experiment is shown in 
Fig. 2. Dry air was swept over a bed packed with iodine crystals. Moist air at the desired 
humidity was supplied by mixing dry and water-saturated air streams. 

Table 1. Voloxidizer off-gas composition 

Constituent Mole 5% 

N2 

0 2  

H2 0 
I-IT0 
Kr 
Xe 
Br2 

12 

63.95 
33 3 6  

2.03 
Trace 

0.014 
0.145 

Trace 
5.47 x 1 0 - ~  

By adjusting the air flows, a fecd stream was provided to the drums which contained 
55 ppm I 2  with 20 300 ppm H 2 0 .  'The time required to sweep out the volume of one 
drum (-2.2 ft3) with a sweep flow of 0.1 scfm wacl deteriniried experimentally. With the 
system charged with air, nitrogen was introduccd, and the oxygen content of the exit gas 
was continuously monitored. Sweep time measurements are shown in Fig. 3 and compared 
with calculated values that assume perfect mixing It can be seen that d drum could be 
charged with a new atmosphere in less than 1 h. The expeririient was conductcd with the 
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furnace controlled at 650°C and the diuins rotated at I rpm for up to 6000 h. Periodically 
(twice a weck), the atrnosphcre was replaced by swzeping in a fresh gas mixture for a 1-41 
period. Feed and exit gases were checked for iodine contcnt by bubbling through 3 K I  
solution Cor a known time period (ie., 5 Inin) and then malyzing the solution. Because of 
the strong temperature dependence of the vapor pressure of iodine near room temper: tiire, 
the iodine bed temperature had to be carefully monitored. A 3°C change of temperat~imt 1ca11 
result 111 a 25% change in iodine concentration of the sweep gas. 

O R N L - D W G  81-1434R 

_ n  
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TO D R U M  2~ 

A I R  
SUPPLY 

Pig. 2. How diagram for the voloxidatioin corrosion experiment. 

A I R  
SUPPLY 

F 

Each drum was charged to 10% ol' its volume with sand and 1/4-in.-diani by I-in.-long 
304 SS slugs. Each drum had 1-in.-wide lifter blades welded to  the innel surface to sirnulate 
the lifting action of the flights in a voloxidizer (which provides motion to  the solids). 
Titanium tubing ('1/8-in. OD by 0.069-in. ID) was used for the gas delivery tubes. The tubes 
reccived a slight flexing as the drLini rotated at the beginning of the test. Although the 
tubes were bent in a spiral to relieve this action, they fractured after a few hours of operation. 
Stainless steel tubing (304L) was substituted for the titanium, and this proved satisfactory 
for the remainder of' the experiment. 

An interesting observation was niadc as the test progrcssed. A drum was charged 
with an iodine atmosgherc and then swept out with air and operated with air for a few hours. 
When swept out again with air, the atmosphere was found to contain iodine. This was true 
for both drums; howcvcr, no iodine was found at room temperature. This effect might 
occur if  an iodine cornpoutid were fonned on the me tal walls in equilitiriutn with the iodine 
a tniosphere and then decomposed when air was substituted. 
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Fig. 3. Sweep time for drum 2. 

3 .  RESULTS 

3.1 Dimensional Measurements 

Ultrasonic thickness measurements of the diuin walls were made bef6re and after 
the test. Drum 1 was Incoloy 800H and had a total time exposure to  iodine of 6000 h. 
Thickness readings were taken at 0, 4000, and 6000 h .  Drum 2 was 316 SS and operated 
for 4000 h. Eighty-four thickness readings were taken on each drum. iz template was u ~ e d  
to locate the same positions for each set of comparison readings. The geometry of the 
drums did not allow accessibility to  the shell for a micrometer calibiation point: thercforc, a 
micrometer reading was made on the side plate and avelocity settirig obtained from that point. 
The measureIiieiits were made by members of QRNL’s Department of Quality Assurance 
and I nsp cc ti on. 
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The test results were scattered, and it is believed more appropriate to treat the data 
for each test surface as a group rather than to  place much emphasis on measurements at a 
particular point. Consequently, mean thickness changes and standard deviations were 
calculated for each drum. The differences are scaled by lo3 so that a thickness change of 
1 corresponds to 0.001 in. Positive diffcrences indicate a measured thickness decrease, and 
negative differeiices indicate a measured incrcase in thickness at a particular poin t. Frequency 
charts were constructed showing the distribution of the 84 thickncss differeiices measured 
on each surface. Figure 4 shows the thickness change for the Incoloy 800H drum after 4000 
and 6000 h of testing. 
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Pig. 4.  Incoloy ROOH drum I after 4000 arid 6000 11 of testing. 

Solid lines show the distribution of data after 4000 11, and the dotted lincs show the 
change from 0 to 6000 h. These data infer an increase in wall thickncss after 4000 I1 but a 
smaller increase after 0000 11. 'Tightly adliering fine sand on the inside surface could have 
interfered with all measurements. The magnitude of the change in thicknesscs was not 
confirmed by subsequent metallographic examination. Figurz 5 shows the results uf wall 
thickness nieasurernents on the 316 SS drum. These data showcd a very small incrcase in 
wall thickness after 4000 11. 

3.2 Metallographic Exmina tion 

3.2.1 Type 304 stainless steel 
A metallographic examination was niacle of one of' the type 304 SS slugs that was 

tumbled with sand in drum 2. The slug had been exposed to an air (55  ppm I , ,  20 300 ppm 
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Fig. 5. Type 316 SS drum 1 after 4000 h af testing. 

H 2 0 )  atmosphere for 4000 h. Figure 6 shows a gray-colored oxide scale measuring up to 
25 p in thickness on tlie outside surfacc of thc slug. This view is of the as-polished (unetched) 
microstructure at a magnification of 500X. Figure 7 shows the microstructure after etching.* 
Directly beneath the surface scale can be seen a white laycr 20 to 40p in depth. This layer was 
examiiied by an electron microprobe x-ray analyzer. No iodine was detected; however, aback- 
scattered electron image showed a slight depletion of chromium and a slight agglomeration 
of nickeL2 

3.2 .2  Incoloy 800H 
The drum was sectioned arid a sample obtained in the region of a girth weld. Figure 8 

is a view (at 9X) of the etched wall cross section. The inner surface is at the bottom. The 
crack below the weld is a junction of the curved segments that form the druni. Figure 9 
shows the interface area where the metal is protected from the scouring action of the 
solids. N o  corrosion or pitting is visible. A very thin oxide scale is apparent. 

3.2.3 Type 3 16 stainless steel 

A specimen similar to  the Incoloy 800H sample taken from tlie girth-weld region was 
obtained from druni 2 for examination. Figure 10 shows a 3 16 SS drum specimen taken 
from the region of the girth weld, and Fig. 1 1 is a view (at 200X) of the interface area. No 
corrosive attack is evident, although there is a slightly thicker oxide scale than that secn in 
the Incoloy drum. 

*Etchant is 50 parts HC1, 10 parts IINOJ. 
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ORN LPhoto. 1052-82 

Fig. 6. Type 304 SS slug showing gray-colored oxide scale. 

ORNL-Photo, 1053-82 

, 40pm , 500X 

Fig. 7. 'Type 304 SS slug microstructure (after etching). 
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O R N  L-Photo. 1054-82 

Fig. 8. Incoloy 800H drum wall specimcn (9X), etched. 

ORNL-Photo. 105582 

100ym 200x 

Fig. 9. lnteaface area of Incoloy 800H drum specimen. 
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ORNL-Photo. 1056-82 

Fig. 10. Type 316 SS drum wan specimen (9m, etched. 

0 R N L-P hoto. 1 057-82 

, 100um , 200x 

Pig. 11. Interface area of type 316 SS drum specimen. 
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4. CONCLUSIONS 

Most of the reported corrosion studies involving iodine have Seen at higher concentra- 
tionc, without water vapor, and were extrapolations from short-term tests. Horsley3 reported 
corrosion rates of stainless steel at 350°C to be -7 mil/yenr at 15 mm I,. The tests in this 
study had an iodine partial pressure of 0.04 mm Ilg. bukuda and Omorr4 studied the 
dependence of iodine vapor prcssure at 700°C on thc corrosiori of stainless steel for 1-h 
exposure In 100-11 tests in humidified air at 40”C, Beaveis et al.’ found -3-ym-deep pitting 
in Incoloy 800. The iodine concentration was comparable to our tests. A corrosion rate, 
calculated from weight loss, was reported to  be 100 pm/ycar (40 mil/year). The tests here 
were dz$igiied to  determilie the structural integrity of candidate metals under prototypical 
voloxidiLer operating conditions. It should be emphasized that the drum surfaces had a 
preoperation history of exposure to air at 650°C for several months (156 d)  prior to  the 
start of the tests. The thin oxidc layer may have helped protect against attack from the 
moist iodine atmosphere. N o  corrosive attack was detected 011 either the 316 SS or the 
Incoloy 800H d n m  surfaces. The erosion action of the solids rotating in the dium was 
minimal, although sharp edges of the tumbling metal dugs were rounded, and finely 
powdered Fe, O3 wac detectcd in the sand. 
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