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SUMMARY

Corrosion data for types 304L, 309SCb, and 347 stainless steel were obtained
in a number of process vessels in the - ORNL Thorex pilot plant during the'
development and the production-development periods of operation occurring
between December l95h and September 1956 Stressed corrosion-test specimens.
were exposed in the batch dissolver tank,.the feed adjustment tank, the BT
vapor separator, the A-column feed tank, and the BTC catch tank. Generally,
types 30U4L and 309SCb stainless-steel:. exhlblted compareble.corrosion resist-
ance in all environments-.examined. Most of the studies were conducted with -
these two alloys. Severe corrosion damage was.encountered in the vapor phase
of both the batch dissolver tank, operated at .a maximum temperature of llS°C,
and the feed adjustment tenk, operated at a maximum temperature of 155°C.
Corrosion rates for: types BOﬂL and 309SCb stainless.steel veried from approxi-
mately 30 to 55 mpy in the batch dissolver tank during the development and '
the production-development periods. Vapor-phase corrosion rates in the feed
ad justment tenk during the-last half of ‘the development. period- ranged from
85 to 100 mpy. Severe corrosion attack was:experienced.also in: ‘the BT vapor
separator, which operated at a maximum temperature: of 115°C. Rates were

30 to 55 mpy for type 304L stainless steel 25 mpy-for type 3098Ch stalnless
steel, and a meximum rate.of 150-mpy for-a composite speclmen of types
309SCb and 347 stainless steel. .

Solution-phase corrosion rates for types 304L and . 309SCb stainless steel in
the batch dissolver tank ranged . from 13 to 28 mpy, with the lower rates
observed on the type 309SCb -steel. The latter -corroded at an average rate
of 41 mpy in the-feed adgustment stank, however.. No data were available for
type 30UL stainless steel: in.the. solutlon phase of this vessel. The cor-
rosion of types 304L and 347 stainless steeliwas negligible in the A-column
feed tank and the BTC catch.tank;. observed rates were less than 0.l mpy.

None of the three alloys tested underwent: streos-cOrros1on'cracklng in any
of the process vessel- envlronments, nor was there-any indication of a stress-
accelerated rete of corrosion attack. Generally, corrosion attack on flat
surfaces of specimens produced uniform metal removel. Mild intergranular
penetratlon, ‘not exceeding 6 mils:in depth, Was: encountered. in the more
corrosive enviromments,: particularly in the-vapor phase. Weld specimens

of the three alloys were randomly subject to:localized corrosion in the
heat-affected zone immediately adjacent to. weld deposits. The maximum pene-
tration by this form of. attack was 25 mils.in types . 309SChb and 3&7 stainless
steel weld specimens. :

| Corrosion in the batch dlssolver and feed adgustment tanks was 51gn1f1cantly

more severe during the-development period of operfi}on than was observed
during the previously reported:.production period. With the exception

of the solution phase in the batch-dissolver tank, the rates were generally
well in excess of -the 25-mpy meximum value: tentatively established for the
pilot plant. Based-upon continuous- -operation.of the pilot plant, the half-
life of the type 309SCb stainless steel:batch dissolver and feed adjustment
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tanks was estimated to be 2.5 years each. The full life for the BT vapor

. separator, operating continuously, was estimated to be 1.2 years. This

value was determined by the behavior of type 347 stainless steel speci-
mens, the alloy from which the body of the separator is fabricated.

»

INTRODUCTION

This report is the second in a series describing the results of corrosion
studies conducted in the ORNL Thorex pilot plant during its operation
between December 1954 and September 1956. The initial report dealt with
the corrosion behavior of stainless steel specimens exposed in various
process vessels during the production period and the first 'hai_({ of the
development period (December 15, 1954, to November 10, 1955).\ )" The
present report is concerned with the evaluation of corrosion date obtained
during the second half of the development period (November 15 s 1955, to
September 13, 1956) and the combined production-development period
(December 15, 1954, to September 13, 1956). The initial report covers

in detall the history of the stainless steel test materials and the type
of specimen employed. Corrosion date obtained in four process vessels,

namely, the batch dissolver tank, the feed adjustment tank, the AP catch -

tank, and the BT vapor disengager, were presented. The present studies
are 8 continuation of corrosion tests in the same vessels as well as in
several other process vessels during the extended operational period of
the pilot plant.

Table ;l shows é. resumé of specimen locations and residence periods in the
process vessels to be discussed. The residence period represents the total

‘time that the specimens remained in a particular vessel; it does not

represent the time that specimens were contacted by process solution or
vVapor. '

EXPERIMENTAL PROCEDURE' AND RESULTS

Each corrosion-specimen assembly was a conventional simple-beam, constant-
strain type of stress assembly consisting of a stress specimen, a fulcrum,
and a welded base plate. Auxiliary components were two sets of studs and
screws for applying the desired stress., All items in a particular stress
assembly were machined from the same type of stainless steel. An applied
stress of 35,000 psi was used on all specimens throughout the corrosion
investigation, : ' :

- Upon removal from the pilot-plant process vessels, specimens were scrubbed

in soapy water to remove loosely adherent corrosion products, after which
they were dismsntled. The individual components were cathodically defilmed
in inhibited 5% HzS0, solution. The defilming process, repeated several
times, effectively reduced surface activities on the specimens to levels
that permitted handling with negligible personnel hazard. All corrosion
rates subsequently reported are based upon defilmed weight losses.




Table 1. Distribution and Residence Times for Corrosion
~ Specimens During the Production end Development
Periods of Pilot Plant Operation

' Process'Vessel ‘Operational

. . Aa

and Identity Period Residence Perlqd( )
Batch dissolver (S-1) » Development(b)' 3/14/55 - 8/14/56
Feed adjustment (8-2) Development 11/15/55 -.8/14/56
BTC catch tank (P-3) - Development - 3/7/55 - 8/14/56
BT vapor separator (P-2) Development 3/4/55 - 8/1h4/56 -
A-column feed (S-4) ) Development 3/11/55 - 9/13/56
Batch dissolver (s-1) Production- - 12/23/54 - 8/14/56

development

BT vapor-separator (P-2) = Production- 12/17/54% - 8/1k4/56

o , development o : "

' (a) Does not represent the actual-:contact time of speclmens by

process solution.

(v) Specimens were exposed for.:approximately one half of the complete

development period.

A. Corrosion During the Development Period

1.

" after a dissolving.cycle was: 1'M Th(NOg)y, 6

Batch Dissolver Tank. The :purpose and a desc(i?tion of the batch
dissolver tank have been reported previously. The welded tank:
was fabricated from type:3098Cb stainless steel. During the de-
velopment period of operation,.the tank was used primerily for the
dlssolutlon of aluminum-jacketed thorium metal slugs. The tank was
also used to-.a lesser extent for the Neptex program involving the
dissolution of MIR fuel:elements, - On frequent occasions, the dis-

'solver was used merely as a° storage vessel for process solutions.

The dissolving solution was: technica.l-grade 13 M HNOg (or 10-12 M
HNOs which was recovered from the feed adjustment tank) with small
amounts of mercuric nitrate and sodium fluoride to catalyze the
aluminum - nitric acid and the thorium - nitric acid dissolution

‘' reactions, respectively. The solution temperature during dissolv-

ing was 110 to 115°C. Thennominal-compositlon of the solution
M\HNOsz, 0.5 M
A1(NOg)s, 0.0025 M Hg(NOg)z; end 0.0375 M NaF.(2) "~
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NP - j? H@on completion of dissolving operations, the dlssolver tank was
‘~\ f$e;decontaminated with alternate passes of nitric acid and caustic
!ana tartrate solutions at temperatures from 40 to 110°C. The total
Y decontamination time was 117 hr.
Single-specimen arrays of types 304L and 309SCb stainless steel
specimens were removed from the solution and vapor phases. A
resume of the exposure history sppesrs in Table 2. It should be
noted that approximately 75% of a 10,379-hr contact time by process
solutions on specimens was accumulated at room temperature.
Teble 2;“ Summary of Exposure History for Stress
- Specimens in Batch Dissolver Tank
During Development Period
o Number of  Exposure Time (hr)
Operation Runs . Solution  Vapor
Totel residence time in tank 109 12,hhl 12,4k
Thorex dissolvings at 115°C max.éag T o 2,490 2,490
Neptex dissolvings at 115°C max., 15 - 99 99
Decontamination at 40 to 110°C 20 17 117(c)
Holding time at room temperature 7,673
 Total active exposure time(®) 109 . 2,706 2,706

iag Includes heating and cooling time.

Holding -time .at Toom temperature not considered in total active
exposure time,

(¢) No vapor contact time included when process solutlons were at room.
temperature. :

The as-removed condition of the four stress assemblies indicated
that appreciable corrosion had occurred, both in the solution and
vapor phases. The fulcrum in each assembly was missing, and it was
presumed that excessive corrosion attack had reduced physical dimen-
sions to such a point that the fulcrum slipped from its original
position. The net result was a complete release of the initially
applied stress of 35,000 psi sometime during the exposure period.
.Nb ev1dence of’ cracks was found 1n any of the stress ‘specimens.




Thin corrosion films were present om the solution-exposed stress
and weld specimens, as indicated by film weights between 0.1 and
0.5 mg/cm®, Heavy filming was in evidence on the vapor-exposed
specimens, however; film weights varied from 2 to 6 mg/cm®. As-
removed, 8ll specimens were a mottled, ‘gray-brown color. A sunnnary
of the corrosion rates for the specimens e.ppea.rs in Table 3., h

’ ‘Ts.ble 3. ‘Corrosion:of Stainless Steels in Batch
Dissolver Tank et 115°C Maximum
During Development Period

Lab. Alloy | Exposure Specimen _ 52:1:1 Co;.rz:ion

No. Type - FPhase Type (hr)( ) (mpy)
D-27°  304L Solufion Strefg) 2706 32.6
. Weld 30.9
D-T3  3095Cb  Solution Stregs, 2706 13,3
Weld\© ’ l6°6

D-26  304L  Vapor Stregs 2706 4.8

f A

' : o Weld - 38.8
D-T2 3095CH Vapor Strefs 2706 36',8
| ' . wexale) ' 33.0

(a) Actua.l time that - specimens ‘were contacted by hot process
- solutions; the 7673 hr that were accumulated in contact
with process solutions at room temperature. were not con- -
sidered in. detennlna.tion of corrosion rates,
gb) Heliarc-welded with type 308L rod.
{c) Heliarc-welded with type 309SCb rod.

In order to Ppresent a more. realistic assessment of the corrosion

' beha.vior of the solution-exposed specimens, corrosion rates were
based on an active exposure period of 2706 hr, during most of vhich
time the spezmm solutions at. 110 to

~ 115°C. A pofﬁon of the 2706-hr period, 333 hr, represented heating
and cooling time for solutions , and 117 hr were for decontamination

time. The totel solution contact time was. 10,379 hr. However,
7673 hr of this total represented holding time for solutions at-
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room temperature. The latter figure was not included in the deter-
mination of corrosion rate values since it has been reported that
in laboratory tests with simulated conditioms, corrosz.gsn rates on
similar stalnless steels were not in excess of 1 mpy.

: Corrosmn of Solution-Exposed Specimens., The ‘average corros:lon rate
for type 30LL steinless steel stress and weld specimens was 31.8

+ 0.9 mpy during the 2706-hr exposure. There was no appreciable
difference between the .corrosion rate for the weld and the stress
specimens. The average corrosion :ra.te for type 3095Cb stainless
steel was 15.0 + 1.6 mpy.

A'm’eta]logr’aphic exgmination was made of various sections on speci-
mens of the two alloys. In Fig. 1 is shown the nature of the attack
on-flat surfaces of the stress specimens. In both cases, uniform
metal removal was experienced. Such was not the case, however, on
edge surfaces, as shown in Fig. 2. Severe preferential corrosionm,
commonly known as edge- or end-graim attack, was much in evidence.
Type 304L stainless steel was more susceptible; the deepest pene-
tration was 9 mils, compared with 3 mils for type 309SCb. stainless
- steel. The attack was not particularly selective with respect to
grain-boundary areas, inclusions in the a,lloys s or to the grains
themselves, S

The condition of weld deposits in the base-plate specimens is shown
in Fig. 3. The sections were made through the as-welded face welds.
" The type 308L deposit was attacked in a relatively uniform manner.
The type 309SCb weld metal, however, was subject to very.severe
localized corrosion. The attacked area shown in Fig. 3 was 18 mils
in diameter and 15 mils in depth. Numerous similar-sppearing pits
were found in the deposit. The same weld specimen was also suscept-
ible to pronounced knife-line attack as shown in Fig. 4. The attack
occurred on both sides of the face weld in the heat-affected zone.
The maximm observed penetration was 25 mils. A slight preferential
interface attack, 3 mils in depth, was found in the heat-affected
zones along the type 304L stainless steel face weld.

Corrosion of Vapor-Exposed Specimens. Both types 304L and 309SCb
stainless steel experienced greater attack in the vapor phase than

~ in the solution phase. The average corrosion rate for type 304L
stainless steel was approximately 30% higher during the 2706-hr.
vapor-exposure period than was observed for the similar solution-
exposure period. The average rate for stress and weld specimens

was 40.3 + 1.5 mpy. As in the case of solution-exposed specimens,

no significant difference was observed between the over-all corrosion
behavior of the stress and weld specimens. Type 309SCb stainless steel
showed a 135% increase in the average corrosion rate for vapor-exposed
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stress and'weld specimens. ' The'average rate was 3& 9 + 1.9 mpy,
as compared with 15 0 + 1.6 mpy for solutlon-exposed specim.ense

Flgure 5 shows -the nature of ‘the corrosion attack on the flat
surface of the stress specimens. The type 304L. stalnless steel
exhibited definite signs of intergranuler attack, with the deepest
Penetration around 3 mils. Numerous grains were almost completely
encircled by the attack. Type 309SCb stainless steel, on the other
hand, underwent relatively uniform metal removal. ‘

Edge-corrosion attack was prevalent on specimens of both slloys.
The attack was similer to that shown in Fig. 2 except that the
intensity was much greater. .Maximum penetration resulting from
the attack on.type 30LL stainless steel-was 18 mils; on type
3095Cb stalnleSS steel it was approximately 5 mils.

Both types 308L and 3098Cb stalnless steel weld deposits were sub-
Ject to substantial' localized .corrosion. On ‘the former, the attack
was of a channellng type: with grooves up to 4 mils in depth. The
base and sides of the groovee -were ;uniformly attacked. The attack
on type 309SCb stainless‘steél was characterized by pitting,
initiated by intergranular:attack. The deepest pits were 6 to 7
mils mdepth. : Ll

Knife-line corrosion. attack was found along the face weld on

type 309SCb stainless steel.l No knife-line. corr051on was observed
at the root. weld ‘however,.ias shown in Fig. 6. The 1ntergranular
naturé of the: attack on -the type 309SCHb ‘weld dep051t is readily
apparent.

No preferential weld-parent metal interface:attack was found on
either the face or root welds of type 304L stainless steel. The
condition of the root-weld:-:parent-metel interface is-glso shown
in Fig. 6. Based upon the:;results of visual and metallographic
examinations :of solution~- &nd vapor-exposed weld specimens in the
batch dissolver tank, thére was little doubt as to thé superior
corrosion resistance of the: dep051ted type 308L weld metal over
the type 309SCb weld metal. -

Feed Adjustment Tank. Cor1051on ‘specimens were exposéd in the feed
adjustment tank quring the: second half of the development period,
which took place between November 15, 1955, and September 13, 1956.
Corrosion data for specimens. exposed Fiang the first half of the
development period have been reported.

The type 309SCb stainless steel feed adjustment tank and auxiliary
equipment were used to prepare an acid-deficient feed solution for
the uranium~thorium solvent extraction process. The first step in










e

the operation of the tank was an evaporation process at 110 to 115°C
to remove excess nitric acid. Following this was a digestion period
at 150 to 155°C to dissolve '"blue” thorium oxide and to promote the
destruction of the tﬁbutyl-phosphate-extractable fractions of the
ruthenium fission product. '

The nomJ.na.l initial and final chemical compositions of process solu-
tion handled by the feed ad,justment ‘tank appear in Table L.

Table 4. Nominal Chemical Composition of Process Solution in
Feed Adjustment Tank During Development Period

Concentration (M)

Constituent TAiTial  Final

Hﬁoa | -. | 540 0.5%
" Th(NOs), | “ 1.0 4o
| K1(N0s)s 0.k 1.6
"‘_Eg(NOa')a 0.001 0,00k
~ Fluoride 025 0,047

* N}fbric acid deficient.

Upon completion of operations, the tank was decontaminated by the
use of 58 alternate passes with nitric acid and caustic tartrate
solutions., The solution tempersture during decontamination was
generally between 65 and 85°C., The total decontamination time,

* including T4 hr at room tempera.ture » was 200 hr.

Duplicate sets of types 304L and 309SCb stainless steel were re-
moved from the solution and vepor phases of the feed adjustment
tank. A resume of the exposure history for the ‘specimens appears
in Table 5.
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“Table 5. Summary of. Exposure History for Stress Specimens in.
Feed Adjustment Tank Durlng Last Half of Development Perlod

" Number - Exposure Time (hr)

vOperation N . ' of e —e
- o ' 'Runs - Solution - Vapor
Total residence time in tank : 127 6549 6549
Solution adjustment at 155°C max. (a) (a) 5% 1649 1649
Recycle solution boildown at 110°C max. 16 834 83k
Decontamination at 65 to 85°C . - 58 126 126
Holding tlmeiat‘room temperature ' _25&1_ 0
Total active exposure‘time(b) 127 - 2609 2609

(a) Includes heating and cooling time.

(b) Holding time at room temperature not considered in total active exposure

time.

The total contact time by process.solutions on spec1mens was 5150 hr, of
which 2541 hr was at.room temperature and 2609 hr was with process solu-
tions at elevated temperatures not.exceeding 155°C. Corrosion rates were
based upon the time -at elevated. temperatures rather than on the total
contact -time. As mentioned earlier, corrosion attack on stainless steels
by simulated Thorex solutions in laboratory tests at room temperature
were ngt greater than 1 mpy. A summary of corrosion rates is -shown in
Table o

_ Corrosion of Solution-Exposed. Specimens. No data were available on the
corrosion behavior of the solution-exposed type 304L stainless steel
specimens. Upon removal of -the specimen holder from the tank, it was
found that the two stress assemblies were missing.-. Their dlsappearance
from the holder was attributed to either a mechanical failure of the
fixtures holdlng the assemblles or; to excessive corrosion attack on the
fixturese : :

No stress remalned on the two type 309SCb stainless steel assemblles.
Release of the initially applied stress of 35,000 psi was due to loss

‘of the fulecrum in each case, presumably as.the result of severe corrosion
attack. Examination of the stress specimens disclosed no indication of
cracking. The stress and weld specimens were badly stained gray-brown

in color. Appreciable quantities of corrosion products were in evidence;
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the film weights ranged from 2 to 3 mg/cm? Figure 7 shows two views
of one of the assemblies after defilming. The corrosion attack ep-
peared fairly uniform with the exception of preferential attack on
edge surfaces. The average corrosion rate for the duplicate sets of
stress and weld specimens was 4l.4 + 4.8 mpy during the 2609-hr active
exposure period. Corrosion attack on flat surfaces resulted in some
roughening as shown in Fig. 8-a. There were indications of a slight
preferential grain-boundary attack in a few of the examined areas,
however. Severe locdlized attack was observed on the type 309SCH°
stainless steel weld metal; massive pitting and random intergranular
penetration in the weld deposit are shown in Fig. 8-b. The parent
metal adjacent to the weld exhibited falrly severe intergranular
attack approachlng 3 to b mils in depth°

Table 6. Corrosion of Stainless Steels in Feed Ad justment Tank
at 155°C Maximum During Last Half of Development Period

o : N L Total Corrosion
e g omme e IR
L - (hr) (mpy)
- D21 -3th | Solution | Assembly , 2609 - ()
"7D;36 ' '3OLL7 _ ‘-_Soiﬁtion Assembly 2609 ;L. ' (v)
 M-L5 >309$dbv " Solution Strefs) 2609 k6.2
L . weia\®’ - %6.8
M-46  309SCb  Solution  Streps, 5609 46.3
e  wewal®) 36,1
D-3  30iL Vapor vaal® 2609 o5
D-10  304L Vapor we1a(®) 2609 100
D-55  309SCb  Vapor weat ) 2609 85
M-bb 30930b(e)> Vapor AWeld(g) 2609 220

(a) Actual time that specimens were contacted by heated process solutions.
éb) Complete stress assembly missing from specimen holder.
c) Type 309SChb stainless steel weld metal used to prepare 309SCb weld
specimens.
~(d) Type 308L stalnless steel weld metal used to prepare 304L weld
specimens.
(e) Comp051te speclmen of types 309SCb and 347 stainless steel.










.__l9..

Corrosion of Vepor-Exposed Specimens. Corrosion attack on the vapor-exposed
specimens in the feed adJustment tank was substantlally greater than on the
solution-exposed spec1mens for a similar exposure time, 2609 hr. In fact,

of the duplicate sets of types 304L and 3095Cb stalnless steel stress as-
semblies that were originally placed in the vapor: phase, only the welded
base plate was recovered from each assembly. The other components, includ-
ing the stress specimen, the fulcrum, and the two.sets of studs and nuts

in each assembly, had fallen into-the tank as a result of unusually severe
corrosion attack.

The general condition of the base: plates was poor. ‘Figure 9 shows the as-
welded face of two of the specimens. The surfaces were very rough and
grainy. The weld deposits in both:specimens were:severely attacked, the
attack being characterized by channellng and . groovingo An unusual behavior
was exhibited by the type 309SCb:stainless steel.weld. (Test M-kh4). The
right end of the specimen shown: in\Flgo 9 underwent; far more severe attack
than did the major portion of the: ‘gpecimen. Since the base plate was pre-
pared from three separate 2-in.-wide' pleces of plate, the possibility
existed that, inadvertently,.an &lloy other than; type 309SCb was used for
the exce531vely corroded section. A piece of thé;corroded section was sub-
mitted for chemical analysis;-:the- results showed ithe material to be type
347 stainless steel. Obviously,: this alloy was considersbly less resistant
to attack than the type 309SCb stainless ‘steel portion of the specimen.

The average corrosion rate for the:two type BOhL steinless steel weld speci-
mens was 97.5 + 2.5 mpy. The corrosion rate:forithe. single all- -type-3095Cb
specimen was 85 mpy. The composite’ specimen: ‘of . t¥pes 309SCb and 347 stain-
less steel corroded at a.rate: of: approximately 220 mpy.

The edge surfaces of the weld specimens were' severely pltted and spongy-
eppearing. Some preferential;attack at weld-parent metal interfaces on
the as-welded faces of both alloy-type specimens was observed (Fig. 10).

‘The attack was more intense on the type 304L. specimen than on the type
309SCb ‘specimen. Preferential grain-boundary attack was found also on

the parent metal adjacent. to: the‘weld deposits in:both alloys.

BT Vapor Separator. The BT vaporseparator tank'is a component of the BT
evaporator system, which is used to concentrate the thorium-containing
solution from the uranium-thorium“partitlon column. The separator tank

is located directly above the reboiler which receives process solution
containing approximately 0.25:M Th(NOs), and 0.2 M HNOs. The evaporation
was continued until the solution composition was about 2‘M'in Th(NOz), and
1.2 to 1l.5M in HNOs . : :

The BT vapor separator is a welded tank 2 ft in diameter and 2 ft high,
exclusive of the top and bottom dished heads. The body of the tank was
fabricated from type 347 stainless steel; the dished top and bottom heads
were made from type 304L steel.
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During operation, the temperature in the vapor phase was approximately
115°C. Saturated steam was the major constituent of the vapor phase.
However, the vapor condensate contained, nominally, 0.05 M HNOz. The
total operating time for the BT vapor separator was 5788 hr, including
22 hr for decontamination. During 3312 hr of this period, the process
solution contained small amounts of the fluoride and mercuric dissolver
catalysts. During the remaining. operational time, 2454 hr, the process
solution was free of catelysts. The 22-hr decontamingtion -period con-
sisted of treating the tank with alternate passes of caustic tartrate
and nitric acid solutions at temperatures from TO to 115°C.

A single stress assembly of type 304L stainless steel and duplicate
assemblies of type 3U7 steel were placed in the upper central region of
the BT vapor separator. Upon completion of evaporator operation,
examination of the specimen helder removed from the vessel disclosed
that all components except the welded base plate in each assembly had
disappeared. Loss of the components was again attributed to unusually
severe corrosion attack. The base plates were dull brown in color and
were very grainy. The attack was more severe on the type 30LL stainless
steel specimen. Figure 11 shows a low-megnification photograph of the
as-welded face on the type 304L specimen and one of a type 347 stainless
steel specimen.

No significant buildup of corrosion products was found on any of the
specimens; film weights ranged from 0.4 to 1.2 mg/cn®., A summary of

_ corrosion rates for the three weld specimens appears in Teble 7. The
. rates were based upon an operating time of 5766 hr plus a 22-hr decon-
tamlnation perlod.

'Tablé 7° Corrosion of Stainless Steels in BT Vapor Separator
; at 115°C Maximum During Development Period '

Lab, Alloy Speci?e? -gg;gl Co;z::ion
No. e (br)  (mpy)
D-35 304 Weld(b)' s788(¢)  su.s
D-ll 3h7 Weld(d) 5788 20.8
D-53 3h7 | wera(®) 5788 30.1

a) Control and stress specimens lost due to excessive corrosion.
b) Heliarc-welded with type 308L rod.

c) Includes 22 hr of decontamination time.

d) Heliarc-welded with type 34T rod.
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The single weld specimen of type 304L stainless steel corroded at a rate
of 54.5 mpy. The average rate for the duplicate specimens of type 347
stainless steel was 25.4 + 4.7 mpy.

Metallographic examination of flat surfaces disclosed intergranular
attack on the type 304L stainless steel which pénetrated to a depth

of 6 mils in some areas. The surfaces of the type 347 steinless steel
exhibited slight preferential grain-boundary attack, which did not

exceed 1 mil in depth. Figure 12 shows the condition of the weld-parent
metal interface on the two alloys; the sections were made on the as-welded
face of the specimens. No preferential attack was observed in the im-
mediate heat-affected zone of the type 304L stainless steel; intergranular
attack was found some distance away from the heat-affected zone in the
parent metal, however. The weld metal, type 308L .stainless steel, was
badly channeled There appeared to be a mild, knife-line attack on the

 type 347 stainless steel weld specimen as shown in Fig.- 12 the depth of

the attack was between 3 and 4 mils. By visual observation, no difference
between the types 308L and 347 stainless steel weld metal used in the two
347 stainless steel weld specimens could be distinguished, both types of
weld metsl were severely roughened and channeled.

A-Colunn Feed Tank. The A-column feed tank, constructed of type 30LL
stainless steel, is used as a storage tank for feed solution to the

 extraction column, where the thorium-232 and uranium-233 are extracted

by the tributyl phosphate solvent. The process solution entering the
A-column feed tank from the feed adjustment tank, after dilution with
water, had & nominail chemical composition of O, 05 to 0.2 M HNOs (acid
deficient), 1.5 M Th(NOg)4, 0.55 M AL(NOz)a, 0.002 M Hg(NOz)z, and
0.028 M NaF. The latter two constituents were present only in irradiated
process. solutlons° :

Table 8 sumearizes the exposure history for specimens in the A-columm
feed tank. Specimens were present in the solution phase only. Generally,
the tempersture of the process solution ranged from 30 to 60°C; for
several brief periods of operation, the tank was heated to 100°C.

A total of 43 alternate passes with nitric acid and with caustic tartrate
solutions were used to decontaminate the tank. Twenty-two of the passes
were conducted at room temperature; the remsining passes were mede at
temperatures between 70 and 100°C.

Test specimens consisted of a single stress assembly of type 30LL
stainless steel since the feed tank was fabricated from this alloy,

and also two stress assemblies of type 347 stainless steel. The latter
alloy was included to obtain corrosion date which would be applicable
to the A-extraction column which was fabricated from type 347 stainless
steel.
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Teble 8, Summary of Exposure History for Solution-Exposed Stress
- . Specimens in A-Column Feed Tank During Development Period

’ : ( a)' Exposure

Operation“ Time

. ~ (br)

Irradiated feed solution R 3513
Irradiasted recovered feed s?%gtion : 9ko
Nonirradiated feed solution o 1352
Water flushes, etc. 1182
Decontemination at 40 to 100°C 320
Total exposure time ' 7307

. (a) The bulk of the operating time was accumulated with process
solutions at 30 to 60°C.
(b) No fluoride or mercuric catalysts present.

The as-removed condition of the three assemblies was excellent; surfaces
were lustrous and metallic-appearing. No signs of stress-corrosion
cracking were observed. The assemblies were dismantled and the individual
components defilmed; corrosion rates are in Table 9.

The corrosion resistance of both alloys was excellent; observed rates
were not in excess- of 0.l mpy. There was no localized corrosion observed
on any of the specimens. Based upon the data, it was evident that the
construction materials for both the A-column feed tank and the A-column
itself were completely resistant to the environment. The data also
further substantiated previous laboratory corrosion data which showed
near-negligible .corrosion rates for the stainless alloys in simulated
Thorex process solutions. at or slightly above room temperature.

BTC Catch Tank. The thorium product from the BT evaporator system was
stored at room temperature in two type 347 stainless steel catch tanks.
The solution composition was approximately 2 M. Th(NO3)4 end 1.8 M HNOg.

A 51ngle stress assembly of type 30Ul stainless steel and duplicate
specimens of type 347 stainless steel were exposed in the solution phase
of one of the BTC catch tenks (P-3) for 5135 hr. A total of 183 hr of
the exposure represented decontemination time with nitric acid and
caustic tartrate solutions at temperatures not in excess of 85°C.



TEble 9.  Corrosion.of’ Stainless Steels in A-Column Feed
- Tank ‘at 30 to 60°C During Development Period

Leb.  Alloy EXposnre Specimen  Loval = Corrosion

No.  Type “Phase " Type. ?ﬁ‘:‘; o ?;;;)
D-%  30L  Solution  Comtrol 7307 <0.1
o wad® D

D-43 347  Solution  Comtrol 7307 = <0.1
| ) B
'9-5'2. kT ‘So.']‘.ut;'LOn _ Comtrol 7307 0.1
' CoEm 8

a) Heliarc-welded with type 308L rod.
b) Heliarc-welded with type 347 rod.

Examination of the stress'specimens showed no stress~corrosion cracking.
All surfaces were metallic and lustrous. The defilmed corrosion rates
for the individual components in the assemblies are listed in Table 10.
The corrosion rate for any of ‘the components in the three stress assem-

~ Dblies did not exceed 0.l mpy. Metallographic examingtion of the flat

surface of a stress specimen of each alloy type disclosed the attack
to be unlform as shown in Flg. 13,

B. Corzos1on Durlng the Productlon-Development Period

1.

Batch Dlssolver Tank., Dupllcate stress assemblles of types 3041 and

3005Cb stainless Steel were exposed in both solution and vapor ‘phases

of the batch dissolver. tank durlng the production and the development
periods. A summary of the exposure history for the specimens during
the combined periods of operatlon appears in Table 11. Although for
the solution-exposed specimens the total contact time by process and
decontamination solutions was 11 ,UT9 hr, only- 3340 hr (including -

187 hr for decontamlnation) were accumulated at temperatures above\
room temperature., For- previously discussed reasons, the corrosion
rates were calculated on the basis of 33&0 ‘hr, The vapor-phase exXpo-
sure time, likewise, was 3340 hr which included the 187 hr for decon-
tamination. The final composition of the dissolver solution has been
stated in a previous section. ‘
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Table 10.. Corrosion of- Stainless Steels in. BTC ‘Catch Tank
- at Room Tempera.ture Dunng Development Penod '

Leb. Alloy  Exposure  Specimen  1oval ~ Corrosion

No.. - Type Phase: Type . 2};“:‘; ' ?;;;)
D-25 304,  Solution  Comtrol 5135 <0.1
: Stre?s <0.l
we1a(8) <0.1
D-k2 34T Solution  Control 5135 <0.1
Stregs <0.1
Wela(b) | <0.1
D-51 347 Solution  Control 5135 0.1
: Stre?s) ' <0.l
Weld\® 0.1

ga) Heliarc-welded with type 308L rod.
b) Heliarc-welded with type 347 rod.

Table 11.- Smnmary of Exposure History for Stress Specimens-in Batch
Dissolver Tank During Production-Development Period

: Numbexr . ;

Operation of Ex_ggosu:;e Time (hr)

Runs olution Vapor

Total residence time in ta.nk b lh,63h 14,634

" Thorex dissolvings at :L'L5°C maxaégg 89 3,054 3,054

Neptex dissolvings at 115°C mex. 15 , 99 99
Decontamination at 40 to 110°C Lo 87 187( )
Holding time at room temperature - 8,139 o\¢

Total active exposure time(b) S 1l 3,340 3,340

a) Includes heating and cooling time.
b) Holding time at room temperature not considered in total a.ctive

exposure time,
(¢) No vapor contact time included when process solutions were at

room tempersture.
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The four stress assemblies exhibited signs of severe corrosion damage
upon removal from the tank. In each assembly, the fulcrum was missing
as a result of the attack, thereby relieving the initially applied
stress of 35,000 psi. None of the stress specimens were observed to
have cracks. . All surfaces of the assembly components were heavily
stained a dark gray-brown color. There were no bulky corrosion-product
depos:n.ts on ‘the solution-exposed specimens; film weights ranged from
less than 0.1 to 0.3 mg/cm®, Corrosion-product accumilation was more
pronounced on the va.por-pha.se specimens, with'film welghts varying
from 1 to 9 mg/ o®, It was! speculated, however; ‘in view of the grainy
appearance of the specimens, that the high film weights may have been
due in part to dislodgment of metal grains during the cathodic defilm-
ing. A swmnary of the corrosmn rates appea.rs in Table 12. :

Table 12, CorroSionAof Stainless Steels in Batch Dissolver Tank
at 115°C. Max. During Production=Development Period

Leb.  Alloy . Exposure Specimen Total'  Corrosion -

: g e Pl Time " Rate.
D-5  304L  Solution  Stregs, - ssu0l®) 7.8

R T weal®) ~ 23.0

'D=57 . 309SCb Solution - Stregs 3340 - 16.6

| S yeiate) 16.3

Dk - 30ML . Vapor . Streps B0 sk
T T WelalP) | 53,3
D-56 . - 309SCb Vapor - Strefs 3340 - 39.9

o | we;d.G) b3

éa) Conta.ct t:Lme by process solutions above room temperature.
b) Type 308L metel used for Hel:.a.rc-welded 304L, stainless steel
- . specimens.
(c) Type 309SCb metal used for Helia.rc-welded 309SCbh stainless
steel specimens.

Corrosion of Solution-Exposed Specimens. The corrosion resistance
of type 300SCh stainless steel was approXimately 50% better than that
.of . type 30U4l. stainless steel during the 3340-hr exposure period. The
average rate for the former was 16.4 + 0.2 mpy, as compared with a
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rate of 25.4 + 2.4 mpy for the type 30LL stainless steel. Figures 1k
and 15 are photographs of the two alloy-type specimens after cathodic
defilming. Edge corrosion was much more pronounced on the type 304l
stainless steel than on. the type 309SCb stainless steel. The end-
grain'attack on both'alloys was much the same as shown in Fig. 2.

Uniform corr051on ‘was experienced by the flat surfaces of the stress
speclmens as shown in Fig. 16. The surfaces were unusually smooth
and free from preferentlal graln boundary atta.ck° :

The heat-affected zones in the type BOHL weld specimen were not sub-
Ject to preferentlal corrosion attack, as indicated in Fig. 17. The
metallographic exsmination was made on the as-welded face of the .
specimen. Type 309SCb stainless steel,- on the other hand, was very
subject to preferemtial corrosion at weld-parent metal interfaces, as
shown in Fig. 18. In the face weld, Fig. 18-a, the attack was confined
to the heat-affected zone and could be classified as knife-line corrosion.
The depth of the penetration was approximately 25 mils. The attack was
of a different nature in the root weld, as shown in Fig. 18-b. Some
preferential attack was evident at the weld-parent metal interface.
However,’ the weld metal was also involved in the attack -as clearly
shown in the photomicrograph. Both visual and metallographic exemina~-
tion confirmed the fact that the corrosion resistance of the weld metal
was decidedly imferior to that of the parént metal, .The severity of

the attack on the type 3095Cb stainless steel weld metal is shown in
Fig. 19. Grain boundaries were highly susceptible. Type 308L stainless
steel weld metal, on the other hand, was equally resistant tc corrosion
as was the type BOhL parent metal, as shown in Fig. 17. The attack

was uniform in both cases.

Corrosion of Vapor-Exposed Specimens. For a comparable exposure period
at elevated temperatures, 3340 hr, the intensity of corrosion attack
on the vapor-phase specimens was approximately two to three times
greater than that experienced by the solution-exposed specimens. The
average rate for type 304L stainless steel was 53.7 + 0.5 mpy; the

rate for type 309SCb stainless steel was somewhat lower, 41.8 + 1.9 mpy.
The type 304L stress and weld specimens exhibited extremely grainy
surfaces. Edge-corrosion attack was very pronounced on both specimens.
Flat surfaces of the type 309SCb stainless steel specimens showed a
pickled finish but no grainy characteristics. Edge corrosion was ap-
preciably less severe than was observed on the type 304 stainless
steel specimens. The general condition of specimens of both alloys

was analogous to that shown in Fig. 14 and 15 except that the attack
was more intensified in all instances.

The stiess spéclmen of each alloy was sectioned for metallographic n
examingtion of the flat surfaces; the results appear in Fig. 20.
Attack on the 3OML stainless steel produced a highly roughened surface.

























The & tack was. not speclflcally preferentlal at graln boundarles,
however. . In.many 1nstances, .the body of:'a graln was subject to
preferentlal corrosion. The total penetratlon Was between 2 and 3
mils. The finerngralned type 30950b stalnless steel was: attacked
unlformly on-flat: surfaces.’ ~Edge corr051on on the. spec1men produced
pits up to T mlls in. depthc P1tt1ng due to edge -corrosion .on the

-type 3041 spec1men was con51derably more 1nten51ve, with pit. depths

of 20 mlls conmmon d:

The weld speclmens were carefully examined for signs of localized
corrosion at the weld—parent metal 1nterfacee The type 30hL stain-
less steel speclmen showed a very mild preferential attack along the
face weld which involved both weld metal (type 308L) and parent
metal. No preferentlal attack was found along the root weld. Both
the face and root:welds on the type 309SCb specimen were free of such
attack. ‘The type 309SCb stainless steel weld metal was heavily
channeled to a depth of 12 mlls 1n some areas, as a result of cor-
rosion. attack. A simllar but much less drast1c attack was noted on
the. type 308L weld metala o

BT Vapor Separatora The functlon and a descrlptlon of the types
304L-34T stainless steel BT vapor separator were reported in a
previous section., Three stainless steel stress assemblies; one of
type 304L and two of type 347, remained in ‘the Separator during the

- ‘combined productlon=development perlodo- Upon completion of operations,

the specimens  were -removed - for’ exam:n.natlon° The- total: exposure time
was 6698 hr at. temperatures between 100 and 115°C, including 32 hr
with decontamdnatlon solutions at temperatures from 7O to 115°C. A
total of 910 hr was accumulated durlng the production perlod the
remgining t1me was . accumulated durlng the development perlod°

The three assemblies corroded so severely that the only components
remaining on the support rods in. the tank were the weld specimens,
and they were in extremely poor condltlon, as shown in Fig. 21 and

'220 The . type BOHL stalnless steel. specimen, ‘welded with type 308L

rod, corroded at a rate of. 30°l mpy ‘during the 6698-hr period. The

.vflat surfaces were. very gralny in appearance, ‘and unusually severe

edge corrosion was‘prewalent (F:Lg° 21). Visually, the type 308L weld

‘metal was more re81stant than the. parent metal. No- preferentlal

attack at weldsparent metal 1nterfaces was detected

The behavior of the two type 3#7 stadnless steel weld spec1mens was
most unusual, to say the least, a8 shown in, Fig. 22. Judging from

-the marked dlffereuce in attack on various sectlons of the specimens,
it was concluded that a mix-up in ‘materials had occurred during speci-

men preparation. As discussed egrlier, the weld speclmens were pre-

pared from three 2-1n.~w1de plates, each of whlch was 12 in. 1n length.
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During welding, the plates were placed side by side, lengthwise. After
welding, l-in.-wide specimens were cut across the 6-in.-width dimension.
Weld specimens of type 30LL, 309SCb, end 347 stainless steel were pre-
pared at the same time, and it is conceivable that a number of the 2 in.-
wide strips could have become mixed prior to welding.

Sections for spectrographic analysis were therefore cut from portlons

of the weld specimen (D-38) that showed different degrees of attack.

The more heavily corroded section was shown to be niobium-bearing, indi-
cating the alloy to be type 309S5Cb or 347 stainless steel, Chromium

and nickel contents of the same section were, respectively, 18.1% and
10.2%; both results are within the composition ranges for type 347 stain-
less steel. The less severely attacked metal contained 22.8% chromium
and 14.6% nickel, which are within the specification ranges for type
309SCb stainless steel. Thus the observed rate of 63.5 mpy on the speci-.
. men was a composite rate for both types 309SCb and 347 stainless steel.
The rate would have been significantly higher had the weld specimen been
fabricated entirely from type 347 stainless steel, and appreciably lower
had the specimen been prepared exclusively from type 309SCb stainless
.Steel .

In view of the similarity of the companion specimen (test D-47 in

Fig. 22), it was concluded that a material mix-up had occurred also in
the preparation of this specimen., Both ends were attacked severely and
were therefore assumed to be type 347 stainless steel. The center por-
tion underwent less drastic attack, and it was assumed to be type 309SCb
stalnless steel. As shown in Fig. 22, a portion of the type.347 stain-
less steel end was missing as received from the pilot plant; the corro-
sion rate, determined by the weight-loss method, was placed in the
neighborhood of 150 mpy. '

The flat surfaces of the types 30LL end 347 stainless steel specimens
were subject ‘to mild intergranular attack which extended to a depth
between 3 and 5 mils. Numerous grains in both alloys were completely
encircled by the attack. Only a superficial grain-boundary attack was
observed on flat surfaces of the type 309SCb stainless steel. The
alloys were subject to edge~corrosion attack, the least severe of
which was experienced by the type 3%095Cb stalnless steel portions of
the specimens.

Knife—line corrosién attack was not observed on any of the wEld,speci-
mens, and in all cases, as shown in Figs. 21 and 22, the weld metal
appeared more resistant to attack than the base metal. '
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DISCUSSION OF RESULTS

A smmnary of the average corrosion rates for types 301+L and 309$Cb stain-
less steel, and in a few cases type 347 stainless steel, exposed in the
various. Thorex p:|.lot plant process vessels is given in ‘I‘a'ble 13, The
reported exposure periods include the tinme at operating temperature for
the particular process vessel, the time required for heating and cooling
process solution, and the t:Lme required to decontaminate the vessel. -

One consistent behavior exhibited by both types 304L and 309SCb stainless:
steel was that, in those process vessels where both solution- and vapor-

phase corrosion was examined; the attack in the vapor. phase was generally
about twice as intense as it was in the solution phase. This was the case

~ for the batch dissolver and feed adjustment tanks during the development

period and the batch dissolver tank during the productionsdevelopment periodo
Vapor-phase rates higher than solution-phase rates were, obtained alfg for
the feed. ad,]ustment tank during the production period of operation. )

the: present study; vapor-phase specimens were not. exposed in the A-column
feed tank or in the BTC catch tank. However, since the operating tempera-
ture for both tanks was not above 60°C and since solution-exposed specimens
corroded ‘at rates less than 0.1 mpy, it was believed that vapor-phase at-
tack would not be significant in the. two vessels.. There ‘was no solution-
phase. environment in the BT vapor separatoro _ .

The p{gient investigation as well as the prev:n.ous one for the Thorex pilot
plant disclosed that of the vessels containing corrosion specimens,
substantial attack was encountered in the batch dissolver tank, the feed

ad justment tank, and the BT vapor sepa.r*a.tm:"° Figure 23 presents & graph-

of the maximum corrosion rates of specimens in the three vessels during '
the production, ‘development, ‘end the combined production-development periods
of operation (December 15, 195# to September 13, 1956). In most cases,

the meximum generalized corrosion rate occurred during the development ‘
pericd. Generally, the corrosion rates for both types 304 and 309$C‘b
stainless steel exposed in the solution ‘phase in the batch dissolver tank
and in the feed adgustment tank decreased slightly with increased -exposure
time, The meximumm rate observed was about L7 mpy for type '309SCb stainless
steel in the feed a.d,,]ustment tank during the development period. In the
same two process vessels, vapor-phase corrosion attack increased with. in-
creased exposure time. Again, the highest corrosion rates occurred during
the development period in the feed adjustment tank. Maximm rates of 100
and 85 mpy were obtained, respect:.vely, on types 30hL and 309$Cb sta.:.nless
steel specimens. :

In the third process vessel experiencing aggressive cozrosion a.ttack, the
BT vapor separator, the vaporaphase corrosion rates for both types 304L and
347 stainless steel increased with increased exposure time. .The maximum
rate: for type 304L was 54 mpy during the development period and 150 mpy for
& specimen of type 347 welded to type 309S5Cb stainless steel during the :

- combined production-development periocd.




 Table 13.

.Sumary of Corrosion Rates for Types 30hL and 309SCh Stainless Steel Exposed in
ORNL ‘Thorex Process Pilot Plant from December 17, 1954, to September 13, 1956

" Period

Corrosion Rate (mpy)

Development

Operating .. Exposure
of Process Vessel Temperature igi:;?ﬁg Tlme(a)
Operation (°c) . (hr) 30LL 309SCb
Development Batch dissolvervtamk 110-115 Solution 2706 31.8 i 0.9 15.0 + 1.6
‘ Vapor 2706 k0.3 + 1.5 349 + 1.9
Development'®)  Feed sdjustment temk  110-115 Solution 2609 (c) Wl.h + 4.8
B | | Vepor 2609  97.5+25 - 85
Development BT vapor seperator 115 Vapor 5788 5&;5 25.4 + h.7(d)
Development A~colum feed tank 30-60 Solution 7307 <0.1 <D.l(d)
_Development BTC catch tank 15-30 - Solution 5135 <0.l L <D°l(d)
Production= Batch dissolver tank 110-115 Solution. 3340 25.4 + 2.4 16.4 + 0.2
Development . Vapor 3340 5347 + 0.5 41.8 + 1.9
Production= BT vapor separator 115 Vapor 6698 '30;1 107 + h3(e)

(a) Holding time for process solution at room temperature not con51dered as part of actlve exposure period

(b) Data are for last half only of development perlod.

(c) Specimens lost from support rod in tank.

(4) Reported rates are for type 347 stainless steel.

(e) Represents a composite rate for types 309SCb and 347 stainless steel.
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In genera.l, attack on flat surfaces of specimens of the. three stainless : v
alloys, types 304L, 3095Cb, and 347, was uniform, although a mild form of L
intergranular attack occurred in a number of the more corrosive environ-

ments. The deepest observed penetration was 6 mils, which occurred on

type 30UL stainless steel exposed in the BT vapor separator. Edge cor-

rosion was pronounced on all alloys in environments producing corrosion

rates of 25 mpy and greater. It has been reported previously, based upon

the results of laboratory tests with s simulated Thorex process solution,

that the attack resulting from edge corrosion did not contﬁ‘s)ute significantly

to the total attack observed on stainless steel specimens.

Another form of localized corrosion-observed on a number of test specimens
was preferential attack in the heat-affected zone near welds. This type of
attack was not observed consistently om all weld specimens of the three
stainless alloys. The intensity of the attack varied, with maximum pene-
tration up to 25 mils.

Corrosion attack in other process vessels was negligible. Types 304L and
347 stainless steel corroded at rates less than 0.l mpy during periods in
excess of 5000 hr in both the A-column _f‘eed. tank and the BTC catch tank.

A meximm tolerable rate of 25 mpy W been tentatively set for process
“vessels in the Thorex pilot plant. ( As shown by the results from the
present investigation, areas exist-in the pilot plant where this value is
exceeded by factors ranging from slightly less than two to four.

From the available corrosion data, it is possible to estimate the service

life of the process vessels in which substantial corrosion attack was en- 2
countered. Such information is shown in Teble 14 in the form of half-life
service; i.e., the useful service life is based upon one-helf of the wall
thickness of the respective vessels. The half-life times are based upon

the maximum observed corrosion rates (uniform corrosion) for specimens of

the seme alloy type as the tank material plus the penetration due to localized
forms of corrosion attack on the specimens. The half-life values are based
upon & full-time operating schedule for the pilet plant. The maximum cor-
~rosion rates used to detemmine service life times occurred in the vapor phase
of each of the three process vessels. : /

‘Both the 'ba.tch dissolver tank a.nd the feed a,djusment tank have an estimated

half-1life of 2.5 years of contimuous operation.- The projected full service

life of 1.2 years for the BT vapor separator was based upon the severe

attack on the type 347 stainless steel specimens. The wall of the separator

is fabricated from this alloy type. The full service life based upon the

ty;é:e 3041, stainless steel top and bottom dished heads was estn.mated to be -
1. years.




Table 1k,

‘Estimated Half-Life Times for Process Vessel i.n Thorex Pilot ,:Plant( a)
Well ‘Operating  Msximum Penetration (mils) Half-Life
Vessel Ma.terial Thickness Tlme(b) e - ‘ . ~—
(mlls) (hr) Uniform ILocalized Total (hr)  (yr)
Batch dissolver: 30930’0 375 3340 17 o 12(c-), 29 21‘,640 2‘.5
Feed adjustment | 3095Chb 500 2609 25 5(‘1) 30 21;730 2.5
tank . ' :
BT vepor 304L.- 188 5788 36 62?% Lo 13,960( ) 1_,6( )
6698 115 5 120 10,495'8/ 1,0'8

separator -~ 347 188

(a) Based upon vapor-phase exposure where

(b) Actual operating time at temperatures above room temperature.

(c) Preferential weld metal corrosion. .-

(d) Knife-line attack. '

(e) Preferentlal weld metal corrosion a.nd 1ntergra.nula.r attack.,

(£) Intergranular corros1on a.t'back.

most severe attack was encountered.

(g) Ba.sed upon entlre Wall thickness ‘of - 188 mlls.

= L=
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In view of the fact that the maximm desirable rate of 25 mpy is being
exceeded, substantially in some cases, in the batch dissolver tank, the
feed edjustment tank, emnd the BT vapor separator, it appears that the
possibility of using other materials of comstruction for the Thorex .
pilot plant should be considered. Titanium, for exemple, may be at-
tractive from a corrosion-resista‘ntg)vi,evipoint. Some preliminary studies
by the Battelle Memorial TInstitute! have indicaeted that titanium looks
promising in e Thorex dissolving solution containing aluminum to complex
the fluoride catalytic agent. If the tests continue to show favorable
behavior, titanium specimens should be placed in various process vessels
of the Thorex pilot plant to evaluate its corrosion resistance to the
process solutions. ' '
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