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1, A.BSTRACT 

Em corrosion behavior of types 304L and 309SCb stainless steel  w a s  examined 
d'ming the production and f irst  half of the develoGment periods of Thorex 
p i l o t  plant operation between December 15, 1954, and November 10, 1955. The 
process vessels i n  which corrosion &ta were obtained included the batch a s -  
solver tank, -the feed adjustment tank, the A9 catch tank, and the  BT vapor 
separator, There was no significant difference between the corrosion resist- 
ance of the  two  alloys i n  any of the  environments. 
attack i n  some vessels was more severe than solution-phase at tack i n  the same 
vessels, Dependent upon the par t icular  process environmen%, corrosion rates 
i n  the  vapor phase ranged from 0.1 t o  46 mpy; solution-phase corrosion rates 
ranged from 0.1 t o  28 mpy. 
phases occurred i n  the feed adjustment tank. There was serious corrosion i n  
the  BT vapor separator also, Corrosion vas moderate (8 q y  o r  less)  i n  the 
batch dissolver tank and w a s  almost negligible (0,2 mpy or  less) i n  the  A2 
catch tank, The at tack on ro l led  surfaces of both types of staznless steel  
was Uniform, with the exception tha t  shallow, intergranular penetration was 
experienced i n  the more corrosive environments. 
intense i n  the  la t ter  environments a l so  and introduced some question as t o  
the  val idi ty  of corrosion rates based upon t o t a l  attack on specimens, 
of the alloys,  i n i t i a l l y  stressed a t  35,000 psi,  experienced stress-corrosion 
maeking i n  any of the environments, nor was there any evidence of a stress- 
inCiuced acceleration i n  the  r a t e s  of attack. 
underwent preferen t ia l  a t tack a t  the weld-parent metal interface i n  a number 
of the environments; the  frequency of the at tack was random i n  nature, however. 
Meither alloy was  subject t o  crevice corrosion nor was accelerated corrosion 
a t  solution-vapor interfaces  observed. 

Vapor-phase corrosion 

The most severe attack i n  both solution and vapor 

Edge-surface at tack was 

Neither 

Weld specimens of both alloys 

The Thorex p i l o t  plant  vas constructed f o r  the  purpose of separatgng and de- 
contaminating thorium, uranim-233, and protactinim-233 i n  neutron-irradiated 
thorium metal. Nit r ic  acid i s  used t o  dissolve thorium metal. The separa- 
%ions are made by  a solvent extraction process using t r i -n-butyl  phosphate 
a s  %he extractant,  and aluminum n i t r a t e  and n i t r i c  acid a6 the  aqueous salt- 
ing agents. Uranium-233 is eventually isolated by an ion exchange process. 

The current Thorex process flowsheet includes four major operational features:  

(a} thorium metal dissolution and feed preparation, 

(b) separation of thorium-232 and uranium-233 from protactinium-233 
and associated f i s s ion  products by extraction Wth  tri-n-butyl 
phosphate solvent, 

( c )  part i t ioning of thorium-232 and uranium-233 with subsequent 
i so la t ion  of t he  two products, and 

(a) solvent recovery. 
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The Corrosion Program. 
ORNE Thorex p i l o t  plant were started i n  June 1953. 
arations were begun on a corrosion-test progr 
in various process vessels i n  -the p i l o t  plant 
corrosion-test program was predicated b y  the need f o r  information on the 
corrosion behavior of stabless alloys duping operation of t he  chemical 
separation and recovery plant. Such fnfamation w a s  necessary t o  assist 
i n  t k m  fi-~ture selection of construction materiels for  a large-scale thorium 
processing plant.  

!The design and the preliminary construction of the 

or inser t ion of specimens 
Simultaneously, prep- 

The decision for  a 

The choice of types of s ta in less  steel fo r  exposure i n  the pilot plant was 
based upon Yne resu l t s  of unpublished laboratosy t e s t s ,  Among =the various 
metals and a l l o y s  examined, types 3042 and 3 0 9 s ~ ~  s ta in less  s t e e l  were two 
o f  the sore a t t r ac t ive  alloys MiaL offered promise corrosion-wise as con- 
s t ruct ion materials e 

although its corrosion resistance w a s  less stl.t;isfactory than tha t  o f  the  
other t w o  alloys; i n  mast. of the laboratory environments. 

Ty~e 347 stainless s t e e l  warranted some eonsdderation, 

The present report i s  concerned Mth the corrosion program that was con- 
ducted during the production period and the f irst  ha1.f o f  the development 
period of operation of the  Thorex pil.ot, plant,. As the n m e  implies, the 
productioii period (Decw&mr 15, 1954, t o  March 4, 1955) deal% with the 
separa%ian and risclation of uranim-233 as the prkmmy objective. The 
developmej$ period (March 4 t o  November 18, 1955) emphasizes s$udies of 
the process although uranium-233 separation continued. The resCL%s of 
t e a t s  conducted awing  the second half  of the devel9pmen.t periad w i l l  be 
discussed i n  a future report. 

Complete de t a i l s  of %be e r r o  ion program for the Taorcx p i l o t  plant have 
been described elsewhere e 

 condition.^ and exposixe times f o r  specimens 
of p i l o t  plant operation has been reported. 
Il istary,  design, development, construction, and op rati n of the p i l o t  

28 A detailed- description of the en.arironmenf;al 
the above two phases 

Info-rmation on the 

plant  has been included i n  numerous other reports. f 5  -IS? 

3.1 Description of Corrosiog Spee;ianens. 
type of stress assanblytl2tL5I was selected Par %he corrosion speci- 
mens, The assembly consisted of (1) a speeimen under applied stress, 
(2) a fulcrum used as a control specimen, and ( 3 )  a welded base plate .  
A u x i l i a r y  components included two sets of studs and nuts for  applying 
the desired stress. A l l  components i n  an assembly were machined from 
t he  s m e  type of stainless steel t o  eliminate the possibi l i ty  of 
galvanic corrosion. 

A simple-beam constant-strain 

A nonwelded base plate  i s  generally used l a  %he conventional simple- 
beam assembly. However, welds were incovqporated i n  the base plates 
of the p i l o t  plant  stress asseablies t o  pernit  exau9iaat;ian of weld- 
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corrosion behavior, ”wo transverse velds were made across each base 
plate;  the roots of the w e l d s  were rotated 180 degrees from each other 
along the  longbtudinal axis of the base plate .  
p l a t e  T ~ S  machined Lo remove excess weld-netal. deposit; the opposite 
face was left in the as-welded condition. 

One face of each base 

!The materials used i n  fabrication of the assemblies were 1/8-in.-%hick 
she& f o r  the stress specimen, 3/8-in.-”i;’nick pla%e f o r  the base plate ,  
3/8-in,-dia. rod for the f u l c i w  and i l U t S ,  and 1/4-in.-dia. rod for  the 
studs. 
was 5/16 x 7/8 x 4 1/2 in.; and the fulcrum was 3/8 in. i n  diameter b y  
7/8 in .  long. 
imately 21.7 in, (lb em2), The individual areas f the s t r e s s  speci- 

cn2j, and 12.3 (79.4 cn2), respectively, Several. photographs of 
an assembled a t  appear in Fig. 1. 

Tbe stress specimen was  1/8 x 5/8 x 3 1/2 in.; the base plate  

tutal surface area of a complete assembly was approx- 

men fulcrum, and base pla te  were 5.4 in.2 (34.9 ern 8 ), 1.3 bne2 (8.1 

Uncoated type 3 0 8 ~  s ta in less  steel rod was used t o  make the Heliiarc 
welds i n  the type 304L base plates;  wcoated type 309SCb rod was used 
for the type 309SCb base plates, One base plate of type 347 s ta in less  
steel  used i n  the tests was Heliarc welded with wcoated t3pe 347 weld 
rod, and one was welded TJ-jf2.1 uncoated type 308L roci. 

Before stressing, aS3 components in an assembly wcre degreased i n  ace- 
tone and alcohol. 
dried a t  approxhately 1QO”C and weighed to the  nearest 0,l + 0.2 mg. 
The stress specimen was stressed t o  35,000 p s i  which w a s  app&xima.f;ely 
85% of the annealed yield strength of each a l l o y ,  The applied stress 
was measured wt%h the aid. o f  a s t r a i n  gage. 

The stress specimen, fulcrum, asla base p la t e  were 

Considerable labomtory experience with the sinple-betzm assembly at- 
tested to its adapt,abilit#y f o r  a pilot-plant type of corrosion invest- 
igation, 
corrosion cracking behavior, the assembly was a lso  suited for  weld 
and crevice eorrosion stucajes, 
solution-vapor i.nterface attack i n  the  va;-ious process vessels of the 
pi10-t plant ,  it was planned to make use of the s ta in less  steel  rods 
which supported the assemblies i n  the vessels. 

I n  acldition %‘$o affording a rileam f o r  evaluating stress- 

For a. qual i ta t ive e r a r i m t i o n  of 

A t o t a l  of 35 assemblies of the three stainless alloys w a s  prepared 
for exposure i n  the pilot plant.  
in %he solutZon and vapor ph&ses of the process vessels i s  shown in 
Table 1. 

The d2sf;ribution of the assenblies 
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5 n *  

(a) Top V iew of Assembled Stress Specimen 

(b) Side V iew 

UNCLASSIFIED 
PHOTO 1549-3 

? F :  

Fig. 1. Stainless Steel n Studies in Thorex 
Pilot Plant. 1.2X. 
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Table 1. Distribution of Stainless Steel Stress 
Assemblies in Thorex Pilot Plant 

Vessel Assembly No. of Assemblies 
Identity Material Solution Vapor Process Vessel 

Batch dissolver tank s -1 304L 1 1 
30933 1 1 

Feed adjustment tank s -2 304L 6 6 
309sc-b 6 6 

AP catch tank N - 2  304L 1 1 
309sc-b 1 1 

BT vapor separator P -2 304L 0 1 
347 0 2 

3.2 History of Test Materials. A summary of the size, source, and chemical 
composition of the stainless steels from which the specimens were fab- 
ricated appears in Table 2. 
composition l i m i t s  required by AIS1 specifications for types 304L, 
309SCb, and 347 stainless steel. 
is not included in Table 2 since these materials were not considered 
in the quantitative evaluation of corrosion damage. Certified chem- 
ical analyses of the stud and nut materials, however, showed them t o  
be within the required chemical composition limits for the respective 
alloys. 

A l l  materials were within the chemical 

Information on the studs and nuts 



Table 2. Material History of Stainless Steels Used 
for Fabrication of Stress Assemblies 

~ ~ _ _  

Composition ( w t  $1 
Specimen Fulcrum Plate  

&tierial Component Form Supplier Heat No. Element Stress Base Type 
~ 

304L Stress 1/8-in. Armco Steel  - C 0.02 0.02 0.02 
specimen sheet Company Mn 1.00 0.96 1.09 

N i  9.26 9.25 9.70 304L Base plate  3/8-in. Armco Steel  - 
P 0.023 0.025 0.023 
S 0.016 0.016 0.009 304L Fulcrum 3/8-in. - Armco Steel  - 

si 0.50 0.45 0.54 

p la te  COmPanY C r  18 59 18.80 18.40 

dla. bar Company 

309SCb Stress 1/8-in. Crucible S tee l  7999A3 C 0.06 
specimen sheet Company Mn 1.65 

si 0.60 

plate  Company C r  22.92 
C b  0.89 

309SCb Base plate  3/8-in. Crucible S tee l  79993 N i  14.01 

309SCb Fulcrum 3/8-in. - Crucible Seeel - P 0.011 
dia. bar Company S 0.015 

0.06 
1.65 
0.60 

0.89 
0.011 
0.015 

14.01 
22 92 

0.05 
0.58 

14.50 
23 -50 
0.83 

0.36 $ 

- 

347 Stress 1/8-in. Crucible Steel  623937 C 
specimen sheet Company Mu 

Si 
347 Base plate  3/8-in. Crucible Steel  K-6563 N i  

p la te  Company C r  
C b  + Ta 

347 Fulcrum 318-h . - Crucible Steel  623569 P 
dla. bar Company S 

0.06 
1.89 

10.32 
18.02 

0.025 
0 . 025 

0.64 

0.88 

0.07 
1.58 
0.61 
9.97 

18 59 
0.92 
0.013 
0.024 

0.05 
1.9 
0.64 

10.18 
18.20 
0.82 
0 . 021 
0.015 
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3.3 &xiling 65% HNO Test Results. Pr ior  t o  fabrication, specimens of the 
various alloy farms were subjected t o  the boiliilg 65$ IQUQ, tes t  i n  ac- 
co rance  -with the recomnen 
MTM designation ~ 2 6 2 - 5 5 ~ .  
cerned t o  a large extent with the  haizdling of nitric-acid-containlng 
process solutions, t he  use of the boiling 65% HNO t e s t  as a quality 
control t e s t  was cansiilered pertinent.  

pract ice  fo r  cori-osion-resigtant s t ee l s ,  
Since the 'il'horex p i l o t  p b n t  w a s  con- 

3 

The c r i t e r ion  used for acceptance o r  re ject ion of an aus ten i t ic  s t a in -  
less s t e e l  eqosed  t o  the n i t r i c  ac id  tes t  i s  an a rb i t r a r i l y  chosen 
m a x i m u m  penetration rate based upon observed weight losses on specimens 
dwing f ive  (generally) 48-hr immersion periods. The m a x i m u m  allowable 
rate, an average value f o r  the f ive  periods, may vary s l igh t ly  f o r  d i f -  
fe ren t  s t a in l e s s  steels, but for types 304L, 309SCb, and 347 s ta in less  
s t e e l  i n  a sensi t ized condition, the r a t e  i s  usually 2 mils/mo. (0.002 
in./mo.). 

Specimens were sensit ized pr ior  t o  t e s t  by heating 1 hr i n  a i r  a t  649°C 
(1200'F) followed by  cooling i n  a i r  t o  room temperature. 
materials except one exhibited average penetration r a t e s  of 2 mils/mo. 
or l e s s  af'ter f i ve  48-hr periods. The single  exception was the  3/0-in.- 
thick type 309SCb s ta in less  steel p la t e  used f o r  the welded base plates; 
the  average penetration r a t e  w a s  3 mils/mo. 
not great ly  i n  excess of the maximum allowable rate ,  plus  the  Pact that 
microscopic examination f a i l e d  t o  reveal any serious i n t e r p m i l a r  a t -  
tack, it was decided t o  use the material  for fabricat ion of the base 
plates. 

A l l  t e s t  

Inasmuch as the  r a t e  was  

3.4  Examination of Exposed Test Specimens. 
from the process vessels were scrubbed i n  soapy water t o  remove loosely 
adherent corrosion products and associated contmfllnation, The radio- 
ac t iv i ty  of most of the assemblies, measured 1 t o  2 in .  from the  surface, 
was 20 t o  80 m/hr  a,f%er scrubbing. 
about 600 mr/hr a t  the  same distance. 
activity observed was 3000 rm/hr. 

The stress asseiblies (1s removed 

Several of the assmblies measured 
The hlghest surface-contact 

The general  appearance of each assembly was noted, a f i e r  which it was  
dismantled. As-scrubbed weights were obtaijTed for %he stress specimen, 
f%lcrum, and base plate .  
75°C i n  inhibi ted 5% H2SO4 solution. 715P The defilming process was  re- 
peaked twice on each specimen. 
unexposed control  specimens of  the three alloys was a h o s t  negligible, 
amounting t o  a w e i g h t  loss of 0.03 rng/cm2. me specimens presented no 
handling hazard due t o  radioactivity after defilming. The defilmillg 
process (one of hydrogen discharge from a metal surface) effect ively 
redaced the  rad-ioactivity t o  5 m/hr or less, measwed a t  contact. 

These comp ne t s  were cathodically defilmed a t  

Attack by the defilming solut ion on 
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3.5 Determination of Corrosion Rates, The d e f i h e d  specimens were degrzased 
i n  acetone and alcohol, dr ied ,  and. weighed t s  the nearest C r . 1 - t  0.2 
mg/cm2. Corrosion rates were determined by the  conventional w&&t -Loss 
method e 

The total .  residence time for solution-phase specimens i n  the p i l o t  plank 
consisted of periods i n  which specimens were contacted by themal2.y hot 
process salutlons, periods i n  which specimens 'were contacted by process 
solutions st  room temperature, and periods Sn which specimens vere exgaeed 
t o  air i n  empty vessels. 
similar s ta in less  alloys i n  simulated Thor x FOCBSS solutions showed 
tha t  corrosion rates were less than l mpy,p16y the exposwee time for 
specimens contacted by  room-tenperature process solutions m s  no% eon- 
sidered 8s par t  of the  accmulated act ive exposwe tine i n  the p i l o t  
plant vessels that during usage operated at ele%.a,%ed t q a m t u r e s .  
wise> the t i m e  t ha t  specimens were contacteil b y  a i r  8% roon temperatwe 
was  not considered. Thus; the active exposuse time far  solution-phase 
specimens was r ea l i s t i ca l ly  r e s t r i c t ea  t o  %he period during which process 
solutions were above room temperature. 
catch tank which was  o p r a t e d  around &@Cy the  greater portion. of the 
active exposure t i m e  i n  the process vessels w a s  aecmUSed a t  %empera- 

period included the t i m e  required t o  heat the process solirbion t o  an 
elevated temperature, the  Lime required t o  cool the solu%ion to rdon 
temperature, and the  time required, far decantmination with hot chmieal 
solutions. The active vapor-phase exposwe periods were 'the sane as for 
the solution-phase specimens since atfack on vapor-exposed specimens by 
process solutions a t  room 'r,qerature m s  considered to be negligible, 

Since laboratory tesfx at roon temperatme with 

Like- 

With the exception sf  the AP 

t w e s  from 118 t o  155OC. me r m i d n g  portion aP an act-ive eqoswe 

Stress  assemblies were removed from %he batch diissolver tank, the fa& adJust-~ 
mer,-% tank, the AI? catch tank, and the vapor aeparatar for the Ba" evaporator 
tax& at the  completion of the production period. SrS,nos exposme Cmitions;: 
varied cansiderably i n  the  four process vessels, separate &Lseanseians w i l l  be 
presented for each vessel. 
thZs period has been reporte??17,18f 

ra t i  ral, infomation for the pi lo t  plant during 

The corrosion infomation presented i s  for  the most part sepresmttatlve of 
intermittent p i l o t  plant operation. The only process vessel operated an a 
continuous basis  during this period was the Ap catch tank, used fo r  colle@tion. 
and temporary storage of p ro tac t in i~ -con ta in ing  solution from the uranium- 
t h o r i m  extraction column. 

4.1 Batch Dissolver Tank 

Function and Description. 
solution of i r radiated aluminum-jacketed thorlwn. metal, 
4 1/2 ft i n  diameter wi=  a capacity of 550 gal. 
r i a l  was 3/8-ine-th,ick type 3OgScb s ta in less  steel. 
employed i n  fabrication. 

The batch dissolver tank was used for the dis- 
me ts& ~ m s  

m e  construction mete- 
Helitarc w&ding was 
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The nominal dissolving solution contained 13 MHNO wit'n 0.0375 M 
NaF,  0.0025 M Hg(N0 )*, and 0.04 Ad Al(NO ) 
sodium f luoride we& present t o  cFttalyze3tiG aluminum-nitric acid 
and the thorium-nitric acid dissolution reactions, respectively. 
The aluminum n i t r a t e  was added t o  complex the fluoride ion, thereby 
suppressing corrosion attack by  the dissolving solution on the  
s ta in less  s t e e l  vessel  used i n  room-temperature preparation and 
storage. Typical i n i t i a l  and f i n a l  solution compositions fo r  the  
batch dissolver tank are given i n  Table 3. 

Nezc&ic n i t r a t e  and 

Table 3. Ty-pical I n i t i a l  and Fina l  Solution 
Conpositions i n  Batch Dissolver Tank 

Constituent Concentration (M). 
I n i  t i a1 Final 

13.0 5 -0 
0 1.0 
0 .o& 0.37 
0.04 0 .or5 
0 .OO3 0 .OOl 

The dissolver tank operated a t  t he  boi l ing te rqera twe of t he  dis-  
solving solution, approximctely UO'C. me average time required 
f o r  a batch dissolution was 10 t o  12 hr .  \hen  suf f ic ien t  thorium 
was  dissolved, the  solution was cooled t o  40°C and j e t t e d  t o  the 
feed adjustment tank. 

During operation, excess n i t r i c  acid was added t o  the dissolver 
tank t o  expedite the  dissolution of highly s table  "blueqR thor'um 
oxide invariably present i n  neutron-irradiated t;'noriwn metal. t l g )  
The blue thorium oxide dissolu%ion was imperative f o r  two reasons: 
(1) it represented a poten t ia l  processing lo s s  of 0.6% i n  both 
thorium and associated uranium-233, and (2) because of i t s  high 
density and f ine  p a r t i c l e  size,  it could plug f i l t e r s  and small 
process equipment l i nes  i n  the  p i l o t  plant .  

Decomposition gases and vapors from the n i t r i c  ac id  dissolution 
w e r e  passed t o  a water-cooled shell-and-tube condenser. 
condensable gases were discharged t o  the atmosphere through a 
200-ft stack. 
s l igh t ly  under atmospheric. 

The non- 

The presswe i n  the  dissolver T ~ S  maintained 
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Operational R i s t o q .  
twelve runs were normal dissolutions with e i ther  nonirradiated or 
irradiated thorium metal; and three runs were with low thorium- 
containing n i t r i c  acid solution. O f  t h e  twelve noma1 runs, f ive  
were made with nonirradiated aluminum-jacketed thorium metal slugs 
using 10% metal heel and lo($ excess 13 M HNQ + Six of the remain- 
ing seven runs were made with aluminum-jacketea slugs; the  seventh 
run was made on undissolved thorium metal remaining i n  the dissolver 
tank. 
13 M E5!TO solution t o  remove the  pers is tent  metal heel. 

The concluding phase of operation was  the decontamination of *the 
vessel, Twenty decontamination passes were made with: (1) 30$ IF NO^, 
(2) IS;$ NaQB containing l$ oxalic acid, (3) 2Q$ NaOH containing 3$ 
t a r t a r i c  acid, and (4) 2% HNO -3% BF so1irt;ion. A decontamination 

speclmens) i n  the vessel  with the chemical reagents by means of a 
steam-operated j e t  spray system. 
between 1 and 3 hr; solution temperature of the  reagents ranged 
from 40 t o  95°C. Detai@j information on the  decontamination opera- 
t i on  has been reported. 

Fifteen runs were made i n  the dissolver tank; 

X t  was necessary t o  make three additional recovery runs with 

3 

pass consisted of flushing a l l  3 in te rna l  surfaces (and corrosion 

Contact time f o r  each pass varied 

Corrosion Data. A breakdown of the  exposure time for *t;'ne types 304L 
and 3OgSCb stainless steel stress assemblies exposed i n  the batch 
dissolver tank appears i n  Table 4. A s  discussed previously, the re- 
ported exposure times in Table 4 and following tables  are represent- 
a t ive  of' the periods only during which process solutions were above 
room temperature. The maximum gross beta-garmna ac t iv i ty  i n  process 
solutions handled by  the batch dissolver tank was 1 x l O l o  counts,/ 
mln/ml. 

The total act ive exposure t i m e  f o r  both solution- and vapor-exposed 
assemblies was 634 hr which included the  t i m e  with process solution 
a t  operating temperature, heating and cooling times, and the  t h e  
required for decon-tamination. Corrosion data for the individual 
specimens are given i n  Table 5. A s  mentioned earlier, the fulcrum 
i n  each assmh2y w a s  used as a control specimen for  conparison of' 
corrosion behavior with the weld and s t r e s s  specimens. 
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Table 4. Summary of Exposure History for Stainless  S tee l  
Stress Assemblies i n  Batch Dissolver Tank 

During Production Period 

Exposure Time (hr) 
Solution Vapor 

Total  residence time i n  tank 2190 292 
Five cold runs a t  110°C maximum 86 86 
Seven hot runs a t  llO°C maximum 128 128 
Three recovery runs a t  U Q 0 C  max3ma.n 350 350 
Holding t i m e  a t  room temperature 466 0 
Decontamination a t  k, t o  95°C 70 70 

Total act ive exposure time* 634 Q.3 

+e Holding t i m e  a t  room terqerature not considered i n  t o t a l  ac t ive  
exposure time. 



Table 5. Corrosion of Stainless  S tee l  Stress  Asseablies i n  
Batch Dissolver Tank During Production Period 

(a) Wt. Loss Penetration Specimen (%/Crn2) ( m i l 4  (Fey) Type of Attack Total 
Time (hr) Test Environment 

No. T m e  

D-16 304L Solution a t  
U O ~ C  max. 

D-65 309SCb Solution a t  
l1O0C mx. 

D-l5 304L Vapor a t  
ll0Y max. 

D-64 309SCb Vapor at 
UOOC max. 

634 Control 
Stress 
Weld 

634 Control 
Stress  
Weld 

10.9 
12.0 
12.1 

5.0 
3 07 
4.6 

4.2 
3 -8 
7.9 

3 94 
2.6 
3 90 

0.5 
0.6 
0.6 

0.2 
0.2 
0.2 

0.2 
0.2 
0.4 

0.2 
0.1 
0.1 

7.5 
8.3 
8.3 

3.5 
206 
3 . 1  

2.9 
2.6 
5 - 3  

2.3 
1,8 
2.0 

Uniform 
Uniform; no cracks 
Uniform 

Uniform 
Uniform; no cracks 
Unif o m  

Uniform 
Uniforro; no cracks 
Unif om 

Uniform 
Uniform; no cracks 
Unif om 

{a) Type of attack refers t o  f l a t  surfaces of specimens only. 

(b) Weld specimens of type 304L were Heliarc-welded with type 3 0 8 ~  rod. 

(c) Weld specimens of type 309SCb were Heliarc-welded with type 309SCb rod. 

i 
P io 

I 
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Discussion of Data. Before dismmtling, the s t r e s s  assemblies were 
carefully examined f o r  indications of cracking; no cracks were found 
on any of the solution- or vapor-phase s t r e s s  speciinens, 
i n  Table 5, there  was no acceleration i n  the rate of corrosion at tack 
on specimens as a r e su l t  of the applied s t ress .  
was observed on edge surfaces of a number of the specimens; t h i s  type 
of a t tack w i l l  hereinafter be re%e;.red- to as edge-corrosion (end-grain) 
attack. 

A s  shown 

Some localized attack 

Corrosion of Solution-Exposed Specimens. The average corrosion 
r a t e  of type 309SCb s ta in less  steel  during the 634 h r  w a s  3.1 + 
0.5 mpy as compared with 8.0 +- 0.4 mpy for type 3041; s ta in less -  
s t ee l .  The average r a t e  fo r  each alloy was determined from the 
individual r a t e s  for the s t r e s s  specimen, fulcrum, and w e l d  
specimen. Generally, there  w a s  not suff ic ient  var ia t ion i n  the 
corrosion behavior of the  three components t o  preclude the  use 
of such an average value. 

The nature of corrosion at tack on f la t  and edge surfaces of a 
stress specimen of each alloy i s  shown i n  the photomicrographs 
of Figs. 2 and 3. 
tack; some random shallow p i t t i n g  (less Ylan 1 r a i l  i n  depth) w a s  
observed on both al loys,  
corrosion. 
i n  Fig. 3 .  
diameter and of greater  frequency than those observed on type 
309SCb s ta in less  s tee l .  The m a x i m u m  penetra%ion by  p i t t i n g  for  
both a l loys  was 3 m i l s .  
plane p a r a l l e l  with the ro l l ing  dimctloii  of the  s t a in l e s s  s t e e l  
sheet as indicated i n  Fig. 3. 

F l a t  surfaces exkibiteed re la t ive ly  uniform at- 

There were 30 evidences of intergranular 
Both al loys were subject t o  edge corrosion as shown 
The p i t s  on type 304L s ta in less  steel were larger  i n  

The propagation of p i t s  occurred i n  a 

There was no unusual corrosion attack on weld specimens; examina- 
t i o n  of weld-parent metal interraces  showed complete freedom from 
p re fe ren t i a l  a t tack  i n  the  heat-affected zones. Visua l ly ,  the  
type 3 0 8 ~  weld metal exhibited more surfaxe Toughening than the  
parent metal, type 304L stain]!-ess s t ee l .  This behavior vas not 
apparent on the type 309SCb weld metal. 

No  crevice corrosion was found.  on areas of metal-to-metal contact 
i n  assemblies of e i ther  alloy. 
areas showed no difference i n  condri_tion from tha t  of t he  surround- 
ing surface. 

Microscopic examination of these 

A considerahle djfference i n  grain s i ze  of stress specimens of the 
two al loys w a s  evident as show1 i n  Fig. 2. The grain s i ze  of the 
type 304L stainless steel. was ASW No. 11- (calculated mean grain 
diameter of 4 mils). 
grain s i z e ,  ASTM No. 8 (calculated meam grain diameter o f  s l igh t ly  
under 1 mil).  

Type 3QgSCb s ta in less  steel had a much smaller 
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Type  304L Stainless Steel 
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w 
I- 
o 
r 

X 
0 
Lo- 
N 

Type 309SCB Stainless Steel 

Fig. 2. Surface Attack on Stress Specimens After 1 1  00 hr Exposure (634 hr 
a t  Elevated Temperatures) to Process Solution in Batch Dissolver Tank During 
Production Period. Etched in aqua regia. 250X. 
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Type 304L Stainless Steel 

. 

Type 309SCB Stainless Steel 

Fig. 3. Edge-Surface Attack on Stress Specimens After 1 1  00 hr Exposure (634 
hr a t  Elevated Temperatures) to Process Solution in Batch Dissolver Tank During 
Production Period. Etched in aqua regia. 250X. 
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"he general physical condition of assemblies upon removal from the 
dissolver tank w a s  qui te  satisfactory.  
evidence on a l l  specimens. 
were present; observed film weights, represented by  the  difference 
between as-scrubbed and defilmed weights, were 0,1 %/ern2 or less. 

Surface staining w a s  much i n  
No excessive mounts of corrosion films 

2) Corrosion of Vapor-Exposed Specimens. There was no s igaif icant  dif-  
ference i n  the corrosion behavior of the  two stainless. al loys exposed 
i n  the hot vapor ( l l O * C  max,) fu r  634 Type 304L s ta in less  steel 
corroded a t  an average rate of 3.6 + 1.7 mpy; the  average r a t e  f o r  type 
309SCb s ta in less  s t e e l  was 2.0 + 0.3 nrpy. The large deviation from 
the  average rate for the  type 364L w a s  caused by a corrosion rate of 
5.3 mpy for tne weld specimen. The control and stress specimens i n  
the assembly corroded a t  rates of 2.9 and 2.6 mpy, respectively. 
Surface at tack on s t r e s s  specimens of both alloys i s  shom i n  Fig. 4. 
Although some surface roughening did occur, the  at tack w a s  considered 
as being uniform. 
t o  t h a t  shown i n  Fig. 3 with p i t s  extending up t o  2 m i l s  i n  depth. 

Edge-surface attack on the  two alloys was similar 

The first of a number of cases of corrosion at tack peculiar t o  weld 
specimens exposed i n  the  F i lo t  plant was observed on a vapor-exposed 
specimen of type 304L stainless s t e e l  i n  the dissolver tank. The cor- 
rosion consisted of localized at tack i n  the heat-affected zone between 
the weld metal (type 3O8L) and the pareat metal, 
similar t o  k n i f e - l i  
of s ta in less  s tee l .  TZoy A photomicrograph showing the attack is  in- 
cluded i n  Fig. 5. 
although it appears t o  be LO m i l s  i n  t he  photomicrograph. 
extended the  fill width of the specimen along the  root weld on the 
as-welded face. 
the attacked region as is  cosmuonly found i n  knife-l ine corrosion. 
type 309SCb s ta in less  steelwe3G s2ecirnen did not exhibit  t h i s  type 
of select ive attack. 

The at tack w a s  very 
orrosion occasionally found i n  s tabi l ized grades 

Actually, the depth of penetration was about 5 mils 
The a t tack  

There was no evidence of intargranular corrasion i n  
The 

There w a s  no immediate explanatioil for the localized in t e r f ac i a l  a t -  
tack on the  type 304L s ta in less  steel. 
of 0.0% (Table 2), the alloy would be e q e c t e d  t o  be immune t o  carbide 
precipi ta t ion during welding. 
along the face weld i n  the  same spechen would suggest the welding 
operation as a cause rather  than some inhereat character is t ic  of the 
parent metal. 

but t h i s  mechanism would not be opesat%ve i n  uzlstablized grades of 
s ta in less  s tee l .  

WLth a reForted carbon content 

The fac% tha t  the  at tack was found only 

A meehanisin has been proposed for  knife-line at tack i n  
s tab i l ized  aus ten i t ic  stainless s t e e l  by Holzworth and eo-workers, (20) 

No crevice corrosion at tack w a s  found on specimens of e i ther  s ta in less  
alloy. 
during exposure was the  same as that of unconfined surfaces, 

The condition of surfaces contacted by other metal surfaces 
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Weld 

\ 

Fig. 5.  Preferential Corrosion Attack at  Weld-Parent Metal Interface on Type 
304L Stainless Steel Weld Specimen After 634 hr of Vapor Exposure in Batch 
Dissolver Tank During Production Period. Etched in aqua regia. 250X. 



-19- 

The as-rernoved condition of the assemblies w a s  l i t t l e  changed from 
the or ig ina l  appearance except Tor random dark-brown stains.  Cor.- 
rosion films were thin; observed fi lm weights were less tizan 0.3 
mg/cm*. 

(3) Solution-Vapor Interface Corrosiono Although it had been planned 
t o  use the stress assembly s ta in less  s t e e l  supper'; rods fa r  qual- 
i t a t i v e  evaluation o f  solutloq-vapor interface corrosion, i L  ms 
Tourid upon examination that the solution level i n  %he dissolver tank 
fluctuated so extensively “chat it w a s  impossible Lo detect any 
solution-vapor interface.  The surface6 of t%Le rods were etched 
i n  appearance, and %he attack appeared. unifonn, howevsr ., 

4,2 Feed Adjustment Tank 

Function and Description. 
ment were used t o  provide z. nj.lric acid-deficient feed solution for  the 
uranium-thorium solvent extraction process 
type 309SCb s ta in less  s t e e l  tank was 4 pt i n  diameter, w i t h  a t o t a l  
capacity of 450 gal. 

The feed ad2ustmen.t; tank and rruxiliary equip- 

The weldd ,  1/2-in e -thick 

Excess n i t r i c  ac id  i n  process so lu t ion  received from the dissolver tank. 
was first removed i n  the  feed ad-justment tank S y  an evaporation process 
at LL0”C 
and temperature conditions which promoted the formation of stable s i  
icas  that were not objectionable i n  the  subsequent e:ctractican cycle. 
The s i l i c a s ,  which or iginate  i n  +the aluminwa and thorium metals, also 
serve as carriers of inordi:i&te amozuits and levels of radiation. invalv-3 
ing sizoilar physical  hydrous species as p;-o%ac-ki.nim en4 fission product 
activities The n i t r i c  acid-deficizn-b alimi.nm and. k ? i o r i u m  nitrate solu- 
t i on  was t h m  digested a t  l ’ j O  t o  155°C t o  destroy Z;he t r i b u t y l  phoc;phatx! 
ex’csactable f rac t ions  of the ruthenium f i s s ion  p r o d ~ x t  After digestion, 
the solut ion was di luted with water “io the  corqosltion specified f a r  
feed sslsut;ion t o  the  thorium-uranlum e-xtraction colwm Typical I n i t i a l  
etnd f i n a l  solution compositions for  the feed adjustment -tank are shown 
in Table 6 .  

I n  a d a t i o n ,  the evaporation process also provided solution 

t;l, 
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Table 6. Typical 1nii;ial and Final  Solution 
Compositions i n  Feed Adjustment Tank 

Constituent Concentration (MI 
I n i t i a l  Final" 

5 -0 0.5* 
1.0 4 .Q 
0.37 1.6 
0.001 0.004 
0.015 0.047 

* Solution composition before di lut ion with water t o  
meet feed specifications for  extraction coluxnn. 

we Nit r ic  acid deficient.  

Operational History. 
i r radiated thorium metal were made. 
much the same f o r  both types of process solution. 
t i o n  cycles, the  i n i t i a l  n i t r i c  acid content of the condensed vapors 
leaving the tank was 1 M, 
value of 8 M H N O 3  as the  evaporation and. a g e s t i o n  processes continued. 

Fifteen runs with both i r rad ia ted  and non- 
The operation of t he  tank was 

During evapora- 

The concentration reached an equi1ibri.m 

The f i f t een  runs consisted of five runs with ncmirrezdiated metal, 
seven runs with i r rad ia ted  metal, and three recovery runsb Seven 
evaporations were made during the  t h e e  recovery ~ U L Z E ?  with solution 
tha t  contained relat ively l i t t l e  thorium. 'The temperatwe during 
the  recovery runs was 133°C. 

Decontamination a t  completion of the feed adjustment tar& operation 
w a s  similar t o  tha t  described fo r  the batch disaoivar tank. A t o t a l  
of ten  a l te rna te  passes with d i lu t e  n i t r i c  acid and alkaline oxalate 
or t a r t r a t e  solutions w a s  made a t  solution temperatures from 40 t a  95"~.  

Corsosim Data. 
semblies during feed adjustment tank  operation appears i n  Table 7. 

A summary of the exposure history for  the  stress as- 

The reported @Gosure hours, i n  addition t o  t i m e  a-t elevated tempera- 
tures (110 to l 5 T 0 C ) ,  include heating and cooling times for  the process 
solutions and also 20 hr fo r  decontamination with solutions, a t  40 ta  
95°C 
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Table 7. S u i - r y  of Exposure History f o r  Stainless  Steel 
Stress Assemblies %n Feed Adjustment Tank 

Dulrfng Production Period 

~ x p o a u r e  Time ( h r l  
Solution Vapor 

Total  residence time i n  tar& 

Five cold runs a t  155°C mix,  
Seven hot runs at; 155°C mx. 
Three recovery m s  at 133°C max. 
Holding time a t  room temperature 
Decontamination at 4.0 to 95°C 

1880 
_uI 

1880 - 
85 85 
188 100 
350 350 
625 0 
20 20 

Total ac t ive  exposure tine* z2 222 

* Holliing time a t  room tenrpera%urPe not considered i n  'cotzi active 
exposure t h e .  

Eight stress assephlies were remove& from the feed at3,Jljustmen-t tank, 
Duplicate s e t s  of types 3041, aiid 309SCb stainless steel were exposed 
to the solution and v a y x  phases. 
w i t h  the  eight assemblies were l e f t  i n  the tank fo r  ad&tioiial exposure 
time during the development period of operation which followed. 
summary af the  corrosion data for  the assemblies removed from the feed 
adjustment tank is given in Table 8, 

Other assemblies installed originally 

A 



Table 8. Corrosion of Stainless  S t e e l  Stress Assemblies i n  Feed 
Adjustment Tank dn-cing Production Period 

W t .  Loss Penetration Type of Attack (4 
Test No. m iype Environment Time (hr) Specimen (r:g/cm2) (mils) (mpy) 

Total  

D-19 

D-20 

D-68 

D-69 

D -17 

D-18 

D-66 

D-67 

3041, 

304L 

309SCb 

309SCb 

304L 

304L 

309SCb 

3 0 9 m  

Solxtion at 
155°C max. 

Solution at 
155°C rmx. 

Solution a t  
155°C max. 

Solutior- a t  
155°C max. 

Vapor a t  
155°C max. 

Vapor a t  
155°C 

Vapor a-t 
155°C 

Vapor a t  
155°C 

555 

555 

555 

555 

555 

555 

555 

555 

Control 

Weld sexem 
C ontr ol 
St re s s  
Weld 

C ontro 1 

Weld re 9 c" 1 
Control 
Stress 
Weld 

Control 
St re s s  
Weld 

C ontro 1 
St re s s  
Weld 

Control 
Stress  
Weld 

Controi 
St re s s  
Weld 

5.3 
5 92 
6.1 

5 .Q 
5.3 
6 .G 

4.5 
10.9 
8.5 

407 
9.2 
9.2 

24.4 
25 09 
26.8 

29.6 
28.5 
26.3 

34.0 
52.3 
46.3 

34.5 
54.7 
47.1 

0.3 
0.3 
0.3 

0.2 
0.3 
0 - 3  

0.2 
0.5 
0.4 

0.2 
0.4 
0.4 

1.2 
1-3  
1.3 

1.4 
1.4 
1.3 

1.7 
2.6 
2.3 

1.7 
2.7 
2.3 

4.0 
4 .0 
4.7 

4.0 
4.0 
4.7 

3.5 
8.5 
6.6 

3 -6 
7.2 
7 -2 

19.1 
20.2 
21.0 

23.2 
22.3 
20.6 

26,6 
40.9 
36.2 

27.0 
42.7 
36*9 

Unif o m  
Uniforn; no cracks 
Unif o m  

Wniform 
Uniform; no cracks 
Unif o m  

Unif om 
Uniform; no cracks 
Uniform 

Uniform 
Uniform; no cracks 
Unif om 

Mild acid-etch 
Mild acid-etch; no cracks 
Mild acid-etch 

Mild acid-etch 
Mild acid-etch; no cracks 
Mild acid-etch 

Mild acid-etch 
Severe acid-etch; no cracks 
Severe acid-etch 

Mild acid-etch 
Severe acid-etch; no cracks 
Severe acid-etch 

I 
Iu 
Iu 

(a) Tjrpe of a t tack r e fe r s  to f l a t  surfaces of specimens only. 
(b) Weld specinens of type 3O4L were Beliarc-welded with type 308~ rod. 
( e )  Weld specimens of type 309SCb were Heliarc-welded with type 309SCb rod. 



Discussion of Dzfca. 
blies exhibited any signs 02 crcacko p i o r  "Go d.5smr.nhling. 
film%ng, the  teision vmfecea wem m-s~e~d-ned  m3.erascopic-,ell-y; i10 
cracks were found. 
exposed assenSlSes wEts chezackzized. by mo%G1cd g l r q -  and brown-colored 
stairs and s l i p i t  surface rougheaing. 
0.1 and 0.2 mgi&ii2. 

none of t'ne stress sgecimeas i n  the eight assem- 
After de- 

Tkte eS-remcmd a p ~ e a s m c e  of sol~ti~n- and vapor- 

F i b  wei&ts var ied between 

Ivo signs of crevice co;-xd'.on %?ere obseswd. on any o f  the eon- 
pozrents in the four stress asaeablies. 
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. .+-. 
Type 304L Stainless Steel 

Fig. 6. Surface Attack on Stress Specimens After 1180 hr Exposure (555 hr at 
Elevated Temperatures) to Process Solution in Feed Adjustment Tank During 
Production Period. Etched in aqua regia. 25QX. 
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Fig, 7. Knife-Line Corrosion Attack on Type 309SCB Stainless Steel Weld 
Specimen After 1180 hr of Solution Exposure in Feed Adjustment Tank During 
Production Period. Etched in aqua regia. 250X. 
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Corrosion on f l a t  surfaces of stress specimens of: the two alloys 
was characterized by a m i l d ,  preferent ia l  grain-boundary attack; 
photomicrographs of transverse sections of tibe specimens appear 
i n  Fig. 8. 
it was less than 0.5 m i l  QPZ the type 309SCb stainless  s tee l ,  
a l loys  exhibited subs t an t id  surface roughening. 

The penetration on type 304L was 3. m i l  or  less, whereas 
Both 

!The severity of edge-corrosion attack an the alloys during the 
555-hr exposure i s  i l l u s t r a t ed  i n  Fig, 9. Basically, the  attack 
was intergranular, culminating in intense p i t t ing ,  Penetration 
by p i t t b g  was 12 mils or less i n  type 304L and 6 m i l s  or less 
i n  type 3OgSCb stainless steel. 

Knife-line corrosion attack was found i n  the heat-affected zones 
adjacent to welds on the as-welded face of one of the type 309SCb 
stainless s t e e l  weld specimens but not on the eompmion specben. 
The type 304L weld specimens were free from preferent ia l  attack 
i n  hea%-affected zones, The weld metal &posits - type 308~ i n  
304L stainless steel and type 309SCb i n  309SCb stainless  steel - 
exhibited a "grooving" type of attack, Based upon visual exami- 
nation, it; was concluded, however, that the over-all. at tack on 
the weld depositx was no more severe than on the rewect ive parent 
metals ., 

No erevice corrosion was found on m y  of the specimens. 

(3) Solution-Vapor Interface Corrosion, As 'was elrperienced i n  the  batch 
dissolver, the solution level i n  the feed adJustnent tank underwent 
such fluctuation t ha t  there was no in&ea%ion 09 a sharp solution- 
vapor interface on the types 30kL and 309SCb stainless steel rods 
usea t o  support the s t ress  assemblies, It was apparent, however, 
that  the  upper portions of the rads were corroded more than the 
lower (solution-exposed) portions, 
much rougher and darker ' i n  appearance. Several 1/8-in, -dia holes 
dr i l l ed  i n  the  vapor-exposed end of a type 304.L rod were e n k g e d  
t o  approximately l /4 in ,  due to corrosion attack. 
surfaces of the hQles were b a a y  pitted with p i t  growth occurring 
along a plane para l l e l  w i t h  the rol l ing direction. of the bar. 

The surfaces 02 the former were 

The in te r ior  

4.3 AP Catch Tank 

Function and Description. The AP catch tar& was used for  collection 
and temporary storage of t h e  aqueous prQts@tinium-contafninig process 
solution from the uranium-thorium e?xt,raetion column, 
position of the solution was 0.6 A4 Al(NO3)3 and 0.03 M lW0 
deficient) w i t h  t races  of protactinium m d  f i ss ion  product 2 . 
and fluoride ions were  usuezlly 9resen-k E E ~ S Q ,  

The mminal com- 

Mercuric 
(acid- 
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. .  
Type 3041 Stainless Steel 

Type 309SCB Stainless Steel 

Fig. 8. Surface Attack on Stress Specimens After 555 hr of  Vapor Exposure in 
Feed Adjustment Tank During Production Period. Etched in aqua regia. 250X. 
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Type 304L Stainless Steel 

Type 309SCB Stainless Steel 

Fig. 9. Edge-Surface Attack on Stress Specimens After 555 hr of Vapor 
Exposure in Feed Adjustment Tank During Production Period. Etched in 
aqua regia, 250X. 
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Table 9 shows the approximate chemical congosition of the solution 
i n  the AP catch lank. 
vas due t o  the following: phosp'mte was added to the scrub solution 
entering the uranium extraction column t o  a id  i n  the decontamination 
from protactinium, and iron, as ferrous sulfate ,  i m s  added to  the 
same scrub solution to prevent extraction of an oxidized chromium 
compound from s ta in less  s t e e l  equipment corrosion during the head-end 
treatment in the feed adjustment tank. 

Tlze presence of phosp'mte and ferrous ions 

Table 9. Approximate Chemical Composition of  Process 
Solution i n  AP Catch Tank 

Constituent Concentrat ion (M) 

0.6 

0.3" 

0.01 

0.02 

0,001 

0.002 

.1~m3 m g / d  

2.5 t o  3 * 0  

* Nitr ic  acid def ic ien t ,  

The solution from the extraction column flowed continuously into 
the catch tank, A f t e r  the tank vas f i l l e d ,  i f  chemical analysis 
shoved insignif icant  amounts of thorium-232 and uraaium-233 t o  be 
present, tine solution w a s  discharged t o  the X-10 area waste-disposal 
system. Solution t e q e r a t u r e  i n  the tank remained f a i r l y  constant 
a t  4OoC. The tank had a capacity o f  290 gal and vas of welded type 
309SCb s ta in less  s t e e l  construction. 

Operational History. 
tinuously during the production period. 
g m  a c t i v i t y  i n  the process solution handled by the tank vas 
1 x 10'0 counts/min/n-iL I 

A s  mentioned, the AP catch tank was used con- 
The maximum gross beta- 



Decontamination of %he tank consisted of treatment with eight a l t e r -  
nate passes of alkaline t a r t r a t e  and n i t r i c  acid solutions a t  tern- 
peratures between 20 and 8 0 " ~ .  

Corrosion Data, 
309SCb stainless  s t e e l  were removed from the  solution and vapor 
phases of the catch tank a f t e r  a 910-hr exposure which included 
10 hr  fox decontamination. 
i n  Table 10. 

Single stress assenblies of both types 304L and 

A summary of the corrosion data i s  given 

Discussion of Data, 
e i ther  alloy exposed t o  the soLution and vapor phases i n  the tank, 
The final appearance of specimens vas unchanged from the  or iginal  
appearance. A l l  surfaces were metallic and lustrous; there w a s  no 
visible film formation. 

No cracks were observed i n  s t ress  specimens of 

Corrosion of Solution-E-xposed Specimens. 
ra tes  fo r  both s ta inless  aaJ-oys, types 3OkL and 309S0.1, during 
the 910-hr solution exposure were s l ight ly  i n  excess of 0.1 mpy. 
The attack w a s  of a very l ight ,  uniform nature on both f la t  and 
edge surfaces of the specimens. There were no indications of 
preferent ia l  attack a t  welded areas nor were there any signs of 
crevice corrosion. 

The average corrosion 

(2) Corrosion of Vapor-mose2 Specimens. A s  was the case f o r  
solution-exposed specimens, the attack on the  vapor-phase speci- 
mens was extremely m i l d  during the 91Q-hr exposure. 
average corrosion rates for  both alloysvere s l i g h t l y  i n  excess 
of 0.1mpy. 
attack. 

Observed 

There were no evidences of localized corrosion 

4.4 BT Vapor Separator 

Function and Description, 
the BT evaporator system, was used t o  coricentra'ce thorium product 
from the uranium-thorium par t i t ion  column, 
containing stream from the column -ms passed to the  BT s t r ipper  where 
the last traces of organic solvent were renoved. 
passed t o  the BT evaporator systea consisting of a recirculation 
loop and a heat, exchanger. 
the  solution reboiler. 
condensed and disc3arged as hot waste. The condensate contained 
approximately 0.05 M EN0,. 

The separator consisted of a welded 2-ft-dia tank w i t h  a height of 
2 f t .  
type top and bottom heads weye type 304L stainless  s teel .  

The vapor segaratar tank, a component i n  

The aqueous thorium- 

!he stream then 

The vapor separator was located above 
The vapor gassing through the separator was 

5 

The body of the - t a d  was  type 34.7 stainless steel; the dished- 



TetSle 2.0. Corrosion of S t a i d e s s  Steel Stress Assemblies In&'  
Catch Tank during Production Period 

Q p e  of Attack wt. b s s  Penetration 
(W/@rn2I ( ~ 1 4  (mod Specimen Total 

Time (hr) Test Envirorment 
$To . Type 

B-23 

5-71 

D-22 

11-70 

Solution a t  
40°C 11lwx. 

Solution at 
40QC mx, 

Vapor a t  
40°C MOX, 

$10 Coatrol 

Weld StreK) 

Stress 
Control 
wera 

0 .ox 
0.01 
0.01 

0.02 
0.01 
0 .OL 

0 -02 
0.51 
0002 

0002 
0.01 
0,52 

0 e 0 5  
0,05 
0.10 

0.15 

0,li) 
0.05 

0.15 
0*05 
0.15 

0,15 
0,05 
0.15 

Light uniform 
Light uniform; no cracks 
Light Luniforn 

Light uniform 
Light uniform; no cracks 
Light unifom 

Light mif o m  
LriGht mifom; no cracks 
Light uniform 

Light unifom 
Light unifom; no cracks 
Light uniform 

t 
W 
5-' 
I 

(a) Weld specimens of type 304L were Heliarc-welded with type 308L rod. 

(1) Weld specimens of type 30gSCb were Heliarc-welded with type 309SCb rod. 
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Operational History. 
mostly a t  a temperature between 110 and 115°C. The accumulated t i m e  
consisted of (1) 410 hr with nonirradiated solmution, (2) 345 hr with 
i r radiated solution, (3) 145 hr  with recovery-run solution, and (4) 
10 hr  with decontamination solutions. The temperature of the  lat ter 
varied from 35 t o  9°C. The first 330 hr  of ogeration were made wlth 
no f luoride or mercury present i n  the process solution; the remaining 
570 h r  were made w%th solution containing approximately 0.004 M 
fluoride and small amounts of mercury, When fluoride w a s  present, 
the condensate from the separator usually contained about 3 ppm of 
fluoride. 
f o r  the BT evaporator system appear i n  Table 11. 

The vapor separator was i n  use f o r  910 hr,  

The nominal i n i t i a l  and f inal  process solution compositions 

Table ll. Nominal I n i t i a l  and Final Compositions of Process 
Solution i n  BT Evaporator System 

Constituent Concentration (M) 
I n i t i a l  Final  

o .025 2.0 
Trace 0.001 
0.2 1.5 
0 .OO4 0 .oog 

* Fluoride was present for 570 hr of the 900-hr operating 
period, 

The m 

plished b y  the  use of al ternate  passes with n i t r i c  acid and with 
alkal ine t a r t r a t e  solutions. 

hum gross beta-gamma ac t iv i ty  of the process solution was 
1 x 10 "i: counts/min/ml, Decontamination of t he  separator was accom- 

Corrosion Data. 
types 304L and 347 stainless steel, stress assemblies of the two 
alloys were exposed i n  the  vapor region, The corrosion data a re  sum- 
marized i n  Table 12 fo r  a single type 304L assembly and f o r  duplicate 
t y p e  347 assemblies. 

Since the vapor separator was fabricated from both 



Table 92. Corrosion of Stainless Steel  Stress Assemblies in €37 
Vapor Separator during Production Period 

W t  . Lass Penetration Type of Attack (4 
(mg/ci~) (mils) (Qfl Specimen Tota l  

I b  . 
13-24 304L Vapor a t  910 Control 2902 105 14.0 Moderate aci8-etch 

Stref% 22.3 1-1 19.7 Moderate acid-etch Weld 
14,2 0.7 6.8 Moderate acid-etch; no cracks 115% 1118~~ 

D-41 347 Vapx at  910 C ontr ol 4005 2.0 19,b Moderate acid-etch 
4,4 b2.0 Severe acid-etch; cracks 8 7 3  f a  85.3 4,3 42.8 Severe acid-etch Weld 

11yY! m:. 

(a) TSlpe of attack refers t o  fLat surfaces of spechens only, 

(b) Weld specimen of type 30h was Helfarc-welded w i t h  type 3O8L rod. 

(c) Specimen Heliarc-welded ti3.i;h type 347 rod, 

fd )  Specimen Beliarc-welded w2th type 308L rod. 
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Diacussion of Data. 
dismantling fo r  signs of' cracking; no cracks were found. 
were dark brawn as removed and were very grainy. Attack on type 347 
stainless s t e e l  appeared much m o r e  severe than on type 304L s ta in less  
steel c 

The assemblies were examined carefully before 
The surfaces 

The average &filmed corrosion r a t e  for type 30bL was Pound t o  be 10.5 

less s t e e l  was 33.2 + 13.8 mpy. 
indi-v3.dual coqonent; i n  a e  duplicate assemblies accounted f o r  the large 
deviation from the average corrosion rate fo r  type 347 stainless s tee l .  

3*7 my for  the  9lQ-hr exposure. The average rate fo r  type 347 s ta in-  
Poor agreement i n  rates among the  

Me",allogrtapfnic examination of the f la t  surfaces of the stress specimens 
showed the  at tack a s  an acid-etch type; photomicrographs of transverse 
sections appear i n  Fig. 10. !The attack was more pronounced on type 347 
s ta in less  s tee l ,  
the grain. boundaries was less than O,? m i l .  

I n  both alloys, however, the preferen t ia l  a t tack at  

Edge corrosion, typif ied by  intensive p i t t ing ,  was observed on both 
alloys. 
than type 304L s ta in less  steel, as shown by  the low-magnification 
photographs i n  Fig. 11. The maximurn p i t  depth on the former was 15 
mZls as compared with about 7 m i l s  on the type 304L, 
i n g  the p i t t ed  areas i n  the  type 347 s ta in less  steel exhibited some 
mild, intergranular corrosion. !This was not the case i n  type 304L, 
however. 

Type 347 s ta in less  steel was  m o r e  prone t o  t h i s  type of attack 

The metal surround- 

Knife-line corrosion attack occurred i n  the  heat-affected zones ad- 
Jacent t o  welds i n  both type 347 s ta in less  steel  specimens. 
example appears i n  Fig, 12, 
10 m i l s ,  
3S4L stainless steel weld specimen, 

A typical  
The degth of the attack w a s  approximately 

No weld-parent metal interface attack was found on the tyge 

The two types of weld deposits (308~ and 347) on type 347 stainless 
steel  were attacked severely, resulting i n  extreme surface rovg;t.mess 
and deep grooves. 
specimen, however, were atterckea uniforxll3.y acd appeared equal ly  as 
corrosion res i s tan t  as the parent metal, 

The type 308L deposits i n  the  3QhL stainless  steel 

-Localized corrosion attack i n  crevice areas was observed on the type 
347 s ta in less  s t e e l  weld specbens 
of nunerous 2- to 3-mil deep p i t s ,  occurred beneath the  fulcrum on 
which %he stress specimen w a s  mounted, 
contact on the specimens were not subject t o  crevice corrosion. 

The attack, consisting primarily 

Other areas of metal-to-metal 
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4 .  
li * .c ..I - , - * 

-em.-- ..- - - -  
Type 304L Stainless Steel 

Type 347 Stainless Steel 

Fig. 10. Surface Attack on Stress Specimens After 91 0 hr of Vapor Exposure 
in BT Vapor Separator During Production Period. Etched in aqua regia. 250X. 
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Type 304L Stainless Steel 
(Stress Specimen) 

Type 347 Stainless Steel 
(Base Plate) 

Fig. 11 , Edge-Surface Attack on Specimen After 91 0 hr of  Vapor Exposure 
in BT Vapor Separator During Production Period, 20X. 
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Fig. 12. Knife-Line Corrosion Attack on Welded Type 347 Stainless Steel 
Specimen (Type 347 Weld Metal )  After 910 hr of Exposure in ST Vapor 
Separator During Production Period. Etched in aqua regia. 250X. 
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5. CORROSION DURING DEvELx>pMENT PERIOD 

Following the  production period, the Thorex p i l o t  plant  entered the devel- 
opment period of operation. Stress assemblies were placed i n  the  feed ad- 
justment tank a t  the start of the developent period and were removed mid- 
way %hrough the operation. 
and Hovember 10, 1955. Based upon the corrosion data obtained during the 
production period, the fee& adjustment tank was considered t o  be one of 
the more serious corrosion enviromexbs associated w i t ? ?  the  p i l o t  plant 
Corrosion specimens i n  other vessels i n  the p i l o t  plant were not exmined 
during the  f irst  half of the  development period. 

The exposure period occurred between March 4 

5.1 Feed Adjustment Tank 

Function and Description. 
adjustxnent tank are discussed i n  Section 4.2. 

The function and description of the feed 

Operational H i s t o r y .  Twenty-two runs were made with solution from 
i r rad ia ted  metal aZssolution under operating conditions similar t o  
those described i n  Sec t ion  4.2, A nuniber of recovery runs with 0.8 
M Th(N03)4 solution tha t  previously had been Trocessed i n  the p i l o t  
plant  followed these runsI Nitr ic  acid and alwdnum n i t r a t e  were 
present i n  the  recovery-r?un solution also. 

After the recovery runs, a number of concentration runs s t a r t i ng  with 
0.4 M " h ( N 0  )4 and 0.3 M "yrs03 solution were made. The solution vas 
boiled unt i  I the desired "corium concentration (-4 Id) was obtained. 
Fluoride and mercury were not pl-esea-k i n  this solution. 
these ions were present i n  the dissolver and recovery-run solutions. 
The nominal i n i t i a l  and f i n a l  ckenri:al conpositt,ons of process s o b -  
bion i n  the feed adjustmeat tank were si..miIEtr t o  those i n  Table 6 for  
the production period. 

However, 

The tank was decontminated ?d-t%l a l te rna te  psses  of 30$ HN03 and 
20$ NaOH-% sodim tartrate solutions a t  tlze completion of operation, 
The m i m u m  solution tempereture WES 8 5 X  

Corrosion Data, 
s ta in less  steel stress assemblies was 4701 hr ,  
hr  (including 54 hr f o r  decontamination) were accumulated a t  tempera- 
tures not i n  excess of Yj'j"C, 
activesexposure time f o r  reasons discussed previously. 
the act ive exposure period f o r  vapor-e,qosed asserrniblies was  2142 hr, 
The holding t i m e  a t  room temperatuxe vhich was not considered i n  
determination of corrosion r a t e s  w a s  2559 hr. 
exposure his tory i s  given i n  Table 13. 

The t o t a l  coatact hLrae by process solutions on t h e  
O f  t h i s  t o t a l ,  2142 

The 2142-3Llr period was taken as the  
Similarly, 

A summary of the 
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Table 13. Summary of Elcposure History for Stainless  Steel 
Stress Assemblies 13 Feed Adjustment Tank 
Dwring Firs t  H a l f  of Development Period 

Exposure Time (hr) 
Solution Vapor 

Total  residence t i m e  i n  tank 227.5 m 
Twenty-tvo hot ~ili?s a t  155°C ma. 1230 1230 
Recovery runs a t  133°C mix. 858 858 
Holding t i m e  a t  room tq .*  2559 0 
Decontamination a t  65 to 85°C 54 54 

2142 
_I_ 

2142 - Total ac t ive  exposure time* 

* Includes 2igg in? x i th  &fsso?-ver an6 recoT~ery solutions 
and $4 h r  wi%h decomtmina-kian solutions. 

x-#- Holding time a t  room temperature not considered i n  t a t a l  
act ive exposure time. 

Corrosion data f o r  the duFlicnte wssmblies of types 304L and 304SCb 
s t a in l e s s  s t e e l  exposed. i n  the solution and vapor pheses of the feed 
adjustment tank are shown i n  Table 14. The m a x i m u m  gross beta-gamma 
ac t iv i ty  of process solution handled i n  the  tank during the develop- 
ment period ~ m s  4 t o  5 x 1010 counts/min/ml, 



Table 14. Corrosion of S t a in l e s s  S t e e l  S t r e s s  Assexr5lies i n  Feed AdjustEent 
Tar& d w i n g  F i r s t  Balf of Developmezt Per iod 

\It. Loss Penet ra t ion  
No. Type Specinen (mg/cm2j ( m i l s f  (mpy) 

Total  
Time (hr)  Test Environment Type of Attack ( a>  

D-30 

11-31 

n-85 

D-86 

D-28 

D -29 

u-74 

D-84 

Solution a t  
155°C max. 

Solution a t  
155°C mar.. 

Solut ion a t  
155°C rflax. 

Solution a t  
155°C max. 

V q o r  a t  
155°C max. 

Vapor a t  
155°C max. 

Vapor a t  
155°C max. 

Vapor a t  
1 5 5 " ~  m x .  

2142 

2142 

2142 

2142 ( e >  

2142 

2142 

2142 

Control 
S t r e - s  

Control 
S t r e s s  
Weld 

Control 

Welcirc 

T:g73 
Control 
S t r e s s  
Weld 

Controi 
Strcss 
Weld 

Control 
S t r e s s  
Weld 

Control 
S t r e s s  
Weld 

Controi 
S t r e s s  
Weld 

112.0 
8a .2 

97.7 
105.5 
83.3 
96.0 

133.9 
122.1 

- 

94.5 
1.37.6 
i27.1 

138.5 
177.2 
176.4 

- 
126.2 
116.2 

200.6 
212.6 
210.4 

- 
189 5 
173.4 

5.5 4.4 
4.8 
5 *2  
4.1 
4.7 

6.6 
- 

6.@ 

4.7 
6.8 
6.3 

6.9 
8.8 
8.7 

.. 
6.2 
5 -8 

3.9 
10.5 
10.4 

- 
9.4 
8.6 

22.6 
17.8 
19.7 
21.3 
16.9 
19.3 

27.0 
24.. 6 

19.1 
27.9 
25.7 

26.0 
35.8 
35 96 

- 

- 
25 05 
23 05 

4c.5 

42.5 
43.0 

- 
3803 
35 *O 

Severe acid-etch 
Severe acid-etch; no cracks 
Severe acid-etch 

Severe acid-etch 
Severe acid-etch; no cracks 
Severe acid-etch 

Specimen l o s t  
Severe acid-ekch; no cracks 
Severe acid-etch; kn i fe -  

l i n e  a t t ack  
Severe acid-etch 
Severe acid-etch; no cracks 
Severe acid-etch; kn i fe -  

Severe acid-etch ir 
Severe acid-etch; no cracks 7 
Severe acid-etch; welu-parent 

metal i n t e r f a c e  a t t ack  
Specimen lost 
Severe acid-etch; no cracks 
Severe ac i d-etch; weld-parent 

metal i n t e r f a c e  a t t a c k  

Severe acid-etch 
Severe acid-etch; no cracks 
Severe acid-etch; kn i fe - l ine  

Specimen l o s t  
Severe acid-etch; 30 cracks 
Severe acid-etch; kn i f e - l i ne  

l i n e  a t t ack  
I 

a t t a c k  

a t t a c k  

(a) Type of a t tack  r e f e r s  t o  f l a t  surfaces  of specimens only.  
(b) Solution-exposure time includes 765 hr f o r  heat ing and cooling and 54 hr f o r  decontaiaination. 
(c) Wela specimens of zype 304; were Zeliarc-welded with type 3O8L rod. 
(8) Weld specimens of 5ype 309SC~ vere IIeliurc-welded with type 309SCb rod. 
(e>  Vapor-exposure t i n e  incLCes 765 YY i n  wkich process so lu t ions  were k-eated and cooled and 54 h r  for 

decoritaniination. 



None of Ync specjslens of &t.&er r~3.l~~ gave erL&enee of crevice 
comosion. 
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Type 304L Stainless Steel 

Type 309SCB Stainless Steel 

Fig. 13. Surface Attack on Stress Specimens After 4701 hr Exposure (2142 hr 
a t  Elevated Temperatures) to Process Solution in Feed Adjustment Tank During 
Production Period. Etched in aqua regia. 250X. 
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Type 3041 Stainless Steel 

Type 309SCB Stainless Steel 

Fig. 14. Appearance of Weld-Parent Metal  Interface on Machined Face of Weld 
Specimens After 4701 hr Exposure (2142 hr a t  Elevated Temperatures) to Process 
Solution in Feed Adjustment Tank During Development Peribd. 
20x. 

Etched in aqua regia. 
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Exposure Time (hr) 
Solution Vapor 

Total residexe t h e  In 

T o t a l  act ive exgosure "I;@ 



Table 16. Corrosion of' Stainless Steel  Stress Assemblies i n  Feed Adjustment 
Tank During Production-Development Period 

Test Alloy 
No. Type 

Specimen Total 
Time (hr)  Environment 

D-8 3 0 4 ~  

D-9 3ObL 

D-60 309SCb 

Solution a t  
155°C max. 

Control 
Stre  s 
WeldPC) 
Control 
Stress 
Weld 
Control 
StreBs 
Weld\ d) 

125 .8 
97.4 

115,2 

103.1 
118.0 

124.9 

6.2 
4.8 
5.6 
6.1 
5 00 
5.8 

6.5 
7.4 
7.1 

20.1 
15.5 
18.3 
19.8 
16.3 
18.7 
21.1 
25.7 
23.1 

Severe acid-etch 
Severe acid-etch; no cracks 
Severe acid-etch 
Severe acid-etch 
Severe acid-etch; no cracks 
Severe acid-etch 
Severe acid-etch 
Severe acid-etch; no cracks 
Severe acid-etch; knife-line 

Severe acid-etch 
Se-rere acid-etch; no cracks 
Severe acid-etch; knife-line 

Specimen l o s t  
Mild intergranular; no cracks 
Mild intergranular 
Specimen l o s t  
Mild intergranular; no cracks 
Mild intergranular 

attack 

at tack 

Solution a t  
1 5 5 " ~  max. 

Solution a t  
155"c m a .  

133*2 
161.7 

D-61 309SC'b Solu-Lion a t  
155°C max. 

Control 
Stress 
weia 

133.5 
166.1 
146.7 

6.6 
8.1 
7.2 

21.4 
26.4 
23.3 

D-6 304L 

D-7 304L 

Vapor a t  
155°C mx. 

Control 
Stress 
Weld 
Control 
Stress 
Weld 

- 
233.3 
255.6 

223.7 
231.7 

- 

- 
11.5 
12.6 

- 
37.4 
41.0 

Vapor a t  
155"c max. 

- 
11.0 
11.4 

- 
35 -8 
37.1 

D-58 309SCb Vapor a t  
155°C m. 

Control 
Stress 
Weld 

Specimen l o s t  
Severe acid-etch; no cracks 
Severe acid-etch; knife-line 

Specimen l o s t  
Severe acid-etch; no cracks 
Severe acid-etch; knife-line 

at tack 

attack 

- 
14.1 
13 -7 

- 
45.8 
44.4 

D-59 309Sm Vapor a t  
155°C max. 

2697 Control 
Stress 
Weld 

- 
286.5 
277 9 3 

- 
14.1 
13.7 

- 
45.8 
44.4 

- ~~~ - 

(a) Type of attack refers  t o  f l a t  surfaces of specimens only. 
(b) Sol.&ion-e.xposure time includes 800 h r  for heating and cooling and 74 hr f o r  decontamination. 
(c) Weld specimens of type 304L were Heliarc-welded with type 3 0 8 ~  rod. 
d) Weld specimens of type 309SCb were Heliarc-welded with type 309SCb rod. 
e) Vapor-exposure t i ne  includes 800 hr i n  which process solutions were heated and cooled 74 hr for 

decontamination. 
t 

, , 
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DiEcussion of Data. 
sta , inless  steel. were removed :?ram the  solution and vapor phases o f  
the feed adJustment t ank .  Duplicate assemblies of eech alloy were 
exposed i n  each phase. Excessive corrosion attack on the four vapor- 
exposed essemblies resulted i n  corplete relieving of the i n i t i a l l y  
applied stress of 35,000 p s i .  
intact, but the magnitude of the stress remaining on the  specimens 
vas estivated 1,5sm,lJ-y t o  be apprzciably be%o~s the i n i t i a l  stress of 
35,000 psi. ExmFnation of the stress specbeas disclosed no crack- 
ing i n  either al loy.  

Eight stress assemblies of types 304L and 309SCb 

The solution-exposed assemblies were 

'.The physical cronditlon of tine nssem'sUes as removed was generally 
~ Q C E ,  particu2Q-j.-1.7 h the case of 42c1e V;ZPOT phase. The coxponents of 
all assemblies ve re  davk g a y - b r m ,  and surfaces exhibited a heavily 
pickled appearaxrue krhich w ~ l $  more pronounced on the vapor-phase speci- 
mens. Fila wei&~ varied behieen 0.3 and 1.7 mg/cm2 with the heavier 
weigh%s encountered on the vapor-phase specimens I 

(1) Corrosion of Solution-Exposed $pecimens, The active exposure 
t i m e  a t  tempera'hrea up 'GO 155 C m,xFuluxn w a s  2697 hs which in- 
c l u d d  '74 l:r f o ~  d.ecantan5.natian vitb 5ot  solutions * Corroslon 
~ehw.v"_s;: of %!I? %WQ c ~ o y s  w a s  very si-aileer. Type 3041, s ta in less  
s teel  corroded at an average rate of 18.1 -+ 2.1 q y ,  *-ereas type 
30gSOc1 stainless steel  cor;-oded a5 AII arerige rate of' 23.5 + 2.7 
mpy. F l a t  suzfaces of specimens of bokh alloys were considgrably 
roughened; metallographic examination showed the at tack as a 
severe acid-etch wi%h mild preferen t ia l  corrosion st grain bound- 
aTips, sirnil-aze t o  t h a t  shown i n  Fig. 13. In a few cases, areas 
w e ~ e  found i n  both a l loys  where grains weze encircled completely 
by &he pscfercnS2el attack. Edge-corrosion vas iurtense; severe 
Lntergm.xiulaP a-kttsek and p i t s  up t o  15 mfLs i n  depth eharacterized 
t h e  attiack. 

Weld-netal comosion i n  the t vo  alloys was similar to that shown 
In  Fig,  14. The type 308~ de2osi.I; appeared more resLsSant than 
the %ype 304L s t s in l e s s  steel parent metal, 
depos5.t was  subject t o  a severe groovlng-type of attack and ap- 
peared less resis tan% than the  parent n;eta,l, Knife-line corrosion 
attack w a s  obsez-ved on the as-welded face of the  duplicate type 
309SCb w e l d  specimens, 
5 rn l .1~ .  
in t he  type 304L weld specimens. 

%%e type 3OgSC'b w e l d  

The depth af the attack was approximately 
No preferen t ia l  atteck w a s  found i n  heat-affected zones 

None of the  specimens oP either a l l o y  wexe prone Lo an accelerated 
rate of corrosion attack at; areas of metal-to-metal contact. 
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(2) Corrosion of Vapor-Exposed Specimens. Duping act ive exposure 
period of 2697 hr  which included 74 hr for  decontamination, the 
average corrosion r a t e  fo r  vapor-exposed type 304L stainless 
s t e e l  was 3'9.8 + 2.0 q y  as compared with an average rate of 
45.1 + 0.7 mpy ?or type 309SL'b s ta in less  s t ee l ,  
of specimens of both alloys were very grainy-appearing. 
lographic examination of' the  surfaces disclosed the  attack t o  
be of a. mildly intergranular form eeending t o  a depth of' 4 mils 
i n  "i;e 304L s ta in less  steel and t o  ra depth of 0.5 m i l  i n  the 
smaller-grained type 309SCb s ta in less  skeel. 

F l a t  surfaces 
Metal- 

Edge corrosion was experience4 by specimens of both alloys. 
attack w a s  s i m i l a r  t o  that shown i n  Fig. 9 except t ha t  it was 
more intense. P ro l i f i c  p i t t i n g  was present with p i t s  ranging 
up t o  15 m i l s  i n  depth. 

The 

Weld metal attack was much Yne s a e  as  depicted i n  Fig. 14. 
The type 309SCb deposit was p i t t ed  and spongy-appearing; the  
general condition was worse than the base metal. 
w e l d  metal deposit was channeled derisively. 

The type 3 0 8 ~  

Knife-Une attack occurred along the welds on the  as-welded face 
of the  two type 309SCb stainless s t e e l  specimens; the depth of 
the  attack was approximately 5 ails, 
steel weld specimens were immune t o  preferent ia l  a t tack i n  heat- 
affected zonesJ 

The type 3ObL s ta in less  

No crevice corrosion was found at areas of metal-to-metal contact 
on spechens of e i ther  alloy. 

6.2 bfiscellaneous Infomation 

This section of t he  report  discusses: 
of auxiliary equipment components removed from the  p i l o t  plant upon 
completion of t he  production and develcrpment periods, and (b) results 
of a hbora%ory corrosion study t o  determine the  contribution of edge- 
surface at tack t o  the.$otal at tack on s ta in less  s t e e l  specimens i n  
boiling aluminum n i t r i t e - n i t r i c  acid solution. 
tack results am presented because many of the  specimens removed from 
the  p i l o t  plant  were highly subject to t h i s  type of attack, 

(1) Corrosion of Spray Nozzles. 

(a) qual i ta t ive examination 

Tne eee-surface at- 

Two type 316 s ta in less  steel  spray 
nozzles used for  j e t t i ng  decontamination solutions over the 
in te rna l  surfaces of the  feed adjustaent tank were removed for  
examination upon completion of the  production and development 
periods. The nozzles were a so l id  cone 3ype and were located 
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rn line cs~Ei^, ion of - 8 ~  spray nozzles removed from the tax& is  
shown i n  Fig. 15. Extremely sewre ad-gsa in  a t k c 8  occurred 
w h k 4  resulLe3. i n  p i t t i n g  oriented aloag an axis p a m l l e l v i t h  
the ro l l i ng  direc'cion 02 the bar from which t'ae :iozzlss were 
machined. Elany of the pits, estimted a t  250 t o  300 m i l s  i n  
aepth, completely penetrated some areas on the  nozzles, as is  
evident i n  the ena-view pho%ograph i n  Ffg. 15. 
nozzles was sectioned for rnetallogmphic examimkton; a photo- 
aicrograzh 0-f a transverse section appears i n  Fig. 16. %ne 
attack vas heavily intergranular i n  nature. 
p i t t e d  a~eas, penetration by ii%ergran*Or attack was as great  
as 15 mils. 

One of the 

Exclusive of the 

(2) Corrosion of Agitator Shaft. A second item examined was a 1-in.- 
dia. type 3OgSCb stainless steel  agi ta tor  shaft that was also 
removed fmm the feed actjustneat tadc at the end of the produc- 
tLun ana drtve1opmen-t periods, Tie she.ft ~7as part of a ~ Q ~ I X -  
djai-~en agd"tR';a~ used far stirring process s o ~ ~ t i o i z  in "c"ule tank 
dwing the evqpmt lon  and dLgestion cycles. 
nearly the T i i l l  deptla ai the tank. The ac t lve  exposure t h e  a t  
temperatures of 155°C max2mm i n  both solution a d  vapor phases 
w8.6 2697 hr. 

The sha3-t extended 

A 5-in. -@-aa type 316 steinless steel agitator blade vas origin- 

tine agitaLor Si-oke loose from the shaft as the result of either 
a mchanical Sailme or  excessive corrosion attack on or  aroma 
welded areas. When the tank was finally opened for inspection, 
no trace o f  -the b-bde was found, 
gone cmple te  dissolution. 

ally te~lk-~d-4~& %O 3 . e  bottom of the sh~2.f;. Wink: operation, 

It m s  presumed Lo have under- 

Five-fzxh secblons %re~e cut  froin the  top and bottom ends of the 
shaft %oz metallographic exazltlna-tioia. The two sections were 
r q r e s e n t a t i v e  of solwbion and vapor cond9.tiorns of exposue. 
Photggrqhs of tlsle sections %*e included in Fig. 17. 
eqoscd sec't;%csn s t i l l  had welc2 metal-deposit on the bottom where 
the agitakw %la& 3.785 attached. 
ia the soht"rsn -khan in the vapor phase, as shown by the  longi- 
tcdbal sectLons i n  Fig. 18. 
sections.;, shorn i n  Fig. 19, disclosed intergranular corrosion 
attack with exteasive pitting. 

Zlie solution- 

End-grain attack was mre severe 

Phatomicrographs of the longitudinal 

The m~ximm penetrakion by p i t f ing  
WELB 15 B I ~ .  
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Fig. 16. Intergranular Attack on Type 316 Stainless Steel Spray Nozzles After 
2697 hr of Vapor Exposure in Feed Adjustment Tank During Production-Qevelopment 
Period of Thorex Pilot Plant Operation. Etched in aqua regia. 250X. 
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Top Section 

Bottom Section 

Fig. 18. Pitting Attack on Sections of Type 309SCB Stainless Steel Agitator 
Shaft After Solution and Vapor Exposure in Feed Adjustment Tank During 
Production-Development Period of Thorex Pilot Plant Operation e 7X. 
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Fig. 19. intergranular Attack on End Sections of Type 309SCB Stainless Steel 
Agitator Shaft During Solution and Vapor Exposure in Feed Adjustment Tank 
During Production-Development Period of Thorex Pilot Plant Operation. Etched 
in aqua regia, 250X. 
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Laboratory Studies an Edge-Surface Comosionc Emmination of the 
control, stress, and weld specimens removed from the  p i l o t  plant 
d%sclose% a highly  selective corrosion ateack on cross-sectional 
or edge stefaces. !RE intensi ty  of the aktsck was related dir- 
ectly t o  the corfosivity of the enviroment. 
where the cbserveit corrosion rates base2 upon t o t a l  a.t"cack were 
mo4erate.ly lowp edge-corrosion effects were not pronounced, 

In environments 

EOW~VW, Tiahen %he r a t e s  Were 10 mpy or greater, e d g e - s ~ f b c e  a t -  
assumed significant proportions e The Q C C U T ~ S C ~  o f  the 

attack in the more corrosive environments raised the  question as 
to its influence on observed corrosion rates since %he lat ter 
w e m  basad upon total attack on the specimens. The possibili%y 
existed tha t  corro~jlon rates in the more corrosive environments 
were pemximistieally high because o f  signif icant  edge-s-mface 
at%&ck. 
would be misleading, since process solution contacted flat, as- 
rolled swpfaccs princip ana not cage amfaces QT the stain- 
less steel  vessels, ft i s  concelvable, however, t h a t  any edge 
surfaces subJect t o  exposure could be eliminated i n  Suture corn- 
panen% designs & 

As applied t o  p i l o t  plant operation, the observed rates 

%e problem o f  an edge-corrosion attack was encountered dur'ing 
;3. l sbo rab ry  cosp~os~oa study with stainless steel spcc3mens in 
a s h u l a t d  Thorex process mste solution, 
was type 309SCbg the solution consisted of 2 M A P ( N 0  ) 

of &e: aluminum ion at  t h e  tes t  temperatwe, approxha%ely UO*C. 
Vezfer-type sjecbens, 3/16-in0 -tXck, :rere usede Tlne cross- 
sec2;ioml areas underwent intense end-@ah at-t;a&j ccmple-te 
peaetralion o f  the tnfer %hiekness occurred during 5000 hr of" 
%est; * 

The stainless steel 
and 1 M 

The latter was aaded t o  prevent hydxo1ytt;ic pdc2pitation 

In order to e-cwlTmte the effect of end-graln corrosion on % Q t d  
attack, three Lypes o f  specimens were prepared as fallows;: 

(4 c$ %3ge surface. Coupons 1/2 in. w i d e  x .l 3/4 in, long Were 
mehhed from 1/8-3;~ -thLck stainless steel Ghect 
smf;"aees were eliminated. by Bel iwc welding with type 309SCb 
stalnle s steel rod. 
152 cm . 

Edge 

Total  smface area per coupon was 8 
(b) l..$ edge surface. Coupons 1/2 in, wide by 1 314 i n ,  long 

were m.&ined from the same type 30gSCb sheet: used for the 
O$ e~e- smface  coupons. 
15*2 an2, of which 2.3 m2 was  edge Silrfaee. 

T o t a l  surface area per coupon was 
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(c) 71s edge surface. Wafers 3/16 in, thjck were machined from 
T t a1  s w -  11/4-in.-dia. type 3OgS@k, s t a i p s s  steel bar. 

face area per wafer was 19.2 
surface. 

8 , of which 13.6 a m s  edge 

The materials used for preparing the diff.;remt types of specimens 
were found t o  corrfom with the chmica:! conposition lianEta S p c i f i e d  
for A I S 1  type 309SCb stalnless steel, 
8 ~ 8  l i s ted  i n  Table 17. 

’ne  ehmictbl compositions 

Element 

C 
m 
Si 
Cr 
Ni 
Cb 
Fe 
m/c 

Q .04 
1.55 
0.31 

0*57 
Balance 
14.2 

23 .O 
15 .Q 

specimens were exposed in aera%ea ana boi l ing 2 .M A ~ ( B Q  1 - 
1 M ENO solution contained i n  glass ~ b s k s  equippea wik3 
water-cdolsd condensers, Three or four specbnens were used 
in each test. !€!he specimens were weighed periodically t o  
the nearest  0.1 + 0,2 png. In all. e ~ s e f ; ~  the deviation in 
i n d i e d u a l  weigh$ loss values m s  no% gea%er t h a ~  1Q$ of 
the average value i n  a p x t i c - d a r  test, 
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Fig, 20. The Effect of Edge-Surface Area on Total Attack on Type 309SCB Stainless 
Steel by Boiling and Aerated 2M A I ( N 0 3 ) 3  - 1 .lvJ HNO3 Solution. 
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Test 673 UNCLASSI F l E D  
PHOTO 1141-2 

Figs 21. Condition of Type 309SCB Stainless Steel Test Specimen (71 '3/0 Edge Area) 
After 4345 hr in Boiling and Aerated 2M AI(N03)3- 1 H N O 3  Solution. 3 X .  
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Fig. 22. Stringer-Type Pitting Attack on Type 309SC6 Stainless Steel Specimen 
(71% Edge Area) After 5540 hr in Boiling and Aerated 2M AI(N03)3 - 1 M HNO3 
Solution, Measured depth of pit was 78 mils. Etched in aqua regia. 75X. 
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Fig. 23. Intergranular and Pitting Attack on Type 309SCB Stainless Steel Test 
Specimen (71 % Edge Area) After 5540 hr in Boiling and Aerated 2 M Al(N03)3  - 
1 H N 0 3  Solution. Etched in aqua regia. 250X. - 
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Edge-corrosion attack on the 1.5% edge-smface specimens of type 
3OgSCb s ta in less  s t e e l  vas ideat ical  i n  appamnce t o  t h a t %  ob- 
served on edge surfaces of a number of s ta inless  steel specimens 
removed from the Thorex pLloP, plant. The &Z;tzek, In  both cases, 
was characterized by p i t t i ng  and interQmnuJm corrosion. 

I n  re la t ing the results o f  %he laboratory studLes on edge-surface 
corrosion t o  interpretation of fae comoaion rates expt?ri@n@ed 
by pilot plant specixness i n  the most corrosive environments, the  
edge-surface areas of the l a t t e r  must be eonsidered, of csmse. 
The edge-surface areas of the control, stress, and weld specimens 
were 15, 17, and 35$? respectively, of the total surface areas. 
Thus two of the specinen tyges (the control and the s t ress )  bad 
edge-surface areas equal or close t o  the IS$ edge-surface area 
spechens wed i n  the laboratory study. 
35$ edge-surface area, had a11 edge-surface area only one-half 
that  of the wafers used i n  hbasatory tests. 

!I!& weld specimen, with 

The laboratory t e s t s  sbowedthat for eqosure periods up t o  5000 
hr in boiling 2 M AL(DTO ) - 1. M H?303 solution, specimens with 15% 
edge-surface area were 302 subfect t o  any greater attack than that 
experienced by the C?$ edge-surface area spcinens.  
total attack ims somewhat greater on the  ba-bte-. 
the attack on the 71% edge-surface specimens became 315 and 5C$ 
greater, respectively, than on 0 and l5$ edge-surface specimens 
B u s ,  i f  an edge-surface corrosion effect were operative on p i l o t  
plant specimens, it waziLd be more Mkely de, occur on .the weld 
specimens w5th 35s edge-surface area. However, a review of weight 
loss &&a for control, stress, and weld apeaimarts in Tables 5, 8, 
10, 12, 14, and 16 shows W-at t o t a l  at tack on weld specimens, taith 
very few exceptions, was  no greater than the attack an ei'cher con- 
t r o l  or stress specimens. I n  numerous cases, the attack on weld 
specimens was less tb .n  khat on %ha control and stress specimens. 

A c t u a l l y ,  tlze 
After 5OOO hr, 

I n  consideration of the le.borat;ory data, S - t  was coneluded ",hat 
corrosion rates on p i l o t  pLa& specimens  ere representative of 
the comosbon experienced by %he vax5ov.s pwxss vessels and. that 
the attack on edge surfaces ~f the specimens daitd no.@ signlfieantly 
affect  %he t o t a l  attack, Tests are being mi WiVI suitable spec$- 
mens i n  ME! p i b t  plsnt to mamine edge-e~~rnsfon  behavior under 
actual opemtLng conditions, 
reported e 

The results of these t e s t s  S S s L l l  be 

GEMERAL DISCUSSION 

A suxmry  of the average corrosion r~%es for types 304L &nia 30gSCb stain-  
less s t e e l  exposc?ld t o  solu%ion- and vapor-phase en7rirsrment;s in the Thorex 



pilot p3wyrt &wing the production period and the first; half o f  the devslop- 
men% period I s  shorn in Table 18~ 
between Dacexuber 15, 1954, and EJovmbes 20, 19550 
the solution-phase specimens were based upon actual contact t ima when process 
solutions were i3.bove mm .I;etrpera%ure, 
was 1.55*C, 

These two pei+oda of ogera'cion occurred 
%e reported rates for 

me raaxbxm operating temperature 
The. vapor-expsszlre times w,ore determined b~ tiha s w e  =mer as 

solution-expasme titnes, 

Neither s f  %he gllloys, initially stress& at 3$,QeBO p i ,  was sukjecL ta 
slress-corrosion cracktry: in any of %he enviro=n%s+ Similarly, there 
was no evidence of an aceeleration i.n the rate af attack of the two aU0YS 
8 s  a result, of the applied stress. 



Table 18, Summary of Corrosion Rates for  Types 3OhL and 309SCb Stainless  Steel 
Exposed i n  ORNL Thorex Pibot P l m t  During the  Period from 

December 15, 1944, t o  November 10, 1955 

Period of Vessel Designation Specben Active Corrosion Rate (mpyl 
304L 309SCb OJI erat ion and E3mber Location Bxposure (hr)* 

634 
634 

8.0 + 0.4 
3.6 1.7 

Production Batch &Lssolver 
tank (s-1) 

Solution 
Vapor 

4.2 + 0.4 
2101 r - e o 0  

Production Feed adjustment 
tank (53-2) 

Solution 
VEipor 

555 
555 

0.1 + c 0.1 
0.1 3 c 0,1 - Solutbon 

Vapor 

910 
910 

Production Irll vepor 
separator (P-2) 

Vapor 
Vap0r)E.K. 

24.9 3.0 
39.9 5 4.0 

23*$ 2 2.7 
45.1 2 0.7 

Solution 
Vapor 

2142 
2142 

DweLopment Feed adjustanent 
tank (s-2) 

2697 
2697 

* Hobding time for process solu%ioaa a t  room taperatme not included. 

we Reported corrosion rate for  tyge 347 s ta in less  eteel; no type 309SCb s ta in less  steel 
specixaens exposed i n  3T vapor separator. 



Several possibilitias existed for the higher corrosion rates experienced 
i n  the vapor plnase ais conpared with solution-@as% rates in. the? feed ad- 
justxnent $&, 
n i t r i c  acid i.s mpWLy accelerated by 
the boiling point for a specif2e acid concentration and also by an in rease 

The enter- snlu%ian to t h e  feed ac7Jur;tmen-b tar& was 5 M i n  n i t r i c  acid; 
%ha f%nEd solutfsn m s  0,5 Ikfn.i.tr1c acid-&ficben%, A% %he a$Eert of the 

First, tihe corrosion o f  austea3.tj.c s t a w e s s  steels i n  
increase i n  temperature above 

in n L t r 3 e  a c i d  cclnessn.t;r&ion 8% terrrpesatures above %he boi l ing paint. fa43251 

mtion  cycle i n  the tank at I lO*C,  the exi t ing  vapor tms 
f AB boi3Ang contdnued, the vapor increased to a m a x f s l u m  

3 an6 then decreased t o  an EtquiUbrium value of 8 M HlJO 
stal.Uzak,ian was driven frm the process E ; s J _ U Z ; ~ I  at a 

texrrperatwe of approximately 1 . ~ 5 " ~  e merefore, the comWlaaztian a% increased 
%eqeratwe and bncreased n i t r i c  acid concentration could have been respan- 
s ib le  for %ha higher eorrasion r a t o ; ~  &served in t&e m p ~ r  phase, 
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Fig. 24. Corrosion of Types 304L and 309SCB Stainless Steels in  Feed Adjustment Tank 
During Tkorex Pilot Plant Operation Between December 15, 1954 and November 10, 1955. 
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Nature of %he Attack. 
f3-a netal reactions with a c i a c  process scrhtians or with acid-ricb vapors 
above the process solutions, In most casesg the attack on flat sv.rfaces 0% 

specimens; of the  ~ U Q ~ S  m a  dharsclerized by uniform metal removal, 
preferential. p a i n  boundmy attack was experienced in the more corrosive 
envlroments3 the depth af penetration was usua l ly  betareen 1 to 2 nils. 
However, in a few  case^^ grain boundary attack zxp to 5; m;Els in depth was 
observed, Edge sul-faces o f  tile sbiaesa  steel, specheas undement p i t t i n g  
and intergranular attack, the severity of which ims re la ted  t o  'the corm- 
s i v i t y  of the par t icu lar  environment. 

Corroslon damp,ge on the "cam stairil@!r;s al loys resulted 

S o m e  

Na quantitative corrosion data were obtained f o r  weld-metal depos!.ts in the 
!Rmrex pflol; plant. 
of weld metal 'to be equal t o  or betbar than that of the respective paren% 
metal, In the more severely corrosive enviroments, h a t ~ ~ v e r ,  weld-setal 
deposits of both types 3081; end 3098Cb s ta in less  s t e e l  were subject ts a 
deep9 chameung typ2 of attack tha t  was mt characteristic of" the a%taek 
observed on the respective parent metals. 

Genmally, vlsuaE examination disclosed the cone t ion  

fiequent reference has been mae  i n  this report to a preferen t ia l  corroslon 
attack i n  the heat-affected zone adjacent to weld metal in both alloys. 
This type of at",ack, when associated with stabilized grades of aus"c;enlti@ 
stainless steels, is called hire-liize corrosion because the  aklack i s  
confined to a very narrow band of metal in the heat-affected zone, 
l ine  corrosion BS such is not cornon to %he unstabilized grades 02 austenitic 
stainless steels, Hovever, i n  the present investigation, mdom observations 
of 8 preferen t ia l  attack i n  the hea%-affected zone iromdjately acijaeent to 
weld metal derposlts $n type 3OkL stainless s t e e i  were made. 
not @eater than 5 t o  2.0 &ls Sm depth. 
poses c W i m  lor Wf'e-line attack in stabilized auat4enjlLic s%alnb~?ss 
steels "t7 but 1x0 raechtzdsm has been proposed for hin ma1agou.S fFoFf?l Of the 
atAtz@k in unsteibilieed aus;%exlitic stainless sl%e3ss., 
I&? m+m%m nature of the attack %ha% was Qbserved on %he type 3&Io stairless 
steel nebd specfinens, it IS eon~elvable khat faulty w e l d i n g  procedures were 
responsible for i t s  occurrence. 

U f e -  

The: %%tack was 
Ho1zwm%h and eo-workers 'have pro- 

Bowever, in vim-  of 



8, s Y 

. 
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( f )  Observed corrosion rates i n  %he batch dissolver tank were 8 mpy or Xess 
for types 304L and 309SCb staipiZess s t e e l  during the production period, 
Cornasion at tack on the two alloys i n  t h e  AP catch tank was almost 
negllgLble dming this periad, 

( g )  Attack on f la t  surfaces of types 304L and 3OgSCb was characterized f o r  
the nos% part by unlf"om metal removal, 
m@nLbs, mild i n t e r g m n ~ r  attack was absemed. 

I n  the most corrosive environ- 

(h) Edge-corrosion attack, typ i f ied  by intergranular penetration and p i t t i ng ,  
ms scperienced by both allays.  
ent an the mrros ivf ty  of the Eznvironment, 
studies suggested tht e%e corrosion did not contribu-ke signAficantly 
t o  %he Lotaal attack an p i l o t  pl.ant rrpechens. 

'The intensi ty  of the attack was depend- 
The results of laboratory 

(i) Preferential eorrosion in heat-affected zones adjacent to w e l d  deposits 
o c e m e a  retlczdoni3y QZI both t n e s  p 4 L  ma 309sc=b s ta in less  s t e e l  i n  a 
n M e r  of t he  anv7ironmEtnts, 
lo lnils. 

"he nxzcbum penetration b y  the attack was 

( 5 )  Both Q p e ~  3OkL and 309SC3 stainless steel were insensi t ive to crevice 
corroasfoun atdc;b%ck i n  aLz en~ro-nts. Some crevice corrosion was ex- 
parS,enced by type 347' s l a m e s s  steel Qosed i.n the BT vapor separators 

(k) Suggested reasons f o r  ugh vapsr-phase corroeian rates as campwed wim 
t h e  solu-bion-phsse rates i n  the feed adjustment tank were higher n i t r i c  
ac id  concentration andor  uncomplexed fluorides In the vapor phase. 

(1.1 Basad upon the ?&&as% @oiToaion rate observed i n  the vapor phase of 
the feelP adjustmexb a n k ,  46 DQ~, m d  amwing 10 ~srpy =cess far pref- 
erentlal foms o f  eorrosion, the operating W - l i f e  of %be l /2-in0- 
IAxtck type 309SCb s t a in l e s s  steel. vessel was estimated t o  be four yews. 

. 
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