
IC
O

A
l 

N
O

T
IC

K

UNCLASSIFIED HW-14955

U N I T I D  S T A T I S  A T O M I C  I N K  C O Y  C O M M I S S I O N

CORROSION INVESTIGATIONS OF REDOX PILOT 
PLANT EQUIPMENT AT OAK RIDGE NATIONAL 
LABORATORIES

By
W. W. Koenig

T O S I I W a Yio N cancelled—
OATC FEB 2 0  1957 ^
For Tho Atcmlo Cor rgy Commltilon

( I o a v l l U .
Chlof, Dodmlfloation Branch

Nov. 3, 1949

Hanford Works 
Richland, Wash.

Tochnico!  I n f o r m a t i o n  Sorv i c t ,  O a k  IE id o r  T t n n t s i o o

Photottol 

Microfilm M e# % j I lVJL

AvollabU from th*
Offk# of TocKnlcol Sorvlcoi 
Doportmtnt of Commorc# 
Washington 23. t>. C.

P
a*>-f

UNCLASSIFIED
t . .  t ; .• SiiA • •



CJH0 MIU UNCLASSIFIED
W-14953

,  *.

\  - -
Dr. A. B. Greningor, Manager 
TBCEH1CAL DTOBICHiS

CCRWX3ICN WmnGATIOHB OP REDCX PILOT PIAHT KJUm432fT 
___________AT QftK 3 B g  BATIOKAL lAKPATCRIKl__________

IBTRCPff?n08T

Two particularly corrosive ccnditiona have been recognised to  axU t In tbo 
separations technology fo r processing highly radioactive m to ria la . Tbo f i r s t  is 
encountered during tbo dissolving operation vhoroln the dissolver vassal lo 
exposed to  concentrated n itr ic  acid a t  elevated teaporaturer*. Tbs second io 
encountered whan ccataolnatod vaosalo are subjected to dsccntooiaation. Of those, 
tho second la  known to  be by far the acre corrosive of the two since the uoat 
successful docantoninat icm cycles Involve the uce of hydrofluoric acid or i ts  s a lts .

Since the Oak Bidgo national Laboratories depend upon the d irec t, or contact-type of 
equipment maintenance, a  prerequisite of which Is essentially the cooplete removal 
o f radioactivity, they have bad considerable experience with decontamination nnd i t s  
resultan t corrosion problem.

During the month# o f August and Sep tocher such of the O.R.H.1. P ilo t Plant 
equipment vas decontaminated end disassembled for inspection i s  preparation for 
fu rther use. The author v isited  that s i te  in order to examine the effects of 
corroeian upon th is  equipment. Tho observations cade aro tbo subject of th is 
report.
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VWith one notable tacoptlon, i . a . ,  the dissolver (Vessel A-l, Cell Bo. 1 

corrosion encountered In the p ilo t  plant a t  thi Oak Ridge national Laboratories vm 
quito fflea ll^x i x»M  &*' y O

J£bo dissolver shewed considerable corrcelcm of the Inside bottaa dollar veld and of 
those velds securing the slug basket to the bottom o f th is  vet eel. Gorsral 
coepcnont* of the dissolver, such os the *olug crssh plate" aod service tubes, a lto  
shoved veld corrosion.

While present construction motor la ic  e r f  satisfactory; extreme care should bo 
axerclsed during fabrication to  Insure superior veldmeata end satisfactory beat 
treatsont.

n r n n s

The Oak Hides Rational laboratories p ilo t pleat has been In operation for several 
years. In 194b the Bismuth Phosphate Process development a te  begun. At the 
conclusion of th is  program, the equipment vas cleaned end converted for use in  the 
study of the  Codo 23 recovery process, a solvent extraction procese study which vac 
c o lla te d  In October 1947* Following th is study the equlpnent vas decontaminated 
and converted for use In the study of the Redox proceed vnloh included one ccabined 
plutcnlus and uranium cycle and one uranium decontamination cycle. These runs, 
vhlch began In 3eptentoer 1948, were In itia lly  run a t  %  Hanford level, ware 
lncreaeed to  3 #  Hanford and f in a lly  to  fu ll  Hanford level a t  vhlch a series of six 
runs were made. In preparation fo r  additional studies of the Code 23 process th is  
equipment vas again doccntcainatcd end partially  dismantled fo r inspection during 
August end 5ept«ab*r 1949.

Those vessels and auxiliary equipment decontaminate! sad dismantled s t  the time of 
tbs author's v i s i t  are discusoed bolov;

cm i gaS 8
Dissolver (Vessel A-l)

This vessel vas fabricated free  J"  p lo ts  of du Pont specification 820-B sta in less 
steel vhlch I s  eceentlally T-309 SCb (25-12 8Cb) sta in less . I t  vao thought s  
25-15 Cb voiding rod vas soployed. This mould be bongeut by a speotrocheoical 
analysis nods on drillings from the inside bottom do llar veld vhlch reported the 
following: Cr 2 # j  *1 1 #  and Cb * 1*.
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Tbo vtsM l bad been dlceantlod and l tc  Interior could be cloeely inspected. I t  
was etchsd throughout, particularly  toward thu bottom where the liquid phase (59> 
MX) of the dlaeolvlj** operation van contained. All In terio r natal surfaces bad 
a du ll, grayish apperanco duo to  corrosion, an compared to  the relatively b righ t, 
MtoXllc-gray outside surface. Several rough p its ,  s ta r t  inclusions apparently 
had bean etched out, wore observed; bovovor, there was no evidence of local 
corrosion a t  those polnto.

Both exterior and interior velds vero undercut. In tbs case of the la tto r , th is  
undercutting van aggravated by subsequent exposure to  operation and decontamination 
conditions. In addition, t to  in te rio r velds vore etched, v lth  the greatest degree 
of etching tovarda the hot ten. Bovovor, those velds were a l l  sound except tbojo 
securing tbs slug basket to  the botten dollar and the bottom dollar-tank v a il veld. 
These except lone vero r o \^ ,  blackened (liksly by the oxalic acid decontamination 
cycle), cracked, p itted , and a t th e ir  vorot, had a spongy appearance. Apparently 
they vore soraevhat anodic to  tbe baso natal.

The button dollar veld van attacked to tbe greatest degree. (See Appendix C:
Vessel A»l, D Is colter * In terior, p. 9 ). I t  wan cracked acxoo three-quarters of 
Its length and a t  cno point the fissu re  appeared to  extend through to the roo t of 
the exterior veld exposing vhat looked to bo a  cavity between the roots of tbe 
Interior and exterior velds. This cavity, Judging frcsa I t s  appearance, van sore 
likely* the re su lt cf poor penetration during welding than of subsequent corrosion, 
although such crevices Invito corrosion.

Theoo velds, i . e . ,  tho hot ten dollar and dug basket voids, which vore attacked, 
also experienced the severest corrosion conditions during both process operation 
end the decanted notion cycles.

During normal process operation, a batch operation, the metal slugs are dissolved in 
th is vessel using in itia lly  KHOj a t  approximately 100°C. As the operation 
proceeds the temperature probably increases somewhat before I t  decreases and the 
KROj is  d ilu ted. Tbo decontamination cycles vary considerably. Tbe le s t time th is 
vessel vas decontaminated n itr ic  acid, asnoniua acid fluoride, aomonium sllicofluorldo, 
sodium hydroxide, aediua dlchroaato, oxalic and c itr ic  acids wore used. Appendix A, 
"Decontamination Cyclee", p. 7 , gives details of these docantemlnante and th e ir  
effectiveness. Total decontamination time was approximately 12 days during which 
hydrofluoric acid cce$pouads were used earn* 1 $ days. Hydrofluoric acid is  known to 
bo corrosive to  stainloss steel even In presence of strong oxidising agents such an 
n itric  acid.

tthst percentage of th is corronlon vas due to process operation and vhat percentage 
was due to  the  decontamination cycles la  unknown along w ith tho nature of tho 
docantaalm tloa employed on previous occasions. However, cc tbo basis of corrosion 
testa  with w ld s i  stainless s tee l In boiling cane. n i tr ic  acid end of a  superficial 
examination o f the dissolver in tho Hanford 321 Bldg., which has not been subjected 
to  thorough decontamination, vs may as sudds that the decantoBlnatlon cycles were .. 
responsible fo r  the greatest percentage of th is  corrosion.
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Tho dissolver alug guide ^  (du Pont 620-B, essentially T-309 8Cb, stress 
relieved) vt« etched overall. Tbs voids, in general, were in bettor condition 
than thooo of tho dissolver vessel, but were rough etched, particularly tovaxd tbe 
but tees vtaort several pits vith porous sidet were observed.

Tho reflux oeodonser ^  {T-3̂ 7# not stress relieved) vr.a sooevhat etebod and duU 
in appearance except for bright voids which vere node with 9-309 OCb voiding rod. 
Several of tbs voids vhlch tacked tho condenser coils together, voie crooked, but 
this was apparently due to o caBbination of voiding stresses end rough handling 
rather than to carrooion.

The Alssolvor utility tubes wore reportedly fabricated of butt-voided T-3̂ 7 
stainless tubing. Tho tube seam wore veil etched, contained a few pita and 
shoved Indication that failures would result. Bend-velds, used to plug the ends of 
the thermocouple tube, foiled, allowing solution leakage vhlch resulted in tbs loss 
of the thermocouple proper. Ccsparable voids an the sparger shoved signs of attack, 
as did those voids vhlch Joined tho throe tubes of the liquid level this unit.

Tho dissolver vessel bad been checked for contamination and tbs following readings 
vers reported: 1

(a) Center of dissolver slug basket against hottest dollar, 90 nr/fcr.
(b) Center of diasolvor, 15 or/hr.
(c) Top edge of dissolver slug basket, 26 nr/hr.

^  See Appendix C, p. 10, Vessel Alt Dissolver Slug Guide 

^  See Appendix C, pp« 11-12, Vessel A2: Reflux Ccousnsor.

(3) See appendix C, p. 13, Vessel A-l; Dissolver Utility Tubes and Gasket Section, 
(a) Dip Tubes, (b) Liquid Level Tubes, (c) Chemical Addition Tube, (d) Sparger, 
(K-*2.), Thermocouple Sheath-sectioned, (f) Polythene gasket section.

B: See Appendix B, p. 8, Spectrocbomicol Analysis Vessel A-l Velde, of 
utility tubes and velds and of colts® packing.
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FlItor Teak (Vessel A-11. T-347 not stress relieved)
Thin tank was equipped vith micro-metallic grafts 0 porous •talnlose stool tutors 
which had gradually bocaas ooverod vlth "crud" vlth a resulting loss la efficiency 
to tha point where they merely w m d  as stainless seraass. Zb order to aback 
colu® officlsncy under those circuastcneea, operations vere continued and It vos 
found that the colxnsa handled tha solutions In a satisfactory nannor.

Tho tank bad caior boon sufficiently deccoteminated to allow it to bo tom down and 
Inspected, thus no oorroslon data io available,

KlscoUapoous Vosoola

Other tank vesaals In this call Including tbs l-A column ware not available for 
Inspection. Tho 1-A colusa had been given a severe-decontamination txeatasnt, hut 
the level of activity had not been reduced sufficiently to allow first hand 
Inspect Ion. Further work was ccmtcnpLatod.

era. xx mrma:
IB Coluap (T-3>>7)

This unit has been decontaminated to a level of 30-40 nr/hr. The pecking, £" and 
Raschlg rings fabricated of lB-8 stainless steel was unaffected except for slight 
tarnishing, Sctas corrosion of velds, where inclusions were found and thought to bo 
the contributing factor, was experienced in 7-347 transfer lines. Several minor 
failures developed at points such as these; however, they were satisfactorily 
repaired by welding after the particular Hue had bean drained,

A Kilton-Boy piston puep failure, at first thought to have been caused by 
corrosion, was triable to a manufacturing defect in the form of a thin section of 
the jpssp casting.

Teflon gaskets were employed with all columa and, as anticipated, gave excellent 
•ervlce.

ZC Coluap (T-347)

Bo failures or Indications of potential failures were observed.

The columns were decontaminated by blowing "live" steam In at tb> bottom and adding 
the decontamination cbemioals at the same time. This technique proved rather 
effective. Straight HSOo washes for colusn decontamination wore found to he but a 
little more effective than straight "live" steam because film foration on packing 
and column walla vaa not cut by straight nitric acid.

-3-



Concentrator (Vessel B-3. duPoot 830-B. T-309 BCb)

A T-309 8Cb sta in less s te e l tank vaa mrployed for th is vessel csroly because one 
voa available, othexirise T-3^7 stain less would have been spool Mod. Dm voids 
of th is vessel are only slightly  etched sad la  ouch better condition than those 
of the d itto lver (Vessel A-l). A greasy f l l a  on the in te rio r was attributed to 
the failure of a gratae seal in the ag ita to r gear reduction unit and apparently 
had no affect ou oorroelon.

ID C oton  (U -E stractlon) and IB Colusa (f ltr lp )

These coliima had not been dlsanntled for Inspection; however , th e ir  packing Is 
In excellent condition. Both are fabricated of T-3k7 sta in less s te e l.

KTBCHXAKE0C3 VES3T1B

Of the retaining Teasels Inspected, no unusual evidence of corrosion ves observed.
The IBP feed t"uk (Vessel B-7), the Dtf co llection  tank (Vessel 13*37) end the 
neutralised vasts task  (Vessel 3-30) were not dismantled and could not be inspected; 
however, no corrosion 1« anticipated. Vo records are available on Tassel B-fl.

OOHCLD8IOS3

In general, Redox process vessels can be successfully decontaminated by tbs 
nethods employed a t  the Oak Ridge Rational laboratories. Exceptions as discussed 
elsewhere in th is  report nay be experienced since tbs prolonged use of io n  of 
these dec oat aa inant a w ill attack sta in less s te e l  vessels, especially in the veld 1 
areas. The following reoonasndatlono ore node:

(a) Authorise a te s t  prograa to  study deccntmlnatlan with a view towards 
combining noxious dsoontealnatlon with nlninun oorroelon.

(b) Establish rig id  specifications for not only the fabrication of a l l  process 
vessels but also for thorough Inspection both during and a fte r  fabrication 
with particular asphalts on velds and heat treatment.

(e) The specification of sssmlets tubing for a ll  lines or u t i l i t y  tubes which 
w ill coos in  contact with corrosive chemicals.

Metallurgy Section 
Metallurgy fc Control Division

W Boenlg/lb
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Al-DC* Solution

1 5#  HfO,
a 'j% mo i

S S g f t w
5 5 #  BHO3
6 29* HIO3 f3)
7 aojfc a n f»  raif-HT
6 Oxalic Aclt
9 1* irnyr-w (1)

10 *»* HaOH
n  11* SNO> <• 2.2* Citric { k )

12 2*t* BK£ ■* 3.3# HagCr^

S
13 te.og k*»oh » 1 #  . .tw o

•«•»«» l6
17 **2.8)1 H»C® « 13* C itric

.* IS Baao
: ..... 19 30J6 3aGB * 11* C itric

20 SOM p lu s  1.2* (©14)3 s i fg
21 ljl S L -V  1

*••* * 22 3.5MHO3 c 0.6* (rayr-H*)

......
1 .

v>

T im  Toap. 
Htb. °C

24
at
at

§

!*
1
7

24

* *
0

16

j *
16

6
16
16

4
4

( X ]
(?)

I

95-105
95-105
95-105
95-105
95-105
95-105
5*
95-100
60
95-102
60
95-105
60

120-125 
80- 90 
80-  90 
80-  90 
95-105 
95-105 
95-105 
30- 35 
30- 35

Voli
Gala. LI tor 0

U Beta
Oaam/Ml Ct/cc/n

137
19.5
0.60

*»
90.0

S3
24.0 
5.52

13.0 
0.47

18.4
0.66
0.09
0.17
0.15

1.44 x 1<
8.8 x
1.9 * I t  „ 
7 '6  x i o j  
2.14 x 10° 
3.T5x lOj 
2 .a  * 10" 
2.69 x 10* 
3.3* * 10* 
1.2 x 10“ 
5-3 x lO“ 
x.?e x 10J 
8A7 * 104 
5.98 X 10? 
*».7*t x 10* 
1.00 x Iff*

C t/cc/a

296 a  10? 
3ft x 10^ 
U2 r  105

•a
637 * 10I*
361 x  10*

- 5.^8 x io3
6.44 x 103 

0.44 1.84 x 103
0.92 875 
0.28 2.4 x 103

tssM

1.23 x 10? 
1.35 x lOj' 
5-33 * 1<£ 
1.65 x 10*
2.86 x 10* 
1.43 x 
2.18 x
4.4 x 
4.33 x 
1.99 x
2.5 x
1.78 x
2.86 x 
2.59 *

880 
48.4

139
11.0
60.0

500

10*

i o i103
103
1°3
l°3

&

to ta l:  202 Curios Honored

In tend tton t refluxing in contaooor peraitted  for 3 hre, 20 Blnutes. 
Solution wunplod a fte r  refluxing.
Remo solution oo simple 5 but diluted and ojarged fo r 3 bourn.
Added to tank via off-gee line through packing.
Otff-goo line  flu sh  -  stapled In d lesolrer

* Al-DC: Vosoel AI (D lsso lw ) deeonteaination rumple nuobero.
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SPBC1B0CB8K2CAL AHAUBIS OF VESSEL A -l W2U3S,
or u m rn r  toebs akd m a s  ahp or c o m e  a m s

s d . e g oak Ti<

A-i Dioeolver; 25 13 M m M
S utton  C ollar Void

Liquid Lots!  Tlibo -
23>*t9 12.69Case Hotel H-8

8m a .3 6 12.76 M m -

Bead Weld ia .  a n .3 0 M - m

Tberaocouplo Sheath
Base M itel 23-^9 12.69 K • -

8m 20.69 12.50 M • • •

2nd Veld 17.21 8 . a M m m

Sparger
Bose M itel 22.10 11.91 M m m

8aaa 12.96 K m •»

tn d  Weld i 2 . a 9.43 M - •

Roaohlg Blsg * a .9 7 8.70 m • m
V Raechlg Ring 17.35 7.98 m -

Botoi M 3 xwkrttto, 1$ to 0.01$

S s  strong, > \$

W M

; ?
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Vessel At: Dissolver Slug Suite
• ■•Interior, bottom view.
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Bsnford Works

CORROSION imSTI^TIOHS OF REDOX PHOT PUNT BQUIPHffiT A? OAK RIDSB NATIONAL 

IAPORATOBIES* I .  W, Xoenlg. Bov. S, 1949. ISp* (KBT-14965) SECRET

The oorrotlon encountered In  the p i lo t  p la n t * t the Oik Ridge H atlenel 

Laboratories n i  quite t a a l l  w ith the except!A  of the d is io lv tr  (Vessel A -l>

Cell No. 1). The d isso lv er shooed oonsldereble corrosion of the Inaide Cotton 

d o lla r  weld end of those welds securing the slug basket to  the bottom of th is  v e is t l .  

Severel components of the d isso lv e r, suoh s s  th e  "slug oresh p is te "  end serrlce  

tubes, a lso  showed wsld oorrollon*

v


