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S U M M A R Y  ---- -. - -  

The following materials  f o r  construction of dissolvers,  
columns, evaporators, and piping were evaluated i n  bo i l ing  mixtures of 
hydrof l uo r i c -n i t r i c  acids f o r  three  48-hour periods : Carpenter -20 
(columbium s t ab i l i z ed ) ,  Hastelloy F, Incoloy 804, Monel, tantalum, 
types 309 (columbium s t ab i l i z ed ) ,  and 316,extra low carbon content s ta in -  
l e s s  s t e e l .  The da ta  indicated t h a t  none of the  mater ia ls  t e s t ed  w a s  
su i tab le  on a long-term bas i s  f o r  process equipment a t  the acid  concen- 
t r a t i ons  studied. 
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. . . . . .  
INTRODUCTION . . . . . . .  . .  . . 

. . .  . . . . . .  
The mixture of n i t r i c  &d hydrofluoric acids furniihes' a . . .  

ver sa t i l e  dissolvent f o r  fue l  a l loys of uranium and zirc0.nik.u or  f o r  
uranium dioxide clad with zirconium. Additionally, mixtures of these 
acids appear i n  solvent extraction flowsheet streams i n  several advanced 
zirconium processes. Preliminary corrosion data were thus. desirable t o  
permit evaluation of these flowsheets. . . . . . .  . . 

I .  . 
,; : 

The compositions of in t e re s t  ranged from the one STR ,pro:cess .; 

dissolvent, about 4~ hydrofluoric acid, and. I. 5M n i t r i c  acid, t o  the 
. 

dissolvent f o r  highuraniug, a l loys, .  13M - n i t r i c  acid.  and 1.M - hydrof luoric  
acid. - . . . . 

The metals evaluated were s ta in less  s t e e l  316 ext ra  low carbon 
content, 309 Cb stabilized, Carpenter-20 Cb stabi l ized,  Hastelloy F, 
Incoloy 804, Monel, and tantalum. A l l  samples were unwelded. 

' 1 .  

, . EXPERIPENTAL PROCEDURES . 

Specimens consisting of unwelded s ta in less  s t ee l s  316 ext ra  low 
carbon.content, 309 Cb stabi l ized,  Caqenter-20 ,Cb stabilized., Hastelloy 
F, Incoloy 804, Monel, and tantalum were::evaluated i n  HF-HN03 mixtures a t  
boi l ing temperatures. 

A l l  specimens except tantalum were milled t o  a number 60 f in i sh  
on a l l  sides. The tantalum specimens came from the manufacturer with a 
number 110 f in i sh  which was more than &equate fo r  the t e s t s .  

Specimens used f o r  t e s t s  were milled t o  a def in i te  s i ze  as 
follows: 

316 extra  low carbon content - 1-112" x 1" x 1-18", 
309 C b  stabi l ized - 1-112" x 1" x 1/16", 
Carpenter-20 Cb stabilized - 1-3 12" x 1" x 1/8", 
Hastelloy F - 1-112'' x 1" x 1/8", 
Incoloy 804 - 1-I/?" x 1" x 1/8", 
M U I L ~ P  - 1-1/4" x 1" x 1/8", and 
tantalum - 1" x 314" x 1/16". 

Teflon beakers placed i n  an o i l  bath served as  containers for  
the specimens, i n  groups of three,  during the t e s t .  Samples were held 
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a t  interface l e v e l  by te f lon  j igs fo r  both vapor and aqueous study of 
corrosive e f f ec t s  of acids. Cooling water. circulated i n  round bottom 
f lasks  covered with polyethylene fi lm and,placed on top of the beakers 
t o  serve as  condensers, so the system operated under ref lux conditions. 
The solutions i n  the te f lon  beakers were kept a t  the boiling point during 
each of the three 48-hour periods. After each t e s t  period, specimens 
were b r i s t l e  brushed, water rinsed, acetone rinsed, and weighed. After 
weighing, the specimens were placed i n  a new solution of the same chemical 
composition as the  previous one; one hundred m i l l i l i t e r s  of solution per 
square inch of sample were used. Corrosion evaluation was based upon 
v isua l  observation and corrosion ra tes ,  based upon weight losses, cal-  
culated as  inches per month. 

Specimens of 309, columbium stabi l ized,  316 extra '  low carbon 
content s ta in less  s tee ls ,  Carpenter-20 columbium stabi l ized,  Hastelloy F, 
Incoloy 804, Monel, and tantalum were e.v.aluated f o r  three w-hour t e s t  
periods i n  mixtures of HF-HN03 acids. 

Corrosion r a t e s  calculated from weight losses of specimens i n  
various concentrations of aqueous HF-HNO mixtures ranged from 0.1403 
inches per month t o  0.9364 inches per moAth. Corrosion ra tes  of 0.002 
inches per month without grain boundary a t tack  are  allowable i n  process 
equipment at the Idaho Chemical Processing Plant. The exposed specimens 
suffered severe grain boundary attack, p i t t i ng ,  laminations, and d is -  
solution throughout the t e s t  ser ies .  The high corrosion ra tes  did not 
ju s t i fy  the extension of the study t$ welded samples or  t o  longer 
exposures. 

The r e su l t s  obtained indioate t h a t  none of the mctalo evaluated 
would be sa t i s fac tory  f o r  process equ ipen t  using an HF-m3 dissolver 
system. 



. . 
Table 1 

CORROSION RAfis - INCHES PER MONTH - OF ALLOYS I N  BOILING HF-HN03 

Three 48- our Exposures 

Metal 309 Cb . Carpenter-20 316 Extra Low 
Solution Stabilized Cb Stabilized Hastelloy F Incoloy 804 Carbon Content Monel 

' 8 . 0 ~ "  .HF 0.1528 0.1785 0.1309 0.1874 0.4524 No Sample 

.: 6 . 0 ~  m? No Sample 0.1706. Nosample 0.1573 No Sample 0.1721 
0 .oE - m03 

6 . 0 ~  HF No Sample 0.1056 No Sample 0.0854 No Sample 0.0553 
' 0 . 2 5 ~  - HN03 , .  .. 1 

No Sample 0.1503 No Sample No Sample 

0.2404 No Sample 

0.0450 No Sample 

No Sample No Sample 

'0.1529 No Sample 
, . 

No Sample No Sample 
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Table 2 

AVERAGE CUMULATIVE CORROSION RATES I N  BOILING 
10.OM HF FOR THREE @-HOUR EXPOSURE PERIODS - 

Appearaince After 
Alloy IPM Exposure Periods 

Carpenter -20 0.0698 General corrosion, mild p i t t ing ,  
Cb Stabi l ized and severe edge Lamination. 

Hastelloy F 0.1942 Severe granular attack. 

0.0541 Small mount of p i t t ing ,  granular 
attack, and edge lamination. 

309 ~b stabflfzed 0.1560 Complete dissolution during f i r s t  
exposure period. 

316 .Extra Low 0 7956 Complete dissolution during f i r s t  
Carbon Content exposure period. 

Mone 1 0.0208 General corrosion. 

Table 3 

AVERAGE CUMULATIVE CORROSION WTES I N  BOILING 
8 .'OM - ID' - 1. OM HN03 FOR THREE 4-8-HOUR EKFOEURE PERI~DE - 

Appearance After 
Alloy IPM Exposure Periods 

Carpenter-20 0.1785 Severe p i t t i n g  and edge lamination. 
Cb Stabi l ized 

Hastelloy F' 0.1309 Severe p i t t i n g  and etching. 

0.1074 General corrosion and s l i g h t  
gram1 l.ar A,* t ~ ~ k .  

309 Cb Stabi l ized 0.5128 Complete dissolution during f i r s t  
exposure period. 

316 ~ x t r a  LOW 0.4524 Complete dlssolution during second 
Carbon Content exposure period. 

Carpenter-20 0.4893 Welded specimens put in to  t e s t  f o r  
Welded, Cb last period. Specimens suffered 
Stabi l ized severe knifeline at tack at edge of 

weld . 



: . .  I,DO-14516 
. . Page 13 

Table 4 

AVERAGE, CUMULATIVE CORROSION, RATES I N  .:BOILING 
6. OM - HF - 1. OM - RN03 FOR THREE LI~-HoUR ;EXPOSURE PERIODS 

Appearance After 
Alloy , .IPM Exposure Periods 

. . . . - .  . . .  .. . 

Carpenter -20 . . , .  . 0.1706 . .. Intermediate p i t t i ng , and  severe 
.Cb Stabi l ized edge lamination. 

1ncoloy 804 0 1573 Received intermediate granular 
a t tack  and p i t t i ng .  

Monel . - - 
0.1721. Complete dissolut ion during ; thi rd  

' tes t  period'. 

Table 5 

AVERAGE CUM.ULATIVE CORROSION RATES I N  BOILING;, 
6. OM - HF - O.25M HNO FOR THREE '48-HOUR EXPOSURE PERIODS. . - 3 

.. . 
Appemance After 

IPM Exposure Periods 
? . . ... . . .  . ... . . . . ~ .  . 

Carpenter-20 0.1056 Mild p i t t i n g  and lamination a t ,  
CL SLablllzeii. edges . 

~ n c o l o y  804 ... 0.0854 . Intermediate amount of . 
attack.' 

, . 

Monel ' 0'.0553 Small amount of p i t t i n g  present. 
.., . . 

. . 
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Table 6 

AVERAGE CUMULATIVE CORROSION RATES I N  BOILING 
6 .OM HF - 6. OM HNO3 - 0.5M ~l*+ FOR THREE 48-HOUR EXPOSURE PERIODS - - - 

Appearance After 
Alloy IPM Exposure Periods 

Carpenter-20 
CB Stabi l ized 

Hastelloy F 

0.1904 Severe p i t t i n g  and edge laniination. 

0.1919- Complete dissolution during th i rd  
test period. 

0.2479 . Complete dissolution during t h i r d  
test period. 

309 db Stabi l ized 0.1192 General corrosion and severe edge 
I p i t t ing .  

316 Extra Low 0.2404 Complete dissolution during t h i r d  
Carbon Content t e s t  period. 

Table. 7 

AVERAGE C1.lM.JLATIVE CORROSION RATES IT BOILING 
3. OM HF - 6. OM HNOl - 1. OM AL+* FOR THREE 48-HOUR EXPOSURE l T R I O E  - - - .  

Appearance After 
Alloy ' IPM Exposure Periods 

Carpenter -20 0.0350 Minor p i t t i n g  edge lamination. 
Cb Stabi l ized 

IIaotclloy I? 0,0237 Intormediatd granulax attack. 

1ncoloy 804 0.0599 Severe granular attack. 

309 Cb Stabilized 0.0230 Small amount of general a t tack and 
p i t t i n g  on ends and sides.  

316 Extra Low 0.0450 Severe p i t t ing .  
Carbon Content 

Carpenter -20 0.450 Severe knifeline at tack along weld 
Cb Stabilized, edges. Intermediate p i t t i ng  in .  
Welded \ weld heat affected area. 
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Table 8 

AVERAGE CUMULATIVE CORROSION RATES I N  BOILING 
2 .OM - HF - 6 .OM HN03 FOR TIIREE 48-HoUR EXPOSURE PERIODS - 

Appearance After  
Alloy IPM Exposure Periods 

Carpenter-20 , 0.2477 General corrosion and severe edge 
Cb Stabi l ized p i t t i n g .  

Hastelloy F 0 1395 Severe granular a t t ack .  \ 

Intermediate granular a t t a ck  and 
severe edge a t t ack .  

309 Cb S tab i l i zed  0.1290 Severe p i t t i n g  and granular a t t ack .  

Tantalum 0.4362 Complete d i sso lu t ion  during f i r s t  
t e s t  period. 

Table 9 

AVERAGE CUMULATIVE CORROSION RATES I N  BOILING 
1. OM - HF. - 13. OM HN03 FOR THREE  HOUR EXPOSURE PERIODS - 

Appearance After  
Alloy IPM Exposure Periods 

Carpenter -20 0.1611 
Cb S tab i l i zed  

Hastelloy F 0.1263 

Small amount of p i t t i n g  with severe 
p i t t i n g  and lamination of edges. 

Severe granular a t t a ck  with edge 
lamination. 

1ncoloy 804 0.2639 Dissolved beyond iden t i f i c a t i on  
during t h i r d  t e s t  period. 

309 Cb S tab i l i zed  0.9364 Intermediate p i t t i n g  with severe 
edge a t t ack .  

316 Extra Low 0.1529 Intermediate p i t t i n g  with severe 
Carbon Content edge a t tack.  

Table 10 - 
, 

AVERAGE CUMULATIVE CORXOSION RATES I N  BOILING 
1.OM - HF - 6. OM - HN03 FOR THREE 48-HoUR EXPOSURE PERIODS 

Appearance After  
Alloy IPM Exposure Periods 

Carpenter -20 
Cb s t ab i l i z ed  

0.1503 General a t t a ck  with severe edge 
p i t t i n g  and lamination. 
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