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imiBlTIOK OF COKROSIOI OP 304-L I I  MlfflUHS WI3H ALUMINUM
—   --

In troduction  and StiHmiarj

I ^ e  30i|-L s ta in le s s  s te e l  i s  su b jec t to  severe corrosion  by m ixtures o f 

n i t r i c  ac id  and hydro flu o ric  a c id . - However, a t  sev e ra l p o in ts  in  HAPO sep ara ­

tio n s  p rocesses, i t  i s  very  advantageous to  be ab le  to  use th e se  p a r t ic u la r  

ac id s In  combination. To preven t se rio u s  co rro sio n  o f equipmfint, some means 

must be found to  in h ib i t  th e  corrosion  o f s ta in le s s  s te e l  in  t h i s  system. Work 

performed a t  HAPO and o th e r s i te s  in d ic a te s  th a t  altaminum n i t r a t e  i s  an e f fe c t iv e  

in h ib i to r  in  t h i s  system. Bie puipose o f  t h i s  re p o rt i s  to  p re sen t d a ta  defin in g  

th e  alufflinum-to“flu o r id e  "ratios necessary  to  achieve s a t is fa c to ry  in h ib i t io n .

Samples o f  type 30%-L s ta in le s s  s te e l  were e2q)osed to  b o ilin g  so lu tio n s  con­

ta in in g  n i t r i c  ac id , hyd ro fluo ric  ac id , and alimiaum n i t r a t e  a t  various concentra­

t io n s .  The d a ta  c o lle c te d  in d ic a te  th a t  an. a lu m im ia-to -flu o rid e  mole r a t io  o f 5 

to  6 i s  s u f f ic ie n t  to  produce almost- complete in h ib i t io n  in  .01 M h y d ro flu o ric  

ac id  so lu tio n s  w ith  n i t r i c  ac id  concen tra tions up to  10 m olar. A mole r a t io  o f 

5 to  6 a lso  produced good in h ib i t io n  in  4 M n i t r i c  a c id  so lu tio n s  w ith  hydro­

f lu o r ic  ac id  conceatra tions up to  0 .1  m olar. I t  appears l ik e ly ,  although d a ta  

were not c o lle c te d  to  confirm  th i s ,  th a t  t h i s  same loole r a t io  luay produce in.- 

h ib l t io n  a t  a  combination o f the  h igher n i t r i c  and h y d ro flu o ric  a c id  concentra­

t io n s .

Samples exposed in  th e  vapor phase and a t  th e  in te r fa c e  o f b o ilin g  so lu tio n s  

o f  aluiJiinuBi-inhibited n itr ic -h y d ro f lu o r ic  ac id  d id  not e x h ib it any evidence of 

acce le ra ted  a tta c k .

D etailed  D iscussion

At sev era l p o in ts  in  lAPO sep ara tio n s  p rocesses, th e  use o f n i t r i c  a c id  so lu ­

tio n s  contain ing  sm all q u a n titie s  o f f lu o r id e  i s  d e s ira b le . However, s ta in le s s
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s te e l  eqttipiEent i s  sev ere ly  corroded by such so lu tio n s . While i t  i s  p o ss ib le  to  

to le ra te  a  r e la t iv e ly  bigh co rrosion  r a te  a t  one p o in t in  th e  p rocess, such co rro ­

sion  cannot he p en o itted  in  equipment downstream from th i s  p o in t.  Some means mast 

th e re fo re  he found to  in h lM t th e  co rrosion  o f  s ta in le s s  s te e l  hy n itr ic -h y d ro ­

f lu o r ic  ac id  m ixtures. Work performed in  HAPO la b o ra to r ie s  and a t  o th e r  s i t e s  has 

in d ic a ted  th a t  alumimam .n i t r a te  i s  an e f fe c t iv e  ird iih ito r  in  t h i s  system. B iis  

re p o r t  w i l l  p resen t da ta  which p a r t i a l l y  d e fin e  th e  mole r a t io  o f  aluioiiwja-to- 

f lu o r id e  necessary  to  achieve th i s  In h ih i t io a .

^m ples o f  type s ta in le s s  s te e l  - I . 5" x 0 , 5” x  0.25*’ ~ were prepared

f o r  exposure hy hea t t r e a t in g  a t  1250 ?  fo r  one hour and w ater quenching. A ll 

sample faces were ground to  a  IB) g r i t  f in is h  to  re i» v e  oxide s c a le . !Bje samples 

were p assiv a ted  la. B) v /o  n i t r i c  ac id , d r ie d  w ith  acetone, and weighed.

A ll samples were ejiposed to  200 ml so lu tio n  in  le l~ P  b o t t l e s  w ith  fe f lo n  con­

densers, as shown in  .Figure 1, fo r  a  Biiniarma o f  f iv e  2^-hour p e rio d s . Ifost sam­

p le s  were exposed for a  t o t a l  o f  200 to  3OO hours. In d iv id u a l perio d  corrosion  

ra te s  were ca lc u la te d  on the  h a s ls  o f t o t a l  weight lo s s  during th a t  period , and 

th e  o v e ra ll  corrosion  r a te  i s  an average o f  th e  in d iv id u a l p erio d  r a t e s .  AH 

corrosion  r a te s  a re  expressed as m ils p e n e tra tio n  p e r month (.001*ymonth).

fOie in v e s tig a tio n  was designed to  ev a lu a te  the  e f fe c ts  o f  in c reas in g  n i t r i c  

ac id  concen tra tion  a t  a  given f lu o r id e  co n cea tra tio n , and in c reasin g  f lu o rid e  

concen tra tion  a t  a  given n i t r i c  a c id  co n cen tra tio n . Hie two p a r ts  o f  th e  in ­

v e s tig a tio n  w il l  he d iscussed  se p a ra te ly .

A. l i t r l c  Acid B ffee ts

A t o t a l  o f  31 samples were ei^osed to  h o ilin g  so lu tio n s  o f .01 M HF, 

w ith  IHO^ coacen tra tions o f 6, 8, and 10 ^  and a lua liium -to -fluo ride  

so le  r a t io s  rangiiag from 0 to  10. In  a d d itio n , samples were e j ^ s e d  to  

. 6, 8, and 10 M HIOj to  provide base r a te s  fo r  comparison. Bie .data
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co llec ted  are  shown in  Figure 2.

Im olnation . o f  th e  d a ta  in. F igure 2 in d ic a te s  th a t  a t  concen tra tions o f 

ii- and 6 M IIO^, an alxaoittum -to-fluoride mole r a t io ,o f  produces good in -

M M tio n , and a mole r a t io  o f  6 to  8 produces aliBost complete lahiTbition.

At IHOo concentrations o f 8 and 10 a  r a t io  o f 6 produces good inhilbition., 

and a  r a t io  o f  8 to  10 i s  re tju ired  fo r  n ea rly  complete i i^ l lb it io n .

I f  one were req u ired  to  define  the optiaum a lu ad m m -to -flu o rid e  mole 

r a t io  fo r  in h ih it io n  in  the  IIO^ -  .01 M IF  system, one might s e le c t  a 

value hetween 5 and 6 . Although h ig h er r a t io s  may r e s u l t  in  fu r th e r  i a -  

M M tio a , th e  ahso lu te  value o f th e  corrosion  r a te  decreases very  slow ly 

beyond th i s  p o in t.

In  o rder to  determ ine i f  a cce le ra ted  co rrosion  occurs in  e i th e r  th e  vapor 

phase o r a t  th e  liq u id -v ap o r in te rfa c e  in  in h ib i te d  so lu tio n s , samples o f sen­

s i t iz e d  30^-L were ej^posed in  th e se  p o s itio n s  over b o ilin g  so lu tio n s  o f 6 M 

HlOg - .01 M IF  -  .0% M 11 (102)3,  and 8 M HNO3 -  .01 M.IF -  .05 M Al{S03 )3 .

She samples were 02530sed fo r  11 in d iv id u a l p e rio d s , o r  a  t o t a l  o f  320 hours 

lone o f  th e  samples ex h ib ited  any evidence o f  a cc e le ra te d  a t ta c k .

B. H ydrofluoric Acid E ffec ts

a e  p o s tu la ted  mechanism of in h lM tio n  by aluminum in  t h i s  system i s  th e  

form ation o f aa  aluialntaa-fluoride complex io n . . I f  t h i s  is. c o rre c t, the sjole 

r a t io  o f alum inuia-to-fluoride req u ired  fo r  in h ib i t io n  may in c rease  w ith  i n ­

creasing  f lu o r id e  concen tra tion  as  a  r e s u l t  o f  d isa s s o e ia tio n  o f  th e  complex.

In o rder to  detennine I f  t h i s  i s  tru e ,  samples o f  type 30¥-h s ta in le s s  

s te e l  were esgjosed to  b o ilin g  so lu tio n s  o f  4 M HIO^ w ith  H F 'concentrations 

o f  .01, .05 , 0 , 1 , and 0 ,5  ^  w ith  alum iaum -to-fluoride mole r a t io s  ranging 

from 0 to  6 . Hie d a ta  co lle c te d  are. shown in  F igure 3*
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The d a ta  in  Figure 3 in d ic a te s  tba t^  w ith in  c e r ta in  l im i ts ,  in c reasin g  

flu o rid e  concen tra tion  does no t s ig n if ic a n t ly  a f f e c t  th e  co rrosion  r a te  a t  

a lu a lau m -to -flu o rid e  mole r a t io s  g re a te r  than  two.

Bie d a ta  shown in  Figure 3 a t  a  f lu o r id e  concen tra tio n  of O.3  M a re  

questionab le , p a r t ic u la r ly  a t  th e  h igher alum inum -to-fluoride ratios;.. 'At 

these  concen tra tions, the sample i s  exposed to  a  so lu tio n  which i s  50 volxime 

percent, AlClO^}2 ’ 9 HgO and 50 volume p ercen t 8 M HHO .̂ The e f fe c t iv e  ac id  

concentration  seen by th e  sample su rface  i s  unknown, b u t one might ea^ect i t  

to  be in  the  neighborhood o f 8 M. I f  th is  i s  c o rre c t, th e  d a ta  a t  t h i s  p o in t 

a re  not eoitiparable to  o th e r d a ta  on th e  graph.

I t  would be d e s ira b le  to  in v e s tig a te  th e  e f f e c t  o f  in c reasin g  110^ con­

ce n tra tio n  a t  th e  h igher IF  co n cen tra tio n s. B iis  m s  no t p o ssib le  in  th ese  

s tu d ies  because of acc e lem te d  co rrosion  due to  hexa-valen t chromium p ro ­

duced from corrosion  o f th e  sample. Bie in h ib i t in g  e f f e c t  o f  aluminiaa i s  

masked by the  ia te rg ra n u la r  corrosion, re su ltiiag  from th e  chromduB.

C. Conclusions

Based on the d a ta  co lle c te d  in, t h i s  in v e s tig a tio n , i t  appears th a t  an 

alualm am -to-fluoride mole r a t io  o f  5 to  ,6 i s  s u f f ic ie n t  to  produce alm ost 

complete in h ib it io n  o f  the corrosion  o f  30i|-L s ta in le s s  s te e l  by n i t r i c  

ac id  so lu tio n s  contain ing  f lu o rid e s  in  the  co n cea tra tio n s  norm ally encoun­

te re d  in  HA3TO sep ara tio n s processes (on th e  o rder o f .01 M)« Bie d a ta  also, 

in d ic a te  th a t  th i s  re la tio n s h ip  laay hold  tru e  a t  s ig n if ic a n t ly  h igher 

f lu o r id e  eo n cen tra tio n s .



tJaclassifled -6- B 'J-73211
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Glass ja c k e t

Teflon tubing

Water in

—“ Teflon stopper

Kel-F b o t t le

G lascol h e a te r

Sample

FIGURE 1

Drawing of equipments used fo r  co rro sio n  te s t s  in  b o ilin g  
n itr ic -h y d ro f lu o r ic  ac id  so lu tions* ., .■ : . 1 '
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FIGME 2

Corrosion Of 30ii~L By HNÔ  -  HF ~ ANN Sol'ations
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Corrosion Of 30I4-L By idi HNO3 ~ HF — ANN S olu tions
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