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The r a t e  of corrosion of chromium - n icke l  aus ten i t ic  s t e e l s  i n  
boi l ing  7G$ n i t r i c  acid i s  z r e a t l y  influenced by ce r t a in  condi t ions,  e.8. 

b 

(1) 

(2 )  

( 3 )  

The frequency with which the n i t r i c  acid i o  renewed. 

The r a t i o  of specimen surface area t o  volume of n i t d x  acid. 

The t p  of condenser employed, 

It i s  shown tha t  these f ac to r s  a l l  operate by modiffine the concentration 
of hexavalent chromium which tends t o  bui ld  up i n  the corrodine solut ion and 
rap id ly  accc lera tes  corrosion. The. presence of hexavalent chromium can 
c u i l y  be prevented by ensuring the presence of ni t roccn p r o x i d e  thereby 
decreasing the corrosion r a t e ,  and inproving the deviat ion of r e s u l t s  i n  
the boi l ing  n i t r i c  acid test,,> 

. 
-_I---- I - _ _  - - -- 

\ 
1% succested mechanism f o r  the formation o f  hexavalent chromium i s  put 

forward, and the  e f f ec t  on the electrode po ten t i a l  o f  the specimen i n  the 
! ac id  i s  demonstrated. 

P 



T,, INTRODUCTION 

During the corrosion t e s t i n g  of 18/13/1 austenitic s t e e l  i n  boi l ing  
7% n i t r i c  acid,  considerable var ia t ion was found i n  the r e s u l t s  from variou 
maksrs' l abo ra to r i e s ,  between which there was no s tandardisat ion of the 
conditj.ons of  testiny,. It was bclieved t h a t  the chief cause of var ia t ion  
d ight lbe  contamination of  the acid by the products of corrosion, mainly i m n ,  
chi-omiun and n icke l  n i t r a t e s ,  and experiments \?ere ca r r i ed  out t o  devise a 
su i tab le  standard t e s t .  

1. Method of' Test -..-_ 

Almost a l l  the e a r l y  experiments were car r ied  out i n  the 
apparatus shovin i n  Diagram l ( a )  cons is t inc  o f  a 500 nl conical  f l a sk  
with a ryound glass neck, i n to  which was f i t t e d  a v e r t i c a l  re f lux  
condenser. 
t o  serve a l s c  a n  "anti-burap" device. Heatine i n  an o i l  ba th  v a s  
found t o  cause excessive bunping, so tha t  heatin!: by h o t  p l a t e s  CAS 

adopted a s  anti-b-p, 

The specimen v a s  held v e r t i c a l l y  i n  a ylass c h a i r  shaped 

The acid used via5 7 6  weight/weipht stren,r$h and of  p r a c t i c a l l v  
A.R. pur i ty .  Thcre was no s igni f icant  v,xiutioli frw1i batch t o  batch, 
I n  thz course of experincnts,  there  v a s  a small volune loss between 
m i d  ohan,ces, but  the acid strcnEth remined  r-emrkably constant. 

A l l  specimcna were prepared i n  a s i n i l a r  manner. M t e r  
mchininfl  t o  s ize  they were heated a t  11OOOC. f o r  15 n inutes  i n  a muffle 
furnace,  withdram and a i r  cooled, They were then pickled f r e e  from 
sca le  and hand polished dovm t o  No.1 enery paper. 
q+!imer,s were a c t u a l l y  cut  from the same shcet and i n  the erne 
d i r c c  t ion.  

80 f a r  as  poss ib ls  ail 

V h i l e ~ a n  endeavour was always mde  t o  achieve a similar 
toiling r a t e  i n  all f l a s k s ,  there m a  no evidence that small 
var i a t ions  had any appreciable effect. 

/2 



Acid Volume 2. I 

In Tzble I are  s L t  out; th2 r e s u l t s  o f  corrosion experiments 
ir,  which specimens 1" x were immersed i n  vo lmes  of bo i l i ng  
x i d  varying from 100 m l .  t o  450 ml, 
renmzd every two days. It i s  apparent t h a t  solut ion volume has a 
most lnarked cff'ect on corrosion r a t e ,  the penetration i n  mm/year being 
near ly  10 times as grea t  for 100 m l .  2 s  f D r  450 ml. A s  would be 
expected, ' the e f f m t  becones grea te r  as the solut ion volunc i s  decreased. 
On the o the r  hand, with volumes exccedinp, 350 nl. thc e f f ec t  i s  decreased. 

x e 
In  a l l  cases  the acid was 

3. Frequency of Acid Changes 

Exactly the same e f f ec t  can be shovm by keeping the volume 
constant and varying the frequency of so lu t ion  change. Table I1 
shows the progressive penetration r a t e s  of 1*11 x 1" x s p c i h e n s  
i n  450 nls of acid. 
the ac id  was changed a t  24, The corrosion 
of '  specimens with 96 hour acid changes was exceedingly rapid - about 
24 mm/year, whereas with 48 hour changes i t  was about 0.70 mm/year and 
with 24 hour changes about 0.62 m/year a t  tho same period. 
for 48 and 24 hour acid c6 es  have been examined i n  d e t a i l ,  corrected 
f o r  diminishing surface a and the i n i t i a l  F d o d  of slow corrosion, 
and s e t  out i n  Fig. 1. Test Nos. 198 - 201 incorporated 24. hour ac id  
changes and Tests Nos. 202 - 205, 
569 - 580 r e f e r  t o  t e s t s  which had acid changes on Monday, Ykdnesday- 
and Friday, but a s  the specimen s ize  was d i f f e ren t  they were not 
s l t r ic t ly  comparable. 

They have been divided i n t o  three s e t s  in  which * 

or 96 hour in te rva ls .  

The r e s u l t s  

hour acid changes. Tests  Nos. 

4, ,Addition of Ehetal Ions 

Specinens were next corraded i n  bo i l ing  7O$nitric ac id  t o  
which addi t ions of chromic, f e r r i c ,  or nickel, n i t r a t e s  were made, and 
the r e s u l t s  are piven i n  Table 111, from which i t  cam be seen t h a t  by 
f a r  the g rea t e s t  acce le ra t ing  influence was t h a t  of chromium. 
had a small acce lera t ing  e f f e c t  when added i n  la rge  q u n n t i t h s ,  hut  
n icke l  showed l i t t l e  action. The same r e s u l t s  were obtained when 
these experiments were repeated on an 18/8 type of s t e e l ,  and are 
reported i n  Table I V .  
t o  surface area and the frequency of acid c h a n p s  on the corrosion 
of a u s t e n i t i c  s t e e l s  n i eh t  be due t o  t h c i r  influence on the chromium, 
concentration b u i l t  up i n  the corroding solut ion,  

THE MECHANISM OF CORROSION k~CCELERI1TION BY CHROMXmJ 

Iron 

It therefore  appear& t h a t  the r a t i o  of  v o l w  

11. 

1. General 

The f irst  ind ica t ion  t h a t  the  mle of  chromium was complex 
arose during an experirnent i n  which a specimen was corroded i n  7% 
n i t r i c  acid containing zdded chromium n i t r a t e ,  and maintained a few 
degrees be'low the  b o i l i n g  point. It was found t h a t  under these 
conditions,  chrpmiwn did not a c t  as an acce lera tor ,  &d that the 
specimen l o s t  weight a t  t he  same r a t e  as a specimen he 
s imi l a r  temperature i n  pure 70$ n i t r i c  acid. Tlie am0 
h i t r a t e  added, @ @ / l i t r e ,  vas more than had been previously used. 
It ,was a lso found that, .  a t  t h i s  temperature, l l O ° C ,  a specimen could 
be held f o r  over 100 hours i n  unchanged 7% acid without a c c d h r a t e d  
c o r r o  s ion occur r ing  

Previous work had shown t h a t  the presence of a l k a l i  
dichromates i n  d i l u t e  n i t r i c  ac id  a t  room tcnpcreture produced 
corrosion of the same order  as t ha t  normally occumin&in  the  
boi l ing  concentrated acid;  a t  t M  boi l ing  point  even 1.56 N 
n i t r i c  acid containing 0.25 molar sodium dichromate dissolved 
the specimens a t  the r a t e  of  12 m/yenr, 

- 2 -  



Solution Colour 2. " -.-. --. .--... -7 

DurinE this period, t e s t s  i n  acid containing chromic n i t r a t u  
were s t i l l  pmccediny, and it  was noticcd th2.t the o r i g i n a l  strong 
blue-green colour of a f r e s h  solution chmged, a f t o r  roughly 24 hours 
boi l ing ,  t o  orange-yellow. 
the absence of 8 s p c i n e n  i n  the solut ion,  ?Ad analysis  of the solut ion 
showed the prescnce of chromatc ions. 
a l l  the chromium or iv ina l ly  ad.ded a s  n i t r a t e  could be precipi ta ted 
as chromate, 

This change VGS found to  occur even i n  

After 48 hours b o i l i n c ,  almost 

Further invest ipat ion revealed that  chromate zlso occurrcd i n  
n i t r i c  acid i n  which 18/13/1 nus tcn i t ic  s t e a l  had been corrodcd a t  
the boi l ing  p i n t ,  and t h a t  the pcrcLntagc of the chromium i n  the 
hexavalcnt form i n c r e a s d  as  the tiw betwcen acid changes increased. 
This i s  i l l u s t r a t e d  by thL followinc r e s u l t s ,  obtained v ~ t h  the standard 
18/13/1 st ,e l  speciixns,  1" x 2 
acid i n  the times stated.  

x gt f ,  i n  350 nl. o f  bo i l ing  7C% n i t r i c  

It w i l l  be s e n  tha t  :lot only :?,id t h e  tot2.1 chroniui: i n  solution 
,increase wh3n thd perid w2.s exteiided f ro2  @ ta 72 hours, but th ,a t  the 
p e r c e n t q e  of chromium present i n  the hexavalent form rose from 1% 
t o  35$. 

These r e s u l t s  l a d  t o  tlic.. hypothesi:, tha t  the corrosion 
acculerZting e f f e c t  of chror;.iun' W2.S due to  the presence of chroncte 
ions,  f i r t h e r  viork, described i n  l a t e r  sections, confimicd this 
v i e w ,  but i n  the f i r s t  instence exwrir.ie:Its wr& dzsipned to  
i l l u s t r a t e  the mechuiiism o f  chror.:nte fomxtion.  Chromte  w a s  i l s o  
found i n  solutiolis a f t e r  corrosion of  18/8/1 s t m l ,  and .it  i s  probable 
t h a t  a l l  hizh chromium s t e e l s  a re  susceptible t o  t h i s  type of 
c or ro  s i  on I 

Effect  ~ ~ - ~ ~ ~ i ~ i ~ ~ a ~ ~ ~ , - C ~ ~ ~ ~ i ~  m d  Rcrluciny ligcnt - s m d  Lcid Strcnrth 

(4 - L i p i d  - Gas IntLrface 

An indicat ion of the mcchanisn of chronate fornat ion was 
eivcn by the discovery t h z t  chrojLiic n i t r a t e  was perfect ly  
s tab le  i n  70% n i t r i c  acid unless  the solut ion was a c t u a l l y  
boi l ing  ( b o i l i n c  p i n t  of 7% n i t r i c  acid 123OC. ). No change 
of colour  vias observed a f t e r  a wdek a t  110OC. This su,rGested 
t h a t  thc l i q u i d  gas in te r face  might be concerned but i t  WES 
foimd t h a t  by bubbling argon through a boilinrr, solut ion of 
chromic n i t r a t e  i n  7% n i t r i c  acid,  the change t o  chromate 
was only s l i g h t l y  accelerated.  
r e s u l t  s 

Carbon dioii.de gnve similar 

(b) Treatment with ox id is in,^ R,yents 

Oxygen and oeonised oxygen were d s o  bubbled throuph a 
similar solut ion with r e s u l t s  comp-irable t o  those with argon 

- 3 -  
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carbon dioxidc, The addition of  larze quan t i t i e s  o f  L@$ , 

H202 had no noticeable e f f e c t ,  but a m a l l  quant i ty  of  ce r i c  
sulphatc inmediate1.y chanyzd the chromic n i t r a t e  t o  chromate. 
Potassiun pernanpanatc produced a s imi la r  resu l t  but  l a m e r  
q u m t i t i e s  were necessary. 
oxidise  cold chromic n i t r i t e  a t  thc mode of an c l e c t r o l y t i c  
c e l l  provided t h a t  the n i t r i c  acid present d.id not exceed 5% 
w i v h t / w i  yht , 

It was also found possible t o  

Thz efLnect of c e r t a i n  rcducinn, ac tn t s  on ch"t)- 
m%c ions i n  bo i l inq  7qC n i t r i c  acid was also inv&stigated.  
Hydrazine sulphate cmscd inmediate reduction to  chronic 
n i t r a t c  nnd hydroxylamine hydrochloride caused reduction when 
laryd ~ u a n t i t i e s  x r e  zdiled. 

N20, NO and NO2 :;as were (.merated i n  an a q o n  atmosphere 

N20 and NO had no zi'fect, but NO2 caused reduction to  

A l i t t l e  ce l lu lose  added as f i l t e r  paper 

and bubbled throuy;h a boilinn, so lu t ion  of  chromate i n  7C$ n i t r i c  
acid.  
n i t r a t e .  
vns j u s t  off  the b o i l ,  
t o  a bo i l in?  solut ion caused copious evolution o f  NO2 and the 
solut ion chmscd to  thc Ereen colour of chronic n i t r a t e  
i n s t an t ly .  The addi t ion  of the n i t r i t e  radicle  a s  sodium 
n i t r i t e  a l so  brought about the evolution of N02, with the 
consequent reduction of  the chromate t o  chroniwn n i t r a t e .  
On the o ther  hand, the addition of urea to  a bci l inf :  solut ion 
of chromic n i t r a t e  i n  70% n i t r i c  ac id ,  to  remove the n i t rous  
acid i n i t i d l y  prescnt ,  caused the chanze to  chromate t o  occur 
i n  a shor te r  time. 

The ac t ion  of NO2 was much quicker whcn the solution 

\\%en chromic n i t r a t e  i s  boiled under a "cold f inger"  
t , y p  of  condenser, NO2 i s  alvmys present i m c d i a t c l y  above the 
solut ion and the solut ion i t s e l f  i s  coloured brown. Under 
these condi t ions no chromate has bcen found, and corrosion 
i s  correspondinp$y reduced, (See  11.7) 

It appears, t h e r e f o r e ,  t h a t  NO2 m u s t  be concerned in the 
conversion o f  chromic n i t r a t e  t o ,  chromate. 

- Effect of N i t r i c  Acid Strcnpth 

The streng.:t'h o f  the n i t r i c  acid wcs found t o  be important. 
Below 4.Q) vrt/V.t. of acid,  chronic n i t r a t e  was s t ab le  a t  b o i l i n s  
point ,  m d  a t  5@ s t rcnqth ,  the c h a n p  was slow and incomplete. 
Lt 6 0 5  and upmrds thcre  was a complete colour chanze i n  about 
18 hours of  boil in,?,  thouFh t raccs  of n i t r a t e  nYcht be present 
f o r  L$ hours (with a specimen i n  thc solut ion there  vms clways 
some n i t r a t e  present;). 

4, Valency Chm,qes i n  the Chromium Ion 

The term "Chromate" has been used i n  a ,yenera1 sense. From a 
study of the l i t e r a t u r e  i t  seeins probable t h a t  chromium i s  oxidised 
and then underzoes a condensation t o  di-chromate, i n  boi l ing  n i t r i c  
ac id ,  but  i t  has not been possible as  ye t  t o  obtain experincntal  
proof, as  chromates, di-chrornates, tr ichromatcs ,znd tetra-chromates, 
Ere a l l  p rec ip i t a t ed  as chromates by lead,  s i l v e r  o r  barium. 
Further  vork i s  beinl; ca r r i ed  out .  

The p a r t i a l  ionic  equaticn for dichromates i s  viven as - 
2 C r + + +  + 7320 L Cr20;- + 14H+ + 6 electrons.  (1) 
7 

For oxidat ion thest. e l ec t rons  must be supplied by the n i t r i c  ac id ,  
f o r  which tvm p a r t i a l  ion ic  equations are  Eiven - 

, 



N q  + 2H' + 1 elcctrcii NO2 + H20 (2), for strong acid,  
and NO? + .!&I+ + 3 clccl -2 NO + 2H20, ( 3 )  f o r  d i l u t e  ,acid. 

- 
\ 

Equation ( 2 )  s a t i s f i e s  the condi t ions,  2nd multiplying, we obtain - 
6 NO: + 1 2  H+ + 6 electrons -----..A 6NO2 + 6 ~ ~ 0  (4)  
&dine, equations (1) and (4)  

7- 

2 Cr+++ + 6N03 + 12H' + 7H20 Cr20-7 + I&++ 6N02 t 6 ~ 2 0  (5) 
7 

or 2Cr(N03)j + H20 --.---A H2Cr207 + 6N02 ( 6 )  
7 

Equation ( 6 )  i s  an ova- s implif icat ion,  as obviously thc presence of 
strong n i t r i c  a;id i s  necessary, althoup$ none i s  used up. 

Equation ( 6 )  does, however, represcnt the 2nd reaction 

If the o ther  chromates were involved, then the appropriate end 
equations would be - 

Cr(N03)~  + H20 A H2CrO4 + 3N02 ( 7 )  
~ C I - ( N O ~ ) ~  + H20 - H2Cr3010 + 9N02 ( 8 )  
7 

7 

7- 
and & ~ ( N O J ) ~  + H20 H2Cr4013+12N02 ( 9 )  

It w i l l  be seen t h a t  the amount of NO2 Given off  by the 
oxidation of a molecule of chronic n i t r a t e  i s  the same i n  a l l  cases, 

This conccption of a revcrsible  oxidation - rcduction rLaction, 
i n  which the oxidation i s  perfornsd by thc n i t r i c  acid i t s e l f ,  2nd 
which i s  control led by the r a t e  of renoval of NO2, provides one 
explanation f o r  the observztCons out l ined above. 

5: Electrode Potent ia l s  i n  Chromic Ni t ra te  end Chromate -- Solutions 

The measuremnt of po ten t ia l s  i n  bo i l ing  n i t r i c  acid presented 
considerable d i f f i c u l t y  ; the apparatus i s  i l l u s t r z t e d  i n  Diagram 11. 
The l iqu id  i n t e r f a c e  poten t ia l s  were not known and were assumed 
c o n s t a t ,  1111 readings recorded are r e l a t i v e  t o  the saturated 
KCl/calomel half  c e l l .  
Electrometer Valve pH neter .  

Poten t ia l s  were neasurcd on a Canbridge 

The KC1 bridge kr3.s r e f i l l e d  f o r  every readinc,  and v ~ s  then 
imiediately removed. 

In  Fig. 2 ,  the poten t ia l  of a pla t in i scd  platinwn electrode 
versus calcmel has been plot tod against  time; 
400 mls. of b o i l i n g  7% n i t r i c  acid t o  which 1.347 PIS. C r ( N 0  )3, 
9H20, = 0.175 'TL C r  were added, The i m c d i a t e  e f f e c t  of t e 
chromium addi t ion was t o  lower the p o t e n t i a l ,  but i t  then rose 
sharply,  and continued t o  r i s c ,  thouzh a t  a decreasing r a t e  ,and 
a s p i p t o t i c a l l y ,  for the durLtion of the experiner,t. 
t ine ,  there  had been a not iceable  c h a n p  i n  solut ion colour i n  
about 5 hours, and the chmge w a s  v i sua l ly  coinplete i n  about 18 
hours. 
complete. There was a l i t t l e  l o s s  of solut ion by evaporation 
during the run, and a constant l e v e l  dcvicc feedinc f r e s h  acid 
would have been an irnprovement , but it i s  c l e a r  tha t  the ncthod 
is su i tab le  for following the oxidation of chromium. 

the f l a s k  contained 

z - 

DurinL t h i s  

I n  45 hours the chmfie t o  chromate was  p r a c t i c a l l y  

I n  o ther  experiments Lzn 18/13/1 a u s t e n i t i c  s t e e l  e lectrode 
This was i n  the  fomi1 of the usual 1" x it' x $I' tms used. 

specimen, except t h a t  a project ion vms l e f t  t o  make a connection, 
This project ion vas swaged down t o  about 1/16" dia.  x 4" loris, and 
the whole annealed, pickled .md polished. Before usinp it  was 

/boi led  
- 5 -  



boiled for 24 hours i n  7% n i t r i c  acid. 

Hours Corrpded Total  Chrcniun 
grrx, 

C).ODl 
0.002 

, 

-I 

a 

Fig. 3 shows tho poten t ia l  of t h i s  18/13/1 electrode (against  
calomel) i n  a similar solution to  t h a t  uscd f o r  the previous 
experiment, The poten t ia l  obtained w a s ,  of course,  different , but 
i t  will also be noticed th2.t the naxi:,im o c c u r r d  i n  a nuch shorter  
time, 
the chromium i n  the presence of the s tee l .  The l a t t e r  would be 
slowly dissolving t o  Give iiore n i t r a t e ,  nnd forming some n i t rous  
acid i n  the process, 
only contain a proportion of the t o t a l  chromium as chromate. 

This w2.s because i t  'was not possible t o  complctcly oxidiso 

For tkis reason actual  corrosion solutions 

-1 
I Chror,i;l~i._l.m ns  Chronnte 

c1 rsriils, 

Not mcaprable  i --c--. 

i 
I 

k t  the p i n t  marked on the fi<?re, NO2 gas was blown through the 
solut ion,  rad the p t c n t i e l  imncdiately droppcd tovrzrds the or ig ina l  
value. A t  the  saine t i n e  the colour revertcd t o  blue-green. ( T N s  
colour change V E S  somewhat ;nas&ced by thc prdsencc o f  exce:s NO2 end 
VES only properly shown by quenching the solut ion and purging vrith 
argon). 
be duc t o  an uneven gas flow. 

The e r r a t i c  nature of t h i s  p2rt 07" the curve was thought t o  

FiLare 4 shows the poten t ia l s  obtaimd v i t h  thc 1.8/:3/1 austenitic 
s t e e l  electrode when chronim was added i n  Tr;nriou-, €'om.; to  boil.in,q 
70$6 n i t r i c  acid. 

' reading, lon,? enouch to rzmovc NO2 i n  t k  aci.3, but not t o  mikd 1 
s igni f iccnt  chanpc i n  n i t r a t e  conccairati  on. 
used f o r  each reading. 
n i t r a t e  i s  very s t r i k i n e ,  :md the h iyhi r  potential of tlic f o r m r  
pives the probable reason for t h c i r  grcnti-r rz tc  o f  attwA: on 
a u s t e n i t i c  s tLe l .  Thc curves f o r  d i c h r o m k  2nd chromntc are v c r j  
sirnilar, as would be expccted, since th3 canionz ?ri l l  f i n a l l y  cx5st  i n  
the scme form i n  solut ion,  m d  h y  diffeisence would he a u a  to thc 
presence of potassiwx. 

Boiling vias c a r r i c J  out for 10 ixhuyes befoi-e tnc 

A f r c s h  solution vas 
The difi"ermce between the chronates a ~ d  the 

Electrode - p o m n t i d s  kvl :  cilso been ncacured i n  boi l ing  70% 
n i t r i c  acid t o  which nickcl  n i t r a t e  and L'crric n i t r a t e  d d i t i c n s  w e x  
made and the r e s u l t s  are  shown i n  FiSs, L& ?and 473. Thc iEJ'cct of  
n icke l  vias t o  depress thc poten t ia l  a l m r  t prOpl*t i  onal ly ,  ;)ut t h e  
e f f e c t  of i r o n  additions was very e r r a t i c .  The m x & x u .  patenti.:il 
recordcd vsith i r o n  i n  solution vms 905 rnxllivol.ts, v.ell Lelcltr the 
values obtai.ncd when chroixatc 5 0  1s were p-estat;. 

I 1  11 40 0.003 

i 
I 0,006 0.0005 48 
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7. 

Comparint;; Fiyurc 5 r i t h  Firure 4, and r'jith the zbove analyses 
i n  mind, i t  can bc seen tha t  the poten t ia l  due t o  chromate ions 
eradually takes charze. The process i s  s e l f  accelerat inc,  and 
a f t e r  about 40 hours ( f o r  the par t icul-r  volum/surface area 
conditions used) corrosion increases rapidly. 

It i s  concluclcd that the acceleratinp e f f e c t  of  chromium on 
the corrosion of  s t a i n l e s s  s t u e l s ,  i n  the standard apparatus, i 3  
associated with a r a i s i n z  of  the Specimen Solution Potent ia l  i n  the 
presence of chromate ions.  

--I--c_ Ultra-Violet Absorption of the Solution 

A number of solutions was prepared a s  f o 1 l p s : -  

(1) 7@ n i t r i c  acid freed from NO2 by passiny, f i l t e r e d  
arp,on throuy;h i t  f o r  15 minutes. 

350 nl of  70$ n i t r i c  acid containinp, 0.9615 crm, 
chromic n i t r a t e  ( z  
f rced  from NO2 by areon as above, 

350 m l s .  of 70% n i t r i c  acid containin2 0,2404 p m .  
chromic anhydride (4 0.125 grin. chmniun) i n  solut ion,  
frLcd from NO2 by argon as abovc. 

350 ids. o r  70$ n i t r i c  acid t o  rrhich 0.9615 grm. 
chronic n i t r a t e  had bccn added, boi led for 72 hours 
undzr a re f lux  condenser, cooled (See  under 7 below), 
pur@ with argon, and made up t o  the ori.rina1 volume 
with solut ion (1). 

( 2 )  
0.125 prm. chromium) i n  solution, 

(3)  

(4) 

These solut ions were analysed chemically by p lo t t ing  Ultra 
Violet  Absorption Curves (2), 
50 mls. t o  200 m l s , ;  solut ion {l) was used as a base. 

3 )  and (&)  a f t e r  d i l u t i o n  f r o i n  

Density/wavelenSth curves arc  shown i n  Piguro 6. The 
difference i n  c h a r a c t e r i s t i c  between both the curves f o r  the 
chromate m d  Tor the boi lcd solution of  the n i t r a t e  and t h a t  
o f  the n i t n t e  without boilin!- i s  s t r ik ing ,  and i s  a f u r t h e r  
indicat ion of the nature of the c h a y c s  tukinco; place i n  boi led 
chromic ni t r a t c  solut ion,  

The Effec t  of  the Condcnscr on Corrosion 
--I_- -- --..-___ _.__---,- 

A l l  the t e s t s  so f a r  described were car r ied  out under re f lux  
condensers. 
"Cold Finser"  was t r i e d ,  and showed a marked ef feo t  on corrosion. 
The apparatus i s  i l l u s t r a t e d  i n  Diapam l(b). 
under "Cold Finpcr" condensers appec7.red qui te  brown i n  colour,  
and the  f r e e  space above the solution was f i l l e d  wi th  brown 
h e s ,  espec ia l ly  in stmnz sunlirht. 
NO2 would be cxpectcd t o  i n t e r f e r e  with the oxidation of chromium 
n i t r a t e ,  and carefu l  ana lys i s  of a number o f  solut ions has f a i l e d  
t o  show the presence of any measurable quant i ty  of chromate. 
so lu t ion  of chromic n i t r a t e  i n  7% h t r i c  a c i d ,  boi led under a 
"Cold Finqer" condenser f o r  4 days, showed no change i n  colour,  
and contained no chromate a t  thc end of t h a t  time. 

kn i n t e r n a l  typc of condenser, re fe r red  t o  as a 

N i t r i c  acid boi led 

The presence of SO much 

A 

A s e r i e s  of t e s t s  was c a r r i e d  out i n  which the two types of 
condenser were d i r e c t l y  compared. The standard specimens of 
18/13/1 were used, i n  350 m l s .  of acid. 
aoid changes were car r ied  out every .!+E hours, but  t h e r e a f t e r  a t  
72 hour i n t e r v a l s ,  i n  order  t o  acccntuatc the differcnce i n  the  
r e s u l t s ,  

For thc f i r s +  552 hours, 

/The r e s u l t s  

- 7 -  



The r e s u l t s  a r e  shown i n  Table V,  and p lo t ted  i n  Figure 7. 
It w i l l  be seen tha t  the steady corrosion r a t e  under reflux 
condensers, was more thcan tivice t h a t  under V o l a  Fingers", 

The uppcr half  o f  Table V I  shows some r e s u l t s  extracted from 
Table 111, i l l u s t r a t i n g  the e f f ec t  of added chromium on corrosion, 
under re f lux  condensers. The lower ha l f  of Table V I  shows the 
r e s u l t s  when the same expe r ikn t . s  were repeated under "Cold Finger'! 
condensers, 
of chromium on corrosion {vas neEligible.  

It will be seen tha t  under "Cold Fingers" the e f f e c t  

These t e s t s  amply confirm the view t h a t  chromium only 
accelerates  corrosion when present i n  the hexavalent form, 

, 

The d i f f e ren t  ac t ion  of> the two types of condenser probably 

In the f l a s k  with re f lux  condenser (Diapram l a ) ,  immediately 
over the solut ion and up t o  the neck, the enclosed pas, mist o r  
vapour, i s  o l ea r  and co lour less ,  as i s  the condensate f a l l i n g  i n t o  
the f lask .  
brown NO2 fume. This fume i s  present whether there i s  a specimen 
i n  the solution or n o t ,  i t  i s  not  affected by c los ins  the o u t l e t  of 
the condenser with a l i q u i d  t r ap ,  and it  appears t o  depend to  some 
extent on the qua l i t y  of the l i p h t  f a l l i n g  on the flask. Attempts 
t o  f ind  which p a r t  of  the spectrum i s  responsible have not been 
successful ,  except t h a t  sunlipht was  found t o  cause more NO2 than 
any a r t i f i c i a l  l i p h t ,  and some NO2 was present even i n  complete 
darkness. However, whether the  reason be difference i n  densi ty ,  
temperature p a d i e n t s ,  o r  the e f f ec t  of convection cu r ren t s ,  i t  
seemsothat the concentration of NO2 i n  thc i n t e r i o r  of  the f l a s k  i s  
qui te  low, These condi t ions only obtairi during ac tua l  boil inE, ,AB 
soon as b o i l i n c  s tops ,  the column of NO2 drops i n t o  the f l a s k ,  
co lours  the so lu t ion ,  end begins t o  reduce any chromate prescnt. 
Therefore, when analysing these so lu t ions  f o r  chromate, i t  is 
e s s e n t i a l  t o  remove the condenser, and v i t h  i t  the column of N02, 
before removing the f l a sk  from the hot p la te ,  
be quenched i n  a water bath,  whilst a current  of  a i r  i s  blown over 
the surfacc of the l i qu id ,  

arises as follows:- 

Immediately above t h i s ,  the condenser space holds 

The f l a sk  should then 

1 5 t h  a "Cold Fingorllfcondenscr,  the  whole i n t e r i o r  cf the 
f l a s k  i s  genera l ly  f i l l e d  with brown f'umc, the condensate forming on 
the Finger and fall in '? i n t o  the solut ion i s  coloured, and the 
solut ion i t s e l f  i s  also brown. The mount of fume v a r i e s  
considerably from f l a s k  t o  f l a s k ,  and from hour t o  hour, but the 
amount of NO2 which seems necessary t o  prevent the formation of 
chromate must be qui te  small, a s  no measurablc quant i ty  o f  
hexavalent chromium has yet  been found i n  any f l a s k  f i t t e d  with 
this type of condenser, even when the  presence of f b i e  has been 
hardly noticeable,  

Conclusions 

The experiments reportcd above were undcrtakcn with a v i e w  t o  explorhf l  
the mechanism by which accelerated corrosion can occur i n  cxpdsinp, 18/13/1 
and 18/8/1 a u s t e n i t i c  s t e e l s  t o -bo i l ing  n i t r i c  acid. 
conclusions have been drawn from %he r e s u l t s  obtained, 

1, 

The following 

The so lu t ion  of . , i ron and n i cke l  fiom the s t e e l  kias l i t t l e  c f f e c t  
Fe r r i c  ni t ra te  slightly r a i s e s  the o leo tmde on the corrosion rate, 

po ten t i a l  i n  b o i l i n g  n i t r ic  ac id ,  n icke l  n i t r a t e  decreases the  poten t ia l .  

2, The solut ion of chromium as n i t r a t e  has no e f f e c t  &less the ni t r ic  
aoid i s  boi l ing .  
oxidised t o  the hexavalent form, the electrode po ten t i a l  of the  s t e e l  
is r a i sed ,  and the r a t e  of corrosion increased i n  some r e l a t i o n  t o  the 

/concentration 

A t  the bo i l ing  point ,  chromic n i t r a t e  i s  slowly 

- 8 -  



3* Thc: addition of c e r t a i n  reducinr a p n t s  t o  thc. boiliny; solut ion leads 
t o  ruduction of thu hexavclcnt chromiun t o  chromic n i t r a t e ,  md the 
corrosion r a t e  f a l l s  t o  a steady valuc unless oxidation i s  allovrcd t o  
re sume . 

4. The oxidation of chromic n i t r a t e  t c  the hexavp-lent form may Occur 
accordin,( t o  the simplificd equation. 

2 Cr (NO3)3 + H20 H2Cr-707 + 6 NO2 

The react ion would then be control led by the r a t e  of reinoval of 
nitrogen peroxide from the b o i l i n g  solution. 

5 .  A closed systcm, i n  which ni t rogen peroxide i s  not allowed t o  escape 
(int‘rnal condenser type) does not Rive r ise t o  the oxidation of  chromium, 
as suppcstt-d i n  4 above, 
allow the escape of nitrop,en peroxide, m d  henco ,the formation of hexavalent 
chromium. 
affected by the atmosphere irnrncdiately above the bo i l inp  n i t r i c  acid. 

A system open t o  the atmosphero, howcvcr, W i l l  

The r a t e  of d i sso lu t ion  of 18/13/1 Land 18/8/1 s t e e l s  i s  thus 

6 .  A hich r a t i o  of surface area of metal t o  volume of corrodins  solut ion 
Wil l ’  accentuate the r a t e  of corrosion by reason of the bui lding up of 

-- hit’;h concentrations of hexavalcnt chromium. 

Ac knowlcdmcn t ---- 
The authors wish t o  acknowledge sufpestions and the assis tance o f  

M r ,  I?. Jones i n  the ana ly t i ca l  work recorded i n  t h i s  paper, and advice 
and discussion on the e l ec  tro-chenical measurements by Dr. J.S. Broadlcy. 
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The progressive penetration rh t e  a t  any time is given by 
the expression Wo - Vlt x 8760 x c 

A0 + A t  x t ( i n  hours) 
2 

The penetration r a t e  f o r  any period will be given by 

The period penetration r a t e  does not rcach its averap,e steady 
value f o r  about 800 hours 
The adjusted progressive pcnetration r a t e  i s  ca lcu la ted  by subs t i tu t ing  
. the values a t  800 hours o r  a similar period f o r  WO a d  A. i n  thc f irst  
expression and ilrylorine; any previous readings. 
average of a l l  the period penetration r a t e s  a f t e r  t h a t  point and gives 
a more accurate c s t ina to  of  the r a t e s  a t  which a st txl  will corrode 
over very long p r i o d s .  

t h e r e a f t e r  becomes f a i r l y  constant. 

It i s  i n  f a c t  the 

WO = or ig ina l  wcight. 
W t  E weight a t  time t. 

= or ig ina l  area. 
A t  = area a t  time t, 
C = 
t = time i n  hours. 

a constant  depending on the densi ty  and the  units used 

- 10 - 
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- FIG. 4 A  

POTENTIALS OF 18-13-1 STAINLESS STEEL 
IN 70% HN03 WITH ADDED Ni \ N03)* 



FIG. 48 
910 

9 0 0  

870 a 

860 

890 

$40 

830 

020  

810 

\ 
\ 
t 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
t 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
t 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
8 

I 
I 
I 
I 

I 
0 

I 
I 

I 
1 

I 
I 

e : 
l 
I 
I 

I 
1 

I 
I 
I 
I 
I 

I 
I 

I 
I 

I 
I 
1 

I 

8 

\ 

4, 

\ 
\ 
\ 
t 
\ 
\ 
\ 
\ 
b 
\ 
\ 

S 

\ 
\ 
\ 

\ 
\ 

‘wf’ 

0 
1 

0 
9 

R 
e 

I 
/ 

0 
0 

t 
I 

9 

8 

POTENTIALS OF 18-13-1 STAINLESS STEEL 
IN 70’/ HNO3WlTH ADDED Fa 

I 
I 
I 0 

I 
I 

i 
I 
I 
I 
I 
I 

r’ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

GRAMS Fe \ I  
! I  

I il 1 1 I 1 0 

0 02s - 0 5 0  * 0 7 S  100 012s 458 *I95 



F I G .  5 

I 

loo( 

9 0 (  

80C 

70C 

60C 
0 

POTENTIALS OF l 8 / l S / l  STAINLESS STEEL 

ELECTRODE I N SOLUTIONS OF I8/ I3/ l1 

CORROSION PRODUCTS IN  7OY, NITRIC ACID. 

20 40 
COR ROS 

6 0  00 I 0 0  
ON TIME I N  HOUR§ 



I 3 b 1 I I a I I I I a I I a a a 4 a 1 

NO11~lOS SlHl 



F I G .  7. - 
- 

CORROSION RESISTANCE OF 18/f3/1 STAINLESS STEEL IN BOILING 70% HNO3 

,UNDER J A )  REFLUX CONDENSER 

I' E, \i ( 8 )  COLD FINGER CONDENSER 
I '  
I 

I 
I 
I 

I 
I 

I 
I 

I 
I 

,I 

: '  
ACID CHANGES ! ACID CHANGES 

I 
EVERY 4a HRS. f EVERY 7 2  HRS. 

i 

I 

r \  \ 

\ 
\ 

# 
\ 

/ 
\ 

8 I (2) '\ 

\ 
\ -. - * - * -'-* -- . -. -. -. _. -.l i ,I , . ---I I 

1 
I 
I 

-. L. I /----- >*.. 

I 
'I: . I /- 

----& 

/ 
Y-  - I '  - *  -.-.*-p-* --- -. / /- \ --.--.... I /- 

\ ,-&>&=.J 

/ 
\ I 

-4 

(3) 1 r* -.. I -- J 
. I  \ / -. 

\ / 
/ 

LH' 
I 

I / 

I / c1 R V E S  *A* 
F 

( I )  ....... PERIOD P E N E T R A T I O N  R A T E  
( 2; ... PROGRESSIVE PENETRATION RATE 

( 3 )  ... NORMAL PROGRESSfVE RATE 
AFTER 388 HOURS 

\ '. 

i- =cJ 
h €4 
E E  

--- - a#---------- - , A- - Y I J  
_ _ _  

\CURVES '8' 

(4) PR3CRESSIVE PENETRATION RATE 
AFTER ;224 HOURS - - # + - - - - i - L 7 - r 7  I t 

1 1 I I I I I I I I I I I 1 I I 

2500 1000 1SQO 2000 H O U R S  - 



DIAGRAM NO. I 

I 

REFLUX 
NSER 

La - 
F L A S K  WITH 
COLD FINGER 
CONDENSER 

a 

HALF FULL SIZE.  
0 LEVELS CORRESPOND TO SOLUTION 

VOLUME OF350 M L S .  



"X* 

4 

D I A G R A M  NO. 2 .  

APPARATUS FOR THE DETERMINATION OF 

ELECTRODE POTENTIALS OF 18/13/1 I N  

t 

- 
VARIOUS NITRIC ACID 

SOLUTIONS 

A. 
B. 
C. 

D. 

E. 
F. 
G. 
H. 

D I A G W i  2 

STANDkw REFLUX COIDWSER. 
CONNECTION TO EUCTRODE "C". 
18/13/1 OR €"INISED PLATDW 

SGLUTIOK IN TVICH P0mTUL IS 

CA.PILL;rRy BRIDGE 

POTASSIUM CHlXlRIDE BRIDGE. 
skTURA!ED PDTASSIUM CHL0R.DE 

ELECTRODE ~ 

TO EE MEXSURED. 

7* COLD NITRIC XID. 

SOLuTIm. 

STANDARD CALOMEL HALF -CELL L+ 

The diagram is one-half full size.  

http://CHL0R.DE


solution 
10. v-a ml. 

- 
1612 

I ~ 1037 I 1228 I 1 4 ~  
4 3 a  

1.21 52 
1 .1 776 

7 
.75819 

2.8462 
2.476 
90495 

,94822 . P 3 d  
o@Y9 

2.71 92 
2.5303 
. 9 w  
,8720.1 
.VW8 
,69266 

0*-53 ( ( 10111 
1.1182 

,:?A% 
098148 t 1.3519 
.75926 
1.3333 
.%2% 

0.0042303 1 
0.00387 

0.0035769 

0.003102 

I I 1 1 1 H- 1 
I I I I I I I I 

SOIupI(H CHANCE: M(HDAYS, IYEDNESDAYS As3 YRIMYS. 

I I I I 1 . 1  I I I I I I I I I 

621 7 
€Us 

.41&0 
. 6 2 W  
e59297 
.5m34 

,65499 
,67621 
,67167 
.76236 



TdBLg I11 

EFFECP OF COFXOSION PKlDUCTS IK KXORN ~ K K h T R A T l O K S  ON CORNSION OF l8/13/1 STAWLXSS 
STEEL I N  CONCENTRATED NITRIC ACID 

enetration Rate -in m./yser after Total Corrosion Hours a s  Bslm I 
Teat 
No. 

Progressive 
Solution Detai l s  

8s. loo8 21 6 

.741667 
-610597 

96 

. 302662 
301 X'9 

168 

.612103 

.521116 

357 

.498101 
,001681 

192 

----!-- ~~ - 

Spec.Size: 1" x ;" x &2 
sOl.Vol. 350 m l .  
SoLChange: Mondays, 
Wednesdays & Fridays. 

S7ec.Siz.e: 1" x f' x 0.431- 
sOl.Vol. 350 ml. 
Solution Change: Y o n d a p ,  
Wedneadays and Fridays. 

698 
699 

7 6  m 3  7.2 p- ( 
) Fe(NC3)3 a$ per l i t r e  ( 

e 782264 
e799537 

960 

005324 
.OB796 

.45278 

.21354 

.Si898 

.74606 

71 755 
.62118 

. 6 1 m  
;54664 
.48380 
-44317 

-258333 
.279167 

6 

.40741 

.55556 

.33333 
-51 852 

.@lL3 

.40741 

.31@1 
537% 

-53704 
-481 48 

.35333 

. w 9  

48 

18.5189 ' 15.5337 
I 

48 

11.0069 
1.2421 

I 3.063 
' 4.227 

.2896 
I -2505 

i 1.c90 
' .3218 

0 24537 

24 94 47 

. a 3 3 1  

. 2 1 w  

. $9858 

.21277 

-21513 

,16785 

*I9858 

- 20331 

.19385 

.a804 
* 15839 
,18913 

168 

28.9294 
20.1029 

-- 
168 

7.3982 
3.7262 

5.027 

.4u% 

.45 

.e505 
-7890 

.2176 
1839 

~ 1 9 7 8  
.2163 

168 

614 
61 3 
612 
61 1 

610 
bog 

608 
607 
606 
605 

604 
603 

.37905 

. X l @  

.40451 
37037 

a37731 
-283% 

a29109 
.28069 

* 31 529 
.25521 

* a769 
23% 

3a4 

5.7069 
3.16a 

4,332 
5.826 

1.0725 
-063i7 

-9876 
1.020 

* 321 5 
.w5 

28% 
. 2 m  

.579% 

.]io324 

,99489 
.e1 607 

.76022 
67448 

e 6 0 5 9  
.%39 

.:le0 
.1*2 

- 

1.66055 
1 .a923 

1.1 I 285 . m 7 9  

. u 1  

.e5739 

,721 31 
-63029 

- ,W% 
-48173 

1.44806 
1 .me0 

1.17622 
e92397 
.e6610 
.75383 

-73712 
.64757 

. 5 5 m  
.49942 

1.32263 
I . O y + l l  

- 82784 
.68258 

.64511 

.57624 

.55961 
-48119 

.45110 .w 

800 

.34983 

. 3 1 m  
.41121 
-36367 

96 

Spec.Size: 1" x 3" I i'' 
Sol.Vo1: Sol. change: 350 Mondays, ml. 

Ilednesdays & Fridays. 

uC4371 
16.4993 

702 
703 

96 552 

4.8281 
3.6221 

3.811 
L. 997 
1.160 
-7172 

1.025 
1.158 

-4147 
*32f3 
.)466 
* 3321 

2.1285 
1.1769 

2.472 
4.312 

.1%6 
-2492 

.7188 
3982 

4.73L7 
3.5831 

3.691 
4.704 

1.194 
.e054 

1.072 
1.195 

A546 
-4028 
A178 
,3753 

5.0614 
3.7591 

3.813 
4.747 

1.155 
.we 

1.099 
1 239 

.57a 
4 x 1  

.W32 
* 9 9 2  

7 6  m3 + .&76 ( { Cr(N03)3 9H2g per litre ( 

7& m0 * .238 gm. 
) Cr(NO3); 9H20 per l i tre .  

7 G  m03 + .a76 gm. ( 
) Cr(NDjI3 9H20 per l i t r e  ( 

) 70% mO3 + .0230 b. ( 
) Cr(NO3I3 9H$ per l i t r e .  ( 

spec. Size: 1. I in x i' 
Sol.Vo3: 350 ml. 
Sol.Change: kondags, 
Wednesdays & Fridays. 

.m37 

.97% 

672 

375% 
.LO892 

- 840 

-41915 
0 443m 

loo8 

.@62 
481 74 - 

357 

-31048 - 32346 
.21134 
.22696 

1 



f 
TABLE m 

Solution D e t a i l s  
&c. 

.ation Rate in &year a f t e r  total corrosion hours as below Pent - 
96 - 
5372 
5529 

e 3852 
5358 
-5078 
4901 

.%le 

.le779 
0 5 0 4 8  
.4695 
.5022 
5242 

- 
96 

5 - 6 3  
L I O O  

5.4% 
2 0 x 5  
1.946 
2.683 
1.661 
1.829 
0.430 
0.476 

- 
96 

0.580 
0.573 
00 553 
0- 5% 

- 

Test 
NO. 

880 1056 

1.2160 1.2616 
I. 2263 1 .3892 
1.2480 1.2852 
1.1419 1.2466 
1.1869 1.2408 
I .OB51 i. 1262 

1.1060 1.1744 
1.0410 1.0839 
I. 1179 1 1549 I. 1673 1.2269 

I. 1189 1.1634 
1.0899 I .I XM 

955 1123 

7.325 7.040 
5.579 6.035 
L794 L755 
5.324 5.435 
2.5t6 2.438 
3.556 3.583 
20110 2.030 
i.892 2.030 
1.296 1.540 
1.889 1.402 

888 1056 

9.215 10245 

1.172 ,le203 
1.286 10325 

1.217 1.256 

1728 

1.4000 
1.5013 
1 e a 3 4  
1.b224 
1.3935 
1.2w 

1 3047 
1.2319 
1.2997 
1. 3335 
1.237L 
1.3017 

990 
991 
9?2 
993 
994 
995 

Specisen s i z e  1'4' 
Nominal .91& 

.9&2 
-9120 
.8359 

,sol.Vol. 350 ml .  
Temp. Boiling Poht  

996 
997 
998 
999 

lo00 
IC01 

1.2119 
1.1178 
1.2916 
1.2% 
1.1576 
I. 2051 

1.2533 102884 
1.1629 1.2084 

1.2839 1.3173 
1.1870 1.2150 

1.2265 ie27y3 

1.2b93 1.2788 

specimen s ize  N M  in&"x; 

sol.Vo1. 350 ml. 
Temp. Boiling Point 

Sol.Change: Mondqe, 
Wednesdays & Fridays 

0.698 
0.567 
0.567 
0.59 

- 

1 e057 
1.162 
1.W 
1.012 

1.166 
1.229 
l e i 3 3  
1.153 

I 



TABLEV 
JOB NO. 317 

COfiROSION RESISTANCE OF 18/13/l STAINLESS STEEL IN B O I L I R G  SOLUTIONS O F  7 6  N I T R I C  ACID 
CONTAINING D!CXN AMOINTS OF CEXOMIC NITRATE UNDEii RXFUlX AND COLD FINGD CONDENSERS. 

I 

Report No. 8012 

Test 
Nos. 

810 1 
811 1 
812 ) 
813 1 

815 1 
816 1 
817 ) 

818 1 
819 ) 

8 2 C  1 
521 ) 

814 

- 
1031 ) 
1032 1 
1033 
1034 ) 

1035 1 

1037 
I038 

1039 
1040 1 
1041 
1042 ) 

1043 
1 0 4  

1036 1 

- 

~~ ~~~~ 

Solut ion and other  Detai ls  Tc 
48 

1.007 
1.242 

3.063 
4.227 
.2896 
.2505 
1 .ow 
.3218 
.2176 . I 620 
.I e98 
. 2 9 4  

a1 Pel 
96 

2.129 
1.177 
2.472 
4.312 
a 1566 
.2492 
. ~ 8 8  
.3982 
.2c37 
-1736 
.1875 - 1956 

t r a t i o  
168 

7.398 
3.726 

6.884 
.4406 
. 3 4 7  
A505 - 7890 
.2176 
1839 . I 978 

,2163 

5 027 

Rate, 
21 6 

6.934 

4.624 
6.046 
.5248 - 451 7 
.8688 
.8565 
.2325 
* 1903 
.2011 
.2289 

3.992 

g e a r ,  
9 4  

5. '707 
3.164 
4.332 
5.826 
1.073 
6377 

.9876 
1.020 

e3215 
2465  
.2836 
.2884 

i f t e r  I 
552 

4.828 
3 . 6 2  
3.811 
4.997 
1.160 
71 72 

1.025 

.&I 47 

.%66 
-3321 

1.158 

3 321 3 

l O W i U R  

720 

4.735 
3.583 
3.691 

.80% 

4.704 
1.194 

1 .O72 

.. 4546 

. b 2 8  

.4178 
,3753 

1.199 

.ours 
800 

5.061 
3.759 
3.813 
4.747 

Veights of SpecLne2s for above Tests  corrected t G  S t a d a r d  Hours by Graphs. 

,2060 

. I 806 
1991 

.z45 

.I944 
,2153 
.2269 
.2153 
.2060 

.2361 

.1667 

.I 968 

.io65 

.I667 
.2720 
.2083 

.%95 

.258 1 

.2211 

.2083 

.2@7 
-2565 
.2107 
.19% 
,2396 
.I944 
.1887 
.I482 

3300 
2527 

.3314 

.3214 

.2341 

.2163 

.2646 

.2553 
2269  
.205o 
.2573 
.=95 
.207 7 
.I 6% 

.3506 

.2572 

.2845 

.3w3 

.2433 

. u 7 4  
,2804 

.2289 

.2685 

.2176 

.2505 

.=48 
,2155 
.I939 

S p e c h e r  s i z e :  1" x 'A'' I -  x Jh" Appror. 

Solution Volume: 350 d. 

5486 
29 67 

.3504 

.4288 

. 3 0 6  
,3107 
.3649 
.%78 
. 3 l z  
2951 

.3336 
,2627 
.3102 
.2682 

. a 8 5  

.3897 
- 3927 - 4783 
.3623 
.3827 
* 4453 
. 4 1 3  

.3345 

. 3 4 3  
-3583 
321 3 

,3750 
.3410 

Solution Cbnge: Hondays, Vehesdag and Fridays. 

.6312 
51 27 

.42001 
,5165 
.b46 
.4514 
.51OC 
.4553 
.918 
,4338 
.4068 
-3710 
.4185 
.3975 

.6343 

.5224 

.4313 

.5219 

.4171 

.4753 
,5308 
.a35 
.3957 
.4560 
,4244 
.3881 
.4381 
.4210 



TABU 6 

1 

CORROSION RESISTANCE 18/13/1 STAINLESS STEXL IN 7& HNO AT B O I L ~ G  3 POINT 1 UNDER 

I I 1 

TEST SOLUTION DETAILS ETC. PERIOD PENETRATION RATE MM/YR AFTER FOLLOWING PERIOD HOURS : 

48 48 72 48 7 68 If33 168 168 168 168 1 68 168 168 
NO 

887 350 cc 7% HNO a t  123.5'C 0.233 . 0.230 0.169 0.293 0.502 1.726 2.590 2.646 2.136 2.173 1.397 1.564 1.547 
888 with R e f l u x  coadenser 0.235 0.254 0.154 0.254 0.414 0.559 0.840 .8780 1.201 2.262 1.522 1.724 1.425 

0.365 0.419 0.504 0.518 0.5% 0.677 10.586 I 0.668 0.705 889 350 cc 70% HNO a t  1 2 3 . 5 O C  
890 wi th  Cold Fingzr Condenser 

0.213 0.244 0.217 
0.237 0,258 0.1.79 0.413 0.475 0.520 10.567 0.588 0.818 0.619 0.703 0.728 

PERIOD PENETRATION RATE WYEAB CONTINUED FROM ABOVE 
168 168 168 168 16P 

887 A s  Above 3.095 2.602 1.766 1.7161 1.5595 
888 2.103 2,022 1.892 1.6818 1.9762 
889 Cold Finger .812 ,636 .691 .6842 .694-1 
8% .746 ,735 .694 .7249 .7335 

PROGRESSIVE PESIETRATION RATE m/YR AJZIXR FOLLOWING HOURS : 
I 

1056 1224 1392 1560 1728 48 96 168 216 I384 552 .720 888 
887 350 cc 70% HNO a t  123.fsoC 0.233 0.232 0.205 0.199 0.385 0.791 -1.213 1.486 1.593 1.674 1.662 1.642 1.6277 
888 with Reflux coadenser 0.235 0.245 0.226 0.239 0,315 0.389 0.494 0.567 0.669 0.887 0.961 1.0464 1.0862 
889 350 cc 7@ EINO a t  123.5OC 0.213 0.228 0.233 0.236 0.293 0.331 0.372 0.399 0.421 0.456 0.472 .4932 -5136 
890 with Cold F i n d r  Condenser 0.237 0.247 0.251 0,267 0.341 0.374 0.408 0.438 0.462 0.511 0.524 -5437 .5618 

1896 2064 2232 2400 2568 
887 A s  Above 1.7426 1.8082 1.8150 1.8076 1.7912 
888 1.1788 1.2481 1.2966 1.3254 1.3692 
889 Cold Finger a5397 -5478 e5585 e5673 05756 
890 -5783 .5908 - - - 

* A 

48 H r  Solut ion change up t o  552 Hrs then 72 Hour 

Report No. 801 2 




