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TO : W. D. Manly DATE: A u ~ s t  21, 1952 

FROM: Anton deS. Brasunas and Lo S. Richardson 

SUBJEZ'2: Unusual Diffvision and Corrosion Phenomena Observed i n  L i q ~ i d  Metal and 
Molten Caustic Corrosion Tests 

I n  the course of making numerous l i qu id  metal corrosion t e s t s  a t  temperatures 
of approximately 1000°C, there  have been def in i te  indications i n  cer ta in  
instances of the  inward penetration of the  low melting metal in to  the higher 
melting point metal. Among others, sodium and lead, both of which a re  supposedly 
insoluble i n  cer ta in  metals, have shown evidence of such penetration. 

Sodium, f o r  instance, has completely penetrated a 0.25 inch thick copper 
w a l l  section and appears t o  have penetrated about 0.006 inch in to  s ta in less  
skeel. 

Sodium atoms a r e  appreciably la rger  than copper, iron, chromium, o r  nickel 
atoms and hence t h e i r  di.ffusion r a t e s  might be expected t o  be quite small i n  
the  l a t t i c e  network of smaller atoms. Nevertheless, there i s  ample evi.dence t h a t  
it does occur. This ph'anomena can have an appreciable e f fec t  on the mechani.ca1 
properties of cer ta in  a l loys  whose s t a b i l i t y  may be affected by the presen.ce of 
these atoms. 

Corrosion Tests with Sodium 

(1) An evacuated copper capsule which was f i . l l ed  with sodi.um was heated 
t o  1000°C fo r  a period of 100 hours. Upon opening t h i s  capsule, no sodium 
remained. On standing i n  a i r  f o r  several weeks, the  sectioned copper capsule 
became stained i n  the  manner shown i n  Figure 1. Analysis of the  deposit 
indicated tha t  it was Na2CQ3. 

(2) A s imilar  t e s t  was made with a copper-plated (0.010 inch) s t a in l e s s  
s t e e l  (Type 304) specimen placed i n  a copper capsule. The surrounding bath i n  
t h i s  experiment was NaOH. The copper capsule was placed i n   TI evacuated 
s t a i c l e s s  s t e e l  jacket and heated f o r  100 hours at  1500°F. 

!The copper capsule, when opened, contained only a p a r t i a l l y  oxidized 
specimen. However, the  i n t e r io r  surfaces of the  s ta in less  s t e e l  jacket were 
coated with metall ic sodium. 

This has been interpreted as  follows: The sodium hydroxide was reduced by 
.%he s ta in less  s t e e l  t o  metall ic sodium. Sodium then penetrated through the  copper 
capsule and condensed i n  the  cooler portions of the  system. 
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The react ion i s  as follows ( M  being the  s t a in l e s s  s t e e l ) :  

M + NaOH r MO + Na + 112 H2 

I f  N a  and H2 were t o  d i f fuse  through t h e  capsule wall, t he  react ion would 
tend t o  favor complete react ion forming metal oxide. (When Z r  was used ins tead 
of 304 s t a in l e s s  s t e e l  using a nickel  capsule, Zr02 formed and Na w a s  retained 
i n  the  capsule.) The formation of Na2C03 w a s  a l so  noted on the  sectioned 
surface of t h i s  copper capsule. 

(3 )  When a 316 s t a in l e s s  s t e e l  specimen was exposed t o  sodium f o r  100 hours 
a t  180O0F, the  weight change and metallographic examination indicated very 
l i t t l e  i f  any corrosion. However, p rec ip i ta t ion  was noted i n  t he  surface region 
a s  i s  shown i n  Figure 2, which could not be explained unless one were t o  
assume t h a t  some sodium diff'used i n to  the  s t e e l  p rec ip i ta t ing  sigma par t ic les .  
It would seem t o  indicate  t h a t  sodium i s  a sigma promoter, since weight change 
indicates  very l i t t l e  sodium pickup. 

On standing i n  a i r  f o r  a year, a white deposit of Na2C03 slowly formed. 
This i s  shown i n  Figure 3. 

Calculation of Diffusion Coefficients 

I f  t he  t e s t  where sodium completely penetrated a copper capsule i s  considered, 
an estimate of the  s i ze  of t he  diff'usion coeff ic ient  required can be made. 
I f  it i s  assumed (1) t h a t  sodium diffused through copper as a soluble substance, 
and (2) t h a t  diff'usion i s  suf f ic ien t ly  rapid t o  e s t ab l i sh  steady s t a t e  diffusion,  

M -  6 
then D = , where 6 i s  the  thickness of t he  copper sample 

A t  Ac 

(114 inch), M i s  the  weight of material  l o s t  (20 g),  t i s  t he  length of the  t e s t  
(110 hours), A i s  the  surface area of t he  container (40 cm2), and Ac i s  t he  
difference i n  concentration at t he  inner and outer  surfaces. The l a rges t  
possible value f o r  t h i s  would be t he  so lub i l i t y  of sodium i n  copper. This has 
been reported as  l e s s  than 0.1% by weight. Using these values, D w a s  calculated 

t o  be 8 x 10 -3 cm21sec* o r  larger .  This is  an enormous value, f a r  g rea te r  than 
t h a t  observed i n  any other  metal l ic  systems. It was therefore  concluded t h a t  
sodium has penetrated the  polycrysta l l ine  copper capsule not by the  ordinary 
diffusion process, but essen t ia l ly  v i a  grain  boundaries, since a Cu-Na phase has 
been found a s  a grain  boundary consti tuent throughout the  capsule wall. This i s  
shown as Figure 4. 

& A& 
'Anton deS . Brasunas 
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Figure 2. Surface region of 316 s ta in less  s t e e l  exposed t o  sodiurn a t  
1800°C fo r  100 hours. Note shallow surf ace i r r e g u l a r i t i e s  and precipi ta t ion 
of unknown phase believed t o  be sigma. 250X. 

Figure 3. Corrosion t e s t  specimen (type 316) a f t e r  100-hour exposure t o  
sodiurn at 1800eF. Specimen at l e f t  i s  appearance a f t e r  removal from t e s t ;  
specimen a t  r i g h t  i s  similar specimen one year l a t e r .  



Figure 4. Evidence of sodium penetration shown by prec ip i ta t ion  of Cu- 
N a  grain-boundary phase i n  OFHC copper a f t e r  100-hour exposure t o  sodium at 
1000°C. 500X. 
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