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By Americo F. Forestieri 

A study was made  of  the  effect  of  additives on the  extent of cor- 
rosion  and mass transfer In sodium  hydroxide - "L" nickel  systems.  The 
experiments  were carried out under free-convection  conditions; "L" nickel 

F wTth a temperature  difference  of 45 F. The extent of corrosion and 
mass transfer was determfned by a measurement of the  weight  change of 8 
spechen in  the  hot  zone, and by  metdlographic  examination of the  speci- 
men cross  .section. Additiom to the  melt  included  metals, sdts, oxides, 
and  nitrides.  Reduction in mass transfer  occurred  with  additions of 
powdered  chromium  and aluminum. 

2 crucibles half full of sodium hydroxi2 were  heated  for 24 hours at E0Oo 
'U 

.. 

Molten  sodium  hydroxide is, in many respects,  an  attractive  choice 
as a high-temperature  heat-transfer  fluid. However, it  is  extremely 
reactive,  and has produced  corrosion  and ~ & S E  transfer in all metals  or 
alloys which  have  been  investigated  as  container  materials  in  the  tem- 
perature  raage 1000° to 150O0 F. Of the  materials  studied,  nickel was 
found to  have  the  best  resistance  to  intergranular  attack by sodlum 
hydroxide;  however, mass transfer w&s experienced,  that is, metal was 
removed  from  the  hot zone (without intergranular penetration) and de- 
posited i n  the form of cry&als in the cold  zone. 

This investigation was conducted at the  IUCA Lewis laboratory 
to  determine  the  feasibility  of  the  use  of  additions  to  the  melt  for 
reduction  of mass transfer  in "L" nickel.. For  simplicity,  experiments 
were  carried  out i n  static  crucibles  at 1500° F with a temperature dif- 
f erence  of 45' F. Under  these  conditions,  the flow is  purely  convective. 
Consequently, no account was taken  of  the  possible  effects of the  higher 
flow  rates  characteristic  of  heat-transfer  systems. 
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Adequate  reproducibility  of  results  in a static  test was found  to 
be  dependent on several  elrperimental  conditions.  Those  which  required 
careful  control  were cmposition of  the  crucible  components,  cleanliness 
of  the  crucible  and  specimens,  atmospheric  contamination  of  the  sodium 
hydroxide,  moisture  content  of  the  sodium  hydroxide,  weight  of sodium 
hydroxide  charge,  and  temperature  conditions.  Results  reproducible  to 
&lo percent  were  obtained  by  the use of a procedure  which  is  described 
as follows: 

The  experiments  were of 24-hours  duration, and each  additive was 
used at three  different  concentrations  based on the  weight  of sodium 
hydroxide.  The  extent  of  corrosion  and mass transfer was determined  by 
measurement  of  the  weight  change of a nickel  specimen  residing  in  the 
hot  zone.  Metallographic  examination was made of specimen  cross  sections 
in instances  for  which  the  weight  changes  were  not  conclusive. 

Crucibles. - The  crucibles  used  in  this  investigation  were  fabri- 
cated  from "L" nickel  tubing  of  the  composition  shown  in  table I. !€%e 
crucibles  illustrated  in figure 1 were 5 inches  long,  with a 5/8-inch 
outside  diameter  and  1/16-inch wall thiclrness . The  5/16-inch  diameter 
by  l/le-inch  specimens  and a l l  of  the  crucible  components  except  the 
vent  tube  were  fabricated  from  the  same  length  of  tubing  in  order  to 
insure  uniform  metal  composition.  Heliarc  welding  with a helfum and 
15-percent  hydrogen  atmosphere was used in fabrication. A flow of argon 
was maintained  in  the  tube  during  welding in order  to  prevent  oxidatton 
of  the  interior of the  crucibles. 

Before  the  crucibles  were  assembled,  the  components,  including  the 
specimens,  were  cleaned i n  a modified aqua regia  cleaning  solution  for 
2 minutes  (ref. 1). Sodium hydroxide  of  analysis  shown in table I1 was 
weighed (13 .O kO.1 g )  into  the  crucibles  in a dry  box  using a nitrogen 
atmosphere.  The  tops  and  vent  tubes  were  then  welded  into  place. The 
moisture and air  were  removed  by  evacuation at a tempsrature  slightly 
below  the  melting point .  Evacuation  and  heating  were  continued  until 
the  pressure  in  the  system  reached 5 microns. 

When  evacuation was completed, a cover  gas of helium was admitted. 
The  crucibles  were  then  transferred  to  the dry box  and  the  additives to 
be  tested  were  placed  into  the  crucibles  through  the  vent  tubes.  The 
dry box  atmosphere was then  removed by evacuation  and a fresh  supply  of 
cover gas at 2 pounds  per  square  inch  gage w a s  admitted.  Crimping and 
welding  at  the  crimp  served  to  seal  the  crucibles.  Thermocouples  were 
attached  at  the  liquid  level, 31 inches  from  the  bottom,  and  at a point 

2 
110 inch f r o m  the  bottom.  The  crucibles  were  then  ready for mounting in 
the  holder  as  shown in figure 2. 

R1 

M 
% 

*- 

c 



NACA RM E54E19 3 

w nJ 
03 
XI 

m 

4 

Apparatus. - A specially designed  furnace, illustrated in   f igure 3, 
was used t o  obtain  the uniform temperature  conditions which had been 
found necessary t o  achieve  reproducible results. The maximum temperature 
difference between any two crucibles a t  any hefght was less than loo  F, 
and the temperature difference from bottom to   l i qu id  level was G o * 5 O  F. 
In order to insure  uniformity i n  temperature  conditions, the crucible 
holder was always mounted in   the same position in the furnace. 

Test procedure. - The four  crucibles mounted in   the  crucible  holder 
were lowered into the furnace which had been stabil ized a t  1500' F. After 
a period of 24 hours, the crucible  holder was removed  and the assembly 
allowed t o  cool i n  a i r .  The crucibles were opened with a tubing  cutter, 
and the appearance of the sodium hydroxfde and crucible  interior was 
noted. The caustic was then removed by solution  in a stream of hot water. 
me crucibles and specimens were rinsed wtth acetone and drieh, and the 
specimen w e i g h t s  were redetermined. 

The specimen weight loss was previously shown (ref.  2) t o  provide 
an adequate measure of the extent of mass t ransfer   in  a nickel  crucible 
containing on ly  sod im hydroxide. However,  when additions t o  the sodium 
hydroxide caused reactions  leading t o  intergranular  penetration,  corrosion 
layer formation, andfor the deposition of metallic fflms on the specimens, 
the, specimen w e i g h t  changes alone could  not be rel ied upon as an adequate 
cr i ter ion  for   the measurement of mass tressfer. Consequently, spechens 
which  showed a smaller weight loss than the  control  or a weight increase 
were  examined metallographically and these results were also tabulated. 

A t e s t  using  four  crucibles  containing no additions t o  the m e l t  was 
used t o  d e t e d n e   t h e  degree of reproducibility of the experiment. In 
addition, a control  crucible  containing no additive w&8 included in each 
set. 

mSTJLTS AND DISCUSSIOBT 

Reproducibilitg. - Table III l ists the reeults of a typical experi- 
ment used t o  determine the degree of reproducibility. A mean weight loss 
of 5.1 milligrams was obtained  for the four specimens. The average de- 
viation f o r  a single observation was f8.2 percent i n  this experiment. 
When data f o r  the  control specimens were  combined, an average deviation 
of 29.8 percent was obtained. 

Appearance of specfmens. - +Phe control specimens and those f o r  which 
the additlve was iner t  or  caused an  increase  in  rate of surface  metal 
removal were bright and shining i n  appearance. In cases i n  which m e t a l  
deposition,  corrosion  layer  fomatfon, and intergranular penetration 
occurred, the specimens were dull.. A nonmetallic  coating was vis ib le   in  
several  instances. 
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For the  sake of brevity,  the  discussion  of  the  additives  is  included 
in the remarks  column of the  tables. 

& 

Additives  having a detrimental  effect. - m e  results  for  the  addi- 
tives  considered  detrimental are given  in  table IV, together  with  the 
experimental  conditions.  Additives  were  listed as detrimental  if  their 
use  resulted  in  increased  specimen  weight loss, specimen  weight  gain,  or 
intergranular  penetration. 

Additives having no marked  effect  (inert). - The  additives  listed in og 
table V caused no marked  change  in  specimen  weight loss. gable V con- H) 

tains,  in  addition  to  the  inert  additives, data obtained by the  use of 
caustic  with low carbonate  content  and  that  obtained under vacuum. 

(u 

N 

Additives having beneficial  effects. - Additives  were  considered 
beneficial  if  they  caused a reduction in specimen  weight loss or if a 
small specinen  weight  gain  could  be  accounted  for by a surface  coating 
on the  specimen. 

Of all the  additives  tested, only chromium  and aluminum (table VI) 
proved  beneficial.. A study  of  the  photomicrographs (a lso discussed  in 
the  tables}  indicated  that  chromium and aluminum  additions  reduced  the 
attack on the  nickel  and  apparently  caused  the  formation of a very  thin 
film on the  surface  of  the  specimens. 

SU"FR OF RESULTS 

Under  experimental  conditions  which  proved  to  give  reproducible 
results, an investigation was carried  out  to  determine  the  effects  of 
various  additives on corrosion and mass transfer in static  nickel  cruci- 
'Jles  containing  molten sodium hydroxide  at 1500° F with a temperature 
difference of 45' F. 

The  results of this  investigatfon can be  summarized as follows: 

I. Additives  considered  detrimental in that  they  caused an increase 
in  the  weight lass, a marked weight gah, or intergranular  penetration 
of the  specimens, were palladium,  zinc,  platinum, aluminum oxide,  iron, 
cobalt,  calcium, sodium, iodine,  carbon,  sodium  chromate,  potassium 
chromate,  cobaltic  oxide,  ferric  oxfde, sodium peroxide,  and sodium 
phosphate. 

2. Additives which caused no marked  change or a very small change 
in  the  weight loss of  the  specimens  and  therefore  were  considered  to  be 
inert  were  copper,  silver,  gold,  colunibium  nitride,  and  tantalum  nitride. * 
The  absence of a cover  gas or the  use of purified.  sodium  hydroxide had 
no marked  effect on the  weight  change of the  specimens. 

I 
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3. Additives  wbich  reduced  the  weight loss of the specimens and were 
considered  beneficial  were aluminum an& chromium. 

Lewis  Flight Propulsion Laboratory 
National Advd-sory Committee for Aeronautics 

Cleveland, Ohio, May 21, 1954 
N 
w 
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1. Anon. : Metals Handbook, 1948 ea. Am. SOC. Metals (Cleveland), 1948, 
p. 1041, formula 3. 

2. Mosher, Don R., and Laa, Robert A.: Kfnetic Study of Mass Transfer 
by Sodium  Hydroxide in Nickel  Under  Free-Convection Conditions. 
NACA RM E53K24, 1954. 
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TABLE I. - COMPOSITEION OF "L" NICKEL TUBING 

Material 

.059 3t. 006 Iron 
0.149 rt0.015 Manganese 

Percent" 

Carbon .024 2.005 
Silicon .020 k.002 
Sulfur .om 2.001 
Cobalt 
Nickel 

.119 k.013 
Balance 

Copper .028 2.006 

aAverage of analyses of a l l  
lengths of tubing used. 

TABLE 11. - ANALYSIS OF SODIUM HYDROXIDE F'ELIZTS 

[Eimer and Amend, l o t  502875, c.p. grade.] 

1 Material 1 Percenta 

Sodium hydroxide 
Chloride (C1) 
Iron (Fe) 
Other heavy metals (as A d  
Carbonate Na CO ) 
Phosphate !PO:) 
Sil ica  and ammonium hydroxide 

precipitate 
Total nitrogen (as NH3, NO2) 
Sulfate   SO^) 

97.6 
0.005 
.001 

0 
.32 

0 

0 

0 
.001 

&As per label and verified by analyais a t  time 
of use.  

TABLE III. - FZPRODUCIBlLmrP 
Temperature, OF 

change, mg level  crucible 
weight Liquid Bottom of 

Specimen 

I535 1491 -4.3 
1534 1488 

-5 -8 1489 1530 
-5 - 2  

1533 1 1489 I -5 .O 
Mean -5 e 1  

w 
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TABLE IV. - ADDITIVES HAVING A DETRIMENTAL EFFECT 
nodl t lvr  

Kater la l   Percmt aottm of Liquid rclght 
Temperature, 9 SptcLmrr. 

c m l b l e   l r v e l  w 

?r. 
cn r-. 

3 
PC 1 

1539  1501 -L.8 

P t  3 
P t  

1546  1497 -42.5 
5  1532  I494 -24.0 

0 1539 1- -5.5 
A I S 3  1 1544 14as  1.2 
A I S 3  3 
AI203 

1536 1472 
5 1534 1469 -.9 

.3 

C 
Fa 

1539  1460 -6.5 
1 

F t  
1537 148C -25.7 

3 15% 1472 -28.4 
F* 5 1537 14B6 -28.1 

C 1539 1484 -4-5 
1 1546  1491 .e _ -  3 1549 1487  7.2 .: 3 5 1534 1475 8.2 

- " - - - - - - - 

" _-  ." 
0 1539 1- -5.0 
-25 1535 1480 -10.0 x 

.:a -55 1517 1470 -9.9 
r¶ -83 1515 1473 -2.8 

0 1539 1408 - 5 . 6  
1 1539 1499 -14.9 
3.2 1816 1467 -10.2 
3.5 1534 1468 .I 

0 1539  1491 -4.4 
Ha 1 1541  1491 -24.2 
LIL 
Ha 

1.25  1528 1481 -38.1 
1.5  15% 1405 -61.1 

n 
In 

1539 1487 -6.3 
1 1545  1491 -22.7 
3 1523  1473 -17.0 .': - .  5 15R1  1471 -22.9 

0 1539 1488 -4.9 
1 1548 1489 -78.6 
S 1536 1478 -8.5 

P 5  1539 1477 -7.8 

,:a 
,115. 
.:a 

" 
I I  

0 I 15S9 I 1487 I -b.2 

0 I539  1485 -6.5 
R ; C r q  1 1539  1488 -20.7 
KzCrQ4 3  1126 1478 -20.6 

5 1528 1477  -19-6 

R- I 
V i m 1  e m n a t l o n  or -a-trmwfer deposit on c ruc ib l r  *11 indl- 

uated  decrease in tranaler.  Increase i n  specimen  weight l o s s  baa 
r m d  t o  be t h e  result or foruation or a Pd-Ul alloy. 

Depoaltlar in the cold zmr n s  in acccrdance  wlth increased specl-  
m w  weight loam. 

Specimens  which qalnsd relght r m r e  aubJacted t o  !setaIlomaphic e a - -  

Spwimsns  were  cbservrd t o  hare a cmted  apprarance on upper burrnor. 

photwlcmgrsph o r  flg. 4 ( e ) ,  18 mUflclent ta c u e  tha  re lght  
Calculaclo119 indica te  that this coetlng.  rhLch i a  lLlu8crntad In 

gain obasrvod. 

Specciaem  were omted. 

When the  cNe ibLe8  containlug  carbon Here UMhed out, large a m a n t s  of 
gas r v o l u t i m  was ob-. Speelnmr wsm c0at.d. 

A black msldua  or unkncmn -osltloo  adhered to   unde r s ld t  of specimens. 
Tnla p.sldua becplla tb lckm M anount of cobaltlo  oxlde UM lncreaacd. 
Phctomlcmpaph or upper aurfaoe (rug .  4(g)  ind1oat.d rand- m o r a l  or 
surface  nickel .  
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T,WLE V. - ADDITIVES HAVING 110 MARKED GFFECT 

T Remarb ve 
Percent 

T m e r a t l  
i o t tm  of 
Imcible 

0 
1 

5 
3 

1539 

1539 
1545 

1537 

1500 

1497 

-5.8 
15C4 -8.4 

-6.7 
1491 -5.8 

lal 0 3 1 5 1539 

1539 
1542 

1533 

1495 
1493 

-5.8 

1491 
1487 I -5.1 I 

1539 

1533 
1546 

1530 

1493 
1497 

-5.8 

1487 
1480  -6.3 

0 

3 
1 

5 

0 
1 
3 
5 

0 
1 
3 
5 

rol 
r pss 

1 Au 
*" I 
Au 

CbN 
CbN 
CbN 

TaN 

1539 
1542 
1527 
"" 

1487 

-5.6 1480 
-5.8  1491 
-5.3 

_"_ "_ 
1482 
1484 

-5.4 

1473 
-6.3 
-6.9 

1467 -8.4 

1488  -6.4 Crucibles i n  t h i a  run were crimped while  still 
1490 
1480 

-6.7 

-4.6 1480 
t o  them. -4.8 
under vacuum, and no  cover  gas was admitted 

1539 
1541 
1530 
1514 

1539 

1529 
1538 

1521 

Contl 
No cove] - 
No cover gas 
Wo cover gaa 

It is known that additions of sodlum carbonate 

Therefore, these runs were made using purified 
cause  increase  in  weight loss of specimens. 

acdium hydroxide (0.05 percent Na2C03) t o  
determine  effect of reducing  the  carbonate 
content. 

content had no marked effeot .  
The resu l t s   ind ica te  that reducing the carbonate 

Control 
135 Purified NaOH 
13g Purif ied NaOH 
13g Purif ied NaOH 

1491 

-5.6 1480 
4.7 1480 
-6.3 1493 
-6.0 1539 

1540 
1528 
1523 

1539 

1530 
1539 

1534 

1495 6.6 
1493 I 17.0 135 Purified NaOH 

13g Purif ied NaOH 
13g Purif ied NaOH 

Control 

c 
ZBZB * 

.. . .  . . . .  . 
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Addit 
l a t e r i a l  

Cr 
Cr 
Cr 

A 1  
A 1  
A 1  

A 1  
A 1  
A 1  

A 1  
A 1  
A 1  

ve 
Percent 

0 
1 
3 
5 

0 
1 
3 
5 

0 
1 
3 
5 

0 
1 . 2  
3.35 
5.45 

TABLE VI. - ADDITIVES HAVING A BENEFICIAL  EFFECT 

remperatul 
3ottom of 
:rucible 

1539 
1547 
1546 
1542 

1539 
1543 
"" 

"" 

1539 
1546 
"" 

"" 

1539 
1532 
"" 

"" 

"I- 

"" 

T Remarks 

Although chromium was o r ig ina l ly   be l i eved  
to   be  detr imental ,   metal lographic   s tudier  
of a specimen showed no no t i cab le  remova: 
of sur face   n icke l  when compared t o  con- 
t r o l  specimen ( f ig .   4 (b ) )   and  specimen 
which d id  not come in   contac t   wi thmol te t  
sodium hydroxide (fig. 4 ( a ) ) .  

Visual  examination of specimens  revealed a 
coated  appearance on upper sur face .  It 
i s  be l ieved   tha t  t h i s  coating,  although 
not  visible  In  the  photomicrograph of 
f i g .   4 ( h ) ,  IS the  cause of weight  gain 
observed. 

Only crucibles   containing small amounts of 
aluminum could  be  evaluated.  Crucibles 
which  contained  larger  amounts of alum- 
inum leaked a t  a weld during  runs. T h l s  
may have  been  caused by high  pressure  of 
the  gas  evolved  during  reactlon of alm- 
Inum with sodium hydroxide. 

Comparison  of  photomicrographs o f  f i g s .  
4 ( a )  , ( b )  and ( I )  shows no not icable  

add i t ive .  
cor ros ion   in   the   case  of aluminum 

. . . . . . . 
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Top- 

"L" nicke l   tub ing  - 

Thermocouple- 

Thermocouple- 

I Id 

Ir imp 

-We Id 

- Speclmen 

,We Id 

Figure 1. - S t a t i c   c r u c i b l e .  



6 4  
.. . . .  . . .  

. .  

P c 



NACA RM E5LE19 

Thermocouple 
connections 

Figure 3. - Crucible AuPace. 
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(a) Before test. 

. --- 

(g) Cobaltic oxide sddition, 5 parcent. (h) Chromium addition, 5 percent. 

(I) Calcium addltlon, .6 percent 

'2-35798 

(i) Aluminum addition, 1 percent. 
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