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!. EqTRODUCTION 

The o S j e c t i v e s  of  the d e v e l o p m e n t  p r o g r a m  w e r e  r e v i e w e d  
~.~ the  l igh t  o f  r e c e n t  e x p e r i m e n t a l  f ind ings  s p e c i f i c a l l y  the  s e v e r e  
c o r r o s i o n  e x p e r i e n c e d  by a l l  m e a l s  t e s t e d  and  the  l o w e r  t h a n  a~nti- 
cipated gasification rates obtained. It was found that production 
of pipeline gas from bit-urn/nous coal at a cost of 50¢/IV~SCF is still 
a reasonah!e goal. 

Six coke  E a s i f i c a t i o n  r u n s  in  m o l t e n  s o d i u m  c a r b o n a t e  a t  
1700°F  have  b e e n  c o m p l e t e d .  P r e i m p r e g n a t i o n  o / c o k e  wi th  logo 
NazCO 3 p r i o r  to  c ~ r g i n g  to the  r e a c t o r  a p p e a r s  to i n c r e a s e  t he  
ra~e of  g a s i f i c a t i o n  a~ l eas t  100%. The h y d r o g e n  to  o x y g e n  r a t i o  in 
t he  ex i t  d r y  gas  is v a r i a b l e  and i n ~ c a t e s  s i g n i f i c a n t  a m o u n t  of  o x i d a -  
t i o n  (by CO Z a n d / o r  s t e a m )  or  r e d u c t i o n  (by H z,  CO a ~ / o r  ca rbon)  
of  the ~nconel  r e a c t o r .  The b e s t  c a l c u ~ i o n  o~ the  r a t e  dal;a, t h e r e -  
f o r e ,  i s  p r o b a b l y  b a s e d  on the u s e  o5 to~al ox ides  of  c&rbon e v o l v e d  
a s  ~he c~-i*.erion of  p e r c e n t  c a r b o n  g a s i f i e d .  

M e a s u r e m e n t s  of a s h / m o i t e n  c a r b o z ~ t e  v i s c o s i t i e s  w e r e  c o m p l e -  
t ed .  The  p a r t i c l e  s i z e  o~ the a s h  has  v e r y  l i ~ l e  e f f e c t  on the  e q u i l i b r a -  
t e d  a s h / m e l t  v i s c o s i t y .  

I n i t i a l  r e s u l t s  of  s o d i u m  l e a c h a b i l i t y  in  "~he d e m o n s t r a t i o n  of  a 
p r o p o s e d  s o d i u m  r e c o v e r y  s c h e m e  i n d i c a t e  about  90~e s o d i u m  r e c o v e r y .  

The  t e s t  o f  r e f r a c t o r y  m a t e r i a l s  was  conchu led  when  the  t e s t  
r e a c t o r  c o r r o d e d  t h r o u g h .  S e v e r a l  s a m p l e s  w e r e  r e c o v e r e d .  D a m  
on  the  meta~  a l l o y s  i n d i c a t e  h igh  c o r r o s i o n  r a t e s  c n a n  m e a l s  t e s t e d .  
The  l o w e s t  r a t e  was  Incone l  600 v~ th  I .  6 i nches  p e r  y e a r  ( m e t a l  u n -  
a f f e c t e d  by  c o r r o s i o n ) .  
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H. PROCESS DEVELOPmeNT 

A. A C C O M P ~ S H ~ E N T S  

The o b j e c t i v e s  of  the d eve lopmen t  p r o g r a m  w e r e  r e v i e w e d  in 
the light of recent experimental findings, specifically (I) ~.he rela- 
tively severe corrosion experienced by all metals tested in contact 
~ith the molten salt, and (Z) the lower-than-anticipated gasification 
rates obtained. The effect of these findings on projected process 
economics was explored, specifically the economics of producing 
pipe ~line gas from bitu_rniuous coal. A number of the cases con- 
sidered are outlined in Table 1, along vvith the estimated plant in- 
vestment and product gas cost. 

Case  1 is v i r t u a l l y  iden t i ca l  to  a c a s e  p r e s e n t e d  in an e ~ r l i e r  
P r o g r e s s  R e p o r t  (1), a s s u m i n g  a spec i f i c  c a r b o n  gas i f i ca t i on  r a t e  
of 4 pounds per hour per pound of carbon present in the melt and 
that a satisfactory metal is found for construction oi a ~red-tube 
melt heater. Total plant investment is about 90 million dollars and 
gas production cost is 43 cents per thousand cubic feet (¢/IV~SCF). 

C a s e  3 i l l u s t r a t e s  the e f fec t  of  a specii%c ga s i f i c a t i on  r a t e  only 
o n e - t w e H t h  a s  l a r g e ,  i . e . O .  3Z !b C / h r / l ~  C, w h i c h  is  in "the range  
of rates being obtained experimentally. Gas production cost is in- 
creased by only about 3¢/IV~SCF. This relatively small increase may 
be traced tc 3 factors: 

I. Gasifier cost in case I represented only a moderate 
Ix*rtion of  t o t a / i n v e s t m e n t .  

2. G a s i ~ e r  c o s t  did not i n c r e a s e  d i r e c t l y  wi th  i n c r e a s e  
in volume. 

3. ~L%intenance and f ixed c h a r g e s  a r e  computed  a t  only 
12~ of i n v e s t m e n t  p e r  y e a r .  

•I__) Progress Report No. 3, October 31, 1964, p. 9. 
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.a~ny further significant reduction in gasification rate below 0.3Z 
lb. C/hr/lb C will, however, have a much greater r./~ect on gas cost. 

The r e m a i n d e r  of Tab le  I e x p l o r e s  o t h e r  m e t h o d s  of  supp ly ing  
heat to the gasifier, asstuning that a fired-tube melt heater is not 
t e c h n i c a l l y  f e a s i b l e .  T h e s e  a l t e r n a t e  m e t h o d s  h a v e  b e e n  d i s c u s s e d  
in previous reports (I_, 2_). Cases 6 throv~L ~ are based on supplying 
heat by direct combustion o£ coal in th-= meh at low pressure (say 
30 pSig).  Th i s  m e t h o d  r a i s e s  two s e v e r e  t e c h n i c a l  p r o b l e r n s ;  

I. A pump must be developed for circulating melt 
between combustor (30 psig) and gasifier (z~00 psL~). 

. The combustion must, if at all possible, ~roduce 
CO 2, not CO, as the primary product. This may be 
dif~cult if ,  in  order to  achieve a~ceptable gasifica- 
tion rates, the circulating melt contains mot_ ~ carbon 
than must be burned to satisfy the energy balance. 
Any CO produced w£11 appear in the flue gas and will 
represent a significant energy loss unless it can be 
11sed e l s e w h e r e  in the  plant .  

If heat is supplied by direct combustion at low pressure and if 
combustion produces COp_ even in the presence o£ excess carbon, then 
gas production cost will be about 50¢/MSCF (Case 6). The increase 
over case 3 is due largely to the cost of power for circul~ting melt 
and compressing combustion air. 

I~ CO is produced instead of CO 2 and if this energy cannot be 
utilized, a severe cost penalty is introduced, as shown by case 7 with 
a gas production cost o£ 71~r/MSCF. Assum/ng arbitrarily that 70% 
of the CO heating value can be utilized reduces gas cost by 6~/MSCF 
(Case 9). Case 9A assumes that the rate o£ combustion is no greater 
t h a n  the  r a t e  of g a s i f i c a t i o n  and ,  f u r t h e r ,  t h a t  100% e x c e s s  a i r  m u s t  
be used to obtain this rate. 

The possibility of forming CO in the combustor could be avoided 
i f  t h e r e  w e r e  no e x c e s s  c a r b o n  p r e s e n t ,  i . e .  i /  o n l y  t h a t  quan t i t y  o£ 
c a r b o n  t h a t  m u s t  be  b u r n e d  to s a t i s f y  the  e n e r g y  b a l a n c e  is b r o u g h t  

(Z_.} Progress Report No. I, August 31, 1964, p. I0. 
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into the con~.bustor. This recluires that carbon concentration in  melt 
b ~ only about 0.3~0, which leads to very poor gasification rates and 
enormous gaslfiers. Very approximate estimates of investment and 
gas cost show thai: this alternative (Case 8} deserves no further con- 
side ration. 

In Cases I i through 14 heat ie supplied by direct combustion in 
the r~It at gasifier pressure (400 psia). A melt pump is no longer 
necessary, hut a new technical  problem is raised" air ~or combust- 
ion must he compressed to 400 psia and flue gas must be expanded to 
provide most of the energy needed for compression. A method must 
be ~eveloped for reducing entrained melt and ungasi/ied carbon in 
the hot flue gas to a level that tan be tolerated by the expander. 
Burning to CO 2 in the presence of excess carbon is also a necessity 
iu these cases if substantial penal1~es are to be avoided. 

This work has led to the following conclusions: 

i. The  p r o d u c t i o n  of  p i p e l i n e  gas  ~ rom b i t u m i n o u s  c o a l  
a t  a cos t  of  50~/IV~SCF (not inc lud ing  a n y  r e n ~ r n  on 
invested capital) is still a reasonable goal. 

. S tud ies  o f  m a t e r i a l s  o~ c o n s t r u c t i o n  s h o u l d  be g i v e n  
the  fo l lowing  p~-ioriTy: 

a. A s a t i s f a c t o r y :  r n ~ t e r i a l  f o r  ~ n g  v e s s e l s  
and  p ipe  c o n t a i n l n g  the  m e l t .  T h i s  i s  
absolutely vital zo the process regardless 
of ultixnate gasi~/er design. 

b. A m a t e r i a l  f o r  f a b r i c a t i n g  v a l v e s  in  c o n -  
t a c t  w i t h  the  m e l t .  Such v a l v e s  a r e  n e e d e d  
to c o n t r o l  t h e  f low of rnelr  b e t w e e n  g a s i f i e r  
and  a s h  r e m o v a l  s y s t e m .  

c. A material for fabricating a melt pump, 
which will be needed i~ the melt is to be 
circulated against a high head, but is 
not vital to all designs. 
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d.  A m a t e r i a l  ( p robab ly  a m e t a l )  fo r  f u r -  
n a c e  tubes  t ha t  can o p e r a t e  c o n t i n u o u s l y  
at a temperalure above ] 800oF in c o n t a c t  
w:.th a f lowing m e l t .  T h e s e  a r e  r e q u i r e d  
on ly  fo r  the f i r e d - t u b e  m e l t  h e a t e r  c a s e .  

The lower-than-anticipated gasification rates have 
not had serious economic consequences, for the 
reasons enumerated previously. However, any 
further reduction in rate would have a much greater 
effect. The gasification rate used in t h e  calculations 
i s  t y p i c a l  o5 those  be ing  o b t a i n e d  e x p e r i m e n t a l l y  a t  
a t m o s p h e r i c  p r e s s u r e ;  the  r a t e  is  expec t ed  t o  i m -  
p r o v e  s i g n i f i c a n t l y  a t  r.he h i g h  gas i f lca~ion  p r e s s u r e s  
that must be used for other reasons. 

Experiments designed to study combustion o£  coal in 
the melt should be directed to finding designs and 
conditions under which CO 2 is the primary combus- 
tion product even with a large excess of carbon present. 
The effect o5 combustor config-.ration and efficiency of 
gas-melt contacting on flue gas composition should be 
investigated. 

Gasification and combustion experimental work should 
be pursued at high pressure (400 psig} as soon as the 
necessary equipment can be installed. 

Process flowsheets for the complete plant should be 
assembled as soon as possible to perrn/t a more 
thorough study of waste heat utilization. PL~.~nt 
thermal ef£qciency zr~y be quite dependent on the 
effectiveness with which low level heat is used, and 
the dependence will probably vary appreciably with 
the raw rr~terials and end products that must be 
considered. 
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V a r i a b l e s  

Specific gesif lcat lon rato~ 
k~ #c/hr, #¢ present 

Carbon In melt~ 

Gasification ra~e~ #c/hr. f t~ 'mal t  

Hethod of Heat Supply 

Rate of combustion. In 
melt~ #c/hr. f t l  

Equilibrium achieved for 
¢ + C02~2C0 
in direct molt combustion 

Disposition of CO heating 
value'in f lue gas 

Total nlant lnvestment~ /4~,~ 

Ga~ ~roductlon cost~ ¢/HSCF 

Gas sel l ing price to provide "]~ 
return after Income taxe% ¢/HSCF 

~ASES ¢ AS~UHPTIOH$: 
I.  2501~ $CF0 of pipeline gas. 

2; Bituminous coal e t . ~ / t o n .  

3 .  Gasification temp~'- iT00'F. 

~. Gasification pr&ssure - fi00 psla. 

5. Assumed gasif icat ion rates at 
I~00'F~ 

I J 6 7 9 9A 8 • II 12 I)  I~ 

zo 0o32. 

| 0  ~ , , 

50 

Fired-tube heater 

" ~  0.)  # o-- 

~__~ 0.12. 

Direct combustion in melt at low pressure (39 pslg) 

10 29 . : ~ ,  4 !0  

- -. 

m • a 

90~ . 112 

43 46 

He; assume Yes Yes "~- He excess 
burning to ( ~  carbon; burn 

CO 2 to ¢02 

- Vested 70~ ~ - 
u t i l i zed  

101 115 115 14~ 809 

50 71 65 74 150 

57 • 3 6G 89 83 97 2Be 

. . . . . . . . . . . . . .  r 

OIrect c~5ustlon In molt at gaslTler 
pressure (400 p s i )  

20 _ 

He; assumb 
burning "to 

¢92 

Y e s  , 

70~" 
u t i l i zed 

IO~ i)4 

46 60 

4 ~ > , , . .  

162 212 

70 

52 81 B9 to) 

j TABLE I EFFECT OF SELECTE 0 PROCESS VARIABLES 9H P!PELIHE GAS ECONOHICS~ 

6. ~/C feed to gasl f ler  - 2#/#. 

7." % coal gasif ied - 97.5; for 90~ 
coal gasif ied; add E~/14SCF. 

8. Specific gas l f lca t io ,  rate assumed 
to be val id e l l  the way to 97.5~ gasif ied. 

9. Ash level in m~lt - 29~. 

19. Ash re~ovcd by water querch.-bicarbonate 
precipi tat ion: Ha2CO 3 loss - ~ per pass . '  
For I0~ loss per pass, add 2~,q~SCF. 

I I .  Halntenonce& fixed charges at I ~ o f  
|nwstmeot p~-r year. 

12.. No by-product credits. " 

13. Combustion with 20~ excess alrp except 
Cases 9A and Ihj which have 100~ excess• 

P 
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B. PROIECTIONS 

~.vxluations o2 gas  p u r i i i c a t i o n  s c h e m e s  and s e c o n d a r y  p r o -  
duc t  r e c o v e r y ,  which have b e e n  suspended  dur ing the r e v i e w  of 
p r o g r a m  ob jec t ives ,  r i l l  be  -~esu.-ned. P r e p a r a t i o n  of  p r o c e s s  f low-  
s h e e t s  ~or the comple te  p ipe l ine  gas plans wil l  be s l a t t e d  so  t h a t  
o v e r a l l  t h e r m a l  e f f i c i ency  can  be  s tudied.  
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rrr. PROCESS RESEARCH 

A. ACCOMPLISH.%/IENTS 

I. Gasi/icatlon Kinetics 

A summary of the results of coke gasification in 
the 2 inch I.D. bench scale reactor are given in 
Table Z. Examination of hydrogen to oxygen atomic 
ra.tios in the water-free exit Eases yielded widely 
varyin E ratios for the runs l~sted. The ratio in- 
creases s]/Ehtly over the course of a particular run, 
sugEestin E increasing oxidation of the Inconel reactor 
v~th the production of excess reducing gas (CO and/or 
HZ). 

Metal + HzO ~ metal oxide+ H 2 

Metal + CO Z ~ metal oxide + CO 

Several runs yielded lower than 2/I ratio indicatin E 
the reversal of the above oxidation-reduction reactions. 

Previously reported raze data on coal gasification are 
therefore in error and must be corrected, although the 
correction will probably be small. The e~fect of pre- 
impregnation I-vith sodiuzn carbonate) on the rate of 
gasification was studied. Experiments J-9659 and 
J-9661 were performed using portions of the sa.-ne 
preimpregnated Mexican coke. Run/-9662 was made 
with non-impregnated coke. The data indicate a 7 to 
IZ fold increase in rate due to impregnation. A second 
batch of prein%preEnated coke, however, yielded a 
value only twice the rate of the control The pa~ticul~r 
details of preimpreEnation may be important and ~iI 
l~e investigated. The effect of preimpregnation on the 
rate on bituminous coke gasification is also given in 
the Table Z. The basis for calculation is total oxides 
of carbon evolved and not the reducing power ol the 
gas as was previously used. Pzeimpregnation 
appears to double the rate of bituminous coke gasi~- 
cat-ion. 



TABLE 2 - GASIFICAFION OF COKE IN ~,,IOLTEN .'~'azCO ~ (111 

Bun % Input Carbon Gasi f ied  . Oxygen 
G MS. Carbon  T i m e  B a s i s  Carbon Bas i s  IIZ Rat io  in Outlet  

Run No, in Melt C o k e ( I )  ~ r e _ ~ , ~ a t t a _ _ ~ n  Mine. Oxides  Out (CO*li2)Out Dry Gas 

3-9659(7) 16.4 21 .98 .  D r y M e x i c a n  2.4  8 . Na2CO3(9 | 90 120 fl3.4 0 .9  
Coke (4) 

J.9661(7} 16, Z 2 1 . 6 R ,  Dry Mexican  2 .4  g, Na7CO3(9) 115 97.4  /..2 r 1.2 
Coke (4) 

J-9667(8) 18,0 24 g. Dry  Mexican None 160 68.4 79.8 Z.4 
Coke 14) 

3-9776(7) 15.8 21.0 R. Dry  Mexican Z. 3 8. NazCO3(10) 185 8B. 4 =~-J. 4 2.4 
Cake (4) 

3-9777(8) 35.0 38.6 g. Dry ~oke (5) Notre 365 90.6 129 ) . 0  

3-9778|7) 31.1 34.3 8 . Dry  Coke (3) 3.8 g. NazCO 3 290 100, Z T0.6 1.35 

(I) A l l  12/20 mesh .  
{2) Balance  of Inlet p r e s s u r e s  Is N 2 (total  p r e s s u r e  -- 14.7 pa ls )  
(3) NT. + HZO feed I m o l e s / h r )  x 0 ,044 
(4) 25,r+ a sh  
(5} Bi tuminous  coke, 90,7% carbon  ( is land C r e e k  #27,,. coal)  
(6) Fo r  f i r s t  o rde r  decompos i t i on  Of carbon ,  loB, ~w~ : . k t ,  b a s i s  ox ides  of car l~n  evolved 
17) Fres 'n  NazCO3 ehs r l l e  
(8) MaP. f rom prev4oue run was c ha r ge d  
(9) pr,Jlmpregnatton P r e p a r a t i o n  # I 

(10) Pro lmpregnat lon l ) r e p a r a t l o n  A2 
( l l )  Na~CQ3 charge  Bat:  4i4;  t e m p e r a t u r e ,  OF': 1700-1770; p a r t i a l  p r e s s u r e  of 

f, te~ml2}: 13 .3 -13 .6 ;  Sup. Gas V e | o c l t y i 3 ) f t / s e c  : O. 51; Q leeeen l  Dad I le lght ,  in. : 4 

Specif ic  G a s i -  
f icat ion Rate 
Constant  

k, hr ' (6) 

1 . 8  

I . I  

0 .15  

0 .33  

0 .17  

0. )0 

f 

4 

z 
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Z. Physica ! Property Data 

The viscosity versus time relationships for Elkol 
sub-bi~ous coal ash - NazCO 3 mixtures were 
obtained. This completes the present studies on 
the effect of ash from different types o£ coals. 

A s tudy  has  b e e n  made  a i m e d  a t  gaining knowledge  
of  the e f f e c t  of a s h  p a r t i c l e  s i ze  on v i s : o s i t  7 .  E a c h  
type of ash used in main viscosity studies was quite 
~inely divided (mostly -60 mesh). To study the 
effect of coarser particle size, batches of bituminous 
coal ash and lignite ash we,re fused in a muffle ~r- 
nace at Z300oF. The solidified ash was then ground 
in a mortar to minus l~- mesh using a technique w.hich 
rniniznized the production of fines. The fused ash 
w a s  then u s e d  for  v i s c o s i t y  s tud i e s ,  h each  ca se  
the coarser material was slightly slower equilibrating 
and gave a s]/ghtly lower final viscosity. 

3. Sodium Carbona te  l~ecove ry  

P r e L i m i n a r y  s tud i e s  on e x t r a c t i n g  NazCO 3 f r o m  
a s h - c a r b o n a t e  m i x t u r e s  w e r e  c a r r i e d  out  us ing  w a t e r  
f o r  ex t rac t ion .  S tudies  o£ v a r i o u s  r e c o v e r y  s c h e m e s  
have  shown that  an a t t r a c t i v e  s c h e m e  would  involve  
e x t r a c t i o n  with NaHCO 3 so lu t ion ,  c o n v e r s i o n  of  the  
r e c o v e r e d N a z C O  3 to NaHCO 3 us ing  CO Z and f ina l ly  
p rec ip i t a t i ng  ~ a H C O  3 b y  cool ing.  Fort~, g ra ins  of  
n'~el~, containing 15e/o b i ~ o u s  coal ash and 85% 
Na2CO 3 p r e v i o u s l y  he ld  f o r  5 hours  at  1800°F,  was  
ground to minus  12 m e s h  and bo i led  for  10 m i n u t e s  
in mS0 rnl of 10~o NaHCO 3 solution, the ~ e  was 
t hen  f i l t e red ,  l~o re  than s to i chome t~ ic  CO 2 was  then 
bubbled  th~-u the ho t  f i l t r a t e  to conver t  the  r e c o v e r e d  
I~azCO 3 to NaI-ICO 3. The so lu t ion  was  then coo led  
to 71OF and E / t e r e d .  The r e s i d u e  conta ined the r e -  
c o v e r e d  sod ium as  l~aI-ICO 3 con tamina ted  to  a s m a l l  
ex ten t  b y  m i n e r a l s  d i s s o l v e d  f r o m  the ash .  
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Duplicate tests gave sodium recoveries o£ 89.4% 
and 91. i%. 

~. Coal Analyses 

P r o x i m a t e  a~d u h i r n z t e  a n a l y s e s  of  s~:x coa l s  
be ing  s t u d i e d  a r e  shown in  Tab le  3. 

B. PROJECTIONS 

G a s i f i c a t i o n  w o r k  w-ill cont inue  wit/', e m p h a s i s  on b i t u m i n o u s  
ccal and ash. Experimentation on sodium recovery scheme con- 
Zinues. 
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TABLE 3 - COAL ,.A, NALySES 

pROXi~V~.TE ANALYSES (AS RECEIVED BASIS) 

Is. Creek North South Elkol l%enner s 
Greenweod #Z7 Bit. Beulah Beulah Sub-bit. Coke 
Anthracite Coal LiKnite Lignite Coal LiEnite 

Moisture 4.68% 1.31% 31.70% 31.20% .... 18.79% 32.90% 
Vola~leMa~er 5.58 37.30 29.80 30.30 39. ZI 32,35 
Fixed Carbon 78.60 57.59 3Z. 00 29.50 39.40 Z8.54 
Ash 11.14 3.80 6,50 ' 9.00 2.60 6. ZI 

i00.00 i00.00 I00.00 I00.00 I00.00 i00.00 

Sulfur 0.50 0.65 0.75 I. 17 0.63 0.69 

Carbon 
Hydrogen 
Nitrogen 
Sul£ur 
Oxygen 
Ash 

ULTIMATE ANALYSES (DRY BASIS) 

80.85% 83.60% 71.35% 66.35% 
Z. 62 5 . 1 4  3.53 3.33 
0.76 1,48 0.78 1 . 9 6  
0.52 0.66 1.10, 1.70 
3.56 5.27 13.74 13.58 

ii.69 3.85 9.50 13.08 
lOO.OO 1oo.oo 1oo.oo loo.oo 

73.50% 
4. 52 
i. 50 
O. 78 

16.50 
3. Z0 

i00. O0 

66.35% 
4.11 
l . lO  
1.03 

18.16 
9..25 

i00. O0 
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IV. I%4]ECI-~_CAL DEA;'ELOPAIENT 

A. A C COA£PLISI-LEMNTS 

I. E n v i r o n m e n t a l  Tes t ing  o£ High Temperatur. .e  M a t e r i a l s  

During the first day of this report period, the test 
reactor corroded through necessitating shut-down of 
the test. The tests will be returned when a new test 
reactor ~_s designed arid built. In addition to the 

corrosion failure of the vessel, the sample rack 
corroded and fell to the bottom of the reactor. Be- 
cause of this latter mishap the test samples had to 
be recovered from the solidified salt bed by dissolv- 
ing the salt away v~th hot v~ter. After completely 
washing away the salt, four samples were recovered. 

The condition of these samples varied as follows: 

# 1 Sample retained its original shape and 
seemed generally sound in structure although 
rrinute surface cracks appeared. 

#2 Sample was removed from ~he reactor wi~% 
the bottom i/4 hissing. The recovered portion 
seemed very sound and had no apparent surface 

cracks. 

#3 Sample retained its original shape hut seemed 
weakened in structure and showed rn/nute surface 
cracks. 

#4 Sample was removed from the reactor in two 
Darts. The strucD~re seemed weakened. 

All four s a m p l e s  w e r e  p laced  in boi l ing wa te r  fo r  
6 hours  and a / t e r  r e m o v a l ,  s a m p l e s  1 and 2 s e e m e d  
unaffected. Samples 3 and 4 broke after removal 
from the boiling %v~ler and the pieces from sample 4 
could be crumbled by hand. Because of its shape, 
sample 2 was recognized as a carborundum product 
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and was subsequently identified by carborundum as 
Zircofrax O (94% ZrO2). Positive identifications 
have not yet been m a d e  oz~ the reznaining samples 
but preliminary analyses inclicate samples I and 3 
to be chrome-zna&rnesite compositions (Chromex B 
and Ritex CB). 

Corrosion rate data on the metal alloys from 
Test i have been received from the International 
Nic',:el Company and are recorded in the t~ble 
below. Note that two bases for evaluation have 
been made. The ~rst, "Minimum Thickness of 
~v~e1~l !%emaining", is determined by a change in 
thickness of the test sample as indicated by micro-. 
meter measurement before and after test. The 
second, "Metal Umaffected by Corrbsi6n", is 
determined and accounts for iutergranular corro- 
sion into the meal surface remaiuiug. This 
second criterion is more siEni~cant for construc- 
t/on materials since such penetration may greatly 
reduce the structural value of the altered layer. 

COR/%OSION DATA - TEST #I 

Minin-,.uzn Thickness o f  
M e t a l  Ren~. "~%ng , 

Metal T.Tna~/e cted 
byCorrosign 

.?.ncoloy 800 I .  401 3. 510 
I n c o l o y  804: . 8 9 5  i .  850 
i n c o n e l  600 . 1 4 0  I .  589 
L~conel 702 I. 612 I. 812 
50 Cr. -50 ~;i .984 I. 990 
A/~I Type 310 I. 121 3. 880 
I~% 333 .772 2. Z60 
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B. PROJEC TIONS 

i .  E n v i r o n m e n t a l  T e s t i n g  of  H igh  T e m p e r a t u r e  M a t e r i a l s  

P l a n s  a r e  u n d e r w a y  f o r  the  d e s i g n  and c o n s t z ~ c ~ i o n  
o~ a n e w  t e s t  r e a c t o r .  It i s  p l a n n e d  to  m a k e  t h i s  new  
r e a c t o r  o f  a s i ng l e  tube  r a t h e r  t h a n  ~c~e doub le  t u b e  
c o n f i g u r a t i o n  u s e d  in T e s t s  I and  Z. E v i d e n c e  in  
t h e s e  t wo  t e s t s  i n d i c a t e d  t h a t  t he  c o r r o s i o n  r a t e s  on 
the  t e s t  s a m p l e s  d e p e n d e d  c o n s i d e r a b l y  on the  e l e v a -  
t i on  p o s i t i o n s  r e l a t i v e  to  t he  l i qu id  l e v e l  of the  bed .  
T e s t  s a m p l e s  ( a l s o  the i n t e r n a l s  and  the  r e a c t o r )  
s h o w e d  t he  g r e a t e s t  c o r r o s i o n  j u s t  above  the  gas  
i n t e r f a c e .  B e c a u s e  of  ~ s  p o s i t i o n  f a c t o r  ~- c o m -  
p a r i s o n  of the corrosion resistance o£ the samples 
m a y  be  d e c e p t i v e .  To e l i . ~ i n a t e  t h i s  v ~ r i a b l e  f r o m  
the  r e s u l t s  of  f u t u r e  t e s t s ,  i t  i s  p l a 4 ~ e d  to  pu t  a l l  
t e s t  c o u p o n s  o f  e a c h  ~ru~terial a t  t h r e e  d i f f e r e n t  
elevations; s u b m e r g e d  w i t h i n  the  ba th ,  a t  t he  i n t e r -  
f a c e ,  a n d  above  the  i n t e r f a c e .  The  n e w  r e a c t o r  
be constz~Acted f r o m  a centri_hAgally c a s t  t ube  o f  25~o 
Cr - 20~ Ni alloy, large enough in diameter (about 
4" ID) zo accommodate I0 samples at one elevation 
a n d  t h i c k  enough  (about  I/Z")to a s s u r e  a d e q u a t e  
l l f e .  


