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I .  SUMMARY 

This Progress Report is the t h l r t y - f o u r t h  since the awarding of the 
cont ract .  I t  is concerned wi th the F i rs t  phase of the contract and 
summarizes the progress that  has been made in the three pr inc ipal  areas 
no~ being studied: 

(1) Process Research 
(2) Chemical Engineering Studies 
(3) Nechanicai Development 

Experiments have been carr ied our to study sodium carbonate melts 
conta in ing s i l i c a  and alumina and the ef fect  of  var ious gases on melt 
composit ion. Both carbon d iox ide and nitrogen (at one atn~sphere to ta l  
pressure) were used to contact an alumlna-sodium carbonate me]t. The 
resu l t s ,  as indicated by a Freezing-point depression, sho~ed that with 
n i t rogen as the aerat ion gas alumina goes into so lu t ion  f a i r l y  qu ick ly .  
in add i t i on ,  the so lu t ion  process can be reversed by sw!tchlng back to 
carbon dioxide.  

In add i t ion,  experTments were-carr ied out w i th  vary ing concentrat ions 
o f  carbon dioxide in n i t rogen in an e f f o r t  to es tab l i sh  the lower l i m i t  of  
carbon dioxide needed to prevent alumina s o l u b i l i t y  in sodium carbonate. 
The resu l t s  indicate tha t  about 0.4 atmosphere of  carbon dioxide is re- 
quired to e f fec t  t h i s ,  at  1840"F 

The e f fec t  of steam concentrat ion in the aera t ion  gas on the s o l u b i l i t y  
o f  alumina was also invest igated.  Steam was found to g rea t i y  a f fect  ~he 
Freezing point of sodium carbonate (through the formation of sodium hydrox ida) ,  
although there was no apparent e f fec t  on the s o l u b i l i t y  of a}umina. 

The presence of s i l i c a  in the melt was found to g rea t l y  a f fec t  the 
f reez ing point  of sodiur~ carbonate wl th nltrocjen as the aeration gas. However, 
t h i s  s o l u b i l i t y  is qu i te  revers ib le  as the me]t f r eez i rg  point could be raised 
to i t s  i n l t ! a i  level upon contact wi th  one atmosphere o f  carbon d iox ide.  As 
was the case with alumina about 0.4 atmosphere of  carbon dioxide in n i t rogen 
was required to prevent s i l i c a  from d isso lv ing.  The addi t ion of steam to the 
aera t ion  gas indicated that  in add i t ion to the f reezing ~oint lowering due to 
sodium hydroxide format ionj  there is an added depression due to s i l i c a  
s o l u b i l i t y .  

Some experiments have been made to determine the d ispos i t ion  oF su l fu r  
in the melt .  Addi t ion of  Na2S to sodium carbonate and subsequent contact ing 
o f  the melt wi th carbon d i o x i d e - a i r  and carbon dioxide-steam mixtures resu l ted 
in complete conversion o f  the su l f i de  to su l fa te ,  
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An e;<periment ~as conducted to  determine the e f f i c i e n c y  o f  ash 
removal which can be ¢chieved w i t h  a mel t  composi t ion comparable to that  
used in  the commercial design (8 percent  ash and 4 percent  carbon) .  The 
r e s u l t s  i nd i ca ted  that  in  the l abo ra to ry  apparatus us ing wash rates and 
res ldence t imes comparable to those proposed commercial iy~ a sodium re- 
covery o f  about 96% (versus 9 7 . ~  assumed in  the concept ica ]  design) can 
be a t t a i n e d .  

The Status Report j u s t i f y i n g  Ke l l ogg l s  recommendatlon to proceed to 
the p i l o t  p l a n t  and a Proposal f o r  the  cost and schedule o f  such a p i l o t  
p l a n t  have been completed, Both oF these documents w i l l  be forwarded to 
the OCR du r i ng  June. 

Ana l ys i s  o f  the deposi ts  ob ta ined from the melt en t ra inment  tes ts  
i n d i c a t e d  t ha t  they conta ined 92 to 9 ~  sodium carbonate and ] to 3% 
s i l i c a ,  i t  is  d i f f i c u l t  t o  e x p l a i n  these resu l t s  in terms o f  v o l a t i l l t y 2  
and i t  appears as though the great  m a j o r i t y  o f  the ca r r you t  may be 
a t t r i b u t e d  to physlca|  en t ra inment .  

Cor ros ion  Test #12~ a s imula ted g a s i f i c a t i o n  test~ has cont inued to 
a t o t a l  o f  3~G hours. The t es t  i s -p lanned  to be terminated a t  about 500 
hours.  

An u l t r a s o n i c  technique has been devised to enable the  inspec t ion  of  
Honofrax A f o r  voids and f laws.  The method has proven q u i t e  successfu l  
and i t  i s  a n t i c i p a t e d  tha t  automat ic  i nspec t ion  is q u i t e  f e a s i b l e  fo r  a 
commercial ope ra t i on  w i th  c u r r e n t l y  a v a i l a b l e  equipment. 
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I I ,  PROCESS RESEARCH 

A. A_ccompI, ishrnents 

l ,  Study o f  Na?CO 3 Meil~ S 

The Freezing point  of  Na2C03 w i t h  I atmosphere of  CO 2 was found 
to be 1567"F (853 C), Changing the atmosphere to 50/50 carbon d iox ide  and 
steam at one atmosphere pressure y ie lded a f reezing point  of  152l ~ 8"F 
(3 resu l ts ) ,  increasing the steam to glve l ~  carbon d iox ide in 90% steam 
at ] aim, pressure prr.~uced a melt of  1433 ~ 5"F Freezing point  (2 r e s u l t s ) ,  

A 1961 French a r t i c | e  ;n which the sodium hydroxide - sodium 
carbonate syscem was studied indicated a 13,&*F change per percent o f  NaOH 
present in the Na2C03. Using th i s  cor re la t lon~ the compos~tlon o f  the melts 
wl th 50/50 and 10/90 carbon d iox ide to steam correspond to 3.~% NaOH and I0,0~ 
NaOH in Na2CO3~ respec t i ve ly ,  The aforementioned a r t l c l e  gave 1569"F For the 
fusion po in t  of  Na2C03; in very good agreement w i ~  our resu l t  o f  1567"F, 
Equilibrum is establ lshed by the react ion:  

Na2C03 ÷ H20 = 2NaOH + CO 2 

a. Na2CO 3 - A1203 System 

A Norton Compony~- alumina was used to  prepar'- an 8=/= A]20 ~ in 
I r Ha2C0 3 melt.  A l l  tes ts  v ere made ac atmospheric pressure. I n l t l a l l ~ 3  carbon 

dioxide was used to  ag i ta te  the melt and maintain the Na2C0_ at  18L~O Fj then 
the Freezing po|nt  was determined. Ni t rogen fol lowed in pl~ce of  the carbon 
dioxide and at  var ious time in te rva ls  the Freezing point was determined. Two 
rechecks w i th  carbon dloxlde then Followed. The resul ts  are shown ,n the 
fol lowing tabu la t i on ,  

Hours at  
Gas Used 1840"F cea, ;  Ft. a ~  

CO 2 0.5 1565 - 
N 2 1.25 1560 5 
N 2 1,25 1558 7 
N z 17.5 ]550 15 
CO 2 1.0 ]562.5  - 
CO 2 i .5  1562.5 - 

The resu l ts  ind ica te  that some alumlna goes in to  so lu t ion  f a i r l y  qu ick l y  
but that the process slows down w i th  t ime. i t  a lso indicates the f reez ing  
point  lowering f~r  d issolved alumina is low. The overal l  react ion For 
d]ssolv ing a]umina i s :  

Na2CO 3 + AI203 = 2NaAIO 2 + CO 2 
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A f t e r  d i sso l v ing  some o f  the alumina~ the e f f ec t  o f  CO 2 and the reversal 
o f  the equa t i on ' i s  very pronounced and aEpears to be rap id .  The d i f fe rence  
in  Freezing point  between the f i r s t  1565 F and the f i n a l  1562.5"F cannot be 
a t t r i b u t e d  to s o l u b i l i t y  s ince  i t  was found that  the chermocouple was g iv ing  
t r oub le  and required replacement.  

A melt  prepared w i t h  ~.9% alumina as sol lum aluminate dissolved in 
sodium carbonate showed a 20"F lowering of  the f reez ing  po in t ,  Thus in the 
above experiment a f t e r  20 hours~ the 8% alumina does no~ appear to be a l l  
d i sso l ved  since the ~reez ing po in t  lowering was on ly  15 F. 

Thenex t  experiments employed various amount of  carbon dioxide in 
n i t r ogen  at  one atmosphere w i t h  the in tent  o f  e s t a b l i s h i n g  the l~ver l i m i t  o f  
carbon d lox ide needed to  prevent  a|umlna s o l u b i l i t y  in  a melt of  ~kAl_03 in 
Na2C03. The resu l ts  o f  these experiments show c l e a r l y  t ha t  about 0.4 a~m, 
of  carbon dioxide is needed to  prevent alumina from d i sso l v i ng  in sodium 
carbonate  melts.  

Next~ an attempt was made to  determine what in f luence  steam would have 
on the amount of  carbon d iox ide  needed to suppress s o l u b i l i t y  o f  alumina. 
Steam can form some sodium hydrox|de which may have a h igher  rate o f  reac t ion  
w i t h  al,xmina than does sodium c a r b o n a t e .  A|so the e q u i l i b r i u m  amount of  
d isso lved  alumina may be h igher .  The very large |ower lng o f  the f reezing 
po in t  by the formation o f  some sodium hydroxide was found to be the same as 
fo r  a mel t  of  Na2CO ~ i n d i c a t i n g  l i t t l e  or no alumina s o l u b i l i t y .  The resu l t s  
are  shown in the fo l l ow ing  tabu la t i on .  

C02/Steam 
"F Fz, Pt, Lowering 

Melt over ~ure Na2CO3/I/ 

Na2CO 3 48 ~ 6 

8% AI203 in Na2CO 3 51 

Na2C03 134 
8%Ai203 in Na2CO 13~ 

50/50 
50/50 
10190 
10/90 

/ ! /  Using one atmosphere of  carbon dioxide 

b. Na2C03 - Si02 System 

A s i m i l a r  i nves t l ga t l on  o f  the SI0~-Na2CO ~ system was made. I n i t i a l l y  
~ S|O 2 (ex. Davison Co.) in Na~CO 3 mel~ was used. Using n i t rogen to mix and 
a l l ow s i l i c a  Lo d isso lve according to the equation~ 

Na2CO 3 + SiO 2 = Na2Si03 + C02 

qave a Freezing po in t  o f  1510 ~ 4"F~ a |owering o f  58=F. The f reezing po in t  was 
e a s i l y  brought back to  tha t  o f  Na. C03¢ by using ! atmosphere o f  carbon d iox ide  



l l t l  I 1 1 .  W .  K I L L O ~ O  ¢ O l l i P A N ' ~  Page No .  . _  

Re, ,~rt  N o .  

F I G U R E  I 

E F F E C T  OF CARBON D I O X I D E  IN NITROGEN ON 

OF 

B% A L U H I N A  IN Na2CO 3 MELT 

F R E E Z I N G  P O I N T  

;o 
3 ' , -  -! 

0 

• , '1 . . . . .  : 1. ,  . . . .  , ~.L1 . ~ . . . . . . .  ~ . . . . . . .  . . . . . . .  i . . . . .  t ~  . . ~ , , , - .  

• : - , i l , - - : t - - - - ;  . . . .  I . - o : - I . ,  , i  . . . . . . . .  i - - . : { -  ~ i .:.~-k~,,i-+ti-iq-~4-H+14,~,+!-t-!-i-4-t+, ' !  

' ' .i; ,i-' ~ ' ~-; .... -~., -4" ~i.~.:-:; ..:. .l-.:.i4.J-. :-.~. .'.i4-L~.::'-: :---i.4 I .LGI -. ,.!-;--'-~-:.-; 

.- : - .  -,~-. |.. . -r . -I • , I .'r~.-~ . 'I" . . . . .  | l 

, , -  . . . .  . 4 . . - - . . ~  . . . . . . . . .  . . . ~ .  , . . . .  ~ -  - :  . . . . . .  4 -  . ~ T ' ~  ~ - +  . . . . .  t . ~ - , - . - , - ~ - . - - - : ,  
, .| , -. ,~. , -' ~ ,. I . Jr , I. , ., i 

~ ~ ,,- !:. .i'.. ,.-. ....... .,_,,. . .,,...12 - . _:.t. ,:., ..... '..:., 
~-"g"T-;' " -I . . . . . . . . . .  ~ ...... ~" ..... ~ --- ,--,---.i-~-~--- -"-':.7 "~-."': ,~"- -"-':'" " 

. , ~,. , , , , -  ~ - -  . . . .  I~ ......... t . . . . . . . . . . . . .  ,-, . . . . .  ~ . . . . . . .  

- :  , ,  . ,  . . . . . . .  , . L . i - - ,  , ,  - , . ~ . - , ~  - . . .  ~ . . . . . .  , . . - . . . . . . . . . = . . - =  , , , , ~  . ,  - , .  . :  , . 

[,,~,~t..,i:i..~.N,...;--..l..~.:...i.~,..'-, • ,', , '' ",. ....... ," J .... ' :''~i ":"-"'-L'L~|:"~' ~ " - " - - ~ ' : - M ' : ~ | ~ ' '  '' . ''' '" '''."I-";-'--I, .... 
, - ~ r - ,  ~ I  " * "  t - , - l ' ~  - ; - ,  : r !  ~ +  ~ I - . ; - T "  I ~"~. ;  : - ~  , ~ "  I ~-" : .  , . : :  i -~ - : , - - I - ; ' - " - ~ i ' - I  ~ , - ; " , I " M ~ ,  h I ± ' ~  .4-; | - ,  ~ . - - . l  . ' ' ;  I ' . :  " '  

t-~.,~,. IX:. -'I-'~::I-I" -: .'-!..._I :,~.-,'-.I-,-,-:i,~-%~,-,-1""~-'-.:1-'.-..-~1, ...... r ...... 
• , . ~ ' t . : : ; [  ' t .  ; " . , : ~  ] • 1 : I . . . .  , ~ ;  " I ' t , , ' ' - - :  , 1 '  ' - - '  . ' I  ; 

,.~, I_,.L,,~_,.IX...!.,,_~ .~,, ........ t .... ,- ---,-/l--J~ ¢4- ~,-.,-.-~-~I,, , 
;~_' .-~ . - L . ' ' - i - * . ~  " ÷ ; ' : ' ' ' ; I " "  . . . .  ; . . . .  ' -  " "  - :  -:." , ' t "~ ' - '~, -" -~."~" l  " - ' L ' 4 . ~ -  " ' + ' : - -  4" ;  " - ' i ' "  I-.~..I-~ -.;i, .... IX. i,:., ..~ i.;:..,:... . . . . . . . .  t,-~_,-.-.-,-.!,.--~r=,-.,-l~:.-11,- : 

t ~ . • t : t . . ,  . z . - . ~ '  . if-, I I I 1 - - ;  : ~. ' : ' : " . ' ; . - L ~ ; ~  ; ' ' . .~  ' ' i . 

-- I;~- i-- ;- -I-..-;-l~.~; ~-:~.-~::~ • -I: -- i -~.~ .-!: . • J-  ,' -r~--~ -i--' " -.~'-'.'I--*- ~'~-t~ • ' 
; _ ; . ~ :  ,. [,.~ . . . . .  ; .... ,: . . . . . . . . . . . .  I . . . . .  ~ .  A., J, .. j ,..~i ..... 

- "'I-I : --;-4-4 " '.I~.; !':" '" -'~''I'- .... I:-; -'I-'-~'-'-'~--""'-~44.-J---;-:':~I~--I "~ 

l~+-,.,l-.,-~l.J~-71 -.-: !\ :, ........... '- :-,,-,-.~- . ~ , - ~ - I = - ~ - - ~ : ~ I = . - ~ L - : ~ = I - - :  i 
i . ii ~, ~,., ~, t ~ t .  ~, c, : , " ' '~ "~ ' , ": ' ', "I" : ' I 'I' " ':! ; ' 'z " 

..... I ,X', : ...... . . . . . .  . . . . . . . .  'I .... . . . . .  

.... ,_,., L~,...__~,_. ..... ~ . . . . . .  I .... ........ ~,,-~ ..... ~ - . - ~  .,--,-.-~-~..,-~ , 
- '  -b4  ~ , ~  ; . ~  = 2 , - ; • -: . "  . . . . .  l "  - ~ ' ._C_TJ . . . .  r j . ~ _ ~  - '  ' . :  . .  . .~.~ - _ ' . ,  .~ . ~. ., . -r . . . . . . . . . . . . .  . . . . . .  {~'I '; • I -it 
~ - :  . . . . .  y .  . , ='r"  ~ - - . - ,  . . . . . . . .  1 . I . . . . . . . . . . . . . . . . . . . .  ~ i '  . . . . .  'TT,"., ~ _ ~ - ~  . ~  J..~.~. , . ~ 

_ " - "  - - L ;  =-~ . . ~ - - ' - ; . - . : . ; : '  . : . 1 . : : . 1 : ' - : ~  : , = . .  _ ~ _ I . - ' ,  " ' ~ I - ' - . - = = - , -  . = . . I :  : . . : - - - , . - : .  ~ _ i  .4 I . , - ~ - ,  . .  . . ,  . . . .  , -~ . . . .  t . . . . .  : .  - ~ ~ ' , ,  ~ . . . . . .  I - - . . ,  . 

• ../L-~ ~ + - "  . . . .  : . :  ' : , . I . . . . - * . .  ; .2 . . .  ! - , . . - ; - 1 - - t . . - + - L . a  . . . .  - . I .~ " ~ I : t ~ : ~ : , ~  r..~_. L ' - ~  ' -J '  F , .  4' . -H-~. ' ,~, .  l + -~ . '~ l .  ~ - ! : , , - : & : : \  , : .  t [ , .  : . ~  * ! - . ~ I ' , . ~  ' . ,  I ' I.."--H-I ' , t  
4 - I d - ~ - ; ~ - - ~ - , - I - L L ; = I - ~ - ~  ! - .  . . ,  i - .  i ' - T '  ~ : ~ i : '  : I .  . . .-;,.. " ' . . . ;  ~ i - . . l . .  . : . . . .  , ~ ' - - L ~ . ~  . - ~ - 4  ' ' .  , . , . ~ l - i , ~ .  ~ ' I  " . . - - ~ - 1 - 4 - I - ' - ; - i . ,  , . ; 

. . . . .  I. . I . I . . . . . . . .  .. ~ * . .-r , "I . . t . , - .  " . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , . . . . .  l - ~ , - = i - , - - - , - - ,  . . . . .  _ ~  . . . . . .  ~ . ~  , ,,,...,:.,. :.,'l-x,.'1 ..... ,, . . . . .  , -,.. ,. , . , . ,  . 

I - i - f ,  f 4 - l ~  i 4 - ~ - : - t - 1 4  L ;  L "  ~ 1 ~ . . . .  : . ,  : - i . ~ i ~ .  ~ : - ~ : . . . .  ; ~ ~ - ;  i ~ 4 .  * - .  J - - ; - . . ~ - L ; ;  ' - J  ~ . ; ~  , ~ .; :-I-',-J-, ~ ! - - ~ - ,  ~- !  I 

;~--L--d PER~E~IT CARBON DIOXIDE IN NITROGEN AT I ATMOSPHERE TOTAL PRESSURE . L , . . ~ . ' ; ~ i  

I 0  2 0  3 0  4 0  5 0  6 0  ? 0  8 0  9 0  



THEM.W. KELLOGG COMPANY 
A DIVISION OF PULLMAN INCORPORATED 

RIESlEAIqlCI*; ~k OEYI~LOPMEN'I* OI~PANTMENT 

0 PAGE NO. 6 

REPORT N0. ~4 

for  1.5 hours. Add i t i on  o f  3 more percent o f  s i l l c ~  to give a to ta l  o f  e igh t  
and mixing w i th  N fo r  two hours3 lowered the Freezing point  to 1469"F, a 
99"F lowering. T~is was not a l inear  response to the add i t iona l  s i l i c a .  
S i l i c a  s o l u b i l i z a t l o n  had a greater e f f ec t  on the lowering of  the f reez ing 
point  than did alumina (58 F vs. 20*F fo r  ~ s o l u b i l i z a t i o n ) .  

The next experiments employed vary ing amoun~ of  carbon d iox ide in 
n i t rogen a t  one atmosphere w i th  in tent  o f  es tab l i sh ing  the lower l i m i t  o f  
carbon d iox ide needed to  prevent s i l i c a  s o l u b i l i t y  in a ~e l t  o f  ~ Si02 
(ex: Berk|ey Sand Co.) in Na?C0~. The resu l t s  are shown in Figure 2. Again 
the curve shows~ j u s t  as witR alumina in Figure ;~ that  0.4 atmosphere o f  
carbon d iox ide is needed to prevent s o l u b i l i z a t i o n  of  s i l i c a  in sodium car -  
bonate melts. 

The attempt was now made to determine what in f luence steam would have 
on the amount of  carbon dloxTde needed to  suppress s o l u b i l i t y  of  s i l i c a .  
The results~ shown in the fo l lowing tabulat ion~ ind ica te  that  besides the 
inf luence of  hydroxide formation from the steam~ there was a s i g n i f i c a n t  
l ~ e r i n g  due to s i l i c a  s o l u b i l i t y .  

*F Fz, Pt. Lowering 
C02/Steam Melt over pure Na2CO 3 

50/50 Na2CO 3 48 
50/50 8% SiO 2 in Na2CO 3 8~ 

10/90 Na2CO 3 134 

10/90 8°~ SlO 2 in Na2CO 3 175 

During some of  t heos i l i ca  - Na2CO 3 studies~ other  f reezing points  were 
observed at  1680 - 1650 F. A check of  the l i t e r a t u r e  indicated th i s  may have 
been due to  sodium d i s i l i c a t e .  

c. NazS - Na2CO 3 System 

A melt o f  8%Na~S in NagCO ~ was prepared and Found to have a 
f reezing point  in N? of  IS08°F~ a 59 ~ i~werlng from that  o f  pure Na~CO_. 
Add i t ion  o f  40% car~on d iox ide  in a i r  f o r  two hours raised th ls  f ree~in~ 
point  to ]548 F. A sample o f  the meit~ removed at  18L~O'F and immediately 
Frozen~ showed no s u l f i d e  - only su l fa te  was present, i t  was concluded that  
ox ida t ion  o f  sodium s u l f i d e  occurred by the oxygen in the carbon d i o x i d e - a l r  
mixture:  

Na2S ÷ 202 = Na2SO 4 

Another melt o f  5~ Na2S |n Na2CO 3 was t reated wi th  50/50 carbon 
d iox ide  to steam which showed no hydrogen s u l f i d e  was evolved and that  a l l  the 
s u l f i d e  had been ox id ized to su l fa te .  Oxidat ion o f  the su l f i de  occurred by 
e i t he r  the steam or the carbon d iox ide or  both, This po in t  w i l l  be inves t iga ted .  
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From these experiments~ i t  appears that the su l f ide  that gets Into the 
melt from the coal in the gas i f i ca t ion  reactor may be oxidized to su l fa te  
even before i t  reaches the combustion reactor where i t  ce r ta in l y  w i l l  go to 
su l fa te .  Based on thlse considerat ion has been given to removal of  su l fa te  
from the melt which goes to the ash removal sect ion. 

2. RecoverV of  Sodium "in Ash Removal 

" A melt was prepared of 14J40g. Na2CO~j 409. of Island Creek bituminous 
coal ash and 20g. of 20/40 mesh coke from i~lan~ Creek bituminous coal to give 
8~ash and 4%carbon in them elt .  This was held at 1900"F for ] /2  hour after 
|ntroducing the coke and wi th  I aim. of  carbon dioxide being used fo r  mixing. 
The melt was frozen~ ground to powder3 ~nd used in the fo l lowing.  

a. 100 grams was treated with ~ ~aHC03 at 6/1 l i a u i d / s o l i d  ra t io  
for a lO mlnute'boiling period and Filtered. The residue was dried, weighed 
and analyzed. 

b, 100 grams was treated s im i l a r l y  excep~ the residue was res lur r ied  
in 50co of  hot water and re f i l t e red .  The residue was dr lud,  weighed~ and 
analyzed, The resu l ts  are tabulated in the fo l lowing:  

HEL___~T RESULT a RESULT b 

% Na 36.5 i l . 8  12.8 
% SiO2 2.35 23.27 22.32 
% A1203 3.05 22.66 25.25 
WeightLgms. 100.0 i i .8116 11.4850 

g. Na 36.5 1.39 1.47 
g. Si02 2.35 2.75 2.56 
g. AI203 3.05 2.68 2.90 

% Na Loss - 3,81 4.03 

I t  can be concluded that res lu r ry  of  the ash residue a f te r  re t rac t ing  the 
Na2C03 had no e f fec t  on fu r ther  sodium removal. Thus 96%Na recovery was 
achieved wi th  B melt composition comparable to commercial operat ion. Further 
invest igat ion of this will be made. 

Another 40 gram sample of the melt prepared above was i n ten t i ona l l y  held 
3 hours at  the bo i l ing  point of the ext ract ing ~ NaHC03 so lu t ion  instead of 
the standard !0 minutes, The dry residue of ash weighed 4,7178 grams and con- 
rained 5.27~oF the to ta l  sodium. Thus the sodium recovery is now only 9t~.T~ 
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i n d i c a t i n g  a d lsadvantage to pro longed e x t r e ~ ; o n  ~ime. 

B. Pro ~ ~ct i o. n.s. 

The e f f e c t  o f  more than one atmosphere t o t a l  p ressure  o f  steam and carbon 
tt'. 'oxide on s o | u b i l i z a t i o n  o f  s i l i c a  and a]umlna w i l l  be s tud ied .  Some 
f r e e z i n g  po in t  s t u d i e s  on mel ts  c o n t a i n i n g  coal  ashes w ; | |  be made. 

I n v e s t i g a t i o n s  on the o v e r a l l  s u l f u r  d i s p o s i t i o n  in the process have b-_en 
i n ; | t i a t e d  and w i l l  con t i r ,  ue. S u l f a t e  re,r~val from the system and recovery  o f  
s u l f u r  w i l l  a l so  be i n v e s t ; g a t e d .  
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!11. ChemlcaiL.Enqi.neerinq Studies and D.eveiopmen.t. 

A, Accomp|isbments 

1. P i lo t  Plant. 

Ef for ts  during Hay were di.rected towards oreparing a Status Report 
j u s t i f y i n g  Kel loggls pos i t ion  to proceed to the p ; l o t  plant and also a 
proposal for  the cost an~ schedule of such a program. This proposal has 
been completed in i t s  f ina l  f o m a n d  the Status Report has been completed 
in d ra f t  form. 

B. P r o j e c t i o n s  

I ,  P ; lo t  Plant 

Both the Status Report and the Proposal For the gas i f i ca t ion  p i l o t  
plant w i l l  be forwarded to the OGR by mld-June. 

In additlon~ work w i l l  begin to prepare a complete "Process Release" 
for  t h e p | l o t  p lant ,  Items to be incorporated in th is  release include a com- 
p lete process flow diagram s process )oad sheets for  Furnaces3 exchangers~ 
machinery and special equipment~ analy t ica l  sketches of  reactors3 drums~ and 
towers~ recommendations for  materials of  construct ion s and u t i l i t i e s  require-  
meritS, 

2, Fiowsheet Studies 

Ef for ts  w i l l  be made to complete the hydrogen flowsheet in i t s  f ;nal  
fore so that  the complete "process package" fo r  hydrogen can be submitted, 
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IV. MECHANICAL DEVELOPMENT 

A. Accomplishments 

I. Mechanical Characteristics Testing 

The analysis of deposits found in Test %3, conducted 
to determine entrainment in the aeration gas exiting a sodium 
carbonate melt bed has been completed. Table i below shows 
the analysis of four samples of deposits taken from the exit 
line cooler and filter. The term "inlet" refers to the piping 
from the reactor exit to the first bottom elbow of the cooler. 
The term "bottom" refers to the bottom pipe of the cooler in- 
cluding the two elbows. The outlet line includes the remainder 
of piping to the filter. 

Table i 

Location Deposit Wt. 

Inlet 3.74 gms. 
Bottom 3.62 gms. 
Outlet 1.6 gms. 
Filter 3.7___~2gms. 

12.68 gms. 

% N____aa2C03* % Si02* % Misc.* 

96.6 1.90 1.5 
95.9 2.84 1.26 
92.0 2.18 5.82 
98.2 0.96 0.84 

Aeration Gas - Carbon Dioxide 
Bed Height - 2 Ft. 6 In. 
Bed Superficial Velocity 2.0 Ft./Sec. 

(* Dry Basis approximate.) 

The melu bed contained 8% ash. Analysis shows this ash 
to contain 38.3% SiO 2. The deposits appeared to be uniformly 
distributed on the walls of the exit pipes and it would appear 
from the-data that the great majority of carry-over resulted 
from physical entrair~ent in the exit gas. Volatile carry- 
over could not be reasonably predicted by this test. 
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2. Corrosion Test inq of Hiqh-Temperature Mater ia ls  

Run #12~ as described in the last  repor t ,  has been restar ted 
and has now been in operat ion for  approximately another 200 hours~ for a 
to ta l  o f  some 340 hours to date. I t  is  an t ic ipa ted  tha t  t h i s  t es t  w i l l  be 
terminated a t  50C-hour po in t  and the to ta l  corrosion rates determined. 

An attempt has been made to u l t r a s o n i c a l l y  inspect the Monofrax 
"A" f o r v o l d s  and fiawso A sample o f  the resul ts  appear as Figures 3 and 4. 
Figure 3 is  the trace obtained when examinlng a f lawless ,  two- inch - th i ck  
block of  Honofrax 'W z using u l t r ason i c  techniques. Figure 4 is  the same 
except the Honofrax has a f law at  the midpoint~ i . e . ,  one inch below the 
surface. In both cases3 the t race obtained is  c lear  and easy to i n te rp re t ,  
so tha t  u l t r a s o n i c  inspect ion of the re f rac to ry  mater ia l  would seem qu i te  
Feasible.  Discussions w i th  the vendors o f  untrasonic equipment have i nd i -  
cated t h a t t h i s  material  lends i t s e l f  to good u l t rason ic  inspect ion w i th  no 
problems or  special  techniques requi red.  Automatic inspect ion is  qu i te  
possib le w i t h  cu r ren t l y  ava i lab le  equipment. 

B, P ro iec t ions  

I. Mechanical Character is~|cs Test inq 

Fur ther  t es t i ng  will be undertaken to be t te r  demonstrate the 
car ry -over  tha t  may be expected. This information w i l l  a id  in design of  
the p i l o t  p lan t  overhead p ip ing.  

2. Corrosion .Testinq q f  Hiqh Temperature Mater ia ls  

Run #12 will be continued to approximately the 500-hour po in t .  
The t es t  w i l l  be terminated and the specimens examined a t  t h i s  po in t .  The 
resu l t s  o f  t h i s  tes t  w i l l  help to  determine the Future course o f  the test  
program. 

To date~ a l l  the Honofrax ' ~ "  tested has been from ord inary  
blocks o f  Honofraxj andj as such, have had a wide v a r i e t y  o f  gra in  size 
and s t r uc tu re  as well as in terna l  vo ids and cracks. In the near fu tu re ,  
t es t i ng  w i l l  begin on DCL Honofrax ,~,w which should have a fa r  more un i -  
Form in te rna l  s t ruc tu re ,  and thus~ even bet te r  corrosion res is tance.  This 
DCL Monofrax I~a, w i ] l  f u r the r  be inspected u l t r a s o n i c a l l y  p r i o r  to tes t ing  
to insure a uniform q u a l i t y  of  t es t  sample. This technique has not been 
used on the previous tes t  specimens. 
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ULTRASONIC TEST 2-INCH MONOFRAX "A"  BLOCK 
NO FLAWS BOTTOH SCALE X l 
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Fi,qu,re 

ULTRASONIC TEST 2-iNCH HONOFRAX "A" BLOCK 

ONE INCH BELOW SURFACE BOTTOH SCALE XI 

O W I 


