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I. SUMMARY' 
I'L I | I I 

This progress-report is the thirty-first since the 
awarding of the contract. It is concerned with the first phase 
of the contract and summarizes the progress that has been made 
in the three principal a~eas now being studied: processresearch~ 
chemical engineering studies and mechanical development, 

Nine new combustion runs were made with anthracite 
to determine The effects on rate of varying air pressures super- 
ficial gas velocity and ash content (and type,) As was the 
case for bituminous s air pressure in the range of three to 
eight atmospheres was found to have no effect on the combustion 
rate of anthracite, Increasing the superficial air velocity 
from 0,5 to 2 feet per second resulted in an increase in rate 
of almost 50 percent. 

In making these studies it was found that ash formed 
in situ s i,e, m~terial left in the melt from oombustionj was 
more effective in increasing combustion rate than ash formed 
exter~.ally. This effect has been attributed to a difference in 
sulfur (or sulfate) content of the two types of ash, Sulfatet 
of coursel has previously been shown to be an effective catalyst 
for the combustion process, 

Five new runs have been made usi~'E a gas sampllnz 
probe to determine the efficiency of combustion to carbon dioxide, 
Considerable variation in this efficiency was observed as a 
function of carbon level9 but in all cases the carbon monoxide 
content of the gases just above the melt surface was less ~han 
15 percent of the total carbon oxides, 

A preliminary pilot plant process design has been 
completed and was turned over to the Mechanical Development group 
for review. In the course of preparing this flowsheetl a list of 
process questions was developed An an effort to determine the 
areas where further bench-scale experimentation is warranted. 
Development of such programs is now underway. 

Capital cost estimation of hydrogen flowsheet was 
continued and is now neap completion, In addition I work was 
contiLued on the preparation of the design of the synthesis gas 
plant° 

Additional experiments have been carTied out to deter- 
mine the time required to deEasify a melt which has been aerated 
with carbon dioxide at velocities up to three feet per second, 
Most of the deEasification takes place within I0 to 20 seconds 
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TeEardless of the aeration velocity. These results Indlcate 
that a relatively small stilling section will be adequate to 
keep cross-flow contamination of the gasifier to an acceptable 
level. 

F u r t h e r  work  h a s  b e e n  done o n l m e l t  c i r c u l a t i o n  t o  
ex tend  t he  p r e d i c t i o n s t o  t he  ze ro  l i f t  c o n d i t i o n  c o n t e r . p l a t e d  i n  
the pilot plant design. These results indicate that the pre- 
viously used prediction methods are in reasonable aE~eement with 
the results obtained for water and a I00 cp. glyce~ine-wa~e~ 
mixture, These pTediction methods ar~ presently bein E used to 
determine the circulation rates and ~o size the melt Transfer 
llnes for the proposed p i l o t  plant. 
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II. PROCESS RESEARCH 
i ill. il 

A. Accomplishments 

Anthracite has been used to study the effects on 
combustion of air pressure| superficial gas velocity, ash formed 
in situ t and the composition of the product gas by use of a 
probe, The results of these experiments ape shown in Tables 1 and 
2, 

i. Effect of Air Pressure on Combustion of Anthracite 

It was previously shown that air pressure in the ranEe 
of i to 8 a~mospheres had no effect on the combustion rate 
of bituminous coke (Progress Report No° 27 t I0/31/66), 
It is now shown ~hat runs with air pressures of three 
(Run 165) and eiEht (Run 160) atmospheres gave the s~me 
combustion Pate of about 9 Ibs° C burned/hP°/cu°ft, melt for 
anthracite° It was found absolutely essential that condi- 
~denticalt especially with regard to the level 
of ash and/or sulfate buildup in the melt, Runs 161, 162j 
16~ which used the same melt, but which varied the pressure~ 
showed increasinE ~aTes 6f combustion with %ncreaslnE ash 
content as is seen in the followinE tabulation, 

Combustion Rate 
Ru_..nn % Ash in Melt Pressu~e-psia ibs~ C/hr/cuoft.melt 

160 2.0 121 9 
161 2°6 15 14 
162 3.2 45 22 
1 6 3  3 , 8  1 5  2 2  
1 6 5  2 . 0  4 6  9 

Although goinE from 2,0 to 2,6% ash appeared to improve the 
?a~e f~om 9 to lq Ibs. ClhP-CF one othe~ factor must be taken 
into account° Sulfur~ as sulfatet has an exaeptional catalytic 
effect on the combustion of carbon (ProEPess Report 28tli/30/66)° 
Anthracite has 0.52% sulfur content (ultimate analysist dry 
basis) which~ if all present in the ash, would correspond to 
4°4%. HoweveP~ the actual 8ulfu~ content of The ash is only 
0.2~%1 indicating That a considerable amount of eulfu~ is 
driven off durinE ashing° When anthracite is charged to i 
molten sodium carbonate in nltrogen and Then bur~edt the amount 
of the total sulfur That remains in the melt and forms sulfate 
it an unknown entity. AlthouEh the changes in combustion Pate 
are presently related ~o the ash level in ~he mel~ I a better 
corTelation must exist for sulfate content, In effect~ it 
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appears that the ash added in situ, by the anthracite is 
considerably more effective in increasing the rate than 
• he ash added from externally oxidized anthractie (as in 
Run 160). This suggests some sulfur above that present in 
The pre-ashed material is reoained by the alkaline melt. 

. Effec~ of Superficial Air V e l c c i t ~  on Combust ion of 
e 

The remaining runs in Table 1, 165 to 168~ attempted 
to determine the effect of superficial air velocity on 
the combustion rate of anthracite. This was done with 
fresh mel~s of sodium carbonate and 2.0% externally 
p~oduced anthracite ash for each run. The results show 
a s l i g h t |  but p o s i t i v e |  e f f e c t  o f  s u p e r f i c i a l  a i r  v e l o c i t y  
on t h e  combus t ion  r a t e .  

Ru__ n sqy-f t . /Sec.  Combust ion  R a t e ,  

157 0.53 7.1 
165 0.98 8.6 
166 1.61 9.1 
168 2.0~ 10.3 

2r i8 difficult t o  r e c o n c i l e  ~h i s  small effect of  
v e l o c i t y  and t h e  l a r g e  e f f e c t  o f  me l t  h e i g h t  w i t h  a d i s ~  
t r i b u t i o n  problem o f  t h e  ca rbonaceous  s o l i d  a s  was done 
w i t h  t h e  g a s i f i c a t i o n  s t u d i e s .  N e v e r t h e l e s s |  i t  i8  
beii~ved that distribution of the carbon particles is still 
a probl~w~ but, that the size of the air bubbles (as a 
function u~ bed depth) is considerably dlffe~ent than the 
steam bubbles or that the film through which diffusion of 
oxygen and products occurs is grossly different than the 
film for steam-carbon ~eactions. 

3. P~obe Expe r imen t s  o n  A n t h r a c i t e  Cclb. u s ~ i o n  

The exper iment r e p o r t e d  i n  October 1965, i n  which a 
probe sampler was used t o  determine the compos i t i on  o f  
the  combust ion gas d i r e c t l y  above the me l t  b e f o r e  excess 
a i r  cou ld  o x i d i z e  carbon monoxide led to  t he  conc lus ion  
t h a t  ca rbon  monoxide d i d  e x i t  f r ~ l  t h e  m e l t  b u t  t h a t  t h e  
amount  d e c r e a s e d  t o  n i l  when t h e  ca rbon  c o n c e n t r a t i o n  i n  
t he  me l t  became about 3,5% o r  lees.  The s u e  CO o - eoolk~ 
probe has been used i n  a s e r i e s  o f  f i v e  expe r ime~ ts t  
Runs 169 to  1730 to  o b t a i n  a d d i t i o n a l  data  i n  t h i s  c r u c i a l  
and impor tan t  area.  T h i s  probe was p laced 8 .5  t o  11 inohes 
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Iqun I0o. H- 
l~ta 1~7 

ife~ 
K FLvea Cacbo~ 
14 Tot:el Ca~boa 

V o l a t i l e  H a t t e r  
~sh 

( ~ . .  Charge 
Ho~h 8 i s o  
I~ Carbon in  Nel(: - Z n t k i a l  

N e l t  
050 Ifa2CO 3 
Glss. Ash 

&ah Lit H a l t  
I~ igh~  - Inches  

16o 161 151 163 1~4 x6s  
z /~s  t /27  1/3o  1/31 2/: :/6 

~.~ An~J~mcl (:a 

<.  

-< 

J 
,%, 

1 6 6  
• 2 / 9  

167 
~/13 

~ 0 . 0  
5 . 9  

11 .7  . 
21.35 
12/20 ..... 
4 

405.7 (3) ~3) (3) 405.7 405.7 405.7 405.7 
0 .3  - - - 8 .3  0 .3  6 .3  8 .3  
2 .0  2 .59  3017 3.76 2 .0  2 .0  2 .0  ~ . 0  
4 4 4 4 4 4 4 4 

1 6 8  
2115 

) 
L 

f 

405.7 
0 .3  
2 .0  
4 

~0n4LtLuns 
Tamp. e r  - 1 n i t | u 1  1844 1844 1845 . 1844 1841 1843 1845 1845 1845 

- A ~ r r ~ e  (2) 1834 18".7 1856 1055 1840 1840 1039 1040 1838 
- m b m m  1846 1867 1880 1873" 1857 1852 1862 1850 1865 

I, z e s s u r e  - p s i o  120.5 15 44 .7  15 15 45 .5  45 .0  4 4 . 8  4 5 . 0  
Sup. (]as V e l :  - r e / s a c  1.02 L.: i9 1.03 0 .95  1 .07 0 .98 1 .61 0 .53  2 .04  
Run TLmm - robs "55 60 30 15(4) 10(4) 65 60 80 60 
A i r  Rat.e - l t t A u l / m i n  69 .4  10.8  26 .0  7 .9  0 .9  24 .8  40 .7  19.7 51 .8  

~ s u l t s  - Produc t  Gas 
1( CO:t - S s i n  1 .05  8 .6  5 .1  17.0  6 . 9  2 .6  2 .7  3 .4  1 .35  

- 35 ~ l n  0 ,8  2 .7  - - " I 2 . 1  1 .05 3 .0  0 .75  
- e ~  0 .6  0 .7  1 .1  12.5  6 . 3  . 0 . 8  0 .42 0 .9  0 .4  

K O 2 - S aim 19.S 11.5  X5.S 4 . 0  13o5 10.0 10.5. 17.5 19 .0  
- 3 5  ~ 20.5 17 .5  - - - 19 .0  19.5 18.0  19.5 
- an4 ;10.5 19.6 19 .8  9 .5  13.8 20 .0  20 .5  20 .3  20 .6  

Caml~Jstlon Rata Constsn~ 0 .75 1 .18 1 .85  1.85 1.12 ' 0 . 7 3  0 . 7 7  0 ,60  0 .07  
r i v e d  ~t~bo~ C ~ n s ~  100 J.01 99 74 35 98 97 101 99 

Irate - ~ s  O/hr /cu  f t  a t  4~( carbon 1 n i t .  8 . 9  15.9  22 .3  21 .8  13.2 8 .6  9 .1  7 .1  10.3 

K ~0t~al C a r b ~  - Devo l~L11ze~  10.0 16.3  17.4  21t.3 15 .0  15.0  13.1 12.2 14.5 
- Ca~busted 90.2  84 .4  81 .9  51.4  18.3 83.3  0309 88 .8  0402 
- I m f t  + Ir.0as - - L .0  26 67 1.7  3 .0  - 1 .3  

(1) :r~ l - / t ~ h  1,,9. xnconQl ceae toc ;  c o a l  ©hinge4 Ln to  •Z 81 0 , 1  I~ /s~=  8aV and ho14 S aJLnutes b e f o r e  a i r  Ln. 

(2) &ravage tmpeL 'a t~re  Ln 50~ clrlb<)n COnlUJI4~ j ~ r L o d .  

(3) itauoO4 "~Ac ~t'om .grevLoun r u n .  

(4) Run t u m i n a t a 4  aue ~,~ p l u g - i n  o u t l e t ,  o f  e o n d e n n c .  

IIi I 
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f r o m  Zhe b o t t o m  o f  t h e  r e a c t o r  w h i l e  e m p l o y i n g  t h e  
n o r m a l  q i n c h  q u i e s c e n t  bed d e p t h .  S p l a s h i n g  o f  t h e  
m e l t  i n t o  t h e  p r o b e  n o z z l e  d i d  c a u s e  p l u g g i n g  d i f f i -  
c u l t i e s  in the first three runs., At a height of ii 
inches, the least amount of plugging occurred. A 
summary of the runs is presented in Table II and dis- 
cussed below. 

Table II shows that the first run, wi~h ;% carbon 
initially, gave only a trace of CO after 5 minutes of 
combustion. Direct reaction of th~ anthracite and 
the melt lowered the carbon level to about 3.3% before 
air was introduced. Difficu!~y wi~h sampling was experi- 
enced so that the probe analyses at 5 and i0 minutes are 
not too reliable. The use of 6% carbon initially in the 
succeeding runs was adopted to be able to follow carbon 
concentration in the melt and carbon monoxide concentra- 
tion in the product gas over a wider range. Wlth each 
charge of anthraclte, the sulfur and ash level in the 
r e u s e d  m e l t  became  g r e a t e r .  T h i s  i n c r e a s e d  t h e  r e a c t i o n  
r a t e  s t h u s  e n a b l i n g  p r o b e  s a m p l e s  t o  be  t a k e n  o v e r  a 
range o f  r a t e s ,  from 6 to  17 l bs .  C b u r n e d / h r . / c u . f t ,  o f  
melt and to as low as 1.5% oxygen in the combustion gas. 

The t a b l e  shows  T h a t  an  a p p r e c i a b l e  a m o u n t  o f  
c a r b o n  r e a c t s  i n  t h e  d e v o l a t i l i z a t i o n  p e r £ o d  (no  a i r )  
a n d  t h a t  t h e  d e v o l a t i l i z e d  g a s  i s  r i c h  i n  c a r b o n  m o n o x i d e .  
T h i s  i s  a d e s i r a b l e  s i t u a t i o n ,  s i n c e  t h i s  w i l l  o c c u r  i n  
t h e  ~ a s i f i e r  w h e r e  t h e  c o a l  i s  f e d .  O n l y  t h e  d e v o l a t i l i z e d  
c o a l  w i l l  c i r c u l a t e  t o  t h e  c o m b u s t e r  f o r  a i r  o x i d a t i o n .  

Figure 1 presents  the r e l a t i o n s h i p  o f  percent  carbon 
monoxide in  the product  gas carbon ( i .  e . ,  CO x 100/C0 + C0?) 
and  t h e  p e r c e n t  c a r b o ~  l e f t  i n  t h e  m e l t .  N a t u r a l l y ,  c o n -  
s i d e r a b l e  v a r i a t i o n  i n  t h e  r e s u l t s  ( saw t o o t h e d  c u r v e s )  i s  
e v i d e n t .  N o t a b l y ,  i n  t h e  3 t o  S% c a r b o n  l e v e l  i n  t h e  m e l t ,  
t h e  amoun t  o f  c a r b o n  m o n o x i d e  i s  o f  t h e  o r d e r  o f  6 t o  
13% o f  t h e  t o t a l  c a r b o n  o x i d e s  p r o d u c e d .  Below 3% c a r b o n  
i n  t h e  m e l t ,  c a r b o n  m o n o x i d e  i s  l e s s  t h a n  6-7% o f  t h e  t o t a l  
o x i d e s .  Even t h e  p r o b e  s a m p l e s ,  t a k e n  2 . S - 3  m i n u t e s  a f t e r  
t h e  a i r  was t u r n e d  o n ,  showed o n l y  7 . ~  t o  12.2% CO i n  t h e  
c a r b o n  o x i d e s  ( n o t  shown i n  F i g u r e  1 ) .  Such  CO l e v e l s  i n  
The c o m e r c i a l  u n i t w o u l d  not  r e s u l t  i n  a s i g n i f i c a n t  cos t  
£ncrease due to  the e f f i c i e n c y  l o | 8 ,  
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It is concluded that the melt does a ~easonably 
efficient job in conversion of carbon to carbon dioxide 
in the 2 inch test unit. It is felt that the sodium. 
carbonate catalyzes'the ~eaction of carbon monoxide to 
carbon dioxide. In addition t it is anticipated that 
the presence of steam in the ai~ will further catalyze 
the CO to CO~ reaction as is known in the literature (I) 
as well as c~talyzin~ ~he overall conversion as pre- 
viously demonstratedK2). 

B. Pro~ection s 

IT is planned to determine the effect of 20% CO~ 
in air on the combustion ~ate of anthracite° The determifiation 
of the effect of the concentration of sodium sulfate in the melt 
on the combustion of coke will be completed. Attempts will be 
made to enhance the rate of gasification of anthramite. 

(i) Lowry I H. H., "Chemistry of Coal Utilization", Supplementary 
Volume~ rE, 776, Wiley and Sons (1963)o 

(2) Progress Report l~t September 30j 1965o 
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Run He, ~ -  169 170 171 173 173 
Data 1967 2/17 2/17 2 /Z0 2 /3 l  2/22 

~qnt~raeike - ~r~u 21.35 32.03 32.02 32.03 32.03 
K C i n  M e l t  4 6 6 6 1S 
Ra2CO 3 - ~ 4 0 5 . 7  (3)  ( ] )  (3)  (3)  
Aah - ~na 8 .3  - .- - - 
% Ash Ln 14elk 2 .0  2 .5  3 .5  4 .35 5 . ~ 5  

Temp. e p ,  i n L k i a l .  1841 1834 J4337 1844 1845  
,, averaqa (2) 1840 1840 1840 1840 1840 
- max L~um 1853 1870 1871 1871 1890 

praaauco - p a l e  15 15 15 15 15 
8up.  Omm V . e l , - -  f~t:/aac 0.94 0 .88  0 .g5  0 ,g8  0.90 
Run Time - s i n  10(4)  4 0 ( 4 )  2 7 ( 4 )  50 52 
AA~ Rat:a - l /b~ .n  7 . 8  7 . 3  7 . 9  8 . 1  7 . 5  

8pea. l~aCe ConJt lnC 0 .50  0 .65  1.03 1.45 1.40 
R a t e  - 1be C/h~/cu £t. s . g  7 .7  12.2 17.1 16.5 

T o t a l  C - Dave1. 17 8 17 20 20 
Comb. 15 58 40. 79 79 
L e f t  68 34 43 1 1 

Gem Ana lyses  
Dave1, Gee - % CO 27.5 18.4 41 .2  37.4 43 .7  

1( CO 2 12.3 6 . 8  9 .4  12.O 10.S 
P r o b e  - Time - rain - 2 . 5  3 2 . 5  2 . 5  

~, CO - 0 .85  1.7 2 . 4  2 .0  
K CO2 - 10.7 13.6 17.2 16.5 

02 - 8 .2  5 .4  1.5 1 .7  
T~r~ - min 5 5 5 5 5 

K 0 0  t r  0 . 98  1 .5  2 .6  2 ,0  
K CO:t 5 . 7  ° 13.25 14 .0  17.S 17.5 
% 02 15.5 6.  S 5 . 4  1 .6  1 .6  

T i m  - mLn 10 10 12 15 11 
K CO ~,v 2 .1  0 .7  0 . 9  1 .1  
IG (02  5.]J 9 . 7  13.5 14.0 15 .8  
% O 2 16 .2  10.6 6 . 8  7 .7  2 . 8  

p robe  HeLght - i n .  from b tm.  8 .5  10 11 11 11 

(1) In  2-Lnch I . D .  Znoonel  c e a c t o c r  co81 charged i n  N 2 a t  0 .1  re /mac 8GV and h o l d  5 mLnute8 b e r a t e  eL :  i n .  

(2) Average t empera tu re  Ln r a k e  dakermtnad p e r i o d .  

(3) Rmulad m e l t  f rom IpCevLou" curt. 

(4) Run e n d e d  due t o  p l u g  I n  p r o b e .  P~J ~ . O  -- J ) e . ~ "  

J I 

el *t 
I 
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FIGURE I 

RELATIONSHIP OF CARBON MONOXIDE CONTENT 
IN 

PROBE PRODUCT GAS TO CARBON LEVEL IN MELT FROM 
ANTHRACITE COMBUSTI ON 
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III. CHEMICAL ENGINEERING STUDIES AND DEVELOPMENT 

A0 Acqomplis~ments 

I, Pilot Plant Design 
, , ii i i 

A preliminary process design of the one-ton-per-hour 
gasificatio~ pilot plant has been completed. The flowsheet 
has been turned over to the Mechanical Development Department 
for sizing of the melt transfer lines and f o r  estimation 
of the required amounts of the lift gases (air and steam) 
needed to circulate the melt at design rates. Further 
study of this flowsheet is continuing in an effort to "fix" 
a final process design as soon as possible, 

A list of process questions has been drawn up in an 
effort to delineate those areas where additional experi- 
mental work is required before commercialization of the 
process. It is also anticipated that such a list will 
serve as a basis for planning the future PTocess and Mechanicel 
Re~earch programs in order that the pilot plant may be 
built and operated with the highest degree of certainty. 

2, Flowsheet Studies 

Capital cost estimation of the hydrogen-f~om-coal plant 
continued through February and costs of essentially all of 
the ma~or process equipment have been obtained. Estimation 
of the erection cost is now underway. The major delay in 
determining this cost has been due to ¢onfl~cts ~n schedul- 
ing in the Estimating Section - a section available to all 
phases ef the Research Department. !{owever t these problems 
have now been cleared up, and there should be no difficulty 
in proceeding through to completion of the estimate. 

Work on the design of a plant capable of producing 
synthesis gas from bituminous coal has also continued, 

B. Pro~ections 

i, Pilot Plant Desi~q 

Modifications to the pilot plant p r o c e s s  design will be 
made in accordancewith the present review and the suggeS- 
Tions made by the Mechanical Development Department, Complete 
equipment specifications of the items on the final flowshee% 
will then be made so that the process can undergo a complete 
mechanical design. 
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2. FlowsheeT Studies 

Womk will con%inue and hopefully conclude, on %he 
cos% estima%ion of the hydPogen plant, Gas costs using 
this figume will then be calcula%edo 

Pmocess design of %he syn%hesis gas plan% will also 
continue during Mai-ch, 
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IV. MECHANICAL DEVELOPMENT 
i | 

A. A c c o m p l i s h m e n t s  

I. Mechanical Charact.e~istics Testin~ 

Additional tests have been conducted to determine 
degasifica~ion time for a molten sodium carbonate bed 
with eight percent ash. Carbon dioxide was used to 
aerate the bed at superficial velocities up to Three 
feet per second in the test apparatus previously used 
t o  determine melt bed  expansion. 

The electrical dip stick was placed at various heights 
above The bed and the time was measured from-The time the 
gas supply was shut off until contact was bmoken between 
the melt and the dip stick. The results of these Tests 
are shown on Figures 2 and 3. As can be seen in Figure 3, 
the deEasificaTion time sharply increases below a 1/2- 
inch gap. 

The d a t a  i n d i c a t e s  t h e  m a j o r i t y  o f  d e g a s i f i c a t i o n  
T a k e s  p l a c e  w i t h i n  10 t o  20 s e c o n d s  r e g a r d l e s s  o f  The 
a e r a t i o n  s u p e r f i c i a l  v e l o c i t y ,  C o m p l e t e  d e g a s i f i c a t i o n  
w o u l d  a p p e a r  t o  t a k e  i n  t h e  o r d e r  o f  two t o  f i v e  m i n u t e s  
b a s e d  on  e x T e n t i o n  o f  The d a t a  t o  z e r o  g a p .  A 1 / 2 - i n c h  
gap represents a contamination level of 0.007 cubic feet 
of Eas per cubic feet of melt and is within the acceptable 
limit presentlyset. Thus, a stilling section providing 
I0 to 20 seconds hold-up would appear adequate to reduce 
the cross-flow contamination to an acceptable level. 

2. Melt Circulation 
i i 

Both experimental and analytical work has been done 
to extend melt circulation predictions to the essentially 
zero lift condition contemplated in The pilot plant design. 
Figures ~ and 5 show the results of this work. On Figure 
it is interesting to note that maximum flow rates are 
obtained with air lift superficial velocities between two 
and five feet per second and that significant reductions 
in flow rate are obtained only below two feet per second 
for water and one foot per second for the I00 cp. mixture. 
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The analy~£cally predicted flow ra~e fop water at 
five fps air lift superficial velocity was exactly That 
obtained experimentally. For the i00 cpo mixture the pre- 
dicted value was approximately 35 percent below The actual 
value which was to be expected based on previous calcula- 
tions. 

As a result of This work, we are prepared to predict 
melt circulation Pates and size transfer lines for the 
proposed pilot plan~. A computer proETam is being prepared 
to assist in The necessary prediction calculations. 

1 .  Mechanical, , ,  , .,, C h a r a c t e , r . i s T i c s  . T e s t i n g  

An experimental t e s t  setup To determine entrainment 
in the aeration gas exitin E a sodium carbonate melt bed is 
b e i n g  c o n s t r u c t e d .  F igu re  6 shows t h e  p roposed  t e s t  s e t u p .  
Temperature measurements will be Taken along the l~ngth of 
t h e  o u t l e t  l i n ~  so tha~ i f  c a r r y - o v e r  d e p o s i t s  a r e  found 
at particular locations a deposit temperature can be 
obtained. Total carry-ove~ will be determined by weigh- 
ing the exit line and filter before and after each run. 
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