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ABSTRACT 

Work has continued on the kinetic reactivity of coal/char in 
CO 2. One viable ~echanism has been suggested involving hydrogen 
abstraction by calcium oxide to explain this effect The importance 
of diffusion resistance in mesopores~micropores indicates the need 
for a diffusion solid-gas reaction model. 

Work has cmntinued on the poisoning effect of CO gas on the 
CO 2 - C reaction. For several chars the effect has been found. 
SliBht variation~ in i/(I - x) dx~dt vs ~ curves result for the 
different chars. 

Construction of the high pressure a=mosDheric and fluidized 
beds is complete. A study of jet phenomena in a two-dim~sional 
bed has resulted in a new, suggested correlation. 



OBJECTIVE ~D SCOPE OF ~,';O~K 

The basic motive for this project is to provide fundamental data 
required for the design of coal gasifiers an~ ~D generators. 

A major goal of the present work is to experimentally and theoretically 
investigaze the kinetics of coal and char gasification.reacrions.z-Dependence 
of rate on such parameters as CO., CO, H20, H_, concentrations, temperature, 
pressure, suTface properties, an~ coal mlnera~s ~i11 be obtained. A quanti- 
tative understanding of these dependencies will allow improved gasifier 
design, for conversion processes and ~.~D generators. Improved prediction of 
the perfor~znce of various coals will be ~5ssible .-~ith knowledge of the 
effects of surface properties and minerals. The experimental investiga- 
tion of the ~ressure dependence of these reactions up to 1000 psi E '.¢i11 
provid- ~ for confident design of ~he higher pressure gasifiers presently 
under development. 

Fun~mental data On the fluidiz.~tion of coal and char particles ~511 
be obtained ~t pres3ure, as many of the gasification schemes call for 
£1uidized gasifiers under pressure. Bubble sizes, expansion, elutriation 
etc., will be obtained on a i2" bed operated at ambient temperature. 



SU:.DIARY OF I'RO{;RI:SS 

Below i~ a written summary of ~hc technical progress. On t he  
a t t a c h e d  graph  is  a v i s u a l  summary o f  t he  expended e ~ f o r t  and c o s t s .  

A linear relationship between oxygen content, free swelling index, 
and calcium (doped or native) con~cnt and ~oal/char reactivity with 
CO~ has bean shown. A mechanism involving diffusion effects appears 
needed. 

The effect of carbon monoxide is pronounced on the C-C0_ reac- 
tion. At lower temperatures. ~ poise,, effect is observed a~Z[ow CO 
concentrations with several chars. "[his effect varies slightly from 
char to char. At higher concentrations and temperatures, a mass- 
action law effect is observed as the C02 concentration is decreased. 

~ork on jet phenomena in Z-dimensional f!uidized beds has been 
finished. Relationships between stagnant area, and jet velocity and 
jet spacing have been determined for a 2-dimensional fluidizei bed. 
;, correlation for jet h~[ght has been developed. 

Co:,i/Char React iv i ty  

Work Accompl i shed :  

The reactivity of coals with C03 has been shown to incre.~se almost 
linearly with the amount of calcium present in coal, free swelliag 
index, and oxygen content (Figure i). Previous work had no~ed a nar- 
ticlu size effect. The latest results indicate that the magnitude 
and direction of this effect depends on the manner of p>Tolysis and 
char preparation. Work will continue on this effect in order to, 
obtnin a more definitive understanding. 

The.~e experimental results, and results from the liter:clare on 
pore-size distribution as a function of conver.~ion, ind[cp.%u that dif- 
fusion through mesopores and par'-icularly micrupores should be incor- 
porated into a ;aodel to predict reactivity, l'rellmhLary calzul;,t[ons 
indicate that the s~-,.',ii micropores are a major ~ctor in determining 
reactivity. A sieving effect has been sho,~n not to be major as 
crushb~g of larger parzlcles (previously sicced) to -325 n,e.~h has also 
found an increased r-eactivity. I:Icctron - photographs h~ve not found 
nny difference in distribution of mineral matter crystals and pore 
openings between czn~shed parzicl,:s ~":Ld -35 * 60 mesh particles. 
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Neutron ~ c t i v a t ~ o ~  results on oxygen  c o n t e n t  as  n f u n c t i o n  o f  
c o n v e r s i o n  found  no change  in  o x y g e n  c o n t e n t  from x = 0 t o  x = 0 . 2  
The interpretation of these results is uncer:ain, but it would appear 
that there are not oxygen-carbon reactive sites already in the char. 

Work with different concentrations of CC~-CO [~.e., (I00:0), 
[9S.9:I.I), [95.1:4.9), (S0.5:19.7), and (51:~9)] was carried out 
in the temperature range 850°C - llO0°C. Char was prepared b~ de- 
vo!atilizing coal in a Nv atmosphere a~ IO00~C for 25 m£nutcs and 
then crushing i= to -400-mesh size. Differences in particIe size 
effects were no~ed frcm our previous w~rk. ~his work must be ~urzher 
delineated. 

At ~II temperatures and  CO~-CO concentrations, the reac%~,vit), 
increases with conversion, whtc~ may be partly attributed ~o a surface 
area increase as :he reaction proceeds. Note tha~ this intrinsic rate 
increases w~tlt X to high conversions. However, t he  rate curves are 
n o t  e x a c t l y  t h e  same. I~ may h a v e  t o  do w i t h  t h e  p o r e  s i z e  and m i n e r a ]  
matter distribution causinR differences in particle size cffccts. 

In FiEure 2 are curves summarizin~ the change in rate 3s 3 f~nct~on 
of added CO co~,tcn~ for l~nite and bituninous coats. 

At high,~r temperatures there is only ~ dilution effect on the 
r c a c t l v i t y .  At lower  t e m p e r a t u r e s ,  t h e r e  i s  not o n l y  a d i l u t i o n  e ~ f e c t  
but also a poisoning effect. Th~ [Race (C02-C0 mixture)/Rat~ CO)] rat io 
r e m a i n s  c o n s t a n t  t h r o u g h o u t  t h e  r e n t = i o n  from X = 0 t o  X = 0-9.- At 
low t ~ m p e r a t u r e s ,  t h e  r a t e  s h a r p l y  d e c l i n e s  up : o  I% CO a n d  t h e n  f o l l o ~ s  
a s~- - ra ight  l i n e  o f  d i f f e r e n t  s l o p e s ,  d e p e n d i n g  on T. The s l o p e  o f  t h i s  
line decreases with an increase in temperature. These results are con- 
s£stent with the literature mechanism for carbon: 

c + co zcg) ~_=_.._. c{o)  * co(g) 

c(o) - - - - - - : - -  co(s)  

work o;~ o b : a i r , [ n g  v a l u e s  f o r  t h e  r n t c  c o n s t a n t s  i s  p r o c e e d i n  R. 

Future Work: 

Continued work on the effect oF oxygen and Ca0 contont on coal 
reac t iv i t y  w i l l  continue, tlork on d[ffuskon effects on part ic le re- 
ac t i v i t y  wit!  be developed. The effect o~ CO as a poisov w i l l  be in- 
v e s t i ~ , - ' , t e d  w i t h  r e s p e c t  ~o c a t a l y t i c  a c t i v i t y  arid on d ~ f f e ~ e n t  c o a l s .  
Work a t  h[~:her  p r e s s u r e s  and ~ e m p e r a t u r e s  w£11 commence £n t h e  new 
T~A r e a c t o r .  C o r r e l a t i o n  o f  p r e s e n t  work w i t h  e a r l i e r  t h e o r i e s  w i l l  
be  p u r s u e d .  
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P r e s s u r e  TGA ~or Reaction S t u d i e s  

The r e a c t o r  is complete, and operation and shake-down w i l l  begin. 
A f x e r  d e b u g g i n g ,  i n i t i a l  e x p e r i m e n t s  w i l l  b e  a t  Xatm. ,  T = 1000 - 1500°C. 

FIuidized Bed 

Experimental, Jet Studies: 

An i n v e s t i g a t i o n ,  o f  t h e  s t a g n a n t  a r e a  o f  s o l i d s  b e t w e e n  o p en -  
i n g s  for a given perforated distributor has been finishea. The 2-D 
f!uidizcd bed was 30.5 cm wide, 1.2 cm thick, which was made by separat- 
ing two plexiglas sheets (9.5 mm thiuk) wi=h 1.2 cm spacc : s -  The 
a p p a r a t u s  a r r a n g e m e n t  was t h e  same a s  p r e v i o u s l y  r e p o r t e d .  "the bed 
was filled t o  various heights with different particles such as glass 
beads, P.V.C. beads sand and limestone. 

Fluidization 

Cinematic data were taken in a 2-dimensional bed to determine the 
maximum jet height from grid l~r~s as a function of jet velocity. #m 
improved c o r r e l a t i o n  relating j e t  h e i g h t  a s  a "~unction of fluidization 
p a r a m e t e r s  ;;as s t a t i s t i c a l l y  o b t a i n e d :  

II. P d -0.585 U -0.654 2 0 47 
• ~ "  

= 814.2 r-P---P-~ Pg do 
d~oo "Pg do" " ~ gdo 

H. = maximum j e t  height j-  

p = d e n s i t y ,  [p - p a r t i c l e s ,  g - gas )  

d = d i a m e t e r  (p - p a n i c l e s ,  o - o r i f i c e }  

U. = ~e t  v e l o c i t y  
J 

= v i s c o s i t y  
| 

The effect of gas flow in the particulate ph--,se on s~.iids motion 
~,~s investigated by having a separate flow of fluidizing g-~ through 

diffusive distributor from the jet flow to the ports. This se~nrazo 
g-',s flow was foun'i Zc hzve no efEect on jet height-, although a s~.~all 
variation in the angle of approach of the jet with the gri.d was fnund. 
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High Pressure F!uid[:ed Bed-Constr~ict]on: 

i) Pressure Fluidized Bed 

lhe construction o£ the fluldized bed is complete. 

• ii) Sauare Fluidizcd Bed 

The const~act[on o£ a 2 ft. square fluidized bed shell is complete. 
This system uses the same air compressor ss the pressure fluidimed bed. 

The square fluidized bed ,~zs buii~ to calibrate the probe3 for use 
in the pressure fluidized 5~df The square bed ~s ~:o feed by ~wo feet 
in cross-section and six feet high (described in vhc previous progress 
report). Presently shake-down runs for pressure drop, minimum fluidiza- 
~ion velocity, and jet heights in limesz,.ne and coal beds are being run. 

imi) Probe for Bubb~c Studies 

An optical probe has been constructed and &hewn in previous reports. 
This probe consists of a Light Emittin~ Oetector (LED), L, and a Photo- 
~ransistor, P, both encased in a st&iniess steel tube, S. The probe 
has been tested in zwo-dimen~ional transparent fluidized bed, and is 
operational. Expcri=ent~ in the three-dimensional bcis are zo begin. 
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CONCLUSIONS 

Kinetic reacsivity of remaining char increase ~;inh char 
conversion up to conversions z:ear 0.9. This increase occurs for 
reaction with C0 2 or with CO 2 + ~ mixtures. This phenomena 
appear.% ~/irelated to variations in b~har site acLi'~ity from 
changes such as sieving or bound oxygen. 

~ improved correlation of jet height from fluidized-bed 
Erid ports as a function of jet velocity is presented. 
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