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IfiTRODUCTION 

I n  IS55 The Gas Council, Midlands Research S ta t ion  at Sol ihul l ,  began t o  be 
ac t ive ly  concerned i n  the  development of  a 'fixed bed siegging' g a s i f i e r  a6 a 
possible  means for  providing' the 'gas' industry with la rge  gas i f ica t ion  u n i t s  t o  
gasify a wide range of  s o l i d  fuels', a t  high eff ic iency and low cost .  
with a l o w  Carbon monoxide content, t o  be enriched with hydrocarbons t o  a 
c a l o r i f i c  value of 500'Btu/ft3, was required. A t  this time the Lur& process  was 
well es tabl ished i n  many p&ts of the  world, but i t  used an excess of steam i n  
the steam oxygen mixture supi l ied t o  the  g a s i f i e r  t o  prevent c l inker  formation i n  
t h e  f u e l  bed. As a r e s u l t  i t  w a s  des i rab le  t o  use coal of a high ash fusion 
temperature, and the comparatively small steam decomposition i n  the short  contact 
time i n  the hot gas i f ica t ion  zone l imited the throughput of the g a s i f i e r  and 
produced l a r g e  volumes of phenolic l iquor  with its attendant disposal problem. 
It appeared then t h a t  b e t t e r  performmce could be achieved by increasing the hot 
zone temperature of the  g a s i f i e r  and operating under slagging conditions. 

The essence of s lagging gas i f ica t ion  i s  tha t  the.stearc supplied per  uni t  
volume of oxygen is only tha t ' requi red  f o r  gasif icat ion.  
temperatures some hundreds of dej-ees Centigra.de above t h e ' f u s i o n  point ,o f . the  ash 
a r e  generated at  the steam oxygen i n l e t ,  and the  ash fuses t o  a l iquid slag. 
Certain advantages follow from t h i s ,  ins1udir.g high thermal efficiency,; high 
throughput, a choice of f u e l  unres t r ic ted  by low ash fusion temperature or 
r e a c t i v i t y ,  and the absence of .  a i:iechanical grate. Gasif icat ion under .sla&ng 
conditionsdoea,however, introduce the  hazards of high temperatures o t  elevated 
pressures. 

The first slngging g a s i f i e r  erected at  S o l i h u l l  was operated on coke a t  
5 atm. presskre and was used t o  mdie an assessxent of the mater ia l  requirements 
for gas i f ica t ion ,  End t o  inves t iga te  m thods of cont ro l l ing  s l c g  flow and 
removing slag from a pressure system('!. A fea ture  of t h i s  g a s i f i e r  was a f la t -  
bottomed hear th  with a s ide  s l a g  o u t l e t  consisti?ig of a % inch s i l i c o n  carbide 
tube 30 inch long. 
the  high heat  l o s s  from the s lag,  u n t i l  an in te rmi t ten t  systeria of tapping was 
developed. 
tube hot combustion gases from a tunnel burner, and was then run off a t  a high 
r a t e  by def lec t ing  t h e  burner and applying a d i f f e r e n t i a l  pressure across  the 
hearth. It was considered t h a t  t h i s  system of operation j u s t i f i e d  fur ther  
development, but the s ide  offtc&e was not sa t i s fac tory .  
f o r e  redesigned t o  take a new hearth with a shor t  water-cooled slag t a p  at the  
cent re ,  and w a s  r e b u i l t  toge therwi th .  the necessary auxi l ia ry  p lan t  to provide f o r  
operat ion on bituminous coal  at 25 atm. pressure and a gas output of 5 m i l l .  f t3 /  
day(2). 

DESCR1FTIOI.I OF PLANT. 

A. lean gas 

Under, these condi t ions 

Frequent blockages of the s l a g  o u t l e t  were experienced due t o  

Slag was allowed t o  accumulate i n  the hearth by d i rec t ing  up the  tap  

The g a s i f i e r  was there- 

D e t a i l s  of the g z s i f i e r  and the  gas cooling plant  a r e  shown i n  Fig. I. The 
f u e l  bed, 3 f t .  diameter by 10 f t .  deep, was contained within a re f rac tory  l ined 
pressure vessel ,  a t  the top of which was mounted a water-cooled stirrer t o  h r e a k  
up m y  agglomerations i n  t h e  f u e l  bed. Coal premixed with a sui tPble  f lux  entered 
the  g a s i f i e r  through the  f u e l  lock hopper, flowed by gravi ty  through the  s t l r r e r  
u n i t ,  and was d is t r ibu ted  over the  top of the f u e l  bed as the  s t i r r e r  rotated.  
The f u e l  capacity wi th in  t h e  s t i r r e r  un i t  was j u s t  suf f ic ien t ,  when operat ing a t  
tr.e designed load, to ensure t h a t  the  feed was maintained t o  the  fuel  bed during 
t h e  period t h a t  the lock hopper was being rechLrged. Coal. moved down the g a s i f i e r  
as  i t  was continuously gas i f ied  by t h e  stem oxygen mixture tha t  w a s  i n j e c t e d  i n t o  





the  bottom of the f u e l  bed through four water-cooled tuyeres. I n  f ront  of the  
tuyeres t h e  temperature generated by the combustion of the  f u e l  with the  oxygen 
melted the  ash which drained i n t o  the hear th  below. The hot 7 ~ n e  was confined 
t o  the  cent re  of t h e  gasifier away from the  re f rac tory  w a l l s  by project ing t h e  
tuyeres  6 inch i n t o  the f u e l  bed, and using a b l a s t  veloci ty  of about 200 ft/sec. 

8 carrier r i n g  f i t t e d  between the  main f langes of the gasifier and the  quench 
chamber. 
where it  formed a glassy black f r i t  t h a t  s e t t l e d  i n  t h e  s l a g  lock hopper. 
wa6 c i rcu la ted  a t  a high rate, from the s l a g  hopper through a cooler and back i n t o  
the  quench chamber v i a  a perforated r ing ,  t o  c r e a t e  highly turbulent  condi t ions 
t h a t  avoided s t r a t i f i c a t i o n  and helped to quench and break up the slag. 

t h a t  kept  i t  f ree  from deposi ts  of tar and dust ,  and were quenched by l iquor  
rec i rcu la ted  from t h e  base of che waste heat bo i le r .  After  leaving the waste heat 
bo i le r  the gases passed through a f i n a l  cooler t o  a reducing valve t h a t  controlled 
the p lan t  pressure. Tar  and liquor condensate from t h e  gas w a s  blown down throueJl 
valves control led by the  l e v e l  of l i q u i d  i n  the sumps of the waste heat boiler and 
f i n a l  cooler ,  and passed i n t o  a l a r g e  storage tank where separation of the  two 
phases occurred, 

The cooled gases from the  plant  were burnt a t  ground l e v e l  within M 
acous t ica l ly  l ined  enclosure a t  the base of a 120 f t .  high chimney stack. 

The hearth of the g a s i f i e r  was contained within a water jacket supported from 

Slag  was discharged v e r t i c a l l y  downwards i n t o  water i n  the quench chamber 
Water 

The product gases l e f t  the gasifier through an off take f i t t e d  with a scraper 

-- PEVELOP1~~~ OF THZ SLAG TAP. 

In Small slagging g a s i f i e r s  t h e  heat capacity of t h e  s l a g  stream even when 
the ash content of the f u e l  i s  increased a r t i f i c i a l l y  by f luxing is low i n  
proportion t o  the high rate of heat  losfi, and problems with viscous s lag ,  
s o l i d i f y i n g  slag, and s t a l a c t i t e  formation are common when continuous tapping i s  
attempted. 
g a s i f i e r  was based on in te rmi t ten t  tapping from a reservoi r  of s l a g  contained i n  
the  hearth. 
enabled gasifying media t o  be introduced through the tap  hole i n  an attempt t o  
control  the  s lag  temperature independently of the main gas i f ica t ion  reac t ions ,  but 
t h e  increased slag residence time i n  the hear th  encouraged the separation of 
l i q u i d  i ron.  

w a s  the presence of t h e  i ron  compounds t h a t  gave the  ash the  low melting point  and 
good flow propert ies  for  which the  f u e l s  were or ig ina l ly  chosen. 
reducing conditions i n  the hear th  inevi tably led  t o  the  formation of i ron ,  although 
the  degree of reduction was grea t ly  reduced by introducing oxygen through the tap 
hole. In  the  absence of e s u i t a b l e  re f rac tory  it was necessary t o  develop a water 
cooled metal s l a g  tap  t h a t  was compatible with the  s l a g  under the conditions 
e x i s t i n g  i n  the hear th  and t h a t  would a l s o  withstand l i q u i d  i ron,  which a t  temper- 
atures above 150@"' has a very high heat capacity. 
necessary t o  have a very high heat  t r a n s f e r  r a t e  t o  the cooling water t o  form a 
pro tec t ive  layer  of s o l i d i f i e d  s l a g  and t o  f reeze any i r o n  before it damaged the 
s l a g  tap. 
a hi& thermal conductivity, use high cooling water r a t e s ,  and avoid any 
accumulations of i r o n  i n  t h e  hear th .  
used f o r  the s l a g  tap  because of the type of s l a g  t a p  burner employed, but l a t e r  
carbon s t e e l  was found t o  be sa t i s fac tory .  

through several  stzgefi of development, and these have been described i n  d e t a i l s  by 
Hebden(2) et  al. Tha hcarth depicted i n  Fig. I was abandoned a t  an e a r l y  stage. 
It  was unsat isfactory because of the  erosion of the carbon t i l es  h the Visizlity 
of the t a p  hole by the s l a g  tap  gases, 2nd its shape permitted i r o n  t o  co l lec t .  
The s l a g  t a p  withstood small q u a n t i t i e s  of i ron ,  but  i t  was found t h a t  masses of 

To avoid these d i f f i c u l t i e s  the  tapping system for  the  experimental 

This gave a homogeneous s l a g  w i t h  c o n d s t e n t  flow propert ies  and 

The fuels used i n  t h e  s lagging g a s i f i e r  had a high i r o n  content. In  f a c t  i t  

The s t rongly 

To preserve the s l a g  t a p  it was 

It was therefore  des i rab le  t o  construct  the slag t a p  with metal having 

Original ly  a u s t e n i t i c  s t a i n l e s s  s t e e l s  were 

~s a consequence of i r o n  a t t a c k  the hear th ,  slag t a p  and s l a g  t a p  burners went 
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10 t o  30 lb. i r o n  accumulated and deeitroyed the s l a g  tap as they flowed uncontral l -  
ably from t h e  hear th .  
towards the t a p  h o l e  with t h e  minimum opportuni ty  f o r  i r o n  t o  colle& at any point. 
Thus, t h e  h e a r t h  and s l a g  t a p  were made funnel  shaped, and t h e  slag t a p  was tapped 
as f requent ly  8 s  p o s s i b l e  t o  limit t h e  q u a n t i t y  of  i r o n  t h a t  could c o l l e c t .  

The hear th  a d  s l a g  t a p  t h e t  proved r e l i a b l e  f o r  more than  100 hours  
opera t ion ,  and which were used for the performance tests, are shown i n  Fig.  11. 
The f l o o r  of  t h e  r e f r a c t o r y  hear th  s loped downwards at  45” t o  a carbon s t e e l  s l a g  
te?  assenbly,  a t  t h e  c e n t r e  o f  which was t h e  s l a g  t a p  tube 1% inch diameter by 2 
inches  1006. 

I 

inches  diameter i n  t h e  c e n t r e  of the  g a s i f i e r ,  a d  t h e  r e f r a c t o r y  w a l l s  at the s i d e  ,I 

were protected by unburyt f u e l .  3elow t h e  s l a g  t a p  two swinging burners  were 
mounted. The t a p  burner  c o n t r o l l e d  t h e  s l a g  tapping and was used t o  introduce air, 
oxygen and town gas i n t o  t h e  s’-;g t a p  tube,  where combustion occurred, giving a 
l ine-  gas v e l o c i t y  s u f f i c i e n t l y  high t o  hold back t h e  s l a g  i n  the  hearth. The 
a w i l i e r y  burner which had a r e f r a c t o r y  t u n i e l  was norna l ly  i n  the  r e t r a c t e d  
Bos i t ion  and was i n s t a l l e d  t o  c l e a -  t h e  t a p  hole  i n  the event of a b l o c b g e  a 
purpose for  which t h e  tap  burner was unsuited. It was necessary to use this 
burner  only on very r a r e  occasions. 

which \?her? i t  d id  occur ,  w a s  i n v a r i a b l y  confined t o  an a r e a  a t  the  outer  edge of 
t h e  tap  cone en t rance  t h a t  wzs most d i f f i c u l t  t o  cool  e f f e c t i v e l y .  To give t h i s  
vulnerzble  a r e a  added p r o t e c t i o n  water-cooled c o i l s  o f  copper tub ing  were 
i n s t ? l l e d  i n  t h e  hear th .  
tub ing  enzbled i t  t o  v i t h s t a n d  l a r g e  amomts o f  i r o n  rrithout s u f f e r i n g  any damage. 
It is considered t h a t  co2per i s  a very promising Inater ia l  f o r  t h e  construct ion of  
tine s l a g  t q ,  and t h e  slag t a p  h a s  been redesigned t o  enable it to be fabr ica ted  
fro!,: this mater ia l .  

/ 

I 

Ekperience i n d i c a t e d  that t h e  hear th  should s lope s teegly 

,J 

Very l i t t l e  e r c s i o n  of t h e  r e f r a c t o r y  heaz th  occurred f o r  it was 
found thc.t t h e  high temperature gases  and slag were confined to  a zone about 20 

I 
) 

1 
The s l a g  t a p  shown i n  Fig. I1 was not  com2letely immune from i r o n  a t t a c k ,  I 

) 

I The high heat transfer r a t e s  p o s s i b l e  with the  copper 

1 
1 

SLAG T.tPPII.!G. - 
The i n t e r m i t t e n t  s la& tapping system proved t o  be s o  easy t o  opera te  and i 

t r o u b l e  f r e e  thet  it was p o s s i b l e  t o  ado2t an autoaslat ic  tapping  system. 1 
t h e  tapping was c o n t r o l l e d  on a time b z s i s ,  bu t  l a t e r  it was cont ro l led  by  the slag ‘., 
l e v e l  i n  t h e  hear th .  
t h e  t a p  hole  t h e  s l a g  l e v e l  i n  t h e  h e r r t h  increased.  On reaching t h e  l e v e l  of a f 

col l imated beam o f  g m a  r a y s  from t h e  l e v e l  d e t e c t o r ,  about  12 inches above t h e  
’ 

t a p  h o l e ,  a sequence o f  opera t ions  was s t a r t e d  t o  tap t h e  slag. 
swung away from t h e  tap hole ,  and oil reaching its f u l l y  r e t r a c t e d  p o s i t i o n  a 
c o n t r o l  valve on a v e n t  l i n e  from t h e  quench chsrnber w a s  opened t o  reduce the 
pressure  i n  the  quench chamber below t h a t  of  t h e  g a s i f i e r .  
t i a l  pressure a c r o s s  t h e  h e a r t h  was maintained f o r  a pre-set  time per iod t o  force  
t h e  s l a g  t o  flow fro51 t h e  h e s r t h ,  End t h e  c o n t r o l  valve w a s  then  closed. 

burner ,  the s l a g  flow stopged, and t h e  tsp burner was swung back to the t a p  hole. 
I n  e t y p i c a l  t apping  c y c l e  t h e  s l a g  was ta;>ped f o r  20 seconds every 4 t o  6 minutes. 

I n i t i a l l y  

Yith t h e  s l a g  ta? burner d i r e c t i n g  t h e  hot  gases  up through i 

i The t a p  burner was 

.i A cont ro l led  d i f fe ren-  

I 
As the  

pressure  i n  t h e  slag quench chcmber b u i l t  up, due t o  t h e  gases  suppl ied to the , .  

During the  development work on coke t h e  slag was tapped a t  d i f f e r e n t i a l  \ 

p r e s s u r e s  of 5 t o  .I5 lb/in.2. ’;!hen c o d  was t e s t e d  i t  was found t h a t  at  these 
d i f f e r e n t i a l  p r e s s u r e s  f u e l  yas  en t ra ined  i n  the  slac s t r e z a .  The d i f f e r e n t i a l  

A t  these 

! 
i, 

ta?ping pressures  werc p z d u a l l y  reduced and i t  was p o s s i b l e  t o  dra in  slag from t h e  
h e a r t h  z t  2. r a t e  of more than 70,000 lb/hr. with a p u l l  of  1 lb/in.2. 
lo:! d i f f e r e n t i a l s  carbon could not be de tec ted  i n  the slag, and the tempercture of 
t h e  s l a g  stream wi8.s more uniform t h a t  a t  t h e  higher d i f f e r e n t i a l  p r e s a r e s .  

\!hile t h e  arrangement of  swinging burners  ;forked well on t h e  p i l o t  p l a n t  
mechznical devices  of t h i s  tyyx would not  be a p r a c t i c a l  p ro2os i t ion  i n  a la rge  
p l m t .  
t a ?  which would cllorr i r o n  t o  piss out  through t h e  t a p  hole  .at any t i m k  while , t h e  

t 
They co??ld be r e p l x e d  by a. f i x e d  burner wrange!:.!ent momted below the sl?.g 

‘ 
, 

.I 



s l a g  was retained and in te rmi t ten t ly  tapped t o  maintain a constant l e v e l ,  o r  
reservoi r ,  in t h e  hearth. 

\ 
GASIFIER PKFFOR&UVCE 

The first phase of the  experimental programme was t o  develop the hear th  

_I 

design and the  s l a g  tapping system, and for  t h i s  purpose a f r e e  flowing s l a g  w a s  
required. Avenue coke was selected as a su i tab le  f u e l  on the b a s i s  of i t s  s i l i c a  
r a t i o ,  a parameter of chemical composi i n t h a t  gives a good cor re la t ion  between 
the viscosi ty  and temperature of slagst37. The coke was mixed with b l a s t  furnace 
s l a g  i n  the  proportion 2 p a r t s  s l a g  t o  1 p a r t  ash t o  increase the volume of s l a g  
t o  be tapped. This  sin.plified plant  operation and avoided any complications t h a t  
might a r i s e  with coal, so t h a t  a t ten t ion  could be concentrated on the hear th  and 
s l a g  tap. \:hen the  d e s i p  of the hearth and s l a g  t a p  had progressed s u f f i c i e n t l y  
t o  enable the p lan t  t o  be operated continuously f o r  4 days the changeover w a s  made 
from coke t o  coal, 

The f i r s t  experimental runs with coal  were made with Donisthorpe washed 
doubles, a weakly caking coal  t h a t  w a s  known t o  behave well i n  slagging boi le rs .  
It was mixed w5th b l a s t  furnace slag t o  increase its ash content and w a s  success- 
f u l l y  gasif ied a t  300 p.s.i. and ail oxygen r a t e  of 40,000 ft3/hr. Using the Same 
fue l  t h e  g a s i f i e r  was next operated a t  its designed gas output of 5 m i l l .  ft3/day 
f o r  a test period of 81 hours t o  obtain d a t a  from which the performance of the 
g a s i f i e r  could be accurately assessed. 

proportion of advent i t ious ash, i.e.,  m t r e a t e d  s ingles  with an ash content of 
11%. 
but t o  preserve approximately the same s i l i c a  r a t i o  a f l u x  of dolomite was added 
in the  r a t i o  0.3 l b i l b .  ash. 
any d i f f i c u l t y  with t h e  f l e l  bed, o r  with tapping the  slag. 

output, and a run was made a t  an output of 7% m i l l .  ft3/day, i.e., !X% above t h e  
designed output. The g a s i f i e r  operated smoothly and s l a g  tapping was consis tent ,  
but as t h e  run progressed d i f f i c u l t i e s  were experienced with the gas cool ing 
system and run was terminated a f t e r  10 hours. The fac tor  t h a t  l imi ted  the  output 
was the lock hoppering of the fuel .  
before recharging and repressur i s ing  o f  the lock hopper could be completed. This 
resu l ted  i n  a widely f luc tua t ing  gas out le t  temperature which w a s  normally f a i r l y  
steady a t  350 t o  m 0 C ,  it  now f lcctuated between 200 and m " C .  A grea ter  
capacity i n  t h e  d i s t r i b u t o r  and another lock hopper would be required before any 
material increase i n  output could b e  attempted. 

handle a coal  with a high fusion point ,  and a coal  i n  the highest range of s i l i c a  
r a t i o s  w a s  se lected from Newstead Coll iery i n  the  East Midlands coa l f ie ld .  The 
ash content of 6% was fluxed by the addi t ion of doiomite t o  reduce the s i l ica  
r a t i o  t o  65 and, i n  a run of 10 hours, no d i f f i c u l t y  was experienced i n  tappink 
the  s l a g  which was i n  f a c t  remarkable f o r  i ts f r e e  flowing character. 
ind ica t ions  were t h a t  a lower flux:ash r a t i o  or steam:oxygen r a t i o  could have been 
employed. 

The next run was t o  attempt t o  gasify a smaller and d i r t i e r  coal with a high 

With the  higher ash content it was no longer necessary t o  b a l l a s t  the  fue l ,  

The g a s i f i e r  worked well on the d i r t i e r  coal  without 

It w a s  then considered of i n t e r e s t  t o  e s t a b l i s h  the l i m i t  of the g a s i f i e r  

A t  t h i s  output the d i s t r i b u t o r  w a s  empty 

The f i n a l  run made with t h e  slagging g a s i f i e r  was t o  t e s t  its a b i l i t y  t >  

The 

a) Gu. 

nsed i n  the  perforrflance t e s t s  a r e  given i n  Tables 1 and E. 
The d e t a i l s  of the  f u e l  and the  chemical composition 02 the  f u e l  rsh  and f lux  
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TABU 1. Fuel  Analysis 

I 

f Test  No. i i 54 : 67 70 I 71 1 72 1: 
I 

! 

i -  

r 1 

1 Fuel 

i Nominal s i z e  1 11'2 - 1 I 1% - 1 ; 1 - }'z j 1% -. 1 ; 2 - 1 j 
! ( in . )  ! 

r I 

902 902 I 802 1 I 902 
I i 

I 1 
I I 

74.6 ' 73.8 I 
1 

71.3 * 68.7 j I 

j R a n k  i -  
' . -  U l t i m a t e  A n d y s i .  i 

Carbon w t .  z '  88.0 
' Hydrogen I' * 0.75 

1.05 I Kitrogen 'I 

?.?5 j Suiphur 

i 
i 
I 

I ,  ! 

: Chlorine 18 i 0.05 

1.45 I Oxygen, e r r o r s ,  
, e t c .  

5.0 
1.55 
-I -45 

0.15 

13-2 
I 

Ash II I 7.55 7.35 

4.75 I 5.0 
1.5 ~ 1.55 
1.8 1 e 3  
0.05 0.2 

11.75 j 11.7 

11.45 i 5.65 
I - 1  

'1O0,o : 190.0 ! Ior).O ; 100.0 j 
i - I  - 

, - !  - 
i - ,  

' Moisture ds . 9.45 12.7 I 15.1 i 13.8 

i charged 

! 

I 
11.15 I 

! 
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?\ TABLE 2,. Ae'l acd Flux C o m p ~ . j  t ions 

I I 

i "2'3 / 26.81 : 28.50 27.52 
1 44.18 ' 38.60 f 44.53 

15.60 15.49 
1.17 i 1.22 ' 

0.22 j 0-23 
0.49 0.32 

1.09 ! 0.55 
1.38 2.17 
5.71 4.75 

Newstead 
Doubles 

32.40 
47.0 

-- 

4.52 
0.95 
0.20 

1.25 
2.14 
0.80 
5.95 

i ' !MgO : 1.05 2.06 2.17 ' 1.70 
6.21 2.59 I 3.49 

I 
1 --c--- 

1.46 1 /$) : so3 i 
In I 

: Ash Properties I 
0 ,  

69 ' 80 
I i ' S i l i c a  RatiQ ; 67 i 62 i 

I 
'0, 1 Fusion Temps., O C  

i I n i t i a l  1110 ! - ' 1165 
Reformation I 

c Hemisphere Point  1215 1250 1350 , I 

Flow Point ' 1330 ' 1345 , 1470 

1235 

1355 
1545 

Si02 x 100 
Si l ica  Ratio = 

Si02 i Equiv. Fe 0 i CaO i M@ 2 3  

i 

B l a s t  
Pwnace 
Slag 

20.6 
33.40 
1.63 
0.73 
1.26 
0.12 

0.53 
1.26 

6.15 
1.0 

33-10 

--- 

46 

1230 

Dolomite 

2.18 
0.86 
1 e 0 7  

0.04 
0.18 

0.17 
0.08 
0.12 

30.2 
21.6 
0.01 1 
i 

1 
- i  

I 
t 

'\ 
I 

Q 

I 



b) Ferformance ikta. 

The performance d z t c  obtained duriiig one test on coke and f o u r  tests on coal  
ere s m x r i s e d  ia Table 3 ai+. cover chnnges i n  f u e l ,  f u e l  s i z e ,  g a s i f i e r  output 
m d  a s h  fusion p-0:ertie.s. The f u e l  q u a n t i t i e s  a r e  e q r e s s e d  as clry and ash f r e e  
and a l l  prodnct g2s volumes a r e  given on -the n i t rogen  f r e e  b a s i s  t o  s implify 
corni;arison. 
or i&nnted from t h e  L-ir su:,plied t o  t h e  s1a.g t2.p b'urner and v a r i e d  between 5 and 7 
Ter  cent  deiending 011 t h e  opei-z-tion of t h e  s L g  t a p  and t h e  g a s i f i e r  o u t y t .  
obt- in  2 -,roduct g~ .s  l.Iith 6 101: ni t rogex  content  s u i t c b l e  f o r  synthes is  gas the  
s l a g  t a p  burner' could be run  on E mixture of  Inzke gas, o-,ygen aid steam. 

vo l .  gave s? . t i s fac tory  s lagging  condi t ions  on c o a l ,  being s l i g h t l y  reduced when 

supply of g:.s, air ?lid oxygen were not v m i e d  by s i g n i f i c a n t  amounts. 
The gas  composi t ions are charac te r i sed  by l o w  carbon dioxide and high carbon 

aonoxide contents .  
t h e  c a l o r i f i c  volue of  t h e  g2.s w a s  unaffecled.  The organic  sulphur  content  was ,, 
r a t h e r  higher than expected;  

' 

1 
The greater :;art af  the  n i t r o g e n  content  of t h e  g a s  produced ' 

To 

The s t e z  oxygen r o t i o  was nic&ntained almost constant .  k r a t i o  o f  1.1 vol./ /, 
opern t ing  vr;-th t h e  h igher  mel t ing 2oin t  ash (Test 72). S imi la r ly ,  t h e  ra- tes  of f 

It is . i n t e r e s t i n g  t o  note  t h a t  i n  t h e  high output  r u n  (Test 71) 

L u r g i  gzs usual ly  conta ins  l e s s  than 10 grains/lOO 
ft.3.. 

Duri,:g t h e  tests on c o a l  the  r a t e  of s lag flow through t h e  t a p  hole ,  calcul- f, 
a t e d  from the  s l a g  tq ,p i i ig  tii,ies, w?.s betveeii 10,000 and 14,000 bl./hr. whereas t h e  
r - t e s  were 2s high 2s ~0 ,000  l b , / h r .  r S t h  coke. T h i s  wzts not due t o  any difference 
ir .  the  i i ieologiczl  p r o p e r i i e s  of the  slags, but t o  t h e  use of lower d i f f e r e n t i a l  ; 
p r e s s u r e s  z c r o s s  t h e  hezxth when tapping  coa l  s lag .  i 

r The ebsence of v o l z t i l e  !?.atter and t h e  lower r e a c t i v i t y  r e s u l t  i n  coke h m i n s  
a h igher  oxygen consumption than  C O C . ~ .  The v,-rietion i n  t h e  oxygen consum?tion 
fiziu-es for  c o a l  .%re hs-rdly s i g n i f i c a n t ,  but they r e f l e c t  t h e  increase  which can be 

Ected with h igher  a& c o n t e n t s  and t h e  use  of a f lux.  
' a e s  a r e  noteworthy i n  t h a t  f o r  t h e s e  condi t ions  a g s i f i c n t i o i i  r a t e  of 1 , ~ -  . 

The s p e c i f i c  througnput 
(; 

1,500 l b .  d.2.f. coal /hr .  f t ?  would Lippezr t o  be r e a e i l y  a t t a i n a b l e  without m y  
undue s z c r i f i c e  i n  perforcsnce.  
i s  e::uivdent t o  more thsii 30,OOO t o  42,000 f tc3 /hr .  per  f t .2  of f u e l  bed. 

Gas  output  from t h e  f u e l  bed i s  extremely high and ,i 

Due t o  t h e  s c a l e  of  o l x r a t i o n s  i t  was d i - f f i c u l t  t o  accura te ly  measure the make i' 
gc;s, and a chrboi-! balailce v::s used t o  obt,-.in t h i s  m?..jor item. 
b r l m c c  i s  given i n  Table  4. The Sydrogen 2nd oxygen ite;;s show di f fe rences  which ./ 
a r e  r e l a t i v e l y  snall 2nd ccn be e t t r i b u t e d  t o  t h e  l o s s  of f l a s h  steam during the  
blowing down of l i q u o r  from t h e  mste hea t  b o i l e r .  . 

c e n t  of t'.e t o t n l  h e a t  suppl ied is l o s t  2 s  high gr;.de heat  from the  hear th  0.2 per  
c e n t  being i n  t h e  slag stream and 0.7 per cent  being i i l  t h e  cool ing wcter from t h e  
t u y e r e s  a d  slag tap.  ::>,e h e a t  l o s t  iroin the  jacke t  xd s t i r r e r  m o u n t s  t o  2% 

s i r . i i l x  qu,?.ntitg but ,  i n  L co.:!rnerci: 1 s a s i f i e r  t h i s  voul6. be recovered as g t s i f i k -  
n t i o n  s t e m .  

E; t y p i c a l  mass 

I 

hezt  bcli..i:ce for t h e  s a l e  t e s t  is Given i n  Table 5. It shows that 1.5 per  i ;  

Of the  t o t z l  hect  suppl ied 6C.j y e r  celit eppears  i.s ? o t e n t i a l  hea t  i n  I 

cis @r.d 30.3 p e r  cent  a s  :ote:itiel he::t i n  :..,:s p l u s  by-Droducts. 1 
J 



159 

.. I ........ - .... -. .. ........ - .. .. 

..... 

_ _ _  . . . . . . .  
al 

r .  m 
... . .  . .  -. 

. . .  -. ....... 



160 
__ ... .. 



161 

TABLE 4, Mass Balance f o r  Test 67 - 1 b . B .  

972 Moisture 

S t e m  and Oxygen 
Slag Tap Burner 41 

, 

- I  - 
5,364 ' 737 I 7,449 I 

- 1  

' 
- I  - 1 

I 
I 

OUT Gas 

Dust 

T a r  38 45 I 

9 7 '  

I 406 
' 

I Liquor I I Difference 
i 

12 I 

I 

I 1 5,364 1 737 ' 7,449 ! 

0 ,  
1 -  1 -  i -  i 

I - ,  - 1 -  1 

TABLE 5. Heat Balance f o r  Test 67. 

merm/h. 1 % I I 
 TO^ gas (poten t ia l )  13.5 1.35 i 

- I Steam and Oxygen ( l a t e n t  and sensible)  

1ooo.o loo 1 

958 15.8 IN coa l  ( p o t e n t i d )  

2.85 1 28.5 - 
- - 

I 803.0 80.3 I 
5.55 ' OUT Gas (poten t ia l )  

and vapours ( l a t e n t  and sensible)  55.5 
T= (poten t ia l )  84.4 

H ~ S  ammonia, e tc .  (potent*) 4.6 0.46 

Slag  (sensible)  
cooling water from tuyeres  and hearth (sensible)  

Cooling rrater from g a s i f i e r  jacket  and s t i r r e r  
(sensible)  

Unaccounted f o r  l o s s e s ,  e tc .  

8.44 I Dust ( p o t e n t i d )  8.6 0.86 

8.0 0.8 

I 

i looo.o I l ~ . ~  I 

6.6 

15*2 

1.41 
1 14.1 - I I - 
1 -  - 1  

I 
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d) A s h  and Slag Balances. 

By making a mass ba lance  of c o n s t i t u e n t s  i n  the  f u e l  ash ,  f l u x  and slag and 
assuming a q u a n t i t a t i v e  recovery of such r e f r a c t o r y  oxides  as alumina lime, magnesia 

l o s e s  increased as t h e  temperature i n  t h e  tuyere  zone increased ,  and t h e  percentage 
and titania the loss of t h e  o ther  c o n s t i t u e n t s  were evaluated. 

loss o f  each c o n s t i t u e n t  would be c o r r e l a t e d  with t h e  steam oxygen r a t i o .  Actual 
temperatures  measured by s i g h t i n g  2.n o p t i c a l  pyroneter  through t h e  tuyeres  ranged 
from 1800QC a t  a steam oxygen r a t i o  o f  1.3 v/v t o  more than 1950°C a t  1.10 V/V. 

I n  addi t ion ,  to  t h e  l o s s  of the  more v o l a t i l e  c o n s t i t u e n t s  such as sulphur 
phosphorus, ch lor ine  and oxides  of sodium and potassium t h e r e  was a loss of i r o n  
oxides  due t o  t h e  formation of  m e t a l l i c  i r o n ,  and also o f  s i l i c a .  
due t o  its reduct ion t o  \ - o l a t i l e  s i l i c o n  monoxide, w h i c h  was subsequently reoxj  dised 
and c a r r i e d  away i n  t h e  gas stream as s i l i c a  fume. With coke t h e  loss of .silica was 
yk a t  a steam oxygen r a t i o  o f  1.3 but t h i s  increased  very r a p i d l y  a t  a r a t i o  of about 
1.10 v/v t o  more than I.%. 
sulphur  were 5, 5 and 40% r e s p e c t i v e l y  at  1.5 v/v, i n c r e a s i n g  to 40, 40 and @i% a t  a 
r a t i o  of 1.10 v/v. 
o f f t a k e  and i n  t h e  sumps of t h e  waste h e a t  b o i l e r  and f i n a l  cooler .  The depos i t s  i n  
t h e  gas o f f t a k e  were enr iched  with a l k a l i  metal oxides  and had a s i l ica  concentrat ion 
of  more than  m~.  
b o i l e r ,  bu t  f i n e l y  d iv ided  s o l i d s  with an a s h  conten t  g r e a t e r  than gC%, of which 75'k 
was s i l i c a ,  separated from t h e  gas  i n  t h e  f i n a l  cooler  and was removed i n  t h e  blow 
down. 

f o r  coke, with t h e  except ion  of  c h l o r i n e  and sulphur. 
a p a r t  from the test with unt rea ted  coa l  that contained a high propor t ion  of shale. 

The loss of i r o n  oxides  is of  considerable  importance i n  t h e  opera t ion  of  a 
s lagging  g a s i f i e r  due t o  t h e  hazard presented by l i q u i d  i r o n ,  and t o  t h e  e f f e c t  upon 
the  flow p r o p e r t i e s  o f  t h e  s lag .  
mel t ing  p i n t ,  and by i n c r e a s i n g  t h e  silica ra t io  produces an i n c r e a s e  in t h e  s l a g  
v i s c o s i t y .  A c o n t r o l l e d  series of e x p e r h e n t s  xrith cake %lowed t h a t  t h e r e  w a s  l i t t l e  
e f f e c t  on the reduct ion  of  i r o n  oxides  by decreasing t h e  steam oxygen r a t i o  from 1.40 ,) 
t o  1.20 v/v, b u t  a f u r t h e r  decrease t o  1.10 v/v almost doubled t h e  i r o n  formation. 
However, i t  was found t h a t  t h i s  t r e n d  could be reversed  by supplying extra oxygen t o  
t h e  gases  pass ing  through t h e  tap  hole ,  and reduct ion  of t h e  i r o n  oxides  was decreased, 
t o  l5$:. Although i n  t h e  experiments with c o a l  between 20 and reduct ion  occurred 
i t  is  considered t h a t  

, 1 As was expected the 

Loss of s i l i c a  was 

1 
i 

Typical  l o s s e s  o f  sodium oxide, potassium oxide and 

These materials were deposi ted i n  varying degrees  i n  t h e  gas  

Most o f  t h e  mater ia l  was removed i n  t h e  bottom of t h e  waste heat 

1 The loss o f  a s h  c o n s t i t u e n t s  from t h e  c o a l s  t e s t e d  were s i g n i f i c a n t l y  lower than  
S i l i c a  l o s s e s  were negl ig ib le  

I 1 I ron  oxide acts  as a f l u x  and its l o s s  raises the  

1 
t'nis could have been much improved by supplying a l a r g e r  (4 

propor t ion  of t h e  g a s i f y i n g  media through t h e  t a p  hole. J 

e )  Tar and Liquor. 

Although t h e  t a r  and l i q u o r  condensates from t h e  gas were separated i n  two stages ' 

A they wel'e discharged i n t o  a common separa t ing  tank f o r  ease of handling. 
toge ther  with t h e  h i g h  l i q u o r  c i r c u l a t i o n  rate from t h e  sump of  t h e  waste h e a t  b o i l e r  
t o  provide  the gas  quench, produced a tar water eauls ion.  However, t h e  emulsion was 
not  p e r s i s t e n t  and three phases t h a t  could be separa ted  without much d i f f i c u l t y  were 
formed; 

The l i q u o r  o r i g i n a t e d  almost e n t i r e l y  from t h e  moisture i n  t h e  coa l  and had a 
permanganate value of  ~ , O O O  p.p.m., i.e., more than twice t h a t  from a Lurgi gas i f ie r .  
Its smaller vohme and, hence its reduced capac i ty  t o  take i n t o  s o l u t i o n  oxygen 
absorbing agents means, however, t h a t  i ts  t o t a l  oxygen absorbing p o t e n t i a l  p e r  therm 
of gas is only h a l f  t h a t  o f  L u r g i  l iquor .  

4% suspended s o l i d s .  I t  has been analysed by t h e  Coal Tar Research Association(4) a d /  
found t o  have t h e  g e n e r a l  c h a r a c t e r i s t i c s  assoc ia ted  with a v e r t i c a l  r e t o r t  tar, i.e., 
a similar p i t c h  y i e l d  and conten ts  of naphthalene and tar acids .  The high r a t i o  of 
2 t o  1 methyl naphthalene and the high content  of l i g h t  o i l ,  which w a s  greater than 
t h a t  normally found i n  a carbure t ted  water gas t a r , i n d i c a t e d  a high temperature of 
formation. 

This, 

a lower l a y e r  of s o l i d s ,  a middle l a y e r  o f  t a r  and a n  upper l a y e r  of  l iquor .  

I 

The tar, even a f t e r  prolonged s tanding,  r e t a i n e d  about 20 t o  25% water and about 

i 
I 

i I 
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f )  

There was no evidence of channelling as a r e s u l t  of blockage of p a r t  of the  
f u e l  bed with f ines ,  or any other  abnormal behaviour during the operation of the 
slagging g a s i f i e r  for a t o t a l  of 500 hours with coke and 300 hours with coal. 
Screen ana lys i s  of  the  f u e l  bed at  t h e  end of the experimental t e s t s  with Coal 
indicated t h a t  degradation increased as the  f u e l  moved down the bed, but there  were 
two main zones where t h i s  occurred, in  the caking mne at t h e  top of the  bed due t o  
t h e  ac t ion  of the stirrer, and i n  the  tuyere zone due to the  highly turbulent  
motion of the fuel .  Table 6 shows the  s i z e  d i s t r i b u t i o n  i n  the f u e l  bed immediately 
below t h e  s t i r r e r ,  and rt the  tuyere l e v e l ,  when the  f u e l  charged t o  the  g a s i f i e r  
w a s  1% inch t o  1 inch .?rd 1 inch t o  fi inch. Th6 proportion of f u c l  below 1: inch at  
the  tuycrc lcvcl showed l i t t l e  v r r i n t i o n  i n  the  t c s t s  on c o d  -.nd aVCrz.&d % 

Behaviour of the b e l  Bed. 

I 
Size : 

As I Below 

TABLE 6. 

A t  
. Tuyere 1 

i 

The f u e l  below % inch en ter ing  the g a s i f i e r  i n  Test 70 was more than double 
t h a t  i n  Test  67 but there  w a s  no s igni f icant  change i n  the amount of dust  carryover. 
I n  each of  these t e s t s  the gas output was equivalent t o  four  times t h a t  of 3. typ ica l  
Lurgi g a s i f i e r  but  the f u e l  carryover was l e s s  than 1% of the  f u e l  charged. 
However, on raising the  gas  output by 5'34 (Test 71) the carryover was doubled. With 
coke t h e  carryover was only  hal f  t h a t  associated with coal, due t o  the absence of 
any mechanics breakage by the  s t i r r e r  and t h e  lower gas  veloci ty  above the  f u e l  bed. 
There is  l i t t l e  doubt that the  carryover could be reduced by giving a t t e n t i o n  t o  
s t i r r e r  design and perhaps by adopting the  rec i rcu la t ion  of tar dust mixtures as 
prac t i sed  on the commercial Lurgi gas i f ie r .  

h)  
The Donisthorpe coal used i n  the slagging g a s i f i e r  f o r  Test 67 and 71 is similar 

t o  the  coa l  used at the Lurgi gas i f ica t ion  plant  at  Westfield, so that i t  i s  possible 
t o  make a d i r e c t  comparison between the performances of the two types of g a s i f i e r .  
I n  Table 

Comparison w i t h  a L u r g i  Gasifier. 

the  performance da ta  from Test 67 i s  compared with da ta  given by 
Ricket ts(  ? ). 

Recent developments i n  the  Lurgi process have resu l ted  i n  lower steam 
consumptions and corresponding increases  i n  g a s i f i e r  output, but the output is still 
much lower than a slagging gas i f ie r .  
nearly ZocL more crude gas than the  guaranteed maximum o f  12 m i l l .  ft.3/day, although 
a t  the higher loads more exacting operat ing condi t ions a r e  required t o  avoid cl inker  
formation. 

P.t l!estfield i t  has been possible  t o  obtain 

This compares with an output from the slagging of  5.2 mill. ft.3/day of 

Level 
I - .  
! 

21.4 ! 9.2 

1% t o  1 i 24.6 ' I 
i .  1 t o  % j -40.0 1 - i -  I -  i -  I - 1 21.0 

$ t o  fi j 21.0 / 59.1 I 10.9 i 15.6 i 
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~EXJ  having a higher c a l o r i f i c  va lue ,  which can be increased  by t o  7.3 mill. 
ft.3/day without any s i g n i f i c a n t  loss  of performance. 
tal s lagging  g a s i f i e r  when o p e r a t i n g  a t  a lower pressure  is t h e r e f o r e  more than 
h a l f  t h a t  of the  commercial L u r e  gasifier. When expressed as t h e  w e i g h t  of f u e l  
g a s i f i e d  or  t h e  volume of  s y n t h e s i s  gas (03 + H2) per unit  c r o s s  s e c t i o n a l  area of 
shzft t h e  output  of  t h e  s lagging  gasifier is at  least four  t imes greater than the  
Lur& g a s i f i e r .  

In  l k b l e  7 t h e  m a t e r i a l  requirements  of t h e  two g a s i f i e r s  a r e  compared f o r  t h e  
product ion of a therm o f  crude g a s  and f o r  1,ooO ft.3 of s y n t h e s i s  gas. 
requirements  show the greatest d i f fe rence ;  
about one f i f t h  o f  t h e  L u r g i  g a s i f i e r .  
should be considered when comparing steam consumption i f  t h e  gas is  t o  de toxi f ied  
o r  i f  s y n t h e s i s  gas is required.  I n  t h e  Lurgi  crude gas t h e r e  is s u f f i c i e n t  
undecomposed steam t o  c a r r y  out  the requi red  reduct ion  i n  carbon monoxide content  
without  added steam o r  l i q u o r ,  but  e x t r a  steam would be needed with t h e  slagging 
g a s i f i e r  because of its high carbon monoxide conten t ,  smal l  volume of  undecomposed 
steam and l o w e r  o u t l e t  temperature. 
l o s e s  some o f  its advantage i n  steam consunption. 

about 10 t o  1Ph higher than t h a t  of t h e  Lurgi gasifier. 
formation of a a n a l l e r  propor t ion  o f  t h e  exothermic products carbon dioxide and 
methane, and t o  t h e  loss of high grade heat to t h e  hear th  slag t a p  and tuyere  
cool ing  water. The oxygen consumption p e r  unit volume of synthes is  gas shows 
l i t t l e  d i f fe rence  between t h e  two g a s i f i e r s .  

The output  of the  experimen- 

Steam 
t h a t  o f  the slagging g a s i f i e r  being 

However, t h e  composition of the crude gases 

Under t h e s e  condi t ions  the s lagging  g a s i f i e r  

The oxygen consumFtion per  therm of  crude gas from the s lagging  g a s i f i e r  is 
This is due t o  t h e  

I 



TABLE 7. Comparison cf the  results from t h e  s l a g g h g  
g a s i f i e r  and a commercial L u r g i  P l s  

2 Operating pressure (lb./in. ) 
Fuel: 

R a n k  
Size range (in.) 
Ash, including i l u x  (%) 
Moixture 6%) 
Steam/oxygen r a t i o  (vol./vol.) 

Crude G a s  Composition, ($: Vol.) 
c02 
cn"m 

co 
H2 
cnH2, + 2 
N2 

Calor i f ic  value ( B t ~ / f t . ~ )  

Steam consumption (lb./therm crude gas) 
Steam consumption 

Oxygen consumption 

(lb./loOO ft.3(C0 + H2) 
( f t .  3 /therm crude gas) 

(ft.311000 ft.3(co + H ~ )  Oxygen consumption 
Synthesis gas (co + H2) ( f t . 3 b .  per ft. 2 
output 
Gasif icat ion r a t e  (lb. d.a.f. coal/hr. per)  

2) f t .  
(Poten t ia l  heat  a s )  

Efficiency t p o t e n t i a l  heat  Eooal] 

LWgl 
Gasif ier  

355 

902 
1% to I 
14.6 
15.6 
5.4 

24.6 

1.1 
24.6 
39.8 
8.7 
1.2 

100.0 

309 

- 
- 

11.6 
56.1 
49.5 

Slagging 
Gas i f ie r  

300 

902 
1% t o  P 
11.4 
14.7 
1.10 

2.5 

0.45 
60.5 
27.75 
7.6 
1 .o 

100.0 

371 

- 
- 

2.56 
10.7 
55.2 

238 I 236 

210 I i 981 

I 
4,930 26,700 

I 

81 1 82.5 
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C ~ C L U S I O ~  f 

A p i l o t  s c a l e  s l agg ing  g a s i f i e r  h a s  beep developed t h a t  Wil l  gas i fy  cQke and 
vealdy cakhg coa l s ,  and performance data have been obtained at 20 atm. pressure. 

" The gamfier had a l o v  eteam consumption, high output, high thermal e f f i c i ency  and 
I handled coal wlth a wide range of ash fusion temperatures  provided t h a t  dolomite 

was used t o  flux the more r e f r a c t o r y  ashes. A crude gas output  of ?% mill, ft.3/ ' day equiva len t  t o  42,000 ft,3/hr. per  f t .2  of fuel bed w a s  o b t d n e d  v i t h o u t  tiny 
l i m i t a t i o n  by t h e  f u e l  bed. 

a t e m  consumption and l i q u o r  volume were one f i f t h ,  and  t h e  &as output  per  unit 
area of  the  f u e l  bed w a s  from four  to  seven 
The alagging gasifier produced a gas with a Ugh carbon monoxide content  and t he re  
w a s  l i t t l e  uudecamposed steam t o  convert  it. 
neceseary t o  convert  t h e  carb0.i monoxide t o  t h e  l e v e l  requi red  f o r  syn thes i s  gas 
t h e  o v e r a l l  steam consumption would be lower than f o r  t he  Lurgi gas i f i e r .  
d e t o d f i c a t i o n  t o  t h e  l e v e l  requi red  in t h e  United Kingdon it would be l og ica l  t o  
convert  p a r t  of t h e  carbon monoxide and use methane syn thes i s  to remwe t h e  
remainder, a t  t h e  same time inc reas ing  its c a l o r i f i c  value. 

maintained i n  the h e a r t h ,  and enabled t h e  s l a g  t o  be run of f  a t  a high rate by t h e  
app l i ca t ion  of a con t ro l l ed  d i f f e r e n t i a l  p ressure ,  proved t o  bs  very sa t i s f ac to ry .  
Coal  with a low ash fus ion  temperature, uncleaned coa l  wlth a high proport ion of 
adVent%tiOU6 ash and coal with a r e f r a c t o r y  ash when bui tab ly  f luxed ,  gave a 
homogeneous slag that vas  tapped without blocking the  dag tap. This  tapping 
system could be used f o r  sca l e  up t o  a commercial s i z e ,  by making modif icat ions t o  
the d a g  t a p  burner  des ign  t o  a l low t h e  f r e e  drainage of Lron f r o m  t he  hearth. 

r Dcperiance with t h e  slagging g a s i f i e r  i nd ica t ed  t h a t  water cooled metal 
wrrfaces  were e s s e n t i a l  f o r  t h e  slag t a p  and a r e a s  of t h e  hea r th  exposed t o  hot 
slag,  o u t  were prone t o  a t t a c k  by l i q u i d  iron. , 
maxhieingheat transfer throu& t h e  metal su r faces ,  by p r e v e n t b g  i r o n  frm 
accumulating in t h e  hea r th ,  and by in t roducing  oddising gases through t h e  tap hole ; 
t o  r e t a i n  tbe bulk of  the iron i n  so lu t ion  in t h e  slag.  
t a p  used in t h e  gasifier proved capable of withstanding hot  slag and i r o n  fo r  long  
per iods ,  but  occas iona l ly  su f fe red  Borne damage from iron a t tack .  
reeds tance  t o  iron a t t a c k  is an obvious demgn requirement, and recent  exparimente 
suggest that this can be achieved by t h e  use of copper. 

t h e  p r d g  of des igns  and m a t e r i a l s  f o r  longer  pe r iods  of time, poss ib ly  on a 

f u e l s ,  even v i t h  the improvements of fe red  by opera t ion  under s lagging  condi t ions,  
cannot a t  p resent  compete on economic grounds with the  new oil g a s i f i c a t i o n  
processes  DOY ava i l ab le .  

on the p i l o t  p l a n t  scale. 

{ 

I 

i Comparison of the rerrul ts  with those of a L u r e  i n s t a l l a t i o n  showed that the  

j l  

times grea te r  than  the  L u r e  gasifier, , 
However, wi th  t h e  added steam 

For , 
The system of i n t e r m i t t e n t  tapping,  i n  which a r e s e r v o i r  of s l a g  was / 

, 

Iron a t t ack  was g r e a t l y  reduced by 

The water cooled h e e l  slag 

Complete 

I The development of t h e  alagging @ d r i e r  has now reached a stage t h a t  require8 

pro to type  gadfier. However, i n  t h e  United fin@om t h e  g a s i f i c a t i o n  of so l id  L ( I  

f An a l t e r n a t i v e  r o u t e  f o r  producing gas from coa l ,  by 
hydrogenation and g a d f i c a t i o n  in a f l u i d i s e d  bed, is t he re fo re  being inves t iga ted  1 1 
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