
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/






United Nations Industria! Devslooment Organization

\  W-T - O - * .• ux. o vi *
' LIMITED 
ID/WG.36U/16
24 May 1982 

ENGLISH
Technical Conference on Ammonia l’erti li zer 
Technology for Promotion of Economic Co-operation 
among Developing Countries

Beijing, People's Republic of China, 13 - 28 March 1982

THE PREPARATION AND GASIFICATION OF CARBONATED 

LIME COAL BRIQUETTES»

by

Yang Yun Zao**

* The views expressed in ttis papei are those of the author and do not
necessarily reflect the views of the secretariat of UNIDO. This docunent 
has been reproduced without formal editing.

** Jtagineer, The Design Institute of Chemical Industry of Fujian Province, 
Fujian Province, People's Republic of China

V.82-26534



-1 -

Abstracts
The carbonated lim e co a l b r iq u e tte s  are su cce ss ­

fu lly  and w idely employed fo r  making syngas by 

amownia p lan ts  In China,

High q u a lity  b r iq u e tte s  are obtained by form ation 

o f coal f in e s  w ith slaked lime as bind ing agent 

follow ed by carbonation  by means o f  carbon atin g  gaf 

with co n tro lle d  CO2 co n ten t a t  given tem perature, 

m oisture and f lo w  r a t e .

Thè carbonated lim e co al b r iq u e tte s  thus formed 

are o f  adequate m echanical s tr e n g th , good t'-*— -a l 

s t a b i l i t y  and ra th e r  high chem ical r e a c t iv i t y .  In 

order to  meet the s p e c i f ic  feed sto ck  requirem ents 

o f fix e d  bed g a s i f i e r s ,  b r iq u e tte s  w ith enhanced ash 

fu sion  p o in t  can be produced through appropriate 

adjustm ent o f  the co a l to illm e  r a t i o ,

The same g a s if ic a t io n  techn ology , namely high 

tem perature» high a i r  space v e lo c ity  and sh o rt cy cle  

in  the g a s i f i e r ,  oan be adopted fo r  high q u a lity  c a r -  

boasted b r iq u e tte s  ju s t  as fo r  the high q u a lity  lump 

ooal* The en tra in ed  p a r t ic le s  do n o t exceed 5^ . Be- 

oauce o f  th e  la rg o  amount o f  ash s la g  I t  Is  e s s e n t ia l  

to  f a c i l i t a t e  the s la g  removal by Improving the grate  

d «Sl0i  and s la g  d ischarge me ohm ism , p a r t ic u la r ly  to 

op erate  w ith th in  ash la y e r .
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The sem i-w ater gas produced from carbonated lime 

co a l b r iq u e tte s  con tain s ^  635i CO ♦  Hq as r e a c t iv e  

components, being s u ita b le  as a syngas fo r  ammonia 

produc t io n .

1 . In tro d u ctio n

The ammonia production In our dom estic p lan ts  

w ith a cap acity  o f  le e s  than 100 tons por day is  

mainly based on sem i- water gas manufactured from 

the a n th ra c ite  or coke in *’ixed bed g a s i f i e r s .

The fix ed  ved vator gas gen erators c a l l  fo r  lump 

co a l o f 1 3 ^5 0  .am in s i z e ,  .nith s a t is fa c to r y  cold 

m echanical s tre n g th , thermal s t a b i l i t y  and ash fusion 

p o in t.

A£> such s o r t  of lump co a l accounts fo r  only about 

20 30% o f  the to ta l  coal mined and is  fa r  from

enough to  meet tme demands from ammonia In d u stry , 

the in v e s tig a tio n  on b iiru e  t.ting co a l fin os and on 

u t i l iz a t io n  o f  b r iq u e tte s  ras s ta r te d  e a r ly  in. 

f i f t i e s  in China.

S in ce  most o f  the a n th ra c ite  has a poor binding 

p ro p erty , some b ind ing agent Is  roquired  to in crease  

i t s  m echanical s tre n g th .

UsuaLly the b r iq u e tte s  manufactured with binding 

agents such as waste pulp and co a l ta r  show s a t i s ­

fa c to ry  m echanical 3tren th  In cold  s t a t e ,  but th e ir
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m echanical s tren g th  in  h o t s ta te  is  poor due to  the 

presence o f  organ ic m atters in  binding agents which 

tend to  bum in  g a s i f ie r s  , g iv ing  en trained  m atters 

as high as 10 -  20* .

In  e a r ly  s i x t i e s ,  the mechanism o f form ation o f 

carbonated b r iq u e tte s  from a n th ra c ite  fin e s  with 

slaked  lime as bind ing ag en t, b r iq u ttin g  and carbona­

tio n  technology e t c . . .  were sy s te m a tic a lly  studied  

in  th is  country and the b r iq u e tte s  were s u c c e s s fu lly  

te s te d  fo r  sm all s iz e  b la s t  furnaces and g a s i f i e r s .  

L a te r  we e f f e c t iv e ly  c a rr ie d  out experiments on car­

bonated co a l b r iq u e tte s  as feedstock for «■wnin 

p rod u ction . At p resen t carbonated b r iq u e tte s

are employed as raw naterials for noting crude syngas 

in  more than 600 aanoniia plants in our country, each 

v/ith a ca p a city  below 100 tons per day.

The main te c h n ic a l d ata  fo r  tW-* g a s if ic a t io n  o f  

carbonated co a l b r iq u e tte s  are as fe llo w s:

1 .  Carbonated coal b r iq u e tte s

Compression stren g th  60  Kg/single b r iq u e tte  

ash fu sion  p o in t (T 2 ) ^  1250PC 
fix ed  carbon co n ten t 535 5 0 *

2 .  Sem i- water gas

CO + H2 5? 63*

Gas p ro d u ctiv ity  ^  2 .7  standard d3 , semi­
w ater gas/ Kir o f standard co al * .
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G a s lf ic a t lo n  in te n s ity  7 00  ii^ standard
sem i- w ater gas/w2 hou r.

*The standard co a l is  r e fe r r e d  to as the c o a l  con­

ta in in g  84ji C.

I I .  The behaviours o f  carbonated l in e  co a l b r iq u e tte s  

S l g i l f l e a n t  changes in  behaviours were observed with 

carbonated lime co al b r iq u e tte s  compared w ith o r ig in a l  

c o a l ,  due to  the in tro d u ctio n  o f  slaked  lim e , namely:

1 . The h igh er m echanical s tre n g th  and thermal s t a b i ­

l i t y .

The compression s tre n g th  o f  carbonated lin e  coal 

b r iq u e tte s  cru ld  rer-v- 3 0 -8 0  Kg/single b r iq u e t te .

When they were f i r r t  Termed, tne a^cb^nical s tren g th  

o f green b r iq u e tte s  was only 2 -4  K g/single b r iq u e t te . 

Througi c«r^ o n atio n , the slaked  lime o r ig in a l ly  d i s ­

persed in b r iq u e tte s  became a very s tro n g  CaC03 m a tr ix , 

thus in cre a s in g  th e ir  m echanical s tren g th  rem arkably* 

Furtharm ore, p art o f SiOg in  the co a l ash reacted, 

w ith Ca(0H)2 to form calcium  s i l i c a t e  hydrate in the 

presence o f  water and h e a t .  I t s  m ineral com position 

was id e n t if ie d  as CaO.SiO2.nH2O with X -ra y . The 

form ation o f  such agglomerated s tru c tu re  p a r tly  con­

tr ib u ted  to the increm ent o f the m echanical s tre n th  

o f carbonated co a l b r iq u e t te s .

The carbonated lime co a l b r iq u e tte s  has n o t only 

high m echanical s tr e n g th , b u t a lso  good thermal
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s tr e n g th , This can be accounted fo r  by the f a c t  th a t 

the calolum  oxide m atrix  formed from decom position o f 

calcium  oarhonate a t  800°G In t h j  g a s i f ie r  r e ta in s  

some m echanical s tre n g th . Even a f te r  the decomposi­

tio n  o f  calcium  carbonate upon h ea tin g  the b r iq u e tte s  

s t i l l  show a m echanical s tren g th  o f 40  Kg/sIngle 

b r iq u e t te ,  with th e ir  appearance being in t a c t .  In  

a d d itio n , there are o th er components such as SiOgAl , 

e t c . . i n  b r iq u e tte s . These substances w il l  r e a c t  with 

CaO a t  the tem perature o f  the g a s ify in g  zone to form 

s i l i c a t e d  having m echanical s tre n g th .

2 . The h ig ie r  ash fu sio n  p o in t r e s u lt in g  from a d ju s t­

ment o f  the r a t io  o f c o a l to  slaked  lim e.

To ensure the h igh er g a s if ic a t io n  e f f ic ie n c y  fo r  

batchw lse fix ed  bed g a s i f i e r s ,  the feed sto ck  co al with 

h ig h er fu sion  p o in t is  req u ire d . G en erally  the 

so fte n in g  tem perature (Tg) o f  co a l ash should not 

be lower than 1250°C .

Pure calcium  czid e p resen ts very high m elting  

p o in t . When i t  i s  blended w ith co a l fin e s  to  form 

b r iq u e t te s ,  the elem ental carbon burns o f f  during a 

high temperature g a s if ic a t io n  w hile the rem aining 

ash togeth er with lime form a kind o f e u t e c t i c  sub­

stan ce  .

The ash fu sion  p o in t o f sarbonuted lime co a l
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b riq u e tte  i s  c lo s e ly  re la te d  w ith the com position 

and co n ten t o f  ash and the amount o f lim e added 

in to  b r iq u e tte s . For a n th ra c ite s  with acid  ash the 

m elting p o in ts  o f the e u te c t ic  substance tend to 

f a l l  to  d i f f e r e n t  e x te n ts  when slack ed  lim e i s  f i r s t  

added. A fte r  the low est e u te c t ic  p o in t Is  reached 

the ash fu sion  p r in t  begins r is in g  w ith the in c r e ­

ment o f lim e . For d i f f e r e n t  types o f coal the in tr o ­

duction o f  lim e changes the m elting points and curve 

slopes d if fe r e n t ly  as in  P ig . 1 .

aa*___ «
<uA v- (j>* 1 '0

I .  Longyan mixed coal 

I I . Hongmao co al

I I I .  Koayuan

F ig .  1 .  The r e la t io n s h ip  
between I'm e/co-1 r a t io  
and ash fu sion  no L it
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2. The r e la t io n s h ip  between

llm e/coal r a t io  and ash 
fu sion  p o in t.

P ig . 2 shows the tendency o f  ash fu sio n  p o in t curves 

fo r  two co a l samples o f ld eitcxcal type b u t w ith d i f ­

fe r e n t  ash co n ten t and d if fe r e n t  amounts o f  lim e in ­

trod u ced . O bviously when the same amount of lim e , 

e .g .  2QtjL, i s  added, the aah fu sion  tem perature (Tg) 

o f  the sample w ith h igher ash co n ten t i s  1180®C, while 

th a t o f  the sample w ith lower ash co n ten t is  1350°C .

I t  may be concluded th a t the ash fu sio n  p oin ts o f 

b r iq u e tte s  are ie la te d  to  the ash co n ten ts  o f  o r ig in a l 

c o a ls .  Por a given amount o f  lim e the r e la t io n s h ip  

between the ash fu sio n  p o in t o f r ic h  -  calcium  -  oxide 

ash and I t s  chem ical com position can be expressed by 

a lk a l in i t y  "K ":

%m Cafl+Hg>+Peg03 ( * ,  by „ e ig h t)  ( 1 )
31C2 + A\2°2
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when K value f a l l s  w ith in  the range o f 0 .4 2  -  1 .8 2 ,  

or T2 = 1150° -  1450°C . I t s  fu n ctio n  approaches to 

a s t r a ig h t  l i n e ,  so I t  can be rep resen ted  by l in e a r  

eq u a tio n s :

R .D .(T g) = 202 K + 1061°C 

R .D .(T 3 ) = 191 K + 1068°C

Furtherm ore, the q u a n tity  o f  lime requ ired  can be 

c a lc u la te d , 

assuming

= ash w eight

W2 = w eight o f slaked lim e

Â  = a c id ic  oxides in ash (M 2C3 + S i 02)$

A2 = a c id ic  oxides in  slaked  l in e  (A I2O3 + S i02)$

E^ = a lk a lin e  oxides in co a l ash (CaO+mgO+Fe203 )#

B2 = a lk a lin e  oxides in  slaked lime ( CaO+rfgO+FegOs)#

hence

K= WtBi ^WqBq

V/1A1+W2A2
or - Weight o f  slaked  lime ^ KAj -  B j ^ R 

weight o f  co a l ash B2 -  KA2

For a given type o f co a l and lim e , the composition 

is  determined by a n a ly s is  the a lk a l in i t y  K correspond­

ing to the d esired  ash fu sion  p o in t ( Tg) o f b r iq u e tte s  

is  ca lc u la te d  by u sing Squ atlon  ( 2 ) .  By s u b s titu tin g  

K in to  equation (3 )  the r a t io  (by w eight) o f  lime to



-9 -

co a l ash (R ) is  o b ta in ed . Hence the iiecc9ss&ry p er­

centage o f  lime Xg ir  c a lc u la te d  from the ash con ten t 

AS in co a l fin es  :

100 RAg 4 100 Xg
Xg = -------------- 7> R --------------------  (4 )

100 +RA« (100  -Xg )Ag

I t  can be seen from the equation  tn a t  i f  lime to 

co a l r a t io  Xg is  fix e d  the le s s  the ash content Ag 

in  the c o a l« the g rea ter  the H valuephenes the h igher 

the a lk a l in i ty  K ar.d the ash fu sion  p o in t (T2 ) o f  

b r iq u e tte s . Therefore the s e le c t io n  o f  coal with low 

ash con ten t is  o f g rea t importance to r a is e  the ash 

fu sion  p o in t o f  the carbonated lime co a l b r iq u e tte s . 

3 , The high©** chem ical r e a c t iv i ty

The chem ical r e a c t iv i t y  (as an in d ica tio n  o f  COg 

conversion r a te )  o f  carbonated lime co a l b r iq u e tte s  

is  1 -3  times higher than th a t oi the lump co a l o f 

the same type as shown in  P ig . 3 .

The measured r e la t iv e  p o ro s ity  o f carbonated lime 

co a l b r iq u e tte s  was 10 times higher than th a t o f  the 

limp c o a l*  Consequently, the carbonated lime coal 

b r iq u e tte s  demonstrated an extended su rface  area in 

favour o f  the re a c t io n  o f m olecules between gas and 

s o lid  p h ases, which In turn re su lte d  In the improved 

chem ical r e a c t iv i ty  o f  b r iq u e t te s .
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F ig . 3 .  The '•opposition o f chemical r e a c t iv i ty  
between the carbonated l in e  co a l b r iq u e tte s  and 
the o r ig in a l  coal of the same type.

a) F u jian  Lcngyan c o a l.

b ) Guan^pci Hongmao co a l •

c )  F u jia n  Tainhushan c o a l.

The c a t a ly t ic  a c t iv i t y  o f the slaked lime in b r i ­

qu ette is  another im portant fa c to r  accounting fo r  the 

chem ical r e a c t iv i t y  o f b r iq u e t te s .

The s tu d ies  on g a s if ic a t io n  of carbonated lime coal 

b r iq u e tte s  and c a ta ly s is  in the s h i f t  conversion shew­

ed th a t fo r  C-HgO re a c tio n  the ra te  o f carbonated 

lim e coal b r iq u e tte s  is  2 times fa s te r  than th a t  o f 

the lump co al of t ie same ty p e; and fo r  C-COg re a c tio n  

1 .3  times f a s t e r .  Probably the main reasons fo r  the 

high chem ical r e a c t iv i t y  may be the c a t a l y t i c  a c t iv i ty  

o f  Ca0-CaC03, which, however, becomes standing out 

only fo r  the system of In tim ate co n tact between 

CaO -  CaCOj and C,
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As fa r  as the c a t a ly t ic  a c t iv i t y  o f lime In c a r ­

bonated b r iq u e tte s  fo r  the s h i f t  conversion o f  water 

gas is  concerned, the max. CO s h i f t  r a te  c lo se  to 

the th e o r e t ic a l  value is  reached a t  the temperature 

o f 600 C, i f  HgO/CO = 4 .

4 . The decrease in  fix ed  carbon con ten t

The in trod u ction  o f  lime in to  b r iq u e tte s  in e v ita b ly  

leads to a decrease in the fix e d  carbon co n ten t. In 

case o f the fix ed  carbon co n ten t lower than 4o%, how­

e v e r , a remarkable red u ction  in  g a s if ic a t io n  e f f i c i e n ­

cy w ill  occu r. I f  ash conten t in a n th ra c ite  exceeds 

25# screen in g  and washing should be exerted  in  order 

to reduce the ash content ar.3 to im part the carbonated 

lime co a l b r iq u e tte s  i.Ith  gjod m echanical s tre n g th , 

high ash fusion point and high carbon co n ten t.

I I I .  The preparation  o f carbonated limo coal b r iq u e tte s  

The preparation  o f carbonated lim e coal b riq u e tte s  

comprises two s te p s : One is  compounding and form ation; 

the o th er is  carbonation and hardening. Hie process 

can be outlined  by the fo llo w in g  scheme:
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The compounding o f  raw m a te r ia ls , i . e .  tne amount 

o f  introduced slaked  lim e should s a t i s f y  the mechani­

c a l s tren g th  and ash fu sion  p oint requirem ents o f 

b r iq u e tte s  and meanwhile m aintain an adequate fix ed  

carbon c o n te n t.. The accu ra te  compounding and uniform 

b lend ing  o f co a l fin e s  and slaked  lime are p re re q u is i­

tes* to  make the q u a lity  o f  b r iq u e tte s  c o n s is te n t .

The water con ten t needed fo r  co a l b r iq u e tte s  fo r ­

mation is  u su a lly  c o n tro lle d  w ithin the range o f  9 -11# 

and the cage type p u lv eriz er is  used fo r  crushing and 

b len d in g . The raw m a teria ls  o fa d e q u a te  fin en ess  are 

fed in to  a dual r o l l  b r iq u e ttin g  press which gives 

b r iq u e tte s  weighing about 3 0 —45 grams each . The im­

provement o f  the compactness of the lim e coax- b riq u e tte  

is  accompanied by the enhancement of th e ir  thermal
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uiechanical s tr e n g th . The compactness o f  b r iq u e tte s  

can be In d icated  by the compression degree (o r  com­

p ressio n  r a t i o ) :

Compression r a t io  =
apparent d en sity  o f  green 

b riq u e t te s

hulk d en sity  o f  co a l f in e s

U sually  the compression ra tio - Is  kep t above 1 .4 .

The m echanical s tren g th  o f green b r iq u e tte s  is  

r e la t iv e ly  low and I t  must be fu rth er  Improved by 

carbona io n .

The carbonation  proceeds according to the equation 

Ca(0H)2+ C02+nK20 ----CaC03+ (n+ljHgO +Q

Approaches through which the CÛ2 d iffu s e s  in sid e  

the b r iq u e tte s  were studied  by means o f  rad io  -  

a c tiv e  C14 t r a c e r .  The su rfa ce  o f  the sample was

carbonated f i r s t  with rad io  -  a c tiv e  Ç^^Og and then 

12with C Og fo r  fu rth e r  carb o n atio n . The r e s u lts  

showed th a t C^40g , deposited on the b r iq u e tte  su r­

face  did n o t move in to  i t s  inner p a r t . This meant 

th a t the gaseous CO g d iffu sed  in to  the inner p art of 

the b r iq u e tte  continuously  during the whole carbo­

n ation  p ro c e ss .

In carbonation the d iffu s io n  o f COg in to  b r iq u e tte  

core is  a x a te-d eterm in in g  s te p .

The carbonation o f  green b r iq u e tte s  must be carrie<



out In the presence o f  w ater. Inadequate w ater w il l  

ad versly  a f f e c t  the carb o n atio n , while ex cess iv e  

w ater w il l  encumber the d iffu s io n  o f CO2 in to  the 

inner p a rt o f b r iq u e t te s . Normally the p o ro s ity  o f  

b r iq u e tte s  is  about 2 5 $ , and the w ater co n ten t o f 

green b r iq u e tte  is  about and 10Î  which occupy more 

6O56 o f  the porous space o f the b r iq u e t te . The water 

formed during carbonation  w i l l  take up the a d d itio n a l 

p ortion  o f porous sp ace . Therefore the ex cess iv e  

w ater should be coninously removed to  ensure th a t 

the carbon ation  runs sm oothly.

P ig . 4 shows th a t e i th e r  excess or inadequacy o f 

w ater w ill  im pair the m echanical stren p th  o f  b r iq u e tte s

sample deoth ( tit)

P i g . (4 ) . The r e la t io n s h ip  between the water
co n ten t and the abrasion stren g th  o f  b r iq u e t te .
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I t  can be seen from P ig . (5 )  th a t  whenever the 

w ater co n ten t was above 8%, the d iffu s io n  o f  CO2 in to  

the inner p a rt o f  the b r iq u e tte s  was hindered and le ss  

CaC03 was formed due to the blockage o f passages by 

the ex cess iv e  w ater. I f  the water con ten t was r e ­

duced to the d iffu s io n  o f  CO2 was f a c i l i t a t e d  

with optimum carbonation  r e s u lts  ob ta in ed .

Therefore the removal o f  e x cess iv e  water by p re- 

drying p r io r  t c  carbonation  w il l  Improve the e f f i ­

c ien cy  o f the carb on ation .

The rap id  drying may r e s u l t  in  a grad ient d i s t r i ­

bu tion  o f  w ater along passages through which the COg 

d iffu s e s  in to  the inner p a rt o f  b r iq u e t te s ,  thus r e ­

ducing the r e s is ta n c e  a g a in s t the d iffu s io n  o f  C02 and 

improving the carbonation e f f i c ie n c y .
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abrasion strength
75mm a f te r  500 revotion

P i g .(5 )  The re la tio n sh ip  between the degree o f c a r ­
bonation and the w ater con ten t coke fin e s  
7096, lime 30%, normal p ressu re , ambient 
tem perature

P 1 w ater » 1496 , w ater  ̂ 89* , w ater *  496;
I 1 the w ater d is trib u tio n  grad ien t along the  

d iffu sio n  of CO :̂ 0 .4 ,6 ,1 0  ( 96) ;  
the w ater d is trib u tio n  grad ien t along th e d iffu ­
sion  of C02 : 4 ,8 ,1 0 ,1 4  (96)
( The sample depth in d ica te s  th e distance between 
the su rface  and the place where the sample is 
tak en . )
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The carbonation of b riq u ettes  la  a ffe cte d  by the 

con cen tration  o f  the COg.the tem peratore, the humidity 

and the flow ra te  o f the carbonating gases .H lÿi CO g

con tent Is b e n e fic ia l  to the carbonating re a ctio n  .Bven 

In case a gas with low 00g con ten t such as In d u stria l

waste gas Is  used as a carbonating g a s , good carbona­

tion  r e s u lts  can a lso  be a tta in ed  by in creasin g  I t s  

flow  r a t e .  An e x ce ssiv e ly  h lg i  tem perature or a  

too low humidity o f the carbonating gas w ill  cause 

the water content in the b riq u ette  to  evaporate o f f  

v ig o ro u sly , thus hindering the d iffu sio n  o f CO g in to  

the in n er p a rt o f the b riq u e tte . The lo ss  o f w ater 

requ ired  fo r  the carbonation process w ill  r e s u l t  in  

extrem ely poor carbonation e f f ic ie n c y . In  th is  case  

m erely more dried co al b riq u ettes  with low mechanical 

s tre n g th  are used. Both te s ta  and a c tu a l p ra c tic e  

have shown th a t the carbonation temperature o f  about 

80°C i s  p re fe rre d .

Based on the mass and h e a t-b a la n ce , fo r  one ton  

o f carbonated b riq u ettes  3 0  — 40  standard o f  09g 

are needed and 90  — 100  Kg of w ater are to  be eva­

p orated . To remove such a quantt l t y  o f w atar in  

addition  to the h eat of carbonation 4 0 ,0 0 0  KCal from 

o th ar source should be supplemented. The In crease In 

the flow o f  carbonating gas w ill  b rin g In mors h eat
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and ca rry  out more w a ter , thus sh o rte r ln g  the carb o­

n atio n  tim e.

At p re se n t, c y l in d r ic a l  r e t o r t  type carbon ators 

are used most w idely in  our cou n try . Hiey fe a tu re  

simple s tru ctu re  and le s s  investm ent. Due to  the r e ­

l a t iv e ly  b ig  depth o f  b ed , the carbon ation  degree o f  

b r iq u e tte s  v a rie s  g re a tly  along the a x ia l  d ir e c t io n . 

Both carbonation  and d rying proceed la y e r  by la y e r ,  

so the cime needed fo r  the com pletion o f  carbon ation  

is  q u ite  lon g .

The p rep aration  o f  carbonated lime co a l b r iq u e tte s  

can be fu rth e r  improved by m odifying e i th e r  th e  te ch ­

nology or equipment fo r  carbon ation  and d ry in g , by 

sh orten in g  the carb on ation  p e rio d , by optim al com­

pounding and by u sin g  gran u lation  In stead  o f  b r iq u e t t ­

in g .

IV . The g a s if ic a t io n  o f carbonated b r iq u e tte s

Like su p erior lump c o a l*  high q u a lity  carbonated 

b r iq u e tte s  can adopt the same g & sific a tlo n  techno­

lo g y , i . e .  h ig i  g a s ify in g  tem perature, high a i r  space 

v e lo c ity  and sh o rt o p era tin g  cy c le  to  achieve a r e ­

la t iv e ly  high g a s i f ic a t io n  in te n s ity  and gas g en eration  

volume *

S in ce  the s l ig h t  c -in h e rin g  o f  ash r e s u lt s  in  a 

b e t te r  g a s if ic a t io n  e f f ic ie n c y *  i t  la  d esired  to r a is e
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the tem perature In g a s ify in g  zone ju s t  as fo r  fee 

su p erio r lump co a l as c lo s e  as to th e ir  *sh  s o fte n ­

ing tem perature. In  case  o f  e x ce ss iv e  c l in k e r in g , 

the agglom erates can be broken down by in c re a s in g  

the volume o f  upward b l a s t  steam fo r  a s h o r t period 

o f  time to f a c i l i t a t e  the d ischarge o f  c l in k e r s .

The carbonated co a l b r iq u e tte s  have r e l a t i v e l y  

high (techn ical s tre n g th  a t  high tem perature, as I t  

was mentioned b e fo r e , about 1 m/sec. a i r  flow  r a te  

can be employed in  order to  a c c e le ra te  the h e a t 

re c u p e ra tio n . In normal g a s if ic a t io n  p ro c e ss , the 

en tra in ed  m atter does n o t exceed 5%,

I t  i s  im portant to  d ischarge the co a l ash in  time 

and to keep the g a s i f ic a t io n  op eration  under th tn -  

a sh -la y e r  co n d itio n s because o f  the r e la t iv e ly  

high ash co n ten t o f the carbonated lime c o a l b r i ­

q u e tte s , the th in  ash la y e r  has the advantage o f  

n ot only le s se n in g  the r e s is ta n c e  a g a in s t the a i r  

flow  coming in to  the g a s i f i e r  and hence improving 

the g a s ify in g  c o n d itio n s , b u t a lso  redu cing fee  

caking o f  s la g p . The ash la y e r  should be con­

t r o l le d  w ith in  10— 15 cm. The ex cess iv e  th in ness 

o f  the ash la y e r  may cause damage to  th e  g r a te , so 

i t  should be avoided anyway.
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Cons ld erin g the r e la t iv e ly  high ash con ten t in  

the carbonated b riq u e tte s  , the q u an tity  of the up­

ward b la s t  steam should be s lig h tly  higher or equal 

to th a t of the downward b la s t  steam during g a s i f i ­

c a tio n . In no circum stances is  i t  allowed to in ­

crease the downward b la s t  steam volume as f o r  the 

g a s if ic a tio n  o f coke. Otnerwise i t  would cause 

e ith e r  the change in the gasify in g  la y e r or the  

occuranee o f s la g  caking and oth er abnormal pheno­

mena.

Because of th e ir  evenness of s iz e s  the carbonated 

lime b riq u ettes  e x h ib it low re s is ta n ce  to a i r  flow . 

When a higher a i r  blowing ra te  is  used, the th ick ­

ness of the g asify in g  la y e r can be g re a te r than th a t  

fo r tho lump c o a l ,  l . e .  as th ick  as 80  cm. The 

Increase in the thickness o f the g asify in g  la y e r  

ra is e s  the average temperature of the g a s if ie r  in ­

creases the heat recu p eration  o f the co al la y e r  and 

lowers the temperature extreme so th a t the caking  

due to lo c a l  overheat is  elim in ated .

The carbonated b riq u e tte s  u su ally  contain  more 

than 30^ of ash. Therefore the ash s la g  discharge  

load of the ro ta ry  grate  fo r carbonated b riq u ettes  

is  much higher than fchat fo r lump co al or coke.

3o the g rate  design needs to  be modified in favour
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o f the crushing and d isch argin g . Further логе the 

CaO contained in the ash is  l ia b le  to cake in the 

presence o f w ater and heat> thus hanperlng the r o ­

ta tio n  o f  the g ra te . Appropriate measures should be 

taken to  prevent the tlockage o f the chute caused by 

the ash s la g  adhereing to the g ear.

The sem i-w ater gas (CO+Hg) generated from c a r ­

bonated b riq u ettes  can be used as a syngas fo r the 

production o f ammonia. Compared with the gases 

produced from the lump coal or coke, however, i t  is  

b% lower in a c tiv e  component co n ten t, but 7 — 9# 

higher in COg co n ten t. T h erefor, the reasons fo r  

the increment o f COg are as fo llow s:

1 .  The g asify in g  temperature o f carbonated b r i ­

quettes is  s l ig h tly  lower than th a t of lump c o a l ,  

which gives r i s e  to more COg formed.

C + 2H gO------- - 2Hg + COg ( U

2 . The CO formed w ill r e a c t  with steam

CO + Hgv) — — •* Hg + COg (2 )

The e x te n t of re a c tio n  (1 )  is  re la te d  to the chemi­

c a l  r e a c t i v i t y  of carbon, while the s h i f t  re a c tio n  

o f the w ater gas (2 )  to the c a ta ly s is .

As i t  Is  mentioned in the foregping se e  t ie n , the 

carbonated b riq u ettes  e x h ib it n ot only h ig ie r  chemi­

c a l  r e a c t iv i ty  than th a t o f  the o rig in a l c o a l ,  but



-22 -

also c a ta l y t i c a l l y  a f f e c t  the s h i f t  re a c tio n  o f water 

g as. This is  why the se a l-w a te r gas contains more

cg2 .

Thanks to  the higher con ten t of CaO, ash s la g  

from the g a s if ic a tio n  of carbonated b riq u ettes  can 

be u til iz e d  as a raw m ateria l fo r aaking b rick s o r  

s i l i c a t e  cement.

Table 1 .  The operation s p e c if ica tio n s  fo r  b riq u ette

formation and carb on ation .



Teb?e 1 . Th* operation specifications for briquette 

fonction nui carbonation
line kiln

itan unit esses pro*
cose

input of sicked line t 25-30

voter content in fine 
materials

i 8-11

weight of briquette g/pieee 30-45

carbonating gas pressure Kg/cm2 (g .p .)
i

0 .1 -0 .2

COj concentration in the 
carbonating gns

t 25-30

flow rote of carbonating 
gas

W ^ « r *  M-^briquette 120-150

carbonating tine hour 17-20

incasing carbonating 
gas 110-130

temper­
ature

effluent gas during 
carbonation °C 45-50

effluent gas at the 
end of carbonation °c 80-90

carbonation percentage <

quality
of

briquet­
te

compression strength Kg/ single briquette 7  60

ash fusion point 
(Tj)

____________________________

°C 7 1250



Table 2 The son tr a i l  In g data for nerumi operation of 
a 0 2260 s&eJfier

«

itao unit data

seetioBcûL aroa of the i M i . 
gasifier cheater ! K2 *

in let a ir tcIihm j M /̂bour 110,000-24,000

a ir  idLaet rate M/see 0 .7 -1 .0

i
1

1

a ir  b last preEsare m.m. H 0 18.00-2200
A upurrd blast ton/hour ~  2.6

flew dewnverd blast ton/hour ~  2.8

tempera ture
top °C ^  ¿50

of gasifier bottom °C ~  160

gasification recycle time sec ~  150-180

briquette feeding cycle min. 30-35
briquette feeding quantity 
each time

Kg 800-900

thickness of carbon layer 
(Including ash slag)

K 1.7-2 .0

thickness of ash layer DID 100-150
ash discharge cycle times/shift 3-4

composition 00j % 12-15
of

seni-water
gas

CO % 23-26

"2 % 38-42

*2 % 18-20

°2 t 0 .3-0 .5

* 4 % ~  1 .0

gas generation volume ItiVhaur.unit 2500-3000






