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Abs tracts

The carbonated liue coal briquettes are successe
fully and widsly employed feor making syngas by
amaonia plants in China,

Hipgn quality briquettes are obtained by foramation
of coal fines with slaked lige as binding agent
fellowed by carbonation by means of carbgnating gas
with controlled COp2 content at glven temperature,
moisture and flow rate.

The carbonated lime coa) hriguettes thus formed
are of adequate mechanical strength, gaod th~r-3}
stability and rather high chemlical reactivity. 1In
order to meet the specific feedstock -requirements
of fixed bed gasifiers, briquettes with enhanced ash
tusion -point ~an be produced through appropriate
ad Jus taent of the coal toilime ratio,

The same gasificatlion technology, naaely high
teuperature, high air space velocity and short cycle
in the gasifier, can be adopted Yor high quality car-
bemated briquettes just as for the high quality luap
coal. The entraired particles do not exceed 5%. Be-
oceuse of the large amount of ash slag it 1s essential
to fucilitate the slag reaoval by improving the grate
design and slag discharge wcchinism, particularly to
cperate with thin ash laycr.
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The semnlewater gas produced from carbonated 1llue
coal briquettes contains 2 63% CO + Ho as reactive
components , being suitable as a syngas for ammonrla

production.

1. Introduction

The ammonia production In our domestic plants
with a capacity of lecs than 100 tons p2r day is
mainly based on seal- water gas aanufa-tured from
the anthracite or coke in “iz~2d Yed gazificrs.

The fixed *ed wutsr gas gene—aters call for luup
coal of 13-+50 am in size, with satistactory cold
wechanical strength, therwal stability and ash fusica
point.

As such sort or luup coal accounts for only about
20 ~ 30% of the total coal mincd and 1is far froa
enough to meet t.e demands !rc. ammonla Industry,
the investigation on tricuetting coal finos and on
utilization of rriqucttes was started early in
fifties in China.

Since most of the anthracite has a poor bilnding
property, some rinding agent 18 roguired to 1incrense
its mechanical strengtn.

Usually the brigquettes aanufactured with binding
agents such as waste pulp and coal tar shox satis-

factory uechanical strenth in cold state, but thelr




mechanical strength in hot state 1s poor due to the
presence of orga‘nic'me_;tters in binding agents which
tend to turn in gasifiers, giving entrained matters
as high as 10 - 20%,

In early siibies. the mach;nis& of fbrmation of
carbonated Briﬁuettes from anthracite fines with
slaked lime as binding agent, briqutting and carbona-
tion technoclogy etc..; were systemqticaliy studied
in this country and th=z briql.iettes were successfully
tested for swall size blast furnaces and gasifiers.
Later we effectively cafried out experiments on car-
bonated ~oal briguettes as feedﬂ;ock. for._onh
production; At present caz;bonatad coal brique ttes
are e.ploycd as raw materials for making crude syngas
in more than 600 a-oni; plants in our coumtry, each
with a capacity below 100 tons per day;

The main technical data for t-e¢ ~asification of
éarbonatad coal trriquettes are as fcllcws:

1: darbonated coal briquettes

Compression strength z 60 Kg/single briquette
ash fusion point (Tg2) =z 1250°C
fixed carbon content zz 50%
2. Senl- water gas
CO + Ho == 63%
Gas productivity == 2.7 standard 13. se.ai-
water gas/ K¢ of standard cosl #.
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Gasification intensity —= 700 M standard
semi- water gas/d° hour.
’The standard coal i3 referred to as the cecxl con-

taining 84% C.

II. The tehaviours of cartonated lime coal briquettes
Significant changes in bebaviours ware observed with
carbonated liue coal briguettes compared with original
coal, due to the introduction of slaked liune, namely:

1. The higher mechanical strength and thermal stabt-
1ity.

The compression strength of carbonated lime coal
briqueties ccald rez.. 30-80 Kg/single b»riguette.
When they were fi»-t forued, tne mechmical strength
of green Wriquettes wul only 2-4 Kg/single briquette.
Through carhonation, tha slaked 1lime originally dis-
persed in briquettes became a very strong Ca003 matrix,
thus increasing their mechanical strength remarkably,
Furtharaores, part of Si0o in the coal ash reacted
with Ca(OH)2 to form calcium silicate ycdrate in the
presence of wat:r and heat. Its mineral couposition
was identified as Ca0.3102.nH20 with X-ray. The
foruation of such agglomerated structure partly con-
tributed to the increment of the mechanical strentn

of carbonated coal brique+tes,
The carbonated 1ime coal briquettes has not only

high mechanical strength, but also grod thermal




strength, This can be accounted for by the fact that
the caloium oxide amatrix foramed from decomposition of
calcium oartonate at 800°C in th, gasifier retains
some amechanlaal strength. Even after the decoaposi-
tion of calcium carbonate upon heating the brique ttas
still show a mechanical strength of 40 Kg/single
briquette, with thelr appearanee heing intact. 1In
addition, there are other components such as SlOgAIX Lz
etc..in briquettes. These substances will react with
Ca0 at the teumperature of the gasifying zone to form
Ssilicated having uechanical stran~cth.

2. The higher ash fusion point resulting from adjust-
ment of the ratio of conl to slaked liwme.

To ensure the highe.: gasirication erficiency for
batchwise fixed bed gasifilers, the feadstock coal with
higher fusicn point is required. Generally the
softening temperature (Tz) of coal ash should not
be lower than 1250°C.

Pure calclum cide prescnts very high welting
point. Whon it 18 blended with coel fines to fora
briquettes, the elemental carbon burms off during a
high temperature gasifica*tion while lhe remalning
ash together xith lime foru a kind of eutectic sub-
stance.

The ash fusion point of eartonzted lime coal




briquette 18 closely related with the cowposition

and content of ash and the amount of lime added

into briquettes. For & thracites with acid ash the
uelting peints of the eutectic suhstance tend to

fall to €iff:rent extents when slacked liuwe is first
added. After the lowest eutectic point is reached
the ash fusion pcint begins rising with the incre-
ment of lime. For different types of coal the intro-
duction of lime changes the welting points and curve

slopes differently as in Fig. 1.
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ash fusion pout B°C
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Fig. 1. The relationship
tetween 1'me/co-1 ratio

and ash fusion »noiat
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Pig. 2. The relationship between

1line/cosl ratio and ash
fusion point.

Pig. 2 shows the tendency of ash fusion pnint curves
for two coal samples of 1idencical type but with dir-
ferent ash content and different amounts of lime in-
troduced. Obviously when the same amount of lime,
e.g. 20€, 1s added, the ash fusion temperature (Ts)

of the sample with higher ash content is 1180°C, while
‘that of the sample with lower ash content is 1350°C.
It may be concluded that the ash fusion points of
brigusttes are related to the ash contents of original
coals. For a glven amount of lime the relationship
between the ash fusion point of rich = calclum - oxide
ash and 1ts chemical composition can be expressed by

alkalinity "K":

gm CaO+Hg+Peg03 (£, by welight) (1)
31Co + AL02




when K value falls within the range of 0.42 - 1.82,
or To = 1160° - 1450°C. its function approaches to
a straight line, so it can be represented by linear

equations:

R.D.(Ty) = 202 K + 1061°C
R.D.(Tz) = 191 K + 1088°C
Further.uore, the guantity of lime required can be
c¢alculated, |
assuaing
"l = ash weight
Wo = weight of slaked liae
A; = acidic oxides in ash (AlxCz + S10p)%
Ao = acidic oxides in slaked lime (Alg0z + S10)%

By = alkaline oxides In coal ash (CaO+ugO+Fe203)%
Bo = alkaline oxides in slaked lime ( Ca0+m20+Fe 03 )%

K= _W1B1tWoBo

U1A1+¥oA2
or E!.z Weight of slaked lime _ KA] - By _ R (3)
Wy weight of coal ash Ba = KAp

For a given type of coal and lime, the cocmposition

is deterained by analysis the alxalinity K correspond-
ing to the desired ash fusion point (Tg) of briquettes
18 calculated by using Rquation (2). By substituting
K into equ=tion (3) the ratio (by weight) of lime to




coal ash (R) is obtained. Hence the naccessery per-
centage of lime X8 it calculated from the ash eontent
A€ in coal fines:

g 100 RAS % 100 x8
s — R =— — (4)
10D +RA8 (100 -x8)a8

It can be seen from the equation that if lime to

coal ratio X8 is fixed the less the ash content A8
in the c¢oal, the greatsr the R value,hence the higher
the alkalinity K ard the ash fusfon point (To) of
briquettes. ThereYore the selection of coal with low
a8sh content 1s of great importance to raise the ash
fusion point of the carbonated lime coal briquettes.
3. The higher chemlecal reactivity

The cheuaical reactivity (as an indication of COo
conversion rate) of carbonated lime coal briquettes
i1s 1-3 tiuges higher than that of the lump coai of
the saane type as shown in Flg. 3.

The ueasured relative porosity of carbonated lime
coal briquettes was 10 times higher than that of the
limp coal. Consequently, the carbonated lime coal
briquettes demonstrated an extended surface area in
favour of the reaction of molecules between gas and
s0ild phases, which in turn resulted in the improved

chemical reactivity of briquettes.
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Fig. 3. The rowposition of chemical reactivity
between the carbicnated 1lime coal hrfquettes and

the original coal of the saume type.

a) F:jian Longyan coal.
b) Guangxi Hongaao coal.

¢) Pujian Tainhushan coal.

The catalytlc activity of the slaked lime in rri-
quette 1is another important factor accounting for the
chemical reactiv@ty of briguettes.

The studies on gasification of carbonated iime ccal
briquettes and cacalysis in the shift converstion shcw-
ed that for C-Hg0 reaction the rate of carbonated
lime coal briquettes 1s 2 times faster than that of
the lump coal of t'ie sane type; and for C-COg reaction
1.3 times faster. Probably the main reasons for the
high chemical reactivity may be the catalytic activity
of Ca0-CaC0Oz, which, however, beccmes standing out

only for the system of intimate contact be tween
Ca0 - CaCOz and C.




As far as the catalytic activity of lime in car-
bonated briquettes for the shift conversion of water
gas 1s concerned, the max. CO shift rate close to
the theoretical value 1s reached at the temperature

of 600 C, if Ho(/CO = 4.

4. The decrease In fixed carbon content

The introduction of liwe into briquettes inevitably
leads to a decrease in the fixed carbon content. In
case of the fixed carbon content lower than 45%, how=-
ever, a remarkable reduction in gasification efficien-
cy will occur. If ash content in anthracite exceeds
254 screening and washing should be exerted in order
to reduce the ash content and to 1mvart the carbonated
126 coal triquettcs with good wechanlcal strength,

high ash fusion point and high carbon content.

III. The preparation of carbonated 1liwe coal briquettes
The preparation of carbonated lime coal briquettes

coaprises two steps: One 1s cowpounding and foruation;

the other 1s carbonation and hardening. The process

can be outlined by the following scheae:
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The compounding of raw .aaterials, 1.e. tne amount
of introduced .slaked liae should sa.tisfy the wechani-
cal strength and ash fusion point requireuents of
briquettes and weanwhile uaintain an adequate fixed
carobon content. The accurate compvunding and uniform
blending,of coal fines and slaked lluae are prerequisi-
tes: to wake the quality of briquettes consistent.

The water content needed for coal briquettes for-
aation 18 usually controlled within the range of 9 -11%
and the cage type pulverizer 18 used for crushing and
blending. The raw .aaterials of-adequate fineness are
fed intc a dual roll briguetting press which gives
brique ttes weighing about 30—~45 grans each. The im-
provement of the ccupactness of the lime coua. briquetts

is accompanied by the enhancement of their theraal
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‘wechanical strength. The coupactness of briquettes
can be indicated by the coampression deyree (or com-
pression rat;o):

' apparent density of green
Compression ratio = P Pique ttes y gr

bulk density of coal fincs

Usually the compression ratio is kept above 1.4.

The mechanical strength of green briquettes is
relatively low and it must be further improved by
ca»bona ion.

The carbonatlion proceeds.aecording to the equaticn

CaCo 4+ (n+1)320 +HQ

Approsches through which the COp diffuses insiée
the briquettes were studied by aeans of radio -

active cl? tracer. The surface of the sSample was

carbonated first with radio - active 61402 and then

1202 for further carbonation. The results

with C
showed that 01402, deposited on the briguette sur-
face did not move into its inner part. This weant
that the gaseous COp diffusedinto the inner part of
the briquette continuously during the whole carbo-
nation process.

In carbonation the diffusion of COp into briquetts

cors is a rate~deteramining steyp.

The carbonation of green briquettes mist be carris:
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out in the presence of water. Inadequate water will
adversly affect the carbonation, while excessive
water will encuaber che diffusion of COo into the
inner part of hriguettes. Normally the porosity of
briquettes is about 25¢, and the water content of
green briguette is about and 10% which occupy more
60% of the porous space of the briquette. The water
forwed during carbonation will take up the additional
portion of porcus space. Therefore the excessive
water should be coninously removed to ensure that
the carbonation runs smoothly.

Fig. 4 shows that elther excess or inadequacy of

watar will impair the mechanical strength of “riguettes:
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Fig.(4). The reiationship between the water
cornitent and the abrasion strength of briquette.




It can te seen from Pig. (5) that whenever the

water content was avove 8%, the diffusion of CO, into
the inner part of the briquettes was hindered and less

CaCO3z was formad due to the blockage of passages by
the excessive water. If the water content was re-
duced to 4%, the diffusion of COo was facilitated
with optimum carbonation results obtained.

Therefore the removal of excessive water by pre-
drying prior tc carbonation will improve the effi-
ciency of the carbonation.

The rapid drying may result in a gradient distri-
bution of water along passéges through which the 002
diffuses into the inner part of briquettes, thus re-
ducing the resistance against the diffusion of CO, and

iaproving the carboration effieciency.
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Pig.(5) The relationship between the degree of car-
bonation and the water content coke fines
70%, lime 30%, norwmal pressure, ag™ient
temperature

P, water ~ 14% , K, water ~ 8% , H, water = 4%X;

I, the water aistribution gradient along the
diffusion of CO,: 0.4,6,10 (X);

J, the water distribution gradient along the diffu-
sion of CO, : 4,8,10,14 (%)
( The sample depth indicates the distance between
the surface and the place where the ssmple is
taken. )




The carbonation of briquettes ia affected by the

concentration of the COg,the temperature,the huaidity
and the flow rate of the carbonating gases.High CO,

content 18 beneficial to the carbonating reaction.BEven
in case a gas with low COp content such &s industrial

waste gas is used as a carbonating gas, good carbona-
tion results can also be attained by increasing its
flow rate. An excessively high teamperature or a

too low humidity of the carbonating gas will cause

- ortmn—

the water content in the briquotte to evaporate off

—

vigorously, thus hindering the diffusion of COg into
the innsr part of the briguette. The loss of water
roguirsd for the carbonation precess will result in
extremely poor carbonation efficiency. In thias case
merely more dried coal briquettes with low mechanical
strength are used. Both tests and actual practice
have shown that the carbonation temperature of about
80°C is preferred.

Based on the mass and heat-bslance, for one ton
of carbonated briquettes 30 -- 40 stand:rd #° of Oy
are needed and 90 -~ 100 Kg of water are to be eva-
porated. To remove such a quanitity of water iIn
addition to the heat of carbonation 40,000 ACal from
other source should be supplemented, The increase in
the flow of carbonating gas will bring in more heat




and carry out more water, thus shortering tne carbo-

nation time,

At present, cylirdrical retort type carbonators
are used most widely in our country. They feature
simple structure and less investment. Due to the re-
latively big depth of bed, the carbonation degree of
briquettes varles greatly along tLe axial direction.
Both carbonation and drying proceed layer by layer,
so the c¢lue needed for the cowpletion of carbtonation
is quite long.

The preparation of carbonated lime coal briquettes
can bs further iwmproved by modifying either the tech-
nology or equipment for carbonation and drying, hy
shortening the cartonation period, by optiamal com-
pounding and by using granulation instead of briquett-

ing.

IV. The gasification of carbonated briquettes

Like superior lump coal,; high quelity carbonated
briquattes can adopt the same gsiification techno-
logy, 1.6. high gasifying temperature, high air space
velocity and short operating cycle to achieve a re-
latively high gasification intensity and gas generation
volums .

Since the slight c.inkering of ash results in a
better gasification efficiency, it is desired to raise




the temperature in gasifying zone just as for the
superior lump cosl as close as to their ash soften-
ing temperature. In case of excessive clinkering,
the aggloaneratas can be broken down by increasing
the voluwme of upward blast steam for a short period
of tine to facilitats the discharge of clinkers.

The carbonated coal briguette3a have relatively
high mechnical strength at high temperature, as it
was mentioned before, about 1 a/sec. air flow rats
can be employed in order to accelerate the heat
recuperation. In noraal gasification process, the
entrained matter does not exceed 5%.

It is important to discharge the coal ash in time
and to keep the gasification operation under thin-
ash-layer conditions because of the relatively
high ash content of the carbonated lilume cocal bri-
Que ttes, the thin ash layer has the advantage of
not only lessening the resistance against the air
flow coming into the gasifier and hence improving
the gasifying conditions, dbut also reducing the
caking of slags. 7The ash layer should be con-
trolled within 10—15 ca. The excessive thinness
of the ash layer may cause damags to the grate, so
i1t should be avoided anyway.




Considering the relatively high ash content in
the carbcnated briguettes, the gquantity of the up-
ward blast steam should be slightly higher or egqual
to that of the downward blast steaa during gasifi-
cation. In no circumstances is it aliowed to in-
crease the acwnward blast steaa volume as fcr the
gasification of coke. Otnerwise it would cause
either the change in the gasifying layer or the
occurance of slag caking and other abnorial pheno-
mena.

Because of their evenness of sizes the carbonated
lime briquettes exhibit low resistanca to air flow.
When a higher alr blowing raie is used, the thick-
ness of the gasifying layer can be greater than that
for tho lump coal, i.e. as thick as 80 cm. The
increase in the thickness of the gasifying layer
raises the average temperature of the gasifier in-
creases tne heat recuperation of the coal layer and
| lowers thé temperature extreme so that the caking
due to local overheat 1s eliainated.

The carbonated briquettes usually contain more
than 306 of ash. Thersfore the ash slag discharge
load of the rotary grats for carbonated briquettes
is auch higher than that for lump coal or coke.

S0 the grate design needs to be uodified in favour




of the crushing and discharging. Purther aore the

Ca0 contained in the ash is liable to cake in the
presence of water and heat, thus haaipering the ro-
tation of the grate. Appropriate wmeasures should be
taken to prevent the tlockage of the chute caused by
the ash slag adhereing to the gear.

The semi-water gas (CO+Hz) generated from car-
tonated btriquettes can be used as a syngas for the
production of ammonia. " Coampared with the gases
produced from the lump coal or coke, however, it is
5% lower in active couponent content, but 7— 9%
higher in COp content. Therefor, the reasons for
the increment of COp are as follows:

1. The gasifying temperature of carbonated bri-
quettes is slightly lower than that of luuap coal,
which gives rise to more C0p formed.

C + 2Ho0 ——> 2Hp + COp (1)
2. The CO formed will react with steam
CO + Hpy -——- Ho + COg - (2)
The extent of reaction (1) is related to the cheai-
cal reactivity of carbon, while the shifi reaction
of the water gas (2) to the catalysis.

A8 1t is amentioned in the foregoing section, the
cartonated briquettes exhibit not only higher chemi-
cal reactivity than that of the original coal, but




also catalytically affect the shiit reaction of water
gas. This is why the seai-water gas contains more
002.

Thanks to the higher content of Ca0, ash slag
from the gasificatiocn of carbonated briquettes can
%e utilized as a raw material for aaking b-icks or

sllicate cement.

Table 1. The operation specifications for briquetts

formation and carbonation.




Tob’e 1, The operation specifications for briocuette '
farmotion nod  corbonotion
liwe kilo
item unit gnses pro-
cnss
input of elpk~d lime 25-30
voter content in fine 1 811
materials
wveight of briquette ¢/picee 30-45
carbonating gns pressure Kg/unz (e.p.) 0.1-0.2
3
CO, concentrotion in the < 25-30
carbonating gns
flow rote of corbonoting 3 /hour. Mbriguette | 120-150
gas :
corbcpating time - haur } 17-20
i
gos
effluent gns during
temper{ corbonation % 45-50
ature
effluent gns at the o
erd of carbanotion c 80-%0
carbonntion percentage] € 1 -]
1§
ml;v campression strength Kg/ sirgle \riquetﬂ > 60
trigue
¥ | ash Meton point ° 1250
(72)




Toble 2. The coniralling datn for narmal operntion of
a @ 260 opsifier

item unit data
sectional oroa of the ! | 4
gosifier chember P2
inlet nir velums M/ har 30,000-14,000
oir dlast rete M/scc 0.7-1.0
air blest pressure m.m. § 0 18,00-2200
cten upverd blast ton,/hour ~ 2.6
flow donmverd blast ton/haur ~ 2,8
top o ~ 5
temperature F OC 450
of gnsifier bottom c -~ 160 i
greification recysle time | sec ~ 150-18
briquette feeding cycle min. 30-35
briguette feeding quantity | Kg 800-900
each time
thickness of carbon layrr | 1.7-2.0
(including ash slag) e
thickness of orh layer mm 100-150L
ash discharge cycle times/ehift 34
casposition | €02 ¢ 1215
of
semi-wnter co M -2
&ne B, % 3842
N, % 18-20
0, $ 0.3-0.5
. CH, y 4 ~ 1.0
gne genmeration volume W3 /hour.unit sef{ 2500-3000
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