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Abstract

Coal gasification is a complex process of paralteisecutive chemical reactions at high temperateteiden the organic part of coal
matter and the gasifying agent. The following twipmaches are applied in modelling the coal gadifia process: equilibrium and
kinetic. The methods of determining the thermodyicamquilibrium can be divided into two groups: stibmetric and non-

stoichiometric methods. This article presents theil#orium model of the steam gasification of caddveloped for a laboratory
experiment (Smatiski 2008, 2011). The scope of this paper includesdevelopment of the concept concerning the dinigif the

reaction system into two zones, where the resutinef of the stages constitutes the input datahfistibsequent stage. The composition
of the gas mixture has been evaluated on the baslie fundamental physical and chemical rightse €ktimated content of the gases in

the mixture correlate with the results of the ekpent.
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1. INTRODUCTION

Coal gasification is a sequence of thermo-chentieails-
formations taking place at high temperature betwésn
organic part of coal matter and the gasifying agsuath as:
oxygen, steam, air, carbon dioxide. The aim ofgtexess is
to produce gas fuel — synthesis gas, which find&evindus-
trial application, mainly in chemical synthesis.€eTtype of
gasifying agent and the process parameters, sutshrgsera-
ture and pressure, mostly affect the energeticeptmgs of the
obtained gas (Smaiski 2010; Rauk 1981).

The gasification process is a complex system o&lfss
consecutive chemical reactions (Golec, lImusisa 2008).
With regard to chemical calculations, the followitvgo ap-
proaches can be distinguished in relation to theblem of
modelling the coal gasification process: thermodyica
(equilibrium models) and kinetic (kinetic models).

The authors of this article attempt to analysehe coal
gasification process with steam, based on thermauijm
considerations. The equilibrium models are basedthmn
assumption that the speed of particular chemicdl @ysi-
cal-chemical reactions is infinitely high, so tlhe system
remains in thermodynamic equilibrium. The term ‘rathidg
the gasifying process’ includes the designatiothefequili-
brium composition of gas formed as a result ofabivity of
the gasifying agent on the coal sample. The equilib com-
position of the reaction mixture is the one, whigbuld be
established, if the reagents remain in direct azinfar an
infinitely long period of time. Thus, the conceniba of

reagents reach limit values at the equilibriumest@olec,
lImurzynska 2008).

2. SELECTED REACTIONSOF THE GASIFYING
PROCESS

The chemical reactions which are typical for thalgmasi-
fication process, assuming that the reaction prisddo not
contain higher organic compounds or higher hydioaas

(Golec, limurzyiska 2008; Biatlecka 2008; Tomeczek 1991),

are as follows:
» heterogeneous reactions:

C+0yg » COy

1)
2C+ Qg ~ 2CQy @)
C+H,Qq ~ CQq *Hhy (3)
C+2H,Qq ~ CQ +2H @)
C+2Hg ~ Chyg (5)
C+CGyy -~ 2CQ (6)
* homogenous reactions:
2C0g * Oy ~ 29 )
CO0 M09 = €Oy Ty ®)
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ZCO(g) + 2H2(g) - CH4(g) +C02(g) (9) I’lpm(H)peII +Non(H) on=(H) (22)
n_.(0) ,+n,.(0 =(0 23
CO(g) + 3H2(g) - CH4(g) H2 O(g) (10) pal( )pal kon( ) kon ( ) ( )
CO. +4H - CH._ +2H O (11) Moat (N par * Nion(N) 1on = (N) (24)
2(9) 2(9) 4(9) 2 where:
CH, 9" 20,4 ~ COyy +2H, O(g (12) C, H, O, N, W — the mass fraction of elements in the coal

Despite the presence of other components, bediges|t
emental carbon, in the organic substance of coak as-
sumed that the basic coal gasification reactioms k@ con-
sidered in relation to this element as the sulestrBlis pro-
cedure is justified by a significant fraction oferlental
carbon as well as by the need for certain simplifams when
dealing with such complex systems (Wasilewski 1980)

3. BALANCING COAL GASIFICATION PROCESSES

The equations of balancing elements in the proeess
presented below (Kozaczka 1994). The number ofqudat
elements in the fuel (per 1 kmole of fuel) is cédted from
the following relation:

© / kmole C
pal = o +H C/ l\/ / / kmole of fuel
/ 12 /2 32"/ 28"/ 33/ 18

(13)

H +VV kmole H

(H)pal
C H/ .O N kmole of fuel
/2 /2 /32+/28/32 /1

(14)

5 (y6+VV8 kmole O
(O)par = C/z % %2+ %8 /32 /1 kmole of(fuel)
15

\ / kmole N
(N)pa = C/z % %2+ %8 /32 /1 kmole of(fuel)
16

The number of particular elements in the gasifyaggnt
(per 1 kmole of conversion agent) is calculatedmfrthe
following relation:

kmole C

(Ckon = Xco* Xco,» : (17)
kmole of onversion agen
kmole H
(H)kon = 2XH o’ . (18)
2~ kmole of cawersion agent
kmoleO

Oon = XHZO + 2x02 +Xco . (29)

kmole of conersion agen

kmole N

(N)yon = 2xNz , (20)

kmole of cawversion agent

Assuming that in the process, kmoles of fuel react with
Nn kKmoles of conversion agent, the balance of pdaicu
elements in the resultant gas will look as follows:

r"pal(c) pal (C) kon — (C) (21)

kon

sample, respectively: carbon, hydrogen, oxygenogén and
moisture

(Cpar (H)par (O)par, (N)pa— the number of particular ele-
ments in the fuel (kmole of element/kmole of fuel)

(Ckons (H)kons (O)kon (N)kon — the number of particular ele-
ments in the conversion agent (kmole of elementl&nad
conversion agent)

(C), (H), (O), (N) —the number of particular elements in

the synthesis gas, kmole of elemen, o ;0 Xcq, ko

X co,konX o ,kon X n ,k — the molar fraction of particular

gases in the conversion agent, respectively: stearhon
dioxide, carbon monoxide, oxygen, nitrogen

Npal, Nkon — the amount of fuel and gasifying agent which
have reacted with each other, kmole

4. BASISOF THE CALCULATION METHOD

The methods for determining thermodynamic equilityri
can be divided into two groups: stoichiometric amain-
stoichiometric methods.

In the non-stoichiometric methods, the input datdudes:
the initial composition of the reaction mixtureset of chem-
ical compounds present in the products, expressiteter-
mining the thermodynamic potential of each compouhd
parameters of the equilibrium state (temperaturessure).
Determination of the equilibrium composition of thexture
in this method consists of finding the number oflesoof
each of the reagents, which corresponds to the nmoimi
thermodynamic potential. In this method, theredsneed to
specify the chemical reactions or equilibrium cans$ (Go-
lec, lImurzyhska 2008).

In the stoichiometric methods, the following areswased
as the input data: the initial composition of tleaation mix-
ture, the set of chemical compounds present inptioguct,
the set of chemical reactions, expressions spegfithe
equilibrium constant of particular reactions, pagtens of the
equilibrium state (temperature, pressure). Thecktometric
calculation methods differ in the amount of cherhicam-
pounds which are taken into consideration and tthesset of
analysed chemical reactions as well as the marfr&slaing
the non-linear system of equations (Kozaczka 1994).

This article refers to the stoichiometric methodl &m par-
ticular, the calculation assumptions proposed byn@and
Trustel constitute its basi$&sumz extended the calculation
scheme proposed by Traustel, by any fuel compasiiod
the pressure higher than the atmospheric pres&lazatzka
1994). Therefore, it was assumed that the resuljast is
composed exclusively of the following moleculesrbom
dioxide, carbon monoxide, nitrogen, methane, hydmpg
steam. These gases are produced as a result dégasifica-
tion of coal and as a result of chemical reactidascribed
below with the following equations:

C+COyy —~ 2CQ, (25)
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C+H,0q ~ CQq *hy @) N 55
=2py,
C+2H » CHy @n " (39)
where:

Therefore, the system consists only of the follawinn— number of kmoles of the resultant gas, kmole

atoms: carbon, hydrogen, oxygen, nitrogen. Basedah

p — pressure of the process, atm

ton’s law, the balancing elemend$ gasification process and Assuming that the process is carried out at theosmeric

equilibrium constants of the reactions, the follogviequa-

pressure and one kmole of the resultant gas isupezt the

tions have been written for the system being in thequations (36)—(39) are simplified to the followifogm:

equilibrium state:

pc02+pco+pH2+pCH4+pN2+pH20_1:O (28)
(C) - (npal(C)pa| + nkOn(C) kon) = 0 (29)
(H) _(npa|(H)pa| +nkon(H)k0n) = O (30)
(O) - (npal (o) pal +n pal(o) kor‘) = O (31)
(N)_(npal(N)pa| +nkon(N)k0n) :0 (32)
2
K, = 1o (33)
pco2
PcoP
Ky=—o 2 (34)
szo
S @)
DH2
where:

(Cpar (H)par (O)pan (N)pa— the number of particular ele-

ments in the fuel (kmole of element /kmole of fuel)

(Ckory (Hkon (O)kons (N)kon— the number of particular ele-

ments in the conversion agent (kmole of elementlenud
conversion agent)

(C) = pc02 + pco+ pc|-|4 (40)
(H) = 2P0 *+ 2Py, * 4Py, (41)
(O) = ch02 + pco+ pHZO (42)
(N) =2p, (43)

The following set of equations with eight unknowsghe
result of combination of the equations (28)—(35) &40)—
(43):

Pco, * Pco* Pu, * Pew, ¥ P, * Ph,071=0
npal(H)pa| + nkon(H)kO” = Zpkb0+ 2pH2 + 4p(}h
N (Cpa # N (Cion = Pog, + Poot P oy

N (O)pat + N0 (O)kon = 2Pcq, * Peot Py c
npa|(N)pa| +n  (N)on = 2p,\b

Pczzo (44)

Pco
>

K, =

PcoPh,

2 p
HZO

(©), (H), (0), (N) —the number of particular elements in

the resultant gas formed after the gasificatiomgfkmoles

of fuel with n, kmoles of conversion agent (kmole of ele-

ment)

Peo, s Pcor Ph, » Per, 1 P, 1 Prjo — partial pressure of,

respectively, carbon dioxide, carbon monoxide, bgen,
methane, nitrogen, steam, in atm

CHy

2
PH,

Ky =

The input data consists of the coal sample comipasfin
terms of the mass fractions of carbon, hydrogernyger,
elemental nitrogen and moisture), composition efdbnver-
sion agent as well as the temperature and presgutiee

Npai Nkon— the amount of fuel and conversion agent reacprocess.

ing with each other, kmole

The partial pressure of particular gases, the nunafe

K1, Kz, K3 —equilibrium constants of the chemical reacmoles of the fuel and the gasifying agent constittiie

tions

What is more, there is also a relationship betwbermpar-
tial pressure of particular gases and the balahadements
in the resultant gas. If it is assumed that thalltast gas
consists only of such substances as: carbon dipg&idon
monoxide, nitrogen, methane, hydrogen, steam, bwea
mentioned relations can be written as follows:

(©)

—— P=Pco, * Pco* Pey, (36)
n

(H)

——P=2py0*+ 2Py, * 4Pcu, @37
n

©)

~——P=2pPco, *Pco* P o (38)
n 2 2

solution of the set of equations. Due to the faat the calcu-
lations are made for the atmospheric pressure atid the
assumption that 1 kmole of the resultant gas islyced,
the partial pressure of gases is equal to the nfodation
(volume fraction) and the number of moles of pailtic gases
in the mixture.
R=X=N (45)
where:

p; — partial pressureth component of the mixture, atm

X — molar fraction of-th composition in the mixture

n,— number of kmoles of particular gases, kmole
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5. EXPERIMENT OF STEAM GASIFICATION
OF COAL

The results of experiments concerning coal steasifiga-
tion carried out in laboratory conditions were reed in

6. EQUILIBRIUM MODEL OF COAL
GASIFICATION PROCESS

In the first stage, the concept model of the dbscriex-
periments was shown in Figure 1. Steam (gasifyiggng

earlier works (Smotiski 2008, 2011). The experiments wereand energy in the form of heat (it was assumed tti@asys-

conducted in a laboratory installation consistirigadfixed-
bed reactor, resistance furnace, water pump wianstgen-
erator, water trap, mass-flow meter and gas chrognaph.
The coal sample (3.1 g) was placed at the bottothefeac-
tor and heated to a temperature of 973 K undemnart gas
(nitrogen) atmosphere. During the operations of rdeector,
the pressure and temperature inside the reactoe wen-
trolled. After the temperature had stabilized, steaas in-
jected to the reactor at a flow rate of 58 cnt/s. The
synthesis gas was transported to the water-coaedrdp.

tem temperature is constant and equals to 973&3w@plied
to the system. The coal sample with the paramsfaesified
in Table 1 is placed to the system. It was assuthatithe
flow of the agent is so slow that a pseudo-equititrstate is
determined. It was considered that heterogenecartioas
take place in the system, as a result of whiclgsangixture is
produced: carbon dioxide, carbon monoxide, methaye,
drogen, steam, nitrogen.

The content of particular elements in the fuel gadify-
ing agent was calculated according to the equat{@3%—

Flow-metre and gas microchromatograph automaticallfl6), (18) and (19). The results of these calcoitetiare pre-

measured the composition of gas mixture every £8aruls.

sented in Table 3. The gasifying agent is compasdely of

The physiochemical parameters of coal and the ceimpohydrogen and oxygen atoms. The following elemengsew

tion of the received gas are presented respectinélables 1
and 2. The average composition of the synthesisvges
calculated as the arithmetic mean of results frartiqular
time periods (rejecting the initial and final resiu

taken into consideration in the composition of caalrbon,
hydrogen, oxygen, nitrogen.

The equilibrium constants at a temperaturel' of 973 K
were calculated according to the approximate eqoatpro-
posed by Gumz and based on data of the Bureawanfi&tds
(Kozaczka 1994):

logK, = 3,2673- 8820,6d - 1,20871# 10T + 0,1537B4°ID*+2,295483 log (46)
logK, = 0,8255488110 T*+ 14,51576 ldg- 4825,986' - 5,622(10° T - 33,4577 47)
logK, = 4662,8T " - 2,0959@ 16T+ 0,386B 10T *+ 3,03433§To-13,06361 49)
Table 1. Physicochemical parameters of coal (Smoliriski 2008)
Weight fraction
2 - Heat of A . . Flow
g S | moisture dust sulphur | carbon | hydrogen | nitrogen | oxygen’ ‘;:::::2? combus- Sl:it:trTg Sc;fitstn er:g ﬂf;:'"?c tempera-
»n (W) (A) (S) (C) (H) (N) (0) v) tion, kd/kg P P point, ture, °C
1 0.1105 0.1040 0.0185 0.6047 0.0346 0.0054 0.1277 0.3182 24515 1010 1390 1500 1500
2 0.0916 0.0835 0.0088 0.6420 0.0393 0.0076 0.1348 0.2977 26218 970 1290 1340 1370
3 0.0744 0.0720 0.0192 0.6736 0.0414 0.0092 0.1194 0.3237 27815 940 1280 1360 1430
4 0.0164 0.1017 0.0131 0.7505 0.0428 0.0109 0.0755 0.3024 30 654 1030 1360 1500 1500
5 0.0446 0.1143 0.0160 0.6328 0.0428 0.0093 0.1495 0.3435 25943 950 1350 1480 1500
6 0.0602 0.0569 0.0050 0.7064 0.0408 0.0098 0.1307 0.3112 28 805 990 1270 1350 1370
7 0.0493 0.0565 0.0065 0.7272 0.0432 0.0104 0.1173 0.3584 29529 1000 1370 1410 1430
8 0.0915 0.0893 0.0071 0.6372 0.0382 0.0067 0.1367 0.3049 25 855 950 1220 1260 1300
9 0.0650 0.2873 0.0082 0.4962 0.0346 0.0089 0.1087 0.2529 20043 980 1360 1500 1500
10 0.1106 0.0696 0.0203 0.6262 0.0330 0.0088 0.1349 0.2044 25336 990 1270 1350 1420
11 0.0136 0.0715 0.0030 0.7975 0.0442 0.0135 0.0702 0.2880 32743 970 1310 1340 1370
" The oxygen content was calculated from the forrual - W+ A+ C+H +9).
Table 2. Molar fraction (average, maximum, minimum) of particular gases in the mixture, result of the experiment (Smoliriski 2008)
2 Molar fraction of gases in mixture
g e Xco2 Xco XcHa XH2
”n average min. max. average min. max. average min. max. average min. max.
1 0.2649 0.2584 0.2141 0.0971 0.0781 0.1207 0.0093 0.0055 0.0130 0.6288 0.6077 0.6488
2 0.3304 0.3170 0.3535 0.0343 0.0093 0.0474 0.0000 0.0000 0.0000 0.6353 0.6229 0.6441
3 0.2180 0.1978 0.2300 0.1471 0.0867 0.2159 0.0025 0.0000 0.0078 0.6324 0.5863 0.6856
4 0.2387 0.2300 0.2482 0.1413 0.1268 0.1545 0.0276 0.0235 0.0310 0.5924 0.5722 0.6187
5 0.3389 0.3106 0.3667 0.0359 0.0209 0.0719 0.0000 0.0000 0.0000 0.6253 0.6124 0.6447
6 0.2437 0.2215 0.2558 0.1473 0.1303 0.1927 0.0109 0.0100 0.0130 0.5981 0.5729 0.6115
7 0.2548 0.2363 0.2845 0.1234 0.1026 0.1428 0.0207 0.0000 0.0255 0.6012 0.5831 0.6319
8 0.2780 0.2627 0.2880 0.0911 0.0816 0.1210 0.0082 0.0069 0.0117 0.6226 0.6045 0.6346
9 0.1791 0.1676 0.2085 0.2060 0.1756 0.2305 0.0000 0.0000 0.0000 0.6149 0.6019 0.6334
10 0.2586 0.2479 0.2632 0.1135 0.1084 0.1191 0.0160 0.0127 0.0787 0.6119 0.6035 0.6290
11 0.2040 0.1847 0.2218 0.2267 0.1847 0.2521 0.0139 0.0113 0.0161 0.5554 0.5100 0.6152
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Heter ogenousreactions:
C+CQO, S 2CO,

C+H,O 5 CO+H,,
C+2H, 5 CH,

Vo

Coal sample

(%C, %H, %0, %S, %N)
H20(
lh!at . TE700°C, p=latm

mixtur e of gases:
O, Hz, CHa, N2, H20

Fig. 1. Model of steam gasification of coal - | stage

Table 3. The content of elements in the fuel and gasifying agent

. Content of elements

o T T

S in gasifying agent,

= in fuel, kmole/kmole of fuel kmole/kmole

§ of gasifying agent
(C)pal (H)pal (O)pal (N)pal (H)kon (O)kon

1 0.6412 0.5965 0.1797 0.0049 2 1

2 0.6446 0.5961 0.1628 0.0065 2

3 0.6555 0.5800 0.1354 0.0077 2 1

4 0.7106 0.5070 0.0640 0.0088 2 1

5 0.6422 0.5816 0.1440 0.0081 2 1

6 0.6751 0.5446 0.1320 0.0080 2 1

7 0.6795 0.5458 0.1129 0.0083 2 1

8 0.6474 0.5897 0.1662 0.0058 2 1

9 0.6243 0.6315 0.1571 0.4012 2 1

10 | 0.6499 0.5715 0.1853 0.0078 2 1

11| 0.7218 0.4965 0.0559 0.0102 2 1

The set of equations (44) was solved numericallylath-
ematica software, using the FindRoot procedure\(@knw-
ski et al. 2008). The final results of the calciolas are pre-
sented in Table 4.

Table 4. Calculated molar fraction of particular gases in the mixture, the result
of modelling — | stage

Sample Molar fraction of gases in mixture

no. Xco2 Xco XcHa XH2 XH20 XN2
1 0.0831 0.2985 0.0127 0.5121 0.0920 0.0015
2 0.0807 0.2941 0.0048 0.5255 0.0930 0.0019
3 0.0793 0.2917 0.0053 0.5286 0.0928 0.0022
4 0.0799 0.2928 0.0235 0.5113 0.0901 0.0025
5 0.0798 0.2926 0.0062 0.5264 0.0927 0.0024
6 0.0817 0.2960 0.0123 0.5158 0.0919 0.0023
7 0.0829 0.2947 0.0182 0.5128 0.0909 0.0024
8 0.0813 0.2954 0.0054 0.5232 0.0923 0.0017
9 0.0782 0.2896 0.0036 0.5329 0.0929 0.0029
10 0.0834 0.3000 0.0071 0.5139 0.0928 0.0024
11 0.0787 0.2905 0.0131 0.5236 0.0915 0.0027

The calculations made give acceptable results (dmal)
with respect to the content of hydrogen and metharthe
synthesis gas (Tab. 2 and 4). The calculated cboferarbon
monoxide and carbon dioxide in the synthesis g#srdiby
one order of magnitude from the experimental resulhe

K, =-4 448,641C" + 11 635,118°

-11 304, 508 +

calculated CO content is too high and the,@€6Gntent — too
low in comparison to the results of the experiménpossi-
ble reason for the discrepancies is presented below

The calculation algorithm should be complemented
a reaction which changes (decreases) the condentdtCO
in the resultant gas. An exothermic water gas shiiction
complies with it. The equilibrium of the reactionaatemper-
ature of 973 K is shifted towards the formationHf and
CO, — the equilibrium constant is 1.55.

What is more, the reaction of methane formationsduost
actually reach the state described by the equg86h For
a closer characterization of this reaction to tbeia condi-
tions, an empirical factor correcting the numericalue of
the equilibrium constant s applied. The value of this fac-
tor depends on the type of coal (Kozaczka 1994)sThased
on the literature prerequisites, a multiplier of gquilibrium
constant of methane synthesis reaction was usetbréing
to Kozaczka (1994), this multiplier may be set hsdw
0.115-0.570, depending on the type of coal. Intthésis, the
value of the factor was chosen in such a way a@taltane-
ously meet the requirements described by the fatigvior-
mulas:

by

(XCH4 - XCH4)2 =min (49)
0,1sk;<1 (50)
where:

Xcw,» Xcn, —Mmolar fraction of methane in the resultant

gas, respectively the experimental data and restittalcula-
tions

k3 — multiplier of the equilibrium constant of metleasyn-
thesis reaction

Table 5 contains the calculated values of corradaators
for each of the samples separately. Based on theeatalcu-
lations, a hypothesis concerning the existencé@fé¢lation-
ship between the content of elemental carbon instivaple
and the value of the correction factarwas formulated. The
equation approximating the value of the faatgrtakes the
following form:

4 BBBC -766,940  (51)

whereC — the mass fraction of elemental carbon in the-sam

ple,CT(0.49-0.80)
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Table 5. Factors correcting the numerical value of the equilibrium constant The above assumptions allow the concept of two-zene

of methane synthesis reaction [determined on the basis of experimental data actor (Fig 2) to be adapted For the first zon¢hefreactor

(Smoliriski 2008) . ) . !
the model of the phenomenon is analogous to thezone

samp:e fe. 0'(2’3"8 reactor, however the set of equations (44) was fieodin the

2 0.100 computation scheme — the corrected valgl&; was inserted
3 0.100 in the place oK. The gas mixture from the first zone as well
4 0.730 as the part of steam which was introduced to tistesy but
0 0.100 which did not react in the first zone (hereinaftexcess
s ggﬂ amount of stgam), were entered ir_1to thg second. Zogen-
8 0207 version reaction of carbon monoxide with steam saidace
9 0.100 and a new equilibrium state is determined.
10 0.430
11 0.346

Heter ogeneousreactions: Homogenous reaction:

C+H,0 5 CO+H,

C+CQy5 2CO, CO+H,0 5 COs+Hy,

C+2k|2“1CH4 1
/ Miixture of gases|1:

CP0:z, CO@,Hzg,

Coal Sa.mple ixfure of ga%sl C‘i(g)szo(g), Nz(g)
H20 (%C, %H, %0, %S, % -

T=700°C, p=1atm

H20

Fig. 2. Model of steam gasification of coal - Il stage

_The reactivity of coal in the gasification procedsier-  amount of water vapoun,, , ., Was calculated on the basis
mines the rate of coal reaction with the gasifyaiggnt and it =

determines that various amounts of gases are peddirc ) ) )
a particular time interval from various samples.eTéoal (X, —x’COZ) +(Xco—Xco +(Xp, _X'Fb) =min  (53)
reactivity depends on many factors, among which rtiest .
. ) . where:

important are: content of elemental carbon, vaatiatter N ) ) ) )

and ash (Smaiiki, Howaniec 2007). Therefore, a hypothesis %— molar fraction of particular gases in the mixt(es-
that it is possible to approximate the excess amotisteam perimental data)

of the experimental data, according to the belosuamption:

with the equation including those parameters wawniditate ¥ —molar fraction of particular gases in the migtur
nH 0, nad— Z Z Z bijkciﬁjyk (mOde|)
= i=0 j=0k=0 (52) .
where: The results of the calculations are presented bieTé.
nH o nag— EXCESS amount of steam supplied to the seco le 6. Estimated optimal excess amount of steam in the Il zone of the reactor
2 Sample no. Nh20,na0, kKMole
zone of the system, kmole 1 1697
C A, V — mass fraction in the sample of respectively: car 2 6.443
bon, ash, volatile matter 3 0.659
bj — parameters of adjusting the polynomial, kmole g 2;;2
The above-specified polynomial is only an examgléhe 6 0.748
description concerning the relationship betweenctir@posi- ; ??gg
tion of coal and the amount of steam supplied ®&gtcond 9 05232
zone of the reactor. The development of a compistelel 10 1156
requires more experimental data. Moreover, an ateur 11 0.251

measurement of the amount of gasifying agent (Stesup-
plied to the system and remaining in the resultantture The following equation was written down and it dons

after it leaves the system is necessary for thenasd calcu- tutes the basis for the calculation of a new elguiilm state
lation scheme. At this stage of the thesis, thén@mtexcess
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(nc02 +y) [{nH2 +y) (54) Ny,0, nad™ €XCESS amount of water vapour (supplied to the

4= (Neo =~ Y) N, o +N -y) second zone of the reactor), kmole
2% H,0nad y —the amount of carbon dioxide produced in the eonv
where: sion reaction of carbon monoxide with steam, kmole

ncoz,nco,nHz,nHzo— the amount of, respectively: car- K, — equilibrium constant of the conversion reactafn
bon dioxide, carbon monoxide, hydrogen, steam énrtfix- carbon monoxide with steam
ture received in the first zone of the reactor, lkemo The equilibrium constant at temperatureTof 973 K was
calculated according to the approximating equagicposed
by Gumz (Kozaczka 1994).
logk , = 36,72508- 3994,704 T+ 4,462408710 -T 0,874110° T - 12,220277 16§ (55)

The parametey was determined from the equation (54)Iable 7. Comparison of the composition of synthesis gas calculated in accordance
The molar fraction of particular gases in the migtin the with the equilibrium method with experimental data (Smolinski 2008)

newly established equilibrium state was calculatsithg the sar:'gple Data Molar fraction of gases in mixture 00;;2';*:0"
H H . N Xco2 Xco XCH4 XH2
following equations: . [experment | 02649 | 00971 | 0.0093 | 06288 | .o
Neo, *Y model 0.2634 | 0.0780 | 0.0114 | 0.6472 '
Xco, = (56) o |©xperiment | 03304 | 0.0343 | 00000 | 0.6353 0.99
2 .
n model 0.2960 | 0.0241 | 0.0041 | 0.6758
Neg = Y 3 experiment | 0.2180 | 0.1471 | 0.0025 | 0.6324 100
Xeo = —2 (57) model 0.2089 | 0.1467 | 0.0051 | 0.6393 :
n 4 |experiment | 02387 | 0.1413 | 0.0276 | 05924 100
0 model 02152 | 0.1382 | 0.0223 | 0.6243 '
CH experiment | 0.3389 | 0.0359 | 0.0000 | 0.6253
XcH, = —2 (58) 5 [model 0.2899 | 0.0305 | 0.0053 | 06743 099
n 6 experiment | 0.2437 | 0.1473 | 0.0109 | 0.5981 100
N +y model 0.2200 | 0.1374 | 0.0116 | 0.6309 '
X, = 2 (59) 7 experiment | 0.2548 | 0.1234 | 0.0207 | 0.6012 100
H2 del 02312 | 0.1186 | 0.0170 | 0.6333 '
n mode
8 experiment | 0.2780 | 0.0911 | 0.0082 | 0.6226 100
M0+ MHy0,nad ™ Y model 02606 | 0.0775 | 0.0048 | 0.6571 '
1,0 = (60) g | experiment | 0791 | 02060 | 0.0000 | 06149 100
n model 01669 | 0.2040 | 0.0037 | 0.6255 '
ny 10 |experiment | 02586 | 0.1135 | 0.0160 | 06119 100
x. = N2 (61) model 0.2471 | 0.1049 | 0.0065 | 0.6415 '
N2 n 1" experiment | 0.2040 | 0.2267 | 0.0139 | 0.5554 0.98
model 01551 | 0.2219 | 0.0133 | 0.6096 '

N=Nco, *Nco*Ney, ¥ N, ¥ Ny o

+
b M ,0,nad n Ny

62) 7 sSUMMARY

The results of th(_a e.xperiment refer to .the contérguch It was shown in the thesis that the equilibrium eioi
gases as: carbon dioxide, carbon monoxide, mettgeo-  54equate for the estimation of the gas composiilamining
gen, thus the molar composition of the mixture walsulat-  fom the steam gasification of coal in the fixedtreactor.

ed into those components according to the followiorgnu- A concept concerning the division of a model reacsys-
las: tem into two zones was developed. It was assumeidthie
' Xco, gas mixture which was produced in the first zona toe part
Xco, T ) (63)  of steam which was supplied to the system but didreact
- XHgo B XNz) in the first zone, were entered to the second pdribe reac-
tor. Due to the lack of sufficient experimental alait this
Xco = %o (64) stage of work, the optimum amount of unreactednstems
- XHZO - XNz) estimated based on the experimental data. It wassdfahat
an accurate measurement of the gasifying agent @amou
— XcH, (steam) supplied to the system and remaining irresaltant
e, = (65) mixture after leaving th tem, i d
(=X 0~ Xy.) _ g the system, is necessaryrferas_sume
2 2 calculation scheme. The calculated content of gasdbe
, Xy, mixture remains in good correlation with the reswf the
X, = (66) experiment.

- L-%, 5 =Xy.)
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