@
A AL A AR
CONF7508592 NTls

One Source. One Search. One Solution

REACTIVITY OF COAL AND CHAR IN CO SUB 2
ATMOSPHERE

WEST VIRGINIA UNIV., MORGANTOWN DEPT. OF
CHEMICAL ENGINEERING

1975

\\
N
i

R
L\

W
I
W
LY

P
T
\

W
i

W
\\\\

W
A\

U.S. Department of Commerce
National Technical Information Service




One Source. One Search. One Solution.

NTIS

Providing Permanent, Easy Access
to U.S. Government Information

National Technical Information Service is the nation’s
largest repository and disseminator of government-
initiated scientific, technical, engineering, and related
business information. The NTIS collection includes

almost 3,000,000 information products in a variety of
formats: electronic download, online access, CD-
ROM, magnetic tape, diskette, multimedia, microfiche

and paper.

Search the NTIS Database from 1990 forward
NTIS has upgraded its bibliographic database system and has made all entries since
1990 searchable on www.ntis.gov. You now have access to information on more than
600,000 government research information products from this web site.

Link to Full Text Documents at Government Web Sites
Because many Government agencies have their most recent reports available on their
own web site, we have added links directly to these reports. When available, you will
see a link on the right side of the bibliographic screen.

Download Publications (1997 - Present)
NTIS can now provides the full text of reports as downloadable PDF files. This means
that when an agency stops maintaining a report on the web, NTIS will offer a
downloadable version. There is a nominal fee for each download for most publications.

For more information visit our website:

WWW. l‘ltlS.gOV
g,s"’ M’s U.S. DEPARTMENT OF COMMERCE

* Technology Administration
> National Technical Information Service

f Springfield, VA 22161




Reproduced from
best available copy

CONF7508592

AL

repnnt 170th Na t:onal nieetmg, American Chemical Society, an of Fael Cnermstry
‘Chicaso. Winois. v. 20, No. 3, Aug 2429, 1975, pp. 103-114. f 75 s S 5P - 2.
u‘ \JSI lALl

ReAcTaVITY of COAL AND GIAR IN CLI AASIER
S. Dutta, C. Y. Wen and R. J. Belt* E‘ '

e

Jemartment of Chewmical Engineering, West Virginia University, Morpantown, WV 26506
*CRDA, Morpantown Znergy Research Center, Coilins Ferry Road, Morgantown, WV 26506

¢t - Reactivities of a fow raw coals and chars of these coals obtained from
icTs oncratln" under different coaditions have been ﬂcusureu in CG2 at the
atures 153072000°F. The reactivities have been measured in G Lu»rm0~.uv;mcl ic
to complete conversions of the samples in wost cases. Properties like
a, por~ size distribution, porosity and density have been determined
. Actual pore structures of a fow samples have been observed at diffe
sion ;cvels by a scamming clectron microscope. Im order to compare the
ivities of different samples, the cnal “ﬂSlTlLaLIOH process hus occ" Gi V:uou into
: the Zirst stage du
reaction. Reactivities due o
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the first suaoe can be rou011" clated 10

ie matrer contents of the solids and the rate of hieating. "HrOJgn an Arrheniu
equation, an activation energy of about 2.5 Kcal/mole is obtained for the first
The reactivity of a char in the second stage jis found to depend more on i
sear. than on th ~351f1caulon scheme used in its production. Activation cnergy
¢ sccond stage reaction has been found to be about 59 Keal/mole. A rate equa-
as obeen pronosed for the sccond stage that ‘ﬂcorpo*ates the effcct of relative
a ¢ poru surface area changing during reaction. The rate conversion curves
ated from this equation fit well with the experimental data.
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In the present investigation reactivities ave measured in a flowing strean ot
wutTe COy at the atmospheric presgsure,  The rate of $-C0» reaction has hecn studied
ot VITLIOuS .WV"itl”aLOIS\*’ »7,9,10:12,13) liowever, considerable Jdiscrepancy sus
wcen reoporTed between mhe  values of activation cmergy of this reaction, Tdng.ag

Jrom 28 to 86 xcal/wmole .-

-

eyrolysis of goal or char takes place prior to or concurrent with other reactions
in a gasifier. The bchavior of pyroly51s is not yet properly established. It .s,
sowover, known tThat the rate of pyroiysis and the amount and composition oi voiatiic
srocucts from a given sarnlc ‘of coal or ch.r depends on several factors 3) such as
{ny Tate OF heating ition temperaturc attained, (€) vapor Tesideace
e aud [d) the environmcnt undcr w ich the nyrolvsis takes place. Im thu DICROLE

Gvesiogarion pyrolysis of coul and char ia a 80 atwosphere can be studicd s opariaicsy
T an resstion. This is dee to the fact tiat n"“qus1 normally staris au abuui
Xag-tO0YC Gna is aluost LOJ)IC;C at zboutr 1000°C(2) within scconds, whereas tue u-U0y
seactaon is hardly dezectable below $00-u00°C. Therefore, at & moderate rite ol

By -3 - .. . . PP TY . v h L -
o iy, chio iwo stapes, the nyrolys s oand oo char-00s v caccien, wiii BT avse e



compiete. he char-C0p reactivi alier the pyrolysis reaction is compicted takes
placc ou char surfuce and is essentially carvoi-C0y reuction. :

Gulbransen and Andrcw(a) showed that thc iaternal surface arcs of graphite
inereases markedly during reaction with both oxvgen and COp. Walker, Foresti anc
Wright made the detailed study on the possible correlation existing between reac-
tion ratcs and changes in surface area duriag rcaction. They concluded that the
reaction devciops ncw surface by enlarging to scme cxteat the microporcs of the soiid
but principally by opening up pore volume not previously available to reactant gas
because the microcapillaries were too small or becausc cxisting porcs were unconnccted.
During the reaction surface area increases up to a point when the rate of formation
of new area is paralleled by the rate of destruction of cld area. Surface area
decreascs oa further conversion. For graphite-CO2 reaction, Petersen, Walker and
"right'?/ found that the observed rates were not simple fuactions of the total availa-

le surface area, as determined by the low temperature gas adsorption technique, as
ight be expected if the reaction was chemical reaction coatrolled.

Turkdogan, et.al.(s) made a cetailed investigation on the pore characteristies
oi scveral forms of carboa. Their studies indicate that depending onm the type of
carbon, about i/4 to 1/2 of the voluse is isolated by micropores and hence is not
available Jor reaction at the beginning. The surface areas of carbon investigated
Dy them covered a large range from 0.1 zo 1100 mz/g. In all cases, most of the
internal area was attributed to the micropores, 10-50 A dia.

Exoerimental
A Fishier TGA apparatus {model 120P) was used in the present investigation. Two
coal sazples (onec from Pittsburgh seam anc the other from Illinois seam) and four
char samples cerived ITom these cacls under different gesification schemes were iavesti-

gated.

To start a run 15-39 mg. of coal or char particles ¢f -35+60 mesh were placed in

A
the platinua hoider hanging from cne arm of the balance sf the TGA. After fixing the
hangdown tube in position, the svsten was first evacu ated to about 20 mn Hg and then
fiushed with C03 at a flow rate of zbout 200 =l./nin. for about Two and a half hours.
The outlet gas was analyzed DY gas chrozatograph to assure that it is air-free. The
oven was preneatec t¢ e desired temperature. The CO2 gas stream was turned 10 the

2
desired flew rate (150 ml./min.) and the furnace was cuickly raised to a prefixed
Ievei, 1o enciose the hang-down tube. The weight ané the time derivative of weight

ioss of the sample and the sample temperature were recorced continuously throughout the
€Xperimenc.

Tne porosity, density, pere volume and pore size distribution of the devolatilized
hars and coals have been deicraincd by WCTCUTY ROTOSImCITY using pressures up to
0,000 psi. The pore surface areas and pore size cistribution of the samples have de
actermined by BET nitrogen adsorption meihiod using NUMEC surface-areca-apparatus, wodel
AING.  Morcover, the actual macropore matrix of a2 few of these samples have been
visually observed, at several stages of their conversions, by a scanning clectron
microscepe up to a magnification of §,000.

v n
]

Experimental Results and Discussions

Figure 1 is the reproduction of twe typical chart recordings of the weight loss
and the rate of weight loss curves by the TGA apparatus. In this figure the initial

peaks in the rate curves arce duc to the very fast pyrolysis stage. After this staac,

tiie second stuge reaction begins which is comparatively slow and is wmostly -C-CO>
reaction. The analyses of the chars just after the pyrolysis stage show carbon con-
tents of 95-58% on an ash-free basis for all the six samples.




Firure 1 also shows an intermediate region, between the two vertical lines a and b,
where not only the nyrolysis but also the second stage char-C0z recaction is affected
by the heating rate oi the sample.: The sample temperaturc versus time for ticse two
cascs are shown in Figure 2. Ia these experiments the sample temperature is assumed
to be identical with that recorded by an open thermocouple placed about 3 mw. from the
surface of the reacting solid sample. The rate of gasification at the first and
intormediate stages will obviously depend on the sample heating rate. Oace the sample
attains equilibrium tempcrature {approximately within 4 min. in the present case), the
rest of the process proceeds essentially under isothermal conditionm.

) o
A. The First Stage - Pyrolvsis

-

!

The rate of gn51rlca.1on and the fraction conversion due to pyrolysis arc ﬁﬂOl
foxr - four samples in Figure 2. The total coaversions obtained at this stage hu»
been found to be nearly equal to the velatile matter conternts of the chars and coals
as determined by the proximate amalyses. The conversion (f) in the first stage
(prrolysis) is dcﬁlﬂeﬁ here as that conversion which is attained at the almost-coasiant
weight period (the Tegion between the vertical lines a and b in Figure 2, immediately
after the rapid weight loss at the siart of the process. Such 2 constant-weight-peried
has been observed in almost all cases. Figure 2 also shows that the pyrolysis is
almost complete nefore a temperature of about 15C0°F is reached, while the char-T.:
reaction is insignificant up to this temperaturc, as will be seen later.

The total conversion (f) from the pyrolys 5 stage increases with the imero:se im
temperatura. However, this increase (T1%) is rot apprecxable, at a particular nsating
rate, in the studied temperature range 1S5071S75°F.

."

isure 3 shows the effect of sample heating rate on the rate of pyrolysis of
hyéranc char 5150. It is noted that the peak helghts of these rate curves are
roughly proporticnal to the average slopes of the heating rate curves.

A Pyroiysis Model: Pyrdlysis cannot be considered as a single-step process
involving a simple reaction. It occurs 1ﬂ stages or as ''waves" of reactions invoiving
zany complex steps, vhich in turn vary from sample to sample and with the conditioms
of pyroiysis. No simple model would, ghere*oru, represent this process compictely.
Koweves, on an overall basis Wen er.al.(11) pronosed an Arrhenius type ecuation as
follows:

dx -B/RT,. -
E%': Ae / (-x) 1)

Folirwing this cquation, & plot of (dx/dt)/(£-x) versus 1/T has been ‘made with the
values of dx/dt, £, x and T obtained from Figure 2. f is assumed constant in the
studied Temperature range. The plot is shown in r‘J.gu*'e 4 for three char anplcc
The fipure shows that no single straight line can be drawn through the points with
“certainty. This is partly due to the fact that the process is so fast that values

£ R, dx/dt at any imstant cannot be read precisely frow such rate and conversion
curves shown in Figure 2

Eouation 1 has, there ore, been tested 11d1*cc»1y by assigning urblura y values
of A and B (in the ranges pr cdchcd by the points in Figurc 4) and secing whether the
resulting values of x and dx/dt can match with the' experimental ones. Since tompera-
ture is c¢hanging with time in this region, the values of x have bcen determined as a
function of time from the following equation:

RN
x = £ [l-e H - 2)

The cvaluation of the integral in the above equation has been donc numerically f{rom
Luown values of temperaturc (T) as a function of time (t). The ra;c, dx/dt, is next

caleuinted Trom Bquation 1. With A=2,3500 cal/melce and B=20.0 nln“. the predicted
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curves quitc closcly, as is showa in Figure 5a. The predicted curves and the experi-
mental values -for diffcrent hcating rates arc shown in Figure Sh. Calculations huve

been doae only up to 1.3 min. in order to avnid the possible influcnce of the sccond

stagc process in the subsequent period.

The straight line drawn through the exncr1MCﬁtal points in Figure 4 are basecd on
the above values of A and 3.

Thus if the Arrhenius-type Equation 1 is assumed to approximate the pyrolysis
stage, the value of activation encrgy becomes 2.5 Kcal/mole.

B. The Second Stage - Char-C0O2 Reaction

As has been mentioned carlier, the rate of pyrolysis or the first stage oi char/
coal gasification is very rapid and can be assumed nearly complcte, when an almost-
constant-weight period is attained in the weight-loss versus time curve. The reaain-
ing fraction of the solid reacts slowly with CO2 which is termed the seccnd stage of
gasificaticn. Although a small part of volatile matters may still remains with this
fraction, this fraction consists cssentially of carbon .(95-98%), and ash. The rate,
¢x/dt, and conversion, X, are based on the¢ reactive portion of char, which is the

weight of solic remaining after the first stage less the weight of asi, and is termed
as the base carbon. . .

Before studying the effect of temperature the cffects of sample size, sample
holder, particle size and gas (CO2) flow rate on char gasification rate were examined.
Three kinds of sample holders of different sizes and shapes were testad using
differcnt amounts of samples placed on them. They were (&) a shailow petri-aish type

nolder of diameter 8.5 =m. and cepth 2 mm., holding 3-75 mg. of sample, (b) a cup-
shaped holder of mouth diameter 8.3 m=m. anc depth 7 mm., hclding 18.5 mg. of sample
and (c¢) a perforated cyx‘ﬂcr;ca; holéer of diameter & mm. anc depth 15 mm., holding
35.02 mg. of sample. No significant difference was Zound between the observed rates
in the three cases at a gasificaticn temperature of 1877°F and a gas flow rate of
180 ml/min. The cup-shaped sample nolder was used in the rest of the experiments.
Gas flow rates were varied in the range +2-210 ml/=in., through the reactor tube of
diameter 19 mm. No change in rate was observed at fiow rates above 70 mi/miwm., at
the gasification temperature of 1877°F. A flow-rate of 150 ml/min. was chosen for
subsequent experiments. Particle size selected was -35+60 mesh, which showed negii
gible intraparticle diffusion resistance up to ¢ temperacure of about 1800°F.
Figures 6-11 show the Tate versus conversion curves as s runciion of temperatire
for the six different samples studicd. Those figures also show the base carbon coa-
tent of the chars at the fractinn conversisns indicated.

The cexperiments werce conducted up To the compicie conversions oA the samples,
excépt at lower temperatures where rates were extremely slow.

The Figures 6-11 clearly show that every samplc has its own charactleristic
rate-conversion curve. For ilydranc Char #49, the curves can oc considered linear
{(and passing through the origin) without significant crror. llowever, for the
other samplesthis is not true. Again for !llydranse Chay #150, the rates are almost
steady up to certain conversion levels, after which they decline. For Pittsburgh
coal, Tate-coaversion curves show maxima at lower teaperazures.

it is aliso noted that for the Piztsburgh coal and for the liydrane Char /150,
the nature of the curves changes also with temperature. This change is shown more
cicariy in Figure 12, where the rates arc notmalized with respect to the rates
obscrved at 20% conversion level and nlotted agninst coaversion. The rate-cenversio
curve shows a miaximum at lower temperatures only.



The variety of rate-comversion curves is due to the fact that diffcreat coal/char
sampies vary greatly from one another with respect to their pore structures and the
change of suck pore structures with conversion and temperature. To accouat for such
phenomena, a term “a' is introduced into the rate equation, which represcnts the
rclative available pore surface arca and is defined as follows

Available porc surface arca per unit volume at any
stape of conversion
Initial available pore surface arca per uait volume

The value of "a" varies with conversion and temperaturc. Ignoring the ceffcct of
tcmperature, the change of "a" with conversion, x, can be fitted into a function,
up to x approaching unity, as follows:

~

0

1A

A
—

v 3

=12100 va g Bx

In this Equation v and B are the physical parameters characteristic of a given coal
or c¢har. Tne value of v indicates the conversion x at which the relative available
surface area reaches the maximum or minimum value. According to this cguation the
relative available pore surface arsa of the particles may increase, decrease or may
show a maxinum or minimum as the reaction pr occeds, according to the sign (+ or -}
used in Eguation 3. Since a drastic change in surface area and pore size would take
piace at the very end appreaching complete conversion, the above Equation should not
De applied beyond x > 0.5.

Therefore, the rarze of disappezrance of char due to CO; reaction, for chemical
reaction control, may be expressed as

o

N

—=ak, C,(i-x 4
3 v G )
Arrhenius-type temperature dependence is assumed for the rate constant, kv’
accoraing o the foliowing eguation:
: -E/RT -
k, =k e 5
v v ) )

2

n Figure 13, (dx/dt)/Ca(l-x) at x = 0.2 are plotted against 1/T. The values of akv,
2 activation enexgy E are determined From this plot. This Figure shows that
tes (at 20% conversion level) of Illinols seam Coal #6 and the three chars
tained from Illinois seam coal are significantly higher than those of Pittsburgh
seam coal and the Hydrane Char #150 obtained from the Pittsburgh seam.-

e 5y v
" E
0 Es

4]

Anong the fou
a

lineis cozl and chars, Synthane Char #122 appears to be the
LAST reactive, h

11
1 5 ugh the difference-in reactivity is not large.

. The activation encrgy, E, is found to be 59.26 Kcal/mole for all coals and chars.
Equarion 4 is applicable orly when the chomical reaction rate controls the pro-
cess. At higher temperature, however, diffusion resistance within the solid particles
may become appreciable ard therefore, an effectivencss factor must be introduced Ior
such cascs. Effectiveness factor, n, is defined here as follows:

dC e
D oe axr.l T e
(0, 35| ) 4%ro #" ForIce
5 -

GX 2T ™ repes .

— 'P"l':"*"""-:-: ~
2T Ol . e (1-%)3 =
(»/surb ){““v CAs (1-x3}



2x vav CHUILC s CaavVlra Y was s nliaeaay, U SNmane s aevcales al WODUILL Bl aval,

Eguation 6 can be selved by appropriute boundary conditions as follows:

5, 1 1,
G ® 7
i - - 1/2
where M = o [(1-x)a]
_ k C )
and ¢vo =T, vDSo
e

'

For chemical reaction control, ¢,, = 0. Thus, the rate of gasification with the
influence of intraparticle diffusion is expresszd as

dx
dt

n akv CA(l-x] . 8)

Using the rate expression shewn by Equation &, the conversions are calculated
for all the chars and coa¢s tested. Tre calculated rates are coapared with those
ooscrved from experimentation inm Figures 6-11. The values of Xy , v, 3 ant€ ¢ used

: y - . N Vo

in these caltuiations are given in Tadble I. The ca-culated rates agree closely with

cxpcriw;n:al rates except that fon Pitisburgh coa. at higher teaperatures. This may
n contrast to the ozher ccals and chars,

Y
-
parily be due to the ‘oxlow;ng reascn. - 1
the Pitisburgh coal is a Righly caking <o

2l naving a swelling incdex of $.5. These
par:*chs (-35+00 mesi) swell Up 10 a2 comsicerable volume anc agglomerate into 2
single lump ducing the pyrolysis stage. The whole sanple (720 mg) s thus glued
together and reacis as 3 singie pzriicle of a considerasly larger diameter. The
changze of porosity and heance the effective diffusivity in such 2 particle, as a
function of conversion, may be apprecizble cdeviating from assumptions made in the

development of Equation 8.

ted by Table I, the availsble surface area change with coaversion
temperature, in the studied range, for the rllm is seam coai and
cver, for the Pittsburgh sean cozl snd char this change is a function of
. For the Pittsburgh seam cozl anc char the increase o‘ available

ca appears IC oe less at higher temperature, for a particular comversion

i dica
- Pal
: of

3

A ¢ I A

Figure 15 shows how the relative avsilable pore surface arez "&" of the particles
caanges with conversion for different samples, in the temperature range 1600~ 1SCO°F.

Pore Charoctaristics of the Coal and Char Samoles

~n¢ pore structurcs of Synthanc Char #122, lydraac Char #45, iiydrane Char #1350
aud-Pittsburgh ilVab coal have besn sbserved throush a scanning electron imicrescope

o
at several stages of their coaversio:s in the range x = 0 - 1. The photograpis
taken &t several magnifications {up 1o a maximum of 6,000) show that, as tho
Feaction proccods, the pores initiasliy of a few microns (2-10 u) in diameter, grow
in si.z ond bigger cavities are formed by ‘“e ccllapse of the solid linkage deiween
tae odjoining pore. The dimension of zh id particles have been observed to
remalin practically unchanged (except for the rlg. swelling Pittsburgh scam coal)
up to 2 conversion of about 80%. The highly porous matrix of the sclid disintegrates
into smaller fractions as the reactioa nrocceds Surther.

2

Tablc IT shows the

net pore voluwes, volume-average more diamcters, dénsitic
ana the porosities of

the deveoiatilized samples as determined by the mercury penc

tion method on a Micromerities! Model 505 0 - 55,000 psia Porosimeter. The avcragc




TABLE I PUHYSICAL AND RATE PARAMIVERS USED IN CALCUGIATION FOR THE COAL AND TUAR SANMPLE

. oo 1s —.3 N e
Samnle kvomlc , Cm /mole-mis. Temperature v . évo
1ST -Char #HTLSS ° 0.113 1657-3922°F 0.75 5.5 0
(from Illinois -
Coal #¢)
fiydranc Char #49 0.123 . 1573-1638°F 0.75 10.0 0
{(from I1linois
Coal #0)
Synthane Char #122 0.136 1565-1972°F 0.75 6.0 0
{from 1Illinois
Coal #6)
illinois Coal #6 0.120 1569-1938°F 0.75 6.0 0
Hydrane Char #150 0.0670 1623°F 1.6 4.4 o
{from Pittsburgh 1638°F 1.0 4.4 0
Hvab Coal) 1794°F 1.0 4.7 0
) 1875°F 1.0 5.0 2.5
19565°F 1.0 5.5 4.2
Pittsburgh HVab 0.6536 1682°F 0.5 5.0 6
Coal 1742°F 0.6 5.6 ¢
1778°% 0.6 5.5 O
1888°F 6.5 16.0 3.0
1952°F 0.6 16.0 4.2
TABLEZ Il. PORE CHEARACTERISTICS OF COALS AND CHARS
Properties Measured By Mercury Properties Measured
Pcrosimetry by BET Mecthod
Volune Surface
Net Average Average
. : Pore Pore Surface Micropor
Develatilized Volume  Diameter  Density Area Diamctcw,
Sanmples (ec/g) () (z/cc.} Porosity (mzlg} Tng. (A)
IGT Char #1355 0.38200 9.2 1.54 0.767 425.87 11.63
Mrdrane Char #49 . - 1.0344 2.3 1.43 0.765 171.69 22.34
Syathane Char #122 2.1978 8.3 1.31 0.864 28G.94 i8.34
Iilinois Coal 46 2.6522 9.2 1.71 0.809 26.05 -
Hydrane Chax 1150 0.6463 2.4 1.53 0.655 18.75 166.63
Pitisburgh ilVab Coal - -- 2.11 - .29.97 -
NOTICE

This report was prepared as an 2ccount of work
sponsored by the United States Government. Neither
the United States nor the United States Encigy
Rcs_auch and Development Administration, nor any of
their employees, mnor any of their contractors,
subcontractors, or ikdir employees, makes any
wamanty. express ot implied, or assumes any legal
Kability or responsibility for the accuracy, completeness
or us:fulx!& of any information, apparatus, product or
process disclosed, or represents that its use would not
infringe privately owned rights.




e . N . N . N ime el J N T Ry
PUAY LIt LTS GCTL Tty o)y Ve S wlilauw GwpalUh WCia Wila iausce Qoo CTVEL O i
:

S5Cafiilaliy CLCCITON HiCIOSCO)Q.

Tubl

[¢]

II also siows tiie poro surface aress and the suriiace-averiage micro-porc
of cevolatilized coal and zhar samples as determines by the BLT nitrogen

s
adsorption wmethod. The surfacc-average micropore diameters (d__) have been calcu-
ced from the measurcd micropore size distribuation, according'To thec cquation.

u. nnAC.

Id__8A
= S 2

d
Ps A

?

acre LAp is The sur face arca occupied Ly the micronores of diameter dps anc A
is the total surface arca of the sclic.

TnesC measurcments show that although the bulk of void volumes of these coals and
hars arc occupicd by comparatively large pores, several microms in ciameter, aluost
11 the surface arcas determined Dy 2ET method are occupieé by micropores, below
07200 A in diame:er.

Recciivity of coal/char can be characterized by its intrinsic rate constant foT
iie sccond stage reaciion, Xy .. Cae values of k,  {Iisted in Table I) apparentiy
suow no c¢irect relationship with the measured pore surface arcas. The pose suviace
creas’ aud pore site cistribution curves, however, show tiat higher surface areas are
fausecd Ly Lhe laTger number of smallier pores. Coiculations shoew that for the coal
4G Cchar samples studied, only the fraction of suriice area waich is occi pxgd o34
DoTes naving Sizmeter mere than bo 7.2 A is avaiicble for rezctlion witg ‘CZ-

Thc table bolow shows the surface arcas coverad Dy zores bigger tham 27.5 A, the
total surdace areas and the values of kVo fecr Zour chars.
’
Surfzce Area [:z/g) Total kvoxlo"s
Covered by Pores Bigger Surfzce 3
Sazple Tean 27.5 A in dia. ares (ﬁz/g) cm /mole.min.

Lydrene Chur 7150 18.75 18.75 - 0.0670
IGT Char #iT155 - 25.43 4£23.87 ) 0.113
iyarane Char 449 34.42 - . 171.68 0.123
Syatihane Char 7122 38.06 280.54 - 0.136

The Teactivities are, found To be almost proporiional to the surfacc areas occupicd
vy pores aoove 27.5 A in diamcter.

Jonglusions

Gasification of coai/char in CO; atmospheve con be divided into two stages, the
IiTsT siage due o pyroiysis and the second stagc due te char-C0, reaction. Reactivity
i The f1Tst stage is mainly a Function of the volatile matter c01tch; £ the chax/
coal and the rate of neating. The raze of pyrolysis can de anproximatcd by an

ArTienius type expression (Equation 1) with sn activation energy of about 2.5
Xcal/mole. .

Reactivity of a char in the second stage char-C0> rcaction, is found to depend
marc on iis coal seaam than on the gasification schewme used for its production. iach

char/ecoal suaple is found to have its own characicristic rate curve. 7The Jifferent

rate chnrnc:cristics of coals and chors are annarcntly duc to tihe diffcreace in
their pore characteristics, which again change with conversion and temperature.




-
b

" paramc’cr, hat represents the change in available porc suriace areas of the

sarticles Juring reuction, is introduced into the ratc cguation To accoumt for ihe

Tute~conversion curves. The caiculated rates are found 10 agree guite wel: with
odserved rates. )

total surface area of the pores. The stu
total surface arca which is occupied Dy po
L
04

The rate of char-CO, reaction is

-
ound t0 have no direct relation with the
dy indjcates =hat only a fraction of the
res above a certain diameter is avaiiable

TCALTions.

Notation

.
>‘(n 2

) w

»
ne

.Py*olysis yate c01s:auu, l/mln

Pore surface area, = /g

Activation en .:y of pyrolysis, cal/cmole

Concentration of gas; Cs that at the outside surface of solid

zole/cn® s -
Cso Initial soiid concemntration, mole/ca”
Dc Effective diffusivity, cm/min °
ips :1cropo‘ diameter; d_s sa;face average micropore diameter, A
£ Totai Sraction conversion due TO DYTOLYSiS -
Sya Ky Second stage reaciion Tote coasiants, cm”/mole.min
] Gas ;015.31-, cai/moie.’R
iy Radius of solid particie; r, iaitial radius, cm
" Temperature, °R
< Time, =in.
x Fraction conversion of soiil
3,9 Physical parameters of the solid defimed in Equation 3
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