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ABSTRACT

Devolatilization of a subbituminous coal has been investigated
in a laboratory fixed bed gasifier, by contacting the coal with a
reactive gas mixture similar to that entering the devolatilization zone
of a commercial gasifier. Two particle sizes of feed coal PSOC-241
(-2,41 and -4,+3 mm) at a single reactor pressure (30 psig) were
evaluated, in the temperature range 350 to 550 C. The tars evolved were
characterized by capillary gas chromatography and gel permeation
chromatography. The tar and gas evolutions are described in terms of
concentration and pressure profiles, through considerations involving
diffusion and pore structure. The overall devolatilization rates are
evaluated through the unreacted shrinking core model.

INTRODUCTION

In coal gasification, the objective is to increase the calorific
value of the original raw fuel by removing the unwanted constituent,
viz., ash, and also to produce a fuel which is cheaper to transport,
handle and utilize. The present discussion will be limited to a Lurgi
type fixed bed coal gasifier. Figure 1 [1] shows a schematic diagram of
a Lurgi fized bed gasifier. At the present state of technology,
reliable engineering data are available on the gasification and
combustion zones and can be readily applied to the design of a fixed bed
gasifier. This is not the case with the devolatilization zone and no
systematic study of the devolatilization phenomenon in the range of
operating parameters for a fixed bed gasifier, has been reported in
literature. Thus, it becomes necessary to conduct experimental and
modelling work on the devolatilization behavior of coals, as influenced
by particle size, pressure, temperature and a reactive gas environment
[2]. Such devolatilization studies on a laboratory scale fixed bed
gasifier form the main objective of the work described here [3]. The
operating conditions for these studies are selected based on whatever
data are available in the literature on fixed bed gasifiers, the
approach being to simulate the conditions existing in the
devolatilization zone of a fixed bed gasifier. The composition of the
reactive gases entering the reactor is approximated to that entering the
devolatilization 2zone of a fixed bed gasifier in practice. The
residence time for the flow of reactive gases through the coal bed is
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selected to be maintained at 5 seconds for all the runs. The results
obtained from the devolatilization of a subbituminous coal, PSOC-241, at
30 psig (0.308 MPa) reactor pressure are presented here. Two particle
sizes of feed coal were evaluated: (-2,+1) mm and (-4,+3) mm. Reaction

temperatures used were 350, 450 and 550 C. The H2/CO mole ratio in the
feed gas was maintained at 2.5. The duration of a devolatilization run
was 5, 10, 20 or 30 minutes.

EXPERIMENTAL

A schematic representation of the experimental set-up is shown
in Figure 2. The fixed bed reactor used for conducting the
devolatilization studies was a 4.1 cm i.d. x 72 em long 316 stainless
steel tube provided with a wire mesh grid(0.25 mm opening), located 4 cm
from the bottom, to hold the coal and char in the reactor. The reactor
was placed vertically inside a furnace body. The graded coal sample was
introduced into the reactor from the top under gravity by means of a
Swagelok-type nut and feed pipe arrangement. Based on the reported
gasification rates in a Lurgi type air blown gasifier (1,4] it was
calculated that the entering gas environment in the devolatilization
reactor should approximately have the following composition by volume:
Gas H2 co co2 CH4 N2 02 Steam Total
Volume% 18 7 14 4 25 2 30 100

Individual gases were drawn from compressed gas cylinders and
mixed together with steam in a steam tube. The role of the steam tube
was to convert feed water into steam, mix and preheat the steam-gas
mixXture to the desired devolatilization temperature. The steam tube was
a 316 stainless steel tube(1.5 em i.d. X 30 cm long), filled with inert
catalyst support beads (3 mm diameter, alumina content=99% by wt. min;
silica content =0.2% by wt. max; surface area=0.3 sg.m/gm; Norton
Chemical Company) and was placed inside a small electric furnace. The
feed gas stream entered the coal bed through a gas distributor located
at the bottom of the reactor. A high pressure back pressure regulator
after the condensers was used to maintain the desired pressure in the
reactor system. The hot gases leaving the reactor from the top were
laden with the tar generated inside the reactor; in order to
quantitatively collect the tar and steam condensate, a double pipe heat
exchanger was used as a condenser. Cooling water was circulated through
the outer annulus and the tar laden gases were passed through the inner
tube. Three such condensers (6mm i.d. X 40 cm long) were used in series
to condense most of the tars. A high pressure glass fiber filter was
used after the condensers as a final trap for the tar particles. After
the completion of a run, methylene chloride was used as a solvent to
wash down the condensers and the lines; dissolved tars and water phase
were then collected from the bottom of the condensers. The yield of tar
was measured in gm of tar per 100 gm of coal fed to the reactor. A
Hewlett Packard 5840A gas chromatograph (with a 30 m long SE type 30
glass capillary column and a flame ionization detector (FID)) was used
to quantitatively determine the species present in the tar samples.
Area vs concentration curves for 30 standard species in methylene
chloride were prepared. The species for standardization were selected
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based on the published literature [5]. The molecular weights of tar
samples were determined with a Waters Associates HPLC system. The
columns used were 100 A and 500 A Ultrastyragel, made by Waters
(columns : 7.8 mm i.d. X 30 cm long). The carrier solvent was
tetrahydrofuran (THF) and a UV detector was used for absorption
measurements. Polystyrene standards of known molecular weights were used
to prepare a molecular weight vs elution volume curve.

The gas samples collected at 5, 10, 20 and 30 minutes from the
sampling cylinders during the devolatilization run were analyzed for
individual components. The permanent gases - C02, CO, and 02 - were
analyzed on a CARBOSIEVE S3 column and the hydrocarbon gases were
analyzed on a PORAPAK R column. Both the columns were fitted on to a
Hewlett Packard gas chromatograph 5840A equipped with an ECD detector. A
MOLECULAR SIEVE 5A column was used on a Carle gas chromatogarph 111H,
equipped with a TCD detector to analyse the H2 in the gas samples. N2
was obtained by difference. At the end of a 5, 10, 20 and 30 minute
run, the reactor was guenched in water and the char was removed and
weighed.

RESULTS AND DISCUSSION

Chemical Analyses of Coal
Sample

Table 1 gives the proximate and ultimate analyses of the
subbituminous coal, PSO0C-241. The coal sample was ground to minus 200
mesh U.5. sieve size and equilibrated to room conditions. The analyses
were performed by the Continental Testing and Engineering Company,
Vancouver, B.C., Canada. From these analyses, the value for the ultimate
yield of volatiles was obtained as 50.07% of coal, to be used later in
the kinetic models. In order to determine the effect of the duration of
the devolatilization run on the total weight loss, some selected
devolatilization runs were conducted for durations of 60 minutes and it
was observed that there was no additional weight loss after 30 minutes
from the start of the run. At 550 C, the maximum weight loss occured
equal to 49% of feed coal sample weighing 100 gm.

A. Devolatilization

Effect of Temperature

The principal effect of temperature on the devolatilization
phenomenon is the decomposition of the organic structure of coal to
yield water, hydrogen, methane, oxides of carbon and hydrocarbons.
consider the data on weight loss and tar/gas yields for the (-2,+1) mm
and (-4,+3) mm size coal as shown in Tables 2 and 3. The weight loss is
maximum at 550 C and is the least at 350 C. This confirms the earlier
observation reported in literature about the nature of pyrolysis of
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coal. At 350 C, the free moisture in the coal is removed and a small
amount of tar is produced, which indicates that at this temperature, the
majority of the coal chemical structure is still intact. At 550 C, most
of the devolatilization is completed around 30 minutes as indicated by
no additional weight loss during some runs conducted upto 60 minutes
duration.

A plot of the distribution of molecular weights of tar samples
is shown in Figure 3. From this it is clear that the fraction of
evolving tar having molecular weight of about 300 units decreases as the
run is continued. This can be attributed to the physical de-
polymerization of similar structures or the chemical cracking of a
species to lower molecular weight as it is exposed to temperature for
longer times.

The volumetric rate of evolution for all gases (Figures 4 and 5)
shows a peak around 5 minutes from the start of a run and the rate then
tapers off to zero around 30 minutes. In general, the rate of evolution
for all gases is higher at higher temperature of reaction, i.e. 550 >
450 > 350 C, for all particle sizes.

Effect of Particle Size

The runs at 30 psig reactor pressure in the reactive gas
atmosphere did not exhibit any difference in the total weight loss for
the two particle sizes of coal studied, at 550 C. For the (-2,+1) mm
coal, the yield of tar at 30 minutes increased with temperature as shown
in Table 3; whereas for the (-4,+3) mm coal, the yield of tar showed a
maximum at 450 C, as shown in Table Z. This can be attributed to the
cracking of tar at 550 C, resulting in reduced yield of tar at 550 C as
compared to that at 450 C. Figure 6 shows the total weight loss and tar
yield data for the two particle sizes. The tar molecules have longer
residence time within the larger coal particles and hence the former are
amenable to dissociation by cracking. The next section shows how the
internal pressure build-up and tar concentration within the coal
particle also increase with the particle size,

B. Mathematical Models for Devolatilization

Single First Order Reaction
Model

The earliest approach to the mathematical description of the
devolatilization phenomenon was that of Pitt (1962) (6] who proposed a
simple first order rate expression for the overall rate of evolution of
volatiles: av

a -kV Q)

Anthony and Howard (1976) [7] have pointed out that this is an over
simplified description and the literature values for the activation
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energy vary from as low as 4 kcal/mol to as high as 55 kcal/mol. This
observation can be explained partly as being dependent on the type of
the experimental set-up and operating variables, but mainly stems from
the fact that when a series of parallel first order reactions are forced
to be represented by a single reaction, very low values for the
activation energy are bound to be obtained. In that respect, this
representation is purely arbitrary but sometimes it has the ability of
describing the observed rate process. Also, since there is often a
limitation on analyzing the different chemical species gquantitatively,
such a simplified approach does have some merit. The values of
activation energy and frequency factor for the subbituminous coal
studied were: 11.4 kcal/mol and 0.554.1/sec for the (-2,+1) mm size
coal; and 3.9 kcal/mol and 0.005 1/sec for the (-4,+3) mm size coal

respectively. These indicate that although primary devolatilization
involves organic reactions which have activation energy of the order of
50 kcal/mol, the first order approximation yields a very low overall

value. Thus, it will be inappropriate to conclude from these low values
that the devolatilization phenomenon is purely diffusion controlled. Of
course there is a significant resistance to diffusion of volatiles
through the ash layer, which will be evaluated later. A cross reference
to the literature indicates that Shapatina et al., (1960) [8] have
reported very low values for activation energy, viz., between 1 and 4
kcal/mol.

Unreacted Shrinking Core Model
This model was tested with the experimental data from the

PSOC-241 subbituminous coal. The runs were conducted at 30 psig reactor
pressure and in a reactive gas atmosphere. Two particle sizes of coal

were used:  (-4,+3) and (-2,+1) mm. The governing equation for this
model is:
OCA'(gas) + S{solid) —> gas + solid (2)

Fluid film resistance control

Equation (3) gives the necessary relation for fractional

conversion of coal, for this case:
* * 3,.3

t/t = X, v RCoo/3kpuigprg , F =1 - TRy 5
Based on equation (3), X, the fractional conversion of coal to volatiles
was plotted against the reaction time. Figure 7 shows the data for
(-2,41) =-m particle size, at 30 psig and reaction temperatures of 350,
450 and 550 C. The data points fall on straight lines, but since these
lines do not pass through the origin, it is logical to assume that there
is not significant resistance to diffusion in the gas film around the
particles. Similar conclusions are arrived at for (-4,+3) mm size coal,
as shown in Figure 8.
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Ash layer diffusion control

Equation (4) 1ves the necessary relation in this case:

g/t =T1-30-x)" +2(|—x)J £ =Ry CSO/GPeACAo
Based on equation (4), [1-3(1-X) + 2(1-X)] was plotted against time, as
shown in Figures 9 and 10. It appears that there is some resistance to
diffusion within the ash layer and this will be examined further through
equation (6).

Chemical reaction control

Equation (5) g1ves the necessary relatlon in this case:

h/t = [‘-(I‘X) _-l, i/3 {" = /k CAIO )
Based on equation (5), [1-(1-X)] was plotted against time, as shown in
Figures 11 and 12. These curves also 1Indicate that there could be some
reaction control on the progress of the coal devolatilization. This will
also be further examined through equation (6).

Ash layer diffusion versus
chemical reaction control

Equation (6) gives the modlfled version of equation (4) as:

ys Y =01 -0- xY2] t*aoc CsoR3/2¢45Dep’ )

In{1~(1-X)] was plotted against ln[t] as shown in Figures 13 and 14.

Since the slopes of these lines are greater than two, it can be
concluded that the ash layer offers the most of the resistance to the
progress of coal devolatilization. This is further confirmed from

Figure 15, where ﬂ:/R is plotted against t/t* as suggested by
Levenspiel (1972) [10]. From this figqure it is seen that the curve shows
a point of inflection on the 135 degree dotted line (joining the points
(0,1) and (1,0)), indicating that ash layer controls the progress of the
reaction.

It must be pointed out at this stage that the above model is
only 'phenomenological' and does not take into account the actual
intrinsic chemical reactions. The numerous chemical species involved in
devolatilization have been 1lumped into one hypothetical specie for the
sake of mathematical simplicity and due to lack of detailed information
on chemical structure. Thus this model is more qualitative in nature for
this type of gas-solid system; it, however is quite informative.

Intraparticle Diffusion Model
for Subbituminous Coal [11]

This model has been described by Gavalas (1882) ({11]. It
describes the concentrations of tar and gas inside the coal particle as
a function of radial position, temperature, pressure and experimental
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yields of tar and gas. The principal equations describing this model
are:

dc c
G -’.Ei 6 _dp gL 1 Xa bi
dr X Bgg e T[’G‘ Osr ek ")r Bg7 - »

G _-BS% o

J y .y g
dr /" DTK dr 3_[ T( Dar + Dy ) GDGT] (8)

The analytical solution of these equations gives the dimensionless
pressure build-up as:

172

(- \
W) -1 = l;_é [1 + Aat:] *‘S‘;ZT) B) . @
1+ 4)

where

€- r/a, Vi ® C/(pp/RT), (=6, T), W=p/fy

)

W *
ViV G = Dge/Oye » A= 3Pry/EMDy

= 2 o*
B = RTa YG/epat.aGK

The parameter 'A' in this model depends on bulk pressure outside the
particles and on the temperature of the reaction. The parameter 'B’
depends on the square of the particle radius. The differential
equations describing the variation of tar and gas concentrations within
the coal particle were solved on ACSL (Advanced Computer Simulation
Language) and the following plots were made: The dimensionless pressure
build-up, within the coal particle is plotted against the parameter A in
Figure 16. This plot indicates that the pressure build-up is higher for
larger particles. A plot of tar mole fraction within the particle
against the radial position is shown in Figure 17. A plot for the tar
concentration at the center of the coal particle with respect to
parameter A (which is a measure of the total pressure on the system), is
shown in Figure 18. This figure shows that for the pressure range
investigated in the runs (30 - 375 psig) [3], the tar concentration is
less sensitive to pressures upto 300 psig. BAlso, from these plots it
can be seen that at a given pressure, the tar concentration increases
with particle size.

CONCLUSIONS

The coal devolatilization experimentation reported herein
involves realistic sizes of coal, and a reactive gas environment, as
postulated to be present in the devolatilization zone of a Lurgi fixed
bed gasifier, operating at a given pressure and temperature. No such
work has been reported on a macrosample of coal and hence the results
from the present work should be more meaningful. The conclusions to be
dravn from the results presented are:
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1. Devolatilization of coal is influenced by the operating variables.
2. The peak in molecular veight for the tar generated is around 300.
3. A first order approximation of the overall rate of devolatilization

does not adequately describe the phenomenen.
4. The resistance to diffusion of tar out of the coal partic*e in the
ash  layer constitutes a major controlling mechanism in coal

devolatilization.
S. Pressure build-up and tar concentration inside the coal particle both

increase with particle size.
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NOTATION
a radius of coal particle, o
A dimensionless parameter
A’ component in the gas phase
B dimensionless parameter
Cyr0 bulk concentration of A', Emol/cm3
Ce concentration of gas evolved, g'lfﬂol/cm3
CSO initial concentration of S, gmol/cm®
Cr concentration of tar evolved, gmol/cu’
DeA' effective diffusivity of A', cmz/sec
Der binary diffusivity, cm?/sec
Dix Knudsen diffusivity of the ith component, cmz/sec
Dyx effective Knudsen diffusivity of the ith component, cmzlsec
E activation energy, kecal/mol
k kg, reaction rate constant, 1/sec
ko frequency factor, 1/sec
oy gas film mass transfer coefficient, cm/sec
P pressure, atm
Po total bulk presssure, atm
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atmospheric pressure, atm

radial position within the coal particle, cm
radius of unreacted core, cm

gas constant, cal/gmol. K

radius of coal particle, cm

‘component in the solid phase

time, s€cC

temperature, K

yield of volatiles, gn

fractional pressure build-up

mole fraction of tar evolved

mole fraction of gas evolved
fractional conversion
stoichiometric coefficient

rate of evolution of tar, pp/em,sec
rate of evolution of gas, gn/gm.sec
permeability of coal

viscosity of gaseous mixture, cmz/sec

voidage
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Table 1. Chemical Analyses of Coal Sample

Subbituminous Coal (PS0C-241)

Proximate Analysis Ultimate Analysis
% Moisture 10.81 % Carbon 66.17
% Ash 6.24 % Hydrogen 4.53
% Volatiles 39.26 % Nitrogen 1.09
% Fixed Carbon 43.69 % Chlorine 0.01

ceeana % Sulphur 0.39
100.00 % Ash 6.25
se-een % Oxygen 21.54
Btu/lb 9941 @@@@@=@=02000000 0 ese-aa
free svelling index = 0 100.00

Table 2. Volatiles, Tar and Gas Yields: PS0C-241 cosl, (-4,43)
mmireactor @ 30 psigjreactive gas + steam mixture

Total Volatile Yield, gm

min 30 20 10 5
550 € 43.0 41.7 38.0 36.3
450 C 36.4 34.9 29.8 26.7
350 € 26.0 22.2 20.7 15.7
Tar Yield, ¢gm

min 30 20 10 5
550 C 1.75 1.07 0.77 0.31
450 C 2.17 0.89 0.80 0.74
350 ¢ 0.75 0.53 0.45 0.28

Gas Yield, gm
min 30

550 C 13.7
450 C 18.3
350 C 6.3

T T T Y T ]

Table 3. Volatiles, Tar and Gas Yields: P50C-241 coal, (-2,+1)
mm;reactor @ 30 psigjresctive gas + steam mixture

Total Volatile Yield, gm

nin 30 20 10 S
550 C 42.9 42.2 37.1 35.8
450 C 37.0 36.8 33.5 31.9
350 ¢C 24.0 23.8 23.4 21.5
Tar Yield, gn

min 30 20 10 5
550 C 1.90 1.3 0.85 0.64
450 C 1.47 1.17 1.05 0.55
350 C 0.82 0.65 0.4 0.3
Gas Yield, gm

min 30

550 C 19.7

450.C 7.3

50 ¢€ N.A.

252



o4 Cool

fe

253

FI6. 2 - EXPERIMENTAL SET-0P[3)

F16. 1 - LURS] PRESSURIZED 6ASIFIER[3)



VOLUMETRIC FLOW RATE, mi/min (STP)

80 t COAL: PSOC 241
SIZE:  (-h,+3) =m
ATMOSPHERE: REACTIVE GASES
(Hy/C0 = 2.5; STER® = 0.3 VOL. FRAC.)

o0 P24t CoaL - Jo psic S0 rempematuRe: s50°C
T1vi MIXT, -
80 (2,9; Ymm, 330°C PRESSURE: 30 PSIG
Y .
© 30 min
g e 2% wf
. o8
L 40
x
=4
o 2
; ! I L e I I}
[ 500 1000 1500 2000 2500 3000

MOLECULAR WEIGHT

T
=
@
£
- E
<
E
ul
=
£"4
«
=
o
]
i
Q
[
=
w
z
=
=
o
>

FI6. 3 - MOLECULAR WEIGHT DISTRIBUTICN OF TAR

o 10 20 30
REACTION TIME, min
FIG, 5« GAS EVOLUTIOR RATE VS. TIME
UHYDROCARBON GASES EXCL. NETHANE AXD INCL. H,S)
COAL: PSOC 24l
$1ZE: (-4,+3) om
ATMOSPHERE: REACTIVE GASES oL RO
* 2.5, STEAN = 0.3 .
rvensune Bt COAL: PSOC 241
PRESSURE: 30 PSIG O VOLATILES, (-4,+3)mm
A VOLATILES,(-2,+1)mm
6090 @ TAR,(-4,+3) mm
E 50F ATAR,(-2,+1)mm 43
o
500} - E
o
Y 5
ood Eor o
2 >
300 > 30 | 5
~ 1
J [
X -]
-
200 . o
¢ = 20 L 1 A0
100 CHy 350 450 550
TEMPERATURE, °C
. L — FIG. 6 - EXPERIMEWTAL DATA
[ ]

10 20
REACTION TIME, min
FIG. & - GAS EVOLUTION RATE vs, TIRE
(PERRANENT GASES INCL, METHANE)

254



P e

COAL:  PSOC 201 ’
30k (-2,+1}1mm
30 psig
0 550°C
0 450*C
B 43500
20
£
E
w 1SF
z
-
(=] d [:Y
sl
1 1 1 1 J
[+] 0.2 0.4 0.6 0.8 [Ke]
X

F16. 7 - FLUID FILM RESISTANCE CONTROL, TYPE 1

30

Ed
(<]

TIME , mi
o«

3

COAL: PSOC 2-1
{-2,+!1}mm

+Y 30 psig

0 550°C

© 450°C

& 350°C

. 1 —_

1-3u-x22+ 20-%)

F16. 9 ~ ASH LAYER RESISTANCE COXTROL, TYPE I}

1
0.4 0.6 0.8 10

COAL: PSOC 241

{-4,*3)mm
i 30 psig ° o
30 O $50*¢C
© 450°¢C
& 350°¢C
25f
20} (<]
£
€
" sk
w
z
-
1} a °
sl
-3 1 1 1] )
o] 0.2 0.4 0.6 0.8 10
X
FIG, 8 - FLUID FILM RESISTANCE CONTROL. TYPE I
3ot T
25>
20 £ o]
€
“ sk
w
=
- COAL: _PSOC 241
0k & o (-4,+3)mm
30 psig
0 550°C
0 450°C
sré a 350°C
/
! ’
[
i’
1. 1 ] 3. —
o] 0.2 0.4 0.6 0.8 10

13023+ 2(1-X)

F16. 10 - ASH LAYER RESISTAXCE CONTROL, TYPE II




301

25F

20

15k
7

£
13
w
=
Lo COAL: PSOC 241
10+ o {-2,+1)mm
30 psig
0 550°C
0 450°¢C
St 50° C
] I/’ a3
/
Vs
i L 1 ] 1 —]
0 0.2 0.4 0.6 o8 10
I-(1-x) V3
FI6. 11 - CHEMICAL REACTION COKTROL, TYPE 111
80
40
20}
c
£ o+
E -
- 8
w F
= 6T
c F
o COAL: PSOC 241
(-2,+1)mm
- 30 psig
O 550°¢
2k 0 450°¢C
8 350°C
I 1 1 1 o1 1)
() 02 04 06 08 10
173

1=(1-X)

FIG, 13 - ASH LAYER RESISTANCE CONTROL, TYPE II’

30F
251
201
£
€
w s
=
= COAL: _PSOC 241
(-4,+3)mm
or 30 psig
o 550°C
0 450°C
st 5 350°¢C
1 ]
s~ ,"
P
”—", 1 ! 1 J
o] 0.2 04 0.6 0.8 1.0
-(1-x) V3
FIG. 12 - CHEMICAL REACTION CONTROL, TYPE 1li
COAL: PSOC 2ul
(-4,+3)mm
60, 30 psig
o 550*C
0r o asee e
A 3500 C
20r
<
£ 1ok °
E -
- 8F
w L
= &r
: r
al
2}
| 1 ] i [ S A |
] 02 04 08 08 10
/3
1-C1-x )"

FIG. 14 - ASH LAYER RESISTANCE CONTROL, TYPE 11

256




JTI118vd 0D 40 Y3LIN3) 3HL 1V NOILVYINIINO]D ¥vL - 8T "9Id

wwge 'v-) ©
ww (94 's-) v
J 4086 'I¥2-20S8d

3,085 1V dn-a1Ing 3YNSS3yd SSIWNOISNIWIQ ~ 9T 914

L

5.0l

01 v
’ g0 I"
| S 1 10 4,
.01
IOO_
ww(1e'2-) 0
ww (s ‘'b-) O
wu (9 '8-) G
9,066 162-20Sd 4,01

— N - o e =

[-(0)M

3TI114vd WO IAISNI NOILIVY4 370W ¥VL - LT *9ld

g/
ol 80 90 b0 20 [o]

T T T T T

VIO_

(L110aV) 91Sd O€

2,08
€22¢=8
862=8

ww(|+*2-) O

wuw(gs'p-} O

ww(9+'s7) 7 1ot
24066 ‘I1v2~008d 2

257

T300W 3400 ONIINIYHS @ILIVIYNN - ST *91d

Y
o1 80 9°0 »0 20 (]

wwy-'6-) ©
wai(ge'pe) ¥
ww(}+'2) 0
24058

91Sd 0¢
0D 1»2-20Sd

e - e T



