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Abstract. The pyrolysis of coal and biomass is generally reggbas the mass
yield of released chemicals at various temperatymesssures, heating rates and
coal or biomass type. In this work, a new coal-lasstype numbelcr, is
introduced. This number is constructed from the snfactions of carbon,
hydrogen, and oxygen in the ultimate analysis. Thimber is unique for each
coal or biomass type. For 179 different speciesa#l and biomass from the
literature, the volatile matter mass yield can kpressed by the second order
polynomial function Inflcr). This unique correlation allows the effects oé th
temperature and heating rate on the volatile yWlgfor coal and biomass to be
empirically correlated as well. The correlation fthe mass fraction of each
chemical component in the released volatile matterelation is obtained from
the Yyy correlation. The weight factor for some of the comgnts is constant for
the variation ofNct, but not for others. The resulted volatile matied yield
correlations are limited to atmospheric pressuegy wmall particles (less than
0.212 mm) and interpreted for wire-mesh pyrolysgctor conditions and a
nitrogen gas environment.

Keywords: Coal-biomass type number; emperical pyrolysis elations; pyrolysis
performance; volatile components; volatile proximatatter; volatile yield.

1 I ntroduction

Coal or biomass pyrolysis plays a very importarié fio0 the combustion and
gasification processes. Pyrolysis is classifiedaagshemical decomposition
phenomenon of solid fuels. It produces volatileterain the form of light gases
and tars. This process requires the heat to decsemip@ coal or biomass into
volatile products and char. The light gases argldee oxidized by the available
oxygen to release gaseous products and heat. Take nmast be released
continuously at least at a minimum rate to unddigo interlinked processes
between pyrolysis, volatile combustion and chadation.
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Many parameters affect coal or biomass pyrolysisndguthe combustion or

gasification process. These parameters are: (ipeesmture, (i) pressure, (iii)

heating rate, (iv) coal or biomass type, (v) coabmmass particle size, (vi)
combustion or gasification process method — whéfilked bed, fluidized bed,

pulverized coal or entrained bed, and (vii) pyridygnvironment with or

without oxygen atmosphere. The effect of particke an be excluded if the
coal or biomass particle size is very small. Thecpss method makes no
difference if the pyrolysis is conducted in a stutdwire-mesh reactor (WMR).
Pyrolysis without oxygen environment is commonlyndocted in a nitrogen

(N2) atmosphere. The majority of the pyrolysis dased in this study were
obtained for an N2 environment.

Different types of coal exhibit different pyrolysigerformances. Low-rank
coals, such as lignites, release more volatile endktan high-rank coals. The
chemical components and composition of the volatiteluct most likely differ
from one coal or biomass type to another. To gbatite effect of the coal or
biomass type, a humerical coal type number is redui

Carbon content as mass fractionY{deis a common coal type number that has
been used by many authors, such as Nigsal. [1], Mill [2], and Genetti [3].
The light gas and tar yields are the common indisator expressing how the
pyrolysis behaves. However, using carbon contesbaktype number does not
produce a consistent result.

There are two scientific tools for classifying co#that are generally used: the
Seyler coal chart and the van Krevelen diagram. S&éger coal chart relates
the chemical component values of carbon (C) anddgah (H) and oxygen (O)
to the various coal properties. The van Kreveleagdim relates two sets of
atomic mass ratios,Yu/Yc and Yo/Ye, to the various coal properties.
Unfortunately, the¥p/Yc andYo/Yc ratios are not unique for each type of coal or
biomass.

Basically, the general classification of coal asrbass types is indicated by the
ultimate analysis that quantifies their elementinposition. The proximate
analysis provides information about the mass foactf volatile matter (VM),
fixed carbon (FC), moisture (M) and ash (A). Beeathe proximate analysis is
conducted using a standard process, the resultotéae translated directly to
configure the pyrolysis process if the process tam$ are not exactly the
same as the standard conditions.

The major elements that form coals and biomas€aié¢, O, nitrogen (N) and
sulfur (S). The chemical structure of a coal omiéss is very complex. Various
models of coal structures have been constructegubiyors such as Schlosberg
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[4] and Solomonet al.[5]. In fact, many chemical structures can be twicted

for the same coal. Currently, it appears that tteeechemical structure has not
been uniquely defined for each coal or biomassthat case, the elements
present in the coal are the most suitable featorédentify the coal or biomass

type.

A new coal or biomass type number is required ihainique for each type of
coal or biomass. The coal or biomass type numbéorimed by two atomic
mass ratios, ¥Yy and Yo/Yo. This number is obtained by multiplication of the
two mass ratios. Each coal or biomass should hagmgle value for this
number. The proposed coal or biomass type numbesed to characterize the
coal or biomass pyrolysis performance in ordeotonfempirical correlations.

The objective of this work is to develop such a m®al type number in order to
cover a wide range of coals, including biomass. fifugposed empirical models
are presented in several correlations of new unpguameters. Hopefully, these
correlations can be used for practical purposespredict any pyrolysis
parameter from the coal type number and other @pesd variables. The
proposed correlations work at atmospheric pressiareyery small coal or
biomass particles (less than 0.212 mm diameter) \aind-mesh pyrolysis
reactor conditions with anjJ\jas environment.

The ultimate and proximate analysis results anero#tvailable experimental
data for a wide spectrum of coal and biomass tyye found in the literature.
The results show that the proposed coal or biotygpesnumber is a unique and
independent variable.

Having a unique correlation of the mass fractionalftile matter to the coal or
biomass type numbeNcr allows the effects of temperature and heating tate
be quantified. This results in an empirical cortiela for the volatile yieldYyy.
The mass fraction correlation for any chemical congmt in the released
volatile matter can then be formulated from theaotsd empirical correlation.

2 For mulation

The coal quality, described as energy content, aniy determined by the
elements C, H and O. The mass fractions of thesmagits are reported as an
ultimate analysis. Anthracite coal has the higlestrgy content of all coals.
This feature correlates directly to higher C, lowkand lower O contents. The
coal quality is reduced when the coal has lowemhigher H and higher O
contents. The lowest ranking coal is lignite, whies higher O, lower C, and
higher H contents. For example, from biomass tbractte coals, the C content
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ranges from 44 to 95%, the H content decreases #dnto 1%, and the O
content decreases from 50 to 1%.

The pyrolysis performance depends on the coal omass type and several
operational parameters. These operational parasnater pressure, temperature
and heating rate (Niksat al [1]). The performance is quantified by the
pyrolysis mass rate, yields and light gas anddarposition.

As well as by the ultimate analysis, coal or biosngsalities are described by
volatile matter, fixed carbon, ash and moistureteots. These contents are
reported in the proximate analysis. The volatildteranass fraction of volatile
matterYyy was measured using the standard measurement neisodbed in
ASTM 3175-07. This method is considered a pyrolysiscess at a moderate
temperature level, slow heating rate and long exgosme. The particle size is
smaller than 212m. The material is heated to 900°C for 7 minutasiiy the
first minute, the heating rate is increased to 18°@nd for the second minute,
the heating rate is set to 2.5°C/s. After the sdaminute, the heating rate is
maintained at 0.1°C/s.

By referring to the method above, the volatile gratontent in the proximate

analysis is actually considered a result of theolygis process under standard
conditions. Therefore, the volatile matter contdntsn the proximate analysis

can be correlated to the coal or biomass type numbe

Mass fractionY¢ increases from biomass to anthracite coal. Masstifm Yo
behaves in the opposite way to the C element meedi@bove. Mass fraction
Ycis divided by mass fractioy, to defineNg,o as

Y
Neio =7 (1)

o

This value consistently increases from biomassitbracites.

In the same way, mass fractiofy evolves from high to low values from
biomass to anthracites. Wh¥gpis divided byYy, Nc is defined as

N =_C (2)

C/H
H

The value of this parameter also increases fromass to anthracites.

These two parameters are multiplied together t@ givcoal or biomass type
numberNct that is defined as
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Y X

colNaw ="
Yo Y,

N_=N 3
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The value of this coal or biomass type number atswsistently increases from
biomass to anthracites. Moreover, this value shbeldinique for each coal or
biomass type. This parameter becomes a single péeathat covers the mass
fractions of C, H and O as major elements of bienzasl coals.

The mass fraction of volatile mattéyy, can be correlated to the coal or biomass
type numbeNcr. The general correlation 8%y to Ncr is stated as

YVM = fl( NCT) (4)

The value ofNct for anthracite is very high because of its higieand lower

Yo andYy. The top limit ofNcr is infinite. A very highNcr gives a very low

value forYyy. For biomass, thilcr value should be very low due to the [0

values and highY, and Yy values. This produces a very high, that

approaches to one. The boundaries of the correlafi&q. (4) are defined as
Anthracitg N, - o, Y, - C

VM

. _ (5)
Biomass N - 0, )~

When these boundaries are applied, the most sweitabtrelation is an
exponential function dicr that is expressed as

Yo =exp[- £ (N,)]  wherd, I, ¥ (6)

%Y, =100Y,, = 100 exp- £(N.,)] (7)
The functionf(Ncy) is proposed as a polynomial functionNr

f,(No) = a+b In(N,) + c(in N, +d (InN, ) (®)

The operational conditions of coal and biomass agtibn or gasification
differ from the proximate analysis conditions. THeating ratgg and pressurf
can be higher than the proximate analysis conditiddiksa [1], Mill [2],
Genetti [3], and Xu and Tomita [6] have investightbe pyrolysis behavior of
different coals under different conditions. The sead pyrolysis variables
were light gas mass fraction, tar yield, total titéa, and volatile enhancement.
The effects of the different coal types on theseatdes were plotted against
%Y. Because % is not unique for each coal, it is difficult toagliv a consistent
trend for the effect of the coal type.
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Pressure affects the pyrolysis performances. Hrglsqure pyrolysis releases
less volatile compounds than low-pressure pyrolysiksa [1], Leeet al [7],
Fatemi [8], and Yeasmirt al. [9]. Zeng [10] have shown that the tar reduction
and total volatile yield are more significant foituminous coals, but less
significant for lignites. An interesting hypothe$ism Zeng's work is that the
effect of pressure on the total volatile yield imn significant at higher
temperatures. Tamhankat al. [11] have stated a surprising finding in which
the volatile yield increased with pressure at terapees between 800°C and
900°C. This implies that the effect of pressuremigre complicated than the
effects of the other parameters. This needs tddimrted and discussed more
deeply in another study. The present work doesowar the effect of pressure.

The proposed coal type number is preferably usedlascribing how the
pyrolysis variables behave in relation to the ciygple. The mass yield of a
chemical component resulted by the pyrolysis predssstated a%;. The
correlation betweenY; and the coal type number and other operational
conditions is defined as

Y= (N, B.T) (9)

It is our intention to construct the correlation of Eqg. (9) ushegexperimental
data of pyrolysis performances available in the literature.

3 Coal and Biomass Databank

To formulate the correlations between pyrolysis behavior anebtmaass type
number, the proximate and ultimate data from a wide rangge$ and origins
were used. These coal and biomass data were gathered ffemandisources in
the literature. In total, 179 coal data sets were usedi®istudy; 6 Australian
coals provided by Mill [2], 29 USA coals published in Genettj §8jd 21 coals
reported by Xu and Tomita [6]. The rest were coals fourréferences [12-16]
and originated from Canada, China, Japan, Germany, Indonesiahi8jove
Ukraine, Korea, Vietnham and India.

The different sources of biomass data studied were reporté&hitikh, et al
[17]. Some of the biomass was defined as char. In total, @Wdsis datasets
were available.

All the 179 coal and biomass data sets were ranked from thestldovehe
highest carbon, oxygen and hydrogen contents. These data cewvdtiltiate
and proximate analysis data. The ultimate data are presentedms of the
mass fractions of C, H, O, N and S.
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The proximate data are reported as percentage of mas®rfraé volatile
matter and fixed carbon. The ash is quantified by the naissbetween the ash
and the coal by excluding the water and ash contents

Some data sets in the literature report higher heating valtds others do not.
Therefore, the high heating valudd,() used here were calculated from the
correlation given by Parikket al. [17].

4 Results and Discussion

41 Volatile Matter Correlation

The coal quality is commonly shown as the H/C mass ratgusdhe O/C mass
ratio, as is referred to in the van Kravelen chart [18]sThart is meant only
for mapping coals in terms of their chemical element cositefihe van
Krevelen diagram for the 179 coal and biomass data sets usidd study are
shown in Figure 1. Even though they correlate positively tb edwer, there is
no need to construct a mathematical correlation between thengumeFi.
Besides that, using one of the aforementioned ratioscagleor biomass type
number does not cover all major chemical elements that fbemcoal or
biomass.
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Figurel Van Krevelen diagram for coals and biomass in titalshnk.

Volatile matter is released during the proximate anabysikis reported as mass
fraction percentage ¥u. Because the proximate analysis is conducted under
certain conditions, the volatile matter mass cannot be condideréhe contents

of the volatile matter in the coal or biomass. Becausevdhees of %, from

the literature were obtained under standard conditions, theofpfaly, with

the various coal or biomass type numbers accurately cherast the coal or
biomass pyrolysis performance. FirstY9g is plotted against % of coal or
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biomass, as was done by most authors, such as Kikah[1], Genetti [3] and
Xu and Tomita [6]. The plot for all coal and biomass typebdsve in Figure 2.

When % is used as a coal type parameter, the correlation betihveesther
major elements (H and O) andY%should be very clear and strong. However,
in fact, the correlation betweenYWpand %Y. is found to be scattered and the
correlation between ¥ and %Y. is very scattered and weak. For this reason,
%Y. does not provide a unique coal type parameter.

Figure 2 shows a significant and strong effect &t%n volatile matter release
%Yyw. One may construct an empirical correlation between these two
parameters. Since ¥g alone cannot characterize coal or biomass types in the
form of a unique parameter, it is irrelevant to build ampiical equation to
describe this relationship. Moreover, it is difficult tefify the use of only the
carbon content as a coal or biomass type number, because it doesisider

the oxygen and hydrogen contents. Both the oxygen and the hydrogen content
have a significant impact on the pyrolysis performanceaf and biomass.

©Coal  eBiomass
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Figure2 Correlation of the mass fraction of released vigathatter in the
proximate analysis with the carbon content of tbalg and biomass from the

databank

Because % alone as coal type number is not suitable, based on the reasons
provided above, a new coal type numb¥g;, Eq. (3), is proposed. A plot by
symbols of %\, from the available coal and biomass data compared gh t
new parameter is presented in Figure 3. A high number relates to the high
carbon content of the coal or biomass. Notably, this plot eéshébtorrelation

of a continuous line from small to lardé-r numbers,i.e. from biomass to
anthracite coal. This finding is different from that in Fig, in which one
correlation behavior for all values of¥4is not well justified. The correlation
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at higherN¢t or higher % humbers continuously becomes flatter than that of
the lower % coal type numbers.

The Nt parameter uses all three major chemical elements ofiocdabiomass,
carbon (C), hydrogen (H), and oxygen (O). The valuB&fis unique for each
coal or biomass type. Thidcr number is sufficient to numerically represent
each coal or biomass type.

One might argue th&-rdoes not cover the sulfur (S) and nitrogen (2) contents.
However, because the sulfur and nitrogen contents are usually #me Ncr
number defined in Eq. (3) is specific enough to generate a uniquefonksch
type of coal or biomass. In fact, the contents of S and Nes@gainsNcr.

The model for the %,y correlation withNcr developed here is stated by Egs.

(6)-(8). This model is fitted to the ¥, data for the 179 coal and biomass
types. The fitted model equation is obtained as follows:

%yY,,, =100Y,, = 100 exp £ ( N.;)] (10)

f,(N.,) =0.031- 0.029In{_, ¥ 0.038(IN_, ?) (11)

1 10  Ngr 100 1000 10000

Figure3 Fitted correlation % mass fraction of released tilelanatter %\, in
the proximate analysis for new coal type nuniderfrom Eqgs. (10) and (11) for
coal and biomass types from the databank.

The best fitted correlation is a R 0.884. In Figure 3, this fitted model is
plotted against and compared with the 179 coal and biomass eata s
producing a continuous line. Using the fitted model, the deviatibrihe
predicted %y from the data is approximately 15%. KnowiNgr only from
known values for %6, %Y, andYs%, the mass fraction of the released volatile
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matter can be predicted for all types of coals and biomass Hgmg(10) and
(11).

4.2  Heating Value Correlation

Under dry conditions, the proximate analysis of a coal or bioieasported as
the mass fraction percentages of volatile mattey9g fixed carbon %c 4 and
ash %, 4 Parikh,et al [17] developed the high heating value,(limodel for
the entire spectrum of solid carbonaceous materials, suclhads tignites,
biomass, char and residue-derived fuels. That correla&imwiritten as follows:

H,, =84.59 %, ,+ 37.30%,, - 187 %, , kCalk (12)

Knowing the %\ under dry, ash-free conditions from the present correlations
expressed by Egs. (10) and (11), thed4and %¥mq can be calculated from
the correlations below:

100

¥, , = (13
1, 100- %, . 100 | %Y,
%Y,,, %Y, | 100- %Y,
%Y, , =100~ %X, ,— %Y, , (14)
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Figure4 Predicted high heating values of dry coal and b&sneorrelated to
coal type numbeNcr and ash content %4 4
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The chart oH,y for the entire spectrum of coal and biomass types for ditferen
ash contents can be generated from Eqgs. (12)-(14). Thisishamtsented in
Figure 4.

Once the ultimate analysis of a coal or biomass is known oiddetype number
Ncr can be evaluated. With knower, %Yy is predicted from Egs. (10) and
(11). %Yymg and Wecq are calculated from Egs. (13) and (14) for different
values of %, 4. SubsequentlyHy,y is predicted using Eq. (12).

Compared to the Dulong equation fdr, prediction, the present correlation
predictsHyy within a range of 10% lower to 10% higher for the whole biomass
and coal range. In fact, the Dulong equation is not considerearade for
prediction of the heating value.

4.3  Correlationsfor Pyrolysis Performance

4.3.1 Effect of Coal-Biomass Type

The measurement of pyrolysis performances was comprehensomdiyiated
by Xu and Tomita [6]. In their experiment, 17 coals were w&dl The
pyrolysis experiments were set to a temperature of 1037 H€ating rate of
3000 K/s, and atmospheric pressure. The pyrolysis perfoemiadicators that
were measured were the mass fractions of tar anddagds. The yield data
were tar Yi,), water vapor Yu.0), carbon dioxide Yco,), carbon monoxide
(Yco), methane Ycng), and other light gase¥dne). Because the experimental
conditions were different from the proximate analysis coméi the mass
fraction of volatile matter is noted &y. This Yyyis composed of light gases
Y.c and tarYry,, defined by

YVY = YI_G + Xar (15)
Y e is constructed from the light gas components as follows:
YLG = YH20 + %OZ + ¥O+ ¥H4 + Xthers (16)

Due to the difference in the experimental conditions, teklyf volatile matter
Yvyis different from the mass fraction of volatile mat®y, that was measured
in the proximate analysis. The volatile enhancement was inteadby Mill [4]
as

Y,

VY
vV, = v 17)

VM




286 Yazid Bindar
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Figure5 Correlation of volatile yieldy,y and volatile matter mass fraction in
proximate analysisfyy with the coal type numbeXcr and predicted volatile

matter mass fraction (Pred. VM) using Egs. 10 ahdMeasured data from Xu
and Tomita [6].
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Figure6 Correlations of light ga¥,c, Y, and componentSi.o, Ycoz Ycha,
and Yo yield with coal type numbeNcr. Measured data from Xu and Tomita

[6].
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Yyywas correlated to the % of the coal ultimate analysis by Xu and Tomita
[6]. In the present work, the coal type numblef is used to show the effect of
the coal type. The present correlation is shown in Figure 5. ciniglation
reveals a trend similar to th&,, correlation. The similarity in the trend is one
of the strengths of using thé-1 coal type number rather than using/%The
tar and light gas mass fractions also have a trend sitoitheY,,, correlation,
as shown in Figure 6 frames a) and b). The mass fractiorgloftcemponent of
the light gases were also plotted agaMst, as shown in Figure 6 frames c) to
f). Notably, there is a behavior trend of the mass fractioraof &éomponent
similar to Yyy againstNcr, except for the Cklcomponent. ThéYcy, plot, as
observed in Figure 6 frame e), forms a maximum value.

4.3.2 Effectsof Temperatureand Heating Rate

The effect of temperature on the pyrolysis behaviors is uvelerstood. Coal or
biomass pyrolysis is a thermal decomposition process.pfogess has a strong
temperature dependence that is controlled by the chemicatiddn The
decomposition products of coal and biomass are solid chaanthtight gases.
The light gases consist of the gas components stated in Eq.TtESXinetic
mechanism of the coal or biomass pyrolysis with very smallicest is
commonly modeled as a simple mechanism that leads to teacabsf the
secondary reaction of the tar. This mechanism also does not inttiede
distribution of activation energy. Moreover, using the detadchanism for
constructing the empirical correlation of volatile yield wtdmperature and
heating rate is not required.

A first order and simple kinetic expression of the coal ombaiss was used to
build the correlations ofyy and Yyy to temperature and heating rate. The
heating rate is proportional to the temperature gradient along the time of
sample dT/ot. The pyrolysis conditions are most likely different from the
proximate analysis conditions. The standard temperaiyr@ressurePs and
heating rate are 900°C, 1 atm ghglrespectively. The resulting mass fraction
of the released volatiles ¥y If a pyrolysis process is conducted at
temperaturd, heating ratg and pressure similar to the proximate analysis, the
mass fraction of the released volatiles is statettyasThe ratio between the
released volatile¥,y for a pyrolysis process under a certain condition to the
released volatiles under standard conditagis proposed as follows

Y,, (T) LA
VY - e B Ts (18)
YVM (TS)
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Eqg. (18) has the same definition as volatile enhancement Eq.TH& kolatile
enhancement exists due to the temperature and heating eats.eff

References [14]-[19] report the measurement of releasedl@otass fraction

Yvy. The measurement conditions varied the heating rate, tetaperand

residence time. Each of them used different types of aadsbiomass. A
summary of the experimental conditions is listed in Tabl&hese data were
used in this study to explore the correlation that is defindedy18).

The correlation ofVg for different coal and biomass types wiliiTs was
generated using the measured data from the aforementionechceterd@he
results are shown in Figure 7. The data show that a sougkelation for
Yw/Yym with T/Ts can be drawn that covers all types from biomass to
bituminous coal, heating rates from 0.4 to 1500°C/s, and residiemedrom 7

to 500 s. This finding indicates a unigue correlation betweentileola
enhancemen¥: and temperature rati'Ts. The effect of the heating rate ba

is shown to be minor. Oh [19] has shown that the effect of thenpe@tie on
Yy is less than a 4% increase when increasing the heating ratmdg A
similar result was shown by Jamg, al [20], who stated that an increase in the
heating rate from 0.5 to 1000°C/s gives an increase of only 18& ¥ty.

Volatile enhancementVg is concluded to be a significant function of
temperature ratid/Ts. EQ. (18) is simplified into
Y,, (T) s (1)
VY —e s (19)
YVM (TS)

Tablel The experimental conditions for the volatile matteass fraction¥yy
at various temperature levels from references p,21t24].

Literature [11 [19] [21] [22] [23] [24]
Pressure latm latm latm latm latm latm
Heating rate 505;3200 1000°C/s 39[320 1000°C/s 23°C/s  0.42°K/s
Temperature 800-1600 200-1000 500- 598-1057  650- 650-
range °C °C 1000°C °C 800°C  1025°C
Resicenct 4,5 ¢ 7s 30s 300s 500
time
Soalor - Lignite  Pittsburgh linois  Lignite  Wood
Type PSOC-246 No.8 No. 6 Texas Chips

Functionfs is fitted using the data from the various sources. The st f
model generates functidg(T/Ts) as follows:
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5 4 3
f (T—)=3.87[L] - 28.26{L] + 80.8{LJ .
s s S s
2
1128 | +77.01 —| -20.6 (20)
TS '|'S

This work proves that the volatile enhancement is a functidheofemperature
ratio only.

Stubington and Sasongko’s [25] conclusion for coal pyrolysis performanees
heating rate from 2 to 150 K/s and coal particle sizes f2am 20 mm is that
the volatile yield under fluidized bed combustor conditionpaeximately the
same as the volatile matter in the proximate analysigtr&his infers that the
present correlation Eqg. (19) could be used to estimate thelergleld for coal
sizes up to 20 mm.
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1,000 raalfl
0,370 ° @
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;g )/
0,137 3
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TIT,, °KI°K
0,019
0,00 0,50 1,00 1,50 2,00

Figure7 Correlation ofY\y/Yyy at various temperaturd@sTs, data from
[11,19,21-24], and the line fitted model Eqgs. (&8 (20).

4.3.3 General Empirical Correlation

A general correlation for predicting the pyrolysis perforogann terms of
volatile yield Yyyfor a broad range of coal and biomass types as a function of
temperature T and coal type number was successfully developed and
constructed using data available in the literature. This latioe is stated as
follows:

.
fo| —
Yoy (N, T)= e (Tj g (Ner) (21)
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The effect of the coal or biomass type is stated by expoha&mi@ionf,, which

is solely a function oNct. This function is expressed by Eq. (11). The effect of
temperature is described by exponential functiomhefsfunction is a function

of the temperature ratit/T;observed in Eq. (20). The effect of heating itself is
minor; on the whole, it contributes insignificantly to fhiinction.

The mass fraction of a volatile compongns defined as

Yov

where thei-component is kD, CQ, CO, H, CH, tar and others. The
summation for all mass fractions should be equal to one. Thiscanstraint

factor fory,. The correlation for the mass yield of each volatile camepo

according to temperatuiieandNcr is further formulated as follows:

T

f5
Yi = yi e (TSJ efZ(NCT) (23)
Because the effects of all of the variables are groupdd¥yjtin Eq. (21), the
performances of; can be expected to be constants; if they are not, thdrbewil
some interaction effects between components. If one compam@etises its
yield with Ncr, there will be at least one component that has a decrgesed

To determine how thesg’'s behave, the measured data for the component
yields of the light gases and tar from Xu and Tomita [6] weesl. The plots of

yi versusNcr are given in Figure 8. The mass fraction for the total liglsies is
constant as observed in Figure 8 frame b), which is sinalathk tars as well,

as shown in Figure 8a. The mass fractions for @ &hd CQcomponents can

be stated to be constant. These are shown by Figure 8 fyand d). The mass
fraction for CO increases witlcr. To counter that, the mass fraction for {31
shown to decrease witMcr.

Eqg. (23) is very valuable in predicting the light gas and tar coniposithe
only values that have not been modeled areythalues. In this work, it is
shown how eacly; behaves witiNct. The mass fractions of the light gases and
tar show a scattered behavior WiNhy. A similar correlation trend exists for the
H,O and CQ gases. However, the correlations betwgenand ycqs With Net

are shown to decrease consistently. Interestingly, the ationmbetweeryco
andycns is shown to be constant along tNer axis. The expectation that the
values should be constastvalid for ally's except for the individuayco and
Yena- The function of yin Eq. (23) can be determined if there are more
comprehensive data available on component yields in the releasakbsolat
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Figure8 Generated correlations of mass fractions of ligttyge, tar Vrar, Yhzos
Yco2 Ycnsa @NdYco in the total volatile matter yield when comparedhaNcr.
Measured data from Xu and Tomita [6].

5 Conclusions

A coal or biomass type number has been developed successTuily.
parameter uses the mass fractions of carbon, hydrogen and oXyg&p &nd
Yo) that were obtained from ultimate analysis data to give aernanvalue
observed adlcr = (Yo/'Yh)(Yo/Yo). The value of this number is unique for each
type of coal or biomass. The mass fractions of the volaidter have a unique
exponential correlation to the polynomial functionNgf). The heating values
of a coal or biomass type also have a unique correlatidretooal type number
and ash mass fraction.

With this unique correlation to the mass fraction of the ilelahatter, the
temperature effect and heating rate become quantifiable anld ire a general
correlation that allows the prediction of the pyrolysis perforoes in terms of
the volatile yield Yyy) for a broad range of coal and biomass types. This
correlation is generated by multiplying the temperature aatitgpe functions.
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The effect of self-heating is minor and becomes part of tédmeperature
function.

The resulting general correlation for the mass yield aomponent in the
volatile matter is characterized by the total mass vyieldetation and a
component weight factor correlation. The weight factor eghalsnass fraction
of the component in the released volatile matter. The wedghdrs for some of
the components are constant for the variatiorNgf, but not for others. A
constraint for this factor is that the summation of the mesgiéns must be
equal to one. For future work, it is recommended to formulate eamponent
yield function from more comprehensive experimental data to pnegiotysis
performances.
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