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The evolution of volatile species during pyrolysis
has a significant effect on coal combustion and forma-

1,2] .
(21 Since

tion and reduction of pollutant emissions
1970, some kinetic models such as single equation
model , two-equation model, and Solomon’ s general
model etc have been presented in order to simulate the

! researched the

pyrolysis more reasonably. Solomon "
slow pyrolysis process for several American coals, ob-
tained some kinetic parameters for gas evolution param-
eters for gas evolution and developed a general model
called FG-DVC to simulate the pyrolysis process. This
model takes account of the evolution of gases, tar, char
and adsorbed molecular in detail. The FG-DVC model
combines two models, one is the Functional Group
(FG) model and the other one is the Depolymeriza-
tion, Vaporization, Cross-linking (DVC) model. The

FG model is used to simulate the gas evolution and the

elemental and functional group compositions of the tar
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and char. The DVC model is employed to determine
the amount and molecular weight of macromolecular
fragments. The lightest of these fragments evolve as
tar. Nine well-characterized coals were selected to form
an FG-DVC data base. The minimum input to the FG-
DVC model provided by the user is the ultimate analy-
sis of coal on dry ash free basis. If the H/C and O/C
atomic ratios for the interested coal fall into the grid of
FG-DVC coal data base a pre-processor subroutine will
generate the FG-DVC needed input files for the interest-
ed coal. Although the parameters used in FG-DVC code
were determined by slow pyrolysis process, Solomon et
al have compared the measured data with the FG-DVC
model predictions and found the model can accurately
simulate the process of rapid pyrolysis under the condi-
tion of American coal *'. Because of the difference be-
tween the American coals and the Chinese coals, the ki-
netic parameters for many Chinese coals usually can’ t
be derived directly from the interpolation scheme based
on the data base. Instead, the kinetic parameters of the

most closed coal to the Chinese coal in the van Krevelen
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diagram (a plot of H/C versus O/C atomic ratios) were
used to simulate and error will be observed. However,
there is seldom study on the quantitatively analysis of
the gas evolution for domestic coals using TG-FTIR'®"".
The aim of this work is to quantitatively analyze the py-
rolysis process for two Chinese coals and to determine
the kinetic parameters related to the main species for the

coal which can’t be simulate reasonably by FG-DVC

code.

1 Experimental

1.1 Coal samples

Two bituminous coals, Zhunger coal and Shenhua
coal, were dryinged at 50 C for (4 ~5) h and then
grinding with carnelian mortar before experiment. The

coal analysis of samples was shown in table 1.

Tab.1 The proximate and ultimate analysis of coal samples

Proximate analysis /wt% Ultimate analysis/wt%

M ad A ad v ad FC ad C daf H daf 0 daf N daf def

Zhunger coal 2.75 21.8228.2847.1577.41 5.04 15.50 1.50 0.55

Shenhua coal 5.71 10.5327.7556.0180.64 4.85 12.50 1.43 0.58

1.2 TG-FTIR experiment

The pyrolysis of coal was performed at a thermo-
gravimetric analyzer (TGA/SDTA851°) coupling with
FTIR (Nicolet 5 700). The pyrolysis conditions were
as follows: coal sample weight, 50 mg; gas atmos-
phere, N,; pressure, 0. 1 MPa; total gas flow
through the furnace, 150 mL/min. After purging, the
sample was heated from room temperature to 105 °C
(at 10 °C/min) for 20 min to dry it and then to 900
°C for 20 min (at 10 C /min, 20 C /min, 50 C /
min and 80°C /min respectively). At the same time,
the volatile species were introduced to FTIR for quali-
tative or quantitative analysis. In order to make the

quantitative analysis, the gas cell must be calibrated

for interested gas species. A gas mixture of CH,/CO/

CO,/N, with known concentration was mixed with N,
and then entered into the gas cell. The species con-
centration in the gas cell was changed by changing the
mixing ratio ( gas mixture to N,). A method was then
established through polynomial fitting the known con-

centration.

2 Kinetic Model

According to the FG-DVC model, the evolution
of each species is assumed to be independent from
the other species and the evolution rate can be repre-
sented by a first-order rate with a Gaussian distribu-

. . . . [8
tion of activation energies" !

The assumed first-or-
der reaction rate for release of the ith functional
group ( X;, also called precursor pool in the FG-
DVC input files) can be expressed as following
equation shown ;

dX,

dt =_kin (1)

And the rate constant &, in eq. (1) is given by an
Arrhenius expression with a Gaussian distribution of
activation energies

k;=Aexp(( —E; £0,)/RT)) (2)

Where A, is the pre — exponential factor, E, is the
average aclive energy, o, is the width of the Gaussian
distribution and R is the gas constant. A non — isother-
mal method is used to obtain the kinetic parame-

[9—13]

ters . As the coal sample is heated at a constant

heating rate H:

dT
H= i (3)
then the eq. (1) can be transformed to:
dX, kX,
T~ H (4)

At the temperature (T,, ) at which the rate of
species evolution reaches a maximum, the temperature

derivative of evolution rate should equal to zero, 1. e.
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through experiment, the kinetic parameters then can be
determined from the slope and the intercept in eq.
(7). After A, and E, are determined, ¢; and Y, can be
fitted to experimental data using a trial-and-error ap-

proach.
3 Results and Discussion

3.1 Thermogravimetric characteristic

The TG/DTG curves and simulated weight loss by
FG - DVC code of Zhunger coal and Shenhua coal dur-
ing pyrolysis were presented in figure 1 and figure 2.

The weight loss was increased as temperature goes
up. After pyrolysis finished, Zhunger coal had higher
WL,, than Shenhua coal, as shown in table 2. This may
be caused by higher V. in Zhunger coal. Meanwhile,
from the DTG curves, the R, and T, could be ob-

X max

tained, as shown in table 2.

Temperature/

Fig. 2 TG/DTG and simulated weight loss curves of
Shenhua coal at 50 C/min

Tab. 2 The characteristic parameters of coal samples

Sample Tmm/( C ) WL”/( wt% ) WL,“/( wt% )
(10 2w%s ")
Zhunger -6.76 513 -32.62 -32.54
Shenhua -7.65 503 -31.11 -39
Shenhua coal had higher R and lower T, . This

meant that the active energy for Shenhua coal was small
and the weak aliphatic chains were more than Zhunger.
The final weight loss calculated by FG-DVC (WL, )
also contained in table 2. From figurel, figure 2 and
table 2, it was found that the calculation error for
Zhunger coal was very small, but the difference be-
tween TG curve and FG-DVC curve for Shenhua was
obvious and the error was around 10%. The coordi-
nates of the two coals in the van Krevelen diagram were

shown in figure 3. It can be seen from the figure 3 that
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the Zhunger coal coordinates in the van Krevelen dia-
gram fall into the grid of library-coal data, while the
Shenhua coal coordinates are far from the grid. So the
FG-DVC input files for the Zhunger coal can be gener-
ated by means of an interpolation scheme which is
based on the three surrounding coals database. And
the input files for Shenhua coal are generated based on
the library coal most closely located in the van Krev-
elen diagram. As the parameters in the input files are
not accuracy, the calculation error for Shenhua coal
was bigger. The following section will focus on the evo-
lution of gases for Shenhua coal in order to modify the
kinetic parameters in the input files and improve the

simulation results eventually.
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0.80F \ \
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A Shenhua
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Fig.3 The van Krevelen diagram for two bituminious

coals and the library coals of the FG-DVC code

3.2 Evolution characteristic of gases

The variation of gas evolution with temperature at
different heating rates could be seen from figure 4 to
figure 6. For 10 °C/min, evolution of CO, started at a-
bout 180°C , and reached the first maximum at about
457°C and then reached the second maximum around
716°C. The first peak appeared due to the decomposi-
tion of carboxyl functional group. The second peak at
higher temperature was caused by more stable function
group such as ether. It was also found that the second
peak was more important than the first peak except

80°C/min curve. The T

max

for both peaks at different

heating rate were shown in table 3. The T was higher

with higher heating rates. This was caused by the more
difference between coal sample and thermocouple with
higher heating rate. The width of temperature related to
CO, evolution also became bigger with the heating rate
increased. This was caused by deeper overlapping de-
gree with higher heating rate.

The evolution curves of CH, at different heating
rate were shown in figure 5. Formation of CH, started
at about 340 °C and reached the maximum evolution at
about 525 °C, 556 °C and 577 °C for 20 °C /min, 50
°C/min and 80 °C/min respectively. The formation of
CH, finished at the end of the liner heating step and no

obvious formation of CH, was found during temperature
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Fig. 4 Evolution rate curves of CO, during pyrolysis for

Shenhua coal sample at different heating rates
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Fig. 5 Evolution rate curves of CH, during pyrolysis for

Shenhua coal sample at different heating rates
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Fig. 6 Evolution rate curves of CO during pyrolysis for

Shenhua coal sample at different heating rates

holding step. As shown in table 3, the T, also shifted
to higher value for higher heating rate. The CH, was
mainly formed by the reaction in which the methyl
chain and aliphatic bridges of a larger molecule were
broken.

The evolution curves of CO during pyrolysis were
shown in figure 6. Evolution of CO started at about
280°C. For 20°C/min, evolution curves reached the
first peak at about 626°C and then decreased a little.
CO also had two shoulder peaks. The second and max-
imum peak was around 727°C. The CO was released
form the ether O group in the original coal. As shown

in table 3, the T also shifted to higher value for

X

higher heating rate.

Tab. 3 The T, for gas at different heating rates

max

Gas 20 °C/min 50 °C/min 80 °C/min
456.68 C 488.00 C 510.94 C
€0 716.05 C 757.90 C 773.76 C
CH, 525.49 C 556.06 C 576.64 C
626.06 C 663.71 C 686.15 C
e 726.64 C 771.36 C 795.66 C

3.3 Modified FG-DVC Model
The kinetic parameters for gas, as shown in table

4, were determined by employed the value in table 3 to

formula (7). The data in table 4 were in the input for-
mat of the FG-DVC model. Y, is the initial fraction of a
particular function group with the modified kinetic pa-
rameters in the input files, the weight loss and the
yield of gases during pyrolysis were recalculated at 80

°C/min.

Tab. 4 The Kinetic parameters for gases

Precursor pool A/s~!' x10° (Ey/R )X (a/R) /K Y,
1-CO, ~loose  0.38 13 230 2 000 0.077 790
3-C0, —tight 0.1 22 295 2 000 0. 530 000
32 -CH, 0.81 16 878 1 800 0.025 215
13 -CO -loose  0.025 18 117 1 000 0.002 989
10 -CO —tight ~ 0.10 19 388 3000 0.031 924

—o — Experimental result
. —--— Original FG-DVC
% ——Modified-FG-DVC(|

Weight loss/wt%

200 400 600 800 1 000
Temperature/
Fig. 7 Comparison of modified FG-DVC simulation on
weight loss with experimental result and original FG-DVC

simulation on weight loss at 80 °C/min
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Fig. 8 Comparison of modified FG-DVC simulation with

perimental result and original FG-DVC simulation at 80 °C/min
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As shown in figure 7 and figure 8, the simulation
had a great improvement. Especially, the simulation
yield of CO, and CO fitted the experimental data very
well. Tt also can be found the simulated weight loss
was still a little more was still a little more TG results.
It was because that the kinetic parameters were deter-
mined only for CO,, CH, and CO and the kinetic pa-
rameters for other species such as Tar, H, and H,0
were not available. This may be improved in later

work.

4 Conclusions

The pyrolysis experiment and numerical simulation
of two types of Chinese bituminous coal at different
heating rates were performed using TG — FTIR analysis
and FG — DVC model separately. The weight loss and
the evolution rate of CH,, CO and CO, during pyrolysis
were measured. The thermogravimetric characteristic
and the evolution characteristic of gases were obtained
from the experiment data.

(1) Shenhua coal had smaller active energy and
more weak aliphatic chains than Zhunger coal.

(2) CO, and CO had two shoulder peaks during
evolution process while CH, had only one peak around
550°C. The T, shifted to higher value for higher heat-
ing rate. The width of temperature related to gas evolu-
tion also became bigger with higher heating rate.

(3) FG-DVC model can simulate the pyrolysis
very well for for Zhunger coal, but the difference be-
tween experimental data and FG-DVC curve for Shen-
hua was obvious.

(4) The kinetic parameters for CH,, CO and CO,
were obtained from experiment data. The FG-DVC
model was modified with the calculated kinetic parame-
ters of Shenhua coal. Using the modified model, the
numerical simulation fitted the experimental results

more reasonably for Shenhua coal.
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The Simulation Research of Buck-Boost Converter

LI Xue-li
( Weifang Oil Transportation Station, Pipeline Storage and Transportation Corporation, SINOPEC, Binzhou 256600, P. R. China)

[ Abstract]  PSpice is a powerful simulation software, simulation results are very close to the true state of the cir-
cuit. The overall working stages of Buck-Boost converter is simulated and analyzed by PSpice. The working process
of the Buck-Boost circuit includes the transient process of start-up circuit and the steady working process. All the
stages of stored energy elements of Buck-Boost converter are also introduced. The large number of visual simulation
waveforms are given. Thus the understanding of Buck-Boost converter is deepened.

[ Key words]  Buck-Boost converter Pspice transient analysis steady-state
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Experiment Research on Bituminous Coal Pyrolysis by
TG-FTIR and Determination of Pyrolysis Kinetic Parameters

LIU Li, QIU Peng-hua, WU Shao-hua, ZHANG Ji-feng, QIN Yu-kun

( Combustion Engineering Research Institute, Harbin Institute of Technology, Harbin 150001, P. R. China)

[ Abstract] It is significant to study the components and the relevant concentration of volatile matters released dur-
ing pulverized coal pyrolysis, which is fundamental for the further study of low NO_ combustion and NO_ reduction
during coal reburning process. The devolatilisation experiments of two types of Chinese bituminous coal were per-
formed using TG-FTIR ( Thermogravimetry combined with Fourier Transform Infrared Spectroscopy) analysis. Four
heating rates (10, 20, 50 and 80 °C/min) were adopted to research the weight loss and gases evolution. The numeri-
cal simulations were performed by using FG-DVC (Functional Group and Depolymerization, Vaporization, Cross-link-
ing) model on the experimental coals. It was indicated that the simulation results were well fitted for one of the two types
of coal but not very well for another. The error was caused by the inaccuracy of the kinetic parameters of the main spe-
cies provided by FG-DVC model. The kinetic parameters are then corrected by introducing FTIR results to a series of
first-order formulation by assuming that the light gases evolution are parallel and independent in FG-DVC model. By
adopting the corrected kinetic parameters the simulation results are agreed with experiments data much better.

[ Key words] coal pyrolysis TG-FTIR kinetic parameters FG-DVC



