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INTRODUCTION

Methane (CH.) reforming is the process of using carbon
dioxide (CO,) to transform CHy into synthesis gas, which can
be used to produce liquid fuel, ammonia, methanol, efc. It is
an important method for methane utilization and is referred to
as the gas technology of liquefaction'. Conversion of CH, and
CO, into synthesis gas can effectively reduce greenhouse gas
emissions and meet the demands of many synthesis processes
in the chemical industry. High contents of CH, in coke oven
gas (COG) and high contents of CO, in gasified coal gas can
produce synthesis gas through reforming, which have several
potential applications, such as in dual gas-head multi-
combined technology®. Many types of catalyst (e.g., Ni-based,
precious metal-based and coal char catalysts) has been tested
on CH4-CO, reforming reactors with fixed and fluidized beds
at a temperature range of 1073-1573 K. Although a precious
metal-based catalyst has better activation, selectivity™ and a
lower capacity for carbon deposition resistance than Ni-based
and coal char catalysts, its industrial application is restricted
due to higher cost’”’. Therefore, new and appropriate catalysts
that have lower costs are still being investigated. One promising
candidate is coal char. Research has shown that coal char can
catalyze CH,-CO, reforming'®. Fucheng, et al.”"'" have studied
non-catalyzed partial oxidation in natural gas and discovered
that there were three main zones in the oven, with the main
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Experimental research and numerical simulation of coal char-catalyzed CO, reformation of CH, were done using a small single-hole |
nozzle reactor. Coal char is known to possess catalytic functions for CH4;-CO, reformation. The computational fluid dynamics software
was used to simulate a small-scale reactor for the analysis of temperature distribution, flow field and synthetic gas composition. Simulation
results show that the reforming reactor demonstrated good flow field and temperature distribution. The CH4-CO, reforming areas had
higher temperatures that were deemed suitable for the process. The flow field distribution in the reactor showed that O,, CO, and coke
oven gas can be mixed thoroughly to achieve the reaction. The reaction mechanism is a coupling of combustion and reforming reactions
at an optimized wall temperature of 1100 K. The H,/CO ratio was about 1.4-3.0 in the synthesis gas, which is the raw material for

reaction varying according to the zone. Moreover, the
maximum amount of the synthesis gas output and the optimal
proportion of oxygen (O,) and natural gas were subject to the
model of the oven used. Currently, no simulation research has
yet been reported for coal char as a catalyst in the CHs-CO,
reforming reaction. Based on a small experimental device, this
study analyzed the preparation, activity and life of the coal
char catalyst as well as the impact of the ratio of oxygen flow
to coke oven gas on the CH,4 conversion rate and compositions
of the main products. The reaction mechanism of a small
reforming reactor containing a coal char catalyst was also
discussed through numerical simulation, where the temperature
distribution, flow field and synthesis gas composition were
analyzed. We determined the reaction temperature in the coal
char-catalyst zone and the optimized wall surface temperature
in the reaction area, providing reference data for future pilot-
test experiments.

EXPERIMENTAL

Fig. 1 illustrates the conversion flow chart for the
catalyzed partial oxidation in coke oven gas. The conversion
reactor mainly consisted of the nozzle and reaction oven.

The main equipment was a 700 mm x 70 mm single-hole
nozzle quartz-tube reactor (Fig. 7). Pure oxygen supplied from
the oxygen cylinder was injected into the reactor together with
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TABLE-1
COMPOSITION, SPECIFIC SURFACE AREA (SSA) AND PORE SPECIFIC VOLUME (PSV) OF THE CATALYST
kit elan alys IGENa: Ash(%,ad)  SSA(n’fg) PSV(cm¥g)  Modified
C H 0 N
88.01 138 245 0.84 0.50 687 83.11 0.06 Yes
TABLE-2
COMPOSITION OF COKE OVEN GAS AND LOW HEAT VALUE
CH, H, co N, 0, CmHn __ LHV (MJ/Nm)
Content (%) 2428 54-59 557 13 0307 23 17

r 3

8
F-Flow, T-Temperature, A-Analyzing, S-Sampling; 1-Reactor, 2-Cooler,
3- Reservoir for Product Gas, 4-Cooling water inlet, 5-CO, Inlet, 6- Coke

oven gas inlet, 7-O; Inlet, 8-Cooling water outlet

Fig. 1. Conversion flow chart for the catalyzed partial oxidation in coke oven gas

the coke oven gas for conversion and were regulated using a
ZLB-15 gas glass rotor flow meter. The oxygen, nitrogen,
methane, carbon monoxide, carbon dioxide, ethene and ethane
contents of the synthesis gas was measured with a GC-950
chromatographic instrument (partial pressure: 0.2 Mpa;
column temperature:313.15 K; bridge stream: 60 mA; 13x
molecular sieve* 1 m), while the hydrogen content was deter-
mined using a GC9890A chromatographic instrument (Partial
pressure: 0.4 Mpa; column temperature: 353.15 K; bridge
stream: 60 mA; 13x molecular sieve* 1 m). The data were
evaluated by a subtraction method. Three temperature measu-
ring points were provided at 23 cm (bottom), 36 cm (middle)
and 59 cm (top) from the nozzle. The reaction zone wall
temperature was measured by the ST80 infrared thermometer.
A platinum-rhodium thermocouple was used to measure the
temperature in the reactor. Sampling was also conducted from
the synthesis gas outlet, before it was delivered to the chroma-
tograph for analysis. The reactor was water-cooled after the
experiments. The outer quartz tube was coated with a nano-
adiabatic material (thermal conductivity = 0.025 W/mk) and
the coal char catalyst was placed in the middle of the quartz
tube reactor (3 kg). The coal char catalyst was prepared through
pyrolysis of coal at 1423 K for 1.5 h and crushing the catalyst
mass to 30-60 mesh-sized particles. The catalyst was prepared
using the impregnation method in a sodium hydroxide solution
at room temperature for 3 h. The catalyst was dried in an oven
for 12 h at 373 K. Oxygen-bearing functional groups were
detected on the surface of the catalyst through X-ray photo-
electron spectroscopy. The composition of the catalyst is
provided in Table-1, while the composition of the coke oven
gas is shown in Table-2.

Analysis of the reaction process: The main chemical
reactions that occurred during the catalyzed partial oxidation
of the coke oven gas are represented by the following equations:

H,+ 0.50,= H,0; AHgsx = -241.84 kJ mol’ (1)

CH,+ 0.50,= CO + 2Hy; AH%9sx = -27.32 kJ mol”"  (2)

CH, + 20,= CO, + 2H,0; AH 93¢ = -802.60 kJ mol ™" (3)

CO +0.50,= COz; AH0298K= -282.96 kJ I‘[lOl_l (4)
CH4+ HgO =CO+ 3H2; AH0298K= 206.15kJ 1'1101_l (5)
CH4+ C02= 2CO + 2H2, AH0293K= 247.27K] II'IOI_l (6)
C02+ H,= CO + Hzo; AH0298K= 11598 kJ 1'1101_l (7)
CH4= C+ 2H2, AH0298K= 71.56 kJ I‘['lOl-l (8)

Reactions (1)-(4) represented the combustion reaction of
the coke oven gas, which were strong exothermic processes
that comprised the primary set of reactions, which occurred
rapidly, with the complete reaction finishing within several
dozens of milliseconds. Reactions (5)-(7) represented the con-
trol procedure of the whole process. These were endothermic
reactions collectively called the secondary set of reactions.
The oxidation process could be finished within 1-2 s'*". To
ensure that the secondary reaction could be completed, the
appropriate H/D ratio had to be provided for the hearth.

The conversion reactor can be divided according to the
main reactions into an upper local area where strong oxidation
occurs and a lower-and-middle area where deoxidization-
conversion occurs. The partial combustion of H,, CH, and CO
provided sufficient heat for the conversion of CH, and C,H,.
The unconverted methane in the lower and middle areas, where
deoxidization-conversion occurs, facilitated the reforming
reaction with H,O and CO, under high temperatures, generating
synthesis gas, such as H, and CO, as well as a small amount of
COz, Nz and CH4

RESULTS AND DISCUSSION

Reaction activity and life of catalyst (O, = 0): The life
of the coal char catalyst for CO, reforming of CH, is shown in
Fig. 2. The conversion of CH, can be divided into two stages.
In the first stage, the initial conversion of CH; was about
95.2 %. However, as the reaction time extended, the conversion
of CH, obviously decreased, reaching its lowest rate (about
38.3 %) at 210 min. At the second stage, the conversion of
CH, remained nearly constant at about 40 %.

Four oxygen-bearing functional groups were detected on
the surface of the catalyst through X-ray photoelectron spectro-
scopy. These were phenolic hydroxyl, carbonyl, carboxyl and
lactone. The content of oxygen-bearing functional groups on
the catalyst is shown in Table-3.

Table-3 shows that after CO,-CH, reforming, the content
of oxygen-bearing functional groups on the catalyst, particu-
larly phenolic hydroxyl and lactone, rapidly decreased from
28.66 and 2.62 % to 4.2 % and 0.2 %, respectively. Thus,
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phenolic hydroxyl and lactone played important roles in CO»-
CH, reforming and efficiently promoted the conversion of CHa.
However, after the consumption of the phenolic hydroxyl and
lactone, the conversion rate of CH, dropped. After the phenolic
hydroxyl and lactone were completely consumed, the conver-
sion of methane remained nearly constant. Fig. 2 clearly
illustrates that the trend of CO, conversion is different from
that of CH,. The conversion of CO; slightly decreased during
the overall CO,-CH, reforming reactions. This indicates that
the coal char catalyst had a high activity for CO, during the
reforming process and that it had better catalyst stability for
CO,-CH, reforming at 200 min. This makes it a promising
new catalyst for transforming coke oven gas to synthetic gas.

100
90
80 )
? + CH, conversion
c L
-5 70 B CO: conversion
2
S 60
o
50 F
40 ¢
30 T T
0 200 400 600
Time (min)
Fig. 2. Life of the coal char catalyst during CO,-CH, reforming (reaction
condition: coal char catalyst, temperature = 1223K, CO,:CH4 = 1:1,
CO; flow rate = 120 mL/min, coke oven gas flow rate = 500 mL/
min, 0,:0)
TABLE-3
CONTENT OF OXYGEN-BEARING FUNCTIONAL
GROUP ON THE CATALYST
Content of oxygen-bearing functional group (%)
Item Phenolic
C-C hydroxyl Carbonyl Carboxyl Lactone
Before 5660 2866 608 6.04 262
reaction
After gy 14 420 9.79 3.67 0.20
reaction

(0> 0): O./GAS represented the ratio of oxygen flow to
the coke oven gas flow. Table-4 shows some experimental data.
Temperature distribution in the small reactor: Fig. 3
shows the temperature distribution in the reactor when

0,/Gas was increased from 0.18 to 0.40. As the O,/Gas increased,
the bottom temperature rose from 1250-1350 K to 2060-2160
K, the middle temperature rose from 1100-1200 K to 1730-
1830 K and the top temperature rose from 1050-1150 K to
1470-1570 K. The temperature gradient observed in the
experiment proved that the exothermic reactions occurred
before endothermic reactions in the reactor. Measuring by isotope
tracer technology, about 25 % CH, and total stoichiometric
O, was found to have been combusted and consumed, respec-
tively, in the catalyst bed inlet*, which caused the temperature
to increase in the reactor. The residual CH,4 reformed into
synthetic gas in combination with the H,O and CO, formed in
the combustion reaction. The reforming reaction absorbed the
heat and caused the temperature to decrease. Since the large
H/D ratio and amount of catalyst provided adequate residence
time to complete the slower reforming reaction. When the
oxygen content in the reactor increased, the gas jet flow became
a non-premixed process, which could not be quickly finished
during the diffusion process in the oxidation area. While H,
quickly underwent oxidation, CH, and CO still underwent
several oxidation reactions, including reactions (1)-(4). Given
that some amount of CH, was oxidized, the CH, content needed
to be deoxidized would decrease, thereby reducing heat
absorption during the reforming conversion process. This
caused the heat of formation due to combustion to increase.
Therefore, as O./Gas ratio increased, the temperature inside
the reactor also increased. As oxygen flow increased along
with an equal O,/Gas ratio, the coke oven gas flow also
increased and the total amount of gas which had to undergo
partial oxidation reaction also increased. This caused the
bottom and middle temperatures in the reactor to rise due to
the impact of heat released by the combustion reaction and
heat dissipation of the reactor. However, the top temperature
was mainly influenced by heat dissipation. The top tempe-
rature increases slightly along with an increase in the O,/Gas
ratio. The reaction zone wall temperature was measured at
around 1100 K using the ST80 infrared thermometer. Heat
dissipation of the reactor was of secondary importance.
Methane and carbon dioxide conversion rate: Fig. 4
shows that the methane conversion rate increased along with
0,/Gas. When the oxygen flow was at 1.4, the O,/Gas ratio
was 0.22-0.26, while the overall CH4 conversion rate was at
95-97 %. When the CH, content was less than 1 %, the reaction
reached optimized working conditions. Hence, the CH, content
in the synthesis gas met the requirements. Isotope tracer tech-
nology was used to determine the reaction mechanism of the
partial oxidation of CH, to synthetic gas in the presence of a
catalyst. H,O and CO. existed prior to the generation of H,

TABLE-4
SOME EXPERIMENTAL DATA (O, = 1.2m%h, CO,/CH, = 1:1)

CO CH, Temperature (K
Ol Oy Wy L to E0 C.H, C.Hy H, converzsion conver;ion 23 cm p36 cm (5; cm
0.18 0.29 6.684 4.075 20.85 2.505 1.618 0.037 61.98 0.89 0.694 1250 1200 1150
0.22 0.43 4.75 1.34 21.55 3.32 1.47 0.03 61.37 0.87 0.797 1510 1409 1312
0.26 0.153 2.397 1.09 27.21 6.984 0.743 0.075 59.49 0.89 0.852 1750 1560 1400
0.32 0.225 3.003 0.986 29.27 10.21 0.23 0.014 56.07 0.85 0.950 1980 1730 1500
0.34 0.257 3.388 0.479 30.07 13.39 0.152 0.023 52.26 0.84 0.976 2050 1770 1530
0.38 1.156 7.735 0.105 27.77 18.11 0.039 0.017 45.07 0.82 0.995 2160 1830 1570
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and CO and the consumption of H,O and CO, begun while H,
and CO was being generated. It showed that the reaction is
based on a combustion-reforming mechanism*. The incom-
bustible CH4 and CO,, as well as H,O, had a reforming
reaction, which was an endothermic deoxidation reaction. The
heat needed for the reaction was supplied by the exothermic
reaction in the oxidation area. As the O, flow increased,
the temperature inside the reactor also increased. The CH,
conversion in the presence of coke oven gas [reactions (5) and
(6)] were endothermic reactions (Fig. 3). Higher temperatures
favoured more CH,4 conversion. The generated CO and H,
acted as raw materials for the synthesis of methanol and F-T
synthesis.
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Fig. 3. Influence of O./Gas on the reactor temperature (experiment)
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Fig. 4. Dependence of the CH, conversion rate on the different levels of
0,/Gas

In this study, CO,/CH, represents the ratio of CO, flow to
CH. flow. Fig. 5 shows that the CO, conversion rate decreased
when CO,/CH, increased. This could be due to reduced quantity
of CO, after reforming as a result of the decrease in CH. content.
This clearly illustrates that the trend of CO, conversion is diffe-
rent from that of CH.. The conversion of CO, is mainly due to
reaction (6).
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98 - ™~

94 — \
92 — \
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0.0 0.2 0.4 0.6 0.8 1.0 1.2
CO,/CH,

co, Conversion rate %
[

Fig. 5. Dependence of CO, conversion rate on CO,/CH4

Analysis of H/CO ratio in synthetic gas: As shown Fig.
6, the H,/CO =1.4-3.0 is decreased with increasing O, flow.
When increasing the O,/Gas ratio from 0.18 to 0.40, the CO
content increased from 20 to 29 % and the H, content reduced
from 65 to 42 %. The H,/CO ratio decreased is mainly due to
the combustion reaction for H, increasing with increasing O,
flow. Hence, the H,/CO ratio in synthesis gas can be adjusted
by adjusting the O,/Gas ratio. A theoretically required for
synthesize methanol by H,/CO is about 2.0.
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Fig. 6. Ho/CO ratio in the synthetic gas

Numerical simulation of the small reactor

Establishment of the geometric model

Geometric model: The device illustrated in Fig. 7 is a
geometric solid with axial symmetry measured in millimeters.
Therefore, it can be simplified into a two-dimensional axial-
symmetry calculation.

Mathematical formulation: For steady, incompressible
flow, the following forms of the mass, momentum, energy and
species conservation equations that take into account the
effects of turbulence are well-known. However, some consid-
erations were made for the particular case being studied.
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Fig. 7. Geometric model of the small reactor

Momentum equations for porous media in FLUENT:
The coal char catalyst is a porous material. Porous media are
modeled by adding a momentum source term to the standard
fluid flow equations. The source term was composed of two
parts, a viscous loss term [Darcy, the first term on the right-
hand side of eqn. 9] and an inertial loss term [the second term
on the right-hand side of eqn. 9]

3 3 1
5 = _(Z.Dij“ij"j + Z.Cij Epvj|vj|) ©)
j= j=

where, S; is the source term for the ith (X, y, or z) momentum
equation and D and C are prescribed matrices. This momentum
sink contributed to the pressure gradient in the porous cells,
creating a pressure drop that was proportional to the fluid
velocity (or velocity squared) in the cell. To recover the case
of simple homogeneous porous media [eqn.10]:

o 1
S; ——(avj+C25pvi|Vj|) (10)

where, o is the permeability and C, is the inertial resistance
factor, simply specifying D and C as diagonal matrices with
1/ow and C,, respectively, on the diagonals (and zero for the
other elements).

Treatment of the energy equations in porous media:
FLUENT solves the standard energy transport equation [eqn.
11] in regions of the porous media, with modifications to the
conduction flux and the transient terms only. In the porous
media, the conduction flux used an effective conductivity and
the transient terms included the thermal inertia of the solid
region on the medium:

a -
g[mEf +(1=7p,E ]+ V[v(pE; +p)]

=V|:keffVT 'ZhiJj + (Terr V) +8" an
where, E; is the total fluid energy, E; the total solid medium
energy, Ythe porosity of the medium, k. is the effective thermal
conductivity of the medium and S s the fluid enthalpy source
term.

Turbulence model: The standard k-€ model equation is
the most popular turbulence model applied in hydromechanics
simulation. For uncompressed fluids, the standard k-& model
equation is as follows [eq.12, 13 and 14]":

d(pk) . Jd(pku, d ok
£+m=_{[u+%_}@_pg "
J

ot ox, ox; o, )X,
d(pe) d(peu,) 9 B o | C.e e’
e AP 9 LS G —C. o
o ox, ox Mo, Jox, |k r TP (3)
k2
Ht:PCu? (14)

where, the model constants are: Cie = 1.44, C. = 1.92, C, =
0.09,6¢=1.0,0.=1.3
P1 radiation model [eqn. 15]

dI(7,s)
ds

o ,0T' o o
HatoIEs) =an’ =+ L 1(£,5)0(7,5)dQ (15)

where, 1 is the position vector, § is the direction vector, §'is
the scattering direction, s is the stroke length, a is the absor-
ption coefficient, n is the refraction coefficient, o is the
scattering coefficient, ¢ is the Stefan-Boltzmann constant, [ is
the radiation intensity, T is the local temperature, P is the phase
function and Q' is the space solid angle.

Methods of simulation: The model was established using
GAMBIT. The calculation regions were divided through a
quadrilateral mesh. The small-sized oxygen entrance and the
large flow rate combined into a more crucial initial reaction.
Therefore, the encrypted grid was adopted in the region near
the central axis entrance. There were a total of 50381 grids.
Control equations were dispersed using the finite volume
method. The high temperature combustion and reaction (HTCR)
processes in gas were studied by using the computational fluid
dynamics (CFD) software, fluent, which can simulate a two
or three-dimensional physical model with the k-€ turbulent
viscous model, PDF non-premixed combustion species model
and P1 radiation model. The porous medium model was
adopted in the analysis of the regions of the coal char catalyst.
For the outlet of the main reactor, the pressure was set at 1.0
atm. Assuming a fully developed flow, the turbulent intensity at
the inlet and outlet could be estimated with [eqn. 16]:

Ig(L)Z 0.16(Re)'1/8 (16)

The wall boundary conditions were no-slip boundary
conditions. For the evaluation of wall effect on turbulence,
the near-wall treatment employed the standard wall functions.
There was a heat transfer between the gas and the wall, allowing
the energy equation to work. The wall surface temperature
changed along the tube. Therefore, using fluent wall surface
division technology, the wall surface was divided into 111 sub-
areas. On the assumption that the neighboring sub-area
temperature difference was 3 K, the wall surface temperature
boundary condition was established.

Simulation results and discussion: The simulated
parameters were calculated based on the above-mentioned
models. Using the CFD software platform, the simulation
results were calculated with the following considerations: the
external condition of the simulation was the ambient tempe-
rature and the border condition was the natural convection
heat exchange made between the reactor and air at normal
temperature.

Fig. 8 represents the simulation nephogram of the
temperature distribution in the reactor. The different colours
in the nephogram represented the different temperatures in
the reactor. In contrast with the true reactor experimental image
(Fig. 9), the simulation flame and experimental flame profiles
were similar and the flame lengths were approximately equal.
This confirmed that the simulation theory and the model were
reasonable.

Fig. 10 illustrates the maximum temperature and outlet
temperature simulation results in the reactor (O, flow = 1.2
m’/h, wall surface temperature = 1100 K) when the coke oven
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gas flow was changed and the O,/Gas changed from 0.18 to
0.40. The maximum temperature had a linear distribution and
rose slightly from 2926 to 3080 K as the O,/Gas increased.
The approximately equal maximum temperatures were due to
the good coupling between the exothermic combustion and
the endothermic reforming reactions. As O»/Gas increased,
the various temperatures also rose: outlet temperature (1139
to 1488 K), bottom temperature (1262 to 2144 K), the middle
temperature (1211 to 1848 K). The top temperature only
slightly increased from 1162 to 1584 K. The simulation results
were consistent with the experimental results.
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Fig. 8. Temperature distribution map of the single-hole nozzle reactor
(simulation)

Fig. 9. Experiment flame image
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Fig. 10. Influence of O,/Gas on the reactor temperature (simulation)

Fig. 11 shows the simulation results of the main compo-
nents in different reaction temperatures. The volume fraction
of H, decreased from 66.17 to 43.29 %, CO decreased from

23.25 t0 20.2 %, CO, increased from 1.79 to 6.7 % and CH,
decreased from 8.705 to 0.105 %. The effective synthetic gas
(H, + CO) decreased from 89.4 to 63.5 % and H,/CO decreased
from 2.8 to 2.14. The simulated data is in good agreement
with the experimental data.

0 W 429
I
80 | \ 128
ol \ 157
I
__60F
S - H2+ co 126.T
Z 50+ a3 3
5 —- 125
2 ol —-co: T o
S —¥-CO 04 B
© gl —9-H,/ CO 1248
20 + b 13( 123
10F Xﬂ 122
T —- .
of e "‘H—o~o¥. {21

1
2920 2940 2960 2980 3000 3020 3040 3060 3080 3100
Temperature (K)

Fig. 11. Contents of the main outlet gas under different reaction temperatures

Fig. 12 is the simulation nephogram of the flow field
distribution. The different colours represent the different flow
velocities. The flow field was attributed to the turbulent jet.
Because the reactor diameter was maintained even without
the sudden expansion and contraction of the variable cross-
section, no vortex was observed. The combustion reaction
occurred mainly close to the entrance and away from the
nozzle. It relied on jet turbulent mixing, which was consistent
with the laws of hydrodynamics. The coal char catalyst can be
placed in the middle of the high temperature area to promote
CO,-CH, reforming. The reactor had a big H/D ratio. There-
fore, the reactants had a long residence time, guaranteeing
that CO,-CH4 and H,O-CH, reforming reactions could be
completed.
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Fig. 12. Flow field distribution map of the single-hole nozzle reactor

Fig. 13 is the simulation map of the axis temperature
distribution in the reactor. It showed a rapid rise of the tempe-
rature of the system in the initial stage of the reaction and a
nearly vertical growth condition. This explained the dramatic
increase in the temperature after the coke oven gas and O,
entered the reactor and the reaction conditions reached the
ignition temperature. The temperature distribution indicated
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that there was initially an increase in the temperature, repre-
senting a mainly exothermic reaction. In other words, H,, CH.,
C,H, and C,Hg had a combustion reaction, which enabled the
temperature to increase dramatically to the maximum tempe-
rature. These combustion reactions emitted heat, which was
advantageous for CH,4 reforming. It enabled the CH, reforming
reaction to gradually occupy a dominant position. Since the
reforming reaction was endothermic, the temperature gradually
dropped. The simulation result is consistent with theoretical
thermodynamic analysis.
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Fig. 13. Axial temperature distribution at different inlet O,/Gas ratios

Fig. 14 shows the simulated nephogram of H, and CO
distribution in the reactor (local area was enlarged). The
different colours represent different volume contents of the
components. Fig. 15 is the axis distribution of the major
components. A comparison of a and b was conducted for the
H, and CO values and the H,/CO ratio was measured at about
2.5. The CH,4 content also tended towards 0, with a CO,
content that was lesser than 4 % at the operating condition.
According to reaction (17), H, and CO can theoretically
synthesize methanol by:

2H, + CO = CH;0H a7

Reaction (17) shows that theoretical requirements for
methanol synthesis are: a H./CO ratio of about 2.0. The CH,4
and CO, concentrations, as well as the H,/CO ratio, were
control the main parameters. Experimental and simulation
results showed that the test system using the coal char-
catalyzed CO,-CH, reforming from coke oven gas to generate
synthesis gas had reasonable a H»/CO ratio, CH, concentration
and CO, concentration, thereby making the conversion method
feasible.

Comparison between the experimental results and
simulations: The simulation results of the single-hole nozzle
under 1.2 m*h of oxygen and 3.13 m*h gas are shown below
(Tables 5 and 6).

Tables 5 and 6 shows that the maximum temperature was
at 3090 K and the experimental value matched the simulated
value very well. This shows that the simulation theories and
the models are correct and suitable for this kind of experiment.
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TABLE-5
COMPARISON BETWEEN THE EXPERIMENTAL RESULT
AND SIMULATION (TEMPERATURE)

Temperature (K)

Bottom Middle Top

Experiment value 1510 1409 1312

Simulated value 1524 1425 1326
TABLE-6

COMPARISON BETWEEN THE EXPERIMENTAL RESULT
AND SIMULATION (COMPONENT)

Component (mol %) H, CO CO, CH, CH, CH, N, O,

Simulation 59.11 22.62 3.37 1.32 1.21 0.99 4.66 2.02
Experiment 61.37 21.55 3.32 1.34 1.47 0.03 4.75 0.43
Conclusion

» Experimental research and simulation results on a small
reactor showed that the outlet H, gas content was 50-70 %

and the CO content was 20 %, giving a H,/CO ratio of 1.4-3.0
in the synthesis gas. An H,/CO ratio of about 2.0 was needed
to synthesize methanol.

 Temperature simulation on the reforming reactor showed
that coal char catalyst exited within a temperature range of
1173-1673 K. However, relevant research has shown that coal
char-catalyzed CO, reforming of CH, started at 873 K and
that catalysis was optimal at 1473 K. Therefore, the refor-
ming reactor was designed with an appropriate temperature
field. Temperature, flow field and H,/CO ratio can be adjusted
by adjustment O»/Gas.

* The reaction mechanism inside the reactor was a
coupling of combustion and reforming reactions. Reactions
1-6 can simultaneously exist. The position of the maximum
temperature point remained unchanged throughout the whole
reaction. Approximately constant maximum temperatures can
be fully explained with the mechanisms involved.

» The oxygen-bearing functional group exist on the coal
char catalyst surface and the oxygen-bearing functional group
can accelerate CO,-CH, reforming. The result indicated that
the oxygen-bearing functional group (C-O) on the coal char
catalyst surface was the active sites of the coal char catalyst
The oxygen-bearing functional group (C-O) on the coal char
catalyst surface is favourable to the adsorption and dissociation
of methane, further, the oxygen-bearing functional group (C-O)
on the coal char catalyst surface, active sites, may speed up
coke gasification by CO..
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