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Abstract 
The dry reforming of coke oven gases over an 
activated carbon used as catalyst has been studied 
with the aim of producing syngas suitable for 
methanol synthesis. The experiments were carried at 
different temperatures (800-1000 ºC) and volumetric 
hourly space velocities (0.75-1.50 L g-1 h-1) in order to 
study their effect on the process and the resulting 
syngas. It was found that the Reverse Water Gas 
Shift reaction has great influence on the process 
giving rise to the consumption of the H2 present in the 
COG. This reaction can be avoided working at high 
temperatures (1000 ºC), allowing producing suitable 
syngas for methanol synthesis with this method. 
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INTRODUCTION 

Synthesis gas or syngas is a raw material, mainly 
composed of H2 and CO, for large scale production 
of H2 and a wide variety of organic products [1]. It is 
mainly produced from natural gas and oil, but climate 
change awareness and shortness of fossil fuels, 
have promoted the research of alternative processes 
of production, such as biomass gasification [1] or 
biogas reforming [2].  
 Coke oven gases (COG) is a by-product 
from coking plants, which mainly contains H2 
(55-60%), CH4 (23-27%), CO (5-8%) and N2 (3-5%) 
along with H2S, NH3 and other hydrocarbons in small 
proportions. Part of this gas fraction is used in the 
coking plant as fuel, but there are environmental 
problems arisen from that application [3,4,5]. 
Besides, COG is usually produced in excess and 
some times burnt in torches. This COG can be 
valorised using different alternatives like H2 
separation [5,6] or syngas production [3,4,6,7,8]. 
Recently there are some works that have 
investigated the dry reforming, DR, of COG [3,8], due 
to its advantages over the steam reforming, SR, and 
the partial oxidation, PO, of COG, such us energy  

 
saving or CO2 consumption. Moreover, this process 
allows obtaining syngas with a H2/CO ratio about 2, 
the suitable ratio for methanol synthesis [10], in just 
one step if the process is carried out at stoichiometric 
conditions of CH4 and CO2. Thus, this method could 
be considered as a way of CO2 partial recycling since 
it consumes half of the CO2 emitted when methanol 
is burnt. This is an interesting perspective for this 
technology, since the demand of methanol is 
increasing for vehicle fuel, H2 source for fuel cells or 
biodiesel production [11]. 
 The main objective of this work is to study 
the DR of COG over an activated carbon, in order to 
produce syngas suitable for methanol production. 

EXPERIMENTAL 

The experiments were carried out in a fixed-bed 
quartz tube reactor under atmospheric pressure, 
heated up in an electric furnace. The catalyst used 
was an activated carbon Filtracab FY5. 
 A first test was performed introducing CH4 
and CO2 in a relation 1:1, whereas H2 was added in 
the rest of the experiments in order to study its effect 
on the process. This mix gives way to a stream 
composed by 54% H2, 23% CH4 and 23% CO2, 
keeping the H2/CH4 ratio of the COG (2-2.7) and the 
stoichiometric conditions of CH4 and CO2 for the DR 
of the CH4. 
 Tests were carried out at different 
temperatures (800, 900 and 1000 ºC) and volumetric 
hourly space velocities, VHSV, (0.75, 1 and 1.5 L g-1 
h-1) in order to study their influence on the process 
and the composition of products. The gas product 
was analyzed during the experiment at different 
times and, due to the presence of water, a condenser 
was used to collect it. CH4 and CO2 conversions and 
H2 selectivity, were calculated as follows: 

( ) inoutin CHCHCHconversionCH 4444 100%, −⋅=  (1) 
( ) inoutin COCOCOconversionCO 2222 100%, −⋅=  (2) 
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( ) ( )ininout CHHHyselectivitH 4222 2100%, ⋅−⋅=  (3) 

where CH4 in, CO2 in and H2 in, are moles of each gas 
at the inlet of the reactor and CH4 out, CO2 out and H2 
out are moles of each gas at the outlet. The H2 
selectivity gives an idea of the CH4 converted in H2 or 
in other species (light hydrocarbons, ≥C2, or water). 

RESULTS AND DISCUSSION 

In previous works [12], we have reported the 
performance of the DR of CH4 (eq. 4) at 800 ºC over 
an activated carbon. 
CH4+CO2↔H2+CO ΔH = 247.3 kJ/mol (4) 
 The high H2 amount present in the COG 
could give rise to two different phenomena: (i) the 
shift of the equilibrium to the side of the reactants 
(reducing the CH4 and CO2 conversions), and (ii) a 
better performance of the Reverse Water Gas Shift 
reaction, RWGS, (increasing the CO2 conversion) [8] 
H2+CO2↔H2O+CO ΔH = 41.2 kJ/mol (5) 
 These effects cause the decrease of the H2 
production. As Fig. 1 shows, at 800 ºC both facts 
take place, leading to changes in the conversions, 
regarding to those achieved for DR of just CH4. 
Initially, the CH4 conversion falls below 40%, 
reaching values about 20% after 6 hours of reaction. 
Besides, the conversion of CO2 is higher than in the 
DR of CH4, which suggests that the RWGS has more 
influence on the process than the shift of the 
equilibrium. This idea is supported by the water 
gathered, and it agrees with results reported by other 
authors [8]. 
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Figure 1. CH4 and CO2 conversions in the DR of COG (800 ºC, 
CH4/CO2=1, VHSVCH4=0.16 L g-1 h-1, 1 atm) 

Effect of the temperature 
Fig.2 shows the results of DR of COG at 900 and 
1000 ºC. As can be seen, the CH4 conversion 
increased, being over 50% throughout the 

experiment. Since the RWGS reaction is less 
endothermic than the DR reaction, an increase in the 
reaction temperature enhances the latter, giving rise 
to higher conversions, H2 production and lower water 
production. Actually, the increase in the CO2 
conversion may be due to a better performance of 
the DR reaction, and not to RWGS, since the amount 
of water collected was lower than in the experiment 
at 800 ºC. 

0

20

40

60

80

100

0 60 120 180 240 300 360
Time (min)

C
on

ve
rs

io
n 

(%
)

CH4; 900 ºC CO2; 900 ºC
CH4; 1000 ºC CO2; 1000 ºC

 
Figure 2. CH4 and CO2 conversions in the DR of COG 
(900-1000 ºC, CH4/CO2=1, VHSVCH4=0.16 L g-1 h-1, 1 atm). 

 At 1000 ºC, the conversions increase up to 
80% for CH4 and 95% for CO2, after six hours. 
Moreover, at this temperature, no water production is 
detected. Therefore, working at 1000 ºC it is possible 
to avoid the RWGS and maximize the H2 production. 
Effect of the volumetric hourly space velocity 
(VHSV) 
Results for DR of COG at 900 ºC and three different 
VHSHCH4 (0.16, 0.22 and 0.32 L g-1 h-1, i.e., 0.75, 1 
and 1.5 L g-1 h-1 for the global feed) are shown in Fig. 
3. As the VHSV increase the conversions decrease. 
 However, the decrease in CH4 conversion is 
higher than in the CO2 conversion. The loss of 
conversion related to the DR and due to the increase 
of VHSV, is similar for both CH4 and CO2 [12], but the 
consumption of CO2 by RWGS, which seems to be 
higher at elevated VHSV, contributed to a lower 
decrease in the CO2 conversion.  This is 
supported by the high amounts of water collected in 
the tests, which increase as the VHSV increases. 
This may be due to the increase of the CO2 
concentration throughout reactor, since, owing to the 
high amount of H2 present, the CO2 may be the 
species which limits the RWGS reaction, being 
necessary to achieve high conversions of CO2 to 
avoid this reaction. 
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Figure 3. CH4 and CO2 conversions in the DR of COG (900ºC, 
CH4/CO2=1, VHSVCH4=0.22-0.32 L g-1 h-1, 1 atm). 

Analysis of the syngas 
In order to evaluate if the syngas produced is suitable 
for methanol production it should be taken into 
account the H2/CO ratio of the products. The proper 
H2/CO ratio for methanol synthesis is 2 [9,10]. Both 
SR and DR of CH4 produce values far form 2 (3 for 
SR and 1 for DR), and it is necessary to include 
conditioning stages to produce proper syngas for 
methanol synthesis [9]. But the presence of H2 in 
COG, allows reaching values near to this H2/CO ratio 
with the DR in just one step. Some authors have 
reported the influence of the CO2 on the feed of the 
methanol synthesis [9,13]. The CO2 acts as a 
promoter of the methanol synthesis reaction (eq. 6), 
reacts with H2 (producing methanol and water, eq. 7) 
and contributes to maintaining the catalyst activity. 
2H2+CO↔CH3OH ΔH = -90.9 kJ/mol (6) 
3H2+CO2↔CH3OH+H2O ΔH = -41.1 kJ/mol (7) 

The relation between H2, CO and CO2 in the feed of 
the methanol synthesis is evaluated by means of the 
R parameter, which is defined as follows [9,13]: 

                              
2

22

COCO
COHR

+
−

=  (8) 

where H2, CO2 and CO are moles of each gas in the 
syngas. 
 This parameter should have a value equal or 
slightly higher than 2 [9,13]. If R is lower than 2, the 
formation of by-products in the methanol synthesis is 
increased, whereas when R is higher than 2, it is 
necessary to increase the recycling rate due to the 
excess of H2, being the process less efficient and 
more expensive [13]. 
Table 1 shows both H2/CO ratio and R parameter for 
the test carried out. 
 

Table 1. H2/CO ratio, R parameter and selectivity to H2 (S) in 
the DR of COG at different temperatures and VHSVs 

Temperature 
(ºC) 

VHSV 
(L g-1 h-1) 

H2/CO 
(adim) 

R 
(adim) 

S(1) 
(%) 

800 0.75 3.09 1.76 40 to -10 
900 0.75 2.26 2.09 85 to 70 
900 1.00 2.35 2.01 85 to 65 
900 1.50 2.69 1.78 75 to 45 
1000 0.75 2.17 2.13 100 to 90 

(1) Variation of the selectivity to H2 from t = 0 h to t = 6h 

 As it is shown, at 800 ºC, although the CO2 
conversion is much higher than the CH4, the H2/CO 
ratio is higher than 3. This is due to the high influence 
that the H2 of the feed has on this ratio when the 
conversions are low. This influence decreases when 
conversions increase (900-1000 ºC), even when 
there are big differences between them (900 ºC), 
leading to H2/CO ratios nearly 2. 
 Regarding to R parameter, the test carried 
out at 800 ºC produces a syngas with poor values 
(1.76), due to the low conversions which lead to high 
amounts of CO2 in the syngas. At 900 and 1000 ºC, 
the syngas produced has values slightly higher than 
2, proper for methanol synthesis. 
 The variation of the VHSV has influence on 
the H2/CO ratio, since it increases as the VHSV 
increases. Although the loss of conversion in the 
case of CH4 is higher than in the case of CO2, the 
decrease in both conversions confers more 
importance to the H2 present in the feed, giving rise 
to the increase of the H2/CO ratio. In case of the R 
parameter, its trend is contrary to that observed in 
the H2/CO ratio, since it decreases as the VHSV 
increases, due to raise of the CO2 in the produced 
syngas. Table 1 also shows the selectivity results. At 
800 ºC selectivity takes low values, mainly due to the 
big amount of H2 that reacts with CO2 to produce 
water. This situation can cause not only low H2 
production, but the consumption of part of the H2 
from the feed, which can be observed when the 
selectivity takes negative values. When water 
production is lower, selectivity takes higher values 
and it can rise over 90 % when there is no water 
produced (1000 ºC), since only light hydrocarbons 
(produced in negligible proportions) can consume 
part of this H2. The variation of VHSV also affects 
selectivity, due to the increase of the water produced. 
Thus, it can be seen that as VHSV increases, 
selectivity decreases. 
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CONCLUSIONS 

It has been shown that it is possible to produce 
syngas suitable for methanol synthesis with the dry 
reforming of COG over an activated carbon. 
However, the process is strongly influenced by the 
Reverse Water Gas Shift reaction at low 
temperatures (800-900 ºC) and high VHSV, giving 
rise to the consumption of an important part of the H2 
to produce water. As a result, a syngas with high 
H2/CO ratio and low R parameter is produced, 
unsuitable for methanol synthesis. It seems that this 
is due to the CO2 which does not react via DR 
reaction. This CO2 may be the limiting species of the 
RWGS. So, it can be concluded that with high 
temperatures and not high VHSV, the activated 
carbon FY5 can be a proper catalyst for the DR of 
COG in order to produce syngas for the synthesis of 
methanol. 
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