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Abstract— Catalytic air gasification of rice husk was investigated in this study to optimize the hydrogen and syngas composition using
a thermogravimetric analyzer coupled with a mass spectrometer. Then, a fixed bed reactor is used as a pilot plant to evaluate the
practicality of the optimum parameters obtained from thermogravimetric analyzer test for upscaling. The catalyst used is coal bottom
ash selected based on a previous study and obtained from a local power plant. The results from thermogravimetric analyzer test had
shown that the optimum input parameters for syngas composition were at a reaction temperature of 900 °C, rice husk particle size of
250 pum, amounts of catalyst of 10 wt%, and air to biomass ratio of 1.25 to obtain product gas with 73.8 vol% of syngas composition.
From a fixed bed reactor, 76.2 vol% of syngas composition is obtained, 3.25% higher than the previous test. Furthermore, 84.1 wt%
of gaseous product yield, included syngas and GHwvas obtained in the catalytic air gasification using a coal bottom ash catalyst. This
showed the potential of coal bottom ash as the substitute for commercial catalysts in catalytic gasification. Lastly, principle
component analysis was applied to evaluate the effect of temperature, particle size, air to biomass ratio, and coal bottom ash loading
on H,and syngas production. H production appears to be highly sensitive to the reaction temperature. Meanwhile, particle size, air
to biomass ratio and catalyst loading were having a positive correlation with C&nd CH, but negative correlation with H,.

Keywords— catalytic air gasification; optimization; syngas production.

caused by the enormous ¢f@leases by the usage of fossil
I. INTRODUCTION fuels for energy for more than half a century. The gradual
shift from heavy dependency on fossil-based energy sources
to increasingly established renewable energy technologies is
happening over the past two decades [1]. In this context,
various initiatives such as the enforcement of government

Renewable energy has been receiving considerable
attention worldwide as the alternative means of energy
resources in response to the mitigation of global energy
crisis and sustainability issues, which revolve around the ' ™ o . . . :
depletion of non-renewable energy sources and thepohmes and the provision of incentive schemes in promoting

environmental impacts associated with their utilization. One 9'€€N €nergies have been implemented in order for
example of the environmental crisis is the greenhouse effect €NeWable energy to penetrate the current energy production
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technologies [2]. In general, renewable energy refers to theto verify and predict the gasification behaviors [15], [16]. In
generation of a non-polluting and sustainable form of energyterms of process development and economic feasibility of
from natural environmental cycles, such as wind, solar, the gasification of RH, [17] and [18] had reported the exergy
geothermal, hydropower, nuclear and biomass [3]. Amonganalysis and techno-economic analysis of RH gasification
these renewable energy sources, biomass provides manpgrocess. Alas, the application of chemometric modeling
prospects for conversion to various forms of products, suchtechniques such as artificial neuron principal component
as biofuels for heat and power generation (bioenergy) andanalysis (PCA) in identifying the correlation of response
value-added bio-based chemicals [4], [5]. variables in gasification for syngas production is still lacking

Gasification is one of the biomass thermochemical in literature [19], [20].
conversion technologies primarily employed for the  Hence, this study aims to investigate the significance of
generation of gaseous fuels [6]. Many studies had commonlythe parameters or response variables using various tools
used oxygen and steam as the gasifying agent working undeincluded TGA-MS, Fixed-batch Gasifier, and PCA. The
high-temperature gasification mode. This is due to shorteffects of four parameters, which are reaction temperature,
residence time gives high carbon conversion associated witthiomass particle size, catalyst loading and air to biomass
low tar production. However, the gasifier may be vulnerable ratio on the syngas composition from air gasification of rice
to corrosion by the slag and if not handled properly, it can husk are investigated using TGA-MS and reported. Besides,
cause smelt-water explosions [7]. Thus, air gasification is athe optimum conditions of the air gasification obtained in the
better option since it simplifies the gasification process and TGA-MS study were applied in a Fixed-batch gasifier to
reducing the costs for operation and maintenance activities further confirm the catalytic effect of coal bottom ash (CBA)
as it is more complex and expensive to attain oxygen via airand to test the ability in a bench-scale application for future.
separation On the other hand, nitrogen content remains inert
in the resultant gas for air gasification, where the calorific [I. MATERIALS AND METHODS
value is reduced due to dilution of the fuel gas [8]. .

Rice husk (RH) is produced as a biomass waste during the™ Sample and Catalyst Preparation
grain milling process to separate the husk with 700.7 million The RH feedstock was gathered from a rice mill owned
tons of annual global production capacity [9]. This has by BERNAS, Malaysia. The RH was sun-dried for a period
provided excellent prospects for its conversion to various of 36-48 h before it was pulverized to 250-1Q00 different
types of fuels and products via thermochemical processesparticle sizes. The characteristics of RH were presented in
Studies on gasification of RH for syngas production have Table 1.

been reported in the literature. Chen et al. (2015) studied the TABLE |

catalytic gasification of RH with five types of metal-oxide PROXIMATE AND ULTIMATE ANALYSIS OF RICE HUSK
catalyst consisted of iron, cobalt, nickel, copper and zinc n __ o 5
supported ony-Al,O;, and reported that Zn@Al,O, groﬁiﬁzgfgsz‘at:]cal S5 @y a9 Weight percent (%)
exhibited the highest activity and optimal conditions for Voisture Y y 556
syngas production were 800 °C, 0.1 MPa, 7.5% ZnO loading, Volatile matter 57’ 55
240 h' space velocity and 0.20-0.30 mm biomass particle Ash 14:68
size [10]. Zhang et al. investigated on how operating Fixed carbon (by difference) 22 21
conditions affect the composition and distribution of gas [Uiimate analysis (dry basis)

products, and the composition of tar produced in the rice [ ¢ 38.47
husk air-gasification using untreated and calcined dolomite [ H 5.75

as a catalyst [11]. Bharath et al. investigated the co- | S <0.01
gasification in a bubbling fluidized bed gasifier of RH and N 1.68
coal and concluded that the addition of RH improved the | O (by difference) 54.09

total conversion of carbon, cold gas efficiency and syngas
calorific value [12]. Makwana et al. optimized the reaction = The thermogravimetric analyzer EXSTAR TGA/DTA
temperature for non-catalytic gasification of RH and 6300 (Seiko Instrument Inc., Japan) was used to perform the
reported the optimum temperature of 790 °C with a carbonproximate analysis in determining the ash content (AC),
conversion efficiency of 91.6%, the thermal efficiency of volatile matter (VM), and moisture content (MC). The
75% and gas yield of 2.7%kg [13]. weight percentage of the fixed carbon (FC) was calculated as
Zhao et al. researched the air gasification in a cyclonein (1). Meanwhile, LECO CHNS-932 (LECO Corporation,
gasifier of RH to investigate how the equivalence ratio USA) ultimate elemental analyzer was used to perform the
influences the temperature profiles, the composition of ultimate analysis to understand the amount of elements C, H,
syngas, low heating value, tar content, total conversion ofN, O, and S in RH. This is a continuation study of previous
carbon and cold gas efficiency [14]. It was reported that air literature in which the catalyst chosen was CBA [21]. The
staged gasification with a secondary air ratio of 30% was CBA was provided by a power plant owned by Tenaga
able to produce syngas with reasonable heating value (4.72Nasional Berhad (TNB) in Seri Manjung, Perak, Malaysia
MJ/Nn) and low tar content (1.85 g/Njm respectively.  and it was sieved to <5am particle size to enhance the
Apart from these optimization studies, the gasification of RH diffusion rate between reactant and catalysts.
has also been investigated in various other aspects.
Simulation studies of gasification of RH have also been FC (%) = 100 — MC (%) — VM (%) — AC (%) (1)
reported using computational fluid dynamics (CFD) models
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B. Experimental Procedure while v and A refer to the eigenvector and eigenvalue
respectively. It is worthy to note that the largisalways
corresponded to the first PC (or PC1), followed by the PC2,

dand so on. This indicates that PC1 holds most of the total

1) TGA-MS Setup: The thermogravimetric analyzer
(EXSTAR TG/DTA 6300) was used to carry out the
sasicalon process and ne composiion o 52 BroCuCetinta varance olawed by PC2,and o ot [25]. AR

: S ) AR, denote the comparative variables a and b,
sample and CBA catalyst were added into a ceramic crucible
and inserted into the TGA equipment undereNvironment  respectively. VAR and VAR, are the mean of the

according to the design array shown in Table 2. respective variables, while the standard deviation of these
TABLE Il variables are noted a@§ars aNdoyarp.
DESIGN ARRAY WITH INPUT VARIABLES
Variable Unit Level G =hv (2)
1 2 3 4
Reaction temperature °C 600 700 800 9PpO _ 1 n (VAR, — VAR, \ (VAR, — VAR,
Particle size of RH um | 250 | 500| 750] 1000  Correlation(VAR, VAR,) = mzl( — )( — ) (3)
Amount of catalyst W% | 25| 50 7.5 10[0 ’ ’
Air to biomass ratio - 1.00 125 150 1.5

In order to obtain sufficient data significance and minimal

The levels of the variables are determined based on the studglata loss, a screen plot method with a threshold cut (i.e.,
by Shahbaz et al. (2017) [22]. A continuous nitrogen flow of Minimum cumulative variance) of 90 % is opted [27]. It is
100 ml/min was introduced and kept for 10 mins at a expressed as in (4). The data set can now be transformed into
temperature of 50 °C to purge the pyrolysis zone, preventingneéw factor score set by using (5), where S refers to the
unwanted sample oxidation. Then, the air supplied as anhormalized data matrix. Note that in this matrix, the original
gasifying agent was introduced into the system at a flow ratedata is normalized to the standard score.

of 100 ml/min. All the samples were heated to the desired

temperatures, as in Table 2, with 50 °C/min heating rate and Cumulative Variance 90 % (4)
kept constant for 10 mins to ensure the completion of the
gasification process [23]. Factor Score =S v (5)

2) Fixed-batch Gasifier Setup: The catalytic in-situ Since PCs consist of convex combinations among initial
gasification setup consists of an electrical vertical split tube 5 iaples. it is necessary to quantify the loading between
furnace,_ga5|f|er unit and a_Iqu|d collecting unit. 10 g of RH initial variables and PCs, as well as their respective
along with the pre-determined CBA catalysts were mixed contribution rate, via (6) and (7) respectively. Y refers to the
well and introduced into the gasifier unit. The thermocouple projection matrix, and e denotes the eigenvector assigned to

set was introduced into the gasifier to measure the reactionyach pC. In general, the variable that contributes the most is
temperature. The gasifier unit is purged with a continuous the most influencing variable to that PC [28].
flow of N, at 100 ml per min for 10 mins. Then, the air was

supplied at 100 ml per min as a gasifying agent into the Y= VX-v )
system at a flow rate of 100 ml/min [24]. The reactor was -
left to return to room temperature after the completion of the Contribution = e[ [e] x 100 7

gasification, before performing the product analysis. The
gaseous product was collected using a gasbag and analyzed
through gas chromatography (Model: Clarus 500; Make:
Perkin Elmer, USA) coupled with flame ionization detector

(FID). A. Effect of Different Reaction Temperature
C. Principal Component Analysis Fig. 1 illustrates the results of effect of reaction

" ; - . temperature. It is found that the, idomposition rises with

Principal component analysis (PCA) is an analytical 0 . .
method that is designed for multivariate structure analysistempera:ure,Ifro(rjnt17.2r:9 ﬁ8'2 VOI/O.‘ 'IA(‘jS preéjlct?d, the tnsmgd
[24]. It can shrink the sizes of a huge data set which consiststen."mra.ure eac 10 a nigher gas yield, and a 1esser far an
of a large number of correlated variables while maintaining SOI'.d r§5|dues, which p055|bly ca_us_ed by th_e further cr_ackl_ng
minimal data loss [25]. This can be achieved by of liquids and char with the gasifying medium. The rise in
transforming the corresponding initial variables into a new syngas compos@on from 67.2 to 73.8 vol% at temperature
set of non-related variables which are noted as principalf.rom 600 to 900 C can be explamgd _th.rc_)ugh S?Yer?' reasons
components (PC). It is commonly used to investigate theI|ke larger production of gaseous in initial gasification step

degree of influences of the manipulated variables on theWlth faster rate at high temperature or .the. evolutlo_n of
responding variables [26], [27]. In this work, PCA is applied gaseous through er]dothermal char gasification reaction is
to determine the influence of various operating parameters,h'ghly.f""voratJIe to higher temperature [28]. The temperature
including those in Table 2, on the product gas composition. elevation was found to promote the, Formation with a

i ifi 0,
In obtaining PCs, the eigenvector-eigenvalue problem asSignificant decrease of GHrom 16.4 to 7.1 vol%. The
in (2) is used, where C refers to the correlation matrix that endothermic reactions of dry reforming of hydrocarbon (R1),

encompasses the correlation between each variable, as in (351:1ethanat|ons (R2-3), water gas reactions (R4-5) and water

I1l. RESULTS ANDDISCUSSION
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gas shift reaction (R6) showed a positiesult in the syngas  particle size comes with increasing mass diffusion
composition with increasing temperature, in align with the resistances, thus it is harder for the produced gases to diffuse
Le-Chatelier's principle. out from inside the particle. It is also noted that with larger
particle size, the smaller is the total surface area available for
the gasification to occur, which also contributed on the
decreasing syngas production at larger particle size.
—#=co CH: co- e Moreover, large particles are difficult to be captured by
fluidizing gas and thus, the reactions such as dry reforming
of hydrocarbon and methanation take longer time to be

i‘—_’ achieved [30].

60

= th
[=] [=]

T T
—

Syngas composition (vol%)
[¥¥]
[=]

1 T
1 1 # C. Effect of Amount of Catalyst on Syngas Composition
2 f - L Fig. 3 illustrates the effect of amount of catalyst on syngas
10 $ 3 N production.
’ 600 700 800 900 O —co CH: €O I
Temperature (C)
Fig. 1 Effect of reaction temperature on gas composition (Reaction 3_40 I §—_“__‘_______ﬂ;“_____,____—~—{—""“""F—F-}
condit_ion: p_article size_: of biomass = 250 um, amount of catalyst = 10 wt% %
and air to biomass ratio = 1.25) 230 | _ -
5‘ - *
Besides, R6 commonly present in gasification process 7 i i T
when there is presence of water vapor in air. This creates ¢ %“ X - E
homogeneous phase to promote theyidld by reacting the 2
CO, produced [29]. This statement was supported with the 2 1 - .
change in composition of GQin which when temperature “ - h N ’
elevated from 600 to 900 °C the €@ecreased from 36.9 to 0 1
19.1 vol%. - N Amount of C?tml}"tt (wt%) ’ 10
Fig. 3 Effect of amount of catalyst on gas composition (Reaction condition:
CH, + CO, < 2CO + 2H (Rl) L?gﬁ:?sr; :g{inop:rit;g)e: 900 °C, particle size of RH = 250 um and air to
CH; + HO - CO + 3H (R2)
It can be seen that the amount of catalyst is directl
CO, + 4H; & CH, + 2H,0 (R3) proportional to the syngas composition. As i/he amount 031/‘
C+HO-CO+H (R4) catalyst increased from 2.5 to 10 wt%, the syngas
composition also increased from 66.7 to 73.8 vol%, but the
C+2H0 < CO, + 2H, (R5) CO2 composition had reduced from 26.4 to 19.1 vol%. This
CO+HO« CO, +H, (R6) improved the syngas production, resembling impregnated
metal catalysts. In a similar study, Chen et al. (2016) has
B. Effect of Different Particle Sze of Biomass found that the concentration of CO2 is reduced but
Fig. 2 illustrates the syngas composition performance for COncentration of H2 is increased with the CaO impregnation
RH at different particle size as in Table 2. in Fe/CaO catalyst via reduction and carbonation reactions
(R7-8) [31]. The symbol “Me” in R7 refers to metal
elements. This phenomenon is seen in this study, where the
50 —CO L o . concentration of CO2 was decreases up to 7.3 vol% when
the amount of catalyst raised from 2.5 to 10 wt%.
%40 - Furthermore, the increasing CO concentration (up to 6.7
= i\i\‘_ 1 vol%) and the decreased in €@s the amount of catalyst in
2% I < T CBA increased can be due to the Boudourad reaction as
%1 - I ; shown in R9. Moreover, it can be observed that the CH
§‘° $ I composition was almost similar regardless the addition of
; " 3 catalyst. Similar observation has been reported in previous
“ K study, in which catalyst has less attributed to the conversion
0 of CH, [32].
250 500 750 1000
Particle size (micrometer)
Fig. 2 Effect of particle size of RH on gas composition (Reaction condition: nH; + MenO, —~ mMe + nHO (R7)
, ) . - " .
rb(?ggqtg)sr; :Ztirr;p:rft;g)e. 900 °C, amount of catalyst = 10 wt% and air to CaO + CQ — CaCQ (RS)

_ ) _ CO,+C«+ 2CO (R9)
It is found that the syngas production clearly increased

with decreased particle size. This trend can be explained
through mass transfer and diffusion study. With increasing
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D. Effect of Air to Biomass Ratio on Syngas Composition obtained in the present study using CBA as catalyst is 8.18%

Fig. 4 demonstrates how the ratio of air to biomass affectshigher than previous literature reported [34].
syngas composition in gasification.

. mTGA-MS
60 ——CO —=—CH. Co: H: = Fixed bed reactor
S a0 f
=50 | 2
ELt =30 |
R 1
g0k T I 1 20
5 L 4 1 &
& T 3 =
g ®r T = 1 S10 f
&0k e s w rl
o £ ’E"' R - 0
o L co CH. Cco: 8
1 1.25 1.5 1.75 Gaseous Products

Air to biomass ratio
Fig. 4 Effect of air to biomass ratio on gas composition (Reaction condition: "9+ Gaseous products obtained from TGA-MS and Fixed bed reactor.
reaction temperature: 900 °C, particle size of RH = 250 um and amount of
= 0, . . .

catalyst= 10 wt%) F. Principal Component Analysis Results

The oxygen content in the air is approximately 21 %. Two 1he computed PC has been applied on the sample
trends can be observed in Fig. 4, in which &hd CO description shown in Table 4, and the screen plot is
content firstly increased and then followed by decrement asgenerated as shown in Fig. 6.
air to biomass ratio increased. Similar trend is reported in

previous study when they studied the, Hproduction S 1 100
performance from air gasification of agriculture waste [33]. 45T
The air to biomass ratio is not only portrays the quantity of AT

w
W ta

oxygen inserted to the gasifier but also plays a role in the
gasification temperature under auto thermal operation
condition. The higher the air to biomass ratio means the
higher the gasification temperature, in which the gasification
process is accelerated due to increased oxygen conten
subsequently enhance the purity of the product to a certair
extend [33]. Thus, two opposing factors of air to biomass
ratio are both influencing the composition of the gas. The PC1  PC2 PC3 PC4 PC5 PC6  PCT
results showed that as the air to biomass ratio increased fron

Eigenvalue
(o]
in

,_.
— ln b

Cumulative variability (%)

Hm Figenvalue Cumulative %  —— Threshold Cut
1 to 1.25, more heat is released to enhance the tar cracking,
secondary reaction, resulting in increasing &hd CO. Fig. 6Screen plot of principal components
However, excess of air as gasifying agent would promote the ] )
oxidation of CO to C@ Therefore, the COcomposition The PCs are sorted by descending eigenvalue, and then

increased associated with a significant dropped in cothe cumulative eigenvalue (also cumulative variance) is
composition. Furthermore, the GHiad shown significant ~ Plotted. From the figure, it is clearly seen that there is a
increasing trend due to intensification of the CH Significant drop of eigenvalue between PC1 and PC2. This
combustion; in which large number of gaseous and indicates that the first PC has highest influences on the initial
combustion reactions retards methanation reaction. data set. However, Fig. 6 shows that the criteria of having
90% minimum cumulative variance can only be achieved if
E. Syngas Compositions Obtained Using Fixed Bed Reactor the first four PCs are considered. Therefore, four PCs are
Fig. 5 shows the comparative results of gaseous productsatisfactory for this work.
obtained from TGA-MS and fixed bed reactor. The syngas This contradiction is mainly due to the variation of each
composition obtained in catalytic air gasification using the parameter, further validated by the contribution chart in Fig.
fixed bed reactor was 3.25 % higher than TGA-MS. Besides,7- From the figure, it shows that all the corresponding
the solid, liquid, and gaseous yields obtained using the fixedvariables —contribute significantly in PC1, while its
bed reactor were 6.2 Wt%, 9.7 wt% and 84.1 wt%, contribution on other PCs is very insignificant (< 5%). From
respectively. Table 3 shows that CBA is a potential PC2 onwards, the PCs are mainly contributed by the
candidate for replacing the commercial catalysts in catalytic variation on the input parameters (i.e., temperature, biomass
gasification process. For instance, the syngas compositiorParticle size, catalyst loading and air-to-biomass ratio). In
other words, this further confirm the former assumption.
Thus, PC1 is the critical PC that required further analysis.
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TABLE IlI
PREVIOUS LITERATURE ON SYNGAS PRODUCTION FROM RICE HUSK THROUGH GASIFICATION PROCESS

Optimum conditions Catalyst Gasifying agent Findings Reference

Temperature: 800 °C ZnOK-Al ;03 CGo, CO content: 22.1wt% [10]
Pressure: 0.1 MPa
Catalyst loading: 7.5%
Space velocity: 240h
Particle size: 0.20-0.30 mm

Temperature: 790 °C - Air H, content: 14wt% [13]
Particle size: width = 0.8-1 mm, length = 3-5 CO content: 7wt%
mm Gas yield: 1.8-2.7 Nffkg

Biomass feed rate: 30-32 kg/h
Air flow rate: 43.0 n¥h
Stoichiometric ratio: 0.3

Temperature: 900 °C Ni/RHC - H, + CO content: 69.96 wt% | [34]
Biomass feed: 509 Gas yield: 53.9 wt%

Temperature: 800 °C nano-NiOf-Al,O; | Air-steam H content: 48.7wt% [35]
Steam/biomass ratio: 1.33 CO content: 25.2wt%

Equivalence ratio: 0.22 Gas yield: 2.35 Nritkg

Temperature: 900 °C Coal bottom ash Air H, content: 48.7% Present
Air/biomass ratio: 1.25, Particle size <250 um CO content: 25.2 % work

Gas yield: 84.1 wt%

TABLE IV
SAMPLE DESCRIPTION OF THE RESULTS
Sample ID Parameters Syngas Composition (%)
Temperature ("C) | Particle Catalyst Load | Air to biomass CO CH, CO, H,
Size (mm) | (%wt) ratio
S1 600 250 10.0 1.25 29.5 16.4 36.9 17.2
S2 700 250 10.0 1.25 325 10.8 27.8 28.9
S3 800 250 10.0 1.25 37.5 8.9 22.4 31.2
S4 900 250 10.0 1.25 45.6 7.1 19.1 28.2
S5 900 1000 10.0 1.25 29.3 18.4 35.4 16.9
S6 900 750 10.0 1.25 32.7 16.8 31.1 19.4
S7 900 500 10.0 1.25 37.4 12.2 28.3 22.1
S8 900 250 2.5 1.25 38.9 6.9 26.4 27.8
S9 900 250 5.0 1.25 40.5 6.7 23.9 28.9
S10 900 250 7.5 1.25 43.7 6.4 20.6 29.3
S11 900 250 10.0 1.00 43.1 7.0 23.0 26.9
S12 900 250 10.0 1.50 39.2 10.1 28.8 21.9
S13 900 250 10.0 1.75 32.7 14.0 35.5 17.8
= H; B CO; CHy
=CO B Air-to-biomass ratio ® Catalyst Load
H Particle size Temperature
|——n
PC4 —
| 8
PC3 -
PC2 e
_—
0 10 20 30 40 50 60 70 80 90

Contribution rate

Fig. 7 Contribution rate of each variable on the PCs.
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From the factor score diagram as shown in Fig. 8, it can bel0 wt% of amounts of catalyst and 1.25 air to biomass ratio
clearly seen that samples S4, S8, S9 and S10 are all clustered obtain 73.8 vol% of syngas. The optimum conditions of

together.

2
S5
15 M
S6
1 *
S8
S4
sios*
Si*

| & S13
0.5 + ,532 .

-0.5

PC2

s3*
15

T %2

25
1

-1 1 2

P%l
Fig. 8 Factor scores for each sample.
This indicates that the effect of using different catalyst

loading is comparatively insignificant as compared to other
parameters, as only catalyst loading is differed between

the air gasification obtained in the TGA-MS study was also
applied in a fixed bed gasifier to confirm the influences of
coal bottom ash as catalyst further. It showed that the syngas
composition obtained using fixed bed reactor was 3.25 %
higher than TGA-MS (76.2 vol%). From the PCA analysis,

it showed that reaction temperature is the dominant factor in
enhancing the syngas composition and catalyst loading is the
most insignificant factor in producing the syngas.
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-02s

0
PC1

025

Fig. 9 Loading plot of PCA.

Based on the loading plot as given in Fig. 9, temperature g,

is positively proportional toward Hand CO composition,
while negatively with C@and CH. Contrarily, particle size,
air-to-biomass ratio and catalyst loading have a positive
relationship with C@and CH but negative with Kland CO.
Note that the drawback of PCA is that it is unable to capture
the non-linear behavior of the performance. However, this

issue can be addressed by having appropriate study range ¢t

each operating parameter.

V. CONCLUSION

The process optimization study of catalytic gasification
was successfully conducted in the TGA-MS system with
coal bottom ash as catalyst. It was found out that the

optimum input parameters for syngas composition were atyy3)

reaction temperature of 900 °C, RH particle size of 250 um,
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