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ABSTRACT: oxides and red-mud to imp

A ith metal- i
Oil palm empty fiuit bunch (OPEFB) were tmp! egnatedc:lwb drying and calcinations at 10
of the oil produced. The impregnation was enhanced by arvied out i e

_oxides was ¢
respectively. The study of the effect of each of s OZII sis of OPEFB impregnated
depositor furnace reactor (CVD).The result shows that the pyroty.

. _oxides to 31.wt. %
red-mud increased the bio-oil yield from 28 wt. % fOI‘.aCthated _m:t;’;,?; ljnd 500°C pyré‘
mud at the expense of char and gas yield at SWt. % impregnatior ol regnation‘ra'
Impregnation ratio of S, 10 and 25 wt. % was observed. 70'he optimu 4 ’1; gl L
Swit%. Addition of metal- oxides and red-mud above 10 wt. % was f(?un 0 . ii o
promote gasification. The red mud impregnated OPEFB gave the highest yield of ; D
metal-oxides that gave lower values. This may be due to the fact that theﬂred mud a. 7'
these ions which are known to act as catalyst. The highest yield of oil at 550°C IS. alrea Y
in energy level by 50°C even though the oil yield is higher in TiO impregnation as e
minimized. The lowest oil yield is 15.55 wt. % at impregnation ratio of 10 wt. %. lo
biomass for gas yield decreased as the temperature increased with impregnation ratio
of titanium impregnated OPEFB the gas yield increases with increase in temperatu
impregnation ratio. Aluminum and Red mud impregnated OPEFB decreases
impregnation ratio and temperatures. The char yield is favored most in titanium
with char yield of about 43.85% both, for 500°C and 550°C which increas.

es char
temperature at 10wt% impregnation ratio. The lowest char is in ion impregnat
% impregnation ratio. ‘ :
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1. INTRODUCTION
The emission of greenhouse gases have led to greét
interest in analyzing clean, renewable
resources. Alternatively, there is need to
develop renewable, eco-friendly ene

are more efficient "tha‘n' the co
resourc ‘al's'” ce

energy
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are three main approaches for evaluation namely:
dry mining of the catalyst with the biomass o)sli
treatment by passing pyrolysis vapor th1‘01‘1gr1)1 a
catalytic bed and also inserting the catalyst in th;
biomass with impregnation (22]. On the pyrolysis
product yield more effects have beep observed with
the metal-impregnated biomass as impregnation
enables the mptal to uniformly dispersed i:to the
biomass matrix to the greater extent and thereby
provide high intimate contact with the lignocellulose
compound  structure. Reported studies on iron
catalyst compounds indicated that they have a
positive impact on the product yields and bio-oils
composition. [17] Have reported that Fe-species
show a very promising result in catalyzing the
production of anhydrosugars, more especially that
of the levoglucosan in bio-oils. Similar result
showed that Fe —impregnated wood produced high
levoglucosan yield of 27.3 wt, % [12]
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[tis very clear that feedstock for pyrolysis either pre-
treated or washed with acid increases the oil yield
potentials of any biomass. Pyrolysis can also be
view as a promising future technology that will in
the near future substitutes fossil fuel in region such
as Africa that has a lot of biomass resources [21].
Although the current bio-oil production system from
biomass pyrolysis offers a futuristic solution to the
major issues of climate change and greenhouse
emissions which fossil fuel causes [7]. However, It
suffers some draw back due to its high production
temperature typically above S00°C and low oil yiejld.
This has hindered its application beyond alternative
biofuels [15]. There are some evidences that
pyrolysis with addition of metal-ion and red mud
will help to solve the issue of greephouse gas
emissions. However the use of metal-loI} has not
been studied, although bio-oil production 'from
biomass alone has been carried out extgnswely,
hence the need to study the effect of metal-ions Van.d
red mud impregnation ratio on the pyrolysis of oil
palm empty fruit bunch (OPEFB) biomass.

2. MATERIAL AND METHODS

2.1. Sample Preparation s
The procured samples of 50kg of blomg:ss‘ were s
dried as received _prior to 1 attg_ 1
~ Xperiment. Parts of the sample o
(OPEFB) were grinded, T an
particle size range of between 1
wet processing. The pref

——
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2.2. Carbonate Vapor Depositor (¢ VD) Pyrolysis
All pyrolysis experiments were performed at 400°C
450°C, 500°C with Impregnation ratios of 5,10 an(i
25 wt. % in a stainless steel tubular carbon vapor
depositor (CVD), A constant stream of nitrogen gas
at 1L/min was fed into the reactor for batch
withdrawal of the bio-oil and volatile products and
maintaining an inert atmosphere during pyrolysis
[6]. Pyrolyzer was installed inside an electrical
heater within the CVD and was insulated to enable
the heating of the furnace reactor up to 1000°C.

The reactor was equipped with a biomass holder

known as cu bet and connected to both vacuum and .

nitrogen. To record the pyrolysis temperature, a
thermocouple was inserted inside the pyrolyser, The
pyrolyser was connected to the ice ~trap immersed
In ice-water bath to condense the pyrolysis vapors at
0.5°C. The inlet of the ice trap was connected with
gas sampling bottle to collect the non- condensable
gases. The pyrolysis product yield were determined

by measuring the weight of the bio-oil in condensing -
bottle and the bio-char collected using electronic
weighing balance model. The gas yield was

calculated by difference. The experiments for each

sample under the condition of 500°C temperatures

were run twice and a standard error of +5 wt. % in
established at _differ.'ent:

product yields was
impregnation ratios of all the metal oxides

3. RESULTS AND DISCUSSION
3.1 Pyrolysis of Metal-oxides and .
Impregnated OPEFB in CVD Furn
The pyrolysis product distribut
500°C on an ash free b
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Table 1: OPEFB pyrolysis product distri
in a CVD furnace reactor

OPEFB Product
(wt. %)

Bio-oil Bio-char Syngas _ Total
OPEFB 26.00 64.20 31.90 122.10
Al203- 2855 45.80 4290 117.25
OPEFB
Fe203- 28.30 53.25 30.60 112.15
OPEFB
Ti02- 29.90 36.95 46.40 113.25
OPEFB A
RM- 31.55 43 SSENRELISERNI2125
OPEFB

3.2.  Effect of Metal-ions and Red-mud
Impregnation on the Properties of OPEFB
The proximate and ultimate analysis of OPEFB
impregnated metal-ions; red-mud and OPEFB raw
are shown in Table 2. There is a notable decrease in
the volatile matter (VM) of all the impregnated
metal-ions which is accompanied by an increase in
their fixed carbon (EC) content compared with the
uncatalysed OPEFB. This result is not in line with
[11] which showed that, the volatilities increased at
the expense of char by washing wood biomass with
either water or acid. This result suggested that only
acid or water treated biomass increases the volatile
matter and decreases the fixed carbon. By
considering the volatile matter/fixed carbon
(VM/FC) ratios in Table 2. The reactivity of the
OPEFB feedstock were decrea
OPEFB (2.56) > TiO,-OPEFB (1.73) > RM-OPEFB
(0.84). This suggests that Impregnation ratio of
TiO>-OPEFB only had an impact on the OPEFB
thermal behavior as compared to OPEFB and RM-
OPEFB. This is due to the material Impregnated into
the structure. The e%e;mental'a'nalysis, also showed
that there is a drop in nitrogen ompared
the uncatalysed and untreated Op
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Table ite and Elemental analysis bio.
1 l. :
r(‘)‘\x:::lss proximate
N Analysis
wt. %
MC
OPEFB O?;Z
Ti02- 0. . '
OPEFB o
0.56
RM- 0
B P
CC))gElI;B- 0.48 8.02 79.70
CHAR

Elemental

Biomass ol
. %
;\?71 ’?7.98 11‘11.08'
o 54 78.10° 10.72
l%}\fFB 7.24 79.02  10.83
8};255- 77.98 11.90 .0.21 :
CHAR

3.3. Effect of Impregnation R
oxides, Red mud and OPEFB

3.3.1. Effect of Impregnation R«
and Red mud-OPEFB Oil Yie

Pyrolysis was carried out
temperature of 500°C, while
also investigated. Figure 1
impregnation ratio of 5, 1
highest oil yield of
Impregnation ratio of
any significant increase ;
Is in conformity with
impregnation ratio a
yield of 51.50
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mud impregnated OPEFB increased with mcrﬂcaﬁ}:z
the impregnation ratio and temperatures. ke
deductions from Figures 5 to 8 are the ?"h
impregnated OPEFB biomass for gas yield Wh'l'ih
decreased as the temperature increased W1
impregnation ratio of 10 wt. %.
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Figure 5. Gas Yield from A.03-OPEFB
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Figure 6. Gas Yield for Fe:03-OPEFB
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Figure 7. Gas Yield from TiO2-OPEFB
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Figure 8. Gas Yield for Red mud-OPEFB

3.3.3. Effect of Impregnation Ratio on Me
oxides and Red mud-OPEFB Char yield
Figures 9-12 shows the behaviors of char
under the influence of temperature and impre;
ratio. The pattern and behavior of all
increases with increase in temperature ang
of impregnation ratio favored char yield in all the
Figures [23]. The ion impregnated oil palm emp
fruit bunch (OPEFB) shows a sharp decrease in
char yield below 20.30wt% at
impregnation ratio of 5wt% in all th
formations. This may be linked to the hi
of ion compound either in Fe-ion or
impregnated into OPEFB samples [13]
char yield is produced at 500°C at impregn
of 25% for 46.40% in TiO, impregnated OP!
Figures 9-12, and the lowest char yiels
at impregnation ratio of 5wt%. This
shows that the pyrolysis tempera
500°C and 550°C is considered and adhe
cha_lr formation/yield increases in
ratio as compared to the report

of ion impregnated as contained
The effect of impregnation ra
Impregnated OPEFB de:
temperature and increases
450°C in all the Figures (
indication that red m im
not really favors the formatio
vield is favored mo:
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Figure 9. Char Yield for AL:O:-OPEFB
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Figure 10. Char Yield for Fe:03-OPEFB
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Figure 11. Char Yield for TiO2-OPEFB
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Figure 12. Char Yield from Red mud-OPEFB
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4. CONCLUSION

The effect of metal-oxides and red mud was studied

:/1ht'h; carbonate vapor depositor furnace reactor of
WA the presence of calcined red-mud
Impregnated OPEFB gave the highest target liquid
oil of 31wt. % and the lowest char yield among the
calcined and catalyzed OPEFB of 36 wt. % against
the uncatglysed ‘OPEFB liquid of 31 wt. %,
ir:\prlegnanon ratio of 5, }O and 25 wt. % was

ployed. The optimum impregnation ratio was
found to be Swt%. Addition of metal- oxides and
red-mud above 10 wt. % was found to reduce the
overall liquid yield and promote gasification. The
red mud impregnated OPEFB gave the highest yield
of 0il 32.10% as against the metal-oxides that gave
lower values. The highest yield of oil at 550°C
shows an increase in energy level by 50°C even
though the oil yield is higher in TiO, impregnation
as energy consumption is minimized. Jon
impregnated OPEFB biomass for gas yield
decreased as the temperature increased with
impregnation ratio of 10 wt. %. In the case of
titanium impregnated OPEFB the gas yield
increases with increase in temperature and increase
in the impregnation ratio. The ion impregnated oil
palm empty fruit bunch (OPEFB) showed a decrease
in the char yield below 20:30wt% at 500°C of
impregnation ratio of 5wt%. However Aluminum
and Red mud impregnated OPEFB increased with
increase in the impregnation ratio and temperatures.
The char yield is favored in titanium impregnated
OPEFB biomass with char yield of about 43.85%
both, for 500°C and 550°C which increases char
formations with increase in temperature at 10wt%
impregnation ratio. The lowest char is in ion
impregnated OPEFB at 20.30% at Swt. %
impregnation ratio, the lowest oil yield had beqn
15.55 wt. % at impregnation ratio of 10 wt. %. It is
therefore concluded that impregnation of OPEFB
with metal-ion and red-mud impregnation ratio
could produce a good quality bio-9il free from
amine which can add value to chemical feedstock
and serve as an alternative source to selectively
catalyze biomass in pyrolysis processes.
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