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oil palm empty fruit bunch (OPEFB) were impregrt 7 o
0/1// /[)rrm'm‘eclf,] TZe impregnation was enhanced by d’}":-gdzll;osilor furnace re a.cmr.l(C-Vllz)' 4
the effect of TiOz was carried out in a carbonate vapod ud increased the blO-'OI yield
that the pyrolysis of OPEFB impregnated TiOz and re -n;nse of char and gas yield at 5 wi.
activated TiO> to 31 wi. % for activated red-mud at the ekpthe bility of the TiO3an dred-ti
ratio and 500°C pyrolysis temperature. This was linked to e berveen 000 )OC. A dditio
the biomass and retain condensable compounds at ieipend ”'d ield and promote gasifica
red-mud above 10 wt. % was found to reduce the o_vera// /quzﬁ); v both OPEEB b et
impregnation ratio was found to be 5 wt. %. The oil produce frared (FTAR), sack b
red-mud were characterized using Fourier transform am; lli}l{l‘:e e
spectrometry (GC/MS) and elemental analysis.(E.A). The F h-' i vdetrimental ol
impregnated OPEFB contains less amine Jfunctional groupwhicl B yi’eld' 3
bio-oil produced. For impregnation of OPEFB, besides enhancing i ) B
selectively produced sugars and O-ring compounds.
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1. INTRODUCTION waste is seen as major
The shortage of fossil fuels and the emission of in the near future.
greenhouse gases have led to great interest in
exploring cleaner, renewable energy resources. It has
been reported that natural system such as
atmospheric, land and sea as well as plant are clearly
being disturbed due to the complete reliance on the
combustion of fossil fuel for domestic and industrial
consumption [1]. Apart from the health
environmental challenges it constitut S,
depletion of the world’s limited fuel
great concern. Consequ
develop renewable
are more
resources.
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Nomenclature | . /S
CVD  Carbonate vapor depositor
OPEFB  Oil palm empty fruit bunch

RM Red mud
TiO2 Titanium oxide
TiO2-

OPEFB Titanium oxide impregnated oil palm
empty fruit bunch
wt.%  Weight percent

2. MATERIAL AND METHODS

2.1 Materials ¢

The palm oil empty fruit bunch (OPEEB) was
supplied by Chatafu farms Gudu —Gbagba via Doko
in Lavun Local Government area of Niger State. Fifty
kilogram (50 kg) of OPEFB biomass was used for the
pyrolysis experiment. The red mud was obtained
from red-mud dump site of Rogota village, opposite
Federal Polytechnic, Bida. A standard 50kg of red
mud is maintained with solid contents of 30 % and
average particles size of Smm. TiO> was obtained
from panlac chemicals in Ketaren Gwarl, Minna.
Niger state. Nigeria. Calcination was at a control
Temperature of 550 °C.

2.2 Sample Preparation
Fifty kilogram (50kg) of the biomass procured. were
prepared as follows. The samples were §un-dr16d as
received prior to utilization in the experiment. Par(tjs
of the sample of the biomass (OPEFB) were ground,
mill and sieved to the particle size range of between
1.7 — 2mm prior to wet processing. Ultimate anal.ysm
was done at National Cereal Re§earch Igst1tute
Baddegi via Bida. Them gravimetric analysis was
done at Centre for Genetic and Bio englr}eerlr'ltg,
(STEP B Centre), Basso Campus, Federal Urluve‘l)';;rz
of Technology, Minna. The prepared.j;,!s:amp es

used for pyrolysis experiments.

2.3 Activation of Red Mud by Calcination Method :

Red mud as received was activated usmg cai}iltr; 7
method of activation. Thirty gram (30 g) of tt

Mannusun A N

Vkali A A, Rahiu 5. D, Cdochukwu F ¢

mud was weighed out of the bulk and
the muffle furnace and dried at 105 °C for 24y
was caleined at 550 °C for 6hrs to ih\pm\’@ i: “': .
area. The Red mud, prior to -
beneficiated and characterized.

deposited into

face
calemations was

2.4 Activation of TiO- by Calcination Method

The Titanium Oxide as received from Panlac
Ch@ﬂicals was used directly and labelled TiOs. To
activate sample by calcination method 30 g ea;h of
l‘he sample were weighed and calcined in the muffle
furnace at different temperatures according to their
melting point temperatures to improve their catalytic
capabilities for pyrolysis processes.

2.5 Sample preparations
A laboratory test sieve (model BS410-1:20) with
aperture of 1.70mm was used to obtained particle size
ranged 1 —2mm. Paying much attention to mesh size,
the sieve fabric was joined into the receiving pan. The -
OPEFB biomass was placed on the sieve stack and
continuously shaken to get the desired particle. size
into the pan beneath the sieve stack. The procedure
was repeated until sufficient quantity was recovered
from the bulk OPEFB biomass. These particle sizes
were used for pyrolysis experiment that produced the-
targeted bio-oil and other ‘pyrolysis products: All
weighing operations was carried out using a standard
Scout Pro Weighing balance with maximum capacity:
of 400 g. The weighing balance was connected to the -
power source and then switched on. It was
immediately initialized to zero point.. The scale pan
was placed on the weighing platform and the weight
noted. It was then removed and sample- placed on it
before taken it to the weighing platform. Additionand
or subtraction was done to obtain the weight of
interest. Machine was switched off and disconnected
from the power source at the completion of 't
weighing process. s

2.6 Sample Conditioning X

Laboratory environment was ensu
humid controlled. The biomass W
constant weight was achieved. "
was strictly adhered to. T
adopted for short p iod ¢
moisture conte’

il




2.8 Carbonate Vapor Dep:sit::?é‘%;ymb'sis :
The horizontal furnace reactor for the pyrolysis of oil also is €on
palm empty fruit bunch impregnated with TiOz2 and tha}:
-? ed mud was setup as carbon vapor depositor (C ). We‘gF
he design was based on the actualization © OPE
pyrolysis products. Pyrolyser was designed t© the | SIOWSE at
specification of 1010 mm length and diameter of 60
mm, which was constructed at the Scientific 12
ngp ment Development Institute, (SEDD) Minna. =10
iger State. Analytical grade Nitrogen gas Was g
purchased in Lagos prior to the experiment. Al g 8
fé'r ‘ggs‘i experiments were performed at 400 0@, 450 26
wt' 0/0 .C with impl'egnation ratios of 5, 10 and 25 % 4
de' oF LR stainless steel tubular carbon vapor 'S
positor (CVD) reactor. A constant stream O z 5
into the reactor for 5

;itrogen gas at 1L/min was fed
maatf:tai‘r’:;ﬂ;dlja;w?l of the volatile products and
’ ning |  inert atmosphere during pyrolysis.
ol electrical heater

n the CVD and was insul’ated-% enable the

heating of the fur j T
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hen the temperature was
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Table 1 AlKali A ., Rubin S, D., Uluchukwn ¢
proximate and Ultimate Anal sis 32.6
OPEFB (wt. %) ysis of Raw Sample- 324 N

2429

Fiber analysis

Cellulose 11.58 57.80 4420 62.10
Hemicellulose 6.38 2200 FBS0 3530
_Lignin 1.38 22.80 2040 22.10
Seurce :a Bl b2l cHE28

Components/properties OPEFB e e
o (wt. %) = i
(&0 - 4 =

. 2 31.6

This A X Z

i work 8 < ; 314
R SN
Ash €C < 529 5' 3
Fixed carbon 11.50 17.25 103.38 ‘:’7380 0 SOQ ! - 1000
Volatile matter 75.00 7746 8386 7570 Temperature (1C)
Ultumate analysis :
Cbon 81.00 4704 4ROy e Fig. 2. Them gravimetric Curve (TG) Anaiys1s o
Hydrogen 7.56 603, 650 . k0 Red mud E
Nitrogen 9.89 0.10 070 1.10
Ox_v%‘cn_ 135 4599 3670 2990 33 Pyrolysis of TiO; and Red-mud Impregnated =
}T{Q/ u 2.62(7)4 0.345 020 < 0l] OPEFB in CVD Furnace Reactor. %

> Table 2 shows the pyrolysis product dtstributlon @

OPEFEB at 500°C on an ash free basis (AF wt.
impregnation rat}o of S wt. %. The uncat

3.2 Them Gravimetric (TG) Analysis of Red-mud
The TG analysis of red mud in Fig. 2 was obtained by
testing the mass loss through the heat treatment of red
mud. The red mud shows a continuous weight loss
from room temperature at 25 °C to 700 °C. The curves
consist of three portions of mass loss progressively at
different temperature interval. The first one was
observed at the heating temperature interval of 25 e
to 150 °C. The mass loss of 4.8 % and 26.7 % was
mainly caused by the evaporation of free water in the
red mud at a low temperature.

between lignin and metal-ions '(
scavenging activity of lign’in*and p)
the liquid or tar form: C
results clearly suggest that th
mud into biomass (R ‘
promotes the oil yxeld sig

The mass of the sample then undertook a low
between 150 °C and 625 °C (50 %). This in
existence of hydrous materials in er 1-1

indicates that the combination state
strengths of water in the hydro
really the same, and wate!

strengths such as cr

[11].

Above 625°C tl
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Table 2 o
Effect of Metal-ions and Red-mud Impreg
the Properties of OPEFB

ation on

OPEFB
Product
(wt. %)
Bio-oil Bio-char §mg£l%a:o—
OPEFB 26.00 64.20 31.90 123~75
TiO>- 2990 36.95 4640 113.2
OPEFB
RM- 31551 1 43,55 3615 12125
OPEFB

The distribution of OPEFB was studied by GC/MS.
The compound names identified were classified into
five major groups (Table 3) namely: 1. Phenols such
as phenols and diamethoxy phenols, 2. Sugars such
as levoglucosan, glutaraldehyde and g!ucopyranqse,
3. Linear compounds such as carbonyls which
reépresent pentatonic acid, butanone and mequinol, 4.
Cyclic compound such as cyclopentanone and
cyclopentene and 5. Oxygen ring (O-ring) such as 5-
hydroxymethyl, 2-hydroxy-3-methyl, furans and
pyrans. More than 200 compounds were detected
Whereas 17 most abundant were identified and
quantified from the bio-oil analysis. Table 3 shows
the most abundant chemical components of the bio-

oil samples, phenols and its derivatives. The increase

in the amount of phenol, 2-ethoxy was observed for
the RM-OPEFB oil samples which were linked to the

inhibition of decomposition of methoxy groups in the ;
that metal-oxides which is

sample. It is believed
renowned to form stable complexes with phe
could interact with
and h '

ols,
the interference of [
- to 10)
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fragments leads to format;
glyceraldehyde and gaseous spe
TiO--OPEFB contained h
compared to OPEFB and

Besides glucopyranose, the
the bio-oil is the glutarald
above 250°C, depolymc
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compound was not dete
impregnated OPEFB
environment were in a no
the amount of sugar
of red-mud impregn:
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110> and Red mud Impregnation on the pyrolysis of
oil palm empty fruit bunch OPEFR biomass. T}'\e bio-
oil was analyzed using FT-IR Spectroscopy to obtain
a qualitative impression of the basic functional
groups present in the oil. The results shows the
presence of amine (N-H) group to be larger in red
impregnated OPEFB biomass; this s

consequence upon the high amount of cyanide that is
present in the OPEFB biomass. Diametric (OH)
group 1s also present in the aluminum impregnated
OPEFB which is alcoholic base. The other functional
group present are in smaller quantity which indicate
the presence of multi-functional group. The C-H
bending vibrations between 1090- 1020 cm indicates
the presence of alkanes. The absorption peak between
1650- 1600 cm represent the C=0 stretching
vibrations an indication of the presence of Quinone,
carboxylic acids, aldehydes and ketones. The
absorbance peaks between 1680- 1640 cm represents
C=C stretching vibrations which suggest the presence
of alkenes. Absorption peaks between 1350- 1250 cm
stretching of P=0 stretching indicates the presence of
a simple hetero- oxy compounds ' and organic
sulphates. The C-N stretching vibration from 1090-
1020 ecm represents the presence of primary amine
and cyanide and absorption peaks between 1410-
1300 cm of 0- H bending indicates the presence of
phenol, aromatic. compound or diametric tertiary
alcohol.

mud

Table 4 {
FT-IR Functional Group Composition of Pyrolysis
Liquid

Frequency Group Class of compounds
range (cm™')

1680- Cc=C Alkenes

1640 stretching ¢
1650- Cc=0 Quinone or conju
1600 stretching gate ketones

1470- C-H bending C-H bending

1430 :

1410- O-H bending  Phenols, aromatic
1300 compound

1350- P=0 Simple hetero-
1250 stretching oxy compound
1090- N-H primary  amine,
1020 stretching cyanide

4. CONCLUSION

Pyrolysis of biomass is an important source of
renewable energy which produces pyrolysis product
(bio-char liquid fuel and syﬁga's‘). for / cpergy
utihzation. Them gravimetric analysis (TGA) of

OPEFB biomass and red mud shows the removal of

moisture contents and volatile matter at 3.5 and 3.2
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Wt % respectively, and shows the carbon contents of
the biomass and red mud. The effect of metal-oxides
and red mud was studied in the carbonate vapor
depositor furnace reactor of which the presence of
caleined red-mud impregnated OPEFB gave the
highest target liquid oil of 31 wt. % and the lowest
char yield among the calcined and catalyzed OPEFB
of 36 wt. % against the uncanalyzed OPEFB liquid of
31 wt. % (which is due to presence of the combine
ron and aluminum oxides). The FT-IR results shows
the oil produced from impregnated OPEFB contains
less amine which has detrimental effect on the quality
of the bio-oil produced. The results indicates that the
impregnation of metal-ions and Red-mud Improve
the liquid yield at the expense of gas and char yield at
temperature of S00°C and also favors the formation
of gas yield at 53 wt. % for catalyzed and
uncanalyzed OPEFB yicld of 64 wt. % at the
temperature of 500°C. The TiO>-OPEFB char, yield
46 wt. %. Qe Ey(t]

The overall influence of TiO> and red-mud
impregnated OPEFB is presented in Fig. 4 of a
combine FT-IR spectrum. Composition of functional
groups from metal-ions and Red-mud OPEEB shows
that, the RM-OPEFB has higher percentage of amine
(N-H). The FT-IR result shows that, the oil produced
from impregnated OPEFB contains less  amine
functional group which has detrimental effect on the
quality of the bio-o0il produced. < ATl A

Comparing the bio-oil from OPEFB sample and the
samples impregnated with RM and TiO> shows that,
the addition of RM and TiO; to OPEFB increases the
Nitrogen and Oxygen content of the resulting oil and
decreases the aromatic compounds with Ni
functional groups from 7 % to 10 % re:

glucose units from the cellulose
original biomass. This signifies th
titanium oxides can be used to
the fuel obtained from the b
through pyrolysis. These results
possible to increase the yi
compounds of pyrolysis |
amending the biomass of

compositions
shows a



A n o)
Effect of Tiod And Red-Mud Impregnatien @
Effect o 2

Itis therefore concluded that impregnation OfOPEF?
with metal-ion and -red-mud could PrOdu.ce, [ﬁe
heterogeneous catalyst (TiO> and red-mud) to.l the
catalytic pyrolysis of empty fruit bunch for 1
production of bio-oil, that can add value to chemica
feedstock and serve as an alternative source t0
selectively  catalyze biomass during pyrolysis
process.
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