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INTRODUCTION

The Philippines is considered one of the world’s largest producers of coconuts with its yield of
around 8.6 X 10° nuts annually. Oil from the meat is the major product desired but many other
by-products can be obtained. The husk, which is about 35% of the weight of the matured fruit,
can be utilized for many purposes. It can be used as a fuel for drying copra, as a raw material
for handicrafts and other minor applications, or for the production of coir fibres. In the
extraction of the fibre however, large amounts of waste coir dust, to the extent of. about 60%: of

the weight of husk, are produced. The disposal of this-waste coir dust:poses-some-problems: for
the coir fibre extraction plants. It readily accumulates and occupies much:space which are:ideal.
breeding places for pests. The present method o

consuming. ) ‘
Utilization. therefore, rather than mere disposal would be of - great -benefit:to.the coconut

industry. The Philippines’ present output of coir fibre is only 1% of the world market because
of the dust disposal problem. The recycling of the waste as a squrce of .f.uel.orA as a source, of
industrial chemicals will improve the profitability .of the coir f.ibre processing m‘.iu‘m.'y' The.
research on the production of a gaseous fuel (coco gas) from coir dust was primarily aimed:at

solving the problem of waste coir dust disposal.

f disposal, landfill, is-expensive and-time

PYROLYSIS OF COIR DUST

on, which is the breaking down of substances into simpler
) absence of oxygen, is one of the processes that could

. :oation of coir dust. The usual products are §plid (ch'ar'), liquids-(tar apd
l;:'r?)?izlleeeitfgrh'tgﬁ;rt)l’hz::éo gases. Pyrolysis is also the processl u.lvglve;_i in _the dcstruct_:;c
distillation of wood to produce chemicals. AlLl’Jm.Jgh v_vood pyrc:1 ysis ,; a: am’hfathr' pr g%;ssh .
use of coir dust instead of wood introduces variations in the pl;) uasd Ccé}uze.o : e difference
in raw material composition. The average composition of woo (1] and coir dust(2] are given.in

Pyrolysis or carbonizati whic
compounds and elements by heating in the

Table 1. |
Table 1. Average composition of wood and coir dust
Component Coir dust Hardwood Softwood
56 58
Cellulose %g e :
Pentosan I » o
Lignin p ; ;
Ash 3 !
Resin

— i ilippines, 20 —22. March, 1979.
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The lignin-and. ash contents of the coir dust are higher than that of wood. The coir dust
contains lower cellulose and no resin.

Table2 shows a-comparison of the yields of products from the pyrolysis of coir dust[3] and
wead[4}at about the same range-of temperatures. The charcoal and the liquor yields are almost
the same. The coir dust gives a higher yield of gas and a lower yield of tar.

Table 2." Comparison of yields. of products from carbonization of
coir dust and wood

Product % coir dust % wood
Charcoal 40.9 41.3
Pyroligneous liquor 28.0 31.7
Water 27.10 23.8
.Acetic acid.. 0.82 5.9
Methanol 0.04 2.0
Phenok’ 0.04 0
Noncondensable gas: 27.6 17.0
Tars- 3.5 10.Q:-

Table3givessthe average composition and fuel value of coco gas as compared to that of wood
2as:. The coir dust yields a gas very high in hydrogen.but low in methane and carbon monoxide.
contents: Wood'gas on the other hand has high methane and carbon monoxide but very little
hydrogen. Perunit volume, wood gas has a higher fuel value than coco gas, but based on equal
amounts of-wood and coir dust processed, the total heat available in coco gas is higher because
of more non-condensable gases (notably H,) produced.

Table'3. Comparison of the average compaosition of carbonization
gas of coir dust and. wood

Component Volume percentage-
coir dust wood
COr 32 54
CO 16 28
H, 45 1
CH.. 3 15
QOther hydrocarbons 4 2
Fuel value, M}/m? 9.9t 10.80

The pyrolysis of: coir dust, as.shown by studies conducted by Festin(5, 6], Guevara{7}, and
Casillan[9};-is just as complicated as that of wood. The yields and composition of the products
are influenced by several factors such as the speed and temperature of carbonization, the
chemical: composition of the raw materials, and the physical dimensions of the retort. The
productiomn of fuel gas from coir dust can be varied and adjusted according to the intended use
of the product. Any increase or decrease in the production of coco gas will affect the yield of
other products, particularly the char. For instance, gas production increases as the temperature
of.carbanization is increased, but with a corresponding decrease in the yield of the char({7}. By
introducing; a: catalyst into the reaction system(8], the fuel value of the gas is increased by as
much as 50%.

The pyrolysis: of the coir dust is exothermic. Initially, the rise of the temperature of the
materiak being- processed is gradual. However, as carbonization progresses, the temperature

increases  rapidly(9}:: [f the retort is properly insulated, little external heat will be needed to
maintain the désired temperature.
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CONTINUOUS PYROLYSIS OF COIR.DUST

Based on the chemical composition, and the physical.and carbonization: characteristics: of
coir dust, small retorts employing continuous operation can-be-used. toseffectc capital 'cOSt.
saving. Retorts used in pyrolysis can either be horizontal, vertical. or- Tluidized: bed.

In the studies conducted by Festin, two horizontal retorts of-difféerent sizes were. fabricated[s,
10]. For experimental studies, the small: electrically heated retort was-used;.while.for: pilot-planf
studies, the larger gas-fired one was employed. The retort'was a leak-proof steel*tube-with:.a:
screw to move the process materials inside. A feeder was provided .at one-end and.a-fixed:
discharge spout at the other end. Provided with a reducer drive, the screw :could. rotate-at'
different speeds. The small retort was wrapped: with nichrome wire:to provide iindirect heat
while the large retort was provided with a set of burners or furnace. A shell of. refnactorybmcks
enclosed the retort concentrically.

The exothermic reaction of coir dust carbonization-was confirmed in experimemntalistidies
using the small retort(9]. The héat of carbonization was found to-be 506 6033 /4kg (1 21.cal/g)of

bone-dry coir dust at 30°C.

CARBONIZATION PILOT PLANT

ailable from the.gas and char. produced from:the: reactioncan:bewused:to.
he operating temperature, supply the sensible heat:of;the :productssand
he surroundings, then the process can be said:to-be-self-sustaining.
1d be self-sustaining or not; a pilot.plant was:set

If part of the heat av
preheat the coir dusttot

supplant the heat losses to t
To study whether continuous carbonization cou

up(10]. tion ‘pilot:plant at the Chemical Engineering laboratory:of: the

The layout of the carboniza
University of the Philippines is shown in.the-accompanying diagram{11]; Coir.dust with-about

CLEAN COCO-GAS

TO METHANOL
SYNTHESIS:
TO HYDROGENATION'
OF SOLID FUEL

FOR LIGNTING
. TD GTAT\ONIRY
EXHAUSTER
FUELTO GAS
‘BURNER "

AlR—"‘l _;ACTN!TED
| eammon
FUEL GAS BINDER—}-
BRIQUETTING - FOR WOOD
MACHINE QUOR 5T PRESERVATION

Fig. 1. Carbonization pilot plant lay-out at.the U.P. Chemical ‘Engineering Laboratory::=
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20%:moisture isicharged by a hopper provided with a vertical fesder and agitator. By means of
‘he-actiom:ofthe'screws, the coir dust is moved along the heated horizontal tube. Decomposition
takes: placerand: charcoal is. discharged at the end of the retort into a closed collector.

Thesicatbonization gases. pass: throughr a cyclone separator, where:entrained fines: are
removéd. Ther:thier gases:enter a scrubber where the condensables are absorbed: upon cuntact
withitheserubbing:liquid. This liquid is cooled and.recycled. to the top of the scrubber. The non-
condensable gases: are them sent to'a.gas holder with lime water as.the holding liquid. The lime
watep-absorbsithe CO; from: the gases. The:disappearance of milkiness of the solution when the
lime:water-becomes saturated with CO; gives an indication.as-to when the lime water has o be
replaced.

Thesnarand the. pyroligneous liquor are drained out at the base of the scrubber.

THe:chas and thergas. product of carbonization can have many applications: When mixed with
asuirable binder, thé charcoal can be made to-form briquettes. The: char. can also-be processed
inta activated carborm. It.can.also be used directly- as the fuel for pyrolysis.

Arcomparisomsafiyields of carbonization products from. the experimemtal and piloet plant units
is.showrn i:Tabla'4 The carbonization temperature of :he pilot plant_al:'iﬂ()-.‘!é» ishigher than
that for the experimental-retort at 500°C. Despite this however, the volume of the gas.obtained,
31.9%¢§ is: lower than:that for the experimental unit, 44%. This is-due to the fact that incomplete
casbenizatior:of: the coir dust and ashing of the.char at certain instances are encountered,
irdicating: that the: performance is far from satisfactory. However, this heat output of the gas

and:chas: produced by the-pilot: plant unit is still large enough to sustain the process and:to
provide mechanical powee:

Table 4. A companson of typical yields of carbonization products.
from experimental (7) and. pilot plant (10)

Quantity, as %% of coir dust

Experimental  Pilot plant

retort unit
Carbonization temperature, °C 500 530
Charcoal 42 34.8
Tar & pyroligneous liquor 14 33.3*
Coco gas” 44 39
CO,, s 27 21.2
CO, % 3t 26.6
H., 7 31 41.8
CHs,.% 9 10.0
Fuel value of gas MJ/m? 10.88 12.03
Density of gas, kg/m’ 0.961 0.801
Per kg of dry coir dust
Heat from coco gas, MIJ 4.97 4.7%
Heat from char, MIJ 10.0Z 8.30
Total heat available 15.00 13.03
THermal efficiency, Yo 1 38.8 77.6

*Determined by difference:
Based on fuel value of char of 23.86 MJ/kg.

Thermal efficiency defined as the ratia of heat in the gas and char
to heat in dry coir dust.

T Based on fuel value of coir dust of 16.89 MI1/kg.

Thecexperimental retort has a thermal efficiency of 88.8% while the pilot plant has 77.6%. '
TFhis indicates that the performance of the pilot piant can still be improved.
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COCO GAS AS A BASIC ENERGY RESOURCE

The following products are obtained in a typical run of the pilot-plant at 5302C (per hour):

Coir dust (20% moisture) kg 30.75 24.58(dry)
Charcoal, kg 8.53

Coco gas, kg 785

Heat input, .J 9.117 x -107.(86 400 Btu)

The heat input to the retort is 91.15 MJ while the heat from the gas-and the charcoal:are 117.91
MJT.(111 758 B.t.u.) and 203.51 M7 (192 888 B.t.u.) per-hour, Tespectively. It can be seen:that
the char (even at 50% utilization) is more than-enough to supply the heat:to the retort.:While
the gas can also be used to supply the heat to the retort, it can:better.be utilized- for mechanical
power generation or as a source of ‘synthesis gas for the production of methanol and.-other
alcohols. At 20% utilization, the gas can provide 6.5 kW.

Céco-gas has been utilized .in many ways in the laboratory. ‘The gas has-successfully run:a
stationary jeep engine[11]. It has been used to produce a light equivalent to 20.watts..On asmall
scale, alcohols have been synthesized.from coco gas[12]." When coir dust was heated with-coco
gas under pressure, a portion of the solid was converted to.a brownist oily liquid, soluble in
-acetone{13]. This liquid.is a possible source of liquid fuels and chemicals.

For the.coconut industry, the most promising use of the pyrolyzer is by integrating it with =
coir fibre extraction unit, the coco gas and the by-product coir providingthe mechanical power

for the decorticator*. Table 5 shows a comparison of consumption of toco:gas and bio-gas

Table 5. Comparison of consumption of coco gas® and biogas (60% CH.) for different ises

Use Coco gas m* -CO,-free Rate
coco gas m*

Lightin 0.119 0.221 0.176 per mantle per h
Conking 0.368—0.765 0.680—1.444  0.536—1.333 per.h per 5~ 10 cm burner
Incubatir 0.8-1.2 1.5-2.2 1.2-1.7 per h per m’ mcqba:or
Gas refrigerator 2.0 3.8 3.0 per h per m’ refrigerator
Gas(:linlzgmgmc 0.536 0.991 . 0.736 per tfrake horse:power per.h
Gasoline equivalent 198-275  371-515  2.78-3.88 perlitre

2.18-3.06 4.13-5.75 3.09-4.30 per litre

Diesel. oil-equivalent
25% efficiency

*Sec reference(11].
Source: energy primer, 1975.

(609 CH,) for different us
gas could be raised to two-

es. The fuel value of coco gas which is almost.one-half that of bio-
thirds were the CO, to be scrubbed off the coco-gas.

FUTURE DIRECTION OF RESEARCH

tion to the waste disposal problem of coir-dust, .extensive
tly:being pursued to resolve the technicatand optimization
Aside from being a good source of fueli-coco gas, ®hith
xide, could be used as.a raw material for-different
f methanol, hydrogenation of -vegetable oil, -metal
rial chemicals.

Since pyrolysis offers a good solu
research and development are curren
problems associated with the process.
is rich in hydrogen and carbon mono
processes such as the manufacture oi
extraction from ores, and in making other indust

e
*Equipment used for extracting fibres from coconut husks.
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