
CHAPTER I

1.1 In troduction

INTRODUCTION

C oconut she lls  g row s we ll เท hot zones where the re  is p len tifu l and regu la r 

ra infa ll th roughou t the  year, the sou thern pa rt o f Thailand is dea l fo r it. It is g rown m ostly  
in the p rov inces o f K rab i, Sura t Thani, C hum phon and Satun. The p lan ta tion  a reas in 

p rov inces a ccoun t fo r abou t 95%  o f coconu t she lls g row ing  area in Tha iland, o th e r  
p rov inces where  it is w id e ly  p lan ted  are Trang, P rachuab Khiri Khun, Phuket and Yala ๓ . 
Figure 1.1 shows co conu t tree.

C oconut cu ltiva tion  in Tha iland has shown increas ing e conom ic  s ig n ificance  w ith  

its e xpand ing  m arke t dem and  a t an ave rage g row th  rate o f 15 % a yea r(2). Estimates o f 

the Bank o f Tha iland pu t co conu t she ll p lan ta tion areas in Tha iland, m a in ly concen tra ted  
in the sou thern pa rt o f Tha iland . The market s tudy  revea led tha t coconu t she lls  

p roduc tion  in Tha iland du ring  1997<3) was abou t 449,796 tons/year. เท 1998, it estim ated  
tha t abou t 474 ,402 tons o r 36 ,707 tons/m onth . O ver the rem a inder was used in various  

industries, ie., w aste  w a te r trea tm ent, con fec tione ry , m arga rine  and shorten ing . 

Expansion o f the co conu t she lls  indus try  w as fo llowed by the genera tion o f enorm ous  
am ounts o f b y -p ro du c ts  a t p lan ta tion  g rounds and refineries. It has been estim a ted  tha t 

the p ress ing  p rocess  p roduces  abou t 292,367 tons and 742,163 tons o f em p ty  fru it 
bunches as w as te  in 1997.
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Figure 1.1 C oconu t tree.

1.2 Activated carbon

A ctiva ted  ca rbon has been in use fo r thousands o f year. The m a jo r deve lopm en t 
o f ac tiva ted  ca rbon began  du ring  W orld W ar I, when hard g ranu la r ac tiva ted  ca rbon  

(GAC) was m anufactu red for use in gas masks. เท the last 50 years the te chno logy  
invo lved in ac tiva ted  ca rbon  m anu factu re  has advanced . Powdered activa ted  ca rbon  

(PAC) is extens ive ly used in w a te r pu rifica tion  p rocesses toge the r w ith g ranu la ted  

activa ted  ca rbon . PAC is assoc ia ted  w ith la rge r pore d iam eters than GAC.

A ctiva ted  ca rbon is w id e ly  used as adsorben ts in gas and liqu id -phase  

separa tion p rocesses, pu rifica tion  o f p roduc ts  and w a te r c lean ing  opera tions. One o f 

the most im portan t fie ld s  in te rm s o f consum ption  is in wate r and wastewa te r trea tm ent, 

where  activa ted ca rbon  w ith  a re la tive ly h igh su rface  area and a well deve loped  po ros ity  

is needed. Uses o f ac tiva ted  ca rbon (4) are shown in Figure 1.2. To ob ta in  ac tiva ted  
ca rbon  from  cheap and  read ily ava ilab le  p recu rso rs  becom e an in teresting ob jec tive . 
Quantity and va lue o f im po rt and export o f ac tiva ted  ca rbon  in Tha iland be tween 1988- 
1999 are shown in Tab le  1.1.
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Table 1.1 Quantity and value o f import and export o f ac tiva ted  ca rbon  between 1988- 

1999 (Ac tiva ted  ca rbon  code 3802.100-004)<5)

Year Import Export

Quantity (kg) Value(baht) Q uantity (kg) Value(baht)

1988 1,932,203 52,327,284 260,802 8,118,737

1989 2,649,582 72,244,916 378,375 13,348,250

1990 2,321,914 75,358,548 663,917 25,001,383

1991 2,641,830 77,949,916 1,056,294 36,448,330

1992 2,706,967 101,418,463 1,027,131 34,008,219

1993 2,908,243 96,311,517 478,921 15,885,489

1994 2,816,400 103,186,178 522,068 18,246,436

1995 2,883,399 124,605,555 1,764,739 48,257,484

1996 3,047,195 100,836,897 2,937,245 75,682,676

1997 3,598,415 127,139,283 2,807,200 99,373,426

1998 3,141,000 114,681,336 2,736.400 120,315,042

1999 2,891,000 99,498,333 315,675 11,521,003

Source: D epartm en t o f Business Econom ic, F inance M inistry.

The wo rld  annual p roduction o f activa ted ca rbon  in all fo rm s is es tim a ted  to be in 

the range o f 300,000-400,000 tones. Abou t 55% of th is tota l was in pow de r form , about 

35% in g ranu la r form  and the rem ainder is p roduced  as pe lle ts or ex trad ites , acco rd ing  

to a re fe rence16’, abou t 80% o f the total p roduction  (power, g ranu la r and fo rm ed carbon) 

is used in liqu id -phase  app lica tions and the rem ain ing 20%  (g ranu la r and form ed  
ca rbon  only) in gas-phase app lica tions. The h ighest consum p tion  in Japan and the USA 
per cap ita  annual consum ption  is 0.5 kg in Japan, 0.4 kg in the USA in Europe and 0.03  
kg in the rest o f the world .



A c t iv a te d  c a rb o n

alkaloids, barbiturates, phenol and alcohol - petroleum spirit, hexane and Ioluene

R g u r e 1 . 2  Uses of activated carbon



Consumption is increasing at a reported  rate o f abou t 7% per annua l'3'. G rowth  
areas are in air purifica tion , so lven t recovery and g roundw a te r treatment and new  

app lica tions are em erg ing , pa rticu la rly  those re la ted to env ironm ent protection, that will 
tend to sustain the level of dem and. The approx im a te  ave rage se lling p rice fo r g ranu la r  

or fo rm ed ca rbon is between us$ 1,500-4,000 pe r ton. For powder carbon, it is between  

us$ 500-1,200 per ton. The actua l p rice  will va ry w ith the level of activ ity (surface areas  

com m only fall in the range 800-1 ,500 ทา2/g ' ), the s treng th  and attrition resistance if 

im pregnates have been added  to enhance adsorp tion  se lec tiv ity13'.

Coconut she lls -based activa ted  ca rbon  is p repa red  from raw coconu t shells by 

carbon iza tion fo llowed by steam  activa tion . C a rbon iza tion  involves heating to a high  

tem pera tu re  เท an inert a tmosphere . A ctiva tion  invo lves reaction w ith steam under 

ca re fu lly  con tro lled cond itions to deve lop  spe c ific  pore structures and adsorp tive  

properties. Steam activa tion at 800-900 °c p roduce  ca rbons w ith internal surface areas  
rang ing from 900 to 1,500 ทา2/g carbon . C oconu t shells is used in p roduc ing  activa ted  

ca rbon because they have the fo llow ing advan tages ove r many other types of carbon:

•  H igh hardness level and low dust level. This im proves material hand ling  
charac te ris tics  and is espec ia lly  im po rtan t where  ca rbon fines cannot be 
to lerated.

•  H igh su rface  area, up to 1,500 ทา2/g. This a llows for long life and high  

adsorp tion capac ity .

•  H igh retentive ly, p reven ting  unwan ted desorp tion  of adsorbed species.

•  Large fraction  of m icropo res (<20 Angstrom s). This is im portant fo r removal 

of low -m o lecu la r-w e igh t o rgan ics  and for removal of contam inants.

•  Low ash and impurities.

Coconut shells ac tiva ted  ca rbons are idea l fo r gas-phase  app lica tions and for 
liqu id -phase  app lica tions where pu rifica tion  to trace  concen tra tions is required. 
Examples o f liqu id -phase  app lica tio ns  inc lude go ld  recovery  and h igh e ffic iency water 
purifica tion . They p roduced  a w ide  range of co conu t she lls ac tiva ted  carbon for water
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purifica tion app lica tion . Because o f the ir low  dust, low  ash cha racte ris tics , coconu t 

ca rbon is espec ia lly  e ffective  in rem oving trace  o rgan ic  com pound .

Com m ercia l p rocesses to p roduce  ac tiva ted  ca rbon  used a va rie ty  o f raw  

m ateria ls inc lud ing  peat, coal, and wood and coconu t shell. Am ong these, coconu t 
shells is the in teresting raw materia l because o f its enorm ous am ounts as by -p roduc ts  in 

coconu t shells industria l. From p rox im ate analysis, it was observed  that co conu t shells  

have p roperties s im ila r to pa lm -o il she lls bu t pa lm -o il she lls have more ash than coconu t 

shells, so coconu t she lls are like ly  to be a p recu rso r fo r the p roduction  o f ac tiva ted  

carbon . The prox im ate analys is and the B.E.T. su rface  area com pared  w ith  coconu t 
shells and palm -o il shells are shown in Tab le 1.2.

Tab le 1.2 The prox im ate analys is and the B.E.T. su rface  o f co conu t shells and pa lm -o il

shells.

Raw

materia l

%VM %Ash %FC IA MB Surface a rea (m 2/g)

(m g/g ) (m g/g ) ^total ^Micro ^External

C o c o n u t

shells

80.82 0.40 18.80 97.6 5.0 0.9 0.0 0.9

P a lm -o il

shells

79.66 2.05 18.29 - - 12.2 0.0 12.2

1.3 Objectives

This work is to s tudy op tim um  cond ition  in the p roduc tion  o f ac tiva ted  ca rbon  
from  coconut shells by carbon iza tion  and steam  and C 0 2 activa tion  in a activa to r, w h ich  

reduc ing  prob lem  from  by -p roduc t in coconu t she lls  indus try  and a be tte r so lu tion from  
an environmental and econom ic s tandpo in t. The ob je c tives  o f th is  w o rk are fo llow ing :
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1. To find effective param eters and optimum conditions for the production of 
activated carbon by pyrolysis and steam  activation in a fixed bed  reactor.

2. To study physical properties of the products.

1.4 Scope o f the research

For the production of activated carbon from coconut shells by carbonizing and 
activation, the appropriate condition such as tem peratures, times, sizes of the raw 
material, flow rates of air, C 0 2 and superheated  steam  before activation were studied. 
The necessary  procedures are following:

1. Literature survey and in-depth study of this research  work.
2. Carbonization of Para wood crushed and sieved to three different particle 
sizes of 0.33-0.60, 0.60 -  1.18, 1.18 - 2.36 and 2.36 -4 .7 5  mm.
3. Proximate analysis of coconut shells.
4. Production of activated carbon from coconut shells by pyrolysis by changing 

the following param eters so as to attain the optimum condition:
(a) The optimum tem perature and time
(b) The optimum size of coconut shells
(c) The optimum flow rate of air, C 0 2 and superheated  steam

5. Investigation of the properties of the activated carbon such  as % yield, % ash, 
bulk density, iodine number, methylene blue num ber and B.E.T. surface area.

6 . Summarizing the results.
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