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Abstract
Intensive research has increased the creation of new biomaterials with specific engineered properties. It is on record that a large amount
of these biomaterials waste are generated by the processing of palm oil that invariably causes an environmental problem. This review
study sheds light on various applications that palm kernel shell (PKS) has been used for in the recent years and applications that could
also be considered in the near future. It has been reported that tropical belt of Africa, Asia and Brazil are the highest producers and
exporters of palm oil across the globe and by implication the most producers of the PKS. The PKS as a biomaterial waste product got after
the processing of palm oil has been extensively utilized in the various form of applications for both technical and environmental benefits
varying from additive, energy production, reinforcement, aggregation, water purification and as well as a composite matrix. It was
observed that great use of this waste product is prominent in the structural components, automotive parts as well as water detoxifier.
The PKS-powder has been characterized in this review through the use of Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray
(EDX) analysis. The milling was done with the aid of digital Vibratory disc milling machine for 0, 10, 15 and 20 min. Zero min was taken
to be when it was sieved with a 300 µm ASTM standard sieve. It was established in the study that the duration of the milling affects
volume, surface area, particle size, pore size distributions, micro structure and some other mechanical properties as well as the
morphology of the powder. The particles size got reduced from 300 µm to average diameter of 200 nm. The variations in elemental
compositions of palm kernel shell powder from as they were affected by milling. The micrographs revealed that there was a tremendous
reduction in grain size from 300 µm to about 200 nm.
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INTRODUCTION

Palm kernel Shell (PKS) also referred to as Oil Palm Kernel
Shell (OPKS) and Oil palm Shell (OPS) in literature are highly
lignocellulosic biogenic waste generated from the processing
of crude palm oil1. This is the shell parts that remained after
the nut has been removed and after crushing in the palm oil
mill and is obtained as residual waste in the extraction of the
kernel from the nut.  Oil palm is cultivated in plantations of
about two to three decades rotational farming followed by
removal and replanting2,3. Its moisture content is low which
has been reported to range between 11-13%.  In the year 2001
alone the estimated value of 3.06 million metric tons was
produced by Indonesia and Malaysia.  The PKS is the hard part
that enclosed the nut of palm kernel fruit (Fig. 1) that houses
the palm kernel seed of the palm tree (Elaeis guineensis)4. The
PKS can be obtained by crushing into sections then separating
to remove the palm seed during the processing of palm kernel
oil. During the process of removing or extracting ripe, fleshy
and fresh fruit from the bunches at the mills, residues and
waste are generated in form of solid and liquid. These residues
and waste include fibres, empty fruit bunches (EFB), shells and
liquid waste in form of sewage (palm oil mill effluent (POME))

with several uses, these include prevention of the fibres from
insect and pest attack, also in weaving baskets and most
especially for domestic use as a means of energy generation
during cooking. The PKS has proven to be the first choice of
biomass waste after which EFB pellet, followed by the wood
chip, then sawdust pellet, shredded EFB5,6. Researchers have
established that the palm kernel shell has estimated value of
about 34.5% of a single ripe, fresh fruit7,8. From the estimated
value of 34.5% PKS from a single fruit, one can see that the
disposal of these biomass waste will continue to pose major
environmental problems9. Figure 1a and b showed the palm
kernel fruits and the Palm Kernel Shell, respectively and Fig. 1c
shown the pulverized PKS.
    

REVIEW PALM KERNEL SHELL

Palm kernel shell (PKS): The Agro-waste (PKS) was obtained
locally as shown in Fig. 1b and pulverized into powder as
shown  in  Fig. 1c  and  this was  then  characterized  using
SEM-EDX.
 
Vibratory disc milling machine (VDMM): Milling operation
was  performed   using   a   digitalized   vibratory   disc  milling

Fig. 1(a-c): (a) Palm kernel fruits, (b) Palm kernel shell and (c) Pulverised PKS
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Table 1: Vibratory disc milling machine specification
Property Specification
Dimension 740×740×950 mm
Number of bowls 2
Capacity per bowl 200 g
Feed size < 15mm
Motor 380V/50 Hz, 1.5 KW
Motor speed 940 rpm

Table 2:  Variable in elemental composition as analyzed by EDXS
Elemental composition at different milling times
----------------------------------------------------------------------------------------------------------------------------------

Element (%) 0 min (1 mm) 0 min (100 µm) 10 min (100 µm) 15 min (100 µm) 20 min (100 µm)
PKS-P C 64.4 61.7 62.4 62.8 60.7

O 34.1 37.4 36.9 36.6 38.0
Si 0.9 0.4 0.6 0.4 1.0
Al 0.2 0.1 0.1 0.1 0.1
Fe 0.2 0.2 nd nd nd
Ca 0.1 0.3 nd 0.1 0.1
K 0.1 nd nd nd 0.1

nd: Not detected

machine (Model 2MZ-200).  The  milling  was  carried out for
5, 10 and 20 min by charging 40 g of the powder sample into
each bowl. The machine has specification as presented in
Table 1.  

Scanning  electron  microscope  (SEM):  The SEM and EDX
were coupled together which was used to determine micro
structures of  the  samples  which revealed its morphology,
composition and particle surface crystallography information.
The SEM-EDX analyses were conducted at the University of
Johannesburg, South Africa (A TESCAN model, type VEGA 3
LMH). The micrographs of different milling time are presented
in Fig. 2.

Energy dispersive x-ray spectroscopy (EDXS): The elemental
composition of both milled and unmilled palm kernel shell
powders were analyzed by the use of SEM-EDX machine. The
variation in the trend of the composition of each element
present was monitored at different milling time. Table 2
showed the results of the EDXS when compare at different
milling time.

Properties of PKS: The PKS has unique properties that made
it useful for different applications. Different researchers have
carried  out  different  findings  on  the  properties of PKS and
to know the best suitable applications. The textural
characteristic, proximate and ultimate analysis of PKS have
been presented in Table 3, 4 and 5.

Thermal   properties:  Table 4 presented  the  summary  of
physico-thermal properties of the pulverized palm kernel
shell11.

Table 3: Textural characteristics, proximate and ultimate analyses of PKS10

Properties Values
Micropore surface area (m2 gG1) 0.20
Apparent density (g cmG3) 1.47
Solid density (g cmG3) 1.53
BET surface area (m2 gG1) 1.60
Porosity (%) 3.90
Proximate analysis (wt, %)
Ash 1.10
Volatile 0.10
Moisture 7.96
Carbon 18.70
Structural analysis (wt, %)
Lignin 53.40
Cellulose 29.70
Halocellulose 47.70

VARIOUS APPLICATIONS OF PKS

PKS has been used extensively in the various application
which has been categorized into three sections based on their
usage. 

PKS as concrete reinforcement, aggregate and additive:
This aspect of review centred on the use of PKS as an
aggregate as well as an alternative substitute as shown in
Table 6, this encompasses using Palm kernel Shell Concrete
(PKSC) as Low Weight Concretes (LWC)13-16. It was concluded
that the uniform distribution of PKS particle is the significant
factor that responsible for the improvement in strength and it
enhances the improvement of wear property of the recycled
polyethylene matrix composite17,18, this assertion was also in
agreement with the studies carried out by the following
researchers19-21. Nevertheless, its utilization has spanned to
concrete reinforcement especially in the construction industry,
this  usage  has  been  modernized  and modified with other 
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Fig. 2: Continue

223

 



J. Environ. Sci. Technol., 11 (5): 220-232, 2018

Fig. 2: SEM  Micrographs  of  palm  kernel  shell  powder  (PKS-Ps)  at  500x  SEM  MAG   at  different  milling  time   of  0, 10, 15
and 20 min. The EDX that shows elemental compositions at different milling time is placed side by side with the
micrographs

Table 4: Physico-thermal properties of pulverised PKS11

Properties PKS particles
Specific heat (KJ kgG1 K) 1.983±0.01
Specific gravity 1.26±0.07
Bulk density (kg mG3) 560±17.4
Thermal conductivity (W/m K) 0.68±0.05
Phase change (EC) 101.4
Data are presented in Mean±SD

Table 5: Bulk physical and chemical characteristics of palm kernel shell12

Values
------------------------------

Property Parameters Ar db
Physical Porosity (%) 28.00 650

Ash content (%) 8.68 -
Moisture content (%) 6.11 -
Bulk density (kg mG3) 740.00 9.24

Structural Hemicellulose (%) 26.16
Carbohydrates Lignin (%) 53.85

Cellulose (%) 6.92
Ar: As Received and db: Dry basis)

additives  like   the   production  of  admixture  with  Portland
cement  to  produce  better concrete or purely PKS
concrete22,23.

PKS as water purification: This aspect of review centred on
the use of Palm kernel shell as Activated Carbon (AC) in the
treatment of water to remove pollutants as shown in Table 7.
Various authors have worked on different methods varying
from proximate analysis, elemental analysis, solid and
apparent densities analysis, lignocellulosic content analysis,
BET surface, Microphoto, Functional groups, textural
characteristics, surface chemistry and composition of AC in
order to remove impurities in the body of water to be treated

using AC from PKS38,39. These impurities come in form of lead
ions, copper ions, Hexavalent chromium, nickel, dyes such as
Basic Blue 9 and Methylene Blue and other pollutants such as
Phenol, 4-chrologuaiacol (4CG), 2, 4, 6-tricholorophenol (TCP)
and iodine40,41.

PKS as energy/fuel production: Palm kernel shell which
generated renewable  energy   has   been    receiving    great 
 attentions nowadays as a means to meet energy demand6,44.
Palm kernel shell has been recognized  as  biomass  product  
as a result  of  its small size and  high  calorific  or  heat  energy
value as summarised in Table 8. After the processing of oil
palm fruit, PKS will be separated and kernel oil will then
undergo further distilled process45. It has been established
that PKS has made debut entrance  into  biofuel  resource  for 
t he production of biomass product. Europe, Japan and Korea
have established that PKS as renewable energy conform to
country energy regulation46,47. The PKS has been  characterized
for its awesome utilization in the generation of bio-energy and
also in its great potential feedstock for biochar, bio-oil as well
as biogas production48,49. Figure 3 showed different ways in
which biomass waste product can be converted to renewable
energy50,51. 

To further buttress on the usefulness of PKS, the world
renowned country for the exporter of PKS will be used for
market trend. Malaysia which was renowned for oil palm
agriculture in the world and is presently the world’s largest
exporter of palm oil and as such has been presented  as case
study  for  PKS  markets37,61-64.   It was on record as shown in
Fig. 4 that exportation quantity of PKS markets from Malaysia
to  other  foreign  countries  as   at   year   2013   was    a  great 
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s b
et
te
r

th
e 
ar
ea
 o
f f
oc
us
. T
he
 c
ar
bo
ni
ze
d 
PK
S 
w
as
 th
en
 si
ev
ed
 th
ro
ug
h

th
an
 1
50
 µ
m
 d
ur
in
g 
re
in
fo
rc
em
en
t o
f n
at
ur
al
 ru
bb
er

10
0 
an
d 
15
0 
µm
 m
es
h

(2
) T
he
re
 sh
ou
ld
 b
e 
m
od
er
at
io
n 
in
 th
e 
ca
rb
on
iz
at
io
n 
te
m
pe
ra
tu
re
. T
he
 o
pt
im
um
 c
ar
bo
ni
za
tio
n 
te
m
pe
ra
tu
re
 w
as
 g
ot
te
n 
to
 b
e 
60
0E
C

Af
ol
al
u 
et
 a
l.3
0

H
SS
 c
ut
tin
g 
to
ol
s w
er
e 
su
bj
ec
te
d 
to
 d
iff
er
en
t m
ec
ha
ni
ca
l

(1
) I
t w
as
 c
on
cl
ud
ed
 th
at
 c
ut
tin
g 
to
ol
 c
ar
bu
riz
ed
 w
ith
 P
KS
 h
as
 h
ig
he
r i
m
pa
ct
/t
ou
gh
ne
ss
 v
al
ue
 o
f 2
4J
 a
s a
ga
in
st
 th
e 
co
nt
ro
l s
am
pl
e 
w
ith
 1
7J
 

te
st
s s
uc
h 
as
 im
pa
ct
, t
ou
gh
ne
ss
 fo
r b
ot
h 
ca
rb
ur
iz
ed
 an
d

(2
) I
m
pa
ct
 st
re
ng
th
 w
as
 p
ro
gr
es
siv
el
y i
nc
re
as
ed
 w
ith
 in
cr
ea
se
 in
 ca
rb
ur
iz
in
g 
te
m
pe
ra
tu
re
 a
nd
 h
ol
di
ng
 ti
m
e 
w
hi
ch
 e
nh
an
ce
s i
m
pr
ov
em
en
t i
n 
im
pa
ct

un
-c
ar
bu
riz
ed
 sa
m
pl
es

st
re
ng
th
 o
f t
he
 c
ar
bu
riz
ed
 to
ol
 o
ve
r t
he
 u
n-
ca
rb
ur
iz
ed
 sa
m
pl
e

Kh
an
kh
aj
e 
et
 a
l.3
1

A 
co
m
pa
ra
tiv
e 
st
ud
y 
on
 th
e 
ef
fe
ct
 o
f u
sin
g 
tw
o 
di
ffe
re
nt
 si
ze
s o
f o
il
It 
w
as
 c
on
cl
ud
ed
 th
at
 p
er
vi
ou
s c
on
cr
et
e 
co
nt
ai
ni
ng
 C
S 
sh
ow
ed
 b
et
te
r p
ro
pe
rt
ie
s t
ha
n 
th
os
e 
of
 in
co
rp
or
at
in
g 
O
PK
S

pa
lm
 k
er
ne
l s
he
ll 
(O
PK
S)
 a
nd
 c
oc
kl
es
he
ll 
(C
S)
 to
 se
rv
e 
as
 a
n

Ap
ar
t f
ro
m
 th
at
, s
tr
on
g 
re
la
tio
ns
hi
ps
 b
et
w
ee
n 
de
ns
ity
, v
oi
d 
co
nt
en
t, 
pe
rm
ea
bi
lit
y,
 c
om
pr
es
siv
e 
st
re
ng
th
 v
al
ue
s i
nd
ic
at
ed
 th
at
 th
ey
 c
an
 b
e 
us
ed

al
te
rn
at
iv
e 
re
pl
ac
em
en
t  
fo
r t
he
 n
at
ur
al
 c
oa
rs
e 
ag
gr
eg
at
e 
to

as
 a
 p
er
vi
ou
s c
on
cr
et
e 
qu
al
ity
 c
on
tr
ol
 te
st
s f
or
 p
re
di
ct
io
n 
of
 p
ro
pe
rt
ie
s o
f p
er
vi
ou
s c
on
cr
et
e 
pa
ve
m
en
t b
ef
or
e 
pl
ac
em
en
t i
n 
th
e 
fie
ld

im
pr
ov
e 
th
e 
pr
op
er
tie
s o
f p
er
vi
ou
s c
on
cr
et
e 
pa
ve
m
en
t

M
un
to
ha
r a
nd
 R
ah
m
an
32

O
il 
Pa
lm
 ke
rn
el
 sh
el
l w
as
 u
se
d 
to
 p
ro
du
ce
 sh
el
l c
re
te
 b
lo
ck

Th
is
 re
se
ar
ch
 re
ve
al
ed
 th
at
 th
e 
co
m
pr
es
siv
e 
an
d 
fle
xu
ra
l s
tr
en
gt
h 
of
 th
e 
sh
el
l c
re
te
 re
du
ce
d 
by
 th
e 
in
cr
em
en
t i
n 
th
e 
am
ou
nt
 o
f P
KS
 in
 th
e 
m
ix
tu
re
.

It 
w
as
 a
lso
 sh
ow
ed
 th
at
 a
 L
ar
ge
 a
m
ou
nt
 o
f P
KS
 c
on
te
nt
 in
 th
e 
sh
el
lc
re
te
 a
bs
or
be
d 
w
at
er
 e
as
ily
 a
nd
 su
bs
eq
ue
nt
ly
 lo
w
er
 it
s d
en
si
ty

Ad
eb
ay
o3
3

Th
e f
oc
us
 w
as
 to
 co
m
pa
re
 th
e e
ffe
ct
s o
f P
KS
 in
 la
tt
ic
e

Th
e r
es
ul
ts
 re
ve
al
ed
 th
at
 la
te
rit
e b
lo
ck
s r
ei
nf
or
ce
d 
w
ith
 p
ul
ve
riz
ed
 P
KS
 at
 th
e o
pt
im
um
 ra
tio
 o
f (
1:
4)
 (P
KS
: L
at
er
ite
) w
er
e 
15
%
 st
ro
ng
er
 th
an
 o
rd
in
ar
y

bl
oc
ks
 a
nd
 C
on
cr
et
e 
w
ith
 re
fe
re
nc
e 
to
 cr
us
he
d 
st
on
e 
ag
gr
eg
at
e

pl
ai
n 
la
te
rit
e 
bl
oc
ks
. It
 w
as
 fu
rt
he
r r
ev
ea
le
d 
th
at
 cr
us
he
d 
st
on
e 
ag
gr
eg
at
e 
w
ith
 P
KS
 to
 fo
rm
 co
nc
re
te
 b
lo
ck
s l
ow
er
 in
 st
re
ng
th
 b
y 
ab
ou
t 5
0%
. I
t w
as

th
er
ef
or
e,
 c
on
cl
ud
ed
 th
at
 P
KS
 c
an
no
t b
e 
us
ed
 a
s a
 re
pl
ac
em
en
t f
or
 c
ru
sh
ed
 st
on
e 
ag
gr
eg
at
es
 in
 c
on
cr
et
e.
 

N
w
ao
ba
ka
ta
 a
nd

Th
e 
fo
cu
s h
er
e 
is 
on
 th
e 
us
e 
of
 p
al
m
 k
er
ne
l a
sh
 (P
KA
) a
s f
ill
er

Th
e 
re
su
lts
 re
ve
al
ed
 th
at
 P
KA
 h
as
 im
pr
ov
ed
 a
nd
 b
et
te
r f
at
ig
ue
 a
nd
 a
lso
 p
er
m
an
en
t d
ef
or
m
at
io
n 
ch
ar
ac
te
ris
tic
s w
hi
ch
 a
lso
 sh
ow
ed
 a
 re
du
ct
io
n

Ag
un
w
am
ba
34

du
rin
g 
ho
t a
sp
ha
lt 
m
ix
in
g

in
 m
oi
st
ur
e s
us
ce
pt
ib
ili
ty
. T
he
 ad
di
tio
n 
of
 3
%
 P
KA
 h
as
 g
re
at
ly
 im
pr
ov
ed
 as
ph
al
t c
on
cr
et
e b
eh
av
io
rs
 an
d 
ev
en
tu
al
ly
 in
 th
e p
ro
du
ct
io
n 
of
 m
or
e 
du
ra
bl
e

m
ix
tu
re
s t
ha
t w
ill
 g
iv
e 
hi
gh
er
 re
sis
ta
nc
e 
to
 d
ist
re
ss

Is
ho
la
 e
t a
l.3
5

Th
e 
fo
cu
s i
n 
on
 th
e 
pr
od
uc
tio
n 
of
 B
ra
ke
 p
ad
 u
sin
g 
no
n-
as
be
st
os

N
on
-a
sb
es
to
s o
rg
an
ic
 (N
AO
) b
as
ed
 P
KS
 b
ra
ke
 p
ad
 w
as
 su
cc
es
sf
ul
ly
 d
ev
el
op
ed
 v
ia
 c
om
pr
es
siv
e 
m
ol
di
ng
 b
y 
va
ry
in
g 
th
e 
pa
rt
ic
le
 si
ze
s o
f P
KS

or
ga
ni
c 
(N
AO
) w
hi
ch
 is
 P
KS

M
gb
em
en
a e
t a
l.3
6

Fo
cu
s h
er
e 
is 
us
in
g 
PK
S 
de
ve
lo
p 
br
ak
e 
lin
in
g 
w
hi
ch
 is

It 
w
as
 e
st
ab
lis
he
d 
th
at
 P
KS
 b
as
ed
 B
ra
ke
 fr
ic
tio
n 
lin
in
g 
pr
od
uc
ed
 h
ig
h 
w
ea
r h
ig
h 
th
an
 th
e 
O
rig
in
al
 E
qu
ip
m
en
t M
an
uf
ac
tu
re
r (
O
EM
) L
in
in
g 
M
at
er
ia
ls

no
n-
as
be
st
os
 fr
ic
tio
n 
m
at
er
ia
ls

an
d 
th
at
 th
e 
PK
S 
ba
se
d 
Br
ak
e 
fri
ct
io
n 
lin
in
g 
sh
ow
ed
 b
et
te
r t
he
rm
al
 st
ab
ili
ty
 w
he
n 
co
m
pa
re
d 
to
 O
EM

D
ag
w
a e
t a
l.3
7

Ch
ar
ac
te
riz
at
io
n 
of
 p
ul
ve
riz
ed
 P
KS
 w
as
 to
 d
et
er
m
in
e i
ts
 su
ita
bi
lit
y

Th
is 
re
se
ar
ch
 co
nc
lu
de
d 
th
at
 P
KS
 ca
n 
be
 u
se
d 
as
 a 
fil
le
r i
n 
th
e p
ro
du
ct
io
n 
of
 th
e 
po
ly
m
er
 c
om
po
sit
e.
 T
hi
s w
as
 e
st
ab
lis
he
d 
by
 v
ar
io
us
 c
ha
ra
ct
er
iz
at
io
ns

fo
r c
om
po
sit
e 
m
at
er
ia
ls 
fo
rm
ul
at
io
n 

co
nd
uc
te
d 
am
on
g 
w
hi
ch
 w
as
 S
EM
 w
hi
ch
 re
ve
al
ed
 th
at
 P
KS
 p
ow
de
r h
ad
 a
 sp
he
ric
al
 sh
ap
e,
 E
D
X 
an
al
ys
is 
re
ve
al
ed
 th
at
 p
ul
ve
riz
ed
 P
KS
 h
ad
 a
 h
ig
h

ca
rb
on
 co
nt
en
t o
f a
bo
ut
 6
3 
w
t %
, X
RD
 p
at
te
rn
 re
ve
al
ed
 th
at
 p
ul
ve
riz
ed
 P
KS
 w
as
 m
or
e o
f a
m
or
ph
ou
s m
at
er
ia
l w
ith
 tr
ac
es
 o
f m
ic
ro
cr
ys
ta
lli
ne
 m
at
er
ia
l
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Ta
bl
e 
7:
 S
um
m
ar
y 
of
 th
e 
pr
ev
io
us
 w
or
ks
 o
n 
PK
S 
as
 a
 w
at
er
 p
ur
ifi
er
 

Re
fe
re
nc
es

Fo
cu
s

Co
nt
rib
ut
io
n(
s)
/C
on
cl
us
io
n(
s)

Fu
ad
i e
t a
l.1
0

AC
 w
as
 p
ro
du
ce
d 
fro
m
 P
KS
 an
d 
us
e 
as
 an
 ad
so
rb
en
t t
o 
re
m
ov
e

It 
w
as
 e
st
ab
lis
he
d 
fro
m
 th
e 
re
vi
ew
 th
at
 A
C 
pr
od
uc
ed
 fr
om
 P
KS
 h
as
 b
ee
n 
us
ed
 e
xt
en
siv
el
y 
to
 re
m
ov
e 
he
av
y 
m
et
al
, d
ye
s, 
pa
in
ts
 a
nd
 o
th
er
 p
ol
lu
ta
nt
s

po
llu
ta
nt
s f
ro
m
 th
e 
aq
ue
ou
s p
ha
se

fro
m
 th
e 
bo
dy
 o
f w
as
te
 w
at
er

O
ko
ro
ig
w
e 
et
 a
l.1
2

Th
is 
ar
tic
le
 fo
cu
se
s o
n 
th
e 
w
ay
 P
KS
 c
an
 b
e 
us
ed
 fo
r b
ot
h

Th
e 
ch
ar
ac
te
riz
at
io
ns
 re
su
lts
 o
f P
KS
 g
ot
te
n 
by
 th
e 
us
e 
of
 x
-r
ay
 d
iff
ra
ct
io
n 
(X
RD
) a
nd
 x
-r
ay
 p
ho
to
-s
pe
ct
ro
m
et
ry
 (X
PS
) s
ho
w
ed
 th
at
 P
KS
 p
os
se
ss
ed

re
in
fo
rc
em
en
t a
s w
el
l a
s w
at
er
 p
ur
ifi
ca
tio
n

so
m
e 
su
rfa
ce
 e
le
m
en
ts
, c
ry
st
al
lin
e 
m
at
er
ia
ls 
an
d 
m
or
ph
ol
og
ic
al
 q
ua
lit
ie
s t
ha
t q
ua
lif
ie
d 
PK
S 
as
 a
 g
oo
d 
m
at
er
ia
l f
ill
er
s i
n 
co
ns
tr
uc
tio
n 
as
 w
el
l a
s

ad
so
rp
tio
n 
in
du
st
rie
s

G
ar
ci
a e
t a
l.4
2

Pr
od
uc
tio
n 
of
 A
C 
fro
m
 P
KS
 w
as
 es
ta
bl
ish
ed
 w
hi
ch
 w
as
 u
se
d 
to

It 
w
as
 es
ta
bl
ish
ed
 th
at
 af
te
r 4
 h
 co
nt
ac
t t
im
e,
 ab
ou
t 9
0%
 ad
so
rp
tio
ns
 h
as
 b
ee
n 
ac
hi
ev
ed
. I
t w
as
 th
en
 c
on
cl
ud
ed
 th
at
 P
al
m
 o
il 
m
ill
 w
as
te
 b
io
m
at
er
ia
ls

re
m
ov
e 
co
lo
ra
nt
s f
ro
m
 th
e 
bo
dy
 o
f w
at
er
 w
ith
 th
e 
he
lp
 o
f 

ca
n 
be
 e
ffi
ci
en
tly
 u
se
d 
to
 re
m
ov
e 
co
lo
ra
nt
s i
n 
th
e 
bo
dy
 o
f w
as
te
-w
at
er
s 

ac
tiv
at
in
g 
ag
en
t c
al
le
d 
Zn
Cl
2

M
uh
am
m
ad
 e
t a
l.4
3

Ac
tiv
at
ed
 C
ar
bo
n 
pr
od
uc
ed
 fr
om
 P
KS
 w
as
 u
se
d 
to
 re
m
ov
e

In
 th
is 
re
se
ar
ch
, t
hr
ee
 c
or
re
ct
iv
e 
m
od
el
s w
er
e 
em
pl
oy
ed
 in
 st
ud
yi
ng
 a
ct
iv
iti
es
 o
f A
C 
pr
od
uc
ed
 fr
om
 P
KS
, t
he
y 
w
er
e 
th
e 
m
od
ifi
ed
 e
xt
en
de
d

im
pu
rit
ie
s s
uc
h 
as
 zi
nc
 io
n 
an
d 
ca
dm
iu
m
 io
n 
fro
m
 th
e 
aq
ue
ou
s

Re
dl
ic
h‒
Pe
te
rs
on
 (M
ER
P)
 a
nd
 th
e 
m
od
ifi
ed
 e
xt
en
de
d 
La
ng
m
ui
r (
M
EL
), 
as
 w
el
l a
s m
od
ifi
ed
 e
xt
en
de
d 
Fr
eu
nd
lic
h 
(M
EF
). 
It 
w
as
 re
ve
al
ed
 th
at
 b
in
ar
y

so
lu
tio
ns
. T
he
 a
na
ly
sis
 w
as
 a
ch
ie
ve
d 
by
 th
e 
us
e 
of

iso
th
er
m
 c
ou
ld
 b
e 
be
st
 d
es
cr
ib
ed
 b
y 
th
e 
m
od
el
 c
al
le
d 
th
e 
m
od
ifi
ed
 e
xt
en
de
d 
La
ng
m
ui
r

Re
dl
ic
h‒
Pe
te
rs
on
 is
ot
he
rm
s, 
Fr
eu
nd
lic
h 
an
d 
La
ng
m
ui
r

Ta
bl
e 
8:
 S
um
m
ar
y 
of
 th
e 
pr
es
en
t s
tu
dy
 o
n 
PK
S 
as
 e
ne
rg
y/
fu
el
 g
en
er
at
io
n

Re
fe
re
nc
es

Fo
cu
s

Co
nt
rib
ut
io
n(
s)
/C
on
cl
us
io
n(
s)

Ra
hm
an
 et
 al
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Py
ro
ly
sis
 o
f P
KS
 w
as
 ch
ar
ac
te
riz
ed
  a
nd
 to
 b
e u
se
d 
fo
r w
as
hi
ng

Th
e e
ne
rg
y c
on
te
nt
 in
 ch
ar
 w
as
 se
en
 to
 in
cr
ea
se
 as
 th
e a
sh
 co
nt
en
t b
ec
am
e 
lo
w
er
. T
he
 p
re
se
nc
e 
of
 a
sh
, w
hi
ch
 a
ct
s a
s a
 c
at
al
ys
t, 
pr
om
ot
es
 se
co
nd
ar
y

m
ed
iu
m
 a
nd
 p
re
-t
re
at
m
ne
t p
ro
ce
ss

re
ac
tio
ns
 d
ur
in
g 
py
ro
ly
sis
 a
nd
 is
 th
us
 c
on
sid
er
ed
 a
 si
gn
ifi
ca
nt
 c
on
tr
ib
ut
or
 to
 h
ig
h 
w
at
er
 fr
ac
tio
ns
 in
 th
e 
or
ga
ni
c 
liq
ui
d 
yi
el
d

O
ko
ro
ig
w
e 
an
d 
Sa
ffr
on
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Th
e 
fo
cu
s h
er
e 
is 
on
 B
io
en
er
gy
 g
en
er
at
io
n 
vi
a 
PK
S 

Th
e 
fin
di
ng
s s
ho
w
ed
 th
at
 p
yr
ol
yz
ed
 P
KS
 h
as
 h
ig
he
r p
er
ce
nt
ag
e 
of
 C
ar
bo
n 
co
nt
en
t a
nd
 m
od
er
at
e 
hy
dr
og
en
 v
al
ue
 a
nd
 a
s s
uc
h 
hi
gh
 h
ea
tin
g 
va
lu
e.

It 
w
as
 e
st
ab
lis
he
d 
th
at
 P
KS
 h
as
 g
re
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er
 p
ot
en
tia
l t
o 
su
pp
ly
 su
st
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na
bl
e 
re
ne
w
ab
le
 e
ne
rg
y 
to
 d
ev
el
op
in
g 
co
un
tr
ie
s

U
gw
u 
an
d 
Ag
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52

PK
S 
w
as
 c
ar
bo
ni
ze
d 
an
d 
pu
lv
er
iz
ed
 to
 p
ro
du
ce
 B
riq
ue
tt
es

It 
w
as
 e
st
ab
lis
he
d 
th
at
 P
KS
 b
riq
ue
tt
es
 p
ro
du
ce
d 
hi
gh
er
 a
m
ou
nt
 o
f  
ca
lo
rif
ic
 v
al
ue
 th
an
 th
at
 p
ro
du
ce
d 
fro
m
 b
ot
h 
th
e 
ch
ar
co
al
 a
nd
 sa
w
du
st
 a
nd

th
at
 su
ch
 b
riq
ue
tt
es
 g
en
er
at
ed
 c
an
 b
e 
ut
ili
ze
d 
fo
r c
oo
ki
ng
 a
nd
 ir
on
in
g 
of
 c
lo
th
es

Ya
co
b 
 et
 al
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PK
S h
as
 b
ee
n 
ut
ili
ze
d 
he
re
 to
 se
rv
e a
s c
he
m
ic
al
 ac
tiv
at
ed

In
 th
e p
ro
ce
ss
 o
f u
sin
g 
PK
S a
s c
he
m
ic
al
 ac
tiv
at
ed
 ca
rb
on
 to
 p
ro
du
ce
 M
ic
ro
w
av
e,
 th
e 
ch
ar
ac
te
riz
at
io
n 
w
as
 c
ar
rie
d 
ou
t b
y 
th
e 
ai
d 
of
 F
ou
rie
r T
ra
ns
fo
rm

ca
rb
on
 in
 o
rd
er
 to
 p
ro
du
ce
 M
ic
ro
w
av
e-
in
du
ce
d 
w
ith
 la
rg
er

In
fra
re
d 
(F
TI
R)
 a
nd
 o
th
er
 a
na
ly
sis
 w
er
e 
ad
op
te
d 
to
 d
et
er
m
in
e 
it 
ef
fe
ct
iv
en
es
s s
uc
h 
as
 T
he
rm
al
 a
nd
 N
itr
og
en
 g
as
 a
ds
or
pt
io
n 
M
et
ho
ds

su
rfa
ce
 a
re
a

M
oh
am
ad
 et
 al
.54

Th
is 
st
ud
y f
oc
us
ed
 o
n 
th
e u
se
 o
f P
KS
 as
 st
ea
m
 g
as
ifi
ca
tio
n 
fo
r

St
ea
m
 g
en
er
at
io
n 
fro
m
 P
KS
 w
as
 u
se
d 
to
 es
ta
bl
ish
 th
e e
ffe
ct
s o
f s
te
am
 to
 b
io
m
as
s (
S/
B)
 a
nd
 th
at
 o
f c
al
ci
na
tio
n 
te
m
pe
ra
tu
re
 o
n 
pr
od
uc
t g
as
 d
ist
rib
ut
io
n

 h
yd
ro
ge
n 
pr
od
uc
tio
n 
at
 th
e 
te
m
pe
ra
tu
re
 o
f 7
00

EC
 in
 th
e

an
d 
it 
w
as
 c
on
cl
ud
ed
 th
at
 th
e 
ca
ta
ly
tic
 a
ct
iv
ity
 d
ec
re
as
es
 w
ith
 in
cr
ea
sin
g 
ca
lc
in
at
io
n 
te
m
pe
ra
tu
re
. A
lso
, t
he
 p
ro
du
ct
 g
en
er
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Fig. 4:  PKS Importation by continents from Malaysia in the year 2013

success64. It was recorded that Asia country has the highest
importation  of  PKS   from   Malaysia   with   total   volume  of
43,245.171 t next to it was Europe with total volume of
24,010.323 t after which was Middle East with total volume of
21,891.449 t. 

It was further established as shown in Table 9, that at as
2013,  the  exportation  of  PKS  to  Asia countries from
Malaysia revealed  that  China  has  the  total  volume  of 
10,588.966 t of PKS  while   Singapore   recorded  the  second 
highest of PKS   exportation    from    Malaysia    with   a   total 
of 7,917.701 t65.

Bring this PKS market to Africa countries, Fig. 5 shown
that Tanzania  has  the  highest  volume  of  importation  of
PKS from Malaysia with a total of 2,879.03 t and Benin
recorded  half  of  Tanzania  values  with  a total of 1,400.68  t 
as at year  2013.  It   was  established   that  Algeria 
importation  of  PKS top  three  highest   in   Africa   with  a 
total  of  1,077.74  t while Cameroon  and   Mozambique

countries   imported  least with the same value of PKS
importation65 of 22.40 t.

In Europe it was observed that Russia country has the
highest  Importation  of  PKS  from Malaysia with a total
volume of 9,737.20 t as evidence in the Table 10, Ukraine
recorded  the   second   highest   importer  of PKS from
Malaysia with a total  of  8,887.40  t  while  Netherland
imported  least  value  at  2013  with   a   total   volume  of
20.75 t65.

In the Middle East, Fig. 6 revealed that Egypt had
imported a total volume of 10,539.45 t of PKS in the year 2013
which was observed to be slightly lower than the amount
imported by China (2nd Largest Importer of PKS as at 2013
from Malaysia). It was also recorded that Iran climbs the top
two of the largest importer in the country of the Middle East
which recorded 3,399.29 t. Qatar, on the other hand, had the
lowest importation of PKS from Malaysia with a total quantity65

of 6.86 t.
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Fig. 5: Statistical data of PKS Imported by Africa Countries in 2013 

Fig. 6: Statistical data on PKS exported by Malaysia to Middle East Countries in 2013

Table 9: Statistical data of PKS exported to Asia country in year 2013
Countries Quantity (t)
Thailand 43.97
China 10,588.97
Taiwan 508.84
Indonesia 5.68
Japan 2,348.44
South Korea 2,737.22
Kyrgyzstan 431.48
Bangladesh 2,111
Brunei 1.08
Sri Lanka 525.11
Hong Kong 340.26
Singapore 7,917.70
Kazakhstan 841.94
Vietnam 10.00
Pakistan 2,500.31
Philippines 1.26
India 398.89

As shown in Table 11 with reference to Oceania countries
in PKS markets, Australia has the highest Importer of PKS from
Malaysia   with   a   total   quantity   of 11,251.37 t followed by
New Zealand which has a total volume  of  3,880.77  t  and
New Caledonia imported least value of PKS with an amount of
18.81 t65.

In North  America,  it was on record as at 2013 as shown
in Fig. 7 that Mexico top the list of the country with the
highest value  of  PKS  importation  from  Malaysia with a total
of 512.72 t, it was observed that importation in North America
does not vary too much. Nevertheless, it has been recorded
that the Dominican Republic and the Bahamas behaved
indifferently, in both cases, the importation of PKS was 224 t
and 1.80 t, respectively65.
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Table 10: Statistical data of PKS exportation by Malaysia to Europe in 2013 
Countries Quantity (t)
Georgia 411.44
Lithuania 21.40
Poland 85.26
Turkey 3234.34
Bulgaria 644.00
Denmark 117.40
Latvia 82.80
Netherlands 20.75
Slovenia 21.76
Croatia 23.74
Hungary 79.95
Romania 642.88
Ukraine 8887.40
Russia 9737.20

Table 11: PKS imported by Oceania Countries in the year 2013 from Malaysia 
Countries Quantity (t)
New Caledonia 18.81
Papua New Guinea 81.13
Fiji 23.85
New Caledonia 18.81
Australia 11251.37

CONCLUSION

After the extensive reviews and experimentation of palm
kernel shell. It was revealed by EDX analysis, that the main
constituents of PKS-powder are carbon, silicon, aluminium,
iron, calcium, potassium and oxygen.

Aside being used as filler, additives, reinforcement in
building applications, energy generation, activated carbon
and water purifier. PKS ash can also being use in the
reinforcement of polymers, ceramics and metals matrices
composites especially during friction stir welding and
processing.

SIGNIFICANCE STATEMENT

Palm kernel shell powder/ash has been used for several
applications. It has been established that the performance,
efficiency and effectiveness of palm kernel shell/ash in any
applications be as reinforcement, fillers, activated carbon,
water purification, additives as well as energy generation
depend whether is in form of nano-, micro- and macro-
particles. In this review study, Palm kernel shell powder was
studied to determine its usefulness in the area of surface
engineering such texture and surface modification and
functionalization.  In our previous article, PKS powder was
used  as  carbon  additive  in  the manufacturing of HSS
cutting tools used on lathe machine, in this study the end
result performed higher than the control tool imported
abroad. This was  one  of  the  reasons  that propelled this
study into using it for  reinforcement  in Friction Stir
Processing (FSP) which no  one  has  used  both  in matrices
and  hybrid  composites,  this will be used after it has been
heat treated  to  optimum calcination temperature to form
ash. PKS Ash has been proven significance in the field of
Engineering where they use it abundantly for reinforcement
in concretes and polymers, water purifiers and energy
generation as fuel. 
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