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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 um 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 um 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 um to about 200 nm.

Key words: Biomass, palm kernel shell, reinforcement, waste product, SEM-EDX, palm oil, biomaterials, composite matrix

Citation: Omolayo M.lkumapayiand EstherT.Akinlabi, 2018. Composition, characteristics and socioeconomic benefits of palm kernel shell exploitation-an
overview. J. Environ. Sci. Technol,, 11: 220-232.

Corresponding Author:  Omolayo M. [kumapayi, Department of Mechanical Engineering Science, University of Johannesburg, Auckland Park Kingsway
Campus, Johannesburg, 2006, South Africa

Copyright: © 2018 Omolayo M. lkumapayi and Esther T. Akinlabi. This is an open access article distributed under the terms of the creative commons
attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided the original author and source are credited.

Competing Interest: The authors have declared that no competing interest exists.

Data Availability: All relevant data are within the paper and its supporting information files.


http://crossmark.crossref.org/dialog/?doi=10.3923/jest.2018.220.232&domain=pdf&date_stamp=2018-10-17

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

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 oil'. 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 replanting?3. Its moisture content is low which
has been reported torange 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)*. The
PKS can be obtained by crushinginto sections then separating
toremove 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 EFB>%. Researchers have
established that the palm kernel shell has estimated value of
about 34.5% of a single ripe, fresh fruit”?. 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 problems®. 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 740X 740X 950 mm
Number of bowls 2

Capacity per bowl 2009

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 um) 10 min (100 pm) 15 min (100 pm) 20 min (100 um)
PKS-P C 64.4 61.7 62.4 62.8 60.7
0 34.1 374 36.9 36.6 38.0
Si 0.9 0.4 0.6 04 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
shell™.
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Table 3: Textural characteristics, proximate and ultimate analyses of PKS™®

Properties Values
Micropore surface area (m?g~") 0.20
Apparent density (g cm™3) 147
Solid density (g cm~3) 1.53
BET surface area (m?g~") 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)76, 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 composite'”'8, this assertion was also in
agreement with the studies carried out by the following
researchers'®2!, 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
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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 PKS™

Properties PKS particles
Specific heat (KJ kg~ K) 1.983£0.01
Specific gravity 1.26£0.07
Bulk density (kg m—) 560*+17.4
Thermal conductivity (W/m K) 0.68+0.05
Phase change (°C) 1014

Data are presented in Mean£SD

Table 5: Bulk physical and chemical characteristics of palm kernel shell'?

Values
Property Parameters Ar db
Physical Porosity (%) 28.00 650
Ash content (%) 8.68 -
Moisture content (%) 6.11 -
Bulk density (kg m—) 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
concrete??2,

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
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using AC from PKS3#3, 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 iodine*041,

PKS as energy/fuel production: Palm kernel shell which
generated renewable energy has been receiving great
attentions nowadays as a means to meet energy demands.
Palm kernel shell has been recognized as biomass product
as aresult 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 process®. 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 regulation*s#”. The PKS has been characterized
foritsawesome utilization in the generation of bio-energy and
also in its great potential feedstock for biochar, bio-oil as well
as biogas production®®#. Figure 3 showed different ways in
which biomass waste product can be converted to renewable
energy®0°1,

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 markets® 5164, |t 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



J. Environ. Sci. Technol, 17 (5): 220-232, 2018

|e1I91eW 3U||eISAID0IDIW JO SIDRIY YHM [eLId}ew SNOYdIOWE JO 210W SeM Sy d pazuaand 1ey) pajeanal usaiied gyX ‘9% IM £93N0ge JOIUSIU0D uogied
yb1y e pey Syd pazuaand eyl pajeanal siskjeue X3 ‘odeys [eduayds e pey japmod Syd 1yl pa|eanas Ydiym |NIS sem ydiym buowe pardonpuod
suonezlaldeIRYd snolieA AQ paysi|gelsa sem siy ] "a)1sodwod JawAjod a3 o uoidnpoid ay1 uraj|y e se pash a0 Ued SHdIeyl Papn|dpuod Ydieasai siy |
W30 01 paiedwiod uaym Aijigels [ewiay) 12139 PaMoys buiul| uondLy ayeig paseq SHd a3 1ey) pue

sjeuiey buiur (W30) J21ndejnuepy uswdinbg jeutbu ayi ueyl ybiy sesm ybiy padnpoud Bujul] uondLy g Pased SHd eyl Pays!|geiss semi|
SMd 40 sazis 3pi1ued ay buikiea Aq buipjow aAlssaidwiod eia padojanap Ajjnyssaddns sem ped ayelq Syd pased (OVN) d1uebio solsagse-Uo
$S9J1SIP 03 3DURISISI JBYDBIY SAID [|IM 1BY) S2INIXIW

3|geInp 210w JO uo1dNPoId 3Y3 U1 A||BNIUSAS PUE SI0IARYSQ 313.10U0d Jjeydse panoidwi A1ealb sey yyd %€ jou peay] ‘Aujigndadsns ainisiow ut
uodNPaI B PIMOYS OS[E YDIYM S1ISLIDIDRIRYD UOIBWIOP JusuewIdd os|e pue anbiej 19119q pue panoidul Sey dd 12y} Pa|eaAal s}nsai ay |
'91210U0> Ul sajebaibbe aU0ls Paysnid 1oj JuaWade|dal e se pash 3¢ Jouued Syd 18y} PaPN|dUO0D ‘910431941

SeM 1] "%0S IN0ge Aq Y16UDI1S Ul ISMO] $YD0]0] 91212U0D WiI0) 0) Shid YIIM d1eHaib6e auols paysnid 1ey) pajeanas Jayuing sem| s320|q a3aie| ute|d
K1euipio ueyl J96U0IIS 945 | IIM (911218 :SHd) (#:1) JO O1Fes WNWNAO 3Y1 e Sy d PAZISAIN YHM PIDI0JUID] S}D0]0] 91141E| 1R PI|BIAA SY NS DY |
Ausuap si Jamo| Ajpuanbasgns pue A|ises 1a1em paglosge 31a.3||3Ys 31 Ul JUSIU0D SHd JO Junowe ab.ie e 1ey) pamoys os|e sem |

"2INIXIW 3] Ul SHd JO JUNOWE Y3 Ul JUSWIDUI 9Y1 AQ PadNPai 31310 ||9YS 9Y3 JO Y1BUaIIS [eInXaly pue aAIssaidwod 3yl 1eyl pa|eanal ydieasal siy |

pIa1) 9y Ul Juswade|d 210490 JusWRARd 91215U0D snojalad Jo saiuadoud Jo uondipaid Joj $1591 [011u0d Aljenb 1210u0d snolasad e se

pasnh aq ued A3y3 ey paiedipul sanjea Yibuais aalssaidwod ‘Aijigeawad qua3uod ploa ‘Alsuap usamiaq sdiysuoiiefds buons ‘1eyy woiy Ledy
SMdO buneiodiodul jo asoyy ueyy sanuadoid 19139 Pamoys SO BuluieIuod 91215U0D snolalad Jey) PIPN|OUOD sem 3|

a|dwes paziingJed-un ay3 JAAO0 |00} PAZLINGJeD 3y} Jo Yibuains

1oedwi Ul uswaAoidwl S9UBYUS YIIYm awi Buipjoy pue aunjessdwal buizungled ulaseaidul Yaim paseanul Ajaaissa160id sem yibuais 1oedw (z)
/1 yum adwes [013u0d ay3 isutebe se [ Jo anjea ssauybnol/deduwl 1aybiy sey SHd Yim paziingied 003 buiind 1eyl papnpuod semy (1)
2,009 99 01 Ua1106 sem ainjesadwia) uoieziuogied wnwindo ay] "d1njesadwal UOILZIUOGIED S Ul UONRISPOW 3] PINOYS 43Y] (7)

1agqni [eanjeu Jo Juswiadiojural buunp wr gg| ueyy

191199 swiopad wrl 00| 219ym U1106 1 NSl B Se SeMm SIL) JUSWSDI0JUIRA Y1 191190 9Y) 9Z1S 3]d1ied U3||1) 9Y) J3]|ewsS dY1 1By paPN|DU0Dd sem| (1)
$391212U0D SE JUBWIAD JO ASN BU] Ul UOIIdNPaI BY} 3DUBYUD OS|e pue SHd AQ pasned uoln||od [eJUSWUOIIAUS Se |[9M Se

1502 UOIINPOId 3ONP3I [[IM YDIYM 3124DU0D JUSWID 10} JusWde|daI dA11RUIS) R UE SB PIsh 90 UBD YSD PUB YSHd 18U} UMOYS SeY UD1easal SIy |

UOI12NP3J 150D %7 INOCE SBY 3121DU0D [[2YS [2UI Wied 3[IYm 90€ JO UONINP3I 150D B Sey PadNPoid 31242U0D ||3YS INUOI0 JBY] PAYSI|RISS SeM
11 ‘0s|y "uoiuodoud awies ay3 Jo 91210U0d ||9Yys [auISy wied ueyl Yibuails aAIssa1dwod JayBIy Sey 331240U0 ||3Ys INUO0D 1oy} PIPN|OUOD SeM )|
salpnis snoiaaid Jsutebe se sanadoud [edtueydaw 3y} uo
$1094J9 SWIOSIME SARY SDINIXIWIPE [RI2UIW YIIM J3Y1260] 9:| O11eJ UlUdWad 03 pues jo ainixiw d)eldoidde eyy pauwnyuod ApNis siy1jo synsalay |
pasealnul s1USU0d

S)d pue eue|0zzod ay3 se padNPal YdIYm JO Y10g 331240U0 JO AJijIge YIoM pue A}ISUSP Sy} UO S9USN|HUL JejIIs PIUGIYXS Syd pUe BUR|0ZZO0d (7)
91210U02 1YH1MIYHI| Jadeayd aonpoid 01
Ajann2adsal a31uelb paysnid pue JUSWD PUBLIO JO JUSWdE|da dAI1RUIR)[E UR Se pasn 9] A|[erualod Ued eue|0ZZOd pue Sy d 1Byl papnjpuod semlj (1)
50153qSe J0j 21MSANS Poob e si Syd 1.yl pays!|qeiss sem | (7)
(1

(€

anbiuya) uoneziwndo [yonbe) Jo asn aY1 Aq PaASIYDL 1M S|eldlew uodLy [ewndo pue sialaweled bunidenuely (1)

yibuans anlssaidwiod 1aybiy padnpold sarebaibbe JusIaIp JO 2INIXIW e ey} paWIIe os|e sem | (7)

ssauybnol uaybiy aneb Syd Jo azis abie| ay3 3|1ym Ausuap 4aybiy aneb azis Ja|ews 9y 1eyl papn|dU0d sem | (1)

Bujuiem soud Inoyum ainjiey o1 suoid pue

911G SeM UdIYM Wead DN JO 1eyl ueyl 1aybiy sem weaq DSHd Y Ul UONDI3IP 9Y3 ‘peo| JURISUOD JSpUN Wead JSHd Jo ANjnonp jonsaiesy (g)
911g panoid wieag DN d[1ym 3]1onp panoid weaq HSHd ‘dpow ain|iey 1oy bunsal Yum ()

Aydeded Juswow Jo Swd) Ul DMN UeYL JaybBIy sem JSHd JO wead ayi 1ey) paysijelsa sem | (1)

|eLI91eW 35B( B SE ISNPMES PUE SHd JO 2INIXIWPE 3y} AQ painidejnuew a1am spieoq djd1ied piepuels 1eyl paysi|qels sem |
$3190U0 [ewlIou
pue dijjeydse buisn Ueyl UOIIINIISUOD PROI D1YJe1) JO S|IAJ] [[B 104 9131DU0D Syid ash 01 Jadeayd si 11 1eyy sbuipuly 19y WoIy PIPN[IUOD SIOYINe ay |

601 X E8'| JO 9DULISISII JRIM WINWIXEW YUM WD 0L-01 X 9/'S PUB (WD 970000 ‘B 200"0 JO d1e4 Jeam pue SWN|oA ‘sso| 3ybiam buind

1S9MO]| 31 SeY UIW 06 PUB D, 008 JO dwil pue ainjesadwal bulp|oy 1e pazungied |00} Bunind 1ey) N0 PaLLIed JUSWLIAXS U1 WO PUNoy sem |
sa1adoud [ed1uRYIRW HSHAO JO [2I0) WINS BYL paAcId JaYLINg SWny BII|IS JO 9SBIUI %0 | 1By} PAYSI|eIS OS[e sem

1] 'XL1BW JUSWD pue d)uelb paysnid pasedwiod Huipuod Jo SWd) Ul Jaxeam 3q 0) USA0IM Sey XL1ewW JUSWSD PUe SHdO 1Byl PIPN[IUOD Sem )|

uole|NWIOJ S|eLRlew 3)isodwod 1oy

A)[IGBUNS S} SUILLIDISP 0} SEM ) d PIZLIIAING JO UOIIeZIISIDRIRYD
S|eLd1ew UoIIdLY S0ISaGSe-uou

| 9y eiq dojaAap Syd buisn s1 a1y sn2o4
SHd st UdIYM (OVN) dluebio

n ped axeig Jo uondNpo.d dY1 UO Ul SNJ0Y A |

Buixiwyeydseioy buunp
3]l Se (W)d) Yse [pulay wied Jo asn ay uo si 343y SNd0j ay |

91e621668 SUOIS PAYSNID 0} DU YIIM 3}3I5U0D) PUE SHD0|q
9D1118| U1 SYd JO $193)J2 31 24ed W0 01 SBM SNJ0J3Y |

320|q 33312 ||9Ys 9onpoid 03 Pash Sem ||9Ys [2U4d¥ Wied [10
Juawaned 31310U0d snoinsad Jo sansadoid ayy anoidwiy

01 31ebai66e 351802 |eINjEU BY) J0) JUSWIIdR|dI dAljRUIR) e

ue se 9IS 01 (D) ||2YSIPP02 PUE (SHJO) [12YS [9udy wied

0 JO $3ZIS JUIYIP OM] BuISN JO 103443 aYy) uo Apnis aAieledwod
sa|dwes pazungsed-un

pue paziingJed y10q oy ssauybnoy 1oedwi se yons sisay
|BDIUBYD3IW JUBIBYIP O3 PR1I3[GNS d19m $|001 HumINd SSH

ysaw wrl oG | pue ool

ybno.y) panals Uayl Sem Syd paziuogsed 3y "sndoj Jo eaie ay}
SBM [BAISIUI SBWIY 1B $21N1eIad WD) SNOLIBA 1B Sid JO UOIIeZIUOGIRD)
sAep gz Ja)e Yibuails dAIssaudwod J19y) d1edwiod pue Juswad

Ul JUSWISDI0JUIRI 10J YSHd PUB /SO JO U2BD 9607 Pasn Apnis ay|
91e63.1668 35120D [RUOIIUIAUOD JO)

SUBW SAIJRUIS)|E SB ||9YS INUO0D0D Jejnuelb pue Syd paysnid yim
pasnpoud 81210U03 JO $J1IsHRIdRIEYD Y1HUSIIS pUe 150 JO SIsAjeuy
DSHd Jo senuadoud [edtueydaw saoidwi

01Sa.INIXIWpe [eJaulw deodiodul pueualuod pues bulkiep

SMd pue eue|ozzod Jo apew 91315U0d Yim
e16 PaysnId pue U PUR|Od JO IPEW 1315U0d buide|day

Buiul] uonduy 9314-s01s3qgse dojaAap 01 SHd Buisn
91215u02 3dnpoud
0} 5918621668 1U10 YLIM PasN Ua3q dARY Syd JO S3ZI9s JUIRHIQ

(OS¥d) 3240U0) [[2YS [2UISY Wied JO Joineysq

[BANIONIIS BYY YHM (DMN) 3210U0D) YBISAA [BUWION JO UosLiedwod
ju10d [B04 3Y) SEM ISNPMES 31| SSAIIPPE JBYI0 UM
papunodwod a13m Ydiym spieoq apa1ied paseq Syd JO UORINPOIJ

UO[12NJ)SUOD 9)2JOU0D PROI JOJ PASN U3 Sey SHd
AjoAnoadsal

‘ulw 0z L pue 06 ‘09 40 AW Bulpjoy yum 3,056 PUE 006'058'008
40 sa1n1eJd W] JUBIBYIP 18 PAZUNCIED 3IIM 5|00} BUIIND SSH
A)jige a1nyoely pue puoq

‘ybuans 01 spaebal Yyum HMN Pue ISHJO Usamiag uostiedwod

/819 embeq
o¢/219 BUBWIAQBIN
5c/€19 Bloys|
sceequemunby
pue ejeseqoemy
¢:0Aeqapy

;cuewiyey pue Jeyounpy

1¢/239 dfeyueyy

0e/€ 49 N[EIOJY

/B33 dWIANMJ

o781 0dapako

,2/e 19 unyadiue|o

/239 PNWYRW

wembeq pue apopeyg

1/8719 weiebualy

¢1/€ 19 Welebus|y
|1/€ 19 OWe]-0uo4

,4oulr pue ynsng

£/832 N[e|oyy

/e 19 wesebua)y

(S)uoIsn|pUOd/(S)uoIINGLIIUOD)

snd04

S9OUDI94aY

QAlIppe pue a1ebai66e JUSWSDI0JUIBI 91210U0D Se SHd U0 Apnis Juasaid syl Jo Alewwins :9 ajqe |

225



J. Environ. Sci. Technol, 17 (5): 220-232, 2018

1N 3}1500WOD [BUSIRWOIG [NJISN JIYI0 PUE [N} UOHSNGUIOD O} 3ISEM WO P

I9AIP 3 PINOD S)d 1Y) PAYSI|RISS Sem )|

SSewolq J0j saN[eA [ewliou buipaadxa pue ybiy os sem sieyd0iq SHd Pai1dedwod Yyl WoJj PAALISP AN|eA d1LI0Jed 33 Jey) PapIodal Sem )|
uoedyIsed 9AI1D39 PUe JUSIDIYS J0) SUOIIIPUOD UONII|DS

uonezns||ad sy ul pazi|in 3¢ 03 Pa13dXs sem Yd1ym s1spulqg Inoyiim Alisosod Ajs1esspow 01 paziia||ad 3q ued s1opmod Sy d 1ey1 papn|duod semi)|
95£9°99 SEM GYd JO IPBU SA0IS SSRUWIOIT 33 JO ADUIIDIYD ||RI9A0

pue H,65'789 39 01 Ud1IOD sem sainjesaduwia) UOIISNCWOD UBSW JeU) PAYSI|CeISd SeM 1| “WD (7 JO J913WeIP JSGWIEYD UOIISNCWIOD B YUM 064G/ 18
Buiuado Jie Jauing ‘wd Gz o 1ybiay sain1ea) buimoj|o) ay1 Japun ||am A1ua||92xa pawioad Syd JO Spew SA01S SSRWIOIC U1 1_Y) PIPN|OUOD SeM )|
4 60t 9 01 U110 SEM I 92URISISII J21BM PUB 901 €/ JO JUNOWE Ue Jo Builel ALIjigeinp Se ||am se panslyde sem

9/’| JO Ol3e1 UOIIEXE|3] PUE || JO Ol1e) uondedwod ‘. wd b 18°0 Jo AUsuap passaidwod e’ wd b 840 Jo AUSUIP paxejal e 1ey) papn|dpuod semi|
"05:0§ O11.J Y Ul ISNPMES JO 1BY1 PUE Shid PUNOIB JO 21nlxIw ay) wioly paonpoid aq ued aysodwod sa11anblig bunsepana 1ey) paysijqeisa sem|

KBI3Ud UOIIRAIDR JIIMO] SE ||9M SE sainjesadwal

uoIUBI pUB INOUING Ul UONDNP3I JO NS B SE SHd UBY) SUOIIILSI [BULISY} PUB SAISNGUIOD J3YBIY A|SNOpUSWaI1 SUGILYXD g43 1Byl PaAIaSCo seml|
4O UOI1BJ 3Y) Ul 9SBRIOUI 3Y) YIIM 3SBIDUI 0} PUd) YHD)

pue 0D sI yd21ym paiesausb 1onpoud syl ‘os|y “ainesadwia) uoneuid|ed Buiseainul Yyum saseaidap AlANDe J11A|e1ed ay) 1ey) papn|duod sem 3 pue
uonnguasip seb 1onpoid uo ainjeladwal uoneud|ed JO 1ey) pue (g/S) SSeWOoIg 01 Wesls JO S1034J9 3 YsI|qelsa 01 PasN SeM Sy d WOJ) uonelauab weals

spoyapy uondiospe seb UabOILN PUB [EWIBY | SB UINS SSIUAIDIDYS 1l dUILLIRIAP 01 paldope a1am sisk|eue Jay1o pue (y|]14) paielju]

WoySues | J3LNO04 JO ple 3y} AQ INO PaLLIed Sem UONEZLIDIDRIBYD 3] ‘DABMOIDIA 92NPOoid 0 UOGIED PaIRAILDE [BDIWAYD SB SYd Bulsh jo ssadoid ayiu)
S9Y10|2 Jo Bujuo.l pue Huo0 10j Pazijn 3¢ ued paressuab sananbuq yons 1eyy

pue 1snpmes pue [eodieyd 3y} Y1oq woly padnpoud ey Ueyl anjeA diLojed jo Junowe Jaybiy paonpoid sa11anbliqg Syd 1oyl paysljelsa sem |
sa113unod buidojanap 03 ABI1aud ajgemauail ageureisns A|ddns 03 [ernualod 121eaib sey Syd eyl paysi|geisa sem |

‘anjea buneay ybiy yons se pue anjea usboipAy a1eI1apow pue JUU0D uogie) Jo abeiuadiad 1aybiy sey Syd pazAjoiAd 1eyl pamoys sbuipul ay |
pI3IA pinbi| o1uebio syy ui suondely Ja1em ybiy 01 J0inquIuod Juedyiubis e paspisuod snyi st pue sisAjoiAd buunp suonoess

K1epuodas sajowoid 1sKje1ed e se s1oe YdIYM ‘Yse Jo 9duasaid 3Y ] JIMO| W ed3q JUSIUOD LS dY3 Se 3SeaIdUl 01 UdIS Sem Ieyd U11uauod ABIsuaay |

JUSWIUOJIAUD A|puUsli}-033 pue Bunaaulbus ul
o|dxa 03 sanadoud [ewiayy se [|am se saiuadoid
[e21sAyd ‘uoisodwiod [eJUBWIIS S} SUILLISISP PUE d]SEM

WOJJ UOIRDIISIDAIP S} 9DUBYUD O) PR1eN|RAS SBM SYd PazlIaA|ng
s1eY201q SHd pa1oedwod

wioyj 513]|9d/s9119nbliq d1e49Uab 01 MOY SEM 243y SNJ0J B |
si13weled ssadoid pue yibuans

9U1129e ued13||9d SHd Moy parebnssaul Apnissy

SHd JO apeW dA0)S SSBWIOIF 1SN0 pue
PaubIsap-|[oMm B Ylm S[aNy |1550§ 93e|da1 0 SeM 2J3Y SND04 A |
J24B1S PARSSED SBM

yd1ym Juabe Buipuig ay3 Buisn £q 1snpmes pue Syd oy

UM 9119nblig 31150dW0 B W0 01 MOY UO SeM 243y SND04 B |
J19zAjeue duiawiAeIbowsay | buisn paiebisanul

219Mm (g43) young uni4 Lidwig pue (Syd) [13YS [9UId)

W(ed JO SINOIARYSQ SUOIISNGUIOD) Pue SUOI1eZII1dRIeY D AU |
Yoed 96 18 Y3g/24 pue y3gd/IN paj[ed sisAjeled jo aduasaid

3Y1 Ul ), 00/ 40 aimesadwal ay3 1e uondnpoid usboipAy

10} U01eDYISEH WIS Se Sy JO aSN 91 U0 Pasnd0)ApnisSiy |
e3JE 3dRYNS

196.e] YyuMm pasnpur-anemoidiy 3npoud 03 13pJo Ul uogied
PR1AIIIR [BIIWAYD SB DAIDS 01 43Y PIZI|IIN U] SBY SHd

sananbiig 9>npoid 0} pazuaAind pue paziuogied sem Syd

SHd elA uonesauab Ab1ausolg uo s 319y SN0y 3y |
$$9201d 1oUWIea1)-24d pUE WNIPaW
Buiysem 1o} pasn ag 01 pue paziialdeleyd semsyd Jo siskjoihd

00PA0Y pue owe]-ouo4

/€10 uebiezeg

40739 107

,5/239 YeAsuenqgad

%190

5c7€19 d3pbuenpuiN

/€78 peweyon

/213 qOdBA

2:09BYy pue nmbn

¢,U0IJJeS pue amb1010%0

/819 uewyey

(s)uoisnjpuo)/(s)uonnaiuo)

SN204

S9OUI9J9Y

uonesauab [any/AB1aua se SHd uo Apnis Juasaid sy Jo Alewwing :g ajqe]

JinwiBue papuaIXa PalIpoW Y3 pajjed [Spow 3yl Aq paguIsap 1s3q 3g Pinod WIdYIos!
Aieuiq 1ey) pajeanal sem 3| “(43W) Yd1|punai4 papualxa PaLIpow se [[am se ‘(T JInwbue] papualxa payipow syl pue (g4I ) Uosialad—-ydljpay
PIPUIIXD PAYIPOW dY1 2IIM A1 ‘SHd WOy padnpoid Dy JO saIAIDR BUIAPNIS Ul PIAO|dWD 219M S[9POUI DAIIDR1I0D 331 ‘YIRSl SIY) U]

$191eM-915BM JO APOC 3} Ul SIULIOJ0D SAOWDI O} PAsN A[JUSIDIYd 9 ued

S|eLI91eWolq A1SeM [[IW 10 Wed 18y} PAIPN|DUOD UYL SBM 1| ‘PaAIYde Udaq Sey suondiospe 9506 IN0ge ‘D1 19e3uod Y ¢ Jalje 1eyl paysijqelsa semy|
sausnpul uondiospe

Se ||oM Se U0NDdNJISUOD Ul S19)|1 [elid1ew poob e se Syd pauijenb eyl sanijenb jedibojoydiow pue sjelaiew aul||eisAid ‘sJusuale 92e4Nns aWos
passassod Syd 1ey1 pamoys (Sdx) Al1ewoiidads-oloyd Aei-x pue (Qyx) uondeigip Aes-x jo asn ay3 Aq ua1106 Syd JO S)NsaI suoliezLdldeIeYd 3y |
Ja1em 3)seM JO Apoq ay3 woly

syueinjjod Jayjo pue syuted ‘sakp ‘[e1aw AABSY SA0WRI 0) A[DAISUSIXS PASN U3 SeY SHd WOy padnpoid Dy 1Byl MIIASI UL WO PAYSI|0RIS SeM ]|

Jinwbue pue yoi|punai ‘SuIsylos! UosIa1ad-4dI|pay

J0 3sn ay1 Aq panalyde sem sisAjeue 3y 'suOIIN|oS

SNoaNbe dy3 WOJj UO] WNJWPRD pue Uo| dUiZ Se yans sanundul
AOWRI 0} PASN Sem Sdjd Wolj paonpold uogied) paeAldy
{puz p3||ed 1usbe Huneande

3o djay ay1 yum 1a1em 4o APOg 3y} WOl SJULIO0|0D AW

01 Pasn SeM UdIYM P3YSI|RIS SBM Sjd WO} DY JO UORINPOId

uonedyund Ja1em Se [|aM Se JUSWIIoJUIDI

4104 10§ pasn aq Ued Syd Aem 3y} U0 S3SNJ0} d|d1Le sIy |
aseyd snoanbe ay3 wouy syuein|jod

9AOWI 011USGIOSPR UR SB 3SN PUB SHd WOy padnpold sem Hy

/€19 pewweyniy

/219 eIeD)

IV Z2EELN e}

o[B391peNny

(S)UoISN|PUOD/(S)UOIINGLIIUOD

sn204

S92UD13J9Y

Jau1nd 191eM B S Y d UO S}IoMm snoiaaid dy3 Jo Alewwing 1/ ajqe

226



J. Environ. Sci. Technol, 17 (5): 220-232, 2018

Bio-products
> « Materias
o Adsorbent *
- Products
Biomass Bio-fuel Fuels
¢ Residue harvesting e Enzymatic hydrolysis Chemicals
« Energy crops e Lignin product Materials
Heat and power,
Bi o-power
| + Pyroyss

» Gadfication

Fig. 3: Energy generation from biomass waste product
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Fig. 4: PKS Importation by continents from Malaysia in the year 2013
success®. It was recorded that Asia country has the highest ~ countries  imported least with the same value of PKS

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
21,891.4491.

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 1.

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
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importation® 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 t%,

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
lowestimportation of PKS from Malaysia with a total quantity®
of 6.86 1.
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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 7917.70
Kazakhstan 841.94
Vietnam 10.00
Pakistan 2,500.31
Philippines 1.26
India 398.89
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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 Caledoniaimported least value of PKS with an amount of
18.81 t%.

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 1, 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, respectively®.
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Fig. 7: PKS imported by North America countries in the year 2013 from Malaysia

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 323434
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.
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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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