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Author Miss Arrisa Ruangmee
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Academic Year 2009

Abstract

The objective of this research is to investigate the possibility of using biomass
such as palm-ash and rubberwood-ash as a substitute for kaolinite (clay) in the separation process
of oil palm kernels from shells by heavy media separation (HMS) method. The effects of specific
gravity (SG), viscosity and pH of the slurry on the efficiency of the operation were studied. It
was found that the specific gravity of oil palm kernels and shells were 1.04 and 1.23 respectively.
Generally, the ratio by weight of dry kaolinite to water was 0.25:1, while the specific gravity, pH
and viscosity of the slurry produced were 1.14, 9.23 and 3.5 cP, respectively. Under these
conditions, the kernel recovery rate was 99.79%. On the other hand, the optimum separation
conditions using palm-ash were 0.35:1 dry biomass to water ratio by weight which produced a
slurry specific gravity of 1.06, a pH of 10.05 and viscosity of 19 cP. This condition produced a
kernel yield of 95.82%. In the case study of using dry rubberwood-ash to water at a 0.3:1 weight
ratio, it was found that the slurry specific gravity, pH and viscosity of slurry were 1.12, 12.39 and
12 cP, respectively. This condition produced a kernel recovery rate of 97.65%. Consequently,
both types of biomass are efficient substitutes for kaolinite in the separation process producing an
acceptable percent recovery and purity of the kernels.

For the study of oil palm shells and kernels separation in a pilot clay bath, the
efficiency of separation versus time was investigated. It was found that the efficiency of oil palm
kernel recovery by biomass slurry was closed to the efficiency of its recovery by kaolinite slurry.
However, the efficiency of the separation process of oil palm kernel from its shell decreased as
time increased, especially for the rubberwood-ash slurry. Therefore, palm-ash was found to be a

more suitable substituting media for kaolinite.
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XRF

Association of Official Agricultural Chemists
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Palm Oil Process
Palm Fruit (bunched)

Steri]ization bunch 2.5-3 bar, 130—1350C, 50-75 min.

) J
Bunch stripping Fruit loosened up to 99.5%
(shaking out fruit) If sterilization is well done
Empty Bunches
» Boiler Fuel
/
Digestion 90—1000C, 20-30 min.
y Screw presses; residual oil 7%
Pressi
fessing Broken kernel<5%
Press cake (fibers and nuts) >
/
Separation Vibrating screen /
Nut/Fiber Separation [ Fibers
v ) Nut
Clarification, washing | Heating t0 90°C .
| Cracking
Clarification, purification | Separators '
p Sludge Kernel/Shell Separation
/ Effluent Water 0.1%
Drying # #
l Kernels Shells
Crude Palm Oil
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@ i
I -20 1 1
I
N :
=40 = Isﬂalactric:
point 1
1
60 <4 T =T T T T
2 G 8 10 1z
pH

A o v 1 = v o d Y
Asznoun 2-9 ﬂi17\Illﬁﬂﬂﬂ31uﬁ3~lWu553ﬁ31ﬂﬂ1W!@%ﬂUﬁﬂﬂ°ﬁ@1[23]
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Y] v 1w Y
HanNNITIANIANYLEAN

I aunsvoaus (Henry’s equation)
ry’s eq

2e7f (ka
UE = # (10)
3h
A v I Y
z Ao Andaan
A J A ad a
e Ao A1nei ladiannsn
o <3
UE D 0A3511399099YN1A 30 Electophoretric mobility
A =
h Av ANVHilA

flka) Ao WeanFUeUaY (Uszanm 1.5 W30 1.0)

2.14 3p8azANUTUMUNINTFIU AOAC
Lg @ 3 A 1 = a %’ Aa ] ] = %’ Y] ]
mm«vu“lmamﬂummuaﬂmﬂimmuwwmg“luam FIUINUNUDIVARAVL
= 1 49( U Lg (% a Y1 S 4 Y] [
wasuulasauninnusu GlfL!ﬂWi‘U’E’Jﬂﬂ1?1311!“]514GU’E'J\1ﬂﬁﬂ‘Hﬂhi“ﬁﬂ1lﬂﬂﬁlcﬁuﬁﬂlﬂiﬂﬁi1ﬁﬁu
3 o ¥ 2 @ o <
VNUIHUNU LASHIHUNUBDIING mmimmm"lﬁlﬂuﬁmuuu ﬁ@
Lg ~ . o Y
- ﬂ?ﬁJ‘]S‘L!lIWIﬁﬁTHL‘IJEJﬂ (wet basis) ﬂWH’Jﬂ!ulﬂmﬂﬁiﬂﬂﬁ
w—d

W

& 73 <
Wwe M, e anurumnasguidlon (eddun)
= [ @
W fe waveside (nN)
d  feowavesiaguis (n5u)

g o
- ﬂ’JﬁJGIﬂ!iJW]i;@”IHLLﬁIQ (dry basis) mmm"lﬁ'mﬂaums

w-d

Md = xlOO (12)

A A y ¥ s 3o
e M d AD ANUFUNIATITULNS (L‘]J’E)il“]iu@])

A (3 o
w 9 UIAVDNIAR (NTN)
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d 9 WIAVDITAYUN (NT1)

49( dya 9 v a <Y Y =
anusunpuiidenldnulunisimszdalrenszuiumseuniealuntangufimse
' ° v 2 & g ) v A A A A ~ '
gaolumsmuialaazainiu Fuiumszuavesiaquisazlininiiniomouninszwig
ATOLLA
< a X o Y  ax ..
Tagm T founminuduresTaga1875M1AT3 109 AOAC (Association of Office

@ a

Agricultural Chemist, 1960) v 1dvinmsihiaaaledalouludeungumngi 103 em

Y

9 H
9 [ = Y o

= <3 & ° o ¥ v < '
[HALK Lﬂut3a1ﬂ5$1”m 72-96 ‘]5'3111\1 TMNUUUI ﬁﬂﬂ]’lﬂﬂuula311]%\1&@3?’111!3@1!‘”1?”

mm%mia"lﬂ[%]

4 d : %
2.15 insewanmudalunaznyathamihsiuvinaduuuy (Pilot Scale)
4 < 7 D w ) = do w A
wseanenaalutaznzanhaminiuvinaduuuuiiluglnsaldmiunmsnaasaiie
= a A < @ s 3w 1 A A o
Anvlszansmnlumsuenwaalununzarveuamiiuaenainnlasuuilas Tagazii
= [ 1 A o 1) 9 < o 4 o
aaes ludadunianumngandmivlsuenuaalununzanhduanmnaaeslussay
a oA C4 [ 1
woulfiamsunldlunisnaasslagldginsaiszay pilot scale ao'li) Tagldaassiiniglva
= ~ o I o 4 %‘ o ~ [ 9
nyuNsunasanaazszimsiuuaaluiunzarve s aui UL ennNaIag 9 1aInI
UszantmwlumsueninarGudu (i) nudionawiulyl @ wenSeuieudsc@niainms
~ 2 9 o A A = a A I o
uenasudunuinaila q azmenfseumeuilszansmwmsnenmaalununzaives
s o A ] 1A o X Y = g [ A o o
hdamiudonawulUsenin@umnuihaailuiggidesmsthumanny
t4 [ s ¥ o 9y . A o @
gunsalyauenan luuaznganauiiuvuaduuny (pilot scale) NanyazaInIu
o o Y [ ) [ < s ¥ o g o
dvsunauIaquazdaendmivuenuaalutaznzanhaviiuiluginsansie Tasaaniu
1 1 o 1 A Y 3 ~ [ v W Y A
zogmualuazfenIzega UL ez laguihaaosandaniu lddadaenduuund]

<3 S ¥ oy A @ A o & Y 2
maﬂaluuazﬂzmﬂmuumuﬂaumm[zs] L‘HfN%1ﬂﬁﬂ‘]slﬂ!$%®Q°§ﬂlﬂﬁ@ﬁl!ﬂﬂ%1lﬂu¢lﬂ\‘]u

4 1 A @ A <} s ¥ ‘:9/ o o
paAlsznauNn q daunauganumIzinsoenuaa lutas nyanhamhiutieiderannis
Tvavvuvywiounaznis Inaduvesaiass luszuusdieaeiiio TagdinIunane
Usznevumeluianiuilidnyazveslunauuy pitched-blade turbine[26] 1y 2 11 109910
o o o ' o A g A g o 19 ¥ a
anvuzvelunasinamuznumsnuueswaniiduaisuviuase oilosnulilding

@ (% < a X v @ - v
ﬂ'ﬁ@lﬂ@lzﬂ@um@Q@HﬂWﬂjﬁﬂﬂjﬂa'l\ﬂi'llﬂullﬂ %QiﬂWﬂﬁﬂBﬂlxﬁ%gﬁaﬂym$ﬂ1iﬂ3ullﬂﬂﬂﬂ
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] H Y
auieldiaghanaznoudinsoasenauium lduazazinans lnanyuiuuesoynInidg

a1nanlunaniIu lasanyazvedluna uaaalunimalsznoun 2-10

(d) (e)

Mnlsznouy 2-10 anyazued lUNANIUULTAIN 9
(a) three-blade marine propeller; (b) simple straight-blade turbine; (c) disk turbine;

(d) concave-blade CD-6 impeller; (e) pitched-blade turbine[27]
U o o o 9 < 4 %’ v = 5 [ ﬂ}w o @
mumm‘ﬁi‘ualﬁmwﬂuJaﬂGluuazﬂza11J1auumumanagmu‘uummmzﬁlﬁvﬁummu
1 = [ 9 1 dy v @ ~ 9y [ 9 v
ﬂumaaimﬂmﬂaumuaN"uu"lﬂmmuﬂﬂuuuazmaei%"lwaaumﬂmuﬂﬂmuuuﬂaum

PFADIN UM UAIIUASUAADANAN

2)

Direclion of
rolation

S 1

A v a & 1 A A & a
Mndsznoun 2-11 aﬂi&lﬂl%ﬂ]@\il%u@]ﬁﬂﬂﬂﬂmmﬂﬁﬂEJT"IN (Volute) NiseuUtuNFeINILAY

=) 1 =
VDIVDUHAWUNEIFDUAYI[27]
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IS

A 2 < A e a
iesnnszuudlanyuzsuaisuvivassdunlssududunuusuaynoa
[ [ v [
(centrifugal pump) ¥HAUNHO8 1Y (Volute) Taeliluviatuunvila (closed impeller) &9tlu
Y [ v
108 199U NNV AUTLUVATHVIUADILAITIAVURTUAB U196 taza1 1991e1u
o % 9 =2 A ' FI [ . 2 9 o
M35 ITY[28] TINANUHILAUADNT 1%F 1UITZAY pilot scale DNAIY TATANHAUL VDY

2 u 2 u l:' o QU
Ty wazluniatly vaasasnmilseneui 2-11 uag 2-12 MuaIay

(a) Open impeller (e) Paper stock
(b) Semi-open impeller (f) Propeller (Axial flow impeller)
(c) Closed, single suction (g) Mixed flow impeller

(d) Closed, double suction

Mwilsznoui 2-12 anvazvedlunavestluwsuainea (Centrifugal pump)[29]
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a

2.16 sAdeiinIvoq

&0 Fng nazamy (2003) Anvianudluly1dlumsldauvnnaumasiaeiudiu
Waiy TagsAuv1INUNaLTLUDd 2 A10819 A 1n5A MRD-BSS LazinsA RANONG-325
HazAuII (auMasniana1y)  lumsuenwialusunzaiveshduiniuiiiainn
dNﬁi’uwmﬂu 1.40 1@y 1.20 MUEIAY #2873 Heavy Media Separation TasAnYINAVDINY
fresumIzvesiInan FiauazlSINud15TI0nIZeAI0UN 1A LAZAUNMNVBIRUYIITT
HANTENUADTZVULYIUADEYR IR NIAzAp5e ANTAINYeINITHEN W II@A1IZ
mnzaylunslFauvunsa MRD-BSS Wufadinluszuuuviuass A ANNANTUNIY
YPIAADI0Y 1UHI 1.20-1.22 (27-32% Solids) 1azlITuMV0IE13HIBNTEI186 Calgon
W 0.15% veuhminau $a1%a0 pH 6.14 tazaianuwiia 104 P audedmin (5a
1R Faonmdalu'lg 97.57-100% Tasfinzarlued 1.48-6.32% uaziile 1 TnRondainaly

¥ H 1 o [ Y ' 1
YS1na 0.15% veuiminauv1d Nanueesumzvesaaesmny 1.22 aelvinn pH 6.74

=

A ' v <3 Y = '
(@Nunilamny 238 cP) ansouenuaalueenunla 100% Taslinga1ueg 8.36% n1izh
Y v
M ANEIMTUAUVIUNTA RANONG-325 Ao USunat Calgon 0.15%10911HuNAUYI 0
v o A o =2 q Y A A1 o o q ¥ <
ANNONTUWIZVOITADIMINY 1.22 H31981 pH 6.65 anuntaiadun i lvuenmaalu
1 { =Y an 13
14 100% Taelinza1ueg 6.31% TuvmzidesldlSua lxReusamnaninniniu 0.25%veq
¥ v a =R g P ' A o =X o qy < Y
Wninauw d9lda pH 6.85 uazannuniaduin i lvuenwaalueenunla 99.95%
Taelinga/ueg 1.80% aIUALYIINNERAINANANATIAINNVKTA 36 cP NAIWDITUNIE
A ~ [ Y = [
Youdaoslu 1.22 9 pH 8.29 awnsousnwanluseninld 93.56% Taslinzanlueg 5.87%
Taelidesldansyronszaeds
I @ 4
Akubuo and Eje (2002) fAnwimsusnwaalusunzarthaunuuialasldaiiu
v 9 1 3 @ A I .
uana1an AT veaNaalufuNT @B NIULIAT BB UL separating tray 108
[ A g A o I ] U A d < A o I
duilunzanslanyaziurowuuvuiy ‘parallel rod” daundumaaluseianvauziily
1 ] 4 3 Y] < o
AZINTIFOINAY ‘sieved” TABYLIAVOIFOIVOUATOMENIZYUBGN DV IAYDINAA TUAUNZ AT
4 FY < (% s A ] (B 1 1 A
vovihay TagaziloumaalununzanhauimaunuegriuyouuvuuneuaLennNzal
1 ~ A A 1 v 1 A I 1 9 I
sagdunmaszndouru lldivesnzunsaiotenuaalusenin daugamevzuenuan
S Ao 1 = 9 I a £ a £
1haundslignnzmz Feaunsouen’la waaluuiqns 82% nza1sgns 95.2% awnsouen
< v A 9 o A 9
waalunauauu (kernel recovery) 14 86.2% ausausnnzaINdUALIN (shell recovery) 14

95.2% uazhiszansammsnonidlu 82.1%
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< o s R
Koya and Faborode (2006) ﬁﬂ‘]&ﬂﬂﬁl!ﬁlﬂmﬁﬂiuﬂ‘ﬂﬂ$ﬁ1ﬂ1ﬁmmﬂl!ﬁl\1 %ﬂumi

[ o 1 a P 1
91ABT I UEUINA19TUNITUEN (centrifugal separation) DINNHRNUNNIIINNBSNUHAND

y 2L

v
=

4 H 1 I 4
ManaeuNveeyMIAfe 3U5199090UNIA T2z NMIMNLUITANINgAgUINAIIUDIgATl
) T A o & < o o { '
Youoyna uazialivownuaan sunaalununzanan wggnuensenu1Nyua19v9
1A J dy Yy 1A J . . . Ao o~ ' =2 a A
UHUATN N1INAA0IU TFUHUAANIYY (spinning  disc) NIAVIEHINNS50 D300 Uadwas
o Y Y < 4 ~ [ =Y 4 [ 1
Mrualviimstloumaniay NUANATNITEHIG 0-30 097N LLAZIINNITNAADINUI A1UITD
I PR 1T A S PR 1 1T A 4
uenuaalu'ldn 90-150 oervoAHUATR dunzaIten TANUIANIT 210 DIAUDILHUADD
$ 1 A 4 ?X’J I~ { o @ 1
ez 180-210 pIAVOIRUATN dzNuuaa luuaznzaNdinanaunuey
{ v W a 3’/ a %’ I
Nasser and Jame (2005) AnEUNIINUAABULMIDATUALNOUUDIAUY TagTiriudlu

@ U {3 v v W I 1
INAN W‘]Jj1%'3\1ﬁﬂ133ﬁlﬂ1!ﬂjﬂ ﬂuﬂ]ﬂﬂgﬂﬂﬁaﬂuﬁﬂﬁgﬂ@ulﬂuﬂ@uﬁj@u (flocculated) ttag

D-

=\

4 { I a @ 1
Nyrndanzilunais BUNTINITINANITNTZITYAN (dispersed) Llfg]}']ﬂ@fl  ANASNBDULNDY

R-

=\

Yy 9 ad o v v W I ] [
ﬂ:]nJmllmum@QﬁTﬁﬂlaﬂjﬂillaﬁﬁ”I L!azﬂgﬂﬂ@?ﬂuﬁﬂﬁgﬂ@ulﬂuﬂ'@uﬂ@u (flocculated) LD
Y 9 ad 4
ﬂ:]”lmsllllel]uel]@\iﬁ1§@!aﬂiﬂﬁlla@q@ il

= 1

Boylu and Dincer (2003) H3a3annnelun1sAnyInaueavuIANITNIZeAI01

1 a { <3 1 a v %’
aymaniuiulumslvavesueunarMilu dwesvesouniunui (coal-water slurry) 1ag

1 a A d v A Ao 1 {1 o 1

Anwioudvan lud nudydve Mnurasiaenuy Jvua 19, 35 uaz 50 luaseu nu19N
1 a [ 1 o v a { < [ 1 a =Y []
DuAuLaazunasiIMsane auiuilvneeymaanidadiudalSuas anuruiiy

o Y A = T A Aa v A A =
wazaz IianuviavedaaesganNauiunlvuaeyma g taziwamuilsuaves

' A o v A A A 2
pUMAYRINIUHUIZIN I daes UAANUNTANLGITY
o 1 { & s f a
Chan et al. (2007) AppianyuzyeslInanAmIwLdulethduduyomacly
Y 3 R o~ @ Y a ds! (Y Aaa Y =

N10U1 FIUVUIADUNIA ANHUTNNATUMEMNLATNIUAT YUDINUYUUYUNIHIAIY &9

a 4 4 1 e
ansadneriesntseaeuveans Il 1d1ae193% X-ray diffractometry NAgoL

Ferrara and Meloy (1999) ANH1NTZUIUNSLEN IABDIABHANAULANATIVDIAIN
1 o ! o :) . . < !
DNIVWIZHUVUANNDNIUWIZA ) (Low dense media separation) Wunszurumsimson

@ Y 1 o [ v a Aaa é a Y
G]’Jﬂﬂ”l\iﬂﬁuﬂﬂjﬂﬂ‘lﬁllﬂ1ﬂ31uﬂ?ﬂﬁ]1lw1$llmﬂu 1 NTN/UADAAT vz onl¥lunseuiums

v
v (Z

a & ) Yy Y = 3 ' ) o
ugnwaaan FadaadinarenihnlyezdealivnadnnNuuIAveIuewUINAINITIIN
Hen LAz a3 NITAIIANATUNIZOYTLHINANMURUIUUVYOIUDURAINUAIIY

] < : wa A @
WU UYBIV0ITINYIVADY Fagaduiianzauvesdnartlunszuaunisuenlag

v [ 4
21FIAINA1NNANND IV UNIZA 9] VAT
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- ﬂ’JﬁJﬂI?\‘]‘ﬁWlWWzﬂJﬂﬂﬁﬁﬁ’]ﬂaNﬁl@\iﬁ}ﬂﬁlﬂ’ﬁ 1 g/ml
o 9 =) A ° oA I Y
- A1TAINAWNADIUAITUHUAA ) mmomﬂu"lﬂ"lﬂ
Y < vy 1A & v Ao
- mm!,611mumowommmmuoﬂmmﬁmﬂuhlﬂ”lﬂ (ANuUNUA)

' o o & 1A < v
- 6111!1@@1§ﬂ1ﬂL!ﬁ$qi"]JiNGUEN’JET%]@I’JﬂﬁNﬂ’JilﬂuﬂiﬂﬂaMmnglﬂuulﬂ

[

@ Y ] = A 3 Y .
- 09 aﬂmmommuaooomﬂmoElﬁmmomﬂu"lﬂ (homogeneous solution)

@

- Jaamnanaes ikl §senuiagidesnsiuiuen

o (J Y

' H
- Blgﬂ1ﬂﬂlﬂﬂ?ﬁﬂ@]?ﬂﬂ”lﬂ@]ﬂﬂllllﬂ$a1811!1!1

L)
]

- aumavesigadinaazded lifiaviurhatsiaandesnistimen

L) a
b4

. o w AR
Weerachart Tangchirapat et al. (2007) gaannssuuniuhanilugaaimassuulsgl

=\

a Ao o 2 oo A Ay ¥ o =
Hanaan1IMsnEasidingved Insuennniniuguilunandai ldudn Adaliveudsoann
9 2 A = 1 9 @ 1 (] I 9 4 1R
aeaalimnveudennnd 2 Auau daulngezih idulohdy nzar vaznaienlar avea

=t ° I & Aa a H 4 a g ' v
doiartazgnih g ugemaddunmswaa lodune ldndaiunszuaniae ) &

14 %’ v o

o a9 A A4 A a Ay L oa s <
Wa\‘]i]”lﬂw*nﬂ”lﬂel]f’]\uﬁﬂuafJﬁ\‘]V]LWa@@@ﬂuTﬂ@ﬂl!ﬂ]cﬁﬁuﬂ5$N1m 5 Lﬂ@ﬁlcﬁu@m@\iu1wuﬂ3ﬁ

Pho)

=

Y 1 [
FeniduiudsinrvguldoindulssauaulvgrzluldFouiFeai g inadyn

g

v

@ Y =

2 Y A a 2 o 2 J 9 o = '
FULIAADULUATOU €] AUV NTUA ﬂuﬁui‘ﬂu’l“ﬂlﬂWﬂ’laNulﬂi“ﬁaluﬂWiﬂ'lﬂﬂuﬂiﬂ SFINVIN

Y A o

A J 1 ] dy I 9
N1 “VIlJﬁ‘IJiW\‘]VllJLLuu’E]H IﬂﬁlﬂllﬂTﬂunﬂﬁl‘BVlﬂﬁnﬂﬂWi

U

aa

s I ] dy Y <
penlsznouaiulnguesuiinzilu &3

a =

LWTﬁQﬂ!WﬂM 700-1000 DALY

I o
Patent No. 2,949,190 Joseeph et al. (1960) nJuﬂizmumw&lﬂﬁ%é’nmmmazom
<3 <3 @ o ' ' ° A <3| A o
YDIVIVUIALAN TADIRIHANANUIANANUBIANUA NI szuvTaziuszuunTnisth
@ @ <3 o "o ¥ <3 { o ] 1 2
agananvewdsnauu I lul dsiuvesndsimihmmenaisivuialngnil 025 9
A g Ay = < ' o o (J o Y ' o
(H19391NMINVOITINABINTHENTVIAENILBINABNTH U TAQAINA NN LN 19 THavh
1 1 o @ @ o 1 I @ o @
1% lidquar msruerigadnanduinlylmivennnezilunmsdsendaudrduilunmsinun
A9z luszuudndae Tagn1nun 19 UNIZUIAINA19IZABITAINAIITUNIZ
1 1 1 v { ‘:‘ 1 o %’
AMeYMAIARDININNNIYMAMINTAZIEN MuANA T uNIZYIdee 1 Foyn1n

'
@ A <

4 I A 1 o v W
AINANLYIUADINUUYUIADYNIALAN 9 Lﬁi’)\ﬁl”lﬂﬁ]&ﬂl!ﬂ”li!Wllﬂ?”llJﬂ3@%1&W1$1ﬁ)ﬂﬂﬁﬂﬂa1ﬂ

D-

A

A X g A = 3 ' ) n 9
SKAAITHUUANISINUUUNIY ﬂ"liT]i’]‘lélﬂ”lﬂiJellu”lﬂLaﬂilzGIf'J811(?61%133“511’31!@@86&‘]]1&%1!11!
A = 3 Y 1 S a o A
moqmﬂummﬁﬂummﬂmﬂou%mmoummumim LLﬁ%ﬂTﬁﬂ’JuﬂLﬂu@ﬂﬂﬁ]ﬂﬂ‘ﬂ
o q ¥ " v = AqY Ao & o
mmsowﬂmzumm’maoammmumuaoaog"lﬂum mimuﬂmmomamﬂuamgmz

A o Ao a ¥ & o v v o A Y =
NIINIY LLE‘]%?JENW?(?JV]?Jﬂ15l¢‘]1]u1ua$ﬂllﬁjﬂﬂ1\1ﬂﬂﬂll1ENE]QL!&ﬂLW@i‘ﬂWHuL?ﬂHiUﬁgﬂﬂ
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A 1o Ay @ 1 A J o Y ' o Y
!JJ’EJGlﬁ?ﬁﬂWﬁll“Vl@IENﬂﬁl!ﬁlﬂa\‘lhlﬂﬁluﬂiuﬁlﬂﬁi]u‘ﬂMﬂ’ﬂllﬂ’J\‘]“MLWwuﬂﬁlﬂ’ﬂ@?ﬂa%‘li}%q‘ﬂﬁﬁu

J J { 1 o 1w 1<
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g‘/ 1 o Y = o [ y = =
mﬁmmu@@ﬂmﬂﬂu"lmmmzumiunaﬂmr]mmﬂu‘lﬂﬂawﬂwyunﬂuiuiwuaﬂ

g‘J Q
I

I o a a
Patent No. US 7,111,738 B2 Laurence et al. (2006) tHumsisuilgeszuulszansnin

' '
A o =

@ ] I @ a
msuen Tagordennuruiuiiiaanan Fevzldveunaniusinarslaelinsduoynin
3 a = A 1 A A 1 ) Y o = sAq Yo [
YOITIFUARGINTOWINNI BINAMND WUz Tdnuvourar Feginsainlddmsy
1 1 o A ) o o ]
syuull 1dun leTas'laInau nieginsaion q dmfuuenlagerdonuruiiu Iag
sdq Y A a Y 2yy A g9
ginsainldzilunsensirenionsanszuen szuumsueneIavziivals q sun laield
o w < A A oA v o & Y °
AT uenVoWIIHTUNTHa1eFlanT 01 a18ANA TN e TRTANUTUNIZINIZ

2 X = o Y kY Y A 1 ° ~ 1 o
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d ax
a9 Qﬂﬂ‘iﬂ! HazIesNMINAaey

3.1 Jaquazansadl

3.1.1

3.14

3.1.6

[ (3 [ [

a o Y A 1 A o a = J
AUY M uIgaaIna ﬂTWuTEJTﬂEJUﬁ‘H‘W uh’]fl waaanLasiANNUN

q

[

10A (UHIFU)
] ” < y Y S J
Vd9nleray (palm ash) Huadiinldannmslsndulevazazarthduilu
9 - p . % < v A o ad
womasluveass (boiler) Fuiludidrane (fly ash) 1nU3HN TuATUATY
d o @ A o ad 4 o w
W13 91na (UTEN aom lu@iuihay $1na)
P I v H I
U190 119w (rubberwood ash) uAd1# 1aa1ms 19 lfenamsuilu
&’ a = dy ) o A v A 4
womdelulsanueveaunudauigmin (bottom ash) 31nv3EN 1. 159
Suwes e
nIagana3n (Sulfuric acid; H,S0,) wthndSuaiies
aa o {3 1 (J
TiRendana (Sodium Silicate; Na,Si0;) ¥imthndluaissionsz e
Taaeuenyziunazomiia (Sodium Hexametaphosphate; (NaPO,)) 1
Y A g ' o
nidluasyienszaeaa

¥ o Y A d
U1 (Water; H20) mnihnuveuraimsivIvaey

{ < s ¥ o
nnilszneun 3-1 waathauiyiy (Palm seeds)
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dl 4 g v
?MWsEnoUN 3-2 nza1 a1y (Palm shells)

{ < s ¥ o
mnilszneun 3-3 waalualhauiiigu (Palm kernels)

= o a 2y s 2oy
MNWUTENOUN 3-4 ANHULVUBIAUYT) Eumﬂfrﬂmuuama1”lmm°w1sw
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< A A
3.2 qﬂnsmuazmsmm

3.2.1

322

323
324

325

3.2.6

3.2.7
328

329

3.2.10
3.2.11
3.2.12
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Material Chemical name Chemical formula
Commercial clay | Calcite Ca(CO,)
Quartz SiO,
Palm-ash Calcite Ca(CO,)
Quartz SiO,
Potassium Carbide | K,C,
Rubberwood-ash | Calcite Ca(CO,)
Magnesium Oxide | MgO
Lime CaO
Calcium Hydroxide | Ca(OH),
Potassium Borate KBO,
Hydroxylapatite Ca,(PO,),(OH),
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Spectrometer
Chemical Composition (Mass %) | Commercial clay | Palm-ash | Rubberwood-ash
MgO 0.53 1.43 543
Al O, 1.01 1.45 1.03
SiO, 3.23 37.93 6.52
CaO 68.52 11.06 55.18
Fe,O, 0.60 2.07 0.42
SrO 0.08 0.05 0.13
P,O; - 4.75 2.44
SO, - 0.88 2.44
Cl very low 1.98 0.27
K,0 - 9.09 4.53
MnO, - 0.32 1.21
CuO - 0.05 very low
ZnO - 0.03 very low
Rb - 0.06 0.07
Y., 0, - 0.03 -
ZrO, - 0.14 very low
Ti - very low very low
Na - - very low
Ba - - very low
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AT NN V-1 uﬁmNaﬂ"mnﬂammmaﬂmaﬂiuuazﬂzmﬂmuumuiﬂa“l@mumnmu

MANUHIN VU

A d Z Y] [y a wAa
Namﬁﬁmsnﬁ]mauummmaa’%uazwami‘nﬂamuﬂnmﬁeﬂmmznz’stmuummzﬂnﬁ’mﬂgnﬂmi
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kernel shell kernel shell
viscosity
clay (g) | water (g) | SG. | pH float | sink |float| sink
(cP) %kernel recovery %kernel,_ | %contaminant,_ | %eshell recovery %shell | %contaminant
(2 @ | @ @
900 1000 1.43 | 8.95 6.50 all float all float
800 1000 1.39 | 8.99 6.00 all float all float
700 1000 1.35 | 9.05 5.50 [203.38| 0.00 |94.70|104.23 100.00 68.23 31.77 52.40 100.00 0.00
600 1000 1.31 | 8.98 5.00 |204.77| 0.00 |26.04(172.86 100.00 88.72 11.28 86.91 100.00 0.00
500 1000 1.27 | 9.08 4.00 [203.99| 0.00 [10.25|188.93 100.00 95.22 4.78 94.85 100.00 0.00
400 1000 1.22 | 9.19 3.50 |205.11| 0.00 | 3.10 [195.54 100.00 98.51 1.49 98.44 100.00 0.00
300 1000 1.16 | 9.22 3.50 [203.99( 0.00 | 0.94 |[199.45 100.00 99.54 0.46 99.53 100.00 0.00
250 1000 1.14 | 9.23 3.50 [203.42| 0.43 | 0.21 [199.43 99.79 99.90 0.10 99.89 99.78 0.22
200 1000 1.12 | 9.24 3.50 194.92| 8.64 | 0.17 |198.76 95.76 99.91 0.09 99.91 95.83 4.17
100 1000 1.07 | 9.21 3.00 15.08 [ 189.46 | 0.00 |199.21 7.37 100.00 0.00 100.00 51.25 48.75
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AT NN V-2 Llﬁﬂ\?Wafﬂiﬂﬂa’fonil!ElﬂuJaﬂiullazﬂga'lﬂ'lﬁlliﬂElal“lfelllﬂ'lﬁlﬂﬂWaN

kernel shell kernel shell
palm ash | water viscosity
SG. pH float sink | float | sink
(€3] (2 (cP) %kernelrmvery %kernel, | %contaminant, %shellrmvery %oshell, | % contaminant
(® (® (2 (®
900 1000 no data no data no data
800 1000 | 1.12 | 9.84 155.00 slurry is very concentrate slurry is very concentrate
700 1000 | 1.11 | 9.87 135.00 slurry is very concentrate slurry is very concentrate
600 1000 | 1.10 | 9.92 70.00 slurry is very concentrate slurry is very concentrate
500 1000 | 1.09 | 9.98 60.00 203.61 | 0.00 1.13 | 201.99 100.00 99.45 0.55 99.44 100.00 0.00
450 1000 | 1.08 | 10.02 32.00 203.59 | 0.00 | 0.21 | 202.93 100.00 99.90 0.10 99.90 100.00 0.00
400 1000 | 1.07 | 10.03 27.00 198.80 | 4.64 | 0.00 | 203.84 97.72 100.00 0.00 100.00 97.77 2.23
350 1000 | 1.06 | 10.05 19.00 19435 | 8.47 | 0.00 | 203.37 95.82 100.00 0.00 100.00 96.00 4.00
300 1000 | 1.05 | 10.07 12.00 138.62 | 65.06 | 0.00 | 203.56 68.06 100.00 0.00 100.00 75.78 24.22
200 1000 | 1.04 | 10.12 8.50 14.22 | 188.65 | 0.00 | 202.58 7.01 100.00 0.00 100.00 51.78 48.22
100 1000 | 1.02 | 10.15 3.00 all sink all sink

68



~ < ¢ It Y
AT NN V-3 llﬁﬂ\?Wafni‘ﬂﬂa’ﬂ\‘]ﬂ'ﬁl!ﬂﬂluaﬂiullaxﬂga'lﬂ'lauiﬂﬂalclfelllﬂ'llluﬂ'lﬂw'ﬁ']

kernel shell kernel shell
rubb. ash | water viscosity

SG. | pH float sink float sink

(2 (2 (cP) %kernelrecovery %kernel, | %contaminant, %shellmmvery %shell, | Yocontaminant,
(@ (@ (€9) (€]

900 1000 | 1.40 | 12.69 | 175.00 all float all float
800 1000 | 1.34 | 12.68 | 130.00 | 203.51 0.00 190.08 | 9.77 100.00 51.71 48.29 4.89 100.00 0.00
700 1000 | 1.28 | 12.65 | 110.00 | 204.13 | 0.00 117.65 | 84.36 100.00 63.44 36.56 41.76 100.00 0.00
600 1000 | 1.22 | 12.64 80.00 202.26 | 0.00 24,13 | 175.92 100.00 89.34 10.66 87.94 100.00 0.00
500 1000 | 1.20 | 12.60 65.00 203.74 | 0.00 5.61 194.39 100.00 97.32 2.68 97.20 100.00 0.00
400 1000 | 1.17 | 12.51 28.00 200.65 | 0.00 1.87 | 201.21 100.00 99.08 0.92 99.08 100.00 0.00
350 1000 | 1.14 | 12.34 16.00 203.56 | 0.00 0.61 199.41 100.00 99.70 0.30 99.70 100.00 0.00
300 1000 | 1.12 | 12.39 12.00 19743 | 4.76 0.21 202.37 97.65 99.89 0.11 99.90 97.70 2.30
250 1000 | 1.10 | 12.28 8.00 195.31 7.14 0.25 | 201.95 96.47 99.87 0.13 99.88 96.59 341
200 1000 | 1.07 | 12.29 6.50 87.72 | 11520 | 0.00 | 203.91 43.23 100.00 0.00 100.00 63.90 36.10
100 1000 | 1.05 | 12.07 3.00 227 | 202.16 | 0.00 | 201.63 1.11 100.00 0.00 100.00 49.93 50.07

06
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M13197 v-4 paaawamsnaasamsusnwanlutaznzanhay Taelduid lethdusunuanea (C = Clay, P = Palm-ash)

kernel shell kernel shell
C:P (1:1) | water viscosity
SG. pH float sink | float | sink
(g (2 (cP) %kernelrecovery %kernel, | %Y%contaminant, %shellrmvery Yshell, | Yocontaminant,
(@ @ | @ (€]
900 1000 no data no data no data
800 1000 no data no data no data
700 1000 | 1.20 | 9.79 49.00 slurry is very concentrate slurry is very concentrate
600 1000 | 1.19 | 9.82 36.00 199.40 | 0.00 | 3.38 | 196.31 100.00 100.00 1.67 98.31 100.00 0.00
500 1000 | 1.18 | 9.87 13.00 199.31 | 0.00 | 0.83 | 197.50 100.00 100.00 0.41 99.58 100.00 0.00
400 1000 | 1.16 | 9.90 7.00 199.13 | 0.00 | 0.29 | 198.74 100.00 100.00 0.15 99.85 100.00 0.00
350 1000 | 1.14 | 9.95 6.00 199.35 | 0.00 | 0.35 | 199.76 100.00 100.00 0.18 99.83 100.00 0.00
300 1000 | 1.12 | 9.98 5.50 19538 | 4.14 | 0.22 | 199.92 97.93 100.00 0.11 99.89 97.97 2.03
200 1000 | 1.09 | 10.09 4.00 173.42 | 26.75 | 0.22 | 199.18 86.64 99.78 0.13 99.89 88.16 11.84
100 1000 no data no data no data
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AT NN V-5 Llﬁﬂ\?Waﬂ'ﬁcﬂﬂa’f]\‘]ﬂ'lil!ﬂﬂlllaﬂalullaxﬂgaT].halli@Elflclfelllﬂ'lhljJEJ'l\‘]W'lﬁ']i'nJﬂUﬂueln'J (C= Clay, R= Rubberwood-ash)

kernel shell kernel shell
C:R(1:1) | water viscosity
SG. | pH float sink | float sink
(g (2 (cP) %kernelrecovery %kernel, | %contaminant, %shellrmvery %shell, | Yocontaminant,
@ (€] (€] (€]

900 1000 all float all float all float

800 1000 all float all float all float

700 1000 | 1.31 | 12.42 30.00 199.08 | 0.00 | 64.77 | 134.74 100.00 75.45 24.55 67.54 100.00 0.00
600 1000 | 1.26 | 12.37 21.00 199.95 | 0.00 | 17.62 | 181.03 100.00 91.90 8.10 91.13 100.00 0.00
500 1000 | 1.24 | 12.33 17.00 199.85 | 0.00 | 5.21 | 193.51 100.00 97.46 2.54 97.38 100.00 0.00
400 1000 | 1.20 | 12.25 13.50 199.93 | 0.00 | 2.10 | 196.11 100.00 98.96 1.04 98.94 100.00 0.00
300 1000 | 1.14 | 12.18 9.00 200.02 | 0.00 | 0.99 | 198.18 100.00 99.51 0.49 99.50 100.00 0.00
250 1000 | 1.12 | 12.09 8.00 198.52 | 1.23 0.12 | 200.21 99.38 99.94 0.06 99.94 99.39 0.61
200 1000 | 1.10 | 12.01 6.50 184.87 | 17.61 | 0.21 | 199.74 91.30 99.89 0.11 99.89 91.90 8.10
100 1000 all sink all sink all sink
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@]'131\1?] U-6 meWami‘ﬂﬂammmﬂﬂmaﬂaluuaxﬂza1ﬂ1au1ﬂﬂﬁl%}ﬁﬂmuﬂumnmm 0.2:1 Lﬁ@ﬁ Na,Si0, Wuasyiensze6)

kernel shell kernel shell
viscosity
%dispersant | SG. pH float sink float sink
(cP) %kernelmovery Yokernel,_| %contaminant, %shellrmvery Yoshell | %ocontaminant,
@ (@ (@ (@

0.25 1.12 | 10.06 3.5 200.61 2.13 0.21 203.54 98.95 99.90 0.10 99.90 98.96 1.04

0.50 1.12 | 10.11 3.5 198.42 | 3.98 0.21 203.46 98.03 99.89 0.11 99.90 98.08 1.92

1.00 1.12 | 10.28 3.5 201.75 1.48 0.24 204.41 99.27 99.88 0.12 99.88 99.28 0.72

1.50 1.12 | 10.42 3.5 200.59 | 3.57 0.13 204.99 98.25 99.94 0.06 99.94 98.29 1.71

A < J Yo 1 dy Y Jd 1 3’ A . I ] @
AT N V-7 Llﬁﬂﬂﬂaﬂ”l’i‘i/lﬂﬁ’f)ﬂﬂ”lil!flﬂmaﬂiuuﬁzﬂ%ﬁ11J1ﬂllIﬂﬂl%ﬂﬂﬂjuﬂllﬂ11ﬂﬂ1@uﬁﬂu1 0.4:1 tuoy NaleO3 L‘]Juﬁ”l’i"lnflﬂixmﬂﬁﬂ
kernel shell kernel shell
viscosity
%dispersant | SG. pH float sink | float sink
(cP) %kernelremvery %kernel_| %contaminant, %shellrmvm %shell | %contaminant
@ @ @ (€]

0.25 1.06 10.13 21.0 196.23 | 5.97 0.00 | 203.59 97.05 100.00 0.00 100.00 97.15 2.85

0.50 1.06 10.22 18.5 198.85 | 4.02 0.00 | 203.66 98.02 100.00 0.00 100.00 98.06 1.94

1.00 1.06 10.40 17.0 194.12 | 8.99 0.24 | 201.61 95.57 99.88 0.12 99.88 95.73 4.27

1.50 1.06 10.57 16.0 195.55 | 7.32 0.00 | 203.25 96.39 100.00 0.00 100.00 96.52 3.48

€6



A <} J Yo 1 dy Y J oy A . I 1 @
AT NN V-8 LL@WNW'@ﬂ15°ﬂﬂa’ﬂ\‘lﬂ1§uﬂﬂluaﬂiulla%ﬂga'l'l]'lﬁiJIﬂﬂi“ﬁﬁﬂﬁ?uﬂllﬂWiﬂﬂ’mN@l@uW 0.3:1 148U Na,Si0, WuasyIenszea)

kernel shell kernel shell
viscosity
%dispersant | SG. pH float sink float sink
(cP) %kernelmovery Yokernel,_| %contaminant, %shellrmvery Yoshell | %ocontaminant,
(€] (€] (€9) @

0.25 1.06 | 9.96 11.0 190.48 | 12.92 0.00 | 208.09 93.65 100.00 0.00 100.00 94.15 5.85

0.50 1.06 | 10.03 10.5 195.65 | 7.28 0.00 | 208.28 96.41 100.00 0.00 100.00 96.62 3.38

1.00 1.06 | 10.19 10.0 193.77 | 9.78 0.00 | 208.46 95.20 100.00 0.00 100.00 95.52 4.48

1.50 1.06 | 10.32 9.5 192.4 8.72 0.00 | 208.41 95.66 100.00 0.00 100.00 95.98 4.02

i o s Yo 1 A vygw g A~ . < . o
AT NN V-9 LlﬁﬂﬂNaﬂ"l'i‘i/]ﬂa’f)\iﬂ”liuflﬂmaﬂiuuﬁzﬂ%ﬁ11J1ﬂ1|I@lﬂl%ﬁﬂﬁjuﬂllﬂWIINEJ"NW"ISW]’EJ‘LH 0.3:1 Uy Na23103 L‘]J‘L!ﬁ1§°]5’38ﬂi$i]”lfl<§]’3
kernel shell kernel shell
viscosity
%dispersant | SG. pH float sink | float sink
(cP) %kernelremvery %kernel,_| %contaminant, %shellremvery %shell | %contaminant
(€] (€] (€] (@

0.25 1.12 12.35 10.5 204.89 | 1.86 0.24 | 20345 99.10 99.88 0.12 99.88 99.09 0.91

0.50 1.12 12.38 10.5 205.38 1.3 0.38 | 202.15 99.37 99.82 0.18 99.81 99.36 0.64

1.00 1.12 12.39 10.5 206.15 | 0.44 0.24 | 204.03 99.79 99.88 0.12 99.88 99.78 0.22

1.50 1.12 12.41 10.0 206.01 | 0.63 0.24 | 203.03 99.70 99.88 0.12 99.88 99.69 0.31
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A < J Yo 1 dy Y 9 1 3’ A A . I [l o
MTNN U-10 LlﬁﬂﬁWafﬂiﬂﬂaﬂﬂﬂWil!ﬂﬂLNﬁﬂiullﬁ%ﬂga'l'ﬂ'lﬁﬂiﬂﬂﬁl‘ﬁﬁﬂﬁﬂuﬂllﬂWl’lNEIN‘WH'WI’EJH'I 0.25:1 tudU Na,Si0, Wuas¥IenIZeA7

kernel shell kernel shell
viscosity
%dispersant | SG. pH float sink | float sink
(cP) %kernelmovery Yokernel,_| %contaminant, %shellrmvery Yoshell | %ocontaminant,
(€9) (€9) (€9) @
0.25 1.10 12.89 8.0 192.84 | 9.81 0.00 208.8 95.16 100.00 0.00 100.00 95.51 4.49
0.50 1.10 12.91 7.5 196.54 | 5.48 0.17 | 206.63 97.29 99.91 0.09 99.92 97.42 2.58
1.00 1.10 12.89 7.0 200.09 | 6.72 0.00 | 208.56 96.75 100.00 0.00 100.00 96.88 3.12
1.50 1.10 12.86 6.5 199.55 | 4.46 0.00 | 208.79 97.81 100.00 0.00 100.00 97.91 2.09
a I 4 Y o v Aa 1 3’ A I ] @
AT NN ¥-11 LlﬁﬂﬂNﬁﬂ”li‘i/]ﬂﬁ’f)ﬂﬂ”lil!flﬂmaﬂi‘uuﬁzﬂ%ﬁWﬂWQNIﬂﬂl%ﬂﬂﬂ’Juﬂuﬂln@]ﬂu”l 0.2:1 Uy (NaPO3)6 L‘]Juﬂ”ﬁ"ﬁ%flﬂﬁ%mﬂ@n
kernel shell kernel shell
viscosity
%dispersant | SG. | pH float | sink | float | sink
(cP) %kernelrecovery %kernel_| %contaminant, %shellrecovery %shell, | Yocontaminant_
@ @ | @ (€]

0.25 1.13 | 9.29 35 201.98 | 2.27 | 0.12 | 203.79 98.89 99.94 0.06 99.94 98.90 1.10

0.50 1.13 | 9.18 35 203.38 | 1.85 | 0.21 | 203.99 99.10 99.90 0.10 99.90 99.10 0.90

1.00 1.13 | 8.90 3.5 203.66 | 1.14 | 0.21 | 203.45 99.44 99.90 0.10 99.90 99.44 0.56

1.50 1.13 | 8.73 3.5 203.45 | 1.15 | 0.21 | 205.16 99.44 99.90 0.10 99.90 99.44 0.56

S6



A < J Yo 1 dy Y Jd oy A a < 1 @
MTNN U-12 LL@WNW'@ﬂ15°ﬂﬂa’ﬂ\‘lﬂ1§uﬂﬂluaﬂalulla$ﬂga'l'l]'lﬁiJIﬂﬂi“ﬁﬁﬂﬁ?uﬂllﬂWiﬂﬂ’lﬁN@l@uW 0.4:1 Lol (NaPO3)6 WuasyIensz1e6)

kernel shell kernel shell
viscosity
%dispersant | SG. pH float sink | float sink
(cP) %kernelmovery Yokernel,_| %contaminant, %shellrmvery Yoshell | %ocontaminant,
(€] (€] (€9) (@
0.25 1.07 10.02 29.0 203.62 | 0.43 0.21 | 20243 99.79 99.90 0.10 99.90 99.79 0.21
0.50 1.07 9.99 26.0 203.76 | 0.43 0.21 | 200.60 99.79 99.90 0.10 99.90 99.79 0.21
1.00 1.07 9.96 21.0 203.54 | 0.43 0.21 | 201.03 99.79 99.90 0.10 99.90 99.79 0.21
1.50 1.07 9.92 18.0 203.64 | 0.43 0.21 | 202.23 99.79 99.90 0.10 99.90 99.79 0.21
a I 4 Y o v dy Y J 1 3’ A 3 ] @
AT NN V-13 uﬁmNamimammmﬂﬂmaﬂ“luuazﬂxanJmuTﬂahaﬂmmmﬂaﬂmmam 0.3:1 tuoy (NaPO3)6 L‘]Juﬂﬁ"ﬁ%flﬂi%mﬂ@n
kernel shell kernel shell
viscosity
%dispersant | SG. pH float sink | float sink
(cP) %kernelrecovery %kernel,_| %contaminant, %shellrecovery %shell | %contaminant
(€9) @ (€] @
0.25 1.06 9.88 9.5 188.55 | 13.58 | 0.00 | 208.76 93.28 100.00 0.00 100.00 93.89 6.11
0.50 1.06 9.87 9.0 187.70 | 13.10 | 0.00 | 208.59 93.48 100.00 0.00 100.00 94.09 5.91
1.00 1.06 9.84 8.0 188.46 | 12.31 | 0.00 | 208.54 93.87 100.00 0.00 100.00 94.43 5.57
1.50 1.06 9.81 7.0 188.63 | 12.74 | 0.00 | 208.63 93.67 100.00 0.00 100.00 94.24 5.76
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A < J Yo 1 dy Y 9 1 g’ A [~ [ o
MITNN U-14 uﬁmwamimammmﬂﬂmaﬂiuuaxﬂzmﬂmaﬂﬂﬂ“lﬁvﬁﬂmumm"luanwwmam 0.3:1 Loy (NaPO3)6 Wuas¥IenI2ea7

kernel shell kernel shell
viscosity
%dispersant | SG. pH float sink | float sink
(cP) %kernelmovery Yokernel,_| %contaminant, %shellrmvery Yoshell | %ocontaminant,

(€] (€] (€9) (@
0.25 1.12 12.15 10.5 203.12 | 1.39 0.21 203.56 99.32 99.90 0.10 99.90 99.32 0.68
0.50 1.12 12.13 10.5 203.08 | 1.85 0.21 204.92 99.10 99.90 0.10 99.90 99.11 0.89
1.00 1.12 12.10 10.0 203.33 | 1.12 0.64 | 201.29 99.45 99.69 0.31 99.68 99.45 0.55
1.50 1.12 12.08 10.0 20348 | 0.46 0.21 20291 99.77 99.90 0.10 99.90 99.77 0.23

A < J Yo 1 dy FY 9 1 3’ A~ I [ o
MTNN V-15 LlﬁﬂﬂNaﬂ”li‘i/]ﬂﬁ’f)ﬂﬂ"lil!flﬂlﬂﬁﬂh!!tﬁ%ﬂ%ﬁﬁhmJI@lﬂl%ﬁﬂﬂjuﬂlmﬂuEJN‘W"IiW]E’JLH 0.25:1 1Y (NaPO3)6 Wuas¥IenIzaean

kernel shell kernel shell
viscosity
%dispersant | SG. pH float sink | float sink
(cP) %kernelremvery %kernel,_| %contaminant, %shellremvery %shell | %contaminant

(€9) (€] (€] @
0.25 1.10 12.79 8.0 197.18 | 6.72 0.00 | 207.93 96.70 100.00 0.00 100.00 96.87 3.13
0.50 1.10 12.77 7.0 194.57 | 8.01 0.00 | 208.70 96.05 100.00 0.00 100.00 96.30 3.70
1.00 1.11 12.74 5.0 198.33 | 4.74 0.00 | 207.15 97.67 100.00 0.00 100.00 97.76 2.24
1.50 1.11 12.73 4.5 196.69 | 6.79 0.00 | 207.25 96.66 100.00 0.00 100.00 96.83 3.17

L6



A J Y A < ¢ 3w Y1 Y
AT NN V-16 llﬁﬂ\jﬂ131/]ﬂa@\1%1Iﬂﬂﬁlsﬁﬁﬂ1'}3ﬂuﬂ1illﬂﬂlua@Gluuagﬂga'lﬂ'lallu'luullﬂﬂ@um']\jﬂ

kernel nut shell
average average average average average average
media ratio float | sink | float | sink | float sink
%kernelremvery %kernel,_ | %contaminant, %shellrmvm %shell | %contaminant_
@ | @ | @ | @ | @ (€]
56.71 | 0.00 | 4.05 | 1.40 | 0.57 | 132.64
clay:water 0.25:1 4743 | 0.00 | 0.53 | 0.62 | 0.92 | 147.33 100.00 94.89 5.11 99.63 98.83 1.17
5593 1 0.00 | 2.76 | 2.76 | 0.07 | 132.76
52321033 | 220 | 493 | 191 | 137.75
0.30:1 52521049 | 3.86 | 0.00 | 2.44 | 138.03 98.55 91.78 8.22 98.83 98.02 1.98
5445 | 1.56 | 3.32 | 1.10 | 0.56 | 136.80
rub.ash:water
52.04 | 0.00 | 3.15 | 0.00 | 4.35 | 136.52
0.35:1 55.71 | 0.00 | 2.09 | 0.00 | 3.60 | 135.61 100.00 89.21 10.79 97.12 99.64 0.36
48.99 | 0.00 | 1.44 | 1.56 | 4.32 | 141.00
5459 |1 0.73 | 3.23 | 230 | 1.67 | 132.47
0.35:1 39.63 | 0.77 | 7.34 | 2.65 | 3.01 | 140.29 98.30 86.50 13.50 98.25 97.21 2.79
4598 | 0.88 | 3.34 | 444 | 2.66 | 136.83
palm ash:water
53.19 |1 039 | 495 | 439 | 1.51 | 132.42
0.40:1 57.44 1 0.00 | 2.18 | 0.00 | 0.73 | 137.09 99.34 93.03 6.97 99.11 97.61 2.39
50.87 | 0.64 | 1.44 | 463 | 1.39 | 137.84
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A g’ ) A I 4 3’ % Y Y A 1
MTNN U-16 LLﬁ'@Nfﬂﬁ“lflﬂﬁ@\1%1Iﬂﬂi%ﬁﬂ1’l$‘ﬂuﬂﬁl!ﬂﬂmaﬂalullﬁgﬂ$a1ﬂ1ﬁhu1uul’lﬂﬂ@uﬂﬂﬂﬂ (910)

kernel nut shell
ratio average average average average average average
media float | Sink | float | sink | float | sink
(%dispersant) %kernelremvery %kernel_| %contaminant, %shellremvery %shell, | %ocontaminant
(2) @ | (@ | @ | (@ (2)
50.68 | 0.00 | 2.26 | 1.54 | 1.10 | 140.35
(rub.ash+Clay):water 0.25:1 4542 | 0.00 | 3.59 | 3.12 | 0.80 | 142.56 100.00 93.70 6.30 99.30 98.38 1.62
51.67 | 0.00 | 0.96 | 2.38 | 1.12 | 143.10
48.84 | 0.58 | 452 | 493 | 1.56 | 137.92
(palm ash+Clay):water 0.30:1 49.87 | 0.30 | 529 | 1.90 | 2.42 | 138.04 99.10 89.04 10.96 98.68 97.83 2.17
51.55| 048 | 3.16 | 1.11 | 1.58 | 141.31
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{ g’ { <3 J % 4 1 Y 3’ v o o
M350 ¥-17 uEaInsnanesdan 1z Admsuenmaa lutaznganhaudniudelims l¥assienizned (NaPo,), 0.5 %ueaimiiniaggaanaig

kernel nut shell
media ratio average average average average average average
float | sink | float | sink | float sink
[dispersant] (%dispersant) %kernel %kernel_| %contaminant, | %shell %shell | %contaminant
recovery recovery S S
@ |@© @ | @ | @ @
29.09 | 0.37 | 1.85 | 4.52 | 0.01 | 162.21
clay:water 0.20:1
42,71 | 0.13 | 1.59 | 0.00 | 1.14 | 154.61 99.34 94.37 5.63 99.49 97.70 2.30
[(NaPO,),] (0.5%)
57211025 | 1.86 | 5.12 | 1.07 | 132.95
4432 | 3770 | 3.39 | 0.00 | 0.77 | 146.39
0.25:1
4474 | 413 | 4.16 | 247 | 0.52 | 142.37 91.22 91.32 8.68 99.60 95.69 431
(0.5%)
rub.ash:water 41.73 | 473 | 3.18 | 4.63 | 0.44 | 145.77
[((NaPO,),] 49.25 { 0.20 | 3.70 | 0.13 | 0.77 | 144.05
0.30:1
58.83 | 1.67 | 2.58 | 1.90 | 1.47 | 128.15 98.54 92.36 7.64 99.07 98.18 1.82
(0.5%)
5844 1 0.71 | 3.70 | 2.75 | 1.50 | 133.39
4198 | 4.69 | 1.22 | 1.48 | 0.36 | 146.85
0.30:1
5536 | 498 | 1.49 | 1.53 | 0.69 | 134.28 89.96 97.13 2.87 99.56 94.25 5.75
(0.5%)
palm ash:water 59.68 | 7.99 | 0.00 | 4.04 | 0.72 | 127.90
[(NaPO,) ] 57.86 | 0.00 | 1.53 | 1.66 | 3.08 | 132.22
0.40:1
53.40 | 0.00 | 0.72 | 1.51 | 2.56 | 139.38 100.00 92.01 7.99 98.32 98.69 1.31
(0.5%)
51.12 1 0.00 | 4.85 | 2.29 | 1.35 | 13891

001



{ :’ { <3 J oy % 4 [ o . :’ v o o
Gn'iN‘ﬁ U-18 llﬁﬂ\?ﬂ'lﬁﬂﬂa@\?c]f'lﬁﬂ'lquﬁﬁﬂ'lﬁllﬂﬂlllaﬂﬁluuagﬂga'HJ']ajJu'uJulﬁ@ﬁﬂ'ﬁﬁl%ﬁ'lﬁsﬁ?ﬂﬂixﬂ']ﬂﬂj Na,Si0, 0.5 %UdIUIHUNITAAAINAN

kernel nut shell
media ratio average average average average average average
float | sink | float | sink | float | Sink
[dispersant] (%dispersant) %Xkernel %kernel_| %contaminant, | %shell %shell | %contaminant
recovery recovery S S
@ | @ | @ || @ (@
56.69 | 298 | 1.06 | 3.01 | 0.86 | 132.62
clay:water 0.20:1
49.53 | 0.54 | 1.55 | 7.49 | 2.27 | 139.10 96.94 95.69 431 99.25 95.50 4.50
[Na SiO,] (0.5%)
4252 | 1.36 | 1.09 | 4.48 | 0.00 | 150.97
51.43 | 0.95 | 0.00 | 0.74 | 0.53 | 147.31
0.25:1
69.89 | 290 | 0.00 | 0.00 | 0.85 | 126.43 95.76 98.73 1.27 99.40 97.39 2.61
(0.5%)
rub.ash:water 62.43 | 4.65 | 0.00 | 1.37 | 1.01 | 129.33
[Na,SiO,] 52.63 | 0.63 | 6.58 | 0.64 | 4.01 | 134.84
0.30:1
55.80 | 0.00 | 4.61 | 3.74 | 2.96 | 133.49 98.87 85.97 14.03 98.12 98.29 1.71
(0.5%)
4275 1 097 | 5.75 | 1.26 | 0.86 | 149.40
44,50 | 545 | 3.35 | 0.00 | 0.68 | 142.43
0.30:1
40.67 | 443 | 092 | 6.58 | 0.61 | 145.28 90.74 94.08 5.92 99.28 93.58 6.42
(0.5%)
palm ash:water 52.45 | 398 | 1.55 | 830 | 1.70 | 131.56
[Na SiO,] 5175 | 1.14 | 2.61 | 6.55 | 1.37 | 135.67
0.40:1
39.41 | 040 | 0.96 | 3.39 | 2.02 | 148.07 98.76 91.01 8.99 98.66 96.90 3.10
(0.5%)
54341 031 | 5.69 | 1.64 | 2.28 | 133.44
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{ g’ { <3 J oy % 4 [ Y g’ v o Y
@]131\11?] U-19 LL@WNﬂ’lﬁﬂﬂﬁ@\?‘]f’lﬁﬂ'ngﬁﬁﬂ'lﬁllﬁlﬂlﬂJﬁﬂﬁluuﬁgﬂ$ﬁTIJTﬁNuWNuLﬁﬂﬁﬂWii%ﬁ’lﬁ“ﬁ?ﬂﬂﬁzﬂ18ﬂ3 (NaPO3)6 0.25 %YDIUINUNITANINAN

kernel nut shell
media ratio average average average average average average
float | sink | float | sink | float sink
[dispersant] (%dispersant) %kernelremvery %kernel_| %contaminant %shellremvery %shell | %contaminant
@ || @ | @ | @ (2)
5127 | 0.88 | 2.82 | 2.69 | 0.41 | 13945
clay:water 0.20:1
5329 | 198 | 0.61 | 245 | 0.71 | 142.13 97.41 95.66 4.34 99.59 97.12 2.88
[(NaPO,),] (0.25%)
45.15 | 1.16 | 1.56 | 3.55 | 0.65 | 146.14
53.03 | 3.84 | 0.00 | 1.48 | 0.56 | 136.83
0.25:1
48.56 | 3.06 | 0.95 | 3.11 | 0.41 | 141.64 93.54 96.06 3.94 99.62 95.60 4.40
(0.25%)
rub.ash:water 38.09 | 2.73 | 2.66 | 543 | 0.67 | 146.13
[(NaPO,) ] 58.71 | 0.85 | 5.05 | 1.42 | 0.15 | 129.92
0.30:1
4792 | 0.74 | 0.49 | 0.95 | 2.73 | 144.73 98.45 93.86 6.14 99.28 98.51 1.49
(0.25%)
56.56 | 0.98 | 2.08 | 1.26 | 0.26 | 137.56
47.52 | 5.68 | 0.72 | 0.54 | 2.15 | 144.59
palm ash:water 0.30:1
41.82 | 5.39 | 3.29 | 0.00 | 0.51 | 149.46 89.64 93.73 6.27 99.21 96.25 3.75
[((NaPO,),] (0.25%)
53.21 | 526 | 1.90 | 0.00 | 0.77 | 138.75

01



{ g’ { <3 J oy % 4 [l @ . :’ v o o
GlTﬁN‘ﬁ U-20 llﬁﬂ\?ﬂ'lﬁﬂﬂa@\?c]f'lﬁﬂ'lquﬁﬁﬂ'lﬁllﬁlﬂlllaﬂﬁluuagﬂga'HJ']ajJu'uJulﬁ@ﬁﬂ'ﬁﬁl%ﬁ'lﬁsﬁ?ﬂﬂixﬂ']ﬂﬂj Na,Si0, 0.25 %UDIUIHUNITAAINAN

kernel nut shell
media ratio average average average average average average
float | sink | float | sink | float sink
[dispersant] (%dispersant) %kernelremvery %kernel_| %contaminant %shellremvery %shell, | %contaminant
@ || @ | @ | @ (2)
58.26 | 0.71 | 4.07 | 3.27 | 0.51 | 13437
clay:water 0.20:1
60.31 | 1.72 | 0.28 | 3.66 | 0.32 | 132.28 98.29 96.63 3.37 99.49 97.55 2.45
[Na SiO,] (0.25%)
64.00 | 0.74 | 0.00 | 0.00 | 1.20 | 132.63
60.13 | 1.16 | 0.00 | 2.28 | 0.22 | 137.19
0.25:1
60.06 | 2.50 | 1.30 | 0.00 | 0.94 | 133.19 96.22 98.43 1.57 99.59 97.66 2.34
(0.25%)
rub.ash:water 62.82 | 3.62 | 0.00 | 0.00 | 0.48 | 129.44
[Na,SiO,] 54.42 | 2.98 | 1.53 | 2.19 | 1.36 | 138.84
0.30:1
5240 | 1.18 | 0.52 | 3.54 | 0.94 | 142.02 97.18 96.77 3.23 99.32 97.13 2.87
(0.25%)
63.02 | 0.68 | 0.68 | 1.76 | 0.56 | 133.53
5499 | 7.22 | 1.91 | 0.00 | 1.44 | 134.68
palm ash:water 0.30:1
50.55 | 6.14 | 2.24 | 1.19 | 1.22 | 138.53 90.47 94.28 5.72 98.99 94.19 5.81
[Na,SiO,] (0.25%)
5193 | 341 | 1.22 | 7.33 | 1.52 | 13597

€01



A < s ya &£ A
AT NN A-1 mmwamsmammmaﬂmaﬂ“luuazﬂ:mﬂmuiﬂahﬂmn SINRY

MANUIN A

LY ¢ 5w [
Nﬁﬂ]ﬁﬁﬂ‘]fﬂﬂmﬂllﬂaslli’)ﬂﬂm?ﬁ!!ﬁgwﬁﬂ1§'ﬂﬂﬁi’)\1!!ﬂﬂ!3~lﬁﬂ11«!!!ﬁ$ﬂ$ﬁTlhﬁN‘l»ﬂ?ﬂﬂ‘l»ﬁ$ﬂ‘U Pilot Scale

o

AATIUISN

WAuvIRe Y 0.25:1 111 50 dm’, AUV 12.5 ke)

initial weight kernel nut shell
time (hr) | viscosity (u) SG pH

(€] float (g) sink (g) float (g) sink (g) float (g) sink (g)
0.0 3.5 1.14 8.33 1000.64 359.15 2.29 2.49 1.59 14.56 612.13
0.5 3.5 1.14 7.72 1000.90 350.16 0.69 4.08 0.00 25.27 611.72
1.0 3.0 1.15 7.45 1000.83 356.33 0.48 2.97 2.38 21.85 610.47
1.5 3.0 1.15 7.15 1000.94 361.62 0.74 3.47 0.00 22.97 604.45
2.0 3.0 1.15 7.12 1000.35 358.37 4.52 2.05 0.89 21.84 608.39
2.5 3.5 1.15 7.06 1000.88 351.58 3.88 3.29 1.55 24.86 601.33
3.0 3.5 1.15 7.03 1000.76 362.91 3.38 1.68 0.99 21.56 594.73
4.0 3.5 1.15 6.95 1000.74 334.78 3.34 1.11 0.73 20.63 621.35

Y01



~ <3 4 ya 2 AW 1 1 a 1 oy I~ 3’ 3 a
159N A-1 uagasransnaaosmsuenuaalutaznzarthan laglsauvd sldadiuseniauvaetiniv 0.25:1 (H150 dm’, AUV 12.5 kg)

GE)

time float sink kernel shell

(hr) Ykernel | %nut | %shell | %kernel | %nut | %shell | %kernel, | %kernel, | %contaminate, | %shell . | %shell | %contaminate
0.0 95.47 0.66 3.87 0.37 0.26 | 99.37 99.37 95.47 4.53 97.68 99.37 0.63
0.5 92.27 1.08 6.66 0.11 0.00 | 99.89 99.80 92.27 7.73 96.03 99.89 0.11
1.0 93.49 0.78 5.73 0.08 0.39 | 99.53 99.87 93.49 6.51 96.54 99.53 0.47
1.5 93.19 0.89 5.92 0.12 0.00 | 99.88 99.80 93.19 6.81 96.34 99.88 0.12
2.0 93.75 0.54 5.71 0.74 0.14 | 99.12 98.75 93.75 6.25 96.53 99.12 0.88
2.5 92.59 0.87 6.55 0.64 0.26 | 99.11 98.91 92.59 7.41 96.03 99.11 0.89
3.0 93.98 0.44 5.58 0.56 0.17 | 99.27 99.08 93.98 6.02 96.50 99.27 0.73
4.0 93.90 0.31 5.79 0.53 0.12 | 99.35 99.01 93.90 6.10 96.79 99.35 0.65

So1



. < @ Y ¢ A A oA P 2 y
A13199 A-2 uaaanamInaassmsuenaalutaznzanhdylaglsudleddu Faldadrusennaudiledduaerindlu 0.35:1 (111 50 dm’, v le

18 17.5 ke)

initial weight kernel nut shell
time (hr) | viscosity (n) SG pH

(€] float (g) sink (g) float (g) sink (g) float (g) sink (g)
0.0 5.0 1.10 10.07 1000.82 307.73 12.59 16.98 14.08 21.88 580.77
0.5 5.0 1.10 10.02 1000.90 294.25 13.70 19.20 18.45 24.15 599.11
1.0 4.5 1.10 10.02 1000.67 304.35 3.16 23.15 9.79 27.32 593.54
1.5 4.0 1.10 9.99 1000.66 249.12 10.02 16.99 22.27 23.44 635.11
2.0 4.0 1.10 9.98 1000.58 269.87 11.24 23.89 18.29 22.79 604.82
2.5 4.0 1.10 9.96 1000.46 256.48 9.06 24.54 24.62 24.43 614.97
3.0 4.0 1.09 9.86 1000.71 235.97 13.05 24.10 16.67 22.55 652.32
4.0 3.5 1.09 9.85 1000.49 234.93 19.95 23.67 17.37 23.03 641.75

901



{ <3 4 y o 3 o (] 1 y o [l g’ I~ 3‘ Y
A1319% A-2 uaaanamInaassnsuenmaalutaznzanhduleslsudilethay Feaidadruszrinaudrlothauaesiinilu 0.35:1 111 50 dm’, i le

118u 17.5 k) (A9)

time float sink kernel shell

(hr) Ykernel | %nut | %shell | %kernel | %nut | %shell | %kernel, | %kernel, | %contaminate, | %shell . | %shell | %contaminate
0.0 88.79 4.90 6.31 2.07 232 | 95.61 96.07 88.79 11.21 96.37 95.61 4.39

0.5 87.16 5.69 7.15 2.17 2.92 | 9491 95.55 87.16 12.84 96.13 94.91 5.09

1.0 85.78 6.52 7.70 0.52 1.61 97.86 98.97 85.78 14.22 95.60 97.86 2.14

1.5 86.04 5.87 8.10 1.50 334 | 95.16 96.13 86.04 13.96 96.44 95.16 4.84

2.0 85.25 7.55 7.20 1.77 2.88 95.34 96.00 85.25 14.75 96.37 95.34 4.66

2.5 83.97 8.03 8.00 1.40 3.80 | 94.81 96.59 83.97 16.03 96.18 94.81 5.19

3.0 83.49 8.53 7.98 1.91 244 | 95.64 94.76 83.49 16.51 96.66 95.64 4.36

4.0 83.42 8.40 8.18 2.94 2.56 | 94.50 92.17 83.42 16.58 96.54 94.50 5.50

LOT



~ 5 g v 9 v v £ Ao R v d J 3
AT NN A-3 LLﬁ'ﬂ\?WﬁﬂWi‘ﬂﬂaﬂﬂﬂWiLLﬂﬂmaﬂiuuﬁ%ﬂ$ﬁ1ﬂ1au1ﬂ81%ﬂllﬂ11N8NW151 G]NiJﬁﬂﬁ’)uﬁ%‘ﬁ")ﬂﬂllﬂfluEJNW15WI’E]1HL“IJH 0.30:1 (1150 dm s

Ud l3¥e1am131 15.0 ke)

initial weight kernel nut shell
time (hr) | viscosity (1) SG pH

(g float (g) sink (g) float (g) sink (g) float (g) sink (g)
0.0 13.0 1.14 12.58 1000.57 317.22 0.74 3.14 0.00 37.55 603.44
0.5 12.5 1.14 12.57 1000.63 317.92 1.46 1.50 0.00 35.02 592.26
1.0 12.0 1.14 12.57 1000.99 334.02 0.92 2.81 0.66 31.26 588.12
1.5 10.5 1.13 12.57 1000.58 350.50 4.44 0.00 1.57 30.30 568.87
2.0 9.5 1.12 12.56 1000.89 314.06 8.44 1.39 1.69 33.39 598.59
2.5 9.5 1.11 12.56 1000.86 318.82 13.37 0.73 1.78 29.39 598.71
3.0 9.0 1.11 12.56 1000.84 274.76 34.02 0.00 2.33 18.75 615.14
4.0 8.0 1.12 12.55 1000.78 260.11 45.98 1.38 1.31 15.90 611.47
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~ 5 g v 9 v v £ Ao R v d J 3
AT NN A-3 LLﬁ'ﬂ\?WﬁﬂWi‘ﬂﬂaﬂﬂﬂWiLLﬂﬂmaﬂiuuﬁ%ﬂ$ﬁ'lﬂ'laiJIﬂEll“ﬁ“llLﬂWthEJNW1§1 G]NiJﬁﬂﬁ’)uﬁ%‘ﬁ")ﬂﬂllﬂfluEJNW1§WI’E]1HL“IJN 0.30:1 (1150 dm s

Vd 13819131 15.0 ke) (A0)

time float sink kernel shell

(hr) Ykernel | %nut | %shell | %kernel | %nut | %shell | %kernel, | %kernel, | %contaminate, | %shell . | %shell | %contaminate
0.0 88.63 0.88 10.49 0.12 0.00 | 99.88 99.77 88.63 11.37 94.14 99.88 0.12

0.5 89.70 0.42 9.88 0.25 0.00 | 99.75 99.54 89.70 10.30 94.42 99.75 0.25

1.0 90.74 0.76 8.49 0.16 0.11 99.73 99.73 90.74 9.26 94.95 99.73 0.27

1.5 92.04 0.00 7.96 0.77 0.27 | 98.95 98.75 92.04 7.96 94.94 98.95 1.05

2.0 90.03 0.40 9.57 1.39 0.28 98.34 97.38 90.03 9.97 94.72 98.34 1.66

2.5 91.37 0.21 8.42 2.18 0.29 | 97.53 95.98 91.37 8.63 95.32 97.53 2.47

3.0 93.61 0.00 6.39 5.22 036 | 94.42 88.98 93.61 6.39 97.04 94.42 5.58

4.0 93.77 0.50 5.73 6.98 0.20 | 92.82 84.98 93.77 6.23 97.47 92.82 7.18
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~ <3 4 ﬂ}dy 9 4 1 v A &L Ao 1 1 a dy 9 4 [ 3’ I~
159N A-4 waasnansnaassnsuenuaa lutaznzarthan laglsudr lethauswnuauen saudadiuseninsauvnauddi lethauaotiniu

0.30:1 (41 50 dm’, AU 7.5 ke, Ut le11au 7.5 ke)

initial weight kernel nut shell
time (hr) | viscosity (i) SG pH

(g float (g) sink (g) float (g) sink (g) float (g) sink (g)
0.0 12.5 1.14 9.70 1000.83 384.03 7.59 4.73 0.71 18.32 556.45
0.5 12.5 1.14 9.63 1000.52 380.87 4.99 2.21 1.20 17.22 545.06
1.0 11.0 1.14 9.59 1000.71 380.43 4.49 1.28 1.50 14.31 562.31
1.5 10.5 1.14 9.54 1000.89 353.02 4.71 1.18 0.00 14.25 592.75
2.0 9.0 1.14 9.51 1000.46 375.95 4.81 4.74 0.00 13.32 565.28
2.5 7.5 1.13 9.48 1000.73 346.98 7.10 1.43 0.00 12.99 590.99
3.0 5.5 1.12 9.42 1000.69 354.94 3.11 0.78 0.00 11.94 597.21
4.0 5.0 1.12 9.37 1000.56 334.20 6.37 1.96 1.21 10.29 618.43
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~ <3 4 ﬂ}dy 9 4 1 v A &L Ao 1 1 a dy 9 4 [ 3’ I~
A1519N A-4 waasnansnaassnsuenuaa lutaznzarthan laglsudr lethauswnvauen saudadiuseninsauvnaudd lethauaotindu

0.30:1 (41 50 dm’, AU 7.5 ke, Ut le1aw 7.5 ke) (@0)

time float sink kernel shell

(hr) Ykernel | %nut | %shell | %kernel | %nut | %shell | %kernel, | %kernel, | %contaminate, | %shell . | %shell | %contaminate
0.00 94.34 1.16 4.50 1.34 0.13 98.53 98.06 94.34 5.66 96.81 98.53 1.47

0.50 95.15 0.55 4.30 0.91 0.22 | 98.88 98.71 95.15 4.85 96.94 98.88 1.12

1.00 96.06 0.32 3.61 0.79 0.26 | 98.95 98.83 96.06 3.94 97.52 98.95 1.05

1.50 95.81 0.32 3.87 0.79 0.00 | 99.21 98.68 95.81 4.19 97.65 99.21 0.79

2.00 95.42 1.20 3.38 0.84 0.00 | 99.16 98.74 95.42 4.58 97.70 99.16 0.84

2.50 96.01 0.40 3.59 1.19 0.00 | 98.81 97.99 96.01 3.99 97.85 98.81 1.19

3.00 96.54 0.21 3.25 0.52 0.00 | 99.48 99.13 96.54 3.46 98.04 99.48 0.52

4.00 96.46 0.57 2.97 1.02 0.19 | 98.79 98.13 96.46 3.54 98.36 98.79 1.21
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A <3 4 Bldy F) Y ] v Aa & Ao 1 1 Aa dy Y 9 1
MTNN -5 Llﬁ’ﬂﬂWafﬂi‘ﬂﬂﬁ’t]\‘lﬂﬁl!ﬁlﬂlhﬁﬂh!&&ﬁ%ﬂ$ﬁ11J1aNI@EJG];GH"ULQW%JEJNWHWTJNﬂ‘Uﬂu“lﬂ’J G]NiJﬁﬂﬁﬂui%‘ﬁﬂNﬂuﬂanﬁNﬂllﬂﬂNElN‘V‘HiWI’E]

W1 0.30:1 111 50 dm’, AU 6.25 ke, U 18191191 6.25 ke)

initial kernel nut shell
time (hr) | viscosity (i) SG pH

weight (g) float (g) sink (g) float (g) sink (g) float (g) sink (g)
0.0 8.0 1.12 12.46 1000.88 348.57 3.16 2.73 0.54 19.32 582.85
0.5 8.0 1.12 12.46 1000.79 367.76 5.62 3.22 0.00 8.89 560.43
1.0 8.0 1.12 12.46 1000.51 362.91 4.99 0.00 2.62 19.59 568.40
1.5 7.5 1.12 12.45 1000.90 332.94 7.51 2.27 0.96 21.29 590.50
2.0 6.5 1.12 12.45 1000.56 344.16 7.79 1.90 0.00 16.85 583.74
2.5 5.5 1.12 12.43 1000.52 359.55 7.41 0.00 1.83 20.66 567.43
3.0 5.5 1.12 12.43 1000.86 371.80 11.04 2.66 1.83 18.42 540.69
4.0 5.0 1.11 12.40 1000.77 373.56 9.61 2.78 0.00 13.34 560.65
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A <3 4 Bldy F) Y ] v Aa & Ao 1 1 Aa dy Y 9 1
MTNN -5 Llﬁ’ﬂﬂWafﬂi‘ﬂﬂﬁ’t]\‘lﬂﬁl!ﬁlﬂlhﬁﬂh!&&ﬁ%ﬂ$ﬁ11J1aNI@EJG];GH"ULQﬂNEJNWﬁﬁ’J?Jﬂ‘Uﬂu“lﬂ’J G]NiJﬁﬂﬁ’Ju53“ri"JN@‘L!"U13Wﬁ3J5lJLﬂ1"l§JEI1\1W1'§WI’E]

Wy 0.30:1 111 50 dm”, AU 6.25 ke, Ut 18199131 6.25 ke) (d10)

time float sink kernel shell
(hr) Ykernel | %nut | %shell | %kernel | %nut | %shell | %kernel, | %kernel, | %contaminate, | %shell . | %shell | %contaminate
0.0 94.05 0.74 5.21 0.54 0.09 | 99.37 99.10 94.05 5.95 96.79 99.37 0.63
0.5 96.81 0.85 2.34 0.99 0.00 | 99.01 98.49 96.81 3.19 98.44 99.01 0.99
1.0 94.88 0.00 5.12 0.87 0.45 98.68 98.64 94.88 5.12 96.67 98.68 1.32
‘ ‘ ‘H ‘ ‘ ‘ #3&39‘ ‘ ‘0.%4 5.97 1.25 0.16  98.59 97.79 93.39 6.61 96.52 98.59 1.41
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{ <] J o 1 a 1 oy 4 . g‘ v A I [
@n'ﬁ’l\‘]ﬁ -6 uﬁmwamiwﬂammmﬁlﬂma@ﬂuuazﬂza1ﬂ1au1981%}ﬁﬂmuﬂumnmm 0.2:1 Lﬁ@ﬁ Na,Si0, 0.25%U23UINUNAUVT Wueasye

N3291867 (111 50 dm’, AUV 6.25 kg, Na,Si0, 25 g)

initial kernel nut shell
time (hr) | viscosity (i) SG pH

weight (g) float (g) sink (g) float (g) sink (g) float (g) sink (g)
0.0 3.50 1.12 8.89 1000.54 351.89 11.16 1.27 1.49 17.57 614.50
0.5 3.50 1.12 8.41 1000.86 383.42 11.28 0.92 1.42 17.05 574.63
1.0 3.50 1.12 7.91 1000.69 348.56 19.23 2.21 2.55 18.65 605.76
1.5 3.25 1.12 7.33 1000.89 345.56 18.96 0.00 1.18 13.11 614.84
2.0 3.00 1.12 7.19 1000.75 366.39 20.35 0.64 3.51 13.45 593.59
2.5 3.00 1.12 6.91 1000.82 363.59 19.15 1.64 1.18 12.99 605.04
3.0 3.00 1.11 6.83 1000.73 365.25 18.72 2.19 3.69 11.94 592.02
4.0 3.00 1.11 6.85 1000.97 369.75 16.76 1.32 0.96 12.28 602.94
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{ <] J o 1 a 1 oy 4 . g‘ v A I [
@n'ﬁ’l\‘]ﬁ -6 l!ﬁﬂ\‘lwafnﬁﬂﬂﬁ@\‘]ﬂWillﬂﬂlNﬁﬂiuuagﬂ$ﬁ'”J'lﬁiJIﬂElal%jﬁﬂﬁ'Juﬂuelﬂﬁﬂ@u'l 0.2:1 Lﬁ@ﬁ Na,Si0, 0.25%U23UINUNAUVT Wueasye

N3291861 (111 50 dm’, AUV 6.25 kg, Na,SiO, 25 g) (#10)

time float sink kernel shell
(hr) Ykernel | %nut | %shell | %kernel | %nut | %shell | %kernel, | %kernel, | %contaminate, | %shell . | %shell | %contaminate
0.0 94.92 0.34 4.74 1.78 0.24 | 97.98 96.93 94.92 5.08 97.22 97.98 2.02
0.5 95.52 0.23 4.25 1.92 024 | 97.84 97.14 95.52 4.48 97.12 97.84 2.16
1.0 94.35 0.60 5.05 3.06 0.41 96.53 94.77 94.35 5.65 97.01 96.53 3.47
1.5 96.34 0.00 3.66 2.99 0.19 | 96.83 94.80 96.34 3.66 97.91 96.83 3.17
2.0 96.30 0.17 3.54 3.30 0.57 | 96.14 94.74 96.30 3.70 97.78 96.14 3.86
2.5 96.13 0.43 3.43 3.06 0.19 | 96.75 95.00 96.13 3.87 97.90 96.75 3.25
3.0 96.28 0.58 3.15 3.05 0.60 | 96.35 95.12 96.28 3.72 98.02 96.35 3.65
4.0 96.45 0.34 3.20 2.70 0.15 97.14 95.66 96.45 3.55 98.00 97.14 2.86
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A 3 s Yo 1 2y s 1 d A~ . J v &y &
AT NN A-7 l!ﬁﬂ\?ﬂﬁﬂ’liﬂﬂﬁﬂ\?ﬂ1§l!ﬁlﬂmaﬂalullﬁ$ﬂgaWﬂWﬁNIﬂﬂlcﬁﬁﬂﬁﬁuﬂlLﬂ11&lﬂ1ﬁu§l@u1 0.35:1 oy Na28103 0.25%VUBDIUINUNULD Lﬂuﬁ’lﬁ

Fun5LeR (11 55 dm’, Vi leray 19.25 ke, Na,Si0, 48.125 g)

initial weight kernel nut shell
time (hr) |viscosity ()| SG pH

(€3] float (g) sink (g) float (g) sink (g) float (g) sink (g)
0.0 4.0 1.11 10.21 1000.63 261.71 4.65 43.53 8.24 47.12 593.50
0.5 4.0 1.10 10.19 1000.52 248.51 4.62 48.96 20.33 41.61 588.57
1.0 4.0 1.10 10.16 1000.49 241.03 6.85 41.92 14.61 41.12 615.08
1.5 3.5 1.10 10.14 1000.54 228.22 8.16 39.47 2491 35.96 608.86
2.0 3.5 1.10 10.13 1000.47 253.72 5.80 46.75 27.24 31.43 585.26
2.5 3.0 1.10 10.10 1000.72 225.84 7.03 54.30 41.31 30.49 597.35
3.0 3.0 1.09 10.07 1000.64 243.35 5.00 46.42 32.21 23.56 606.16
4.0 3.0 1.09 10.05 1000.69 263.34 5.93 37.37 26.36 21.88 610.37
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A 3 s Yo 1 2y s 1 d A~ . J v &y &
AT NN A-7 l!ﬁﬂ\?ﬂﬁﬂ’liﬂﬂﬁﬂ\?ﬂ1§L!Elﬂl1JaﬂGluuﬁ$ﬂgaWﬂWﬁNIﬂﬂlcﬁﬁﬂﬁﬁuﬂlLﬂ11&lﬂ1ﬁu§l@u1 0.35:1 oy Na28103 0.25%VUBDIUINUNULD Lﬂuﬁ’lﬁ

Frun5zeR (11 55 dm’, Vi leray 19.25 ke, Na,Si0, 48.125 g) ()

time float sink kernel shell

(hr) Ykernel | %nut | %shell | %kernel | %nut | %shell | %kernel, | %kernel, | %contaminate, | %shell . | %shell | %contaminate
0.0 74.27 12.35 | 13.37 0.77 1.36 | 97.87 98.25 74.27 25.73 92.64 97.87 2.13

0.5 73.29 14.44 | 12.27 0.75 3.31 95.93 98.17 73.29 26.71 93.40 95.93 4.07

1.0 74.38 12.94 | 12.69 1.08 2.30 | 96.63 97.24 74.38 25.62 93.73 96.63 3.37

1.5 75.16 13.00 | 11.84 1.27 3.88 94.85 96.55 75.16 24.84 94.42 94.85 5.15

2.0 76.44 14.09 | 9.47 0.94 441 94.66 97.77 76.44 23.56 94.90 94.66 5.34

2.5 72.70 17.48 9.82 1.09 6.40 | 92.51 96.98 72.70 27.30 95.14 92.51 7.49

3.0 77.67 14.82 | 7.52 0.78 5.01 94.22 97.99 71.67 22.33 96.26 94.22 5.78

4.0 81.63 11.58 6.78 0.92 4.10 | 94.98 97.80 81.63 18.37 96.54 94.98 5.02
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A 3 s Yo 1 A vyw ' A~ . J v &y &
AT NN A-8 Llﬁﬂ\iwafniﬂﬂaﬂﬂﬂWil!ﬂﬂlNaﬂiulla$ﬂ$a'lﬂ'miJIﬂﬂl“ﬁﬁﬂﬁ?uﬂllﬂflﬂEI'NWWTWI'E'JU'I 0.30:1 U9y Na28103 0.25%UBDIUINUNULDN LﬂuﬁTﬁ

200529102 (11 50 dm’, Ut 1d819W137 15.0 kg, Na,Si0, 37.5 g)

initial weight kernel nut shell
time (hr) | viscosity (i) SG pH

(g float (g) sink (g) float (g) sink (g) float (g) sink (g)
0.0 10.00 1.14 13.11 1000.48 348.11 0.15 6.22 0.79 34.46 561.29
0.5 8.00 1.14 13.11 1000.64 363.30 0.42 4.73 2.10 25.84 550.19
1.0 7.50 1.14 13.11 1000.81 378.42 0.46 5.11 1.52 23.32 552.56
1.5 7.00 1.14 13.10 1000.93 367.85 0.70 2.24 2.52 2481 557.78
2.0 6.50 1.14 13.10 1000.64 347.53 1.25 0.85 0.00 22.51 589.98
2.5 6.50 1.14 13.09 1000.85 331.95 3.37 2.41 0.00 24.39 595.74
3.0 5.50 1.12 13.09 1000.78 339.33 2.41 1.51 0.55 23.02 590.71
4.0 5.00 1.10 13.08 1000.60 318.57 5.75 0.86 0.76 19.79 613.61
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A 3 s Yo 1 A vyy ' A~ . J v &y &
AT NN A-8 Llﬁﬂ\iwafnﬁﬂﬂaﬂﬂﬂWﬁl!ﬂﬂmaﬂiulla%ﬂga'l°]J'lﬁ3JIﬂﬂl“ﬁﬁﬂﬁ?uﬂllﬂflﬂEI'NWWTWI@L!'I 0.30:1 U9y Na28103 0.25%UBDIUINUNULDN LﬂuﬁTﬁ

2005291082 (11 50 dm’, Ud1 1de19m1371 15.0 kg, Na,Si0, 37.5 g) (#0)

time float sink kernel shell
(hr) Ykernel | %nut | %shell | %kernel | %nut | %shell | %kernel, | %kernel, | %contaminate, | %shell . | %shell | %contaminate
0.0 89.54 1.60 8.86 0.03 0.14 | 99.83 99.96 89.54 10.46 94.22 99.83 0.17
0.5 92.24 1.20 6.56 0.08 0.38 99.54 99.88 92.24 7.76 95.51 99.54 0.46
1.0 93.01 1.26 5.73 0.08 0.27 | 99.64 99.88 93.01 6.99 95.95 99.64 0.36
1.5 93.15 0.57 6.28 0.12 0.45 99.43 99.81 93.15 6.85 95.74 99.43 0.57
2.0 93.70 0.23 6.07 0.21 0.00 | 99.79 99.64 93.70 6.30 96.32 99.79 0.21
2.5 92.53 0.67 6.80 0.56 0.00 | 99.44 98.99 92.53 7.47 96.07 99.44 0.56
3.0 93.26 0.41 6.33 0.41 0.09 | 99.50 99.29 93.26 6.74 96.25 99.50 0.50
4.0 93.91 0.25 5.83 0.93 0.12 | 98.95 98.23 93.91 6.09 96.88 98.95 1.05
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A 3 g Yo 1 Ay v 2 A~ Yy v . 3 o
AT NN A-9 meWami‘nﬂammiuﬁlﬂmaﬂiuuaxﬂ$a11Jm1JIﬂ81%@1@ﬁﬁummthEJNWﬁWlme 0.30:1 tuU H2S04 [STFVRTA] 98%we1ght !ﬂuﬁ'ﬁﬂiﬂ

Aty (111 50 dm’, W1 Ide19M151 15.0 kg, H,S0, 2.5 dm’)

initial weight kernel nut shell
time (hr) | viscosity (i) SG pH

(g float (g) sink (g) float (g) sink (g) float (g) sink (g)
0.0 33.00 1.19 9.80 1000.69 275.85 0.39 38.14 4.77 103.51 532.49
0.5 33.00 1.19 9.81 1000.62 252.11 0.26 59.34 3.49 121.22 517.07
1.0 33.00 1.18 9.80 1000.31 271.57 0.00 44.30 2.14 129.74 510.63
1.5 37.00 1.18 9.79 1000.48 253.53 0.00 54.31 1.60 140.05 504.98
2.0 36.50 1.18 9.79 1000.42 273.39 0.00 48.78 2.83 125.56 506.05
2.5 35.50 1.18 9.78 1000.50 233.79 0.00 71.18 1.91 120.38 524.76
3.0 36.00 1.18 9.78 1000.78 224.29 0.00 67.47 3.22 107.00 550.89
4.0 37.00 1.17 9.78 1000.85 221.95 0.00 53.69 0.96 92.75 585.67
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A 3 g Yo 1 Ay v 2 A~ Yy v . 3 o
AT NN A-9 Llﬁﬂ\‘]Waﬂ'ﬁcﬂﬂa’ﬂ\?ﬂ'lﬁllflﬂluaﬂaluuazﬂga1TJTﬁNI@Elalclfﬁﬂﬁ')uelllﬂ']lluﬂ']\‘lw'lﬁ']ﬁ@u'] 0.30:1 tuU H2S04 [STFVRTA] 98%we1ght Lﬂuﬁ'ﬁﬂiﬂ

Aty (111 50 dm’, A1 Ide19M151 15.0 kg, H,S0, 2.5 dm’) (#10)

time float sink kernel shell

(hr) Ykernel | %nut | %shell | %kernel | %nut | %shell | %kernel, | %kernel, | %contaminate, | %shell . | %shell | %contaminate
0.0 66.07 9.14 | 24.79 0.07 0.89 | 99.04 99.86 66.07 33.93 83.72 99.04 0.96

0.5 58.27 13.71 | 28.02 0.05 0.67 | 99.28 99.90 58.27 41.73 81.01 99.28 0.72

1.0 60.94 9.94 | 29.12 0.00 0.42 | 99.58 100.00 60.94 39.06 79.74 99.58 0.42

1.5 56.61 12.13 | 31.27 0.00 032 | 99.68 100.00 56.61 43.39 78.29 99.68 0.32

2.0 61.06 10.89 | 28.04 0.00 0.56 | 99.44 100.00 61.06 38.94 80.12 99.44 0.56

2.5 54.96 16.73 | 28.30 0.00 036 | 99.64 100.00 54.96 45.04 81.34 99.64 0.36

3.0 56.25 16.92 | 26.83 0.00 0.58 99.42 100.00 56.25 43.75 83.74 99.42 0.58

4.0 60.25 14.57 | 25.18 0.00 0.16 | 99.84 100.00 60.25 39.75 86.33 99.84 0.16
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HAMINATILAATIHMBIR Tz RI LN INe VI TaadIna1s Aromatia X-ray
Diffraction 1 81%?1?’0& X-ray Diffractometer (XRD)
HaNIsNAdeUIATIZH IR sz ReUMuATvesiaadIna1s Aremaiin X-ray
fluorescence spectrometry Ia Elclcff)m%im X-ray Fluorescence Spectrometer (XRF)
HANTNATUAATIHYUIALAZNTNTLIBR U YNIAYDITag@Ina1s Taeld
Lﬂ?@i Laser particle size analyzer
v

a Jo Jay @ Y A Ao & @ Y
Waﬂ15ﬂﬂﬁﬂﬂ3Lﬂ31$ﬁﬁﬂEIG]WI'IGU'E'J\‘]'Jﬁ'ﬂ@]']ﬂa1\‘]L3J@Nu“ﬂuﬁﬂﬂﬁ’mﬂ’liu"lﬂuﬁﬂﬂ 7Y

MANA zeta potential analysis Tael¥nT04 Zeta potential analyzer
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Scientific Equipment Center, Prince of Songkla University
Central Academic Administrator Bld. Hat-Yai Campus, Songkhla 90110 Tel.0 7428 6904-7 Fax.0 7421 2813
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F-RES-003UT Ui 4 tiadiuld 23/08/47

NPNUNANIINATOU

ufl 2605/51 1 1/1

Fouaziioggnin : WNETI0131 S04l
madsranssuell anedmnssumans ynimendoasvaunasuny
viluveldusmsa: 2882/51
SuiiFudneeha : 17 ngedneu 2551
fnaaoy : WNANAUE VAN
Suivihnsmaaey : 20 WEAINBU 2551
IEmInaaey : mmwauﬁﬂﬂ‘lufa‘%ﬂﬁﬁﬁﬂums‘l%m?m XRD (WI-RES-XRD-001)
inSesiionaaey : Bndisd AvulsnTafimed (PHILIPS X’Pert MPD)
matiamInaaa : Bndisd Arulsndu
annIEMINAaIU : X-ray tube : Cu Tube Sample preparation  : Pressed Powder
Objective : Phase Identify Scan Program  : clay&rock-0.4
TeazPuARIENa : Fuan, Bdnhdy, B It $1au 13 fete
NamMsnNadol :
nineay %ﬂﬁ"«laﬁhﬂ JCPDF No. Chemical Name Chemical Formula
2882-1 | AuanM 01-086-2334 Calcite Ca(CO,)
01-083-0539 Quartz Sio,
28822 | admhdu 01-083-0539 Quartz Si02
01-086-2340 Calcite Ca(CO, )
00-048-1544 Potassium Carbide K,C,
28823 | adhlddens 01-072-1937 | Calcite CaCoO,
01-079-0612 Magnesium Oxide Mg O
01-077-2010 Lime CaO
01-084-1266 Calcium Hydroxide Ca(OH),
01-086-2341 Calcite Ca(CO,)
00-003-0729 Potassium Borate KBO,
00-003-0747 Hydroxylapatite Ca,(PO,),(OH),
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Scientific Equipment Center, Prince of Songkla University
Central Academic Administrator Bld. Hat-Yai Campus, Songkhla 90110 Tel.0 7428 6904-7 Fax.0 7421 2813
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X-ray fluorescence spectrometry

X-ray tube : Rh tube X-ray path : Vacuum
Application : GPSemiQ Sample type  : Pressed powder
Objective : Semiquantitative measurement Scanning range : From O to U
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Auan, Bdthdy, Bdr1dens MU 3 AI0EN
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* mqﬂ%mmﬂ:ﬁ;wu s Ti
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- Sample Name:
Clay - Average

MASTERSIZER

Result Analysis Report

SOP Name:

Measured:

Monday, March 02, 2009 5:10:45 PM
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Sample Source & type: Measured by: Analysed:
Unknown Monday, March 02, 2009 5:10:46 PM
Sample bulk lot ref: Result Source:
Averaged
Particle Name: Accessory Name: Analysis model: Sensitivity:
CaCO3 (calcite) Hydro 2000MU (A) General purpose Normal
Particle RI: Absorption: Size range: Obscuration:
1.572 0.1 0.020 to 2000.000 um 14.07 %
Dispersant Name: Dispersant RI: Weighted Residual: Result Emulation:
Water 1.330 1.738 % Off
Concentration: Span: Uniformity: Result units:
0.0190 %Vol 2.860 3.27 Volume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0.715 m2/g 8.397 um 76.771 um
d(0.1): 5.928 um d(0.5): 20.052 um d(0.9): 63.280 um
Particle Size Distribution
8 i
7
— 6
X
g \
g /
= 4
o
> 3
2 H
1 —
|
%4 01 0.1 10 100
Particle Size (um)
[—Clay - Average, Monday, March 02, 2009 5:10:45 PM

0120 i
0138 o
0158 e
0182
| 0.00
0209
0240 om
! 00
0275 g i
0316
i 001
0417 g';;
0479 il
0550 e
ol 0'47'
0724 o
oo 045
b 041
1,09 . 1258925
Operator notes: pump 2500 rpom

Malvern Instruments Ltd.
Malvern, UK

Tel := +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789

Mastersizer 2000 Ver. 5.1
Serial Number : MAL100227

File name: ash
Record Number: 20
02 Mar 2009 05:12:58 PM



. Sample Name:
Palm-ash - Average

Sample Source & type:

Sample bulk lot ref:

MASTERSIZER

Result Analysis Report

SOP Name:

Measured by:
WorldBank
Result Source:
Averaged

Measured:

129

Monday, March 02, 2009 4:26:52 PM

Analysed:

Monday, March 02, 2009 4:26:53 PM

Particle Name:
CaCOg3 (calcite)

Accessory Name:
Hydro 2000MU (A)

Analysis model:
General purpose

Sensitivity:
Normal

Particle RI: Absorption: Size range: Obscuration:
1.572 0.1 0.020 to 2000.000 um 12.15 %
Dispersant Name: Dispersant RI: Weighted Residual: Result Emulation:
Water 1.330 2.878 % Off
Concentration: Span: Uniformity: Result units:
0.0812 %Vol 5.231 1.48 Volume

Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0.131 m?/g 45.783 um 143.643 um
d(0.1): 21.617 um d(0.5): 71.806 um d(0.9):  397.220 um
Particle _Size Distribution
6 | :
; 4
g 4
] /
s B "~
g H
2
1 i
| e \
%.01 0.1 1 10 100 1000 3000
Particle Size (um)
arch 02, 2009 4:26:52 PM
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000

000

0.00

0.02

0.06

0.07

009

0.10

X 0.12

0.046 i 0.479 000 5012 13

0.00 0.00 015

0052 L% 0,550 o 5754 o
0.060 B 0631 = 6.607 '

0.00 0.00 022

0.069 000 0.724 000 7.586 029
0.079 i 0.832 . 8710 i

0.00 0.00 041

0.091 000 0.955 000 10.000 060
0105 " 1.09% 3 11.482 "

Operator notes: pump 2500 rom

Malvern Instruments Ltd.
Malvern, UK
Tel := +{44] (0) 1684-892456 Fax +{44] (0) 1684-892789

Mastersizer 2000 Ver. 5.1
Serial Number : MAL100227

File name: ash
Record Number: 8
02 Mar 2009 05:00:50 PM
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Result Analysis Report

Sample Name: SOP Name: Measured:
Rubberwood-ash - Average Monday, March 02, 2009 4:21:08 PM
Sample Source & type: Measured by: Analysed:

WorldBank Monday, March 02, 2009 4:21:09 PM
Sample bulk lot ref: Result Source:

Averaged
Particle Name: Accessory Name: Analysis model: Sensitivity:
CaCO3 (calcite) Hydro 2000MU (A) General purpose Normal
Particle RI: Absorption: Size range: Obscuration:
1.572 0.1 0.020 to 2000.000 um 14.03 %
Dispersant Name: Dispersant RI: Weighted Residual: Result Emulation:
Water 1.330 3.019 % Off
Concentration: Span : Uniformity: Result units:
0.0411 % Vol 4.851 i 1.43 Volume
Specific Surface Area: Surface Weighted Mean D[3,2]: Vol. Weighted Mean D[4,3]:
0.331 m?g 18.153 um 125.744 um

d(0.1): 12.027 um d(0.5):  67.635 um d(0.9):  340.119 um

2.5

Volume (%)

1.5

45
4
35
3I

5|

11
0.5

.01

0.1

Particle Size (um)

Particle Size Distribution

i

10 100 1000 3000

[—Rubberwood-ash - Average, Monday, March 02, 2009 4:21:08 PM

1258925
s 00
1659.587 i
1905 461 i
. : ; s g 2187.762 | o
0.209 ! 2183 22,909 230883 2511.886
0240 2:23 2512 gz 26303 ::sﬁ 275423 2: 2884.032 ggg
0275 i 2884 ont 30.200 ek 316228 Se 3311311 st
0316 o6t 3311 oo 34674 i 363078 06 3801.89%4 6%
0363 it 3802 G 39811 5 416.869 Se 4385158 o
0417 e 4365 | o 45709 0 478630 e 5011.872 o®
0479 i 5012 e 52.481 25 549,541 e 5754399 o
055 ol 5754 oo 60256 et 630,957 ol 6506.934 &
0¢ 56 0831 o 6607 e 69,183 a5 724436 500 7585,776 Htd
0,069 a5 0724 o 7.586 o 79.433 i 831.764 e 87096% e
0079 0% 0832 P 8710 o 1201 . 954993 ciog 10000.000
0091 o 0955 gin 10.000 {45 104713 e 1096.478 0
0105 1.0% : 11482 |- 120226 1258925
Operator notes: pump 2500 rpm
Aalvern Instruments Ltd. Mastersizer 2000 Ver. 5.1 File name: ash
falvern, UK Serial Number : MAL100227 Record Number: 4

el = +[44] (0) 1684-892456 Fax +[44] (0) 1684-892789

02 Mar 2009 04:42:00 PM



131

¢ A A a d a [ a d
FUEUINTRINDINNANAN I NHENMINAYAIVATHAITUNT

v

@ < o o [
1 01usmHINMITN amIngdsavauniuni Ineuvamalug sunemalng Sandnaevar 90110

Scientific Equipment Center, Prince of Songkla University
Central Academic Administrator Bld. Hat-Yai Campus, Songkhla 90110 Tel.0 7428 6904-7 Fax.0 7421 2813

F-RES-0031/E Rev. 5 29/05/52 )
No. 1812/52 Page 1/1

TEST REPORT

Customer Name and Address : Ms.Arrisa Ruangmee

Department of Chemical Engineering, Faculty of Engineering, PSU.

Test Request Form No. : 1958/52
Test Item(s) Received Date : July 23, 2009
Test Request Date : July 23, 2009
Analyst : Ms. Nitchanan Nantakakul
Test Performed Date : July 31,2009
Test Method Used : In house method refer to WI-RES-Zeta-001
Test Equipment : Zeta potential analyzer, Model ZetaPALS, Brookhaven
Test Technique : zeta potential analysis
Test Condition : Aqueous Solvent: water
Test Item(s) Description : Clay, Ash Quantity : 3 samples
Test Result(s) :
No. Sample name

1 Clay

2 Palm - ash

3 Rubber wood - ash

As shown as data reports and refer to the directory: 1958-52Arrisa.

Q. L4
( Ms. Patchara Sukonrat)

Inspector

Remark This Test report is valid only for the tested sample.

This Test report shall not be reproduced except in full, without writtén approval of the Scientific Equipment Center.



Brookhaven Instruments Corp.

Date: Jul 31, 2009

[ PALS Zeta Potential Analyzer Ver. 3.54 Time: 09:39:33
Batch: O
Sample ID Palm - ash (Combined)
Operator ID  nitchanan
Notes Clay
Measurement Parameters:
Mean Zeta Potential = -36.32 mV Liguid = Water
Zeta Potential Model= Smoluchowski Temperature =250°C
Mean Mobility =-2.84 (ws)/ (Vicm) Viscosity =0.890 cP
pH = 1060 Refractive Index =1.330
Conductance =250 pS Dielectric Constant =78.54
Concentration =0.00 mg/mL Particle Size =0.0nm
Instrument Parameters:
Sample Count Rate = 451 kecps Yoltage = 4.00 volts
Ref. Count Rate =986 kcps Electric Field =7.88 Vicm
Wavelength =658.0 nm User =0.00
Field Frequency =2.00Hz User2 =0.00
Cycles Per Run =10
2.92e+01
@
[ =
=
=
it
3
o
e
o
0.00e+00 1
0.00 0.42 0.54
Time (seconds)
Palm - ash (Combined)
Run M obility Zeta Potential (m) Rel. Residual
1 -2 55 -32 .61 0.0668
2 -3.09 -39.60 0.0450
3 -2.86 -36.60 0.0487
4 -2.77 -35.46 0.0618
5 -2.67 -34.13 0.0285
6 -3.54 -45 .36 0.0405
7 o -35.47 0.0504
8 -2.35 -30.04 0.0268
9 -2.69 -34.43 0.0277
10 -3.09 -39.49 0.0424
Mean -2.584 -36.32 0.0440
Std. Error 0.11 1.36 0.0043
Combined -2.83 -36.26 0.0281
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Brookhaven Instruments Corp.

Date: Jul 31, 2009

BjC PALS Zeta Potential Analyzer Ver. 3.54 Time: 09:30:16
Batch: 0
Sample ID Clay (Combined)
Operator ID  nitchanan
Notes Clay
Measurement Parameters:
Mean Zeta Potential = -13.84 mVY Liguid = Water
Zeta Potential Model= Smoluchowski Temperature =250°C
Mean Mobility =-1.08 ( pfs) / (Wicm) Viscosity =0.6890 cP
pH =10.60 Refractive Index =1.330
Conductance =79 uS Dielectric Constant =78.54
Concentration = 0.00 mg/mL Particle Size =0.0 nm
Instrument Parameters:
Sample Count Rate = 413 kcps Voltage = 4.00 volts
Ref. Count Rate =966 kcps Electric Field =867 Vicm
Wavelength =659.0 nm Userl =0.00
Field Frequency  =2.00 Hz User2 =0.00
Cycles Per Run =10
3.09e+01
w
=
=
=
i
&
(1]
ol
o
0.00e+00 1
0.00 0.42 0.64
Time (seconds)
Clay (Combined)
Run M obility Zeta Potential (mv) Rel. Residual
1 -0.98 -12.55 0.0173
2 -1.08 -13.53 0.0342
3 -1.17 -14 .96 0.0344
4 -0.94 -11.98 0.0218
5 -1 -14.24 0.0199
6 -0.88 -11.31 0.0203
7 -1.31 -16.77 0.0194
8 -1.02 -13.035 0.0220
9 -1 .11 -14.286 0.0203
10 -1.23 -15.80 0.0387
Mean -1.08 -13.84 0.0248
Std. Error 0.04 0.54 0.0025
Combined -1.085 -13. 41 0.0083
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Brookhaven Instruments Corp.

Date: Jul 31, 2009

BjC PALS Zeta Potential Analyzer Ver. 3.54 Time: 09:51:25
Batch: 0
Sample ID Rubber wood -ash (Combined)
Operator ID  nitchanan
Notes Clay
Measurement Parameters:
Mean Zeta Potential = -23.60 m¥ Liguid = Water
Zeta Potential Model= Smoluchowski Temperature =250°C
Mean Mobility =-1.84 ( pfs) / (Wicm) Viscosity =0.890 cP
pH =10.60 Refractive Index =1.330
Conductance =952 pus Dielectric Constant =78.54
Concentration =0.00 mg/mL Particle Size =0.0 nm
Instrument Parameters:
Sample Count Rate = 406 kcps Voltage = 4.00 volts
Ref. Count Rate =888 kcps Electric Field =7.10 Viem
Wavelength =659.0 nm User1 =0.00
Field Frequency  =2.00Hz User2 =0.00
Cycles Per Run =10
7.60 -
@
=
=
=
o
3
(1]
£
o
21 .
0.00 042 0.84
Time (seconds)
Rubber wood -ash (Combined)
Run M ohility Zeta Potential (mv) Rel. Residual
1 -1.64 -20.96 0.0304
2 -1.44 -18.49 0.0417
3 -1.80 -23.04 00572
4 -1.490 -24 .27 0.0334
5 -1.96 -25.05 0.0201
6 -1.69 -21 .61 0.0282
7 =1 .51 -19.31 0.0303
8 -2.02 -25.91 0.0212
8 -2.23 -28.60 0.0210
10 -2.25 -25.80 0.0275
Mean -1.84 -23.60 0.0311
Std. Error 0.09 1.13 0.0036
Combined -1.82 -23.35 0.0109
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(Laser scattering particle size analyzer)

A
Amlszneun 9-3 ey (oven)
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(Using Ash as a Media in the Separation Process of Oil Palm Shells from its Kernels)
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Using Ash as a Media in the Separation Process of Oil Palm Shells from its Kernels
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Abstract

The object of this research is to investigate the possibility of using biomass such as palm-ash and rubberwood-ash as a
substitute for kaolin (clay) in the heavy media separation (HMS) of oil palm shell from its kernel. The effects of specific gravity (SG),
viscosity, and pH of the slurry on the efficiency of the operation were studied. Generally, the ratio by weight of dry kaolin to water
was 0.25:1, the specific gravity, pH, and viscosity of the slurry produced were about 1.14, 9.23, and 3.5 cP, respectively. In addition,
the kernel recovery rate was 99.79% with a purity of 99.9% and the efficiency was 99.68%. However, the optimum separation
conditions using palm-ash were 0.4:1 dry biomass to water ratio by weight which produced a slurry specific gravity of 1.70, a pH of
9.98, and viscosity of 27 cP. This condition produced a kernel yield of 97.2% with a purity of 100% and the efficiency was 97.72%.
Moreover, using dry rubberwood-ash to water at a 0.4:1 weight ratio, it was found that the slurry specific gravity, pH, and viséosity
were 1.17, 12.51, and 28 cP, respectively. More importantly, the kernel recovery rate was 100% while the purity was 98.08% and
the efficiency was 99.08%. Consequently, both types of biomass are efficient substitutes for kaolin in the separation process
producing comparable percent recovery and purity of the kernels.

Keywords: separation of oil palm kernel/ash media/HMS/biomass
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Using Ash as a Media in the Separation Process of

Oil Palm Shells from its Kernels
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Abstract

The object of this research is to investigate the possibility of
using biomass such as palm-ash and rubberwood-ash as a
substitute for kaolin (clay) in the heavy media separation (HMS)
of oil palm shell from its kernel. The effects of specific gravity
(SG), viscosity, and pH of the slurry on the efficiency of the
operation were studied. Generally, the ratio of kaolin to water was
0251, the specific gravity, pH, and viscosity of the slumy
produced were about 1.14, 9.23, and 3.5 cP, respectively. In
addition, the kernel recovery rate was 99.79% with a purity of

99.9%. However, the optimum separation conditions using palm-

ash were 0.4:1 biomass to water ratio which produced a slurry
specific gravity of 1.70, a pH of 9.98, and viscosity of 27 cP. This
condition produced a kemel yield of 97.2% with a purity of 100%.
Moreover, using rubberwood-ash to water at a 0.4:1 ratio, it was
found that the slurry specific gravity, pH, and viscosity were 1.17,
12.51, and 28 cP, respectively. More importantly, the kernel
recovery rate was 100% while the purity was 98.08%.
Consequently, both types of biomass are efficient substitutes for
kaolin in the separation process producing comparable percent
recovery and purity of the kernels.

Keyword; separation of oil palm kemelfash media/HMS
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u.sT'zﬁaxﬂamiﬁgim‘s'mﬁuﬁwﬂ'uﬂﬁu Foluduaanitiaurduas
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Chemical Commercial Palm Rubberwood
Compasitions Clay Ash Ash
(Mass %)
Cl very low 1.98 027
K0 - 9.09 4.53
MnO, - 0.32 121
Cu0 - 0.05 very low
Zn0 - 0.03 very low
Rb - 0.06 0.07
Y20, - 0.03 -
Zr0, - 0.14 very low
Ti - very very low
low
Na - - very low
Ba - - very low

Chemical Commercial  Palm Rubberwood

Compositions Clay Ash Ash
(Mass %)

MgO ~ 053 143 543
ALO3 1.01 1.45 1.03
Sio, 323 37.93 6.52
CaO 68.52 11.06 55.18
Fe,03 06 207 0.42
SrO 0.08 0.05 0.13
P.0s - 4.75 244
SO, = 0.88 2.44

Tunmasssszaisunnududuvasaanilasiivua
sanadmeninizqueausssiuaIdinaiuruaay iy Fal8
durnINdadan 0.25:1 (base case) udamemasdidlothduuas
o Adadan 0211, 031, 0.4:1, 0.5:1 uaz 0.6:1 uda
Fmsiamdinud i unizaas Hydrometer inanamiladan
Brookfield Rotational Viscometer (LV model) uaziasin pH éian
pH-meter (Docu model)
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Name of material | Chemical name Chemical formula
Commercial Clay | Calcite Ca(CO;)
Quartz Si0,
Palm Ash Calcite Ca(CO;)
Quartz Sio,
Potassium Carbide | K;C,
Rubberwood Ash | Calcite Ca(CO;)
Magnesium Oxide | MgO
 Lime ca0
Calcium Hydroxide | Ca(OH),
Potassium Borate KBO,
Hydroxylapatite | Caio(POL(OH),
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Whaaan 20w aslwidulu dessicator udadnhandnimin tke
'y o
fwmnBnaiuenldvanuialuuszaainza (% recovery)
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wazfANUwiRanL 28 cP sunsausnaaluld 100% &
m’\uu‘iqﬂﬁ 99.08% uaz 0.5:1 fifaudasiwmzviniy 1.20
fin pH i 12.60 uazanunitainil 65 cP aanIausnuia
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Material Material : Water SG. pH ity (cP) Kornel Shell
X3 Yok, %s, %s,
Clay 0.25:1 116 923 3.50 9990 9979 99.78 99.89
Palm ash 0.2:1 104 998 8.50 10000 7.01 51.78  100.00
0.3:1 105 997 12.00 10000 6806 7578 100.00
0.4:1 107 998 27.00 10000 9772 97.77 100.00
0.5:1 109 994 60.00 9945 100.00 10000 99.44
0.6:1 110 992 70.00 slurry is very concentrate
Rubberwood ash 0.2:1 107 1229 650 . 10000 4323 6390 100.00
0.3:1 112 1239 12.00 9989 9765 97.70 99.90
0.4:1 117 1251 28.00 99.08 100.00 10000 99.08
- 0.5:1 120 1260 65.00 9732 100.00 10000 97.20
) 06:1 122 1264 80.00 89.34 100.00 10000 87.94
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