Loy

s
Z) 24 4
2\ JOIELD 4
— -“

<)
<
<% l.w“

: Y d A :' Qy v :' Y] d a Y]
msugminivihavdvesnoininnalssnuanaiiuihanaleIsnsaeaninle

oo maitie 1 az I IUNVITMITIMW

Oil Separation from Palm Oil Mill Effluent Using Induced Air Flotation and

Combined with Biological Method

=) > =
alsza dunsuas

Siprapa Janpromsri

a a r.'cqs' | U ,:§ = LY
mmuwuﬁmﬂumuﬁuwmmsanmmuﬁangmﬂ%ﬂgmﬂ

IneNFaAINYITUNA M unalulagdInn

UM INENdBaIVAIUAIUNS
A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree of
Master of Science in Biotechnology
Prince of Songkla University
2561

¢
a a A a [y a d
AVANHUBINKININYIAYAIVATHATHUNG



(1)

Loy

s
Z) 24 4
2\ JOIELD 4
— -“

<)
<
<% l.w“

: Y d A :' Qy v :' Y] d a Y]
msugminivihavdvesnoininnalssnuanaiiuihanaleIsnsaeaninle

oo maitie 1 az I IUNVITMITIMW

Oil Separation from Palm Oil Mill Effluent Using Induced Air Flotation and

Combined with Biological Method

=\ W =
sz, dunsuas

Siprapa Janpromsri

"311211ﬁwu%ﬁgﬂudmﬁﬁwmmsﬁnmmuﬁé’ngmﬂ%mﬂg
Inenemansumvauna mvunalulagsiinn
UHINGALTIVAIUATUNS
A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree of
Master of Science in Biotechnology
Prince of Songkla University
2561

¢
a a A a [y a d
AVANHUBINKININYIAYAIVATHATHUNG



(2)

? o Jd a ¥ 2 v ¥ o - an o
msueniiuihasavesnniinglssnuanaiiuiauaieIsmsaoen

d‘ a a dJ
¥OINNHNUS

Y ~ o 1 v Aax =

Ao 301N T21ALIINAUITNNTININ
Y A a [} =
Ay UNANFUTEN IUNTVAT
VN ma 1y TagyIn

¢a a a ¢
mm‘mnﬂ?nmmmuwuﬁmn AUSNIINNIFIADY

1U5LFIUNTTUNT

an 4 a
(AT.0782 ANFITIW) (FEAT10158 AT.LUYINT FeosAail)

NITUNII

¢ a a Jd 1
91%152]7]1J§ﬂ'1511'31’lﬂ11«!w1!ﬁ§331
4 @ @ Ja A
(AANI1915¢ A3.93%Y wuwmﬂmqa)

NITUNII

4 a o
(MAATINTY AT WUGY ﬂizmigﬁﬁw) -
(A7.2788 ANGITTN)

NITUNII

4 =y L4
(MANTINTY AT YUY ﬂszmi;ﬂ;aisw)

A

Yo a a s o A '
Nﬁiﬁuﬂ?ﬂﬂ’luwuﬁﬂﬂﬂulﬂuﬁﬁu

Vafininends ¥INe1avaIvaIuAIUNg oy
& = [ a % a a a
NiUeIMIANY munangaslsyanInemaasuraia arvyunalulagyanin

a

J o v A 1
(FNANI19158 A3.A15980A T3ea9)

@ a [

AUVALUNAINGIA



(3)

[

E4 v
UBDTUIDII HANTUD ‘t’J“ﬁ!iJ'l%'lﬂﬂ'lﬁﬁﬂ‘bﬂ’]ﬂﬂﬂlﬂﬂuﬂﬁﬂ‘]ﬁl@i u,ax”lﬁ’gmmmmmeuqmuﬂﬂaﬁ

= | ] A 9
UTIUFIYLIaDLAD

(A3.7382 ANYITIN)

S a a 4 [
mmiﬂmﬁﬂmmmuwuwaﬂ

(ManT19130 3. Wugy Usziadgassn)

s a a o
mmswﬂ%mmmuwumm

(uanalsza i‘fuwmﬁ%)

v K

UNANH



(4)

a v wa

9 Y @ ' R I J & = @ '
VTNRTUDITIVUTIBII WANTU ﬂquﬁﬁuﬂuﬁﬂuﬁlNiuﬂWiﬂHNﬁﬂ3QQﬂ1u3$ﬂU19M1ﬂﬂuLﬁw

A

) 4
li'ldgnldlumssuvesyiasyanluvueil

e

(UNENFUTEA IUNTUAT)

@

=
UNANHI



A a a Jd y o J a y 2 o ¥ o s 9 an @
FOINNUNUS ﬂﬁLLEJﬂ‘L!111‘L!TJ"IE]Mﬂﬂ’E]@ﬂi]1ﬂ‘LlTVNIiNiuﬁﬂﬂu1uuﬂ1allﬂ’m?]‘ﬁﬂﬁa’E]EJG]’J
Y = o 1 v A =
AN I IMAHHEIN AL IINAVITN T ININ

= a [ =
ey UNENTUTZ INITUAT

e

VN ma lu1agyIn v

Umsanm 2560

UNAALD
3 s

sz Ineraainiuihduduiusuaui 3 voelan Aodszum 2.2 d1uduaed) ¥

o w a { o a 3 £ v 3 o J . .
maamsraangetine iinaineinIssnuanainiuidu (palm oil mill effluent, POME)
"o s A a 7 v 3w ¢
Tuilsunammguny 09alseneuves POME 91nA50daLALaesved 1senuanatiiguiay
[ =Y <3 g‘/ Aa a o (=Y
WUNTUT U VOIUINIHNA 43,000-49,000 HAaanTUABAAST EI5LUIUABY  20,000-23,000

A Aa o 1T A 1 A Aa o 1T A I 1 Sol o
Haansuneans M loa 31,000-39,000 HaanIUADANT anutunsa-a1e 4.7 wazuiunay

a

@ a ] 1 A 9o’ v A dy [ %’ Qy 3’; A I =) a @ 4
lasiu 8,000-12,000 Hadnsuaedas uniundudoulunmhnaiudedlumsgydondanma

@

= Ao A= ¥ o s a 9 A
51]@\115\‘]\‘]’]1! ﬂ’lﬁﬁﬂﬂ’]ilazaﬁ]ﬂufﬂ\iﬁui‘ﬂﬂ’]ﬁllﬂﬂu']lluﬂ']allﬂﬂ@@ﬂfﬂ']ﬂ POME Iﬂﬂi%tﬂﬂuﬂ

Y
aAav A

v Y { o . . . Y Y @
MsaoeaInleWeIe1n I tieonrin (induced air flotation, IAF) el ldadauaz wamn
A %l 9 Y = Y o %;/ o
N309EN1INHEBNIN POME a852ul IAF Taguf5euieunis 1goaueniingiu (vuia 20
a v A v A ~ a1 4
an9) 3 ;nJl,mu Ao (2) HUVDUABINTINTEVON, (b) HUVDUATIMITINTEUanNMeluLNBILDS

a 4 [ { ~ =] Ia o =~ ] v | A
anla uaz (o) nuvouReIMsInszUen e luinetesanatas Dunuavia

Aa o d” v v A d’ o d’d 1 v A
J¢UU IAF ﬂl‘lNTL!'J%EJ‘L!@”If”fﬂﬁ'Jﬂﬂl‘ﬁ1!EJTL!”If’)?ﬂ?ﬂ“l’lﬂﬂ']ﬁllﬁﬁsl]@QGU’ENLTT?I'JN'IUW'JQQ
3 @ 9 o = A 9 9 14
L”]J‘Ll@'lﬁﬁNﬂ'J']Nﬂuqq_lﬂJuTﬂTﬁGlUﬁ'Jﬂﬂ LW’E)“l‘HﬁTlITiﬂﬂﬂ@”Iﬂ?ﬂi]”lﬂﬂﬁluf’)ﬂ!‘lﬂuﬂ,uigﬂﬂ llﬂ

° = a . .
Wmmsadreifadlenardangiuloiau (superlene  plastic) HATNATDUNITANDINIAVD

@ Y

% Qal [ 4 %’ [ %’ @ d A 4 4 a I'4 A A
MRaaretnnadunsizd ahwauduiiiuilas lhidrensealaTud luses 1duaEudy

a

9 9 " W a a o T A d'
w1 iu Tu Ay 4,000, 8,000, 12,000 ay 16,000 HaanTuA0anT) NgUNYN 30, 40 LAY

U

= [ o L o Jd @ [ J X
50 DIALs LK L!a$ﬂiﬂ’ﬂﬁi1ﬂ’l'§hh/iaell’f]\‘]u'w]\1ﬁ\‘]lﬂi'lgWW’luwjaﬂiﬂﬂﬂ'lﬁﬂj'la'31J’|‘(’JW’]ﬁ‘§Q

o v [ o L o L4 Y o oA A A
ﬁQlﬂﬁi]’lﬂﬂ’lﬂ')’luﬂuell’ﬂ\‘]u'nﬂ\iﬁ\il‘ﬂi’lgWﬂl’lmﬂﬁjﬂﬂﬂlﬂaﬂuuﬂaqqﬂ (2.5,3.75,5,6,8 ag 10

'
[ [

g qy 1 a 1 %’ Qy
ﬂau@mmiwua) WU31ﬁ1NWiﬂ@lﬂﬂ1ﬂ1ﬁ1ﬁl 2-10 ﬂ@]i@]ﬁ)u'l‘ﬂﬁf]ﬁiWﬂWiMlﬂﬂﬂlfNHTVN
[ g Y=t " @ a 1 = [ d' a Y
AUATICUNIUHIRAUNIND 8-14 AOTADUIN Llﬁ$ﬂWﬂﬂWi’Jﬂ"UHWW’UfNV‘I@QfNﬂ1ﬁ°WNaﬁklﬂﬁnﬂ

A 9 dﬁf @ a 4 1 VA
3¢UU IAF ‘VI’GTiN"UuI@861ﬁ8ﬂ153lﬂi131’?"1]1!1@“1Jf]\11/\|'é)\1'é)1ﬂ1ﬁﬂ1ﬂﬂ1“l/‘lﬂ?ﬂ URIUD3910 POME

== 1 ° 9°I
Naduann luansoveusiunesernalu POME laae 395 uiludesldiid szl wmu POME



evzanunsamegileseinmsld wunwesermannaalddiulun (lszum 70%) Juua 1-
v Y ¥ 1 %
4 ladwas Ngungiih 50, 60 1Az 70 oA UTAToA LazANUAUIINOWAIHIRA 2.5, 5, 7.5

Rl Qy = @ v W % ] = d‘dyﬁ A FIA
taz 10 Youanoas1ain (Gmuﬂiwumqﬂueﬁ31m'§”lwaéumummma@ﬂumumm@n%m

[ Rl Qy o (% o Y o zﬂl % o 1
ANUAU 7.5 ﬂﬂuﬂﬁ@ﬂ']ﬁNu’Jﬁ'l‘Viﬁ‘Uﬂ'l3u1llﬂﬁl%ﬂﬂlﬂiﬂﬂllﬂﬂu1uu5$°]J°]J IAF G]’E)ll‘ﬂ

Aas v 9 A o o an A A ) 9
FN1saouaInleesoImmmteI Y UITNE 1 TOH NI INAINA G U NI

@ o (%% v W a 1
winszarear lugdunuvesesemaluszuy silddudanveoynindisounidaien lu

2

Y Y v ]
POME u,az1/1ﬂﬁ’umuaaﬂmmqumuﬂﬁ’ﬁ TA8gINNTIAUIATETE UL IAF NU POME
I & 1 a @ [
Wuar 6 ¥ 109 ﬁqmwgn POME 50, 60 1182 70 83A1salsoe LasnINAY POME ABUIT
v A g Qy Y g [ d' g}/
Ma 7.5 Uouanon151917 NU09 (@), (b) tag (¢) Heni1iueana1n POME magnd 3

a < 3 4 o w 4 o w ] 1 o
qmﬁgu"lﬁ' 38.92, 35.58 1lae 43.82 1o5iua auaay (1911@79819 POME NouUasHadn1g
y { 4 1 1 ’.f @ 1
NAALINNDA (a), (b) vaz (o) TTwwIsanweusnarulauazaznou wuniuluaiula
<3 o o %} Y]
anag 73.92, 66.09 tLag 79.31 lofiFud mudien vaztiniuluaznouanas 15.10, 11.33 1ag
S 3 4 o w 1 < ng o
14.15 1Wosigua @ua1ay A1veIuUanaviualu POME 91094 (a), (b) uag (c) anad 50.91,
< o w 1 <
51.54 g 55.12 13 1FUA Mua1aY A1UeTILUIUADLAAAY 23.74, 21.24 ua¥ 19.60
S 3 4 o w 1A =1 I 4 o o
WosiFua mud1ay A3 ledanad 29.17, 38.21 iag 56.00 tlosisua audiay NNNINANDY
1 1 I 1 ~ A 49! < 9 A I

nuNAMANWIunIA-a19 Tagmasnuvuiantesnevin 4.7 104 5.0 NARan1snaasdly

= Y A Y o @ A a =
mwmmq‘lmaaﬂhm (c) NUILUU IAF Hazlaengunuy 50 99AuY LT 61‘1'!fﬂii‘l/]@ﬁf]\‘i61,‘1'!

g’/ 1
Tuaouao 11

. v - a ¢
11109910%0 Bacillus subtilis A2 Hanwamnsolumswaaou lsiisagiadosnuiuen
P ' Y o = A ! v & o v @ A & g
raaaeazeglutimin YanaasulFouieuszniems dsenums deu lydveusoduilu
1 H H ¥ SO/ -7 =
daulaivyumIowsnse (supernatant) 99NNUIMIN LaTiYANILAVADNS 1FDIMITIMA7
Ad Aa 1A dy = a aa a Aa aa A A
Fouan luduae U5ua 2, 5 uay 10 Haaaas tivadlu POME 151105 45 iaaaas Asna
I @ 1 [~1 <o ~ a = 4
Wusasaan 1:22.5, 1:9 uag 1:4.5 weuilumal 36 5 lungungil 45 waiGod 1iognsuen
% Iy 4 Aa aa 1 a dy %7/ o Aa aa ~
i lunargnuuie 150 Yaaaas wunmsauae luiminlsuia 5 Haaans Aszesnal
v Y o Y A =< A Aan
12 119 naawamsnentiiuesnIINAzNOUYE POME ldanga 37.25% 39180053
a dy 9 g @ [} 1 = A 9 ]
e nsontvunadly POME luonsiaiu 1:9 Taelsuias uazaenlsnan 12 92 Tuely

U j‘ o v %}‘ v 4
ﬂ”li‘WﬂLGIfi’Jﬁ"l‘l/i5‘]Jﬂ"|5l!€lﬂ1!”liJ‘L!‘]J"lﬁiJi’)i’)ﬂﬁ]”lﬂ POME ﬁ”miz‘uu IAF Tuns (0

o 4 . o a4 oAl
NNMTLAUATIDITEUU IAF DN (C) s UNMTIRULY® B. subtilis maaﬂummimm

< I o Y X 2 o X 1 1w
FOUF (culture broth) 1luan 12 ¥ Tue USvSnandeisuduvesinge 1diia1 ob,,, minwy



Y Y
(% 1 o Rl
0.5 fasu¥ely POME 50 eirnaieod Haznudl POME nouid1ing 7.5 louane
& a o dy =y a @ A A a @ 1
A151917 Taeauyinaelsuas 1.77 aas aalund () 13 POME 16 aas (8a31a7u 1:9 lae
~ [l I { A 4 @ I <
131109) HUIMINAUYUABINIAAD ATAN 1 IAUIATOITLUY IAF Nundlunal 6 $1Tuq
a A o A o & Y 2 a A < &
HaznIain 2 Waenaluag 12 % Tud NUUINAUIATDITZUY IAF Hunal 6 2114
~ ) AN 1A a A ' A ¥ o
Seufeunugaaiugui liins@ude wuansaid 1 uag 2 @wnsonentiniuesnin
k2 o W ~ (=} a zg g o Y
POME 1@ 52.86 182 65.09% a1ua1ey  Tuvaz Ny luimsaueazueniingu lamea
Y& ) P y & LA a
34.56% WaN15NAasIaAd 1R uINT 1%L UY IAF 590 UMT 15140 B, subtilis NHAN

@ D) ? o s a Y v A an
l'f)ull“]ﬂﬂ“l)'ﬁglﬁﬁ ch’iWaﬂ’]illﬂﬂu’liluﬂ’]allﬂﬂ@@ﬂﬁnﬂ POME hlﬂﬂﬂ’J']ﬂ']ﬁalG]jigllﬂ IAF I1N831D

= = a a A X
1913)8] Tﬂﬂllﬂigﬁﬂﬁﬂ'l‘wﬂ’lﬁl!ﬂﬂLWNGIJUﬂfs'giJ']m 30%



Thesis title Oil Separation from Palm Oil Mill Effluent Using Induced Air Flotation and
Combined with Biological Method

Author Miss.Siprapa Janpromsri

Major Program Biotechnology

Academic Year 2017

Abstract

Thailand ranks third among palm oil producing countries, which produces about 2.2
million tonnes of crude palm oil per year. This high palm oil production capacity corresponds to
high generation of palm oil mill effluent (POME). The characteristics of POME from decanter of
the palm oil mill was analyzed, showing 43,000-49,000 mg/I of total solids, 20,000-23,000 mg/l
of suspended solids, 31,000-39,000 mg/l of COD, pH 4.7 and 8,000-12,000 mg/l of oil and
grease. Oil in POME is considered as a loss of main product from the milling process. This
research was interested in separation of crude palm oil from POME using induced air flotation
(TAF). This work had constructed a 20 liter — IAF system for separation of oil from POME. Three
forms of separation tank were produced: (a) a vertical cylindrical drum, (b) a vertical cylindrical

drum with airlift tube and (¢) a vertical cylindrical drum with airlift tube and baffles.

The IAF system in this work used the induced air nozzle to produce bubbles for flotation.
The nozzle was made from superlene plastic and tested its air suction rates using synthetic oily
wastewater, homogenized from the mix of water and refined palm oil. Three temperatures were
used: 30, 40 and 50°C. The wastewater flow rates were 2.5, 3.75, 5, 6, 8 and 10 L/min. The air
suction rate about 2-10 L/min corresponded to wastewater flow rate of 8-14 L/min were obtained.
Therefore, the wastewater pressure before entering the nozzle of 7.5 psi was chosen for

investigating of oil separation from POME using IAF system.



Sizes of bubbles produced from the IAF system were measured. However, tap water was
used instead of POME due to dark brown color of POME prevented the bubbles to be captured by
the camera. The liquid temperatures were 50, 60 and 70°C, and the nozzle inlet pressures were
2.5, 5, 7.5 and 10 psi which were proportional to its flow rate. About 70% of the induced bubbles

have diameters in the range of 1-4 mm.

The IAF system was run with POME for 6 hours at temperatures 50, 60 and 70°C and
inlet nozzle pressure of 7.5 psi. In average of three temperatures, the separation tank (a), (b) and
(c) showed the oil separation about 38.92, 35.58 and 43.82%, respectively. The oil reductions in
supernatant of POME for each tank were 73.92, 66.09 and 79.31%, respectively, whereas the oil
reduction in sludge of POME were 15.10, 11.33 and 14.15%, respectively. The reductions of total
solids were 50.91, 51.54 and 55.12%, respectively. The reductions of suspended solids were
23.74, 21.24 and 19.6%, respectively. The reductions of COD were 29.17, 38.21 and 56.00%,
respectively. A little bit increases of pH were observed (pH from 4.7 to 5). In a whole picture of

these results, tank (c) was chosen for further studies.

Bacillus subtilis A2 has the ability to produce extracellular cellulose enzymes for
cellulose digestion. The use of whole culture broth of B. subtilis A2, its supernatant, and CMC
medium (control) were compared, each of 3 volumes: 2, 5 and 10 ml, were added into 45 ml of
POME separately, the ratio of 1: 22.5, 1: 9 and 1: 4.5 respectively. The experiment was conducted
under shaking and incubating at 45°C for 36 hours. The best oil separation of 37.25% was found
at 12 hours of shaking in the 150-ml flask which 5 ml culture broth was added. From this reason,
POME together with adding culture broth of B. subtilis A2 in the volume ratio to POME of 1:9,

and 12 hours incubation before IAF were selected for study of oil separation in tank (c).

The IAF system with tank (c) using 1.77 liters of B. subtilis A2 culture broth in CMC (12

hour incubation, the initial amount of inoculation was adjusted to OD,, = 0.5 before adding to

660

POME) mixed with 16 liters of POME (1:9 volume ratio) were run for 6 hours at 50°C with inlet



pressure of POME at 7.5 psi. Two cases were compared: (i) the IAF was turned on just after
adding culture broth into tank (c¢) and (ii) the TAF was turned after 12 incubation of the mixed
liquid (culture broth and POME) in tank (c). Cases (i) and (ii) showed oil separation of 52.86 and
65.09%, respectively. In conclusion, the use of the IAF system combined with culture broth of B.
subtilis A2 containing cellulase enzymes resulted in 30% increase of separation of crude palm oil

from POME than the use of IAF system.
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J a

9
Uniuilhauaueenan POME
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L
ﬂiz@ﬁ@iﬂ? B. subtilis

Yy A g P o ? o ¥ ax Y g
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UNh 2

unasaenans

Jd [ = d : U
2.1 eandsznouranmaniiveshanrinaiv
4 1 { [] ¥ a o 4
auihdudrunegmitlonuaulsznoudaie d1du (runk), n19118Y (found) Haznzaie

§ 4 o I
#atdu (palm fruit bunch) Taginzarewatdu eadanaldy (palm fruit) 09n vznaeilu
9

4 1 ° o & ' o v
nza1w11au1/al (empty fruit bunch; EFB) dsunathdmivezdseneudeaiuilenlaeni

Y Y
S o w <] o

1 4 1 g g’/ 4 o @
111371 nzan (shell) nazmaalu (kemel) adwiionlaonniiinduiuiotuiiiiuoonuding

901 Y d' 1

9 9 4 4 [ =1 1 1 J
1adule (fiber) voanaidu o9fdszneuNaNgMAANVRITIHA VoI a1 UAna)

aadulauaas 13 uarsed 1 9'ldun rag Taa, ieliwaglad, andiv, lv, 181 uazduq

a s o A s ¥ o
MAINNN 1 @Qﬂﬂigﬂ@ﬂwaﬂﬂ']\ilﬂnsl]@\iﬂ']auu'luu

Component Frond Trunk Fiber Shell EFB
Cellulose (wt. %, d.b) 31.0 39.9 19.0 14.7 35.8
Hemicellulose (wt. %, d.b) 17.1 21.2 15.2 16.4 21.9
Klason lignin (wt.%, d.b) 22.9 22.6 30.5 53.6 17.9
Wax (wt.%, d.b) 2.0 3.1 9.1 2.3 3.0

Ash (wt.%, d.b) 2.8 1.9 7.0 2.3 3.0

Other (by difference) 24.2 11.3 19.2 10.7 17.4

31: Yuliansyah Ltagaaie (2012)

2.1.1 twaglaa

o by g A Jaa
13|

2 g A o A < a A
magiamﬂumﬂﬂixﬂaummﬂmﬂmwquaawmmmﬂumiaum MNWﬂV]E:(@GlH
- < 7 A ) ' ' 1

PINIQ L!ﬁ$lﬂuﬁ'liﬂi%ﬂf]ﬂﬂ'liiﬂulalﬂiGI‘W]Ji%ﬂ’é]”]Jﬂ’JElWH’JEIEJE]EJ"UENHWH@ﬂQIﬂﬁ (glucose)
o AR = 4 A v 9 @ ..
914U 1,000-10,000 Tmaqa aonwiluInawes (polymer) I FONUNUAIYNUTE B-1,4 glycosidic

. [ @ Ja A 1 = o I v
linkage (f]ii‘g ‘HWQﬁﬂGIGIQﬁ HagAMY, 2553) Lmﬁ$ﬁ1EJ"U’éNLGIiﬁQIﬁﬁliﬂﬂﬂlu1uﬂu1ﬂ!ﬂuﬂqn
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L=} \

a . . 4 1 [ o I
40 2 Fonn TulasvuSa (microfibril) Husedamtierszviieae M Inuanyuzudule

U

A Y <3 % o 4 A = Ja . .

Mo IHANUNUITINUMITIYaaUeINY 11NN 1agl$I5015 X — ray diffraction
1 a ) ' < 1 ' { o

TassadnveudulowagTaaizond Ivusa (fbri) uislaiiu 2 @aude druiiluszibeoy

o 1Y) g I . sl J
(crystalline) Tnsear31esaideanuechatlusziton Wundn HeatidSua 50- 90 wlesidud ves

Y
[

1 ~ 1 a3 =1 Y v A o ] 1
MNUA (Fan and Lee, 1983) wazaun ludlusziioy (amorphous) TasaardedaiFeanuegiali
I = U [ ] I 1 A o 3 Y ] Pl o A g =<
Lﬂuﬁzl‘ﬂﬂ‘ﬂ 3‘1_]31\1]1“&!,1!1!@1! Lﬂuﬁ?u‘ﬂﬂﬂ“ﬁﬂu'ﬂﬂﬂﬁuﬂﬁﬂ‘(’J’E]ﬂﬁanJulﬂ\‘]'lfJﬂ'J'lﬁ'Ju‘ﬂlﬂuW'ﬁﬂ

v
U [ @ Ia A (% o
uazﬁﬂazmm%’aﬂaz 15 UDIMIHUA (E)iilul HWIANAANA LIAS AU, 2553) N5AITE9AIVDY

<1 9 o

a [ A 1 v A =\ J aan d o Y o
TuTas IuSaludnvaziuanaenuilazlinanensidilgnsoveaeu lel ildoaslu
' A ' ~ ' o A A d '
ﬂ'liiEJE]EJ’L’fﬁ'lEJL%ﬁQTﬁﬁ‘]JiL’JﬂMN“] UANULANAINNU ﬂanﬂamumﬂu amorphous ﬂggﬂﬂﬂﬁl
Aaa ] o e
ﬁmfﬂﬂﬂﬂgﬂ'i81‘11mmuulclmﬂﬁjﬂﬂﬂ’ﬂﬁ’mﬁlﬂu crystalline (Fan and Lee, 1983)

2.1.2 1adivaglaa

'
% o IS

' P
witsag Taafunis TulamsadszanIndudaan lsdnthiminuesTuanadn i

[ 1 { 1 o J o a ¥ { g <
aﬂHmgicﬁiulaQﬁﬁllﬁﬂﬁ’l\?ﬂﬂﬂ’lﬂﬂ’)’l 250 1yy i]’ll;luﬂ@’lllab'u@]GU'ENU']@']ﬁ‘ﬁLL]Ju@Qﬂﬂi&’ﬂ@U

[ [

wanidaw 1aun D-xylose, D-mannose, D-galactose L8 L-arabinose LL@iazﬂ'gjmzﬁmm

9 R AA A 1 @ 1 Sol 1
HaNNA1evee IATId3 9N WilFeBenuanawiumunguuesiiaia iy lyuau (xylan),
a : ) [ s {

HUUUUY (mannan), NLANLNY (galactan) 4ASDEI1ULUY (arabinan) FITMSUEAANFUNN

L] ' ¥
wuwn dndlunguuesiaaleTaa (Wang er al, 2015)

< a & 4 . { ™ s

lossan iWunwedudnanlsa (heterogeneous polysaccharides) MWy luniiasadyeaiias
= 1 1 A ?,’ Y [ ~ A I Bol .
Uuaedos AetaalsTad (D-xylose) 080z 85-93 @auitvaellluiinia L-arabinose 11z

A A ¥ 3 @

glucuronic acid lauauinumniigaluliitionds UsznovulUdreaendnveslauanie

?:’ < A ' v 9 o A [ ] 9
aalelad FuFouaonuA18WUTY B-1-4 1FOUNY D-xylopyranose l%stauLloon laniu

Y
v A

4 1 @ Y .
MI¥euneveINUTE lAnail homoxylan, arabinoxylan, glucuronoxylan nay

H 1 [ [ y 1 1
glucuronoarabinoxylan lasmauf luiing acetyl 92 luazameimaazareluasazaieas uay

] v 9

v Vi Ao ?y gy
ﬁa’lfl@'ﬁlﬂi@ulﬂ\ﬂﬂ 'lcmaumjmgj acetyl mmmgﬂﬁﬂﬂmamiau Llazazmﬂm%nm Ulclf

a ) @ o

A 1 [} Y1 4 4 [ a A
HAUNUTY acetyl E]ﬂEJ’EJEJfTa"IEJ]l@N”Ifljﬂfllﬂullgﬁuﬁ]"lﬂi]aucﬂiﬂ (ﬂ'iillu HWIANAANA LIASAMUE,

2553)
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2.1.3 aniu

a A 3 a 1 @ {

aniu WuansdszaeuInailuedn (polyphenolic compound) Hii Iasears1esudon f
= A J oA . .
ImarouTesuesosnillsznou 3 QU AB coniferyl alcohol, sinapyl alcohol LA¥ p-coumaryl

a a [} ¥ 1= LN A 1 o A 9 Ao o A
alcohol aﬂuu"luazmﬂm ”lmqmﬁumiumiawqu wu‘ﬁzmwumaiuimqmnmm o A9
@ J : 1 1 ! o @ 4
NUDLLOAINDT (C-O-C) “?\‘1’1]3ﬂuﬁ@ﬂWﬁgﬂﬂ@ﬂﬁﬁWﬂﬁ}’Jﬂﬂﬁﬂ u@ﬂﬁﬂﬂﬁﬂ\‘iWUWH‘ﬁgﬂW'ﬁﬂﬂu (C-

] ' 1 Y A < YA Aaa a a Yy A &
C) FINUADNITYDYAAYAIYNTANTDAN Lﬂugwaiwwwmﬂuumﬂ ﬁ]%iJIﬂiQﬁiNV]LL"’INLLiQ
a a I J A ] 1 a a @ J g

i antiudluaiununsnegszinausaglad, eiag laa uaziladulumivsaq

U A o A ' A & A o 9 Y J 9
ﬁjuﬂigﬂaum@QLﬂa@ﬂ BN Wiﬁ]ﬁj“ﬂlﬂﬂlﬂaiﬂma\ii’lﬂ a1y L!,azilzgﬂ?fiwmﬂﬁ’miﬂuﬁu

i1 Y ] Y
ligeoa Wonalionguiniu USumaniiuaziiuuniiudae (Mohr, 1995)

: LY d
2.2 113u1hauAy (Crude palm oil)
3 o 7 y X A A4 2 ¢ L A &
Wiuhdugnadsvuaniioesuna1aveanalian (mesocarp) FIAAITIY 70-80%

9
% %

4 { . 4 %7} <3 ?3’ ] 1 H 1 [
yoawathaw (GUN 1) Fawathduiulhdunnwaalszua 10% vazihdunindiuilaly
I A Y o d a A 4 v Q) = 4
WAADN 90% (Cheong e al, 2014) Viuthauavuliesndsenounaniulasnaelsa 93-

95% 1aznsa U ATY 2.3-6.7% (Muppaneni ef al., 2013)

Mesocarp Kernel Endocarp

|

v v v
@‘ A /
» ~

51 1 Sulsznovvesraihdy

nu1: aautlasan https://amj.co.id/en/products
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v 3 o J A . . aq-
N5ZUIUMTENALINULIANAY (crude palm oil extraction process W30 milling process)

Aa o ' v A o = @ I @ A 2
muﬂuﬂuuwswawiuﬁ%i}uuﬂ@ ﬂizmumiﬁﬂmmmﬂﬂﬂﬂmﬁmtﬂmmuwﬂugﬂm 2 154

=<

g o s & H ES o ¢ 4
muﬁmimwaﬂmummmﬂmu ﬂ'JthlfJLﬂ mﬂuuﬁaﬂwaﬂmu@aﬂm legl}Tl,ﬂ%@\‘]‘]dJ’Ull’U‘Uﬁﬂg

A3

Sol o { 9 o ) A‘{

= 1 ) A ¥v¥ o s a 3 2 .
Iﬂﬂ‘ﬂﬂgﬂ'l]llluﬁﬂ LUDUIUN ‘Ll‘VI’ViiJhlﬂll'Wl'ITJﬁ'(?f‘VIﬁﬁ]gUlﬂ‘l!'llluﬂ'lﬂllﬂﬁuagu'lﬂﬂ (palm oil

Q

[ { 3 ) 1
mill effluent, POME) ludauveanalauniuadaudrnzii liluennldonuaznzaide 11/

Fresh Fruit
Bunches (FFB)

Sterilisation of Fresh
Fruit Bunches (FFB)

!

e N
Empty Fruit Threshing and
< Bunch (EFB) > Stripping of fruitlets
N

Oil extraction process
(Screw Press)

Depericarping

v

v (Splitting Process)
\
Clarification and l
— Purification = S
Pal[l;',;‘fl?:gx:m” < | Nut Cracking
(POME) v Process

1 b

[ Effluent Treatment } Winnowing and

N

Plant (ETP) Drying

}

Palm Kernel
(PK)

1301; Panapanaan LazAne (2009) 814 1A8 Baker llazANY (2018)

4 v ¥ o J
51 2 nszumsanaiuhdy


https://www.sciencedirect.com/science/article/pii/S0959652617323934#bib69
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2.2.1 uviagveaiiniuluwathasiu
s d a s &
1hdunzaiean (fresh fruit bunch, FFB) 1 umanandinduiliaudelsznoudie
' J . ' g = a o
nza1e1)al (empty bunch) taznalau (fruit) dIUv095UUAON (mesocarp) AR 70-80%
J o Y < 1
yoawathan daansunldenazlingar (shell) Jumaalu (endocarp) o

%‘ o 4 . 9 4 1 A
W1iu1hau (palm oil) laanwathay 2 daude

~

A Y Y Yy 1 ? o g J
1. mmﬂaaﬂuumauaﬂ (mesocarp) UINUN LALTYNNTI WguImiienaau (palm

4
o w a

R A A 9 A [ S 4 o
oil) Cﬁﬂwﬂizmm 45-50% GllfJ\TL‘]Ja@ﬂTjiJﬂWfJu@ﬂ Iﬂﬂlﬂa‘ﬂ‘ﬂﬁﬁuﬂﬂglﬂuuquu%uﬂﬂuﬂﬁ
Adal 3 Y o Ay ya J ? o < 4

2. ntiie luveuNan (palm kernel) 1H13un1AFena1 WiuImuaat1au (palm

: 2 J [ o Ja A
kernel oil) @x‘]ﬁﬂﬁ'lil’f)ilﬁﬁﬂi%ﬂ?ﬂ! 81% (93 U UUWIANAAND LIASAME, 2553)

[ : Y d
2.2.2 nszvaumsanaiiduthas@uuuuilen
H a ¥ o s A a o A A 9 g
PUABUUAZNTZVIUNMTHANIN UL TNILVIUNIHNEA 4 YUADUY AD FUAUAIY
o ] o @ LAY < A o 13 A o Ag
mMssuuazmanuinywathay Tasisuawamsinuneazhmsvuauingammiiu
Y A o 9 & s ' vy o o 4 2 =
18 modudgnszurumstianathay Tuszrinsvudidedszinszdausesnnudenien
! 9 J = o A a v a .
wnelimailhduliguaiwd iloaninifansa lviiudase (free fatty acid ; FFA) (Ahmed e al.,
= g’/ 1 ISP dy
2015) $1801D8AVOVUADUAN WAL
kY H e . ~ a = =
1. MypUNza18928 10111 (Sterilization) Tasmsoungangil 130 D4 135 BIFIFAToA
Td¥nawau 2.5 893 Bars 52021981011 50 D9 75 WIHl MsounzaeIzIevigalnsela
4 a v oA s 1 J J 1 g
Tdleda Aneldinansalududasslunathay nazsielinaldusousiunaaainiinala
N
s . < ! s 9 A ¢
2. M3usnHa (Stripping) (Jumsdinzargthanwunseennaihduesnainnzaly

Y H i1
dmfunzatenlarnggnuonesnly vintuihmathdunld lddesdrensesdoonatdu

A Y1 A <
lWE]GlWﬁ’Julﬂaf]ﬂllflﬂf]f]ﬂiﬂﬂmﬁ@

g Y 1

v o 1 4 1 4 [
3. MIANAUINY (Oil Extraction) ‘Iﬂﬁ’J‘LANﬁ‘]J”Ia3J3J1NTUL"ISJJTL?’I%’ENﬁ‘]JLL‘]J‘ULﬂafJ'JfJﬂﬂ

G

9 @ J a { ~ J A o 2 <3
i]z”l@m uﬂmmuwmmﬂigﬂaum HUIUU 66% U 24% LAZUDILUY 10%
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@

o = <3 J a . . ? o Jd a { ? o
4. M3 gnsuiu1auay (Clarification) 1niuthauavn lddszneudae v
7 ¥ ) =2 v vy A ¥ o s a <
1181 35-45%, dmaziawiaule 45-55% edeaaudunseduen wuihavavszueniuaed
[ [l [ <3 . .
U Ao aupuzlanyauziuuearaddduag (crude palm oil olein) U3 Ma)szanas 30 D
1 1 @ I
50% aauaalanyaziulvdmaesdy (crude palm oil stearin) USHa1d5zn9 50 D3 70%
[ 3‘/ 1 v o A ’é < 3/ ) 9 A = A U %’
naanmiuas lldadaeniousniintazyoauioon MU S ourIgae latieen
[ Y v I %’ ) [ Z‘, dy =\ ] [ %’ @
gazduounULuae 1l TuaeullazlieymnaznaueanlIzIl 1.5 duaeliiuy
J a o
1hauau 1 au
o Iy 4 o
5. msuendule (depericarping and nut fiber separation) mmumﬂwaﬂmngﬂmm
] < o 2 Ay y v o ¥ o 9 A
uondulesenainmaauaziuuaan lduieuuiuaziianuazeia 1wl us AT 04
A o 1< Y Y dy 1 a A
nzimzienennzateen waziunaalumeundslagltianu sulumu 7% niunssgas
Ad' o 1 Y I dy a A A %l o J
lunszapumiosasiviieg lailuremasvseriuiisiuae 11
3 . . < F
6. MILEANAAUATAITOUUN (separation of kernels and drying) maﬂﬂmngmwﬂ
A Yy v A o ' ]
panvinlaeniualonioslelas lalaan Tagerdonuuanaisveans Tdunrunane
Y

. N ao’ { J 9 1" o
(specific gravity; SG) WnFeiiiaovzgnilaseeonun Taun Wndelalas laTaau dszum 0.1

AUADAUNITHANI 1WA (Ahmed ef al,, 2015)

:’ .: % :’ % d
2.3 mmmniﬁaamanﬂmuuﬂmn
3 < 3 <
POME ﬂi%ﬂ@ﬂﬁ?ﬂﬂ? 95-96%, VDIUININUA 4-5%, VDILUULVIUADY 2-4% LAY
? o . . < A < 1 Y 1 o J
UINU 0.6-0.7% (Sharifudin e al., 2015) YDIUVIN TDUDIULUIULLVIUADYNNE) hlSﬂLLf’I WUILEA R

9 4
w@uloduq aflu'leasade teliiwaglad tvaglad Taudaiaia Tusdu nsaesiiTy

e

o o

d21u152NoVYDIAITOUNIBUAZITEIY (Ugoji, 1997) :ARTzUIUMIanatTuduuDY

Y ] s A 3

Y 1 L} g’l
I3 wdihnseenu Iuysuauin muclwﬂﬁzmmﬂ 2 YUY ﬁammﬂmu nIvUN

L y 1 & . 3 2 A4 a s A A
MANHUDNUYD (sterilizer condensate) HUAZUINIIINIATOIAUAUIADT HIDIATO separator

Y Y 9 9
o w o

[ I o A 1 = [ o w 4 =<
ﬂauiw"l'ﬁa"l,ﬂi’mu,ﬂuumeimGl,u1Ja1Jm@mmﬂiwmﬁﬂ@umuﬂmu FIPATINNITTY

]
ISl

? o s a A Yy A v 9 9
uTNuﬂ]aﬂJiuﬂﬁglﬂﬂunalgﬁﬂ Nﬂaﬁﬂ’]ﬂﬂ’]uﬁﬂllaﬂa@ﬂﬂﬂ@um'lellll\j')ﬂ Iﬂﬂu1@§§1uﬂ1ﬁ

%‘ < = A ' ] I o ]
53“’]81&’]‘”\1‘“@\1ﬂ53lﬂﬁﬂ’llal“ﬂﬂl!ﬁ@ﬂiu@’li'Nﬂ2 !lﬁ’f]f]’]\?hliﬂﬁ'lll'ﬂa'lﬂc]Ii\?\i’luﬂ\iﬂ\illll



27

¥ Y 1 a a 1 901
awnsnlguanwngszdenlunisszuiningddmuuasgiu dwwaldmauans luwii

A 2 ' A
INHVUDYNADLIUBDY

H v
3197 2 HIATZTUUN

1 Y o J =
Yaosninlsasnugaadmnssuiniuhanlulsemauuaide

Parameter limits for POME discharge into watercourses in Malaysia (Laws of Malaysia, 1994).

Limits according to periods of discharge

1-7-1978~ 1-7-1979~ 1-7-1980~ 1-7-1981- 1-7-1982—-  1-1-1984 and
Parameters 30-6-1979 30-6-1980 30-6-1981 30-6-1982 31-12-1983 thereafter
BOD,’ 5000 2000 1000 500 250 100
COD 10,000 4000 2000 1000 - -
Total solids 4000 2500 2000 1500 - -
Suspended
solids 1200 800 600 400 400 400
Oil and
grease 150 100 75 50 50 50
Ammoniacal
nitrogen 25 15 15 10 150° 150°
Total
nitrogen 200 100 75 50 300° 200°
pH 5.0-9.0 5.0-9.0 5.0-9.0 5.0-9.0 5.0-9.0 5.0-9.0
Temperature 45 45 45 45 45 45

a All parameters are in units of mg/l with the exception of pH and temperature (°C).

b The sample for BOD analysis is incubated at 30 °C for 3 days.

¢ Value of filtered sample.

NV Wu nazae (2010)
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v
U

3.1 ﬁﬁamnmumumsghs%

N

9
%

1 zil Y 4 ] zil %’ A A
Glluﬂ@ullﬁﬂiuﬂ'lﬁ“lln“lfﬂﬂﬁ%ﬂﬂ‘ﬂﬂ']ﬂ Waﬂmuﬁﬂmweeu%m 50 WInnYszum
= @ 5 A Y d e Y1 =Y Y
140 DA UK AULBYINLULASAINNAUUYDY 3 X 10 Pa LW’E]GI,TTNaﬂTaﬂJ‘ViQﬂ@’ﬂﬂfﬂ'lﬂ"U]llﬂQTﬂ SIEFVRLTR
Y

2 A %’ 2 A =Y @ [ 50; o S a Ay Y
MNDBNUT (HININNUATDIADULAULTN) NSl sznu 0.9 mumumuﬂmuﬂuwllﬂ 1

AU (Wu et al., 2010)

H wn ' H v o X v X
M5190 3 guaviiaves POME Tudiuvedlorhnaudininndeiisaine (sterilizer
Y Y
condensate), WIAEIINAIANAZNOU (clarification wastewater) taziinds1n lalas loInau

(hydrocyclone wastewater)

Sterilizer Clarification Hydrocyclone
Parameter
condensate wastewater wastewater
Chemical oxygen demand (COD) (mg/L) 47,000 64,000 15,000
Biochemical oxygen demand (BOD, 30 °C) (mg/L) 23,000 29,000 5,000
Dissolved solid (DS) (mg/L) 34,000 22,000 100
Suspended solid (SS) (mg/L) 5,000 23,000 7,000
Total nitrogen (TN) (mg/L) 500 1,200 100
Ammoniacal nitrogen (mg/L) 20 40 -
Oil and grease (mg/L) 4,000 7,000 300
pH 5 45 -

17 Ahmed tazaae (2015)
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zil A 2’, < %’ o S a A [ A ] o =

ooy lu (mesocarp) (LAZINAA iudhavaunanaunnaIesgesnalauazinig
a2 Y A 1 o o v ¥ 2 o a o Y
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d‘ v s = %’ 2 v ’é LY d
M3199 4 anvaziazosnseneumanlveaing lssnudanaiiuiay (POME)

Concentration
Parameter Concentration range Element range (mg/1)
pH 4.15-4.45 Phosphorus 94-131
COD (mg/1) 45500-65000 Potassium 1281-1928
Soluble COD (mg/1) 20500-24500 Magnesium 254-344
BOD (mg/1) 21500-28500 Calcium 276405
Total solid (mg/1) 33790-37230 Manganese 2.14.4
Total volatile solid (mg/1) 27300-30150 Iron 75-164
Suspended solid (mg/1) 15660-23560 Zinc 1.2-1.8
Total dissolved solid (mg/1) 15500-29000 Copper 0.8-1.6
Oil and grease (mg/1) 130-18000 Chromium 0.05-0.43
Total nitrogen (mg/1) 500-800 Cobalt 0.04-0.06
Ammoniacal nitrogen (mg/1) 4-80 Cadmium 0.01-0.02
Temperature (°C) 80-90
Colour (ADMI) >500
Cellulose (g/1) 0.25-8.0
Lignin (g/1) 2.90-7.89

11: Teoh 11aE Mashitah (2010)
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Energy per unit volume before = Energy per unit volume after

2 2
B + Jpvy + pgh, = P, + lpv, + pgh,

Pressure| [Kinetic Potential
Energy Energy Energy

per unit per unit The often cited example of the
volume volume Bernoulli Equation or "Bernoulli
- Effect” is the reduction in pressure
Flow velocity Flow wvelocity J which occurs when the fluid speed
Vy Vo increases.
_
A< A
Vo= V4
[ 1
'
: I
P, P< B!
F’ Increased fluid speed, """ "" 77~
1 decreased internal pressure.
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2. Check valve

3. Water pump
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€. Ball vaive
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a o Aq Y 2
M135199 7 097152 NOUVYBI POME N 1% lua1uiveil

Composition Range
POME lotl POME lot2
Total solids (TS) (mg/L) 43,250-48,833 22,220
Cellulose (%) - 5.45
Hemicellulose (%) - 6.41
Lignin (%) - 22.54
suspended solids (SS) (mg/L) 20,536-23,130 16,810
Oil and grease (O&G) (mg/L) 7,500-8,200 10,800
Chemical oxygen demand (COD) (mg/L) 31,403-39,600 32,400
pH 4.65-4.78 4.79
Temperature (°C) 60-70 60-70
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Temperature 2.5 psi 5 psi 7.5 psi 10 psi
pressure
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temperature
= X o
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60°C
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Y a
@1592818 B : 0.05 M sodium citric (Na,C,H,0, 2H,0 14.7 n3% w11 1 @ns)

Niow A (Ua9an9) B (lagans)
3.0 46.5 3.5
3.2 43.7 6.3
3.4 40.0 10.0
3.6 37.0 13.0
3.8 35.0 15.0
4.0 33.0 17.0
4.2 315 18.5
44 28.0 22.0
4.6 25.5 245
4.8 23.0 27.0
5.0 20.5 29.5
5.2 18.0 32.0
5.4 16.0 34.0
5.6 13.7 36.3
5.8 11.8 38.2
6.0 9.5 40.5

6.2 7.2 42.8
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