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ABSTRACT

Sewage sludge with its high lipid content is a potential raw material
for producing biodiesel. Activated sludge, which also contains large
amount of phospholipids originated from cell membranes of
microorganism, recently has attracted considerable interests as a
potential source of raw material for biodiesel production. In this
study, oil was firstly extracted from dry sludge which was obtained
from Taipei municipal waste water treatment plant, dewaxed and
degummed, and then titration and saponification were employed to
separate saponifiable lipids from the unsaponifiables. Compositions
of the neutral lipids obtained, as well as fatty acid profiles of the
neutral lipids were investigated.

TOM TAT

Bumn hoat tinh véi ham leong chdt béo tich trit cao la nguon nguyén
liéu thé tiém ndng cho viéc san xudt biodiesel. Ngodi ra, trong biin
hoat tinh ciing cé chita mot heong 1om cdc phospholipids tir mang té
bao cua cac vi sinh vat. Chinh vi vdy, viéc sir dungcac nguo”‘n chat
béo trich ly tir bin hoat tinh lam nguén nguyén liéu méi cho san
xudt biodiesel di va dang thu hit nhiéu s quan tam ciia céc nha
khoa hoc trén thé gidi. Trong nghién ciru ndy, dau /chdt béo sé dwrgc
trich ly tir bin sau khi dé sdy khé. Bin hoat tinh sir dung cho nghién
cieu dwoe ldy tir nha mdy xir 1y nwée thai dan dung ¢ Taipei. Ddu
sau khi trich ly sé duoc xu 1y logi sap va gum, sau do chudn dg va xa
phong hoa dé phan tach cac thanh phan xa phong hoa va cdc thanh
phan khéng xa phong héa. T hanh phan co ban cia cdc chit béo
trung tinh ciing nhir théng tin vé cau triic mach cacbon ciia chiing sé
dwoc khdo sat.

1 GIOI THIEU

Cung véi su phat trién manh m& cua khoa
hoc va ky thuat, nhan loai dang dimg trudc
nguy co can kiét nguon nhién liéu khoang san.
Chinh vi thé, viéc tim kiém cac ngudn nguyén
ligu thay thé co v _nghia v6 cung quan trong.
Gan day, cac ngudn niang luong sinh hoc co
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ngudon gbc tir cac sinh khéi, dic biét la
biodiesel di va dang thu hat nhiéu sy quan tdm
ctia hau hét tit ca cac nude trén thé gioi boi vi
biodiesel co thé duoc st dung truc tiép hoic
phéi tron véi petro-diesel véi bat ky ti 1¢ nao
ma khong can doi hoi phai ¢ sy thay dbi trong
két cAu cua dong co. Ngoai ra, biodiesel con co
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kha nang phan huy sinh hoc, khong doc hai va
than thién v4i moi truong (Ma va Hana, 1999).

Biodiesel 1a hon hg este cua cac axit béo
voi ruogu don, thong thuong 1a methanol.
Biodiesel chu yéu duoc tao thanh tr qué
trinh chuyén hoa este (transesterification) hay
este hoa (esterification) gitta cac ruou don
(methanol) voi dau thuc vat hay cic md
dongvat. Tuy nhién, viéc sir dung cic ngudn
nguyén liéu dit tién c6 ngudn goc thuc pham
trén 13 nguyén nhan chinh din dén gia thanh
cua biodiesel con kha cao so voi cac nhién liéu
truyén théng. Gia nguyén liéu cho san xuat
biodiesel tir cac dau dong thuc vat co thé
chiém dén trén 80% tong chi phi clia qué trinh
san xuit (Ma va Hanna, 1999). Vi vay, dé gia
tang tinh canh tranh cho biodiesel va dé c6 thé
nhan rong, phat trién san xut dai tra biodiesel,
viéc tim kiém cac ngudn nguyén liéu thay thé
c6 gia thanh thap 1a mot trong nhitng muc tiéu
quan trong.

Bun hoat tinh 13 chét thai ¢ dang ran hoac
ban ran dugc tao thanh tir cac qué trinh xir 1y
sinh hoc nudc thai. Nhitng nghién ctru trudc
day cho thay bun hoat tinh c6 kha ning tich
liiy chat béo 1én dén khoang 20% trong luong
bun (Dufreche et al., 2007) va luong chit béo
trén c6 thé duoc tan dung dé chuyén hoa sang
biodiesel.

Muc tiéu cua nghién ctru trén 1a trich ly va
phan tich thanh phan cic chit béo trung tinh
trong bun hoat tinh nham khao sat va danh gia
kha ning st dung bun hoat tinh lam ngudn
nguyén liéu thay thé cho cac ngudn nguyén
lieu truyén thdng trong san xuét biodiesel.

2 PHUONG PHAP NGHIEN CUU
2.1 Nguyén vit li¢u va hoa chit

Bun hoat tinh da loai nudc so b dugc thu
gom tir nha may xu Iy nudc thai dan dung ¢
thanh phd Taipei, Pai Loan. Cac mau chuén
biodiesel (methyl esters cua cac axit béo) dugc
cung cap bai Cong ty hoa chat Sigma Aldrich
(St Louis, MO, USA). Dung méi va hoa chit
sir dung trong trich ly va phan tich thudc chuan
HPLC hoic chuan phan tich theo qui dinh
trong hoa hoc.
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2.2 Xirly miu

Bun hoat tinh sau khi d3 duoc loai nudc so
bo, thong thuong van con chia tir 80-90%
lugng nuée s& duoc tiép tuc phoi kho dé loai
bét nudc. Mau bun kho sau d6 s& dugc nghién
min bang may nghién bi va nung trong 16 siy &
105 °C, 24 h dé loai trir hau hét nudc trudc khi
tién hanh trich ly dau.

2.3 Trich ly va 1am tinh khiét dau

Mau bun sau khi dwgc nghién min va siy
kho s& dwoc st dung dé trich ly dau bang
phuong phéap soxhlet. Dung moéi st dung la
hexane trong 24h & nhiét d6 s6i cuia hexane.
Sau trich ly, dung méi s& dugc thu hoi bang
thiét bi c6 quay va tai sir dung. Dau tho sau khi
tach loai dung moéi s& dwoc loai sap va gum
trugc khi tién hanh phan tich bang phuong
phap két tua acetone. Dau bun thé s& duoc hoa
tan trong acetone & 60°C cho dén khi thu dugc
dung dich trong sudt. H3n hop sau d6 dugc dé
ngudi dén nhiét do phong va lam lanh & 5
°Ctrong vong 24 h. Sau 24 h, hdn hop s& duoc
loc lanh trong didu kién chin khong dé phan
tach phan dung dich va phan ran két taa (chu
yéu 1a sap va gum). Dau sau khi loai sap, gum
va tach dung méi s& duoc Iuu trit & —20°C.

2.4 Xac dinh thanh phan lipid trung tinh

Dau bun sau khi di loai sap va gum s& dugc
chuan d6 véi dung dich KOH trong ethanol
(IN) nham loai cac axit béo ty do (FFA). Sau
chuan d¢, cac axit béo & dang mudi véi kali
(FFA-K) s& dugc phan tach bang phuong phap
trich ly 1ong- long. Diethyl ether va nudc cét
s& lan luot cho vao phéu chiét. Phan dau bun
khong phan ung s€ hoa tan trong diethyl ether
va phén tach vai phan mudi cua axit béo trong
pha nude. Axit béo trong pha nudc s€ dugc thu
hoi va chuyén hoa sang dan xuit methyl este
bang cach cho phan ung lan lugt véi axit
sulfuric dam dac va phan tng véi dung dich
boron trifluoride trong methanol (14-15%) &
60°C.

Pha diu trong hexane sau phan tach khoi
pha nuéc sé dugc loai trir dung méi va xa
phong héa bang dung dich KOH 9 N trong 24
h & 60°C. Sau phan (ing, thanh phan xa phong
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hoa va khong xa phong hoéa cling s€ dugc phan
tach bang phuong phap trich ly long-long véi
diethyl ether va nudc. Thanh phan xa phong
hoa trong pha nuéc cha yéu 1a mudi cua cac
glyceride trong dau bun véi kali s& dugc thu
hdi va chuyén hoa sang din xuat methyl este
cling bang cach cho phan tng lan luot véi axit
sulfuric ddm dac va phan tng véi dung dich
boron trifluoride 14 - 15% trong methanol
& 60°C.

Thanh phan mach cacbon c4u tric nén cac
axit béo cling nhu cia cac glyceride trong mau
dau s& dugc phén tich gian tiép thong qua dan
Xuit methyl este twong Ung cia chung bang
phuong phép sic ky.

2.5 Phan tich bang sic ky ban méng va sic
ky khi

Sic ky ban mong duogc str dung dé dinh tinh
céc thanh phan co ban trong mau dau trich ly
tr bun. Pha dong sir dung cho ban méng 1a hon
hop dung méi bao gom hexane: ethyl acetate:
acetic acid vai ti 1€ 1a 80:20: 1 (v/ v/ v). Cac
thanh phan trong dau sau khi phan tach s&
dugc thé hién trén ban mong b;"mg tac nhan
hién mau dac trung. Ferric chloride dugc sir
dung trong trueong hop nay.

DAu bun va ciu trac mach cacbon cua cac
axit béo tu do va cac glyceride trong dau
bun s& dugce xac dinh bang phuong phéap sic
ky khi.

D6i voi dau bun, phan tich sic ky duoc
thuc hién trén may sac ky Shimadzu GC 2010
(san xuit bai Nhat Ban) véi dau do FID; sir
dung cot sic ky DB — 5HT (5% phenyl —
methylpolysiloxane (15 m x 0.32 mm i.d.,
Aligent, CA, USA). Diéu kién nhiét cho qua
trinh phan tich 1a: nhiét d6 dau do va dau tiém
1a 370°C. Nhiét d6 ban dau cua cot dugc cai
dit & 80°C, sau d6 gia nhiét 1én 180°C vai toc
d6 15°C / phat, tiép tuc gia nhiét dén 185°C
Vi toe do 1°C / phut, dén 215°C voi toc do
15°C / phit; 250°C véi toc do 2°C / phut;
325°C vdi toe d6 15°C / phut; 365°C véi toc do
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50°C / phut va gilt ¢ nhiét do trén trong 6,83
phut. Tong thoi gian phan tich 1a 51 phut.

D¢ xac dinh véi ciu trac mach cacbon cia
cac axit béo ty do va cac glyceride, phan tich
sic ky dugc thyc hién trén may sic ky hiéu
China 8700F (san xuat boi Dai Loan) véi dau
do FID; sir dung cot sic ky Rtx-2330 - 10%
cyanopropylphenyl - 90% biscyanopropyl
polysiloxane (30 m x 0.25 mm i.d., Supleco,
Bellefonte, PA). Diéu kién nhiét cho qua trinh
phan tich 1a: nhiét d6 dau do va dau tiém la
250°C. Nhiét d6 ban dau cua cot duoc cai dat &
150°C, gitt trong vong 2 phat sau d6 duoc gia
nhiét 1én dén 245°C véi téc d6 5°C / phut va
gilt & 245°C trong vong 10 phut.

3 KET QUA VA THAO LUAN

3.1 Sic ky ban méng va sic ky khi ciia dau
bun sau khi loai sap va gum

Viéc dinh tinh cac thanh phan co ban trong
mau dau bun da loai sap va gum dugc thuc
hién thong qua sac ky khi va sic ky ban mong.
Séac ky ban mong va sic ky khi cho phép nhan
danh dugc mot sé thanh phan co ban ma ta
quan tam trong diéu Kién phan tich nhat dinh.
Két qua phan tich cho thay c6 sy hién dién cua
rat nhiéu thanh phé‘ln vi lugng bén canh cac
chat béo trung tinh. Mot s thanh phan dic thu
¢6 thé xac dinh duoc thong qua mau sdc dac
trung nhu cac phytosterols, cac axit béo tu do
hay céac triglyceride trén bang mong. Tuy
nhién c6 thé nhan thay rang viéc phan tich va
dinh danh tiing chi tiét timg thanh phan doi hoi
nhiéu thoi gian va khong can thiét vi myc tiéu
chinh cua nghién ctu la tap trung vao cac
thanh phan chit béo trung tinh c¢6 kha ning
chuyén hoa thanh biodiesel. Tir két qua phan
tich c6 thé nhan thiy duoc c6 su hién dién cua
cc chat béo trung tinh trong miu dau bun.
Pay chinh 14 d6i twong ma ta quan tdm va dé
danh gia duogc tinh kha thi trong viéc sir dung
céc chét béo trén thi viéc phén tich dinh luong
va ciu tric mach cua cac thanh phan trén 1a
can thiét. Hinh la va 1b thé hién két qua sic ky
khi (a) va sic ky ban mong (b) cua dau bun
trich ly sau khi da loai sap va gum.
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Hinh 1: Két qua sic ky khi (a) va sic ky ban méng (b) caa dau bun trich ly sau khi d loai sap va gum

3.2 Thanh phin co ban cia cac lipid
trung tinh

Bang 1 trinh bay thanh phan co ban cua
chat béo trung tinh trong dau bun trich ly
bao gom céac axit béo tu do, cic glyceride
(monoglyceride, diglyceride, triglyceride) va
cac thanh phan khong bi xa phong hoa. Két
qua dinh luwong cho thiy trén céc thanh phan
béo trung tinh chiém trén 65% tong cac thanh
phan trong dau bun trich ly trong d6 50% la
cac axit béo tu do, 50% con lai la cac
glyceride. Pay ciing 1a mét trong nhiing diém
khac biét co ban gitra dau bun va cac dau thuc
vat, théng thuong & cac dau thuc vat: 90% dau
1a cac glyceride, phan con lai 1a cac axit béo tu
do va cac thanh phan mang hoat tinh khac. Su
hién dién cia chat béo trong bun hoat tinh
duoc giai thich 1a tir sy hdp thy va tich lily cac
chat béo cuia vi sinh vat trong giai doan Xt ly
sinh hoc cuia nudc thai, tir cac thanh phan ciu
tao nén mang té bao hodc 1a céac san phém tao
thanh tir cac qué trinh sinh tong hop trong té
bao vi sinh vat (Chipasa va Medrzycka, 2008;
Seltmann va Holst, 2002). Ngoai ra, ham
luong cia cac axit béo trong dau chiém kha
cao co thé duoc giai thich dwa trén thuyét
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chuyén hoa chét béo trong bun sinh hoc cua
Dueholm et al. (2001) va Hwu et al. (1998):
axit béo tu do 1a san pham cua qua trinh thiay
phan cac glycerides bang cac enzyme ngoai
bao chu yéu 1a lipase tiét ra tir cac vi sinh vét
va cac axit béo trén c6 kha nang phan huy kém
hon céc hop chat hitu co khac nhu duong hozc
cac amino axit do d6 chung c6 khuynh hudng
tich liiy tang dan trong sudt qua trinh xu Iy
nudce thai.

Bing 1: Thanh phan chét béo trung tinh trong

du bun

X X Phan trim khéi lweng
Thanh phan (wt. %)
Axit béo tu do . 36.38 £1.31
G‘lyce‘rlde (’Thanh phan 3037 + 0.47
xa phong hoa)
Th:anh phan khéng xa 3295+ 0.85
phong hoa

3.3 Céu tric mach cacbon cia chit béo
trung tinh trong dau bun

Két qua sic ky cau tric mach cacbon cua
cac thanh phan trung tinh trong dau bun bao
gom cac axit béo tw do va cac glyceride dugc
minh hoa trong Hinh 2 va 3 va thé hién chi tiét
trong Bang 2. it nhat 21 loai mach carbon
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tuong NG Cau trac nén cac axit béo tu do va
cac glyceride dugc xac dinh. Cac axit béo tu
do va glycerides trong dau bun co6 mach
cacbon tir C10 cho dén C20 véi mirc do bao
hoa khac nhau trong d6 thanh phan chiém wu
thé 1a cac axit béo hay cac glyceride c6 mach
cacbon 16 C (palmitic C16:0 va palmitoleic
axit C16:1) v6i ham luong tuong tng 1a 47%
va 38% cho axit béo va glyceride. Tiép theo 1a
cac thanh phan c6 mach cacbon 18 C (stearic
va cac ddng phan) v6i thanh phan tuong tng 1a
33% va 32% cho axit béo va glyceride. Cac
thanh phan c6 mach cacbon khac hién dién chu
yéu ¢ dang vi lugng.

Sy da dang trong mach cacbon cua cac chat
béo trén dugc giai thich dwa trén ngudn gdc
clia nuéc thai duge xir Iy. Ngudn nuée thai sir
dung ¢ day co nguon goc tir nuéc thai dan
dung nén 1a su tap hop cua nhiéu ngudn chat
thai co thanh phan khac nhau. Sy chiém wu thé
cua cac thanh phan c6 mach cacbon C16 va
C18 dugc cho 1a xuat phat tir cac dau thuc vat
hay cac m¢ dong vat trong cac thirc an thua, tir
nudéc thai ndu an hoic tir cac san pham chuyén
hoa trong co thé (Quéméneur va Marty, 1994).
Bén canh cac thanh phan chinh, sy hién dién
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cua cac thanh phan vi lugng trong dau bun 1a
hoan toan hop 1y dua trén thuyét da dang sinh
hoc trong hé bun sinh hoc: “su hién dién cua
cac chit béo trong bun véi mach cacbon tir 12
dén 20C tham chi 1én dén 28C khong phai 1a
ngoai 1é ma 1a can thiét cho hoat dong séng va
sy ton tai cua cac vi sinh vat trong bun”
(Seltman va Holst, 2002). Ngoai ra, qua két
qua phan tich ta ciing nhan thay rang cac axit
béo va cac glyceride trong diu bun c6 mach
cacbon chu yéu 13 mach chén. Piéu nay 1a do
qua trinh phan hiy sinh hoc dién ra trong bun
hoat dong theo co ché B- oxi hoa trong do
mach cacbon s& bi cit dat 2C trong mdi lan
dan dén mach cacbon cua cac chit béo trén s&
ngan di 2C (Chipasa va Medrzycka, 2008).

Nhin chung, cac chit béo trung tinh trong
dau bun chi yéu c6 mach cacbon C16 va C18
bio hoa hogc chua bao hoa mot ndi doi. Véi
CAU tao trén, lipid trung tinh trong dau bun
dugc danh gia cho san phim biodiesel c6 do
nhét hop 1y va mirc do oxi hoa thap. Pay la
mot trong nhimg wu diém cua dau bun khi
duoc lya chon lam ngudn nguyén liéu cho san
xuét biodiesel.
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Hinh 2: P thi sic ky cAu tao mach carbon ciia cac axit béo tw do
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Hinh 3: P thi sic ky cAu tao mach carbon ciia cac glycerides trong diu bun dé loai sap va gum

Bang 2: Thanh phan mach carbon ciu tao nén céc axit béo va glycerides trong dau bun sau 156 khi di

loai sap va gum

Phan trim dién tich (%)

Thanh phan Axit béo Glyceride
Axit Capric (C10:0) n.d. 0,22 £ 0,01
Axit Undecanoic (C11:0) n.d. 0,13 +0,00
Axit Lauric (C12:0) 0,82 + 0,00 0,80 + 0,02
Axit Tridecanoic (C13:0) 0,09 £0,03 0,21 +0,00
Axit Myristic (C14:0) 1,94 £0,02 1,86 £0,11
Axit Myristoleic (C14:1) 1,00 £0,04 0,87 £0,02
Axit Pentadecanoic (C15:0) 1,05 +£0,08 1,45 £0,09
Axit Palmitic (C16:0) 27,12 +£0,00 21,79 £ 0,30
Axit Palmitoleic (C16:1) 19,83 £ 0,07 16,86 £ 0,16
Axit Heptadecanoic (C17:0) 0,85 +0,01 1,13+ 0,01
Axit Stearic (C18:0) 2,95+ 0,07 3,80+0,11
Dong phan cia Axit Octadecenoic (C18:1) 26,80+ 1,12 28,27 £ 0,89
Axit Linoleic (C18:2n6c¢) 3,08+0,10 n.d.
Axit Cis-11-eicosenoic (C20:1) 0,17 +£0,00 3,78 £0,07
Thanh phan khac 14,3 + 0,09 18,83 + 1,09
n.d. : rdat nhé, hau nhw khong co
4 KET LUAN phan ¢ dang bdo hoa hodc chua bio hoa co

Phan tich dau trich ly tir bun hoat tinh bang
hexane cho thay trén 66% khdi lugng dau thu
duogc 1a chit béo trung tinh trong do 50% la
cac axit béo tu do va 50% la cac glyceride.
Phan tich sic ky cho thdy cac chit béo trung
tinh ¢6 cu tric mach cachon tir C10 dén C20
trong d6 cac thanh phan c6 mach cacbon C16
va C18 1a chu yéu; cac thanh phan khac chi
hién dién duéi dang vi lugng. Ngoai ra, cac
axit béo va cac glyceride trong dau bun da
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maot ndi doi. Dua trén cAu triic mach cacbon va
muc d6 chua bdo hoa cia cac chit béo trung
tinh trong dau bun c6 thé nhan xét rang cac
dan xuit methyl este — biodiesel tir dau bun
cho d6 nhét hop 1i va c6 mire d6 oxi hoa thap
phu hop Véi tiéu chuan quy dinh cho biodiesel.
Tu d6 co thé két luan rang déu bun la mét
trong nhiing nguon nguyén liéu tiém nang thay
thé cho cac ngudn nguyén ligu truyén thong tir
dau/m& dong thuc vat cho qua trinh san XUét
biodiesel.
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