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Toém tét - D& qua trinh chuyén hoa ethanol dat hiéu suét cao doi
héi ngudn nguyén liéu chira ham luwong cellulose cao va phai it
lignin, do d6 qua trinh tién x( ly & rat can thiét dé loai bd lignin.
Trong nghién cru ndy, qua trinh tién x Iy phu phadm cay khom
dwoc khao sat cac thong sb anh hwéng 1én kha nang lam giau
cellulose va loai bé lignin bédng NaOH va H,S0,, bao gdm: Nong
dd héa chat (0,5- 7%) thoi gian (20-60 phut) va nhiét d6 phan ung
(30-100°C). Két qua cho thay, diéu kién ti wu cla qua trinh la xc
ly v&i H2SO4 2%, thoi gian 30 phat va nhiét d6 30°C. O diéu kién
nay, 38% I|gn|n bi loai va hiéu suét 1am giau cellulose dat 97,4%.
Tac dong clia phuong phap tién xt ly 1én thanh phan va cau tric
clia mau trwdc va sau xr ly dwoc phan tich bing phwong phap
DNS, TGA, FTIR va SEM.

Tir khoa - Cellulose; tién xt ly; ethanol sinh hoc; phu phdm cay
khom.

1. Pit van dé

Thé gi¢i ngay nay, trong d6 co Viét Nam dang d6i mat
v6i van dé can kiét nhién liéu hoa thach (than da, daumo.. D).
Udc tinh ngudn nhién liéu nay s& can kiét trong vai thap ky
t6i [1], do do6 viéc tim kiém nhing ngudn ning luong thay
thé 1a nhiém vu cép thiét. Vi thé, vao nhitng nam 2000, con
nguoi da ding bién phap chuyén nhiing cay cé hat, bot va
du(mg (vat liéu thé hé 1) thanh nhién liéu [2]. Tuy nhién,
viéc ndy da gdy ra sy tranh cai gay git vé canh tranh ngudn
luong thyuc. Do vy, nguon nguyén lidu thé hé 2 dang thu hit
su quan tdm do n6 san co va tan dung tir phé pham cong
nong nghiép (vat liéu lignocellulose) [3, 4]. Trong s6 nguon
sinh khéi do6 thi phu phim cdy khém dang dugc thé gisi
nghién ctru san xuat ethanol. Myc tiéu cua nhitng nghién ciru
nay 1a chuyén héa sinh khéi cia khom thanh nhién li¢u sinh
hoc dé thay thé nhién liéu hoa thach dang bi can kiét. Dé lam
dugc su chuyén hoa ndy thi 3 giai doan chinh can dugc thyc
hién: (1) Tién xir Iy mau; (2) Thuy phan va (3) 1én men thanh
ethanol. Trong s nhitng budc nay thi giai doan (1) la giai
doan thach thirc vi cau trac bén cua lignocellulose rat kho bi
phan hay & didu kién thong thuong [5]. Do do, giai doan xur
Iy 1 tit yéu duoc thuc hién dé loai bo lignin vi n6 1a rdo can
cho giai doan thuty phéan [6].

O nuéc ta, khém duoc trong tir Bic dén Nam véi dién
tich 40000 ha trong d6 90% dién tich tip trung ¢ cac dia
phuong ving Pong bang Séng Ciru Long nhu Tién Giang
(14800 ha), Kién Giang (10000 ha), Hau Giang (gn 1600
ha), Long An (1000 ha) v&i tdng san lwong trén 500 ngan
tAn/nam [7]. Tuy nhién, cay khom chi 6 trai 1 dugc sir dung,
phan phu phim 14 r&, than, 14 va v6 qua khom 1a phan bi bo
di. Theo nhiing cong trinh nghién clru ngoai nudc, thi phu
pham khém c6 kha ning chuyén hoa thanh ethanol sinh hoc
[8, 9]. Do d6, nhom tac gia nghién ctru cach tiép can phuong
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phap chuyén héa cellulose trong phu pham khom thanh
ethanol sinh hoc, giai doan dau ctua qua trinh chuyén hoa la
lam giau cellulose va loai bo lignin trong giai doan xur Iy mau.

2. Phwong phap nghién ciru

Nguyén li¢u 1a phu pham cay khém (phan thén cy sau
khi thu hoach trai) dugc lay ¢ rugng khom thudc Nga Bay
tinh ’Hau Giang.’Méu duoc rira sach, cat nho khoang 2 cm
va sy ¢ 60°C dén trong lugng khong doi (Hinh 1).

Hinh 1. Phy phim khém:(a) than cdy khé; (b) than xay nhé

L4y 1 g mau kho nghién nho & kich ¢& khoang 1,5 mm
dem xtr Iy v6i 10 mL dung dich H,SO, va NaOH. Mau xtr
Iy dwoc khao sat cac yéu t& anh huéng dén thanh phin
lignocellulose trong ba rin va dwdng khir trong dich 1ong
v6i cac thong s6: Thoi gian (20-60 phat), ndng do hoa chat
(0,5%-7%) va nhiét d6 phan tmg (30-100°C).

Sau khi két thic qua trinh phan tng, tach phan ba rén
va phén dung dich b@mg phuong phap loc, trung hoa bang
nude dén pH = 7. Phan b dugc siy dén khdi luong khong
dbi va phan tich sy thay déi thanh phan cling nhu cau truc
bang cac k¥ thuat TGA (Thermal gravimetric analysis),
FTIR (Fourier-transform infrared spectroscopy) va SEM
(Scanning electron microscope) [3, 10]. Phan dich long
dugc phén tich lugng dudong khir bing phuong phap DNS
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(Dinitrosalicylic acid) [10].
2.1. Phédn tich nhiét TGA

5—7 mg mau duoc cho vao cdc chira miu, thuc hién phan
tich trén may TGA Q500-V20 véi khoang nhi¢t d6 30-800°C
va toc do tang nhiét 10°C/phut. Trong qué trinh ting nhiét do,
cac qua trinh Iy hoa xay ra trong mau do dan t6i sy thay d6i
khoi lugng cua no, sy thay doi nay nho cac cam bieén khoi
lugng chuyén tin hiéu vé may tinh d€ luu trlr va chuyen doi
thanh phén tram khoi lwong cua vat liéu bi mat di. Cellulose
va hemicellulose s& bi mat khoi lugng & 200-350°C, tir 350-
500°C 1a sy mat khoi luong cua lignin [5, 10].
2.2. Phén tich phé hép thu hong ngogi FTIR

Cac nhém chuc trong mau duogc xac dinh trén may
PerﬂkinElmer, mau dugc tron va nén thanh vién bang KBr.
Ph6 do thu duoc c6 budce song tir 4000-500 cm* & do phan
giai 4 cm® v6i 40 1an quét/mau.
2.3. Kinh hién vi dién tiv quét — SEM

Dé quan sat sy thay d6i cau tric miu trudc va sau xir
1y, k¥ thuat SEM duoc thuc hién trén may Hitachi S-4800
o dién ap 15-20 kV.
2.4. Phén tich dwong khir bang DNS

Phuong phdp ndy dua trén co s¢ phan img tao mau gitra
duong khur voi thude thir acid dinitrosalicylic (DNS), do ¢
buge song 510 nm. Dya theo d6 thi dudong chuén cua
glucose tinh khiétNVéri thuoc thir DNS tinh dugc ham lugng
duong khir cia mau nghién ciru [10].

3. Két qua va théo luin

Két qua phan tich nhiét TGA (Hinh 7) cho biét, thanh
phén trong mau khém ban dau c6 7,3% chét bay hoi (¢ 30-
160°C), 61,6% cellulose (200-390°C) va 22,7% lignin (390-
600°C). Két qua phan tich nay twong dong vai nhimg nghién
clru trude day trén cdy tram va lyc binh [3, 5, 10]. Vi ham
lugng cellulose cao (chiém 61,6% trong hdn hop) cho thay
kha ning chuyén hoa thanh ethanol cao. Tuy nhién, mot
luong 16n lignin (22,7%) trong mau sé gy ra mot try ngai
16n ddi véi qua trinh thuy phan va lam giam hiéu suét chuyén
héa. Do d6, budc xir Iy nhim giam thiéu ham lugng lignin
nhung bao ton hodc 1am giau cellulose 1a can thiét.
3.1. Téi wu héa ham luwong cellulose trong méu khém

3.1.1. Anh hwong ciia NaOH Ién thanh phan lignocellulose
trong than khom

Thi nghiém nay khao sét‘ sy tac dong cua géng do
NaOH (0,5 - 7%) 1én thanh phan hoa hoc trong mau khém
& nhiét do xtr 1y 1a 30°C trong 30 phat (Hinh 2).
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Hinh 2. Anh hieéng ciia NaOH Ién thanh phan lignocellulose
trong than khom (¢ 30°C, 30 phut)

Két qua khao sat cho thdy, viéc ting nong d6 NaOH tir
0,5 — 7% khong céi thién cellulose trong méu khém. Do do,
thi nghiém tiép theo s& khao sat kha ning lam giau cellulose
trong than khom bang xtr Iy H,SOs.

3.1.2. Anh huwéng ciia H2SO4 Ién thanh phan lignocellulose
trong than khdm

Hinh 3 cho biét sy tic dong cua nong do H,SO4 (0,5 -
7%) 1én thanh phﬁn hoéa hoc trong mau khom & nhiét do xir
ly 1a 30°C trong 30 phut. So v6i NaOH, xir Iy bang H,SO4
¢6 tac dong tich cyc dén kha ning lam giau cellulose do su
phan hiy cuia lignin. O ndng do 2% H,SO4 lignin bi loai tir
22,7 xudng 14,1% din dén su ting cellulose tir 61,6 dén
75,0%. Tuy nhién, cellulose giam tir 74,6 xudng 69,5% khi
acid tang tir 5 1én 7%. Nguyén nhan cua sy suy giam nay co
thé tir viéc xir Iy mau ¢ nong do6 cao acid s& dan dén viéc
phan huay cellulose tinh thé. Diéu nay ciing dwoc ghi nhan &
cac nghién ctru trude [10, 11]. Cac tac gia nay di cho biét,
khi ting nong d6 acid H,SO4 1% dén 5% da lam giam ham
luong cellulose tir 69,4 dén 23,9% trong mau cay luc binh.
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Hinh 3. Anh huong ciia H2SO04 Ién thanh phan lignocellulose
trong than khom (¢ 30°C, 30 phat)
Pé xac dinh lugng duong khir trong pha 1ong, phuong
phap DNS duoc thue hién trong nghién ctru nay, két qua
nghién ctru thé hién ¢ Hinh 4.
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Hinh 4. Anh hong ciia H2S04 18n duwong khi trong than khom
(¢ 30°C, 30 phit)

Nong d6 dudng khir trong pha 1ong dugc xac dinh 1a
15,01 mg/g ctia mau xir Iy v6i HSOs 0,5%. Ham luong
nay tang cuc dai & 2% H>SO41a 24,02 mg/g, sau d6 giam
xudng 23,35 mg/g va 22,11 mg/g khi ting ndng d6 H2SO4
Ién 5 va 7% do glucose bi phan hiy khi nong do cua
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acid sulfuric cang cao. Su gia ting nong do H,SO4 lam
tang nong d¢ ion H* trong dung dich da phan cit lién két
ndi phan t& glucose thanh furfural, acid acetic,
5-hydroxymethyl-2-furaldehyde (HMF) va acid formic.
Quan sat nay tuong dong véi nghién ctu trude day [11, 12].

Trong thi nghiém nay, lugng duong cao nhét trong pha
long la 24,02 mg/g twong Gng chi ¢6 3,5% san luong duong
theo 1y thuyét. So véi sy lam giau cellulose trong pha rén
tang tir 61,6% Ién 75,0% (higu suat dat 97,4%). Do do,
phuong phap xir Iy & ndong do 2% H2S04 12 phu hop dé tbi
wu héa ham lugng cellulose trén ba ran.
3.1.3. Anh huong cua thoi gian xir 1y lén thanh phan
lignocellulose trong than khém

Mau khom khé duge xir Iy bang H,SO4 2% & 30°C va thoi
gian xir 1y tir 20-60 phut. Hinh 5 cho biét sy anh huéng ciia
diéu kién khao sat 1én thanh phan héa hoc trong than khém.
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Hinh 5. Anh hiréng ciia thoi gian xik Iy mdu \én thanh phan
héa hoc trong than khdm (2% H2SO4 ¢ 30°C)

Thoi gian 20 phat xt Iy véi HoSO4 2% lam tang nhe
cellulose tir 61,6% Ién 63,3%, va ham lugng cellulose dat cuc
dai 75,0% & 30 phiit xi Iy. Ly do, tai thoi diém 30 phut phan
huy lignin 1a nhiéu nhat, do d6 cellulose ting cao do cellulose
duogc thoat khdi sy rang budc cuia lignin. Tuy nhién, viéc kéo
dai thoi gian dén 60 phit da lam giam cellulose xudng 65,9%.
Viée kéo dai thoi gian phan ng da lam cat dat lién két
cellulose thanh dudng, do do tai thoi diém 30 phut 75,0%
cellulose dugc giai phong khoi lignin, nhung kéo dai dén
60 phut thi lugng cellulose nay bi phan hiy thanh glucose.
Quan sat ndy ciing twong ddng voi nhitng nghién ctru trude
day trén cac vat liéu lignocellulose [3, 5, 10, 11].

Su thay ddi lugng duong khir theo thoi gian ciing duoc
thé hién qua Hinh 5. Kéo dai thoi gian phan tmg 60 phut
thi lvong dudng khur gidm so véi thoi gian 20 va 30 phit,
do thoi gian phan ung cang lau da lam cho glucose bi phan
huy thanh nhitng phén t nhé hon [3, 5, 10, 11]. Thi nghiém
nay cho thy, & thoi gian 30 phut xir 1y, lwong duong di vao
pha I6ng 14 rat it (chi c6 3,5% tinh trén 1y thuyét), so véi sy
lam giau cellulose trong pha rin 1a cao (hiéu suét dat
97,4%). Do d6, thoi gian 30 phat xir 1y 1a thong s toi wu
cho sy 1am giau cellulose trong ba rén.

3.1.4. Anh huwéng cia nhiét do xir Iy lén thanh phan
lignocellulose trong than khém

1g mau than khom kho dugc xir Iy voi 10 mL H2SO4
2% trong 30 phit ¢ nhiét do khao sat (30, 70 va 100°C).

Két qua nghién ciru duge trinh bay ¢ Hinh 6.

Nhiét d6 13 mot trong nhiing yéu t6 chinh anh hudng
trong phan tng hda hoc. Trong thi nghiém nay, ham luong
cellulose giam tir 75,0% xubng 63,0% khi ting nhiét d¢ tir
30 lén 100°C. M6i trudng nhiét d6 cang cao da thic day
phan tmg cét dut lién két cellulose ddn dén ham luong chét
nay giam trong ba rin. Két qua nay phu hop voi két qua
dinh Iuong dudng khir trong dich long, lugng dudng cang
cao khi nhiét d¢ xt ly cang cao. Khi tang nhiét d¢ tu 30°C
Ién 70°C thi lugng duong khir tang tir 24,02 mg/g 1én
44,87 mg/g. Tiép tuc ting nhiét d 1én 100°C, duong khir
tiép tuc tang 1én dén 58,86 mg/g. Su ting lugng dudng theo
su tang nhiét 6 nay 1a do cellulose bi cat dirt lién két boi
nhiét thanh dudng glucose [3, 5, 10, 11].
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Hinh 6. Anh hieéng ciia nhiét @g xir 1y 1én thanh phén héa hoc
trong than khém (2% H2S04, 30 phut)

Trong thi nghi¢m nay, lugng duong vao pha long khong
dang ke (8,5%), trong khi d6 sy lam giau cellulose trong
pha ran dat 97,4% (& 30°C). Do do t6i uu hoa cua qua trinh
la 1am giau cellulose trong pha ran.

Tt nhiing thi nghiém trén, t6i uru hoa cua qua trinh lam
giau cellulose trong ba ran la: acid H2SO4 ¢ nong do 2%,
thoi gian xur Iy 30 phat va nhiét ¢ 30°C.

3.2. Khdo sdt cdu triic méu trwée va sau xiv Iy
3.2.1. Phdn tich nhiét TGA
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Hinh 7. Thanh phan héa hoc trong mau khém ban dau

Biéu dd phan tich nhiét miu than khom ban dau
(Hinh 7) cho thay, su mét khbi luong cua do 4m trong mau
tr 30 - 160°C. Hemicellulose, cellulose phan huy &
160—390°C. Tuy nhién, hemicellulose hién dién trong mau
khom voi mét lwong rat it. O khoang nhiét do tur
390—600°C 1a miii ctia lignin. Két qua nay tuong dong véi
céac nghién ctru trude [3, 5, 10, 11].
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Hinh 8 cho thay, két qua xir Iy mau bang H,S04 ¢ cac
néng d6 tr 2-7% tin hi¢u cia cellulose ting cao nhét & miu
xir 1y 2% va giam dan khi ting nong d6 acid 1én 5% va 7%.
Tai ndng d6 2% H,SO4, tin hiéu cua lignin 13 rat thap so voi
mau ban dau, do ciing 14 1y do 1am cellulose dat cao nhat &

nong d6 2% H,S04
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Hinh 8. Biéu do phdn tich nhiét TGA cia mau khém
(xie ly o 30°C, thoi gian 30 phQt voi nong do acid khdc nhau)
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Hinh 9. Biéu d6 phan tich nhiét TGA ciia mdu khom
(xur Iy bang H2S042% ¢ 30°C voi thoi gian khdc nhau)
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Hinh 10. Biéu d6 phdn tich nhi¢t TGA ciia méu khom
(xi Iy bang H2S042% trong 30 phuit voi nhiét do khdc nhau)
Hinh 9 va 10 chi ra sy anh hudng ctia thoi gian va nhiét
d6 1én thanh phan lignocellulose ctia khom. Thoi gian xir
Iy thap (20 phut) hay qua dai (60 phit) ciing khong cai thién
tin hiéu cellulose nhiéu (Hinh 9), ma cellulose chi dat tin
hiéu cao tbi da tai 30 phut xtr ly. Mat khac, nhiét do xir Iy
cao cling géy ra bét loi cho cellulose, quan sat nay thé hién

& Hinh 10: Mau xtr 1y ¢ 100°C lam tin hi¢u cellulose chi
con 63,0% do cellulose bi phan huy thanh duong. Két qua
nay phu hop véi ket qua dinh lugng duong khur.
3.2.2. Phan tich FTIR
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Hinh 11. Biéu dé phan tich FTIR ciia mau khém

Hinh 11 cho thiy, véi mau ban dau c6 sy xuat hién hai
dinh v6i cuong d6 manh tai 3475 va 1047 cm! 1a su dao
dong trong lién két -O-H va C-O-C cua cac chat cellulose
va hemicellulose. Tai dinh 2891cm™ dai dién cho dao dong
trong lién két C-H cta nhom methyl va methylene nam
trong cau trac cellulose. Dinh 1160 cm™ dugc ghi nhén 1a
su dao dong cua lién két C-O c6 thé ton tai trong cAu trac
clia ca hai thanh phan hemicellulose va lignin. Bén canh do,
cellulose con duoc thé hién tai su dao dong cua lién Kkét
B-(1,4)-glycosidic, day 1a diém dic trung cho ciu triic vo
dinh hinh cua cellulose & budc song 844 cm™ [9, 13].

Mau xt 1y v6i H2SO4 2%, tin hidu & miii 1161 cm™ ciia
¢ cudng do thap hon miu ban dau, cho thiy lignin trong
mau xir 1y bi loai. Mit khac, mau xir Iy ¢6 xuét hién tin hiéu
¢ 2133 cm® va miii ¢ 2889 cm™ cho tin hiéu cao hon mau
dau, day 1a tin hiéu viing tinh thé cua cellulose, & budc song
898 cm! la tin hiéu cellulose ving v6 dinh hinh [8] cling
dugc tim thdy cao hon so v6i ban dau cho thiy phwong
phap xur ly da loai lignin va lam tang ham lugng cellulose.
Két qua nay tuong dong véi két qua TGA va SEM.

Mau xir 1y bang H,SO4 7% cho céc tin hiéu tuong tu
mau ban dau va miu xtr 1y bang H,S04 2% & c4c bude song
2133, 2889 va 898 cm™ nhung cudng d6 mau xir Iy H,SO4
7% c6 cellulose thip hon mau xir Iy bing H,SO4 2%. Mit
khac, tin hiéu & 1515 cm™ cao hon so véi mau ban du va
mau xir Iy H,SO4 2% cho thdy tin hidu tai lién két cua lignin
[10]. Do vay, ham luong lignin ting cao so vi mau xir ly
H2S04 2%. Céc két nay phi hop v6i két qua TGA va SEM.
3.2.3. Phan tich SEM

Hinh 12 (A) thé hién rd c4u triic bé mat ciia mau khém
chua qua xir 1y, bé mit mau lién két v6i nhau thanh mot
khdi 16n, ¢6 thé nhin thiy cac loai soi dan xen nhau trong
cAu tric miu. Xu ly mau v&i HzSO04 2% cho théiy, bo soi
dugc giai phong ra khoi ciu trac co thé 1a bé soi cellulose
(Hinh 12-B). Tuy nhién, khi ndng d6 H,SO4 ting cao 1én
7% (Hinh 12-C) cho thiy céu trac mau bi pha v, khong
quan sat duogc sgi nhu miu ban ddu va miu xur 1y bing
H2S042%. Mit khac, quan sat véi d6 phong dai 2.00k cho
thdy co su két tu bé mat mau H,SO4 7% (Hinh 12-D). Céc
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két qua nay phu hop voi TGA va FTIR.

S-4800 10.0kV 8.

Hinh 12. Két qud chup SEM: mau khém ban dau (A), xir 1y véi
H2S042% (B), xit Iy véi H2SO4 7% (C, D)

4. Két luan

Qua trinh chuyén hoa ethanol sinh hoc trai qua 3 giai
doan, trong d6 giai doan tién xur 1y 14 quan trong dé loai bo
lignin - mot tic nhadn giy can tré cho qua trinh
thity phan trong giai doan ké tiép.

Két qua nghién ctru nay cho thdy, phuong phap tién xir
ly s dung H2SO4 ¢6 hi€u qua cao so voi sir dung NaOH
trong cung diéu kién. Viéc sir dung tac cht 1a H,SO4 gop
phan lam gidu ham lugng cellulose va giam ham lugng
lignin ctia nguyén liéu. Cac yéu t6 nong do, thoi gian va
nhiét d cé anh hudng tich cyuc dén hiéu qua qua trinh tién
xir 1. Diéu kién t6i wu dugc dwa ra cho qua trinh tién xir Iy
trén phy pham than khom duoc tim thay 14 str dung H,SO4
& ndng do 2%, thoi gian 30 phut, nhiét do 30°C véi ti 16 1g
mau kho trén 10 mL dung dich. O diéu kién nay 38% lignin
bi loai va hiéu suat lam giau cellulose dat 97,4%. Su thay
d6i thanh phan, cau tric lignocellulose trong vat liéu dugc
kiém ching phu hop bang cac ky thuat TGA, FTIR va
SEM. Ket qua nghién clru co trién vong cho viéc nghién
ctru tiép theo 1a chuyén hoa ethanol sinh hoc tir phu pham
cay khom tai Viét Nam.
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