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Tién xur 1y bot than chudi bang acid hodc
kiém nham muc dich thu nhan bioethanol:
anh huong cla cac yéu to cong nghé dén
hiéu qua qua trinh tién xur Iy

Tén Nit Minh Nguyét, Mai Thi Hong Diém, Lé Van Viét Man

Tém tit— Thén ciy chudi xuit xi tir vieon chudi &
xa Loc Giang, huyén Dirc Hoa, tinh Long An c6 chira
40,26% cellulose, 15,60% hemicellulose va 12,42%
lignin. Bai bao nay trinh bay cic két qua nghién ciru
ciia qua trinh tién xir 1y than chudi véi dung dich
H2SO4 hoidic dung dich NaOH. Ciac yéu té khio sat
bao gdm ndng d¢ dung dich acid/ kiém, nhiét do va
thoi gian tién xir ly. Két qua nghién ciru cho thiy qua
trinh tién xir Iy bot than chudi bing dung dich NaOH
cho hiéu qua tét hon khi sir dung dung dich H2SOs.
Pidu kién thich hgp cho qua trinh tién xir Iy bt thin
chudi véi dung dich NaOH 1a ndng d9 3,0%, nhiét do
60°C va thoi gian 6 gio.

Tir khéa— bioethanol, thin chudi, tién xi Iy,
lignocellulose.

1 MO DAU

heo théng ké cua Bo Nong nghiép va Phat

trién Nong thon, dién tich dat trdng chudi va

san luong chubi ¢ nudc ta vao nim 2014 lan
lwot dat 127.300 ha va 168,8 ta/ha. Trong qua trinh
thu hoach trai chudi, phan than ciy chudi 1a mot
phu phiam chiém ti 1& cao nén can dugc tan dung
dé nang cao hiéu qua khai thac cac san pham tir
cdy chudi.
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Lignocellulose chiém ty 1& rat 16n trong phu
phim nong nghiép va duoc xem 1a ngudn nguyén
lidu tiém nang dé thu nhan bioethanol. Tuy nhién,
do cAu tric xo soi dic biét nén dé co thé thiy phan
va lén men cellulose trong nhom nguyén li€u ndy
thi can phai tién hanh qua trinh tién xiur 1y. Qua
trinh nay gitp nguyén liéu tré nén xdp, loai bt
lignin, gitp enzyme tiép can véi cellulose dé dang
hon, tir @6 lam tang hi€u qua cho qua trinh thuy
phan va 1én men tiép theo [1]. Qu4 trinh tién xir ly
nguyén liéu lignocellulose bang phwong phap hoa
hoc da dugc tng dung rong rai véi hi€u qua ky
thudt cao, ré tién va d& thuc hién [2, 3], trong d6
phuong phéap xt 1y acid thuong dugc thuc hién &
nhi¢t do cao hon 100 °C va éap suit cao, con
phuong phap xir Iy kiém duoc tién hanh & nhiét do
tir 40 °C dén 70 °C va ap sudt khi quyén [4].

Dén nay, Viét Nam van chua cé cong bd vé st
dung bot than chudi dé 1am bioethanol. Véi muc
dich chung 1 tin dung nguén phu phim ndng
nghiép sin co va ré tién dé lam nguyén liu san
xuét bioethanol, nghién ctru nay tap trung khao sat
qua trinh tién xur 1y bot than chudi bang phuong
phap hoa hoc str dung dung dich HSO4 hodc dung
dich NaOH.

2 NGUYEN LIEU VA PHUONG PHAP.

2.1 Nguyén liéu

2.1.1B6t than chudi
Thén ciy chudi duoc lay tir vuon chudi ¢ xa
Loc Giang, huyén Dtic Hoa, tinh Long An,
Viét Nam. Than chudi léy vé duge cit nho,
phoi kho dén do 4m 5 %, nghién thanh bot va
cho qua ray véi kich thudc 16 0,25 mm.
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Nguyén liéu bot than chubi dwoc luu trit &
nhiét d6 phong dé sir dung cho tat ca cac thi
nghiém. Két qua phan tich thanh phan hoa hoc
ctia bot than chudi sir dung trong nghién ctru
cho thdy ring nguyén liéu nay chua 40,26%
cellulose, 15,60 % hemicellulose va 12,42%
lignin.
2Ché phiam Viscozyme Cassava C

Ché pham Viscozyme Cassava C véi hoat tinh
cellulase c¢6 xudt xt tir ching Trichoderma
reesei do cong ty Novozyme (Pan mach) san
xuét. Hoat tinh cua ché phﬁim la 70 don vi hoat
do/mL. Mot don vi hoat d (1 U) 1a lugng ché
pham can thiét dé xuc tac cho phan img chuyén
hoa cellulose tao ra dugc 1 pmol glucose trong
1 phut. Theo ban md ta dic tinh san pham va
huéng dan sir dung ciia nha san xuét, nhiét do
va pH lam viéc t6i wu ciia ché pham nay lan
luot 1a 55 °C va 4,2. Ché pham cellulase duogc
sir dung dé danh gia hiéu qua ky thuit ctia qua
trinh tién xtr 1y bot than chudi.
3NaOH, H>SO, va cic hda chat khéc

Cac hoa chat su dung c6 d¢ tinh sach dat
chuin phéan tich do cong ty Xilong, Trung
Qudc san xuét.

Phuwong phap nghién cuu
1Quy trinh tién xir Iy bét than chudi [1]
Tién xir Iy bot than chudi bang dung dich
NaOH.
Qué trinh tién xur 1y bang dung dich NaOH
duoc thuc hién trong bé lic diéu nhiét. Bot
than chudi dugc ngdm trong dung dich NaOH
voi ty 1€ 5 % (W/v).
- Thi nghiém 1 (TNI): néng d6 dung dich
NaOH thay ddi tir 0,5 % dén 4 %; cac yéu t6 cd
dinh 13 nhiét do6 tién xur 1y 40 °C, thoi gian tién
xu ly 4h.
- Thi nghiém 2 (TN2): nhiét do tién xi 1y thay
dbi tir 40°C dén 70 °C; yéu t6 ¢b dinh 1a thoi
gian tién xur 1y 4h; nong d6 dung dich NaOH
dugc chon theo két qua TN1.
- Thinghiém 3 (TN3): thoi gian tién xu ly
thay dbi tir 4h dén 10h; ndng d6 dung dich
NaOH duoc chon theo két qua TN1; nhiét do
tién xur Iy dugc chon theo két qua TN2.
Tién xtr 1y bot than chudi bang dung dich
H,SO4
Qué trinh tién xtr Iy bang dung dich H,SO4
duoc thuc hién trong ndi hép 6 121°C. Bot than

chudi dugce ngam trong dung dich H,SO4 véi
ty 1€ 5 % (W/v).

- Thi nghiém 4 (TN4): ndng d6 dung dich
H,SO, thay ddi tir 0,5 % dén 4 %; cac yéu to
c¢b dinh 1a nhiét d6 tién xir Iy 121°C, thoi gian
tién xir Iy 15ph.

- Thi nghiém 5 (TN5): thoi gian tién xu 1y thay
dbi tir 15ph dén 60ph; yéu t6 cb dinh 1a nhiét
do tién xir Iy 121°C; nong d¢ dung dich H,SO4
duoc chon theo két qua TN4.

Khi két thic qué trinh tién xt 1y, hdn hop duoc
loc qua tii loc vai va rira bé“mg nudce cét cho
dén khi nudc rira dat duge pH trung tinh dé
loai bo thanh phan H,SO, hoic NaOH di su
dung trong qué trinh tién xir Iy. Pha rin dugc
dem sy & 40 °C rdi nghién va cho qua ray kich
thude 0,25mm. Phin qua rdy 13 bot than chudi
da qua tién xu 1y.

2.2.2Kiém tra hiéu qua qud trinh tién xir Iy

Khi két thic qua trinh tién xt 1y, bot than chubi
duoc cho vao dung dich dém citrate pH 4,2 véi
ti 16 5 % (W/v), sau d6 bod sung ché pham
enzyme Viscozyme Cassava C v&i nong do
enzyme l1a 15U/g nguyén liéu.

Hon hop nay duge dat vao ti lic diéu nhiét &
55 °C, tbc do lic 150 vong/ph trong 48 h dé
thuy phén cellulose. Tiép theo, hdn hop dugc
gia nhiét dén 80 °C va giit trong 5ph dé bat
hoat enzyme [1]. Pha long s& dugc tach ra béng
phuong phap ly tim dé kiém tra luong duong
khir sinh ra trong qua trinh thuy phan. Mau di
chimg 13 miu bot than chudi chua qua tién xir
Iy va dwoc dem thiy phan véi ché phim
Viscozyme Cassava C trong diéu kién twong tu
nhu trén. Dé thdy dwoc rd hon hiéu qua qua
trinh tién xtr ly, mau bot than chudi sau tién xur
Iy duogc chup hinh trén kinh hién vi dién tu
quét (Scanning Electron Microscope) tai Trung
tam nghién ctru trién khai, khu c6ng nghé cao
Thu Pirc, thiét bi sir dung 1a FE SEM S4800
(Hitachi, Nhat).

2.3 Phuwong phap phan tich va céng thurc tinh
2.3.1Duong khw

Duong khir dugc dinh lugng bang phuong
phiap quang phd so mau voi thube thu
dinitrosalicylic acid [5].

2.3.2Hiéu sudt thity phdn
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Hiéu suét thily phan H dugc tinh nhu sau:

Mdu&mg

H= x 100% (1)

méu
Véi:

Mauong: Téng luvgng duong khir tao thanh tai thoi
diém két thuc qué trinh thay phan véi ché pham
Viscozyme Cassava C d6i v6i mau bot than chubi
d4 qua hoidc chwa qua qua trinh tién xtr 1y (g).

Muiu: Luong chit kho trong mau bot than chudi
tai thoi diém bét dau qua trinh tién xur 1y (g).
2.3.3Hiéu sudt thu héi

Hiéu sut thu hoi (H) trong qué trinh tién xir 1y
duoc tinh bang cong thirc sau:

y = ks 100(%) )
Mgy
Voi:
mas: Téng lwong chit kho trong mau bot than
chudi thu dugc sau qua trinh tién xir 1y (g).
mae: Tong luong chat kho cua mau bot than
chudi trudce khi tién xu 1y (g).
2.3.4Phwrong phdp xir Iy 56 liéu
Tét ca cac thi nghiém duogc lap lai 3 lan va két
qua la gia trj trung binh + do léch chuan.
Phuong phap xir 1y théng ké mot chidu dugc
thuc hién trén phan mém Statgraphics
Centurion XV. Cac két qua dugc xem 1a khac
nhau c6 y nghia khi p<0,05.

3 KET QUA VA BAN LUAN.

3.1 Tién xit Iy bot than chuoi bang dung dich
NaOH
3.1.14nh huéng ciia nong dé dung dich NaOH dén
hiéu qua tién xi Iy

Két qua nghién ciru anh huéng cta ndng do
NaOH dén hiéu qua cta qua trinh tién xir 1y bot
than chubi duoc trinh bay trén hinh 1 cho thdy
khi ting ndng d6 dung dich NaOH trong qué
trinh tién xir 1y tir 0,5 % dén 3 % thi hiéu suét
thity phan nguyén liéu v6i ché pham cellulase
tang dan tir 41,4 % dén 57,7 %. Néu tiép tuc
tang ndng d6 NaOH tir 3 % 1én 3,5 % va 4 %
thi két qua khac biét khong co y nghia thong ké
(p>0,05).
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Hinh 1: Anh hudng ciia ndng d6 dung dich NaOH dén hiéu
qua cta qua trinh tién xur ly bot than chudi

Khi ting ndng d6 dung dich NaOH thi qua
trinh thiy phén hemicellulose, d0 hoa tan
lignin trong dung dich NaOH va sy truong no
cAu tric cellulose s& taing lén tao diéu kién
thuén lgi hon cho qua trinh hip phu cellulase
1én phan t& cellulose trong nguyén li¢u trong
giai doan thuy phan. Qu4 trinh thuy phan dién
ra d& dang va hiéu suét thiy phan s& cao hon
[6]. Tuy nhién, néu ndng d¢ dung dich NaOH
qué cao thi d6 nhét dung dich tién xir Iy ting,
lam giam toc d6 khuéch tan anion OH- vao
bén trong ciu tric nguyén liéu, tir 46 kha ning
cét cac lién két glucoside trong hemicellulose
va lam x6p mang ludi cellulose trong khbi
nguyén liéu s€ tro nén cham lai [6], hi€u qua
tién xir Iy khong tang thém nira.
Duya vao két qua thuc nghiém nay, ndng do
dung dich NaOH 3 % dugc chon cho céc thi
nghiém tiép theo.

3.1.24nh hwéng ciia nhiét do dén hiéu qua tién xir

Iy bang NaOH

Hinh 2 cho thdy khi ting nhiét do xir Iy tir 40°C
1én 60 °C thi hiéu suét thity phan tiang tir 57,3%
1én 61,7 %. Tuy nhién, khi tiép tuc tang nhiét
@0 tir 60 °C 1én 70 °C thi su khac biét cua cac
gi4 tri cua hiéu suat thuy phan thu dugc khong
c6 y nghia (p>0,05).
Su gia tang nhiét d6 lam ting tdc do khuéch tan
jon OH- tir dung dich vao khdi nguyén lidu
lignocellulose, tir d6 lam ting tdc d6 phan cét
cac phan to hemicellulose va tach lignin, lam
16 dién bé mat tu do cia cac phan tir cellulose
trong khbi nguyén lidu [6, 7], nho d6 hiéu suat
thity phan véi ché pham cellulase s& gia ting.
Tuy nhién, Bali (2014) cho rang xir 1y kiém &
nhiét do cao khong chi pha huy cac lién két
trong hemicellulose va lignin ma lién két giira
cac don phan cuta cellulose ciing bi pha huy, do
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d6 mot phén cellulose bi thit thoat vao pha
long trong qua trinh tién xir ly. Sy thity phan
cellulose ¢ dang v6 dinh hinh khi tién hanh xtr
Iy bang kiém & 70 °C da dugc ghi nhan [8]. C6
18 sy that thoat mot phan cellulose trong qua
trinh tién xir Iy bang kiém 13 nguyén nhan
khién cho hiéu suét thuy phan khong thay d6i
khi ting nhiét d¢ tién xir 1y tir 60 °C 1én 70 °C.
Nhiét d6 dugce lya chon cho cac thi nghiém tiép
theo 1a 60 °C.
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Hinh 2: Anh huéng ciia nhiét d6 dén hiéu qua cua qua trinh
tién xir Iy bot than chudi bang dung dich NaOH

3.1.34nh huéng ciia thoi gian dén hiéu qua tién xir
Iy bang NaOH

Khi ting thoi gian tién xir 1y tir 4 h 1én 6 h thi
hiéu suit thiy phan tang tir 61,7 1én 66,3%
(Hinh 3). Néu kéo dai thoi gian tién xu 1y tir 6h
1én 10h thi hiéu sudt thuy phan thay doi khong
¢6 y nghia thong ké (p>0,05); nguyén nhan c6
thé 1a do su that thoat mot phan cellulose trong
qué trinh tién xir Iy [9].
Thoi gian xir Iy bot than chudi thich hop 1a 6h
v6i hiéu suét thiy phan dat 66,28%.
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Hinh 3: Anh huéng ciia thoi gian tién xir Iy dén hiéu qua
clia qua trinh tidn xur 1y bot than chudi bang dung dich
NaOH

3.2 Tién xit Iy bot than chuoi bang dung dich
H>S50,

Trudc ddy, quéa trinh tién xir 1y lignocellulose
trong cac loai phy phim nong nghiép véi dung
dich H,SO4 thuong duoc tién hanh & khoang nhiét
do 120 — 180 °C [9,10]. Trong nghién ciru nay,
nhié¢t d6 dugc chon 1a 121°C vi st dung nhiét do
cao hon can phai cé thiét bi chiu dugc ap sudt rat
cao va kho trién khai vao thuc tién. Hon nita, sit
dung nhiét d6 qua cao s€ lam phat sinh mot sb chat
trc ché nim men trong qua trinh 1én men ethanol
tiép theo [4]. Pé lam ting hiéu qua tién xt ly véi
dung dich H,SO4 ¢ 121°C, ndng d6 acid va thoi
gian xir 1y s& 1an lugt dugc khao sat.
3.2.1Anh hwong ciia nong @ dung dich H>SOy dén

hiéu qua tién xik Iy

Két qua trén hinh 4 cho thay khi ting ndng do
acid tir 0,5 dén 3 % thi hiéu suét thay phén
nguyén lidu voi ché pham cellulase s& ting tir
27,1 % dén 37,6 %. Néu tiép tuc ting ndng do
acid tir 3 % w/v dén 3.5 % va 4 % thi két qua
khac biét khong y nghia théng ké (p>0,05).

Su gia ting nong d6 acid dong nghia voi sy gia
tang nong do ion H*, khi d6 qué trinh phén ct
phan tir hemicellulose thanh cdc mach ngin
difn ra manh m& hon. Sy phan cét
hemicellulose trong phic cellulose va
hemicellulose s& giup cho cellulase d& hap phu
1én cellulose va phan tng thuy phan cellulose
s& tao ra nhiéu duong khir hon, tir d6 lam ting
hiéu suat thuy phan [6,11]. Tuy nhién, khi nong
d6 dung dich H,SO, ting cao thi kha ning thit
thoat cellulose trong qué trinh tién xur 1y s&
tang theo do cellulose bi phan cat thanh nhimng
san phdm mach ngin [4,6], chung s& hoa tan
vao dung dich va bi loai bo theo pha long.
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Hinh 4: Anh huéng cia néng do dung dich H2SO4 dén
hiéu qua cta qua trinh tién xur ly bot than chudi
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Nbdng d6 dung dich H,SO, thich hop cho qua
trinh tién xur 1y s& 12 3 % va ndng do nay duoc
chon cho thi nghiém tiép theo.
3.2.2Anh huong cia thoi gian tién xir Iy dén hiéu
qua tién xit Iy bang dung dich H,SO4
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Hinh 5: Anh huéng cta thoi gian dén hiéu qua cia qua
trinh tién xir Iy bot than chudi véi dung dich H,SOs.

Hiéu suat thiy phan (%)

Hinh 5 cho thdy khi ting thoi gian tién xir acid
tir 0,25 h dén 0,75 h thi hiéu suat thiy phan
tang tir 37,1 dén 48,2 %. Néu tiép tuc ting thoi
gian tién xtr 1y tir 0,75 h 1én 1h thi hiéu sut
thity phan thay dbi khong c6 ¥ nghia thong keé.
Nhu vay, 0,75 h dugc xem 1a thoi gian thich
hop dé tién xtr 1y acid bot than chudi. Trudc
day, Kumar (2009) nhan thiy thoi gian phu
hop cho qua trinh tién xur 1y lignocellulose
trong than luc binh v6i dung dich H,SO4 &
121°C 1a 0,25h [12]. Thoi gian tién xir 1y véi
acid thay ddi trong cac nghién ctru khac nhau
1a do su khac biét vé& ciu tric cia nguén
nguyén li¢u lignocellulose su dung.
3.3 So sdnh hiéu qua tién xir Iy
Tir két qua thi nghiém dugc tong hop & Bang 1,
chung t6i nhan thdy phuong phap tién xir Iy bot
than chudi bang kiém hodc acid déu lam ting dang
ké hidu suat thiy phan ciia nguyén liéu so véi mau
d6i chimg khong qua tién xur ly. Hiéu sudt thay
phan cang cao thi lwong duong khir cang nhidu va
nhu vdy luong ethanol tao thanh trong qua trinh
1én men tiép theo s& tang 1én.
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Béng 1. So sanh hiéu qua tién xtr ly bot than chudi véi
dung dich NaOH va H,SO,
T Tiénxirly | Tién xir ly
Boi chimg béng acid bing kiém
Nong do - 3% 3%
Thoi gian - 0,75h 6h
Nhiét do - 121 °C 60 °C
Hiéu suét thu ) 67,24 + 75,47 +
héi chét kho 2,15% 4,10 %
Hiéusuatthiy |15 50,01 | 4819406 | 662806
phan, %

Hiéu suat thu hoi chat kho so voi mau ddi chimg
khong qua tién xir 1y trong truong hop st dung
dung dich NaOH 3 % la 75,47£4,10 %, cao hon
1,2 1an so véi hiéu sudt thu hoi chat kho trong
truong hop st dung dung dich H,SOs4 3%
(67,24+2,15 %). Phuong phéap tién xir 1y bang
kiém cho hiéu suat thuy phéan (66,28 %) cao hon
1,4 lan so véi phuong phap tién xir 1y bang acid
(48,19 %). Bén canh d6, diéu kién tién xur ly voi
dung dich NaOH tuy thoi gian dai hon nhung nhiét
d6 thip hon va diéu kién xtr 1y 6n hoa hon, bén
canh d6 1a hiéu xuét thu hdi chat kho ciing cao hon
so véi qua trinh tién xr Iy bang dung dich acid.

Hinh 6 1a hinh chup SEM cua mau bot than
chudi trudc va sau qué trinh tién xir Iy bang dung
dich NaOH. Sau tién xir ly cac cdu trac soi
cellulose bi dut v, xdp hon so v&i nguyén licu
ban dau.

Hinh 6: Hinh chup SEM ciia miu bot than chudi trude (trai) va
sau (phai) tién xir ly

4 KET LUAN.

Khi ting ndng d6 acid/kiém va thoi gian tién xir
Iy bot than chubi trong mot khoang xac dinh thi
hiéu sudt thuy phan nguyén liéu véi enzyme
cellulase s& gia ting. Tuy nhién, néu tiép tuc ting
ndng d6 acid/kiém va thoi gian tién xi 1y thi hidu
sudt thay phan khong thé ting thém duoc nira.
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Phuong phap tién xir 1y bot than chudi voi dung
dich NaOH cho hiéu qué t6t hon so v6i dung dich
H,S0,. Piéu kién thich hop cho qué trinh tién xur
Iy bot than chudi bang dung dich kiém 1a: nong do
dung dich NaOH: 3 %, nhiét dd: 60 °C va thoi gian
tién xir 1y 6 h. Bot than chubi sau khi tién xir 1y &
didu kién trén dwoc dem di thuy phan véi ché
pham cellulase véi cac diéu kién ciia nghién ciru
nay c6 hiéu sut thay phan 1a 66,28 % cao hon so
v6i nguyén lidu duge xur Iy bang dung dich acid
hodc khong dugce xur 1y.
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Pretreatment of banana stem poweder using

acid or base to 1solate bioethanol: effects of

technological parameters on the yield of the
pretreatment

Ton Nu Minh Nguyet, Mai Thi Hong Diem, Le Van Viet Man

Abstract— Banana stem from a banana farm in Duc Hoa, Long An contained 40.26% of cellulose,
15.60% of hemicellulose and 12.42% lignin. In this study, the effects of H,SO4 or NaOH concentration,
temperature, time on pretreatment of banana stem were investigated. The result revealed that NaOH
solution showed better effect on the pretreatment compared with H,SO,. The best pretreatment condition
included NaOH concentration of 3.0%, temperature of 60 °C and time of 6 hours.

Index Terms— bioethanol, banana trunk, banana stem, pretreatment, lignocellulose



