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TOM TAT

M6 hinh vé biorefinery quy mé nhé tcr
lignocellulose biomass da chimg minh hiéu
qua ndang lwong va méi trirong théng qua
mét vai nghién ctru tai nhiing xwdéng thuc
nghiém pilot cda Pai Hoc Bach Khoa -
DHQG-HCM. M6 hinh nay tap trung nghién
ctu qué trinh sadn xudt cén sinh hoc, trong
dé tién xwr ly 1a mét trong nhikng buwéc quan
trong dat dén nhang hiéu qua dé. Tién xd ly
str dung dung djch NaOH 1.0wt% da loai bé
lignin mét cach hiéu qua nhwng n6 khdng
duwoc coi la mét hoa chét than thién véi moi
trrong, va phai cé nhing buoc xi ly tén
kém cho nwéc thai sau x ly. Vi vay, nghién
ctu nay nham muc dich dé khao sét tién xc
ly kiém dung Sodium Bicarbonate

(NaHCOs3), dwoc cho la than thién hon véi
moi trurong va khé ré. Mot loat céc diéu kién
Xt ly da dang da dwoc nghién ctu dé téi vu
héa viéc qua trinh xd ly nay, bao gém néng
dé cua Sodium Bicarbonate (2,0-8,0wt%),
lam lwong rom ra(2,5-10,0wt% ), nhiét do
phan ung (ter nhiét do phong dén 800C) va
thoi gian ngam (4h -32h). Piéu kién téi vu
thu duoc ciing tiép tuc duwoc khdo sét trong
sw két hop véi siéu am hodc khudy tir. Két
qud cho thdy Sodium bicarbonate c6 tiém
nédng str dung trong tién xd Iy rom ra. Ngoai
ra, luong nwéc thai tor qua trinh tién xa& ly
nay duoc str dung dé hép thu CO, trong
hén hop khi biogas duoc l&y ter xudéng thuc
nghiém Thai My & huyén Ca Chi.

Terkhoa: Tién xi ly kiém, Sodium Bicarbonate, bioethanol, hap thu CO2, biogas, ...
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1. TONG QUAN TINH HINH NGHIEN
cuu

Viét Nam ¢6 san lwong rom ra hang nim
rat doi dao. Cac nghién cau thé gioi trong nhing
thap nién gan day da chang to rom ra la mot
ngudn biomass lignocellulose c6 kha ning
chuyén héa thanh bioethanol - mét ngudn ning
luong tai tao day hira hen. Do d6, nghién ciru
san Xuét bioethanol dang nhan duoc sy quan tam
cua cac nha nghién cuau va quan ly ¢ Viét Nam.
Ba budc chinh trong qua trinh san xuat
bioethanol 14 tién xu Iy, thay phan va Ién men.
Trong d6, tién xtr Iy 1a mét budc rat quan trong.
Muc dich ctia qué trinh tién xir 1y 1a 1am bién
d6i cau trac lignocellulose, gitp cellulose d&
tiép can hon véi enzyme, hd tro budc thay phan
tiép theo cac carbohydrate polymer thanh duong
c6 thé Ién men.[1] Tuy nhién, tién xu Iy duoc
cho 1a mét trong nhitng budc ton chi phi nhat
trong qué chuyén hda biomass thanh ethanol.[2]
Do céu trac vat liéu lignocellulose rat phic tap,
nén c6 nhiéu tiéu chuan dé danh gia kha ning
thiry phan chang, gom: sy tang bé mat tiép xtc
va 156 x6p; su bién ddi cAu trdc lignin va loai bo
lignin; cat mach polimer cua hemicellulose va
hoa tan mot phan hemicellulose; kha ning pha
V& CAu tridc tinh thé cua cellulose.[3] Dé dat dén
cc tiéu chuan do, budc tién xu ly lignocellulose
khong hé don gian.

C6 nhiéu phuong phap tién xir ly vat liéu
lignocellulose. Viéc lua chon cac phuong phap
tién xir ly déu phu thudc chinh vao thanh phan
cau trac lignocellulose ciia biomass.[4, 5] Trong
sb cac phwong phép tién xu ly, tién xir ly kiém
S0 VGi cac qua trinh tién xur ly khéac sir dung
nhiét d6 va ap suat thap, tham chi la & diéu kién
thuong, va chi phi khong cao so véi cac kiéu
tién xir ly khac.[3] Mot vai nghién ctru cho rang
co ché thuy phan kiém dya trén qua trinh xa

phong hoa ester giira cac phan tir lién két ngang
hemicelluloses nhu xylan va cac thanh phan
khac nhu lignin.[6] Nghién ctu cua Kong cho
thay tién xir ly kiém loai bo cac nhém acetyl
khoi hemicellulose (chu yéu 1a xylose), theo d6
lam giam tré ngai khéng gian cho enzyme va
néng cao kha nang thuy phén carbohydrate.[7]
Cac bazo nhu canxi, kali hodc natri hydroxide
(Ca(OH);, KOH hodac NaOH) thuong duoc sir
dung trong tién xa ly kiém. Diéu kién cua tién
xtr ly bang cac loai kiém nay twrong ddi don gian
nhung thoi gian phan ung c6 thé kéo dai. Céac
loai kiém nay c6 kha nang hoa tan lwong lignin
cao, dac biét 1a ddi voi biomass chira ham luong
lignin thap nhu gd mém va than co. Hon nita do
diéu kién xu ly khong phurc tap, su tao thanh céc
chat wc ché cho budc thay phan va 1én men tiép
theo nhu furfural, HMF va axit hitu co cling han
ché.[8] M6t nghién ctru khac thyuc hién tién xir
ly biomass véi amoniac long ¢ nhiét d6 cao
cing lam giam ham lwong lignin va
hemicellulose, ddng thoi loai bo mot sé
cellulose ¢6 ciu tric bat thuong.[9] Sodium
carbonate (Na,CO3), mét loai kiém yéu, ciing co
thé 1a mot lya chon kha thi cho tién xur Iy kiém.
Na,COs la twong ddi ré, so véi gia cua axit
sulfuric, d& san xuit thurong mai va lai d& dang
xt ly khi thai ra méi treong.[10] Cac nghién ciru
cho thiy tién xir Iy bang Na2CO3 nang cao hiéu
Suit san xuat duong an.[11,12] N6 dong vai trd
nhu 12 mét chét xdc tac kiém, ma hiéu qua cua
né tang dan tir sy phan tach cua lién két este va
cac mdi lién két glycosidic trong mang ludi
thanh té bao, va dan dén viéc thay ddi cau tric
lignin, cellulose vo dinh hinh va mot phan cua
cellulose khong phai dang tinh thé.[6] Trong
mét nghién ciru khéc, tién xir 1y két hop siéu am
va NaHCO; da dugc bao cdo cé thé cai thién
kha ning phan huay cac chat thai trong gidy in
bao.[13]
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Huéng téi muc tiéu xay dung mot hé thong
sir dung sinh khdi mét cach hiéu qua, bén viing,
cai thién chat lwong cudc séng va tinh trang 6
nhim méi truong do chit thai hitu co gy ra ¢
néng thon, nghién cau xay dyng md hinh thi
tran sinh khéi “Biomass town” ¢ huyén Cu Chi,
TP.HCM cua Pai Hoc Bach Khoa (PHBK),
PHQG-HCM d& duogc thuc hién tir nam 2009.
Hai xuwong thuc nghiém d8 dugc xay dung &
DPHBK va xa Thai My, Cu Chi nghién ciu qua
trinh san xuét bioethanol va biogas trong huéng
hoan thién mo hinh d6.[14,15]

Nghién ctu nay ciing huéng dén khao sat
tién xir ly kiém, loai kiém duoc chon st dung
cho qua trinh tién xir Iy rom ra dé 1én men thu
ethanol Ia Natri bicarbonate - NaHCO; (véi tinh
chat héa hoc gan gidng véi Na,COs), gia thanh
kha ré, dé san xuit va than thién hon véi moi
truong so véi cac loai hydroxide, lan dau tién
dugc nghién ctu ¢ Viét Nam. Mot vin dé gap
phai ciia qué trinh tién xu ly kiém 1a it than thién
v6i moi trudng va tén héa chéat dé trung hoa
nudc thai sau xir ly. Do d6 chung t6i dé tan dung
lai nudc thai cd pH kiém nay dé hap thu CO,
trong hdn hop khi biogas lam ting chét luong
biogas chay may phat dién. Muc dich cao hon
cua nghién ctru nay 1a hd trg hoan thién mé hinh
Biomass Town.

2. PHUONG PHAP NGHIEN CUU
2.1. Nguyén liéu

Rom st dung trong nghién ctru 13 rom 14y
tir x4 Thai My, huyén Cu Chi, thanh phé H6 Chi
Minh. Rom ra dugc bao quan trong diéu kién
kho rao, d6 am <12%, thoi gian ti da bao quan
rom la 6 thang. Rom dugc phoi kho sau d6 dem
vé cit nho ¢& 1cm bang may cét, sau d6 dem di
nd hoi nhe. Rom sau nd hoi nhe dugc dem phoi
dé giam do 4m xudng dudi 10% va trix trong céc

bao plastic trudc khi thuc hién qué trinh tién xir
1y,

Dé phan tich thanh phan xo soi, rom duoc
nghién bang may xay Philip va san qua ray thu
kich thuéc 1-2mm. T4t ca phan tram khéi luong
déu dugc tinh dua trén mau kho.

2.2. Thi nghiém Tién xir Iy bing Sodium
bicarbonate NaHCO:s.

Tién xtr ly duoc thuc hién trong ong
nghiém thuy tinh dat trong bon on nhiét c6
khudy tir. Rom ra duoc tién xir 1y lan luot voi su
thay d6i ndng d6 NaHCO3 & 2.0 wt%, 4.0 wt%,
6.0 Wt% va 8.0 wt% (tinh trén tong khdi luong
hon hop); thay déi ham luong rom 5.0 wt%,
7.5Wt%, 10.0 Wt% va 12.5wt% (tinh trén tong
khdi luong hdn hop); thay déi nhiét do tién xir
ly & nhiét do6 phong, 40, 60 va 80°C; thoi gian
tién xir ly 4 gio, 8 gio, 12 gio va 24 gio; ché do
khudy tron gém khong khudy tir, c6 khudy ti,
khudy tir két hop danh siéu 4m. Chét rén sau tién
Xt 1y duoc loc qua crucible va dugc ria sach
bang nudc de-ion dé loai bo héa chét du. Sau
do6, chit rin sau loc duoc siy kho va duoc phan
tich dé xac dinh do giam khéi lwong chét ran,
lignin, ash va polisaccharide. Tai diéu kién tdi
wu tim duoc, qua trinh s& duoc scale up 100 lan,
chat long sau tién xir 1y thu duoc s& duoc do pH
trudc khi khao sat hip thu CO,. Céc thi nghiém
duoc tién hanh it nhat 3 lan dé tang do tin cay
cua két qua thu.

2.3. Thi nghiém hap phu CO: tir biogas cia
dich thai tién xir ly.

Qua trinh thi nghiém dugc thuc hién &
xuong thuc nghiém Cu Chi. Biogas dugc liy
tryc tiép tr cac ham chia cua xwong thuc
nghiém. Nhiét d6 cua dich léng la 32°C, nhiét
d6 cua khi biogas la 36°C. Qua trinh hap phu
dugc thyc hién dudi 3 luu luong dau vao cua
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biogas: 0,65 lit/phat, 1,00 lit/phat va 1,50
lit/phat. Biogas duwoc suc qua 180ml dung dich
(Hinh 1).

2.4. Phwong phap phan tich, danh gia két
qua.

Thanh phan cha yéu ctia rom ra thd la
22.62 wit% lignin, 23.63 wt% xylan, 39.87 wt%
glucan va 3.66 wt% tro. Ham luwgng Lignin va
carbonhydrate ciia rom thé va rom tién xu ly
dugc phan tich bing Phuwong thac chuan
NREL/TP5104-2630. [16] Pau tién, miu duoc
xir ly bang H,SO4 72.0Wt% & 30°C trong 1h dit
trong bon 6n nhiét nudc. Hon hop sau phan tng
dugc pha lodng téi nong do HaSO4 4.0Wt% va
duogc hap 1 gio ¢ 121°C trong Autoclave. Dung
dich thuy phan duoc loc va dugc phan tich ham
lwong glucose va xylose tao thanh bang HPLC
(Shimadzu Co.) véi cot SH 1011 (Shodex Co.)
va dau do RID-10A (Shimadzu Co.) dé xac dinh
thanh phan hemicellulose va cellulose, phan qua
loc con lai duge do UV-Vis dé xac dinh ham
lwong lignin hoa tan. Phan rin trén loc dugc sy
khd ¢ 105°C qua dém va nhiét phan trong 10
nung & 575°C dé xac dinh lignin khong hoa tan.
Céc thi nghiém khao sat duwgc danh gia théng
qua khéi luong giam lignin, hemicellulose va
cellulose. Phan tich SEM dugc thuc hién dé cho
thay sy thay ddi cdu truc va dic diém bé mat cua
rom trudc va sau khi tién xu ly.

Ham luong khi CHs duoc xac dinh bang
may phan tich cdm tay HC DETECTOR RI-415.
Thanh phan khi biogas dau vao dugc phan tich

bing GC-2014 (Shimadzu Co.) voi cot
Carboxen 1000 va dau do TCD véi két qua:
60.5% khi CH, va 39.5% khi CO,. Thé tich khi
CO, d4 bj hip phu trong khoang thoi gian t dugc
tinh theo cong thic:

Vio =V, (1 - a—"j.ti ©)
2 a

Vo, : thé tich CO, bi hap thu (Iit) trong khoang

thoi gian t;; V, : luu lwong dau vao cua biogas
(Iit/phit); a, = 0,605 : phan trdm thé tich CH,
trong biogas dau vao; a: phan tram thé tich CH,
trong dong khi dau ra; t; : thoi gian hap thu
(phat).

Két qua ndng d6 CHs duoc ghi nhan sau
nhitng khoang thoi gian 30 gidy ké tir khi bét
dau sut khi biogas vao dung dich. Qué trinh thi
nghiém dung lai khi ham lwong CH4 dau ra bang
ham lwong CH, dau vao. Tong luong CO; bi
hap thu trong khoang thoi gian t duoc tinh theo
cbng thac:

Vceo2 = Z‘,Vcio2 )
0

Gia str rang khi biogas dau vao va khi dau
ra déu 1a khi 1y tuong. Khi dé, khéi luong CO,
bi hap thu trong khoang thoi gian t dugc tinh
theo cbng thirc

PVS, .M
= % =1,742V¢, )

e
Meo,
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3. KET QUA VA BAN LUAN

3.1. Tién xir Iy rom bing Sodium
Bicarbonate.

3.1.1. Anh hwéng cita noéng dd Sodium
Bicarbonate dén hiéu qua tién xir ly.

Trong chudi thi nghiém nay, rom ra duoc
tién xir ly voi cac ndéng do NaHCO; tir 2.0-
8.0wt%, nhung cung & nhiét do6 phong, & ham
luong rom 5.0wt%, khudy tir trong 24h. Dya
vao két qua phan tich xo soi clia rom sau tién xir
Iy ta cd bang tinh nhu sau:

, Nong d6 NaHCO3 (wt%)
Thong so danh | (tinh trén téng khéi lrong
gid Hiéu qua hdn hop)
tién xir ly
20 | 40 | 6.0 | 80
Phan giam
khéilugngran | 41 | 78 | 78 | 83
(Wt%)
Phan giam
- 132 | 23.1 | 22.7 | 254
lignin (Wt%)
Phan giam
xylan va 01 | 56 | 57 6.3
glucan (wt%)

Theo bang trén, ¢ ca 3 lan thi nghiém nong
d6 NaHCO; cho hiéu qua xtr ly tét & 4.0 wt%
trong khi d6 vai 2.0 wt% NaHCOs khong cho
thdy su thay ddi dang ké vé khdi luong céc
thanh phan trong rom ra. Thi nghiém véi ndng
d6 NaHCO3 & 8.0 wt% cho thdy kha ning thuy
phan lignin khé tdt, nhung su that thoat xylan va
glucan & ndéng do nay cao hon khi xir Iy bang
NaHCO; 4.0 wt%. Diéu nay la hoan toan dé
hiéu vi voi ham lugng Kiém cang cao cang ting
qua trinh thay phan cellulose va hemicellulose.
Két qua nay ciing tuong thich véi nghién ctu
cua L.Yang et al [17] khao sat tién xir Iy rom ra
ding Na,CO; tr 0-16% ¢ 140°C, ham lwong
xylan va glucan giam dan tir 1.0-7.0wt% s0 Vi
ban dau.

3.1.2. Anh hwéng ciia ham lwong rom dén
higu qua tién xir ly.

Sau khi khao sat nong d6 NaHCOs, chon
NaHCOs; 4% dé khao sat anh huong cua ham
luong rom kho 2.5wt% -10wt% dén hiéu qua
tién. Céc thi nghiém duoc tién hanh ¢ nhiét do
phong va cd khudy tir trong 24h. Tur két qua
phan tich xo sgi cia rom sau tién xu ly ta co
bang sau:
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Ham lugng rom khd (wt%)

Théng s6 danh : 3

gia Higu qua (tinh trén khéi lwong hén hop)
tien xur ly 25 | 50 | 7.5 | 100
Phan giam

khéilwongran | 103 | 7.8 | 7.7 | 5.8
(Wt%)

Phan giam
. 18.0 | 23.1 | 22.7 | 1838
lignin (Wt%)
Phan giam
xylan va 10.1 | 56 | 55 2.2

glucan (wt%)

Theo bang trén, phan giam khdi luong lon
ran 16n nhit ¢ 2.5 wt%, tuy nhién ¢ ham luong
nay xylan va glucan giam nhiéu nhét; trong khi
do véi ham luwgng rom 10% thi lwgng giam
xylan va glucan kha it nhung lwong rin giam it
nhat ¢ nghia 1a cac chat trich ly bi thiy phan
kh& nhiéu & noéng d6 nay. O ham luong rom 5
wt% va 7.5 wt% cho hiéu qua teong tw nhau &
ca 3 thong sb va cho thay hiéu qua tién xir ly
hiru hiéu hon & hai ham luong rom kia nhung &
7.5 wt% cho luong giam glucan va xylan it nhat
(5.5 Wt%). Vi vay dé tang kha nang bj thiy phan
boi enzyme cua cellulose, ham luong rom
7.5wt% duoc lya chon dé tiép tuc khao sét cho
cac thi nghiém sau.

3.1.3 Anh hwéng ciia thoi gian tién xir 1y dén
higu qua tién xir ly.

Cac méc thoi gian duoc lya chon dé khao
sat la 4 gio, 10 gio, 24 gio va 32 gio, gitr nguyén
cac yéu té khac: nong do NaHCO; (4.0 wt%),
ham luong rom (7.5wt%). Ta c6 bang sau:

Théng s6 danh gia | Thoi gian tién xir ly

Hiéu qua tién xir

Iy 4h |10h [24h [32h

Phan giam khéi

p 43 |6.7 |7.7 |79
luong ran (wt%)

Phan giam lignin

16.2(20.8 |22.7 |21.5
(Wt%)

Phan giam xylan

27 |44 |55 |56
va glucan (wt%)

Trong 4 gio dau phan @ng xay ra kha
nhanh, qua bang trén ta thiy do giam lignin kha
cao (16.2wt%), trong khi cellulose va
hemicellulose chua bi hoa tan nhiéu. Tir 10 gio
xt ly tré di, d6 giam khéi lwong rén va lignin
khéng tang nhidu. Do giam cellulose ¢ thoi
diém 10 gio cao hon han so véi khi 4 gio, chung
to theo thoi gian khi 16p lignin bi loai bo di sy
tiép can gira Natri Bicarbonate va céc
polisacharide ting 1én, dan dén viéc cac soi
hemicellulose va cellulose ciing bi hoa tan dan
vao dung dich xir ly.

3.1.4. Anh hwéng caa nhiét d§ dén hiéu qua
tién xir ly.

Pé khao sat anh huong cua nhiét do dén
qua trinh tién xt ly, cac thi nghiém duoc tién
hanh ¢ 7.5wt% ham lugng rom, 4.0wt%
NaHCO; va khudy tron trong 24h. Céac nhiét do
duoc 4p dung dé khao séat la nhiét do phong,
40°C, 60°C va 80°C. Céac nhiét dd duoc chon
khao sat cao hon nhiét d6 phong v6i mong doi
gilip giam thoi gian tién xur ly ma van giir dugc
hiéu qua loai bo lignin. Ching t6i dd8 khoéng
khao sat qua trinh & nhiét @6 cao hon 80°C, do
anh hudng cua su bay hoi nuéc ¢ nhiét d6 cao
¢6 thé lam giam hiéu qua tién xir ly.
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Thong sé danh | Nhiét d6 tién xu ly
gid Hiéu qua
tidnxily |25°C |40°C |60°C |80°C

Phan giam khéi |7.7 103 |15.6 |17.5
lwong ran (Wt%)

Phan giam  [22.7 [24.6 |32.3 |35.7
lignin (Wt%)

Phan giam |55 |41 |53 |[5.9
xylan va glucan
(Wt%)

Theo bang trén, phan giam khéi lwong rin
va lignin ¢ diéu kién 60°C va 80°C 1a cao hon
han so véi diéu kién thuong va 40°C cho thay
tac dung cua nhiét do cao dén qué trinh tién xir
ly. O 80°C, phan giam xylan va glucan cao hon
so V&i cac diéu kién con lai chung to
hemicellulose va cellulose bi thiy phan nhiéu
trong mdi truong kiém & nhiét do cao. Viéc cac
polysachaide bi thity phan trong budc tién xir ly
s& lam giam hiéu suat chuyén hda thanh
bioethanol trong cac budc tiép theo. Do d6 ma
ching tdi lya chon diéu kién xu ly & 60°C la
diéu kién phu hop (c6 do giam lignin twong ddi
cao cao 323wt% trong khi luong
hemicellulose va cellulose mat di it) dé tiép
tuc qua trinh khao sat.

3.1.5. Anh hwéng cia ché @9 khudy trén dén
higu qua tién xir ly.

Ché d6 khudy tron

Théng sé danh [Ngdm |Khudy [Siéu am [Siéu
gid Hieu quatién|24h  [24h  |4h+  |am4h

xu ly khudy |+
18h ngam
18h

Phan giam khéi |14.2 |15.6 |19.8 18.2
lwong ran(wit%)

Phan giam lignin|25.6  [34.3 [38.6  (30.8
(Wt%)

Phan giam xylan 2.8 43 |41 4.5
va glucan (wt%)

Theo bang trén c6 thé thdy duoc sir dung
siéu 4m trong 4h dau tién xu 1y c6 anh huong
tich cuc dén hiéu qua tién xir ly. Ta c6 thé thiy
phan giam khéi lwong ran khi dung siéu am 4
gio dau cao hon dang ké so véi khdng dung siéu
am. Dac biét, & ché d6 két hop siéu &m va khuay
két qua cho thdy phan giam khéi lwong ran Ion
nhat 17.8 wt%. Mot loi ich c6 thé thay rd khi
dung siéu 4m 1a  lwong cellulose va
hemicellulose giam di khéng khac biét so voi
chi khuay (4.3 wt%). Khi dung két hop siéu am,
cac thi nghiém tién xir ly c¢6 khuay tir thi cho
phan giam xylan 16n hon so véi cac thi nghiém
khéng dung khudy tr lam ting ham lwong
glucan c6 lgi cho qua trinh 1én men dung ching
S.Cerevisie.[13] Do d6 ma sy két hop giira siéu
am va khudy trong qua trinh tién xir ly bang
NaHCOs gitp ting hiéu suit thu ethanol trong
budc tiép theo.

Nhu vay sau khi khao sat cac yéu té chu
yéu anh huéng dén qua trinh tién xu ly, diéu
kién ti wu duoc chon 1a: 4.0 wt% NaHCOs, 7.5
Wt% ham lugng rom, thoi gian tién xi Iy 1a 24h,
nhiét do tién xu ly 12 60°C va danh siéu 4m 4h
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dau va khudy tron 18h con lai. Biéu kién nay
cho thay kha nang xir Iy lignin cao nhat.

Pem két qua nay so sanh vai két qua tién
xt 1y bang Sodium hydroxide (NaOH 1.0 wt%,
10.0 wt% ham luong rom trong 24h, c6 khudy
tron, nhiét o ban dau la 50°C) theo nghién ciu
cta phong Thi Nghiém nhién liéu Sinh Hoc va
Biomass [15] thi cho thay hiéu qua hoa tan
lignin bang Natri Bicarbonate twong dwong voi
dang NaOH (tién xu ly bang NaOH cho do giam
lignin 12 41.5 wt%) trong khi dé xu ly bang
NaOH cho d6 giam cellulose (6.9 wt%) cao hon
nhiéu so véi ding Sodium Bicarbonate.

3.1.6. Anh hwéng ciia qué trinh tién xir Iy dén
bé mat sgi rom.

a) b)

Hinh 2. Két qua phan tich SEM
a) b& mit rom trudc khi tién xir ly;
b) bé mit rom sau tién xu Iy.

Dung mau rom sau tién xu ly & didu kién
d4 t6i uu dem chup SEM dé cho thay sy thay doi
bé mat trudc va sau tién xir ly. Theo hinh 2 ta
thdy soi rom sau khi xir Iy ¢6 kich thugc nho
hon rat nhiéu so vé6i khi chua xir 1y, didu nay
chiing to6 16p lignin boc bén ngoai cac bo
cellulose d4 bi hoa tan dang ké boi Sodium
Bicarbonate ¢ diéu kién tdi vu nhu da khao sat &
trén. Theo hinh 3 ta c6 thé thay hinh dang cua
soi rom van duogc duy tri, tuy nhién bé mit cua
soi rom tré nén xdp hon so véi trude khi tién xir
Iy (hinh 3). Biéu nay cho thiy tac dung cua tién
xtr Iy két hop voi siéu am lam ting bé mat xp

cua soi rom, tang kha nang tiép can cua enzyme
dén céc soi cellulose, hd tro dang ké cho budc
thiry phan va lén men tiép theo.

Hinh 3. CAu trdc x8p cua bé mat

soi rom sau tién xir ly

3.2. Kha niing hip phu CO: tir biogas caa
dich thai sau tién xir ly

Khi théi biogas qua dung dich, mot phan
CO, d4 bi hap thu vao dung dich. Thé tich CO;
bi hip thu trong nhitng khoang thoi gian 30 gidy
dugc thé hién trén do th; 3.3. Tir d0 thi ta thiy
thoi gian hip thu giam theo luu lwong dau vao
cia biogas. Khi luu lwong biogas bang 0,65
lit/jphat va 1,00 lit/phat thi kha nang hap thu
CO, giam twong dbi déu sao nhiing khoang thoi
gian 30 gidy. Véi luu lugng khi bang 1,5
lit/phdt, kha nang hap thu CO, giam manh. Qua
trinh hap thu CO; dung lai & gidy tha 360, 450
va 270 tuwong tng va6i luu lwong khi la 0,65
lit/phat, 1,00 lit/phat va 1,50 lit/phat.

0.12

—ti) G5
0.1 0,65 Liph

=a—1.00L/ph

0.08 —+=1.50L/ph

0.06

0.04

0.02

Theé tich CO, bi hip phu (lit)

0 100 200 300 400 500
Thii gian (gidy)

Hinh 4. Thé tich CO2 hip thy tai
nhitng thoi diém khac nhau.
Khi xét luong CO, hip thu tir thoi diém
ban dau, tong lwong CO; bi hap thu duoc thé
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hién trong do th; 3.4. Tir d6 thi cho thay kha
ning hap phu CO; cua dung dich khi luu lwong
biogas vao bang 1,50 lit/phdt 1a manh m& nhét.
Tuy nhién qué trinh hap thu trong truong hop
nay ciing cham dut trong troi gian nhanh nhat.
Khi luu lwong biogas vao bang 1,00 lit/phat thi
qua trinh hap thu ting tuong ddi déu dan theo
thoi gian. Tong luong CO, d4 hap thy la 5,05¢;
7,04g; 4,52¢ tuwong (ng véi luu lugng biogas
vao la 0,65 lit/phat; 1,00 lit/phat; 1,50 lit/phdt.
Tir d6 cho thay, qua trinh hap thu cho hiéu qua
cao nhat khi Iuu Iuong biogas dau vao la 1,00
lit/phut. Didu nay duoc giai thich 12 do khi luu
lugng biogas vao thap (0,65 lit/phit), kha ning
X40 tron dung dich chua that sy tt nén qua trinh
hip thu dién ra chua dwgc déng nhat; con néu
biogas thdi vao vai luu lwong 16n (1,50 lit/phat)
thi thoi gian tiép xtc giira pha long va khi ngén,
dan dén qua trinh hap thu dién ra khong triét dé.
Do vay, véi két qua thi nghiém nay thi luu
luong biogas dau vao bang 1,00 lit/phut duoc
cho 14 Iuu lwong thich hop nhét.

=1
=

o

o
wn

o

=+—0.65L/ph

o
P

—e—1.00L/ph

o

Khoiluong CO, bi hip thu, g
(=]

=150 L/ph

8

200 300 400 500
Thid gian (giay)

Hinh 5. Khéi luong CO2 hép thy theo thai gian

4. KET LUAN

Nhu vay tién xa ly rom ra biang Natri
bicarbonate véi nong d6 4.0 wt%, ham luong
rom 7.5wt%, & 60°C, trong 24h véi 4h dau tién
c6 sir dung siéu am va 18 gio con lai khudy tron
lién tuc cho hiéu qua hoa tan lignin cao ma
khong lam giam dang ké cac thanh phan
polysaccharide khéc. Viéc hd trg tién xir Iy bang
siéu &m nay con gilp tang bé mat xop cua sgi
rom, gitp lam néng cao hiéu qua cua qua trinh
thiry phan bang enzyme trong budc tiép theo.

Dich thai sau tién xtr Iy dwoc tan dung dé
hap thu CO2 trong hdn hop khi biogas vai luu
lugng biogas thich hop 1a 1.00 lit/phat. Két qua
nay cho thay tiém ning hap thu CO2 cua cic
dich thai sau qué trinh tién xa Iy kiém. Thém
vao do, sau khi hap thu, dich thai c6 pH giam so
V6i ban dau tir 8.98 xudng con 8.10, c6 thé thai
ra moi truong ma khong yéu cau nhiéu budc xir
Iy tbn kém. Céc thi nghiém hap thu duoc thiét
ké kha don gian, khong ton chi phi thiét bi cho
thdy kha ning c6 thé scale-up 1én véi quy mo
lon.

Trong thoi gian t6i, ching tdi ciing ¢6 ké
hoach scale-up thi nghiém 1én quy moé pilot dé
danh gia kha nang ap dung thuc té cua nghién
cuu nay.

Nguon quj: Nghién ciru nay dioc tai tro
bdi truong Pai hoc Bach Khoa trong khudn kho
dé tai ma so T-KTHH-2014-43,
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Sodium Bicarbonate Pretreatment on Rice

Straw for

Bioethanol

Production and

Utilizing the Waste Water of this Process
to Absorb CO> in Biogas.

e Tran Phuoc Nhat Uyen
e Phan binh Pong

e Tran Thi Tuong An

¢ Nguyen Dinh Quan

e Phan Dinh Tuan

Ho Chi Minh city University of Technology,VNU-HCM

ABSTRACT

The concept of small scale biorefinery
from lignocellulosic biomass demonstrated
the efficiency of energy and environment
through research works at a pilot plant of
University of Technology, VNU-HCM. The
concept focused on studying bioethanol
production in which pretreatment is one of
key steps to achieve the efficiency. The
pretreatment using NaOH solution 1.0 wt %
removed lignin effectively but it is not
considered as an eco-friendly chemical.
Therefore, this study aims to investigate the
alkaline  pretreatment using  Sodium
Bicarbonate (NaHCOs3), which is argued to
be more environment-friendly and quite
cheap. A variety of different conditions were

investigated to optimize the pretreatment,
including  concentration  of  Sodium
Bicarbonate (2.0-8.0 wt%), rice straw
content (2.5-10.0 wit%), reaction
temperatures (from room temperature to
80°C) and soaking time (4h-32h). The
optimized condition was also investigated in
combination with ultrasound and stirrer. The
results showed that sodium bicarbonate is
of quite potential to be used in the rice
straw pretreatment. In addition, the waste of
water from pretreatment was utilized to
absorb CO; in Biogas which was obtained
from Thai My Demonstration plant in Cu Chi
District.

Keyword: Sodium Bicarbonate, bioethanol, CO2, biogas

TRANG 105



SCIENCE & TECHNOLOGY DEVELOPMENT, Vol.18, No.KS - 2015

[1].

2.

[3].

[4].

[5].

[6].

[7]1.

[8].

TAI LIEU THAM KHAO

Parveen Kumar, Diane M. Barrett, Michael
J. Delwiche, and Pieter Stroeve, Methods
for  Pretreatment of Lignocellulosic
Biomass for Efficient Hydrolysis and
Biofuel Production, Ind. Eng. Chem. Res.,
2009, 3713-3729

Ashok Pandey, Christian Larroche, Steven
C. Ricke, Claude-Gilles Dussap and
Edgard Gnansounou, Biofuels: Alternative
Feedstocks and Conversion Processes,
Sciencedirect, 2011, ISBN: 978-0-12-
385099-7.

Mohammad J. Taherzadeh, and Keikhosro
Karimi, Pretreatment of Lignocellulosic
Wastes to Improve Ethanol and Biogas
Production, Int. J. Mol. Sci. 2008, 1621-
1651

Torget, R.; Himmel, M.E.; Grohmann, K.
Dilute sulfuric acid pretreatment of
hardwood bark. Bioresource Technol.
1991, 239-246.

Donghai, S.; Junshe, S.; Ping, L.; Yanping,
L., Effects of different pretreatment modes
on the enzymatic digestibility of corn leaf
and corn stalk, Chinese J. Chem. Eng.
2006, 796-801.

Sun, Y., Cheng, J., Hydrolysis of
lignocellulosic  materials for ethanol
production: a review. Bioresour. Technol.
2002,1-11.

Kong, F.; Engler, C. R.; Soltes, E. J.,
Effects of cell-wall acetate, xylan
backbone, and lignin on enzymatic
hydrolysis of aspen wood. Appl. Biochem.
Biotechnol. 1992, 23-35.

Mosier, N., Wyman, C., Dale, B., Elander,
R., Lee, Y.Y., Holtzapple, M., Ladisch, M.,

Features of promising technologies for
pretreatment of lignocellulosic biomass.
Bioresource. Technol. 2005, 673-686.

[9]. lyer, V.; Wu, Z.-W.; Kim, S. B.; Lee, Y. Y.
Ammonia recycled percolation process for
pretreatment of herbaceous biomass. Appl.
Biochem. Biotechnol. 1996, 121-132.

[10].Foster,M., Investigations ~ for  the
environmentally friendly production of
Na,CO; and HCI from exhaust CO,, NaCl,
and H,0. J. Clean. Prod. 2012, 195-208.

[11].Yang, L., Cao, J., Jin, Y., Chang, H.M,,
Jameel, H., Phillips, R., Li, Z., Effects of
sodium carbonate pretreatment on the
chemical compositions and enzymatic
saccharification of rice straw. Bioresour.
Technol. 2012, 283-291.

[12].Jin, Y., Huang, T., Geng, W., Yang, L.,
Comparison  of  sodium  carbonate
pretreatment for enzymatic hydrolysis of
wheat straw stem and leaf to produce
fermentable sugars. Bioresour. Technol.
2013, 294-301.

[13].Wang, F.; Wang, Y.; Ji, M. Mechanisms
and kinetics models for ultrasonic waste
activated sludge disintegration. J. Hazard.
Mater. 2005, 145-150.

[14].K. Mochidzuki, N. Sato, A. Sakoda, P. D.
Tuan, Development of Local Biomass-
Based Fuel Systems in Mekong Delta Area,
AIChE 2006 Annual Meeting, 12-
17/11/2006, San Francisco Hilton, San
Francisco, California, USA.

[15].Tran, P.N.U., L.V.K. Vu, D.Q. Nguyen,
T.K.P. Le, D.T. Phan, K. Mochidzuki, S.
Kobayashi, D.J. Seoand A. Sakoda, Energy
balance of Small Scale Biorefinery

TRANG 106



TAP CHi PHAT TRIEN KH&CN, TAP 18, SO K5- 2015

Process. Environmental Science 2013, 489- [17].Linfeng Yang, Jie Cao, Jiangyun Mao,
496. Yongcan Jin, Sodium carbonate—sodium
sulfite pretreatment for improving the
enzymatic  hydrolysis of rice straw,
Industrial Crops and Products 2013, 711—
717.

[16].National Renewable Energy Laboratory,
Technical Report NREL/TP-510-42617,
42618, 42620 and 42622.

TRANG 107



