Tap chi Phdt trién Khoa hoc va Céng nghé - Ki thudt va Céng nghé, 2(S12):5146-SI52

Open Access Full Text Article

Bai nghién ciiu

Nghién ciu phuong phap tai st dung dung dich kiém trong qua

trinh tién xi ly gé cao su nham gidm thiéu chi phi héa chat

Nguyén Thi Lién", Nguyén Dinh Quan, Tran Thi Tuéng An, Lé Diép Trung Tin

Op=2r)
N

Use your smartphone to scan this

QR code and download this article

TOM TAT

Phé phu phdm néng lam nghiép 1a nguén sinh khéi téi tao rat déi dao va ré tién. Bioethanol tir
lignocellulose do d6 dugc quan tam dac biét trong nhiing thap ky gan day vi yéu cau cdp thiét
nhan loai phai cdt giam muc tiéu thu nhién liéu hoa thach. D& chuyén hoa lignocellulose thanh
bioethanol, mét khau co tinh tién quyét la tién x ly nguyén liéu nay dé loai b lignin, pha vé cau
trdc chat ché clia phiic hop lignin-cellulose-hemicellulose nham tao diéu kién cho su tiép xuc gilia
tac nhan thay phan va cellulose dién ra. Trong cac phuong phéap tién xtt ly hién nay, phé bién nhat
la phuong phap ngam kiém. Trong nghién clu nay, dung dich NaOH sau khi tién xt ly mun cua
g6 cao su lan thir nhat sé dugc st dung lan nira véi phuong an bé sung maét luang t6i thiéu NaOH.
Luong NaOH bé sung dugc tinh toan sao cho téng lugng NaOH trong 2 lan st dung sé gidm di
déang ké trong khi van dam bao hiéu qua tién xtr ly nhu ban dau. Két qua cac thi nghiém cho thdy,
dung dich NaOH 2,0% KL tién xr ly g6 1an dau trong 24 gi cho phép lam giau cellulose nguyén
liéu ttr41,2% KL 1én 53%; va trong lan tai s dung lan thit hai b6 sung téi thiéu NaOH clng cho hiéu
qua tuong duong. Téng lugng kiém st dung dé x ly cing mét lugng nguyén liéu giam 30,3% va
lugng nudc sach giam 41,2% so véi phuong phép truyén théng. Phuong phép dugc dé ra da dat
muc dich cat giam rat dang ké chi phi hda chét, co y nghia tich cuc va thuc té trong viéc gép phan
tién gan hon téi viéc gidi quyét bai toan kinh té - ky thuat clia cong nghé san xuét bioethanol thé
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GIGI THIEU

Trong nhiing nam gin day, khung hoang ddu mo
va hién tugng néng lén toan ciu da tao dong luc
phdt trién cdc ngudn ning lugng thay thé, dic biét
14 bioethanol. Trén ly thuyét 1an thyc hanh, céic
ngudn carbohydrate nhu tinh bot, glycogen, cellu-
lose... trong ty nhién déu c6 thé1a nguyén liéu dé1én
men bioethanol .

Sinh khéi lignocellulose la nguyén liéu hiiu co tai sinh
phong phu trén tréi dit véi lugng cung cdp hang nim
khoang 200 ty tdn va do d6 1a mot lya chon hip dan
cho viéc san xudt nhién liéu sinh hoc. Su da dang,
doi dao va ré tién cta sinh khoi lignocellulose hitia
hen mdt chién lugc san xuét bioethanol cé tinh cdch
mang, mic du trudc mit, cong nghé nay van chua thé
thuong mai héa cong nghiép vi chi phi cao?.

Chuyén hoa sinh khéi lignocellulose thanh cén sinh
hoc bang phuong phdp thtly phan va lén men dong
thoi 1a moét huéng cong nghé thu hit nhiéu nghién
ctu trén thé gidi. Tuy nhién véi sinh khdi 1a gb, cac
nghién ctiu c6 phin han ché vi ciu tric lignocellu-
lose ctia gb khd hoan chinh, do cellulose tao thanh
khung dugc bao boc bdi mang hemicellulose va gan
két v6i nhau bdi lignin tao thanh cdu tric bén viing

va rd rang, dan dén qua trinh tién xt Iy khé khin hon
va kha ning 1én men bi han ché>. Trong nhiéu cac
phuong phép tién x Iy nhu tién xti ly bing kiém, acid,
enzyme, thiy nhiét cao dp... tién xu Iy bang kiém
dugc ua chudng vi don gian va khd hiéu qua do cac
thanh v6 dinh hinh nhu hemicellulose, lignin trong
nguyén liéu dé bi hoa tan béi kiém *°.

Dé cat giam chi phi tién xu Iy lignocellulose, dung dich
kiém thai sau khi da stt dung 14n tht nhét c6 thé dugc
tan dung dé tién xu ly cdc 14n sau. Co s& cua y tudng
nay la dung dich kiém thai van chita mét lugng kiém
dang ké véi pH cao. Vi vay, mot lugng NaOH dugc
tinh toan hgp 1y, khoa hoc, b6 sung vao dung dich
tai stt dung nay c6 thé dam béo cho qud trinh tién xu
ly lan sau van dat hiéu qua nhu ban ddu ma khong
can phai tiéu tdn NaOH va nudc sach nhiéu nhu 1an
tht nhét do da tdn dung nhiing gi con st dung dugc
clia 1an trudc d6%7. Trong nghién ctu nay, min cua
thuong mai ctia gb cao su (tli cac phu phdm cua xé
nhu gb bia, go vun, canh, nhénh céy cao su thanh ly
sau khai thac ma) dugc chon lam nguyén liéu dé tién
hanh nghién ctu phuong phép tién xt ly lignocellu-
lose bang dung dich kiém tdi sti dung c6 b8 sung lugng
NaOH phu hgp. DPéy la nguén nguyén liéu lignocel-

Trich dan bai bao nay: Lién N T, Quan N D, An T T T, Tin L D T. Nghién cttu phuong phap tai si dung
dung dich kiém trong qua trinh tién xi ly gé cao su nham giam thiéu chi phi héa chat. Sci. Tech.

Dev. J. - Eng. Tech.; 2(S12):S146-SI152.
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lulose rat16n hién thuong chi dugc dung lam chat dot
ré tién8.

VAT LIEU VA PHUONG PHAP

Vat liéu

Nguyén liéu st dung la hon hgp phu phdm gb cao su
da dugc xtt Iy thanh muin cua dong nhét tii xudng go
Moc Lam, tinh Binh Duong, ¢6 d6 8m < 12%. Nguyén
liéu sang, ray dén kich thuéc mong mudn roi sy kho
dé tranh bi ndm mdc trudce khi luu trit. Trong cdc
thi nghiém, phan khéi luong lignocellulose dugc tinh
dua trén khéi lugng kho ctia mau mun cua va phian
4m dugc tinh vao lugng nudc trong dung dich.

Héa chét: dung dich H»SO4 98 wt%; NaOH 99,99
wt%, dung dich HC1 37 wt% déu 13 san phdm ctia hang
TCL (Pai Loan).

Quy trinh téng quat tién xi ly gé véi kiém
Qua trinh ngam nguyén liéu trong kiém dugc tién
hanh véi binh ciu 250 ml. Céac thi nghiém dugc tién
hanh & nhiét 46 phong véi dung dich NaOH ¢6 néng
d6 khic nhau, cu thé1a 0,2 wt%, 0,4 wt%, 0,8 wt%, 1,0
wt%, 2,0 wt%, 3,0 wt%, 4,0 wt% va 5,0 wt%. Ti 1é khoi
lugng g6 va dung dich kiém 1:10 vé6i 5g nguyén liéu
kho cho méi 14n thi nghiém *10. Hiéu sudt dugc tinh
theo (CT1) dé chon ra néng d¢ t6i uu nhat.

Khdo sit thoi gian tién xt ly gb thong qua cac thi
nghiém 1a 1 gio, 3 gid, 6 gio, 12 giv, 18 giv, 24 gid
va 30 gid. Qud trinh dugc tién hanh trén méy lic
v6i téc do 150 vong/phut. Hiéu suét tinh dugc dya
vao (CT1) dé chon ra mdc thdi gian cho hiéu qua t6t
nhat. Hon hgp sau khi tién xtt dugc loc d€ thu duge
dich kiém dung cho muc dich tdi st dung. Phén ba
dugc rlia bing nudc cat va trung hoa dén pH 7 déloai
bo kiém du. Sau d6 dem sdy kho va dugc phén tich
cac thanh phan tro, lignin, hemicellulose va cellulose.
Dung dich kiém dugc ldy tu 1an tién xt ly dau tién
dugc tai stt dung sao cho tilélignocellulose/dung dich
la 1/10.

Pinh nghia hiéu qua tién xi ly
Hiéu qua tién xt ly trong nghién ctiu dugc dinh nghia
la muc d¢ loai bo lignin va lam giau thanh phén cel-
lulose ctia mau. Vi lignocellulose c6 nguén gdc tu
nhiing nguyén liéu ré tién, nén néu bd qua nhiing
thét thodt co hoc mau rin trong gidi han cho phép
(5-10%), hiéu qua tién xt ly dugc tinh theo cdng thiic
sau:

%H = 1—Y,/Y} (1)
Trong do:
Y 1a ti I¢ lignin/cellulose trong nguyén liéu dau
Y, 1a ti 1¢ lignin/cellulose trong san phim sau tién xu
ly kiém, x4c dinh tit phén tich bing HPLC.
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Hinh 1: Minh hoa y tuéng NaOH cho qua trinh tai st
dung kiém thai nhu mo ta trong bai véi A1 la tién xi
ly v6i dung dich C1 wt%; B1 la tién xtt ly véi C1 wt%
lan tha 2; A2: tién xt ly v6i dung dich C2 wt% lan 1

Nhu di mé ta trong nghién ctu truc day!l, gia st
dung dich kiém nong do C1 (wt%) tuong duong véi a
(g) NaOH stt dung 14n thi nhit ¢4 thé tich V1 (ml) dat
hiéu qua tién xti 1y 1a H1(%). Dung dich thu dugc sau
lan tién xt ly ddu tién c6 thé tich V2 (ml), khi dem V2
(ml) d€ tién xtt ly ma khong bd sung thém NaOH thi
cho hiéu qua H2 (thdp hon H1) va tuong duong hiéu
qua dat dugc khi dung dung dich néng d6 C2 wt%
mdi tuong duong véib (g) NaOH. Su tuong quan nay
dugc théhién trén Hinh 1 v6i 3 diém A1, B1, A2. Nhu
vay, néu gia thuyét ring dung dich C1 khi tai stt dung
muén c6 cung hiéu qua H1 nhu ban d4u thi phéi bé
sung mot lugng NaOH tuong duong véi lugng NaOH
6 thé dung d€ ning néng do tit dung dich C2 wt% 1én
C1 wt%, lugng NaOH con lai dugc tinh gan ding theo
cdng thic:

Lugng NaOH cén thém vao:

Magq =a—Db (g)
Lugng nudc can thém vao dugc tinh theo cong thiic:

Vada =Vi—Va (ml)

Phuong phap phan tich, danh gia két qua
Qud trinh do ham lugng lignin dugc tién hanh béng
phuong phap do quang phd UV-VIS NiR V770 Jasco,
Nhéit Ban.

Lignin khong tan dugc tinh theo cong thiic:

AIR = % % 1000 mg /g

Trong d6: AIR la lignin khong tan (mg/g)
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m 1 khéi lugng( ba sau khi sdy), (g).
M la trong lugng mau nung kho( oven-dry) (g)
Lignin tan dugc xac dinh nhu sau:

asL =PV 000 (™8
a.b.M g

Trong d6: ASL 14 lignin tan (mg/g)
A: d6 hdp thu 6 budc séng 205nm.
D: hé s6 pha loang
V: thé tich dich loc (L)
a: hé s6 cta lignin, g/l cm (theo TAPPI UM 250)
b: chiéu dai cuvette, cm (thudng la 1cm)

Lignin tdng = AIR + ASL (mg/g)
Quié trinh dinh lugng hemicellulose va cellulose bing
hé théng sic ky 1ong hiéu ning cao (HPLC - Liquid
Chromatography Hight Performance) ctia hang Shi-
madzu, Nhat Ban.
Goi my 13 khoi lugng ddu; my 13 khéi lugng 4m
% Cellulose = CeejutoseXVcellulose | (M1-m3)
% Hemicellulose = ChemicelluloseXV hemicellulose | (M1~
my)
Cong thic tinh hiéu suit tiét kiém lugng kiém va
lugng nudc
Gia st lugng nudc va lugng kiém st dung cho 3 lan
tién xti ly riéng biét la A; A; A
Lugng nudc va kiém cho 2 14n tai st dung dung dich
kiém 1an lugt 1a A; B; C (C<B<A)

%H = 100% — [(A+B+C)/(A+A~+A)] %100 (2)

KET QUA

Hinh 2: Thanh phan nguyén liéu ban dau (Dya trén
khdi lugng khé)

Két qua phan tich nguyén liéu ban dau (Hinh 2) cho
thdy mau min cua cao su st dung trong thi nghiém c6
thanh phén trung binh cta lignin va cellulose 1a 25%
va 41,2%. Két qua nay kha tuong dong véi mot s6 bao
c4o vé thanh phan héa hoc ctia mot s6 loai gb!>13.
V&i két qua nay, néu co thé chuyén héa 100% cellulose
trong mau thanh bioethanol, thi 1kg mun cua c6 thé

chuyén hoéa thanh 0,22 kg ethanol. Hién nay, gid mun
cua khoang 800 VND/1kg con gia con tuyét doi (gia
xudt xudng khoang 6000 VND/1kg)®. Néu khong ké
dén chi phi sdn xudt, thi lugng ethanol ly tudng thu
dugc tit chuyén héa mun cua cao su c6 gid tri quy déi
1a 1320 dong/kg mun cua. Bén canh d6, hemicellulose
ciing ¢6 thé thiy phan thanh xylose d€ chuyén héa
thanh ethanol. Vi viy, san xuét bioethanol tit mun cua
g0 cao su co tiém ning nhdt dinh, du chic chin la véi
cdng nghé hién nay viéc thuong mai hoa c6 rat nhiéu
thach thiic vé mat ky thuét dé giai quyét bai todn kinh
té.

Bén canh viéc chuyén héa lignocellulose thanh
bioethanol, lignin cting 1a sin phim c6 gid tri néu c6
thé thu hdi sau qué trinh tién xi Iy 10, Va diéu dé ciing
c6 nghia viéc tai stt dung dung dich kiém lam gia ting
nong do lignin trong dung dich cudi, khién viéc thu
héi lignin cang thém hiéu qua.
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Hinh 3: Anh huéng cla thai gian dén qua trinh tién
XU ly v6i néng do ki€ém 0,2 wt%; 2 wt%; 4 wt%, ti lé
lignocellulose/dung dich 1a 1/10

Hiéu qua tién xti ly lignocellulose véi kiém phu thudc
vao thoi gian tién xti Iy dugc trinh bay nhu Hinh 3. R
rang, du ndng do thay d6i nhung sau 18 gid dén 30 gi¢
ngam kiém, hiéu qua tién xi Iy gan nhu khong ting
lén nita. Diéu nay cé thé dugc giai thich bing viéc
dung dich kiém da tiép xdc va ngdm vao bén trong
nguyén liéu dat bao hoa va miic d9 truyén khoi hé trg
cho phan ting gitia lignin va NaOH ciing khong thé
ting lén niia'?. Diéu nay ciing chiing té ring dung
dich kiém d€ xt ly lignocellulose luén ¢6 du lugng
kiém sau phan ting. Viéc tdn dung dugc du lugng
kiém nay nhu y tudng trinh bay ban ddu chic chin
¢4 y nghia tich cuc.

Trong cac thi nghiém tiép theo, thoi gian tién xt Iy 24
it dugc chon lam thdi gian chuén dé khéo sat cic yéu
t6 khéc.
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Khao sat néng dd dung dich kiém

Hiéu qua tién xt ly phu thudc vao ndng d6 dung dich
kiém trong 24 gid tién xu Iy dugc trinh bay cy thé nhu
d6 thi Hinh 4.
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Hinh 4: Anh huéng cia néng d6 dung dich dén qua
trinh tién x ly véi thai gian 24 gig, ti 1é lignocellu-
lose/dung dich la 1/10

Khi néng do NaOH téng thi hiéu qua tién xt ly cling
tang theo. Tuy nhién tit ndng do 1% trd Ién, thi hiéu
qua tién xt ly ting lén r4t chAim. Dung dich NaOH
tuong tac véilignin va hoalignin vao trong dung dich,
lam 1 ra cac nhom cellulose. Tién xu ly kiém sé tac
dong lam phd v& thanh té bao vi kiém hoa tan hemi-
cellulose, lignin va silica, phén thuy lién két este ctia
acid uronic va acetic, lam truong cellulose va giam do
két tinh cta cellulose. Hon niia, kiém phé v& lién két
o-ete gitia lignin va hemicellulose, lién két este gitia
lignin hodc hemicellulose véi cic acid nhu acid p-
coumaric, acid ferulic ¢, Tu d6 gitp cho quéa phin
thay phén dé dang hon cho qud trinh 1én men. Tuy
nhién bén trong ctia cac ciu tric vi mo, phia sau cac
mach lignin da 16 ra ngoai hat nguyén liéu van con
mot phén lignin va d6 1aly do qua trinh tién xt ly kho
dat dugc 100% nhu mong doi.

Dua vao d6 thi dung dich ¢6 néng d6 NaOH 2% dugc
lya chon cho cac khéo sat tiép theo vi cdc ndng do 16n
hon lam gia ting khong dang ké hiéu qua tién xu ly.

Hiéu qua tién xtr ly ctia qua trinh tai sirdung
Sau qua trinh tién xt ly 1an thi nhat, lugng dung dich
thu héi ¢6 tinh cao (pH 9-11) nén hoan toan con hoat
tinh tién xt ly loai lignin & mtic d nao d6. Nhu y
tudng da trinh bay ban dau, viéc b6 sung moét lugng
kiém thich hgp c6 thé gitp dung dich nay c¢é dugc
hiéu qua tién xti ly lignocellulose nhu ban dau.

Thuc vay, d6 thi Hinh 5 cho thdy viéc b sung nay vao
dung dich kiém thai ctia qua trinh tién xt Iy thd nhit
(1) cho phép téi sti dung & qua trinh tién xt 1y thi hai
(3) v6i hiéu qua tién xt ly gin tuong duong. Trong
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Hinh 5: Hiéu qua tién x{ ly trong 24 gid ti & ligno-
cellulose/dung dich la 1/10 véi (1) Qué trinh tién xu
ly NaOH 1an 1; (2) Hiéu qua tién x(r Iy khong b sung
NaOH; (3) Hiéu qua tién xtr ly c6 bé sung thém NaOH
va nuéc

khi d6, néu khong bd sung thém kiém thi hiéu qua
tién xt ly thip hon ro rét (2).

R6 rang, phuong phép tai st dung dung dich kiém
v6i mot lugng b sung nhd NaOH da tiét kiém dugc
rat nhiéu NaOH va nudc sach so véi viéc dung mot
dung dich NaOH 2 wt% mdi, vi c6 su tan dung dung
dich kiém thai ctia14n thi nhét. Bang 1(tinh toan theo
CT?2) trinh bay su so sanh mic tiéu hao hoéa chit va
nudc sach khi tién xt 1y hai mé nguyén liéu v6i dung
dich NaOH 2 wt% méi va dung dich tai stii dung c6
bd sung NaOH. Lan tién xti ly 14n dau cho hiéu qua
lam giau cellulose cao nhat dat 53,52 wt%. Tai sti dung
dung dich ma chua c6 bd sung cho thdy hiéu qua gidm
di mét nita so v6i ban dau (24,79 wt%). Chung to
lugng kiém con lai tuong d6i nhiéu, sau khi tinh toan
lugng kiém can b sung thi hiéu qua ctia qua trinh
tién xti ly dat tuong duong véi lan dau tién.

Sau khi b6 sung mot lugng kiém t6i uu cho qua trinh
tién xd ly thi hiéu qua lam giau cellulose dat 52,83%
tuong duong véi tién xu ly lan ddu tién. Dua vao
Bang 1 ta thdy r6 muc 46 tiét kiém lugng NaOH
va lugng nuéc sach khi thay d6i khéi lugng NaOH.
Lugng NaOH bd sung cho cac 1an sau cang ngay cang
it di do qua cang nhiéu lan tai st dung thi ham lugng
kiém trong dung dich cang nhiéu. Tuy nhién lugng
nudc qua nhiéu lan tai st dung thi kha ning thu hoéi
cang giam vi 46 dam dac ctia dung dich can tré kha
néang loc. Véi ndéng do NaOH 2 wt% sau hai lan tai
sti dung c6 bd sung kiém da tiét kiém dugc 30,3% va
lugng nudc sach tiét kiém dugc 41,2%. Theo nghién
ctiu trudc day ctia Jun Seok Kim, et al cho thdy hiéu
qué tuong duong véi lugng NaOH tiét kiém dugc
trong nghién ctiu 1a 26,84 % 14
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Bang 1: Bang tiét kiém héa chat

Tiéu hao NaOH va H,O  Téi st dung NaOH l4n 1 Tai stt dung c6 bd sung Mic do tiét
trong lan tién xti ly méi NaOH lan 2 kiém (%)
KL Kiém KL nuéc KL Kiém KL nuéc KL Kiém KL nudc Kiém (g) Nudc (g)
(8 (ml) () (ml) (8 (ml)
0,5 50 0,39 17 0,22 21 30,1 40,2
1 50 0,65 17 0,43 23 30,3 41,2
1,5 50 0,91 18 0,72 23 31,5 40,5
2 50 1,23 19 1,02 25 30,2 38,4
2,5 50 1,57 18 1,14 25 31,6 38
Qua trinh dugc thuc hién hai 14n do dich tién xti Iy 3. Taherzadeh MJ, Karimi K. Pretreatment of lignocellulosic

c6 do nhét ting mot phén 1a vi cdc thanh phan trong
nguyén liéu nhu lignin, hemicellulose dugc tach ra,
gay can tré qud trinh tic dong ctia dung dich vao
nguyén liéu!”.

KET LUAN

Véi diéu kién sti dung dung dich NaOH 2 wt%, & nhiét
do6 phong, tién xi ly trong 24 gi¢ cho hiéu qua lam
giau cellulose dat 53%. Lugng NaOH bé sung cho 2
l4n tién xu ly da tiét kiém dugc 30,3% va lugng nudc
la 41,2% so v6i phuong phép thong thuong. Pay 1a
mot nghién ctu gép phan lam gidm anh hudng x4u
dén moi trudng va tiét kiém chi phi, c6 thé dp dung
cho quy mo6 cong nghiép 16n.

LO1 CAM ON

Nghién ctiu nay dugc tai tr¢g béi Pai hoc Quoc
gia Thanh ph6é H6 Chi Minh (PHQG-HCM) trong
khuo6n khé dé tai ma sé B2018-20-02.

XUNG POT LOI iCH

Nhom téc gia xin cam doan raing khong c6 bt ky xung
dot nao trong cong bo bai bao.

PONG GOP CUA CACTACGIA

Nguyén Dinh Quan tham gia vao viéc dua ra y tuéng
thuc hién néi dung bai bao.

Tran Thi Tudng An tham gia vao viéc giai thich di
liéu va kiém tra bai viét.

Nguyén Thi Lién tham gia vao viéc thuc hién céc thi
nghiém, tién hanh cac y tudng dé ra va viét bai.

Lé Diép Trung Tin tim hiéu tai liéu c6 lién quan.
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A

ABSTRACT

Agricultural and forestry wastes are the popular renewable resources due to its price and efficiency.
In recent decades, there are a lot of successful researches about bioethanol from lignocellulose
to decrease the fossil fuels consumption. To produce bioethanol from lignocellulose materials,
the prerequisite step is pretreatment step to remove lignin, to break the tight structure of lignin-
cellulose-hemicellulose complex, to facilitate the contact between hydrolysis agent and cellulose.
Alkaline pretreatment has been known as the most popular method. In this study, NaOH solution
after the first pretreatment will be used again, adding a minimum amount of NaOH. The addition is
calculated so that the total amount is reduced while maintaining the pretreatment efficiency. Anal-
ysis results showed that an aqueous solution of 2.0 wt.% NaOH can be used to pretreat the biomass
for the first time in 24h, the first pretreatment allow the cellulose enrichment of raw materials from
41.2 % to 53%, in the second reused pretreatment, the addition give the same efficiency. The to-
tal amount of alkaline solution decreases 30.3% and the pure water decrease 41.2%, compared to
the traditional method. The proposed method achieves the main goal: reduce significantly chem-
ical costs, have a positive and practical meaning in contributing to solve the economic - technical
problem of the second generation bioethanol's production technology.
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