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ABSTRACT

The effects of temperature, time, alkalinity and solid/liquid ratio on
separation of lignin, hemicellulose to obtain cellulose from water hyacinth
(Fichhornia crassipes) were investigated. Microcrystalline cellulose fibers
were examined by microscope and infrared spectroscopy IR. The
results showed that lignin and hemicellulose were removed by alkaline
treatment. The obtained cellulose fibers were modified by esterification
reaction with acetic anhydride in acetic acid, sulfuric acid with the aid
of ultrasound. The cellulose acetate was investigated using transmission
electron microscopy (TEM) and IR spectra. The synthesized nano fibers
were in the diameter range of 50 - 100 nm from the TEM with even
arrangement. The IR spectrum also showed that the ~OH group was
replaced by the —-OCOCH;3 group, thus, reducing the polarization and
hygroscopic ability of cellulose, suitable for using as the reinforcing phase
in biodegradable composite materials.
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vat liéu nanocomposite
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TOM TAT

Quaé trinh tach lignin, hemicellulose dé thu dugc cellulose tit luc binh
(Eichhornia crassipes) béng phuong phap xit Iy kiém du6i 4nh hudng
clia cac yéu tb: nhiét do, thoi gian, ndong do kiém va ti lé ran/léng. Vi
sdi cellulose duge khio sat cau tric bing kinh hién vi vi phd hong ngoai
IR. Két qua thu dudc cho thay chi cAn qua moét bude xit Iy kiem da hoan
toan loai bo dugc lignin va hemicellulose. Sgi cellulose tiép tuc dugc
thit nghiém bién tinh bing phan tng ester héa vé6i tac nhan anhydride
acetic trong dung moi acid acetic, xtc tdc H2SO4 dic, c6 sy hd trg cia
séng sieu am. San pham cellulose acetate dugc danh gia kich thudc,
hinh thai v& tinh chit bing kinh hién vi dién tit truyén qua (TEM), phd
héng ngoai (IR). Két qua cho thay vi sdi celullose acetate c6 kich thuée
khoang 50 nm, phan bd kha doéng déu. Dong thoi tren phd IR cho thiy
nhém ~OH da dugce thay thé bing nhém ~OCOCH3, tit d6 lam gidm do
phan ciyc va tinh hit 4m ctia cellulose, phit hgp dinh huéng lam pha gia

cuong cho vat liéu composite phan hiy sinh hoc.

Nguyén Van Hién
Email: nvhien@hcmuaf.edu.vn

1. DPat Van Dé

Su phét trién manh mé cia cong nghiép hién
dai din dén nhu ciu ngdy cang lén vé viéc
nghién citu, ché tao cac loai vat lisu méi. Vat lieu
nanocomposite 13 sy két hop clia hai hay nhiéu
vat lieu khac nhau, mdi thanh phan van giit dugc
nhitng tinh chit co, 1y, héa riéng biét ctia no.
Dong thai vat lieu nanocomposite c6 nhitng tinh
chat t6t hon so véi ting vat lieu ban dau. Gan
day, cac nghién cttu méi nd luc phéat trién vat
lidu nanocomposite tit ngudn gbc ty nhién c6 kha
ning phan hity sinh hoc, nhim gidm thiéu toi
da tac hai ddi v6i moi truong (Oka, 2010). Soi
nano cellulose ¢6 tiém nang 16n dé lam pha gia
cuong cho cac vat liéu composite sinh hoc nhu
kha ning phan tan cao, dong déu, khong doc va
¢6 kha nang phan hiy sinh hoc. Tuy nhién trong
cAu tric clia cellulose c¢6 nhidu nhém —OH nén
¢6 tinh phan cuc, do dé dé ting do phan téan va
tuong thich trong nén polymer can bién tinh cac
nhém ~OH, dé lam gidm tinh phan cyc ciia cellu-
lose (Wang & Lawrence, 2012). Acetyl hoa 1a mot

phuong phap day hita hen, trong d6 mot sd6 nhom
~OH phén tng véi tac nhan anhydride acetic dé
tao thanh sdn pham cellulose acetate (CA) c6 do
phan cyc kém hon cellulose, gitp giam tinh hat
am ciia cellulose va phan tan tét hon trong trong
nén polymer (Abdulkhani & ctv., 2014).

Luc binh ( Eichhornia crassipe) 1a mot loai thuc
vat thity sinh séng troi ndi, hay cdm ré xudng bim,
ré chiim, sinh trudng rat nhanh, khé kiém soat,
anh hudng khong chi dén tinh da dang sinh hoc
ma con anh huwéng dén cac hoat dong kinh té - xa
hoi. Xuét phat ti viing Amazon, Nam My, dén
nay luc binh da phat trién tren 50 qubc gia ving
nhiét d6i va can nhiét d6i (Abdulkhani & ctv.,
2014). O Viet Nam, trong nhitng nadm qua, sy
xuét hién ctia luc binh trén cac kénh rach thuoc
cac khu vyc song ngdy cang nhiéu va day dac. Cu
thé tai thanh phd H6 Chi Minh, da c6 khoang
200 km thuoc 180 kénh rach bi xam chiém bdéi
luc binh. N6 khong nhitng can trd dong chay, gay
khoé khan cho giao thong duong thiy, luc binh con
gay 6 nhiém, anh huéng dén ngudn nuée phuc vu
tudi tieu dong rudng ciing nhu nudi trong thiy
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sdn tai mot sd noi. Hién nay cé nhiéu giai phat
duge dua ra dé gidi quyét su 6 nhiém cda luc
binh, nhung hiéu qud vAn con chua cao. Do luc
binh ¢6 ham lugng cellulose cao (trén 200 g/1 kg)
neén ciing c6 thé tan dung nguodn cellulose tit loai
thyce vat nay (Istirokhatun & ctv., 2015). Vi vay,
muc tiéu ctia nghién cttu nay 1a tach 1ay cellulose
tit luc binh, bién tinh tao cellulose acetate dinh
huéng lam pha gia cudng trong téng hop vat lieu
nanocomposite phan hiy sinh hoc.

2. Vat Liéu va Phuong Phap Nghién Cdu
2.1. Vat liéu

Luc binh dude thu gom tit ao, hd khu viye quan
Thu Dac, TP.HCM, vé6i kich thude than cay trén
0,5 mét.

Toluene, Etanol 96%, Acid acetic, Natri hy-
droxid 96%, Acid chlorhidric 36%, Sodium
hypochlorite (NaClO) ¢6 nguon géc Trung Quoc
va Anhydride acetic tit Tay Ban Nha.

2.2. Phuong phap

X ly lignin va hemicellulose tu luc binh:
Luc binh tuci dugc ria sach, cit nhé, nghién
va say kho, sau d6 ngam dam trong dung moi
Toluene/Ethanol trong 24 gis, nham loai bo cac
chat nhya va cac chit mang mau. Sau buéc xit
Iy bing dung mo6i, mau lyc binh duge cho vao
binh phan tng chita dung dich NaOH (nong do
va ti 1¢ sé duge khao sit), dun hodi luu véi nhiet
do va thoi gian thich hop. Sau dé rita lai bing
dung dich HC1 0,5 M rdi tach dich loc, ba dugc
rita biing nude cat rdoi dem di siy kho. MAu kho
dugce tiép tuc duge tay lignin bing phan tng véi
dung dich NaClO. Hén hgp sau phan dng duge
rita nhidu 1an bing nude cat, sau d6 tach dich loc.
Ba sau khi loc dugc siy kho 6 60°C va can lai khoi
lugng dé tinh hiéu sudt clia cAc phan tng trén.
Cellulose thu dugc sau khi sdy kho duge kiém tra
tinh chat bang phd hong ngoai IR (Trung tam
INOMAR, Dai hoc Quéc gia TP.HCM).

Téng hop cellulose acetate: Can chinh xac 0,5
g bot cellulose cho vao binh cau 50 mL, thém
10 mL acid acetic va siéu am 10 phat dé cel-
lulose phan tin déu trong dung moi. Tiép tuc
thém anhydride acetic (5, 7, 10, 13 mL) va acid
H2SO4 dic vao hon hgp phén tng, siéu am trong
30 phit — 3 gid. Sau thoi gian phan tng, tién
hanh két tia va thu vi soi cellulose acetate. San
pham duge kiém tra tinh chat bing phuong phap

kinh hién vi dién t truyén qua TEM (Phong
thi nghiem Trong diém Polymer va Composite,
Trusng Dai hoc Bach Khoa TP.HCM) va phd
hong ngoai IR (Trung tam INOMAR, Dai hoc
Qubc gia TP.HCM).

3. Két Qua va Thao Luan
3.1. Tach cellulose tir luc binh

3.1.1. Két qua tach cellulose tit luc binh

Quaé trinh tach sgi cellulose tit luc binh kho
dugce thyc hién qua 2 budce: xt 1y hemicellulose
(0,5 g luc binh kho trong dung dich NaOH 0,25
M, phén tung trong 3 gis) va x¢ 1y lignin (0,2 g
mau sau bude 1 v6i dung dich NaClO 2%, phan
ting trong 2 gid). Ty lé phan tram hao hut vé khoi
lugng sau cac qué trinh xii Iy duge thé hién trong
Bang 1.

Bang 1. Hiéu suit sau cac qua trinh xit Iy

TS 6
hao
hut
1. Xit 1y dung moi (Toluene/Ethanol)  10,2%
2. X1t 1y hemicellulose 38,5%
3. X1t Iy lignin

Téng

Bude xit Iy

3,7%
52,4%

Nhu vay, sau qua trinh x 1y dung méi, xi 1y
hemicelluloses va lignin, tong khoi lugng cac chat
dugce loai bé bing 52,4% so v6i tong khoi lugng
luc binh kho ban dau.

MAu cellulose thu duge sau khi say kho ¢ 60°C
duge phan tich phé hong ngoai IR, két qua duge
thé hién trong Hinh 1.

100 4—__ e f——— L~ _
"\ v \ ! TXL
2 i WY b [T=m=
\, > \/ \ |
80 - N ~ \J I
— XL-K
704 ~ — oA T
60 \ ViR J NS \
N L
50 ‘\,"l
40 4 PR — -
N AL Vi =L
30 4 L ¥ S M| T /
S L
20 ] \-'
104
Qi PR 0 Vi S R TAGE. Shag. 3. TR0 R, M. R

Wavenumbers (em™?)

Hinh 1. Gidn dd phd IR qua céc budc x 1y mau.
(TXL: Tién xt ly, XL-K: Xt 1y kiém, XL-L: Xt ly
lignin).
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Két qua phan tich héng ngoai cho phép danh
gia su c6 miit clia cac nhém chiic ciing nhu khing
dinh phan nao cau tric phan ti clia ching. Gian
d6 phd IR cho thay so v6i mau tién xtt If, cAc mau
da xit 1y hemicellulose va lignin c¢6 vai diém khéc
biet (chtng t6 qua trinh x Iy dat higu qua): peak
nhé & s6 séng 1734/cm dic trung cho dao dong
nhém cacbonyl trong cac nhom acetyl va este da
bién mat trong cic miu da xi 1y, 2 nhém chiic
nay dac trung cho sy ¢6 mit cia hemicellulose
va lignin. Peak & s6 séng 1519/cm va peak & s
séng 1253 /cm dic trung cho dao dong lien két
C-C trong vong thom (chi ¢6 & ciu tric lignin)
ciing bién mat trong 2 mau da xit Iy (Nguyen &
ctv., 2017). Céc két qua trén cho thay qué trinh
xtt Iy da dat duge hieu qua nhu mong mudn, cac
thanh phan nhu hemicelllulose va lignin (dac biet
1 lignin) da bi loai bd, cau tric cellulose dugc
giit lai (thé hién qua cac peak § s6 song 2800 -
2900/cm va 3300 - 3500/cm dac trung cho lien
két C-H va O-H trong ciu tric cellulose dudc gitt
nguyén) (Nguyen & ctv., 2017).

Ngoai ra, khi so sanh phd IR ciia 2 qua trinh
xtt 1y hemicellulose v& lignin sé khong thiy su
khac biet. Diéu nay c6 thé cho thiy dung dich
kiém c6 thé cho hiéu qui & ca 2 qua trinh xi ly
hemicellulose va lignin. Tt d6 nhém nghién citu
dé xuét chi sit dung dung dich kiém cho ca 2 qua
trinh x1t 1y (x& 1y 1 budc).

3.1.2. Khao sat anh huéng nong do NaOH dén qua
trinh x& ly hemicellulose va lignin

Qué trinh xit Iy kiém lam pha v& thanh té bao
va lien két a-ete, ester gifta lignin, hemicellulose,
va, cac acid khac. Do d6 nong do NaOH 13 mot
trong nhiing yéu t6 quan trong anh hudéng dén
hiéu suat qua trinh xtt 1y.
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Hinh 2. Anh hudng cta ndng do NaOH dén phan
tram hao hut khdi lugng sau khi xt¢ 1§ hemicellulose
va lignin tu luc binh.

Dya vao biéu do Hinh 2 thiy dugc khi tang
nong do NaOH tur 0,1 len 0,25 M thi ty 1& hao
hut khéi Iuong tiang len dang ké, tit 45,05% lén
50,5%. Tuy nhién khi ting nong do NaOH lén 0,5
M thi hiéu suat gan nhu khong déi. Nhu vay ham
lugng hemicellulose va lignin trong luc binh chi bi
hoa tan trong mot nong do kiém phu hop nhat
dinh. D& tiét kiem nang luong va chi phi dua vao
biéu do ta chon nong do dung dich kiém NaOH
0,25 M lam diéu kién thich hgp cho qué trinh xit
Iy hemicellulose va lignin.

3.1.3. Khao sat anh hudng cta thdi gian dén qua
trinh x& ly hemicellulose va lignin

Tt bidu d6 Hinh 3 thiy dugc thoi gian c6 anh
huéng dén qua trinh xtt Iy hemicellulose va lignin.
Ty lé khéi lugng bi hao hut sau qua trinh xt 1y
¢6 xu huéng tang cao khi tang thoi gian tir 2 gio
(25,9%) dén 4 gio (50,5%). Tuy nhien khi ting
thoi gian tit 4 gio dén 6 gio thi ty 1& nay ty le
nay thay déi khong dang ké, cu thé lan lugt 1a
50,5%, 51,65% va 51,85%. Tit két qua trén cho
thay thoi gian 5 gid 13 phit hop cho qua trinh xi
1y hemicellulose va lignin tai nong do NaOH la
0,25 M.
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Hinh 3. Anh hudng ctia thdi gian dén ty lé hao hut
khéi lugng sau khi xit Iy hemicellulose va lignin tit luc
binh.

Nhu vay, diéu kieén phii hgp cho qua trinh xit
1y hemicellulose va lignin trong luc binh la: 0,5 g
luc binh kho trong 25 mL dung dich NaOH 0,25
M, thoi gian 5 gio.

3.2. Bién tinh cellulose bing phan ting ester
héa
3.2.1. Két qua bién tinh cellulose bing phan ing

ester hoéa

Cellulose thu dugce sau qua trinh xi¥ Iy hemicel-
lulose v& lignin ti luc binh, duge tién hanh phan
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tng ester héa bing anhydride acetic trong dung
moi acid acetic va xtc tac acid sulfuric dac. San

pham dugc kiém tra bing phuong phap IR. Két
qué phan tich duge thé hien nhu Hinh 4.

Wy
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[“J —— CELLULOSE

]

|

[ —— CELLULOSE ACETATE]|

Hinh 4. Gidn d6 phd IR trudc va sau khi acetate
hoéa.

Qua hai gidn do IR ctia cellulose va cellulose ac-
etate ta c6 nhan thiy: peak O-H & s6 séng 3300
- 3500/cm cudng do gidm, chiing t6 mot phan
nhom —OH da bi acetate hoa. Ngoai ra peak nay
c6 hinh dang nhon hon 13 do cudng do lien két
hydro gitta cAc nhém —~OH gidm, ciing cho thay
rang mot s6 nhom ~OH trong ciu triic cellulose
da bi thay thé. So v6i cellulose, trén gidn do IR
clia cellulose acetate xuat hién 2 peak méi & 1730
va 1247 /cm tuong tng véi dao dong ciia cac lién
két C=0 va C-O trong nhém ester, ching t6 qua
trinh acetate h6a dat hiéu qua. Ngoai ra, peak G
1600 - 1650/cm thuong dic trung cho vige hap
thy hoi nuée clia cac chat, peak nay ¢ mau cel-
lulose acetate c6 cuong do giam dang ké so véi
mau cellulose, cho thiy sin pham sau khi ac-
etate hoa c6 do phan cyc giam. Diéu nay co thé
dugc giai thich 1& do quéa trinh acetate hoa cellu-
lose, mot s6 nhom —~OH dude thay bing cac nhém
~OCOCH; lam giam do6 phan cyc, viéc hap thu
nude cling giam so véi cellulose. Viéc lam giam do
phan cuc ciia cellulose dat duge muc dich dé ra
ban dau trong viéc dinh huéng lam pha gia cudng
trong téng hop composite (vi pha gia cudng kém
phan cyc méi tuong thich véi cac nén polymer
kém phan cyc). Mat khac sy ving mat ciia céc
peak trong pham vi s6 séng tir 1760 dén 1840/cm
chiing t6 anhydride acetic va acid acetic da dugc
loai b6 hoan toan.

Mau cellulose acetate thu duge sau khi acetate
héa tring va ¢6 do min cao (Hinh 5). C6 thé
duy doan trong qué trinh acetate héa dong thoi

da lam gidm kich thudc sgi cellulose. Diéu nay
sé dugc kiém tra bing phuong phap kinh hién
vi (Hinh 6) va kinh hién vi dién ti truyén qua
TEM (Hinh 7) dé danh gié kich thudc sgi cellulose

acetate.

Hinh 5. Mau cellulose sau khi acetate héa.

Hinh 6. Miu dugc chup qua kinh hién vi sau khi
acetate hoa (do phong dai 1000).

Hinh 7. Mau dudc chup bing phuong phap do TEM.
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Két qua trén cho thay chi sau 1 qua trinh ac-
etate héa cellulose da dong thai lam gidm do phan
cuc va giam dang ké kich thuéce ctia sgi cellulose.
Tt d6 c6 thé dua ra dy doan vé kha nang tuong
thich t6t clia sgi cellulose da bién tinh trong nén
polymer - phit hgp v6i dinh huéng lam pha gia
cudng trong téng hop vat lieu composite phan
hty sinh hoc.

3.2.2. Anh hudng ctia thdi gian siéu am dén phan
ung acetate héa cellulose

Céc mau cellulose acetate sau phan tng dugc
rita lai nhidu lAn véi nude cAt dé loai bo tac
chét con du (anhydride acetic) va dung moi (acid
acetic). San pham sau khi sy kho duge phan tich
bing phuong phap phd IR, két qua thé hien trong
Hinh 8.

—1 . S—

_ \ P VWY S [Celluiose]
\/ UII [ca0.5-5
CA1-5

NN T [CAZS)

CA 3-5

LU L B N O S N B B |

LR L i i i |

T

Wavenumbers (cm-1)

Hinh 8. Két quéa phd IR cidc mau khio sat anh huéng
thoi gian siéu am: Cellulose, CA 0,5 - 5 (0,5 gis), CA
1-5 (1gid), CA2-5 (2 gid), CA 3- 5 (3 gid).

Phan tng acetate hoa cellulose duge xac nhan
rd rang thong qua sy xudt hién peak tai s6 song
1750/cm dic trung cho tan s6 dao dong ciia lién
két C=0 ctia nhém acetyl CH3COO-. Két qua
cho thiy ty 1é cudng do peak nay so véi cudng do
peak 3300 - 3500/cm ctia nhém —~OH tang manh
khi tang thoi gian siéu am tur 0,5 gio lén 1 gis, tuy
nhién tiép tuc tang thoi gian siéu am lén 2 gig,
3 gio thi ty lé nay khong tang thém nita. Diéu
nay cho thiy sau 1 gid, qua trinh da dat trang
thai can bang, do dé thoi gian sieu am 1 gis 1
phit hop, két qua nay dude chon cho khéo sat tiép
theo.

3.2.3. Anh hudng ctia thé tich anhydride acetic dén
phéan tng acetate héa cellulose

Cac mau cellulose acetate clia qué trinh khao
sat anh hudng ctia anhydride acetic dugc phan

tich bing phuong phap phd IR, két quéa thé hien
trong Hinh 9.

Duya vao Hinh 9 nhan thiy tang thé tich anhy-
dride acetic tir 5 1én 10 mL, ty 1é cuong do peak
tai 86 song 1750/cm so véi peak 3300 - 3500/cm
tdng manh, diéu nay ching t4 hieu suit qué trinh
acetate hoa cellulose tang. Tuy nhién khi tiép tuc
tang thé tich anhydride acetic tit 10 lén 13 mL
thi ty 1& nay khong tang thém nita, didu nay cho
thay 10ml anhydride acetic 13 phi1 hgp cho phan
ing.

Qua trinh bién tinh cellulose bang anhydride
acetic dé acetate héa mot s6 nhom -OH da bude
dau dat higu qud, diéu kién phit hgp cho qua trinh
nay la: 0,5 g bot cellulose, 10 mL anhydride acetic
trong dung moi acid acetic, xtc tac HySO4 dac
va siéu am trong 1 gid.

\\ __.""_-\-.f' — _\J{-\ "‘.F“IL, r__(..h‘lllr [,,t_:qllulosg
\/ 2 ey CA -5
i CA1-T
! P L W
TN V. [cA1-10]
|ATRY
|f \
l' |‘I ’
[ cA113

A s S S L

Hinh 9. Két qua phd IR cac méiu khéo sat anh hudng
thé tich anhydride acetic: Cellulose, CA 1 -5 (5 mL),
CA1-7(7mL), CA1-10 (10 mL), CA 1- 13 (13
mL).

4. Két Luan

Nghién cttu da rat ngan dude quy trinh xit 1y:
¢6 thé thu duogc cellulose chi qua mot bude xit 1§
NaOH, hemicelluloses va lignin trong luc binh da
dudc loai bd. Diéu kién thich hgp cho qué trinh
nay la: 0,5 g luc binh khoé trong 25 mL dung dich
NaOH 0,25 M, thoi gian 5 gig va nhiét do dugc
duy tri 80°C. Cellulose dugc bién tinh bing an-
hydride acetic nhim lam gidm do phan cyc clia
cellulose, diéu kién phii hop cho phéan tng 1a: 0,5 g
bot cellulose, 10 mL anhydride acetic va siéu am
trong 1 gid bing may siéu am Elmasonic S 100
H cuong do 500 W. Két qua thu dudc vi sdi cel-
lulose acetate kich thuée khoang 50 nm, do phan
cuc gidm manh so véi cellulose ban dau, phit hop
lam pha gia cuong cho vat liéu nanocomposite
phan hiy sinh hoc.
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