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SUMMARY

CHARACTERIZATION OF CELLULOSE FIBERS AND LIGNIN EXTRACTION
FROM RICE STRAW OF PHU THO PROVINCE

Biomass which includes lignin and cellulose from rice straw is the largest renewable
source for the production of bio-products. Cellulose and lignin were easily isolated with
high the yield under conditions of NaOH 2 M at 90 °C for 2 h. The extraction yields of
lignin and cellulose were 85,9% and 96,2%, respectively. The surface tension of lignin
was 43.7 mN/m, lower than that of water. The size of cellulose fibers was average about 5
um as evidenced by Scanning Electron Microscope (SEM) observation. The weight loss
start temperature of cellulose and lignin showed 260 °C and 190 °C, respectively.
Cellulose and lignin are potential materials for various environmental applications.
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1. MO PAU

Vat liéu thién nhién dang dugc cac nha
khoa hoc trén thé gi6i dac biét quan tam
ding dé thay thé vat liéu c6 ngudn goc tir
dau mo. Trong sé do, cellulose va lignin tir
phé phu phiam néng nghiép dang duoc
quan tdm nhiéu bai vi chiing 1a ngudn sinh
khoi tai tao [1]. Hang nam, luong rom ra
trén thé giéi noi chung va Viét Nam noi
riéng thai ra kha 1on, nhung str dung chua
c6 hiéu qua, phan 16n duge cay vui, ddt, u
lam phan [2,3], gy anh huong khéng nho
td1 moi truong, hé sinh thai. Hon nira, day
la& mot sy lang phi ngudn tai nguyén.
Cellulose, hemicellulose va lignin la ba

thanh phan chinh caa lignocellulose [4].
Trong rom ra chua khoang 40% cellulose
va gan 20% lignin, day la nhitng hop chét
cao phan tir c6 nhiéu tinh chat déang quy,
c6 kha ning ung dung vao nhiéu linh vuc.
Pén nay, cong trinh cong b vé tach lignin
va cellulose tir rom ra l0a gao chwa nhiéu,
phan 16n 1a nhiing cong trinh céng bd vé
phuong phap tach lignin tir rom ra lda mi
[5-8]. Hon nira, cac cong trinh nay chi tap
trung dé cap dén hiéu suat tach lignin ma it
dé cap dén hiéu suat tach cellulose va tinh
chat cua cellulose ciing nhu lignin.
Cellulose va lignin da dugc nghién cuu
tng dung vao mot sé vat litu nhu
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composite [9,10], chat két dinh [11], phu
gia bé tong [12]... Tuy nhién, cellulose va
lignin duoc nghién ciru wng dung cha yéu
la tir tre, g3, dich den nha may gidy, tur
rom ra chua duoc nghién ciu nhiéu.

Trong bai bao nay trinh bay vé tinh chit
cua cellulose va lignin tach tir rom cua
Viét Nam bang phuong phép kiém nham
tham do dé hudng toi tng dung mot sb san
pham c6ng nghiép than thién mai trudng
thay thé nguyén liéu héa thach.

2. THUC NGHIEM

2.1. Nguyén li¢u va hoa chat

Rom di phoi khé dugc cung cap boi céc
ho néng dan xa Tién Kién, huyén Lam
Thao, tinh Phi Tho c¢6 ham lugng
cellulose 39,2%, lignin 19,02%. NaOH,
HCI, etanol 99,5% va 70% (Trung Qudc),
polystyren chuan (Merck - Puc) dugc st
dung ngay khong qua tinh ché lai.

2.2. Thiét bi

D6 bén nhiét cia lignin va cellulose duoc
xac dinh trén may phan tich nhiét trong
luong (TG-DTA: EXSTRAR6100, Seiko
Instruments, Nhat Ban), kich thudc soi
cellulose duoc xac dinh bang kinh hién vi
dién tor quét (SEM: JEOL, Nhat Ban), stc
cing bé mit cua lignin duoc xac dinh trén
thiét bi CAM 200 (KSV Instructions, Phan
Lan). Ham luong duong trung tinh chira
trong lignin dwgc xac dinh bang sic ky
ghép khéi phé (GC-MS: Clarus 500,
Perkin - Elmer, My), phan tir lugng cua
lignin dwoc xac dinh bang sic ky loc gel
(GPC: HLCS8120, TOSOH, Nhat Ban)
dugc so sanh véi chat chuan polystyren.
2.3. Tach cellulose va lignin tir rom
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Cellulose va lignin dugc tach theo quy
trinh & Hinh 1. Rom duoc rira sach, siy
khd & 50 °C trong 24 gid, sau dé cat nho
véi kich thuée 1 mm. Cho 100 g rom da
cit nho vao binh phan (ng dung tich 2000
ml chira 1500 ml dung dich NaOH 2 M,
gia nhiét dén 90 °C trong 2 giod. Sau do6 loc,
rira bd bang 200 ml dung dich NaOH 0,1
M, sau d6 rira bang 200 ml dung dich HCI
0,1 M. Tach dich loc, ba tiép tuc dwoc rua
béng 200 ml nuéc cit, duoc dem di séy
kho ¢ 50 °C trong 24 gio. Dich loc duoc
¢d dic con khoang 1/2 thé tich, diéu chinh
pH vé 5,5 bang dung dich HCI. Bé sung
etanol 95% (ty 1¢ thé tich etanol/dich loc =
3/1) dé yén khoang 6 gio, loc két tua
hemicellulose va rira bang 100 ml etanol
70%. Sau khi dich loc dugc chung cét thu
hoi etanol, diéu chinh pH vé 1,5 bang
dung dich HCI. Loc va rua két taa bang
dung dich HCI (pH 2), sau d6 siy kho.
Cellulose va lignin thu dugc duoc Xac
dinh tinh chat bang cac phuong phap phan
tich hién dai.

3. KET QUA VA THAO LUAN

3.1. Hiéu suét tach cellulose va lignin

C6 nhiéu cong trinh cdng bd quy trinh tach
cellulose va lignin tir rom ra laa mi déu xir
ly parafin bang hdn hop dung moi
toluen/etanol trudce khi tach. Chung toi da
nghién ctu nhung so sanh két qua giita
rom da va khong loai parafin truac khi xu
ly bang kiém cho két qua khdng khéac nhau
nhiéu. Do d6, chiing t6i dé xuit quy trinh
tach cellulose va lignin tir rom ma khong
can qua cong doan tién xu ly loai parafin,
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Hinh 1. So do tach cellulose va lignin tir rom

dé tiét kiem kinh phi, nang cao hiéu qua
kinh té, han ché 6 nhidm méi truong.

Xt ly kiém s& 1am phé v& thanh té bao boi
vi kiém hoa tan hemicellulose, lignin va
silica, phan huy lién két este cua acid
uronic va acetic, lam truong cellulose va
giam d6 két tinh cua cellulose [13]. Hon
nira, kiém pha v lién két a-ete gitra lignin
va hemicellulose, lién két este giira lignin
va/hoac hemicellulose va cac acid
hydroxycinnamic nhu acid p-coumaric,
acid ferulic [14]. Quan trong hon la xir ly
bang phuong phap kiém la phuong phap
day haa hen, khong gay anh huéng nhiédu
dén moi trudng. Thong qua qua trinh xir ly
nay ma liglocellulose c6 thé duoc phan
tdch ra thanh hemicelluloce,
cellulose, day 1a nhitng nguyén liéu dé tng

lignin,

dung san xuat cac san pham c gié tri hon
[15]. R.C. Sun cung céc cong su da cong
bd quy trinh tach lignin tir rom ra lGa mi
bang dung dich KOH 0,5 M & 35 °C trong
2,5 gio, nhung hiéu suat chi dat 43,9% [7].
B. Xiaoa cung cac cong su di cong bd
cong trinh tach lignin tir rom ra bang dung
dich NaOH 1M ¢ 30 °C trong 18 gio [15].
Thoi gian tach dai nhung hiéu suat chi dat
68,3%. Trong nghién ctu nay nang cao
nong do kiém (dung dich NaOH 2 M) va
nhiét do (90 °C) nham ting hiéu suat tach
lignin, giam thoi gian tach. Véi quy trinh
tach nhu ¢ Hinh 1, thu duoc 16,34 g
lignin twong ung Vvéi dat hiéu suat 85,9%
va 37,71 g cellulose twong tng voi dat
hiéu suit 96,2%. Nhu vay, V&i phuong
phap tich don gian nhung cho hiéu suét
tach kha cao. Lignin thu dugc c6 mau nau
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den, cellulose c6 mau vang nhat. Két qua
nay chang té ring mot lwong nho lignin
chua tach ra khoi cellulose gay mau cho
cellulose, dong nghia véi viéc hiéu suat
cua cellulose trong thuc té nho hon 96,2%.
Cellulose theo ly thuyét Ia phai dat 100%,
tuy nhién trong qua trinh thuc hién c6 thé
bi ton that.

Bang phwong phap phan tich sic ky khdi

~—~
&

phd xac dinh dugc ham luong céc loai
duong xylose, glucose, arabinose va
galactose chua trong lignin lan luot la
0,37; 0,12; 0,11; 0,07%. Két qua cho thay
lignin c6 @6 tinh khiét kha cao va xylose la
thanh phan duong chinh chira trong lignin,
galactose chira ham lugng rét nho.

Mot s6 cong trinh cdng bd phan tir lwong
cta lignin trong rom ra lGa mi nam trong
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Hinh 2. Gidn dé TG-DTA cua (a) lignin va (b) cellulose tach tir rom

84



khoang khéa rong tir 1000 dén 23600 Da
dbi véi phan tir luong trung binh trong
luong (Mw), tir 700 dén 5268 Da dbi Voi
phan tir lwgng trung binh sé (Mn) tly vao
phuong phap va diéu kién tach [8]. Ddi
v6i phuong phap kiém, thoi gian tach cang
dai, ndng d6 kiém cang cao thi phan tir
lugng cua lignin cang giam [8], lignin thu
dugc trong nghién ctiru nay cé My la 3890
Da, My la 1710 Da, d¢ phan tan phan tu
luong la 2,27.

3.2. P§ bén nhiét caa cellulose va lignin
D6 bén nhiét cua lignin va cellulose duoc
khao sat bang phurong phap phan tich nhiét
TG-DTA trong khoang 30 - 800 °C, vai
toc do gia nhiét 10 °C/phit trong moi
trudng khi nito (Hinh 2). Két qua cho thay
d6i voi ca lignin va cellulose déu giam
khoang 5,5% khéi lugng khi gia nhiét dén
135 °C. Pay la lwong nudc duoc hap phu
bai lignin va cellulose hay ndi cach khéac
chinh 1a ham 4m cua lignin va cellulose.
Nhiét d6 bat dau phan hay lignin 1a 260 °C
(Hinh 2a), cellulose la 190 °C (Hinh 2b).
Do bén nhiét cua lignin trong nghién ciu
nay cao hon so véi cong trinh cua R.C.
Sun dd cong bd [7]. Theo nhém tac gia,
phéan t& lugng cua lignin cang cao thi d
bén nhiét cang cao. Khi My, cua lignin 1a
3130, 3070 va 2890 c6 nhiét do bat dau
phan huy la 208, 204 va 176 °C. Lignin
thu dugc trong nghién ctiru nay cé My la
3890 Da nén cho kha nang chiu nhiét cao
hon 14 hoan toan phu hop. Nhiét do bat
dau phan huy cuia lignin cao hon cua
cellulose, day c6 thé 1a do trong céu trdc
cua lignin chta nhiéu vong thom. Tuy

nhién, nhiét d6 phan hiy 50% khéi luong
cua lignin 12 khoang 350 °C, thap hon so
véi cellulose (gan 400 °C). Hién nay, chua
rd ly do, tuy nhién khi ¢ nhiét do cao cac
phan tng vong hoa, oxy hoa xay ra phac
tap, cac san pham cua cellulose sinh ra c6
do bén nhiét cao hon cac san pham cua
lignin. Trén d6 thi DTA cua lignin va
cellulose quan sé&t thdy hai pic toéa nhiét,
dbi véi lignin 1a 331 va 470 °C, d6i véi
cellulose 1a 345 va 507 °C, biéu thi phan
ung toa nhiét caa lignin va cellulose [16].
Nhiét ¢6 phan hay trén 80% khdi luong
caa lignin va cellulose la trén 500 °C.
Khoéng phan huy hoan toan cé thé Ia do

10kV  X2,000 10pm

2016 COMFA-IMS

Hinh 3. Anh SEM cia (a) rom truéc khi
tach cellulose, hemicellilose va lignin, va
(b) soi cellulose tach tir rom
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d6t trong moéi trudng khi nito, nén khong
xay ra phan tng oxy hoa hoan toan, con
mot lugng nho carbon [17].

3.3. Kich thworc sgi cellulose

Kich thuéc soi 1a mot trong nhitng yéu t6
gay anh huéng téi tinh chat caa vat liéu.
Déi véi vat lieu composite, thong thudng
khi vat lidu ¢t c6 kich thuéc cang nho
cho tinh chéat co 1y cang tét. Kich thuéc

soi cellulose duoc tach tir rom bing

phuong phép kiém duoc thé hién ¢ Hinh 3.

Rom trudc khi xu ly bang kiém 1a mot
khéi dic sit (Hinh 3a). Sau khi xu Iy kiém
& 90 °C trong 2 gio, lién két gitra lignin,
hemicellulose, cellulose va cac thanh phan
khac duoc tach roi. Soi cellulose thu duoc
c6 duong kinh trung binh khoang 5 pum
v6i bé mit twong ddi nhin, dong nhat
(Hinh 3b). Két qua nay mat lan nira khang
dinh da loai bo duoc lignin, hemicellulose
va cic tap chat khac trén bé mat soi
cellulose.

3.4. Sirc cing bé mit caa lignin

Strc cang bé mit caa lignin duge xac dinh
bang theo tiéu chuan ASTM D 971-91.
Két qua 1a lignin c6 stic cang bé mat 43,47
mN/m, thip hon nhiéu so véi sic cing bé
mat cua nudc. Két qua cho thay lignin cé
thé tng dung 1a chat hoat dong bé miit.

4. KET LUAN

Véi diéu kién nhiét d6 90 °C, 2 gio, dung
dich NaOH 2 M, hiéu suat tach lignin dat
85,9%, cellulose dat 96,2%. Lignin thu
dugc c6 phén ttr lugng cao, d6 phan tan
phan tir lugng khdng 16n, sirc cang bé mit
nho hon nhidu so vé&i nude. Soi cellulose
thu duogc c6 duong kinh trung binh khoang
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5 pum. Lignin va cellulose c6 do bén nhiét
cao vé6i nhiét do bat dau phan hay cua
lignin la 260 °C, cellulose la 190 °C.
Nghién ctru da cho thiy ring cé thé tach
dé dang lignin va cellulose tir rom, day 1a
nhitng polyme thién nhién, cé kha nang
g dung vao mot sé linh vuc, thay thé vat
licu c6 ngudn gdc tir dau mo, gop phan
giam thiéu 6 nhidm méi trudng.

Loi cam on: Nghién cuu nay dwoc thuc
hién bdi s hé tro kinh phi cia dé tai déc
lgp cdp Nha nwéc, ma sé: PTPL.CN —
07/15.

TAI LIEU THAM KHAO
1. N. Reddy, Y. Yang, “Biofibers from
agricultural  byproducts for industrial
applications”, Trends Biotechnol., 23 (1),
22-27 (2005).
2. L. Wati, S. Kumari, B. S. Kundu,
“Paddy straw as substrate for ethanol
production”, Indian J. Microbiol., 47, 26-
29 (2007).
3. E. Y. Vlasenko, J. M. Labavitch, S. P.
Shoemaker, “Enzymatic hydrolysis of
pretreated rice  straw”  Bioresource
Technology, 59,109-119 (1997).
4. A. K. Badhan, B. S. Chadha, J. Kaur,
M. K. Bhat. “Production of multiple
xylanolytic and cellulolytic enzymes by
therophilic fungus Myceliophthora sp. IMI
3870997, Bioresource Technology, 98,
504-510 (2007).
5. N. Durot, F. Gaudard, B. Kurek, “The
unmasking of lignin structures in wheat
straw by alkali”, Phytochemistry, 63, 617-
623 (2003).



6. M. A. T. Hansen, J. B. Kristensen, C.
Felby, H. Jorgensen, “Pretreatment and
enzymatic hydrolysis of wheat straw
(Triticum aestivum L.) -The impact of
lignin relocation and plant tissues on
enzymatic  accessibility”,  Bioresource
Technology, 102, 2804-2811 (2011).

7. R. C. Sun, J. Tomkinson, “Comparative
study of lignins isolated by alkali and
ultrasound-assisted alkali extractions from
wheat straw”, Ultrasonics Sonochemistry,
9, 85-93 (2002).

8. R. Sun, J. M. Lawther, W. B. Banks, B.
Xiao “Effect of extraction procedure on
the molecular weight of wheat straw
lignins” Industrial Crops and Products, 6,
97-106 (1997).

9. L. Conzatti, F. Giunco, P. Stagnar, A.
Patrucco, C. Marano, M. Rink, E. Marsano,
“Composites based on polypropylene and
short wool fibres” Composites: Part A, 47,
165-171 (2013).

10. Tran Vinh Diéu, Poan Thi Yén Oanh,
Nguyén Pham Duy Linh, Lé Ptric Luong,
“Nghién ctru ché tao vat liéu polymer phan
huy sinh hoc trén co s& nhyuc polylactic
axit gia cudng bang soi nira (Neohouzeaua
Dullooa)”, Tap chi Héa hoc, 46(3), 345-
351 (2008).

11. W. Zhanga, Y. Maa, C. Wanga, S. Li,
M. Zhanga, F. Chu, “Preparation and
properties of lignin—phenol-formaldehyde
resins based ondifferent biorefinery

residues of agricultural biomass”,

Industrial Crops and Products, 43 326-
333 (2013).

12. N. B. Singh, V. D. Singh, S. Rai, S.
Chaturvedi, “Effect of lignosulfonate,
calcium chloride and their mixture on the
hydration of RHA-blended portland
cement”, Cement and Concrete Research,
32, 387-392 (2002).

13. M. G. Jackson, “The alkali treatment
of straws”, Anim. Feed Sci. Technol., 2,
105-130 (1977).

14. R. R. Spencer, D. E. Aikin, “Rumen
microbial  degradation of  potassium
hydroxide treated coastal Bermudagrass leaf
blades examined by electron microscopy”, J.
Anim. Sci., 51, 1189-1196 (1980).

15. B. Xiaoa, X. F. Suna, R. C. Sun,
“Chemical,
characterizations of alkali-soluble lignins
and hemicelluloses, and cellulose from

structural, and thermal

maize stems, rye straw, and rice straw”,
Polymer Degradation and Stability,
74307-319 (2001).

16. C. A. Wottitz, C. E. Lopez Pasquali, H.
A. Herrera, “Thermal Decomposition of
Algarrobo Negro (Prosopis nigra). Wood
and its main components: lignin, alpha
cellulose and hemicelluloses "A" and B",
Latin American Applied Reseach, 31, 37-
40 (2001).

17. R. C. Sun, J. Tomkinson, P. L. Ma, S. F.
Liang, study of
hemicelluloses from rice straw by alkali and
hydrogen peroxide treatments”,
Carbohydrate Polymers, 42, 111-122 (2000).

“Comparative

87



