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ANH HUGNG cUA NONG DO AXIiT SUNPHURIC (H,SO,)
PEN HIEU SUAT THU HOI VA NHOM CHUC TRONG QUA TRINH
TACH LIGNIN TU DICH DEN CUA CHAT THAI NGANH CONG NGHIEP
GIAY VA BOT GIAY

Hoang Van Phong, Bui Hiru Thwéng, Poan Thi Bich Ngoc, Hoang Thi Tam,
Luwu Quéc Thanh, Vii Thi Hong Thiam, Tran Vin Vi

Vién Nghién cizu Céng nghiép rieng

TOM TAT

Dich den, hién dang duoc dbt trong 16 hoi thu hdi cua nha may bot gidy sunphat, cé thé duoc thu hdi lignin va
chuyén dbi thanh nhiéu san pham sinh hoc bang quy trinh két tia axit. Trong nghién ctu nay, phan dich den
dugc tach tir hé thong chung bdc dé két tua lignin. Dich den dung dé thu hdi lignin bang phuong phap xir ly axit
trong nghién ciru nay duoc lay tir dich thai Nha may Giay B&i Bang (Pha Tho). Lignin két tia dwoc xut hoa tro
lai va rira bang axit sunphuric va nudc dé loai bo tap chat. Nghién ctru nay da xac dinh anh huong cua sy thay
ddi nong do H,SO, (ndng do 14%, 20%, 26%, 32% khdi luong) dén hiéu suat chiét tach lignin, va so sanh céc
nhém chirc giira lignin tap chét va lignin tinh khiét bang phuwong phap phan tich phd FT - IR. Dya trén két qua
nghién ctu, lignin thd cho hiéu suét cao nhat khi chiét co6 mit axit H,SO, 1a 50,81% trong khi lignin tinh khiét 1a
21,89% véi ndng do axit H,SO, 1a 20% va mau sic caa lignin thu duge ¢6 xu hudng twong tu lignin tinh khiét.
Ngoai ra, nhém lignin trong nghién ctru nay c6 dinh twong dong giira lignin tinh khiét so véi lignin thé.

Tir khoa: Dich den, FT - IR, lignin.

THE EFFECT OF ACID CONCENTRATION (H,SO,) ON THE YIELD
AND FUNCTIONAL GROUP DURING LIGNIN ISOLATION FORM BLACK LIQUOR
OF WASTE PULP AND PAPER INDUSTRY
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Luu Quoc Thanh, Vu Thi Hong Tham, Tran Van Vu

Research Institute of Forest Industry

ABSTRACT

Black liquor, which is currently incinerated in the recovery boiler of the kraft pulp mill, can be recovered and
converted into a wide range of bio - based products through acid precipitation. In this study, a portion of the
black liquor was extracted from the evaporation system to precipitate lignin. The black liquor used for lignin
recovery via acid treatment was sourced from black liquor generated by the Bai Bang paper mill (Phu Tho
province).The precipitated lignin was re - alkalized and subsequently washed with sunphuric acid (H.SO.) and
water to remove impurities. This study investigates the effect of varying H.SO4 concentrations (14%, 20%, 26%,
and 32% by weight) on lignin extraction yield, and compares the functional groups of impure and purified lignin
using fourier - transform infrared spectroscopy (FT-IR). According to the results, crude lignin yielded the highest
extraction efficiency at 50.81% when treated with H>SO., while purified lignin yielded 21.89% at an acid
concentration of 20%. The color of the extracted lignin tended to resemble that of purified lignin. Additionally,
the FT - IR spectra revealed that the functional group peaks of the lignin obtained in this study closely matched
those of purified lignin more than those of crude lignin.

Keywords: Black liquor, FT - IR, lignin.
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. DAT VAN DE

Lignin duoc coi 13 hop chit cao phan tir tu
nhién phd bién thir hai trén Tréi dat. Trong qua
trinh san xudt bot gidy kraft, lignin dugc tach ra
mot cach chon loc tir gb va dot trong 10 hoi thu
hdi dé tao ra hoi nudc va ning luong cho quy
trinh. Thay vi st dung lignin dé tao ra ning
lugng, lignin co thé duoc tach ra va chuyén ddi
thanh nhiéu loai san phérn sinh hoc nhu nhua
phenolic va sgi carbon, mang lai lgi nhuan cao
hon. Hon nita, viéc loai bo lignin c¢6 thé giup
giam tai 10 hoi thu hdi da dat dén muc téi da
thiét ké nhiét, do d6 giai quyét dugc mot nat
that 16n trong viéc ting san luong bot gidy.

Mot sb quy trinh chiét tach lignin tir dich den da
duoc dé xuit, trong do két tua axit hién dang duogc
thuong mai hoéa. Trong quy trinh nay, dich den
duoc axit hoa dé két tua lignin. Lignin dugc tach
ra va sau d6 rira bang axit sunphuric lodng dé loai
b6 tap chat va tao ra lignin tinh khiét cho cac qua
trinh xtr 1y tiép theo. Trong s6 cac bién sb clia quy
trinh két tda axit c6 quy trinh LigninoForce
SystemTM do FPInnomation phat trién va quy
trinh  LignoboostTM do Innventia phat trién
(Kouisni et al., 2011; Tomani, et al., 2010).

Dich den gy 6 nhiém méi truong néu thai ra
mdi truong ma khong qua xtr ly dung cach. Cho
dén nay, Nha may Gidy Bai Bang (Phti Tho) sir
dung dich den lam nhién liéu cho 16 hoi. Trong
nghién ctu nay, dich den da dugc tach ra va
ham lugng lignin cua nd6 da dugc xéac dinh.
Phuong phap tach dugc sir dung 1a phuong phép
léng dong vai axit H,SO4 dé két thia chat rin cua
no (Ma’ruf et al., 2017).

Lignin 1a thanh phan 16n nhat dugc tim thiy
trong dung dich con lai ctia ndi niu bot gidy.
Lignin chiém 22,9% khdi lugng chat ran kho
trong dich den sulphate gd mém (Junaedi,

2011), hodc 14,6% theo nghién clru cua

Priyanto (2018). Lignin c¢6 thé dwoc sir dung
lam nhién lieu néu né thuc sy 6n dinh
(Syahbirin va Gustini, 2009). Lignin ciing c6 thé
duogc sir dung lam chét hoat dong bé mit (Lubis,
2007). Dich den trong nghién ctru nay dugc su
dung tr g Keo tai tuong Acacia mangium
Willd. Nghién ctru ndy nham muyc dich tim hiéu
anh huong ctia ndng do axit sunphuric (H.SO,)
t6t nhit dé tao ra san luong lignin 16n nhat va
mo ta dic tinh cta lignin tinh khiét so v&i phd
thu dugc tir phép do phd hong ngoai (FTIR).
Nghién ctru nay duogc ky vong s€ 1a mot giai
phap da dang hoa thay thé cho cic san pham
lignin nhap khau, nham ting cuong chit hoat
dong bé mit tir dau mo, von van chiém uu thé
trong nhu cau st dung ndi dia cta Viét Nam.
Dich den do nganh cong nghiép bot gidy Viét
Nam san xuit chi duogc st dung lam nhién li¢u
16 hoi. Ham lugng lignin cao trong dich den c6
thé dugc phan 1ap va tong hop voi cac hop chét
bisulfit thanh chat hoat dong bé mat c6 gia tri
kinh té cao, tir 46 giam lwong nhap khau chét
hoat dong bé mat.

Nghién ctru nay s& giai quyét thach thuc trong
viéc thu dugc lignin tinh khiét tir chat thai nha
may gidy.

IL. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén liéu

Nguyén li¢u dich den sir dung la dich den cua
Nha may Gidy Bii Bang thudc Tong cong ty
Gidy va Bot gidy Viét Nam (Pha Tho). Hoa chat
tor Ctra hang vat tu khoa hoc k¥ thuat va thiét bi
thi nghiém. So d6 quy trinh nghién ctru dugc
trinh bay trong hinh 1. Nghién ctru duoc thuc
hién tai phong thi nghiém tach chiét cua Vién
Nghién cuu Cong nghi¢p rung, Vién Khoa hoc
Lam nghi¢p Viét Nam. Cac budc nghién clru
duoc thuc hién theo trinh tu sau:
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2.2. Phuong phap nghién ctru
2.2.1. Tach lignin

Phuong phép tach lignin dugc s dung dua trén
phuong phap do Kim va dong tic gia (1987)
phat trién. Pau tién, dich den sur dung tach
lignin voi cac thong sé co ban trong bang 1.

Bang 1. Cac thong s6 co ban cua dich den

Thdéng H Do nhét | Tytrong | Ham lwong
sé P (mPa.s) | (g/ml) | chét khé (%)
Giatr | 13,96 | 400 1,045 41,2

Tach lignin tho:

Dich den véi ham lugng kho 41,2%, dugc hoa
tan v6i nude trong cde thuy tinh cb6 mo véi ty 18
khdi luong 1:1. Sau do, dich den tang nhiét do
can thiét va dugc nap tu tu b.':ing H,S0, cho dén
khi pH dat 2, luc nay dich den chuyén sang mau
nau. Qua trinh tach duoc thuc hién bing cach
khudy nhanh. Néu trong qua trinh khudy, bot
hinh thanh, hdy dimg cdp nhiét va giam téc do
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khudy xudng thap cho dén khi bot bién mat, sau
d6 tiép tuc tach va khudy nhanh. Dung dich tach
sau d6 dugc tach bang phéu loc Biichner dudng
kinh 150 mm v6&i may hat chan khong. Sau khi
tach hoan tat, cin ¢ dang ran (I1a lignin tho),
phﬁn chét l6ng duoc loai bo.

Tdch lignin tinh khiét:

Pé tang do tinh khiét cia lignin, lignin thd duoc
hoa tan v6i dung dich NaOH 1N cho dén khi pH
khoang 10,5 - 11,5, sau d6 dung dich dugc loc
bang gidy loc dudng kinh 15 cm. Sau khi loc
xong, dung dich dugc két tua béng cach nho
ting giot H,SO, 14% cho dén khi pH tré vé 2.
Dung dich d duoc axit hoa bang H,SO4 duoc
loc bang gidy loc. Sau khi loc, két qua lang can
& dang ran duoc rira bang nude v6i 6 lan thé
tich lignin cho dén khi pH dat gi4 tri hang sd
(pH trung tinh), va loai bé dich lgc. Sau khi lgc,
két qua lang can ¢ dang ran, c6 thé goi 1a lignin
tinh khiét, lignin dugc say ¢ nhiét d6 103°C véi
thoi gian 24 gio. Xac dinh hiéu suit tach lignin
tinh khiét s& duoc tinh theo cong thirc:
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WLignin tinh khiét

H%= %100

Whém lugng kho dich den
Céc budc trén duoc lap lai doi voi cac muc
nong do axit khac nhau 20%, 26%, 32%.

2.2.2. Phin tich phé va quan sit nhém chirc
cua lignin

Sau khi thu dugc lignin thé va lignin tinh khiét,
mau lignin duoc phan tich phd va dic tinh quan
sat cac nhém chirc qua quang phd bang phuong
phap quang pho FT - IR (Pho hong ngoai bién
do6i Fourier).

III. KET QUA NGHIEN CUU VA THAO LUAN
Anh huéng cua su thay d6i ndng do axit (H,SO4)
dén hiéu suét tach lignin dugc thé hién trong
bang 2. Viéc tach lignin tir dich den tot nhat 13 sir
dung axit sunphuric (H,SO4), dic biét 1a dé két
tia lignin. Didu nay phu hop véi quan diém cua
Kim va dong tac gia (1987) cho ring sir dung
H,SO, dé tach lignin tét hon so véi sir dung HCI,
vi lignin thu dugc chira cac cation kim loai nhu
Na* thap hon so véi khi tach bang HCI. Theo
Damat (1989), dé tach lignin tir dich den ctia qua
trinh ndu bot gidy, nén s dung axit sunphuric
(H2S04) cho hiéu qua hon vé mat kinh té. Ngoai
ra, viéc st dung axit sunphuric cting s€ phan huy
cac chat hitu co khong phai lignin.

Axit s& két tia lignin tir dich den vi lignin khong
tan trong dung dich axit. Nong d6 dugc s dung
dé tach lignin thay d6i, cu thé 13 ndng do H,SO4
14%, 20%, 26%, 32%. Néng do axit duoc su

dung nam trong khoang 5 dén 20% (Lubis et al.,
2007) dé ngin qua trinh axit hoa mot phan dat
duoc do axit déng déu. Lignin thu dugc ¢ dang
bot lignin. Trong thi nghiém nay, ngudi ta thiy
rang lignin tot nhat & nong d6 H,SO4 20%. Diéu
nay duoc thé hién qua lwong lignin rin (hiéu
suét) duoc tao ra tir qué trinh tach lignin, dat
21,89%. Két qua cua thi nghiém nay tuong tir
nhu két qua nghién ctru cia Lubis (2007) va
Syahbirin (2009), trong d6 ndng do axit tao ra
nhiéu lignin rin nhat & néng d6 axit H,SO,4 20%.
Vé mat 1y thuyét, do axit cang cao thi viéc phan
hay lignin tir cac thanh phan khong phai lignin c6
trong chat can tach cang dé dang. Nhung néu
dung dich ¢6 ndng do axit cao thi hé sé pha hity
lignin cang 16n. Két qua tach lignin bang H,SO,
20% c6 do twong quan cao hon cac ndng do
khac. Piéu nay 1a do néng do ting 1én cua cac
hop chit hiru co khong phai lignin hoa tan trong
axit nhu polysacchrides c6 trong dich den dé bi
phan hily nén tao ra nhiéu lignin hon (Pramudén,
2012). Theo Fengel va Wegener (1995),
polysaccharides 1 chat giy 6 nhiém phd bién
nhét trong qué trinh tich lignin. Ham lugng cac
polysaccharides khac phu thudc rat nhiéu vao
qua trinh tach, loai gd va qu4 trinh loc rtra lignin.

Ham luong lignin thip ¢ nong do H,SO, thap
cho thay két qua tach lignin van con chira nhiéu
chat khong phai 1a lignin. Theo Damat (1989),
ham lugng khong phai 1a lignin, tic 1a nhidu chét
ran lingin sau khi tach, cho thdy qué trinh phan
huy polysaccharide va tdch chung khéi ham
lwong khong phai lignin van chua hoan toan.

Bang 2. Hiéu suat thu hdi lignin véi ndng d6 axit khac nhau

Lignin H,SO, 14% H,SO, 20% H,SO, 26% H,SO, 32%
Lignin thd 48,15 50,81 47,78 45,02
Lignin tinh khiét 19,59 21,89 14,79 19,57

Su phan hiy polysaccharide co thé xay ra trong
didu kién axit manh. Damat (1989) cho rang
ngoai viéc bd sung axit vao qua trinh tach, d6 pH
thép cua lignin con do sy hién dién cia cac thanh

phan khong phai lignin c6 tinh axit hon, chang
han nhu axit formic, axit axetic va axit lactic.

Duya trén hinh 2, ¢ su khac biét dang ké vé mau
sac cua lignin tinh khiét. Lignin tinh khiét véi
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nong do H,SO, bién thién 20% c6 mau nhat hon nhat 1a 50,81%. Cac nhém chirc ning trong
s0 v6i lignin tinh khiét v6i cac nong do H,SO,  lignin tho, lignin tinh khiét. Cac méu lignin
khac nhau. Do d6, dya trén mau séc, lignin tinh  duoc tach ra tir diéu kién tach t6t nhit va cho
khiét voi ndong d6 H,SO4 20% cho két qua tét  hiéu sudt tich cao nhét, sau d6 duoc xac dinh
nhit, bén canh d6 hiéu suat thu hoi lignin cao  bang may quang phd FTIR.

& :
tda vé&i H,SO, 20%

oL

c. Lignin két tia v&i H,S0, 26% d. Lignin két tha véi H,SO, 32 %

Hinh 2. Lingin tinh khiét tir qua trinh tach lignin
Vi su thay doi ndng d6 HySO4 1a 14%, 20%, 26%, 32%

Bang 3. Pho FTIR d6i v6i lignin tho va lignin tinh khiét

S$é | Lignin tinh khiét (cm™) Lignin thé (cm™) Vi tri (cm™) () Vai trd nhém (¥)
1 3430.86 3412.37 3540 - 3400 OH
2 2933.95 2938.18 3000 - 2842 C-H metyl va metylen
3 2842.30 2843.27 2940 - 2820 OH on metyl va metylen
4 1714.47 1712.06 1715-1710 C = O va vong thom
5 - - 1605 - 1600 Vong thom dao ddng
6 1515.84 1515.99 1515 - 1505 Vong thom dao dong
7 1461.95 1461.99 1470 - 1460 Bién dang C - H (asimetric)
8 1427.46 1425.66 1430 - 1425 Thom dao déng
9 1326.16 - 1330 - 1325 Dao ddng syringyl
10 - - 1270 - 1275 Dao dong guaiasyl
11 - - 915 - 925 C - H; nhém thom

Ghi chu:* theo Hergert (1971), Lubis (2007), Lin va C.W. Dence (1993).
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Diéu kién voi hiéu suét tach lignin sunphat cao
nhit duoc tach ra tir dich den sunphat véi nong
d6 HyS04 20%. So véi lignin tinh khiét cé loc,
rira va loc dugce st dung, lignin sunphat dugc
tach ra con véi muc dich phan tich nhom chiic
ning 1a xac dinh cic nhém chic ning ton tai
trong lignin tir két qua tach va lignin tinh khiét
duogc su dung.

Két qua x4c dinh nhom chirc nang cua lignin tach
bang FTIR cho thiy phd hép thu quang phd
tuong dong nhat voi lignin sunphat tinh khiét.

1014
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3412.37em-1

Két qua xac dinh hai lignin dugc thé hién trong
hinh 3, hinh 4 va bang 3. Dua trén hinh 3 va hinh
4, két qua xac dinh nhom chirc ning véi lignin
tinh khiét FTIR va lignin tho cho thay phd hép
thy & cac ving c¢6 s song tuong tu nhau. C6 thé
thdy riang cac nhom chutrc ning trong lignin tinh
khiét c6 nhiéu diém twong ddéng hon so véi cac
nhém churc nang trong lignin tho.

Trong bang 3 c6 thé thiy rang lignin thd va
lignin tinh khiét ndm trong dai hap thu cuia may
quang pho FTIR.
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Dai hip thu trong khoang 3540 - 3400 cm™, cho
thiy lignin thd va lignin tinh khiét khéng c6
doan C = O khong lién hop véi vong thom.
Lubis (2007) giai thich ring doan C = O khdng
lién hgp vaéi vong thom la mot mach carbon
vong (Ce) v6i lién két C = O khong lién hop.
Lignin tinh khiét va lignin tho déu chira cac dao
dong vong thom trong khoang 1500 - 1600 cm™,
nhung lignin tinh thiét chta it tap chat. Tuy
nhién, trong khoang dai hap thy 1270 - 1275 cm™
chi ¢6 lignin tinh khiét va lignin tho ciing co.
Trong khoang dai hap thy, lignin c6 chira
guaiasyl, mot trong nhing thanh phan cua lignin.
Acacia mangium Willd 1a mot loai ciy gb la
rong. Chu yéu hop chat cua lignin gb 14 rong
bao gébm cic nhom syringyl va cac nhom
guaiacyl. Nhung dua trén viéc xac dinh cac
nhém chiic ning cua céc lignin tach ra bang
FTIR cho thay cic két qua khic nhau. Sugesty
(2012) di néu rang lignin tinh khiét va lignin
thd khong chira nhom vong syringyl va nhom
guaiacyl. Tuy nhién, lignin tinh khiét duoc xac
dinh chi chtra cac nhém guaiacyl va khong chira
cac nhom syringyl. Theo Lubis (2007) c6 thé
két luan rang lignin sunphat dwoc sir dung la
lignin c6 ngudn gbc tir gd 14 kim. Dya trén
nghién ctru ciia Sugesty (2012), lignin c6 xu
huéng chira cac nhoém guaiacyl chu yéu c6 trong
g0 14 kim.

Theo Fengel (1995) cho rang su dich chuyén s6
song co thé xay ra do anh hudng cua ciu tric
ranh gidi (ranh gidi) 1€n 161 thom chua trong
vat lidu dugc phan tich. Mic du phd hong
ngoai 1a dic trung cua cac hop chit c6 cau trac
da dugc biét chic chin, nhung van con nhiéu
diém chua chic chian khi dién dai phd lignin
IR. Diéu nay chu yéu 1a do sy bién thién 16n vé
cAu tric va thanh phan cua lignin, phu thudc
vao ngudn gbc miu va cac quy trinh phéan lap
dac biét.

IV. KET LUAN

Néng do axit cao nhat H,SO, 13 20% véi hiéu
suét ligin thu dugc 1a 21,89% dbi voi lignin tinh
khiét va 50,81% doi véi lignin tho. Cac nhom
chuic ning chira trong lignin tinh khiét c6 nhiéu
diém tuong ddng so véi lignin tho.

Loi cdm on: Bai viét nay la mét phan két qua
nghién citu ciia dé tai déc ldp cdap Bé “Nghién
cu cong nghé thu hoi lignin tir dich den trong san
xudt bt gidy, tmg dung tao keo Lignin Phenol
Formaldehyde (LPF) dé san xudt vin g6 dan chiu
am” theo Quyét dinh sé6 1701/0P-BNN-KHCN
ngay 28/4/2023 cua Bo truong B6 NN&PTNT.
Tac gia xin cam on Bo Nong nghiép va Moi
truong da tai tro kinh phi cho nghién cuu nay.
Tac gia xin chan thanh cam on cac Chuyén gia
phan bién va Ban bién tdp da co cdc gop y quy
bau d@é bai bdo cé chat heong tot hon, ddp g
diege yéu cdu ciia Tap chi,

TAI LIEU THAM KHAO

1. Damat. 1989. Isolation of lignin from pulp mill cooking solution remaining by using H,SO, and HCI. Department
of Agricultural Industrial Technology, Faculty of Agricultural Technology, Bogor Agricultural University. Bogor.

2. Fengel D, Wegener G. 1995. Wood: Chemistry, ultrastructure, and reactions. Sastrohamidjojo H, translator.

Yogyakarta: University Gajah Mada Press.

3. Hergert, H. L. 1971. Infrared spectra in lignins: Occurrence, formation, structure and reactions (Sarkanen, K.V. and
Luwig, C.H., Eds). Wiley- Interscience, New York. Pp. 267-297.

4. Dalam Fengel, D. dan G. Wegener. 1995. Kayu: Kimia, Ultrastruktur dan Reaksi. Gadjah Mada Press University.

Yogyakarta.

5. Junaedi Ahmad, 2011. Pulp data and statistics in Indonesia. Ministry of Forestry, Forestry Research and
Development Agency. Bangkinang. (Data dan Statistika Pulp di Indonesia. Kementrian Kehutanan, Badan

Penelitian dan Pengembangan Kehutanan. Bangkinang).

134



Tap chi KHLN 2026 Hoang Vin Phong et al., 2026 (S6 2)

6.

10.

11.

12.

13.

14.

Kim H, Hill MK, Friche AL., 1987. Preparation of kraft lignin from black liquor. Tappi Journal 70 (12): 112 - 116.

Kouisni, L., Fang, Y., Paleologou, M,Ahvazi, B., Hawari, J., Zhang, Y., and Wang, Y., 2011. Kraft lignin recovery
and its use in the preparation of lignin - based phenol formaldehyde resins for plywood, Cellulose Chemistry and
Technology, 45 (7 - 8): 515 - 520.

Lin, S. Y. dan C. W. Dence, 1992. Methods in lignin chemistry. State University of New York: New York.

Lubis A.A., 2007. Isolation of lignin from black liquor process cooking soda pulp and pulp sulphate (Kraft),
cooking process of soda and pulp sulfate pulp (Kraft), Faculty of Agriculture, IPB, Bogor.

Ma’ruf, Pramudono, B, and Aryanti N., 2017. Optimization of lignin extraction from rice husk by alkaline
hydrogen  peroxide using response surface methodology Rasayan J. Chem., 10(2), 407.
DOI:10.7324/RJC.2017.1021667

Priyanto, S., Pramudono, B., Kusworo, T. D., Suherman, Aji, H.A., Untoro, E., Ratu, P., 2018. Synthesis study of
surfactants sodium ligno sulphonate (SLS) from biomass waste using fourier transform infra
DOI:10.1051/matecconf/201815603030.

Syahbirin, Gustini, 2009. Utilization of kraft lignin from the black liquor pulp plant for the manufacture of sodium
lignosulfonate and sulfonate hydroxymethyl phenol lignin sunphuric acid as dispersing material.

Sugesty, S., 2012, Analyzing Lignin Klason from Various Raw Materials. Cellulose and Paper Symposium, J.
Chem Eng, 18, 1, 41 Red (FTIR), MATEC Web of Conferences, 2018, 156, 03030.

Tomani, P., 2010. “The lignoboost process”, Cellulose Chemistry and Technology, 44 (1-3): 53 - 58.

Email tac gia lién hé: doanngoc@vafs.gov.vn

Ngay nhan bai: 06/09/2025

Ngay phan bién danh gia va sitra chira: 16/09/2025; 19/09/2025
Ngay duyét dang: 29/09/2025

135



