TAP CHi CONG THUONG - CAC KET QUA NGHIEN CUU KHOA HOC VA UNG DUNG CONG NGHE

TACH CHIET, THU HOI LIGNIN TU LA CAY DUA
VA UNG DUNG THU NGHIEM LAM PHU GIA GIAY

TRAN THI TUGNG AN™ - NGUYEN THI THU THUY"
"Truwong Pai hoc Bach khoa - Dai hoc Quéc gia Thanh phd H6 Chi Minh
Ho Chi Minh City University of Technology,
Vietnam National University, Ho Chi Minh City, Vietnam
* Email: trantuongan@hcmut.edu.vn

Ngay nhan bai: 10/7/2026
Ngay sura bai: 27/7/2026
Ngay duyét dang bai: 12/8/2026

Tém tit:

Nghién civu khdo st qud trinh tach chiét va thu hoi lignin tir la cdy dira (Ananas comosus) bang sodium
hydroxide (NaOH) két hop hydrogen peroxide (H:0:), dong thoi thir nghiém lignin thu dwoc lam phu gia
trong san xudt gidy. Ld dita chira 34,8% cellulose va 20,6% lignin, trong dé lignin khéng tan trong acid
chiém 15,1% va lignin tan trong acid chiém 5,5%. Cdc yéu t6 khdo sdt trong tién xir Iy gom nong dé NaOH,
ty lé tac chdt/nguyén liéu, thoi gian va toc dé khud'y. Piéu kién duoc lwa chon la NaOH 2% (w/v) trong H:0:
1% (Wh), 1y 1é tac chdt/nguyén liéu 2:1, thoi gian 4,5 gio, nhiét @6 25-28°C va toc d khudy 150 vong/phit;
hiéu sudt tach lignin dat 32,84%. Dich sau tién xit Iy ¢6 nong dé lignin khoang 6 mg/mL. Thu hoi lignin bang
acid hoa dat hiéu suat 92,21% tai pH 4, 70°C trong 60 phut. Phan tich FTIR xdc nhdn cac nhom chirc dac
trung cia lignin. Thir nghiém tao gidy cho thdy, lignin c6 kha ndang tham gia nhw mét phu gia két dinh, tuy
nhién chdt hrong mau gidy con can dwoc cdi thién.
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Extraction and recovery of lignin from pineapple leaves and its preliminary
application as a paper additive
Abstract:

This study investigates lignin extraction and recovery from pineapple leaves (Ananas comosus) using sodium
hydroxide combined with hydrogen peroxide and evaluates the recovered lignin as a paper additive. Pineapple
leaves contained 34.8% cellulose and 20.6% lignin. The selected pretreatment conditions were 2% NaOH in
1% H:0:, a reagent-to-solid ratio of 2:1, 4.5 hours at 25-28°C, and agitation at 150 rpm, achieving a lignin
removal yield of 32.84%. The resulting liquor contained approximately 6 mg/mL lignin. Acidification at pH 4
and 70°C for 60 minutes achieved a recovery yield of 92.21%. FTIR analysis confirmed characteristic lignin
functional groups. Preliminary papermaking tests indicated that the recovered lignin could function as a
binding additive, although paper quality requires further improvement.

Keywords: lignin, pineapple leaves, Ananas comosus, alkaline peroxide, lignin recovery

388 | $6 24/2026



HOA HOG - CONG NGHE THUC PHAM

1. bit van dé

Viét Nam c6 san luong néng nghiép 16n, kéo theo luong phu pham sau thu hoach ciing dang ké. La ciy dira
12 mét trong nhitng phu pham thuong bi cay vii hodc dét bo, trong khi dy 1a ngudn lignocellulose c6 thé dugce
khai thac dé tao cac san pham co gia tri. Lignin 1a cAu tir cao phan tir dira phd bién trong thanh té bao thyc vat,
lién két véi cellulose va hemicellulose, ddng thoi ¢ tiém ning tmg dung trong vat liéu, chat két dinh va phu gia.

Tién xur Iy kiém c6 kha ning pha v cac lién két giita lignin véi hemicellulose va cellulose. Khi két hop
NaOH v6i Hz0:, peroxide trong méi trudng kiém tao cac tac nhin oxy hoa cé kha ning tac dong 1én céu
tric lignin, dic biét cac lién két ether p-O-4. So voi sir dung tirng tac chét riéng 1¢, hé alkaline peroxide co
tiém nang ting hiéu qua loai lignin trong diéu kién xir 1y twong d6i nhe.

Sau tién xtr 1y, lignin hoa tan trong dich kiém c6 thé dugc thu hdi bang acid hoa. Khi pH giam, cac
nhom phenolate bi proton hoa, lyc day tinh dién giam va lignin két tu. Nghién ctru ndy nham xac dinh diéu
kién tién xu ly 14 dura bé“mg NaOH/H:0:, khao sat pH, thoi gian va nhiét d6 thu hoi lignin, dac trung so bo
lignin bang FTIR va thir nghiém sir dung lignin 1am phu gia trong quy trinh tao giay.

2. Co s Iy thuyét va phwong phap nghién ciru

2.1. Co sé Iy thuyét

Lignocellulose gom cellulose, hemicellulose va lignin. Trong méi truong kiém, H>O- phén ly tao anion
hydroperoxide va cac gc hoat dong, gop phan oxy héa va phan cit mot sd cau tric cua lignin. NaOH dong
thoi hd tro pha v lién két ester va ether giita lignin voi cac polysaccharide. Trong dich kiém, lignin ton
tai trong ddi bén & dang ion hoa; khi acid hoa xuéng vung pH thich hop, lignin mét dién tich, két tu va co
thé duoc tach khoi dich béng loc.

2.2. Vit ligu va bé tri thi nghi¢m

Nguyén ligu 1a 14 cdy dira sau thu hoach tai Vién Cay an qua mién Nam (xi Long Dinh, tinh Pong
Thap). La duoc rira, phoi ¢ 30°C trong 24 gio, cat nho va xay trude khi bao quan. Nghién ciru duoc thuc
hi¢n tai Phong thi nghi€ém Nhién li€u sinh hoc va Biomass, Truong Pai hoc Bach khoa Thanh phé Hb Chi
Minh, tir thang 9/2017 dén thang 2/2018.

Thanh phan nguyén liéu dugc phan tich theo quy trinh NREL. Lignin dugc xac dinh duéi dang lignin
khong tan trong acid (AIL) va lignin tan trong acid (ASL); ASL dugc do UV-Vis ¢ 240 nm. Qua trinh tién
xtr Iy khao sat NaOH 0,2-3% trong H>02 1%; ty 1¢ tac chat/nguyén liéu 1:1-5:1 mL/g; thoi gian 1,5-9 gid;
tdc d6 khudy 0-180 vong/phut. Cac nghiém thirc ddi chimg sir dung NaOH hodc H:O: riéng 1é va nghiém
thure két hop chiéu UV ciing dugc thuc hién. Mdi nghiém thuc 1ap lai 3 lan.

Dich sau tién xtr 1y c¢6 pH khoang 10-11 duoc acid hoa dé khao sat pH 1-5. Tiép theo, anh hudng cua thoi
gian 0-75 phiit va nhiét d6 40-90°C dugc khao sat. Két tua lignin dugc loc chan khong, rira bang nudc nong
va sdy & 70°C trong 6 gid. San pham lignin dugc phén tich FTIR va dugc sir dung trong thir nghiém tao gidy.

3. Két qua va thao ludn

3.1. Thanh phén ld cdy dira

Bang 1. Thanh phan xo s¢i cia 14 ciy dira

AlIL (%) ASL (%) Tro (%) Glucose (%) Cellulose (%) Khac (%)
15,1+27 55+0,2 1,8 £ 0,02 13,5+ 0,09 34,8+ 0,03 29,3+ 0,05

Nguon: Két qua nghién ciru
Téng lignin ctia nguyén liéu dat 20,6%, trong d6 AIL chiém ty 1& 16n hon ASL. Cellulose dat 34,8%
khéi lugng kho, cho thiy 14 dira 1a nguon lignocellulose dang quan tam. Ham lugng lignin twong dbi cao
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cling cho thay, cdn mot budce tién xtr Iy thich hop néu dinh hudng khai thac cac ciu tir carbohydrate hoic
thu riéng lignin.
3.2. Khdo sdt qud trinh tién xiv Iy
Bang 2. Anh hwéng ciia nong d9 NaOH trong H:0: 1% dén hi¢u suit tach lignin

NaOH (%) 0,2 0,4 0,6 0,8 1 2 3
Hiéu suét (%) 12,83 14,30 16,47 18,07 22,25 28,63 31,10

Nguon: Két qua nghién ciru

Hiéu suét tach lignin ting theo ndng d6 NaOH trong dai khao sat, tir 12,83% & 0,2% NaOH 1én 31,10%

& 3%. Tuy nhién, chudi thi nghiém t6i wu hoa tiép theo ctia nghién ctru sir dung NaOH 2% nhim cén bang
hiéu qua tach lignin va lugng kiém sir dung.

Bang 3. Anh hudng ciia ty 18 tac chit/nguyén liéu

Ty lé (mL/g) 1:1 2:1 3:1 4:1 5:1
Hiéu suat (%) 6,38 17,47 23,17 25,91 28,48

Nguon: Két qua nghién ciru

Dit liéu don yéu té cho thiy, hiéu suét tang khi ting lugng dung dich xir Iy. Tuy vay, ty 1& 2:1 dugc lya

chon trong quy trinh cudi ctia nghién ctru nham han ché thé tich hoa chét str dung va tiép tuc khao sat thoi
gian, khudy dao.

Bang 4. Anh hwéng ciia thoi gian tién xir Iy

Théoi gian (gi®) 1,5 3 4,5 6 9
Hiéu suat (%) 22,06 27,20 30,07 27,43 22,15

Nguon: Két qua nghién ciru
Hiéu suit ting dén 30,07% tai 4,5 gid rdi giam khi kéo dai thoi gian. Két qua cho thdy 4,5 gio 1 thoi
gian phu hop trong pham vi khao sat.
Bang 5. Anh hwéong ciia toc dd khudy dao

Téc dd (vong/phat) 0 90 120 150 180
Hiéu suat (%) 12,20 17,88 23,57 32,84 17,44

Nguon: Két qua nghién ciru

Téc do 150 vong/phut cho hiéu suat cao nhat, dat 32,84%. Khudy gitp ting tiép xiic giita tac chat va
nguyén li¢u; khi tang 1én 180 vong/phut, hi¢u suét giam 1o rét. Tu chudi khao sat, diéu kién duoc lya chon
1a NaOH 2% trong H20: 1%, ty 1¢ tac chat/nguyén lidu 2:1, thoi gian 4,5 gid, 25-28°C va 150 vong/phut.

Bang 6. So sainh mdt sé phwong an tién xir Iy

Nghiém thirc Hiéu suét tach lignin (%)
NaOH 10% 28,46
NaOH 3% 19,09
NaOH 2% 20,61
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NaOH 2% + Hz202 1% 34,26
H202 1% 12,20
NaOH 2% + H202 1% + UV 57,09

Nguon: Két qua nghién ciru

Két hgp NaOH/H:0: cho hiéu suit cao hon khi dung NaOH 2% hodc Hz0: 1% riéng 1¢, phu hop véi
vai tro hd tro clia peroxide trong méi truong kiém. Chiéu UV lam hi¢u suat ting dén 57,09%; tuy nhién
file nghién ctru nhan dinh phuong 4n nay khong phit hop khi xét chi phi va tudi tho dén trong van hanh kéo
dai, do d6 khéng dugc chon lam quy trinh chinh.

3.3. Thu héi lignin tir dich sau tién xir Iy

Tai diéu kién tién xtr Iy dugc lua chon, lugng lignin tach ra dat 32,84% so vdi lignin ban dau va néng
do lignin trong dich 16ng khoang 6 mg/mL. Dich nay dugc acid hoa dé két ty lignin.

Bang 7. Anh huwéng cia pH dén hiéu suét thu hoi lignin

pH 1 2 3 4 5
Hiéu suét (%) 34,51 34,38 60,11 68,49 19,82

Nguon: Két qua nghién ciru

Hiéu suét thu hoi cao nhat trong khao sat pH dat 68,49% tai pH 4. Khi pH giam, cac nhoém phenolate
cua lignin duoc proton hoa, giam luc ddy tinh dién va thuc day két tu. Tuy nhién, pH qué thdp khong tiép
tuc lam tang hi¢u sudt trong h¢ khao sat nay (Bang 7).

Tai pH 4, khao sat thoi gian cho théy 60 phtt cho hi¢u suat 81,31%, duoc lwa chon cho bude tiép theo.
Khi khao sat nhiét o, hidu suat tang tir 32,83% & 40°C 1én 47,15% & 50°C, 81,75% & 60°C va dat 92,21%
& 70°C; khi tang 1én 80-90°C, hiéu suit giam. Vi vay, diéu kién thu hoi duoc lya chon 1a pH 4, 60 phut va
70°C, cho hiéu suét 92.21%.

3.4. Pic trung lignin va thir nghiém ikng dung lam gidy

Pho FTIR cta lignin thu hdi cho thay cac ving hap thu pht hop véi cu trac lignin sau xir Iy. Nghién
ctru ghi nhén tin hi¢u tai khoang 1022 cm™ va thao luan sy xuét hién cta cac nhom chirc hinh thanh sau
qua trinh oxy hoa peroxide. Két qua SEM duoc st dung dé quan sat cau tric bé mit mau lignin thu tai pH
4, 60 phut va 70°C (Hinh 1).

Hinh 1. Phé FTIR ciia lignin chiét tiv ld dira
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Lignin thu hdi dwgc thir nghiém Hinh 2. Ung dung thir nghi¢m lam gidy

lam phu gia trong tao gidy. Mau gidy
tao thanh c6 thé duy tri trong thoi gian
quan sat hon mot thang nhung kho va
dé v&. Két qua bude dau cho thay, kha
ning két dinh cua lignin, song dir liéu
hién ¢c6 méi mang tinh thir nghiém dinh
tinh va chua du dé két luan vé cdi thién
co 1y cua gidy. Can bo sung cac phép do
d6 bén kéo, do bén xé, do buc va tdi uu
ty 1€ lignin trude khi danh gia kha nang
mg dung thyc té (Hinh 2).
4. Két luan

-

Nguon: Két qua nghién ciru

L4 cay dura str dung trong nghién ctru chira 34,8% cellulose va 20,6% lignin. Qua trinh tién xir 1y bang
NaOH két hop H20: cho phép tach lignin trong diéu kién twong ddi nhe. Quy trinh dugc lwya chon trong
nghién ctru st dung NaOH 2% (w/v), H202 1% (w/v), ty 1& tac chat/nguyén liéu 2:1, thoi gian 4,5 gid, nhiét
do 25-28°C va toc do khudy 150 vong/phut, dat hidu suét tach lignin 32,84%. Dich sau tién xir Iy chira
khoang 6 mg/mL lignin. Acid hoa dich tai pH 4, sau d6 xur Iy & 70°C trong 60 phit cho hiéu suét thu hdi
lignin 92,21%. Phan tich FTIR hd trg nhan dién cic nhom chirc ctia lignin thu hoi. Thir nghiém tao gidy
cho thdy tiém ning sir dung lignin nhu phu gia két dinh, nhung céan tiép tuc danh gia dinh luong cac tinh
chét co 1y va tdi uu cong thirc gidy m
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