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Tém tit

Nghién ciru nay nham téi wu héa qud trinh tién xi Iy gidy carton thdi bang dung dich
sodium hydroxide dé thu héi cellulose c6 dg tinh khiét cao, phuc vu cho cac weng dung sinh hoc
va cong nghiép. Phwong phdp ddp irng bé mat (Response Surface Methodology - RSM) két
hop véi thiét ké t6 hop tam (Central Composite Design - CCD) dugc sir dung dé khdo sat va
10i wu cdc théng so cong nghé bao gdm ndng do NaOH, nhiét do, thoi gian xu ly va ty l¢
NaOH/gidy. Sau d6, mau dirge xir Iy tdy tring bang sodium hypochlorite (NaClO) nham ning
cao do tinh khiét ciia cellulose. Két qua cho thdy diéu kién t6i wu dat duoc tai nhiét do 100 °C,
thoi gian xir Iy 3,5 gio, nong dj NaOH 2,5%, va ty 1é dung dich NaOH/gidy la 70/1 mL/g, dat
hiéu sudt logi bo tap chat cao nhat dat 40,06%. Mdu sau xir Iy dwoc phdn tich bclng kinh hién
vi dién tir quét phat xq truong (FE-SEM) dé quan sdt hinh thai bé mat va phé hong ngoai bién
d6i Fourier (FTIR) dé xdc dinh sy thay doi vé nhom chirc héa hoc. Nghién ciru ndy gop phan
ndng cao hiéu qua tdi ché gidy, giam thiéu chdt thai rdan va thiic ddy phat trién quy trinh san
xudt gidy than thién véi méi truong. Cellulose thu hoi c6 thé dwgc ung dung trong san xudt
mang sinh hoc, vat liéu y sinh, vt liéu composite hodc cdc san pham hap phu sinh hoc, tir do
ndng cao gid tri sir dung ciia nguyén liéu tai ché va thiic day mé hinh kinh té tudn hoan.

Tw khéa: do tinh khiét ciia cellulose Sodlum hydroxide, RSM, , tac dong méi truong,
tdi ché bén vitng, thu hoi cellulose, tién xir Iy gidy carton.

Trich dan: Nguyén, T. V. (2026). Ti wu hoa qua trinh tién xtr Iy gidy carton thai bang
phuong phap bé mat dap img nham nang cao hiéu qué thu hdi cellulose. Tap chi Khoa hoc
Bai hoc Pong Thap, 15(2), 64-77. https://doi.org/10.52714/dthu.15.2.2026.1752
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Abstract

This study focuses on optimizing the pretreatment process of waste cardboard using
sodium hydroxide (NaOH) to recover high-purity cellulose for biological and industrial
applications. Response Surface Methodology (RSM) combined with Central Composite
Design (CCD) was used to investigate and optimize technological parameters, including
NaOH concentration, temperature, treatment time, and the NaOH-to-paper ratio. A bleaching
step using sodium hypochlorite (NaClO) was subsequently applied to improve cellulose purity.
The optimal conditions were found at a temperature of 100°C, treatment time of 3.5 hours,
2.5% NaOH concentration, and a NaOH-to-paper ratio of 70/1 mL/g, resulting in a maximum
impurity removal efficiency of 40.347%. The treated samples were characterized by field-
emission scanning electron microscopy (FE-SEM) to observe surface morphology and
Fourier-transform infrared spectroscopy (FTIR) to identify changes in chemical functional
groups. This study contributes to enhancing paper recycling efficiency, minimizing solid
waste, and promoting environmentally friendly and sustainable paper production processes.
Additionally, recovered cellulose can be applied to produce biofilms, biomedical materials,
composite materials, or bio-adsorbent products, thereby increasing the utilization value of
recycled materials and advancing the circular economy model.

Keywords: Cardboard pretreatment, cellulose recovery, response surface methodology,
sodium hydroxide, sustainable recycling, environmental impact, cellulose purity.
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1. Giéi thi¢u

Gidy carton 12 mot trong nhitng vat lidu bao bi duoc sir dung phd bién nho cac dic tinh
ndi bat nhu kha ning phén huy sinh hoc, de gia cong va kha nang tai ché cao (Zhang & cs.,
2019). Trude bdi canh moi quan ngai toan ciu vé tac dong tiéu cuc cua chit thai nhya dbi voi
moi truong, nhu cau chuyén dich sang cac vat liéu than thién sinh thai nhu g1ay tai ché ngay
cang tré nén cap thiét trong nganh cong nghiép bao bi. Theo xu hudng phat trién bén vimg va
giam thiéu chat thai, tai che gidy carton da tr¢ thanh mot hudng nghién ciru trong diém trong
linh vuc bot gidy va glay Theo béo céo ciia Hiép hoi Gidy va Bot gidy Viét ‘Nam (VPPA,
2024), tong san luong gidy thai nam 2023 dat khoang 4.8 tri¢u tan, trong d6 gidy bao bi (bao
gdm gidy carton) chiém hon 78%, tuong duong gan 3,7 tridu tan. Trén pham vi toan cau theo
FAO (Tb chirc Luong thuc va Nong nghiép Lién Hop Quoc 2024), tong san luong gidy va bia
thai nam 2023 dat khoang 275 trleu tan, trong d6 glay carton chiém ty 1& 16n nhat (udc tinh
khoang 45-50% tong lugng gidy thai). Mac du gidy carton chira ham lugng cellulose twong
dbi cao, qua trinh tai ché van gip nhiéu thach thirc do sy hién dién cua lignin, hemicellulose
va céc tap chit vo co trong ciu tric lignocellulose phtrc tap (Li & cs., 2021). Cellulose, mot
polysaccharide tuyén tinh c6 cdu trac tinh thé, chiém khoang 40-60% khdi lwong gidy carton
va 1a thanh phan chinh can duoc thu hdi trong qua trinh tai ché (Zhang & cs., 2019). Tuy nhién,
viéc chiét tach cellulose tré nén khé khan do lién két hoa hoc chit ché véi lignin va
hemicellulose — hai thanh phan ¢é c4u trac di thé, tinh khong dong nhat cao va kha nang phan
huy kém duéi diéu kién xtr 1y thong thuong. Piac biét, lignin — mot phén tir polyphenolic 16n
— tuy dong vai tro bao v¢ va gia cuong cho thanh té bao thuc vat, lai 1a tro ngai trong qua trinh
thu hdi cellulose do 1am giam d tinh khiét, d6 sang va do bén co Iy ctia san phdm gidy tai ché
(Zhu & cs., 2020).

Nhiéu nghién ctru di chi ra rang xir Iy kiém 1a mot trong nhitng phuwong phap hiéu qua
dé loai bo lignin va cac hop chit khong mong mudn (Sun & cs., 2002; Chen & cs., 2016;
Chandra & cs., 2007). Trong d6, sodium hydroxide (NaOH) duoc st dung rong rdi nho kha
nang pha v& lién két lignin—carbohydrate thong qua qua trinh thuy phan lién két ether va ester,
tr d6 hoa tan lignin va loai bo mot phé”m hemicellulose, tao diéu kién thuén loi cho qué trinh
thu hoi cellulose (Zhang & cs., 2019). Tuy nhién, hiéu qua xtr ly kiém phu thudc dang ké vao
cac thong so ky thuat nhu nong do NaOH, nhiét d¢, thoi gian phan tng va ty 1¢ NaOH/ glay
Néu cac yeu td nay khong dugc t6i wu hoa, cellulose co the bi thuy phén hodc suy giam cau
trac, lam giam hiéu suat thu hdi va chit lugng san pham cudi (Zhu & cs., 2020). Bé dat duoc
su cin bang gitra loai bo lignin va bao toan céu truc cellulose, viéc t6i vu hoa diéu kién xu ly
1a vo cling can thiét. Phuong phap bé mit dap ung (RSM) dé dugc ching minh la cong cu hitu
hiéu cho viéc phén tich dong thoi nhidu bién dau vao, giup xac dinh diéu kién t6i uu véi sd
lwong thi nghiém t6i thiéu va d6 chinh xéac cao (Li & cs., 2021). Thém vao d6, NaOH khong
chi loai bo lignin ma con gop phan giai phong hemicellulose va céc tap chat vo co, tao ra
nguyén liéu cellulose c6 d6 tinh khiét cao hon — phil hgp cho cac ting dung nhur san xuét gidy
tai ché, bao bi phan huy sinh hoc va vét li€éu composite gia cuong (Li & cs., 2021).

Tuy nhién, xu ly béng kiém don 1é thuong chua du dé loai bé hoan toan lignin ciing nhur
cac hop chit tao mau bén hoa hoc con lai trong nguyén li¢u sau xu ly. Nhim ting cuong hiéu
qué loai bo cac thanh phan khong mong muén va cai thién do tinh khiét ciing nhu d6 tring cua
cellulose, giai doan xtr ly oxy hoa b sung bang dung dich sodium hypoclorit (NaClO) da dugc
trién khai sau bude xtr 1y kiém. NaClO 1a mot chat oxy hoa manh, hoat dong thong qua co ché
oxy hoa céc lién két phenolic trong lignin, gop phan phan huy cac cau trac lignin con sot lai
cling nhu pha v& cac nhém mang mau (chromophore). Nho d6, do sang va do tring cua
cellulose dwoc cai thién ro rét (An & cs., 2022; Gurram & cs., 2015). Trén co sé cac két qua
thyc nghiém va 1y thuyét da duoc trinh bay ¢ phan trén, nghién ctru nay hudng dén viée ti vu
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hoa qua trinh tién xir Iy gidy carton thai bang dung dich NaOH théng qua phuong phap RSM,
két hop giai doan xir 1y oxy hoa bd sung bang NaClO nham nang cao hiéu suét thu hdi cellulose
va cai thién chit lugng nguyén liéu du ra phuc vu cac tng dung cong nghiép bén viing.

2. Vit liéu va phwong phap nghién ctru
2.1. Vat liéu

Ngudn nguyén liéu chinh trong nghién ctru 1a thung gidy carton da qua sir dung, dugc
thu gom tuir cac ho gia dinh va co s¢ tiéu thy trén dia ban thanh phé Can Tho. Sau khi thu gom,
gidy carton dugc cit nho bang kéo cit cong nghiép, sau d6 xay nhuyén bang may nghién giay
nham ting dién tich bé mit tiép xuc, thuén 191 cho cac qua trinh xtr Iy hoa hoc tiép theo. Sodium
hydroxide (NaOH), dugc cung cap boi Cong ty hoa chat Gangdong Ganghua (Trung Qudc),
v6i d6 tinh khiét > 90%, duoc su _dung trong qua trinh tién xur 1y gidy carton. Sodium
hypochlorite (NaClO), dugc cung cip bai Cong ty hoa chat Xilong (Trung Qudc), véi ham
lwong NaClO 8%, sir dung trong qua trinh tay tring cellulose.

2.2. Phwong phap nghién ciru
2.2.1. Xac dinh thanh phan ciia nguyén liéu

Thanh phan héa hoc ciia nguyén liéu dugc xac dinh theo cac phuong phap chuan cua
TAPPI, bao gdm: ham luong tro dwoc x4c dinh theo tiéu chuin TAPPI T 211 om-93 (525 + 25
°C, 3 gio; TAPPI, 1993); ham luong a-cellulose theo tidu chuin TAPPI T 203 ¢m-99 (thuy
phan kiém 17,5% NaOH; TAPPI, 1999); va ham lugng lignin khong tan trong acid theo tiéu
chuan TAPPI T 222 om-02 (H2SOs 72%, dun cach thiy 1 gid; TAPPI, 2002). Moi quy trinh
déu tuan tha hudng dan chi tiét trong bo tiéu chudn thir nghiém TAPPI va cac phuwong phap
hitu ich cia TAPPI, dam bao do ldp lai cao va kha ning so sanh két qua véi cac nghién ctru
trudce do.

2.2.2. Khao sat cdc yéu t6 anh hwéng dén qud trinh logi tap chat

Téi wu hoa bang phuong phap RSM dugce sir dung dé thiét ké ma tran nghién ctru tac
dong dong thoi cua bon bién s6 chinh (ndng d6 NaOH, nhiét d9, thoi gian va ti 16 NaOH/mau)
anh huong dén hiéu suat thu hoi cellulose va kha ning loai bo lignin.

Bang 1. Cac yéu to dung trong RSM — CCD

Bién ma " Pham vi Mire
hoa Ten nghién ciru
-1 0 +1 +a
Xi Nhiét do (°C) 85 -105 8 90 95 100 105
X,  Thoi gian (h) 2-4 2 25 3 35 4
X;  Nong do (%) 1-3 1 15 2 25 3

Ti 1é giira thé tich dung dich

X4 NaOH / khéi luong gidy

40-280 40 50 60 70 80

Bén bién duoc thiét ké & nam cap do: thap (-1), trung tdm (0), cao (+1) va mirc bién (+)
dé danh gia mic do bién thién cua cac thi nghiém (bang 1). Ma trin duge thiét ké bao gdm 30
thi nghiém véi 6 lan 13p lai tai cac diém trung tadm, 16 thi nghiém nhan td, 8 thi nghiém xung
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quanh tryc. Két qua dugc phan tich bing cach ap dung hé‘sé xéc dinh (R? va R%-adj), biéu do
phan hoi va phén tich phuong sai (ANOVA) bang phan mém Design Expert 11.

Két qua dyu doan duoc phan tich bang hdi quy cua phuong phap dap tng be mat va dugc
biéu dién bang phuong trinh hoi quy da thirc bac hai lién quan dén céc bién s6 chinh va sy
tuong tac cho timg bién s6 theo phuong trinh (1). Sir dung phan tich phuong sai bang ANOVA
dé danh gia y nghia thong ké ctia mo hinh. Gia tri p nho hon 0,05 duoc coi 13 ¢6 ¥ nghia.
Phuong trinh ciia mo hinh da thirc dugc biéu thi béng hé sb xéac dinh R2, hé sb xac dinh duoc
diéu chinh (R*-adj) va phép thir F khong phu hop. Dit liéu duoc phan tich bang phdn mém
Design Expert 11 thong qua céc phan tich thong ké va d6 hoa

Hi= B+ TioBxi + X Bxi + T Byxix; (1

Trong do6, Hi 1a ham muyc ti€u, B, 1a h¢ so6 tw do, B, B Bij la cac vecto tham s6 cua md

i’
hinh duoc xac dinh qua thyc nghiém. M6 hinh thong ké chi c6 y nghia va dugc sir dung sau
khi théa man cac ti€u chuan thong ké (Fisher).

~ Sau khi x4c dinh dugc diéu kién t0i vu cho qua trinh xir 1y bang dung dich NaOH, mau
gidy carton ti¢p tuc dugc xtr Iy bang dung dich NaClO ¢ ndong d6 3 %, tai nhiét do 43 °C trong
thoi gian 1,5 gio nham nang cao hi€u qua loai bé tap chat con lai.

2.2.3. Chup FE — SEM

CAu triic vi md ctia mau trude va sau tién xu 1y thu duoc sau qua trinh tién xir 1y duoc
phan tich bang FE — SEM, tai Vién Cong nghé Kyoto, Nhit Ban, d€ quan sat cau truc bé mat
cua mau.

2.2.4. FTIR

Maéu dugce do FTIR béng thiét bi Jasco 4700 (Vién Cong nghé Kyoto, Nhat Ban). Thiét
bi cho phép xac dinh cac nhom phan tir clia cac vat liéu hitu co va nhiéu vat liéu vo co.

3. Két qua va thao luin
3.1. Thanh phin ciia nguyén li¢u

Thanh ph;‘m hoa hoc cua gidy loai dugc phan tich theo cac tidu chuin quéc té Két qua
(Bang 2) cho thay ham lugng cellulose cao, phan anh dac diém tai ché cua gidy, von chu yéu
¢6 ngudn gdc tir gd mém da qua tdy tring trong qua trinh san xuat ban dau. Theo nghién ctru
ctia Sun & cs. (2004), ham lugng cellulose trong bot gidy tay trang c6 thé dat trén 80%, phu
hop v6i két qua trong nghién ctru nay. Trong khi d6, ham luong lignin thap cho thiy gidy da
trai qua qua trinh loai bo lignin hiéu qua, twong tu v6i két qua cua Jahan & cs. (2007), khi ho
xac dinh lignin trong gidy tay trang dao dong tir 4-7%. Tuy nhién, ham lugng tro twong ddi
cao (11,86%) c6 thé phan anh sy tich tu cua cac phu gia v6 co trong qua trinh tai ché, nhu
kaolin, calcium carbonate hodc titanium dioxide — nhiing chét thuong dugc thém vao dé cai
thién do duc va d6 bén gidy (Hubbe & cs., 2007).

Bang 2. Thanh phén héa hoc ciia miu gidy carton

Y S Ham lugng Cellulose Lignin  Hemicellulose Khiac
Loai giay thai o o o
tro (%) (%) (%) (%) (%)
Gidy carton 11,86 80,33 6,83 - 0,98

3.2. Cac yéu té anh hwéng dén qua trinh loai tap trong qua trinh

68



Tap chi Khoa hoc Pai hoc Pong Thép, Tap 15, S6 2 (2026): 64-77

Qué trinh xtr 1y gidy carton bang dung dich NaOH duoc tién hanh trong khoang diéu
kién k¥ thuat khac nhau bao gdm: nhiét do (85-105 °C), thoi gian phan tng (24 gid), nong
d6 NaOH (1-3%) va ty 1¢ thé tich dung dich NaOH trén khéi lugng gidy (40-80 mL/g). Ma
tran thuc nghiém gém 30 thi nghiém duoc xay dung va hiéu suét loai bo tap chit thu duoc
dugc trinh bay tai Bang 3. Két qua cho thiy hiéu suét loai tap dao dong tir 31,45% dén 40,06%,
trong d6 diéu kién tdi wu duoc xac dinh tai thi nghiém s6 24 véi cac thong sd: nhiét do 100
°C, thoi gian phan tng 3,5 gio, ndng d6 NaOH 2,5% va ty 1& dung dich/gidy 1a 70/1 mL/g.
Nguoc lai, higu suit théip nhit (31,45 %) xuat hién & nhitng thi nghiém dugc tién hanh & 95
°C, 3 gio, NaOH 2 % va ty 1é dung dich/gidy 60 mL/g (vi du thi nghiém s 8), cho thay ty 1&
60 mL/g khong du dé tao diéu kién cho NaOH tiép xUc va loai bo tap chét hiéu qua.

Bang 3. Ma trin thye nghiém véi bon yéu to nhiét d, thoi gian, nong d, ti 18
NaOH/giay va ket qua thi nghiém

Gia trj thuc Ham muc tiéu Y
STT X; Nhi¢t X, Thoi  X;Nong Na%;/i(l;(:; &y Thue M5 hinh

do(°C)  gian(h)  dd (%) (mL/g) nghiém (%) (%)
1 95 3,0 3,0 60 39,91 39,44
2 90 3,5 1,5 70 37,89 38,10
3 100 2,5 1,5 50 35,33 34,83
4 100 2,5 1,5 70 36,27 36,10
5 90 2,5 1,5 70 34,41 34,34
6 90 3,5 1,5 50 35,43 34,89
7 85 3,0 2,0 60 36,39 36,26
8 95 3,0 2,0 60 31,45 31,45
9 100 3,5 2,5 50 37,89 38,18
10 90 2,5 1,5 50 32,83 32,98
11 100 3,5 1,5 70 38,82 38,76
12 95 3,0 1,0 60 33,94 34,32
13 95 3,0 2,0 60 31,45 31,45
14 95 3,0 2,0 60 31,45 31,45
15 95 3,0 2,0 60 31,45 31,45
16 95 3,0 2,0 60 31,45 31,45
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Gia tri thuc Ham muc tiéu Y
STT Nhi¢t X, Thoi  X;Nong Na%;/i(l;éiz‘iy Thye M6 hinh

do(°C)  gian(h)  dd (%) (mL/g) nghiém (%) (%)
17 90 2,5 2,5 50 36,80 37,08
18 100 2,5 2,5 50 39,06 38,71
19 95 2,0 2,0 60 34,61 34,81
20 90 2,5 2,5 70 37,34 36,91
21 95 3,0 2,0 80 39,00 38,70
22 100 2,5 2,5 70 37,69 38,45
23 90 3,5 2,5 50 37,61 37,65
24 100 3,5 2,5 70 40,06 39,78
25 100 3,5 1,5 50 35,34 35,64
26 105 3,0 2,0 60 38,51 38,55
27 95 3,0 2,0 60 31,45 31,45
28 95 4,0 2,0 60 38,34 38,05
29 90 3,5 2,5 70 38,62 39,34
30 95 3,0 2,0 40 35,53 35,74

Sy tuong quan giira két qua thuc nghiém va mé hinh du doan duoc thé hién tai Hinh 1,
trong d6 cac diém dir liéu phan bd gan dudng chéo, phan anh mic d6 phu hop cao gitta mo
hinh va thuc nghiém. Két qua phén tich phuong sai (ANOVA) & Bang 4 cho thiy mé hinh c6
y nghia thong ké vé6i gia trj F = 82,24 va p < 0,0001. Cac yéu té khao sat nhu nhiét do (X)),
thoi gian (X,), nong d6 NaOH (Xs) va ty 1é dung dich NaOH/giay (X4) déu c6 anh hudng dang
ké dén hiéu suét khu tap chét (» <0,05). Mot ) tuong tac hai yéu t6 nhu XX, XoXa, va XX
cling thé hién anh huéng co y nghia, trong khi cac tuong tac X, Xs va X, X4 khong dang ké (p
> 0,05). Dic biét, cac yéu td bac hai déu c6 ¥ nghia rit cao (p < 0,0001), phan anh ban chat
phi tuyén trong mé hinh.
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Hidu suat dir dodn
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an 32 24 34 ) A0 42

Higu suat thire nghiém
Hinh 1. So sanh hiéu suat loai tap chat tir thuc nghi€ém va mé hinh

Bang 4. Phan tich phuong sai ANOVA ciia md hinh ciia qua trinh khir tap gidy
carton

Tong binh Bac tu Trung binh

Yéu to phuong 1o binh phurong GiatriF  Giatrip
M5 hinh 232,89 14 16,64 82,24  <0,0001
X,-Nhiét do 7,90 1 7,90 39,06  <0,0001
X,-Thoi gian 15,67 1 15,67 77,45  <0,0001
X;-Nong do 39,24 1 39,24 194,02  <0,0001
X,4-NaOH/G 13,13 1 13,13 64,90  <0,0001
X, X, 1,22 1 1,22 6,01 0,0270
X, X; 0,0473 1 0,0473 0,2339 0,6357
X, X4 0,0086 1 0,0086 0,0423 0,8398
X, X5 1,79 1 1,79 8,84 0,0095
XXy 3,45 1 3,45 17,06 0,0009
XX, 2,33 1 2,33 11,54 0,0040
x? 60,80 1 60,80 300,58  <0,0001
X3 42,52 1 42,52 210,22 <0,0001
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Téng binh Bac tw Trung binh

Yeéu to phuong do binh phuong Giatri F Giatrip
X3 50,55 1 50,55 249,92 <0,0001
X2 57,08 1 57,08 282,20  <0,0001
Phan du 3,03 15 0,2023
Su khong
nrong thich 3,03 10 0,3034
Sai s6 thuan 0,0000 5 0,0000
Tong twong 235,93 29
quan

Do tin cdy va kha ning mo phong ciia mé hinh dugc danh gia thong qua cac chi sé thong
ké: hé sb xac dinh R?=0,9871; R? hiéu chinh = 0,9751; va R? du doan = 0,9259 (Bang 5). Cac
gia tri nay cho thiy mé hinh cé kha ning giai thich phan 16n bién thién trong dit liéu thuc
nghiém va c6 do chinh xac cao trong du doan hi¢u suét qué trinh.

Bang 5. Két qué phan tich sy phit hep ciia méd hinh véi thue nghiém

Théng s6 Gia tri Théng sb Gia tri

Do léch chuan 0,4497 R’ 0,9871

Gia tri trung binh 35,88 R? hiéu chinh 0,9751

He s6 bién thién 1,25 R’ dy doan 0,9259
A 3 A Do chinh xac phu h

gﬁ%ilgggnp?gggé Sp)han 1748 (A.deq Precisifn) " 26,1906

Anh huong dong thoi cua tirng cdp yeu t6 khao sat dén hiéu suat khu tap duge minh hoa
thong qua cac do thi bé mat dap tmg ba chiéu (Hinh 2a—f), cung cép cai nhin tryc quan vé mdi
quan hé giira cac bién trong qua trinh xi 1y glay carton. Dua trén céc két qua phan tich & trén,
phuong trinh h01 quy duge xay dung bang phan mém Design-Expert 11 nham mo ta dnh huong
cua cac yeu t doc 1ap (X1, X2, X3, X4) cling nhu cac tuong tac giita ching dén hiéu suét xir
ly, duoc biéu dién nhu sau:

H;=31,36 + 0,6720X, + 0,8515X, + 1,12X; + 0,6120X,4 - 0,1396X, X, + 0,1359X, X5 + 0,0914X, X,
-0,299X,X; + 0,3752X,X, - 0,4160X5X, + 1,43X3 + 1,43X5 + 1,3X3 + 1,5X3
(2)

Trong d6, H; 1a hiéu suit mong doi, va X1, Xa, Xs, X4 lan lugt 12 nhiét do, thoi gian,
nong d6 NaOH va ty 1¢ thé tich dung dich NaOH/khdi lwong gidy. Dya trén mo hinh, cac diéu
kién téi vu du doan cho phan tng khir muc bao gdm nhiét do 100 °C, thoi gian 3,5 gioy, nong
d6 NaOH 2,5% va ty 18 thé tich dung dich NaOH/khdi luong gidy 1a 70 mL/g, vi hiéu sut
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ti uu dat 40,347%. Két qua nay co thé dugc kiém chimg qua cac thi nghiém thue té& dé xac
nhén tinh chinh x4c cia m6 hinh va ap dung vao quy trinh thuc te.

Hiéu suit (%)

Hiéu suit (%)

# 19 50 25 B Xa: Ti 1¢ thé tich NaOH/khéi lwong gidy
(mL/g)

X3 Néng 86 (C%) Xs: Ti 1 thé tich NaOH/khdi hwomg gidy (mL/g)

e) f

27
15725 x> Thoi gian (gid)

d)

Hinh 2. P6 thi bé mit 3D biéu dién dnh hwéng cia nhiét dj, thoi gian, ndng do

NaOH va ti I¢ NaOH/miu: a) Tuong tac giita nhiét 6 (°C) va thoi gian (phut); b) Tuong tac

gitra nong d6 dung dich NaOH C (%) va nhiét d6 (°C); ¢) Tuong tac gilta nhiét d¢ (°C) va ti

1¢ thé tich NaOH/khéi luong glay (mL/g); d) Tuong tac gilta nong do dung dich NaOH va thoi

gian; e) Tuong tac gilra ti 1¢ thé tich NaOH/kh01 luong gidy (mL/g) va thoi gian (phit); f)
Tuong tac gitra ti 16 thé tich NaOH/khdi lwong gidy (mL/g) va ndng d6 NaOH C (%).

Sau khi xac dinh dugc diéu kién ti wu cho qua trinh xu ly gidy carton bang dung dich
NaOH (100 °C, 3,5 gio, 2,5% NaOH, 70/1 mL/g), mau glay tiép tuc duoc xir Iy bd sung bang
dung dich NaClO 3% tai nhiét d¢ 43 °C trong 1,5 gio nham nang cao hiéu qua loai bo tap chat
con lai. Két qua cho thay hiéu suét loai bo tap chat ting rd rét khi két hop giita hai giai doan
xtr 1y kiém hoa (NaOH) va oxy héa (NaClO), so voi vi€e chi xu ly bang NaOH don 1¢. Qué
trinh nay gdp phan dang ké vao viéc cai thién do sach cua nguyén li¢u, giam ham luong lignin
con lai va loai bo cac chit mau khéng mong mudn trong mau gidy sau xir 1y.

3.3. FE-SEM

Két qua quan sat hinh 4nh FE-SEM (Hinh 3) cho thiy bién doi o rét vé hinh thai bé mat
so1 cellulose qua tung giai doan xu 1y. O mau gidy carton ban du, bé mat sgi go ghé va phu
boi cac tap chat, twong ty md ta vé lignin va hop chit vo co trong cac cong trinh trude day
(Mohamed & cs., 2016; Mandal & Chakrabarty (2011). Sau xir 1y kiém bang NaOH, c4u tric
s0i trd nén x6p va c6 dau hiéu mé rong khong gian mao quan — day 1a biéu hién dién hinh cua
qué trinh loai bo mot phan lignin va hemicellulose. Tiép tuc xtr Iy véi NaClO 1am min hon bé
mat, gilp cac soi tré nén 10 nét, lién két va ddng déu hon, phan anh hiéu qua cia qua trinh tiy
trang va tai cdu tric soi cellulose. Két qua nay phu hop véi nhiéu nghién ciru trude do cua
Mohamed & cs. (2016) khi khao sat qua trinh chiét tach nanocellulose tir xo ké nép (kenaf)
bang phuong phap hoa hoc, ciing nhan thy su thay doi dang ké hinh thai bé mit sau xi 1y
NaOH va NaClO. Cu thé, hinh anh FE-SEM cho thdy su giam dang ké cac can lignin va su
hinh thanh cau tric soi tach roi, dong déu hon — dau hiéu 16 rang ctia qua trinh loai bo lignin
va hemicellulose thanh cong. Mandal & Chakrabarty (2011) trong nghién ciru vé chiét tach
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cellulose tir bd mia ciing ghi nhan ring sau khi xir Iy kiém va oxy hoa, anh FE-SEM Hinh 3
cho théy bé mit cellulose trd nén sach va rd nét hon, déng thoi giam han cac khéi vat chat bam
dinh hodc 1ap kin mao quan soi. Zhang & cs. (2019) cling m6 ta hién tugng “cell wall
disruption” (pha v& thanh té bao) sau xir Iy NaOH 1a mot dic trung quan trong cho thiy NaOH
c6 kha nang tach cac 16p lignocellulose, mo rong khong gian tiép xtic va tao diéu kién thuan
loi cho qua trinh oxy hoa tiép theo. So véi cac cong bd néu trén, nghién ciru hién tai cing cb
thém bang ching thyc nghiém riang quy trinh xir Iy két hop NaOH va NaClO khong chi giap
loai bo tap chét hiru co hiéu qua ma con tai tao dugc bé mit soi cellulose rd nét, déng déu —
mot yéu t6 then chét dé ung dung cellulose thu hoi véao vat liéu tai ché cao cép hoac composite
sinh hoc.

Hinh 3. Anh hién vi dién tir quét (FE-SEM) caa mau gidy carton:
a) Nguyén liéu ban dau; b) Sau xur Iy v6i dung dich NaOH;
¢) Sau xu ly tiép theo v6i dung dich NaClO.

3.4.FTIR

Két qua phén tich pho hong ngoai (FTIR) cua mau gidy tho, mAU sau Xir ly bang NaOH
va sau xur 1y tiép theo bang NaClO (Hinh 4) cho thay cac dinh hap thy tuong doi twong dong,
phan anh su tuong dong vé thanh phan hoa hoc co ban, chi yéu la cellulose.

Céc dinh hap thu dic trung cho cellulose ciing dugc ghi nhan, phit hop véi cac nghién
clru trude d6 (Mohamed & cs., 2016). Cu thé, ving phd tir 3365-3228 cm™ tuong g voi dao
dong hoa tri cia nhom hydroxyl (-OH) tu do trong cellulose; cac dinh tai 1124-1105 cm’!
biéu thi lién két ether (C—O—C), trong khi cac dinh trong khoang 2955-2880 cm 1a do dao
dong cua lién két C—H trong cac nhém alkyl. Mot tin hidu ndi bat cua lignin 14 dinh hip thu
tai khoang 1505 cm™, dic trung cho dao dong cua lién két d6i C=C trong vong thom — céu
trac dic trung cia lignin (Faix, 1992). Sy hién dién cua dinh nay trong mau giy tho cho thay
lignin chua bi loai bo. Sau xir Iy kiém bang NaOH, cuong d¢ dinh 1505 cm™ giam dang ke,
phan 4nh sy phan giai timg phan lignin do qua trinh pha v& céc lién két cther va este gilra
lignin va polysaccharide (Mandal & Chakrabarty, 2011). Tuy nhién, céu trac vong thom bén
virng khién lignin ’khong bi loai bo hoan toan. Khi tlep tuc xu ly bang NaClO — rnot tac nhan
oxy hoa manh — cdu tric vong thom bi phan huy triét dé, ddn dén viéc dinh 1505 cm™ gén nhu
bién mt hoan toan, cho thdy hiéu qua cao trong viéc loai bo lignin (Faix, 1992; Mandal &
Chakrabarty, 2011). Bén canh d6, dinh tai 1713 cm™ la dic trung cho dao dong hoa tri
(stretching vibration) ciia lién két carbonyl (C=0), thuong xuét hién do cic nhom este hodc

acid carboxylic trong hemicellulose hodc hinh thanh tir cac nhom carbonyl méi trong qua trinh
oxy hoa lignin. Sau xtr ly bang NaOH, hemicellulose bi loai bé mot phan, tuy nhién, néu dinh
nay van xuét hién hodc co xu hudng ting cuong sau xir Iy bang NaClO, diéu d6 cho thy su
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hinh thanh cac dan xut carbonyl tir vong thom ciia lignin trong qua trinh oxy hoa (Faix, 1992;
Sun & cs., 2000).

3338

aromatic ring

Transmittance (a.u.)

4000 3000 2000 1000
Wavelength (cm™)

Hinh 4. Pho hong ngoai (FTIR) cua mﬁu gidy carton tai cac giai doan xir Iy khac nhau:
NL — nguyén liéu ban déu (duong phé mau den), sau xur ly bang dung dich NaOH (duong
mau dod), va sau xu ly tiép theo bang dung dich NaClO (duong mau xanh).

4. Két luan

Nghién ctru di thanh cong trong viéc toi wu héa qua trinh tién xir Iy gidy carton bang
dung dich NaOH, mang lai hiéu qua cao trong viéc loai bé tap chit va thu hdi cellulose c6 do
tinh khiét cao. Qua viéc ap dung phuong phap dap ting bé mat (RSM) véi thiét ké t6 hop tam
(CCD), céc thong sb k¥ thut nhu ndng d6 NaOH, nhiét do, thoi gian xir Iy va ty 16 NaOH/gidy
da duoc toi uu hoa. Piéu kién tdi wu dat duoc hiéu suit khir muc lén dén 40,06% tai nhiét do
100 °C, thoi gian 3,5 gio, nong do NaOH 2,5% va ty 1¢ NaOH/ gidy 70/1 mL/ 'g. Cac phan tich
FE-SEM va FTIR xé4c nhan rang cAu trac bé mit cellulose sau xtr 1y trd nén déng déu hon, véi
su giam rd rét cua cac dinh hip thu dic trung cho lignin va hemicellulose. Dic biét, sy bién
mat gan nhu hoan toan ctia dinh hap thu & 1505 cm™ sau xir 1y véi NaClO cho thiy higu qua
cao trong viéc loai bo lignin va nang cao dg tinh khiét cua cellulose. Két qua nay khong chi
ching minh tinh kha thi cua viéc tai ché glay carton dé thu hdi nguyén li¢u cellulose c6 gia tri,
ma con mé ra trién vong cho viéc phat trién cac quy trinh san xuit gidy bén ving, giam thiéu
tac dong moi truong. Hon nita, phuong phép téi wu hoa diéu kién xir 1y bang NaOH va NaClO
¢6 thé dugc ap dung cho cac nguyén liéu lignocellulose khac, nang cao hiéu qua tai ché va
phat trién cac san pham sinh hoc tai ché trong tuong lai, thiic day su chuyén dich sang céc quy
trinh san xut xanh va bén viing hon trong nganh cong nghiép gidy. Cellulose thu hdi c6 thé
duoc dinh hudng sur dung dé san xuét mang sinh hoc, vat liéu y sinh, vat liéu composite hoac
cac san pham hip phu sinh hoc. Didu ndy s& ning cao gia tri sir dung cta nguyén liu tai ché,
g6p phén thic day nén kinh té tuan hoan.
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