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TOM TAT

Bai bdo trinh bay cdc két qua nghién ciu tong hop va khao sét tinh chét
clia nanocellulose ché tao bang phuong phap st dung hé oxy héa
TEMPO/NaCl0/NaCl0, (TEMPO-ONC). G diéu kién phan ting pH = 6,8, nhiét do
phan (ing 40°C, ham lugng NaCl0 la 0,5mmol/g bot gidy, TEMPO-ONC c6 ham
|wgng carboxylated dat 0,6mmol/q sau 6 gi& phan (ing. TEMPO-ONC tong hop
dugc c6 ham lugng carboxyl la 0,6mmol/g, ¢6 @ két tinh gidm nhe (d0 két
tinh 67,4%) so vi cellulose ban dau (dd két tinh 70%). Nanocellulose TEMPO-
ONC sau khi rung siéu am 60 phit cd dugng kinh 30 < 40nm, chiéu dai khodng
50 = 70nm.

Tirkhéa: TEMPO/NaCl0/Nacl0;, TEMPO-ONC, nanocellulose.

ABSTRACT

In this article, we presented the results of the preparation and
characterization of nanocellulose using the TEMPO/NaCl0/NaClO, oxidation
system (TEMPO-ONC). The results indicated that at optimal reaction conditions
of pH = 6.8, reaction temperature 40°C, NaCl0 0.5mmol/g, nanocellulose
TEMPO-ONC reached a carboxyl content of 0.6 mmol/g in 6h, crystallinity slightly
reduced compared to the original cellulose (crystallinity decreased from 70% to
67,4%). Nanocellulose TEMPO-ONC with 30 <+ 40nm in widths and 50 + 70nm
in lenghts were obtained after 60 minutes ultrasonic treatment.

Keywords: TEMPO/NaCl0/NaCl0,, TEMPO-ONC, nanocellulose.
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1. MO PAU

Cellulose la polymer phong phu nhat trén tréi dat, co
thé dugc tim thdy trong cac nguén khac nhau nhu thuc
vat, dong vat bién (vd), tdo va ndm... V& cau truc héa hoc,
cellulose la mét homo-polysaccharide mach thang bao
gém D-anhydroglucopyranose (AGU) lién két vGi nhau
bang cac lién két B-1,4-glycosidic. Moi AGU quay 180° véi
AGU bén canh va hai AGU canh nhau tao thanh mét don
vi cellobios la dan vi nho nhat clia polyme [1, 2].

Cellulose t6n tai dudi dang sgi nhé trong thanh té bao
thuc vat, dudng kinh clia cac sgi thay déi tir 3 + 35nm tuy
thudc vao nguén gbc. Miic d6 trung hgp cla cellulose 1én
dén 20000 don vi. Cac lién két B-1,4-glycoside xay dung
mot cau tric tinh thé cé trat tu bdi luc Vander Waals va
lién két hydrogen gilta cac phan td. Cac chudi cellulose
dugc sdp xép chat ché thanh céc tinh thé & nhimng vung
nay. Lién két hydrogen tén tai gitta cac chudi cellulose
lam cho né c6 dé bén cao nhung hoa tan kém trong nudc
va cac dung mai khac [1, 3].

Dan xuat 6-carboxycellulose con dugc goi la cellulose
oxy hoa hay oxycellulose (ONC) la dan xuat quan trong
cua cellulose trong linh vuc y sinh, dac biét la phau thuét.
Dan xuat nay c6 tac dung cam mau cuc b va kha nang
khang khudn doc dao [4].

Cé6 hai nhém tac nhan oxy héa chinh dé téng hgp dan
xuat oxycellulose la tac nhan oxy héa khéng chon loc,
hinh thanh cac ketone, aldehyde va carboxyl (vi dy, tac
nhan hypochlorite, ozone, hydrogen peroxide,
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persulfate) va nhém tac nhan chon loc nhu periodate-

chlorite (tao dan xuat 2,3-dialdehyde va 2,3-
dicarboxycellulose), nito  oxit, TEMPO (2,2,6,6-
Tetramethylpiperidin-1-oxyl) (hinh thanh ceé

oxycellulose). Cac tic nhan oxy hda nay tao ra
oxycellulose v6i cac ham lugng carboxylate khac nhau.
Xdc tac 2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO)
dugc biét dén la xuc tac cho phép cac sai cellulose gé co
thé dugc tach thanh céac vi sgi hodc sgi nanocellulose
riéng |é khi phan tan ching trong nudc [4, 5].

TEMPO la mét chat c6 nhom nitroxyl hoa tan trong
nudc va 8n dinh, dugc st dung cho qua trinh oxy hoa
xuc tac dé chuyén déi c6 chon loc nhém hydroxyl ctia
polysaccharide thanh carboxylate. Hé oxi héa phé bién
nhat dé téng hgp dan xuit ONC |a TEMPO/NaBr/NaClO
trong nudc & pH 10. NaClO déng vai tro la chat oxy hda
chinh, TEMPO va NaBr hoat d6ng nhu chat xuc tac [6, 7].
S dung hé oxi hda nay ching t6i da ché tao thanh cong
nanocellulose c¢6 ham Ilugng nhom carboxyl Ia
1,18mmol/g, d6 két tinh 65,2%. Cellulose sau khi oxi héa
TEMPO dugc rung siéu am trong thdgi gian la 60 phut co
duong kinh 10 + 20nm va chiéu dai 40 + 60nm [8].

Cac hé oxi héa thay thé khiac nhu
TEMPO/NaClO/NaClO, trong nudc & pH 3,5 + 6,8, nhiét
dé cao trong vong 1 + 3 ngay cling dugc st dung dé
téng hgp ONC [9], hay qua trinh oxy héa qua trung gian
TEMPO trong diéu kién trung tinh hoac kiém ma khong
st dung chat oxi hdéa chinh chia clo cling da duoc
nghién ctu [10, 11].

Tiép tuc huéng nghién ctiu nay, bai bao trinh bay két
qua nghién ctu téng hop nanocellulose bang hé oxy
héa TEMPO/NaClO/NaClO,. Anh hudng ctia pH, nhiét dd,
thai gian phan ting, ndng dé tac nhan oxi hda dén ham
lugng nhém carboxyl dugc khao sat. Cau trac, hinh thai
va tinh chat két tinh cla sadn pham dugc nghién cuiu
bang két hop cac phuong phép hoéa ly hién dai: phd
héng ngoai (IR), anh hién vi dién t& quét (SEM), gian dé
nhiéu xa tia X.

2. THUC NGHIEM
2.1. Hoa chat

Bot gidy kraft sgi ngan, ham lugng cellulose > 94%; d6
am 8 + 10%, san xudt tai Viét Nam. Cac héa chat TEMPO
(2,2,6,6-tetramethylpiperidine-1-oxyl), NaOH, HCl cua
Sigma-Aldrich, NaClO, ctia Macklin, NaCIO 8%, CH;COOH
clUa Trung Quéc. Cac hda chat tinh khiét phan tich su
dung ngay khong qua tinh ché.
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2.2. Thuc nghiém va phuong phap nghién ctiu

2.2.1. Ché tao nanocellulose bdng phuong phdp st
dung hé oxi héa TEMPO/ NaClO/NaClO;

Phan tan 10g boét gidy sgi ngan trong 1000ml dung
dich dém CH;COOH (pH 3,5; 4,8) hoac dém phosphate
(pH 6,8) da hoa tan 0,1mmol TEMPO va 10 mmol NaClO,
trong mét binh kin. Thém 5ml NaClO 2M vao binh va day
ndp ngay lap tuc. Khudy huyén phu & diéu kién 25°C, 40°C,
60°C trong 2 + 54 gid. Sau khi két thuc phan (ng, dung
dich dugc lam lanh vé nhiét d6 phong, lam sach bang
cach rtia nhiéu lan véi ethanol va nuéc cat, bao quan mau
trong tu lanh.

Phan tan cellulose da dugc oxi hdéa vao nudc dé thu
dugc hon hgp huyén phl ¢ ham lugng la 1%. Siéu am
hén hgp trong 60 phut bdng thiét bi siéu am kich thudc
dau do 10mm, 1200W (thiét bi dong hoa siéu am Model:
BJED-201200) thu dugc dung dich chia nanocellulose
TEMPO-ONC trong suét.

2.2.2. Xdc dinh ham luvong nhém carboxyl

Nhom carboxyl ctia TEMPO-ONC dugc phan ung véi
mudi cla axit yéu nhu calcium acetate dé hinh thanh
mudi cla cellulose da oxi héa va giadi phong la mét lugng
tuong Uing axit yéu. Ham lugng nhom carboxyl dugc xac
dinh theo phuong phap calcium-acetate [12]. 0,59
TEMPO-ONC dugc xt ly véi HCI 0,01M trong 1 gi& dé thay
thé céc cation bang H*, sau dé lam sach axit bang nuéc.
Dung AgNOs dé thir lugng du HCl trong nuéc loc. Sau do,
hoa TEMPO-ONC véi 50ml nudc cat va 30ml dung dich
calcium acetate 0,25M dé phan (ing trong 2 gid. Sau khi
phan ting hoan toan, 1dy 30ml dung dich dem chuan d6
bang dung dich NaOH 0,01M st dung chat chi thi
phenolphthalein. Ham lugng carboxyl dugc tinh theo
cong thuc sau:

22 % 0,01 x V(NaOH)

COOH =3 —

Trong d6: 0,01M la néng d6 ctia NaOH, V(NaOH) la thé
tich ctia dung dich NaOH chudn d6, m 1a khéi lugng
TEMPO-ONC (g) va w la dé am sgi (%), 80/30 (50ml nudc
cat va 30ml dung dich calcium acetate 0,25M/30ml dung
dich dem chuén d6 bang dung dich NaOH 0,01M)

2.2.3. Cdc phuong phdp nghién ciru

Kinh hién vi dién tt quét (SEM) nhan hiéu JSM 6610 LA
- Jeol, Nhat Ban tai Vién Khoa hoc vat liéu, Vién Han lam
Khoa hoc va Cong nghé Viét Nam.

(mmol/g)

Ph6 héng ngoai trén may phd hong ngoai
GXPerkinElmer - USA trong vung ti 450 + 4000cm’, tai

Tap61-561(01/2025)



P-ISSN 1859-3585 | E-ISSN 2615-9619 | https://jst-haui.vn

SCIENCE - TECHNOLOGY

Vién Hoéa hoc, Vién Han lam Khoa hoc va Cong nghé
Viét Nam.

Nghién ctiu cu trdc tinh thé bang phd nhiéu xa tia X
dugc thuc hién trén may nhiéu xa tia X (D8 Advance) tai
Phong Hoa phan tich, Vién Héa hoc st dung budc séng tia
X: A = 1,54060A, hiéu dién thé 40kV, cuong dé dong dién
30maA, t6c d6 quét 0,03°/s, goc nhiéu xa tir 10° dén 70°.

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Anh huéng diéu kién phan ting dén ham luong
nhom carboxylate

3.1.1. Anh huéng cia pH

Chu trinh xutc tac cta hé TEMPO/NaClO/NaClO, bat
dau bang qua trinh oxy hoéa TEMPO thanh ion
oxoammonium bang NaClO hoac tu tir véi NaClO,. Trong
chu trinh, ion oxoammonium oxy héa hydroxyls bac mot
G vi tri C6 clia cellulose thanh aldehyde va bi khir thanh
hydroxylamine. Aldehyde ngay lap tuc bi oxy héa thanh
carboxyl bai NaClO,, tiép theo NaClO tao ra tir NaClO, sé
oxy héa hydroxylamine thanh ion oxoamonium [13].

Anh hudng cta pH dén ham luong carboxylate duoc
trinh bay & hinh 1. Két qua nghién ctiu cho thay, khi tang
pH cl@ia phan ung lam tang ham lugng nhém carboxylate
tao thanh. Ham lugng carboxylate cia TEMPO-ONC & pH
4,8 va 6,8 tang khi tang thai gian phan tng. Tuy nhién &
pH 3,5 ham lugng carboxylate hau nhu khéng tang ngay
ca sau 54 gi® phan tng [10, 14, 15]. G pH 6,8, ham lugng
carboxylate nhanh chéng dat 0,6mmol/gam sau 6 gid.
Nhu vay pH 6,8 dugc chon cho cac nghién ctu tiép theo.
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Hinh 1. Anh huéng ctia pH dén ham luong nhom carboxylate
3.1.2. Anh huéng cia nhiét dé
Anh hudng cla nhiét d6 dén phan tng oxy hda

cellulose bang hé TEMPO/NaClO/NaClO, & pH 6,8 dugc

trinh bay & hinh 2.
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Hinh 2. Anh huéng cia nhiét do dén ham luong nhém carboxylate

Khi nhiét dé ctia phan Ung tang dan tir 25°C Ién 60°C,
ham lugng cacboxylate ciing ting dan. O nhiét d6 60°C,
phan Ung oxy héa xady ra nhanh, ham lugng carboxylate
tang lén khoang 0,6mmol/g trong 2 gi&. § 40°C cho ham
lugng carboxylate la 0,4mmol/g trong 2 gic va 0,6mmol/g
sau 6 gid phan ung. Ham lugng carboxylate 0,6mmol/g
tuong Ung véi khodng 11% hydroxyl chinh C6 bi oxy héa
trong bot gidy ban dau. Sau 6 giG phan Ung, ham lugng
carboxylate van tiép tuc ting dan & ca 40 va 60°C [15]. O
25°C, phan ung oxy héa xdy ra cham, ham lugng
cacboxylate thap hon 0,6mmol/g ngay cé sau 24 gi phan
tng. Do dé, nhiét dd cao hon 40°C la can thiét dé qua
tinh oxy hoa bot gidy hiéu qua bang hé
TEMPO/NaClO/NaClO, & pH = 6,8.

3.1.3. Anh huéng cua luong NaClO thém vao phadn
ung
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Hinh 3. Anh hudng clia luong NaClO thém vao dén ham lugng nhém
carboxylate
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Két qua nghién ctu (hinh 3) cho thay, khi thém lugng
NaClO, tuong Uing véi 3 + 10mol/mol TEMPO xuc tac dugc
thém vao, cling c6 hiéu qua cao déi véi viéc tang téc qua
trinh oxy hdéa. Ham lugng carboxylate gan nhu dat dén
muc &n dinh khi thém 0,5mmol NaClO/gam bét gidy.
3.2. Dic trung tinh chat tir vi soi cellulose bang hé oxi
hoa TEMPO/ NaClO/NacClO,

3.2.1. Ddc trung cdu triic

Ph& FTIR dugc nghién ctru dé xac dinh su thay déi cac
nhom chuic clia vi soi cellulose ché tao dugc thé hién trén

hinh 4.
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Hinh 4. Phd FTIR clia (a) bot gidy ban déu, (b) nanocellulose TEMPO-ONC

Phé héng ngoai cta cellulose va TEMPO-ONC dugc thé
hién & hinh 4. Cac dao déng dac trung phé cda cellulose:
3000 - 3700cm™ dac trung cho OH cla cellulose; 2835 -
2968cm™ clia vCH,, 1640cm™ dac trung cho dao dong bién
dang clia -OH. Trong phd FTIR cla vi sgi ché tao bang hé
oxi héa TEMPO/ NaClO/NaClO, cho thdy c6 thé nhan thay
cac dinh pic dac trung trén phé IR clia bot gidy ban dau (a)
déu xudat hién trén phd IR bét gidy sau khi da oxi hoa
TEMPO (b), tuy nhién ¢ su xuat hién cia mot dinh méi &
budc song 1745cm™ dugc gan cho dao déng héa tri nhém
C=0 cia nhém carboxyl. Su khac nhau nay ching té phan
ung oxi hoa cellulose thanh céng da chuyén nhém
hydroxyl & vi tri C6 thanh nhém carboxyl C6.

3.2.2. Phé nhiéu xa tia X

Qua trinh oxi héa cellulose bang TEMPO, su oxi héa
vlung chon loc dé tao thanh nhém carboxyl trén bé mat
cla moi sgi cellulose xay ra tir cac vung dé bi anh hudng
bé&i cac phan t TEMPO da bi oxi hda, van gilr nguyén cau
trac hinh thai hoc cla sgi ban dau [11] tuy nhién dé két
tinh gidm nhe. Hinh 5 thé hién phd X-ray cla cellulose
chua dugc oxi héa (a) va da dugc oxi héa TEMPO-ONC (b).
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Cac dinh nhiéu xa & gia tri goc 2 theta bang 16 va 22,8°
tuong Uing véi cac mat tinh thé (110) va (200) cla tinh thé
cellulose. Do két tinh cta cellulose ban dau (hinh 5a) dat
70% trong khi cellulose sau khi dugc oxi héa TEMPO-ONC
(hinh 5b) c6 d6 két tinh dat 67,4%. Két qua cho thay c6 su
gidm nhe ca vé do két tinh va chiéu rong tinh thé doi vai
cellulose bi oxy héa so vai cellulose ban dau. Tuy nhién,
muc do gidm khéng dang ké va do dé c6 thé két luan rang
hau nhu tat cd cac nhom carboxyl dugc hinh thanh bai
qua trinh oxy hda xuat hién trén bé mat clia cac vi soi
cellulose va qué trinh oxi hda nay khéng lam thay déi cau
tric clia soi cellulose ban dau.

(b)

10 15 20 25
2Theta

Hinh 5. Phd nhiéu xa tia X ctia (a) cellulose bt gidy ban dau, (b)
nanocellulose TEMPO-ONC

3.2.3. Kich thuéc va hinh thdi hoc ctiia nanocellulose
TEMPO-ONC

Kich thudc va hinh thai hoc ctia hat TEMPO-ONC sau
60 phut rung siéu am dugc thé hién & hinh 6. Hat nano
TEMPO-ONC c6 dudng kinh 30 + 40nm, chiéu dai soi
khodng 50 + 70nm

IMS-NKL 5.0kV 5.9mm x100k SE(M)

Hinh 6. Anh SEM ctia nanocellulose TEMPO-ONC
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4. KET LUAN

Da téng hgp thanh cong nanocellulose TEMPO-ONC
c6 ham lugng carboxylate dat 0,6mmol/g bang hé oxi
héa TEMPO/ NaCIO/NaClO, & pH 6,8, nhiét do phan tng
40°C, nbng d6 NaClO 0,5mmol/g, thsi gian 6 gid.
Nanocellulose TEMPO-ONC sau khi rung siéu am 60 phut
c6 dudng kinh 30 + 40nm, chiéu dai khoang 50 + 70nm.
D0 két tinh clia nanocellulose TEMPO-ONC gidm nhe so
véi cellulose ban dau dat 67,4%.
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