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SUMMARY

PHOTOCATALYST BASED ON C-ZnO-BASED FIXED ON CELLULOSE,
APPLICATION FOR DEGRADATION OF METHYLENE BLUE IN WATER

In this study, C-doped ZnO nanomaterials immobilized on cellulose (CZX) were synthesized through two
steps. First, nanometer-sized C-ZnO was produced using a one-step hydrothermal process. Next, a simple
papermaking procedure using alkyl ketene dimer (AKD) linked C-ZnO to cellulose in levels ranging from
10% to 60%. The crystal structure, bond vibration, and optical absorption properties of the materials were
examined. Additionally, we examined photocatalytic activity and reusability using methylene blue (MB)
degradation under visible light. The results showed that the CZX20 material, which was made of 20% C-
ZnO and cellulose, was the most effective to degrade MB, reaching yield of 98% after 210 minutes of light.
The MB degradation efficiency of CZX20 reached over 94.4% after 4 reuses. These results suggest that the
new material C-ZnO/cellulose had the potential to be employed in water treatment under visible light with
the advantages of low cost, environmental friendliness, ease of use, ease of recovery and ease of recycling.

Keywords: C-ZnO, Photocatalyst, Cellulose, Visible light, C-ZnO/Cellulose.

L MG DAU phi thdp va than thién méi truong ¢6 y
o nghia thyc tién rat 16n.

Modi truong 1a mot yéu to vo cung quan
trong trong sy ton tai va phat trién cua
con ngudi cling nhu toan xa hoi. O nhiém
moi truong ngay cang gia tang cung véi
su phat trién nhanh chong cua cac nganh
cong nghiép [1]. O nudc ta, 6 nhiém moi
truong nudc tu cac chit mau hiru co bén,
doc hai dang 1a van dé duoc dic biét _quan
tam khi ma nganh dét may phat trién rat
manh, kim ngach xuat khau nhiéu nim
lién dung 2 trong toan nganh. Vi thé, viéc
cai tién cac phuong phap nham xu 1y triét
dé 6 nhiém ngudn nudc ciing nhu viée tim
kiém cac vat liéu xt 1i hiéu qua, bén, chi

Phuong phap oxi hoa tién tlen su dung
cac chat xic tac quang nano gan day dugc
nhiéu nha khoa hoc dic biét quan tam va
nghién ctru. Trong do, vat li¢u trén co so
TiO; va ZnO dugc quan tdm nhiéu nhét
do céc dac tinh 1y hoa, quang quy bau va
kha nang ung dung cao cua chung [2-7].
Tuy nhién, ZnO thé hién hiéu suit quang
xtic tac tot hon vi dd linh dong cua
electron ciia ZnO (200-300 cm?/Vs) cao
hon so véi TiO, (0,1-4,0 cm?/Vs), gop
phén tao nén hiéu sut luong tr cao [8].
ZnO 1a mdt oxit ban dan, ¢ ning luong
ving cim rong (xap xi 3,2-3,3 eV ¢ nhiét
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d6 phong), 6n dinh nhiét, co, hoa hoc va
quang hoc cao. Bén canh d6, ZnO c6 kha
nang hip thy anh sang v&i pham vi birc xa
rong, gia thanh tuong ddi ré va than thién
véi moi truong [9]. Tuy nhién, véi nang
luong ving cam kha 16n, ZnO chi thé
hién hoat tinh quang xtc tac khi hap thu
anh sang cyc tim. Piéu nay 1am han ché
kha ning ung dung thuc tién cua ZnO.
Pha tap C nham thu hep ning luong ving
cdm clia ZnO, boi vi khi pha tap C c6 thé
lam thay d6i phan nao cau triic electron
cua mang tinh thé ZnO, do d6 tao nén
ving cdm méi ngay bén trong ving cidm
cia ZnO. Vung nay cé nang lugng nho
hon ning lugng ving cdm ciia ZnO nén
6 kha nang hap thu mot phan &nh sang
nhin thiy [10,11]. Hon nita, pha tap C c6
thé 1am giam kich thudce hat, tdng dién
tich bé mat, ting kha ning dan truyén
dién tich. Do véy, pha tap C c6 thé lam
tdng hoat tinh quang xuc tdc cua ZnO
trong ving anh sang kha kién.

Viéc két hop C-ZnO véi xenlulozo véi su
hd tro cia AKD duoc xem nhu sy phan
tan cac hat C-ZnO trén bé mat chat mang
xenlulozo nham han ché su két tu cac hat
gdy ra sy du thtra, lang phi xtc tac. Bén
canh do, cac hat nay dugc ¢b dinh trén céc
soi xenlulozo khi c6 mat AKD dé tranh su
méat mat cac hat nano trong qua trinh thuc
hién phan ng, han ché tinh trang 0 nhiém
thir cap, dong thoi lam ting d6 bén ciia xic
tac. Piéu dang chu y nira 1a vat liéu nay
duoc ché tao dudi dang to giéy nén rat linh
hoat trong viéc sir dung, thuan tién cho thu
héi ciing nhu tai sir dung xuc tac.

Trong nghién ctru nay, vat liéu CZX dugc
tong hop thong qua hai budc bang
phuong phap thuy nhiét va phuong phap
xeo gidy don gian. Cac dic trung tinh chat
dugc nghién ctru bang phuong phap nhidu
xa tia X (XRD), phuong phép kinh hién vi
dién tir quét (FE-SEM), phuong phap phd
hong ngoai (FT-IR) va phuong phap pho
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phan xa khuéch tan tr ngoai — kha kién
UV-Vis-DRS. Cac ung dung phan huy
MB cua CZX dudi anh sang kha kién va
kha nang tai st dung cia xuc tac cling
dugc nghién ctru va danh gia.

2. THUC NGHIEM

2.1. Tong hop vat liéu ZnO pha tap C
(C-ZnO)

Hoa tan 0,67 gam (Zn(CH3COO),.2H,0)
trong 80 mL etanol thu dugc dung dich 1.
Hoa tan 0,03 gam poly vinyl ancohol
(PVA) trong 30 mL nudc nong thu dugce
dung dich 2. Tron dung dich 1 va 2 roi
khudy trén may khudy tir 45 phat. Tiép
tuc cho tu tr 40 mL dung dich NaOH
0,5M va khudy tiép 45 phit. Cho toan bd
hdn hop phan tng vao binh phan tmg thuy
nhiét va cho 6n dinh nhiét do 150 °C
trong vong 24 gio Dé ngudi binh dén
nhiét do phong, loc, rira san phdm bang
nudc va etanol, rdi dem sdy 24 gio nhiét
d6 80 °C, thu dugce san pham C-ZnO.

2.2. Tong hop vat liéu C-ZnO/xelulozo
(CzZX)

Ngam xenlulozo trong nudc cit 20 phut,
sau d6 danh toi. Thém 3 giot ho tinh bot
1%, va 0,2 mL dung dich AKD 5% va
khudy déu. Thém xtc tac C-ZnO voi ti 18
khéi lugng C-ZnO/xenlulozo 1a 10-60%
va khudy siéu 4m 20 phut. Tién hanh thyc
hién xeo gidy. Sy gidy thu dugc ¢ 80 °C
trong 10 gid, thu dwoc cac san pham
CZX10, CZX20, CZX40 va CZX&60.

2.3. Nghién ciru cac diic trung tinh chat
cda vat liéu vat li¢u

Sy hinh thanh va bién d6i pha tinh thé cta
vat liéu tong hop duoc xac dinh bang
nhidu xa Ronghen (XRD) trén thiét bj D8
Advance ctua hang Bruker (Buc) véi bude
song A = 1,5406 A. Hinh thai hoc bé mat
vat li¢u dugc quan sat bé’mg hién vi dién
tr quét SEM trén thiét bi Hitachi S-4800
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(Nhat Ban). bac trung dao dong lién két
duoc nghién ctru bang phuong phap phd
héng ngoai (FT-IR) trén may 55
EQUINOX Bruker (Puc). Phan tich phd
phan xa khuéch tan tir ngoai-kha kién
UV-Vis-DRS mau bdt xtc tac trén may
V-500 JASCO (Nhat Ban).

2.4. Phan hay MB cua vat liéu dwéi anh
sang kha kién

Céac ung dung phan huy quang MB cua
xuc tac duoc thyc hién ¢ nhi¢t do phong,
st dung boéng dén Osram 250 W lam
ngudn chiéu anh sang kha kién va anh
sang mit troi tir 8-11 gi. Hon hop phan
mg gdm 100 mL dung dich MB 7 ppm va
mot miéng xtc tac CZX kich thude 3x3
cm. Plu tién dung dich phin {mg dugc
khuay nhe trong bong t6i 90 phit dé dat
can bang hép phu giai hap MB trén bé
mat xGc tac, sau d6 bat dén chiéu sang
dung dich phan tng. Khoang cach tur den
té1 dung dich phan uing la 20 cm. Tai cac
thoi diém 0, 30, 60, 90, 120, 150, 180 va
210 phuat, 1y 4 mL dung dich, ly tm tach
xuc tac va do mat d6 quang ¢ budc song
664 nm trén thiét bi UV — Vis.

Hiéu suat (H%) phan huy MB cta phan
ung quang xuc tac dugc xac dinh theo
cong thuec:

AO At co Ct

H% = X 100 = x 100

1)
Trong do6: Ao va A¢ mat do quang MB tai
thoi diém t = 0 phut va t phut.

3. KET QUA VA THAO LUAN

3.1. Két qua XRD, FT-IR va UV-Vis-
DRS SEM cia vit li¢u

CAu trac va thanh phan pha tinh thé cac
vat lidu tong hop thé hién & hinh 1A va
1B. Hinh 1A cho théy, cac dinh nhiéu xa
tuong Gng véi cac mat phang mang (100),
(002), (101), (102), (110), (103), (200) va
(112) dic trung cho ciu triic lyc giac
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wurtzite ctia ZnO (thé JCPDS s6 36-1451)
[12]. Nhan théy, cac dinh nhiéu xa nay
cling xuat hién trén gian d6 ctia mau C-
Zn0 va CZX20, tuy nhién vi tri cac dinh
bi dich chuyén nhe vé phia goc 2 theta bé
hon (hinh 1B) so v6i mau ZnO. Piéu nay
c¢6 thé do C pha tap vao ZnO [13]. Bén
canh d6, ciing quan sat thdy co su giam
cuong do cac dinh dac trung cho pha ZnO
& mau CZX20. Hon thé, véi su xuat hién
thém hai dinh nhi€u xa tuong mg mat
phang mang (1 10) va (200) trén mau
CZX20, xac nhan rang sy ton tai cua pha
xenlulozo trong mau.

Dic trung lién két nhom chirc cta vat liéu
duoc nghién ctru bang phuong phap phd
hong ngoai FT-IR (hinh 1C). Dai hap thu
rong xuat hién trong khoang tir 3380 -
3425 cm™' lién quan d&n dao dong kéo
gidn O-H cua cac phan tir nudc bi hip
phu [14]. Dai ndm xung quanh 1560 cm ™'
la do dao doéng uébn H-O-H cta nudc
trong ZnO [15]. Mot dai rdng quanh 2900
cm ' dic trung dao dong kéo gidn cua lién
két C-H tir nhém methyl thom cia
cellulose va hemicellulose [16]. Dai yéu
tai 1725 cm’! duogc gan cho dao dong lién
két C=0 ctia nhom xeton va carbonyl cta
hemicellulose. Dai hép thu cudng do
manh quanh 1440 cm™' dic trung cho dao
dong udn cong ddi xing ctia nhom -CH,
hoic dao dong bién dang C-H trong
xenlulozo va hemixenlulozo [14]. Dai
nam quanh 1040 va 1120 cm ' 1a c6 lién
quan dén dao dong kéo dai lién két don
C-O va C-O-C twong tmg. Dai hap thy
yéu quanh 870 cm ™' 1a sy phdi hop cua
dao dong lién két C-H [13]. Véi dai hap
thy trong khoang 500-600 cm™' 13 do dao
dong kéo dai Zn—-O. Dai hap thu ndy cua
mau CZX20 bi dlCh chuyén sang s6 song
thap hon so v&i mau C-ZnO, ¢ thé 1a két
qua cua viéc két hop C-ZnO voi
xenlulozo.
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Hinh 1. (A-B) Phé XRD, (C) phé FT-IR, (D) phé UV-Vis-DRS va (E) do thi Tauc ciia cdc mau .

Tinh chat hap thu quang cuia vat li¢u duoc
nghién ctu bang phuong phap pho phan
xa khuéch tan tor ngoai - kha kién (Uv-
Vis-DRS). Hinh 2D cho thiy cac vat liu
hap thu rat tot anh sang tr ngoai va hip
thu kém vung anh sang kha kién. Tuy
nhién, sy hip thu quang cua vét liéu C-
Zn0 va CZX20 duogc cai thién & ca vung
tr ngoai va kha kién so voi ZnO. Bén
canh d6, go hip thu quang ciia C-ZnO va
CZX20 cling cho théy mot su chuyén dich

4

1& rét vé phia budc séng dai hon so véi
ZnO tinh khiét. Phuong phap Tauc dugc
sir dung dé xac dinh nang luong ving cim
ctia vat liéu trén co s¢ dir liéu phd UV-
Vis-DRS. Két qua hinh 1E cho thay, ning
luong ving cdm cua C-ZnO va CZX20
xap xi bang 3.0 eV, nho hon so v&i ZnO
khong pha tap (3.2 eV). Tu do, dua vao
cong thirc E=hc/A, suy ra A = 413 (C-ZnO
va CZX20). Nhu vay vat ligu CZX20 co
kha ning hap thu anh sing ving tir ngoai
va kha kién véi budc song A< 413 nm.



Tap chi phén tich Héa, Ly va Sinh hoc - Tap 31, S6 2A 2025

Viéc pha tap C da lam gidm nang lugng
ving cadm cua ZnO, cai thién kha ning
hap thu quang huéng vé ving anh sang
nhin thdy. Hon thé, sy két hgp C-ZnO véi
xenlulozo voi ti 1€ mol C-ZnO/xenlulozo

(A-C-ZnO |

f—-')' \

3

100um

1a 20% nhung khong lam giam kha nang
hap thu quang ciia vat lidu. Diéu nay rat
c6 ¥ nghia khi ma sy két hop nay giup
nang cao kha nang ung dung linh hoat va
tai st dung cua xtic tac

(B)-xenlulozo |

Hinh 2. Anh SEM ctia (4) C-ZnO, (B) xenlulozo, (C) CZX20 va (D) anh chup goc nghiéng thuc té ciia
CZX20.

Anh SEM cuia cac mau thé hién & hinh 2.
Hinh 2A cho thdy cac hat nano C-ZnO
hinh thanh r& nét, kha ddng nhat vé hinh
dang va khong bi két tdp. Cac vi soi
xenlulozo (hinh 2B) véi kich thudc chiéu
rong khoang 20-30 um dan xen 1an nhau,
bé mit nhin. Cac sgi ndy trd nén nham
hon 3 rét khi c6 su két hop cac hat nano
C-ZnO trén bé mit (hinh 2C). Bé mat vat
litu CZX20 ciing cho thdy mot sy phan
b6 kha déu cac hat C-ZnO trén cac 501
xenlulozo théng qua qua trinh xeo gidy.
Két qua ndy xac nhan thém sy tong hop
thanh cong vat liéu CZX20.

3.2. Phan hiy MB ctia vit li¢u

Két qua hinh 3B cho théy cac mau déu co
hiéu qua quang xuc tac t6t dudi anh sang
kha kién. Hiéu suit phan huy MB dbi véi
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mau CZX10 dat 92,13%, véi cac mau con
lai, MB gan nhu bi phan huy hoan toan
sau 210 phit chiéu sang. Hinh 3A va 3B
cho théy, sy tang ti 1¢ khéi lugng C-
ZnO/xenlulozo tir 20% dén 60% da anh
hudng khong dang ké dén hiéu qua phan
hay MB. Khi ting ti 1¢ khdi lugng C-
ZnO/xenlulozo tir 20-40% thi higu suat
phan ung tang tur 99,02-99,73% va khi
tiép tuc ting ti 1& ndy 1én 60% thi nhan
thdy hi¢u suat phan huy giam nhe xudng
99,62%. Su ting ti 1& khéi lwong C-
ZnO/xenlulozo 1én 40% duong nhu khong
c6 y nghia, thdm chi con giam tac dung
xuc tac, do tic dung che chan ldn nhau,
gay nén mdt sy du thura xac tac. Lop xuc
tac bén trong bi che chin anh sang va tiép
xtc bé miat voi cac phan tr MB bai 16p
xuc tac bén ngoai. dan dén lam gidam higu
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sudt luong tir va giam hiéu qua quang xtic
tac. Tu két qua nay, vat liéu CZX20 duoc
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Hinh 3. (A) — (B): Phdn hiy MB cua vdt liéu CZX10, CZX20, CZX40 va CZX60 dudi dnh séng dén Osram,
(C): Phdn hiy MB cia CZX20 dudi dnh sang mat troi; (D) hiéu suat phan huy MB sau 5 lan sw dung ciia
vat lieu CZX20.

Kha nang phan huy MB dudi anh sang mat
tro1 cua vat licu CZX20 cling duogc thi
nghiém (hinh 3C). Két qua, dung dich MB
bi phan huy gin nhu hoan toan (trén
98,00%) sau 150 phut chiéu sang. Hiéu
qua phan huy MB duéi anh sang mat troi
cao hon anh sang den, bdi vi anh sang mat
troi bao gém ca anh sang tir ngoai (~ 5%)
va anh sang nhin thiy nén ning lugng kich
thich quang dugc tang cuong, do d6 nang
cao hiéu suét luong tr [1,17]. Thém vao
do, kha nadng tai st dung cua vat li¢u
CZX20 ciing dugc nghién ctru qua 5 lan
sir dung (4 1an tai ché). Vat liéu sau mdi
lan st dung duoc tai ché bang cach rua
sach nhiéu lan qua nudc cét va etanol, sau
d6 say kho & 90 °C trong 10 gio. Két qua
(hinh 3D) cho thiy hi¢u suat phan hay MB
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van dat trén 94,00% sau 4 1an tai st dung.
C6 thé thay, vat liu CZX20 c6 d6 6n dinh
t6t va do bén cao. Piéu nay boi vi, thi
nhét cac hat nano C-ZnO phén tan kha déu
trén bé mit xenlulozo (két qua SEM), thir
2 cac hat nano C-ZnO duoc ¢b dinh kha
chic chin trén bé mit xenlulozo nhd vao
qué trinh xeo gidy c¢6 su hd tro cia AKD.
AKD 1a chéat phu gia gitp dinh hinh to
gidy duoc t6t hon, bén canh dé, gitp cd
dinh cac hat C-ZnO trén bé mat xenlulozo.
Hon thé AKD gitp han ché tinh thim uét
cua giéy, lam tang do bén vat liéu.

4. KET LUAN

Trong bai bao nay, vat liéu ZnO pha tap C
¢b dinh trén xenlulozo (CZX) di dugc
tong hop thanh cong qua hai budc véi ti 18
khéi lugng C-ZnO/xenlulozo khac nhau.
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Nghién ctru ciu tric, thanh phan pha, dic
trung dao dong lién két nhom chic va
hinh thai hoc bé mat déu cho thy, vat liu
g6m hai thanh phan bao gom cac hat nano
C-ZnO phan bd trén bé mit cic soi
xenlulozo. Pic trung hap thu quang cho
thdy vat liu CZX c6 kha nang hap thu t6t
anh sang tr ngoai va mot phan anh sang
nhin thdy véi budc song A< 413 nm. Két
qua ung dung hoat tinh quang xuc tac cua
vat ligu CZX dat higu suét trén 99% sau
210 phit chiéu 4nh sang nhin thay (dén
Osram) va dat trén 98,00% sau 150 phut
chiéu anh sang mit troi. Pang chu y, 1a
tinh 6n dinh, d¢ bén ctia vat ligu, sau 4 lan
tai st dung hiéu qua phan hity MB van dat
hi€u qud cao (trén 94,00%). Hon thé, vat
liéu duéi dang to gidy nén c6 kha ning st
dung dé dang, linh hoat.

Loi cam on: Nghién ciru nay duoc tai tro
boi Quy Phat trién khoa hoc va cong
nghé Qudc gia (NAFOSTED) trong dé tai
ma sb 104.03-2023.21

Cam két: Toi xin cam doan day 1a cong
trinh cua t61 va cong su va chua gui dang
nd1 dung nay ¢ bat ky tap chi nao.
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