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SUMMARY

ENHANCING THE STABILITY AND REUSABILITY OF AgsPO4 PHOTOCATALYST
THROUGH A COMPOSITE FILM STRUCTURE WITH POLYVINYL ALCOHOL

In this study, AgsPO,4 (APO) was combined with polyvinyl alcohol (PVA) in order to overcome two major
limitations of pristine APO: the difficulty of recovery and the susceptibility to photocorrosion. APO/PVA
composites were fabricated at different ratios (10:1, 20:1, 30:1, and 40:1) and characterized by XRD,
Raman, SEM, and UV-Vis techniques. The results indicated that the PVA coating did not disrupt the crystal
lattice structure of APO, while significantly influencing the particle morphology and optical properties.
Photocatalytic tests for the degradation of methylene blue (MB) under simulated solar light revealed that
APOQO/PVA-40/1 exhibited the highest activity, whereas APO/PVA-10/1 showed a slower degradation rate but
demonstrated superior reusability and durability. After three cycles, APO/PVA-10/1 retained approximately
75% of its MB degradation efficiency, whereas pristine APO, although achieving nearly 100% degradation
within 10 minutes in the first cycle, declined sharply to about 45% by the third cycle. Furthermore, the
APO/PVA composite in film form could be easily recovered and reused without centrifugation or filtration.
These findings confirm that PVA provides a simple yet effective approach to enhance the practical
applicability of APO, thereby opening a pathway for the development of “‘floating sheet” materials for real-
world treatment of organic wastewater.
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1. MO PAU nhudm, hop chit hiru co kho phan hiy va
kim loai ning khién ngudn nude d6i mau
va vuot xa quy chuan cho phép [1-3]. Cac
céng nghé xu ly truyén théng nhu hap phy,
keo tu hay clo hoa chi chuyén pha chit &
nhim ma khéng phan huy triét dé, kho
dap g yéu cau bao vé mai truong [3].

O nhiém méi trudong trong d6 ¢6 6 nhiém
nguon nuéc ludn I van dé nghiém trong
trén thé gisi trong nhirng ndm gan day.
Tai dat nudc dang phat trlen nhu Viét
Nam, van dé 6 nhidm ngudn nuéc cang
Cap bach hon, dac biét & cac d6 thi 16n,

lang nghé truyén thong va khu cong Pé xur Ii trigt dé cac chat & nhiém nay
nghiép [1, 2]. Hién nay, tai nhiéu lang phuong phap duoc cac nha khoa hoc quan
nghé lam gidy, dét nhuém hay tai ché rac tam do6 1a st dung cac vat liéu quang xdc
thai déu xay ra tinh trang 6 nhiém ngudn tac [4, 5]. Vit liéu quang x(c tac nhu TiO,,

nuéc do chat hoat dong bé mat, thudc Zn0, BiVOy, g-C3N4, AgsPO; c¢6 uu diém
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noi bat d6 1a nho kha nang sir dung niang
lwong mat troi dé phan hay cac chat mau,
céc chét hitu co bén va co thé tai st dung
nhiéu lan [6-8]. Tuy nhién cdng nghé nay
con gap nhidu kho khian vé qui trinh thu
héi_ dé tai st dung nén chua dugc 4p dung
phé bién trong thuc té [9, 10].

Dé giai quyét kho khin nay ching toi dé
Xuét giai phap phan tan vat liéu quang xdc
tac 1&n mang polymer dé c6 thé tai st dung
mot cach dé dang hon so véi quy trinh loc
raa tai phong thi nghiém. Chung téi lua
chon vat liéu quang x(c tac c6 hiéu suat
cao hién nay la AgsPO4 (APO), vi day la
ban dan c6 ving cam hep (Eg = 2,4 eV),
hiéu sut lugng tir cao va kha nang tao cac
gdc oxi héa manh (+OH, *O7), gilp phan
hay hiéu qua nhiéu hop chit hiru co bén
[6-10]. Trong nghién cuu nay, ching toi
phan tan APO 1én mat loai polymer than
thién véi méi trudng va phd bién trong
cong nghiép la polyvinyl alcohol (PVA)
[11, 12] va khao sat kha nang quang xuc
tdc cua hé vat ligu composite APO/PVA
thong qua hiéu suat khi chat mau
Methylene Blue (MB) [13-15].

2. THU'C NGHIEM
2.1. Tong hop vat ligu AgsPO,

Vit lieu AgsPO,; duoc tong hop bang
phuong phap dong két tua: hoa tan 6
mmol AgNO; trong 300 mL nudc cat dé
tao dung dich A chua Ag*; hoa tan 3
mmol K;HPO, trong 150 mL nudc cat dé
tao dung dich B chira PO4>. Nhé giot 1,5
mL HNO;3; 0,5M vao dung dich B tao
dung dich C chta H* va PO,*Dung dich
C duogc thém tir tir vao dung dich A bang
cach nho giot, trong khi dung dich A
duoc khudy tir lién tuc trong 30 phit. Két
tua vang nhat hinh thanh sau quy trinh
phan tng nay duoc loc rira nhiéu lan
bang nuéc cit, sau do sdy khd ¢ 100 °C
trong 12 gio dé thu duwoc mau bot
Ag3PO4 tinh khlét
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2.2. Tong hop vat ligu AgsPOL/PVA

Cho 0,1 g PVA vao céc thay tinh chira
30mL nudc cat, khudy tir trong 60 phit ¢
nhiét do phong thu duoc dung dich PVA
ddng nhit. Thém tiép AgsPO, di ché tao
theo quy trinh trén vao coc theo ti 1&
mol/mol gittra APO/PVA lan luot 12 10:1,
20:1, 30:1 va 40:1. Tién hanh khuay voi
téc do 200 dén 250 vong/phat & nhiét do
phong trong 30 phut, sau d6 vira khudy
vira gia nhiét cho hon hop 1én 90 °C. Ting
téc d6 khuay I&n 400 — 500 vong/pht va
tiép tuc duy tri khudy tron o nhiét do nay
trong 30 phut, IGc nay sé thu duoc dung
dich trong sudt chira AgsPO4. Ha nhiét do
dung dich xudng 50 °C (khudy tron 10
phit) rdi diic mang bang cach do ra dia
petri. Cac dia duoc dé kho ty nhién trong
48h. Téch vat liéu ra khoi dia va say &
nhiét do 50 °C thoi gian qua dém. Sau khi
say, vat liu dugc dé ngudi ty nhién dén
nhiét do phong va dugc bao quan trong
tli nhya c6 dit silicagel hat am.

2.3. Quy trinh th& nghiém kha nang
quang xuc tac

Hoat tinh quang xuc tac cua mau
APO/PVA dugc danh gia thong qua qua
trinh phan hay thuéc nhuém MB dudi
chiéu sang dén gia lap Mat Troi
SunLite™ 11002 Solar Simulator c6
cuong do buac xa khoang 100 mW/cm? (=
1 SUN). Cu thé, 60 mg vat liéu APO/PVA
dugc phan tan trong 30 mL nudc Ccat,
khudy 30 phut, sau d6 bd sung 30 mL
dung dich MB 20 ppm dé tao hdn hop
phan ung (D) c6 néng ¢ MB 1a 10 ppm.
Hon hop dugc khudy trong tbi 30 phut dé
dat trang thai can bang hap phu—giai hap,
dong thoi 1ay mau dung dich (4 mL) tai t
= 10 va 30 phat. Tiép do, hé duoc chiéu
sang va lay mau dinh ky 4 mL sau mdi 2
phut. T4t ca mau dung dich dugc ly tam &
4000 vong/pht trong 7 phat dé tach dung
dich MB vai vat liéu xuc tac APO/PVA,
phan dung dich trong duoc dem do phd
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UV-Vis. Phép do phd hép thu cua dung
dich MB duoc thuc hi¢n trén thiét bj UV—
Vis Shimadzu UV-2600 trong dai budc
song 300-800 nm, véi budc song dac
trung A = 664 nm duoc sir dung dé xac
dinh néng d6 MB con lai sau phan ung
quang xuc tac. Puong chuan hap thu cua
MB duoc xay dung trong khoang nong do
0-10 ppm, cho méi tuong quan tét giita
d6 hap thu (A) va néng d6 (C) theo
phuong trinh:

C =0,3482A% + 5,478A — 0,0081 (R? =
0,9997)

trong do A 1a d6 hap thy va C 1a nong do
MB (ppm).

2.4. Phan tich dic trung vat li¢u

CAu trdc tinh thé va hinh thai cua vat liéu
duoc phan tich bang gian db nhiéu xa tia
X (XRD, Bruker D8 Advance, Cu Ka, A =
1,5406 A, 20 = 10°-80°), ph6 tan xa
Raman (Horiba XploRA Plus, A = 785
nm) va anh hién vi dién tir quét (SEM)
(FE-SEM Hitachi S-4800). Tinh chat
quang cua vat liéu duoc khao sat bing
phép do hip thu UV-Vis trén thiét bi
UV-Vis DRS, Shimadzu UV-2600, 300-
800 nm.

3. KET QUA VA THAO LUAN

Gian d6 XRD caa mau APO tinh khiét va
cac mau té hop APO/PVA (Hinh 1) déu
xuat hién da 13 dinh nhiéu xa tai cac goc
20 = 20,9°, 29,7°, 33,2°, 36,6°, 42,8°,
47,7°, 53,2°, 55,3°, 57,2°, 61,9°,70,1°,
72,2° va 74,3°. Cac dinh nay hoan toan
phl hop va tuong Gng lan luot véi cac ho
mat (110), (200), (210), (211), (220),
(310), (222), (320), (321), (400), (420),
(421) va (332) cua tinh thé AgsPO, ¢6 ciu
trac lap phuong, thuéc nhom khong gian
P-43n, ph hop vai dit liéu chuan JCPDS
s6 06-0505. Tur vi tri dinh (110) tai 20 ~
20,9°, hang sb mang a cua AgsPO, duoc
tinh 1a ~5,95 A, rat gan véi gia tri ly
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thuyét (6,00 A). Kich thudc tinh thé trung
binh cia AgsPOs dugc udc lugng bang
cong thuac Scherrer (D = KA / pcos6),
trong d6 K = 0,9; 1 = 1,5406 A (Cu Ka), B
la do béan rong cua dinh va 0 la goc Bragg.
Gia tri D duoc tinh tir ba dinh dic trung
(210), (310) va (222), cho két qua trung
binh khoang 300 nm.

So sanh gian d XRD caa mau APO tinh
khiét véi cac mau APO/PVA ching toi
thidy dinh (210) c6 xu huéng dich nhe
sang phia goc 26 nhé khi ham lugng PVA
taing, mic du do dich chuyén dudi 1°
nhung thé hién mot xu thé nhat quan trén
hé mau to hop. Hién tugng nay co thé
dugc giai thich rang viéc gidn né nhe
hang s6 mang cd thé lién quan dén ung
suit mang tinh thé phat sinh trong qué
trinh bao pha polymer Ién bé mat APO.
Két qua nay cho thay 16p phu polymer
PVA khong phé v& cau trdc mang tinh thé
cua vat lieu APO do tit ca cac dinh dic
trung cho cdu traic APO déu xuat hién ¢
cac mau td hop APO/PVA nhung Sy
tuong tic voi PVA van ¢ anh huang nhé
dén tham s6 mang.
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Hinh 1. Gidn do nhiéu xa (XRD) ciia APO va cac
mau té hop APO/PVA
Trén phd tan xa Raman cua tit ca cac mau
(Hinh 2) déu c6 1 dinh pho ¢6 cuong do
I6n va tinh doi xtng cao ¢ vi tri 909 cm™,;
cuong do cua dinh nay duoc chung toi lay
lam chuan dé so sénh vai cac dinh khéc.
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Sy tén tai cua dinh 909 cm™ ching to
rang c6 su co gian ddi xung cua cac ciu
trac t dién hinh thanh boi cum POy,
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Céc dinh c6 cudong d6 yéu hon & vi tri 406
cm™, 551 cm™ va 725 cm™! duoc gan cho
cac dao dong ung véi sy ubn cong va kéo
dan d6i xing cua lién két P-O-P. Cuong
d6 cuaa cac dinh nay c6 xu huéng giam
dan khi nong d6 PVA ting, c6 thé dugc
giai thich 1a khi 16p PVA day thém d3 lam
can tré viéce kich thich cac dao dong yéu,
dan t6i cac dao dong nay tré nén kho
quan sat hon (cuong dé dinh giam so véi
dinh 909 cm™) [16-18]. Tuy nhién trén tat
ca cac pho khéng quan sat thay su dich
chuyén vi tri dinh Raman chiing té rang
khong co thay doi lién két trong nhom
phosphate — tic la l6p polymer chi anh
huong dén cudng do tin hiéu ma khéng
gay pha vd mang ndi phan tu.

Pé quan sat truc tiép su anh huong cua
PVA [én cac hat APO chiing t6i da chup
anh SEM cua cac mau APO tinh khiét,
APO/PVA-40/1 va APO/PVA-10/1 (Hinh
3). Két qua cho thay vat lieu AgsPO, ma
ching tdi ché tao duoc c6 kich thudc
ddng déu khoang 595+130 nm (Hinh 3b),
bé mit hat nhin va bién hat rd rang, it co
dau hiéu bi ket dam. Két qua nay phan
anh sy phat trién tinh thé tot trong diéu
kién tong hop.
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Hinh 3. 4nh SEM ciia mdu APO tinh khiét (a),
phé phan bé kich thuéc hat cia APO tinh khiét
(b), anh SEM cuia mau APO/PVA-40/1 (c) va
APO/PVA-10/1 (d)

Khi t6 hop APO vé&i PVA ¢ ti 1¢ 40:1,
hinh dang hat AgsPO, Vvé co ban van duoc
gitt nguyén. Quan sat thay Iop phu
polymer mong bao quanh hat, tao hién
teong bo tron nhe & cic canh nhung
khong lam céc hat APO bj két dam. Diéu
nay cho thay PVA ¢ nong do thap cé kha
ning phii déu nhung chua giy bién doi
dang ké hinh thai bé mat cua vat liéu. Véi
miu APO/PVA-10/1, bé mat cac hat
khong con rd rang do c6 16p polymer bao
quanh khién cho céac hat két dinh thanh
khdi 16n trén nén polymer. Hinh thai bé
mit nay ciling giai thich tai sao trén pho
XRD va Raman ciia APO/PVA déu khong
thay d6i vi tri dinh ma chi xay ra dich nhe
hoic giam cudng do dinh do (ng suét tao
boi 16p mang PVA. Véi cac mau thu
nghiém co ti 1é PVA cao ching t6i c6 thé
thu dwoc miu & dang tdm mong c6 chira
APO bén trong.

Phé hip thy UV-Vis cua APO tinh khiét
(Hinh 4a) c6 bd hap thy 16 rét ¢ khoang
buéc séng ¢& 500 nm phi hop véi nhiéu
cong bd trude day. Phd hap thu cua cac
mau APO/PVA (Hinh 4a) cho thdy nén
hip thu c6 xu hudng ting dan theo ti Ié
PVA:APO, mic du by hap thu van nam &
vung 500 nm.
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Dé xac dinh bé rong ving cim (Eg) cua
cac mau APO/PVA chlng t6i su dung
phuong phap dao ham dé xac dinh vi tri
déc nhét cua bd hap thu (Hinh 4b), bai vi
trong truong hop nén hap thyu tuong dbi
I6n phuong phap Wood—-Tauc khdng con
chinh xé&c. Pinh hip thu bo ving ca hé
mau gan nhu khong thay doi va duoc xac
dinh tai vi tri 488 nm ung voi bé rong
viing cam ¢& 2,54 eV, véi gia tri nay vat
litcu APO/PVA c6 kha niang hap thu hau
hét phd phat xa cia anh sang mat troi dé
thuc day qua trinh quang xuc tac.
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Hinh 4. Phé hap thu UV-Vis (a) va dao ham cua
cwong dg hap thu tai bo viing theo budc song va
dwong khép Gauss dé xdc dinh dinh hap thy bo

viing (b) ciza APO tinh khiét va hé mau APO/PVA

Pé danh gia dinh luong hiéu suit quang
xic tic cua cac mau AgPO; VA
APO/PVA ching t6i déu st dung 0,06 g
mau dé phan hay dung dich MB 10 ppm
dué6i diéu kién chiéu sang cta hé gia lap
Mit Troi. Nong do C cua dung dich MB
con lai duoc xac dinh bang phuong trinh
duong chuan ¢ muc 2.3, sau d6 ching t6i
s€ danh giad kha nang phan huy MB thong
qua ti s6 C/Co va hé sb k ciia phan tng
quang xuc tac. Két qua tong hop duogc
trinh bay trén Hinh 5 cho thiy: miu
APO/PVA-40/1 c6 thoi gian phan huy
hoan toan dung dich MB 10 ppm la 12
phut. Hi¢u suat quang xuc tac cua cua cac
mau duoc sip xép theo thir tu giam déan:
APO/PVA-40/1 > APO/PVA-20/1 >
APO/PVA-30/1 > APO/PVA-10/1 (Hinh
5b), cho thay ti 1& phit PVA ¢6 anh hudng
10 rét dén hoat tinh xtc tac cua hé vat liéu.

24

Trong d6, mau APO/PVA-10/1, véi ham
luong PVA cao nhit, c6 hiéu suit quang
xUc tac (Kaporpvaton = 0,14) chi bang mot
ntra so véi mau APO/PVA-40/1 (Kapospya-
s0n = 0,31). Theo ching t6i, sy suy giam
nay la do trong cung mdt lugng vat li¢u
quang xuc tac 0,06 g thi luong APO trong
cac mau APO/PVA (dic biét 1a cac mau
APO/PVA c¢6 ti phan PVA cao) s& it hon
nhiéu so v6i mu tinh khiét. So vé6i két qua
cua Cheng [11] va Sulaeman [12] tap
trung vao viéc cai thi¢én thoi gian tai hop
ctia cap dién ti—10 tréng dé ting hoat tinh
quang xuc tac trong dung dich, thi chung
t61 uu tién viée ché tao duge miu cb tinh
on dinh cao nén st dung ty 1€ PVA cao
hon dé hinh thanh mang lién tuc gitp thu
hdi va tai st dung thuan lgi hon sau mdi
chu ky quang xtc téc.
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Hinh 5. Két qua thi nghiém quang xdc tac cua
APO va c4c mau té hop APO/PVA véi cac ti Ié
khac nhau: (a) nong dg MB suy giam theo thoi
gian chiéu sang; (b) biéu do dong hoc phan img
In(Cy/C) theo thoi gian va hé sé toc do phan img
quang x(c tac cza cac mau
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Tuy vay mau APO/PVA-10/1 van c6 kha
ning lam mit mau hoan toan dung dich
MB trong vong 25 phat. Ddng thoi miu
nay cling tao duoc 16p mang du day va
lién tuc dé co thé giir lai cac hat APO sau
qua trinh phan Gng quang x(c tac. Két
qua thtr nghiém kha nang tai su dung va
dd bén xlGc tdc cua mau APO va
APO/PVA-10/1 ching t6i da lap lai qui
trinh quang xuc tdc 3 lan véi mau
APO/PVA dang tdm dé cd thé thu hoi lai
sau phan ung ma khdng can phai loc rira
va ly thm phuc tap. Két qua khao sat duoc
trinh bay trong Hinh 6 cho thiy mau
AgsPO, tinh khiét c6 hiéu suat suy giam
rd rét qua cac chu ky, khi mic phan huy
chi con khoang 45% ¢ chu ky thu ba.
Trong khi d6 mau APO/PVA-10/1 duy tri
hiéu suat 6n dinh hon: mic di ¢ chu ky
dau can khoang 25 phut dé dat mac phan
hiy 100 %, nhung sau ba chu ky van dat
~75 % trong cung thoi gian phan ung.
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Hinh 6. Két qua thir quang xiic tac phan huy dung

dich MB 10ppm cua mau APO va APO/PVA-10/1

sau 3 chu ki lap lgi

4. KET LUAN
Trong nghién ctru nay ching t0i da ché
tao thanh cong vat lieu to hop

AgsPO./PVA va chang to rang l6p PVA
khong lam thay doi cau trdc mang tinh thé
cling nhu bé rong ving cdm caa AgsPOs.
Do vay l6p mang PVA khong lam thay
do6i cac wu diém noi troi cia AgsPOg, dam
bao kha nang quang xtc tac chi bi suy
giam mot phan do mot phan bé mat cua
cac hat tinh thé AgsPO,4 bi bao bai mang
polymer PVA.
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Nhitng két qua nay khing dinh viéc té
hop APO vai PVA la mot giai phap hiéu
qua gip nang cao kha nang tng dung
trong thyuc té cua céc vat liéu quang xdc
tdc. Mac du cac thur nghiém hién tai chu
yéu dugc tién hanh trén mau APO/PVA ¢
dang bot, song céu trac mang thu duoc
cho thdy kha ning Gng dung dudi dang
tAm quang xuc tac ty ndi, d& thu hdi va tai
str dung trong cac nghién cau tiép theo.

Loi cdm on: Nghién ctru nay duoc tai trg
boi @é tai ma s6 B2024-SPH-08 cua Bo
Giao duc va bao tao.

Cam két: T6i xin cam doan day 1a cong
trinh cia cc tic gia Pham Db Chung,
L3 Thi Bich Pao va Lam Thi Hang. Két
qua nay chua duoc giri ding ¢ bat ky tap
chi nao.
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