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NGHIEN CUU TONG HOP XUC TAC Zn0-CeO,
PHAN HUY BISPHENOL A TRONG NUGC

RESEARCH ON SYNTHESIS Zn0-Ce0, CATALYST TO TREAT BISPHENOL A IN WATER

Nguyén Minh Viét"", Nguyén Thé Hitu', Dang Hitu Trung’,

Nguyén Van Manh', Trinh Thi Hai', Nguyén Pinh Long’, Vii Anh Tuin?

TOM TAT

Bai bdo nay nghién ctu tong hop xic téc Zn0-Ce0, bang phuong phép thiy
nhiét 6 90°C, 24 gid, sau khi loc, ra, sdy va nung & 400°C, thuc hién phén (ng
quang hda x ly bisphenol A (BPA) trong nudc. Xic tac Zn0-Ce0, dugc dénh gid
dac trung xac dinh hinh thai, cdu tric, kich thudc va bé mat vat liéu bang cac
phuang phap vét Iy DTA-TG, BET, SEM, XRD, cho thay cac hat nano Zn0-Ce0, hinh
thanh tuang déi dong nhat, xdp, rd rang véi kich thudc khoang 20 -+ 40nm, dién
tich b& mat riéng khodng 48,72m?/g. Xiic tac Zn0-Ce0, dugc danh gia kha nang
quang xuc tac véi phan hly xanh methylen duéi dnh sang dén UV 40W va énh
sang mat trgi. Xdc tic quang hda Zn0-Ce0, st dung phan hly nugc nhiém
bisphenol A, cho thdy xiic tac Zn0-Ce0, cd kha ndng phan hiy bisphenol A sau
100 phiit hiéu suat dat 64%.

Tir khoa: Xic tdc Zn0-CeQ,, bisphenol A, dnh sdng mdt troi.

ABSTRACT

This paper studied the synthesis of Zn0-Ce0, catalyst by hydrothermal
method at 90°C and 24h. The sample after hydrothermal was filtered, washed,
dried, and calcined at 400°C, then used for treating bisphenol A (BPA) in the
aqueous medium. The synthesized samples were characterized by physical
methods such as DTA-TG, BET, SEM, and XRD to determine morphology,
structure, size, and surface area. The analysis results showed that the Zn0-Ce0,
nanoparticles are formed relatively homogeneously, with a porous structure at
the pore size of about 20 - 40nm, the specific surface area was about 48.72m%/q.
The Zn0-Ce0, catalyst showed the high ability in photodegradation of methylene
blue under UV 40W light and sunlight, exhibiting a high removal efficiency of
BPA, the adsorption and degradation of up to 64% in 100 min.

Keywords: Zn0-(e0, catalyst bisphenol A, sunlight.
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1. GIGI THIEU

NudGc cé vai trd vo cung quan trong déi véi ddi song
sinh hoat ctia con ngudi, duy tri moi hoat ddéng séng ciing
nhu san xuat, cung cap vao hoat déng ddm bao an ninh
luong thuc cho xa hoi: Nudc tudi tiéu, lam rudng... Nudc
giup cho moi sinh hoat cia con ngudi nhu tam, giat, ria,
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nau, nuéng... ddm bao dugc chat lugng cudc séng clia moi
con ngudi va suc khde. Ngoai ra, nudc tao ra nang lugng
dién dé cung cap cho hoat déng ctia nén kinh té thong qua
viéc st dung dong luc hay nang lugng dong chdy cla cac
con s6ng lam quay cac tudc bin nudc va may phat dién, day
la nguén nang lugng sach va chiém 20% lugng dién cua
thé gidi, dong thai nudc tham gia phan I6n vao viéc san
xudt trong cac cong nghiép. Do d6, viéc bao vé va lam giam
6 nhiém nguoén nudc cé y nghia quan trong trong viéc bao
vé 6 nhiém moi trudng... Tuy nhién, nguén nudc mat va
nudc ngadm phuc vu cho sinh hoat hang ngay clia ngudi
dan dang ngay cang bi 6 nhiém ndang né do cac chat xa
thai, rac thai, nudc thai tir cdng nghiép ché bién, san xuat...
Cac hop chét hiu co c6 trong nuéc la mot trong nhiing
nguyén nhan chu yéu gay 6 nhiém ngudn nudc. Trong d6
bisphenol A dugc tim thay trong nudc tu nhién cé thé do
nuédc thai cdng nghiép tir cdc nha may téng hgp nhua hodc
bisphenol A bi théi nhiém tur cac chai nhua c6é chuia
bisphenol A ngam trong nudc, bisphenol A c6 dnh hudng
stic khée nhu nhiing thay d6i trong chidc nang mién dich,
réi loan tim mach, ung thu, va vé sinh, ngoai ra bisphenol A
rdt nguy hiém trong hé sinh thai thly sinh. Hién nay c6 rat
nhiéu phuong phap dé xtr ly cac chat hiu co trong nuéc
thai. Trong s6 cac phuong phéap gan day dugc nghién cdu
st dung rat nhiéu la phuong phap quang hoa xt ly chat
hitu co trén xuc tac quang. C6 rat nhiéu xuc tac quang dé
xU ly cac hgp chat hitu co trong nudc, trong dé cé xuc tac
Zn0, nhung ¢ nhugc diém la su tai két hgp nhanh electron
va 16 tréng quang sinh lam giam hiéu qua quang xuc tac.
Ngoai ra, ZnO c6 nang lugng ving cdm réng (3,27eV), ving
nang lugng cho hiéu qua quang xuc tac tét nhat dudi anh
sang cuc tim, trong khi anh sdng mat trdi chi cé khodng 5%
buc xa UV. Do d8, ZnO thé hién hoat tinh quang xuc tac
thap dudi anh sang mat troi. Nham cai thién hoat tinh
quang xuc tac ctia ZnO dudi anh sang kha kién cling nhu
anh sang mat troi va giam t6c dé tai két hgp electron, 16
tréng quang sinh, can thiét phai bién déi tinh chat electron
trong cdu trdc nano clia ZnO va thu hep ndng lugng vung
cdm clia né. Cé nhiéu nghién ctu da dugc tién hanh pha
tap kim loai hoac phi kim vao mang ZnO la mét trong
nhing phuong phap hiéu qua dé gidam téc dé tai két hop
electron va 16 tréng quang sinh, ma réng budc séng hap
thu sang vung anh sang kha kién théng qua viéc bién déi
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cdu trac electron bé méat va lam tang hiéu qua quang xuc
tac ctia ZnO. Trong dé, pha tap kim loai chuyén tiép 1a mét
trong nhiing phucng phap hiéu qua lam bién déi tinh chat
quang va thién hoat tinh quang xuc tac cia ZnO la xeri. Xeri
la mét nguyén té tiém nang cho st dung pha tap vao ZnO.
Méc du, ban kinh ion ctia cd Ce*" va Ce** déu I6n hon nhiéu
so V@i ion Zn*, nhung ion xeri vdn xam nhap vao mang
Zn0 bang cach chiém cac 16 héng khuyét tat va tang hoat
tinh quang xuc tac clla ZnO. Su pha tap xeri vao ZnO lam
cho kich thudc tinh thé, kich thudc hat gidm va tang dién
tich bé mat. Ngoai ra, su pha tap Ce con lam dich chuyén
b& hdp thu anh sang cla ZnO sang vung anh sang nhin
thdy. Vi thé, trong bai bai nay chung téi di nghién ctu téng
hop va s dung xuc tdc ZnO-CeO, ting dung xt ly Bisphenol
A trong nudc thai ra mdi truong séng, xuc tdc ZnO-CeO,
thich hgp cho viéc xt ly cac hgp chat hiru co khac trong
nudc dudi anh sang.

2. THUC NGHIEM

2.1. Héa chat va thiét bi

Héa chdt: Cac hoa chat st dung trong nghién ctu:
Zn(NO,),.6H,0 tinh thé Ce(NO,);. 6H,0 tinh thé, Ure
(NH,),CO tinh thé, C,4H,N,SCI (MB), bisphenol A.

Thiét bj: Xac dinh cau trdc, hinh thai, trang théi pha bé
mat riéng cla vat liéu xuc tdc dugc do trén cac thiét bi
phan tich nhiét TGA-DSC Linesis STA PT1600 (Puc) tai
Phong thi nghiém phan tich va (ing dung, Khoa Céng nghé
Héa, Truéng dai hoc Céng nghiép Ha Néi, phan tich bé mat
bang hiém vi dién ti quét (SEM) trén thiét bi SU3800 hang
Hitachi (Nhat Ban) tai BO mon Vat liéu, Khoa Ca khi, Trudng
Pai hoc Céng nghiép Ha Noi va thiét bi S-4800 hang Hitachi
tai Vién Vat i, Vién Han lam Khoa hoc va Céng nghé Viét
Nam. Xac dinh cdu tric, pha va nhan dang thanh phan trén
thiét bi nhién xa tia Ronghen trén thiét bi D8 Advance cla
hang Bruker (Buc), v6i budc séng A = 0,15406nm, tai Khoa
Hda - Dai hoc Khoa hoc tu nhién - Dai hoc Quéc gia Ha Noi.
Xac dinh bé mat riéng clia vat liéu xdc tac theo phuong
phap hdp phu dugc thuc hién trén may Tristar Il Plus hang
Micromeritics tai Vién Hoéa hoc, Vién Han lam Khoa hoc va
Coéng nghé Viét Nam.

2.2. Phuong phap tdng hop xuc tac

Lay Zn(NO,);.6H,0 va Ce(NO,);.6H,0 (theo ty & mol
nghién cru) vao céc chia 100ml cho nudc cat, thém 1,8g
(NH,),CO vao c6c chiia dung dich khudy khoang 30 phut.
Chuyén hén hgp dung dich vao binh thay nhiét tién hanh
phan Ung & 90°C trong 24h. Sau khi thyc hién phan Ung
thay nhiét lam lanh dung dich téi nhiét d6 phong, loc va
rra sén pham bang nudc cat va rugu ethanol. Sdy sadn phdm
& 90°C trong 24h va cho sdn phdm vao chén st nung &
400°C trong 3h téc d6 ra nhiét 2°C/1 phut, két qua thu duoc
xuc tdc ZnO-CeO, dang bot min mau vang

Sau khi diéu ché xac tac ZnO-CeO,, xuc tac dugc danh
gia bang cac phuong phap vat ly DTA-TG, BET; SEM; XRD.
2.3. Phuong phap danh gia hoat tinh ctia xuc tac

- Ddnh gid phdn hdy xanh methylen (MB) trén xuc tdc
quang Zn0O-CeO, dudi dnh sdng den UV 40W
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Lay 0,1g xuc tac ZnO-CeO, vao c6c 250ml cé chira
100ml dung dich xanh metylen véi néng d6 10ppm, khudy
dung dich lién tuc trong béng t8i 30 phut dé dat can bang
hdp phu - gidi hap. Sau d6 chiéu sang dudi anh sang deén
UV 40W dé thuc hién phan ing quang héa MB trén xuc tac
Zn0-Ce0,. Sau khi phan tng quang hdéa MB trén xuc tac
mau dugc ly tam va loc dé tach hét bot xuc tac. Phan dung
dich sau khi loc xuc tac dugc xac dinh do mat dé quang
bdng may quang phé UV-Vis (UViline 9400) & budc séng
A = 665nm. Qua trinh thyc hién quang héa phan ung MB
trén xuc tac quang ZnO-CeO, dugc khao sat vai:

+ Thai gian phan Ung quang héa thuc hién dinh ky 20
phut lay mau 1lan di danh gid hiéu suat quang hoa

+ Nong dé MB phan ting quang héa: thuc nghiém dugc
khao sat véi ndbng d6 5ppm, 10ppm, 15ppm, 20ppm trong
thai gian 100 phut.

+ Khdo sat lugng xuc tdc ZnO-CeO, véi lugng xuc tac tu
0,5g/L dén 2,5g/L

So d6é nghién ctu phan (ng quang hoa phan hay MB
trén xuc tdc Zn0O-CeO, nhu hinh 1.

Hinh 1. Thiét bi thi nghiém phén (ing quang trén Zn0-Ce0,

- Ddnh gid phan hdy xanh methylen trén xuc tdc quang
Zn0-CeO, dudi dnh sdng mdt troi

Hoat tinh xudc tac quang cla vat liéu ZnO-CeO, dugc
danh gia bang su phan hly quang hoa xanh methylene
(MB) thay anh sang dén UV bang s dung nguén anh sang
maét tr&i vao khung gid tir 11 - 14h d€ lam nguén sang kha
ki€n, cac budc nghién clu danh gia hoat tinh cta xac tac
Zn0-CeO0, cling tuong tu nhu danh gid hoat tinh clia xuc
tac ZnO-CeO, dudi den UV40W

Sau khi danh gid hoat tinh ctia xuc tac ZnO-CeO, v6i MB
tim dugc diéu kién thich hgp cta xuc tac quang héa, thuc
hién tng dung xt ly BPA trong nudc trén xuc tdc ZnO-CeO,
dudi dnh sang mat troi.

3. KET QUA VA THAO LUAN
3.1 Két qua phan tich danh gia xuc tic Zn0-CeO,

Trong nghién ctiu ching t6i da téng hop va khao sat
cac mau vat liéu xuc tac quang nhu ZnO nguyén chat, ZnO-
Ce0, vdi ty 1& mol khac nhau. Trong khuén khé bai bao nay
da nghién ctu va khao sat danh gia xuc tac quang ZnO-
Ce0, v6i ham lugng khéi lugng CeO, la 5% dé x{ ly BPA
trong nudc cling la mét chat dai dién cho hgp chat hitu co
c6 trong nudc. K&t qud mau xuc tac sau khi téng hap thu
dugc nhu hinh 2.
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Hinh 2. Mau xtc tac Zn0-Ce0,

Faculty of Chermistry, HUS, VNU, D8 ADVANCE-Bruker - CZ95

Lin (Cps)
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Hinh 3. Phé XRD ctia mau Zn0-Ce0,

- Két qud phé XRD ctia xtc tdc ZnO-CeO,

Qua hinh 3 ph8 XRD clia mau ZnO-Ce0, ta thdy cé xuat
hién ctia nhiing peak dac trung cda CeO, va ZnO & goc tan
xa (20) lan lugt la 28,52 véi Ce0,, 36,28 véi ZnO, do do xic
tdc ZnO-CeO, tao thanh hdén hgp cta oxit ZnO va CeO,,
ngoai ra khdng thdy su xuat hién clia cdc nguyén t6 la, chiing
t6 vat liéu Zn0O-CeO,téng hap dugc cd dé tinh khiét cao.
- Két qua do anh SEM cta xdc tdc ZnO-CeO,

300nm W IMS-NKL 5.0kV 4.7mm x150k SE(M)

IMS-NKL 5.0kV 4.6mm x150k SE(M)

Hinh 4. Anh SEM ciia xtic téc Zn0-Ce0,

Qua anh SEM cula xuc tac Ce0,-ZnO (hinh 4) cho thay
cac hat Zn0O-CeO, c6 hinh tua cau, phan |6p kha dong déu,
tuy nhién cac hat két tap v&i nhau. Bé mat vat liéu tuong
daéi x6p, vai kich thudc khoang 20nm dén 40nm.

- Két qua do BET ctia mau xtc tdc ZnO-CeO,

Dién tich bé mat riéng cua vat liéu xuc tac Ce0,-ZnO
dugc xac dinh bang phuong phap BET két qua thé hién &
bang 1.

Bang 1. Két qué dién tich bé mdt riéng clia cdc mau vat liéu Zn0-Ce0,

Tén mau Sger(M?/g) Voo (cm’/g) D, (Nm)
In0-Ce0, 48,72 0,026 2,383
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Két qua do BET & diéu kién 200°C trong 6 gid cho thdy
dién tich bé mat riéng, thé tich mao quan va dudng kinh
mao quan trung binh cuda vt liéu ZnO-CeO, c6 dién tich bé
mat riéng la 48,72m?/g, dudng kinh mao quan trung binh Ia
2,383nm, thé tich mao quan |4 0,026cm?/q.

- Két qua phan tich nhiét (DTA-TG) cua xuc tdc ZnO-CeO,

" [

Heat flow (mW)

Rel. mass change (%)

Temperature (°C)

Hinh 5. Két qua phan tich nhiét clia mau Zn0-Ce0,

Hinh 5 la két qua phan tich nhiét miu xuic tac ZnO-
CeO,cho thdy, trong khoang nhiét do tir 60°C dén 226°C
khéng thdy c6 su chuyén ddi vé khéi lugng cling nhu hiéu
Ung nhiét. Trong khoadng nhiét d6 tur 226°C dén 296°C bat
dau thay cé su giam manh khéi luong véi su gidm 17,82%
khéi lugng tuong ting véi mot pic thu nhiét & 246,5°C do su
phan hdy cda sdn phdm trung gian Zn,(CO,)(OH).H,0
thanh ZnO, tai nhiét d& nay xuc tac bién doi khéi lugng
nhiéu nhat. Tir 300°C dén khoang 400°C su giam khéi luong
dién ra rat it va trén 400°C dudng TG hau nhu nam ngang
chiing t6 phan tng nhiét phan két thuac.

TU két qua nay c6 thé thdy mau xuc tac ZnO-CeO, can
dugc nung & nhiét d6 400°C thi xuc tac dugc 6n dinh.

3.2. Két qua danh gia phan hiy MB trén ZnO-CeO, dudi
den UV

Cac mau xuc tac ZnO-CeO, v6i ham lugng khéi lugng
Ce0, la 5% dugc tht nghiém xanh methylen c6 néng dé
10ppm trong 100ml dung dich, phan ting quang hoa trong
diéu kién moi truong pH = 8, két qua hiéu xuat phan hay
MB nhu trong bang 2 va hinh 6.

Bang 2. Két qua anh hudng thai gian dén phan hly duéi dnh sang den UV

Thei gian (phiit) Mat dé quang (A) Hiéu suat (%)
5 0,176 89,58
10 0,169 89,97
20 0,087 94,53
30 0,085 94,64
40 0,084 94,69
50 0,08 94,92
60 0,078 95,03

Tur két qua nghién ctiu cho thay khi tang thai gian phan
Uing quang hoa thi hiéu suat phan hay MB tang, sau 30
phut gian nhu MB da bi phan hiy hoan toan duéi xuc tac
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quang héa Zn0O-Ce0,, sau 60 phut hiéu suat phan hiy MB
gan nhu hoan toan dat 95%.

Hiéu suat (%)

Théi gian xtr ly (phat

Hinh 6. D4 thi phan hiy MB trén xic tac Zn0-Ce0,
3.3. Két qua danh gia phan hay MB trén xuc tac ZnO-
CeO, dudi anh sang ngoai troi

Mau xuc tac ZnO-CeO, vai ham lugng khéi lugng CeO,
la 5% dugc thit nghiém phan hay MB véi néng dé MB la
10pp trong 100ml dung dich, phan t&ng quang héa trong
diéu kién méi trudng pH = 8vdi thai gian quang héa khac
nhau cho cac két qua hiéu xuat xtr ly nhu trong hinh 7.

MB BPA
100

40

Hiéu suat

0 20 40 60 80 100 120 0 20 40 60 80 100 120

Thoi gian
a)

Thoi gian

b)

Hinh 7. D6 thi phan hiy MB, BPA trén xiic tac Zn0-Ce0, theo thi gian dudi
anh sang

Tu két qua hinh 7 cho thay, thoi gian phan hay MB dudi
anh sang mat trgi tir 30 phat dén 60 phat qua trinh phan
hay MB xay ra vai t6¢c d& nhanh, mau cta dung MB cling
mat dan dén trdng, trén 80 phut hiéu suat phan huiy xanh
metylen ctia ZnO-CeO, duéi anh sang mat tr&i gan nhu
phan hdy hoan toan dat trén 87% .
3.4. Két qua phan hay BPA trén xuc tac Zn0-CeO, dugi
anh anh sang ngoai troi

Mau xuc tac ZnO-CeO, vai ham lugng khéi lugng CeO,
la 5% dugc thit nghiém trén mau tha BPA c6 néng do BPA
10ppm trong 100ml dung dich, phan ting quang hoa trong
diéu kién moi trudng pH = 8, két qua phan huy BPA dudi
xuc tdc ZnO-CeO, dugc thé hién nhu bang 3 va hinh 17 b

Bang 3. Két qua phan hiy BPA trén xtc téc Zn0-Ce0, dudi dnh séng ngoai
troi

Théi gian (phit) | 20 40 60 80 100 | 120

Vay xtc tac quang Zn0O-CeO, c6 thé st dung lam xuc téac
quang cho qua trinh xr ly céc chat hitu ca trong nudc.
4. KET LUAN

Bai bdo nay da nghién clu téng hgp xuc tac quang
Zn0-Ce0, vG6i ham lugng CeO, la 5% khoi lugng bang
phuong phap thay nhiét, & nhiét do 90°C trong 24 gio
trong phong thi nghiém, sau khi sdy va nung & nhiét do
400°C thu dugc xuc tac ZnO-Ce0, c6 dd tinh khiét cao, bé
mat vat liéu tuong doi xop, véi kich thudc khoang 20 +
40nm, dién tich bé mat riéng khoang 48,72m%/g.

Tién hanh danh gia hoat tinh xtc tdc quang hda clia vat
liéu ZnO-CeO, vGi phan hiy xanh methylen sau 80 phut duéi
anh sang ngoai tr&i gan nhu phan hiy hoan (dat > 87%).

Xuc tdc ZnO-CeO, véi ham lugng CeO, la 5% khoi lugng
tién hanh phan hay BPA trong nudc, sau 120 phut thuc
hién phan Ung & ngoai trgi hiéu suat phan hay dat 71%.
Vay xuc tdc quang ZnO-CeO, c6 thé st dung lam xuc tac
quang dé xr ly cac chat hitu ca trong nudc.

LO1 CAM ON

Tac gid chan thanh cdm on Trudng Pai hoc Coéng
nghiép Ha Noi da hé trg kinh phi thong qua dé tai nghién
ctru khoa hoc cap trudng ma sé 18-2020-RD/HD-DHCN.
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Néng do (C) 4,73 4,04 | 330 3,06 2,92 | 290

Hiéu suat (%) 4794 | 59,62 | 67,00 | 69,38 | 70,81 | 71,05

Qua hinh 7b cho thdy, xtc tac quang ZnO-Ce0, c6 thé
xU ly phan hiay BPA trong nudc, sau 120 phut hiéu suat x
ly BPA trén xuc tac quang ZnO-CeO, & ngoai trdi hiéu xudt
phan hay dat 71,05%.
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