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SUMMARY
THE EFFECT OF SYNTHESIS CONDITIONS OF ZnO NANO-SIZED

PARTICLES BY THE CARBONATE PRECIPITATION METHOD ON
THE PHOTOCATALYTIC ACTIVITY

The photocatalytic degradation of methylene blue in water under visible light irradiation has

been studied using zinc oxide (ZnO) as a catalyst prepared by carbonate precipitation
method. The characteristics of ZnO were examined by means of TGA, XRD, SEM, UV-Vis.
XRD analysis showed that ZnO powder possessed hexagonal wurtzite-type polycrystalline

structure. SEM analysis revealed the formation of ZnO nanoparticles from 50 to 90 nm. The

results indicated the enhancement of optical absorption in visible range of ZnO nano-sized

particles, so that it could be used as an efficient photocatalyst under visible light.

1. MO PAU

Ngay nay, quang xtc tac da va dang tro
thanh mét linh vuc quan trong. N6 thu hat
sy quan tam nghién ctru ctia cac nha khoa
hoc dé giai quyét cac van dé vé méi trudng,
ddc biét 1a tinh trang 6 nhiém moi truong
nuée do cac phAm mau hitu co gy ra tir
nganh dét nhuém. Nhiéu nhém nghién ciru
trén thé gi6i cling nhu & Viét Nam tir lau da
tap trung nghién ctru tim cac giai phap khéc
phuc bing cach st dung cac tac nhin oxi

hoéa, xtc tac chuyén héa..., trong d6 xtc tac

quang hoéa trén co sé TiO, dugc quan tam
hon ca [1]. TiO, dugc biét dén 1a chét
quang xuc tac rat phd bién vi né tro vé mat
hoéa hoc, c6 hoat tinh xuc tac cao, bén
quang hoa, khong doc hai... Tuy nhién,
TiO, chi xtic tdc hi¢u qua trong ving anh
sang tir ngoai [2]. Gan day, ZnO di nhin
dugc su quan tdm cua nhiéu nha khoa hoc,
do c¢6 kha nang xuc tac cho phan tmg quang
xuc tac dudi tdc dung cliia anh sing mat troi
va co ché cua cac phan ung quang xuc tac

cua nd giong nhu cia TiO,. Viéc st dung
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blrc xa mat troi dé tao ra nang lugng va
khoi mao cho cac phan ttng hoéa hoc c6 lgi
rat 16n trong cac ung dung cong nghiép va
xur i méi trudng [2- 4].

Nhiéu nghién ctru cho thdy, khi do rong
ving cdm cua ZnO giam xudng thi hoat
tinh quang xuc tac ctia nd trong vung kha
kién ting dang k& Dé lam giam d6 rong
ving ciAm cia ZnO, ngudi ta c6 thé lam
giam kich thudc hat hodc pha tap ZnO béng
mdt s6 kim loai hay 4 kim [5-9].

Trong bai bao nay, ching téi nghién clru
téng hop bot ZnO c6 kich thude nano bang
phuong phap két tia cacbonat, nghién ctru
hoat tinh quang xuc tac ctua vat liéu ZnO
cho phan ng phan hiy xanh metylen va
thAm do kha nang xu li nudc thai dét
nhudm cua lang nghé Van Phuc- Ha No1
dudi anh sang mat troi cua.

2. THUC NGHIEM

2.1. Tong hop vit liéu ZnO bing phwong
phdp két tiia cacbonat

Quy trinh téng hop ZnO bing phuong phap
két tia cacbonat duoc mé phéng theo tai
liéu [10], cach tién hanh nhu sau: Cho tir tir
Zn(NOs), 1M vao cac thé tich khac nhau
cua dung dich amoni cacbonat 2M sao cho
ty 1€ mol cua CO32'/Zn(NO3)2 la 0,6; 0,8;
1,0; 1,2 va 1,4 trong diéu kién khudy lién
tuc trén may khudy tir v6i thoi gian 0,5 gio.
Két tia dwoc dé gia hoéa véi thoi gian phu
hop. Loc, rira két tia dén méi truong trung
tinh rdi dé kho ngoai khong khi. Sau dé
dem nung mudi k&m cacbonat & nhiét do va
thoi gian thich hop s€ thu dugc ZnO.

2.2. Khdo sdt kha nang xuc tic quang hoa
ciia ZnO cho phdn wng phdan hiiy xanh

metylen
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Can chinh xac 0,2g ZnO, dem phan tan
trong 100 ml dung dich xanh metylen cé
ndéng do 10 ppm, khudy trong bong téi 30
phut dé dat duoc su can béng hép phu va su
phan tan ddng déu cua cac hat xuc tac. Cac
dung dich huyén phu nay duoc chiéu sang
truc tiép bang dén compact 36 W trong diéu
kién khudy lién tuc sudt qué trinh phan tng
va bong dén duoc dé cach dung dich phan
tmg khoang 20 cm. Phan ung duogc tién
hanh trong 45 phut. Sau thoi gian phan hiy,
cac dung dich dugc li tm tach loai bdt xtic
tac. Ham lugng xanh metylen trong dung
dich dugc x4c dinh biang phuong phap tric
quang trén may do quang Spectroquant
NOVA 30, MERCK (Puc) ¢ budc song
665 nm.

Hiéu suét qué trinh quang xuc tac duoc tinh

ﬂ‘loo%
C

o

theo cong thire: H% =

H%: hiéu sudt cta qua trinh quang xtic tac,
C, va Cg la n6ng d6 xanh metylen trong
dung dich truéc va sau khi tién hanh phan
htly quang xtc tac.

2.3 Déi twong va cic phwong phdp nghién
ciru

- S dung dén compact Fluoren (hing
Phillip) 36 W 1am ngudn sang mé phong
vang kha kién (tr 400 nm dén 700 nm).
Dén c6 d0 sang 6n dinh, cuong do sang 16n,
tiét kiém dién nang [11].

- Gian d6 phan tich nhiét duoc ghi trén may
Labsys TG/DSC — Setaram (Phap) trong
moi truong khong khi. Nhiét d§ dugc nang
tir nhiét do phong dén 700°C voi tde do
nang nhiét 10 °C/phut.

- Thanh phin pha duoc xac dinh bing
phuong phap nhiéu xa tia X (XRD) ghi trén



may D8 Advance, Bruker (Puc) st dung tia
CuK,, budc song A=0,15406 nm, 40 kV, 40
mA, goc do 25-70°.

- Kich thuéc hat va hinh thai hoc cta san
phim dugc xac dinh biang phuong phap
kinh hién vi dién tor quét (SEM) duoc ghi
trén may JEOL-5300 (Nhat).

- Phd hip thu UV-Vis dugc do trén may
JASCO - VvV - 670UV - Vis
Spectrophotometer.

3. KET QUA VA THAO LUAN

3.1. Nghién ciru anh huéng cia cac didu
kién tong hop ZnO dén hiéu suit xir li
xanh metylen

3.1.1. Khao sat anh huong cua ty 1é mol
cia CO35™ /Zn(NOs), dén hiéu sudt xi li
xanh metylen

Trong thi nghiém nay, chung téi ¢6 dinh:
thé tich dung dich Zn(NO;), 1M 1a 10ml;
thoi gian gia hoa két taa 1a 1gid; nhiét do
nung la 500°C; thdi gian nung la 1 gid va
thay d6i thé tich dung dich amoni cacbonat
2M sao cho ty 1¢ mol ciia COs> /Zn(NO3),
1a 0,6; 0,8; 1,0; 1,2 va 1,4.

San phdm ZnO duoc thir hoat tinh quang
xuc tac cho phan Gng phan huy xanh
metylen theo quy trinh 2.2. Két qua dwoc

chira & bang 1.

Bdng 1: Anh hudng cia ty 1é mol ciia CO5” /Zn(NO;);

dén hiéu sudt phan hiy xanh metylen

Ty 1& mol cua CO5y” /Zn(NO3), | 0,6 0,8 1,0 12 1,4
Cua (ppm) 0,71 0,59 0,43 0,54 0,65
Hiéu suat (%) 92,9 94,1 95,7 94.6 93,5

Két qua cho thiy: Khi ty 1& mol CO;*
/Zn(NOs), ting tir 0,6 dén 1,0 thi hiéu suit xu
Iy xanh metylen ting tir 92,9% dén 95,7%.
Nhung khi ty 16 mol tiép tuc ting thi hiéu suat
XU Iy xanh metylen lai giam. Do d6, chiing t6i
chon ty 1€ mol CO> /Zn(NO3), = 1,0 cho cac

nghién ciru tiép theo.

3.1.2. Anh huong cua thoi gian gia hoa ket
tua kém cacbonat

Trong thi nghiém nay, ching t6i ¢6 dinh: ty
1¢ mol ctia CO5> /Zn(NOs), 1a 1,0; nhiét d6
nung la 500°C; thdi gian nung la 1 gid va
thay d6i thoi gian gia hoa két taa tir 0,5 gid
dén 2 gio.

Két qua xtr 1i xanh metylen dwgc chi ra &

bang 2.

Bdng 2: Anh hudng ciia thoi gian gia héa két tia dén hiéu sudt phan hity xanh metylen

Thoi gian gia hoa két tia (gio) 0,0 0,5 1,0 1,5 2,0
Cua (ppm) 6,36 3,29 0,43 0,65 0,93
Hiéu suat (%) 31,4 67,1 95,7 93,5 90,7

Tu két qua trén cho thay: két tia khong
dugc dé gia hoa thi hiéu sut xir Iy xanh
metylen rat thip (chi dat 31,4%). Khi thoi
gian gia hoa két tua ting tir 0,5 gid dén 1
gio, hiéu sudt xir Iy xanh metylen ting tir
67,1% dén 95,7%. Nhung néu thoi gian gia

hoa két tha ti€p tuc tang, hiéu suat xir 1y lai
giam. Do d6, chon 1 gio 1a thoi gian gia
hoa két tua.

3.1.3. Khao sat anh huong cua nhiét do nung
Trong thi nghiém nay, chang t6i ¢b dinh ty
1€ mol COs” /Zn(NO;3), = 1,0 va thoi gian
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gia hoa két tua 1a 1 gid; thoi gian nung 1a 1
gio va thay ddi nhiét do nung tir 400°C t6i
600°C.

Pé tim nhiét do nung thich hgp, trudc tién
didu ché két tia k&m cacbonat nhu qui trinh
trén. Két tia sau khi lam kho dugc ghi gian
dd phan tich nhiét (hinh 1).

Figure:
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Hinh 1: Gidn do phan tich nhiét ciia kém cacbonat

Tir gian d6 phan tich nhiét cho thiy: Trén
duong DSC c6 2 hiéu tng thu nhiét & cac
nhiét d6 103,31°C va 240,73°C tuong (rng
v6i 2 hiéu tng mat khdi luong trén dudng
TG. Hiéu ung dau tién 1a sy mit nudc
hidrat, hiéu Gng th hai & 240,73°C la su
phan huy mudi ZnCO; va thu dwoc san
phim ZnO. Tur trén 400°C ta khéng quan
sat thiy sy mat khdi lugng hay su thay ddi
hi¢u ing nhiét nira, vi thé chung t6i chon
nhiét d6 nung tir 400°C t6i 600°C.
Bdng 3: Anh hudng ciia nhiét @6 nung dén
hiéu sudt phdan hiiy xanh metylen
Nhiét do
nung (°C)

400 | 450 | 500 | 550 | 600

Cu (ppm) | 0,56 | 0,50 | 0,43 [ 0,20 | 0,58

Hiéu suét
(%)
Khi nhiét d6 nung tang tir 400°C dén

550°C, hiéu sut xir Iy xanh metylen ting tr

94,41 95,0 195,7198,0|94,2
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94,4% dén 98,0%. Khi nhiét do nung tang
dén 600°C hiéu suat xir 1y giam (94,2%).
Két qua nay c6 thé do khi nhiét do nung
thip hon 550°C qua trinh phan hiy nhiét
ctia mudi kém cacbonat chua triét dé, san
phim khong tinh khiét nén hiéu suét xir Iy
xanh metylen thap. Néu nhiét d6 nung cao
(600°C) lai xay ra su két tu san phim lam
hoat tinh quang xtc tac ZnO giam dan dén
hiéu suit xtr Iy xanh metylen giam. Do do,
ching téi chon 550°C la nhiét d6 nung
mudi kém cacbonat.

3.1.4. Anh huéng cia thoi gian nung

Trong thi nghiém nay, chiing t6i ¢6 dinh: ty
16 mol cua CO;> /Zn(NOs); 1a 1,0; thoi gian
gia hoa két tua 1a 1 gid; nhiét do nung 1a
550°C va thay dbi thoi gian nung tir 0,5 gid
dén 2 gio.

Két qua xtr 1i xanh metylen dwgc chi ra &
bang 4.



Bdng 4: Anh hudng ciia thoi gian nung dén

hiéu sudt phdan hiiy xanh metylen

Thoi gian
nung (gio)
Ca (ppm) | 3,51 { 0,20 | 0,48 | 1,86
Hiéu suat
(%)
Tu két qua bang trén cho thay: thoi gian

0,5 (10] 1,5 20

64,9 | 98,0 | 95,2 | 81,4

nung thay d6i di anh huéng nhiéu dén hoat

tinh quang xtc tac cia vat lidu ZnO tong

hop dugc va voi thoi gian nung 1a 1 gio san
phim c6 hiéu suit xir li xanh metylen cao
nhét (98,0%).

3.2. Nghién ctru cac dic trung chaa vat
liéu ZnO dwoc téng hop tir diéu kién tdi
wu

3.2.1. Cdu tric tinh thé ciia san pham ZnO
Pé xac dinh cAu trac tinh thé, ching t6i da
ghi gian d6 nhidu xa tia X cua san phdm
Zn0O (hinh 2).

Facuity of Chemistry, HUS, VNU, D8 ADVANCE-Bruker - Sample ZnO
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Hinh 2: Gian do nhiéu xq tia X cua ZnO

Nhan xét: Ttr gian d6 nhidu xa tia X cua vat
lidu ZnO thiy san phim chi c6 mét pha duy
nhat xuét hién céac pic déc trung tai vi tri 20
=31,68°; 34,36°; 36,24° tuong (rng vdi cac
ho mat mang (100), (002), (101) cta tinh
thé ZnO véi ciu tric luc phuong vuazit,
day ciing 1a cdu trac phd bién nhit va cé
hoat tinh quang xtc tac cao nhét cia ZnO.
3.2.2. Kich thuoc hat va hinh thadi hoc cua
san pham ZnO

Pé x4ac dinh kich thudc hat cua san phém
thu dugc, ching t6i da chup anh kinh hién
vi dién tr quét. Két qua duogc chi ra & hinh
3.

Ttr hinh 3 cho thdy, san phim c6 hinh thai
hoc 10 rang, it két tu. Hat ¢6 dang hinh tron,
kich thuée da sb nim trong khoang 50 — 90

nm.

3.2.3. Pho hap thu UV-Vis cua san phdm
Zn0O

Do ZnO c¢6 ning lwong ving cAm kha cao
(Eg=3,27 eV), nén dac tinh quang xuc tac

ctia n6 chu yéu thé hién trong ving tir ngoai
Ao fhi he _ 1240

[2-4]. (Ttr cOng thue E, = o = (eV)
he _ 1240

A=—=7%2"72=379 .

T, T3 m)

Dé danh gia kha ning hip thu quang cua

san phdm ZnO téng hop duogc, ching t6i da

ding phuong phap phé UV — Vis. Phd
UV-Vis cta ZnO duoc chi ra ¢ hinh 4.
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Hinh 4: Phé UV-Vis ciia ZnO

Trong nghién ciru ndy, v6i mong mudn lam
giam ning luong ving cim cua ZnO dé mo
rong su hap thu anh sang cia nd sang ving
kha kién bang cach 1am giam kich thudc
hat cia ZnO xudng kich thuéc nano mét.
Tur phd hip thu UV-Vis cho thiy: trong
ving anh sang tr ngoai (A tir 200 dén
400nm), kha ning hip thu 4nh sang cua
ZnO tuong d6i cao (do hap thu khoang 0,88
dén 0,98). Trong ving kha kién (A tir 400
dén 800 nm), ZnO van hip thu anh sang
nhung giam manh so véi vung tir ngoai (4o
hép thu cia ZnO van dat dugc khoang
0,17). Pidu nay chimg to trong vang kha
kién, san pham ZnO tdng hop dugc van hap
thu 4nh sang.

3.3. Tham do kha nang xir Iy nwéce thai
dét nhuom dwéi anh sang mat troi caa
vat liéu ZnO

Trong thi nghiém chu y t6i tham do kha
nang xu ly nudc thai dét nhudém lang Van
Phuc bang chit xuc tac ZnO va sit dung
ngudn 4nh sang mét troi.

MaAu nudc thai dugc léy tai co s& san xuét

va nhudm vai to tim dii Ngoc Tho, & Van
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Phuc, Ha DPong. Nude thai c6 mau hong hoi
niu, pH = 7 va c6 chi s6 COD la 206
mgO,/L.

Nude thai duoc loc qua gidy loc ri xtr 1y
cac hop chit hitu co biang phan tng quang
xUc tac theo quy trinh 2.2 véi lugng xtc tac
ZnO 1a 0,2g. Thé tich nude thai dung 1a
100ml, dung dich duoc chiéu b&i 4nh sang
mdt troi va hiu suat xtr 1y cac chit hitu co
dugc danh gia qua chi sé COD.

Bdng 5: Chi s6 COD ciia miede thdi sau khi
xw ly cua ZnO

Thoi gian
chiéu 4nh
, .. 30 60 90 120
sang mat troi

(phut
COD

181 143 | 110 96
(mgOy/L)
Hiéu suat

12,1 | 30,6 | 46,6 | 53,4
(%)

Két qua thu dugc cho thay vat liéu ZnO cé
kha ning xir 1y t5t mau cua nudc thai dét
nhudém va lam giam COD. Mau nuédc thai
sau khi xtr 1y 60 phut thi chi s6 COD chi
con 143 mgO2/L, da dat chi tiéu B cua
nude thai (COD<150mg0O,/L) [chi ti€u B:
nude thai céng nghiép duoc xa vao ngudn
nuée khong dung cho muc dich cdp nudce
sinh hoat (QCVN 40: 2011/BTNMT)].

4. KET LUAN

D3 tong hop duoc vat lidu ZnO cé kich
thudc nano biang phwong phap két tua
cacbonat, nghién ctru mot sb dic trung cua
nd va tham do hoat tinh xuc tac quang hoa
cua vat liéu nay dudi tac dung anh sang kha
kién cia dén compact 36W. Két qua cho
thdy, hiéu sudt xr 1y xanh metylen dat
98,0% khi ty 1¢ mol CO;* /Zn(NO;), = 1;




thoi gian gia hoa két toa 1a 1 gio; nhiét do
nung la 550°C va thoi gian nung la 1gio.
Budc dau thim do kha ning dung ZnO dé
xtr li chdt mau trong nudce thai cho thiy vat
lidu ZnO c6 kha ning xt 1y t6t chit mau
cua nudc thai dét nhudém va lam giadm
COD.

Két qua thu dugc mo ra mot trién vong co
thé ding ZnO lam chit xtc tic quang hoa
duéi tac dung cia anh sang mat troi dé xir
Iy cac hop chit hitu co c¢6 trong nude thai
dét nhudém — mot van dé& dang giy nhirc
nhdi trong doi sdng va dang dwoc nhiéu nha

khoa hoc quan tam.
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