CONG NGHE

NGHIEN CUU TONG HGP VA KHAO SAT ANH HUGNG CUA TY LE
BAC TRONG VAT LIEU NANOCOMPOSITE Zn0-Ag DEN HIEU QUA
QUANG XUC TAC DINH HUGNG UNG DUNG XU LY Cr®

TRONG NUGC THAI THANH Cr** DUGI ANH SANG MAT TR0

SYNTHETIC AND SURVEYING THE EFFECTS OF SILVER PROPORTION IN Zn0-Ag NANOCOMPOSITE
MATERIALS ON THE EFFICIENT ACTIVITIES OF PHOTOGRAPHY INDICATIONS APPLICATIONS
OF Cr** TREATMENT IN WASTE WATER BECOMES Cr** UNDER SUNSHINE

TOM TAT

Vit liéu nanocomposite Zn0-Ag dugc tdng hap theo phuong phap thay nhiét,
st dung kém axetat va bac nitrat. Hinh thdi cdu triic, thanh phan cGa vat liéu tong
hap da dugc xac dinh bang cac ky thuat do béng kinh hién vi dién t& quét (SEM),
phé tén xa ndng lugng tia X (EDX), phép do phd hdp thu td ngoai - kha kién (UV-
Vis). Céc hat nano Ag ¢d kich thudc dao ddng tir 40 dén 50nm lién két véi cac hat
nano Zn0 cd kich thudc tir 50 dén 250nm dugc quan sat thdy trén két qua do kinh
hién vi dién tlr quét SEM. Qua két qua do phd EDX, su xudt hién cla cic nguyén t6 0,
Ag, Zn va khong ¢6 su xudt hién ctia céc nguyén 6 la. Diéu nay khang dinh da tong
hap thanh cong vét liéu nanocomposit Zn0-Ag c6 dd tinh khiét cao. Su chuyén dich
budc song hap thu tir viing tl ngoai sang viing anh sang kha kién khi dua Ag vao
In0 ciing dugc kho st qua két qua do phd UV- Vis cla vat liéu.

Tir khéa: Quang xtic tdc, Zn0-Ag, (r** trong méi trudng nudc

ABSTRACT

The Zn0-Ag nanocomposite was synthesized by hydrothermal method,
using zinc acetate and silver nitrate. The structural morphology and composition
of the synthesized materials were determined by measuring techniques by
scanning electron microscopy (SEM), energy dispersive X-ray spectroscopy (EDX),
ultraviolet absorption spectroscopy - visible (UV-Vis). Ag nanoparticles with sizes
ranging from 40 to 50nm bound to Zn0O nanoparticles with sizes from 50 to
250nm were observed on the SEM scanning electron microscopy results. Through
the results of EDX spectroscopy, the appearance of 0, Ag, Zn elements and no
appearance of foreign elements. This confirms the successful synthesis of Zn0-Ag
nanocomposites with high purity. The absorption wavelength shift from the
ultraviolet to the visible light region when Ag is added to Zn0 is also investigated
through the UV-Vis spectroscopy results of the material.

Keywords: Photocatalyst, Zn0-Ag, Cr** in water.
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1.DAT VAN BE

Trong d&i s6ng va san xudt cong nghiép, hoat dong tu
cac nha may, xi nghiép lam phat sinh ra nhing chat thai
déc hai, gay 6 nhiém la diéu khong tranh khoi. Trong do,
luogng chat thai ti nganh cong nghiép nhu ma dién, dét,
nhudém,... chita moét lugng I6n Crom (V1) du thira sau khi sur
dung, chat thai chda Crom (VI) ¢6 tac hai I16n d6i véi con
ngudi cung hé sinh thai moéi trudng.

Céng nghé ngay cang phat trién vuct bac, nganh vat
lieu khoa hoc vi thé cling dugc phat trién manh mé, da cé
nhiéu tac gia trén thé gidi cdng bo cac két qua nghién clu
vé xu ly kim loai ndng trong nudc ti cdc ngudn phat thai
khac nhau. Trong d6, vat liéu nano xuc tac quang da va
dang dugc cac nha khoa hoc quan tam, chu trong phat
trién vGi mong muén hudng t6i mét nganh vat liéu tién
tién Ung dung x ly méi trudng. NSi bat hon ca trong cac
nghién cttu hién nay vé vat liéu nano xuc tac quang la nano
kém oxit.

Kém oxit (ZnO) la chat ban dan loai II-VI, hia hen dng
dung trong cac linh vuc diot phat quang mau xanh, cyc tim
hodc diot laser va ddc biét trong linh vuc quang xuc tac do
c6 d6 rong vung cam la 3,37eV, nang lugng lién két cla
exciton I&n hon 60meV [1,2].

Vat liéu kém oxit la d6i tugng dugc nhiéu su quan tam
va nghién cdu. Trong céc ing dung cta né thi kha nang
ting dung quang xuc tac trong su phan hay cac chat hiu co
gdy 6 nhiém moi trudng dang nhan dugc nhiéu su quan
tdm. Vi ZnO c6 pho hdp thu anh sang mat trai rong va la vat
liéu ré tién véi phuong phéap ché tao don gian [3,4].

Cac nghién cru gan day cho thdy: cach tang hoat tinh
guang xuc tac ctia ZnO dé la lam gidm nang lugng vung
cdm clia ZnO bang cach pha tap kim loai hay phi kim.
Trong bai bao nay, ching t6i trinh bay cac két qua nghién
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clu, ché tao vat liéu ZnO pha tap Ag do nano bac dat dugc
nhiéu thanh tuu trong x& ly chat thai. Cac phuong phap
phan tich: kinh hién vi dién t& quét SEM, phé tan xa nang
lugng tia X (EDX), phé hap thu ti ngoai - kha kién (UV- Vis)
dugc sir dung dé chiing minh rang ion Ag dugc dua vao
mang tinh thé clia ZnO. Su anh hudng cla ty 1& bac dén
hoat tinh quang xuc tac ctia ZnO khi xt ly Crom (VI) trong
moi trudng nudc cling dugc khao sat.

2. THUC NGHIEM

2.1. Héa chit dung cu

-Héa chat: Kém axetat (Zn(CH,COO),), bac nitrat
(AgNO,), kalipemanganat (KMnO,), amoniac (NH,), axit
cloric (HCl), hydro peoxit (H,0,), Amoni bicacbonat
(NH,HCO,), etylen glycol (CH,0OH),, kalidicromat (K,Cr,0,),
natrihydroxit (NaOH), axit sunfuric (H,SO,).

- Dung cu: May khudy tu, ta sdy, can phan tich, may
rung siéu am, 16 nung, may ly tdm, bép dién, gidy loc; c6c
chiu nhiét: 250ml, 500ml, 1000ml; pipet 5ml, 10ml, 50ml;
phéu thuy tinh; dda thuy tinh.

2.2. Téng hgp vat liéu

Hoa tan luong kém axetat va bac nitrat chuin bi vao
140ml etylenglycol trong c6c 500ml, ddt cOc trén may
khudy tu, khuay lién tuc trong 1gid, gia nhiét t&i 70°C.
Thém vao huyén phu thu dugc 20ml NaOH 0,5M, tiép tuc
khudy tur 4 gio 8 70°C. Phan (ing tiép tuc xay ra trong noi
hap c6 16p 16t Teflon & 160°C trong 20 gid. San phdm I3y ra
dugc rita bang nudc kha ion cho hét nhét réi ria lai bang
etanol, ti€p ly tam 6000 vong/phut trong 15 phut, roi dem
say kho & 60°C trong 8 gi®. Mau thu dugc sau nung tién
hanh thu héi dé trong lo thay tinh da rlfa sach, sdy khé va
day kin.

2.3. Quy trinh x{t ly Crom dugdi anh sang mat trgi

2.3.1. Diéu kién va quy trinh

Hoat tinh xdc tac cta hé vat liéu ZnO-Ag dugc thuc hién
trong diéu kién nhu sau:

+ Can 0,05g vat liéu, cho 100ml dung dich Cr®* (25mg/l)
vao coc thay tinh, thém vao 0,6 ml H,0,.

+ Hé thi nghiém dugc dat trong buic xa bang 4 dén dén
UVA mé phong anh sang mat troi cong suat moéi den la
15W c6 4-6% tia UV (budc song tur 340nm - 315nm).

+ Mau dugc ldy sau 140 phut, ly tam (6000 vong/phut)
trong 10 phut va do phé UV - Vis dé xac dinh néng d6 dung
dich con lai sau thoi gian buc xa.

2.3.2. Lap dudng chudn xdc dinh néng dé Cr®*

Pau tién, chudn bi dung dich Cr** dugc pha tu tinh thé
K,Cr,0O, trong nudc cat véi cac néng d6 khac nhau dé xac
dinh lap dudng chuén.

Pha cdc dung dich chudn néng d6: 10mg/l, 20mg/I,
30mg/l, 40mg/l, 50mg/l, 60mg/l va 70mg/I. Tién hanh quét
phé day dung dich Cr** chudn bang may quang phé
UVLambar 35 trong dai budc séng tir 200 dén 600nm, thu
dugc két qua nhu bang 1.

Béang 1. K&t qua do mét d6 quang ctia day dung dich chudn Crs* tir M1-M7

Mau M1 M2 M3 M4 M5 M6 | M7

((mg/1) 10 20 30 40 50 60 70

Abs 0321 | 0,660 | 0946 | 1348 | 1611 | 1,81 | 2,24
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Hinh 2. Bi€u d6 dutng chudn cia Cr*

Tu hinh 1 va 2 cho thay, trong khoang néng do Cr®* tu
10mg/l dén 70mg/l sy phu thudc ctia mat d6 quang vao
nong do Cr® la bac 1, phép do mat dé quang tuan theo
dinh luat Lambe-Beer. Vi vay, dé thi trén hinh 2 dugc s
dung lam dudng chuén cho phép phan tich do quang xac
dinh néng d6 Cr®* phuc vu cho muc dich nghién ctu tiép
theo.

Phuong trinh héi quy cda dudng chudn trén I3
y = 0,0312x + 0,0306 véi hé s6 tuong quan R*= 0,9944. Dua
vao dudng chuan nay dé tinh dugc néng @6 con lai ctia Cr*
trong dung dich khi biét cudng d6 hap thu quang trong
qua trinh thuc nghiém.

3. KET QUA VA THAO LUAN
3.1. Két qua chup SEM cua vat liéu

Vat liéu sau khi t6ng hgp va dugc dem nung & 600°C
trong 3 gid tao ra cac hat nano Ag cé kich thudc kha déng
déu nhau, cac hat nay cé su két hgp lién két véi cac hat
kém. C6 khoang tréng gitia cac khéi hat véi nhau lam cho
bé mat vat liéu tuong déi xdp, kich thudc trung binh hat
nano Ag nam trong khoang 40 - 50nm. Hat nano ZnO thu
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dugc ¢ hinh luc gidc, la cdu trdc ty nhién cdia ZnO, dudng
kinh ZnO dao doéng tur 50 dén 250nm. Nhing hat kich
thudc nhd hon 100nm chiém da s6. Cac phan tir nay cho
tinh chat quang xuc tac t6t. Su phan bé tueng déi déng
déu clia cac phan tir Ag trong ZnO c6 thé quan séat dugc
trén anh SEM & hinh 3 cho thay cac phan ti nano Ag bam
dinh Ién bé mat cta cac phan ti nano ZnO. Vat liéu sdp xép
hén dén tao ra nhiéu khoang tréng va 16 x6p.
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Hinh 3. Anh SEM mau vét liéu Ag-ZnO (ti 1& mol Ag:Zn0=3:10) & c4c d6 phan

gidi khac nhau

3.2. Két qua do EDX cua vat liéu
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Hinh 4. Két qua do EDX cla vat liéu

Tu hinh 4 ta thdy, trong phé EDX clOa vat liéu
nanocomposit Ag-ZnO da téng hgp c6 mat clia cac nguyén
t6 O, Ag, Zn. Ngoai ra, khéng thdy su c6 mat clla nguyén té
la. K&t qua nay ching minh su tén tai Ag trong mau va va
vat liéu thu dugc c6 dd tinh khiét cao.
3.3. Két qua chup UV-Vis

Vi vat liéu ZnO hédp thu & budc sdng 325nm, con budc
song hédp thu cta vat lieu ZnO-Ag trong khoang 370 -
430nm.
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C6 thé thay, khi pha tap Ag vao vat liéu ZnO - Ag thi
budc song dugc cai thién hon, budc séng hap thu méi nam
trong vung anh sang nhin thay.

0.20

0.18 4
0.16 4
0.14 4 ZnO

0124

Abs

0.10
0.084 ‘Ag—ZnO
0.06 4

0.04 T T T T
300 400 500 600 700

Budc song
Hinh 5. Két qua chup UV-Vis mau Zn0 va Zn0-Ag

3.4. Panh gia hiéu suat xi ly Crom (VI) trong méi truéng
nuéc
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Hinh 6. Hiéu sudt x{t Iy Crom clia cdc mau

Két qua bang 2 va hinh 6 cho ta thay, cac mau vat liéu
ban dau dugc dat trong bong t6i khudy 30 phut, néng dé
Cr* gidm khéng dang ké 2,295%. K&t qué nay cho thay Cr®*
khoéng bi khir khi dugc chiéu sang trong diéu kién khéng cé
xuc tdc ma do sy hap phu chat mau lén vat liéu xdc tac. Khi
chiéu sang va co6 xuc tac, ndong dé Cr®* gidm manh & cac
mau cho thdy hiéu qua quang xudc tac cta vat liéu, tuy
nhién ¢6 su khac biét kha rd khi st dung cac vat liéu khac
nhau cu thé nhu sau: Sau 140 phut chiéu sang hiéu suat
khir Cr®* d@6i véi mau chi c6 ZnO bang 8,216%, mau chua
Ag-ZnO (3:10) cho hiéu suat khir Cr®* cao nhat dat 56,57%.
Khi ty Ié Ag cang cao thi hiéu suat x ly Crom cling tang
theo. K&t qua chiing minh tinh chat quang xuc tac cda vat
liéu cé chira nano Ag cao hon so véi vat liéu ZnO khong c6
nano Ag. Nhu vay, su pha tap Ag lam tang hiéu qua quang
xUc tac cta vat liéu. Két qua nay cé dugc cé thé do su hinh
thanh cac dién tir khi phan ti nano Ag hap thu nang lugng
anh sang, déng thoi cac phan ti nay con la cac bay electron
do ZnO sinh ra lam Uc ché sy tai t6 hgp cac dién tich - 16
tréng dan dén su tang hoat tinh quang xuc tac.

Hinh 7 gidi thich co ché& xuc tac quang xt li Cr®* trong
dung dich nudc trén co s& vat liéu Ag/ZnO dudi anh sang
mat trai.
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Bang 2. Hiéu sudt xt 1y Crom clia cdc mau

Mau Mau In0 In0:Ag = 6:1 In0:Ag = 10:1 In0:Ag = 10:3 In0:Ag=12:1 In0:Ag = 22:1
khong | <330 | Sau140 | Sau30 | Sau40 | Sau30 | Sau140 | Sau30 | Sau140 | Sau30 | Saul40 | Sau30 [Sau140
vatliéu | gt phit phit phit phit phit phit phit phit phit phit | phit
khudy chiéu khuay chiéu khudy chiéu khuay chiéu khuay chiéu | khudy | chiéu
trong sang trong sang trong sang trong sang trong sdng trong | sdng
bong toi bong toi béng toi bong toi bong toi bong toi
Cuong do | 0,8106 0,792 0,74 0,788 0,498 0,789 0,53 0,788 0,35 0,789 0,64 0,79 0,73
hap thu ¢
373nm
Néng do 25 22,4 22,74 24,27 14,98 2431 16,01 24,27 10,24 243 19,53 2434 | 22,42
(r6+¢@
373nm
(mg/1)
Hiéu sudt 0 2,295 8,216 2,776 38,56 2,665 34,25 2,788 56,57 2,665 20,55 2,54 9,45
Xy

Solar Light

Hinh 7. Co ché xtic tac quang xi Iy (r5*

Do su khac nhau vé muc nang lugng Fermi, cac electron
sinh ra trong ZnO dugc chuyén dén Ag. Cac electron trén
bé mat Ag déng vai tro la tac nhan kha Cr(V1) thanh Cr(lll).

ZnO + hu — ZnO (h*) + ZnO (e)

Ag +Zn0O (3e) — Ag(3e) +2Zn0O

Cr** + Ag(3e) — Cr**+Ag

H,O0*+ h*— H" + H,0

Co ché nay lam sang t6 nhirng két qua thuc nghiém da
nghién ctu dugc & trén.

4, KET LUAN

Sau qua trinh nghién cdu téng hgp va khado sat anh
huéng cla ty Ié bac trong vat liéu nanocomposite ZnO-Ag
dén hiéu qua quang xuc tac dinh huéng tng dung xu ly
Cr®* trong nuéc thai thanh Cr** dudi anh sang mat trdi da
thu dugc nhiing két qua sau:

Téng hgp va khdo sat dic trung hinh théi cdu trac,
thanh phan, kha nang hdp thu anh sang cta vat liéu
nanocomposite Ag-ZnO bang cac phép do SEM, UV-Vis ,
EDX,... Qua két qua do SEM, ta thay hat nano Ag c6 kich
thudc dao ddng tu 40 - 50nm, hat nano ZnO ¢6 kich thudc

tr 50 - 250nm. Qua két qua do UV-Vis, ta thay khi ta dua bac
vao, budc song hap thu ctia ZnO dugc ma rong sang vung
anh sang kha kién.

Khao sat dugc anh hudng cla ty I&é Ag dén hiéu suat
phan hiy Crom dudi dnh sdng mat tr&i, nhan thdy mau véi
ty 1é Ag/Zn0O = 3:10 c6 hiéu sudt phan hiy Crom cao nhét la
56,57%. Nhu vay, khao sat da ching minh dugc rang ti lé
bac trong vat liéu nanocomposite ZnO-Ag cé anh hudng
téi hiéu qua quang xuc tac dinh hudng tng dung xi li Cré*
thanh Cr** trong méi trudng nudc dudi anh sang mat trai.

Két qua nghién ctru da gép phan lam hién thuc hoa hon
cac giai phap xt li 6 nhiém moi trudng, dac biét trong linh
vuc XU Ii nudc thai chda kim loai ndng Crom. Huéng nghién
clu nay cling ¢6 thé 1a mot con dudng mai, md ra nhiing
nghién ctiu sdu hon sau nay vé linh vuc (ing dung xuc tac
quang, tt d6 gép phan lam giam su tac dong clda hoat
déng cong nghiép dén moi trudng, cling nhu cudc séng
sinh hoat clla con ngudi.
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