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TOM TAT

Tong hgp thanh cdng xic tac quang Ag/Ti0, gan Ién vat liéu ndi bang
phuang phap quang véi kich thudc hat nano Ag tir 5 - 20nm bam. Diéu kién thoi
gian t6ng hop hat lai khac nhau cho théy sy phan bd Ag/Ti0, cling khac nhau va
@ thai gian 3 gid cho két qua hat phan bo dong déu. Cuing vdi d6, nong do AgNO,
phi hgp nhat 13 0,02 cho két qua 6n dinh. Két qua do BET cho thdy dién tich bé
mat riéng cta Ag la 147,6552m?/g, dién tich bé mat riéng tuong ddi lon. Viéc s
dung vat liéu xtic tdc quang hoa Ag/Ti0, dé xi li chdt mau hitu co trong nudc cho
hiéu qua cao ddi vdi xanh methylen 1%.

Tirkhéa: Ag/Ti0,, vit liéu ndi, phdn hiy xanh methylen

ABSTRACT

Successfully synthesized Ag/TiO, photocatalyst attached to the supernatant
by optical method with Ag nanoparticle size from 5 - 20nm. The different
hybridization time conditions showed that the Ag/Ti0, distribution was also
different and at 3 h, the seeds were uniformly distributed. Along with that, the
most suitable AgNO, concentration is 0.02 for stable results. The BET
measurement results show that the specific surface area of Ag is 147,6552 m*/g,
the specific surface area is relatively large.. The use of Ag/Ti0, photocatalyst
materials to treat organic pigments in water for high efficiency against 1%
methylene blue.

Keywords:Ag/Ti0, floating materials, decompose methylene blue.

'Lép Ky thuat Hoa hoc 1- K14, Khoa Cong nghé Héa, Truting ai hoc Cong nghiép
Ha Noi

2Khoa Cdng nghé Héa, Trudng Pai hoc Cong nghiép Ha Noi

“Email: vanthang1st@gmail.com

1. MG PAU

SU dung vat liéu xuc tac quang hoa trong xt ly chat 6
nhiém dang dugc nghién ctru va ap dung réng rai. Trong s6
cac chat xuc tac quang hoa, TiO, la chat xuc tac quang hoa
phd bién nhat vi TiO, c6 hoat tinh xuc tac cao, 6n dinh héa
hoc, khéng déc hai va ré tién [3, 4]. Tuy nhién, TiO, c6 nang
lugng vung cam 1én nén chi c6 mot phan nhod anh sang
mat tr&i chida tia UV (khodng 3 - 5%) c6 thé dugc st dung

[5]. Mat khac, thoi gian tai két hgp gilra dién ti va 16 tréng
quang sinh trong TiO, cao dan tdi gidam hiéu qua xuc tac
quang hdéa cda TiO, [6]. P& nang cao hiéu qua cla phan
Ung xuc tac quang hoa, phai gidm nang luong ving cam
cta TiO, va tang thaoi gian phan chia dién td va 16 trong
quang sinh cda TiO,. M6t trong nhiing cach hiéu qua nhat
dé cai thién hoat tinh xuc tac cta TiO, la bién tinh bang kim
loai hoac phi kim loai dé lam gidm nang lugng vung cdm,
dan dén thay d&i phd hap thu vé budc séng anh sang cla
vung kha kién [7, 8]. Cac két qua nghién ctu cho thay Ag,
Cr, Cu, Fe va Mn, Ni la cac kim loai cho két qua t6t nhat [9].
Han nita mét s6 nghién cu cho thay TiO, bién tinh déng
thai hai nguyén t6 sé cho hiéu sudt xdc tdc quang hod cao
han khi chi bién tinh chi mét nguyén t6 [10-12].

C6 nhiéu phuong phap diéu ché vat liéu TiO, bién tinh
bang kim loai kha phong phu nhu: sol - gel, khi, thay nhiét,
nhi tuong... Ngoai ra, phuong phap nhiém xa tia X dung dé
bién tinh vat liéu TiO, bang kim loai dugc st dung gan day
[13]. Phuang phap chiéu xa bién tinh TiO, bang kim loai trén
€d sG phan ly nudc dudi buc xa tia X tir dén UV tao cac goc
khr manh, cac géc khir nay khir cac ion kim loai thanh kim
loai kich thudc nano, cac kim loai nano nay thay thé xen ké
vao trong mang ctia TiO, hodc bam trén bé mat TiO, lam gia
tang hoat tinh quang héa cuta TiO,. Khr ion kim loai thanh
kim loai bang tia buic xa la phuong phap hiéu qua véi nhiéu
uu diém nhu: qué trinh ché tao tién hanh & diéu kién thudng,
dé kiém soat thong qua diéu chinh liéu xa, san pham tao ra
c6 d6 tinh khiét cao, khong chiia chat khir va ion kim loai du,
6 thé diéu chinh kich 4 thudc hat théng qua lua chon néng
dé ban dau, hodc sir dung mam di thé, c6 thé ap dung ché
tao qui mé I6n vdi gia thanh canh tranh, quy trinh san xuat
dap Ung yéu cau san xuat sach... [14]. Chinh vi vay viéc
nghién ctiu téng hop, t8 hop, phéi tron dé ché tao ra nhiing
san pham, vat liéu mdi, uu viét hon, phuc vu ddi séng con
ngudi clng nhu Ung dung trong cac nganh cong nghiép,
hang tiéu dung, dung cu chiia dung thuc phdm. Mot loai vat
liéu viia c6 khéd nang khang khudn nhung déng thdi ciing
phé bién va gia thanh sdn pham thap sé la mot vat liéu
nanocomposit dugc quan tam.
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2. HOA CHAT VA PHUONG PHAP NGHIEN cUU
2.1. Héa chat

TiO,: Ham lugng 99,5%; kich thudc < 100nm, Trung
Quéc; AgNO,: Ham lugng 99,5%; Trung Quéc; FeCl,.4H,0,
FeCl;.6H,0, Trung Qudc; NaOH khan, Trung Quéc; Xanh
methylene 1% cta hang HD Pharma.

2.2. Phuong phap nghién ctiu

* Téng hop xuic tdc quang héa Ag/TiO, trén bé mdt vt
liéu néi

Can 0,1g TiO, va cac néng dé clia AgNO; lan lugt ti
0,01M dén 0,04M cho vao trong céc thay tinh chia 100ml
nudc cat roi cho cée thay tinh ¢6 chda hén hgp ZnO va
AgNO, lén may khuay tir cé con khudy, khay trong thai gian
khdo sat tir 5 gis dén 7 gid duédi anh sang cta dén UV. Dé
lang loc phan chat ran phia dugi dem di sdy & 95 - 100°C
dén khi kho.

Mau hat lai dugc dem di do UV-VIS, TEM &€& danh gia
kich thudc hat, kha nang phan tan cta vat liéu.

* Thir khd ndng phdn hidy chdt mau hiru co nhu
methylene blue

Chuén bi cac céc dung tich 250ml, mbi céc chira 100ml
dung dich xanh methylene c6 néng d6 10ppm. Cho hén
hgp bag, titan oxit bam trén day thing sgi day vao c6c chura
100ml dung dich xanh methylen c6 néng dé 10ppm. Khudy
trong béng t6i 30 phut dé dat su can bang hap thu va su
phan tan déu cla cac hat xdc tac. Cac dung dich huyén phu
nay dugc chiéu sang truc ti€p bang dén compact 40W
trong diéu kién khudy lién tuc trong suét qua trinh phan
Ung va béng dén dugc dé cach dung dich phan ung
khodng 20cm, véi thai gian thuc hién phan Ung quang héa
Ia 150 phut. Sau thai gian phan hay, cdc dung dich dugc li
tam tach loai bét xuc téc, ti€n hanh do mat d6 quang trén
may do quang & budc séng 665nm va dua vao dudng
chuén dé suy ra ndng do xanh methylene trong dung dich.
3. YEU TO ANH HUGNG DEN QUA TRINH TONG HOP XUC
TAC TREN VAT LIEU NOI
3.1. Anh hudng clia anh sang dén qua trinh téng hop
xuc tac quang Ag/TiO,

Bang 1. Anh huéng ciia diéu kién &nh sang dén qué trinh tong hop hat lai

Diéu k'ién anh Kich thft(rc hat hat Sy phan b6 Ag/Ti0,
sang lai (nm)
Khdng énh séng 4-7 Hattaorait
Anh séng mit troi 6-12 Phan tan dong déu
Chiéu den 5-10 Phan tén chua dong déu

Ta thdy, khi diéu kién anh sang thay déi thi kich thudc
hat va su phan bé cha bac trén TiO, cling thay déi. Qua
trinh téng hop hat lai trong diéu kién anh sang yéu thi sy
phan tan cha hén hgp bac, titan oxit trén day thing la
khong déng déu hoac rat it hat dugc tao ra, kich thudc hat
nho nhung khi diéu kién anh sang manh hon thi kich thudsc
hat tao ra I6n han, phan bé déng déu hon. Nhu vay qua
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trinh téng hop hat lai ¢ chiu tadc ddng cla diéu kién anh
sang. Do vay diéu kién anh siang thuan lgi cho qua trinh
téng hop hat lai la diéu kién anh sang mat trdi.
3.2. Anh huéng cta thai gian phan ting

Bang 2. Anh hudng clia thai gian dén qud trinh tong hop hat lai

Théi gian tong hop Kich thudc hat hat lai Su phan bo
hat lai (gio) (nm) Ag/Ti0,
1 Hat tao rarat it Hattaorait
2 4-15 Phan tan chua déu
3 5-20 Phan tan dong déu
4 13-25 Cocum

Kich thudc hat hat lai, su phan bé clia cac hat nano bac
trén bé mat clia chat mang TiO, cla hat lai phu thuéc vao
thdi gian t6ng hop hat lai. Néu thoi gian t6ng hgp hat lai
qué ngan thi cac hat nano Ag chua c6 nhiéu va kha nang
bam chat trén bé mat hat titan oxit trén day thing la thap
tU do6 lam cho hoat tinh ctia hat lai khéng cao, d6 chon loc
cta phadn Ung thap, tao nhiéu san pham khéng mong
muén, hiéu suat phan Ung thap. Néu thdi gian téng hop
qua dai thi sé gay ra hién tugng co cum cuc b tir d6 ciling
lam cho dién tich bé mat hat lai gidm. Do vay chon thoi
gian cho qua trinh t8ng hgp hat lai 1a 3 gid cho cac qua
trinh khao sat tiép theo.

3.3. Anh huéng ciia néng d6 AgNO,

Phan tng dugc tién hanh & diéu kién c6 dinh cac yéu to
khac chi thay d6i ndng d6 clia dung dich AgNO; lan lugt 1a
0,01; 0,02; 0,03; 0,04(M).

Bang 3. Anh huding clia ndng do AgNO, dén qua trinh tong hop hat lai

dng d (M)
> 0,01 0,02 0,03 0,04
Tinh chat
Kich thudchat |\ orait | 1020 | 2040 | 40-60
nano bac( mm)
ik Khdng 6n Phantén | Phantdn
B0 phan bo dinh dong déu | dong déu Cocym
D6 6n dinh Khong 6n dinh | On dinh Gn dinh On dinh

Qua qua trinh khao sat cho thdy khi ndng d6 bac nitrat
cang thap kich thudc cac hat nano bac cang nho, lugng tao
ra it, 46 phan bé chua déng déu, d6 n dinh chua cao. &
néng d6 phan lng cao hon thi kich thudc hat tang dan,
lugng hat tao ra nhiéu han, dé phan bé va dé én dinh cling
cao hon. Trong thuc nghiém nay, nong d6 dugc st dung la
0,02(M) vlra ddm bao dugc kich thudc nano cla hat bac vua
dam bao dugc yéu t6 kinh té (chi phi téng hgp). TU két qua
khao sat lua chon néng d6 dung dich AgNO; trén x6p la
0,02M dé cho cac qua trinh khao sét tiép theo.

3.4. Pac trung ciu tric cta vat liéu xic tac quang

a) Két qud XRD

V6i cac mau Ag/TiO, ¢ ham lugng Ag ban dau 0,5% va
1,0% thi trén gian dé XRD khéng thé hién cac dinh nhiéu xa
cta Ag. Cac mau chiia ham lugng Ag ban dau 1,5% va 2,0%



SCIENCE - TECHNOLOGY

€6 su xuat hién cac dinh nhiéu xa clia Ag & cac goc 38,1° va
44,2° (ing vGi mat phédng tinh thé va tuong dng. Cac dinh
nhiéu xa thé hién cho Ag tuong déi yéu vi ham lugng Ag
trong mau thap.

7 Ag(111)

A

A: Anatase

R: Rutile

Cuong d¢ (a.u)
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Hinh 1. Gidn d6 XDR ctia vat liéu

b) Anh SEM va gién d6 EDX

Hinh 2. Anh SEM ctia vat liéu Ag/Ti0, trén ddy thimg

Tu két qua cta phuang phap SEM (hinh 2) ta c6 thé thay
cac hat c6 hinh dang la cac khoi da dién cé hinh thu khac
nhau. Cac hat xuc tac co kich thudc tuong déi dong déu va
¢6 cau tric bé mat x6p hon, bén canh d6 chung ta thay ré
su xudt hién cac hat nano Ag phan tan trén bé mat chat
mang TiO,. Qua két qua do SEM clia mau hén hop bag, titan
oxit trén day thiing cho thay qua trinh phgi tron vat liéu da
thanh céng

Hinh 3. Gian do EDX clia mau Ag ,/Ti02 va Ag, /Ti02

Gian d6 EDX clia mau Ag1.0/TiO, va Ag1.5/TiO, trong
vung nang lugng lién két tir 0 - 10keV (hinh 3) cho thay: tin
hiéu ctia Ti, O va Ag tuong ung la 5,508; 0,525 va 2,983keV.
Chiing té trong mau Ag/TiO, ¢ su c6 mat clia nguyén té
Ag. Ngoai ra, mau chi bao gém cac nguyén té Ti, O, Ag
chiing t6 mau sau khi dugc ché tao khéng lan cac tap chat
khac.

¢) Két qud BET

Surface Area
Single point surface area at p/p*= 0.249546632: 143.8554 mlg

BET Surface Area: 147.6552 mlg

» 1-Plot Micropore Area: 37.0847 milg

1-Plot External Surface Area: 110.5705 mg

BJH Adsorption cumulative surface area of pores
between 1.7000 nm and 300.0000 nm width: 107.4479 mg

: BJH Desorption cumulative surface area of pores
i between 1.7000 nm and 300.0000 nm width: 113.6917 mg

fn Pore Volume
: +Plot micropore volume: 0.016119 cmlg

BJH Adsorption cumulative volume of pores
between 1.7000 nm and 300.0000 nm width: 0.566565 cm*/g

BJH Desorption cumulative volume of pores

AV between 1.7000 nm and 300.0000 nm width: 0.518622 cm*/g

Pore Size
BJH Adsorption average pore width (4V/A): 21,0917 nm

L " n u

" " "
S BJH Desorpton average pore width (4V/A): 18.2466 nm

Hinh 4. Bung déng nhiét hép phu - gidi hap N, 6 77°K cla vét liéu hat lai
Ag/Ti0, quang

Hinh 4 cho thay dudng ddng nhiét hap phu va khir hip
phu N, ctia cac mau hat lai hén hgp bag, titan oxit trén day
thiing quang c6 dang VI (theo phan loai IUPAC) dac trung
cho vt liéu c6 cau trdc mao quan trung binh.

* Dién tich b&é mat riéng ctla mau vat liéu hat lai hén
hop bac, titan oxit trén day thing

Dién tich bé mit rieng cla Ag la 147,6552m?/g. Do vay,
gia tri dién tich bé mat riéng ctia vat liéu hat lai hén hgp bac,
titan oxit la tuong déi I6n. Nguyén nhan la do cac hat TiO, ¢6
dd x0p cao, cac hat Ag bam trén bé mat. Mao quan tao
thanh do cac hat hat lai sdp xép Ién nhau (day dugc goi la
mao quan ngoai) nén dién tich bé mét riéng tuong doi l6n.

d) Anh TEM

Anh TEM (hinh 5) cho thay rdng cac hat nano Ag da
phan tan va bam déu trén bé mat chat mang nan TiO,,
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Hinh 5. Anh TEM ciia vt liéu lai quang Ag/Ti0,
4. KET QUA PANH GIA HOAT TiNH QUANG XUC TAC
CUA VAT LIEU Ag/TiO, TREN VAT LIEU NOI VOI SU PHAN
HUY CUA XANH METHYLENE

95.8
94.5
94
92 91.8
%0 88.6
H% 88
86 85.1
84
82
80

0,01M 0,02M 0,03M 0,04M 0,05M
nAg/TiO,

Hinh 6. Hiéu sudt x( [y xanh methylene v6i cac ham lugng nano bac khac nhau

Tu két qud nay, co thé thay viéc tang dan luong AgNO,
da lam tang manh hiéu suat phan hay xanh methylene va &
gia tri pha vao 0,05(M) AgNO,, chat xuc tac quang c6 hoat
tinh quang xuc tac cao nhat. Khi ty 1& mol AgNO, tang tu
0,01M dén 0,05M, hiéu suat xi ly xanh metylen tang tu
85,1% dén 95,8%.

Két qua nay c6 thé giai thich nhu sau: Qua trinh nay lam
gidm su tai t6 hgp electron va 16 tréng mang dién tich
duong (h*) trén bé mat TiO,. Do dd, khién cho dién tir dé
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dang chuyén Ién vung dan hoic 16 tréng dé dang di
chuyén xuéng vling hoa tri.
5. KET LUAN

Nghién ctiu ché tao thanh cong xuc tac quang Ag/TiO,
trén bé mat vat liéu néi. Pugc tién hanh vaéi cac diéu kién
nhu sau: diéu kién anh sang mat trdi, thai gian tién hanh
téng hgp 6 git, néng d6 cia AgNO, 0,02M, sau khi log, ria,
say kho thu dugc vat liéu hén hgp bac, titanium (IV) oxit
trén day thung sgi day.

Xac dinh cac tinh chat héa ly déac trung cda vat liéu
bang cac phuong phap hién dai nhu : XRD, SEM va BET. Két
qua cho thay hén hop bac, titanium(IV) oxit trén day thiing
c6 dién tich bé mat tuong d6i I6n la 147,6552 m?/g

Thir kha nang phan hay chat mau hiu cg cda vat liéu
xuc tac quang Ag/TiO, (chat mau & day la Xanh methylen)
dudi diéu kién anh sang mat troi. K&t qua cho thdy xuc tac
quang Ag/TiO, bam t6i trén vat liéu ndi trong moi trudng
nudc va cho kha nang phan hay Xanh methylen tét.
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