Nghién ctru khoa hoc céng nghé

NGHIEN CU’U CHE TAO VAT LIEU XUC TAC QUANG HOA
TiO,/GO IP'NG DUNG XU’ LY PHAM MAU DB71 TRONG
MOI TRUONG NUYOGC
NGUYEN MANH TUONG

1. MO PAU

Titan dioxit (TiO,) 1a chét ban din, bén hoa hoc, khong doc va ¢ kha niang thyuc
hién cac phan tmg quang xiic tac trong ving tir ngoai, duge ding dé xir Iy cac hop
chit hitu co bén. Tuy nhién cac tmg dung trong thuc tién cia TiO, con han ché vi chi
c6 nhitng birc xa tir ngoai, chiém khoang 4% birc xa mit troi, tng voi cac photon cé
nang luong 16n hon 3,2 eV mdi dugc hip thu va tao ra hiéu qua quang hoa. Do d6
viéc md rong vung hoat dong ctia TiO, tir tlr ngoai sang kha kién 1a can thiét.

Graphen oxit (GO) 1a graphit don 16p ¢6 gan thém céc nhom chic chira oxy
nhu: hydroxyl, epoxy, cacbonyl, cacboxyl... trén bé mit [1]. Nho ¢6 thém cic nhom
chirc chita oxy nén kha ning phan tng ctua GO ting lén rat nhiu, dong thoi lam
tang thém khoang cach gitra cac 16p GO va lam tang thém tinh va nudc cua GO. GO
c6 nhiing dac diém ndi bat nhu: Dién tich bé mat riéng 16n, tinh wa nudc va tinh
tuong thich sinh hoc cao nén GO duoc tng dung vao nhiéu linh vic khac nhau nhu:
cong nghé vat liéu, cong nghé mang dé san xuét nhién liéu sinh hoc, linh vuc y té,
cong nghé sinh hoc va xur Iy méi truong [2].

GO c¢6 hiéu ng rat tich cuc voi TiO,, dan dén hinh thanh mét hé xac tac co
hoat tinh quang hoa manh ngay trén bé mat. Bién tinh TiO, biang GO duoc quan tim
nghién ctru do TiO,/GO c6 hoat tinh xtc tac cao dbi voi qua trinh phan huy hop chat
hiru co & ving kha kién [3]. Trong bai bao nay, TiO, duoc tong hop bang phuong
phap sol-gel va duoc bién tinh boi GO. Pic trung cu trac cua vat lidu di duoc
nghién ctru. Hoat tinh quang xtic tic dugc khao sat v6i phdm mau Direct blue 71
(DB71) trong viing anh sang kha kién.

2. THUC NGHIEM
2.1. Nguyén liéu, thiét bi
2.1.1. Nguyén liéu

Graphit, H,SO4, H3PO4, HNO3;, KMnOy, Etanol, TiOT (tetra isopropyl ortho
titanat). Pham xanh DB71 (C40H23N7Na4013S4) déu 1a hoa chét tinh khiét phan tich.

2.1.2. Thiét bj
- Bén compact chit U, 25W (hang Philips)
- May do do hap thu quang: UV- VIS-Lambda- Perkin Elmer - 12
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- May chup SEM: Jeol 5410 LV.

- May chup HR-TEM: Jeol - JEM 1010 - Japan.

- Méy chup ph6 XRD: D8 - Advance 5005.

- May chyp phé FT- IR: U-4100 Spectrophotometer (Solid)
2.2. Tong hop vt liéu

2.2.1. T 5ng hop graphen oxit theo phwong phap Tour

Tron hdn hop H,SO4 va H3PO4 vio binh cau theo ti 18 thé tich tuong tmg 1a
9:1, dat trén khay da lam lanh. Khéi lugng graphit va KMnO4 dugce can theo ti 1€
twong tmg 14 6:1. Ti 1¢ thé tich hdn hop axit : khdi lwong graphit tuong tng 1a
100ml: 1g graphit. Cho graphit vao hdn hop axit, khudy nhe cho t6i khi phan tan déu,
sau do lam lanh bﬁng nude da sao cho nhiét do ctia hé khong qua 10°C. Khi nhiét do
ctia hé dat t&i 10°C bat dau thém tir tir KMnOy4 vao hdn hop, tiép tuc khudy thém 10
phiit nira ¢ dam bao hdon hop graphit va KMnOy phan tan déu trong hdn hop axit.
DPun néng hon hop & khoang nhiét do 70°C+80°C trong thoi gian 3 gio. Hon hop sau
phan Gng duoc 1am ngudi t6i nhiét 4o phong, pha lodng hdn hop bing nudc cét
trong cbc thé tich 21. Khi pha lodng cht y khong dé nhiét d6 ciia hdn hop vuot qua
70°C. Rira hdn hop bang HC1 5% cho dén khi hét KMnO,. Sau d6 hdn hop duoc rira
bang nudc cat cho dén khi dung dich vé méi truong trung tinh. Trong 3 1an rira cubi
cing, san pham va nude duoc dua vao thiét bi siéu am, siéu am trong vong 20 phut,
sau d6 1i tim va lam khé thu duoc san pham GO.

22.2. T, 5ng hop vit liéu nano compozit TiO»/GO
Dung dich A: Lay 66 ml etanol vao phéu nhé giot, thém 12 ml TiOT 97% lic déu.

Dung dich B: Liy 4 ml H,0, 34 ml etanol 99%, 2 ml HNOs 68% va 1 lugng
GO xéc dinh cho vao cdc thuy tinh 250 ml.

Nho tir tir dung dich A vao dung dich B véi téc d6 khudy 300 vong/ phut tai
nhiét 6 25°C. Hon hop duoc khudy lién tuc trong 2 gioy, dé gia hoa 48 gid, sau d6
sdy kho trong chan khong & 80°C trong vong 24 gid. Pem nung trong khi tro &
450°C trong 2 gio, ta thu dugc vat liéu TiO,/GO.

2.2.3. Khdo sdt khd nang xi Iy phdm mau DB71

2.2.3.1. Chudn bi dung dich

Tién hanh khao sat kha ning xir Iy pham mau DB71 bang cach pha cac dung
dich phdm mau DB71 trong nudc cit & ndng d6 20 ppm, 200ppm va 400ppm... Budc
song c6 do hap thu quang cuc dai dbi véi pham DB71 14 555 nm.
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2.2.3.2 Khao sat anh huong cua ti l¢ TiO,:GO

Can chinh Xé.C‘ 50 mg cac mau xuc tac TiO»/GO véi ti 1& khdi luong Ti0,:GO
khéac nhau, ki hiéu lan luot 1a T102/GO(1 1)» T102/GO(1 51y, T102/GO(2-1)) cho vao céac
binh nén chira 100ml dung dich pham mau DB71 ndng d¢ 20 ppm. Thoi gian khao sat
la 90 phut, dung dich khudy lién tyc. Dung dén compact chiéu sang dung dich phan
ing, cach bé mit dung dich 20 cm. Cir sau 10 phat tién hanh 14y mau dung dich, dem
loc, roi do quang dé xac dinh nong @6 pham mau C; sau thoi gian phan g t (phut).

2.2.3.3. Khao sat anh huong cua pH

Can 100 mg xuc tac TiO2/GO( 5.1y vao cac binh non chtra 100 ml dung dich
DB71 ndng d6 20 ppm & pH = 2, 4, 6, 8. Thi nghiém tién hanh trong 60 phut, dung
dich duoc khuay lién tuc. Chiéu dén va lay mau xac dinh nong do pham mau C; sau
thoi gian phan Ung t (phat).

2.2.3.4. Khao sdt khd nang xir 1) pham mau khi chiéu sang va khéng chiéu sang

Can chinh xdc 50 mg cac loai xuc tac GO, TiO; va TiO2/GOq 5.1y vao binh nén
chira 100 ml dung dich DB71 nong d6 20 ppm, di€u chinh vé pH = 4. Thi nghiém
tién hanh trong 90 phut. Chiéu deén va lay mau xac dinh nong d6 pham mau C; sau
thoi gian phan Ung t (phut).

Khao sat kha ning khong duoc chiéu sang bang cach dung gidy bac bit kin hé
phan tmg va khong dung dén compact. Hiéu suat xir Iy pham mau cua vat liéu theo
thoi gian dugc tinh theo cong thuc:

H(O/)—C" £t%100

trong d6: C, 12 ndng do pham tai thoi dlem ban dau (ppm);
C, 12 ndng d6 pham tai thoi diém t (ppm).

3. KET QUA VA THAO LUAN

3.1. Panh gia cac dic tinh cia vat liéu ché tao dugc

Kinh hién vi dién tir quét SEM dugc dung d¢ dénh gia hinh thai hoc cta vat
li¢u thu dugc. Két qua dugc trinh bay ¢ hinh 1.

SEI MKV WDllmm SS37

Sample

a) Graphit b) GO C) TiOz/GO(l_l)
Hinh 1. Két qua chup anh SEM cua GO va TiO,/GO(1.1)
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Két qua chup anh hién vi dién tir quét trén hinh la cho thiy graphit ban dau la
cac 16p day chua bi phan 16p, bé mat khong x0p con GO (hinh 1b) sau khi tong hop,
cac 16p duoc tach 16 rang. GO c6 chiéu day tir 7-10 nm. Vi vat liéu T102/GO(1 )
(hinh lc) cac hat TiO; co kich thu6c tuong dbi dong déu va co dang hinh cau sip
xép déu trén cac phlen GO. Cac hat TiO, thu duoc c6 kich thudc kha nho, bé mat vat
lidu twong d6i dong nht.

Phuong phap phd hong ngoai duoc ding dé xac dinh cac nhom chire trén bé
mat GO. Két qua dugc trinh bay ¢ hinh 2.

ey . - ——

Hinh 2. Két qua chup pho IR cua vat liéu GO va TiO»/GO 5.1y

Két qua chup phd IR cho thay vat liéu GO va TlOz/GO(l 5.1y khong co su khac
nhau dang ké. Véi GO xuét hlen cac pic & 1730, 1629 cm™ dic trung cho lién két
C=0, pic ¢ 1384, 1070 cm” U dac trung cho lién két -C-0-, -C-C, pic dac trung &
3568 cm™ vé6i chan pic rong dic trung cho dao dong cua lién két -OH (trong nhom
-COOH). Piéu nay chiing t6 cac nhom chirc -COOH, CO -OH d3 duoc gin trén bé
mat cua graphen. V&i TiO»/GOg. 2), pic ¢ 549,71 cm’ ! d3c trung cho dao dong cua
lién két -Ti-O, diéu nay cho thiy viéc gin thanh cong cac hat TiO, trén bé mit cua
vat ligu.

Ciu trac cia vat lidu con dugc xac dinh bang phé Xray. Mau TiO, va
TlOz/GO(l -2y dugc chup tai khoa Hoéa truong Dai hoc Khoa hoc Ty nhién-Dai hoc
Quoc gia Ha N6i cho hinh anh phé nhu trén hinh 3.
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a) T102 b) TiOQ/GO(l_z)
Hinh 3. Gian d6 nhiéu xa Xray cua vat liéu TiO; va TiO2/GOqi-)
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Tir gian @6 XRD cuia mau TiO»/GO( 5.1y ta thay xuat hién pic tai cac vi tri 20 =
25,26° 37,78% 48,00°% 53,90°% 53,92° va 62,52° dic trung cho cau truc TiO, & dang
pha anatase. Piéu nay chtng t6 qua trinh dua xtc tic TiO, 1én GO khéng lam thay
ddi thanh phﬁn pha cua vat li¢u. Bén canh sy c6 mat cua TiO; con xuét hién cac pic
tai vi tri 36,97°, 38,52°, 51,92°, 62,18°, 68,83° dic trung cho cau trac GO.

Khdao sat sy phan huy nhiét cua vat liéu dugc tién hanh trong moi truong
khong khi vé6i tc do gia nhiét 10°C/phut. Két qua duoc thé hién trén hinh 4.
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Hinh 4. Gian do phén tich nhiét cua TiO»/GO( 5.1

Két qua phan tich nhiét trong lugng TGA cua vat lidu TiO»/GO 5.1, dugc thé
hién ¢ hinh 4. Theo két qua nay, tir 60-130°C c6 sy giam nhe khoi lwong do hién
tuong mat hoi nude trén bé mat vat liéu. O giai doan nay trén duong DTG xuét hién
mot dinh thu nhiét. Giai doan mat khdi lugng tiép theo 1a tir 130+250°C 1a do su
phan huy cic nhom chirc epoxy va cacboxyl trén GO. Giai doan tir 250+400°C 1a do
su phan hay cac nhém chtic chira oxy bén hon nhu cacbonyl va hydroxyl. Tir 400°C,
nguyén tir cacbon bit dau bi chay.Trén duong DTG xuét hién mot dinh thu nhiét &
450°C. O nhiét d6 nay GO di bi chay hoan toan. Nhiét do phan huy cua TiO, kha
cao (trén 1800°C) nén két qua khong thé hién sy phan hiy cua TiO,. Do d6 60%
khéi lwong chit rin con lai duoc nhan dinh 13 phan TiO,. Két qua nay phu hop voi
lwong TiO, dua vao ban dau trong hdn hgp compozit.

3.2. Két qua khao sat kha ning xir Iy phAm mau DB71
3.2.1. Anh huéng ciia ti 1¢ GO: TiO, dén hoat tinh xiic tic

Dé danh gia anh hudng cua ti 16 GO:TiO, dén hoat tinh xuc tac, tién hanh khao
sat kha l’lil’lg XU 1}'/ phém mau cua Vé.t héu TiOz/GO(l_l), TiOz/GO(l’s_l), TiOQ/GO(z_l).
Két qua thé hién ¢ hinh 5.
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Hinh 5. Hiéu suét xtr 1y phdm mau ciia TiO»/GO véi cac
ti 1€ GO:TiO; khac nhau

Két qua khao sat chi ra rang sau 30 phut dau tién, kha nang xir Iy mau cua cac
vat liéu 1a rat tot, hiéu qua dat hon 90%. TiO»/GO 5.1y mang lai hiéu qua xur 1i tot
hon so véi Ti02/GOy.1y va TiO2/GO . 1y. Diéu nay c6 thé giai thich do ti 1& cacbon
nhiéu s& can tro sy tiép xic véi anh sang ciia cac hat xuc tac TiO,, ngoai ra du thira
cacbon co thé tao diéu kién thuan loi cho viéc tai két hop cua electron va 16 tréng,
dan dén giam kha ning xuc tic quang cua vat liéu trong viing dnh sang nhin thay [5].

3.2.2. Anh huéng ciia pH dén khd néng xiv Iy phdm mau ciia vit ligu TiO/GO
Két qua khao sat anh huong cua pH dén kha nang xt Iy phdm mau DB71 d6i
v6i vat duoc thé hién trén hinh 6.

higu su_fat xi 1¥ (%)
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—®— pH=2
60 —— pH=4
— pH=6

40
pH=8

20

0 T T T T T |
0 10 20 30 40 50 60 70

théi gian (phut)

Hinh 6. Anh huong ctia pH dén kha niang xtr 1y DB71
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Két qua nghién ctru nay cho thiy sau thoi gian 60 phat, luong phim mau trong
dung dich ¢6 pH = 4 da bi phan huy hoan toan (100%) trong khi d6 dung dich c6 pH
lan lugt 1 2, 6 va 8 thi lugng phadm mau bi phdm mau bi phan huy thdp hon. Theo
mot s6 tai liéu di cong bd pH diém dang dién (pHpzc) cua TiO; 1a 5,9. Khi pH< pH,,,
bé mat vat liéu tich dién duong. Tinh quang xuc tac cua TiO; s€ tdt hon néu pH thép
hon pH tai diém dang dién. Khi d6 bé mit xtic tac ¢6 nhiéu gdc tu do OH hon, ¢
loi cho sy phéan huy cac hop cht hitu co.Tuy nhién néu pH qua thap thi [H'] s& vuot
mot ngudng nao d6 1am giam tdc do phan tmg. Hon nita cac phdm mau azo DB71 1a
cac mudi cua axit hitu co da chirc. Vi thé pH cua dung dich s& anh huong dén dang
ton tai ciing nhu dang tich dién ctia pham mau trong dung dich. Diéu nay phu hop
v6i nhan dinh kha nang xir 1y pham nhudm cta vat liéu trong méi trudng co tinh axit
13 tt hon so véi trong méi trudng kiém [4].

3.2.3. Kha nang xw ly phtfm mau khi khong duoc chiéu sang cuia vit liéu

bé chting minh hoat tinh xuc tac trong vung UV-VIS cua vat li¢u, tién hanh
khao sat kha nang xtur ly phém mau cua cac vat liéu TiO,, GO, TiO»/GO 5.1y trong
bong tdi. Két qua trén cho thay trong bong tdi hiéu suat xir Iy pham mau ctia cac vat
liéu thdp hon nhiéu so v6i khi chiéu sang bang dén compact (hinh 7). Kha ning xir
ly phém mau trén vat liéu TiO»/GO( 5.1y cao hon kha nhiéu so véi vat liéu GO va
TiO,. V6i nong d6 pham mau DB71 1a 20 ppm, thé tich 100ml, lwong xuc tac 1a
50mg, sau 40 phut chiéu sang, hiéu sudt xir 1y dung dich DB71 cua vat liéu
Ti02/GO(; 5.1y dat 99%, con GO dat 25% va TiO, dat 20%. Khi khong chiéu sang,
hiéu sudt xur ly phém mau DB71 cao nhit cua vat liu TiO,/GO; chi dat khoang
50%. Luong pham mau giam d6i voi vat liéu GO dugc dy doan 1a do qua trinh hap
phu. Vit liéu GO-TiO, c6 hiéu suét xtr Iy cao hon han TiO, da ching to viéc dua
GO 1én TiO, d3 mé rong vung cim cuia TiO; sang ving 4nh sang nhin thay.

Hiéu suat xir v (%)

100

—— GO ( khéng chifu séng)
—— GO ( chifu séng)

#— GO - TiIO2 (khéng chi€u séng)
= GO -TIO2 ( chigu séng)
~—d=—TiO2 (khéng chiéu sing

TiO2 (chi€u séng)

80

60

60 80 100
thin gian (pht)

Hinh 7. Hiéu suat xur 1y pham mau cua cac vat liéu dugc chicu sang
va khong dugc chiéu sang
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Co ché xtic tic quang hoéa cua vat lidu co thé duoc giai thich nhu sau: Thir
nhét, dya trén sy kich thich ctia cac phan tir pham nhudm, trong d6 cac phan tir ndy
hoat dong nhu cac chét nhay véi anh sang kha kién va electron bj kich thich s& di
chuyén tir cac phén tir ndy dén cac chat nhan electron tré thanh cac gdc cation, sau
do6 s€ tu phan huy hoac bi phan huy boi cac phan ung oxi hoa. Electron hoa tri cia
TiO, c6 thé bi kich thich 1én ving din s& dé lai cac 15 trong & ving hoéa tri. Thir hai,
dua trén su kich thich ctia vat liéu ban dan khi dugc chiéu sang dé tao ra céc electron
quang sinh va 13 tréng. Céc electron quang sinh di chuyén dén bé mat cua hat xtc
tac, phan (mg véi oxi hoa tan va sinh ra cac gbc ty do OH'. Cac 15 tréng mang dién
dwong co6 thé phan tng véi cac ion OH™ trong nudce dé hinh thanh cac gbc tu do
hydroxyl. Cac gbc tu do nay 1a cac tac nhan oxi hoa manh s& truc tiép tham gia vao
phan tmg oxi hoa cac phan tir pham nhudm.

4. KET LUAN

Pi tong hop thanh cong vat liéu GO di tir tién chat graphit ban dau theo
phuong phap Tour va cdy thanh cong nano TiO, 1én GO. Vit liéu t6 hop TiO,/GO
da dugc nghién ctru cac dic trung ciu tric va khao sat kha ning quang xuc tac trong
xtr 1y pham mau hitu co BD71. Két qua chi ra rang graphen da hinh thanh trén bé
mit ctia TiO, voi ham lugng khoang 40%, graphen cé chiéu day tir 7+10 nm. Hon
hop duoc str dung truc tiép dé khao sat kha ning quang xuc tic cho két qua tot hon
so v6i TiO,. Vi ndng d6 pham mau DB71 1a 20 ppm, pH = 4, sau 30 phut xt ly
hiéu qua dat 100% cho thay hoat tinh x{ic tic quang hoa manh ciia san pham.
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SUMMARY

SYNTHESIZING PHOTOCATALYTIC MATERIAL TiO,/GO USED FOR
DIRECTLY DEGRADING BLUE 71 (DB71) IN AQUEOUS SOLUTION

In this paper a new photocatalytic material based on graphenoxit and titan
dioxide was studied. GO was synthesized by Tour method. Titanium dioxide
catalyst carried on graphenoxit was successfully synthesized using the sol-gel
method. The photocatalytic activity of GO/TiO; on degrading DB71 in depending
on pH and GO:TiO, mass ratio were investigated. With a concentration of DB71 of
20 ppm, pH = 4 and after 30 minutes of reaction, the treatment efficiency of the
TiO,/GO with mass ratio of 1,5:1 was 100%. This result demonstrates that GO
doped TiO, has high photocatalytic activity.

Keywords: Titanium dioxide, graphenoxide, photocatalytic, visible light.
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