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TONG HQP, NGHIEN CUU PAC TRUNG CAU TRUC CUA CAC VAT LIEU Fe-
Ti/HYDROTANXIT VA UNG DUNG LAM XUC TAC PE XU LY RHODAMIN-B
TRONG MOI TRUONG NUOC

Vii Vian Nhugng
Truong Pai hoc Su pham - DH Thai Nguyén

TOM TAT

Day vat liéu Fe-Ti/hydrotanxit la cac mﬁu hydrotanxit bién tinh boi Fe3* va Ti%*, dugc tong hop
bang phuong phap dong két tiia. Cac tién chat AI(NOs)s. 9H20, Zn(NOs)2.6H20, Fe(NOs)s.9H:0,
tetraisopropy! octotitanat (TIOT) va Na,COs dugc su dung dé tong hop mau. Cac mau vat liéu
tong hop da duoc nghién ctru didc trung cdu tric, dac diém hinh thai bé mat boi cac phuong phap
phan tich vat ly hién dai: Phuong phap nhiéu xa tia X (XRD), anh chup hién vi dién tir truyén qua
(TEM), phuong phép phd phan xa khuéch tan tir ngoai — kha kién (UV-Vis DRS). Hoat tinh quang
xuc tac cla cac vat lidu tong hop dugce danh gia thong qua kha ning phan huy rhodamin-B trong
nude. Két qua khao sat da lva chon dugc mau vat liéu FeTiH-0,1 (M1.2) ¢6 hoat tinh cao nhat
dudi anh sang dén LED cong suat 30 W cta Cong ty Co phan bong dién, phich nuéc Rang Dong.
T khéa: Hydrotanxit; hydrotanxit bién tinh; ddc trung cdu tric; dong két tia; quang Xuc tac.
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SYNTHESIS, CHARACTERIZATION OF Fe-Ti/HYDROTALCITE
MATERIALS AND USING AS PHOTOCATALYSTS FOR RHODAMINE-B
DEGRADATION FROM AQUEOQUS SOLUTION

Vu Van Nhuong
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ABSTRACT

Sets of Fe-Ti/hydrotancite materials are hydrotanxite samples modified by Fe® * and Ti* ¥,
synthesized by co-precipitation method. The precursors Al(NO3)3.9H,0, Zn(NOs3)2.6H20,
Fe(NO3)3.9H.0, tetraisopropyl octotitanate (TIOT) and Na,COs; are used to synthesize the
samples. Synthetic materials characterized by many modern physical analysis methods: XRD
diagrams, TEM images, UV-Vis DRS spectra. Photocatalytic activity of synthetic materials was
assessed through the ability to degrade rhodamine-B in water. The survey results have selected the
sample of FeTiH-0.1 (M1.2) material with the highest activity under the light LED 30 W of Rang
Dong company, Viet Nam.
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1. Mé dau

Céac vat liéu hydroxit 16p kép (LDHs) da dugc
nhiéu nha khoa hoc trong va ngoai nudc quan
tdm nghién ctru trong nhitng nim gin déy.
Diéu nay c6 duoc 1a do phuwong phap tong
hop LDHs don gian, d& bién tinh LDHs, c6
thé di tir nhiu tién chat khc nhau: cac cation
kim loai hoa tri II (Mg?*, Zn*", Cu?*, Fe?,
Co?*, va cation kim loai hoa tri III (A, Cr3*,
Fe3*...), thAm chi cation hoéa tri IV (Ti*,
Sn**...) [1]. Dac biét 1a cac vat liéu LDHs da
dugc Ung dung trong nhiéu linh vuc khéc
nhau: hip phu, chat mang xuc tac, tong hop
dugc pham, téng hop hitu co, quang hoa, dién
hoa, héa dau... [2], [3]. Cac vat liéu LDHs
bién tinh boi Ti** cling dugc cong bd va duoc
tmg dung dé mang ibuprofen [1], phan huy
MB [4],... P4 ¢6 mot s6 cong trinh cong bd
vat liéu Fe-Ti/hydrotanxit tmg dung dé tong
hop polycacbonat diol (PCDLs ) [5], cac vat
litu HT/TiO2, HT/TiO./Fe, HT-DS/TiO./Fe
[6] duoc tong hop dé nghién ctru kha ning
phan huy MB dudi anh sang UV. Trong bai
bao nay, tac gia da tién hanh tong hop cac
mau hydrotanxit bién tinh dong thoi boi Fe®*
va Ti* tir cac tién chit Fe(NO3)3.9H,0 va
TIOT (tetra isopropyl octotitanat, Merck) voi
lugng Fe®* va Ti* trong cac mau la 0,025 —
0,05 va 0,05 — 0,6 (theo sb mol), tuong tmg.
Hoat tinh quang xiic tac cua cac mau vat liéu
tong hop dugc danh gia qua két qua khao sat
kha nang phan hily rhodamin-B duéi anh sang
dén LED cong suat 30 W.

2. Thuc nghiém

2.1. Téng hop vit liéu

Qua trinh tong hop vat liéu Fe-Ti/hydrotanxit
va hydrotanxit (cong thic gid dinh 1la
FexTiyZno,7-x-yAlo3(OH)2(COs)0,15.mH.0; x =
0; 0,025; 0,05; y = 0,05 — 0,6) dugc tién hanh
nhu sau [7]: Hoa tan AI(NO3)3.9H,0 (Merck),
Zn(NO3)2.6H20 (Trung Qudc),
Fe(N03)3.9H,0 (Trung Qudc) (theo ti 1¢ mol
xac dinh) vai 150 mL nude kha ion trong
binh tam giac nit nham 250 mL, thu dugc
dung dich dong nhat. Bat binh phan ung trén
may khuay tir gia nhiét, khudy mau ¢ nhiét do
phong khoang 30 phut. Sau do, nho tir tir tirng
giot TIOT vao binh phan ting, khudy 30 phat
véi toe @6 500 vong/phut. Tiép theo, nho tir tir
ting giot cho dén hét 25 mL Na,CO3 0,6M
(Merck) vao binh phan ting va khudy 30 phut
& nhiét dd phong. Chuyén toan bo hdn hop
vao cbc thity tinh 400 mL va diéu chinh pH
cia hdn hop dén pH = 9,5 bang dung dich
NaOH 2M (Trung Quéc), thu dugc gel. Sau
do, khudy gel trén may khudy tir 60 pht.
Tiép tuc, gel duoc gia hda trong binh Teflon &
120°C trong 24 h. Sau khi gia hoa gel, tién
hanh loc, rira san pham bing nuéc nong
(70°C) vai lan bang nudc khir ion dén pH=7.
Say chat ran ¢ 80°C trong 24h thu dugc cac
mau vat liéu hydrotanxit (ki hiéu la M1) va
Fe-Ti/hydrotanxit (ki hiéu 1a M1.1 — M1.7).

Sau khi thu dugc cac mau vat liéu hydrotanxit
va Fe-Ti/hydrotanxit, tdc gia tién hanh nung
cac mau ¢ 500°C trong 6 gio, véi toc do gia
nhiét 2°C/phut, thu dugc cac mau vat lieu ki
hiéu la M2 va FeTiH500-n (M2.1 — M2.7).
Két qua thu duoc 16 mau vat liéu hydrotanxit
va Fe-Ti/hydrotanxit theo bang 1 dudi day.

Bang 1. Cac mau vat liéu tong hop hydrotanxit va Fe-Ti/hydrotanxit

STT KI Ti LE MOL Giati STT Ki TI LE MOL Gia tri
HIEU Fe:Ti:Zn:Al:COs dwm (A HIEU Fe:Ti:Zn:Al:CO; dos (A%

1 M1 0:0:70:30:15 7937 9 M2 0:0:7,0:30:15 7,239

2 M1.1 025:05:6,25:30:15 7,821 10 M2.1 025:05:625:30:15 7,612

3 M1.2 05:1,0:55:30:15 7,749 11 M2.2 05:10:55:30:15 7,613

4 M1.3 05:20:45:30:15 7,617 12 M2.3  05:20:45:30:15 7,608

5 M14 05:3,0:35:30:15 7,610 13 M2.4 05:30:35:30:15 7,600

6 M15 05:40:25:30:15 7,594 14 M25 05:40:25:30:15 Nd

7 M1.6 05:50:15:30:15 Nd 15 M2.6 05:50:15:30:15 Nd

8 M1.7 05:6,0:05:30:15 Nd 16 M2.7  05:60:05:30:15 Nd

Gia tri doos: Khodng cach giira hai lop bén trong; Nd: khong xdc dinh
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2.2. Cac phwong phap vit ly nghién ciru dic
trung xuc tic

Thanh phan pha tinh thé dugc xac dinh bang
gian d6 nhiéu xa tia X (D8 ADVANCE —
Bruker) - tai khoa Hoa hoc, Truong Pai hoc
Khoa hoc Tu nhién — DPai hoc Qubc gia Ha
Noi. Quang phd UV-Vis DRS dugc xac dinh
trén may U-4100 Spectrophotometer tai Khoa
Hoéa hoc — Truong Pai hoc Su pham — Pai
hoc Thai Nguyén. Cac anh TEM cua vt liéu
duogc do tai Vién vé sinh dich t& Trung vong
Ha Noi trén thiét bj JEM1010-JEOL.

2.3. Khdo sdt hoat tinh xiic tic ciia cdc mdu
vit liéu téng hop

Str dung 0,2 g cac mau vat lidu tong hop dé
tién hanh hap phu 250 mL rhodamin-B nong
d6 10 ppm trong bong tdi 30 phut trude khi
khao sat kha nang phan huy rhodamin-B cua
céc vat liéu dudi anh sang kha kién (anh sang
dén LED 30 W, Rang Pong). Sau khi hip phu
trong bong t6i, thém 1,2 mL H,O, 30% vao
cdc thuy tinh chira rhodamin-B, tién hanh
khao sat kha nang phan hiy rhodamin-B dudi
anh sang dén LED theo thoi gian. Nong do
rhodamin-B con lai trong mau duoc xac dinh
bang phuong phép tric quang UV-Vis sau khi
li tam dé loai bo xtic tac.

2.4. Xdc dinh nong dp rhodamine-B trong
nwéc (méu pha)

Tién hanh xay dung dudng chuin xac dinh
néng do rhodamine-B trong nudc bing
phwong phap tric quang, do d6 hap thu quang
phan t& & budc song 553 nm, néng dotr 1,0 —
12,5 ppm, ta duoc phuong trinh dudong chudn
c6 dang y=0,1537x +0,0454, R? = 0,9996.
Sau khi li tim dé loai bo méau vat liéu, ndng do
rhodamine-B con lai trong dung dich dugc xac
dinh bang cach do d6 hip thu quang phan tir
trén may UV-Vis 1700 tai Khoa Héa hoc —
Truong Pai hoc Su pham Thai Nguyén va dugc
tinh toan theo phuong phap duong chuén.

3. Két qua va thio luin

3.1. Diic trung ciu tric vit liéu xic tic

Két qua phan tich thanh phin pha, khoang
cach gitra hai 16p hydroxit kép cua 16 mau vat

liéu duge thé hién trén hinh 1 dudi day. Cac
mau M1, M1.1 , M1.2, M1.3, M1.4 (hinh
1A), c6 céac pic didc trung cua hydrotanxit.
Khoang cach doz gitta cic 16p cua
hydrotanxit dugc chi ra trong bang 1 phu hgp
v6i cAu triic ctia hydrotanxit chira anion CO3~
& trong 16p xen giita. Tuy nhién, viéc ciy
ghép Ti véi ti 1€ 16n (0,4; 0,5 va 0,6 mol) thu
dugc cac mau M1.5, M1.6, M1.7 khong Xuét
hién cac pic déc trung cua hydrotanxit. Do la
cac vat li€u composit ¢ cdu trac vo dinh
hinh. Piéu nay 1a do Ti* khong thé thay thé
Zn% trong cau tric hydrotanxit khi ti 1& Ti*
qué 16n, khong dam bao ti 1¢ Zn/Al = 2/1; 3/1;
4/1 [2], [7]. Cac mau vat liéu dugc nung &
500°C cho thay su thay doi cadu tric
hydrotanxit, do sy phan hiy cia nhom
hydroxit & nhiét d6 cao (hinh 1B). Mau M2
chi xuat hién pha tinh thé ctia ZnO, khong
xuit hién dinh pic nhiéu xa dic trung cua
hydrotanxit. Tuy nhién, cac mau vat liéu
M2.1; M2.2; M2.3; M2.4 van ton tai cac pic
dac trung cua vat li¢u hydrotanxit. Ngoai ra,
cac mau duoc nung & nhiét d6 cao nhung
khong xudt hién tin hiéu pic nhidu xa cta pha
TiO2 & goc nhidu xa 25,3°. Diéu d6 ching t6
rang cac oxit ZnO, Al,Os, TiO; ton tai & dang
vd dinh hinh. Nhu vay, viéc bién tinh
hydrotanxit boi cac tién chat Fe®*, Ti* ¢ ty 1¢
Fe:Ti=0,25:0,5;05:1,0;05:2,0;0,5:3,0
d3 khong lam thay d6i cu trac 16p kép cia
hydrotanxit.

Lua chon ra 2 méu vt liéu dé chup anh TEM,
két qua anh TEM ciia hai mau vat liéu M1 va
M1.2 (hinh 2) cho thy ca hai mau vat liéu dai
dién déu c6 ciu trac dang 16p (phién) dic
trung cua vat liéu hydrotanxit. Tuy nhién, cac
16p ¢6 kich thudc khong dong déu va xuat
hién nhiing khéi, thanh xen gitra hai 16p & vt
liéu hydrotanxit trén mau M1(A-B). C6 thé
thdy rang, mau M1.2 xuat hién tap hop cic
hat nhé bam phu trén bé mat cac phién. Do 1a
tap hop cac hydroxit cia Al(OH)s, Zn(OH),,
Fe(OH)s va Ti(OH)a, co thé 1a trung tim xuc
tac hi€u qua cho phan uUng phan hay
rhodamin-B duéi anh sang kha kién.
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Hinh 1. Gian @6 XRD ctia cdc mau vt liéu tong hop khong nung (4) va nung ¢ 500°C (B)
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Hinh 2. Anh TEM ciia hai mdu vt liéu M1(4-B) va M1.2(C-D)

Hinh 3 1a két qua phan tich phd UV-Vis DRS cua cic mau vat lidu tong hop. Két qua thu duoc
cho thay, khi ting ti 1¢ mol Ti trong cic mau vat liéu téng hop, b hap thu anh sing déu dich
chuyén sang ving anh sang kha kién; Sy dich chuyén d6 xdy ra ro rét dbi voi cac mau vat lidu
khong nung M1.1 — M1.7 va budc séng hép thu cyc dai cua chung trong khoang 500 — 600nm
(hinh 3A). Mic du, cic mau vat lidu nung & 500°C hap thy 4nh sang trong ving budc song >
400nm nhung hau hét cac mau déu cé su dich chuyén xanh so v6i mau M2 (dich chuyén sang
trai), diéu nay s& anh hudng dén hoat tinh xtc tic ciia cac miu vat liéu nung (hinh 3B). Két qua
nghién ciru nay cho phép du doan rang cic mau vat liéu hydrotanxit khong nung bién tinh béi Fe-
Ti ¢6 hoat tinh quang xuc tac t6t trong ving anh sang kha kién.
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Hinh 3. Phé UV-Vis DRS ciia cdc mau vit liéu tong hop khéng nung (4) va nung ¢ 500°C (B)
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3.2. Khado sat kha nang phédn hiy rhodamin-
B trén cdc méu vit li¢u tong hop

3.2.1. Anh hwéng ciia ti 1é Fe: Ti trong cdc
mau vt liéu hydrotanxit bién tinh

Két qua khao sat anh huong cua ti 18 Fe : Ti
trong cac mau vat liéu khong nung va nung
duoc chi ra trong hinh 4. Hi¢u suét hép phu
trong bong tdi ciia cac mau vat liéu déu rat
thip (< 10%) sau 30 phut khudy mau trong
bong tdi dé dat can bang hap phu. Sau 240
phut chiéu sang dudi anh sang dén LED, do
chuyén hoéa rohdamin-B cao nhit trén miu
M1.2 (Fe : Ti = 0,5 : 1,0) dat khoang 60%.
Két qua khao sat budc dau da cho thay: (1)
cdc mau khong c6 cdu tric hydrotanxit déu co
hoat tinh xtc tac rat thép (d6 chuyén hoa <
20% sau 240 phit chiéu sang); (2) cac miu
vat liéu nung c6 hoat tlnh xuc tac déu thap
hon nhiéu so voi cac mau vat liéu khong nung
(M1, M1.1, M1.2); (3) vai trd cia cau trac 16p

70 4 —* Ml —=—MLl ——M12

——M13 —%—M14 —e—MI15
60 —i—M1.6 —%—M1.7
50

40
30
20
10

0

Do chuyén héa (%)

0 30 60 90 120 150 180 210 240 270
Thoi gian (phit)

A

kép trong hydrotanxit va ti 18 tbi wu cua Fe : Ti
mang 1én hydrotanxit. Do vy, tac gia lya chon
mau M1.2 dé khao sat anh huong ctia pH moi
truong, nong d6 rhodamin-B va tng dung dé
xtr 1y nude thai lang nghé dét chiéu coi (thon
Pong Bang — xd An L& - huyén Quynh Phy -
tinh Thai Binh).

3.2.2. Anh hieong ciia pH méi triweong va nong do
rhodamin-B dén hoat tinh xiic tac ciia mau M1.2
Két qua khao sit anh huong cua pH méi
truong dén hoat tinh xuc tic cta vat liéu (hinh
5A) cho thdy, do chuyén hoa rohdamin-B cao
nhét trong khoang pH = 6,0 — 8,0. Diéu nay la
do vat liéu bi pha hity c4u trac ¢ pH thap, lam
giam tam hoat ddng xuc tac, nén hoat tinh xtc
tac giam. Tuy nhién, tai cac gia tri pH cao, d
nhdt cua dung dich tang, lam can tro kha nang
hép thu anh sang cua vat liéu, do do6 hoat tinh
XUc tac giam.

70 ——M2 ——M2.1 ~——M22

60 ——M23 = M24 M2
- - M2.6 o M2.7
£ 50
=
2 40
£ 30
£ %
-0
a 10

R oy o e e —

0 30 60 90 120 150 180 ’10 ’40 ’70
Thi gian (phit)
B

Hinh 4. Bg chuyén héa rhodamin-B frén cdac mau vt liéu khéng nung (4) va nung ¢ 500°C
(B)250 mL rhodamin-B nong dé 10ppm, 1,2 mL H>O,, 0,2 g vdt liéu
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Hinh 5. B¢ chuyén héa rhodamin-B trén cdc mau vit liéu M1.2 ¢ cdac pH khdc nhau, rhodamin-B 10ppm
(A) va nong dé rhodamin-B khac nhau (B) 250 mL rhodamin-B, 1,2 mL H;0,, 0,2 g vdt liéu
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Tac gia tién hanh diéu chinh pH cua cac dung
dich rhodamin-B néng d6 khao sat (10, 20,
30, 40, 50 ppm) vé pH tbi uu = 6,0, sau do
tién hanh khio sat anh huéng cta nong do
rhodamin-B dén hoat tinh xtic tic cia vat liéu.
Két qua thu duoc (hinh 5B) cho thiy, nong do
rhodamin-B anh huong rd rét dén kha ning
phan huy chat mau cia vat liéu. P chuyén
hoa rhodamin-B cao nhat mg véi nong do
rhodamin-B bang 10 ppm. Diéu nay 1a do su
canh tranh va su phan xa anh sang gay ra boi
céc phan tir rhodamin-B khi chung ¢ néng do
cao trong dung dich.

3.2.3. Kha néng xir Iy nuwéc thii lang nghé
dét chiéu céi huyén Quynh Phu - Thai Binh
Nudc thai lang nghé dét chiéu coi duogc tac
gia lay vé c6 mau do. Tién hanh pha lodng 5
lan, didu chinh pH = 6,0, sir dung 1,2 mL
H.02 30% va 0,2 g mau M1.2 dé khao sat kha
ning phan hiy chit mau cia vat liéu. Trudc
khi tién hanh chiéu sang, tic gia da thim do
anh huong cia pH moi trudng dén do dich
chuyén buéc song hap thu cuc dai cua céac
chat mau c6 trong thanh phan nuéc thai. Két
qua khao sat cho thiy, pH moéi truong hau
nhu khong 1am dich chuyén phd UV-Vis cia
pham mau, dong thoi bude séng hap thu cuc
dai cua cac chat mau trong khoang 550 — 552
nm (gan v6i rhodamin-B = 553nm). Tién
hanh chiéu sang, d6 chuyén héa chat mau trén
mau M1.2 dat khoang 52% sau 240 phut
chiéu sang (tinh theo gia tri Abs). Mic du
hoat tinh x{ic tac ctiia cac mau vat liéu chua
cao, song két qua nghién ciru cho thay sy hop
ly gilra hoat tinh xtc tac cua vat li¢u dbi voi
mau gia va mau nudc thai thyc té.

4. Két luan

Cac mau vat lidu Fe-Ti/hydrotanxit di duoc
tong hop thanh cong theo phuong phap dong
két tiia. Dac trung ciu tric cta vat liéu da cho
thdy ti 16 Fe:Ti mang 1én hydrotanxit quyét
dinh sy bao tdn hay pha hay céu trac 16p kép
ctia chit mang. Véi ti 1€ Fe:Ti = 0,25:0,5,
0,5:1,0; 0,5:2,0; 0,5:3,0 khi bién tinh
hydrotanxit s€ thu duogc cac vat li€u co cau
trac giébng voi hydrotanxit. Viéc bién tinh da
mang lai hoat tinh quang xtic tac cao cho mau

vat liéu M1.2 (do chuyén hoéa rhodamin-B dat
khoang 60% sau 240 phut chiéu sang). Cac
két qua khao sat budc dau cho thiy pH, ndng
d6 rhodamin-B t6i wu twong tmg 1 6,0 va 10
ppm khi tién hanh phan hiy 250 mL dung
dich rhodamin-B, st dung 1,2 mL H>O, 30%
va 0,2 g vat liéu. Ngoai ra, mau M1.2 ciing c6
kha ning phan hiy chat mau do trong thanh
phan nudc thai chiéu coi cia huyén Quynh
Phy - Thai Binh.

Loi cam on

Céc tac gia xin chan thanh cam on ngudn tai
chinh tir d¢ tai DPH2017-TN04-03.
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