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NGHIEN CUU KHA NANG PHAN HUY METYLEN XANH TREN CAC MAU
VAT LIEU TONG HQP Fe-T/HYDROTANXIT DUOI ANH SANG KHA KIEN

Nguyén Thi Thio, Vii Vin Nhuong”
Truong Pai hoc Su pham — DH Thai Nguyén

TOM TAT

Céc mau vat liéu Fe-Ti-Hydrotanxit duoc bién tinh boi Fe3* va Ti** mang trén nén hydrotanxit,
dugc tong hop bang phuong phap dong két tia tir cac tién chat mudi nitrat cua cac kim loai A%,
Zn%, Fe* va Ti (tetraisopropyl octotitanat (TIOT)). Cac mau vat liéu tong hop da dugc nghién ciru
ddc trung cdu trac boi cac phuong phap phan tich vat ly hién dai: gian d6 XRD, anh TEM, dudng
dang nhit hép phu/giai hip N2, pho UV-Vis DRS. Hoat tinh hép phu va quang xiic tic ctia cac vat
lidu tong hop dugc danh gia thong qua hiéu suét hap phu va d6 chuyén hoéa metylen xanh (MB)
trong nudc. Két qua khao sat da lya chon dwgc miu vat lidu FeTiH (Fe:Ti = 0,5:1,0) c6 kha nang
phan huy quang hoa cao nhit duéi anh sang dén LED cong suat 30W ddi voi metylen xanh. Ngoai
ra, cac mau vt liéu FeTiH (Fe:Ti=0,5:4,0 va 0,5:5,0) co kha niang hap phu tuyét voi ddi véi
metylen xanh trong nudc.

Tir khéa: Hydrotanxit bién tinh; ddc trung cdu tric; dong két tia; quang XUc tac; phdn hiiy.

Ngay nhdn bai: 03/3/2020; Ngay hoan thi¢n: 25/3/2020; Ngay ding: 20/5/2020

RESEARCH ON THE POSSIBILITY OF METHYLENE BLUE
DEGRADATION ON SYNTHESIZED MATERIALS Fe-Ti/HYDROTAICITE
UNDER LED LIGHT
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ABSTRACT

Samples of Fe-Ti-Hydrotanxite materials modified hydrotalcite by Fe®* and Ti**, synthesized by the
method of co-precipitation from nitrate precursors of AI¥*, Zn?, Fe®* and Ti (tetraisopropyl
octotitanate (TIOT)). Sets of samples charactered by modern physical analysis methods: XRD
diagram, TEM image, N adsorption/desorption isotherms, UV-Vis DRS spectrum. Their adsorption
and photocatalytic activities assessed by adsorption efficiency and degradation methylene blue in
water. Results show that FeTiH material (Fe: Ti = 0.5 : 1.0) has the highest photodegradation under
LED light of 30 W for methylene blue. However, the synthesized samples FeTiH (Fe: Ti = 0.5: 4.0
and 0.5: 5.0) have excellent adsorption capacities to methylene blue in water.
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1. Mé dau

Céac vat liéu hydrotanxit va hydroxit 16p kép
(LDHs) da duogc biét cach day hon 150 nim
va khong nging dugc quan tdm vi chung co
nhiéu wu diém va tmg dung trong nhiéu linh
vuc khac nhau [1]. Nhiéu vét liéu hydrotanxit
ZnAl-LDH, ZnFeAl-LDH di duoc tong hop
theo phuong phap dong két tua va ung dung
lam x1c tac phan huy metylen xanh dudi anh
sdng deén xenon 500W [2]. Céac véat liéu
hydrotanxit MgAl dugc mang trén TiO., sau
d6 bién tinh boi cac oxit sit da duoc tong hop
theo phuong phap dong két tia, két hop voi
phuong phap tim [3] va duoc tmg dung dé
phan huy MB du6i anh sang UV cua dén Hg
125W. Vit liéu Mg-Fe/Ti LDHs da duoc tong
hop thanh cong va ung dung cho phan Ung
poly cacbonat diols [4]. Nhu vdy, mot sé cong
trinh trén di nghién ctu tong hop chét nén
hydrotanxit hoic LDHs duoc bién tinh boi Fe
hodc Ti hodc ca Fe, Ti va ung dung trong
tong hop hitu co, xtic tic moi truong... Trén
co s tong quan nhiing hiéu biét do, tac gia da
tién hanh tong hop hydrotanxit va bién tinh
hydrotanxit bang Fe®, Ti** theo phuong phap
ddng két tia va tng dung dé nghién ctru kha
ning hip phy, phan huy MB dudi anh sang

2. Thuc nghiém

2.1. Téng hop vit ligu

Qua trinh tong hop vat liéu Fe-Ti/hydrotanxit va
hydrotanxit duoc tién hanh tuan ty cac budc
nhur trong tai liéu [5] da cong bd. CO thé tom tat
qué trinh tng hop miu nhu sau: Hoa tan tién
chat mudi A|(NO3)3.9H20, Zn(N03)2.6H20,
Fe(NOs)3.9H,0 trong 150 mL nuwéc khir ion
thanh dung dich. Cac mudi dugc ldy theo ti 1&
mol Fe : Zn : Al trong bang 1. Tiép do, nho tir
tir ting giot TIOT vao hdn hop dang khudy
manh trén may khudy tir ¢¢ TIOT thay phan
thanh gel (thé tich TIOT duoc lay dam bao theo
ti 1€ mol Ti trong bang 1). Nho tur tr 25 mL
dung dich Na,CO3 0,6M vao hdn hop, khuiy
déu 30 phut. Sau do, tién hanh chinh pH gel thu
duoc vé 9,5 bang dung dich (dd) NaOH 2M, thu
duoc gel chira cac hydroxit. Tiép tuc khudy gel
trong khoang 1 gio. Sau do, gia hoa gel trong
binh Teflon & 120°C, trong 24 gid dé thu dugc
céc hydrotanxit 16p kép. Loc, rira chit ran bing
nudc khir ion dén pH = 7 dé loai bo cac ion con
du Na*, NOg, OH", COz%. Siy chat ran & 80°C,
trong 24 gio. Sau do, nghién cc chat rin bang
chay cbi mi ndo, thu dwoc cac mau vat liu H
va FeTiH-n (n la ti 1& Ti trong mau) duoc trinh
bay trong bang 1 dudi day.

kha kién cua dén LED 30W.
Bang 1. Cac mdu vat lidu tong hop hydrotanxit va Fe-Ti/hydrotanxit
STT KIHIEU TIi LE MOL Gia tri doos (A°)
Fe:Ti:Zn:Al:COs (khoéng céch giira hai l6p bén trong)
1 H (M1) 0:0:70:30:15 7,937
2 FeTiH-0,5 (M1.1) 0,25:0,5:6,25:30:15 7,821
3 FeTiH-1,0 (M1.2) 05:10:55:30:15 7,749
4 FeTiH-2,0 (M1.3) 05:20:45:30:15 7,617
5 FeTiH-3,0 (M1.4) 05:30:35:30:15 7,610
6 FeTiH-4,0 (M1.5) 05:40:25:30:15 7,594
7 FeTiH-5,0 (M1.6) 05:50:15:30:15 Khong xac dinh
8 FeTiH-6,0 (M1.7) 05:6,0:05:30:15 Khong xac dinh

2.2. Cdac phwong phap vt Iy nghién ciru ddc trung xic tic

Thanh phan pha tinh thé ciia cic mau vat liéu tong hop dugc xac dinh bang gian do nhiéu xa tia X
tai Khoa Hoa hoc - Truong Pai hoc Khoa hoc tu nhién — Pai hoc Quéc gia Ha Noi. Quang phé
UV-Vis DRS dugc xac dinh trén may U-4100 Spectrophotometer tai Khoa Hoéa hoc — Truong Dai
hoc Su pham — Pai hoc Thai Nguyén. Dién tich bé mit riéng duoc xac dinh bang phuong phap
dudng ddng nhiét hip phu - giai hap phu N, (BET) tai Vién Hoa hoc — Vién Han 14am Khoa hoc va
Cong nghé Viét Nam. Cac anh TEM ciia vat liéu dugc do tai Vién vé sinh dich t&¢ TW Ha Noi.
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2.3. Khdo sdt hoat tinh hip phu, xiic tic ciia
cdc mdu vit ligu tong hop

Dé tién hanh khao sat kha nang hp phu cia 8
mau vat liéu tong hop, tac gia sir dung 0,2 g
cac mau vat liéu dé hip phy 250 mL metylen
xanh trong bong tdi (cc chira MB duoc boc
kin bing tii bong den) & cac néng d6 MB
khac nhau. Piat cbc miu trén may khudy tir,
tién hanh khudy mau ¢ téc d6 500 vong/phut.
Sau mdi khoang thoi gian 15 phut, tac gia liy
khoang 8 mL dd MB dem ly tim dé xac dinh
ndéng d6 MB. Lugng 8 mL dd MB 1a phu hop
dé xac dinh néng do MB bé“mg cach do diém
va quét dai, dong thoi khong lam thay doi
dang ké thé tich dung dich, ciing nhu lugng
xuc tac trong hdn hop phan Gng sau mdi lan
lay mau.

Dé khéo sat hoat tinh xuc tac cta vat liéu, tac
gia dung 0,2 g mau cho vao cdc chira 250 mL
dung dich MB 10 ppm, khudy cac miu trong
bong t6i 30 phat dé dat can bang hap phu [2],
[3]. Sau d6, thém 1,2 mL H,02 30% vao cdc
thuy tinh, tién hanh khao sat kha ning phan
hiy MB dudi anh sang dén LED 30W theo
thoi gian. Nong d6 MB con lai trong miu
dugc xac dinh bang phuong phép tric quang
UV-Vis sau khi ly tdim dé loai bo xtc tac.

2.4. Xdc dinh néng dé metylen xanh (MB)
trong nwéc (mdu pha)

Tién hanh xdy dyng duong chudn xac dinh
néng d6 MB trong nudc bang phuong phap
tric quang, do d6 hap thu quang phan tir &
budc séng 664 nm, ndng d6 tr 1,0 — 10,0
ppm, ta duoc phuong trinh duong chuan c6
dang y = 0,1813x - 0,0528, R? = 0,9986. Sau
khi ly tdm dé loai bo mau vat liéu, ndng do
MB con lai trong dung dich dugc xac dinh
bang cach do d6 hip thu quang phén tir (Abs)
va duogc tinh toan theo phuong trinh dudng
chuan ¢ trén.

3. Két qua va thao luin

3.1. Diic trung ciu triic vt lidu xiic tic

Gian d6 XRD cua cac mau vat liéu (hinh 1)
cho thdy, ca 6 mau vat licu (M1, M1.1 —
M1.5) déu xuét hién dinh pic tai goc nhiéu xa
20 = 11,4°, dic trung cho ciu tric 16p kép cua
pha hydrotanxit [6]. Khoang cach gitra 2 l6p
dugc dua ra trong bang 1 c6 gia tri khoang
7,6A° nén anion giita 2 16p 1a COz* [7]. Pha
hydrotanxit c6 cong thac hop thuc la
Zno,e7A|o,33(OH)z(CO3)o,165.XHzO. Cac mﬁu
M1.1 — M1.3 xuét hién hau hét cac pic dic
trung cho ciu tric hydrotanxit & cac goc 20 =
23,2°%; 34,8°% 39,1° va 46,3°. Tuy nhién, cuong
d6 va chiéu cao dinh pic & goc 20 = 11,4°
giam khi ting lugng Ti*" tir 0,5 — 3,0, chirng
to rang do két tinh tinh thé hydrotanxit giam
[6]. Khi luong Ti* trong mau ting (tir 3,0 —
6,0) chiéu cao, cuong do dinh pic tai goc
11,4° giam manh, tham chi khong xuét hién
trén 2 mau M1.6, M 1.7, chiing té cAu tric 16p
kép cuia hydrotanxit khong ton tai trong 2 mau
vat liéu nay. Sy suy gidam cdu tric hydrotanxit
la do khong dam bao ty 1€ phu hop cua ion
M /M3 = 2/1; 3/1; 4/1. Nhu vay, ti 1& Fe :
Ti mang trén hydrotanxit da anh huong ro rét
dén do két tinh tinh thé hydrotanxit cta cac
vt lidu tong hop.
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Hinh 1. Gian d6 XRD ciia cdc mau vt liéu tong
hop Hva FeTiH
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Hinh 2. Anh TEM ciia hai mdu vt liéu M1(4) va M1.2(B, C)
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Hinh 3. Puong ding nhiét hdp phu/gidi hdp phu Na (BET) ciia 3 mau vt liéu M1(A), M1.2(B) va M1.6(C)

Anh TEM cta hai mau vat ligu M1 va M1.2
(hinh 2) cho théy, ca hai mau vét liéu dai dién
déu c6 céu trac dang 16p (phién) dic trung
cho cau triic hydrotanxit. Tuy nhién, cac 16p
¢6 kich thudc khong dong déu. Ngoai ra, xuat
hién nhitng khi thanh xen giita cac 16p & vt
liéu M1. Tuy nhién, miu M1.2 xut hién tip
hop cac hat nho bam phu trén bé mat cac 10p.
Do 1a tap hop cac hydroxit cua Al(OH)s,
Zn(OH),, Fe(OH)s va Ti(OH)a, c6 thé 1a trung
tdm xtc tac hiéu qua cho phan Gng phan hiay
MB dudi anh sang kha kién. Két qua gian do
XRD va anh TEM ciing cho thdy mét phan
cac ion Fe¥, Ti* thay thé dong hinh trong
mang ludi hydrotanxit, phan du ciia cac ion
nay s& dugc két tua ¢ dang hydroxit va nim
phia bén ngoai cac phién (I16p) cua
hydrotanxit.

Puong ding nhiét hip phu/giai hip phu N,
cia ca 3 miu vat litu M1, M1.2 va ML.6
(hinh 3) cho thdy c6 hién twong tré trong
khoang ti 1& ap suat tuong ddi (P/Po) = 0,4 —
1,0, ching t6 xudt hién hé théng mao quan
trong cac vat liéu nay. Hinh dang 2 duong

hap phu va giai hip phu N cho thiy chiing
thuc kiéu H3 dic trung cho mao quan trung
binh hodc khong c6 ciu triic 16 xdp theo cach
phan loai cia TUPAC [8]. Két qua phén tich
thu dugc dién tich bé mat riéng BET, thé tich
mao quan va dudng kinh mao quan cta 3 mau
vat ligu M1, M1.2 va M1.6 lan luot 1a: 16,08
m?/g; 0,098 cm®g; 28,92 nm; 110,23 m?/g;
0,1297 cm¥/g; 5,18 nm; 301,53 m?/g; 0,1753
cm®/g; 3,24 nm. Dién tich BET tang rat manh
tir 16,08 — 110,23 — 301,53 m¥g khi cay ghép
Fe, Ti vao hydrotanxit. Khi ting lugng Ti
trong cac mau, dién tich bé mit tang, vat liéu
tré nén x6p, do d6 co thé du doan kha ning
hép phu cta vat liéu cao véi cac mau c6 dién
tich BET 1on. Nguoc lai, duong kinh mao
quan giam khi tang ti 1& Ti trong cac mau. Do
viy, c6 thé du doan hién tuong hip phu xay
ra cht yéu trén bé mit cta cac vat lidu, khong
dién ra bén trong cic mao quan do dudng
kinh mao quan hep.

Hinh 4 1a két qua phan tich phd UV-Vis DRS
clia cac mau vt lidu tong hop. Két qua thu
dugc cho thay, khi tang ti 1& Ti trong cac mau
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vat li¢u tong hop, bo hap thu anh sang déu
dich chuyén sang ving anh sang kha kién.
Budc song hip thu cuc dai cia mau M1 &
khoang 405 nm (Eg = 3,06 eV = 1240/%) mau
M1.1 & 425 nm (Eq = 2,92 V), cac mau M1.2
— M1.7 hap thy trong khoang 510 - 540 - 560
-590 nm (Eg=2,43-2,29-2,21-2,10eV).
Budc song hép thu cuc dai cua cac vat liéu
tong hop trong ving kha kién (> 400 nm) va
nang luong ving cdm nho (so voi Eg = 3,2 eV
ctia TiO2) cho nén c6 thé dy doan ring cac vat
lidu tong hop c6 hoat tinh quang xuc tac dudi
anh sang kha kién.

Ml Ml 2
Mlo Ml

— M1 3
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(=] o
[~ ]
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Hinh 4. Phé UV-Vis DRS ciia cac mau vdt liéu

tong hop
= FeTH-3,0 (M1 4) = FaTiH-4,0 (M1.5)
2100 o FeTiH-5.0 (M1.6) FeTiH-6.0 (M1.7)
=z ]
= B0 - . ——
= — <
. o //,.———N
-
-
= 40 y
= .
-
220
0
0 15 30 45 60 7S 90 105
Thii gian (phat)
A

3.2. Két qud khdo sdt kha ning phdn hiiy
rhodamin-B trén cic mdu vit li¢u tong hop
3.2.1. Khao sat kha nang hdp phu MB ciia céc
vat liéu

Két qua khao sat kha ning hap phu ciia cac miu
vat liéu d6i v6i MB ndng d6 10 ppm cho thy,
vai mau vat liéu (M1, M1.1, M1.2 va M1.3) hip
phu khéng dang ké MB (hiéu sudt hip phy <
10%). Két qua nay phu hop véi cong bd ciia cac
tac gia [2], [5]. Trai nguoc hoan toan vdi cac
mau vat liu M1 va M1.1 — M1.3, bén mAu vat
litu M1.4 — M1.7 c6 kha nang hap phu rét tot
MB ndng d6 20 ppm (hinh 5A). Céac vat liéu
ndy c6 ciu trac hydrotanxit bi suy giam hodc &
dang vO dinh hinh, nhung cé déac tinh xép va
dién tich BET 16n. Dac biét, mau M1.6 ¢6 kha
ning hip phu tuyét voi MB (hiéu suét hip phu
c6 thé dat trén 90% sau 45 phiit & néng d6 MB
= 20 ppm). Khi ning hdp phu ciia cic miu
giam theo trat ty: M1.6 > M1.5>M1.3>M1.7.
Ngoai ra, kha ning hap phu ctia mau vét liéu
M1.6 giam khi ting néng d6 MB trong dung
dich tir 20 — 50 ppm (hinh 5B).

100 ——— 20ppm - 3Sppm $Oppm
5 0
~ 80
=
=
= 60
=
-
= 40
=
5 20
=
b o
= 0
0 15 30 45 60 75 20 105
Thai gian (phit)
B

Hinh 5. Hidu sudt hd;U phu MB cua cac eriNu vat liéu téng hop khi khao sat MB n&ng do 20 ppm (A) va so
sanh kha nang hdp phu MB cia mau M1.6 ¢ cac nong dé MB khéc nhau 20, 35 va 50 ppm (B)

3.2.2. Khado sat kha ning chuyén héa MB trén cdc mau vat liéu tong hop duwdi anh sang LED

Két qua phan hay MB ndng d6 10 ppm dudi dnh sang dén LED 30W dugc thé hién ¢ hinh 6A.
Sau 30 phut khudy tron hdn hop phan tng trong bong tdi dé dat can bang hip phu, kha ning hip
phu MB trén cua 4 mau vat liéu M1, M1.1 — M1.3 khong dang ké. Tuy nhién, 4 miu vat liéu co
luong Ti cao tir 3,0 — 6,0 (M1.4 — M1.7) déu c6 kha ning hip phu rat t5t MB 10 ppm (H%p tir
80 — 92%). Tién hanh chiéu sang cac hdn hop phan tng, d6 chuyén hoa MB ting khi ting thoi
gian chiéu sang. Sau 240 phut chiéu sang, 46 chuyén héa MB cao nhét thugc vé mau M1.2 (H%
= 49,3%), trong khi d6, d6 chuyén héa MB trén cac mau M1.4 — M1.7 thay doi khong dang ké.
Nhu vy, cac mau vat liéu M1.1 — M1.3 ¢ kha nang phan hity MB khi duogc kich thich bai anh
sing kha kién, phu hop voi két qué phan tich phé UV- Vis DRS, céc vat ligu co ti 1¢ Ti 16n chu
yéu gy ra hiéu ing hap phu Két qua thu duoc cho thy cdu tric 16p kép giéng hydrotanxit va ti
1¢ Fe:Ti la nhitng nhén t6 quan trong, quyét dinh hoat tinh quang xtc tac cta vt liéu [8].
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Hinh 6B 14 két qua khao sat kha ning phan huy quang hoa MB d6i voi mau vat liéu M1.2 & cac
khoang pH méi truong khac nhau. Két qua khao sat cho thdy, pH méi truong c6 kha nang cai
thién dang ké hoat tinh xtc tac cta vat liéu M1.2 (d6 chuyén héa MB cao nhat c6 thé dat khoang

78% sau 240 phut chiéu sang tai pH t6i wu = 8,0).
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Hinh 6. Kha nang phan hiy quang héa MB 10 ppm trén cdc mau vat liéu dudi danh sang den LED 30 W (A)
va anh hwong cua pH moi truong den hoat tinh xuc tac cua mau M1.2 (B)

4. Két luan

8 mau vat liéu FeTiH da duoc tong hop bang
phuong phap dong két tiia va dugc nghién ctru
dic trung cdu tric bang cac phuong phap vt
Iy hién dai. Khi cdy ghép dong thoi Fe?* va
Ti** vao cau trac 16p cua hydrotanxit da lam
giam d6 két tinh tinh thé hydrotanxit, nhung
vai méu trong s6 d6 van luu gitr dugc nhitng
dic trung clia chat mang hydrotanxit (M1.1 —
M1.4), dong thoi tao ra nhing trung tdm xuc
tac cho qua trinh phan hity MB. Khi tang ti 1€
Ti trong méu, kha ning hap phu MB ting, dic
biét 1a mau vat liéu M1.6 co kha ning hap phu
MB t6t nhat. Trai nguoc v6i kha niang hip phu
cua nhiing vat li€u nay, kha nang phan huy
MB cuia chiing khong dang ké. Do vay, hoat
tinh quang xdc tac cua céac vat liéu hydrotanxit
bién tinh phu thudc vao ti 1€ Fe:Ti va cAu trac
16p kép hydrotanxit. Két qua khao sat ciing cho
thdy, mau M1.2 c¢6 hoat tinh xuc tac cao nhat
va do chuyén hoa MB c6 thé dat 78% tai pH
moi truong ti wu bang 8,0.

Loi cdm on

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