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ABSTRACT

The CuMgAI hydrotalcite materials were synthesized by co-precipitation
method using nitrate salts of Mg®*, AP*, Cu®* and Na>COs (Merck), at
pH = 9.5, aged in a teflon flask at 100 °C for 24 hours. The synthesized
materials were characterized by the following methods: XRD diagram,
TEM image, EDS spectrum, the adsorption/desorption isotherm Na
(BET), UV-Vis DRS spectroscopy. The characterization results showed
that the 8 synthesized samples have a double layered structure of
hydrotalcite, the average particle sizes in the range of 15.09-21.20 nm
and the absorption margin shifts strongly to the visible light region. The
conversion of methylene blue (MB) increases when the ratio molars of
ion Cu®* in the samples arrange in 0 to 3.5, and set of the CuMgAI-2.5,
CuMgAI-3.0 and Cu-MgAI-3.5 materials showed that they are able to
degradate MB very well under visible light. The conversion of MB 30
ppm can reach 94 % after 90 min on CuMgAI-3.0 sample using
irradiation of LED lamp 30 W light. The catalytic activity of the materials
depends on the amount of Cu®* in the sample, the concentration of
H202, MB and the pH values of the medium.

Gidi thiéu chung

hydrotanxit chifa ty 16 M?*/M3* khac nhau (M?* 13 kim
loai hoa tri Il nhu Mg?*, Zn?*; M>* I3 kim loai hoa tri lll
nhu APP*) va ca cac vat liéu hydroxit 16p kép cla cac

Cac vat liéu hydrotanxit da dugc biét cach day khoang
150 n&m. TU dé t&i nay, ho vat liéu nay da dugc nhiéu
nha khoa hoc quan tam nghién clu va Ung dung trong
nhiéu finh vuc khac nhau: hép phu, xtc tac cho téng
hop hitu cg, xtic tdc hda dau, quang xic tac..
Hydrotanxit c6 céng thirc la
Mgo,667Al0,333(OH)2(CO3)0,167(H20)0,5 la khodng vat trong
tu nhién. Ngay nay, ngudi ta da téng hop cac vat liéu

kim loai hoa tri I, 11l hodc 1l va IV [1]. Nhiéu mau vat liéu
trén ca s& hydrotanxit, hydroxit I6p kép Mg-Al da dugc
téng hgp thanh céng dé€ Ung dung lam chét hap phu,
xUcC tac, quang xuc tac: cac vat liéu MgCuAl dung dé
oxi hda chon loc styren [2], Mg-Al dung cho phan Ung
decacboxyl hda dau dua thu hydrocacbon [3], Cu-Mg-
Al, Cu-Ti-hydrotanxit dung lam xUc tac phan hay
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rhodamin-B trong nudc [4,5]. Cac két qua nghién clu
d& cho théy viéc t6ng hgp cac ho vat liéu hydrotanxit
chll yéu duoc téng hop bang phuong phap dong két
tla, dung cuy, thiét bi don gian, chi phf thap, dac biét
chdng c6 hoat tinh xuc tac khé cao. Tuy nhién, viéc
nghién cliu anh hudng cla ti 1& mol ion Cu®* dén cau
trdc hydrotanxit Mg-Al-COs va hoat tinh quang xuc tac
clia cac vat liéu bién tinh nay trong phan Ung phan
hdy metylen xanh chua dugc nghién cliu mét cach hé
théng. Do vdy, ching toi da tién hanh t8ng hop cac
vat liéu hydrotanxit Mg-Al-COs bién tinh bang ion Cu®*
theo cac ti 1& mol Cu®* khac nhau va Ung dung lam xdc
tac xir ly MB trong nudc dudi anh sang den LED 30 W
(sén xuét bdi cong ty CE phan Bong dén Phich nudc
Rang Bong - Viét Nam).

Thyc nghiém va phuang phap nghién cldu
Téng hgp vit ligu
Cac vat liéu téng hgp hydrotanxit MgAI-COs3 va

hydrotanxit bién tinh bang ion Cu®* (CuMgAl-n) dugc
tong hop nhu sau [24]: Hoa tan dong thai

Al(NO3)3.9H:0, Mg(NOs)2.6H20, Cu(NO3)2.3H20
(Merck) (dugc 1&y theo ti 1& mol xac dinh cua

Cu?Mg?APCO3 ) véi 150 mL nudc khit ion trong
binh tam gidc nit nhdam 250 mL. Dat binh phan Ung
trén may khudy ti gia nhiét d€ dugc dung dich dong
nhéat. Tiép theo, nhod tUr tU ting giot cho dén hét 25 mL
Na2CO3 0,6 M vao binh phan Uing va khudy 60 phit &
nhiét d6 phong. Chuyén toan bd hdn hop vao cbc
thay tinh 400 mL va diéu chinh pH cla hdn hgp bang
dung dich NaOH 2M dén pH = 9,5, thu dudgc gel. Sau
do, khudy gel trén méay khudy tir 60 phut.

Tiép tuc, gel dugc gia hda trong binh Teflon & 100 °C
trong 24 giG. Sau khi gia hda gel, tién hanh loc, rira san
phém bang nudc néng (70 °C) vai lan bang nudc khir
ion dén pH = 7,0. S&y chat rén & 80 °C trong 24 gic
thu dugc cac mau vat liéu hydrotanxit (ki hiéu la MgAl)
va hydrotanxit bién tinh bang ion Cu®* (ki hiéu I3
CuMgAl-n vdi n 13 ti 1&é mol Cu?* trong mau) (bang 1).
Sau doé, cac mau dugc nghién bang chay c6i ma ndo
va dugc dung dé tién hanh nghién cliu dac trung cau
trdc va hoat tinh quang xuc tac.

Bang 1: Cac mau vat liéu téng hop hydrotanxit MgAl va hydrotanxit bién tinh bang Cu®* (CuMgAl-n)

Kich thudc
Tilé mol hat trung
S N . , Gia tridoos  binh tinh Mau
STT Ki hiéu Cu:Mg:Al:COs Cdng thic A theo e
(Mg + Ncw = 0,7) Scherrer
(nm)
1 MgAl 0:7,0:3,01,5  Mgo7Alo3(OH)2(CO3)o,15.mH0 7,830 33,28 Tréng
2 CuMgAI-0,5 0,5:6,5:3,0:1,5  Mgo,esCuo,05Al0,3(OH)2(CO3)0,15.mH0 7,667 18,64 Xanh
3 CuMgAI-1,0 1,0:6,0:3,0:1,5  Mgo,6Cuo1Alo,3(OH)2(CO3)0,15.mMH20 7,767 20,31 Xanh
4 CuMgAl-1,5 1,5:55:3,001,5  Mgo,s5Cuo15Al0 3(OH)2(CO3)0,15.mH20 7,825 17,96 Xanh
5 CuMgAl-2,0 2,0:5,0:3,0:1,5  Mgo,5Cu0,2Al0,3(OH)2(CO3)0,15.mH20 7,762 15,09 Xanh
6  CuMgAl-2,5 2,5:4,5:3,001,5  Mgo4sCuo,2sAlo3(OH)2(CO3)015.mH0 7,859 21,20 Xanh
Xanh +
7 CuMgAl-3,0 3,0:4,0:3,01,5  Mgo,4CuozAlos(OH)2(CO3)o15.mH20 7,794 16,09 Den
Xanh +
8  CuMgAl-3,5 3,5:3,5:3,0:1,5  Mgo;35Cu035Al0,3(OH)2(CO3)0,15.mH0 7,865 19,02 Den

Gia tri doos: Khodng cach gilta hai I6p bén trong.
Cdc phuong phdp vt ly nghién ciu ddc trung xdc tdc
Thanh phan pha tinh thé dugc xac dinh bang gian do

nhiéu xa tia X, thanh phan cac nguyén té trong mau
dugc xac dinh bang phé EDS tai khoa Hoa hoc, trudng

Pai hoc KHTN — BHQG Ha No&i. Cac anh TEM cla vat
lieu dugc do tai Vién vé sinh dich t& TW Ha Néi. Cac
dudng dang nhiét hdp phu/giai hdp phu Nz dugc do
tai Vién Héa hoc - Vién Han Lam Khoa hoc Viét Nam.
Quang phé UV-Vis DRS dugc xac dinh trén méy U-
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4100 Spectrophotometer tai khoa Hoa hoc - trudng
Pai hoc Su pham — Bai hoc Thai Nguyén.

Khdo sdt hoat tinh xtc tdc cua cdc mdu vat liéu téng
hop déi véi MB

DEé khao sat khd nang phan hiy quang hoda cla céc
mau vat liéu téng hop, ching téi tién hanh khao sat
nhu sau: SU dung 0,2 g cac mau vat liéu téng hop dé
tién hanh hap phu 250 mL MB néng dé 30 ppm trong
béng téi 30 phut dé€ dat can bang hdp phu. Sau khi
hép phu trong béng t6i, thém 1,2 mL H202 30% vao
hén hop phan Ung, tién hanh khao sat kha nang phan
hdy MB dudi anh sang dén LED 30 W theo thdi gian
chiéu sang. Sau mdi khoang 30 phdt, tién hanh 1dy
mau, ly tam va do do hép thu quang phan tr tai budc
song 664 nm dé xac dinh ndng dé MB tai cac thoi
diém 18y mau. TU d6, cé thé so sanh dugc hoat tinh
quang xUc tac clia cac mau vat liéu téng hap. Sau do,
ching téi s&t dung mau vat liéu co hoat tinh t6t dé
khao sat anh hudng cla cac yéu t6 anh hudng: ndng
dé MB, ndng dé H202, pH mai truong.

Xdc dinh ndng dbé MB trong nudc

Sau mdi khoang thdi gian xac dinh, ly tm dé loai bo
mau vat liéu, pha lodng mau dé xac dinh ndng dé MB
con lai trong dung dich theo phuong phép do dd hép
thu phan t& clia MB & budc séng 664 nm. BS hap thu
quang phan tir ciia MB dugc do trén may UV-Vis 1700
tai Khoa Hoa hoc - Truong Pai hoc Su pham Thai
Nguyén. Nong dé MB con lai trong dung dich dugc
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tinh toan theo phuong phap dusng chuén y = 0,1796x
+0,0433, R? = 0,9995.

K&t qua va thao luan
Ddc trung cdu trdc vt liéu xdc tdc
Gian do nhiéu xa tia X (XRD)

Két qua phan tich gian d& XRD clia 8 mau vét liéu téng
hap & hinh 1 cho théy, tit ca cac mau chi xuét hién cac
dinh pic dac trung cho cdu tric tinh thé cla
hydrotanxit. Cac gia tri doos tai goc 26 = 11,57, doos tai
goc 26 = 23,45 va dio tai goc 26 = 60,9 dugc dung dé
tinh thdng s6 mang cla vat liéu (khoang céch gilta cac
ion kim loai va bé day cla I6p bruxit).>! Két qua thu
dugc nhu sau: théng sé a dao déng trong khodng
3,044-3,056A, thong s6 ¢ dat tir 22,92-23,53 A. Cac
théng s6 a va ¢ nay khé tuong dong vai két qué trong
tai liéu. Khoang cach gitta 2 16p bén trong (doos) dudc
chi ra trong bang 1 cho thdy cac gia tri doos thay déi
trong khoadng 7,667-7,859 A dac trung cho cdu tric
dang bruxit ctia hydrotanxit v&i ion CO3?” ndm gitta cac
I6p. Cusng do va chiéu cao dinh pic tai goc nhiéu xa
11,57° giam khi tang ti 16 Cu?* trong cac mau, cho thay
o su suy giam cau truc I6p kép khi tang ti 1& mol Cu®*
trong mau. Ngoai ra, kich thudc hat hydrotanxit trung
binh gidm manh khi bién tinh bang ion Cu?* (bang 1),
céc vat liéu bién tinh ¢6 kich thudc hat trung binh thay
déi khong déang ké, dao doéng trong khoang 15,09-
21,20 nm, nhd hon kich thudc cia mau MgAl (33,28
nm). K& qua nay phu hgp véi anh TEM & hinh 2.

CuMgAl-0,5 (2) CuMgAl-1,0 (3)
CuMgAl-2,0 (5) CuMgAl-2,5 (6)
CuMgAl-3,5 (8)

10 20 30

40 50 60 70

2-Thetha Scale

Hinh 1: Gidn do XRD clia cac mau vét liéu MgAl, CuMgAI-0,5 - CuMgAI-3,5

Anh TEM cta cdc vt lisu

Anh TEM cla hai mau vat liéu MgAl va CuMgAl-3,5 &
hinh 2 d& cho thdy r6 rang vé cdu tric I6p phién cla
vat liéu hydrotanxit. Cac I6p c6 dang hinh cau vdi kich

thudc khéng dong déu. Ca hai mau vat liéu MgAl va

CuMgAI-3,0 déu xuét hién cac 16 mao quan trung binh

trong cac I8p phién. K&t qua phan tich nay phu hgp vdi

két qua thu dugc khi phan tich dusng dang nhiét hap
phu/giai hdp phu No.
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MgAl009
Print Mag: 125000x @ 51 mm

100 nm

CuMgAl — 3.000
Print Mag: 167000x @ 51 mm

%

100 nm

Hinh 2: Anh TEM clia 2 mau vat liéu MgAl (A) va CuMgAI-3,0 (B)

Két quad phdn tich thanh phan % nguyén té trong mdu

K&t qua phéan tich % nguyén t clia cac nguyén té Mg,
Al, Cu, O trong 3 méau vat liéu MgAl, CuMgAI-2,0 va
CuMgAI-3,0 bang phé EDS dugc thé hién & bang 2
dudi day. Ty 1& s6 nguyén tr clia cac nguyén té Mg:Al
va CuMg:Al khéng trung khdp vdi ty 1é tinh toan theo
ly thuyét dé téng hop vat lieu (Mg:Al = 7:3; CuMg:Al =
2:5:3 va 3:4:3, tuong Uing). Diéu nay co thé la do & pH
cao, mét phan Al(OH)s bi hoa tan lam gidm Iuong AR
trong mau, lam thay déi ty 1&é mol clia cac nguyén té.

Bang 2: Thanh phan % nguyén t clia cac nguyén to
Mg, Al, Cu, O trong cadc mau vét liéu

Mau MgAl  CuMgAl-2,0  CuMgAl-3,0
Nguyén té % Nguyén t
O 70,95 64,34 69,05
Mg 19,68 10,83 11,61
Al 9,37 10,46 8,68
Cu 0 14,38 10,66

Buong ddng nhiét hdp phu/gidi hdp phu Nz (BET) cta
cdc mdu vt lidu téng hop

Két qué phan tich cac dudng dang nhiét hdp phu/giai
hap phu N2 (BET) & hinh 3 cho thay rdng, cac mau vat
liéu t6ng hop c6 dudng hép phu va giai hdp phu thude
loai IV, kiéu H3 theo cach phan loai clia IUPAC, dac
trung cho mao quan trung binh [2]. Dién tich bé mat
BET clia 3 mau vat liéu MgAl, CuMgAI-2,0 va CuMgAl-
3,0 tuong Ung la 47,39; 79,15 va 36,02 m?/g. Budng
kinh mao quan trung binh cla 3 mau vat liéu tuong
Ung la 17,52; 15,22 va 12,35 nm.

220 ] —=—MgA! - Adsorption (1)
2004 —— MgAI - Desorption (1)
180 —*—CuMgAI 2.0 - Adsorption (2)
{ —v—CuMgAl 2.0 - Desorption (2)
1604 —— cuMgAl 3.0 - Adsorption (3)
1 40- —»— CuMgAl 3.0 - Desorption (3)

120
1004
80
60-
404
20
0 e e e e ——————1
0.0 0.2 04 0.6 0.8 1.0
Ap suat tuong déi (P/Po)

Hinh 3: Cac dudng déng nhiét hap phu/giai hap phu
N> (BET) clia 3 mau vat liéu t8ng hap MgAl (1),
CuMgAI-2,0 (2) va CuMgAl-3,0 3)

Phé UV-Vis DRS cta cac mau vat lidu

PhS UV-Vis DRS clia cac mau vat liéu t6ng hop dudc
thé hién & hinh 4. Mau hydrotanxit MgAl c6 2 ving
séng hép thu la 210-240 nm va 260-320 nm va budc
song hap thu cuc dai vao khoang 360 nm. Cac mau
vat liéu hydrotanxit bién tinh bang ion Cu®* déu c6 bs
hdp thu dich chuyén manh sang viing nhin thdy theo
chiéu tdng cua ti 1é mol Cu?* trong mau tir 0,5-3,5. Cac
vat liéu hydrotanxit bién tinh cd budc sdng hédp thu cuc
dai trong khodng 395-495 nm, c6 hai ving hép thy,
vung 1 trong khodng 250-350 nm Ung vdi su dich
chuyén dién tich ciia O - Cu®*, ving hap thu thi hai
c6 su md réong manh trong khodng 600-800 nm (ng
vdi sy dich chuyén dién tich d—d trong moi trudng bat
dién ctia ion Cu®* %1 Nang lugng ving cdm Eq gidm
tr 3,72-3,10 eV (hinh 5B) khi ting ti 1& mol Cu?* trong
cac mau tr 0-3,5.8 T két qua phan tich phd UV-Vis
DRS & trén, c6 thé du dodn cac mau vat liéu bién tinh
bang Cu’* co hoat tinh quang xUc tac t6t dudi anh
sang kha kién.
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Hinh 4: Ph& UV-Vis DRS (A) va nang lugng viing cdm clia cac mau vat liéu téng haop (B)

Khao sat kha nang phan hly MB trén c4c mau vat liéu
téng hap

Anh hudng cta lugng ion Cu?* trong mdu va thoi gian
chiéu sdng dén hoat tinh hdp phu, xuc tdc cua vt liéu
—a—MgAl —e— CuMgAl0,5 —— CuMgAI-1,0

—v— CuMgAl-1,5 —<—CuMgAl-2,0 —»— CuMgAl-2,5
100 y—e— CuMgAI-3,0 —e— CuMgAI-3,5

B (o] (o]
o o o
L 1 L

N
o
L

Do chuyén héa MB (%)

%30 0 30 60 S0 150 150 130
Thai gian chiéu sang (phat)
Hinh 5: D6 chuyén hoa MB theo thai gian trén céac
mau vat liéu téng hap
Chu thich: 250 mL dung dich MB 30 ppm, 0,2 g vat liéu,
1.2 mL H202 30 %

Két qua khao sat anh hudng clia lugng Cu®* trong méau
dén hoat tinh hdp phu, xic tac cta vét liéu & hinh 5
cho théy, cac mau vat liéu déu hap phu khéng dang ké
MB, hiéu sudt hdp phu MB trén cac vat liéu chi dao
déng trong khoang 5-7 % sau 30 phut khudy trong
boéng t6i dé dat can bang hap phu. Cac két qua khao
sat khd néng hép phu cho thédy céc vat liéu cé cu tric
hydrotanxit déu hép phu khéng dang ké MB, Rh-B
tuong tu nhu tai liéu [4,5,9]. Khi chiéu sang cac hon
hop phan Ung bang dén LED 30 W, két qua thu duac
cho thdy cac vét liéu téng hap déu cé hoat tinh quang
xUc tac t6t hon nhiéu so vd&i mau MgAl. Két qua nay
phu hgp véi phé UV-Vis DRS clia cac vat liéu. Ba mau
vat lieu CuMgAl-2,5; CuMgAI-3,0 va CuMgAl-3,5 c6

hoat tinh quang xuc tac t6t nht. D6 chuyén héa MB
30 ppm trén ba mau vat liéu nay déu co thé dat trén
90 % chi sau 90 phut chiéu sdng. Nhu vay, hoat tinh
x(c tac cla vat liéu phu thude vao lugng ion Cu®* bién
tinh, ti 1& mol Cu®* t&i uu trong khoang 2,5-3,5. Két
qua khao sat nay tuang tu nhu két qua trong tai liéu
[4].

Anh huéng ctia ndng dé MB dén hoat tinh xuc tdc cua
cta mau vat liéu

—a—MB 10 ppm -—e—MB 20 ppm —4&—MB 30 ppm
—¥— MB 40 ppm —<¢—MB 50 ppm —>—MB 75 ppm

-

o

o
1

[0}
o
" 1 A

N
e

D6 chuyén héa MB (%)
N (o))
2 e

o

30 60 90 120 150 180
Thdi gian chiéu sang (phut)

o

Hinh 6: D6 chuyén hda MB trén mau vat liéu CuMgAl-
2,5 & cac ndng dé MB khac nhau
Chdi thich: 250 mL dung dich MB & cac ndng do khdc
nhau, 0.2 g vat lieu CuMgAl-2,5, 12 mL H>02 30 %

S dung mau vat lieu CuMgAl-2,5 dé khao sat kha
nang phan hiy MB & cac ndng doé MB khac nhau, két
qué thu dudc & hinh 6 cho thdy, khi tdng ndng doé MB
tr 10 dén 75 ppm, dé chuyén hoa MB trén mau vt liéu
khdo st gidm, gidam manh & ndng d& MB 75 ppm.
Pigu nay la do anh hudng cta sy che chan anh sang
clia cac phan ti MB & nong dé cao, lam gidm kha
néng hdp thu &nh sédng cla vat liéu. Tuy nhién, do
chuyén héa MB 50 ppm trén mau vat liéu khao sat c
thé dat t&i 90 % sau 180 phut chiéu sang. Do vay,
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ching t6i st dung ndng dé MB 50 ppm dé khao sat
anh hudng cla ndng dé H0z va pH mai truong. Khi
so sanh vai két qua khado sat cla céc tac gid ,[4] két
qua phan hly MB thu dugc da cho thdy cac mau vat
litu CuMgAIl cling cé hoat tinh xuc tac rat tét, co thé xir
ly cac chat mau MB, Rh-B & ndng dé cao.

Anh hudng cia ndng dé H-0> va pH méi truong dén
hoat tinh xuc tac cta cta mdu vat liéu

Nong dé HO2 va pH mdi trudng co adnh hudng dang
ké dén hoat tinh xuc tac cla vat liéu. Khi ting nong dé
H20>, d6 chuyén héa MB tang (hinh 7). Biéu nay 1a do
co sy tang cutia sé géc hidroxyl (HO) khi vat liéu bi kich
thudc bdi chum sang dén LED) theo phan Ung: H202 +
e - HO" + OH ™ Tuy nhién, khi ndng do H.0> qua
I&n sé lam gidm hoat tinh quang xUc tac cla vat liéu,
do su két hgp cla cac géc HO™ véi H20> tao ra géc
HOQO" ¢6 tinh oxi hda yéu han géc HO".
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Hinh 7: D& chuyén héa MB trén mau véat liéu CuMgAI-
2,5 & cac néng dé H20z khac nhau
Chd thich: 250 mL dung dich MB 50 ppm, 0,2 g vt liéu
CuMgAl-2,5
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Hinh 8: D6 chuyén hoa MB trén mau vat liéu CuMgAl-
2,5 & cac khoédng pH khac nhau

Chd thich: 250 mL dung dich MB 50 ppm, 0,2 g vt liéu
CuMgAl-2,5, 1,2 mL H20: 30 %

Khi khdo sat anh hudng cla pH mdi trudng dén hoat
tinh xUc tac cta vat liéu, két qua thu dugc & hinh 8 da
cho thdy pH phu hgp dé phan hiy MB 50 ppm nam
trong khodng 6,58-8,0 (pH = 6,58 la pH ban dau cua
dung dich MB 50 ppm). Két qua nay cling phu hgp vdi
cong bé [4].

K&t luén

Céc vt liéu hydrotanxit MgAl va hydrotanxit bién tinh
bdi ion Cu?* da dudc téng hop thanh céng bang
phuang phap dong két tda. Bac trung cau tric vat liéu
da chiing té rang cac mau vat liéu téng hgp dugc déu
co céu truc 16p kép gidng hydrotanxit. Tuy nhién, dé
két tinh tinh thé hydrotanxit co sy suy gidm khi tang ti
l6 mol Cu®* trong cac mau tir 0,5- 3,5. Cac vt liéu
téng hop déu thudc kiéu IV, loai H3 theo cach phan
loai clia IUPAC, c6 hé théng mao quan trung binh vdi
dudng kinh mao quan trong khoang 12,35-17,52 nm.
Két qua khao sat khd nang phan hly MB clia cac mau
vat liéu téng hop thu dugc déu cho thdy ching cé kha
nang phan huy rét tét MB & ndng do 30 ppm, tham
chi & néng d6 MB cao 50 ppm. D6 chuyén hda MB 50
ppm c6 thé dat té&i 90 % sau 180 phut chiéu sang. Hoat
tinh xUc tac clia vat liéu phu thudc vao ti 1é mol Cu®*
bién tinh, cac mau vét liéu cé ti [é mol Cu?* trong
khodng 2,5-3,5 c6 hoat tinh t&t nhat. Ngoai ra, hoat
tinh xUc tac cta vat liéu dugc cai thién dang ké & nong
dé H202 800-1200 ppm, pH mdi trudng trong khodng
tu 6,58-8,0.

L&i cdm on

Nghién ctu nay dugc tai trg bdi trudng Pai hoc Su
pham, Dai hoc Thai Nguyén trong dé tai ma sé
CS.2021.23.

Tai liéu tham khao

1. Tengfei Li, Haralampos N., Miras et al.,, Catalysts 7
(2017) 260.

2. Nguyen Tien Thao, Le Thi Kim Huyen., Chemical
Engineering Journal 279 (2015) 840-850.

3. Nguyen Khanh Dieu Hong, Hoang Ngoc Dung,
Journal of Science and Technology 52(6) (2014)
755-764.

4. Syamone Somxayasine, Vu Van Nhuong, Nguyen Quoc
Dung, TNU Journal of Science and Technology
225(9) (2020) 3-10.

https://doi.org/10.51316/jca.2021.135
257


https://doi.org/10.51316/jca.2021.135

Vietnam Journal of Catalysis and Adsorption, 10 — special issue 1(2021) 252-258

Vu Van Nhuong, Nguyen Cong Toan et al. Journal 7. Magdalena Jabtonska, Lucjan Chmielarz et al,
of Chemistry 57(2e1,2) (2019) 210-215. Applied Clay Science 114 (2015) 273-282.

Shengjie  Xia, Llianyang  Zhang et al, 8. Xin-Rui Wanga, Yong Lia, Li-Ping Tanga, Wen Gana
Phys.Chem.Chem.Phys., (2014). et al,, Chinese Chemical Letters 28 (2017) 394-399.

https.//10,1039/c4cp0387 7k 9. Vu Van Nhuong., Journal of Analytical Sciences 26

(2027) 18-24.

https://doi.org/10.51316/jca.2021.135
258


https://doi.org/10.51316/jca.2021.135
https://www.sciencedirect.com/science/journal/01691317



