CONG NGHE

TONG HOP HE VAT LIEU NANO FE-CU/ZSM-5 DINH HUGNG
XU Li CHAT HU'U CO TRONG MOI TRUGNG NUGC

SYNTHETIC FE-CU/ZSM-5 NANO MATERIAL ORIENTATIONS FOR ORGANIC TREATMENT

IN WATER ENVIRONMENT

TOM TAT

T6ng hop hé vét liéu nano Fe-Cu/ZSM-5 ¢d dién tich bé mét. Dac trung cic
vat liéu tong hop dugc bang cac phuong phap héa Iy hién dai nhu XRD, BET,
SEM, ... Théng qua d6 danh gid hoat tinh xiic tac cda vét liéu téng hop ducc
trong phan hdy chat mau hitu co (thudc nhugm RR-195).

Tirkhéa: Vit liéu nano, Fe-Cu/ZSM-5, chdt mau hitu co.

ABSTRACT

Synthesis of Fe-Cu/ZSM-5 nano material system with surface area.
Characterization of synthesized materials by modern physicochemical methods
such as XRD, BET, SEM,.... Thereby evaluating the catalytic activity of the
synthesized materials in the decomposition of organic pigments (Dye RR-195).

Keywords: Nano material, Fe-Cu/ZSM-5, organic pigments.
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1.ME PAU

Su phat trién cGa cong nghiép héa da gay ra van dé 6
nhiém moi trudng noi chung, 6 nhiém ngudn nudc noi
riéng ma trong do6 6 nhiém chat mau hiu co dang c6 chiéu
huéng gia tdang manh mé. S dung xuc tac quang hoda dugc
ap dung réng rai trong xur ly loai bé cac chat hitu co doc hai
gay 6 nhiém méi trudng nudc Mac du da dat dugc mét sé
thanh tyu nhat dinh, tuy nhién hiéu qua xuc tac quang hoa
chi dugc cai thién & muc d6 gidi han.

Dua vao co sé trén, nhém tac giad thuc hién nghién ciu
téng hgp hé vat lieu nano Fe-Cu/ZSM-5 dinh huéng xt i
chat hitu co trong moi trudng nudc.

2. THUC NGHIEM
2.1. Héa chit va dung cu:

- Zeolit ZSM-5

- Isopropyl alcohol

- Iron (lll) nitrate nonahydrate Fe(NO;);.9H,0

- Copper(ll) nitrate trihydrate Cu(NO;),.2H,0

- Can, may khudy tu gia nhiét, ta say, 16 nung, cé¢, 6ng
dong, chén su, pitpet, buret,...
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2.2. Quy trinh tng hgp

Téng hagp va thi hoat tinh véi cac t6 hgp xdc tac ZSM-5
chua Fe:

C6 hai phuong phdp:

- Phuong phap 1: Phuong phap ngam tdm udét két hop
véi quy trinh siéu am

Phucong phap nay bao gém ba giai doan: ngam tam,
phan tan va xt ly nhiét. Phan tdn ZSM-5 trong dung dich
mudi sat trong isopropanol dé thu dugc dung dich mau cé
chua Fe,0,. HOn hgp nay dugc khudy trudc khi siéu am
trong bé siéu am dé tao diéu kién cho su phan tan st trén
ZSM-5 va dung méi da bay hai. Hon hop dugc say khé. Sau
dé, né dugc nghién va dugc xi ly nhiét dé dat dugc hiéu
suat can dat.

- Phuong phap 2: Phuong phap lang dong hoi hoa hoc

2.2.1. Téng hop mau Fe/ZSM-5

Khudy 5 phint

30ml Isopropyl alcohol Cho 0,5(g) HZ5M-5

Hén hop dung dich (1) ‘

mig) Fe(ND,)5.8H,0

khudy 30 phat ,nhist 48 50° C |

—
Han hop dung dich (2)

*
Siéu §m 60 phin

Loclytdm

Sy & B0°C,12h

Nghien, sang

ir by nhigt 3 .
Sdn pham Fe/ZSM-5
Nung & 250°C, 4h

Hinh 1. So d6 qui trinh tong hop vat liéu Fe/ZSM-5
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2.2.2. Téng hop mau Fe-Cu/ZSM-5

l Khusy 5 phit |

‘ Hin hop dung dich (1) ‘

30mi Isopropyl alcohol i

| ChoDS(g) HZSMS

0,225(g) Fe{NO,),.9H,0
khudy 30 phut, nhigt 65 50° C

‘ % 0,025(p) CulND,},. 3H,0

h &
‘ Hén hop dung dich (2) ‘

¥
Sidu im 60 phut |
X
Loc by tém
h 4

Nghign, sang

———
‘ S3y & 80°C,12h ‘

¥

Xl Iy nhigt
Nung & 250°C, 4h

Hinh 2. Sa d6 qui trinh tong hop vat liéu Fe-Cu/ZSM-5
3. KET QUA VA THAO LUAN
3.1. Pac trung vat liéu

3.1.1. Phé nhiéu xa tia X cua vit liéu

San pham Fe-CufZ5M-5 <

Fel/ZSM-5

nn

Cuomg d6 (a.u)
r.,

ZsSm-s

10 20 30 %0 P
20 (degree)
Hinh 3. Két qua XRD vat liéu ZSM-5, Fe/ZSM-5, Cu-Fe/ZSM-5

Tu hinh 3 nhan thay két qua xuat hién cac cuc dai nhiéu
xa trong vung 26 tur 22° - 25° d3c trung cho pha tinh thé
cla zeolite ZSM-5 [2]. Vat liéu ZSM-5 xuat hién cac peak ro
rang G 20 ~ 7,9°; 8,8°; 23¢; 23,9; 24° dac trung cho cdu trdc
MFI cta zeolite ZSM-5. Cac peak dac trung cho cdu tric cla
vat liéu ZSM-5 cé cudng do I6n, can doi. Mau vat liéu
Fe/ZSM-5 va Cu-Fe/ZSM-5 xuét hién céc peak ré rang & 26
~ 7,99 8,89 23°; 23,9; 24° dic trung cho cdu truc MFI cua
zeolite ZSM-5. Tuy nhién, khéng cé su xuat hién cla cac
pha Fe,0, va CuO trong gian d6 XRD. Diéu nay dugc giai
thich bsi ham lugng Cu dua vao mau chi chiém 1/10 khoi

lugng kim loai dua vao vat liéu va sy phan tan dong déu
cla pha CuO trong mau vat liéu nén gian d6 XRD khong
xudt hién pha CuO.

3.1.2. Anh SEM cda vat liéu

) e

IMS-NKL 5.0kV 5.2mm x20.0k SE(M)

Hinh 5. Anh SEM clia Fe-ZSM-5 (a) va Fe-Cu/ZSM-5 (b)

Két qua anh SEM cuia vat liéu (hinh 4, 5) cho thay cac hat
oxit kim loai kich thuéc nano phan tan tuong doi dong déu
trén bé mat chat mang ZSM-5. Tuy nhién véi ham lugng Cu
nho (chiém 1/10 vé khéi luogng kim loai) dua vao vat liéu,
anh SEM khong cho thay su khac biét nhiéu vé bé mat cé
Cu va khong cé Cu.

3.1.3. Két qua do duong ddng nhiét hdap phu/khir hdp
phu N, (BET) cua vt liéu

Pudng ddng nhiét hap phu - khit hdp phu N, (BET) clia
vat liéu ZSM-5, Fe/ZSM-5, Cu-Fe/ZSM-5 thuéc dang IV phan
loai theo IUPAC, vdi vling tré tuong (ing vdi su ngung tu
mao quan, dic trung cho cau truc vat liéu cé mao quan
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trung binh. Qua dudng déng nhiét hap phu - khit hap phu
N, (BET) cla cac vat liéu cho thdy vung tré clia cdc mau
Fe/ZSM-5 va Cu-Fe/SZM-5 khéng thay déi khi dua Fe va Cu
[én bé mat ZSM-5. Qua bang 1 cho thady dién tich bé mat
clla mau ZSM-5 cao, dat 306m?/g va thé tich mao quan
0,202cm?/g, dudng kinh mao quén 6,6nm. Khi dua cac tam
hoat déng chira Fe va Cu lén bé mat ZSM-5 thi dién tich
mao quan, thé tich mao quén, va dudng kinh mao quan
gidm. Gidi thich cho hién tugng nay, do cac ion kim loai
phan tan trén cdc mao quan ZSM-5 nén cac théng sé dac
trung gidm.

1404

120

100

o

Thé tich mao quin (cm®/g STP)

80+ i BT 3
o Cu-Fe/ZSM-5
604"
40+
20 4
u T L} T Ll T
0.0 0.2 0.4 0.6 0.8 1.0

Ap suat rong doi (p/p°®)

Hinh 6. Dudng dang nhiét hap phu-gidi hdp phu N, cla vét liéu ZSM-5,
Fe/ZSM-5, Cu-Fe/ZSM-5

Bang 1. Cac thdng s6 ddc trung cla vét liéu ZSM-5, Fe/ZSM-5, Cu-Fe/ZSM-5

Mau Dién tich bé Thétichmao | Dudngkinh
mat (Sg;) m”/g | quan (cm’/g) mao quan
BJH (nm)
ISM-5 306 0,202 6,6
Fe/ZSM-5 278 0,187 53
Cu-Fe/ZSM-5 237 0,155 3,8

3.2. Panh gia hoat tinh cha vat liéu Fe-ZSM-5 va Cu-Fe-
ZSM-5

3.2.1. bdnh gid hoat tinh xtc tdc Fe-ZSM-5 va Cu-Fe-
ZSM-5

Pé so sanh hoat tinh xuc tac cla cac hé xuc tac téng
hgp dugc gom: Fe-ZSM-5 va Cu-Fe-ZSM-5 trong qua trinh
phan hiy RR-195 dugc thuc hién & diéu kién: néng d6 RR-
195 ban dau la 100mg/L; lugng xuc tac 0,3g/L; 0,3mL H,0,;
pH: 5; nhiét dé 25°C va chiéu sang trong 120 phut. Khodng
cach dén dén bé mat thoang va cudng d6 sang dugc c6
dinh. K&t qua danh gia hoat tinh xudc tac Fe/ZSM-5 va Cu-
Fe/ZSM-5 dugc thé hién trén hinh 7.

Hinh 7 cho thay, vét liéu Fe/ZSM-5 va Cu-Fe/ZSM-5 c6
kha ndng hap phu RR-195 cao, dat lan lugt 51,28% (C/Co =
0,49) va 46,39% (C/Co = 0,54) sau 60 phut. Hiéu suat chuyén
hoa RR-195 trén xuc tac Fe/ZSM-5 dat 90,47% (C/Co = 0,1)
va dat 94,37% (C/Co = 0,06) doi véi vat liéu Cu-Fe/ZSM-5.
Diéu nay cho thay Fe két hgp vdi cac nhdm cacboxyl tao
Fe(OH),, FeO... lam cho tdm quang héa manh nhat khi ham
luogng Fe trong mau do cao, ti d6 phan ung véi H,0, tao
g6c¢ "OH nhiéu hon lam cho hiéu suat phan (ing cao hon .
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Hinh 7. Danh gid hoat tinh xtc téc Fe/ZSM-5 va Cu-Fe/ZSM-5

Vat liéu Cu-Fe/ZSM-5 giai doan dau (hap phu) kém hon
vat lieu Fe/ZSM-5, diéu nay dugc giai thich bdi vat liéu Cu-
Fe/SZM-5 c6 dién tich bé mat thap hon Fe/SZM-5 (v6i ZSM-
5 = 306(m?/g), Fe/ZSM-5 = 278(m?/g) va Cu-Fe/ZSM-5 =
237(m?/g)) nén kha nang hap phu kém hon. Tuy nhién, sau
60 phut, hiéu suat loai bé RR-195 clia xuc tac Cu-Fe/ZSM-5
cao hon Fe/SZM-5, diéu nay dugc gidi thich bai trong xuc
tdc Cu-Fe/ZSM-5 ngoai su hién dién clia cac tam Fe,0,, FeO
con ¢6 sy xudt hién cta Cu,0, CuO va Cu cling la tdc nhan
manh cung cap cac electon lam ddy nhanh va nhiéu hon
qua trinh chuyén héa Fe** thanh Fe?*, lam tang t6c do sinh
ra cac géc hydroxyl [2].

3.2.2. Khdo sdt cdc yéu té anh huéng dén hiéu quad xur
Iy RR-195

Khdo sdt anh huéng cta pH dén hiéu qua xi Iy RR-195 trén
hé xuc tdc Cu-Fe/SZM-5

Vét liéu Cu-Fe/SZM-5 trong qua trinh phan hay RR-195
dugc thuc hién & diéu kién: néng dé RR-195 ban dau la
100mg/L; lugng xuc téc 0,3g/1; 0,3mL H,O,; pH: 3; 5; 7 va 10,
& nhiét d6 25°C va chiéu sang trong 120 phut. Khoang cach
dén dén bé mat thoang va cudng dé sang dugc c6 dinh.
K&t qua danh gia hoat tinh xuc tac Cu-Fe/ZSM-5 dugc thé
hién trén hinh 8.

1.0

084\

0.6 4
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dnh sangg Anh sing khi kifn
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Hinh 8. Anh hung ctia pH dén hiéu suat chuyén héa RR-195

Hinh 8 cho thay gia tri pH déng vai trd quan trong déi
vGi sy phan hay cla RR-195 do anh huéng dang ké dén
dién tich bé mat clia Fe,0,. G pH = 3 trong thdi gian 60
phat, hiéu suat chuyén héa RR-195 dat 96,1% (C/Co = 0,04).
@ pH = 5 trong thai gian 120 phut thi hiéu suat chuyén hoa
dat 94,38% (C/Co = 0,06) va & pH = 7 thi hiéu suat 12 90,15%
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(C/Co = 0,1) sau 90 phut. Khi tang gia tri pH > 7 hiéu suat
chuyén héa ctia phan ting gidm manh. G pH = 10, khi kéo
dai thai gian phan Ung téi 90 phut thi hiéu suat méi dat
80,45% (C/Co = 0,2). Nhu vay, & pH thap thuéc nhudém hoat
tinh RR-195 la anion tuong tac luc hut tinh dién véi Fe,O,
tich dién duong do d6 hiéu suat chuyén héa cao hon & pH
cao. Bén canh d6 pH anh hudng manh dén su hap phu cta
thudc nhuém anion trén bé mat xuc tac, dé che phu bé mat
xUc tac cling dnh hudng dang ké dén su hap phu gita bé
mat xUc tac va thudéc nhudém. Su hdp phu anion RR-195 trén
bé mat xuc tac lam tang cac dién tich am, diéu nay han ché
téc d6 hap phu cta cac ion thuéc nhudém. Hon nia, kich
thudc hat ca chat xuc tac phu thudc rat nhiéu vao d6 pH
trong pha nudc. G pH trung tinh, su két tu cla cac hat nano
Fe,0, trong pha nudc da xay ra. G moi trudng pH axit tao
diéu kién cho kich thuéc hat nano Fe,0, gidm do luc day
tinh dién gilra cac hat giam va su két tu sé bi han ché. Hon
nta, méi trudng axit rat thuan lgi cho qua trinh tao géc
hydroxyl tu do *OH theo phan tng:

Fe?* + H,0, — Fe* +"OH + OH

Trong khi & moi trudng pH cao, qua trinh két tha Fe*
xay ra nhanh hon qua trinh oxi héa cda phan ung sau:

"OH +Fe?* — OH + Fe**

Tu dé lam gidm ngudn tao ra Fe*, lam han ché t6c do
phan Ung phan tng sinh ra "OH.

Tém lai, pH anh hudng dén ca trang thai bé mat clia vat
liéu va su ion héa clia thuéc nhudém trong phan ng phan
hay RR-195. Trong phan ting nay, pH = 3 la méi trudng tot
cho su phan hay cdia RR-195. Tuy nhién, sau 60 phut phan
Ung hiéu suat xt ly RR-195 & pH = 5 va pH = 3 chénh Iénh
nhau khong qua 16n (1,72%) nén nhém nghién ctu chon
pH = 5 cho khéo sat anh hudng ctia nong d6 H,0.,.

3.2.3. Khdo sdt dnh huéng cia H,0, dén hiéu qua xa ly
RR-195 trén hé xtc tdc Cu-Fe/ZSM-5

Vat liéu Cu-Fe/SZM-5 trong qua trinh phan hiy RR-195
dugc thuc hién & diéu kién: néng d6 RR-195 ban dau la
100mg/L; lugng xuc tac 0,3g/l; pH: 5, lugng H,0, lan lugt:
0,1mL; 0,3mL va 0,5mL H,0,; & nhiét d6 25°C va chiéu sang
trong 120 phut. Khoang cach dén dén bé mat thoang va
cudng do sang dugc c6 dinh. Két qua danh gia hoat tinh
xuc tac Cu-Fe/SZM-5 dugc thé hién trén hinh 9.

1.0
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Hinh 9. Anh huéng clia H,0, dén hiéu qua xit Iy RR-195 trén hé xiic téc Cu-
Fe/ISM-5

Quan sat hinh 9 cho thdy, néng d6 H,0, déng vai tro
quan trong trong qua trinh phan huy cdia RR-195 vi né anh
hudng dén qua trinh sinh ra géc tu do "OH. Khi néng do
H,0, thdp (0,1ml/L) qua trinh phan hdy RR-195 dién ra
cham, hiéu suét qua trinh dat 87,16 % (C/Co = 0,13mol/L)
sau 90 phut. Khi tang ndng d6 H,0, 1&én (0,3mL) sau 60 phut
téc dd va hiéu suat qua trinh tang manh va dat 94,38%
(C/Co = 0,06 mol/L). Diéu nay la do cac géc "OH tu H,0,
dugc tao ra nhiéu lam thuc day qua trinh phan Gng dan
dén t6c do cing nhu hiéu sudt phan hay tang. Tuy vay, khi
tiép tuc tang lugng H,0, trong dung dich (0,5mL), lic nay
H,0, du sé tac dung véi géc "OH tao thanh g6c HOO® lam
gidm hiéu suat qua trinh phan huy. Ngoai ra nong dé H,0,
cao cling lam cac tam hoat déng clia xuc tac bi no héa (bao
hoa) dan dén lam giam toc d6 phan tng.

H,0, + "OH — HOO" + H,0

HOO" + ‘OH — O, + H,0
4, KET LUAN

Nghién ctu téng hop hé vat liéu nano Fe-Cu/ZSM-5
dinh huéng xt li chat hitu co trong méi trudng nudc da dat
duoc mot s6 két qua sau:

- Pa téng hop dugc vat liéu Fe/ZSM-5 va Fe-Cu/ZSM-5
trong dé céc tinh thé nano oxit kim loai phan tan déu trén bé
mat ZSM-5. Su phan bé clia cac oxit kim loai trén ZSM-5 lam
dién tich bé mat cta vat liéu gidam di so véi dién tich bé mat
ban dau ctia ZSM-5.

- Ba khdo sat qua trinh phan hdy RR-195 trong nudc &
cung diéu kién clia 2 vat liéu cho két qua hiéu suat x ly ctia
Fe-Cu/ZSM-5 (94,38%) cao hon so vGi Fe/ZSM-5 (90,47%).

- Tim ra dugc mot hé diéu kién cho qua trinh xd ly RR-195
la t6i uu nhat vdi vat liéu Fe-Cu/ZSM-5: pH = 5, lugng xuc tac
can dung la 0,3g/L, nhiét d6 la 25°C, thém vao hé 0,3mL
H,0,. Chiéu sang lién tuc trong 1h. G hé diéu kién dd, hiéu
suat phan hay ctia vat liéu Fe-Cu/ZSM-5 dat dén 94,38%.

TAI LIEU THAM KHAO

[1]. V. D. B, 2006. Cdc phuong phdp vt I trong hda hoc. Nha xudt ban Dai
hoc Qudc Gia Ha Noi.

[2]. C. H. Trang, 2018. Phuang phdp hdp thu quang va ting dung trong phdn
tich hda hoc. Ha Noi,

[3]. T. H. N. Dang Tran Phong, 2005. Xt If nudc cdp va nudc thai dét nhugm.
NXB Khoa hoc va ki thuat.

[4]. ). S. d. Oliveira, 2016. Preparation of Mesoporous Fe203 Supported ZSM-5

Zeolites by Carbon-Templating and their Evaluation as Photo-Fenton Catalysts to
Degrade Organic Pollutant. Materials Research, Sao Carlos, SP, Brazil.

[5]. H. Z. a. Y. Y. Yi Yang, 2018. The preparation of Fe,0;-Z5M-5 catalysts by
metal-organic chemical vapour deposition method for catalytic ¢ wet peroxide
oxidation. People’s Republic of China, China.

[6].D.T. Win, 2011. Zeolite - Earliest Solid State Axits. AU J.T.

[7]. Ly Thi My Nhan, 2005. Téng hop Zeolite ZSM-5. Ludn vén t6t nghiép,
Trugng Dai hoc Can Tho.

[8]. M. Tuyén, 204. Xiic tdc zeolite trong hda ddu. NXB Khoa hoc va ky thuat.

S6 10.2020 e Tap san SINH VIEN NGHIEN CUU KHOA HOC | 285





