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TONG HQP VAT LIEU MAO QUAN TRUNG BINH SBA-15

VA Mn - ZnO/SBA-15

Nguyén Nhat Duy, Phan Thi Hoang Oanh”
Khoa Héa hoc — Truong Pai hoc Su pham TP Hé Chi Minh
Ngay Toa soan nhan duwoc bai: 22-11-2016; ngay phan bién danh gia: 15-12-2016; ngdy chdp nhan dang: 24-3-2017

TOM TAT

Chiing téi da tong hop thanh cong vat liéu méi Mn — ZnO/SBA-15 ¢6 cau tric luc ling véi
heéng 4mg dung 1am vat liéu xic tac quang cho cac phan iing phan hiy cac chat hitu co déc hai
trong nuoc thai. Vat liéu duoc tong hop bang phwong phdp tdm ZnO ¢ pha tap Mn 1én chat nén
SBA-15. Lurong ZnO toi da cé thé tam 1én SBA-15 1a 30% vé khoi luwgng. Céc ti 1é mol Mn/Zn
duwoc khao sat la 1/100; 2/100 va 3/100.

Tir khéa: Mn-ZnO/SBA-15, SBA-15, Zn0O, vat liéu mao quan trung binh.
ABSTRACT

Synthesizing Mesoporous SBA-15 and Mn — ZnO/SBA-15 Materials

We have successfully synthesized the new hexagonal structure material Mn— ZnO/SBA-15
used as photocatalysts for photocatalytic wastewater treatment. The material is synthesized by the
impregnation of Mn-doped ZnO substrates to SBA-15. The maximum amount of ZnO can be coated
on SBA-15 is 30 weight percent. Molar ratios 1/100, 2/100 and 3/100 of Mn/Zn were investigated.

Keywords: Mesoporous materials, Mn-ZnO/SBA-15, SBA-15, ZnO.

1. Mé dau

Hién nay, 6 nhiém moi truong & nuéc ta ngay cang nghiém trong, dic biét la moi
truong nude thé hién rd & cac dong kénh, cac con song den ngdm, boc mai hdi thbi de doa
nghiém trong dén sirc khoe, chat lugng cudc séng va sy phét trién bén viing cua dat nudc.
O nhidm méi truong nudce cha yéu do nudc thai sinh hoat, nudc thai cong nghiép tir cac
nha may, cac khu cong nghiép. Thanh phan chi yéu trong nudc thai 1a céc cht hiru co doc
hai, xir 1i cac h6a chat nay rat ton kém va kho khan. Vi vay, giai phap Ii tuong nhét 1 oxi
hda hoan toan chét thai hiru co thanh CO, va H,O véi cac tac nhan oxi héa va cac chat xic
tac khdng dé lai anh huong cho méi truong.

Vit liéu mao quan trung binh trat tw SBA-15 c6 dién tich bé mit 16n va kich thude
mao quan rong, dong nhat, hira hen nhiéu tiém nang ang dung trong linh vyc hap phu va
xuc tac [1], [2]. Céac cdng trinh nghién ctru da chung minh kha ning quang xtc tac tuyét
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voi caa ZnO trong cac phan tng phan huay cac chat hitu co doc hai trong nudc thai. Sy pha
tap thém Mn vao mang tinh thé ZnO s& gilp xuc tac hoat dong dwoc & viing anh sang kha
kién, 1am ting kha nang ung dung xdc tac vao thuc té. Trong bai bao nay ching toi tong
hop vét liéu m&i Mn-ZnO/SBA-15 véi hudng tng dung lam chat x(c tac quang nham
phan hity cac chét hiru co gay 6 nhiém moéi truong nudc [3].
2. Thuc nghiém
2.1. Téng hop vit ligu

Tong hep SBA-15

SBA-15 duoc téng hop tir dung dich natri silicat c6 mat chat tao khung Pluronic Pi2s
(EO20PO70EO20). Cén 4 gam Pluronic P123 cho vao 20 ml HCI (36,8%) va 100 g H,O.
Khudy bang may khudy tir cho tan hét, sau d6 dé yén trong 2h. Can 14,4 gam Na,SiO; cho
vao 50 gam H,0, khudy tan hoan toan. Nho tir tir dung dich NaySiOs vao coc dung dung
dich P123. Khuay hdn hop trong 24h & 40°C. Chuyén hdn hop vao binh thay tinh va giir ¢
nhiét ¢6 100°C trong 24h. Lay hdn hop ra khoi binh va loc hdn hop, rira bang nudc cat cho
dén khi hét bot. Chuyén hdn hop vao cc dem siy & 100°C trong 24h. Nung san pham say
& nhiét ¢6 550°C trong 6h [4]. San pham thu duoc 1a SBA-15.

Tong hep ZnO/SBA-15

Can mot khéi lugng chinh xac mudi Zn(NO3); (tinh toan theo lwong tam) va 2 gam
SBA-15, cho vao céc thay tinh 100 ml, thém vao cc 50 ml ancol etylic. Hdn hop dugc
khudy déu va gia nhiét & 40°C dé dudi hét dung moi, tiép tuc sdy khd ¢ 100°C, sau d6 nung
& 550°C trong 5 gio dé thu dugc vat lieu SBA-15 mang ZnO. San pham duoc ki hiéu la
nZnO/SBA-15. Trong d6, n la phan tram khéi luong ZnO trong hén hop tinh trén tong
lugng ZnO va SBA-15; n = 20; 30; 40 [5].

m
n=——%2 100
Mzno+ Mspa — 15

Tong hep Mn-ZnO/SBA-15

Sau khi x4c dinh duoc luong ZnO tam thich hop 1én SBA-15, tién hanh pha tap Mn:
Can mot khdi lwong chinh xac mudi MnCl, va Zn(NOs); (tinh toan theo lwong tam) va
2gam SBA-15, cho vao céc thuy tinh 100 ml, thém vao cdc 50 ml ancol etylic. H3n hop
duogc khuay déu va gia nhiét & 40°C dé dudi hét dung méi, tiép tuc siy khd & 100°C, sau do
nung & 550°C trong 5 gio. San pham duoc ki higu 1a mMn — nZnO/SBA-15. Trong d6, n la
phan tram khéi lugng ZnO tinh trén téng luong ZnO va SBA-15, m 1a s6 mol Mn tng Vo
100 mol ZnO ¢6 trong mau (m = 1; 2; 3).
2.2. Cdc phwong phap vit li dung khdo sdt cdc dac tinh caa vit ligu

Thanh phan héa hoc, thanh phan pha, ciu tric tinh thé, kich thudc 16 x6p, cau tric
mao quan... cia cac vat liéu duoc khao sét bang cac phuong phap: phwong phap nhiéu xa
tia X (XRD) quét goc lon va quét goc nho trén may Brucker D8 Advance (Puc); phuong
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phép ding nhiét hiap phu - khir hdp phu nito ghi trén may NOVA 3200e cua hing
Quantachrome (Mi), tir @6 tinh dién tich bé mat theo phwong phap BET; phuwong phap
SEM va TEM khao sét cau trdc tinh thé cta vat ligu trén thiét bi FE SEM S4800 HITACHI
(Nhat Ban) va JEOL — 1400 (Nhat Ban); phuong phap EDX xac dinh thanh phan phan
tram cc nguyén t6 cd trong vat lidu trén may HORIBA model 7593-h (Anh).
3. K&ét qua va thao luan
3.1. Vit ligu SBA - 15

Gian dd6 XRD quét & géc nho va quét & goc Ion cia mau SBA-15 dugc trinh bay lan
lwot & Hinh 1a va Hinh 1b.
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Hinh 1. Gidn do XRD cia mau SBA-15 géc nhé (a) va goc lén (b)

Viing géc nho trong khoang 20 = 0,5 — 5 d6 cho ba peak rat rd, theo thir ty twong tng
v6i ba mat (100), (110) va (200) dic trung cho cau tric luc ling caa SBA-15 . Két qua nay
cho thdy vat liu thu duoc 1a SBA-15 ¢6 d6 trat ty cao.

Puong dang nhiét hap phu - giai hap N va su phan b kich thudc mao quan cua mau
SBA-15 dugc trinh bay ¢ Hinh 2. Tinh toan tir céc két qua do dugc cho thiy: Dién tich bé
mit riéng caa miu SBA-15 la 670 m?/g (tinh theo phuong phap BET), ban kinh 15 xép phd
bién 12 40,73 A. Puong cong hip phu va giai hip N cua SBA-15 cho thdy kha ning hép
phu tét caa vat liéu.
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Thétich hap phu cm?/g

N Ban kinh mao quan

Hinh 2. Puong dang nhiét hap phu - gidgi hdp Ny,
va s phan bé kich thuwéc mao quan cia SBA-15

N

P B
.......................

$-4800 10.0kV 7.4mm x10.0k SE(M) 5.00um |S-4800 10.0kV 7.4mm x1.00k SE(M)

Hinh 3. 4nh SEM ciia SBA-15
Anh SEM caa SBA-15 (Hinh 3) cho thay: Vit liéu c6 hinh thoi dai, xép thanh tirng
b6 soi dic trung cho vat liéu mao quan trung binh SBA-15. Cau tric lyc lang dién hinh
caa SBA-15 thé hién trén anh TEM (Hinh 4).

— 20.0010) C————1.20.0nm

Hinh 4. Anh TEM cua SBA-15
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3.2. Vgt ligu ZnO/SBA-15

Hinh 5 1a két qua nhidu xa tia X goc nho véi 20 trong khoang 0,5-5 d6 cua cac mau

nZnO/SBA-15 ( n = 20; 30; 40).
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goc 20

Hinh 5. Gidn do nhiéu xa tia X géc nho

cua 20ZnO/SBA-15 (a), 30ZnO/SBA-15 (b) va 40ZnO/SBA-15 (c)

50000 Q | .
1

Hinh 5 cho thdy gian d6 nhiéu xa tia X ctua c4c mau 20ZnO/SBA - 15, 30ZnO/SBA
— 15 van xuat hién peak ung voi nhidu xa caa mat (100), diéu nay chirng t6 cau tric luc
lang cua vat liéu dugc van dugc bao toan. Tuy nhién, khi ham lugng ZnO ting tir 20% dén
30% thi cuong do céac peak tng véi cac mat (100), (110) va (200) c6 su giam di rd rét. Khi
ham lwgng ZnO la 40% ZnO thi cuong do peak cua mat (100) giam kha manh, va peak
twong tng cac mat (110), (200) gan nhu bién mat. Nguyén nhan c6 I& do sy hinh thanh I5p
oxit kha day trén bé mat mao quan (Hinh 6d va Hinh 7), dan dén giam su tuong phan giita
khong gian bén trong cac mao quan. Hé qua 1a cudng do cac cuc dai nhiéu xa giam. Gian
d6 XRD quét goc 16n caa mau 40ZnO/SBA-15 (Hinh 7) cho thiy: Khi luong ZnO dat tGi

40%, ¢6 sy xuat hién céc tinh thé luc giac zincite ZnO bén ngoai thanh mao quan.
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Hinh 6. Gidn do nhiéu xa tia X goc lén
ciia SBA-15 (a), 20ZnO/SBA-15 (b), 30ZnO/SBA-15 (c) va 40ZnO/SBA-15 (d)
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Hinh 7. Gidn dé nhiéu xa tia X goc lén cia 40ZnO/SBA-15
Puong cong hip phu va giai hip phu N, ¢ 77K cua cac miu SBA-15 va
nZnO/SBA-15 (Hinh 8) cho thay: B thi c6 mot vong khuyét (hién tugng tré) dic trung
cho hién twong ngung tu mao quan caa vat liéu mao quan trung binh. Biéu nay chang to
cau tric mao quan trung binh ciia cac mau van dwoc bao toan sau qué trinh tim oxit kim
loai. Tuy nhién, c6 nhitng su thay d6i nhit dinh sau khi tam.
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Hinh 8. Puwong cong hdp phu va gidi hdp phu N,
¢ 77K cua: SBA-15; 20Zn0O/SBA-15; 30ZnO/SBA-15 va 40ZnO/SBA-15

So v6i SBA-15, cac mau ZnO/SBA-15 c6 su sut giam thé tich mao quan va dién
tich bé mat theo sy ting ham lugng ZnO dua vao. Hinh dang dudng cong thay d6i dang ké
khi lwgng tim dat dén 40% ZnO. Nguyén nhan cia su thay doi nay 1a do c6 su hinh thanh
cac 16p oxit kém kha day trén bé mat bén trong cac mao quan va cé kha ning lam giam
duong kinh mao quan. Dién tich bé mit riéng cua cdc mau SBA-15, 20ZnO/SBA-15,
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30ZnO/SBA-15 va 40ZnO/SBA-15 tinh theo BET lan luot 14 670; 362; 230 va 117 m%/g:
giam dan khi tang lugng ZnO.

Anh TEM cua cac vat liéu 20ZnO/SBA-15; 30ZnO/SBA-15 va 40ZnO/SBA-15
(Hinh 9) cho thay: véi lugng tam 1a 20%, 30% va 40% ZnO, cau tric luc ling cua vat liéu
van duoc bao toan mic du da bi che phu mot phan do ZnO. Tuy nhién, anh SEM (Hinh 10)
cho thy: khi ting lugng tam, hinh anh céc bé soi khdng con quan sat dwoc nira do hinh
thanh nhiéu hat ZnO trén bé mat mao quan caa vat liéu.

20ZnO_SBA_15[ TEM]
JEM-1400 100kV x200k 100%

Hinh 9. Anh TEM cua cac vdt lidu
20Zn0O/SBA-15; 30ZnO/SBA-15 va 40ZnO/SBA-15

L A €x HEN B 5. SGEEENN
Hinh 10. Anh SEM cua cac vat liéu
20ZnO/SBA-15(a); 30Zn0O/SBA-15(b) va 40ZnO/SBA-15 (c)

O méu 40% ZnO, lwong ZnO qué nhiéu s& lap hét cac 16 xop mao quan (lam mat hét
céc peak ¢ gian do XRD géc nho), két ty nhiéu hat ZnO tinh thé che phu cac mao quan.

Theo céc két qua trén, lwong tim 30% ZnO duoc chon cho nghién cau tiép theo vi s&
mang dugc nhiéu xdc tac 1én vat liéu ma cau trdc vat liéu it thay doi, chwa c6 sy che pha
mao quan.
3.3. Vit ligu Mn — 30ZnO/SBA-15

Mn dugc pha tap vao 30Zn0O/SBA-15 tao cac mau mMn — 30ZnO/SBA-15 véi m la
s6 mol Mn ting vai 100 mol Zn trong mau (m = 1; 2; 3). Hinh 11 1a két qua nhidu xa tia X
goc nhé véi 26 trong khoang 0,5 — 5 d6 ciia cac mau mMin — 30ZnO/SBA-15.
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Hinh 11. Gian do nhiéu xq tia X

cua: 1Mn - 30ZnO/SBA-15 (a), 2Mn — 30ZnO/SBA-15 (b) va 3Mn — 30ZnO/SBA-15 (c)

Gian db nhidu xa tia X quét goc nho cho thay: tit ca cac mau mMn — 30ZnO/SBA-

15 van xuat hién peak ng voi nhidu xa cua mat (100), diéu nay chirng t6 cau tric lyc ling
cta vat liéu dugc van duoc bao toan. Tuy nhién, khi ting ham lugng pha tap Mn, cuong do
cac peak rng vai cac mat (100), (110) va (200) cé su giam di rd rét. Bac biét, vai luong
pha tap 3/100, cuong d6 peak cua mat (100) giam kha manh, va peak tuwong (tng cac mat
(110), (200) gan nhu bién mét. Nguyén nhan cé 1& do su thay thé Mn vao mang tinh thé
ZnO 1am x40 tron mang tinh thé va cé thé hinh thanh MnO, bén trong 1an bén ngoai mao
quan, dan dén giam sy twong phan giita khdng gian bén trong cac mao quan. Hé qua la
cuong do cac cyc dai nhiéu xa giam.
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Hinh 12. Gian dé nhiéu xa tia X goc lén

cua: 1Mn - 30ZnO/SBA-15 (a), 2Mn — 30ZnO/SBA-15 (b) va 3Mn — 30ZnO/SBA-15 (c)
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O gian d6 nhiéu xa tia X goc lon (Hinh 12) khéng thu dugc céc peak caa ZnO (phi
hop véi két qua nghién cau trén) ciing nhu MnO2 (do lwong Mn pha tap qua nho nén
khéng thé phat hién duoc bang phuong phap XRD).
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Hinh 13. Puwong cong hdp phu va gidi hdp phu N2 ¢ 77K
cua cac mau 1Mn — 30ZnO/SBA — 15, 2Mn — 30ZnO/SBA — 15 va 3Mn — 30ZnO/SBA — 15

DPuong cong hap phu va giai hip phu N, & 77K cia cac mau mMn — 30ZnO/SBA-15
cho thay: Do lugng Mn pha tap la kha nho nén khéng anh huéng nhidu dén kha ning hap
phu cua vat liéu nhung ciing 1am giam nhe dién tich bé mat riéng cua vat liéu. Dién tich bé
mat riéng cua 1Mn — 30ZnO/SBA-15, 2Mn — 30ZnO/SBA-15 va 3Mn — 30ZnO/SBA-15
lan Tuot 14 210; 194 va 173 m?/g.

BA_15 [ TEM] —
200k 100% 08/(

Hinh 14. Anh TEM cza cac mau
1Mn - 30ZnO/SBA-15, 2Mn — 30ZnO/SBA-15 va 3Mn — 30ZnO/SBA-15
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Anh TEM (Hinh 14) cho thay cac mau mMn — 30ZnO/SBA-15 van giir dugc cau
trdc lyc ling cia SBA-15. Tuy nhién, xuat hién cac hat nho két tu trén bé ngoai mao quan
(anh SEM, Hinh 15).

Hinh 15. 4nh SEM cuia cac mau
1Mn - 30ZnO/SBA-15 (a), 2Mn — 30ZnO/SBA-15 (b) va 3Mn-30ZnO/SBA-15 (c)
Luong pha tap di vao mau dugc x4c dinh bang phuong phap EDX (Hinh 16) va dugc
trinh bay lai & Bang 1.

. « 6
ummamcnﬂ m eV FullScale mawmna) KeV  Full Scale 1010 cts Cursor. 7241 (7 cts) hev

--

Electron image 1 = wowm ' Elcvonimaget

Hinh 16. Két qua EDX cia cac mau
1Mn - 30ZnO/SBA-15 (a), 2Mn — 30ZnO/SBA-15 (b) va 3Mn — 30ZnO/SBA-15 (c)

Bang két qud % vé khai luwong ciia cac nguyén té trong cac mau
mMn — 30ZnO/SBA-15

1Mn - 30ZnO/SBA-15 2Mn -30ZnO/SBA-15  3Mn -30ZnO/SBA-15

% khdi lrgng % khdi lrgng % khdi lrgng

0 434 47,22 4552

Si 28,11 31,76 28,92

Mn 0,26 0,56 0,9

Zn 28,23 18,63 22,46

Cl 0 1,17 2.2
Téng 100 100 100
Tinh 3,55Mn — 4,74Mn —
hitile MN-3527ZnOISBA-1S o5 o0 0/SBA-15 28,89Zn0O/SBA-15
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Do qué trinh tong hop xuc tac trong dung méi 1a ancol etylic nén khdng thé kiém
soét ti 1& pha tap dung ti Ié duoc. Nhung theo két qua EDX ciing kha phU hop Vi sy ting
%Mn chung t6 Mn da thay thé mot phan Zn trong ZnO dé tao ra vat lieu Mn —
30Zn0O/SBA - 15.

4. Kétluan

D4 tong hop thanh cong vat lisu SBA-15 bang phuong phap don gian di tir nguon
cung cap Si la thay tinh long Na,SiOs cho tinh chat tot nhu SBA-15 thuong mai voi gia
thanh thip. DA xac dinh dé van giit dugc cac dic tinh caa vat liéu mao quan trung binh
ham luong ZnO tdi da c6 thé tam 1én SBA-15 1a 30% vé khdi lugng. A tong hop thanh
cong vat lisu Mn — 30ZnO/SBA-15 véi céc ti 1é mol Mn/Zn bang 1/100; 2/100 va 3/100.
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