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A series of Fe-Cu/MCM-41 nanocomposites were synthesized by
dispersion of Fe-Cu on mesoporous silica MCM-41 obtained from natri
silicat. The physical properties of Fe-Cu/MCM-41 were characterized by
X-ray diffraction (XRD), energy dispersive X-ray spectroscopy (EDS),
scanning electron microscopy (SEM), x-ray photoelectron spectroscopy
(XPS), N, adsorption-desorption isotherm (BET) analysis. Effects of pH
and H>O, concentration were investigated. The best conditions were
found to be pH of 3; 0.3 g.L™" catalyst and reaction time of 60 min at
room temperature. The novel Fe-Cu/MCM-41 composite exhibited
highly photocatalytic performance of RR-195 degradation and the
conversion reached to the value of 98.13 % for the 10Fe-2Cu/SBA-15

after 60 min of reaction.

Gidi thiéu chung

Vat liéu quang xdc tac da dugc sir dung réng rai trong
finh vuc hda hoc xanh nhu xUr ly nudc thai [1], xi ly khi
thai [2], va san xudt hydro [3]. Trong vai thap ky qua,
TiO,, ZnO, CdS da dugc coi la mét trong nhiing chét
xUc tac quang hoa phu hgp va hdia hen nhét trong
cong nghé hdéa hoc xanh. Tuy nhién, cac chat ban dan
nhu TiO,, ZnO, CdS, ... ¢6 ndng lugng vung cdm cao
nén hoat tinh clia chiing bi han ché trong vung anh
sang nhin thdy. Cac oxit sét la mot trong nhitng chét
ban dan cé khd nang xuc tac oxy hoa khir cao, gia
thanh ré, it gady 6 nhiém thit cdp va cé nang luong
vung cédm thich hgp trong ving anh sédng nhin théy.
Tuy nhién, viéc st dung bét kim loai trong xUr ly cac
chét 6 nhiém htu co dang nudc ¢ mot s nhugc

diém la kho thu hoi va kha nang hap phu kém do dién
tich bé mat thap va két tu trong huyén phu [4]. Do dé,
cac hat nano kim loai dugc dua lén céc chit mang
nham cai thién dién tich bé mat va tinh chét bé mat,
nham nang cao khad nang hép phu va hoat déng xuc
tac quang [5]. Cac vét liéu mao quan trung binh nhu
MCM-41, SBA-15, than hoat tinh, zeolit va vat liéu
khung co kim da dugc sir dung réng réi lam chéat
mang do cau truc linh hoat cla ching va dé xdp cao
dé dat dugc cac vi tri hoat déng nhiéu hon trén mot
don vi dién tich, do do téc dd phan Ung quang xdc tac
cao hon [6-9]. Vat liéu MCM-41 la mét trong nhiing
vat liéu hd trg dugc si dung réng rdi nhat nhe tinh
chét axit dang chud'y, @6 én dinh nhiét va cg hoc, cdu
tric luc giac co trét tu cao va dién tich bé méat cao [6-
8]. Trong bai bao nay, vat liéu MCM-41 dugc téng hop
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bang phuong phép thdy nhiét si dung thly tinh ldng
ré tién lam tién chét silic thay thé ngudn TEOS. Sau do,
c4c hat Fe-Cu dugc lang dong hai hda trén bé mat
chat mang MCM-41. Vét liéu Fe-Cu/MCM-41 dugc su
dung lam chét xtc tac quang hoa dé xi ly chat mau
hoat tinh RR-195.

Thuc nghiém va phuang phap nghién cdu

Tong hop chdt mang MCM-47: 1,2 g CTAB dugc hoa
tan vao 100 mL nudc cét. Hon hop nay sau do dugc
thém vao 20 mL thdy tinh long. Sau 15 phut, st dung
dung dich axit axetic dé diéu chinh pH hdn hgp trén
bang 10, sau dé khudy thém 2 gig ntta. HOn hop
huyén phu trén dudgc két tinh trong Teflon (250 mL) &
nhiét d6 110 °C, 24 gid. Sau khi két tinh, chat ran mau
trdng dudc loc, rira nhiéu [an bang nudc cét va sdy khod
& 100 °C qua dém. Cudi cung, mau dugc nung trong 16
nung & 550 °C trong 5 gio vditéc do gia nhiét 2
°C/phut thu dugc san phdm chat mang MCM-41.
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Sa d6 téng hap vét liéu Fe-Cu/MCM-41 bang phuang
phéap lang dong hai hda hoc

Téng hop vat liéu Fe-Cu/MCM-41: Mét lugng thich hap
MCM-41 va FeCl3.6H.0; CuCl4H.0 dugc dat & mdi
bén cua lo phan Ung thach anh v&i bong thay tinh dat
& gifa tuong. Nitg dugc dua tU tUr vao éng phén Ung
vdéi t6c do 60 mL/phut trong 15 phat dé loai bo tét ca
oxy c6 trong hé théng phan Uing. Phan Uing dugc thuc
hién & 500 °C, tai nhiét dé nay FeCls.6H,0, CuCl,.4H,0O
sé thang hoa va theo dong khi mang la N di qua I6p
béng thly tinh vao khoang chlia chdt mang MCM-41.
Tai khoang chifa chét mang, cac ion Fe-Cu sé bi ldng
dong Ién trén bé m&t chdt mang MCM-41. Phan Ung
dugc thuc hién trong 2h vd&i t6c dé tang toc 10
°C/phut, két thidc phan Ung thu dugc vét liéu Fe-
Cu/MCM-41. Lugng Fe-Cu mong mudn trong chat xuc
tdc dugc diéu chinh bang cach thay ddi ham Iugng
FeC|3.6H20; CUC|2‘4H20‘

Phuong phdp nghién cdu vat liéu: cac mau vat liéu
dugc dic trung bang phuong phap nhiéu xa tia X & 26
1-10 ° va 10-80 ° (D8 ADVANCE, Bruker, Buc) sif dung
Cu Koy buc xa dong (A = 0,154 nm), t6c d6 quét 3
°min~". Dién tich bé m3t clia cac mau vat lieu dugc
danh gia bang phuong phap hép phu N, & nhiét d6 77
K. Hinh thai cla nanocomposite dugc quan sat bang
kinh hién vi SEM S-4800 (Hitachi, Nhat Ban), hoat déng
3 dién ap gia t6c 200 kV. Phan tich quang phé tia
X phan tan nang lugng (EDS) dugc do trén JED-2300
v&i [6p phd vang. Quang phd phan xa khuéch tan UV-
Vis (DRS) dugc thuc hién trén may quang phd
Shimadzu UV2550 trong dai budc song 200-800 nm.
Trang thai dién t& bé mat dugc xac dinh bang phuong
phap quang phé quang dién ti tia X (XPS) trén may
quang ph& AXISULTRA DLD Shimadzu Kratos (Nhat
Ban) str dung buc xa Al Ko don sac (1486,6 eV).

Bdnh gia hoat tinh xuc tac: cho 30 mg xuc tac vao 100
mL dung dich RR-195 ndng dé 100 mg/L, khudy nhe
trong béng t&i 5 phut réi cho thém 0,3 mL dung dich
H.0, (30% thé tich) vao dung dich va st dung hé bong
den gid mat trai cong sudt 30 W. Phan Uing dugc thuc
hién lién tuc trong 60 phut. Mau sau phan Ung dugc
loc dé 18y dung dich va si dung phucng phép phé
hdp thu tif ngoai kha (UV-Vis) dé xéac dinh néng do sau
phan Ung. D6 chuyén hoa dugc tinh toan theo ndng
dé RR-195ban dau, Co(mgl™) va thoi diém t
Ci (mg.L™" trong dung dich phan Ung tai thai diém
phan Ung t (phut).

X =((Co-Cy)/Co) x100
X la phén trdm dé chuyén héa clia RR-195.

Két qua va thao luan

Ké&t qua XRD gdc nhd cac mau vat liéu Fe-Cu/MCM-41
xuat hién pic & khoadng goc 26~2,2° tuang Ung v&i mat
phang phan xa (100). Cudng do pic & goc 26~2,2 16n,
can déi cho thdy cdu tric 6n dinh, do trat ty tét
cla vat liéu Fe-Cu/MCM-41. Tuy nhién, cudng dd cuc
dai mat phang phan xa (100) clia Fe-Cu/MCM-41 gidm
khi ham lugng Fe-Cu ldng dong trén ch&t mang MCM-
471 tang.

Ngoai ra, cac mat phang (110) va (200) tuong Ung vdi
gbc 26~3,8° va 4,4° cla vat liéu Fe-Cu/MCM-41 bién
mé&t hoan toan khi tdng ham lugng sat 1én 15% khai
lugng. Diéu dé chiing to rang cac hat Fe-Cu da bao
pht mét phan cau trdc x8p, dan dén su giam cudng
do cac dinh nhiéu xa (100), (110) va (200) clia chéat
mang MCM-41.
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Hinh 1: Gidn do XRD goc nho vat liéu Fe-Cu/MCM-41
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Gidn do nhiéu xa tia X goc 16n clia vat liéu xuc tac Fe-
Cu/MCM-41 cho thdy cac mau déu xuét hién cac pic
d&c trung cla sét. Cac peak chinh d&c trung cho sat &
goc 20 ~ 24° 33,19 35° tuong Ung vdi cac mat phang
nhiéu xa (012), (104), (110). Ngoai ra con xuét hién cac
pic phu cla sdt & géc 26 ~ 49,5°% 54° 62,4°% 64,1°
tuong Ung vdi cac mat phang nhiéu xa (024), (016),
(214), (300) [9]. Cac mau vat liéu xuc tac Fe-Cu/MCM-
41 khong thdy su xuét hién cac pic dac trung cta Cu
do ham Iugng kim loai Cu trong cac mau t6ng hop rét
nho va phén tan ddong déu trén chat mang MCM-41.
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Hinh 2: Gidn dd XRD goc 1én vat liéu Fe-Cu/MCM-41
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Hinh 3: Buding dang nhiét hap phu khit hdp phu N,
chat mang MCM-41va Fe-Cu/MCM-41 cm?/q)

Pudng dang nhiét hdp phu - khit hdp phu N2 cla chat
mang MCM-41va Fe-Cu/MCM-41 (hinh 3) cho théy tat
ca cac mau déu xudt hién dudng cong tré loai IV theo
phan loai ctia IUPAC.

TU bang 1 cho thdy mau vat lieu Fe-Cu/MCM-41 c6
dién tich bé mat (Seer) gidm nhe theo chiéu tang cua
ham lugng kim loai Fe va Cu. Budng kinh mao quén
Deii thay d6i 1o rét khi cd mat clia Fe va Cu. Nhu vay,
su ¢ mat cla Fe va Cu trén bé mat chdt mang MCM-
41 d& anh hudng dén thong sé cdu trdc va doé trat tu
clia vét litu MCM-41. Nguyén nhan c6 thé la do céc
oxit kim loai (Fe-Cu) hinh thanh trong qué trinh t6ng
hop nam trén bé mat va che chdn mét phan mao
quan dan dén giam dién tich bé mat clia vat liéu [8].

Bang 1: Cac théng s6 dac trung cla chadt mang MCM-
41 va vat liéu Fe-Cu/MCM-41

Sample SeeT Vpore D (nm)
(m?/g) | (cm*/qg)

MCM-41 1190 1.99 6.0
5Fe-2Cu/MCM-41 1023 154 47
10Fe-2Cu/MCM-41 917 115 37
15Fe-2Cu/MCM-41 743 0.95 33

Dién tich bé mat riéng (Sger), dudng kinh mao quan
(Dgy) tinh theo phuong phap BIH, thé tich mao quan
(\/pore)-

" 500nm

S4800-NIHE 10,0kV 8.8mm x100k SE(M.LAO) 5/15/2017
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Hinh 4: Anh SEM (a) chat mang MCM-41; (b) vat liéu

10Fe-2Cu/MCM-41
Anh SEM cla chat mang MCM-41 va vat liéu 10Fe-
2Cu/MCM-41 dugc hién thi trong hinh 4. Anh SEM cla
chat mang MCM-41 cho thay cac hat hinh cau khéng
déu va kich thudc hat khoang 150 nm. Vat liéu 10Fe-
2Cu/MCM-41 ¢6 kich thudc hat I6n hon chat mang
MCM-41, cho thay kha ndng bao pht clia cac hat nano
Fe va Cu c6 do day khodng 30 nm trén bé mat chat
mang MCM-41.

Gian dod nhiéu xa EDS clia mau 10Fe-2Cu/MCM-41 xuét
hién cac peak dac trung cua Si, O, Na, Fe, Cu. Thanh
phan nguyén t& hdéa hoc cla mau vat lieu 10Fe-
2CUu/MCM-41 vdi Fe chiém 6,95% khéi lugng va Cu
chiém 1,37% khéi luong. Két qua cho thdy, lugng sat
dua vao thuc t€ chiém 69,5% va lugng Cu dua vao
chiém 68,5% so vdi lugng ly thuyét.

Nguyénté  %Khdilwng % Nguyén tir

8 33,07 BT
0 5753 7236
Na 1.08 095
Fe 695 25

Cu 137 043
100 )

Hinh 5: Gian dé nhiéu xa ndng lugng tia X mau 10Fe-
2Cu/MCM-41

Anh chup mapping (hinh 6) cho thay su phan bé déu

clia Fe va Cu trén bé méat chdt mang MCM-41,

Cu K series Fe K series

Lo — |
50pm

50pm

Hinh 6: Anh mapping phé tan xa nang lugng EDX mau
10Fe-2Cu/MCM-41
Gian dé UV-Vis DRS (Hinh 7) cla vat liéu Fe-Cu/MCM-
41 dugc do trong dai budc song 200-800 nm. Qua
gian do cho thay vat liéu Fe-Cu/MCM-41 ¢ kha nang
hap thu cac vung anh sang réng (vung anh séang nhin
thdy va ving t& ngoai). Mau vat liéu 10Fe-2Cu/MCM-
41 c6 kha nang hdp thu anh sang tét hon cac mau con
lai. Nang lugng vung cdm cla chét xdc tac quang cé
thé dugc tinh bang cong thirc sau:
ahv= (Ahv —EQ™2 (1)

Trong do Eq la nang lugng ving cdm (eV), h la hang s6
Planck, A la hang s6 hap thy, v la tan s6 anh sang va
(o) 1a hé s6 hép thu [8].
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Hinh 7: Gian d6 UV-Vis DRS cla vét liéu Fe-
Cu/MCM-41
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Nang lugng vung cdm Eq dugc tinh tUr phuong trinh
(M, trong s& S5Fe-2Cu/MCM-41, 10Fe-2Cu/MCM-41,
15Fe-2Cu/MCM-41 ¢é giad tri nang lugng vung cdm
tucong Ung la khoang 1,86, 1,72 va 1,78 eV. Nang lugng
vung cdm cla vat liéu Fe-Cu/MCM-411,72-1,86 eV rat
pht hop dé hdp thu anh sang mat troi.

PhS XPS c6 d6 phén gidi cao dé nghién clu trang thai
hoa tri va cdu trdc dién tir cla vat liéu 10Fe-2Cu/MCM-
41, Quan sét hinh 8A cho thay trong vat liéu Fe-
Cu/MCM-41 6 sy xuét hién céac pic dac trung clia Cls
(284,91 eV), SiZp (100,58 eV), Si2s (153,50 eV); (Ofs
(531,91 eV); Fe2p (713,58 eV va 725,68 eV) va Cu2p
(572,68 eV va 933,63 eV) [11]. Su xuét hién cla pic dac
trung cho Cls (284,91 eV) dugc phét sinh trong thiét bj
do XPS [8]. Ph& XPS hinh 8B cho thay sy ton tai cla pic
G 715 eV; 730 eV; 743 eV dac trung cho cau trdc cla
Fe?*. Cac peak co nang lugng & 710 eV va 743 eV dac
trung cho c4u trdc Fe3* [12].

Anh hudng ctia ham Iugng kim loai Fe va Cu trén chat
mang MCM-41 t6i dé chuyén hoa thuéc nhuém RR-
195 dugc thé hién & Hinh 9:

100

B (1} ]
o o o
1 1 1

Di chuyén hoa RR-195 (%)
8

—&— 5Fe-2Cu/MCM-41

—&— 10Fe-2Cu/MCM-41

—— 15Fe-2Cu/MCM-41
T T

o T T T T
o] 10 20 30 40 50 60

Theoi gian (phit)
Hinh 9: D6 chuyén hoa RR-195 cla vt liéu Fe-
Cu/MCM-41

Hinh 9 cho thdy do chuyén hoa RR-195 clia mau vat
liéu xUc tac 10Fe-2Cu/MCM-41 cao nhét dat 96,22%.
Do chuyén héa thuéc nhuém RR-195 tang khi ham
lugng kim loai trén chat mang MCM-41 tang. Cu thé tir
mau vat lieu 5Fe-2Cu dén mau vat liéu chia 10Fe-2Cu
do su xuét hién nhiéu cac tdm hoat ddng nén kha
nang kich thich phan Ung tang lén sinh ra nhiéu géc
*OH tham gia phan Ung vd&i chdt mau RR-195. Vat liéu
15Fe-2Cu/MCM-41 Khi tiép tuc tdng ham lugng kim
loai 1én trén chat mang MCM-41 thi db chuyén hoéa
ch&t mau RR-195 lai gidm, cu thé vdi mau vat liéu chla
10Fe-2Cu dé&n mau vat liéu chira 15Fe-3Cu, do khi ham
lugng Fe-Cu tang Ién ching rat dé bj co cum thanh
cac hat I6n phan tan khéng dong déu trén MCM-41
gay ra hién tugng co cum tao thanh cac hat co kich
thudc 16n nén dién tich bé mat va dudng kinh mao
quan gidm manh (Bang 1). Nhu vay, mau vat liéu 15Fe-

2Cu/MCM-41 c6 cac oxit Fe, Cu co cum, che chan cac
mao quan cla MCM-41 dan dén hiéu qua phan hly
RR-195 gidm.

Hinh 10 hoat tinh xUc tac clia qué trinh oxi hda thudc
nhuém RR-195 tang khi ham lugng H>O; tang. Trong
thdi gian 120 phut v&i ham lugng 0,2 mL H,O, dé
chuyén hoa RR-195 chi dat 86,13% va khi tang ham
luong 0,3 mL HO, do chuyén héa thudc nhudém dat
dugc 96,22%. Nhu vay, c6 thé nhan thdy ndong do
H»O, ban dau tac déng truc tiép dén su hinh thanh s&
lugng trang théi trung gian cla peroxide kim loai trong
mét thdi gian nhét dinh, diéu nay gilr vai tro quyét
dinh dén hiéu qua xuc tac. Do dé, viéc tdng néng doé
H.O, ban déu cé thé cai thién dugc su hinh thanh
trang thai peroxy trung gian va thic day hoat tinh xtc
tac. Tuy nhién, tdng ndng dé HO, tir 0,3 mL dén 0,4
mL, hiéu qua phan hiy RR-195 khéng dugc tang ma

c6 xu huéng cham.
100

@
o
1

[}
o
1

b
o
1

N
o
1

—=— 0.2 mlH,0O
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Hinh 10: Anh hudng ctia H,0> t&i d& chuyén hoa RR-
195

Diéu nay la do cac gbc *OH tU H,O, dugc tao ra nhiéu
khi ndng dd H.O, qua cao, géc *OH tao thanh gdéc
HOQO" c6 kha nang oxi hda thdp hon va lam gidm hiéu
quéd phan hay [10]. Khi néng dé H»O; trong dung dich
quéa cao hodc qué thap s& lam gidm gbc «OH xay ra
theo phuang trinh:

H202 + *OH = HOO- + Hzo

Di chuyén héa RR-195 (%)

HOO* + *OH > Oz + Hz0

Ngoai ra nong d6 H.O, cao cling lam céc tdm hoat
doéng cla xuc tac bi no hda (bédo hoa) do do lam gidm
téc dod phan Ung [12].

TU hinh 11 cho thdy pH 1a tac nhan chinh kiém soat dé
hoat déng clia chét xuc tac. Khi pH =10 qué trinh phan
hdy trén hé xuc tac 10Fe-2Cu/MCM-41 gidm so vdi cac
moi trudng pH thdp hon. Nguyén nhén la do khi pH =
10 ngoai cac ion Cu?* tao thanh cac tam thu dong khac
nhu Cu(OH)*, Cux(OH)»**, Cusz(OH)4** lam gidm hoat
tinh clia hé xuc tac [12]. Béi v&i pH = 3 sy gia tang s6
lugng cac géc «OH va sy tuong tac tinh dién gitia RR-
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195 vd&i bé méat ducng cla vat liéu [13] lam hiéu suéat
qua trinh phan hay thuéc nhuém tdng manh (hiéu suét
dat 69,22 % trong 15 phut dau).
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Hinh 11: Anh hudng clia pH dén dé chuyén hoa RR-195
cla vat liéu 10Fe-2Cu/MCM-41
Trong khi do vdi hé xic tac 10Fe-2Cu/MCM-41 ngoai
su hién dién cta cac tdm Fe;Os, FeO con cd sy xuét
hién clia Cu,O, CuO va Cu ciing la tdc nhan manh
cung cép cac electon lam ddy nhanh va nhiéu hon qué
trinh oxy hoa Fe** thanh Fe’*, lam tang t&c dé sinh ra
cac gbc hydroxyl [14]. Nong dé Fe?* anh hudng dén
téc dé phan hay thudc nhuém va khd nang xUr ly cac
chdt hitu ca. Do trong mdi trudng pH thdp nén qua
trinh oxy hoa Fe**— Fe’* dién ra dé dang, thuén lgi
cho qué trinh hinh thanh cac géc *OH. Ngugc lai,
trong méi trudng bazao thi phan Ung Fe3* — Fe(OH);
dién ra dé dang. Phuong trinh phan (ng thé hién mdi
quan hé gilta Fe**, Fe?*, «OH:
H.O, + Fe?* < Fe3* + OH™ + «OH

Két luan

Vat liéu Fe-Cu/MCM-41 dugc téng hop bang phan tan
c&c hat nano Fe, Cu trén bé mat chdt mang MCM-41
téng hgp tU thay tinh ldng d& cai thién dién tich bé
mat clia xUc tac quang bang phuong phép lang dong
héa hoc. Vat liéu Fe-Cu/MCM-41 c6 dién tich bé mat
I&n, cau trdc x6p va hoat dong xic tac quang hoda
tuyét vai cho qué trinh oxy héa RR-195. Ham lugng Fe-
Cu trén MCM-41 t6i uu la 10% khéi lugng Fe va 2%
khéi lugng Cu (10Fe-2Cu/MCM-41). Vat liéu 10Fe-
2Cu/MCM-41 ¢6 hoat déng quang xdc tac cao nhét,
véi chuyén déi RR-195 1a 98,13% dudi su chiéu xa anh
sang nhin thédy. Vat liéu nanocomposites téng hop vdi
céc hoat tinh xuc tac quang cao cé thé dugc coi la Ung
clr vién day trién vong dé loai bo cac chét 6 nhiém hitu
cd mdt cach hiéu qua.
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