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NGHIEN CUYU TONG HOP VAT LIEU NANO COMPOZIT MOl
Fe-MIL-88B/G0 UNG DUNG TRONG PHAN HUY QUANG
XUC TAC THUOC NHUOM TRONG MOI TRUONG NUOC

SYNTHESIS OF NOVEL Fe-MIL-88B/GO NANO COMPOSITE APPLIED
IN THE PHOTOCATALYTIC DEGRADATION OF REACTIVE DYE IN AQUEQUS SOLUTION

TOM TAT

Vat liéu composite két hop gitra Fe-MIL-88B va graphen oxit duroc tong hop
bang phuong phap nhiét dung méi. Cac méu vt liéu duoc dac tring boi phuong
phép nhiéu xa tia X(XRD), phuong phép hdp phu va khi hap phu N, (BET),
phuong phéap kinh hién vi dién ti truyén qua (TEM), phuong phap phd hong
ngoai (FT-IR). Vat liéu nano composite Fe-MIL-88B/GO duwoc thir nghiém kha
nang phan hdy quang xdc ta thudc nhudm (RR195) trong dung dich nuéc. Vat liéu nay
thé hién tdt kha ndng lam x(c tic quang hda. Didu nay md ra mot tiém nang (ing
dung cda vat liéu Fe-MIL-88B/GO trong phan hly quang xtc tac thudc nhudm
hoat tinh trong dung dich nuéc.

Tir khéa: Vat liéu composit Fe-MIL-88B/ GO, phan hlly quang xtic tac, chiéu xa
anhsang mo phong.

ABSTRACT

An Fe-MIL-88B/graphene oxide (GO) composite was successfully
synthesized by the solvothermal method to yield a novel Fe-MIL-88B /GO
composite. The samples were characterized by X-ray diffraction (XRD), N,
adsorption-desorption (BET), transmission electron microscopy (TEM), Fourier
transform infrared spectroscopy (FTIR), The as-prepared Fe-MIL-88B/GO
nanocomposite was tested the photocatalytic degradation of reactive dye
(reactive red-RR195) in aqueous solution. The Fe-MIL-88B /GO composite
exhibited excellent photocatalytic activity. The research suggested a potential
application of Fe-MIL-88B /GO composite as a highly efficient photocatalytic
degradation of reactive dye in aqueous solution.

Keywords: Fe-MiL-88B/GO composite, photocatalytic degradation, simulated
sunlight irradiation.
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1. MO PAU
O Viét Nam dang ton tai mot thuc trang la nwéc thai cong
nghiép & hau hét cac co s& san xuat méi chi dwoc xt ly so bo,
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tham chi thai tryc ti€p ra méi truong dan dén moi trudng
nuéc & nhigu khu viee dang bi 6 nhiém nghiém trong. Thanh
phan chl yéu trong nuwéc thai cdng nghiép chil yéu la cac
chat mau, thuéc nhudém hoat tinh, cac ion kim loai nang, cac
chét hitu co,.. Trong d6 cac chat mau thuéc nhuém do cé
tinh tan cao nén chang la tac nhan chd yéu gay 6 nhiém cac
ngudn nudc. Vi vay, viéc tim ra phrong phap nham loai bd
cac hop chat mau hitu co, thuéc nhudém hoat tinh doc hai ra
khoi mai treong nwéc cd y nghia hét stic to lon.

Xlc tac quang hoéa dugc ap dung rong rai trong xt I,
loai bé céc chat hitu co doc hai gay 6 nhiém trong moi
trvong nudce. Xdc tac quang hda c6 hoat tinh cao trong
vung anh sang t& ngoai tuy nhién hoat tinh clia cac chat
nay bi han ché trong ving anh sang nhin thay. Chinh vi vay
da c6 nhiéu c6 gang, nd lyc trong viéc ting cuong kha
nang quang xuc tac trong vung anh sang kha kién nhuw
doping véi phi kim (N, S, O, C), kim loai chuyén tiép (Fe, V,
Cr, Cu) duwoc nghién cru va ap dung trién khai [17].

M6t hé vat liéu méi hién dang duwgc quan tdm nghién
clru va phat trién la hé vat liéu trén co sé graphen oxit. Vat
lieu graphen oxit c6 tinh chét rat dac thu nhw dién tich bé
mat 16n, c6 chiéu day I6p sieu méng, co tinh dan dién,
chuyén dién ti... va da dwoc (’ng dung trong nhiéu linh vuc,
dac biét la (’ng dung lam chat xUc tac. Thoi gian gan day, xu
hwéng nghién clu va phat trién hé vat liéu méi composite
trén co s& vat liéu khung co kim loai va graphen oxit dugc
cac nha nghién cru déc biét quan tam. Mot sd cong trinh da
chting minh tinh wu viét hon han ctia vat liéu méi composite
so voi vat lieu MOFs (khung hiru co kim loai) trong phan ting
guang héa phan hdly chat mau hitu co doc hai...[3, 9].

Trong bai bao nay, ching t6i nghién cru tdng hop, dac
trung va (¢ng dung vat liéu composite (Fe-MIL-88B/GO)
trong phan hly quang xc tac thuéc nhuém RR195.

2. THUC NGHIEM
2.1.Tong hop GO

Graphene oxit duoc dieu ché bang quéa trinh oxi hoa
graphit tw nhién bang phuong phap Hummer céi tién [1].
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BOt graphit oxit dwoc phan thanh I6p bang cach xi ly trong
10 vi song (Model MWO-G20SA, cong suat 700W) trong mot
phut. Khi chiéu xa bang vi séng, si gidn n& khéi lugng GO
I&én hon nhiéu so phuong phap siéu am.

2.2.Téng hop hop chat Fe-MIL-88B/GO

Fe-MIL-88B/GO duoc diéu ché bang cach tron 6,96
mmol axit terephthalic (Aldrich 98%) va 6,96mmol sat(lll)
clorua hexahydrat (FeCl;.6H,0, Aldrich, 99%) trong 150ml
N,N'-dimetylformamit (DMF - HCON(CH,),, Aldrich, 99,8%).
Cho vao hon hop nay 0,5 g GO rdi khudy déu cho dén khi
dat dwoc hén hop ddng nhat. Cho hén hop da khudy xong
vao autoclave, gia nhiét & 150°C trong 12h. San pham duoc
rira sach 2 lan véi DMF va 2 Ian véi etanol bang binh loc hat
chan khéng, sau d6 sdy & 100°C qua dém.

2.3. Cac phuvong phap dac trung vat liéu

San pham dugc dac trung bang phuong phap XRD trén
may D8 Advance (Btic) ding biic xa clia Cu K, A = 1,5406 A,
khoadng quét 26 = 1 - 70° TEM do trén may HITACHI- H-
7500 (Nhat), BET duoc do trén may ChemBET-3000 clia My
va FT-IR trén may JASCO(USA) - FT/IR-4100. Néng dd RR195
trong cac dung dich dugc xac dinh bang céach st dung may
guang phé UV-Vis (LAMBDA 35 UV /Vis).

2.4. Nghién cru kha nang phan hady RR195 trén xuUc tac
Fe-MIL-88B/GO

Phan (ing phan hdy RR195 thic hién trong diéu kién
dung dich duwgc khudy lién tuc (250 vong/phut), co6 hé
thong lam mat dé duy tri nhiét dé phan (ng la 25°C, thoi
gian phan (ng 90 phut tly tirng x(c tac duéi diéu kién st
dung den md phéng anh sang mat troi 15W co6 4-6% tia UV
(bwéc séng tir 340nm dén 315nm). Trong phan (ng phan
huy, 100ml dung dich RR195 c6 ndng dé 50mg/L (50ppm),
néng do chat xic tac c6 dinh 30mg/L. Nong do H,O,
0,4ml/L. pH dung dich dwgc khéo sat trong khoadng tir 3 - 8.
Sau tirng khoang thoi gian xac dinh loc tach chat ran dem
dung dich thu dwoc phan tich trén may quang phé UV_Vis
Lambda-35 tai bu¢c song 542 nm. Xac dinh nong dé RR195
con lai trong dung dich bang phwong phap duong chuan.

3. KET QUA VA THAO LUAN
3.1. Cac dac trung vat liéu
3.1.1. Phé nhiéu xa tia X (XRD)
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Hinh 1. (A) Gian d0 XRD clia GO, Fe-MIL-88B va Fe-MIL-88B/G0
(B) Gian d XRD cia Fe-MIL-88B/G0 va Fe-MIL-888/G0 md phong

Mau phan tich bang phrong phap XRD clia GO, Fe-MIL-
88B va Fe-MIL-88B két hop véi GO duoc trinh bay trong
hinh 1. Trong &nh chup XRD clia mau GO, pic nhon va
cudng do 16n tai 26 ~ 12° dugc gan cho mit phang [0 0 1]
trén mau GO. Trong hinh anh XRD clia Fe-MIL-88B, c4c pic
nhon va cuong do I&n xuat hién & 28 clia 9,38, 9,54, 10,60,
12,56, 16,18, 16,52, 18,86, 19,28, 22,02, 25,94 va 28,04 giéng
vOi cac pic clia Fe-MIL-88B trong tai liéu tham khao [4].
Trong mau XRD clia Fe-MIL-88B/GO, xuét hién tat ca cac pic
giébng nhv nhirng pic thudc Fe-MIL-88B, tuy nhién pic 26 ~
12° trong GO gidm manh va hau nhu khdng con thay xuét
hién. Biéu nay c6 thé giai thich do cac tinh thé Fe-MIL-88B
c6 thé phan tan tot véi cac I16p trong clia GO. Mat khéc,
trén hinh 1 da xuét hién mét pha méi a-FeOOH. Sy hinh
thanh clia pha nay do su tuong tac gitta Fe ctia MIL-88B va
nhém hydroxyl va cac nhém cacboxylic ciia GO [3,5].

3.1.2. Anh TEM clia GO, Fe-MIL-88B va Fe-MIL-88B/GO

Hinh 2. Anh TEM c(ia GO(A), Fe-MIL-88B(B) va Fe-MIL-88B/GO(C)

O hinh 2, anh TEM cla Fe-MIL-88B cho thdy c4c hat
nano Fe nho gia cau co kich thudc 5-8nm, dwoc gan chat
trén bé mat cac tinh thé Fe-MIL-88B. Trén hinh anh TEM cla
vat liéu composite Fe-MIL-88B/GO, cac hat nano Fe c6 xu
hwéng téng hop dé hinh thanh céc hat c6 kich thudc I6n
hon (kich thuéc tang tir 5-8nm 1én téi 10-20nm). Piéu nay
c6 thé do sy twong tac gilra cac ion Fe vGi cac nhom
hydroxyl va cacboxylic dé tao thanh phic chét Fe.
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3.1.3. Nghién cttu dang nhiét hap phu (BET) cla
Fe-MIL-88B va Fe-MIL-88B/GO
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Hinh 3. Dang nhiét hép phu BET clia Fe-MIL-88B va Fe-MIL-88B/G0

Hinh 3, cho thdy dwong dang nhiét hap phu - khit hap
phu N, clia Fe-MIL-88B twong (rng véi vat liéu vi mao quan
c6 dang kiéu |, trong khi dwong cong clia vat liéu Fe-MIL-
88B/GO hién thi kiéu dang nhiét c6 dang kiéu IV, d&c trung
cho vat liéu ¢é cdu triic mao quan trung binh. Téng thé tich
mao quan clia Fe-MIL-88B/GO dat 0,23cm?/g, vi mao quan
chiém it (12%) chti yéu la mao quan trung binh chiém 88%.
Fe-MIL-88B/GO c6 dutng kinh mao quén 12-21nm va dién
tich bé mat 99m?/g I&n hon so vai Fe-MIL-88B.

3.1.4. Phé hong ngoai (FTIR)
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Hinh 4. Phd FT-IR clia Fe-MIL-88B (a) va Fe-MIL-88B/GO (b)

Két qua chup pho FT-IR clia Fe-MIL-88B (hinh 4a) cho
thay cac pic 1667, 1556, 1392, 1020 va 750cm™ déc treng
cho si xuat hién cac nhém dao déng clia cacboxylat [2,7].
Cac pic ndm & 3440cm™ dac trung cho su hinh thanh lién
két O-H tir nwéc hap phu trén bé mat. Hai pic nhon & 1556
va 1392cm™ lan lvgt 1a dao dong bat d6i x(ng clia (v,,(C-0))
va dao dong dbi xtng clia (v,(C-0)) ctia nhém cacboxyl.
Diéu nay cho thay su xuat hién lién két clia dicacboxyl v6i
Fe-MIL-88B. Cac pic & 750cm™ twong (ng v&i dao dong bién
dang C-H cula benzen. Cac pic cwdng dd cao 552cm™ dac
trung cho dao déng cua lién két Fe-O [2,6]. Cac ph6 hdng
ngoai cuia vat liéu composite Fe-MIL-88B/GO gan giéng v6i
Fe-MIL-88B. Ngoai trir hai pic cé cuvong do thap xuat hién &
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2882cm™ va 3010cm™ lién quan t¢i dao déng nén va gian
cla cac lién két C-H clia cacbon no va khéng no cho thay
su twong tac gilta Fe-MIL-88B va GO.
3.2. Phan ing Photo - Fenton trong qua trinh phan hay
thudc nhudm RR195

Dé tién hanh kiém tra hoat tinh xtc tac quang héa trong
qua trinh phan htly thuéc nhudém, chdng t6i lva chon thuée
nhudm RR195. Chét nay c6 hoat tinh twong doi 6n dinh va
khé phan huly, véi cdu tao dwgc trinh bay & hinh 5.
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Hinh 5. C4u tao clia thudc nhudm RR195

3.2.1. Cacthdng s6 &nh hwéng dén qua trinh phan hay
Photo - Fenton
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Hinh 6. Anh hudng pH trong phén hiy RR195

Phan (ng thay déi mau cla RR195 trén vat liéu
composite Fe-MIL-88B/GO & cac gia tri pH khac nhau trong
hinh 6. Cac thi nghiém dwgc thic hién & ba gia tri pH khac
nhau: 3,0; 5,5; 8,0 véi diéu kién: H,0, (30%) 0,4ml, lvgng xtc
tac 30mg/L, néng do RR195 la 50ppm. Theo hinh 6, gia tri
pH déng vai tro quan trong déi véi su phan hiy ctia RR195,
la tac nhan chinh kiém soat do hoat déng clia chat xuc tac,
su hinh thanh cac tdm xudc tac chira Fe, dd 6n dinh cla tac
nhan oxi hoa H,0,. D6 pH tdi vu dugc tim thay la 3,0 v6i
hiéu suat phan (rng la 16n nhat, nhung khi tang d6 pH =55
sir chuyén héa dat 98% nhu & gia tri pH = 3. Khi pH > 6 hiéu
sudt qua trinh phan hay gidm manh, vi trong méi truong
nay hinh thanh tam sét thu déng (FeO?*) lam giam hoat
tinh cda xuc tac [11]. Phan tng phan hay thudc nhuém dat
hiéu suét cao & cac gia tri pH thap (moi trwvong axit) do sy
gia tang sO lvgng cac gbc OH va si twong tac tinh dién
gilta RR195 va bé mat dwong cda vat liéu [12] lam hiéu suét
qua trinh phan hiy RR195 tdng manh (hau nhr hoan toan
sau 25 phut). Do d6 pH = 5,5 dugc lya chon cho cac qua
trinh nghién ctru tiép theo.
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*Anh hudng ctia ndng do H,0,
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Hinh 7. Anh hugng H,0, trong phan (tng phan hiy RR195 trén Fe-MIL-
88B/GO

Trong hinh 7, cac thi nghiém dugc tién hanh & cac nong do
H,0, khac nhau 0,2ml/L; 0,4ml/L va 0,6ml/L véi cac diéu kién
phan trng nhu nhau.

Qua trinh phan hay RR195 tang khi nong dé H,0, tang
Ién. Khi tdng ndng d6 H,0, Ién 0,4 hoac 0,6ml sau 25 pht
hiéu suat qua trinh tang manh va dat 98%. Piéu nay la do
cac gbc OH* tr H,0, dwoc tao ra nhigu lam thic day qua
trinh phan (ng dan dén téc do cting nhu hiéu sudt phan
hdy tang. Tuy vay, khi néng dd thudéc nhuém dugc gilt
nguyén 50mg/L va ti€p tuc tang luong H,0, trong dung
dich, ltc nay H,0, du sé tac dung véi géc OH' tao thanh goc
HOO* lam gidm hiéu suét quéa trinh phan hay [13]. Do d6,
trong nghién ct*u nay néng dé H,0, trong dung dich
0,4ml/L dwoc lua chon.

3.2.2. Hoat tinh xuc tac

0%

0.6

CiCo

04 Fenton (D)

0.2

0 § 10 1% 0 p3

Théi gian chiéu sang (phiat)

Hinh 8. Qua trinh phan hly RR195 trén x(c tac Fe-MIL-88B/GO 6 cac diu
kién khéc nhau:

(A): Khdng x(c téc (RR195, H,0,);

(B): Héap phu trong t6i (RR195, xtic tac Fe-MIL-88B/GO, khdng cd H,0,);

(C): Xuc t&c cho qua trinh Fenton (RR195, x(ic téc Fe-MIL-88B/GO, H,0,);

(D): Xdc téc cho qua trinh photo Fenton (RR195, x(ic tac Fe-MIL-88B/GO,
H,0,, anh sang nhin thay).

Quaé trinh phan hady Photo - Fenton dwgc dung dé danh
gia kha nang hoat dong cla xuc tac quang héa. Két qua
cho thay & diéu kién phan (rng oxi hoa duéi tac dung cla
anh sang mét troi va khéng co chat xuc tac thi sy chuyén

® - Khiing xiic tic (RR195, H202) (A)
—— Hép phy (B)
-8~ Xic tac cho qud trinh Fenton (C)

=& Xlctdc cho qua tinh photo

hoa RR195 la khong dang ké (hinh 8A). Trén hinh 8B, qua
trinh hap phu dién ra nhanh va dat can bang sau 25 phat
phan (ng. Hiéu suat hap phu RR195 trén xdc tac dat 25% vé
khéi lvgng. Trong quéa trinh phan tng Fenton (v6i sy c6
mat cla chat xdc tac, H,0,), sau 25 phat phan tng, ti 1é C/C,
gidm dén 75% (hinh 8C). Tuy nhién, trong qué trinh Photo -
Fenton (v&i s c6 mat clia chat xdc tac, H,0, va chi€u sang)
ty I& C/C, gidm xubng con 98% (hinh 8D). Tir nhitng két qua
nay, ta nhan thdy compozit Fe-MIL-88B/GO c6 hiéu qua
phan hdy RR195 cao.
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Hinh 9. Mirc 6 phan hdly RR195 clia GO, Fe-MIL-88B va Fe-MIL-88B/GO

TU hinh 9 cho thay, qua trinh phan hdy RR195 du¢i tac
dung cua xuc tac Fe-MIL-88B/GO cao hon han so véi Fe-
MIL-88B va GO. Giai thich diéu nay la do cac tinh thé Fe-
MIL-88B c6 thé phan tan tot véi cac 16p trong clia GO va da
xudt hién mot pha méi a-FeOOH do dé hinh thanh nén cac
hat nano phan tan déu c6 kich thwéc nhoé 10 - 20nm la cac
tdm hoat dong manh trong phan ng photo-fenton [14].
Clrng v6i do, sy ton tai cac hat nano Fe la
cac tam hoat dong manh cung cép cac
electron lam day nhanh qua trinh oxi héa
Fe** thanh Fe* va tdng t6c dd sinh ra céc
gbc hydroxyl [15]. Chat nén GO ciing déng
gop vai tro Ion trong qué trinh phan tng
Photo-Fenton, cac oxit sat c6 nang luong
vling cdm nhd (2,2 - 2,5eV) nhung sy tai té
hop gitta electron va 16 tréng dién ra
nhanh, chat mang GO c6 kha nang van
chuyén electron nhanh chéng da khac
phuc qué trinh tai t6 hgp nhanh choéng
giita electron va 16 tréng [16] trén cac tam
xuc t&c Fe trong vat liéu Fe-MIL-88B/GO.

4. KET LUAN

P& téng hgp thanh coéng vat liéu compozit Fe-Mil-
88B/GO bang phuong phéap nhiét dung méi. Cac két qua
phan tich phé XRD va FT-IR, cho thdy cac tinh thé Fe-MIL-
88B c6 thé phan tan va ndm trong céc lién két clia cac 1op
GO, xudat hién mot pha m¢i a-FeOOH. Sy hinh thanh cla
pha nay do sy tuong tac gilta Fe clia MIL-88B va nhom
hydroxyl, nhém cacboxylic ctia GO. Tir anh TEM cUa vat
liu composite Fe-MIL-88B/GO cho thay cac hat nano Fe cé
xu hudng téng hgp dé hinh thanh cac hat cd kich thuwdc lon
hon tir 10-20nm.
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Hiéu suat qua trinh phan hdy RR195 trén Fe-MIL-
88B/GO cao. Két qua nay mé ra kha nang tng dung phan
hdly quang xuc tac trong x Iy chat hitu co doc hai.
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