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SUMMARY
SYNTHESIS OF ZnFe,0,/ZnO/C COMPOSITE BASED ON ZIF-11 MATERIAL

The ZnFe,0,/Zn0O/C composites were synthesized via pyrolysis of ZIF-11 material modified with Fe3*ions.
The effect of the Fe:Zn molar ratio on the phase composition of the composites was also investigated.
Energy-dispersive X-ray spectroscopy (EDX), X-ray diffraction (XRD), scanning electron microscopy
(SEM), Fourier-transform infrared spectroscopy (FTIR), and ultraviolet-visible diffuse reflectance
spectroscopy (UV-Vis DRS) were employed to characterize the structure and properties of the synthesized
materials. The results indicated that ZnFe,O,/ZnO/C composites were formed after calcination of the
modified material at 600 °C. As the Fe:Zn molar ratio increased, the ZnFe O, spinel phase became more
pronounced. The adsorption and photocatalytic properties of the synthesized ZnFe;0,/ZnO/C composites
were also evaluated. The experimental results showed that the composites exhibited significantly higher
methylene blue (MB) adsorption capacity than the original ZIF-11 material. The adsorption capacity
increased with the Fe:Zn molar ratio, reaching 11.72 mg/g, 15.27 mg/g, and 17.99 mg/g for Fe:Zn ratios of
2:8, 3:7, and 4:6, respectively. Furthermore, the ZnFe,0,/ZnO/C composites demonstrated photocatalytic
activity in the degradation of MB under visible light. A 10 mg/L MB solution was adsorbed and degraded by
45% after 120 minutes of illumination using a catalyst dose of 0.2 g/L.
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1. PAT VAN PE tir tién chat ZIFs bién tinh thuong c6 dién
Nhu di biét, vat ligu ZIFs (zeolitic ~ Wch bé mat cao, do xop Ién, Hon nifa,
imidazolate frameworks), mot loai vat Ct"nh su tiep Xuc dﬂthe cua Cac OX|d~e co
ligu vi mao quan c6 hé thong mao quan da ?ﬁ.r}g gugngk\(]l{ngvc:am ﬁihach n,ha‘;]fza cal
dang, thé tich mao quan lon va dic biét la h~|¢n uocC Kha nang pdan" tl{y 3 at mau
bé mét riéng cao da cho thay dugc trién u?: co cuaz compos‘lteA ual ac4 lglgt? ua
vong tng dung phong pha trong rat nhiéu ann sang. £aman va cong su [4] da tong
linh vuc (dién hod, xic tac, hap phy, )  1gP thanh cong composite ZnO/Fe,Os
[1, 2, é]. Bén canh d6, mot sb nghiéh cau bgng C"fICh Su‘,dung. tien C*}i‘t ZIF-8 du:_qc
con chi ra rang ZIFs c6 thé duoc bién tinh bien tinh b;ang on Ff a Composgte
dé dang bang cac ion kim loai hoat dong Zn0/Fe,0s tong hop the hién hoat tinh
va duoc sir dung 1a chit ban dhu dé téng qua}ng XUC tac cao trong phan ung phan
hop nén cic oxide kim loai hoic céc huy methylene PIue_A(MBZ va AmethAyI
composite, lam tang kha nang Gng dung ﬁr%nl%/TB(g/[?)} ngoglegh.hl?u q suatSéJ han
cho vat lidu ZIFs, dic biét 1a trong linh uy VB dal gan LJ0%0 KNl St dyng S5U mg
vuc quang xuc tac phan huy phim mau vét li¢u ZnO/Fe,0s trong 100 mL dung
gay 6 nhidm. Nhitng composite tong hop dich MB 1 mg/L va hé duoc chieu sang
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bang &nh sang tir ngoai trong 90 phut. Sir
dung ZIF-11 lam tién chét, Chandra R. va
Nath M. [5] di tong hop thanh cbng
composite AQNPs@ZIF-11. Vat liéu nay
cai thién hoat tinh hap phu/xtc tac ddi voi
MB duéi tac dung caa anh sang tir ngoai-
kha kién. Hiéu suit phan huy MB dat
100% vai 10 mg xdc tac trong 20 mL
dung dich MB 1,6 mg/L. Trong sb cac
loai vat ligu ZIFs, vat ligu ZIF- 11 duogc
tbng hop tr cac ion Zn*" va
benzimidazole la mot loai vat liéu co
duong kinh mao quan kha Ién trong ho
vat liéu ZIFs, hon nita, 30 bén nhiét va
thuy nhiét cua ZIF-11 cling kha cao [6].
Pay la nhitng dic diém gidp cho viéc bién
tinh ZIF-11 dugc dé dang. Bén nay, nhiéu
cong trinh nghién ciu bién tinh vat ligu
ZIF-11 da dugc cdng bd [7, 8]. Chandra
R. and Anantharaman G. [7] d4 tong hop
thanh céng vat liéu composite MI@ZIF-
11 bang cach su dung muc thai nhu la
ngudn cung cap carbon két hop véi ZIF-
11. Vat liéu nay da cai thién dang ké kha
nang phan huy MB dudi tc dung cua anh
sang. Hiéu suat phan huy MB dat 100%
véi 10 mg vat liéu trong 20 mL dung dich
MB 2 mg/L. Hao va cong su [8] cling da
st dung acid phenylboronic 1am ngudn
boron va ZIF-11 Iam tién chat dé tong hop
dugc vat liéu carbon xbp pha tap boron va
nitrogen (BN-PCP). Vit ligu thé hién tinh
chat dién hoa tt véi dién dung riéng cao,
dat 262 F/g 6 20 mV/s trong dung dich
H,SO, 1,0 M va c6 do on dinh sac-xa
tuyét voi (khdng bi suy giam sau 40.000
vong & 20 A/g). Mic du vay, theo tim hiéu
cia chung t6i dén nay, hau nhu chua cé
cong bd vé viéc tong hop composite oxide
kim loai/spinel trén co s¢ vat ligu ZIF-11.

Quan tam dén hudng nghién cau bién tinh
vat liéu ZIF-11, bai b4o nay trinh bay két
qua nghién ctu téng hop composite
ZnFe,04/Zn0O/C dua trén co so ZIF-11
bién tinh bing ion Fe** va so bo danh gia
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hoat tinh hap phy, xtc tac cia vat li¢u
tong hop duoc.

2. THUC NGHIEM
2.1. Hoa chat

Zn(CH3C00),.2H,0 (Merck),
FeCl;.6H,0  (Merck), benzimidazole
(99%, Trung Quéc (TQ)), ethanol (99,5%,
TQ), dung dich NH3 (25%, TQ), toluene
(99,9%, TQ) va methylene blue (TQ) la
cac hoa chat duoc str dung trong nghién
cau nay.

2.2. Tong hep vat liéu

Composite  ZnFe;04/ZnO/C duoc tong
hop véi hai budc:

Piu tién, ZIF-11 doping bing ion Fe®*
duogc tong hop theo qui trinh twong tu nhu
doping ion Cu®* vao ZIF-11 ma nhém
chung toi di cong bd trude day [9]: 0,6
gam benzimidazole (bIm) dugc hoa tan
trong 43 mL ethanol, tiép theo 26,5 mL
toluene va 0,35 mL dung dich NH3 (25%)
duoc thém vao dung dich benzimidazole,
dung dich dugc tiép tuc khuiy trong 5
phat (tc d6 khudy 600 vong/phut). Sau
d6, hdn hop gom Zn(CH3C0O0),.2H,0 va
FeCls.6H,0 vai ti 1¢ mol lan luot 12 2:8,
3:7 va 4:6 duoc thém vao dung dich
benzimidazole. Hé dugc khudy tiép trong
4 gio ¢ nhiét do phong, sau do, ly tam,
tach lay két tua, rira két taa bang ethanol
va say kho & 80 °C. Chat ran thu dugc 1a
vat lieu ZIF-11 doping boi Fe**(FeZIF-
11). Ki hiéu mau la Mx, véi x = 20, 30 va
40 la ham luong % mol cua Fe tinh cho
hai kim loai Fe, Zn.

Tiép theo vat lidu FeZIF-11 véi cac ham
lwong sit khac nhau duoc nung trong diéu
kién yém khi ¢ nhiét do 600 °C thu dugc
composite ZnFe,04/Zn0O/C. Ki hiéu mau
twong tng la Mx-600.

2.3. Pic trung vat ligu tong hep va
danh gia hoat tinh
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Cac phuong phap sau duoc sir dung dé
ddc trung vat liéu téng hop: Phé EDX
dugc do trén may SEM JED-2300; phd
XRD duoc do trén may nhiéu xa tia X D8
Advance (Germany) véi ngudn bic xa
CuK, budc séng 4 = 1,5406 A, goc quét
20 tir 2 — 80°; anh SEM duoc chup bang
thiét bi SEM JED 2300, phd FTIR duogc
do trén may IR-Prestige-21 (Shimadzu),
su dung ky thuat ép vién KBr, pham vi
do: 400 — 4000 cm™, phdé UV-Vis-DRS
dugc ghi trén may Aligent Cary 5000 va
dang nhiét hap phu—giai hip phu nitrogen
dugc do trén thiét bi Micromeritics ASAP
2020.

Pham nhuom MB duoc sir dung dé danh
gia kha nang hap phu va xdc tac cua vat
lieu tong hop. Cu thé nhu sau: Liy 200
mL dung dich MB 10 mg/L vao céc (nhiét
d6 6n dinh & 25 °C), thém vao cbc 40 mg
composite ZnFe,04/Zn0O/C tong hop va
tién hanh khudy hé trong bong tdi (khi
nghién ctru hap phu), tién hanh khuay két
hop véi chiéu sang bang dén xenon (250
W) (khi nghién ctu xdc tac) bang may
khudy tir (toc do6 khudy 500 vong/phut).
Sau céc khoang thoi gian xac dinh, trich
mau, loai chit hip phu (hoic xuc tac) va
xac dinh nong d6 MB bang phuong phap
UV-Vis, sir dung thiét bi UV-Vis Jenway
(UK) ¢ budc song 664 nm. Dung lugng
hip phu (DLHP) q (mg/g) tinh theo cong
thire (1) va hiéu suat phan huy h(%) dugc
tinh theo cong thuc (2):
(Co_ct)-V

q=E 1)
h= (co—gt).mo @)

vé6i V la thé tich cua dung dich MB (mL),
m la khoi lugng chat hap phu (mg), C, va
Ct la nong d6 cua dung dich MB ban dau
va ¢ thoi diem t (mg/L).

3. KET QUA VA THAO LUAN

3.1. Pic trung vat liéu tong hop
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Phé tan sic ning lugng tia X (EDX) duogc
st dung dé phan tich thanh phan hoé hoc
cua vat lidu tong hop. Hinh 1 trinh bay
phé EDX, thanh phan va ham luong cac
nguyén t5 hoa hoc cua mau vt liéu tong
hop vai ti 1€ mol Fe:Zn = 3:7 nung ¢ 600
°C (Mau M30-600). Céac peak xuit hién
trén phdo EDX & Hinh 1 chung to sy ton
tai caa cac nguyén té hoé hoc chinh trong
vat liéu tong hop la C, O, Zn va Fe. Ngoai
ra, két qua EDX ciing cho thdy sy xuét
hién cua nguyén t6 CI trong vat liéu (co
thé 12 do qué trinh ria chua loai bo hét).
Nhu vay, sit da phan tan vao vat liéu tong
hop, dong thoi qué trinh nung yém khi da
han ché qua trinh chay caa carbon nén
thanh phan carbon con lai kha cao. Do
léch chuan theo thanh phan cua céc
nguyén t kha thip cho thiy su phan tan
dong déu cua cac nguyén t trong mau
nghién cau.

Nguyén t& C [¢] Cl Fe Zn

% Nguyén tr 7822 1355 1,37
Poléchchuan 1,09 0,97 047
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Full Scale 1970 cts Cursor: 18.300 ke (0 cts)

Hinh 1. Gidn d@6 EDX va thanh phan hoé hoc
cuia mau M30-600

Phuong phap XRD duogc ding dé phan
tich thanh phan pha cta cac mau vat liéu
tong hop. Hinh 2 trinh bay két qua XRD
ciia mau FeZIF-11 (M30) va cac mau Mx-
600 (x = 20, 30 va 40). Pho XRD cua mau
FeZIF-11 thé hién cac peak dic trung
trong pham vi g6c nhidu xa 20 tir 5 dén
25° tuong ty nhu cua vat liéu ZIF-11 [10].
Céc peak dic trung déu sac nét vai cuong
d6 16n cho thay vat liéu bién tinh FeZIF-
11 vén duy tri dugc cau tric cua ZIF-11
véi do tinh thé cao.
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Ph6 XRD cua cac mau Mx-600 khong thé
hién cac peak dac trung trong ving 260=5
— 25° ma thé hién cac peak & g6c nhidu
xa |én hon, lién quan dén pha ZnO hoic
spinel ZnFe,O4. Cu thé: céc peak dic
trung cho oxide ZnO xuét hién & céc goc
nhiéu xa 26 = 31,7°; 34,4°; 36,2°; 47,5°;
56,6°; 62,8°; 67,9° va 69,0° [11], cac peak
dac trung cho spinel ZnFe;O4 tuong ing
véi cac goc nhidu xa 26 = 29,9°; 35,2°;
42,7°; 52,7° va 62,2° [12]. Khi tang ham
luong Fe theo ti 16 mol Fe:Zn tir 2:8 dén
4:6, twong tng V&i cac mau M20-600 —
M40-600, su xuat hién cac peak dic trung
cua pha spinel cang rd rang hon.

Nhu vay, sau khi nung yém khi, ion Zn*"
trong FeZIF-11 da chuyén thanh ZnO va

IMS-NKL 2.0kV 5.7mm x3.00k SE(M)

moét phan & dudi dang spinel ZnFe,Oy,
con ion Fe** chuyén vao spinel ZnFe,O..
Két hop vai két qua EDX ¢ trén, c6 thé
cho ring miu thu duoc 4 composite
ZnFe204/ZnO/C.

20[ ® 7Zn0O
1 ® ZnFe O, ._:- .
. 2 = M40
3 ]
&
(O.
WU -
g
£ ]
@]
FeZIF-11
0 10 20 30 40 50 60 70 80
Géc nhiéu xa 20 (d0)
Hinh 2. Phé XRD cua cac mau M30 va Mx-600 (x

= 20, 30 va 40)

X

Hinh 3. Anh SEM cza cac mau FeZIF-11 va ZnFe,0,/Zn0O/C véi céc ti I¢ mol Fe:Zn khac nhau.
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Hinh 3 1a anh hién vi dién tir quét (SEM)
cia cac mau FeZIF-11 (Mx) va
ZnFe,04/Zn0/C (Mx-600) voi cac ti 1é
mol Fe:Zn khac nhau. Quan sat anh SEM
ciia mau FeZIF-11 véi ti 1¢ mol Fe:Zn =
2:8 (miu M20) nhan thiy rang, mau nay
chtra cac khéi da dién véi cAu tric 12 mat
hinh thoi twong tu nhu cua vat ligu ZIF-11
[5]. Piéu ndy chung t6 rang véi ham
luong Fe thap, hinh thai caa vat liéu bién
tinh chua thay d6i dang ké. Tuy nhién, khi
taing ham luong Fe, vat lidu bién tinh
FeZIF-11 khong con duy tri cac khéi da
dién 12 mit ma chuyén sang khéi lap
phuong va kich thudc cac khdi nay ting
theo ham lugng Fe (mau M30, M40).
Nhu vay, ham lugng sit anh hudéng dén
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hinh thai cua vat liéu thu dugc. Qué trinh
nung & 600 °C di anh huéng dén cau
tric cua cac vat lieu bién tinh, vat liéu
composite ZnFe;04/ZnO/C thu duogc
khdng con duy tri hinh khéi rd rang cua
vat liéu bién tinh ban dau. Ddi voi mau
M20-600, cac khdi ciu trac da dién
chuyén dan sang hinh cau, cac canh hinh
thoi dan bién mat (miau M20-600). Bdi
véi cac mau M30-600 va M40-600, cac
khéi 1ap phuong cling bi sup Mot phan,
vat liéu thu duoc thé hién do xdp rat cao.
Diéu nay c6 thé do qué trinh thoat khi
khi c4c cau ndi hitu co phan huy/chay
trong giai doan nung di anh hudng dén
I6p cau tric ¢ bé mat vat liéu.
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Hinh 4. Phé FTIR cua cac mau FeZIF-11 (M30) va composﬂe (M30- 600) (a); Dang nhiét hap phu-gidi hdp
phu N, va phan bé 16 xop (b); Phé UV-Vis-DRS (c) va nang heong ving cam (d) czia mau M30-600.
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Str dung phd FTIR dé xac dinh céc lién
két hod hoc cd mit trong vat liéu ciing
nhu danh gia sy hinh thanh ciu trdc cua
vat liéu tdng hop. Két qua phd hong ngoai
dugc trinh bay ¢ Hinh 4a. Nhu duoc chi
ra & Hinh 4a, phd héng ngoai cua vat liéu
FeZIF-11 (M30) cé cac peak dac trung
tuong ty vat ligu ZIF-11. Peak tai 428
cm™ lién quan dén dao dong cua lién két
Me-N (Me = Zn va Fe). Céac peak ghi
nhan duoc trong pham vi 600-1600 cm™
lién quan dén céc lién két trong vong bim
(C-H, C-C, C=C). Bén canh do, phd
hong ngoai cia miu nay con Xuat hién
mot peak ti vai dinh peak ¢ s6 song 3431
cm ™ dugc cho 12 lién quan dén dao dong
cua lién két O-H cua nude hap phu vat ly
[7]. Trén pho FTIR cua vat liéu composite
(mau M30-600) hau nhu khéng thay su co
mat cua cac peak trong pham vi 600-1600
cm™ dic trung cho cac dao dong trong
vong bim ma xuat hién 1 ving peak rong,
cuong d6 16n voi 1 dinh peak ¢ sé séng
549 cm™ twong tng véi dao dong cua lién
két Fe-O trong ZnFe,O4 va 1 dinh peak ¢
430 cm™* tuong (ng véi dao dong cua lién
két Zn-O [12]. Pho nay ciing xuét hién 1
peak t0 lién quan dén lién két O-H cua
nudc hap phu & 3441 cm™ va 1 peak dic
trung cho cac lién két lién quan dén
carbon hoic O-H & 1633 cm™ [12, 13].
Két qua nay ciing cho thay su hinh thanh
composite ZnFe,04/ZnO/C phu hop vai
XRD ¢ trén.

Két qua phan tich dang nhiét hip phu-giai
hap phu nitrogen ciia mau M30-600 duoc
trinh bay & Hinh 4b. Puong ding nhiét
hap phu-giai hap phu cia mau vat lidu
tong hop thuoc loai IV (theo phéan loai
IUPAC) [14] véi vong tré xuat hién trong
pham vi &p suat trong ddi rong tir 0,3 dén
1. Dién tich bé mat riéng xac dinh duoc 1a
148,97 m?/g. Két qua ¢ Hinh 4b ciing cho
thay kich thudc 16 x6p cua vat liéu tong
hop phan bé tir 3,6 nm dén 84 nm véi
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kich thuéc 16 x5p trung binh tinh dugc 12
17,86 nm. Nhu vay, vat liéu
ZnFe,04/Zn0O/C téng hop c6 dién tich bé
mat kha cao, kich thuéc mao quan cling
cai thién hon so véi ZIF-11 [6].

Composite tong hop duoc xac dinh tinh
chat quang hoc théng qua phé UV-Vis-
DRS. Hinh 4c trinh bay phé UV-Vis-DRS
ciia mau M30-600. Két qua & Hinh 4c cho
thdy rang vt liéu composite tong hop cé
kha ning hip thu anh sang trong mot
pham Vi rong tir tir ngoai dén kha kién.
Dua vao d6 thi Tauc (Hinh 4d) tinh duoc
nang luong ving cam cua vat liéu khoang
2,09 eV. Ving ciam nay twong dbi hep nén
electron & ving hoa tri dé dang bi kich
hoat boi anh sang cé niang luong thap
(nhin thay) dé chuyén lén vang dan, vi
thé, vat lieu thé hién tiém ning xuc tac
quang trong viing anh sang nhin thay.

3.2. Panh gia hoat tinh hap phu va xic
tac

Nhitng nghién ctru truée day cho thdy, vat
liéu spinel ZnFe,O4 c6 Mot pham vi ung
dung rat phong pha. N6 cé thé duoc ung
dung trong linh vuc hap phy, xuc tac hoic
dién hod, ...[12, 13, 15]. Trong nghién ctru
nay, pham nhuém MB duoc sir dung dé
danh gia so bo kha nang hap phu va xdc
tac cua vat liéu composite tong hop. Hinh
5a trinh bay DLHP MB cua mau ZIF-11
va cac mau Mx-600 theo thoi gian (véi
cung diéu kién thi nghiém la dung dich
MB 10 mg/L, ndng d6 chat hap phu 12 0,2
g/L, nhiét @6 la 25 °C, DLHP tinh theo
cong thic (1)). C6 thé thidy DLHP MB
cua vat lieu ZIF-11 rat thap (so véi DLHP
ciia cac mau composite), khoang 3 mg/g.
Két qua nay ciing kha hop ly do ZIF-11 Ia
vat liéu c6 mao quan nho nén sé gap kho
khan khi hip phu cac phan ti cd kich
thuéc 16n nhu MB. Kha ning hip phu
MB cua composite tong hop duoc cai
thién so vai ZIF-11 véi DLHP cao hon
nhiéu (gap 3,9 dén 6 1an) va ham lugng
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Fe anh huong dén kha niang hip phu.
DLHP MB tang khi ham lugng Fe tang,
cu thé DLHP dat 11,72 mg/g, 15,27 mg va
17,99 mg twong ung véi cac mau M20-
600, M30-600 va M40-600 sau 60 pht.

Hinh 5b trinh bay két qua phan huy MB
d6i v6i cac hé phan ung khéac nhau: (i)
Chiéu sang bang dén xenon (250 W) c6
kinh loc tia UV vao 200 mL dung dich
MB 10 mg/L khéng c6 chat xuc tac; (ii)
Thém 40 mg chat xudc tac vao 200 mL
dung dich MB 10 mg/L nhung khong
chiéu sang va (iii) Thém 40 mg chat xdc
tdc vao 200 mL dung dich MB 10 mg/L
ddng thoi chiéu sang dung dich bang dén
xenon (250 W) va c6 kinh loc tia UV.

20+ @
154

10
—a—7IF-11 —e— M20-600
—A— M30-600 —v— M40-600

Dung lugng hap phu (mg/g)

L —a— L a
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Hinh 5. DLHP MB cua mdu ZIF-11 va cc mau
Mx-600 theo thoi gian (a); Ket qua phan hiy MB
trong cdc dieu kién thi nghiém khac nhau
Két qua & Hinh 5b chi ra rang, MB khéng
bi phan huy khi chiéu sang ma khong
thém chat xic tac. Khi c6 mat chat xic
tac, nong do MB giam theo thoi gian va
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khong thay d6i dang ké sau khoang 60
phat khudy trong bong téi. Luong MB
giam & day 1a do qué trinh hap phy (hiéu
suit dat khoang 28,15%). Khi chiéu sang
hé c6 mat chat xdc tac, ndng do6 MB giam
theo thoi gian, hiéu suit mit mau dat
khoang 45% sau 120 phut. Nhu vay, khi
chiéu sang va c6 mat chit xuc tac da xay
ra dong thoi ca qué trinh hap phu va phan
huy MB, tic la hoat tinh x0c tac quang
cuia composite tong hop da duoc thé hién
dudi tac dung cua anh sang kha kién.
Trong qua trinh nhiét phan FeZIF-11,
ZnO va spinel ZnFe,O,4 duoc hinh thanh
va phan tan trén nén carbon. Diéu nay dan
dén sy dan xen ning luong giira ving hoé
tri va viing dan cua cac chat ban dan, lam
giam ning luong vlng cim va lam ting
kha ning hap thu anh sang c6 budc séng
dai (4nh sang kha kién) cua composite
tbng hop. Tur do, tao diéu kién dé cap
electron va 15 tréng quang sinh tao thanh
thuan loi hon. Vi thé, composite tong hop
thé hién duogc hoat tinh xtac tic quang
trong ving anh sang kha kién. Két qua
buéc dau nay cho thidy composite tong
hop la chat xuc tac trién vong trong linh
vuc phan huy phim mau dudi tac dung
cua anh sang kha kién.

4. KET LUAN

V6i qua trinh hod hoc don gian gém hai
budc la phan tan ion Fe** vao ZIF-11 dé tao
vat liéu FeZIF-11, sau d6 nung yém khi vat
liéu FeZIF-11, chang t6i di tong hop thanh
cong composite ba thanh  phan
ZnFe;0,/Zn0O/C. Vat liéu tong hop vé co
ban van duy tri cau trdc tuong ty ZIF-11 voi
do xbp 16n, dién tich bé mat riéng kha cao
(148,97 m?/g), kich thuéc mao quan duoc
cai thién so voi ZIF-11, dat 17,76 nm. Vit
liéu c6 kha ning hap thy 4nh séang ving kha
kién véi nang luong ving cim thap, dat
khoang 2,09 eV. Kha ning hap phu MB cua
composite tong hop duoc cai thién dang ké
so véi ZIF-11, gap tir 3,9 dén 6 lan va kha
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nang hap phu ting khi ting ti 1& Fe trong
vat liéu. Dic biét, composite da thé hién
hoat tinh xuc tac quang ddi véi qué trinh
phan huy MB khi duoc chiéu sang bang
anh sang kha kién. Két qua budc dau nay
cho thiy trién vong wng dung day hira hen
ddi voi composite ZnFe,04/Zn0O/C trong
linh vyc xdc tc quang phan huy chét 6
nhiém hiru co.

Loi cam on

Nghién ctru nay duoc tai tro bai Pai hoc
Hué trong nhiém vu md so6 DHH2024-03-
191.
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