Nghién ciru khoa hoc cong nghé

NGHIEN CUU TONG HQP VAT LIEU KHUNG HAI KIM LOAI
HU'U CO TU QUANG ILMENITE SA KHOANG BINH PINH
UNG DUNG XU LY METYL DA CAM

Nguyén Thi Hoai Phuong®’, Lé Thi Phuong Thao% Nguyén Ba Cuong®

Tém tit: Bai bdo néu két qud tong hop vit liéu khung hai kim logi - hitu co bcing
ky thudt thuy nhi¢t tr quang sa khoang ilmenhit va axit 1,4-benzendicacboxylic o
130 °C trong 24 gio. Vit liéu sau tong hop dwoc xdc dinh ddc trung, tinh chat bang
ky thudt chup anh hién vi dién tr quét (SEM), phé hong ngoal (IR), dién tich bé mat
riéng (BET). Két qua danh gida cho thay kich thude hat cia vat lidu tir 0,2 dén 1,0
um véi dién tich bé mat dat 85,482 mz/g Duci buc xa mat troi, vdt lieu khung hai
kim logi - hitu co (bMOF) trén co so Ti va Fe cho thay 0 kha nang xiic tac quang
xie 1y metyl da cam véi hiéu sudt dat 99,70% sau 2 glo khi nong do dau cia MO la
20 mg/l. Vit liéu ciing c¢é kha ndang hdp phu MO yéu véi dung lwong hdp phu cuc
dai dat 36,90 mg/g.

Tir khéa: Vit liéu khung kim loai - hitu co (MOF); Xc tac quang; Metyl da cam; Quédng sa khoang ilmenhit.
1. MO PAU

Nuéc thai co chira thudc nhuém giy ra nhiéu vin dé vé moi truc‘rng nhu can quang,
g1am 0xy hoa tan, giam h¢ sinh thai nu6e ddy, tang doc tinh cua nudc, gia tang chi s6 nhu
cdu oxy hoa hoc (COD), nhu cu OXy sinh hoa (BOD) . [1]. Mat khac cac thude nhudm
gdy ra cic tac hai truc tiép ddi v6i con nguoi nhu viém da anh huong den thi luc mat, tac
nhan gay ung thu,... [2]. Chinh vi thé, nudc thai chira cac chat hitu co mang mau noi
chung va thudce nhuom no6i riéng can duoc xur ly trude khi thai ra moi truong Nhiéu qua
trinh va phuong phap xtr Iy da duoc ap dung dé xur Iy cac chat gay hai nay nhu st dung
cc quy trinh riéng r€ bao gdm xir 1y sinh hoc, oxy hoa xiic tac, cong ngh¢ loc tach, qua
trinh hap phu hoic két hop nhiéu ky thuat khac nhau [3]. Xuc tac va hap phu 1a hai ky
thuét dugc xem la bi€n phap hi¢u qua dé xtr Iy nudc thai chira hop chat hiru co mang mau
v6i gia thanh thap, cong ngh¢ don gian.

Trong nhirng ndm gan day, vt liéu khung kim loai hitu co hinh thanh tir ion kim loai va
phéi tir hiru co da nhan dugc nhiéu su quan tam tur gigi khoa hoc boi nhiing tinh nang va
kha nang ung dung da dang nhu tich trir va phan tach khi [4], cam bién [5] chat dan thude
[6], tich trit va chuyén hoa ning luong [7], xtic tac [8], xtr 1y 6 nhiém moéi truong [9],... Vit
li¢u khung hai kim loai - hitu co dugc hinh thanh tur hén hop hai ion kim loai dan xen & cac
nut mang trong cau tric khung cta vat liéu. Vit liéu khung hai kim loai - hitu co da dugc
nghlen ctru phat trién bang quy trinh tong hop mét budc bang ky thuat thuy nhiét va cho
thdy c6 nhitng tinh chét hitu hiéu hon vt liéu khung don kim loai - hitu co [10].

Ilmenhit 1a mét trong nhiing ngudn quang quan trong cung cap kim loai titan dudi dang
cac hop chat khac nhau. Trong thanh phan cia quing ilmenhit cé chira TiO; v6i ham
luong chiém 48,5 - 53,0% va FeO chiém 40,0 - 44,8% [11]. Hai kim loai nay déu c6 kha
nang tao vat ligu khung kim loai - hitu co, trong d6 vat liéu MOF duoc hinh thanh tir hai
kim loai nay déu c6 nhiéu tng dung da dang nhu hap phu [9, 12], xuc tac quang [8, 12],
chat dan thuée [6],... Bai bao nay trinh bay mot s6 két qua nghién ctru vé dic trung, tinh
chat va kha nang xur ly thudc nhuém metyl da cam cuia vat liéu khung hai kim loai - hitu co
téng hop tir quing ilmenhit va axit 1,4-benzendicacboxylic (H,BDC).

2. THU'C NGHIEM
2.1. Hoa chit, thiét bi

- Hoa chit: Quang ilmenhit sa khoang Binh’Dinh 52% TiOo; KH$O4, H,SO, 98%, 1,4-
benzendicacboxylic, dimetylformamid tinh khiét Macklin (Trung Qudc).
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- Dung cu, thiét bi: Autoclave 500 ml; Tu gia nhiét Ketong-101; May ly tdm tdc do cao
Hittech (Ha Lan); May say khong khi kho Philip (Pai Loan).

2.2. Tong hop vat ligu MIL(Ti-Fe)

Quy trinh tong hop vat liéu duoc tham khao theo [6, 11]:

- Tron gIéu 10 g quéng ilmenhit véi 70 g KHSO, va nung h(x)n‘hqp ¢ 600 °C trong 2 gio.
Hoa tan h()r} hop sau nung trong 100 ml H,SO,4 5%, loc bd phan can ran thu dugc dung
dich chira hon hgp TiOSO, va FeSO,.

- Thém 0,42 g H,BDC hoa tan trong 100 ml DMF vao hon hop dung dich hai mubi kim
loai trén. Chuyén toan bd dung dich vao autoclave, day kin, tién hanh phan ung véi ti gia
nhiét & 130 °C trong 24 gio.

- Ly tam loc 14y phan chét ran trong hon hop sau phan tmg. Rura san pham bang dung
mdi DMF & 50 °C sau 30 phat ngdm. Rua lai bang hon hop dung mdi nudce/etanol (ty 1€
1/1). Say kho san pham & 80 °C trong 6 gid.

2.3. Panh gia diic trung tinh chét vt liéu

Phan tich cau trac tinh thé vat liéu bang k¥ thuat nhidu xa tia X trén thiét bi X Pert Pro
vo1 dién cuc CuK,, t’hl.l'C‘ hién trong pham vi goc quét tur 5 dén 90 °. X4c dinh nhom chuc va
su hinh thanh lién két bang phan tich hong ngoai trén thiét bi Bruker FT-IR Tensor II tir 400
dén 4000 cm™. Hinh thai hoc cua vat liéu dugc quan sat thépg qua anh SEM trén thict b1
Hitachi S-4600 v&i do phong dai khac nhau. Puong hap phu dang nhi¢t N, duoc ghi nhan dé
danh gia dac trung bé mat cia vat liu trén thict bi tristar I1 3020 version 3.02 3.02 ¢ 77 K.
2.4. Nghién ctru kha ning xir Iy metyl da cam ciia MIL(Ti-Fe)

Cho mét lu(mg vat liéu MIL(Ti-Fe) xac ’dinh vao 20 ‘ml dl’mg dich MO néng d0 khac
nhau chira trong ong thuy tinh 25 ml. Dat 6ng trong budng 61 sau cac khoang thoi gian
khac nhau thi lay 2 ml dung dich metyl da cam xac dinh nong d6 bang phuong phap trac
quang UV-Vis ¢ bude song A = 462 nm trén thiét bi phan tich trac quang UV-Vis Drawell
D8200. Dung luong hap phu dugc tinh theo cong thire:

(Co-Ce)V
= ot @

Trong do: Co, C; (mg/l) lan luot 12 ndng do trude va sau khi h?ip phu tai thoi diém t
(phat); V 1a thé tich dung dich metyl da cam (trong thi nghiém lay c6 dinh la 20 ml); m la
khoi lugng vat liéu (g).

Kha nang xu 1y metyl da cam cua vt liéu trong diéu kién c6 anh sang mit troi duoc
tién hanh trong cac diéu kién tuong tu vé ham lugng vat lidu, thé tich dung dich,... Piém
khéc trong thi nghiém nay 1a tién hanh chiéu sang dudi dén md phong anh sang mat troi
trong ti quang hod Photo-catalytic Reaction Chamber 350 v&i dén Xenon cong suat 350W
ngay sau khi cho vat li¢u tiép xtc v6i dung dich.

Hiéu suét xir Iy MO cuia vat lidu (H, %) duoc tinh theo cong thic:

H= (C"C;Cf)ch )

Trong d6: Co, C; (mg/l) lan luot 1a nén; do trude va sau xir 1y tai thoi diém t (phat).
3. KET QUA VA THAO LUAN
3.1. Pac trung cia vit li¢u
Cau tric vat liéu dugc xem xét thong qua ky thuat nhiéu xa tia X. Gian do nhicu xa tia

X duoc ghi nhan lai tai hinh 1 dudi déy cho thdy, cac pic dic trung cia vat liéu MIL-
125(Ti) va MIL-53(Fe) khong xuat hién trong gian d6 nhu cac pic tai 6.79, 9.83, 11.69,
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15.06, 15.45, 16.63, 19.07, 19.64 va 22.65° ctia MIL-125(Ti) va 9.27, 11.1, 18.1 and 22.3°
ctia MIL-53(Fe). Mot sb pic duoc giit nguyén trong gian d6 dic trung cho vat liéu khung
don kim loai - hiru co twong (mg nhu 17.35, 18.85° cua MIL-125(Ti) va 22.25° ctiia MIL-
53(Fe). Trong khi do, cac gia tri 20 tai cac vi tri méi da dugc ghi nhan nhu 5.35, 25.15,
26.95 va 27.85° trén gian do.
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Hinh 1. Gidn dé nhiéu xa tia X va phé hong ngoqi IR ciia mdu MIL(TI Fe).

Quan sat phd hong ngoai cuia vat liéu MIL(Ti-Fe) cho thiy, ngoai nhimng pic dic trung
ctia vong benzene thé hién trén cac dao dong cua lién két don C-C va lién két d6i C=C
trong vong lién hop & bo ba pic 1203.87, 1132.02 va 1060.48 cm™. Khdng con xuét hién
pic ddc trung cho nhom -OH ciia axit cacboxylic & 2500-3300 cm™, dao dong cta nhom -
CO- trong axit thom & 1680-1715 cm™. Trong khi d6, su xuat hién cua pic & 531.38 cm™
dic trung cho lién két ciia Fe-O va ¢ 453.63 dic trung cho lién két Ti-O-Ti. Piéu nay cho
phép khang dinh sy hinh thanh lién két giita hai kim loai 1a Ti va Fe voi nguyén tu O cua
nhom cacboxylat (-COO-). Thém vao dé, trén phd hong ngoai xuat hién kha nhiéu pic &
ving tir 400-800 cm-1 dic trung cho lién két giira kim loai véi nguyén té O c6 trong ciu
tric khung kim loai - hitu co.

Hinh thai hoc dugc quan sat théng qua anh hién vi dién tir quét (SEM) duoc thé hién
trén hinh 2 dudi day cho thiy, vat liéu hinh thanh ton tai & dang hinh cau mong dong déu
¢6 kich thudc khoang tir 200 nm dén 900 nm.

Hinh 2. Anh SEM ciia mau MIL(Ti-Fe) ¢ dg phong dai 2.000 lan va 15.000 lan.

_ béc trung bé mat vat liéu MIL(Ti-Fe) dugc danh gia thong qua phép do hép phu N,
dang nhiét cho cac thong s6 bé mat bao gom dién tich bé mat tinh theo phuong trinh BET
la 85,482 m?/g, kich thudc 16 x6p trung binh 2,903 nm va thé tich 15 xdp trung binh dat
0,062 cm®/g.

3.2. Khio sit kha ning hip phu metyl da cam
Tién hanh cho mdt lugng vt liéu la 0,02g vao 20 ml dung dich MO c6 ndng do 20
mg/l chira trong Ong thuy tinh day kin dat trong budng toi. Sau cac khoang thoi gian xac
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dinh tién hanh rat 2 ml dung dich do tric quang UV-Vis, trong dé, cic khoang thoi gian
tién hanh kiém tra ndng d6 MO trong dung dich lan luot 1a 15, 30, 60, 90, 120, 240 phut.
Két qua dugc biéu dién dudi dang do thi sy phu thudc ciia hiéu suat xir Iy MO theo thoi
gian (hinh 2) va céc dai lugng cua qua trinh khao sat (bang 1) sau day:

100%

Bing 1. Nong dj, dung lwong hap phu va

80%

hiéu sudt xir Iy MO ciia MIL(Ti-Fe).

£ 60% t,gio | C,mg/l | g, mg/g | H, %
5 o 0 | 19,892 - :

£ 0w 1 10,833 9,059 45,54

o5 3 6,198 13,694 68,84

0 4 g8 12 1 20 24 6 2,623 17,269 86,81

. Lo 9 0973 | 18919 | 9511

HINN 3. Do thi bieu dién su anh huong cia ™5 ™0 541 "19,651 | 98,79

thoi gian den hiéu suat xur Iy MO cua vat
liéu MIL(Ti-Fe) bang qud trinh hdp phu. 24 0,227 19,666 98,86

Theo két qua phan tich ndng d6 metyl da cam trong dung dich sau khi hip phu bang vat
liéu MIL(Ti-Fe) cho thay sau 24 gio MO da dugc loai bo ra khoi dung dich dén trén 98%.
Pé danh gia dung lugng hap phu cuc dai cua vat liéu ddi véi MO, tién hanh hap phu MO
trong dung dich véi cac nong dg khac nhau, sau 24 gio xdc dinh dung lugng hap phu cua
vt lidu. Két qua duoc chi ra & hinh 3 sau day cing két qua xac dinh dung luong hap phu
metyl da cam cyc dai cua vt li€u khung hai kim loai - hitu co MIL(Ti-Fe) tuong tng la
36,90 mg/g.

1 Bing 2. Cdc dai lwong qud trinh hap phu

08 | YED0271x30,4885 MO ciia MIL(Ti-Fe).
R%E=[,99439
. 0% Co, mg/l | Coq, mg/l | Qe, mglg | Co/Qe
g ™ 19,892 | 0227 | 19.666 | 0,012
0,2
i 28877 | 4518 | 24359 | 0186
o 1 20 30 40 50 s | 39653 | 9857 | 29797 | 0331
‘ qe/ang/g , 47337 | 14335 | 33,001 | 0434
Hinh 4. B3 thi xdc di ;
' 0 thi xdc dinh dung heong hap phu | g5 ey | 45333 | 5101 | 0,885

cuc dai MO cua MIL(Ti-Fe).

3.3. Khdo sat kha ning xuc tic quang xir ly metyl da cam

Tién hanh thi nghiém chiéu sang dung dich methyl da cam trong diéu kién khong c6 va
c6 vat lidu. Nong d6 metyl da cam duoc kiém tra sau tung khoang thoi gian chiéu sang.
Két qua duoc trinh bay & hinh 5 va bang 3 duéi ddy cho thay, trong didu kién chiéu sang,
kha ning xt Iy MO ctia vat liéu MIL(Ti-Fe) nhanh va hiéu qua hon trong diéu kién hap
phu tinh. So sanh vé6i kha niang hap phu MO ciia vat liéu ¢ clng thoi gian 1a 1 gid, hiéu
sudt xir 1y 1a 45,54% thi trong diéu kién chiéu sang higu xuat xir Iy dat 88,28%, gan gép
d6i khi khong chiéu sang. Diéu nay c6 thé du doan vat liéu khung hai kim loai - hitu co
MIL(Ti-Fe) c6 kha ning xtic tac cho qua trinh chuyén hoa MO.

Vi két qua khao sat nay cho thdy, viéc lai ghép hai kim loai vao cting mot khung céu
trac gitip kich hoat kha niang xtic tic quang ctia vét liéu ¢ ving kha kién thay vi cac hop
chit titan nhu TiO,, MIL-125(Ti),... c6 kha ning xtc tic quang trong ving tir ngoai ma
nhiéu cong trinh trudc ddy di nghién ciru.
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Hinh 5. D6 thi biéu dién su anh huong cia thoi gian dén hiéu sudt xi Iy MO cuia vt liéu
MIL(Ti-Fe)trong diéu kién chiéu sang.
Bing 3. Nong do va hiéu sudt xir Iy MO ciia MIL(Ti-Fe) trong diéu kién
chiéu sang theo thoi gian khi co va khong co vat liéu.

e . , CMO; mg/l H, %
Thoi gian, phitt ==, 15| Khong vat lieu | Co vatlieu | Khong vat licu
15 11,3872 19,7336 42,76 0,80
30 6,5884 19,3871 66,88 2,54
45 4,2918 18,8772 78,42 5,10
60 2,3305 18,2337 88,28 8,34
90 0,5567 17,7062 97,20 10,99
120 0,0589 17,2398 99,70 13,33
4. KET LUAN

Vit liéu khung hai kim loai - hitu co dugc tong hop tir tién chat cta qué trinh phéan huy
quang ilmenhit sa khoang Binh Dinh véi axit 1,4- benzendlcacboxyhc bang ky thuét thuy
nhiét. Vat liéu thu dugc co6 hinh cau ddng déu vé hinh thai voi kich thude tir 200 nm dén
900 nm, Vit li¢u vira c6 kha nang hap phu vira ¢6 kha ndng xuc tac xu ly metyl da cam véi
hiéu suat dat 98,86% sau 24 gi0 vdi co ché hip phu va dat 99,70% sau 2 gid véi co ché hap
phu - xtic tac dong thoi. Vit lidu c6 kha nang dugc kich hoat anh sang trong vung kha kién
khi lai ghép hai kim loai 1a thanh phan chinh cua quang ty nhién vao cang mét cau tric
khung. Vigc tdn dung dugc anh sang mat troi dé xur Iy hop chét hiru co mang mau noi
chung va thuéc nhuém metyl da cam noi riéng 1a mot xu hudng cé tinh tmg dung thyc tién.

Loi cam on: Nhom tac gid cam on sy tdi tro vé kinh phi cua Phong Vat liéu Vo co va Vién Hoa
hoc - Vat liéu cho nghién citu nay.
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ABSTRACT

STUDY ON SYNTHESIS OF BINARY-METAL ORGANIC FRAMEWORK
FROM BINH DINH’S ILMENITE ORE AND ITS APPLICATION
FOR TREATMENT OF COLORED ORGANIC COMPOUNDS

In this work, the mixed-metal metal organic frameworks MIL(Ti-Fe) were

synthesized by hydrothermal method. MIL(Ti-Fe) hybrid material was fabricated
from ilmenite ore and 1,4-benzendicarboxylic acid at 130 °C in 24 hours. The
prepared material was characterized by using the scanning electron microscopy
(SEM), X-ray diffraction (XRD), infrared spectroscopy (IR) and Brunauer-Emmett-
Teller (BET) surface area. The obtained MIL(Ti-Fe) particles have the diameter of
from 200 to 900 nm with the BET surface area of 85.482 m°g™. Under simulated
sunlight irradiation, the resultant binary-metals MOFs showed high
photodegradation toward methyl orange with degradation efficiency of
approximately 99,70 % after 2 hours with 20 mg.L™ initial concentration.
Furthermore, the resultant materials also showed remarkable absorption behavior
toward MO with the adsorption capacity of 36.9 mg.g™.

Keywords: Metal-organic frameworks (MOF); Catalysis; Methyl orange; Ilmenite ore.
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