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TOM TAT

Trong nghién cizu ndy, vat lieu MOF-801 chiza tam kim logi zirconium diroc tong hop thanh
cong bang phuong phdp nhiét dung mdi six dung muoi Zr** va fumaric acid. Cdc ddc diém vé cau
tric cua vdt lidu diroc phan tich bang cac phirong phép phan tich hod |i hién dai nhur nhiéu xa tia X,
phé hong ngoai bién dsi Fourier, phan tich nhiét trong lwong, kinh hién vi dién tir quét va truyén
qua. Két qua khao sat cho thdy dung lwong hdp phu cuc dai déi véi ion Cr(VI) cua vat ligu
MOF-801 dat 103,9 mg-g™ tai pH=2. Pong thoi, qud trinh hdp phu dwgc dién ra theo co ché hoa
hoc, dwrge mé ta béi md hinh Langmuir va dgng hoc biéu kién bdc 2 véi gia tri hé sé firong quan cao.
Ngoai ra, vat liéu van duy tri hiéu sudt hap phu sau bay chu ki tai siz dung lién tiép, dong thei cdu
triic khong b; pha vé sau nhiéu chu ki hap phy - giai hap. Nhimng két qua nay chizng minh rang MOF-
801 la mét vat liéu hdp phu tiém nang, 6 kha nang xit 1 ion Cr(V1) théng qua phwong phdp hap phu
trong diéu kién thuc té.

Tir khoa: hip phu; Cr(VI); lon kim loai niang; xtr li nuéc thai; Zr-MOFs

1.  Gioithigu

Sy phét trién manh cua cac nganh cong nghiép trén thé gigi dan dén nhiéu anh huong
nghiém trong dén mai trudng, trong d6 6 nhidm nuéc 1a mot van dé dang lo ngai. Trong
nghién cau xi I nuéc thai, nhiéu tc nhan gay 6 nhidm da dugc xac dinh, dic biét nhém kim
loai ning ludn duoc xem la ngudn phat thai nguy hiém va khé kiém soat. Chung thuong xuét
hién trong nudce thai chua duge xir If tir cc hoat dong san xuat cong nghiép, khai khoéng,
canh tac ndng nghiép cling nhu nhirng hoat dong sinh hoat. Cac kim loai nhu Pb, Cd, Hg,
Cr, As hay Ni duoc biét d¢én véi doc tinh cao, kha niang hoa tan va tich liiy 1au dai trong moi
truong nudc, tir d6 gay anh huong truc tiép dén sic khoe con ngudi va céc loai sinh vat thiy
sinh (Qasem et al., 2021). Khi tich tu v&i nong d6 cao, chiing gy ra cac anh huong nghiém
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trong dén hé sinh thai nhu hién twong ca chét hang loat va suy giam hé sinh thai tu nhién.
Dic biét, Cr(VI) 1a ngudn phat thai cha yéu tir cac nganh cdng nghiép nhu ma dién, luyén
kim, san xuat pin va hoa chat... (Bao et al., 2020). Chromium c6 c4c dang ton tai chinh Ia
ion Cr(III) va Cr(VI). Trong d6, ion Cr(VI) doc hai hon Cr(III) do kha ning chuyén dong d&
dang va kho phan hay sinh hoc (Barrera-Diaz et al., 2012; Bai et al., 2021). Hon nira, trong
dung dich nuéc, cac ion Cr(VI) co thé ton tai & dang HCrO4", Cr207% hoac CrO4%. Nhiing
anion nay rat doc hai va duoc co thé ngudi hap thu nhanh chéng, gay ra hau qua nhu khuyét
tat di truyén va lau dai s& gay nén ung thu. Vi vay, viéc loai bo ion Cr(VI) khoi nuéc thai la
van d& hét sirc cap thiét. Trong nhiéu nim qua, da c6 nhiéu huéng xir If nuéc chia ion Cr(VI)
dang duoc ap dung nhu phuwong phép trao doi ion (Rozendal et al., 2008), dién hoé (Zhou et
al., 2013), két taa hoa hoc (Matlock et al., 2002) va hap phu (Khan et al., 2016). Trong do,
hap phu 12 mot huéng xir 1i dang dugc quan tam do hiéu qua tét, tiét kiém chi phi va khéng
tao cac chat chuyén hoé doc hai trong qué trinh xir Ii.

Gan day, di co nhiéu nghién ctiu tap trung phat trién cac hé vat liéu nano véi kich
thudc 15 xdp pht hop. Trong d6, vat liéu MOFs (Metal-Organic Frameworks) dé cho thiy
hiéu qua hap phu tot cac ion kim loai ning doc hai trong méi trudng nuéc. MOFs s& hitu
nhiéu dic tinh wu viét nhu thé tich 16 xp 16n, dién tich bé mat riéng 16n, d6 bén cao trong
moi trudng nudc, clng vai ciu tric khung cé thé thay doi linh hoat thong qua bién tinh linker
hay thay thé tam kim loai hoat dong. Vat liéu MOFs da duoc tng dung trong nhiéu linh vuc
nhu hap phuy, luu trit khi, xGc tac, van chuyén thudc, chuyén hoa ning lwong bén viing va xu
li 6 nhiém moi truong (Li et al., 2024). MOF-801 14 mot vat lisu MOF mang tam kim loai
zircornium, thu hat nhiéu sy quan tdm trong nghién ctu nho c6 d6 bén nhiét, 46 bén nudc
cao va chi phi tong hop thip. Dic biét, cau triic caa MOF-801 giup luu trit va ngung tu hiéu
qua c&c phan tir nude bén trong 16 xdp thdng qua su tao thanh lién két hydrogen gitra nhirng
nhom hydroxyl bén trong cluster kim loai véi cac phan tir nuéc (Furukawa et al., 2014). T
tinh chat dic biét nay, ching t6i mong doi rang viéc st dung vat liéu MOF-801 ¢ d6 bén
cao va ciu tric s¢ hitu day dic nhitng nhém hydroxyl trong cluster, s& tuong tac tinh dién
hiéu qua véi hop phan ion &m Cr(VI) trong nuéc, dan dén dung lwong hap phu ion Cr(VI)
ciia MOF-801 sé& dép tmg duoc yéu cau xir 1i nude thai trong cac diéu kién thuc té.

Véi cac |i do néu trén, chang t6i dé ra mot dinh huéng nghién cau nham giam thiéu
ham lugng ion Cr(VI) doc hai trong méi trudng nudc véi sy két hop cua céc yéu té: (1) Tong
hop vat lieu MOF mang tén MOF-801; (2) Khao sat kha nang xtr 1i ion Cr(VI) trong nuéc
thong qua co ché hap phy; (3) Panh gia d6 bén ciu tric va kha nang tai sinh cia MOF-801
sau qud trinh hap phu Cr(VI).

2.  Thuc nghiém
2.1. Téng hep vt ligu MOF-801

MOF-801 dugc tong hop theo quy trinh da cong bd trudc d6 (Fathieh et al., 2018):
Cho 362,5 mg (3,125 mmol) fumaric acid va 100 mg (0,311 mmol) zirconyl chloride
octahydrate (ZrOCl,8H,0) vao vial 20 mL chea hdn hop gom 125 mL N,N’-
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dimethylformamide (DMF) va 4,4 mL formic acid (HCOOH). Hdn hop sau d6 duoc dit vao
ta sdy va gia nhiét tai 130 °C trong 24 gid. Hon hop sau thoi gian phan tng dugc lay ra va
lam ngudi. San pham li tam va rira voi dung moi DMF (60 mL trong 48 gio). Tiép theo, chat
rin duoc ngdm trong dung mdi methanol (50 mL trong 48 gio), sau do li tam, 1am khé va
hoat hod véi diéu kién chan khdng tai 120 °C trong 24 gid. Cubi cuing, vat liéu MOF-801 thu
duoc 1 chat ran mau trang, vai hiéu suat tong hop khoang 85%.
2.2. Cdc phwong phdp phan tich hoa li hién dai
Thanh phan pha cia MOF-801 duoc nghién ciu trén may nhiéu xa tia X bot (PXRD,

D8-ADVANCE, Brucker, Germany). Bac trung dao dong cta cac nhém chuc trong MOF-801
dugc nghién ctiu bang pho héng ngoai bién doi Fourier (FT-IR, Jasco V6000, Japan). Do bén
nhiét cia MOF-801 dugc phén tich trén may phén tich nhiét trong lugng (TGA, Labsys Evo,
TG-DSC 1600 °C, SETARAM). Dic diém hinh thai va cau trac vi mé cua vat liéu duoc quan
sat bang kinh hién vi dién ti truyén qua (TEM, Joel JEM-1400, Joel Ltd., Japan) két hop voéi
kinh hién vi dién tir quét (FESEM, S-4800, Hitachi, Japan). Thanh phan c4c nguyén té va su
phan bd caa chdng trén bé mat dugc xac dinh bang phé tan sic nang luong tia X (EDX, Horiba
H-7593, Horiba, UK). Phé hap thy electron tir ngoai kha kién str dung dé xac dinh ham lwong
ion Cr(VI) dugc do trén may quang phd UV-Vis (UV-Vis, JASCO V-550, Japan).
2.3. Khdo sat khd néing hdp phu ion Cr(V1) ciia MOF-801

- Anh hwong cia pH: 15 mg MOF-801 duoc thém vao 40 mL dung dich Cr(VI) voi
nong d6 10 mg-L*. G day, pH cua dung dich duoc diéu chinh tir 1,0 d&én 5,0 bang dung dich
NaOH 1M va HCI 1M. Cac hdn hop duoc khudy voi tde do 400 vong/phat trong 24 gio tai
diéu kién nhiét d6 phong nham dam bao qua trinh hap phu dat trang théi can bang. Sau thoi
gian trén, dung dich duoc li tim dé thu dich Cr(VI1) sau hap phu. Bé xac dinh ndng do Cr(VI)
con lai dung phuong phap do phd hap thy UV-Vis véi budc séng dic trung 543 nm bing
phuong phap DPC. Dua trén duong chuan di dugc xay dung, ndng d6 Cr(V1) con lai duoc
tinh toan, tir 46 x4c dinh dung luong hip phu tai trang thai can bang (e, mg-g™*) va hiéu suat
loai bo Cr(V1) (H%) theo cac céng thic sau:
_(C,-C,)xV
- m

de (1)

(C, - C,)x100%
C

e

HY% = @)

trong d6 Co va Ce (Mg-L™) lan luot 1a ndng do cia dung dich Cr(VI) tai thoi diém ban dau
va can bang.

- Anh hwéng ciia Iwong chat hap phu: khéi luong vat liéu thay doi tir 5 mg dén 30 mg,
duoc cho vao cac dung dich Cr(VI1) véi nong do 5 mg-L tai pH = 2,0. Cac hé phan tng
dugc xay dung véi diéu kién tuong tu nhu khao sét anh huéng pH. Dung dich sau hap phu
duoc xir 1i va do phd hip thu UV-Vis nhu trén.
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- Péng hec hdp phu: thém 15 mg vat liéu MOF-801 vao 40 mL dung dich Cr(V1) voi
nong d6 10 mg-L™ tai pH = 2,0 va duoc khudy véi diéu kién twong tu. Khao sat dugc tién
hanh ¢ cac khoang thoi gian 1a 5, 15, 30, 45 va 60 phat. Sau do, dung dich dugc xur li va xac
dinh ndng do Cr(V1) sau hap phu nhu cac thuc nghiém trén. Dix liéu duoc xi I theo md hinh
dong hoc biéu kién bac 1 va bac 2.

In(g, —q,) =Inq, -kt (3)
1 1 t
- = > + —
qt que qe (4)

Véi e va g (mg-g™) 1an lugt 1a dung lugng hap phu Cr(VI) & vi tri cac mdc thoi gian t va
can bang. Kr (min?) va Ks (g-mgt-min~%) lan luot 12 hing sé toc do phan wung biéu kién bac
1 va bac 2.

- M5 hinh dang nhiét hdp phu: thém 15 mg MOF-801 vao céc dung dich Cr(V1) Vi
nong do thay doi tir 50 dén 900 mg-L tai pH = 2,0. C4c mé hinh Langmuir (5), Freundlich
(6) va Temkin (7) duoc st dung dé nghién ciru dang nhiét hdp phu Cr(VI1) caa MOF-801.

C__1 C
4 d9.K. 4q, (5)
logq, =log K, +£IogCe
n (6)
6, =L In(C,K,)
b (7

trong 46, Ce (Mg-L?) 12 ndng d6 Cr(VI) tai thoi diém can bang. ge va gt (mg-g™) lan luot 1a
dung luong hap phu Cr(VI) tai cac khoang thoi gian t va can bang. K. (L-mg?), Kr
(mg-g *-(L-g)Y") va Kt (L-mg™) lan luot 1a nhitng hang sé &ng voi cac md hinh hap phu
Langmuir, Freundlich va Temkin.

- Quétrinh tai si dung vat ligu: MOF-801 sau hip phu Cr(VI) dugc ngdm va khudy trong
nudce cat nhiéu 1an @& dam bao loai bo hoan toan ion Cr(VI) ra khoi ciu trac. Sau do, vat liéu
duoc li tAm, trao d6i véi dung mdi methanol, roi 1am kho va hoat hod dudi diéu kién chan khong
& nhiét do 120 °C va st dung cho cac lan tai st dung tiép theo.

3. Kétqua vathao luan
3.1. Dic trng cdu tric vt ligu MOF-801

Vit ligu MOF-801 da duoc tong hop thanh cong théng qua su phéi tron gitra mudi
ZrOCl,-8H20 va fumaric acid, trong hon hop dung mdi DMF va formic acid dugc gia nhiét
& 130 °C trong 24 gio. Theo d6, cau trdc cua vat liéu MOF-801 bao gom céc cum cluster
Zrs04(OH)4(COO0)12 két hop véi linker tao nén cau tric khung ba chiéu (Hinh 1a). Bac biét,
MOF-801 chira cac nhém hydroxyl bén trong cluster kim loai va co kich thuéc 16 xp phu
hop, gitp hinh thanh twong tac tinh dién hiéu qua gira hop phan mang dién am caa Cr(VI)
V6i cac nhom mang dién dwong OH," tai diéu kién pH thap. Bén canh do, viéc tong hop vat
lieu MOF-801 v&i luong 16n trong cong trinh nay duoc thyc hién dé dang. Két qua nay cho
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thiy viéc ung dung MOF-801 trong xur Ii Cr(V1) & diéu kién thuc té c6 tiém niang mang lai
hiéu qua kinh té cao.

(&) Fumaric (b)
Zr,0,(0H) (COD),, -

‘ | MOF-801 88 hoat hod

M RTINS

1 MOF-801 mib phing
l A

Ly
5 10 15 20 25 30 35 40 45 S0
28 )

Curimg 44 (a.u.)

(c)

T T T
Furnaric linker

Curdmg 85 (a.u.)

MOF-801 da hogt hoa -1
L 1

1 L 1 L 1
MOF-801 1800 1700 1500 1300 1100 900 700 SO0
Sé song (em”)

Hinh 1. Cdu tric ciia MOF-801 (a); Gidn dé PXRD ciia MOF-801 hoat hod (mdu do)
dirgC SO Vi cdu tric md phong (mau den) (b); Phé FT-IR ciia linker fumaric (mau den)
va vat lieu MOF-801 (mau do) (c)

Thanh phan pha caa vat liégu MOF-801 duoc xac dinh bang phuong phap PXRD (Hinh
1b). Céc tin hiéu nhiéu xa tir gian d6 PXRD ctua MOF-801 c6 d¢ tuong thich cao véi dit lidu
cua gian dd6 md phong. Cung véi do, co thé thiy do nhidu nén 1a khong dang ké, chung to
MOF-801 da duoc tong hop thanh cong voi dé trat tu cao.

Phé FT-IR caa MOF-801 cung cap thong tin vé dao dong cua cac nhém chuc hitu co
trong vat liéu (Hinh 1c). Cac dao dong dac trung ciia nhom carboxyl (-COO) duoc quan sat
tai 1389 cm™ va 1580 cm™. Sy dich chuyén cua céac dai nay so véi phd cuaa linker cho thay
cac nhom carboxyl da hinh thanh lién két véi céc cum cluster ZrsQ4(OH)4 trong MOF-801.
Dao dong hoé tri cua lién két C=C trong linker fumaric tai sé séng 1523 cm™* duoc ghi nhan,
xé&c nhan céu trac khdng gian caa linker van duoc duy tri trong vat liéu da tng hop. Mét tin
hiéu dic biét tai 649 cm™ chi xuét hién trong phd cia MOF-801 dugc quy két cho dao dong
dic trung cua lién két Zr-O.

Phan tich duong cong TGA (Hinh 2a) cung cap thong tin vé do bén nhiét cua
MOF-801. Két qua cho thay vat liéu mat khoang 18,3% khdi lugng tir nhiét ¢ phong dén
dudi 350 °C. Qué trinh giam khéi lwong nay duoc giai thich cha yéu 1a do sy loai bé nuéc
hap phu bé mat va nudc bén trong 16 x6p caa vat lidu. Khi nhiét do tang tir 350-550 °C, MOF
tiép tuc giam khéi luong dang ké (khoang 42,4%) thé hién sy phan huy khung hitu co trong
cau trac vt liéu. Dit liéu TGA cho biét MOF-801 c6 d6 bén nhiét khoang 350 °C, vét liéu
c6 kha ning duy tri cdu trdc va hiéu suat hap phu trong diéu kién nhiét do thuc té, mo ra tiém
nang tng dung cho cac qua trinh xu 1i Cr(V1) trong nudc thai.
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Hinh 2. Buong cong TGA cua vt lieu MOF-801 (a); Pho EDX cua vt liéu MOF-801 (b);
Anh FESEM cua vt ligu MOF-801 véi thang do ti 16 2,00 um (c); Anh TEM cua vat lidu
MOF-801 voi thang do ti I¢ 200 nm

Song song d6, két qua phan tich phé EDX cua vat liéu MOF-801 xac nhan su hién dién
day dua cua cac nguy@n td C, O va Zr trén bé mit vat liéu, qua d6 khang dinh MOF-801 duoc
t6ng hop thanh cong véi d6 don pha cao (Hinh 2b). Hinh théi hoc bé mit cua vat liéu ciing
dugc dénh gia thong qua anh chup FESEM va TEM. Hinh anh FESEM va TEM (Hinh 2c va
2d) cho thdy MOF-801 la cac hat c6 dang khdi ling tru va phan bb déu, duong kinh trung
binh khoang 200 nm.

3.2. Anh hwong ciia pH dén khd néing hdp phu Cr(VI)

Sy thay ddi dung lwong hip phu Cr(V1) theo pH caa dung dich dugc thé hién rd & Hinh
3a. Dung luong hap phu Cr(VI) ting dan theo pH, dwoc giai thich 1a do twong tac tinh dién
ctia cac nhém hydroxyl bén trong cluster kim loai véi ion Cr204% trén co s& dién tich cua bé
mit, cac kénh 15 xdp caa vat liéu va dang ton tai ciia Cr(VI) trong cac didu kién pH khac
nhau. Theo nghién ciru da cong bd (Balan et al., 2012), HCrO4 va Cr207% la céc dang ton
tai chinh caa Cr(V1) trong méi trudng pH tir 1 dén 6, con & pH < 1 t6n tai ¢ dang phan tir
trung hoa. Ti I¢ dang anion cua Cr(VI) cang cao thi su tuong tac tinh dién gitra Cr(VI) va
nhom hydroxyl cang nhiéu, hd tro hiéu qua cho qua trinh hap phu Cr(VI1). Tuy nhién, & pH
cao (pH > 6), ndng do c4c ion Na* va OH" chiém uu thé va tham gia vao sy canh tranh tuong
tac véi ion Cr(VI) lam dung luong hip phu giam. Vi vdy, méi trudng pH pht hop cho Cr(VI)
la pH = 2,0 va dugc chon cho céc khao sét tiép theo trong nghién ctu nay.
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Hinh 3. (a) Anh hweng cia pH dén dung lirong hap phu Cr(VI) [mmor = 15 mg, V = 40 mL,
Co =10 mg-g*, pH = 1-5, t = 24 gio]; (b) Anh huong cua khoi leong vt liéu dén dung heong
hap phu Cr(VI) [mmor = 5-30 mg, V = 40 mL, C, = 10 mg-g™%, pH = 2, t = 24 gio]

3.3. Anh hwong ciia lwong vt liéu dén khd néng hdp phu Cr(VI)

Dit liéu thi nghiém (Hinh 3b) cho thay hiéu suat hap phu Cr(VI) phu thudc rd rét vao
khéi lwong vat liu. Khi sir dung 15 mg vat liéu, hiéu suat hip phu dat khoang 67,4% va bao
hod ¢ diém nay. Vi thé, viéc ting khédi luong vat liéu khong dem lai cai thién dang ké, cho
thiy 15 mg 1a lwong vat liéu téi wu dé hap phu hiéu qua Cr(VI).

3.4. Mb hinh hdp phu ding nhiét

(a) {b)
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Hinh 4. (a) Puong dang nhiét hap phu Cr(VI) ciia MOF-801 [mmor = 15 mg, V = 40 mL,
Co = 50-900 mg-g*, pH = 2, t = 24 gio]; Dir liéu hdp phu theo mé hinh hdp phu déng
nhiét: Langmuir (b); Freundlich (c) va Temkin (d)
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Khao sat su thay doi nong do Cr(VI) tir 50 ¢én 900 mg-L™* cho thdy dung luong hap
phu Cr(VI) duogc cai thién dang ké khi nong do Cr(V1) cang cao (Hinh 4a). Tir két qua thuc
nghiém, dung lugng hap phu Cr(V1) cia MOF-801 dat gi4 trj cuc dai 12 103,9 mg-g™ (Qmax).
Sy tang dung lwong hap phu Cr(VI) & ndng d6 cao duoc Ii giai bai su ting cudng twong tac
ctia cac tdm hap phu tur vat liéu va ion kim loai. Bén canh d6, cac ving hoat dong trén bé
mit MOF-801 ciing anh huéng dén dung lwong hap phu cuc dai. Vi vay, su phan bd, tinh
chat tdm hap phu va ving hoat dong bé mat déu anh huéng dén qué trinh hap phu Cr(VI)
cua vat liéu.

Qua trinh hap phu ion Cr(V1) bang MOF-801 dugc md ta thong qua ba mé hinh dang
nhiét dién hinh: Langmuir, Freundlich va Temkin. Cac théng sb twong tng cua tirng mé hinh
duoc thé hién trong Bang 1 véi hé sé twong quan R? lan luot 12 0,997, 0,978 va 0,984. Nhu
vay, théng qua khao sat cho thdy mé hinh Langmuir 1a phi hop dé mé ta qua trinh hap phu
Cr(VI) vao MOF-801 véi co ché hap phu don 16p. Bén canh d6, tuong tac hoé hoc dong vai
tro cha yéu trong co ché hap phu ion Cr(VI). Tinh toan trén mé hinh dang nhiét hip phu
Langmuir, dung luong hap phu Cr(VI) dat cuc dai theo Ii thuyét khoang 119,1 mg-g*, phu
hop véi gia tri thuc nghiém 103,9 mg-g™.

Bdang 1. Cac tham sé ciia cdc mé hinh dang nhiét hap phy
dwoC sir dung dé danh gid qud trinh hap phy Cr(V1) cia vdt ligu MOF-801

M5 hinh dang nhiét hap phu Céc thong sb Gia tri
Qmax (Mg-g™) 1191

Langmuir K. (L-mg?) 0,0067

R? 0,997

1/n 2,4582

Freundlich Ke (L-mg*(L- g)¥m) 7,0681

R? 0,978

b 1,048

Temkin Kt (L-mg?) 10,708

R? 0,984

3.5. Déng hec qué trinh hdp phu Cr(VI)

Khao sat vé yéu td dong hoc cho thay vat lisu MOF-801 hap phu nhanh chéng Cr(VI)
trong giai doan dau va dat can bang sau 60 phat. Téc do hap phu cao cho thay vat liéu c6
tiém ning hiéu qua trong diéu kién thuc té. Cac mé hinh dong hoc biéu kién bac 1 va bac 2
duoc sir dung & mo ta co ché hap phu trén vat liéu MOF-801. DPang chu ¥, dung luong hap
phu Cr(V1) theo Ii thuyét cua vat lisu MOF-801 (18,21 mg-g™) c6 d6 twong thich cao véi gia
tri thuc nghiém (16,96 mg-g™) cung véi R?1a 0,996, ching té qué trinh hap phu Cr(VI1) phu
hop v6i mé hinh dong hoc biéu kién bac 2. Nhu véy, qua trinh Cr(V1) duoc hdp phu vao vat
liu mang ban chat hdp phu hoa hoc théng qua co ché twong tac tinh dién gitra vat liéu MOF-
801 chtra hop phan hydorxyl dugc proton hod va ion Cr(VI) tich dién am tai méi truong
pH thap.
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Bdng 2. Cac tham sé dong hoc ciia phirong trinh dong hoc biéu kién
dé danh gia ban chat qué trinh hap phy ion Cr(VI) ciia MOF-801

A n £ Céc thong sb Gia tri
M6 hinh dong hoc hap phu Goon (MY-0) 16,96
N ) Qe,cal (mggl) 13,27
Biéu kién bac 1 K (mint) 0,0386

R? 0,979

e,cal (mggl) 18,21

Biéu kién bac 2 Ks x 10 (g-mg™*-mint) 40,5

R? 0,996

0 1 1 1 L L

Q 40 80 120 160 200 240
t (phat)
(b) (c)
3 T T T T T T 45 T
Mé hinh biéu kién béc 1 4 M& hinh biéu kién bjic 2
25 ¥ =-0,0386x +2,5856 | B y=0,0549x+ 0,7446
R*=04979 35 - R*=099
2l . . _ 3 p -
= 25 -
@15 =
=2 -3
= A T
1 15
1
05~ n
05
0 I L L - 0
0 ] 20 30 40 50 &0 70 "] 20 40 &0 a0

t{phat) t (phath
Hinh 5. Buong déng hoc hap phu Cr(V1) ciia MOF-801 [mmor = 15mg, V=40 mL, Co =
10 mg:g*, pH = 2, t = 5 - 60 phat] (a); Dir liéu dwoc dwa vao mé hinh déng hoc biéu kién
bdc I (b) va dong hoc biéu kién bdc 2 (c)
3.6. Khd ndng tdi sir dung va dé bén cdu trac cia vt ligu sau qua trinh hap phu Cr(VI)
Qua trinh tai sir dung duoc thuc hién qua bay chu ki lién tiép (Hinh 6). Qua khao sét,
hiéu suat hap phu Cr(VI) cia MOF-801 dwoc duy tri sau bay chu Ki tai sir dung véi sy giam
hiéu suat khong dang ké. Bén canh do, do bén cua cau tric MOF-801 sau qué trinh hap phu
va giai hap phu Cr(VI) di duoc kiém chimg thong qua cac phuwong phap phan tich PXRD va
phd FT-IR (Hinh 7). Theo Hinh 7a, gian d6 PXRD truéc va sau khi hap phu khong cé su
khac biét dang ké, chirng minh rang khung cau tric MOF-801 véan duoc duy tri. Bong thoi,
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phd FT-IR ciing khong ghi nhan su thay ddi rd rét vé cac dao dong dic trung cua nhém churc,
khang dinh tinh 6n dinh hoé hoc cao cua vat liéu trong suét qué trinh hap phu Cr(VI) (Hinh
7b). Vi d6 bén cAu trdc cao va hiéu suit hap phu duoc duy tri n dinh qua nhiéu chu ky,
MOF-801 14 mét vat liéu tiém ning cho cac giai phap xur 1i nude thai bén viing va hiéu qua.

Hiéu suat (%)

Chuki

Hinh 6. Kha ndng tdi sir dung vdt liéu MOF-801 sau bay chu ki hdp phu Cr(VI)

(a) (b)
T T T T T T T T T T I T
MOF-801 sau khi thu hdi

T T

MOF-801 truére khi hép phy

M \._.__.»._'L-LJJL-—&_J__.\_,_M,L_ —

Cudrng do (a.u.)
Cudrng df (a.u.)

MOF-801 sau khi thu héi

MOF-801 truére khi hép phu

L ._.,-L.JJ\_.J».‘A_M_._,_M
1 1 1 1 1 1 1

L 1 1 1 1 1
5 10 15 20 25 30 35 40 45 50
28 (%)

Hinh 7. Gidn do PXRD cua vdt lieu MOF-801 trueéc khi hap phy Cr(V1) (mau do)
va sau khi gidgi hap Cr(VI) (mau xanh) (a); Phé FT-IR cua vdt ligu MOF-801
trueée hap phyu Cr(VI) (mau dé) va sau gidi hap Cr(V1) (mau xanh) (b)

Khi so sanh kha ning hap phy ion Cr(VI) cua cac vat liéu duoc cong bd trude do, vat
lieu MOF-801 d cho thay dung luong hip phu ion Cr(VI1) vuot trdi trong mdi truong nudc
khoang 103,9 mg.g™ (Bang 3). Hon nita, co ché hap phu ion Cr(V1) cia MOF-801 duogc 1am
sang to trén co sé tuong tac tinh dién gitra cac ion Cr(V1) tdn tai dudi dang anion trong nuéc
vé6i cac nhém hydroxyl trong cluster tich dién duong, giap MOF-801 hap phu Cr(VI) véi
hiéu suét cao.

Bdng 3. Dung lwong hap phu Cr(VI) cue dai cua vdt lieu MOF-801 khi so sanh

voi cac vt liéu khac

1700 1500 1300 1100 900 70O 500
Sé séng (cm™)

1900

Vit ligu Omax (Mg.g ) Tai liéu tham khao
[CusO(BDC)]n 43,9 Wu et al., 2015
MIL-100(Fe)_Na,COs 46,0 Fang et al., 2018
1-NOs 37,0 Lietal., 2017
MIL-101(Cr) 58,4 Jalayeri et al., 2020
ZIF-67 13,3 Lietal., 2015
ZIF-8 0,15 Niknam Shahrak et al., 2017
MOF-801 103,9 Nghién ctru nay
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4.  Kétluan

Trong nghién ciu nay, vat lisu MOF-801 da duogc tong hop thanh cong bang phuong
phap nhiét dung méi. Cac dic trung cau tric cua vat lieu MOF-801 duoc xac nhan bang cac
phuong phap phan tich hién dai nhu PXRD, FT-IR, SEM, TEM va EDX. bac biét, dung
lwong hap phu ion Cr(VI1) cia MOF-801 dat gia tri khoang 103,9 mg-g™ tai pH = 2, gia tri
cao nay dugc quy két cho sy tao thanh tuong tac tinh dién hiéu qua gitra hop phan mang dién
am Cr(VI) trong nuéc véi nhém hydroxyl trong cau triic dugc proton hoa. Bac biét, sy hap
phu Cr(VI) vao vat liéu MOF-801 tuan theo md hinh hap phu dang nhiét Langmuir va mé
hinh dong hoc biéu kién bac 2, xac nhan rang su hap phu Cr(VI) vao MOF-801 la mot qua
trinh hap phu hoé hoc véi cac tam hap phu kha dong nhat. Ngoai ra, do bén ciu tric caa vat
lieu MOF-801 van duoc duy tri tét sau qué trinh hap phu voi hiéu suat thay d6i khong dang
ké sau nhiéu chu ki. T dit liéu nghién ciru dat duoc cho thay vat lisu MOF-801 1a mot cht
hap phu day tiém ning trong xu Ii ion Cr(VI) tir nuée thai véi dung lwong hap phu cao va co
thé tai st dung nhiéu lan khi ung dung vao thuc té.

% Tuyén bé vé quyén loi: Cac tac gid xac nhan hoan toan khéng cé xung dét vé quyén loi.

TAI LIEU THAM KHAO

Bai, L., Su, X., Feng, J., & Ma, S. (2021). Preparation of sugarcane bagasse biochar/nano-iron oxide
composite and mechanism of its Cr (V1) adsorption in water. Journal of Cleaner Production,
320, 128723. https://doi.org/10.1016/j.jclepro.2021.128723

Balan, C., Volf, I, Bulai, P., Bilba, D., & Macoveanu, M. (2012). Removal of Cr(VI) from aqueous
environment using peat moss: equilibrium study. Environmental Engineering and
Management Journal, 11(1), 21-28. https://doi.org/10.30638/eem;j.2012.004

Bao, S., Yang, W., Wang, Y., Yu, Y., Sun, Y., & Li, K. (2020). PEI grafted amino-functionalized
graphene oxide nanosheets for ultrafast and high selectivity removal of Cr(VI) from aqueous
solutions by adsorption combined with reduction: Behaviors and mechanisms. Chemical
Engineering Journal, 399, 125762. https://doi.org/10.1016/j.cej.2020.125762

Barrera-Diaz, C. E., Lugo-Lugo, V., & Bilyeu, B. (2012). A review of chemical, electrochemical and
biological methods for aqueous Cr(V1) reduction. Journal of Hazardous Materials, 223-224,
1-12. https://doi.org/10.1016/j.jhazmat.2012.04.054

Fang, Y., Wen, J., Zeng, G., Jia, F., Zhang, S., Peng, Z., & Zhang, H. (2018). Effect of mineralizing
agents on the adsorption performance of metal-organic framework MIL-100(Fe) towards
chromium(V1). Chemical Engineering Journal, 337, 532-540.
https://doi.org/10.1016/j.cej.2017.12.136

Fathieh, F., Kalmutzki, M. J., Kapustin, E. A., Waller, P. J., Yang, J., & Yaghi, O. M. (2018).
Practical water production from desert air. Science Advances, 4(6), eaat3198.

1948



Tap chi Khoa hoc Treong BPHSP TPHCM Tdp 22, S6 11 (2025): 1938-1950

https://doi.org/10.1126/sciadv.aat3198

Furukawa, H., Gandara, F., Zhang, Y. B., Jiang, J., Queen, W. L., Hudson, M. R., & Yaghi, O. M.
(2014). Water adsorption in porous metal-organic frameworks and related materials. Journal
of the American Chemical Society, 136(11), 4369-4381. https://doi.org/10.1021/ja500330a

Jalayeri, H., Aprea, P., Caputo, D., Peluso, A., & Pepe, F. (2020). Synthesis of amino-functionalized
MIL-101(Cr) MOF for hexavalent chromium adsorption from aqueous solutions.
Environmental  Nanotechnology, = Monitoring &  Management, 14, 100300.
https://doi.org/10.1016/j.enmm.2020.100300

Khan, T., Isa, M. H., Mustafa, M. R. U., Yeek-Chia, H., Baloo, L., Abd Manan, T. S. B., & Saeed,
M. 0. (2016). Cr(VI) adsorption from aqueous solution by an agricultural waste based carbon.
RSC Advances, 6(61), 56365-56374. https://doi.org/10.1039/C6RA05618K

Li, D., Yadav, A, Zhou, H., Roy, K., Thanasekaran, P., & Lee, C. (2024). Advances and applications
of metal-organic frameworks (MOFs) in emerging technologies: A comprehensive review.
Global Challenges, 8(2), 2300244. https://doi.org/10.1002/gch2.202300244

Li, L.-L., Feng, X.-Q., Han, R.-P., Zang, S.-Q., & Yang, G. (2017). Cr(VI) removal via anion
exchange on a silver-triazolate MOF. Journal of Hazardous Materials, 321, 622-628.
https://doi.org/10.1016/j.jhazmat.2016.09.029

Li, X., Gao, X., Ai, L., & Jiang, J. (2015). Mechanistic insight into the interaction and adsorption of
Cr(VI) with zeolitic imidazolate framework-67 microcrystals from aqueous solution.
Chemical Engineering Journal, 274, 238-246. https://doi.org/10.1016/j.cej.2015.03.127

Matlock, M. M., Howerton, B. S., & Atwood, D. A. (2002). Chemical precipitation of lead from lead
battery recycling plant wastewater. Industrial & Engineering Chemistry Research, 41(6),
1579-1582. https://doi.org/10.1021/ie010800y

Niknam Shahrak, M., Ghahramaninezhad, M., & Eydifarash, M. (2017). Zeolitic imidazolate
framework-8 for efficient adsorption and removal of Cr(VI) ions from aqueous solution.
Environmental Science and Pollution Research, 24(11), 9624-9634.
https://doi.org/10.1007/s11356-017-8577-5

Qasem, N. A., Mohammed, R. H., & Lawal, D. U. (2021). Removal of heavy metal ions from
wastewater: A comprehensive and critical review. npj Clean Water, 4(1), 1-15.
https://doi.org/10.1038/s41545-021-00144-z

Rozendal, R. A., Sleutels, T. H. J., Hamelers, H. V., & Buisman, C. J. (2008). Effect of the type of
ion exchange membrane on performance, ion transport, and pH in biocatalyzed electrolysis of
wastewater. Water Science and Technology, 57(11), 1757-1762.
https://doi.org/10.2166/wst.2008.043

Wu, Y., Xu, G., Liu, W., & Sun, X. (2015). Postsynthetic modification of copper terephthalate metal-
organic frameworks and their new application in preparation of samples containing heavy
metal ions. Microporous and Mesoporous Materials, 210, 110-116.
https://doi.org/10.1016/j.micromes0.2015.02.032

Zhou, M., Wang, H., Hassett, D. J., & Gu, T. (2013). Recent advances in microbial fuel cells (MFCs)
and microbial electrolysis cells (MECs) for wastewater treatment, bioenergy and bioproducts.
Journal  of  Chemical  Technology @ &  Biotechnology, 88(4), 508-518.
https://doi.org/10.1002/jctb.4004

1949


https://doi.org/10.1002/jctb.4004

Tap chi Khoa hoc Trwong BPHSP TPHCM Nguyén Viin My va tgk

SYNTHESIS OF MOF-801
AND ADSORPTION OF TOXIC CHROMIUM(VI) IN AQUEOUS MEDIUM
Nguyen Van My, Dang Hoang Duong, Nguyen Hong Phuong Vi,
Nguyen Hoang Quoc Huy, Nguyen Thanh Phuoc Anh
Ho Chi Minh City University of Education, Vietnam

“Corresponding author: Nguyen Van My — Email: mynv@hcmue.edu.vn
Received: April 01, 2025; Revised: May 15, 2025; Accepted: June 29, 2025

ABSTRACT

In this study, MOF-801 was successfully synthesized via a solvothermal method using a Zr4+
salt and fumaric acid as the organic linker. The synthesized MOF-801 was characterized by various
physicochemical techniques, including powder X-ray diffraction, Fourier transform infrared
spectroscopy, thermogravimetric analysis, and surface morphology analysis. The results show that
MOF-801 exhibits a maximum Cr(VI) adsorption capacity of 103.9 mg-g™* at pH 2, which is
significantly higher than that of previously reported MOF materials. Furthermore, the Cr(VI)
adsorption data fit well with the Langmuir isotherm and pseudo-second-order models, indicating
that the adsorption process is predominantly chemisorption. In particular, MOF-801 maintains its
structural integrity after adsorption and retains high Cr(VI) removal efficiency, with minimal loss
over seven consecutive adsorption—desorption cycles. These results show that MOF-801 could be a
promising absorbent in removing highly toxic Cr(VI) from an aqueous medium.

Keywords: Adsorption; Cr(V1); Heavy metal ion; Wastewater treatment; Zr-MOFs
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