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TOM TAT

Trong cong trinh ndy, vit liéu MOFs da dwoc tong hop thanh cong mang tam kim logi
Zirconium véi cau néi hitu co dwoc bién tinh boi nhém hydroxyl, tén goi la HCMUE-2 (HCMUE:
Ho Chi Minh City University of Education). Cdc déc trung cdu tric cia vat lieu HCMUE-2 dwoc
phdn tich day dii théng qua cdc phirong phdp phan tich hod Ii nhu: PXRD, FT-IR, TGA, SEM, EDX
va TEM. Theo dé, dung lirong hdp phu ion Cu®* t6i da ciia HCMUE-2 1& 1115,03 mg g™ tai pH =
5,0, gid tri ndy cao hon nhiéu so véi cdc vit liéu da cong bé tride d6. Pdc biét, qud trinh hap phu
ion Cu?* ciia HCMUE-2 tudn theo mé hinh hdp phu dang nhiét Langmuir va phwong trinh déng hoc
biéu kién bdc 2, chirng t6 ddy la mot qud trinh hdp phu hod hoc. Pdang chii ¥, dé bén cdu triic vit liéu
HCMUE-2 duweoc giit nguyén sau qud trinh hdp phu ion Cu?* véi hiéu sudt hap phu Cu?* khodng 90%
sau bay chu ki tdi sir dung. Tir nhitng két qua trén cho thdy, HCMUE-2 la mét vt liéu cé tiém ndng
16m trong viéc iing dung lam chat hdp phu ion Cu?* trong méi trieong nudc.

Tir khoa: hép phu Cu?*; ion kim loai ning; bién tinh nhom hydroxyl; xur 1i nudc thai,

Zr-MOFs

1.  Giéi thi¢u

Hién nay, 6 nhim méi truong nudc dang trd thanh mot trong nhimng van dé cap bach,
de doa nghiém trong dén hé sinh thai va strc khoe cua con nguoi trén toan cau, trong do céac
kim loai ning 1a mot trong nhitng tic nhan nguy hai dén méi truong nude. Theo T6 chic Y
té Thé gidi, quy dinh ndng d¢ tbi da cho phép ciia Cu?* trong nudc udng 1a 2 mg-L™ (Tan et
al., 2022). Néu tiép xuc lau dai v6i ion Cu®* vuot qua ngudng cho phép co thé giy ngod doc
cép tinh, nhiém doc gan va anh huong dén hé than kinh, than, ton thuong da day gdy non
mira, tiéu chay. .. (Karim, 2018). Trudc thuc trang nay, nhiéu phuong phép xir lf nuéc nhiém
kim loai ning di duoc nghién ctru va ap dung. Trong d6, hip phu 1a mét trong nhitng phuong
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phap dugc danh gia cao trong viéc loai bo cac kim loai nang doc hai trong nudc (Abbas et
al., 2016; Naushad et al., 2015) véi chi phi hop |i, don gian va it gdy anh huong dén moi
truong. Cac vat licu truyén théng nhu carbon hoat tinh, zeolite, oxide kim loai, vat liéu
nano. .. duoc sir dung lam chat hap phy ion kim loai hiéu qua (EI Nemr et al., 2021; Naushad
etal., 2015). Tuy nhién, cac vat liéu nay van ton tai nhitng han ché nhu c¢6 kich thudc 16 xop
khong dong déu din dén hiéu suat hip phu Cu?* chua cao, thoi gian hap phu cham va kha
nang tai str dung thap. Do d6, dé khic phuc nhitng nhugc diém ndy, cic nha nghién ctu da
tap trung phat trién va tong hop vat liéu khung hiru co - kim loai (Metal - organic
frameworks, MOFs) c6 dién tich bé mit riéng 16n, d6 x6p cao ciing nhu d6 bén nhiét va hoa
hoc cao dé thich hop cho hap phy ion kim loai ning trong nuéc (Baig et al., 2021). Pic biét,
vat liéu MOFs mang tdm kim loai zirconium (Zr-MOFs) di thu hit nhiéu sy quan tim nghién
ctru vi c6 d6 bén nudc cao nham tmg dung vao linh vuc xuc tac va hip phu trong diéu kién
thuc té. Tuy nhién, chi c6 mot s6 it Zr-MOFs ¢6 kha nang loai bo cac chit 6 nhi®m hiéu qua,
dan dén nhiéu han ché trong viéc tng dung ching dé xur Ii nude thai thuc té (Li et al., 2017).
Dé giai quyét van dé nay, can c6 nhimg dinh hudng thiét ké va tong hop MOFs méi, trong do,
mot hudng di tiém ning 13 dua cac nhom chire giau dién tir nhu sulfonic (-SO3H), hydroxyl (-
OH)... vao trong cAu triic cia MOFs. Vat liéu Zr-MOFs véi cau ndi hitu co duge bién tinh béi
nhém hydroxyl (-OH) duoc tong hop thanh cong 1a UiO-66-OH va UiO-66-(OH), di 1am ting
kha nang hap phu ion Cr(V1) va Co(ll) (Yu et al., 2023; Zhai et al., 2023). Piéu nay c6 thé ting
cuong sy tuong tac gitra cac cation kim loai (nhu Cu?*) va nhom hydroxyl thong qua Iuc hat
tinh dién, tir 46 dan dén kha niang hip phu chat 6 nhidm vuot tréi. Xuat phat tir nhitng dinh
hudng nghién ctru trén, chung t61i mong doi viéc bién tinh vat liéu Zr-MOFs béi cac nhom
hydroxyl s& tang cuong hiéu qua hap phu Cu?* trong méi truong nude.
2.  Thuc nghiém
2.1. Quy trinh tong hop vit ligu HCMUE-2
Theo cong trinh d3 duoc cong bd trude d6 (Pham et al., 2024): Can 0,0393 g

ZrOCl-8H20 va 0,0327 g H.NDC(OH) (4,8-dihydroxylnaphthalene-2,6-dicarboxylic acid)
cho vao vial 20 mL c6 chira sén 6 mL DMF. H3n hop dugc danh siéu am, roi thém vao 1,5
mL formic acid va dugc gia nhiét & nhiét ¢ 120 °C trong 72 gid. Sau khi 1am nguoi hon hop
dén nhiét @6 phong, hdn hop duoc li tam, rira lan luot vai cac dung moi DMF (trong 48 gio),
va MeOH (trong 48 gio). Cubi cung, vat liéu duoc li tdm va hoat hod duéi diéu kién chan
khong & 120 °C trong 24 gio dé thu dugc vat liéu véi tén goi 1A HCMUE-2.
2.2. Khdo sdt khd niang héap phu ion Cu?* ciia vit ligu HCMUE-2

- Anh huéng cia pH va lwong chét hap phu: Bé khao sat anh huéng cua pH, cho
10mg HCMUE-2 vao 100 mL dung dich Cu?* ndng d6 250 mg-L™ vé6i cac pH thay doi tir
1,0 d&n 5,0 duoc didu chinh bang dung dich NaOH 0,1M hodc HNO3 0,01M va khudy véi
tbc d6 khong dbi (400 vong/phut) trong 24 gid, sau d6 li tdm ldy phan dung dich. Bé xac
dinh luong chét hép phu t8i wu, vat liéu co khoi luong tir 2-25 mg duoc khufiy trong 100 mL

1016



Tap chi Khoa hoc Trwdng BPHSP TPHCM Tdp 22, S6 6 (2025): 1015-1026

dung dich Cu?* véi ndng d6 ban dau 100 mg-L™* & pH tdi wu trong 24 gid véi tbe do khudy
400 vong/phdt, roi 1i tAm 14y phan dung dich. Xéac dinh ndng d6 Cu?* sau hip phu bing
phuong phap phd hip thu nguyén tir (AAS) ¢ budc song 324,8nm. Dung lugng hip phu
(mg-g™) tai thoi diém (ge) va phan trim hap phu (H%) duoc x4c dinh qua cac cong thirc sau:
_(C, r(;e) xV (1)
(C,—C,)x100%

Q.

H% =

)

trong d6, Co va Ce (Mg-L?) 1an luot 13 ndng do Cu?* tai thoi diém ban dau va can bang. V
(mL) va m (mg) 14 thé tich dung dich Cu?* va khéi luong vat liéu. qe (Mg-g™*) va H% lan luot
13 dung luong va hiéu sut hap phu Cu?* tai thoi diém can bang.

- Piang nhiét hiap phu: Cho 15 mg vt liéu HCMUE-2 vao 100 mL dung dich Cu?* véi
ndng do ban dau thay d6i tir 100 dén 1000 mg-L™ tai pH = 5,0. Hon hop duoc khudy véi te
do6 400 vong/phut trong 24 gid tai nhiét do phong. Sau do, xac dinh néng do Cu?* con lai sau
hép phu tuong tu nhu trén. Cac mé hinh hap phu Langmuir (3), Freundlich (4) va Temkin
(5) duoc sir dung dé khao sat dang nhiét hap phu Cu?* cua vat liéu HCMUE-2.

& — 1 +& (3)
qe quL qm
logg, = log K. +£Iog C, 4)
n
RT
qe :Tln(ce KT) (5)

trong do, Ce (Mg-L ™), ge (Mg-g™) 1an luot 1a ndng d6 Cu?*, dung lwong hap phu Cu?* tai thoi
diém céan bang. K¢ (L-mg™?), Ke (mg-g~"- (L-g")¥" va Kt (L-mg™) lan luot 1a hang sb tmg
v6i cac mo hinh hap phu Langmuir, Freundlich va Temkin.

- Pong hoc hap phu: Cho 5 mg vat liéu HCMUE-2 dugc khudy trong 50 mL dung dich
Cu?* voi ndng do dau 50 mg-L? tai pH = 4,5 va khudy véi téc d6 400 vong/phit ¢ nhiét do
phong. Sau cac khoang thoi gian tir 1 dén 60 phut, li tAm 14y phan dung dich va xac dinh
ndng d6 Cu?* con lai sau hap phu. M6 hinh dong hoc hap phu biéu kién bac 1 (6) va biéu
kién bac 2 (7) duoc st dung trong bao cio nay.

In(g, —q,) =Ing, — Kt (6)
1 1 t
R 5 +—
4 K 0 (")

trong do, qt Va ge (Mg-g™*) 1an luot 1a dung lwong hap phu Cu?* tai cac khoang thoi gian t va
can bang. Kt (min™?) va Ks (g-mg"-min~") 1an luot 13 hing s6 toc do phan tmg biéu kién bac
1 va biéu kién bac 2.

- Khi ning tai sir dung ciia vat liéu HCMUE-2: ngam va trao d6i vat lisu HCMUE-2
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sau qua trinh hap phu trong dung dich HNO;z 1% nhiéu lan cho dén khi phan dich loc khong
con phat hién dau vét caa ion Cu?* bang phan tich AAS ¢ budc song 324,8 nm. Sau do, vat
liéu duoc rira bﬁng nudce cat vai 1an va trao doi véi dung mo6i methanol dé tién hanh hoat hod
va lam kho vat lidu dudi diéu kién chan khéng & 120 °C trong 24 gio.

3. Két qua va thao luin

3.1. Dic trung céu tric ciia vit liéu HCMUE-2

Cluster HCMUE-2
Zr,0,(H,0),(CO,), . I

.;12'-,

[y

3
:

- "36 P
H,NDC(OH)

Hinh 1. Cdu tric ciia HCMUE-2 dwoc xdy dwng tir cdc cluster 1a ZrgOg(H20)s(COO)s
voi HRNDC(OH). Mau cua cac nguyén tw: Zr: xanh, C: den; O. do

Vit liéu HCMUE-2 duoc tong hop bang cach phéi tron mudi ZrOCl2-8H,0 va linker
H2NDC(OH) trong dung moi DMF dé tao ra cdu truc tinh thé. Cau trac cia HCMUE-2 dugc
mo ta 1 rang boi su két hop cua cac don vi SBUs ZrsOs(H20)s(CO0)s va linker NDC(OH)*
. Viéc téng hop HCMUE-2 vo6i1 su ¢6 mat cua formic acid véi vai tro la chét diéu chinh dé
tao mam tinh thé vat liéu (Hinh 1). Pang chu ¥, cac nhém -OH phan bé day dic trong khung
HCMUE-2 giup tang cuong kha nang tuong tac voi cac ion Cu** mang dién tich duong, qua

qua trinh chuyén dién tir tir cac electron chua tham gia lién két ciia cac nguyén tir oxygen
trén nhém -OH dén céc orbital trong ctua Cu?.

D9 don pha cua vat licu HCMUE-2 da hoat hoa duoc thé hién qua gian dd nhiéu xa tia
X dang bdt (PXRD) (Hinh 2a) cho thiy c6 su trong dong cao so voi cdu trac mé phong cua
HCMUE-2. Ph6 FT-IR cia HCMUE-2 di dugc minh hoa trong Hinh 2b. C4c tin higu xuét
hién tai 650, 1419, 1609 cm™ dic trung cho cac dao dong ctia Zr-O, C-O ho4 tri ddi xung va
C-O hoa trj bat d6i xung. Ngoai ra, tai tan s6 1551 cm™ ¢6 su xuat hién dao dong bién dang
ctia C=C va tin hiéu dic trung ctia nhém O-H trong vong thom tai 1366 cm™,

Do bén nhiét cua vat lieu HCMUE-2 duge xéac dinh thong qua duong cong phan tich
nhiét trong luong (TGA) dudi diu kién khong khi (80% Nz, 20% O2) (Hinh 2¢). Trong giai
doan dau tién véi sy giam trong luong 20,36%, diéu nay 1a do sy giai phong cac phan tir
nuée dugce hap phu trén bé mat va bén trong cluster cia HCMUE-2 tir nhiét do phong dén
300 °C. Giai doan tht hai, tir 300 dén 600 °C ¢6 su giam khdi luong 16n 37,88% duoc quy
két cho qua trinh phan hiy cua khung MOF dé tao thanh san pham 1a chit ran ZrOz (Hinh
2¢). Theo Hinh 2d, phd EDX cuia vat liéeu HCMUE-2 d3 hoat hoa cho thdy cac nguyén t6 C,
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O va Zr phan bb ddng déu trén bé mit ciaa HCMUE-2, chimg t6 qua trinh tong hop vat liéu
da thanh cong véi mirc d6 don pha cao. Cac anh SEM va TEM cia HCMUE-2 thé hién hinh
thai bé mit ctia vat liéu & Hinh 3, cho thay vét lieu HCMUE-2 1a cac hat dang hinh lang tru
c6 do két tu cao va c6 kich thude trung binh khoang tir 50 ¢én 100 nm.
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Hinh 2. Gidn d6 PXRD ciia HCMUE-2 hoat hod trieée khi hap phy (mau do) so véi ciu
triic mé phong (mau den) (a); Phé FT-IR ciia HCMUE-2 hoat hod truée khi hdp phu (b);
Puong cong TGA cia HCMUE-2 hoat hod truée khi hdp phu (c);

Phé EDX ciia HCMUE-2 hoat hod trude khi hip phu (d)

3.2. Anh hwéng ciia pH dén khd ning héip phu Cu?*

Dé danh gia su anh hudng cia pH dén viéc loai bo ion Cu?* trong nude, gia tri pH tir
1,0 dén 5,0 duoc chon dé khao sat va thé hién trong Hinh 4a. Qua trinh hép phu ion Cu?** cua
HCMUE-2 cho thiy qua trinh hip phu ion Cu?* cta vat liéu phu thudc déang ké vao cac gia
tri pH cta dung dich. Ching ta c6 thé nhan thdy dung luong hap phu Cu?* thip ¢ khoang pH
tir 1,0 dén 4,0. Dic biét, kha ning hap phu Cu?* ting trong khoang pH tir 4,5 dén 5,0. Pang
chu y, cac dang két tia hydroxide ctia Cu?* ¢6 thé duoc hinh thanh ¢ khoang pH 16n hon
hodc bang 5.5 (Sheha, 2012), do d6 cac dang nay sé tach ra khoi dung dich va gay ra tré ngai
trong viéc danh gia kha ning hap phu cua vat liéu. Do d6, trong nghién ctru ndy, gia tri pH
t8i wu 13 5,0 duoc lua chon dé tién hanh céc thuc nghiém hép thu tiép theo.
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S 30 e

100 nm

Hinh 3. Anh SEM ciia HCMUE-2 v6i thang do ti ¢ khdc nhau: 1,00 um () va 2,00 um (b)
dwoc ghi nhan o dién thé 10 kV; Anh TEM cua HCM;/E-Z VoI thang do ti lé khac nhau: 50
nm (c) va 100 nm (d) dwoc do lwong voi kinh hién vi o dién thé cao khoang 80 kV

3.3. Anh hwong cua chat hap phu den kha nang hap phu Cu®

Khéi lugng cta vat liéu duge thay doi tir 2 dén 25 mg va duge khudy trong dung dich
Cu**6pH=5,0 nham khao sat sy anh hudng cua ham luong vat ligu dén hiéu suat hép phu ion
Cu?". Ttr dit liéu & Hinh 4b cho thay hiéu suat hip phu ion Cu?* cia HCMUE-2 ting tir 34,9%
dén 93,6% khi khdi luong vét liéu ting tir 2 dén 25 mg. Khi luong chat hap phu tang tir 15 dén
25 mg thi hiéu suit hip phu c6 gia tri bdo hoa va dat trang thai cAn bang. Do d6 ham luong chat
hép phu 14 15 mg duoc Iya chon 14 lugng chat hap phu phi hop cho céc nghién ciru tiép theo.
3.4. Nghién ciru ding nhigt hdp phu

Ban chét cta qua trinh hip phu ion Cu?* vao vat liéu HCMUE-2 dugc chimg minh tir cac
khéo sat hip phu dang nhiét. Viéc xay dung cac mé hinh dang nhiét hip phu dé mé ta sy trong
tac gitta ion Cu?* v6i chat hip phu. Khi ndng d6 ban dau Cu?* ting dan tir 100 dén 1000 mg-L™*
(Hinh 5a), két qua cho thay kha niang hip phu ting dang ké voi dung lwong hip phu ion Cu?* cao
nhét (qm) ctia vat liéu 1a 1115,03 mg-g™. Piéu nay cho thiy su phan bd day dic cuia nhém -OH
v6i cac tim hap phu trong vét lieu HCMUE-2 gitp ting cudng dang ké luc hit tinh dién va su
van chuyén electron cho - nhan giita cac tim hoat dong hydroxyl v6i ion Cu?".

(a) (b)

~ 1000 ; ; . - ; 100
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2 soo} 80 I -
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S 600} / oot

& / 3
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Hinh74. Anh hieong ciia pH dén dung heong }gdp phu Cu?* cua HCMUE-2
(a); Anh huong cua ham lwong HCMUE-2 dén hiéu suat hap phu Cu®* (b)
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Hinh 5. Buong dang nhiét hap phu Cu?* ctia HCMUE-2 (a); Dit liéu thuc nghiém theo
cdc mé hinh dang nhiét hap phu: Langmuir (b), Freundlich (c) va Temkin (d)

Céc mo hinh hép phu ding nhiét theo If thuyét nhw Langmuir, Freundlich va Temkin da
ap dung cho thyc nghiém dé tim hiéu 16 vé qua trinh hap phu Cu?* cia HCMUE-2. O day, mo
hinh Langmuir thé hién sy hap phu don 16p va cac tim hap phu trén bé mat chat hap phu s& co
ai lyc nhu nhau ddi v6i chat bi hip phu. Trong khi d6, mé hinh Freundlich dua trén gia thiét
cho rang bé mat chat hap phu 1a khéng ddng nhat voi cac tAm hap phu khac nhau vé sb luong
va ning lugng hap phu. M6 hinh Temkin cho biét nhiét hap phu giam dan theo mat do bao phu
ctia chit bi hdp phu 1én bé mit chat hap phu. Su hap phu nay dugc dic trung boi sy phan bd
ddng déu cua ning luong lién két. Theo Hinh 5 va Bang 1, dit liéu thu dugc cho thiy cac thong
s6 cia md hinh Langmuir phu hgp hon so v6i cdc md hinh con lai. Cy thé 13, hé sb tuong quan
ctia md hinh Langmuir (R? = 0,998) cao hon nhiéu so v6i mé hinh Freundlich (R? = 0,921) va
Temkin (R? = 0,979). Vi vdy, qué trinh hap phu Cu?* cia HCMUE-2 ¢6 hién twong hip phu
don 16p chiém uu thé voi cac tim hap phu twong dbi dong déu, chimg to qua trinh nay 1a mot
qua trinh hap phu hod hoc. Diéu nay c6 thé dugc giai thich bang luc hit tinh dién va su chuyén
dién tr giira cation Cu®* va nhdm hydroxyl trong cau trac HCMUE-2.

Bing 1. Cac thong sé ciia cdc mé hinh dang nhiét hap phu dwoc dp dung
dé danh gia qud trinh hdp phu Cu?* ciia vt liéu HCMUE-2

M5 hinh ding nhiét hip phu Cic thong so Gia tri
: KL (L-mg?) 0,0095

Langmuir R? 0,098

1/n 0,371
Freundlich Kr (mg-g* (L-gH)'") 104,043

R? 0,921

b 7,99

Temkin Kr (L-mg?) 0,035

R? 0,979
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3.5. Nghién ciru dgng hoc hdp phu

Su phu thudce cta thoi gian dén kha nang hép phu ion Cu?* cua vat licu HCMUE-2 dugc
tién hanh khao sat thuc nghiém. Trong nghién cttu ndy, dé tranh viéc dinh luong khéng chinh
xac trong khoang thoi gian ngan. Cac thuc nghiém duoc thuc hién véi lwong chat hip phu 1a 5
mg va gia tri pH cta dung dich 13 4,5 dé khao sat dong hoc qua trinh hap phuy vi tbe d6 hap phu
Cu?* cua vat licu HCMUE-2 xay ra rit nhanh chong khi thyue hién vai ham lugng vat liéu cao va
pH tbi uu. Theo Hinh 6a, dung luong hip phu Cu?* cia HCMUE-2 ting nhanh trong 10 phut
dau tién, do & giai doan ban dau c6 rat nhiéu tim hép phu trén bé mit va trong vat liéu va dat
trang thai can bang sau 20 phut. Toc d6 hip phu nhanh chong nay 14 tinh chét vuot troi va day
hira hen cho céac ing dung thuc té va vuot qua céc han ché hién nay vé toe do hép phu thép.

Trong bao cao nay st dung cac md hinh dong hoc biéu kién bac 1 va dong hoc biéu
kién bac 2 dé 1am 18 vé co ché hap phu ion Cu?*. Céc két qua thuc nghiém cho thay qua trinh
hap phu Cu?* pht hop v6i mé hinh dong hoc biéu kién bac hai (R? = 0,999) hon mé hinh
dong hoc biéu kién bac 1 (R? = 0,950) (Hinh 6b-c). Bén canh d6, mé hinh biéu kién bac 2
cho thay dung lugng hip phu can biang theo thoi gian tinh theo If thuyét (qe,cal = 121,46 mg-g-
1) gan véi gié tri thu duoc tir thuc nghiém (qe.exp = 115,84 mg-g™*). Nhu di biét, mé hinh dong
hoc biéu kién bac 2 mo ta qué trinh hép phu hod hoc voi1 tuong tac hoa hoc manh dugc hinh
thanh gitra chat hap phu va chit bi hip phu. Do d6, qua trinh ion Cu?* bj hip phu vao vit liéu
HCMUE-2 1a mdt qua trinh hép phu hoa hoc véi su trao ddi dién tir theo co ché cho — nhan
la cht yéu, thé hién tuong tic manh dugc hinh thanh giita cdc nhom chirc hydroxyl trong

cAu traic MOFs va cac ion Cu?".

(a)
120

100 } —
sof f

60 Ff

q,(mg-g’)

40 |

20 |

0- L I L L L
0 10 20 30 40 50 80
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(b) (c)
5 T T T T T 0.6 T T T T
B M& hinh biéu kién bac 1 Mb hinh biéu kién bac 2 A4
4l y =-0,0476x + 4,0894 - 05 y=o0,0082x+0,0272 “3
= R*=0,950 R*=0,999 -
O~~ 04} =
= 3t o~ ] ) .
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= “"‘-.I' 0.2 +
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Hinh 6. Buong déng hoc hap phy Cu?* ciia HCMUE-2
(a); Dir lieu thuc nghiém theo cac mé hinh: dong hoc biéu kién bdc 1
(b) va déng hoc biéu kién bdc 2 (c)
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Bing 2. Cac thong sé dong hoc ciia phwong trinh déng hoc biéu kién
dé danh gia ban chat qud trinh hap phy Cu®* ciia vt liéu HCMUE-2

o < Cic thong sb Gia tri
Mo hinh dong hoc hap phu

Qeexp (MY-0Y) 115,84
Ce,cal (mggl) 59,701

Biéu kién bac 1 K (mint) 0,048
R? 0,950
Gecal (MY-g™) 121,46

Biéu kién bac 2 Ks (g-mg™-min?) 0,003
R? 0,999

3.6. Pdnh gid khd ndng tdi sie dung vt ligu va dg bén chat hap phu

Kha ning tai sir dung ctia chat hap phu 1a mot trong nhing yéu té quan trong dé dénh
gi4 tiém ning tmg dung cta vat liéu trong diéu kién thuc té. Kha nang tai sir dung cua vat
lidu HCMUE-2 dugc thé hién rd ¢ Hinh 7a. Két qua cho thay hiéu suat hip phu dat 90% sau
bay chu ki lién tiép tai st dung. Dac biét, cu tric cua vat lieu HCMUE-2 khong c6 su thay
d6i qua phuong phap phan tich PXRD (Hinh 7b). Theo d6, gian ¢6 PXRD cua mau HCMUE-
2 trudc va sau khi thu hdi c6 su phil hop cao, chang to ciu tric vat liéu van giit nguyén sau
qué trinh giai hap phu ion Cu?*. Nhitng dit liéu trén cho thay vt lisu HCMUE-2 ¢4 tiém
nang 16n trong viéc loai bo ion Cu?" trong moi truong nudc voi kha nang tai s dung cao va
d6 bén trong nudc 1N,

(a) (b)

100 T T T
80 r
3 ,
e 8 HCMUE-2 trirdre khi hap phu
< 60 o i
= k)
2 g
o o
340 :
=]
T o
201 HCMUE-2 sau khi thu hai
T —
| 1 1 | 1
1 2 3 4 5 6 7 3 8 13 18 23 28
Chu ki 28 (%)

Hinh 7. Kha nang tdi sur dung ciia HCMUE-2 sau bay chu ki hdp phu Cu’* (a); Gidan do
PXRD cua HCMUE-2 truéc hdap phu (mau do) va HCMUE-2 sau khi thu hoi (mau xanh) (b)
3.7. So sanh kha ning hdp phu Cu?* cia vit ligu HCMUE-2

Nham thé hién diém ndi bat cua vat lieu HCMUE-2 trong viéc hép phu Cu?, dung
lugng hép phu Cu?* cuc dai cia HCMUE-2 dugc so sanh véi céac vat li¢u hép phu khéc da
dugc cong bd trude d6 (Bang 3). Két qua cho thdy, HCMUE-2 ¢6 dung luong hap phuy ion
Cu?* 16n hon céc vt liéu dugc so sanh. Picu nay da khiang dinh mot 1an nira 1a cac nhom
hydroxyl phan bb day dic bén trong ciu trac HCMUE-2 déng vai trd quan trong dé ting
cuong kha nang hap phy ion Cu?* trong méi trudng nudc.
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Bdng 3. Dung luvong hdp phu cuc dai Cu? cua HCMUE-2 so voi cac vat liéu khac

Ay en Omax Khoang ndng d6 (mg-L™?)  Tai liéu
STT Vatligu (mg-g?) PH cia Cu* va nhiét d tham khao
1 [(Znsls(H-0)][(Na)(NOs)] 379,13 60  1-100 mgLtva25°C (YZUOTS‘;""
2 UiO-66/GOCOOH@SA 34349 50  50-300 mg-L™ va25°C (Ellta%ez”l;’t
3 Fes0.@ZIF-67 552 50  50-250 mg-L va25°C (";);g;""
) ) 1l us AE 0 (Zhang et
4 MIL-68(Ga) 1300 70 10200mgLvazsec 400
5  MGO@ZIF-8 431,63 60  15-200 mg-L™ va 25°C (";’O‘;tzf’)‘"’
6 HCMUE-2 111503 50 100-1000 mg-L*va2sec . oMY
trinh nay

4.

Két luan
Trong nghién ctu ndy, vat liéu Zr-MOFs véi tén goi HCMUE-2 da duoc tong hop

thanh cong trén co s& bién tinh cau ndi hitu co bang phuong phap nhiét dung mai. Vat liéu
HCMUE-2 véi cac nhom hydroxyl (-OH) phan b day dic bén trong ciu trac thich hop 1am
chat hap phu hiéu qua ion kim loai Cu?* doc hai trong méi trudng nudc thong qua trong tic
tinh dién va trao d6i dién tu, tai pH = 5,0 v6i dung luong hip phu cuc dai 13 1115,03 mg-g-
1 Gia tri nay 1a mot trong nhitng dung lwong hip phu Cu?* cao so véi céc chat hap phu da
duoc cdng bb. Dic biét, qua trinh hap phu Cu?* cia HCMUE-2 tuan theo mé hinh hip phu
dang nhiét Langmuir va phwong trinh dong hoc biéu kién bac 2, chimng té day 1a qua trinh
hap phu hoa hoc. Hon nira, HCMUE-2 ¢6 kha nang tai sir dung va do bén cao véi hiéu suét
hap phu hau nhu thay d6i khong dang ké sau bay chu Ki téi sir dung. Tir nhitng két qua trén
cho thdy HCMUE-2 Ia vat liéu Zr-MOFs ¢6 tiém nang 16n trong viéc wng dung 1am chét hap
phu hiéu qua ion Cu?* trong nudc thai.

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

KD
£ X4

Loi cdm on: Nghién ctru ndy duoc tai tro béi Ngudn ngan sach khoa hoc va cdng nghé
Truong Pai hoc Sw pham Thanh phé HA Chi Minh trong dé tai ma sé CS.2024.19.57.
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ABSTRACT

In this study, HCMUE-2 material was successfully fabricated by combining the Zr** salt and
hydroxyl-modified organic linker. Complete architectural characterizations of HCMUE-2 were
confirmed through modern analysis procedures, including powder X-ray diffraction analysis,
Fourier transform infrared spectroscopy, thermogravimetric analysis measurement, and surface
morphology analyses such as SEM and TEM incorporating with EDX spectrum. Accordingly, the
maximum adsorption capacity of Cu?* over HCMUE-2 is 1115.03 mg-g™* at pH = 5.0, much higher
than previously reported MOF materials. Notably, the obtained results of the Cu?*removal are fitted
with Langmuir isotherm and pseudo-second-order models, exhibiting that the Cu?* adsorption onto
HCMUE-2 is a chemical adsorption. Noteworthily, the structural robustness of HCMUE-2 is
retained after adsorption, with the adsorption yield of Cu?*(90%) without any considerable decrease
after seven cycles. These findings indicate that HCMUE-2 is a potential material for eliminating the
toxic Cu?*ions from wastewater.

Keywords: Cu?* adsorption; Heavy metal ion; hydroxyl modification, Wastewater treatment;
Zr-MOFs
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