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Tém tit. Vit licu CuBDC@Fe;0,4 di dugc tong hop, dic trung bang cac phuong phap XRD, FTIR, EDX,
TGA, SEM va danh gia kha nang xir 1y chat mau xanh methylen (MB). Vit liéu dugc tong hop tir axit
terephtalic tai sinh tir chai nhua thai PET c6 gia thanh thap, than thién méi truong, xir Iy nhanh trong 40
phit, dé dang thu hoi bang nam chdm va ¢ thé sir dung nhiéu 1an. Pa 1am 16 co ché hap phu MB véi
tuong tac xép chong pi-pi 1a chi dao & pH = 4, ngoai ra véi pH < 4 va pH > 4 1an luot c6 thém sy dong
gop cua lién két hydro va twong tac tinh dién. Pa xac dinh duoc mé hinh dang nhiét Langmuir thich hop
dé mo ta két qua thuc nghiém va dung lugng hap phu cuc dai dat 50.01 mg/g. Két qua dong hoc hép phu
duoc nghién ctru dya trén mo hinh dong hoc kha kién bac 1 va dong hoc kha kién bac 2.

Tir khéa. axit terephtalic tai sinh, chai nhya PET, CuBDC tir tinh, xanh methylen, hap phu.

MAGNETIC METALORGANIC FRAMEWORK CuBDC@Fe;04: SYNTHESIS,
CHARACTERIZATION AND ITS APPLICATION FOR METHYLENE BLUE ADSORPTION

Abstract. CuBDC@Fe;0,4 material has been synthesized, characterized by the methods of XRD, FTIR,
EDX, TGA, SEM and used as an adsorbent for removal of methylene blue (MB) from wastewater. The
novel adsorbent from recycled terephtalic acid from PET bottles waste combine advantages of MOFs and
magnetic nanoparticles and possess low cost, environment-friendly, rapid removal within 40 minutes,
easy separation of the solid phase and can be recycled many times. It was clarified that MB adsorption
with pi-pi stacking interaction is dominant at pH = 4, in addition, with pH < 4 and pH > 4, respectively,
there is the contribution of H-bonding and electrostatic interactions. The adsorption isotherm data were
fitted well to Langmuir isotherm and maximum adsorption capacity reaches 50.01 mg/g. Adsorption
kinetic results were studied based on well-known kinetic models: pseudo first-order, second-order.
Keywords. recycled terephthalic acid, PET bottles, magnetic CuBDC, methylene blue, adsorption.
1 MODPAU
Nganh dét may hién nay dong gop tich cuc vao ting truong chung cua nén kinh té ca nude va tao viée
lam cho mot lugng 16n lao dong. Tuy nhi€n nudc thai dét nhudm ciing 1a mot nguén 6 nhiém khong nho
dbi voi moi truong. Véi cac thanh phan chinh 1a nhitng hop chit kho phan huly, cac chat trong nude thai
dét nhuém dan dan tich tu trong nudc, dat va cudi cung anh hudng truc tiép dén moi trudng va strc khoe
con nguoi. Hién nay c6 nhidu phuong phap xir Iy nudc thai dét nhuom dang dugc cac nha khoa hoc
nghién ctru va st dung nhu hép phu, keo tu hda hoc, tach béng mang léng, dién di, xi 1y sinh hoc, oxi

0a... [1]. Tuy nhién, cadc phuong phap nay lai c6 tinh hiéu qua va gia thanh khac nhau, cling anh hudng
dén moi truong & nhitng mirc d6 nhat dinh. Trong d6, phuong phap hap phu co tinh canh tranh hon ca vi
d& tiép can, gia thanh thap va pham vi ap dung rong Hon nira, néu nhu vat liéu hap phu bén trong diéu
kién str dung, dé dang thu hdi dé sir dung nhiéu lan va dic biét 1a duoc 1iy hay tong hop tir ngudn nguyén
liéu khong c6 ich sén c6, 1a mot giai phap toi wu.

Vit liéu khung co kim véi dic tinh nhu do xép cao, dién tich mao quan 16n va bén nhiét tdt, da dugc

mdt s6 nha khoa hoc nghién ctru va chimg minh kha ning x\r Iy chat mau ndi trdi so v6i nhidu vat lidu [2-
4]. Tuy nhién, st dung chung trong muyc dich cong nghiép van con 1a mot thach thirc khi chi phi tong hop
qué cao [2]. Dé gop phan lam giam chi phi san xuét trén quy m 16n can tim ngudn nguyén lidu ré tién, va
ric thai nhya PET c6 thé dép ung duoc yéu cau nay. Chai nhya PET hién nay 1a loai rac thai kho xur 1y
v6i phuong phap chén 1ap truyén théng vi tinh phéan hity sinh hoc kém. Trong khi d6, thanh phan chinh
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clia no, axit terephtalic, 1a mot cau ndi sir dung pho bién dé téng hop nhiéu loai vat liéu khung co kim [5].
Do d6 viéc tan dung ngudn rac thai ndy tai sinh axit terephtalic dé tong hop vat liéu ¢6 kha ning xu 1y
mdi truong nhu MOFs 14 chién lugc hap din vé kinh té. Tt nhién, axit terephtalic tai sinh tir chai nhya
PET khong thé c6 d6 tinh khiét nhu hoa chat thwong mai nén trudce khi sir dung trén quy mé 16n can phai
khao sat lai quy trinh tong hop, dénh gia lai kha nang xir Iy chit mau va d bén cta vat lidu trong diéu
kién sir dung. Thé nhung nhimng nghién ctru nhu vdy dén nay gan nhu khong c6. Chi ¢6 Jianwei Ren va
cong su [6] di tong hop vat liéu Cr-MOF tir axit terephtalic tai sinh va chimg minh kha nang luu trit khi
hydro vugt trdi so véi vat liéu cung loai tong hop tir aicd terephtalic thuong mai. Cung tr nguf)n nguyén
liéu nay chung toi da tong hop thanh cong vat ligu CuBDC c6 kha nang st dung nhleu lan trong xu ly
xanh methylen [7]. Tuy nhlen dé dé dang thu h01 sau mdi lan st dung, ching t6i muén tiép tuc gin oxit
sat tir vao vat liéu nhung van dam bao dugc cau tric va kha ning hap phu ban dau. P6 chinh 1a muc tiéu
cua nghién ctru nay.

2 THUC NGHIEM

2.1 Héa chit

Céc hoa chat sir dung trong nghién ctru bao gdm: NaOH rin, HC, Dimethylformamide ddm dic (DMF),
FeCl,.4H,0, FeCl;.6H,0 va Xanh methylen (MB) c6 ngudn goc Trung Qudc; Dichloromethane (DCM)
(Viét Nam), Cu(CH;COO),.H,0O (btic) va chai nhya PET da qua stir dung.

2.2 Tai sinh axit terephtalic tir chai nhua PET

Axit terephtalic dugc tai sinh tir chai nhya PET theo quy trinh d4 dugc trinh bay tai [7]. Cu thé, cat nho
chai nhya PET d3 qua sir dung v6i kich thuéc khoang 1 mm x 1 mm. Cho hdn hop gdm NaOH cé khi
lwgng my,on, PET cé khéi luwong mpgr (sao cho ti 1€ ny,on : Nper = 3 : 1) vao cde thuy tinh, thém 80 mL
nuéc, dun trén bép dién, khudy déu cho dén khi nhya dan phan huy, hdn hop chuyén thanh chit 16ng mau
trang sita. Thém 200 mL nudc va khudy déu dé tach natri terephthalat khoi cic chat rén. Loc loai bo chat
rén, thu dung dich. Thém tir tir axit HCl ddm déc vao dung dich sau loc dén khi xuét hién két tua tréng va
dung dich ¢6 pH = 2. Loc tach két tua, thu duoc axit terephtalic mau trang, thém 500 mL nudc vao dé rira
két tia dén pH = 6 — 7. Két tia thu dugc dem sdy kho & nhiét d6 100°C dén khdi lugng khong ddi, thu
duoc axit terephtalic (H,BDC).
2.3 Tbong hop vit lidu

Téng hop Fe;0,
Hdn hop hai mudi FeCl;.6H,0 va FeCl,.4H,0 véi ty 16 mol 2:1 hoa tan trong 100 mL nude cat, dung dich
dugc khudy trén bép tir & 80°C trong 30 phut. Dung dung dich NaOH nh¢ tir tir cho dén khi pH = 10, dé
yén trong 30 phat dé duy tri phan (mg. Khi phan tng xay ra hoan toan, thu cic hat két tia bang nam
cham, rira nhiéu 1an véi nude va etanol dén pH = 6 — 7. Sdy khé san phdm trong 8 gio & 60°C thu dugc
nano Fe3O4

Téng hop CuBDC va CuBDC@Fe;0,4 o )
Vit ligu CuBDC duogc tong hop theo quy trinh nhu da trinh bay tai [7], cu thé khoi Iuong tac chat dugc
lay nhu trong Bang 1. Dé tong hop vat liéu CuBDC@Fe;0,, ldy khdi lugng can thiét ciia Fe;0, nhu trong
Bang 1 cho véo cbc dung 50 mL H,0, d4nh siéu am 2 gid dé tao thanh hdn horp ddng nhét. Cho lan luot
H,BDC tai sinh va muoi dong Cu(CH3COO)2 H,O vao 90 mL DMF danh dén tan. Sau do, hal hén hop
trén dugc tron voi nhau, danh siéu 4m 1 gid rdi cho vao binh phan émg. Binh phan tmg duoc siy lién tuc
trong 24 gid & 100 °C. Sau khi duoc lam ngudi dén nhiét d6 phong, dung méi sir dung trong qua trinh
tong hop dugc hit ra, ngdm ria tinh thé thu dugce bang dung méi DMF va DCM. Mdi dung méi duoc
ngam rira ba 1an, mdi 1an 10 mL va dugc ngdm trong 24 gid. Sau mdi 1an ngam rira, dung médi duoc hut ra
va thay bang dung méi khac.
Oxit st tir dugc léy voi cac lugng khac nhau nhu trong Bang 1 dé tir @6 lwa chon vat liéu ti wu c6 tir tinh
va van dam bao dugc ciu trac cua vat lidu khung co kim ban déu.

Bang 1: Khéi luong céac hoa chét hoa chét can thiét trong téng hop vat liéu
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Vit ligu Khdi lrong mudi Khoihrong | Khéi lwgng Fe;0,
Cu(CH;C00),.H,0 (g) | H,BDC (g) (2
CuBDC 1.204 1.000 0
CuBDC@Fe;0, (1) 1.204 1.000 0.073
CuBDC@Fe;04(2) 1.204 1.000 0.157
CuBDC@Fe;0, (3) 1.204 1.000 0.360

Dé xé4c dinh thanh phan pha va ciu triic ciia vat liéu, cic miu tong hop dugc phén tich trén may do nhiéu
xa shimadzu 6100 (Japan) véi btic xa CuKo & budc song = 1.5417 A, 40 kV, dong dién 30 mA; goc quét
10 dén 80°; téc d6 quét 5.000°/phut. Kinh hién vi dién tir quét HITACHI FE-SEM S4800 véi gia tc dién
ap 3.0-10.0 kV duoc sir dung dé xac dinh hinh thai, kich thuéc hat, phan tich thanh phan nguyén té
(EDX) cua céc vat li€u. Sy hién dién cua cac nhom chirc trong vat liéu dugc danh gia béng phuong phap
quang phd hdng ngoai bién ddi Fourier (FTIR) v6i s6 song dao dong trong khoang tir 4000 dén 600 cm™
trén may FTIR Cary 630, Agilent (Malaysia). Vat liéu con dugc phan tich nhiét trén LabSys Evo TG-
DSC 1600, SETARAM (Phap) véi téc do gia nhiét 10°C/1 phut trong mdi trudng nito tir nhiét do phong
dén 800°C.

Diém dién tich khong (pH,,.) cta vat liéu duoc xac dinh béng cach cho 0.1 g vt li¢u vao 50 mL dung
dich 0.01 mol/L NaCl di duoc diéu chinh pHyia = 2; 4; 6; 8; 10; 12 bang dung dich NaOH 0.1 M hoic
HCI 0.1 M. Hon hop duoc l4c lién tuc trong 24h. Sau d6 do pHgy,, cua dung dich. VE dd thi biéu dién su
phu thudc cua hi¢u ) ApH = pHuitiat — PHFina1 theo pHigigial- Piém cit truc hoanh do 1a pHpze [8].

2.4 Panh gia kha ning hap phu MB trén CuBDC@Fe;0,

Khao sdt cac yéu té anh hwong dén kha nang xir Iy chat mau ciia vt liéu CuBDC@Fe;0,

Mot sd yéu t6 anh hudng dén hiéu suét xir ly MB cua vat liéu CuBDC@Fe;04 da duoc khao sat nhu lugng vat
liéu, pH, thoi gian va nhiét d. Cac khao sat dugc thuc hién véi lugng vat liéu: 0.05; 1.0; 1.5; 2.0 g/L; pH = 2;
3; 4; 5; 6; 8; thoi gian: 5; 15; 20, 25; 30; 35; 40; 45; 50; 55; 60; 65; 70 phut va nhiét do: 30; 40; 50; 60°C. Tét
ca cac khao sat déu thyc hién v6i ba ndng do 1a 10; 25 va 50 mg/L. Céc didu kién d t6i uu s& duge sir dung
cho céc khao sét tiép theo. Nong d6 MB dugc xac dinh bang cach do mat d6 quang tai 664 nm. Dung luong
hap phu (q, mg/g) va hiéu suat xir Iy chat mau (R, %) dugc tinh theo cong thirc:

_ (CO_Ce)-V
=8l

R (%) ===2.100 (2)
0

Trong d6, Cy va C, 12 ndng dd MB ban dau va & thoi diém t, mg/L; V 1a thé tich cua dung dich, L; m 1a
khéi luong vat liéu, g.

Paing nhiét hdp phu

Cho khéi luong t6i wu ciia CuBDC@Fe;0;4 vao cac binh dung 100 mL dung dich MB ¢ ndng dé ting
dan tir 5 mg/L. Lac hdn hop & nhiét d6 t6i wu. Sau khi dat can bang hip phu, ling vt liéu bang nam
cham, xac dinh ndng do dung dich MB con lai. Tinh q (mg/g) va R (%) theo cong thirc (1) va (2).

Danh gia kha nang tai su dung vt liéu CuBDC@Fe;0,

Vit liéu CuBDC@Fe;0, cho vao 100 mL dung dich MB, tao diéu kién hap phu t6i da. Sau d6 ding nam
cham tach 1dy vat liéu, dung dich thu duoc dem do quang dé xac dinh ndong d6 MB bi hip phu. Vit liéu
thu hoi dugc giai hip bang dung dich HCI 0.1 M, H,O hodc NaOH 0.1 M véi diéu kién khudy lién tuc &
60°C trong 24 h. Sau d6 tach 1ay vat lidu, dung dich thu duoc dem di do quang dé xac dinh ndng d6 MB
giai hdp. Rura vat liéu thu hdi bang nudc cat dén khi pH trung tinh, dé kho rdi tiép tuc sir dung lan 2 véi
céc diéu kién tuong tu nhu 1an 1. Lam twong ty véi 1an 3. Dya vao hiéu suét xir Iy va giai hap sau 3 1an st
dung, lya chon dung moéi giai hap ti wu va Iy vat lidu thu hdi sau 3 lan st dung v&i dung méi d6 dem di
phan tich XRD. Hiéu suét giai hap dugc tinh theo cong thirc (3) sau ddy, vdi C, va Cq ndng d6 MB bi hip
phu va giai hap, mg/L:
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D (%) = %100 (3)

3 KET QUA VA THAO LUAN

3.1 Daic trung vat liéu

Su tao thanh vat liéu CuBDC@Fe;0, duoc khiang dinh bang két qua phan tich XRD (Hinh 1). Phd XRD
cua Fe;0,4 va CuBDC phu hgp v6i cac két qua da dugce cong bo [9,10]. Ca ba san pham CuBDC@Fe;04
(1), (2) va (3) déu c6 cac peak ddc trung cua hai thanh phan Fe;04 va CuBDC, khong c6 peak la. Dicu
nay chimng to ca ba vat lidu dugc tong hop véi cac lugng chét ban dau khac nhau déu tao thanh tir CuBDC
va Fe;0,4, khong chira tap chét. Tuy nhién, vat liéu thr 2 dugc chon la t61 wu vi khi d6 tin hiéu cua hai
thanh phan 14 rd nhat. Bé don gian, vét liéu nay duoc ky hiéu 1a CuBDC@Fe;0, va sé& sir dung trong cac
thi nghiém tiép theo.

CuBDC@Fe,0, (3)
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Hinh 1. Pho XRD ctia composite va cac thanh phan.
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Hinh 2. Két qua phan tich EDX ctia CuBDC va CuBDC@Fe3O4
Két qua phan tich EDX cho thay, so voi CuBDC, thanh phéan nguyen tb CuBDC@Fe3O4 ngoal C, O, Cu
con ¢6 mot lugng Fe tir oxit sit tir (Hinh 2) Viéc khong ¢ nguyén t6 la xuat hién trén két qua EDX cua
CuBDC@Fe;04 mdt 1an nita khang dinh ring vat liéu tong hop dugc khong chira tap chat.
CuBDC va CuBDC@Fe;0, c6 phd FTIR twong ty nhau (Hinh 3). Céac peak dic trung ciia H,BDC xuit
hién trong phé cua tt ca cac vat liéu, trong d6 mot sb peak gilt nguyén vi tri ban dau, dac biét 1a peak tai
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15 10 cm” dic trung cho dao dong kéo dai lién két C = C trong vong thom, cac peak trong ving 1137-878
cm’' tuong tmg voi dao dong kéo dai cua cac lién két trong nhom O-C=0 [11].

Tuy nhlen tuong tu voi cac két qua tai [10,12, 13], mot s& ving thép thu bi dich chuyén sang ving s6
song ngan hon so véi H,BDC, nhu cuc dai hap thy dac trung cho nhom carbonyl C=0cual4d
benzenedicarboxylic tai 1674 cm’ ! dich chuyen manh vé 1606 cm™. Su dich chuyen nay co thé do su
deproton hoa nhém carboxylic khi hinh thanh lién két méi trong vat liéu. Diéu nay cbn thé hién & viéc
bién mét peak dac trung cho dao dong uén cua lién két O-H trong —COOH tai 928 cm™ [12]. Vung hép
thu 878-727 cm ! dac trung cho dao d6ng udn vong dic trung ciia vong thom [13] bi dich chuyen \E Vung
828-676 cm’™. Peak tai 1422 cm™ dic trung cho lién két C-O trong H,BDC bi dich chuyén vé 1390 cm™
do sy hinh thanh lién két méi Cu-O trong vat li¢u.

= 100 o %€

CuBDC@Fe,0,

o
S
1

®
=
1

=
=]
1

=
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1
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Hinh 3. Phé FTIR cua vat liéu tdng hop va cdc thanh phin Hinh 4. Két qua phan tich TGA cua vat lidu

Ngoai ra, trén phd FTIR con ghi nhan dinh hip thu tai 1444 cm™ va 1662 cm™, dic trung cho dao dong
bién dang d6i xing ctia CH; va C = O trong phén tir DMF [14]. Cudng do peak tai 1390 cm™ ting lén
dang ké so v6i tai 1422 cm™ cia H,BDC ¢6 thé do xen phu véi viing hip thu cua dao dong uén C-H trong
DMEF. Peak nay ciing duoc ghi nhén tai [11] khi MOF chua duoc siy kho hoan toan. Piéu nay chimg to
mau CuBDC@Fe;0, ciing nhu CuBDC sau khi say khd van con DMF trong céc 16 xdp cua vat li¢u. Ving
hap thu dic trung cho Fe;0, thuong thé hién trong ving 600 — 550 cm™ khéng duoc ghi nhan trén phd
FTIR cua vat liéu composite & ving sd song khao sat.

Trong qué trinh gia nhiét tir 25°C dén 800°C, twong tw CuBDC, CuBDC@Fe;0, ciing trai qua 4 giai doan
giam khdi luong (Hinh 4). Nudc bay hoi ¢ giai doan gia nhiét du tién (dudi 230°C). Trong d6, cic phan
tr nuée hap phu vat 1y trén bé mat vat liéu (chiém 1.76 % vé khdi lugng) dugc giai hap khi gia nhiét dén
115°C. Sau d6, cac phan tir nudc tir cic phan bén trong vat liéu (chiém 6.472%) bi tach khoi cac lién két
hoa hoc, dugce loai bo khi tiép tuc lam néng dén 230°C. Phan dung méi DMF trong mao quan khong bi
loai bo hoan toan trong qué trinh ngam rira va say kho (chiém 15.31%) bay hoi khi ting nhiét d¢ tir 230°C
dén 310°C [15,16]. Hai giai doan cudi 310 — 405°C va 405 — 480°C véi khdi luong giam manh nhét tai
397.52°C va 437°C lién quan dén sy thing hoa va loai bo cic phan tir axit terephthalic lién két trong céu
tric [15]. Hai g1a1 doan nay duoc cac tac gia ghi nhan tai [16] ung véi 2 nhiét 6 1a 402 va 427°C. Sau
480°C, viéc tlep tuc gia nhiét gan nhu khong lam thay d6i khéi lugng con lai. Véi két qua nay cho thiy
viéc gan oxit sit tir vao vat liéu khong anh huong dén d6 bén nhiét cua CuBDC. Sy khac nhiét so voi khi
chua gin oxit sat tir thé hién ¢ do giam khdi luong trong mdi giai doan ¢6 thé do ban than Fe;O, ciing
thay d6i khdi lugng khi gia nhiét dén 400°C [17]. Véi kha ning bén nhiét 1én dén 300°C, vat liéu hoan
toan c6 thé dap ung yéu cau vé nhiét do trong cac thi nghiém hap phu.

Hinh thai bé mat cua Fe;0,, CuBDC va CuBDC@Fe;04 dugc déac trung boi két qua SEM (Hinh 5). Céac
hat oxit st tir c6 dang hinh cau va kich thudc trung binh 20-30 nm. CuBDC@Fe;0, c6 hinh thai khong
con ddi xtng va kich thuéc cling nho hon so véi CuBDC, 0.1-0.3 pm va 9-24 um, twong ung voi
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CuBDC@Fe;0, va CuBDC. Su thay d6i hinh dang hat sau khi gin Fe;O, c6 thé do tinh thé CuBDC hinh
thanh trén mam la hat oxit sat tir san c6, phét trién va bao boc lay no [18].

(a) (b) ()
Hinh 5. Hinh SEM cua Fe;04 (a), CuBDC (b) va CuBDC@Fe;0, (¢)

3.2 Anh huéng ciia lwgng vt liéu

Hiéu suét xir 1y chat mau ting cung luong vat liéu (Hinh 6a). Véi lugng vat lidu ting tir 0.5 g/L dén 2.0
g/L, hiéu suat xu Iy MB téng tir 47.2, 39.2, 28.5% dén 99.9; 99.9 va 98.9 %, tuong g véi cac nong do
10, 25 va 50 mg/L Do hap phu tuy ting nhe khi thay doi luorng vat heu tir 0.5 dén 1.0 g/L nhung sau do
lai giam dan. Diéu nay c6 thé giai thich do ting dién tich bé mit va s6 lugng cac tim hap phu co thé tiép
can nén do hap phu ban dau tang cung voéi lugng vat liéu. Tuy nhién, khi lwgng vat li€u 16n hon 1.0 g/L,
mat d6 hat trong dung dich qué 16n 1am ting kha ning va cham va che phu cac tim hip phu cta nhau, két
qué lam giam d6 hap phu [19].

3.3 Anh hwéng ciia pH

Anh huong ciia pH duoc khao sat & 30°C va lic lién tyc trong thoi gian 60 phut (Hinh 6b). Hiéu suét xtr
1y chat mau cua vat lidu giam dan khi ting pH tir 2 dén 4, sau khi dat gia tri cyc tiéu tai pH = 4 do hip
phu lai tiép tuc duoc cai thién khi ting pH cua dung dich. Véi cac ndng d6 da khao sat, tuy dung lugng
héap phu cta vat liéu ti 1¢ thuan véi nong d6 MB ban dau nhung quy luat danh hudng cta pH van duoc giir
nguyén. Tai pH = 6, kha ning hap phu cta vat liéu khong dat gi tri cyc dai nhung ciing khong khéc biét
nhiéu so v6i pH = 8. Do d6 dé than thién v&i moi trudng chung t6i lya chon pH 1a diéu kién t6i wu.

Hién nay, hién tuong hép phu chit mau MB trén mot sb vat lidu xép ¢6 bé mat tich dién va vong benzen
trong cdu trac ndi chung va vat liéu khung co kim noi riéng, dugc cac tic gia giai thich dya vao: twong tac
xép chong pi-pi gitra vong benzen cia MB va vt liéu; lién két hidro gitta nhom —N(CHj,), voi OH trong
nhom cacboxylic cta vat liéu; va lyc hit tinh dién gitta bé mit vat liéu tich dién va ion MB
[3,4,18,20,21]. Tuy nhién twong tac dong vai trd chii dao trong qua trinh hdp phu tiy thudc vao vat liéu va
pH cua moi trLrorng Pé hiéu 5 co ché hip phu MB trén Vat liéu CuBDC@Fe3O4 ¢6 thé dya vao anh
huong cua pH dén qua trinh hip phu (Hinh 6b) dong thoi can xét dén dién tich ctia chat mau va bé mat
vat li€u ¢ cac pH khac nhau.

Trude hét can ghi nhan réng bé mat vat liéu CuBDC@Fe;0, chita nhém churc cta cau ndi axit terephtalic
dé dang bi deproton héa khi ting pH va s& chu yéu tich dién am khi pH > pH,,., v6i pH,,. = 6.2 (Hinh 7).
Trong khi d6 xanh methylen véi gid tri pK, = 3.8 [22], dang ton tai chii yéu ciia MB 1a cation khi pH >
3.8. Theo Hinh 6a cho thy hién tuong hap phu ghi nhan tai moi gia tri pH tir 2 dén 8, tuy nhién do hap
phu ¢6 su khac biét & cac pH khac nhau. Diéu nay chung to gura MB va vét li€u c6 mét tuong tac ludn
ton tal ¢ moi pH ctia moi truorng D6 chinh 1a tuong tac xép chdng pi-pi giita cac vong thom ciia MB va
cau ndi axit terephalic trén bé mit vat lidu. Su khéc biét thu dugc & cac pH khac nhau 1a do sy dong gop
ctia hai tuong tac con lai di duoc ké dén. Trong d6 lién két hidro chi c6 thé hinh thanh giita nhém —
N(CH3), v6i nhom -COOH cua vét liéu khi axit terephtalic trén bé mat vat liéu chua bi deproton hoa hoan
toan (V6i axit terephtalic, & 25 °C, pK, = 3.45, pK, = 4.46 [23]). Phan dong gop cuia lién két hidro giam
dan khi tang pH do kha ning deproton héa nhoém -COOH trong vt liéu cang manh, twong tmg véi viéc
giam d6 hap phu khi pH thay doi tir 2 dén 4. Sau d6, viéc tiép tuc ting pH tuy cang lam giam kha ning
tao lién két hidro nhung lai dwoc bu dip boi kha niang hap phu nho Iyc hat tinh dién, vi khi gbc -COOH
bi deproton hoa s€ tao ra dién tich am trén bé mit vat liéu. Véi pH = 8 > pH,,. (pHz = 6.2) bé mit vat
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liéu tich dién 4m nhiéu nhét nén d6 hép phu thu duoc 1a 16n nhét nho tuwong tac tinh dién. Trén co s¢ phan
tich nay c6 thé chi ra ba loai twong tac gitra cation MB va bé mat vét liéu nhu Hinh 8.
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Hinh 7. Két qua xac dinh diém pH,, Hinh 8. Twong tac gitta MB va CuBDC@Fe;04[4,13]

3.4 Anh hwéng ciia thoi gian va dong hoc hip phu

Theo két qua khao sét anh huéng cua thoi gian dén kha nang hap phu MB trén vét ligu CuBDC@Fe;0,
(Hlnh 9), @ hap phu ting cung v6i thoi gian tiép xuc va dat gla tri cuc dai sau 40 phaut. Qua trinh hap phu
dién ra nhanh & giai doan dau nho cac phan tr MB dé dang tiép can cac tim héap phuy tréng trén bé mit vat
liu [24]. Khi ting ndng do tir 10 dén 50 mg/L d6 hip phu cia CuBDC@Fe;0; ting tir 9.09 to 30.43
mg/g, trong khi d6 hiéu suat xir 1y giam tir 90.9 % dén 60.8 %. Piéu nay c6 thé do khi nong do cation MB
trén bé mat vat liéu qua cao s& gdy can trd cac cation MB khac tién lai gan vat liéu do luc déy giita ching
[25].

© 2020 Trudng Pai hoc Cong nghiép Thanh phd H5 Chi Minh



VAT LIEU CuBDC TU TiNH: TONG HOP, PAC TRUNG VA 31
UNG DUNG XU LY CHAT MAU XANH METHYLEN

50 mg/L

q¢ (mg/g)

5 y u v 4 Experimental points
- - - - Pseudo first order
Pseudo second order

-0 0 10 20 30 40 S0 60 70 80
Thoi gian (phut)

Hinh 9. Anh huwong cta thoi gian va két qua xi Iy theo mé hinh dong hoc béc 1, 2.

Dong hoc hép phu MB trén vat liéu CuBDC@Fe;0, dugc danh gia dya vao hai mé hinh dong hoc kha kién
bac 1 va bac 2 [26,27] theo cac cong thirc sau:

M6 hinh dong hoc béc 1:

qr=qe(1—e™ (4
MO hinh dong hoc bac 2:
q=12EL (5)
i t 1+ke(‘qet ,

Trong d6, q. (mg/g) va q; (mg/g) 1a d6 hap phu can bang va ¢ thoi diém t; k; (phit") va k, (g/mg.phut) 1a
héng sb tde do, tuong Ung voi dong hoc béac 1 va bac 2.
Két qua thyc nghiém gan nhu phii hop vé6i ca hai md hinh dong hoc, cac hé sb twong quan tuong ddi cao,
lan luot 1a R*> 0.98 va R*> 0.99 ung v6i mo hinh bac 1 va béac 2 (Hinh 9, Bang 2). Tuy nhién, mo6 hinh
dong hoc bac 2 phu hop hon dé mé ta qué trinh hap phu do hé sb twong quan 16n hon va gia tri d6 hap
phu tinh toan gin véi gia tri thuc nghiém. Ngoai ra, hang s toc d6 k, giam dan khi ting ndng d6 ban dau,
diéu d6 c6 nghia nong d6 ciia chat hap phu cang cao, thoi gian can thiét dé dat dén trang thai can bang

cang 16n [27]. ) ) ) )
Bang 2. Cac thong so dong hoc doi véi mo hinh kha kién bac 1 va 2 khi hap phu MB trén CuBDC@Fe304
C, Qe.exp Pong hoc bac 1 Pong hoc bac 2
mg/ L (mg/g) qe,cal k1 R2 qe,cal k2 R2
(mg/g) | (1/phit) (mg/g) | (g/mg.phit)
10 9.06 8.84 0.279 0.988 9.49 0.047 0.998
25 20.31 19.34 0.186 0.988 21.47 0.012 0.999
50 30.76 29.94 0.226 0.990 32.61 0.010 0.998

3.5 Anh hwéng cia nhiét d9

Vi cac ndng do duge khao sat, anh huong ciia nhiét do déu tuan theo quy luat chung voi 6 hip phu
giam dan khi gia nhiét (Hinh 10a). Khi ting nhiét d6 tir 30°C dén 60°C d¢ hap phu giam tir 9.2; 19.5 va
30.5 mg/g, twong ng voi ba ndng d6 khao sat, dén 7.5; 15.7 va 26.2 mg/g.

Dé hiéu 15 hon anh huéng ciia nhiét d6 dén qua trinh hap phu MB trén CuBDC@Fe;0,, dya vao két qua
khao sat anh huong ctia nhiét 6 chung t6i tinh toan cac thong sb nhiét dong nhu bién thién nang lugng tu
do (AG), enthalpy (AH) va entropy (AS) theo cac cong thuc (6) — (8):

AG = —RTInK, (6)
AS AH

LnKC C— ? - E (7)

K. = CL: (3
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Trong d6, K¢ 1a hé s6 can bang hap phy; R 1a hang s6 khi (8.314 J/mol.K); T 1a nhiét d6 tuyét ddi (K); Cuq
va C, 1a nong d6 can bang MB (mg/L) trén vat li¢u va trong dung dich. Cac gia tri thu dugc cua AG, AH
va AS duoc tinh bang cach st dung phuong phép hoi quy su phu thude ctia LnKc theo 1/T (Hinh 10b,
Béng 3).

b
wl » D) ®
e S 25 LnKc = 4592.1(1/T) - 12. 746
T, ’ = 10 mg/L R* = 0.9843
’s * 25mg/L /
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o 204 o —4— 50 mg/L _—
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Hinh 10. Anh huéng ctia nhiét d6 dén kha niang hip phu (a) va D6 thi biéu dién sy phy thude InK, vao 1/T (b)

Bang 3: Cac théng s6 nhiét dong hoc hip phy MB trén CuBDC@Fe304

Nong d 33K [ 313 I§G’ k| S 3123 K [ 33K AH, kJ/mol | AS, J/mol.K
10 mg/L -6.152 4946 3722 3.041 38.17 -105.97
25 mg/L 3.188 -2.749 2342 1592 -19.90 -52.07
50 mg/L -1.126 -0.861 -0.756 -0.443 -7.66 21.59

Gia tri am ctia bién thién ning luong tu do AG cho thiy ban chat tw xay ra ctia qua trinh hip phu MB trén
vat 1iéu. Gia tri AH va AS chi ra ban chét téa nhiét cua qua trinh va lam giam tinh mat trat tu cla cac
phan tir chit bi hip phu. Két qua tuong tu ciing dugc ghi nhan trong mot s cong bd vé hap phu MB
[19,28].

3.6 Ding nhiét hip phu

Pudng ding nhiét hap phu thu dugc khi ting dan nong d6 MB tir 5 d¢én 260 mg/L (Hinh 11). D hap phu
q tang manh khi nong do dau cua MB ting tir 5 dén 50 mg/L, tiép tuc ting cham dén khi C, = 150 mg/L
va sau d6 gan nhu khong thay doi. Trong khi d6, hiéu suat xtr Iy chat mau dat gia tri cuc dai trén 95% khi
ndng d6 dau nho hon 25 mg/L. Sau d6, viée tiép tuc ting ndng do6 lam giam dan hiéu sudt xir Iy chat mau
MB va chi con hon 20% khi C, = 260 mg/L. Diéu nay c6 thé giai thich rang khi nong d6 dau 16n hon 25
mg/L, véi cung khdi lugng vat liéu ban dau, hau hét cac tdm hap phu bi chiém bai cation MB, két qua lam
giam hiéu suét xur 1y [24].

Hai m6 hinh ddng nhiét dugc sir dung dé danh gia mirc do phu hop véi két qua thuc nghiém 1a mé hinh
Freundlich va Langmuir.

Mo hinh Freundlich:

1/n

qe = KpCe'™  (9)

MO hinh Langmuir:

mK1Ce
Ge =T (10)

Trong do, q. (mg/g) va qn (mg/g) 1a do hap phu va d6 hap phu cuc dal KL (L/mg) la hang sO can bang
hap phu Langmuir lién quan dén ning luong hap phuy; C, (mg/L) 1a ndng d can bang cua chat mau; Ky va
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n 13 hang s trong phuong trinh Freundlich dic trung cho ban chat ctia chat hap phu va chat bi hap phu,
trong d6 Ky duoc xem 14 chi bao cho kha ning hap phu cta vat liéu [29,30].

Tir hing s6 cén bing hap phu K, trong phuong trinh Langmuir c6 thé tinh tham s R, d6i v6i mdi ndng
d6 ban dau C, cuia chat mau [28,31,32]. Ry phan anh 4i lyc gitta MB voi bé mit cia vat liéu, dic trung
cho ning lugng ctia cac tim hap phu va lién quan dén nhiét hap phy. M6 hinh dang nhiét khong phii hop
khi R > 1; tuyén tinh khi R, = 1; phu hgp khi 0 < R; <1 va khong thuén nghich R, = 0.

1
R, = 1+K.Co (11)

So v6i md hinh Freundlich, mé hinh dang Langmuir cho hé sb tuong quan cao hon nén thich hop dé mo
ta két qua thuc nghiém (Hinh 9, Bang 4). P9 hap phu cuc dai va hang s hip phu dugc tinh theo mé hinh
Langmuir tuong Gng la 50.21 mg/g va 0.127 L/mg. Po hép phu cuc dai c6 ting nhe so vdi vit li€u
CuBDC téng hop trong clng diéu kién (41.01 mg/g) [7]. Dicu nay c6 thé giai thich do kich thudc hat
giam sau khi gan oxit sit tir vio CuBDC, lam ting dién tich bé mat vat liéu v&i ciing mot khdi lugng nhu
nhau. Tuy nhién, dung lugng hép phu cuc dai van con thap so véi mong doi do cac phan tit DMF van con
trong cac 16 x6p cta vat liéu sau khi say, nhu di ban luan trong két qua TGA va FTIR, phan nao di lam
can tré kha nang hip phu cua MB. Trong khoang ndng d6 khao sat, R dao dong trong khoang 0 - 1
ching t6 qua trinh hip phu thuan loi. Két qua trong tu duoc mot sb tac gia ghi nhan trong [28,31,32].
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Hinh 11. Ding nhiét hdp phu MB trén CuBDC@Fe;0, (a) va Anh huéng ctia ndng d6 dau (b)
Béng 4. Céc thong s ddng nhiét hip phu MB trén CuBDC@Fe304 & nhiét d6 300C
M6 hinh Langmuir Mo hinh Freundlich
qm (Mg/g) | K (L/mg) R, R’ Ky (mg/g) N R’
50.21 0.127 0.580 - 0.029 0.991 12.40 3.58 0.961

So sanh kha ning hap phu MB trén mot s6 vat liéu tir tinh khac (Bang 5) cho thdy CuBDC@Fe;0, ¢6 do
hép phu cuc dai twong duong véi MCFNP, M-MWCNT, t6t hon mot s vat lidu nhu Fe;0,@C, G-
Fe;04/CA, CS/Fe304/GO, nhung thip hon nhiéu so voi MAC, Fe;0,/Cus(BTC),, HNTs/Fe;04. Tuy
nhién so voi cac vat liéu tir tinh duoc so sanh thi diéu kién hap phu dbi voi CuBDC@Fe;04 dé thyuc hién
hon nhu: nhiét d6 phong, pH trung tinh va dac biét la thoi gian thyc hién ngén. Hon ntta bén canh kha
nang hap phu, diéu kién thyuc hién thi viéc tng dung CuBDC@Fe;0, tong hop trong dé tai ndy cang cd
tinh kha thi khi chiing than thién véi méi truong vi duge tong hop tir nguyén liéu chinh 13 axit terephtalic
tai sinh tur rac thai nhua PET.
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Bang 5. So sanh do héip phu cuc dai ciia mot sb vat lieu MOF tir tinh ddi v6i chdt mau MB
Chit hap phu Piéu kién hip phu Do hap phu cwe dai (mg/g), md hinh | Trich
(pH, nhiét do, thoi gian) ding nhiét, md hinh dong hoc din
CS/Fe304/GO pH = 10.5; 25°C; 96 gi& 30.1 mg/g, Langmuir, ddng hoc bac 2 [32]
G-Fe;04/CA pH = 6; 30 °C; 120 phut | 37 mg/g, Langmuir, dong hoc bac 2 | [33]
Fe;04@C -;  25°C; 100 phit 44.38 mg/g, -, - [34]
M-MWCNT pH = 6; 25°C; 120 phat 48.06 mg/g, Langmuir, dong hoc bac 2 | [31]
CuBDC@Fe;0, pH =6, 30°C; 40 phut 50.21 mg/g; Langmuir, dong hoc bdac 2 | Bai nay
MCFNP pH = 6; 25°C; 30 phut 57.74 mg/g, Langmuir, — [20]
MWCNTs pH =7, 10 °C; 30 phut 65.79 mg/g, Langmuir, dong hoc bac 2 | [35]
MCGO pH = 6; 25°C; 14 gio 70.03 mg/g, Langmuir, dong hoc bac 2 | [28]
MAC pH = 6; 25°C; 24 gio 162.28 mg/g, Langmuir va Dubinin— [36]
Radushkevich, dong hoc bac 2
Fe;04/ Cu;(BTC), pH = 6; 25°C; 14 gio 245 mg/g, Freundlich, ddng hocbac2 | [18]
HNTs/Fe;04 -; 45°C; 40 phut; 714.29 mg/g, Langmuir, ddng hoc bac 2| [37]

3.7 Tai sir dung vat liéu
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Hinh 12. Két qua tai st dung CuBDC@Fe;0, trong xtt Iy MB: a) Két qua hdp phu va giai hap sau 3 1an sir dung; b)
Hinh 4nh v4t liéu bi hut béi nam cham; ¢) Phd XRD cua vat lidu trude va sau khi st dung 3 14n

Dé danh gia kha ning tai sir dung cua vat liéu, gop phan lam giam chi phi trong ng dung thuc té, vét liéu
duge dem xir Iy dung dich MB 25 mg/L, thyuc hién véi ba truong hop HCI1 0.1 M, H,O va NaOH 0.1M dé
lam dung méi giai hap. Két qua cho thay truong hop giai hap véi NaOH 0.1M dat dugc hiéu qua giai hap
t6t nhat, sau d6 1a H,O. Kha nang hap phu MB trén CuBDC@Fe;0, giam déan theo sd 1an sir dung. C6 thé
loai bo khoang 60% MB sau 3 1an sir dung d6i v6i ca hai dung moi NaOH 0.1M va H,O. Bé d& thuc hién,
than thién v6i moi truong thi dung méi giai hap nudce 1a lwa chon ti wu. Vat liéu sau khi tai sir dung 3 1an
v6i nudce 1a dung méi giai hdp di dugc danh gia XRD (Hinh 12). Két qua cho thay sau khi st dung 3 1an
va ngdm lau trong nudc dé giai hap van ghi nhan rd cic peak dic trung cua vat liéu ban dau
CuBDC@Fe;0..

4 KET LUAN

D3 tong hop thanh cong vat lidu CuBDC@Fe;0, tir axit terephtalic tai sinh v&i cdu triic twong tu nhung
c6 do hap phu cuc dai cai thién hon so véi CuBDC. Qué trinh hap phy MB trén vat licu CuBDC@Fe;0,
tuan theo mo hinh dong hoc kha kién bac 2 va md hinh Langmuir thich hop dé mé ta két qua thuc
nghiém. Vat liéu c6 tir tinh d& dang thu hdi bang nam cham vdi cau tric gan nhu khong ddi sau 3 lan sir
dung va dat hi¢u sudt xir 1y trén 60% ddi v6i dung dich MB ¢6 nong do 25 mg/L cho thy tinh kha thi
trong viéc ung dung xir Iy chat mau MB.
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CAMON
Xin cam on Khoa Cong nghé Hoéa hoc — Truong Pai hoc Cong nghiép TP HCM da tao diéu kién vé thiét
bi va co sd vat chat trong qua trinh thyc hién dé tai nghién clru nay.
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