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Tom tat. Vat lisu GO@MOF-5 tir tinh tdng hop biang phwong phép nhiét dung mdi tir axit terephtalic tai
sinh tir chai nhya thai PET da duoc dac trung br:ing cac phuong phap XRD, FTIR, EDX, TGA, SEM va
danh gia kha nang hap phu chat mau xanh methylene (MB) so véi vat liégu MOF-5. Céc tinh thé MOF-5
phét trién gitra cac 16p va trén bé mit GO tao vat liéu composite c6 ciu tric tinh thé cao véi cac peak nhiéu
xa dic trung cuia cac hop phan. Vat liéu tong hop c6 tir tinh dé dang thu hdi bang nam cham va rit ngan
mot nira thoi gian xir Iy chat mau so véi vat liéu MOF-5. D3 1am rd co ché hip phu MB véi tuong tac xép
chdng = - m va lién két hydro 1a chu dao trong khoang pH khao séat (pH = 2 — 10). Pa xac dinh dugc mo
hinh déng nhiét Freundlich thich hop dé mé ta két qua thuc nghiém va dung lugng hap phu cuc dai dat 400
mg/g, ting hon 30 14n so véi MOF-5. Két qua nghién ciru dong hoc hap phu dugc mé ta bang mé hinh dong
hoc bac 1, dong hoc bac 2, m6 hinh Elovich, mé hinh Bangham va da xac dinh dugc moé hinh dong hoc bac
2 1a ph hop nhit.

Tir khoa. axit terephtalic tai sinh, MOF-5, graphite oxit, xanh methylen, hap phu.

FACILE SYNTHESIS OF MAGNETIC ADSORBENT GO@MOF-5 AND ITS
APPLICATION FOR METHYLENE BLUE ADSORPTION

Abstract. Magnetic GO@MOF-5 material was synthesized by hydrothermal method from recycled
terephthalic acid from PET bottles. The material has been characterized by XRD, FTIR, EDX, TGA, SEM,
and evaluated for its ability to adsorb methylene blue (MB). MOF-5 crystals, growing between layers and
on the GO surface, produced a composite material with a highly crystalline structure with characteristic
diffraction peaks of the components. The novel material easy separated from the solid phase by magnet and
the adsorption time has been reduced by half. The MB adsorption mechanism has been clarified, that = - ©
stacking interaction and hydrogen bonding were dominant in the investigated pH range (pH = 2 — 10). The
adsorption isotherm data were fitted well to Freundlich isotherm and maximum adsorption capacity was
400 mg/g, 30 times higher than that of the MOF-5. Adsorption kinetic results were studied based on well-
known kinetic models: pseudo first-order, pseudo second-order, Elovich and Bangham models.
Keywords. recycled terephthalic acid, MOF-5, graphite oxide, methylene blue, adsorption.

1 MODAU

Vit liéu khung co kim (MOFs) ngoai viéc 6 thé thay doi dic tinh vé hinh dang va sy phan b kich thudc
16 x4p dua vao ban chat kim loai trung tdm, phdi tir cling nhu lién két giira ching [1], cac nha khoa hoc
cling hudng dén viéc bién tinh vat liéu dé ting hiéu qua sir dung. Viéc bién tinh vat lieu MOFs, tly vao
muc dich st dung, c6 thé thuc hién bang cach gin thém cac nhom hoat dong, thay déi phdi tir hitu co, hoic
tao composite vai vat lidu thich hop [2-5]. Cau tric vat ligu MOF thudng cd nhitng khoang trong hinh thanh
gilra céc tinh thé nano do lyc phan tan yéu cua chiing, tir @6 anh huéng dén viéc gii lai cdc phan tir nho
trong qua trinh hap phu [2,5,6]. Trong khi do, graphite oxit (GO) duoc cau tao tr cac 16p graphen xép chong
[én nhau, mong, d2 bi bién dang, chira nhiéu nhém chuc trén bé mit, c6 thé tang cuong kha nang phan tén
va thiic day su phét trién caa tinh thé MOF. Chinh vi ly do nay nén GO la mét dbi tugng 1y tuong duoc lua
chon dé tao comp05|te v6i cac vat licu khung co kim [6]. Hon nita, voi huéng Gng dung hap phu GO la
mét vat liéu c6 bé mat 16n nén s& khong chi dong vai tro la chat nén, ma con déng goép vao qué trinh hap
phu chung ciia vat ligu tong hop. Mot s6 tac gia da chimg minh bang cach két hop cac tinh niang cua hai vat
liéu ndy, da tranh dugc nhitng khoang tréng khéng mong muén giira cac tinh thé MOFs, cai thién dang ké
kha nang hap phu khi [3,4], chat mau [7-9] ma van duy tri dwoc d6 x6p cua vat liéu.
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MOF-5 la mét vat liéu khung co kim twong d6i dé tong hop tir ion Zn?* va ligand axit terephtalic (H.BDC).
Hién nay, ngoai linh vuc luu trit khi va xdc téc, mot sb tac giai da nghién ctu kha ning tng dung cua n6
trong xtr 1y nudce thai nhidm kim loai nang va cac hop chat hitu co [10-12]. Shuang Wang va cong su ciing
da két hop MOF-5 véi GO tao composite (ng dung trong xuc tac di thé [13]. Tuy nhién, viéc gan tur tinh
dé d& dang thu hoi sau mdi lan st dung, dic biét 1a trong xir Iy méi truong nude, ddi véi MOF-5 va
composite tao tir MOF-5 hién van chua c6 cong bd. Trén co sé d6, nhiém vu duoc dit ra trong nghién ctu
nay la téng hop vat liéu composite két hop giita GO, MOF-5 c6 gan oxit sat tir. Cang than thién hon véi
mai truong khi sir dung nguon nguyén ligu axit terephtalic dwoc téi sinh tir chai nhya thai PET. Vat liéu
tong hop s& duoc danh gia kha nang xtr ly chat mau MB va so sanh véi vat liéu MOF-5.

2 THUC NGHIEM

2.1 Hoa chat

Céc hoa chit st dung trong nghién cau bao gom: NaNOs, H,SOs, KMnOi, H:0, NaOH, HCI,
Dimethylformamide dam dac (DMF), FeCl,.4H,0, FeCls.6H20, Zn(CH3COO0),.H,O va xanh methylen
(MB) c6 ngudn gdc Trung Quéc; Dichloromethane (DCM) (Viét Nam) va chai nhua PET da qua sir dung.

2.2 Tai sinh axit terephtalic tir chai nhya PET

Axit terephtalic dwoc tai sinh tir chai nhya PET theo quy trinh di duoc cong bd tai [14]. Cu thé, cit nho
chai nhya PET da qua sir dung véi kich thuéc khoang 1 mm x 1 mm. Cho hén hop gdom NaOH c6 khi
lwgng mnaon, PET c6 khdi lugng mpet (sao cho ti 1€ nnaon & Nper =3 : 1) vao coe thuy tinh, thém 80 mL
nude, dun trén bép dién, khudy déu cho dén khi nhya dan phan hay, hn hop chuyén thanh chat 16ng mau
tring sita. Thém 200 mL nudc va khudy déu dé tach natri terephthalat khoi cac chat rin. Loc loai bo chit
ran, thu dung dich. Thém tir tir axit HCI dam dic vao dung dich sau loc dén khi xuat hién két tua tring va
dung dich c6 pH = 2. Loc tach két tia, thu dugc axit terephtalic mau trang, thém 500 mL nudc vao dé rira
két ta dén pH = 6 — 7. Két tua thu duoc dem sdy kho & nhiét d6 100°C dén khéi lugng khong ddi, thu dugc
axit terephtalic (H.BDC).

2.3 Téng hop GO

Graphite oxit dwoc tong hop theo phuong phap Hummers cai tién [15]. Theo phuong phap nay, lay 60 mL
H,S0, dam dic da dugc lam lanh trong bé nudc da, thém hdn hop gdm 1 g graphite va 0,5 g NaNOs, khudy
manh. Cho tir tir 3 g KMnO; vao binh phan tmg, gitr nhiét d6 khong qua 20 °C. Gia nhiét trong binh cach
thity 1én 35 °C rdi siéu &m trong 2 gio. Sau do, tiép tuc thém 3 g KMnO,, siéu am trong 4 gio ¢ 35 °C.
Thém 400 mL nudc cit, dé hdn hop vé nhiét d6 phong. Thém H20; 30 % dén khi hdn hop c6 mau vang.
Ly tam thu chét chat ran, rira chit rdn nhiéu lan béng dung dich HCI (1:10) dé loai bo cac ion kim loai va
béng nuée dé loai bd mudi con lai. Chén rin thu dugce dé kho trudce khi sir dung.

2.4 Tong hop Fe;0,

Han hop hai mudi FeCls.6H20 va FeCl,.4H,0 Vi ty 1é mol 2:1 hoa tan trong 100 mL nudc cét, dung dich
dugc khudy trén bép tir & 80°C trong 30 pht. Dung dung dich NaOH nho tir tir cho dén khi pH = 10, dé
yén trong 30 phut dé duy tri phan ng. Khi phan g xay ra hoan toan, thu cac hat két tua bang nam cham,
rara nhiéu 1an véi nudc va etanol dén pH = 6 — 7. Say khd san pham trong 8 gio' & 60°C thu dugc nano
Fes0..

2.5 Toéng hop MOF-5va GO@MOF-5@Fe;0,

Téng hgp MOF-5

Hon hop gém 4.53 g Zn(CH3C00),.2H,0 va 1.13 g H,BDC hoa tan trong 180 mL dung mdi DMF, khuay
dén khi tan hoa toan. Sau d6, cho hdn hop vao tu say, phan tng xay ra & nhiét d6 100°C trong 24 gio. Sau
khi duoc 1am ngudi dén nhiét d6 phong, dung méi sir dung trong qué trinh téng hop duoc hit ra, ngam ria
tinh thé thu duoc bang dung mdi DMF va DCM. MGi dung méi dugc ngam rira ba lan, méi lan 10 mL va
dugc ngdm trong 24 gio. Sau mdi lan ngam rira, dung méi duoc hit ra va thay bang dung mai khac.

Téng hgp GO@MOF-5@Fe;0,

Hdn hop gdm mudi Zn(CH3C00)2.2H,0 va H2BDC vai ti 18 thich hop duge khudy dén tan hoan toan trong
dung m6i DMF trong 30 phut. Thém FesO4, phan tan bang may siéu 4m trong 3 gio. Cho GO, tiép tuc danh
siéu 4m trong 8 gid. HAn hop phan tmg duoc sdy & 100 °C trong 24 gidr. Cac budc tiép theo thyuc hién twong
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tu nhu tong hgp MOF-5. Lugng tac chat dugc lay voi cac ti 16 khac nhau nhu trong Bang 1 dé tir d6 lya
chon vt liéu t6i vu co tir tinh ma van dam bao dugc cau trac cua vat liéu khung co kim ban dau.

Bang 1: Khéi luogng cac hoa chat hoa chat can thiét trong tong hop vat liéu

o Khoi lrgng (g)
Vit liéu
T GO Zn(CH3C0O0)2.2H,0 FesOs H,BDC
MOF-5 0 4,53 0 1.13
GO@MOF-5@Fe:0s (1) | 1.30 453 0.65 113
GO@MOF-5@Fe304(2) 1.94 3.89 0.65 0.97
GO@MOF-5@Fe304(3) 2.60 3.24 0.65 0.81

2.6 Dac trung vat liéu

Dé xac dinh thanh phan pha va cu trdc cuaa vat liéu, cac mau téng hop dugc phan tich trén may do nhidu
xa shimadzu 6100 (Japan) véi birc xa CuKa & budc song = 1.5417 A, 40 kV, dong dién 30 mA; goc quét
10 dén 80°; téc d6 quét 5.000°/phit. Kinh hién vi dién tir quét HITACHI FE-SEM S4800 véi gia toc dién
&p 3.0-10.0 kV duoc sir dung dé xac dinh hinh thai, kich thudc hat, phan tich thanh phan nguyén té (EDX)
ctia cAc vat ligu. Sy hién dién cia cac nhém chuc trong vat liéu dugc danh gia bang phuong phap quang
phd hong ngoai bién d6i Fourier (FTIR) véi s6 song dao dong trong khoang tir 4000 dén 600 cm™ trén may
FTIR Cary 630, Agilent (Malaysia). Vat li¢u con dugc phan tich nhiét trén LabSys Evo TG-DSC 1600,
SETARAM (Phép) véi tde do gia nhiét 10°C/1 phat trong méi trudng nito tir nhiét do phong dén 800°C.
Diém dién tich khong (pHpzc) cua vat liéu duoc x4c dinh bang cach cho 0.1 g vat liéu vao 50 mL dung dich
0.01 mol/L NaCl di dugc diéu chinh pHean aiu = 2; 4; 6; 8; 10; 12 bang dung dich NaOH 0.1 M hoic HCI
0.1 M. Hon hop dugc lic lién tyuc trong 24h. Sau d6 do pHk ige cua dung dich. V& db thi biéu dién su phu
thudc ctia hidu s6 ApH = pHpan diu — PHié thie th€0 pHpan diu. Diém cit truc hoanh d6 13 pHyzc [14].

2.7 HAap phu MB trén GO@MOF-5@Fe;0,

Céc thi nghiém hip phu MB trén GO@MOF-5@Fes0, dugc thuc hién bang cach ldy 0,1 g vat liéu cho vao
100 mL dung dich chat mau c6 ndng d6 xac dinh. Chinh pH néu can. Hon hop duoc lac lién tuc trén may
Iic trong thoi gian x4c dinh. Sau do, ling vat liéu bang nam cham va xac dinh nong d6 dung dich MB con
lai bang cach do quang trén may quang phd UV-VIS. D6 hip phu q (mg/g) va hiéu suit xir ly chit mau R
(%) duoc tinh theo cbng thirc:

(CO_Ce) 14

q=—" 1)
R (%) = % 100 )

Trong d6, Co va Ce la nong d6 MB ban dau va ¢ thoi diém t, mg/L; V la thé tich cia dung dich chat mau,
L; m la khoi lwgng vat liéu, g.

3 KET QUA VA THAO LUAN

3.1 Pac trung vit liéu

Phé XRD cuia composite véi cAc ti 1é dugc khao sat déu cd cac peak dic trung cia MOF-5 [10-12,16] (Hinh
1a). Tuy nhién cac peak nay c6 cudng do giam dan véi viée taing ham lugng GO trong mau. Bong thoi ciing
c6 su gian rong ddi véi hau hét cac dinh va dich chuyén nhe & vi tri mot s6 peak dic trung caa MOF-5. Két
qua ghi nhan bai céc tac gia cho thay mirc d6 anh huong cia GO dén phé XRD cua vat liéu MOF-5 trong
composite phu thudc vao ham luong caa nd. V6i ham lugng GO thap (< 7%), céc peak dac trung cia MOF-
5 khong bi anh huong [13], trong khi véi cAc ti I¢ GO tir 10 dén 20%, mot s6 peak trong composite gan nhu
bi tach ra va didu ndy cang rd hon khi ting ham lwong GO trong composite [6]. Ciing theo xu huéng dé
nén véi ham luong GO duoc khao sat trong bai tuong déi 16n (ang voi ti 18 GO:MOF-5 14 1:5; 2:5; 3:5),
viéc gian rong peak va dich chuyén nhe vi tri cia mot s6 peak ciing 1a diéu c6 thé du doan. Déng thoi, dinh
tai goc nhidu xa 24.6 ciing 14 peak dic trung dbi véi MOF-5 [17] c¢6 cuong do taing manh sau khi két hop
GO va oxit sit tir. Piéu nay duoc giai thich do su bién dang dbi xung hinh khéi caa MOF-5 va sy bién dang
cang Ién khi ham lwong GO cang ting. Goc nhiéu xa ciia GO tai 10.1 [15] ciing la mot nguyén nhén lam
cho peak tai vi tri nay cua vat liu composite bi gian rong va bi léch nhe so vai MOF-5. Sy c6 mat cua
Fes04 thé hién rd bai cac peak dic trung cua oxit sit tir & cac goc nhidu xa khoang 30; 35 va 45. Nhu vay,
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két qua phan tich XRD cho thiy cac miu composite khao sat dwoc tao thanh tir cac hop phan GO, MOF-5
va Fe30,. Tuy nhién mau thtr nhat cho cac peak c6 cudng d6 manh, tin hiéu cac hop phan rd nhat va bi hat
manh bai nam cham (Hinh 2), s& dugc lya chon dé thyc hién cac khao sét tiép theo. Bé don gian, trong noi
dung con lai, vat li¢u nay dugc ky hi¢u Ia GO@MOF-5@Fe30..

GO@MOF-5@Fe;0, (3)
GO@MOF-5@Fe,0, (2) 041
¢ ! pHZC=55 i/i\
£ 0.2 —
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Hinh 1. Phé XRD cua composite va cac thanh phan (a) va Két qua xac dinh pHp,c ctia composite (b)

GO@MOF-5@Fe3z04

Hinh 2. Két qua phan tich SEM va hinh anh vat liéu bi hit bsi nam cham
Hinh théai bé mit cua Fes0., GO, MOF-5 va GO@MOF-5@Fes0, dugc dic trung boi két qua SEM (Hinh
2). Céc hat oxit sét tir c6 dang hinh cau va kich thudc trung binh 20-30 nm. GO tao thanh tir nhitng mang
vay lén, mong, lwon song va c6 nhiéu nép nhin xép chdng 1én nhau, twong tu két qua tai [18]. Vat liéu
composite ¢ dang hinh khéi khong xéac dinh, cAc hat tinh thé nho MOF-5 phan bb rai réc trén nén GO.
Trong vat liéu composite, cac tinh thé MOF-5 hinh thanh va phét trién trén bé mat 16p GO théng qua lién
két voi nhom epoxy va trén canh cua tim GO théng qua nhém cacboxylic véi cac cum oxit kém [6]. Lién
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két hydro gitra cac nguyén ta hydro trong nhém hydroxyl trén GO va cac nguyén tir oxy trong tir dién ZnOs
cang lam ting mirc do tuong tac gitra cac 1op GO va tinh thé MOF-5 [6,19]. Céc Iép GO da gin MOF-5
nay tiép tuc két tu thanh cac tim GO xép chong Ién nhau béi luc phan tan. Két qua trong vat liéu cudi cuing,
GO van giir cau trdc mang 16p ciia minh, trong khi d6 cac tinh thé MOF-5 nam xen giira cac 16p hoac két
tinh trén bé mat GO. Tuy nhién, so véi hinh cubic dic trung, cac tinh thé MOF-5 trén nén GO ¢6 dang hinh
bat ddi xang hoidc céc tiéu cau kém sic canh. Didu ndy cac tac gia ciing da ghi nhan ddi vai vat liéu
GO@MOF-5 tham chi voi GO c6 ham luong thap hon (10-20%) va duoc giai thich do GO can thiép vao
md hinh két tinh cuia MOF-5 [6].

600 1600
GO@MOF-5@Fe,0,
Zn MOF-5 1400 + 3 .
. . Zn Nguyén to Thanh phan nguyén tir (%)
Nguyén to Thanh phan nguyén tir (%) 1200 + C 54.45
400 C 54.10 - 0} 33.75
s o} 36.01 fn 1000 - Zn 8.20
2 0 Zn 9.89 £ Fe 3.50
£ £ 800
O Q
ife E
200 600 e
400 | |- Zn
Zn 200
Fe Zn
0 — . 1 0
0 2 4 6 8 10 0 2 4 6 8 10
keV keV

Hinh 3. Két qua phan tich EDX dbi véi MOF-5 va GO@MOF-5@Fe304

Két qua phan tich EDX cho thay, so véi MOF 5, thanh phan nguyén t6 GO@MOF-5@Fe;0, ngoai C, O,
Zn con c6 mot lwong Fe tir oxit sit tir (Hinh 3). Viéc khdng c6 nguyén t6 la xuat hién trén két qua EDX cua
GO@MOF-5@Fe;04 mot lan nira khang dinh rang vat liéu tong hop duoc khdng chira tap chat.

Pho FTIR ciia GO ¢6 céc ving hap thu dic trung tuong ty c&c tai liéu [18,20,21], ching to trén bé mat c6
chtra nhidu nhdm chirc chira oxy. Vang hap thu tai 3390 cm™ dic trung cho dao dong kéo dai trong nhém
O-H. Pinh tai 1735 cm™ dic trung cho dao dong lién két O-H va C = O trong cac nhom carbonyl va
carboxylic; tai 1059 cm™ va 1385 cm™ dic trung cho C — O trong cac nhém carboxylic va hydroxyl. Cuc
dai tai 1387 cm* ciing dwoc ghi nhan phu hop véi dao dong bién dang lién két O-H trong nhém C-OH
[18,20]. Ngoai ra con ghi nhan dinh hip thu tai 1230 cm* dic trung cho dao dong kéo dai cua lién két C-O
trong nhém epoxy [18,21].

Trén phd IR cia MOF-5, viing hap thu rong tai 1659 cm dic trung cho dao dong kéo dai cua lién két C=0
trong nhém cacbonyl. Peak rong va manh tai 1575 cm™ c6 thé géan cho dao dong C-C trong vong thom va
cling mot phan dong gop cua dao dong bién dang dbi xung cua CHs trong phan tir DMF [11,22]. Ngoai ra,
peak tai 1575 cm* va 1364 cm'® ¢6 thé dic trung cho dao dong kéo dai bat d6i xang ciia nhém C-O lién két
truc tiép v6i Zn trong nhoém cachoxylat ndi véi vong benzene [11]. Cac peak nhé xuit hién trong ving sé
s6ng 1146-889 cm™ c6 thé dic trung cho dao dong ddi xtng, bat dbi xiing cua dao dong nhém O-C=0 va
dao dong kéo dai cua lién két C-O. Cac peak trong ving 889-660 cm™ dic trung cho dao dong udn vong
trong va ngoai mat phang ciia vong thom [11,21,22].

So sanh pho FTIR cia vat liégu composite véi cac hop phan cho thay sy twong dong vei phd cua MOF-5
(Hinh 4). Tuy nhién, co thé nhan thay mot s thay doi dugc gay ra boi su hién dién cua GO trong composite.
Cu thé, mot s6 cuc dai hap thu c6 peak gian rong hoac bi dich chuyén nhe vé phia gan véi s6 song cua peak
dic trung GO, nhu cac peak hap phu dic trung cho nhém C=0, C-O tai 1664, 1388, hay peak rong tai 1018
cm™. Piéu nay c6 thé giai thich do: 1) xen phu gitta cac peak gén nhau cta hai thanh phan tao composite la
MOF-5 va GO; 2) viéc tao lién két giira GO va MOF-5, cu thé la thong cac oxy trong cac nhom epoxy,
cachoxyl va cacboxylic cua GO voi cum oxit kem, cling mot phan lam dich chuyén peak hip thu cua cac
nhom chirc chira oxy nay vé phia s6 s6ng ngin hon. Ngoai ra, peak dic trung cho lién két C=C c6 cudng
d6 giam manh va gan nhu bién mét khi di vao trong thanh phan cua composite. Két qua twong tu ciing duoc
ghi nhan bai [20,23].
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TGA cung cap théng tin hitu ich cho kha niang chiu nhiét cua vat lidu. Két qua phan tich TGA cua vat liu
g6c MOF-5 va composite duoc hién thi trong Hinh 5. Puong TG caa mau MOF-5 goc va composite ¢o
dang nhu nhau véi 4 giai doan giam khdi lwong. Giai doan 1 twong &ng Vai sy bay hoi nuéc hap phuy trong
vat liéu lan luot chiém 4.58 va 5.34 % d6i véi MOF-5 va composite. Sy ¢6 mit cia GO véi bé mat wa nude
khién cho khéi lwong giam manh hon trong giai doan nay, dac biét 13 ¢ nhiét ¢6 khoang 100 °C [20]. Giai
doan 2, khdi lugng MOF-5 giam tuong (ng vai viéc loai bo nuéc lién két va cac phan tir DMF tir bén trong
cac mao quan chiém 11,53 %. Trong giai doan nay ghi nhan su chénh léch manh vé d6 giam khéi luong
cua vat liéu composite (chiém 26,86%) so voi MOF-5, c6 thé giai thich do sy phan hay cac nhém chic
chta oxy trong GO. Diéu nay ciing duoc cc tac gia ghi nhan xung quanh nhiét do 170 °C [7]. Giai doan
tiép theo véi do giam khéi luong twong duong gitra hai vat liéu do qua trinh bay hoi mét phan H,BDC, chit
nay 6n dinh nhiét ¢ trang thai ran dén 322 °C [24]. Cudi cing la qua trinh phan huy, dét chay phan hitu co
BDC trong ciu trdc vat liéu chiém 30,06% val1,45% lan lugt d6i véi MOF-5 va composite.

Nhu véy, viéc tao composite cd tir tinh khong thay ddi cac giai doan giam khdi luong cua vat liéu va dang
duong cong TGA, nhung c6 thé nhan thiy rang d6 thi dbi voi composite bi dich chuyén vé phia nhiét do
thap hon so véi vat liéu gbc, dac biét cang rd ddi vai viing nhiét do cao. Didu nay co thé do su kém bén
nhiét cua GO va phan huy cac nhom chic chira oxy trong GO ¢ nhiét d6 khoang 170 °C, lam pha v& cau
ndi gitra cac thanh phan trong vt ligu composite. Két qua tuong ty két qua ghi nhan tai [20]. Tuy do ben
nhiét c6 giam so véi vat liéu géc nhung véi kha nang bén nhiét dén 380 °C, vat liéu van dép wng yéu cau
trong cac tng dung nhu hap phu, xc tac, .

Ngoai ra, viéc khao sat diém dién tich khéng cho biét thém thdng tin vé diu caa dién tich trén bé mat vat
liéu trong cac méi truong pH khac nhau. Véi két qua thu duoc (Hinh 1b), dién tich trén bé mat vat liéu hap
phu s& thay ddi tir dwong dén am khi ting pH cta méi truong tiép xac. Diém cit truc hoanh trén do thi
tuong @ng V6i pHpzc = 5.5, tai d6 dién tich bé mat bang khong.

3.2 Panh gia kha niing hip phu va cac yéu t6 anh huwéng

Anh hwéng cia thoi gian

Két qua khao sat anh huong cua thoi gian cho thiy qué trinh hip phu trén vt liéu composite xay ra nhanh,
dat can bang sau 30 pht (Hinh 6a). D6i véi ca ba nong do khao sat, hi¢u suat hip phu déu dat trén 70%
sau 5 phut tiép xtc. Trong khi d6i vai vat lieu MOF-5, qua trinh hap phu dién ra cham va can thoi gian gap
doi dé dat can bang (Hlnh 6b). Ket qua nay cho thay viéc tao vat liéu tong hop lam tang kha nang tiép can
V6i cac phan tir chit mau, rat ngan thoi gian hap phu. Bé dam bao qué trinh hip phu tir dung dich MB ¢6
nong d6 16n xay xa hoan toan, cac thi nghiém tiép theo s& dugc thuc hién trong thoi gian 40 phdt.
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Hinh 6. Anh huéng cua thai gian tiép xac dén kha nang hap phu MB trén GO@MOF-5@Fe304 (a) va MOF-5 (b)

Anh hwéng ciaa pH

Két qua khao sat trén vat ligu composite doi véi cac moi truong pH trong khoang 2-10, voi ba nong d6 10;
20 va 50 mg/L cho thay pH gan nhu khong anh huong dén kha ning hap phu (Hinh 7). Sy thay d6i ghi nhan
V6i pH>6, tuy nhién do hap phu tang chi khoang 10% so v&i cac pH trude do. Dé thuan tién trong sir dung

thuc té va than thién véi méi truong, pH trung tinh s& duoc lua chon dé thuc hién céc thi nghiém sau.
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Anh hwéng cia nong do ban dau

Két qua nghién ciru anh hudng ciia nong do chat mau thyc hién ¢ méi treong trung tinh cho thay hiéu qua
xu 1y r6 rét cua vat liéu composite so véi MOF-5 (Hinh 8). Véi cac nong d6 dusi 100 mg/L, hi¢u Suat xu
Iy chat mau cua vat lidu tong hop dat trén 97%. Sau do, viéc tlep tuc tang nong do lam giam dan hi¢u suat
xir ly chat mau MB va chi con hon 40% khi Co = 1000 mg/L. Diéu ndy c6 thé giai thich riang khi ndng do
ban dau cang cao, véi cting khdi lwong vat liéu ban dau, hau hét cac tam hap phu bi chiém boi cation MB,
két qua 1am giam hiéu suat xur ly. Két qua tuong tu ciing dwoc ghi nhan bai mét s6 tac gia khi nghién ciu
{rng dung ctia composite gitta vat liéu khung co kim va GO trong xtr ly chat mau [8,9,25].

Co ché hap phu

Vit liéu téng hop GO@MOF tir tinh vai cau trdc xép chong cua cac 16p GO két hop cac tinh thé MOF va
hat oxit sat tir nén bé mat c6 tinh chit di thé chira c4c nhém chirc twong tw mot sb vat liéu [26-29], dam bao
c6 thé tao lién két voi chit mau thong qua ba tuong tac: twong tac tinh dién, xép chong m -  va tuong tic
ki nu6e. Trong d6 twong tac tinh dién phu thudc nhidu vao méi truong pH thuc hién hap phu vi né quyét
dinh trang thai ion ctia chat bi hap phy, anh huéng dén dién tich bé mat chat hip phu do qué trinh proton
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hoa hozc khir proton hda cac nhém chirc trén bé mat. Tuong tac xép chong 7 - m va ki nudc ¢6 thé xay ra &
moi gia tri pH.

Céc nhom chuc chira oxy trén bé mat hop phan GO nhu epoxy va hydroxyl ¢6 ai luc manh véi cac phan tir
tich dién duong do tuong tac tinh dién [30]. Cac nhom carboxyl trén bé mat MOF-5 va GO dé bi khir proton,
lam ting cuong kha nang hap phuy theo co ché twong tac tinh dién khi pH > pHype. Tuong tac xép chong m -
7 hinh thanh do sy Xen pht dam may electron gitra cac vong benzen cua MB va vat liéu. Ngoai ra con ¢
lién két hydro giita nhém —N(CHs), cua MB v6i nhom hydroxyl va OH trong nhém cachoxylic cua vat ligu.
MB véi gia tri pKa = 3.8 MB ton tai chii yéu ¢ dang cation khi pH > 3.8, trong khi vat liéu v6i pHzpe = 5.5
(Hinh 1b) nén bé mat s€ tich dién am khi pH > 5.5. Diéu nay co nghia, voi pH < 3.8 tuong tac gitra chat
mau va vat liéu cha yéu 1a tuong tac hydro va xép chdng « - ; khi 3.8 < pH < 5.5 xuat hién thém twong tac
tinh dién gitra c&c cation MB vai cac nhom epoxy va hydroxyl trén vat liéu; va khi pH > 5.5 tuong tac tinh
dién duoc ting cudng nhd su xut hién cac nhém cacboxylic trén MOF-5 da bi khir proton. Nhu vay cing
Vi chiéu ting pH, loai twong tac giira MB va vt liéu cang da dang hon, diéu nay c6 thé giai thich d6 hap
phu tang dan theo pH (Hinh 7). Tuy nhién dnh huéng cua moi truong pH dén kha ning hap phu cua vat ligu
khong dang ké, cu thé & pH>6, @ hap phu ting khoang 10% so véi cac pH trude do. Do do, twong tac dong
vai tro chi dao trong quéa trinh hap phu MB trén GO@MOF-5@Fes0; la tuong tac xep chdng 7 - 7 va lién
két hydro. Két qua tuong tu ciing dugc ghi nhan boi mot sb tac gia khi nghién ciru hap phu MB trén GO,
cacbon hoat tinh [31], malachite green trén PMMA/GO-Fe3;04 va PMMA/GO [32] va MB trén GO [33].

3.3 Pong hoc hip phu MB

Dé hiéu dong hoc cua qué trinh hip phu xanh methylen trén cac vat liéu tong hop, két qua khao sat anh
huéng cua thoi gian duoc md ta theo bén mé hinh dong hoc, gom kha kién bac 1, kha kién bac 2, Elovich
va Bangham [34], sir dung céc dang phi tuyén tuong tng véi cac phuong trinh sau:

qr = g.(1 —e™1t) ?)
_ kpqdt

qe = 1+kyqet (4)

qe = 5In (1 + apt) (5)

qe = kpt®B (6)

Trong do: qe (Mg/g) va g (mg/g) 14 do hap phu can bang va ¢ thoi diém t; ki (phit™) 1a hang s6 toc do kha
kién bac 1; k, (g/mg.pht) 1a hang sb téc o kha kién bac 2; o 1a hang sé hap phu hda hoc; p 14 hang s téc
d6 giai hip; va ke va ag la nhitng hang s6 Bangham.

Két qua xir 1y theo ciac mo hinh dong hoc duoc trinh bay trong Hinh 6 va Bang 2 cho thay dong hoc hap
phu MB trén hai vat liéu c6 sy tuong ddng. Hé sé hoi quy R? duoc st dung dé danh gia murc do twong thich
ctia cac md hinh vai két qua thyc nghiém. Két qua cho thay, trong bén mé hinh, mé hinh dong hoc kha kién
bac 2 tuong thich tot voi R? cao nhat ddi voi tat ca cac ndng do khao sat (R? > 0,998). Hon nita, ddi voi ca
hai vat liéu, gia tri geca (Bang 2) ciing gan voi do hap phu thu duoc bang thuc nghiém. Theo mé hinh nay,
hang s téc do k. giam dan khi ting nong d6 ban dau, ddng nghia véi viéc ndng do caa chit bi hap phu
cang cao, thoi gian can thiét dé dat dén trang thai can bang cang lon.

Bang 2: Cac thong s6 dong hoc hap phu MB trén GO@MOF-5@Fes04 va MOF-5

GO@MOF-5@Fe304 MOF-5
Mo hinh 10 mg/L | 25 mg/L | 50 mg/L | 5 mg/L mlgch mZgC;L
Pong hoc Qe,cal (mg,/g) 9.65 23.77 47.51 2.74 3.37 4.73
bac 1 ki (1/phat) 0.278 0.274 0.214 0.053 0.057 0.059
) R? 0.902 0.996 0.994 0.986 0.967 0.989
Pong hoc Qe.cal (MY/Q) 10.25 25.24 51.52 3.36 4.05 571
bac 2. k2 (g/[mg.phut]) 0.054 0.021 0.007 0.173 0.016 0.012
’ R? 0.999 0.999 0.998 0.99 0.973 0.998
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Be (9/mg) 0.765 0.447 0.165 1.242 1.08 0.768

Elovich ae (mg/[g.phut]) 66.25 2832.61 | 460.01 0.33 0.50 0.72
R? 0.902 0.991 0.987 0.986 0.969 0.993

ke (mL/[g.LY]) 5471 16.93 29.57 0.608 0.836 1.187

Bangham VE 0.162 0.096 0.132 0.354 0.329 0.329
R? 0.985 0.989 0.983 0.972 0.956 0.977

3.5. Pang nhiét hiap phu

Két qua nghién ciru dang nhiét hap phu MB trén vat ligu composite dugc mo ta bang bon md hinh, gom
Freundlich, Langmui, Temkin va Dubinin-Radushkevich, phuong trinh ctia ching lan luot 14 [21,22,31,32]:

Ge = KpC" (7)
qmKLCe
de = Tix,c. (8)
RT
e = b_Teln(KTeCe) (9)
(RT*In (1+2))?
e = qpr * €Xp (Tce) (10)

Trong do, qe (mg/g) la do haip phu; gm (mg/g) 1a d6 hap phu cuc dai; Ce (mg/L) 1a nong do can bing cua
chat mau; R 1a hang s6 khi (8.314 kd.mol?), T 1a nhiét do tuyét doi (K); Kevan la hang s6 trong phuong
trinh Freundlich dic trung cho ban chét cua chat hap phu va chat bi hap phy; Ki (L/mg) la hang s6 can bang
hap phu Langmuir lién quan dén nang lugng hap phu; Kre (L.mg™) la hang sb Temkin, bre biéu thi nhiét
hip phu; qor va Bor 12 cac hing sb trong phuong trinh Dubinin-Radushkevich lan luot ¢6 cac don vi mg.g
1 va mol2.KJ2

Bang 3: C4c thdng sb dang nhiét hap phu MB trén

GO@MOF-5@Fe;0, 4007
M6 hinh DPai lwgng Giatri .
Kr, 304 0 L.ezmTTTT
. (mg.gH)(L.mgH)¥n 18.854 AT T
Freundlich n 2155 5. | o
R? 0.979 £ K / * Két qua thuc nghiém
- c —— Freundlich
Qm, Mmg.g* 569.91 - - Langmuir
Langmuir K., L.mg*! 0.003 100 1 —-~ Temkin
R? 0.951 --- Dubinin-Radushkevich
bre, J.mol? 70.000 of 1
Temkin Kre, L.g* 4.359 - - - - - . . .
> 0 100 200 300 400 500 600 700
R 0.830 . (o)
-1
Dubinin- BqDR’ m?zl?(‘]-z 31284603255 Hinh 9. Puong dang nhiét hap phu MB trén composite
Radushkevich DR, 'TF';; : ; 571

Két qua mo ta s liéu thuc nghiém theo cac mé hinh dang nhiét dwoc thé hién trong Hinh 9 va Bang 3. So
v6i cac mo hinh con lai, md hinh dang Freundlich cho hé sé twong quan cao hon nén thich hop dé mo ta
két qua thuc nghiém. Kha niang hap phu duoc phan anh qua gia tri ciia hé s6 Kr trong md hinh Freundlich
va dat 18.854 (mg.g')(L.mg)¥". Gia tri n 1a chi s lién quan dén cuong d6 hap phu, véi gia tri thu duoc n
= 2.115 (tirc n>2) chung to cac diéu kién hip phu pht hop [30]. Su twong thich tét cua két qua thuc nghiém
v6i md hinh Freundlich chiing to bé mat vat lidu 6 tinh chat di thé, hoan toan phu hop véi mot vat liéu lai.
Composite GO@MOF-5@Fes04 két hop gitra vat ligu khung co kim tir nguon nguyén ligu tai ché nhung
c6 kha nang hip phu thip, voi GO c6 bé mit 16n gin tir tinh gidp cho vat liéu khdng nhirng d& thu hdi sau
mdi lan str dung ma con cai thién dang ké kha ning hap phu. Cu thé, do hap phu cuc dai cua vat liéu
composite va MOF-5 dugc tong hop theo quy trinh nay lan luot dat 400 mg/g va 12 mg/g (Hinh 8).
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Dé khang dinh tinh hiéu qua trong (g dung xir Iy chat mau, ¢ thé so sanh véi két qua nghién ciru caa mot
s6 tAc gia nhu Bang 4. Kha nang hap phu cua vat ligu nghién ciu tuy khong thé so sanh véi GO nguyén
chat [30] hay GO/MIL-100(Fe) [8], nhung cao hon rat nhiéu cé véi mot sb vat ligu co sir dung GO lam chét
nén nhu CS/Fes04/GO, HKUST-1/GO, magnetic chitosan/GO, hay Fes0./CoBTC@GO,
Fes;04/NiIBTC@GO (Bang 4).

Bang 4: So sanh d6 hap phu cuc dai cia mot s6 vat lidu dbi v6i chit mau MB

Chit hap phu Do hap phu cue dai Trich dan
(mg/g)
25% GO/MIL-100(Fe) 862 [8]
GO 715 [30]
UiO-66/MIL-101(Fe)-GOCOOH 448.71 [35]
GO@MOF-5@Fes04 400 Bai nay
GO-Fes;04 190.14 [36]
HKUST-1/GO 183.49 [37]
magnetic chitosan/GO 180.83 [38]
Fes;04/CoBTC@GO 65.78 [9]
Fes04/NIiBTC@GO 70.72
Cellulose/GO 70.03 [39]
CS/Fes04/GO 30.1 [23]

4 KET LUAN

D3 tong hop thanh cong vat litu GO@MOF-5@Fes0, trén nén GO va axit terephtalic tai sinh tir chai nhya
thai PET két hop véi oxit sat tir. Vat liéu composite c6 déy du céac dic trung cua cac hop phan va c6 do bén
nhiét théa man yéu cau diéu kién st dung thuc té. Véi cau trac lop cua GO két hop cdc tinh thé MOF-5
phén b gura cac 16p va trén bé mat vat liéu 1am ting kha nang tiép can ciia C4c phan tir chat mau, gidp rat
ngan thoi gian hap phu. Qua trinh hip phy MB trén GO@MOF-5@Fe30; tuan theo md hinh dong hoc bac
hai va mé hinh ding nhiét Freundlich. Do hap phu cuc dai dbi v6i chat mau MB dat 400 mg/ g, tang hon 30
lan so v6i vat liéu MOF-5. Véi tuong tac xeép chong - m va lién két hydro 1a cha dao, pH gén nhu khong
anh huong dén kha nang hap phuy, dong thoi vat lidu c6 tir tinh dé dang thu hdi sau mdi 1an st dung nén rat
thuan lgi cho qué trinh tmg dung thyc tién.

)C(iﬁl?:/[én?lcjn Khoa Cong ngh¢ Héa hoc — Truong Pai hoc Cong nghiép TP HCM da tao diéu kién vé thiét
bi va co s¢ vat chat trong qua trinh thuc hién de tai nghién cau nay.
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