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SYNTHESIS AND EVALUATION OF RHODAMINE B ADSORPTION CAPACITY
OF ALUMINUM TEREPHTHALATE METAL-ORGANIC FRAMEWORK MATERIAL
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In this paper, aluminum terephthalate metal-organic framework material,
also known as MIL-53(Al), was synthesized with solvothermal method and
employed as an adsorbent for the removal of rhodamine B from aqueous
solution. The influence of as-synthesized MIL-53(Al) treated temperature to
remove unreacted terephthalic acid molecules was investigated. The material
was characterized by using X-ray diffraction, thermogravimetry analysis,
Fourier-transform infrared spectroscopy, scanning electron microscopy, and
nitrogen adsorption-desorption isotherms. The results show that as-
synthesized MIL-53(Al) comprises the shape of rice grains with a length of
about 0.3 pm and exhibits a large specific surface area (1028.3 m?/g).
Calcination to remove remaining terephthalic acid molecules in the
framework increases the crystallinity, but significantly reduces the specific
surface area of the material. The metal-organic framework structure still
persists in a treated temperature of 450 °C. The adsorption capacity of MIL-
53(Al) to remove rhodamine B from aqueous solution was also evaluated via
Freundlich and Langmuir isotherm models. The Freundlich model showed
better fit to the adsorption data than the Langmuir model. The maximum
adsorption capacity determined by the Langmuir model is 17.04 mg/g.
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Trong bai bdo nay, vat liéu khung hiru co-kim loai nhom terephthalate, con
goi 1a MIL-53(Al), di dugc téng hop bing phuong phap nhiét dung méi va
duoc sir dung 1am chat hap phu dé loai bo rhodamine B trong dung dich
nudc. Anh huong cta nhiét d6 xa Iy vat liéu dé loai bo cac phan tu
terephthalic acid khong tham gia phan ung da duoc khao sat. Vat liéu dugc
dic trung bang cach sir dung phuong phap nhiéu Xa tia X, phan tich nhiét
trong luong, phd hong ngoai bién d6i Fourier, hién vi dién tir quét va ding
nhiét hap phu-khir hip phu nitrogen. Két qua cho thay rang MIL-53(Al) méi
tong hop ¢ hinh dang hat gao véi chiéu dai khoang 0,3 pm va dién tich bé
mat riéng 1on (1028,3 m?/g). Viéc nung dé loai bo cac phan tir terephthalic
acid con mic et lai trong khung mang lam ting dé tinh thé, nhung lai lam
giam dang ké dién tich bé mat riéng cua vat liéu. Céu trac khung hiru co-kim
loai van duy tri & nhiét do xir 1y tai 450 °C. Kha nang hap phu dé loai bo
rhodamine B trong dung dich nuéc cua MIL-53(Al) cing dugc danh gia
thong qua md hinh ding nhiét Freundlich va Langmuir. M6 hinh Freundlich
biéu hién sy twong thich véi dir liéu hip phu hon mé hinh Langmuir. Dung
luong hap phu cuc dai xac dinh theo mo hinh Langmuir 1a 17,04 mg/g.
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1. Gioi thigu

Gan déy, vat liéu khung hiru co-kim loai (metal-organic frameworks, MOFs) dugc nhiéu nha
khoa hoc quan tam. MOFs la cac nano ran x0p duogc tao ra tir cac ion kim loai (hodc cac trung
tam lai v6 co) lién két voi cac cau ndi hiru co (organic linker), cac cau ndi nay 16n hon nhiéu so
v6i cau nbi oxy trong cac chat rin vo co xop, nhu cac zeolite. Do d6, MOFs ¢6 kich thuéc mao
quéan 16n (tir 0,3 dén 3,5 nm), dién tich bé mat cao (tir 100 dén 6000 m?/g) va khoi luong riéng
thip hon (tir 1,00 dén 0,20 cm®/g) so véi cac vat lidu vo co xdp [1]. Trong sb cac MOFs, MIL-
53(M") (MIL: Materials of Institute Lavoisier; M"' = Fe, Al, Cr, Sc, Ga, In,...) c6 cong thirc
M"(OH)-(0,C-CsH,—CO,)-H,0, c6 tinh linh hoat héa hoc 16n, do bén hoa hoc va do bén nhiét
cao [2] — [4]. MIL-53(Al) 1a mdt trong cac MIL duoc quan tim nhét vi hiéu Gng “hit tho”
(breathing) [5], va dugc khao sat rong rai trong linh vuc phan tach va luu trir khi [6], [7]. Dung
luong luu trir hydrogen ctia MIL-53(Al) c6 thé dat dén 3,8% trong luong [3], két qua vuot troi
nay c6 thé 1a do su khoi phuc lai cdu trac ban dau ngay 1ap tirc sau khi dun noéng. Pic biét, MIL-
53(Al) con c6 tiém ning trong linh vuc thu hdi, ciing nhu tach khi CO, [6], [8], mot loai khi gay
6 nhiém méi truong trong mot s nganh cong nghiép. Ngoai ra, MIL-53 con c6 kha nang tng
dung trong linh vuc xuc tac va hap phu [2], [4], [9]. Tuy nhién, 5O luong cong trinh cong bd vé
vige img dung vat liéu MIL-53(Al) trong linh vyuc hap phu dé xir Iy thuéc nhudém trong dung dich
nude van chua nhiéu.

Trong qua trinh téng hop MIL-53(Al), cac cau ndi hiru co (phan tir terephthalic acid) khong
tham gia phan tng thuong bi mac ket lai bén trong vét li€u lam bit cac mao quén cua cau tric vét
liéu. Do d6, MIL-53(Al) méi téng hop thudong duge xur Iy bang cach nung trong khoang nhiét do
tir 275 dén 420 °C dé tao ra khung mang mé véi cdu tric nano xop dugc goi la MIL-53 ht (Al)
[5]. Trong nghién ctru nay, vat liéu MIL-53(Al) duoc tong hop bang phuong phép nhiét dung
moi. Nhi¢t d6 nung dé loai bo cac phan tir terephthalic acid tw do ra khéi ciu triic cua MIL-
53(Al) méi tong hop (gom 280, 350 va 450 °C) da duge khao sat dé xac dinh nhiét do xtr 1y thich
hop ma khong anh huong dén céu triic cua vat li¢u.

Rhodamine B (RB) 1a m6t thudc nhudm co ban, mau d6 trong 16p Xanthene va rt dé hoa tan
trong nudc. Thuée nhudm Xanthene nam trong s6 nhitng thudc nhudm tong hop 1au doi nhét va
dugc str dung nhiéu nhit. Thudc nhuém Xanthene c6 xu huo'ng huynh quang, tao ra mau sdc tuoi
sang, tir vang hong dén d6 xanh. RB dugc st dung rong rai lam thudc nhudém trong hang dét may,
thuc pham thude (cho dong vat) va trong viéc nhudm cac mau sinh hoc. N6 ciing 1a mot chét
danh dau huynh quang cho nuéc. Viéc thai bo thubc nhuém nay khong diung céch s€ ngdn anh
sang mat troi xuyén qua nudc, dan dén cac vin dé nghiém trong vé moi truong va gy doc, gy
ung thu cho céc sinh vat song. Do d6, viéc loai bo nd khoi nudc thai 1a diéu can thiét [10]. Kha
nang hp phu dé loai bo RB ra khoi dung dich nudc ctia MIL-53(Al) ciing s& dugc bao cdo trong
bai bao nay.

2. Phwong phap nghién ciru
2.1. Tong hop MIL-53(Al)

Quy trinh tong hop MIL-53(Al) duoc tham khao tir cac tai liéu [2], [5], [9]. Hon hop gdm
14,685 g AICI; (Merck, Germany), 9,13 g terephthalic acid (> 99%, Acros, Belgium) va 180 mL
N’N-dimethylformamide (= 99,5%, Fisher) dugc cho vao binh Teflon ¢ boc thép (PPL Lined
Hydrothermal Autoclave, dung tich 200 mL, Yuhua, China) va dat trong ti sdy & nhiét do 120°C
trong 3 ngay. Sau do, loc, 1ay san pham ran rira véi methanol (99,9%, Fisher, Korea), say kho,
thu duoc MIL-53(Al) méi tong hop, ki hiéu MIL-53-120.

Nung trong khong khi miu MIL-53(Al) méi tong hop bang 16 nung LHTC 03/15 (C550)
Nabertherm & cac nhiét d6 khac nhau (gdm 280, 350 va 450 °C) trong 8 gid dé loai bo cac phan
tur terephthalic acid con mic ket bén trong cac mao quan cua vat liéu. Cac mau thu dugc ki hiéu
tuong tng 1a MIL-53-280, MIL-53-350 va MIL-53-450.
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Nhiéu xa tia X (XRD) thu duoc trén may D8 Advance (Bruker, Germany). Anh hién vi dién tir
quét thu dugc bang SEM S-4800. Phan tich nhiét (TG) duoc thuc hién trén may Labsys TG/dTG
SETARAM. Phé hong ngoai bién d6i Fourier dugc ghi bang may Jasco FT/IR-4600 (Japan), mau
dugc phan tan trén nén KBr. Dang nhiét hap phu-khir hap phu nitrogen ¢ 77 K duoc thuc hién trén
may Tristar 3000, cic mau duoc xir 1y nhiét véi N, & 200 °C trong 5 gid trude khi do.

2.2. Nghién civru hip phu

Hiéu suét loai bo RB khoi dung dich nuéc ctia vat liéu duoc thuc hién bang cach lay 0,1 g vat
liéu cho vao binh tam gidc chira 50 mL dung dich RB 10 mg/L, tién hanh lic bang may lic ¢
nhiét d6 méi truong (29 + 2 °C) trong 2 gio dé dat can bang hip phu-khtr hip phu. Sau do, loc dé
loai bo chat hip phuy, nong d6 RB con lai trong dung dich dugc xac dinh bang phuong phap UV-
Vis trén may Jasco V-770 (Japan) tai Amax = 554 NM.

Gia tri dung luwong hip phu & thoi diém cin bang, g (mg/g), duoc tinh theo phwong trinh (1).

(C,—C)xV
g =20 ®

Trong d6: C, va C, (mg/L) 1a néng do RB trong dung dich ban dau va lac cin bang, V (L) va
m(g) la thé tich dung dich va khéi lugng vat liéu dung cho m01 lan hap phu.

Piang nhiét hap phu dugc thuc hién twong tu nhu trén véi ndng do RB ban dau dao dong trong
khoang 5-25 mg/L (V =0,1 L; m= 0,1 g). Hai m6 hinh dang nhiét hap phu, gom Freundlich (2)
va Langmuir (3) [11], duoc sir dung dé phan tich cac dit liéu dang nhiét hip phu.

qe = Ke x C;/" @)
qm X K; X C,
Qe =11k xC, @)

Trong do, Kr (Mg -g'") 1a hang s6 Freundlich va n 1a cudng d6 hap phy; K, (L/g) 1a
hang sd Langmuir va Qn (mg/g) la dung luong hép phu don lop, Langmulr

Céc tham s6 ding nhiét dugc xac dinh bang phuwong phap hdi qui phi tuyén bang cach sir dung
cong cu Solver trong Microsoft Excel voi ham Root-mean-square error (RMSE) dugc mé ta theo
phuong trinh (4) [11].

(1-1/n) Ll/n

N
1 2
RMSE = NZ(q.e,tn - Qe‘,tt)i @
i=1

Trong d0, Qe va (e twong ting 1;‘1 gia tri thuc nghi€m va tinh toan tr m6 hinh; N 1a sb lugng
dir liéu. Mo hinh c6 gia tri RMSE thap hon thi dugc cho 1a phu hop hon véi dit li€u thuc nghiém.

3. Két qua va ban luin
3.1. Tinh chit héa ly dic trung ciia Vit ligu

Gian d6 XRD cta mau MIL-53-120 (Hinh 1a) xuat hién cac dinh nhiéu xa & 9,1; 10,2; 15,3;
18,3; 20,9; 25,5; 27,6° dac trung cho vat liéu MIL-53(Al) [9], [12], [13]. Cac dinh nay dugc lap
chi muc theo gian 6 XRD mé phong ciia MIL-53as (Al) tir co so dit ligu CCDC220475. Diéu d6
ching t6 cau trac MIL-53 da dugc hinh thanh. Cudng do cta cac dinh nay ting dang ké khi nung
vat liéu ¢ 280 hay 350 °C, chi ra réng cAu trac mao quan cua vat liéu tré nén trat ty hon. Nguyén
nhan cua van dé nay co6 thé dugc giai thich 14 do cac phan tir terephthalic acid tu do da duoc loai
bo khoi vat liéu, va lién két trong khung mang tré nén chit ché hon. Khi xir 1y vat lidu & 450 °C
thi cuong do cua cac dinh trén c6 giam nhe, didu nay cho thiy c6 mét phan ciu triic khung mang
cua vat li€u bi sup do. Ngoai ra, khéng xuat hién dinh nhiéu xa cua Al trén gian dd XRD cua céac
mau MIL-53(Al) ¢6 18 12 do Al ton tai & dang don nguyén ti.

Duong cong TG cua terephthalic acid cho thiy c6 hai sw mat khéi lugng (Hinh 1b). Sy mat
khéi lugng thir nhit (56%) xay ra & nhiét d6 khoang 412 °C va su mét khdi lwong thtr hai (40%)
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xay ra trong khoang nhiét do 400—700 °C. Cac sy mat khéi lugng nay duge cho 1a do sy phan hiy
va chay cua terephthalic acid.

Mau MIL-53-120 ciing c6 2 sy mat khdi lugng twong tng 13 51% va 34%. Sy mét khéi luong
thir nhat (¢ nhiét do < 500 °C) c6 1& 1 do su phan huy cua cac phén tir terephthalic acid lién két
yéu trén bé mat coa vat liéu, hoac gfm bén trong cdc mao quan. Su mét khoi luong thur hai (¢
nhiét d6 > 500 °C) 1a do sy phéan hily ctia cac cau ndi terephthalic acid trong khung mang cua vt
lidu MIL-53(Al), va vat liéu MIL-53 chuyén thanh Al,O3 v6 dinh hinh [5]. Diéu nay chi ra ring
MIL-53(Al) kha bén nhiét, c6 thé dat dén 500 °C.

Dé loai bo cac dang terephthalic acid khong tham gia phan ung, nhiéu tac gia da xtr Iy MIL-
53(Al) méi tong hop bang cach nung & 280-330 °C trong khoang thoi gian dai, tham chi dén 3
ngay [2], [5]. Trong nghién ctru nay, cin cir vao két qua phén tich nhiét cia terephthalic acid va
MIL-53(Al) méi tong hop (Hinh 1b), mau MIL-53-120 duoc tién hanh xtr Iy ¢ nhiét do 280, 350
hoic 450 °C trong 8 gid' dé loai bo cac phan tir terephthalic acid tu do. Puong cong TG cua cic
méau MIL-53(Al) da duoc xir Iy nhiét & 280450 °C cho thiy c6 hai sy mat khéi lwong. Su mét
khéi lwong thir nhat (8—-22%) xay ra chii yéu ¢ 118-130 °C, 1a do su giai hip cua cac phan tir
nuée hap phu tu do. Sy mat khéi luong thir hai (36-63%) xay ra & 554—563 °C, 1a do sy phan
huy cta cac cau ndi terephthalic acid trong khung mang ciia vat lidu. Diéu nay chimg to rang cac
phan tir terephthalic acid tuy do da dugc loai bo khoi vat liéu ¢ nhimg nhiét do xu 1y nay.

(a)
o1 (b)
a ] .
R e
MIL-53-450 . "~ MIL-53-280
ey Q -20 \‘_‘j-_.?,:___'__“v ] -\ -
5 = ‘:’\ N v MIL-53-450
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= MIL-53-350 5 | / _ ;
g MIL-53-280 5 60
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Hinh 1. Gidn dé XRD (a) va TG (b) ciia cdc mau MIL-53(Al) va terephthalic acid

Ph6 FT-IR cia terephthalic acid va mau MIL-53-120 dugc trinh bay ¢ Hinh 2a. Dbi véi
terephthalic acid, dinh hép thu tai 1681 cm™ dic trung cho dao dong hoéa tri cia nhém C=0, dinh
hép thu tai 1423 va 937 cm™* dic trung cho dao dong bién dang O-H cta nhom carboxyl
(COOH), con dinh hap thy tai 731 cm™ dic trung cho dao dong hoa tri cua lién két C—H trong
vong thom [14]. P6i véi mau MIL-53-120, cac dai hap thu trong ving s6 song thap 479-594
cm*1 1a do sy hién dién ctia A1-O trong MIL-53(Al) [20]. Cac dai hap thu ¢ 1616, 1509 va 1416

3 tu0’ng ung véi dao dong hoa tri phan dbi xtmg va dbi ximg ciia nhom —COO [5], [12]. Dai
hap thy yéu quan st thay tai 1700 cm ™ dugc cho 1a dao dong hoa tri cua nhom C=0 cua cac
phan tir terephthalic acid tu do dwoc gin ben trong cac cau trac mao quan dudi dang da duoc
proton hoa (-CO,H) [5]. Cac dai hip thu nim trong ving 3470-2500 cm ™ 1a dic trung cho nudc
hép phu tu do, dao dong hoéa tri ciia nhém O—H trong —COOH va cac nhanh Al-OH [15]. Piéu
d6 minh chimg cho sur ton tai ciia nhom CO,™ lién két cong hoa tri v6i nhdom bén trong vt liéu.

Pbi v6i cac mau MIL-53(Al) da du’oc xu ly ¢ 280, 350 hodc 450 °C (Hinh 2b), cac dai hap
thu déc trung cho vét liéu MIL-53(Al) van con quan sat thy trén pho FT-IR chimg t6 rang cau
truc khung hitu co-kim loai van con ton tai. Két qua nay cung phu horp v6i két qua TG trlnh bay o
Hinh 1b. Sy xuét hién cac dinh hap thu tai 3661-3610 cm™ trén mau MIL-53-280 va mau MIL-
53-350 dugc cho 1a dao dong hoa tri ciia O—H trong cac nhém hydroxyl bic cau véi cac ion Al
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trong khung mang MIL-53(Al) [15]. Piéu nay chi ra raing khoang nhiét d¢ thich hop dé xu ly
MIL-53(Al) méi tong hop 1a 280-350 °C dé loai bo cac phén tir terephthalic acid bi mac ket lai
trong cAu trac cua vt liéu.

Dién tich bé mit riéng ctia mau MIL-53(Al) méi tong hop kha cao, Sger = 1028,3 m?/g, twong
duong voi mot sd cong bd khac vé vat lisu MIL-53(Al) [4], [5]. O day, viéc xtr Iy mau trude khi
do (xtr 1y nhiét voi N, & 200 °C) ¢6 thé da lam khai thong cac vi mao quan trong ciu tric vat lidu.
Céc mau MIL-53(Al) nung & 280—450 °C co6 dién tich bé mit riéng dao dong trong khoang
341,7-344,8 m¥/g (Bang 1), thip hon dang ké so v&i khi méi tong hop (mic du c6 do tinh thé cao
hon (Hinh 1a)). Nguyén nhan c6 thé 1a do sy nung d lam giam ham lugng cic vi mao quan duoc
tao ra do cac phan tir terephthalic acid gan két bén trong mao quan.

(a)
- T /Terephthalic acid (b)
2 [ :————\A/W - 1‘ MIL-53-450
E \ 1681\ a
_ i Vortacid) h 42/; 9 34 731 ~ mw
S \ ®
o' 4 EA.
= MIL-53-120 o MIL-53-280
> 7 < ]
= g =)
- o 9 E B -~
] i 5/ \ 7 -€00 \,‘cﬁ/ A\I!/O
4000 3500 3000 2500 2000 ’15'00 " 000 500 400 00 W00 20 2000 1900 1000 500
S6 séng (em’') S6 song (cm™)
Hinh 2. Phé FT-IR: a) Terephthalic acid, mau MIL-53-120 truée va sau hap phu RB,
b) Cac mau MIL-53(Al) da dwoc xur Iy 0 280, 350 hodc 450 °C
Bang 1. Tinh chat xép va dung leong hdp phu RB ciia cdc mau MIL-53(Al)
M Dién tich bé mit  Dién tich vimao  Dién tich bé mit  Thé tich vi mao e _
u riéng (m?/g) quan (m?/q) bén ngoai (M/g)  quan (cm®g)  (mg/g)
MIL-53-120 1028,3 981,5 46,8 0,445507 4,7
MIL-53-280 341,9 307,2 34,7 0,139263 3,3
MIL-53-350 3417 305,5 36,2 0,138490 3,2
MIL-53-450 3448 196,6 148,2 0,087708 4,4

(Diéu kién thi nghiém: Co=10mg/L; V =0,05L; m=0,1g)

Anh SEM ciia mau MIL-53(Al) méi téng hop va sau xir 1y nhiét duoc trinh bay ¢ Hinh 3. Hinh
3a cho thay hinh thai cia MIL-53(Al) méi tong hop c6 dang giéng nhu nhing hat gao véi chidu dai
khoang 0,3 um. Khi xtr 1y vat liéu ¢ 280 °C hodc 350 °C thi chling két tu lai v6i nhau tao thanh céc
khdi 16n hon (Hinh 3b va ¢). Nguoc lai, vat liéu bi v& vun va tré nén toi x6p hon khi xtr 1y & 450 °C
(Hinh 3d). Két qua nay hoan toan phit hop vi nhidu xa XRD thu dwoc ¢ Hinh 1a.

3.2. Hap phu rhodamine B trén MI1L-53(Al)

Kha ning hap phu ciia cac mau vat lidu duoc danh gia thong qua hiéu qua loai bo RB trong
dung dich nudc. Két qua cho thy cdc mau MIL- 53(Al) déu c6 kha nang hap phu RB, dung lugng
hap phu dat dugc 3,2-4,7 mg/g (Bang 1). Cac mau MIL-53(Al) di duogc xir 1y nhiét co dung
lwong hap phu thap hon so v6i miu méi tong hop. Trong d6, MIL-53- 450 c6 dung luong hép phu
cao hon so v&i MIL-53-280 va MIL-53-350. Nguyén nhén c6 thé 1a do mau niy co cac mao quan
da duoc khoi thong va thich hgp cho sy khuéch tan cac phéan tir RB vao bén trong cau tric cia
vat lidu, nén 1am ting kha niang hip phu. Dung lugng hip phu ciia MIL-53-120 cao nhét (4,7

http://jst.tnu.edu.vn 163 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 229(14): 159 - 166

mg/g) c6 thé 1a do co dién tich bé mat riéng 16n, cling c6 thé 1a do miu nay con chira cac phan tir
terephthalic acid gén trén bé mat mao quan c6 kha ning tao lién két véi phan tir RB.

Mau MIL-53-120 sau hép phu RB ciing dugc dic trung bang phd FT-IR (ki hiéu MIL-53-
120/RB trinh bay trong Hinh 2a). C6 thé thdy rang cac dai hap thu dic trung cua vat liéu MIL-
53(Al) hau nhu khong thay d6i. Nhung so sanh véi phd FT-IR ctia mau MIL-53-120 ban d4u cho
thiy cuong do cua cac dinh hip thu giam di nhiéu. Nguyén nhan duoc cho 1a do su twong tac
giita RB v6i cac nhom chirc trén bé mat vat liéu. Trong do, cac dai hép thu ndm trong ving
3470-2500 cm* giam dang ké, chi quan sat thiy dinh hép thu ti va manh & khoang 3441 cm™
dic trung cho nuéc hip phu ty do. Pidu nay chi ra rang co su lién két gitra cac nhom —COOH tu
do cuia terephthalic acid va RB. Mau MIL-53-120 tiép tuc dugc sir dung dé khao sat dang nhiét
hp phu RB trong dung dich nuéc.

1.00 pm

1.00 pm

Hinh 3. Anh SEM ciia MIL-53-120 (a) va mau MIL-53(Al) da dwoc xir Iy & cdc nhiét dp khéc nhau:
b) 280 °C, c) 350 °C, d) 450 °C

Céc tham sé dang nhiét ciia qua trinh hap phu RB trén MIL-53-120 duoc trinh bay & Bang 2.
Két qua cho thiy rang mé hinh Freundlich thich hop hon mé hinh Langmuir dé mé ta qua trinh hap
phy, do c6 gia tri RMSE thép hon va cac diém thyc nghiém ciing gan voi dudng 1y thuyét hon
(Hinh 4a). Hinh 4b m6 ta mdi quan hé giita dung lugng hap phu tinh toan tir mé hinh Langmuir va
Freundlich, va dir liéu hép phu thuc nghiém. Su phu hop xay ra khi cac diém nam trén dudng chéo
(X = y). C6 thé thiy rang mé hinh Freundlich c6 d6 phan tan thip hon md hinh Langmuir, nghia 1a
¢6 khoang cach nhé hon gitra dy doan cia md hinh nay va dir liéu thuc nghiém.

M6 hinh dfmg nhiét Freundlich dugc ap dung dua trén co sé hép phu da 16p trén bé mat khong
ddng nhat, trong khi d6, m6 hinh déng nhiét Langmuir da dugc sir dung rong rai dé mé ta qua
trinh hap phu xdy ra trén be mit dong nhat bang su hip phu don 16p véi s6 lugng hitu han cac vi
tri gidng hét nhau [16]. Piéu nay chi ra ring qué trinh hap phu RB trén MIL-53(Al) xay ra kha
phirc tap, c6 thé twong tac theo nhiéu 16p.
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Bang 2. Cdc tham sé dang nhiét ciia qud trinh hap phu RB trén MIL-53-120

Mo hinh Ke hodc K N hodc qm RMSE
Freundlich 7,37 2,89 0,999
Langmuir 0,71 17,04 1,934

Dung lugng hép phu cuc dai don 16p xac dinh theo mé hinh Langmuir phi tuyén cua vat liéu
MIL-53(Al) d6i voi RB 1a g, = 17,04 mg/g (Bang 2). So sanh dung luong hap phu gitra MIL-
53(Al) v6i cac chat hap phu khac doi voi RB dugc trinh bay ¢ Bang 3. R0 rang rang vat li¢u
MIL-53(Al) c¢6 kha nang 16n hon so véi mot s6 chat hap phu khac ddi véi su hap phu dé loai bo
RB khoi dung dich nudc.

(a) (®

qr’ 1
=

q, (mg/g)

' m Freundlich
e ® Langmuir

Freundlich
L ang muir

8
6
4 @& Thyc nghiém
2
0

C, (mg/L) 9o
Hinh 4. M6 phong duong ddng nhiét hdp phu xdc dinh bangphmmgphap phi tuyén (a), va moi lién hé

gitta dung lwong hap phu thie nghiém va tinh toan (b) ciia sw hap phu RB trén MIL-53-120
Bang 3. So sanh dung lwong hdp phu cuc dai ciia cdc chat hap phu khdc nhau doi véi RB

A 1A Dung lugng A v A Dung lwgng

Chat hap phu hip phu (Mg/g) TLTK Chat hap phu hip phu (Mg/g) TLTK

MCM-41 1,56 [10] Chalcedonite 2,701 [17]

MCM-41 nung 1,74 [10] Cat Devonian 0,349 [17]

3A zeolite 0,74 [10] Kaolin 7,76 [18]

MCM-22 zeolite 111 [10] kaolin-sodium 11,26 [18]

bentonite
. kaolin-organic

Zeolite 6,964 [17] bentonite 12,68 [18]

Halloysite 4,252 [17] MIL-53(Al) 17,04 C‘f;y\m

4. Két luan

MIL-53(Al) méi téng hop co hinh dang nhu nhiing hat gao voi chiéu dai khoang 0,3 pm va
dién tich bé mat riéng 1on (1028,3 m?g). Nhiét do nung thich hop dé loai bé cac phan tir
terephthalic acid con mic ket lai bén trong mao quan cua vat liéu la khoang 280-350 °C. Dién
tich bé mat riéng cia vat liéu thu dugc sau qua trinh xtr 1y nhiét 1a khoang 341,7-344,8 m2/g.
MIL-53(Al) c6 kha nang tmg dung lam chat hip phu dé loai bo rhodamine B khéi dung dich
nude. Qua trinh hip phuy tuan theo mo hinh dang nhiét Freundlich va dung luong hap phu t6i da
xéc dinh theo m6 hinh Langmuir 1a 17,04 mg/g. Pong thoi, MIL- -53(Al) kha bén nhiét, cau trac
ctia vat liéu van ton tai ¢ nhiét do nung 450 °C, do do, vat li¢u nay co tiém nang Ung dung trong
hap phu xir Iy méi truong.

Lo1i cam on

Nghién ctru nay dugc tai trg boi Truong Dai hoc Thu Dau Mot trong dé tai ma s6 DT.22.2-006.
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