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SUMMARY
STUDY ON KINETICS, ISOTHERMS AND THERMODYNAMICS OF ADSORPTION OF
RHODAMINE B DYE ON CuZIF-11 MATERIAL

The adsorption behavior of rhodamine B (RhB) on a material ZIF-11 modified with Cu2* ions (CuzIF-11)
was studied. The results showed that CuZIF-11 exhibited excellent adsorption capacity toward RhB. The
adsorption data fit well to the Langmuir isotherm model, with a maximum adsorption capacity of 138.89
mg/g at 313 K. The adsorption kinetics followed the pseudo-second-order model and were also consistent
with the intraparticle diffusion model. Thermodynamic parameters indicated that the adsorption process was
endothermic. The activation energy of adsorption (E,) was determined to be 10.46 kcal/mol. This relatively
high E, suggested that the adsorption of RhB onto CuZIF-11 was likely a chemical adsorption process. The
adsorption mechanism was attributed to electrostatic attraction and z—= stacking interactions between RhB
and the CuzIF-11 adsorbent.
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1. PAT VAN PE hiéu qua trong viéc loai bé pham nhuom.
Trong sé d6, ZIFs ¢6 wu diém so vai cac
vat lieu khac do dién tich bé mit cao, do
x6p c6 thé diéu chinh va vat liéu ciing dé
bién tinh [1]. Nhiéu vat liéu ZIFs da dugc
nghién cau hap phu pham nhuém, ching
han ZIF-67 dugc Nazir va cong sy nghién
ctu su hap phu methylene blue (MB) va
methyl orange (MO) [4]. ZIF-8 ciing dugc
Feng Y va cong su nghién ctu hép phu
MB [5]. Cac két qua déu cho thay kha
ning hap phu phim nhuém t6t cua vat
lieu ZIFs. ZIF-11 ¢6 céu trac kiéu RHO
duoc tao thanh tir cac ion Zn®* va phéi ti
benzimidazole (bIm). Vi kich thudc mao
quan kha lon trong ho ZIFs (khoang 1,46
nm), ZIF-11 Ia mét trong nhiing loai ZIFs
c6 tiém niang ung dung cao trong hap phu
va x(c tac. Chang han, ZIF-11 thé hién
dugc kha niang hip phu tét MO hay
bromocresol green theo nghién cau cua
Rachid L. va cong su [6]. Chandra R. va

Luong chit gay 6 nhidm thai vao céac
ngudén nudc ngdy cang ting do cac hoat
dong cong nghiép hoa. Pac biét, pham
nhuém hiru co duoc thai ra tir nhiéu
nganh c6ng nghi¢p khac nhau nhu dét
may, gidy, nhya va son. Viéc thai nudc
thai chira pham nhudém chua qua xt ly ra
moi truong da gdy ra mdi de doa dbi voi
sitc khoe con nguoi va hé sinh thai vi
chung duoc xem la nhitng chat doc hai,
gdy dot bién va ung thu [1, 2]. Nhiéu
phuong phap khac nhau da dugc dé xuat
dé loai bo pham nhudém, vi du nhu hip
phy, oxy hoa, dién hda, loc mang, két taa,
..[3]. Hap phu dugc xem la mot ki thuat
hiéu qua va kinh té vi van hanh don gian
va giam tic dong dén moi truong. Cho
dén nay, nhiéu chat hip phu khac nhau
nhu zeolite, carbon, polymer va vat li¢u
khung hiru co kim loai ¢6 ciu trdc twong
tu zolite (ZIFs) da dugc chirng minh la c6
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cong su ciing chi ra rang ZIF-11 dugc
bién tinh bang bot muc thai ciing thé hién
kha nang phan huy cao MB [7].

Quan tdm dén ZIF-11, nhém ching toi
ciing da nghién ctiu bién tinh ZIF-11 bang
ion Cu** (CuZIF-11) va budc dau cho
thdy riang vat liéu bién tinh thé hién kha
nang hap phu cao dbi voi pham nhuom
RhB [8]. Tiép theo hudng nghién ciru do,
trong cong trinh nay, kha ning hap phu
RhB cua vat liéu bién tinh CuzIF-11 s&
duoc danh gia mot cach chi tiét.

2. THUC NGHIEM
2.1. Tong hop vat ligu

Hoa chat: Céac hoa chat duoc sir dung
gom:  Zn(CHs;C00),-2H,0  (>98%),
benzimidazole (Shanghai, Trung Qudc),
Cu(CH3COO0),-H,O  (99%,  Merck),
toluene, ammonia 25% va ethanol 99,7%
(Xilong, Trung Quéc).

Qui trinh tong hep: Vat liu CuZIF-11
duoc téng hop theo qui trinh ching toi da
cong bé truée day [8]. Hoa tan 0,600 gam
benzimidazole (blm) trong 43,0 mL
ethanol, tiép theo cho 26,5 mL toluene va
0,35 mL dung dich NH3 (25%) vao dung
dich benzimidazole, khudy hén hop trong
5 phat. Sau d6, thém 0,385 gam
Zn(CH3CO0),.2H,0 va 0,150 gam
Cu(CH3C00),.H,0 vao dung dich vira thu
duoc, tiép tuc khudy trong 4 gio ¢ nhiét do
phong (tc do 600 vong/phut). Két tua
duoc ly tam, rira bang ethanol va siy kho &
80 °C thu duoc vat liéu CuzZIF-11.

Vit lidu tong hop duoc xac dinh dac diém
cau tric bang cach do phé XRD trong
pham vi goc quét 26 = 2-45° su dung
thiét bi VNU-D8 Advance, do anh SEM
bang may SEM JED 2300, do phé FTIR
trong pham vi 300 — 4100 cm™ trén may
IR-Prestige-21, do dang nhiét hap
phu—khtr hdp phu nitrogen trén may
Micromeritics ASAP 2020.
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2.2. Nghién ctru hoat tinh hap phu RhB

Kha nang hap phu RhB tir dung dich nudc
cua vat liéu tong hop duogc thyuc hién theo
qui trinh: Cho 250 mL dung dich RhB C
mg/L vao cbc dung tich 500 mL, nhiét do
duogc duy tri ¢ T (K), cho thém 0,050 g
CuZIF-11 vao céc va khuay hdn hop bang
may khudy tir véi toc do 500 vong/phut
trong béng téi. Ldy mau sau nhing
khoang thoi gian xac dinh, tach chit hap
phu, xac dinh nong d6 RhB bang phwong
phap UV-Vis & budc séng 554 nm, su
dung may UV Jenway (UK). Dung lugng
hip phu (DLHP) RhB dugc tinh theo
cong thuc (1):

_ (Co=CpV
q=Coy (1)
vé6i q (mg/g) l1a DLHP; C, (mg/L) va C
(mg/L) 1a ndng do ban dau va ¢ thoi diém
t cua dung dich RhB; m (mg) la khoi
lwong chat hap phu va V (mL) Ia thé tich
cua dung dich.

Pong hoc quéa trinh hap phu dugc danh
gia théng qua mo hinh dong hoc biéu kién
bac 1 (2), bac 2 (3) va md hinh khuéch tan
bén trong hat (4) [1-3].

ln(Qe - qt) = _klt + lnqe (2)
t 1 1
oL )

qe = kqt'/? + b (4)
Pang nhiét cia qua trinh hap phu duoc
danh gia qua m6 hinh dang nhiét hap phu
Langmuir (5) va Freundlich (6) [1-3].

1 1 1 1
e am  Kam ©)
Ing, = InKy + %lnCe (6)

v6i mire do hdp phu duoc danh gia qua hé

sO tach hay thong sé can bang Ry (7)
1

1+K1Co

(7)

Trong do: ge (Mg/g) 1a lwong RhB hép
phu tai thoi diém céan bang; g: (mg/g) la

RL:
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lrong RhB hap phu tai thoi diém t; k;
(phut H1a hang s6 toc do hap phu bleu
kién bac nhat; k, (9/mg.phat) la hiang sé
tbc do hap phu biéu kién bac hai; kg
(g/mg.phit™?) 1a hing sb téc do qua trinh
khuéch tan; qm (mg/g) 1a DLHP cuc dai:
Ce (Mg/L) 12 ndng d6 RhB thoi diém can
bang; K. (L/mg) la hing s hip phu
Langmuir; Ke (L/g) va n la cac hang sb
ctia phuong trinh ding nhiét Freundlich.

Céc thong s6 nhiét dong ciia qud trinh hip
phu duoc xac dinh thong qua moi lién hé:

AGZ = —RTInK, = AH® — TAS®
hay InKe=—2. 2450 8)

Trong d6, Kc 1a hang sé can bang cua
qué trinh hap phuy, K, = <= (9)

Xdc dinh diém dang dién cua vt liéu

Diém dang dién (pHypc) cia vat liéu dugc
xac dinh theo qui trinh: Cho 50 mL dung
dich KCI 0,05 M vao binh nén nut nham
dung tich 100 mL. DPiéu chinh pH cua
dung dich theo yéu cau bang HCI 0,05 M
hoic NaOH 0,05 M, ghi gia tri pH dat
duoc (pHo). Lay 0,15 gam vat liéu cho
vao binh va nhanh chéng day nit lai. Hon
hop duoc lic sau nhitng khoang thoi gian
nhat dinh dén khi dat can bang (sau 24
gio), xac dinh gia tri pH cudi (pHc). Xay
dung do thi biéu dién sy phu thudc cua
ApH = pH, — pH. theo pH,. Piém cit cua
d6 thi tai ApH = 0 cho gia tri diém dang
dién cua vat liéu.

3. KET QUA VA THAO LUAN

Vit liéu CuZIF-11 vaéi cac ti 1€ mol Cu:Zn
khac nhau da dugc ching téi nghién cau
téng hop, dic trung tinh chit va danh gia
so by hoat tinh trudc day [8]. Ket qua
nghién clru tru:orc day cho thay ring, su
phan tan ion Cu®* vao vat liéu ZIF-11 da
lam tang kich thuéc mao quan cua vat
liéu bién tinh. Diéu nay c6 thé 1a do su c6
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mit cua ion Cu** d lam giam mot phan
dd trat ty cu trac, l1am v& cac vi mao
quan cua vat liéu ZIF-11. Bén canh do6, su
c6 mat cua ion Cu®* ciing tao thém céc
tam hap phu méi dbi véi RhB (do c6 kha
ning tao phic). Vi thé ma su hip phu
RhB cua vat liéu CuZIF-11 da duogc cai
thién dang ké so vai ZIF-11. Trong sb cac
mau vat ligu CuzIF-11 véi céac ti 1é mol
Cu:Zn khac nhau, mau CuZIF-11 véi ti 1&
mol Cu:Zn = 3:7 ¢ DLHP RhB cao nhét.
Vi thé, trong phan nay, mau CuZIF-11 véi
ti 16 mol Cu:Zn =3:7 dugc lya chon dé
nghién ctru dong hoc, dang nhiét va nhiét
dong hoc qua trinh hap phu RhB.

Vit lieu CuzIF-11 téng hop duoc Xéac
dinh dic diém cau trdc bang cac phuong
phép XRD, SEM, FTIR va BET. Két qua
dic trung chi ra rang, vé co ban vat lidu
CuZIF-11 van duy tri cdu trGc va hinh
dang cua ZIF-11, tuy nhién, do trat tu cau
trdc giam di thé hién & két qua XRD
(Hinh 1a) va két qua SEM (Hinh 1b) [8].
Két qua XRD & Hinh 1a cho thay vat liéu
CuZIF-11 xuit hién mot s6 peak dic
trung tuong ty vat ligu ZIF-11 ¢ cdc mat
phan xa (022), (004), (024), (044) va
(006). Anh SEM cua vat liéu téng hop
gom cac khdi da dién, nhung khong duy
tri cu tric 12 mat nhu cua ZIF-11 ma bi
bién dang, trong nhu nhitng khdi da dién
dang bi pha v& thanh cac hat cau nho hon.
Ph6 FTIR trinh bay ¢ Hinh 1c thé hién
cac peak lién quan dén dao dong cua cac
lien két chinh trong vat liéu CuZIF-11. Cu
thé, lién két Zn(Cu)-N (peak ¢ s song
428 va 472 cm™), lién két C=C (peak & s6
song 748 cm ™), lién két C—H (peak & sb
song 1182 cm™), lién két C—N (peak & sb
séng 1240 cm™) va lién két C-C (cac
peak & s6 séng 1465 va 1610 cm™) [8].
Vit liéu téng hop c6 dién tich bé mat
rieng kha cao 1a 269,2 m?/g, kich thudc
mao quan Ién hon ZIF-11, dat 1,82 nm
nhu chi ra ¢ két qua BET (Hinh 1d) [8].
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Hinh 1. Phé XRD (a), anh SEM (b), phé FTIR (c), dang nhiét hap phu-khi hdp phu nitrogen va phan bo
mao qudn (d) cua vdt ligu CuzIF-11.

3.1. Pong hoc cia qué trinh hap phu

Nghién ctru dong hoc cua qua trinh hap
phu nham cung cap thong tin vé viéc lya
chon cac diéu kién t6i uu cho qua trinh.
Céc thong sé dong hoc duoc sir dung dé
nghién ctu téc d6 hap phu, cung cap
thong tin chi tiét dé thiét ké cac qua trinh
hap phu t6i wu. Hinh 2a trinh bay DLHP
RhB 1én vat liéu CuZIF-11 phu thuéc vao
thoi gian tng véi cac dung dich RhB co
nong d6 dau khéc nhau tai 303 K. Két qua
& Hinh 2a cho thay rang, DLHP ting khi
nong do dau cia RhB ting va qué trinh
hip phu xay ra nhanh trong khoang 60
phit dau (dat 85% so voi DLHP can
bang), sau d6 ting cham tir 60 dén 120
phlt va gan nhu dat cin bing sau 120
phdt. Qua trinh hap phu Xay ra nhanh ciing
cho thay su tiép can dé dang caa cac phan
tor RhB véi cac tam hap phu trén bé mat
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hodc 1a cac mao quan cua vat liéu. Diéu
nay gian tiép cho thay sé luong tdm hip
phu va su phan b tam hap phu trén bé mat
cling nhu sy ddng nhat cac kénh mao quan
cua vat liéu CuZIF-11 1a rat cao.

C6 nhiéu mo hinh khac nhau dé khao sét
dong hoc cua qua trinh hip phuy. Trong thi
nghiém nay, mé hinh déng hoc biéu kién
bac 1, bac 2 va mo hinh khuéch tan bén
trong hat di duoc st dung. Tir sé liéu
thuc nghiém DLHP RhB phu thuéc vao
thoi gian tng véi cac dung dich RhB co
nong do dau khac nhau (Hinh 2a), hoi qui
tuyén tinh In(0e-a) theo t dua vao phuong
trinh (2) ddi v6i mé hinh biéu kién bac 1,
(t/q) theo t dira vao phuong trinh (3) di
v6i mé hinh biéu kién bac 2 va g; theo t'/2
dwa vao phuong trinh (4) d6i véi md hinh
khuéch tan, thu duge cac do thi dong hoc
twong tng & cac Hinh 2b, 2c va 2d. T gia
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tri d6 déc va doan cit véi truc tung caa
cac dudng tuyén tinh, tinh duoc céc hang
s6 toc dd ki, ko va kg. Mic d6 tuyén tinh
cua cac gia tri thuc nghiém theo tirng mo

Dung lugng hap phu (mg/g)
A @ @@ 6 N
S 6 ©o & o

N
o
1

o

100 150 200 250

0 50 300
Thoi gian (Phit)
4
3
g 21
14 ® 20 mg/L
® 30mg/L
A 40 mg/L
v 50mg/L
O T T T T T T T
0 50 100 150 200 250 300
t (Phut)

hinh dugc dénh gia qua hé s6 xac dinh R®.
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Hinh 2. DLHP theo thoi gian ¢ cac nong dé RhB ban dau khac nhau (a); Do thi dgng hoc biéu kién bdc 1
(b), bdc 2 (c) va do thi dong hoc khuéch tan (d) cua qué trinh hap phy RhB 1én CuZIF-11.

Tir két qua Bang 1 c6 thé thy rang, cac
hé sb xac dinh R® cia md hinh dong hoc
biéu kién bac 1 va bac 2 déu 1én. Tuy
nhién, hé sb xac dinh cua mé hinh dong
hoc bac 2 (R? = 0,9993-0,9995) 16n hon
s0 voi bac 1 (R® = 0,9466-0,9711) va gan
v6i don vi. Ngoai ra, gia tri DLHP can
bang tinh theo phuong trinh dong hoc béc
2 (qg) va gia tri DLHP can bang tinh tu
ndéng d6 dau va nong d6 can bang (qexp)
khong khac nhau nhiéu, trong khi két qua
nay dbi voi mé hinh dong hoc bac 1 (q1)
lai khéc nhau nhiéu. Tir d6 c6 thé cho
réng, mo hinh dong hoc biéu kién bac 2
mo ta qua trinh hip phu RhB 1én vat liéu
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CuZIF-11 phu hop hon so véi mé hinh
biéu kién bac 1. Két qua nay ciing phu
hop véi cic cong trinh nghién ctru hip
phu phim nhudém trudc day [9-11]. Két
qua ¢ Bang 1 cling cho thay, gia tri ko
khong phai 13 hang sé ddi véi nong do ma
¢6 xu hudéng giam nhe khi néng do dau
ciia RhB ting. Piéu nay cho thiy rang,
quéa trinh hap phu RhB 1én CuZIF-11 la
mét qua trinh phirc tap va chiu anh huong
ctia nhiéu yéu td, ddc biét 1a cau tric cta
chat hap phu. Nhu da biét, vat liéu hap
phu CuZIF-11 1a mdt loai vat liéu mao
quan [8] nén qua trinh hip phu khong chi
xay ra d6i v6i bé mat ngoai ma ca ddi voi
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bé mit bén trong mao quan. Vi thé, su
hap phu con phu thudc vao qua trinh
khuéch tan bén trong mao quan. Diéu nay
pht hop voi két qua nghién ctru dong hoc
khuéch tan nhu dugc trinh bay ¢ Hinh 2d.
Theo md hinh dong hoc khuéch tan cua
Weber va Morris [3, 11], su hdp phu s&
duoc diéu khién boi qua trinh khuéch tan
néu db thi q; theo t2 1a tuyén tinh va néu
dd thi do di qua géc toa do thi giai doan
khuéch tan bén trong hat quyét dinh toc
d6 qua trinh hap phu. Két qua thu duoc ¢

Hinh 2d cho thay dd thi g = f(tllz) la mot
dd thi da tuyén tinh (gdm 2 giai doan) nén
su hip phu RhB 1én vat liéu CuZIF-11
dugc diéu khién béi qué trinh khuéch tan.
Trong do, giai doan (I) c6 hé so xéac dinh
R? 16n va diém cét truc tung gan véi goc
toa d6 nén c6 thé cho rang giai doan nay
dugc kiém soat boi qué trinh khuéch tan
bén trong hat. Déi vai giai doan (1I), diém
cit truc tung xa gbc toa do nén giai doan
nay c6 thé duoc kiém soat boi toc do
khuéch tan bén ngoai [3].

Bidng 1. Mot s6 tham sé ciia c&c md hinh déng hoc mé ta sw hap phu RhB trén CuZIF-11.

Pong hoc bac 1

Pong hoc bac 2

ky.10?

k,.10*

/9)

C, (Mmg/L R a malg) Jee (M9 R mg/
20 09571 245 60,58 7772 0,9993 7.9 81,97
30 09561 276 7441 100,72 0,9993 6,7 106,38
40 09466 242 81,52 11576  0,9995 6,0 121,95
50 09714 275 89,13 119,93  0,9995 6.2 126,58

Pong hoc khuéch tan

C, (Mg/L) kg (Mg/g.ph?) b (mg/g) R?
20 10,048 (1)/2,8343 (11) ~0,0146 (1)/40,956 (11) 0,9983 (1)/0,9272(11)
30 13,363 (1)/3,3820 (1) 0,1712 (1)/57,901 (I1) 0,9997 (1)/0,9397(11)
40 15,630 (1)/3,8738 (1) 0,8292 (1)/66,313 (11) 0,9977 (1)/0,9713 (11)
50 16,660 (1)/3,9884 (11) 1,5239 (1)/72,191 (11) 0,866 (1)/0,9378 (1)

3.2. Pang nhiét qua trinh hap phu

Ding nhiét hip phu 1a mot khia canh quan
trong trong nghién cau hap phu. Co ché
va hoat dong cua chat hap phu co thé
dugc nghién ciu bang cac md hinh nay.
Ping nhiét cia qué trinh hip phu RhB 1én
vat liéu CuZIF-11 dugc danh gia qua hai
moé hinh hip phu phd bién 1a mé hinh
dang nhiét Langmuir va Freundlich voi
cac dang tuyén tinh duoc biéu dién &
phuong trinh (5) va (6). D6 thi biéu dién
su phu thudc cua 1/g. vao 1/C. ddi véi md
hinh Langmuir theo phuong trinh (5)
dugc trinh bay ¢ Hinh 3a, va dd thi biéu
dién sy phu thudc cua Inge vao InC, dbi
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v61 mo hinh Freundlich theo phuong trinh
(6) duoc trinh bay ¢ Hinh 3b. Tur cac gia
tri d6 doc va doan cat cua truc tung sé tinh
duoc c4c gia tri tham sb cua cac phuong
trinh dang nhiét (Hinh 3). Thay gia tri K.
va C, vao (7) s& tinh duoc cac thong sb
can bang R.. Két qua ¢ Hinh 3 cho thiy,
dang nhiét hip phu Langmuir va
Freundlich déu c6 hé s6 xac dinh R® rat
cao (> 0,97), ngoai ra, cac thdng sb can
bang (R.) dbi véi dang nhiét Langmuir
tinh duoc la 0,151; 0,107; 0,082 va 0,067
twong UNg V4i cac nong do tr 20 — 50
mg/L nam trong pham vi 0 < R_ < 1 va gi&
tri 1/n = 0,267 ddi véi md hinh Freundlich
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nam trong khoang 0-1 [1], nén c6 thé cho
rang qua trinh hap phu RhB vira tuan theo
mé hinh ddng nhiét Langmuir vira tuan
theo mo hinh dang nhiét Freundlich. Tuy
nhién, mo hinh dang nhiét Langmuir pho
hop hon so voi mé hinh dang nhiét
Freundlich khi hé sé x4c dinh cia n6 cao
hon (0,9984 so véi 0,9758). Nhu vay, qua
trinh hap phu RhB Ién CuZIF-11 l1a hip
phu hoa hoc va hap phu don 16p. Két qua
nay ciing twong tu két qua nghién ctu hap
phu RhB trudc day trén cac vat liéu khac
nhau [12-14]. Két qua & Hinh 3 ciing cho
thdy dung luwong hap phu cuc dai dbi véi
RhB dat gié tri cao 1a 138,89 mg/g ¢ 303
K. Gia tri DLHP RhB cua vit liéu CuZIF-
11 trong nghién cau nay Ién hon so vai
vat lieu cia mot sb tac gia khac nhu
nanocomposite  GRO-Ni (47,62 mg/qg)
[12], carbon hoat tinh tir duong tring [9],
khoang sét montmorillonite (38,27 mg/g)
[14]. Mac du su so sanh chi ¢o tinh twong
d6i do diéu kién nghién ctu khac nhau,
nhung diéu nay ciing cho thay trién vong
hip phu pham nhuém RhB cua vat liéu
CuZIF-11.

3.3. Anh huwéng caa nhiét do

0.013 1 (a)

0.012
y =0,0257x + 0,0072

0.011.- R® =0,9984
=2
— 0.010
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0.009 - 4, = 138,89 mg/g
0.008 1
0.05 0.10 0.15 0.20
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Qua trinh hip phu can nang luong dé
cung cap dong ning cho chét bi hap phu
cling nhu tuong tac cua nd véi cic tam
hip phu trong qué trinh gin 1én bé mait
chat hép phu. Vi thé, viéc tang nhiét do
trong gidi han nao d6 sé€ thuan lgi cho quéa
trinh hdp phu. Trong nghién ciu nay,
nhiét do dugc khao sét tir 293 K dén 313
K véi ndng d6 dung dich RhB ban dau 1a
30 mg/L. Trong pham vi nhiét do nay,
DLHP RhB ting theo nhiét do nhu két
qua chi ra & Hinh 4a. Theo két qua nghién
ctru dong hoc & trén, qua trinh hap phu
RhB trén vat liéu CuZIF-11 tuan theo mé
hinh dong hoc bac 2 va gia thiét hiang sé
tbc do k, phu thudéc vao nhiét do theo
phuong trinh Arrhenius thi: Ink, =
- % + InA

Hoi qui tuyén tinh Ink, theo 1/T thu duoc
duong tuyén tinh véi hé s6 xac dinh 16n
(R* = 0,995). Tur d6 dbc cta duong tuyén
tinh, chung t6i1 tinh dugc nang lugng hoat
hod cua qué trinh hip phu E, = 10,461
kJ/mol Véi gia tr1 E; kha 16n co thé cho
rang qué trinh hip phy RhB 1én CuZIF-11
mang ban chét hoa hoc vi qua trinh hap
phu vat 1y cho E, rat nhé (= 0) [15].

4804 (b)

y=0,2672x + 3,9748

4.65 R*=0,9758
[ ]
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Hinh 3. P thj dang nhiét Langmuir (a) va Freundlich (b) hap phu RhB trén vat ligu CuzZIF-11

Gia sir qué trinh hap phu RhB 1én CuZIF-
11 la mot qua trinh thuan nghich. Lic nay,
hang so can bang K¢ dugc tinh tir nong do

pham nhuom ban dau va nong do ltc can
bang theo cbng thuc (9). Hoi qui tuyen
tinh InK¢ theo 1/T dya vao phuong trinh
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(8) thu dwoc duong tuyén tinh véi hé sb
xéac dinh 16n (R? = 0,9995). Tir gia tri do
déc va doan cat truc tung cua duong
tuyén tinh, ching toi tinh dwoc cac théng
s6 nhiét dong cua qué trinh hip phu nhu
sau: Gia tri AG° bang —399,14; —1832,81
va —3163,28 kJ/mol twong tng vai cac
nhiét d6 293, 303 va 313 K; AH° hing
40,112 kJ/mol. Két qua nay cho thay rang,
qua trinh hap phu 1 tu dién bién (AG® <
0), khi ting nhiét do tir 293 K dén 313 K,
gia tri AG® cang giam (cang &m) nén qua
trinh hap phu cang dé xay ra, AH® duong
va c6 gia tri kha Ion, tac 1a qua trinh hap
phu thu nhi¢t nén DLHP ting theo nhiét
do, phi hop véi AG®. Gia tri AH® = 40,112
kJ/mol cho thay rang qué trinh hip phu
RhB 1&én CuZIF-11 14 hap phu hoé hoc.

3.4. Anh hwéng caa pH va co ché hap
phu
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Hinh 4. DLHP RhB tr)eo thdi gian ¢ cac nhiér do
khac nhau (a); Biém dang dién cua vat licu
CuZIF-11 (b) va Hiéu suat hap phu RhB ¢ cac pH
khéc nhau (c).

Sy thay d6i pH s& anh huong dén dién
tich bé mat cua chat hap phu CuzIF-11
cling nhu dang ton tai cua RhB, vi thé, gia
tri pH cua dung dich nudc dong vai tro
quan trong trong qua trinh hap phu pham
nhuém. Tur d6, tac dong cua pH 1én qué
trinh hip phu RhB cua CuZIF-11 d3 dugc
nghién ciru. Bé danh gia anh huong caa
pH dén kha ning hap phu RhB cua vat
liéu CuZlF-11, cac dung dich RhB 30
mg/L duoc diéu chinh trong pham vi pH
3,0-11,0 bang cach thém dung dich HCI
0,1 N hoac NaOH 0,1 N.

Bén canh d¢, diém dang dién cua vat liéu
hip phu CuZIF-11 ciing dugc xac dinh.
Két qua diém dang dién cua vat lidu
CuZIF-11 tong hop xac dinh dugc 12 6,7
(Hinh 4b). Nhu vay, néu dung dich c6 pH
< 6,7, bé mat vat liéu sé& tich dién duong
vi llc d6 bé mat vat liéu s& bj proton hoa
do dung dich thira ion H*, nguoc lai & moi
truong ¢6 pH > 6,7 bé mat vat liéu sé tich
dién &m vi luc nay ion OH™ cua dung dich
s& lay ion H* cua bé mat vt liéu.

Hinh 4c trinh bay hiéu suat hap phu RhB
cia CuZIF-11 ¢ c&c pH khac nhau. Khi
tang pH tir 3 dén 8, hiéu suat hap phu
RhB ting, tic 1a kha niang hip phu ting,
Tuy nhién, khi tiép tuc ting pH tir 8 Ién
11, hiéu suét c6 xu huéng giam nhe. Két
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qua nay c6 thé giai thich nhu sau: Pham
nhuém RhB ton tai & dang cation 1a cha
yéu khi pH thap. Trong khi d6 ¢ pH thap
(pH < 6,7), bé mat vat lieu CuzIF-11
cling tich dién duong nén lam giam kha
ning hap phu cation RhB*. Khi pH ting
lén RhB chuyén dan sang dang ludng tinh
nén kha nang hap phu ting lén, nhét Ia khi
pH tién dén PHpz. Tuy nhién, khi pH cao
(pH > 8) bé mat vat liéu luc nay tich dién
am nén kha nang hap phu RhB giam vi luc
nay RhB ciing chuyén dan sang tich dién
am. Két qua nay tuong ty nhu ket qua cua
céc tac gia [2, 3, 14]. Ngoai yéu tb twong
tac tinh dién, theo Shang Wei va cong su
[1], trong vat liéu ZIFs cd cac vong
benzimidazole trong khi RhB c6 cc vong
thom nén co thé xay ra sy tuong tac n—m
stacking trong qué trinh hap phu RhB Ién
vat liéu CuZIF-11. Bén canh d6, nhu da
trinh bay ¢ trén, su c6 mat cuaa ion cu?
cling tao thanh cé&c tm hap phu méi do c6
kha nang tao phuc véi cac phan tir RhB.

4. KET LUAN

Vit ligu bién tinh CuZIF-11 thé hién hoat
tinh hap phu cao ddi véi RhB tir dung
dich nude. Luong chat bi hap phu c6 thé
dat 138,89 mg/g & 303 K. Qua trinh hip
phu tuan theo phuong trinh dong hoc biéu
kién bac 2 va dang nhiét hap phu
Langmuir. Qua trinh hap phu RhB lén vat
lieu CuZIF-11 c6 ban chat héa hoc voi
nang lugng hoat hda kha cao (E, = 10,46
kcal/mol) va hiéu trng nhiét kha lon (AH°
= 40,112 kJ/mol). Kha ning héap phu thay
d6i theo pH va viing hap phu cao ¢ pH 7-
9. Tir cac két qua do, c6 thé thay rang, vat
liéu bién tinh CuZIF-11 1a vat liéu co trién
vong trong hap phu dé xir ly cac chat 6
nhiém hiru co trong nuéc.

Lol cam on

Nghién ciru nay duoc tai trg boi Dai hoc Hué
trong nhiém vu ma sé6 DHH2024-03-191.
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