NGHIEN CU HAP PHU Pb(Il) TRONG NUGC BANG VAT LIEU ZIF-67/rGO
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A STUDY ON ADSORPTION OF Pb(Il) FROM AQUEOUS SOLUTION

WITH MATERIAL ZIF-67/rGO

In this work, an adsorbent was fabricated by the in-site assembly of zeolitic imidazolate
framework-67 (ZIF-67} on reduced graphene oxide (rGO) hydrogel. The adsorpiion property of the
rGO/ZIF-67 aerogel toward Pb(1I) was studied via batch adsorption experiment: effects of pH. time,
temperature, initial concentration. It was determined that for adsorption of Pb(ll) from aqueous
solutions using ZIF-67/rGO the best pH range was around pH 5 = 6. According to kinetic fitting
tests, the adsorption property was in accord well with the pseudo-second-order model, revealing that
the adsorption process was chemisorption; the results of the isothermal model conform to the both
Langmuir and Freundlich isotherm adsorption models. Maximum Langmuir adsorption capacity of
ZIF-67/rGO for Pb(Il) is 833.33 mg/g, which is much higher than the capacity on other adsorbents.
The thermodynamic parameter obtained from the experimental data demonstrated that process is

spontaneous and endothermic.
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I. PAT VAN DE

Nude 13 yéu td quan trong trong nhigu qua trinh ¢éng
nghiép. NEu khong dugc kiBm soat, nudc thai cong nghiép
¢6 thé s& 14 ngudn & nhiém rat d6c hai. Cac hgp ¢hét hiu
cd va cAc kim loai ndng phat sinh tif cdc qua trinh cong
nghiép hign dai, néu thai ra ngoai mai trudng, 6 thé gay
tdc dong tiéu cyc dén suc khoé con ngudi va gy ra cac
thdm hoa mdi trydng. Nhiéu phudng phap xU ly kim loai
nang frong nudc thai da dudc nghién cifu va ap dung nhu:
két tha héa hoc, trao 85i ion, hdp phy, dién hoa, keo ty. ..,
trong do, hap phy la phudng phép hiéu qua va kinh té vdi
thiét ké va van hanh don gian[1].

ZIF-67 thudc nhom vat liéu khung hdu td - kim
{oai (MOFs) |2 nhom vat lidu xdp. dang tinh thé lai hiu
¢g - vd co dudc hinh thanh tl nhing ion kim loai Co?*
va 2-methyl-imidazolate dé tao thanh cau truc mang
khéng gian 3 chiéu xac dinh. ZIF-67 ¢o nhidu vu diém
nhy dién tich bé mat riéng I6n, ¢o hé thdng mao quan
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ddng déu, ¢6 nhiéu tam xuc tac va hdp phy ngay trén
bé mat vt liéu[2).

Graphene oxide dang khit (rGO) 14 s&n phdm thu dugc
tu graphene oxide (GO) hay graphite axide (Gr0) va cac téc
nhan khi manh nhy hydrazine hay NaBH,, bang phudng
phap nhiét hay quang xdc tac bang tia UV, rGQ dang dugc
¢é4c nha khoa hoc quan tam nghién ¢ do ¢d cdc tinh chat
dac biét nhy a9 dan dién cao, bé mat hoat dong 1dn, va
tinh chat xuc tc dién hod dac bigt(3].

Nh&m tang kha nang ung dung cua rGO trong ¢ac linh
vuc khdc nhau, cdc nha khoa hoc @3 thyc hién bién tinh
bang cac hgp chdt vo ¢d cing nhu hidu ¢d. Trong 9 dé
thi vat liéu ZIF-67/rGO dudc nghién cu ung dyng trong
nhiéy linh vy, trong d6 bao gdm hap phu cac ion kim loai
nang trong nudc vdi dung lugng hap phy cao, toc do hap
phu dnf1, 4).

Bai bao nay trinh bay két qua khao st qud trinh hip phy
ion Po(ll) trong nuéc bang vét ligu ZIF-67/rGO.



IL THUC NGHIEM

1. Héa chat, chiét bi

Cac hoa chdl si dyng trong aghién clu bao gom:
graphit. KMnO,, H,S0,. HPO,, H,0,. NaCl, NaOH, HCI,
etanol, DMF, PIJ{NOJ)2 CH COOH. cac hoa chat con 4o
tinh khiét phan tich, co nguﬁn goc¢ Trung Quéc.

Thiét bi st dung trong gua trinh 18ng hop vt liéu bao
@dm can phan tich, may khudy tif, may siéu am, td say, W
sdy chan khong. D& xac dinh pH cua dung dich s¢ dyng
may do pH ORION A221. May ASAP2020 d& x4c dinh dién
tich bé mat riéng. Néng dg ion Pb{ll) dudc xac dinh bang
phudng phap dién hia, do trén mdy Autolab {PGSTATIOZN
+FRA2} c6 kel ndi vdi may tinh.

2. Tong hop vat ligu

ZIF-67/rGO dudgc \dng hgp theo quy trinh dugc trinh bay
trong tai ligu[1), gém 4 giai doan:

Giai doan 1: Oxy héa graphit thanh graphit oxit {Gr0}
béng cach st dung cac tdc nhan oxy hoa KMnO,, H,0,
trong mdi trudng H,50,, H,PO, dac;

Giai doan 2: Tach (0p GrO bing phuodng phap siéu am
thu huyén phu graphen oxit (GO);

Giai doan 3: Khif GO bling tac nhan khif acidascorbic
thu graphen oxil dang khi {rG0);

Giai doan 4: Tong hap ZWF-67 trén rGO trong dung mdi
chita hén hgp etano!: nude ct: DMF theo i 1§ khdi lugng
lat11:1,

VAt liéu ZIF-67/rGO sau khi téng hdp dudc xac dinh dién
tich bé mat rigng bling phudng phap BET. Diém ding dién

clia vit lidu (pH) dugc xac dinh bang céch cho 0,2g vat
fiéu vao 100ml dung dich NaCl 0,1M cd pH = 2 = 12, Xéc
dinh lai pH cta dung dich sau 48h. T 46 thi phy thuge cua
ApH vao pH xéc dinh dugc pH,.

3. Hap phy Ph(Il)

Cho 2mg vét liéu vao 10ml dung dich c6 chia ion Pb**
100ppm, khudy déu trong 80 phut d nhiét d§ 30°C. Sau
khi hép phuy, lpc 14y dung dich va xdc dinh nbng do Pb?*
co trong dung dich bang phyong phap von-ampe xung vi
phan (DPV) trén may Autolab (PGSTAT302N +FRAZ) ¢
két ni voi may tinh,

Hiéu sudt qua trinh hip phy va dung lugng hdp phy
dugc tinh theo cong thuC

H= AHC—L 100%vaq=

trong d6: C; €, lan Imjl 14 néng ¢ dung dich truﬂc va

sau khi hap phu (mgll) H 12 hiu sudt hdp phy (%); q 1a

dung lygng hdp phy (Ma/g); V- thé tich dung dich 1) m:
khdi lugng vét liéu hap phy (mg).

C,-CNV C)V

4. Khio sat qua trinh hap phu Ph(ll)

C4c khao sat dudc thyc hién bao gdm: anh hudng cua
pH méi trudng; djng hoc qua trinh hdp phy (anh hudng
cla thai gian); md hinh hap phy ding nhiét (4nh hudng
c0a ndng d dau Pb2*) va nhiét ddng hoc hdp phy (anh
hudng cua nhigt o).

1. KET QUA VA THAO LUAN

1. Thiim do kha niing hip phu cua vit ligu

Vat ligu hap phy sav khi ché tao {1G0, 2IF-67, ZIF-67/
G0) duge dem thif kha nang hap phy Pb{ll) trong nuide.
Hiéu suat hap phy Pb(Il) tif dung dich néng dd 100ppm,
pH =5 sau 80 phist dugc trinh bay d Hinh 1.

o r

)

GO 1467 ZUFATG0
Hinh 1. Wb sudt hip phe Padily

Két qua tham do cho thdy c& rGO va 2IF-67 déu co kha
nang hap phu Pbll) trong nudc, hiéu sudt hip phy cia hai
{oai vt litu nay tuong duang nhau: H =~ 50%. Diéu thu vi
13, bién tinh rGO bang ZIF-67 Iam tang manh khé ning hip
phu clia vat igu, hiéu sudt hap phy tang gan 2 1an so voi
vat (iéu don ban diu: H ~ 90%. Diéu nay hoadn toan phu
hop vdi két qua do dién lich bé mat BET cua vat ligu, theo
d6 2F-67/rG0 c6 dién lich bé mat bng 1872 m¥/g It hon
nhigu so véi vat lieu don rGO (200 m?/g) va ZIF-67 (1330
m/g). Sy gia 1ang dang k& dién tich bé mat § vt lifu
ZIF-67/rGO ¢6 thé lien quan dén viec 19ng hgp ZIF-67 trén
nén rGO da giti han sy phat trién kich thudc cua cac hat
tinh thé ZIF-67 [1, 4).

2. Khio sat qua trinh hip phu Pb(ll)

2.1. Anh huting coa pH

K&t qua khao sat anh hudng pH dén kha nang hap phu
Pbyll} cia ZIF-67//GC dugc thé hién trén Hinh 2.
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Hioh 2. Anh hdng cisa pH dén dung iugng hip phu Pb(IL)
cua 2IF-67/1G0

Hinh 2 cho thay, ting pH ti' 2 dén 8 dung lugng h3p phuy
Pb(ll} tang nhanh, sau d6 giam manh. Dung lugng hip phu
dat cygc dai nam trong khodng pH = 5-6. 0 pH = 5 dung
lygng hdp phy Pb2+ clia ZAF-67/rGO dat 448mg/g.

Diéu nay ¢6 thé duge giai thich dua vae anh hudng cla
pH dén dién tich cua vat liéu va cac dang ton tai coa Pb(ll)
trong cac moi trudng pH khéc nhau. Thijc vay, diém déng
dién cda 2IF-67/rGO x4¢ dinh bang thifc nghigm 12 pH, =
4.8, diéu nay co nghia 1a trong moi truong pH < 4.8 vit
liév s& mang dign tich dudng, con trong mdi tridng pH
> 4,8 vt liéu s& mang dién tich am. Trong khi Pb{ll) tuy
thudc vao pH mdi trudng c6 thé tdn tai § dang hat mang
dién fich dudng (Pb?*; Pb(OH)*), trung hda (Pb(OH),) hay
hat mang dign tich am (Pb(QH) = Pb{OH),*). Trong mdi
trrdng acidmanh Po(ll) ton tai chu yéu d dang Pb?", lc
ddy tinh dign vdi vat ligu cing mang dién tich dudng gay
bat Igi cho qué trinh hdp phy, do vay dung lugng hap phu
nhd. Tuong b rong més trudng pH > 7 Po(It} ton tai chl yéu
4 dang frung hoa (Pb(OH),) va dang anéon (Pb(OH), '} trong
khi vat liu mang dn tich am, do d6 cung khdng thudn ki
cho qué triah hap phy. Trong mdi trudng pH = 5-6 Pb?* bi
thity phan mdt phan tao thanh Ph(OH)*, dé dang hap phu kén
trén bé mat vat liéu bi deproton héa va mang dién tich am, do
vdy dung lugng hap phy dat gia tri Kn nhdt,

2.2. Dong hoc ciia qua trinh hap phy

Két qua khao sit anh hudng cia thoi gian cho thdy,
trong khoang thoi gian tif 5 phit dén 80 phut, dung lygng
h&p phy Ph(ll) cla vat lisu ZIF-67/rGO tang nhanh sau do
thay ddi cham. Qua trinh hip phu dudc xac dinh dat cin
béng sau thdi gian 60 phut (Hinh 3).
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Hinh 3. S¢ phu thudc cua dung ludng hap phy Pbill)
c0a val lidu ZIF-67/¢G0 vao thid gian
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Ddng hoc cia qud trinh hdp phy Pbill) boi vat fieu ZiF-
67/rG0 dugc danh gid théng qua hai md hinh dong hoc
biéu kién bac nhit va bac hail1):

In(a,-q) = g, — kit
i ) - !

v b «

Trong 46, q, v g, 1 dung ludng hap phy 0 thei diém
can bang va d thei diém t (ma/g); k,, k, 12 hing s6 tdc 46
cla qud trinh hip phy bidw kign bic 1 (phut') va bac 2
{0 mg* phat").

Dé danh gia mic d phu hgp cba cac mé hinh ddng
hoe ddi vdi 56 ligu thiyc nghiém, x4c dinh sai 6 trung binh
tuang ddi:

= 100%
Qeenp

Trong d9, q, ... 4, ,, 1 dung ligng hp phy ¢4n bang
theo tinh todn va theo thijc rghiém.

Tét s liéu vé anh hudng cia thdi gian dén dung lugng
hdp phu cua vt liu xay dyng 90 thi mé ta dGng hoc hip
phy biéu kién bac 1 v bac 2 (Hinh 4).
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Hinh 4. B thi md t3 ddng hoc hap phy bidu kién bac 3
vé bac 2 cua qua irinh hap phu Pb(ll)

Két qua héi quy tuyén tinh thu dugc cac phucng trinh
dong hoc:

Bdc 1:In{q,-0)} = 5.4723 - 0,0571.t, R? = 0,8817

Béc 2: t/q, = 0,0182 + 0.00196.t, R? = 0,9962

Tis c4c gid tri 4O dbc va doan cit vai truc tung cua cac
dudng tuyén tinh, xéc dinh cc gia tri k. k,, q, ., va ARE
{Bang 1).

Bang 1: Cdc tham 6 cua phuang trinh 65ng hoc biéu kién

Mohinh [k 2 Q. ARE (%) |
Bac) | 00571 | 08817 | 2380 495
Bc2 | 21104 | 09962 | 5102 8.2

Ttwic nghiém cho thdy, mé hinh ddng hoc bidu kién
bac hai c6 cac hé sd tin cdy gdn bing 1 (R? = 0,9962)
va sai 56 trung binh khdng qud 16n (ARE = 8,2%). Trong
khi md hinh ddng hoc biéu kién bac 1 c6 R? = 08817 v4
ARE = 49,5%. Tif d6 ¢6 thé cho ring md hinh dong hoc



biéu kién bac 2 mo 13 qud trinh hdp phy phu hgp hdn so
v6i mo hinh biéu kign bac 1. Hang s6 tdc 46 va dung lugng
hdp phy can bang tinh dugc t phudng trinh dong hoc bidu
kién bac 2 clia qua trinh hdp phy Pb{il} bang ZIF-67/GO la
k, = 21.10¢ g mg' phut' va q_ , = 510,2mg/g.

2.3. Phuong rinh hap phu dang nhigt

Tis cac s6 liéu thyc nghigm vé anh hudng cla ndng d
dau cua Pb?* dén dung higng hdp phu clia vat liéu, khao
sat can bing hap phy theo mé hinh dang nhiét hip phy
Langmuir va Freundlich (Hinh 5).
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Hinh 5. 9 thi hap phu dang nhiét Langmuir (a)
va Frendlich (b) cia Ph{lt} 18n vat ligu 2IF-67/rGO

K&t qua khao sat cho thdy, qua trinh hdp phu Pb(ll} bdi
2IF-67/6GO phu hgp vdi ¢& hai mo hinh d4ng nhiét. Tuy
nhién mc 46 phi hgp véi mg hinh Freunlich (R* = 0,979)
kém hon so v8i mo hinh Langmuir (R? = 0,994). Diéu nay
chiing td céc tam hap phy trén bé mat vat liu nay tudng
doi dong nhdt va hién tugng hap phy don 16p chidm vu
thé hon,

Tu cac phuang trinh d4ng nhiét xac dinh gia tri dung
Itgng hdp phy cyc dai g, ; hAng sd Langmuir K ; K, hang
s6 Freundlich va hé s di thé n nhw Bang 2.

Béang 2; C4c tham sd déng nhid! dang luyén tinh

M6 hinh | q_ . mg/q K, K 1/n
Freundlich - 281,27 | 0,2438
Langmuir 833,33 0,0203 - -

Két qua tinh todn theo md hinh Langmuir cho thdy,
dung lugng hdp phu cyc dai cua ZIF-67/1GO ddi ¥di Pb(ll)
bang B33,33 mg/g. So v8i cAc loai vat ligu bién tinh khac

trén nén rGO vAt ligu ZIF-67/rGO ¢ dung lugng hap phu
cyc dai lan hon rdt ahiu (Bang 3).

Bang 3: Dung Ivgng hap phu cifc dai theo md hinh Langmuir

Vit ligu Q. Mg Tai lidu
0 58,04 {5]
Fg,0,//GO 30,68 (6]
NF/rGO 1216 7]
S/rG0 592,16 [8)
2IF-67/rG0 833,33 Bi bdo ndy

2.4, Nhiét dong hoc hap phu

Hinh 6 biéu dién &nh hudng cua nhiét 46 dén dung
Idgng hap phu Pb(l}) cia vat ligu ZIF-67/rG0. Két qua thyc
nghiém cho thay, tang nhit @6 tir 30°C dén 50°C dung
Iugng hdp phu tang dén.

-
4
L
9<%
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Hinh 6. Anh hedng ciia nhiét 80 dén dung (ugng hip phu Pb(ll)
cua 2IF-67/G0

Tit anh hudng cua nhiét 3o dén qua trinh hap phy tién
hanh xa¢ dinh céc tham s¢ nhiét dong hoc cia qua trinh
hdp phy bao gom AH®, AS® va AG®.

Theo phudng trinh van't-Hotf ta c6 mdi quan hé gida
AH® va AS® clia qud trinh hp phu véi InkK ;:

‘ MY
MA_ o b e —
L " L

D6 thi phy thude cua InK, vao 1/T dudc dua ra trong

Hioh7.

y=-3807.7x + 16625

48 - & R -0.9914

gy ‘

a2

0.00305 0.00318 0.00325 0.00335
1T (K"
Hinh 7. D6 thi xac dinh cac thing $8 nhiét dgng

ctia qua trinh hdp phy Pb(ll) iéa ZIF-67/¢GO
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Tit phuong trinh héi quy tuyén tioh thy duge suy ra
AH® = 31,66 ki/mol, AS® = 138.3 Jmol’ K.

AG® dugc xac dinh thea phuong trinh Gibbs-Helmholz:
4G, = AH®,, - T AS®,,, = -0.53 ki/mol < 0. Nhu vdy
qué tnnh hap phy Pb{l) len ZIF-67/rGO 9 diéu kién chuén,
25°C 1a qua trinh ty dién bién va thu nhigt,

IV. KET LUAN

Bién tinhy rGO bAng ZIF-67 Jam tang manh kha ndng hip
phuy Po(ll) cha vat liéu.

Qua trinh hdp phy Pb{ll) cua vat liku 2IF-67/4GO dién
ra thuan Igi nhat trong méi rudng pH = 5 = 6. Da x4dc
dinh dugc, sy hdp phu Pb{ll} 1én ZIF-67/rGO tuan theo md
finh dong hoc biéu kién bic 2 va dugc mé ta bing ca
hai md hinh hdp phy d3ng nhiét Langmuir va Freundlich.
Dung ligng hdp phy cic dai cia ZIF-67/¢G0 theo md hinh
Langmuir: g, = 833,33 mg/g, i0n hon dang ké so voi
cac loa vat [u hidp phy bién tinh khac trén nén GO. DA
chibg minh dugc, qué trinh hdp phy Pb{ll) 1&n 2F-67/GO §
didu kén chudn, 25°C 1a qua trinh by dién bidn va thu ahiét.
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