NGHIEN CUU HAP PHU Pb(ll) TRONG NUGC BANG VAT LIEU ZIF-67/rG0

BINH VAN TAC, TRUONG THI THOY LINH, VO THI DUYEN, VO THANG NGUYEN,

SUMMARY:

PHAN THI NHAT LINH, NGUYEN TRAN YEN NHI, HA TH] THI BOAN,

LE THI THUY VY, LE THI KIM LIEN, DAO QUYNH NHI -
Trudng Bai hoc Su Pham - Dai hoc Da Nang

A STUDY ON ADSORPTION OF Pb(II) 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 adsorption property of the
rGO/ZIF-67 aerogel toward Pb(Il) 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(ll) 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

Nu6c 1a yéu to quan trong trong nhiéu qua trinh cong
nghiép. Néu khong dudgc kiém soat, nudc thai cong nghiép
¢6 thé sé 1a ngudn 6 nhiém rét doc hai. Cac hdp chét hiu
¢0 va cac kim loai nang phét sinh tU cac qua trinh cong
nghiép hién dai, néu thai ra ngoai méi truting, co thé gay
tac dong tiéu cuc dén sic khoé con ngudi va gay ra cac
tham hoa moi trudng. Nhiéu phuong phéap x{ ly kim loai
nang trong nudc thai da dudc nghién clu va ap dung nhu:
két tia hoa hoc, trao d6i ion, hap phu, dién hoa, keo tu...,
trong do, hdp phu la phudng phap hiéu qua va kinh t€ vei
thiét ké va van hanh don gian[1].

ZIF-67 thuoc nhoém vat ligu khung hiu co - kim
loai (MOFs) la nhom vét liéu x6p, dang tinh thé lai hiu
¢0 - vo cd dudc hinh thanh tif nhiing ion kim loai Co?*
va 2-methyl-imidazolate dé tao thanh cdu truc mang
khong gian 3 chiéu xac dinh. ZIF-67 c6 nhiéu uu diém
nhu dién tich bé mat riéng I6n, c6 hé thong mao quan
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ddng déu, co nhiéu tam xuc tac va hdp phu ngay trén
bé mat vat liéu[2].

Graphene oxide dang khit (rGO) 1a san pham thu dugc
tif graphene oxide (GO) hay graphite oxide (GrO) va céc téc
nhan khit manh nhu hydrazine hay NaBH,, bang phudng
phap nhiét hay quang xdc tac bang tia UV. rGO dang dudc
cac nha khoa hoc quan tdm nghién ctu do c6 céc tinh chét
dac biét nhu do dan dién cao, bé mat hoat dong I6n, va
tinh chat xuc tac dién hoa dac biét[3].

Nham tang kha nang (ng dung cua rGO trong céc linh
vuc khac nhau, cac nha khoa hoc da thyc hién bién tinh
bang céac hop chét vo ¢d cing nhu hitu cd. Trong s6 do
thi vat liu ZIF-67/rGO dugc nghién clu Ung dung trong
nhiéu linh vuic, trong do bao gém hap phu céc ion kim loai
nang trong nudc véi dung ludng hdp phu cao, toc do hép
phu l6n[1, 4].

Bai bao nay trinh bay két qua khao sat qua trinh hap phu
ion Pb(ll) trong nudc bang vét liu ZIF-67/rGO.



1. THU'C NGHIEM

1. Hoa chat, thiét bi

Céc hoa chat st dung trong nghién cuu bao gom:
graphit, KMnO,, H,S0,, H,PO,, H,0,, NaCl, NaOH, HCI,
gtanol, DMF, Pb(NO,),, CH,COOH. Cac hoa chat con do
tinh khiét phan tich, ¢ nguon gdc Trung Quéc.

Thiét bi st dung trong qué trinh tong hop vat liéu bao
gom can phén tich, may khudy tu, may siéu am, t0 sdy, tu
sdy chan khong. Pé xac dinh pH cla dung dich st dung
may do pH ORION A221. May ASAP2020 dé xac dinh dién
tich bé mat riéng. Nong do ion Pb(ll) dudc xac dinh bang
phuong phép dién hoa, do trén may Autolab (PGSTAT302N
+FRA2) c0 két noi véi may tinh.

2. Téng hep vat li¢u

7IF-67/rGO dudc tong hgp theo quy trinh dugc trinh bay
trong tai liéu[1], gdm 4 giai doan:

Giai doan 1: Oxy hoa graphit thanh graphit oxit (Gr0)
bing cach sl dung cdc tac nhan oxy hoa KMnO,, H,0,
trong méi trudng H,S0,, H,PO, dac;

Giai doan 2: Tach 16p GrO bang phuong phap siéu am
thu huyén phu graphen oxit (GO);

Giai doan 3: Khit GO béng tac nhan kh' acidascorbic
thu graphen oxit dang khit (rGO);

Giai doan 4: Téng hop ZIF-67 trén rGO trong dung moi
chita hén hop etanol: nuéc cat: DMF theo ti 1€ khéi Iudng
lat1:1:1.

Vat liéu ZIF-67/rGO sau khi tong hop dugc xac dinh dién
tich bé mat riéng bing phudng phap BET. Diém déng dién

cla vat ligu (pH,) dudc xac dinh bang cach cho 0,29 vat
liu vao 100mI dung dich NaCl 0,1M co pH = 2 = 12. Xac
dinh lai pH ctia dung dich sau 48h. TU d6 thi phu thugc coa
ApH vao pH xdc dinh dudc pH..

3. Hép phu Pb(II)

Cho 2mg vat liéu vao 10ml dung dich c6 chua ion Pb2+
100ppm, khudy déu trong 80 phit & nhiét do 30°C. Sau
khi hdp phu, loc 1dy dung dich va xac dinh néng do Pb**
¢6 trong dung dich bang phudng phap von-ampe xung vi
phan (DPV) trén méy Autolab (PGSTAT302N +FRA2) co
két noi vGi may tinh.

Hiéu sudt qua trinh hdp phu va dung lugng hap phu
dudc tinh theo cong thiic:

(C, - C)V

H=,CQC'—CL.100%vaq=—ﬂ—m—t—

trong do: C,; C, IAn ot 12 néng do dung dich trudc v
sau khi hdp phu (mg/l); H 1a hiéu sudt hdp phu (%); q la
dung lugng hdp phu (mg/g); V: thé tich dung dich (I); m:
khoi lugng vét liéu hdp phu (mg).

4. Khio sat qua trinh hap phu Pb(Il)

C4c khao st dudc thuc hién bao gom: anh hudng cua
pH méi trudng; dong hoc qua trinh hadp phu (anh hu6ng
clia thdi gian); mo hinh hap phu dang nhiét (anh hudng
cia nong do ddu Pb2+) va nhiét dong hoc hap phu (anh
hudng cua nhiét do).

1. KET QUA VA THAO LUAN

1. Thiim do kha niing hip phu cua vit li¢u

Vét liéu hdp phu sau khi ché tao (GO, ZIF-67, ZIF-67/
rGO) dugc dem thi kha néng hap phu Pb(ll) trong nudc.
Hiéu sudt hdp phu Pb(ll) tif dung dich ndng do 100ppm,
pH =5 sau 80 phut dugc trinh bay ¢ Hinh 1.
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Hinh 1. Hiéu suat hap phu Pb(ll)

ZIF-67  ZIF-671GO

Két qua tham do cho thdy cé rGO va ZIF-67 déu co kha
nang hdp phu Pb(ll) trong nudc, higu sudt hap phu cua hai
loai vat liéu nay tudng duong nhau: H ~ 50%. Diéu tha vi
la, bién tinh rGO bing ZIF-67 lam tang manh kha nang hap
phu cuia vat liu, hiu suat hdp phu tang gan 2 1an so v6i
vét liéu don ban déu: H ~ 90%. Diéu nay hoan toan phu
hop voi két quéa do dién tich bé mat BET cla vat liéu, theo
d6 ZIF-67/rGO co dién tich bé mat bang 1872 m?/g 16n hon
nhiéu so véi vat lisu don rGO (200 m?/g) va ZIF-67 (1330
m?/g). Su gia tang dang ké dién tich bé mat ¢ vat liéu
7IF-67/rGO ¢6 thé lién quan dén viéc tong hp ZIF-67 trén
nén rGO da gidi han sy phat trién kich thudc cla cac hat
tinh thé ZIF-67 [1, 4].

2. Khio st qua trinh hap phu Pb(Il)

2.1. Anh hudng cta pH

Két qua khao sat anh hudng pH dén kha nang hap phu
Pb(ll) ctia ZIF-67/rGO dudc thé hién trén Hinh 2.
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Hinh 2. Anh hudng cia pH dén dung lugng hap phu Ph(ll)
cua ZIF-67/rG0

Hinh 2 cho thdy, tang pH tif 2 dén 8 dung Iudng hap phu
Pb(ll) ting nhanh, sau do giam manh. Dung lugng hdp phu
dat cuc dai nam trong khoang pH = 5+6.gO pH = 5 dung
lugng hap phu Pb?* clia ZIF-67/rGO dat 448mg/g.

Diéu nay c6 thé dugc giai thich dua vao anh hudng cta
pH dén dién tich clia vat liéu va cac dang ton tai cia Pb(ll)
trong cac moi trudng pH khac nhau. Thuc vy, diém déng
dién cua ZIF-67/rGO xac dinh bang thuc nghiém 1a pH, =
4,8, diéu nay c6 nghia la trong mai trudng pH < 4,8 vat
liéu sé mang dién tich duong, con trong méi trudng pH
> 4,8 vat ligu sé mang dién tich am. Trong khi Ph(ll) tuy
thudc vao pH moi trudng c6 thé ton tai ¢ dang hat mang
dign tich dudng (Pb%*; Pb(OH)*), trung hoa (Pb(OH),) hay
hat mang dién tich am (Pb(OH),", Pb(OH),*). Trong moi
trudng acidmanh Pb(ll) ton tai chd yéu & dang Pb2*, luc
ddy tinh dién vdi vat liéu cling mang dién tich dudng gay
bét 1i cho qua trinh hap phu, do vy dung ludng hap phu
nho. Tudng ty trong méi trudng pH >7 Ph(ll) tdn tai chl yéu
6 dang trung hoa (Pb(OH),) va dang anion (Pb(OH),) trong
khi vat liéu mang dién tich &m, do do cang khong ti]uan gi
cho qua trinh hdp phu. Trong méi tridng pH = 5+6 Pb2* bi
thiy phan mot phdn tao thanh Pb(OH)*, dé dang hap phu lén
trén bé mat vat liéu bi deproton hoa va mang dién tich am, do
vy dung ludng hdp phu dat gia tri I6n nhat.

2.2. Dong hoc cha qua trinh hap phu

K&t qua khao sat anh hudng cua thdi gian cho thay,
trong khoang thoi gian tii 5 phit dén 80 phut, dung Iugng
hdp phu Pb(ll) cta vat liéu ZIF-67/rGO tang nhanh sau do
thay d6i cham. Qué trinh hdp phu dudc xac dinh dat can
béng sau thoi gian 60 phat (Hinh 3).
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Hinh 3. Su phu thudc ctia dung lugng hap phu Pb(ll)
ctia vat liéu ZIF-67/rGO vao thdi gian
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Dong hoc clia qua trinh hap phy Pb(ll) bi vat ligu ZIF-
67/rGO dudc danh gia thong qua hai mo hinh dong hoc
biéu kién bac nhét va bac hai[1]:

In(g,-q) = Ing, — kit
1 1 t

a9, kgl 4,

Trong do, g, va q,1a dung lugng hép phu & thoi diém
can bang va d thoi diém t (mg/g); k,, k, 1 hang s toc do
clia qua trinh hdp phu biéu kién bac 1 (phut™) va bac 2
(g mg"' phat”).

Dé danh gia mdc do phu hgp cta cac mé hinh dong
hoc doi vdi so liéu thuc nghiém, xac dinh sai s trung binh
tuang doi:

[z =] 100%

Trong d6, q, ,, 4, ,,, 1 dung ludng hap phu can bang
theo tinh toan va theo thic nghiém.

Tit s6 ligu vé anh hudng cla thdi gian dén dung lugng
hap phu cta vét liéu xay dung do thi mo ta dong hoc hdp
phu biéu kién bac 1 va bac 2 (Hinh 4).
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Hinh 4. Do thi ma ta dong hoc hap phu biéu kién bac 1
va bac 2 cua qua trinh hap phu Ph(il)

K&t qua hdi quy tuyén tinh thu dudc cac phudng trinh
dong hoc:

Bac 1:In(q,-q) = 5,4723 - 0,0571.t, R* = 0,8817

Bac 2: 1/q, = 0,0182 + 0,00196.t, R? = 0,9962

Ti c4c gia tri do déc va doan cat véi truc tung cua céc
dudng tuyén tinh, xac dinh céc gid tri k,, k,, g, , va ARE
(Bang 1).

Bang 1: Cac tham sd ciia phuong trinh dong hoc biéu kién

e,cal

Mo hinh [k R? 0. ARE (%)
Bac1 | 0,0571 | 0,8817 | 2380 495
Bac2 | 2,1.10¢ | 09962 | 5102 82

Thuc nghiém cho thay, mo hinh dong hoc biéu kién
bac hai ¢ cac hé s6 tin cay gan bang 1 (R? = 0,9962)
va sai s0 trung binh khdng qua 16n (ARE = 8,2%). Trong
khi mé hinh dong hoc biéu kién bac 1 ¢ R? = 0,8817 va
ARE = 49,5%. Tif d6 co thé cho rang mo hinh dong hoc



biéu kién bac 2 mo ta qué trinh hap phy phu hop hon so
véi mo hinh biéu kién bac 1. Hang so toc do va dung ludng
hép phu can bang tinh dugc tif phuong trinh dong hoc biéu
kién bac 2 cuia qué trinh hép phu Pb(ll) bang ZIF-67/rGO la
k, = 2.1.10* g mg’ phat' va g, = 510,2mg/g.

2.3. Phudng trinh hap phu d%ng nhiét

Tif c4c s6 liu thyc nghiém vé anh hudng clia nong do
d4u cia Pb?+ dén dung lugng hap phu cla vat liéu, khao
sét can bang hap phu theo mo hinh déng nhiét hap phuy
Langmuir va Freundlich (Hinh 5).
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Hinh 5. D6 thi hdp phu dang nhiét Langmuir (a)
va Frendlich (b) ctia Ph(ll) 1én vit ligu ZIF-67/rGO

Két qua khao sét cho thay, qua trinh hap phu Pb(ll) boi
7IF-67/rGO phu hop véi ca hai mo hinh dang nhiét. Tuy
nhién mdc do phu hdp véi mo hinh Freunlich (R? ~ 0,979)
kém han so v6i mé hinh Langmuir (R2 = 0,994). Diéu nay
ching to cc tam hap phu trén bé mat vat ligu nay tuong
doi dong nhat va hién tudng hdp phu don Idp chiém uu
thé han.

Ti cac phuang trinh dang nhiét xac dinh gia tri dung
lugng h&p phu cyc dai g, hing s6 Langmuir K ; K hang
s6 Freundlich va hé so di thé n nhu Bang 2.

Bang 2: Cac tham sd déng nhiét dang tuyén tinh

vorn [omgg | K [ & [ tn |
Freundlich -
Langmuir | 83333 | 0.0203 ]

Két qua tinh toan theo mo hinh Langmuir cho thay,
dung ludng hdp phu cuc dai clia ZIF-67/rGO doi véi Pb(ll)
bang 833,33 mg/g. So véi cac loai vat ligu bién tinh khac

trén nén rGO vat liu ZIF-67/rGO co dung lugng hap phu
cuic dai 0n hon rdt nhiéu (Bang 3).

Bang 3: Dung lugng hép phu cyc dai theo md hinh Langmuir

Vat lieu q,,., Mg Tai ligu
160 58,04
Fe,0,1G0 30,68
NF/1GO 121,6
S/rG0 592,16

[ 2F-67/G0 833,33 Bai bao nay

2.4. Nhiét dong hoc hap phu

Hinh 6 biéu dién anh hudng cua nhiét do dén dung
Iugng hap phu Pb(ll) cua vat liéu 7IF-67/rGO. Két qua thuc
nghiém cho thdy, tang nhiét do tit 30°C dén 50°C dung
lugng hép phu tang dén.
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Hinh 6. Anh hung cia nhiét do dén dung ludng hap phu Pb(Il)
clia ZIF-67/rGO

Tit anh hudng cua nhiét do dén qua trinh hap phu tién
hanh xac dinh cac tham s6 nhiét dong hoc cua qua trinh
hap phu bao gom AH?, AS® va AGe.

Theo phudng trinh van't-Hoff ta co méi quan hé gida
AH° va AS® clia qué trinh hdp phu vOi InK;

Po thi phu thude cta InK, vao 1/T dudc dua ra trong
Hinh 7. ;
y = -3807.7x + 16.625

48 by R2=0.9918
46
=a4 i
42 e
i
4 +— ,
0.00305 0.00315 0.00325 0.00335

T (K
Hinh 7. D6 thi xac dinh cac thdng 6 nhiét dong
clia qué trinh hap phu Pb(ll) lén ZIF-67/rGO
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Tit phuong trinh hdi quy tuyén tinh thu dudc suy ra
AH® = 31,66 kJ/mol, AS® = 138,3 J mol”' K.

AG® dugc xac dinh theo phudng trinh Gibbs-Helmholtz:
AGy, = AH®,, - T AS® 4 ~ -9,53 kJ/mol < 0. Nhu vay
qud trinh hdp phu Pb(ll) 1én ZIF-67/rGO & diéu kién chuan,
25°C [a qua trinh ty dién bién va thu nhigt.

IV. KET LUAN

Bién tinh rGO bang ZIF-67 lam tang manh kha nang hap
phu Pb(ll) cla vét liéu.

Qu4 trinh hdp phu Pb(ll) cla vét liéu ZIF-67/rGO dién
ra thudn Igi nhat trong moi trudng pH = 5 + 6. Da xac
dinh dudc, sy hap phu Pb(ll) 1én ZIF-67/rGO tuén theo mo
hinh dong hoc biéu kién bac 2 va dudc mo ta bang ca
hai m6 hinh hdp phu d&ng nhiét Langmuir va Freundlich.
Dung ludng hdp phu cuyc dai cla ZIF-67/rGO theo md hinh
Langmuir: g, = 833,33 mg/g, I6n hon dang ké so vdi
cé4c loai vat lieu hdp phu bién tinh khac trén nén rGO. Da
chiing minh dudc, qua trinh hap phu Pb(ll) Ién ZIF-67/rGO &
diéu kién chudn, 25°C 1a qua trinh tyf dién bién va thu nhiét.
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