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Tom tat

Trong nghién ctru ndy, dé danh gia khd ndng hédp phu ctua vét liéu graphen oxit (GO) trén nén polyme
polyvinyl alcohol (PVA), chat mau xanh metylen (MB) dwoc lwa chon lam déi tuwong khdo sét. Céc két qua
chi ra réng, sau 93 phut qué trinh dat can bang va khodng 86% MB da bi hdp phu. Khéo sét céc théng sé
anh huéng dén qua trinh hdp phu nhuw nhiét d6, pH...cho thdy pH téi wu cho qua trinh hap phu 1a 7 va & diéu
kién kiém d6 hdp phu cta vét liéu & rat nhé (<0,15 mg/g). Qué trinh hdp phu duoc tién hanh Iap lai 3 lan dé
danh gia kha nédng tai str dung cta vat liéu téng hop duoc. Sau 3 vong tai sinh, gan 80% MB van tiép tuc bj
hép phu trén vat liéu. Do vay, vét liéu hira hen cho khé ndng hép phu chat mau tét va cé kha ndng tai sinh,
téi str dung cao gép phén lam giam gia thanh cta vét liéu, gidm & nhiém méi trurong.

T khoa: graphene oxide, PVA, hap phuy, tai s& dung.

Abstract

With the aim of investigating the adsorption capacity of graphene oxide/polyvinyl alcohol (GO/PVA) polymer
(the adsorbent), methylene blue is selected as an object to assess the adsorption capacity. The results
showed that, after 93 minutes, the adsorption gets the equilibrium state and 86% of methylene blue is
adsorbed. Temperature, pH are also studied to find the optimum conditions for the adsorption whereby pH 7
has the highest adsorption capacity and in the base environment, the obtained adsorption capacity is very
low (<0,15 mg/g). After repeating this process triple times on the same adsorbent (the adsorbent is treated
after using each time), there is still 80% of methylene blue is adsorbed. This saves money and protects the
environment, so this material promises to be a suitable alternate for adsorbents.

Keywords: graphene oxide, PVA, adsorption, reused.

1. Giéi thiéu

Graphen, duoc biét dén 13 mot tAm phang day
bang mot nguyén tir cacbon vai cac lién két sp, trong
nhitng nam gin ddy dwoc ing dung rong rii trong cac
nganh cong nghiép dién tir nhu lam pin nang lugng
mat troi, biosensor, quang xuc tac... do cac dac tinh
quang, nhiét, dién va co 1y tuyét vdi cua no. Graphen
oxit (GO) véi dién tich bé mat Iy thuyét dat gan 3000
m%g cing rat nhidu cic nhém chirc nhu hydroxyl-
OH, carboxyl C=0, epoxyl... 1a ing ct vién tuyét voi
cho qué trinh hip phu chit mau hitu co, cc ion kim
loai niang trong dung dich nuéc. Pa c6 rat nhidu
nghién ctru sir dung GO nhu mot chat hap phu cho
qua trinh xir 1y nudc thai trong nhiing nim gan day
[1,2]. Nhuge diém ciia chung 1a kich thudc bé nén
kha ning thu hoi, tai sit dung con han ché. Dé giai
quyét van dé nay, mot s nhom nghién ciru da hudng
t6i tao vat litu composite két hop GO véi céac
polymer dang mang dé d& dang tach vat liéu khoi
dung dich [3-5]. Polyme polyvinyl alcohol (PVA) la
mot polyme tong hgp hoa tan trong nuéc, khong doc
hai va thuong dugc Umg dung trong y hoc do cé dd
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tuong thich sinh hoc cao. Tuy nhién, tinh chét co hoc
cua PVA chua thuc su tdt va c6 tinh gilt nudce do cod
dau wa nudc 1am han ché phin nao cac ng dung cua
polyme nay. Cac nghién ciru di chi ra rang khi két
hop GO/PVA, d6 bén kéo da tang 1én 132% va cudng
dd nén dugc cai thién hon 36% chi voi 0,8% GO
dugc bo sung [6]. Piming Ma va cong su [6] chi ra,
Kkhi sir dung vat liéu PVA/GO/Chitosan dé hap phu
ion Cu? , dung luong hap phu c6 thé dat 162 mg/g,
cao hon han s0 v6i vat liéu PVA/Chitosan. Khi tién
hanh tong hop va khao sat kha ning hép phu cta xanh
metylen trén vat liéu GO/PVA, Ning Wang va cong
su [7] da sir dung cong nghé lam dong hén hop &
-10 °C va ngam vét li¢u trong dung dich codn 3 lan,
mdi lan 2 gid, trong d6, ham lugng polymer PVA st
dung kha thip (tic gia chi sir dung
0,045g PVA/ 0,136 g GO cho méu vit liéu); cac két
qua chi ra réng dung lugng héip phu cuc dai cua vat
lidu co thé dat dén 571,4 mg/g, khong nhimg vay, vat
lidu con co kha nang hap phu con va dau dau nanh
cao hon hin so véi vat liu khtt GO... Do vay, day
htra hen 13 mot vat liéu ¢6 kha nang hap phu chat mau
trong dung dich nudc t6t. Trong nghién ciru nay,
chung t6i da tong hop vat liéu GO/PVA bang phuong
phap tron dung dich tryc tiép roi dem say trong tu
sdy. Lugng polymer sir dung cao hon rat nhiéu so véi
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lwong GO. Nghién ciru s€ tdp trung vao qua trinh
khéio sat kha nér}g hap phu cua vt licu GO/PVA tu
tong hop trén chat mau MB.

2. Phwong phap
2.1. Nguyén li¢u

Axit sulfuric (H2SO4 98%), natri nitrat (NaNOs3),
kali pemanganat (KMnOs), hydro peroxit (H.O, -
30%), FeCls.6H,O, FeS04.4H,0O, axit axetic
(CH3COOH - 30%) dugc dat mua tir hang Sigma.
NaOH va HCI dugc dit mua tir cong ty hoa chét Dic
Giang. MB, Graphit, Polyvinyl alcohol la cac hoda
chat tinh khiét dang AR dugc sir dung ngay ma khong
can qua bat ctr khau xtr Iy nao.

2.2. Thuc nghiém

Graphen oxid dwoc tong hop tir graphit theo
phuong phap Hummer [8]. Sau khi téng hop, 0,05 g
GO dugc dem di phan tan trong dung dich nuéc bang
bé siéu am. Polyme PVA (5g) dugc hoa tan trong
nuée cit cho dén khi tan hoan toan rdi duoc tién hanh
tron 1an v6i dung dich GO phia trén. Hon hop sau
tron 1an duoc tién hanh siy ¢ 50 °C va dem di su
dung cho qua trinh hép phu.

_ Dung dich gbc xanh metylen dugc pha véi
nong do MB 10 mg/L.

Dé khao sat kha nang hap phu cua vat liéu, 0,1 g
mau GO/PVA dugc cho vao binh chira 20 ml dung
dich MB 10 mg/L, boc kin binh phan tmg bang gidy
bac dé tranh anh hudng cta anh sang dén qua trinh
hap phu MB. Sau nhiing khoang thoi gian nhat dinh,
1 ml mau dugc ldy ra va tién hanh do phd UV- vis
lién tuc tai budc song 660 nm. Cac thi nghiém dugc
tién hanh lap lai it nhat hai lan dé danh gia do chinh
xé4c cta phép do. Nong do dung dich MB khong bi
hap phu duoc tinh toan dwa vao duong chuan vé quan
hé gitra do hap thu A va nong d6 dung dich MB.
Puong chuan duge xay dung nhu sau: chuén bi mot
loat cac dung dich MB véi néng do tr 1; 2,5, 5; 7,5
va 10 mg/L; do phd UV-vis cac dung dich v6i ndng
d6 khac nhau ta s& thu dugc cac gia tri d6 hap thy A
tuong Gmg. Thlet 1ap phuong trinh quan hé gitra do
hap thu A va nong d6 dung dich MB. Két qua duoc
chi ra nhu sau:

Phuong trinh duong chuan c¢o dang
A =0,0611xC — 0,0633 v6&i h¢ s0 R2 = 0.992 chimg
té duong chuan c6 do chinh xac cao (Hinh 1).

D6 hip phu ¢ (mg/g) duoc xac dinh theo cong
thue:

(Co - Ce).V

m

q= (M
trong do: Co 1é‘n(“)ng d6 ban dau cua dung dich MB
(mg/L); Ce la nong d¢ dung dich MB sau hap phu tai
thoi diém ¢ (mg/L); V 1a thé tich dung dich MB dem
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str dung (L) va m 1a khdi lwong chit hip phu st dung
(8).

Hiéu sudt hip phu (H) duoc xéac dinh theo cong
thirc:

S 100%

o

H= )

Vit liéu sau khi hip phu s& dugc khao sat dé
danh gia kha nang tai st dung cua vét liéu. Pau tién
chat hip phu s& duoc rira sach voi nude cit sau do
ngam trong dung dich HCI 0,01M trong vong | ngay.
Sau 24 gio, chit hép phu duogc léy ra va rua sach béng
nude cat nhiéu lan, tién hanh sdy vat liu & 40 °C
trong vong 24 gid va dem tai hip phu lai dung dich.

0.6+

0 5 10
Concentration, mg/L

Hinh 1. Buong chuan d6 hip thu dung dich MB v&i

cac nong do khac nhau khi do UV - Vis tai budc song

660 nm
0.6+
05
04
0.3 .
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0.14 .
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Hinh 2. Anh hudng cua thoi gian tiép xtc dén do héap
phu cua vat ligu. Picu kién thi nghiém: T = 35 °C,
m chat hap phu=0,1 g, pH="7

3. Két qua va thio luin
3.1. Khdo sdt thoi gian tiép xiic

Pé xac dinh thoi diém qua trinh dat cén bang,
thi nghiém duogc tién hanh & nhiét 6 35 °C, luong
chit hép phu 0,1 g trong cac khoang thoi gian khac
nhau. Két qua duoc chi ra trén Hinh 2. Theo do6, do
hap thu A giam dan theo thoi gian va dat bio hoa sau
93 phiit. Diéu nay chimg to dung dich MB da bi vat
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lidu GO/PVA hép phu va sau 93 phut thi qua trinh dat
bao hoa véi hiéu sudt qué trinh 1a 86%, d6 hip phu
= 1,73 mg/g.

3.2. Anh hwong ciia pH

Mot trong nhiing yéu t6 quan trong anh hudng
dén kha ning hap phu MB cta vat liéu polyme
GO/PVA 1a pH trong dung dich. Pé khao sat anh
huong cia pH dén qué trinh hdp phu, qua trinh s&
dugc tién hanh do d hap phu trong khoang pH tir 5
dén 9 dung dung dich HCI 0,IM va NaOH 0,1M dé
diéu chinh. Céc két qua duoc chi ra trén Hinh 3. Theo
do, cung voi sy tang pH, dung luong hap phu ciing
tang dan va dat cao nhat & pH = 7. Diéu nay co thé
dugc giai thich 1a do trong mdi trudng axit ton tai
nhiéu ion H+ din dén c6 su canh tranh giita cac phan
tr MB va ion H+ trong viéc hinh thanh cac lyc hat
tinh dién v6i cac nhom chire trai ddu trén vat liéu GO
va PVA dan t6i dung luong hap phu & moi truong pH
thdp l1a khong cao. O pH = 9, cac gia tri v€ dung
luong hép phu theo thoi gian thu dugc rit nho
(< 0,15 mg/g), diéu ndy co thé duoc giai thich 1a do
trong moi truong kiém, xanh metylen co thé di bi
thay d6i cdu trac do qua trinh demetyl hoa timg budc
[9]. Nhu vay, pH = 7 1a pH t5i wru cho qua trinh hap
phu MB trén vt liéu GO/PVA ¢ nhiét do 7 =308 K.
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Hinh 3. Anh huéng ciia pH dén qué trinh hip phy MB
trén GO/PVA (C, = 10 mg/L, T'= 308K)
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Hinh 4. Anh huong cta nhiét do dén qua trinh hap
phu MB trén GO/PVA (C, = 10 mg/L, m = 0,1g,
=7)
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3.3 Anh hwéng ciia nhi¢t dp

Nhiét d6 anh huong rat 16n dén qua trinh hap
phu vat liéu trong dung dich. Trong nghién ctru nay,
ching t6i da st dung binh diéu nhiét dé khong ché
nhiét d6 binh phan tng & cac nhiét do tir 35 °C dén
45 °C va khao sat sy thay d6i ctia dung lugng hap phu
theo cac gia tri nhiét d§ nay. Két qua dugc chi ra trén
Hinh 4.

Tu Hinh 4 ta thiy, nhiét do cang cao thi do hap
phu ¢ cang giam. Piéu nay co thé dugc giai thich 1a
do 6 nhiét d6 cao lyc hut tinh dién bi suy giam di lam
giam kha nang hap phu cia vat liéu [7]. Hon nita,
nhiét do cao 1a diéu kién khong thuan loi cho polyme
PVA. Nhu véy ta c6 thé dy doan 1a qua trinh hip phu
MB trén GO/PVA 1a qua trinh thich hop & nhiét d6
thép. Céc dir liu nhiét dong hoc nhu hé'mg sb6 can
bang K, nhiét phan tmg AH° (kJ/mol), entropy cua
qua trinh AS° (J/mol.K) va nang lugng tu do Gibbs
AG® (kJ/mol) dugc tinh str dung cac cong thirc sau:

AG® = AH® — T, AS° 3)
AG® = -RTIn e &)
CC’
InK = nqe :ﬂl AS” (5)
c R T R

e

trong d6 R 1a hiang sé khi (R = 8,314 J/mol. K), T la
nhiét d6 Kelvin, ge: d6 hap phu tai thoi diém can
bang (mg/g). Gié tri -AH°/R tinh dugc tir d6 ddc cua
phuong trinh InK - 1/7 (Hinh 5) tr d6 tinh dugc céc
gia tri AH° va AS° (Bang 1). 4G° tinh theo cong thuc
(3) 6 két qua 4m ching to qua trinh hap phu MB trén
vat liéu 1a qué trinh ty dién bién. Cac gia tri am cla
AH? va AS° tuong Ung chi ra qua trinh trén la tda
nhiét va ting do hon loan cua hé. Két qua nay phu
hop véi cac du doan néu trén.

Béang 1. Cac thong s nhiét dong cta qué trinh hép
phu MB trén vt liéu mang GO/PVA

AG° (kJ/mol) AH° AS°
(kJ/mol) | (J/mol.K)
308K | 313K | 318K
-65.36 -210
-1527 | -14,97 | -13,64

Qua trinh hép phu ¢ 35 °C dugc m6 ta boi mo
hinh dong hoc bicu kién bac 1 [8] c6 dang nhu sau:

k
log(q, —q,)=logq, ———¢ 6
g(4. —q,)=logq, ~—o= (6)
trong do ¢; (mg/g) 1a luong chat hap phu tai thoi diém
t bat ky, k (min) 1a hang sb téc do cua phan Ung
béc 1. Cac gié tri k va g, co thé thu duoc tir dd thi log
(ge - q) theo ¢ (Hinh 6a). Theo d6 phuong trinh co

dang y=0,7665 — 0,03183x véi hé sé R’ = 0,975,
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hing sé téc d6 k = 0,0733 min™' chimg to rang qua
trinh hap phu phu hop v6i mé hinh dong hoc béc 1.
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0.2
0.0
X 021
- y =7861.616x - 25.2633
o4 R =0.846
-0.64
0.00314 0.00316 0.00318 0.00320 0.00322 0.00324 0.00326
AT (1K)
Hinh 5. P thi InK — 1/T
0.2
0.0
5
d) -0.24
Ro)
8 -0.44
y =-0.03183x + 0.76649
0 R?=0.9749
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t (min)
(a)
4.0
3.5+
3.0
S 254
2

Ce (mg/L)

(b)

Hinh 6. a. M6 hinh dong hoc biéu kién bc 1;
b. Pudng dang nhi¢t hap phu MB trén
GO/PVA, T=308K, m=0,1g

Puong dé“ing nhiét hip phu cua qua trinh hép
phu MB trén vat liéu mang GO/PVA duogc chi ra trén
Hinh 6b.

Theo d6, d6 hap phu ge cao nhét 1a 3,5 mg/g. So
v6i cac két qua nghién ciru vé do hip phu MB trén
cac vat lieu composite nhu graphene/calci alginat
(181.81mg/g) [9], chitosan/bentonit (95,24mg/g &
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298K) [10]... thi @ hap phu nay twong ddi nho. Diéu
nay c6 thé dugc giai thich nhu sau: (i) lugng GO dem
st dung tao vat liéu composite rat nho, nho hon rat
nhiéu polymer PVA (chi chiém ~1% tong khdi lugng
vat li¢u composite), lwgng polymer 16n c6 kha nang
dd che di phan nao cac tim/ nhom chtrc hoat dong
trén vat liéu GO, (ii) vat liéu GO tong hop c6 thé can
duoc cai tién thém.

3.4 Khdo sdt khd nang tdi hap phu ciia vit ligu

Céc két qua vé hiéu suat hap phu sau cac lan tai
st dung dugc chi ra nhu trén Hinh 7 cho théy, sau 3
lan tai str dung, gan 80% MB van tiép tuc bi hdp phu
trén vat li¢u ching t6 vt liéu c6 kha nang tai st dung
nhiéu lan. Diéu nay goép phan lam giam gia thanh cua
vat liéu va kha nang ing dung thuyc tién cao.

85.87%
81.37%  7867%
0.84
0.6
;\? 04
\f .4
0.2
0.04
1 2 3
Lan

Hinh 7. Hiéu suat qua trinh hip phu sau 3 vong tai
sinh

IV - Két luén

Vit liéu GO/PVA d thé hién kha ning hép phu
chat mau MB véi thoi gian tiép xtc 1a 93 phut thi qua
trinh dat can bang, pH ti wu cho qua trinh hap phy 1a
7 va qué trinh hap phu MB nay thich hop & diéu kién
nhiét d6 thap. Vat liéu d& dang thu hoi va tai sinh sau
hap phu. Cac két qua tai sir dung chi ra gan 80% MB
van tiép tuc bi hép phu trén vat li¢u sau 3 lan st dung.
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