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ABSTRACT

Glucomannan/graphene oxide (GM/GO) hydrogel was synthesized by
using calcium hydroxide as the crosslinker. The synthesized material was
characterized by using IR, XRD, SEM, EDX and RAMAN technology. The
composite hydrogel was used for removal of organic dyes from
aqueous solution. The results showed that the GM/GO hydrogel had a
porous structure and a high adsorption capacity toward methylene blue
(MB). The pseudo-second-order kinetic model could fit the rate
equation of MB adsorption onto the GM/GO hydrogel. The adsorption
of MB onto GM/GO hydrogel was a spontaneous process. In addition,
the equilibrium adsorption isotherm data indicated that equilibrium
data were fitted to the Langmuir isotherm and the maximum dye
adsorption capacity was 198,69 mg.g”. Moreover, the hydrogel was
stable and easily recovered and adsorption capacity was around 97% of
the initial saturation adsorption capacity after being used five times.

Gidi thiéu chung

nghia quan trong trong cdng nghiép dét nhung lai ¢
nhitng tac dong 1én stic khde con ngudi, dong vat, thuc

Chéat 6 nhiém tUf cac nganh cong nghiép dét, gidy, nhua,
cao su, my pham va thuc phdm néu khéng cé cac bién
phap x ly hiéu qua co thé gay tn hai dén mai trudng,
Cac loai sinh vat va hé sinh théi toan cau [1,2]. Khodng 10-
15% thudc nhudm tUf cac nganh cong nghiép dét may bi
xa vao méi trudng mdi ndm [3] va hau hét cac thudc
nhuém nay la chat doc hai va cé kha nang gay ung thu
[4]. Xanh methylene (MB) la mét loai thudc nhudm cé y

vat. Vi vay, viéc loai bo thudc nhudm tir chét thai clia cac
nganh cong nghiém la van dé dugc cac nha khoa hoc
quan tam hién nay. Ba c6 nhiéu né lyc dé loai bo 6
nhiém thudc nhudm tir nudce thai bao gdbm nhiéu phucng
phéap nhu vat ly, hda hoc va sinh hoc [5]. Nhiéu vat liéu
chita chat hdp phu tu nhién va nhan tao da va dang dugc
nghién clu va phét trién nhiéu ndm qua va mét trong s6
cac vat lieu do la hydrogel [6].
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Hydrogel la polyme vai cdu tric mang Iudi 3 chiéu cé
kha ndng hap thu mét lugng nudc 16n gép nhiéu [an
khoi lugng cla chinh nd. Bac biét, hydrogel cé tinh
chét bién déi tuy theo diéu kién mdi trudng nhu nhitng
kich thich vat ly, hoa hoc khac nhau nén dugc Ung
dung trong nhiéu linh vyc nhu hdp phu chat gay 6
nhiém, phan phdi thudc, loc nudc, ... [7,8].

Hydrogel glucomannan/graphene oxide (hydrogel
GM/GO) la mbt loai hydrogel, dugc tao thanh tu
glucomannan (GM) va gan graphene oxide (GO). GM
la polysaccharide tu nhién, dugc tach chiét tir cac loai
Amorphophallus, c6 cdu tric mach thang, dugc tao
nén tu cac don vi cau tric la D-glucose va D-manose,
lién két vaéi nhau bdi lién két B-1,4-glycoside va &
nguyén t&r C-6 clia mét s6 mat xich dugc axetyl hoa
[9,10]. GO co céu truc vong, dién tich bé mat I6n va cé
ca4c nhom chic chilia oxy trén bé mat nén GO dugc
Ung dung nhiéu trong xtr ly nudc thai vdi vai tro la chét
hép phu [11,12]. Cho nén vat liéu hydrogel GM/GO c6
dugc tinh chét két hgp nhu khéd nang hdp phu cac chét
clia GO cling nhu dac diém than thién véi moi trudng
va kha nang phan huy sinh hoc clia GM.

Do dé, dua vao nhiing uu diém cua vt liéu hydrogel
GM/GO trong viéc xtf ly & nhiém thudc nhudém tir nudc
thai cong nghiép, trong nghién cltu nay ching toi tap
trung nghién cliu khd nang hép phu chat mau xanh
methylene cua vat liéu hydrogel GM/GO.

Thyc nghiém va phuong phap nghién cdu

Héa chat

Konjac glucomannan (GM, Shimizu Chemical Co,
Japan); Graphite (Sigma Aldrich);

Xanh methylene (CisHisCIN3S); Chlohydric acid (HCI);
Phosphoric acid (HsPOu); Sulfuric acid (H,SO4), Sodium
permanganate (KMnQO.) la hda chat tinh khiét
(Quangzi, Trung Quéc).

Cdc phuong phdp ddc trung vat liéu

Phuong phéap phé hdng ngoai (IR) dugc dung dé xac
dinh cau trdc phan tr chat nghién clu, dua vao cac
tan s& dac trung trén phé do clia cdc nhém chiic trong
phan t&. Phé tan xa nang lugng tia X (EDX) dung dé
phan tich nguyén té trén bé mat vat liéu. Cau trdc tinh
thé, hinh thai va kich thudc clia vét liéu dugc dac trung
bang phuong phéap nhiéu xa tia X (XRD), kinh hién vi
dién tor quét (SEM).

T6ng hgp graphene oxide

Graphene oxide dugc téng hop tir bét graphite bang
phuong phép Hummer cai tién [13]. Oxi hoa 1.5 g bét
graphite bdng hdn hgp oxi héa gom H2SOs4 98% :
HsPO. 85% (180 : 20 mL) va 9 g KMnO4. Hon hop
dugc khudy déu bang may khudy ti trong vong 3 ngay
dé tién hanh phan Ung oxi hoa graphite. Sau dé, 50
mL H,0> 20% (v/v) lanh dugc thém vao hdn hop va
khudy trong vong 10 phut dé két thic qué trinh oxi
hda. HOn hop dudc rita bang dung dich HCI 1M (3 1an)
va rlra bang nudc cat (3 1an) nham dé loai bd cac san
phdm phu cla qué trinh oxi hda cling nhu lugng
KMnO4 du. Sau do tién hanh siéu am, loc va rlta bang
nudc cét thu dugc graphene oxide dang gel. Sdy kho
hon hop nay thu dudc graphene oxide.

T6ng hop hydrogel GM/GO

Phuong phép t8ng hap hydrogel GO/GM dugc phat
trién dua trén nghién cltu ciia nhém tac gid Lu va cong
su [14]. Phan tan 850 mg GM trong 70 mL nudc cét va
khudy déu qua dém tai thanh gel déng nhét. Tiép
theo, 150 mg GO khan dugc phan tan vao 20 ml nudc
cat bang siéu am trong 2 gid. HAN hap nay dugc thém
tU tUr vao gel GM va tién hanh khuéy trong 5 gid. Tiép
dén, 10 ml dich huyén phu Ca(OH), (50 mg CaO/10 mL
H,0) dugc thém vao va khudy déu. Phan Ung xay ra
trong 8 gid va & nhiét d6 95°C. Sau qua trinh téng
hap, vét liéu dugc ria nhiéu 1an bang nudc cét va
déng kho thu dugc vat liéu hydrogel GM/GO.

Tién hanh thi nghiém tuong tu nhu trén nhung khéng
st dung GO, thu dudc vat liéu hydrogel GM.

Nghién ctiu khd ndng hdp phu

Khé& ndng hép phu cla vat liéu hydrogel GM/GO dugc
déanh gi& bang kha nang hdp phu MB trong dung dich
nudc. Cho 5 mg vat liéu hydrogel GM/GO vao c6c
chilta 20 mL dung dich MB (Co, mg.L™) trong diéu kién
khudy déu & téc dd 600 vong/phut, nhiét d6 phong va
trong béng t6i. Theo thdi gian trich mau, ly tam, 18y
dung dich va xac dinh néng dé MB bang phuang phap
quang phé hép thu phan t& UV-VIS (T-80 UV-Vis
Spectrophotometer) tai Amax=663 nm. Dung lugng hép
phu (DLHP) dugc tinh theo cong thuc sau:

(G -C)V ;
Q=" (Mmg.g7) V)

Trong do, Co va C; lan luct la ndbng dé MB ban dau
(mg.L™") va & thai diém t (gid); V 1a thé tich dung dich
(L); m la khéi lugng vat liéu hydrogel GM/GO (q).
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Dé nghién ctu dong hoc qué trinh hdp phu MB 1én véat
liéu hydrogel GM/GO, ching téi s dung dang phi
tuyén clia m6 hinh déng hoc biéu kién bac nhat [15,16]

q. =q,(1-e™ @)
M6 hinh déng hoc béc hai biéu kién [16]:

kt
qt_ qu

St gkt G)

Trong do, ge la DLHP tai thai diém can bang (mg.g™);
g: 1a DLHP tai thai diém t (gio); ki 1a hang s6 téc do
hap phu biéu kién bac nhat (gid™; k2 1a hang sé téc do
hap phu biéu kién bac hai (g.mg™.gic™.

Dé nghién clu dang nhiét hap phu, ching téi st dung
dang phi tuyén cla hai mé hinh Langmuir va
Freundlich.

Phuang trinh dang nhiét Langmuir ¢6 dang [17,18]:

— quLCe (4)
% 1+K C,

Trong do, ge la dung luong hép phu tai thai diém can
bang (mg.g™); Ce 1a nbng dé clia chét bi hdp phu trong
dung dich tai thai diém can bang (mg.L™"; gm & dung
lugng hép phu cuc dai don I8p (mg.g™); K. 1a hang s6&
hap phu Langmuir.

Phuang trinh dang nhiét Freundlich c6 dang [19]:
g =K.C" (5)

Trong do, n la hé s6 di thé va Kr 1a hang s6 Freundlich,
n va Kr phu thudc vao nhiét dé.

DéE xét xem qué trinh hdp phu la qua trinh tu xay ra
hay khong thi can quan tdm dén cac théng s6 nhiét
déng hoc cta qué trinh hdp phu. Cac théng sé nhiét
déng gdm enthalpy tiéu chudn (AH°), entropy tiéu
chudn (AS°) va nang lugng tu do Gibbs tiéu chudn
(AGY). Trong do6, AG® clia qué trinh hdp phu la mét dai
lugng quan trong dé xac dinh mic dé tu xay ra cla
qué trinh va dugc xac dinh bang phuong trinh sau [18]:

AGY = AH® — T AS® (6)

Mat khac AGP con dugc xéac dinh bang phuaong trinh
Van't Hoff dé xac dinh xem qué trinh hdp phu c6 tu
xay ra vé phuang dién nhiét déng hay khong.

AG’ =-RTInK, )

Trong do, T la nhiét d6 (K); R 1a hang s6 khi (8,314
J.mol™ K™, K¢ 1a hang s6 can bang, Romero-Gonzalez
va mét s6 nhém nghién ctu khac d& xac dinh hang s6
can bang theo phuong trinh [20-22]

0,
Ki=cm ®)

Thay phuang trinh (7) vao (6) ta dugc

AHY  AS?
—_— + R

InK  =— 9
" = TRT R ©)

Gia tri cla AH® va AS® dugc xac dinh tr d6 déc va
doan cat truc tung cla do thi tuyén tinh In K4 theo 1/T.

Céc tham sé ctia md hinh héi quy phi tuyén tinh dugc
xac dinh theo phuong phép téng binh phuong téi
thiéu. Diéu nay dugc thuc hién bang cuc tiéu hoa téng
binh phudng sai s& (SSES) trén Menu Solver trong
Microsoft Excel. Ham SSES cho cuc tiéu hoa nhu sau:

n

SSES = Z(y exp _yest)2 (10)
1
Trong do, Ve la gia tri thuc nghiém, yes la gia tri udc
lugng clia mo hinh.

Hé s& xac dinh (R%) dugc st dung dé so sanh cac mé
hinh va R? dudc xac dinh theo phuaong trinh sau:

SSE,

RE=1-
SSE, ()

Trong dé, SSEr la t8ng binh phuong sai s6 téng tuong

duong V&I D (Y o = Yes) VOI Ymean 12 gid tri trung
1

binh ctay.
Két qua thao luan

MGt sé déc trung clia graphene oxide
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Hinh 1: Gian do nhiéu xa tia X ctia GO va graphite
Hinh 1 trinh bay két qud XRD cua graphite va
graphene oxide dugc diéu ché bang phucng phép
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Hummers cai tién. TU két qud nay cod thé thay,
Graphite ban d&u c6 do tinh thé hoa cao, thé hién
qua dudng nén min va c6 peak dac trung cao va
nhon tai 26 = 26,48°. Qua trinh oxi hda lam mét peak
dac trung cla graphite, gidn do nhiéu xa XRD clia GO
ghi trong cung diéu kién co peak tu tai 26 = 11,36° vdi
cuong dé thap. Biéu nay la do trong qué trinh oxi hoa
bang KMnO4 da xuét hién cac nhém chiic cé oxi —OH,
-O-, -C=0 va -COOH chén gilta vao cac I8p dan dén
lam néng réng khodng cach gilta cac Idp graphite 1én,
phu hgp véi két qua da dugc cong bé trudc day [23].

—— Grapphite

%T

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
Sd'séng (cm™)

Hinh 2: Ph& IR cla graphite va graphene oxide

Két qua phé IR clla mau GO va graphite dugc trinh bay
tai hinh 2. Nhin vao hinh 2, Graphite c6 peak tai s&
séng ~3427 cm™ va ~1587cm” tuong Ung vdéi dao
déng hoda tri cia nhom -OH va lién két hidro trong
nudc hdp phu [24]. Ngoai ra, c6 thé thdy rang trén phd
IR clia graphen oxide cling c6 peak tai s6 song ~3427
cm™ va ~1631cm™ ¢ cudng dé manh hon do c6 nhiéu
nhom OH tao thanh va doéng thai da xuét hién thém
peak tai s6 song 1714 cm™ va 1220 cm™ tucng Ung Vi
dao ddng hoa tri clia nhdm carbonyl (C=0) va epoxy
(C-O-C) [25]. Tu két qué trén cho thay cac I&p graphite
d& dugc gan thém cac nhém chiic chira oxy sau qua
trinh oxi hoda vi thé khodng cach gilta cac 16p dugc
nang rong pht hap vdi két qua XRD cla GO.

MGt s6 ddc trung caa hydrogel GM/GO

Tién hanh nghién cltu cdu tric pha clia mau hydrogel
GM/GO va so sanh vdi cdu tric pha ciia mau GM, GO
bang phuong phap nhiéu xa tia X. K&t qua dugc trinh
bay trén hinh 3. Nhan thdy rdng, mau hydrogel
GM/GO c6 xuét hién peak dac trung cla vat liéu
hydrogel GM/GO 26~19,9° [14] va khi so sanh vdéi két
quad XRD cla GO (26~11,36% thi peak nhiéu xa cla
hydrogel GM/GO réng hon va dich chuyén vé phia 26
nhd hon. Mat khac, do tinh thé cla vat liéu hydrogel
GM/GO cao han so vdi vat liéu hydrogel GM. Tur do ¢co

thé két luan, trong qua trinh téng hgp vat liéu cd xudt
hién lién két gitta cac phan t& GM vdi chudi polyme
clia GM lam thay déi pha clia vat liéu.

Két qua anh SEM (hinh 4) cho théy vat liéu hydrogel
GM-GO ¢6 cdu tric x6p, bé mat nham, kich thudc 16
réng nhd hon so vdi hydrogel GM. Qua dé, co thé
thdy su hién dién cla GO da thay déi hinh dang bé
mat, do x6p cla vat liéu va két qua nay phu hgp vdi
cac cong bé cho trudc [14,26].

So séanh phé hdng ngoai clia vat liéu hydrogel GM/GO
v&i mau hydrogel GM va graphene oxide. Két qua
dugc trinh bay & hinh 5. Qua d¢, cho thdy ca ba mau
vat liéu hydrogel GM-GO, GM va GO déu xudt hién
peak tai s6 song ~3450cm™ dac trung cho dao déng
héa tri cla lién két -OH tu do, tai s6 séng ~1734 cm’”
dac trung cho nhém cacbonyl (C=0) va tai s6 song
~1631cm™ d&c trung cho dao déng cla lién két hydro
lién phan tir [14]. Ngoai ra, co thé trong qua trinh téng
hop vét liéu hydrogel GM-GO c6 xay ra phan Ung dé
acetyl hod dong thdi cling hinh thanh lién két gitra ion
Ca?* vdi cac nhom —OH clia GM va GO. Vi vay khong
nhiing lam gidm s6 lugng cac nhom —C=0 va —-OH ma
con lam gidm s& lugng céc lién két hydro lién phan t.
Két qua la trong phd FT-IR cla vét liéu hydrogel GM-
GO thi cuong dé peak cla cac dao déng trén thap
hon so vai mau GM va GO.

104 A B

7004
—— Hydrogel GW/GO ‘!

199° — @ 5004 1 e

f I

il HJZ\

500 Wy
11,36° \ r|'

W

340° (a.u)

Cudng do (a.u)

j Cudng d6 (a.u)
H

P! | il
\
‘ f
i I,
o,
" | |
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Gée nhidu xa 20

Hinh 3: Gian doé XRD ctia mau hydrogel GM/GO va
mau GO (A); mau vat hydrogel GM (B)

10 )
Géc nhidu xa 20

Hinh 4: Anh SEM cGia mau hydrogel GM véi d6 phdng
dai 700 1an (A) va mau hydrogrel GO-GM vdi do
phdng dai 150 [an (B)
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K&t qua phd EDX cua vat liéu hydrogel GM/GO (hinh
6) cho théy thanh phan nguyén t& trén bé mat vat liéu
gom c6 C, O va Ca v&i ham lugng tuong Ung la
41,92%, 56,87% va 1,21%. Mat khéc, ion Ca?* ty do da
bi loai bd trong qué trinh téng hop vét liéu GM-GO. Vi
vay co thé budc dau chimg minh dugc ion canxi da di
vao mang ludi cla vat liéu va la tac nhan lién két gilra
GM va GO.

Két qua phd Raman clia cac mau hydrogel GM, GO va
hydrogel GM/GO dudc trinh bay & hinh 8. Phé Raman
cla hydrogel GM/GO khac vai phé Raman cla vat liéu
hydrogel GM va c6 xuét hién hai peak dac trung &
khodng 1380 cm™ va 1700 cm™, la nhing peak dac
trung cho vat liéu. Sy xuét dién cia hai peak nay,
thudng dugc goi la dai D va dai G, cho thay rang Ip/ls
trong GO la ~1,27 trong khi lp/lg trong hydrogel
GM/GO la ~1,49, gia tri nay c6 su thay déi khi dua GO
vao trong vét liéu GM. Diéu nay c6 thé giai thich, vi
mét s6 nhém chiic chiia oxi trong GO da tham gia vao
qué trinh khau mach va céc lién két doi C=C dugc khoi
phuc mét phan, dan dén su gia tang lp/le [14]. Ngoai
ra, vi trf va dé rong cac van phé gitta GO va hydrogel
GM/GO tuong tu nhau chiing té thanh phan va trang
thai clia vat liéu sau khi t8ng hap la kha 6n dinh. Diéu
nay cho thdy GO da tao dudc lién két trong vat liéu

-OH -c=0!

hydrogel GM-GO

i
; i
: : Lién k&t hidro
i i
H i

T T T T T T T
4000 3500 3000 2500 2000 1500 1000 500
S8 song (cm™)

Hinh 5: Phé IR clia 3 mau hydrogel GM, GO va
hydrogel GM/GO

Nguyén t§ Ham lugng (%)

ey e o oo o
[ 2 3 4 5 9 0 M 12 13 14 15 18 17 18
Ul Seale 325 cts Cursor: B.414 keV (0 cts) ke

Hinh 6: Phé EDX cua vét liéu hydrogel GM/GO
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Hinh 7: Phd RAMAN cla cac mau GM, GO va hydrogel
GM/GO

Khdo sdt khd ndng hdp phu MB lén vt liéu hydorgel

GM/GO

Dung lugng hdp phu cla vat liéu hydrogel GM/GO
theo thdi gian dugc khdo sat & nhiét d6 303 K vdi cac
nong dé MB ban dau khac nhau tir 20 mg.L™" dén 200
mg.L" dugc trinh bay trén hinh 8. Két qua cho théy cac
dudng hép phu MB & ndm ndng dé khac nhau c6 hinh
dang giéng nhau va cé thé chia lam ba giai doan. Giai
doan 1: trong 5 gio dau tién cla qua trinh hdp phy,
dung lugng hép phu tang Ién rat nhanh, do mét lugng
Ién chat mau cation xanh methylene dugc gan vao bé
mat cla chét hdp phu mét cach nhanh chdng. Giai
doan 2: tUr 5-15 gid, dung lugng hap phu tdng cham,
do su khuéch tan va lugng tam tu do hap phu gidm.
Giai doan 3: tU 15-30 gig, dung lugng hé&p phu nging
tang, Iiic nay qué trinh hdp phu dat dén can bang. Khi
tién hanh tdng ndng dé ban d&u ctia dung dich MB 1én
lam tdng déng luc cla qua trinh hdp phu déng thdi
cling lam tang sy tudng tac cla phan t& MB vdi cac

tam hap phu va két qua lam tang dung lugng hép phu.
180

200 mg.L”
160 + —*
150 mg.L
~ 140 i
o ‘100 mg.L
0 120
5120
3.
£ 100+ 40 mg.L"
“E‘ 80 -
o
g- 60 - 20 mg.L”
g a04
a
20
0 T T T T T T T T T T T T
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Thai gian (gid)

Hinh 8: Dung lugng hap phu cla vat liéu hydrogel
GM/GO theo thdi gian & cac ndng dd MB ban dau
khac nhau & 303K
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Bang 1: Cac tham sé dong hoc hdp phu MB 1én vat liéu hydrogel GM/GO & cac ndng dé khac nhau & 303K

Déng hoc béc nhat biéu kién

Déng hoc béc hai biéu kién

Co e q. R? Georp 2. 10° T, R2
(mg.L") (gig™ A (mg.g™ (g.-mg.gic’) A
(mg.g’) (mg.g”)
20 41,21 47,47 0,965 50,19 10,46 53,30 0,997
40 53,52 82,34 0,978 86,92 8,36 91,32 0,999
100 58,81 19,42 0,978 126,13 6,52 131,82 0,999
150 59,69 138,98 0,973 146,67 5,75 153,08 0,999
200 63,16 155,80 0,9795 162,98 5,51 171,29 0,999
(DKTN: Mhydrogel GM/GO= 5 mg)
Bang 2: Cac thdng s déng nhiét hip phu Langmuir va Freundlich tai 303K
M hinh ddng nhiét Freunlich M6 hinh ddng nhiét Langmuir
Ke (mg.g™ N R? K. (Lmg™ Qmax (Mg.g™ R?
16,65 2,33 0,965 0,018 198,69 0,997

(DKTN: Mnydrogel 6m/co0= 5 mg; Thoi gian: 15 gio)

Bang 3: Cac théng s6 nhiét déng clia qué trinh hdp phu MB 1én vat liéu hydrogel GM/GO

Nhiét do (K)

Kq

Qe (Mg.g™)

AG® (Jmol' K™ AH°(Jmol™)  AS® (J.mol™)
298 7,99 56.05 -5150,18
303 741 53.5 -4933,96
308 6,87 4991 -4825,85 -11593,6 -21,62
313 6,39 49.99 -4717,74
318 5,96 4473 -4609,63

(DKTN: Mhydrogel omyco= 5 mg; Co=20 mq.L™; Thdi gian: 15 gio)

Chuing t6i st dung mé hinh déng hoc biéu kién bac
nhat va bac hai & dang phi tuyén dé nghién ctu
déng hoc qua trinh hdp phu MB 1én vat liéu hydrogel
GM/GO. Tu két bang 1 c6 thé théy rang, tai mot gia
tri Co xac dinh thi hé s6 R? clia phuong trinh déng
hoc bac hai biéu kién I16n hon hé s6 R? cla phuong
trinh déng hoc béc nhét biéu kién. Khi so sanh vdi
gia tri DLHP can bang dugc tinh tir néng do dau va
néng dé can bang (q thi gia tri DLHP can bang

e,exp)

theo md hinh déng hoc bac hai (of ) it sai khac

e,cal

han so vd&i mé hinh dong hoc bac nhét (. ). Tu dé

e,cal
6 thé cho rang, mé hinh déng hoc biéu kién bac hai
mo td qué trinh hdp phu MB 1én vat liéu hydrogel
GM/GO phu hgp hon so vai mé hinh déng hoc biéu
kién bac nhat

Tuy nhién, két quéa & bang 1 cling cho gia tri k» khéng
phai la hang s6 déi véi nbng dé ma sé giam khi néng
dé déau cla MB tang. Khi ndng dé dau ciia MB tang
lén sé c6 su canh tranh gitta cadc phéan t& MB trong
qué trinh di chuyén va cac 16 tréng trong vat liéu
hydrogel GM/GO (&nh hudng cla khuéch tan trong).

K&t qua la s& gidm téc do di chuyén clia cac phan ti
MB vao trong vat liéu va t6c dé cla quéa trinh hép
phu [én bé mat mao quan sé& khong tang kip vai viéc
tdng ndng dd dau cla MB. Do dd téc dd qua trinh
hap phu sé gidam khi ndng dé déau clia MB tang lén.

180
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160 - - = =Mé hinh Freundlich -
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=
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Hinh 9: Budng déng nhiét hdp phu MB |én vét liéu
hydrgel GM/GO tai 303K

Qué trinh ddng nhiét hip phu dugc nghién clu tai
nhiét d& phong va hai mo hinh dang nhiét hap phu
Langmuir va Freundlich bién d6i & dang phi tuyén
dugc st dung nghién clu va dugc biéu dién & hinh 9.
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Céc théng s6 déng nhiét hdp phu cla hai mé hinh
Langmuir va Freundlich dugc trinh bay & bang 2. Tu
do6 co thé thdy ca hai mo hinh hdp phu dang nhiét
Langmuir va Freundlich déu cé hé s6 xac dinh cao
(R?>0,96) nén c6 thé khang dinh quéa trinh hdp phu
MB [én vat liéu hydrogel GM/GO vUua tuan theo mo
hinh ddng nhiét Langmuir vifa tuan theo mé hinh
Freundlich. Tuy nhién, mé hinh ddng nhiét hdp phu
Langmuir s& phu hop hon so véi mé hinh ddng nhiét
hap phu Freundlich do c6 hé sé xac dinh R? cao han.
Do do, chung t6i dua ra gid thuyét rang: qua trinh
hép phu MB I1én vat liéu hydrogel GM/GO la qua trinh
hép phu dan I&p, chét bi hap phu sé hinh thanh mét
I6p don phan tir va tat cd cac tdm hép phu trén bé
mat vat liéu sé co i luc nhu nhau déi vdi cac chét bi
hép phu.

Hinh 10 biéu dién do thi thuyén tinh InKg theo 1/T va
tU do sé xac dinh dugc gia tri AH® va ASY  theo
phuang trinh (9). Cac théng sé nhiét dong hoc cla
qua trinh hdp phu MB lén vat liéu hydrogel GM/GO
dugc trinh bay trong bang 3. Két qué cho thdy gia tri
nang lugng tu do Gibbs tiéu chudn (AG®) trong
khodng nhiét dé tur 298-318K déu nho hon khong,
chiing to rang trong khodng nhiét dé nay qué trinh
hap phu MB Ién vt liéu hydrogel GM/GO tu xay ra va
khi tdng nhiét do thi DLHP cla vat liéu sé gidm dan.
Ngoai ra, AS® va AH° mang gié tri am, ching to qué
trinh hép phu MB 1én vat liéu hydrogel GM/GO khéng
lam tang muc do hdn loan clia hé va day la qué trinh
tda nhiét.

Kha nang tai str dung cla vat liéu sau khi da hép phu
dugc xem la mét trong nhiing yéu t6 quan trong dé
Ung dung trong thuc té. Vat liéu hydrogel GM/GO
sau khi hdp phu MB dugc rira gidi bang methanol 5-6
[an, sau do tién hanh sédy khd 50°C trong vong 12 gid.
Tiép tuc 13p lai qua trinh hdp phu MB va qué trinh nay
dugc 13p lai 5 1an, két qua dugc trinh bay trén hinh 11.
Nhan thédy rang, hiéu sudt hdp phu qua cac lan tai su
dung la rat cao, gidm nhe tUr 98,85-96,59% va vat liéu
hydrogel GM/GO qua ndm lan hdp phu h&u nhu
khong bi thay déi cdu tric cling nhu khéd nang hép
phu MB. Biéu nay ching té, vét liéu hydrogel GM/GO
c6 do bén cao, dé tai st dung va cé tiém nang trong
Ung dung lam vét liéu hdp phu ph&dm nhudém hit co.

Tién hanh so sanh vdi cac vat liéu hydrogel khac nhu
hydrogel agrinate/graphene oxide cla tac gid Gan va
cdng sy [27] co dung lugng hép phu dung dich MB
c6 néng dd 100 ppm vao khodng 240 (mg.g™) Ién
han so vdi vat liéu cla hydrogel GM/GO ma ching
toi da téng hop dugc. Diéu nay do cdu tric cua
agrinate cé nhiéu nhom chiic COO- déng thai khi két

hgp va&i bé mat mang dién tich &m clda graphene
oxide [28] cang lam tang lén s6 lugng cac tam hép
phu, dan dén tang kha nang hdp phu cac phdm mau
cation nhu MB.
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Hinh 11: Hiéu sudt hdp phu MB 1én vat liéu hydrogel
GM/GO qua céc I&n téi st dung

K&t ludn

D3 téng hop thanh cong graphene oxide tir graphite
bang phuong phap Hummer cai tién. TU ngudn
graphene oxide thu dugc da téng hgp thanh céng vét
liéu hydrogel GM/GO suir dung Ca(OH), lam tac nhan
lien két ngang. Vét liéu hydrogel GM/GO thu dugc co
Cau trdc x6p, chlta nhiéu nhém chiic nhu carboxyl,
carbonyl, hydroxy, epoxy lam cho vét liéu cé kha nang
hap phu phdm t&t nhuém xanh methylene. Qua trinh
hép phu MB Ién vat liéu hydrogel GM/GO la qué trinh
tu xdy ra va tuan theo mé hinh dang nhiét Langmuir
va Freundlich, trong d& mé hinh hip phu dang nhiét
Langmuir pht hgp han. Dung lugng hép phu cuc dai
c6 thé dat dén 198,69 mg.g™ tinh theo phuong trinh
Langmuir & nhiét dd 30°C. Téc dd hdp phu tuan thd
theo mé hinh déng hoc biéu kién béc 2. Hiéu sudt
hdp phu gidam khoéng déang ké sau 5 lan téi st dung.
Céc két quad thu dugc cho thdy vat liéu hydrogel
https://doi.org/10.51316/jca.2021.010
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GM/GO c¢6 tiém nang Ung dung dé loai bo xanh
methylene trong dung dich nudc
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