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SUMMARY

SYNTHESIS OF GRAPHENE BASED AEROGELS AND THEIR APPLICATION
IN THE REMOVAL OF METYLENE BLUE FROM WATER

In this study, we successfully synthesized graphene aerogel (GA) by hydrothermal method followed by
the freeze-drying technique. The structural analysis of the materials obtained by XRD, SEM/EDX, and
FT-IR spectroscopy showed that the GA presented a 3D structure while its precursor was the 2D
material. When graphene oxide (GO) was transformed to GA, the characteristic XRD peak at about 10°
was completely removed and there were no other significant peaks, indicating that the crystalline
structure of GO was converted to amorphous form of GA. The C/O ratio in GO (1.4/1.0) was
significantly lower than in GA (3.2/1.0). The absorption of methylene blue (MB) in aqueous solutions
by GA was influenced by different parameters such as pH, reaction time, adsorbent load, and initial
concentration of MB. The optimum conditions for the adsorption of MB were 100 mL of 20 mg/L MB
solution, pH11, 100 min adsorption time under atmospheric conditions. In our research, the Langmuir
and Freundlich models received the coefficients of 0.987 and 0.970, respectively, suggesting that
Langmuir isotherm model better described the experimental data compared to Freundlich one.
According to Langmuir isotherm model, the maximum adsorption capacity (Qmax) of GA regarding
MB in solutions was 32.9 mg/g.

Keywords: Graphene aerogel, methylene blue, adsorption, isotherm models, operating parameters.

1. MO PAU thiy sinh s& kho hip thu dugc oxy va anh sang
Sy phét trién manh m& cua cac nganh cong mat troi khi tiép xdc véi xanh methylen, qua
nghiép dét, gidy, da, cao su, va nganh cong do6 gay can tro hd hap va sy phat trién cua cac
nghiép my pham da va dang tao ra nhidu cong sinh vat trong nuéc [1,2]. La thubc nhuoém
an viéc lam cho ngudi lao dong, gép phan vao cation, xanh metylen mang dién tich &m trong
su ting truong GDP cua dat nuéc. Bén canh dung dich, bén canh d6 trong phan tir ciia Xanh
nhitng dong gop tich cuc vd cung to Ion do, metylen ciing chira c4c lién két doi lién hop.
cc nganh cong nghiép nay ciing di va dang Pay 1a nhirng tinh chat quan trong dé cac nha
gay ra nhiing tac dong tiéu cuc dén moi truong nghién ciru dé xuat duge cac phuong phap xir
nudc va sic khoe con nguoi do sur dung lugng Iy phu hop.

I6n cac héa chat, dac biét 1a thudc nhuon. Xanh Graphen dugc biét dén 1a vat lisu 2D duoc
methylen 13 mot thuc nhuom cé wng dung rat hinh thanh béi cac nguyén tir cachon sp? duoc
l6n trong cong nghiép dét; tuy nhién né lai co sip xép theo hinh luc gi4c, va c6 cac dac tinh
nhiing tac dong tiéu cuc ddi véi sic khoe con quang hoc tuyét vai, tinh d& uén co hoc va én
nguoi, dong vat va cac hé thay sinh. Cac hé dinh nhiét, c6 do bén hoa hoc rat tot [3,4]. Cac
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dan xuét ciia graphen nhu graphen oxit (GO) va
graphen oxit dang khir (rGO) ciling c6 nhitng
tinh chit dic biét nhu tinh wa nudc va cd céac
nhém chac chia oxy nhu HO:, -C=0,
COOH... [5,6] c6 thé tham gia cac phan {ng
héa hoc, hd tro cac qué trinh xur ly chat 6 nhiém
hitu co trong méi truong nuae. Graphen aerogel
la mot trong cac dan xuat cua graphen cd cac
tinh chat thd vi do kha ning nén cua céc
aerogel, c¢6 ciu tric khdng gian, dién tich bé
mat I6n va mang cac tinh chat cua tam
graphen, RGO hay GO tuy vao con dudong va
cach thuc tong gop ra graphen aerogel [7].
Trong nghién ciru ndy chlng toi tong hop, dic
trung cau trlc vat lidu céc aerogel va nghién ctu
céc diéu kién phan g dén qua trinh xtr ly xanh
metylen trong dung dich nudc.

2. THUC NGHIEM

2.1. Hoa chat

Graphit bot, tinh khiét > 99%, c& hat < 45 pm,
Merck; Axit sunfuric (H.SO4) 98%, Sigma-
Aldrich;  Natri  nitrat  (NaNOs)  99%,
Guangdong; Kali pemanganat (KMnQ4) 99%,
Merck; Hydro peoxit (H202) 30%, Sigma-
Aldrich; Etylen diamin-EDA (C;HsN.), Sigma
Aldrich; Natri  hydroxit (NaOH) 99%,
Guangdong; Axit clohydric (HCI) 36%,
Guangdong. Nudc cat d& ion.

2.2. Téng hop vt liéu

Graphen oxit duoc diéu ché theo phuong phap
Hummer cai tién [8]. Mot cach tom tit, bot
graphit dugc oxi héa boi hén hop NaNO3 va
KMnO; trong mdi truong axit H,SO, dic dé
tao cac nhom chic chua oxi nhu —OH, —
COOH, epoxy... Qua trinh rung siéu am sau
khi oxi hoa bot rgaphit s€ cho phép tao dugc
cac thim GO.

Qué trinh tong hop graphen aerogel (GA) dugc
thuc hién nhu sau: Ldy 5 mL dung dich GO (5
mg/mL) di dugc phan tan déu va 20 pL EDA
dem tron 13n, thém vao lo thuy tinh. Tiép theo,
cho hdn hop phan tmg trong 24 h & 85°C dé tao
thanh graphen hydrogel (GH). GH dugc rua
v6i nude cit dé ion dé loai bo EDA du va cac
tap chit khac. Sau d6, GH duoc siy dong kho
trong 24 gio trén may Zirbus, Puc dé loai bo
hoan toan dung mdi bén trong miu dé thu dugc
san phdm GA.

2.3. Phan tich cdu tric va thanh phan héa
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hoc ciia cac miu vat li¢u

Cac phuong phap phén tich hoa 1y hién dai
dugc sir dung dé nghién ctru dic trung bé mat
vt liéu nhu: Phuong phédp nhiéu xa tia X
(XRD- D8 Advance, hing Bruker); thiét bi
kinh hién vi dién to quét SEM (TM4000,
Hitachi) tich hgp tan xa nang luong tia X —
EDX (Foxford, Anh); phé hong ngoai FT-IR
(4600, Jasco, Nhat Ban) va phuong phap
Brunauer-Emmett-Teller (BET) trén may
Nova touch 4LX, M¥.

Xdc dinh diém dang dién cua vdt liéu: Chuan
bi 25 mL dung dich NaNOs 0,1 M, diéu chinh
pH cua dung dich NaNOs tir pH = 2 dén pH =
12 bing céac dung dich HNO3 0,1 M va NaOH
0,1 M. Thém 0,025 g vat liéu GA vao 25 mL
dung dich NaNO3 & cac pH khéc nhau, lic véi
toc do 150 vong/phdt trong 3 gio va loc lay
dung dich d do lai gi4 tri pH (pHr). Chénh
léch gita pH ban dau (pH;) va pH can bing
(pHy) 12 ApH = pHi — pHy. V& db thi biéu dién
su phu thugc cua ApH vao pH, giao diém giita
ApH va truc pH chinh 1a diém dang dién
(pHpzc) cta vat liéu.

Nong d6 dung dich xanh metylen duoc Xac
dinh trén méay quang phd tir ngoai kha kién
UV-Vis UH5300, Hitachi, Nhat Ban tai budc
séng 665 nm.

2.3. Nghién citu hiap phu xanh metylen bing
vt liéu GA da téng hop dwoc

2.3.1. Anh hwong cia thoi gian d@én higu sudt
hap xi ly

Chuin bj 7 binh tam giac c6 thé tich 250 mL,
thém vao mdi binh 0,01 g vat liéu GA va 100
mL dung dich xanh metylen c6 nong do 20
mg/L. pH khao sat 1a pH cta dung dich xanh
metylen ban dau. Hn hop trong cac binh duoc
lic dong thoi trén may lic véi tée do 150
vong/phat & nhiét @6 phong. Dung dich & cac
binh twong tmg dugc lay ra tai cac khoang thoi
gian 20, 40, 60, 80, 100, 120 phut, va duoc loc
qua dau loc. Phan dung dich sau loc duoc
chuyén dén do. Sau d6 xac dinh nong do con
lai cua dung dich xanh metylen trén may quang
phé tir ngoai kha kién UV-Vis.

2.3.2. Anh hwéng ciia pH dén higu sudt xi ly
Chuan bi 6 binh tam giac c6 thé tich 250 mL,
thém vao mai binh 0,01 g vat liéu GA va 100
mL dung dich xanh metylen néng d6 20 mg/L.



pH cua cac dung dich nay dugc chinh lan luot
vé 4, 6, 7, 8, 10, 11 bang cé4c dung dich HCI
0,1 M va NaOH 0,1 M. Tiép theo, hdn hop
trong cac binh tam giac dugc dit trén cing mot
may lic va lic véi tée do 150 vong/phit &
nhiét d6 phong. Sau thoi gian dat can bang hap
phu xac dinh dwgc nhu trinh bay trong muc
2.3.1, hdn hop trong cac binh dwoc loc qua dau
loc véi kich thuéc 16 1a 0,45 pm va ndng do
xanh metylen con lai trong dung dich duoc xac
dinh bang may quang phé tir ngoai kha kién
UV-Vis.

2.3.3. Anh hwong ciia khéi lweng chdp hdp
phu dén higu sudt xi ly

L4y 6 binh tam giac c6 thé tich 250 mL, thém
vao mdi binh 100 mL dung dich xanh
methylen nong d6 20 mg/L, rdi thém vao céc
binh 1an luot nhirng lwong 0,01; 0,02; 0,03; va
0,04 g GA. pH cua cac dung dich trong cac
binh dugc chinh vé pH t6i wu di x4c dinh dwoc
trong muc 2.3.2. Tiép theo, céc dung dich nay
duoc lic dong thoi trén mot may lic voi toe do
150 vong/phit ¢ nhiét d6 phong. Sau thoi gian
dat can bang hap phu xac dinh dugc nhu trong
muc trong muc2.3.1, hén hop trong cac binh
duoc loc qua dau loc véi kich thuge 15 1a 0,45
Um va nong do xanh metylen con lai trong
dung dich dugc xac dinh bing may quang phé
tir ngoai kha kién UV-Vis.

2.3.4. Anh hwong ciia néng dé xanh metylen
ban dau dén higu suat xi ly

Chuan bi 8 binh tam giac c6 thé tich 250 mL,
méi binh chia 100 mL dung dich xanh
methylen véi cac nong do lan luot 1a 20, 30,
40, 50, 60, 70, 80 va 100 mg/L. Chinh pH cua
dung dich trong cac binh vé pH téi wu da dugc
xac dinh trong muc 2.3.2, tiép theo cling mot
lugng x (g) GA dugc thém lan luot vao céc
binh tam gi4c. X (g) 1a khéi lwong tbi wu cua
vat lieu GA dugc xac dinh trong muc 3.2.2.
Tiép theo, c4c dung dich nay duogc lic dong
thoi trén mot may lac voi toe do 150 vong/phat
& nhiét do phong. Sau thoi gian dat can bang
hdp phu xac dinh dwgc nhu trinh bay trong
muc 2.3.1, hdn hop trong cac binh duoc loc
qua dau loc véi kich thudc 16 1a 0,45 pm va
ndng d6 xanh metylen con lai trong dung dich
dugc xac bing méay quang phd tir ngoai kha
kién UV-Vis.
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Hiéu suét hap phu xanh metylen bang vat liéu
GA duoc xac dinh theo cbng thuc:

H% = —C"C'OC‘ 100% 1)
trong d6, Co la ndng d6 dau cua dung dich sau
metylen, va C; la nng do con lai cua dung
dich xanh metylen sau thoi gian hap phu t.
3. KET QUA VA THAO LUAN
3.1. Két qua khéao sat céu tric vat ligu
Hinh thai bé mat cia vt ligu
Két qua chup SEM (Hinh 1) cho thiy, GO c6
dang tim 2D mong, phang dugc xép chong 1én
nhau, voi do xop thap. Trong khi do, bé mat
ciia GA c6 cau truc khong gian, x4p, véi céc
khoang tréng 16n. Qua trinh thay doi bé mat
nay duoc giai thich béi sy hinh thanh hydrogel
sau d6 bi dong khd, qua trinh nay hinh thanh
céc tinh thé bang nho cua dung mdi trong ciu
trdc cua hydrogel. Tiép theo, cac dung mdi
dugc loai bo khoi ciu trdc cia GA, diéu nay da
lam cho GA c6 tinh chit xp hon rat nhiéu so
Véi cac tim GO ban dau.

HUS 0001 15kV 5.6mm X250 BSE M

Adet

HUS 0!;01 15‘('}’/ 67mm X1.§0 BSEM g
Hinh 1. Anh chup bé mdt vat liéu trueéc (trai)
va sau khi tong hop aerogel (phdi)

Két qud phé IR

Trén phd hong ngoai (Hinh 2) cua mau GO
Xuit hién cac dai hap thy dic trung cua cac
nhdm chirc chira oxy tai 3430 cm™ ing véi dao



dong hoa tri cua lién két O—H (trong —COOH)
hodc cua cac phan tir nude hap phu vat Iy [5].
Cac dao dong dac trung tai 1734, 1650, 1229,
va 1055 cm? lan luot ddc trung cho cac lién
két C=0, C=C, C-0, va C-O-C trén vat liéu
GO [5,6].

Dbi v6i GA, cac dinh dic trung ciia nhém chirc
hydroxyl tai 3200-3600 cm™ giam dang ké.
Céc dinh dic trung ctia C-O & 1229 cm™ va C-
O-C & 1055 cm da bién mat. Piéu nay cho
thdy qua trinh khir GO d3 loai bo dugc cac
nhém chtc chira hydroxyl dé thanh graphen
oxit dang khtr. Bén canh d6, mot sé dinh mai
Xuét hién ¢ 1685, 1357, 1175 cm'! tuong ting
véi lien két C = O, CH2 va C-N trong nhém
chuc amin [7].
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Hinh 2. Phé IR cua vdt liéu GO va GA

Phé XRD

Gian ddo XRD ¢ hinh 3 cho thay GO duoc tao
thanh c6 d6 két tinh cao véi pic dic trung co
cuong do 16n va sac nét tai goc nhidu xa 26 =
10,8° dac trung cho vat lieu GO [8]. Khi
chuyén thanh GA, pic dic trung cua GO da
bién mat, thay vao d6 1a mot dinh rong, cuong
do rat thap, véi goc nhidu xa khoang 23,0° va
duong co so khong bi nhidu. Didu nay goi y
rang vat liéu GA c6 ciu trac vo dinh hinh va cé
d6 tinh khiét cao [9].
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Hinh 3. Phé XRD cia mau GO va GA
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Phé EDX
Két qua phan tich nguyén t cho thay vat liéu
GO va GA chwra chu yéu 2 nguyén t6 C, va O.
Vé thanh phan héa hoc, phé EDX (Hinh 4) cho
thay ty 1¢ thanh phan khdi lugng cac nguyén t6
C/O cua GO va GA lan luot 1a 1a 1,4/1,0 va
3,2/1,0. Bidu nay mét lan nira khing dinh viéc
khir cac nhém chuic chira oxy trén bé mit cua
tam GO da thanh cdng va tao duoc GA chu
yéu la cac tam graphen c6 thanhphan oxy rat
thap.

Mot céch cu thé, cac nguyén té C, O lan luot
chiém 57,7% va 42,1% khdi lugng GO trong
khi cé&c gia tri nay trong vat liéu GA la 76,4%
va 23,6%.
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T e a A 0 0o oo ooopogeqogoqogopy
4 6 8 m @ W 6Bk

Hinh 4. Phé EDX cua GO va GA3.2. Két qud
xdc dinh diém dding dién cua vat liéu GA
Diém dang dién (pHpzc) cua bé mat mot chat la
gia tri pH tai d6 bé mat vat liéu trung hoa vé
dién. Pién tich bé mat cia GA phu thugc vao
pH cua dung dich, khi pH cua dung dich nho
hon gia tri pHpze, bé mat chat hdp phu mang
dién tich duong; vi vay, két qua s& hap phu
anion trong dung dich s& tét hon. Nguoc lai,
khi pH 16n hon gia tri pHpze, bé mat chat hap
phu mang dién tich am, s& hip phu tét hon cac

cationtrong dung dich.



Két qua thu dwoc ¢ hinh 5 chi ra rang, pHpz
cua vat liéu GA 1a tai pH 7,8. Nhu vy, bé mat
vt liéu sé tich dién duong trong cac dung dich
c6 pH nho hon 7,8 va tich dién am trong cac
dung dich ¢6 pH I6n hon 7,8.

~
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Hinh 5. D6 th xdc dinh diém dding dién cia vt

lieu GA
Viéc x4c dinh diém ding dién cua vat lisu GA
da tong hop cho phép giai thich anh huong cua
pH dén hiéu qua xir ly xanh methylen trong
phan tiép theo cua bai béo.
3.3. Két qua khao sat cac yéu té anh hwéng
téi kha ning hap phu xanh metylen béi GA
3.3.1. Anh hwéng ciia théi gian phan #ng
Dé khao sat sy phu thudc cua hiéu suat hap
phu xanh metylen vao thoi gian hip phy,
ching tdi tién hanh thi nghiém hip phu xanh
metylen trong céc binh tam giac vai cac diéu
kién c6 dinh vé pH (pH ban dau cua dung dich
xanh metylen = 6,3), ndng d6 xanh metylen
(20 mg/L), thé tich (150 mL), khdi lwong vat
liéu hip phu GA (0,01 g) va nhiét do (nhiét do
phong). Sau cac khoang thoi gian 20 phut, liy
lan Iuot tirng binh phan ng ra loc va do ndng
d6 xanh metylen con lai trong dung dich.
Céc két qua nghién ctu ¢ hinh 6 cho thdy: Khi
tang thoi gian lac tir 20 1&n 80 phdt, hiéu suat
hap phu xanh metylen ting dang ké, tir khoang
47% 1én dén hon 54%. Khi tang thoi gian hip
phu 1én 100 phdt thi hiéu suit hip phu xanh
metylen chi ting 1én hon 1%. Hiéu suat hap
phu khong tang khi tang thoi gian [én 120 phut.
Nhur vay, c6 thé két luan thoi gian dat can bang
hép phu xanh metylen 1a 100 phut. Day 1a thoi
gian s& dugc chon dé lam céc thi nghiém hip
phu tiép theo.
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Hinh 6. Anh huong cia thoi gian dén hiéu suat
hdp phu

3.3.2. Anh hwéng ciia pH

Dé nghién ctu anh huong cua pH ching toi
tién hanh hap phu xanh metylen & cac pH4,
pH6, pH7, pH8, pH10, va pH11. Cac diéu kién
khac duoc giit nguyén bao gém 20 mg/L xanh
metylen, 10 mg GA, thoi gian hip phu 1a 100
pht tai diéu kién phong thi nghigm.
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Hinh 7. D6 thi anh hweng cia pH dén hiéu
suat hap phu
Cac két qua nghién ctu (Hinh 7) chi ra rang,
trong vung pH khao sat, hiéu suat hap phu
xanh metylen giam khi pH giam va nguoc lai.
Diéu nay duoc giai thich chu yéu boi diém
dang dién cua vat liéu GA da xac dinh & muc
3.2. Trong cac dung dich c6 pH >7,8, bé mat
GA tich dién am nén s& xuét hién luc hat tinh
dién gita bé mat GA va cac phan ti xanh
metylen (dién tich duong trong dung dich), lam
tang hiéu suat hip phu xanh metylen 1én bé
mat GA. Nguoc lai, trong cac dung dich c6 pH
<7,8 thi bé mit GA tich dién dwong sé& ton tai
lyc ddy tinh dién gita cac phan tar xanh
metylen (tich dién duong) va bé mat GA, tir d6
lam giam tuong kha nang hap phu cia GA. Do
vay, theo ly thuyét pH11 13 t6i wu. Tuy vay,
trong nghién ctru nay ching t6i lya chon pH7
dé thyuc hién cac khao sat hip phu do chénh



léch hi¢u suat khong dang ké giira thi nghiém
tai pH7 va pH11. Bén canh d6, & pH cao s& can
thém héa chat bo sung, gy ton kém va o
nhiém méi truong.

3.3.3. Anh hwéng ciia lrng chat hap phu
Thuyc hién thi nghiém tai nhiét do6 phong, vai
cac diéu kién pH7, nong do xanh metylen ben
dau = 20 mg/L, thoi gian 100 pht, c6 sy thay
ddi khdi lwong GA (0,01; 0,02; 0,03 va 0,04 g).
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Hinh 8. P6 thi anh hweng cua khoi lwong vt

ligu @én hiéu suat hdp phu
Dua vao do thi hinh 8 ta nhan thiy tai trong
hap phu cua GA giam dan khi tang khéi lugng
vat liéu trong qua trinh hip phu. Biéu nay c6
thé giai thich do khi khéi luong vat liéu it,
lwong xanh metylen trong dung dich duoc hip
phu nhiéu/tdi da 1én cac tm hoat dong trén bé
mat GA, qua d6 1am tang tai trong hip phu cua
vt liéu. Nhung khi tang khdi luong GA (0,02;
0,03, 0,04 g) trong qué trinh hip phu cling mot
ndng d6 xanh metylen thi ¢6 sy tuong tac gitra
céc bé mat GA, lam giam dién tich bé mat thyc
dung ciia GA, qua d6 lam giam tai trong hap
phu cia GA. Vi viy, ching t6i lua chon khbi
luong GA t6i uu 1a 10 mg dé xir ly 100 mL
dung dich xanh metylen 20 mg/L.
3.3.4. Anh hwong ciia néng dj xanh metylen
ban ddu
Tién hanh khao sat véi su thay d6i nong do dau
cua xanh metylen tir 20-90 mg/L. Thi nghiém
dugc thyc hién & cac diéu kién pH7, khdi
lwong GA = 10 mg, thai gian hap phu 1a 100
phdt, tai nhigt do phong. Tiur két qua thuc
nghiém cho thay, ndng d6 xanh metylen ban
dau cang cao thi hiéu suat hap phu cang giam.
Céc két qua thuc nghiém thu dwoc tiép tuc
dugc mo ta bang cac duong dang nhiét hap phu
theo Langmuir va Freundlich.

Tii trong (ng/g)
a
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Phuong trinh hap phu dang nhiét Langmuir
dugc mo ta bang cdng thirc [10]:

Ge = Qmax.b.Ce/(1+b.Ce) @)

Trong d6: qe (Mg/g) 1a dung lugng hip phu tai
diéu kién can; gmax (Mg/g) la dung luong hap
phu cuc dai tai ndong d6 dang nghién ctu; b
(L/mg) hing s6 hap phu Langmuir; Ce: nong
d6 can bang (mg/L). Phuong trinh (2) c6 thé
dugc chuyén thanh dang duong thang dé xac
dinh gia tri qmax va danh gia sy phu hop cia mo
hinh Langmuir d4i vai cac s6 liéu thuc nghiém
da thu dugc nhu sau:
G _ 1 o

Imax @)

M0 hinh hp phu dang nhiét Freundlich [10] c6
dang ge= Kr.Ce¥P) ciing c6 thé dugc dwa vé
dang duong thing dé xac dinh céc thong sé cua
mo hinh nhu sau:

lgq,=1lg Kz + i-ig C. @

Trong d6: Kr (mg/g) 1a dung luong hap phu
Freundlich va ne 1d hing sé hép phu
Freundlich. Cac két qua md ta qua trinh hap
phu xanh metylen bsi GA dwoc thé hién trén
hinh 9.

15

Te D.0max

y = 0,4307x + 0,6509
R?=0,97

19 (a0}

Ig(C.)
Hinh 9. Puong ddng nhiét hap phu Langmuir
(trai) va Freundlich (phai)

Két qua md ta qué trinh hap phu xanh metylen
bing GA bang mé hinh hap phu ding nhiét
Langmuir va Freundlich duoc thé hién & hinh
9. C4 thé nhan thay ca hai mé hinh Langmuir
va Freundlich déu mo ta rat tét qua trinh hap
phu xanh metylen, véi hé s6 hdi qui lan luot 1a
R2 = 0,987 va 0,970 dbi véi md hinh Langmuir
va Freundlich. Két qua nay ciing phu hop véi
céc nghién ctru trude day vé hap phu cac chit 6
nhiém hitu co trong nudc tuan theo md hinh
Langmuir va Freundlich [10].



T phuong trinh Langmuir ¢6 thé tinh duoc
dung lugng hap phu cuc dai cua GA 12 Qmax =
32,9 mg/g. Gia tri nay cao hon so véi mot s6
vat liéu hap phu khéc, vi du vat liéu composite
tir tinh trén nén than sinh hoc ¢6 dung luong
hip phu cuc dai dat 22,4 mg/g [11].

4. KET LUAN

Di ché tao thanh cong vat lieu GA, voi cac
minh chimg duoc 1am rd tir cac két qua khao
sat dac trung cua vat lidu bang cac phuong
phép phéan tich FT-IR, XRD, EDX, SEM. Qua
trinh ché tao GA da khir dugc cac nhdm chuc
cua GO 2D, tao vit liéu GA c6 cau tric khdng
gian. Ty lé¢ C/O trong GO da tang tir 1,4 1én 3,2
khi ché tao thanh cong GA.

Két qua khao sat cac yéu té anh hudng t6i qua
trinh hap phu xanh metylen bing GA cho thy
diéu kién téi wu dé hap phu xanh metylen 1a &
pH = 11, trong thoi gian thoi gian hap phu la
100 phut, khéi lwong vat liéu hdp phu GA la
0,1 g, voi 100 mL dung dich chta 20 mg/L
xanh metylen. Qué trinh hap phu xanh metylen
bang GA dugc md ta tt boi ca hai md hinh
hdp phu dang nhiét Langmuir va Freundlich.
Dung lugng hap phu cuc dai tinh theo mé hinh
dang nhiét Langmuir 1a 32,9 mg/g. Gia tri nay
cao hon nhiéu so véi cac loai vat ligu khac khi
ting dung dé xir ly xanh metylen.

Pé danh gia kha ning tai sir dung GA, gop
phan giam gi4 thanh xir ly va ung dung trong
thyc té, cc nghién ciru nghién vé viéc giai hip
tai sinh GA s& dugc nhom nghién ctu thuc
hién trong thoi gian tai.
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