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SUMMARY

STUDY ON DYE REACTIVE RR195 ADSORPTION ABILITY FROM
AQUEOUS SOLUTION BY GRAPHENE OXIDE AND GRAPHENE

Graphene oxide (GO) and graphene were successfully synthesized by oxidation of natural
graphite, exfoliated and followed bythermal reduction. The products were characterized by
BET and FITR. The adsorption equilibrium and kinetics of dye Reactive Red 195 (RR195) on
the graphene oxide and graphene were then examined at 30 °C and pH of 5.5. Adsorption
isotherm of the RR195 on the graphene oxide and graphene were determined and correlated
with common isotherm equations. The equilibrium data for RR195 adsorption well fit to the
Langmuir model, with maximum RRI195 adsorption capacities of graphene and graphene
oxide were 250 mg/g; 212.7mg/g and 58.8 mg/g, respectively. Two simplified kinetic models
including pseudo-first-order and pseudo-second-order equation were used to investigate the
adsorption processes. The adsorption of RRI195 on graphene oxide and graphene obeys
described by the pseudo-second-order equation.
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1. MO DAU

Thanh phin chi yéu trong nuéc thai cua
cadc co s& cong nghiép dét may, cao su,
gidy, m§y pham,... chu yéu la cac chit mau,
thude nhudm hoat tinh, cac ion kim loai
nang va cac chit hitu co,... Thudc nhudm
trong nudc thai rit kho phan hiy vi ching

¢6 do bén cao voi anh sang, nhiét va cac tac
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nhan oxy hoa. Nhiéu phuong phap dugc ap
dung nhim loai bé thudc nhuom ra khéi
mdi trudong nude nhu: két tia hoa hoc, hap
phu, trao ddi ion, keo tu va st dung mang
tach [1-3]. Trong s6 d6 phuong phap hép
phu 1a mot trong nhirng phuong phap duoc
ap dung rong rai va mang lai hiéu qua cao.
Nhirng nim gin day, graphen (rGO) va céac



vat litu téng hop tir rGO duoc dic biét
quan tam do dac diém cAu tric doc ddo nén
c6 tinh chét hép phu vuot troi, hon nita chi
phi dé san xuit rGO tir graphit ty nhién
thdp hon so v&i vat lidu nano cacbon 6ng
[4]. rGO la mot vat liéu cacbon moi, co cAu
trac 16p (mot hodc vai 16p), chidu day mdi
16p bang kich thudc nguyén tir cacbon, cac
nguyén tir cacbon voi lién két sp” tao thanh
mang tinh thé dang t& ong [5]. C6 nhiéu
phuong phap téng hop rGO, phd bién nhat
van la phuong phap hoéa hoc dua trén qua
trinh oxi héa graphit dé tao thanh graphen
oxit (GO) va qua trinh khtr héa hoc GO
thanh rGO st dung cac tac nhan khtr phu
hop [4]. Mot sb nha nghién ctru da sir dung
GO, rGO @ xu 1y cic chdt mau nhu:
Methylen blue [6], methyl violet, orange-G,
rhodamine-B [7], methyl orange [8], Red
X-GRL [9], Cationic Basic Red 12 (BR 12)
va Basic Red 46 (BR 46) [10]. Bén nay
chua c6 cong trinh ndo coéng bd vé st dung
GO va rGO dé loai bo thudc nhudom hoat
tinh anion (dye Reactive Red RR195) ra
khoi dung dich nudc. Trong cong trinh nay,
ching t6i chon thuéc nhuém hoat tinh
RR195 1am chit mau md hinh dé nghién
ctru kha ning loai bé chidt mau ciing nhu
dong hoc qua trinh hip phu trén GO boc
tach 16p bang k§ thuat vi séng (GOVS),
GO boc tach 16p bang ky thuat siéu 4m
(GOSA) va rGO khtr nhiét ttr GOVS.

2. THUC NGHIEM

Téng hop GOVS, GOSA varGO

GO dugc tong hop dwa trén phuwong phap
Hummer [11] d3 duoc cai tién bang viée st
dung tac nhan oxi hoéa H,SO, va KMnO, da
trinh bay trong [12]. San phim GO duoc

tach 16p bang 16 vi séng c6 cong suit 700

W, thoi gian 2 phit (GOVS) va tach 16p
bang k§ thudt siéu am, thoi gian 1 gio
(GOSA). San pham GOVS va GOSA dugc
sdy trong tu sdy chan khong & nhiét do 60
°C thoi gian 12 gio.
GOVS dugc cho vao 6ng thach anh duong
kinh 3 cm c6 dong N»(99,99%) di qua, hé
thiét bi nay dugc dat trong 10 va gia nhiét
1én 600 °C trong 1 gio. Téc dd khi Ny: 15-
20 ml/s, tbe dd gia nhiét 20 °C/phit. San
phim thu duoc bao quan trong binh kin.
Hiéu sudt ciia qua trinh dat tir 50-60%.
Nghién ciru khd ning hip phu RR195 ciia
vit liéu GOVS, GOSA va rGO
Ding nhiét hdp phu cia RR195 trén GOVS,
GOSA va rGO duoc tién hanh theo phuong
phap tinh. Téc do khudy 250 v/p, ndng do
ban dau cua RR195 dugc thay ddi tir 100-
500 mg/L. pH cua dung dich dugc khao sat
tir 4-10, nhiét d6 (30 1) °C, khdi luong
chit hap phu 0,08 g, thé tich dung dich 0,1
L, sau timg khoang thoi gian t iy miu loc
tach chét rin dem dung dich thu dugc phan
tich trén mdy quang phé UV-Vis
(LAMBDA 35 UV/Vis) dua trén pic ¢
budc song A=542 nm. Dung luong hip phu
& thoi diém t duoc xéac dinh theo cong thirc:

0 - (GO
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Trong d6 Qgluong chat da bi hip phu &
thoi diém t (mg/g), C,o: Nong do chét bj hap
phu ban ddu (mg/1), C;: Nong d6 chit bi hap
phu & thoi diém t (mg/l), V: Thé tich dung
dich chit bi hip phu (1), W: Khdi luong
chit hip phu (g).
3. KET QUA VA THAO LUAN
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3.1. Nghién curu cac ddc trung cua vat liéu
GOVS, GOSA va rGO

Céac két qua do ding nhiét hip phu- khur
hap phu N, (BET, do trén may ChemBET-
3000) (hinh 1) va phé hong ngoai FTIR (do
trén may FT/IR-4100) ctia cac mau GOVS,
GOSA va rGO duoc dua ra trén hinh 2.
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Hinh la: Pdng nhiét hap phu BET ciia
GOSA4, GOVS va rGO

Hinh 1b: Phé FTIRciia GOSA, GOVS va rGO
Hinh 1a cho thiy dudng ding nhiét hip phu
- khtr hip phu N, cia GOVS, GOSA va
rGO c¢o6 dang tip IV, dac trung cho vat liéu
¢6 ciu truc 16p. Su xuét hién duong tré
ching t6 c6 sy ngung tu mao quan. Cac
thong sb dic trung cia GOSA, GOVS va
rGO duoc trinh bay & bang 1. Tur bang 1
két qua cho thdy so voi GOSA thi GOVS
va rGO c6 dién tich bé mit riéng va thé tich
x6p 16n gip 5-6 lan. Ca 3 miu GOVS,
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GOSA va rGO c6é hé mao trung binh.
Puong kinh mao quan cia ca ba vat liéu
déu ndm trong khoang tir 8-22 nm. Nhitng
két qua nay ciing phu hop voi cac két qua
da dugc cong bd [15].

Bdng 1: Cdc théng s6 ddc trung ciia GOSA,

GOVS va rGO
Thong s6 GOSA GOVS rGO
S per (m7/g) 56 331 300

Vvi mao quan

0,0004 0,0015 0,018

(cmS/g)
Vmao uan
oauan T8 0283 1,781 1,596
(cm’/g)
9,6- 7,8- 8,8-
dmao quan (nm)

21,4 21,1 22,5

Szer: Dién tich bé mat tinh theo BET

Vinao qun: T hé tich mao quan tinh tir nhanh
gidi hdp phu bang phwong phdp BJH

Aao quin: Duong kinh mao quan tinh tir
nhanh gidi hdp phu bdang phwong phdp
BJH

Hinh 1b mé ta phé FTIR cua GOSA,
GOVS va rGO. Quan sat phd FTIR cua
GOSA cho théy su ton tai cta nhom
cacbonyl -C=0 (1700-1730 cm™) [16]. Cac
pic nim trong khoang 1200-1250 cm™ dic
trung cho sy ton tai cua lién két C—O [14].
Céc pic nam trong khoang 1500-1600 cm’
dac trung cho su tdn tai cua lién két C=C
trong cac hop chit aromatic [14]. Ngoai ra
con théy su ¢6 médt cua cdc nhom -OH véi
pic ndm trong khoang tir 3400 -3850 va
1061 cm™ [16]. V&i GOVS céc pic c6 su
dich chuyén nhe, pic nim trong khoang
3460— 3500 cm™ van dic trung cho nhém
hydroxyl (-OH), pic 1633 cm™ dic trung
cho nhém C=C, pic ndm trong khoang 1168
cm’'dic trung cho nhém -C-O, pic nim



trong khoang 1728 cm™dic trung cho nhém
cacbonyl —C=0 [17]. Tuy nhién cuong do
cac pic nay déu giam di so voi GOSA. Débi
véi rGO cac dai dac trung cho nhom chire
hau nhu khong xuét hién trén bé mat cua
vat liéu. Mot diéu dic biét c6 thé nhan thay
khi quan sat phd FTIR cua ca 03 vat liéu
GOVS, GOSA va rGO déu thiy su xuit
hién cia mét pic rat 1on tai khoang 2400
cm’, pic nay dic trung cho lién két giita
GO va CO, [17]. Giai thich cho diéu nay 1a
do trong khoang nhiét d6 tir 50-120 °C, GO
dé dang hinh thanh lién két voi CO, lién két
nay bi pha v& khi nhiét 4o >210 °C [18], &
day qua trinh sdy tai 60 °C trong chan
khéng thip vi vy CO, van con sy ton tai
lién két véi GO.

3.2. Qud trinh hidp phu RRI195 trén
GOVS, GOSA va rGO

a/Anh huwéng pH

Két qua khao sat anh huéng cia pH dén
hiéu sudt hip phu RR195 trén GOVS,
GOSA va rGO duoc mo ta trén hinh 2.
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Hinh 2: Anh huong pH dén dung hrong hap
phu RR195 cua GOVS, GOSA va rGO
Hinh 2 cho thdy: khi thay di pH tir 4 t6i
10, hiéu suit hap phu RR195 cua rGO thay
dbi khong dang ké. Didu nay 1a do bé mat
ctia GO hiu nhu di bi khir hét cac nhom
chirc do vdy su hip phu RR195 chu yéu
xay ra do cac tim hdp phu va cac lién két

manh giita nhan thom trong ciu tric RR195
v6i lién két m-m cua rGO [19]. Pbi véi
GOVS va GOSA pH anh huéng 16n dén
kha ning hip phu RR195, pH cang cao
dung lugng hip phu cang giam, didu nay 1a
do pH cang 16n thi bé mit GOSA va GOVS
cang 4m do vy lam ting lyc diy ddi véi
cac anion 4&m RR195 nén hiéu suét hap phu
giam manh. Chang t6i tién hanh chon pH=
5,5 cho qua trinh hip phu vi khi pH qua
thip (pH<5) thi s& lam giam kha ning tng
dung véo thuc tién vi cac may moc thiét bi
s& d& dang bi an mon trong diéu kién pH
qué thap.

b/ Déing nhiét hdp phu RR195 trén GOVSS,
GOSA va rGO

—4—GOVS —E-1G0 GOSA

0 4 6 20 24

8 12 1
Thai gian (gid)

Hinh 3: Su phu thuéc dung heong hdp phu
RR195 theo thoi gian tai nong dé 200 mg/L
Hinh 3 cho thiy téc d6 va dung lwong hép
phu cac anion RR195 trén ba vat liéu hép
phu c6 chiéu huéng giam dan theo thir tu
rGO>GOVS>GOSA. Giai thich cho diéu
nay 1a do: ddi v6i rGO qua trinh khir nhiét
d3 lam mét di mot phan 16n cac nhém chire
mang dién am trén bé mit, do vay bé mat
cua rGO it am hon so v6i GO, khi d6 cac
ion 4&m RR195 d& dang tiép can vdi cac tim
hip phu trén bé mit rGO hon so v6i GO.
Mat khac, qua trinh khir nhiét 1am tang cac
lién két m-m cua sp’C va sp°C [13,20] cac

lién két nay co6 ai luc 16n do6i véi cac nhan
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thom trong thuéc nhudom hoat tinh RR195
do vay tbc d6 hip phu dién ra nhanh va
dung lugng hip phu ciing ting 1én. Déi véi
GOVS va GOSA trén bé mit van con ton
tai cac nhom chirc tich dién am nén xay ra
hiéu tng day ddi v6i cac ion 4am RR195 do
vay toc d6 va dung luong thap hon.

Két qua x4c dinh ndng d6 can bang (C.) cua
RR195 trén ba vat liéu GOVS, GOSA va

rGO duoc trinh bay & bang 2. Tir két qua
thu dugc ching toi xay dung mdi quan hé
giita Q. va C, theo cac mé hinh ding nhiét
hap phu Langmuir va Freundlich. Phan tich
cac dir lidu tir duong ding nhiét cho ta cac
thong sd ding nhiét hip phu Langmuir,
Freundlich cua GOVS, GOSA va rGO duoc
trinh bay trong bang 3.

Bdng 2: Dung liong hdp phu RR195 & cdc nong dg ban dau khdc nhau

C.—GOVS
C, (mg/L) (mg/L) C. - GOSA (mg/L) C. - rGO (mg/L)
100 31,29 67,35 15,32
200 88,66 159,55 71,87
300 166,89 257,34 138,30
400 253,77 353,82 215,69
500 340,98 450,68 311,30

Bdng 3: Cdc théng s6 ding nhiét hap phu Langmuir va Freundlich ciia RR195 trén GOVS,

GOSA va rGO
Ding nhiét GOSA GOVS rGO
Langmuir

Oviax (Mg/2) 58,8 212,7 250

Ky (L/mg) 0,04 0,022 0,025

R’ 0,994 0,999 0,997

R, 0,047 0,079 0,074
Freundlich

1/n 0,164 0,325 0,279

K, [(mg/g)(mg/l)"] 3,74 4,36 5,38

R’ 0,876 0,976 0,989

Céc thong sb trong bang 3 cho thdy dung
lwong hip phu RR195 cuc dai (Quay) cla
rGO cao nhit va dat Quu=250 mg/g cao
hon so véi GOVS (212,7 mg/g) va GOSA
(58,8 mg/g). Dung lugng hip phu RR195
cuc dai cta rGO 16n hon GO do bé mat
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chira cac nhém mang di€n am it hon va kha
ning tao lién két n-m cao hon. Dung lugng
hép phu (Qumax) cia GOVS 16n hon nhiéu so
v6i GOSA vi dién tich bé mit caa GOVS
16n hon nhiéu (331 m%/g) so v&i GOSA (56
m%/g).Két qua trong bang 3 ciing cho thiy



hé sb twong quan cua phuong trinh ding
nhiét hip phu theo mé hinh Freundlich
(R’= 0,876~ 0,989) thip hon so v&i mé hinh
ding nhiét Langmuir (R*= 0,994- 0,997).
Do d6, c6 thé thiy rang qua trinh hip phu
RR195 trén GOVS, GOSA va rGO phu hgp
v6i md hinh dang nhiét Langmuir.
3.3. Pong hoc qud trinh hip phu RR195
trén GOVS va rGO
Phuong trinh déng hoc hdp phu biéu kién
béc nhat dang tuyén tinh:
In(ge-q)) = In(qe) — kit

Trong dé: k; (h™) 14 hiang sé tdc do cua qua
trinh dong hoc hép phu tuong tu bac nhét;
Qe q 12 dung lwong hdp phu ¢ thoi diém
can bang va thoi diém t.
Phuong trinh déng hoc hdp phu biéu kién
béc 2 dang tuyén tinh:

t_t 1

9, 4. k.q;
Trong dé: k, (mg/g.h) 1an luot 13 hing sb

téc d6 cuia qua trinh dong hoc hip phu.

Dua trén s6 liéu thuc nghiém trén hinh 3, ta
c¢6 thé biu thi mdi quan hé In(qe-q,) theo
thoi gian (dong hoc biéu kién bac 1) va t/q,
theo thoi gian (d6ng hoc biéu kién bac 2)
duoc thé hién ¢ hinh 4 va hinh 5.

In (Qe-Ot)

-

0 2 4 6 8
Théigian (h)
Hinh 4: Moi quan hé In(q.-q,) theo thoi

gian (dong hoc biéu kién bdc 1)

Hinh 4 cho thdy gi4 tri hé sb twong quan R?
cia 2 duong biéu dién su phu thudc cuia
In(ge-q¢) vao thoi gian nhé hon 1. Puong cod
gi4 tri R? 16n nhit 1a R>=0,966.

Hinh 5 cho thiy véi phuong trinh dong hoc
biéu kién bac 2, ca hai gi4 tri R? (mg v&i hai
duong biéu dién cia GOVS va rGO déu
xap xi gan bang 1. Tur cac sb lidu dong hoc
hap phu biéu kién bac 1 va bac 2 ta co thé
khing dinh rang dong hoc hip phu RR195
trén GO va rGO tuan theo dong hoc biéu
kién bac 2. Dé khing dinh thém ching toi
so sanh thém cac théng sb tinh toan ly
thuyét va thong s6 thu dugc tur thuc
nghiém. Két qua duoc trinh bay & bang 4.
Céac két qua trong bang 4 cho thiy dung
lwong hip phu tinh toan theo Iy thuyét va
thuc nghiém bac 1 ¢o sy chénh 1éch rat 16m
trong khi d6 sy chénh léch dung lugng hap
phu tinh toan theo 1y thuyét va thuc nghiém
bac 2 1a khong dang ké, diéu nay khing
dinh mét 1an nira qué trinh hip phu RR195
trén GOVS va rGO tudn theo dong hoc biéu
kién bac 2.

#GOVS R2=00942

|

HIGO Re= (09998

' Theigan () § 3
Hinh 5: Moi quan hé t/q, theo thoi gian

(dong hoc biéu kién béc 2)

25



Bang 4: Mot $6 tham sé ciia phuong trinh dong hoc biéu kién bdc I va bdac 2

Nong do Dang phuong trinh R ko () (mg/e) (mg/e)
e, ex m e ca m
mg/L dong hoc bac 1 ! ! Geew 8} | deca g
GOVS/200 In(q.~q,) = 4,514-0,247.t | 0,966 0,247 140,01 90,03
rG0O/200 In(g.~q,) = 3,678-0,368.t | 0,962 0,368 160,16 39,12
Nong do Dang phuong trinh dong 22 | ko folmoh y y
mg/L hoc bc 2 2| ka(g/mg.h) | qe exp (MG/) | qe,car (MG/Q)
GOVS/200 t/q= 0,0077+0,0071¢ 0,999 | 0,0065 140,01 140,84
rG0O/200 t/q= 0,0018+0,0061¢ 0,995 | 0,0206 160,16 163,93

Qe. cal gi4 tri dung lwong hdp phu cin biang
tinh toan theo phuong trinh dong hoc

e, exp: gl4 tri dung luong hap phu can bang
theo thuc nghiém

4. KET LUAN

- Pa téng hop thanh cong GO bang phuong
phap oxi hoa tir graphit tu nhién, tach 1op
bang ky thuat siéu 4m va vi séng. rGO
duoc didu ché béng cach khtr nhiét GO
téng hop duoc.

- Vit liédu GOVS, GOSA va rGO déu c6
kha ning hip phu RR195. Téc do va dung
lwong hip phu cac anion RR195 trén ba vat
liGu hdp phu giam dan theo the tu
rGO>GOVS>GOSA. Hip phu RR195 trén
GOVS, GOSA va rGO phu hop voi md
hinh déng nhiét hip phu Langmuir. Thong
$6 dong hoc thu dugc tr thuc nghiém va
tinh toan 1y thuyét khing dinh hip phu
RR195 trén GOVS va rGO tuan theo mo
hinh dong hoc biéu kién bac 2.
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