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SUMMARY

ADSORPTION METYLENE BLUE FROM AQUEOUS SOLUTION BY
THE ACID MODIFIED GRAPHENE - RED MUD

The HNO;-modified graphene - red mud (G-RM) was used as an adsorbent to remove
efficiently methylene blue (MB), from aqueous solution. Scanning electron microscopy
(SEM) images of G-RM reveal a highly porous surface structure of the adsopbent. The
adsorption properties for MB of G-RM were investigated by batch method. The
influence of pH (2-14), contact time (10-150 min), and the amount of adsorbent (0.02-
0.08g) on MB removal efficiency by the G-RM were also determined. The results show
that the time to reach adsorption equilibrium, the optimal pH value, and mass of
adsopbent are 90 min, 12, and 0.05g, respectively. The maximum monolayer
adsorption capacity of G-RM is 270.27 mg/g. G-RM acts as a promising adsorbent for
the removal of methylene blue from aqueous solution.
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1. MO PAU buc thiét dé bao vé sinh vét séng trong
Thudc nhudém duge st dung rong rii nude va tranh pha hiy canh quan mdi
trong cac nganh cong nghi¢p nhu dét truong tu nhién. Trong s6 nhiéu phuong
may, cao su, gidy, nhwa... Do tinh tan phap xir Iy ngudn nude bi nhidm thude
cao, cac thudc nhudm 1a mot trong nhuom, phuong phap hap phu st dung
nhitng ngudn 6 nhidm nudc khi thai vat lieu hip phu dugc ché tao tur cac
nuéc thai chira thudc nhudm chua ngudn nguyén liéu cic phé thai nong
qua x ly vao cac ngudn nudc tu nghi¢p hodc cdéng nghi€p san co la
nhién nhu song, sudi. Vi vay, xi ly huéng nghién ctru hap dan va cé tinh
nude thai chira cac thudc nhudm trude kha thi cao. Bun dé mdt loai san pham
khi thai ra méi trudong 13 mot yéu cau thai rin dugc hinh thanh trong subt
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qué trinh tinh luyén nhom tor quang
bauxite. N6 thuong dugc st dung lam
vat liéu hip phu dé xu 1y nuéc thai o
nhiém [2,4,5]. Bén canh d6, s dung
graphene 1am vat liéu hip phu trong
nhitng nim gan day dang la dé tai thu
hat duge rit nhiéu cac nha khoa hoc
trong va ngoai nudc tham gia nghién
ctu [1,3]. Tuy nhién, két hop ca
graphene va bun do6 hién tai van con rat
it cdc nghién ctru. Trong bai bao nay,
chiung toi tién hanh két hop graphene
v6i bun do 1am vat liéu hap phu dé xu
1y metylen xanh trong moi trudng nudc.
2. THUC NGHIEM

2.1. Héa chat

Nude cit hai lan, dung dich NaOH,
HNOs3, NaCl, metylen xanh. Tét ca hoa
chét déu co d¢ tinh khiét PA

2.2 Phwong phap nghién ctru

2.2.1 Ché tao vt ligu hip phu graphene -
bun do

2.2.1.1 Ché tao vdt liéu graphene

Trong nghién ctru nay, graphene dugc
ché tao theo phwong phap dién Iy
plasma [1].

2.2.2.2 Ché tao vit liéu hdp phu graphene-
bun do

Mau bun dé duoc liy tai nha may Hoéa
chat Tan Binh, Thanh phé H6 Chi Minh
& dang bun do thai uét, mau dugc loc
ép v6i ap sudt cao dé loai bo dich bam
theo bun do, siy khé & 105°C trong
vong 48h. Sau d6, mau dugc cho vao
chén st va nung noéng toéi nhi¢t do
800°C trong vong 4 gio. Tiép theo,
duoc hoa tan trong 1 lit dung dich
HNO; nong d6 2M. Khudy déu trong 2
gid. Sau d6 loc va rira véi nude cat dé
loai bo axit du va cac chit tan khac.
Phan cin tiép tuc duoc séy kho tai
105°C trong 4 gid. San phim thu dugc
tiép tuc duoc nghién min va tron voi
graphene da ché tao dugc theo ti 1& khbi
luong 1:1 dé thu duogc vat liéu h?ip phu
(VLHP).

2.2.2. Khdo sdt tinh chdt tinh chit vit
Iy, dic diém bé mt ciia VLHP
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Hinh thai hoc cia VLHP duoc khao sat
bang kinh hién vi dién tir quét JEOL
JSM-6500F. CAu trac cia VLHP duoc
do bang phuong phap XRD, thanh phin
ctia bun d6 duogc xac dinh bang pho tan
xa nang lugng tia X (EDX). Phép do
trén duoc thuc hién tai khoa Khoa hoc
va Ki thuat Vat liéu, Pai hoc Giao
thong Quéc gia Dai Loan.
Xac dinh ndng d6 trude va sau khi hip
phu metylen xanh (MB) cua VLHP
bang phuong phap so mau. Do hip thu
duoc do ¢ budc song 665 nm trén may
Shimadzu UV-1700 tai Khoa Hoéa hoc,
Truong Pai hoc Su pham - Pai hoc Thai
Nguyén.
2.2.3. Nghién ciru hdp phu MB ciia
VLHP thep phwong phdp hdp phu tinh
- Dung lwong hap phu tinh theo cong thc:
:(CO—CCb)V
S
m
Trong d6: V 14 thé tich dung dich (), m
1a khoi lugng chat hip phu (g), Co 1a
ndéng d6 dung dich ban dau (mg/l), Cep
1a néng do dung dich khi dat can bfmg
hip phu (mg/l), q la dung lugng hap
phu tai thoi diém can bang (mg/g).
- Dung lugng hap phu cuc dai dugc xac
dinh theo phuong trinh hip phu Langmuir
dang tuyén tinh:.
= ! Cot 1
9 D Qo b
Trong d6: G 14 dung luong hép phu cuc
dai (mg/g), b 1a hing s6 Langmuir
*Khdo sat anh huong cua pH
Cho vao mdi binh 0,05g VLHP va 30ml
dung dich MB c6 ndng do dau 1a 55,56
mg/L (dd duoc xac dinh chinh xac nong
do), co pH thay doi tir 2 dén 14 duoc
gitt on dinh boi dung dich HNOsva
NaOH. Tién hanh lic trong 120 phut,
v6i tbe do 200 vong/phit, ¢ nhiét do
phong (25+1°C). Sau d6 cac dung dich
dugc quay li tim bang may li tAm, tdc
do 1a 4000 vong/phat véi thoi gian 30
phut, st dung micropipet dé hut dung
dich sau li tAm va xac dinh lai ndng do




MB sau hép phu.

*Khdo sat anh huwong cua thoi gian
Cho vao mdi binh 0,05g VLHP va 30ml
dung dich MB c¢6 noéng do dau la
53,500; 86,579; 129,970 mg/L (da duogc
xac dinh chinh xac ndng do). Pem lic
déu trén may lic trong cac thoi gian
10 dén 240 phat; ¢ nhiét do phong
(25+1°C), pH=12, v6i tbc do lic 200
vong/phut. Sau d6 cac dung dich duogc
quay li tAm bang may i tam, téc do 1a
4000 vong/phut, voi thoi gian 60 phut,
16i str dung micropipet dé hut dung dich
sau li tam va xac dinh lai nong do MB
sau hap phu.

* Khdo st anh hwéng ciia khéi lwong
VLHP

Can VLHP vao binh tam gidc c6 dung
tich 30ml v6i khéi lwong lan luot la:
0,1; 0,2; 0,3; 0,4; 0,5¢ VLHP, cho tiép
vao binh tam giac 50ml dung dich MB
c6 ndng do 53,262 mg/L (dd duoc xac
dinh chinh x4c ndng d6). Cac dung dich
trén duoc giit 6n dinh & pH = 12. Tién
hanh lic trong 210 phut, voi toe do 200
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Hinh 1: Gian do nhiéu xa tia X
cua VLHP

Hinh 1 1a gian db nhifu xa tia X cta vat
liéu héap phu graphene-bun do hoat hoa
axit. Tt phd XRD thay rang c6 cac dang
ton tai chinh ctia cac hop phdn trong
VLHP: Hematite, Sodium Aluminum
Silicat hydrat, quartz...tuong trng vdi cac
két qua nghién ctru trude [5]. Ngoai ra, t6
hop vat liéu c¢6 cac dinh dac trung véi
cuong dd manh tai xung quanh goc nhiéu
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vong/phut, & nhiét d6 phong (25+1°C).
Sau d6 dung dich duoc quay li tAm bang
may li tam, tbc do 1a 4000 vong/phit,
vol thoi gian 30 phat, so dung
micropipet dé hut dung dich sau i tim
va xac dinh lai néng do

“Xdc dinh dung lwong hdp phu cwc
dai

Cho vao mdi binh 0,05g VLHP va 30ml
dung dich MB c6 ndng do dau thay doi:
53,519 dén 478,789 mg/L (da duogc xéc
dinh chinh x4c ndng d6). Cac dung dich
trén duoc giit 6n dinh & pH = 12 bang
dung dich HNO;. Tién hanh lic trong
120 phat, véi tbc dd 200 vong/phit, &
nhiét d6 phong (25+1°C). Sau d6 dung
dich dugc quay li tAm bang may li tam,
tbc do 1a 4000 vong/phut, v6i thoi gian
60 phut, rdi st dung micropipet dé hat
dung dich sau li tim va xac dinh nong
d6 MB sau hép phu.

3. KET QUA VA THAO LUAN

3.1. Két qua nghién ciru vé cu tric ciia
VLHP

Spectrum 26
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Hinh 2: Phé EDX ciia VLHP

xa 20 ~26° (lién hé t6i dinh dic trung cta
mang tinh thé graphene).

Két qua ghi & phd tan xa ning luong tia
X (EDX) cia VLHP duogc chi ra trén
hinh 2. Két qua cho thiy, trén phd EDX
cia VLHP xuat hién cac pic cua cac
nguyén té C, O, Pt, Al, Fe.

3.2. Két qua khao sat dic diém hinh
thai hoc bé mit ciia VLHP



Két qua chup anh SEM cua VLHP

Hinh 3. Anh SEM ciia VLHP

3.3. Piém ding dién caa vat liéu hip
phu

T hinh 4 x4c dinh duoc diém ding
dién cia VLHP 13 pH,,=6,4. Diéu nay
cho thiy
pH< pH, thi bé mit VLHP tich dién
dwong, khi pH > pH,, thi bé mat
VLHP tich dién am

3.4. Khao sat anh huwéng pH

Két qua tir hinh 5, cho thay khi pH tang
thi ca hiéu sudt va dung luong hip phu
déu tang. Trong khoang pH tir 2,24 dén
4,98 dung lwong va hiéu suit hip phu
tang nhanh, trong khoang pH tu 4,98
dén 6,03 va pH tir 11,75 dén 14 hiéu
sudt hdp phu giam dan, con trong
khoang pH tir 4,98 dén 11,75 dung
luong va hiéu suét hap phu cua VLPH
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Hinh 5: D6 thi anh huong cua pH dén
qua trinh hap phu metylen xanh
cua VLHP

hop cua cac tim va hat co kich thudc
kha dong déu, tuong doi xop.

pH:PH,

PH,

Hinh 4: D6 thi xdc dinh diém ddang dién ciia
VLHP

tang dan. Diéu nay co thé giai thich nhu
sau: khi gia tri pH < pHp, bé mat
VLHP tich dién tich duong. Vi vay,
xuit hién luc day gitta thudc nhudém
cation va bé mit chat hip phu. Ngoai ra,
& gia tri pH thap ndéng do6 cua H' 16n
xay ra sy canh tranh voi céc thube
nhudm cation tich di¢n tich duong va
ion H' tai cac trung tdm hip phu. Do
do, & cac gia trj pH thap, hiéu suit hip
phu thap. O gia tri pH > pH,,. bé mit
VLHP tich dién am, xuit hi¢n lyc hat
tinh di¢n gitta VLHP mang dién tich am
va thudc nhudém mang dién tich duong.
Nén tai cac gia tri pH 16n, hiéu xuat hap
phu 16n. Do vay ching t6i chon gia tri
pH bang 12 cho cac thi nghiém tiép theo.
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Hinh 6: Su phu thuoc cua hiéu sudt hcfp phu
metylen xanh vao thoi gian
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3.5. Khio sat thoi gian cin bang hép
phu

T két qua trén hinh 6, ta thiy cac
duong d6 thi biéu dién su phu thudc cia
hiéu sudt hap phu metylen xanh vao
thoi gian khi khéo sat & nhitng nong do
khac nhau déu c6 dang diéu twong tu
nhau. Cu thé nhu sau: Trong khoang
thoi gian tir 10-60 phut, hiéu suit hip
phu metylen xanh tdng va tang theo quy
luat gan nhu tuyén tinh va dan 6n dinh
trong khoang thoi gian 90-150 phut. Do
vay, ching t6i chon thoi gian dat can
bang hdp phu 1a 90 phat. Két qua nay
duoc str dung cho cac thi nghiém tiép theo.

T T T T T T T
0.02 0.03 0.04 0.05 0.06 0.07 0.08

mg

Hinh 7: Su phu thudc hiéu sudt hd}) phu

metylen xanh vao khoi luong vit liéu hdp phu

Tir két qua thuc nghiém trén hinh 8 cho
thdy moé hinh ding nhiét hip phu
Langmuir mé ta kha t6t sy hap phu cia
VLHP d6i véi metylen xanh diéu nay
duoc thé hién & hé sd hoi qui cua
phuong trinh: R*= 0,9942. Piéu nay cho
thdy sy hip phu xay ra trén bé mait
VLHP 13 hip phu don 16p va qua trinh
hip phu can bang khi dung luong hip
phu dat cuc dai.va xac dinh dugc dung
luong hap phu cuc dai qmax = 270,27
mg/g va hing s6 b=0,7115.

4. KET LUAN

Dua vao két qua thuc nghi€m, chung t6i
rat ra mot s6 két luan nhu sau:
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3.6. Khio sat anh hwéng cia khoi
lwgng VLHP

Két qua duoc chira ¢ hinh 7. Tir hinh 7 ta
thiy khi tang khéi lwong vat liéu hip phu,
hiéu suét hap phu metylen xanh ting. Diéu
nay c6 thé 1i giai do su tang lén cta dién
tich bé mat va su tang lén cua s6 vi tri cac
tam hap phu. Tuy nhién ddi voi metylen
xanh trong khoang khdi luong VLHP ting
tir 0,05g dén 0,08, hiéu suit hap phu ting
khong nhiéu (tr 97,26 dén 98,42%). Vi
vay chung t61 lya chon khoi luong VLHP
bang 0,05g cho cac nghién ctu tiép theo
ddi v6i metylen xanh.

3.7. Xac dinh dung lwong hip phu
cua VLHP

0.040 4
y=0.0037x + 0.0052
0.035 R?= 0.9942
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Hinh 8: Su phu thuoc cua Cepyyvao Cep
doi voi sw hap phu metylen xanh

1. Khao sat duoc mét sb yéu td anh
huong dén kha ning hip phu metylen
xanh theo phuong phap hip phu tinh
cho két qua:

- Thoi gian dat can bang hdp phu 1a 90
phut.

- pH hép phu t6t nhat dbi voi metylen xanh
la12.

- Trong khoang khéi lwong vat liéu
khao sat thi khéi luong vat liéu tdi vu
hap phu metylen xanh 1 0,05g.

(xem tiép tr. 93)





