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SUMMARY

STUDY MAKE MATERIAL MAGNETIC AEROGEL ON
GRAPHENE-BASED APPLICATION TO REMOVAL 2,4-
DICHLOROPHENOXYACETIC ACID IN WATER

In this article, material magnetic aerogel on graphene was prepared success by hydrothermal method and
its properties were evaluated using X-ray diffraction (XRD), scanning electron microscopy/X-ray energy
dispersive spectroscopy (FESEM/EDX), infrared spectroscopy (FT-IR), and vibration sample magnetization
(VSM). The results show that the magnetic iron oxide nanoparticles have a uniform morphology, an average
particle size of about 50-100 nm, are well dispersed on the graphene base, and the material's magnetism
reaches 20.66 emu/g. The experimental data were analyzed by Langmuir, Freundlich, Tempkin and Dubinin-
Radushkevich (D-R) models of adsorption. Utilizing experimental data, pseudo-first-order and pseudo-
second-order kinetic models were evaluated. The 2,4-dichlorophenoxyacetic acid (2,4-D) adsorption on the
material was fitted to Freundlich isotherm and the maximum adsorption capacity was found to be 102.04

mg/g.
Keywords: aerogel, 2,4-dichlorophenoxyacetic acid, graphene, nanocomposite, hip phu, oxit sdt tir.

1. PAT VAN PE & nhidu qudc gia trén thé gioi dudi dang
don chit hodc két hop voi cac hop chat
khac dé tao nén nhiéu loai thudc diét co
thuong mai. Can c6 cac phuong phap hiéu
qua dé loai bo 2,4-D dé c6 mot moi trudng
an toan va lanh manh do tinh di dong cao
va bén vimg trong mdi trwong nuéc [1].
Cho dén nay, cac phuong phap nhu két
tha, ling, tuyén ndi, trao ddi ion, qua trinh
oxy hoda nang cao, cong ngh¢ oxy hoa
ozone, cong nghé dién hda va cac qua trinh

2,4-D duoc phat trién trong giai doan
Chién tranh thé gioi lan tha II voi muyc
dich ban dau 1a tao ra céac tic nhan chién
tranh hoa hoc. 2,4-D 1a thude diét c6 co
tinh axit dugc st dung rong rai véi doc
tinh cao [1, 2]. N6 dugc Co quan Nghién
ciru Ung thu Québc té [3] phén loai la chét
c6 thé gay ung thu, gay dot blen va la mot
trong nhirng hoa chat gay 1 ri loan noi tiét.
Hién nay, hoat chét nay van duoc st dung
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sinh hoc dd dugc phat trién dé loai bo 2,4-
D [1-3]. Trong sb d6, hdp phu da duoc
chimg minh 14 mot phwong phép wu viét dé
tiét kiém chi phi va loai bo 2,4-D mdt cach
hiéu qua va don gian [4]. Nhleu vat liéu
hap phu chi phi thip, bao gdm than hoat
tinh [5], dat sét [6], nhua [7], va hydroxit
kép phan 16p [8], da duoc sir dung.

Trong nhitng nim gin ddy, cac dic tinh
hoa 1y dac biét cua aerogel cacbon da thic
ddy nghién ciru sau rong trong nhiéu linh
vuc khac nhau, bao gém hép phu kim loai
nang, dau mo [9], chat xuc tac [10], thiét
bi luu trir nang lugng [11, 12], cam bién
[13]... Cac aerogel graphene oxit di
hudng c6 trat tu ciu tric 3D co chirc ning
van chuyén va truyén tai hodc 13 chét
mang [14]. Ciu trac xdp phén 16p cia nd
giong nhu mao mach dugc sip xép cao
theo hudng thang dimg, cho phép chon
loc hiéu qua dé tach dau/nudc va kha
nang siéu hip thu [15]. Tuy nhién, viéc
tach cac chat hap phu nay ra khoi dung
dich nudc sau khi hap phu kha kho khan.
Vit liéu tir tinh d4 néi 1én nhu mot giai
phap day hira hen vi ching tao diéu kién
cho viéc phan tach dé dang [16]. Dic biét,
céc hat oxit sit tir d3 thu hat duoc sy chi
¥ dang ké vi tinh twong thich sinh hoc,
tinh 6n dinh hoa hoc, khong doc hai va
tinh wa nudc [17]. Vi vay, viée t6 hop oxit
sat v&i cac vat liéu hap phu thich hop c6
thé de thu hdi bang tir ciing nhu nang cao
d6 on dinh va kha ning hap phu cua
chung. Trong bai bdo nay, ching to1 dua
ra mot sd két qua tong hop va danh gia
kha ning hap phu cua vat liéu t6 hop sat
tir trén nén graphen ung dung hap phu
2,4-D acid trong nudc.

2. THUC NGHIEM
2.1. Héa chat

Graphene oxide (GO) duoc ché tao tir
graphit vay 99,5%, kich thuéc < 50 pm
(Ptic) theo phuong phédp Hummer,
CeHsOs 99,0-110,5% (Ptic), NaOH
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99,0% (buc), 2,4-D acid 98% (MyY),
FeCI3.6H2Q 99,0%, FeCl,.4H,O 98,0%
(Trung Quoc).

2.2. Ché tao vt liéu Fe;04,/GO aerogel

Phan tan 0,8 g GO vao 95 mL hdn hop
dung dich chtra 0,2 mM FeCl3.6H,0 va
FeCl,.4H,0. Khudy hon hop trén bép tur
ddng thoi nho tir tir dung dich NaOH 5M
dén khi pH ~ 10. Siéu am hé trong 30
phut va gia nhiét khoang 80°C. Thém 0,8
g CeHgOs, tiép tuc siéu 4m 20 phit.
Chuyén hdn hop vao binh thiy nhiét, gia
nhiét & 90°C trong 6 gid dé hinh thanh
FesO4/graphen hydrogel (Fes04/GH). Mau
Fe304/GH bao quén lanh -30°C trong 6h.
Sau d6 duoc sdy dong kho -50°C trong 48
gio thu dugc vat liéu Fe3zO4/graphen
aerogel (Fes04/GA).

2.3. Pic trung tinh chit vat li¢u

Hinh thai hoc cua véat li¢u dugc danh gia
thong qua chup anh hién vi dién tir quét
trén thiét bi Jeol - SM - 6510LV. Thanh
phan héa hoc va dic trung nhém chirc
dugc xac dinh thong qua pho tan xa ning
lugng tia X trén thiét bi Oxford
Instrument-X-Act, nhiéu xa tia X trén
thiét bi Bruker - D8 ADVANCE, va hong
ngoai trén thiét bi Thermo Scientific -
Nicolet iS10.

2.4. Kha nang loai bé 2,4-D cia vat liéu
Fe304/GO aerogel

0,02 g vat liéu Fes04/GA dugc tiép xiic
v6i 20 mL dung dich 2,4-D c6 lic toc do
160 vong/phut. Két thic qué trinh hip
phu, loc ldy dung dich va xac dinh ndng
d6 2,4-D sau xir Iy bang phuong phap sic
ky long hiéu ning cao trén thiét bi 6340
Triple Quad LC/MS Agilent Technologies
cua My. Str dung cdt Zobrax Eclipse plus
C18 2,1 x 50 mm; 1,8 um; Dung mdi pha
dong A: axit acetic 0,05%, B: acetonitrile;
Téc d6 dong 0,26 ml/phut. Higu suat loai
b6 va dung luong hip phu 2,4-D cua vat
liéu duoc tinh theo cac cong thirc sau:
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Trong do: C,, C; 1a néng d6 cua dung dich
2,4-D ban dau va sau xr 1y (mg/L); V 1a
thé tich dung dich 2,4-D (L); m 1a khéi
luong vat liéu Fe304/GO aerogel (g).

3.KET QUA VA THAO LUAN

3.1. Pic trung tinh chit caa vat liéu
F6304/GA

Hinh 1a cho thiy két qua phan tich nhiéu
xa tia X cta cac vat liéu tong hop duoc.
Pinh nhiéu xa nhon (002) & 26 = 9,98°
tuong ung véi GO [18, 19]. Sau qua trinh
khtr hdéa hoc bﬁng axit ascorbic, dinh
(002) ciia GO khong xuét hién trong khi
mot dinh rong khac khoang 24,6° xuét
hién. Sy khong xuat hién ctia dinh nhon
khoang 10° ¢6 thé 1a do su bong troc cua
ciu triic phan 16p cla graphit oxit. Dinh
rong & khoang 24,6° ¢ thé duoc giy ra
boi su sap xép lai mot phan cua cac 1p
graphen di tach 16p dé tao thanh céu tric
tinh thé [18, 20]. Gian d6 XRD cia miu
Fe;04/GA biéu thi rd 6 peack dic trung
cua Fe3O4 ¢ cac gia tri 20 la 30, 35, 43,
53, 57 va 62 tuong g voi cac mit phang
tinh thé (220), (311), (400), (422), (511)
va (440) [21, 22]. Pic diém nay dong
nghia véi viée Fe3O4 duge phan tan trén
bé mat ciia graphen aerogel.

Cic mau dic trung boi phd hong ngoai
FT-IR thé hién hinh 1b 13 cic ph6 twong
ung cua GO, Fe3O4/GA. Trong vung 3500
cm™ 13 nhém O-H [20]. Cac cuc dai hip
phu ¢ 1720 cm™ tuong ung voi cac nhom
chirc carbonyl ndm & ria cia cac tim GO
(COOH va C=0) [19]. Trong khi cuc dai ¢
1620 cm™ duoc cho 1a cac dao dong C=C
cua khung graphen. Dao dong C-O trong
cac nhom hydroxyl hodc epoxy dugc quan
sat thdy & 1410 cm™ va 1060 cm™. Mot
diém can luu y rang tit ca cac cudng do

169

cuc dai tai cac dao dong cia cidc nhoém
chuc oxy trong Fes04/GA déu giam so voi
cuong do trong GO. Didu nay cho thiy
viéc khir thanh cong GO béng axit ascorbic
nhung qua trinh khir khong hoan toan. Phd
FT-IR cua Fe3O, dao dong dac trung &
khoang 590 cm™ d6 1a dao dong cia Fe-O.
DPbi v6i Fes04/GA, cudng do cua cac
nhém chira oxy giam, cho thdy GO da khtr
mot phén tao rGO, hat nano sét tir da lién
két v6i cAu trac GO aerogel v6i su xuét
hién ctia nhém Fe-O tai 590 cm™.
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Hinh 1. Gidan do nhiéu xa XRD (a), phé FTIR (b)
cuia vdt lieu GO va Fez04GA

Anh SEM thé hién trén hinh 2a cho thiy
vat liu GO c6 do x6p vira phai, chua co
nhiéu 16 rdng. Sau khi t6 hop oxit sat tir
lén graphene va chuyén trang thai tir
hydrogel sang trang thai aerogel da thay
doi hinh thai hoc. Vat liéu Fe304/GA hinh
2b xuét hién nhiéu khe rdng, hat oxit sit
tir phan tan vao trong ciu trac vat liéu.

Phé EDX cua GO duoc thé hién trong
hinh 2¢ cho thay sy hién dién cua céc
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nguyén t6 C va O, dam bao d¢ tinh khiét
cao. Trong khi do, phlé EDX cua vat liéu
Fe304/GA hinh 2d xuat hién thém nguyén

Hinh 2. Anh SEM va ph6é EDX mau GO (a, ¢) va
Fe;04/GA (b, d)
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Hinh 3. Puong cong tré ciia Fes0,/GA

DPuodng cong tré cua vat liéu Fes04/GA
duoc bicu dien trén hinh 3. Cac hat nano
oxit sat tir co tir do0 bao hoa Ms = 20,66
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emu/g. Chung td tu tinh cua vat li¢u kha
cao co kha nang tach ra khoi dung dich
mau mot cach nhanh chéng thong qua
mot nam chdm bén ngoai, co thé tng
dung thu hdi nhanh vat liéu trong linh xtr
1y moi truong.

3.2. Pang nhiét hiap phu 2,4-D caa vat
liéll Fe3O4/GA

Cic md hinh dang nhiét hép phu
Langmuir, Freundlich, Tempkin va D-R
duoc ap dung dé khao sat qua trinh hip
phu 2,4-D cua vat liéu Fez04/GA. Két qua
dugc trinh bay tai hinh 4 va bang 1. Theo
mo hinh Freundlich, hé s6 K¢ = 52,55 cho
thdy vat liéu Fes04/GA c6 kha ning hap
phu 16n 2,4-D va 1/n = 0,4116 chung t6
ban chéat qua trinh hdp phu la tuong tac
hoéa hoc. Theo md hinh D-R, gid tri nang
luong hap phu (E) la 3,505 k/mol < 8
kJ/mol, su hép phu dién ra theo co ché vat
ly. Tir cac gia tri hé s6 hdi quy R? thu
dugc trong 4 mod hinh co thé thiy qua
trinh  hdp phu 2.4-D trén vat liéu
Fes04/GA uu tién tuan theo moé hinh dfmg
nhiét Freundlich hon ca. Piéu nay cé
nghia 14 bé mit cia vat liéu hdp phu c6 15
xbp, hap phy xay ra trén bé mat vat liéu,
gia tri n > 1 trong phuong trinh
Freundlich chi ra rang qua trinh hap phu
dién ra thuén loi. Dung lugng hip phu cuc
dai tinh toan theo md hinh Langmuir la
102,04 mg/qg.

350 g
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Hinh 4. Puong tuyén tinh hdp phu dang nhiét Langmuir (4), Freundlich (B), Tempkin (C) va D-R (D)
cua vdt liéu FesO,/GA

Béng 1. Cac thong s6 cac mo hinh hip phu 2,4-D
cua vat liéu Fe;0,/GA

plr\1/|u6 dhf:gg r?éi%t Gié tri cac tham s6
K. (L/mg) 0,0338
Langmuir Omax (MQ/Q) 102,04
R 0,8722
Ke (mg/g)(L/mg)*" | 52,55
Freundlich n 2,430
R’ 0,9221
Kr 99,414
Tempkin b (kJ/mol) 0,1807
R’ 0,8021
Om (Mg/g) 45,989
B -0,0407
D-R
R? 0,8262
E (kd/mol) 3,505

3.3. Pong hoc qua trinh hip phu cia
Vi:it liéll Fe304/GA

DPong hoc qué trinh hap phu 2,4-D cia
Fes04/GA duogc xay dung theo mo hinh
biéu kién bac 1 va bac 2 tai ndong do 2,4-D
30 mg/L biéu dién trén hinh 5.

Hing s téc do va dung lwong hip phu
tinh tir phuong trinh tuyén tinh dong hoc
hap phu biéu kién bac 1 va bac 2 duoc
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tong hop bang 2. Két qua cho thiy qua
trinh  hap phu 2.4-D trén vat liéu
FesO04/GA phu hop véi mo hinh dong hoc
biéu kién bac 2.
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Hinh 5. M6 hinh dgng hoc biéu kién béc 1 (4) va
bac 2 (B) cua vat liéu Fe304/GA hap phu 2,4-D 30
mg/L



Bang 2. Haing syér toc d hdp phu, hé sé héi quy va
dung heong hap phy tinh theo mo hinh dong hoc
biéu kien bdc 1 va bdc 2 so voi thuc nghiém

2,4-D
omglL | * (mg/L) 16,411
Pong hoc ki (L/h) 0,0137
bac1 | Ject (MY/Q) 6,869
R? 0,0874
ka2 (9/mg h) 0,0033
D%I;gc l;'m Ge.cal (MY/Q) 17,422
' R’ 0,0992

4. KET LUAN

Vit liéu Fes04/GA da dugc tong hop
thanh coéng bang phuong phap thuy nhiét.
Céc hat nano oxit sat tir ¢6 hinh thai dong
nhat, kich thudc hat trung binh khoang
50-100 nm, phan tan t6t trén nén
graphene, tur tinh ctia vat liéu dat 20,66
emu/g. Dung lugng hip phu 2.4-D acid
cuc dai cua vat liéu Fe3O4/GA dat 102,04
mg/g. Qua trinh loai bo 2,4-D acid bang
vat liéu dién ra theo co ché hap phy hdn
hop bao gém vat ly va héa hoc. Pong hoc
cua qua trinh tuan theo mé hinh dong hoc
gia bac 2. Vat liéu Fe3Os/GA c¢6 tu tinh
manh di dé tach boé khoi dung dich bang
nam cham kha thi cho vi¢c ing dung vao
thuc té.

LOI CAM ON

Nghién ciru 12 san pham thudc nhiém vu:
Nghién cuu ché tao vét liéu cacbon
aerogel trén co so graphen ung dung dé
xtr Iy chit da cam dioxin. Puoc hd trg boi
Trung tam Nhiét doi Viét-Nga.

Cam két: To6i xin cam doan day 1a cong
trinh ciia nhom tac gid va chua gui dang
ndi dung nay & bat ky tap chi nao.
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