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SUMMARY

STUDY STRUCTURE PROPERTIES OF GRAPHENE OXIDE SYNTHETIC
MATERIALS USING ASCORBIC ACID AS REDUCING AGENT

This work dealt withusing ascosbic acid as reducing agentfor the reduction of graphene oxide (GO)to
form reduced graphene oxide (RGO).Graphen oxide (GO) was synthesized via Hummers method. The
GO and RGO materialswere characterized by X-ray diffraction (XRD), Fourier-transform infrared
spectroscopy (FT-IR), scanning electron microscopy (SEM), high resolution — transmission electron
microscopy (HR-TEM) and Brunauer — Emmett — Teller (BET). The results showed that the obtained
reduced graphene oxide (RGO) sample had a similar structure to the one of graphene and rather high

surface area of 244.8 m?/g.
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1. GIOI THIEU

Ngay nay, vat lidu cau tric nano cacbon dugc
quan tdm nghién ctu va tng dung rong rai vi
c6 nhiéu tinh chét wu viét, trong s6 d6 phai ké
dén graphen [1]. Graphen Ia loai vat liéu co
cAu trGc hai chiéu, dugc hinh thanh tir cac
nguyén t5 cacbon lién két sp?, ¢ kha ning ang
dung da dang nho cac tinh chit dac biét nhu
dién tich bé mat riéng lon (2600 m2/g), do dan
dién tdt, do truyén quang cao [2]. Nhimg dic
tinh nay cho phép graphen duoc sir dung trong
nhiéu linh vuc nhu hap phu, xic tac, siéu dan,
pin, siéu tu dién, vat liéu dy trir ning lugngva
mot trong nhitng ing dung day htra hen nhat,
do6 1a xtc tac quang dang chit ban dan mang
trén nén graphen.

Graphen c6 thé dugc tong hop tir ngudn
nguyén liéu la graphit ty nhién bing cac
phuong phap nhu tach 16p co hoc, tach 16p hoa
hoc, khtr nhiét, béc 16p dién hoa, bdc tach lop
trong pha long, ling dong pha hoi (CVD) va
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phuong phép epitaxy trén nén SiC. Phan Ién
cac qua trinh nay rat phac tap, san pham c6
kich thuéc nho, quy md tong hop nho. Phuong
phap CVD c6 vu diém Ia tao ra mang graphen
c6 dién tich 16n va c6 do dong déu cao hon so
Véi cac phuong phép khac, nhung cé nhugc
diém la thyuc hién & nhiét do cao 1000 °C, kho
kiém soat hinh thai hoc va ning lwong bam
dinh [3]. Trong khi d6, khit hda hoc tr GO
dugc xem 13 phwong phap nhanh nhit dé san
Xuét graphen véi s6 luong Ion va dé tién hanh.
Qua trinh nay duoc thuc hién qua hai buéc.
Dau tién, graphit oxit dugc tong hop bang quéa
trinh oxi hoa theo phuong phap Hummers. Sau
d6, GO duoc khur bai cac tdc nhan khac nhau
nhu  hydrazine, hydroquinon,  dimethyl
hydrazine, cac dan xuat cua acid oxalic,
NaBH,...dé loai bo cac nhdm chuc chia oxi va
phuc hdi cau tric cia graphen, tao thanh oxit
graphen dang khir RGO [4]. Tung va cong su
da tong hop cac tim graphen c6 dién tich bé



mat la 20x40 mm bang phwong phap khir GO
vai tdc nhan khu 14 hydrazine [5]. Shin va cong
su da so sanh hiéu qua khir GO vé RGO bing
céc tac nhan khir 1a hydrazin va NaBH4 va cho
thiy hiéu qua khtr bang NaBH, tét hon so véi
hydrazine [6]. Bén canh d6, c6 nhiéu cong
trinh nghién cau téng hop vat liéu composite
trén co so graphene dugc tng dung vao nhiéu
linh vuc khac nhau. Nhém nghién ctiu cua
Trung va cong su [7] da tong hop vat ligu
MnFe;04/G dugc ng dung vao qué trinh hap
phu cac loai thuéc nhuom nhu: methylene
blue, malachite green, crystal violet, and
Rhodamine B. Thém vao d6, Trung va nhom
cong su [8] ciing dd téng hop vat ligu
Nickel/Graphene-Modified Electrodes
(GCE/ERGO-NINPs) dugc ttng dung vao linh
vyc dién héa dé phét hién phu gia mau vang
cam (sunset yellow) trong dd udng. Vat ligu
Fe,03 - Mny03/rGO ciing dugc tong hop boi
nhom nghién ciru cia Trung va cong su [9].
Vit liéu nay dugc tng dung vao linh vuc
quang XxUc tac phan huay parathion trong moi
trudng nudc.

Tuy nhién, nhuoc diém 16n nhit cua cac tac
nhan khtr nay la rat doc hai va anh huong dén
moi truong. Do vay, hudng nghién cau hién
nay dugc cic nha khoa hoc quan tam la tap
trung tim kiém cac loai tdc nhan thay thé
khong doc hai, than thién vai méi truong, phan
tan tét trong dung moi va cé hiéu qua cao cho
qué trinh khir GO vé RGO nhu acid ascorbic,
bot nhém, duwong, acid amin, Na,COs...[10].
Acid ascorbic la mét loai vitamin C c6 cbng
thirc chung 1a CeHsOs. N6 duoc biét dén nhur
mot thanh phan thiét yéu cho sic khoe cuaa con
nguoi va duge s dung rong réi lam thude va
phu gia cho thuc phdm [11]. Hon thé nira, acid
ascorbic ¢ kha ning phan tan t6t trong dung
mbi, khong doc hai dén moi truong, do dé nd
da duogc tha nghiém lam tac nhan khir cho quéa
trinh tng hop RGO, tuy nhién hiéu qua dat
dugc chua cao [12], [13]. Do d6, nghién cau
nay s& huéng téi nang cao hiéu qua qua trinh
khir GO vé RGO bang tac nhan acid ascorbic,
tang cudng cAu tric graphen ciing nhu khir héa
triét dé cac nhom chue chira oxi.
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2. THUC NGHIEM

2.1. Hoa chat

Cac vat liéu, hoa chat sir dung cho nghién cau
nady gom: bot graphit (Merck, Buc), acid
ascorbic (An Do), KMnO4, NaNOs, H,SO4
98%, HCI 5% (dugc chuan bi tir HCI 37%),
H,0, 30%, C,HsOH(Trung Quéc).

2.2. Téng hgp GO va RGO

Qua trinh téng hop GO dugc thuc hién theo
phuong phap Hummers, md ta tém tit nhu sau
[3]. Cho 1g bét graphit vao binh chira hdn hop
NaNOs va H,SO, khudy lién tuc & nhiét do
duéi 20 °C. Sau d6 cho KMnO4 vao hdn hop,
nang nhiét do 1&n 35 °C khudy trong 3 gio. Cho
tir tir nu6C cat vao hdn hop va nang nhiét do
I&n 95 °C, khudy lién tuc trong 15 phdt. Sau dé
ha vé& nhiét do phong va cho 100 mL nuéc cat
vao khudy trong 1 gio. Tiép tuc cho H,02 30%
khuay trong 1 gid, sau do6 tién hanh raa nhiéu
1an véi dung dich HCI 5% va nudc cat dén khi
dat pH = 7. Siy chét rin thu dugc & 80 °C
trong 24 gio, thu dugc san phim GO.

2.3. Tong hep RGO

GO dugc khir bang acid ascorbic dé tao ra
graphen oxit dang khir (RGO) theo quy trinh
sau: cho GO vao 100 mL nudc va siéu am
trong 1 gio dé GO phan tan déu trong moi
truong nuoc. Tiép theo, cho 1g acid ascorbic
vao dung dich va tién hanh khuay & nhiét do 70
°C trong 8 gid. Tién hanh loc, rira, ly tam thu
phan chit rin va siy ¢ nhiét do 80 °C trong 12
gio. San pham sau d6 dwoc nung & 600 °C dé
dinh dang ciu tric RGO.

2.4. Pac trung hda ly caa vat liéu

Céc mau xdc tac sau khi tong hop dugc xéac
dinh dic trung pha tinh thé bang nhidu xa tia X
(XRD — Siemen D-500 - Bruker), lién két ciu
tric bang phdé hdng ngoai (FT-IR — GX —
PerkinElmer), hinh thai bé mat bang anh hién vi
dién tr quét (SEM — SEM-JEOL-JSM 5410
LV), hién vi dién tur truyén qua TEM va hién vi
dién tir truyén qua do phan giai cao HRTEM,
va phan xa khuéch tan tir ngoai kha kién (UV-
Vis - Cary 5000, Varian).

3. KET QUA VA THAO LUAN

3.1. Pic trung pha tinh thévat liéu tdng hop



Céu trdc tinh thé cua vat liéu graphit ban dau,
graphen oxit (GO) va va graphen oxit dang
khtr (RGO) duoc xac dinh qua gian dd nhidu
xa tia X thé hién ¢ hinh 1.
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Hinh 1. Gidn do XRD cua graphit, GO va RGO
Két qua & hinh 1 cho thay sau qué trinh oxi héa
bang cic tac nhan nhu KMnOs, H,SO; va
NaNOs thi cac pic ¢ 26 = 26,5° va 20 = 54,4°
dic trung cho cau trdc graphit khong con nira
ma xuét hién pic ¢ 26 = 11° dic trung cho GO.
Sy thay d6i nay phd hop véi két qua thuc
nghiém trong nghién ciru ctia Kashyap Dave va
cong su [14]. Tiép tuc thuc hién qua trinh khir
GO bing tac nhan khir acid ascorbic thu duoc
san pham RGO Vi pic dic trung xuat hién tai
20 = 26°. Piéu nay cho thdy, RGO mang ciu
trac twong tu graphen. So véi Ding va cong su
thi vat liéu RGO tong hop dugc & nghién cau
nay c6 cau triic giéng graphen hon nhiéu so Vi
céc nghién clru khac da thyc hién [15].

3.2. Cac nhoém chirce trong vt liéu tdng hop
Quan séat phd FTIR cua GO ¢ hinh 2 c6 thé
thay xuét hién cac nhom chuc chira oxi véi céc
pic dic trung quan sat thiy & cac ving dao
déng khac nhau [16].
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Hinh 2. Phé FTIR cia GO va RGO
Pic nam & khoang 3350-3500 cm™ dic trung
cho su ¢ mat caa nhom —OH (hydroxyl) cua
nude. Pic ¢ 1736 cm dic trung cho dao dong
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héa tri cia nhdm -C=0 (cacbonyl). Nhém
chuac epoxy dugc phét hién ¢ vung 590-700
cm? va 1232 cm. Pic xuat hién ¢ 1060 cm*
dic trung cho lién két C-O-C, trong khi pic &
1350-1400 cm® dic trung cho dao dong bién
dang cta nhém -OH hoac vung dic trung cho
lien két C-O cua nhém hydroxyl. Ngoai ra con
co pic ¢ khoang 1623 cm™ dic trung cho dao
dong hoa tri cua lién két C=C trong cac hop
chat hydrocacbon thom. Sau khi tién hanh khir
GO bing acid ascorbic, phan 16n cac nhém
chirc chura oxi nay déu dugc khir hoan toan, thé
hién & sy bién mat hoic cuong do cua cac pic
thdp di trén phdé FTIR cua RGO so véi GO
[17], [18]. Piéu nay cho thiy qué trinh khir
bing acid ascorbic ¢ nghién ctru nay di dat
hiéu qua cao hon nhiéu so véi nghién ciru cia
Lavin-Lopez va cong su khi van con dén 53%
cac nhém chirc ¢6 chira oxi ton tai [13].
3.3. Hinh thai bé mat vat liéu téng hop
Anh SEM cua cac mau GO va RGO dugc thé
hién ¢ hinh 3.
- o

Hinh 3. 4nh SEM cia GO (a) va RGO (b)
Anh SEM cho thiy GO ¢ dang tim day, con
RGO c6 hinh dang céc lop mong xép chong
I&n nhau, thé hién qué trinh béc tach 16p thanh
cong trong qua trinh khir GO vé RGO bing
acid ascorbic.

Pé quan sat rd hon vé hinh thai hoc cua vat
liéu, cac mau GO va RGO dugc chyp anh HR-
TEM. Két qua thé hién o hinh 4.
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Hinh 4. Anh HR-TEM cua GO (a) va RGO (b)




Tt anh HR-TEM 6 hinh 4 c6 thé thay vat liéu
GO hinh thanh nén bai nhiéu lop xép chong
Ién nhau, trong khi & RGO chi quan sat thay
vai I6p. Pidu nay ciing da dugc khing dinh
trong nghién ctru cua Ju va cong su [19].

3.4. Dign tich bé mit riéng va céu tric mao
quan caa vat liéu téng hop

Dién tich bé mat riéng va cau trdc mao quan
cta cdc mau vat litu GO va RGO duoc Xé4c
dinh bang phuong phap ding nhiét hap phu -
khir hap phu N theo phuong trinh BET.
Puong dang nhiét hip phu - khir hip phu N,
ddi v&i GO va RGO duoc thé hién ¢ hinh 5.
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Hinh 5. Puong dang nhiét hap phu - khit hap
phu N2 ¢ 77K cua GO (a) va RGO (b)
Quan sét hinh 5 c6 thé thiy duong ding nhiét
hap phu - khir hip phu N, cia GO va RGO kha
gidng nhau va déu thudc loai IV dic trung cho
vat liéu mao quan trung binh, ciu tric 16p.
Dién tich bé mat riéng cia RGO (244,8 m2/g)
I6n gap gan 6 1an so véi GO (42,3 m?/g). Piéu
nay ciing duoc thé hién & thé tich mao quan rat
I6n trong RGO (dén 0,03 cm3/g) so véi GO

ey

Hinh 6. Phan bé kich thiréc mao quan trong
GO (a) va RGO (b)
buong kinh mao quan trong RGO ciing 16n
hon (tap trung cha yéu & gan 3 nm va mot phan
nhé & 35 nm) so véi GO (chii Yéu ¢ 2 nm va
mot phan nho ¢ 12 nm), thé hién qué trinh boc
tach l6p da thanh cong.
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4. KET LUAN

Graphen oxit dang khir (RGO) dugc téng hop
thanh cbng bang phuong phap don gian la
phuong phap khir hda hoc véi acid ascorbic,
mot tdc nhan khir khéng doc hai va than thién
vGi méi tredng. Qua trinh khir dat hiéu qua cao
v6i RGO thu dwoc c6 cau trdc twong tu
graphen va chi con mét sb it nhém chic chia
oxi chua bi khir hét. Vat liéu RGO thu dugc
V6i cau tric khoang 10 Iép, dién tich bé mat
riéng thu dugc 13 kha 16n (Sger = 244,8 m?/g)
g4p gan 6 1an so voi GO (Sger = 42,3 m2/g).
Két qua nay cho thay vat lieu RGO thu duoc
c6 kha niang wng dung lam vat liéu hdp phu va
xUc tac quang trong xu Iy méi truong.
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