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TOM TAT

Diéu ché graphen bang phuong phép
khdr héa hoc graphen oxit luén dwoc cac nha
khoa hoc quan tdm ngay tir nhitng ngay dau
biét dén graphen. Nhiéu tac nhan khir khéc
nhau dwoc dé nghi, tuy nhién méi téc nhén
khtv chi cé hoat tinh véi mét loai nhém chire
nhét dinh trén céu tric cda graphen oxit. Dé
lam ré diéu d6 ciing nhuw khdo séat khé ndng
khtr cta céac tac nhan khir héa hoc khac nhau,
nghién ctru nay tap trung khao sat kha nang
kher cda ba tac nhan nhw NoHa, NaBH4 va HI.
Bén canh do, polyetylen oxit con duwoc str
dung nhw téc nhén bién tinh tach béc hoan
toan cac I6p graphit oxit thanh graphen oxit
(MGO-PEG) don I6p trwée khi khiy thanh
graphen. Béng céc phuong phéap phén tich
quang phé nhw phé héng ngoai (FTIR), phé
UV-Vis va phé Raman chung t6i da dbi sénh

duwoc kha nang khtr caa tirng tac nhan, trong
d6 tac nhan HI cé khé ndng khir virot tréi. Céu
trdc tach béc hoan toan cua MGO-PEG va
graphen dwoc ching minh bdng phuong
phap phan tich nhiéu xa tia X va kinh hién vi
dién tdr quét (SEM) va truyén qua (TEM). Céc
phuwong phap phéan tich nhiét nhwe TGA va
DSC ciing gép phén lam rd vai trd cda tirng
tac nhan khev. Cudi cung la phuwong phép xac
dinh dién tr& mat cua cac mang graphen la
minh ching rd rang nhét vé kha ndng cua
tirng tac nhan kha: RGO-HI (120 Q/square),
RGO-Na (1300 (¥square) and RGO-Hz
(1500 (V/square). Nghién ctru da gop phan
lam sang té kha ndng khir cta tirng tac nhan
kher trén cung mét loai graphen oxit ma chuwa
tirng c6 mét nghién ciru nao truede dé da thue
hién.

T khéa: Graphit oxit, graphen, khdr graphit oxit, GO, RGO

GIOI THIEU

Graphen c6 thé dugc xem Ia chit liéu hinh
thanh nén cac dang khac nhau cua dan xuat tir
graphit (6ng nanocarbon, qua cau fullerene) dugc
dan bang cac nguyén tir carbon lai héa sp2 Andre
Geim va Konstantin Novoselov da sir dung mét
bang keo dinh don gian dé tich cac 16p graphen tir
graphit vao nim 2004 [1] va nhém nghién ctru nay
d& duoc giai Nobel Prize Vat ly [2] vao nam 2010.

Ké tir d6, cac nghién ciu vé graphen va
nanocomposit gia cudng graphen dugc cong bd
hang loat va gidi khoa hoc d4 nhanh chong chuyén
huéng nghién ciru vé “ngdi sao GRAPHEN” ngay
mét nhiéu hon. Graphen duoc biét dén véi d6 linh
dong cua electron hay 15 tréng rat cao (230 000
cm?/Vs), do truyén qua trong vang kha kién gan
98 %, d6 dan nhiét khoang 3000 W/mK, dién tich

Trang 197



Science & Technology Development, Vol 18, No.T3- 2015

bé mit tinh theo Iy thuyét 12 2600 m%g va nhiéu
tinh chat khac nhu hiéu tng Hall va tir tinh [3].
Cho dén thoi diém nay, graphen cé thé duoc ché
tao thong qua cac con duong nhu tach boc co hoc
graphit (hay cit 6ng nano carbon), lang dong hoi
hoa hoc (CVD) va khir graphen oxit. Trong cac
phuong phap trén, cac nha hoa hoc quan tam nhat
la phwong phap di tir graphit oxit (GO). DPay la
phuong phap thuan loi cho viéc bién tinh tam
graphen theo ¥ mudn va mang lai cac tng dung
trong sinh  hoc, composit va
nanocomposit trén nén polyme.

linh vuc

Graphit oxit (GO) 1a san phiam caa qua trinh
oxi héa graphit bang cac hop chat c6 tinh oxi héa
manh nhu NaNOs;, KMnO,4, KCIO3, HsPO4 hay
mot hdn hop cac chit oxi héa trong méi trudng
acid manh. Sau khi oxi héa, trén cac 16p GO s&
Xuit hién cac nhém phan cyc nhu hydroxy,
epoxide, caeboxilic va lam cho GO tré nén wa
nudc hon so v6i graphit ban dau. Trén nguyén tic
d6, c6 nhiéu phuong phéap oxi hoa graphit dwoc dé
nghi tir rt 1au va duoc sir dung cho dén ngay nay,
thi du nhu: phuong phap Broide (1859) [4],
phuong phap Staudenmeier (1899) [5], phuong
phap Hummers va Offeman (1958) [5]. Graphit
oxit (GO) don 16p hay con goi la graphen oxit
(SLGO) duoc ché tao bang cach tach boc cac l6p
graphit oxit. Graphit oxit dugc phan tan trong cac
dung moéi phan cuc (vi du nhu: nuéc, DMF,
THF...), duéi tac dung cua song siéu am, graphit
oxit duoc tach bdc thanh timg don 16p hay vai 16p
tao hé huyén phu bén trong thoi gian dai. Bén canh
d6, GO con c6 thé duoc bién tinh dua trén hoat
tinh cua cac nhém OH, COOH, epoxide trén bé
mit [6]. Dua vao twong tac cua chét bién tinh va
graphit oxit, twong tac vat ly va twong tac héa hoc
(théng qua lién két) 1a hai twong tac chu yéu cua
cac nghién ciru vé bién tinh graphit oxit.

Graphen oxit duoc khir cac nhom phan cuc,
chuyén cac C-sp®> C-sp? bang cic con duong
khac nhau dé tao thanh graphen (RGO). Theo céc
nghién ctru trude do, qua trinh khir héa hoc duoc
thuc hién bang c4c tac nhan khir nhu hydrazin hay
cac dan xuat cua hydrazin [7-9], natri borohydrid
(NaBH;) [10, 11], khi hydro & nhiét d6 cao [12],
alcol [13], ion iodur trong moi truong acid [14,
15]. Mai tc nhan c6 hoat tinh véi mot nhém chic
nhét dinh. Thi du hydrazin c6 hoat tinh manh véi
nhém epoxide va carboxylic trong diéu kién khir
90 - 120 °C. NaBH, thi hoat dong manh véi
nhém OH va nhiét do6 khur khoang 80 °C. Trong
nhiing nghién ctru gan day, anion iodur (I") trong
céc hop chét nhu mudi (KI) hay axit (HI) duoc sir
dung nhu mot chat khir manh trong méi truong
acid dugc nghién cttu bai Songfeng Pei (2010)
[14] va In Kyu Moon (2009) [15] . Theo cac
nghién ctru cho thay ion I c6 hoat tinh manh véi
nhom epoxide va OH trén graphen oxit, day 1a hai
nhém che chiém ty 1é 16n trong GO. Tuy nhién,
hau hét cac nghién ctu chi thuc hién trén mot loai
chat khir hay chi thuc hién truc tiép trén GO, san
pham tao thanh chua c¢6 ciu triic don 16p hoan
toan.

Trong nghién cau nay, nhém ching t6i thuc
hién bién tinh tach boc graphit oxit thanh graphen
oxit truéc khi tién hanh khir thanh graphen. Vi
mong mudn san pham tao thanh c6 cau trac don
I6p va c6 d6 dan dién cao. Dé thuc hién diéu do,
polyetylen glycol dwoc st dung dé bién tinh va
tach boc GO dudi sy hd tro cua siéu am tao thanh
graphen oxit (MGOPEG). Qua trinh khir
MGOPEG duoc thuc hién tiép theo trén 3 loai tac
nhan khtr khac nhau la hydrazin (1 pl N2Hs.H20
cho 3 mg GO) [16], NaBH, (GO:NaBH, = 1.8
theo khéi lwong) [17] va hdn hop HI + CH;COOH
(20 ml HI + 37,5 ml acid acetic cho 1,0 g GO) [15].
Trong nghién ctru ndy, ty 1é cac chat khir va GO
(GO ban dau trudc khi bién tinh) duoc thyc hién
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tuong ty nhu vai GO theo cac cong trinh khoa hoc
trude d6, nham co su so sanh twong dbi cac két
qua dat duoc. Thém vao d6, hau hét ham luong
chat khir déu ding du nham dam bao qua trinh khi
dién ra hoan toan nén ty 18 chat khir it duoc quan
tAm hon 1a loai chét khir d6i v6i hau hét cac nghién
ctru trude do.
THU'C NGHIEM
Héa chét va dung cu

Graphit (dang 16p, két tinh), polyetylen
glycol (Mw=1500 g/mol), styren, dodecyl sulfat
natri (SDS), 1-petanol, natri borohydrid duoc
cung cap tir Sigma Aldrich. Acid sulfuric (95 — 98
% ), hydroperoxit (30 %), kali permanganat, natri
nitrat, acid acetic, natri bicarbonat, dung dich
ammoniac (37 %), tetrahydrofuran (THF) xuét xu
tir Trung Quéc. Acid hydroiodua dén tir Nhat Ban.
Kali persulfat, hydrazin monohydrat duwgc mua tur
Merck. Cac dung méi nhu methanol, etanol cta
Chemsol-Viét Nam.

Cac thiét bi chinh : may khuay co va bép 6n
nhiét hiéu IKa, kinh hién vi truyén qua (TEM -
JEOL, model JEM-1400, Bai Hoc Bach Khoa, Tp
HCM), kinh hién vi dién tir quét (F-SEM vién
KIT- Nhat Ban), pho hong ngoai (FTIR - Equinox
55, Vién KHCN TP HCM), UV-Vis (NIR V670,
Phong Héa Ly Ung Dung, PH KHTN), XRD
(Vién Dau khi Viét Nam), Raman (Horiba Jobiny
V6i budc song 632 nm, Trung Tam Cong Nghé
Nano, Tp. HCM), nhiét trong luong (TGA -
Q500), nhiét vi sai (DSC - Stare SW 11.00, Khoa
Khoa hoc Vat liéu). D6 day mang graphen dugc
xac dinh bang méy Stylus (Dektak 6M — Veeco,
Khoa Khoa hoc Vat liéu). Dién tré mat (do dan
dién) ctia mang graphen dugc tinh toan thdng qua
may do 4 dau do (CTM-100 MP, Han Quéc). Méay
siéu am thanh hiéu UP400S véi duong kinh dau
hop kim nhém 13 mm duoc st dung dé phan tan
GO, graphen.

Tong hop graphit oxit

Graphit oxit (GO) dugc tong hop bang
phuong phap cua Hummers va Offeman [18].
Theo d9, can chinh xac 10, g graphit va 5 g NaNOs
Ian luot dwoc cho vao binh ciu (dung tich 2 lit) da
¢ san 240 mL H,SO, dam dic. HAn hop duoc
khuay déu va 1am lanh ¢ 0 °C trong 15 phut. Sau
do6 35 g KMnO, dugc cho tir tir vao hé (cha y git
nhiét d6 cua hé huyén phu khéng qué 10 °C) va
khuay déu trong 30 phat. Sau d6, nhiét do cua hé
dugc nang 1én dén 35+ 2 °C trong 30 phut dé phan
tng oxi héa graphit xay ra. Tiép theo, 460 mL
nudc cat duoc thém tir tir vao hdn hop phan img.
Sau khi pha lodng, nhiét d6 cua hé duogc néng Ién
98 °C va gitr & nhiét d6 nay trong vong 15 phut.
Két thac 15 phat, hé huyén phu tiép tuc dwoc pha
loding véi 1,4 lit nude cat va 500 mL H,0, 30 %
dugc thém vao hdn hop dé khir MnO4” con du va
MnO; sinh ra trong hdn hop. Sau khi xir Ii bang
peroxit, hon hop ¢6 mau vang sang. Cudi ciing san
pham dugc ly thm, rira nhiéu lan bang hdn hop
nuéc/aceton va say kho trong chan khong tai 80°C.
GO sau cing duoc nghién nho vai kich thude dudi
0,5 mm va luu trix trong binh hat am.

Bién tinh va tach béc graphit oxit

Graphit oxit duoc bién tinh va tach boc bang
polyetylen glycol (Mw=1500) trong méi truong
baz. Theo d6, cén chinh xac 0,5 g GO va m (g)
PEG duoc phan tan trong 500 mL nudc cit dudi
tac dung cua siéu am trong 30 phut (siéu am thanh
hiéu UP400S — 60 Hz véi duong kinh dau hop kim
nhém 13 mm) véi chu ky Y, cuong d6 80 %. Sau
d6, khoang 5 ml dung dich NH;
30 % dugc thém vao dén khi pH cua dung dich Ién
8,5 va hé bién tinh dwoc chuyén vao binh cau, dun
hoan luu va khudy qua dém trong 24 gio & 80 °C.
Sau qua trinh bién tinh, hé phan tmg duoc siéu am
v6i diéu kién nhu ban dau trong 30 pht tai nhiét
d6 phong thu duoc hé huyén phu ddng nhit
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MGOPEG don 16p phan tan trong dung dich
pH=8,5 (qué trinh bién tinh khong lam thay ddi
pH). Hé huyén phu dugc tua bang dung dich HCI
5 %, sau d6 loc &p suat kém, rira nhiéu lan bang
nuéc va aceton dén khi pH nuéc loc thu duoc dat
trung tinh. San phdm dang bét duogc siy kho trong
chan khong tai 80 °C trong 24 gi¢. Thuc hién cac
mau bién tinh GO vaéi cling mot diéu kién va thay
d8i ty 16 GO:PEG Ian luot 1a 1:2, 1:5, 1:10, 1:15
(theo khéi lugng).

Khir graphen oxit bang hydrazin

MGOPEG thu duoc (tir 0,2 gam GO) dugc
tiép tuc phan tan trong 200 ml nudc cat dudi tac
dung cua siéu dmtrong 1,0 gio (siéu &m thanh hiéu
UP400S - 60Hz vé&i duong kinh dau hop kim
nhém 13 mm) véi chu ky 3/2, cuong d6
80 %. Tiép theo, dung dich NaHCOs
(5 % ) dugc thém tung giot vao hé huyén phu dén
khi pH=8,5. Sau d6, toan bo hé phan tan dugc cho
vao binh cau va 67 pL NaH4.H20 ciing dugc thém
vao ngay sau do. Hé phan tmg dwoc suc khi N
trong 15 phut, hé dugc gitt kin trong moi truong
khi tro va dun hoan luu trong 24,0 gio ¢ 90 °C. Sau
khi phan tng két thic, san pham duoc két tu bang
dung dich HCI 5 % & nhiét d6 phong. Ké dén, san
pham khtr duoc loc (4p suat kém), ria nhiéu lan
bang nudc cat va aceton (dén khi pH nudc rira vé
trung tinh). RGO-Hz (RGO khtr bang hydrazin)
dugc siy kho & 110 °C trong 4,0 gid va duoc luu
giir trong binh hat am.

Khir graphen oxit bang natri borohydride

Mot cach tuong tu nhu phuong phap khi
bang hydrazin, MGOPEG (tir 0,200 g GO) dugc
phén tan trong 200 ml nudc cat dudi tac dung cua
siéu &m trong 1,0 gio (siéu &m thanh hiéu UP400S
— 60Hz v6i dudng kinh dau hop kim nhém 13 mm)
véi chu ky 3/2, cuong do 80 %. Dung dich
NaHCO; (5 %) cing duoc st dung dé chinh
pH=8,5. Tiép theo, toan bd hé phan tan duoc cho

vao binh cau va 1,6 g NaBH, (ty 18 dugc cho tir tir
vao hé phan @ng (tranh bot khi xuit hién nhiéu).
Hé phan tng dugc suc khi N, trong 15 phdt, hé
duoc gitr kin trong méi truong khi tro va dun hoan
lru trong 24 gio & 90 °C. Sau khi phan ting két
thlic, san pham duoc két tu bang dung dich HCI 5
% va duoc loc, rira nhiéu lan bang nudc cit, sau
d6 dén axeton (dén khi pH nudc rira Vé trung tinh).
RGO-Na (RGO khir bing NaBHj) duoc say kho &
110 °C trong 4 gid va dugce Iuu gitr trong binh hit
am.

Khir graphen oxit bang hén hep axit hydro
iodur va acetic

Qua trinh khir dugc thyuc hién bang cach cho

khoang 0,2 g MGOPEG phan tan trong 75 ml acid
acetic bang bé siéu am (LT-60H — 35 Hz) trong 1
gio (hdn hop dugc siéu &m tryuc tiép trong binh cau
1 ¢d). Ké d6, 4 mL HI duoc cho thém tir tir vao hé
va tiép tuc siéu &m trong 30 phut nira. Sau d6, hé
phan tmg duoc dun hoan Iuu ¢ 60 °C, trong 40 gio,
khudy lién tuc trong qua trinh phan Gng. Sau phan
tmg, dung dich NaHCO3 (50 %) duoc st dung dé
trung hoa luong acid du va sau d6 san pham dang
bot duoc loc, rira nhiéu lan bang hdn hop nuée —
axeton (1:1 theo thé tich) dén khi nwdc ria co
pH=7 va khong con iod (thir bang hd tinh bot),
cudi cuing rira bang aceton 3 1an va say kho tai 110
°C trong 4 gio. RGOHI-AcOH (MGOPEG dugc
khtr bang HI + CH3COOH) duoc luu trit trong

binh hat am.
Ché tao mang GO, MGOPEG va RGO

Mang RGO duoc ty sdp xép trén dé xellulose
acetat bang phuong phap loc 4p suit kém. Theo
do, tat ca RGO (tong hop tir 0,020 g GO) dugc
phéan tan trong 200 ml dung dich SDS 1% bang
siéu &m (siéu &m thanh hiéu UP400S — 60 Hz vai
duong kinh dau hop kim nhém 13 mm) trong 2,0
gio vai chu ky 3/2, cuong d6 80%. Sau khi dat
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dugc hé huyén phu dong nhat, dung dich duoc ly
tam trong 30 phat (4000 vong/phdt) nham loai
phan RGO khéng phan tan dugc. Dung dich sau ly
tam dugc 1y khoang 20 mL cho qua phéu loc thuy
tinh &p suit kém vai gidy loc xellulose acetat (kich
thudc 15 trung binh 1a 0,45 um). Céc 16p graphen
tir tir Xép 16p trén gidy loc, sau khi dugc mot 16p
graphen nhu mong mudn, nuéc cat dugc thém vao

KET QUA VA BAN LUAN
Két qué phén tich nhiu xa tia X (XRD)
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Hinh 1. Gian d XRD ctia graphit, graphit oxit va cac
mau MGOPEG

Graphit (dang két tinh) c6 cau trdc tinh thé
dang 16p nén trén gian do XRD cho mot mii nhon,
cuong do 16n tai 26=26,4°, d6 1a khoang cach gitra
2 16p ké can, duogc biét dén 1a dop2=0,333 nm (Hinh
1). Quéa trinh oxi héa lam thay d6i ciu tric cua
graphit mot cach rd rét. Mii két tinh (002) cua GO
bi doi vé 20=11,3° v&i dooz=0,79 nm. Hién tuong
nay ching té khoang cach giita céc 16p trong cau
tric duoc dan rong boi su xuat hién cua cac nhom
phan cyuc nhu -OH, -COC-, -COOH trén bé mat
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6 8 10 12 14 16 18 20 22 24 26 28 30

dé rira SDS con bam lai trén mang. Cudi cing
mang RGO dugc say khd trong chan khéng ¢ 80
°C véi ap luc ~ 4 N/cm? (dung ta 5 kg ép mang c6
duong kinh ~ 4 cm). Mang RGO-Hz, RGO-Na va
RGOHI-AcOH dugc ché tao voi cing diéu kién
nhu trén. Twong tw mang GO va MGOPEG ciing
dugc tao thanh, tuy nhién dung méi phan tan hé
huyén phii 1a nudc cat.

(002)

Intensity (Cps)

RGO-Hz
1 RGO-Na
~— L ROBADR™

405 8 0 M BB NDNUXEB D
Angle (2-Theta °)
Hinh 2. Gian d XRD ciia graphit oxit va cac mau GO
da kht (RGO)
c4c 16p A va B. Thém vao d6 1a sy hip phu nuéc
[19] va CO; [20] bén trong khoang GO. Hién
tweong nay sé dugc ching minh ré hon & cac

phuong phap phan tich tiép theo.

Hinh 1 cho thiy cac mau MGOPEG_1-2 va
1-5 cho cac mii két tinh c6 cuong d6 thap va doi
vé phia gdc hep véi doz=1,33 nm va khong con
miii két tinh nao khi ty 1¢ GO:PEG tang lén 1-10
va 1-15. Cac phéan tt PEG da chen vao gilra cac
16p, twong tac manh vgi nhom phén cyc trén GO
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thong qua lién két hydro. Khi d6 PEG giéng nhu
mét chat bén hoa hé huyén phu graphen oxit trong
mdi truong nude. Nhu vay voi ty 1€ 1-10 cia GO
so Vi PEG cho két qua tach béc GO tét nhat ma
khéng phai st dung nhiéu PEG hon nira. Vi thé
mau MGOPEG_1-10 duoc chon la ty 1& bién tinh
tdi wu cho cac nghién ctiu tiép theo va duoc ky
hiéu don gian la MGOPEG.

Hinh 2 1a gian &6 XRD cta cac mau RGO so
véi MGOPEG va GO ban dau. Tt ca cac mau

RGO déu khong xuét hién mii két tinh (002). Bén
canh do, tai khoang 20~26° khong xuat hién mii
(002) tro lai. Biéu ndy mét lan nita chuang to
MGOPEG d4 tach boc dién ra hoan toan (hoic lam
mét ciu tric két tinh) va sau khi khir cac 16p
graphen khong c6 kha ning tu tap va sip xép lai
thanh graphit ban dau. Néu qué trinh tach boc
khong hoan toan hay nguyén liéu ban dau la GO
thi sau khi khar miii két tinh (002) s& xuét hién tro
lai twong tu nhu graphit va cuong do c6 thé giam
hon vi cAu trdc bi xdo dong [15, 21].

Két qua phén tich hinh thai thong qua TEM VaTEM

A R Graphit

[ TEM]

Hinh 3. Anh TEM cila MGOPEG (A, B) va RGO
khur bang HI (C, D)

Thong qua anh TEM va SEM cia MGOPEG
va RGOHI-AcOH cho thay ciu tric tch boc gan
nhu hoan toan. Hinh 3A, B va Hinh 4C cho thiy
rd cac manh MGOPE phan tan kha déu dan ¢ trang
thai don 16p 1a chi yéu. Py 1a bang chung hd tro
cho sy mat mii ¢ gian 46 XRD cua MGOPEG.
Mot cach tuong tu anh TEM va SEM ciia RGOHI-
AcOH ciing cho thdy sy phan bé ¢ trang thai don
I6p, chdng chéo 1én nhau (Hinh 3C, D va Hinh

Hinh 4. Anh SEM dang bdt cta graphit (A), GO (B),

MGOPEG (C) va RGOHI-AcOH (D)

4D). Trong khi d6, anh SEM cua graphit va GO
cho thay cAu trac 16p, két tu thanh ting mang Ion
tai Hinh 4 A,B.
Két qua phén tich ciu tric thong qua phd
FTIR va UV-Vis

Khoang céch giira hai 16p GO dugc nang
rong tir 0,333 nm dn 0,790 nm dwoc cho 1a c6
nguyén nhan tir viéc hinh thanh cac nhém chic
chura oxi trén bé mat mdi tim GO. Bé khang dinh
diéu nay, phé FTIR cua GO (Hinh 5) duoc nghién
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ctu va cho thay mii rong kéo dai tir 2500-3725
cmt 1a dao dong cua nhém -OH va nuéce hap phu
(c6 lién két hydro), miii dao dong cua -C=0 (trong
COOH) dugc tim thay tai ~1720

cmt, miii tai 1624 cm™ duoc nhan dinh la cua C=C
(trén khung suon carbon) va cua nuéc hip phu
chdng chap Ién nhau. Cac nhém C-O-C va C-OH
ciing xuat hién véi miii dao dong xung quanh 1100
cm't. Bén canh dé, miii hap thu nho tai 2350 cm'?
chung t6 cd khi CO, hip phu trong khoang GO
[20].

Khi d6i sanh pho FTIR ctia GO véi cac mau

MGOPEG va RGO (Hinh 5), nhan thiy cuong do

= vak,0
OH IO co, © OH ciia COOH
W) oy thdpphu) oot | GO,

Abs

Transmittance (%)

40‘00 3 5;)0 30‘00 25‘00 20‘90 1 5‘00 10‘00 560
Wave number (cm’”)
Hinh 5. Phd IR ciia graphit, graphit oxit, MGOPEG
va cac miu RGO

Trén phé UV-Vis (Hinh 6) caa GO xuat hién
2 miii, mot miii to tai budc song 224 nm 1a hap thu
cua dién tir © (C=C) trén khung swon carbon va
mét vai nho tai 300 nm 1a hap thu cua qué trinh
kich thich dién t& n>n* cuia nhém C=0 [15]. Miii
I6n doi vé 260 nm d6i v6i MGOPEG va 266 nm
v6i RGOHI-AcOH, diéu nay ching minh qué
trinh khtr GO cang manh, cAu tric cang dugc phuc
hoi thi miii hip thu s& doi vé phia budc séng lon,

miii cic nhom chirc giam manh & mau bién tinh va
cac mau khir. Pac biét, mii dao dong cua C=0, C-
O trong c&c mau khir hau nhu d4 bién mat va nhom
—OH c6 cudng do miii giam manh & ca mau bién
tinh va cac mau khir. Diéu nay chiing té qué trinh
bién tinh d& khtr so bd cac nhém phan cuc do cac
nhém —OH chtra trén PEG, diéu nay phi hop Vi
nghién ctru trude d6 vé kha nang khir GO cua cac
alcol [13]. Qua trinh khir bang HI-AcOH, NzH;
hay NaBH, d4 tay mot phan 16n cac tap nhém oxy
trén GO nén phd FTIR cua RGO gan giéng voi
graphit ban dau, day 1a dic diém da dugc chung
minh trong nhiéu 4n pham khoa hoc nghién ctru vé
qué trinh khu GO [7-9].

1,0 mg/100 ml

0864 224nm

260 nm
{266 nm

0.5+

0.4

0.3 4

0.2 4

0.1+

0.0

T T T T T T
200 250 300 350 400 450 500
Wavelength (nm)

Hinh 6. Phd UV-vis ciia graphit oxit, MGOPEG va
RGOHI-ACOH .

va day la vang hap thu cua graphen [22]. Trén phé
cua MGOPEG va RGOHI-AcOH déu mét di vai
nho 300 nm ching té cac nhom C=0 d bi khir sau
khi bién tinh va khir 1an cudi bai HI nén vai nho
dic trung cho nhém C=O hoan toan bién mét.
Diéu nay néu so sanh vai phd FTIR thi rt phi hop
vi trén phd FTIR cia RGOHI-AcOH hoan toan
khong con miii hap thu cia nhém C=0 (Hinh 5).
Két qua phd UV-vis cia RGO-Hz va RGO-Na
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ciing cho két qua twong ty, vi thé phd UV-vis
khong di manh dé phan biét kha nang khtr cua cac
tac nhan khu khéc nhau.
Két qua phén tich cAu tric thong qua phd
Raman

Phé Raman cua graphit, GO va graphen
= théng thuong cho thy su xuit hién cua cac mii
dic trung nhu: D, G, D’, t6 hop D+D” va D+D’.
Trong d6 G 1a mili dédc trung cta cac dan xuat tir
graphit, dac trung cua dao dong Exy[23]. Bén canh
d6 su xuét hién cua miii D 1a ching to ¢6 khuyét
tat trong cau tric C-sp?, nén c6 thém dao dong Asg,
hay con goi 1a “dao dong tho” cua cac tam graphit,
GO va graphen. Miii 2D xuit hién trong truong
hop graphit véi tan sb gap d6i miii D, va c6 cudng
d6 cao trong truong hop graphen don 16p tinh
khiét [23-26].

Hinh 7 cho thay phé Raman cua GO,
MGOPEG va ba mau khir déu xuat hién miii D tai
khoiang 1324 cm, ching té qua trinh oxy héa
graphit va dinh trén d6 cac nhém chuc chira oxy
ciing ddng nghia véi viéc tao nén nhidu khuyét tat,
mét phan C-sp? chuyén thanh C-sp? vi thé mii D

Xudt hién voi cuong d6 16n hon ca mii G. Cac mau
bién tinh va khtr ciing cho két qua trong tw. Ching
t6 rang, qué trinh bién tinh va khir GO ngoai viéc
tay cac nhom phan cuc, dong thoi ciing dé lai
nhiéu khuyét tat, d6 1a cac vét rach trén tim RGO
va c4c ria 1a C-sp? (khuyét tat trén cac ria ludn xuat
hién & graphit, GO, tham chi graphen tinh khiét).

Bén canh d6 miii G dic trung xudt hién Vi
Raman shift chuyén tr 1568 = 1600 cm, tir
graphit > GO = MGO - cac mau khtr, dong thoi
chiéu rong mili tang cao hon so véi graphit. Diéu
nay pht hop vai Iy luan ciu trdc cac mau chuyén
tr graphit thanh graphit don 16p hay graphen cung
céc khuyét tat kém theo [27, 28] (khong c6 twong
tac gitta cac 16p). Ngoai ra thong tin nay con cho
thdy mat du cAu tric cac mau khir bi nhidu khuyét
tat nhung né van Ia cu tric tinh thé (tinh thé dang
16p, don 16p) chir khéng phai dang v6 dinh hinh,
ching to van con cau tric  lién hop, vi néu
chuyén thanh vo dinh hinh thi mii G doi vé
khoang 1510 cm™(Raman shift) va miii D hau nhu
khong xuat hién [23, 24, 27, 28].

Bang 1. Dix liéu phan tich pho Raman cuaa graphit, GO, MGOPEG va c4c mau RGO.

Loai miu Vi tri miii D Vi tri miii G Vi tri miii 2D Ty 1€ cuong do
: (cm) (cm) (cm) I/l
Graphit 1324,41 1568,21 2666,01 0,10266
Graphit oxit 1325,77 1586,20 2628,86 1,23573
MGOPEG 1323,41 1598,47 2634,36 1,47769
RGO-Hz 1323,41 1598,47 2634,36 1,43502
RGO-Na 1323,41 1598,47 2631,86 1,44022
RGOHI-AcOH 1327,25 1600,00 2645,75 1,38142

Trang 204



TAP CHI PHAT TRIEN KH&CN, TAP 18, SO T3 - 2015

1324 1568
D

RGO-Hz |

Intensity (cnt)

MGOPEG!

Go !
2666

Graphit

&
IS (e S I

i

Raman Shift (Cm™)

T . T T — 1
500 1000 1500 2000 2500 3000 1500 16‘00 17‘00

T T )
2400 2700 3000
Raman Shift (Cm™")

Hinh 7. Phd Raman cua graphit, GO, MGOPEG va cic miu RGO

Bang 1 cho thiy ty I¢ Ip/lg cia GO cao hon
graphit, ddy 1a diéu hién nhién vi GO mang nhiéu
khuyét tat hon graphit. Cac mau khir lai c6 ty Ié
Io/lg cao hon ca GO, chitng t6 qué trinh khir héa
hoc dem lai nhiéu khuyét tat cho graphen thanh
pham, va day ciing 1a han ché cua phwong phap
hoa hoc da duge xac dinh & cac nghién ctu trudc
do6 [15, 29]. Trong sb cac mau khir, mau RGOHI-
AcOH cho ty I8 Ip/lgthdp nhét, diéu nay ching to
hé HI-AcOH c6 kha nang khur tét, han ché khuyét
tat trén RGO ma hiéu qua khtr khong hé thua kém
céc chat khir khac [14]. M6t dau hiéu dic biét quan
trong Vé tinh chit cuia graphit d6 1a miii 2D (t6 hop
cua 2D1 (~2630 cm-1) va 2D2 (~2666 cm-1)), véi
graphen thi miii 2D chi con lai la mai 2D1 [27].
Theo Bang 1 cho thdy cac mau khir déu cho miii
2D chuyén vé viing Raman shift thap hon graphit,
hay néi cach khéc Ia dich chuyén vé phia miii 2D1,
ching té qué trinh khir, va phuc hoi cau tric C-sp?
c6 dién ra nhu mong muén. Nhu vdy, thong qua
qua trinh phan tich phé Raman cac mau khir, nhan
thdy RGOHI-AcOH cho két qua tét nhat, véi ty 18
ID/IG la thdp nhét, do dich chuyén miii G cao nhit
(1568 = 1600 cm'Y).

Két qua phén tich tinh chét nhiét
Théng qua duong cong nhiét trong luong
(Hinh 8) nhan thiy mau GO cd kha nang chiu nhiét

kém nhat va do mat khéi luong cuc dai xay ra &
khoang 210 °C. Diéu nay chiing to cac nhém phan
cuc trén GO bi phan huy trudc, cu thé 1a cdc nhom
-COOH, -OH va epoxy va phong thich cac san
pham phu nhu CO, CO;, H,O va tham chi c6 ca
S0, néu ngudn GO duoc oxy héa bang H.S04[20,
30]. Bén canh d6, khoang nhiét do dAu 50-150 °C
c6 su giam khéi lwong khoang 10 % dugc x4c dinh
Ia ciia nuwéc am va céc khi hap phu trong khoang
GO (cu thé la khi COy). Bdi véi mau MGOPEG
qua trinh phan huay nhiét han ché hon so véi GO,
diéu nay chung to qué trinh khir so bo cua PEG da
lam giam sé luong tap chire trén GO ma da duoc
nhan dinh bang phd FTIR trudc do. Trén cac mau
khtr c6 su giam khéi lwong tai khoang 400 °C, day
dugc cho la su phan hay cac nhdm chirc con s6t
lai, thi du nhu cdc nhom OH, vi trén phd FTIR cac
mau khir van con mii cia nhém OH va C-OH mic
di céc mau d4 say rat ky, nén diéu nay khong thé
do hoi am gay ra. So sanh ba mau khir voi nhau,
dé dang nhan ra raing mau RGOHI-AcOH c¢6 kha
ning chiu nhiét cao nhat, hau nhu khéng c6 hién
tuwong phan hay ¢ khoang nhiét 46 210 °C, ké dén
la mau RGO-Na va kém nhét 1a RGO-Hz. Bén
canh d6, & nhiét do cao hon trén 500 °C laquartrinh
cracking mang ludi cacbon, cdc mau mang nhiéu
khuyét tat s& d& bji ché nat hon va vi thé do sut
giam khéi lwong ciia cAc mau nhu thé s& ting cao.
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Hinh 8. Gian dd phan tich nhiét trong lugng
ctia graphit, GO, MGOPEG va cac mau khir

Tinh chat nhiét dong hoc cua qua trinh khir
nhiét cac mau (GO, MGOPEG, RGO trong moi
truong khi N2) con duoc tim hiéu thong qua gian
& DSC trong Hinh 9. C6 thé thay rd, khi nhiét do
cang tang, GO c6 hai qua trinh nhiét déng chinh,
thir nhat 1a qua trinh thu nhiét kéo dai tir 50-150
°C do qué trinh giai hap phu nuéc, CO2 (d4 dugc
ching minh sy ¢6 mat bang phd IR), thir 2 1a miii
toa nhiét lon (150-300 °C) véi AH=1550 J/g, do su
khir nhiét cac nhém phén cuc, giai phéng CO,
CO,, H,0 Vva SO; [20, 30]. Bén canh do, mau
MGOPEG ciing cho mét mdii toa nhiét (AH=482,9
JIg) vira rong vira thap hon so véi GO trong
khoang tir 150-200 °C, day ciing 1a qua trinh khir
nhiét cita MGOPEG. That tring khop, két qua
DSC phan anh c4c hién tuong twong ty nhu nhiing
gi thu thap dugc thdng qua khao sat TGA trudc
do6. Thong qua gia tri entapi cuia GO va MGOPEG
ciing c6 thé rit ra két luan PEG d4 khir mot phan
GO thdng qua qua trinh bién tinh nhu da dé cap ¢
cac phan trén. Trong phan nay chung toi chi xét

Khtr nhiét
phéng thich H,0, CO, CO,

245°C

AH= - 1550,86 Jig|

Giai hdp phy
H,0, CO,

198°C

800 o0

MGOPEG
K= - 482,09 Jig
RGO-Na
Graphit
5‘0 160 1&0 260 25‘0 369 3."10 46!3

Temperature (°C;
Hinh 9. Gian d6 pilén ti(cli nhiét vi phan (DSC)
TGA ctia graphit, GO, MGOPEG va cac mau khur

hai mau RGO-Na va RGOHI-AcOH, rd rang rang,
phuong phap DSC d4 danh gia hai mau nay gidng
nhau hoan toan, day 1a han ché cua DSC so Vi
TGA. Tuy nhién dua vao gia tri AH ¢ khoang 150-
300 °C thi mét s6 nghién ctiu trude d6 con du doan
duge dong hoc caa qua trinh khir nhiét GO va tinh
toan dugc nang lwgng hoat hoa E; vao khoang 167
kd/mol (1,73 eV/atom) theo Kuibo Yin (2011)
[31], hay néu la graphen oxit thi nang luong hoat
hoéa la 37 kcal/mol (154,66 kJ/mol) theo Inhwa
Jung (2009) [32]. Bén canh d6 thay qua trinh khir
nhiét GO sinh ra khi (CO, CO,, H,0) nén gia tri
entropi AS > 0, ma AH < 0 tir 6 ta suy ra AG=
AH-T.AS 1a mét gia tri &m v6i moi nhiét do T. Tu
d6 ta rat ra két luan, GO c6 thé bi khir mét cach tu
nhién tro vé graphit & ngay ca nhiét do phong va
tly theo nhiét do khir ma téc d6 nhanh hay cham.
Pay 1a diém can luu y khi bao quan va sir dung
GO.

Két qua khao sat do din dién
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Phin tin
trong
nwéc

Bang 2. Do dan dién va dién tré mat caa cac mau

MGOPEG

Phén tan
trong
dung dich
SDS 1%

RGOHI-AcOH

Hinh 10. Hinh anh cac mu dang bét, dang huyén phi va dang mang.

Tén mAu mang Po day mang - d Pién tré mit — Rs P6 dan dién {”
(um) (Q/square) (S/m)
Graphit oxit 10,0 Rat 16n 0
MGOPEG 8,0 Rat 16n 0
RGO-Hz 6,0 1500 111,11
RGO-Na 7,0 1300 109,89
RGOHI-AcOH 5,0 120 1666,67

Bang 2 cho thdy cac mau GO va MGOPEG
gan nhu khong dan dién. Ké dén 1a cac mau RGO-
Hz va RGO-Na c6 do dan dién khoang 110 S/m.
Riéng mau RGOHI-AcOH cho d6 dan dién cao
nhét, diéu nay ciing kha phd hop véi nhan dinh
tru6c d6 dua theo TGA va Raman.
Nhin chung, do din dién RGO-Hz, RGO-Na va
RGOHI-AcOH ciing dat dwoc d0 dan tuong
duong va co trudng hop cao hon ddi véi chat khir
hydrazin va NaBH, da dugc nghién ciru trude do
[11, 15, 33].

KET LUAN

Dua vao cac két qua thu dugc, nghién cau da
tong hop va ché tao thanh coéng graphen di tir

graphit oxit théng qua bién tinh tach boc bang
PEG va két hop khir héa hoc. Qua trinh khir
graphen oxit duoc thuc hién boi ba tac nhan khi:
NaBHa, N2H va hé HI + CH3;COOH. Graphen thu
duoc ¢6 cau trac don 16p dugc chung minh bang
gian d¢6 XRD, anh TEM va SEM. Hiéu suat khir
t6t nhat véi tac nhan khir 13 HI+CH;COOH va
twong tng véi do dan dién 16n nhat 1666,67 S/m.
Bén canh dé, thong qua phd FTIR, Raman, UV-
Vis céc loai graphen dwoc nhan danh va déi sanh
ciu trGc hoan toan phu hop véi két qua do dan
dién. Graphen tao thanh c6 kha nang chiu nhiét tét,
mau RGOHI-AcOH chi mét khoang 2,1 % khi
lugng tai 500 °C (TGA) va hau nhu khong xuit
hién mii toa nhiét nao khi khao sat DSC. Thém
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vao d6, qua trinh phan tich MGOPEG con cho
thdy ngoai kha ning tach béc graphit oxit PEG con
c6 kha nang khir mot phan GO, diéu d6 dugc
ching minh théng qua phd FTIR, UV-Vis va cac
phuong phap phéan tich nhiét. Nhu vay voi kha
ning dan dién tét va qui trinh ché tao lugng l6n

Investigation of chemical

kha don gian ¢4 mo ra mot trién vong ung dung
mang tinh kinh té cia RGOHI-AcOH .

Loi cam on: Nghién citu dwoc thuc hién dya trén
kinh phi ciia dé rai trong diém PHQG-HCM ma
s B2012-18-04TP, do PGS.TS. Ha Thiic Huy
lam chu nhiém.

reduction of

graphene oxide with many reduced agents

e Mai Thanh Tam

e Ha Thuc Chi Nhan

e Khuat Thi Khanh Van
¢ Ha Thuc Huy

University of Science, VNU-HCM

ABSTRACT

Graphene based on graphite oxide
prepared by chemical reduction method is
always interesting for scientists since the
early days of discovery of graphene. Many
different reducing agents are recommended,
however every reducing agent is only active
on one type of functional groups on the
structure of graphene oxide. For studying
clearly the reducing ability of the chemical
reducing agent, this research has focused on
investigating the possibility of 3 reducing
agents such as N2H4, NaBH, and HI. Besides,
polyethylene oxide is also used as modified
agent to completely exfoliate of graphite oxide
before continuing the reduction process.
Based on spectral analysis methods such as
Fourier transform infrared (FTIR), UV-Vis and

Raman spectroscopy, we have demonstrated
the reduced ability of each agent, and strong
reducing agent is HI. Exfoliated structure of
MGO-PEG and graphene is demonstrated by
means of X-ray diffraction analysis and
scanning (SEM) and transmittance (TEM)
electron microscopy. The thermal analysis
methods such as TGA and DSC also
contribute to clarify the role of each reducing
agent. Finally, the four-probe method was
used to determine the sheets resistance of
the graphene film: RGO-HI (120 Q/square),
RGO-Na (1300 (Jsquare) and RGO-Hz
(1500 Qfsquare). This study contributes to
clarify the reducing ability of N2H4, NaBH4 and
HI on the same kind of graphene oxide that
has not yet been studied.

Keywords: Graphene oxide, chemical reduction, graphene, MGO, RGO.
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