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SUMMARY

STUDY ON SYNTHESIS, STRUCTURE AND PROPERTIES
OF GO AND rGO MATERIALS

In this study, graphene oxide material was synthesized on the basis of modified Hummer's method and rGO
was synthesized by green chemical reduction method, using extract from Celastrus hindsu benth leaves. The
characteristics of structure, morphology, chemical composition and properties were determined by the
measurements including XRD, FT-IR, Raman scattering, EDX, SEM, TEM, TGA/DTA. The results showed
that the graphite oxidation process had caused the appearance of many oxygen-containing functional
groups, resulting in the surface morphology to become revealing a crumpled and rippled structure; the
diffraction peak (002) at 26,5° shifted to 10,1° and the integer ratio atoms of C/O decreased. During the GO
reduction, the polyphenol compounds in the extract reacted, leading to a reduction in the number of O-
containing functional groups on the surface of the material, the diffraction peak (002) shifted to about 25°.
However, the intensity of the diffraction peak was weak and the reduction was not complete. Finally, the
thermal stability of rGO materials was better than GO, which was consistent with their structural
characteristics.
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1. MO DAU

Trong nhiing ndm qua, voi ddc diém cu tong hop vat lieu GO [4]. Co s& cua
trdc va tinh chat doc dao, graphene oxide phuong phap nay la su dung KMnO,
(GO) va graphene oxide dang khir va/hoac NaNOs;, H,SO, dé oxy hoa

(reduced graphene oxide, rGO) da thu hut graphite, tao ra vat lieu GO véi nhiéu
manh mé sy quan tdm nghién cuu cua cac nhom chtc chira oxygen trong ciu trac.
nha khoa hoc trong tong hop vat liéu khai Nguoc lai, sau qua trinh khir GO thu dugc
thac tinh chat tir, cam bién, hip phu, xdc san pham rGO c6 nhiing dic tinh tuong tu
tac hay nhiét dién [1-3]. vat liéu graphene. Mot s6 tac nhan khu

ho& hoc thuong dugc st dung trong tong

Bén nay, phuong phép Hummer’s dugc hop rGO la natri borohydride (NaBH,),

su dung pho bién va co6 hiéu qua cao trong
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hydrazine (N,H,), acid ascorbic (C6H806),
polyphenol trong chiét xut tir thuc vat,.
[5, 6]. Trong do, st dung tac nhan khir co
ngudn gbc tir chiét xuat thuc vat dugc coi
1a phuong phap hoa hoc xanh trong tong
hop rGO [7].

Trong nghién ctu nay, vat lieu GO da
duoc  tong hop bang phuong  phép
Hummer’s cai tién va rGO duoc téng hop
bang phuong phap khir hod hoc xanh. Sau
d6, cac phép do dugc thuc hién dé xac
dinh dic trung ciu trdc va tinh chat cua
GO, rGO. Két qua thu duoc Ia tién dé cho
cac nghién cau tiép theo vé tong hop vat
licu lai ghép gitra rGO va oxide kim loai
cho tng dung hap phu hay xtc tac quang.

2. THU'C NGHIEM
2.1. Hoa chat

Graphite (< 20 um), KMnO4 99%, H,SO,4
98%, H3PO, 85%, H,0, 30%, cao chiét tur
la xa den (Celastrus hindsii Benth, chiét
bang ethanol 50°, ham 4m cao 25,0 %).

2.2. Tong hop GO

Vit liegu GO dugc tong hop trén co so
phuong phap Hummer’s nhu quy trinh &
Hinh 1. Theo d6, 10 gam graphite duoc
tron voi hon hop chaa 400 mL acid
H,S0,4 98 % va 40 mL acid H3PO,4. Sau
d6, thém rat cham dén hét 40 gam
KMnO,4 99 % vao hdn hop, khuay tron va
duy tri nhiét do trong khoang 50 + 2 °C.
Phan tng oxy hoa graphite durng lai sau 12
gid, hon hop thu duoc 6 mau xam xanh,
thém tiép 1 lit nuéc vao hdn hop va nang
nhiét do 1én 80 °C. Tiép theo, thém vao
hdn hop 10 mL H,0, 30 % dé loai bo hoan
toan KMnO, du va MnO,, hén hop thu
duoc ¢6 mau vang 6ng. Loc rira gan hon
hop bang nudc cat dé loai bo cac ion H',
K*, SO,~, Mn*, PO,¥,... dén khi dich loc
c6 pH khoang 6+7. Cudi cung, san pham
duogc say kho dudi ap suét thip & 50 °C,
nghién min thu duoc bot GO ¢6 mau nau.
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Graphite + H,SO,
+H;PO,+ KMnO,

Hinh 1. Quy trinh téng hop GO va rGO

2.3. Tong hop rGO

Vit liéu rGO dugc tong hop tir GO bang
phuong phap khir hod hoc xanh, st dung
cao chiét tir 14 xa den. Theo d6, 0,4 gam
GO duoc phan tan trong 400 mL nuéc cat
bang thiét bi rung siéu am & 50 °C trong
1,0 gi®, hdn hop sau dé dugc khuay tron
déu va gia nhiét dén 80 °C. Tiép theo
thém vao cbc phan tng 1,0 gam cao chiét
tir 14 xa den, phan tng kha duoc tién hanh
trong 3 gio. Cac hat rGO lo ling trong
dung dich duoc tach ra bang cach loc rira
vé6i nuéc cat vé pH trung tinh. Sau do, san
pham khir dugc siy khd dudi &p suit thap
& nhiét d6 50 °C trong 4 gio, nghién min
thu duoc bot rGO c6 mau den.

2.4. Xac dinh cac dic trung vat ligu

Cac mau vat liéu sau khi téng hop dugc
kiém tra cau trdc tinh thé bang nhiéu xa
tia X. Phép do phd hdng ngoai (FTIR) va
phd tan xa Raman duogc thyc hién nham
cung cap thém théng tin ciu trac vat liéu.
Thanh phan va ham luwong nguyén té
trong mau duoc xac dinh bang phép do
ph tan xa nang lugng tia X (EDX). Phép
do kinh hién vi dién tr quét (SEM) va
truyén qua (TEM) hinh dang bé mit ciing
nhu cau trdc vat liéu. Phép do phan tich



nhiét TGA/DTA cuing cip thong tin vé do
bén nhiét. Phép do phd UV-Vis gilp xéac
dinh dic trung hap thu quang cua vat liéu.
3. KET QUA VA THAO LUAN

Két qua tir gian d6 nhidu xa tia X ¢ Hinh
2a cho thay cac mau vat liéu déu c6 cau
trac nhu mong doi. Sau qud trinh oxy ho4,
dinh nhiéu xa (002) dic trung cua
graphite tai 26,5° véi d = 0,3358 nm da
bién mét, thay vao d6 1a su xuét hién dinh
nhidu xa (002) tai 10,1° twong &ng véi ciu
trdc cua GO. Két qua nay chiing to su oxy
hoé cao dan dén cac nhom chiic chira oxy
dugc hinh thanh va chen vao khoang
khodng gian gitra cac 16p graphite lam cho
khoang céch gitra cac 16p tang 1én 0,8909
nm. Qué trinh khir graphen oxide bang
cao chiét 14 tir xa den da loai bo cac nhém
chtc chira oxy trong cau trdc, dinh nhiéu
xa dic trung cua GO ¢ 10,1° mat di, thay
vao d6 1a su chuyén dich dinh nhiu xa vé
khoang 25° dic trung cho vat liéu rGO [8,
9]. Su giam nhe goc nhiéu xa dinh (002)
cta rGO véi véi graphite ciing ¢6 thé do
s6 16p xép chong 1én nhau it hon [10].
Ngoai ra, cuong do cia dinh nhiéu xa nay
thap hon nhiéu graphite c6 thé do rGO
t6ng hop duoc con tn tai nhitng sai hong
trong cau tric [11, 12].

Quan séat phd FT-IR cua mau GO & Hinh
2b thidy c6 van dic trung cho nhém
cachonyl -C=0 & khoang 1743 cm™, lién
két C-O & 1238 cm™, lién két C=C ¢ 1625
cm?, lién két C-O-C ¢ 1043 cm™ va van
dac trung cho cac nhém -OH trong
khoang tir 3300 - 3700 cm™ [2]. Két qua
thu dugc gop phan khang dinh cac nhom
chtc chia oxy da dugc hinh thanh, phu
hop véi két qua nhidu xa tia X. Sau qué
trinh khtr bang hoat chit trong cao chiét
tir 14 xa den da co su dich chuyén nhe céac
dinh v6i mau rGO. Theo d6, van phd
trong khoang 3450 - 3500 cm™ s& dic
trung cho nhém hydroxyl (-OH), vén
1443 cm™ dac trung cho nhém C=C, van
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khoang 1035 cm™ dic trung cho nhém C-
O-C [13]. Cudong d6 cac van nay déu
giam manh so véi GO la do tac nhan khir
da lam giam di sb luong 16n nhém chic
chira oxy trong ciu tric GO [14]. Tuy
nhién, hoat chat trong cao chiét 14 tir xa
den van chua khtr hoan toan dugc nhom
epoxi (C-O-C), day ciing c6 thé 1a nguyén
nhan din dén sy kém sic nét cua dinh
nhidu xa (002) cua rGO trong gian dd
nhiéu xa tia X.

Két qua phd tan xa Raman ¢ Hinh 2c cho
thay cac mau vat liéu téng hop déu c6 hai
van chinh trong khoang tir 1000 dén 2000
cm?, van G ¢ khoang 1595 cm™ dic trung
cho cachon & trang théi lai hoa sp? va van
D ¢ khoang 1344 cm™ dic trung cho
cachon & trang thai lai hoa sp®. Cu thé,
sau qua trinh oxy hoa da hinh thanh cac
nhém chic chira oxy trén bé mit cac 16p
lam ting manh cuwong d6 van D va dich
chuyén nhe vé viing budc séng dai so Voi
mau graphite. Tiép theo, qua trinh khu
mac du c4c van dic trung trong mau rGO
hau nhu khong ¢ sy chuyén dich so Véi
GO nhung cuong do lai giam rat manh.
Két qua nay la do hoat chat trong cao
chiét 14 tir xa den da khir cAc nhém chuc
chtra oxy véi cacbon ¢ trang thai lai hoa
sp®. Tuy nhién qua trinh khir hod khéng
lam bién mat hoan toan van D do GO c¢6
nhiéu nhém chac chaa O khac nhau,
trong khi d6 tac nhan khir lai c6 tinh chon
loc, nhu di chi ra & phd FT-IR, va day
cling 1a nhugc diém khi tong hop rGO
bang phuong phap khir hoa hoc [15].

Cac bién d6i hoa hoc trong graphite, GO
va rGO ciing duoc tiét 16 boi ham luong
carbon va oxy thu duoc bang cac phép do
phé tan xa ning luong tia X (EDX), nhu
trong Hinh 3a, 3b va 3c. Két qua cho thy
qua trinh oxy hoa graphite thanh GO da lam
giam ty Ié khdi lugng C/O, tir 9,01 giam
xudng 1,01. Piéu nay phu hop véi nhing
phan tich tir két qua gian d6 XRD, phd IR
hay phd tan xa Raman, theo d6 qua trinh



oxy hoa da 1am xuét hién trén bé mat GO
cac nhdm chuc chira O nhu -OH, -COOH,
C=0, C-O-C.... 1am ting phan trim khdi
lugng O trong mau vat liéu thu dugc [16].
Nguoc lai, sau qué trinh khir, mau rGO c6
ty 1¢é cuong do dinh phd O thap hon nhiéu
S0 Véi cuong do dinh phd O cua mau GO,
cu thé ty 1¢ khéi luong C/O thu dugc Ia
3,95, ham luong oxy da giam 29,66%. Két
qua nay, 1a minh ching bé sung cho su
thanh cdng caa qua trinh khir GO bang tac
nhan cao chiét I4 tir xa den.
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Hinh 2. Gian d6 XRD, phé FT-IR va phé tan xa
Ranman mau Graphite, GO va rGO

104

Sample Graphite

' (d)-Graphite

A

Sample GO

Hinh 3. Phé EDX va dnh SEM, TEM mdu
Graphite, GO va rGO

Cac hinh anh SEM ¢ Hinh 3d, 3e va 3f
ciing cho thay bé mat cac mau vat liéu c6
su bién d6i, cu thé la quan sat thiy mot
cau tric nhau nat va gon séng (revealing a
crumpled and rippled structure) cua GO
SO VGi graphite, day 1a két qua caa bién
dang trong qua trinh oxy hoa. Anh SEM
mau rGO cho thdy bé nhin hon so véi GO
nhung khong khoi phuc lai nhu trang thai
ban dau cua graphite, do qué trinh khir boi
hoat chat trong cao chiét la tir xa den 1a
khéng hoan toan.

Anh TEM & Hinh 3g cho thay cac tam
nano GO c¢6 ciu trdc tach boc gan nhu
hoan toan, do sy phéa v lién két Van der
Waal gitra cac 16p trong qué trinh oxy
hod. Cac tim nano (nanosheets) GO phan
tan kha déu dan. Pay 1a bang chung hd
tro giai thich cho su dich chuyén dinh



nhidu xa (002) & gian d6 XRD. M6t céch
tuong tw, anh TEM cua rGO nhu trong
Hinh 3h dai dién cho mot vai tim rGO
Xep l6p, chong chéo Ién nhau va c6 nhiéu
nép nhin. Sy ubn lwon va cuon lai
(corrugation and scrolling) s& lam giam
dao dong nhiét trong cau trdc, du doan
rGO c6 cau tric 6n dinh nhiét dong hon
so voi GO [17].

,,,,,,

Hinh 4. Gidn do phan tich nhiét TGA/DTA mau
GO va rGO

Do 6n dinh nhiét cia GO va rGO duoc
nghién ctu boi phép phan tich nhiét
TGA/DTA nhu trong Hinh 4. Dé dang
quan sat thay GO c¢6 do on dinh nhiét thap
hon rGO vi khoang céach gitra cac 16p xen
k&€ lon hon cua GO do sy giam tuong tac
Van der Waal gitra cac I6p trong trong
qua trinh oxy héa. Do do, GO bét dau mat
khdi lugng khi dun néng tham chi dudi
100 °C do bay hoi cac phan tir nudc duoc
hap thu bai vat liéu. Khéi luong GO giam
dang ké (con lai khoang 20 %) khi nhiét
d6 dat 250 °C, tuong tng véi dinh cuc dai
(toa nhiét) & 219 °C trén dudng DTA, day
la do sy phan hay héa hoc cua cac nhom
chuc chira oxy nhu carboxyl (-COOH),
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hydroxyl (-OH), carbonyl (C=0),... thanh
CO, CO; va H,0. Trong khoang nhiét do
tir 250 °C dén 600 °C, khéi lugng mau
tiép tuc giam, do loai bo cac nhém oxy 6n
dinh hon nhu epoxy (C-O-C), va su chay
cua carbon. Trong truong hop mau rGO,
khéi lwong rGO con lai khoang 70 % khi
nhiét do dat 250 °C va 55 % khi dat 450
°C (Hinh 4b). Khi nhiét do lén hon 600
°C, ca mau GO va rGO gan nhu phan huy
va chay hoan toan. Nhu vay, d6 6n dinh
nhiét ciia rGO la cao hon so v&i GO do sd
lugng nhom chirc oxy it hon, nhung van
kém 6n dinh hon graphite vi mot s6 nhom
chac chira oxy van con ton tai trong qué
trinh khir [18].

Hinh 5 1a phé hap thu caa dung dich GO
28 mg/L trong dung mdi nudc.

i ¢
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Hinh 5. Phé UV-Vis dung dich GO 28 mg/L

C6 thé thay, trén phd UV-Vis xuat hién
dinh hap thy chinh & khoang 230 nm duoc
cho 1a do su chuyén tiép n—n* cua cac
lien két C-C va vai hap thy & khoang 300
nm duoc cho 1a do su chuyén tiép dién tu
n—7* cia céc lién két C=0 [19]. Nhu
véy, ham lugng GO trong dung dich sau
tong hop hoan toan cé thé duoc xac dinh
bang phép do pho UV-Vis. Két qua nay
goi y rang sé tiét kiém thoi gian va chi phi
khi sir dung tién chat dau 1a GO dang
dung dich thay vi dang rin trong cac
nghién ctiu tong hop vat liéu.



4. KET LUAN

Pa téng hop thanh céng mau vat liéu GO
bing phuong phap Hummer’s cai tién.
Qua trinh oxy hoé graphite da lam xuét
hién nhiéu nhém chac oxygen, tao san
phdm GO d& dang phan tan trong nudc,
thuan lgi cho qua trinh tong hop va khai
thac cac tinh chét vat liéu trén co s& GO,
rGO.

DPa tong hop duoc vat liu rGO bang
phuong phap khir hod hoc xanh, st dung
cao chiét tir 14 xa den. Tac nhan khu
polyphenol tir cao chiét thuc vat c6 chi
phi thap, than thién véi méi truong thich
hop cho ung dung tong hop vt liéu.

Loi cam on: Nghién ciru dugc tai tro boi
Truong Pai hoc Kinh doanh va Céng
nghé Ha Noi théng qua quyét dinh
1401/Qb-BGH, ngay 08/03/2024.
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