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Tong hop vit liéu to hop truce tiép rGO/thanh nano NiO béng phuong phap
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Tom tat

Vat liéu t6 hop gitka graphen oxit dd khi (rGO) véi thanh nano NiO duwgc téng hop truc tiép (in-situ) bang
phurong phép nhiét thiy phén véi cac ham luong graphen oxit (GO) (% khéi lwong ctia GO trong vat liéu t6
hop la 0,0, 0,5 va 1,0% khéi lvong GO). Trong d6, GO dugc ché tao tir manh nano graphen bang phuong
phap Hummer va duoc dua truc tiép vao dung dich tién chét cta vét liéu NiO. CAu tric va tinh tinh thé cda
vat liéu té hop duwoc khdo sét bdng phd nhiéu xa tia X. Hinh thai cta vét liéu duoc khdo sat bang kinh hién
vi dién tir quét. Khd ndng hép phu cta vét liéu duoc danh gia théng qua thi nghiém hap phu céc chét nhuém
méu metyl da cam va cong-g6 do. Két qué cho thdy GO khéng lam thay déi cu tric tinh thé nhung géy ra
sw géy clia cac thanh nano NiO, lam ting vi (ing suét trong cac thanh nano NiO, va tdng kha ndng hap phu
chat nhudm mau metyl da cam va c6ng-g6 do. Cac két qué ctia nghién ctru nay dong gop vao nghién ctu
vé vét liéu lai héa gitra graphen oxit véi céc céu tric nano cta céc oxit kim loai ban dén cho céc (g dung
trong xw ly méi truong.

T khoa: Vat liéu té hop truc tiép, niken oxit, graphen oxit, nhiét thdly phan, hap phu
Abstract

In-situ nanocomposites of reduced graphene oxide (rGO) and nickel oxide (NiO) nanowire were prepared by
direct introducing homemade graphene oxide (GO) into precursor solution of NiO with different weight
contents of GO (0.0, 0.5, and 1.0 wt.%) before carrying out the one-step hydrothermal process. Homemade
GO was synthesized from graphene nanoflakes via the Hummer method. Crystal structure and crystallinity
of nanocomposites were analyzed using the X-ray diffraction method. Scanning electron microscopy was
used to study the morphology of nanocomposites. The absorbability of nanocomposites was evaluated
through the absorption experiment with two organic dyes: methyl orange and congo red. The results show
that compositing with GO does not affect the crystal structure of NiO but it causes the break of NiO nanorods
into shorter nanorods, the increase of microstrain in NiO nanorods, and the slight increase of the absorption
efficiency of nanocomposite with both methyl orange and congo red. The results are a contribution to the
study on hybrid/nanocomposite materials of carbon-based materials and metal oxide semiconductor
nanostructures.
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16n [13], d6 linh dong dién tir vuot trdi [14], dan nhiét

. e e 6t va d0 bén cao. Tuy nhién, do hidu tng bién, kha
Niken oxit (NiO) 1a vt li¢éu ban dan loai p véi va ¢ vy ou ung

bé rong ving cim 16n ~3.6 - 4.0 eV. NiO 1a mot vat
liéu hua hen trong nhiéu linh vuc nghién cuu khac
nhau vi nhiing wu diém vuot troi cia né nhu trong
cam bién khi [1-3], vt liéu quang xtc tac cho phan
ng phan hay céc thudc nhuém cong nghiép [4-6],
ché tao pin nang lugng mat troi [7], chat phu dién sic
[8,9], diét khudn [10-12]...

Graphen (Gr) 1a mot dang hop chét ciu tao tir
don 16p céac nguyén tir Carbon, da dugc nghién cuu
rat nhiéu do cac tinh chat ndi bat nhu dién tich bé mat
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nang phan tan thap va kha ning dé bi tai xép 16p nén
ung dung ctia Gr con bi han ché. Gan day, mot hudng
nghién ciu méi dang duge cac nha khoa hoc quan
tam do 1a phat trién cac vat liéu to hop giita dan xuat
cua graphen - graphen oxit da khtr (rGO) véi cac vat
liéu oxit ban dan nhu NiO, WO;, ZnO... cho cac tng
dung xir Iy méi truong nhu 1am chét hap phu hay chat
phan hity cac chit thai hitu co [15-20]. Trong céc
nghién ciru nay, nguoi ta tan dung dién tich bé mat
16n va do linh dong dién tr cao cua Gr voi kha nang
thay doi hinh thai va khuyét oxi bé mit ciia cac oxit
ban dan [18-20]. Bé téng hop vt lidu to hop, c6 hai
phwong phap chinh la tong hop truc tiép (cac vat liéu
duogc t6 hop véi nhau ngay tir qua trinh tao mam) va
tong hop gian tiép (cac vat liéu thuan duogc tong hop



JST: Engineering and Technology for Sustainable Development
Volume 31, Issue 2, April 2021, 119-125

v6i hinh thai chon trudc réi méi t6 hop voi nhau dé
tao vat liéu to hop)[21]. Trong hai phuong phap nay,
phuong phéap téng hop truc tiép duogc s dung nhiéu
hon do n6 lam ting kha ning tuong tac, lién két gitra
céc vat lidu thanh phan va lam ting cuong céc tinh
chat cta vat liéu to hop [21]. Vi du, Al-nafiey va
cong sy da su dung phuong phap tong hop truc tiép
dé tong hop vat liéu t6 hop rGO/hat nano NiO va thu
dugc sy nang cao rd rét vé hiéu suit hép phu chét
nhuém mau Rhodamin B [17].

Nam trong xu hudng nghién ciru chung do, trong
nghién ctru nay, nhém da ché tao vat liéu to hop truc
tiép giita rGO va thanh nano NiO bang phuwong phap
nhiét thuy phan mét budc don gian va khao sat kha
nang ung dung cua vat li€u trong xu ly moi trudng.
Trong d6 tién chat GO duoc ché tao tir cac manh nano
graphen bang phuong phap Hummer sau d6 dugc cho
truc tlep vao dung dich tién chat cua NiO. Cau trac
tinh thé cua vat liéu duge nghién ctru bang pho nhiéu
xa tia X. Kinh hién vi dién tir quét (SEM) va anh quet
phd tan xa ning luong dic trung duoc st dung dé
nghlen ctru hinh thai va sy phan b cac nguyén td trong
mau. Kha nang Gng dung trong xt Iy moi truong cua
vat liéu dugc danh gia thong qua thi nghiém hip phu
chit nhugm mau metyl da cam (MO) va cong-go6 do
(RC) ¢ nhiét do phong. Trong nghién ciru nay, anh
hudng cta GO t6i kich thude tinh thé trung binh va vi
(g suét ciing duoc thao luan.

2. Thuc nghiém
2.1 Tong hop vit ligu

Graphen oxit dugc téng hop bang phuong phap
Hummer theo cac budc sau: phan tan dong thoi 0,05 g
manh nano graphit va 0,10 g NaNO; vao 4,8 ml axit
H,S0; dic ¢ 0 °C; thém tir tir 0,60 g KMnO4 vao hon
hop trén, khudy lién tuc trong 90 phat ¢ 0 °C; dé mau
tré vé nhiét d¢ phong tu nhién va tiép tuc khuéy trong
2 h; thém 24 ml nudc cAt vao dung dich thu dugc dé
thiic ddy qua trinh phan ung; nho tir tir dung dich
H,0, véo dung dich thu dugc sau phan tmg dé trung
hoa cac ion du dén khi dung dich hoan toan chuyén
mau vang tuoi. Dung dich dugc dé ling dong trong
24 h dé 6n dinh ciu tric _graphen oxit, sau do duoc
rira va loc axit va cac mu01 tan du bang phuong phép
quay ly tam v6i nudc cat va con tuyét dbi nhidu lan
v6i toc d6 4000 rpm. Sau d6 phan tan GO thu duoc
vao nudce cit dé chuan bi cho cac bude tiép theo.

Vit lidu t6 hop rGO@NiO duoc tong hop bang
phuong phap nhi¢t thuy phan mét buéc don gian. Cu
thé nhu sau: hoa tan 0,3859 g Na,C204 vio 26 ml
nude cit va 52 ml Etylen glycol; nho tir tir dung dich
GO di ché tao & trén vao dung dich trén sao cho ham
lugng GO trong dung dich t6 hop tuong tmg 1 0,0%,
0,5%, va 1,0% khdi lugng; thém tir tir 1,5232 g
NiCL.6H,O vao dung dich va khudy déu dén khi
dung dich chuyén mau xanh trong hoan toan; cho hdn
hop thu duge vao binh thily nhiét 16i Teflon va tién
hanh nhiét thity phan & 200 °C trong 24 h. Két tua thu
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duogc sau qua trinh thuy nhiét dugc loc rira 5 lan béng
nude cét, sau d6 siy kho ¢ 80 °C trong 24 h. Bot thu
duogc duge nung ¢ 400 °C trong 2 h s€ thu dugc san
pham cudi 1a bot rGO@NiO. Cac mau duogc dat tén 1a
DTO00, DT05 va DT10 tuwong tng véi ham lugng GO
trong t6 hop 12 0,0, 0,5 va 1,0% khéi lugng.

2.2 Phwong phép do va phdn tich

CAu trac tinh thé cua vat lidu duoc xac dinh
bang phuong phap nhidu xa tia X st dung may X’pert
Pro (PANalytical) MPD véi buc xa Cu-Ka co bude
song (A=1.54065 A), dai do 260 tir 10° dén 80°. Phé tan
xa Raman dugc do biang may RENISHAW Invia
Raman microscope st dung laser c6 budc séng
633 nm. Hinh thai cta vét li€u dugc quan sat béng
kinh hién vi dién tor quét phat xa truong (FESEM,
JEOL JSM-7600F). Kinh hién vi dién tr quét (SEM,
Microscope HITACHI TM4000Plus) dugc st dung
dé chyp anh SEM d6 phén giai thdp va anh phan b
cac nguyén t6 trong mau. Pho hip thy hong ngoai
bién d6i Fourier (FTIR) dugc do bing may JASCO
FTIR 4600 ché do 32 scans.

2.3 Khio sdt khi ning hdp phu cdc chit nhugm
mau

Cac chit nhuém mau sir dung trong thi nghiém
nay gdom Metyl da cam (MO, CisH;4N3NaO;S) va
C6ng-g6 do (RC, C32H22N6N3206SZ). Qllé trinh khao
sat dugc thuc hién trong phong t6i & nhiét d6 phong
theo cac budc nhu sau: phan tan 20 mg vat li¢u hap
phu (NiO va vat liéu t6 hop rGO@NiO) vao trong
100 ml dung dich chét nhuém mau (MO - 10 ppm,
RC - 50 ppm) bang may khudy tir (May quay ly tim
VELP, 450 rpm) dé tao dung dich thi nghiém; cach
mdi 5 phit, iy 3 ml tir trong dung dich thi nghiém;
quay ly tim véi téc d6 10.000 rpm trong 3 phuit (may
quay ly tim DLAB D3024R), sau do lay phan dung
dich thu dugc do phd hap thu bang may do pho UV-
Vis JASCO 750. Hiéu suét ciia qué qué trinh hap phu
duoc xac dinh thong qua lugng chat nhuém mau con
lai trong dung dich thi nghiém theo cong thtrc (1) sau:

H (%)=

Trong d6 Cy va C; tuong Ung la nong do chét
nhuém mau trong dung dich ban dau va & thoi diém
thi nghiém #; I, va I, twong tng 1 cuong d¢ dinh hép
phu dic trung trong phd hap phu ciia chat nhuém mau
trong dung dich ban diu va ¢ thoi diém thi nghiém +.
Pinh dic trung cua cic chit MO va RC trong phd
UV-Vis tuong Gng la 464 va 496 nm.

C -1
£x100% = —"—Lx100%

0 0

(1

3. Két qua va thio luin
3.1 Ché tao vit liéu GO va NiO

Hinh la 1a phé Raman cia manh nano graphit
ban dau va GO thu duoc sau khi ché tao. Trong pho
Raman cuia ca graphit va GO, ta déu thu duoc cac dai
tin hiéu ddc trung cta vét liéu ho graphen la cac dai
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D, dai G, dai 2D va dai D+G [22]. Két qua cho thiy
mau graphit ban ddu c6 cac dinh G va 2D 15 nét véi
cuong do cao ddc trung cho cdu truc tinh thé cua
dang graphit mong, trong khi dinh D xuit hién voi
cuong do nho chimg to vat liéu graphit ban dau ¢
tinh tinh thé rat cao va chi ton tai mot sd it sai hong.
Trong phd Raman cua GO thu dugc, tin hiéu cua dai
D tang ro rét so voi tin hi¢u cua dai G, déng thoi tin
hiéu cua dai 2D giam manh, bé rong ban dinh cua dai
G tang manh, cung véi do 1a sy xuét hién cua dai
D+G. Su ting cuong do tuong ddi cua dai D so voi
dai G, sy mé rong cua dai G va sy xuét hién dai D+G
duoc giai thich la do graphit d3 bi oxi hdéa va cac
nhom chirc da gan 1én trén mang graphit.

bé kh'fmg dinh su tao thanh cua GO, mau GO thu
dugc duoc dem phan tich bang phd FTIR (Hinh 1b).
Trong phd FTIR ciia miu GO, ta quan sat thiy cac
dinh dac trung cho cac dao dong cuia cac li€n két dic
trung cho ciu traic GO nhu: dao dong kéo dan lién két
C=C trong lai hoa sp? dic trung ciia cau trac graphen
tai vi tri 1588 cm’!, cac dinh thé hién sy bat trat tu
trong cau tric gaphen nhu cac lién két C-O-C (epoxit)
tai cac vi tri 868 va 1308 cm’!, C=O (cacboxyl) tai
1662 cm™ va C=0 (xeton) tai 1730 cm™’. Dai dinh tir
830 - 1330 cm” tuong Ung voi dao dong lién két
C-OH [23]. Két qua nay cho thdy di gin thanh cong
cac nhom oxi hoa 1én graphit va khing dinh d ché tao
thanh cong GO tur graphit theo phuong phap Hummer.
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Hinh 1. (a) Phd Raman cua manh graphit va GO; (b)
Pho FTIR cua GO.
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Hinh 2. Pho nhiu xa tia X ctia mau ché tao DTO0 véi
cac thé chuan: a) Trudc khi nung; b) Sau khi nung &
400°C trong 2h.

Hinh 2a va 2b 14 gian dd nhifu xa tia X ciia mau
NiO thuédn truée (DTOOCN) va sau nung (DT00). Két
quéa phan tich cing véi cac thé chudn cho thiy mau
trude khi nung c6 céu tric 1a Niken oxalat hydrat
NiC,04.2H,0 (thé ICDD 00-014-0742) va mau sau
khi nung ¢ cau tric hoan toan 1a Cubic NiO (thé
ICDD 01-078-0643) v&i cac dinh sic nhon va rd nét
(Hinh 2a va 2b). Cha y 1a trong phé XRD cua cic
mau thu dugc khong cé dinh cua cac chat khac, diéu
nay cho thiy nhom da ché tao thanh cong NiO va
hoan toan khong chira tap chat. Sy hinh thanh NiO
duoc giai thich theo cac phuong trinh phan tng sau:

NiCl, + Na,C,0, — NiC,0, \ +2NaCl (p.u. 1)

2NiC,0, + 0, —~—2NiO +4CO, (p.u. 2)

3.2 Cdu tric tinh thé cua vat liéu 06 hop

Hinh 3a la gian d6 nhiéu xa tia X clia cic mau
thuan va mau t6 hop thu dugc sau khi nung. Tt ca
c4c mau déu cé chung dang diéu cua phd XRD cia
mau thudn. Pidu nay chung t6 su hién dién cua GO
khong gy anh hudng t6i cau trac tinh thé cia vat lidu
NiO. Bén canh d6 tin hiéu cua cac dinh nhidu xa cua
cac mau to hop co cudng do ting so véi mau thuan,
va tai goc 20 ~ 10 - 11° khong xuét hién dinh nao
chung t6 GO da bi khtr thanh rGO, déng thoi vi tri
ctia dinh nhiéu xa ciing bi dich nhe so véi mau khong
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pha tap - diéu nay chimg t6 rGO da c6 tuong tac toi
cau tric cua NiO.
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Hinh 3. a) Phd nhiéu xa tia X ciia hé mau ché tao; b)
gi4 tri vi ing suat va kich thudc tinh thé ung véi cac
ham luong GO trong mau t6 hop tinh tir cong thirc
Williamson-Hall.

Dé phén tich sdu hon vé kich thudc tinh thé va
mg suét trong tinh thé vat liéu, nhom da sir dung
cong thire Williamson - Hall (2)[21,24]:

ﬂhk,-cosgz%+25-sin9 2)
trong d6 S la bé rong ban dinh, 0 1a goc nhiéu xa, k 13
hé s6 thuc nghiém - & day ta ldy 4=0.9, 1 1a budc séng
ctia tia X sir dung trong phép do XRD (1=1.54065 A),
D la kich thudc tinh thé trung binh, va € 1a vi ing suat
trong mau. Theo cong thirc Williamson-Hall, kich
thude tinh thé trung binh va vi ing suit c6 thé duoc
ngoai suy tir do thi Scosd vs. sinf. Két qua vé kich
thudce tinh thé trung binh va vi tmg suat duoc biéu dién
& Hinh 3b. Két qua thu dugc cho thdy, vi ing suét ting
trong khi kich thudc tinh thé trung binh gan nhu khéng
dbi khi tang luong GO trong mau. Cu thé trong mau
thuan, tng suit e=0%, khi pha tap GO véi ham luong
0,5 va 1,0%, vi tmg suat tang Ién tuong ng 13 0,13 va
0,14%. Kich thugc tinh thé trung binh trong mau thuan
1a 9,9 nm, khi pha tap GO véi ham luong 0,5 va 1,0%
kich thudc tinh thé trung binh ciia miu tuong tng la
10,1 va 10,4 nm - cac két qua nay gan nhu x4p xi nhau.
Nhu vay GO tuy khong lam thay ddi cdu trac nhung da
lam thay dbi tinh chit tinh thé cua vat liéu
nanocomposite. Bén canh d6 sy ting cia vi ing sut
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theo su xudt hién ciia GO con cho thdy su twong tic
gitta GO va NiO trong vét li¢u to hop.

3.3 Hinh thdi ciia vt liéu t6 hop

Hinh 4a, 4b, va 4c thé hién anh FESEM cua cac
miu trong ung 1a miu DT00, DT05 va DT10. Két
qua cho thdy cic mau DT00 c6 dang thanh dai, trong
khi DT05 va DT10 c6 dang thanh ngén xen k& véi
mot s6 thanh dai. Piéu nay duoc giai thich 1a do sy
xudt hién ciia GO 1am ngdn can qué trinh phat trién
thanh thanh dai cua NiO, dong thoi gy ra hiéu ung
nén - ting vi tng suét trong vat liéu t6 hop [21]. Cha
¥, trong cac hinh FESEM ta khong quan sat thiy
rGO, diéu nay co6 thé 1y giai 1a do chum dién tir ning
lugng cao va dd hoi tu 16n da xuyén qua nhiting 16p
rGO moéng. Dé quan sat thay sy c6 mit cia rGO mau
dugc dem chup anh SEM véi d phan giai thap. Hinh
4d 1a anh SEM véi d6 phan giai thap ciia mau DTO03,
su ¢6 mit ctia rGO trong mau dugc khing dinh boi
nhimg diém mo phan bd trén bé mat mau.

Dé khao sat sy phan bd dong déu cta rGO trong
mAu, anh quet su phan bd cac nguyén td duoc su dung
(Hinh 5). Két qua cho thay cac nguyén t6 C, O, va N1
phén bd déu trong ctra 86 quét co dién tich 110x80 pm?>.
Su phéan bd déu cta nguyén t6 C trong miu khang dinh
sy phan tan dong déu cua GO trong vat liéu t hop.

3.4 Két qua hdp phu cdc chdt nhuém madu

Dé khao sat kha ning Gmg dung trong xir Iy méi
truong cta vat liéu t6 hop, thi nghiém hap phu céc
chit nhuom mau (MO, RC) dugc thyc hién voi ham
lwong chat hip phu 1a 20 mg/100 ml dung dich chét
nhuém mau (MO - 10 ppm, RC - 50 ppm). Két qua
cho théy, v6i chét nhudm mau MO, sau 5 phut thi
nghiém, tAt ca cac vat lidu déu gﬁn nhu dat téi trang
thai can bang hip phu (Hinh 6a). Hiéu suit hap phuy
MO ctia cic mau DT00, DT05 va DT10 tuong ting 1a
19,5% 18n 21,4 va 24,8%. Véi chat nhudém mau RC,
sau 30 phut thi nghiém, cac vat li¢u méi gén dat trang
thai can bang hap phu. Hiéu suat hap phu RC cua céc
mau DT00, DT05 va DT10 tuong tmg 1a 78, 87 va
81%. Cac két qua trén cho thiy tit ca cac vat lidu to
hop déu co hiéu suit hép phu cao hon so véi vat licu
thuan du sy ting 1a nho. Két qua nay dugc giai thich
1a do cac thanh NiO bj gly trong cac mau t6 hop lam
tang dién tich tiép xtic gita NiO chat nhuém mau. O
day vai trd cua rGO trong qué trinh hap phu 1 nhé do
ham lugng nho. Trong nghién ctu nay, chung toi
ciing khao sat kha nang hép phu chit nhuém mau
methyl xanh (MB) nhung gan nhu MB khong bi hip
phu boi ca NiO thuan va vat liéu t6 hop (két qua
khong thé hién ¢ day). Piéu nay dugc giai thich 1a do
NiO 14 ban dan loai p nén khong hép phu cac chét
nhuém mau cation nhw MB ma chi hap phu cic chat
nhudm anion nhu MO. Cac két qua nay cho thay NiO
dong vai tro chinh trong vt liéu t6 hop rGO@NiO
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—-4-DT10 o—° ——o 801 —o—-DT10 — '/’
204 ] /7l — -~—n / / @
60 /A 8’4 °/
—~ 5 A
E.\i xX
T 10 ; 404 Céng go d‘f): 50 ppm
Metyl da cam: 10 ppm Lugng chat hap phu: 20 mg
5 Lugng chat hap phu: 20 mg 204
01 o{&
0 5 10 15 20 25 30 35 0 5 10 15 20 25 30
Thei gian (phut) Thdi gian (phut)

Hinh 6. Hiéu sut hap phu chit nhuém mau hitu co (a) Metyl da cam (MO) va (b) cong-goé d6 (RC) clia cac mau.
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T cac két qua hiéu suat hap phy, dung luong hip
phu q cta vat liéu dugc xéc dinh thong qua cong thire (3):
H(%)xm

nh

q= 3)

m,

trong d6 mu; va me tuong ung la khéi lugng chét
nhuém mau va khdi lugng vat liéu hap phu st dung
ban dau. Két qua tinh toan cho thy, dung luong hép
phu cta cac mau DT00, DTO05, va DT10 twong ung
voi chét nhuém MO la 9,7, 10,7, va 12,4 (mg/g);
tuong tmg v6i chat nhuom RC 1a 195,0, 217,5 va
202,5 (mg/g). Két qua nay cho thdy, ca miu t6 hop
rGO@NIiO (DT05 va DT10) va mau NiO thuin
(DT00) c6 dung lugng hap phy RC 14 cao so véi cac
cau trac hay t6 hop NiO/Gr da cong bd [25-27]. Cu
thé, t6 hop NiO/Gr tong hop boi nhom ciia Rong va
cong su [27] cho dung lwong hap phu RC 1a 124mg/g.
Trong khi d6, NiO c6 hinh thai dang tim nano va hat
nano ché tao boi Cheng va cong su [26] co dung
luong hip phu RC tuong tng 1a 151 va 40 mg/g. Véi
NiO dang tam nano xdp, Hu va cong sy cong bd dung
luong héap phu RC 1a 194 mg/g [25]. Nhu vdy, so voi
céc két qua da cong bd, mau DTO5 cho dung lugng
hap phu RC 16n va cho thdy kha ning (mg dung trong
xtr Iy chat nhuém mau RC.

4. Két luan

Trong nghién ctru nay, nhom da téng hop thanh
cong vat liéu t& hop truc tiép gitra rGO va thanh nano
NiO bing phuong phép nhiét thuy phan mét bude
don gian. Cac két qua cho thdy rGO phan bd déu
trong mau to hop va sy ¢ mit ciia rGO khong anh
hudng tdi cdu trac tinh thé nhung anh hudng téi hinh
thai va vi (mg suét trong vat liéu. Khi c6 rGO cac
thanh nano NiO bi v& vun, vi ung sudt tdng tu
0,00 dén 0,13 va 0,14%, kich thudc tinh thé trung
binh ting nhe tir 9,9 dén 10,1 va 10,4 nm khi t& hop
twong ng vé6i 0,5 va 1,0% GO. Piéu nay dugc giai
thich la do su xuét hién cia GO lam ngan can sy moc
dai cua thanh nano NiO va gdy ra sy gdy vun, dong
thoi lam tang vi Ung suat. Su xuat hién caa GO gitp
lam ting kha ning hép phu ctia vat lidu voi cac chat
nhud¢m mau Metyl da cam va cong-g6 do. Khi pha
tap 0,5 va 1,0% GO, hiéu sudt hip phu RC sau 30
phut ting tir 78% 1én twong tng 87 va 81%, hiéu suit
hap phu MO ting tir 19,5% 1én 21,4 va 24,8%. Su
tang hiéu sudt phap phu cac chit nhuém mau co thé
giai thich 1a do su xuét hién cia GO lam tang dién
tich tiép xtc trong td hop, tuy nhién do ham lugng
GO st dung 1a nho nén sy tang con nho. Nghién ciru
nay cho thay kha nang phat trlen phuong phap tong
hop truc tiép va don gian dé tong hop cac vat liéu to
hop giita oxit ban dan va vat liéu graphen oxit cho
cac img dung xir Iy moi truong nhw lam chat hip phu
cac chat nhudm mau hiru co.

Loi cam on

Dé tai nay dugc tai trg béi Truong Pai hoc Bach
Khoa Ha Noi.
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