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SU DUNG PHUONG PHAP BOC TACH CO HQC TRONG SAN XUAT VAT LIEU
GRAPHENE PA LOP (FLG)

FABRICATION OF FEW LAYER GRAPHENE — FLG USING MECHANICAL EXFOLIATION
METHOD

Trwong Hiru Tri
Truwong Pai hoc Bach khoa, Dai hoc Pa Nﬁng; thtri@dut.udn.vn

Toém tat - Vat liéu graphene da dwoc cdng ddng cac nha khoa hoc
quan tam dac biét ttr hon mét thap ky qua nho vao cac tinh chét
wu viét cla loai vat liéu nay. Tuy nhién vat liéu graphene rat kho
san xuat va thao tac, do dé cac nha khoa hoc da nghién ctru san
xuét va s dung graphene da I6p (Few Layer Graphene - FLG)
thay cho graphene don I&p. C6 nhigu phwdng phap khac nhau dé&
tao vét liéu FLG, & nghién clru nay tac gia da str dung phuwong
phap boc tach co hoc ¢é ché tao FLG tir vat liéu ban dau la rudt
but chi. San pham FLG da dwoc danh gia cac dic trwng bang mot
s6 phwong phap phan tich héa ly hién dai nhw do quang phd
Raman va phén tich quang phé dién tir tia X (XPS), quét bang kinh
hién vi dién t& truydn qua (TEM), phan t|ch nhiét trong trwong
(TGA). Két qua phan tich sé& glup hiéu rd vé cu tric mang tinh thé
va ban chét cac lién két trong san phdm thu duoc.

T khéa - FLG; phwong phap béc tach co hoc; TGA; TEM; quang
phd Raman; XPS.

1. Giéi thiéu chung

Graphene 1a vat liéu carbon nano c6 ciu trac hai chidu
(2D) véi do day bang mot 16p nguyén tir carbon, vat liéu
nay duoc hinh thanh tir nhimg nguyén tir carbon két hop
v6i nhau thong qua lién két sp? dé tao nén ciu trac mang
tinh thé hinh t6 ong. Graphene duoc ché tao thanh cong va
cong b dau tién boi nhom nghién ctru ciia Andre Geim tai
Trudng Pai hoc Manchester - Vuong Qudc Anh vao nim
2004 [1]. Tinh tir thoi diém duogc cong bd, vat liéu graphene
da thu hat duoc su quan tdm dic biét cua cong dong cac
nha khoa hoc, bang chirng rd rang 1a chi sau hon 5 nim ké
tir ngay vat liéu nay dugc cong bd thi hai nha vat 1y Andre
Geim va Kostya Novoselov did vinh du dugc nhan giai
thudng Nobel Vat 1y vao nam 2010. Khi xem xét vé cac
ddc tinh, vat liéu graphene c6 nhiéu tinh cht wu viét nhu
dd dan dién, d6 dan nhiét tt, c6 dd bén co hoc cao va la
vat liéu trong suét [1 - 3]. Vi vay, vat liéu nay dugc Gng
dung trong nhiéu linh vyc khac nhau. Tuy nhién linh vuc
tmg dung con phu thudc vao chat luong cta graphene thu
duoc. Thong thuong graphene c6 chat luong cao va it 16p
s& duoc sur dung dé ché tao cac linh kién dién tir véi kich
thudc nanomet [4], ché tao vat liéu siéu dan [5], st dung
lam vt liéu luu trir hydro. Vi graphene c6 chét lugng thap
hon, s6 16p nhiéu (da 16p) s& dugce str dung lam chit mang
cho xtc tac trong cac phan ing hoa hoc [6] hay duoc sir
dung nhu nhitng hop phan trong vat liéu composite nhim
gia ting mot sb tinh chit co 1y [7].

Cho dén nay di c6 rat nhidu phuong phap khac nhau
nham ché tao hay tong hop vét liéu graphene. Phuong phap
dau tién duoc dua ra boi nhom nghién ciru ciia Andre Geim
[1]. O nghién ctru nay, nhom tac gia da s dung phuong
phap cét vi co (micromechanical cleavage) dé tao ra tAm
graphene tir bot graphite bang cach sit dung bang dinh
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community for more than last decade thanks to their novel
properties. However, it is difficult to produce and to handle this
material, so that the researchers have studied the production and
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mechemical exfoliation method. The final few layer graphene were
characterised by several techniques including Raman spectrum
and X-ray photoelectron spectroscopy (XPS), transmission
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(scotch tape). Cu thé, nhom tac gia da thyuc hién dan nhitng
manh vun graphite 1én trén bé mit bang dinh, gap miéng
bang dinh lai rdi boc tach ra, khi d6 cac manh graphite sé
duoc ché thanh hai phan. Thao tac trén duogc lap lai nhiéu
lan cho dén khi thu dugc 16p graphite mong, sau d6 dan
bing dinh c6 chtra graphite mong 1én dé (substrate), khi dé
nhimg tam c6 bé day khoang 1 nguyén tir carbon s& bam
trén bé mit dé, d6 chinh 1a tim graphene. Phuong phap cit
vi co kha don gian va ré tién, tuy nhién phuong phéap nay
str dung bang dinh nén trén bé mit graphene tao thanh co
thé bi 1an tap chat, hon nira phuong phép nay tao ra bé mit
khong phing. Ngoai ra phuong phap nay doi hoi qua trinh
tién hanh ti mi va khong phu hop dé trién khai ¢ quy mé
16n. Cung véoi muc dich tao ra graphene tr vat li€u graphite,
nhung mot s6 nhém nghién ctru khéc lai st dung phuong
phap boc tach héa hoc (chemical exfoliation) [8, 9]. O
phuong phap nay, qua trinh s& dugc tién hanh theo hai giai
doan. Giai doan doan dau tién 1a qua trinh oxy hoa graphite
béng tac nhan oxy hda H,SO4 va KMnO, theo phuong phap
Hummer [10] nhim tao ra graphene oxide (GO), san pham
ndy s€ duoc tach l6p bang k¥ thuat danh siéu am. O giai
doan tlep theo, GO da duoc danh siéu am s€ duoc khir bang
hydro nhdm tach loai oxy dé chuyén GO thanh graphene
va duoc goi la graphene oxide khur (rGO). Phuong phap
nay kha don gian dé san xuit graphene, co kha ning san
xudt voi khdi lwong 16n. Tuy nhién, chat lwong cua
graphene tao ra khong cao do qua trinh oxy hoa 1én bé mit
graphene s& tao ra nhiing sai hong trong ciu triic mang tinh
thé (structural defects) va trén bé mat van ludn ton tai mot
lwong nhét dinh cac nhém chirc cua oxy sau qué trinh khir
[8, 9]. Nhim han ché nhitng nhugc diém ctia phwong phép
béc tach hoa hoc vira néu, nhdm nghién ctru ctia Blade [4]
d chi ra rang c6 thé thu nhan duoc cac tim graphene khong
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chira oxy va khong co sai hong trong ciu truc mang tinh
thé bang cach sir dung song siéu am tac dong 1én graphite
dugc phan tan trong dung moéi nhu N-methyl-pyrrolidone.
Tuy nhién chat lwong ctia graphene thu duge ¢ nghién ctru
nay thuong khong cao [11]. Khac vdi cac phuong phap boc
tach sir dung graphite lam nguyén liéu nhu vira néu, mot sb
két qua cong bd con cho thay c6 thé thu nhin tim graphene
tir nhiéu ngudn carbon khac nhau. Nhom nghién ctru cua
Berger va cac cong su [12] da tao ra graphene tur silicon
carbide (SiC). O nghién ctru nay, nhom tac gia da thyuc hién
qua trinh phan huy nhiét tim SiC & nhiét do cao trong moi
truong chan khong hodc trong moi truong khi argon, khi
nhiét du 16n, do silic kém bén hon carbon nén chung s&
thiang hoa trudc, khi d6 cac nguyén tir carbon trén bé mit
vat li¢u s€ phan bd lai va lién két v&i nhau trong qua trinh
graphite hoa dé tao thanh 16p carbon méi. Khi khéng ché
t6t su thiang hoa cua silic thi qué trinh graphite hoa s& tao
thanh mot 16p carbon, d6 chinh 1a tim graphene. Nhuoc
diém 16n cta phuong phap nay 1a vat liéu ban dau rét dat
va graphene tao thanh gan chat trén dé SiC, do do rat kho
chuyén graphene sang dé khac. Cing nhim muc dich téng
hop graphene nhung nhiéu nhom nghién ctru khac da s
dung phuong phap ling dong héa hoc trong pha hoi
(Chenical Vapor Deposition: CVD) quen thudc trong tong
hop vit liéu carbon nano dé tao ra graphene trén nén cac de
kim loai nhu dong, nicken va mot so kim loai chuyen tlep
khac. Bhaviripudi va cac cong su [13] da tién hanh phan
huy methane & nhiét d6 cao nhdm tao ra cac nguyén tur
carbon, cac nguyén tir carbon nay c6 thé thAm nhap vao sau
bén trong dé kim loai, sau d6 khi 1am lanh v&i mot toe do
phu hop thi cac nguyén tir carbon s& khuéch tan tré lai bé
mit va lién két véi nhau dé hinh thanh nén 16p graphene.
Phuong phap CVD c6 uu diém 16n 1a tao ra 16p graphene
it bi sai hong trong cau trac. Tuy nhién nhuoc diém chinh
ctia phuong phép 1a rit kho khdng ché sb 16p graphene tao
thanh. Qua phén tich cac phuong phap téng hop cho thay
mdi mot phwong phap déu co nhitng wu va nhuge diém
riéng, do do6 tuy thudc vao muc dich st dung ma nguoi ta
s& lya chon phuong phap nham san xut graphene phi hop
voi ung dung da dugc xéac dinh trudc.

Trong thuc té, vat liéu graphene rat kho san xuit va thao
tac, do d6 gia thanh thudng rat cao. Bé khic phuc diéu nay
thi cac nha khoa hoc di nghién ctru san xuat va st dung
graphene da 16p (few layer graphene - FLG), céc két qua
cong b6 cho thiy khi sb 16p graphene trong vat li¢u duoc
khéng ché trong mot gidi han nhét dinh thi cac tinh chit vu
viét ctia graphene van dugc dam bao [2]. Viée str dung FLG
thay cho graphene don 16p s& gitip cho qua trinh ché tao va
thao tac chung duoc dé dang hon, do d6 gia thanh sé& thap
hon. O nghién ctru nay, tac gia di st dung phuong phap
boc tach co hoc dé ché tao FLG tir vat liéu ban dau 1a rudt
bt chi, vat li¢u nay dugc tao thanh tir graphite véi chét két
dinh (kaolin). San phim FLG s& duoc danh gia cac dic
trung bang mot sb phuong phap phan tich héa 1y hién dai
nhu do quang phd Raman va phén tich quang phd dién tu
tia X (XPS), phan tich anh chup bang kinh hién vi dién tir
truyén qua (TEM), phan tich nhiét trong truong (TGA). Két
qua do s& giup chiing ta hiéu rd vé cu trac mang ludi tinh
thé va ban chét cac lién két trong san pham thu dugc.

2. Thuc nghiém
2.1. Nguyén vit ligu ban diu

Vat liéu ban dau dugc lya chon trong nghién ctru nay la
rudt but chi, day 1a vat liéu dugc tao thanh tir graphite va
kaolin, trong d6 kaolin c6 nhiém vu gan két graphite lai voi
nhau. P cling cua rudt bat chi phu thudc vao ham lugng
kaolin str dung, khi ham lugng chét két dinh cang cao thi do
cling cuia rudt but chi cang 16n va nguoc lai. O nghién ctru
nay tac gia lya chon rudt bt chi loai 9B ¢6 ham lugng chat
két dinh thap nhat (khoang 16,7% khdi lugng theo két qua
phan tich TGA dugc trinh bay trong phan sau). TAm thuy
tinh borosilicate (day la loai thuy tinh déc biét dugc tao thanh
tir silica va boron trioxide) c6 bé mat nham dwoc cung cip
bdi cong ty Verlabo-2000 [14]. Ngoai ra ¢ nghién clru nay
con str dung ethanol lam dung m6i va NaOH (Fluka) va HCI
(Fluka) trong qué trinh tach loai kaolin ra khoi san pham.
Céc hoa chét nay dugc cung cap boi Sigma-aldrich.
2.2. Qud trinh béc tich chuyén vit liéu ban dau thanh
FLG

Nhu ching ta da blet graphite la vat liéu bao gbm rat
nhiéu tam graphene gin két va xep chdng 1én nhau, do dé
khi mudn thu nhan FLG thi can phai boc tach dé phan chia
graphite ban dau thanh graphite v6i sb tim graphene it hon.
Qué trinh nay dugc ldp lai nhiéu 1an dé thu dwoc graphite
v6i sb thm graphene du nho, d6 chinh 1a FLG. Trong
nghién cru nay, trude hét tac gia s dung phuong phap
dugc dé xuit bai C. Pham-Huu va céc cong su [15] vdi viée
str dung luc co hoc dé cét chia graphite nham giam s6 16p
graphene c6 trong graphite. Dé thyuc hién dugc diéu do, tac
gia di sir dung graphite duoc gin chit véi nhau nho vao
chat két dinh 1a kaolin va duoc dinh hinh & dang rudt bat
chi loai 9B. Ruét bt chi dwgc mai thu cong 1én tAm thiy
tinh ¢6 bé mat nham, st dung ethanol dé rtra bé mat nham
tranh cac 16p graphite bi tach ra bam dinh trén bé mat lam
giam kha ning chia tach. Sau qué trinh chia tich s& tién
hanh tach loai dung méi (ethanol) dé thu hdi phan graphite
da dugc cit giam sé 16p. Qua trinh loai bo chét két dinh
trong san pham thu dugc duogc s& hién theo hai giai doan.
Giai doan thtr nhét 1 qua trinh xtr 1y bang acid HCI (5M),
nhim muc dich tach loai Al,O3, con giai doan tht hai 1a
qué trinh xtr 1y bang NaOH (20% khdi lugng) nhim muc
dich tach loai SiO,. Phan thu dugc sau qua trinh tach loai
chat két dinh s& duoc dwa vao dung méi 1a ethanol dé thuc
hién qué trinh boc tach bang song siéu 4m. Qua trinh sir
dung k¥ thuat danh siéu 4m dé tach 16p graphene s& duoc
tién hanh nhu sau: Can mot lwong mau xac dinh cho vao
cde co chira dung méi ethanol, sau d6 sir dung may dénh
siéu am (Bandelin, model sonopuls hd 2200) dé danh hdn
hop trong thoi gian 15 phut. Sau khi danh siéu 4m, hon hop
duoc dé léng dong trong thoi gian 3 phat, khi do phén
graphite co rat nhidu tAm graphene s& lang dong xubng day
cbc nhanh hon, phan graphite c6 it tAim graphene s& 1ang
dong chdm hon. Str dung pipet dé hat phan dung méi naim
o phan trén cua cde, phan dung méi nay c6 chira graphite
v6i s6 tim graphene khong 16n, d6 chinh 1a FLG. Qua trinh
trén dwoc 1ap lai 2 1an nham ting ti da hiéu suat thu FLG.
2.3. Phwong phdp ddnh gid dic tinh ciia sin phiam

San pham dugc phan tich bang quang phd Raman nhim
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xac dinh chét luong cua mang ludi tinh thé trong 16p
graphene, két hop két qua phén tich bang quang phé Raman
v6i quan sat anh chup bang kinh hién vi dién tir truyen qua
(TEM) trén may TOPCON 022-B UHR dé xac dinh s 16p
ciia FLG. Tiép dén thanh phan nguyén t6 va ban chit cta
lién két trong san phim s& duoc nghién ciru bang phan tich
quang phd dién tir tia X (XPS). Cudi cung phuong phap
phan tich nhiét trong truong (TGA) s& dugc s dung dé
phan tich miu. Qua trinh phén tich nay s& dugc thuc hién
trong dong khi chira 20% thé tich oxy trong khi mang la
nito, tbe do nang nhiét do 5°C/phut, nhiét 4o cudi duogc cai
dat 12 950°C. Qua trinh phan tich dugc thyc hién trén may
TA Instruments, model Q5000. Muc dinh chinh cia qua
trinh 13 x4c dinh ham lugng chét khong bay hoi trong mau,
phan khong bay hoi nay duoc xem 1 kaolin d st dung 1am
chat két dinh trong san xuét rudt but chi.

3. Két qua va thao luin

Dé danh gia dic tinh ctia san phim, mau san pham trudc
hét dugc tién hanh phan tich bang quang phd Raman nhiam
danh gia chat lugng ciu tric mang tinh thé va dic trung
ctia FLG, két qua duoc trinh bay trén Hinh 1.

Tir gian d quang phd Raman thu dugc cho thay c6 3
dinh pic khac nhau: dinh D (& s6 song1342 cm™), dinh G
(66 song 1581 ecm™), dinh 2D (¢ s6 song 2723 cm™). Cac
nghién ctru da chi ra rang, dinh D dic trung cho mirc do sai
hong trong ciu trac mang ludi tinh thé, dinh G dic trung
cho murc d6 tinh khiét va trat tw ciia mang ludi cau trac
trong mdi 16p graphene, dinh 2D déc trung cho cu truc ciia
graphene [16, 17]. Két qua tinh toan ty 1& cuong do In/lg
601 v6i mau thu duge ¢ nghién ctru nay 1a 0,18, gid tri nay
rt nho, diéu do6 ching té cac sai hong trong cau triic mang
ludi tinh thé cua san phim thu duoc 1a khong 16n hay c6
thé khang dinh mang luéi cu tric tinh thé trong mdi 16p
graphene thu dugc ¢ chét lugng t6t.
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Hinh 1. Gidn dé quang phé Raman (cm)

Quan sat cac két qua phén tich bang quang phdé Raman
dbi voi graphene don 16p va da 16p dugc cong bd baoi
nhém nhién ctru ciia Xiao chen Dong va cac cong su [16]
cling nhorn nghién ciru cua Ying va cac cong su [17] cho
thay c6 mbi quan hé gitra gia tri ty sé cudng do cua pic
tai dinh 2D véi cuong do cua pic tai dinh G (I.p/Ig), cu
thé khi s6 16p graphene trong vat lidu ting 1én thi ty 1&
L/l giam xubng va déi véi vat liéu graphene da 16p thi
gia tri Iop/Ig nho hon 1.

Tinh toan gia tri ty sb cuong d6 pic cua vat liéu thu
dugc & nghién ctru nay, tic gia thu dwoc gia tri Ip/Ig bing
0,49, nhu vy véi cac két qua nay cho phép budc dau két
luan san phim thu dugc 1a graphene da 16p. Dé c6 thém co
s& danh gia san pham, tac gia dd tién hanh so sanh hinh
dang cua pic tai s6 song 2723 cmr! véi két qua duge cong
b6 boi nhém nghién ciru ciia Mustafa va cac cong su [18]
nhu duoc trinh bay trén Hinh 2. Quan sat hinh dang cua p1c
cho thiy két qua thu duoc & nghién ciru nay gidng véi két
qua dugc cong bd boi Mustafa va cac cong sy [18]. Tir két
quéa so sanh nay c6 thé khing dinh vat liéu thu duoc 1a
graphene da 16p.
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Hinh 2. So sanh hinh dang pic 2D trén quang phé Raman (cm’
), A két qua ciia nhém Mustafa va cdc cong su [18]; B két qua
o nghién cuu nay.

Dé c6 thé kiém tra s6 16p cua san pham, mau FLG duoc
chup anh bang kinh hién vi dién tir truyén qua, két qua anh
chup duoc trinh bay trén Hinh 3. Quan sat anh chup véi do
phan giai 16n & phan ngoai bién ciia mau cho thiy san phim
thu dugc c6 khoang 8 16p graphene. Két qua nay mot lan
nira khing dinh lai két qua thu dugc tir phan tich quang phd
Raman nhu vira trinh bay & trén.

Hinh 3. Anh chup TEM ciia FLG
Tién hanh phan tich thanh ‘phén nguyén tércﬁa carbon
va oxy trong FLG thu dugc bang pho XPS, két qua dugc
trinh bay ¢ Bang 1.

Bing 1. Thanh phan nguyén 6 cia carbon va oxy thu dirge

bdng phan tich XPS
Thanh phin nguyén t6 (% khdi lrgng)
Carbon Oxy
89,51 10,49
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Tir két qua phan tich cho thay ngoai thanh phan chinh
1a carbon thi ham lugng oxy ciing chiém mot phan dang ké
trong san phdm. Sy c6 mit cua oxy trong san phim c6 thé
do nhiéu nguyén nhan khac nhau, trong d6 qua trinh xtr 1y
héa hoc bang NaOH dugc xem 1a nguyén nhan quan trong,
két qua nay c6 thé twong tu nhu két qua duge cong bd trude
day ctia nhom nghién ctru chung t6i [19].

D¢ hiéu rd hon vé ban chét lién két giira cac thanh phan
nguyén t6 c6 mit trong FLG, tic gia di tién hanh tach phd
XPS ctia carbon (Cls) va oxy (Ols).
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Hinh 4. Phé XPS ciia carbon (Cls)

Két qua tach pic cua carbon (Cls) dugc trinh bay ¢
Hinh 4. Két qua nay cho thdy, trong mang lu6i ciu tric cua
FLG thi ngoai mét phan 16n dugc tao thanh tir cac lién két
C=C trong lai hoa sp? va mot phan lién két C-C trong lai
hoéa sp?, con c6 mot luong dang ké cac lién két giira carbon
va oxy, cac lién két nay ton tai dudi nhiéu dang nhu
phenolic (C-OH), dang lacton (C-O-C), va mét lugng nho
& dang carboxynic (O=C-OR hoic O=C-OH) va lién két
dang cacbonyl (C=0). Két qua nay phu hop véi cac két qua
da duge cong bd [2].

Hinh 5 trinh bay chi tiét két qua tach pic oxy (Ols), tir
két qua nay cho thiy, ngoai cac lién két dugc nhin thiy
trong tach pic carbon (C1s) thi & day con thiy oxy ctia nudce
xudt hién (nuéc & day co thé do 6 4m cua FLG).

i i i i i
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Hinh 5. Phé XPS ciia oxy (Ols)

Nhu vy, cac két qua thu dugc tir qua trinh danh gia cac

dac tinh cua san phém thu dwoc bang quang phd Raman va
TEM cho phép khing dinh phuong phap boc tach co hoc
da sir dung & nghién ctru nay co thé san xuét duoc vat liéu
graphene da 16p tir graphite c6 trong rudt but chi.

Nhim danh gia hiéu sut ctia qua trinh loai bo chét két

dinh trong rudt but chi ban du ra khoi san pham, tac gia
da tién hanh phan tich nhiét trong truong doi véi mau ban
dau cling nhu mau thu dugc sau moi qua trinh xur ly. Két

qua phan tich dugc trinh bay trén Hinh 6. Tir gian dd TGA
ctia cic miu phan tich cho thdy ham lugng chit két dinh
trong rudt but chi ban dau 1a khoang 16,7% khdi luong,
luong tap chat con lai trong mau khoang 3,5% khéi luong
1a phan khoang chat khong bi chuyén trang thai khi bi dot
chay ¢ nhiét @6 cao. Nhu vay qua trinh xtr 1y héa hoc chua
thé loai bo hoan toan chat két dinh, tuy nhién phan khong
bay hoi trong diéu kién thi nghiém con lai trong san pham
la kha nho.
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Hinh 6. Gian dé TGA ciia cdc méau. Mau 1: rugt bit chi 9B;
Mau 2: méu thu dwoc sau qua trinh mai; Mau 3: mdu thu dwoc
sau qud trinh xir 1y acid HCI; Mau 4: méu thu dirge sau qud
trinh xir Iy bang NaOH va Méu 5: FLG sdan pham

Khi quan sat gian 6 TGA cua mau 1 va 2 cho thdy,
mau thu dugc sau qué trinh mai c6 do bén nhiét thdp hon
s0 v6i rudt bat chi ban dau. Theo 1y thuyét dugc dua ra boi
hai nhém cuia Landau va cac cong sy [20] va Peierls va cac
cong su [21], sau d6 1y thuyét nay duoc phat trién va ching
minh bang thuc nghiém boi Mermin [22] thi khi sé 16p
trong graphite giam di, do bén nhiét cua vat lidu ciing giam
xuong. Nhu vay két qua thu dugc & nghién ctru nay la phu
hop véi cac két qua nghién ciru vira nén. So sanh gian do
ctia mau 2 (thu dugc sau qua trinh mai) v6i mau sau cac
qué trinh xtr Iy bang acid (mau 3) va xir Iy bang klem (mau
4) cho thay qua trinh xur ly c6 thé da tao ra mot sb nhom
chirc 1én bé mit tim graphene do d6 1am thay ddi do bén
nhiét ciia mau thu duogc (viée xir Iy mau 1a vat liéu cia
carbon bang NaOH di xay ra qué trinh gin cac nhom chirc
oxy 1én trén bé mat da dugc nhoém nghién ctru cua ching
t61 chirng minh trong céng bd trudc day [19]). Tién hanh
so sanh gian d6 TGA cta mau 5 thu dugc sau qué trinh xir
ly bang ky thuét danh siéu am vdi mAu 4 ciing tim thiy su
giam d6 bén nhlet do vay co thé khang dinh qua trinh danh
siéu 4m lén mau da lam giam di s6 luong tim graphene

trong mAu.
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4. Két luan

O nghién ctru nay, vat lidu graphene da 16p - FLG tur
rudt but chi 9B bude dau di dugc ché tao thanh cong. Sir
dung cdc phuong phap phan tich hoa 1y hién dai cho thiy
san pham thu dugc c6 cau triic mang ludi tinh thé t6t (it sai
hong). Két qua phan tich cting cho thay ham lugng tap chat
va OXy trong san pham chiém mot phan dang ké. Nhu vay
san pham thu dwoc & nghién ctru nay c6 thé sir dung trong
cac linh vuc c6 yéu cau vé chit luong FLG khong qua cao
nhu 1am chit mang cho xtic tac hay sir dung trong linh vuc
vét liéu composite. Viéc cai thién chat lvong ciia FLG, nhu
tién hanh danh siéu 4m nhiéu 1an nhim muyc dich giam sb
16p graphene trong san phim hay tién hanh khir bang hydro
hay cac chét khir khac dé loai bo ham luong oxy trong san
pham 14 cac nghién ctru tiép theo dé hoan thién va da dang
hoéa san pham FLG thu dugc bang phuong phap boc tach
co hoc.
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