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UNG DUNG CUA GRAPHENE OXIDE VA GRAPHENE
TRONG LINH VUC BOI TRON .1. CAP DO NANO VA VI M0
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. Truding Dai hoc Ma - Dja chat, Ditc Thang, Bac Tir Liém, Ha Nai

2. Nhém nghién ciiu manh “Nghién cifu cac qud trinh Hoa hoc xanh” (HUMG-GCP), Trudng Dai hoc Md - Dia chat, Ha Nai

SUMMARY:

APPLICATION OF GRAGPHENE OXIDE VA GRAPHENE IN LUBRICANTS.I.
NANO-SCALE VA MICRO-SCALE
Many scientists focus on using graphene oxide and graphene them as lubricants or lubricant
additives due to their special layer structure. The friction mechanism of graphene is studied based
on computational methods at different scales from nano to meso. In most nanoscale experimental and
computational studies on graphene, the friction properties have been shown to depend on the layer
stacking ability, structural characteristics, and nature of the sliding surfaces. In addition to being
used as a solid lubricant, graphene can also be used as an additive in conventional lubricants, such

as for oils, solvents and other types of fluids.

Keywords: Graphene oxide, graphene, lubricants.

I. MO PAU

Graphene ¢6 cau tric mang luc giac hai chiéu cua
carbon, dugc cong nhan |a vat liéu ndi bat nhat trong thap
ky nay vdi mot loat ting dung. Graphene c6 cac tinh chat
ma sat va mai mon doc dao ma cac vat liéu khac khong
0. Bén canh cdc tinh chat nhiét, dién, quang va cd hoc,
graphene c0 thé dang vai trd 1a chat boi tran ran hoac chat
bdi tran dang keo[1]. Graphene ¢6 do bén co hoc cao, Iuc
tudng tac Van der Waals gitfa cac I6p co do day nguyén tu
yéu nén cac I6p nay dé bi tach ra khi chiu luc dan dén do
bién dang thap; hon niia, khi téch ra, céc I6p c6 bé mat rat
min. Ngoai ra, graphene ¢0 tinh trd vé mét hda hoc, do dan
nhiét cao va dién tich bé mat I6n. Graphene c6 cdu tric
siéu mong ngay ca khi cd vai 6p, nd cé thé dudc st dung
boi tran cho cac hé thdng vdi cac chi tiét dao dong, quay
va trugt kich thudc nano hodc micro dé giam bam dinh,

ma sat va mai mon. Nhd tat ca cac dac tinh ma graphene
dudc st dung rong rai lam chat boi tron va phu gia boi tron
nham tao ra ma sat va do mai mon thap. Nhiéu nghién
cliu da st dung graphene lam chat boi tron ran, lam phu
gia cho chét boi tran va cho két qua rat kha quan[2]. Cac
nghién ctiu da chi ra rng graphene it I6p[3-6] c6 thé lam
gidm do mai mon t6i 10* 1an va ma sat 10°-10°1an. Ngoai
ra, ngudi ta da dugc ching minh rang graphene hoat déng
trong moi trutng dm va kho déu t6t nhu nhau, trong khi
cac chat boi tron ran thong thudng vi du nhu graphite nhiét
phan trat tu déu khong co tinh chat nay. Bai bao nay trinh
bay mot s6 tim hiéu vé cac nghién ctiu cdp do nano va vi
mo Vvé (ing dung cla graphene oxide va graphene trong
[inh vuc boi tron.

II. CAC NGHIEN CUU O QUY MO NANO

Mot s6 nghién ctiu da du doan ban chat clia cd ché ma
sat clia graphene dua trén cac phuong phap tinh toan 6 céac
quy mo khac nhau ti nano cho dén meso[7-10]. Trong
hau hét cac nghién ctiu thuc nghiém va tinh toan 6 quy mo
nano trén graphene, tinh chat ma sat dudc chiing minh la
phu thudc vao kha nang x&p chong cac I6p, cac dac diém
cau tric, ban chat cla cac bé mat trugt. Hién tugng nay
dung doi véi hai hé thong khac nhau: (a) ma sét cla dau

kinh hién vi luc nguyén t (AMF) 6 quy mo nano trugt trén
bé mat clia cac I6p graphene (md phong cac phép do Iuc
bién clia AFM) va (b) ma sat gitia chinh cac I6p graphene.
Trong trudng hop (a), ngudi ta thay rang ma sat giam khi
tang s0 lugng I6p[7,10], trong khi & trudng hop (b) ma séat
dudc tim thay hoat dong theo cach ngudc lai, dat dudc tinh
chat ma sat hoac trugt dinh cao hon khi s I6p tang 1én
hon ba[7, 8]. Nhu dugc hién thi trong Hinh 1[10], mé hinh
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hoa céc tuong tac gitia dau AFM va graphene, trong do Iuc
dudc tinh bing téng céac thanh phan theo truc Oy cua cac
Iuc Van der Waals tac dung gilta cac nguyén tif clia dau
CNT va cac nguyén tli clia cac I6p graphene, chiing minh
rang Iic ma sat giam khi s6 6p tang Ién; két luan do ciing
dudc khang dinh bai cac phép do thuc nghiém AF[11]. Luc
ma sat do bi chi ph0| bdi su dong gop tui bién dang ngoai
mat phéng, co ché dudc goi 2 ‘su nhan nhum’ & phia trudc
dau quét (Hinh 2d), lam tang dién tich tiép xac va do do,
tang ma sat. Khi so lugng cac I6p graphene tang Ién, cac
tuong tac gida cac I6p lam giam thiéu hiéu Ging nhan nheo
va do do lam giam ma sét. Hon nia, [12], Liu va Zhang
tuyén b rang khong chi s6 lugng I6p tang Ién, ma khoang
cach bé mat dau nhon tang Ién cling lam giam hé s6 ma
sat doi vdi cac tuong tac truot gia dau mut cla dung cu
va bé mat. Phan I6n cac nghién ctiu thuc nghiém vé ma
sat graphene 6 quy mo nano da st dung luc bén AFM hodc
kinh hién vi luc ma sat (FFM)[12].

FHEHH

1‘1 |I2 |‘3 1“ 1‘5
Lue tiép xic (nN)

Hinh 1. (a) Graphene bén I6p, mau sac cia mai I6p nguyén ti
dugc xac dinh béi vi tri theo truc Z cta né. (b) Luc ma sat
la ham cia luc tiép xuc va hé so ma sat 1a ham so cla so IGp

Cac két qua thu dudc tUi cac mo phong dong Iuc hoc
Brownian ma mo hinh héa phép do Iuc bién AFM gilia
carbon nanotube (chiéu cao va dudng kinh lan lugt 1a 2,3
va 1,2nm) va huyén phu graphene vai ldp (5,5nm, 6,2nm).
Luc tiép xtc dugc gitt 6 mic 10-16nN. Cac mo phong
dugc diéu nhiét 6 300K[10].

Cac phép do luc bién AFM da chiing minh su phu thudc
clia ma sat vao s |6p graphene[11], phu hgp vdi tinh chat
dudc du doan trong viec mé phong da xem xét ¢ trén. Ly

va ¢s[13] da thuc hién cac nghién ctiu FFM trong diéu
kién moi tridng xung quanh béng cach st dung dau do
silicon. Ca graphene tu do va graphene dich chuyén co
hoc trén Si0, déu co su giam ma sat theo s6 IGp (Hinh
2) co e la do hiéu ting ‘puckering’. Tuy nhién, néu I6p
graphene dudc lién két chat ché vdi chat nén (nhu da thay
trong trudng hgp chat nén mica[11]), thi khong quan séat
thdy su phu thudc chét ché cla Iuc ma sét vao s lugng
I6p graphene. Su phu thudc clia ma sat vao so I6p xay ra
khong chi 6 graphene ma 6 tat ca cac vét liéu lat mong cd
nguyén t[13].
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Hinh 2. (a) Hinh anh kinh hién vi quang hoc ctia mau graphene.
Hinh vuéng cham mau do dai dién cho khu vuc quét AFM tiép
theo. Thanh ty &, 10mm. (b) Anh dia hinh va anh ma sét (quét
vé phia trudc) dugc do dong thdi bang AFM tii cac khu vuc dugdc
chi dinh. 1L, 2L, 3L... cho hiét cac tam co do day ctia mot, hai,
ba... I6p nguyén td. Thanh ty 1€, Tmm. (c) Ma sat trén cac khu
vic c6 do day I6p khac nhau. D6i véi moi mau, ma sat dugc
chuan héa thanh gia tri thu dudc cho 16p méng nhat. Cac thanh
sai s biéu thj d6 léch chuén cla cac tin hiéu ma sat cha tiing
khu vuc. Trong biéu dd, cing mét mau dai dién cho di liéu tu
cung mét mau. (d) Mét so dd cho thay hiéu iing nhan dugc dé
xuat, trong d6 do bam dinh vao dau AFM trugt tao ra mat phang
bién dang ciia mét tdm graphene, dan dén tang dién tich tiép
xic va ma sat; thang mau cla cac nguyén ti biéu thi vi tri
ngoai mat phang cta ching[13]

III. CAC NGHIEN CUU O QUY MO VI MO

Mac du qua trinh chuyén doi gidta quy mé nano va quy
mo vi mo khong hoan toan ré rang, cac nghién clu vé
tinh chat graphene dudc thuc hién & quy mo nhd bang
cac ky thuat khac ngoai AFM. Kim va cs[14] da nghién
cliu cac dac tinh bdm dinh va ma sat clia graphene @
quy mo vi md bang may do Iuc ma sat vi mo. Graphene

lang dong trén dé Ni va Cu bang CVD dudc chuyén |én dé

S|0 va phép thii ma sat dugc thuc hién trong moi trudng
gan nhigt do phong bang cach st dung thau kinh silica
va polydimethylsiloxane (PDMS) hgp chat lam ddi téc. Tai
trong tiép xdc dao dong tii 5 dén 70mN. Két qua da chiing
minh rang ca luc bam dinh va Iuc ma sat déu giam khi bé
mat Si0, dudc phi graphene (Hinh 3). Su thay doi tinh
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chét cta graphene phi trén cac kim loai khac nhau dudc
cho la do luc bam dinh gan graphene da Iang dong trén Cu
va bé mat Si0, yéu han, dan dén graphene dé bi mai mon,
ngay ca khi tai 5mN.

Shin va cs[1 5] da ti€n hanh cac thd nghiém tray xudc
g quy mé vi md nhu mot cach khac dé do hé s6 ma sat
clia graphene 6 quy mo vi mo. Két qua cho thdy 6 quy mo
nay, hé s6 ma sat luén 6 mdc 0,03 bat ké s6 lugng 16p 12
bao nhiéu. Trén cd sd cla ca nghién ctiu vi mo va nano,
c4c tac gia cho rang su khac biét vé su phu thudc ma sat
vao do day clia mang graphene doi véi méi trudng va kich
thudc dau do. Hon nifa, viéc dua vao cac khuyét tat (do
plasma oxygen cung cdp) lam tang ma sat graphene. Do

©



do, su khac biét cing co thé phét sinh tu 16p trén cung bi
l0i hodc khong hoan hao trén mang graphene. Ngudc lai,
néu mac do oxy hoa clia graphene oxide bi giam, nhu Ou

va sc chi ra[16], d6i véi céc tdm nano graphene oxide
dudc khi hda hoc trén de silicon, Iuc ket dinh cling giam
va diéu nay dan dén giam ma sat.

IV. NGHIEN CUU VE GRAPHENE BIEN TIiNH

Su thay d6i trong hiéu qua ma st clia graphene nhu 12
mot ham s6 cla hda hoc bé mat dude cac nha khoa hoc
quan tdm. Do d6, cac tinh chat ma sat clia graphene bién
doi hoa hoc (flouro hoa, hydrogen hoa hoac oxy hoa) da
dudc nghién ctu bang thuc nghiém cing nhu ly thuyét
bang tinh toan theo thuyét ham mat do (DFT)[17].
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Hinh 3. (a) Luc ma sat la mét ham cia tai trong
va (b) hé s ma sat ctia cac mau graphene

Chi ¢6 thau kinh silica nung chay dudc st dung lam
vat liéu déi trong trong cac phép thit ma sat. Hé s6 ma sat
dudc tinh bang céach chia Iic ma sat cho tai trong. Céc
thanh sai s@ trong ca hai biéu d6 cho biét do Iéch chudn.
Gr la graphene[14]. Doi véi graphene bi oxy héa[17] ma
sat gitia hai [6p graphene trugt tang Ién khi co su xuat hién
clia cac nhom epoxide va hydroxyl, dong thdi bi chi phoi
bdi c4c tuong tac tinh dién va lién két hydro khong on dinh.
Hé thdng oxide sé vudt qua rao can nang lugng cao han
nhiéu do su hinh thanh lién két hydrogen, do d6 dan dén
su tiéu tan nang lugng cao.

Ngudc lai, doi véi cac tdm graphene hydro héa mot
mat, ma sat giam dang ké so vdi graphene nguyén chat.
Céc tinh toan DFT cho tai trong thay doi tii 1 dén 9nN da
du doan hé s6 ma sat nam trong khoang 0,01-0,05 khi
lién két hydrogen dudc dua vao. Ma sét thap hon dudc giai
thich 1a do céc electron tap trung gilta nguyén tt carbon va
nguyén tli hydrogen dudc géan vao, tao ra luc ddy cla hai
tdm tuong tac va do do lam giam nang lugng tuong tac.

Dai vi tuang tac cua hai bé mat trugt, vi khong co ting
sudt cd hoc ngoai mat phang nao dudc dat vao, nén nhiing
thay doi vé ma sat dudc gidi han & nhiing thay doi do ting
sudt trong mat phang. Két qua do kinh hién vi luc ma sat
st dung d4u AFM dan dién[18] da chiing minh rang ma
sat 6 cap do nano tang Ién so vGi graphene 1an lugt 1a hai,
sau va bay lan doi véi graphene hydrogen hda, flour hoa
va oxy hoa (Hinh 4).

Méc di c6 su gia ting ma sat ddi véi graphene bién
tinh, tinh chat két dinh da dudc chiing minh la giam d6i vdi
graphene floride hoa hodc hau nhu khong thay ddi doi véi
graphene hydrogen hoa va oxy héa vdi nhiing thay déi hoa

hoc do giam dién tich tié’p x(c cua Van der Waal. Diéu nay
chiing minh rang ngoai do bam dinh ¢6 yéu t6 khac anh
hUOng dén tinh ma sat clia cac bé mat. Ko va cs[1 8] gai
y rang cac tinh chat co hoc thay d6i dang ké khi c6 su lai
hoa sp® tao ra do su bién tinh hoa hoc graphene, va thuc
té nay dong vai tro chinh trong su gia ting ma sat ¢ quy
mo nano. Ngoai viéc giam do cUng trong mat phang va
nang lugng bam dinh, su bién doi hoa hoc lam glam tinh
linh hoat ngoal mat phang cuia graphene, diéu nay co lién
quan dén su gia tang do cting chiu lic theo phuong vudng
goc va udn cong cua graphene bién tinh. Doi véi graphene
dudc flour hoa, hydrogen hoa va oxy héa, tinh linh hoat
ngoai mat phang lam cho ma sét ting.

Graphene dang peu cau c6 thé 1am giam su mai mon
cua chét boi tron ran khac. Kandanur va cs[19] da ching
minh rang ty 16 mai mon cua polytetraﬂuoroethylene (PTFE)
da glam bon 1an khi 10% KL tiéu cau graphene dudc ket
hdp cung vdi chat don nano. Cac tiéu cdu graphene, thu
dudgc bang cach tach I6p va khi graphene oxide. Ty & mai
mon giam khi‘tiéu cau dudc dua vao ‘Teflon’. Kandanur va
¢s[19] goi y rang, ban dau, PFTE bi mai mon cao do tao ra
cac vét nit dudi bé mat lan truyén song song vdi giao dién
trugt va cuoi cung két noi véi bé mat, trong khi chat don
c6 thé can thigp vao su hinh thanh céc vét nit, do do lam
chéch hudng chang va han ché mai mon.

@ (b)
Graphene flour héa
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Hinh 4. (a) Cac cau hinh ma sat dugc do trén graphene va
graphene flo héa (tai ap dung l1a 70nN). (b) Cac cau hinh ma
sat thu dugc tii cac lan quét tién va Ibi trén Si0, va graphen
mét 16p, bao gém cac ving nguyén sd, ving bi oxygen hoa va
hydrogen héa. Hinh nhé cho thdy s¢ dd thi nghiém cia qua
trinh oxygen hoa va hydrogen hoa graphene[18]

Ty I& mai mon cla vat liéu tong hop polyetylen co trong
lugng phan tu rat cao (UHMWPE) da giém dang ké bang
cach thém céac tdm nano graphene oxide ¢ khoang nong
do ti 0,1 dén 3% trong IUGng nhu minh hoa trong H|nh 5.
UHMWPE dudc st dung rong rai lam o truc cho cdy ghép
hong va dau goi[20]. Mac du hé s6 ma sat tdng nhe,
nhung d6 mai mon giam 40% khi ham lugng graphene
oxide trong UHMWPE dat 3% trong lugng (Hinh 5). Tac
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dung chong mai mon nay dudc cho la do xu hudng hinh
thanh mang bao vé tang Ién va tang do bén cd hoc cling
nhu do cting, gitup han ché su hinh thanh va phét trién cua
vét niit vi mé ma gay ra su mai mon UHMWPE trong qua
trinh truot.

V. KET LUAN

Graphene co ban chat nguyén t mong va co kha nang
bao phl 1én céc vat thé vi mo va nano bang cach phan bo
cac manh graphene trong dung dich thanh huyén phu. Lép
phl co kha nang giam ma sat va chéng mai mon do do
kéo dai tudi tho ctia cac thiét bi, diéu nay khuyén khich cac
nha khoa hoc thuc hién nhiéu nghién ciiu theo hudng nay.

Cac nghién cliu da cho rang ban chat clia cd ché ma
sat cua graphene dua trén cac phuang phép tinh toan &
cac quy mo khac nhau tii nano cho dén meso. Trong hau
hét cac nghién ciu thuc nghiém va tinh toan 6 quy mo
nano trén graphene, tinh chat ma sat dugc chiing minh la
phu thudc vao kha néng xé’p ch6ng cac |6p, cac dic diém
cau triic, ban chat clia cac bé mat trugt. Khi tham gia boi
tran cac Idp graphene che phu bén bé mat kim loai, Iuc lién
két gitia cac Idp graphene y&u nén cac Idp graphene c6 thé
tach ra lam giam ma sat trudt gitia cac bé mat.

Ngoai viéc dugc st dung nhu mét chat boi tron ran,
graphene con c6 thé dudc st dung nhu mot chat phu gla
trong chat boi tron thong thudng, chang han nhu cho dau,
dung mai va cac loai chat 16ng khac. Ty 16 mai mon cua vat
ligu tong hdp polyetylen co trong lugng phan t rat cao da
glam dang ke bang cach thém céac tdm nano graphene oxide
G khoang ndng do ti' 0,1 dén 3% trong Iugng. Tac dung
chéng mai mon nay dudc cho 1a do xu huéng hinh thanh
mang bao vé tang Ién va tang do bén cd hoc cling nhu do
cting, gitp han ché su hinh thanh va phat trién ctia vét nt vi
md ma gay ra su mai mon cla vat liéu trong qua trinh trugt.
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Hinh 5. (a) Su thay ddi toc d6 mai mon cua vat liéu téng hap
GO/UHMWPE nhu la mét ham cla ham lugng GO sau cac
thli nghiém mai mon. (b) D ciing vi mo cuia vat liéu tng hop
GO/UHMWPE véi cac ham luigng GO khac nhau[20]
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