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Tom tit

Ngay nay viéc si dung vdt liéu nano lam phy gia
cho ddu nhon duroc coi 1a mér phwong phdp hiéu
Qud Véi gia thanh ré nham nang cao hiéu qua boi
tron, tiétkiém ning lwong nho giam ma sét va mai
mon, dac biét voi dong co diesel. Nghién citu nay
bude dau chitng minh dwoc hiéu qua cua viéc sit
dung nano graphene dgng tém trong viéc nang
cao hi¢u nang béi tron cua dau nhon. Céce dic
trung vdt ligu cua nano graphene duwoc xdc dinh
bang cdc phwong phdp phan tich héa Iy hién dai
nhur phé nhiéu xq tia X (XRD), kinh hién vi dién tir
quét (SEM). Cac tam nano graphene c6 cau tric
nhan va nhau véi dwong kinh tir 10 dén 30um va
d¢ day nho hon 15nm. Mdu dau nhon pha phy gia
tdm nano graphene 0,05% cho hiéu qua giam mai
mon cao nhat khodng 35% dwoc xdc dinh bang
phirong phép dwrong kinh vét mai mon (WSD).
T khoa: Nano graphene td’m,‘ phu gia
graphene, chong mai mon, phy gia dau boi tron,
chong ma sét.

Abstract

The use of nano-additives is widely recognized as
a cheap and effective pathway to improve the
performance of lubrication by minimizing the
energy loss from friction and wear, especially in
diesel engines. This work has demonstrated the
lubrication  performance improvement by
graphene nanoplatelets (GNPs). The GNPs
additive were characterized using scanning
electron microscopy, X-ray diffraction. The
prepared GNPs had wrinkled and crumpled
structures with a diameter of 10-30um and a
thickness of less than 15nm. The highest reduction
of 35% was determined for the wear scar diameter
with  a GNP additive concentration of
approximately 0.05%.

Keywords: Graphene nanoplatelets, graphene
additives, antifriction, lubricant additives, anti-
wear.

1. Giéi thiéu

Giam thiéu anh huong cua khi nha kinh va bién
ddi khi hau 1a mot yéu cau cip bach trén toan thé gidi,
doi hoi c&c bién phap méi dé cai thién hiéu suat dong
co [1]. Cac ton that ty do va ma st cua dong co
diesel chiém khoang 10% tong ning luong trong
nhién liéu [2]. Viéc giam nhitng ton that nay rat quan
trong d6i vaoi s dung tiét kiém va hiéu qua ning
lugng. Mot trong nhitng cach tiép can chinh dé giam
ma st 14 sir dung chét bdi tron, c6 thé duoc &p dung
rong rii trong 6 6, co khi, va cac bo phan khac. Chat
bbi tron lam giam ma sat gitra giao dién cua hai bo
phan kim loai trong chuyén dong tuong d6i [3]. Cac
chat phu gia thudng dugc thém vao hdn hop chét boi
tron dé cai thién hiéu qua boi tron [4, 5].

Ngay nay, cdng nghé nano da ching minh cac dic
tinh vuot troi so vai vat liéu truyén thong va vat lidu
nano da duogc st dung 1am chit phu gia nhiéu hon dé
taing cuong hiéu suit boi tron. Graphene, vat liéu
carbon hai chiéu (2D) véi céc tinh chét co hoc, dién
va nhiét dang ké, da duoc st dung rong réi trong mot
loat céc tng dung cdng nghiép trong cac linh vuc Ky
thuat, hda hoc va vat ly [3, 6-11]. Ngoai ra, cac cau
trdc 2D dé dang truot ciing nhau, lam cho graphene
trg thanh phu gia hiéu qua dé giam ma sat trong cac
b6 phan co khi va dong co xe [1a2, 13].

Trong bai bdo nay, ching t6i sir dung phuong
phép tach 16p héa hoc don gian than chi tu nhién, san
Xuit nano graphene dang tim. Cé4c tam nano
graphene duogc bién tinh véi céc chat hoat dong bé
mat, phan tan d& dang va ddng nhat trong dau boi
tron. Hiéu qua boi tron cua phu gia dugc nghién cau
va thao luan ¢ phan sau.

SO 65 (01-2021)



TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

-JOURNAL OF MARINE SIENCE AND TECHNOLOGY-

2. Thuc nghiém
2.1. Vat ligu

Manh than chi tu nhién dugc mua tir Cong ty
VNgraphene. Acetone kho, axit sunfuric dam dac
(98%), etanol, natri dodecyl Persulfate (SDS), Natri
Persulfate (Na2S208) va axit oleic duwgc mua tir Céng
ty TNHH Vin Minh, Ha Noi, Viét Nam. Dau HD-50
thuong mai dugc lay tir tram xing. T4t ca cac hoa chat
déu ¢ dang tinh khiét ma khong can tinh ché thém.

2.2. Tong hep nano graphene dgng tém

Manh than chi tu nhién da duoc thém vao 10 phan
tng 1000ml c6 chira axit sulfuric dam dic va khuiy
trong 30 phat. Natri persulfate dan dan duoc thém vao
hdn hop phan tng va tiép tuc khudy trong 3 gio & nhiét
d6 phong. H3n hop phan tng két qua dugc loc truc
tiép bang bo loc thiéu két thuy tinh va rira ky ba 1an
bing acetone kho va nudc dé loai bo moi chéat phan
g con sot lai. Bot GNP duoc siy kho ¢ 60-C trong
khong khi va dugc luu trir dé xir Iy tiép.

2.3. Phén tich ddc trung vat ligu va thar nghigm
hi¢u qud boi tron

Kinh hién vi dién t quét (SEM), FEI Nova
NanoSEM (Hillsboro, OR, Hoa Ky), duoc sir dung dé
nghién ciru hinh thai caa cac tim nano graphene thu
duoc tir su tréc ra ctia cac manh than chi.

Phd nhiéu xa tia X (XRD) dugc phan tich trén thiét
bi Bruker AXS D8 Discover (Texas, Hoa Ky).

Thir nghiém ma sat dugc do trén thiét bi do ma sat
bén bi (MRS-10A, Shandong, Trung Quéc) & nhiét do
phong vai luc bi 400N va téc do 1450 vong/pht.

3. Két qua va thao luan

Céc hat nano graphene dugc ché tao mot céch
thuan loi bang cach sir dung phuong phép tach 16p héa
hoc truc tiép than chi [14]. Phuong phap nay than
thién véi moi trudng va co thé dugc sir dung & quy md
cong nghiép, diéu nay rat quan trong cho cac wng dung
thuc té.

Hinh thai cua than chi tu nhién va cac GNP duoc
diéu ché trong cong trinh nay dwoc quan sat boi SEM
(Hinh 1). Cac manh than chi tu nhién cé ciu trdc tam
day vai cac l6p graphene day dac (Hinh 1a).

Sau khi tach 16p hoa hoc bang chét oxy hoa, cac
I6p graphene dugc tach ra tir mot tim than chi day,
nhu trong Hinh 1b. Cac GNP c¢6 ciu triic nhan va
duong kinh 10-30um. Hinh thai nhan va nhau nat chi
ra ring cac GNP thu duoc bao gom mot vai lop
graphene trong mdi ngin xép, nhu di duoc chung
minh trude day [15, 16]. Ngoai ra, cac tim GNPs la
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ban trong su6t ddi voi chim electron (Hinh 1b), day
1a bang chirng rd rang cho thay cac GNP chua it hon
30 16p graphene, twong Gtng d6 day nho hon 15nm
[17-19].
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Hinh 1. Anh SEM ciia a) Than chi te nhién; b) tdm
nano graphene
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Hinh 2. Phé nhiéu xg tia X ciia graphit t nhién (dwong
mau den) va nano graphene dang tdm (dwong mau do)

Phé XRD cua graphit cho thdy mot peak dic
trung rd nét & 26,90, 1 tin hiéu nhidu xa 002 [20].
Hinh 2 dong thoi cho thiy trong mau XRD cia GNP,
dinh nay dich chuyén dén 26,40 véi cudng do dugc
mé rong va suy yéu dang ké so véi cua graphit, cho
thiy cau trdc kém trat tw hon véi graphene nhiéu I6p
[17]. Két qua nay ph hop vai céc hinh anh SEM da
trinh bay & trén. Céc I6p graphene lién tuc nhu cu
trdc tim trong c4c manh graphit tu nhién khéng con
ton tai [14].

Puong kinh vét mon (WSD) la mot thong sé quan
trong dé xac dinh tinh ning chong mai mon cua dau
boi tron. WSD dugc danh gia bang cach st dung mot
tribometer bén béng (MRS-10A). Thir nghiém
chéng mai mon dugc thyc hién ¢ nhiét d6 phong
dudi tai trong 400 N va téc do 1450 vong/phat. Mot
kinh hién vi quang hoc da duoc st dung dé do duong
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kinh cua vét seo mon trén qua béng (Hinh 3). WSD
giam dang ké sau khi bb sung phu gia GNP vai ndng
do tir 0,005 dén 0,01% khdi lwgng, cho thay rang
viéc bd sung mét luong nho graphene cé thé nang
cao dang ké tinh niang chéng mai mon cua dau boi
tron. Viéc tang thém ndng d6 GNP tir 0,01-0,05%
khéi luong da 1am giam WSD, dat duong kinh téi
thiéu 0,65mm véi nong d6 phu gia 0,05% khéi lugng,
giam 35% so véi WSD sir dung dau géc HD-50. Tiép
tuc ting ham lwong GNP tir 0,05 dén 0,1% khdi
lwong, dic tinh chéng mai mon giam. Do d6, nong
d6 GNPs duoc diéu chinh ti da véi dic tinh chdng
mai mon cao nhét 1a xap xi 0,05% trong luong. Do
d6, ndng d6 phu gia GNPs dudi 0,05% c6 thé duoc
chon 1am ham luong téi wu cho dau bdi tron. Hiéu
suat chéng mai mon nang cao khi bd sung mét luong
nho graphene c6 thé duoc giai thich bang viéc hinh
thanh mot 16p graphene bao vé trén bé mat thép. Tuy
nhién, khi ham lugng graphene ting 1én, sy tich tu
ctia mang graphene khong lién tuc 1am giam tinh chat
chéng mai mon va gay ra hién twong kho ma st [21].
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Hinh 3. Khd ning chéng mai mon khi si dung
ham lwong GNP khéc nhau

Bé mat cac vét seo mon khi sir dung chat boi tron
VGi cac ham lugng GNP khac nhau dd dugc nghién
ctru bang kinh hién vi quang hoc nhu trong Hinh 4.
C6 thé thay rd qua hinh rang khi chi sir dung dau géc,
vét seo mon 16n va bé mit thd rap véi nhirng rénh sau,
hep. Khi bd sung mét lugng nhé GNP (0,005%),
duong kinh cia vét seo mon giam va bé mat tré nén
min hon, nhung van con nhiing rénh sau. Tuy nhién,
khi tang ham luong phu gia GNP 1én 0,01%, duong
kinh vét mon giam déng ké xudng con khoang 0,7mm
va bé mit tré' nén min hon nhiéu (Hinh 4e & f). Su gia
tang hon nita cia ham lugng phu gia 1dm giam dang
k& WSD va do nhin cia bé mat seo mon. Tuy nhién,
0,01% trong lugng cua phu gia GNP cho dau boi tron
dugc chon la ndng d6 t6i wru hoa vé mit kinh té.
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4. Két luan

Hinh 4. Hinh thai bé mdt cria vét seo mon dwoc
quan séat bang kinh hién vi quang hec si dung chat
béi tron khdc nhau: (a, b) déu géc, (c, d) 0,005%
GNP, (e, f) 0,01% GNP va (g, h) 0,05% GNP

Nghién ctru da téng hop thanh cong vat liéu nano
graphene dang tim bang phuong phép tach 16p hoa
hoc than chi tu nhién véi vu diém dé& thuc hién va cé
tinh kinh té cao. Cac tam nano graphene c6 ciu trdc
nhin va nhau véi duong kinh tir 10 dén 30pum va do
day nho hon 15nm. Nghién ciru ciing budc dau
chung minh dugc hiéu qua cua viéc sir dung nano
graphene dang tim nham nang cao hiéu ning boi
tron cua dau nhon. Mau dau nhon pha phu gia tim
nano graphene 0,05% cho hiéu qua giam mai mon
cao nhit khoang 35%.
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