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Abstract. Researching ways to increase engine capacity, reduce fuel consumption, and
minimize engine noise is always a crucial task for automobile companies worldwide in the
current context. Various solutions have been applied, such as improving engine systems,
utilizing alternative fuels, treating exhaust gases, and enhancing the combustion process.
Among these, the solution of using graphene nano-smooth lubricating oil additives (NG) is a
new approach to tackle the above-mentioned issues. This article presents the results of
experimental research on the impact of nano-graphene lubricating oil additives on the
technical-economic features and noise levels of diesel engines. Specifically, lubricating oil
containing nano-graphene (NG+15W/40) helps increase engine power and torque by
(4.2+8.5%) at 100% load, while fuel consumption decreases by (4.8+7.2%) at 100% load due
to the improved mechanical efficiency of the engine. Furthermore, using lubricating oil
containing nano-graphene reduces engine noise by (17.4+21.4) decibels (Db) at 100% load
compared to lubricating oil without nano-graphene. This research serves as an important
foundation for further research and utilization of nano-graphene lubricant additives to increase
lifespan, enhance capacity, reduce fuel consumption, and minimize engine noise.

Keywords: Graphene nanoplatelets, graphene additives, antifriction, lubricant additives, anti-
wear.
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Tom tit. Nghién ctu ting cong suit dong co, giam suat tiéu hao nhién liéu va tiéng on dong
co ludn 13 nhiém vu rat can thiét caa cac hdng 6 to trén thé gisi trong béi canh hién nay. Co
nhiéu giai phap khac nhau da duogc &p dung nhu cai tién cac hé thong trén dong co, st dung
nhién lidu thay thé, xt ly khi thai, cai tién qua trinh chdy... Trong do, giai phap st dung phu
gia dau boi tron nano graphene (NG) 1a giai phap mai dé giai quyét van dé trén. Bai bao trinh
bay két qua nghién ctu thuc nghiém danh gia anh huéng cua phu gia dau boi tron nano
graphene dén tinh ning kinh té ki thuat va do 6n ciia dong co diesel. Cu thé dau boi tron chira
nano graphene (NG+15W/40) giup ting cong suat va md men dong co tir (4,2+8,5) % & 100%
tai, trong khi muc tiéu thu nhién liéu giam tir (4,8+7,2) % & 100% tai do hiéu suit co hoc cua
dong co duogc cai thién. Hon nita, ding dau bdi tron chira nano graphene lam giam tiéng on
cia dong co tir (17,4+21,4) % (Db) & 100% tai so voi dau boi tron khong chira nano
graphene. Nghién ctru nay 1a co s¢ quan trong cho viéc nghién cuu va sir dung phu gia dau
boi tron nano graphene nham ting tudi tho, ting cong suat, giam suat tiéu hao nhién liéu va
tiéng on cua dong co.

Tiur khda: Nano graphene tim, phu giagraphene, chng mai mon, phu gia dau béi tron, chéng
ma sat.
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1. PAT VAN PE

Hién nay viéc nghién ctu vé phu gia dau bdi tron dong co dt trong nano graphene (NG)
la ndi dung nghién ctru kha méi trong linh vyc boi tron dong co d6t trong noi riéng va trong
ky thuat co khi chung. Nano graphene 1a mét loai vat liéu c6 cau tric 16p mong, bén, nhe va
dan nhiét tét (chiu dwoc nhiét do cao) va co tinh dan dién cao. Khi dwgc pha tron véi dau bdi
tron, nano graphene c6 thé tao ra mot 16p phu bao vé va khdi phuc cho cac bé mit chi tiét cua
dong co (hinh 1).

Hinh 1. Thanh xy lanh trudc va sau khi st dung phu gia [1].

a - Thanh xy lanh dong co khi chua sir dung phu gia dau nano graphene; b - Thanh xy lanh dong co
khi str dung phu gia dau nano graphene (do c6 tinh dén nhiét va dién t6t nén graphene co thé len 16i
lap diy va khoi phuc cac bé mit chi tiét nhu bé mat xy lanh trén.

Hat nano graphene hoat dong gidng nhu '6 bi' kich thudc Nano, kha niang chuyén ma sét
truot thanh ma sat lan co thé gidp giam ma sat, nhiét do, tiéu hao nhién li¢u, khi thai va tang
tudi tho ctia dong co (hinh 2). Trén thé gidi nhig nam gan day da co cac cong trinh nghién
ctru st dung phu gia dau boi tron ca ly thuyét ciing nhu thuc nghiém va da dat duoc két qua
ban dau [2-4].

Hinh 2. Xy lanh dong co khi sir dung phu gia diu nano graphene [1].

Graphene 1 vét liéu manh nhat duoc biét dén bai nd cimg hon kim cuong nhung dan hoi
hon cao su, ctng hon thép nhung nhe hon nhém. Nho cau trac doc dédo cia graphene, nd so
hiru nhiing déc diém dang kinh ngac khac: Tinh linh dong dién tir cao, nhanh hon silicon 100
lan; Graphene dan nhiét t6t hon kim cuong gap 2 1an; d6 dan dién cua graphene ciing tot hon
13 14n so vé6i dong.
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Ngoai ra, Graphene chi hép thu 2,3% anh sang phan xa; n6 khong thAm nudc nén ngay ca
nguyén tir nho nhat (heli) ciing khong thé di qua tam graphene don 16p khong c6 khuyét diém.
V6i dién tich bé mit 18n toi 2. 630 mét vuong moi gam c6 nghia la v6i it hon 3 gam, ban c6
thé bao phu khoang hon 7000 m?. Graphene 1 hop chat mong nhat ma con ngudi biét dén voi
do day mot nguyén ti, vat liéu nhe nhét dugc biét dén (voi 1 mét vudng nang khoang 0,77
miligam).

Hinh 3. Ciu trac Graphene [1].

Nano graphene 1a vt liéu c6 kich thudc trong pham vi nanomet, c6 cau triic phang voi
cac 16p nguyén tir carbon duogc sip xép chit chg, tao ra mot bé mit min va phang. Khi duoc
sir dung lam phu gia trong dau boi tron, nano graphene tao ra mot 16p mang min trén bé mat
tiép xuc. B& mit min va phang nay giup giam ma sat bang cach giam sy ma sat gitra cac bé
mit tiép xtic, ngan chin sy va cham truc tiép giita cac phan tr ddu va bé mit, lam giam sy mai
mon. Carbon trong nano graphene c6 kha nang tao ra lién két hoa hoc manh mé voi cac phan
tr dau, tao ra mot 16p mang boi tron gitra cac bé mit tiép xac. Diéu nay giup giam ma sat
bang cach cho phép cac bé mit truot qua nhau dé dang hon, giam dién tich ma sat va giam
hién tugng bam dinh gilra cac bé mat. Vi thé phu gia nano c6 thé giam hé sé ma sat cai thién
hiéu suét tiéng on cta dong co diesel [5,6].

Thir nghiém cuia O.Cetin Z.Can va [7] trén dong co diesel Antor/6LD400 4 xy lanh lap trén
bé thir. Nghién ctru ndy danh gi4 tac dong cta phu gia dau bdi tron dong co nano graphene
oxit (GO) trong dau dong co SAE 10W-40 vo1 cac ty 1€ cua GO ¢ muc 0,5; 1,0; 1,5 va 2,0
mg/ml dén tinh nang kinh té k¥ thuat cia dong co. Thong qua céc thiét bi do va kiém tra ta
thay chi sé do nhot cua dau boi tron khi co phu gia GO tang Ién toi 7%, do dan nhiét ting tir
4-15% va hé so ma sat giam xudng thap nhat 1a 17%. Dya trén thir nghiém ma sat cua dong co
trén lyc ké, tim nano GO dd giam mo6-men xoan ciia dong co 1én to1 6%, cai thién hi¢u suét
co hoc 1én ti 2,8% & mot s6 toc dd dong co nhét dinh va suit tiéu hao nhién li¢u trung binh
giam khoang 2,6%. Ket qua thir nghiém dong co cho thay chat phu gia tam nano GO c6 kha
nang néng cao hiéu sudt co hoc ctia dong co dét trong, dan dén tiét kiém ning luong, nhién
liéu va gian tiép gép phan giam luong khi thai CO2.

Cong trinh nghién ctu [8] da thuc nghiém danh gid d4nh hudng cia hat nano graphene
trong dau boi tron 5W-40 dén hé sd ma sat giita xéc mang va xy lanh dong co Honda GX-
270. Két qua thu dugc tr may do do ma sat cho théy hé s6 ma sat giita xéc ming va xylanh
dong co giam tr 0,15 xudng 0,125 khi sir dung dau boi tron SW- 40 c6 nano graphene. Vi hé
sO ma sat giam nén thoi gian thyc hién chu trinh cta pit tong s& ngan di khi sir dung dau boi
tron ¢6 nano graphene (hinh 4).
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Hinh 4. H¢ gé ma sdt clia xéc mang voi xy lanh dong co thir nghiém (Honda GX-270) [8]. a - Khdng
¢6 phu gia dau nano graphene; b - C6 phu gia dau nano graphene.

Cong trinh nghién ctru [9] thuc nghiém so sanh dbi ching tinh ning kinh té ky thuat va
phat thai cia dong co xidng MNO5 4 ky 3 xy lanh khi sir dung 2 loai phu gia diu béi tron dong
co 1 nano than chi GNF (Graphene Nano-Fibers) va Graphene nano tiéu cdu GNP (Graphene
nano-platelets). Két qua cho thdy lyc phanh va mdé men ting lan luot 1a 3,7+4,8% va
3,1+6,3% khi sir dung GNP va 1,8+3,8% va 2,3+5,2% khi sir dung GNF so vé6i dau gdc; higu
sudt co hoc ting 2,0% va 1,4% do ton ma sat giam 1,5+5% va 1,5+4.2% khi sir dung GNP va
GNF; mirc tiéu hao nhién lidu twong tng v&i chat bdi tron nano GNP va GNF giam lan lugt
1a 1,7+3,8% va 1,2+3,4% ; nano GNP va GNF gitp giam lugng khi thai CO2, NO va HC cuia
dong co lan luot 1a 2,0+4, 0% va 1,0+3,0% ; d§ mon cua xéc mang va Xy lanh giam lan luot la
20,3 va 9,7% khi str dung chat bdi tron nano GNP va GNF so v6i dau gbc. Ngoai ra con rat
nhiéu céc cong trinh nghién ctru vé cac loai phu gia dau boi tron nhu [10-14].

Co ché tao ra tiéng on do ma sat trong dong co 1a do chuyén dong co hoc trong dong co,
nhiéu b phan nhu plston truc khuyu, cac hé thong va cac chi tlet chuyén dong qua lai hodc
xoay tron. Ma sat gilra cac bo phén ndy tao ra rung dong va tiéng 6n. Khi cac bd phén co xat
nhau, ning luong co hoc dugc chuyén doi thanh ning lugng am thanh, dan dén tiéng 6n. Ma
sat con tao ra nhiétva khi dong co hoat dong voi nhiét do cao, cac vat liéu trong dong co co
the gidn no va thay d6i tinh chat. Sy thay doi nay co thé lam ting ma sat va do d6 lam ting
tleng on.

Theo thoi gian, ma sat lién tuc gitra cdc b phan dong co cod thé dan dén mai mon va su suy
giam hi¢u suét cta cac bo phan. Nhitng bd phén mai mon khong con hoat dong tron tru, dan
dén tiéng 6n 16n hon. Ma sat con gay ra sy mat can bang trong cac bo phan dong co, 1am cho
dong co khong hoat dong dong déu. Su khong ddng déu nay co thé tao ra tiéng 6n la va kho
chiu. Ngoai ra ma sat co thé tao ra rung dong trong dong co, nhiing rung dong nay khong chi
anh huong den hoat dong ctia dong co ma con truyén qua cac bd phan khac cia xe, 1am ting
mirc d6 tiéng 6n [15-17].

O Viét Nam, ndi dung ctia cac cong trinh nghién ctiru vé phu gia dau boi tron dong co dbt
trong con rat han ché. Mot so cong trinh mdi chi danh gia hiéu qua cta phu gia dau boi tron
nano graphene dén cac bé mat ma sat phang ¢ di€u kién nhiét do va ap suat binh thuong

[18, 19]. Trong d6 chuwa nghién ciru thuc nghiém danh gia chi tiét hiéu qua cua phu gia dau
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bbi tron nano graphene trén dong co ddt trong véi tong nhidu loai ma sat (ma sat truot, ma sat
lan, ma sat xoay....) & di€u kién tai trong, nhiét do, ap suat 16n va thay doi.

Bai bao nay nghién ctru danh gia tinh nang ky thuat, do on cua dong co diesel 490QZL
khi str dung hdn hop dau bbi tron pha phu gia nano graphene bang phuong phap thuc nghiém,
nham danh gia nhimg thay doi vé tinh ning ky thuat, kinh té, d6 dn so véi dong co sir dau bdi
tron thong thuong khi chua c6 phu gia va tiém ning tng dung cua loai phu gia nay dé cai
thién tinh ning k¥ thuat va do on cia dong co.

2. THI NGHIEM
Thir nghiém duoc tién hanh trén dong co diesel 490QZL lap trén bé thir cong suét tai phong

thi nghiém A10 thudc Trung tdm Khoa hoc cong nghé GTVT, Truong Pai hoc giao thdong van
tai (hinh 5).
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Hinh 5. So db bé thir cdng suit dong co diesel tai phong thi nghiém.

Ddi tuong thi nghiém: dong co 49QZL 1a dong co diesel 4xy lanh do Trung Qudc san xuat
duoc sir dung nhiéu trong phuc vu ndng nghiép. Day la loai dong co diesel 4 ky, 4 xi-lanh, co
tang 4p, 1am mat bang nuéc. CONg suat tdi da cua dong co 1a 80 HP. Thong sb k§ thuat co ban
cua dong co str dung trong nghién ciru nay dugc trinh bay ¢ bang 1.
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Bang 1. Thong s ky thuat xe Pong co 490QZL.

TT Thong s6 Ky hiégu Giatri Ponvi
1  Hanh trinh piston S 100 mm
2 DBuong kinh xylanh D 90 mm
3 S6 Xylanh i 4 -

4 Chiéu dai thanh truyén L 200 mm

5 Cong suat dinh mc ¢ toc d6 3200 Nemax 80 Hp
(vg/ph)

6 MO men max ¢ 2200 (vg/ph) Memax 183 N.m

7 Tysdnén £ 17 -

8  Suat tiéu hao nhién li¢u Ge >255  g/kW.h

9 Thu tu lam viéc 1-3-4-2

Phuong phap thi nghiém: Thi nghiém duoc tién hanh trén co s so sanh ddi ching tinh
nang kinh té ky thuat cua dong co khi st dung dau bodi tron c6 phu gia nano graphene
(NG+15W/40) véi khi sir dung dau boi tron khong c6 phu gia nano graphene (15W/40) (Hinh
6). Thi nghiém dugc thuc hién ¢ cac ché do toc do tir 800 vong/phut dén 3200 vong/phut bang
cach duy tri tai 75%, 100% trong sudt qua trinh thi nghiém (Bang 2).

Bang 2. Cac ché do thuc nghiém.

Téc do(v/ph) 800 1200 1600 2000 2400 2800 3200

Tai (%) 75: 100

HKuipER

GRAPHENE
ENGINE OIL

PVEngintRMH 15W40
Dkumaw 00w co

KOipER |

150 MR

PVOILUBE =

gggggi_suz

Hinh 6. Dau boi tron SAE15W40 va phu gia nano graphene [1].
3. KET QUA VA THAO LUAN

Vé cong suit va md men: Khi sir dung phu gia dau nano graphene (NG) ta thiy cong
suat va mon men cua dong tang so voi khi khdng sir dung NG (hinh 7 va hinh 8). Cuy thé cong
SUAt va mo men trung binh tang 4,8 % & 75%, tang 5,9% & 100% tai. Bac biét viéc khéng st
dung NG ¢ 75% tai dong co chi kéo dugc dén tde d6 2800 (v/ph) va sau d6 khi ding NG thi
dong co kéo duoc dén tdc do tbi da 1a 3200 (v/ph).
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a-Cong suat b-Mo men

Hinh 7. Céng suat va md men caa dong co khi sir dung phu gia nano graphene va khong str
dung phu gia nano graphene & 75% tai.

S¢ di khi khi sir dung phu gia dau bdi tron dong co nano graphene 1am cong suat va md
men ting 13 vi nano graphene c6 kha ning giam ma sat gitra cac bé mat tiép xuc trong dong
co. Khi ma sat giam, ning luong tiéu hao dé van hanh dong co ciing giam, dan dén ting hiéu
suat va cong suat. Mat khac, n cé thé cai thién tinh chat luu chat, bao gom do nhét va tinh
dan nhiét tét, co thé cung cip mot 16p bao vé cho cac bé mat tiép xuc trong dong co, giam ma
sat va mai mon.

Q - 250
m ]
70 - 200
-~ 80 - —
[-H | = 150 |
= 0 Z
[-¥} 40 T @
Zz E;lDD
0 —— 15W/40 ——15W/40
20 - — 0
0- : : : 0 _ _ _ _ _ _
800 1200 1600 2000 2400 2800 3200 800 1200 1600 2000 2400 2800 3200
n (v/ph) n (v/ph)
a-Coéng suat b-M6 men

Hinh 8. Cong suat va md men caa dong co khi str dung phu gia nano graphene va khong st dung phu
gia nano graphene & 100 %.

Veé suit tiéu hao nhién ligu: Phu gia diu boi tron nano graphene giup tiét kiém
nhién liéu hon (muc giam nhiéu nhat 1a 7,2% tai n=2000 vg/ph), trung binh toan dai téc do
giam 5,6% so véi khi sir dung dau boi tron 15W40 & 100% tai (hinh 9a). Con & 75% tai thi
muc giam nhién liéu nhiéu nhat 1a 9,8% tai n=2000 vg/ph khi st dung dau boi tron
(NG+15W/40) (hinh 9b). Do khi duoc thém vao dau boi tron, graphene phan tan va tao ra mot
I6p mang mong trén bé mat cac chi tiét may, tir d6 giam ma sét gitra cac bo phan chuyén
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dong. Piéu nay khong chi gitip dong co hoat dong mugt ma hon ma con giam luong nhién
liéu can thict dé van hanh dong co.

Cai thign hiéu suat lam mat: Nano graphene c6 kha ning dan nhiét rat tot, gidp cai
thién kha ning dan nhiét cia dau boi tron. D1eu nay co thé giGp giam nhiét do cua dong co
bang céch tan nhiét hiéu qua hon, tir d6 giam ton that nang luong va cai thién hiéu suat tong
thé cia dong co.

Tang cuong khd nang bao vé: Nano graphene gitp hinh thanh mét 16p bao vé bé mat
bén bi hon, gitip giam mai mon va keéo dai tudi tho cua cac bo phén dong co. V6i kha nang
bao vé tét hon, cac bo phan hoat dong hiéu qua hon va khong can phai hoat dong qué sirc dé
bu dap cho mai mon, tir d6 giam tiéu thu nhién liéu.

Giam ton thit nang luong: Do su giam ma §ét va térl thét, co hoc, dong co co thﬁ: hoat
dong hiéu qua hon vai it ton that nang lugng. Diéu nay dan dén viéc dong co cod thé hoan
thanh c6ng viéc vai it nhién liéu hon so vai khi khéng sur dung phu gia.

Cai thién chat luong hoat dong: Cac phu gia bdi tron chira nano graphene c6 thé gidp

dong co hoat dong muot ma hon va giam tiéng on. Piéu nay gidp giam sy hao mon va cai
thién hiéu suat tong thé, tir d6 dan dén tiét kiém nhién liéu.

350 300
= =
= %0 = 20 w -
£ 250 N/ & — -
- i 1 L = _ 200 =
ez ¢ 2
g & 7 150
= L= ]50 = =
=3 ——15W/40 22 . ——15W/40
£ 100 -]
3 % -NG+15W/40 - il NG +15W /40
w 7]
0 0
800 1200 1600 2000 2400 2800 3200 800 1200 1600 2000 2400 2800 3200
n (v/ph) n (v/ph)
a-Suat tiéu hao nhién liéu & 100% tai b- Suat tiéu hao nhién liéu & 75% tai

Hinh 9. Suat tiéu hao nhién liéu ciia dong co khi st dung phu gia nano graphene va khong sir dung phu
gia nano graphene & 100 % tai (hinh a) va 75% tai (hinh b).
’ Vé d on: Khi str dung phu gia nano graphene thi d6 on cua dong co trung binh toan
dai toc do giam 19,6 Db (hinh 10). S¢ di giam d6 on la do nhirng ly do sau:
Giam ma sat: Nano graphene c¢6 kha nang tao ra mét 16p mang boi tron mong, giup

gidm ma sét giira cac bé mat tiép xtic. Diéu nay lam giam sy co xat, dan dén it tiéng 6n hon
trong qua trinh van hanh.

Tinh 6n dinh cao: Cac hat nano graphene co do bén cao va khong d& bi phan huy, gitp
duy tri tinh chét bbi tron trong thoi gian dai. Diéu nay lam giam kha ning hu hong va tiéng on
phat sinh tir cac phan chuyén dong.

Kha ning hap thu va cham: Graphene c6 kha nang hap thu va phan tan ning lugng tét,
giup giam d¢ on tur cac va cham co hoc trong dong co.

Tang cudng d6 nhét: Phy gia nano graphene co thé cai thién do nhét ciia dau boi tron,
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tao ra mot 16p boi tron hidu qua hon, tir d6 giam tiéng on do luc can khong ddng nhat.

Cai thién tinh chét nhiét: Nano graphene giup cai thién kha nang dan nhiét cua dau,
gitip dong co hoat ddng & nhiét do 6n dinh hon, tir d6 giam tiéng 6n do qué nhiét.

140
m15W/40 m NG+15W/40
120
= 100
2 so
=
] m
L=
A 40
20
0
1200 1600 2000 2400 2800
n (v/ph)
Hinh 10. B¢ on cta dong co khi sir dung phu gia nano graphene va khong sir dung phu gia nano
graphene ¢ 100 % tai.

4. KET LUAN

Bai bdo da trinh bay qua trinh thtr nghiém, két qua thir nghiém va danh gia tac dong cua
phu gia dau boi tron nano graphene dén tinh nang kinh té k¥ thuat va dé on cta dong co diesel
490QZL.

- Khi sir dung NG+15W/40 s& lam cdng suét tang 5,3+6,2% & 75% tai va 4,2+8,5% &
100% tai so véi khi str dung 15W/40. C6 sy thay doi d6 1a do nano graphene lam giam hé sb
ma sét trong cac bé mat ma sat trong dong co(coi nhu chuyén ma sét trugt thanh mat lan cta
cac hat nano graphene).

- Suit tiéu hao nhién liéu twong tng véi dau boi tron NG+15W/40 giam 4,8+7,2% &
100% tai. Do khi dung thém phu gia nano s& lam giam ma sat dan dén giam hiéu suat co hoc
va tang hiéu suat cd ich cua dong co.

- PO 6n cua dong co khi s dung chat boéi tron nano NG+15W/40 giam tir
17,4+21,4%(Db) ¢ 100% tai.

Cac két qua nghién ctu cho thay, viéc su dung phu gia nano trong dau boi tron hira hen
rat nhiéu trong viéc nang cao tinh niang kinh té ki thuat va do 6n ciia dong co diesel.

LOI CAM ON
Nghién ciru nay dugc tai trg bai Trudng DPai hoc Giao thong van tai trong dé tai ma sé
T2024-CK-005. Cam on Trung tam khoa hoc cdng nghé giao thong van tai Truong Pai hoc

Giao thong van tai da gitp d& tao diéu kién cho tac gia thuc nghiém cong trinh nghién ciu
nay tai phong thi nghiém dong co nha A10.
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