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Tribological Performance and Lubrication Mechanism of Carbon Microspheres
as Oil-based Lubricant Additive on Aluminum Alloy Substrate
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Abstract: A one-step green hydrothermal method was used to prepare carbon microspheres with size of 400-500 nm
by using glucose as the precursor compound. Morphologies and chemical properties of the carbon microspheres
were characterized by means of SEM and FTIR. Their tribological properties as the lubricant additive were evalu-
ated on aluminum-steel sliding contact by using a multi-functional friction and wear tester. The lubrication mecha-
nism was also discussed. The results indicate that the carbon microspheres possess good friction-reducing and an-
tiwear performance when they are used as the lubricant additive in both liquid paraffin and 0W-40 engine oil on
aluminum-on-steel pairs. Carbon microspheres may enter the contact region and prevent the direct contact of the
friction pair. At the same time, they may play a role as micro-nanospheres between the sliding contacts to provide
an excellent lubricating effect.
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Table 1 Compositions of 5052 aluminum alloy/wt%

Si Fe Cu

Mg Cr Mn Al

0.08 0.32 0.02

2.39 0.18 0.08

Balance
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Fig. 1 SEM image of carbon microspheres
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Fig. 2 FT-IR spectrum of carbon microspheres
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Fig. 3 Evolution of frictional coefficient with sliding time
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Fig. 4 Surface profiles across the wear scans
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Fig. 7 Surface profiles across the wear scans
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Fig. 9 Pictures of the contact area on ball-on-disk tester at different sliding speeds

E SR (B Ak 5 PS5 A K% Rl R 400 A 1) A e
% BEIREE N 0.35 mm. & 8(g) 1 8(h)45 HIAEHLI
RS IO BR R R B R 1 R T T 3, B R R G
W, HREE WL AL RN (98 95 B 40, B IR
B JE AN A 0.27 mm.
24 EHIBEMR

R TR N BIF T BB R 3 LB, S a6 i
BRAE A Al 6 5 6 A R A8 A T D0 4% 1 T B BBk
R P18 A A 0 e Al X ¥ IR A AT s e
BRI, SRWME 9 Frox. Hd, K 9a)FEor
PR AR I ik X PR 5, A 0 2 ok DX T AT
PRI IR U 5% 381 K HOPE R0 R BB BR o B 9(b) o
Shy B A 2 ) 7 A A G 32 B I Ak X S, B
TR R 41 26 O ik B3R KK BUZ B B, B T
fiukt DX 7 B A7 A8, K o ke BR A B N B2 Ml X 2 i
S8k Bzl rp o g AR LA R, AT D o ek
A DA 4 o e U i X o 3 e R % i) i X
1R AR Ak DA R % fi T DX A P K e R
Al DAR B, AR w AR, fom Bk aT DUEE N2 ik [X
& 3 VE

Bt A 6T S5 PR B v, PO B DX (1 44k 7
TR, V0 I A5 WA 4 i 114 [0 Bt A R 38 T
JE o AR X, BIE o) B4y, FTLAM R
G B R A BR e ok B ke Xt R B 2R R
RTER I BLG, SXAE S T S BR A 1 0 2ok 7 o 1
TN find DX 380 R K 1) 9B B BB 1

MR8 BB ER 1K) 1 53 P I3t LA S AT O RS S IR A 2R,

FRATTIA A TR BRAE B0 5 < UL PR AT O 32 202
H TR BR A B 512 A [X R T T AR 3 R 1), FARE AL
BWTHE 10 F£omo 78 MRFER IR R I/,
Tl SR RIURL AN JE % 1 B0 1 < il NI i X, T
IS, TR BRAE R A DN 11 A AN W Ml BB AT HE BRIt )

A 1R SN By N R IX SRS 5 . REA
i DX PR P R HE AR 2 i T 2 )7 A ) B 8,
FERs T Bl R e R L I R AL D0 TR BN EEHE, Wi B
RS, /N BE S

Steel ball

Substrate

K10 ek ML R R
Fig. 10 Schematic diagram of lubrication mechanism of car-
bon microspheres

3 g

1) 3 3 2 0 K B — oD % 15 B B B
HOKLARAE 400~500 nm 2 [i], SRHLSERERILIEAR,
SESUR I N SEUP R SR 7 B I 4

2) Tl BCR AT R BR 10 R 2 RN, A LA
VBLAAAT U AR R ML T S I R A R R B R
DL IS 00 9 RE T S A

3) ol TR R T IR A P ML BE AE 3 shid #E v
TR ER A\ fi DXl R 2 A 7 1 2 [ 7 A ) B
oy, BHLIE RS R 2 o) 1R A, RIS g U 2
AORIRERAE I, K sh e 2 R A AL M IR B0
JEERE, I BEAREE B, /N BB 451 o

S Hk:

[11 HEINZ A, HASZLER A, KEIDEL C, et al. Recent development in
aluminium alloys for aerospace applications. Materials Science
and Engineering: A, 2000, 280(1): 102-107.

[2] STARKE E A, STALEY J T. Application of modern aluminum al-
loys to aircraft. Progress in Aerospace Sciences, 1996, 32(2):

131-172.



630

F LM R 3

i EURPE

—
W

]

6]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

MILLER W S, ZHUANG L, BOTTEMA J, et al. Recent develop-
ment in aluminum alloys for the automotive industry. Materials
Science and Engineering: A, 2000, 280(1): 37-49.

LU P X, WEI D B, GUO C B, et al. Study on scanning micro-arc
oxidation technology applied to 2024 aluminum alloy. Journal of
Inorganic Materials, 2013, 28(4): 381-386.

YEZY,LIUD X, LICY, et al. Effect of sealing treatments on the
corrosion behavior of micro-arc oxidation coating on aluminum
alloy in acid NaCl solution. Journal of Inorganic Materials, 2015,
30(6): 627-632.

DWIVEDI D K. Adhesive wear behaviour of cast aluminium-silicon
alloys: overview. Materials & Design, 2010, 31(5): 2517-2531.
GHAZALI M J, RAINFORTH W M, JONES H. The wear of
wrought aluminium alloys under dry sliding conditions. Tribology
International, 2007, 40(2): 160-169.

DWIVEDI D K. Wear behaviour of cast hypereutectic aluminium
silicon alloys. Materials & design, 2006, 27(7): 610-616.

MEHTA D S, MASOOD S H, SONG W Q. Investigation of wear
properties of magnesium and aluminum alloys for automotive ap-
plications. Journal of Materials Processing Technology, 2004, 155:
1526-1531.

RODRIGUEZ J, POZA P, GARRIDO M A, et al. Dry sliding wear
behaviour of aluminium-lithium alloys reinforced with SiC parti-
cles. Wear, 2007, 262(3): 292-300.

LIU W, XIA Y, XUE Q. Effect of P-N type extreme pressure and
anti-wear additive on the friction and wear behaviour of aluminum-
steel sliding pair. Tribology, 2000, 20(5): 331-335.

LIUW M, HU Y H, HE Z M, et al. Friction and wear behaviour of
an Al-Si alloy against steel lubricated with N- and O-containing
organic compounds. Lubrication Science, 1998, 11(1): 37-49.

HU Y, LIU W. Tribological properties of alcohols as lubricating
additives for aluminum-on-steel contact. Wear, 1998, 218(2):
244-249.

XIAY, LIU W, XUE Q. Effect of several amide compounds as addi-
tives in liquid paraffin on friction and wear behavior of steel-steel
and steel-aluminum alloy systems. Tribology, 2002, 22(1): 40-43.
WAN Y, XUE Q, CAO L. Boundary lubrication of aluminum alloy
with Cl-containing antiwear and extreme pressure additives. \Wear,
1997, 208(1): 57-60.

WAN Y, XUE Q, LIU W. Tribological behavior of lubricating oil
additives in lubricated aluminum-on-steel contact. Wear, 1996,
196(1): 87-91.

WAN Y, XUE Q. An investigation of tribological properties of
P-containing AW and EP additives in lubricated aluminum-on-steel

contact. Acta Petrolei Sinica Petroleum Processing Section, 1996,

(18]

[19]

[20]

(21]

[22]

[23]

[25]

[26]

[27]

(28]

[29]

[30]

12: 108-114.

DAS S, BISWAS S K. Boundary lubricated tribology of an
aluminium-silicon alloy sliding against steel. Tribology Letters,
2004, 17(3): 623-628.

LIU X Q, ZHOU F, LIANG Y M, et al. Tribological performance
of phosphonium based ionic liquids for an aluminum-on-steel sys-
tem and opinions on lubrication mechanism. Wear, 2006, 261(10):
1174-1179.

QU J, BLAU P J, DAI S, et al. Tribological characteristics of alu-
minum alloys sliding against steel lubricated by ammonium and
imidazolium ionic liquids. Wear, 2009, 267(5): 1226-1231.

MU Z, ZHOU F, ZHANG S, et al. Effect of the functional groups
in ionic liquid molecules on the friction and wear behavior of alu-
minum alloy in lubricated aluminum-on-steel contact. Tribology
International, 2005, 38(8): 725-731.

JIMENEZ A E, BERMUDEZ M D, IGLESIAS P, et al.
1-N-alkyl-3-methylimidazolium ionic liquids as neat lubricants
and lubricant additives in steel-aluminium contacts. Wear, 2006,
260(7): 766-782.

HUANG H D, TU J P, GAN L P, et al. An investigation on tri-
bological properties of graphite nanosheets as oil additive. Wear,
2006, 261(2): 140-144.

NUNN N, MAHBOOBA Z, IVANOV M G, et al. Tribological
properties of polyalphaolefin oil modified with nanocarbon addi-
tives. Diamond and Related Materials, 2015, 54: 97—-102.

STONE V, NOWACK B, BAUN A, et al. Nanomaterials for envi-
ronmental studies: classification, reference material issues, and
strategies for physico-chemical characterization. Science of the
Total Environment, 2010, 408(7): 1745-1754.

CAI P, FENG L. Synthesis of hollow carbon spheres by one con-
venient method. Materials Chemistry and Physics, 2008, 108(1):
1-3.

SHI L, GU Y, CHEN L, et al. Synthesis of carbon hollow spheres
by a reaction of hexachlorobutadiene with sodium azide. Chemis-
try Letters, 2004, 33(5): 532-533.

SUN X M, LI Y D. Colloidal carbon spheres and their core/shell
structures with noble-metal nanoparticles. Angewandte Chemie
(International Edition), 2004, 43(5): 597-601.

ALAZEMI A A, ETACHERI V, DYSART A D, et al. Ultrasmooth
submicrometer carbon spheres as lubricant additives for friction
and wear reduction. ACS Applied Materials & Interfaces, 2015,
7(9): 5514-5521.

ST. DENNIS J E, JIN K, JOHN V T, et al. Carbon microspheres as
ball bearings in aqueous-based lubrication. ACS Applied Materials
& Interfaces, 2011, 3(7): 2215-2218.



