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The Research Status and Prospect of Synthetic Lubricating Qils
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Abstract: With the development of science and technology, lubricants with long service life, good degradability, high
thermo — stability and ultra — low temperature properties are required in order to meet the demand for harsh working
conditions. Meanwhile, the lubricants should have good comprehensive properties which mineral oils can not be possessed.
Thus, the synthetic oils play more and more important role in modern industries. The properties, compositions and
molecular structures of synthetic oils can be devised according to the requirements. Compared with mineral oils, the synthetic
oils have good viscosity — temperature behaviour, good antioxidation, high thermo stability, good radio — resistance and good
lubricating properties. In this paper, the preparation method and the properties of some synthetic oils were introduced.
Furthermore, the research status and prospect of synthetic oils were also discussed.

Key words: synthetic oils, synthetic hydrocarbon, ester oils, perfluoroalkylpolyethers, silicone oils, research status and

prospect

Wit Al PR i e LA R ABE ALY H 45
&M, X 4 50 B 6 PR RE i AT T RETE S 1
i R W R A AR EOI0TE: 2 T T Y 2R ok
RS, A G ) A i 1 2 2 AR AR 2 ik 85T %)

AR AT, i T ) RE T 3k (A ] A R R
B 14 A 9y K A A 8 H AT e 9 A 0 5 PR 5 15 e 4
XUEE s 7. A BT 9 0 T $ A T SR A7 0 54
BZE A A RE R REBETT , DT 1 A2 AN [ B85 T2 50

Received 12 November 2012 ,revised 25 November 2012, accepted 10 December 2012, available online 28 January 2013.
# Corresponding author. E —mail: wmliu@ licp. cas. cn ,Tel: + 86 —931 —4968166.
The project was supported by the National Key Basic Research Program of China (973) (2013CB632301).

I 5 B A TS A LI T H (973) (2013CB632301 ).



92 FE PR 2

$33 &

AR P 5K - 5 W R T Qi A L, 5 el e it e
A RIFHIGHE S5 R TERE , SRR LUK,
HOFAY Wl SN E R N IR NI SYIURTE R E AN
SEOE A AR A 41 LA [ M2 B0 5 5 BT
TRIE [ A AT TE BRAR, I X5F 45 Bl e T i 189 AR A A
RS IAT TIHE R,

1 &RREIEREHR

B I W B AT e i o S A Y
PERE, EEAREER o - Mke (PAO Sl Fike ki
s
1.1 PAO &Rl
L.1.1 PAO & pliih i 4 R fi ol

B TR S B TF R 1. 1931 4F 3¢
[\ Sullivan S5 B 1 PAO & pll. JLF-7E R —
1,8 E N Zom WA BL T 5 Sullivan AH [F] ) i £ &
IR 7 ik DN 1939 AT iy, 4 T RV FH A1 5 2R A
P2 o - ke PAO 4 i, i IE] DA fig ke
JONE VR ek e AL B T PAO & B S
YA EERA U 235 TERE , £ XS PAO fYBIFSE
R 1951 4F I A1l 22 7] (Gulf Ol Co) B

il & T —Fh R PE o« — I8 6 B0 W . 1960 47, 3¢
FAMA RN ERES THABIES EFMERN o -
IR AL AR, 1961 4F 52 LS |l A T
O HE=E =5/ AL ER 2 A AL ) il & PAO
A s (B T T ] 45 19 PAO S 3 3 g AR 1 iy, B
MAFEZNHTFZEE T, J53 20 tia 80 R,
Bl T S R 0 K S R H AR i 25, PAO
T A I R AR A A AL . F. B W, Be g 4k 7
PAO WA IR Z AHAUA 7 A A vl g A 7 4
ZhEE R PAO 7= ;.

H e il & i b, EANS A\ E 8 2
FRIEMS o — B30, P ML 57 A & 1 A
5 BA R F FALPEAE R PAO JEREH . 1T o - 28
I Al R ey ARSI SOk B &, AR T
Fa A, PR Sk B AL T P S 247 iR 2R
BIEPTHIAS PAO 7= 0, EE R T E0R .
MR PERELF R T E M . R LN
EUAMIRZEE RS PAO 5 T 254 ) FE it 9 9 P Jo X6}
F AT AR, S YA He, PAO B S A
AR IEL SRR A 22 58 PEAF RO 25 FESEBRA 7 o,
AT DA R AR o 4 1 g -1 o A AR A AN R B

F1 PAOs SHAEF: R A ¥ B A i Aot Fxt bt

Table 1 Comparison of PAOs and class Il mineral base oils"’

. 4 mm?/s 6 mm’/s 8 mm?>/s
Specification - - - - - -
PAO4 Mineral oil PAO6 Mineral oil PAOS8 Mineral oil
100 °C viscosity/ (mm? » s~ 1) 4.61 4.62 5.92 6.00 7.86 7.76
Viscosity index 131 129 139 133 138 129
Pour point/C < -66 -24 -54 -21 —-48 -21
Dynamic viscosity /(mPa - s)
-30 C 1 000 1700 2 260 4 000 4 800 8 760
-40 C 3 400 151 000 6 500 freezen 16 200 freezen
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Fig.1 Typical structures in manufactured
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Table 2 The properties of diester with different molecules
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N Molecular Molecular Oxygen Viscosity/ (mm? + s 1) Viscosity Pour
ame structure weight atom number 40 °C 100 °C index point/°C
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(0]
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Table 3 The decomposition
ratio of different ester oils(260 °C,100 h,air)

Name Decomposition rate/ %
2,2,4 — methyl —1,3 Pentane 32
pelargonic ester
Trimethylolpropane octylic ester 5.3
Trimethylolpropane pelargonic ester 4.8
Pentaerythritol pelargonic ester 3.3
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Table 4 Types and molecular formula of PFPE

Type Molecular formula
Demnum CF;—CF,—CF,—0( CF,—CF,—CF,—0) ,,CF,CF;
|
Krytox CF;—CF,—CF,—0( (‘:—CF3—O) nCF,—CF5
CF;
|
Fomblin Y CF;—0—(0—CF;—0)57—0(CF,—0)—CF; m/n=40/1
|
Fomblin Z CF;—0—(CF,—CF,—0)5—(CF,—0),CF; m/n=2/3
x5 JLFEE PFPE p¥ B /R
Table 5 The properties of some types of PFPE
Properties Demnum S200 Fomblin 725 Krytox 16256 Krytox 143AC
Molecular weight 8 400 9 500 11 000 6 250
Kinematic viscosity 20 °C / ¢St 500 255 2717 800
Viscosity index 210 355 - 134
Pour point/°C -53 -66 -15 -35
Density 20 °C / (kg + m %) 1894 1851 1920 1900
Surface tension 20 °C / (dyne - cm ') 19 25 19 19
Vapour pressure 20 °C/Pa 1.3x10°% 3.9x10°1° 4x107"12 2.7x10°¢
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TR AR 2 R ARG LA AP 0TFE
B FIAFE M 5. %) PFPE I A8 22 Rk i A 98 0 i
FE52 |57 SR R E T R BRI TR T
1. Kono 256 1T HLAF 7N [ 43 1 1283 g
PFPE [WBY VI ZE B 5 sh AR i, RIS I B2 S5
B AR AR AL 5 AT i B U G (A 2 4y i
HR B —E R Y )R 5 3 SRR AR LB,
B AT A7 AR I AR, Jiang 2620 R FHAE V-5 43 1
BRI AT T P AN ead TR [ 8 A ) e B
PFPE [¥)7%h 5 A 5th T4 155 8] , 17 ELXE B AR R MOk 2 1)

PFPE [ A8 2 #0647 T 40 B0 BFSE . Hyoung J Choi
28 TR AR AT SR 1 7R [ S0 2 11 42 ] PFPE
(I EE R AFEAS T A AP, & L B N 43 R
SN R AR R [R5 s B v e S
JEYE2EPEREIEA T T RHK.

T [ 5 [E SME PEPE 3838 il 11 ) 4 B B9 07 T
AAE—E 2200, BT, BN S A6 5 2% 08 W il 7 T
WA T IR T2, LHP= Sk e AR w5 5 1M
WAL A EAACTE T A B RE WS UEAT /AL & A2 7=
Ho= e 5 E AN R 28 77 5 A0 Ee A 25 8. R A
SEZ TN, FEE B TR R S TS
[ AN 22 BRI B (A, ] P R B %o 22 1 T i
F 107 JFF R 0 R A B 58 LA
1.4.3 S Rk E 20

AT R B UL BRI RS R 28
RN R AR S AN A AE — SRR IR U A A



1 VAR, %+ 2L O B BRI 4 99
EEMMER Ak iy SR VR RE 22 , S T X A JEE A A S T 5

TR LR, E S Tl b BAT )32 B9
AT AT T K 2 SR B I AR AL A )
REMIGFE W] AT R SRk AR
SUE BRI 5% 3 T E URMEE R RN
PR IRTT JEURE AR i 326 I R A B % RUATL
FRh R AL DA B R A I T S TR
PUE MR 2 52 (T W, AT S S A ki P o, D
D YEG TAER.

AR BRI P e RS M T R e v A
i fiE ) SR L BRIV E A2 MR T K
T A, PR e AR A PS8 T Tz N
FEHL Tl 5 T3S T i an 45 88 il ) Ak 25
TURURI B -1 A S & AR S A 7 L 2 B
FLAS ST 5 7E f S Tlk R RV TR F SR 56 o
LR B Al R T 5 6 AT b 2 B ek AR ) AR 34
Birp, 2 URBEATVE 45 Fh B2 5, R4 AL AR ] i)
T 7).

B LA A, 4 U R EkA H TR it A2 L
Mr HUBE CARSE T, B B R T A e SRR
PEREAF A BEAE VE 228 HOR B, X T il i) 225K
AT Z X A XF PFPE M 32 B 71 = R R
P K K i R
1.5 RiE&Ehk
1.5.1 REERLEH O

BrEALE— R UEE N Si—0 ol 3 4%, ik
JRF P EEEEAIEAN RS, Him ol
[R,Si0, _,, ], 3 RARFA HWLIEAL, qnH 3% 2R3
Fin HEEIR T LM AVEERSHE (1 ~3 Z
[E]) sm TG RE (m AN 2) . AR B A A e
o ik vt s SR Ak k.

FEMEA 10T A ERE . O B = R R
fig, g Ak 2] - 70 C AR, AR 2l LA
=90 CLAT, 1M #4470 fiff il B2 m =5 F 300 °C; @ R 4F
(R4 ; @5 PFPE 1 PAO AH I W A 2% 5
@ fRFRiH 5K ST s @A P B SR M © R AP 4t
K .

1.5.2  ReEALEINITEIE R

RRE Rt i AT B Tl AR FH A g 1 771
Z— T HAEA - R0 Eee, R s ZiEH.
{H TR R e R 25, SRR T A Ay i i 7
PSR4 H 1 . 20 22 40 AEAR A, 55 K
DC —4 fERE FE QALK R GE 0 % B 500, Bkl
AV RV e S . 2 e A VI Y S S 2

JE PR T AN . AN WS4 TR, 2 AE e 1
s Lt AN Sl R NG A - - 9 ]
AT R A 2 T RS B e, SRR A i
RLPERE. 20 fih4 50 4R, 5[ GE 287 A 177
Ji-Sk F = 50 3148 195 25K v B S 7% R T
F9 PP DO SRR, )2 P T2 R 2 R B
fef EE T L S ,20 40 60 4 AR B % i
SIS R SIBLEN S , T4 58 T YL R I T, XA 2
I T PO 285 L P RV 2 3L A R St 2 1 1 Bl
SR, R LS A AR RE A IRIR P AE A
YIS S SATLAC G T T A Rt > —.

Y SR 9 B P 1 S A SRR L 2 e
T PP R P R g o P R S SRR I 5. B
R AT = YR AR A3 4, 20 22 30 4FAR
B B AR E A T Ll & B 1 7). ) Martin Gil
SRR T v Al B S R I B BT O, Tl i DSC
MR FWITE —43 ~ —36 C 2 [0 — 35 %
g, DL S FE 408 ~432 °C 2 ] il #0406 5256 3 B
T T ) TR 240 SR P A, A A A
FE GO — H S B i A O S O B
P (ER TR B v 8 B R A0 P 38 22 X LB IR A v 4
H—E AR R B R 5T ) e
P ER 5 40 Tk 0 BB R SR B AR 20 T 0 A 4
Bt AE = B D) 38T 525 5 B (I R WL 286

e [ A HUREN M R BB IE TAELA T 20 {42 50
SERRAR, BEETT IR T LRk . YRty Y
i il Y R R o ol R TR R S A BF AT SR
A0TSR PR 2% S5 T B R SO 4 R L P
T P R 0 L 3 U v 1 o A R
WFFEHEREIEAT T MR, 48 H 45 B Ak e o i
JR B B R TP LR © A BFAE f ,, IR,
] 2 TR A TR BB 08 B A i A FR O 97 1) 2
A, AN Y L B 4. 20 {40 70 4EAR, O T
S 2 U T T 0 A ARG 2 T e AR 9 e S
R, 22N BT R 4 T — Rl R S G S e
PR AALEAG U0 5 9 B IR 2 ]I 8 EAT BT
F9 308 VB B, HE T T4 8 4 4 BE L 1
1. a1 ik B RE GOR B Y 72 5/ A EE 45 1) L
T P RS A P TR, A ] ST AR 17 Y 8 == g P
SRS REM R AU T R AR BRI PERE, )
UL T T 10 0/ 490 R 4 ) g 0 700 R 4
TR R G S (CPSO) M i = G 2 G
(FCPSO) fikith 5 % (X - 1P) K 4> 95 SR ik ( PFPE)



100 FE PR

2L
=

2L
=

#H $33 &

TEARTF A 0F T B DU BREE A2 2R, W] LA, &5 91
SEARIER LN REAS 1 Sl A0S /00 2 J85 ) 11 P 43

12 F
392 N, After 5 min ‘\\

08
g
£
[=)
E:

0.4 ] .

0.0

X-1p PFPE FCPSO CPSO
Lubricants
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Fig.5 Molecular structure of some ionic liquid lubricants
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