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Exploration on Hybrid Lubricating Behavior of Znic Perrhenate in a Wide

Temperature Range
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ang 110016)

Abstract: The zinc perrhenate used as oil additive was synthesized via aqua—solution method in this study,
and was dispersed into poly afar olefins (PAO) with surface—active agents. Its tribological properties were ex-
amined by MMW ~10 four-ball tester and UMT-2M testing machine. Additionally, investigations were per-
formed using X-ray diffraction (XRD), scanning electron microscope (SEM) and X-ray photoelectron spec-
troscope (XPS) to explain the possible mechanism of antifriction behaviors. The four—ball test results show
that compared to the base oil, the friction coefficient and wear scar diameter (WSD) of oil with 0. 5% znic per-
rhenate additive are reduced by 13. 3% and 16. 8%, suggesting the znic perrhenate additive can improve the
lubricating property of the base oil under four—ball test condition. Frictional tests in wide temperature range sug-
gested that oil containing znic perrhenate additive exhibits better friction - reducing performance during the elevated
temperature process due to its intrinsic shear susceptible property and crystalline change under high temperature con-

dition, which can form a protective layer with some native oxides of the disc sample, thus friction is reduced.

Key words: znic perrhenate; additive; wide temperature range; friction—reducing
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Table 1 Physical properties of base oil (PAO)

Properties Value
Viscosity (mm®/s, 40 C) 46. 30
Viscosity (mm?*/s, 100 C) 7.74
Flash point/ C 274
Viscosity index 136

1.2 EERE
1.2.1 POERIRE:

FH MMW =10 Py 35k 58 422 B85 45 12X 35 471 53 591 I 3k
Al 108 96 e AN A TR 3 0.5 00 1Y R R R B i T
TMEEE 24T 0 . B AR Bk R il AR N GCrl5, B A%
Jy12.7 mm, il 64 ~66HRC, I &2
W R bR GB/3142-82, F#li#% 58 1 450 r/min,
1E 392 N gk faf F L0 30 min, i KR b=
M. BAHRREL 3 AR E HLIC % i EE 5
PRI B D R 2o O 27 W 0 T A5 1) S B AR O
AN TR] v A 9 # PERE . ORI FET INSPECT -F50
T4 4 L B (SEMD W 22 85 BETE 511
1.2.2 SEREEY AR

£ UMT-2M JEE 822000 AL b B 5% = Bk 1R 4
TS0 R0 e U EE AT ko SR K/ 4 X 1R ] W B
FEE R 5 2, B A i e R Y EE R 2
SiN, &R (EH 4 4 mm, ##F 720 ~880 HV,
Ra 3 0. 02 pm) Fl GH4169 B 5 25 14 4 4 (5%
JCE M &4 Bl C<<0. 08%, Co<<1. 0%,
2.8%~3.3% Mo, 0.3% ~0.7%Al, 0.75% ~
0.15%Ti, 17%~21%Cr, 50~55%Ni, Fe &8,
REER SR @ 50 mm X 3. 9 mm., i3 5§ 32 18 £ 55
WFE 4 ' Ak RS PN RS vk . Ao 2 N i
y37.70 mm/s, KA T R & E R
22.200,350,450 F1 600 C , 43 5l hn 2 A 2l il
TR A B BRI RN ISR &, 64T 8 min EE 5
58 CFE g — Uk B2 0 463 17 P 3800 kb 56—



%5

EREF: kR SRR NER 47

S Yl ELAE 1 A R v ] s o
FIF FEI INSPECT-F50 B4 4 £, 455 (SEMD |
ESCALAB250 i 43 #1 {X (XPS) il 2206B 2 1fi
FERE 2 56 B ASOR A [m] a8 30 Uk B2 A% 10 1 7 AR 1
JRRMIEH TR M DL S IR 98 B2 AT 5017

2 ZHR5WiE

2.1 HEEMBERIE

KV B IR AT B 45 57 XRD %
WA . g5 R R G B0 Y EAHE R d
fH 5t Ui PDF R i (83-0331) W i) o fH |+ 43 4%
i&Tu FE T ELA W B A K R R

B AR Ry = RIA5 ) AR T SR iE R
25 S0 3 R AT R H T R K
WA Bk SR ER B A O AN 58 4 AR TR
MmHAEZE TIPS %2 LERE K.

W v PR IR B By AR A R U AE AT T R R Y A
m e B AEFER R T I AT AL W 2. &
B E TR ZE R A AP BR G AR AR K K H

¥ Zn(ReO,),4H,0
y o Zn(ReO,),

Relatively intensity / (a.u.)

JM

10 20 30 40 50 60 70 80 90
20/(°)

K1 &om Y XRD K g
Fig. 1 XRD patterns of the synthesized perrhenate
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Fig. 2 SEM morphology of synthesized perrhenates
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Fig. 7 SEM morphologies of wear scars lubricated with pure base oil at different temperatures

YR

p g

(2)350 °C

(b) 450 C

=

-~ ‘ 50 um

(c) 600 C

8 RIFNEEE T4 0.5% Zn(ReO,), ¥ M5 Il & 18 ¥ 8 488 1) 04 B JR A9 SEMLJE 41
Fig. 8 SEM morphologies of wear scars lubricated by PAO containing 0. 5% Zn(Re(Q,), at different temperatures

2.3.3 JEIRIEE M

P L O R AT sy k5 I 3k 0 e ) B O B
TE 350,450 F1 600 C B35~ 297,323 Fi1 302 pms;
B 0.5 V0 1o BR IR BV N e T ) B R B T
350,450 F1 600 CH}4r5%]k 285,293 Fi1 268 pm,
T B IR B 3 5 B R 3R T S M AR T A % D) G
F L PIRT DU B PR IR B 75 =y e B 4 ik B 4R
B F AT AT KRG 2 T B M 2R T U0 B R R
THT A PR A8 TV o i 5 91 3% 1T B 0 Ok 3 R ) e 2
& AR
2.3.4  Z5K5HT

T SRR T TR R AT A o I U AR R
IR R S A D T 9 ) A Y R A R T Y U R
AT B A ) AR R B I R Y A B D5 B I IR
Ao BB R0 R R M, Peterson Al
FLA I VR 0 S A 0 s AR ELA A
JE A SRR £ R G R I AR Y A
Py, FLBE R BB SCMRC14 148 11, = Bk IR 4

600
1 PAO

E s00f PAO_0.5% Zn(ReO,),
°

Z 400

o

on

£ 300r

o

2

S 200+

=

)

2 100f

0 1 N 1 1
300 350 400 450 500 550 600 650

Temperature / C

B9 AN TR IR BE TR 8 eh AN [ 31 3 70) 1 96 19 B I B8
Fig. 9 The values of width of worn groove with differ-

ent lubricants at different temperatures

R AR A R 701 C DR Ut g R R o B IR T
JEE ARG » LB 2 S0 38 1) T o i BE 0 R . e A
e PR IR P HG AR T Al I A% 1) M A A
TR W =R . O T RE— RS R B



50 2 EH X W L E

2014 4F

FRBETE 600 C YU EE AL I o BF =i BRIR BEAE 600 C
PRI 10 min, XF R IR > 91247 XRD 434, W&l 10
Fis. 5 R £, L E M XRD B3 5 89 -
6942PDF R HA —Z, W] m SRR B 7E 600 C B

aZn(Re0,),
7 ¥ Zn(Re0,),-4H,0

Relative intensity / (a.u.)

10 20 30 40 50 60 70 80 90
26/(°)
K 10 ®ekBE%er 600 CAEYE 10 min XRD &%
Fig. 10 XRD patterns of Zn(ReO, ), with insulation for 10
min at 600 C

1021.90 ev\#\\ 02y,
| 1 Zn2p, ,
I
1
JE A
s \ / \ 600 C
2 J i L e
= f \ T P
@ Ny ST
2 |to21.71eV [\ Zn2p,, Zn2p,,
— 450 C
1 021816V 719, 00y 10
1010 1020 1030 1 040 1050 1 060
Binding energy / eV
(a) Zn2p
710.70 eV {e2p3,z mzw 600 C
o R
Wit
[7e]
5 /
b A
>
37 710.60 eV =, Fe2p,, F€2Pin 450
3
=i
=
71687 ev—a,_Fe2p;,  FE2P, 350
W

690 700 710 720 730 740 750
Binding energy / eV
(c) Fe2p

R YR AR | Hy RS R B AR R B HE S T A A
H el T afill. b TRHAN I At 5 =R 451
S YY) PRI 4 v R R B S 0 7R il T
JEIERIE 600 C #5350 F 450 'C B Ay JBE 488 R K
fi%. WA AE R4 AR b, R T A R A O AR p
A B JEE 5 RN T ) 1 3 [ 1 R A6 B R 6 T ) L
JE 4w TR R e 600 CHE, &l A 4
P 23 B 2 0 AR Y - LR ER B K K 2 B
R EE T S A5 O BT R TR G W B TR A R
T 5G4 B A S St R s E 2 A
R T B R R () P L
2.3.5  JEIRRM ST MM A

B11 25 8 7 4 5 A [a) i BE 4500 R B R R 1
Zn2p.Ni2p,Fe2p fl Ols i% 4 Fhoc % i XPS &
. LA 600 CEEJRR M A6, Ols 455 Ref T
530.52 eV &b X N F i BRER BE A 0 % s Zn2p
FIEA; T 1 021,90 eV, Xt T +2 M LS 1

55.26 eV — 5 0 600 °C
8 € (M Ni2p,, Ni2p, , e
" Ao
/ ™ oy
V'w/ W vl
Al
855.34eV T

Ni2p,, Ni2p,, 450 °C

Intensity / CPS

Ni2p,,, Ni2p, , 350 °C

855.26 eV

840 850 860 870 880 890
Binding energy / eV

(b) Ni2p
530.52 eV ~_ 0l
/ S
/N
) / A 600 C

—

—— Ols

530.12 eV
450 °C
53058 vy 218
350 C

524 526 528 530 532 534 536 538 540
Binding energy / eV
(d) Ols

Intensity / CPS

F11 AN BE 28 0. 500 2 e BRI B WS I 700 i it 108 ¥ 1) 5 R 8 T JLFR JC 3R XPS [&T 3%

Fig. 11 XPS spectra of some elements on the worn disc surfaces lubricated with oil containing 0.5% Zn(ReO,), at

different temperatures



%5

EREF: kR SRR NER 51

Ni2p g A7 F 855. 26 eV, ¥ I T Ni 1y & L
Fe2p W&A; T 710. 70 eV X T Fe, Oy, A W, , B
JRE 3R T DAL PE 22 1) T8 I R 45 5 R b AR N A
X)ZWE R SR G ST R N H AR,
WAHBSRREF TR ENTEEEL RS BT
0 T R A5 ) R R R R AR D AS T 1 B R s
o D B 22 A A R 45 T T 4 R SR
2.3.6 XWEHEAYEFENITS

I A R R ] DA AR W e R R B A R T B
Xof T AR AV JEE 4 1) 1) P 4 DR BSOS 2 A L X R AL
NFE 600 CHIMAI I AR, XKEHEHALY
A S i 8 500 R AF 58 2R WD AT LA A 1 B S
SR BEYY . Erdemir 18 3 &5 R 1k & 07 B R B
TR AR W AE (Ul B RE A5 A R IR 48 DR 4R
PR 32 BEAE T 3X 28 SR A ) 2 H P R B8 3R 25 3
KB AL . — 7 18 . B 2 SR AL 4
TR K, B 7 BB B 4 1 B i PR i 1L OF
it BH 85 55 Ll 30 A% BH 25 1] 9 28 B A FH 805
PRI S 7 3 2o R s U4 Ak 4 2 AV 17 A R B
Y135 05 —J5 . B WAL & T 2R, E
AT B Ak & 9 I e P 1S o . X R AR 8 1Y
A& AT DA JEE 458 R 2 T 9 0 5 | 0 55 B R I e
A2 fi TET V) 1 BEE 3 T BT AR AR P 458 R 50 S 45
. T, ZnO B FHN 1.4, Re, O; 18T
Py 12,5, 7] DL R AR AL B R R EOR AR
# Erdemir 2 1 S Zn(ReO,), HALETY])
SERJBE P JB T LA DR ORI 4 R AH AT

3 & g

(1) R B IR EF TS 0 7 n] LAAG 2500 B8 e 5 Ak vl
PAO WU W8 BE T, ot 392 N /A0 F & T &
A3 EL 0.5 Y6 e R TR A T T 20 0 il e PR R DR BT
W 13. 3% . BEBE B A2/ 16. 8%, 3 ] Lok 3% 49
RS BE 2% A1 1) BE IR L

(2) o Bk I S AN Jon ) 81 G Jo 2 L o o 2 T v
R VAR d PAO B BT i i TSR

(3) A B BRERBEAE i S B m ), 5 PAO
S C T DL S IR 2% e i R L 3k 38 9 T R A Ak
HHEHK,

2% Uik

(1] XUZ%. BB U B R O B (M. Jbat. W AR 2

Hi R, 1993,

(2] WEMEEL. BB ZE. w0 5T Y R 2 R R H
(1. PEHR2E2R . 1999, 19(1): 91-96.

[3] Peterson M B, Calabrese SJ, Li S Z, et al. Friction of al-
loys at high temperature [J]. Journal of Materials Science
&.Technology, 1994, 10(5): 313-316.

(4] BRG o, 2s0g, mh o 45, B FR4H R 0 1 VAR S Tk B i
B AR IE ST (1], BEEE2E2A4R, 2001, 21(2): 114-117.

[5] YePP, Jiang X X, LiS, et al. Preparation of NiMoQ. S, nan-
oparticle and investigation of its tribological behavior as additive
in lubricating oils [J]. Wear, 2002, 253; 572-575.

[6] Peterson M B, Calabrese S J, Stupp B. Lubrication with
naturally occuring doube oxide films [R]. Maryland; Wear
Sciences Corporation, 1982.

[7] Murray S F, Calabrese S J. Effect of solid lubricants on
low speed sliding behavior of silicon nitride at temperatures
to 800 C [J]. Lubricating Engineering, 1993, 49 (12);
955-964.

[8] Stone D, Liu J, Singh D P, et al. Layered atomic struc-
tures of double oxides for low shear strength at high tem-
peratures [J]. Scripta Mater, 2010, 62; 735-738.

[9] Varfolomeev M B, Zemenkova A N, Chrustalev V N, et
al. Crystal structure of copper perrhenate tetrahydrate, Cu
(ReOy)» « 4H,0O [J]. Journal of Alloys and Compounds,
1994, 215 339-342.

[10] RBSE/. AU, Al 4. SRR Bk i ¥ 47 O A i
BISC R [T]. PEAGEEEMR, 1995, 5(3): 115-118.

C11D XUbkobk, 408, UBH. A 55 R (3 5 BR IR 6 19 i L 08 E A7
N (1] B2, 2010, 30(6): 554-560.

[12] Smith W T, Maxwell G E. The salts of perrhenic acid
(Il : the iron family and manganese [J]. Journal of the
American Chemical Society, 1949, 71(2).: 578-580.

(18] E#rde, wAu, Sl p, 5. B IR AT o IR 08 45 1 04 BF
g% ()], FEGES2AR . 1992, 12(1) . 81-87.

[14] Smith W T, Maxwell G E. The salts of perrhenic acid (V]):
the group II cations, copper(II) and lead(1I) [J]. Journal of
the American Chemical Society, 1951, 73: 658—-660.

[15] Sliney H E, Solid lubricant materials for high temperatures—a
review [ J]. Tribology International, 1982, 13 303-315.

[167] Erdemir A. A crystal—chemical approach to lubrication by solid

oxides [J]. Tribology Letters, 2000, 8(2/3): 97-102.

fEF Mk : O T WY X S 72 5
Hh [ B2 e 4 R WE 7 B & A RE S S B 5 AT
Tel: (024) 2397 1775

110016

E-mail: jhwanglOb@imr. ac. cn

GUL g4 PR





