Material Sciences #1812, 2017, 7(3), 403-412 Hans X
Published Online May 2017 in Hans. http://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2017.73054

Investigation on the Friction-Wear
Properties and Tribological Microscopic
Mechanism of MoS: Films

Baoping Yang?, Yong XuelZ2, Bin Zhang?3*, Li Qiang?, Aimin Liang?

'School of Petrochemical Engineering, Lanzhou University of Technology, Lanzhou Gansu

*State Key Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics, Chinese Academy of Sciences,
Lanzhou Gansu

*State Key Laboratory of Mechanical Transmissions, Chongging University, Chongging

Email: ‘bzhang@licp.cas.cn

Received: May 12th, 2017; accepted: May 24th, 2017; published: May 27th, 2017

Abstract

MoS; has been widely used and thoroughly studied as a solid lubricant for a long time, but the re-
search on relationship of the structure evolution and frictional mechanism are seldomly reported.
In this paper, MoS: solid lubricating films were prepared on the surface of stainless steel by me-
chanical rubbing. Then we used GCr15, Al,03 and Si3N.4ball as couple pairs to investigate the fric-
tion and wear properties on a reciprocation tribo-tester (FMT-R4000), the loads for tests were 5 N
and 10 N. Field emission scanning electron microscopy (FE-SEM) and Raman spectroscopy revealed
the structure evolution of MoS; during the course of friction. Three-dimensional surface profiler
(MicroXAM-3D) was used to characterize the surface topography of wear tracks. The results indi-
cated that the friction coefficient of stainless steel was reduced by 80% (before coating ~0.5 and af-
ter coating ~0.1), and the wear volume was reduced by 18%, 35% when the load was 5 N and 10 N,
respectively. These excellent properties suggest that mechanical rubbing is an effective method for
solid lubricating film preparation. In addition, Raman spectroscopy also confirmed that the layered
peeling and interlayer low shear is the main reason to reduce friction and wear.
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MoSfEA—FpiENE I O 2 SR FRF 7T, {5 R Fo7E BEHE I 72 Hh 7 T AMOU 45 440 0 240 A BR 4R T3 S
IRADIIE . ASCHRAVBIERSG T RERFNERTE H £ T MoS, B /A HEE HEHER T 56Cr158k. AlL0;
BRANSIN IR BE BB M BE . R 3% R S04 ¥4 (FE-SEM) RTHL 2 %1%/ (LABRAM HR 800) 43 FII %1 8
RS B H AR BRI R R S AT RAE; RIS B EHRARYL(MFT-R4000). =4ARMRE
X (MicroXAM-3D) 4> FIRF 5L 7 AR EE R BB AR M RE T B IR B L . S5 R KR E=FMARXHMELM A&
FIMoS, BRI RIF B R, BERBEMRENERRELY80% LA (BREMP~0.5, BREE
u~0.1), [FIA RS PHNRTE B (5 NI FEK18%ES, 10 NI FEKR35%EA). DB REIEE
MoS, i JEAE BEHE 11 HI/EF T BRI R B A1 2 K BI V) 1 R RR B B R EE R A .
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1. 518

MoS, ¥ & FLAE Tt 4d 50 AR 2 AR [IARIEH 7. H. Heshmat 55 A [11A 75 BE4E A (1 1
WARAT N R R S, ARS8 . 1997 4E, R. Tenne %5 A\ [2]7# Nature #%iE T 450> MoS, Al WS,
[ BE 24T N AL, #3807 0.05 22 BRI BRI R A, IX PRI G U 25 SR AR BR 218 Bl 7 P VR B 0 RIS
{H & Thomas Heine % A [3]#] /1 Born-Oppenheimer 7> 73 /1A BT 72 K I, FEER M T, MoS, 44K
O RS AR o AT AR, BROIR MoS, HUE TR B 22, B SRR R A, R, kR
RUNIAE R R 2R3 Gehan A. J. Amaratunga 25 A [4]4538 7 —FP S & ¥k MoS, #i i, X Fh A [F T
& G DRI MoS, B, 7RI B2 (G ZE 45%0 R R 4K 0.01, H LRI MoS, I H A K1)
F o AT PEZCIR I MoS, BRIE 254 B AT B AP Ik 2548 1, BHIE T MoS, RUK IR B . 4K,
MoS, M EE 5 2 L 4 AR Wi 4R0E . Akira Miyamoto 25 A [5]3E T3 T3l 11248 78 T MoS, J2 ] 1 BE #52
SIG, GRS A AR R R 2 D Al P 2 PR AR BRI - B2 TR, AT TN Ay A 3 T LA B
JIFEARE] 1%. Moon J. Kim %5 A [6]1FI ] TEM JRALALEE T HIESE 1 MoS, d ki BEEAEOL, FEBT V) IER T,
MoS, dh A 2 IR R

SRRUE, MOS, TEAS [R5 1 1R BE 2 1k B ) V2 W9, (B  T-3 Tl TAESF R ) MoS, (1
T w5 P MoS, 8 R 145 5 A IR [7] [8] & B IR [Q1 A AHTAR[10] [11)% 5. R A7
T A TS 22 DR AR K AR A A, LK R TE R HES Ak 25 S DURRE BT DASRAS I =25 =5 11 Mo, T,
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R RAE R AR TSRS TR HL 772k B R A AR A, TR, AR SOMTTARIEAS 2K MosS, # iR %
T TOW AR AT

B L el B, A SCRAIWUAS 1 75 sCEEANE AN R T 1) 46 1 MoS, [ A T . XA ik e 3
SR e T AT EAE B R A A S B8 B —— FIW LB E F 905 s (FE P AR R Z TRT I MoS, B AR SR i L AR =
)15 MoSy A3 ARAET- 0 BT . HK, %7k % MR RE AR AT 1O DRI A R R A IO 45 s k. T HL
RART 2] 55 1 MOSy AN SEAF: i ] 5 AR A PR ), HLRATMESE, 3% POl RRAS L. SCEH
AR T MoS, #ifE 5 GCr15 Bk Al,Oy BRAI SigN, BREE Il (¥ BE i BE LAY, FEX AR T 5%
PFF BB LB HEAT T 4R

2. AR SRETZ*
2.1, REEBIE

) 4% T 2 B R AR AN AR AN L (40 mm x 20 mm x 1.7 mm) % P B/ 2. R RS T (60 min) BARR 25 H:
RIHMTG, FH NI T . ¥ MoS, B AR CE 2P CACEE N He 2 18], P PO AN Bk AT B ) 43 X B
(2 Min), 7& RO BB A MoS, (LI 1).

2.2. BIRHIRAE

K 3% % 5 4318 B85 (FE-SEM,  JSM-6701F, JEOL)K/» Hr i (R H 30 - FH BO6 Hr 8 6 gAY
(LABRAM HR 800) 73t i JE [ B 4 i), Horhhr SO0l UK K 532 nm (2.3 eV), N TR0 G
SRR LI R A RN, WOERE R S HIAE 0.5 MWem? . BEJR RS 5 B 45 A B el = 4k 26 1T 48 BT X
(MicroXAM-3D)ll & o 1R 1D JBE 452 B 451 fie P A0 42 QB8 2 B 5 i 30 WL (MFT-R4000) 2E 47 1F A o 300 £
)9 GCr15 k(s = 5 mm). AlLO;3k(s = 5 mm)Hl SisN, 3k(g = 5 mm), MR 244 5N 10N, EEHE
BN 5 mm, G RE A 240 mm/min,  IIRIEE N 40%~45%, IEE N EIR(25°C~28C).

3. &R5118
3.1. BELSYH

K 2() % th THUBAEHEAE 200 AEENER ] % ) MoS, ML R 3, MR ACESE—5, B
WESRASREmMIEELN 1 am, HJE R DU B IRKEORIZEH]). 5] 2(b)% T il 5 MoS, # ik
fohr & itk PR h SR — IR B RENIE S By Agg I TS UG AT 45 1) MOS, WEIBN 2 2 5E12]
[13] (PRAHBLZ 0TI 2.4 5). & 2(c)%a th 1 Pl 46 (9 MoS, #I ) XRD i B, Jrh i A fE 13 24
BLAIATHTIEEXT R F MoS, [#1(002) dh T, AT A AR5 il XRD % &I RT &0, FTiil %% MoS, HBAR AT i)
REFMBHEA B4 SRr k. BEAh, S RTHT MoSy K AHH LUA R A5 5 (002) i T X SN2 PO AT S g~ iy 9 18
m, R4 Hall-Scherrer 22 3[14]1 &1, FEE H1 T HIRSFLAELT MoS, SR RST A2/

pcosé 2_ 1Y (4esing

( 2 j _(B) +( A )
A, pONATH Y RS (rad), O NATRLRATAI A (), A 9 X B (nm), D Aa kR (nm), e v
Hem2E
32. hEiaE

¥ AR R 5 Tl b AR 2 5 S B AR 1R 45 0 (08 20T B, 3 AR i e 5 A
150 kg BEATIIR, FEAI G B 0 I IR AL G WIR R 2 2EBE MR Fr s RS R EUB DU 455 170
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Figure 1. Schematic showing the preparation of molybdenum disulfide film
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Figure 2. The SEM micrographs (a), Raman spectra (b) and XRD spectra (c) of MoS; films
2. MoS, BIEMREREN IR (), REXKiL(b)LAR XRD i&E(c)

HF1-HF6 2%, — Mokl HFL1-HF3 #f5 f2 T S FH ) 75 3R [15] 0 R F 82 v i) A kAR 2 36 10 R AR
PEMEYT, FRMEE(OLYMPUS BX53)ML 4 i i1 8k HIW 45 & 1 (&l 3(al)~(cl)). A3CH MoS, ik
55 201 NS & J1H 8 8 HFL 24, i 2 TS I FE Rk & 3(a)~(c)Fi K 3(al)~(c3) 7l /& 201 ANEh
X1 MoS, /201 ANEEANTE 150 kg 100 kg LA K 60 Kg I IR R B o % ELAF 7 R B0+ & WA sk,
WEATE IR EAR LT RA 21, H MoS, S RS FZ AN 201 ANFANR T30 m fE — 80 X R E
AT JE ST 201 AN ST AR T BB A K

T HE— P T £ MO, IS5 B8 P C R A R HAE FEE 1 9 T2 AR TS e, FRAT TS < NI T Sk 40 il 46
NEEHERCEIERHEAT T 150 kg IR SR . ] 4(a)~(c) R EE 4(al)~(c3) 433 A 201 REBAN AT MoS, /201
AEENKT GCr15 Bk ALOz BRFH SigN, BR T IR o XFEUi 7 &3, 598 GCrl5 k. Al,O3 BRI SigN,
BREAAFRIRELE, (FREMEZEA T, S0EMBILIEERELF—8 Fik, w7 RIHEN, eSS,
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Figure 3. The optical microscope photographs under Rockwell hardness tester, 201
stainless steel: (a) 150 Kg, (b) 100 Kg, (c) 60 Kg. MoS; films/201 stainless steel: (al)
150 Kg, (b1) 100 Kg, (c1) 60 Kg

3. EEMERRBR (€RNIAES), 201 TEHWERE: (a) 150 Kg, (b) 100Kg, (c)
60Kg; MoS, & A%/201 4548 (al) 150 Kg, (bl) 100 Kg, (cl) 60 Kg

Figure 4. The optical microscope photographs (150 Kg), 201 stainless steel: (a) GCr15
ball, (b) Al,O3 ball, (c) SisN, ball. MoS, films/201 stainless steel: (al) GCr15 ball, (b1)
Al,O; ball, (c) SisN,4 ball

B 4. EIEMERB A (150 Kg), 201 REE$NRME: (a) GCri5Ek, (b) Al,Osk, (c)
SigN,EK; MoS, Ef%/201 455 (al) GCr15 3%, (bl) ALOs¥k, (c1) SizN, Bk

R EERGS 201 ANEARAT MoS, #2001 ABEN SRR TE LT S, BT RRARR, A
A UL EEGE R R AR A FE TS ) BE R B 4

3.3. EEIEER

K 5(a) & 5(b)73 28 5 N F1 10 N B (1) R4 R 26 . A 5(a)rT %, 4%k far A 5 N B AU 854N 11
FEHERBLI N 05, FHHEBRABOAREE, FAEWNDKBRANY, RIEARRE WU H B 2 sh R
MIEAFNR IR — 2 MoS, Wil )G, FEEERBIHCE 0.1 /ida, [RINTEREE R EAe e, oM B ilG .
M S(D) RN, 43k 9 10 N AR AN 1 BE 2 52 50~0.5, HANRRE, fAER RAMIA I, AR I
RWENIG, T MoSY/ AN EERE R E S 5 N BHHEaL . BT DS H, EAFNRIER— 2
MoS, LA e % i 25 B AR TR AN 1T PR R (W7 1T u~0.5, IR )5 p~0.1). MIE 5(a). &l 5(b)i&n] 1
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Figure 5. Friction and wear properties of stainless steel and MoS,/stainless steel coating ((a) coefficient of
friction at 5 N, (b) coefficient of friction at 10 N, (c) average coefficient of friction, (d) wear rate))

B 5. TN MoS,/ RN EREIR AL (@) 5 N R ZEE. (b) 10 N FREEREK. (¢) FHER
RE. (d) Bm®mE)

A0, AEAH RIEAT SRAE T, AR B A BR R L ) BE 45 R O AN [F], X2 BT 25 MoS, #4882k &
)5, BRERIHI MoS, 7 1 /2 5 KRR I 12 2 = A JE L BE 4 ful,  BURTERERTH MoS, 7012 5 R e
(153 12 Z [AE ) 2 B2 FE G HE e AN B2 Ya iR A /) [5], I B i BUB R H 7% B BRR T 1K) MoS, B
Z, PAERNECH RIS, BRI RE N, BT HEREREBE A KN Seers > Saizos > Ssisna
(W1 8), PRIk, [F)— 3 far 254 AN [RIAA S5 XS A8 B 0t 2 1) B 4 R 0N Maens < Maios < Msisnas X455
Akira Miyamoto 2 A\ [SIfLFT 34518 — 8. X 5(a). B 5(b) T, [Fl—H Bt~ , BT Y
TP 35 R 2 AR AA 2R F (L 5(0)), KHEM 22 B e, S = A Sl s 7y, T ks
JIX G EEE R BRI, X A U 3 g 5 R R A AE ORI DG, DRIt s 0mr T 28 B HH B AR )
FEVEZAL, X — 45 RN A N T s R — 5 [16]

P 5(d)2y 201 ANEEANFTH LA S MOoS, {# 5/201 ANEFENTE A [FEIXT A (SisNg 3R ALO3 BRAll GCr15 ¥K). A
[F#AT(5 Ny 10 N)Z&AF R RIERIZE . I 5(d) T &N ATl 2 MoS, MU REBS A UPFMIREE 2, 17 HLA4R 0 i
o PGB B R R A IR AR R BRK BE P 8 MG o B 0L 100 2 B R RS B B FE A IB M AR 51k, s
KAFTEHREAN, ESCRA R/, BARTE IR AT (14] 4), GCr15 BRIEIR EAR0E /)N, fH & 75 BE i fE v
GCr15 Bk [ 5 25 5y i B TR ARG BE A, B B )38 KN JE 1 % MoS, 78 5 fr) BE 431

RN T 3 T BB 450 1 550 AR B 0] 415 ) B A3 IR 00 B TR RATRN T R BRI EE . 4] 6 {45 7 10N
Al N AR IR FIERTE MoS, WIS I S5 58 )58, Joib & 201 NEFANIE & MoS, /201 NEH, IR TS
AT B — 5 (SigNg) < (Al03) < (GCr15). HA2 & 7 J7R I 4EH0 R i 7m = Bl (B R BE R BE LT

408
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Figure 6. The 3D surface profile of wear tracks after friction (10 N)
[ 6. 10 N EE¥B /5 IR AL 3D RE4EER

()

b
4 GCrl5ball|  ALO, ball Si,N, ball 44 =
GCrl5ball | AlQ, ball Si,N, ball
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= S
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2 24
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Figure 7. The 2D cross-section surface profile of wear tracks after friction (10 N). (a) Stainless steel and (b)
MoS.,/stainless steel

[E 7. 10 N BEiEEERAL 2D BrEA5R: ((2) AEHW. (b) MoS/ R EEN)

B BB AR A R L AR A B Ak, BATBERT A 10 N R T BRI R R v 1
PR 2 AU P (L 8) T AR I AR e a %5(5 N R AR 3 A1 10 N — ).

3.4. BB (RB)HLH

N TRRELESFE MoS, SR IR PUBENLE], BRATRAE TG MoS, MR 2 i, &
9(a)~(c) ol i T HEEIY) MoS, IS LKA [F A o S  BR BE 4 5 (b 2ok 1, #ifiE MoS, I 7E~380
cmt, ~410 cm ! B HBL MoS, S, 73 BT BT MoS, 9 T PIARBIE R B AT T AMR SN IR Aqgq
[12] [13], BEHEJS MoS, M4 8 61EER T HIIL MoS, FFEE4r, #£~930 cm ™t BT H I MoOs L 1%
[17]0 Arg T EARILZ RIS R (5 B, 76— EFERE - MoO; [FIHFHE IR 5 MoS, HFAE VTR b (Imoos Ivos2) I B MoS,
FISEATERE, 18] 9 Wi EBAE R 1. mid 1 WA, ER—MBEIETS, B Em AW b,
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Figure 8. The optical microscope photographs of ball wear spot, before
coating: (a) GCrl15 ball, (b) Al,O; ball and (c) SisN, ball. After coating:
(al) GCr15 ball, (b1) Al,O5 ball and (c1) SisN,4 ball

8. 10 N #Hfa FEEECRITkHE B AFEMBLE, RBA: (a)
GCr15 ¥k, (b) AlLOsEk, (c) SisN,Ik; #&&EfE: (al) GCri5 ¥k, (bl)
AlLOs Bk, (cl) SisN, Bk

(a) Mo, Si,N, Ball (al) Si,N, Ball

Intensity (a.u.)
Intensity (a.u.)

(bD)

Intensity (a.u.)
Intensity (a.u.)

(c1) GCrl5 Ball

Intensity (a.u.)
Intensity (a.u.)

original sample

200 400 600 800 1000 300 350 400 450 500
Raman shift (cm™) Raman shift (cm™)

Figure 9. Raman spectra of MoS, films (SisN4 ball (a, al), Al,O3 ball (b, bl),
GGri5ball (c, c1))
9. ZERSEERIRISAIE(S SN, Fk(a, al). 5 AlLO; Fk(b, bl), 5

GGr15 Bk(c, cl))
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Table 1. The intensity ratio of MoOs and Alg (Imoos/l a1g)
= 1. MoO; $5{ElES MoS, B BIFHELE Ay 3BE L (Ineoa!lAtg)

Si3N4 A|203 GCr15
5N 0.405 0.322 0.45
10N 0.416 0.341

MoOj; FFIEIE 5 MoS, FEIF I 58 FE ELAR 3t 9, X2 T RAIIR T Oy, H0 BIAEEAETS MoS, AL AE Ak
MO0Og, il 8 A7 sk v JBE 458 S T il 52 T & MoS, Uik AR B M0oOg. 1X — 4518 5 Hahn %5 A [18] BTt 75 1)
MoS, 1 2 it 15 PR3 I R FH S 1 45 1B A

BT Eygn Agg M ERIK M B 5 [16] [19]. M 9(al) R 9(b1)ml AR H: (1) 5 EEARE A AR
I B BV 7 Bl 55 Agg BERUEAT B IR AE A, By VAT B 10 R A UM B (LR ) T Ang VAT B IR
BwmFe (EFe), [F—XHEZAE T EAT R B ., T GCr15 BRAERT BE 4™ 8, 75 10 N #4m7 2%
PFF BEHE 30 min B BEIR AL FEAEH MoS, /778, TR 9(cl)B/b 10 N Bt B bz & 5, wh O 1
BERESL 5 N Bl FIRE R B B N By RAELIRS . Ay RAEERIX—Ha%h; (2) SHMGREMAHELA
R BT Elpg M5 Agg BERIUERS R AL, [ X B A F R B MK TE AT 5, X5k 5
SunminRyu 45 A [19]45 5 — 5, BIBEH ZHIRA BNy RAELRS, T Ay R .

WRAEHL 2 RAE LS nT LATS AN BRI R . — D7 T KA EE T MoS, Ak A2 1 MoO3, 5 8 v A
R 5 —J7 T MoS, 52 Himk /b, k4515 2 18] AR A% PR, T2 i RS T OB E I, ELBIASREY
R BT (240 < 1) MoS, RFFAaREZL, T 1E FH R 3

4, g5ig

1) FIH MU 7 RAEAN BRI LRI % 7 MoS, [EAEE R, M, Gk Pk,
A B [ AV B8 D o) 5 57

2) 7% EE T GCr15 Bk, Al,O3 BRFN SigNy BRTE B ARACE 25 1F T 0T il & MoS, [ 14 i s B 152 25 45
PERESZIE, S5 R 75 =FAFEDHE A T BTl 25 1 MoS, WIS 0t R 4 (M Ve RS, PRk defilR
T ) BE 48 2R 502 80% /2 A5 (IR B T M~0.5, ¥R o p~0.1), [t A 250l A AN 4540 26 T B BE 451 (5 N I A4 18%
fiAi, 10 N B PG 35% 40 47) o

3) R T EEBAE IS MoS, BE M S R MHLE], Fod AT T2 1007 2 e % DL L T2
(1977 ) LA A v P it P REE FEE T MoS, B (R e (P v VR R . i 7K ERBE 705 1T EE H I AR Mo, 2 £50s /)
PLA MoS, S LA i MoO3, 152 (RIS R @M, T2 # i i g Hjgb S &S T 1R F 2R 28

S
TR EE PR K 22 WL AL 2l [ 58 S 56 = T O 8 (SKLMT-KFKT-201402) ,  [E 2 5 28 Bl i 4

(51205383), Hifi AR %54 (1501RIZA012), FEEIERE “FEEiz ", HEEERE “ HHERES”
(2017459) 1 ¥
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