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Research progress of high-temperature tribological
properties of silver-containing hard coatings
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(National Key Laboratory for Remanufacturing, Academy of Armored Forces Engineering, Beijing 100072, China)

Abstract: Silver as noble metal is a reliable solid lubricant usually used in the hard and protective coatings of key
mechanical components to improve their tribological properties. Recently, the wide applications of silver-containing hard
coatings in elevated temperature are accelerated strongly by the further development of aerospace industrial, especially.
The element silver contained in hard coatings functions in the form of simple substance of Ag and Ag-based binary
transition metal oxides (i.e. AgTM,O,). The main focus is on the high temperature self-lubricating mechanisms of simple
substance of Ag and/or AgTM,0, when they are doped or oxidized in hard coatings. The excellent synergism between
solid lubricants of simple substance of Ag and/or AgTM,O, and other lubricant components was analyzed. Then, several
desirable characteristics of Ag element contained in hard coatings (faster diffusion rate, superior thermal and chemical
stability and weaker Ag-O bond) were summed up when the coatings were under the condition of high temperature
friction and wear testing. At last, the research prospect was put forward. This can provide a reference for the research and
application of silver-containing hard coatings.
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Fig. 1 Schematic diagram of thermodynamic migration of
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when heating; (b) Silver coalescence lubricating film on

surface after heating (c)
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Table 1 Some basic characteristics of five kinds of AgTM, O, high temperature solid lubricants
) ) Approximate
AgTM,O, and its Melting Performance at
Schematic diagram Lubrication mechanism ) operating
structure temperature/ C high temperature
temperature/C
Weaker Ag—O bond
Ag,MoO,P841:56] AT (decomposition into Ag
) PN NN 1=0.2(400 C, for pure
(cubic system of Fd3m [SRaNEaSE N SN 483 and MoQs,); layered )
N Y N ) Agr,MoO, coating)
space-group structure) atomic structure; melted
Blue, Ag; green, Mo; red, O at exceeding T,
450-700"

A&M 0,0,1407411

P1 space groups of
(P1 space group 509

triclinic

Symmetry)
Blue, Ag; green, Mo; red, O

Weaker Ag—O bond
(decomposition into Ag
and MoQs); layered
atomic structure; melted

at exceeding f,,,

ware 0.32,0.25 and
0.12(300, 450 and

600 C, respectively,
for pure Ag,Mo,0-

coating)

AgsVO,16:39:45.57-581)
(“anti ”-Sphalerite- 450

type structure)

Weaker Ag—O bond
(decomposition into Ag
and AgVO0s); layered
atomic structure; melted

at exceeding f,,,

1=0.12(750 C, for
VN-Ag coatings) 450—1000

AgNbO;*!
(stable perovskite
1124
cubic crystal structure

above 579 C)

Weaker Ag—O bond
(decomposition into Ag

and Nb205)

1=0.27(750 C, for
NbN-Ag coatings) 579-1124

AgTa0, 47485819
(stable perovskite
] 1172
cubic crystal structure

above 507 C)

Weaker Ag—O bond
(decomposition into Ag

and Ta,0s)

#=0.06(400 °C, for
pure AgTaOj; coating)
#=0.23(750 C, for

507-1172

TaN-Ag coatings)

Notes: 1) Silver molybdates sublimate at above 700 C; 2) Ag;VO, behaves as metastable phase; 3) AgNbO; and AgTaO; are with

similar structural, thermal and tribological properties.
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Table 2 Tribological characteristics of hard coatings containing Ag in this review at high temperature

Hard coating Fabrication = Temperature/ Solid Friction = Durability/ Test
containing Ag technique C Iubricants coefficient cycle configuration
YSZ-Ag-Mol'” MS 500 Ag 0.45 5000
Multilayered .
- 1{17.29] MS 500 Ag 0.3 >25000 Si3Ny ball,
YSZ-Ag-Mo/TiN'" "
1IN, 0.2m/s
Porous barrier mask
A {17.23] MS 500 Ag 0.4 >50000
YSZ-Ag-Mo/TiN"" "
CrN-Ag Al,O3 ball,
. B31] MS 550 Ag 0.2 >10000
with CrN cap layer 5N, 0.05 m/s
650 (£,=600) 0.31 7680
[21] A1203 ball,
CrN-Ag MS 650 (£,=500) Ag 0.40 2020
5N, 0.05 m/s
650 (£,=400) 0.51 400
350 Ag, MoO; 0.30+0.02 - .
[38] SI3N4 ball,
MOzN-MOSz-Ag MS Ag, MOO3, Ag2M04013
600 0.10£0.02 >300000 IN,0.11 m/s
Ag2M0207, AgzMOO4
25-300 Ag, MoS, 0.1-0.2 >10000 )
[30,52] SI3N4 ball,
YSZ-Ag-Mo-MoS,"" MS Ag,Mo00,, Ag,Mo,0;, )
300—700 0.2 3000—10000 1 N, 200 r/min
Ag, MoO5(>500)
25-400 Ag 0.35-0.4 )
) [53] SlgN4 ball,
NiCrAlY-Mo-Ag PS Ag, MoOs, AgoMo,01; >200 m
400—-800 0.4-0.28 5N, 0.3m/s
Ag2M0207, AgzMOO4
[33] A1203 ball
MoCN-Ag MS 500-700  Ag, MoOs, Ag;Mo,0,;3 0.32-0.43 -
IN, 0.1 m/s
Ag, M003,Ag,Mo0,04, Si3Ny ball,
TiAICN-MoS,-Ag!*" MS 570 g PABMOE 04 7000 T
Ag,M0,4043 1 N, 200 r/min
Textured Ag, MOO},Ag2M0207, Si3N4 ball,
) s MS+HRIE 570 0.22 >20000 .
TiAICN-MoS,-Agt¥ Ag,Mo,05 1 N, 200 r/min
. [49-50] Si3N4 ball
NiMoAI-Cr;Cy-Ag HVOF 800 Ag, AgyMoO, 0.24 >27000 )
15 N 600 1/min
[55] Si3N4 ball,
VN-Ag MS 700—1000 Ag, AgsVO,4, AgVO;  0.15-0.2 -
2N,0.11 m/s
(5] Si3Ny ball, 2 N,
Textured VN-Ag; VO, MS+H+RIE 750 Ag, Ag;V0O,, AgVO; 0.2 >10000 )
200 r/min
NbN-Ag*! MS 750 Ag, AgNbO; 0.27 >10000 )
SI3N4 ball,
" Ag, AgNbO;
NbN-Ag-MoS,*! MS 750 0.06 >10000 I N, 165mm/s
Ag2M0207, MOO3
TaN-AgH*”! MS 750 Ag, AgTaO;, 0.23 >10000  SisN,ball, 2N, 3.3HZ
NiMoAI-Cr,03- PS 500 Ag, BaF,/CaF, 0.16 - Inconel X-750 pins,
Ag-BaF,/CaF,!*) 600 Ag, BaF,/CaF,, Cr,0;  0.21 - 5N, 3m/s
WC-(W,Cr)ZC-Ni- Si3N4 ball,
69] PS 200 Ag 0.35 >200 m
Ag-BaF,/CaF, 10N, 0.21 m/s
NiAl-Cr2O3-Ag- A1203 ball,
72-73] PS 400 Ag, CNT, WS, 0.28 1275 m
CNT-WS,! 49N, 0.1 m/s

MS—Magnetron sputtering; HVOF—High velocity-fuel spraying; PS—Plasma spraying; RIE—Reactive ion etching.
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ST, X ZAE R E T Mo AR
B FF, 3160 Mo 1 AERs il B idk— b 7 i % 500 C
PA b, R JE I BRI R, T 22 R AN B R 45
i Mo % 5 7128 A0 IF %2 il A AR B MoO; Al
AgMo,0,0 IXLLF AL B A ) A B8 0% S A B e
TR 2N A .

3.2 Ag 5 MoS, thELEBEREE

MoS, J& 17577 it 5 1 2R G50 5 o B2 (1 [ 4 )
WA EAE RS TRIAE th B A e e T R
FEE IR, 0.05(5 i BL2%)0,  {HE A iy i s i (1
Wi, PEERA S B T, Frandike. Uik
it 350~370 CHf, MoS, &t ft. WK Ag &
MoS, 5 4% 2 iR )2 (B FF Mo,N-MoS,-Ag ¥#)=
YSZ-Ag-Mo-Mo,S ¥4 5. TiAIN-MoS,-Ag ¥ 261 F1
NbN-Ag-MoS, 214145 g, R Ag (9 HUR! MoS,
(1 2R BY DI LEL SEIR AT 25~300 °C i [l A (1 1) [F)
T . M4, MoS, i — AN EEIH RN E MoS,
BRI TR A R ST S JuER . XICE BRI
AL = e A T A A e DUAH R AR
AgMo,O, MBI FE ], LI 255 H Ag-S-Mo (1)
MEMARZ A IR, 2RI A RV

MoS, + Ag——> AgMoS, (5)

MR T, AgMoS, FIH S R T
JE TR B AgMo,0,/:

AgMoS, +O——>AgMo, 0, +8S (6)

S5 R B [RIE W HLEE AT Mo,N-MoSy,-Ag I Nk
Erh AR SR, WSS S TEM
Mo,N-MoS,-Ag ¥R)Z=AEAHIF] 400 CF IR EEBE R 0k
0.1, T Mo,N-Ag &2 0.2 EERERHD,

3.3 Ag 5 BaF,/CaF, &K EiAEMERKZE

M TORZ T S Ag YA TEREmEAF . N I
IS 2 L 62BaF,-38CaF, JL AR, & — ik
7t 300~400 C LA A RAEN-IVER-RAS, TERAAK
BYDIEREE AR, RN I BaF./CaF, & i /A4 £
JIT A (A 2 AN E M, A B IR R T T AR S 1
TR, DRIATAE il A A A R e vk e o Tl
¥ Ag 5 BaF,/CaF, JL i 4B 20 200 v 2, FIH =
B RIFACR, K Ag ME R H(E RS
500 C), BaFyCaF, 3t & 4 1F w5 Uil W 1 AH
(400~800 °C), Hc 2 SEBLAE FTia AT i i I P 1)
TR

B — AN B N AR el 36 TR R S
NASA HFFEH L2 1 — R 50 S8R B W VR JZ: PS
100. PS200. PS300 F1 PS400 24110508, JL A4 Khi 45 A
(& 53590 4 NiCr. NiCo. NiCr NiMoAl)FHifi 5t AH (K
W3R Si0sy CrsCan CrOs4 Cr203)7i/£T’§E1JCn LIE}
JEIEHHIAH(Ag F1 BaF,/CaF, & i ) i 4 % A 3%
fltar, Pk Re s R AR PUAR PS400 iy ifi [ A e v J 2
MEEB PR W 2. BbAh, BT REMEAa
WC-(W,Cr),C-Ni-Ag-BaF,/CaF, i /2 (L% 2).

34 AgFERSZMiERETHEIRBNEREE

T3 [ A B [ A VB R IO N e (s LA
] A 8 7] (B 2 Al B A T ) o) S, e I e
PEBS RIS . HAT, ¥ Ag 515k AgTM,O, [
I PR AR () BA B v A o P R] AT 5T 32 AR i A 5
HM U e B RIS A 2 . Bl
RAMAZANI Z7* P57 T NiAl-Cr05-Ag-CNT-WS,
i VAT S T e il EE R A e R (3R 2). o,
NIAL A Ak S A AV 2 B A 0 v ) i B8 A0 1 A &
DU ACRIT S P PE R Cr,O5 RERY IR 2 (¥ fill
HTfiR BEE s CNT A1 WS, BB 73 0 $ 5 vk 2 e S i A
P AT PR e 1

PR, HE 2 21 0 RE S MoO;+ MoS, BaF,/CaF,
AL WSy FI CNT S5 P[], e 30 B 47 R TR A

4 4EiE

Dt JE AR RO ST R A AR S R, HAT BRI I
FEGYIN Ty, WUORAE R RS, I HAR Sy Ok
AR RRE TE, e B ARt S TR 2 &
W I B R RE . AL, R il R AR R,
AR RN SR AgTM,O,, fiE 5 35 5 AR 2 1)
rE TR PG, HECKRYE, SRR X
T i O R e 2 B PR e, AR R 2
FTASREBUARIET o

W3R T PR Ag I AgTM,O, 7ERT AR 2 A ) e i
TN RS bR N 5t MaET, & Ag WEFRE M
ANBETH A SR 2 T R I RE R SR, RE
TR E L R WAL B K, 1 2 o) 5
Yo A JE AT NELR 3 AN D T FF SR AN RIS o

1) b2 Ag JiF iy ol sl A 8
—, W&t b B K Sk S5 R A0 K R TR
R G RARACBE VT 7V, B — D I KR (1 1
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