AN o Bt ) W’ﬂ
? o 7 e

muww&.aﬁ—,;u Ry

B AU R R A8

10
g —HE—alloy Al
] —o—alloy A2
8 - —*—alloy A3
1 —&— GCrl5 bearing steel
74 —8— WIBCr4V high-speed steel

: e
N

Wear Volume Loss Rate (10°mm’/m)

- o *
1 -
1 = L
O T T 1 L T b T ¥ 1 ¥ T
100 120 140 160 180 200
Load

&l 3.18 Frif il b B4R AR AR Sk E AR Bl S N 1K AR Ak i 2%

Fig. 3.18 Wear volume loss rate of all the test materials vs. loads
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W&, MXIEEIHE BRI (0.46 m/s F10.92 m/s) F&&MEBHERERETH, £ 3.77%)
HT BRI SRS R, B 3.20 S BT STIe MR BE SRR R E R B S b B

95



Friction Coefficient (1)

JTE. FELEWH, B =F Ti-Co-Si =i & BRI &Y &2 U KATH WI18CrdV miE T
FLANTE W B BEAH X8 5 1) B A 4 10 T BB AR R E R K TR S A X B AR A 1%
UL T, MERFRAE GCrl5 iR BRI R ER IR SR EHAN BB & T Tz K
THERNEEBRDNBERERT . B 3.21 4 A3 &4 LIRBEHAMF T KBS R ¥t
2, WLLEHESEEREN, S58NERRECTE N E.

3.7 Bk A R AR Bh A 47 B 0.46 my/s 1 0.92 my/s BIMNAE&H T ER A =R
Table 3.7 Wear mass loss of all the test materials under sliding speed 0.46 m/s and 0.92 m/s.

Relative sliding

Wear mass loss (mg) / wear volume loss rate (10 °mm>/m)

speed (my/s) Alloy Al Alloy A2 Alloy A3 GCrl15 WI18CrdV
0.46 10.370.547 8.3/0.469 6.2/0.368 30.2/1.165 46.8/1.620
0.92 7.2/0.382 4.5/0.254 4.0/0.237 153.2/5.908 423 /1.464

74 0.46 m/s

EXX30.92 m/s
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Fig. 3.20 Histogram of wear volume loss rate of all the test materials under sliding speed 0.46 m/s and 0.92 m/s.
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Fig. 3.21 Wear coefficient curve of the alloy A3 under sliding speed 0.46 nv/s (a) and 0.92 m/s (b).
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AR R 2 22 A8 S

(4) EIATENEE&EEB TR BERAT AR

FE T Frik Ti-Co-Si = nE& BIAILE Y E4 A3 KAFFE GCrl5 RS 7E (RF 4 N
fir 20 kg FHXIHESIEE 0.92 m/s. 45#HNIES BRI SEMR &G —SHIBR T, BT
BRI (276-3320 m) X5 &M EHAERIEN, £ 3.8 FIH T Lk B Lm0 45 R 4E,
§13.22 55 A3 & & 5854 GCrl15 MM BT E R I SITIZAR LI, LB H,
BEET TR, A3 SBERARAEEE THER, TIRFE GCrls Hik s B
HRURERNAWIE R, R Ti-Co-Si =nN&BANEYEEAEEHERELTK
b 18] AR AR B9 77

38 &d A3 HEFFE GCrls BIRMER R STRER LN FBHAERN
Table 3.8 Wear mass loss of the alloy A3 and reference material GCr15 bearing steel under

276-3320 m sliding distance

Samples Wear mass loss (mg) / wear volume loss rate (10°mm®/m)
276 m 830 m 1660 m 3320 m
Alloy A3 0.8/0.571 22/0.522 3.1/0.368 4.0/0.237

GCrl5 bearing steel 6.4/2.969 27.8/4.286 67.9/5.237 153.2/5.908

—8— alloy A3
—&— GCrl5 bearing steel

Wear Volume Loss Rate (10 °mm*/m)

Y T T T x T T T T T ¥, T X
o] 500 1000 1500 2000 2500 3000
Sliding Dristance (m)

l 3.22 A3 B & 545K GCr15 HiZk SR ERUR B R R TR B L i
Fig. 3.22 Curve of wear volume loss rate vs. sliding distance of the alloy A3 and reference material

GCrl5 bearing steel
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3.42 RREZEREENRS R
(1) HERRATisSi, A o & S min i s B P RE

& 3.9 FH T EHEJLFT-Co-Si= L& BRI E Y& & RITHENGALE B B Y&
&, FIRILEEERE S UK ICrISNIOTIANEMAE 600 Cemil. FMNETT 10 kg, AHXT
B EIEE 0.8 mm/s. EENITHE 85 m. GH22 £ iR &S /FI N Bl KB & T BHi
WER, BRT HEHBEMATSHER S BHEEY &S mR B Zm. B 3.23
AN FTETI-Co-Si= L& BRI AW & & LURARAE 1Cr18NIOTI AN AH X i B MEE 77 B,
TTEH, 75 600 CERLAMHT, Ti-Co-Si=ii&ERtEaYa &RH R EEm
PEgE, HAX T BB BAREE 1CrI8NIOTIA BN IR m T 49 3-4 fif, M0 T TisSis B 5: 41
FEEBEAHCOTIE S AR TIE 1-1.5 £5, BEHEEMATSLER B A, &&RiEmR
BRI . [ 3.24 73 RA FTE S IRAEL K S A B FIGH22 B4 il & S AL X Bl 4E
FRBEmAMTEMRREETE, TWLEH, FFENGAIERESY) G 25 RIS H;
HEES4EEREBHRE, SZHMENGH22 SRR ASESMER B AENHE S
FHEAS, FETi-Co-Si= K& R ENEYEE I BRI B R EMMLEEY, &
i Ti-Co-Si= & BRI G W & &4 MR B I 4411 T B AL R MBS A A .

F 3.9 FriksERb Rl R S B Bl G R
Table 3.9 Results of high-temperature sliding wear of all the test materials

Wear mass loss (mg)  Relative wear Wear mass loss of GH22

Samples /wear volume loss rate resistance Ni-base superalloy
(10°mm*/m) coupling wheel (:ng)
Alloy A 5.4/10.73 2:65 18.9
Alloy Al 5.0/1037 2.75 203
Alloy A2 3.8/8.39 34 31.5
Alloy A3 3.1/7.18 4.0 37.8
NizAl alloy -8.1/-12.71 — 89.8
Satellite Co-based alloy 4.1/-6.15 == 63.6
1Cr18Ni9Ti stainless steel 19.2/28.48 1 10.2

Density of NizAl alloy is 7.5 g/em’; Density of stellite alloy is 7.84 g/em’; Density of 1Cr18Ni9Ti stainless steel is 7.93 g/CTﬂS-
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Fig. 3.23 Relative wear rate of high-temperature sliding wear of the alloy A-A3 and reference

material 1Cr18Ni9Ti stainless steel
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)

120

V] alioy A
SN alloy Al

stellite alloy
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Fig. 3.24 Histogram of wear volume loss rate of all the test materials and wear loss of coupling wheel

under high-temperature sliding wear condition.

Q) BEXNE& SRR IIEMR RN T

227 ATk JLFF Ti-Co-Si =& B R4L &) & & K ARFE 1Cr18NiOTi NE AN AE R FF 41
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T 10 kg HIXIEEEE 0.8 mm/s. EEHITHE 85 m EBEMEAM—ERBERT, BE
HFIZE (400-600 C) X&EBEMIESERIEI, £ 3.10 FIH T iR BEIRRK 4 R E1E,



Bl 3.25 A i At HE IR BRI T B IR R EREIR AR ik . TTLIEH,

PREE 1CrI8NIOTI AENEHAEME EHA S 2N B EFHESR, THTE Ti-Co-Si

=R EYEEBEIURERE RN S 2 HER NERES, RY Ti-Co-Si =

JC B B4 A W) & & 7R BE I iR B R R BT AR B A A R AN BUR
F#3.10 &4 A-A3 54RFE 1Cr18NI9TI AFENAEA R E TR BTk E

Table 3.10 Wear mass loss of alloys A-A3 and reference material 1Cr18Ni9Ti stainless sttel

under high-temperature sliding wear conditions at 400-600 ‘C

Temperature Wear mass loss (ng) /wear volume loss rate (10 mm’/m)
(C Alloy A alloy Al alloy A2 alloy A3 1Cr18Ni9Ti stainless steel
400 5.8/11.53  5.1/10.58 4.2/9.27 3.6/834 13.5/20.03
500 39/17.95 35/7.26 2.8/6.18 24/556 17.3/25.67
600 271537 2.5/5.19 1.9/4.19 1.6/3.71 19.2/28.48
50
—A—alloy A
—m—alloy Al
"E‘ 40 - —eo—alloy A2
o —%—alloy A3
@E —— 1Cr18Ni9Ti stainless steel
Z 20 P
8 20 <
5
Q
a FEEEEEEﬁ
= — %t
0 T * T ! T
400 500 600

Temperature (°C)

Kl 3.25 &4 A-A3 SHRHF 1Cr18NiOTI NN TE Mkl de o) B3 4 (4 T BE 4 AR FR O B8 2 BB R P 11 A4k h 2%
Fig. 3.25 Wear volume loss rate vs. temperature of alloys A-A3 and reference material 1Cr18Ni9Ti under

high-temperature sliding wear conditions
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intensity, CPS

EEMEMARRFEE LR

YERERR T TR & SME, EKEmRAESR et 2wl e AR EEY
FEZ—, BATEKHREIETGSMHERRETUEFS FEMEERBULER S
L83, AICTE 1000 CHEEES TN T Ti-Co-Si =& BRI YA S HEEHS
faE k.

K 3.26 7 HINAL BE&5A3 &4 1000 CRE A TE 100 hi 2 HT EXRDAHT 45
R, AILEH, 444N MHEEMEREEKESE. B 3.27-3.29 554 FTE=H
Ti-Co-Si=JC& B MLEYH LT 1000 CRiEL&M N REA RN EE 2K ERAEH

SEME J, AILEFEH, £ 1000 CEERZLE, Al §&UiA&EREYCoTill

B /b B =T B EEA Y TizCop SIH] AL R 4 A1 7R TisSia/CoTik da F A 2 EHG W 3t 4%
WAL, A2 5A3 SRS G BEEAYITisSu A M SR 448 43 47 75 TisSis/CoTi
A ERE R BHMALR . AEKE, BENBETRINEK, =fME8EMAs
#h FF AL TisSiy/CoTitt B AW AR FEREAL, [FIFNZH BAH (R AH B R ALK K, DARR(R
FeRRAERE, FaeHdfETREE, BARHERERSIERERD, VAR
STHEE K, EREREREH, Ti-Co-SiZnsEALEWELERNRNEEHL
REtt. HEATENR, NEUEAL A4CoTivl M EIREGTH T KERAESBRAILY
TisSis BRI 88 AR, HBRL R4 410 (BARJLESK) Hafmias, £ 100 hiEsii
RFRCALER, SRECHT HE M TisSHBUR AR A KRS, W 3270w, &R, 5K
FBUATT HH TisSia 0N B 58 AR [ CoTid AE 40 B 38 BE 32 51 T 20 100H
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Fig. 3.26 XRD patterns of the alloy Al (a,b) and A3 (c,d) before and after aging for 100 h at 1000 C
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20KV 500X
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: . e TOHEDA
20KV 1.00KX  10um
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- & Vool _’,:, gl : -
100um  KYKY-28008 SEM SN:0060 20KV 2.00KX 10um

= o
00B SEM SN:0059

.‘-

KYKY-28008 SEM SN:0060

327 54 Al 7£ 1000 CEiE TR 0-100 h 542 SEM B R

(a,b) 0 h; (c,d) 50 h; (e,f) 100 h

Fig. 3.27 SEM micrographs showing microstructure of the alloy Al heated for
0-100 h at 1000 °C. (a,b) 0 h; (c,d) 50 h; (e,f) 100 h
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20KV  1.00KX 20 KV 1.00KX 10 um KYKY-2800B SEM SN:0167

10 um KYKY-2800B SEM SN:

10um  KYKY-28008B SEM SN:.0167

K 3.28 & A2 ££ 1000 Cid TR 0-100 h BRI L SEM HFy
(a) 0 h; (b) 2 h; (c) 10 h; (d) 25 h; (e) 50 h; (f) 100h
Fig. 3.28 SEM micrographs showing microstructure of the alloy A2 heated for 0-100
hat 1000 C. (a) 0h; (b) 2 h; (c) 10 h; (d) 25 h; (&) 50 h; (f) 100h
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Bl 3.29 &4 A3 % 1000 Cri T4RIR 0-100 h 2/441ER SEM B
(a,b) 0 h; (c,d) 50 h; (e,f) 100 h
Fig. 3.29 SEM micrographs showing microstructure of the alloy A3 heated for 0-100
h at 1000 C. (a,b) 0 b; (c,d) 50 b; (e,f) 100 h
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AL MEMIRREE L E B

152 A& ERBEILIERIE
() BEETISH RO A SRREAAT L

&1 SR T T Ti-Co-Si= T4 B AL & 9 & & RARFENICoCrAlY BiE & 478 800
L CmmAs FRERREULERE, E8 T RBTISHI AR SO A & AR TR AL
. 301 FUH T ERRER G REE, B 330 AFTESSRAPRLE 800 TR
AN TEMNSIEME. TUEE, Ti-CoSi=ieBRAEY&EA1-A37E800 C
| REAHTRATHEROREA AL, UL RN TARRENICOCIAIY
L mEAd, ESHEALTRA-HBEL SSALTREHE HRATILIERR TG
| DSk E R, 800 CRIRAM FAMAIR S, XA 330 BRI
iﬁfLﬁTi-co-SiéfnﬁJ% A& DA & SFRFENICoCrAlY SRR =R &4 800 CHALE) )
s F BT CURBRIR, A AR THE UM SAEE, (EIAREHE S
L MR, ROTRTRAR LB — R RS AR TS P
SNk, AeTRIELAEE, TR AR A O & R RELL
- ITisSi B H AR E TI-Co-Si=n &R A &Y & SRR T IR .

% 3.11 &4 A-A3 5F5FE NiCoCrAlY 7 800 CrHif T4 0-100 h T E LR
Table 3.11 Oxidation gain rate of alloys A-A3 and reference material NiCoCrAlY
heated for 0-100 h at 800 C

Samples Oxidation gain rate (mg/cm’)
Oh 2h 5h 10h 25h 50h 75h 100 h
Alloy A 0 0.79 1.88 436 7.33 11.79 15.15 17.33
Alloy Al 0 0.20 0.32 0.92 1.52 1.97 2.41 293
Alloy A2 0 0 0.14 0.57 1.08 1.29 1.61 1.94
Alloy A3 0 0 0.09 0.54 1.05 1.27 1.60 1.87
NiCoCrAlY 0 0 0 0.13 0.21 0.33 0.49 0.65
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K 3.30 FritillifAfBH1E 800 CHEE T An# 100 h fHEE ) S thk

Fig. 3.30 Constant temperature oxidation kinetics curves of all the test materials heated for 100 h at 800 C.

(2) WEX& & EERENAT AR Z

LA T A2 A4:7E 800 'C. 900 °C. 1000 T 1100 CIFHERE T KIEEIIE
rERE, EETERENEGE A2 BTN, HE ERFSRERY| TR
3.2, K331 56a A2 7 R PIRNR T RIS s e ihse, WTUAEH, FEEELL
BEKNTIE, &4 A2 SEFEAERRRE T, EEE 1000 CHREE TR BEH
RPYIRE AR, RUEILRE T && A2 mRSUAAIERM A EX5RETHE 1100
CRY, 24 A2 SULEI N2 M T- AR, RUEMERE T A% A2 RAPESL,

F3.12 £4 A2 75 800-1100 CiEEAE ML 0-100 h B ELER
Table 3.12 Oxidation gain rate of the alloy A2 heated for 0-100 h at 800-1100 C

Temperature Oxidation gain rate (mg/cm®)
Qo)) Oh 2h 5h 10h 25h 50h 75h 100 h
800 0 0 0.09 0.54 1.05 1.27 1.60 1.87
900 0 0.32 1.32 1.86 2.65 3.58 4.54 5.33
1000 0 1.38 2.39 3.51 5.94 8.58 10.61 19.95
1100 0 3.59 6.6 11.97 26.77 41.21 53.94 65.69
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Fig. 3.31 Constant temperature oxidation kinetics curves of the alloy A2 heated for 100 h at 800-1100 C
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4.1 EEHEESITEREB RS

Kl 4.1 R BEACoTiA £ ATE 400 CE| 1400 CZ [ECFMDSCHR LR, 7T LLF H
FETHIR B 2 EAFAE BB B B g, IR RES I8 1157 C L 1252 'C. &idDSCl
R, EEMHCOTIE AL MESREZ AT, WE 4.2)07n, REAEGEATE 1400 C
BETERATEEL. B 42008 68A%T 1400 CDSCHIAE BHMALFTER, ST
i (B 4.3a) ML, CoTi#)AEAMAEIR rHIE R, HIAHEAHBEICoTi/CoTiZR LR LA %,
Ha FALAFAE /D B FOTRU/NHTRCRAE, EDSAM# 45 R A 43.51Ti-32.74C0-23.220(at. %), 3
B R S BAENADSCIHNA S RS L REN T RIMEITE. ERAHCOTIA SAZLEF
WA 1400 TS, ¥WIAMACOTVCoTi K MALRK, ATHEERD, Wiz
IR, SR RERENEESDREICE, EEREREES, BT RiEE
R (20 C/min) FHEBOGS B FLEE, VIEAMCOTIRUR S EK, DSCHIRL K
G, BRahE/DEBRRELD I, HEASEBEE A YCoTi B AHM K .

exo

1252°C
1157°C

DSC{mW/mg)

-2.0 4

-2.5

-3.0 4

-3.5 T T T T
400 600 800 1000 1200 1400

Temperm:refoc
B 4.1 &4 A 7E400-1400 CHREELE K DSC FHE ik
Fig. 4.1 DSC warming curve of the alloy A at 400-1400 C.
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R MRKEE L EAR X

Seed 2’ i
20KV 500X 100um KYKY-2800B SEM SN:0167

Bl 42 &4 A 72 DSC IRJE BHALRER @ SafE 0) B
Fig. 4.2 Low (a) and high (b) magnification micrographs showing microstructure of the alloy A
after DCS test.

h T i & &ATE 1157 'C 5 1252 CIRBEALRIARZRIE L, ¥ & & ARFE S AL 1200 C
51350 CEHAFKM FRE | WEREHTEW 5K AR, RALHETE RMAL S E
43 fin, GEAfT LRPMIERE T I#SRAE RETeE L. B 43@R5R T E8AR
4R B R B AW A f CoTi LA B At (] > & CoT/CoTi 2R 3L SR B,  CoTidIAEAH
R ELI R 90%; 43R EEAL 1200 CRAMHEF BHALRKEREHE
Bk, AT HCoTiW) A Mk & DA Rk 1 (Bl CoTi/CoTia L R AH AR A Ak, AFIFIE, CoTi
BIAEREE S AR R4 $0E B2 (2924 85%), L &R[AICoTYCoTi, 2R3t AL B4 {t; K&
4.3(c)5 4.3(D) A HIAEEALTT 1200 T 5 1350 CREHAHEFRMAL B, 7
LB, AL mCoTi# AR L LU A Bl CoTi R R4 ik, ARIME, &AL
T 1200 CHH LS, CoTi#] MBI Bh Frifgin (L4924 95%), 1z 1350 °C
IKAREFLJE, CoTit] AL aR ARR 4B WimlsD (2124 80%) . AR ik SEh 45 SLAE,
1157 'C A& £ AR IE CoTi/CoTi 2R3 i A LUR LI, BT &EAL 1350 THALHEYL
P LR 1400 CDSCHIRIERE WA RAET ML, HEM 1252 CAZYIAEACOTI
FIFSALEERE, &4&ATE 1252 CRATRUURAE T M ESME.

RETi-Co—mHEEAME (E 3.7) & S ABEERE: L-L+CoTi (¥]4EA4H) —CoTi
(W) +CoTiy &, #F4LIEFE: CoTi (W) +CoTiry B #:—L+CoTi (HI4AH) —L.
CHR[189-192]0F TR, A& itEdEd fEEKERXTRMTRESEHAAGETERE
KSR RELER. SESABCCEGEE SRR SRR, HRaEx
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B, WHESEA S CoTiHIEHIRICOT SCoTidt A K. EHEAR LR LE I,
M BOCEBHARTEBT20 (L& &R EH|&F R 50Ti50Co (at. %) E2iFE, PFEk
ERMALESWE 4.4 Fir, BEHERSAERKEENS B RLEYCoTiECoTi,
. N EBOCE BT EY, SE S EANMB TR FE0REN M B Ti— U kWS,
Hitt, ZREFHCo-TIiESREHERAUEYCoTiSCoTi kA M, HECLHEBULR
TR EREHEEMLEOESEIES, R, RENERELATELEERD
CoTi/CoTi2E 3L fi 2B 4R 40 .

20KV 500X

=

100 um _ KYKY-2800B SEM SN:0136 20KV 500X 100 KYKY-2800B SEM SN:0135

Bl43 A4 A% 1200 CTH 1350 CEELMTHRE 1 h A 5KELESHMAL SEM B H . () &
BAT; (b) 1200 CHHKALLH; () 1200 THMTFALE; (d) 1350 ThnHKA b
Fig. 4.3 SEM micrographs showing microstructure of the alloy A after 1200 °C and 1350 ‘C heat treatment
for 1 h though air cooling and water cooling. (a) before heat treatment; (b) after 1200 °C, water cooling; (c)
after 1200 °C, air cooling; (d) after 1350 ‘C, water cooling,
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Fig. 4.4 SEM micrographs showing microstructure of the 50Ti50Co (at. %) coating on the BT20

titanium alloy surface by laser cladding process.

SRS SATME 1200 C, FREECoTY/CoTip Kt A LRI, F4rCoTi
WA S R AL, SRR ST IR KA, i A HE B BB R B R,
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F 45 &8 A% 1100 CRnlk TAR 1 b 44 b8 B SRS SEM B -
Fig. 4.5 SEM micrograph showing microstructure of the alloy A after heated for 1 h at 1100
C and furnace cooling.
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20KV 500X

ke
E 4.6 44 Al () 564 A3 (b) 4 DSC Wik/E BMAISUEH SEM HEH
11F1g 4.6 SEM micrographs showing microstructure of the alloy Al (a) and the alloy A3 (b) after DSC test.
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Fig. 4.7 Schematic illustration of the quasi-binary vertical cross-section of TisSi;/CoTi
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Fig. 4.8 OM micrographs showing microhardness indentation morphology of alloys A-A3. (a) alloy A;
(b) alloy Al; (c) alloy A2; (d) alloy A3.
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Fig. 4.9 Morphology of fracture of alloys A1-A3 after room-temperature uniaxial compression test.
(a) alloy Al; (b) alloy A2; (c) alloy A3
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Fig. 4.10 SEM micrographs showing microstructure morphology of the alloy A2 (a) and A3 (b)
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Fig. 4.11 engineering stress-engineering strain curve and real stress-real strain curve of the test

material under room-temperature compression test
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Fig. 4.12 SEM micrographs showing worn surface morphology of the alloy A3 (a,b) and
reference materials GCr15 bearing steel (c), W18Cr4V high speed tool steel (d) under
room-temperature dry sliding wear condition. (Wear test parameters: load 196 N; sliding

speed 0.92 m/s; sliding distance 3320 m; coupling wheel 45# steel)
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Fig. 4.13 SEM micrographs showing worn surface morphology of the alloy A3 after cleaning in dilute HCI
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Kl 4.14 584 A3 (a,b) FIREE GCrl5 iR (c,d) HIXTEEN) 45#NIFEHE SR SEM B 5
Fig. 4.14 SEM micrographs showing worn surface morphology of the 45# steel wheel coupling with the alloy
A3 (a,b) and reference material GCr15 bearing steel (c,d).

3 5 ool
20KV 300X  100um KYKY-2300B SEM SN:1035

Bl 4.15 A& A3 (a) ShrkE GCrl5 HliAM (b) TEER THIBHRFMHTr=EMEE KL SEM B i
Fig. 4.15 SEM micrographs showing wear debris morphology of the alloy A3 (a) and reference material
GCr15 bearing steel (b) under dry sliding wear condition.
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Fig. 4.16 SEM micrographs showing worn subsurface morphology of the alloy A3 (a) and reference
material GCrl5 bearing steel (b).
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Fig. 4.17 SEM micrographs showing worn surface morphology of alloys A-A3 and GCrl5
bearing steel, W18CrdV high speed tool steel. (a,b) alloy A; (c.d) alloy Al; (e,f) alloy A2;
(g,h) alloy A3; (ij) GCrl5 bearing steel; (k,1) W18Cr4V high speed tool steel.
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Fig. 4.18 SEM micrographs showing worn surface morphology of the alloy A3 under test time 5
min (a), 15 min (b), 30 min (c) and 60 min (d).
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Fig.4.19 SEM micrographs showing wear debris morphology of alloys A-A3. (a) alloy A;
(b) alloy Al; (c) alloy A2; (d) alloy A3
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Fig. 4.20 SEM micrographs showing worn surface morphology of the alloy Al after cleaning in dilute HCI
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Fig. 4.21 SEM micrographs showing worn surface morphology of the alloy A2 after cleaning in dilute HCI
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Fig. 4.22 SEM micrographs showing worn subsurface morphology of alloys A-A3. (a) alloy A; (b) alloy Al;
(c) alloy A2; (d) alloy A3
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B 423 &4 A EERTEFHEREM TSRS SN EBERRIBHIER
Fig. 4.23 SEM (a-d) and OM (e) micrographs showing worn surface morphology of the alloy A under

room-temperature dry sliding wear condition coupling with the cemented carbide wheel.
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Fig. 4.24 SEM micrographs showing wear debris morphology of the alloy A coupling with the cemented

carbide wheel.
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Table 4.1 EDS analysis results of the wear debris of the CoTi intermetallic alloy coupling

with the cemented carbide wheel under room-temperature dry sliding wear condition (at. %)

Wear Debris . EDS Analysis Results (at. %)

Particle-like debris 23.76C-2.86A1-20.53Ti-23.97C0-6.23W-22.650

Flake-like debris 55.970-1.23A1-16.14Ti-16.53Co-3.79W-6.34C
Crimpy lamellar debris 1.38A1-59.43Ti-38.91Co
Spherical debris 2.35A1-69.54Ti-28.02Co

DK 200X 100 um KYKY-2800B - 20KV 200X 100 um  KYKY-2800B SEM SN:01&1

[ 425 44 A BRRENBHIAK (2) AYIHK (b) BH
Fig.4.25 The morphology of slide-in area (a) and slide-out area (b) on worn surface of the alloy A.
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20KV 27.0X 1mm KYKY-2800B SEM SN:0162 20KV 500 100 um  KYKY-2800B SEM SN:0162

K 426 #5FEGCr15 BN (a,b) 15 WISCr4V Bl TR (c,d) FEEBTHNEMR KM T 5
TR 5t S TR AF AT BE I BE R T FE 3
Fig. 4.26 Worn surface morphology of reference materials GCrl15 bearing steel (a,b) and W18Crd4V
high speed tool steel (c,d) coupling with the cemented carbide wheel.

B 4.27 k7FE GCrl5 B/&M (a) 5 WISCraV BETEM (b) R TEBIBERAMF T 5E
JR A A RAH T B (K1 B JE TR
Fig. 4.27 Wear debris morphology of reference materials GCr15 bearing steel (2) and W18Cr4V
high speed tool steel (b) coupling with the cemented carbide wheel.
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500 X 100 um KYKY-2800B SEM SNh:1034

B ]
20 KV 2.50KX 10um KYKY-2800B SEM Sh:1138

428 &4 A(a) SFFEE GCr15 BZ&S (b) - WI18CraV B TAM (o) ERTHRBIEHAM T ERK
£ S FRAIN BE (U R BRI
Fig. 4.28 Worn subsurface morphology of the alloy A (a) and reference materials GCrl5 bearing steel (b),
W18Cr4V high speed tool steel (c) coupling with the cemented carbide wheel

1000
—a— Alloy A
1 —e— High-speed tool steel W18Cr4V
—a&— Bearing steel 1.0%C-1.5%Cr
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B 429 &4 A SHHEE GCrl5 Hi&4R. WI18Cr4V i T B 40 BE H1 T R M i B 53 A1
Fig. 4.29 Worn subsurface hardness profiles of the alloy A and the reference materials (high-speed steel W18CrdV and the

bearing steel 1.0%C-1.5%Cr) on longitudinal section along wear sliding direction perpendicular to worn surface
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20KV 500X 100um KYKY-2800B SEM S5N:1138 20Ky 200X 100 um  KYKY-2800B SEM SN:1138

K 430 44 A(a) 5 GCrl5 &8 (b) BIMRE SMEEERESHE
e Fig. 4.30 SEM micrographs showing microhardness indentations on the worn subsurface of the alloy A (a)
and the GCr15 bearing steel (b) on longitudinal section along wear sliding direction perpendicular to worn

surface after dry sliding wear test.
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Fig. 4.31 Variation of wear mass loss (a) and wear volume loss rate (b) vs. sliding distance for the alloy A

coupling with the cemented carbide wheel under room-temperature dry sliding wear tests.
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K 432 &4 Al-A3 EZETEFBREM T SR &SI AAX BN BERREEH
SEM B} (ab) &4 Al (cd) B8 A2 () B8 A3
Fig. 4.32 SEM micrographs showing worn surface morphology of alloys A1-A3 under
room-temperature dry sliding wear condition coupling with the cemented carbide wheel.
(a,b) alloy Al; (c,d) alloy A2; (e,f) alloy A3
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B 433 &4 Al-A3 FERE TR BR &M T 5HE G X B EBRE S OM K
H (ab) &4 Al; (c,d) 54 A2;(e)) & A3
Fig. 4.33 OM micrographs showing worn surface morphology of alloys A1-A3 under
room-temperature dry sliding wear condition coupling with the cemented carbide wheel. (a,b)

alloy Al; (c,d) alloy A2; (e,f) alloy A3
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Fig. 4.34 SEM micrographs showing wear debris morphology of alloys A1-A3 coupling
with the cemented carbide wheel. (a,b) alloy Al; (c,d) alloy A2; (e,f) alloy A3
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Fig. 4.35 Worn subsurface morphology of alloys A1-A3 coupling with the cemented carbide wheel
under room-temperature dry sliding wear condition. (a) alloy Al; (b) alloy A2; (c) alloy A3
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Bl 4.36 &4 A3 TR 514 98 N (a,b), 147 N (c,d) 5 196 N (e,f) HIEM &4 T BEH
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Fig. 4.36 SEM micrographs showing wom surface morphology of the alloy A3 under
different loads. (a,b) 98 N; (c,d) 147 N; (e,f) 196 N
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B 437 &4 A3 TEBAT4 510 98 N (a), 147 N (b) 55 196 N (c) HIBEHRM T B B4 SEM [ A
Fig. 4.37 SEM micrographs showing wear debris morphology of the alloy A3 under different loads. (a) 98 N;
(b) 147 N; (c) 196 N

147




HNE Wi

‘Sliding Direction

B 438 €4 A3 FEE 50 98 N (a), 147N (b) 5 196 N (c) FIEIRSA T BRI SEM fil 5
Fig. 4.38 SEM micrographs showing worn subsurface morphology of the alloy A3 under different loads. (a) 98
N; (b) 147 N; (c) 196 N

&4 A3 ZEAIXTIB SN -5 0 0.46 m/s 5 0.92 mys. AMINEAT 196 N IESIATHE 3320
m. 45#N1EX] BE B BE R 41 T BB 4R R T 5 LR TH SEM FEFan & 4.39 5 4.40 fow,
WA FI L ERERNSER T —BRHEE R, EROASSEY, WPt RREE
POTRSERY, HAEEARES (K321 KW, MEsEERAN, BEERIIEEK.
TN AR B AR XIS B B — J7 T Al M O IOy B S SR, AR
R B RVE T DURTF B Ze: S — T, AR OV Sl Bt T DA < A
BEIR S 4S#HINACRT B E— L X b B 8], (1SRG B ARk, 3] 5K
FE B R B |
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B 4.39 &4 A3 FEARXTIE S Y 5K 0.46 mis (a,b) 5 0.92 m/s (c,d) MBI T B
HFKEIESL SEM [
Fig. 4.39 SEM micrographs showing worn surface morphology of the alloy A3 under
different sliding speed. (a,b) 0.46 m/s; (c,d) 0.92 m/s

‘Sliding Direction

oveti B inth g

B 4.40 4 A3 ZEHIXHIREITE B B 0.46 m/s (a) 5 0.92 m/s (b) MBI T B
B R EER SEM A
Fig. 4.40 SEM micrographs showing worn subsurface morphology of the alloy A3 under
different sliding speed. (a) 0.46 mv/s; (b) 0.92 m/s

442 RREFBHRHEI T

(1) MR TisSi; (AR 2 B0 & & iR B BE f M R ) S M i 2
HREEIERRBER (R3.9) R, TEMARBHRENG T, Ti-Co-Si =ta/&EE1

B G e RIS K E T B R, FO B AN L B IR AR bR R i T B

BEARIFMEBEESFAEE.
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B 441 BRTTi-CoSiZ= & BRI EYE EA-A3 LRI R RSLEEG &,
1Cr18Ni9Ti AR REEMAE 600 CHIR SMINEAT 10 kg, FAXTHBIEE 0.8 mm/s, 17
EHATHE 85 m. GH22 BE&ERASIEEX BN EHR A T ERRESEMES, B 442
A HHARENGH? BEFEAEIMEIBEHRKREES. WTLEH, 1CrI8NITIAE
BIAFREBERRT (B 4.41(k-1) FHALRE, BHERRTHE, BRI SEWNET
43FEE, FTEETI-Co-Si=it & B I L& M4 & Shnft Al R A A S B BRI I LR
AL, KB BIRAHE, s R (R42) ERREaeAst. RREEERRE
HEHRERINI, ConE, IAARGH2 BEFEA S ERRIY FEEILREY X
BRHRENE, S64ESETHIESEERBREABREKRT EHEMLL. f
LB A S A-AS BRI AR, BEE WA T SLIAR g, & EBmRE
HAERHIHEAN AR, 52 A% EIGH22 Ik fiE & SR BB BRI A MR
WAL E. HE 4.2 4, ASABHKRELIO. Ti. Co=MIILFEANE, Ni. CotHR
SEE/D, RPHLBMERENE, AR BN BEY) RS HFREB KR Z;
EEAL-A3 BRRAN, ConESEMANTASAH RSN, OnEFTERIRD, H
JLEARETI Co, SiEAE&LE, RUHBHRIMEREE —RHHKRYTZE, WHE 4.43(b)
BiR, ZSHEF EAHE 20 pmE. B 444 BR T HEAA3 EESULE AR EE
g, TUEH, FEEMSRAT SRS, BERHAETRANZL, &
SALEBEHITRE P AN ER 2 UUNTRRC £, BRI T 4 R B R AL E R A
2.38A1-5.46Si-10.17Ti-18.26Cr-2.49Fe-4.55C0-28.41Ni-28.280 (at. %), FEE E & K H
GH22 BRI & & B IINI. Coi®, HEH —EERTI. Co. SiFGFTILHLKO
T AEAL BEEHRUSRAE, ¥ 5 Eida SABRRREE fE 45 R
MR S4A2 5A3 BERSHL, S&EAREEAI BERHNEBRAER, BRECR
BEE SN, B KBNS IMARERE, St s R Emist i FoRE G FRLZ A
5.77A1-24.35Cr-3.48Fe-49.37Ni-17.030 (at. %), #AEFE R B T2 EIKGH22 HHE
Eri AN B
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20 KV 50.0X

SeieX

—_—_——
20KV §0.0X 20KV 200X 100 um

8008 SEM

SN:0123 SN:0123

i

KYKY-28008 SEM SN:0 20KV 100X 100 um  KYKY-2800B SEM SN:0123
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1imm KYKY-2800B SEM SN:0123 100 um  KYKY-2800B SEM SN 0123

L

300 X 100 um  KYKY-2800B SEM SN:0167

441 &4 A-A3 SIFRERIASIE A S 1CrI8NIOTI MBI iR T 2 B R $H
SEMIEH (ab) &4 A; (cd) &4 AL () B4 A2 (gh) A& A3; (1)) Stellite HES £
(k,1) 1Cr18Ni9Ti 454K
Fig. 4.41 SEM micrographs showing worn surface morphology of alloys A-A3 and Stellite
Co-based alloy, 1Cr18Ni9Ti stainless steel under high temperature sliding wear condition.
(a,b) alloy A; (c,d) alloy Al; (e,f) alloy A2; (g,h) alloy A3; (i,j) Stellite Co-based alloy; (k.1)
1Cr18Ni9Ti stainless steel.

= s o

1mm  KYKY-2800B SEM SN:0123 20 KV 50.0X 1mm  KYKY-28008 SEM SN:0123
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—
20 KV 50.0X 1mm  KYKY-28008B SEM SN:01

1mm  KYKY-2B00B SEM SN:0123 20KV 459X 1mm  KYKY-2800B SEM SN:0123

4.42 544 A-A3 (a-d). FRFE Stellite 55554 (e). 1Cr18NIOTI NN (f) AN B
i) GH22 A A & R R T 7B S SEM A
Fig. 4.42 SEM micrographs showing wom surface morphology of the GH22 Ni-based
superalloy wheel coupling with the alloy A-A3 (a-d) and reference materials Stellite
Co-based alloy (e), 1Cr18Ni9Ti stainless steel (f).

%42 G4 A-A3 5I5FF Stellite HiE &4, 1CrI8NIOTI A4 18 31 B4R [ EDS 4 #7453
Table 4.2 EDS results of worn surface of alloys A-A3 and reference materials Stellite Co-based alloy,
1Cr18Ni9Ti stainless steel under high-temperature sliding wear condition.

Worn Surface EDS Results (at. %)
Alloy A 39.480-26.70Ti-22.84C0-4.82Ni-4.67Cr-1.47Fe
Alloy Al 48.74Ni-24.20Cr-23.790-0.96Ti-2.31Fe
Alloy A2 37.53Ni-19.30Cr-22.590-5.81A1-9.77Fe-4.528i-0.48Ti
Alloy A3 44.12Ni-24.17Cr-21.670-1.51Fe -6.06Ti-2.46Co
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Co-based Stellite alloy 58.73Ni-29.24Cr-9.710-2.33Fe

1Cr18Ni9Ti stainless steel 71.78Fe-19.72Cr-5.82Ni-1.538i-1.140

Ti-Co-Si=Tt& B AL &Y & & 5GH22 HRE R & &N B f 4 BECXT BIFE 600 T
R4 R R B LA (R B R T B . G L A MICO Tl B AR R 2000 323 °C,
St o R REAL TS SL TIREE AR BE B 2& 1000 CLLE, Eit, #EHIZE 600 CRIESM
F, Ti-Co-Si=Jt& B EYE S HEEACOTIHMZET . PITERETE, T 3R TisSi
AR SN S, CRBERTETEFNERTHER. §8ARE
$AS RS YICOTIZIE, 7F 600 CRiR&tT, &4 WERE, (R D>HEHT
BEMENL, MEENEMTSLHAR M, SeREERENRREAEEN
R, EREEBEMTHSSERRANMRBRERBE, WE 443 iR, AEAl
5&4A3 BREEHYEMR T EL 20 umfGRHRT 2, GRORP & &2 HE
. EEHERME, AEEAl BRUEREESEA (B 4432) WLHES, G&5%
ECoTHI AR BAIANER A T — ERE NSRS BB U7 5 e AR, BaH Bt
BB FRMIEG, TEEA3 BHRMEIREL, WA S AR BRI,
EWERE A HEIL . AN EEAL ERECOTIHIAEM R TR It
2, WiREHTHEENEIRMEEF; 44A3 BT A SRE TSl M 5P R
I BICOTIHREAAAR 7 (SR B VE R & T LG AR 5 B IR T B PR A . B SER SR (18 3.24)
EREBE N, MM TARFENBALIS & 57 KSColi a4, Ti-Co-SiZii&RBIALaME S
S5 GH22 IR A S FE EiE T A AR BIAD G B L AT AR . AR pE
NisAl4 45 8 K Cok & & UUHAR R M BiR et s S B B bk AE . EAERR KT
T 5GH22 GHEEHE S SHMANETE LERROERSBHEBRITE, A8K81E
PR EEARE, RMME, HGH22 BEEE S S BRI T ZER B
Ti-Co-SiZu& B AN AL EANANMPIER A, BRIEH S EmRES TR
AEZTERESR, YA ENGETX B, BAEEET/ME, Fi, Ti-Co-Si=t
&R IAL A Y& SR THENGAIE £ 5F K ICok A SEMBERAF TRAMR
I BE R 2 A A
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T -23%_gmding Direction—

L

20KV 600 X 100 um Y-28008B SEM SN:0157 20KV 600X 100 um  KYKY-2800B SEM SN:0157

Kl 443 54 Al 554 A3 (0) SEIEsIEBRTREER
Fig. 4.43 Worn subsurface morphology of the alloy Al (a) and alloy A3 (b) under

high-temperature sliding wear condition.

20KV 56.0X 20KV 200X 100 um  KYKY-2300B SEM SN:{123

20KV 30.0X 1mm  KYKY-2800B SEM SN:0123 20 KV 50.0X 1mm  KYKY-2300B SEM SN:0167

K444 &8 A-A3 EREREISERIETTENEREESE SEM ER (2 €4
A;(b) HEAL () BE A2 W) FEA3
Fig. 4.44 SEM micrographs showing wear debris morphology of alloys A-A3 under
high-temperature sliding wear condition. (a) alloy A; (b) alloy Al; (c) alloy A2; (d)
alloy A3
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(2) BEXEEEEES BRI LR
B 3.25 FifIsEi g 2T LIE H, ARF 1Cr18NioTiE AN EIREE, Ti-Co-Si

SR BALA NS SESRESBREN FRALREWER-BEXR, Waen

B AR ENF mmmpK. H4.45 BRTE8A27E 400 C. 500 CR 600 CRil
&4 TIBESERRTSEMAES, UGN, BEEERTIE, &SBERRmMERIN
BACE, BBITEREAR BN ConRSERR, ANEBRREE F, SE&ER
RE S AN BRYFREMENGRKRETE. ERENTIE, EHEESRE-ELY
TisSi; M PERRAR, FPTFFRAORE IR, T B R PER R T TR IE M, IR,
WA ERELEYCTINEIMRR, FHT-Co-Si=eRAHEMESEATMITL
HEEF FEME BRI S. 570, GH22 REREG SN ESHELR
BEMFARTRERN, MEENERENSBEHRES, Bk, Ti-Co-Si=tEERMNK
BEYE SR REFRRETCHARIH T RENER-RERR.

200 X 100 um

[ 4.45 &4 A2 43 HIEE 400 C (a). 500 C (b) 5600 C (c) MiRIEZNERFM T B
FEES SEM B A

Fig. 4.45 SEM micrographs showing worn surface morphology of the alloy A2 under different
temperature sliding wear conditions. (a) 400 'C; (b) 500 C; (c) 600 C
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M MR R M L2038 3

45 EEEHRALNESH

& B A L BAE CoTii & M4k &4 LA K /b B I CoTi/CoTin i i 17 283 i 41 47
R A E R S B TisSSHI RN & SARB RSN TSN BT 44 BiMm s
ERERE B R LI TisSia fEIG TR A . &8 AL A WICoTIE I BRI &S A1-A3, FAS)
P& EAERB A FREATEE B T — P RET-Cob &M AR PR MSiTZ. 4l
#TisSH/CoTINHERMUED SN EREUIE, HEEASELA1-A3 WA

 HIHETHE, BIE GRS MR TISHEE A £A1-A3 KA RIS R F AT EH .
- 451 CoTi BiEE (& A) BREAVESHT

K446 B T-54 ATE 800 CrRil s FE AL 0.5-100 h B4 AL T R HE S,
K 4.47 AX NS SENREER. TLUFH, BEEHENTF 10, 44FEYS
B [ —Z A DNHENFRCREMA AR EE (B 4.47a-d), W EEHHEN

- AEVMERETES (B 446ab), BREEACE R, SAMER R SFA, S0
- BRI, LENNEEKE Sh i, SSRHENESERTE (B 4470, HEE

LI, NIERMESURE (B 446c), HEALBEEREBINES 8 um, HAEEIY

- HERETES, EREUBENREE SRS ESLREY. LEMRESHIK 10 h 525 h

i, GERMANBIES SEMR N 5 h & &REABHSHE, BELERTE
SWHEAER, WK 446(de)fin, HASHREEEOQMRELY, BELETE
I B 2 A EALAFE . 4R IRIEEK % 50 b DL BB, &4 A REERERRT
IR SREAN B (B 447D, BHEHELHMHEAY IR, ERERS
RECTFE A —FHERTE R E AT —Fi 0B B HOR E A4 T e b A 3k,
EEANEURENH TS ABE (H 446tg), AREZ MG EMRL, WEk
B, b FEAEAREEE, SRR E AR AR, TR RN
TEACHEH 10 h 5 25 h BRINEHETLREASR, B 20 SRR, FaLths
PIFELETTR] (50 h 5 100 h) FRBMEMBETRAESRAERT, K e EER
MERK, HAFE 200 pm &, TEULEH AL 100 h KESEE, FIEHM
B8, &E&UREREL. BRSNS E&ABEEN T,
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et s S asiatel -
20 KV 2.50KX 10um  KYKY-2800B SEM SN:0123 20 KV 1.88KX 10 um

1W0sum  KYKY-28008 SEM 5N:0123

I e :
400 X 100 um  KYKY-2800B SEM Sh:(12 150 X 100 um  KYKY-2800B SEM SN:0123

20 KV ] 100 X 100 um  KYKY-2800B SEM SN:0123
4.46 &4 A £ 800 ‘CHER FEML 0.5-100 h FHLTEREFEH
(2) 0.5 h; (b) 1 h; (c) 5 h; (d) 10 h; (e) 25 h; (f) 50 h; (g) 100 h
Fig. 4.46 Cross-section morphology of the alloy A after oxidizing 0.5 h (a), 1 h (b), 5 h (c), ;
10h (d), 25h(e), 50 h (f) and 100 h (g) at 800 C
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