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Abstract: Titanium alloys are widely used in the field of precision instruments due to their high specific strength, low
thermal expansion coefficient and density, while the surface wear and corrosion resistance in extreme environments
needs to be improved urgently. The comprehensive performance of HEA coatings based on synergistic effect of mul-
tiple components is superior to that of traditional coating systems, while the imbalance of strength and plasticity
induced by single solid solution structure restricts engineering applications. The introduction of ceramic reinforcements
with excellent properties can effectively compensate for mechanical defects of HEAs, endowing composite coating with
both toughness and ceramic rigidity to adapt to extreme environments such as high temperature and highly corrosive
conditions. The latest research progress in titanium-based HEA-ceramic composite coatings was reviewed, and the
preparing methods of HEA coatings on titanium-based surfaces were summarized. The addition modes and types of
ceramic reinforcements as well as the effects of various reinforcements on properties of coatings were introduced.

Finally, the shortcoming in the field was presented and key directions were prospected.
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H Iy 2 PE et Bl =2 8, 5 AL L] AT U P WO R T
75 31 Hall-Petch 8w 5 Orowan a4k HL H #5-&1F F -
JEAE A B W e A R 3l ek A m i FE 42 R N 4 R O
FIEBOCH M = RE AR SR IR TS A LR
R A8 A A R RE 55 29 A% 08 28 L — Pl 22 ol Pl 25 34
SEFH A A B o TR R I B B UKL 752U LA 34
TE T 37 25 B Wi e 15 5 AH T L35 51 43 A 78 HEAs TR J2
T B I E AR E S R R 25 A B E TC s e FL
Z A EREMIGE A . HAO X H &R O
Y58 T 72 % Mo-Nb-Ta-W-Ti/(Si;N,) , (x=0.5,1.0,
1.5H12.0, BiiE 40, % I EAE TCA R & Lilil#& TH
B HEAs E A2 . g5 REW FEEEZ DA
SN, Mg % Uk B K 5, W )2 2 57 AR R TIN Al
(Nb, TDSi, W Fh B i Al , B F R A T EARIZEN
T 2 RN B PR . MRS IS R TIRMN I Z G )8 T
AR, S O RE R I E A Sk — P2 g HEAs TR
JE 5
2.3 FEEBHARMME

Bk i g g URE 38  < BE RHLE IR B BRS  dk
PRI S BEAL R PR B BB T Ll 51 A Bl e 9 o AT T
g Tl R T e e R AT A - RS el b R O
i AT L A A SR AR AL B T R A S R
ey i K 2 BE T, DT A S E i i 2 A 9 R B Y
IR S WF HEAs B2, Fig 8 5 9 Ok 35 200 S 1k
Yy ALY REALY AR A AR Y o o R A
e RS 51 AR ) ) B R R AR LR 2.

2 HEASSEAREFEABMEZHEANTSER """

Tab.2 Partial properties of ceramic reinforcements commonly used in HEAs composite coatings """’
Ve 22 1 AR I/ (geem ™) /K I REEY (<10 °-C PR/ GPa T R
, TiC 4.99 3433 6.52~7.15(25~500 C) 440 iy AN N TR
WE;%% wC 15.63 3143 6.9 710 v B R 1
SiC 319 2970 4.63(25~500 C) 430 i B U A
TiO, 4.26 2113 7.14 720 Ko AR AR M e AL
EALY Si0, 2.2 1994 0.5 30~70 Ul B0 R T IR B A
P %2 AlLO, 3.9 2327 7~8 254~380 Ul B R T T A A
Cr,0, 5.21 2538 5.94 212 Ul D 0 R T IR BT A
ALY TiN 5.40 3563 8.3 420 Y= i AN
P %2 BN 2.25 3273 3.8 100~500 L J ANy
Wiy TiB 4.50 2473 8.6 550 R v T TS B P AR R R
Wiy ¥ TiB, 3.97 3253 4.6~8.10 500 i i TR 1Y S
ALY TiSi, 4.35 1813 0.5 127 1 T 1Y S
Ve ¥ TisSi, 4.32 2403 — 200 P i W0 R T iR e A
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2.3.1  WC K % JUkL 14 58 AH

W C B e UL DL v B R v L 1 T S
G 75 0 $RE M SRR L BT 1z MR B R AR A
PO WC B 3 5 U0 ) T 5T 3 R SR A
JEASE 53 fif D T D o A% 225 4 o 412 T v 22 4 e Oy T e
¥ ZHANG H %850 2o 5 %5 B J5 A A Bk b 4 ok 5ik
f£ Ni-Co-Fe-Cr-Ti-Mo HEAs & 2 , R FHANB R i WC
Wi 25 SR 1) T 1% 3k T 4% v % B 0 e Ak W A R A B
Ae 3 OO WCIE T oe &k fb . 45 %0,
T B 52 A U J2 5 B VR A A O A7 1 B 0 45
B, 3 ) 2 H e R i £ ) TV BT ASE it R A A b ] R
FETE 1 FCC # 19 Ni-Co-Fe-Cr-Ti-Mo [& % 1k 41 1% .
3 Fofr R 1 A AL R A5 U 2 v I R T B Ak 4 i i
PLAEETFL A SE E RN AR T T R AW 2 S A ke
foRE B (CHV) 42 7+ 2 947, 600 °C I Ay BE 42 [H B [
0.2,

W C KL 1 51 T fish % R 40 A6 8508 5 55 A P
) s A AL, AT 4 R v 2 g . AN X L AR
IS H AR A & SRR HH % T Fe-Ti-Cr-Co-
Mo/WC B &4 (HEAOE 5k )2, &M, wC
TE W5 78 oL R v o M O DR AR B Ak 9, 0 0 B A R
FEAL ) o 25 P T VR JE B0 . [RIEE, W C UKL Ry 55 %
Wi LS R 0E T2 SR AL R R R AR R
(HV)B KRB WC B HEAs R 245 7 158, YUE K
FEUPCR WO LR S T A WC (=0,
10% .20% .30% , R ¥ K HEAs E B IR 2, %R 2
A B RIEAH W C R AL A B TiC 5 g 2 A0, v
A s A W C URE 2 B B A 0 — 2 BELAS A bz A K
A TE B 1) TiC 0RE 7E SR 2 8] A2 K, W B RS T R
R iE—2B Ko B, 78 A7 TiC ok & 15 1L WC i
LR LR AT, AloRL A B 404k, B 0 K 4R = T 0%
FEWPTEEA e . 5 IRRZE M, R
T 35.8% , EEHRFEAL T 58.2% -

WC URE & 5 5 3 5% i HEAs IR 2 28 & 1
fit. VYAS A S R O E il & T Al-Fe-Cu-
Cr-Co-Ni/WC, H &I )2, KB WC BURL A& 28 2k 2 1Y
FCC/BCC MUAH M 4 J@ i Ak Wy I AF 5 40 o I i R 4]
5 I TOT S A48 /)N S5 Al o 5 T S R R AR o A B R R
B [V o AR TR BSR4 B IR T, S fORE B i
WC & 538 I 42 T, Hoip =015 i i B 5 3 R 41
T 79.7% o AF YR 5T W A B B W C X AH AR E M i B
RAE ML, B St = AS 6] FEAR B 43 19 % B 43 A Can AT R
5 Co-Cr-Fe-Ni & 2 7)), iX 1 2 J5 2L % WC i &% i
5 W AL 1 AF 52 1 5 A5 )
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2.3.2 SiC P & R 3 5% AH

fe A i (SIC) P 8 58 5 o B 5 | g T 8 L g 2 34
P AT i AR R $2 T HE As ¥ 2 1 il 11 348
B85 AR, AT G S R v R LT Dl RN B IR Rk e
FpHTR B W, SIC 51 ACR AL BE R HE A 4 M 4
R Bt 75, 34 A S Ao d5f 6 410 o AL TR S O 2 R R . T 0
ZEAEUIR OIS B i 4 T Al-Co-Cr-Fe-Ni/SiC, (&
WABORAWE, KB SIC & &, FCC A
BCC A% 72 , Bl % B2 ARG, v SICo, IR E A BE (HV)
ik 360, Bl PEfe i . XU L&Y 7E Co-Cr-Fe-Ni-
Cufk 2 MER T ARG . REREHEFCC 4
¥, A8 SiC KL (4 WS 0 U 2 00 L BR R RE AR, L
SiCos 1 2 o fUE BE (HV) &3k 568.4, HAR T B2,
Tirf ot P 2 A 2k AR A B, SiC, U 2 R B K8 el e
DL Iz e 1T ok e A7 R 3 e R T k1 106 BH A7 A SIC
B AR B 2 A . (H 5 SIC OB A9 48 0t £ 1 R
JZ LR BE Y T B DTG TR R AS F T EEAR 4 S B
7 SR A B SiC JIURE ) e AR i
2.3.3  NbC K % ik 1 56 AH

NbC EA &6 15 (24 3 500 “C) | 5 i B A K 47 A
SR 2 — e UL B PR B R AT NDC BURL Y B
Je] DA 25 O HE As U J2 B4 &R 45 44, 412 18 26 il 5t bt
(T 1, ) B P T SH i 5 6 Ak A6 457 485 19 4T FLBE 97, 7T
DT R I VAP o U U7 = E I W21 o S
ZHANG Y %" HE TC4 & 4 L il % Fe-Ni-Co-Cr-
Tiys/NbC HEAs ¥ )2, & 81 NbC A Jit P % J0kz A4 7%
AR AL ) 2SN TiC £ 5548 5 NbC 7, Hp Nb
JiF B BCC FAE i TR 751 % T sk, 44
JE -2 AR /NI C D5 R 1 ] B[ 9 53 Ak VE L B
T & A VR 2 R B R B T SRR A . (Had B
NbC 9 % 05 00 J23 ™ A Jay 38 e P, £ 24 40 %% 3 1% fn
T 43% ,ixX SRR R BLS] & WHi R A G, LIXF
ZEUHE Al-Co-Cr-Fe-Nifk & Hiif 52, NbC i i1 5T FL AL
ol RE RSE N 15 pm 4146 2 3.2 pm, NbC T £ 43 5K
H20% B, BB CHV ) S5 4 525, % I e A0 9 5 39) 4
1, DI R 2 Y B AR DR B R AR 22 37 % o (R IR R
AR T AR IR R, o iy Al KE A 5 NbC (% FL T 45 4 g
25, X FM, ONDC i i & 6 - (] B b 5] 58 1ok 42 T
WIEH 2= RE . OALY) & ARG TR B e
Wl B ES RN E &R RS . OfERmnEs
SEAA R SR AH I/ D) S A B V)M OC . S S R
GG HE — M D BT SEORS B TN AS ) 4 R 1 0 B B

NbC Fi % FH A A L 45 55 1 135 R i 5 A0 45 g e A
1 e P 3R LA R I I] 0 A U8 0 R M L I
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XU P % P[] 58 Ak WL T A 5 S T AR R R R R 4
HAN T T 48 o OG5 875 1 4 T TiN AT NbC
B P A B9 3R () Fe-Co-Ni-Cr-Al HEAs E 88 2. 453
T B % BB A S S HEAS IR 2 T i BCC [ %
RAZ5H . Hop, TIN X S b g ik B 8 3% (2 oEE A,
H 4t b ok 52 1 A0 43 A, 1 NbC RT3 2o 41 ] J=) &8
A B 25\l TR SR e Ry R (SR 2 S/
Y50 20 Ak 1 R ZH 2L, A U 2 BP0 B 5 hT 88 R R
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2.3.4  TiN P & Uk 3 5 A1

TN B 2 AH AR S R [ A B2 (HV) =2 000, B
BEHE<0.25 B HEAS R )2 M B E kM, AR &
F 1 90 T S50 TT IR 30% -45% Ry BEHERERE 2 B
FEAUE AL, TiN 3 B3 o 58 A s Ak AL ) 32 7 I 2 MR g .
GUO Y X %" TCA A 4 R i il £ 1) Co-Cr-Fe-Ni-
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A~

>

T MoNbTaW  SiN, i \
|

LI A A

BCC AR NI i 48 K 2% TN UL3E A , i 5 Orowan 5
A B (HVO A 3 T 980, B SR FE T 2] T 123% , H
iR AL PR FE T 8.5% MM . [HAEEME,
TiN 19 % b 205 A7 76 I 2 30 (8« Y 5 1 S G % =>6%
B, 38 5 R 5 2 A ST 45 G A 1 A 2 S i AR R R
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Fig.5 Formation mechanism diagram of TiN and (Nb, T1);Si; ceramic reinforcements'

2.3.5  HAth 50k 3 5 AH

ALY VR ORE 22 B A A AR E R SR
HL 208 2% M RE R A O RE L, 7R S A R A T s U T

132]

i bz e Bl TSR E SRS
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B Ak P B AN A ] A 0 AE 1 R R P e oA AR SR
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