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Abstract

In this study, Ti-6Al-4V titanium alloy (TC4) was treated by plasma nitriding at 600°C, 700°C, and
800°C for 15 hours, respectively. The roles of above different temperatures on the element distri-
bution, phase composition, hardness, wear resistance (three different condition: air, water, 3.5wt%
NaCl solution) and corrosion performance were in-depth analyzed. The experimental results show
that a hard coating consisting primarily of TizN and TiN phases forms on the surface after nitriding
treatment. As the treatment temperature gradually rises, the nitrogen content on the coating sur-
face shows an increasing trend, while the content of elements like titanium (Ti) and aluminum (Al)
decreases correspondingly. The hardness of the TC4 titanium alloy substrate notably increases
from 376.88 HV to 519.88 HV after nitrogen treatment. Under a constant nitriding duration, the
gradual increase in nitriding temperature leads to a significant thickening of the nitrided layer, in-
creasing from 2.483 pum to 5.141 um. With the increase of nitriding temperature, the average fric-
tion coefficient of the nitriding sample increased from 0.31 to 0.41, but the wear marks gradually
became thinner and shinier. Specifically, the volume wear of the TC4 alloy matrix is reduced by
about 500 times (from 2.614 x 10->mm?3:N-1'm-1t0 5.497 x 10-8 mm3-N-1-m-1). The main wear mech-
anism of TC4 titanium alloy is abrasive wear and adhesive wear. In addition, comparing the self-
corrosion currents of different samples, TC4-700 (5.157 x 10-8 A/cm?2) has the best corrosion re-
sistance, and TC4 (1.910 x 10-7 A/cm?) has the worst corrosion resistance. A nearly fourfold im-
provement. This result has important implications for the application of materials in harsh envi-
ronments, such as Marine environments.
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Table 1. The chemical composition of the Ti-6Al-4V alloy (wt.%)
7 1. Ti-6Al-4V A& HLE R (Wt.%)

Element Ti Al \Y Fe 0] N
Content Balance 6.32 4.0 0.14 0.18 <0.1

Ti-6AI-4V ¥ 51 56 FHZR DI 2 R S8 20 mm x 20 mm x 4 mm (5254 . BEJG, FH 240#Z 20004
SiC WP AR R AT I o« SR 5 KA it 75 76 75 I T BEML FRIB G 20 73 DA 25 BRAT A5 351, 285 T8« 7E NH3
SORF, 4P 5IAE 600°C . 700°C Al 800°C (iR BE N AT AL, (A0 15 /NI . HARSH N 2 Bk, A
L ULE, A FENBE T 2R 4 A R TC4. TC4-600. TC4-700. TC4-800.

B 1 RRTBENEADIR., T H LA SRS g G o i, w7 1 B i Bon#
ik, HERE RS 600, 700 A1 800°C, RN AN 15 he AEAREIEFEF, BEEFOLHBCR MRS,
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Table 2. Processing parameters and plasma nitriding conditions
F2 IZ8RREFETFERSH

Sample Gas Voltage (V) Pressure (Pa) Time (h) Temperature (°C)
TC4
TC4-600 NH3 700 90 15 600
TC4-700 NH3 700 90 15 700
TC4-800 NH3 700 90 15 800
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Figure 1. Plasma nitriding process
1. FEFHRERERE

2.2, WMGEHIFRAE

F x SHEATHHX(XRD; DX-2700BH){E 20°~90°F13#VE Bl Y, DL 2°/s [R5 2 IR G5 AT R
PR, FIFHBEIEAL (SEM)ZE &34 L 85 (EDS; Sigma300) % 4% 2 AR 25 /) F1 T 2 4L AT 1 70 W7«

2.3. HHERE

K YE RAEEE T, N 1 kg FOERAT, {R¥EF 10 B2, e BB R . AMRIERE, SSENS
BRKRE RS B 3 AT b 4T 5 il BCPIME .

KH MFT-EC4000 £ Zhag BE#E E SR IGHL, 7EUERE 40 £5%. i JE 20 £5%. T AE#E. 4fi/K Al 3.5wWt%
NaCl ¥R =FIAR[FIAES R AT . A8 ALOs X BE BRIREG 4514F BN #far (B K32/ ™ ) 0.64 Gpa). 2
Hz #iZ . 135 BEEIEE 5 mm. Nkt 30 454 .

2.4, BihERFNELFERR

N T 7 AN [ 4 e = A= (0 AT 2 A AR R oy, [RIRE SR AR R 6 mm 11 AL O Pl B BRAE Ay JBE
Al N EFRAMRFEIEAT 7R EEESRLE, MEN 0.1 Hz, EMEMN 5 No BIRBIRNIHE
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Figure 2. XRD patterns of TC4 under different nitriding temperatures
B 2. FEIZEIRET TC4 ) XRD &

TEARWEFLH, ] EDS X TC4 FIEAL TG AR AT T VEgEM R e R o, HEEWE 3 fr
N, HHE T RIAFLE Ti, Al AN JCHE. EHARE FEAKMAHRREL T, S8 E D I LA,
T2 AR RIS, TCA A& WM Ti R 72U RN s, S4&Kme Al R FE2EIHAY
B . BAGRENF RS FEN ORI S EIREH N, A TR S ENAE R R R . 1R
REATE) TCA S F A, Ti AR R FEEM . ZFIGA Ti AN JE -7 7ERAR R T 1 SRS it
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FE, T ELGEA T iR B 43 A0 5 ok ik e AR T AR KR, AT A TARAL T TC4 & &R T M REFI £5 1)
FEE[29].

Kl 3 AAFBEAE RN fTUEH, EARMBERE T, Frareds LR T 3%
2, EHHHERERISR. 245047, TC4-600. TC4-700 F1 TC4-800 #£ 5 HIT-135 2 B EE 4 A
2.483 um. 4.328 um fl 5.141 pm, {EFFEEMNE, EHRBEZMGT, BESBEEERIELL.

Table 3. Analysis of EDS content on the surface of TC4 titanium alloy with different nitriding time
3. FEIZARTE TC4 kA& KME EDS TR EN

Samples

Element (\;\\I\t\"\/fﬁ\\\\\ TC4 TC4-600 TC4-700 TC4-800
N \ 1.37 15.65 23.76 24.24
Ti 89.39 76.87 74.44 75.15
Al 8.11 5.92 1.60 0.29
\Y 1.12 1.56 0.20 0.32

Figure 3. The cross-section morphology diagram of TC4 after ion nitriding: (a) TC4-600; (b) TC4-700; (c) TC4-800
E 3. BTYRMLE TCA EmEARE: (a) TC4-600; (b) TC4-700; (c) TC4-800

Kl 4@ AAFBERE TR Ti-6Al-4V FERABA Ti-6Al-4V R IR . S5 0ai)E,
AR R R e . EHAKAET, FAEESE, ARG RE S Al AR
BALFL G TCA & &I 43 AT in 5] 4(b) Fm « I 4(b) 7T LLEA B Y, B RUR RS B SR A B .
EMRIEAAE S, BESESEEE TN BUOEREREM. BEF S, KRB~ RN T
KA, H—J5m, KYEIEE, ERERI AT, B R,  AHESIE A A s s
AW . BT AR TAF R R Y, $R3h& e 2 SRR A EAEFAEW, SalfeE FHE SmA
TN, (REEENE. MBS 1R RE, BALEREME 25 FRlN TR
s, SR AR SN, RITEALERRE .. 454K 3 Al MRS R B, IR
i, BRZHE, WS BEIREN 800°C I SR i A ., 1 {H N 519.48 HV. 600°C 1 700°C 4k
PG, SREAOREE 2> MR T 376.88 HV 1 422.1 HV, {HR &R R/, XATAe R T 2R E 58k
ERAKEE A G, B R PR R

Kl 5 AN T TCA AR5 BAL URE IR BE R R B 2 S P BRI R B T . 4 5 ke85
BALAREAEN /K P BE R M 2k . 25U 10T 3 BE R R e T AR AL B TCA BE i, X2 T B AL
st 2 T AR 5 R FIT S50 o JB 2 ot 22 P U8 B BB V2 60 B2 ) T s T/ TCA 5 TCA4-600 1) BE 5 it 2R A5 AR AL,
SR EERE R BN 0.31, LI 600°C (1B BUREXT TCA ER A 4 I BRI 50 4T 2 203 . 1T TC4-700 [ i
P2 R HON RIS K S N . 15 20 P, TC4-700 AT TC4A-800 ) BE4 2k 2 I AR #a %, TC4-
700 I TC4-800 f°F-35 BE{E 2 5053 718 0.41 1 0.43. ZALALHE 5 i BE (1 BE 3 R AU K. IXFHEIL R v] 3 A
TR R T T BRSO 45 4 S B0 AR 1, AT B - [ B Ah [30]. shAh, R ih 2 2l S B kL
ZIAEE— B IR FR o 1B RACH G IR iR R 2 T 25 BN P /N T AR AL BRI CRE , X AT RS B T2 R 5

DOI: 10.12677/app.2025.152012 118 I EEY/BEH


https://doi.org/10.12677/app.2025.152012

PUREST S

T TCA M ETE, FRUBSI S BD, WHREE TCA [ LA — € g sa e .
(b)

(a) — s

600
[ |Hardness

500
> 400 -
=
7] +
3 300
=
=
St
«
= 200

100

0 T T T T
TC4 TC4-600 TC4-700 TC4-800
Sample

Figure 4. Analysis of TC4 nitriding in different nitriding processes: (a) Titanium alloy samples; (b) Hardness histogram of
TC4 with different
4. REIERILZT TCA BRI : () KESHM; () FREAILET TC4AEEESE

H1& 5(b)rT LA t, ARZAEBEM B A B TCA Sk & Rk h i T B BEE R 8w, 22
VL EEE BB O . X TR T RETE A . EilKh, BERBUAME KGR — MR YRR, AR
JE PR ANEEE AR ELAE DR BEACHRAS TR BRI R A A . I LR A R S BUBE S R U o B 25 22
5o fE 3.5wt% NaCl %W, ik & 1 (Cl) 78 2 Ui, 5 BRI AR vh TR B R B J2 R A S
RAR S MR TR R B G, R B AR, ATIRE 1B R H31].
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Figure 5. Friction curve and average friction coefficient histogram:(a) Friction curves in seawater; (b) Friction coefficient
histogram of the samples

E 5. EEHZAPHERANESE: () BKHERHE; ) KEEERANESE
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Figure 6. SEM wear morphology of matrix and coating at different magnifications: (a)~(c) TC4; (d)~(g) TC4-600; (h)~(k)
TC4-700; (I)~(n) TC4-800
6. FEIERTEMAEFRER SEM B (a)~(c) TC4; (d)~(g) TC4-600; (h)~(k) TC4-700; (I)~(n) TC4-800

7T NAFEREE T TCA Jefh 52 B B FER AR M X R . BEEBEERZEN &, TC4 &
SRR I BEHE 205 B AR R B R S %A o 7E T00°C I 3115 i K BE 12 28, Bt KB 2N 2.614 x 1075
mméNtmt. B BRI, EEEE REO BRI K, X ] RS IR R AR TR 3 R A
Ko BEEBEIRE N m, W EEREOE R, X2ZHT TIN MEIER R, BRI RS i
.

RIEBIE AT 51, TCA 2k & SRR MATBEFRL N 2.614 x 10° mm>N"1mt, BEIAFELE 600C .
700°C Al 800°C AR EEHI 2 2.052 x 10° mm*Nm™. 6.676 x 108 mm3N1m™ fI 5497 x 108
mmN1tm?t. 5 TC4 FARAALL, AR I B 2 3 I IR 20 0.7 £%. 400 £5F0 500 5. 1X— B3 0%
R EAAEIEREA b 7 TCA KA St B 1, HALT ARACFER TCA ek,

Kl 8 AR R 220 A AL B PR JE T B AR i e i 2 . AESEIRIISE — B B, BEANFE TR H
PRI R SE . INERIFUR G, TC4 FAART TC4-600 W LEHIFF % FE A 2UR R %, 1ff TC4-700 11 TC4-800
TR T i LA RRE o S B8 PR (94 B K R AL R T PR e R O 2 T 50 3% B I PR AR [33] 0 it
Ab, BEHEES| R IR S BUEM 5K A A N, X Hg R EOTBR A R — AN R . A1
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Figure 7. Wear rate of TC4 and different nitriding temperatures
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Figure 8. Open circuit potential curves of different samples in corrosion wear
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Figure 9. Plasma nitriding equipment and principle: (a) Plasma nitriding equipment; (b) Principle of plasma nitriding
9. FETHERARERIFE: () FETFHEREE; ) FEFHERRE
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ANIF] TCA FEAE 3.5Wt% NaCl i BB SAR . 52 B 45 AHEL, 7E 3.5wt% NaCl i
JEGE G, RFERE I T AR VARE R S e, 3R I B AROML 1) E,955 FS ok BB 451 R 86 R 1 [36] . TEfEE
PR RR A, B R T ) S EE R TR B FH E TR 2 TR B 52 IR R THD A2 s B S RV AR B3, SR B
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Figure 10. Potentiodynamic polarization curve of untreated Ti-6Al-4V alloy and nitriding sample in 3.5wt%NaCl
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