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Study on High Temperature Tribological Properties of Diamond-Like
Coatings Used in Textile Steel Collar
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Abstract In order to study the high temperature friction property of diamond-like coating (DLC) for textile
steel, the low temperature PVD coating technology was used to prepare DLC on high carbon steel surface. The
surface morphology of DLC coating was observed by SEM. The structure composition of DLC coating was
analyzed by X-ray Photoelectron Spectrometer Test and Energy Spectrometer and Raman spectrometer. The
mechanical properties of the coating were tested using a scratch tester. High temperature friction and wear testing
machine was used to test the friction properties of the coating at different temperatures. The results show that the
average friction coefficient between GCrl5 sample and steel ball mating pair increases with the increase of
temperature, and the maximum is 0.88. The wear volume of steel ball pairs showed the same variation trend, and the
maximum wear volume was 2.88x10° mm’. After deposition of DLC coating, the average friction coefficient of
friction pair increases first and then decreases. The average friction coefficient of coating samples at 25%C is the
lowest 0.033, and the ball wear volume is the lowest (3.87x10 ° mm®). When the test temperature rises to 100°C, the
average friction coefficient value increases to 0.212. When the test temperature increased further, the average
friction coefficient decreased to 0.088. Conclusion: The high temperature generated in the friction process of the
samples without coating leads to the formation of a large number of oxidation particles at the interface, which
intensifies the wear degree. However, when the test temperature of the coating sample is higher than the graphiti-
zation degree of the coating, the coating will graphitize and form a transfer layer dominated by carbon elements,
which plays the role of solid lubricating medium and ultimately leads to the reduction of the friction coefficient.

Keywords Textile steelcollar, Diamond-like coating, High temperature friction, Transfer layer

WE W THHR SRS ZE A NIATRZ (DLC) By = iR EE R AR, SR HIGIR PVD W 2 AR A i A 2 1 U Bl 4 DLC
W2 AR EEILE DLC )2 R BT EiT X HEO0H FREREIUNL. ARG {URPL 2 {3 HT DLC 1R 2451
B AT SR R AL I v 2 0 Sk Re . R TR R s B LI U R A R R R R B R . A5 SRR
GCrl5 i3URE 5 4R BRI I (141 2 BE 48 2 B 25 1R B2 1 T 1 1T 348 K, e R AEA #1) 0.880 e, RBRIEC R 1) B 45 A4 AR S22 3L K A D 7
SRS, e KR RN 2.88%10° mm’. UEY DLC WRJZ 2S5, BRI f 01 249 B 458 22 B I i Sl 18 K5 R AR At 3. 4
IR A 25°C B, U B IARE T B R 450K 0.033, HANER A0 A BURARA 51 3.87x10°° mm’; MR F T+ 100°C B, 7
FERE R BB R 0.212; BEE MR B2 o — 20T, T BRI R AR & 0.088. AR UL 2 M ilRE7E BE T AR rh ™ AR 9 /&
T A5 ST T B B S A U, R S R B 5 iR SR SRR R R TR B A SRR AR I, U B B A A A B E
ARG AT R R AR 2, P AT A BT VR, e S BUBE HE 2R AAIG

XKEIR LS RERARZE mIREE HE)E

Y75 B #9: 20230728

BEEWB: B A R H)TH H (20221Q-526); WA BTITHMHI T A (21IK0659); 74 26 T 78 K 24 8F 58 4= 8 Fr 2 4 0 {
(chx2022005); HFEZZ TALK A SFHIESTE (2021070); BEVGE Z A0 “Blz 5+ TR BAMHEIH (2023KXJ-129)

* BEZR A E-mail: feifeiyudian@126.com


mailto:feifeiyudian@126.com

o1 M

Sp R A STV 2 B M U2 A el PR T RE 23 A 95

RE4ES: THI17.1 XERERIRAD: A

X ST/ 22 FE HLRE TE PR BE N Zb WL . B 5255
TR E BOCEE MY SN . &R
S5 T DU 24 P S B s (R Bk R e sh R 4, I
S 22 P8 [m] e RN F S B, 5] R 2D ER T Sk R
B, YEGETT, MU R H 25 20 5 R AR DL sk
B 1 I o e v BT P R v e s s s e
TAE I R b A AR B BT DA R, [ P A
2P 32 A I 2 T 9 A AR ke B X A R A
RECY,

REWIAEIZ(DLC) B A mobEiia | iR
it B AN S B L R 2 A s R DL R R E S
i, 1 2% T 5 Ak B R D T LA T B 8 R
BEARBSED A 3161 RFM AR L6l T 2R 4 RA
WRIZ, RIT T RSN A BE X T 0 )2 BE M B 1) 52
Wi, 235 5% 58 s Ao HR B A T 2 AR U 2 Y P 4
fiE. Mabuchi Y %" il T B RAK LRI A TR)Z, IF
FZERIZM R S A S B LR, SR ERAR
A F T3 2 Wi B fE . Dai W2 il & T
Cri824+19 DLC iR )2, JF I X H B 4 vk fig, &k I 7E
Cr & B BARET, W2 054 NN 77 i 38 FEAIG, AR
i LT B PR REAT o AR DAL AE™ e 2 SV 45 2 T il 4
THBATiNLZE 4 DLCIKRJZ, Il it 43 Hrg 4
21 A XoF 50 S0 1) 1 AR B R Y BROT R IR 2
PR RS2, A PR 2 T Ti e R A S ]
DUHE R R 2 Y BE AV R, (L R %08 T IR )2 K S5
ST TS BE AR, I A X R 2 B T S 1 1
JE R PEAT IR ST . XIS E GCrlS #9400 Ll 4 T
DLC i&JZ, /00 T2 M & i B b i S5 o= | 67 fi
JEXT U 2 BRI R A 52 ), (H LAY R R T DLC
W2 R & S HCE A T ik 2 BB BRI 2, I
AKX NG/ 22 B B A T LA T4 B

Sl IR PVD U EBR! FE AR ATR R
[l % DLC ¥R )2, il X IR B I TN R T 0 B
#4347 T DLC VR 2 e L briz T oL T ol
REAFTE R BEAE AN PG 0L, 522 DLC IR ZT1EL
AT R A AL B TR I — 2 S A

1 K5

1.1 REH&E
6 P B RS AN (GCrl5) 7 J AR AT R AR R A 41
Bl B EAR N @30 mm 1Y GCrl5 #:1 U5 8 &

doi: 10.13922/j.cnki.cjvst.202307011

5 mm Y ECREURE, IR A = R A Ra
K E~0.03 um, HIK, [N, JoK £ B 5
TR B THPE 10 min, Z2FRREER TSR, &
Je B A I REHECZE DHG B 4246 U8 30 min
T

IR PVD R, K05 RIS 1R A
25 5 (1.3%10 2 ~ 1.3x10* Pa) T, | 445 il vl
RO E 25 Rl 9k 25 R W o B 44E GCr15 IARE 3R 1
UUAE 3] DLC % E". B 140518 B2 GCrls
REEATURIRZ (GCr15-DLO) fyiffE . Hirp, GCrl5
IR RE 2 O 5 R E e, SR O R B
GCr15-DLC i 2 52 B 0, PR R WA 8 Kb,
AL BRI .

(@) (b)
' ' Q

GCrl5 GCr15-DLC

K1 JEURJE GCrl5 il AT LR /2 (GCr15-DLC) IR
(a) GCrl15 it#¥E, (b) GCr15-DLC it

Fig. 1 Uncoated GCrl5 samples and deposited coated (GCrl15-
DLC) samples. (a) GCr15 samples, (b) GCr15-DLCsam-
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Fig. 2 Surface and cross-section morphology of GCR15-DLC
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Fig. 3 Raman spectrum of GCr15-DLC
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Fig. 4 Scratch morphology of GCr15-DLC
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Fig. 6 Curve of friction coefficient under different tempera-
tures. (a) Friction coefficient curve of GCrl5 sample,

(b) friction coefficient curve of GCr15-DLC sample
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Tab. 1 The wear volume of steel ball at different test tempera-
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