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ABSTRACT: Enhancement of friction and wear performance of low temperature steel by plasma transfer arc welding (PTAW)
technology to provide a test basis for welding and life extension technology for polar specia ship plates. Three sets of Co-based
coatings with spherical tungsten carbide content were prepared by overlay welding on the surface of low-temperature steel E32
using plasma transfer arc technology, and the frictional and wear performance of this modified coating and E32 steel at low
temperature conditions (20 “C) was compared. By means of X-ray diffractometer (XRD), scanning electron microscope (SEM),
energy disperse spectroscopy (EDS) and 3D optical profilometer, the influence law of tungsten carbide content on the wear
resistance and microstructure of the overlay layer was analyzed, and the wear resistance mechanism was revealed. After 2 h dry
dliding friction wear with a load of 50 N and a sliding speed of 20 mn/s, the friction coefficient and volume wear rate of the
three sets of coatings decreased compared to the low temperature steel E32, and the width and depth of the wear marks became
smaller. Coatings rich in WC, W,C reinforced phases and carbide hard phases such as Cr,3Cg, Cr;Cs, CosWsC and FesWC
significantly improve the hardness and |ow temperature wear resistance of E32 steel. The low temperature wear resistance of the
coating increases with the increase of tungsten carbide content. Adhesive wear and abrasive wear were predominant wear
mechanism of the coating when the coating without adding tungsten carbide. When the content of tungsten carbide was 30% and
60%, three-body abrasion was the main wear mechanism. Through PTAW on the surface of E32 steel, the spherical tungsten
carbide reinforced Co-based modified coatings with dense structure, high hardness and excellent low-temperature wesar resistance
were obtained, which can improve the service life of low-temperature steel to some extent.

KEY WORDS: plasma transferred arc welding (PTAW); Co-based coating; spherical tungsten carbide; low-temperature; friction
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1 ﬁtgﬁ Tab.1 Composition of composite powder

wt.%

1.1 7'%1“[’& ﬁiu % Sample wcC Co

BEAR A RE A 3 TE 0 A AT BR 2 w1 28 7 1 A R Co-0WC 0 100
RIS E32, HALZ mLsr (LABTE 80T, TF) A Co-30WC 30 70
C 0.15%, Si 0.26%, Mn 1.42%, Cr 0.05%, P0.01%, Co-60WC 60 40

Al 0.03%, Ni 0.14%, Nb 0.02%, Cu 0.01%, Fe 43 &,
LB R STk 100 mmx100 mm. i FHET, JH 2008#—
10004k fb i WD ACKE R B R AT B3, ek &
BEVEVE, TR E T TEAT, fEH. lh AR IR
A AT w AR 7= B AR AN ERTE SR AL B R A, B 365
BRI AR N C1.0%, W 4.6%, Nil.1%,
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MR F S N . C3.1%~4.1%, W 4,
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X} E32 4N F i HE AT ROAL B, DA EBRIGE . BBl . A
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1A ky, Bk T AW 2, R¥IER 2 T 234,
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Tab.2 PTAW parameters

Speed/ Vibration Feed rate/
Voltage/V' Current/A (mm-min™) extent/mm (g-min™)
60 180 50 10 20
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Fig.1 Particle size distribution of Co-based powder (a) and tungsten carbide particles (b)
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Fig.2 SEM micrographs of Co-based powder (a) and tungsten carbide particles (b)
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Tab.3 Impact toughness of the samplesat -20 C

Sample Substrate Co-OWC Co-30WC Co-60WC
Impact tougzhness/ 77 55 60 64
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Fig.3 XRD spectrum of the Co-based PTAW coating samples
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Fig.4 Microstructure (a,b) of Co-OWC PTAW coating and EDS analysis results (c,d) of region A and region B
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Fig.5 Microstructure of Co-based PTAW coatings (&, b) Co-30WC, (c, d) Co-60WC and
EDS analysis results of (€) region A and (f) region B
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Fig.6 Microhardness of Co-based PTAW coatings
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Fig.8 Surface morphology of the samples after abrasion test: a) substrate; b) Co-OWC; c) Co-30WC; d) Co-60WC
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Fig.9 Variation curve of (a) friction coefficient with time and (b) wear scar cross-section curve of the sample
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Fig.10 3D topography of the wear scar on the surface of the sample: @) substrate; b) Co-OWC; ¢) Co-30WC; d) Co-60WC
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Tab.4 Low-temperature tribological properties of the tested samples
Samole Average width of Average depth of Wear volume Wear rate/ Friction
P wear scale/um wear scale/pum /mm® (mm3N-1m™? coeffcient
Substrate 622.124 30.821 0.092 1.278x107° 1.09
Co-0WC 492.267 10.855 0.026 3.611x10°° 0.74
Co-30WC 410.516 6.436 0.013 1.181x10°° 0.57
Co-60WC 372.439 4.149 0.007 9.722x107" 0.45

e M 11 nTRIAE N, 3 HMERE 53R EER
ViR, HEAE YR S AT M (ER
P8 B X Uk 2 3 TS 5B 30 B S SR AN 3 O
Ah ARIR AR SR E32 A I 151 76 1r S B0 I Sl AL TR B )
I, IR E R R B ML= o Al HE
JR VR 2 B B 3 T A /0N T AR VR DA R R ) AL o
30%WC 4 FE R )2 BR R A RS2,
60%WC 4 HE IR 2 20 BE R B e, SRTAAFFETRIK
PP G, T OEC BRI EHA X &
B TR I R R EE R T ORI TR ML, KRS 2
TR, SRS ROk, IR, (AR ™
AR, AN, 2 FiAS [l Bl A0 E A8 0 ) At i o A5
JZ UG SR LA 5T, LS IR 30 DY R % Hh BROE
T AL R

Vi S R S AT RL S VAR AR Y | Ak BT
EAEF R =1y, 2 T R A s AR L 1) 2 AR
P, 3 AL ISR 2 B 1B IR 5 &% EDS
BEANE 12 iR, B 12a AT LAFH Y, ghidh 5L oe )2
VE 5 I S TS P TOUL T 5 A7 AE R 19 Rk I b i
BAR AR 5, X 2 LR P Rl 25 s LR A 9 LR
FEREHT PTAW 320 2R 5 B 5 2502 [ 45
BTN, LAl A 2 B R S AR T R e AL A

B R, X S s ) Rl 2 4550 0 o 4 S0 )2 (R e
&, SEORZ MR o 32T i A A S Bk i)
Br, FerE v IE R A M S A R A
TE 2l FEHE AR R 2 R Y AL R 2l SR 2 )
JEESR AT AE O LU, il ER R I AU, RS AT AR
TR R Z . A, PERERE BRI i AT, e fil
BT T AR B R T, AR R S
TEEEEIANAE I T & R4k . EDS /e dral SRR, 4l
B EEHESRZ S B Th 5 A K& Co. O, Cr. 455 IR
TSR, A 0 L AL B Sk L L S 58 R RS 2 S 45 A
F, WAFTE A E AL

& 12b. c ATLAF Y, 30%WC fli B K 12 i 3%
2 B SHAIRILTE, 60%WC 435 FEHE IR 2 19 B JH
WA, BEE AR, AR EAN K TRk
Al A s Ak LR 2 b, Co R4 AH T LA S 4 AR 4P
ARG A3 ot (R B AL S UK, BRALG T i AR5 SR R V% 11
JLSR, B 0 Ak 45 ORI A A 1R 1 il i A5 2 110
TR E . PSSR0, Al G AL 2 L 3 T 17 R A IS
JEBR , AE 23 A A B BRAS W b Yo} B 45 1 1 A 0% AR 42
1, FERI KL R, RS AL . b
S BREL SRR RR LT, HEARZ R AR A A
B, Rl 25 2 (R0 S o) T U, R s i 114



B51E FH2M A5E5 . BOR G AL B 1Y A A0 JE IR U 2 10 2 2T AR Tt i - 173 -

K11 kR IR SEM JES
Fig.11 SEM images of the wear scar on the surface of the sasmple: a) substrate; b) Co-OWC; c¢) Co-30WC; d) Co-60WC

K12 PTAW SR 2 8 1) SEM K EDS i
Fig.12 SEM images and EDS of wear debris of the Co-based PTAW coatings
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