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ABSTRACT: Cold spraying has become a potential technology for repairing continuous casting crystallizer due to its
advantages of small thermal impact, no damage to the substrate and unrestricted shape of the repair workpiece. At present, the
crystallizer material commonly used for continuous casting is CuCrZr alloy, but the thermal expansion coefficient difference
between the CuCrZr substrate and the cold-hardened coating is large, and the interface between the coating and the substrate is
very likely to crack under the service conditions of the crystallizer with rapid cooling and heating. Therefore, the introduction of
Cu particles with good plastic deformation ability was considered as an intermediate layer between the cold sprayed CuCrZr
coating and the CuCrZr substrate to solve the cracking problem at the interface of the CuCrZr coating, and the influence of the
Cu transition layer on the organization and properties of the CuCrZr coating was investigated, so as to provide a new idea for the
repair of the copper crystallizer by cold spraying.

With high-pressure nitrogen as the working gas, compressed air as the powder feeding gas, cold spraying technology was
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used in the CuCrZr substrate to prepare a layer of Cu coating primer, and then a multi-layer CuCrZr coating was sprayed. The
CuCrZr and Cu powder were spherical, with a particle size range of 10-100 um. The average size was 30.2 um and 34.4 pm,
respectively. The substrate material was CuCrZr, and sandblasting was performed before coating. The cold spraying distance
was 20 mm, the spraying speed was 20 mm/s, the powder feeding rate was 20 g/min, the pressure was 3.4 MPa, and the
temperature was 500 ‘C. Axio Oberver Alm Zeiss inverted metallurgical microscope and scanning electron microscope were
used to observe the coating organization, combined with Image-J software to count the coating porosity and flattening. A
DHV-1000ZTRDT microhardness tester was used to characterize the coating hardness. The thermal conductivity was
determined with a NETZSCH LFA-427 Laser Thermal Conductivity Meter at test temperature of 50 ‘C, 250 “C, and 500 C,
and the specimens were ¢10 mmx2.7 mm discs.

It was found that the Cu+CuCrZr coating was well combined with the interface of the substrate, and the thickness of the Cu
coating was about 50 um, and the CuCrZr coating was deposited on the top of the Cu coating sequentially. The porosity of the
coating was about 0.624%, and the flattening rate of CuCrZr particles was (43.62+4.54)%. The hardness of the CuCrZr substrate
was about 160HYV, and there was a work-hardening layer of the substrate near the interface, with the hardness of about 163HV-
168HV, and the thickness of about 160 pm. The average hardness of the Cu coating was about 153HV, and that of the
cold-sprayed CuCrZr coating was about 173HV. The thermal conductivity of the coating increased with the increase of test
temperature, which arrived at the value of the substrate at 500 ‘C. The Cu transition layer promoted a good bonding between the

coating and the substrate, and thus effectively prevented the cracking of CuCrZr coating from the CuCrZr plate. The use of
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Cu+CuCrZr coating can meet the mechanical and thermal conductivity requirements of the CuCrZr crystallizer.

KEY WORDS: CuCrZr crystallizer; cold spraying; Cu transition layer; heat conduction

A S — o R A g R R, HL R P R gt
o R A TR I 1) — R 110 38 P i o S A, A
PEARTE PURRAE S b 1 6 1 8 s 20, B DU
FEAG . RiGMER . BEEHAYORE SRS, I
FTEBE B A E A ARG B R RGEEE Y DL G
s, BRETE MRS CuCrzr 417, TERiR
B A A Aoy RO ER S BE FT , SR 1A 2 AR
Ry, PIEST . BRI SR HRE
I R N KL NN = )@ (1R - N
AR S B TR AR DI A E T 85 B
AT 2485 45 559 S8 ) L, VWA R LB g /N | Xof A T 461
i LA BAE . TG RAS Z BRI S50 05, A THE R i
Hak iR TR F AR

Tt 2 S YR AE CuCrZr B4 4 T CuCrZr
B2, BEBUREIL 98.7%, WIRAEE N 310HV, 45
HHEE KT 37 MPa, HFSE TR BIIRIGE L5 i aT
Frd o sl o AR OV i A st A vl 0 L 2% 04 I U
CuCrZr RZHLHAZ LI, WELERIE | 855
TEA% 5 kKR, Coddet 2520 4 V8 8594 CuCrZr
WIZFLBERIRT 0.1%, WIZRHIHEEE R 515 MPa,
B R 25% IACS. Yang ZCUBIGREHL, BBOR
CuCrZr F)Z1EEIR T (400~600 °C) /s L FH
YA A RN BE . {H CuCrZr 3K 5 /ERIIL 505
JEIIEIK R BB, TR iy 2% S IR 444
T, 2SR S kAT, Rt RS A
PEASTEBE T AF 1Y Cu PORAE MR B CuCrZr 1R )2
5 CuCrZr FARRY a2 . X TRBORAEGZ, F
WANEF B AT T KEEAFSE , & PR P45 S T R A

SRR R BT LR AT O 1 S () A A 5 T 4 W0 U A T
JZ FRE O A, A DA Pk e e AR Ul AR
AN I TR BRI )Z, S EmERT
81.7 MPa, #AbHJE LR IKE] T 93.94% IACS,
BLEF PR A S R L4 T AT 2 TR
FEH5HASREMER T RIFNEE, IFHRZESRR
KrAE Ik B 44T 50%7KF- . Zhou 2 I7E CuCrZr
SR BUURR T 44T 2, R AR 90°KT, Cu
BB YE [CRERE AT CuCrZr B0 82.7%, g%
ISBNEEAR Y 95.3%, ZHEAY 90.7%. Kk, A3CH]
A BFELL Cu IWRZE RIS EZ, Bk CuCrZr 25
T Ab AT 2400058, IR ST Cu i JEJEXT CuCrZr 132
HYRNMERERI R, A VA WA 16 B 4 45 T 7 $2 15
T

1 e

1.1 BRERERFETIE

BEER BB A CuCrZr F1 Cu RIHMI AR (KIWRA
SIRMBIARA R, HAEOWIES SR 25 il 1
7R o CuCrZr Fl Cu By R B ERIE , RiARIE Bl 10 ~
100 um, “FEHPRiFE458500 30.2, 34.4 um. FEMA R
N CuCrZr, WHRATHEATHIRPALEE , SR SST™ EPX
WA 258 (Centerline, MIEKR) Hl&BZE, R
UntiFlow ®iWs, M EAZ N 7 mm, KEH 120 mm,
FHE ERAA R TR, Rais ok m ik, T
ZBHEINER 1 PR



- 198 - * om o R 2024 4E 9 1

|- -e— Volume fraction
14 : Cumulative size " 100 &
12 F distribution g
< 18 E
S 10F =]
E 1 z
S 8r 160 3
& ’ 8
Q B 1 7
5. \- v
o 1 k5]
> 2 b \. 20 g
0 = 4 0 o

0.1 1 10 100 1000 3 000
Particle size/
a CuCrZr¥yR Hm
| —* Volume fraction ° X
12 — Cumulative size 100 =g
| distribution =t
S 10 lso &
£ s} \ £
g 160 <
E 6t S
Q ® ‘7
g \ 140 o
=2 4r >
o -
> ? | =
21 | v E
0 . e | 0 &)
0.1 1 10 100 1000 3 000
Particle size/um

b Culk
W ENTOUNZ TN i

Fig.1 Powder micro-morphology and particle size distribution: a) CuCrZr powder; b) Cu powder
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Tab.1 Cold spray process parameters
. Spraying Feeding Overlap
Powder Distance/ speed/  speed/ Pressure/ #/°C  width/
1 .1 MPa
(mm-s) (g'min ) mm
Cu, CuCrZr 20 20 20 34 500 1.2
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Fig.2 Schematic diagram of particle
flattening rate calculation
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Fig.3 Interface between cold sprayed coating and substrate: a) without Cu coating; b) with Cu coating
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Fig.4 Morphology of cold sprayed Cu coating+CuCrZr coating: a) upper surface; b) cross-sectional
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