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PEfE . Liu 25 NPWFSY T FeCrAl & 4 ER IR AT BE 1
FORM R B 5 3w LR ERE, #E 8.2~12.4 GHz My
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-25.6 dB. FeCrAl ¥y Kl TisSiCy HIVE G4 AR B3k
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PR T S5 B 1.3 mm (1) ALO; B2k 41% (i i
X BOFeCrAl B4R E SUN %/ 1-10 dB, 3RTFHEALH
P ERETY . PRIk, ARSZEGSRT SLM BRI R
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Fig.1 Schematic diagram of the selective laser melting (SLM) system
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2 Kanthal &4 KEHE
Fig.2 Morphologies of the Kanthal powder: (a) diameter of 45~
60 um and (b) diameter of 50~75 pm

BB R SUE R (K 4c AN 4f). JE AT RE A AE
WIEBE A MR, HE AR R R IR R B
%, B ESFHRREUL, SEESR Tk RKIEE
R K . R 4 52 Kanthal &&WR)2 EEIGER
TR WETPICEME Fey Cry AL O, HPE S &
KT 10%, Ui W45 80 3R AR WO G IE XA A U L1

F 1 MR FAR
Table 1 Chemical compositions of the materials (/%)

Material Cr Al Co C (0] Fe Cu
Kanthal alloy 22.1 5.12 0.5 0.02 0.04 Bal -
Copper(T10150) - - - - 0.002 0.004 99.97

% 2 Kanthal 3418 M R
Table 2 Thermophysical properties of Kanthal used in this

study
Property Kanthal Copper
Density/g-cm™ 7.1 8.92
Melting point/°C 1500 1083
Thermal conductivity/W-m™-K! 7.1 398
Coefficient of thermal expansion/
% 10° K- 1.35 1.77
Specific heat/J-kg" K™ 460 385
Electroconductivity/S-m™ 8978 58x107°
Permeability/H-m™ 2.58 0
Outgassing rate/Pa-L-s™-cm™ <I1x10""  <1x10?

W%tk . EDS fEIG AN Co 0%, JRKZ Co &AL
(0.5%, JEsTH0), #H RS HTITEE

Kl 5 J& Kanthal ¥ )2 5 X 88O BAMAT 2. H
BIuf UL, 50~70 um #} oK SLM KB Z, 2 A EPuR
AT R A AN R 16 X 45 5 45~60 pm H oK SLM B E RA
Je 5 DX A 7 A /D (L JURE AT R R K (5, X 3. il

&3 Kanthal #/E SLM BS54
Table 3 SLM parameters of Kanthal coatings

Sample [ KGl KG2 KG3 KG4 KG5 KG6 KG7 KG8 KG9
Thickness/mm 0.1 0.15 0.2 0.25 0.3 0.36 0.51 0.55 0.88
Oxygen content/% 10
Powder diameter/um 50~70
Sample I KL1 KL2 KL3 KL4 KL5 KL6 KL7
Thickness/mm 0.19 0.22 0.25 0.4 0.5 0.53 0.55
Oxygen content/% 0.2
Powder diameter/pm 50~70
Sample 11 KCGl1 KCG2 KCG3 KCG4 KCG5 KCG6 KCG7 KCG8 KCG9
Thickness/mm 0.27 0.33 0.39 0.40 0.49 0.50 0.52 0.58 0.78
Oxygen content/% 10
Powder diameter/um 45~60
Sample IV KCLI KCL2 KCL3 KCL4 KCL5 KCL6 KCL7
Thickness/mm 0.10 0.15 0.18 0.35 0.40 0.46 0.55
Oxygen content/% 0.2
45~60

Powder diameter/um
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SEI 20kV  WD10mm

SEI  20kv  WD10mm

3 SLM fiJ¥ Kanthal ¥ 2 & 4
Fig.3 Surface morphologies of Kanthal coatings by SLM technology: (a) KL7, (b) KGS, (c) KG9, (d) KCL7, (¢) KCGS, and (f) KCG9

I
SEI 20kV

500pm  m— SEI 20kV

N

WD26mm

¥
WD10mm

SN

NP

500pm

4 SLM fiJE Kanthal & 49 )2 B4
Fig.4 Microstructure of Kanthal coatings by SLM technology: (a) KL7, (b) KG8, (c¢) KG9, (d) KCL7, (e) KCG8, and (f) KCG9

F 4 Kanthal #EFERZE =
Table 4 Chemical composition of Kanthal coating (at%)

20KV

WD15mm

P —

500 —

Element KL7 KG8 KG9 KCGS8 KCL7 KCGY
O 11.76 16.39 13.91 16.64 11.98 13.31
Al 20.81 20.45 17.89 19.69 17.55 17.58
Cr 18.06 16.89 18.24 16.88 18.92 18.40
Fe 49.37 46.27 49.95 46.80 51.55 50.71
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Kl 5 Kanthal ¥ )2 il X 380K B 1240 21
Fig.5 Enlarged microstructures of the Kanthal coatings: (a, b) KL7, (c) KGS, (d) KG9, (e) KCL7, (f) KCGS, and (g, h) KCG9
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POEAER & Al R O J0% . R4 Al-O AHEIFI Fe-Cr AH
K, AR AR a-ALOs, Al+a-AlOs fll aFe (CrAl).
Kl 6 & KCG8 iR JE3 2 EDS Zef4ti 45
Ko B 6a mI UL, Uik Z R TS0k BRE RIURL 65 fil 5

e B B 2 AL45 K, il /Kanthal £ 4 454 S5 X
BORFED G, R BB RS AL I R B BT Bk
FLI T B 2 5 0 2 1) Ja) 38 DR T B i 2 B
5. & 6b EDS L1l 4R Wil HiR)= & oo
RIGIXBEEN 5~8 pum, KW SLM 3L FEH #OL 0 J4%
MR ER BRI, IR EA AR . B BT R K
T HONIER , BT Cu-Kanthal i G445 &
gt peAh, AN TR M B A IR X RO R
PEWIYR 2R 5 ALOs [
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Table S Chemical composition of each zone in Fig.5 (at%)

Zone Pl P2 P3 P4 P5 P6 P7 P8
0 50.67 40.59 31.33 30.48 40.63 38.02 15.23 54.19
Al 46.11 53.65 66.51 56.02 49.36 33.30 65.22 4435
Cr 01.42 02.30 00.87 04.43 03.99 08.23 05.74 00.61
Fe 01.80 03.46 01.28 09.06 06.14 20.45 13.80 00.84
Possible phases a-Al,03 aFe(CrAl) Al+a-Al,0O5 a-Al,03
b
«

Intensity/a.u.

Distance/um

6 KCG8 V)= BAkII 3 & EDS Ze-14i 45 A

Fig.6 Cross-sectional morphology (a) and EDS linear scanning results (b) of sample KCGS coating
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RNV

aFe(CrAlCo)#2 1 Fe. Cr. Al FIl Co J&L 1BEHL 5 ¥i5
A R SR B, B G A bee sFE, BT LT
Im3m Z5[0) S MERE. [F3, FeCr )T L£FH Im3m
A RUFERE . Fe JR I A0 A% W 42 0.2866 nm, 1Ml
FeCrAl & & R)Z bbe 4589 aFe &g ECh 0.2871
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Cr Ml Al HE N Fe Shfg 51 diAs 22214k, tHT Fe
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Fig.7 XRD patterns of Kanthal alloy powder (a) and coating (b)
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FARE, L TR U B2 0 R b U AR
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Bl B8 R ) = Y g 3 4 (computer simulation
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Fig.8 Principle diagram of the measurement system for cavity parameters
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Fig.9 Quality factor Q vs coating thickness curves for cavity: (a, b) 50~70 um, and (c, d) 45~60 pm
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Fig.10 Sectional view of field distribution for loaded cavity: (a) magnetic field H distribution, (b) electric field £ distribution, and

(c) surface current density distribution
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Fig.11 ~ Schematic of microwave attenuation properties for

Kanthal coatings
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Microstructure and Microwave Attenuation Properties of Kanthal Coating Prepared by
Selective Laser Melting

Wang Bofeng'”, Zhang Yongqing', Zhang Zhaochuan', Wang Weilong', Gu Honghong', Liang Yuan',
Liu Yingqin'?, Gao Xiangyang'
(1. Key Laboratory of Science and Technology on High Power Microwave Sources and Technologies, Institute of Electronics,
Chinese Academy of Sciences, Beijing 100190, China)
(2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Kanthal coatings were fabricated by selective laser melting (SLM) with two kinds of powder, 45~60 pm and 50~70 um in
diameter. The surface morphology, microstructure, element distribution, phase structure, and microwave attenuation properties of the
coatings were studied by optical microscope, scanning electron microscopy, X-ray diffraction, and cavity characteristic measurement
system. The results indicate that Kanthal coatings have the characteristics of rough surface, porous and flaky structure. The quality factor O
of cavity loaded with coatings fabricated by 45~60 um sphere powder is lower than that of coatings by 50~70 um powder, showing better
microwave attenuation properties under the frequency of 2985 MHz. Al,Oj3 thin films and micro void generated in the structure of coatings
have the effect of scattering microwave and thus reduce microwave reflection. It is also shown that flattened shape of Kanthal coatings is a
good way to suppress eddy currents in high-frequency electromagnetic field and leads to the formation of easy magnetization planes, which
is helpful to enhance the microwave attenuation property. The coating thickness has profound effects on interference loss of microwave.
Cavity Q with coating thickness of 0.55 mm reaches the minimum value of 2280. Kanthal coating is composite material whose main
mechanism is attributed to magnetic loss.

Key words: selective laser melting; Kanthal coatings; microwave attenuation properties; quality factor
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