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Research on sintering process of glass insulating layer on
surface of oxygen-free copper
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Abstract: In order to solve the problem of turn-to-turn insulation for oxygen-free copper coils in radio frequency plasma of
antenna built-in type, a process capable of sintering a glass insulating layer on the surface of oxygen-free copper was
studied, and the effects of factors such as different surface treatment method, binder, and sintering temperature of the process
on the performance of glass insulating layer were investigated in detail. The results show that the oxygen-free copper surface
after acid washing pretreatment can significantly improve the wettability of low-temperature glaze on the copper surface
compare to alkali washing, and reducing the "porosity" on the insulating layer surface. At the same time, an appropriate
adding amount of Na,SiO,-5H,0 binder can improve the interface combination effect between the glass insulating layer and
the copper surface, and improve the hardness of glass insulating layer surface. In addition, the surface hardness of the
insulating layer increases with the increase of the sintering temperature, and the number of "porosity" on the insulating layer
surface is gradually reduced. An oxygen-free copper coil antenna with a glass insulating layer on the surface was finally
prepared according to this process, which achieved a long-time discharge maintenance and effectively solved the turn-to-turn
insulation problem during discharge process.
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Fig.1 The flowchart of sintering process
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Fig.2 Physical picture of oxygen-free copper material sheet
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Tab.1 The composition and proportion of glaze aggregate
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Fig.3 The metallographic microscope observation
results of sample
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Fig.4 Comparison on samples with different surface
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Fig.5 SEM images of samples sintered using different

processing methods
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Fig.6  Energy dispersive spectrometer line

scan analysis results
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Fig.7 Comparison on sintered samples before and after
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Fig.8 Hardness testing of insulating layer
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different mass fraction of binder

23 RELREXIIBELE MRS

BEAENGEM BN T A EER S
—, L AR R R R 4 M RE S A A Y
e U312 SO Bl T AN [R] 5 o) L PR o) 38 3 44 % = A
sz, 25 U 10 from . FF 35 % F G e Ak 22,
il FF Rk 45 751 52 8 20 BN 1% AR IR RRBE 1 . AL
K10 0] LLE Y, 75 850°C 1 ke il (1) 46 % J2 47 1E £ ik
B I, 55 4 R s, il o e ) IR R 2 T, 3R T R PR B 2
Wb o E900°C R el 1 4 2 2 2R 1 e i HJE B
SR L IX AT R R T IR e ) I BE TR 5 25 R R k)
R 2 KU I 10(d) A xS EE 4 - 900 °C Jee il i 7E
200°C F 15 60 min, W5 TP I ] X 3 38 266 25 )2 o
=R . X HE 10(c) 5 B 10(d) mT %0, T8 60
min J& HE | A RE 5 T 30 min J5 B IO RE 5 P
4 2% J2 T S AR AL, (E AT #5100 4E B 2 5 TR 3
T8 N T I AR 503 2 2 2= o O, ST B AR T 4 2 )2
SXof A 5 G 3R THT 1) 78 6 TR AN o R FH A [RD 1 R Ak
757545 3 800.850.900°C F Xt L 21 4 FfiE i 1) A 7
F R IR N 10.236%-2.295%+0.432%+ 10.291%,
AL L 900°C N Bl (1 2 25 2 78 1 AR B A o

25 0 A R FE S 11 T e i 1 3 1 4 4% )2
FMAE AT 700, 25 R 11 fros . B 11T
DL H, B A 8 ) i P T o BB A 5 S TR T 2
PRIt X545 7R FUIRGLR I — 2. 5XF 8
2 I8 30 min Ji BE I FE 6T LG, T8 60 min 5 e
0B 5 A B R B 20 3%, 3 K B T R IR KT R 2 3R
SRR K 3 iR R S EURIR I ST R R
FOBH S US4, IR HE e A 28, 5% ) 48 2% J2 3R THI

(2)800°C

—
e = e—

()850°C

(¢)900°C

(d)900°C % H. 41
E10 AEERHIRE THEEESTT

Fig.10 Comparison on insulating layers at different

sintering temperatures

o AR 900°C F B8 iR LA 200°C R 45
30 min fill £ AR 35 3 40 2% )2 0 R o8 =, O B AT

600
500 1
>
T 400
=
#3001
& 200
100+

528.3
492.6 5045

800 850 900 900X M)
el i 5 /°C

Bl TREHISHTHEGEREIL
Fig.11 Comparison on hardness of insulating layer with

different sintering parameters

24 EEEZKERAIRBESE

WAl iR aEe g5 R, A B AR N 14 G
S B BRI R 4.5 [T W2 e, S TR e Ak 3 3R 1, )
FHR b2 1 Rl 45 770 o3 2 00 1% 1R A I el B o
TE 2 B K, 7 3R KT 5, 78 200°C T T % 30
min, 7E &S AUH TR ZE 900°C BE ] 5 min, 15 21 b2
HR S E B 12 Fr s . MWE 12T LB H
LERMAER T —ZH5H8ENAL A B4
)z, HNmmAbeis, T HE % . Bl 12004
2 Pl 465 5 1 MK, %5 4 P s L AE SR v L A
FH 2RI 5 25 P8 2 15 5 SRV V508, 45 R S i 4 e



ERE 2024,57(4) Sipmgms,

4412 T B TR 40 4 S22 ) T 2 T 87

55 BRI IR A 2R AR 25 B3R T ) BB A 2%
BR& —ERLGR . HMELE AN EESH
TARIEE N, IF R SEBUBCR , W 12(c) R » B iE
T TR ) B A 2 R R T T e R B Y
S A B TR TR

(b) 28 2% M IR
12 TRIF%BERTHIBREGE

Fig.12  Glass insulating layer sintered on the surface of

()T HLTE L

oxygen-free copper
3 i

I8 0 X L, PR TS [ 2 T AL EE S B e AL
b 5 751 LA 58 L B T e B S5 DG B S 0T 3
AL JEVERE R IR, 1 B W R 2458

CL s FH A Y300 40 14T BR k5 e 08 Y 35 1
S A 2 JEC 1Y 2 T e R e ) S 1 B B A 2 2 5
HERE.

(2R &5 70/ fd Rkt &2 0 BOd KB s 1 =3
TESR T BB 40 2 5 R B S S 4 Na,Si0,-5H,0 Kl 45 71
JoT B 3 BN 0.11% I, R A5 35 33 246 25 J= 4 IR Al JiE 0
F| 5447 HV,

(3) 24T it A RbORE DL S5 v B A R e, |
W2 T X ) 2, e 900°C 1 45 il Tk 85 6 i B
[ i X B 200°C R T 45 30 min A1 60 min %2 il 1)
it R BILIE K P e B T %o o 1) 4D B8 4 % )2 1P i
TR

S 3R

[17 KIM KN, LIM J H, PARK J K, et al. Plasma characteristics and
antenna electrical characteristics of an internal linear inductively

coupled plasma source with a multi-polar magnetic field[J]. Plas-

ma Chemistry and Plasma Processing,2008,28(1):147-158.

[2] FAIRCLOTH D, LAWRIE S. An overview of negative hydrogen
ion sources for accelerators[J]. New Journal of Physics,2018,20
(2):025007.

[3] LEEJE, BAE D H, CHUNG W 8, et al. Effects of annealing on
the mechanical and interface properties of stainless steel/alumi-
num/copper clad-metal sheets[J]. Journal of Materials Processing
Technology,2007,187:546-549.

[4] MATSUTANI A, OHTSUKI H, KOYAMA F. Cl,-based induc-
tively coupled plasma etching of InP using internal antenna[J].
Japanese Journal of Applied Physics,2003,42(11):6837.

[5] IMBERT J C, DE-POUCQUES L, BOISSE-LAPORTE C, et al.
Experimental study of a radio-frequency ionized physical vapour
deposition process: Contamination by the internal coil[J]. Thin
Solid Films,2008,516(15):4700-4708.

[6] 8, B TA i, 3 I 8,46 . 492K STO, S 3 3 21 44 45 it vy MR 1) i
M FRREZANERET]. 48244 B1,2023,56(10):50-58.

[7] SLOBODYAN Z V, MAHLATYUK L A, KUPOVYCH R B.
Influence of surface treatment of iron, magnesium, and aluminum
alloys on the character of wetting by aqueous solutions[J]. Mate-
rials Science,2012,48(3):398-407.

[8] FRVL, B2z, Phifl &, 55 . 5k v bk 52 i 08 2R I F) 4 2 5 RAE (1],
TyBER EL2015,46(8):8138-8143.

[91 JBRGK, T I IR, 2% 8 R L IS 771 %ok AP 2 S vk i 6 1k J2 P B Y
FZMR[I]. #A0in L L 25,2011,40(18):125-126,130.

[10] ZHANG Z F, BAI H, CHEN H, et al. Effect of granulometric
composition of raw materials on performance of ceramic coating
on copper prepared by slurry method[J]. Surface and Coatings
Technology,2021,417:127178.

[11] GADERMAYR M, MAIER A, UHL A. Algorithms for microin-
dentation measurement in automated Vickers hardness testing
[C]//10th International Conference on Quality Control by Artifi-
cial Vision. Saint-Etienne, France:SPIE, 2011:189-198.

[12] DENGY, LI W G, MA J Z, et al. Thermal-mechanical-oxidation
coupled first matrix cracking stress model for fiber reinforced
ceramic-matrix composites[J]. Journal of the European Ceramic
Society,2021,41(7):4016-4024.

[13] Wi, m gL, AR 1, 55 . 462 RERHIN T B X v e B R R 48 2
SORMERE 5 BT FE[1]. 8 5500 K, 2021,54(7):37-42.

[14] ZHANG XM, WEIL Q, XU H W, et al. Preparation and charac-
terization of low-melting glasses used as binder for protective
coating of steel slab[J]. Journal of Wuhan University of Technol-
ogy-Mater Science Edition,2013,28(2):380-383.

[15] ZHANG Z F, CHEN H, WANG Y Q, et al. Effect of sodium sili-
cate binder on the performance of ceramic coatings on copper
prepared by the slurry method[J]. Surface and Coatings Techno-
logy,2022,448:128868.

Y Fs B EA:2023-10-11; 1&[E HER:2023-12-25,

TEBBN 222 (1996-), F (k) , M EF LA REA, 22
MNESHER TFTREMFP I LOHA;BEHEE K2 L
(1991-), B (R3%) , BB SRR . TEAFT LA G
MR TR AR





