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Abstract: An induction coil is an important part of a medium-frequency induction furnace. The stability and reliability of
the coil are important tasks for the design, manufacture and maintenance of the coil. Taking the medium-frequency
induction furnace breakdown coil as the research object, the physical and chemical properties of the attachments on the coil
surface are systematically analysed via multiscale characterization techniques such as scanning electron microscopy (SEM),
energy dispersive spectroscopy (EDS), infrared spectroscopy and confocal Raman spectroscopy. The results show that the
black attachment on the surface of the coil is mainly free carbon, and Raman spectroscopy confirms the presence of few
layers of graphene in the carbon structure. A large amount of CO gas spillover during the smelting process and water
vapour electrolysis are the main causes of a series of reactions. The CO hydrogen reduction reaction and CO
disproportionation reaction are the main carbon deposition reactions that occur during the operation of an induction furnace.
The mixed gas (CO, CO,, H,, H,0, O,) is hindered by the Isoplan insulation plate during the outwards diffusion of free
carbon, which is the reason why a large amount of free carbon is attached to the coil surface.

Key words : medium-frequency coreless induction furnace; coil carbon deposition; attachments; detection

HROBURR N L R R R, AR RE I B B R IR R AR R A (R B A A
WS AL O, R RES A AR AL REAE 77 Lok, B0 2R B £k Bl 2 i e, 4k el 2 R I )

A FE B M P9 ARRR HE R BR BT A SR R, AR EAUIRBOK B AL R R R ROK A R BN B
ok, RN L R R BEAR IO T R OB XN BRI AR R AR D Ah RIS
%&Fﬂr‘ﬂ’\]}_%u% o A AU, T AR 7 R T, PR R A R AR

EE-IER Y AT AR | TR A A A S ek i E1 rb Ot e R

L/F\MT“EEIFIJ@% ﬁ?%ﬁ’%ﬁ)ﬁaﬁﬁ RN REMBEE, BE T - ELRBEBERR, XI5

Y75 B #8: 2025-06-05

EE B v AR, 1963 454 082, W55 J7 o]k 42 J@ A4 R K 4 8 2240 (4 F 5% 5 137 1. Email: jechcong@tianrun.com

Sl AR AR, T ul, R Ak, wh A, r A G U R N R 4R T B AR T 5 ER T (D], 45 B R, 2025, 46(6): 596-602.
CONGJC, WANGH X, CHIL, HAN L N. Detection and analysis of carbon deposition in the coil of a medium-frequency coreless
induction furnace[J]. Foundry Technology, 2025, 46(6): 596-602.

hEIM  https://www.cnki.net



SRl ES PRI

(EEEF AR N06/2025

MEE, % . hA SRR P EERBEON S 2T <597

T X g A T L X R DX HE AT A ek ik R4S A R
77 R UM DGR AR it 45 T T A, XB
ZEIO0S 3k SR IR ¥ R AR pORE A I ORE R B AR
U TR R U BT S A I R B 22 A
R IR B SR A i H Y 8 v SE 2k g3
T e A d IR 2 P AR TR O B R S TR g A Ak
B P T RO £k B AT R, A A A B
ALV B i g AN U S A AT
Phomy . TR E I O AR T RN L TR A R R
)17 BB B A B I SR BRI AH I 48 e, ] A R R
FET WPt 75w ROR S TH B BB R AR S 5 T, BT XF
TR H A 2k BB o S LR A SR A D

AR SCAE X H R N F A 25 A 2 AR T i B
WA B3t E 8 id SEM EDS | £ 41 6 3% A6
L S A I 45 T B, X2k BB A1 2 LB W ik AT BRAR )
Br, i — LIRS LB 5 A o8 ) 5 8 A A
HLEE, DL 4% 21 45 Bl o 2 1) R 9 AR AR i 1R, Ry 42 7
rH SRR N FEL P ) AT R R B AR B R AR SR

1 HSiTeR B N R AR KPR S5 A0 TAE
[ 3

TCE BN B TS A A B 1 PR . B R
NN — 2R et B4R S 0 B e e B 4 i, e
Aoty WEHE G RRRAS AL, Hrb, Aerb 2 H
Si0,,ALO; Fe,05 541 A , Bl BT 32 2 i B,Os 4, th
TR RN Al AR B VR el b R A A
e 1, et AN R T RO B R 4 AR
I, H B SA ALO; A CaO, 8 £k JB] 2 1A 5
U AR A, SR FH R D A 450 0L A5 56 1l 1717 g , ol FH 52 A8
HEL I TR S PR AN BT b 3 K A 20 sl i £k L IR 0
1o (R ELAS 2 B I (B E A 3 mm, 155 HEL A7 A 48 2k P I
[ HE A 6 mm , 2 R WE R H 20 0 o B 46 20088 40 4
1) FZ RS e B AR R, 108 (CuHRO0,).. 4R
P L[] FH = B e S e G i 32, = Bk 7 i) 2Ry
A SiO, Fl AlLOs, £k P8 SMlA Tsoplan 45 2% A FlRE iR

A G An AR RIE 4 %% Bi 2R 7 bk 42 A4 2Okt
%ﬂi?)%@nﬁl}ﬁo ISOplan gﬁéﬁ'{*}i EE A1203\Si02\F6203 *l]
ZrO, AN, FERREh 46 2 A1 H1 Na,O ,Si0,,ALO; il MgO
HA, AWM E R ISR 1 PR

1 SR T R R ER AP AR SR B R R &

Tab.1 Composition of related materials in the medium—
frequency coreless induction furnace

Part Chemical composition
Liquid iron Fe C Si Mn
Lining SiO, ALO; Fe, 05 CaO
Refractory paint AlOs CaO
Induction coil Cu
Insulation varnishes (CiHpOs),
Mica sheets SiO, ALO;
Cooling water H,O
Isoplan insulation board ALO, SiO, Fe, 05 71O,
Silicate insulation cloth Na,O SiO, AlO; MgO
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Fig.1 Section structure diagram of the coreless induction furnace
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Fig.2 Induction coil breakdown diagram
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Fig.3 Inlay process
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Fig.4 SEM images of black attachment: (a) low magnification; (b) high magnification

https://www.cnki.net



SRl ES PRI

(EEEF AR N06/2025

MEE, % . hA SRR P EERBEON S 2T +599 -

515 Ki%&E ¥ EDS 4558 . (a) Ml & ¥ EDS 1 ; (b) Bl & ¥ 57 & 00 R Jo i 43 BRI 43 X
Fig.5 EDS results of black attachment: (a) EDS spectra; (b) mass and atomic proportions of all the elements
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Fig.6 Infrared detection results of attachment
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Fig.9 Carbon deposition process on the coil surface area
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