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Study on Dynamics of Metallurgical Reaction and Material
Structure Evolution under Microwave Field Enhancement
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University of Science and Technology Liaoning, Anshan, Liaoning, 114051, China

Abstract

Microwave heating, as an innovative green metallurgical technology, demonstrates extensive application prospects in the
metallurgical field with unique advantages such as selective heating, volumetric heating, and rapid heating. Compared to traditional
heating methods, microwave fields can significantly alter the kinetic behavior of metallurgical reactions and influence the evolution of
material microstructures, thereby providing novel technical pathways for enhancing reaction efficiency, reducing energy consumption,
and improving resource utilization. This paper systematically elucidates the fundamental principles of microwave heating and its
application characteristics in metallurgy, conducts in-depth analysis of the impact mechanisms of microwave fields on reaction
kinetics, explores the evolution patterns of material microstructures, phase compositions, and microstructures under microwave
irradiation, and reveals the physicochemical mechanisms underlying microwave-induced reaction enhancement.

Keywords
microwave heating; metallurgical reaction kinetics; material structure evolution; non-thermal effects

AT B s/s - A sy Ne=ba 1y 4 =ia

Wi ABE LA E RN NFR Y ERETERR

B

RHE R, ArE - 127 ] 114051

i E

BT A A A —Fr BT R E 5 2R AR, VAR IR0 B i AR A Fo ik R RS A BRIt S8
Rl 5. SiEgmitoy XA, BkDisB 2 EZREEER MG N FITH, HaBRNEmeyig T, NmARkk
BERR, BARGAL, RGFTRAN R R EFHOREAREE, KRILARER T Mok m ey AR 22 R A2 06 2413809 5L R 4

P, RASH T D R BB A S HaAuE, IR T RO R T AR RIS H L AR LR AR ILTY 5284 % AL
, BT T MK TRAE R H  ERAL S AR

ES 3
Wk BEREHNAT; MAEHRE; FREE

DT o R R NE) 27 A S S R AR B s R

¥ RIS CRERIE RS T H .

2.1 BN 3A X I R iR 2R B e
REFRER, BN BE R SH S MR

WE DS BRI A, EEihestt T, ARk E IR

13515

WEE IR 5P E DR H 220/, TR =, T5RE.
BRI SRORE AT A FRABEIFK . RN
VEA— R O ARIIRATT A, I RAER ST R TR

HEiibik, WA, T E . iaeREGE . #
EHEIRE S 25T . A BRSO AR & SN
B KR R AR RO R, SRR 6
[ RZEIVEFABLA, DI R G SRR VEE A RS TR
MR ZE%

2 kR e & RN 1%
5 REED 135 FF SRR R MR 3 L1y G R

[fEZE”T] $iF (2005-) , 5B, PEIWFADA, £
EARAE, MBEE TENR.

96

NGRS AR T B 0 S N N TR S Y S R, 1
TERP T, RN AR E A R R — D E S, X
FIRTHNAEZ A SR ATEEIRIE, ERERI R,
il e,

b it v I T A R S R R BB B AR
R E T T+, ReHaEEACE,
ISR . R, Sk A S R P
37, fERRAARATER TR, 48 T RAESH. It
SN, PRI REERRK ISR R, X T
T EVEREE, AR TR esiRactt, EE
TG



AEAIIHETIRE - $03% - F 034 - 2026 203 A

2.2 (R H X R R iE L BERY S50

I RETEAY BE S B O SRR I RIS, )
BRI AR TSR R SR, Rk
e IRIG e  ZFOWRLEE, RS T, ]
n, FEFHSIRIROGEIE AR, BHITE L IERE I RE

RGEIIGE T2y 80 TR RR/KBE 2 ik 2y 50 T
BRER, FERETEE.
RTEACREFERAILE, FEMRMEZWS . — M

BN, B IR I R A T B R
WA T SN IRT I BERARAS . MRS T N TSR BE R
W, B—MLSIAY, s Ea IR, RO aERR
FREERGENAN, INREEIEER T, PEREERE, ik
ZIE I T RSN T BRI RIS BRI, (2
R 2 SLIRTERZRIA, fERFESRIET, Rzl aens
7= EEARR PSR TR F 7 (R o

2.3 ik AxH R T 2RISR

164 N IS K SR . AR AN SRR P R T R
BRI R N A . RS M 2T TR
G R, 50, R I G=EHIRERARE n] 5 |5 #dr Bk
oz, IR . Bk, RO PR S8
INESUARIE & S bR, PrAmEeacFnF L, BehnT
YR R RS IBNE, A RO S ERHR H FIOY Bt
THFEE. R, BT R TR TR,
Bt PR B PR B A R DT S 4

TER Wi R, ST I AT B2 R e
W, ARG Y, FIEH R R FE R
KT 2 & 3 45, BHNEgGE KDL b, XFERkn
TETR TR SEE SIS EAE | (RSsaen, §2
HFIBE R S SEH AN YN, RIREA T 5 i A AR
2.4 Wk msR AL R R Eh 2 MRS 47

LR OIVETRSY, WIRHRACAS RN B RIBL I A]
VAR A I SRS P RIVE R . $uson R R AL
FOFLA, RO AR R h AR A PR R FHREE, 1R
FEE 47 ) P SR A 7 T A3 457 4 Sz QIS T R IF R 4%
ko AR MR ORI IR, FE R 43 T
MEVERER A, WA RIEN ., S IRk
HER%,

TER RIEN R, WO e FRIIE : TR R
HIFVUEILRE, (8 N EBRIRE FRIAT T 28 R R
STHIPRE R, WA SRR R MR AR ER
S, TR ER R R 1 SR T RO s R
R RAREINIRA . KSR RRIIRCER, ik
MBS N B R R A TS, RN [ R ) ER
5. SRR R PRt s 1,

3 k3% R R AR AL
YBE BB 1 0 5 A S TR 3 T

WU B —EE AT .. ksl A ARGz, 520
YIEHOROR SRS . POFHZE RO, dEiscds e L
T
3.1 YIRS S e B

NRAEHERE P THRITAGFEREZ R, X5
HAE YR . &E /a0 Fe:0s. CuO. ZnO 55
FERR NSRS N, FHEZE, (E4EEHFE—ERE
G, MHEIGESRIEA, BB AR BlS, TR
SRINPR. BRAransasily . INEFD 451 B BT RuR
e, FHEEAIGH, REMEERy . k. AEER
RATHIRURRISC], sk R BN

WIEHO TR R 2 HR B . HER . SR FR
FE, RN, HEREARMOR, MO EERE SRR
VERL IR A SIS S o 18 24 H7K 43 rT R iR A L A0
A, INETHE, (B Ea RS R = A R R
Koo IRESTHREFEMZES:, AR S R 2R
PR AL TR
3.2 WA YA MR

T P SRR BE ., kA, W
R e] IR AR ASIR S, IndhEdedfe . Dhsidara
BORAIARZE B, RS IIREM FARZEIREEZ) 1000 FEES
FE, Mz eIrE 900 SRR A G K AR, AEANREERERZY
100 R, XPRHASEE FIRF IR AT BE S R 7 db A
TERRII R E A 26

FESRT IR RE T, RIS g S A 008 RS 12
AR =B R . ARG, IRk R
1 Fe20s — FesOs — FeO — Fe FYRIREIRZ, HifEi
Bszh, A REHBLR RS R AT Rl = s b, B
HEREE Y. RS AT REIR TR AR TRARFE B AT
Ve, BORIE R R A RIS

NFER YRR, MEZESIEEENT YW SKA
BRI RN, BCER IR RIS SR Blan, 7
TR AR S SRR I, R Tk gkl S R =
MRA, HEk. PouRAEEBEES, VeSO BEEH
R,
3.3 UK 3A X R I £ A B 82 M

TR 7 P HAOM 48 Ky ) 52 ) = AR B AR SR AR S5 4
e EREE . MRS LBREE M T THI

ERRGE R, 7 T RED S i AR A i
Boasil, Wt R, ST, H X ST
PR AR, (THHEREIEIR, RHREEFE TS, &%
Wy AR AT RGN, XA ARSI T s arofae b, 2
& T R

TERMEHSETTTH, s BT AT RS . i
BERT, BSFaUsFriRaiing], =067, (reFatlaR ey
0, IXECEREE A [ AR T ORSE0LE, Ims T ERn R v i R

97



AEAIHETIRE - $03% - F 034 - 2026 203 A

TEFLSREE R TR, RIS B P R AN SR
B, eI R AR BRI S, . TR, 28
LR, HHL R AT 20% 2 50%, FUSRERE
RS, XM R UK T R RAHRR, &
W TR, RSB T  RRES T R A EE,

TERTRAITH, e AT RES A R R R
EHERETE R . BB S, oM
S SN WS S A R ORE R, 2 s S S R i R
3.4 EET 5 R 1T AR XKEL

7 PR AT A SR R AT A B IR . R
W S RORBEH A R T B R T AR R R (A, o i g 5 B
7o FUBREERIEIMERE R T b SRR, 4550 T RS 2.
ST TR P AR S 2 2 AE ST L ORI i o I e
WA EIER, PoE TEHERE A R R T o

EEEZNE, WEERNES S RN A %
M, AHE (ERE BN R, RS R Qs g, Rm
oA R R, XS R AT TR A
R b, RSl iaEAs e, W TEA
PR IR A 4 R R ROV L LA B Y P,

4 ABLE S ERHIRURREU AR
4.1 B UK IR IR

SRl TR IR R R A SR RS S . FTSL R,
] BB RS R, B RR IR . 7ERISD
800 FL. WA 20 RIS, IR IO A]
5 90% LI b, iESHeAEHRFRE R R 60 435l L.
R P RE = S Eeoy £, ISk R
S PEER.

BRI W RN LA T R RS R 1 R
ISR L SETHE, TERREERIX, (&t TRRES
ORI I T R ES AR 2R i S
FEER N BN RAT RIS A, TEBRIE R sons, {8 R
BRI T A, GO TR OB SR T LB 4
ARESIRRS BRI T, R TR R R,

| Ui | | s |
E&?ﬁ ——{ ik ] Bisikie e
A
R D i
S oS o
At | o
RAALRERE | of

: v
o e s | U | —
1: SR RIRER

42 HREEY YMRIRALE
TESA 3T, ik n] B S R A i

98

HPERE. LR AR, HE ARG AR, Stk
WA, REAERNRS, FREFEESEE, W2
FREGNIHARIZ) 50% HEm 5 85% DL L, EHHI AR .

TESET Wb IR T, R AR IN B Y BT B
WRE, BREERRSRRREE, B SRR, ROEER R, IN
PH VSRR B S, RS ICRERENR, R ha]
TEVERHIELEIEIN, ARTIESHET .

FESE L 4b IR, B AT (PR R T — KR
ASZIKEARR I, (ES S S R
I SFHER, SEEWREFEMRS, AT RSFEE L
AP RIS
4.3 B KERMNAAE

e TE AL P VA < BRI T T PRI VR I 5. TEER
GV YT ¢la N R PRl 3eSpri e A YA 1L O U3
Y, SEAEETHE, PHRFEL GRS E
5, YRRAERETRIEAKSRER . SEgmnkeE T2
FREL, PRACHETRRD, RERER, BHRMCRE.

TEARIERIRTTTH, W7 AT AR e rh Sk E
[, B EINRRITA ], (ERGR SR E Pl
YRS ATIA 85% DA b, WlIE WA ride nI 1S3 E i A gk
K. AR, B RET . SREaM TR MR A
A—EREAE R

TER TR FF AL T, ke a] AT BR IH s A o
CESEEEN Y E . PRI, (e
PRsTHE, MmAFSEESOTHREENE, B sl
WSS, TRm R .

it

TR EA— P N RERTE S, fEmiG e RN E)
JIEATEE YR T TR WS 8. R iR se it
gt RPN, (EECREAS A & RN )
TIEATH, PEEm RN, BEIRR N EILEE, sRbE e,
TR PR AR S RN 0 SRR AE . BRPEIEIN . FLER
CEFISCERRTAIE AR, XA S I A T A A
&, FEERE TR G SRR . AR R ITBRGUR
ARSI . ZRETARTEL . RGO YA
T1E, HARUEEEE AR T L AR, Araaeinikm
TIREPEREAN SR (AR R R RS Z
S 3k
(1] XVEBL =G RN ) 151 26 R RS SR STE ] R

H11%,2025,25(07):151-153.

[2] #7025 B sy B R R S A R R B

S 0].408k,2022,57(04):12-24.

[3] SR F 0055 G ROV AR I A B ]S

TR R,2016,39(01):7-11.

[4] ZR¥R SRR E, L. hE N TR R AR s 1% wF

FFEER A O EmRRES THE,2014,5(04):1-6.

dr &
g

)]



