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Abstract: The research progress of high-temperature microwave metallurgy reactor was reviewed based on the brief
account of the theory of microwave. The exiting problems of high-temperature microwave metallurgy reactor were
discussed, which include the stability of microwave metallurgy reactor on the conditions of high temperature, large size
high temperature cavity to be the same with microwave fields and design of react engineering. So, it is blank to meet the
need of high temperature and high power microwave reactor except small scale microwave equipment. To prepare
microwave high-temperature special ceramics, the high-power microwave generator and temperature detection are
important. It is conducted that the conversion efficiency of microwave energy, high power microwave metallurgy reactor
continuous and steady are the key problems to be overcome for improving the industrial applications.
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Fig.1 Realignment of one dipole in electromagnetic field:

(a) Polar molecules changes in positive electromagnetic field;
(b) Polar molecules changes in reverse electromagnetic field
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Fig.4 Schematic diagram of union-stage single-mode cavity

system: Py, P,, P;—Microwave source and transmission system;

C,, C,, Cs—Different states of single-mode cavity; S—Shield
for choke tube; D—Medium connecting pipe; M;, My, Ms—
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Reaction gas outlet

SV XSRS VA S Rk NI SRSV A = DV
RS 3 M8 B ISR AR I A S it S
CAT S U A SR NS DEAVAT TR ¢ AR liBUR ey
HR T NS IR, VA R 2 T DU e il 213
PR, BN ISR T RE R K B R
i Bl e A A D S I OB, AR
A=AV

P A Aty 2 POV Tk SR T U 1 AR s
PN G G R RS U SR AR IRE S O
BNEAR FEE, MEALE, R HESS BAF
VAR E R RS VAR S 25 33 T w4t
JOTI S N o MR, B N R B A7
SO SN N A TGS o3 A, DRV TR SR M e S
W TAE . AE RN E Zo 4 106 mm, 5T ZE47
Lo 9 146 mm [ PUETH RO SOBias s b i DL
L NP R PR e A b A W g i ik PR 6 L3790 A1 3
EE

- R RO < s RO A A 1
Hhilid, ARRTRS0R, HagEH TR
LS NIREAIY B R i P TSl o & e Sl N7 d oA
7 T AR BN AL, POl A0S g A BT R AT
SARFEIN AT G, AT BB AN A 1



#2145 10

e, A Rl A SRV SR SULIR Bk R 2611

3.3 ZHEREREXEERMEAE RN

2R s AR S N i N )iz s BRSNS R
5 K AT R NS, & S T 2 PO B a4k
TRV A3 AR 8] B A BRI P A = B o Y,
AR AR 4 JR R A R 2 B IR s i, H =
2N B = R 2 UL 7D T U N NP S - P (L
i A AR 22 20 S 53 AT R A E

AR RESZ R A 2T, SRR IIG 4
SNSRI T R ATI AL T e B, T 9 AR falink 15
BB AL N SEE 2 A1 CEM B Es 2 wl L K
RN CSIRO 2w 1) BB A /] 45 2 8007 T
AR HCE S N2 IR S5 T . AT, sl s 4 %
I AT LA T A R AR e A P iR R Ay
F P R 1 Bl 45 7 THT - W1 JANNE A1 KIMMERY !
Wit ik 28 GHz 12 1 o s st v 4
KNS T MBS, LA AL SN T
4%, %K INDEXABLE TOOLS LTD #iff il %11t T
Z A X mR AR A R N, R T ARE T B
Beah P R G S IR RE A, B e AT G
FEEk S, EE CEM AwPUFR T Phoenix R
BT A o AR I SN 2R AR B RTIk 1200 °C,
AT BE TR B S RS s, A g 5 At Ee
AILAS LY 97% I Ta), o F T ICH LI AL Js il
IO AEHb T

] A1 A b A 77 PR v s e v <0 B I, i )RV P
G, AR B ST, 4 R E A F] A
MKE—2.45/800 #4514 38 FH XS I #uky i S
[T IPNT S v o Gl w21 S A B e ) S I 7=
RN A BT e I T O At B FH RIS
KD B ZRIO AN AT B 2 i) S5 B AR AR TT 2 T il
TR v 4 I N2 T I A T AE o

o RE 2 B0 B A R W BT VTR R T
MFM~-863 Z I il il e g, 0 3 B AR FRAr
e HLIE 380 Vi BHIK TN 0.5~10 kW LA T
YESZE 2 450 MHz; TARIRERT 1 800 °Cs HRE X
K/N 120 mm X 120 mm;  BEFFIIITFE 0.5~2 ho %1%
/BTN THERL . B/ R IR JBURHG
A A P A AKEBEAE T T .

TSV AT R T S Rk 2.4 kW, SR N
2.45 GHz, M#AJEA %24 500 mm X 500 mm X 500
mm 1] YC—IT Z B il e e 45 47, Sy 245 fif ]
WK 6 FT7r. 1l i re 45 hnT LUSEI AU 4
R AT DAL S 1 800 CLAF. A SCAE I %1
WA 2R T ALOs. ZrO, Fl SiC 2R & AR 1
Wl s, AR L G B AR 200 CRIZAT T 58k

T LapNiOy M i Jaok, ARz s e sl ik
JETCTAG PR, 25 I B, R
FHER LS T 2% b S o 245 o il 2 1 sl ol
S S P e & el JEE 142 SRS P2 A1 °C s

A 4k JK S PR H R 56 4% 1 0 7 R T 2 Dhig
A A RS RN g, WA TR a7
Fi7R o RN R 22 BT IR I XU A HEB . o8
) B ARER G R G R I, AR RS 450
mm X 450 mm X 400 mm, FHIEIEIRAE 0~6 kW T [H
PEL TR AERY T, A RN 2 AL,

sl
——nll
oy
5 161
%”:@_%D III II_] 7_8

2 6
Blo Ak il i e st b ah iy 1l
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high- temperature microwave sintering furnace: 1—Computer;
2—Automatic control panel; 3—Manual control panel; 4—
Optical thermometer; 5S—Temperature hole; 6—Insulation box:
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Fig.7 Schematic diagram of structure of vacuum high-

temperature microwave reactor: 1—Microwave power; 2—
Electrical box; 3—Waveguide; 4—Insulation; 5—Cooler; 6—
Intake; 7—Microwave cavity, 8—Taken out port; 9—Inlet;

10—Vacuum pump
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WAk, MAEME MM AR K E, BNIMFZ
ANEHEITF R T 2 U iR s 4 R N, I
E— 78 U AT 2 7N TP A Y ]

2000 4, H A B AP 20T A H o] UM FH 2
Wi B b ) 22 B iR e e el e v, AN 1
KT 20 kW, K1 1 638 2 0o i e 45 5 i 7
PP TR 80 kW, & 14 m, BEplEfE 1 400
C: 428 RGN0 B e 7 1R e e B T ik 3
1 650 C. KPBERPHA WA R R T —FhiE
g X 2R R I ke s, JEH T A&
WP G L. ¥ V,0s Fk A B A 2 4 3)
1500 °C LA SSRGS SN, 58 R N ) 1) 58 25

TEFE, AEREAUH 2 TRt ra B kg 1/3171,

E I BT R AR B N A 5 B T K Bl R Bk 1 i
s AR 7 B SROREAR R SR A2 B A Al
PUFE/N . PURGEVELFFI ) 22 B R A4 i, R4
1B VR AR R RS PURGENEZE . MR A
s ICEERER . Sy S s, 1% A W RE /N )
ALOs. SiO; TV FE%E SR A JeAd, SRR BRI B2 A
BAYBCEL, REERIRES: T 2R W T 3G k& H
AREA, YT RO A RN 2 IR RS R
RIS, SRR IR A FOASREAIG A R (9 ik
21700 F11 680 C). HUIGEPELF(1 000 CKAIREL
I3 lEE] 9.8 F1 11 1K) FUZHKAAK(20~1 000 'C F %L
A 2.5X10°%°C)s PUasaRSE (1 250 C F¥5HH
12.3 MPa fil 11.5 MPa), [RIREA I TR
PRS0 A DB R B R Y. FH T ie 4 S
v, WEH T AR R AR HM R ik h
G VA% AR SR A BRREB BB PR SR PO 2
LI S S 9 T T A A L RE 45 1l

B9 el flis S ds = e RIS
Fig.9 Three-dimensional plot(a) and photo of vertical high-

temperature microwave reactor(b)



#2145 10

e, A Rl A SRV SR SULIR Bk R 2613

WA R AR N 2B i S T i R g v EAN s
B G e S Y A IS AR B[RRI 4
TR SR IS FE AN RS M AT 23 M, AT Ay s> %
VS AE TN ARG TG 5, A Il vanlat S I 2 4 (0, B vt
SR A S DI TR o A TSI VAP S
BRSO A, BB TR EER N WS
Bl X R O A SN g A LR TG IR, $2i T
ZIBRA G ARG EAR, @A T 2SN
DB OALE L Jr s R g AR
PE EARTEARAR NG, FFR R RE S AL T X
DRI 28 55 e 3 23 A R BE 37 0 AR I 52, 15381 T vl
(B AERASINA 1)) O KE NS NENIE X v 21PN
iR TR RUBE RO ¥ 4 S i B PRI A HE A
LA R Rk T S N2 5 R 7 2 ML 1
BRISHRTLAS, 1938 T Re R 2 & R i
U L 3 AT B A R B W R . R Z R R, TF
KT TR A AR D 26 0~80 kW 42 ] 1 H T4l
WAEIRATIMBAREC T T i 1 4% LA B A 0 74 11
i EIE

gr bnran, R 2R SR G 4 R NS R
PAR R AT RS RN L, AR I ) 28 A
PR SR 4 SRV A, AR IR AR 5 4
FIRIRERIR, L2 Sk R ARSI D3, S5
T 38 AR, [N, AT mR AR 4 R
I3 BT AN e, e TP A Y F R D3
R A RV A TR APk S5 7 T3S A7 A 30 4 vy 5 il e P

(SR

4 HiLkRE

Wt e AE R sk tah ik, SRR
NV H T AS R AR, RS Tl it 44
SR ISR S 0T, th Sl T Tl it 44
I RN 4 B R RS, AR e s T
SERE LAY NAC N o E T i A < S ek
TR e, JE G R AN ] e 2 RIS 5 0T i
ARIEBNACRELE,  H IR A8 R el U B AL
B TS50 S AN ) T AR H o

1) BB Ji RN S R e < I L s IR 45
g o, AEEAREN, RREREAT RN R it Ak
B, ARMER RS RPR R I TR EL A

2) I SO < S I 4 B AR HLAT K M 1A 4h
g, AR Ih AR AN B, A 200 $2 e BB vr <
BE AR NI ORIG R IR, T B NLAs A 5 o

3) P R I < SN # AR N I AE B
(BRI REW Y S NN PR S ) 9 8a 56 N7/ S S R e
JTHIAAAER) B, S R s BE I e e, kil
BEVFIESE,  FRUE MR it Gl v < S 7 e ol
A SRR R S .

REFERENCES

(11 % % % R WS nREARARED]. #ETIKR, 2005,
19(10): 100—103.

PENG Hua, LI Jun. Advance in microwave high-temperature
heating technology[J]. Materials Review, 2005, 19(10):
100—-103.

[2] TINGA W R, WAG V. Microwave power engineering[M].
Academic Press New York, 1968.

[3] Berteavd A J, Badoty J C. High temperature microwave
heating in refractory materials[J]. J Microwave Power, 1976,
11(4): 314-320.

[4] TONG Zhi-fang, BI Shi-wen, YANG Yi-hong. Present situation
of study on microwave heating application in metallurgy[J].
Journal of Materials and Metallurgy, 2004, 2(3): 117-120.

[51 dtng, sk B SRS AR EIAR K N TSR], A B
1999, 28(2): 117—-120.

QU Shi-ming, ZHANG Ming. Microwave hybrid heating
technology[J]. Physics, 1999, 28(2): 117-120.

(61 45 WM, BRSO D], RN T L ke
B, 2000(3): 5-7.

YANG Zhou, DUAN Jie-li. Development of drying
microwave[J]. Machinery for Cereals, Oil and Food Processing;,
20003): 5-7.

[77 KATSUMI T, FUMIYASU K, MASASHI K. Development of
the microwave heated catalyst system[J]. JSAE Review, 1999,
20(3): 431-434.

[8] AL-HARAHSHEH M, KINGMAN S W. Microwave-assisted
leaching: A review[J]. Hydrometallurgy, 2004, 73(3/4): 189-203.

91 B . PRI ORI T AR HI AL EE A B I F S [D]. B
1 EHIEE KA, 2003.

HUANG Ming. Application research of microwave interaction
mechanism with particulate matter[D]. Kunming: Kunming
University of Science and Technology, 2003.

[10] FORD J D, PEI D C T. High temperature chemical processing
via microwave absorption[J]. J Microwave Power, 1967, 2(2):
61-64.

[11] BB B M]. JEat: BLE HARAL, 2001
JIN Qin-han. Microwave chemical[M]. Beijing: Science Press,
2001.

[12] S, WRJ1. M REEARFTNHM]. B =R
fitk, 1997.

PENG Jin-hui, YANG Xian-wan. The new applications of



2614

A G A R

2011 4E 10

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[24]

microwave power[J]. Kunming: Yunnan Science & Technology
Press, 1997.

MINGOS D M P, BAGHURST D R. Application of microwave
dielectric heating effect to synthetic problems in chemistry[J].
Chem Soc Rev, 1991, 20: 1-47.

MCGILL S L, WALKIEWICZ J W, SMYRES G A. The effect
of power level on microwave heating of selected chemicals and
minerals[C]//SUTTON W H. Materials
Symposia Proceedings. Reno, NV: M4.6, 1988, 124: 247-252.
WALKIEWICZ J] W, KAZONICH G, MCGILL S L. Microwave

Research Society

heating characteristics of selected minerals and compounds[J].
Miner Metall Process, 1988, 5(1): 39—42.

KINGMAN S W, JACKSON K, CUMBANE A, BRADSHAW
S M, ROWSON N A, GREENWOOD R. Recent development in
microwave-assisted comminution[J]. Int J Miner Process, 2004,
74:71-83.

J A, T, S0R. 2 450 MHz/5 kW Bk ) S AE s A4
Beke st RG], BB 25 4R, 1999, 21(4): 4-6.
ZHOU Jian, CHENG lJi-ping, FU Wen-bin. Research on
improving single mode cavity type microwave sintering system
with 2 450 MHz/5 kW[J].
Technology, 1999, 21(4): 4—6.

JANNEY M A, KIMREY H D, MESSING G L, FULLER E R,
HAUSNER H. Microwave sintering of alumina at 20 GHz[C]/

Journal of Wuhan University of

Ceramic Transactions. Cincinnati: Ceramic Powder Science 1I,
1988: 919-924.

O R, HEE. 2R UM e A IR BT[]
TR T 22 BE 244, 2003, 22(4): 277-280.

CHE Lei, YANG Lin, XIAO De-man. Design of mutimode &
dual-frequency microwave sintering furnace[J]. Journal Dalian
Institute of Light Industry, 2003, 22(4): 277-280.

IR, BISIE. FE B R I T A 27 SO & IS ).
244, 2006, 34(9): 1708-1710.

SUN Yong-zhi, YANG Hong-sheng. The research of microwave
chemistry reactor made of the
resonator[J]. Acta Electronica Sinica, 2006, 34(9): 1708—1710.
JANNEY M A, KINMREY H D. Ceramic powder science I
[CI//MESSING G L, FULLER E R, HAUSNER H, MESSING
G L. Westerville, Ohio: American Ceramic Society, 1988:
919-924.

APTE P S, MACDONALD W D. Microwave sintering kilogram
batches of

rectangular  waveguide

silicon  nitride[C]//Microwaves:

Westerville, Ohio:

Theory and
Application in Materials Processing III.
American Ceramic Society, 1995: 55-58.
MK AL SR B E B 1% 7 i B [EB/OL]. www.
Peian. instrument.com.cn.

LIU Feng-qiu. Micro-wave chemistry[EB/OL]. www. Peian.
instrument.com.cn.

S N (| I - N - ¥ 3R b o A E R
[7]. RIER TP 2B 244, 2006, 25(1): 131-134.

GHES N

[25]

[26]

[27]

[29]

[31]

[32]

MA Ning, YANG Lin, LIU Zhi. Design of auto-control system
for high-temperature microwave sintering[J]. Journal Dalian
Institute of Light Industry, 2006, 25(1): 131-134.

ARARIE, WA, REAEAH, He, RS, & b M
WAL RS IBTRILT]. AR, 2006, 22(6): 67-70.
ZOU Ji-zhao, ZENG Xi-rong, XIONG Xin-bai, MEI Cheng,
TANG Han-ling, LI microwave

Long. Research on

high-temperature  heating vacuum system[J]. Journal of
Microwaves, 2006, 22(6): 67—70.
SR, FEROC, BRR, WAL, EIUR. MR A HORIN

W R MARWE4EIR, 2003, 21(6): 351-354.
Y1 Jian-hong, TANG Xin-wen, LUO Shu-dong, LI Li-ya, PENG

Yuan-dong. Development and trend of microwave sintering

technology[J]. Powder Metallurgy Technology, 2003, 21(6):
351-354.
2ok, FOR. T LB A B AL v

[¥4F, ZL200410023104.0[P]. 2005—07-27.

PENG Hu, LI Jun. A method to produce the vanadium nitride by
Microwave: CN, ZL200410023104.0[P]: 2005—-07-27.

LA, FIER, ARHEER, RAIR, KA. TN
[ e S A 7 = A L A O Al B G L S [ 2 1 N
Z1.200710066041.0[P]. 2008—01—-09.

PENG Jin-hui, GUO Sheng-hui, ZHANG Shi-min, ZHANG
Li-bo, ZHANG Ze-biao. Production methods of ceramic matrix
carrier for microwave heating: CN, ZL200710066041.0[P].
2008—01-09.

W, o B, SR SRR, SR, sk,
CEHM MW PP T g M v EL RN, ZL

200920111951.0[P]. 2010-05—12.

PENG Jin-hui, CHEN Guo, GUO Sheng-hui, ZHANG Shi-min,
ZHANG Li-bo, ZHANG Ze-biao. A kind of microwave tubular
oven door structure with observation windows: CN, ZL
200920111951.0[P]. 2010-05—12.

LM, BRI, R KRB, KR, FOE,
SCWEVE . T OB e R R b BB R, ZL
200920111949.3[P]. 2010-07-21.

PENG Jin-hui, CHEN Guo, GUO Sheng-hui, ZHANG Shi-min,
ZHANG Li-bo, ZHANG Ze-biao, LI Jun, ZHI Xiao-jie. Lighting
apparatus  for Muffle furnace: CN, ZL
200920111949.3[P]. 2010-07-21.

LM, B, MM, SRR KRB, K, FOE,
SO . — Al 4 #0002 BB IR s R BRI, ZL
200920169456.5[P]. 2010-07-21.

PENG Jin-hui, CHEN Guo, GUO Sheng-hui, ZHANG Shi-min,
ZHANG Li-bo, ZHANG Ze-biao, LI Jun, ZHI Xiao-jie. A
cavity: CN, ZL

microwave

removable multi-mode  microwave
200920169456.5[P]. 2010-07-21.
LM, BRI, R KRB, KR, FOE,
SCWE NS L B ORB WO Gk E R

200920169458.4[P]. 2010-07-21.



5521 &4 10 ) e, A Rl A SRV SR SULIR Bk R 2615

PENG Jin-hui, CHEN Guo, GUO Sheng-hui, ZHANG Shi-min, PR SR BN AR AT ERRE T [0]. BEkALEK, 2010, 31(4): 1-6.
ZHANG Li-bo, ZHANG Ze-biao, LI Jun, ZHI Xiao-jie. A LEI Ying, LI Yu, PENG lJin-hui, ZHANG Li-bo, ZHANG
microwave cavity incentive device: CN, ZL 200920169458 .4[P]. Shi-min, GUO Sheng-hui. Research on the cabothermic
2010-07-21. reduction of low-grade titanium concentrate by microwave
[33] #aM, Bk 5, S0, skibig, SRR, skER. RPR heating[J]. Iron Steel Vanadium Titanium, 2010, 31(4): 1-6.
PR 2P I RN I LA, ZL 200920253863 .4(P]. [37] sz, R, AR, sk, BRI, SN, LA
2010-09-01. — TG Bk — R R AN It B 2 B R i R E R,
PENG Jin-hui, CHEN Guo, GUO Sheng-hui, ZHANG Shi-min, Z71201010128352.7[P]. 2011-07-21.
ZHANG Li-bo, ZHANG Ze-biao. Chamber of microwave tube PENG Jin-hui, LIU bing-guo, HUANG Dai-fu, ZHANG Li-bo,
furnace with shielding gas: CN, ZL 200920253863.4[P]. HU Jin-ming, XIA Hong-ying, KONG Dong-cheng. A
2010-09-01. microwave calcination of ammonium uranyl carbonate method
[34] waM, Br o, SRR, sktbE skoRIDE, SRR, B for production of uranium dioxide: CN, ZL201010128352.7[P].
TR R B X R S e R, ZL 2011-07-21.
200920253864.9[P]. 2010-09—01. [38] i, XIFME, w0, skRFIB, M, 2N, LA
PENG Jin-hui, CHEN Guo, GUO Sheng-hui, ZHANG Shi-min, Tl A A R A ) ARG K B [l e A R I R
ZHANG Li-bo, ZHANG Ze-biao. Vertical microwave furnace Z1.201020136140.9[P]. 2010—12-29.
structure with protective atmosphere. CN, ZL 200920253864.9 PENG Jin-hui, LIU bing-guo, HUANG Dai-fu, ZHANG Li-bo,
[P]. 2010-09-01. HU Jin-ming, XIA Hong-ying, KONG Dong-cheng. One
[35] so4M, Mk o, sRpES, gktA, SRR, kR, — R microwave kiln for uranium chemical concentrates calcination:
iy T G AR W B P A K R E R, ZL CN, ZL201020136140.9[P]. 2010—12-29.
200920253865.3[P]. 2010-09—01. [39] XER, XV, Bl Bk, WA FRA Bk
PENG Jin-hui, CHEN Guo, GUO Sheng-hui, ZHANG Shi-min, REL BRI, 7% K, 2005, 7: 19-22.
ZHANG Li-bo, ZHANG Ze-biao. A small-power continuous LIU Lian-xiang, LIU Ping-an, SHUI An-ze, DUAN Bi-lin,
microwave magnetron anode cooling water jacket: CN, ZL ZENG Ling-ke. New technology on microwave sintering of
200920253865.3[P]. 2010-09—01. ceramic materials[J]. Brick and Tile, 2005, 7: 19-22.
(36] & M, W, e, AR, kU, SR Bk (g M)

ZEEHIRE T

SeM, B, 1964 A, W, #aw, WAES. CFaEH T AL TR BRENE. HEHE
HALNA ZFE T HEFARIEAMN I AT b A B8 8 TS A m SRSk, T E A A4
B R EROSRBIESFAREZE RS FARR. BRESEEE T —mAT Zm TR SRS KO A A
DB REER ARG S S MRIRLE L VP 22 04 AT AR, 32BN I FALE VR SR B B FH A5
FlE ERET HK ARRIEEETERIH . BRARRPFEGEAH. 973”7 3R, BRELTH . HKE R &1
T H 2 60R TR HAR T, SRR BRI 210, /8 BARRHE 5550200, R E 43, KBRS
350430, #ESCI. EISR 100430, HITE K B RI80R I, FZAL L H|4510 .,



