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Abstract  With the rapid development of China's economy, the annual output of solid waste has increased significantly.
After incineration and capacity reduction of solid waste, a large amount of incineration fly ash is still produced, which
contains heavy metals, dioxins (PCDD/PCDFs) and other harmful components. Pouring the incineration residue in the
landfill not only occupies a large amount of valuable land resources, but also has many problems such as secondary
pollution risk to soil and groundwater, so it is urgent to develop new advanced waste treatment technologies with good
environmental protection and social benefits. In the early stage of the development of aerospace technology, low-
temperature thermal plasma technology has been used for the study of the heat protection of the head of the spacecraft in
the space re-entry process and the research on the interference of plasma sheath to radio communication. Afterwards, the
application of thermal plasma technology shifted from aerospace application to civil use, and treating waste in the

environmental protection field is one of its main application scenarios. Starting from the early destruction of scrapped
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weapons, chemical warfare agents, low- and medium-level radioactive wastes, and now the development of plasma
technology has become a distinctive advanced technology in organic and inorganic wastes treatment technologies. This
paper introduces the principle and characteristics of plasma waste treatment technology, reviews the development process
of low-temperature thermal plasma technology in the treatment of solid waste, overviews the progress of low-temperature
thermal plasma treatment of solid waste technology in the field of basic research and engineering application, focuses on
the analysis of the problems existing in the application of plasma solid waste treatment technology, and puts forward
development suggestions, so as to mourn the pioneer of plasma science and technology in China, our most respectful
Prof. Chengkang WU, the academician of Chinese Academy of Sciences and his advising to the fundamental research for

waste treatment by thermal plasma technology.
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Table 1 International typical plasma projects!'®-2*!
No. Project/Customer Capacity Feed stock Location Data Technology source
Westinghouse Science & . . Pittsburgh
1 48 t/d various kind of wastes 1984
Technology Centre (US)
Kinuura
2 THI 60 ~ 80 t/d MSW incineration ash 1995
(P) Westinghouse
3 MEPL 72 t/d hazardous wastes Pune (IN) 2009
Nagpur
4 SMSEL 72 t/d hazardous wastes N 2010
. mixed hazardous waste and Washington
6 Allied Technology Group, Inc 6 t/d . . 1999
radioactive wastes (US)
Asia Pacific Environmental Hawaii
7 . 4tvd medical waste 2001
Technologies, Inc (US)
L wood and plastic Miyazaki
8 Fuji Kaihatsu Ltd 1vd 2000 InEnTech
waste (IP)
. . PCB oil and PCB-contaminated Okinawa
9 Kawasaki Heavy Industries, Ltd. 1vd . 2003
materials (JP)
o . Kuan Yin
12 Global Plasma Technology Limited 4t/d medical waste (TW) 2004
13 Zwilag Plasma Plant 200 kg/h radioactive waste Wiirenlingen (CH) 2004 Retech
. . Moscow
14 Pluton 250 kg/h radioactive waste — SIA Radon
(RU)
Air Force Special Operations .
15 3100 t/a hazardous wastes Florida(US) 2010
Command p .
yrogenesis
16 Fiscantieri 50 kg/h hazardous waste Viotia (GR) 2004
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No. Project/Customer Capacity Feed stock Location Data  Technology source
17 BlueOak Ark. Plant 7000 t/a electronics waste Osceola (US) 2015
spent autocatalyst and industrial .
18 Heesung PM Tech 3500 t/a . KR 2007 Tetronics
catalyst materials
19 German Client 1850 t/a spent autocatalyst materials DE 2014
21 Kolon 15t/d MSW incineration fly ash Yongin (KR) —
Europlasma

22 CHO Power 82 500 MW-h/a waste and biomass Morcenx (FR) —

23 Plasma Melting Facility 200 t/a radioactive waste Kozloduy (BG) 2018 Belgoprocess
28 Resource Recycling Energy Center 49 t/d MSW incineration ash Osaka (JP) 2010

29 Tokai Village Clean Center 2x25t/d MSW incineration ash Tbaraki (JP) 2012 TAKUMA

30 Anan Ecological Park 8t/d MSW incineration ash Tokushima (JP) 2014

31 Matsumori Factory 80 t/d MSW incineration ash Sendai (JP) 2005

32 Southern Cleaning Center 40 t/d MSW incineration ash Fukushima (JP) 2000

Mitsubishi
33 Northern Clearing Factory 30 t/d MSW incineration ash Tochigi (JP) 2003
34 Masuda District Wide Area Clean Center 9.6 t/d MSW incineration ash Shimane (JP) 2007
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Table 2 Domestic typical plasma projects

No. Project Capacity Feed stock Technology Location Date  Technology source
Shanghai medical waste . plasma torch + gasification . plasma torch from
1 . 30 t/d medical waste . Shanghai 2013 .
treatment project and melting Westinghouse
Qingyuan 10 t/d hazardous . plasma torch + gasification .
2 . 10 t/d medical waste . Qingyuan 2018
waste plasma treatment project and melting
Dongguan Zhongpu 30 t/d
comprehensive hazardous organic solvents and plasma torch + gasification China General Nuclear
30 t/d . . ] Dongguan 2019 .
waste plasma treatment and mineral oil waste and Melting Corporation
disposal project
Wuxi Nengzhihui plasma rotary kiln + plasma .
2x30t/d hazardous waste Wuxi 2019

gasification and melting project

torch + melting
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No. Project Capacity Feed stock Technology Location Date  Technology source
Hai’an fly ash plasma resource L. . . .
5 . . 40t/d  MSW incineration fly ash electrode + melting Hai’an 2019
demonstration project
Tongzhouwan fly ash plasma o . . . o
6 . 100t/d  MSW incineration fly ash electrode + melting Tongzhouwan — China Tianying
resource project
Medical waste plasma resource . plasma torch + gasification .
7 . . 3td medical waste . Hai’an 2021
demonstration project and melting
MSW incineration fly ash . .
. . L . . . China Everbright
8  plasma melting demonstration ~ 30t/d ~ MSW incineration fly ash electrode + melting Zhengjiang 2019 .
] Environment Group
project
Zhejiang Weibo
. . . Environmental
Liquan hazardous waste plasma torch + gasification . . .
9 . . 30 t/d hazardous waste . Liquan —  Protection Equipment
disposal project (first-stage) and melting
Technology
Corporation
Liquan hazardous waste rotary kiln + plasma torch + . Xi'an Aerospace Power
10 . . 100 t/d hazardous waste . Liquan 2020 . .
disposal project (second-stage) melting Engineering
Hazardous waste resource and
11 zero emission disposal research 2 x 100 t/d MSW incineration fly ash electrode + melting Shanghai — Tetronics
and industrialization project
Dongguan Houjie hazardous o . plasma torch + gasification
30t/d  MSW incineration fly ash Dongguan — Eruoplasma

waste plasma disposal project

and melting
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Table 3 Plasma related technology projects completed by Institute of Mechanics, CAS

No. Project Fund Agency Date
. . Research Institute of Chemical . . .
Experiment of Plasma destruction of Adams . Institute of Mechanics, Chinese
1 Defence of Chinese People 's . 2002
gas by plasma metallurgy furnace . . Academy of Sciences
Liberation Army
) Study of combustion characteristics of National Natural Science Institute of Mechanics, Chinese 19982000
municipal solid waste Foundation of China Academy of Sciences
Technology and device development of The National High Technology . . .
. . Institute of Mechanics, Chinese
3 pyrolysis treatment of medical Research and Development Program . 2003—2005
. . Academy of Sciences
waste via AC plasma of China (863 Program)
Study of the plasma pyrolysis treatment of . . Institute of Mechanics, Chinese
4 Chinese Academy of Sciences . 2004—2005
hazardous waste Academy of Sciences
The cracking and migration of hazardous . . . . .
) National Natural Science Institute of Mechanics, Chinese
5 substances during the process . . . 2005—2007
. Foundation of China Academy of Sciences
of plasma pyrolysis
. . Institute of Mechanics, Chinese
6 Plasma waste treatment technology Chinese Academy of Sciences . 2012—2014
Academy of Sciences
; Development of solid hazardous waste Zhonghao Chenguang Chemical Institute of Mechanics, Chinese 20052007
plasma pyrolysis furnace Research Institute Academy of Sciences
. . Institute of Mechanics, Chinese
8 30 kW plasma furnace development Chinese Academy of Sciences . 2007—2009
Academy of Sciences
9 Development of hazardous waste plasma Shenzhen Mikray Environmental Institute of Mechanics, Chinese 20072010
treatment production line Technology Co., Ltd. Academy of Sciences
10 Research and development of plasma high ~ Liyun Environmental Technology Institute of Mechanics, Chinese 2012--2015
temperature metallurgical equipment (Beijing) Co., Ltd Academy of Sciences
Development of domestic waste plasma o . Institute of Mechanics, Chinese
11 . . . Shanghai Huikai Marine Co., Ltd . 2011—2014
gasification furnace for ship Academy of Sciences
®4 PRBRAFRFEFHEIRATEE
Table 4 Plasma related scientific research platforms of Institute of Mechanics, CAS
No. Research platform Agency Date Approval agency
| 250 kW three-phase AC plasma arc Institute of Mechanics, Chinese 2003 Ministry of Science and Technology
pyrolysis laboratory with Academy of Sciences of the People’s Republic of China
30 kW DC plasma arc pyrolysis melting Institute of Mechanics, Chinese . .
2 . . 2007 Chinese Academy of Sciences
experimental furnace Academy of Sciences
. . . Institute of Mechanics, Chinese . .
3 Plasma gasifier for ship domestic waste 2011 Shanghai Huikai Marine Co., Ltd.

Academy of Sciences
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HITZ, WA 3 fos. pRmdb e R 5. S,

nitrogen fly ash

hollow cathode

segmented-wheel
hopper

shielding protective
gas bank
refractory
lining
untreated
fly ash
anode
(total 4)

tap hole

molten slag
cone-shaped
bottom crucible

off gas
thermal valve
metal tap hole

slag

K3 kR &

Fig. 3 Schematic diagram of melting furnace

1N A 4 AN BB BE R AN B R 7K %
RO UL S HEE 2 B S H Ak, S TR A
)R ORI R B S SE F W RN oy
T, KRG WIS R HE S, 2 KT it e
HI B FGAR. FEARATIINFR T, "R IGE B TR 4
PR S5 3 A8 ORI A, AR RN 9 SR A6 1) 1/3, B
sk T 2/304,

34 #ZIA R

A% N VG i 40 B E 5 e B R EG O 1 R AR A
ARREEHEIE YD, D] T — % 300 kW 25 5 114 i
R IEERIE G4, WK 4 i, 2R3 E T E il
EETHIERS, RiIGa RS, BAAHE RS/
M KRG RTE RS S T HRIER T, 7
MU 3 il <AL, 2 mT IR ME <A TEH LA I 5 s Ak
HAG R R FE I, A E G T R 35 T AR
(B A T AU, S 56 R TR, TR g o 2 BR - K
50, RIS E] GB18414—2001 EsR, PRI AR H8 )% K
T 70 MPa, LIS AAIIZ R R RN T 1.0 g/(m?-d)>),

nitrogen blower
primary
chamber Z)(/)r(l)gaCS clei?lsin
800 C &
nitrogen
fly ash collection
nitrogen

4 BT URBE R T R RS

Fig. 4 Process flow diagram of plasma incineration?’!

4 AEFETHLERVEANSHER

IRFAMFREZ, oy BRS¢ 16 3G
B DR I 55 S e R (R AV 8 TR R
A LAE B4 K 2 BORSR K IR e, (EFE A B B AL
VR ZE RO R FE T, B R A E R T
ZHORBR A LR e A B R BT 5 VR H TR AL
BTSN ) A5 B T AR AR B T R E R R
PLSERAEEE (CKIN ) A HLRIRPALEE LA K
SRR AL TR 3 A5 TH A R3S B T R AL R W3
AR BB HE .
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gas reforming

rotary kiln shaft furnace enhanced reforming
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power engineering Tianying

Dioxin, etc

K5 MRS ES 1 (R R AL TR B B 25

Fig. 5 Typical technologies for plasma solid waste treatment

4.1 FEHEERMEBFHRERE RN AR

[ P S5 B A A Rl A B () AL R ) 2 B DL
BLIRAE e KK FN & I PR ) e SRS T SR 2. A e KUK
BOEEBMNCIEREY R, (EXEREDS
KD (2021 ) BRARLE 8 Tk k4 (772-002-
18). B B3R H KK AL B OB A AL . K
TR bedh DL S b 3 AR, ax L a2
Ty A BRI (N 20% ~
50%), 12 5 F 5 R HL IR, fEN DA% . SiF Rk
DX Afi AP 7 P SR O L P i K B R
AR K8 A P ) A FE 18 K Y8 i B R
B, AKYR RS I S 38 S O SR, KK
N IRK B 5 4 T S8 B AR g SR A Ak 2 A
I B R A AR TR A e ) S B T RE AR K
VS B AR, R TR+ T

S B TR AR R A R AR GE i v iR AR O SR
ORI S A WU, i 58 BT IR AR R K
FREATE BRI A, 4w 1 45 [ 44 T 38 3 1k o o
DA, ARAS A R TE T AL, B A B AN I A2
562 R s I H R ThIEAT, 55 8 RIS Al K b
A ARGZ W 2 B E K A2 1 90E, 3 MR E
TR . 55 B A0 R T AL R B R N i [
KSR R H A 5 6 IR 451 & T8 R AN,
FAHET BEARA (T P 3 i e S itk & F BRI
gn) HX (2019 FE—Hb. 2022 F5 ). 78 (H

F At 477 NBOR B 5% (BR R YA L3585 e By
HBAIR)) (2020 4F) H BRI S5 B T4 0 Al R RE

S CIRBEIAY, F5 2T TR B A2 A T IR A R
B RS E B A, 2019 48 [F 52 BHG HR E 1R % IR 1k
LI 4.7 EAE Rk R Fe @ L FE AL B R
$&4% (2019YFC1906900) H1 5 55 be ik 42 ¥ v i
RIS B AL B Dy e b — T R A, 2 LR R K
A5 R Ak BB R 1) BN AE AR 7 TR, VL5 T 3
IR 2019 4 2 H R ATE A E DU AR E B IR R
TR Rl AL By 1 Ao A 3 B R A e R R A il Ak
HEAMIE) (DB32/T3558—2019), 2021 49 H X
RATT 7 % T A mh [ A A 2 6k d B BRI
) (DB32/T4081—2021), L& T 44 il [ fb 4 K 4
KE UEERHH T I B 5 S RS FER
BOARBREE N 2. 2021 R, BRI BE SR
HE bR e E B2 B2 BeE kAT T 1 SR (]
P B B = )RR B3R ) (GB/T41015—
2021), AR AR J4 i 3 358 A 1 B2 A R R B T
PREARHE. 2022 4 [ bR EAGI FUBE . AR S IR R
AR S E BREOR T TR E ARG S )
(I A e e R A Rl A BB AR Y ) SRAF
ST, S TR B W B 3 A A B P ) e R
3K (GB/T41015—2021) FIZEAH, 211K 2024 4E5¢
BT B 5 bR iR IE AT 56 3 FUEAT OAR T R, ST
R i A B A 3 SR AL B P, )3 B
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AT TE IR A AR E 2253

B TR R A AL B RR R A R
N (ELHE EL IR AIASI) FI4% 8 TR, AR MM A H
FEAFEFERME. SRR, Tetronics. HAH
A& K[FHFPER AR 2241 A1 Europlasma 4.

A1 5 LU

(1) T ER AR
Hh R AR R R T 2 IR 5 B A K R A R
AR, AE KA R 5 T 58 B HL R HE IS 1A
BRG], T2 R ARG R AL 5 N, YR
SR EL I # A 1300 °C ~ 1500 °C, KK H &
A1 IERSEE T A H A LA R S, AR A
R IK IR J5 T8 R S A B 3B s, 440 ) 00 <0 mT il
J& GB18484—2020 #1 EU/75/2010 HEjgthritk; T2
JRIK IR PR G 25 R 45 i, 13 B 3R 2R R P4, Sl
R ZH . TERAME 6 fir.

(2) JRI IR

JERIARE 2015 F LRI C RS S TR 0%
REAE A, e fa 34T 7 ORE BN (500 g/h,
50 kg/h, 500 kg/h), FEAHVL A 7 30 /d KK T
P AR R R YT H |, SR S B AR L, RS F AR A
TR EE N AR (IEMR) 2 8, A& S E RS T
WL ZAME. TEaREeE L R RS, S8 T
WA G . RSP RS RN
FTC AL i A, 36 NS5 B8 A A Rl T T ey . A T

4.1.1

pretreat system plasma melting system

incineration
residuesi

H K A& e fa s R AR e Ti e 1.2, At AE 1)
30% ~ 40% IR K AKAT it — 20 A BT,

(3) Tectronics

Tetronics A &) 1964 4F g r 5% [F 43 1B, #5077
TS B R IBE R A T35 H #E 5%, Tetronics 23 ]
HTHEBFRGELK, KB T KESE FIHRIE
Rl A, K FH S H R, A Ik R H e oI pl T 5 F A
B & IR IE R A AT I AR i, SR AR I IR
2.75 MWL H RS H AN EiE3R43 R . Tetronics
A\ E TR RL a7 B,

2019 4, AN 5|3k Tetronics AR, 7E _Fiff
2 Tl X #5200 t/d 58 7B /& R R IR A
Joa ZHE AL B 7T R e AT H I H L2 e
BEEE P IREIRAE RS, o5 TR E
B & (30000 t/a) A3 [ 4b BE R W J H A R
(30000 t/a). 5 & TR L R E + Rk
[FIU5 % SNCR FLrE 3 B + 20435 + iGt R s +
AEEBRAY + PIRIBEIR + M S HBE K + 35 1 e W B
BE + WA ERMAES 2 RN RS G
Hefis;, ¥ EIRACR R + 15 + A+ BB +
TG T R RSO B 1 T AT A N ZE TR HE R T
ZIH BEAEE TR T R il s 174
W, NS TREARMET TR REK, B AT MIEg s,

(4) HAH AE

H A H #E (Takuma) A &) A 55 55 TR 05 ml 2

flue gas purification system

: lasma
stock bin l:ystem stack exhaust adsorbent
emission fan bed
flue
. . gas multi stage wet
melting combustion quench . . .
pretreatment purification electrostatic
furnace chamber system ..
system precipitator
reuse
water
waste
cooling water
system .
multi stage advanced

separation system purification system

water treatment system

6 HERME CRIER T Z AR
Fig. 6 Process flow diagram of CNTY fly ash melting process
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raise and lower
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feed port electrode seal
exhaust
water-cooled
panel
refractory
tap hoel lining
anodes

7 Tetronics A &) %5 & 1A

Fig. 7 Plasma melting furnace of Tetronics

N5 PSR & o Y S S MW o8 S RN I e
FH B3 AR . Takuma A &) K <8I R + R AR
VT, W0 I #0238 32 F R RS R AN, ) FE AR A
FEEUT A T, $5 i H T 0 AR A G 1 5 R S
BTN, B R HEA IR A v B ] 1 S B 2
FE Rl PRI 1 ORI R HE R R RS
R AT (CO, Hy) FEAE RS 5 rp 58 4 R,
o o A A HE S R KR TR R IR (1) 3 B A VA
HVE @ NS UK, BRSO iR
(lg 8)[23].

1k 2019 4, Takuma A &) CL7E H A& by
BERIRIE K RIE R B I H R4S, B RRNE
(I H 2 2002 FFLE I HEE 2R 140 vd 55 RS
AR IE L INH A 2012 4R 78 R E J R 2 x
25 t/d F A5 B TR TE A LI H

(5) KIRFFR MR a4t

K8 HAH AE A 7] S5 R 1)

Fig. 8 Plasma melting furnace of Takumal®*]

RIFVRFERANR) A BB AR ol 25 1 1k
REFRINBOR, R S IR, B 1978 47T 45
WA, R TSR B A RSO o (R 38k 71 2B 3
B A BV S Al R G “DAP”. 1991 4, fEH AKE
TR 2 x 250 t/d FYY HELSIUAC K Rl 00,

E R LN T

(1) Europlasma
% Europlasma )55 5 AR AR AR K &
K, EURRE TSR TRIEROR, LA RllHF1 <40
W%, 1992 4F, 71 I 5 5% v Mgl il R A i 45 s 1
PRAEIE L, 1996 ~ 2007 SFEAEVE E SR ERL T 10 t/d
WRFE TIRIGR RS, HFRIT T KRR Mtie
17, BEJE A H AR E (45 2 40 R, 2017 FE4E 5]\
W, EARSE IR BT T 30 t/d KR SR B AR A4 b
R4

Europlasma 732 B 35 4R 1) %K S5 B 1 P K I
N 9 Fros, B FRIEDI A 500 kW, LS
VBN AR, I o il 55 55 A S T m P ik ¢
MK, AEFREE ) 10 vd, BEFEZ 1300 kWh/!!-311,

(2) EHE KA F

5 |8 X J&\ A 7] (Phoenix Solutions Corp.) 37T
1952 4F, ¥ H 4 FluiDyne Engineering Corp. 1% ]
—HBUI T MR AT 7T, 1993 4F, FluiDyne
H 20N Phoenix Solutions Co, 3R NS T InHh &
G 2 538 2 —, HAEF” SR A BRTE A 3RS
N, JEIAE H A IS M 07 98 2, - A4
) ey B T R TR P A AU AR T H A 6
IR B T 17 36 t/d KB KRl (2002 4F) FIAE JF K

4.12

plasma torch
exhaust gas

plasma plume

refractory
waste injection
slag slag exit
heater
cooled rolls
vitrified

end product

9 Europlasma 2 & 25 2 T4

Fig. 9 Plasma melting furnace of Europlasma
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£t 2023 5 55 &

Tl 30 t/d KRR (2002 4F) &
42 BNEERNEBFHRSULIERNAERE

BEIT YD 158 A LGRS R %5 % il
A RREAT IR T FEAL B, (2B AR K2
20% ~ 30% KRN KA 8 Tl kY, &5
IR AR E . R, 7 EE A TR AL
e NEIR R S IV o I e A =N
AT, ARG RS O RS A, SEILA
NUERYI T EA . TR B2,

(1) S5 BSFAA BAP S A A5 i

B TR S A BB 4 SR A R B
HARRMEN & 36 H 2 55 3 Rk A ], Bl RS R
REEARME . R o B RN P 2 i R VR B A
O\ FE R A 5 [ P R S5 R A A ] 2000 AFFT
JEE A, IR, 36 A5 i & AR S B AN G
R PR ) S5 B TR A BT ), b B R R R Y
xR P A B T R A R ) 5 B A s B PR A A7
AEETTH, T 2009 Iz T334, 2013 4, BT
li] 7 A B Hp o0 5 5 R BEVRFHE (B A R A = 5l
BRI IE IS T E N EE 30 vd FIERITR
PR CIR S B AR S AL A AL BRI H . 2020 4F,
W R AR 2 T IE T 2 vd BT IR B Tk
SAIERURIEIH , FE LI R s 1T

B TR B 32 AR S AN Rl RN S5 T
RS, WRHEr WA L FE T g
B R B S ABORUA B S T LA HE
SACKERLY, PR HLA W AE 55 B8 R 7 B
P RR 5 E LR CO, Hy 2548 A Nk 134
HBEN G AL B R G AN R B A 45 R AF G T B, A R
5 YW AE S5 B PR T K 1200 °C ~ 1600 °C il
WA Ak, 7= AR AT R S, 1 Ab G mT i A Eld
PIBRAIL/ R SEC AL PR, TO LI VS T2 s P 35 20 A U T
VEREM P, LR o FE . SRR H
[FJ I, TS il B b g f T B, TR B AR
B b JRB A BRI R B AR B e R, R
JO7 i R ) e v, LU B ACK.

(2) [IFE 2 + JE Al 55 B8 R S E R

I 62 1 0 A3 A A D 8 e b B A A
[l 5 25 Ak e R AR R e RS ) R, VG 2 i R IR BN )
TR T 5 R BRSNS T IRIGRT, B8
B 2 AR BRI R B A WL, -4 TE N 73 I Rl s 35

I, IO B N A B R G 2 D330,

BRI I [ Fe 2 A e A 2 B8 T AR A Al P> &
G LM E, WORIE N T (ol e & A Be e AR (K
or) RUIBAT IR, DR IR AT E . R4St
BEARRGE MEAS AL o [ B 2 B Yo A 7 45 )

(3) B + PPl + A R S TR AL

P GE I R AE — A SN A RCZE TR AV
e B AR R N R, A VR R A, T2
ST 42 1l ME P v G IR S S AR HEAT R, SEEI
XM A AL SRR RS AR, SR
RGUAENE, FRRTS AR, FEARREAE. [ R AR
SEH B + frHE + IR S B TR A R EOR.
Rz B A S R B TR B, B IR B
AL BRI BB R AE S 4P HERUR R 3 B
BEAT, PORHEE N AP 5 e I T M B #A R BRI
BOREPHE B S AT A SR, S AR
BE 5 O HEHR S R o b 55 B A B R A
AN I TS s 7). AT B — 1) Behp,
TP R I R, S R AR IR ST, e R e P A
TR, A s A B AR R T A .

B+ PR + R 55 B T A AR R AR
AT (1) B TACIE R 5 BUR L IX il 1E
3 AN IXHEAT, Jb T AN TR S B 22 TR R S, di
ARG ENE; (2) T SRS A 2 SN B, A
AT BEARRERE; 3) T RMHEBUIR. (ERI, H %3
AR AP HESE H I R G R bk, S BUREMYE
PRAEL .

43 HMEMEEMFEFHLCERNRAHR

B U L P RURE fie A5 REVR AR A% 17 2% AR 2
M R AR D BRSO B RE R, A2 R [ e d 45 4
HEAAATEARRAIEN. ZAshistr LB fed fE
SR E BB R (DARTBON ), TBON PR
YO 22 A Kb BT SCHE R R R g By EL R
I SEBRE X

TR PR IR A% e i) Ak B 7 KO 48 . RS
A KU RE FRAL R 5 S JBUR 1R R AL B R
TEARERAR, FEE TR KIRE
BB KEA . AL A PR S
AR I KRS COE T RK . R
WESEA R R Y. IR e A B
AR EIR AT DLSE U A b (& T LSRR
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W), E AR M R A R, Ho AL B IS K A E T
I, VTR KR I e 36 25 5 AT S b . ik 75 e D A
S5y ei3 7 NN AYSE B N

HR 4 [ B 5 7 REHLAE) (TAEA) T 2006 FA5A
TR 2 P A B AR R A, S B AR R IE T P
A R A R D Ab B (R TR R AN AS AT
BRIE D), X JERL AL B R AR, B L= EY
R~ JRAWARSE R S AR R AR A AR
SRR AT,

B TR ARTEE PR Lz N T RO E D
IALEE, 2000 4ELARSEE L k. fEE . HARR
M6 [ K W 2 RS TR BN I R AL B
UEBH 145 B AR A A B S 1 R P B AR R 7
CIERE

S5 BT R A BSOS VR IR A B R 4 3 2K,
Dot E A NI €23 (I A S NS G I
TR AR, _FIR 3 AP R EgE ) HE LZR S.

(1) S5 BS FARB ok R fy

S5 TR B0 0 Rl il BB R R R G
Zwilag T H (FAKIE: £ E PACT), AL #E /) 200 ~
300 kg/h, AT H T2 B 2855 B8 AR B O S Rl +

THRE + RV + AT - RIS IR R +
AP+ @O IR + BREEE + A+
SCR”, A5 H At 55 R R FH B AR 2R ), B A xS 93 4k B
(LR, (H R B O R AT SE PR 22, i O 5 B 2,
HE A% 3R R K A P A R 0,

(2) 55 B TR AP S A

SRR AP S A R BB R FH SR R
Wiz r kI H 250 kg/h (BOARRIE: % it RADON),
AP R K SR ) A AR R S A R AL,
T EBE LN “SEB TR S AR+ IR E (5F
BRI be) + SATE + ARERAY + VRIS +
AERBRK + AT+ w80 e, A B R
N RE R O, RN TR A B TR
Py RGBT ORERAEHE, 80T TAE A 52X
SRR &R o B AR, i O SR A %,
K A I VLR 5 A RIS T2, SRR
K AL B AEFE K S50 T8 SCR JBLAH, NO, HEUAE
TE R A0,

(3) S5 B T s g

S B A 0 A R e S ER ORI VA H

x5 BB PRSI RYEE T iR

Table 5 Typical plasma furnaces dealing with low- and medium-level radioactive waste

Parameter Zwilag

SIA RADON Kozloduy

type centrifugal rotary melting furnace

arc termination
water cooled electrode
swirling plasma gas
nozzle =
arc termination

furnace structure

centrifuge slag bath

gas and slag

200 kg/h for combustible waste or 300 kg/h for

capacity . i
inorganic waste
operation data 2004
feed stock mixed waste (organic & inorganic)
feeding method whole 200 L-drum

plasma torch 1.2 MWPSC

waste heat boiler + quench tower + acid

shaft melting furnace

mixed waste (organic & inorganic)

dumping melting furnace

250 kg/h 65 kg/h

2002 2018

mixed waste (organic & inorganic)
package 200 L-drum with crushing pretreatment

2 x 150 kW 500 kW Europlasma

quenching tower + bag filter +

. . pickling tower + wet electrostatic precipitator +
flue gas purification . .
flue gas reheat + HEPA filter + alkali washing

waste heat boiler + bag filter + HEPA filter +

scrubbing tower + freezing water

scrubbing tower + flue gas reheat + SCR

removal + flue gas reheat + HEPA filter

tower + flue gas reheat + SCR

emission standard EU 2000/76/EC

— EU 2000/76/EC
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N (FiA SRR LERIES Belgoprocess), Ab# fE
65 kg/h, Belgoprocess fEIH it ¥, St f2
WA S 2 AR TR TR IR A e b AL T
TR Zwilag 55 5 7K 550 06 Rilkr 22 56 B0, K
Rt bl + &5 5 m (e s Ry + R E +
RGP + AR + RO IR S + BRI + WS
P+ SCR LA T 2. 1% BY a] DA 52 A sl B
Tl ARt SR P o =X TR e 3, 45 B - AR KB 2 L )
F 500 kKW, Z 0 R REE A L B TR
TR R B IP + BRAE, SRz R ik
TR T2, BKME RGN G, T AW, 6
s AU S5+ 2%, Ja Rt REFE .

Hh [ R R R T R ) A R T AR SR L &
g5, B, A A U R P B B AREC T . T KA R
IR 7RI 7L, A AR e R T 2T K.

5 TFERVEIEAARREIN

IR PG 5 A A B PR ) R R % ST DL A
Yo E . BIEARI A, BA KA E MR
i At AR, B TR R IS AR LR ] L

(1) O A T A 52 A T IR A5 2 Tk
RIZ O 2 — 5 E TR AR, BN A BAL
HIET 100 ~ 300 kW B FRIEE A, (H 2 MW ¢
SR IR IEETE T R 2, B U H B0, 55—
025 25 S B TR, B AT IS B B T SR I 437
T, it 42 i A7 I R AR AE T TV 2R P i 4 7
AT IR AR A R, 75 B K WIT 8 A HE K 73 i F B g
AbFEfE

(2) N FH R 70 R noi. &5 55 R Ab B R )
AL S AR sh A Ol R AE R B 44, BT T4
PN [ A% 204 T 54 2 IR RLIR B F 9 3520, 4 ik 5 it
KA R EAE AR BB 5 L, B B 5T K
AN BB 2SS TR IR R, B s R R
Bt BT 5 ol FRI6A R AH O B FH SRRl AR 72, AT
Ee S S TR T 250 me# T R 5t

(3) B BIBAT A IR . S B TR AR i
B AR IS AT AR = 142, R A 8 0 7 72 4
DR G i o (38t 74k 2 s PR MR M R v
Haa KR LIEME RSV ATATH, fE40HE K
TRy BT RS0 T CLARE BB R W AT, {HIE T
B SEHE BN H AR OD BRI AT BOAS, DA 58 R4
REAF LA

9 fiAE R ARG AR S5 0 A Kb R A A A THT I ]
FAR AR, $& N &

(1) BATH AR 2= AR, M = S F — R 4
ARIK T I &, TR T RS, FE K%
e N I (A1 2 A i R U N1 B S
IGBT HLYR. Pri= b s i 5 dr i KA kL R R
WIS B 365, LIRS R K INES R T %
EMRIIBAT, HEBN AR T8 A% 035 & B AR R
AL B TRLO.

(2) BHEIAH R EL B AR, (R E R AR TR LA
FRoEft . AniEr bk, JGH 2 EHIT e KA S5 &
FARFEARA A WA TG, & b 6 2 AT 13
JRbRAE, [F N HES) AR AR T, 3 2 REAE 5] 4471
T AR, TG e 5 ) 5K A S SO R R S T
R R, B 5 AR R R BE e TR K BEIRAL R R 3
P () A 558 UG DA PR A HERIT 5T, B AR KK 2
TEFAE T FHEAHTIR T 1 B4, B8R AL = P rE 4
FIH F A4 A A SRR R 241, Es
JBEEFEYRA 2 KERRE BRI, Eid
FE LI AR DA AN VEAN U, RERE VAN AN T2
X AR AT AR DT OFE S, (58T Hh A A

(3) GiERRN R ITH , B2 UL R YA A RE
BAbL, QLGS BT B, R IESEE T
EEARK AL, NReA T I21T. /2R YARH 7T, v R
FH 5 B8 A S B3 8 DA vy i e 12, 0 [0 Ak B 22
R, MM ECAR, FEIE B APkl T ReR#
FEAF IR AR =5 H 1, W KT SR
ErRESG RS R A T #h A P R]; 7R RE 2 k4 Uy I,
FE TR FEREHEL B MR, BiH AT
FIRNAE REIRZE 25 SREL P b T, o I 61 TR R J4 i
H, \PERAETER IR T BAF N E A
W, KM PRI H $5FE 7 A,

(4) B EECHFBUR, Bl & T RER K E,
BFEERI. W, SRS MG EMRERSE T H T
PASCHF.

6 R

INEA

S5 T BB A X 5] A PR 14 Ak BN -
Iz, AT T AR RA L. EHURI T E
e BRI, A OR 22 e VEAT B IR AL AL 545 e
SRR AR RE IR A 2 20 e

EE T RIRD A B AR AR E A L BT TN
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I, E Py SRS e, (HIE AR R B BUE T K AL b,
th[E R A B IS T TR AR
FERFNFAM AL, A R 2 7 R Ak S R
FEAHWRIN RS, B /T4 & FRIE &R ALE T
FRAAT SR At i, 5o T HRAR U MR EE A L 3st sEAk 2 E
2% S5 XE DL A B R B R 0T S A RIS, EX R
IR HETE R AR, T K EE LA I H AR & 5 1
REIRHLSE 4034

AR AR A SO R W N BT B, SR
FE R REE R, RIREMWRBME. &
IRARAE A4 2 A R S5 B8 R AR 5 AR Ak &
J&, S5 ORI H RIS AT A 2 R L IR A,
FRERH 2030 ERRILIE . 2060 FEHR A, 185
H AR R KRB RGBT GEJE A HE, BT BE VR ML R
FUEBIG K, Bl 58T 2L L ) R G R 3 e i, AR 4 H
BN T, FAR 23385 T B, B0 BEAE XU [ s HE
WU EE A R, 46 B T R DASE B BB R,
TR R 7 50 FR R LI,

2 F X M
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