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Study on Vitrification of Simulated Medical Wastes by Thermal Plasma

ZHANG Lu', YAN Jian-hua', DU Chang-ming”, LU Sheng-yong', LI Xiao-dong'

(1. State Key Laboratory of Clean Energy Utilization, Institute for Thermal Power Engineering, Zhejiang University , Hangzhou 310027 ,
China; 2. School of Environmental Science and Engineering, Sun Yat-sen University, Guangzhou 510275, China)

Abstract; The simulated medical wastes with different feed compositions were vitrified in a thermal plasma reactor, the core of which
was a DC double anode plasma torch. The purpose of this study was directed towards the mobility characteristics of heavy metals
contained during the vitrification process, the leaching behavior of heavy metals in the vitrified slag and the effectiveness of vitrification
were investigated. Results indicated that the morphology of vitrified slag was amorphous state which showed the mostly glassy slag of
Si0, and the microstructure of slag was very compact. This thermal plasma could be effectively utilized for encapsulation of heavy metal
in wastes, as the vitrification ratio was between 68. 5% -89. 4% . Toxicity characteristic leaching procedure results showed that the slag
had an excellent resistance against leaching of heavy metal ions. Except that the leaching concentration of Cd was lower than the
detecting limit, those of Ni, Cr, Zn, Cu and Pb were much lower than that specified in relevant national standards. These results
indicate that, with the proper feed compositions, the thermal plasma disposition is an alternative technology with a highly efficiency to
dispose medical wastes.

Key words : thermal plasma; vitrification; simulated medical wastes; heavy metal; toxicity characteristic leaching procedure
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Fig. 1 Diagram of DC plasma jet furnace
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Table 2 Heavy metals content in SMW/mg-kg ~
R Cr Ni Cu Zn cd Pb

1

SMW,,, 3587.7 5614.6 6.5 8.1 1.8 5.0

SMW,,s 3252.2 5219.9 8.5 8.8 2.0 5.5
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Fig. 2 Shape of vitrified slag
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Fig. 4 XRD analysis of vitrified slag
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Table 3 Mechanical properties of vitrified slag
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T Jgeem™ /MPa /MPa /GPa
SMW, , K& ik 2. 60 74 176 4.23
SMW s 45 i 2.52 61 185 4.18
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Fig. 5 Major composition of SMW, , derived slag
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Table 4 Heavy melals content in vitrified slag/mg-kg~

HER Cr Ni Cu Zn cd Pb

1

SMW,, &  3887.28 7324.84 12.265 8.181 2.297 8.462
SMW s i 3367.63 6559.50 10.334 9.786 2.261 6.858
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Table 5 Vitrification ratio of vitrified slag/%

BEEIE Cr Ni Cu Zn cd Pb
SMW, , J&iE 73.8 88.8  77.9  68.5 85.4 86.5
SMW, s J&it  73.7 89.4  86.1 79. 1 80.9 87.9
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Fig. 6 Leaching behavior of heavy metals in vitrified slag

S T G B R I AR W 6. N RT LLE
|, SMW, , SMW . [0 th e 4 J Cd 7oK R il
| R TAL A A AR B, 42 )8 Ni Cr.Zn . Cu.Pb
TE SMW, , #i# Hhiz i

WO B AR AR )l 0.5957, 0.1212,
0.0346,0.0075,0.004 5 mg-L~"; 7£ SMW, (&
1°50.5863, 0.2396, 0.0388, 0.024 1, 0.001 4
mg- L™, 2R B I T B RIS )

TRTEIR S BIbR (> Bk 5 R KW
ST A v L A B B T G [ AR ROR
AR4F

23 b oA, R B O X B A0 55 MR e R 2
PRLADL R Sy I ) L A e il [ e, 793 30 2 o B 1
RIS s 8 PR B A R I v o i A R 4
PR T O, HoHE v 005 B AL RE S B 5 B S
Wy ARAR . Ji s v o s e AR L s L G R
{5 R P I T I KA BE PRI AR E. T3
Jesid = i O DAL A IS T LS A (B

3 it

(1) BT I ) 28 55 B - v iR Rl A 0
T HAT R SO A5, 52 B0 O 1 B B SRR AE
Hos i B AL B U RES BRI S AR
FHIE.

(2) 45 BS T IS B A ST Y, Horp 4%
4 R 1 B LR 68. 5% ~89. 4% ZI], KB4 bk
Gk iR asiig el

(3) % B 1A R Ak B 15 3 A e v B R
WINPTE &R IZ AR ). Cd R R B AR = ok
Y Ni Cr Zn ,Cu F1 Ph FERE 5 e J3E 1 e
T M B RE PR IR PR o, P 96 JE 445 T8 Y O
AEFEF .

SE

(1] HEM B RY R Y B2 R R S R B 52
FEPERYEERIBTIE [D]. BN . BV, 2010.

[ 2] Gidarakos E, Petrantonaki M, Anastasiadou K, et al.

Characterization and hazard evaluation of bottom ash produced

from incinerated hospital waste [ J]. Journal of Hazardous

Materials, 2009, 172(2-3) ; 935-942.

[ 3] Venkatramani N. Industrial plasma torches and applications [ ] ].
Current Science, 2002, 83(3) : 254-262.

[ 4] Bonizzoni G, Vassallo E. Plasma physics and technology:
industrial applications [ J]. Vacuum, 2002, 64 (3-4). 327-
336.

[ 5] Vaidyanathan A, Mulholland J, Ryu J, et al. Characterization of
fuel gas products from the treatment of solid waste streams with a
plasma arc torch [ J]. Journal of Environmental Management,
2007, 82(1): 77-82.

[6] Tzng C C, Kuo Y Y, Huang T F, et al. Treaiment of
radioactive wastes by plasma incineration and vitrification for final
disposal [J]. Journal of Hazardous Materials, 1998, 58(1-3) :
207-220.

[7] ChuJP, Chen Y T, Mahalingam T, et al. Plasma vitrification
and re-use of non-combustible fiber reinforced plastic, gill net
and waste glass [ J]. Journal of Hazardous Materials, 2006, 138
(3): 628-632.



6

SIS - IR T U ] A AR AU B 7 B O F

2109

[10]

[11]

[12]

[13]

[14]

Chen M Z, Meng Y D, Shi J B, et al. DC arc plasma furnace
melting of waste incinerator fly ash [J]. Plasma Science and
Technology, 2009, 11(1) : 62-65.

Kim H I, Park D W. Characteristics of fly ash/sludge slags
vitrified by thermal plasma [ J]. Journal of Industrial and
Engineering Chemistry, 2004, 10(2) ; 234-238.

Chu J P, Hwang 1 J, Tzeng C C, et al. Characterization of
vitrified slag from mixed medical waste surrogates treated by a
thermal plasma system [ J]. Journal of Hazardous Materials,
1998, 58(1-3) . 179-194.

WOENE, DA, 8, % SR T IREORTEAL BB R A8 be
IR BB ZE [J]. R, 2008, 29 (4): 1114-
1118.

Wang Q, Yan J H, Tu X, et al. Thermal treatment of municipal
solid waste incinerator fly ash using DC double arc argon plasma
[J]. Fuel, 2009, 88(5): 955-958.

Wang Q, Yan J H, Chi Y, et al. Application of thermal plasma
to vitrify fly ash from municipal solid waste incinerators [ J].
Chemosphere, 2010, 78(5) ; 626-630.

Tu X, Wang Q, Yu L, et al. Diagnostic of novel atmospheric
plasma source and its application to vitrification of waste
incinerator fly ash [ J]. Energy & Fuels, 2008, 22(5); 3057-
3064.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

EB, e, W, 45 ORI AR R SR R
[J]. WITTRS25 (T2, 2011, 45(1) ; 141-145.

. R R B AR R R RO T A T B 1 S
BWF5E [D]. BUIN . WL, 2009.

Francis A A, Rawlings R D, Boccaccini A R. Glass-ceramics
from mixtures of coal ash and soda-lime glass by the petrurgic
method [ J]. Journal of Materials Science Letters, 2002, 21
(12): 975-980.

TAHRE, B, RN, % BRI 5
(J]. "PEBILTREY R, 2009, 29(20) : 92-98.

Colombo P, Brusatin G, Berardo E, et al. Inertization and
reuse of waste materials by vitrification and fabrication of glass-
based products [ J]. Current Opinion in Solid State and Materials
Science, 2003, 7(3) : 225-239.

Chiang K'Y, Hu Y H. Water washing effects on metals emission
reduction during municipal solid waste incinerator ( MSWI) fly
ash melting process [ J]. Waste Management, 2010, 30 (5) .
831-838.

N, BARZR, 2R, 45, BiEReh C, Py Z, HERAT R
BIBFSE [J]. oF [ A HL TR 22 40, 2004, 24 (8): 157-
161.

BT, TR AT B AR AR I FH T 1] A Ak B 3 B e
CRMIREEITE [D]. Bu . BT KA, 2007.



HUANJING KEXUE Vol.33  No.6

Environmental Science ( monthly) Jun. 15, 2012

CONTENTS

Regional Heterogeneity of Lake Eutrophication Effects in China — +«+sssesseesessenesssenensimnmninsniii CAO Jin-ling, XU Qi-gong, XI Bei-dou, et al. (1777)
Correlating Landscape Pattern with Total Nitrogen Concentration Using a Location-weighted Sink-source Landscape Index in the Haihe River Basin, China
............................................................................................................................................................... SUN Ran-hao, CHEN Li-ding, WANG Wei, et al. ( 1784)
Impact of the Land-use Change on the Non-point Source Nitrogen Load in Yunmeng Lake Watershed «-+-w+seereererereserenercnnncnnecinens MENG Xiao-yun, YU Xing-xiu, PAN Xue-qin (1789)
-+ CHEN Qing-wu, ZHANG Hong, CHAI Zhi-fang, et al. (1795)

Distribution and Potential Ecological Risk of Polycyclic Aromatic Hydrocarbons in the Sediments from Typical Electronics Industrial Zone «:«+s+ssessssessessersenesenenensenininensnininennenes
DENG Dai-yong, QIU Meng-de, SUN Guo-ping, et al. (1801 )
++ XIE Wen-ping, WANG Shao-bing, ZHU Xin-ping, e al. ( 1808 )
Character and Sources Identification of Heavy Metals Contamination in Sediment from the Core Sediment in Nanshan Lake, the Zhalong Wetland —«+«+sessesersererseneneneninnnsnnininsns
..................................................................................................................................................................... SU Dan, ZANG Shu-ying, YE Hua-xiang, et al. ( 1816)
ZHAO Jian-gang, QIAO Yong-min ( 1823)
HUANG Wei, ZHU Xu-yu, ZENG Jiang-ning, et al. (1832)

Species Composition and Distribution Characteristics of Pelagic Copepods in the Northern Sea of Fujian During Withdraw of Zhe-Min Coastal Current —«++eeseeeseeseersessssemenensnniinenn
"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" WANG Yan-guo, LIN Jing-hong, WANG Chun-guang, et al. (1839 )

PAHs Concentrations in Aquatic Products and Food Safety Evaluation in the Coupled Mangrove Planting-Aquaculture Ecological System «+:«+s«sstsseseseessessnesiensnennininensnneens

Residue Characteristics and Distributions of Perfluorinated Compounds in Surface Seawater Along Shenzhen Coastline

Residues and Potential Ecological Risk Assessment of Metal in Sediments from Lower Reaches and Estuary of Pearl River

Distribution Characteristics of Phosphorus Forms in Surface Sediments of the Shantou Bay in China

Microcosm Experiments on the Influence of Different N/P Ratios on Phytoplankton Community Growth in the East China Sea -

CHEN Guan-qiu, LI Yao-chu, HUANG Jin-mu, et al. ( 1846)
Tissue Distribution and Bioconcentration Factors of Tetrabromobisphenol A in Five Fishes in Lake Chaohu YANG Su-wen, WANG Sheng-rui, YAN Zhen-guang, et al. ( 1852)
Induction Effects of Pentachlorophenol on Vitellogenin and p33 in Chinese Rare Minnow ( Gobiocypris rarus) XIONG Li, MA Yong-peng, ZHANG Xiao-zheng, et al. ( 1858)
Effects of Perfluorooctane Sulfonate ( PFOS) Exposure on Vitellogenin mRNA Level in Zebrafish ( Brachydanio rerio) - CHENG Yan, CUI Yuan, DANG Zhi-chao, et al. (1865)
Relationship Between Electron Transfer Capacity and Fluorescence Characteristics of Dissolved Organic Matter TAO Ya, YUAN Tian, ZHOU Shun-gui, et al. (1871)
Characterization of the Change in DOM During Municipal Secondary Effluent Treatment with Magnetic Ion Exchange Resin by 3DEEM  «-+eexeeeeee YANG Jian, GAO Jin-hua, CHANG Jiang ( 1878 )
Reverse Osmosis Membrane Fouling by Humic Acid Using XDLVO Approach: Effect of Calcium ons —+xeoeeseeseeesemenensenenenninenns YAO Shu-di, GAO Xin-yu, GUO Ben-hua, et al. (1884 )
Growth, Removal of Nitrogen and Phosphorus, and Lipid Accumulation Property of Scenedesmus sp. LX1 in Aquaculture Wastewater «+-++++- MA Hong-fang, LI Xin, HU Hong-ying, et al. (1891)
Tron Chloride for Simultaneous Denitrification and Chemical-Biological Flocculation Process -+ WANG Hong-jie, DONG Wen-yi, LIU Li-sha, et al. (1897)
Characteristic Research of Shortcut Denitrification in Synthetic Ammonia Industrial Wastewater Treatment Process «+++ LI Yan, LI Ze-bing, MA Jia-xuan, et al. (1902)
Stability Control of Aerobic Granules Using an Innovative Reactor LI Zhi-hua, YANG Fan, LI Sheng, et al. (1907)
Description of the Stability of Granules Using Nongrowth-related Parameters ««+v«-sesesessesresssssemnenneneininsnsintn e LI Zhi-hua, WU Jun, LI Sheng, et al. (1913)
Enhancement of Anaerobic Digestion of Excess Sludge by Acid-Alkali Pretreatment YUAN Guang-huan, ZHOU Xing-qiu, WU Jian-dong ( 1918 )
Pilot Validation of Sludge Concentration Partition at Small Reflux Ratio Condition ** -+ SHI Si, WANG Su-lan, LI Rui, et al. (1923)
Influence of Non-ionic Surfactants on Sludge Dewaterability +««+eesereseessereenesemeneneenenens HOU Hai-pan, PU Wen-hong, SHI Ya-fei, et al. (1930 )
Variation Characteristics and Influencing Factors of Air Pollution Index in China ««+essreressesreressenennnsininnennns LI Xiao-fei, ZHANG Ming-jun, WANG Sheng-jie, et al. (1936)
Characteristics of Aerosol Water-Soluble Inorganic lons in Three Types Air-Pollution Incidents of Nanjing City ZHANG Qiu-chen, ZHU Bin, SU Ji-feng, et al. (1944)
Characterization of Atmospheric PM, s in the Suburb of Shenzhen DAI Wei, GAO Jia-qi, CAO Gang, et al. (1952)
Analysis on Oil Fume Particles in Catering Industry Cooking Emission » TAN De-sheng, KUANG Yuan-cheng, LIU Xin, e al. (1958 )
Low-Temperature Catalytic Reduction of NO over Fe-MnO -Ce0,/Zr0, Catalyst - LIU Rong, YANG Zhi-qin ( 1964 )
€0, Absorption and Regeneration Performance of a Natural Amino Acid and Its Potassium Salt «+eseereeseeevsvseressinenieneininen YAN Shui-ping, CHEN Jing-ao, XU Ming-liang, et al. (1971)
Effects of Tillage-Cropping Systems on Methane and Nitrous Oxide Emissions from Agro-Ecosystems in a Purple Paddy Soil +-++-++ ZHANG Jun-ke, JIANG Chang-sheng, HAO Qing-ju, et al. (1979)
Factors Influencing Ammonia Volatilization in a Winter Wheat Field with Plastic Film Mulched Ridges and Unmulched Furrows «++++»++-+ SHANGGUAN Yu-xian, SHI Ri-peng, LI Na, et al. (1987)
Effects of Typical Herbicides on Soil Respiration and N,0 Emissions from Soil Added with Different Nitrogen Fertilizers «+-v+eeeseeerevereeenneens SUN Qing, SHI Chun-xing, SHI Kun, et al. (1994 )
Analysis of Characteristics of Dioxin Contamination in the Chlor-alkali Site that Uses Graphite Anode for Production «+«+«+sxsseseeeeeeseereenees YU Li-feng, WEI Wen-xia, TIAN Ya-jing, et al. (2000)
Effect of Flue Gas Desulfurization Gypsum Application on Remediation of Acidified Forest Soil +++veeeeeserseervsrsssnensnsinnisisinen LUO Yao, KANG Rong-hua, YU De-xiang, e al. (2006 )
Morphology of Soil Iron Oxides and Iis Correlation with Soil-Forming Process and Forming Conditions in a Karst Mountain — «+++++++++>+++ ZHANG Zhi-wei, ZHU Zhang-xiong, FU Wa-li, et al. (2013 )
Pb, Zn Accumulation and Nutrient Uptake of 15 Plant Species Grown in Abandoned Mine Tailings «-«++++++++- SHI Xiang, CHEN Yi-tai, WANG Shu-feng, et al. (2021)
Effect of Cr( VI) Stress on Growth of Three Herbaceous Plants and Their Cr Uptake * WANG Ai-yun, HUANG Shan-shan, ZHONG Guo-feng, et al. (2028 )
Bioaccumulation of Heavy Metals by the Dominant Plants Growing in Huayuan Manganese and Lead/Zinc Mineland, Xiangxi -+ YANG Sheng-xiang, TIAN Qi-jian, Liang Shi-chu, et al. (2038)
Effect of CO, Fertilization on Residual Concentration of Cypermethrin in Rhizosphere of C3 and C4 Plant MU Nan, DIAO Xiao-jun, WANG Shu-guang, e al. (2046 )
Bioaugmented Removal of Pyridine and the Microbial Community Dynamic Analysis =weveeeresrerserseemnennenenininnennens QIAO Lin, ZHAO Hong, WANG Jian-long ( 2052 )
Relationship Between Sewage Treatment Efficiency and Bacterial Community Diversity in an A/Q MBR  «oeeoreveresesnenneneeennes KUANG Bin-yu, SHI Qing, Montcho Leon Monthero, et al. (2061 )
Dynamic Changes in Functional Genes for Nitrogen Cycle During Bioremediation of Petroleum-Contaminated Soil «+:+s«seseeeseseessssesssinisenn WU Bin-bin, LU Dian-nan, LIU Zheng ( 2068 )
Risk Assessment of Lead Exposure from Different Intake Pathways for Children in Wuhan City HAO Han-zhou, CHEN Tong-bin, WU Ji-liang, et al. (2075)
Implementation of a Pretreatment Device for an Electronic Nose -+ ++ BU Fan-yang, WEN Xiao-gang, WAN Mei, et al. (2083)
Copper and Cadmium Toxicities to Activated Sludge Investigated with ToxTell Biosensor WANG Xue-jiang, WANG Xin, LIU Mian, et al. (2090)
Matrix Effect and Control of Immunoassay for Environmental Samples SHENG Jian-wu, HE Miao, SHI Han-chang (2095 )
Study on Vitrification of Simulated Medical Wastes by Thermal Plasma ZHANG Lu, YAN Jian-hua, DU Chang-ming, et al. (2104 )
Study on the Low Temperature Drying of Components of Municipal Solid Waste and Its Model Analysis — «x+eeeeeseeesereneesenenennnnes WU Ya-juan, LIU Hong-mei, LU Sheng-yong, et al. (2110)
Aerogenesis Evolution of the Anaerobic-semiaerobic Bioreactor Landfill «+++veseeeeeeeeeees +=+ HAN Zhi-yong, LIU Dan, LI Qi-bin (2118)
Performance of Microbial Fuel Cells with Fe/C Catalyst Carbon Felt Air-Cathode for Treating Land(fill Leachate -+ TANG Yu-lan,PENG Man, YU Yan, et al. (2125)
Relationships Between Soil and Rocky Desertification in Typical Karst Mountain Area Based on Redundancy Analysis *++ LONG Jian, LIAO Hong-kai, LI Juan, et al. (2131)
Energy Consumption and GDP Growth in Beijing: Cointegration and Causality Analysis CHEN Cao-cao, ZHANG Yan, LIU Chun-lan, et al. (2139)



(MERZENE 6 BREZRS

E & KRHAZ
B4 BEAE EH | N
HOF. (FUEREEH)

TEIT EARR EHE
KAE  XIER HmE
WO AE B %M
oW M W N

w#H A7
(HUANJING KEXUE)

(AT 1976 4E 8 HAIF))
201246 A15H 33% 6

TgEgs Wl
BT d

R

I
WA RS

ENVIRONMENTAL SCIENCE

=

M
JE Sl
Bk F

i
NS
T

>N

==
E=3

(Monthly Started in 1976)
Vol.33 No.6 Jun. 15, 2012

F & TEPER Superintended by Chinese Academy of Sciences
* B PEPB AR SR O Sponsored by Research Center for Eco-Environmental Sciences, Chinese
e 7 (UUSBINERE RHF) Academy of Sciences
= 1L 2 FTE 2N 22 Co-Sponsored by Beijing Municipal Research Institute of Environmental
Jemt T BB LA B2 O ST B P v beume P
AR N 7 S - - Protection
e % WK [ T School of Environment, Tsinghua University
P g (I i B} 2z W EEE S Editor-in -Chief OUYANG Zi-yuan
. - - . h Edited by The Editorial Board of Environmental Science ( HUANJING
JEHTTT 2871 74 (HEE DU
8 KEXUE
18 5, R4 : 100085 ) ) _
HLi% .010-62941102 ,010-62849343 P- 0. Box 2871, Beijing 100085, China
1"§E'010—62849343 ’ Tel :010-62941102,010-62849343 ; Fax:010-62849343
E-mai.l-hjkx@ rcees. ac. cn Fi-mail : hjkx@ reees. ac. en
hitp://www. hjk. ac. cn http : //www. hjkx. ac. e¢n
H BR 4 4 " % m Published by Science Press
Jb AR AL 16 2 16 Donghuangchenggen North Street,
ZIN N B
MR B 465 . 100717 Beijing 100717, China
ED Rl 3£ 4T dbtmcdbAkEpRI— Printed by Beijing Bei Lin Printing House
> 7= : istribute h cience Press
% 7 4 & & K i Distributed by S
FE 35 .010-64017032 Tel :010-64017032
E-mail ; journal@ mail. sciencep. com E-mail ; journal @ mail. sciencep. com
iT 1 & SLEKHHEEE Domestic All Local Post Offices in China
EShE&EIT PEERREFRS BT Foreign China International Book Trading Corporation ( Guoji
(b5t 399 f544) Shudian) ,P. O. Box 399, Beijing 100044 , China
— ISSN  0250-3301 N
ER S, =5 2-821
RERETS CN 11.1895,X ERE RN S:
E ® E #:70.007T EShRITRS: M 205

BERSMRFEIT




	1.pdf
	fm.pdf
	zml.pdf

	20120649.pdf
	2.pdf
	yml.pdf
	fd.pdf




