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Low-temperature Thermal Treatment of Dioxin in Medical Waste Fly Ash Under

Unert Atmosphere

JI Sha-sha' ,LI Xiao-dong' ,XU-Xu’, CHEN Tong'

(1. Institute for Thermal Power Engineering, Zhejiang University, Hangzhou, 310027, China; 2. College of Metrology & Measurement
Engineering, China Jiliang University, Hangzhou, 310018, China)

Abstract: Two kinds of fly ash (AG and BG) from hazardous waste rotary kiln were investigated as the targets of thermal treatment.
AG was sampled after fabric filter with activated carbon spray and BG was sampled in pipe before fabric filter. The effects of
temperature and time on PCDD/Fs degradation rate in fly ash were investigated in quartz tubular. Under nitrogen atmosphere, low-
temperature thermal treatment for dioxin degradation had obvious effect. For sample BG, the degradation rate of dioxin in solid phase
was 82.8%-99.9% , and the degradation rate of I-TEQ was 77.3%-99.8% . For sample AG, the degradation rate was 66. 8% -
99.8% , and the degradation rate of I-TEQ was 43. 5% -99. 6% . Although dioxin in solid phase was reduced, it was generated in gas
phase, and among all the different temperatures tested, dioxin was generated at highest amounts at 300°C-350°C , and among all the
toxic congeners, OCDD was detected as the most abundant in this experiment. The best conditions of thermal treatment were: heating
time 60 min, temperature 400°C , under nitrogen atmosphere. The results indicate that low-temperature thermal treatment under inert
atmosphere has good effect on treating dioxin present in medical fly ash, it can be applied in practical projects in large scales.

Key words : medical waste fly ash; dioxins; low-temperature thermal treatment; removal efficiency; nitrogen atmosphere
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Fig. 1 Installation of the thermal treatment device for

fly ash under nitrogen atmosphere
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Table 1 ~ Experimental conditions
e v n I i ] RBIRE A
% PR /min /C /Lemin~"
AG-1 41 g 90 250 1
AG-2 MG 1 ¢ 45 250 1
AG-3 41 g 90 300 1
AG-4 Mi%E 1 g 45 300 1
AG-5 fidsfE 1 g 90 350 1
AG-6 41 g 45 350 1
AG-7 41 g 90 400 1
AG-8 %5 1 g 45 400 1
BG-1 ASHT 1 ¢ 90 250 1
BG-2 TAEHT1 g 45 250 1
BG-3 TASHT 1 ¢ 90 300 1
BG-4 AASHT 1 g 45 300 1
BG-5 MASHT 1 g 90 350 1
BG-6 TASHT 1 g 45 350 1
BG-7 TASHT 1 ¢ 90 400 1
BG-8 4R 1 ¢ 45 400 1

1.2 SEBGHRE A AR T 2 1

MR EPA1613 J7 A XA s AT FAL 3. ¢ 5
A5 pL EPA1613-LCS1 (&4 15 Miricny 2,3,7,8
AL PCDD/Fs) FrAEJ5 250 mL i R &K KR
B 24 h, k8 KA ZE 1 ~2 mL J5 5 % 10 mL
BLDAEER. WO — PR A5 W 1T 2 GRE AT AN
SR R R gl b, gl Ak AT A Vb BR RE (7C1-2378-
T,CDD)S5 wL,ik4s 2+, #FERT, A C-1,2,3,
4-TCDD F1"C-1,2,3,7,8,9-HxCDD #%1 000 pg J5 1%
GIE) R

ffiFH H A JEOL A & W &5 43 B (il 5 5 4
FHEI RSSO i B 9B T 40 Hr. PCDD/
Fs ST ik 5508 4t DB-5 (60 m x0.25 mm
I. D., 0.25 pm film thickness) ; JTCoriitEkE, HERE
B pL; #HA(AS) WA K 1.2 mLemin ™' 2
TR WIIRIEE R 150C 4 FF 1 min, DL 25
°C ~min "' Y ETFF] 190°C , 2R )5 LA3C +min ' Y
JE T3] 280°C FFHRF 20 min. E PTG BB
JrACN T EEWR(ED  ETFREE 0 38 eV MIE
JEE R S 80N 2 BER =10 000. PCDD/Fs Y 5E
S LRI G A W] S 1 PCDD/Fs T X B 11
M FI(M +2) B (M +4) i 5T B XoF g 4 [R5 28 JoT
TS E] R MR Y B O E PR M S
F(I-TEQ).
1.3 FridEdl S50

PR BRI AL BEFE 5P 9 15 FC N FRiE
B IEAT DRI A, AT A & DGR ERTE 70%
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SRR FEBAN 0.1 pgeg™', RHGH
SR EE AT A

2 #HR5ItHE

2.1 QKRS T

T W GEAN [E] OB ) AT T A B AR 1 L 1
BRI A COR B R AT T o, P AL ik
A, B, &% & & KA CE ( ThermoFingnigan )
NETCESMMTAY Flash EA-1112 5 ; S & &

it E R KRG R ORE AT IE ; IR T
& i 28 [ AL AR A B] ICP-MS Xeries 1T & ;
Pl 2% T AR AT FL B AR el 3 [ RE B N WA R AR
Autosorb-1 I %E. LI LERUIE 2 Ui, KK AG
BT R IR T K BG, a2l T AG TEA 4R
R, CIRh SR —E R B8R
Hg. Cb K& S & #A7 8 B A EAIC, vl WA 48 Bk
2P ) H A m B R B R AR T, JF X R] RE
ERRPESR S A i — PRy BRAEH]. BRItz
Sh,AG AR T AU KT BG, FTES AG H & A
TG M AT B R OCHK , 16 1 A A R — b Ll 3% T AR 3
RALBRZ5 A8 55 R 3k 1Y W B 790 A% AT AT B 52 ) 2]
M A BB B AR A

K2 HRMECREZRS RFHE

Table 2 Major components and characteristics of fly ash

% AG BG JR Y AG BG
C/ % 10. 69 4.80 N/ % 0.12 0.39
H/% 1.02 2.10 S/ % 0.23 1. 16
0/% 18.95 20. 17 Cl/% 6.12 8.35
Ca/% 1.38 2.64 Hg/kg-m =3 36.42 89.56
Na/% 10. 36 4.53 Fe/% 0.11 0.74
K/ % 0.46 0.33 Cr/kg-m ™3 ND ND
As/kg-m 3 1.26 1.71 Cu/% 0. 08 0.12
Al/ % 0.08 0.11 Zn/% 0.42 0.39
Ni/kg+m 3 10. 17 8.42 Cd/kg-m 3 12.38 16.57
BET surface area/m?+g~! 80. 20 27.61 Pore volume/cm? -g ! 0. 08 0.17

2.2 [ETAH P RS A R B AR Hh IS Y AR A
285 WAk BRAE 28 3 AR P Ad BEET AR A BG
H TR Y S AL T AG, 28 A R R AT R 2
H1 T KK BG K AATE T4 8 b, 78 “ 2 130
( memory effect) BIVEF T PCDD/Fs A Wi 4 1.
TEZZ 1 s B 00 T SR AT R AR 00 B T 5, 52 56
SERRWITEA R T AT ROK b e & AR
AR FEBE B RER (2 3) . KRS BG £l (IR #1 B

BRI, 6O b i R R R R AR, F
JE ok 1Y 110.49 ng-g™' FEAK 3] 0.06 ~ 18. 84
ng-g ' Z M, WEBR AR AT IA 82.9% ~99.9% ; [
BF B AG ELA AR & 0 B BR 80R R i —
WL & ROOR 19 30. 64 ngeg BRI E] 0.1 ~
10. 17 ng-g ™', BEBR R W] 35 66.8% ~99. 8% ,
A D) PO R A B ok R T E A R A
AATATIY.

£3 CRIREARMEERZRE @R

Table 3 Dioxins residue in fly ash after low-temperature thermal treatment

250°C 300°C 350°C 400°C

1 18]/ min Fi; A R ﬁg A A% ﬁg A i R F‘ig A AR
WH A )/ EiiE R A% [T AH o fife [ AH Rk fife [#TAH 2 R A%
/ng+g ™! /% /ng-g”! /% /ng-g”! /% /ng+g ! /%

BG 45 1.68 98.5 18.84 82.9 2.64 97.6 0.84 99.2
90 0.79 99.3 15.37 86.1 1.14 99.0 0.06 99.9

AG 45 0.23 99.2 1.00 96.7 2.76 91.0 0.10 99.7
90 0.06 99.8 0.40 98.7 10.17 66.8 0.52 98.3

QOB ETAH HH A S R i 2D 14 [R) I, X S 5
AT, AR P S A —E A g
E(F4) TR T ] A BT QOB ) RS AT 4

JBER A4 R B, 76 SR T 2 A il e HL SRR
MR BRI G, EARSZE R FEA AG BAH
TSI AR ORI CKE R 3.7% ~13.9% ,
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Table 4  Dioxin content in gas-phase after low-temperature thermal treatment

SiH fif 1) 250°C A 300°C AR B 350°C AR i 400°C AR T ik
; /min /ng-g~! /ng-g”! /ng-g~! /ng-g”!
BG 45 4.70 13.56 6.14 4.08
90 6.95 8.69 15.36 15. 08
AG 45 0. 69 3.40 13.03 0.07
90 6.95 12. 030 19. 26 6.63
2.3 S TR T R L Y R 35
I 2 ~5 0% , AAIBERRE I 97 A 2 A o ol e o0mi
N " —e— 45 min
TR A T W, e SNt FEE e I ] 2 R N
R0 R PE T B E R R A B 5 A il 3k B 250 T
300, 350, 400°C X 4 A~ A AF J WF 5L g dE 4 2
MR B 4L, Zvr
w2
120 110
—=#— 90 min
100 |- —®— 45 min sk
Tw 80 |- 0+
£ I I I I I
:m 60 L 0 100 200 300 400
® WErC
;ﬂf
mor B3 & BG EiE bR M
20 L Fig. 3 Change of dioxin concentration in fly ash
for sample BG with temperature and time
0 I
I I ! I !
0 100 200 300 400 16 |
i E/°C 14 L —a— 45 min
2 #5 BG B RERRRE R A E 0 Ll
Fig. 2 Change of dioxin concentration in fly ash Tgu 1oL
for sample AG with temperature and time g
s f
WP 2 FR X TR BG,400°C B —HESE ) B o6r
WLBR B, ATk 99% Zi A7, A 300°C I M Bk fit oar
1%, AR 77% ZiAi AHARTE R R TE 250°C B TR r
BUREAR 1B mB B BR 5 AT T IA 5 90% LA L. 1} °T
| e . . . ) I I | I I
()0 T e Jd 3k 2 ) 52 AN 2 R R B L, SR 0 e 300 400
¢

S AR L JLF AT RLZBS AT, Wi 4 Bos <A
W (1) A A 5 T A DG A 5 i[RI AT G, 43 AT
JE PR AT B8 2 TS P 8 A (52 36O G ff
(5200 B AT BBIE A AE & BUR N, 7E 300°C B 32 6
BAE PR Wi 48 R IR I AE 45 min B BE S AY
>90 min, IM7E 350°C B 52 M B 52 i 45 K DA ok 85 97
T B A TN R RO R R 25 A )
XA AL 2t A, Y TR A
400°C. , RIS E] Ay 45 min BSAORH —RE9E 5B /).

4 #HMAG SR TIEEMRER A E T
Fig. 4 Change of dioxin concentration in gas-phase

for sample AG with temperature and time
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Fig. 5 Change of dioxin concentration in gas-phase

for sample BG with temperature and time
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