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Fig. 1 Process flow chart of CFB boiler
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Table 1 Basic characteristics of fuel components

o TV 5341/ % JCE AT/ % ()
o N -
Ko WA RS Bk C H 0 N S F a  &Ikgh
e 171075 24627+ 20067+ 38237:  49917& 2517+ 8567+ 0.577%  0.737& 0167+ 0017+ 1.68x10%
0 1.22 0.41 0.81 0.91 0.05 0.27 0.02 0.01 0.01 0 10
g 027+ 4086+ 4820+ 1058+ 4023+ 749+ 780+ 005 005+  0.14& <005 2.03x10%
I {EIH

0.11 3.58 224 1.77 2.03 0.39 0.39 0.02 0.01 0.02 0 1049
o 043+ 4233+ 3859+  18.65+  39.53  7.63= 751+  0.06x 028t 023+ <0.05+ 1.92x10%t
-3

0.04 1.18 0.24 0.91 6.13 1.28 0.69 0.04 0.05 0.03 0 2879

T 0.73+ 40.59+ 37.56+ 21.12+ 3527+ 731+ 6.29+ 0.12+ 0.49+ 033+ <0.05+ 1.49x10%
YR
0.53 2.73 3.08 2.84 12.22 2.82 0.72 0.11 0.13 0.02 0 5660

e 1436 2815+ 29.20+ 28.42+ 4243+ 3.67= 1530 050+ 0.56+ 0.16+ 0.01x 1.90x10%
Bhesk
0.45 0.29 2.47 2.71 0.63 0.11 0.21 0.01 0.02 0.01 0 334

BRI W BRI ESE SRR 2, MR R RSB ICE S S 2R
B, OB AT B B B R WL B R MM SR TEE TSR, mE . #l. 9E
OB B TR AR R RS R L . B BEE R B ER . BRI
TR ORHEE Y 3~6 %, 35 B AR — i I R o b 0 S R B R O TR T i A
HihFE LR T EHELR.

2.2 $B1&%t CFB $R4PIEITR G

S5 1 (8] CFB 84 4132 47 B 19 DCS B85 an 16 3 fir o, 343K 56 5 72 CFB 83 0732 17 17 fof
80.9%~96.8% . MRIEFKE L IEMNLFRE L G i AP BB SR, 2R T, AW R 8 &
FEARCRFF— 3. R4 DCS £l & B 25 1 150 4] B 7 43 17 o 86.29%~89.6%, #5958 1150 1] [1] 4 &t 71
fif 4 85.4%~94.3%, TEABBEHIM] (0~5 h) #a 4 T ff A S W A S ik A8, 22 5 00300 Rl 5 4 T 900 488
hEERE, KREAERKES, BRERMBE TSP O ES T2 A TR 05, 7ESk T
THERB P ER R, BB B R R 20O R BIIIR A, 5 00 B8 Uk B [
fiK, APRBEEIRARE T N 7253 .
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Table 2 Heavy metal contents in the fuel mg-kg'
Femar B i il B Hil kil B a1 b
PREHE 045£0.02 41.25+2523 32.50+2.04 9.5070.40  157.00+50.21. 12.50+1.22 23.00£1.63 582.50+20.21 <<0.10+0

—YUENE 0.89+0.11 4.4740.45 3204037 54.97+4.01  1.34x10°+715  2.95x10°+237.63 39.03+3.61 16.23+1.07 1.90+0.19
TYOENT 044+0.10 2304072  11.83+2.17 18.50+7.39 1.02x10*:1872 1.26x10°+214.11 37.83+4.91 161.00£29.72 1.10+0.39

TR 0.0940.04 3.40+0.31 18.97+4.52 18.57+10.11  735.30+468 64.20+453.82  45.8+1.85 307.33+86.05 0.93+0.53

BERIREL 046£0.04 10.73£0.54  49.60£1.22 16.20+0.88  470.66=16 61.00£2.25  41.63+0.51 910.33+£34.65 0.70+0.12

FEmAR R & ’ﬁ% el fif &% B % i

SRR 0.03£0.01  <0.40+0 / 9.00+1.63 2.00+0 29.50+2.04 0.84+0.01  3.46+0.03 —

—ZUENE 0.02£0.01  <0.60+0  <0.30£0  14.07+0.60  10.31%0.57 91.63+3.08 0.0740.  10.13+0.35  9.4240.92

TYEHE 0.09£0.01  <0.60£0  <030£0  14.47+#1.03  5.67+£0.91 50.00+21.85  0.86£0.18  6.33:0.84  6.97+0.74

TR 0.03£0.01  <0.60+0  <0.30+0  12.83+1.15  1.68+0.38 55.17422.88  1.64£049 5331209  <0.01+0

BEIREE 0.03£0.01 02020 00120  11.96%1.13 2.24+0.25 31.00+1.41 1.22+0.02 2363033  0.56£0.04
CFB g 7 19 1 B2 4 ) 3= 22 6, 456 i 355 IR IR 100 -

BE R PRI | A DR EE DR | =~ ZHIR

B S R RE A% DI R A R 2 51 o .

)M 3 7 CFB H P i v 45 X S 13 - g et T

YU RS L A3 BB T A DO T S oor e .,

VMR A 11 T BLAG T EE TR (T, B TR g |/ VOO

s [ AU i IR BE AR IS AT WA B B Y 851 a0

Fh A A o R R AR Al Z 3 DL K] 4,

ALK, BEB BRI ITIE , B T M Y 5 10 E 2

Yo LR R R A T L TR e R TE T

875 C UL I, {H2s g TALIEEE £ B 5 B3 2 TR TRPARELER

Th. SRR 860 °C AT, UM . BEek Fig. 3 Load changes of boiler under two working conditions

FHE CFB @IPEAT =2 RO B THORAR, %3 ORI R TR

AT ER RS B T 00 8 b i for v 25 1 0L Table 3 The average temperature of each area of the

2.3 CFB $RIPIB IR X k& P HHE IS 2RI 521 boiler during the sampling C
N T E B BT CFB 4 b i 17 77 A by Tt TSR SRR A DS

TR R AR Vs e W s, RS [ B s SRR 897.29+1.9 891.33+2.0 874.74%1.5

2RMIEAT TS, KR 4E 09 8 BE R R P i A S BHETH 905.92+1.5 901.65+1.8 884.11+1.2

OB EaE . AU BN IER EE AR T8 WAIKIRIE AR CR
VEAFHRGIN ,  PETT 20 AT CFB 54 4P 15 B i 1 I K EETH 844.3341.8 867.0242.1
R AR TS L) o O BB AR TR B BHETH  851.502.0 873.86+1.9

1) BRX— AR AR . BB ET IS B
IR ROCE . IR . AP . Ko B el A I 45 2R WL 3R 4 R . X Lk CFB #i
ZE ARG 2 Fs T 00, B R i b B A A 48 AR AR R 5/

2) BEXT NS S R A ORI R A . FE A LUK S s v U e B R
A OCDD # ke o 48 b it i I b B K g 488 1 1,2,3,4,6,7,8-HCDF il OCDF Rk n 46, 46 A
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1,2,3,4,6,7,8-HCDF HL{A Jii & 73 50 h 6.6 ng'kg ™', 900

OCDF #{f it it 42 BOh 12 ngkg ' 52 MR wol o BpTe

ol oET S T 1,2,3,4,6,7,8-HCDF B4R A] 46 E )

Fz 1 1,2,3,4,6,7,8-HCDF L4 [ 5 43 400 0.69 Z ss0r A
ngkg'o X2 AL RS EEME AT gmw nx: *
SRR AN ROR iR, LU R 0 0.5 i O O
) FESETRT, BRI g Fofe " VAN
FEPE Y3 9N 6.0 F1 0.61 ng TEQ-kg ™!, 7E#

Be TH0F . BRI it 1) — % B e 2 ™ ; 10 5 2
Wk 6.1 F10.61 ng TEQ-kg ', ¥k T (fak T/

JE S IR TR A REE ) (GBI/T 5085.6- B4 PREHDREEAER

Fig. 4 The changes of the furnace outlet temperature
x4 MHERMIPER SRR
Table 4 Indicators of fly ash and slag

RN T B (gkg™) Wi/ % AL/ % K519 IR /%

) IS ER 0.40+0 0.94+0.03 1.7840.51  21.2+0.90 1.31+0.41
IR o

BT 0.3240.02 1.09+0.04  2.19+0.15  27.5£1.80 1.8240.02
o ZHATH 0.17£0.01 0.10£0.01  0.35+0.11  0.30+0.08 0.26+0
e

Bl T 0.15+0.01 1.43£0.11  0.48+0.09  0.15+0.04 0.29+0.34

2007)8 FPHLAE () TSR R BRI . 15 pg TEQ-kg ' Al 2F 1 45 W B B 37 1 e 5 B bR v ) (GB
16889-2008) P2 rf L (1) 2 0 B A3 BUBRAE . 3 pg TEQ-kg™'o DA A5 SR ULHT, 428 301 (14 L 3]
5 b T8 T T AR B nT ARG S ) UM R R W B A BOR OB SR M S A A W, (R
AT 1A I 0 906 02 2 ) s oA PR, 388 /9 B 58 XU T ], e v OB S R A FE M Y A
fbo R 5 s vh OGBS TR 43 A £ % H OCDD %

CFB $ iz 417 o —WSE 9 24 B AF E B2 i B L 803 2 A I 100 A R g B30 i TR A i
I J5 EOT R S BRI R & A W AR AL . T HL CFB #A0 BY I 17 T fr 48 8, 45 4 X 38 A L B S
BHEWAE 850 °C LA I, MWAAFRBTE KT 2s, R OB E RN T 2R AL Ak
R T M S B 0 e I T AR T A T s 3 56 e A R K h Ol S 2 M Y i (0.78~2.86 ng
TEQ-g ") PV TZ= 454 T 1 BU5 e 5 1 3% P 7]

2400
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Bt A R AN . W S . ik Fig. 5 Concentration of heavy metals in fly ash and slag
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3 i
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Abstract The wax residual produced by coal-to-oil technology, which could induce heat accumulation and
spontaneous combustion easily, is a kind of hazardous waste. Its improper disposal will bring about great
environmental impacts and risks. The utilization of wax residue by co-combustion with fuel coal can reduce the
disposal cost as well as energy waste. This study investigated the influences of wax residue co-combustion on
the operation of the circulating fluidized bed (CFB) and the characteristics of fly ash and slag by co-combusting
the fuel coal and the residual wax at the ratio of 30:1 in CFB to recover the thermal energy. The results showed
that the mixed fuels varied widely in components, with some increased in heavy metals contents. The load of the
boiler and the temperature at the furnace outlet experienced an obvious increase at the beginning of the co-
combustion, while no significant fluctuations under stable working conditions. Compared with the fuel coal,
there was no significant differences in the loss of ignition of the fly ash and slag in the co-combustion scenario.
The contribution of dioxin-like POPs were dominated by OCDD in both scenarios. However, due to the
migration and difficult volatilization of heavy metals in wax residue, the contents of chromium, manganese and
copper were slightly increased in the co-combustion scenario. The results of this study can provide a theoretical
reference for the feasible resource utilization of wax residue by means of CFB boiler co-combustion for power
generation.

Keywords utilization of solid waste; wax residue; CFB; coal-to-liquid; hazardous waste; dioxin; persistent
organic pollutants
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