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Experiment study on production and emission characteristics of PM,. from
industrial boilers
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Abstract; The emissions of PM, 5 in two bituminous coal-fired industrial boilers in Harbin were investigated by using Electric Low Pressure Impactor
(ELPT). The results showed that the curves of particles number and mass size distributions of PM, 5 presented one single peak. The peak of the particles
number appeared between 0.12 pm and 0.2 pm, mainly submicron particles formed by vaporization —condensation of mineral matter and soot particles
transformed from unburnt volatiles. The peak for mass concentration appeared at 0.32 wm, mainly submicron particles produced by soot and super—micron
particles formed by residual ash particles. Meanwhile, it was found that cyclone and wet scrubber had a significant effect on the removal of PM, 5, and the
removal efficiency of PM, 5 for cyclone and wet scrubber combined dust was higher than that for a single wet srcubber. The wet flue gas desulfurization
(WFGD) system also decreased PM, 5 obviously. This was because the demister could not remove all the small droplets, a big number of solid particles
and water-soluble substances in droplets were dried or crystallized, resulted in the number concentration of PM, 3, increased and the PM,, 5,_, 5 reduced,
with the total mass concentration also reduced.

Keywords: industrial boiler; PM, 5 ; concentration ;removal efficiency ; WFGD
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E NN B RZFE X PM, 4T T R EWFE,
Yoshihiko Ninomiya 55 & SUBRBEUN AT Mg BN Y
BRIETT LA/ PM, A PM,  BHERT , (H 32 R RE 5
%2 K ( Ninomiya et al., 2009 ). Zhang Chengfeng 55
X E LA K ESP 5 SRS 19 FURE 9 4k 27 143
M, & BUBORL ) rh Ak 2= =B R R Si0, | AL O,
Fe, 0, f1 CaO, Jf FEHURLRLAR 1Y 8/)N , Si0, | AL, O, F11
Na,O &85/, Fe,0,. CaO MgO F1 P,0, & w3 i
(Zhang et al.,2005) ; AR E 45 H L 5 AR
[F] 75 B Bl AR 0P ) PM, s 2B URRIE e IS 5 o e Uk
JEWITE 0.14 pum LA —UE(E, Hr 89 7E> 1 um Ab
LA TN IEAE, REN PV, BOREE S R EE
HBFh SOT , Bt fE 20% ~54% 2 18], fe £ & [T
BN C, BB 7.5% ~31.8%EFRN (EHH

4,2009) . TR E TSI K225 S5/, S B
RBLET LI PM, § BORE 5 242 R4 3R B A 1) e XU 242 8%
AR A BR AR A 3, WA 1R A5 132 BB R i 5 K
ZE AR AN 22 Ak BRI X Tl B T A Uk
Yy PM, HERCEEE B HERT ST | S 43 H7T5 Ye R 5 A
B, et e R AFR B o A

2 RBE A E R MR 3T &R ( Experimental methods )

2.1 MR &

H AT, 3 E 8 Tk w0 DU R = A
AL BN TE KR A2 25 AR Uk 2 45, LA
YRR 7E AR T3 TT I 23 V8 T 400 XA BB T 7 5 i
DR ER WG UL 1 R o AT 4 DL 36 2.

F1 X TASRPERFR

Table 1 Basic condition of the test industrial boilers
b . A/ R SR/ LY/ NEELEF N
il b He ke R - : S
P (t-h™) B g KumrAH A JB AR AR
1 MR by X HEg JEEALEE S 40 JH AR 85% TR R A —
SEHER IR K TR 7 R I
2 RERERKRE AR 2 et so ORI AR AT A
BB BB
x2 BERILSHRITESHT
Table 2 Proximate and ultimate analyses of the coal sample
" y |  mRRRAR R
Y3 ) E it A =
KAy RSy Koy I8 % itk fise i A R 2 (MJ-ke™) (MJ-ke™)
2.41% 24.11% 29.23% 44.25% 54.27% 1.77% 3.33% 0.82% 9.17% 21.47 20.73

2.2 R

AR 25 2% Dekati 24 A A5 7 fif H AR e
WKLY 1 5 2% (electric low pressure impactor, ELPI)
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Fig.1 Two-stage dilution sampling system
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3 R KITi18 (Results and discussion)
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Fig.3 The number and mass concentrations from the outlet of boilers

HIESURAE W& 5 Bz, 8 b 1 S8 2 &0 55
PM, | R0 P R vk AN 3 3 Fioms.

1.8
14
1.1+
=
@]
M
0.7
04
nFe Cu Zn
0 | - - F\rnsrar o’
1.00 2.00 3.00 4.00 500 6.00 7.00 800 9.00

Energy/keV

4 SRIP 2 $RIPH O PM, (45 SEM-EDS £ &
Fig.4 SEM-EDS spectra of PM, 5 from outlet of boiler 2

e o, ® A - a0® -
1 pm EHT=20.00 kV Signal A=SE1 Date: 15 Jun 2013 w
WD=12.0 mm Mag=5.00KX Time:16:51:26

5 SRIF2ERIPH O PM, R
Fig.5 Morphology of PM, s from outlet of boiler 2

F3 PM, MEEORE R RE R

Table 3 The number concentration and mass concentration of PM, 5

Bad 1 g 2
WA pMORRE, RROKIE ORBOKEE/  TRLKIE/
(B -em™)  (mgem™)  (h-em™) (mgem™?)
34N 12623320 179.14 14818321 126.50
BrA 5 6524379 94.74 4121253 58.10
JLaR S — — 9577613 42.71

DA 3 o ml L SR AR AL EE S50 PV, R
R IE A AR ], B 3a R 1 R 2 PR A
PM, RE0H B 43 A 52 B Jd 1) B UG ARRAIE | D6 53 31)
PUAE 0.2 wm A10.12 pum , =25 K2 TCHLY Y
SA-BESETE L) U AR JORE FIH% K 53 oK 58 AR A%
TV B0 25 SR~ A S22 R PR X6 5 AT P R 48k B B
BT AMED Y B Sk AR N TR Y i
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JGE Si Al Fe Ca Mg, — Mt A fb. FE KL ES
TR S 1 T G HLE RE B A E DL B 7 S e S A7 AR
P TEAHLICE , Wl Na K Ca Mg FIH 4 5% v 09350 43 5
&g, SALIE T B &R AL & W) & A S A i | S
FRBESS | VRE T ol A SR S e AR I B ik 4. 3R 56
T B 582 Mt EERARBUKT 1.4,
ER T ANRE T8 A MR be , I8 K i e R T, IRy 7E
PREEE R, IR IR F] 1100 K B, 2l TR 4
FFURTE W e Bk, 7F 1300 K B, 25 BRI TE
% 20 ~40 nm I ALERIR o ERLT- , Bl IR T iR (2220
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Fig.7 The collection efficiency of dust removers
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Table 4 The collection efficiency of industrial boilers dust removers

28 Bl B2
R AR 48.31% 72.19%
R 47.11% 54.71%

M3 ATLAE W B 1 58000 2 77 A BRLEL
WRE N T ILE JTRL - em™ , HEBCW R EOK E L+
kL cem™  PEAE IR E N —H 2 mg-m™
TR B VR B A LT mg e m TR 1 SR 2 R
o PM, o SOREECS SRR R 20 R R e A B Y
TR TR A X 5O T A A — 1 B BR AR
FH A0 2 IR G AR S, PM, s SORLEICHR B2 A7
T T T T VA A T RRAIR.

M 7 ATE T KUBR AR FR I BR DX PM, 5 %5
RFRA —E I EBRICE PR/ T 0.1 pm B
L BRSNS B, AT AR KT 1 pm 15
KL, B RLAR A BG AN , EBRABCR T, TR TAEA 0.1
~1 pm Z ] B FURL ) i BR RCRAR R AL, 25287 5
ANEIE 58 45 18 — 30 ( Strand et al., 2002 ; Ylitalo and
Hautanen, 1998) . FH 3% 4 7] & | e KUBR 4> 8 AR 7%
B A T oI5 24 5 L Y R A2 R AR AN &1, 20 A
R AU 2 R 2B I T LA R A, X T
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WA DI, R A2 o 0.1 pum I ORLAE B
F ) A A B BB - 457 B8 o o T TR B Y L
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HI Il 8a AT 1, A4 B A 0 5 i K 4 PM,
RO B S B BG4 A WEGD 248 A I A M PR
£ 0.2 wm &b, WFGD R %0 G H BLAE 0.12 wm

Ak U BREAR 1) /INVREAR K A AW AL, 72/ T 0.32 wm 1Y
BRI, WEGD RS0 H TR BRIk 3 B 8 5 1
WEGD RGN MR FE  TE R T 0.32 pum ARLAR
TP, R0k B A A e g 4 Ak o | i o A
B B/E T, WEGD 2R 48 1T D25 BR—/INEB 20 AR 25
I AR P RAbE AT LR Nl 1 LR R [ R Y
BERAE P B OB 5 45 PM, R EA R T
K, R T A v 253 5 R a1 A A R
HHA B AR IE WA BRI, bR 25 AR AN AT
REA TR PR ST4 , 251 Hh 7 A A (A 0K T N
ISR LS AT (A5 PM, Wk A BT T . 7
e 2FF T B 300 MW B WFGD R 48B4
WOR A BFIE B, WEGD H 11 A B 88 10 0 A
5 EORL A 3 5 ORI 1 47.5% 1 7.9% (T
FESE 2008).

& 8b HrR[F Y, B 2 R & WFGD &
S0 T R A A B O KR 0 R AE
0.32 pm &b, - FRAR/NT 0.32 m FURLRL e B2
T KRR KTF 0.32 wm TR K &= WEGD RE:H0
W AR R AR /N T 0.32 wm 14 00RE 4% 2% 5 & vk i
WFGD 24 & T WFGD 24 A 1, kiie KT
0.32 wm A UKL 25 9 5T it Wk B2 WEGD i H AR T
WEFGD &% A M.

4 258 (Conclusions)

1) PIEHUEE S5 FEE S50 PM, 5 2B R S AR
AHTA] RO B 34 5 B0 A3 A, WA 23] 11 B 0.2 il
0.12 pum Ak, WA b 50 B T A B I8, 33508 43 M. fk
DRSO = 2 VR T4 40 Jo3 1) <Ak -5 445 0 e SR AL T
BT B 1 S8 2 7= A Rk Bk B b LA
kL cem™ ﬁkﬁiﬂﬁ*iﬁﬁkﬁpj'ﬂ%ﬁﬁ*i Cm73,F':
A R T — T 22 mg-m ™, HE O ST e
JL+‘ mg-.m 3.

2) R SR HH AR PM, o 4% Gk K 5 o e
ﬁﬁ%ﬂwﬁﬁﬁﬁgﬂfmﬂﬁwﬁﬁ%@&
e BE (R PRAE 0.12 1 0.2 pum A, Jo 2k J3E U4 (i
HILTE 0.32 pum Ab. JiE KUK 22 2% 1 7 B 28 2 %)

PM, s & SR A — 8 BEBR 0%, (H I FPBR A2 25 B b
ROCRHAN G, R ] 2 MR A 45 3K G R 2R Bk FH s &%
%%”%Tu%ﬁ%%h%%ﬂﬂﬂ%

3) MR AR A B, PM, R Ok
E%%Eﬁmﬁﬁmﬁﬁ/* 207 0 R AW,
RiAER 0.12 pm &b KA KT 0.32 um 1YL T
IR 2 (E) P2 4 Al 8 A P ke B A T R B R AR
/NTF0.32 wm Y BUREIE A I oS 3l Al g i 2
Bk, TR Zs e A Re i 5 BR /NS5, Kt 55 i
[ A Rk 0 TN K P B o 4 AT o (R AR AR
/N 0.32 m B4 GOk RO BE A I B 1 T
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