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WOk PARZS o CPM X IR BT (1 52 i & i T H W HUE 38 KAk Mo fir 33k, NIHES L FE,
CPM MR AR — /N T 1 pm, MASYBEERM A, DR ROIEREAE TR sl e R
S PSS Y RO XA AR R AN, B W, BB kRl
FU CPM FE N ML 4y, EETHFMESE (e, . 8. 85 MZ 55K (polyeyclic
aromatic hydrocarbon, PAHs) %5 Ui ¥ it 15 56 K B RS 8 W) BT, X SRR AN R A RAEH; [,
HF CPM LL R B K, MR B MR, ml 5 &5 Fhis e Wtk A RS b, Ak R AP it 2 Ak
SO, R, A TS BT CPM Hr JE AL 43 i HE AR

D7 CPMHE il 2 XoF 5 8 0 SR ARE Hl T 1) R A 5 vh HE S JB0RE 4 i i CEE K, IR TS
Y o HE W I Y T EL N AR, T AT R SOR J 4R CPM Ol M R AT e HRn, A 4R IR IR
CPM 1 7 A h i ¥ B8 7L AR BV B0 1902 o, 2 24 A A5 090 S s R 8 8 vk I B IO B R BE R B
HEAT TR ARAR S o R AR A RO X [ VR R R A T Y BT A R T Y, AR R
R R AR R E AT T, SR, BB RAE RGO SCEL FPM 5 CPM (43 JF R BE, HoRFEREE
RB R, BT . YANG %58 R F b v B et 5 4~ 8 2 U8 (45 & H ) B9 FPM Al CPM HE ik
TG0 HEAT T B W, (B JE R BEAT A 2R A . LI 2D fF 55 1 55 1 030 MW BA B v T HE B0 v
CPM YW BEANAL 2245, R BEXF EE 434 T CPM 5 FPM ARG AL 215 o i fE SEBR v v, 1% 85
% SO, SR IARM 0 . TSUKADA 4821 A7l 25 02 X 9@ vh i v B 04T T 2leitk, H—%%
RV A 5V B WO A B ph AL, I RO SO, SRR TR R M R, BRI E G E
CPM UEMSE, WOABEARUE T /-l AR MORE S (1) CPML - [RJAS, FE PIBRIRE FL T TR 35 BE R (50~110 <C) .
MR REA R, H A RFEAR AT KB R BV I . Sk i p R R 2 40 PSR B /KA v v B K TR
TEPH IS ;. M ACRFEN A, BUIRAE AT (] 22 PR, B SRR IR A R R K . AN #5721 55 (]
B, MR I R — i aE A P A T G AL PR B O B CPM R AR BRIy i, DAk oS [ S
el CPM A9 W B2 aiF 5% T A o

WS BB —F AR I FHEAT 9 CPM CRARSE S, XT3 B ER KI5 A E
RUXI A Y 600 MW 45 2% LU B AR HEBOR EHL AL 54T CPM HEBCIR B 320, 4347 CPM Hh B AL B F
A5 A0 SHERCRAE , DA BRI R, ) A SOk 1 g W Pl 2%
1 #MR5ER%
11 fARIIR

3 H 600 MW %5 2 DL Tt A% HE R 18 HL 2 £1 BRENAERES
HiEgEE LR 1. 36VIAHBRAAKAIER Table 1 Basic information of the tested coal-fired
PR IR A L 4 2K A7 2 R K i power plants
SO,, B M A0 38 Ak 22 2Hs E W i B T Ak g T Hligs P EMW AL TS Y PR
PR T e S IS5 A A o TR S HLH YA A 600 SCRWFGDAESPMGGH
FCE RAE 7 A, FEAH R T80 451 73 il R 4 B 900 SCRIWFGDYESPTMGGH
3 AN W E 3 & HLA 7 T AR R ¢ 1 000 SCRAWFGDHLT-ESP+GGH
i ; ?% ’f ‘tﬁﬁﬁﬁj F #‘;’@ ﬁﬁ . 7. SCR(selective catalytic reduction) AiEFEHEAE LA A ;

A WFGD(wet flue gas desulphurization) i S AR A ;

12 RiRE ESP(electrostatic precipitator) Bl L BR 22 %% ; LT-ESP(Low temperature
CPM R FEZEBE P e 1 i, electrostatic precipitator) ML IR L BR 2238 5 MGGH(Mitsubishi gas-

A BT E IRy VS BEERAN RIE U I Ay L M /g:;ﬁilzt;r;‘éﬁﬁiﬁi%ﬁﬂ%iﬁ; GGH(gas-gas heater)$& [A1#5 4
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Fig. 1 Diagram of sampling device
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1.3 SWEE

e HE T T Gl R A< IRk B R A A EEHE TR ) (H 836-2017)% 1 ] ¥R AT B 45 R
YWryiE TR ik ) (EPA Method 202) X4 H B FPM 5 CPM #4712 I 52 .

I 5 2k 12 A o o X SO A4 0 A< 5 CPM BB, P FH 25 B8 oK oh e R O, K ki
ARG RS THIRERRENEEG, B EICH CPMy,; A IS T8 KT, %=
AT TR, MANRBEY R E THRERRENERS, BHEEICH CPMyyyp. CPM B
FE L (1) AR

Cepm = (CPMigys + CPMype ) 10°/V (1)
K Copy N CPM [ KB, mgm™; CPMy 5 CPMy, gy H UK A B R SL 9 CPM i 2, g
VRFR RSN T RAAER, L.

FPM R FH A8 P8 2k 08 0 O v H A5 380 o (U@ B, R0 FH f R B B0RE 42 1 47 R A 2R 400 4 R 4
] 5 VG Y IR HE S P SR, E R R AR Vs 1 S PRI I 10 mppye FPM BT IR
MRIE 2) 5.

Crpm = mpn 10°/V ()
K Copy W FPM BT E , mgm™; myy WS TG FPM i, g; VR EIRET T RAK
H, Lo

18 FH B8 - 5,35 /X (ICS-600, Thermo Fisher Scientific-Inc., USA) %} CPM JCHLZH 4> v 5 Fp BH &+
(Ca*. Mg, Na', K'. NH,") 13 F & F (SO, CI'v F) #4715 #r1.

1.4 IENREESH 5 RIE

R AR UE I 25 S A vt S nT AR, BORE SRR PRI T — R AN R A . SRR Z AT A
FIOK P PRRE A E A I . R BEE L RSO RE SO ORI A B . SRR I A T RS 04 3 3 S A4
TEHEH H O 160 °C HEKE 8 h, FEALIE . CPMJE R (F S U8 B, FH A 2 7E ME A A 180 ¢ 4t )%
Lh) 5 50 2 — KPR FRa AR AR fOf . 8 5 e TR R R 48 (FEIR 20 °C, 1EIR 50%
RH) #' 24 h JEATIHEE . HATHH G B4 BhRL IR HY 836-2017 TR AT 4 . BRUCR RS JG REEL 5
CPM I 0B A o & R A7, T8 TR o PR IR R 884, Z W R BOR A — WSO, K — .
T OR R VA BERGE 25 B R M S ARG, AR CRAE, R

DU 3 TR B O 3 5 S By T 00 AR A o SRAFEAR AL IR A BT 45 1 Bt 3 MK 3 GB/T 16157-1996
HJ 836-2017 47 . B G HLAIEAR R TOLAME T ORBERE S o SRAFFE IR b PR IE 58 1A ke B 1) <% M R
P IR JBUIAT 2 )V A
2 #FER5TIR
2.1 BREERR T BN HEBUR R

F A 2300 H B CPM RAE 2 B I IF DN AT 3 AN [v] 70 g HL AL AR 0 HE 11 Ak 1 U0 40 v B (UL 3% 2).
ALY, MWEHED L CPM 1 & W B 2.22 mgm ™, & TPM 19 95.7%, i FPM J5t & ¥k i /X
0.0 mgrm . X T HARTERR S A% 5 A s, W43 FPM AT BEIE o M) 2 A 4R bk LR . [
B, BfE MHSE MGGH Bt A THER , 0] 58 520 FPM H /0 W ik AL S 04, DT B 408 41 4k 1
Ab FPM T e B AIG . BT CPM ZE A N USRS IE U TE . W3R X L S BRCR IR B . I
KHEO AR CPM AR L 5 Z R R A 5, W T oA B sh . A BER N Jeais 25 Bk . IR & i
L HEAR IR SRR

7E BHLA M HE AL CPM B R E M 3.02 mg'm >, 5 TPM 4 52.5%, FPM A4 Jii & ik &
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Table 2 Primary particulate matter emission in flue gas of three units

PSS  CPM/ (mgm™) FPM/ (mg-m ) TPM/ (mg'm*) (CPM/TPM)/% HRAIRIHE/ (m-s™) JH AL C
A 222 0.1 232 95.7 16.5 77:8
B 3.02 25 5.52 54.7 203 71.3
C 3.83 5.4 9.23 415 24.8 69.2

2.5 mgm>; fE CHLA H, M8 & HE D 4L CPM Ry R B HR B N 3.83 mgem, 5 TPM HY 41.5%,
FPM (1) Jit 5 ¢ R 5.4 mgrm ™, X 45 R 58 A B EP ptsw 45 R AL . RIS, CHL4 T CPM 7£
TPM i S SHAEEAR X, 5A. BMHLAME, CHLAMWSEERM, H692 <, it
C HLALH CPM W 5 e Al IE R BE RN &, B0l H: 7 U R AR .

M 2 AT, 3 A HLA M K HE 1D & TPM o CPM 5 FPM (1) 5 Bt 30 A [m) B9 28 AR 4 fE , 82 5
WAL PR T AP AR AR AR SRR A K. 5o, XF 3 G141 TPM A e &5 R i, i
FPM A #E 7 155 D45 9 UKL ) 5 et 01 B8 s B R A5 /L T — TR 9 1) B SEHEROK F-, CPM X — I it
LW ) DT RN R B 20 . PRI, S ST 58 8 A WA A, DA B G RN SR I 1)
HHASHE O RSB 5

ANTRIALLH B CPM/FPM G 3 fif s . A HLALHY CPM/FPM e ko, FE M I HE DAkl 22.2; Hik Ky
BHLAH, TEMEHEAAR 1.2, CHLA R/, TE

BBHECIAL Y 0.7, WA, ARBLAFPM 2 G |7

BRI RO 002 Sk, X 85 4 WL = IR Y

YR XK. ADLALS BHLLLR JH HL R £ o3

2, CPM/FPM KT 1, U HH Bk 2 28 B il A5 2% 9\5 =

WA FPM 9 HE ). C L 2R SR PR ARG ARG L o =4 — 1105

A, TEBR LT Y MGGH th CPM % ¥ 88 5% 1k i % 1

FPM, {it CPM/FPM [41% % L LI T, Z / % 4

22 CPM RHANFAEMBFHOTEN 0 Z - 0
CPM 1) % 3 Wi 4 42 1A SO, 26 K i e B8 7 s

HARRI AT, CPM BGEALRIT K gy Rrmguammsos cem. reM e

WYER TRy o A i Bl an P 4Tk o i & 4T Fig.3 Emission of CPM and FPM of different units

A, CPM R T L SO,S . CIE&E N3, M

BT B Ca¥rc Na 860 . I 5 46 450 fy 0] gz A g

R 9 45 B fE CPM 1 SO [ e o it il 152} Sk -

T CPM 3 Z gl JA 4 5 % SCR 7 4 ¥ SO, 76 e

AR B R 2 AR L 2R 4 i i £ %W%

19075 3 A0 e 41E 1 40 5545 — 7 Bk A9 NH,, NH,' }g S Vi

TEAK R SAFAE M BT, & 5T (9 80,2 o o &

R A ST 9 (O R 5 R R ),

M T 76 A1 38 DA B DT B 2 28 0 O R

AR 2 52 Wi i i o R v AR R B A TSR, A
17— 204 e 2 i e iR AP0 NH, 193 Hh 2 & 4 CPM EHKAMSFHRERE
| WRPCR Y IE N, 1S E AT YL, Fig. 4 Concentration of inorganic water-soluble ion in CPM
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HARE M A, CUE B UR TR b 7= A 59 HCL 5 B8 6 W A0 38 0 W b & SE G BT, Caty
Mg™ FZRIE IR A A KA -A B IR T 2 .

B AL CPM EHLAL 20 B 7 5 FLUn &l 5 s o A AILZE A 1] H 101 8 R e s 10 4 s TR Ik
J& SO0, Ca*', CIFAINH,, 5451k 63.70% ., 12.78% . 11.08% F1 6.11%. B HLLH MK H P15 &
e e ) 4 R ES TR IS SO, CIT. Na'fll Ca?t, (5 b3 9k 85.65% . 6.24% . 3.59% F1 1.53%.,
5 AP, BHLAL A H O AR NH, S OB B N R, SO i Fb I W4 i o C MLALIRIA s O
Jo Mk B A Y 4 FP B R KR SO, CIy Ca Ml NH,', 5 H 4 %0 534%. 42.94% . 1.86%.
1.23%. 5 HAth 2 MHLARFE S, CHLAH CU i A, T CL A JoE ki J 5 AR A5 e I A0 ot At 2%
W IR A G AR TR SO SR AR RN S R rh AW S R A T, BRSSO, B4
WS HES, SR CTSEARE. 3 VL™ LM CPM LA 2 45 B 7 M RS A
[, BXATRES 3 LALLM & RS T . A T2 AR R .
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Mg 0.97%

SO 63.70%
(a) APLE

NH; 1.16%
\\\ 3 o;o;o;o;o.v:,’ .
1 6.24% / :::::.0:00;’.
f R 950090 %% ;
RUNR\Na* 3.59% /R
\\A\}\\@ﬂ?& Hoflh 4.52 L %35?355”‘_
HAW 4.52% - S

SOZ 85.65%

K" 0.86%

Ca* 1.53%

F 0.19% Mg~ 0.78%

(b) BHLEH

CI” 42.94%

PR

"
R
:0 ::ozo
J
000,
KX
&
94

o eTe%%

KKRIED
J0XRKS

K3
o

%
o
X
S
XXX
2%
0,
%
%
&

Ca* 1.86%

N Mg 0.09%
SO 53.4% Fo
(c) CHLA

B 5 SHAWESH CPM ENKBEUHETFHH

Fig. 5 Distribution of CPM inorganic water-soluble ions in flue gas of each unit
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Dl B E AT B9 CPM SR AL 2 B I3 T R ML 4L A [F] 26 ML 2 &2 (600 MW 900 MW |
1 000 MW) (1) CPM HEBUIE B o 7% CPM SR A 25 B R FH 2 S AR b RE B T, A U ok ok 28] 4 9 S5 2R 1) ()
BF, Wl T EARR, BT LA M R T R

2) MR R T A P HE 1 AR B CPM 5 TPM BY 41.5%~95.7%, 0I5 55 40 %R HE | ) 08 20 CPM Y
W o HERCOE A CPM B Jo o R R A2 BRI o AT B R AR A B T2 A i B

3) CPM W CHLA 4 H B F DL SO, CIaEh £, FHE L Ca*' . Na45 . [Fnf, SO
FE8I7E 50% DL b, feis ol 89.81%. RIAEMNEHRHE 5 SCR H SO, 1Y 7 A= 435 17 CPM L HL4H 43 iy ¥k
BE, MG T CPM AU HERCE: . Bit, 6] CPM HEjik iz 5 58 58 A H SO, SO, MTE WL 4 1k
U

4) CPM ALK PE B T i B Y SO iR 45 5 NH, TE K 28 IRAEAE N A IS R 0 8% A /b 1 i
B BREREEELAREYE L IR RS o, S S EUE T RS S

2 % X M
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Abstract The environmental impact of the Condensable Particulate Matter (CPM) emission, in flue gas, from
coal-fired power plants is innegligible. However, the CPM collection methods existed are not well suited to the
actual situation of the fixed stationary source within the country. Inorganic component is the main component of
CPM. In order to capture CPM in‘ flue gas effectively and study its inorganic components emission
characteristics, we adopted the self-designed CPM sampling device to carry out the CPM measurement research
in flue gas, and at the same time, the effectiveness and reliability of this CPM sampling device are discussed.
The test objects are three ultra-low emission coal-fired power plants in the national key field of air pollution
prevention and control. The CPM sampling device uses semiconductor materials for refrigeration, which has
light in size, easy to carry, high collecting efficiency, good condensation effect, and low cost compared with the
conventional sampling device: The study shows that the CPM concentration at the chimneys of A, B and C coal-
fired power plants is 2.22, 3.02 and 3.83 mg-m*. The anions in CPM inorganic water-soluble ions, are mainly
SO,” and CI, while the cations are mainly Ca*", Na" and NH,". The mass concentration of SO,*” accounts for
more than50%. In the presence of SO,*", ammonium hydrogen sulfate and ammonium sulfate will be produced
when the water vapor is present with NH,". Ammonium hydroxide is easy to combine with the water vapor in
the flue gas to form acid mist, which will not only cause corrosion to the flue gas pipeline, but also fly ash and
other impurities because of its strong adhesion. The deposition and attachment on the surface of the pipeline will
aggravate the corrosion and scaling of the pipeline. Therefore, it is of great significance to study the effective
capture and emission characteristics of CPM in coal-fired power plants.

Keywords flue gas from coal-fired power plants; condensable particulate matter; semiconductor

refrigeration; emission characteristics
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