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BCE, RAZE K GMERLE) MIRERN] . Bh BE TR IR E L 8%, HBAFHEiTiR 4 h
3m*h!, fEfESCE HCL A SO, KINAE & iA bR HEAL (HCL A SO, HEML 6 An 0 AT1% ) R PEAR . HCl<
8 mg'm~, SO,<30 mg'm™),

1.2 et

ST SRR T AR A /], AR RN 45 B BRI he, Sl Rk
NFETFERRGE, AR TREEREAR 20%, HEAH 1.16 gem™, LINEFRAETR-A. FTR-A ShiksE
el IR K SRR G Fe-B, BT HAVEREKE) pH 2028 8.15, FEMMusEE A L
B BREREL . BRIRER S E LN
1.3 SCEgit

SRR 2 BB A 1 Y BERN EI R FUR-A (RS B < PR ROA &) X AR AR SR R
FESEER, 5 2 BB B XTSRRI RTS8 . W ARIEASIR SRR, SCIIRISE e a b PRy
VLR IatT, SEIIRI A RS T | AR A O S5 & O HCL A SO, Ais 8 i < is Yed
HEAUE 2 CEMS $diE IR S8 (SMC-900, VH 22 s AU A BRAF]) 55 DCS &4t (JX-300XP DCS, #ik
T A S PR A SRAEE.

1) ANFRHEAFE-A XRARRRCR ISR . ARG R I le-A XHEABRRRCE, it
FURSR RO B 5 2 i A R i PR FR-A R B A EL A2 10% . 12% 5 14% WIAET,
SHILL 2.0, 2.5, 3. 3.5, 4mh RIS 70 RS A FisT4 12 h, [RIEERAEAVE-A K
MIGEST

2) HE-B XSRS RRCR BRI L8 . I Fe R FTEAN N RBER IR K, E— B LURIR
&, DAPHRTF RS RACR, I AYR-A SRR K L& 1 YE-B: TEATR-A SRR EL N
12%, WHRFZ N 3.0 m>h™' I, LUV 20% B LG FTe-A SRR s himssei ok, 2Hie
ZEHIEEE 3~5 h 553 0e-B Wk, FREEYe-B e AL THERG T, R X HES B R SUR .
SCRZATIHAIZ) A 12 h, [RIERAEFTR-B SR
1.4 #&Eoh

R TR, FTR-A 5EVE-B iBALYERT, i XRF(zetium, ff 20AZ08A F]) KAy ; Al
Fl XRD(Rigaku MiniFlex 600, HAHE2E/NE]) SATHIAILLA; (4 e AL (BELSORP MaxIl, H
A BT I IRAT PR ) K TR (ORI (Mastersizer 2 000, 9 5 /R SUUERATBRA F) Xk
Feor A TR ;i P Fa (SIGMA HD, fEEZLRRR A A]) SHEHEH Y (OXFORD X-MAS, fEE#£wH]
JBEA 2N ) WRER AT 3 FhIRA B R I SRS R T R A I o .

2 RS
2.1 FRERFTIRYRAE

1) B 5rHT . Bk He-A 5 - 1 BREEFIEERS
B 1) XRF FTAFLERILFE 1. CaO EEAE MR Table 1 Main compositions of deacidifiers %

WY BATEURI AR b7 AR B RETIA - Ty Ca0 MgO ALO, Fe,0, SiO, Na,0 CI" SO, Hfih
94.19%, % & T A e -A(75.94%) 5 A e -B
(73.73%). MHLBAAIK, FE-A 5HJE-B BrE
e, ZJFA R, W Sio,. AlLO, 5 Fe,0, % ‘
%}Eﬁiﬂj‘%%ﬂﬁlf(, ;FHH:EHE_A’ EY‘E-B E/‘J HJ-B 73.73 7.11 225 0.69 291 144 2.69 8.78 0.40

MRS T B AR, (B & &0 Nay0 5

CIAMAIEINT 1.03% 5 1.24%, SO&323) TIBASRREK i 50 i 800 .

3 PRI XRD 4553 (&1 1) R, B KD YA Ca(OH),, BT &A &K Sio, 5
MgO, JUPAGHMAT; FIU-A MY AHA K 3 2425 CaCO;. CaSO,. CaCl, fil Ca(OH),, M
CaSO, M HIIEIREE R . 8%, CaCl, Ml Ca(OH), MATHIIEREESS . &, FHMATE Sio,. MgO il
ALO, IR AEAE, Fe,04 Fl TiO, F BUMIARAGI AT 04, W REZ T & RTS8, X5 XRF 45

BAIK 9419 412 044 008 052 0.11 0.10 0.40 0.04
Hi-A 7594 757 241 065 3.11 041 145 811 035
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RAFFE s HUE-B YA RCEY] B8k, H y # Ca(OH), * ALO,
CaCO, 1 CaSO, HIFTHI IR BEIIR , CaCl, AT s @f;g)o
SHIGETR S , FIJB-B Y CaCO, il CaSO, v Cacl,
TN, O TIAVEROK PR IR Sk .
MRERE IR S F1R-A iy Ca” JERL T CaCO, i o Y oa.ne 1B
CaSO,, b #RIGIFEHN T (1)-(4):
Ca” +Na,CO; — CaCO;+2Na* (1)
,'1’ L _de Ao Hie-A

\4
Ca’*+Na,S0; — CaSO;+2Na* () t *
Y ST

CaS0;+1/20,+2H,0 — CaS0, -2H,0  (3)

Ca*+Na,S0,+2H,0 — CaS0O,-2H,0 (4 20°)
2) BUHFHESIHT, 3 FRIBRRAIHA B H1 RE%. BR-A RIS ) XRD EE
W32, HF 3 R S R T A e Fig. 1 XRD patterns of deacidifiers
i, #EEER pH, HAPBG K pH R 12.24, %2 BEEBMLEE

BbE AR, FUE-A B9 pH A 11.94, Fie-B R
Ay 11.22, X ATRESE H IR s PR AR /K B B AIG

Table 2 Physical and chemical properties of deacidifiers

(pH=8.15), XHAJE-A SMHEFT THREAIAI A pH H ATV )
3 FhRRF ) e R AR NEFL A . IR AR 12.24 21.49
HARBRUEK, (108-ARZ, 8B M- Frie-A 11,94 19,02
ABRIKT 25.55%, SR PRSI S 17e- (1B 1122 e
A ST CaCO, Fl CaSO, S5 M) 8 ZE ‘
LI, SO TR I %3 WEHHER
3) KR, 3 PRI kAR AT 2 Table 3 Particle size distribution results of deacidifiers
WL 2 553 30 Dy 5 Doy VERIREATIE AN i ™
BUH, T DUABUSRRAR I ING BB, 43R 2 v
TR REV AR 50% 1 90% kAR (E, BP AT e it
A RN T IR 1 TR AR o i 4 0 A o o
[ 50% 1 90%. Hil&l 2 AT UL, A7 R Az B s o

Dy, M 13.690 pm, Dy, 4 36.015 pm, [HJE-A Y
Dy, 7 10.366 pm, Dy 24 56.592 um, [He-B [ Dy, FHLLETE-A TEREZEAL, Doy WBEMITH 72.004 pm. H
T30, Aak. Ale-A 5EVE-B FRAR/NT 2 pm RS EIR 6% oAy, TTMR2ES, miEvE K
BR/INT 45 pm BOPORL & Gk 94.60%, HIR-A N 86.92%, [HE-B MK 83.80%,

FIJE-A 580 K Dy B2 3N T Doy, HFATRE-A FORAR/INT 45 um §9I0RE & B o KA
7.68%, FHIAVE-A BRG], AR LA/ NIk FUE-B ML IK, Dy 3T 1A%, Rifd/h
F 45 um (FURL S BFRAKT 10.80% , FREHSCRARTIURL & N, X T R8s T A SIskuiiik koK i
2R CaCO, Fl CaSO, /Wil 7 YRR RIS . FH%E T FUFLBRES oS H e 4 ok R 25 A
REAPTFE.

I AT R4 AR A i e S e R T A T S RS A R R R, AR ok kA, Fhak
(11382 N 1 A O = Y oy N g S VA RS AT W oA 74 1 =N S | o Wy /i v
HALATE-A 5HVE-B TR IRPERE.

4) RIATEA T, 3 FPBLRRHIY SEM-EDS Z55380] (K 3. 3% 4), & 3(a) A KIITR FELL C.
O. Ca NE, PR REHHA, ARKEMNIRKE, 52 SRR E, BRIRISS SR, BARL5H
WREARE; F 3(b) Fle-A HILEMFE C. 0. Mg, Si. Cl, Ca, FkDRAREK, KA Ho24n NSk b
, PRMERUANEAE, JCIH BFLEREE; & 3(c) FIYE-B BT ASG C. O, Mg, S, Ca, PikiRmAKE
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ORI, P ARG, kR AR
K, SRARMELER ., RS
2.2 BRERSTIROARER M RE

1) H-A BRSBTS 5
7.5 d fi A AR R IR 790 i IR SCBCE AR S X
M. B X HCL BB BR R 2R 97.6%,
X} SO, M- M BRRCR L) 93.2%., di FH -
AYERBRERFIE, MR H O HCLS SO, ikbrE
i, AR IR HERRE, AR RN A
Je-A XHEA T HCL S SO, BIRERACE 4 E 4(a)
5 4(b) Fi7R.

H&l 4(a) TH1, AFEFHERFYE-A XT HCL B
SESRRSCRAIN 90.3% , BRI iR
AR EMHCKER, FEARKES
14%, HIRFEN 3~4 m>h ' B HCL R
BRECRZIN 93.09%~93.2%. HIE 4(b) AI%1, AIH]
FH& 8 IR -A X SO, 1Y S 1 I B s R 4 0
33.2%, TEFURHRBE—ERT, P HUR Iy
i, RRBRACE SRS S, (H ek
FEMRE L 10% B, YR A I B BRASCR )
TCE M FEFR R —EnT, BRRSCRAA R
Kesh, (HRR S EH e R, RBRECR
e/ Riy R

B K, FTR-A XHEA R T
W, SSAMRESTIRRAESSE, FTREH T LA T ILA
JRH 1) FYe-A RS S F R (DL CaO % &
) A IRAR 18.25%, HALE THZ ) CaSO,
AR BSOS SRR SR, JLHE
X} SO, WAL Bt 25 2) iR Y pH 2352
MHARIRSCR, #mil pH A R T RrSOR o <
FRPES RN, Ffe-A 1Y) pH B T2VA K, AT
RESER IR SRR R R 2 — 5 3) BRI AY
BRI R EREAE A I 2 (A
B Dy, BIZEFE/INT Dy, HEAUTE-A HRiR
/NTF 45 pm A0 S i ELEVE IRAIG 7.68%,
FIUE-A BRIARA AR, A L IR kLY
ZeieEE, X S5ETR-A B R R KN
LS FAT—B. XA R R AR Y
fEERE A, SRR SRR R,

2) F1I-B MR BR AR B o 1 18-
B {E MR, MHIAH T HCLS SO, isbriE
i, X} HClY5 SO, WM LK 5. 4553k
W], TERWMHEA N 12%, B HFLAN 3.0
m>h ' B, EHIR-A X HC AR BRCR N 89.7%,
%t SO, BIMERECE N 60.6%, Tiile-B %t HCI Y

B’ W %18 %
10 100
e EAXETY S S
ol et SANED e | Dy=36.015 um ,\
S ‘ 75 IT:H
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Fig. 2 Particle size distribution of deacidifiers
= 4 BRERFIN EDS TENRLER
Table 4 EDS analysis results of deacidifiers %
BiE2%l Cc O Na Mg Al Si S Cl Ca Fe

PATK 453 48.15 0.04 043 0.03 0.05 02 0.07 463 0.2
FIJé-A 10.93 45.15 043 2.1 021 143 079 1.52 37.21 0.23
FJe-B 17.92 5291 02 242 027 0.62 1.7 044 233 023
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(b) F17g-A
3 FRESTIRD SEM

(c) HikE-B

Fig.3 SEM images of deacidifiers
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Fig. 4 Acid removal efficiency of flue gas with different dosages of white mud

IR 85.7%, XF SO, HIIRECE N 38.7%,
16 3 PR rh P A IR A BRI AE

M ETR-A, FIT8-B By RR SR 3 — b
fiX, AIReAEFLAT LSRR 1) Fle-B A%k
Wy E it — A RN 73.7%, CaSO, AL
HIR-A AR, H pH BN 11.22, AR
HMFRACEIE 2 TR RE ;. 2) [ ETe-A hE
TIEREIE K, 724 CaCO, Fl CaSO, &HHFA
FLER, dEMe-B R R S T, Dy, b
R 72.004 pm, 9 REA KN 245, AR
1.3 4%, IFSEAT-B FRAZ/INT 45 um 150R
PR, A R AR 1 Je-A R
T 25.6%, 3 USRI R o A i R
i, SRR s 3) Dt HE 45T

100 [1#A IR Fiie-A
S 80t
W
=
%
= O60f

40 +

HC
7R
5 AR, Bf-A FEE-B MESH
HC1 5 SO, BIBtRREER

Fig. 5 Removal efficiency of HCl and SO, by deacidifiers

R, eSS SO, RNAE BRI/ N i A KA, TR, ARIEASIIN R 4 1) EDS 45
F AIBATRRIOK S FR-A ZRSE, FVe-B PRERR C. O, S JTCREMS RIS, FRIZERR R,
T CaCoO,. CaSO,, HT CaSO, HIAERV/NT CaCO,, &R TERIIEENRZmbTH , I EA RN
Ki, TERLTERN”, SRR S 5 R0 BRI R b (B 6), SEUBRRACRME—E T 4) K
CIUMRIE P TSR RAR TR, IIRRAR Ca> WL, SEmHmf R AT . ASERR ) F17e-
A TEIMBEVERIEKIG , 238mETe-B g CIVREE, FIRESsm Ale-B 7ER R i AT s, i
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Fig. 6 Schematic diagram of the "shell effect"

M SRR NI

3) MR . G AR e TR RS P R L A& 7 Fs . IR R 240 3 AN B
HCI 1 SO, Bt ; MRERFIAIAE; TR K. 858, HCR SO, 72470 5N 35 W (4 3% 0 b v i
HCI 584HE HH CI, SO, TR A AL H,S0, [IERT, FLEH HY . HSO, 1 SO>, #Eii5 IR IH
AR (CaCO,. Ca(OH),) M TRN, W5 BIMAE R iR E R S IR CRAE S N IRl o

1 FHCIAISO,

AR

HCl—H"+CI-
SO,+H,0 == H,SO, == HSO,+H'~~S02+2H"

AR 1

HRISO (i

l BEA

Ca(OH),+H*—Ca?+2H,0
Ca?+S02—CaS0,
Ca(OH),+S0,—CaS0,+H,0

CaS0,+2H,0—CaS0, +2H,0

CaCO,+2H'—CO,+H,0+Ca*
Ca(OH),+2H'—CO>+2H,0
Ca(OH),+S0,—CaS0,+H,0
Ca?+302—CaS0,
CaS0,+2H,0—CaS0, + 2H,0
MgO+2H+S02—MgS0, +H,0

lwz

ez

7 PHARFMEERERHIE

Fig. 7 Mechanism diagram of deacidification of hydrated lime and white mud

2.3 FRESTIBRERMERE ST

D) MR N 2 . R E A ) = Bt sl el P el S b R R E 2 o =X A AR =04
fb, 25 0 TR AR RG], ZH T AR RS . B TR )1
HHAEE SOCTEIRBRAEE, ARAXT HCL RIBBRASRE, AR il AR A oA e s .

FHER 5 AIUL, FER e R G st st e Ve masn e 1o 20 220 SR A R AR AR, IOIRREAE
90% VUL, MAEAMFFEH, Slfil H Ae-A BBRACRA R 33.2%, SRETHBRmACEER K. &6
= SAAL, ZHIh E TN H TR RGBS, FURM pH 7E 10~12, RifRiecdn, S
10~25 pm, ARUESY (LA CaO i) SN 70%~96%, SLEIFKAE 12~168 h(EBr 24t A /M i 1R 1Y
pH. ARG BURRAR S TR AR ), MIASCEE FUE-A B T2 15 RGBSR
1, FHIR-A K pHAEIT 12, TRRASKHKL, Dy, ZM 57 um, AN &4 76%, K HHkE N
10%~14%, SEHEHA 180 he
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x5 RRHUESBIN ARG

Table 5 Application case of white mud for flue gas purification

e B Ak B
e R o7 1357 FREHM  BERSCE % 5530k
pH HLAR/um CaO/%
TR AR WIS AR TR RS — <40 - — >80 FRERYINSER
WA R RN RS — <50 — — 65~75 ESTE
ok e PR T BRI AL 10~12 10~15 35~40 168 >95 B
R e PR T BRI RS 1073 — 95.58 12 >90 i LR
il SR A RRIBEBm RS — — — 58 >98 PR
il e AT BRIAR RS — K25 75.4 168 >95 NI
il E e K% R AR IR R 5 — 24195%L) <25 68.36 168 >90 AR
e B SE B R Ak TR RS 12 A90%Ll <57 76 180 332 AT

X HC R B SAES, AR AR 25 57 KT BEAEAE LA N LSRR - 1) B A BN & &2k
709%~96% , 7R F1IR-A FRUED SR 16%, BIRTEZBITHIX VLRI, (BR8-S 26 i
HRIFEZES:, A8 THRZM CaSO, MHE Bk, FEATR-A hEES SHSUBIR RN (5L bRA By
Er AR, VRN IRRRCR, RAEARARUN SR, Ca EREUER RG] SASE iR
BOREF KN EZ —; 2) RIS AVE-A B Dy 2078 57 um, LIREFITATRRARAT 2~5 5, ASFTE
BB, W RERSE MG SASLIG I ACR 2R RN R Z —; 3) ZhhAJe TR, MRk EE
4 SO,, ARSLEFe-A TR, MW AmZE, mRESIARS 2, JFH SO, 5 HCl ZHIfFTE
Fro P AP HC IRYESRT SO,, HXT SO, HHWET/K, FEMSRIR AT, HCl BFE BpH
b SO, /Iy, Frll HCI BIMBRECR B i T SO+ 4) ARSLIG A Te-A F TR RSE, Bimi s A<
R, FEIT RS TIRERG, BN SRR, ROV, .

i VS H A R R B E BRI, SRS (B i 2 Heoh 1~30 % HIRHRS 0.001%~
0.05 % BIEERIEN, T Tk RGEMRERERASE L, BERAA B0855 & =290 30%~42% (1
), KifE<40 um, PURACETE 80% LI L; FETHEPUEHAESHABER, HTTERGEEEMES
ik, BRRARAS/NF 50 um, HCEREAN 17.5 m* g™, PERRCEN 65%~75%; AMFMTHEATE-A 58k
VERPOKERLS, FIE-B MR A e 12%, ARV EE2 73%, Do YEMA 72.004 um,  FLREFD
142 m*g™", WHACERN 21.5%.

X AR S G Sk I, BBRFA BB B0 HUAE 19%0~30%, Y T2E T R G RSBt < v
ik, (BRI HUR-B AR F i AR EEdE, ANRESRBI BT . Ll A, ARSI AR
R R — T T T Ye-B AR &k (UL CaO i) BR AL S LN CaSO, FHAbZR T Wik, H—
JrTILE PR FTR-A SR pe R K R BUG P A ) CaSO, 257 W2t G fE kiR, S2HYe-B kiiz 2y
BEIAZEGIRE 1.8 45, RIBHERTER0, SRR,

X EEARSCEG 5 FE T I, RHIHE IR Tk RSN S0g b, BRSCR A AR SR Y
3%, BSRIIRAER S E SR, SO, 5 HCl ZIfFEE e R, (HR TR B mseR i i T ik
AR, T RO A ER G 4 B R T RESE A2 ) 1 PR R A B RS, T 249 P o A I 9 ) 4 B L 4
Wi, PRITCHE: HHA PRI AR 22 5 KR A

2) MM T IR BB BR AR 32 Z2 Fh R R AL [ g, B LR A R0 /> & i (LA CaO i
i), LRI, pH., Kif2 i (Do) A HCLHKEE . A SO, MREFENZ, XFLA_L52m N R 5 hRasieE
PEATHESEME M (1 8)., MR 8 W, AR CaO &, M. pH FIA LB 5 A G
KFR, 5 Dy, BOAHXKR, JUHIE HCLBBBRACE, 5 CaO & . R, pH 1 Dy, BRI FREL
16 0.9 LLE, Hoetish, RMLL R ZEEIMMIRSCRI I Z; 1 SO, MBBRECRE sk, Sk
. pH Hl Dy, IR R B R FER] 0.6~0.9, AHICHEIRES, FHIBR TXURE, @777 HA R R T
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SO, MIBERACE, A 23 WIMHIAERARE o coomit

fo ARk R g, e | @ ek
PEPIELETERAT, FAEA MR

R, DUAFIRDLAA A s R 04 o,

2.4 BEERTIRRAR RGBT 02 AHHCHE

WIS SR AR, 6 O
K. Fe-A FIFE-B TERA I RICH], ke 2
e ey e 7 o

D) MRS TR
WK, AR, TSP RONR SRR

®

. . A TS0,

©Q O @ ik
. ® ‘ . SO, i Ak
. 0.23 . . .

0002000
20000000
%~ 000000 =

BB, FLETRS) TILRSS, (ERERS & 0 g
T 1150 kgm ™ ISR HIE, 1A & ¥ &
i, B R AT B, SR T TorEE
VeSRE . R e SR 3R I 8501 8 FESSERAMERAMRR T

2) STEK RS SE, HF ARk aE s Fig. 8 Correlation analysis of influencing factors of
WA REE, RES RIS AL deacidification efficiency

BRI ARG T AR R, FEOREKIEACETIRRSE, midEke) MRREE K EHE,
FIH A R RN R K T B I e A R G AN . s IR TR R S RIS, Sem a2t
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A case analysis of the application of alkali white mud to the deacidification of
flue gas in semi-dry waste incineration system

WU Liang', LI Qingwu', FAN Jiarong*’, XIE Bing™*", LU Jiawei*’

1. Grandtop Yongxing Group co.,Ltd., Guangzhou 510430, China; 2. South China Institute of Environmental Sciences (Research
Institute of Eco-environmental Emergency), Ministry of Ecological Environment, Guangzhou 510535, China; 3. Guangdong
Province Engineering Laboratory for Solid Waste Incineration Technology and Equipment, Guangzhou 510655, China
*Corresponding author, E-mail: xiebing@scies.org

Abstract Aiming at the problems such as high cost and environmental pollution caused by the use of hydrated
lime as flue gas deacidifier in the current waste incineration power plants, and realizing the leap of incineration
flue gas purification from resource-consumptive pollution treatment mode to “treating waste with waste”, a
waste incineration power plant was taken as a case in this study. The removal efticiency of HCI and SO, from
flue gas by hydrated lime, white mud-A and white mud-B was studied through field engineering tests, then the
influencing factors of removal efficiency were discussed, and the economic efficiency of white mud replacing
hydrated lime in flue gas deacidification was also analyzed. The results showed that the order of the flue gas
deacidification efficiency by these three deacidifiers was hydrated lime > White mud-A > White mud-B. The
physical and chemical properties of white mud, the competitive relationship between SO, and HCI and the “shell
effect” and other factors were the main reasons limiting its deacidification efficiency, especially the
desulfurization efficiency, which decreased by 54~60% compared with hydrated lime, but it could still realize
that the discharge of HCl and SO, at the chimney outlet met the standards, which is a feasible "waste treatment"
method. The test results can provide a case support for the application of white mud in waste incineration power
plant.

Keywords  treating waste with waste; waste incineration power plant; alkali white mud; flue gas
deacidification; economic analysis
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