F40E E 4
2016 4F 7 A

Ll

Journal of Yanshan University

Vol. 40 No. 4
July 2016

X EHS.1007-791X(2016)04-0348-07

PR SR A M E B A R TE RAEH 5

EWAN EAF EARY E R I EFH

(1LARLKXF RELHAFIEFR, T 225 066004;
2P EHAFR SR IEMAMGEIRE IREELHT BRELALFEASFHABRIELET, LT 100190)

B E SRR AR I R A A SR R AT AR B RN RS e IR i R A e, AR
DU AT T 1 B D AR 04 43, 4 L AR i SORE T B i 0 A B A BB R Al 5 BETT RN I TS890 B
BEE Y T IR BB % NO AT SO, YT 2 AALEE, 35K A HSC Chemistry 6.0 B4 40 56 2 B ¥ T #4 )
2oyt SRR BN R A B B TSR AN A A T 5 I AE B N I SR - =R AR R R R i A
BRI, oA H & AR N 5 78 303.15 K B, [ 8 2 8% 4K I S I X2 P J S SO, Y I B 3R 1T 3k
97% ,NO FYBLERZFHL R 10.1% , I EE T+, S0, Al NO BIBEBRR T e, S Tt —2fFpe o NO BBRZR LAY [A]
B IHI AR ECA B, Ak NO 5855 T 9k ORI e Fn 6 16 1) S0 AR A0, [0 sl RO vl 3 Jon v i R 4
WEEALBIR . SR BT RS RAT 2] T RS, 2 O, R N 5% , MR MR A0 BT i 43 50N 2%
i, S0, I NO BEMLBRRAFNIEE] T 98% I 96% , (5 A4 JH A A I R B ML A 1 IO LA A AT 68, DA Ay 0

BRI BE ) BRAE A5 e S PR NI BE5E T RS

SERR L U 06 IO LY 5 SV A 0 BAILE S e g

hE SRS, X701.3 TERARIRAD . A

0 5|

[l

B I8 A AL 5 A AL GRS o H 2%
JERE  BRAT I R AEAAT W HE bR HE O B b2 Tl
TS RWIHEARME) (GB 16171—2012) B X RS
1Y) NO, B T HERCFRAE . A A KR 38 S HE L
VL BE B HITE 180 °C ~220 °C 2z ], {H 2 H B B2 Y
VEBEPEMAL IR 4 AR (SCR) FIEBE AR b A 5
FR (SNCR) JH A 2 AR R BT b AR <Y Ui
FETE 300 CZeAr, HBEASSORAR, i8 17 AR Al — ik
PERCGER , o Il BN B AR 1 EZ 5 i
PARR, — 238 5 — a2 O =3 = A b R =R HE TR
B AR IERERE S AR R, 75— R 2
TF& IAT AT SCR H2 AR B AL . X F4ab+
R B A A AT M A U PR AR £ 4 AR I

%5 B #A.2016-05-02
e 1L R AF T A IR HE R T H (SF201412)

DOI:10.3969/].issn.1007-791X.2016.04.009

BRIEASE AR W FF R EEA T AT R L,

TR B R Bk A: 77 1, 2014 4EFR ]
AR R 7. 12 A2, RN = o 8.26 120, 43
551y TS PR Y 60.3% A1 50.21% , IR S AN Ak
Tl E =8, 77w AN 5 1Y 10% ~ 15%,
R4 AR BB 13.8 42 ) i T
J A R R U B KRR M 2 B B Tk 2 AR R
R B0 1Y) 25 A R R A 219 i V% I T
% H B EFRIRER ., KRR N EL T
HEAF AR A AN 385 1l AR 28 PR 8 19 75 Y il
IR, X - AT A IR 2R

B B E A AT R R A RE R A M
M RO HH (bR IR B | AL B TR A [0
) /b i Ui 5 A AEL A0 A R AR BE AT, b
WA Ca0 . Si0, AL O, FeO Fe,0, MgO MnO,
P,0; MnS K FeS 55, Horfr CaO & N 30% ~

ESWAE . HERHE T RIITH (2013BACI2B04) ; AR BERH R 55 9 2% 1130 3 H (KFJ-SW-STS-178) 5

EZR N =« TENFK(1964-) Lo, BRIV A W Bz, T 2R 0, 228058 07 10 S R BHBE i b JORDEBIRTRE AR WA HLOOL I

Bt A WB RIS B B s (A2 T2 Email : ligiuwang@ tom..com,,



% 5 1]

TR AF AR R IS BB B T LA S 349

60% "7, HE Ay AR B A B AR B A R 1996 4
S REBR" DL T MR Sk MRS 2 A T A TS
Wi, R 50% ~ T0% , [A] B 7 89 i 10 v L At
SIS HLER, T 7R AE S B 5T A B0 0 1 12 I A R
ik 85% LA I ]k 4L AR O R AR - I R A T
700 P 8 ik Ak 3L, T R AR B O B A
SO, 1 NO, FILER %454 70.9% F1 69.6% , X
S S Y TR IR AR SRy A5 N 7)ok 0 T V0 T %
RENT 80%, HHETHE MR A T #EA AL By
B, NS A VS J0 A 52l & e A BR 52 AR A
FTT b R LA e B R A PR ] 4 i — AR A A
AELMFEEE 7 000 WA 6 600 W )9 1 Ji i 2 ) 2
EAETTRAE . TR LA 1 1 A v BF SR AT AR
R IO I S B A, (H AR ARAR, A
KARE DI

ARSI 3 S8 H HSC Chemistry 6.0 21424 4
TR T T O I A P -V - T = A A A% s N R R
TEHAT T A fs s, LA & i 8% 4N i ¢
TR IR A /N B S5 3 i 7 i v R AT T N
IR IEAL, ST A BB A , 76 AR 1T 3k
98 %% ¥ [F) il , ] 1 58 il 5 18 3K 96% , Ay AR It A
BB AR TR AR 58 RN SZBR Ry R L BRI AR

1 SEIREH

1.1 ERENEE

R SR B NI AR RS A,
IF 2RI A R AR EE /N T 75 wm, NO FRUESAE
(ARFE1.6% ,F SN, AL S b5k T
W AR H ), SO, Fr i A (AT %1 0.5% , F
AN, AL S I SR Tk A R AR |, 4l
R %0=99.99% , At 5 S AL Sk Toll
FBRAFD) w4l A (R 500 =99.99% , db 3t
AW SR T A BRA D) |, G R (o dral,
[ 258 Bk 2A R A R A F]) |, 28 17K (Millipore
A KA, HL B T 0.2 MQ - em, 25 P [ 4 BB
A AR .

K H DO7-7K B 5t i i m 4 il e (Aot b 2 AR
B F A A B2 7)) XSRS AT i ], R
744 AXT0S Y X 2 AL (XRE, fiif 22
PANalytical B.V.AH], HLE 60 kV, i 50 mA ) 43
Mrad s B4k 24 B4, H X Pert PRO MPD % £ 3

fiE X BHRATHHMYL (XRD, fif 2% PANAlytical 23] ) 43
Braw s ) AH 20 %, ] YXQM-ZL 9 17 2 2 BR B AL
(KUK IR A A BRA R, TAER I 220 V) ¥
BEAN i, A AR ER TR UL (T RS BT 2 T U
ML A BRA 7)) 40 BiAe /N T 75 wm 803,
LC-D RIS AR T 1% 4% ( ¢ B AMETEK /2 ], Trend
mode ) MBI LLAH AL 1, HH C-MAG B 7
PEFERS (SEE IKA 22 7)) AR P ROV SR
1.2 EPHESINERERKERBREREE

FEP I T IR A T A i 2 i S A
WE 1 PR, BES IR R A RS H SR
REAS IS ARG R G, WS KR R G ok H AR
T ARSI SO, ARUESAE  NO FRIESR  F 4l
AAMA L, IR A BN, FEIR A 2 h & Fh
TRA5 AFE AR A I 21 28 W FD O R S e 1A
FH o S0 NG 15 em, ARFR 275 mL, #EE N
R 2 mm, SRS 5 S RN A A A
PI/NS PTG AR, SO 2% 1 IS A
FIIMARSEFERS , T AR P S L 25 P9 4 s 9K
W, MR ZR S8 Al AR R (SO S A
BT A RS 53 2H A

P AR A R T D LA A RS 5 R s R
Fig.1 Equipment and flow scheme of the steel slag

desulfurization and denitration of coke oven flue gas
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Tab.1  Composition of the steel slag %
Ca0 Sio, Fe,0, Al, 0, MgO S0, TiO, MnO P,0; HoAts
54.85 15.16 11.30 7.74 6.58 1.22 0.81 0.62 0.38 1.34
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Fig.2 XRD pattern of the steel slag
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1) B KA
CaO(s)+H,0(1)=Ca(0OH),(aq), (2)
3CaO - SiO,(s)+nH,0(l)=xCaO - SiO, -
mH,0(gel)+(3-x)Ca(OH),(aq), (3)
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mH,0(gel) +(2-x)Ca(OH),(aq), (4)
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Fig.4 Effect of temperature on Gibbs free energy of

desulfurization and denitration reactions
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Fig.5 Variation curve of removal efficiency of

NO with temperature

6 2 NO JiE [ 2 bifi B 1 itk B 1) 28 b ih 2k
7F 303.15~353.15 K & BEVa I, NO I 5 B
o7 ¥R S B T e T RARAR , 353,15 K I NO JB R %A
IMEN 2.8% , LR EE R 5 AT 2E o i 45 R AR Ak
2% 121 I IS g T B R v (S e A R A
R R BRI B 43 R A 2 Van” t Hoff
O FRIE S T RS TR I G R T AR
FERE ST N A R R T B Y K
R [E) A B B 5 07 1) SF- A7, A O i ok 0
P AR 2= ] TR A2 T OLE RN R Bl g 2
il

O
o0
T

SO, JBLBR % /%

b
o
W
o T

90
300 310 320 330 340 350 360

HEE/K
Kl 6 SO, kR4 B 22 fhith 2

Fig.6  Variation curves of removal efficiency of

SO, with temperature
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Fig.8 Effect of volume concentration of O, on

SO, removal rate
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Fig.9 Effect of mass fraction of KMnO, on NO removal rate
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Fig.10  Effect of mass fraction of KMnO, on SO, removal rate
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Research on technical method and mechanism of
combined desulfurization and denitrification of flue gas
from coking furnace with steel slag

WANG Li-qiu', WANG Xiao-fang"?, LI Hui-quan’, WANG Chen-ye’, WANG Xing-rui’, MENG Zi-heng’
(1.School of Environmental and Chemical Engineering, Yanshan University, Qinhuangdao, Hebei 066004, China;
2.Key Laboratory of Green Process and Engineering and National Engineering Laboratory for Hydrometallurgical
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Abstract: Scrap steel slag rich in calcium oxide and magnesium oxide is expected to become a low-cost alkaline absorber of sulfur
dioxide and nitrogen oxides for the purification of exhaust gas.In this paper, the composition of steel slag from Shougang Company for
the slag slurry was analyzed.A kind of bubbling reactor with the slurry for the removal of NO and SO, was designed and manufac-
tured, and the corresponding reaction thermodynamic was analyzed with HSC chemistry 6.0 software. Alkaline substances in the steel
slag played an effective role in desulfurization and denitration of flue gas and the chemical reactions among them in the gas-liquid-
solid three-phase system in the reactor were spontaneously exothermic.The results showed that the slag slurry with 8% solid content
had high desulfurization rate of 97% and denitration rate of 10.1% for the coke oven flue gas at 303.15 K, and the removal rates of
SO, and NO decreased with increasing temperature.For resolving the problem of low NO removal effect further, oxygen was mixed in
the flue gas to covert NO into the substances easily absorbed in the slurry, and KMO, was added as assistant oxidant in the slurry.
The results exhibited that the presence of them significantly improved the effect of the removal of NO, and the overall removal rates
of SO, and NO under 5% ( volume concentration) O, and 2% (mass fraction) KMO, were 98% and 96%, respectively, and this
might be benefit theoretically and practically for the desulfurization and denitrification of coke oven flue gas by steel slag in the fu-

ture.
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