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Abstract: At present, air pollution caused by heavy
industrial products such as iron and steel, thermal
power generation and cement is still very serious in

China. The main reason is the low dust removal Chemical agglomeration

effect of PM2.5 and PM10 particles. To solve the S8 @ — m

problem of difficult treatment of fine dust in Fine dust Flocculent Chemically
(<10 um) droplet agglomerated ° o
converter flue gas, the collaborative treatment partcles :>m
@
method based on acoustic waves and chemical
@ ‘ (About 40 pm)
. - °
agglomeration was used to pretreat converter flue MM e 4'?
) . . @ Concentration: 0.1 g/L
gas dust in an evaporative cooler to improve the dust Ultrasonic Frequency: 33 Kz
esidence time: 15 s
removal efficiency of fine dust. Single—factor Acoustic agglomeration

experiment and orthogonal experiment were used to

study the agglomeration effect of fine dust under different factors, such as the type of flocculants [acrylamide (PAM),
sodium carboxymethyl cellulose (CMC) and xanthan gum (XTG)], flocculant concentration, acoustic frequency and
acoustic field time. The results of the single—factor experiment showed that the agglomeration effect of the three
flocculants was PAM>CMC>XTG from large to small, taking the increase of the peak particle size of the fine dust as
the evaluation standard. The agglomerating effect was the best when the concentration of agglomerating agent was
0.1 g/L, the effect was obvious when the acoustic frequency was 33 kHz, and the effect was the best when the
acoustic residence time was 15 s. The synergistic effect of the acoustic wave and chemical agglomeration was better
than that of chemical agglomeration and acoustic wave alone. The results of the orthogonal experiment showed that
when the concentration was 0.1 g/L, the acoustic frequency was 33 kHz, and the acoustic residence time was 15 s,
the agglomeration effect was the most significant. The peak particle size increased from 3.311 pm to 43.59 pm, and
the dust removal efficiency of the corresponding electrostatic precipitator reached 97%. From the experimental
comparison of the coordination mechanism and the single agglomeration mechanism, the synergetic mechanism
combined the advantages of a single agglomeration mechanism such as chemistry and acoustic waves, and provided
a feasible basis for multi-mechanism dust removal in the industry. The results can provide reliable basic data for
improving the removal of fine dust in the flue gas of iron and steel production, and lay a foundation for improving
the removal efficiency of fine dust in the industrial flue gas.
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Fig.2 Experiment platform
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Table I Operation parameters of experimental equipment
Equipment name Model Parameter
Blower - Rated voltage: 12 V, air output: 3.2 m*/min, stepless speed regulation
Air heating box - Heating temperature range: 0~1000°C
Automatic powder feeder GZVF Feeding rate: 1~2 g/s
Micro direct current diaphragm water pump PLD-1206 maximi?rte;ir;,:sliie :l 11\2/[;2 f?;;iifgr;rﬁiiﬁ L/min
Atomizing nozzle 6E36911C Vortex design, water mist particle size<70 pm

3 ZREIW®

3.1 WEARKE
3,11 ZBEFRN ST R R 1R

S8 43 AT 1 43 T 2R 5 A I B A (PAM)
F2 F R 2T 4 2R (CMO) A B R IR (XTG) (W FE 5 0.1 g/
L) = 20557, B 50 1 FEX S b 2B TR ORI 52

=M ZEGAE TR R AR URL AR T IR s kAR A At ]
3. B EIATAT, I I 2R G TR AR 2R A2 2 K e
4K, PAM, CMC, XTG =P ZLEE 7 73 iAE F T W E kL
FH R 4R 3.311 wm 435138 %2 37.587, 30.4748 F126.4731
o, UG F R A% [ A i A% 2 52 0 DR R, 1] 58 1) 28 S e P
3, AR B DR AR i 2 R T, RO K I PAM>CMC>
XTG, K PAMAE FHRUCR Bt . AR BRI S5 S



1326 R TR YR %21 %
oy ARl A R 1 By 42 2 1) 2R TS B E AR AT, 16 Oricinal oarticle <
- N . N . r —a— Original particle size
PR TR AR 2 B SR AR o 3 AR A s i TR RDIR 14 —e—0.05g/L
PR XTG HUBE T KO, 155 OO 26y LG g 12 ol
RLAR I R B PAIK 2 S A HOR , B XTG 7 A2 1 F AL g 12 "
T 1 H S PAM AT CMC 235 03800, S0 22 5 0 £ 0
£e9 LR R RSN HES A AIEIR SVe § 4l
> 2L
16 — PR or
ul —a— Original particle size 2 | ‘ | ‘ | ‘ | ‘ | ‘
I —e—PAM 0 20 40 60 80 100
o 12 —4—CMC o
% ol v— XTG Particle size/pm
g 8+ Bld ZUREIR BRI #n 42 A1 SR A I )
g 61 Fig.4 Effect of flocculant concentration on the
2 4t agglomeration effect of fine particles
>
2 [
ot A1 544 5 T U A5 RO LR 8 1 7 i 7 7 i i 51y, A
_2 1 L 1 L 1 L 1 L 1

0 20 40 60 80 100
Particle size/um
B3 ZRBEI RS Tk 42 B 2R ROR 52
Fig.3  Effect of flocculant species on the agglomeration
effect of fine particles

3.1.2 BB N FIER SR 15

BT R SEUR S5, ARSI ik E R S R B
PAM 1E 2y 2377 , W 90 22857 Wk F£.(0.05, 0.1, 0.15 g/L)
o A A 2B TR (4] 3R AR s, 45 SR an P 4 s . H
B AT 50, KR 2 = FhIR B PAMAE TS, W5 0.1g/L
B U IR 440 18 KR 26 . 3 VI R A% 43 AT TE 37.587
pme WEEIIAR(0.05 g/L) - 22k bk 141 284 i)
93 (R 1 35 [T ) S8 35 gk b, B AR AR N 4 - B (R 1]
550 A 4 L 23 B ek, AT HI 55 1 AR . IR
(0.15 /Lyt 2= 4mibilkn AR 15K . Bl BB N , 250 R 1
R, BTG K 25 55 A A PSSR0 % B2 T T 555 T
FLARAR K, Yk s 1 B3R =5 R 24 5 55 i 1) 2 i i
b, SUEIIRE N 0.1 /L AT SRAG A HI BT R BUR
3.2 BEEAREW
3.2.1 FEEATR X R

SEEG H AR YOGS R — 75 R 25 1) 20, 28, 33 F140 kHz Y
Toft 53256 F1 7 30 AT B AR 7 U A SR SR S U AT R N [
N10s, S5 RAnPE S Firox . e B AT, 5 R AT oK e
I JFE T A 28 B 2R, (A1 3R R0CR 5 7 I A3 T 2 1 O
Z, I N 33 KHz I A AR AR % - Markauskas
U T HAA AN A AR R 2 S EORL T R
B T SR R BN 75 R IR . FRAE Shi S5
W FE R I, A IR AR 1) P AR R, 5 TR I 28 (B o A A
B AR B, 75 b IR 2 T A T A B

I A1 2R A A AR Bt 75 R (R A P T B B 4
JIv i DY AN J %6 B A 33 KHz J& - AR s (AR, #51%
PRARTE , A SRAA 30 5 s A, Ao oH 2 KL 0 42 141 2R 114
R HE N s Mednikov!" A2t 2 50 BEIN A SO 3 L
i, AR Ry A2 e RBERIE T 1, S BU AR IEA
[5] , FURE [8] DR Fp AU B A 5 7 R v, JLP BT AT A 2
RIURL ) s 28 BB 0, B AR RURL AN 52 AR IR B ) 52
M i PR 5 L R ) L3 R PR AN A - R 1 A

16
14 L —=a— QOriginal particle size
r —e— 20 KHz
e 2T —a— 28 KHz
< 10 - —v— 33 KHz
£ gl —&— 40 KHz
©
@ 6
5 4
(=]
> oL
0 [ . S FETETaL Y I = o ==
.2 1 1 | | |

0 20 40 60 80 100
Particle size/um

KI5 AN b A BT S RCR AR

Fig.5 Effect of sound field frequency on the

agglomeration effect of fine particles

3.2.2 FERGEI IR R0 SR BOR 52

S 3 B Y AT R 33 KHz, BB 75 4% B2 I () Ry
5,10, 15, 20 s, 55 I AR FH I [0 [T 9 ORI 52, 52
WA RN 6 . ARIGIEADRLAR AT RS IR, 75 0 BE 37
VERIIS ) 15 s I ROR B, 5 s AE I RCR IR 22 . A OBy
22 FA 1 SR A P AR BILAE — B TRV Rl A o B I 8] )
FBOR A 242 (1 P SR A S BRI S EUBOR B [ 2R A
FEBT AR, W (B RURE (AR 7 B LRI o AT 15 s



11

SRFEESE: TS A IR R P X A i i 2

PLiap-All 1327

ZHI By ARV AEDREAR A RS R S5 -5 R YIS [ IR A 5, #50K
A VAR A X IS 1A A R 50t ot 7 5 1 PR R 1] 114
WE BT . IS BRI A 15 s, Ky Ab T e
A A BRI AR K L 15~20 s 2 TR AE 1 3R A K B
SIS TR L N 208 2 P SRR AN I, K 42 [
R R T BRI, B R AR K, AT A
V2R AN 232 [fp 2 11 R AR, B8ORS L (DR A AR AR 73
HOR B, IWIEI R A A B 20 s, FLUE(E KL AR 2 7]
A A AR I FEDRE A 0T L PR AR AR 7 B A S 15 s (19

18 —&— Original particle size
16 + —e—55s
14 L —4a—10s
& 12 —v—1553
§ 10 [ —6—20s
g 8L
= 4
o
> 2 L
0 [
_2 1 1 | | |

0 20 40 60 80 100
Particle size/um
6 15 B IR TAD R TRl 4 4 141 SR R R 5
Fig.6 Effect of residence time on the agglomeration
effect of fine particles

3.3 ZERIERER

NT W R A AR A — AR, R B sk
B33 AN R T3 B R4 B B £ 4, DA IR I 3R
S JiF A (R A 6 L PR B 2 R A S TF 22 S B &5
RIPEAN T b, Beit L9 IE A SE6 « AHIF 7T [ A £ st
FREAL T B F R AR R BR AR AR SRR R 5 5~45 pm P
Bk A2 B4R R AR 3 KT 4G K, WAL 45 pom JG BRZB A
RIS B o M AN AR K/ 5 i L B 2R B B A 3 R A7
TEWE TYIRTRIIR R

W BEEFIRI R (A) BB (B) 5 IR ()
FUH A2 7E 75 3 T (R 45 B ) [8](D) A 5 82 R 3=, &% T DR 3%
ACPFIFR MR 2 fros. 18 SRR N S RS THA
A AE AR 37KF N 1331 9 R4 1) 1 5 M 2B 1 Ve 2 bt
1%, Z IR 719 B0 R A BR R0 B AR
PEOME , B R Rk i AR R 3 4 & RO R 4T, SEae 4
G RAERWME I FR.

12 3 AT, ZURETI AN (A) L 2R BT B2 (B) L 7 I8
IR (C) Rk AXTE 75 37 H (145 B B [ (D) S5 BR300 B T 1)
W24l 53 9 13.3,20.3,6.4,29.3. # 2 Ry N E M
IY BT W2 O i B A TR 2 5% ST 6 4 L s e e K
Xof P 242 2 26 2 ) R FE K/ IR I < ¥ 2R AE 75 3 R I 45
B N 1) LB RIR FE BB R SR A A B . &R R
AR AR B W4 458 D,BLA, C,, BIIEEL 0.1 g/L )
PAM VLT 25 1) J7 20 5 37 75 8 A 26 0 33 KHz 1 5% A
T 1 2R = Y AR AR I 45 B I ] 9 15 s, T
LRI RIAR A $1) 43.59 wm, ZRAR T # F R R 2e i
BERIEE]97%

®2 HIP AR
Table 2 Orthogonal experiment on dust removal efficiency
of converter dust

Type of Flocculfmt Acoustic Acoustic field
Level floceulants. A concentration/(g/  frequency/ time/s. D
wants, L),B KHz, C g
1 PAM 0.05 28 10
2 CMC 0.1 33 15
3 XTG 0.15 40 20
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Table 3 Orthogonal experiment assignment and results
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Effect of dust particle size on dust removal efficiency"”

Test Factor Peak particle Dust removal
number A B C D size/pm efficiency/%
1 1 1 1 1 30.94 81.2
2 1 2 2 2 43.59 97
3 1 3 3 3 33.02 82.7
4 2 1 2 3 32.85 82
5 2 2 3 1 31.01 81.6
6 2 3 1 2 37.01 85
7 3 1 3 2 30.98 81.9
8 3 2 1 3 35.01 83
9 3 3 2 1 23.95 73.6
K, 261.8 2451 2492 2364
K, 248.6 261.6 252.6 2657
K, 2485 2413 2462 2477
k, 87.27 817 83.1 78.8
k, 82.9 87.2 84.2  88.57
k, 823 80.4 82.1 82.6
R 13.3 20.3 6.4 29.3
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