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Study on waste heat boiler ash deposition characteristics in sensible heat
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Abstract: The fully dry sensible heat recovery process of converter gas is an alternative to the existing OG and LT
processes, and can further recover sensible heat resources of converter gas. However, the dust accumulation of waste
heat boiler caused by the heavy dust of converter gas is seriously affecting the long—term stable operation of the
system. In this paper, based on the ash accumulation of a 100 t converter boiler during actual operation, the particle
size distribution of ash particles was analyzed by using molecular sieve and DLPI, and then the main components
and proportion of ash particles with different particle sizes were analyzed in detail by XRD, XRF and SEM-EDS
characterization methods. Finally, the bonding characteristics of ash particles were studied through experiments.
The results show that the particle size of boiler ash deposition in the dry process is mainly distributed between 0.3—

3 pm and 70—100 pm, and the main components are iron oxides of different valence states. The bonding
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experiment shows that the smaller the particle size of ash particles, the greater the adhesion strength after sintering,

the adhesion strength will increase significantly with the extension of sintering time, and the thermal shock will

reduce the adhesion strength of ash particles.

Key words: converter gas; full dry process; waste heat boiler; ash deposition; adhesion strength

El

i

B AR R R )T 4 JE AR
2022 4F 3% E Ik i As U KA —  (HUR REFEK
- A e it K SPATS A B R 22 8RN H T, B A
T SRR L 32 2 R R L (OG ™) T3k (LT
) ARG, H AR R SRR AWK 7K 55 19 77 =X
XA HEAT IR AR AR, 3 B b =T 50% 1Y 1
IGEPRIR T o OB i 4 Tk i AR i T 25
b B RS AT SE B R R R R v R R R AR
Pt AR R i b B 2 VA E R IR BOR 55
DL fofE A5 0 e R A DR R T, A R
AR L BEFE FI K FE , 42 = 5 b TP “ A BB R B9 7K
T ST BE R . B RN AR IR A R
AR, B EUS AT E AT A AR BRI
g, eE N T R KINRE s T, R IR A
N4 T T2 B R Rk AT A9 . T
SETORT MR AN S R 7 A B K BEAT TR AN 43 BT O B A
JKFEZEIE Fe Ml Ca ALY . Nedar" A e <
TR B N OC R Fe, HLAA/NT 1 um A9 5K kL
FERZER AN, EARRT 1 pm KPR 3 202
T B e B HL 5 | A (R s S T 7 AR Y o Ly S5
S U P OR TP Fe S AR AIE O 2k 43 T8 ot
RIEM AT P28 K . Babat 2558 b ol #de
TURP W) I8 2 A Z AT T SER T, & 3Kt
LAY/ N ORISR TS A ST A
MR AT E W RIS T2 R 4 v B e PR F 58 %)
TIZHARNERAEAREREE XL,

75, N T RE KM E BT, KT
FRZJ5 5 B2 e Wi 3, 5 6 K 1) 26 45 e 1k 47
9% o Laxminarayan 55" o AN [A] T2 400 1 Be 45 S5 5
RINBELE L a4l i [a] 5% J2 43 A B 3 %o R
PR B 58 B2 20 A W] R B2 A 52 .- Salmenoja 55
Xof A B s rh B TORRURRE AT IR ABESE IR
R RN 119 5 o5 F2 B DURUR 1 # A% 5 R A DGR
JE A2 AP S AL B AR B A BRI . A
] R g 2 T A DL B R O SR AT TSR
SR T A R R K O Ay e, PR T e

SR AR R AR ST 48 SR i K B A
.

AN SCE SEad ik o3 0 A BURL 4 R B 4 (DLPT)
Ao e ppe A T e A AR P BUIR TP A TRDRLAR: B R
KL LE, FH XS EIOEERE 2 (XRF) X BT AT
SE3 Mt (XRD) 4148 HL BE AETE 701 (SEM-EDS ) %5 3%
ETFBe o A A7 RSP, IR AN [FPRLAR A4 0L X
BURBTTHER . SR 18 1 SC R I T be 2t B4t i
TF1) 7R o o AN [ AR A2 D L 66 A 5 2 ) 52 Wi
WFFE L5 SR Al o B 4 Tk A IR DR AR )
INASRE PSS CT R e

R e LI

1.1 RARREERIR

TR e BB h AT AR R R
T SE S IR RN N, 22 5 T e AR [
TR S IF I AEE I A KA SRR R R, &
A RS O IBURL R R . 7 5 B R
i AR R R i A 2000~2600°C, 78 KUAIL IR
PEHITR , Wk 7= A A SRR HH R ik S Ak 1
WL AINREAR R DL K JEAA R e B /NSO 23 Bl
T—RHE A TTE PR R A 1,
O ELAT 3¢ e B 1 3 B0 (AT 38 1400~1600°C) 2
ATEACE HUHAE |, 78 1A v HIR T8 P 58 i 44, fifi
B IRERRIRE SO CLE A, E AL TR
P IR R G, 78 1% R G0 P ISR L T 2 e KU Bk 22
i AR AR R AR TR T UK BRI, 7T L
F0 47 IPNSCRRE S AT IR o AR IVER B TR K B R
7B 2 A .
1.2 MRKENEGSRRIEERFE

W FT U A 5 3 WA B L T A P e
T A2 48 b, Z J5 8 FAS [RIFLAR 0 43 0 43 31 i
43 10~30,30~50 ,50~70,70~100 F1 100 pm P |- i
ki, 335 DLPT A5 10 wm LU R B IR EES 43
13FRLAE P 2t RS i /WL AN [ FLAR )
-1 D% A9 ) T A LG, 308 R s 7 4 H S ) SR
(KA . DLPI EZALFE St 2 Bl e X5y



www.hgxb.com.cn

+ 3487 -

UL EEIE

K1 Ak A RICR g e SRR s B R
Fig.1 Schematic diagram of sensible heat recovery technology

flow and sampling point of converter gas

i R R (LPD AT E S 5, — XU Bl i
T 25 R HILHE K ORE LA 22 55 28 1R (25 mg/min) %A
B, 2R/ (3 Limin) #BE, DL/ 0K 9 22 8] 14 46
HAEH G2 R B2 R B ds EEH T
br £ R 1 HAR KT 10 pm (R, 10 wm
PUR B BB R 1 LPTJ3 0 13 45480 3 i
B A TR B BRI T LPL A5 9 B0k ) 1) SR A1, 3K
5 UK B SR AR oA DA S B i, BRI LB A
B35 5 A7 3 min, DA3REG R [R) a4 k7 DA A

J i, LA 43 S e TR Rl A T T H A =R DR
WEZE R B HER M. B3R5 AY 10 wm DL 50K 7T 38
it XRD M FZ TR A Y, 81t SEM WSS 3=
ZOEA, 10 wm LLR (0B Y AT 38 2 EDS 23 Hr Hooo
RAM I
1.3 mRRRES

X b FOA Y 30 wm DA BOTTRURREHES T
BT BT, S A OT R REAR S R 1 s . A
Tl LUE R B BTG E L Fe Ml Ca, 7E45HRL
R 7 e B 2t 90% , HAR R 1) A A o bR i
90% , A /D1 K Zn Mn F1 Mg 2508045 )8 , & il 4
J& 1 185 AT RE 2 SR P R UIE )2 AR £
PRI,
14 #HEXK
141 FHAHFZBHE (D DIEUKEE ST BUE
i R AR BFE & b A LS TR AR T, T
FIETE . (2) ARSI 43 BU100 g 7840 148 5 i A
ai A 70 wm 19 43— 008 A 0 43 BOR T RN T
70 pm AR, 2P R A K (3) g e ny il
B 0 0 0 IR A AR HER 2L b it TR e
MLREIN 2 ¢ H 7, B8 DA il B B4 10 mm 55 10 mm
(B AT T IR e (4) HE 1 80 1) IR BTl 3 ) 65
e, RS A T ST S 38 o T B AT O K
FEREY GRS L rhbedh .
142 ZEM R R GXX& ATk LA EE
2 HE R 13 (Al ) B B

®1 HRHETRERELHSH

Table 1 Elemental and oxide analysis of samples

i /% B i /%
Ak TR
30~70 pm 70~100 pm 100 pm LA I 30~70 pm 70~100 pm 100 pm P I
Fe,0, 84.513 84.295 84.929 Fe 85.776 85.719 86.058
Ca0 7.309 6.982 6.46 Ca 6.926 6.622 6.121
MgO 0.729 1.354 0.754 K 1.796 1.761 1.77
Sio, 0.812 0.788 0.885 Zn 1.298 1.272 1.314
MnO, 1.235 1.221 1.235 Mn 1.094 1.083 1.092
K,0 1.649 1.615 1.625 cl 0.654 0.641 0.656
clo 0.967 0.948 0.971 Co 0.551 0.534 0.587
Zn0 1.086 1.062 1.102 Mg 0.549 1.021 0.568
P,0, 0.439 0.454 0.439 Si 0.479 0.465 0.521
CoO 0.472 0.456 0.504 p 0.243 0.252 0.243
ALO, 0.137 0.251 0.083 Al 0.091 0.166 0.055
S0, 0.25 0.239 0.246 S 0.128 0.122 0.126
HoAh 0.402 0.335 0.767 HiAtls 0.415 0.342 0.889
Mt 100 100 100 it 100 100 100
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Fig.2  Adhesion strength test
1—deposited ash sample; 2—mould; 3—press machine; 4—floating
shelf; 5—gas supply system; 6—rocker; 7—gas in; 8—tube furnace;

9—gas out; 10—forcemeter; 11—laptop
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Fig.3 Particle size distribution of waste heat boiler ash

deposition
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Table 2 SEM-EDS results of the proportion of main

elements in PM, ash deposition

TR [ttt /% 5T 1%
Mg 1.46 3.19
Si 1.49 2.82
p 0.15 0.25

0.21 0.34

Cl 0.47 0.71
K 2.41 3.28
Ca 2.28 3.03
Mn 2.76 2.67
Fe 81.6 717
Co 1.75 1.58
Zn 5.42 4.41
It 100 100

K4  PM, JRH: SEM-EDS [
Fig.4 SEM-EDS micrographs of PM, ash deposition

a2, — R R A4 ok AE JE o & AR R AT
FRAEJ AT FE AT, 55— 350 40 DU A il 42 s [ 0] e o fA
S5 H—-Eizd., FiRE5E5 Mueller 538 i

B i 25 AT o % A BALL CFD 5 50RE T AR
B Ry Feily | 45 & €O UKL (1432 sl B2 DL A ) 2%
PEBTHEAT T TR M BUEBIIT 5T, & AR TR KR
FE Z T M SRR /N RO R 5 3 1T R A 37 AT
s S ELBTE B R ) KRR R, 7 5 A B
W 5 25 5 R A R . I E R R I BUZ TE i 2
J&  BERIFORE (10~100 m) (19 KK 5 52 P4 o A il
T I RGBT 3 38 K, SR 98N | B A R BUR R
R UURL s 24 IR URT (k7 A2 R 2 38 K i, ok 5 4
RE Bl 188 5 45 5 it e 5 B 3L, AN AELAR X Bof o A 5 B
T H AR 2 JFAR (1 4544, 3t AT AR K
FEST 100 wm DL RIS B0 FURE 558 /D FH G
213 KEERBESH  BRRATIRIKFERN X
SRAT S BT S (] 5) R H R AL A8 DU 4R
b = BRI RS , DL S — S5 K F S fb 4, DT
JKH Y CaJC 3R F 2K A H i Rt B B A 1
T JFUBHAE A0 K, TR I 1t A e TR X BAE AR 1Y CaCO, 43
fif R CaO, 117 ZE A Ik X 3y T A2 #E CO 1 CO,, =&
A4 CaO 7] CaCO, [ 46748 . UTRUK TH ) Fe TR
B R A 7% R R B AT b koK A RS Jin i)
BN

T *KCl

o Tl 100 pmE4 |
A & CaAlSi,O; v CaCO; A
vAy 4 - ALY o~
-
* . . 70~100 )
MR I AR v *
= -
%
a 30~70 um
[ X3 &
KAL.LJ L’i NS A A
PDF#47-1743 5-
PDF#78-0656 ngi;i-gﬁg
Ill I.|\l. ] .llw | I DA M| b 1 |
30 35 40 45 50 55 60

26/(°)
5 ARIERTKEE XRD % &

Fig.5 XRD patterns of waste heat boiler ash deposition
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Fig.6  SEM-EDS micrographs of PM,; ash deposition
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Fig.7 Effect of sintering temperature on adhesion strength
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Fig.8 Effect of sintering time of different particle size ash

deposition on adhesion strength
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