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Fig.1 Physical model of the waste heat boiler
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Fig.2 Mesh division of the computational domain
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Table 1 Parameters of gas-phase governing equations
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Table 2 Chemical reaction model
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Cu,S + 1. 50,=Cu, 0 + S0, -296. 86
Cu, 0 + 80, + 0,=Cu0-CuSO, -466. 85
Cu, S +30, +S0,=2CuS0, ~568. 42
PbO + SO, +0.50,=PbhS0, -402. 12
Zn0 + S0, +0.50,=ZnS0, -125. 14
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Table 3 Flue gas composition ( volume percent)
%

S0, co, H,0 0, N,

35.24 0.94 4.62 1.22 57.8
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Table 4 Boundary conditions at the velocity inlet
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Fig.3 Structure and boundary description

of the radiation section
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Table 6 Comparison of outlet temperature

between experimental data and simulation results

el INEER MEXRZE, MERRE, xRz
BE/K % K %
1* 1028.77 2.29 1056. 49 4.85
2* 1007. 89 0.27 1052.8 4.52
3¢ 1042. 68 3.59 1084. 55 7.32
4* 1040. 54 3.40 1085. 54 7.40
5 1035.72 2.95 1087. 05 7.53
6* 1038.27 3.19 1074. 63 6.46
7* 1025.27 1.96 1058. 83 5.07
SEHE 103131 2.52 1071.41 6.16
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Table 7 Orthogonal experimental design for

different inlet dimensions

. . LS WS R ANy
RS T %

1# 3.5 4.5 25.1

2# 3.5 4.8 26.8

3# 3.5 5.1 28.5

4% 3.5 5.4 30. 1

5% 3.7 4.5 26.5

6* 3.7 4.8 28.3

7% 3.7 5.1 30.0

8" 3.7 5.4 31.9

9* 3.9 4.5 28.0

10* 3.9 4.8 29.8

1* 3.9 5.1 31.7

12# 3.9 5.4 33.6

13* 4.1 4.5 29. 4

14* 4.1 4.8 31. 4

15* 4.1 5.1 33.3

16* 4.1 5.4 35.3

A5 ST 2H I 2 PR =2 ) A b fh DX R T
TE = ENE 8 s, B — ik 2 B AR A R
R 1467 ~1 531 K X [8] i) s A ST Ao 2

PO Sy 45512 56 201 TR A A< e o R B 15 R <R
TOUMA = B o PR AT LA EE A TR K S R
6" 8" 10" 12" 4, KB THORI 4 5 S 240388 o, gz
2.7 m, BARAL AT IN 1.9 m FIK TGO A A0 S TR
ARREZR 1333 K, B ILRTREAR 94 K.

P10 Ry 45 S22 1R AT 349 B 0 < e
K, m AT, A TR K Ay B e
ST A ISP 24 388 B 55 00 e R 0 S AR AR e
RAEA A 6.9 m/s 5 12.3 m/s, JHA T 1) A
A Bl U R OGS TOUR 1) B b 7

TR TRUAI Ak A v M A< AR A SR T
FERSE Y 13 el A 0 RS T gk A7 i — 243
Bro BErfE L0055t AT ROSE 000 Fpv g T 38 2

{RBE/K
1.72x10°

i — RZ T =N
o ﬁ' wﬁ
1.47x10°
1.49%10°
1.34%10°
1.28x10°
1.21x10° .
Ix1or s 6 7 8
9 10 11 12
13 14 15 16

B8 %S u 2H ke 2= R AR E] rh o R
i
Fig.8 Temperature contours at the central plane

between the front wall and the baffle for each case

L5~ DUIALRRRCIREE
e R MRS

[
73

o
=)
B

&
AR R TI

—
(=]

0.5

_I 1 1 1 1 1 1 1
12345678 910111213141516
=)

B9 A2 T A de g M Il E 5 <
S TN g J3E
Fig.9 Maximum flue gas temperature at the

ceiling and distance from the ceiling for each case

P Bt B 2 B X EE NP 11 s o X EE R, fe (i A
FRS) 005 2R ME T 0L AR oz sl 3 S 5 T L BE
T A Al 4 — .y o B2 R BE IR AT, Al A D
SRS B0 i -5 TR =2 Al DX P AR AT A5 A7 7 A
[F] 90 [ PR EAE , Ao ek ri L ol TOUBDA Py AR = 2 e
MR, K 12,3 /s AR AT AR 2. 7 m/s iyl
JBEZ R, S A I RS T80T A e st A 7
it 55 TOUR = i DX Jef A 25 ARG, DA ), 1 467 ~ 531 K



- 142 - i H & & & BIETE

16 —a— ALESCT
—e— SR

e

60 é 4‘1 é é 1‘0 1‘2 1‘4 1‘6
LTS
B 10 A SCHe A FH P A
K
Fig.10 Average and maximum flue gas velocity

at the inlet for each case

IBIE/K

ek 32 DX 1) 4 g k00 TR 2. 7 o, O A T
T 1.9m,
3.3 HEREIEMRK

SR VB v R AR ORS TOURM %) L o R 458 , 2% P&
e T AR I 3 Sl B e v S T R AR T IR TR
T AUl A O TR 4 A, i o THUBMY A8 A4 114
74w o

e AR HA S B R T, 20 BIR
WA ZHEEE 11 m 10 m 9 m .8 m 7 m 4b, &4
PG5 SR i v Lo BT Il 23 AR A 12 I

H P PR, 40 P 5 T B =z ) P s, AR
Te] - g gl it B, BEVSRER A O TOR g e, L
THUHI A 0 il B2 S 2 I T R AR A I R B o SR T

1.72x10°

N~

(b) FEAE T8 HCo TR R == ]

5.07x10°
4.43x10°

() AR Hefl T T P 5
Bl 11 BRET DS e A FRSE T80 HhoCe T B2 2R P i 2 [ETX L

Fig. 11 Comparison of velocity vectors and temperature contours between the baseline case

and the optimized inlet size case at the central plane
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Fig.12 Temperature contours at the central plane

with different baffle distances from the front wall
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Fig.14 Flue gas streamlines under different

lengths of seamless baffles
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Fig.15 Maximum flue gas temperature at different

locations with varying seamless baffle lengths
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Table 8 Mixed simulation results of seamless and

slotted baffle structures under the optimal inlet size
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0.0 1337 1345 1333
2.0 1413 1445 1266
2.5 1411 1441 1269
3.0 1409 1446 1258
3.5 1422 1452 1260
4.0 1389 1454 1225
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(right column) at the central plane for each case
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Fig.17 Temperature comparison at the cross-section 0. 1 m in front of the baffle for each case
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4 ZER

AR SCHENT. 1 AR DA TP % A A S ) A
BY JE i Tl S I s e S Bras A7 BLGIE ] T 4t
TUR AT SENE o S AR A AP R 0 4 A R B AL
JE I3 A 73T, A BUIH SE A AR B P A7 A B Y

MBS, HAEREE XU I T e , X L B G R 4
e e LS o A R R

A 43 BT L U PO b LB X o S B A AR AT T
ACHISE . A5 RF W] 3R AT R H] AR A
1 T JEE BT R b T o B2, AE ARSI S, S

A PR 2 4.1 m x4, 5 m (58 x 5) AR, 4



- 146 -

T E A & s A

BEBEIZE

HAAA VR R 7 B8 AR 29. 4% B SR
FERERAAE T 2.7 m/s, 1467 ~ 1 531 K 35 X 8] (19 5
AR S TR R BE S 0 T 1.9 m B PYAR A B A
SEH AT LA RS KR ORI A A ek v TR
DRI 4 v, DA T A AR TR 174 J3 ot XSS , L 2 s
Al 355 7 2 U B 3 v 5 T A RS TS Bk A
DAL TR 37 i DO T 228

L5 BTl AR TE N A A 9 2 s AT AN A7

AR TR LA T 5, X T4 T RE IR A H]
R RN A BAT D

—

1]

[ 275 30K ]
SERBULA S M, MILOSAVLJEVIC J S, KALINOVIC J V, et al.
Arsenic and SO, hotspot in South-Eastern Europe: An overview of
the air quality after the implementation of the flash smelting
technology for copper production [ J ]. Science of the Total
Environment, 2021, 777 . 145981.
WAN X, TASKINEN P, SHI J, et al. A potential industrial
waste-waste co-treatment process of utilizing waste SO, gas and
residue heat to recover Co, Ni, and Cu from copper smelting slag
[J]. Journal of Hazardous Materials, 2021 ; 125541.
e K TR AP AR P BB B AR SE D). K
U IR, 2023.
GAO Longfei. Numerical simulation and optimization research on
waste heat boiler of flash smelting furnace[ D]. Changsha; Central
South University, 2023.
AFROUZEH M, EHTESHAMZADEH M, JAFARI S,

Chemical and mineralogical characterization and thermodynamic

et al.

investigation of sulphatizing process of flash smelting furnace flue
dust and accretions formed in whb transition [ J ]. Journal of
Chemical Technology and Metallurgy, 2021, 56 (5):. 1058 -
1065.

KUMAR S, KUMAR M, HANDA A. Combating hot corrosion of
boiler tubes-A study[ J]. Engineering failure analysis, 2018, 94,
379 -39s.

BRI, TRAT IR A BB A 4 ok e iy At LT ] Al T
F£, 2000(4): 16 -17.

CHEN Xianbin.
pretective measure of the waste heat boiler in FF[J]. Copper
Engineering, 2000(4) : 16 - 17.

ZUO W, ZHANG X, LI'Y. Review of flue gas acid dew-point and

The analysis about the corrosion and the

related low temperature corrosion [ J ]. Journal of the Energy
Institute, 2020, 93(4) : 1666 - 1677.

SRIKANTH S, RAVIKUMAR B, DAS S K, et al. Analysis of
failures in boiler tubes due to fireside corrosion in a waste heat
recovery boiler[ J]. Engineering Failure Analysis, 2003, 10(1) .
59 - 66.

SORELL G. The role of chlorine in high temperature corrosion in
waste-to-energy plants [ J]. Materials at High Temperatures,

1997, 14(3) ; 207 - 20.

[10]

[13]

[15]

[17]

[20]

[21]

[22]

[23]

AHMADI A, SHAYEGANI AKMAL M, PASHA A, et al.
Failure analysis of cracked 2.25 Cr—1.0 Mo steel tubes of an oil
refinery boiler [ J]. Engineering Failure Analysis, 2020, 110
104435.

PAZ M D, PHOTHER-SIMON J, ANDERSSON S, et al. High
temperature corrosion memory in a waste fired boiler-Influence of
sulfur [ J]. Waste Management, 2021, 130; 30 -7.

PAZ M, ZHAO D, KARLSSON S, et al. Investigating corrosion
memory: The influence of previous boiler operation on current
corrosion rate [ J].
348 - 56.

WENGA T, WU X, YIXIAN X,

Fuel processing technology, 2017, 156.
et al. High-temperature
corrosion mechanisms of a Ni-based alloy in simulated multi-
source organic wasle co-incineration environments [ J]. Fuel,
2024, 377 132784.

CHEN S, ZHAO W, FAN Y,
mechanism of boiler steel by SO, —Cl, -0, at extreme 800 C

et al. Synergistic corrosion

during copper smelting [ J]. Engineering Failure Analysis,
2025, 169 109204.

LAKKANNAVAR V, YOGESHA K, PRASAD C D, et al.
Investigation of cyclic oxidation and corrosion behavior of plasma-
sprayed NiCrAlY/Cr;C,/h-BN coatings on T22 boiler steel alloy
[J]. Surface and Coatings Technology, 2024, 492, 131205.

LI J, ZHOU P, YU G, et al. Failure analysis of the water-wall
tube in KIVCET waste heat boiler [ J]. Engineering Failure
Analysis, 2021, 121 105155.

DING Q, TANG X F, YANG Z G. Failure analysis on abnormal
corrosion of economizer tubes in a waste heat boiler [ J ].
Engineering Failure Analysis, 2017, 73 129 - 138.

VIITALA H. Corrosion mechanisms of the heat recovery boiler of
copper flash smelting[ J]. 2020.

CHEN Z, PENG X, ZHU Z, et al. Thermodynamic and CFD
analysis of recycling Cu-As-containing filter cake waste and black
copper sludge by feeding them back into FSF [ J]. Minerals
Engineering. 2023, 199.108132.

ZHANG D, MA T. Study on slagging in a waste-heat recovery
boiler associated with a bottom-blown metal smelting furnace[ J].
Energy, 2022, 241 . 122852.

SCHMIDT A, MONTENEGRO V, REUTER M, et al. CFD
study on the physical behavior of flue dust in an industrial-scale
copper waste heat boiler [ J ]. Metallurgical and Materials
Transactions B, 2022. 1 —11.

SCHMIDT A, MONTENEGRO V, REUTER M, et al. Transient
CFD calculation of accretion formation in a copper waste heat
boiler[ J]. Metallurgical and Materials Transactions B, 2022, 53
(6): 3765 -3774.

HU J, YANG S, WANG H. Flue gas-dust two-phase heat
transfer characteristics and corrosion behavior in industrial-scale
wasle heat boilers[ J]. Energy, 2024, 308 132830.

SRENRS, BTG, AEME, S5 BT ARG i IR AR R
PR MBI [ T]. A Ce)r GRIEERSY) , 2023
(11):20-25.



2025 4F 12 A5 6 1 SRAZTCA « i DN AR P 0 vt S okt S AT ELL AR BT - 147 -

ZHANG Jinsong, GAO Longfei, REN Peng, et al. Optimizing of Corrosion Prevention Technology of Flash Furnace Waste Heat

air supply mode for waste heat boiler of copper flash smelting Boiler[ J]. Copper Engineering,2022, (6): 83 -87.

furnace based on numerical simulation [ J]. Nonferrous Metals [29] SHIM H S, VALENTINE J R, DAVIS K, et al. Development of

( Extractive Metallurgy) , 2023 (11): 20 -25. fireside waterwall corrosion correlations using pilot-scale test
[25] LIJ, PING Z, ZHOU L, et al. CFD modelling and optimization furnace[ J]. Fuel, 2008, 87 (15 -16) ;: 3353 —3361.

of oxygen supply mode in KIVCET smelting process [ J1.  [30] U, JEFIE. 361 PHER AAAHRI P I ROCHEEA )],

Transactions of Nonferrous Metals Society of China, 2019, 29 [ EET R, 2021(24) ¢ 125 - 128.

(7): 1560 —1568. LI Du, ZHANG Weiqi. Key Techniques of waste heat boiler
[26]  BARAL, F2¥si, TR, 5. 4N BUE Bk 2 40 i B AL furnace tube corrosion in import ffash furnace[ J]. China High

RAEREL)]. PEA G4 EAR, 2024, 34(1) ; 207 -228. and New Technology, 2021(24) ; 125 - 128.

JIANG Baocheng, GUO Xueyi, WANG Qinmeng, et al. [31] DEODESHMUKH V P. Evaluating the hot corrosion behavior of

Research progress in modeling multiphase flow in copper flash high-temperature alloys for gas turbine engine components| J ].

smelting[ J ]. The Chinese Journal of Nonferrous Metals, 2024 , Jom, 2015, 67(11) ; 2608 —2614.

34(1). 207 -228. [32] FURUGAKI T, TAKAHASHI H, HAYASHI S. Effect of
[27] W8IA, 225 Tk, 2. Hi N TF R 8 25 A Sk A 2 kG temperature gradient in ash on high-temperature corrosion of

L BUE T[] . A aiss, 2024, 38(6) : 50 —57. super-heater material in a waste power generation boiler [ J].

XIE Jiancai, LI Bing, WANG Fang, et al. Numerical analysis of Oxidation of Metals, 2022, 98(5) : 511 —528.

effect of copper flash smelting furnace flue structure on dust [(33]  gkf, FERRFT. R A TR b s 5 DO 2R st [ ] .

adhesion[ J]. Nonferrous Metallurgical Equipment, 2024, 38 To4R, 2018, (3): 45 —49.

(6):50-57. ZHANG Min, ZHUANG Lili. Analysis on Leakage of Radiation
(28] XUZRWE, EEB. [N A HER b = 8 il 7 36 4 AR B 5% Zone for a Copper Smelting Heat Recovery Boiler[ J]. Industrial

[J]. ik T#2, 2022, (6): 83 -87. Boilers, 2018, (3): 45 -49.

LIU Dongya, WANG Guozhen. Research on High Temperature

Research on the high-temperature corrosion mechanisms and simulation optimization
of the waste heat boiler in copper flash smelting furnaces
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HE Yuchun', WAN Xingbang'
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Abstract: High-temperature corrosion in the waste heat boiler ( WHB) of a copper flash smelting furnace frequently
occurs in the ceiling area between the front wall of the radiation section and the baffle, which has consistently
constrained the safe and efficient operation of the WHB. This study aims to mitigate high-temperature corrosion and
avoid localized overheating of the water-cooled walls by constructing a three-dimensional model of the radiation
section, investigating the flow and heat transfer characteristics of the flue gas, and conducting structural
optimization of the boiler to reduce corrosion issues. The results reveal that flue gas impingement on the ceiling is
the primary cause of high-temperature corrosion in the radiation section. Increasing the inlet size of the boiler and
adjusting the structure and position of the baffle can effectively reduce ceiling corrosion by controlling the flue gas
velocity and temperature. In contrast, variations in the parameters of the air for sulfation injection exert negligible
influence on the flue gas temperature field. Numerical simulation results were further used to optimize the boiler
inlet size and baffle configuration. After expanding the front wall inlet cross-section to 4.1 m x4.5 m (width x
height) , the average flue gas velocity decreased by 14% , and the maximum velocity decreased by 21%.
Moreover, the distance between the corrosive temperature zone (1467 ~1531 K) and the ceiling increased by 2. 6
m. These findings demonstrate that the optimized boiler structure effectively suppresses the upward impact of flue
gas and reduces ceiling temperature, thereby mitigating corrosion.

Key words: copper smelting furnace; waste heat boiler; high-temperature corrosion; multiphysics; numerical

simulation ; flue gas impingement; boiler inlet size; baffle structure



