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Analysis of Corrosion Failure of Weld Seam on Furnace Tube of Ethylene Cracking Apparatus

HUANG Nan, JIANG Xiaodong, DONG Leiyun
(East China University of Science and Technology. Shanghai 200237, China)

Abstract: An ethylene cracking furnace tube weld seam failed because of corrosion. Chemical composition analysis,
macro morphology observation, metallographic inspection, scanning electron microscopy ( SEM) and energy
dispersive spectroscopy (EDS) were used to analyze the failure reasons. The final distillation temperature of raw
material oil was measured, and simulation of fluid flow in the tube containing welding flaws was carried out. The
results reveal that there was a large amount of sulfur and eutectic compounds with low melting point in the corrosion
area of weld seam. The temperature of medium in the failed furnace tube was around final distillation temperature of
heavy vacuum gas oil (HVGO). Sulfur was enriched near the nickel based weld seam. Eutectic compounds with low

melting point forming in the reaction of nickel and sulfur were washed away by the medium, which resulted in fast

corrosion of furnace tube.
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Tab. 1 Chemical composition of the failed furnace
tube (mass) %
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Fig. 3 Metallographic specimen
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Fig. 1 Macro corrosion morphology of inner wall

of furnace tube
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Fig. 2 Sampling location of metallographic specimen
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Fig. 4 Metallographs of the tube material ;

(a) metallograph near the pit on the inner wall;

(b) cracks in weld seam on the inner wall

1.4 PFHEBEMEETSHN

Xof A AN [ DI A T 41 i P B WL A R
AT A5 IRANE 5~7 M 2 s, HILn L. p
ENEERINZ A AL, & A28 A 0 &
i » LR S eI 22 i TR AL AL
JBE o R ol g ™ B 119 IX S TR A IR, 5 PN R A
JEAALE , HLA i B T e R A R IE AN 2 ik 1
WIIZ AL AR A5 3 A A P A A ol i R DX I o
SRR R AR ) AR ) e
L5 [ERHhzEERR

K RS DR 7% 18 12 DN o =0 2 ek R A ok ek £
TR &R I A A AR A 2R R

. 647 -



B S - L R LR R S TR M

Bl 5 PEEESNZ SEMIES
Fig. 5 SEM morphology of the outer layer of

the inner wall
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Fig. 6 SEM morphology of the black melt

corrosion region
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Fig. 7 SEM morphology of the front corrosion region
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Tab. 2 EDS analysis results of different areas of

failed furnace tube (mass) %

JTER WEERSDZ RELER X B P i i

C 0.41 0. 64 2. 87

O 42. 32 21. 08 28. 06

Si - 01. 98 03. 32

S 0.59 31. 80 8. 98
Cl 0.47 - -

Ti — — 01.73
Cr 35. 17 38.59 46. 45
Mn 2.75 - 04. 45
Fe 5. 00 1. 00 -

Ni 11. 31 4,90 4,14
Nb 1.97 — —
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Fig. 8 Griding of the fluid model in failed furnace tube
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Fig. 9 Simulation results of the fluid flow in failed
furnace tube: (a) velocity magnitude; (b) turbulent

kinetic energy

TR X S BRAL B A i

i BEAE 650~700 CH BRI HFIE sl 1k
B0 LR T RO AR R T HE 1 AL 8% L i
PRI BE T 7245 X8 i 5] J83 e o A0 sk
WP B R E FEAS AL TR DX 1]

B AR B A S T R TS A B R BR AL
Sh A E . RE R A N2 T BUR R S Rk
Wy e AR AT o o 4% S G 3R A ot A L B 5 B
i BE LL AL N A0 47 B A< DR ot SR A B 4 )
PERY O EE . DR R T Fe-CrNi 542
s B SRR AR AT AL B

S+ Cr— CrS @D)
8S+ 6Cr—> 2Cr; S, (2)
Cry;Cy + 23S——> 23CrS+6C (3

A AR B AR, BEE A
B B BRI K e A S

2CrS+ 30— Cr, O; +2S 4

2Cr; S, + 90— 3Cr, O; +8S 5

A B BE— A T S S A YR AL S A

AT  BA BN . RETE BT R e X

SR E 2 TSR e

BR T 8B 558 SN B A o FEA R AN Rk By
TSR A I A Q1 Rl T A o N
BENNETT 255 2t fibhr A i J5E B 30T 18 4% R 2 DA
THAES A B 1 VR ik 7020 Ui /3 80
DA b PR HRRRs S5 8 SO  TE BBiAA P B AL . R
Ao BUEk 1 HE 8 Ni-Nis S, G 4 s 4%
R 645 C, REUPEREREERTIR 690 C ., K AR
ol g ™ B 198 DX T AL R 0 FCER P AP e S R A
KRN BT opok s BAE DGR ph, X B 7%
XS o AR I ]

TR I 2 AR5 55 JRy A8 AN AU DN 3% TRT B 7 1 2 K
A ARAR TR B ZE I X AN 3% 22 4 7 A B 4 1) 1)
F3UT IR RV 10 B AT R I SRS R A% % AL
PARE LR 47 JE 7 A2 3t A 7 A 1 ] BRME o i 7. H
P9 (b Al 1 di it P e Rl 20 1 DX Bl A A9 B 0 1Y)
U 5 e ™ DX 3 A R XA
T ST P BE A L I I A K DX A B 9 () I A
Jox HP TS A 2 R I AR AR s X 2 e Jeg T VA B 3
KFHUF AL

IR P20 S A I SR 2 . IR
TELNR s I &0 i v A R B 2 A
i LB AL S 55 1 PR AR B AL & AE 500 C A2 4 X A3 i
FRCF B AN I LA . M ek B R AR R BT I Pk
IEAE TS I A 2R AL TR A RS IR
Ty T PN SO 1 e FS e A A 2R o DT 365 oS A 2 g ol
TR T b R A A R U R DX DR PR R R
TH B A A T 25 ) s U ey S AL

4 ZREXR

L T S0 T 8y 2 R B S P 3 4 A
FLRREE I 2R L L5 BT B AR s G e A e il T
KAl I Bk SO A PR

SCHRL7 v 1y 8 Pl i 2 ) 5 R
R R ARG DU < P TR A A b P RE A o5 T 20
S AU AT 5 4 TR A I o 1 BB AR, dl 3 A
FEBCHAT AR BRI - (1) 3R S A B 5 o Dk
BRI U IR B R S AR R A AR
A 5 (2) SRIZ I R RE SRR L TH BRI R 1

S 30k

(1] ZERR. SRR AN REIM]L il 3% 2 iR
AU A E Tl iR A 1965 . 218-219.
CRE45 656 71
. 649 -



R k.45 3PE B

k2 R AT 5 7 i T

AT TR0, 25

(1) [R)FE B LI 285 2T & B 2 B[] P 3 s A
| 8 B S R 0, L7 S A R i b 7R
Je B NS 5% s K IRV [B) R it i 7 e S % R
P AR ) 25 S A

(2) 3PE B Ji it 2 AEASTAD IR A8 v Suf T 7K v 2 T
FFIRR I B 1 R AE 5 55 F T B =2 Tl 2 e R
£=105.9 In(1/J)—2. 06, Bl 3PE B Ji§ 1l J22 1) 75 fir
FRIES U R R B R .

Sk

(1] ®fF. 5. RESENEZEHEARIRT]. WA
32 ,2004,23(7) :4-8.

(2] BREESS, T, 2Rl 6. MM E B = 2 PE
B R as et lARAIE ,2001,20(1) ;17-22.

(3] FEWRE, HMEA. 3PE &8 55 7 B P4 00 528
[J]. 184%,2007,30(1) :8-11.

(4] Bjche, 2860, MBI, 3PE B bR BEA AR AR P st 45
‘ﬁﬂﬁﬁ?}ﬁiﬁ%m ik 5 B, 2012,33(9) ; 765-768.

[5] AR T b A T (67 2 M R ARG R i R 2R

(6]
7]
(8]

(9]
[10]

[11]

[12]
[13]
[14]

[15]

(], FilHARHBE4.2007(3) :39-40.

i s, EIER R WA B R A AR LT Ak

TS E4,2012(5) :107-111.

RO R 5. RIRAFIE =2 PE B2 19 IR

BT S AL . 2011(6) - 65-66.

S 0 3 SR LIRS I - GB/ T 23257 —2009[S .

EIE R LI B I 2 HARME : SY/ T 0413—2002[ S].
Petroleum and natural gas industries-external coatings
for buried or submerged pipelines used in pipeline
transportation systems;: SO 21809. 1:2011[ S].
External fusion bond epoxy coating for steel pipe/ex-
ternal polyethylene coating for pipe: CSA Z245. 20/21
—2006[ S].
B ROMIRR LI Z : NFA-49-710-1988[ S .
Polyethylene coatings on steel pipes and fittings-Re-
quirements and testings: DIN 30670—2016[ S].
Material and construction standard for three layer po-
lyethylene coating system; IPS-G-TP-335-2007[ S].
EA TS B A KN A i i A 4 A
[D]. Eifg: E¥#ITERE,2010.

AAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

(4255 645 T

(3] @AEF,. 2R, 2240 T, 2507 UHARTE R h 28 &k 1
ry RG], E R, 2006,37(6) : 13-15,18.

(4] Mherde. 5ok, e 8, . 22Cr SUHA S5 3041,
S16L FFE S i o 1o g 6 i v g vy b e [ .
JE L 5 B3, 2009, 30(6) : 386-387.

(5] BRBEAC. FE 258 i o im B F sl oA LT 1. hEAL
M- 2015(6) :152-153.

(6] WHER,E2x. THlfe2m BT mIM]L K
AR E RO A, 1982474,

(7] MsFHte. EEIIMLFR M. Bl BRkEd R
WAL, 1994,

(8] B ARE, R 2507 PG4 2R
Fg kR sT) ). EJ44%,2010,27(10).

(9] KR, BUHASEEN MY & R MERe S M H (2O T, 1k
Ti%451%31,1998(6) : 48-51.

[10]  PMEPR. SUEAREEA LR MRS A (O] 1k
T, 1999(1) 1 41-43.

(11] R, SN LR BN HLRR )] B
%,2010(8) : 165-168.

(12] AL fe, YURE. T3 145 I 0 i ek o 24 10 790 B o0 BT ik

HEMILT ], Sk 55547 ,2007,28(2) :105-107.

* 656 -

CE4E5 649 50

(2]

(3]

[4]

(5]

(6]

7]

TEDMON C S, VERMILYEA D A, ROSOLOWSKI ]
H. Intergranular corrosion of austenitic stainless steel
[J]. Journal of the Electrochemical Society,1971,118
(2):192-202.

DR SRR, ARUE M S B e (M. b5 Bl
PRl A RiAE - 2005 : 43-44.

XA, BRI T AR ILML JEat A2 Tolk i
#1,2008:404-405.

BENNETT M J,PRICE J B. A physical and chemical
examination of an ethylene steam cracker coke and of
the underlying pyrolysis tube[ J]. Journal of Materials
Science,1981,16(1) :170-188.
NESIC S, POSTLETHWAITE J.
tween the structure of distrubed flow and erosion-cor-
rosion[ J ]. Corrosion,1990,46(11) :874-880.

B PN IR S A0 R (CruNLALY)
Xf CrNi,Fe &4 m o8 i a2 L) 1. v =8 ik
B4R, 1991(3) : 255-262.

Relationship be-



