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Optimization Practice of Hot Piercing Process for
UNS NO08811 Iron—Nickel-Based Alloy Pipe
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(1 Shanxi Taigang Stainless Steel Tubes & Pipes Co., Ltd., Taiyuan 030008, China;
2 Taiyuan University of Science and Technology, Taiyuan 030024, China)

Abstract: Compared with hot extrusion process with the long cycle, low yield, and high cost, the production of UNS
NO8811 iron-nickel-based alloy pipes using hot piercing process can significantly reduce production costs. However, sur-
face transverse cracks are prone to occur during the piercing process, which affects the product qualification rate and
safety of use. To reduce the piercing defect rate of this product, JMatPro software was used to analyze the thermal process-
ing performance of the material , and Simufact software was used to simulate the temperature and stress changes during the
hot piercing process of NO8811 iron-nickel-based alloy pipe billet; Based on spot technology tests, the suitable outlet heat-
ing temperature for hot piercing of this material was 1 130 ‘C-1 150 “C; During the piercing process, it was necessary to ad-
just the steel extract rhythm and control the final rolling steel temperature not to exceed 1220 “C; It was necessary to
quickly pass through the temperature range of 660 ‘C-850 “C to reduce the formation of harmful phases when heating and
cooling; In order to reduce the temperature gradient and stress changes during the piercing process, the entire deformation
process from the top contact with the pipe billet to the completion of piercing should be extended, so that the stress during
the rolling piercing rounding process of the pipe billet was more uniform, and the temperature and stress curves were
smoother; By improving the design of the piercing cone, reducing the curvature of the cone arc section, increasing the
length of the cone, increasing the angle of the straight section, reducing the biting ellipse coefficient, and lowering the roll-
ing speed, the hot piercing defect rate of NO8811 iron-nickel-based alloy pipe billet can be effectively reduced, ensuring
the surface quality of the product.

Key Words: UNS NO8811; Iron-nickel Base Alloy; Seamless Pipe; Hot Piercing

UNS NO8811 (Incoloy 800HT, LA F i K I T-HI™J&IE U i 2L 40 s fd , an il 1 prs >, ™
NO8811)J& 7 4% Bk R A5 JU R 1Y B [LIR Bk B 5L S 7 5 5T R 2 AP . NO8811 JLaE A
&, HAA UL RS IR 2 R bU R RE e E R A ST T2 TR (R A A R T
AE . ) N AT R RUETRE IR L A A AT A]) BOR 2R (88.3% ) AH X AAIR (A BRI T R
IR S AN T B b ) BORE m 2 80 JF e LBV RS R S B AR ) TP A 5 AR A AR

E&WE : P F bk 1R1(202102150401002)
{EE® N FAc(1984—), 3w+, m g TR E-mail : wangbw@tisco.com.cn; Wis HER: 2024-11-28
BEES: EE0984—), 5 it w27, E-mail: tuoleifeng@tyust.edu.cn



551

AL T2k, v] B B T2 % (95.5%) ,
2 e 1 7 R (R B R 3~5 R 1~2 K ), FEAR T
FF AR (85 A9 6 310 Jo/mE R R 2 680 Jo/if ) o
TEPIHE AL 28 L T 20, me A ik i OB 3R T 3 22
22 =R R AT, BRORE s E A S — ] R ) A
I RLR S, an i 2 Bros o B AR TE IR, #k
AL Z BRI VE R, TR EF 34 hn 7 B0 g /e .
ARG B e o A = 1) FR N ), 2F fLad B 1 ) AR AL B
A A, EFL LB R T2 2 5 7=t S 8 o
MZ GG M A&t L, 5 Hif Al
PRAT , MR U 5 s 2 1S S LA R E B — A

BT NOSSIT kBRI & 4 LI W EERA ) R BUE 25
Fig. 1
NO08811 iron—nickel-based alloy raw pipe
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Fig. 2 Schematic diagram of oblique rolling piercing process
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Table 1 The chemical composition of the N08811 pipe billet %
i H C Si Mn P Ni Cr Fe Al+Ti Cu
TRAE 0.06~0.10 <1.00 <1.50 <0.030 <0.015 30.0~35.0 19.0~23.0 239.5 0.85~1.20 <0.75

SEBRE 0.08 0.5 1.0 0.015 0.001

33.4 21.3 42.5 1.05 0.03
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Fig. 3 Simulate (a) CCT curve and (b) TTT curve of N08811 iron—nickel-based alloy
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Fig. 4 Temperature distribution simulation of NO8811 ¢60 mm pipe billet piercing process :
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Fig. 5 Temperature variation curve at the center position dur-

ing the piercing process of NO8811 ¢60 mm pipe billet
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Fig. 6 Stress distribution simulation of NO8811 ¢60 mm pipe

billet piercing process: (a) 10%, (b) 40%, (c¢) 70%, (d)
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Fig. 7 Stress variation curve at the center position during the

piercing process of NO8811 ¢60 mm pipe billet
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Fig. 8 Temperature distribution simulation of NO8811 ¢110 mm pipe billet piercing process :
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Fig. 9 Temperature variation curve at the center position dur-

ing the piercing process of NO8811 ¢110 mm pipe billet
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piercing process of NO8811 ¢p110 mm pipe billet

(a) (b)
100 pm 100 p m
© TR
i
1%
100 pm [&F {

P12 R ZEFLIRE T No8811 Fie i 4 AHIR A2 (a)1 100 °C,
(b)1140 °C,(c)1 180 °C,(d)1220 °C

Fig. 12 Metallographic photos of NO8811 raw pipe at different

piercing temperatures: (a)1 100 °C, (b)1 140 °C, (¢)1 180 °C,

(d)1220°C

Stress variation curve at the center position during the

-

13 NOS8IT LA Tl s Srhh AR A
Fig. 13 Metallographic photo of NO8811 raw pipe microcrack

30} re

Spectrum70

4 6
fER/keV

14 NOS81L FiLH A B RETE S W4
Fig. 14 Results of energy spectrum analysis of NO8811 raw
pipe microcracks

120 s/mm;p100~h155 mm 5 ER, AT ] 4 90 s/mm;
$»160~$219 mm B INEEEE] R 75 s/mm;$250 mm
LI EEER, IR 60 s/mm; [RIAHET T 222 5 . 1)
5= HLER H 60 min B, ¥y 3B A B [ B 4 3 2]
660 ‘CLLF , ikt G A7 3 AHIE A5 2) B A 1 4 7 il 54
AL, PR S BRI 22 AN RERE 10 °C53) 4R 5L
T ZEIMINAR B AN BE PR 2 I
3.3 RUFAIESH

Ry B AT 2L 3k A b i AR T SN g A4k, 38
THLAR B, 78 S ARBE A AR (G B0, K e A 1 A
[ 22 5 B /LR ) MR 1) 1.08 FAAIK S 1.03,
D BRI A (R , 9/ N AR TE

FLAR IOk PR Bk AR | FLAR IR o
FEL R 1~3 mm, T00 3k i 0 o GO0 48 R 1~15 mm,
A FLARIE TSk i e MR A O 1 PR AT
il o RIE, i R 7 22 FL AL (160 ) 5L i 4R 1 <
230 r/min, FL i 1 400~2 100 A; H B ZE FLAL (89 Y )
FLHI 5 <270 v/min, HLJE 600~800 A, 5L 2 B2 AH
XoF 3 S A B AR ALK

Wit L T2 Mk, NO8S 11 s i & 48 1L
JoT A 300 W) i e , PN R T R A L 481 Pl e T
¥ 10.6% FEAK 2 1.6% , 53530 AN 55 40 M T 2 LR
4 ZEig

ARSCAHE T NOSS T BRER I A 4 b RE A T
e, 7 B EEFL AR I b B, 45 6 T 20800, ik
TR, s TR R B L AL T 2240, W
EREAR T NOSS1 1 B IE A 4 A T ZE L P BE A ] f3
ZLGCBRBA AR R A 7 SR AR I RO

1)38 3 4 AHOUREE A RETE 7347 , 1 2 UNS NO8811
BRARIE G 4 2 LA 7 A N RE R ) S SR 2R L
R R AN AR 45 5 5 SRl D I IS il g 7 A



- 66 - Y5 IREN

546 45

(a) [E] 12, L6

7 i

N

8

BA7: mm

K15 NO881L fr & LIk st kit -
Fig. 15 NO8811 alloy perforated head design improvement :

(b) . a

L

HA7: mm
(a) Bl s (b) bk Js

(a) before improvement, (b) After improvement

F2 NOSS11 S &k ETEHERTEWL

Table 2 NO08811 alloy head before and after the improvement of deformation section size change

Bk ERE DEkKE e

IRgkiRey e/

Tz D/m L L2/mm 13/mm R2/mm R1/mm R3/mm MF(Z i) m Dl/mm  #Eff/(°)
e i 94 196 20 50.0 10 200.00 15 M50x3 40 52
et fE 94 204 35 53.7 6 177.6 15 M50x3 40 52
rh I AR BE AN AR Ak 5
2) G5 A R R T 20086 45 2 L 158 E UNS

P ALk Bt ot
Bt (CF7) et (Z8) el

Fig. 16  Comparison of NO8811 alloy $94 mm perforated head

(right) before the im-

K16 NO8811 4 4 $94 mm % i 5 LW T

before and after design improvement :

provement, (left) improved

®3 NOSSLISKBRESEEFAMKAIZ
Table 3 Heating process for piercing of N08811 iron-—
nickel-based alloy tube
Htr 550 1090 1150 60~120
WAEE £50 230 -20,+30  ARREORIR TS A A

B S
JiE JnFAES 18] /min

i A B AR HAB T ML R 24, AR o Lo

S2%5 3k

[1] Dehmolaei R, Shamanian M, Kermanpur A. Microstructural

NO8811 BRERIE & 4 SR I 2F AL I ANt B O 1 130~
1150 °C, S BRAICR B4 5 2 L A v 7 298 58 3 4

T2 R A ELIE A T 1220 °C;5660~850 CE
NO8811 BB FE A 4 Hr A &y a7 A 14 vl i e

DX, A B0 IRV H ] 250 PR3 i 660~850 “ClRFEE
X [a] , 5 G A7 AR B 5

3) % F Simufact # A4 % NO8S11 2R B 3L & 445
PRPZE L R 0L EE LN T AR A O R AT LA 4
B, AR B RS R, 2 FLad 2 rh i o Ao B R
ANTRIEBAS R 3 A8 A A SR Z1 5 80 149 350 R0 26 T
JIr 52 I8 1 28 A e K, SR BOX A B i 25 S H Ik
Be o R BRI 2 LA 7 v s A8 B RN 7 AR Ak, 1 4E
DT S 5 fih 15 20 280 2 L 58 B 3 AR I o B il
T i e AN 7 i e T R4

) GEE AR T 23080 45 5, X5 T Noss8 11
BRI G & IR R AL R, 8 3 e/ T3k [ I
9 )& (R200 mm—R177.6 mm) , ¥4 K 0 3k K &
(196 mm—204 mm) , JE/NF BB W A (3°—27),
I AT e A [ 22 %0 (1.08—1.03) , A ARG %L 4 33 3 5
TH i, AT A 280 AR AT A P 2% T ) R S i A, R
IEF':HH%EEED

changes and mechanical properties of Incoloy 800 after 15 years



555 4

FAASCAE : UNS NO8S1 1 ERERIL S G A M P EF LT 2 b 9Bk + 67 -

service[ J]. Materials Characterization, 2009, 60(3): 246-250.

[2] F5F%, KXWE . NiCrFe i il & S BEUFsE ], M4, 2017
(2): 28-30+70.

[3] 8 ik, SR%, #R3C5E, 45 Incoloy S800BLHEA G MG I8 il
PERERFZEL)]. BiE4:)E, 2016, 38(3): 11-14.

(4] B %%, S84, B WL, % . KH42UNS NO8810 LA&E R
DA BE A ST R A AT e Ak L C DL 58 1 DO v AR AR AT 23 08 SO 4
—6. L S HAbH . R, 2023 227-232.

(5] %, e, SEIE, 55, PRESES 4 UNS N08810 LAty
MBS AT T ABSE )], %, 2023, 52(4): 10-15.

[6] Moss T E, Was G S. Dynamic strain aging of nickel-base alloys
800H and 690 [J]. Metallurgical and Materials Transactions A,
2012, 43(10): 3428-3432.

[7] skdbyr, BB, FELE, 5. CH742 & & RAEAT N 5 ol
HLUHIR[T]. 48 2E, 2005, 41(11): 1207-1214.

(8] BlitH¥E . P ARG A4 (M. st fh¥ Tkl
WAt 2012.

(9] # =, WEHERL, skikr, 5. 800H & 4 shas f-45 AT it
[J]. 4854k, 2012, 48(10): 1175-1185.

[10] Bi4EF, 5 FF, AR, 55 . VI T2 %) Incoloy800H 5 42

i

POAH LR e m [1]. 107 B2 # 3, 2012. 8,35 (4)
337-34.

[11] Tan L, Rakotojaona L, Allen T R, et al. Microstructure optimiza-
tion of austenitic alloy 800H (Fe-21Cr-32Ni) [J]. Materials Sci-
ence and Engineering: A, 2011, 528(6): 2755-2761.

[12] 75 o, FHEE . WEFLS B A RTBA B (T]. vy
RIFRAF 2R (AR L 2015, 31(1): 24-27.

[13] sk—I, RAEE, SKEM, 5. TiB9S A e M AL TZ
HIA BROCELLT ). BB TR (A SRR, 2022,29(8) ,
110-116.

[14] 8 52 PR, B K%L, 45 . 800H A& 4 AR JEAT A 5T [].
ARAER 24 (A SRR, 2012,33(2) : 213-217.

[15] THAZR . WAk i2%- BRIMD. 3. bt w830 th i,
2018.

[16] Momeni A, Dehghani K, Keshmiri H, et al. Hot deformation be-
havior and microstructural evolution of a superaustenitic stainless
steel[ J]. Materials Science and Engineering: A, 2010, 527(6) :
1605-1611.

[17] Brds3E, X)) 4, sKIE . 5 Cr £ 42 59 28 L B 48 P IR IE ™ A=
JEL PR R CH A i () ). R, 2019, 48(5) : 45-47.



