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Analysis of Mixed-Grain Microstructure of P91 Thick-Walled
Steel Pipes

NING Fang-kun', JIA Wei-tao' , ZHU Fu-xian®, WANG Ping'

(1. Key Laboratory of Electromagnetic Processing of Materials, Ministry of Education, Northeastern University,
Shenyang 110819, China; 2. State Key Laboratory of Rolling and Automation, Northeastern University, Shenyang
110819, China. Corresponding author; WANG Ping, professor, E-mail: wping@ epm. neu. edu. cn)

Abstract: A mixed-grain phenomenon was observed in the P91 thick-walled steel pipes, which
would reduce the high-temperature properties of the pipes. Heat treatment process, the category of
ingot and the microstructural evolution during hot rolling were analyzed. The results indicated that
the difference of the categories for the P91 forging ingot and continuous casting ingot did not lead
to microstructure difference. The pipes appeared obvious mixed-grain microstructure after hot
rolling and the optimal microstructure could not be achieved only through the conventional
normalizing and tempering treatment. The pipes’ microstructure uniformity can be optimized
effectively by transforming from non-equilibrium microstructure to equilibrium one and rational
heat treating process. The mixed-grain microstructure was not discovered in the steel pipes under
the hot rolling process with the same processing parameters. However, abnormal grains growth
was observed in the pipes after Pilger rolling. Therefore, the Pilger rolling process was the stage of
mixed-grain initiation and improvement of microstructure uniformity.

Key words: P91 thick-walled steel pipes; mixed-grain; heat treatment; equilibrium
microstructure ; Pilger rolling
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Schematic of simpling from P91 pipe
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Fig. 2 Microstructure of P91 pipe specimens after normalizing with different temperature
(a)—1010 CiFEk , £ 30 min, 760 T [k, £ 60 min; (b)—1 030 T ik, £k 30 min,
760 C 81k {37 60 min; (c)—1 050 T, 441 30 min, 760 C 8]k {F 60 min; (d)—1 070 CIiFk,
475 30 min, 760 C ] K , 3 60 min; (e)—1 090 C1E &, {4 30 min, 760 C &k , i 60 min.
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Fig. 3 Microstructure of P91 pipe specimen after heat
treatment of car type heating furnace
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Fig. 4 Microstructure of P91 pipe specimens after extending the normalizing time

(a)—1 050 TIE K, {48 60 min, 760 C [ 4 {46 60 min; (b)—1 050 C iF K , {46 120 min,760 °C 2] 4 {6 60 min;
(¢)—1070 TIE K, 60 min, 760 °C [ K, {515 60 min; (d)—1 070 CIEJ , {41 240 min,760 C 7l , {515 60 min.
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Fig. 5 Microstructure of hot rolled ®508 mm x75 mm P91 pipe original sample
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Fig. 6 Microstructure of hot rolled and tempering ®508 mm x95 mm P91 pipe original sample

(a)—HBIR; (b) —IEHE.
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Fig. 7 Microstructure of P91 tubular billet original
sample

RIS (9 A GV AR S A A it , il LORE

AR ik B 43R = AN DI, BIEEAS i DAL R 40
245 ity DXL AR AR P45 o DXL . 9 A A P45 X
AL BT A A A B e /N RS R LS TR
FHEE AR DXCEL ] , BEAT 21 PS5 AR P45 A IR &
MY B2 BB R A R OB 78R P45 i X AL
i, 2 Kb R B IRUE AN, SRR T30 e
ASRE  (HAEZ A 25 1 B U ISR Aok IO LA I E R
Atk SRR A A SR T e it AR Bl A
IEEE S

E8 Pl MERERMKAFENSHEAR
Fig. 8 Microstructure of P91 crude tube original sample
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Fig. 9 Microstructure of pretreatment and pretreatment + normal heat treatment
(a) —THALEH; (b) —THALBE + IFH Bkh 2.
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