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Evolution of microstructure,
texture and mechanical properties of BFel0-1-1 tube with
microstructure along axial orientation during cold-rolling
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Abstract: BFel0-1-1 cupronickel tubes with the microstructure along axial orientation were fabricated by a
heating-cooling combined mold (HCCM) technology. The tubes were cold-rolled to study the evolution of microstructure,
texture and mechanical properties during cold rolling. The results show that the tubes produced by the HCCM can be
directly used for subsequent cold rolling without surface milling and the accumulated cold-rolling deformation
approaches to 80% without intermediate annealing. The cold-rolled tubes have good surface quality without defects of
crack, breach and flash. The primary dendrite arm space in the oriented grains decreases gradually with an increase in the
deformation, i.e. 100—200 pm of the casting tube is decreased to 10—20 um of the tube with 80% deformation. When the
deformation reaches 60%, the shear band can be observed, and when the deformation reaches 80%, the grain is of a

wavy-structure, and the dendrite and grain boundary are difficult to be identified. During cold rolling, the cast texture of
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the casting tube (main orientation{012}(621)) transforms into Cube texture after 60% deformation and into G texture
after 80% deformation, through the transition type textures of {012}(100) (20% deformation) and {057}{372) (40%
deformation). With increasing the deformation, the tensile strength (243 MPa) and hardness (70HV) of the casting tube

are increased to 372 MPa and 152HV of the tube with 80% deformation, respectively, while the elongation (46.5%) of the
casting tube is reduced to 13% of the tube with 80% deformation.

Key words: BFel0 alloy; horizontal continuous casting; heating-cooling combined mold; cold-rolled tube; rolling texture
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F 1 BFel0-1-1 2 AT 4L 2% 3 (Z 18 GB/T 5234—2001)
Table 1 Chemical compositions of BFel0-1-1 according to
GB/T 5234—2001

Mass fraction/%
Method
Ni Fe Mn Cu
Standard 9.0-11.0 1.0-1.5 0.5-1.0 Bal.
Tested 10.7 1.1 0.9 Bal.

5700 L/h, JEFSRIREE 80 mm/min, JEFFE I N
d50 mm X5 mm.

B 2 Fios AR E M MBS I 2(a)r]
A, EHEMPINISRIDGR, TR K. R
TR B, PRI G 75 86 0 nT B e AT e 4L i
2(b)RI A, E MR )R RS AT BHIE 2(c)rT A,
TG E M A Z 0 B ARl ) A AR AR A 2R,
RO T 07 T S EM B I AAAE— AN AR, WK
J7MANGEAESE,  — B TR 100~150 pme.

KH LD60 2 R 7R — 5 R0 FLA L0 B 4 3
F7ELAH], FLHIERETERE 4~15 mm/IK, ST FERCEL 75~85
U/min,  FLHERE AT R E K

SLHEIE M EIRIEE ST A d50 mm X 5 mm,  FLHIH]
FE % 2 sl

MK DA%
DRINE 2 BRI E N 20%. 40%. 60%F1
80% IR HLAE M LI Z) 150 mm [ MIREE, K

1.2

0o e\ eely

vZzze7 /z_

- SRR
=y

12

(a)
B A AA KT ERS L2 R e

S EAIE DN -3 QK= R & o o T2 s ]
(TD-RD)AFE I (LS)IRFE, B 7wl 3 pr
Ne WFFLHLES . dlERWYE S, KH HNO; 40 mL +
CH;COOH 40 mL + H,0 20 mL J& &z i bA3kAS
TOALZR . K H LV150 265 AH A BE AT A0 79
Mrs SRHVETTT D5000 B X SR AT O T L5
W FLHE AR 2 8, ZUIE R R CuK,
AT, RN 35KV, EHRUN 28 mA, WEL {111},
{200} F1{220} 3 5RANGEHERL I, FAIHL[R) Lol 20 1 Ty
AT, aly 0°~70°, B R 0°~360°, WllEAK N 5°,
K 05 ODF W&, 45 R HI1E ¢, ODF #kfi |4l
Fono {F HXD—1000T B2k [C 2 A v b A [
LA 8 AL, SRIFHCTIE, BT KAk
49 N, A4 15 s; K H MTS J7Rep R iy 5
AN FEAR T L I 22t e, P Aiaslre n L A
S22 I GB/T 228—2002 (4@ Rl =i dir A s
5.

2 HBRE5SH

21 RIHAEEHBRAENHLEST

UM AR S8 P A FLRA Rk Tph, A
TR H] 60% /e AT, ORAIE S 220 TR EAT
M T G K, I FLR K R (700~750
C)o Bl 4 Fros A ARG AR KA A [ AR T A L

v/
5 fosl P i
72 N\\W\ sl .
. \

Fig. 1 Process principle schematic diagram for heating-cooling combined mold (HCCM) casting!®: (a) Schematic diagram of

process principle; (b) Structure schematic diagram of HCCM; 1—Temperature measuring device; 2—Stopper; 3—Alloy melt; 4—
Melting crucible; 5—Holding crucible; 6—Diversion pipe; 7—Mold heating device; 8—Water-cooled copper sleeve; 9—Secondary
cooling water; 10—Traction device; 11—Tube; 12—Temperature measuring device; 13—Mold; 14—Core rod; [ —Section of

heating mold; I—Section of cooling mold
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Fig. 2 Morphology and metallograph of cast tube®™: (a) External and internal surface of tube; (b) Transverse section of tube;

(c) Metallograph of tube

%2 BFelO-1-1 HHEM =5 AW 5L Ik %R

Table 2 Rolling schedule table of Bfe10-1-1 tube in 3-roller cold pilger mill

Rolling pass  Dimension of rolled tube  Total deformation/% | Rolling pass Dimension of rolled tube  Total deformation/%
1 d46.4 mmX4.7 mm 13 5 d39.5 mmX3 mm 51
2 d46 mm X4.3 mm 20 d38 mmX2.5 mm 60
3 d43.5 mmX3.8 mm 32 7 d34.5 mmX2 mm 71
4 d42 mm X3.5 mm 40 8 d32 mmX1.5 mm 80

LS specimen
e

TD-RD specimen

Rolling
direction

B3 ARE SRR B Triks e K
Fig. 3 Schematic diagram of sampling position and method

for specimens of cold-rolled tube
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Fig. 4 Morphologies of tubes under different cold-rolling deformations: (a) Surface morphology of rolled tubes; (b) Morphology of
transverse section of rolled tubes; a—20%; b—40%; c—51%; d—60%; e—71%; f—80%
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Fig. 5 Macrostructures of tubes (TD-RD plane) under different cold-rolling deformations: (a) 20%; (b) 40%; (c) 60%; (d) 80%
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Fig. 6 Metallographs of tubes(LS) under different cold-rolling deformations: (a) 20%; (b) 40%; (c) 60%; (d) 80%; (e) Local

enlarged view of Fig. (c); (f) Local enlarged view of Fig. (d)
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Fig. 8 Orientation distribution functions sections of tube grains under different cold-rolling deformations at constant ¢,: (a) 20%;

(b) 40%; (c) 60%; (d) 80%
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Fig. 10 Mechanical properties of tube under different cold-

rolling deformations
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Fig. 12 Morphologies of tube under different cold-drawing
deformations: a—27%; b—48%; ¢—60%; d—70%; e—80%;
—88%; £—92%; h—94%; i—96%
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