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OUTLINE

—Processing overview

— Effect of the Ti-microalloying on grain size and texture
—Concluding comments
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CONCEPT

’ I Fine precipitates increase the hysteresis loss
as they interact with magnetic domain walls

hindering the alighment of ferromagnetic
moments during magnetization cycle
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I Precipitate size = 0.1 um = domain wall thickness
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CHEMICAL COMPOSITION OF THE MATERIALS (WT. %)

Low Si 1.02 0.51 - 0.0060 0.0047 0.30 0.014 0.002 0.014
High Si 2.92 0.98 - 0.0060 0.0037 0.30 0.015 0.002 0.014
Low Si 1.53 0.51 0.20 0.0053 0.0032 0.27 <0.015 0.002 0.011

High Si 2.97 0.99 0.20 0.0061 0.0036 0.32 <0.015 0.002 0.012

Low Si 098 0.49 049 0.0050 0.0033 0.30 0.015 0.003 0.008
High Si 2.98 1.01 0.49 0.0046 0.0023 0.29 0.015 0.003 0.008
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15T WAVE (REFERENCE) MATERIALS PROCESSING

> 1250°C-A,B,C, D _ . High Si: 1050°C, 50s
A, C, E, G — High Si Low Si: 950°C, 100s High Si: 950°C, 30s
1050°C~E,F, G, H B,D, F, H—LowSi Low Si: 920°C, 30s
All: 1000°C, 50s
|A
Hot Rolling (25mm -> 2.5mm)
Cold Rolling 1 Cold Rolling 2 FA
HBA - 76% 54% R
Al,B1, E]1, F1
CoilSim — \
Quench - ABEF
C, DG H
No HBA -
A2,B2,C2,D2, E2,
| \ 262H AN AN v
0.65 mm 0.30 mm
HBA — batch hot band annealing simulation, 7 hours at 800°C |A — continuous intermediate annealing simulation

(plus 18 hours heating and cooling) in 100% H,
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FA — continuous final annealing simulation

Ageing treatment



2ND WAVE (0.2%Ti) MATERIALS PROCESSING

HighRel  1250°C-TA, T8, TC, TD

o High Si: 1125°C, 50s
TA, TC, TE, TG — High S Low Si: 1100°C, 50s

Low ReH 1050°C-TE, TF, TG, TH 1B, TD, TF, TH — Low Si

—_
i

GHENT
UNIVERSITY

High ReH: 1080°C, 50s
Low ReH: 1070°C, 50s

|A
Hot Rolling (25mm -> 2.5mm)
Cold Rolling 1 Cold Rolling 2 FA
HBA - 76% 54% )
TA1, TB1, TE]1, TF1
CoilSim — \
Quench — TA, TB, TE, TF
TC, TD, TG, TH
No HBA -
TA2, TB2, TC2, TD2,
\ TE2 TF2,T62, THA YA NAN AN v
0.65 mm 0.30 mm
HBA — batch hot band annealing simulation, 7 hours at 800°C |A — continuous intermediate annealing simulation

(plus 18 hours heating and cooling) in 100% H,

FA — continuous final annealing simulation

Ageing treatment



CRYSTAITOGRAPHIC TEXTURE IN WAVES 1 AND 2

Ref —intermediate annealing

Ref — final annealing Ti —intermediate annealing

— final annealing
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The chosen two-stage cold rolling and annealing schedule allows to avoid extensive sharpening of the y-fibre
texture in the final condition despite the increased susceptibility to form this fibre in the Ti-added materials
due to the reduced interstitials content. The pronounced Goss component in the final texture is possibly
related to the large content of shear bands formed by the cold rolling step within large grains that were
present after the intermediate annealing.
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GRAIN SIZF AND TEXTURE IN WAVES 1 AND 2
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It is suggested that the main factors contributing to grain growth suppression are the
i Ti addition and the initial reheating temperature (prior hot rolling). Ti addition and
GHENT higher reheating temperature result in a stronger suppression of grain growth
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380 WAVE (0.5%Ti) MATERIALS PROCESSING

High Si: 1125°C, 50s
Low Si: 1115°C, 50s
1050°C 1125/1080/1065/1000°C, 50s

A
Hot Rolling (25mm -> 2.5mm) Cold Rolling 1 Cold Rolling 2
76% 54% FA
80% 40% ’ ]
HBA
‘ SRA

CoilSim

Ageing treatment

NoHBA  WAAAN AAN \ R

0.65 mm 0.30 mm

0.50 mm
HBA — batch hot band annealing simulation, 7 hours at 800°C |A — continuous intermediate annealing simulation
(plus 18 hours heating and cooling) in 100% H, FA — continuous final annealing simulation
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[T SRA — batch stress relief annealing simulation, 1 hour at 750°C

GH_ENT (plus approx. 23 hours heating and cooling) in 100% H,
UNIVERSITY 10



First batch of final annealing

Second batch of final annealing

CRYSTAITOGRAPHIC TEXTURE IN WAVE 3

Texture Name: Harmonic Texture

Calculation Method: Harmaonic Series Expansion
Series Rank (1) 16

Gaussian Smoothing: 5.0°

Sample Symmetry: Orthotropic

Representation: Euler Angles (Bunge)
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The new cold rolling reductions (80% + 40% instead of 76% + 54%) resulted in a less sharp y-fibre.
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GRAIN SIZF IN WAVE 3
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GRAIN SIZE AND TEXTURE IN WAVE 3
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CONCIUDING COMMENTS

— Ti addition inevitably leads to the development of the unfavourable y-fibre
texture due to the reduced interstitials content. This effect can be reduced

by the adjustment of the two-stage cold rolling reduction schedule.

— The grain size can be controlled reasonably well despite the stronger grain

growth inhibition in the Ti-microalloyed materials compared to the
reference materials
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