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A Study on the Structure and Strength of Rapidly Solidified HSLA Steels

Tea—Woon Nam

/Abstract.

The major effects of RSP sre 1) extension of solid solubilities, 2) formation of metastable
phaeses, 3) microstructural refinement 4) segregationless.

The main trust of this study was to investigate the effects of superimposing RSP on the
structure and properties of HSLA steels.

Powder was made by NGA (Nitrogen Gas Atomization) process, and consolidated by
HIP,

The high grain—coarsening resistance of NGA—HIP steels was attributed to a fine dis-
persion of oxide precipitates, The average grain size for the NGA—-HIP steels was some-
what finer than that for the conventional HSLA steels, The impact properteis of NGA—
HIP steels were improved over those of the conventional HSLA steels.
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Table 1. Chemical analyses of materials investigated (wt 95)

Steel or Powder C Mn Si Mb Ti Al S N O

NGA—1 powder | 0.12 1.31 0.26 0.030  0.002 0.060 0.010  0.0080  0.002
NGA—2powder | 0.10 1.29 0.26 0.030  0.050  0.080 0.010  0.0080  0.003
dd HSLA—1 0.12 1.30 0.26 0.027  0.002  0.056 0.009  0.0080 -
Uur HSLA-2 0.10 1.30 0.25 0.029 0.047 0.060 0.010  0.0074 -
NGA—-HIP—1 0.12 1.27 0.26 0.025  0.002 0.066 0.008  0.0080 0.021
NGA-HIP—-2 | 0.10 1.24 0.27 0.027 0.045  0.060 0.009 0.0080 0.018

&kl 8t w2452 & F 317} (Dept.of Metellurgy and Matenials Science, Hanyang Univ.)
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Photo 1. TEM micrographs of conventional HSLA steel
before solution treatment
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Photo 2. TEM micrographs of NGA—HIP before solution treatment,

‘Photo. 3. TEM micrographs of conventional HSLA steel solution
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treated.
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Photo 4. TEM micrographs of NGA—HIP solution treated.
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Fig. 1. Composite X —ray spectrum of NGA— ]
Precipitates before solution treatment
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Fig. 2. Composite X —ray spectrum of NGA—2
Precipitates before solution treatment
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Fig. 3. Composite X—ray spectrum of NGA—1
Precipitates solution treated.
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Fig. 4. Composite X —ray spectrum of NGA—2
Precipitates solution treated.
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Fig. 5. Grain — growth begavior of NGA—HIP steels.
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Table 2. Wt. 95 Constituent elements of 0.1 vol. %
oxide precipitates.

Oxide Mioj (0.1v1.%)| Wt. %9 M | Wt. % O
Al203 (Corundum) 0.027 0.024
SiO2 (Cristobalite) 0.014 0.016
TiOz (rutile) 10.033 0.022
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Table 3. Mechanical properties of Control, Hot and Warm roltled materials.

REDUC ~ YS TS TE RA df DRTT TT SHELF

MATERIALS TION (%) (MPa) (MPa) (%) (%) (um) (C) _ (C) (]

2dur HSLLA—1-CR1 75 455 540 32.2 71.7 52 —70 —85 165
HGA-HIP—-1—-CR1 75 462 550 34.5 75.5 3.1 —100 —-130 160
HGA—-HIP—-1-CR?2 87.5 457 H45 30.8 — 2.45 — 120 —140 115
HGA—-HIP—-1—CR3 93.75 507 581 25.8 — 1.70 - - -

Aul HGA—2—-CRI 75 485 550 30.8 70.2 4.5 —60 —75 155
HGA-HIP~2—CR1 75 444 528 34.0 75.0 4.3 — 100 —120 200
HGA-HIP—2-CR?2 87.5 448 525 30.8 — 3.1 —110 —130 115
HGA-~HIP—-2—CR3 03.75 484 550 26.5 - 2.05 — — —

A HSLLA—1—HR 75 412 519 33.0 73.0 7.2 —40 —85 190

HGA—-HIP-1—HR 75 409 537 33.3 74.7 7.9 — 60 —90 200

dut HSLA—1—HR 75 447 533 30.8 72.9 8.1 +10 —30 190
HGA—HIP—2—~HR 75 422 560 30.8 74.0 7.4 —50 —70 175

2w HSLA—-1—WR 75 501 599 24.5 65.9 — —70 —90 120

HGA—HIP-1—-WR 75 539 605 27.7 71.0 - — 130 ~140 105

Ayt HSLA—2—WR 75 597 667 21.7 63.4 — —60 —80 105

NGA—HIP—-2—WR 75 523 601 20.7 72.7 — —T70 ~100 115
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