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Optimization of heat treatment process for Ti551 titanium alloy based on
phase transformation regulation
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Abstract: The effects of heat treatment parameters including solution temperature, aging temperature
and cooling rate on the microstructure and mechanical properties of a new medium-strength and high-
toughness Ti551 alloy were investigated by means of optical microscopy, scanning electron microscopy
and universal tensile testing machine. With the same solid solution temperature at 900 °C, no obvious
changes were observed in the content and size of primary a phase of alloy, while the lamellar thickness
of secondary a phase increased from 0.26 pm to 0.42 um with the aging temperature increasing from
550 °C to 650 “C. With the same aging temperature of 550 °C, the content of the primary o phase de-
creased from 45% to 15% as the solution temperature increased from 900 °C to 950 °C, along with con-
tinuous refinement of grains and morphological transformation from short rod-like to equiaxed. The
lamellar thickness of the secondary a phase increased accordingly, reaching up to 0.72 um after alloy
subject to solid solution treatment at 950 °C. The morphological feature and size of the microstructure

s B #3:2026-01-22; f& B H #3: 2026—02-10; ¥5 H#1: 2026—-02-27

EEWE: EEKESULH(2024YFB3714200) .

EEBIY: Tk, 1990 4F 4, BB, SRV E A, 098 4 76 58, KW S 4K A& & M R B 98 T/, E-mail:
yongfengwang2012@126.com; BAF1ER: 5KkZ204, 1986 4R A, B, T LB, TR A4, KIS SR IE TAE,
E-mail: henry.zhang@flyingcloud-js.com,


https://doi.org/10.7513/j.issn.1004-7638.2026.02.009
https://doi.org/10.7513/j.issn.1004-7638.2026.02.009
https://doi.org/10.7513/j.issn.1004-7638.2026.02.009
mailto:yongfengwang2012@126.com
mailto:henry.zhang@flyingcloud-js.com
mailto:henry.zhang@flyingcloud-js.com

<72 - N

2026 455 47 &

are decisively influenced by the cooling rate: an almost single fully equiaxed primary a phase micro-
structure is obtained by furnace cooling, whereas the primary o phase is refined and the precipitation of
coarse lamellar secondary a phase is promoted by moderate cooling. The results show that optimal
strength-toughness combination of the Ti551 alloy is achieved under the composite heat treatment of
900 “Cx2 h+ air cooling, then followed by 550 “Cx6 h aging, which is closely associated with the regu-
latory role of cooling rate. Acicular secondary o phase can be induced in the transformed B microstruc-
ture by higher cooling rate, and the alloy’s strength-plasticity matching effect is further enhanced by the

subsequent aging treatment.

Key words: Ti551 titanium alloy; heat treatment; micro-structure; mechanical properties
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Table 1 Chemical compositions of Ti551 alloy %

Position Al Sn Zr Mo \Y Cr Fe Si O

Top 523 099 098 1.46 103 092 0.13 0.017 0.082
Middle 528 099  0.97 1.47 1.03 094 0.13 0.016
Bottom 528 0.99 1.01 1.45 105 099 0.5 0.015 0.080

Standard 4.0~ 6.0 0.5~2.0 0.5~2.0 0.5~2.0 0.5~2.0 0.5~2.0 <0.2 <0.I <02
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Fig.2 Schematic diagram of saw-cut sampling
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Table 2 Heat treatment process parameters

Specimen Specimen Solid solution Aging
number  specification/mm Heat treatment temperature/°C. Time/h Cooling method Heat treatment temperature/"C. Time/h Cooling method
rr ?13%x80 900 2 AC 550 6 AC
i ?13x80 900 2 AC 600 6 AC
3 ?13x80 900 2 AC 650 6 AC
4 ?13x80 930 2 AC 550 6 AC
5 ?13x80 950 2 AC 550 6 AC
6 ?13%80 900 2 FC 550 6 AC
7 R465%35 900 2 AC 550 6 AC
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