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Effect of cooling methods on the microstructure and mechanical proper-
ties of marine engineering titanium alloy ring components
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Abstract: This study systematically investigates the influence of three cooling methods—oil cooling
(OC), wind cooling (WC), and sand cooling (SC)—on the microstructure and mechanical properties in
large-scale ring-rolled near-a titanium alloy components. Experimental results demonstrate that the
strength of specimens heat-treated at 980 °C shows no significant variation across different cooling
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methods. This is primarily attributed to the low volume fraction of the  phase at this temperature,
which minimizes the effect of cooling on the formation of the secondary o phase (a,). Furthermore, the
experiments revealed a marked decrease in impact energy following OC heat treatment, which is associ-
ated with the rapid cooling rate promoting the precipitation of the brittle martensite phase (o'). An op-
timal balance between tensile strength and impact toughness is achieved after WC heat treatment at
990 “C. This phenomenon is mainly attributed to the low volume fraction of the primary a phase (a,),
the absence of brittle o' precipitation from the prior B phase, and the moderate width of the o, laths. Ad-
ditionally, SC heat treatment exhibits a faster cooling rate during the high-temperature stage and a
slower rate during the low-temperature stage. Since the microstructural morphological features such as
phase volume fraction and lath width in titanium alloys are mainly governed by the cooling rate at high
temperature, the mechanical properties of SC-treated specimens lie between those of OC and WC.

Key words: marine engineering titanium alloy; large ring rolling part; cooling rate; lamellar microstruc-

ture; mechanical properties
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Al Nb Zr Mo Fe Si Ti H C N O

6.16 3.07 2.15 1.20 0.03 <0.03 balance 0.001 2 0.001 1 0.001 9 0.095
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Fig. 9 Tensile strength of Ti6321 alloy in different directions at 990 °C
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Table 3 Tensile strength of Ti6321 alloy in different direc-
tions at 990 C
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TD 785.5+¢1.5 974+1 834.5+25.5 93742 798+3  931+1
RD  773+5 969.5+4.5 800.5+7.5 925.5+1.5 786+l 922.543.5
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