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Phase Transition Behavior and Mechanical Properties of NiTi Alloy by Hydrogen
Plasma Melting
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Abstract: Effects of refining time, H, ratio and plasma gas flow on the removal effect of O and N content and reaction
kinetics of NiTi alloys by hydrogen plasma arc melting (HPAM) were investigated. The variation law of microstruc-
ture, martensitic transformation temperature, mechanical properties and shape memory properties of HPAM alloy
were analyzed. The results indicate that with the refining time increasing, O and N contents are reduced, which reach
the maximum degassing rate at 8 min. With gas flow of 8 L./min and H, content of 20% , O and N contents are reduced
to the minimum value, of which the removal rates reaching 65.1% and 60.2% , respectively. HPAM deoxidization and
denitrification kinetics follow the first-order reaction rate equation. With O content decreasing from 0.022% to
0.012 5% , the amounts of inclusions are reduced by nearly 73%. DSC results reveal that the chemical composition of
HPAM alloy is uniform with the fluctuation of phase transition temperature within 1 “C. The latent heat of martensitic
phase transition is increased from 32.1 J/g to 38.8 J/g with the reduction of O and N contents. As O content descend-
ing, the shape memory properties are increased from 4.509% to 5.051% , and elongation is increased from 13.9% to
27.7% , where the fracture morphology is dominated by uniform, large and deep dimples.
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Tab.1 Chemical composition of raw materials %

Wy
M Ti Ni N O Fe C Si Al

WEARER 99.789 0.001 6 0.007 5 0.0817 0.1165 0.018 0.02240.016 5

K A A S B R R, K R AR
$40 mm, T EE N 6 mm, S 3H 7 A B 5] 40 A AR OK B
B A L I R R K I
J5 b 5 3T 7K V2 4 S 3 A AR AE 2008 X BRSO R AR AR AR
ANFV LU 5y ¥ 50 0 B B BOFE B UORS Bk 5 B i R
. EREE FIUBKRE ARG, AT, RTR
B TR B (APAMD 2 min i BR R A&, AR S B 3%
2, Hop A A SR AR SR L B0 7R o a L/ min-
xH,, 415 L/min-20% H, /R SR it 5 L/min, Ho A&
2R 20%

— 99.977 0.00100.0021 — 0.006 — —

®2 HBSH

Tab.2 Experimental parameters

L5 fA s 2 = IPAN L g
GiB a”‘ e g/‘if;‘ﬂ HE4R I /min *gﬂflf/i’“
1 5 20 1.3.5.8.20 240
2 8 0 1.3.5.8.20 240
3 8 10 1.3.5.8.15.20 240
4 8 20 1.3.5.8.20.40 240

R 56 US4 110 TS S0 308 RIS 35 BB | o)
FH AR ST ORI O NV H B B 5 R 22 78 91 4 i R
X (PerkinElmer, DSC-4000) 1l & & 45 #1728 I, 76 &
SR ML, TR R R S 10 °C/min, i BE S [ R
—50~150 C. $EELITE A FERE S sk —i &
A S R Rl AR A SR, #E 1000 CTR i
fT24 hig ¥ 5040 iR kLB kK e Wk o R A
Shimadzu XRF-1800 % X 5 £& 5 6 6 1% A & & 4x v
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Fig.1 Relationship of O and N contents and refining time under different H, ratios and plasma gas flows
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Tab.3 Statistics of inclusions in alloys with different O contents

GUIFIXHRE e ARME RAWIEEE/ AR

w(0) /%

B/ pm? /A (> mm 9 B/ pm?
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0.012 5 28 630 39 1363 0.75
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Fig.12 Latent heats of phase transition of NiT1 alloys with differ-
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Fig.13 Stress-strain curves of alloys with different O contents
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