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HIMPORTANT NOTE

Please be advised that Daido Steel shall not be held responsible for damage
caused by misunderstanding or improper use of the technical information
contained in this brochure.

The contents of this brochure may be subject to change without notice.

Please inquire of related department for the latest information.

No portion of this brochure may be reproduced without the express permission
of Daido Steel.

www.daido.co.jp
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OKALLOY

Daido’s shape-memory super-elastic alloy

YA DAIDO STEEL
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Deform it, and it recovers its initial shape
upon heating.

It bends easily, but recovers its original shape
when stress is removed.

KIOKALLQOY’s unusual attributes setitin a
class apart from conventional metals.
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KIOKALLOY is an N;m;l‘\lallm; produced through Daido’s exclu-
sive extra-clean melting process. It exhibits shape-memory and
super-elastic characte 1cg§ft&1‘-l being subjected to heat treat-
ment. Once KIOKALLOY has been shaped at a specific tem-
perature, reheating it to the set*t!smperature auton}atlcally re-
stores its original shape if it has beeﬁ deformed at a temperature
below the original set tempera,ture‘}ven if it has been severely
bent at a temperature e "Ehe set temperature removing
the bending stress will alloy to its 'ngnal shape.
Daido Steel provides yo a precisely
set temperature to confo i irements for
original shape recovery.

*In addition to Ni-Ti alloy, Ni-Ti-C covery tempera-
ture and Ni-Ti-Cu alloy featuring ity in the marten-
sitic phase are available. 1



Features
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M Original shape is memorized.
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M Recovery from severe strain possible.

While the limit of elastic strain for steel is only 0.5%, that of Ni-

Ti alloy has a maximum limit of 8%.  This means that Ni-Ti
alloy has 20 times the recovery power of steel.
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M Flexible deformation is possible

The horizontal modulus of elasticity for steel is about 80GPa.
On the other hand, that for Ni-Ti alloy in the austenitic phase
is only about 20GPa. Further, within the range of super-elasticity,
the amount of stress required to cause deformation remains almost
constant, even if strain is increased (see drawing).
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Shape-memory alloy
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WEEMAE4E Super-elastic alloy
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WL EDE  Conventional steel
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Mechanism
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M Corrosion-resistance is excellent.

Resistance to corrosive environments, such as salt water, is on
a par with that of titanium and titanium alloys; wear-resistance
is also excellent.
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Recovers original shape when heated even
R FEA after deformation at low temperature.
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Even when deformation is caused by stress
load, original shape is recovered when stress
EH is removed.
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Recovery from strain due to plastic defor-
mation is not possible, even if stress is re-
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Shape-memory and super-elastic alloys—the
difference in their characteristics depends
on the temperature range at which they’re

used.
The characteristics of Ni-Ti alloy vary greatly depending wheth-
er it is in the austenitic or martensitic phase (10 or 15C). Shape
memory and super-elastic characteristics are achieved by utiliz-
ing this temperature difference. Shape-recovery temperatures
(Af: the temperature at which Ni-Ti alloy recovers its original
shape) can be changed by slightly varying the Ni content.
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Why does it recover its original shape?

Shape-memory effect

Ni-Ti alloy assumes a crystalline structure, called the austenitic
phase, when heated to a temperature exceeding the shape-recov-
ery temperature, and returns to the martensitic phase when
cooled.  Material in the martensitic phase can be easily de-
formed by applying an external stress load. Deformation
causes transformation of the crystalline structure to the marten-
sitic phase. Heating of the alloy in martensitic phase returns
it to the austenitic phase, and the material recovers its original
shape.
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Why does it exhibit super-elasticity?

Super-elasticity effect

Ni-Ti alloy is transformed into stress-inducing martensite under
application of external stress when it is in the austenitic phase,
for which the temperature range is higher than the shape-recov-
ery temperature; immediately after removal of stress, the alloy
returns to the austenitic phase. This is why Ni-Ti alloy exhib-
its rubber-like elasticity, rather than plastic deformation.
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Applications
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W Tooth splint

Splints are embedded in the loose tooth and the normal tooth
on each side of it. When heat is applied, the forked tips of the
splints spread to fix the loose tooth in place.
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Gum

Tight tooth

B
Loose tooth

HitlDH 59
Pyorrhea alveolaris
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KIOKALLOY —as a shape-memory alloy, the possibilities for use are limited only by your imagination.
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M Shower with water temperature regulator
By using a shape memory alloy spring with
outstanding elasticity, we can achieve
comfortable water temperature control
with only minor adjustments of the hot
and cold water mix.
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Shape-memory wire
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Bias spring
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M Micro-robot

The alloy’s characteristics of contract-
ing when electronically heated and ex-
panding when heat is radiated can be
utilized to provide immediate control
of a robot’s joints (grip, wrist, elbow,
shoulder) at the touch of an electric
ON/OFF switch.
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M Abnormal heat sensor for elec-
tric train power-supply wires
The shape-memory alloy sensor mount-
ed on the train’s power line protrudes
in a U-shape when abnormal heat gen-
eration is detected, making the exis-
tence of an abnormality easily visible

from the ground.
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M Eye-glass frames

Lightweight and flexible, fit your face perfectly. They imme-
diately recover their original shape, even after deformation by
external stress during sports or other activities.
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As a super-elastic alloy, KIOKALLOY is also finding its way into our daily lives.
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KIOKALLOQY is found everywhere: hidden in clothing as wires
in brassieres and shoulder pads in uniforms, in portable-
telephone microphone arms, and as fishing line. It is even found
in the most advanced medical technology as a guide-wire for
the catheter used to inject contrast medium into the heart.
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M Catheter guide-wire

[ Ea RS
BFishing line
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M School uniform (Shoulder pad-wire)
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Chemical composition and shape-recovery temperature

;E;opertie% Ni Ti Co Cu Shapejﬁfv[eﬁlrjgtifiramre
Ni-Ti &4 (KIOKALLOY-R) 54~56 E?fl. — — 20~80C
Ni-Ti-Co&4x (KIOKALLOY-S) SR~ B§§l. 1~3 — —-30~30C
Ni-Ti-Cuf 4 (KIOKALLOY-T) 47~50 gfl. — 5= 60~90C
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Shape-recovery temperature varies depending on forming and heat treatment conditions.
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Mechanical properties
H H Ni-Tif & Ni-Ti-Cof 4 Ni-Ti-Cufy 4
Properties Ni-Ti alloy Ni-Ti-Co alloy Ni-Ti-Cu alloy
- GALIEE MPa 1175~1370 1370~1570 1175~1765
WL(T]\Z;Q M | Tensile strength (kgf/mm?) (120~140) (140~160) (120~180)
[EfRuR S MPa ~196 ~294 68~98
martensitic Yield strength (kgf/mm?) (~20) (~30) (7~10)
phase N
Lo % ~50 ~50 ~20
Elongation
T AR 2 MPa 7845~9800 9800~13730 0~4900
Horizontal modulus of elasticity ~ (kgf/mm?) (800~1000) (1000~1400) (0~500)
2 F A GALIEE MPa 1075~1175 1275~1370 1175~1765
(Kﬁ‘ﬁ) Tensile strength (kgf/mm?) (110~120) (130~140) (120~180)
[EfRuR S MPa 390~785 490~980 390~785
Austenitic Yield strength (kgf/mm?) (40~80) (50~100) (40~80)
phase N
O . % ~20 ~20 ~20
Elongation
PR L MPa 17650~21575 25500~ 28440 19615~27460
Horizontal modulus of elasticity ~ (kgf/mm?) (1800~2200) (2600~2900) (2000~2800)

Mechanical properties vary depending on heat treatment conditions and service temperatures.
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Comparison of physical properties
2 [ Z 5 e
" # I wo Rndalicad % s W
& I’ 4 g q + Linear expansion - .. Specific electric
M Density Melting Point o Specific heat Thermal conductivity .
etal - . coefficient (/(kg'K)) (W/ (m-K)) resistance
& © (x10%/K) g (x10°Qm)
Ni-Ti (A—Z7FAMH) 6.5 1250~1280 10 440 12.1 80~100
Ni-Ti-Co (A —ZFFAMH) 6.5 1250~1280 — 470 12.7 —
Ni-Ti-Cu (A —A7FAMH) 6.4 1250~1270 — 460 135 —
Titanium 45 1668 84 520 17.1 55
Nickel 8.9 1453 15 460 92.0 95
Tron 79 1530 12 460 62.8 9.7
SUS304 77 1400~1420 17 500 16.3 72
Copper 8.89 1083 17 380 385.0 1.724
Ni-Tif 40 W B0 P25 BE Bl & BR SIS ED E DN E T,
Physical properties, except for dencity and melting point, of Ni-Ti alloy vary depending on temperature.
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Products
Wire, flat wire and other formed products (springs, etc.) are fab-
ricated. Special treatment for specific shape-recovery temper-
atures is also available upon request. Please don’'t hesitate to
contact us regarding any other shape requirements you may
have.
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