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A New Approach to Materials Design and Development for Advanced Materials :
Interfacial Architecture in Material Systems

Tadao WaATANABE

Synopsis :

A new approach to materials design and development for advanced materials is discussed which is defined Interfacial

Architecture for material systems. Structure-dependent properties of individual grain or interphase boundaries can be
effectively utilized to produce a polycrystal system with high performance by designing and controlling the grain
boundary character distribution (GBCD). Recent applications of the concept of Interfacial Architechture through grain
boundary design and control for advanced materials are introduced. A prospect of materials design and development

by Interfacial Architecture is discussed.
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Fig. 1. Demonstration of high corrosion resistance
of low-energy boundary with the high dihe-
dral angle (G. B. 3) in Fe-17mass% Cr-0.55n
Alloy!'®.
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Fig. 2. SEM-ECP micrographs taken at a tilt
boundary in Fe-6.5mass% Si alloy ribbon
rapidly solidified and annelaed at 1363K for
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Fig. 3. Sliding vs time curves during creep defor
mation at 800K in corse-grained aluminium.
Note that coincidence boundaries (G. B. 4, G.
B. 7) are difficult to slide!?.
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Fig. 4. Grain boundary character distribution in a
molebdenum polycrystal recrystallized from
a single crystal with (110) initial oriention
(809) deformed under compression and an-
nealed at 1873K for 7.2Ks'".
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Fig. 5. The frequency of coincidence boundaries as
a function of the average grain size for
recrystallized bulk metallic materials'®.
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1100} TEXTURED RIBBON (Annedled at 1363K.for 36ks.)
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X

{110} TEXTURED RIBBON (Annealed at 473K for 3.6ks)
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(b)
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104 Fe-65mass*% Si ( Twin-roller method)

1363K, 3.6ks Annealed, (100) Texture
Total G.B.=387

L1 (Low-angle)=24.8%

£3~L29 =20.2%

Random =55.0%

<100> Rotation: Z1,5,13,17,25, 29.

Frequency, F/%
(-] -3

&~
T

&

The Frequency of Coincidence Boundaries as a Function of L in
Rapidly-Solidified and Annealed Fe-6.5%Si Ribbon.

Fe-6.5mass% Si { Twin-roller method)
1473K, 3.6ks Annealed, {110) Texture
Total G.B.=488
L1 (Low-angle )= 17%
L3~Z29 =28%
Random =55%
<110> Rotation : £1,3,9,11,17,19,27. 1
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The Frequency of Coincidence Boundaries as a Function of I in
Rapidly-Solidified and Annealed Fe-65%Si Ribbon.

Fig. 6 (a). The distributions of grain orientations

for Fe-6.5mass% Si ribbons with (100) or
(110) textures.}é1"

(b),(c). The frequency of coincidence bound-
aries as a function of 3 for Fe-6.
5mass% Si ribbons rapidly solidified
and differently annealed?®!?,
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(a) Sliding-Assisted Mechanism

g
(b) Diftusional Mechanism

Fig. 8 (a),(b). Structure-dependent intergranular
creep fracture in an iron-tin alloy”.
Intergranular crack detours away
from the cluster of low-energy bound-
aries which are resistant to inter-
granular fracture by any fracture
mechanism indicated by Fig. 8(b).
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Fig. 9. Different grain boundary connectivities for
polycrystals with the same fraction (0.25) of
random boundaries. The bottom part shows
the distribution of differently connecting
random boundaries®V.

FHCREZ 5 2 L RBH G2 LTV A R R ZHRIIEAS
s, MR, BELEOSBENHERIELES 5355
AR LTHoNTETWwED, MAZEROMEYEZOX
APCEKET A LI ZLERFILVAIRTD 5,

5. SRBMHOSEEL - SHE(LD7=HD
FISREET - R

RO G, HEE - MR T AR R OB, 1HRE
DmEFLIZCTLIOL, HIHROET2L6THO
E9iH b, 22T, MEOHMEEOKRTY 4126 THRIFOR
LTS AL, HREOmEE b I2o TREBYEK
A¢ 5, 2T, R—FH, FHERKOZERE
BLOMEMSE - a2 F L mbs e, 36 LUE
Be® b OMELOBAR D TREME S L RO T 5 R R DA
2 0 2R LB AR O 22 RIS AELE O S RRIEL, M
B2 AL LTOEERCI L TEREEEYHIITL
55 REEMERE L TH b, EGMEOSERL - 48R
LD 12 DRIF AT - BIENCBIT 3 KW - FERIFTRY
BoRAMItRE L T 3820 MiEE R ORIV T,
BLRBEE AR LR RS LT LIRS LRE L Lo
T Y, BRIFEOREIIEEME ORI 5 EER
BETHs, FLOHBEFORRERIMELELICEK
B OBEERE - SO Y V7 TURIE - =KL
ML TRINTEH L, ZRITEEHGKORKRO—FI2%

19



B 20 & & #AVol. 82(1996)No. |

<o
0
&
& 0.4
< 3D-RANDOM
EQUIAXED -
0.2} Z16-ZAG PATH -
e = PLANAR PATH |
00 N . N .
0.0 Q2 0.4 06 08 10

f

Fig. 10. Effect of overall fraction of low-energy
boundaries, f, on the toughness of a 3D
Polycrystal having a random grain bound-
ary character distribution?®.
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Fig. 14. Description on an imaginary scale of the evolution of the innovation potential of materials by
Hondros. Note the prospect of Interfacial Engineering in the future®®.
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