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Multilayered structure control for obtaining nanocrystalline iron — nickel alloy

with multifunction and high performance

ZHANG SHUZHE

Summary

Nanocrystalline metals and alloys have been expected to be applied as structural
materials for micro electro mechanical systems (MEMS), because of their superior
strength. Although the MEMS structural materials are required homogeneous
microstructure, high strength, high toughness and many functions, the nanocrystalline
metals and alloys are generally brittle and difficult to give many functions. It is well
known that iron — nickel alloys have many superior functions, such as low thermal
expansion coefficient and high permeability as well as their high strength. This thesis
was carried out to establish a nanocrystallization process and multilayering process of
the iron — nickel alloys with different chemical compositions. Moreover, the purpose of
this thesis is to obtain a guideline of design and control of the multilayered structure of
iron — nickel alloys. This thesis consists of six chapters as follows.

In chapter 1, the background, the related prior researches, the objectives and the
contents of this thesis are shown.

In chapter 2, the process of controlling the grain size and the chemical composition of
the iron-nickel alloy by the electrodeposition was experimentally investigated. As a
result of electrodeposition by systematically changing the current density, the average
grain size decreased with increasing current density. The nanocrystalline alloy specimen
with the finest average grain size of 20 nm was obtained by the highest current density
condition of 3.0 mA/mm?. In the range of current density of less than 2.0 mA/mm?, an
iron-nickel alloy having an iron solid solution as a main phase can be obtained, whereas
in a range of current density of more than 3.0 mA/mm?, a nickel solid solution occurred
as a main phase. In particular, iron-nickel alloy having a chemical composition close to
that of the Invar alloy layer was obtained under the condition of a current density of 2.0
mA/mm?2,

In chapter 3, the multilayering process of nanocrystalline iron — nickel alloys
possessing different chemical compositions and lattice structure, namely Invar and
non-Invar alloys, was established by alternately switching the conditions of the current
density in which each alloy layer is preferentially deposited. The electrodeposition rate
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of both layers was quantitatively evaluated, and a multilayering process of
nanocrystalline alloy was obtained in which the thickness ratio of both layers and the
number of layers were controlled.

In chapter 4, the tensile property in the multilayered nanocrystalline iron — nickel
alloys with layer number of 3 — 33 layers was investigated. The tensile strength of the
multilayered nanocrystalline Fe—Ni alloy increased with the decrease in the Invar alloy
layer thickness ranging from 3.2 to 11.0 um. The tensile strength decreased when the
Invar alloy layer thickness further decreased to less than 2.6 um. The elongation in the
multilayered nanocrystalline Fe—Ni alloy decreased with the decrease in the Invar alloy
layer thickness ranging from 3.2 to 11.0 pum. The elongation was increased with the
decrease in the Invar alloy layer thickness ranging from 2.6 to 1.5 pum. Specimens
showing a high tensile strength of approximately 2 GPa and high elongation of
approximately 15 % can be produced through multilayering by optimizing the thickness
of the Invar, non-Invar, and gradient alloy layers.

In chapter 5, a new strengthening mechanism in multilayered nanocrystalline alloy
was proposed from the chemical composition distribution and hardness distribution near
the interphase boundary between the Invar and non-Invar alloy layers. The gradient
layers in which chemical composition and lattice structure gradually changed were
formed between the interphase between the Invar and non-Invar alloy layers. The
multilayered nanocrystalline alloy can be strengthened by constraint of deformation at
the gradient layers.

In chapter 6, the findings in this study were summarized and the prospects and the

problems in the future were suggested.



mCEEmRDORER

1. RESTDONE & 54

BT/ S BAEH, B OZR M EHIERF LSV S LIRS &
HOZ LD, WUNE ML SEA~OISHANIIE SN S, L, fEskio
WA X D ACICIZRA DR H Y | EmEEICZ LW EOREEZ LD, KN
XiE, TS OREMRIOLAEED O, T/ fk— =y 7 VAEITH
L. ZEEPEROIHEE IR ETREZRALNIT 2O THD, FrlT, AE
SDLZET 7' XML & mIREA & SIEEAL O WSL O 72D O % et s
Ff - HIEHORREREZGEL 2 LA AN E LTS,

AR, LLTFD 6 ETHAINL TV,

1 ETIE, AFROE R, HEROBIE, RBFEO B & iU Z R LT
W5,

%2 O, BIEICL 28— =y 7 VEEDT /i &AL DT
EIZOWTERIICHR, ZRICEREE (BE) #22{bEETENTHZ
SRV, H—0@EB» bR 26 FMkE b o7c T/ fmek— =y g
EEHBONDHTEEZPLNILTWD, FrIZ, BEEZEmDLZ EITLD,
BEO=y FIVERENENT L2 &, BLUORSERAMMET s Z 2R L
TWa,

83 mCIE, (LB & A EIE N R e D 2 O T gk =y v s
B (A N BEBITEVMETF L oA =B R L =y TV ERERE
Ao "—felitdang) OZELT AR L, FEIEERE
L EIMEE DR Z AR TERZITO &R, A1 U3 —B8E L
HAN—BRENORDZEEGEN/HTOND ZEEZH LN LTV D, WiE
D FNEGHREE & E BB ST L, WiJEOJE S s LU A RtiIc & b
SH7LE T k= VA EERIL . ZEMETIE Y v ' X 25T,

FATETIE, A AR—EEE A N —FEBOIAIC 3E~33 B TRA
(R SE T2 RE T ek — = v F VA EOSRFHEIC OV TR TN 5,



BREENEMLA o —E8E—EH ) OEI K 3um ([Z725 £ T, HE
BOHENNFE > THRABIERS 234 2.4 GPa & Miked TV MEIC £ TIN5 =
EEHALMILTND, SBICA U A—BEBOEI N T 2 L5IERS T
B> LAy, MONIRELSNT 22 2R LTV 5, FEOREE S %Kil
b9 52 L2k, K 2GPa DD TEWEEIR & & 15% DAl HE /2 4 )@
TRk = VAR,

5 ETIE, A oG8R LA =58 ORI eE DL R O 4y
i, WUNMESHRBOERENS, BT Rk =y F VA EICBWTRELT
HDELVIELEZ IR L T D, I DHIT, ®EE L REEZ W1 5 2B
R - Bl A E LD TND,

6 mTIE, A THLNTLERAMALE LD TR, S%OREL
WZOWTHR TV 5,

UL ED XS ITARMZEIL, T/ fifek— = 7 v Gk & @t ibo
lebDLJELT B ADRSI G ZIEREERREE - ST EORE E TITo 2
WHZETH Y . SREATFEIEEU ST 5 PR E S K& <. LR S &
HLOLEFHIT L Z ENTE D,

It

|

T
3

2. WICEEORR

AENLHGERR SR L, 1 - EE LSRRI 5fM 2411 A 12 HO T
A, S 2412 H 25 HOBEZESIT L D ARER (KKEE) 2T,
BSRM3HF2 A 13 HICAESZEmM L, %S, »ometsiiz,

NHESHK THRICHEBEZE S 2 BME L CHFE LR AR SUIMAINEICE 2,
FAENAEN H Y . LFOmENS R T HSICARMERSH 5 RO 6Tz,

X oT, Kigtidflit (L% OGS E LT Ho iz Fm 250 L
BOLN, BEEESEE K TEK LML,



