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   Ordering  process and  age-hardeiiing  mechanism  of  CuPd-AuCu  pseudo-binar.v a]loys were  examined.

In alloys  with  electron-atoin  ratios (ela)<O.87, short  range  ordering  was  observed  in the early  stage  of

aging,  thereafter, long range  ordering  occurred  from grain boundarieg by heterogeneous ordering  mecha-

nism.  Age-hardening of these alloys was  attained  by the increase in volume  fractions ef  CuPd  andlor

AuCul  phases. On  the other  haiid, in alloys with  e/a>O,87,  fine demains  of  AuCul  type superlattice

were  formed very  rapidly  in the grain interior, The elastic  straiR  field generated  by this reaction  caused

age-hardening.
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                           I. INTRODUCTION

    Several studies  on  the age-hardening  mechanisms  of  dental precious metal  alloys have

been carried  out  on  commercial  alloys  and  primary  ternary alloys  such  as  the Au-Cu-Ag,

Ag-Pd-Cu  and  Au-Pd-Cu  systerns.  Results of  those  studies  revealed  that  ordering  and

phase separation  played a very  important role  jn age-hardening.  Especially, formation

of  AuCu  and  CuPd  superlattices  was  fbund to contribute  greatly to the age-hardening

of  the  dental precious metal  alloys.

   Much  attention  should  be paicl to Au-Pd-Cu  ternary  system,  because both AuCu  and

CuPd  superlattices  are  formed in this system.  A  few studies  have been performed  on

the age-hardening  behavior of  Au-Pd-Cu  ternary  alloys.  Kumazawa  et  al.i'2) studied

the ordering  process and  mechanical  properties of  CuPd-Au  pseudo-binary alloys,  Order-
ing rate  of  the CuPd  phase was  found to decrease with  the increase in gold content.  Met-
ahi3)  studied  the  age-hardening  process of  AuCu-Pd  pseudo-binary alloys.  His study

revealed  that  a  maximum  hardness was  attained  in a  AuCu-12.0at%Pd  alloy  and  that

the ordering  process of  alloys  containing  less than 12.0at%Pd was  analogous  to that of

an  equiatomic  AuCu  alloy,

   Nevertheless, the  ordering  processes and  age-hardening  mechanisms  of  alloys  whose

compositions  are  in (CuPd+AuCu) two  phase coexistent  region  and  in AuCu  single  phase
region  containing  a  great deal of  palladium have not  yet been elucidated.

   According to the phase  diagrarn of  Au-Pd-Cu  ternary system3},  (CuPd-YAuCu) two

phase coexistent  region  exists  in the central  part of  CuPd-AuCu  pseudo-binary system,

and  ordering  region  of  AuCu  widely  spreads  toward  CuPd  (Cu-40at9/.Pd), Consequently,
the problems  described above  can  be solyed  by studying  the ordering  process and  the age-

hardening  behavjor of  the  alloys  in the CuPd-AuCu  pseudo-binary system.
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    In this work,  ordering  process and  age-hardening  behavior of  several  alloys  in the

CuPd-AuCu  pseudo-binary system  were  investigated by means  of  electrica,1  resistivity

measurement,  X-ray  diffraction, transmission electrQn  microscopy  and  hardness  test, The

ordering  process and  the  age-hardening  mechanism  of  alloys  whose  compositions  were

in (CuPd+AuCu) two  phase coexistent  region  and  of  AuCu  single  phase alloy  with  high

palladium  content  were  examined,

                     II. MATERIALS  AND  METHODS

   Au-Pd-Cu  ternary alloys whose  compositions  were  in the CuPd-AuCu  pseudo-binary
system  were  prepared by rnelting  99.99%Au, Pd  and  Cu  in vacuo.  By  alternate  swaging

and  annealing  of  the ingots, wires  of  1.0 mm  in diameter were  prepared. Chemical com-

positions of  alloys  are  listed in Table 1, The CuPd-AuCu  pseudo-binary phase diagram`)

is illustrated in Fig. 1 together with  symbols  of  alloys.  At  lower temperatures, composi-

tions  of  alloys  A  and  B  exist  in CuPd  single  phase region,  those of  alloys  F  and  G  in AuCu

single  phase region,  while  those of  alloys  C, D  and  E  in (CuPd+AuCu) two  phase co-

exlstent  reglon,

    Specimens were  solution  treated at  973K  for 1.8ks in high purity argon  gas stream

and  quenched  into ice brine, After this solution  treatment, specimens  were  aged  at 573K

for yarious  periods in a  salt  bath and  quenched  into ice brine. Electrieal resistivity  of

the  specimen  was  measured  at  liquid nitrogen  temperature by using  the  fbur-terminal po-

tentiometric method  with  a  direct current  of  500 mA.

   Powder  specimens  (fine enough  to pass through  200  mesh  sieve)  were  prepared  by

filing the wire  using  a  diamond  disk, They  were  sealed  in an  evacuated  silica  tube and

subjected  to the heat treatment. X-ray difftaction was  performed by a  diffractometer

                      Table 1 Chemical  compositions  of  alloys.

Alloy

tt

Cu Pd Au

att/o 57.69

-t42,31

o
A

(masstl.) (44.88) (55.12) (o)

atC!c S8.37 34,99 6,64
B

(M.ISsC/.) (42.44) (42.60) (14,96)
tttttt

atCfo 57.31 30.93 11.76
C
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(RU-100PL), using  Ni filtered CuKa  radiation  at 45 kV  and  80 mA.

   Disks of  three  mm  in diameter were  punched out  of  the heat treated sheet  specimens.

They  were  electrolytically thinned by the jet polishing technique. The electrolyte  used

was  a  solution  o'f 35g  of  CrO,, 200cm3  of  CH3COOH  and  10cm3  of  H,O, The  trans-

mission  electron  microscope  used  was  a  JEM-IOOO  (HVEM  Lab., Kyushu  University)
operating  at  r MV.

   Hardness test was  carried  out  on  the appropriately  heat treated specimens  with  a  load
of  2.94 N  using  a  micro-Viokers  hardness tester. The  average  hardness value  was  obtained

from five indentations.

1. 0rderingRate

   Figures 2 (a)and
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seconds,  respectively,
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573K. The  fa11ing rate  of  resistivity  of  alloy  B  containing  6.64at%Au was  lower than

that of  alloy  A. Hence, gold addition  decrease the ordering  rate  of  CuPd, as  demon-

strated by Kumazawai).  On  the other  hand, the time at which  resistivity began to de-

crease  shifted  toward  longer aging  time  side with  Pd  content  in AuCu,  as  shown  in Fig.

2 (b). This suggests  that Pd  addition  decreases the ordering  rate  of  AuCu.

2. Short Range  Ordering

   As  shown  in Figs. 2 (a) and  2 (b), electrical  resistivity  slightly  increased in the  early

stage of  aging  in alloys  AND.  This increase is thought  to be due to the short  range  order-

ing in a  phase5).

    Figure 3 is an  electron  difli;action pattern taken firoTn cr phase of  alloy  D  aged  at  573K

for 180 s. By  this heat treatment, electrical  resistivity  increased as much  as  4.6%.  The

incident electron  beam  is parallel to [ool].. Fourfbld and  twofold  spl{ttings  of  the diffuse

scattering  are  visible  at  l IO, 100 and  their equivalent  positions, respectively.  These diffuse

scatterings  were  interpreted to be due  to the short  range  ordering  in a  phase6). Accord-

ingly, it was  revealed  that a  slight increase in electrical  resistivity  observed  in the  early

stage  ef  aging  in alloys  AND  originated  from  the  shoit  range  ordering.

    Figure 4 is a  time temperature transformation diagram of  alloy  F confirmed  by trans-

mission  electron  microscopy.  The  symbol  ×  denotes the  short  range  ordering  in a  phase.
It is obvious  that  the short  range  ordering  proceeds over  a  wide  range  of  temperatures

in the early  stage  of  aging  in this alloy,  The  short  range  ordering  is not  considered  to

proceed  in AuCu  single  phase alloys  containing  less than  12.0at%Pd3]. Therefore, order-

ing process of  alloy  F  centaining  2I,34at%Pd  was  found  to be quite different from  that

of  AuCu  single phase alloys which  contained  low concentrations  of  palladium.

    It has been clarified  that the  short  range  ordering  occurred  in the early  stage of  aging

Figure 3 Electron dithaction pattern of  alloy  D  aged  at  573K  for 180s.
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in all the alloys examined  in this work,  except  fbr the equiatomic  AuCu  binary alloy.

3. Long  Range  Ordering

(1) X-ray diffi;action

    Figure 5 shows  change  in X-ray  diffiraction pattern of  alloy  D  aged  at 573K. A  weak

1IO fundamental  line of  the  ordered  CuPd  phase (t)and the 200 fundamental  line of  the

ordered  AuCul  phase(*)appeared  at  the aging  time  of600sand  12ks, respectively.  Their

intensity increased with  aging  time, However, the intensity of  ut phase peaks gradually
decreased and  completely  disappeared at 120ks. On  the other  hand, difTVaction angles

of  each  phase were  unchanged  during the ordering  reaction.  Therefore, it can  be con-

cluded  that the  ordering  in alloy  D  proceeds by the heterogeneous ordering  mechanism.

As  seen  in Fig. 5, the ordered  CuPd  phase was  formed prior to the ordered  AuCul  phase.
The ordering  process of  alloy  D  is, accordingly,  described as  follows:

              a  -  ct+CuPd  ->  a+CuPd-F-AuCul  .  CuPd+AuCul  .

    Change in X-ray diffraction pattern of  alloy  F  suggested  that  the ordering  behavior

of  alloy  F  was  the  same  as  that  of  alloy  D, except  that  the equilibrium  phase at  573K  is

AuCul' single phase.

(2) Transmissionelectronmicroscopy

    Figure 6 (a) is a  bright-field image  of  alloy  D  aged  at 573K  for 180 ks, showing  a  fu11y

ordered  structure, Grain  boundaries are  clearly  seen, but no  contrast  is visible  in the

grain interior except  for thickness extinction  contours.  Figure 6 (b) shows  a selected

area  difllr-action pattern taken from the region  in the circle  of  Fig. 6 (a), This difllrraction

pattern corresponds  to a OOI reciprocal  lattice plane of  a  single  variant  AuCul  phase.
Therefore, the ordered  AuCul  phase was  fbund  to exist  as coarse  grains in equilibrium

state,

   Figure 7 (a) is an  electron  difllraction pattern taken from alloy F  aged  at 573K for

60s. Incident beam  was  parallel to [OOT]., Fundamental  and  weak  superlattice  spots

of  AuCul  type  superlattice,  which  are  arranged  in three  variants,  are  visible  as  well  as  nor-

mal  spots  of  a  phase, Figure 7 (b) is a dark-field image taken by using  OOI superlattice

spot.  Fine domains  of  AuCul  type  superlattice  can  be seen  to be oriented  in two  direc-

Figure 6 Bright-field image  <a) and  sclected  area  diffraction pattern taken  from  the  region  in the circle
       (b) of  alloy  D  aged  at  573K  for 180ks.
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Figure 7 Electron diffiractien pattern of altoy F  aged  at 573K for 60s (a) and  dark-field image tal<en by

       using  OOI superlattice  spot  (b),

 Figure 8 Bright-field image (a) and  selected  area  diffraction pattern taken from the region  {n the circle

        (b) of  alloy  F  aged  at 573K  fbr 600s,

tions, i.e., [110] and  [IIO] directions. These  observations  lead to the conclusion  that fine

dornains of  AuCul  type superlattice  are  formed in the grain interior and  that their a-  and

c-axes  are parallel to cube  edge  directions of  matrix  foc. Formation  of  fine AuCul  ordered

domains was  also  observed  at  623K,  as  shown  in Fig, 4 (e).
    Figure 8 (a) is a bright-field image ef  alloy  F  aged  at  573K  for 600 s, showing  a  newly

produced phase at  the grain boundary. Figure 8 (b) shows  a  selected  area  difltaction

pattern taken  fi:om the  regjon  in the circle  of  Fig, 8 (a). These  image  and  pattern are anal-

ogous  to those  of  alloy  D  shown  in Figs. 6 (a) and  6 (b). Consequently, it is concluded

that the long range  ordering  in alloy  F  is also  attained  by the heterogeneous ordering  mech-

amsm.

4. Age-hardening Behavior

    Figure 9 shows  age-hardening  curves  of  alloys  DNG  aged  at 573K.  Hardness of

alloy  D  did not  vary  up  to the aging  time  of  600s, but it gradually increased thereafter

and  was  fbllowed by a  marked  increase to attain  jts maximum  value  in 120 ks,

    Age-hardening of  alloy  F  occurred  simultaneously  with  aging.  Hardness of  this

alloy  attained  its maximum  value  in 600 s and  was  fbllowed by the constant  value.  Hard-

ness  of  alloy  G  (equiatomic AuCu  alloy)  increased very  rapidly  to attain  its maximum

value  in 60 s, then decreased gradually.
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                           IV. DISCUSSION

1. Relation between Ordering  Process and  Electron-Atom Ratio

   Figure 10 represents  a  schematic  illustration of  the electron  difllr'action pattern shown

in Fig. 3. As already  mentioned,  this electren  diffiraetion pattern was  obtained  from the

short  range  ordered  a  phase. The  separation  m  of  intensity maxima  of  diffuse scatterings

at 110 position was  measured  in terms of  the distance between  eOO  and  200  spots  fbr alloys

A, D  and  F. Figure 11 shows  relation  between  m  value  and  electron-atom  ratio,  ela,
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             Figure 12 Relation between ordering  reaction  in the  grain interior
                     and  electron-atom  ratio in the CuPd-AuCu  pseudo-binary

                     system.  Symbo]s × and  O  denote short  range  ordering
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The e!a value  of  each  alloy was  calculated  from the composition,  assuming  that  the number

of  conduction  electrons  was  one  fbr Cu, Au  and  zero  for Pd6). As clearly  seen  in Fig. 11,
m  value  increased linearly with  the increase in e!a  value.  The  e!a  value  at  m==O  was  found
to be O.86 which  coincided  well  with  the value  (O.87) fbr Cu-Pd and  Cu-Pt systems  obtained

by Ohshima  and  Watanabe6).

    Figure 12 shows  the relation  between ordering  reaction  obseryed  in the  grain interior
and  electron-atom  ratio  (ela). The results  obtained  by Metahi3) (AuCu-6.0at%Pd and

AuCu-12.0at%Pd)  are  also  represented.  This figure shows  that the ordering  reaction

jn the grain interior strongly  depends on  the electron-atom  ratio.  That is, in the alloys

with  ela<O.87,  short  range  ordering  occurred  in the grain interior. On  the other  hand,
in the  alloys  with  e!a>O.87,  fine domains  of  long range  ordered  AuCul  type superlattice

were  formed in the grain jnterior simultaneously  with  the beginning of  aging,  This sug-

gests that the short  range  ordered  structure  becomes stab]e  with  decreasing electron-atom

ratios.  Therefbre, in such  alloys  that e!a  values  are  smaller  than  O.87, long range  ordered

phases such  as  CuPd  andfor  AuCul  have  to be produced at  the grain boundaries  and  grow
into the  grain interior with  successive  aging.

2, Age-hardeningMechanism

   As  already  described, equilibrium  phases of  alloy  D, i.e,, CuPd  and  AuCul, were

produced  at  the  grain boundaries and  grew into the grain interior with  aging  time. To
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Figure 13 Age-hardening curve  of  alloy  D  aged  at  573K.

investigate the age-hardening  mechanism  ef  alloy D,  change  in hardness in the grain inte-

rior  was  examined.  As shown  in Fig. 13, hardness in the grain interior did not  vary,  while

the average  hardness markedly  increased after  the aging  time of  about  18 ks. This finding

means  that hardening does not  occur  in the  grain interior and  that age-hardening  of  alloy

D  is due to the increase in volume  fractions of  ordered  CuPd  and  AuCul  phases. Com-

paring X-ray diffraction pattern with  age-hardening  curve,  it is apparent  that the formation

of  AuCu[  phase corresponds  to the marked  increase in hardness. Consequently, the AuCul

phase is considered  to play a  more  significant  role  in the  age-hardening  than the CuPd

phase.

    Age-hardening  of  alloy  F occurs  simultaneously  with  aging  at  573K, As  previously

described, fine domains of  AuCul  type  superlattice  were  formed in the grain interior in

the early  stage  of  aging.  Both diffraction pattern and  dark-field image  obtained  from

the grain interior of  age-hardened  alloy  F (Figs. 7 (a) and  7 (b)) resemble  very  closely  those

of  age-hardened  equiatomic  AuCu  alloy  in feature. Therefore, age-hardening  mechanism

of  alloy  F  in the early  stage  ef  aging  at 573K  is considered  to be the same  as  that of  equi-

btomic AuCu  alloy.  That  is to say,  elastic  strain  field generated by the formation of fine

domains of AuCul  type  superlattice  that are  coherent  with  the matrix  leads to the age-

hardening of  alloy F. But the age-hardening  mechanism  changes  at  the  aging  time  of

about  1ks into that  of  alloy  D, indicating that  hardening is due to the  increase in volume

fraction of  grain boundary  preducts (large size  AuCul).

    Formation of  AuCul  type  superlattice  in the grain interior of  alloy F was  also  ob-

served  at  the aging  temperature of  623K. However  this reaction  is unstable,  Figure 14

shows  the reproducibility  of  age-hardening  curve  of  alloy  F  aged  at  573K. The scatter

of  the hardness values  was  very  large up  to attaining  the maximum  hardne･ sg value.  More-

over,  this feature was  found to be well reproducible.  The  age-hardening  of  alloy  F  aged

at 573K  originated  from the elastic  strain  field in the grain interior generated by the for-

mation  of  fine domains of  AuCul  type  superlattice,  Therefore, the ]arge scatter  of  hard-
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           Figure 14 Reproducibility of  age-hardening  curve  of alloy  F  aged  at  573K.

ness  values  observed  in the age-hardening  process implies that the magnitude  of

development of  AuCul  type superlattice  markedly  varies  with  the position of  the specimen.

In fact, transmission electron  microscopy  confirmed  the  validity  of  this interpretation.
Consequently, formation of  AuCul  type superlattice  in the  grain inter{or of  alloy  F  is un-
stable.

                            V. CONCLUSION

    Ordering process and  age-hardening  behavior of  several  alloys  in the CuPd-AuCu

pseudo-binary system  were  investigateci by  means  of  electrical resistivity  measurement,

X-ray difTiraction, transmission electron  microscopy  and  hardness test.

    Ordering process of  alloys  in the  CuPd-AuCu  pseudo-binary system  strongly  depended
on  electron-atom  ratio,  e!a.  In the  alloys  with  e!a<O.87,  short  range  ordering  proceeded
in the early stage  of  aging,  In these  alloys,  leng range  ordering  occurred  from  the grain
boundaries by the heterogeneous ordering  mechanisrn.  On  the other  hand, in the  alloys
with  ela>O,87,  fine domains of  long range  ordered  AuCul[  type  superlattice  were  formed
yery  rapidly  in the grain interior,

   In the alloys with  efa<O,87,  age-hardening  was  attained  by the increase in volume

fractions of  long range  ordered  phases such  as  CuPd  andlor  AuCul  which  were  fbrrned at
the grain boundaries. On  the  other  hand, in the alloys with  ela>O.87,  age-hardening

was  attributed  to the  elastic  strain  field in the grain interior generated by the  formation

of  fine domains of  AuCul  type  superlattice.  But in alloy  F  (efa=O.787), fine domains
of  AuCul  type superlattice  were  exceptionally  formed  in the  grain interier when  the alloy

was  aged  at  573K  or  623K. This reaction  contributed  to the age-hardening.
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値 が 赤外炉焼成物に お い て 高値を示 し ， 他の 測定値はす

べ て赤外炉焼成物が 低値を示 した 。 また COLOR 　 TA −

BLE と各陶材焼成物とは色彩 に お い て 両者の 相違 が 見

られ ， 白金炉 と赤外炉などの 熱源に よ っ て も陶材焼成物

に 色 調の 変化が表わ れ た。

ナ イ ク リ ッ ク ・ク リー プ の コ ン ピ ュ
ー一タ ー

シ ミ ュ レ　
一一

　or ヨ ン

和田正高，菅原敏，塙隆夫 ， 大川昭治，近藤清一郎，太田　守

北海道大学歯学部歯科理 工学教室

　臨床 で 認 め られて い る よ うに ，義歯床 の 破折の 大きな

原因の
一

つ は疲労で あ る 。 こ れを究朗す るため に ， 著者

らは サ イ ク リッ ク ・ク リープ ・テ ス タを設計製作し，そ

の 試用結果を先に報告した 。

　さ らに 本研究 で は ，サ イ ク リッ ク ・ク リ
ープ の 数値解

析 と して ，FEM を コ ア とする シ ミ ュ レ ータを開発 し，

パ ー
ソ ナル コ ン ピ

ュ

ー
タを使用 して シ ミ ュ レ ーシ ョ ン を

行 っ た 。

　試験方法として ， JIS及び ADAS に基 づ く片振り曲

げ負荷を採用 した。材料は エ ン ジ ニ ア リン グプ ラス チ ッ

ク の 内から PEEK を採 りあげた。こ の 材料の DENTU −

RE 使用時を想定 して シ ミ ュ レ ー
シ ョ

ン を行い ，
二

， 三

の興味あ る結果を 得 た の で報告す る。

　なお ， 本研究 は歯科領域に お ける CAE として の 試 み

で あるが，なお機器 の 面 で 増強 の予定が ある。

各種 歯科 用ア マ ル ガ ム ア ロ イ の 特性 と ，

練 和時間 が そ の 物理 的諸性質 に及 ぼ す影響

中井宏之 ， 鈴木
一

臣， 入 江正郎 ， 長 由克也＊
， 橋本弘

一＊

岡山大学歯学部歯科 理 工 学講座

＊
城西歯科大学歯科材料学講座

　入手可能な低 ， 高銅型 ア マ ル ガム ア ロ イ の 物理的諸性

質を主 として A．D．　A．規格 No．1 の方法 に よ っ て 測定

して そ の 特性を 比較 ， 考 察 した 。 同 時 に，練和時間の 変

化が こ れ らの 物理的諸性質 に及 ぼ す影響 に つ い て も検討

した 。

　低銅型 ア ロ イ に お い て は粒状が物理的諸性質に 及 ぼ す

影響は 比較的小 さか っ た が ， 高鋼型 ア ロ イで は 著 明 で

あ っ た 。 即ち ， 球状粒子 の み で 構成されて い る単一組成

型高銅 ア ロ イ は他 の すべ て の ア ロ イ に比 べ て 際立 っ た特

徴 を 示 した。即 ち，低 銅 型 ア ロ イ は勿論，配合型高銅 ア

ロ イ も明らか に 異な っ た特徴を持つ こ とが わか っ た 。

　練和時闘が物理 的諸性質 に及 ぼ す影響につ い て み る

と ， 不充分 な練和 は低 ， 高銅型 を 問わず削片 状 ア ロ イの

性質 に著 しい 悪影響を及 ぼ すが ， 球状 ア ロ イ に は そ の 影

響が比較約小さい こ とがわか っ た 。 製造者の 指示よりも

過剰 に練和 した場合 は機槭的性質は若干向上 す る が ，著

し い 発熱 ， 操作時間の 短縮 ， 硬化時の 収縮を 伴なうの で

臨床的に 利点がある とは思われなか っ た 。 物理 的諸性質

の うち で 練和時間の 影響 を 特 に 署 明 に 表わ した の は ， ク

リープで あ っ た。

CuPd −AuCu 擬 2 元合 金の 規則化過 程 と時効硬 化機構

白石孝信 ， 太 田道雄 ， 山根正 次

九州大学歯学部疉科理工 学教室

　CuPd −AuCu 擬 2 元合金 の 規則化と時効硬化機構を検

討 した 。 e ／a 値 （伝導電 子 濃度）が0．87よ り小さい 合金

で は時効初期 に短 範囲規則化が 進行 し，そ の 後不 均一規

則化機構 に よ り長籘囲規則化が結晶粒界から起 こ っ た 。

こ れ らの合金 の 時効硬化は CuPd 相また は AuCu 　 I相
の 休積率 の 増加 に よ る もの で あ っ た。一方 ，

e／a 値 が

N 工工
一Eleotronio 　Library 　
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0．87よ り大 きい 合金 で は AuCu 　 I 型 規則格子 の 微細 な　　引き起 こ さ れ る弾性 ひ ずみ場が時効硬 化 の 原 囚 で あ っ

ドメ イ ン が粒内に速 や かに 形成された 。 こ の 反応 に よ り　　 た 。

タ ン ニ ン ・フ ッ 化物合剤 （HY 剤） の 配 合 さ れた

　合 着 用 セ メ ン 1・の 長 期浸水 に よ る 物性 の 変 化

入 江正郎， 鈴木
一

臣， 中井宏之

岡山大学歯学部歯科理工 学講座

　タ ン ニ ン ・
フ ッ 化物合剤 （HY 剤） の 配合された カル

ボ キ シ レ ートセ メ ン ト とリン 酸 セ メ ン トに つ い て 長 期閻

の 浸水 に伴 う物理的性質 の 変化を 検討 し ， フ ッ 化物 の 配

合 されて い ない 同種 セ メ ン トと比較 した。

　圧縮，引張 り強 さ に つ い て み る と ， カ ル ボキ シ レ ート

セ メ ン トの 場合には HY 羯配合 に よ る影響ん ど は ほ と

み られ な い が ， リン 酸 セ メ ン トの 場合に は ， 強さが 明 ら

か に 増加 した 。 寸法変化 ， 吸水性 に つ い て み る と，HY

剤 の 配合され た カル ボ キ シ レ ートセ メ ン トの 場合，12ケ

月の 浸水後で は配合され て い な い もの の 約 2倍の 収縮を

示 し，吸水率 も硬化後の 早期か らわず か な が ら増 加 し

た。一
方 ，リ ン酸 セ メ ン トの 場合に も，

HY 剤 を 配合さ

れた もの の 方が収縮 も吸水率 も逆 にわずかな が ら減少し

た 。

有機酸 中に お け る グ ラ ヌ ア イ オ ノ マ ー セ メ ン ｝の 侵食過程

松家茂樹 ， 松家洋子
＊

， 山本　泰＊
， 山根 正次

九州大学歯学部歯科理 工 学講座

＊
九州大学歯学部歯科保存学第二 講座

　酢酸 ，乳酸 ， ク エ ン 酸お よび塩酸中 における グ ラス ア

イ オ ノ マ
ーセ メ ン トの 侵食過 程 を化学分析 ，

SEM 観察

お よ び赤外吸光分析に よ り検討 した 。

　各酸の 陰イオ ン と Al 又 は Ca との 錯体 の 安定度定

数が 大 きい 程ある い は ， 酸 溶液 の pH が低 い 程 ，　 Al
，

Ca ，　 Na ，
　 S三および F の 溶出量 が多くな っ た 。　SEM 観

察 に より，O・　Ol　M ク エ ン 酸 お よ び塩酸巾で はセ メ ン ト

マ ト リ ッ ク ス が溶解す る こ とが 分か っ た 。 0，01　M ク エ

ン 酸 お よ び 塩酸中で は ，
セ メ ン ト浸漬後 に 臼色 沈殿 が 生

成した 。 そ の沈殿 は ， 水和ケ イ酸質ゲル で あ る こ と が

IR ス ペ ク トル に よ りわ か っ た。

入 エ ナ メ ル 質 に 対す る 酸処 理 法の 効果

　　 （酸 処理 法 の 臨床応 用 の 改 善）

武　谷　道　彦

九州大学歯学部歯科保存第二 講座

　エ ナメ ル 質酸処理法 に 関す る研究として ，
エ ナ メ ル 質

の 酸処理面や接着破壊面を SEM を用 い て 観察 した。ま

た ， 酸処理 に伴 う Ca の 溶出量 ，申心 線平均 ア ラサ ，接

着強さの 測定を行 っ た。そ の 結果 ， まず小柱中心部が 窪

み ， 次 に小柱辺縁に狭 い溝が形成 され，酸処理時閥が長

くな る程溝 は広 く深 くな っ た。接 着破壊面 に は ，レ ジ ン

と エ ナ メ ル 質の 破折が観察さ れ た 。 リ ン 酸 はす べ て の 測

定値に お い て 大 きな値を示した 。 シ トラ コ ン酸 とピ ル ビ

ン 酸は ，
Ca の 溶出量は リン 酸の 約半分で あ っ た が ， そ

れ 以外の 測定値は リ ン 酸 と ほぼ 等 しか っ た 。 ク エ ン 酸 は

すべ て の 測 定値で 最 小 の 値 を 示 した。Ca の 溶出量 と接

着強 さ は，酸 の 濃度が増加す る に した が い一定の 値まで

は増加する が ， そ の 後減少 した 。 すべ て の 測定値 は ， 酸

処理時間が長 くな る程増加 した 。 シ ト ラ コ ン 酸の 臨床 使

用 の 可 能性が 示唆さ れ た。

N 工工
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