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   The  oxygen  concentration  in molten  binary Ni-based alloys was  estimated  by an  electrochemical

rnethod  using  solid  electrolytes,  The  electrochemical  cell  was  Pt [ Mo+  Mo02  
'i

 Zr02(MgO)  1 Q  (in liquid) i Mo.

The activity of  oxygen  determined from the electromotive  force (EMF) of  the cell increased when  Cu

was  added  to pure Ni. Namely, the oxygen  concentration  was  higher than that for pure Ni only  when

the amount  of  Cu  was  between  lwt%  and  30wt %. In binary Ni-Cr  alloys,  it was  deduced that  the  addition

of  15 and  20 wt%Cr  to pure Ni  showed  thd lower oxygen  concentration,  although  the ljquid Ni-based

alloys having 5, 7 and  IO wt%Cr  tended  to have higher oxygen  concentrations  than  pure  Ni.
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                             INTRODUCTION

   Little is known  about  the thermodynarnic  behaviour  of  elements  at  diluted concen-

trations  in liquid states in dental Ni-based  cast  alloys.  In the Ni-based alloys, both Cr

and  Cu  were  constituted  as  main  additive  elements.'}-`) Thus, the thermodynamic  pro-

perties of  liquid Ni-based  systems  are  of  interest in the  dental field, because the absorption

and  the  dissolution of  gases during melting  and  solidification  seem  to have an  effect  on  the

casting  defects and  the mechanical  properties.5'L9' It is deduced that the dissolved gases

in liquid metals  and  alloys  occur  as  gas porosities and  nonmetallic  inciusions during their

solidification  of  liquid ones, The liquid ones  absorb  some  gases of  oxygen,  nitrogen  and

hydrogen.

    The  activity  ef  exygen  dissolved in liquids has been recently  estimated  using  solid

anionic-conducting  oxide  electrolytes.  The  electrochemical  method  using  solid electrolytes

has been done to rneasure  oxygen  concentration  in liquid NiiO)ri2) and  Ni-Cu  binary

alloys.i3'"i5' The  method  with  Zr02(CaO)  solid  electrolyte  having an  air!Pt reference

electrode  has been utilized,ie)  whereas  another  analysis  by nitrogen!oxygen  determinator

which  is used  by Takahashi et a]S) and  Tajima  et a19} has been carried  out.'T)-i9)  It was

reported  that the oxygen  may  escape  from the  sprue  canal  and  outside  from the mould,  and

the residual  gases may  exist within  the  casting,  because the measured  oxygen  content  was

very  smali.e'  Therefore, the oxygen  concentration  cell:

        Pt [ Mo+  MQ02  l ZrO,(MgO)  I P. (in liquid) l･ Mo,

inyolving a  solid-oxide  electrolyte  was  used  in this study  for the determination of  the

activity  ef  oxygen  d{ssolved in metals  and  alloys. The  electromotive  force (EMF) of  the
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cell  is given by the  following equation.iO]-i6),20),2i)

       EMF-(RTf4F)ln[Po2(inliquid)IPo2(Mo-[-Mo02)], (l)
where  R  is the gas constant,  F  the Farady  constant,  T  temperature, and  Po2 (in liqujd) and

Po2 (Mo+Mo02)  are  the oxygen  partial pressure in equilibrium  with  dissolved oxygen  jn
liquid meta]s  and  alloys  and  the oxygen  dissociation pressure of  Mo02  that is oxygen  partial
pressure in equilibrium  with  Mo  and  Mo02.  In the present study,  the experjment  to es-

timate the oxygen  concentration  was  perfbrmed  and  the  efiects  of  Cu  and  Cr addition  to

pure Ni  on  the activity and  the concentration  were  discussed.

                       MATERIALS  AND  METHODS

    The  metals  used  to make  the binary Ni-based  alloys  w,ere  two  kinds ofpure  electrolytic

Ni  (299.9% purity; Katayama  Chemical Co., Osaka, Japan and  299,95 %  purity; Bindura
Nickel Co., Zimbabwe), electric  Cu  (}ll99.9% purity; Katayama  Chemical  Co., Japan) and

electrolytic  Cr (299.9% purity; Rare  Meta]lic Co., Tokyo,  Japan). The  Ni-based  alloys

were  fused in a  high-frequency induction furnace in a  yaccum  (about lO-5 torr) (Fuji Denpa
Co., Osaka, Japan). In Ni-O.5, 1 and  2 wt%Cu  binary alloys  having  perfect solid  solution,

the alloys  were  melted  during the flow ofArgon  gas. The  chemical  components  of  the alloys
are  shown  in Tables 1 and  2. Their main  components  were  analyzed  according  to the
methods  described in JIS H  1101 (Cu) and  JIS G  1217 (Cr).
    The experimental  apparatus  is indicated in Figure 1. A  Zr02-9mol%  MgO  tube

containing  a mixture  of  Mo+Mo02  as  a  reference  electrode  was  closed  at ene  end,  and  it
was  dipped into liquid metals  and  Ni-based alloys,  A  Mo  wire  (O.5 mm  diameter) was  used

to make  electrical  contacts  to both liquid metals  and  alloys  and  the reference  electrode.

The  apparatus  including Al20s-crusible was  made  every  measurements.  The electromotive

force noted  by EMF  was  then measured  by a  two-pen  recorder  with  O.5 mVfcm  (It was  also

                       Table l Copper levels of  binary Ni-Cu

                              a]loys
                            '                                tt tttt
                      Alloys (attempted) Level achieved
                        .t- ....
                      Ni-10wt%Cu  

"
 9.40wt%

                      Ni-20wt%Cu  18.11wt%

                      Ni-30wt%Cu  28,47wt%

                      (Pure Ni ; Katayama  Chemical  Co.)

                      Table  2 Chromium  teveJs of binary Ni-Cr
                            alloys

                     .. 
Atloys

 (attempted) . Level achieyed

                      Ni-5wt%Cr  4,95wt%

                      Ni-7wt%Cr  6.30wt%

                      Ni-10wt%Cr  9.53wt%

                      Ni-15wt%Cr 15.00wt%

                      Ni-20wt%Cr  20.10wt%

                      
'
 (i'alE Ni ; Bindura  Ni,kel co,J'
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      Figure 1 The  experimental  apparatus.  A; solid  electrolyte  (Zr02･9 mol%  MgO)a,  B;

             Mo02+Mo  powder  mixtureb,  C; a]umina  crusiblec,  D; Mo  lead wire,  E; Pt-to-

             (Pt+13wt%Rh) therrnocouple, F; recorder  to get electromotive  forced, G;

             recorder  for zero  junction, H;  high-frequencyLcentrifugal casting  machinee,  I;

             ?.?..o.!fp..n. meSFiE  a"g.  F.l!97.F.:...................."...........-----･--------･-- ------･･---･--･--------------- --
             a  Nippon  KagUku  Togyo  Co., Nagoya,  Japan. b Wako  Pure  Chemical  IrfdL,

             Osaka,  Japan. c  TMC-102;  Morita  Co,, Tokyo,  Japan. d Type  3066-21;

             Yekogawa  Hokushin  Denki, Tokyo,  Japan. e  Castron-8; Yoshida Co,, Osaka,

             Japan.

checked  by a digital voltmeter  with  internal impeadance 108 n. Type 1502A; Yokogawa
Hokushin  Denki,  Tokyo,  Japan).

   The  rnetals  (Ni and  Cu) and  Ni-based binary alloys  were  melted  using  a  high-frequency

fusion and  centrifugal  casting  during constant  fiow (5 litrelmin) of  Argon  gas (l})99.9%
purity). The  weights  melted  was  about  15 gram.  The  temperature  was  measured  with  a

Pt-to (13wt%Rh･Pt) thermocouple.

                       RESULTS  AND  DISCUSSiON

   The changes  in EMF  values  of  the cell  with  the mass  fraction of  O  in liquid Ni, Cu  and

Ni-Cu  alloys  is shown  in Figure 2. The  mass  fraction of  O  is calculated  by the fo11owing

equation,  using  aQ  =-Po,  (in liquid) exp(-AGOIRT)  :io)-i3)

                dGO  2EF  l
        ln ao==-  RT--  RT-+-2- ln {Po2(Mo+Mo02)}, (2)

                           266.7±O.15 i2)
where  ln {Po,(Mo+Mo02)}=--4.lss4RT , (3)

       R==  l.9865 cal!mol･degree  ,

       F=23066  cal!mol･volt  .

The  Henrian activity  coeMcient  of  oxygen  is related  to the Henrian activity by ao=  [O %]･f
in the hypothetical liquid ¢ ontaining  a low oxygen  content  (100 ppm)  to higher content

It has been known  that ao  corresponds  to [O%], because fis equal  to 1.0.iO)-i2) This  ap-

proach  is considered  to be real by analysing  the oxygen  eoncentration  of  the quenched

samples  obtained  at each  molten  temperature  by nitrogenloxygen  determinator.ii',i2' Thus,

the oxygen  concentration  is deduced by calculating  ao  according  to the  equation  (2), In



The Japanese Society for Dental Materials and Devices (JSDMD)

NII-Electronic Library Service

The  JapaneseSociety  forDentalMaterials  andDevices  {JSDMD)

2S K.  WAKASA  and  M.  YAMAKI

EMF{mv)

Figure 2

500

o

-500
  o

xN"N

,)t/L

x

A,,;,li).
?

l,
C

,,
i!oigNi

           .OOI O.Ol  O.1  1.0

                     QCx)

The  EMF  of  the cell-g- PtiMe+Mo02iZrOz(MgO)IQ(in  liquid)IMo as  a

function of  the logarithm of  Q%  in Jiquid Ni, Cu  and  Ni-Cu  alloys.

this case, the standard  Gibbs energy  change  for the reaction:

        1
        202 

--
 
->9(in

 liquid states),  (4)

could  be given as  the temperature function as  fo11ows:

       dGO(Ni)=-23200+3.93TiO),  (5)
       tiGO(Cu)z-17500+2.22TiO),  (6)
        dGO(Ni-Cu)==6530-11.5Ti4).  (7)
The  yalue  of  ao  in the equation  (2) is regarded  a  a]most  constant,  even  though  the other

equations  of  Gibbs energy  change  were  used  to measure  the activity  of  oxygen.

   The changes  in EMF  values  and  oxygen  concentration  of  the cell  with  diffbrent amounts

of  Cu  added  to Ni are  shown  in Figures 3(a) and  (b). The  EMF  changes  in liquid Ni at
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l5eOOC  were  about  4 mV,  but the  additions  of  10, 20 and  30 wt%Cu  to pure Ni lowered
the respective  mean  yaiues  to -293,  

-265
 and  

-282
 rnV.  The  oxygen  concentrations

corresponding  to the  EMF  values,  as  shown  in Figure 2, had  larger mean  values  of  O.23

(10 wt%Cu),  O. ] 56 (20 wt  %Cu) and  O. i96 %  (30 wt  %Cu) than that of  pure Ni (below O.O] %).
Seeing the change  of  EMF  values  in liquid pure  Ni by means  of  solid-oxide  galvanic cell,

which  was  shown  in Figure 1, the  present study  showed  a  good  agreement  with  that  of  Iwase
et al.i2' ln order  to cheek  the validity of  AGO(Ni), in addition,  the  equation  (5) was  used.

The  EMF  values  were  almost  found on  the  straight-line  representing  the relationship  of

EMF  and  oxygen  concentration  obtained  by Iwase et al.i2' In Figures 4(a) and  (b), the
additive  element  of  Cu  (O.5, 1 and  2 wt%)  was  shown.  The mean  oxygen  concentration

increased by O.O17 and  O,09%  with  increasing 1 and  2 wt%  as  the  amount  of  Cu. At  O.5
wt%Cu  addition  to pure Ni, the  EMF  values  and  oxygen  concentration  showed  almost  the

same  values  (below O.Ol Y:) as  Ni, It is clarified  that dissolved oxygens  in liquid Ni-Cu
binary alloys  including additive  elements  of  Cu  Iowers the  activity  and  the oxygen  concen-
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tration  decreased then.

    Figure 5 shows  the  EMF  changes  with  the decreasing molten  temperatures after  melting

Ni-5 wt%Cr,  Ni-7 wt`;f,Cr  and  Ni-10 wt%Cr  binary alleys. Difierent tendencies  of  EMF

values  were  noted  with  the  changes  .in their temperatures.  In Ni-5wt%Cr  binary alloy

containing  the lowest contents  of  Cr, the EM  F values  decreased markedly  with  the decrease

of  molten  temperatures of  1550 to l4500C, but the Ni-7wt%Cr  al]oy showed  only  a  slight

change  with  decreasing the temperatures,  On  the contrary,  the  Ni-10wtP6Cr  alloys  having

larger Cr content  than  the Ni-5wtP;Cr  and  Ni-7wt9CCr binary alloys  showed  the lowest

value  of  the  Ni-based  alloys  at  15500C, and  a  gradual change  with  decreasing temperatures

up  to 14500C. Figure 6 presents the relation  between  EMF  changes  and  molten  temper-

atures  in Ni-15wt91Cr  and  Ni-20wt%Cr  binary alloys,  similarly  to Figure 5. The extent

of EMF  changes  with  the decrease of  temperatures  was  very  small  in these  binary alloys.

Three specimens  of  binary Ni-20wt %Cr alloys  had no  difierence at  each  rnolten  temperature.

    In Ni-based binary alloys  containing  Cr as  an  additive  element,  diflerent thermodynamic

behaviours for each  binary alloy  were  observed  in the  variation  of  EMF  values  with  molten

temperatures (Figures 5 and  6). It is deduced that the  activity  of  oxygen  in the alloys

indicates to change  directly with  different amounts  o,f Cr. Consider the variation  of  EMF

values  with  molten  temperatures. The melting  temperature of  Cr is described to be about

18800C in Ni-Cr  equilibrium  phase diagram,E2) and  the variation  is, thus, not  measured  by

this apparatus  because of  the absence  of  thermocouples.  The  EMF  values,  as  has been

reported,iO' is decreasing with  increasing the concentration  of  oxygen.  In Figure 2, the

higher EMF  values  were  associated  with  the  lower values  of  oxygen  concentration  in liquid

EMF{dnV}
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Figure 5 The  EMF  change  with  molten  tem-

       peratures in Ni-5 wt%Cr  (A), Ni-7
       wt%Cr  ([]) and  Ni-10 wt%Cr  bina-

       ry  alloys  (O).
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Figure 6 The  EMF  change  with  mQIten  tem-

       peratures in Ni-15 wt7CCr  (O) and
       Ni-20 wt  %Cr binary alloys (V).
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Ni, Cu  and  Ni-Cu  binary altoys.  It is, therefore, expected  that the  hJigher values  of  EMF

in high contents  of  Cr in Ni-15 and  -20wt%Cr  alloys  may  have the lower concentration  of

dissolved oxygen  in their al]oys.  Namely,  the concentration  of  dissolved oxygen  in Ni-5,
7 and  IOwt%Cr  alloys became higlier than that of  Ni-l5 and  20wt%Cr  alloys.

    In the case  of  Ni-Cu binary alloys,  the equilibrium  phase diagram is known  to be perfect
solid  solution.23)  The liquidus and  solidus  curves  decrease continuously  with  increasing

amounts  of  Cu  added  to pure Ni. Observing the changes  efthe  EMF  value  and  the oxygen

concentration  jn Figure 4, the  oxygen  concentration  had the larger values  with  increasing
Cu  element  1 and  2 wt%  in comparison  with  that ofpure  Ni. As  the  standard  free energy

of  formation of  oxides  is -29.53  (Cu20) and  
-53.09

 (kcallmol) (NiO) at  ]2eOOC,22) the

binding energy  of  Ni  works  to became  stronger  than Cu. It is deduced that  the  addition

of  Cu  element  to pure Ni raises  the  activity  coeMcient  o.f oxygen  highei than pure Ni  as  well

as the concentration  of  dissolved oxygen  in liquid states.

    Considering the validity  of  additive  elements  of  Cu  and  Cr  to  pure Ni  from  these  results,

only  the  addition  of  O.5 wt%Cu  is needed  to obtain  the sarne  oxygen  concentration  as pure
Ni, but the addition  of  1 wt%Cu  rnay  be necessary  if the concentration  of  oxygen  of  about

O.02 P: is perrnitted. On  the  contrary,  the  addition  of  Cr to pure  Ni  may  be valid  for 15 and

20 wt%Cr.  Further studies  are  needed  to examine  the relation  between the EMF  value

and  the cQncentration  ofdissolved  oxygen  ofliquid  Cr at  molten  temperatures above  ] 9eO OC

in order  to obtain  the exact  values  of  the oxygen  concentration.

                              CONCLUSION

   Using  the oxygen  concentration  cell  with  a  solid-oxide  electrolyte,  the activity  of  dis-
solved  oxygen  in liquid Ni, Cu  and  Ni-Cu  binary alloys  was  examined,  and  the meaning  of

EMF  values  in liquid Ni-Cr  binary alloys  was  discussed, The  fbllowiRg results were

obtained.

1. The  addition  ofCu  to pure Ni increased the concentration  ofdissolved  oxygen  at  l180OC
in ]iquid states  of  Ni-10, -20 and  

-30
 wt%Cu  binary alloys, cornpared  with  tbat of  pure Ni.

At O.5 wt%Cu  addition  to  Ni, the  level of  oxygen  was  almost  the same  value  as  pure  Ni.
In the Ni-Cu  binary alloys  having higher contents  of  1 and  2 wt%Cu,  the increased oxygen

concentration  was  noted,  similarly  to the high concentrations  of  oxygen  in the Ni-10, -20

and  -30 wt%Cu  binary alloys.  Also, the concentration  ofoxygen  at  1 wt%Cu  was  a]ower

value  than  those  of  the alloys  with  higher Cu  contents,

2. With  higher Cr  contents  of  15 and  20 wt%,  it was  expected  from  the  EMF  va]ues  that

the lower concentration  of  oxygen  was  found in the Ni-15 and  -20 wt%Cr  alloys, compared

with  those of  Ni-5, -7 and  -10 wt%Cr  alloys.
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討を行 っ た。

　そ の 結果に よれば，い ずれの 材料に も時間
一

温度換算

則が適用で き，重 ね合 わせ の 良好 な合成 曲線を 作 製す る

こ とが で きた 。
パ ラ フ ィ ン に ， カル ナ ウ バ ワ ッ クス を 添

加 した 場合，高温側 で の 応力緩和が著 しく抑制されるこ

とが わか っ た 。
パ ラ フ ィ ン に みつ ろうを 添加す る と ， 低

温側の 弾性率が低下す る こ とが わか っ た 。 また ダ ン マ ル

は 混 合物 の 応力緩和挙動 に ほ とん ど影響を与え な い こ と

が 明 らか に な った 。

溶融 Ni 基合金 中 の 酸 素 の 電気 化 学的測定

．一．．．添加元素 と して の Cu お よび Cr の 影響一

若狭邦男 ， 山木昂雄

広島大 学歯学 部爾科瓔 工 学 講座

　溶融 2 元系 Ni 基合金の 酸素濃度を固体電 解質を 用 い

た 電気化学的方法に よ り評価した 。 そ の セ ル は ，Pt1Mo

十 MoO21ZrO2 （MgO ）IQ（液体）IMo で ある。 熱起電力

（EMF ）か ら決定す る酸素活性 は純 Ni に Cu を 添加 し

た時増加 した。すな わ ち，酸 素濃 度 は，そ の 添 加 量 が l

wt ％ 以 上 30　wt ％ まで の 時 ， 純 Ni で の 値 よ りも大 き く

な っ た。2 元系 Ni−Cr 合金で は ，
5

，
7 お よ び 10wt ％

ほ ど Cr を 含有 す る と，純 Ni よ りも火 き い 酸素濃度を

示す よ うに思 わ れ ，
15お よ び 20wt ％ Cr の 添加 に よっ

て ， 純 Ni よ りもよ り低 い 酸 素濃度 を 呈 す る もの と推測

で き る。

機 能性 モ ノ マ ー の 歯科 的応用 （そ の 9 ）

各種 succinoxy 　methachylate の 含成 と 無処 理 お よ び酸 処 理 歯質 へ の 接 着 性

福 胤忠 男 ， JII［コ　 稔 ， 井 ．ヒ勇介 ， 宮 崎光治 ， 堀部 　隆

福 岡歯科大学　歯科理工 学講座

　 レ ジ ン の 歯質 へ の 接 着 性 を改善す る た め に ，succillO −

xyethyl 　methacrylate （2SEM ）に各種疎水基を導入した

新 しい succinoxy 　methacrylatc （sSPrM
，　SPPM ，　Bis−S−

GMA ） と 2SEM の 4 種を合成 し，歯質 へ の 接着性 と織

造 との 関係を検討 した。合成 モ ノ マ ーと BGDMA か ら

調製した 各種 b。 nding 　 agent を無処理 （最終研摩 ： サ

ン ド’謖 一パ ー
＃600）と 酸処理 （37％ リ ン 酸 ，1分 間 処

理 ）牛歯 エ ナ メ ル お よ びデ ン チ ン に 薄 く塗布 し，そ の 上

か ら即 重 レ ジ ン を嗔入 して 作製 した 鍍着試料 に つ い て ，

室湿 に 10分 間放髏後 （Dry 呶 1処 理 ），水 中浸 潰 1 日 後

（Wet ：無処理 と酸処 理 ）に引 張 り鍍着試験 を 行 っ た。無

処理 エ ナ メ ル お よ びデ ン チ ン へ の 接着性が Dry で 最 も

優 れ て い た の は ， そ れぞ れ Bis−SGMA （50　me1 ％ ）と 2

SEM （55〜65　m ・1％）で あ っ た。　Wet で は SPPM 〔40

m 。1％） と 2SEM （55〜65　m 。1％）で あ っ た 。 酸処 理 エ

ナ メ ル お よ び デ ン チ ン へ の 接着力 が最 も優れ て い た の

は ， そ れぞ れ SPPM （40　mol ％）と Bis−SGMA （15〜25

mol ％ ）で あ っ た ：

合 着用 セ メ ソ トの 硬化後 の 寸法変化

蟹 江隆人 ， 西岡 慎一
， 長岡成孝：

， 劉　宏志，川越 嵩宜，

　 有 川裕之＊
， 藤井孝一＊，上新和彦＊，井上勝一郎＊

鹿児 齢大学歯学部　歯科保存学 （1）講塵

＊

鹿児 島大学歯学部歯科 理 工 学講座

現在，市販 さ れて い る 4 種類 の系の合着 用 セ メ ン トに　　つ い て練和比 お よ び試料寸法を変 え た 場合 ，硬化後の
『
寸
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