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   }Ieat of  polymerization of  Bis-GMA-TEDMA  monorner  mixtures,  corresponding  to the  concelvable

constituents  of  composite  resins,  was  evaluated  from  the area  of  exothermic  peak  in DSC  curves,  and  also

the conversions  of  polymerization were  calculated  from the ratio  of  the heat of  polymerlzation for each

menomer  mixture  to an  assilmed  one  at  100%  conversion.  The  effects  of  compesition  of  monomers  and

environmental  atmosphere  on  the polymerizatioR were  exarnined.  The  resu]ts  suggest  that increasing
amounts  ef  TEDMA  in the monomer  mixtUres  {n¢ reases  the length of  the inhibition pefiQd for oxlrgen-
inhibited polymerization of  dimethacrylate monomers,  but decreases the porosity of  cured  resins.
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                             TNTRODUCTION

   Methacrylate monomers,  such  as  Bis-GMA  and  TEDIVffA, have been used  extensively

in commercial  composite  resins.  There have  been many  investigations into the causes  of

pulp irritation by the residual  monomer.  Furthermore, the mechanical  properties are  welt

correlated  with  the amount  of  residual  monomeri).  Using a  method  of  liquid chromato-

graph, the  amounts  of  residual  Bis-GMA  monomer  at the setting  time were  in the range
O.4-1.21%  of  the original  weight  of  cured  resin2). Infrared spectroscopy  (IR) has been
often  used  to evaluate  the conversion  of  polymerization of  commercial  composite  resinsS)ti).

However, with  IR methods,  interferepce in, the critical  vinyl  absorption  region  by the filler

component  makes  sample  preparation diMcult. Isothermal ditllerential scanning  calorimetry

(DSC) used  in this study  does not  have such  a problem. The  DSC  methods  can  be adapted
to studies  on  the  polymerization and  polymer reaction5)'6>,  and  can  also  be used  in the
study  of  setting reactien  of  dental materials7)-9). The purposes of  this investigation are

to obtain  the heat of  polymerization and  the conversion  of  Bis-GMA-TEDMA  monomer

mixtures  from DSC  curves,  and  to discuss the effects of  composition  ef  monomers  and

environmentar  atmosphere  on  the polymerizatien and  the adaptability  of  isothermal DSC
measurement  by comparison  with  IR  measurement.

                       MATERIALS  AND  METHODS

   The monomers  used  in this study  were  Bis-GMA*  and  TEDMA  (triethylene-glycole-
dimethacrylate)*. Either BPO  (benzoyl-peroxide)"" as  initiator or  DMPT  (dimethyl-para-
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toluidine)** as  a ¢ celerator  were  dissolved in each  monomer,  and  HQME  (hydroquinone-
monomethyl-ether)*  as  inhibitor was  dissolved in both monomers.  The Bls-GMA--

TEDMA  monomer  mixture  contained  20%,  30%  
,
 40%,  50%, 60%,  80%  and  100%  TEDMA

by weight.  , 
The  monomer  content  of  BPO,  DMPT  and  HQME  was  l.O%, e.59C and  O,3%

by weight,  respectively.  The additiye-containing  monomems  were  used  in combinations  thAt

gave setting  times between  3 and  10 minutcs  according  to previous results'O)"'2).

    Difll rential  scanning  calorimeter  (DSC)t was  vsied  in this study.  The  experiments

were  conducted  under  air or  argon  gas at 230C, isothermally. The  instrument was  cali-

brated using  In, Sn, Pb, KN03  and  KCjO,. With DSC  measurernent,  the samples  were

produced  as  follows: An  ainine-containing  monomer  was  mixed  with an  equal  content  of  a

peroxide-containing monomer  for 20 seconds.  Samples (approximately 10mg)  were  then

placed in DSC  aluminum  pans  and  were  quickly transferred  within  10 seconds  to the sample

holder of  the instrument. The  sample  weight  was  obtained  by subtracting  the weight  of

the pan  from the final weight  after  the run.  The  heat of  polymerization was  eyaluated  I'rom

the  planimeter measurement  of  the total area  of  exothermic  peak in the DSC  curves.  A

base line for the DSC  curve  was  obtained  by a  second  measurement  of  the polymerized
material'  under  the same  condition,  At  least 5 samples  of  each  monomer  were  measured

in the same  manner.  Details of  the DSC  measurement  are  the same  as  those  described

preyiously7)･9).

    The conversion  C  was  calculated  from the ratio  of  the observed  heat of  polymerization

dQ  fbr each  sample  to the  assumed  one  dQt  at 100%  conversion:

          C-100･aQ!ziQt.  (1)

The  assumed  heat of  polymerization dQt  at 100%  conversion  is derived as  follows;

          dQt  =:  Z;goQo(iOi}i::bX +  
MXt),

 (2)

where  Mb  and  Mt  are  the  molecular  weights  of  Bis-GMA  (----512) and  TED]VfA  (=286),
respectively. X  is weight  percentage of  TEDMA  in the B'{s-GMA-TEDMA  monomer

mixture  and  dQo is the heat of  polymerizatlon of  methacrylate  monomer.  A  basic as-

sumption  of  this method  is that heat fi;om the reaction  for the conversion  of  a  vinyl  group
to saturated  carbon-carbon  bond is the same  for all methacrylate  monomers,  and  is only

proportional to the number  of  reacted  vinyl groups7). The  value  of  dQo  used  in this

study  is 13.3 kcallmole for methyl-methacrylatei3),

    The  cured  monomer  mixtures  were  mounted  in epoxy  resins  and  polished. Cross

sections  of  thc  samples  were  obse[yed  by a  Scanning  Electron Microscopy  (SEM)-#.
    The  unreacted  methacrylate  groups, having C:='-C bond, were  quantitatively analyzed

for reaction  time by means  of  infrared spectroscopy  (IR)##S and  compared  with  the results

obtained  by DSC  measurement.  Samples were  mixed  for 20 seconds  the same  as  the pro-
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cedure  for DSC  measurement,  then quickly pressed between two  KBr  crystal ptates (to30
mm)  and  the infrared absorption  spectra  between  l700  cm-'i  and  l550 cmii  were  measured

every  minute  for the first 15 minutes  and  several  times after  that until  saturated  value.

The measurement  time to obtain  a  spectrum  was  about  10 seconds.  The  amounts  of  the

unreacted  methacrylate  groups  were  evaluated  from  the ratio  of  the intensity of  C==:C
stretching  bands at  arround  1640 cm-i  to that of  aromatic  C..C  bands at  arround  1600

cm-'.  This method  is basical]y the same  as  the one  developed by Ruyter and  Gy6r6sii`).
Detai]s of  the ca]ibration  and  the determination of  the  amounts  of  C=-C  are the same  as

those  described previously'O),i5).

                      RESULTS  AND  DISCUSSION

   Figure 1 shows  the ehange  in the DSC  curves  during the curing  for the Bis-GMA-
TEDMA  monomer  mixtures  at  230C atnder  air. The heat of  polymerization, conversion,

Tp  and  Te  for each  monomer  mixtures  were  obtained  flrom these  curves,  where  Tp  is the
time  to the peak of  the  DSC  curve  from the start  of  mixlng  and  Te  is the cirne to 5%  of

the  height of  the  peak from the start of  mixing.  Te  corresponds  to the  setting time meas-

ured  wlth  an  oscillating  rheometer  according  to ISO-4049g). Obtained values  of  the heat
of  polymerization, conversion,  Tp  and  Te are summarized  in Table 1, with  the comparison
of  the  resuks  -nder  argon  gas. Both  Tp  and  Te were  retarded  with  in¢ reasing  arnounts

ofTEDMA  in monozner  mixtures,  and  the times  of  those  polymevized under  air  were  more

retarded  than those under  argon  gas. Furthertnore, the difference of  these  tirnes accord-

ing to the  ditlerence of  atmosphere  increased with  jncreasing amounts  of  TEDMA  in
monomer  mLxtures,

o
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 (ft Bis-GMA  + TEDMA  ( X wt:96  )

IE HQME  o.3%

  

-
            O l 2 3 4 5
                        TtME  (min.)
Figure l Change in the DSC  curves  for Bis-GMA-TEDMA  monomer  mixtures

       at 230C under  air. DSC  range  and  chart  speed  we[e  d:l6mctttlsec and

       20 mmlmin  respectively.
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Tab;e1

            S. BAN  and  J.

Results rneasured  with  DSC  for

23eC  under  air  and  argon.

HASEGAWA

Bis-GMA-TEDMA  monoinermixtures  et

Amounts of

 TEDMA
  (Wt.%)

 ziQ(caltg) ziQt(calfg)loo･dQldQt Tp

  (%) (min)

 Te(Mill)

air

20304050608010024.60*32.8824.6718,1019.7511.90

 8.Z2

1.87.*1.35O.961.601.441.432.0460.l664,2768.3772.4876.5884.7993.0040.89 3.ll

51.l6 2.10

36,e4 1,40

24.97 2.21

25.79 1.88

14.03 1,69

 8,84 2.19

1.l8 O.09

1.33 O.04

1,95 O.15

2.19 O,04

2.49 O.!O

2.88 O.09

2.95 e.09

2,52 O.16

2.78 O,07

3.75 O.29

3.72 O.10

3.98 O.10

4.33 O,l9

4.21 O,tZ

argon

20304050608010026.6134.2343.1842.5042,7946.4344.422.565,58l.747.46S.08O,923,4260.1664,2768.3772.4876.5884.7993.0044.23 4.25

53,26 8.68

63.l6 2.50

58.64 10.29

55.88 6.63

54.76 {.09

47.76 3.68

1.26 O.11

].23 O.05

1,79 O.20

1.85 O,19

2.11 O.e7
2.36 O.07

2.53 O.09

2.14 O.19
2.54 O.36

3,26 O,18

3.ss e.24
3,45 O.30

3.48 O.10
3,56 O.14

*;
 mean**;  stanclard  deviation

60

.en40C.

6<
 20

               o
                    20  40  60  80  100
                    AMOUNTS  OF  TEDMA  lwt.%l
        Pigure  2 Relationship between heat Qf  polymerization and  amounts  of  TEDMA

               in Bis-GMA-TEDMA  mononier  mixtures  at 23eC  under  air  and  argen

               gas,

   Figure 2 shows  the heat of  polymerization and  Figure 3 shows  the conversion  sutn-
                                                         - --
marized  in Table 1. In case  of  pol.ymer{zation under  air, the monomer  mixture  contatning

30%  TEDMA  by weight  showed  the highest heat of  polymerization and  conversion.  
In

the case  of  polymerlzation under  argon  gas, the tnonomer  mixture  containing  40%  TEDMA

'
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   20
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Figure 3 
'Relationship

 between conversions  and  arnounts  of  TEDMA  in Bis-GMA-
       TEDMA  monemer  mixtures  at  23"C  under  air  and  argon  gas.
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'

by wejght  showed  the highest conversion.  These heat of polymerizatien and  conversion

under  air were  lower than those wnder  argon  gas. Furthermore, the  diffbrences of  these

according  to the  difference ofenvironmental  atmosphere  increased with  increasing amounts

of  TEDMA  jn monomer  xnixtures  as  well  as  the change  of  Tp  ancl  Te. It is suggested

that the length of  the inhibition.period for oxygen-inhibited  pelymerization of dimetha-

crylate  monomers  increased with  increasing amounts  of  TEDMA  in monomer  mixtures:

   , Oxygen  itself is well-known  as  a polymerization inhibitor. The  role  of  oxygen  in the

mechanism  of  vinyl  polymerizatioh is peroxide fonnation in preference to polymerization.
In the presence of  excess  oxygen,  polymerization is either  greatly retarded  or  entire]y pre-

yented'6).  On  the other  hand, HQME  was  also  dissolyed as  an  inhibitor in the monomers･

Phenols such  as  HQME  are  known  to have little efTbct  on  the rate of  polymerization in

the absence  of  oxygen.  PEienols aet  simply  as  antioxidants  .in the inhibition Qf vinyl  poly-
merization  in the  presence of  oxygen.  The  role  of  phenols in the inhibition of  stabilization

process is simply  to prevent the oxygen  from being consumed  rapidly  and  thus to maintain

the oxygen  concentration  at  a  level high enough  to cause  inhibition for a longer timei7),
It ,is apparent  that  the inhibitien observed  in this study  is dependent on  the eifects of  HQME

and  atmespheric  oxygen.  According to Ruyter3), it is assumed  that the rate  of  oxygen

diffusion in a  resin  liquid decreases with  increasing viscosity,  and  as  the viscosity  is of  the

satne  magnitude,  the suppEy  of  oxygen  to the reactive  site; i.e. the  radicals,  is of  the same

orcler  of  magnitude.  Asmussen's investigationiS) showed  that  the viscosity  of  Bis-GMA-

TEDMA  monomer  mixtures  decreased with  j,ncreasing amounts  of  TEDMA,  in the monomer

mixtures.  Thus, it can  be seen  that  increasing amounts  of  TEDMA  in the monomer  mix-

tures increased the length of  the inhibition period for oxygen-inhibited  polymerization of

diinethacrylate monomers,
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   Figure 4 shows  the SEM  photographs  of  sections  of  cured  resins  containing  20%,
30%,  40%  and  50%  TEDMA  by weight,  }'ores of  abou't  100itm or  less in diameter were

fbund in 20%  and  30%  TEDMA  by weight,  but were  extremely  rare  in 40%  and  50%
TEDMA  by weight.  It appears  that  the pores in cured  resin,  caused  by entrapment  of  air

during mixing,  were  increased with  increasing viscosity  of  monomer  mixtures.  As describ-
ed  previously, the viscosity  of  Bis-GMA-TEDMA  menomer  mixtures  decreased with  in-
creasing  amounts  of  TEDMA  in the monomer  mixtures  and  increased with  decreasinp.
amounts  of  TEDMA.  And  it can  be seen  that polymerization of monomers  containing

the pores was  inhibited by oxygen  on  the surface  and  in the pores As seen  in Figure 3,
in case  of  polymerizatjon under  argon  gas, the conversinns  of  the monomer  mixtures  con-

taining 20%  and  30%  TEDMA  by weight  were  relatively  less than  the conyersions  of  the

other  monomer  mixtLires;  furthermoie, the datlbrence of  the conveysions  by the difibrence
of  environmental  atmosphere  was  rather  small.

   Table 2 shows  the conversions  evaluated  fi-om the change  in the C=C  bonds  obtained

by IR measurement  during polymerization of  Bis-GMA-TEDMA  monomer  mixtures  at

230C. These  results  correspond  to those  obtained  by DSC  measurement  under  areon  gas

Figure 4 SEM  photographs  of  section  of  cured  resins.  Flgurcs stand  fbr amounts  of  TEDMA  ln
       Bis-GMA-TEDMA  monomcr  mixtut'es.
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Tabte  2 Resutts Tneasured  with  IR fov Bis-GMA-TEDMA  monomer  mixtures  at  230C.
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Amounts  of

 TEDMA
 (Wt.%)

Conversion  (%)

5 min tO min 24 hr

          20  26.3* 6,4** 31.3 ?.O 32.3 2,?

          30 30.1 6.9 35.t 7,5 37.0 6.3

          40 21.4 4.4 4S,6 5.8 5).4 1,2
          SO 4e,2 5.3 55.3 8,9 58.1 5.0

          60 l2.7 6,7 39,9 8,3 66.4 2,4

       
*;

 mean  
";

 standard  deyiation

summarized  in Table 1, Except for the conyersion  of  60%  TEDMA  by weight  after 24

hours from the start of  mixing,  the conversion  obtained  by IR was  less than the one  by

DSC.  In IR measurement,  samples  were  pressed between KBr  crystal plates; so  that samples

did not  come  into contact  with  ait' and  pores were  extremely  rare.  Howeyer, samples

came  into contact  with  KBr  plates having iarge heat capacity,  aiid  the temperature  of  the

samp!es  was  not  raisecl by heat of  poEymerization, Thus, it seems  that the rate  of  poly-
merization  was  not  accelerated  by the rise  ol' temperature and  the conversion  was  less than

the one  by DSC.  Considering the  procedures for clinical  samples,  DSC  analysis  is more

applicgtble  than IR.

   In the  case  of  the conversion  obtained  by IR  after  24 hours from the start  of  mixing,

the conyersion  increased with  increasing amounts  of  TEDMA  in the monomer  mixtures.

This is in agreement  with  results  by Asmussen2)'7) and  Ruyter  et  al.iS) On  the other  hand,

in the case  of  conversion  obtained  by DSC  measurement  under  argon  gas, conversion

showed  the highest in 40%  TEDMA  by weight,  but decreased with  more  than 40%  TEDMA

by weight  such  as  Figure 4. As  described previously, lncreasing amounts  of  TEDMA  in

the monomer  mixtures  increased the length of  the inhibition period for oxygen-inhibited

polymerizatlon. And  it seems  that  the rate  of  pelymerization in DSC  measurement  was

inhibited by diff"used oxygc:n  on  mixing  and  impure  oxygen  in argon  gas. Furthermore',

in the case  of  greatly retarded  polymerization, the  DSC  curve  is broad and  total area  of

exothermic  peak in the curve  is dilEcult to measure  precisely. Thus, it should  be noted

that the DSC  method  is not  always  possible in the case  of  greatly retarded  reaction.

                            CONCI.UTIeNS

   The  isothermal DSC  measurement  used  in this study  was  suitab!e  as  a method  for de-

termining the conversion  ot" polymerization of  dimethacrylate monomers,  such  as Bis-GMA

and  TEDMA  used  in commercial  comp,osite  resins.  It was  also  found that increasing

amounts  of  TEDMA  in monomer  mixture  increased the length of  the inhibition period
for oxygen-inhibited  polymerization of  dimethacrytate monomers,  but decreased the po-
rosity  of  ¢ ured  resins.
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　 ク ロ ル ヘ キ シ ジ ン 塩酸塩 を配 合 した

抗菌性根 管充填用シ ー ラーに 関す る研究

第 1報 　ベ ース と なる シ ーラ ーの 組成の 影響 に つ い て

南部敏之

京都大学医用高分子研究セ ン タ
ー歯科材料応用研究部門

　酸化亜鉛ユ ージ ノ ール 系の シ ーラーICつ い て ， 酸化亜

鉛の 熱処理 や ロ ジ ン の 配合蚤 の 違い が ， 硬化時間と封鎖

牲 に 与え る影響を検討 した。酸化亜 鉛 とチ ョ ウ ジ 油の 練

和物で は ，
70e　℃ 以 上で 熱処理 さ れた 酸化亜 鉛 の 粉末を

用い た場合 ， 急激に 硬化時間が 延長 した 。 ま た処理 温度

70e　℃ の 粉末を用 い た場合に 封鎖性は最 も良 くな っ た 。

こ の 練和物へ の ロ ジ ン 配合率に つ いて ，
5 〜15％ の 場合

硬化時間は延長 したが ， 配合率が増加する に つ れ 短 縮

し ，
30％ で最小値とな っ た 。 こ の傾向は硬化機序に おけ

るロ ジ ン の 影響が 大 きい こ とを示唆 して い る。 封鎖性は

配合率の 増加に つ れ良 くな っ た が ， 臨 床 に お ける 操作性

の 点で ， 過 大な粘着盤を もつ 配合率40％ 以 上の もの は実

用的で は な い 。 こ れ らよ り抗菌性を持つ シ ーラー
の べ 一

ス として の 酸化亜鉛 ユ
ージ ノ

ー
ル 系 シ

ー
ラ
ー

は ，
700b

で 熱処 理 した 酸化亜 鉛を 含み ，
ロ ジ ン が30％ 配合さ れて

い るもの が適 して い る とい え る 。

X 線に よ る 高 溶 卑金属合金鋳造 体の 非破壊検査

川原春幸， 石崎順啓 ， 前田孝俊 ， 栄　弘 毅

大阪歯科大学歯科理 工学教室
　 　 　 ’

　 コ バ ル ト ・ク ロ ム 系およ びニ
ッ ケ ル ・ク ロ ム 系合金 は

耐
’
食性 にす ぐれ機械的強度 も大 きく軽量で ， しかも生体

紅織へ の なじみ も良好で ある。 さらに 精密鋳造成形法 に

つ い て もほ ぼ確立され ， 比較的精度の良い鋳造体が得ら

れ る よ うに な っ て きた 。 最近で は 鋳造床 の み な らず ク ラ

ウ ン ーブ リッ ジ，メ タ ル ボ ン ド ポ ーセ レ ン さ らに イ ン プ

ラ ン ト用 として 広 く活用されようとして い る。 しか しこ

の 種の 合金 に は鋳造欠陥が多発す る とい う大きな難点が

あ る 。 と くに 内部鋳造欠陥の 発生 は 鋳造成形物の 機械的

性質や耐食性を著し く低下させ 生物学的に も種 々 の 問題

を包含して い る。 そ こで 鋳造体内部の欠陥の 発生機構を

解析 し，欠陥防止法を究明するため に歯科鋳造体専用 の

X 線装置を開発し ， そ の 性能を 調べ る と と もに い くつ か

の 実験を行 っ て みた 二すなわち ，
コ バ ル ト ・ク ロ ム 合金

（Bionium ）お よ び ニ
ッ ケル ・ク ロ ム 合金 （Wiron ）で 鋳

造成形 さ れた 階段 状 の test　piece を 使用 した 。　 test　 pie・

ce の厚径 は 0．　S5　mm から 4，55　mm まで を 0，35　mm ご

とに ヨ3段階 に したもの で あ る 。 な お ， 臨床実験例 と して

コ バ ル ト ・ク ロ ム 合金 に よ る鋳造床と ク ラ ウ ン
， 骨膜下

イ ン プ ラ ン トの下部構造休などの 内部欠陥を観察 した 。

　そ の 結果 ， 歯科鋳造体専用 X 線装置 （Bio−X ）を用 い

る こ とに よ っ て きわめて 鮮明 な X 線像が得られ る こ とが

分か っ た 。 本法に よればブロ ーホ ール や樹枝状鋳巣 の よ

うな微細な欠陥ま で観察が 可能で ， とくに 管電圧 50
，
60

および 70KVp で 90秒間の 曝写条件で コ バ ル ト ・ク ロ ム

系お よ びニ
ッ ケ ル ・ク ロ ム 系合金鋳造体内部の ほ と ん ど

の欠陥が観察された 。

　以上の こ とか ら， X 線 に よる金属鋳造体の 非破壊検査

は臨床上非常 に有用なもの で ある こ と が理 解で きた 。 と

くに鋳造性能 の よ くな い高溶卑金属金鋳造体ICつ い て は

臨床応用以前に おける必須 の 検査法として 採用すべ きで

あ ろ う。

DSC 等温 法 に よ る ジ メ タ ク リレ ー トモ ノ
’
？ ・一 の 重合発 熱 の 研 究

伴 　清 治， 長谷川 二 郎

愛知学院大学歯学部歯科理 工学教室

市販 コ ン fi？ジ ッ F レ ジ ン の 主 成分で あ る Bis−GMA と　　TEDMA モ ノ マ
ー
混合物の 硬化反応を Dsc 等温法 に

N 工工
一Eleotronio 　Library 　
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より検討 した 。 重合発熱量は DSC 曲線の 発熱 ピーク面

積 よ り求 め ， 重合率 は各試料の 重合が 100％で あると仮

定した場合の 重合発熱量 に対す る比率か ら計算 した 。 そ

して 重合反応 に与え る モ ノ マ
ー
組成およ び 重合雰囲気 の

影響を検討 した 。 また ， 赤外分光分析 に よ る結果 と比較

する こ とに よ り， PSC 等温法の 適応tSICつ い て も検討

した 。 そ の 結果 ，
モ ノ マ

ー
混合物中の TEDMA 含有量

が多い 程 ， 重合反応 に およぼ す酸素 の 抑制作用は大 きく

な っ た 。
一方 ， TEDMA 含有量が少ない と ， 硬化体内部

に気泡 が 残存 し気泡中の 酸素 に よ る重合抑制が生 じた 。

また臨床操作を考慮す る と eDSC 法 は赤外分光法より

も、コ ン ポジ ッ トレ ジ ン の 硬化反応 の研究に 適す るが，

遅 い 発熱速度の 場合は注意を要す る。

光 重合型 コ ソ ポ ジ ッ トレ ジ ソ 内 の 光の 分 布 に つ い て の

　　　　　　　 実験 的研 究 と そ の モ デ ル 化

D ．バ ラ ン ＊
，

R ．ギ ラ ール
， 」．C ．ア ン ド レ

＊ ナ ン シ イ大学歯学部 （フ ラ ン ス ）

　歯科修復に 用 い られる コ ン ポ ジ ッ b レ ジ ン の 璽合に，

感光性 の 開始 薊が 使用 され る こ とが 多くな っ て きて い

る。今回 ， 重合を起こ させ る化学反応の機能とい っ た硬

化機構や無機質 フ ィ ラ
ーに よ る光の 散乱に つ い て の 実験

的 ， 理 論的研究 を行 な っ た 。 われ われ の 実験 か ら得 られ

た 結果は，古典的 な Beer−Lambert の 吸収の 法則からは

あきらか にか けはな れて い た 。 これ らの 結果か ら，
コ ン

ポ ジ ッ ト レ ジ ン が歯牙窩洞内に おい て 重合され る場合，

均
一

な硬さを得 る こ とが困難 で ある こ と が 示された。

貴金 属修復 物 の 高温 に お け る 変 形機 構

（第 1報）Au −Pt−Pd 合金系の 高温の たわみ

安 藤進夫 ， 中山正 彦 ， 西 川良子

日 本歯科大学歯科理 工学教室

　陶材焼成時に おける鋳造体の 変形機構を解 明 す る た

め ， 高温た わ み 測定装置を試作 し，試作合金 の 鋳造体を

用 いて 高温わたみ 量を測定 し， 合金組成 との 関係を検討

した 。 高温わた み量は ， 支持距離30mm と し ． 24℃／min

で 1050℃ まで加熱冷却した と きの 試験片中央部の た わ み

量 とした 。 実験1ご用 い た合金 は ， 金 80〜90wt％ ， 白金

0 〜20wt％ ，
パ ラ ジ ウム O −・10wt ％ の範囲内で それぞ

れ 5％ず つ 変化させ た 9種 の 合金で ある。

　 高温たわみ 量 の 最 も大きい合金組成 は ，
80Au −20Pξ合

金であり， 最 も小さい 組成は 90Au −10Pd合金 で あ っ た 。

また高温たわみ量は，パ ラ ジ ウ ム の 含有量が増す と減少

、す る 傾向が認め られた 。

　 高温たわみ量 と変形開始温度には ， 相関が 認 め られ

た Q

N 工工
一Eleotronio 　Library 　


