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The differential scanning  calorimetry  (DSC) curves  for three commercial  dentin and  incisal por-
celains  fused-to metal  were  measured  using  high-temperature DSC.  The  glass transition tem-

peratures (Tkl) were  determined from  the DSC  curves  at  heating rates  of  7 - 20℃ t'min,  and  the
activation  energy  was  derived  from  an  Arrhenius  plot of  negative  reciprocal  7ig vs,  logarithm
of  heat,ing rate.  The  Ilg of  the  dentai  porcelains  depended on  the eontent  of  aluminum  oxide,

whereas  the activation  energy  depended on  the content  of  sodium  oxide,  The  ultra-low  fusing
type  porcelains  had  a  low  aetivation  energy  due to the higher content  of  sodium  oxicte  than  the

ether  porcelains,
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                              INTRODUCTION

GIass transition  temperature  (7ig) data for dental porcelains are  useful  in the  evalua-

tion of  stress  generation  during the firing process. The stress  begins to develop at

7'ki, and  temperature  stress  relaxation  does not  occur  below 71g. In the case  of  porce-
lain fused-to metal,  the stress  at  any  temperature  (T) below tllg is directly propor-
tional to the differences in thermal contraction  changes  of  the two  materials  from  71g'
to  T. Fairhurst et  al.i) measured  the flg of  various  dental porcelains using  a  beam
bending  viscometer,  Twiggs  et  al.2'3) also  measured  the 71g of  dental poreelains at

high heating rates,  using  the same  methods,

   On  the other  hand, differential thermal  analysis  (DTA) has been used  previously
to determine the 71g of  glass and  ceramics,  beeause the required  temperatures  were  in
the upper  limits of  the usable  temperature  range  for differential scanning  calorimetry

(DSC). However, a  high-temperature type  DSC  instrument was  recently  developed,

offering  temperatures up  to 1500℃ . It is expected  that DSC  measurement  would  yield

more  preeise and  useful  data than  DTA,  because of  its higher sensitivity  and  ability

to directly indicate heat capacity  data. The  purpose  of  this study  was  to use  high-

temperature  DSC  to determine the 71g and  activation  energy  of  a  number  of poree-
lains, and  to discuss the thermal  behavior of  porcelains around  71g,
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Table 1 Porcelains used  in this study

Code Name Manufacturer Typeshade

VBVI Vintage
  ]s

-s'h'6i'i

  tl

BodyIncisalA3B
 59

Lot  No.

 079573
 e79558

DD  Degdceram  Go}d  Degussa

DI n .

DentmIncisalA33 OlOl

CDCI Carrara
   lt

Elephant
   pJ

Dentin  A3
Ineisal -. 5et

79557960

                        MATERIALS  AND  METHODS

Three  dentin and  three incisal porcelain powders  were  used  without  modification  in

this study,  The brancl names  and  manufacturers  are  listed in Tab}e 1. The  DSC

curves  were  measured  using  a  high-temperature  DSC  instrument (Rigaku, DSC  8270,

Tokyo, Japan) with  a  platinum  sample  pan  and  pure  AI203 powders  as  a  standard,

The  weights  of  specimen  and  standard  powders  were  about  20 mg.  Heating rates  of

2, 5, 7, le, 12, 15 and  20℃/min from  room  temperature  to 100e℃  in air  were  applied,

From  the observed  DSC  curve,  71g was  determined by manually  drawing additional

straight  lines for each  endothermic  step.  The  measurements  were  rep,eated  three

times for each  condition.

   Moynihan  et al.`} reported  that the activation  energy  Ah"  for 71g can  be derived

from  the regression  Iine in an  Arrhenius plot of  negative  reeiprocal  71g vs,  logarithm

of  heating or  eooling  rate,  q, as  follows,

   dln 1 q l /d(1/ Ilg)=-Ah"flR
where  R  is the  gas constant,  The negative  reciprocal  of  the observed  71g values  for

eaeh  dental porcelain powder  was  then  plotted against  the logarithm of  the heating

rates.  From  these Arrhenius plots, linear regression  lines were  obtained  by the least

squares  method,  and  the activation  energies  were  ca}culated  by the slope  of  the re-

gression  lines.

   According  to the manufacturers  directions, the  disc-shape specimens  were  fired at

940℃ for VB  and  VI, 780℃  for DD  and  DI, and  845℃ for CD  and  CI, and  were  ground

from 120-grit to 1000-grit papers  and  polished with  1-ptm and  O.3-#m  alumina  pow-

der, The  chemical  composition  of  the polished surfaces  was  determined using  an  en-

ergy-dispersiveX-ray  micro-analyzer  (EDX) (JEOL, JED-2110X,  Tokyo  Japan). As

these  EDX  results  include both the glass matrix  and  leucite crystal  phase  (K20･
A1203'4Si02), the composition  of  the  glass matrix  was  derived by subtraetion  of  the

leucite crystal  content  determined by  an  X-ray  diffraction study  (XRD)6).

                         RESULTS  AND  DISCUSSION

Fig.1 shows  the DSC  eurves  for the six  poreelains measured  at  a  heating rate  of  20

℃ ,i'min.
 The  71g values  were  around  550℃ for VB  and  VI, 480℃  for DD  and  DI, and
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 Fig,1 DSC  curves  for six  dental  porcelains  Fig.2  DSC  curves  for VI rneasured  at  the

       measured  ataheating  rate  of  20℃ ,f' heating  rates  of 2, 5, 10 and  20℃ /

       min,  Figures stand  for Cllg. min.  Figures stand  for 71g.

440℃  for CD  and  CI, There was  no  remarkable  difference between the  DSC  curves  of

bQdy and  incisal of each  brand. Fig,2 shows  the DSC  curves  for VI  measured  at  the

heating rates  of  2, 5, IO and  20℃ /min. It was  found that both 7lel and  capacity

change  increased with  the heating rate,  However,  it was  difficult to find clear  steps

for reiiable  measurements  of  71g from the curves  obtained  at  2 and  5 ℃/min. There-
fore, only  the  71g vaiues  obtained  among  7'-20℃/min were  used  for the following
analysis.

   Fig.3 shows  the relationship  between the 71g and  the heating rates.  The  71g' val-

ues  were  in the range  of  520-560℃ for VB  and  VI, 445-490 ℃ for DD  and  DI, and

410-445℃ for CD  and  CI. Furthermore, the values  of  7ig for all porcelains had  a  ten-

dency to increase with  the heating rate.  Fig.4 shows  the Arrhenius plots of  negative

reciprocal  71g' vs,  logarithm of  heating rates,  Each  point is the mean  value  of  the
three measurements.  Linear  regression  analysis  of  these data showed  regression  co-

effieients  of  O.71-0.97. Fig, 5 shows  the aetivation  energies  calculated  by the slopes  of

the regression  lines for the six porcelains, The activation  energies  are  594-687 kJ/mol
for VB, VI, CD  and  CI, 363 kJ/mol  for DD  and  383 kJ/mol  for DI. DD  and  DI
showed  rather  smaller  values  than  the others,  suggesting  that  the 7Ig of  these porce-
lains is more  dependent on  the heating rate,  Twiggs  et al,2'3) reported  that the
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Arrhenius-type relationship  between 71g and  heating or  cooling  rates  was  maintained

into the high-temperature range,  Moynihan  et al,`'5) further reported  that this activa-

tion energy  is essentially  equal  to the aetivation  energy  for viscous  flow. Therefore,

it is concluded  that the temperature-dependency of  the viscous  flow of DD  and  DI  is
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higher than  for the other  porcelains studied.

   Twiggs  et  al.3) reported  the aetivation  energy  for body porcelains and  opaque  por-
celains  obtained  using  the bending beam technique to be 82-153 kcal/mol (=342-641
kJi"mol) and  82-148 kcal/mol (=343uz619 kJ/mol), respectively  with  no  significant  dif-
ference between them, However, they  did not  diseuss the relationship  between CIIg and
the activation  energy,  or  the relationship  between these thermal  properties and  eom-

posltlon.

   Tabie 2 shows  the chemical  composition  of  the fired porcelains determined by
EDX,  the content  of  leucite crystal  determined by XRD6), and  the calculated  composi-

tion of  the glasses, Sodium, potassium,  aluminum,  and  silicon  were  the main  compo-

nents  of  these porcelains, with  no  other  elements  detected. Although these fired

porcelains consist  ef  leucite crystal  particles and  a  glass matrix,  it is quite difficult
to  quantitatively analyze  the chemical  composition  of  each  component,  The composi-

tion of  the glass was  derived from  the data of  the composition  of  the  fired porcelains
and  the content  of  leucite crystal  determined  by XRD6].

   Table 3 shows  the regression  coeffieients  between the content  of  oxldes  in the

glass matrix  and  71g at  10℃fmin  and/ior  activation  energy.  The  regression  coefficient

between [ZIg and  the  content  of  aluminum  oxide,  and  between the activat･ion  energy

and  the content  of  sodium  oxide,  showed  the highest values,  O.980 and  
-O,963,

 respee-

tively. Fig.6 shows  the scatter  graphs  of  these relationships,  It was  found that 71g
increased with  the contents  of  aluminum  oxide,  while  the activation  energy  decreased
with  the content  of  sodium  oxide,  The regression  eoefficients  between 71g and  the

   Table  2 Composition  of  poreelains (wt%)

Composition  offired  porcelain  Content of

A1203 Si02 Leucite  Na20Composition

 of  glass

Ng29..  K20 K20  Al,Oi,sio:

VBVIDDDICDCI6,7
 7.311.412.4

 7.26.2

Table

11.610.010.710,113,813,318,519.215.214,313.514,863.363.562.763.365.565.722.021.716.114.525.22?,-38.69.213,614.59.68.08.87.08.68,111.210,917.l18.113.612.710,212.465,565.764,264.769.068.8

3 Regression  eoefficients  between content  of  oxides  in the

  glass  matrix  and  thermal  properties  of  a.g.n.tal porcelains.

Oxide 7ig Activation  energy

     Na?O
     K,O

     A1203

     Si02
   Na,O+K20

(Na,O+K20),/A120,

-O,213-O.762

 O.980-O.545--O,703-O,9!8

-O.963

 O.220
 e.33o

 O,629-O.878-O.525
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              and  activation  energy  ag'ainst  content  of  sodium  oxide  (right).

eontents  of  alkaline  oxides  were  lower, as  shown  in Table 3. It is known  that triva-

lent aluminum  ions act  as  a  network  former in glass, thus  increasing the viscosity,

surface  hardness and  strength  as  well  as  reducing  the thermal  expansion7),  It was

thus  concluded  that VB  and  VI have higher 71g than  the other  porcelains, because of

their higher content  of  aluminum  oxide.

   Aceording to a  patentS), DD  and  DI may  consist  of  Si02 60-65 wt%,  A1203 8.5-11

wt96,  K20  8-12 wt96,  Na20  le.5-12 wt%,  CaO  O.7-2 wt96,  BaO  O.6-2 wt96,  B203 O.5-2.5

wt%,  Sb203 O.1-O,6 wt96,  Ce02 O-O,5 wt96,  Ti02 1.2-3.8 wt%,  Li20 0.8-1,4 wt%  and  F2

1.2-3.8 wt%,  and  their  glass transition temperatures  are  about  450℃ . In the case  of

the patent  assumed  for CD  and  CI9/', the porcelain may  be prepared  by mixing  (a) a

high content  of  leucite (50-80 wt96)  with  (b) glass frits (5L45 wt96)  and  (c) low-fus-
ing glass frits (5-15 wt%).  The  chemical  eomposition  seems  to be (a) A1203 15-20
wt%,  K20  13-19 wt96,  Na20  O-5 wt%,  and  both Si02 and  other  additives  balanced, (b)
A1203 10-15 wt%,  K20  4-7 wt%,  Na20  6-15 wt96,  BaO  O-3 wt%,  Li20  O-3 wt%,  and

both Si02 and  other  additives  balanced, and  (c) A120s 0-5 wt%,  K20+Na20  12-30 wt%,

BaO  O-5 wt%,  Li20 O-5 wt%,  and  both Si02 and  other  additives  balanced, AIthough

the EDX  employed  in this study  can  measure  all these eiements  according  to the

manufacturers  specifieations,  only  O, Si, Al, K  and  Na  could  be observed  precisely,

It seems  that the contents  of  the other  elements  in the poreelains were  insufficient to

be detected by the EDX  transdueer. In spite  of  these analytical  problems,  the  71g of

porcelain strongly  depends on  the content  of  aluminum  oxide,  suggesting  that these

other  elements  are  added  to improve other  properties sueh  as  thermal  expansion  and

chemical  durability.

   On  the other  hand, it was  confirmed  that the activation  energy  decreases with  the

content  of  sodium  oxide,  as  shown  in Fig. 6. It is known  that the modifier  oxides

such  as  sodium  and  potassium  oxides  disrupt Si-O bond linkages, resulting  in a  less
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DI  have lower activation

content  of  sodium  oxide.

                               CONCLUSIONS

The DSC  eurves  for three commercial  dentin and  incisal porcelains fused-to metal

were  measured  using  high-temperature DSC.  The 71g' values  were  determined from  the
DSC  curves  at  heating rates  of 7 to 20℃/min, and  the activation  energy  was  derived
from  the Arrhenius plot of  negative  reciprocal  71g vs.  Iogarithm of  heating rate,  The
chemical  compositions  of  the poTcelains were  determined using  EDX,  The 71g of  the
dental porcelains depended on  the content  of  aluminum  oxide,  whereas  the activation

energy  depended on  the content  of  sodium  oxide.  DD  and  DI  had  relatively  low acti-

vation  energies  due to their higher content  of  sodium  oxide  than  the other  porcelains,
indicating different thermal  behavior around  Ilg.
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本 号 掲 載 論 文 の 和 文 抄 録

ゾル
ー

ゲ ル 法に よ っ て 調製 した 50重量 ％ シ リカ ー 20重量 ％ リ ン 酸

　　　　30重 量 ％ カ ル シ ア 組成 を有 する ガ ラ ス
ー セ ラ ミ ッ ク ス

　　　　　　　　　　　　　粉末の 合成特性の 評価

平　雅之，岡崎正 之 ， 高橋 純造

　 大阪大学歯学部歯科理 工 学講座

　テ トラエ トキ シ シ ラ ン ，硝酸 カ ル シ ウ ム ，リ ン 酸水溶

液を出発原 料 とす る ゾ ル ーゲ ル 法 に よ・
っ て 50重量 ％ シ リ

カ，20重量 ％ リ ン 酸，30重 量 ％ カ ル シ ア 組成 を 有す る ガ

ラ ス ーセ ラ ミ ッ ク ス 粉末 を調製し，合成特性を熱分析，

赤外吸光，X 線回折 に よっ て 調 べ た．そ の 結 果，以 下

の 知見を得た．（1）加熱温度を600℃ 以 上 に す る と ゲ ル

体 中 の 側鎖 の 炭素が脱離 し，シ リ カ系 ガ ラス マ トリッ ク

ス を 形成 した．（2）加熱温度を900℃ 以 上 に す る と，リ

ン 酸 カ ル シ ウ ム など 4種類 の結晶が ガ ラ ス マ トリッ クス

中 に活 発 に生 成 した．（3）加 熱 温 度 が 900℃ 以 下 の 場合，

生体親和性を付与す る 水酸基 が 多 く存在 した．（4＞融点

は 1400℃ 以 上 で あ っ た．（5＞本研 究で 得 られ た リ ン とカ

ル シ ウ ム を含有す る シ リ カ 系粉末は 生体活性 な イ ン プ ラ

ン ト材料 として使用可能と考え ら れ た．

DSC 測定 に よる歯科用陶材 の ガ ラ ス 転移 温度

伴 　清治，服部雅之 ，成 田潔治，高田 明昇，

　　 岩瀬晴彦，谷 川博伸，長谷川二 郎

　　　 愛知学院大学歯学部歯科理工 学講座

　3種の 金属溶着用市販歯科用陶材 （Vintage，Carrara ，

Deguceram 　gold）の デ ン チ ン お よ び イ ン サ イ ザ ル の

DSC 曲線 を高温 型 DSC に よ り測定 した ，7 〜20℃／

min の 昇温 速度で 測定 し た DSC 曲線 よ りガ ラス 転移 撮

度 （Tg ） を求 め，　 Tg と昇温．速度 と の ア
ー

レ ニ ウス ・プ

ロ ッ トよ り活性化エ ネル ギ
ー

を求 め た ．歯科用 陶材 の

Tg は酸化 ア ル ミ ニ ウ ム の 含有量 に依存 し，活性 化 エ ネ

ル ギ
ー

は 酸化 ナ ト リ ウ ム の 含有量 に 依存 した ．Degu −

ceram 　gold は 他 の 陶 材 よ り酸化 ナ ト リ ウ ム 含有量 が

高い た め低 い 活性化エ ネル ギ
ー

を示 し た．

ガ ラ ス 相 へ の Na20 添加が リ ュ
ーサ イ ト結 晶 を

　　　　　含む陶材の 強度へ 及 ぼす影響

李　海衡 ，今　政幸，浅岡憲三

　 徳島大学歯学部歯科理 工 学講座

　陶材をリ ュ
ー

サイ ト結晶 に より強化す る 場合 に有効 な

地 の ガ ラ ス 相 の 性質 に つ い て 調 べ た ，実験 試 料 と して

Na20 の 貴が 異な る 5種の 長石 ガ ラス に，高純度天 然リュ
ー

サ イ ト結晶 を O，20，40％ 混合 した複合陶材 （15種類 ）

を屠意 した．そ して，ガ ラ ス 相 と リ ュ
ーサ イ トの 熱的性

質，各陶材試料 の 3 点曲げ強 さ を測定 した．その 結果，

N 工工
一Eleotronio 　Library 　


