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       When performing X-ray diffractometry for small amounts of a sample, the background intensity is relatively 
high with respect to the intensity of the diffraction peaks. Therefore the peak-background (P/B) ratio decreases, and 
the analysis will generally be difficult. Because background X-rays are considered mainly due to the reflected X-rays 
from the sample plate, non-reflective sample plates are useful. Non-reflective sample plates, which are made from 
silicon, do not easily reflect X-rays. One-dimensional semiconductor detectors are also helpful, which can 
considerably increase X-ray intensity as a result of integration by a number of semiconductor elements. In this paper, 
we analyze three various samples of cosmetics using a non-reflective sample plate together with a one-dimensional 
semiconductor detector. We have diffraction patterns of high P/B ratios, and, as a result, succeed in identifying major 
parts of inorganic components. 
 
.(<:25'6：powder X-ray diffractometry, small amount of a sample, non-reflective sample 

plate, one-dimensional semiconductor detector 
 

�．はじめに�

 
ㄪࢆᬗᵓ㐀⤖ࡢ㉁≀㸪ࡣᅇᢡἲ⥺ࢫࢡࢵ࢚

ࢀࡽ࠸⏝ࡃᕤᴗศ㔝࡛ᗈࡸ✲◊㸪࡚ࡋᡭẁࡿ

ࡿ 1)㸬ࢫࢡࢵ࢚⥺ᅇᢡἲࡣ㸪⢊ᮎࢫࢡࢵ࢚⥺ᅇ

ᢡἲ㸪ⷧ⭷ࢫࢡࢵ࢚⥺ᅇᢡἲ㸪ᑠゅᩓἲ㸪ṧ␃

ᛂຊゎᯒ࡞㸪࡞ࡲࡊࡲࡉ ᐃ᪉ἲࡾ࠶ࡀ㸪ࢀࡇ

ศ࠸࡚ࡌᛂⓗ┠ࡢᐃ ࡸែ≦ࡢࣝࣉࣥࢧࡣࡽ

ࢧ⢊ᮎࡣᅇᢡἲ࡛⥺ࢫࢡࢵ࢚㸬⢊ᮎࡿ࠸࡚ࢀࡽࡅ

ࣥࢧ⭷ᅛయⷧࡣᅇᢡἲ࡛⥺ࢫࢡࢵ࢚⭷㸪ⷧࣝࣉࣥ

⨨ࡢࣉࢱỈᖹࡀ㸪ヨᩱྎࡀࡿ࠶ᇶᮏ࡛ࡀࣝࣉ

ࢡࢵࣟࣈࡢࢳࣥࢭ㸪ᩘࣝࣉࣥࢧ≦ࢺࢫ࣮࣌ࡣ࡛

 ࡶࣝࣉࣥࢧࡢ≦ᙧࡢ௨እࢀࡑ㸪࡞ࣝࣉࣥࢧ≦

ᐃྍ⬟࡛ࡿ࠶㸬ࡓࡲ㸪ᑠゅᩓἲ࡛ࡣᅛయ⢊ᮎ௨

እᾮయࡶࣝࣉࣥࢧ ᐃྍ⬟࡛ࡿ࠶㸬 ᐃࡢ⤖ᯝ

ᚓࡿࢀࡽሗࡶከᒱரࡿ㸬⢊ᮎࢫࢡࢵ࢚⥺ᅇᢡ

ἲࢫࢡࢵ࢚⭷ⷧࡧࡼ࠾⥺ᅇᢡἲ࡛ࡣ㸪ࣥࢧࡽࢀࡑ

ࡼ࠾ᐃᛶศᯒ㸪ᐃ㔞ศᯒ㸪ࡢᡂศࡿࡍᵓᡂࢆࣝࣉ

㸬ࡿ࠶࡛⬟ྍࡀ࡞ゎᯒࡢᬗᗘ⤖ࡸᬗᵓ㐀⤖ࡧ

ᑠゅᩓἲ࡛ࡣ㸪ࡢ࣮ࢲ࣮࢜ࣀࢼᵓ㐀(⢏Ꮚᚄ)ࢆ
ゎᯒࡿࡁ࡛ࡀࡇࡿࡍ㸬ṧ␃ᛂຊゎᯒ࡛ࡣ㔠ᒓ∦

ຍᕤࡢ࡞᥋⁐ࡸࡆ㸪᭤࡚࠸࠾࡞ࣝࣉࣥࢧ

ࡿࡍᐃ ࢆᅽຊࡿࡍෆᅾࣝࣉࣥࢧ㸪ࡓࡌ⏕ࡾࡼ

*1ᢏ⾡ᐊ(Technical Office), E-Mail: ohke@oyama-ct.ac.jp 
*2≀㉁ᕤᏛ⛉(Dept. of Materials Chemistry and Bioengineering)㸪*3ᢏ⾡ᐊ(Technical Office) 

128

129小山工業高等専門学校研究紀要
第	 ４８	 号（２０１５）	 １２９－１３４



27.11.5　小山高専　紀要 48 号　131

 

㸬ࡿࡁ࡛ࡀࡇ

ᑠᒣᕤᴗ㧗➼ᑓ㛛Ꮫᰯ࣭ᆅᇦ㐃ᦠඹྠ㛤Ⓨࣥࢭ

ࡢᡤ᭷࣮ࢱ PANalytical 〇ࢫࢡࢵ࢚⥺ᅇᢡ⨨

Empyrean (ᅗ 1) ࣓ࢳࢵࢱධᑕഃࡢ㸪3✀㢮ࡣ࡛

ฟჾ᳨ࡢ㸪2✀㢮ࢪ࣮ࢸࢫࣝࣉࣥࢧࡢ㸪3✀㢮ࢺࣥ

࡛ࡀࡇ࠺⾜ࢆᐃ ࡞ࠎᵝ࡛ࡇࡿࡏࢃྜࡳ⤌ࢆ

ࡿࡁ 2)㸬

ᅗ�� ᅇᢡ⨨(PS\UHDQ⥺ࢫࢡࢵ࢚

 ᳨ฟჾࡣ㸪༙ᑟయ୍ḟඖ᳨ฟჾ(ᅗ 2 ࣟࣉୖ(

ฟჾ(ᅗ᳨ࣝࢼࣙࢩ࣮࣏ 2 ୗ)ࢆ㑅ᢥ࡛ࡿࡁ㸬༙ᑟ

య୍ḟඖ᳨ฟჾ༙ࡣᑟయ⣲Ꮚิ୍ࢆ୪ࡢࡶࡓ

࡛㸪ྛ⣲Ꮚ᳨ࡢฟ⤖ᯝࢵ࢚ࡾࡼࡇࡿࡍ⟭✚ࢆ

㸬ࡿ࠸࡚ࡋ㐩ᡂࢆ㧗㏿ࡢᐃ ቑࡢᙉᗘ⥺ࢫࢡ

࠸↓ࡢ㓄ྥᛶ㸪⤖ᬗࡃ↓ࡀพฝ㠃⾲ࣝࣉࣥࢧ

⢊ᮎࡢ➼ࣝࣉࣥࢧ ᐃࡢሙྜ࡛ࡤࢀ࠶㸪༙ᑟయ୍

ḟඖ᳨ฟჾࡣᚑ᮶᳨ࣝࢼࣙࢩ࣮࣏ࣟࣉࡢฟჾ࡞

ྍࡀࡇࡿᚓࢆᙉᗘ⥺ࢫࢡࢵ࢚ࡢ༑ಸᩘ࡚ẚ

㸬ࡿ࠶࡛⬟

㞟୰ἲගᏛ⣔㸪ᖹ⾜ἲࡣගᏛ⣔ࡢ⥺ࢫࢡࢵ࢚ 

ගᏛ⣔ࡾ࠶ࡀ㸪⏝㏵ᛂ࡚ࡌ࠸ศࡿࡅ㸬

Empyrean ࡢࢺ࣓ࣥࢳࢵࢱࡢධᑕഃࡣ࡛

㏻ࡣ㸬㞟୰ἲගᏛ⣔࠺⾜ࢆ࠼᭰ࡾษࡢගᏛ⣔ࡾࡼ

ᖖࡢ⢊ᮎࢫࢡࢵ࢚⥺ᅇᢡἲ࡛⏝ࢀࡽ࠸㸪ධᑕഃ

ᅗ)ࢺࢵࣜࢫไᚚⓎᩓ࣒ࣛࢢࣟࣉ 3(a))㸪᳨ ฟჾࡣ

༙ᑟయ୍ḟඖ᳨ฟჾࡿ࠸⏝ࢆ㸬พฝࣉࣥࢧࡿ࠶ࡀ

ゅᗘࢡ࣮ࣆ⥺ࢫࢡࢵ࢚ࡣሙྜ㸪㞟୰ගᏛ⣔࡛ࡢࣝ

⟭✚ࡢᑟయ୍ḟඖ᳨ฟჾ༙ࡓࡲ㸪ࡕⴠࡀṇ☜ᛶࡢ

ᅗ�� ༙ᑟయ୍ḟඖ᳨ฟჾ�ୖ�㸪�

 �ୗ�ฟჾ᳨ࣝࢼࣙࢩ࣮࣏ࣟࣉ࣮ࢱ࣮࣓ࣜࢥ

ሙ࡞࠺ࡼࡢࡇ㸬࠸࡞ࢀࡉⓎ༑ศࡀࢺࢵ࣓ࣜࡢ

ྜᖹ⾜ἲගᏛ⣔ࡀ᭷࡛ࡾ࠶㸪ධᑕഃࢡࢵ࢚ࡣ

࣑ࣛ⥺ࢫ (࣮ᅗ 3(b))㸪ཷගഃ࣮ࢱ࣮࣓ࣜࢥࡣ

ṇ࡛ࡇࡿࡏࢃྜࡳ⤌ࢆฟჾ᳨ࣝࢼࣙࢩ࣮࣏ࣟࣉ

ࡿࡁ࡛ࡀࡇࡿࡵồࢆゅᗘࢡ࣮ࣆ࡞☜ 3)㸬ࡽࡉ㸪

Empyrean ࡿࡍᑕ↷ᚤᑠ㡿ᇦࢆ⥺ࢫࢡࢵ࢚ࡣ

࣓ࣥࢳࢵࢱධᑕഃࢺࢵࣜࢫࢫࣟࢡࣝࣈࢲࡢࡵࡓ

ᅗ)ࢺ 3(c))ࡶ‽ഛࡾ࠾࡚ࢀࡉ㸪༙ ᑟయ୍ḟඖ᳨ฟჾ

㸪1×1 mm࡛ࡇࡿࡏࢃྜࡳ⤌ ⛬ᗘࡢᚤᑠ㡿ᇦ

ࡿ࠶࡛⬟ྍࡀࡇ࠺⾜㧗⢭ᗘ࡛ࢆศᯒࡢ

 Empyrean 㸪࡛ࣉࢱỈᖹࡣࢪ࣮ࢸࢫࣝࣉࣥࢧࡢ

ධᑕഃ㸪ཷගഃືࡢ࣒࣮ࡢస࡚ࡗࡼゅᗘࡀㄪ

⠇ࡿࢀࡉ㸬ࡣࢪ࣮ࢸࢫࣝࣉࣥࢧᅛᐃࡢࡿ࠸࡚ࢀࡉ

࡛ᵝ࡞ࠎᙧ≧ࢆࣝࣉࣥࢧࡢ ᐃࡿࡁ࡛ࡀࡇࡿࡍ㸬

Empyrean ᅛ࡛ࢇᣳࢆ࣮ࢲࣝ࣍ࢫࣛ࢞ࡢ㏻ᖖࡣ

ᐃࢪ࣮ࢸࢫࣝࣉࣥࢧࢺࢵࣛࣇࡿࡍ(ᅗ 4(a))ࡢ㸪

ᐃ ࡢ࡞ࣝࣉࣥࢧࡢ≦ࢡࢵࣟࣈࡸࣝࣉࣥࢧ⭷ⷧ

࣮ࢸࢫࣝࣉࣥࢧከ┠ⓗࡿࡁ࡛ࡢㄪ⠇ࡉ㧗ࡵࡓࡢ

ᅗ)ࢪ 4(b))㸪ᑠゅᩓἲ⏝ࡢ⢊ᮎࡸᾮయ≧ࣥࢧࡢ

ᅗ)ࢪ࣮ࢸࢫࣝࣉࣥࢧࡿࡁ࡛ࡀᐃ ࡢࣝࣉ 4(c))ࡀ
‽ഛࡿ࠸࡚ࢀࡉ㸬

ᮏ◊✲࡛ࡣ㧗ឤᗘ㸪㧗㏿ ᐃ༙࡞⬟ྍࡀᑟయ

୍ḟඖ᳨ฟჾ↓ᑕヨᩱᯈ࡚࠸⏝ࢆᑡ㔞ࣉࣥࢧ

UVࡢᕷ㈍ࡣࣝࣉࣥࢧ㸬ࡓࡳヨࢆᐃᛶศᯒࡢࣝ
ࢺࢵ࢝㸬UVࡓ࠸⏝ࢆ⢝ရࡿࡍ᭷ࢆ⬟ᶵࢺࢵ࢝

⢝ရࡣ㢦ᩱࡸUVࢺࢵ࢝ᮦᩱ࡚ࡋᚤ㔞ࡢ㓟

≀⢊ᮎࡿ࠸࡚ࢀࡲྵࡀ㸬⢊ᮎ≧㸪ࢺࢫ࣮࣌≧㸪

ᚤ㔞↓ᶵᡂศࡽࢀࡑ࡚࠸ࡘ⢝ရࡢ≦ࢻࢵ࢟ࣜ

ࡓࡿᚓࢆゅᗘࢡ࣮ࣆ࡞㸬㞟୰ἲ࡛⢭ᐦࡓࡋศᯒࢆ

⣙ࢆพฝࡢ㠃⾲ࣝࣉࣥࢧࡣࡵ 0.02 mm௨ෆ

ሙྜ㸪ࡢࣝࣉࣥࢧࡢ✲◊㸬ᮏ࠸࡞ࡽ࡞ࡤࢀࡅ࡞ࡋ

ࡀࡾᙇࡗฟࡢࣝࣉࣥࢧࡢࡽࢪ࣮ࢸࢫࣝࣉࣥࢧ

ࡣゅᗘࢡ࣮ࣆ࡞⢭ᐦ࡛ࡢ࠸ᝏࡶᖹᛶࡓࡲ㸪ࡃࡁ

130 大毛　信吾・渥美　太郎・出川　強志



27.11.5　小山高専　紀要 48 号　130

 

ᅗ �� ධᑕഃගᏛ⣔� �D� ࣒ࣛࢢࣟࣉไ

ᚚⓎᩓࢺࢵࣜࢫගᏛ⣔㸪�E� ࢡࢵ࢚

F� ᚤᑠ㡿ᇦศ�ගᏛ⣔㸪࣮࣑ࣛ⥺ࢫ

ᯒ⏝ࢺࢵࣜࢫࢫࣟࢡࣝࣈࢲගᏛ⣔．�

ᅗ �� ࢺࢵࣛࣇ �D� �ࢪ࣮ࢸࢫࣝࣉࣥࢧ

ࣥࢧE� ከ┠ⓗ�㸪ࢪ࣮ࢸࢫࣝࣉࣥࢧ

ࢧ⏝F� ᑠゅᩓἲ�㸪ࢪ࣮ࢸࢫࣝࣉ

 㸬ࢪ࣮ࢸࢫࣝࣉࣥ

(a)

(c)

(b)

(a)

(b)

(c)

130

131Ｘ線回折法による少量サンプルの定性分析



27.11.5　小山高専　紀要 48 号　133

 

ᚓ࠸࡞ࢀࡽ㸬⢭ᐦࢡ࣮ࣆ࡞ゅᗘࢆᚓࡣࡵࡓࡿᖹ

⾜ἲ࡛ ᐃࡀࡇࡿࡍᮃࡀ࠸ࡋࡲ㸪ᖹ⾜ἲ࡛ࡣ㧗

ᚤ㔞ࡵࡓ࠸࡞ࡁ࡛ࡀࡇࡿᚓࢆᙉᗘ⥺ࢫࢡࢵ࢚࠸

ᡂศྠࡢᐃࡀᅔ㞴ࡿ࡞㸬ᮏ◊✲࡛ࡣ㞟୰ἲගᏛ

⣔༙ᑟయ୍ḟඖ᳨ฟჾ࡚࠸⏝ࢆᚤ㔞ᡂศࡢᐃᛶ

ศᯒ࠸⾜ࢆࡳࡢ㸪⢭ᐦ࡞ゅᗘࡀᚲせ࡞ᵓ㐀ゎᯒࡸ

㸬ࡓࡗ࡞ࢃ⾜ࡣᐃ㔞ศᯒࡿࡼἲࢺࣝ࣋ࢺ࣮ࣜ

㸰．ཎ⌮

㸰.㸯 㞟୰ἲගᏛ⣔༙ᑟయ୍ḟඖ᳨ฟჾ

 㞟୰ἲගᏛ⣔࡛ࡣධᑕࡢ⥺ࢫࢡࢵ࢚ヨᩱ㠃ᑐ

ධᑕゅᗘࡿࡍ θ ࡚ࡋᑐ 2θ 㓄ࢆฟჾ᳨⨨ࡢ

ᅗ)ࡿࡍ⨨ 5)㸬༙ ᑟయ୍ḟඖ᳨ฟჾࡢሙྜ㸪ᅇᢡ⥺

ḟඖⓗ୍ࡀᑟయ⣲Ꮚ༙ࡢᩘ「ᆶ┤᪉ྥࡋᑐ

㓄ิࡵࡓࡿ࠸࡚ࢀࡉ㸪ྛ༙ᑟయ⣲Ꮚࡣධᑕ⥺ᑐ

࡚ࡋ 2θ±ᩘᗘࡢ⠊ᅖࡢィ ྠࢆࡾ࠾࡚ࡗ⾜㸪

⣲Ꮚࡢ⨨ሗࢆඖྛᙉᗘࡿࢀࡉ⟭✚ࡀ㸬ᚑ᮶

᳨ࣝࢼࣙࢩ࣮࣏ࣟࣉࡸฟჾ᳨ࣥࣙࢩ࣮ࣞࢳࣥࢩࡢ

ฟჾࡣ㸪୍ࡢࡘ⣲Ꮚࢆࡳࡢᣢࡘ 0 ḟඖ᳨ࡢฟჾ

ࡽࢀࡇ㸬ࡿࡁ࡛ࡀࡇࡍ࡞ࡳ 0 ḟඖ᳨ࡢฟჾᑐ

ࡁ࡛⟭✚ࢆ⣲Ꮚࡢᩘ「ࡣ㸪༙ᑟయ୍ḟඖ᳨ฟჾࡋ

 ᙉᗘ⥺ࢫࢡࢵ࢚࠸㧗࡚ࡵ㸪ᴟࡽࢺࢵ࣓ࣜࡿ

ᐃ㏿ᗘࢆᚓࡿ࠸࡚ࡗ࡞⬟ྍࡀࡇࡿ㸬

ᅗ�� 㞟୰ἲගᏛ⣔ࡢ㓄⨨�

㸰.㸰 ↓ᑕヨᩱᯈ

 ㏻ᖖࡢ⢊ᮎࢫࢡࢵ࢚⥺ᅇᢡἲࡢ㝿ࡣ⢊ᮎࣥࢧ

ࢲࣝ࣍ࢫࣛ࢞⏝ࣝࣉ (࣮ᅗ 6 ᕥ)ࡿ࠸⏝ࢆ㸬ࢫࣛ࢞

ࡣ࣮ࢲࣝ࣍ 20×15×0.5 mm ࡇ㸪ࡾ࠶ࡀࡳࡰࡃࡢ

㸬ࡿ࡞ᚲせࡀࣝࣉࣥࢧࡢࡅࡔࡿࡍሸࢆ㒊ศࡢ

ᚲせࣝࣉࣥࢧ࡞㔞ࡀᚓ࠸࡞ࢀࡽሙྜ㸪Ⓨᩓࢵࣜࢫ

ࡀࡇࡍࡽῶࢆ✚ᑕ㠃↷ࡢ⥺ࢫࢡࢵ࢚࡚ࡗࡼࢺ

ᙉᗘ⥺ࢫࢡࢵ࢚ࡿࢀࡽᚓ࡚ࡗࡼࢀࡑ㸪ࡀࡿࡁ࡛

ࡍᐃ ࢆࣝࣉࣥࢧࡢᑡ㔞ࡾࡼ㸬࠺ࡲࡋ࡚ࡋῶᑡࡀ

ᑕヨᩱᯈ(ᅗ↓ࣥࢥࣜࢩࡣࡵࡓࡿ 6 ࠸⏝ࢆྑ(

ࢵ࢚࡚ẚ࣮ࢲࣝ࣍ࢫࣛ࢞ࡣ㸬↓ᑕヨᩱᯈࡿ

࢘ࣛࢢࢡࢵࣂࡢࡽ㸪ヨᩱᯈࡃ㞴ࡋᑕࢆ⥺ࢫࢡ

ࢧ࡞ᚤ㔞࡚ࡗࡀࡓࡋ㸬ࡿࡁ࡛ࡀࡇࡿ࠼ᢚࢆࢻࣥ

㸬ࡿࡁ࡛ࡀࡇࡿᚓࢆP/Bẚ࠸㧗ࡶ࡛ࣝࣉࣥ

ᅗ�� ⢊ᮎ࣮ࢲࣝ࣍ࢫࣛ࢞⏝ࣝࣉࣥࢧ�ᕥ� 

↓ᑕヨᩱᯈ�ྑ��

㸱．ᐇ㦂᪉ἲ

㸱.㸯 ࣝࣉࣥࢧ

 ᛶ≧ࡿ࡞␗ࡢ㸱ࡢࡘUV ࡚࠸ࡘ⢝ရࢺࢵ࢝

ᐃᛶศᯒࡓࡗ⾜ࢆ㸬⢊ᮎ≧ࡢࣝࣉࣥࢧࡢᡂศ⾲♧

↓ࡿࢀࡉணࡀฟ᳨ࡾࡼᅇᢡ⥺ࢫࢡࢵ࢚㸪ࡽ

ᶵᡂศࡣ㸪㞼ẕ(࣐࢝)㸪㓟ள㖄㸪㓟ࣥࢱࢳ㸪

㸬ྠࡿ࠶࡛࣒࢘ࢽ࣑ࣝ㸪㓟㕲㸪Ỉ㓟࢝ࣜࢩ

ᵝ㸪ࡣ࡛ࣝࣉࣥࢧࡢ≦ࢺࢫ࣮࣌㓟ࣥࢱࢳ㸪㓟

ள㖄㸪▼(ࢡࣝࢱ)㸪ࢼ࣑ࣝ㸪࢝ࣜࢩ㸪㓟㕲㸪

ࢻࣄ㓟ள㖄㸪㞼ẕ㸪ࡣ࡛ࣝࣉࣥࢧࡢ≦ࢻࢵ࢟ࣜ

㸬ࡿࢀࡉணࡀ࢝ࣜࢩ㸪ࢺࢱࣃࢩ࢟ࣟ

㸱.㸰  ᐃ᪉ἲ

ࡣ⨨ᅇᢡ⥺ࢫࢡࢵ࢚  PANalytical 〇 Empyrean
ࡣ⌫⟶⥺ࢫࢡࢵ࢚㸬ࡓ࠸⏝ࢆ Cu 㸪ධ࠸⏝ࢆ⌫⟶

ᑕ࡚ࡋ⥺ࢫࢡࢵ࢚CuKα⥺ࡓ࠸⏝ࢆ㸬CuKβ⥺ࢆ

ࡵࡓࡿࡍࢺࢵ࢝ Ni 㸬 ᐃࡓ࠸⏝ࢆ࣮ࢱࣝࣇ

⾜ࡾࡼᑟయ୍ḟඖ᳨ฟჾ༙㸪㞟୰ἲගᏛ⣔ࡣ

ࡣ㸪2θ⠊ᅖ࠸ ࡽ10° ↓ࡣ㸬ヨᩱྎࡓࡋ120°

ᑕヨᩱᯈࡓ࠸⏝ࢆ㸬Ἴ㧗ศᯒჾ(PHA)࢛ࣇࢹࡣ

ࢆୗ㝈ࡢ࣮ࢠࣝࢿ࢚㸪ࡾ㏻ࡢタᐃࡢࢺࣝ 25 ࣮ࣃ

㸪ୖࢺࣥࢭ 㝈ࢆ 80 ゎࡢࢱ࣮ࢹ㸬ࡓࡋࢺࣥࢭ࣮ࣃ

ᯒࡣ Empyrean ᒓࢺࣇࢯࡢ High Score Plus ࢆ
㸬ࡓ࠸⏝
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㸲．⤖ᯝࡧࡼ࠾⪃ᐹ

↓ᑕヨᩱᯈୖ⢊ᮎ≧ࢆࣝࣉࣥࢧࡓࡏ

ᅗࢆ┿ 7 ࣮ࢲࣝ࣍ࢫࣛ࢞ࡣ㔞ࡢࣝࣉࣥࢧ㸬ࡍ♧

࡛ᚲせ࡞㔞ࡢ 1/10 ⛬ᗘ࡛ࡿ࠶㸬ࡢࡇ≧ែ࡛ ᐃࡋ

ᅗࢆ࣮ࣥࢱࣃᅇᢡ⥺ࢫࢡࢵ࢚ࡓ 8 㸬ࡍ♧

ᅗ�� ⢊ᮎ≧ࣝࣉࣥࢧ�

ᅗ�� ⢊ᮎ≧ࡢࣝࣉࣥࢧᅇᢡ࣮ࣥࢱࣃ�

ᅗぢ࠺ࡼࡿࢀࡽ↓ᑕヨᩱᯈࢆ⏝ࡓࡋሙྜ㸪

ᙧࡿࡍῶᑡࡽࡔ࡞ࡽపゅഃࡣࣥࣛࢫ࣮࣋

ᯝ㸪Zincite⤖ࡢ㸬ᐃᛶศᯒࡿ࡞ (㓟ள㖄)㸪Rutile
(㓟ࢱࢳ )ࣥ㸪Muscovite (㞼ẕ࣭࣐࢝)ྠࡀᐃࡉ

㸪㞼ẕ㸪㓟ளࡣᶵᡂศ↓ࡿ࠶♧⾲㸬ᡂศࡓࢀ

㖄㸪㓟ࣥࢱࢳ㸪࢝ࣜࢩ㸪㓟㕲㸪Ỉ㓟࣑ࣝ

㸪(1) ᡂࡣ♧⾲ᡂศࡢ㸬⢝ရࡓࡗ࠶࡛࣒࢘ࢽ

ศࢆ㓄ྜ㔞ࡢከ࠸㡰㸪(2) 㓄ྜ㔞ࡢከ࠸㡰㸪㓄ྜᡂ

ศ 1%௨ୗࡣ㡰ྠ㸪(3) ╔Ⰽ௨እࡢᡂศࢆ㓄ྜ

㔞ࡢከ࠸㡰㸪ࡢࡑᚋ╔Ⰽࢆ㡰ྠ㸪(4) ╔Ⰽ

௨እࡢᡂศྠ(2)ࢆᵝ୪㸪╔Ⰽࢆ㡰ྠ㸪

࠸ከࡢ㓄ྜ㔞ࡣᐃ࡛ ࡢ㸬ᅇࡿ࠶ࡀࡾࡲỴࡢ➼

᪉ࡽ 3 ࣥࢱࢳ㞼ẕ㸪㓟ள㖄㸪㓟ࡢ࡛ࡲ┠␒

ᙉᗘࢡ࣮ࣆࡢ㸬㞼ẕࡓࡁ࡛ࡀࡇࡿࡍᐃྠࢆ࡛ࡲ

㸪ᙉᗘẚࡀ࠸ప࡚ẚࣥࢱࢳ㓟ࡸ㓟ள㖄ࡀ

ࡢゅᗘࢡ࣮ࣆࡢ㸬ᮏ ᐃ࠸࡞ࡣ᭷ẚ࡛ྵ࣮ࣝࢥ

⢭ᗘࢡ࣮ࣆࡸᙉᗘ࡛ࡣᐃ㔞ศᯒࡣࡇ࠺⾜ࢆᅔ㞴

㸬࠸࡞ࡁ࡛ࡣࡇ࠺⾜ࢆᐹ⪄ࡢ௨ୖࢀࡇ㸪ࡾ࠶࡛

ࢽ࣑ࣝ㸪㓟㕲㸪Ỉ㓟࢝ࣜࢩ࡚ẚࡽࢀࡇ

㸬ࡿࢀࡽ࠼⪄ᑡ㔞࡚ࡵᴟࡣ᭷㔞ྵࡢ࣒࢘

↓ᑕヨᩱᯈୖࢆࣝࣉࣥࢧ≦ࢺࢫ࣮࣌ሬࡗ

ᅗࢆ┿ࡓ ᅗࢆ࣮ࣥࢱࣃᅇᢡ⥺ࢫࢡࢵ࢚㸪9 10
㸬ࡍ♧

ᅗ�� �ࣝࣉࣥࢧ≦ࢺࢫ࣮࣌

ᅗ��� ࣮ࢱࣃᅇᢡࡢࣝࣉࣥࢧ≦ࢺࢫ࣮࣌ �ࣥ

2θ ࡀ 10㹼15°㏆ࡢᖜࡢᗈࣝࣉࣥࢧࡣࢡ࣮ࣆ࠸

㸬ࡿࢀࡽ࠼⪄ࡢࡶࡿࡼ㧗ศᏊᡂศࡿࢀࡲྵ

㸪Zinciteࡣࢡ࣮ࣆࡢ (㓟ள㖄)㸪Rutile (㓟ࢱࢳ

)ࣥ㸪Talc ♧⾲㸬ᡂศࡓࡁᖐᒓ࡛(ࢡࣝࢱ࣭▼)

㸪㓟ள㖄㸪▼㸪ࣥࢱࢳ㸪㓟ࡣᶵᡂศ↓ࡢ

≦ࢺࢫ࣮࣌㸪ࡾ࠶㡰࡛ࡢ㸪㓟㕲࢝ࣜࢩ㸪ࢼ࣑ࣝ

ࡢึ᭱ࡶ࡛ࣝࣉࣥࢧ 3 ᡂศ᳨ࡳࡢฟ࡛ࡀࡇࡿࡍ

ᙉᗘࡢࢡ࣮ࣆ࣓ࣥࡶሙྜࡢࣝࣉࣥࢧࡢࡇ㸬ࡓࡁ

㸪ᡂࡾ࠶㡰࡛ࡢ㸼㓟ள㖄ࣥࢱࢳ㸪▼㸼㓟ࡣ

ศ⾲♧ࡢ㡰࠸࡞࡚ࡋ⮴୍㸬ࡣ࡚ࡋ⏤⌮ࡢࡇ

࡞ࡁ㸬᳨ฟ࡛ࡿࢀࡽ࠼⪄ࡀ㓄ྥᛶࡢᬗᵓ㐀⤖ࡢ▼
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᭷ྵࡣ࡚ࡋ㛵㸪㓟㕲࢝ࣜࢩ㸪ࢼ࣑ࣝࡓࡗ

㔞ࡀᴟ࡚ࡵᑡ㔞࡛ࡿࢀࡽ࠼⪄ࡀࡇࡿ࠶㸬ࡓࡲ㸪

࡚࣋ẚࣝࣉࣥࢧ≦⢊ᮎࡣࣝࣉࣥࢧ≦ࢺࢫ࣮࣌

㧗ศᏊᡂࡿࢀࡲྵࡣࢀࡇ㸬࠸㧗ࡀᙉᗘࣥࣛࢫ࣮

ศࢀࡽ࠼⪄ࡢࡶࡿࡼ㸪⢊ᮎ≧ࣝࣉࣥࢧẚ

࡚ᚤᑡᡂศ᳨ࡢฟࡀᅔ㞴ࡿ࠸࡚ࡗ࡞㸬

↓ᑕヨᩱᯈୖࢆࣝࣉࣥࢧ≦ࢻࢵ࢟ࣜᆶࡽ

ᅗࢆ┿ࡓࡋ ᅗࢆ࣮ࣥࢱࣃᅇᢡ⥺ࢫࢡࢵ࢚㸪11

12 㸬ࡍ♧

ᅗ��� ࣉࣥࢧ≦ࢻࢵ࢟ࣜ �ࣝ

ᅗ ��� ࣮ࢱࣃᅇᢡࡢࣝࣉࣥࢧ≦ࢻࢵ࢟ࣜ �ࣥ

ᗈࡢᖜࡢ10㹼15°㏆ࡀ2θࡶሙྜࡢࣝࣉࣥࢧࡢࡇ

ࡸࢡ࣮ࣆ࠸ 22°㏆ࢆ㡬Ⅼࣟࣈࡀࣥࣛࢫ࣮࣋

㧗ࡿࢀࡲྵࣝࣉࣥࢧ㸪ࡣཎᅉࡿ࠸࡚ࡗ࡞ࢻ࣮

ศᏊᡂศࡿࢀࡽ࠼⪄ࡢࡶࡿࡼ㸬ࡣࢡ࣮ࣆࡢ

࡚ Zincite(㓟ள㖄)ᖐᒓ࡛ࡓࡁ㸬࡚ࡗࡀࡓࡋ

ᡂศ⾲♧ࡿ࠶㞼ẕ㸪ࢺࢱࣃࢩ࢟ࣟࢻࣄ㸪ࢩ

ࡽ࠼⪄ᴟᑡ㔞࡚ẚ㓟ள㖄ࡣ᭷㔞ྵࡢ࢝ࣜ

㧗ศࡿࢀࡲሙྜ㸪ྵࡢࣝࣉࣥࢧ≦ࢻࢵ࢟㸬ࣜࡿࢀ

Ꮚᡂศࡽࡉࡶࡾࡼࣝࣉࣥࢧ≦ࢺࢫ࣮࡚࣌ࡗࡼ

ࡢ㸪ᚤᑡᡂศ࡛ࡢࡿ࠸࡚ࡗ࡞ࡃ㧗ࡀࣥࣛࢫ࣮࣋

᳨ฟࡾࡼࡀᅔ㞴ࡿ࠸࡚ࡗ࡞㸬

㸳．⤖ㄽ

ࡿ࡞␗ࡢ≦㸪ᛶࡾࡼᅇᢡἲ⥺ࢫࢡࢵ࢚ 3✀㢮

㸬㧗ឤᗘ㸪㧗㏿ ᐃࡓࡗ⾜ࢆᐃᛶศᯒࡢ⢝ရࡢ

⏝ࢆᑕヨᩱྎ↓ᑟయ୍ḟඖ᳨ฟჾ༙࡞⬟ྍࡀ

ᅇࡢP/Bẚ࠸㧗ࡶ࡛ࣝࣉࣥࢧࡢ㸪ᑡ㔞࡛ࡇࡿ࠸

ᢡࢆ࣮ࣥࢱࣃᚓࡓࡁ࡛ࡀࡇࡿ㸬⢊ᮎ≧㸪ࢫ࣮࣌

ࡿࢀࡲྵࢀࡒࢀࡑࣝࣉࣥࢧ≦ࢻࢵ࢟㸪ࣜ≦ࢺ

ࡋ㸬ࡓࡗ࠶࡛⬟ྍࡀࡇࡿࡍᐃྠࢆᶵᡂศ↓࡞

ࡉ᭷ྵࡣ࡛ࣝࣉࣥࢧ≦ࢻࢵ࢟ࣜ≦ࢺࢫ࣮࣌㸪ࡋ

ࢻࣥࣛࢢࢡࢵࣂࡢపゅഃ࡚ࡗࡼ㧗ศᏊᡂศࡿࢀ

ᅔࡀฟ᳨ࡢࢡ࣮ࣆ࠸ࡉᑠࡢ㸪ᙉᗘࡵࡓࡿࡍቑຍࡀ

㞴ࡿ࡞㸬

ཧ⪃ᩥ⊩

1) B. D. Cullity㸸᪂∧ ࢸࣜ࢝ X⥺ᅇᢡせぴ, p.169, 
ࢿࢢ (1980)

2) PANalytical㸸Empyreanᒓࣝࣗࢽ࣐

3) ୰ Ἠ, Ἠ ᐩኈኵ㸸⢊ᮎ X ⥺ゎᯒࡢᐇ㝿, pp.18-23,
ᮅ᭩ᗑ (2009)
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