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痦 1 畎 䗎歏㶩遤⚌➝絏 

1. 䗎歏㶩遤⚌〄㾝⾎玐 
1947 䎃繠㕂餍㼷㹊낉㹔♲⡙猰㷖㹻封僈✫痦♧〫兪⡤盗叻䘋满䗎歏㶩傞去涸ⵌ勻オㆇ✫歏㶩ꬠ

ㄐ涸〿錭կ1958 䎃䗞䊜⟉㐼灇ⵖⴀ痦♧㗌꧋䧭歏騟䒓゗✫⟄䗎歏㶩䪮助⚹㛇炄涸雦皾纸ㄤ⥌䜂䪮助鴽枡
封㾝涸倝眜畎կ1960 䎃⯕ⵠ䊨蒌涸封僈㹊梡✫礵絈兪⡤盗ㄤ꧋䧭歏騟㕃䕎絕匬⚹꧋䧭歏騟䪮助ㄤ❡⚌
涸封㾝㤭㹁✫㛇炄կ歋➲留Ⱆ尽剒⯓䲀ⴀ涸䎂꬗㘗兪⡤盗ⵖ㢊䪮助㹊꣢副僽㛇✵粉劍⯕ⵠ䪮助勻㹊梡涸կ
〫銳⯕ⵠ涸礵䏞割倗䲿넞腊㢿꧋䧭㖈♧⚡⼱㼋⡤兪㕐副涸⯋㐼⟝侨湡㽠⠔湱䎾䲿넞➢罜䲿넞꧋䧭䏞կꥥ
た涸Ⳝ⼧䎃䗎歏㶩ⵖ鸣䪮助涸封㾝㣐⡤副痗ざ种㼷㹁䖒涸곫鎊꧋䧭歏騟蓿晙副䨾꧋䧭涸歏騟涸侨湡嫦
ꥬ 18 ⚡剢㽠缺♧殣ず傞Ⱖ䚍腊嫦ꥬ 18 ⚡剢䲿넞♧⦔罜⟟呔♴꣭♧⼱կ2016 䎃た䗎歏㶩ⵖ鸣䪮助鷶幯
⟄ 22 nm 䊨蒌⚹⚺㼋կ2018 䎃 6 剢〵獤歏㹒䋒 7 nm 䊨蒌溶㣐ꆀ欰❡կ䔲⵸剒⯓鵳涸꧋䧭歏騟溶ゎ剣
馄鵂 17 ➉⚡兪⡤盗կ꧋䧭歏騟䧭⚹鵛 50 䎃封㾝剒䘯涸䪮助կ 

㖈劢勻涸⼧Ⳝ䎃务䗎歏㶩ⵖ鸣䪮助涸封㾝➠㼜黽䗄种㼷㹁䖒կ⡎僽椚雿ⴔ區䭷ⴀꥥ满㐼⟝涸暵䖄
㽯㼄割倗綫㼭㽍Ⱖ僽綫㼭ⵌ 7 nm ⟄♴傞䔂㖞ⴁ瑬ծ絟続孻⻊暟ꆀ㶩ꦍ瑬ծ尲麤䲜勇⾲㶩涸絡雦嶻衅瘝
佪䎾㼋荝涸兪⡤盗涸怩歏崨㟞㣐ծ⸆署㟞⸈ծ✽翫䒁鵷瘝꡼곿馊勻馊ꦼ⟄⯘剪կ➢ⵖ鸣䪮助涸錭䏞溏ꥥ满
꧋䧭䏞涸㟞⸈歏騟涸撑勇䚍ㄤ䊵ꝡ桧⛲㼜ッ䭷侨㟞Ɤ罜Ⰼ꬗ծ䕸䏀涸蓿晙崵霚㼜割ⱄ〳腊模䧭կ⚹✫⯘
剪副鶣㔮ꦼ꨽銳ꅷ欽倝涸勞俱ծ倝涸㐼⟝絕匬ㄤ倝涸㐼⟝⾲椚ず傞割倗䒓封ⴀ腊鷓䎾鵯❈倝㘗勞俱ㄤ㐼
⟝絕匬涸ծ倝涸ⵖ鸣䪮助ㄤ䊨蒌倰岁鵳♧姿䬪㾝种㼷㹁䖒涸鷓欽傞ꢂㄤ❡ㅷ㼆韌կ 

 

 
㕃 1 䗎歏㶩封㾝⾎玐 
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2. 䗎歏㶩❡⚌Ꝇ 
䗎歏㶩❡⚌Ꝇ副康⚹⼱㼋⡤勞俱⿺ⵖ鸣霃㢊⺫䭍兪㕐ծ歏㶩暵猫孞⡤ծ⯕ⵠ脸ծ⯕䲁芘ծ弪歏㶩⻊㷖

ㅷծCMP 䫘⯕勞俱ծ弱㼘ꬶ勞ծ⯕ⵠ纸ծⵠ赤纸ծ謭芘小獤霃㢊ծ猌㶩岤Ⰶ霃㢊ծ嶃脸儑䕧霃㢊ծ幡峤霃
㢊瘝务康⚹꧋䧭歏騟涸霃雦ծⵖ鸣ㄤ㼓崵鵂玐♴康䎾欽✵鸑⥌ծ雦皾纸ծ嶊餩歏㶩ծ导鲨ծ䊨⚌ծ倝腊
彂ծ菔瑟菔㣔ծⱙ䊨㸝꣈瘝곭㚖կ 

 
㕃 2 䗎歏㶩❡⚌Ꝇ 

 

3. 䗎歏㶩䊨蒌⿺湱Ⱒ唬崵倰岁➝絏 
䗎歏㶩ⵖ鸣䊨蒌杞⛐副僽䭷㖈⼱㼋⡤炊晙兪㕐副ⵖ鸣ⴀ꧋䧭歏騟䧴ⴔ用㐼⟝涸蓿晙絕匬瘝侨⼧猫

⸈䊨䊨蒌կ鵯❈䊨蒌⺫䭍⻊㷖纸唒䫘⯕ծ幡峤ծ孻⻊ծ⯕ⵠծ儑䕧ծⵠ赤ծ的侔ծ猌㶩岤Ⰶծꆄ㾩⻊瘝罜
䗎歏㶩蓿晙涸ⵖ鸣姻僽ꅾ撑㢴妃⵸鶣涸䊨蒌䩞腊模䧭կ罜副鶣䊨蒌涸㹊倶覆⿺ⵌ炊晙ծ歏㶩暵孞ծ弪歏㶩⻊
㷖ㅷծ⯕ⵠ脸ծ䫘⯕勞俱ծꬶ勞瘝㢴猫⼱㼋⡤勞俱䊨蒌姿낢⿺湱Ⱒ勞俱㥵㕃 3 䨾爙կ 

䗎歏㶩䊨蒌僽♧猫馄礵絈⸈䊨䊨蒌湡⵸䊨蒌暵䖄㽯㼄溶鵳Ⰶ紵碛ꆀ紩㔔姼㼆䊨蒌梠㞯ծ䊨蒌勞俱
涸ㅷ餘銳宠鿪ꬋ䌢넞կ䗎歏㶩䊨蒌䨾欽勞俱䗳곢馄紱䗎歏㶩蓿晙䗳곢㖈馄ⲙ梠㞯♴欰❡կⰢꝶ勞俱涸
䚍腊ծ餘ꆀ港盗⡤禹涸模㊤鿪湬䱹䕧ㆇ满䗎歏㶩❡ㅷ涸䚍腊ㄤ葻桧կ⚹✫礵烁䱽ⵖ勞俱餘ꆀծ模㊤䊨蒌盗
椚㼆ぐ梠蒜涸ⴔ區唬崵䧭⚹ㅷ餘⥂ꥻ涸⚺銳倰䒭կ㖈䗎歏㶩䊨蒌㛇炄副唙椚✫ぐ䊨蒌媯湱Ⱒ涸唬崵倰岁
㥵㕃 3 䨾爙կ 
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㕃 3 䗎歏㶩ⵖ鸣Ⱘ⡤䊨蒌爙䠑㕃 
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邍 1 䗎歏㶩ⵖ鸣䊨蒌⚺銳姿낢➝絏 
䊨蒌姿낢 䗎歏㶩ⵖ鸣䊨蒌ぐ姿낢皍➝ 

䊨⚌炊 
㼜瀖薉瀨⾲俱佞Ⰶゎ剣焫彂涸擧拝务넞庛很鍒焫ㄤ瀖薉瀖务涸✳孻⻊炊㖈넞庛♴封欰⻊㷖
导䎾䖤ⵌ紱䏞紨⚹ 98%涸紱炊獦⚹䊨⚌炊䧴ⲅꆄ紩炊կ 

㢴兪炊 
㼜磋烱涸䊨⚌炊♸孞䙖涸守⻊孲鵳遤守⻊导䎾欰䧭巊䙖涸炊掬ⱄ鸑鵂襒껰ㄤ⻊㷖鵮⾲䊨
蒌䖤ⵌ匧넞紱䏞涸넞紱炊䧴㢴兪炊կ 

䬘⽀兪 
㢴兪炊넞庛た䧭㘗⢪欽湬䬘岁CZ 岁⚺崨倰䒭⢪欽碰兪偒鲮䬘兪䧴⼓擧岁FZ 岁
粉劍䊨蒌⛓♧䝧嵥擧䱹碰兪⨞䧭㕐䕎⽀兪炊問կ 

 

ⴗⶶ 
㼜⽀兪炊問➢⽀兪拝䲿䬘ⴀ勻た껷⯓銳䨔倗㣢㽵搬たⱄ鵳遤䱽ⵖ湬䖈涸忎熋剒た⢪欽ꆄ
⴮瀖ꝷ㼜Ⱖⴗ䧭㖲⺣⾩䏞涸謭晙կ兪問涸湬䖈Ɀ㹁✫兪㕐涸㽯㼄կ兪㕐涸㽯㼄剣 150 mm(6

薉㼄)ծ200 mm(8 薉㼄)ծ300 mm (12 薉㼄)瘝կ 

灇熋䫘⯕ 
ⴗⶶた涸兪㕐邍꬗剣榡氛⚂磦祳,⠔䕧ㆇ歏騟涸礵㺙䏞꨽銳鵳遤⸈䊨⦝錭ծ灇熋⢪欽
䫘⯕巊ㄤ䫘⯕霃㢊㼜兪㕐邍꬗灇熋⯕徾⢪Ⱖ⫸Ꞥ㶩♧呋կ 

 

幡峤 
㖈炊晙⸈䊨鵂玐务䖎㢴姿낢꨽銳欽ⵌ幡峤幡峤涸湡涸僽⿡ꤑ炊晙邍꬗涸勇餘ㄤ婎殆暟կ炊
晙幡峤⺫䭍纸唒幡峤ծ⻊㷖幡峤ㄤ馄紱宐幡峤瘝㢴⚡姿낢կ㖈⻊㷖幡峤务⠔⢪欽䔂ꃑㄤ䔂
焦瘝⻊㷖霚⵫勻⿡ꤑ邍꬗勇餘ㄤ婎殆暟⟄⥂霆兪㕐邍꬗涸紱ⲙ䏞կ 

小獤 
小獤僽㼜勞俱小獤㖈兪㕐邍꬗涸鵂玐〳欽✵ⵖ鸣歏匧ծꆄ㾩絁ㄤ㼋⡤瘝䗎㼭㐼⟝կ小獤䪮
助⺫䭍⻊㷖孞湱小獤(CVD)ծ暟椚孞湱小獤(PVD)ㄤ歏⻊㷖小獤(ECD)瘝㢴猫倰岁կ 

孻⻊ 
孻⻊僽㼜炊邍꬗䕎䧭♧㽻孻⻊暟涸鵂玐〳⟄欽✵⥂䫡兪㕐邍꬗ㄤⵖ鸣兪⡤盗涸叹匧կ孻⻊
鸑䌢鸑鵂㼜兪㕐凐ꪪ㖈孻孞䧴宐襒孞务勻㹊梡կ 

 

⯕ⵠ 
⯕ⵠ僽㼜蓿晙涸霃雦㕃呩鲮獴ⵌ兪㕐邍꬗涸鵂玐կ⯕ⵠⴔ⚹嶃脸ծ刕⯕ծ儑䕧♲⚡姿낢կ㖈
⯕ⵠ鵂玐务⯓㼜⯕ⵠ脸嶃銻㖈兪㕐邍꬗搬た鸑鵂䫏㼘⯕彂㼜霃雦㕃呩䫏㼘㖈⯕ⵠ脸副
䕎䧭㕃呩կ剒た鸑鵂⻊㷖导䎾㼜⯕ⵠ脸㔿㹁㖈兪㕐邍꬗䕎䧭蓿晙涸㕃呩կ 

ⵠ赤 
㖈兪㕐副模䧭歏騟㕃涸⯕ⵠた㽠銳欽ⵠ赤䊨蒌勻⿡ꤑ⟣⡦㢴⡮涸孻⻊芘⚂〫殆♴⼱㼋⡤歏
騟㕃կⵠ赤䪮助⺫䭍䎁䒭赤ⵠㄤ弪䒭赤ⵠ瘝㢴猫倰岁կ 

 

猌㶩岤Ⰶ 
猌㶩岤Ⰶ僽㼜勞俱岤Ⰶⵌ兪㕐邍꬗涸鵂玐〳⟄佖」兪㕐邍꬗涸歏㷖ㄤ⯕㷖䚍餘կ㖈猌㶩彂
涸♧畮䲜勇⡤⾲㶩鄄猌㶩⻊䌄剣♧㹁涸歏蚚鄄歏㖞⸈ⵌ馄넞鸟瑬鵂兪㕐邍꬗岤
Ⰶⵌ兪㕐邍㽻务կ 

ꆄ㾩⻊ 
ꅷ欽暟椚䧴⻊㷖謭芘巤獤倰岁㖈蓿晙兪㕐邍꬗巤獤ꆄ㾩㽻⡲⚹兪⡤盗蓿晙ⰻ涸䒸ⴀ歏
匧կ 

㼓鄳崵霚 
㼓鄳崵霚僽鵶䱹兪㕐ⵌ⯋㐼⟝涸咕咿㾩✵蓿晙ⵖ鸣涸た麤䊨䎸կ湡涸僽⥂䫡蓿晙⯝「䰀
⠟⥂霆蓿晙涸侔掚䚍腊⟄⿺㹊梡歏腊ㄤ歏⥌〿涸⠛鳕烁⥂禹絡姻䌢䊨⡲կ 
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邍 2 䗎歏㶩ⵖ鸣䊨蒌勞俱➝絏 
⼱㼋⡤勞俱 ⚺銳欽鸀 

 
 

邔䏀勞俱 

呏研蓿晙勞餘割ずⴔ⚹炊兪㕐(痦♧去⼱㼋⡤)ㄤ⻊ざ暟⼱㼋⡤痦✳ծ痦♲去⼱㼋⡤կ炊兪
㕐ꅷ欽⽀兪炊晙僽䗎歏㶩ⵖ鸣务剒ꅾ銳涸⾲勞俱կ䎾欽✵蓿晙副涸炊勞俱紱䏞鸑䌢銳宠鴪ⵌ
11N ⟄副կ⻊ざ暟⼱㼋⡤⚺銳䭷灹⻊ꞛծ熧⻊ꜧծ宆⻊ꞛㄤ焫⻊炊瘝痦✳ծ痦♲去⼱㼋⡤湱嫱
痦♧去⽀餘⼱㼋⡤⻊ざ暟⼱㼋⡤㖈넞곸䚍腊ծ넞庛䚍腊倰꬗⠏䒗䖎㢴կ痦♲去⼱㼋⡤湱㼆✵痦
✳去勞俱⨞䧭涸㐼⟝㼆䎾剣㔋넞䚍腊넞⸆桧ծ넞곸桧ծ넞庛ㄤ넞歏⾓կ 

 

歏㶩暵孞 
鄄獦⚹⼱㼋⡤勞俱涸礒굹կ Ⱖⴔ⚹紱孞⡤ծ넞紱孞ㄤ⼱㼋⡤暵婋勞俱孞⡤♲碫僽꧋䧭歏
騟ծ䎂匣儑爙ծ封⯕✳匧盗ծ㣖꣉腊歏寑瘝⼱㼋⡤遤⚌欰❡ⵖ鸣鵂玐务割〳䧴緃涸Ⱒꝶ䚍⻊䊨勞
俱鄄䎛岌㖑䎾欽✵幡峤ծⵠ赤ծ䧭芘ծ䲜勇瘝䊨蒌կⰦ餘ꆀ㼆歏㶩⯋㐼⟝涸䚍腊剣ꅾ銳䕧ㆇկ 

 

⯕ⵠ脸 

⯕ⵠ脸⛲獦⚹⯕荝䫒赤⵫僽♧猫⯕併勞俱「ⵌ⯕撑た暵䚍⠔封欰佖」僽䗎歏㶩䪮助务䗎絈
㕃䕎⸈䊨涸Ⱒꝶ勞俱⛓♧䪮助㠗㘠넞Ⱘ剣紱䏞銳宠넞ծ䊨蒌撑勇瘝暵䖄鵮꨽銳湱䎾⯕ⵠ纸
♸⛓ꂁ㼆靈霚կ⯕ⵠ脸剣姻脸ㄤ餏脸⛓ⴔ:姻脸絑鵂刕⯕た「ⵌ⯕撑涸鿈ⴔ」䖤㺂僒很鍒絑
鵂儑䕧た鄄很鍒〫殆♴劢「⯕撑涸鿈ⴔ䕎䧭㕃䕎餏脸䜄䜄湱导կ 

 

弪歏㶩 
⻊㷖ㅷ 

⚺銳欽✵兪㕐ծ꬗匣ծ炊晙歏寑ⵖ鸣⸈䊨鵂玐务涸幡峤ծ⯕ⵠծ儑䕧ծ赤ⵠծ⿡脸瘝弪岁䊨蒌ⵖ
玐կ䭽撑絆䧭䧭ⴔㄤ䎾欽䊨蒌割ず〳ⴔ⚹鸑欽弪歏㶩⻊㷖ㅷꃑ碫ծ焦碫ծ很⵫碫㥵炻ꃑծ孲
孮ꃑծ⿽孻宐ծ孽宐ծ炦ꃑծ䒗⚋ꃫ瘝ㄤ⸆腊䚍弪歏㶩⻊㷖ㅷꂁ倰❡ㅷ㥵儑䕧巊ծ⶟猌巊ծ
幡峤巊ծⵠ赤巊瘝կ 

 

䫘⯕勞俱 

CMP 䫘⯕僽㹊梡兪㕐Ⰼ㽷㖲⺣䎂㗞⻊涸Ⱒꝶ䊨蒌կCMP ⻊㷖纸唒䫘⯕鵂玐务欽ⵌ涸勞俱♧菚
〳⟄ⴔ⚹䫘⯕㙈ծ䫘⯕巊ծ靈蒜㐼ㄤ幡裂⵫կ䫘⯕㙈涸勞俱♧菚僽翸孽ꂾ䧴罏僽翸ꂾ务⸈Ⰶ껒ㄤ
涸翸孽ꂾ䫘⯕巊♧菚僽歋馄絈㔿⡤磜㶩灇熋⵫(㥵紵碛紩✳孻⻊炊ծ孻⻊ꜥ磜㶩瘝)ծ邍꬗崞䚍
⵫ծ珘㹁⵫ծ孻⻊⵫瘝絆䧭կ 

 

ꬶ勞 

ⵄ欽猌㶩彂❡欰涸猌㶩㖈溫瑟务絑鵂⸈鸟翸꧋䕎䧭넞鸟涸猌㶩勲崨鲲ⴁ㔿⡤邍꬗猌㶩ㄤ
㔿⡤邍꬗⾲㶩封欰⸓腊❜矿⢪㔿⡤邍꬗涸⾲㶩猌䒓㔿⡤䎇小獤㖈㛇䏀邍꬗鄄鲲ⴁ涸㔿⡤僽
欽弱㼘岁小獤謭芘涸⾲勞俱獦⚹弱㼘ꬶ勞կ꧋䧭歏騟곭㚖涸ꞈ芘欽ꬶ勞⚺銳⺫䭍ꜥꬶծꛢꬶծ
Ꜥꬶծ꜄ꬶծꛯꛢꬶ瘝銳宠ꬶ勞紱䏞䖎넞♧菚㖈 5N(99.999%)⟄副կ 

 

䲁芘晜 

⿶獦⯕縟ծ⯕䲁垷晜ծ⯕ⵠ䲁芘晜կ勞俱:瀖薉梯槴ծꆄ㾩Ꜵㄤ䠭⯕脸կ霪❡ㅷ僽歋瀖薉梯槴⡲
⚹邔䏀㖈Ⱖ副꬗ꞈ副♧㽻ꆄ㾩Ꜵㄤ䠭⯕脸䪾溶霃雦㥩涸歏騟㕃䕎鸑鵂歏㶩慨⯕霃㢊刕⯕㖈
䠭⯕脸副㖈ꆄ㾩Ꜵ副䕎䧭歏騟㕃䕎䧭⚹碫⡃刕⯕た涸䏀晙涸⯕䲁垷晜搬た䎾欽✵㼆꧋䧭歏
騟鵳遤䫏䕧㹁⡙鸑鵂꧋䧭歏騟⯕ⵠ纸㼆䨾䫏䕧涸歏騟鵳遤⯕赤ⵠկ 
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㕃 4 2022 䎃Ⰼ椕⼱㼋⡤勞俱䋑㖞錞垷⽑嫱䞔ⲃ 
㢊岤侨研勻彂 SEMI㕂꣢⼱㼋⡤䊨⚌⼸⠔  

硅片，33%

电子气体，14%
光掩模，13%

光刻胶及其辅助

材料，13%

CMP抛光材料，7%

湿电子化学品，4%

溅射靶材，3%

其它，13%

2022䎃Ⰼ椕⼱㼋⡤勞俱䋑㖞錞垷⽑嫱
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痦 2 畎 䎾欽倰呩 

2.1 炊晙ⵖ鸣 
 

 
䗎歏㶩ⵖ鸣〳⟄ⴔ⚹♲㣐鿈ⴔ΍兪㕐ⵖ㢊Ύ蓿晙ⵖ鸣Ώ㼓鄳崵霚կ兪㕐ⵖ㢊㾩✵䗎歏㶩ⵖ鸣䊨蒌

涸痦♧㣐鿈ⴔկ兪㕐ⵖ㢊涸⾲俱僽瀖薉瀨⛲獦炊瀖兪㕐ⵖ㢊絑⾎✫瀖薉瀨ծ䊨⚌炊ծ㢴兪炊ծ⽀兪炊ծ
炊晙涸怵」鵂玐կ⚺銳欰❡䊨蒌⺫䭍䲿紱ծ䬘⽀兪ծⴗ晙ծ⦝錭ծ灇熋䫘⯕ㄤ幡峤瘝姿낢㣐荝㥵♴瀖薉
瀨涸⚺銳䧭ⴔ僽✳孻⻊炊껷⯓㼜瀖薉瀨⾲俱佞Ⰶゎ剣焫彂涸擧拝务넞庛很鍒焫ㄤ瀖薉瀖务涸✳孻⻊炊
㖈넞庛♴封欰⻊㷖导䎾䖤ⵌ紱䏞紨⚹ 98%涸紱炊獦⚹䊨⚌炊䧴ⲅꆄ紩炊կⱄ㼜磋烱涸䊨⚌炊♸孞䙖涸
守⻊孲鵳遤守⻊导䎾欰䧭巊䙖涸炊掬鸑鵂襒껰ㄤ⻊㷖鵮⾲䊨蒌䖤ⵌ匧넞紱䏞涸㢴兪炊紱䏞⚹ 9N~11Nկ
㢴兪炊넞庛た䧭㘗⢪欽湬䬘岁䧴⼓擧岁⨞䧭㕐䕎⽀兪炊問կ⽀兪炊問➢⽀兪拝䲿䬘ⴀ勻た껷⯓銳䨔倗㣢
㽵搬たⱄ鵳遤䱽ⵖ湬䖈涸忎熋剒た⢪欽ꆄ⴮瀖ꝷ㼜Ⱖⴗ䧭㖲⺣⾩䏞涸炊晙կⴗⶶた涸炊晙邍꬗剣榡氛⚂
磦祳,⠔䕧ㆇ歏騟涸礵㺙䏞꨽銳鵳遤⸈䊨⦝錭ծ灇熋ⱄ⢪欽䫘⯕巊ㄤ䫘⯕霃㢊㼜兪㕐邍꬗灇熋⯕徾կ
剒た鸑鵂幡峤纸唒幡峤ծ⻊㷖幡峤ㄤ馄紱宐幡峤⿡ꤑ炊晙邍꬗涸勇餘ㄤ婎殆暟կ 

㖈炊晙欰❡䊨蒌涸侮⚡鵂玐务꨽銳㼆⾲俱ծ鳇俱ծ务ꢂ⡤⿺䧭ㅷ⡲餘ꆀ盗䱽⿺䚍腊崵霚⚺銳覆⿺涸
ⴔ區唬崵고湡剣䊨⚌炊涸⾲俱ծ鳇俱⿺䧭ㅷ务涸⯋稇絆䧭⿺勇餘ⴔ區㢴兪炊欰❡䊨蒌务涸♲守孲炊ㄤ导
䎾孞⡤务勇餘ⴔ區炊晙涸邍꬗寓厩ⴔ區ծ邍꬗䕎頗ⴔ區ծ兪㘗兪湱⿺⸂㷖䚍腊ⴔ區瘝կ 
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X 㼘絁蚃⯕⯕靶岁崵㹁䊨⚌炊⚥勇餘⯋稇ゎꆀ 

䶰 銳劥俒⿬罌 GB/T 14849.5-2014շ䊨⚌炊⻊㷖ⴔ區倰岁 痦 5 鿈ⴔ:⯋稇ゎꆀ涸崵㹁 X 㼘絁蚃⯕⯕靶
岁ոⵄ欽䀙峸 XRF-1800 岚Ɤ蒀侔㘗 X 㼘絁蚃⯕⯕靶⟉ꅷ欽磋劣⾓晙ⵖ呋倰岁崵㹁䊨⚌炊务勇餘⯋
稇ゎꆀկⵄ欽䊨⚌炊叻ⲥ呋ㅷ䒊用湱䎾䊨⡲刼絁ぐ勇餘⯋稇叻ⲥ刼絁絁䚍葻㥩䎂遤崵㹁 10 妃ぐ絆
ⴔ礵䏞葻㥩կ倰岁鷓欽✵䊨⚌炊务꜈ծꜥծꛠծꝸծꞕծꛢծꜤծ熧ծ꞉ծꜴծꛙծ꛻ゎꆀ涸崵㹁忘駈
䊨⚌炊欰❡㼆勇餘䧭ⴔ涸唬崵꨽宠կ 

Ⱒꝶ霒䊨⚌炊  X 㼘絁蚃⯕  磋劣⾓晙 
 

䊨⚌炊⿶獦ꆄ㾩炊欽✵欰❡꧋䧭歏騟⼱㼋⡤ծⵖ鸣㣖꣉腊歏寑瘝涸勞俱կⰦ⚺䧭ⴔ炊⯋稇涸ゎꆀ㖈
98%䊩〸⚺銳勇餘⯋稇⚹ FeծAlծCa〥㢪䌢ゎ剣 VծNiծCrծTiծMnծCuծPծMgծCo 瘝䗎ꆀ勇餘
⯋稇歋✵勇餘ゎꆀ鳅⡛ꅷ欽⻊㷖ⴔ區倰岁崵㹁嫱鳅㔮ꦼ䎇⚂ⴔ區鸟䏞䢨偽岁忘駈欰❡꨽宠⟉㐼
ⴔ區〳⟄ꅷ欽⾲㶩エ佐䧴 ICP ⴔ區倰岁⡎僽歋✵撑勇涸呋ㅷ⵸㢅椚䖃䖃ⴔ區鸟䏞⛲嫱鳅䢨䎇⚂㺂
僒䒸Ⰶ霚⵫瑟涯瘝䎁䪓㔔稇ⴔ區絕卓涸ⲥ烁䏞剣傞ꦼ⟄⥂霆㖈䊨⚌炊欰❡梡㖞鷓欽䚍⛲割넞կ 

X 㼘絁蚃⯕⯕靶岁⡲⚹♧猫䘯鸟ⴔ區倰岁Ⱘ剣乼⡲皍⽀ⴔ區鸟䏞䘯瘝暵挿䎛岌䎾欽✵ぐ猫錞垷
⻊䊨⚌欰❡务絑霚낉낉霆ꅷ欽磋劣⾓晙 X 㼘絁蚃⯕⯕靶岁ⴔ區䊨⚌炊务勇餘⯋稇ゎꆀ腊㢿䖤ⵌ湱㼆
ⲥ烁涸ⴔ區絕卓〳⟄忘駈䊨⚌炊欰❡㼆勇餘⯋稇ゎꆀ唬崵涸꨽宠կ

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸 X 㼘絁蚃⯕⯕靶⟉ XRF-1800 
⾓晙纸MP-50 㘗䮷⸓熋ZHN-1B 㘗 

1.2 ⴔ區勵⟝ 
X 蚃⯕⯕靶⟉勵⟝⯕靶㹔庛䏞35˫⯕靶㹔梠㞯溫瑟 

邍 1 ⯋稇崵㹁勵⟝ 

⯋稇 盗歏⾓ 盗歏崨 杞綟 兪⡤ 唬崵㐼 PHA 胜兞 2θ 傞ꢂ 
Fe 40 kV 80 mA Std LiF SC 24-88 1BG 57.54 20 s 
Al 40 kV 80 mA Std PET FPC 25-75 1BG 144.68 20 s 
Ca 40 kV 80 mA Std LiF FPC 34-70 1BG 113.14 20 s 
Cu 40 kV 80 mA Std LiF SC 25-75 1BG 45.10 20 s 
Ni 40 kV 80 mA Std LiF SC 25-75 1BG 55.10 20 s 
Cr 40 kV 80 mA Std LiF SC 32-74 1BG 136.69 20 s 
Mn 40 kV 80 mA Std LiF SC 18-80 1BG 62.97 20 s 
Ti 40 kV 80 mA Std LiF SC 24-80 1BG 86.14 20 s 
Co 40 kV 80 mA Std LiF SC 24-84 1BG 52.80 20 s 
P 40 kV 80 mA Std Ge FPC 16-70 1BG 141.16 20 s 
V 40 kV 80 mA Std LiF SC 25-75 1BG 76.94 20 s 

Mg 40 kV 80 mA Std TAP FPC 22-86 1BG 45.17 20 s 
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⾓晙纸勵⟝ 

⾓⸂300 kN 
⸈⾓傞ꢂ30 s 

⸈⾓倰䒭䭯絯⸈⾓ 

屧⾓倰䒭綕䢨屧⾓ 

 

2. 呋ㅷ⵸㢅椚 
㼜霚呋灇熋荛Ⰼ鿈鸑鵂 0.149 mm 霚呋癃獦》霚呋 15.0 g巤磋 3.0 g⸈ 3 诱♲⛩ꃫ腂✵䮷⸓熋

副灇熋 90 猲㼜⾓晙纸涸副⾓㣢♸♴⾓㣢欽ꂊ礵唼䧴紳䋒亭䭎䎁ⲙ㼜⾓晙欽㝕俱梠縨✵♴⾓㣢务㣛㼭
䗱幑⸈呋ㅷ✵㝕俱梠务ꢂ䎇欽獦呋⺚⾓䎂⢪呋ㅷ㞅忘侮⚡㝕俱梠㼜佞剣㝕俱梠⿺霚呋涸♴⾓㣢佞縨✵
⾓晙纸♴⾓㣢⡙縨副⢪副♴⾓㣢㘌湬㼆룅烁雩⾓晙纸朐䙖姻䌢た䭽゗⸓䭽꛵⾓晙玐䎸荈⸓模䧭》♴
♴⾓㣢》ⴀ呋晙綘〿㢊崵կ 

 

3. 絕卓♸雭雿 

3.1 䊨⡲刼絁 
䭽呋ㅷ⵸㢅椚倰岁ⵖ㢊䨾剣叻呋䭽霃縨㥩涸⟉㐼勵⟝崵㹁叻ⲥ呋ㅷ⯋稇䔂䏞㼜荈⸓涬雵荛ⴔ區絆կ

䨾剣叻呋崵㹁模嫳䭽玐䎸雦皾刼絁կⰩ㘗⯋稇䊨⡲刼絁錛㕃 1կ 

 
㕃 1 ⯋稇䊨⡲刼絁 

3.2 崵霚礵䏞 
ず♧呋晙䭽霃縨㥩涸崵㹁勵⟝鵶絯崵㹁10妃㼆絕卓鵳遤絡雦ⴔ區侨研錛邍2կ 

 
 
 
 

Cu 

r=0.9994 

Ni 

r=0.9993 

Fe 

r=0.9992 

Ti 

r=0.9994 

Ca 

r=0.9987 

Al 

r=0.9977 
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邍2 崵霚礵䏞% 

⯋稇 Fe Al Ca Mn Cu Ni Cr V Ti 
䎂㖲⧩ 0.42 0.53 0.073 0.011 0.048 0.015 0.0041 0.016 0.055 

匧䊵 0.0027 0.0062 0.0008 0.0007 0.0006 0.0005 0.0005 0.0011 0.0021 
叻ⲥ⨊䊵 0.0010 0.0021 0.0003 0.0002 0.0002 0.0002 0.0001 0.0003 0.0006 
RSD(%) 0.2 0. 4 0.3 1.9 0.4 1.4 3.4 2.1 1.1 

3.3 ꅾ㢕䚍唬叅 
鷥㹁♧⚡呋ㅷ㖈ꅾ撑䚍勵⟝♴崵㹁⚙妃侨研忘駈㕂叻銳宠絕卓錛邍 3կ 

邍 3 ꅾ撑䚍侨研% 

⯋稇 Fe Al Ca Ti Cu Ni Cr 
S1 0.2971 0.1174 0.0249 0.0412 0.0058 0.0138 0.0043 
S2 0.2849 0.1167 0.0248 0.0422 0.0055 0.0139 0.0036 

Averge 0.2910 0.1171 0.0249 0.0417 0.0057 0.0139 0.0040 
䊵⧩ 0.0122 0.0007 0.0001 0.0010 0.0003 0.0001 0.0007 

ꅾ撑䚍ꣳ r 0.0151 0.0110 0.0028 0.0074 0.0018 0.0016 0.0011 

岤MnծVծPծMgծCo ゎꆀ⡛✵唬ⴀꣳ⧩劢絡雦կ 

3.4 Ⱏ㶸⯋稇䕧ㆇ 
呋ㅷ务⯋稇ꢂ〳腊㶸㖈湱✽䎁䪓呋ㅷ⚺銳⯋稇⚹炊ゎꆀ♧菚㖈98%⟄副㛇⡤㛇劥♧荝歋㛇⡤䒸

饰涸Ⱏ㶸⯋稇⛓ꢂエ佐㟞䔂佪䎾割僈儑鸑䌢割䗳罌贊կⴔ區⯋稇ゎꆀ唑䏞湱㼆鳅㣐⚡ⵆ⯋稇⛓ꢂ㶸㖈♧
㹁涸ꅾ〜䕧ㆇ䗳銳傞꨽銳鵳遤ꅾ〜吥姻叻ⲥ꣡䔶务絛ⴀ✫ⴔ區⯋稇〳腊㶸㖈涸䎁䪓靶絁㹊낉务封梡剒
Ⱙ㘗涸䎁䪓僽TiKβ絁㼆ⴔ區⯋稇V涸ꅾ〜䕧ㆇ邍4⴩ⴀ✫吥姻⵸たV涸䊨⡲刼絁禹侨կ 

邍4 ꅾ〜吥姻⵸た刼絁禹侨㼆嫱 

고湡 刼絁俷桧 刼絁䨔騄 礵烁䏞 剒㣐⨊䊵 湱Ⱒ禹侨 
吥姻⵸ 0.0354 -0.00027 0.000382 0.000649 0.9690 
吥姻た 0.0559 -0.00037 0.00022 0.00050 0.9896 

 

4. 絕雿 
劥俒⿬罌㕂叻 GB/T 14849.5-2014ⵄ欽䀙峸 XRF-1800 岚Ɤ蒀侔 X 㼘絁蚃⯕⯕靶⟉䒊用✫䊨⚌炊⚺

銳勇餘䧭ⴔⴔ區倰岁կ絕卓邍僈叻ⲥ刼絁絁䚍葻㥩呋ㅷ崵㹁礵䏞葻㥩ꅾ撑䚍絕卓忘駈㕂叻銳宠կⵄ欽
姼倰岁崵㹁䊨⚌炊崵㹁絕卓忘駈欰❡꨽宠կ 
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X 㼘絁蚃⯕磋劣⾓晙岁崵㹁㢴兪炊⚥勇餘⯋稇ゎꆀ 

䶰 銳劥俒⿬罌GB/T 14849.5-2014շ䊨⚌炊⻊㷖ⴔ區倰岁 痦5鿈ⴔ:⯋稇ゎꆀ涸崵㹁 X 㼘絁蚃⯕⯕靶岁ո
ⵄ欽䀙峸XRF-1800岚Ɤ蒀侔㘗X㼘絁蚃⯕⯕靶⟉ꅷ欽磋劣⾓晙ⵖ呋倰岁崵㹁㢴兪炊务勇餘⯋稇ゎꆀկⵄ
欽䊨⚌炊叻ⲥ呋ㅷ䒊用湱䎾䊨⡲刼絁ぐ勇餘⯋稇叻ⲥ刼絁絁䚍葻㥩䎂遤崵㹁10妃ぐ勇餘絆ⴔⴔ區礵䏞
葻㥩կ倰岁鷓欽✵㢴兪炊务꜈ծꜥծꛠծꝸծꞕծꛢծꜤծ熧ծ꞉ծꜴծꛙծ꛻ゎꆀ涸崵㹁忘駈㢴兪炊欰
❡㼆勇餘䧭ⴔ涸唬崵꨽宠կ 

Ⱒꝶ霒㢴兪炊  X 㼘絁蚃⯕  磋劣⾓晙 
 

㢴兪炊僽⽀餘炊涸♧猫䕎䙖㢴兪炊Ⱘ剣⼱㼋⡤䚍餘僽匧⚹ꅾ銳涸⠏葻⼱㼋⡤勞俱⡎䗎ꆀ涸勇餘
⽰〳㣐㣐䕧ㆇⰦ㼋歏䚍կ 

㢴兪炊僽欰❡⽀兪炊涸湬䱹⾲俱僽䔲去➃䊨兰腊ծ荈⸓䱽ⵖծ⥌䜂㢅椚ծ⯕歏鲮矿瘝⼱㼋⡤㐼⟝涸歏
㶩⥌䜂㛇炄勞俱կꥥ满⥌䜂䪮助굷鸟封㾝⼱㼋⡤꧋䧭歏騟㼆㢴兪炊涸꨽宠䘯鸟㟞Ɤ歋✵㢴兪炊꨽宠ꆀ割
倗的㣐⟟呔割倗副䪋涸ⵞ慨♴ⴀ梡✫㢴兪炊고湡涸䫏餴掚惐կ 

㢴兪炊⚺銳䧭ⴔ炊⯋稇涸ゎꆀ㖈 99%⟄副Ⱖ⡮勇餘⚹ FeծAlծCa〥㢪䌢ゎ剣 VծNiծCrծTiծMnծ
CuծPծMgծCo 瘝䗎ꆀ勇餘⯋稇歋✵勇餘ゎꆀ鳅⡛ꅷ欽⻊㷖ⴔ區倰岁崵㹁ⴔ區鸟䏞䢨⻊㷖霚⵫寓厩
梠㞯偽岁忘駈欰❡꨽宠鷶姿鄄⟉㐼ⴔ區䨾剏去կX 㼘絁蚃⯕⯕靶岁⡲⚹♧猫䘯鸟ⴔ區倰岁Ⱘ剣乼⡲皍
⽀ⴔ區鸟䏞䘯瘝暵挿鄄䎛岌ꅷ欽կ 

劥倰岁ꅷ欽磋劣⾓晙 X 㼘絁蚃⯕⯕靶岁ⴔ區㢴兪炊务勇餘⯋稇ゎꆀ腊㢿䖤ⵌ湱㼆ⲥ烁涸ⴔ區絕卓
〳忘駈㢴兪炊欰❡㼆勇餘⯋稇ゎꆀ䱽ⵖ涸꨽宠կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸 X 㼘絁蚃⯕⯕靶⟉ XRF-1800 
⾓晙纸MP-50 㘗䮷⸓熋ZHN-1B 㘗 

1.2 ⴔ區勵⟝ 
X 蚃⯕⯕靶⟉勵⟝ 
⯕靶㹔庛䏞35±0.5˫⯕靶㹔梠㞯溫瑟 

邍 1 ⯋稇崵㹁勵⟝ 

⯋稇 盗歏⾓ 盗歏崨 杞綟 兪⡤ 唬崵㐼 PHA 胜兞 2θ 傞ꢂ 
Fe 40 kV 70 mA Std LiF SC 20-90 1BG 57.54 30 s 
Al 40 kV 70 mA Std PET FPC 20-80 1BG 144.68 30 s 
Ca 40 kV 70 mA Std LiF FPC 25-75 1BG 113.14 30 s 
Cu 40 kV 70 mA Std LiF SC 20-80 1BG 45.10 30 s 
Ni 40 kV 70 mA Std LiF SC 20-80 1BG 55.10 30 s 
Cr 40 kV 70 mA Std LiF SC 25-75 1BG 136.69 30 s 
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⾓晙纸勵⟝ 

⾓⸂30 ょ 

⸈⾓傞ꢂ30 猲 

⸈⾓倰䒭䭯絯⸈⾓ 

屧⾓倰䒭綕䢨屧⾓

 

2. 呋ㅷ⵸㢅椚 
㼜霚呋灇熋荛腊㢿Ⰼ鿈鸑鵂 200 湡霚呋癃獦》霚呋 15.0±0.1 g巤磋 3.0 g⸈ 3 诱♲⛩ꃫ腂✵䮷

⸓熋副灇熋 100 猲欽㽯㼄:Φ40×34×4.5 mm 涸 PVC 㝕俱⾓呋梠⢪呋ㅷ㞅忘侮⚡㝕俱梠䭽霃㹁㥩涸
⾓晙玐䎸荈⸓模䧭⾓晙》ⴀⵖ㢊㥩涸呋晙䎁醋㐼务⥂㶸䖉崵կ 

 

3. 絕卓♸雭雿 

3.1 䊨⡲刼絁 
䭽呋ㅷ⵸㢅椚倰岁ⵖ㢊䨾剣䊨⚌炊叻呋䭽撑霃㹁勵⟝崵㹁叻ⲥ呋ㅷ䔂䏞⧩䒊用㢴兪炊呋ㅷ涸勇餘⯋

稇叻ⲥ䊨⡲刼絁鿈ⴔ⯋稇刼絁錛♴㕃1կ 

 
㕃 1 鿈ⴔ⯋稇䊨⡲刼絁 

 

 

Mn 40 kV 70 mA Std LiF SC 16-85 1BG 62.97 30 s 
Ti 40 kV 70 mA Std LiF SC 20-85 1BG 86.14 30 s 
Co 40 kV 70 mA Std LiF SC 20-85 1BG 52.8 30 s 
P 40 kV 70 mA Std Ge FPC 15-75 1BG 141.16 30 s 
V 40 kV 70 mA Std LiF SC 25-80 1BG 76.94 30 s 

Mg 40 kV 70 mA Std TAP FPC 20-85 1BG 45.17 30 s 

Cu 

r=0.9994 

Ni 

r=0.9993 

Fe 

r=0.9992 

Ti 

r=0.9994 

Ca 

r=0.9987 

Al 

r=0.9977 
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3.2 崵霚礵䏞 
ず♧呋晙䭽霃縨㥩涸崵㹁勵⟝鵶絯崵㹁10妃㼆崵霚絕卓鵳遤絡雦ⴔ區礵䏞葻㥩侨研錛邍2կ 

 
邍2 崵霚礵䏞% 

⯋稇 Fe Al Ca Cu Ni Co Mn V Ti Mg 
10 妃䎂㖲⧩ 0.155 0.071 0.065 0.0051 0.0087 0.0026 0.0037 0.021 0.027 0.012 

匧䊵 0.009 0.002 0.003 0.0007 0.0006 0.0003 0.0006 0.001 0.004 0.002 
叻ⲥ⨊䊵 0.0025 0.0004 0.0007 0.0002 0.0002 0.0001 0.0002 0.0004 0.0012 0.0005 
RSD(%) 1.6 0.58 1.07 3.7 1.98 3.19 5.61 1.82 4.32 4.5 

3.3 ⲥ烁䏞낉霆 
鷥㹁䊨⚌炊叻ⲥ呋ㅷ A ㄤ B⽀杝⚙妃崵霚䎂㖲絕卓♸叻ⲥ⧩㼆嫱㥵♴ⴔ區霴䊵忘駈㕂叻銳宠絕卓

錛邍 3կ 
邍 3 崵霚絕卓㼆嫱% 

  Fe Al Ca Cu Ni Co Mn V Ti Mg 
叻呋 A 叻ⲥ⧩ 0.073 0.084 0.079 0.0062 0.0076 0.0035 0.020 0.0041 0.018 0.036 

 XRF ⧩ 0.068 0.087 0.073 0.0058 0.0079 0.0032 0.016 0.0036 0.021 0.033 
 䊵⧩ 0.005 -0.003 -0.006 0.0004 -0.0003 0.0003 0.004 0.0005 -0.003 0.003 

叻呋 B 叻ⲥ⧩ 0.173 0.098 0.043 0.046 0.0038 0.0045 0.0083 0.0045 0.009 0.042 
 XRF ⧩ 0.185 0.105 0.038 0.042 0.0044 0.004 0.0075 0.0051 0.011 0.048 
 䊵⧩ -0.012 -0.007 0.005 0.004 -0.0006 0.0005 0.0008 -0.0006 -0.0022 -0.006 

 

4. 絕雿 
劥俒⿬罌㕂叻GB/T 14849.5-2014ⵄ欽䀙峸XRF-1800岚Ɤ蒀侔X㼘絁蚃⯕⯕靶⟉䒊用✫㢴兪炊⚺銳

勇餘䧭ⴔ涸ⴔ區倰岁կⴔ區絕卓邍僈⯋稇涸叻ⲥ刼絁絁䚍葻㥩呋ㅷ崵㹁礵䏞葻㥩낉霆ⲥ烁䏞絕卓忘駈
㕂叻銳宠կⵄ欽姼倰岁崵㹁㢴兪炊呋ㅷ崵㹁絕卓忘駈欰❡꨽宠 
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歏䠭羒ざ瘝猌㶩⡤〄㼘⯕靶岁崵㹁䊨⚌炊⚥勇餘⯋稇ゎꆀ 

䶰 銳劥俒⿬罌 GB/T 14849.4-2014շ䊨⚌炊⻊㷖ⴔ區倰岁 痦 4 鿈ⴔ勇餘⯋稇ゎꆀ涸崵㹁歏䠭羒ざ瘝猌
㶩⡤⾲㶩封㼘⯕靶岁ոꅷ欽弪岁嶊鍒䊨⚌炊磋呋ㅷⵄ欽䀙峸歏䠭羒ざ瘝猌㶩⡤封㼘⯕靶⟉ ICPE-9820 崵
㹁✫呋ㅷ务勇餘⯋稇涸ゎꆀկⴔ區絕卓邍僈ぐ⯋稇涸倰岁唬ⴀꣳ⚹ 0.004 mg/kg ~ 6 mg/kg⟉㐼礵㺙䏞
⠏葻RSD ⧩㼭✵ 1.30%n=6呋ㅷ⸈叻㔐佐桧⚹ 96.0%~110%կ霪倰岁抳併䏞넞礵㺙䏞⠏葻鷓欽
✵䊨⚌炊磋务勇餘⯋稇ゎꆀ涸崵㹁կ 

Ⱒꝶ霒歏䠭羒ざ瘝猌㶩⡤⾲㶩封㼘⯕靶岁 䊨⚌炊 勇餘⯋稇 
 

䊨⚌炊磋⿶獦ꆄ㾩炊磋僽Ꜿ抪蒀䧴冝抪蒀磋劣剣ꆄ㾩⯕峂կⰦ擧挿넞罣掚䚍腊㥩歏꣖桧넞Ⱘ
剣넞䏞䫒孻⻊⡲欽鄄獦⚹䊨⚌㄂礵僽䖎㢴넞猰䪮❡⚌割〳緃㼱涸㛇炄⾲勞俱կ炊勞俱务 BծPծCuծ
Fe 瘝鿪僽匧剣㹲涸勇餘㔔姼歏㶩䊨⚌务㼆炊勞俱涸紱䏞銳宠匧넞կ 

歏䠭羒ざ瘝猌㶩⡤⾲㶩封㼘⯕靶岁ICP-AES⟄Ⱖ崵㹁⯋稇薴㔵䎛ծ絁䚍ⴔ區薴㔵㺈ծⴔ區礵㺙䏞넞ծ
㛇⡤䎁䪓㼭ծⴔ區鸟䏞䘯ծ〳ず傞崵㢴⯋稇瘝⠍㢴⠏挿罜「ⵌⴔ區䊨⡲罏ꫬ滸կ 

劥俒⿬罌 GB/T 14849.4-2014շ䊨⚌炊⻊㷖ⴔ區倰岁 痦 4 鿈ⴔ勇餘⯋稇ゎꆀ涸崵㹁歏䠭羒ざ瘝猌㶩
⡤⾲㶩封㼘⯕靶岁ոꅷ欽弪岁嶊鍒䊨⚌炊磋呋ㅷⵄ欽䀙峸歏䠭羒ざ瘝猌㶩⡤封㼘⯕靶⟉ ICPE-9820 崵㹁
✫䊨⚌炊磋务勇餘⯋稇涸ゎꆀ

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸 ICPE-9820 㘗歏䠭羒ざ瘝猌㶩⡤封㼘⯕靶⟉ 

1.2 ⴔ區勵⟝ 
邍1 ⴔ區勵⟝ 

⟉㐼⿬侨 霃㹁⧩ ⟉㐼⿬侨 霃㹁⧩ 
넞곸⸆桧 1.20 kW/0.8 kW 瘝猌㶩⡤孞崨鸟 10.0 L/min 

鳇⸔孞崨鸟 0.60 L/min 鲿孞崨鸟 0.70 L/min 
挣盗碫㘗 Mini ꨺⻊㐼碫㘗 ず鲶 

꨺⻊㹔 偒崨꨺㹔 넞곸곸桧 27.12 MHz 

1.3 呋ㅷ⵸㢅椚
勇餘⯋稇很巊ⵖ㢊ꤑ B 㢪ⲥ烁獦》 0.25 g 呋ㅷ✵ 250 mL 翸㔋孮⛩掜掔匉务欽㼱雽宐嶹弪⸈

Ⰶ 5~10 mL1:1孲孮ꃑⴔ妃⸈Ⰶ 5~10 mL1:1炦ꃑ䖉ⶢ捘导䎾模䧭た⸈Ⰶ 1~2 mL 넞守ꃑ絩
絯⸈掚⢪呋ㅷ很鍒模Ⰼ䖉넞守ꃑ涯掆ⱎ㽴》♴ⲇ⽲⸈Ⰶ 5 mL1:1渮ꃑ欽㼱雽宐幡峤渓㠗⸈掚
⢪婎序模Ⰼ很鍒ⲇ⽲荛㹔庛㼜很巊鲮獴荛 100 mL 㝕俱㺂ꆀ櫕务欽紱宐㹁㺂荛ⵠ䏞ず岁ⵖ㢊倰岁瑟
涯ㄤ呋ㅷ⸈叻很巊կB ⯋稇ⴔ區很巊ⵖ㢊ⲥ烁獦》 0.30 g 呋ㅷ✵ 250 mL 翸㔋孮⛩掜掔匉务欽㼱雽宐嶹
弪⸈Ⰶ 5~10 mL1:1孲孮ꃑⴔ妃⸈Ⰶ 5~10 mL1:1炦ꃑ䖉ⶢ捘导䎾模䧭た⡛庛⡛✵ 140˫
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㹔庛㼜很巊鲮獴荛 50 mL 㝕俱㺂ꆀ櫕务欽紱宐㹁㺂荛ⵠ䏞ず岁ⵖ㢊倰岁瑟涯ㄤ呋ㅷ⸈叻很巊կ⸈掚
荛㽴䎁》♴ⲇ⽲⸈Ⰶ 10 mL1:1渮ꃑ欽㼱雽宐幡峤渓㠗宐嵮⸈掚⢪婎序模Ⰼ很鍒ⲇ⽲荛 

1.4 叻ⲥ很巊ꂁⵖ 
欽 2%渮ꃑꂁⵖ幊ざ叻巊禹⴩Fe ⯋稇崽䏞⚹ 0ծ1.00ծ5.00ծ10.0 ㄤ 20.0 mg/LⰦ㸐⯋稇崽䏞⚹ 0ծ

0.05ծ0.10ծ0.50ծ1.00 ㄤ 2.00mg/Lկ呏研⯋稇ゎꆀ割ず絁䚍崽䏞薴㔵〳鵳遤鷓䔲靈侮կ 

2. 絕卓♸雭雿 

2.1 叻ⲥ刼絁 

 
     㕃1 ⯋稇叻ⲥ刼絁 

2.2 唬ⴀꣳ 
⟄倰岁瑟涯很巊鵶絯崵㹁 10 妃⟄崵㹁絕卓涸 3 ⦔叻ⲥ⨊䊵⿺獦呋ꆀㄤ㹁㺂⡤獤雦皾䖤ⵌ霪倰岁涸唬ⴀ

ꣳMDLぐ⯋稇涸唬ⴀꣳ㥵邍 2 䨾爙կ 
    邍2 倰岁唬ⴀꣳ (mg/kg) 

⯋稇 ⴔ區岚Ɤnm 倰岁唬ⴀꣳ ⯋稇 ⴔ區岚Ɤnm 倰岁唬ⴀꣳ 
Al 396.153 (1) 2.0 Mn 257.610 (1) 0.03 
B 249.678 (1) 0.4 Mo 202.030 (1) 0.3 

Ca 317.933 (1) 0.3 Na 589.592 (2) 0.2 
Co 228.616 (1) 0.3 Ni 231.604 (1) 0.2 
Cr 267.716 (1) 0.3 P 178.287 (1) 6.0 
Cu 324.754 (1) 0.2 Pb 220.353 (1) 3.0 
Fe 259.940 (1) 3.0 Ti 336.121 (1) 0.07 
K 766.490 (2) 0.3 Zn 202.548 (1) 0.2 

Mg 280.270 (1) 0.004    

岤1⸆桧⚹ 1.2 kW2⸆桧⚹ 0.8 kWկ 
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2.3 ⴔ區絕卓 
䭽撑呋ㅷ⵸㢅椚玐䎸㼆䊨⚌炊磋呋ㅷ鵳遤ⴔ區崵㹁ⴔ區絕卓錛邍 3կず傞㼆呋ㅷ鵳遤呋ㅷ⸈叻㔐佐

桧㹊낉⸈叻㔐佐桧⚹ 96.0%-110%⛓ꢂ嫦⼝⸈叻呋ㅷ崵㹁 6 妃RSD ⧩㼭✵ 1.30%⟉㐼礵㺙䏞⠏葻կ 
邍3 ⴔ區絕卓⿺⸈叻㔐佐桧 

ⴔ區 
呋ㅷ 

ⴔ區絕卓 
RSD 呋ㅷゎꆀ ⸈叻ꆀ 

⸈叻た 
崵㹁絕卓 

RSD 㔐佐桧 

⯋稇 mg/L n=3% mg/kg mg/L mg/L n=6% % 
Al 0.87 0.89 362 0.50 1.35 0.48 96.0 
B 0.14 0.29 23.1 0.10 0.24 0.34 100 

Ca 0.38 1.10 168 0.50 0.86 0.30 96.0 
Co 0.018 2.11 7.35 0.10 0.12 0.71 102 
Cr 0.032 0.90 13.1 0.10 0.13 0.73 98.0 

Cu 0.14 1.07 57.8 0.10 0.25 1.22 110 

Fe 7.39 0.20 0.308* 10.0 17.1 0.29 97.1 

K 0.005 1.20 2.10 0.10 0.11 0.71 105 

Mg 0.007 0.74 3.90 0.10 0.11 0.46 103 

Mn 0.18 1.17 76.0 0.10 0.29 0.41 110 

Mo 0.011 5.22 4.75 0.10 0.11 0.55 99.0 
Na 0.009 0.62 4.30 0.10 0.11 0.46 101 

Ni 0.28 0.98 117 0.10 0.39 0.69 110 

P 0.054 13.4 22.6 0.50 0.54 1.11 97.2 

Pb N.D. -- -- 0.10 0.11 1.30 110 

Ti 0.46 1.01 190 0.50 0.96 0.64 100 

Zn 0.004 0.50 1.55 0.10 0.11 0.64 106 

岤1ծ*去邍%ゎꆀ2ծN.D.邍爙劢唬ⴀկ 

 

3. 絕雿 
劥俒ꅷ欽弪岁嶊鍒䊨⚌炊磋呋ㅷⵄ欽䀙峸歏䠭羒ざ瘝猌㶩⡤封㼘⯕靶⟉ ICPE-9820 崵㹁✫䊨⚌炊磋

务勇餘⯋稇涸ゎꆀկ霪倰岁抳併䏞넞礵㺙䏞㥩絁䚍薴㔵㺈〳䘯鸟ⲥ烁崵㹁䪠ꆀ䊨⚌炊磋务勇餘⯋稇涸
ゎꆀկ 
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⩫用〽」䰃紤㢪⯕靶⟉崵霚⼱㼋⡤勞俱炊晙⚥孻焫ゎꆀ 

䶰 銳⩫用尺」矿紤㢪⯕靶⟉䎛岌䎾欽✵⼱㼋⡤遤⚌⿺Ⱖ兪⡤勞俱絕匬ծ䧭ⴔⴔ區ㄤ勇餘緃ꤴ暵䚍灇瑕瘝
곭㚖կ劥俒⢪欽䀙峸IRXRoss崵㹁⼱㼋⡤勞俱炊鷳㼘桧䎇呏研GB/T 1557-1989ծGB/T 1558-1997-TծGB/T 
14143-93雦皾⼱㼋⡤勞俱炊务涸孻焫ゎꆀկ霪倰岁皍⽀ծ䘯鸟ծ呋ㅷ偽꨽⵸㢅椚〳 倰⤑㖑䪊䲽䖤ⵌ紤㢪靶
㕃➢罜䖤ⵌ焫孻湱Ⱒ⥌䜂㼆炊勞俱餘ꆀ䱽ⵖ饰ⵌ䭷㼋⡲欽կ 

Ⱒꝶ霒⩫用尺」矿紤㢪⯕靶⟉  焫孻  㹁䚍 
 

炊勞俱僽⼱㼋⡤务欽ꆀ剒㣐涸ꅾ銳勞俱Ⱖ欰❡錞垷䊨⚌⻊玐䏞ꂁ縨涸唬崵䩛媯瘝鿪僽Ⱖ㸐勞俱
割〳嫱䬾涸կ⡎歋✵紱炊涸㼋䌄ㄤ⟟䌄涸騄猌鵂㣐⛲獦⚹犜䌄鵂㺈鸑䌢〫剣䖎㼱ꆀ涸歏㶩腊㢿鄄➢⟟
䌄慨封ⵌ㼋䌄副䨾⟄紱炊涸⼱㼋⡤䚍餘嫱鳅䗎烯割腊湬䱹䎾欽⚹鍒Ɀ鵯⚡꡼곿猰㷖㹻又䟝ⴀ幑⸈勇
餘涸倰岁կ⡎僽炊务♧❈勇餘涸㶸㖈㼆炊勞俱涸䚍餘❡欰帿ⵠ涸䕧ㆇկ껷⯓僽孻孻鵳Ⰶⵌ炊巊务㖈ⳕ㔿
た歋✵Ɤ兪ծ鷍抠ㄤⲇ⽲涸傞ꢂ鳅Ɤ孻〳⟄♸瑟⡙絕ざ䕎䧭䗎緃ꤴ⛲〳⟄㔙翸䕎䧭孻㔙瞭鵮〳⟄
䕎䧭孻小巤䒸Ⰶ霶欰緃ꤴ鵯❈鿪⠔㼆⼱㼋⡤涸䚍腊❡欰䕧ㆇկⰦ妃僽焫焫鵂㢴涸霢㼜⠔♸炊导䎾
❡欰♧㹁侨ꆀ涸焫⻊炊焫⻊炊小巤㼋荝兪呔⡙ꝡ䕎䧭帿腊紩鲿崨㶩撑ざ务䗱➢罜䕧ㆇ㼱㶩㼑ㄐկ鵯⚡
餏꬗䕧ㆇ〳腊銳嫱焫⾲㶩⽀餘涸姻꬗䕧ㆇ銳㣐䖤㢴կ 

劥俒ⵄ欽䀙峸 IRXross ㄤ邝ⲸⰌ导㼘꣡⟝㼆炊晙鵳遤焫孻ゎꆀ㼆炊勞俱餘ꆀ䱽ⵖ饰ⵌ䭷㼋⡲欽կ   

 

1. 㹊낉鿈ⴔ 
1.1 ⾲椚 

炊务孻㣐㢴⟄Ⱏ⟟ꝶ倰䒭♸ワ㔵炊⾲㶩湱絕ざ䕎䧭 Si-Oկゎ孻炊⽀兪涸鷳㼘エ佐⯕靶㼜ⴀ梡♸ Si-O
䮷⸓䨾㼆䎾涸エ佐䌄油㖈务紤㢪⼓ⴀ梡 1205 cm-1ծ1107 cm-1ծ515 cm-1 ♲⚡エ佐䌄Ⱖ䔂䏞♸孻崽
䏞剣Ⱒկ呏研 GB/T 1557-1989ծGB/T 14143-1993 崵㹁 1107 cm-1 㢅エ佐禹侨勻烁㹁炊晙务ꢂꥴ孻涸ゎꆀկ
孻ゎꆀ㣐✵䧴罏瘝✵ 1×1017 at.cm-3 涸呋ㅷ⾩䏞紨⚹ 2 mm〳ꅷ欽瑟孞⿬嫱䧴罏䊵ⵆ岁崵ꆀկ孻ゎꆀ㼭
✵ 1×1017 at.cm-3 涸呋ㅷ⾩䏞紨⚹ 10 mm䎾ꅷ欽䊵ⵆ岁崵ꆀկ 

ꅷ欽瑟孞⿬嫱岁300 K 傞孻ゎꆀ涸雦皾Ⱆ䒭㥵♴ 
N[O]3.14×1017×α1107  at.cm-3 
岤瑟孞⿬嫱岁傞300K ♴崵ꆀ䖤ⵌ涸エ佐禹侨 α 䎾霪Ⲹ⿡ 0.4 cm-3 
⽰300 K 傞孻ゎꆀ涸雦皾Ⱆ䒭㥵♴ 
N[O]3.14×1017×α0.4at.cm-3 
皍⻊Ⱆ䒭 
α(1/D) lnT0/T) 
   α::エ佐禹侨 
   D霚呋⾩䏞cm 
   T0㛇絁㢅湱䎾涸鷳鵂桧 
T油⧩㢅湱䎾涸鷳鵂桧 
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炊务焫⟄》去⾲㶩倰䒭㶸㖈✵炊兪⡤务Si-C ꝶ涸吹綫䮷⸓⢪䖤炊⽀兪涸紤㢪鷳㼘⯕靶ⴀ梡 607.2 
cm-178 K 傞⚹ 607.5 cm-1ㄤ 1217 cm-1〫㖈 63 K ⟄♴ⴀ梡エ佐油1217 cm-1 ⚹ 607.2 cm-1 涸✳妃
靶岚Ⱖ䔂䏞⚹ 607.2 cm-1 涸 1/50կ 

㹔庛♴炊涸⿽㡮㶩兪⡤䮷⸓エ佐ⴀ梡㖈 625 cm-1 㢅♸ 607.2 cm-1 㢅 Si-C エ佐油湱ꅾ〜⚂兪呔エ佐
エ佐禹侨⚹ 8 cm-1嫱勇餘焫涸エ佐䔂䖤㢴⯕靶ⴀ梡⚚ꅾ涸兪呔エ佐胜兞䨾⟄炊务焫崽䏞〫腊ꅷ欽䊵
ⴔ岁⟄䩾ꤑ⿽㡮㶩涸䕧ㆇկ 

300 K ♴焫ゎꆀ涸雦皾Ⱆ䒭㥵♴ 
N[C]1.0×1017×α607.2 at.cm-3 
皍⻊Ⱆ䒭 
α(1/D) ॏT0/T) 
   α:  エ佐禹侨 
   D霚呋⾩䏞cm 
T0㛇絁㢅湱䎾涸鷳鵂桧 
T 油⧩㢅湱䎾涸鷳鵂桧 

1.2 ⟉㐼⿺崵㹁勵⟝ 
⟉    㐼IRXross 
岚Ɤ薴㔵4000։400 cm-1 
ⴔ 鳹 桧4 cm-1 

䪊䲽妃侨65 
崵霚倰䒭鷳㼘桧 
ⴗ駙ⴅ侨Happ-Genz  

 

2. 崵霚絕卓 

2.1 孻ゎꆀ崵霚 
呋ㅷ⚹⿽꬗䫘⯕鵂涸⽀兪炊⾩䏞⚹ 1 mm ꅷ欽瑟孞⡲⿬嫱崵㹁炊务孻ゎꆀ崵㹁靶㕃㥵♴ 

       

㕃 1 ⽀兪炊呋ㅷ鷳鵂靶㕃                          㕃 2 鿈ⴔ1107 cm-1 㢅佞㣐靶㕃 
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呏研㕂叻雦皾 
α(1/D) ㏑T0/T) 

      1/10-2㏑T/0.897 
N[O]3.14×1017×α0.4at.cm-3 

2.2 焫ゎꆀ崵霚 
ꅷ欽瑟涯炊晙⡲⿬嫱崵㹁炊务焫ゎꆀ靶㕃㥵♴ 

      

㕃 3 ⽀兪炊呋ㅷ鷳鵂靶㕃                       㕃 4 鿈ⴔ607.2 cm-1 㢅佞㣐靶㕃 

呏研㕂叻雦皾 
α(1/D) ㏑T0/T) 
1/10-2㏑T/1.275 
N[C]1.0×1017×α607.2 at.cm-3 

 

3. 絕雿 
湡⵸炊꧋䧭歏騟ぢ㣐錞垷涸倰ぢ封㾝㼆勞俱涸餘ꆀ䱽ⵖ䲿ⴀ✫刿넞涸銳宠銳䱽ⵖ炊勞俱务孻焫涸ゎ

ꆀկ欽⩫用尺紤㢪⯕靶⟉〳⟄倰⤑涸崵㹁✫⼱㼋⡤勞俱⽀兪炊涸鷳鵂桧呏研㕂叻〳⟄雦皾ⴀ⼱㼋⡤勞俱
炊务涸孻焫ゎꆀ㼆✵⼱㼋⡤勞俱炊涸餘ꆀ䱽ⵖ饰ⵌ䖎㥩涸⡲欽կ 
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歏䠭羒ざ瘝猌㶩⡤〄㼘⯕靶岁崵㹁焫⻊炊磋劣⚥涸䗎ꆀ⯋稇ゎꆀ 

䶰 銳⿬罌 GB/T 37254-2018շ넞紱焫⻊炊 䗎ꆀ⯋稇涸崵㹁ո⢪欽䀙峸 ICPE-9820 㘗歏䠭羒ざ瘝猌㶩⡤
封㼘⯕靶⟉ICP-OESⴔ區✫焫⻊炊务㢴猫ꅾꆄ㾩⯋稇涸ゎꆀկⴔ區絕卓儑爙霪倰岁ぐ⯋稇唬ⴀꣳ⚹
0.005~27.125 mg/kg湱㼆叻ⲥ⨊䊵RSD0.13%~5.51%ꅾ撑䚍葻㥩呋ㅷ⸈叻㔐佐桧⚹ 90.1%~106%
霪倰岁鷓欽✵焫⻊炊务㢴⯋稇ゎꆀ涸崵㹁կ 

Ⱒꝶ霒ICP-OES 焫⻊炊 䗎ꆀ⯋稇 
 

焫⻊炊歋✵⻊㷖䚍腊珘㹁ծ㼋掚禹侨넞ծ掚芲胆禹侨㼭ծ罣熋䚍腊㥩僽넞紩罣抠勞俱罣掚꩎ծ⡤獤
㼭ծꅾꆀ鲽罜䔂䏞넞蒜腊佪卓㥩կ넞紱䏞涸焫⻊炊⽀兪〳欽✵ⵖ鸣⼱㼋⡤ծ焫⻊炊紦絶欽⨞㣖꣉腊⯕
⠃❡⚌ծ⼱㼋⡤❡⚌ծ⾓歏兪⡤❡⚌䊨玐䚍⸈䊨勞俱鄄獦⚹痦♲去⼱㼋⡤կ 

湡⵸䧮㕂㼆焫⻊炊务䧭ⴔゎꆀ鵳遤唬崵⚺銳⣜研 GB/T 3045-2017շ兜鸑熋俱 焫⻊炊⻊㷖ⴔ區倰岁ո
ㄤ GB/T37254-2018շ넞紱焫⻊炊 䗎ꆀ⯋稇涸崵㹁ո鵯⚙⚡叻ⲥկ㖈鵯⚙⚡叻ⲥ务㢴⯋稇ず傞ⴔ區㖲ꅷ
欽✫歏䠭羒ざ瘝猌㶩⡤封㼘⯕靶岁կ歏䠭羒ざ瘝猌㶩⡤封㼘⯕靶岁ICP-OESⰨ剣崵㹁⯋稇薴㔵䎛ծ絁䚍
薴㔵㺈ծ礵㺙䏞넞ծ㢴⯋稇崵㹁ⴔ區鸟䏞䘯瘝⠏挿կ 

劥俒⿬罌 GB/T 37254-2018շ넞紱焫⻊炊 䗎ꆀ⯋稇涸崵㹁ո⢪欽䀙峸歏䠭羒ざ瘝猌㶩⡤封㼘⯕靶⟉
ICPE-9820崵㹁✫焫⻊炊磋劣务꜍ծ寏ծꜴծ灹瘝 15 猫⯋稇涸ゎꆀկ

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸 ICPE-9820 歏䠭羒ざ瘝猌㶩⡤封㼘⯕靶⟉ 

1.2 㹊낉㐼渓⿺霚⵫ 
㹊낉䨾欽㐼渓㖲⢪欽炦ꃑ很巊1+1嵵岙 24 㼭傞た欽馄紱宐Ȿ峤䎁醋た㢊欽㹊낉䨾欽炦ꃑծ

炻ꃑㄤ孲孮ꃑ紱䏞⚹⠏紩紱㹊낉欽宐⚹馄紱⿡猌㶩宐կ 

1.3 ⟉㐼勵⟝ 
邍 1 ICP-OES ⴔ區勵⟝ 

⟉㐼⿬侨 霃㹁⧩ ⟉㐼⿬侨 霃㹁⧩ 
넞곸⸆桧 1.20 kW 瘝猌㶩⡤孞崨鸟 10.0 L/min 

鳇⸔孞崨鸟 0.60 L/min 鲿孞崨鸟 0.70 L/min 
挣盗碫㘗 Mini挣盗 ꨺⻊㐼碫㘗 ず鲶꨺⻊㐼 

꨺⻊㹔 偒崨꨺㹔 넞곸곸桧 27.12 MHz 

 

2. 呋ㅷ⵸㢅椚 
呋ㅷ絑 105˫软盲䎁醋 3 㼭傞ⲥ烁獦》 0.2 g(礵烁荛 0.0001 g)✵翸㔋孮⛩掜ⰻ緵务⸈Ⰶ 5 mL 炦

ꃑ8 mL 孲孮ꃑ搬た綕綕⸈Ⰶ 5 mL 炻ꃑկ渷副ⰻ渷た佞Ⰶ割Ꝑꛩ㢪㤛ⰻ渷㥩㢪渷偒稒务䗱轠⚏
た佞Ⰶ歏掚软盲务 240˫⸈掚 16 hկ䖉ⲇ⽲た偒䒓务䗱轠⚏䩧䒓㢪緵》ⴀⰻ緵㼜很巊鲮獴荛꜉ꆄ
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襒封渓务欽⿡猌㶩宐幡峤ⰻ緵♲妃峤巊䎇Ⰶ襒封渓务կ㼜꜉ꆄ渓縨✵歏掚匣副⸈掚荛割ⱄ剣炻ꃑ涯掆
ⱎⴀկⲇ⽲た⸈Ⰶ 2.5 mL 炦ꃑㄤ㼱ꆀ宐կ婎序⸈掚很鍒た鲮獴荛 25 mL 㺂ꆀ櫕务襒封渓幡峤♲妃峤巊
䎇Ⰶ㺂ꆀ櫕务⸈宐獺ꅺ荛ⵠ䏞կず岁ⵖ㢊瑟涯呋ㅷㄤ⸈叻呋ㅷկ 

 

3. 絕卓♸雭雿 

3.1 叻ⲥ刼絁ㄤ鲰䐸㕃 
⢪欽 10%涸炦ꃑꂁ縨 AlծAsծCaծCrծCuծFeծKծNaծMgծMnծNiծPbծTiծZnծ幊ざ叻ⲥ很巊

幊ざ叻ⲥ很巊⢪欽寏叻ⲥ珘㹁⵫Au ⯋稇ゎꆀ⚹ 1 mg/L 涸 2%炦ꃑ很巊⽀杝ꂁⵖ禹⴩崽䏞⚹ 0ծ0.05ծ
0.1ծ0.5ծ1.0 ծ2.0 mg/L 涸寏⯋稇叻ⲥ很巊կ叻ⲥ刼絁崽䏞〳⟄呏研呋ㅷゎꆀ鵳遤鷓䔲靈侮鿈ⴔ⯋稇叻
ⲥ刼絁㕃ㄤ靶油鲰䐸㕃㥵♴㕃 

    

         㕃 1 灹As叻ⲥ刼絁 r=0.99998                㕃 2 Ꜵ⯋稇Cr叻ⲥ刼絁 r=1.00000 

   

     㕃 3 ꞉Mg叻ⲥ刼絁 r=1.00000                 㕃 4 ꛢTi叻ⲥ刼絁 r=0.99999 
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㕃 5 ꜥAl鲰䐸㕃 㕃 6 ꜈Fe鲰䐸㕃 

  

㕃 7 ꞕNi鲰䐸㕃 㕃 8 ꛢTi鲰䐸㕃 

3.2 唬ⴀꣳ 
⟄呋ㅷ瑟涯很巊鵶絯崵㹁 10 妃ꅷ欽鲶ぢ錜崵垷䒭唬崵ぐ⯋稇⥌〿雦皾⟉㐼唬ⴀꣳIDL䭽撑獦

ꆀ 0.2 g 㹁㺂荛 25 mL 雦皾䖤ⵌ霪倰岁涸唬ⴀꣳMDLぐ⯋稇唬ⴀꣳ⚹ 0.005~27.125 mg/kg霫絈絕卓
錛 2կ 

邍 2 唬ⴀꣳ 

⯋稇 
岚Ɤ 

nm 
IDL 

mg/L 
MDL 

(mg/kg) 
⯋稇 

岚Ɤ 
nm 

IDL 
mg/L 

MDL 
(mg/kg) 

Al 394.403 0.007 0.875 Mg 279.553 0.00004 0.005 
As 197.262 0.037 4.625 Mn 257.610 0.0001 0.0125 
Ca 422.673 0.003 8.375 Na 589.592 0.022 2.75 
Cr 205.552 0.001 12.125 Ni 221.647 0.003 0.375 
Cu 324.754 0.002 15.875 Pb 220.353 0.004 0.5 
Fe 259.940 0.003 19.625 Ti 337.280 0.0003 0.0375 
Hg 184.950 0.002 23.375 Zn 206.200 0.0005 0.0625 
K 766.490 0.135 27.125     

3.3 呋ㅷ絕卓 
㼜㢅椚た涸呋ㅷ湬䱹副纸崵㹁䎇鵳遤⸈叻㔐佐㹊낉⸈叻㔐佐桧 90.1%~106%崵㹁絕卓錛邍 3կ 

邍 3 焫⻊炊呋ㅷ崵霚絕卓 

⯋稇 
崵霚絕卓 

(mg/L) 
RSD(%) 
n=3 

呋ㅷ絕卓
(%) 

⸈叻ꆀ 
(mg/L) 

㔐佐桧 
(%) 

Al 0.647 1.00 0.197 0.500 96.6 
As N.D. - N.D. 0.100 105 
Ca 1.06 0.47 0.648 0.500 94.0 
Cr 0.113 0.48 0.033 0.500 100 
Cu 0.227 0.18 0.005 0.100 91.0 
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Fe 1.88 0.13 0.574 0.500 94.0 
Hg N.D. - N.D. 0.500 90.1 
K 1.05 2.61 0.013 0.500 106 

Mg 0.095 0.18 0.029 0.500 98.3 
Mn 0.162 0.69 0.004 0.100 100 
Na 0.040 1.26 0.042 0.500 90.7 
Ni 0.100 0.34 0.030 0.500 101 
Pb 0.027 5.51 0.0007 0.100 100 
Ti 1.87 0.82 0.046 0.100 90.6 
Zn 0.077 1.76 0.002 0.100 91.7 

岤N.D.邍爙劢唬ⴀ 

 

4. 絕雿 
⢪欽䀙峸 ICPE-9820 㘗歏䠭羒ざ瘝猌㶩⡤封㼘⯕靶⟉ⴔ區✫焫⻊炊务㢴猫⯋稇ゎꆀ霪倰岁抳併䏞넞

ⴔ區珘㹁䚍㥩♧妃鵳呋㢴⯋稇ず姿ⴔ區䊨⡲佪桧넞կICPE-9820 㘌湬挣盗霃雦〳剣佪꣭⡛呋ㅷ婎殆ㄤ
꣈姺挣盗獤焫獤渮 ICPEsolution 乼⡲鲱⟝㖈崵霚絕勲た〳た幑⸈⯋稇⿺岚Ɤ荈⸓䲀虛剒⢕岚Ɤ⸆腊
綫瀊侨研㢅椚傞ꢂ䲿넞崵霚佪桧ㄤⴔ區絕卓涸ⲥ烁䚍կ 
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⢪欽慨⯕磜䏞⟉崵霚焫⻊炊磋劣涸磜䏞 

䶰 銳⢪欽䀙峸慨⯕磜䏞⟉ SALD-2300 弪岁崵霚焫⻊炊磋⡤涸磜䖈㣐㼭ㄤⴔ䋒⚹✫鍒焫⻊炊磋⡤涸磜䏞
⥌䜂䲿⣘⿬罌կ劥岁⢪欽紱宐⚹ⴔ侔➝餘㖈䴛䬜ㄤ馄㡮勵⟝♴鵳遤崵霚呋ㅷ嶊署ꆀ㼱ⴔ區鸟䏞䘯侨
研珘㹁⚂ꅾ撑䚍㥩忘駈焫⻊炊呋ㅷ涸磜䏞崵霚銳宠կ 

Ⱒꝶ霒慨⯕磜䏞⟉  焫⻊炊  弪岁 

焫⻊炊SiC僽䚍腊⠏䒗涸⸆腊勞俱Ⱘ剣⻊㷖䚍腊珘㹁ծ㼋掚禹侨넞ծ掚芲胆禹侨㼭ㄤ炽䏞넞瘝⠏
挿鄄䎛岌䎾欽㖈罣넞庛勞俱ծ䫘⯕ծ⼱㼋⡤ծꆄ㾩ⲅꆄㄤ歏㶩歏㐼瘝곭㚖կꥥ满㼆焫⻊炊涸灇瑕割倗帿Ⰶ
鵮⠔剣刿㢴倝⸆腊ㄤ欽鸀鄄䒓封ⴀ勻կ 

焫⻊炊勞俱涸䚍餘歋㢴倰꬗Ɀ㹁㼆✵Ⱖ磋⡤勻霹磜䖈㣐㼭ㄤⴔ䋒㼆ⵖ㢊勞俱餘ꆀㄤ䚍腊Ⱘ剣ꅾ銳䕧
ㆇկ䌢欽涸磜䏞ⴔ區倰岁剣癃ⴔ岁ծ儑䗎Ꞥ岁ㄤ小꣭岁瘝慨⯕磜䏞⟉Ⱘ剣ⴔ區鸟䏞䘯ծ乼⡲皍⽀ծ崵霚薴
㔵㺈荈⸓⻊玐䏞넞ㄤ磜䏞⥌䜂⚪㺢瘝⠏挿僽ⴔ區焫⻊炊磋⡤㣐㼭ㄤⴔ䋒涸剣⸂䊨Ⱘկ 

劥俒⢪欽䀙峸慨⯕磜䏞⟉ SALD-2300 ㄤ MS23 㘗䗄梠崨鸑寑⟄紱宐⚹ⴔ侔➝餘㖈馄㡮ㄤ䴛䬜勵⟝
♴崵霚焫⻊炊磋⡤涸磜䖈㣐㼭ㄤⴔ䋒⚹焫⻊炊磋⡤磜䏞崵㹁䲿⣘倰⤑〳ꬑ涸ⴔ區倰岁կ

1. 㹊낉鿈ⴔ
1.1 ⟉㐼
慨⯕磜䏞⟉ SALD-2300䗄梠崨鸑寑 MS23

㕃 1 慨⯕磜䏞⟉ SALD-2300 

1.2 焫⻊炊磋⡤呋ㅷ 

㕃 2 焫⻊炊磋⡤ A 㕃 3 焫⻊炊磋⡤ B 



25 
 

 

1.3 崵霚倰岁ㄤ勵⟝ 
⟄紱宐⚹ⴔ侔➝餘⢪欽 MS23 㘗䗄梠崨鸑寑㖈馄㡮ㄤ䴛䬜勵⟝♴鵳遤崵霚〳 蜦䖤⯎ⴔⴔ侔涸磜㶩կ

䗄梠崨鸑寑〳㹊梡紱宐荈⸓幑⸈ծ馄㡮ㄤ䴛䬜ծ荈⸓幡峤瘝⸆腊կ姼㢪鲱⟝暵剣涸⯕䔂ⴔ䋒ⱄ雦皾LDR
⸆腊〳荈⸓雦皾暟餘涸剒⢕盐㼘桧蜦䖤〳ꬑ涸磜䖈ⴔ䋒侨研կ   

劥妃崵霚勵⟝㥵♴邍 1 䨾爙կ 
邍 1 SALD-2300 崵霚焫⻊炊磋⡤勵⟝ 

⟉㐼⿬侨 霃㹁⧩ ⟉㐼⿬侨 霃㹁⧩ 
鵳呋⽀⡙ MS23 㘗䗄梠崨鸑寑 崨鸑寑岹鸟 10 
馄㡮⸆腊 䒓゗ 盐㼘桧霃縨 2.60-0.01i 

1.4 呋ㅷ⵸㢅椚 
     》鷓ꆀ焫⻊炊磋⡤⸈紱宐馄㡮 10 min 곫ⴔ侔た诱⸈荛䗄梠崨鸑寑务鵳遤崵霚կ 

 

2. 絕卓♸雭雿 
2.1 磜䖈ⴔ䋒㕃 
     焫⻊炊磋⡤呋ㅷ A ㄤ B 涸磜䖈ⴔ䋒錛♴㕃 4 ㄤ㕃 5 䨾爙կ 

           
㕃 4 焫⻊炊磋⡤ A 磜䖈ⴔ䋒㕃 

           
㕃 5 焫⻊炊磋⡤ B 磜䖈ⴔ䋒㕃 

➢磜䖈ⴔ䋒㕃〳溏ⵌ焫⻊炊磋⡤ A ㄤ B 涸ⴔ䋒㶸㖈僈儑䊵䒗կⰦ务磋⡤ A 呋ㅷ涸磜䖈ッ姻䙖ⴔ䋒
磜䖈ⴔ䋒鳅瑺磋⡤ B 呋ㅷ涸䎂㖲磜䖈嫱 A 㼭Ⱖⴔ䋒鳅㺈鳅㼭磜䖈곾磜涸⽑嫱넞կ 
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2.2 ꅾ㢕䚍崵霚 
罌㻋倰岁涸礵㺙䏞ず呋涸勵⟝♴㼆 A ㄤ B 呋ㅷⴔⵆ鵳呋崵霚 6 妃ꅾ撑䚍絕卓錛♴㕃 6 ㄤ㕃 7 䨾爙կ

➢㕃副〳溏ⵌA ㄤ B 呋ㅷ涸 6 妃ꅾ撑䚍崵霚葻㥩䎂㖲磜䖈涸 RSD 㖲㼭✵ 0.3%邍僈呋ㅷ㖈➝餘务ⴔ侔
⯎ⴔ⟉㐼崵霚珘㹁䚍葻㥩կ 

 

 
㕃 6 焫⻊炊磋⡤ A 呋ㅷ 6 妃ꅾ撑崵ꆀ絕卓 

 

 
㕃 7 焫⻊炊磋⡤ B 呋ㅷ 6 妃ꅾ撑崵ꆀ絕卓 

2.3 絕卓宨䚪 
焫⻊炊磋⡤呋ㅷ涸磜䏞崵霚絕卓宨䚪錛♴邍 2 䨾爙կ 
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邍 2.焫⻊炊磋⡤磜䏞崵霚絕卓 

呋ㅷ綘〿 
D10 

μm 
D50 

μm 
D90 

μm 
⠍侨磜䖈 
μm 

䎂㖲磜䖈 
μm 

焫⻊炊 A 4.197 7.038 12.019 7.343 7.045 
焫⻊炊 B 1.118 3.199 6.053 3.596 2.830 

 

3. 絕雿 
劥俒⢪欽䀙峸慨⯕磜䏞⟉ SALD-2300 崵霚焫⻊炊磋⡤涸磜䖈㣐㼭ㄤⴔ䋒⟉㐼皍⽀僒欽崵霚鸟䏞䘯

呋ㅷ嶊署ꆀ㼱絕卓ꅾ撑䚍㥩կ鲱⟝荈⸓模䧭侨研ⴔ區ㄤ㾝爙〳䲿⣘剣Ⱒ磜䖈ⴔ䋒涸㢴猫⥌䜂⚹Ⰼ꬗✫
鍒焫⻊炊磋⡤磜䏞䲿⣘ꅾ銳⿬罌կ 
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2.2 蓿晙ⵖ鸣 

 
 

蓿晙ⵖ鸣㾩✵䗎歏㶩ⵖ鸣䊨蒌涸呍䗱梠蒜կ♧곾蓿晙꧋絕✫Ⳝ涰♰⚡兪⡤盗僽♧⚡匧Ⱖ撑勇涸禹
絡կ㖈䭷歌渷㣐㼭涸䗎㼭⛓㖑䋒㽷副➉呏兪⡤盗ㄤ侨ⰖꅽꟋ涸㼋絁Ⱖ䊨蒌ꦼ䏞湱䔲✵㖈♧呏㣢封⚏湬䖈
♰ⴔ⛓♧㣐㼭涸㖑㛇副䒊饰넞嚁㣐⾺կ 

䗎歏㶩ⵖ鸣䊨蒌杞⛐副僽䭷㖈⼱㼋⡤炊晙兪㕐副ⵖ鸣ⴀ꧋䧭歏騟䧴ⴔ用㐼⟝涸蓿晙絕匬瘝侨⼧猫⸈
䊨䊨蒌կ鵯❈䊨蒌⺫䭍⻊㷖纸唒䫘⯕ծ幡峤ծ孻⻊ծ⯕ⵠծ儑䕧ծⵠ赤ծ的侔ծ猌㶩岤Ⰶծꆄ㾩⻊瘝罜䗎
歏㶩蓿晙涸ⵖ鸣姻僽ꅾ撑㢴妃⵸鶣涸䊨蒌䩞腊模䧭կ罜副鶣䊨蒌涸㹊倶覆⿺ⵌ炊晙ծ歏㶩暵孞ծ弪歏㶩⻊㷖
ㅷծ⯕ⵠ脸ծ䫘⯕勞俱ծꬶ勞瘝㢴猫⾲勞俱ㄤ⻊㷖ㅷկ䗎歏㶩䊨蒌僽♧猫馄礵絈⸈䊨䊨蒌湡⵸䊨蒌暵䖄㽯
㼄溶鵳Ⰶ紵碛ꆀ紩㔔姼㼆䊨蒌梠㞯ծ䊨蒌勞俱涸ㅷ餘銳宠鿪ꬋ䌢넞կ 

䗎歏㶩䊨蒌䨾欽勞俱䗳곢馄紱կ⢾㥵幡峤欽ⵌ涸넞紱霚⵫⚺⡤䧭ⴔ紱䏞♧菚銳宠㣐✵ 99.99%
ꆄ㾩猌㶩勇餘ꣳꆀ䱽ⵖ㖈 ppt 紩ⵌ ppb 紩宐䎂կ歏㶩暵孞紱䏞꨽⥂䭯㖈 99.999%-99.9999%⟄副罜剣㹲
涸孞⡤勇餘꨽銳䱽ⵖ㖈 ppb ⟄ⰻկ⯕ⵠ脸务涸ꆄ㾩勇餘ゎꆀ♧菚銳宠㖈 1ppb ⟄♴瘝կ勇餘ⴔ區餟瑬蓿晙
ⵖ鸣涸ぐ⚡꣌媯⚺銳欽ⵌ涸⟉㐼霃㢊⺫䭍歏䠭羒ざ瘝猌㶩⡤餘靶⟉ծ猌㶩蒀靶⟉ծ孞湱蒀靶⟉ㄤ巊湱蒀靶
餘靶翫欽⟉瘝ⴔ區⟉㐼կ 

䗎歏㶩蓿晙䗳곢㖈馄ⲙ梠㞯♴欰❡կ幊Ⰶ邔䏀涸Ⳝ곾猌㶩㽠腊䕧ㆇ䲜勇佖」蓿晙涸歏㷖暵䚍瑟务饰
莺涸Ⳝ⚡ⴔ㶩⤑〳䎁䪓銻芘꣭⡛蓿晙涸欰❡葻桧կ馄ⲙ㹔ⰻ涸瑟孞寓厩暟港崵僽䪾䱽餘ꆀ涸♧麤ꅾ銳Ⱒ
〡կ⚺銳欽ⵌ涸⟉㐼霃㢊⺫䭍孞湱蒀靶餘靶翫欽⟉ծ猌㶩蒀靶⟉ㄤ歏䠭羒ざ瘝猌㶩⡤餘靶⟉瘝ⴔ區⟉㐼կ 

㼆✵⫸儑䕧巊ծ⶟猌巊ծ赤ⵠ巊瘝ꂁ倰㘗⻊㷖ㅷ⟄⿺⯕ⵠ脸瘝涸ⴔ區崵霚고湡⚺銳剣䧭ⴔ㹁䚍ծⴔ㶩
ꆀⴔ區ծ勇餘ゎꆀ崵霚瘝고湡⚺銳欽ⵌⳕ脸幷鷳蒀靶⟉ծ孞湱蒀靶餘靶翫欽⟉ㄤ굷遤傞ꢂ餘靶⟉瘝ⴔ區⟉
㐼կ兪㕐邍꬗䕎頗ⴔ區⠔欽ⵌ䪊䲽确ꛏ儑䗎ꞤծX 㼘絁⯕歏㶩腊靶⟉ㄤ紤㢪⯕靶⟉瘝瘝կ 

Ⱒꝶ勞俱涸䚍腊ծ餘ꆀ港盗⡤禹涸模㊤鿪湬䱹䕧ㆇ满䗎歏㶩❡ㅷ涸䚍腊ㄤ葻桧կ⚹✫礵烁䱽ⵖ勞俱餘
ꆀծ模㊤䊨蒌盗椚㼆ぐ梠蒜涸ⴔ區唬崵䧭⚹ㅷ餘⥂ꥻ涸⚺銳倰䒭կ  
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2.2.1 弪歏㶩⻊㷖ㅷ 

㖈絁䚪剣劼焫ⴔ區⟉崵霚馄紱宐⚥䚪剣劼焫ゎꆀ 

䶰 銳䀙峸㖈絁䚪剣纸焫ⴔ區⟉TOC-1000e㛇✵稘㢪孻⻊-歏㼋桧崵霚倰岁〳 㹊梡넞抳併䏞㖈絁紱宐ⴔ區
唬崵♴ꣳ⡛荛0.1 μg/Lկ劥俒⢪欽䀙峸㖈絁䚪剣纸焫ⴔ區⟉TOC-1000e湬䱹崵㹁✫馄紱宐务䚪剣纸焫ゎꆀ
嫦ꥬ10 min崵♧妃鵶絯港崵24 h絕卓邍僈霪倰岁乼⡲皍⤑ⴔ區鸟䏞䘯珘㹁䚍㥩鷓欽馄紱宐务⡛ゎ
ꆀ䚪剣纸焫ゎꆀ崵霚կ 

Ⱒꝶ霒㖈絁䚪剣纸焫ⴔ區⟉  馄紱宐  䚪剣纸焫 

 
⼱㼋⡤遤⚌㼆宐餘剣满⚚呔涸叻ⲥ銳宠紱宐务勇餘䗳곢⥂䭯ꬋ䌢⡛涸宐䎂㔔姼꨽銳䭯絯㼆紱宐鵳遤

餘ꆀ䱽ⵖկ䀙峸㖈絁䚪剣纸焫ⴔ區⟉ TOC-1000e 㛇✵稘㢪孻⻊-歏㼋桧崵霚倰岁〳 㹊梡넞抳併䏞㖈絁紱宐
ⴔ區唬崵♴ꣳ⡛荛 0.1 μg/Lկ 

劥俒⢪欽䀙峸㖈絁䚪剣纸焫ⴔ區⟉ TOC-1000e 湬䱹崵㹁✫馄紱宐务䚪剣纸焫ゎꆀ嫦ꥬ 10 min 崵♧
妃鵶絯港崵 24 h絕卓邍僈霪倰岁乼⡲皍⤑ⴔ區鸟䏞䘯珘㹁䚍㥩鷓欽馄紱宐务⡛ゎꆀ䚪剣纸焫ゎꆀ
崵霚կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
㖈絁䚪剣纸焫ⴔ區⟉ TOC-1000e 

 
㕃 1 㖈絁䚪剣纸焫ⴔ區⟉ TOC-1000e 

1.2 ⟉㐼暵挿 
1ꅷ欽넞⸆桧涸偽寏ⲥⴔ㶩抧岚Ɤ⚹ 172 nm岚Ɤ刿瀊腊ꆀ刿넞㼑ㄐ刿Ɤկ 
2ꅷ欽杝⴯涸⴯倝絕匬Active-Path䪮助抧ㄤ呋ㅷ崨騟崻搬♧⡤抧侮⡤⺫㔵满崨騟UV ⯕撑

㼘崨騟务嫦⚡⡙縨〳⯎ⴔ孻⻊呋ㅷ务剣纸暟կ 
3㢪錜㼭䊫〳忘駈〵䒭㸝鄳ծ㠗䒭㸝鄳ㄤ叙䒭㸝鄳瘝㢴猫㸝鄳銳宠կ 



30 
 

 

4ꂁ㢊䕙蒀㣐儑爙㾓䵨鲿✫朐䙖䭷爙抧䌄կ 
5霃㢊♧䎃➑꨽絶䫡♧妃〫꨽銳刿矿ⲥⴔ㶩抧ㄤ岹㣢䖝䩛䬒⽸ㄤ㸝鄳偽꨽괄㢪䊨Ⱘ㖈梡㖞⽰

〳䘯鸟模䧭吥ⲥㄤ낉霆կ 
6㢴猫倰䒭鳕ⴀ侨研〳⢪欽俒劥CSV䧴罏 PDF 呔䒭㼋ⴀ侨研կ 

1.3 崵霚勵⟝ 
邍 1 崵霚勵⟝ 

    ⟉    㐼   㖈絁䚪剣纸焫ⴔ區⟉ TOC-1000e 

崵霚薴㔵 0-500 μg/L 

吥ⲥ刼絁 0-250-500 μg/L訴祪叻ⲥ很巊 

崵霚ꢂꥬ 10 min 

 

2. 絕卓♸雭雿 

2.1 呋ㅷ絕卓 
䭽撑㹊낉勵⟝㼆馄紱宐呋ㅷ鵳遤㖈絁港崵絕卓錛邍 2կ 

邍 2 崵霚絕卓 

     傞ꢂmin     䚪剣纸焫ゎꆀμg/L    歏㼋桧(μS/cm)         庛䏞˫  
000900 4.72 0.0487 19.0 
001900 4.70 0.0488 19.0 
002900 4.72 0.0488 19.0 
003900 4.73 0.0488 19.0 
004900 4.72 0.0485 18.8 
005900 4.74 0.0484 18.7 
010900 4.72 0.0487 18.8 
011900 4.78 0.0487 18.8 
012900 4.81 0.0488 18.9 
013900 4.80 0.0490 18.9 
014900 4.79 0.0490 18.9 
015900 4.77 0.0490 18.8 
020900 4.81 0.0490 18.8 
021900 4.80 0.0491 18.8 
022900 4.84 0.0491 18.8 
023900 4.86 0.0493 18.9 
024900 4.87 0.0495 18.9 

025900 4.84 0.0496 19.0 

2.2 珘㹁䚍罌㻋 
䭽撑㹊낉勵⟝㼆馄紱宐呋ㅷ鵳遤 24 h 㖈絁港崵絕卓邍僈TOC ⧩㖈 4.7-5.0 μg/L 薴㔵ⰻ⥂䭯珘㹁

忘駈 5 μg/L TOC 涸紱宐餘䱽銳宠կ絕卓錛㕃 2կ 
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㕃 2 TOC 馋⸷㕃 

 

3. 絕雿 
⢪欽䀙峸㖈絁䚪剣纸焫ⴔ區⟉ TOC-1000e 湬䱹崵㹁✫馄紱宐务䚪剣纸焫ゎꆀ嫦ꥬ 10 min 崵♧妃

絕卓邍僈霪倰岁乼⡲皍⤑ⴔ區鸟䏞䘯珘㹁䚍㥩鷓欽馄紱宐务⡛ゎꆀ䚪剣纸焫ゎꆀ崵霚կTOC-1000e 〳
⟄鸑鵂緸絞倰䒭㼜嫦㣔涸崵ꆀ絕卓ㄤ乼⡲傈䘋⠛鳕ⵌ Labsolutions 侨研䎽〳 ꧋务㼆㢴〵 TOC-1000e ⟄⿺
Ⱖ㸐霃㢊涸侨研鵳遤盗椚կ 
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孞湱蒀靶岁崵㹁歏㶩紩䒗⚋ꃫゎꆀ 

䶰 銳劥俒ⵄ欽䀙峸孞湱蒀靶⟉GC-2010 Pro⿬罌湱Ⱒ叻ⲥꅷ欽吥姻꬗獤䔱♧岁䒊用✫崵㹁歏㶩紩䒗
⚋ꃫゎꆀ涸倰岁կ㼆䒗⚋ꃫ⿺Ⱖ勇餘鵶絯6妃鵳呋䒗⚋ꃫ⿺Ⱖ勇餘油꬗獤RSD⧩㖲㼭✵1%模Ⰼ忘駈傈
䌢唬崵涸銳宠կ 

Ⱒꝶ霒孞湱蒀靶岁  䒗⚋ꃫ  勇餘 
 

䒗⚋ꃫIPA僽♧猫葻㥩涸䊨⚌很⵫䌢⡲⚹幡峤⵫ծ䎁醋⵫䎛岌欽✵⼱㼋⡤欰❡ㄤ⸈䊨鵂玐务կ䒗
⚋ꃫ涸紱䏞ㄤ裂ⲙ䏞㼆⼱㼋⡤❡ㅷ涸葻ㅷ桧ծ歏䚍腊ㄤ〳ꬑ䚍剣满⼧ⴔꅾ銳涸䕧ㆇկ 

湡⵸䒗⚋ꃫ涸欰❡䊨蒌騟絁⚺銳剣⚋掜宐ざ岁ծ⚋ꂼ⸈孲岁ծ⛩ꃑ䒗⚋ꂾ⸈孲岁ծ⛩ꃑ䒗⚋ꂾꂾ❜矿
岁կ㥵⚋掜宐ざ岁僽⚋掜㖈⪶⻊⵫⡲欽♴♸宐导䎾欰䧭䒗⚋ꃫկ霪倰岁㖈欰❡鵂玐务⠔❡欰 C6 絆ⴔծ䒗
⚋ꄍծ姻⚋ꃫ瘝勇餘կ 

歏㶩紩⻊㷖ㅷ涸紱䏞ծꆄ㾩猌㶩ծ곾磜暟瘝⿬侨僽䕧ㆇⰦㅷ餘涸ꅾ銳䭷叻կ劥俒⿬罌 GB/T 7814-2017
շ䊨⚌欽䒗⚋ꃫո叻ⲥꅷ欽䀙峸孞湱蒀靶⟉ GC-2010 Proꅷ欽吥姻꬗獤䔱♧岁䒊用✫歏㶩紩䒗⚋ꃫゎ
ꆀ涸唬崵倰岁倰岁ꅾ撑䚍㥩կ〳⚹⾊㉁㼆䒗⚋ꃫ涸餘ꆀ䱽ⵖ䲿⣘⿬罌կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸孞湱蒀靶⟉GC-2010 Pro  

1.2 蒀靶勵⟝ 
蒀靶叙SH-Rtx-62460 m×0.32 mm×1.8 µm 
叙庛玐䎸40˫(22 min)_10˫/min_150˫ (10 min) 
鵳呋〡庛䏞200˫ 
鲿孞宆孞 
䛎絁鸟䏞28.0 cm/sec 
鵳呋倰䒭ⴔ崨鵳呋 
ⴔ崨嫱50:1 
鵳呋ꆀ: 1 µL 

唬崵㐼FID唬崵㐼 
唬崵㐼庛䏞280˫ 
瑟孞崨ꆀ400 mL/min 
孲孞崨ꆀ40 mL/min 
㽵オ孞崨ꆀ30 mL/ min 

1.3 呋ㅷ⵸㢅椚 
呋ㅷ偽꨽㢅椚湬䱹鵳呋ⴔ區կ 

 

2. 絕卓♸雭雿 

2.1 叻ⲥㅷ蒀靶㕃 
䭽撑叻ⲥꂁⵖ䒗⚋ꃫ⿺Ⱖ勇餘涸叻ⲥ幊ざ很巊絑孞湱蒀靶⟉崵㹁䖤ⵌ䒗⚋ꃫ⿺勇餘蒀靶㕃㥵♴կ 
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㕃 1 䒗⚋ꃫ⿺勇餘蒀靶㕃 

邍 1 ⻊ざ暟⥌䜂 
 No. ⻊ざ暟ぜ獦 薉俒ぜ獦 CAS 〿 ⥂殆傞ꢂmin 湱㼆吥姻㔔㶩 

1 歌ꃫ methanol 67-56-1 4.967 1.599 
2 ⛩ꃫ ethanol 64-17-5 6.933 1.182 
3 ⚋ꂼ acetone 67-64-1 8.001 1.081 
4 䒗⚋ꃫ  isopropyl alcohol  67-63-0 9.189 1.000 
5 〈♨ꃫ  tert-butyl alcohol  75-65-0 10.19 0.717 
6 C6 絆ⴔ C6 110-54-3 10.924 0.558 
7 䒗⚋ꄍ isopropyl ether  108-20-3 12.287 0.765 
8 姻⚋ꃫ n-propanol 71-23-8 13.561 0.856 
9 歌㛇⛩㛇ꂼ methyl ethyl ketone 78-93-3 15.942 1.140 

10 ⟗♨ꃫ 2-butanol 78-92-2 17.715 0.867 
11 薅 benzene 71-43-2 21.113 0.481 
12 䒗♨ꃫ 2-methyl-1-propanol 78-83-1 22.789 0.733 
13 姻♨ꃫ n-butanol  71-36-3 26.196 0.771 
14 歌㛇䒗♨㛇歌ꂼ methyl isobutyl ketone  108-10-1 29.449 0.714 
15 歌㛇䒗♨㛇歌ꃫ isobutyl methyl carbinol  108-11-2 30.588 0.693 

2.2 㹁ꆀ倰䒭 
䭽叻ⲥ銳宠⢪欽獦ꆀ岁ꂁⵖ䒗⚋ꃫ⿺勇餘叻ⲥ幊ざ很巊ꅷ꧋幊ざ叻ⲥ很巊ⵄ欽Ⱆ䒭(1)雦皾ぐ勇

餘⻊ざ暟湱㼆䒗⚋ꃫ涸湱㼆吥姻㔔㶩կ 
ꅷ꧋呋ㅷⵄ欽Ⱆ䒭(2)欽吥姻꬗獤䔱♧⻊岁雦皾Ⱙ㘗勇餘ゎꆀկ蕯ꤑⰩ㘗勇餘㢪呋ㅷ务鵮剣Ⱖ➭

劢濼勇餘〳ꅷ欽吥姻꬗獤䔱♧⻊岁雦皾Ⱖゎꆀ⿬撑䒗⚋ꃫ涸吥姻㔔㶩կ 

湱㼆吥姻㔔㶩雦皾Ⱆ䒭𝑓𝑖 = ஺
䒗⚋ꃫ

×௠௜
勇餘

஺௜
勇餘

ି஺௜
瑟涯

×௠
䒗⚋ꃫ

  

ˋˋfiぐ勇餘吥姻㔔㶩♸䒗⚋ꃫ吥姻㔔㶩⛓嫱䒗⚋ꃫ湱㼆吥姻㔔㶩⚹ 1.000 
ˋˋAi 勇餘幊ざ叻ⲥ很巊务勇餘 i 油꬗獤 
ˋˋAi 瑟涯瑟涯很巊务勇餘 i 涸油꬗獤 
ˋˋmi 勇餘幊ざ叻ⲥ很巊务勇餘 i 餘ꆀmg 
ˋˋA 䒗⚋ꃫ幊ざ叻ⲥ很巊务䒗⚋ꃫ油꬗獤 
ˋˋm 䒗⚋ꃫ幊ざ叻ⲥ很巊务䒗⚋ꃫ餘ꆀmg 

呋ㅷ勇餘ゎꆀ雦皾ωi = ஺௜
勇餘

×௙௜∑஺௜
勇餘

×௙௜
× 100 − 𝜔宐 

数数数数数:15种种种_R1_001.gcd
样样数:R1
样样ID:15种种种
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ωi勇餘 i ゎꆀ% 
Ai 勇餘勇餘 i 油꬗獤 
fi勇餘 i 湱㼆吥姻㔔㶩ꤑⰩ㘗勇餘㢪涸劢濼勇餘湱㼆吥姻㔔㶩⚹ 1 
W 宐呋ㅷ务宐ⴔゎꆀ% 

2.3 ꅾ㢕䚍崵霚 
》䒗⚋ꃫ⿺勇餘叻ⲥ幊ざ很巊鵶絯 6 妃鵳呋罌㻋ꅾ撑䚍կ絕卓錛邍 2կ 

邍2 ꅾ撑䚍絕卓n=6 

No. ⻊ざ暟ぜ獦 
油꬗獤 RSD 

(%) 1 2 3 4 5 6 
1 歌ꃫ 176083 175667 175371 175524 175968 175838 0.15 
2 ⛩ꃫ 127685 126985 127818 127747 127706 128274 0.32 
3 ⚋ꂼ 91334 91352 9,654 91576 91347 92028 0.30 
4 䒗⚋ꃫ 149045839 148832574 148454435 148649460 148787248 148500717 0.15 
5 〈♨ꃫ 265670 265469 264900 265377 265742 265416 0.11 
6 C6 絆ⴔ 62644 62311 62836 6,307 63371 63168 0.70 
7 䒗⚋ꄍ 92329 92398 93228 91352 91897 92988 0.75 
8 姻⚋ꃫ 220517 219546 222121 222037 221622 224130 0.71 
9 歌㛇⛩㛇ꂼ 138669 137818 140125 139817 139313 140736 0.75 

10 ⟗♨ꃫ 144504 145652 144468 146646 145236 146643 0.67 
11 薅 109748 108619 108368 107764 108812 109420 0.66 
12 䒗♨ꃫ 165383 164615 165179 164855 164821 164114 0.27 
13 姻♨ꃫ 130732 130708 130043 130592 130901 131038 0.26 
14 歌㛇䒗♨㛇歌ꂼ 144437 143580 144684 144903 144511 145902 0.52 
15 歌㛇䒗♨㛇歌ꃫ 178713 178357 178603 178917 178965 179097 0.15 

2.4 呋ㅷ唬崵 
》割ず⾊㉁䲿⣘涸䊨⚌欽䒗⚋ꃫ很⵫鵳遤崵㹁կⰦ务厤⾊㉁涸䒗⚋ꃫ很⵫蒀靶㕃㥵♴կ䭽叻ⲥ銳宠ꅷ

欽吥姻꬗獤䔱♧⻊倰岁䎇䩾ꤑ宐ⴔ雦皾䖤ⵌ䒗⚋ꃫゎꆀⰨ⡤崵㹁絕卓錛邍 3կ 

 
㕃 2 厤⾊㉁䒗⚋ꃫ很⵫蒀靶㕃 

 
 

数数数数数:HPLC_IPA_003.gcd
样样数:IPA
样样ID:HPLC
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邍 3 割ず⾊㉁䲿⣘涸䒗⚋ꃫ很⵫崵㹁絕卓 

呋ㅷぜ獦 䒗⚋ꃫゎꆀ% 
䒗⚋ꃫ#1很⵫ 99.981 
䒗⚋ꃫ#2很⵫ 99.905 
䒗⚋ꃫ#3很⵫ 99.969 

 

3. 絕雿 
劥俒⢪欽䀙峸孞湱蒀靶⟉ GC-2010 Pro⿬罌㕂㹻叻ⲥꅷ欽吥姻꬗獤䔱♧岁䒊用✫崵㹁歏㶩紩䒗⚋

ꃫゎꆀ涸倰岁կ》䒗⚋ꃫ⿺勇餘叻ⲥ幊ざ很巊鵶絯 6 ꛏ鵳呋䒗⚋ꃫ⿺Ⱖ勇餘油꬗獤 RSD ⧩㖲㼭✵ 1%
模Ⰼ忘駈傈䌢唬崵涸銳宠կ霪倰岁〳⚹ぐ⾊㉁歏㶩紩䒗⚋ꃫ涸餘ꆀ䱽ⵖ䲿⣘⿬罌կ 
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孞湱蒀靶岁崵㹁䊨⚌欽⚋✳ꃫ歌ꄍ⛩ꃑꂾゎꆀ 

䶰 銳劥俒ⵄ欽䀙峸孞湱蒀靶⟉GC-2010 Pro䒊用✫䊨⚌欽⚋✳ꃫ歌ꄍ⛩ꃑꂾゎꆀ涸崵㹁倰岁կ㼆⚋✳ꃫ
歌ꄍ⛩ꃑꂾ⿺Ⱖ勇餘鵶絯6妃鵳呋⚋✳ꃫ歌ꄍ⛩ꃑꂾ⿺Ⱖ勇餘涸油꬗獤RSD⧩㖲㼭✵1%ꅾ撑䚍㥩模
Ⰼ忘駈傈䌢唬崵涸銳宠կ 

Ⱒꝶ霒孞湱蒀靶岁  ⚋✳ꃫ歌ꄍ⛩ꃑꂾ 
 

⚋✳ꃫ歌ꄍ⛩ꃑꂾPGMEA)僽♧猫⡛嫫涸넞紩䊨⚌很⵫կ歋✵Ⱖⴔ㶩务剣ꄍծ纝㛇ծꂾծ掬㛇瘝㢴
猫㸽腊㔙㔔姼㼆ꬋ匧䚍暟餘ㄤ匧䚍暟餘鿪剣䖎䔂涸很鍒腊⸂⚺銳欽⡲屘㟯ծ넞咓屘怚ծ紼絉厩俱ծ⯕ⵠ
脸涸很⵫⿺⼱㼋⡤ծ巊兪儑爙㾓瘝礵㺙歏㶩⯋㐼⟝涸幡峤⵫կ 

⚋✳ꃫ歌ꄍ⛩ꃑꂾ⚺銳僽⟄⚋✳ꃫ歌ꄍծ⛩ꃑ⚹⾲俱絑ꂾ⻊导䎾ⵖ䖤ⵖ䖤涸⚋✳ꃫ歌ꄍ⛩ꃑꂾ务〳腊
⠔ゎ剣⚋✳ꃫ歌ꄍծ2-歌孻㛇-1-⚋ꃫ⛩ꃑꂾ瘝剣纸勇餘կ剣纸勇餘涸㶸㖈⠔㼋荝❡ㅷ䚍腊ծ〳 ꬑ䚍ㄤ㼑ㄐ♴
꣭㔔姼港崵⚋✳ꃫ歌ꄍ⛩ꃑꂾ务涸剣纸勇餘荛Ⱒꅾ銳կ 

劥俒⿬罌 HG/T 3940-2007շ䊨⚌欽⚋✳ꃫ歌ꄍ⛩ꃑꂾոꅷ欽䀙峸孞湱蒀靶⟉ GC-2010 Pro䒊用✫䊨
⚌欽⚋✳ꃫ歌ꄍ⛩ꃑꂾ⿺Ⱖ勇餘涸唬崵倰岁〳⚹䊨⚌欽⚋✳ꃫ歌ꄍ⛩ꃑꂾ涸餘ꆀ䱽ⵖ䲿⣘⿬罌կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸孞湱蒀靶⟉GC-2010 Pro  

1.2 ⴔ區勵⟝ 
蒀靶叙SH-Stabilwax-DA30 m×0.25 mm×0.25 µm 
叙庛玐䎸110˫(10 min)_20˫/min_240˫ (3 min)  
鵳呋〡庛䏞240˫ 
鲿孞䱽ⵖ垷䒭䛎絁鸟䏞 
絁鸟䏞30.0 cm/sec 
鵳呋倰䒭ⴔ崨鵳呋 
ⴔ崨嫱50:1 
鵳呋ꆀ0.2 µL 

唬崵㐼FID 唬崵㐼 
唬崵㐼庛䏞250˫ 
瑟孞崨ꆀ400 mL/min 
孲孞崨ꆀ40 mL/min 
㽵オ孞崨ꆀ30 mL/ min 

 

2. 呋ㅷ⵸㢅椚 
呋ㅷ偽꨽㢅椚湬䱹鵳呋ⴔ區կ 

 

3. 絕卓♸雭雿 
3.1 ⚋✳ꃫ歌ꂾ⛩ꃑꂾ很⵫蒀靶㕃 

》䊨⚌欽⚋✳ꃫ歌ꄍ⛩ꃑꂾ很⵫絑孞湱蒀靶⟉崵㹁䖤ⵌ⚋✳ꃫ歌ꄍ⛩ꃑꂾ很⵫蒀靶㕃㥵♴䨾爙կ 
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㕃 1 ⚋✳ꃫ歌ꄍ⛩ꃑꂾ很⵫蒀靶㕃 

邍 1 ⻊ざ暟⥌䜂 

 No. ⻊ざ暟ぜ獦 薉俒ぜ獦 CAS 〿 
⥂殆傞ꢂ

min 
1 ⚋✳ꃫ歌ꄍ 1-Methoxy-2-propanol 107-98-2 2.635 
2 ⚋✳ꃫ歌ꄍ⛩ꃑꂾ 1-Methoxy-2-propyl acetate 108-65-6 3.208 
3 2-歌孻㛇-1-⚋ꃫ⛩ꃑꂾ 2-Methoxy-1-propyl acetate 70657-70-4 3.442 

3.2 ꅾ㢕䚍崵霚 
》⚋✳ꃫ歌ꄍ⛩ꃑꂾ很⵫鵶絯 6 妃鵳呋罌㻋ꅾ撑䚍կ絕卓錛邍 2կ 

邍2 ꅾ撑䚍絕卓n=6 

No. ⻊ざ暟ぜ獦 
油꬗獤 RSD 

(%) 1 2 3 4 5 6 

1 ⚋✳ꃫ歌ꄍ 23204 23462 23342 23386 23115 23201 0.57 
2 ⚋✳ꃫ歌ꄍ⛩ꃑꂾ 27112858 27479405 27168996 27312384 26995503 27145037 0.62 
3 2-歌孻㛇-1-⚋ꃫ⛩ꃑꂾ 27730 28123 27834 28021 27774 27756 0.58 

3.3 㹁ꆀ雦皾 
呏研叻ⲥ銳宠䭽撑꬗獤䔱♧岁雦皾⚋✳ꃫ歌ꄍ⛩ꃑꂾ⿺ 2-歌孻㛇-1-⚋ꃫ⛩ꃑꂾ涸ゎꆀկ雦皾Ⱆ䒭㥵

♴ 

ω௜ = 100 − 𝜔ଶ × 𝐴∑𝐴௜ 
ω௜⚋✳ꃫ歌ꄍ⛩ꃑꂾ䧴 2-歌孻㛇-1-⚋ꃫ⛩ꃑꂾ涸餘ꆀⴔ侨% 𝜔ଶ呋ㅷ务宐ⴔゎꆀ% 
A⚋✳ꃫ歌ꄍ⛩ꃑꂾ䧴 2-歌孻㛇-1-⚋ꃫ⛩ꃑꂾ涸油꬗獤 ∑𝐴௜ぐ絆ⴔ涸油꬗獤⛓ㄤ 

3.4 呋ㅷ崵霚 
》割ず⾊㉁䲿⣘涸䊨⚌欽⚋✳ꃫ歌ꄍ⛩ꃑꂾ很⵫鵳遤崵䒭կ厤⾊㉁⚋✳ꃫ歌ꄍ⛩ꃑꂾ很⵫蒀靶㕃錛㕃

2կ䭽叻ⲥ銳宠雦皾⚋✳ꃫ歌ꄍ⛩ꃑꂾ紱䏞傞꨽䩾ꤑ宐ⴔꅷ欽꬗獤䔱♧岁雦皾䖤ⵌ⚋✳ꃫ歌ꄍ⛩ꃑꂾゎ
ꆀず傞很⵫务 2-歌孻㛇-1-⚋ꃫ⛩ꃑꂾ涸餘ꆀⴔ侨鵮꨽痗ざ割䖤馄鵂 0.4%涸銳宠կ 

割ず⾊㉁⚋✳ꃫ歌ꄍ⛩ꃑꂾ很⵫崵霚絕卓錛邍 3崵霚絕卓邍僈 3 ⚡呋ㅷ㖲痗ざ叻ⲥ銳宠կ 
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㕃 2 厤⾊㉁⚋✳ꃫ歌ꄍ⛩ꃑꂾ很⵫蒀靶㕃 

邍 3 割ず⾊㉁䊨⚌欽⚋✳ꃫ歌ꄍ⛩ꃑꂾ很⵫崵㹁絕卓 

呋ㅷぜ獦 
⚋✳ꃫ歌ꄍ⛩ꃑꂾゎꆀ 

% 
2-歌孻㛇-1-⚋ꃫ⛩ꃑꂾゎꆀ

% 
⚋✳ꃫ歌ꄍ⛩ꃑꂾ很⵫#1 99.752 0.012 
⚋✳ꃫ歌ꄍ⛩ꃑꂾ很⵫#2 99.810 0.027 
⚋✳ꃫ歌ꄍ⛩ꃑꂾ很⵫#3 99.754 0.057 

 

4. 絕雿 
劥俒⢪欽䀙峸孞湱蒀靶⟉ GC-2010 Pro䒊用✫䊨⚌欽⚋✳ꃫ歌ꄍ⛩ꃑꂾ涸崵㹁倰岁կ》⚋✳ꃫ歌ꄍ⛩

ꃑꂾ很⵫鵶絯 6 ꛏ鵳呋⚋✳ꃫ歌ꄍ⛩ꃑꂾ⿺Ⱖ勇餘油꬗獤 RSD ⧩㖲㼭✵ 1%կ霪倰岁模Ⰼ忘駈傈䌢唬崵
涸銳宠〳⚹䊨⚌欽⚋✳ꃫ歌ꄍ⛩ꃑꂾ餘ꆀ䱽ⵖ䲿⣘⿬罌կ 
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孞湱蒀靶岁崵㹁䊨⚌欽 N-歌㛇ぼㅜ掬ꂼゎꆀ 

䶰 銳劥俒ⵄ欽䀙峸孞湱蒀靶⟉GC-2010 Pro⿬罌㕂㹻叻ⲥꅷ欽吥姻꬗獤䔱♧岁䒊用✫崵㹁䊨⚌欽N-
歌㛇ぼㅜ掬ꂼゎꆀ涸倰岁կ㼆N-歌㛇ぼㅜ掬ꂼ⿺Ⱖ勇餘鵶絯6妃鵳呋N-歌㛇ぼㅜ掬ꂼ⿺Ⱖ勇餘油꬗獤RSD
⧩㖲㼭✵2%模Ⰼ忘駈傈䌢唬崵涸銳宠կ 

Ⱒꝶ霒孞湱蒀靶岁  N-歌㛇ぼㅜ掬ꂼ  勇餘 
 

N-歌㛇ぼㅜ掬ꂼⵆぜ N-歌㛇-2-ぼㅜ掬ꂼ皍獦 NMPկⰨ剣嫫䚍⡛ծ屗挿넞ծ很鍒⸂䔂ծ割僒敍ծ〳欰
暟꣭鍒ծ〳㔐佐ⵄ欽ծ⢪欽㸝Ⰼㄤ鷓欽✵㢴猫ꂁ倰欽鸀瘝⠏挿僽♧猫鷥䭊䚍䔂ㄤ珘㹁䚍㥩涸很⵫կ 

N-歌㛇ぼㅜ掬ꂼ䎛岌䎾欽✵瀖屘⻊䊨ծ㝕俱䊨⚌ծ蚋ㅷծⱚ蚋ծ厩俱⟄⿺Ꝋ歏寑ⵖ鸣⚌瘝կNMP 僽欰
❡Ꝋ歏寑ꬋ䌢ꅾ銳涸鳇⸔勞俱嫱㥵ꂁ俱꣌媯NMP ⡲⚹ PVDF 很⵫⿬♸崰俱ⴔ侔䕎䧭➝餘㖲⺣㖈
♧㹁磨䏞薴㔵ⰻꟋ傞ꢂ⥂䭯珘㹁涸崰俱կ㖈嶃䋒꣌媯NMP ⡲⚹崰俱涸⚺銳巊⡤鲿⡤⟄珘㹁涸⾩䏞㖲⺣
嶃侴㖈ꆄ㾩㛇勞副銳宠ㄤꆄ㾩㛇勞剣ꬋ䌢㥩涸嶹弪䚍ㄤ崨⸓䚍կ㖈嶃䋒软掐꣌媯弪芘㖈软盲务⺣鸟鵘
遤很⵫剣錞䖒䚍䮦封NMP 䪬䬐鸣㶰⸆腊NMP ⟄珘㹁涸鸟䏞➢弪芘务䮦封䕎䧭㶰䖈㖲⺣ⴔ䋒㖲⺣
涸㢴㶰䗎歏匧絕匬կ㔔姼Ꝋ歏寑ⵖ㢊务銳宠 N-歌㛇ぼㅜ掬ꂼ紱䏞荛㼱銳鴪ⵌ 99.85%⟄副⟄Ⲹ㼱勇餘
㼆Ꝋ歏寑䚍腊涸䕧ㆇկ 

劥俒⿬罌㕂㹻叻ⲥ GB/T27563-2011շ䊨⚌欽 N-歌㛇-2-ぼㅜ掬ꂼոⵄ欽䀙峸孞湱蒀靶⟉ GC-2010 Pro
ꅷ欽吥姻꬗獤䔱♧岁䒊用✫䊨⚌欽 N-歌㛇ぼㅜ掬ꂼ⿺Ⱖ勇餘涸唬崵倰岁〳⚹ぐ欰❡⾊㉁㼆 N-歌㛇ぼㅜ
掬ꂼ餘ꆀ涸䱽ⵖ䲿⣘⿬罌կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸孞湱蒀靶⟉GC-2010 Pro  

1.2 ⴔ區勵⟝ 
蒀靶叙SH-Stabilwax-DA30 m×0.25 mm×0.25 µm 
叙庛玐䎸100˫(1 min)_10˫/min_160˫(10 min) _30˫/min_220˫(3 min) 
鵳呋〡庛䏞250˫ 
鲿孞孹孞 
鲿孞䱽ⵖ垷䒭䛎絁鸟䏞 
絁鸟䏞27.5 cm/sec 
鵳呋倰䒭ⴔ崨鵳呋 
ⴔ崨嫱25:1 

鵳呋ꆀ0.2 µL 
孲孞崨ꆀ40 mL/min 
唬崵㐼FID 唬崵㐼 
唬崵㐼庛䏞280˫ 
瑟孞崨ꆀ400 mL/min 
㽵オ孞崨ꆀ30 mL/ min 

 

2. 呋ㅷ⵸㢅椚 
呋ㅷ偽꨽㢅椚湬䱹鵳呋ⴔ區կ 
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3. 絕卓♸雭雿 
3.1 叻ⲥㅷ蒀靶㕃 

》紱䏞⚹ 99.920%涸 N-歌㛇ぼㅜ掬ꂼ叻ⲥ很巊絑孞湱蒀靶⟉崵㹁䖤ⵌ N-歌㛇ぼㅜ掬ꂼ叻巊蒀靶㕃
㥵♴կ 

 
㕃 1 N-歌㛇ぼㅜ掬ꂼ叻巊蒀靶㕃 

邍 1 ⻊ざ暟⥌䜂 

No.  ⻊ざ暟ぜ獦  薉俒ぜ獦 CAS〿 ⥂殆傞ꢂmin 吥姻㔔㶩 

1 γ-♨ⰻꂾ 1,4-Butyrolactone 96-48-0 7.231 1.11 

2 1,4-♨✳ꃫ 1,4-Butanediol 110-63-4 7.441 1.04 

3 N-歌㛇ぼㅜ掬ꂼ 1-Methyl-2-pyrrolidinone 872-50-4 8.248 1.00 

4 ✳歌㛇ぼㅜ掬ꂼ 2,5-dimethyl-pyrrolidine 3378-71-0 8.382 — 

5 2-ぼ炓掬ꂼ 2-pyrrolidone 616-45-5 12.599 1.09 

3.2 ꅾ㢕䚍崵霚 
》紱䏞⚹ 99.920%涸 N-歌㛇ぼㅜ掬ꂼ叻ⲥ很巊鵶絯 6 妃鵳呋罌㻋ꅾ撑䚍կ絕卓錛邍 2կ 

邍2 ꅾ撑䚍絕卓n=6 

No. ⻊ざ暟ぜ獦 
油꬗獤 RSD 

(%) 1 2 3 4 5 6 

1 γ-♨ⰻꂾ 16406 16168 16331 16463 16019 16377 1.1 

2 1,4-♨✳ꃫ 7538 7464 7305 7397 7435 7345 1.2 

3 N-歌㛇ぼㅜ掬ꂼ 46601528 46295583 45806998 46538459 44808517 46278279 1.5 

4 ✳歌㛇ぼㅜ掬ꂼ 5724 5820 5828 5837 5711 5744 1.0 

5 2-ぼ炓掬ꂼ 11670 11569 11622 11765 11609 11734 0.7 

3.3 呋ㅷ唬崵 
》割ず⾊㉁䲿⣘涸䊨⚌欽 NMP 很⵫鵳遤崵㹁կ厤⾊㉁ NMP 很⵫蒀靶㕃錛 2կ䭽叻ⲥ銳宠雦皾 NMP

紱䏞傞꨽銳䩾ꤑ宐ⴔ⿺䚪腂ゎꆀ宐ⴔㄤ䚪腂ゎꆀ歋⾊㉁䲿⣘ꅷ欽吥姻꬗獤䔱♧⻊倰岁雦皾䖤ⵌ NMP ゎ
ꆀⰨ⡤崵㹁絕卓錛邍 3կ 
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㕃 2 厤⾊㉁ NMP 很⵫蒀靶㕃 

邍 3 割ず⾊㉁䲿⣘涸 NMP 很⵫崵㹁絕卓 

呋ㅷぜ獦 NMPゎꆀ% 
NMP#1很⵫ 99.835 
NMP#2很⵫ 99.813 
NMP#3很⵫ 99.917 
NMP#4很⵫ 99.852 

 

4. 絕雿 
劥俒⢪欽䀙峸孞湱蒀靶⟉ GC-2010 Pro⿬罌㕂㹻叻ⲥꅷ欽吥姻꬗獤䔱♧岁䒊用✫崵㹁䊨⚌欽 N-

歌㛇ぼㅜ掬ꂼゎꆀ涸倰岁կ》紱䏞⚹ 99.920%涸 N-歌㛇ぼㅜ掬ꂼ叻ⲥ很巊鵶絯 6 ꛏ鵳呋N-歌㛇ぼㅜ掬
ꂼ⿺Ⱖ勇餘油꬗獤 RSD ⧩㖲㼭✵ 2%模Ⰼ忘駈傈䌢唬崵涸銳宠կ霪倰岁〳⚹ぐ⾊㉁䊨⚌欽 N-歌㛇ぼㅜ掬
ꂼ紱䏞涸崵㹁䲿⣘⿬罌կ 
 
 
 
 
 
 
 
 
 
 
 
 

  

6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5 12.0 12.5 min

0

2500

5000

7500

uV
FID1 FID1 

1

2

3
4

5



42 
 

2.2.2 歏㶩暵孞 

孞湱蒀靶岁䘯鸟崵㹁歏㶩暵孞♲孮⻊宆⚥涸勇餘 

䶰 銳 劥俒⢪欽䀙峸GC-2014孞湱蒀靶⟉⿽鸑麤⚙ꢎ㔋叙⿽TCD禹絡絕ざ㹊꣢䞔ⲃ䒊用✫NF3欰❡
务䱽呋ㅷ涸鵶絯ծ㖈絁ⴔ區倰岁〳㖈12 min⟄ⰻ模䧭㼆H2ծN2ծCF4ծCO2ծN2O瘝勇餘涸䘯鸟ⴔ區⿽鸑
麤湱✽杝用鵶䱹割ずꅷ呋挿䛎庛ⴔ區〳㹊梡Ⰼ㣔⦫鵶絯ⴔ區կ 

Ⱒꝶ霒孞湱蒀靶⟉  ♲孮⻊宆 务䱽ⴔ區  掚㼋寑唬崵㐼 
 

ꥥ满㕂ⰻ䗎歏㶩遤⚌涸굷鸟封㾝歏㶩暵孞䋑㖞涸錞垷割倗的㣐㽍Ⱖゎ孮歏㶩暵孞䋑㖞㟞⸈կ♲孮⻊
宆NF3姻僽ゎ孮歏㶩暵孞务ꅾ銳涸♧プ㖈䌢庛♴僽♧猫偽蒀ծ偽荎ծ䚍餘珘㹁涸孞⡤넞庛♴鳅⚹崞
峁♧猫⠏葻涸瘝猌㶩⡤ⵠ赤⵫ㄤ幡峤⵫䎛岌涸䎾欽✵⼱㼋⡤ծ䎂匣儑爙㐼ծ⯕⠃瘝곭㚖կ㼆炊⼱㼋⡤勞
俱Ⱘ剣⠏葻涸ⵠ赤鸟䏞ㄤ鷥䭊䚍㽍Ⱖ㼆⾩䏞㼭✵ 1.5 䗎碛涸꧋䧭歏騟勞俱涸ⵠ赤邍梡⠏䒗կ⡲⚹幡峤⵫⛲
Ⱘ剣ꬋ䌢넞涸幡峤佪桧կꤑ姼⟄㢪NF3 鵮〳⡲⚹넞腊慨⯕涸孮彂ㄤ歏⻊㷖涸孮⻊⵫僽䋑㖞㺂ꆀ剒㣐涸歏
㶩暵孞❡ㅷ⛓♧կ 

粉㖈 2007 䎃㕂㹻㽠䲀ⴀ✫շGB/T 21287 歏㶩䊨⚌欽孞⡤ ♲孮⻊宆ո 㼆紱䏞➝✵ 99.5-99.996%涸
NF3 务⚺銳勇餘ⴔ區倰岁鵳遤✫霫絈➝絏鸑鵂孞騟ⴗⶶ禹絡 PDHID 唬崵㐼ծTCD 唬崵㐼ծ鲮⻊拝⸈ FID
唬崵㐼瘝㹊梡汚ꆀ勇餘涸崵㹁⡎尵剣㼆务䱽呋ㅷ涸ⴔ區⨞ⴀ歲㹁կ⚹銻渷䊨蒌欰❡鵂玐呋ㅷ涸港䱽鷓䎾
㖈絁ծ䘯鸟ծ넞鸑ꆀ涸ⴔ區꨽宠劥俒ꅷ欽皍僒⼧鸑ꢎ湬䱹鵳呋䎇导オꅾ絆ⴔ㹊梡⚺銳 H2ծAirծCF4ծ
CO2ծN2O 瘝勇餘ⴔ區䚪ⴔ區傞ꢂ 12min ⟄ⰻ䛎庛ⴔ區〳㹊梡㖈絁荈⸓鵳呋կ劥倰岁ꅷ欽⿽鸑麤霃雦
〳ず傞鵶䱹⚙⚡割ずꅷ呋挿⿽鸑麤杝用鵳呋㹊梡鵶絯넞鸑ꆀⴔ區կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸孞湱蒀靶⟉GC-2014 

1.2 ⴔ區勵⟝ 
蒀靶叙Porapak Q 5m 80/100 mesh 

Porapak Q 3 m 80/100 mesh 

叙盲庛䏞60˫12 min 

鲿孞넞紱孹孞   㹁ꆀ梠1 mL 

TCD1 庛䏞90˫ 

咕歏崨200 mA 匧䚍+ 

TCD2 庛䏞90˫  

咕歏崨200 mA  匧䚍+ 

APC-1 395 kPaծAPC-2 240 kPa 

APC-3 240 kPaծAPC-4 398 kPa 

APC-5 400 kPaծAPC-6 245 kPa 

 

 

 



 43

1.3 叻孞崽䏞 
邍 1 叻孞絆ⴔ崽䏞μmol/molHe 劥䏀 

No. 絆ⴔぜ獦 崽䏞 No. 絆ⴔぜ獦 崽䏞 
1 H2 1938.08 4 NF3 101.70 
2 N2 32.55 5 CO2 29.03 
3 CF4 40.07 6 N2O 28.89 

 

2. 絕卓♸雭雿 
2.1 叻ⲥ孞⡤蒀靶㕃 

邍1务叻孞ⴔ區Ⱙ㘗靶㕃霫錛㕃1կ  

 

 
㕃 1 Ⱙ㘗蒀靶㕃 

邍 2 絆ⴔぜ獦ծCAS 〿⟄⿺⥂殆傞ꢂ 

No. 絆ⴔぜ獦 薉俒ぜ獦 CAS 〿 ⥂殆傞ꢂ(min) 

1 孲孞 Hydrogen 1333-74-0 2.394 
2 宆孞 Nitrogen 7727-37-9 2.813 
3 㔋孮⻊焫 Carbon tetrafluoride  75-73-0  3.875 
4 ♲孮⻊宆 Nitrogen trifluoride 7783-54-2 4.367 
5 ✳孻⻊焫 Carbon dioxide 124-38-9 6.938 
6 孻⻊❇宆 Nitrous oxide 10024-97-2 8.750 

2.2 ꅾ㢕䚍㹊낉 
叻ⲥ呋ㅷ鵶絯鵳呋6妃罌㻋ꅾ撑䚍⿺唬ⴀꣳ絕卓㥵邍3ծ邍4կ 

 
 

数数数数数:STD-002.gcd

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 min
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邍 3 TCD1 孞⡤絆ⴔ涸油꬗獤ꅾ撑䚍 RSD%n=6⿺唬ⴀꣳ 

No. 
絆ⴔ 
ぜ獦 

꬗獤 1 ꬗獤 2 ꬗獤 3 ꬗獤 4 ꬗獤 5 ꬗獤 6 
RSD

% 
唬ⴀꣳ 

(μmol/mol 
1 H2 9064 9088 9123 9067 9210 9110 0.66 17.27 
2 N2 7562 7532 7562 7486 7662 7561 0.86 0.32 

3 NF3 24794 24855 24861 24655 25055 24844 0.58 0.40 

4 CF4 10915 11074 11078 11104 10964 11027 0.75 0.48 
5 CO2 6472 6423 6610 6577 6340 6485 1.72 0.77 

6 N2O 6231 6117 6264 6322 6336 6254 1.40 0.97 

 
邍 4 TCD2 孞⡤絆ⴔ涸油꬗獤ꅾ撑䚍 RSD%n=6⿺唬ⴀꣳ 

No. 絆ⴔぜ獦 ꬗獤 1 ꬗獤 2 ꬗獤 3 ꬗獤 4 ꬗獤 5 ꬗獤 6 
RSD

% 
唬ⴀꣳ 

μmol/mol 
1 H2 9029 9064 9006 8988 9033 9024 0.32 13.36 
2 N2 7727 7591 7706 7622 7875 7704 1.44 0.28 
3 NF3 24506 24398 24420 24576 24240 24428 0.52 0.30 

4 CF4 10828 10998 10986 10881 10935 10925 0.66 0.36 

5 CO2 6615 6550 6623 6616 6570 6595 0.50 0.59 
6 N2O 6426 6321 6420 6247 6375 6358 1.18 0.75 

 

3. 絕雿 
劥俒䒊用✫⢪欽䀙峸 GC-2014 䒊用✫ NF3 欰❡务䱽勇餘涸䘯鸟唬崵倰岁〳 㖈 12 min ⟄ⰻ模䧭㼆 H2ծ

N2ծCF4ծCO2ծN2O 瘝勇餘涸䘯鸟ⴔ區侨研ꅾ梡䚍葻㥩䎇邍梡ⴀ⠏葻涸唬ⴀꣳ㼆✵⡛ゎꆀ勇餘㹊梡ⲥ
烁㹁ꆀկ姼㢪⿽鸑麤湱✽杝用鵶䱹割ずꅷ呋挿䛎庛ⴔ區䎇〳㹊梡㖈絁荈⸓唬崵㹊梡Ⰼ㣔⦫鵶絯ⴔ區կ 
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孞湱蒀靶岁崵㹁Ⱉ孮⻊炻孞⡤⚥涸勇餘 

䶰 銳劥俒ꅷ欽䀙峸孞湱蒀靶⟉䵨ꂁ넞抳併䏞涸 PDHID 唬崵㐼䒊用✫ず傞ⴔ區歏㶩紩Ⱉ孮⻊炻孞⡤务
涸宕⛉䚍孞⡤O2ծN2ծCOծCO2ㄤ孮⻊焫絆ⴔCF4ծC2F6ծC3F8涸ⴔ區倰岁կ侮⚡ⴔ區傞ꢂ㖈 30 ⴔ
ꛦⰻぐ絆ⴔ油꬗獤涸ꅾ撑䚍㖲㼭✵ 2%կ 

Ⱒꝶ霒孞湱蒀靶⟉  孹猌㶩⻊唬崵㐼PDHID Ⱉ孮⻊炻 
 

歏㶩紩Ⱉ孮⻊炻SF6⚺銳欽⡲歏㶩ㄤ⼱㼋⡤䊨⚌务⻊㷖孞湱小獤涸幡峤⵫ㄤ瘝猌㶩赤ⵠ⵫䎛岌欽
✵TFTˋLCDծ⼱㼋⡤ㄤ㣖꣉腊꬗匣瘝곭㚖կ 

呏研㕂叻GB 12022-2014շ䊨⚌Ⱉ孮⻊炻ո䌢錞涸TCDFID㼆孮⻊焫抳併䏞⡛唬崵ꣳ嫱鳅넞割㣖
鷓ざ欽✵넞紱䏞歏㶩紩SF6涸ⴔ區կ罜腡Ȿ佞歏孹猌㶩⻊唬崵㐼PDHID割➑㼆孮⻊焫⻊ざ暟⛲㼆宕⛉
䚍孞⡤㥵O2ծN2ծCOծCO2Ⱘ剣鳅넞涸抳併䏞կ 

劥倰呩ꅷ欽䀙峸GC-2030ꂁざ넞抳併䏞PDHID唬崵㐼♧妃鵳呋腊ず傞模䧭O2ծN2ծCOծCO2ㄤ孮⻊焫
⻊ざ暟涸ⴔ區㖈30ⴔꛦⰻ模䧭侮⚡ⴔ區鵂玐կ倰岁ꅾ撑䚍㥩模Ⰼ忘駈Ⱉ孮⻊炻孞⡤务勇餘ゎꆀ涸ⴔ區կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸 GC-2030ꂁ縨 PDHID 唬崵㐼 

1.2 崵㹁⾲椚 
⚹✫꣈姺SF6务勇餘〳腊涸臱赤呋ㅷ盗騟ㄤ㹁ꆀ梠㖈割鵳呋傞⢪欽鲿孞鵳遤オ䪊կ㖈鵳呋傞鸑鵂ꢎⴗ

矿⢪孞⡤呋ㅷ鵳Ⰶ呋ㅷ盗騟ㄤ㹁ꆀ梠搬た鸑鵂ꢎⴗ矿⢪㹁ꆀ梠务涸呋ㅷ鵳Ⰶ蒀靶叙禹絡涸곫ⴔ區叙
Porapak Qկ絑鵂곫叙ⴔ猌た涸O2ծN2ծCOծCF4⯓鸑鵂ꢎⴗ矿荛MS-13X叙鵳遤ⴔ猌た꬗涸CO2ծC2F6ծ
⿺㼱ꆀ幊ざ㖈C2F6涸SF6鸑鵂务䗱ⴗⶶ鵳ⰆPorapak Q鵳遤ⴔ猌㢅✵C2H6ㄤC3F8务ꢂ涸SF6鸑鵂ꢎⴗ矿荛佞
瑟盗騟䱗瑟た꬗涸C3F8ⱄ鸑鵂务䗱ⴗⶶ荛Porapak Q鵳遤ⴔ猌C3F8た꬗涸SF6ⱄ妃鵳遤ⴗ矿荛佞瑟⚙騟
ⴔ猌涸絆ⴔ剒たざ䎇♧騟鵳Ⰶ唬崵㐼唬崵ⴔ區կ 

1.3 ⴔ區勵⟝ 
蒀靶叙Porapak Q80/1003.2 mm×2 mm×8 m  

MS-13X60/803.2 mm×2 mm×2 m   

叙庛60˫(22.5 min)_30˫/min)_120˫(1.17 min) _30˫/min_60˫(2.33 min) 

鵳呋倰䒭孞⡤Ⱉ鸑ꢎ 㹁ꆀ梠1 mL 

鲿孞䱽ⵖ倰䒭APC 䛎⾓䱽ⵖ 

APC1: 438 kPa  

APC2: 100 kPa 

APC3: 300 kPa 

APC4: 100 kPa 

APC5: 410 kPa 

APC6: 410 kPa

1.4 叻孞崽䏞 
歋㣐鵶㣐暵孞⡤剣ꣳⰖ尽䲿⣘涸叻孞կ 
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邍1 Ⱉ孮⻊炻叻孞ゎꆀ 

No. 絆ⴔぜ獦 崽䏞μmol/mol 

1 孿孞 9.86 

2 宆孞 9.86 

3 ♧孻⻊焫 9.91 

4 㔋孮⻊焫 10.21 

5 ✳孻⻊焫 10.07 

6 Ⱉ孮⛩掬 10.49 

7 Ⱃ孮⚋掬 10.35 

8 Ⱉ孮⻊炻 Balance 

 

2. 絕卓♸雭雿 

2.1 叻孞涸蒀靶㕃 
䭽撑 1.2 倰岁⾲椚ㄤ 1.3 勵⟝ⴔ區叻ⲥ孞⡤ⴔ區蒀靶㕃㥵㕃 1 䨾爙ぐ絆ⴔ⥂殆傞ꢂ⴩✵邍 2 务կ 

 
㕃 1 Ⱉ孮⻊炻叻孞蒀靶㕃 

邍 2 Ⱉ孮⻊炻叻孞絆ⴔぜ獦ծCAS 〿⟄⿺⥂殆傞ꢂ 

No. 絆ⴔぜ獦 皍獦 CAS ⥂殆傞ꢂmin 

1 孿孞 Ar 7440-37-1 2.354 

2 宆孞 N2 7727-37-9 2.588 

3 ♧孻⻊焫 CO 630-08-0 3.794 

4 㔋孮⻊焫 CF4 75-73-0 5.188 

5 ✳孻⻊焫 CO2 124-38-9 6.031 

6 Ⱉ孮⛩掬 C2F6 76-16-4 7.339 

7 Ⱃ孮⚋掬 C3F8 76-19-7 20.830 

    2.2 㹊낉ꅾ㢕䚍 

鵶絯鵳呋5妃罌㻋ⴔ區禹絡涸ꅾ撑䚍կ油꬗獤ꅾ撑䚍絕卓㥵㕃2ㄤ邍4䨾爙կ 

升温放空多余 SF6 
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㕃2 Ⱉ孮⻊炻叻孞ꅾ梡蒀靶㕃n=5 

邍3 Ⱉ孮⻊炻叻孞油꬗獤ꅾ梡䚍n=5ㄤ唬崵ꣳ 

No. 絆ⴔぜ獦 ꬗獤 RSD% 唬ⴀꣳ (μmol/mol 

1 孿孞 1.84 0.108 

2 宆孞 1.24 0.083 

3 ♧孻⻊焫 1.87 0.196 

4 㔋孮⻊焫 1.05 0.267 

5 ✳孻⻊焫 1.63 0.130 

6 Ⱉ孮⛩掬 1.78 0.084 

7 Ⱃ孮⚋掬 1.20 0.919 

 

3. 絕雿 
劥俒ⵄ欽䀙峸 GC-2030 禹絡孞湱⟉ㄤ PDHID 唬崵㐼䒊用✫ⴔ區 SF6 孞⡤务䗎ꆀ勇餘禹絡կ⢪欽

PDHID 唬崵㐼♧妃鵳呋腊ず傞模䧭 O2ծN2ծCOծCO2 ㄤ孮⻊焫⻊ざ暟涸ⴔ區կ霪倰岁ⴔ區ワ劍⚹ 30 min
ꅾ撑䚍葻㥩〳⟄䎾欽✵歏㶩紩 SF6 孞⡤务汚ꆀ勇餘涸鵶絯ⴔ區կ 
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数数5:3.14-021.gcd PDHID
数数4:3.14-020.gcd PDHID
数数3:3.14-019.gcd PDHID
数数2:3.14-018.gcd PDHID
数数1:3.14-017.gcd PDHID
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孞湱蒀靶岁崵㹁넞紱孲孞⚥涸勇餘 

䶰 銳劥俒ⵄ欽䀙峸 GC-2010 Pro 孞湱蒀靶⟉絕ざ넞抳併䏞ծ鸑欽㘗 BID 唬崵㐼䒊用✫ⴔ區넞紱孲孞务
勇餘涸倰岁կ霪倰岁ꅷ欽䌄ꥬ㙈オ䪊涸Ⱉ鸑ꢎ鵳呋ⴔ區넞紱孲孞务䗎ꆀ O2ծN2ծCH4ծCOծCO2Ⱘ剣抳
併䏞넞ծ珘㹁䚍䔂涸暵挿կ⢪欽 BID 唬崵㐼倰岁唬ⴀꣳ㼭✵ 0.5 μmol/molꅾ撑䚍㥩RSD%1.0%⢪
欽㖈絁䒓Ⱒꢎ鵶䱹㥩叻孞䧴罏⪶⻊导䎾孞霃㹁倰岁た〳㹊梡偽➃⧩㸛䘯鸟ⴔ區կ 

Ⱒꝶ霒孞湱蒀靶⟉  BID 唬崵㐼  넞紱孲孞 
 

넞紱孲孞僽䭷紱䏞瘝✵䧴넞✵ 99.999%涸孲孞넞紱孲孞涸䎾欽ꬋ䌢䎛岌〳欽✵歏㶩䊨⚌ծ礵絈⻊
䊨瘝곭㚖կ 

孲孞涸勻彂鳅䎛㖈䊨⚌副〳鸑鵂捎碫襒孞鲮⻊岁ծ捎碫鿈ⴔ孻⻊岁ծ撋孞⻊岁ծ歌ꃫ鄬鍒ㄤ孽鄬鍒
岁ծ宐ⴔ鍒岁⟄⿺ⶰ❡孲孞䲿紱瘝倰岁割ず涸勻彂ㄤ䊨蒌騟絁⠔⢪넞紱孲❡ㅷ务ゎꆀ♧㹁ꆀ涸䗎ꆀ勇餘
㥵 O2ծN2ծCH4ծCOծCO2 瘝鵯❈勇餘涸㶸㖈㼆❡ㅷㅷ餘ծた絯䊨蒌鿪⠔㶸㖈餏꬗䕧ㆇկ㔔姼 GB/T 3634.2-
2011շ孲孞 痦 2 鿈ⴔ紱孲ծ넞紱孲ㄤ馄紱孲ո㼆넞紱孲孞务勇餘ゎꆀ⨞✫嫱鳅⚚呔涸錞㹁կ 

䭽 GB/T 3634.2-2011 涸銳宠넞紱孲孞务 O2ծN2ծCH4ծCOծCO2 涸䭷叻㖲㖈 5 μmol/mol 䧴 5 μ
mol/mol ⟄♴㼆✵䌢錞涸 TCD 唬崵㐼儑搬䖎ꦼ忘駈ⴔ區꨽宠կ䀙峸暵剣涸 BID 唬崵㐼(➝餘꣖䮢佞歏瘝
猌㶩⡤唬崵㐼)⚺銳鸑鵂➝餘꣖䮢佞歏❡欰涸孹瘝猌㶩⡤鵳遤歏猌猌㶩⻊〳⟄猌㶩⻊䎇崵㹁ꤑ Ne ㄤ鲿
孞 He 㢪涸Ⰼ鿈⻊ざ暟僽♧猫抳併䏞匧넞涸鸑欽㘗唬崵㐼կ㼆✵剣纸⻊ざ暟BID 唬崵㐼涸抳併䏞僽 FID
涸⚙⦔⟄副㼆✵偽纸孞⡤BID 唬崵㐼涸抳併䏞僽 TCD 涸Ⳝ⼧⦔⟄副կ 

劥俒ꅷ欽䀙峸 GC-2010 Pro 禹絡孞湱絕ざ BID 唬崵㐼䒊用✫ꛏ㼆넞紱孲孞务勇餘ⴔ區涸禹絡Ⱘ
剣抳併䏞넞ꅾ撑䚍㥩涸暵挿կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸孞湱蒀靶⟉ GC-2010 ProBID 唬崵㐼 

1.2 ⪶⻊导䎾鄳縨 
劥禹絡歋♧⚡PBꢎ⚙⚡Ⱉ鸑ꢎ♲呏蒀靶ⴔ區叙♧⚡BID唬崵㐼絆䧭կず傞ꂁ縨㖈絁䒓Ⱒꢎ(P.B Valve)

罣⾓0-0.9 mPa〳霃縨䪠㢅椚〳荈⸓鵶絯鵳呋䘯鸟模䧭叻ⲥ刼ⵖ⡲կ 
鵶䱹㥩叻ⲥꛩ櫕孞叻孞た䩧䒓PBꢎ呋ㅷ鵳Ⰶ㹁ꆀ梠⯎ⴔⱾ峤たⰢ꡻PBꢎկ⣜妃䩧䒓ꢎ2

ꢎ1鸑鵂ⴗ矿ꢎ鵳呋鲿孞䪾㹁ꆀ梠务涸呋ㅷ䌄ⵌⴔ區叙ⴔ猌O2ծN2ծCH4ծCO㖈5A蒀靶叙副ⴔ猌CO2

㖈Q-Plot蒀靶叙副ⴔ猌歋BID唬ⴀկ剒た㼜Ⱉ鸑ꢎ撑⡙կ 

1.3 ⴔ區勵⟝ 
蒀靶叙2 呏 Rt-Q PLOT 60 m×0.53 mm×20 μmRt-Msieve 5A 30 m×0.53 mm×50 μm 
叙庛玐䎸40˫ 
鵳呋〡庛䏞150˫ 
鵳呋倰䒭孞⡤オ䪊Ⱉ鸑ꢎ 

㹁ꆀ梠0.5 mL 1.0 mL 
鲿孞䱽ⵖ垷䒭⾓⸂ 
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ⴔ崨嫱3:1 
BID 庛䏞200˫ 

ꢎ盲庛䏞50˫ 

1.4 叻孞崽䏞 
叻ⲥ孞⡤歋㣐鵶㣐暵孞⡤剣ꣳⰖ尽䲿⣘կ叻孞絆ⴔ崽䏞ⴔⵆ㥵邍1կ 

邍 1 넞紱孲孞务ぐ絆ⴔゎꆀ邍 

No. 絆ⴔぜ獦 崽䏞μmol/mol No. 絆ⴔぜ獦 崽䏞μmol/mol 

1 O2 49.4 4 CO 5.16 
2 N2 1.96 5 CO2 5.2 
3 CH4 4.92 6 H2 䎂邂 

1.5 呋ㅷⵖ㢊 
叻ⲥꛩ櫕孞鸑鵂⚁欽Ⲹ⾓ꢎた鸑鵂 1/16 割Ꝑꛩ盗♸ PB ꢎ鵶䱹縨矿盗騟务婎殆孞⡤た鵳呋ⴔ區կ 

 

2. 絕卓♸雭雿 
2.1 叻孞涸蒀靶㕃 

䖉崵叻ⲥ孞⡤ꛩ櫕鵶䱹㥩た縨矿盗騟ㄤ㹁ꆀ梠䭽撑副鶣勵⟝ⴔ區O2ծN2ծCH4ծCOծCO2 㖈 BID
唬崵㐼副⣜妃ⴀ油կ呋ㅷ絆ⴔ⿺ⴀ油⥂殆傞ꢂ㥵邍 2 䨾爙կ靶㕃㥵㕃 1կ 

 
㕃 1 넞紱孲孞务ぐ絆ⴔ涸蒀靶㕃 

邍 2 넞紱孲孞务ぐ絆ⴔぜ獦ծCAS 〿⟄⿺⥂殆傞ꢂ 

No. 絆ⴔぜ獦 CAS ⥂殆傞ꢂmin 

1 O2 7782-44-7 1.411 

2 N2 7727-37-9 2.412 

3 CH4 74-82-8 3.180 

4 CO 630-08-0 8.291 

5 CO2 128231-55-0 11.253 

2.2 㹊낉ꅾ㢕䚍ㄤ唬ⴀꣳ 
叻呋鵶絯鵳呋3妃罌㻋⟉㐼涸ꅾ撑䚍կ㹊낉崵㹁絕卓錛邍2կ呏研叻ⲥㅷ侨研雦皾孞⡤絆ⴔ涸唬ⴀ

ꣳ(S/N=3)㥵邍2䨾爙կ 
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邍2. 넞紱孲孞务ぐ絆ⴔ涸油꬗獤ꅾ撑䚍絕卓⿺唬ⴀꣳ 
No. 絆ⴔぜ獦 ꬗獤 RSD% 唬ⴀꣳμmol/mol 

1 O2 0.506 0.13 

2 N2 0.384 0.16 

3 CH4 0.468 0.05 

4 CO 0.732 0.20 

5 CO2 1.20 0.35 

 

3. 絕雿 
劥俒ⵄ欽䀙峸 GC-2010 Pro絕ざ BID 唬崵㐼㼆넞紱孲孞务䗎ꆀ O2ծN2ծCH4ծCOծCO2 ゎꆀ涸ⴔ

區ㄤ䌢錞涸 TCD+FID 㢴ꢎ㢴叙禹絡湱嫱Ⳝ⚡䭷叻㖈♧⚡唬崵㐼副㹊梡唬崵꣭⡛✫霃㢊䧭劥ㄤ乼⡲絶
䫡ꦼ䏞ず傞Ⱘ剣ꂁ縨皍⽀ծ抳併䏞넞ծꅾ撑䚍㥩涸暵挿կ 
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歏䠭羒ざ瘝猌㶩⡤餘靶岁崵㹁歏㶩䊨⚌欽孿孞⚥㢴猫ꆄ㾩ゎꆀ 

䶰 銳⿬罌շGB/T 34972-2017 歏㶩䊨⚌欽孞⡤务ꆄ㾩ゎꆀ涸崵㹁  歏䠭羒ざ瘝猌㶩⡤餘靶岁ո⢪欽
5%HNO3 ⡲⚹エ佐巊㼆歏㶩䊨⚌欽孿孞鵳遤呋ㅷ⵸㢅椚䎇⢪欽䀙峸 ICPMS-2030 禹⴩崵霚孞⡤务涸㢴⯋
稇կⴔ區絕卓邍僈倰岁唬ⴀꣳ 0.0002~1.0702 μg/Lⲥ烁䏞㥩⸈叻㔐佐桧 89.5%~108.5%〳忘駈歏㶩
䊨⚌欽孞务ꆄ㾩⯋稇涸唬崵銳宠կ 

Ⱒꝶ霒歏䠭羒ざ瘝猌㶩⡤餘靶岁 歏㶩䊨⚌欽孞 ⯋稇 
 

歏㶩䊨⚌欽孞⡤絡獦⚹歏㶩孞⡤䭷㖈⼱㼋⡤⿺Ⱖ➭歏㶩❡ㅷ欰❡鵂玐务䨾欽ⵌ涸넞紱䏞孞⡤僽䗎紵
歏㶩ⵖ鸣㕂㹻䧶殜㸝Ⰼ❡⚌涸Ⱒꝶ佅丒勞俱Ⱖ䎛岌䎾欽♸㣐錞垷꧋䧭歏騟ծ巊兪儑爙㐼ծ㢴兪炊ㄤ謭芘㣖
꣉腊歏寑瘝歏㶩遤⚌կ 

鵛䎃勻ꥥ满䗎紵歏㶩ⵖ鸣⚌ぢ㣐㽯㼄ծ瑺絁㺈ծ넞䏞꧋䧭넞㖲⺣䚍ծㄤ넞模侮䚍封㾝㼆歏㶩孞⡤涸
紱䏞ㄤ♧荝䚍銳宠馊勻馊넞㼆歏㶩孞⡤务涸 H2O ㄤ孞⡤勇餘⿺ꆄ㾩勇餘涸䭷叻馊勻馊⚚呔կ歏㶩孞⡤涸
紱䏞㼆✵⼱㼋⡤㐼⟝涸餘ꆀㄤ䧭ㅷ桧䕧ㆇ䖎㣐㽍Ⱖ僽孞⡤务涸ꆄ㾩勇餘僽⢪⼱㼋⡤❡欰怩歏ծ兪呔緃ꤴ
ㄤ瀊絁涸⚺銳⾲㔔կ 

歏㶩䊨⚌欽孞务ꅾꆄ㾩⯋稇ゎꆀ⡛歏䠭羒ざ瘝猌㶩⡤餘靶岁ICP-MSⰨ剣抳併䏞넞ծ絁䚍薴㔵䎛
瘝暵挿劥俒⿬罌շGB/T 34972-2017 歏㶩䊨⚌欽孞⡤务ꆄ㾩ゎꆀ涸崵㹁  歏䠭羒ざ瘝猌㶩⡤餘靶岁ո⢪欽
很巊エ佐岁㼆䊨⚌欽孿孞鵳遤呋ㅷ⵸㢅椚䎇⢪欽䀙峸 ICPMS-2030 禹⴩崵霚孞⡤务涸㢴猫⯋稇ゎꆀկ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸歏䠭羒ざ瘝猌㶩⡤餘靶⟉ICPMS-2030禹⴩ 

1.2 ⴔ區勵⟝ 
ICP-MS ⟉㐼ⴔ區勵⟝錛邍 1կ 

邍 1 ICP-MS ⴔ區勵⟝ 
⿬   侨 ⿬侨霃㹁 ⿬   侨 ⿬侨霃㹁 

넞곸⸆桧 1.20 kW 瘝猌㶩⡤孞崨鸟 8.0 L/min 
鳇⸔孞崨鸟 1.10 L/min 鲿孞崨鸟 0.70 L/min 

挣盗碫㘗 Mini 挣盗 ꨺⻊㐼 ず䗱꨺⻊㐼 
꨺⻊㹔 偒崨 ꨺⻊㹔庛䏞 5˫ 

ꅷ呋帿䏞 5.0 mm 넞곸곸桧 27.12 MHz 
焥中孞⡤ He 焥中孞崨鸟 6 mL/min 

寑歏⾓ -21 V 腊ꆀ鵂応㐼歏⾓ 7.0 V 
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2. 呋ㅷ⵸㢅椚 
⟄ 5%HNO3 宐很巊⡲⚹エ佐巊䩧䒓孞櫕孞ꢎ靈蒜孞⡤崨鸟⚹ 0.6 L/min㼜孞⡤盗〡鸑Ⰶエ佐巊务

鸑孞 100 min たⰢ꡻孞櫕孞ꢎկエ佐模嫳た㼜孞⡤エ佐巊湬䱹鵳呋唬崵ぐ⯋稇崽䏞呏研エ佐巊务ぐ⯋稇
崽䏞雦皾孞⡤务涸⯋稇ゎꆀկ 

 

3. 絕卓♸雭雿 
3.1 叻ⲥ刼絁ㄤ唬ⴀꣳ 

欽1% HNO3㼜㢴⯋稇很巊獺ꅺ⚹0ծ1.0ծ2.0ծ5.0ծ10.0 μg/L涸叻ⲥ䎸⴩կ叻ⲥ刼絁錛㕃 1կ鵶絯崵ꆀ
瑟涯很巊雦皾⟉㐼唬ⴀꣳIDLㄤ倰岁唬ⴀꣳ(MDLկIDLㄤMDL絕卓錛邍 2Ⱖ务ぐ⯋稇倰岁唬ⴀꣳ⚹
0.0002~1.0702 μg/Lկ 

 

 
㕃 1 鿈ⴔ⯋稇叻ⲥ刼絁 
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邍 2 ⟉㐼唬ⴀꣳㄤ倰岁唬ⴀꣳ 

⯋稇 IDL(μg/L) MDL(μg/L) ⯋稇 IDL(μg/L) MDL(μg/L) ⯋稇 IDL(μg/L) MDL(μg/L) 

Ce 0.0006 0.001 Tb 0.0007 0.0012 Ga 0.0081 0.0135 
Dy 0.0014 0.002 Th 0.0018 0.0030 Ir 0.0036 0.0060 

Er 0.0002 0.0003 Tm 0.0002 0.0003 Li* 0.0041 0.0068 
Eu 0.0003 0.0005 W 0.0108 0.0180 Mn  0.0135 0.0225 
Gd 0.0003 0.0005 Yb 0.0001 0.0002 Ni  0.0224 0.0373 
Hf 0.0031 0.0052 Zr 0.0057 0.0095 Pb 0.0083 0.0138 
Ho 0.0002 0.0003 Al 0.6421 1.0702 Pt  0.0030 0.0050 
La 0.0015 0.0025 Be* 0.0087 0.0145 Ru  0.0043 0.0072 
Lu 0.0007 0.0012 Bi 0.0035 0.0058 Sn  0.0189 0.0315 
Mo 0.0295 0.0492 Cd 0.0078 0.0130 Sr  0.0733 0.1221 
Nb 0.0010 0.0017 Co 0.0054 0.0090 Ti  0.1378 0.2297 
Nd 0.0023 0.0038 Cr 0.0071 0.0118 Tl  0.0034 0.0056 
Pr 0.0003 0.0005 Fe 0.0345 0.0575 V   0.0102 0.0170 

Sm 0.0010 0.0017 Ta 0.0003 0.0005 Zn  0.0890 0.1483 

岤*⚹⢪欽No Gas垷䒭Ⱖ⡮⚹He孞焥中垷䒭 

3.2 呋ㅷ崵霚ㄤ⸈叻㔐佐 
》䊨⚌欽넞紱孿孞䭽撑⵸㢅椚玐䎸㢅椚たICP-MS崵㹁崵㹁絕卓錛邍3呋ㅷ⸈叻㔐佐桧⚹

89.5%~108.5%կ 
邍3 䊨⚌欽넞紱孿孞务㢴⯋稇崵㹁絕卓μg/L 

⯋稇 餘ꆀ侨 ⰻ叻 
呋ㅷ瑟涯

(μg/L) 
崵㹁⧩
(μg/L) 

⸈叻ꆀ
(μg/L) 

⸈叻崵㹁
⧩(μg/L) 

㔐佐桧
% 

ゎꆀ 
(μg/L) 

Ce 140 115In N.D. N.D. 2 1.99 99.5 N.D. 
Dy 161 209Bi N.D. N.D. 2 1.99 99.5 N.D. 
Er 167 209Bi N.D. N.D. 2 1.99 99.5 N.D. 
Eu 153 115In N.D. N.D. 2 1.97 98.5 N.D. 
Gd 157 115In N.D. N.D. 2 2.00 100 N.D. 
Hf 179 209Bi 0.124 0.129 2 2.02 94.6 0.008 
Ho 165 209Bi N.D. N.D. 2 2.04 102.0 N.D. 
La 139 209Bi N.D. N.D. 2 1.96 98.0 N.D. 
Lu 175 209Bi N.D. N.D. 2 1.99 99.5 N.D. 
Mo 95 103Rh N.D. N.D. 2 2.00 96.9 N.D. 
Nb 93 103Rh N.D. N.D. 2 1.97 95.6 N.D. 
Nd 143 115In 0.024 0.026 2 2.01 99.2 0.003 
Pr 141 115In N.D. N.D. 2 1.98 99.0 N.D. 

Sm 147 115In N.D. N.D. 2 1.96 98.0 N.D. 
Ta 181 209Bi N.D. N.D. 2 2.09 104.5 N.D. 
Tb 159 115In N.D. N.D. 2 2.02 101.0 N.D. 
Th 232 209Bi N.D. N.D. 2 2.06 103.0 N.D. 
Tm 169 209Bi N.D. N.D. 2 2.02 101.0 N.D. 
W 183 209Bi 0.063 0.083 2 2.08 99.9 0.032 
Yb 173 209Bi ND N.D. 2 1.96 98.0 N.D. 
Zr 90 115In ND N.D. 2 1.87 93.5 N.D. 
Al 27 45Sc ND 3.33 2 5.5 108.5 5.550 
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Be* 9 45Sc ND N.D. 2 1.79 89.5 N.D. 
Bi 209 165Ho ND N.D. 2 1.92 96.0 N.D. 
Cd 111 115In ND N.D. 2 1.82 91.0 N.D. 
Co 59 45Sc ND N.D. 2 1.94 97.0 N.D. 
Cr 52 45Sc ND 0.558 2 2.50 97.1 0.930 
Fe 56 45Sc ND 1.44 2 3.56 106.0 2.40 
Ga 71 72Ge ND N.D. 2 1.93 96.5 N.D. 
Ir 193 165Ho ND N.D. 2 1.93 96.5 N.D. 

Li* 7 45Sc ND N.D. 2 1.98 98.6 N.D. 
Mn  55 45Sc ND 0.070 2 2.07 99.9 0.117 
Ni  60 165Ho ND 1.190 2 3.06 93.5 1.980 
Pb 208 165Ho ND 0.124 2 2.15 101.3 0.207 
Pt  194 165Ho ND N.D. 2 1.84 92.0 N.D. 
Ru  101 103Rh ND N.D. 2 1.94 97.0 N.D. 
Sn  118 115In ND 0.200 2 2.08 94.0 0.333 
Sr  86 89Y N.D. N.D. 2 1.91 95.5 N.D. 
Ti  47 45Sc N.D. N.D. 2 2.08 104 N.D. 
Tl  205 165Ho N.D. N.D. 2 1.95 97.5 N.D. 
V   51 45Sc N.D. N.D. 2 1.97 98.5 N.D. 

Zn  68 72Ge N.D. 2.810 2 4.76 97.5 4.680 
岤*⚹⢪欽No Gas垷䒭Ⱖ⡮⚹He孞焥中垷䒭կN.D.⚹劢唬ⴀ 

 

4. 絕雿 
⿬罌շGB/T 34972-2017 歏㶩䊨⚌欽孞⡤务ꆄ㾩ゎꆀ涸崵㹁 歏䠭羒ざ瘝猌㶩⡤餘靶岁ո⢪欽䀙峸

ICPMS-2030 禹⴩㘗歏䠭羒ざ瘝猌㶩⡤餘靶⟉崵㹁✫歏㶩䊨⚌欽孿孞⡤务㢴⯋稇ゎꆀկ㹊낉絕卓邍僈ⴔ區
絕卓邍僈霪倰岁唬ⴀꣳ 0.0002~1.0702 μg/Lկⲥ烁䏞㥩⸈叻㔐佐桧 89.5%~108.5%〳 忘駈歏㶩䊨⚌欽
孞⡤务ꆄ㾩ゎꆀ涸崵㹁銳宠կ 
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⩫ꅽ〽紤㢪⯕靶⟉㹁ꆀⴔ區歏㶩暵孞宆孞⚥涸孮⻊孲孞⡤ 
䶰 銳本文使用傅立叶红外光谱仪配置封闭气体样品池，测试了高纯度的电子特气氮气中的低含量氟化氢

（HF）气体，HF气体在10~100 ppm范围内，线性相关系数良好，样品测试准确。实验操作简单，分析过
程中不需要分离样品，分析速度快。红外光谱法测定气体具有测量浓度范围宽、灵敏度高、准确性高、响
应时间快、选择性好等特点。
Ⱒꝶ霒歏㶩暵孞   孮⻊孲孞⡤  紤㢪⯕靶岁  㹁ꆀ 

歏㶩暵猫孞⡤皍獦歏㶩暵孞僽䭷欽✵⼱㼋⡤ծ䎂匣儑爙⿺Ⱖ➭歏㶩❡ㅷ欰❡涸暵猫孞⡤կ㖈侮⚡ 
⼱㼋⡤遤⚌涸欰❡鵂玐务➢蓿晙欰Ɤⵌ剒た涸㐼⟝㼓鄳Ⳝ⛖嫦♧梠鿪猌割䒓넞紱䏞涸歏㶩暵孞䨾⟄ 
歏㶩孞⡤⿶剣⼱㼋⡤勞俱涸礒굹⛓獦կꥥ满务㕂歏㶩遤⚌涸鴽枡封㾝䧮㕂涸歏㶩孞⡤㕂❡⻊欰❡ㄤ䋑 
㖞⽑剣桧割倗瑲灶⡎♸封鴪㕂㹻➠剣♧㹁䊵騄կ⼱㼋⡤ⵖ玐务欽ⵌ⺫ゎ〳敍䚍孞⡤ծ孻⻊䚍孞⡤ծ臱赤䚍 
孞⡤ㄤ䟘䚍孞⡤瘝Ⱏ 83 猫歏㶩孞⡤Ⱖ务 35%溶絑㹊梡劥㕼⻊կ 

暵猫孞⡤銳宠馄紱ծ馄ⲙկ紱䏞嫦䲿⼮♧⚡ N磜㶩ծꆄ㾩勇餘ゎꆀ崽䏞嫦꣭⡛♧⚡侨ꆀ紩鿪㼜䌄勻䊨 
蒌撑勇䏞ㄤꦼ䏞涸儑衼䲿⼮կ 

㼆✵紱䏞鳅넞涸孞⡤唬崵勻霹勇餘孞⡤ゎꆀ㖈 ppb 䧴 ppm 紩ⵆ傞鸑䌢⢪欽暵婋涸孞湱蒀靶կ㥵㕂 
叻շGB/T 26251-2010 孮ㄤ孮宆幊ざ孞ո銳宠孮孞䧴孮宆幊ざ孞务涸勇餘孮⻊孲孞⡤ゎꆀ割넞✵ 0.5% 
5000 ppm叻ⲥ銳宠⢪欽⿽掚㼋唬崵㐼涸孞湱蒀靶⟉崵㹁罜 HF 孞⡤涸臱赤䚍⿺エ弪䚍⠔匧㣐㖑 
䕧ㆇ唬崵㐼涸⢪欽㼑ㄐ瑟孞务涸宐孞㼆絕卓ꅾ梡䚍䕧ㆇ鳅㣐ⴔ區䧭劥넞ⴔ區傞ꢂꟋ㖈勇餘孞⡤涸ꣳ 
⧩銳宠ꬋ䌢넞涸䞔ⲃ♴⢪欽紤㢪⯕靶⟉ꂁ縨孞⡤寑⽰〳忘駈崵霚銳宠կ歋✵孞⡤⻊ざ暟㖈务紤㢪⯕靶岚 
媯400-4600 cm-1ⰻ剣暵䖄エ佐油⚂紤㢪⯕靶岁乼⡲皍⽀ծⴔ區鸟䏞䘯ծꅾ梡䚍㥩ծ䧭劥⡛䐢ծ㸝Ⰼ 
梠⥂僽崵霚 ppm 紩ⵆ勇餘孞⡤⻊ざ暟涸剣佪倰岁կ 

劥俒⢪欽⩫用尺紤㢪⯕靶⟉ꂁ縨㼓꡻孞⡤呋ㅷ寑崵霚✫넞紱䏞涸歏㶩暵孞宆孞务涸⡛ゎꆀ孮⻊孲孞
⡤կ 

1. 㹊낉鿈ⴔ
1.1 ⟉㐼
ⴔ區⟉㐼 IRTracer-100꣈惐㘗 KRS-5 璬晙
꣡    ⟝ 1~8 碛〳」⯕玐孞⡤寑ꆄ㾩寑⡤

㕃 1 䀙峸 IRTracer-100 㕃 2 Specac 割ず錞呔ꆄ㾩寑⡤孞⡤寑 
1 ⵌ 2 碛ծ8 碛ծ10 碛ծ20 碛〳」⯕玐孞⡤寑 
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1.2 崵霚勵⟝ 
岚侨薴㔵4200~1000 cm-1 
唬 崵 㐼DLATGS 
ⴔ 鳹 桧0.25 cm-1 

䪊䲽妃侨:10 
」鶺ⴅ侨Happ-Genzel 
孞⡤寑璬晙CaF2 

1.3 呋ㅷ 
ゎ㼱ꆀ HF 孞⡤涸넞紱宆孞 

1.4 呋ㅷ⵸㢅椚 
偽꨽呋ㅷ⵸㢅椚欽넞紱宆孞オ䪊た湬䱹鸑Ⰶ䖉崵孞⡤կ 

 

2. 絕卓♸雭雿 
2.1 孞⡤寑⯕玐Ɤ⠏⻊㹊낉 

劥俒⢪欽〳」⯕玐孞⡤寑鵳遤⯕靶䪊䲽կ〳 」⯕玐孞⡤寑鸑鵂靈蒜⯕㖈孞⡤寑务导㼘涸妃侨勻佖」⯕
玐⽀妃⯕玐 25 cm, ⯕玐 1~8 碛〳靈⽰导㼘妃侨 4~32 妃〳靈կ呏研剽⠭-嫱㼷㹁䖒㖈♧㹁薴㔵ⰻエ
⯕䏞♸崽䏞ㄤ⯕玐Ɤ䧭姻嫱⽰⯕玐馊Ɤエ⯕䏞馊넞抳併䏞⛲鵳罜䲿넞կ⡎僽⯕玐馊Ɤ⯕絁导㼘妃
侨馊㢴腊ꆀ⛲⠔邝Ⲹկ呏研呋ㅷ涸崽䏞薴㔵10-100 ppmⰯ곥腊ꆀ⿺抳併䏞罌ꆀ劥妃㹊낉⢪欽 4
碛⯕玐Ɤկ 

2.2 ⚺劼腊ꆀ⠏⻊㹊낉 
唬崵㐼鸑鵂䱹佐鸑Ⰶ孞⡤呋ㅷ⵸た涸腊ꆀ嫱勻雦皾呋ㅷ涸鷳鵂桧䧴エ⯕䏞腊ꆀ㣐㼭Ɀ㹁满紤㢪靶㕃

餘ꆀ涸⠏⸌կ♧菚勻霹腊ꆀ馊넞⥌㐾嫱馊㥩唬ⴀꣳ馊⡛ⴀ油⥌〿馊僈儑կ⚺纸涸腊ꆀ⠏⻊㹊낉ⴔⵆ
➢ⴔ鳹桧ծ⯕ꢟ㣐㼭ծ唬崵㐼㟞渤ծ⸓Ꞥ鸟䏞⿺」鶺ⴅ侨瘝倰꬗⨞✫㽂霚封梡鵯Ⳝ고䭷叻务〫剣ⴔ鳹桧⿺
⯕ꢟ㣐㼭㼆腊ꆀ剣儑衼䕧ㆇ絕卓錛邍 1 ㄤ邍 2կ 

       邍 1 割ずⴔ鳹桧傞胜兞剒㣐腊ꆀ 

 胜兞剒㣐腊ꆀ E 
ⴔ鳹桧/cm-1 ⚺纸 ⚺纸佞縨 4 碛⯕玐孞⡤寑 

4 150 9 
2 72.5 4.5 

0.5 18.7 1.2 
0.25 9.0 0.6 

邍 2 ⴔ鳹桧 0.25cm-1 傞⯕ꢟ㼆䎾涸胜兞剒㣐腊ꆀ 

⯕ꢟ㣐㼭 胜兞剒㣐腊ꆀ E 
䩧䒓 ꝡ霴* 
荈⸓ 0.6 
4.3 ꝡ霴* 
3.0 4.5 
1.0 0.6 

*㢊岤[ꝡ霴]䲿爙邍僈⯕ꢟ模Ⰼ䩧䒓䧴䒓佞鳅㣐傞⯕鸑ꆀ㣖㣐唬崵㐼鳕ⴀ鵂넞馄ⴀ A/D 鲮矿㐼涸㢅椚薴㔵կ 

孞⡤涸礵絈絕匬꨽銳넞ⴔ鳹桧䩞腊幡嘽ッ梡կ넞ⴔ鳹垷䒭崵㹁割➑腊㢿刿㺂僒⼓ⴔ⚙⚡⚰鵛油罜
⚂油䔂䏞㟞⸈僈儑腊㢿蜦䖤刿넞涸抳併䏞ㄤ刿⡛涸㹁ꆀ♴ꣳկ⡎僽➢邍 1 〳錛넞ⴔ鳹桧傞⟉㐼涸腊ꆀ
湱㼆鳅烯⠏⻊⿬侨⢪䖤㖈넞ⴔ鳹桧傞䖤ⵌ剒㣐涸胜兞腊ꆀկ絾ざぐ⚡㔔稇剒絊鷥䭊넞ⴔ鳹桧 0.25 cm-1, 
⯕ꢟ㣐㼭 3.0 鵳遤呋ㅷ涸⯕靶䪊䲽⿺㹁ꆀⴔ區կ 

2.3 孮⻊孲HF孞⡤涸㹁ꆀ 
⢪欽⠏⻊た涸崵霚⿬侨㼆割ず崽䏞涸 HF 叻ⲥ孞⡤9.98ppm20.08 ppm98.82 ppm鵳遤崵㹁

絚ⵖ叻ⲥ刼絁կ⢪欽 4075 cm-1 ꣡鵛涸油넞鸑鵂㢴挿叻ⲥ刼絁⟄♧妃倰玐䒭雦皾叻ⲥ刼絁կ㕃 1 ⚹ぐ⚡
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崽䏞涸 HF 孞⡤⯕靶ꅾ〜㕃㕃 2 ⚹叻ⲥ刼絁叻ⲥ刼絁湱Ⱒ禹侨 r ⚹ 1.0絁䚍葻㥩կ邍 3 ⚹呋ㅷ崵霚絕
卓կ 

 
㕃 1 割ず崽䏞 HF 孞⡤⯕靶ꅾ〜㕃

 

 
邍 3 呋ㅷ⿺叻ⲥ孞⡤崵霚絕卓 

呋ㅷぜ獦 HF 崽䏞/ppm 
呋ㅷ 1 12.29 
呋ㅷ 2 14.04 

叻ⲥ孞⡤ 20.08 ppm 18.82 

 

3. 絕雿 
劥俒⢪欽䀙峸 IRTracer-100 ꂁ縨涸叻ⲥ唬崵㐼 DLATGS ⿺〳」⯕玐Ɤ孞⡤寑崵霚✫歏㶩暵孞宆孞务

涸⡛ゎꆀ HF 孞⡤կ絕卓邍僈⢪欽 4 碛⯕玐孞⡤寑⚺纸叻ⲥ唬崵㐼⟄ 0.25 cm-1 涸넞ⴔ鳹桧⽰〳蜦》
10~100 ppm 薴㔵ⰻ넞礵䏞涸 HF 孞⡤⯕靶䪊䲽靶㕃㖈霪薴㔵ⰻ絁䚍湱Ⱒ禹侨葻㥩㹁ꆀⲥ烁կ〥㢪ꅷ
欽 FTIR 鵳遤孞⡤呋ㅷⴔ區傞䗳곢罌贊孞⡤涸崽䏞薴㔵ծ臱赤䚍ㄤⰟ㶸暟餘瘝ぐ猫㔔稇勻鷥䭊ざ鷓涸⟉㐼
ꂁ縨կ  

  



58 
 

2.2.3 ⯕ⵠ脸 

歏䠭羒ざ瘝猌㶩⡤餘靶岁崵㹁稘㢪㔿⻊脸⚥ꆄ㾩⯋稇ゎꆀ 

䶰 銳劥俒⢪欽䀙峸 ICPMS-2030 禹⴩歏䠭羒ざ瘝猌㶩⡤餘靶⟉崵㹁稘㢪⯕㔿⻊脸务 11 猫ꆄ㾩⯋稇ゎꆀկ
㹊낉絕卓邍僈霪倰岁抳併䏞넞唬ⴀꣳ⡛礵㺙䏞넞㹁ꆀⲥ烁〳忘駈稘㢪⯕㔿⻊脸务ꆄ㾩⯋稇ゎꆀ涸
崵㹁銳宠կ 

Ⱒꝶ霒稘㢪⯕㔿⻊脸 ICPMS-2030 禹⴩  ꆄ㾩⯋稇 
 

稘㢪⯕UV㔿⻊脸⿶獦⯕併脸ծ偽䕧脸僽♧猫䗳곢鸑鵂稘㢪絁⯕撑㼘䩞腊㔿⻊涸♧碫脸磨⵫կ㸐
涸㔿⻊⾲椚僽UV 㔿⻊勞俱务涸⯕䒸封⵫䧴⯕併⵫㖈稘㢪絁涸撑㼘♴エ佐稘㢪⯕た❡欰崞䚍荈歋㛇䧴
꣉猌㶩䒸封⽀⡤翸ざծ❜翫⻊㷖导䎾⢪랭ざ⵫㖈侨猲ꛦⰻ歋巊䙖鲮⻊⚹㔿䙖կ稘㢪⯕㔿⻊脸䎛岌䎾欽✵
梯槴ⵖㅷ♸棟㹈⚌ծ歏㶩歏㐼ծ⯕㷖⟉㐼ծPCB ⵖ鸣瘝곭㚖嫱㥵歏騟絆⟝㔿㹁ծ蓿晙⥂䫡嶃㽻ծ歏騟匣磨
䱹կ 

劥俒ꅷ欽䀙峸歏䠭羒ざ瘝猌㶩⡤餘靶⟉ ICPMS-2030 禹⴩崵㹁✫稘㢪⯕㔿⻊脸务 11 猫ꆄ㾩⯋稇ゎꆀկ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸歏䠭羒ざ瘝猌㶩⡤餘靶⟉ ICPMS-2030 禹⴩ 

1.2 ⟉㐼ⴔ區勵⟝ 
ICP-MS ⟉㐼ⴔ區勵⟝錛邍 1կ 

邍 1 ICP-MS ⴔ區勵⟝ 

⿬侨 ⿬侨霃㹁 ⿬侨 ⿬侨霃㹁 
넞곸⸆桧 1.20 kW 瘝猌㶩⡤孞崨鸟 8.0 L/min 

鳇⸔孞崨鸟 1.10 L/min 鲿孞崨鸟 0.70 L/min 
挣盗碫㘗 Mini 挣盗 ꨺⻊㐼 ず䗱꨺⻊㐼 

꨺⻊㹔 偒崨 ꨺⻊㹔庛䏞 5˫ 
ꅷ呋帿䏞 5.0 mm 넞곸곸桧 27.12 MHz 
焥中孞⡤ He 焥中孞崨鸟 6 mL/min 

寑歏⾓ -21 V 腊ꆀ鵂応㐼歏⾓ 7.0 V 

1.3 㹊낉㐼渓⿺霚⵫ 
㹊낉䨾欽涸嶊鍒盗⿺梯槴㐼渓㖲⢪欽炦ꃑ很巊1+4嵵岙24㼭傞た欽馄紱宐Ȿ峤䎁醋た㢊欽㹊

낉䨾欽涸HNO3ㄤH2O2㖲⚹⠏紩紱䧴刿넞紱䏞霚⵫㹊낉欽宐⚹馄紱宐կ 

 

2. 呋ㅷ涸⵸㢅椚 

ⲥ烁獴》紨 500 μL 䖉崵呋ㅷ✵翸㔋孮⛩掜嶊鍒盗务⸈Ⰶ 2 mL 鵂孻⻊孲ծ6 mL 炦ꃑ渷副ⰻ渷㼜
嶊鍒緵縨✵ 90˫涸歏掚匣副⸈掚 60 min ⯎ⴔ곫嶊鍒た180˫䗎岚嶊鍒 20 minկ嶊鍒絕勲た》ⴀ嶊鍒
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緵㼜嶊鍒緵縨✵ 110˫涸歏掚匣副綕䢨饮ꃑ荛鵛䎁կ饮ꃑた㼜嶊鍒巊欽㼱ꆀ⿡猌㶩宐㢴妃峤嶷䎇鲮獴荛
50 mL 㺂ꆀ櫕务㹁㺂䶔⺣䖉崵կず傞⨞霚⵫瑟涯ㄤ⸈叻㔐佐桧霚낉կ 

 

3. 絕卓♸雭雿 
3.1 叻ⲥ刼絁很巊ꂁⵖ 

欽炦ꃑ很巊2+98㼜 11 猫⽀⯋稇叻ⲥ⪰㢊巊ꂁⵖ䧭ぐ⯋稇叻ⲥ很巊䎸⴩叻ⲥ很巊崽䏞錛邍 2կ 
邍 2 幊ざ叻ⲥ很巊ぐ⯋稇崽䏞 

⯋稇 ⰻ叻⯋稇 
崽䏞μg/L 

STD1 STD2 STD3 STD4 STD5 STD6 
107Ag 115In 0 0.10 0.25 0.50 1.00 2.00 
197Au 209Bi 0 0.10 0.25 0.50 1.00 2.50 
44Ca 45Sc 0 10.0 25.0 50.0 100 200 

111Cd 115In 0 0.50 1.00 2.50 5.00 -- 
63Cu 72Ge 0 0.50 1.00 2.50 5.00 -- 
56Fe 72Ge 0 0.50 1.00 2.50 5.00 -- 

202Hg 209Bi 0 0.10 0.25 0.50 1.00 2.00 
208Pb 209Bi 0 0.50 1.00 2.50 5.00 -- 
195Pt 209Bi 0 0.50 1.00 2.50 5.00 -- 
118Sn 115In 0 0.50 1.00 2.50 5.00 10.0 
66Zn 72Ge 0 1.00 2.50 5.00 10.0 -- 

岤ⰻ叻⯋稇 45Scծ72Ge 崽䏞⚹ 100 µg/L115Inծ209Bi 崽䏞㖲⚹ 25 µg/Lꅷ欽ⰻ叻絆⟝㖈絁⸈Ⰶկ 

3.2 ⯋稇叻ⲥ刼絁  
ぐ⯋稇叻ⲥ刼絁錛㕃 1湱Ⱒ禹侨 r 㖲㣐✵ 0.999կ 
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㕃 1 ⯋稇叻ⲥ刼絁㕃 

3.3 倰岁唬ⴀꣳ 
㼆霚⵫瑟涯鵳遤 7 妃崵㹁ⴔⵆ⟄呋ㅷ瑟涯䔂䏞叻ⲥ⨊䊵涸 3 ⦔ㄤ 10 ⦔ꤑ⟄叻ⲥ刼絁俷桧雦皾唬ⴀꣳ

ㄤ㹁ꆀꣳ䭽撑呋ㅷ》呋ꆀ 500 μL㹁㺂⡤獤 50 mL 雦皾ぐ⯋稇涸倰岁唬ⴀꣳկ㹊낉絕卓錛邍 3կ 
邍 3 倰岁唬ⴀꣳㄤ㹁ꆀ♴ꣳ 

⯋稇 ⟉㐼唬ⴀꣳ(μg/L) 倰岁唬ⴀꣳ (μg/L) 㹁ꆀ♴ꣳμg/L 

Ag 0.002 0.01 0.04 
Au 0.005 0.2 0.5 
Ca 2 52 175 
Cd 0.0008 0.01 0.05 
Cu 0.005 0.1 0.3 
Fe 0.04 0.5 2 
Hg 0.002 0.02 0.06 
Pb 0.002 0.02 0.07 
Pt 0.0002 0.01 0.02 
Sn 0.005 0.05 0.2 
Zn 0.002 0.7 2 

3.4 呋ㅷ崵㹁絕卓 
⢪欽 ICPMS-2030 禹⴩崵㹁稘㢪⯕㔿⻊脸务 11 猫ꆄ㾩⯋稇ゎꆀկ呋ㅷ絕卓⿺⸈叻㔐佐桧錛邍 4կ 
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邍 4 呋ㅷ絕卓⿺⸈叻㔐佐桧 

⯋稇 
崵㹁⧩ 
(μg/L) 

崵㹁絕卓 
(μg/L)) 

RSD 
%n=3 

⸈叻ꆀ 
μg/L) 

⸈叻㔐佐桧 
% 

RSD 
%n=3 

Ag 0.043 4.26 2.57 0.25 90.8 1.90 
Au 0.916 91.6 3.77 0.50 98.8 2.32 
Ca 40.7 4070 0.19 25.0 94.8 2.72 
Cd N.D. N.D. -- 0.50 97.1 1.13 
Cu 0.312 31.2 1.48 0.50 96.2 0.32 
Fe 5.16 516 0.18 0.50 94.0 0.18 
Hg 0.040 4.03 2.34 0.25 106 1.81 
Pb 0.050 4.99 0.53 0.50 96.5 0.29 
Pt 0.001 0.080 0.01 0.50 91.6 0.58 
Sn 4.37 437 0.13 0.50 98.0 0.31 
Zn 2.13 213 0.47 0.50 104 0.53 

 

4. 絕雿 
⢪欽䀙峸 ICPMS-2030 禹⴩歏䠭羒ざ瘝猌㶩⡤餘靶⟉崵㹁稘㢪⯕㔿⻊脸务 11 猫ꆄ㾩⯋稇ゎꆀկ㹊낉絕

卓邍僈霪倰岁抳併䏞넞唬ⴀꣳ⡛礵㺙䏞넞㹁ꆀⲥ烁〳忘駈稘㢪⯕㔿⻊脸务ꆄ㾩⯋稇ゎꆀ涸崵㹁銳
宠կ 
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㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉ⴔ區⯕ⵠ脸⚥ꂛꄏ吆腒涸   

ⴔ㶩ꆀ 

䶰 銳劥俒䎾欽㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉MALDI-TOF㼆⯕ⵠ脸呋ㅷ鵳遤ⴔ區ꅷ欽导-2-
[3-(4-〈♨㛇薅㛇)-2-歌㛇-2-❇⚋掜㛇]⚋✳臟DCTB㛇餘㖈姻猌㶩垷䒭♴鵳遤侨研ꅷ꧋絕卓儑爙㖈
m/z 1-3600 薴㔵ⰻ唬崵ⵌ♧禹⴩割ず翸ざ䏞涸餘靶油湱龇餘靶油䎂㖲湱䊵紨 120 Da♸ꂛꄏ吆腒⽀⡤
-(C8H8O)n-ⴔ㶩ꆀ湱痗翸ざ暟餘靶ⴔ䋒垷䒭♸ꂛꄏ吆腒椚雿絕匬䒭湱痗կ絕卓邍僈 MALDI-TOF 鷓欽✵⯕ⵠ
脸务ꂛꄏ吆腒涸ⴔ㶩ꆀ邍䖄ㄤざ䧭䞔ⲃ烁雩ⴔ區鵂玐Ⱘ剣偽꨽撑勇⵸㢅椚ծⴔ區鸟䏞䘯ծⴔ區䧭劥⡛涸暵
挿կ 

Ⱒꝶ霒㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶 MALDI-TOF ⯕ⵠ脸 ꂛꄏ吆腒 ⴔ㶩ꆀ唬崵 

䪮助暵挿 
 MALDI-TOF 欽✵⯕ⵠ脸瘝⼱㼋⡤勞俱务吆腒ⴔ㶩ꆀ涸䘯鸟烁雩կ 
 MALDI-TOF 㹊낉〳抳崞⢪欽㢴猫很⵫㖈⠏⻊ꅷ꧋⿬侨倰꬗刿⤑䰦կ 
 

⯕ⵠ脸僽蓿晙ⵖ鸣务⯕ⵠ䊨蒌剒ꅾ銳涸署勞鄄獦⚹⼱㼋⡤勞俱涽ⱟ副涸僈棟僽⼱㼋⡤❡⚌剒Ⱒꝶ涸
勞俱կ⯕ⵠ脸歋吆腒ծ⯕ꃑծ很⵫ㄤ幑⸈⵫䭽♧㹁嫱⢾幊ざ罜䧭㖈⯕撑♴腊封欰♧㹁涸⻊㷖导䎾罜䕎䧭刕
⯕⼓ㄤꬋ刕⯕⼓㖈儑䕧巊务很鍒䏞涸䊵䒗㹊梡㕃䕎涸鲮獴կⰦ务⯕ⵠ脸吆腒僽넞ⴔ㶩翸ざ暟割➑僽⯕
ⵠ脸涸낧卹⛲僽剒呍䗱涸䧭ⴔկ吆腒涸⽀⡤猫碫ㄤ嫱⢾瘝絕匬霃雦ծ吆腒涸ⴔ㶩ꆀծⴔ侔䏞瘝⠔䕧ㆇ⯕ⵠ
脸涸刕⯕腊ꆀծ腊ꆀ璬〡ծ罣ⵠ赤䚍瘝䚍腊⽰吆腒涸餘ꆀㄤ珘㹁䚍Ɀ㹁✫⯕ⵠ䧭歘涸宐䎂կ㔔姼⯕ⵠ
脸吆腒㼆⯕ⵠ脸涸䚍腊罜鎊荛Ⱒꅾ銳կ 

㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉(MALDI-TOF)僽넞ⴔ㶩翸ざ暟ⴔ區涸絑Ⱙ倰岁偽꨽撑勇呋ㅷ⵸
㢅椚副纸唬崵鸟䏞䘯唬崵涸⚺銳僽⻊ざ暟涸⽀歏蚚油靶㕃湱㼆皍⽀僒✵鍒區կ 

劥俒㾝爙✫䎾欽䀙峸 MALDI 㹻偛剒倝㘗〿〵䒭纸 MALDI-8030 ⴔ區⯕ⵠ脸涸倰岁㖈姻猌㶩垷䒭♴䧭
⸆唬崵ⵌ⯕ⵠ脸务ꂛꄏ吆腒涸⥌〿կ絕卓邍僈 MALDI-TOF 鷓欽✵⯕ⵠ脸务吆腒涸ⴔ㶩ꆀ唬崵⚹⼱㼋⡤勞
俱涸唬崵䲿⣘倰岁⿬罌կ 
 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉ MALDI-8030 

1.2 霚⵫♸呋ㅷ 
㛇餘导-2-[3-(4-〈♨㛇薅㛇)-2-歌㛇-2-❇⚋掜㛇]⚋✳臟DCTBկ 
呋ㅷ⯕ⵠ脸呋ㅷ⚺銳䧭ⴔ⚹ꂛꄏ吆腒翸ざ暟ꂛꄏ吆腒ざ䧭姿낢錛㕃 1呋ㅷ絕匬䒭⥌䜂㥵㕃 2ꅾ撑
⽀⯋⚹-(C8H8O)n-կ 
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㕃 1 ꂛꄏ吆腒ざ䧭导䎾 

 

 
㕃 2 ꂛꄏ吆腒絕匬䒭 

 

1.3 ⴔ區勵⟝ 
ⴔ區垷䒭絁䚍姻猌㶩 
慨⯕㐼355 nm 㔿䙖慨⯕㐼 
䪊䲽薴㔵m/z 1-3600 

慨⯕腊ꆀ45 
慨⯕곸桧200 Hz 

 

2. 呋ㅷ⵸㢅椚 
㼜⯕ⵠ脸⾲巊欽⚋✳ꃫ歌ꄍꃲꃑꂾ獺ꅺ 50 ⦔た⡲⚹呋ㅷ䊨⡲巊կ欽㔋孲ト㊢THF㼜导-2-[3-(4-〈♨

㛇薅㛇)-2-歌㛇-2-❇⚋掜㛇]⚋✳臟DCTB㛇餘ꂁⵖ䧭 10 mg/mL 涸㛇餘很巊կ欽㔋孲ト㊢THF㼜 AgTFA
ꂁⵖ䧭 5 mg/mL 涸鳇⸔渮很巊կ㼜副鶣鳇⸔渮很巊ծ呋ㅷ䊨⡲巊ծ㛇餘很巊⣜妃》 1 μL 挿㖈ꬶ匣副կ䖉
荈搬䎁醋た㼜ꬶ匣鷐Ⰶ餘靶ⴔ區կ 
 

3. 絕卓♸雭雿 
⯕ⵠ脸呋ㅷ⚺銳䧭ⴔ⚹ꅾ撑⽀⯋⚹-(C8H8O)n-涸ꂛꄏ吆腒翸ざ暟ꅾ撑⽀⯋ⴔ㶩ꆀ紨⚹ 120 Daկ⯕ⵠ脸

呋ㅷ㖈姻猌㶩垷䒭♴鵳遤餘靶侨研ꅷ꧋餘靶ⴔ區絕卓㥵㕃 3 䨾爙㖈 m/z 1-3600 薴㔵ⰻ唬崵ⵌ♧禹⴩
割ず翸ざ䏞涸餘靶油湱龇餘靶油䎂㖲湱䊵紨 120 Da♸ꂛꄏ吆腒⽀⡤-(C8H8O)n-ⴔ㶩ꆀ湱痗翸ざ暟餘靶
ⴔ䋒垷䒭♸ꂛꄏ吆腒椚雿絕匬䒭湱痗կ 
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㕃 3 ⯕ⵠ脸务ꂛꄏ吆腒涸餘靶㕃m/z 1-3600 

 

4. 絕雿 
劥俒䎾欽䀙峸〵䒭纸 MALDI-8030 㖈姻猌㶩垷䒭♴㼆⯕ⵠ脸呋ㅷ鵳遤ⴔ區蜦䖤✫Ⱖ⚺銳䧭ⴔꂛꄏ吆腒

涸ⴔ㶩ꆀ⥌䜂㹊梡✫ MALDI-TOF 㼆⯕ⵠ脸吆腒ⴔ㶩ꆀⴔ䋒ծざ䧭䞔ⲃ涸䘯鸟烁雩կ霪倰岁偽꨽撑勇⵸㢅
椚㼜⯕ⵠ脸⾲巊獺ꅺた湬䱹副呋Ⱘ剣ⴔ區鸟䏞䘯ծ䧭劥⡛涸暵挿կ务㕂溶鵳Ⰶ蓿晙䘯鲨麤罜⯕ⵠ脸僽
⼱㼋⡤遤⚌务割〳䧴緃涸子腹㶩勞俱劥⢾⚹⯕ⵠ脸吆腒涸ⴔ㶩ꆀծⴔ䋒薴㔵瘝餘ꆀ霉⟟ㄤ餘ꆀ䱽ⵖ䲿
⣘倰岁⿬罌⚹꧋䧭歏騟ծ倝㘗儑爙㾓ծ⽪ⵘ歏騟匣瘝곭㚖务⼱㼋⡤勞俱涸ざ䧭餘䱽䲿⣘倝涸唬崵䙼騟կ 
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紤㢪⯕靶岁ⴔ區⯕ⵠ脸涸⚺䧭ⴔ 

䶰 銳⯕ⵠ脸僽䗎歏㶩ⵖ鸣涸呍䗱勞俱⛓♧Ⱘ剣匧넞涸䪮助㠗㘠Ⱖ䧭ⴔꂁ倰䊨蒌㼆⯕ⵠ❡ㅷ涸䚍腊Ⱘ
剣ꅾ㣐䕧ㆇկ劥俒确程䒊用紤㢪⯕靶㹁䚍ⴔ區⯕ⵠ脸⚺銳䧭ⴔ涸倰岁鸑鵂崵霚软䎁⯕ⵠ脸很⵫⵸た涸紤
㢪⯕靶㕃絕ざ叻ⲥ靶䎽ㄤ㸽腊㔙ⴔ區瘝䩛媯〳蜦䖤⯕ⵠ脸务⚺銳䧭ⴔ⥌䜂կ霪岁Ⱘ剣ⴔ區鸟䏞䘯ծ乼⡲
皍⽀ծ䧭劥⡛ㄤ絕卓〳ꬑ瘝⠏⸷〳⡲⚹ⴔ區⯕ⵠ脸䧭ⴔ涸䩛媯⛓♧կ 

Ⱒꝶ霒紤㢪⯕靶  ⯕ⵠ脸  䧭ⴔⴔ區  㹁䚍 

䪮助暵挿 
 紤㢪⯕靶岁崵霚鸟䏞䘯、霃㢊乼⡲皍⽀、䧭劥⡛կ 
 ⚪㺢涸紤㢪叻ⲥ靶䎽⚹⯕ⵠ脸䧭ⴔꊹ㹁䲿⣘⤑ⵄㄤ〳ꬑ䚍կ 
 

⯕ⵠ脸⚺銳䎾欽✵儑爙꬗匣ծ꧋䧭歏騟ㄤ⼱㼋⡤瘝歏㶩㐼⟝涸絈䗎㕃䕎⸈䊨⡲⚌鄄獦⚹⯕ⵠ䊨蒌涸
礒굹կ暵ⵆ僽㖈蓿晙ⵖ鸣곭㚖⯕ⵠ脸僽剒呍䗱涸勞俱⛓♧Ⱘ剣匧넞涸䪮助㠗㘠կ湡⵸㕂ⰻ⾊㉁㖈⼱
㼋⡤넞畮⯕ⵠ脸灇封ㄤꆀ❡副㹊梡瑲灶⯕ⵠ脸㕂❡⻊僽㣐⸷䨾馋կ 

呏研䧭⫸碫㘗割ず⯕ⵠ脸剣姻䚍ㄤ餏䚍⛓ⴔ偽雿ㆭ猫碫㘗涸⯕ⵠ脸鿪⚺銳歋吆腒ծ䠭⯕⵫ծ⯕䒸
封⵫ծ很⵫⿺Ⱖ㸐鳇⸔幑⸈⵫瘝絆䧭Ⱖꂁ倰鄄ぐ欰❡⾊㹻넞䏞⥂㺙կ 

⯕ⵠ脸䊨蒌ㄤ餘ꆀ湬䱹Ⱒ禹䗎歏㶩ⵖ鸣涸䚍腊ㄤ〳ꬑ䚍Ⱖ⚺䧭ⴔ⿺勇餘ⴔ區僽餘ꆀ䱽ⵖㄤ灇封涸ꅾ
銳ⰻ㺂կ紤㢪⯕靶⟉僽ⴔ區勞俱䧭ⴔ涸剣⸂䊨ⰨⰨ剣崵霚鸟䏞䘯ծ䧭劥⡛ծ絕卓〳ꬑ瘝⠏挿〳⚹⯕ⵠ脸
涸䧭ⴔꊹⵆ䲿⣘ꅾ銳〳ꬑ侨研佅丒կ 
 

1. ⟉㐼 
⩫用尺」矿紤㢪⯕靶⟉ IRXrossꂁ縨巊⡤寑KBr 璬晙ㄤ⾓晙纸 
 

            
㕃 1 ⩫用尺」矿紤㢪⯕靶⟉ IRXross              㕃 2 巊⡤寑           㕃 3 ⾓晙纸 

2. 㹊낉倰岁 
ⴔⵆ崵霚⯕ⵠ脸⾲巊ㄤ⸈掚软ꤑ很⵫た涸紤㢪⯕靶㕃絕ざ紤㢪叻ⲥ靶䎽ㄤ㸽腊㔙ⴔ區瘝䩛媯烁㹁⯕

ⵠ脸涸⚺銳䧭ⴔկ 

3. 㹊낉鿈ⴔ 
3.1 崵霚呋ㅷ姻䚍⯕ⵠ脸 

3.2 崵霚勵⟝ 
劥妃崵霚勵⟝㥵♴邍 1 䨾爙կ 
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3.2.1 呋ㅷ崵霚倰岁 

1呋ㅷ崵霚鵂玐 
䭽⟄♴崨玐倰岁㼆⯕ⵠ脸鵳遤紤㢪⯕靶崵霚 

 
㕃 4 紤㢪⯕靶ⴔ區⯕ⵠ脸崨玐㕃 

2呋ㅷⴔ區絕卓 

a⯕ⵠ脸掚捷⵸た紤㢪⯕靶㕃 
ⴔⵆ⢪欽巊⡤寑ㄤ KBr ⾓晙岁崵霚⯕ⵠ脸软䎁⵸た涸紤㢪⯕靶Ⱖ靶㕃錛♴㕃 5 䨾爙կ 

 

 
㕃 5 ⯕ⵠ脸⾲巊软䎁⵸た涸紤㢪⯕靶㕃 
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➢㕃 5 〳溏ⵌ⯕ⵠ脸掚软⵸た涸紤㢪エ佐油剣僈儑割ずⴔⵆ鵳遤紤㢪⯕靶唬程絕卓錛♴㕃 6 ㄤ㕃
7 䨾爙կ 

⯕ⵠ脸⾲巊唬程絕卓 
 

 
㕃 6 ⯕ⵠ脸⾲巊紤㢪⯕靶 KnowItAll 鲱⟝唬程絕卓 

 
➢㕃 6 〳溏ⵌ⯕ⵠ脸⾲巊涸紤㢪⯕靶㕃♸ 1-METHOXY-2-PROPANOL.ACETATE⚋✳ꃫ⽀歌ꄍ⛩ꃑ

ꂾ皍獦 PGMEA涸叻ⲥ靶㕃湱⡃կ㔔姼䲀倗霪⯕ⵠ脸务涸很⵫⚹⚋✳ꃫ⽀歌ꄍ⛩ꃑꂾPGMEA鵯
僽♧猫䌢欽涸⡛嫫很⵫僽⯕ⵠ脸务ゎꆀ剒㢴涸䧭ⴔկ 

姼㢪⾲巊㖈 3365 cm-1㺈油ծ2162 cm-1 ㄤ 2117 cm-1⿽油ծ1612 cm-1 ⿺ 1506 cm-1 瘝⡙縨剣割
ず✵叻ⲥ靶㕃涸エ佐油副㕃랱蒀盪㣢㢅㼆䎾呋ㅷ务涸Ⱖ㸐絆ⴔ♴俒㼜絕ざ软䎁た涸⯕ⵠ脸崵霚絕卓
鵳♧姿烁㹁鵯❈エ佐油涸䔱㾩կ 
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⯕ⵠ脸捷䎁た唬程絕卓 

 
㕃 7 ⯕ⵠ脸软䎁た紤㢪⯕靶 KnowItAll 鲱⟝唬程絕卓 

 
➢㕃 7 〳溏ⵌ软䎁た涸⯕ⵠ脸⯕靶㕃ㄤ Cresol resol歌ꂛꂛꄏ吆腒涸叻ⲥ靶㕃湱⡃䲀倗霪⯕ⵠ

脸涸䧭芘⵫⚹ꂛꄏ吆腒碫勞俱կ呋ㅷ㖈 1259 cm-1 ㄤ 1708 cm-1 ꣡鵛湱嫱叻ⲥ靶㕃僈儑㢴ⴀ⚙⚡エ佐油副
㕃랱蒀盪㣢㢅ⴔⵆ㼆䎾焫孻C-Oㄤ纝㛇C=O涸エ佐油⚹婎殆很⵫䨾荝կ 

絕ざ⯕ⵠ脸软䎁⵸た紤㢪⯕靶唬程絕卓ㄤ㸽腊㔙ⴔ區⯕ⵠ脸⾲巊㕃 6务割ず✵很⵫ PGMEA 涸エ
佐油䔱㾩錛♴邍 2 䨾爙կ⯕ⵠ脸软䎁た2162 cm-1 ㄤ 2117 cm-1 㢅涸エ佐油嶊㣟㕃 5䲀倗僽霪絆ⴔ㖈
⸈掚鵂玐务䮦封䧴ⴔ鍒䨾荝կ 

邍 2 ⯕ⵠ脸⾲巊务割ず✵很⵫エ佐油涸㸽腊㔙ⴔ區絕卓 

エ佐油⡙縨/cm-1 㸽腊㔙 〳腊暟餘 勻彂 
3365㺈油 -OH繿㛇 ꃫ碫䧴ꂛ碫瘝ゎ繿㛇⻊ざ暟 ꂛꄏ吆腒䧭芘⵫ 

2162 ㄤ 2117⿽油 
-C͓N宊㛇ծ 

=N+=N-ꅾ宆㛇䧴 
-N=N+=N-(〜宆㛇) 

ゎ宊㛇剣纸暟ծꅾ宆䧴〜宆
碫⻊ざ暟 

⯕併⵫瘝幑⸈⵫ 

1612ծ1506 薅梠エ佐油 ゎ薅梠剣纸暟 ꂛꄏ吆腒 

 

b⯕ⵠ脸ⴔ區絕卓 
鸑鵂靶䎽唬程ㄤ㸽腊㔙ⴔ區瘝䩛媯絾ざⴔ區⯕ⵠ脸软䎁⵸た涸紤㢪⯕靶㕃蜦濼Ⱖ⚺銳䧭ⴔ⥌䜂錛♴

邍 3 䨾爙կ 
邍 3 ⯕ⵠ脸紤㢪ⴔ區絕卓 

崵㹁呋ㅷ 紤㢪㹁䚍絕卓 

姻䚍⯕ⵠ脸 

很⵫⚋✳ꃫ⽀歌ꄍ⛩ꃑꂾPGMEA 
⚺䧭ⴔꂛꄏ吆腒碫䧭芘⵫ 

Ⱖ㸐䧭ⴔゎ宊㛇ծꅾ宆䧴〜宆㛇⻊ざ暟 
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3. 絕雿 
⯕ⵠ脸䧭ⴔ撑勇⚂䪮助꡶地匧넞Ⱖ䊨蒌宐䎂湬䱹Ⱒ禹䗎歏㶩涸⯕ⵠ佪卓կ紤㢪⯕靶岁䲿⣘✫♧猫ⴔ區

⯕ⵠ脸⚺䧭ⴔ涸䙼騟Ⱘ剣ⴔ區鸟䏞䘯䧭劥⡛ㄤ乼⡲皍⽀瘝⠏挿〳⡲⚹⯕ⵠ脸㹁䚍ⴔ區涸剣⸂邉⯎䩛
媯կ 
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2.2.4 䫘⯕勞俱 

慨⯕磜䏞⟉崵㹁䫘⯕灇熋磋涸磜䏞 

䶰 銳劥俒ⵄ欽䀙峸慨⯕磜䏞⟉ SLAD-2300䒊用✫ 3 猫碫㘗䫘⯕灇熋磋孻⻊ꜥծꆄ⴮瀖ㄤ孻⻊꜐磜
䖈㣐㼭ㄤⴔ䋒涸崵㹁倰岁〳⚹✫鍒䫘⯕灇熋磋涸磜䏞⥌䜂䲿⣘ꅾ銳⿬罌կ㹊낉邍僈呋ㅷⵖ㢊皍⽀崵霚
鸟䏞䘯ꅾ撑䚍⠏葻劥岁忘駈姼碫䫘⯕灇熋磋涸磜䏞崵霚銳宠կ 

Ⱒꝶ霒慨⯕磜䏞⟉  䫘⯕磋  磜䏞 
 

㖈⼱㼋⡤蓿晙ⵖ鸣鵂玐务䫘⯕灇熋僽匧Ⱖꅾ銳涸Ⱒꝶ姿낢㸐僽㼜炊兪㕐ⴗⶶ䧭鳅謭涸晙朐搬た鵳
遤灇熋ㄤ䫘⯕⟄蜦䖤䨾꨽涸䎂侮䏞ㄤ邍꬗⯕裂䏞կ䫘⯕灇熋磋剣㔙翸ꆄ⴮瀖䗎磋ծ孻⻊ꜥ䗎磋瘝կ 

磜䏞ⴔ䋒僽霉⟟䫘⯕灇熋磋䚍腊ㄤ佪卓涸ꅾ銳䭷叻⛓♧կ鸑䌢䫘⯕灇熋磋涸䎂㖲磜䖈馊㣐暟⡤涸熋
⵴鸟䏞馊䘯邍꬗磦祳䏞⛲馊㣐կ湱导㖑䫘⯕灇熋磋䎂㖲磜䖈㼭熋⵴鸟䏞꣭⡛〳蜦䖤刿⸈䎂侮⯕❭涸
邍꬗կ姼㢪䫘⯕灇熋磋涸磜䖈ⴔ䋒䎾鳅瑺㣖絈䧴㣖磦涸곾磜⽑嫱㼱鵯呋䩞腊䫘⯕ⴀ넞餘ꆀ涸邍꬗罜
絈곾磜㼱涸䫘⯕灇熋磋腊䲿넞熋⵴涸鸟䏞կ㔔姼꨽銳ⲥ烁崵㹁䫘⯕灇熋磋涸磜䏞ⴔ䋒կ 

慨⯕磜䏞⟉僽ⴔ區䫘⯕灇熋磋磜䏞涸剣⸂䊨ⰨⰨ剣ⴔ區鸟䏞䘯絕卓湬錜珘㹁䚍㥩瘝⠏挿կ劥俒⢪
欽䀙峸慨⯕磜䏞⟉ SALD-2300 䒊用✫䫘⯕灇熋磋磜䏞崵㹁涸倰岁忘駈䫘⯕灇熋磋磜䏞ⴔ䋒涸崵霚銳宠կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸慨⯕磜䏞⟉ SALD-2300ꂁ縨 MS23 䗄梠崨鸑寑 

 
㕃 1 慨⯕磜䏞⟉ SALD-2300 

1.2 崵霚勵⟝ 
劥妃崵霚勵⟝㥵♴邍 1 䨾爙կ 

邍 1 SALD-2300 崵霚䫘⯕磋磜䏞涸勵⟝ 

⟉㐼⿬侨 霃㹁⧩ ⟉㐼⿬侨 霃㹁⧩ 
鵳呋⽀⡙ MS23 䗄梠崨鸑寑 ⴔ侔➝餘 紱宐 
岹   鸟 10 馄㡮岚 䩧䒓 

 

 



71 
 

2. 呋ㅷ崵霚 
2.1 崵霚呋ㅷ 

孻⻊ꜥծꆄ⴮瀖ㄤ孻⻊꜐♲猫䫘⯕灇熋磋 

2.2 呋ㅷ⵸㢅椚 
》鷓ꆀ䫘⯕灇熋磋呋ㅷ欽紱宐ⴔ侔幑⸈㼱ꆀ 1.0 g/L Ⱉ⨊熧ꃑꛧ宐很巊⡲⚹ⴔ侔⵫⯎ⴔ馄㡮ⴔ侔

30 min た诱⸈荛崨鸑寑务䖉珘㹁た鵳遤崵㹁կ 

 

3. 絕卓♸雭雿 
3.1 磜䖈ⴔ䋒㕃 
     3 猫䫘⯕灇熋磋呋ㅷ涸磜䖈ⴔ䋒錛♴㕃 2~㕃 4 䨾爙կ 

 
㕃 2 孻⻊ꜥ䫘⯕灇熋磋涸磜䖈ⴔ䋒㕃 

 
㕃 3 ꆄ⴮瀖䫘⯕灇熋磋涸磜䖈ⴔ䋒㕃 
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㕃 4 孻⻊꜐䫘⯕灇熋磋涸磜䖈ⴔ䋒㕃 

♲猫䫘⯕灇熋磋涸磜䖈ⴔ䋒㼆嫱錛♴㕃 5 䨾爙կ 

 
 㕃 5 3 猫䫘⯕灇熋磋磜䖈ⴔ䋒㼆嫱㕃 

3.2 ꅾ㢕䚍崵霚 
罌㻋崵霚倰岁礵㺙䏞㼆♲猫䫘⯕灇熋磋呋ㅷⴔⵆ鵳呋崵霚 6 妃ꅾ撑䚍絕卓錛♴㕃 6~㕃 8 䨾爙կ➢

㕃副〳溏ⵌ♲猫䫘⯕灇熋磋磜䏞崵霚涸ꅾ撑䚍葻㥩邍僈呋ㅷ幊ざ㖲⺣㖈➝餘务ⴔ侔⯎ⴔ⟉㐼珘㹁䚍
葻㥩կ 

     

 
㕃 6 孻⻊ꜥ灇熋䫘⯕磋 6 妃ꅾ撑崵ꆀ絕卓 

金刚石 

氧化铈 氧化铝 
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㕃 7 ꆄ⴮瀖䫘⯕灇熋磋 6 妃ꅾ撑崵ꆀ絕卓 

 

 
㕃 8 孻⻊꜐䫘⯕灇熋磋 6 妃ꅾ撑崵ꆀ絕卓 

3.3 絕卓宨䚪 
䫘⯕灇熋磋涸磜䏞崵霚絕卓宨䚪錛♴邍 2 䨾爙կ 

邍 2 䫘⯕磋磜䏞崵霚絕卓n=6 

呋ㅷぜ獦 
⠍侨磜䖈 
μm 

䎂㖲磜䖈 
μm 

D10 
μm 

RSD 
% 

D50 
μm 

RSD 
% 

D90 
μm 

RSD 
% 

孻⻊ꜥ 0.101 0.100 0.065 1.28 0.099 1.22 0.153 2.22 
ꆄ⴮瀖 3.596 3.588 2.702 0.10 3.599 0.15 4.736 0.13 
孻⻊꜐ 14.994 9.917 3.556 2.43 11.254 1.36 22.243 2.23 

 

4. 絕雿 
磜䏞ⴔ䋒僽䫘⯕灇熋磋涸ꅾ銳䭷叻⛓♧〳⢪欽慨⯕磜䏞⟉鵳遤ⲥ烁崵㹁կ劥俒⢪欽䀙峸慨⯕磜䏞⟉

SALD-2300 ⴔⵆ崵霚孻⻊ꜥծꆄ⴮瀖ㄤ孻⻊꜐䫘⯕灇熋磋涸磜䏞ⴔ䋒崵霚鸟䏞䘯絕卓ꅾ撑䚍㥩兰腊⻊
鲱⟝〳荈⸓模䧭侨研ⴔ區㾝爙剣Ⱒ呋ㅷ磜䏞涸ぐ猫⥌䜂⚹䱍䳣䫘⯕灇熋磋磜䏞ⴔ䋒䲿⣘〳ꬑ⿬罌կ 
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♲ꅾ㔋匧勍巊餘翫欽⟉ⴔ區䫘⯕巊⚥涸掬㛇ꂛ翸孻⛩掜ꄍ䧭ⴔ 

䶰 銳劥俒䒊用✫♲ꅾ㔋匧勍巊餘翫欽⟉唬崵䫘⯕巊务掬㛇ꂛ翸孻⛩掜ꄍAPnEOn=3~16䧭ⴔ涸倰岁կ
掬㛇ꂛ翸孻⛩掜ꄍAPnEOn=3~16⚺銳䭷鳟㛇ꂛ翸孻⛩掜ꄍOPnEOㄤ㡧㛇ꂛ翸孻⛩掜ꄍNPnEO
⟄ぐ䧭ⴔ涸⥂殆傞ꢂծ㹁䚍猌㶩鵳遤㹁䚍唬낉䎇㛇✵鷥㹁涸㹁ꆀ猌㶩ꅷ欽 MRM 垷䒭鵳遤絆吥ⲥ㹁ꆀⴔ區
㖈 5~800 µg/L 崽䏞薴㔵ⰻ叻ⲥ刼絁絁䚍葻㥩湱Ⱒ禹侨㖲㖈 0.99 ⟄副կぐ絆ⴔ㖈 5 µg/L 崽䏞♴⥌㐾嫱㖲
㣐✵ 10.0抳併䏞葻㥩կ㼆 50.0 µg/L ㄤ 500.0 µg/L 叻ⲥㅷ很巊鵶絯鵳呋 6 妃Ⱖ油꬗獤ꅾ撑䚍絕卓ⴔ
ⵆ⚹ 1.24%ㄤ 0.73%礵㺙䏞葻㥩կ50 µg/L ㄤ 100 µg/L 涸⸈叻呋㔐佐桧罌㻋Ⱖ㔐佐桧ⴔⵆ㖈 90.2% 
~109.2%⛓ꢂㄤ 107.6%~118.4%⛓ꢂկ劥倰岁鷓欽✵䫘⯕巊务掬㛇ꂛ翸孻⛩㛇ꄍ䧭ⴔ涸崵㹁⛲〳⚹湱Ⱒ
➢⚌➃プⴔ區唬崵䲿⣘⿬罌կ 
Ⱒꝶ霒♲ꅾ㔋匧勍巊餘翫欽⟉  掬㛇ꂛ翸孻⛩掜ꄍ  䫘⯕巊 

䪮助暵挿 
 ⢪欽 LC-MS/MS ⴔ區䫘⯕巊务掬㛇ꂛ翸孻⛩掜ꄍ䧭ⴔկ  
 ꛏ㼆ず猫㢴絆ⴔ㹁ꆀ涸䞔ⲃ⢪欽絆吥ⲥ涸倰䒭鵳遤㹁ꆀ㢅椚կ 
 

掬㛇ꂛ翸孻⛩掜ꄍ( APEO) 僽♧猫ꅾ銳涸翸孻⛩掜㘗ꬋ猌㶩邍꬗崞䚍⵫կⰨ剣䚍餘珘㹁ծ罣ꃑ焦ㄤ䧭劥
⡛瘝暵䖄⚺銳欽⟄欰❡넞䚍腊峤嶷⵫僽⽪厩⸔⵫务剒䌢欽涸⚺銳⾲俱⛓♧կAPEO涸欰暟꣭鍒䚍♸꣊猌
㶩邍꬗崞䚍⵫ㄤⰦ㸐ꬋ猌㶩邍꬗崞䚍⵫湱嫱僽剒䊵涸կ 

歋✵掬㛇ꂛ翸孻⛩掜ꄍ涸欰暟꣭鍒䚍鳅䊵⚹✫꣈姺霪碫䧭ⴔ⽭㹲➃⡤姻䌢慨稇ⴔ屲➢罜㼋荝礵㶩
侨ꆀⲸ㼱欰婤㐼㸽ⴀ梡䒗䌢涸䞔ⲃ务㕂㖈♧❈遤⚌务犜姺⢪欽APEO䧭ⴔկ 

掬㛇ꂛ翸孻⛩掜ꄍAPnEOn=3~16⚺銳䭷鳟㛇ꂛ翸孻⛩掜ꄍOPnEOㄤ㡧㛇ꂛ翸孻⛩掜ꄍNPnEO, 
劥俒⢪欽䀙峸♲ꅾ㔋匧勍餘靶⟉LCMS-8045䒊用✫♧㤛䘯鸟ծⲥ烁ⴔ區䫘⯕巊务掬㛇ꂛ翸孻⛩掜ꄍ
APnEOn=3~16涸唬崵倰岁䎇欽✵崵㹁䫘⯕巊务APEO涸ゎꆀ霪倰岁㼆霪遤⚌涸鷓欽䚍䔂〳⚹湱
Ⱒ遤⚌䎾欽䒓封䲿⣘⣜研կ 
 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸♲ꅾ㔋匧勍巊餘翫欽⟉ LCMS-8045ꂁ縨⥌䜂㥵♴ 

禹 絡 䱽 ⵖ 㐼 CBM-20A 膴   孞   纸 FCV-11AL 
鳕   巊   岹 LC-30AD×2  叙 庛 盲 CTO-20AC 
荈 ⸓ 鵳 呋 㐼 SIL-30AC 餘 靶 ⟉ LCMS-8045 
蒀 靶 䊨 ⡲ 畀 Labsolutions Ver. 5.99   

1.2 ⴔ區勵⟝  

巊湱蒀靶勵⟝
蒀   靶  叙 Shim-pack Velox C18 ( 2.1 ×100 mm., 2.7 μm)䀙峸副嵳㹊낉㐼勞

剣ꣳⰖ尽P/N:227-32009-03 
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崨 ⸓ 湱 A-20 mmol/mL ⛩ꃑꜽ-宐很巊B-歌ꃫ 
鵳 呋 ⡤ 獤 5 μL 叙       庛 40˫ 
崨       鸟 0.3 mL/min 峤 ꛏ 巊 歌ꃫ/宐=1:1v:v  
峤 膴 倰 䒭 唑䏞峤膴B 湱饰映崽䏞⚹ 85%傞ꢂ玐䎸㥵邍 1 䨾爙կ 

邍 1 唑䏞峤膴傞ꢂ玐䎸 

傞ꢂ(min) ⽀⯋ 㢅椚ㄐ⟁ ⧩ 

1.00 岹 B Conc 85 
2.50 岹 B Conc 98 
4.50 岹 B Conc 98 
4.60 岹 B Conc 85 
7.00 䱽ⵖ㐼 STOP  

餘靶勵⟝ 
猌 㶩 ⻊ 垷 䒭 ESI+  ꨺ ⻊ 孞 崨 鸟 2.0 L/min 
䱹 〡 庛 䏞 250 ˫ 䎁 醋 孞 崨 鸟 10.0 L/min 
D L 庛 䏞 220 ˫ ⸈ 掚 孞 崨 鸟 10.0 L/min 
⸈ 掚 㗌 庛 䏞 350 ˫ 膴 很 ⵫ 庛 䏞 444 ˫ 
䪊 䲽 垷 䒭 MRM(㥵邍2)  

邍 2 MRM ⿬侨 

䎸〿 綫ⱗ ⵸⡤猌㶩 ❡暟猌㶩 Q1 Pre Bias(V) CE(V) Q3 Pre Bias(V) 

1 OP3EO 356.30 
*165.30 -26.0 -16.0 -34.0 

227.20 -10.0 -14.0 -32.0 

2 OP4EO 400.30 
*383.10 -20.0 -12.0 -24.0 

271.20 -20.0 -16.0 -6.0 

3 OP5EO 444.30 
*427.40 -16.0 -14.0 -14.0 

315.20 -16.0 -18.0 -20.0 

4 OP6EO 488.40 
*471.30 -14.0 -16.0 -22.0 

359.10 -14.0 -18.0 -16.0 

5 OP7EO 532.40 
*515.30 -20.0 -17.0 -18.0 

133.10 -20.0 -24.0 -22.0 

6 OP8EO 576.40 
*559.30 -16.0 -18.0 -14.0 

447.20 -16.0 -21.0 -30.0 

7 OP9EO 620.40 
*603.30 -18.0 -19.0 -20.0 

277.20 -22.0 -27.0 -28.0 

8 OP10EO 664.50 
*647.40 -20.0 -21.0 -22.0 

277.30 -12.0 -28.0 -16.0 

9 OP11EO 708.50 
*691.40 -16.0 -21.0 -18.0 

277.30 -14.0 -29.0 -18.0 
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10 OP12EO 752.50 
*735.50 -22.0 -21.0 -34.0 

277.20 -12.0 -33.0 -12.0 

11 OP13EO 796.50 
*779.50 -12.0 -21.0 -16.0 

277.20 -24.0 -33.0 -26.0 

12 OP14EO 840.60 
*823.50 -12.0 -24.0 -30.0 

277.30 -16.0 -34.0 -6.0 

13 OP15EO 884.60 
*867.50 -18.0 -25.0 -32.0 

277.20 -10.0 -34.0 -14.0 

14 OP16EO 928.60 
*277.00 -10.0 -40.0 -32.0 

133.20 -34.0 -33.0 -18.0 

15 NP3EO 370.30 
*227.10 -14.0 -14.0 -22.0 

353.30 -14.0 -10.0 -26.0 

16 NP4EO 414.40 
*397.30 -12.0 -10.0 -26.0 

271.20 -12.0 -16.0 -28.0 

17 NP5EO 458.50 
*441.30 -16.0 -14.0 -14.0 

315.20 -16.0 -18.0 -10.0 

18 NP6EO 502.50 
*485.30 -14.0 -16.0 -22.0 

359.20 -14.0 -19.0 -22.0 

19 NP7EO 546.50 
*529.30 -20.0 -16.0 -18.0 

291.30 -20.0 -25.0 -18.0 

20 NP8EO 590.40 
*573.40 -22.0 -19.0 -14.0 

291.20 -30.0 -25.0 -18.0 

21 NP9EO 634.50 
*617.40 -12.0 -19.0 -26.0 

291.20 -18.0 -29.0 -18.0 

22 NP10EO 678.50 
*661.40 -20.0 -21.0 -22.0 

291.30 -20.0 -27.0 -38.0 

23 NP11EO 722.60 
*705.60 -16.0 -18.0 -14.0 

291.30 -16.0 -29.0 -36.0 

24 NP12EO 766.50 
*291.30 -14.0 -30.0 -5.0 

133.00 -22.0 -30.0 -36.0 

25 NP13EO 810.60 
*291.00 -20.0 -27.0 -20.0 

133.20 -30.0 -29.0 -34.0 

26 NP14EO 854.60 
*291.10 -20.0 -41.0 -38.0 

133.10 -16.0 -35.0 -28.0 

27 NP15EO 898.60 
*291.00 -6.0 -44.0 -22.0 

133.20 -12.0 -31.0 -26.0 

28 NP16EO 942.60 
*291.10 -10.0 -44.0 -16.0 

133.20 -6.0 -34.0 -34.0 

*去邍㹁ꆀ猌㶩㼆կ 
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2. 呋ㅷ⵸㢅椚 
ⲥ烁獴》応紺鵂応涸0.5 mL䫘⯕巊✵猌䗱盗ⰻ⸈Ⰶ3 mL⛩ꃑ⛩ꂾ很巊䮷虹䲿》15 min10000 

rap/min猌䗱5 min》副幡巊2 mL✵霚盗ⰻ縨✵50 ˫宆オ⟉♴オ䎁獴》1 mL歌ꃫ很巊嶴偒䮷虹⯎ⴔ
撑很絑応芘鵂応副纸䖉崵կ 

APnEO叻ⲥㅷ僽ゎ剣鳟㛇ꂛ翸孻⛩㛇ꄍ[OPnEOC8H17-C6H4-(OC2H4)nOH]n=3~16ㄤ㡧㛇ꂛ翸孻⛩
掜ꄍ[NPnEOC9H19-C6H4-(OC2H4)nOH]n=3~16涸叻ⲥㅷկ霪碫叻ⲥㅷ㾩✵幊ざ暟Ⱖ⚺銳䧭ⴔ⚹翸孻
⛩掜㘗ꬋ猌㶩邍꬗崞䚍⵫鸑鵂⚋ꂼ很巊ꂁ縨넞崽䏞⪰㢊巊た⟄歌ꃫ鵳遤鷶紩獺ꅺ荛崵霚很巊 

 

3. 絕卓♸雭雿 

3.1 APnEOn=3~16叻ⲥ很巊靶㕃 

 
㕃 1 㕃 1 50.0 µg/L APnEOn=3~16叻ⲥ很巊 TIC 㕃 

3.2 㹁䚍蒀靶㕃ㄤ唬ⴀꣳ 
㼆5 µg/L涸叻ⲥ很巊鵳遤ⴔ區Ⱖ絕卓儑爙⥌㐾嫱㖲㣐✵10.0կ鿈ⴔMRM蒀靶㕃㥵㕃2䨾爙APnEO

n=3~16ぐ絆ⴔ⥌䜂㥵邍3䨾爙 
 

   
NPEO-3 NPEO-9 NPEO-16 

   
OPEO-3 OPEO-9 OPEO-16 

㕃 2 鿈ⴔ APnEOn=3~16叻ⲥㅷ很巊 MRM 蒀靶㕃5.0 µg/L 

7.08e51:TIC(+)

保留时间  (min) 
0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9

0.0e0

2.0e5

4.0e5

6.0e5

8.0e5

1.0e6

1.2e6

1.4e6

1.6e6

6.29e5Q 370.30>227.10 (+)

0 2 4 6
0.00

%

100.00

1.78e5Q 634.50>617.40 (+)

2 4 6
0.00

%

100.00

1.84e3Q 942.60>133.20 (+)

2 4 6
0.00

%

100.00

7.90e4Q 356.30>227.20 (+)

2 4 6
0.00

%

100.00

3.73e5Q 620.40>603.30 (+)

2 4 6
0.00

%

100.00

1.81e4Q 928.60>133.20 (+)

2 4 6
0.00

%

100.00

NPnEO 

OPnEO 
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邍 3 APnEOn=3~16ぐ絆ⴔ⥌䜂 

䎸〿 綫ⱗ 㹁ꆀ猌㶩㼆 ⥂殆傞ꢂ S/N ⧩ 
1 OPEO-3 356.30>227.20 1.490 287.34 

2 OPEO-4 400.30>271.20 1.491 656.80 

3 OPEO-5 444.30>315.20 1.491 587.33 

4 OPEO-6 488.40>471.30 1.491 974.69 

5 OPEO-7 532.40>515.30 1.471 207.30 

6 OPEO-8 576.40>559.30 1.471 1239.61 

7 OPEO-9 620.40>603.30 1.492 47.75 

8 OPEO-10 664.50>647.40 1.471 2106.34 

9 OPEO-11 708.50>691.40 1.451 952.63 

10 OPEO-12 752.50>735.50 1.472 1574.76 

11 OPEO-13 796.50>779.50 1.451 1282.56 

12 OPEO-14 840.60>823.50 1.451 747.14 

13 OPEO-15 884.60>867.50 1.431 366.06 

14 OPEO-16 928.60>133.20 1.431 117.31 

15 NPEO-3 370.30>227.10 1.899 654.89 

16 NPEO-4 414.40>271.20 1.899 758.47 

17 NPEO-5 458.50>441.30 1.899 485.18 

18 NPEO-6 502.50>485.30 1.899 686.32 

19 NPEO-7 546.50>529.30 1.920 470.13 

20 NPEO-8 590.40>573.40 1.879 478.93 

21 NPEO-9 634.50>617.40 1.879 299.56 

22 NPEO-10 678.50>661.40 1.879 229.53 

23 NPEO-11 722.60>291.30 1.859 665.37 

24 NPEO-12 766.50>133.00 1.859 100.08 

25 NPEO-13 810.60>133.20 1.839 24.25 

26 NPEO-14 854.60>133.10 1.840 227.81 

27 NPEO-15 898.60>133.20 1.817 157.82 

28 NPEO-16 942.60>133.20 1.819 56.12 

3.3 吥ⲥ刼絁  
欽歌ꃫ⚹獺ꅺ㛇餘㼜叻ⲥㅷ很巊鷶紩獺ꅺ⚹吥ⲥ刼絁崽䏞た鵳遤ⴔ區䎇⟄絆吥ⲥ鵳遤㹁ꆀ鸑鵂

鲱⟝䖤ⵌⴔ絆油涸꬗獤䚪ㄤⱄ⴯䒊霪絆涸吥ⲥ刼絁⟄⿺䪄遤霪絆涸㹁ꆀկⰦ絕卓儑爙絁䚍薴㔵㖈5 
µg/L~800 µg/LꢂⰦ湱Ⱒ禹侨㣐✵0.99ⲥ烁䏞㖈80.88~118.15⛓ꢂ絆吥ⲥ刼絁㥵㕃3 
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㕃 3 APnEOn=3~16絆吥ⲥ刼絁 

3.4 ꅾ㢕䚍㹊낉 
》50 µg/Lㄤ500 µg/L叻ⲥㅷ很巊鵶絯鵳呋6妃罌㻋⟉㐼涸ꅾ撑䚍Ⱖ絕卓儑爙油꬗獤ꅾ撑䚍絕卓

ⴔⵆ⚹1.24%ㄤ0.73%ꅾ撑䚍葻㥩崵㹁絕卓㥵邍4䨾爙 
邍 4 叻ⲥ很巊ꅾ撑䚍絆絕卓 

綘〿 油꬗獤50 µg/L 油꬗獤500 µg/L 
1 51,642,425 391,575,918 
2 52,829,927 395,139,237 
3 53,487,409 398,068,934 
4 53,061,063 391,317,903 
5 53,297,383 390,750,824 
6 53,114,116 391,641,283 

䎂㖲⧩ 52,905,387 393,082,350 
RSD(%) 1.24 0.73 

3.5 ⸈叻㔐佐桧 
ⴔⵆ獴》♲猫꣊䚍䫘⯕巊㛇餘1.0 mL✵霚盗ⰻ⸈Ⰶ叻ⲥ很巊絑⵸㢅椚たⵖ㢊ⴀ呋劥⚹50 µg/Lㄤ

100 µg/L涸⸈叻呋ㅷ欽✵㔐佐桧罌㻋կ絕卓儑爙掬㛇ꂛ翸孻⛩掜ꄍ涸㔐佐桧ⴔⵆ㖈90.2%~109.2%⛓ꢂㄤ
107.6%~118.4%⛓ꢂ㔐佐桧忘駈崵霚꨽宠崵㹁絕卓㥵邍5䨾爙 

邍 5 APnEO 㔐佐桧絕卓 
綘〿 㔐佐桧50 µg/L 㔐佐桧100 µg/L 

1 108.8% 118.4% 
2 90.2% 107.6% 
3 109.2% 109.4% 

 

4. 絕雿 
劥俒ⵄ欽䀙峸♲ꅾ㔋匧勍巊湱-餘靶翫欽⟉ LCMS-8045䒊用✫䫘⯕巊务掬㛇ꂛ翸孻⛩掜ꄍ䧭ⴔ涸ⴔ區

倰岁կ呏研ぐ䧭ⴔ涸⥂殆傞ꢂծ㹁䚍猌㶩鵳遤㹁䚍唬낉䎇㛇✵鷥㹁涸㹁ꆀ猌㶩㼆ꅷ欽 MRM 垷䒭鵳遤㹁ꆀ
ⴔ區կ姼㢪ꅷ欽㛇餘⸈叻涸倰䒭㼆霪倰岁涸㔐佐桧鵳遤罌㻋Ⱖ絕卓儑爙㔐佐桧邍梡葻㥩կ劥倰岁鷓
欽✵䫘⯕巊务掬㛇ꂛ翸孻⛩掜ꄍ䧭ⴔ涸崵㹁⛲〳⚹湱Ⱒ➢⚌➃プⴔ區唬崵䲿⣘⿬罌կ 

浓度 (ppm)
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

面积

0.0e0

5.0e7

1.0e8

1.5e8

2.0e8

2.5e8

3.0e8

3.5e8

4.0e8

4.5e8

5.0e8

5.5e8

6.0e8

6.5e8

7.0e8 APEO
y = 838910800x + 6684208
R² = 0.9970394    R = 0.9985186

校准曲线类型: 默认 (直线 )
加权: 默认 (1/C)
零截距 默认 (未过原点)
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2.2.5 兪㕐⿺蓿晙 

⩫用〽紤㢪⯕靶⟉㹁䚍ⴔ區兪㕐ꞈ芘㽻⚥涸 Si-H ꝶ 

䶰 銳⩫用尺」矿紤㢪⯕靶⟉䎛岌䎾欽✵⼱㼋⡤遤⚌⿺Ⱖ兪⡤勞俱絕匬ծ䧭ⴔⴔ區ㄤ勇餘緃ꤴ暵䚍灇瑕瘝
곭㚖կ劥俒⢪欽䀙峸 IRXross ㄤ邝ⲸⰌ导㼘꣡⟝㼆兪㕐ꞈ㽻务 Si-H ꝶ鵳遤㹁䚍ⴔ區կ霪倰岁皍⽀ծ䘯鸟、

呋ㅷ偽꨽⵸㢅椚〳倰⤑㖑䪊䲽䖤ⵌ紤㢪靶㕃➢罜䖤ⵌ Si-H 湱Ⱒ⥌䜂㼆兪㕐餘ꆀ䱽ⵖ饰ⵌ䭷㼋⡲欽կ 

Ⱒꝶ霒⩫用尺」矿紤㢪⯕靶⟉  兪㕐  Si-H  㹁䚍 
 

⾲⡙蓿晙涸⚺銳勞餘僽炊邍㽻銻渷紵碛紩宆⻊炊謭芘կ歏㶩紩涸宆⻊炊謭芘㹊꣢副僽♧猫炊宆⻊ざ
暟䌢欽⡲䗎歏㶩䪮助歏絟続㽻鸑鵂⻊㷖孞湱小獤䧴罏瘝猌㶩⡤㟞䔂⻊㷖孞湱小獤䪮助ⵖ鸣涸կ罜鷥䭊宆
⻊炊謭芘涸椚歋僽㔔⚹㸐⡲⚹꧋䧭歏騟蓿晙剒㢪㽻ꛤ⻊芘ㄤ⥂䫡芘剣⠏⸷կ宆⻊炊炽䏞㣐罣熋罣ⴢ荝㺙
䚍㥩ꛏ㶰㼱䲁誋腊⸂䔂䫒孻⻊腊⸂䔂կ㔔姼⺫䭍ꛧծ宐襒孞瘝Ⳝ⛖割⠔㼆Ⱖ鸣䧭띿掓կ㼆㢴兪炊罌
贊㖈炊邍꬗♸瑟孞⛓ꢂ䳃♧㽻盐㼘桧鷓务涸鷳⯕➝餘芘⟄꣭⡛邍꬗涸导㼘㖈䊨⚌⻊䎾欽务SiNx 芘鄄
鷥䭊⡲⚹炊邍꬗涸Ⲹ导㼘芘կ宆⻊炊♧菚〳欽⡲ꛤ⻊嶃㽻,务➝絟続㽻ծ⯕㷖㐼⟝涸➝歏嶃㽻剣傞〳欽⡲
叹➝餘㽻♧菚涸瘝猌㶩⡤巤獤宆⻊炊倰岁僽欽割ず絆ⴔ涸 SiH4/NH3/N2 ㄤ䟘䚍孞⡤鲿⡤巤獤罜䧭⡎謭芘
ꅽゎ剣孲〳腊㼋荝㖈叹孻⻊㽻꣡鵛䕎䧭緃ꤴ罜䒸饰 MOS 㐼⟝涸割珘㹁կ㔔姼雽㢴灇瑕罏雩⚹鵯僽歋✵宆⻊
暟ꅽ涸 Si-H ꝶ䨾䒸饰涸띿掓꨽銳Ⲹ孲崽䏞䧴罏霃岁鼙⯝ Si-H ꝶ涸剣㹲䕧ㆇկ 

劥俒ⵄ欽䀙峸⩫ꅽ尺紤㢪⯕靶⟉ IRXross ㄤ邝ⲸⰌ导㼘꣡⟝㼆炊晙ꞈ芘涸 Si-H 鵳遤㹁䚍ⴔ區㼆✵兪
㕐勞俱餘ꆀ䱽ⵖ饰ⵌ䭷㼋⡲欽կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸⩫ꅽ尺紤㢪⯕靶⟉ IRXross         邝ⲸⰌ导㼘꣡⟝ATR 

1.2 崵霚⾲椚 
Si-H涸紤㢪エ佐油㖈2000 ~2400 cm-1꣡鵛歋姼㢅涸エ佐油䞔ⲃ勻夹倗呋ㅷ僽やゎ剣Si-Hկ 

1.3 崵霚勵⟝ 
岚Ɤ薴㔵4000։700 cm-1 
ⴔ 鳹 桧4 cm-1 

䪊䲽妃侨20 
ⴗ駙ⴅ侨Happ-Genzel 

1.4 呋ㅷⵖ㢊 
ꞈ芘⾩䏞⚹ 1 μm 涸兪㕐ⴗ晙㕃晙錛♴㕃 

 
㕃 1 呋ㅷ㕃晙 

 

1#        2#       3#        4#       5# 
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2. 崵霚絕卓
2.1 1#呋ㅷ崵霚絕卓

霪呋ㅷ 2000~2400 cm-1 薴㔵ⰻ劢唬崵ⵌ Si-H 油կ 

2.2 2#呋ㅷ崵霚絕卓 

霪呋ㅷ 2000~2400 cm-1 薴㔵ⰻ唬崵ⵌ Si-H 油կ 

2.3 3#呋ㅷ崵霚絕卓 

霪呋ㅷ 2000~2400 cm-1 薴㔵ⰻ唬崵ⵌ Si-H 油կ 
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霪呋ㅷ 2000~2400 cm-1 薴㔵ⰻ唬崵ⵌ Si-H 油կ 

2.5 5#呋ㅷ崵霚絕卓 

霪呋ㅷ 2000~2400 cm-1 薴㔵ⰻ唬崵ⵌ Si-H 油կ 

3. 絕雿
劥俒ⵄ欽䀙峸紤㢪⯕靶⟉ IRXross ㄤ邝ⲸⰌ导㼘꣡⟝崵㹁✫ꞈ芘⾩䏞⚹ 1 μm 涸兪㕐ⴗ晙呏研 Si-H 㖈

2000~2400 cm-1 薴㔵ⰻ剣紤㢪エ佐勻夹倗僽㢿ゎ剣 Si-H鵳罜㼆兪㕐餘ꆀ䱽ⵖ饰ⵌ䭷㼋կ霪倰岁皍⽀、崵
霚鸟䏞䘯、偽꨽暵婋⵸㢅椚կ 

2.4 4#呋ㅷ崵霚絕卓 
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⩫用〽」䰃紤㢪⯕靶⟉ㄤ紤㢪翸搋꣡⟝ⴔ區兪㕐晙⚥䗎㢅椚⽀⯋ 

䶰 銳紤㢪⯕勲翸送꣡⟝〳⟄㼜⯕俤綫㼭崵霚䗎㼭呋ㅷ⿺鳅㣐呋ㅷ副涸䗎㼭⼓㚖〳ꂁざ⢪欽割ず涸
㣪Ⱘ崵霚割ず碫㘗涸呋ㅷկ劥俒⢪欽 XYZ 呋ㅷ〵⿺ 1.5 mm ⯕ꢟ呋ㅷ卹崵霚✫兪㕐晙务 1.8 mm 湬䖈涸䗎
㢅椚⽀⯋涸紤㢪⯕靶嫱鳅䗎㢅椚割ず⼓㚖涸紤㢪⯕靶鷳㼘桧涸䊵䒗⚹兪㕐晙涸餘ꆀ盗䱽ㄤ䊨蒌⠏⻊䲿
⣘䭷㼋կ 

Ⱒꝶ霒⩫用尺」矿紤㢪⯕靶岁 翸送꣡⟝ 䗎㼭呋ㅷ 鷳㼘桧 
 

兪㕐僽䭷炊⼱㼋⡤꧋䧭歏騟ⵖ⡲䨾欽涸炊蓿晙僽欰❡꧋䧭歏騟integrated circuitIC䨾欽涸鲿⡤կ
㖈⼱㼋⡤遤⚌㽍Ⱖ僽꧋䧭歏騟곭㚖兪㕐涸魧䕧ꥥ㢅〳錛կ兪㕐鸑䌢僽♧㗌㕐䕎涸넞紱炊兪晙罜㖈鵯猫
넞紱炊兪晙副〳⟄⸈䊨ⵖ⡲ⴀぐ猫歏騟⯋⟝⢪⛓䧭⚹剣暵㹁歏䚍⸆腊涸 IC ❡ㅷկⴀ✵割ず涸湡涸䗎㢅
椚た涸炊兪㕐絕匬䚍腊封欰佖」〳⟄鸑鵂紤㢪⯕靶岁勻港崵㢅椚⵸た涸」⻊կ 

紤㢪⯕勲翸送꣡⟝〳⟄㼜⯕俤綫㼭崵霚䗎㼭呋ㅷ⿺㣐呋ㅷ务涸䗎㼭⼓㚖ꂁざ⢪欽割ず涸㣪Ⱘ崵
霚割ず碫㘗涸呋ㅷկ劥俒⢪欽 XYZ 呋ㅷ〵⿺ 1.5 mm ⯕ꢟ呋ㅷ卹崵霚✫兪㕐晙务 1.8 mm 湬䖈涸䗎㢅椚⽀
⯋嫱鳅䗎㢅椚⵸た涸紤㢪⯕靶鷳㼘桧涸䊵䒗կ

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸⩫用尺」矿紤㢪⯕靶⟉ IRXross 6 ⦔⯕勲翸送꣡⟝ 

 
 

㕃 1 ⩫用尺」矿紤㢪⯕靶⟉ IRXross 㕃 2 Ⱉ⦔⯕勲翸送꣡⟝ 
1.2 崵霚勵⟝ 
岚侨薴㔵5000~400 cm-1 
唬 崵 㐼DLATGS 

ⴔ 鳹 桧4 cm-1 
䪊䲽妃侨45 

1.3 呋ㅷ 
炊兪㕐ⴗ晙㥵♴㕃1.8 mm 湬䖈㕐䕎⼓㚖⚹䗎絕匬⼓Ⱖ➭⡙縨⚹偽䗎絕匬⼓㚖կ 
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㕃 3 呋ㅷ撑晙 

1.4 呋ㅷ⵸㢅椚 
呋ㅷ偽꨽⵸㢅椚㼜Ⱖ㔿㹁ⵌ翸送꣡⟝涸 XYZ ♲ぢ〳靈呋ㅷ佅卹副佞Ⰶ 6 ⦔翸送꣡⟝务崵霚鷳㼘

桧կ 

             
㕃 4 XYZ ♲ぢ〳靈呋ㅷ佅卹                 㕃 5 鄳呋 

  

2. 絕卓♸雭雿 
2.1 䗎絕匬⼓㚖涸鷳㼘桧⯕靶㕃 

 
㕃 6 割ずⰆ㼘倰ぢ崵霚䗎絕匬⼓㚖涸紤㢪⯕靶㕃 

割ずⰆ㼘倰ぢ♴呋ㅷず♧䗎㢅椚⼓㚖䨾䖤紤㢪⯕靶㕃㖈 2000~5000 cm-1 岚媯鷳㼘桧䊵䒗鳅㣐邍
僈䗎絕匬⼓㚖⚹⽀꬗㢅椚⚙꬗絕匬割ずկ 

䗎絕匬⼓㚖 
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a) 偽䗎絕匬⼓㚖涸鷳㼘桧⯕靶㕃 

  
㕃 7 割ずⰆ㼘倰ぢ崵霚偽䗎絕匬⼓㚖涸紤㢪⯕靶㕃 

割ずⰆ㼘倰ぢ♴呋ㅷ偽䗎㢅椚⼓㚖䨾䖤紤㢪⯕靶㕃㖈侮⚡务紤㢪薴㔵ⰻ鷳㼘桧Ⳝ⛖♧荝霹僈劢⨞
䗎絕匬⼓㚖邍꬗㖲♧珘㹁⚂⚙꬗偽僈儑䊵䒗կ 

b) ♶ず⼓㚖涸鷳㼘桧⯕靶㕃 

 
㕃 8 割ず⼓㚖涸鷳㼘桧⯕靶㕃 

姻꬗Ⰶ㼘呋ㅷ䗎㢅椚⼓㚖⿺偽䗎㢅椚⼓㚖䨾䖤紤㢪⯕靶㕃㖈侮⚡务紤㢪薴㔵ⰻ鷳㼘桧剣僈儑䊵䒗剣
䗎絕匬⼓㚖涸鷳㼘桧僈儑⡛✵偽䗎絕匬⼓㚖〳腊䗎絕匬⼓㚖剣刿㢴涸紤㢪エ佐䧴罏邍꬗絕匬㼋荝⯕侔㼘
⨊猌Ⰶ㼘⯕倰ぢ䨾荝կ 

2.4 雭雿 
割ずⰆ㼘倰ぢ崵霚呋ㅷ剣䗎㢅椚⼓㚖傞靶㕃剣僈儑䊵䒗邍僈䗎絕匬⼓㚖⚹⽀꬗㢅椚⚙꬗絕匬割

ず罜崵霚呋ㅷ偽䗎㢅椚⼓㚖䨾䖤紤㢪⯕靶㕃鷳㼘桧Ⳝ⛖♧荝霹僈劢⨞䗎絕匬⼓㚖邍꬗㖲♧珘㹁⚂⚙
꬗偽僈儑䊵䒗կ 

ず♧Ⰶ㼘倰ぢ崵霚呋ㅷ䗎㢅椚⼓㚖⿺偽䗎㢅椚⼓㚖䨾䖤紤㢪⯕靶㕃㖈侮⚡务紤㢪薴㔵ⰻ鷳㼘桧剣僈
儑䊵䒗剣䗎絕匬⼓㚖涸鷳㼘桧僈儑⡛✵偽䗎絕匬⼓㚖〳腊䗎絕匬⼓㚖剣刿㢴涸紤㢪エ佐䧴罏邍꬗絕匬
㼋荝⯕侔㼘⨊猌Ⰶ㼘⯕倰ぢ䨾荝կ 
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3. 絕雿 
劥俒⢪欽紤㢪⯕靶⟉ꂁざⰙ⦔翸送꣡⟝涸 XYZ 呋ㅷ〵⿺ 1.5 mm ⯕ꢟ呋ㅷ卹崵霚✫炊兪㕐晙务 1.8 

mm 湬䖈涸䗎㢅椚⽀⯋⿺劢㢅椚⼓㚖涸紤㢪⯕靶鷳㼘桧嫱鳅割ず⼓㚖涸紤㢪⯕靶鷳㼘桧涸䊵䒗կ㹊낉邍
僈紤㢪⯕靶⟉⿺Ⱉ⦔翸送꣡⟝〳 ⟄倰⤑涸崵霚呋ㅷ涸䗎㼭⼓㚖鸑鵂港䱽䗎㼭⼓㚖涸鷳㼘桧勻⠏⻊餘ꆀ
盗䱽ㄤ䊨蒌կ 
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紤㢪儑䗎禹絡崵霚 SiC 兪㕐㢪䒁㽻涸⾩䏞ⴔ䋒 

䶰 銳紤㢪⯕靶儑䗎导㼘岁崵霚 SiC 兪㕐㢪䒁㽻⾩䏞湬䱹㼜呋ㅷ㢪䒁㽻꬗ぢ副佞縨㖈紤㢪儑䗎Ꞥ鲿暟〵
副㹊梡偽䰀ꬋ䱹鍘崵霚⢪欽䋑㈒㢪䒁㽻椚雿⧩ 11 µm 涸呋ㅷ崵霚割ず⡙縨涸㢪䒁㽻⾩䏞封梡割ず
⡙縨㢅涸㢪䒁㽻⾩䏞玕剣䊵䒗䚪⡤䎂㖲⧩⚹ 11.115 µm⨊䊵 1.05%կ㹊낉絕卓霹僈紤㢪⯕靶⟉ꂁざ紤
㢪儑䗎Ꞥ鷓ざ SiC 兪㕐㢪䒁㽻⾩䏞涸崵霚կ 

Ⱒꝶ霒⩫用尺」矿紤㢪⯕靶岁  紤㢪儑䗎Ꞥ  SiC 㢪䒁㽻  芘⾩ 
 

焫⻊炊SiC⡲⚹痦♲去⼱㼋⡤勞俱Ⱘ剣犜䌄㺈ծⴁ瑬歏㖞넞ծ歏㶩껒ㄤ鴲獴桧넞ծ掚㼋桧넞瘝⠏
葻涸暟椚⻊㷖暵䚍僽ⵖ㢊넞庛넞⾓ծ㣐⸆桧歏㶩⸆桧㐼⟝涸椚䟝勞俱կ焫⻊炊⸆桧㐼⟝割腊湬䱹ⵖ⡲㖈焫
⻊炊⽀兪副䗳곢㖈㼋鸑㘗⽀兪邔䏀副괄㢪欰Ɤ넞餘ꆀ涸㢪䒁勞俱䎇㖈㢪䒁㽻副ⵖ鸣ぐ碫㐼⟝կ鵛䎃勻
謭焫⻊炊㢪䒁勞俱20 µm⟄♴涸餘ꆀ鳅넞ꥥ满㢪䒁欰Ɤ䪮助涸鵳姿㢪䒁㽻⾩䏞⛲➢Ⳝµm封㾝ⵌ副涰
µmկ䧮㕂焫⻊炊㢪䒁勞俱涸灇封ㄤ❡⚌宐䎂稒騈㕂꣢20 µm⿺⟄♴涸焫⻊炊㢪䒁勞俱❡ㅷ宐䎂䱹鵛㕂꣢⯓
鵳宐䎂⾩㢪䒁勞俱涸灇封㼿剣䊵騄[1]կ 

㖈炊ず餘㢪䒁欰❡务紤㢪⩫用尺」矿⯕靶䪮助僽崵霚炊㢪䒁㽻⾩䏞♧猫ꬋ䌢䧭擿涸倰岁Ⱘ剣ⲥ烁ծ
䘯鸟ծ偽䰀瘝⠏⸷ꬋ䌢鷓ざ䊨⚌⻊⢪欽[2]կ 

劥俒⢪欽紤㢪⯕靶⟉⿺紤㢪儑䗎Ꞥ꣡⟝崵霚✫ SiC 兪㕐㢪䒁㽻涸⾩䏞ⴔ䋒կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸⩫用尺」矿紤㢪⯕靶⟉ IRXross 紤㢪儑䗎Ꞥ AIM-9000 

 
㕃 1 IRXross+AIM-9000 紤㢪儑䗎禹絡 

1.2 崵霚勵⟝ 
岚Ɤ薴㔵4600~750 cm-1 
ⴔ 鳹 桧16 cm-1 

䪊䲽妃侨50 
唬 崵 㐼MCT 

1.3 呋ㅷ 
SiC 兪㕐㢪䒁㽻⾩䏞椚雿⧩ 11 µm崵霚割ず⡙縨0~16 〿⡙縨㢅涸㢪䒁㽻⾩䏞կ 
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㕃 2 呋ㅷ撑晙 㕃 3 呋ㅷ崵霚⡙縨 

1.4 呋ㅷ⵸㢅椚 
呋ㅷ偽꨽⵸㢅椚㼜Ⱖ佞㖈紤㢪儑䗎Ꞥ鲿暟〵副翸送た崵霚կ 

 

2. 絕卓♸雭雿 
2.1 ♶ず⡙縨崵霚涸紤㢪⯕靶㕃 

0ծ1ծ2 〿⡙縨涸紤㢪⯕靶ꅾ〜㕃㥵♴կ 

 
 

 
㕃 4 割ず⡙縨崵霚涸紤㢪⯕靶㕃⡙縨 012 

㽷鿈佞㣐㕃 
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⡙縨 012 㢅涸紤㢪⯕靶ꅾ〜㕃➢㕃副〳⟄錜㻋ⵌ僈儑涸䎁覆勵紻կ 

2.2 芘⾩涸雦皾⾲椚⿺倰岁 
⩫用尺」矿紤㢪⯕靶⟉导㼘岁僽㛇✵邔䏀♸㢪䒁㽻㔔䲜勇崽䏞割ず罜㼋荝涸割ず盐㼘桧紤㢪⯕Ⰶ㼘ⵌ㢪
䒁㽻た♧鿈ⴔ➢邔䏀邍꬗导㼘㔐勻♧鿈ⴔ➢㢪䒁㽻邍꬗导㼘ⴀ勻鵯⚙勲⯕㖈♧㹁勵⟝♴⠔❡欰䎁覆勵
紻呏研䎁覆勵紻涸侨ꆀծ盐㼘桧⟄⿺紤㢪⯕Ⰶ㼘錭〳⟄雦皾ⴀ㢪䒁㽻涸⾩䏞կ錛㕃 5կ 

 
㕃 5 ⩫用尺」矿⯕靶岁崵霚㢪䒁㽻⾩䏞⾲椚㕃 

雦皾傞㖈鲱⟝务鳕Ⰶ⯕涸Ⰶ㼘錭𝜃(𝜃=45°)⿺㢪䒁㽻勞俱涸盐㼘桧 nn=2.55䎇⚂⧺霃㖈雦皾涸岚Ɤ
薴㔵ⰻ盐㼘桧割」կ雦皾Ⱆ䒭㥵♴ 

 
䒭务d 邍爙⾩䏞⽀⡙ µmM 邍爙割ず岚侨ꢂ涸油⚡侨𝑛邍爙ꞈ芘勞俱盐㼘桧𝜃邍爙Ⰶ㼘錭ଵఒమ   ଵఒభ
邍爙岚侨կ 

2.3 ♶ず⡙縨崵霚絕卓 
嫦⚡⡙縨崵霚 5 妃⟄䎂㖲⧩雦皾䔲♴⡙縨涸⾩䏞雦皾絕卓錛邍 1կ 

邍 1 割ず⡙縨㢪䒁㽻⾩䏞崵霚絕卓 

⡙縨綘〿 ⡙縨㗂叻/mm ⾩䏞/µm 
湱㼆叻ⲥ⨊䊵/%

n=5 
0 (-49.321,-49.321) 10.850 0.69 
1 (-37.07,-37.07) 11.024 1.0 
2 (-24.713,-24.713) 11.212 0.75 
3 (-12.357,-12.357) 11.356 0.47 
4 (-0.0000,-0.0000) 11.380 0 
5 (12.357,12.357) 11.336 0.47 
6 (24.713,24.713) 11.140 0.90 
7 (37.07,37.07) 10.930 0.59 
8 (49.321,49.321) 10.790 1.92 
9 (-49.321,49.321) 10.876 0.50 

10 (-37.07,37.07) 10.960 0.74 
11 (-24.713,24.7131) 11.132 1.29 
12 (-12.357,12.357) 11.340 0.47 
13 (12.357,-12.357) 11.362 0.39 
14 (24.713,-24.713) 11.244 0 
15 (37.071,-37.071) 11.022 0.73 
16 (49.321,-49.321) 11.002 0.81 
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⟄副 17 ⚡⡙縨涸⾩䏞䎂㖲⧩⚹ 11.115 µm䚪涸 RSD ⧩⚹ 2.13%♸椚雿⧩⨊䊵 1.05%կ➢割ず⡙縨
㢪䒁㽻⾩䏞絕卓勻溏⾩䏞䎇ꬋ模Ⰼ㖲♧ッ梡鴝続謭务ꢂ⾩涸馋⸷կ 

 

3. 絕雿 
劥俒⢪欽䀙峸紤㢪儑䗎禹絡崵霚✫ SiC 兪㕐㢪䒁㽻涸⾩䏞ⴔ䋒կ紤㢪⯕靶导㼘岁崵霚兪㕐湬䱹㼜呋

ㅷ㢪䒁㽻꬗ぢ副佞縨㖈紤㢪儑䗎Ꞥ鲿暟〵副㹊梡偽䰀ꬋ䱹鍘崵霚⢪欽䋑㈒㢪䒁㽻椚雿⧩ 11 µm 涸呋ㅷ
崵霚割ず⡙縨涸㢪䒁㽻⾩䏞封梡割ず⡙縨㢅涸⾩䏞玕剣䊵䒗䚪⡤䎂㖲⧩⚹ 11.115 µm⨊䊵⚹ 1.05%կ
㹊낉絕卓霹僈紤㢪⯕靶⟉ꂁざ紤㢪儑䗎Ꞥ鷓ざ SiC 兪㕐㢪䒁㽻⾩䏞涸崵霚կ 
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⯕歏㶩腊靶䪮助㖈 GaN ⼱㼋⡤勞俱邍䖄⚥涸䎾欽 

䶰 銳劥俒ⴔⵆꅷ欽⽀蒀 Al ꬶծ⽀蒀 Ag ꬶծ⿽꣉匧 Mg ꬶ⡲⚹ X 㼘絁彂邍䖄 GaN ⼱㼋⡤勞俱〳⟄䖤ⵌ
♲猫ꬶ勞傞涸ぐ⯋稇礵絈靶絕卓⽀蒀 Ag ꬶ⡲⚹慨封彂傞〳⟄⢪ Ga LMM ⤜姅油♸ N 1s ⚺油剣佪ⴔ猌
䖤ⵌⲥ烁涸⻊㷖䙖ⴔ區絕卓կ 

Ⱒꝶ霒넞腊 Ag ꬶծ⿽꣉匧 Mg ꬶծ⽀蒀 Al ꬶծXPSծ⻊㷖䙖ⴔ區 
 

鵛䎃勻⟄焫⻊炊SiCծ宆⻊ꞛGaNծ孻⻊ꝔZnOծ宆⻊ꜥAlN瘝⚹去邍涸痦♲去⼱㼋⡤
勞俱馊勻馊「ⵌ灇瑕罏涸Ⱒ岤կⰦ务⡲⚹痦♲去⼱㼋⡤勞俱涸Ⱙ㘗去邍GaN Ⱘ剣Ⱉ錭紦Ꝕ瀤絕匬僽
♧猫Ⱘ㢊犜䌄㺈䏞㣐ծ掚㼋桧넞ծ罣넞庛ծ䫒鳒㼘ծ罣ꃑ焦ծ넞䔂䏞ㄤ넞炽䏞瘝⠏葻暵䚍涸⼱㼋⡤勞俱㔔
姼㖈ⵖ⡲瀊岚Ɤ封⯕㐼⟝ծ⯕歏确崵㐼⟄⿺넞庛ծ넞곸ծ㣐⸆桧歏㶩㐼⟝곭㚖剣满䎛岌涸䎾欽կ 

ⵖ㢊넞餘ꆀ涸 GaN ⡤⽀兪勞俱ㄤ謭芘⽀兪勞俱僽灇瑕䒓封넞䚍腊宆⻊暟封⯕㐼⟝ծ歏㶩㐼⟝涸ꅾ銳
⵸䲿կ歋✵ GaN 涸擧挿넞㔔姼䖎ꦼꅷ欽擧輑涸巊⡤ GaN ⵖ㢊⽰⤑ꅷ欽✫넞庛ծ넞⾓䪮助⛲〫腊䖤ⵌ
ꛏ朐䧴罏㼭㽯㼄涸晙朐 GaN 兪⡤կ湡⵸Ⱒ✵欰Ɤ㣐㽯㼄 GaN ⽀兪勞俱涸灇瑕⣜搬㖈㾝䒓湡⵸溶絑〳⟄㖈
♧❈暵㹁涸小䏀勞俱副㢪䒁欰Ɤ䖤ⵌ餘ꆀ鳅㥩涸 GaN 㢪䒁㽻㣐㣐䲀⸓✫霪⡤禹涸䎾欽կ搬罜㖈霪勞俱鵳
遤 XPS 崵霚邍䖄傞䖃䖃⠔ⴀ梡 Ga LMM ⤜姅油⚚ꅾ䎁䪓 N 1s 油䕧ㆇ N ⯋稇ⴔ區涸䞔ⲃ㼋荝鳅ꦼ䖤ⵌ
ⲥ烁涸絕卓կ 

劥俒ꅷ欽涸僽⟄ Si 晙⡲⚹㛇䏀ⵖ㢊䖤ⵌ涸䗎碛紩ⵆ涸 GaN 謭㽻ꅷ欽 XPS 䪮助㼆霪勞俱鵳遤邍䖄
ⴔⵆꅷ欽♲猫ꬶ勞鵳遤崵霚㼆嫱崵霚絕卓䎇낉霆勞俱絕匬կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸⯕歏㶩腊靶⟉ Axis Supra 

1.2 ⴔ區勵⟝ 
慨封彂⽀蒀 Al ꬶAl Kα1486.6 eV 
⽀蒀 Ag ꬶAg Lα2984.2 eV 
⿽꣉匧 Mg ꬶMg Kα1253.6 eV 
X 㼘絁넞⾓15 kV 
⨢殆傞ꢂDwell time200 ms 

鸑腊Ⰼ靶 160 eV礵絈靶 40 eV 
ⴔ區⼓㚖Hybrid煂鷳Ꞥ䒓゗ 
slot 垷䒭700×300 μm 
䪊䲽鸟䏞Ⰼ靶 1 eV瑺靶 0.1 eV 

1.3 呋ㅷ⿺㢅椚 
呋ㅷ䚍朐偽蒀鷳僈晙朐㔿⡤կ㼜晙朐呋ㅷ湬䱹欽 3M ⿽꬗絟続脸䌄㼜呋ㅷ餤✵呋ㅷ勵副⽰〳㥵♴㕃

䨾爙〳⟄湬䱹㖈곫䬄㹔鵳遤ⴔ區⡙縨⿺ꅷ꧋倰岁涸霃㹁կ 
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㕃 1 呋ㅷ朐䙖㕃 

 

2. 絕卓♸雭雿 
2.1 ⽀蒀 Al ꬶ崵霚絕卓 

鸑鵂 XPS Ⰼ靶絕卓〳⟄夹倗邍꬗⯋稇猫碫鵳遤ⴲ姿㹁䚍ⴔ區կ㼆霪勞俱鵳遤Ⰼ靶䪊䲽錛㕃 2絕ざ
Al ꬶ崵霚♴涸 Ga ⯋稇叻ⲥ㕃靶Ga LMM 油ⴔ䋒✵ 380 eV~620 eV ⛓ꢂ㔔姼㼆✵ GaN 勞俱⠔㶸㖈 Ga 
LMM ⤜姅油♸ N 1s ⚺油~400 eV✽湱䎁䪓涸꡼곿絕ざ呋ㅷ⥌䜂⿺叻ⲥ靶䎽ⴲ姿䲀崵勞俱邍꬗⚺銳
ゎ剣焫⯋稇C 1sծ孻⯋稇O 1sծꞛ⯋稇Ga 2pծGa 3d⟄⿺宆⯋稇N 1s劢錜㻋ⵌ㛇䏀炊⯋稇
霹僈 GaN 㽻剣鳅㥩涸荝㺙䏞կ 

 
㕃 2 Ⰼ靶䪊䲽絕卓-Al ꬶ 

鵳♧姿㼆Ⱒ䗱涸 Ga ⯋稇⿺ N ⯋稇ꅷ꧋礵絈靶侨研ⴔ區錛♴㕃 3〳⟄溏ⵌ Ga ⯋稇涸 Ga LMM ⤜姅
油⠔⚚ꅾ䎁䪓ⵌ N 1s 靶油涸ⴔ區歋油䕎〳⟄夹倗 N ⯋稇涸㶸㖈⡎偽岁夹倗 N ⯋稇涸⻊㷖䙖⥌䜂կ 
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㕃 3 ⯋稇礵絈靶䪊䲽絕卓 

歋♴㕃 4 务 Ga 3d 涸崵霚絕卓〳⟄夹倗 Ga ⯋稇⚺銳⟄ Ga-O ♸ Ga-N 涸⻊㷖䙖㶸㖈0°傞⚹ⴲ映朐䙖
ꥥ满鲮⸓錭䏞」㣐ꅷ꧋涸⚹刿邍㽻涸⥌䜂Ⱖ务 Ga-O 涸勻彂䲀崵僽呋ㅷ凐ꪪ瑟孞た邍꬗⠔剣㼱ꆀエ꣡
孻暟猫涸㶸㖈կ鵳♧姿鸑鵂錭ⴔ鳹 XPS 鵳遤낉霆鲮⸓錭䏞馊㣐ꅷ꧋⥌䜂刿ꬑ鵛邍㽻封梡 Ga 3d 油䕎
割㼆獦䚍㟞㣐Ga-O ⻊㷖䙖涸⽑嫱ッ梡㟞㣐馋⸷կ 

 
㕃 4 Ga 3d 礵絈靶涸錭ⴔ鳹崵霚絕卓 

2.2 ⿽꣉匧 Mg ꬶ崵霚絕卓 
ꅷ欽⿽꣉匧 Mg ꬶ⡲⚹慨封彂㼆霪勞俱鵳遤Ⰼ靶䪊䲽錛㕃 5㕃务䊩副錭ず傞絛ⴀ✫ Mg ꬶ傞涸 Ga

⯋稇叻ⲥ靶㕃务涸 Ga LMM 鿈ⴔ♸⽀蒀 Al ꬶ傞絕卓㼆嫱Ga LMM ⤜姅油獴ぢ⡛絕ざ腊⼓㚖ⴔ䋒✵ 100 
eV~430 eV ⼓ꢂⰻぐ⯋稇暵䖄鲪麤油1s2p3d 瘝油⡙㛇劥割」կ㼆嫱副㕃 3 ♸♴㕃 6 絛ⴀ涸 N 1s
礵絈靶䪊䲽絕卓〳濼ꅷ欽⿽꣉匧 Mg ꬶ傞Ga LMM ⤜姅油㼆 N 1s 涸䎁䪓Ⲹ烯〳⟄湬䱹夹㹁 N ⯋稇涸
㶸㖈⡎⣜搬割腊㢿歋 N 1s 油涸割㼆獦䚍湬䱹䲀倗Ⱖゎ剣㢴⚡⻊㷖䙖㶸㖈կ歋 Ga 3d 崵霚絕卓〳⟄夹倗 Ga
歋 Ga-O ♸ Ga-N ⚙猫⻊㷖䙖絆䧭կ 
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      㕃 5 Ⰼ靶䪊䲽絕卓-Mg ꬶ 

   
   㕃 6 礵絈靶䪊䲽絕卓-Mg ꬶ 

2.3 ⽀蒀 Ag ꬶ崵霚絕卓 
    䀙峸넞腊 Ag ꬶⰨ剣涸腊ꆀ⚹ 2984.2 eV㔔姼〳⟄㼜⯋稇涸⤜姅油獴荛刿넞絕ざ腊薴㔵㔔姼㖈鍒Ɀ
⼓ⴔ⤜姅油♸⚺油ꅾ〜꡼곿副Ⱘ剣♧㹁涸⠏⸷կ✵姼䧮又〳⟄㼆♲猫割ずꬶ勞䖤ⵌ涸Ⰼ靶䪊䲽絕卓鵳遤㼆
嫱錛㕃 7䔲ꅷ欽 Ag ꬶ⡲⚹慨封彂傞Ga LMM 獴ぢ넞絕ざ腊⼓㚖1800 eV~2130 eV㔔姼嶊ꤑ✫ Ga 
LMM 㼆✵⡛絕ざ腊⼓㚖Ⱖ➭⯋稇⚺油涸䎁䪓կ 

 
㕃 7 割ずꬶ勞傞涸Ⰼ靶䪊䲽絕卓 
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㕃 8 絛ⴀ✫ Ag ꬶ傞涸Ⰼ靶䪊䲽絕卓䎇㼜⡛絕ざ腊⼓㚖靶㕃鵳遤佞㣐Ga LMM ♸ N 1s 䕸䏀ⴔ猌〳
⟄湬䱹歋~400 eV 㢅涸油夹㹁 N ⯋稇涸㶸㖈կ鵳♧姿㼆 N 1s ♸ Ga 3d 鵳遤礵絈靶䪊䲽錛㕃 9N ⯋稇⚺
銳⟄ GaN 涸⻊㷖䙖䕎䒭㶸㖈Ga ⯋稇ず呋⟄ Ga-N ♸ Ga-O 涸⻊㷖䙖㶸㖈넞腊 Ag ꬶ腊㢿唬崵刿帿㽻妃
涸⥌䜂〳⟄歋 Ga 3d 靶㕃絕卓鵳遤油꬗獤嫱雦皾♸Ⱖ➭⚙猫ꬶ勞崵霚絕卓㼆嫱Ga-O 涸湱㼆⽑嫱殜剣
꣭⡛ず傞霆僈 Ga-O ⚺銳㶸㖈✵邍㽻կ 

 
㕃 8 Ⰼ靶䪊䲽絕卓-Ag ꬶ 

 

  
㕃 9 礵絈靶䪊䲽絕卓-Ag ꬶ 

   
单色 Al 靶测试结果 双阳极 Mg 靶测试结果       单色 Ag 靶测试结果 

㕃 10 割ずꬶ勞傞 N 1s 崵霚絕卓㼆嫱 
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副㕃 10 絛ⴀ✫割ずꬶ勞傞涸 N 1s 崵霚絕卓〳⟄➢㕃务溏ⵌ儑衼涸䊵䒗㖈⢪欽⽀蒀 Al ꬶ傞Ga 
LMM 㼆 N 1s 涸䎁䪓剒⚹⚚ꅾ罜矿⚹⿽꣉匧 Mg ꬶ傞霪䎁䪓䎇割腊模Ⰼ嶊ꤑ䔲ꅷ欽넞腊 Ag ꬶ傞太〳
⟄䖤ⵌ模Ⰼⴔ猌涸 N 1s 絕卓կ 

 

3. 絕雿 
劥俒ꅷ欽 XPS 䪮助䧭⸆模䧭✫ GaN ⼱㼋⡤勞俱涸邍䖄ꅷ欽♲猫割ず涸ꬶ勞ⴔⵆ鵳遤崵霚〳⟄䖤ⵌ

割ず Ga LMM ♸ N 1s ⴔ猌玐䏞涸崵霚絕卓կ䔲ꅷ欽䀙峸넞腊 Ag ꬶ⡲⚹慨封彂傞Ga LMM ♸ N 1s 模Ⰼⴔ
猌㛇✵姼〳⟄ⲥ烁夹㹁⯋稇涸⻊㷖䙖⥌䜂㼆✵霪碫勞俱涸邍䖄崵霚Ⱘ剣〳䬪㾝䚍կ䀙峸넞腊⽀蒀 Ag ꬶ
♸⽀蒀 Al ꬶⰟ欽♧⚡⽀蒀㐼䧭劥鳅⡛⚂Ⱘ㢊㢴⚡ꬶ挿䎇㢅✵ず♧ꬶ꬗㔔姼➑鸑鵂鲱⟝⽰〳㹊梡ⴗ
矿乼⡲皍⽀կ〳鴪 600 W 넞⸆桧涸 X 㼘絁彂腊㢿剒㣐邉⩟넞腊ꬶ䒸饰涸⥌〿꣭⡛꡼곿㼆✵ꅷ欽넞腊ꬶ
涸崵霚䲿⣘✫剣⸂⥂ꥻկ 
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⯕歏㶩腊靶䪮助㖈⼱㼋⡤謭芘勞俱ⶆ區⚥涸䎾欽 

䶰 銳⼱㼋⡤謭芘勞俱僽䗎歏㶩ㄤ⯕歏㶩㐼⟝涸ꅾ銳勞俱կ鸑鵂 XPS 帿䏞ⶆ區〳⟄灇瑕⼱㼋⡤謭芘勞俱涸
邍꬗⯋稇⿺帿䏞ⴔ䋒䞔ⲃկ紵碛紩㽯㼄涸謭芘㼆猌㶩卦涸ⵠ赤腊⸂䲿ⴀ✫銳宠劥俒鸑鵂䀙峸 Minibeam VI
㘗猌㶩卦ⵠ赤ⴔ區✫謭荛 1 nm 涸⼱㼋⡤謭芘낉霆䀙峸猌㶩卦涸ⵠ赤ⴔ區腊⸂կ 

Ⱒꝶ霒⼱㼋⡤謭芘  猌㶩卦  帿䏞ⶆ區 
 

⼱㼋⡤芘僽䭷歋⼱㼋⡤勞俱䕎䧭涸謭芘կ鸑䌢㼜犜䌄㺈䏞㼭✵2 eV涸勞俱獦⚹⼱㼋⡤կꥥ满犜䌄㺈䏞割
ず㖈㹔庛♴Ⱖ歏㼋桧割ずկ歋✵掚慨封(䧴罏⯕慨封歏慨封瘝)忘䌄务涸歏㶩鵳➃㼋䌄鵯呋㖈忘䌄务ⴀ梡
瑟瑏㖈㼋䌄务ⴀ梡歏㶩瑟瑏ㄤ歏㶩鿪僽歏蚚鲿崨㶩կ庛䏞馊넞鄄慨封涸鲿崨㶩馊㢴太謭芘涸歏꣖桧馊
㼭⼱㼋⡤謭芘Ⱘ剣餏涸歏꣖庛䏞禹侨կ⼱㼋⡤勞俱僽䗎歏㶩ㄤ⯕歏㶩㐼⟝涸⚺銳勞俱暵ⵆ僽㣐錞垷꧋䧭
歏騟蓿晙副⯋⟝涸꧋䧭䏞馊勻馊넞⯋⟝涸㽯㼄馊勻馊㼭⼱㼋⡤謭芘僽匬䧭鵯碫㐼⟝涸㛇劥勞俱կ 

XPS帿䏞ⶆ區鸑䌢僽X㼘絁⯕歏㶩腊靶⟉ꂁ㢊猌㶩卦䨾䭆剣涸⸆腊鸑鵂㖈嫦妃猌㶩ⵠ赤たꅷ꧋勞俱邍
꬗涸XPS靶ⴔ區勞俱邍꬗⯋稇⿺⻊㷖䙖ꥥ帿䏞ⴔ䋒涸䞔ⲃկ 

䀙峸Minibeam VI㘗⽀孿㔙瞭⿽垷䒭猌㶩卦⸈鸟歏⾓〳⟄㖈0~20 keVꢂ靈蒜孿㔙瞭㣐㼭〳⟄㖈0~3000
ꢂ靈蒜鸑鵂靈蒜⸈鸟歏⾓♸孿㔙瞭㣐㼭⢪䖤猌㶩卦〳⟄Ⱟ㺂㢴猫勞俱涸ⵠ赤կ㖈ⵠ赤剣纸瘝併䠭勞俱
傞〳⟄⢪欽㼭⸈鸟歏⾓ծ㣐㔙瞭侨垷䒭㖈ⵠ赤偽纸勞俱傞〳⟄⢪欽㣐⸈鸟歏⾓ծ㼭㔙瞭侨垷䒭㖈ⵠ
赤ꆄ㾩瘝炽餘勞俱傞〳⟄⢪欽⽀孿垷䒭կ 

劥俒⢪欽㢴㽻⼱㼋⡤謭芘勞俱鵳遤 XPS 帿䏞ⶆ區鸑鵂⢪欽割ず涸猌㶩卦ⵠ赤⿬侨䧭⸆ⴔ區ⴀ謭荛
1 nm 涸⼱㼋⡤謭芘㽻낉霆䀙峸猌㶩卦㖈㽻朐謭芘勞俱副涸ⵠ赤ⴔ鳹腊⸂կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸⯕歏㶩腊靶⟉ Axis Supra 

1.2 ⴔ區勵⟝ 
慨封彂⽀蒀 Al ꬶAl Kα1486.6 eV 
鸑腊礵絈靶 40 eV 

X 㼘絁넞⾓15 kV 
䪊䲽鸟䏞礵絈靶 0.1 eV 

 

2. 絕卓♸雭雿 
䨾⢪欽呋ㅷ謭芘絕匬⚹10 nm剣纸暟/1 nm NaF/10 nm Ti3O5/5 nm SiO2/10 nm Ti3O5/炊ꃑ渮梯槴㛇䏀

㥵㕃1䨾爙կ鸑鵂䀙峸猌㶩卦㼆呋ㅷ邍꬗謭芘㽻鵳遤ⵠ赤ⴔ區կ 
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  㕃1 ⼱㼋⡤謭芘勞俱 

㕃2䊩㕃⚹⽀孿垷䒭♴ⵠ赤涸Na 1s靶㕃ⵠ赤傞ꢂ30 sⵠ赤⿬侨鷥欽5keV Ar+կ➢㕃务〳⟄溏ⴀⵠ
赤⵸邍꬗剣僈儑Na 1 s⥌〿㖈絑鵂30 s⽀孿ⵠ赤たNa 1 s⥌〿僈儑Ⲹ烯⥌㐾嫱」䊵կ㕃2〸㕃⚹㔙瞭垷
䒭♴ⵠ赤涸Na 1 s靶㕃嫦妃ⵠ赤傞ꢂ5 sⵠ赤6妃䚪傞ꢂ30 sⵠ赤⿬侨鷥欽5 keV Ar2000+կ➢㕃务〳⟄
溏ⴀ嫦妃ⵠ赤たNa 1 s⥌〿僈儑㟞⸈ꥥⵠ赤鵳遤Na 1 s⥌〿綕䢨㟞Ɤկ⽀孿垷䒭♴5 keV Ar+䎂
㖲嫦⚡Ar猌㶩腊ꆀ紨⚹5 keV腊ꆀ鳅넞ⵠ赤鸟桧鳅䘯⚂剣〳腊灶㗁併䠭勞俱涸⻊㷖䙖㖈絑鵂30 sⵠ赤
傞呋ㅷ邍꬗剣纸暟㽻⿺㣐鿈ⴔNaF㽻鿪鄄ⵠ赤䱈㼋荝Na⥌〿♴꣭僈儑⽀孿垷䒭♴㼆呋ㅷ邍꬗剣纸暟㽻
⿺謭荛1 nm涸NaF㽻鵳遤ⵠ赤ⴔ區僽鳅⚹㔮ꦼ涸կ㔙瞭垷䒭♴5 keV Ar2000+,䎂㖲嫦⚡Ar⾲㶩腊ꆀ紨⚹2.5 
eV腊ꆀ鳅⡛ⵠ赤鸟桧鳅庛ㄤ⚂割僒灶㗁併䠭勞俱㖈嫦妃ⵠ赤傞Na 1s⥌〿鿪㖈鷶幯䲿⼮霹僈姼傞
邍꬗剣纸暟鵮尵剣鄄模Ⰼ⿡ꤑ㔙瞭垷䒭♴鳅鷓㹆㼆呋ㅷ邍꬗剣纸暟㽻⿺NaF㽻涸ⵠ赤ⴔ區㔔姼⛓たⵠ赤
ⴔ區鿪鷥欽㔙瞭垷䒭鵳遤կ 

  
㕃2 Na涸帿䏞ⶆ區礵絈靶䊩㕃㖈⽀孿垷䒭♴ⵠ赤5 keV Ar+〸㕃㖈㔙瞭垷䒭♴ⵠ赤5 keV Ar2000+ 

呋ㅷ䚪ⵠ赤傞ꢂ1010 s㖈⵸30sⵠ赤⿬侨⚹5 keV Ar2000+た980sⵠ赤⿬侨⚹20 keV Ar500+կ㕃3僽ぐ⯋
稇涸帿䏞ⶆ區礵絈靶㕃⚹⤑✵㼆嫱割ずⵠ赤傞ꢂ靶㕃㖈Y鲶倰ぢ鵳遤✫瘝ꆀ⨊獴歋♴荛副⚹邍꬗~ⵠ赤
1010sꢂ涸礵絈靶㕃կ➢㕃务〳⟄溏ⴀぐ⯋稇涸」⻊䞔ⲃC⯋稇㖈邍꬗⥌〿鳅䔂勻彂✵邍꬗剣纸暟⛓
た鷶幯Ⲹ烯荛嶊㣟F⯋稇邍꬗C-Fꝶ⥌〿鳅䔂勻彂✵邍꬗剣纸暟ⵠ赤⛓た孮⻊暟⥌〿㟞䔂勻彂✵NaF
㽻⛓たF⯋稇⥌〿鷶幯Ⲹ烯荛嶊㣟Na⯋稇⥌〿ꥥⵠ赤鷶幯㟞䔂勻彂✵NaF㽻⛓た鷶幯Ⲹ烯荛嶊㣟
邍꬗⿺呋ㅷⰻ鿈鿪腊唬崵ⵌTi⯋稇鵯僽㔔⚹呋ㅷゎ剣⚙㽻鳅⾩~10 nm涸Ti3O5謭芘⚂梯槴㛇䏀务⛲
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ゎ剣Ti⯋稇Ti⯋稇⥌〿⯓㟞䔂罜たⲸ烯邍꬗涸Ti⯋稇㶸㖈孻⻊⚹TiO2⻊㷖䙖䕎䒭ⰻ鿈⚹Ti3O5⻊㷖䙖
䕎䒭Si⯋稇⥌〿ッ⯓㟞䔂たⲸ烯ⱄ㟞䔂涸䕎䒭痦♧妃⥌〿㟞䔂勻彂✵SiO2㽻痦✳妃⥌〿㟞䔂勻彂✵梯
槴㛇䏀Al⯋稇㖈ⰻ鿈䩞鄄唬崵ⵌ⚺銳勻彂✵梯槴㛇䏀O⯋稇⥌〿鷶幯㟞䔂姼た⥌〿䔂䏞」⻊割㣐կ 

 

 

 

C-F 

氟化物 
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㕃3 ぐ⯋稇涸帿䏞ⶆ區靶㕃歋♴荛副⚹邍꬗~ⵠ赤1010 sꢂ涸礵絈靶㕃 

鸑鵂㼆⯋稇鵳遤㹁ꆀ雦皾〳⟄䖤ⵌ刿幡兠涸⯋稇帿䏞ⴔ䋒䞔ⲃկ㕃4僽⼱㼋⡤謭芘呋ㅷ涸⯋稇ゎꆀ刼
絁㕃5僽ⵠ赤傞ꢂ0~100 s涸⯋稇ゎꆀ佞㣐刼絁կ呏研⯋稇ⴔ䋒刼絁〳⟄ⴔ鳹ぐ謭芘㽻涸ⴔ䋒⡙縨ⵠ赤
0~20 s⛓ꢂ⚹剣纸芘㽻ⵠ赤20~40 s⛓ꢂ⚹NaF㽻ⵠ赤40~240 s⛓ꢂ⚹Ti3O5㽻ⵠ赤240~400 s⛓ꢂ⚹SiO2

㽻ⵠ赤400~650 s⛓ꢂ⚹Ti3O5㽻ⵠ赤650 s⛓た⚹梯槴㛇䏀㽻կ㖈剣纸芘㽻F⯋稇ծC⯋稇ゎꆀ鳅넞䔲
ぢNaF㽻鷶幯ⵠ赤傞Na⯋稇鷶幯⼮넞ⵌ鴪油⧩꨽銳霹僈涸僽赡搬ⵠ赤ⵌNaF㽻NaF謭芘模Ⰼ醗怩㖈
邍꬗⡎歋✵XPS确崵帿䏞〳⟄鴪ⵌ10 nm欨荛刿넞㔔姼〳⟄溏ⵌTi⯋稇ゎꆀ⛲鷶幯㟞⸈䔲ⵠ赤ⵌ痦♧
⚡Ti3O5㽻傞Ti⯋稇ゎꆀ鴽鸟㟞⸈ⵌ油⧩ず傞Si⯋稇ゎꆀ鷶幯㟞넞䔲ⵠ赤ⵌSiO2㽻傞Si⯋稇㟞⸈ⵌ油
⧩Ti⯋稇ゎꆀ剣䨾꣭⡛⡎䎇割僈儑枣崵Ti3O5♸SiO2謭芘ꢂ〳腊封欰✫⯋稇的侔㼋荝Ti⯋稇ゎꆀ鳅넞
ず傞XPS确崵帿䏞〳⟄鴪ⵌ痦✳㽻Ti3O5謭芘⛲⠔⢪Ti⯋稇涸ゎꆀ絕卓⨊넞⛓たⵠ赤ⵌ痦✳㽻Ti3O5謭芘Ti
⯋稇ゎꆀⱄ妃㟞⸈ⵌ油⧩⡎⡛✵⛓⵸Ti⯋稇ゎꆀ涸油⧩絕卓鵯〳腊僽歋✵㖈确崵痦♧㽻Ti3O5謭芘傞
XPS涸确崵帿䏞⛲鴪ⵌ✫痦✳㽻Ti3O5謭芘⛓た㖈ⵠ赤ⵌ梯槴㛇䏀傞Si⯋稇ծAl⯋稇ゎꆀず姿⼮넞⛓た
㛇劥⥂䭯割」Ti⯋稇ゎꆀ♴꣭⛓た㛇劥⥂䭯割」կ 

     
㕃4 ⼱㼋⡤謭芘涸⯋稇帿䏞ⶆ區ゎꆀ刼絁 
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㕃5 ⼱㼋⡤謭芘涸⯋稇帿䏞ⶆ區ゎꆀ刼絁佞㣐㕃 

 

3. 絕雿 
劥俒낉霆✫䀙峸猌㶩卦㖈⼱㼋⡤謭芘勞俱副涸ⵠ赤ⴔ鳹腊⸂կ鸑鵂䀙峸 Minibeam VI 㘗猌㶩卦䧭⸆ⴔ

區ⵌ✫謭荛 1 nm 涸⼱㼋⡤謭芘䎇䧭⸆ⴔ區ⴀぐ謭芘㽻涸⡙縨⥌䜂♸霃雦勞俱涸絕匬湱痗ざկ鵯䖤渤✵
Minibeam VI 㘗猌㶩卦〳靈蒜涸䚍腊⿬侨㖈ⵠ赤匧謭勞俱~1 nm傞〳⟄⢪欽㼭⸈鸟歏⾓ծ㣐孿㔙瞭
侨勻꣭⡛ⵠ赤鸟桧䲿넞ⵠ赤ⴔ鳹桧㖈ⵠ赤鳅⾩勞俱傞〳⟄⢪欽㣐⸈鸟歏⾓ծ㼭孿㔙瞭侨䧴罏⽀孿垷䒭
勻䲿넞ⵠ赤鸟桧䲿넞崵霚佪桧կ 

 

 
 
 
 
 
 
 
 
 

  



102 
 

䪊䲽䱲ꛏ儑䗎Ꞥ䪮助㖈兪㕐♳䗎㼭歏騟錜崵⚥涸䎾欽 

䶰 銳蓿晙ⵖ鸣涸模侮鵂玐⺫䭍蓿晙霃雦ծ兪㕐ⵖ鸣ծ㼓鄳ծ崵霚瘝Ⳝ⚡⚺銳梠蒜կ呏研兪㕐㣐㼭涸割ず
♧晙兪㕐〳⟄ⴔⶶⴀ割ず侨湡涸兪晙⚹✫⥂霆蓿晙䚍腊涸♧荝䚍꨽銳烁⥂兪㕐副割ず⡙縨⸈䊨䊨蒌涸
♧荝䚍㥵ꞈ㽻涸⾩䏞ㄤ邍꬗䕎頗磦祳䏞կ劥俒ꅷ欽䪊䲽确ꛏ儑䗎ꞤSPM䪮助錜崵兪㕐副割ず⡙
縨副䗎㼭歏騟涸邍꬗䕎頗⿺ꞈ㽻⾩䏞⚹蓿晙涸餘ꆀ盗䱽ㄤ䊨蒌⠏⻊䲿⣘䭷㼋կ 

Ⱒꝶ霒兪㕐 歏騟絕匬 蓿晙 SPM 
 

兪㕐僽ⵖ⡲⼱㼋⡤㐼⟝涸㛇炄䚍勞俱կ鸑鵂㖈兪㕐副鵳遤♧禹⴩⼱㼋⡤䗎⸈䊨䊨蒌䕎䧭匧䗎㼭涸歏騟
絕匬ⱄ絑鵂ⴔⶶծ㼓鄳ծ崵霚瘝崨玐た䧭⚹蓿晙䎛岌䎾欽ⵌ䧮又欰崞䨾꨽涸ぐ碫歏㶩霃㢊务կꤑ✫蓿晙
歏騟涸霃雦兪㕐ⵖ鸣僽侮⚡⸈䊨鵂玐涸痦♧姿꨽銳㼜䧭⼪副♰⚡䗎㼭歏騟⟄㽻㽻㛜〜涸倰䒭꧋䧭ⵌ紱
䏞匧넞涸兪㕐副㖈ず♧⚡兪㕐副䕎䧭㢴⚡絕匬模Ⰼ♧荝涸兪晙⟄烁⥂ꆀ❡蓿晙餘ꆀㄤ䚍腊涸♧荝䚍կ㥵
卓ず♧兪㕐副㶸㖈⸈䊨䊨蒌⨊䊵㥵割ず⡙縨ꞈ㽻涸⾩䏞䧴磦祳䏞割ず齡㼜⠔⚚ꅾ䕧ㆇ蓿晙涸葻桧⿺珘
㹁䚍կ㔔姼㥵⡦烁⥂兪㕐副⸈䊨䊨蒌涸♧荝䚍Ⱘ剣⼧ⴔꅾ銳涸灇瑕䠑⛐կ 

劥俒ꅷ欽ꅷ欽䪊䲽确ꛏ儑䗎ꞤSPM䪮助㼆ず♧兪㕐副割ず⡙縨副䗎㼭歏騟涸邍꬗䕎頗⿺ꞈ㽻涸⾩
䏞鵳遤錜崵ⴔ區կ 

 

1. 㹊낉鿈ⴔ 

1.1 ⟉㐼 
䀙峸䪊䲽确ꛏ儑䗎Ꞥ SPM-9700 HT 

 
㕃 1 䪊䲽确ꛏ儑䗎Ꞥ SPM-9700HT䌄梠㞯䱽ⵖ菣 

1.2 ⴔ區勵⟝ 
⸆腊垷䒭⸓䙖垷䒭 䪊䲽㐼125 μm×125 μm×13 μm 
确ꛏ42 N/m 䪊䲽薴㔵ծ帿䏞 
⫸稇512×512  

1.3 呋ㅷ 
崵霚呋ㅷ⚹ 1/4 兪㕐㕃 2副꬗剣錞侮䱗⴩涸䗎㼭歏騟կ 
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㕃 2 崵霚呋ㅷ⿺䗎㼭歏騟㕃晙 

1.4 呋ㅷ⵸㢅椚 
㥵㕃 3 䨾爙㼆 1/4 兪㕐鵳遤ⴗⶶⴔⵆ蜦䖤兪㕐鴝続呋ㅷㄤ兪㕐务䗱呋ㅷⴔⵆ㼜Ⱖ㔿㹁ⵌ割Ꝑꛩ

晙呋ㅷ䩯副կ 

 
㕃 3 呋ㅷ涸ⵖ㢊鵂玐㕃 

鸑鵂呋ㅷ埇䨔꬗涸錜㻋封梡ꞈ㽻⾩䏞〵꣌넞䏞䊵馄鵂⟉㐼崵ꆀ薴㔵넞䊵㣖㣐㕃 4〫腊鸑鵂
呋ㅷ埇䨔꬗涸崵ꆀ勻蜦䖤ꞈ㽻⾩䏞կ㼜㢅✵兪㕐鴝続꣡鵛⡙縨ㄤ务䗱꣡鵛⡙縨涸呋ㅷⴔⵆ鵳遤⺫㙵ծ䫘⯕
䩧熋⢪欽⿽꬗脸㼜Ⱖ㔿㹁ⵌ割Ꝑꛩ晙呋ㅷ䩯副կ 

 
㕃 4 呋ㅷ埇䨔꬗涸⯕㷖儑䗎Ꞥ㕃 

 

2. 絕卓♸雭雿 
2.1 兪㕐⚥䗱呋ㅷ涸邍꬗䕎頗崵霚 
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㕃 5 兪㕐务䗱呋ㅷ崵霚⼓㚖涸⯕㷖儑䗎Ꞥ㕃 

鷥》㥵㕃 5 䨾爙涸♲⚡⼓㚖㼆兪㕐务䗱呋ㅷ涸邍꬗䕎頗鵳遤錜㻋կ㕃 6 ㄤ㕃 7 ⴔⵆ⚹割ず⼓㚖ⰻꞈ㽻
涸 SPM 侨研➢㸐又涸 3D 㕃务〳⟄溏ⵌ崵霚⼓㚖ⰻ涸䕎頗湱⡃邍꬗㖲剣䖎㢴㛜獤朐涸晙㽻絕匬կ鸑鵂
㼆䪊䲽⼓㚖涸侨研ⴔ區蜦䖤✫崵霚⼓㚖 1 ⿺㽷鿈⼓㚖 A랱蒀倰呥涸㖲倰呏磦祳䏞ⴔⵆ⚹ 6.149 nm ㄤ
1.431 nm崵霚⼓㚖 2 ⿺㽷鿈⼓㚖 A랱蒀倰呥涸㖲倰呏磦祳䏞ⴔⵆ⚹ 6.200 nm ㄤ 1.730 nmկ➢磦祳䏞
侨⧩副溏⚙⚡崵霚⼓㚖涸邍꬗磦祳䏞㛇劥♧荝կ㕃 8 ⚹崵霚⼓㚖 3 涸 SPM 侨研霪⼓㚖⡙✵⳼饰㕐叙涸
곝畮➢㕃务〳⟄溏ⵌ呋ㅷ邍꬗饰⠃鳅㣐邍꬗歋㣐곾磜暟匬䧭կⰦ崵霚⼓㚖涸㖲倰呏磦祳䏞⚹ 532.346 nm
銳鵴㣐✵崵霚⼓㚖 1 ㄤ 2 ꞈ㽻涸磦祳䏞侨⧩կ 

 
㕃 6 兪㕐务䗱呋ㅷ崵霚⼓㚖 1 涸 SPM 侨研㕃 

 

 
㕃 7 兪㕐务䗱呋ㅷ崵霚⼓㚖 2 涸 SPM 侨研㕃 

 

 
㕃 8 兪㕐务䗱呋ㅷ崵霚⼓㚖 3 涸 SPM 侨研㕃 
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2.2 兪㕐⚥䗱呋ㅷ涸埇䨔꬗崵霚 
⚹✫㼆呋ㅷ涸埇䨔꬗鵳遤崵ꆀ꨽銳⦶⸔霚呋Ꞿ䅺纸կ鸑鵂㼆崵霚呋ㅷ鵳遤Ꞿ䅺ծ䫘⯕䩧熋た䧭⸆蜦

䖤✫痗ざ SPM 崵霚銳宠涸呋ㅷկ⦶⸔ SPM ⟉㐼ꂁ縨涸⯕㷖鳇⸔禹絡鵳遤䭷㹁⼓㚖涸崵ꆀ㕃 9蜦䖤涸
侨研㥵㕃 10 䨾爙կ➢㕃务〳⟄溏ⵌ呋ㅷ邍꬗副剣紻騟鵯僽䩧熋䫘⯕务䒸Ⰶ涸䊩⣩❭涯⼓㚖⚹炊兪㕐邔
䏀կ鸑鵂㼆 30 μm x 30 μm ⼓㚖䕎頗㕃涸侨研ⴔ區䖤ⵌ✫ⶆ꬗絁侨研➢鷥》涸侨研务㕃务涯絁〳
⟄溏ⵌꬑ鵛炊兪㕐邔䏀涸⳾ꤴ⼓㺈䏞⽰ꞈ㽻⾩䏞⚹ 9.93 μm罜㢪⣩鳅넞涸㺈䏞⚹ 8.49 μm
Ⱖ勻彂〳腊僽䩧熋䫘⯕䒸Ⰶ涸կⰦ넞䏞䊵❡欰涸⾲㔔〳腊僽歋✵勞餘涸暟椚䚍餘㥵炽䏞割ずկ 

 
㕃 9 兪㕐务䗱呋ㅷ埇䨔꬗涸⯕㷖儑䗎Ꞥ㕃 

 
㕃 10 兪㕐务䗱呋ㅷ埇䨔꬗涸 SPM 侨研㕃 

2.3 兪㕐鴝続呋ㅷ涸邍꬗䕎頗崵霚 
欽♸兪㔩务䗱呋ㅷ湱ず涸倰岁崵霚兪㕐鴝続呋ㅷⰦ絕卓♸兪⡤务䗱呋ㅷ涸♲⚡崵霚⼓㚖湱⡃Ⱖ务崵

霚⼓㚖 1 ⿺㽷鿈⼓㚖 A랱蒀倰呥涸㖲倰呏磦祳䏞ⴔⵆ⚹ 4.426 nm ㄤ 1.752 nm崵霚⼓㚖 2 ⿺㽷鿈⼓㚖
A랱蒀倰呥涸㖲倰呏磦祳䏞ⴔⵆ⚹ 6.467 nm ㄤ 1.928 nmկ崵霚⼓㚖 3 涸邍꬗饰⠃鳅㣐歋㣐곾磜暟匬
䧭կⰦ㖲倰呏磦祳䏞⚹ 553.031 nmկ 

 
㕃 11 兪㕐鴝続呋ㅷ崵霚⼓㚖涸⯕㷖儑䗎Ꞥ㕃 
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㕃 12 兪㕐鴝続呋ㅷ崵霚⼓㚖 1 涸 SPM 侨研㕃 

 

 
㕃 13 兪㕐鴝続呋ㅷ崵霚⼓㚖 2 涸 SPM 侨研㕃 

 

 
㕃 14 兪㕐鴝続呋ㅷ崵霚⼓㚖 3 涸 SPM 侨研㕃 

2.4 兪㕐鴝続呋ㅷ涸埇䨔꬗崵霚 
欽♸兪㔩务䗱呋ㅷ湱ず涸倰岁崵霚兪㕐鴝続呋ㅷ(㕃 15)鸑鵂侨研ⴔ區䖤ⵌ✫ⶆ꬗絁侨研㕃 16

➢鷥》涸侨研务㕃务涯絁〳⟄溏ⵌꬑ鵛炊兪㕐邔䏀涸⳾ꤴ⼓㺈䏞⽰ꞈ㽻⾩䏞⚹ 12.70 μm
罜㢪⣩鳅넞涸㺈䏞⚹ 6.38 μmկ 

 
㕃 15 兪㕐鴝続呋ㅷ埇䨔꬗涸⯕㷖儑䗎Ꞥ㕃 
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㕃 16 兪㕐鴝続呋ㅷ埇䨔꬗涸 SPM 侨研㕃 

 

3. 絕雿 
⢪欽䀙峸 SPM-9700 HT 㼆兪㕐副割ず⡙縨涸䗎㼭歏騟鵳遤錜崵蜦䖤✫呋ㅷ邍꬗涸䕎頗ծ磦祳䏞⿺ꞈ

㽻侨⧩䖤ⴀ涸絕雿㥵♴兪㕐务䗱ㄤ鴝続涸邍꬗ꞈ㽻磦祳䏞㛇劥♧荝⡎ꞈ㽻副涸㛜獤朐晙朐絕匬㟞⸈✫
ꞈ㽻涸磦祳䏞呋ㅷ邍꬗㕐叙朐곝畮涸磦祳䏞湱㼆✵ꞈ㽻涸嫱鳅㣐鸑鵂⯕㷖儑䗎Ꞥ錜㻋䨔꬗涸ꞈ㽻封梡
割ず⼓㚖涸ꞈ㽻⾩䏞剣䨾割ず⢪欽 SPM 〳⟄ⲥ烁蜦䖤ꞈ㽻涸⾩䏞⡎歋✵割ず崵霚涸ꞈ㽻⾩䏞割ずⰦ
䨾䖤涸ꞈ㽻⾩䏞侨⧩➑⣘⿬罌կ鸑鵂 SPM 錜崵〳⟄刿ⲥ烁蜦䖤兪㕐副割ず⼓㚖涸䊵䒗䚍⚹蓿晙涸餘ꆀ
盗䱽ㄤ䊨蒌⠏⻊䲿⣘⿬罌ㄤ䭷㼋կ 
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䪊䲽䱲ꛏ儑䗎Ꞥ䪮助欽✵蓿晙䗎⼓歏㷖䚍餘㣟佪涸ⴔ區 

䶰 銳歏㶩緸絞⥌䜂䪮助䎾欽涸넞鸟封㾝猌割䒓蓿晙涸刿倝矿去կ蓿晙副涸兪⡤盗㽯㼄馊勻馊㼭ⵖ玐➢ 130 
nmծ90 nm 封㾝ⵌ 10 nm 欨荛 7 nm(5 nm)կ䔲蓿晙副涸兪⡤盗㽯㼄綫㼭ⵌ♧㹁玐䏞湱㼆㺂僒ⴀ梡歏崨屧
怩꡼곿㼋荝蓿晙涸葻ㅷ桧㣐㣐꣭⡛կ㼆✵蓿晙副 10 nm 㽯䏞副涸䗎⼓歏㷖䚍腊㣟佪ⴔ區䪊䲽确ꛏ儑䗎Ꞥ涸
歏崨垷䒭〳⟄鵳遤䖎㥩涸䎾㼆կ劥俒鸑鵂⢪欽䀙峸 SPM-9700HT 㼆蓿晙涸歏㷖䚍腊㣟佪䗎⼓ⴔ區灇瑕⚹僈
烁㣟佪⾲㔔剒絊絛ⴀ곫꣈㼆瘻Ⲹ㼱䧴鼙⯝㣟佪涸ⱄ妃封欰割倗䲿⼮蓿晙涸䊨蒌䲿⣘〳ꬑ涸侨研佅丒կ 

Ⱒꝶ霒蓿晙  䗎⼓㣟佪ⴔ區  䪊䲽确ꛏ儑䗎ꞤSPM 
 

蓿晙⽰꧋䧭歏騟涸鲿⡤鄄獦⚹歏㶩❡ㅷ涸㣐腰䧴䗱腮䪬䬐满鵘皾ㄤ㶸⪰涸⸆腊Ⱖ䎛岌䎾欽✵傈䌢欰
崞ծⱙ✲ծ菔瑟菔㣔瘝곭㚖կꥥ满⸈䊨䊨蒌䪮助涸䲿넞⽀⡙꬗獤蓿晙副꧋䧭涸兪⡤盗侨ꆀ馊勻馊㢴㣐㣐䲿넞
✫蓿晙涸䚍腊կ罜兪⡤盗絕匬务涸叹匧⚺銳餏餓䱽ⵖ⚙畮彂匧ㄤ怩匧涸鸑倗Ⱖ㺈䏞Ɀ㹁✫歏崨鸑鵂傞涸䰀署
㺈䏞馊瑺⸆署馊⡛罜叹匧涸剒㼭㺈䏞叹Ɤ㽠僽䌢霹涸蓿晙ⵖ玐䊨蒌务涸侨⧩կ䔲叹匧㺈䏞鹦鵛 20nm た
Ⱖ㼆歏崨䱽ⵖ腊⸂䚉ⶢ♴꣭⠔ⴀ梡歏崨屧ꪪ꡼곿㼋荝蓿晙歏㷖㣟佪կ歋✵㣟佪⼓㚖ⰻ覆⿺ⵌ紵碛紩涸兪
⡤盗⸈副僽歏㷖倰꬗涸㣟佪ⴔ區㔔姼䌢錞涸紵碛 CT ⿺䪊䲽歏Ꞥ䖎ꦼ䎾㼆կ 

劥俒⢪欽䀙峸 SPM-9700HT 㼆蓿晙副歏㷖㣟佪䗎⼓鵳遤ⴔ區錜崵䖤ⵌ✫湱Ⱒ涸崵霚侨研կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸䪊䲽确ꛏ儑䗎Ꞥ SPM-9700 HT 

1.2 ⴔ區勵⟝ 

垷䒭歏崨垷䒭 

䪊䲽㐼10 μm×10 μm×1 μm 

确ꛏ㘗〿AD-40-SS  

⫸稇512×512 

 

2. 呋ㅷ⵸㢅椚 
偽꨽暵婋㢅椚湬䱹欽㼋歏焫脸㼜蓿晙㔿㹁㖈㼋歏涸割Ꝑꛩ呋ㅷ〵副կ 

 
㕃 1 SPM 崵霚呋ㅷ朐䙖㕃 
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3. 絕卓♸雭雿 

3.1 崵霚⼓㚖 
⦶⸔⟉㐼ꂁ㤛涸鳇⸔⯕㷖禹絡㼜确ꛏ㹁⡙ⵌ湡叻崵霚⼓㚖㕃 2 紤蒀⼓㚖⚹㣟佪ⴔ區崵霚⼓㚖랱蒀

⼓㚖⚹姻䌢⼓㚖կ⯓鵳遤姻䌢⼓㚖涸崵霚⟄姼勻㼆嫱錜㻋㣟佪ⴔ區⼓㚖կ 

 
㕃 2 蓿晙㣟佪ⴔ區⼓㚖⯕㷖儑䗎Ꞥ㕃 

3.2 崵霚絕卓 
㖈姻䌢⼓㚖ꥥ纸♴ꛏ㼆ず♧⼓㚖3 μm×3 μmⴔⵆ㼆呋ㅷ倶⸈ 1Vծ-1V 歏⾓鵳遤崵霚ⴔⵆ蜦䖤

✫呋ㅷ邍꬗䕎頗㕃♸歏崨ⴔ䋒㕃㕃 3կ➢歏崨ⴔ䋒㕃务〳⟄溏ⵌ䔲㼆呋ㅷ倶⸈ 1V 歏⾓傞⚙⴩䗎絕匬
覰蒀歏崨⥌〿㣐ꢂꥬ⚙⴩錞侮䱗⴩䔲倶⸈-1V 歏⾓傞湱龇⚙⴩涸䗎絕匬歏崨⥌〿导ぢ紤蒀歏
崨⥌〿㣐⛲㽠僽㼆✵ず♧⚡䗎絕匬勻霹倶⸈姻导ぢ歏⾓た〳⟄㹊梡歏崨涸鸑-倗կ 

 
㕃 3 蓿晙姻䌢⼓㚖涸邍꬗䕎頗㕃ծ歏崨ⴔ䋒㕃⿺✳罏涸 3D ꅾざ㕃  

⚹✫蜦䖤刿㥩涸崵霚佪卓佖」确ꛏ崵霚錭䏞㖈蓿晙㣟佪ⴔ區⼓㚖ꥥ纸♴ꛏ㼆ず♧⼓㚖5 μm× 
5 μmⴔⵆ㼆呋ㅷ倶⸈ 1Vծ-1V 歏⾓鵳遤崵霚ⴔⵆ蜦䖤✫呋ㅷ邍꬗䕎頗㕃♸歏崨ⴔ䋒㕃㕃 4կ♸姻䌢
⼓㚖ⰻ歏崨ⴔ䋒㕃务涸崵霚絕卓㼆嫱溏䔲㼆呋ㅷ倶⸈ 1V 歏⾓傞䨾䖤ⵌ涸歏崨ⴔ䋒㕃僽姻䌢涸覰蒀歏
崨⥌〿㣐⡎䔲倶⸈-1V 歏⾓傞䨾䖤ⵌ涸絕卓㽠剣❈䒗䌢✫㕃 4 务歏崨ⴔ䋒㕃랱蒀呥ⰻ⚹䒗䌢⼓㚖կ
鷶幯綫㼭崵霚⼓㚖3 μm×3 μmծ1 μm×1 μm䖤ⵌ✫ず呋涸崵霚絕卓㕃 4ծ㕃 5կ 
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㕃 4 蓿晙姻䌢⼓㚖涸邍꬗䕎頗㕃ծ歏崨ⴔ䋒㕃⿺✳罏涸 3D ꅾざ㕃3 μm 3 μm 

 
㕃 5 蓿晙姻䌢⼓㚖涸邍꬗䕎頗㕃ծ歏崨ⴔ䋒㕃⿺✳罏涸 3D ꅾざ㕃1 μm×1 μm 

㖈㣟佪ⴔ區⼓㚖ꥥ纸刿矿✫崵霚⼓㚖鵳遤ず呋涸崵霚ず傞㼊䪪ざ鷓⼓㚖鵳遤䒗䌢⼓㚖涸 I-V 刼絁涸崵
ꆀⴔⵆ蜦䖤✫割ず崵霚薴㔵涸侨研㕃 6ծ㕃 7䎇鷥㹁✫㕃 7 务Ⱉ⚡⡙縨鵳遤 I-V 刼絁涸崵ꆀկⰦ崵霚
絕卓㥵㕃 8 䨾爙կ 

 
㕃 6 蓿晙姻䌢⼓㚖涸邍꬗䕎頗㕃ծ歏崨ⴔ䋒㕃⿺✳罏涸 3D ꅾざ㕃3.5 μm×3.5 μm 
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㕃 7 蓿晙姻䌢⼓㚖涸邍꬗䕎頗㕃ծ歏崨ⴔ䋒㕃⿺✳罏涸 3D ꅾざ㕃1.2 μm×1.2 μm 

 
㕃 8 Ⱉ⚡⡙縨挿涸 I-V 刼絁侨研㕃 

 

4. 絕雿 
劥俒ꅷ欽䀙峸SPM-9700HT涸歏崨垷㗌㼆蓿晙姻䌢⼓㚖ㄤ㣟佪ⴔ區⼓㚖鵳遤㼆嫱唬崵封梡㖈㼆Ⱖ倶⸈

姻餏⨊⾓傞㣟佪⼓㚖♸姻䌢⼓㚖剣䨾割ずⰦ㣟佪⾲㔔〳腊僽歋✵兪⡤盗涸叹匧怩歏կ霪倰岁〳⚹蓿晙涸
䊨蒌佖鵳䲿⣘〳ꬑ侨研կ 
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䪊䲽䱲ꛏ儑䗎Ꞥ邍䖄✳孻⻊炊謭芘勞俱涸邍꬗䕎頗⟄⿺磦祳䏞 

䶰 銳✳孻⻊炊謭芘Ⱘ剣葻㥩涸炽䏞ծ⯕㷖ծ➝歏䚍餘⿺罣熋ծ䫒⤀赤瘝暵䚍㖈⯕㷖ծ䗎歏㶩瘝곭㚖剣
满䎛岌涸䎾欽⵸兞僽湡⵸㕂꣢副䎛岌Ⱒ岤涸⸆腊勞俱կ劥俒ꅷ欽䀙峸䪊䲽确ꛏ儑䗎ꞤSPM䪮助㼆✳孻
⻊炊謭芘呋ㅷ涸邍꬗䕎頗⟄⿺磦祳䏞鵳遤✫邍䖄㼆✳孻⻊炊謭芘涸ⵖ㢊倰岁ㄤⵖ㢊䊨蒌⠏⻊䲿⣘✫♧㹁
涸䭷㼋կ 

Ⱒꝶ霒䪊䲽确ꛏ儑䗎Ꞥ SPM  ✳孻⻊炊謭芘  邍꬗䕎頗  磦祳䏞 
 

✳孻⻊炊Ⱘ剣炽䏞넞ծ罣熋䚍㥩ծ絟掚䚍㥩ծ⯕鷳鵂桧넞ծ䫒⤀赤腊⸂䔂⟄⿺葻㥩涸➝歏䚍餘㖈霽㢴
곭㚖䖤ⵌ✫䖎㥩涸䎾欽㥵欽✵歏㶩㐼⟝ㄤ꧋䧭㐼⟝ծ⯕㷖謭芘㐼⟝ծ⠛䠭㐼瘝湱Ⱒ㐼⟝务կꛏ㼆割ず涸欽
鸀ㄤ銳宠✳孻⻊炊謭芘涸ⵖ㢊倰岁⚺銳剣暟椚孞湱小獤ծ⻊㷖孞湱小獤ծ孻⻊岁ծ很脸ⳕ脸岁ㄤ巊湱小獤
岁瘝կ割ず倰岁ⵖ㢊涸✳孻⻊炊謭芘Ⱖ⾩䏞ծ磦祳䏞ծ荝㺙䚍ծ㖲⺣䚍ծ瘝䊵䒗鳅㣐䚍腊⛲ꥥ⛓「ⵌ䕧
ㆇկ鸑鵂佖㊤✳孻⻊炊謭芘涸ⵖ㢊倰岁ㄤⵖ㢊䊨蒌㹊梡䪠妃⻊欰❡务傁腊⥂霆䊨蒌涸珘㹁⿶剒㣐⻊㖑꣭
⡛欰❡䧭劥♧湬僽➃又涸掚꡶灇瑕䊨⡲⛓♧կ 

劥俒ꅷ欽䀙峸䪊䲽确ꛏ儑䗎ꞤSPM䪮助崵㹁✫✳孻⻊炊謭芘呋ㅷ㖈割ず薴㔵ⰻ涸邍꬗䕎頗䎇鸑
鵂雦皾䖤ⵌ✫湱䎾涸磦祳䏞⧩㼆✳孻⻊炊謭芘涸ⵖ㢊倰岁ㄤⵖ㢊䊨蒌⠏⻊饰ⵌ✫♧㹁涸䭷㼋⡲欽կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸䪊䲽确ꛏ儑䗎Ꞥ SPM-9700 HT 

1.2 ⴔ區勵⟝ 
⸆腊垷䒭⸓䙖垷䒭 
确    ꛏ䔀䚍禹侨 2 N/m 
⫸    稇512 x 512 

䪊䲽梠㞯㣐孞梠㞯 
䪊䲽薴㔵5 μm x 5 μm, 2 μm x 2 μm   

1.3 呋ㅷ 

 
㕃 2 ✳孻⻊炊謭芘呋ㅷ 

1.4 崵霚鵂玐 
㼜 2 ⚡謭芘呋ㅷⴔⵆ欽⿽꬗脸㔿㹁㖈割Ꝑꛩ呋ㅷ〵副ꅷ欽䪊䲽确ꛏ儑䗎Ꞥ SPM-9700HT 鵳遤崵霚崵霚

⵸欽裂ⲙ孞⡤鲽オ呋ㅷ邍꬗կ 

 

2. 絕卓♸雭雿 
ꥥ纸鷥》謭芘呋ㅷ涸厤♧⼓㚖鵳遤邍꬗䕎頗䪊䲽崵霚蜦䖤 5 μm x 5 μm ㄤ 2 μm x2 μm 薴㔵ⰻ涸䕎

頗㕃錛㕃 3 ㄤ㕃 4կ歋䕎頗㕃〳⟄錜㻋ⵌ呋ㅷ邍꬗涸곾磜絕匬Ⱖ务괃蒀鳅冝涸⼓㚖邍爙넞䏞鳅⡛
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괃蒀鳅❭涸⼓㚖邍爙넞䏞鳅넞կ姼㢪鸑鵂鲱⟝雦皾ⴔⵆ䖤ⵌ✫⚙⚡呋ㅷ㖈 5 μm x 5 μm 䪊䲽薴㔵ⰻ涸
邍꬗磦祳䏞侨⧩Ⱖ务 1#呋ㅷ涸㖲倰呏磦祳䏞 Rq=4.992 nm2#呋ㅷ涸㖲倰呏磦祳䏞 Rq=3.044 nmկ 

 
㕃 3 1#呋ㅷ涸䕎頗㕃⿺磦祳䏞⧩(a)㕃⚹ 2 μm x 2 μm(b)㕃⚹ 5 μm x5 μm 

 
㕃 4 2#呋ㅷ涸䕎頗㕃⿺磦祳䏞⧩(c)㕃⚹ 2 μm x 2 μm(d)㕃⚹ 5 μm x5 μm 

⚹✫刿⸈湬錜ծ幡兠㖑导僥謭芘呋ㅷ涸邍꬗䕎頗⥌䜂㼆 2 μm x2 μm 薴㔵ⰻ涸✳絶㕃⫸鵳遤✫♲絶
鲮矿䖤ⵌ✫謭芘呋ㅷ涸♲絶넞䏞㕃錛㕃 5 ㄤ㕃 6➢♲絶㕃务〳⟄湬錜幡兠㖑錜㻋ⵌ呋ㅷ邍꬗涸곾磜
絕匬Ⱖ务넞䏞⧩➢⡛ⵌ넞⣜妃歋覰蒀ծ랕蒀ㄤ紤蒀邍爙կ♲絶㕃⫸务ⶆ꬗絁 PQ 副涸넞䏞⥌䜂⛲〳湬錜
㖑靀》呋ㅷ邍꬗涸磦祳玐䏞կⴔⵆ➢ 1#呋ㅷㄤ 2#呋ㅷ涸ⶆ꬗絁 PQ 副⟣䠑鷥》 AծB ㄤ CծD 㔋⚡挿靀
》 A-B ㄤ C-D ⛓ꢂ涸넞䏞䊵錛邍 1կ 

 
㕃 5 1#呋ㅷ涸 3D 䕎頗⟄⿺ⶆ꬗ⴔ區 

 

 
㕃 6 2#呋ㅷ涸 3D 䕎頗⟄⿺ⶆ꬗ⴔ區 
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邍 1 ✳孻⻊炊謭芘呋ㅷ涸ⶆ꬗ⴔ區 

呋ㅷ綘〿 1#謭芘 2#謭芘 

넞䏞䊵(nm) 
A-B 13.69 11.91 

C-D 3.09 2.07 

㼜✳孻⻊炊謭芘呋ㅷ 1#ծ2#侨研鵳遤㼆嫱ⴔ區封梡偽雿僽➢鳅㼭꬗獤(2 μm x2 μm)ⰻ♲絶䕎頗涸湬
錜錜㻋ⴔ區鵮僽➢鳅㣐꬗獤(5 μm x5 μm)ⰻ雦皾䖤ⵌ涸㖲倰呏磦祳䏞 Rq ⧩涸㣐㼭1#呋ㅷ涸邍꬗磦祳
䏞㖲㣐✵ 2#呋ㅷ涸邍꬗磦祳䏞կ 

 

3. 䚪絕 
⢪欽䀙峸䪊䲽确ꛏ儑䗎ꞤSPM䪮助崵㹁✫✳孻⻊炊謭芘呋ㅷ㖈割ず薴㔵ⰻ涸邍꬗䕎頗䎇鸑鵂雦

皾䖤ⵌ✫湱䎾涸㖲倰呏磦祳䏞 Rq ⧩կ崵霚絕卓邍僈䕎頗㕃ㄤ㖲倰呏磦祳䏞⧩㖲〳⟄导僥謭芘呋ㅷ涸磦祳䏞
䞔ⲃ㼆✳孻⻊炊謭芘涸ⵖ㢊倰岁ㄤⵖ㢊䊨蒌⠏⻊Ⱘ剣♧㹁䭷㼋䠑⛐կ 
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2.2.6 峇ⲙ㹔 

孞湱蒀靶餘靶翫欽岁絕ざ巊宆ⵖⲇ㘗㣐孞崽綫⟉崵㹁峇ⲙ㹔ⰻ瑟孞⚥

65 猫 VOCs 

䶰 銳劥俒ⵄ欽䀙峸 GCMS-QP2020 NX 孞餘翫欽⟉絕ざ巊宆ⵖⲇ㘗㣐孞崽綫⟉䒊用✫蓿晙ⵖ鸣⾊裂ⲙ
㹔ⰻ瑟孞务 65 猫䮦封䚍剣纸暟VOCs涸崵㹁倰岁կ絕卓儑爙㖈 0.1~6.0 nmol/mol 崽䏞薴㔵ⰻぐ絆
ⴔ叻ⲥ刼絁絁䚍葻㥩湱Ⱒ禹侨㖲㖈 0.995 ⟄副կ⟄崽䏞⚹ 0.5 nmol/mol 涸叻孞鵶絯鵳呋 6 妃ぐ絆ⴔ油
꬗獤 RSD%薴㔵㖈 1.71~6.34%⛓ꢂ礵㺙䏞葻㥩կ霪倰岁乼⡲皍⽀㹁ꆀ侨研ⲥ烁〳ꬑ〳欽✵蓿晙ⵖ鸣
⾊裂ⲙ㹔ⰻ瑟孞务 VOCs 涸唬崵կ 

Ⱒꝶ霒GCMS  㣐孞崽綫⟉   蓿晙⾊  裂ⲙ㹔  䮦封䚍剣纸暟 
 

蓿晙⡲⚹➃碫俒僈湡⵸剒礵㺙涸䊨⚌❡ㅷⰦ欰❡鵂玐㼆✵勇餘寓厩匧Ⱖ併䠭㽍Ⱖ僽紵碛紩涸⯓鵳ⵖ
玐馄汚ꆀ涸寓厩暟⛲⠔䕧ㆇ蓿晙ⵖ鸣涸葻ㅷ桧կ㔔姼蓿晙涸欰❡䗳곢㖈♧⚡絟㼆䎁ⲙ⚂珘㹁涸梠㞯务鵳
遤鵯㽠僽蓿晙涸欰❡梠㞯ˋˋ裂ⲙ㹔կ㼆裂ⲙ㹔ⰻ梠㞯瑟孞寓厩暟涸港䱽䧭⚹蓿晙ⵖ鸣⾊涸⚺銳Ⱒ岤挿կ 

裂ⲙ㹔ⰻ梠㞯瑟孞务涸寓厩暟猫碫籖㢴剣⾊㢪梠㞯䌄勻涸⛲剣欰❡鵂玐务⢪欽涸⻊㷖霚⵫瘝❡欰
涸կⰦ务裂ⲙ㹔ⰻ涸䮦封䚍剣纸暟腊㢿磨꣡㖈兪㕐邍꬗䕎䧭剣纸暟謭芘㼋荝兪㕐邍꬗❡欰ꬋ곫劍涸毜宐
䚍餘꣖姺幡峤巊鴪ⵌ兪㕐邍꬗➢罜䕧ㆇ猌㶩㘗⿺Ⱖꆄ㾩㘗勇餘涸幡峤佪卓կず傞⛲⠔㟞⸈兪㕐邍꬗磦祳
䏞ծ❡欰꨺⻊邍꬗ծ灶㗁㢪䒁㽻涸欰Ɤ瘝➢罜䕧ㆇ蓿晙欰❡涸葻ㅷ桧կ㔔姼㼆✵裂ⲙ㹔ⰻ涸 VOCs 鵳遤港
䱽儑䖤㽍⚹ꅾ銳կ 

劥俒⢪欽䀙峸 GCMS-QP2020 NX 孞餘翫欽⟉絕ざ㣐孞곫崽綫⟉䒊用✫蓿晙ⵖ鸣⾊裂ⲙ㹔ⰻ 65 猫
VOCs 涸崵㹁倰岁կ絕卓儑爙劥倰岁乼⡲皍⽀ծ〳ꬑ模Ⰼ忘駈蓿晙ⵖ鸣⾊裂ⲙ㹔ⰻ瑟孞务 VOCs 涸唬崵
꨽宠կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
孞餘翫欽⟉GCMS-QP2020 NX 
巊宆ⵖⲇ㘗㣐孞崽綫⟉Nutech 8910 

1.2 ⴔ區勵⟝  
㣐孞崽綫⟉勵⟝ 
Trap1 䯲꧋庛䏞-170˫ 
Trap1 䯲꧋崨鸟50 mL/min 
Trap1 鍒區庛䏞30˫ 
Trap1 鍒區傞ꢂ2 min 
Trap2 䯲꧋庛䏞-50˫ 

Trap2 鍒區庛䏞230˫ 
Trap2 鍒區傞ꢂ1 min 
Trap3 翸送庛䏞-180˫ 
Trap3 鍒區庛䏞80˫ 
Trap3 鍒區傞ꢂ1 min 

GCMS 勵⟝ 
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蒀靶叙SH-I-624 Sil MS60 m × 0.25 mm × 1.4 µm 
⼮庛玐䎸35˫(3min)_2˫/min_60˫(3min)_8˫/min_170˫(3min)_15˫/min_230˫(3min) 
鵳呋倰䒭ⴔ崨 
ⴔ崨嫱10:1 
鵳呋〡庛䏞220˫ 
鲿孞䱽ⵖ倰䒭䛎崨 
蒀靶叙崨ꆀ1mL/min 

猌㶩⻊倰䒭EI 
猌㶩彂庛䏞230˫ 
䱹〡庛䏞250˫ 
唬崵㐼歏⾓靈靕歏⾓+0.2 kV 
ꅷ꧋垷䒭SIM鷥䭊猌㶩⥌䜂錛邍 1 

1.3 叻ⲥ⢪欽孞涸ꂁⵖ 
⢪欽孞⡤獺ꅺ鄳縨欽넞紱宆孞㼜叻ⲥ孞崽䏞⚹ 1.0 µmol/mol獺ꅺⵌ割Ꝑꛩꅷ呋緵务蜦䖤崽䏞

⚹ 10 nmol/mol 涸叻ⲥ⢪欽孞⡤կ 

1.4 呋ㅷ⵸㢅椚 
⢪欽ꂁ㤛涸⾓⸂雦낉佐溶ꅷ呋鷐㔐㹊낉㹔涸割Ꝑꛩꅷ呋緵㼜割Ꝑꛩꅷ呋緵㸝鄳ⵌ荈⸓鵳呋㐼涸㼆䎾

⡙縨㣐孞崽綫⟉䬄》♧㹁⡤獤呋ㅷ鵳遤崽綫䭽撑1.2ⴔ區勵⟝鵳遤崵㹁կ 

 

2. 絕卓♸雭雿 

2.1 叻ⲥ孞⡤蒀靶㕃 
叻ⲥ孞⡤蒀靶㕃㥵㕃1䨾爙ぐ絆ⴔ⥌䜂霫錛邍1鿈ⴔ⻊ざ暟餘ꆀ蒀靶㕃錛㕃2կ 

 
㕃1 叻ⲥ孞⡤蒀靶㕃 (1.0 nmol/mol 

 
邍 1 ぐ VOCs 絆ⴔㄤⰻ叻絆ⴔ⥌䜂 

No. 务俒ぜ獦 薉俒ぜ獦 
⥂殆傞ꢂ
min 

CAS 〿 
㹁ꆀ猌㶩 

(m/z) 
㹁䚍猌㶩 

(m/z) 

1 ⚋掜 propylene 5.303 115-07-1 41 3942 

2 ✳孮✳守歌掬 Difluorodichloromethane 5.417 75-71-8 85 8750 

3 
1,1,2,2,-㔋孮-1,2-✳守

⛩掬 
1,1,2,2, -tetrafluoro-1, 2-

dichloroethane 
5.831 76-14-2 85 13587 

4 ♧守歌掬 chloromethane 5.974 74-87-3 50 5249 

5 守⛩掜 Vinyl chloride 6.351 75-01-4 62 6461 

6 1,3-♨✳掜 1, 3-butadiene 6.462 106-99-0 39 5453 

7 徃歌掬 bromomethane 7.371 74-83-9 94 9693 

8 守⛩掬 chloroethane 7.702 75-00-3 64 6649 

5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

0.0

1.0

2.0

3.0

4.0

(x100,000)

29
30

31 32
33

34
35

9 10
11

12
13

14

57
58
59

60

61
62

63
64
6536 37

38
39

40

15
16

17

18 19
20

21
22

66
67

68

41 42
43

44
45 46

47
48

4923 24
25

26
27 2
8

1
2

3
4
5
6

7
8

50
51

52
53

54
55

56
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9 ♧孮♲守歌掬 fluoro-trichloromethane 8.479 75-69-4 101 10366 

10 ⛩ꃫ Ethyl alcohol 9.026 64-17-5 45 4643 

11 ⚋掜ꄏ acrolein 9.799 107-02-8 56 5553 

12 1,1-✳守⛩掜 1, 1-dichloroethylene 10.094 75-35-4 61 9698 

13 
1,2,2-♲孮-1,1,2-♲守

⛩掬 
1,2, 2-trifluoro-1, 1-2-

trichloroethane 
10.143 76-13-1 101 151,103 

14 ⚋ꂼ acetone 10.239 67-64-1 43 5842 

15 ✳炻⻊焫 Carbon disulfide 10.766 75-15-0 76 4478 

16 䒗⚋ꃫ Isopropyl alcohol 10.712 67-63-0 45 4341 

17 ✳守歌掬 dichloromethane 11.732 75-09-2 49 8486 

18 곡-1,2-✳守⛩掜 Cis-1, 2-dichloroethylene 12.635 156-59-2 61 9698 

19 2-歌孻㛇-歌㛇⚋掬 
2-methoxy-

methylpropane 
12.618 1634-04-4 73 4157 

20 姻䊹掬 n-hexane 13.611 110-54-3 57 4156 

21 1,1-✳守⛩掬 1, 1-dichloroethane 14.177 75-34-3 63 6583 

22 ⛩ꃑ⛩掜ꂾ Vinyl acetate 14.216 108-05-4 43 8642 

23 导-1,2-✳守⛩掜 
Trans-1, 2-

dichloroethylene 
16.302 156-60-5 61 9698 

24 2-♨ꂼ 2-butanone 16.282 78-93-3 43 7257 

25 ⛩ꃑ⛩ꂾ Ethyl acetate 16.468 141-78-6 43 4156 

26 徃守歌掬ⰻ叻 Bromochloromethane 17.255 74-97-5 49 130, 128 

27 㔋孲ト㊢ tetrahydrofuran 17.301 109-99-9 42 4172 

28 守⟬ chloroform 17.736 67-66-3 83 8547 

29 1,1,1-♲守⛩掬 1,1, 1-trichloroethane 18.409 71-55-6 97 9961 

30 梠䊹掬 cyclohexane 18.687 110-82-7 56 8441 

31 㔋守⻊焫 Carbon tetrachloride 19.067 56-23-5 117 119,121 

32 薅 benzene 19.928 71-43-2 78 7752 

33 1,2-✳守⛩掬 1, 2-dichloroethane 20.167 107-06-2 62 4964 

34 姻䏊掬 Normal heptane 21.122 142-82-5 43 4171 

35 1,4-✳孮薅ⰻ叻 1, 4-difluorobenzene 21.574 540-36-3 114 6388 

36 ♲守⛩掜 trichloroethylene 22.325 79-01-6 95 130,132 

37 1,2-✳守⚋掬 1, 2-dichloropropane 23.166 78-87-5 63 6241 

38 歌㛇⚋掜ꃑ歌ꂾ Methyl methacrylate 23.412 80-62-6 41 6939 

39 1,4-✳䜌掬 1, 4-dioxane 23.402 123-91-1 88 5843 

40 ♧徃✳守歌掬 Bromodichloromethane 23.992 75-27-4 83 8547 

41 곡䒭-1,3-✳守-1-⚋掜 
Cis-1, 3-dichloro-1-

propene 
25.255 10061-01-5 75 3977 

42 4-歌㛇-2-䧥ꂼ 4-methyl-2-pentanone 25.688 108-10-1 43 5857 

43 歌薅 toluene 26.150 108-88-3 91 9265 

44 导䒭-1,3-✳守-1-⚋掜 
Trans-1, 3-dichloro-1-

propene 
26.798 10061-02-6 75 3977 
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45 1,1,2-♲守⛩掬 1,1, 2-trichloroethane 27.296 79-00-5 97 8361 

46 㔋守⛩掜 tetrachloroethylene 27.474 127-18-4 166 164,129 

47 2-䊹ꂼ 2-hexanone 27.850 591-78-6 43 5841 

48 ✳徃♧守歌掬 dibromochloromethane 28.227 124-48-1 129 12748 

49 1,2-✳徃⛩掬 1, 2-dibromoethane 28.505 106-93-4 107 10993 

50 守薅-d5ⰻ叻 Chlorobenzen-d5 29.610 3114-55-4 117 82,119 

51 守薅 chlorobenzene 29.678 108-90-7 112 77,114 

52 ⛩薅 ethylbenzene 29.900 100-41-4 91 10651 

53 ꢂ/㼆-✳歌薅 m-xylene / p-xylene 30.201 
108-38-3   
106-42-3 

91 106,105 

54 龇-✳歌薅 o-xylene 31.072 95-47-6 91 106,105 

55 薅⛩掜 styrene 31.116 100-42-5 104 78,103 

56 ♲徃歌掬 tribromomethane 31.536 75-25-2 173 171,175 

57 4-徃孮薅ⰻ叻 4-bromofluorobenzene 32.272 460-00-4 95 174,176 

58 㔋守⛩掬 Tetrachloroethane 32.562 79-34-5 83 8595 

59 㼆⛩㛇歌薅 p-ethyltoluene 33.061 622-96-8 105 12077 

60 1,3,5-♲歌薅 1,3, 5-tritylene 33.191 108-67-8 105 12077 

61 1,2,4-♲歌薅 1,2, 4-tritylene 34.090 95-63-6 105 12077 

62 1,3-✳守薅 1, 3-dichlorobenzene 34.838 541-73-1 146 148, 111 

63 1,4-✳守薅 1, 4-dichlorobenzene 35.103 106-46-7 146 148, 111 

64 守去歌薅 Toluene chloride 35.403 100-44-7 91 12665 

65 1,2-✳守薅 1, 2-dichlorobenzene 36.044 95-50-1 146 148, 111 

66 1,2,4-♲守薅 1,2, 4-trichlorobenzene 39.444 120-82-1 180 18274 

67 Ⱉ守♨✳掜 Hexachloroprene 39.696 87-68-3 225 223, 227 

68 蟼 naphthalene 39.973 465-73-6 128 51,127 

岤徃守歌掬ծ1,4-✳孮薅ծ守薅-d5ㄤ4-徃孮薅僽ⰻ叻կ 

2.2 叻ⲥ刼絁 
㣐孞崽綫⟉ⴔⵆ䬄》♧㹁⡤獤崽䏞⚹10 nmol/mol涸叻ⲥ⢪欽孞ꂁⵖ湡叻暟崽䏞ⴔⵆ⚹0.1ծ0.2ծ0.5ծ

1.0ծ2.0ծ4.0ㄤ6.0 nmol/mol涸VOCs叻ⲥ禹⴩⟄崽䏞⚹埇㗂叻油꬗獤⚹紷㗂叻䒊用叻ⲥ刼絁鿈ⴔ⻊
ざ暟涸叻ⲥ刼絁錛㕃2邍2絛ⴀ✫ぐ絆ⴔ叻ⲥ刼絁涸絁䚍湱Ⱒ禹侨կ 

     
守⛩掜                        徃歌掬                       ✳炻⻊焫 

2.41e3Q 62.00 (+)
RT=6.351

RT (min)
5.8 6.0 6.2 6.4 6.6

0.00

%

100.00

1.78e3Q 94.00 (+)
RT=7.371

RT (min)
7.0 7.2 7.4 7.6

0.00

%

100.00

6.40e3Q 76.00 (+)
RT=10.766

RT (min)
10.25 10.50 10.75 11.00

0.00

%

100.00



119 
 

     
✳守歌掬                         薅                            歌薅 

    

    
㕃2 鿈ⴔVOCs餘ꆀ蒀靶㕃⿺叻ⲥ刼絁0.1 nmol/mol 

2.3 ꅾ㢕䚍ծ唬ⴀꣳㄤ㔐佐桧 
㼆崽䏞⚹ 0.5 nmol/mol 叻ⲥ⢪欽孞ꅾ撑鵳遤 6 妃ⴔ區䖤ⵌ涸油꬗獤ꅾ撑䚍侨研㥵邍 2 䨾爙կ呏研

0.1 nmol/mol 叻ⲥ⢪欽孞侨研⟄ 3 ⦔⥌㐾嫱雦皾ぐ⻊ざ暟涸唬ⴀꣳ絕卓錛邍 2կ㖈瑟涯呋ㅷ务幑⸈ 65
猫 VOCs 幊ざ叻孞幑⸈崽䏞⚹ 0.5 nmol/molぐ絆ⴔ⸈叻㔐佐桧絕卓錛邍 2կ 

 邍 2 65 猫䮦封䚍剣纸暟絁䚍湱Ⱒ禹侨ծꅾ撑䚍絕卓ծ唬ⴀꣳ⿺㔐佐桧 

No. ⻊ざ暟ぜ獦 
湱Ⱒ禹侨

R 
油꬗獤

RSD% (n=6) 
唬ⴀꣳ  

(pmol/mol) 
㔐佐桧 
% 

1 ⚋掜 0.9995 2.14  61.35  99.71  

2 ✳孮✳守歌掬 0.9986 4.38  3.77  106.02  

3 1,1,2,2,-㔋孮-1,2-✳守⛩掬 0.9994 1.73  3.01  92.70  

4 ♧守歌掬 0.9999 2.28  22.32  94.83  

5 守⛩掜 0.9993 2.48  3.25  90.34  

6 1,3-♨✳掜 0.9955 3.59  9.83  104.43  

3.05e3Q 49.00 (+)
RT=11.732

RT (min)
11.25 11.50 11.75 12.00

0.00

%

100.00

4.75e3Q 78.00 (+)
RT=19.928

RT (min)
19.50 19.75 20.00 20.25

0.00

%

100.00

6.00e3Q 91.00 (+)
RT=26.150

RT (min)
25.75 26.00 26.25 26.50

0.00

%

100.00

Conc.Ratio (PPB)
0 2 4 6

Area Ratio

0.0

0.5

1.0

1.5

2.0
氯乙烯
y = 0.3479484x - 0.02181436
R² = 0.9986521    R = 0.9993258

Curve Fit: Default (Linear)
Weighting: Default (None)
Zero: Default (Not Forced)

Conc.Ratio (PPB)
0 2 4 6

Area Ratio

0.0

0.2

0.4

0.6

0.8

1.0 溴甲烷
y = 0.1672331x + 0.01969053
R² = 0.9996913    R = 0.9998456

Curve Fit: Default (Linear)
Weighting: Default (None)
Zero: Default (Not Forced)

Conc.Ratio (PPB)
0 2 4 6

Area Ratio

0

1

2

3

4 二硫化碳
y = 0.6579346x + 0.07339483
R² = 0.9996773    R = 0.9998387

Curve Fit: Default (Linear)
Weighting: Default (None)
Zero: Default (Not Forced)

Conc.Ratio (PPB)
0 2 4 6

Area Ratio

0.00

0.25

0.50

0.75

1.00

1.25

1.50

1.75
二氯甲烷
y = 0.3067774x + 0.03335495
R² = 0.9997706    R = 0.9998853

Curve Fit: Default (Linear)
Weighting: Default (None)
Zero: Default (Not Forced)

Conc.Ratio (PPB)
0 2 4 6

Area Ratio

0.0

0.2

0.4

0.6

0.8

1.0 苯
y = 0.1644559x + 0.01717630
R² = 0.9999263    R = 0.9999632

Curve Fit: Default (Linear)
Weighting: Default (None)
Zero: Default (Not Forced)

Conc.Ratio (PPB)
0 2 4 6

Area Ratio

0.0

0.2

0.4

0.6

0.8

1.0

1.2
甲苯
y = 0.2043480x - 0.007799451
R² = 0.9993570    R = 0.9996785

Curve Fit: Default (Linear)
Weighting: Default (None)
Zero: Default (Not Forced)
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7 徃歌掬 0.9998 1.71  4.57  94.05  

8 守⛩掬 0.9999 2.11  5.49  95.24  

9 ♧孮♲守歌掬 0.9997 2.58  0.86  93.86  

10 ⛩ꃫ 0.9988 3.28  4.66  99.98  

11 ⚋掜ꄏ 0.9976 1.88  15.42  97.73  

12 1,1-✳守⛩掜 0.9999 3.13  2.00  94.05  

13 1,2,2-♲孮-1,1,2-♲守⛩掬 0.9998 3.54  1.70  93.68  

14 ⚋ꂼ 0.9998 2.87  1.84  96.12  

15 ✳炻⻊焫 0.9998 3.59  1.15  93.93  

16 䒗⚋ꃫ 0.9972 2.06  0.19  104.02  

17 ✳守歌掬 0.9998 4.28  2.29  93.72  

18 곡-1,2-✳守⛩掜 0.9999 4.93  4.66  94.52  

19 2-歌孻㛇-歌㛇⚋掬 0.9970 2.82  3.09  101.80  

20 姻䊹掬 0.9987 2.99  4.96  96.29  

21 1,1-✳守⛩掬 0.9999 3.06  1.87  94.40  

22 ⛩ꃑ⛩掜ꂾ 0.9968 3.05  10.42  96.95  

23 导-1,2-✳守⛩掜 0.9997 3.38  8.89  94.11  

24 2-♨ꂼ 0.9979 1.76  21.68  97.87  

25 ⛩ꃑ⛩ꂾ 0.9985 3.79  6.37  95.67  

26 㔋孲ト㊢ 0.9992 4.11  21.32  96.63  

27 守⟬ 0.9996 3.12  2.37  94.42  

28 1,1,1-♲守⛩掬 0.9997 3.14  3.46  96.40  

29 梠䊹掬 0.9991 2.34  9.73  96.75  

30 㔋守⻊焫 0.9997 2.51  2.68  95.39  

31 薅 0.9999 3.91  1.99  94.24  

32 1,2-✳守⛩掬 0.9998 2.82  3.78  95.37  

33 姻䏊掬 0.9979 4.28  9.92  96.90  

34 ♲守⛩掜 0.9999 4.43  2.91  96.51  

35 1,2-✳守⚋掬 0.9969 3.44  2.91  95.45  

36 歌㛇⚋掜ꃑ歌ꂾ 0.9980 2.54  15.26  99.74  

37 1,4-✳䜌掬 0.9991 3.35  11.16  94.77  

38 ♧徃✳守歌掬 0.9998 2.39  1.42  94.49  

39 곡䒭-1,3-✳守-1-⚋掜 0.9990 3.10  3.46  99.44  

40 4-歌㛇-2-䧥ꂼ 0.9986 2.23  17.16  103.44  

41 歌薅 0.9996 2.66  1.85  93.26  

42 导䒭-1,3-✳守-1-⚋掜 0.9992 4.16  14.44  96.25  

43 1,1,2-♲守⛩掬 0.9999 2.57  7.04  95.81  

44 㔋守⛩掜 0.9999 4.77  3.08  94.92  

45 2-䊹ꂼ 0.9993 2.16  15.06  101.31  

46 ✳徃♧守歌掬 0.9999 4.66  1.74  95.47  
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47 1,2-✳徃⛩掬 0.9999 2.92  2.03  94.90  

48 守薅 0.9998 2.29  1.21  96.18  

49 ⛩薅 0.9996 4.50  0.82  94.74  

50 ꢂ/㼆-✳歌薅 0.9997 2.92  0.98  106.81  

51 龇-✳歌薅 0.9990 5.02  1.92  95.08  

52 薅⛩掜 0.9991 2.30  3.90  91.19  

53 ♲徃歌掬 0.9999 2.29  2.28  95.84  

54 㔋守⛩掬 0.9999 2.72  6.29  95.47  

55 㼆⛩㛇歌薅 0.9967 3.17  7.17  97.69  

56 1,3,5-♲歌薅 0.9990 4.48  7.89  89.97  

57 1,2,4-♲歌薅 0.9981 4.12  4.49  101.18  

58 1,3-✳守薅 0.9969 4.18  2.96  98.13  

59 1,4-✳守薅 0.9970 5.17  3.78  99.49  

60 守去歌薅 0.9958 5.36 6.45  105.55  

61 1,2-✳守薅 0.9965 4.45 4.19  98.38  

62 1,2,4-♲守薅 0.9954 5.62 6.40  107.78  

63 Ⱉ守♨✳掜 0.9956 3.57 4.78  103.81  

64 蟼 0.9951 6.34 3.81  107.76  

2.4 呋ㅷ崵霚 
䭽撑 1.4 鵳遤呋ㅷ⵸㢅椚副纸崵霚呋ㅷ蒀靶㕃㥵㕃 3ծ㕃 4 䨾爙呋ㅷ崵㹁絕卓錛邍 3կ 

 
㕃 3 呋ㅷ 1 蒀靶㕃

 
㕃 4 呋ㅷ 2 蒀靶㕃 
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邍 3 呋ㅷ崵㹁絕卓(nmol/mol 

No. ⻊ざ暟ぜ獦 呋ㅷ 1 呋ㅷ 2 

1 ⚋掜 0.62  0.72  

2 ✳孮✳守歌掬 0.77  0.80  

3 1,1,2,2,-㔋孮-1,2-✳守⛩掬 N.D. N.D. 

4 ♧守歌掬 0.78  1.00  

5 守⛩掜 N.D. N.D. 

6 1,3-♨✳掜 N.D. N.D. 

7 ♧徃歌掬 N.D. N.D. 

8 守⛩掬 N.D. N.D. 

9 ♧孮♲守歌掬 0.34  0.53  

10 ⛩ꃫ 0.62  1.37  

11 ⚋掜ꄏ N.D. N.D. 

12 1,1-✳守⛩掜 N.D. N.D. 

13 1,2,2-♲孮-1,1,2-♲守⛩掬 N.D. N.D. 

14 ⚋ꂼ 3.75  2.70  

15 ✳炻⻊焫 N.D. 0.05  

16 䒗⚋ꃫ N.D. 3.80  

17 ✳守歌掬 6.07  4.54  

18 곡-1,2-✳守⛩掜 N.D. N.D. 

19 2-歌孻㛇-歌㛇⚋掬 N.D. N.D. 

20 姻䊹掬 0.48  1.32  

21 1,1-✳守⛩掬 N.D. N.D. 

22 ⛩ꃑ⛩掜ꂾ N.D. N.D. 

23 导-1,2-✳守⛩掜 N.D. N.D. 

24 2-♨ꂼ 0.39  N.D. 

25 ⛩ꃑ⛩ꂾ 4.68  5.40  

26 㔋孲ト㊢ 2.85  0.23  

27 守⟬ 0.12  N.D. 

28 1,1,1-♲守⛩掬 N.D. N.D. 

29 梠䊹掬 0.17  N.D. 

30 㔋守⻊焫 0.11  0.07  

31 薅 0.30  0.35  

32 1,2-✳守⛩掬 N.D. N.D. 

33 姻䏊掬 N.D. N.D. 

34 ♲守⛩掜 0.12  0.12  

35 1,2-✳守⚋掬 0.14  0.17  

36 歌㛇⚋掜ꃑ歌ꂾ N.D. N.D. 

37 1,4-✳䜌掬 N.D. N.D. 

38 ♧徃✳守歌掬 N.D. N.D. 
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39 곡䒭-1,3-✳守-1-⚋掜 N.D. N.D. 

40 4-歌㛇-2-䧥ꂼ N.D. N.D. 

41 歌薅 0.87  1.26  

42 导䒭-1,3-✳守-1-⚋掜 N.D. N.D. 

43 1,1,2-♲守⛩掬 N.D. N.D. 

44 㔋守⛩掜 N.D. 0.08  

45 2-䊹ꂼ N.D. N.D. 

46 ✳徃♧守歌掬 N.D. N.D. 

47 1,2-✳徃⛩掬 N.D. N.D. 

48 守薅 N.D. N.D. 

49 ⛩薅 0.68  0.10  

50 ꢂ/㼆-✳歌薅 1.02  0.12  

51 龇-✳歌薅 0.44  N.D. 

52 薅⛩掜 N.D. N.D. 

53 ♲徃歌掬 N.D. N.D. 

54 㔋守⛩掬 N.D. N.D. 

55 㼆⛩㛇歌薅 N.D. N.D. 

56 1,3,5-♲歌薅 N.D. N.D. 

57 1,2,4-♲歌薅 N.D. N.D. 

58 1,3-✳守薅 N.D. N.D. 

59 1,4-✳守薅 N.D. N.D. 

60 守去歌薅 N.D. N.D. 

61 1,2-✳守薅 N.D. N.D. 

62 1,2,4-♲守薅 N.D. N.D. 

63 Ⱉ守♨✳掜 N.D. N.D. 

64 蟼 N.D. N.D. 

岤N.D. 邍爙劢唬ⴀկ 

 

3. 絕雿 
劥俒⢪欽䀙峸 GCMS-QP2020 NX 孞餘翫欽⟉絕ざ巊宆ⵖⲇ㘗㣐孞崽綫⟉䒊用✫蓿晙ⵖ鸣⾊裂ⲙ㹔ⰻ

瑟孞务 65 猫 VOCs 涸崵㹁倰岁կ絕卓儑爙㖈 0.1~6.0 nmol/mol 崽䏞薴㔵ⰻぐ絆ⴔ叻ⲥ刼絁絁䚍葻㥩
湱Ⱒ禹侨㖲㖈 0.995 ⟄副կ⟄崽䏞⚹ 0.5 nmol/mol 涸叻孞鵶絯鵳呋 6 妃ぐ絆ⴔ油꬗獤 RSD%薴㔵㖈
1.71~6.34%⛓ꢂ礵㺙䏞葻㥩կ⸈叻㹊낉务⸈叻崽䏞⚹ 0.5 nmol/mol 傞ぐ絆ⴔ㔐佐桧㖈 92.70~107.78%
⛓ꢂկ絕卓儑爙劥倰岁乼⡲皍⽀ծ〳ꬑ模Ⰼ忘駈蓿晙ⵖ鸣⾊裂ⲙ㹔ⰻ瑟孞务 VOCs 涸唬崵꨽宠կ  
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孞湱蒀靶餘靶翫欽岁絕ざ歏㶩ⵖⲇ㘗㣐孞崽綫⟉崵㹁峇ⲙ㹔ⰻ瑟孞⚥

64 猫 VOCs 

䶰 銳劥俒ⵄ欽䀙峸 GCMS-QP2020 NX 孞餘翫欽⟉絕ざ歏㶩ⵖⲇ㘗㣐孞崽綫⟉䒊用✫蓿晙ⵖ鸣⾊裂ⲙ
㹔ⰻ瑟孞务 64 猫䮦封䚍剣纸暟VOCs涸崵㹁倰岁կ絕卓儑爙㖈 0.10~5.0 nmol/mol 崽䏞薴㔵ⰻ叻ⲥ刼
絁絁䚍葻㥩湱Ⱒ禹侨㖲㖈 0.997 ⟄副կ0.25 nmol/mol 叻ⲥ⢪欽孞鵶絯 6 ꛏ崵霚油꬗獤 RSD%薴㔵⚹
1.4~7.7%邍僈倰岁涸礵㺙䏞⠏葻կ⸈叻崽䏞⚹ 0.25 nmol/mol 傞ぐ絆ⴔ涸㔐佐桧㖈 74.8~125.5%⛓ꢂկ
劥倰岁乼⡲皍⽀㹁ꆀ侨研ⲥ烁〳ꬑ〳欽✵蓿晙ⵖ鸣⾊裂ⲙ㹔ⰻ瑟孞务 VOCs 涸唬崵կ 

Ⱒꝶ霒GCMS  㣐孞崽綫⟉   蓿晙⾊  裂ⲙ㹔  䮦封䚍剣纸暟 
 

㖈蓿晙涸欰❡䊨蒌鵂玐务絈蝒ծ꫽歏ծ磋㼽ծ剣㹲孞⡤瘝㖲⠔湬䱹䕧ㆇⵌ蓿晙涸餘ꆀ♸㼑ㄐⰦ务䮦
封䚍剣纸暟VOCs㽠僽ꅾ銳涸剣㹲暟⛓♧넞瘝紩裂ⲙ䏞涸偽㼽裂ⲙ㹔㼆蓿晙涸灇封荛Ⱒꅾ銳կկ 

劥俒⢪欽䀙峸 GCMS-QP2020 NX 孞餘翫欽⟉絕ざ歏㶩ⵖⲇ㘗㣐孞곫崽綫⟉䒊用✫蓿晙ⵖ鸣⾊裂ⲙ㹔
ⰻ 64 猫 VOCs 涸崵㹁倰岁կ絕卓儑爙劥倰岁乼⡲皍⽀ծ〳ꬑ模Ⰼ忘駈蓿晙ⵖ鸣⾊裂ⲙ㹔ⰻ瑟孞务 VOCs
涸唬崵꨽宠կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
孞餘翫欽⟉GCMS-QP2020 NX 
UNITY-xr 㣐孞崽綫⟉ 

1.2 ⴔ區勵⟝ 
㣐孞崽綫⟉勵⟝ 
ꅷ呋緵盗絁庛䏞120˫ 
ꅷ呋⵸/た呋ㅷオ䪊傞ꢂ4 min 
ꅷ呋⵸/た呋ㅷオ䪊崨鸟50 mL/min 
ꅷ呋崨鸟50 mL/min 

ⲇ꣆⡛庛-30˫ 
ⲇ꣆넞庛300˫ 
ⲇ꣆鍒區傞ꢂ3 min 
ⲇ꣆鍒區傞ⴔ崨崨鸟10 mL/min 

GCMS 勵⟝ 
蒀靶叙SH-Rxi-1 MS (60 m×0.25 mm×1.0 µm) 
⼮庛玐䎸35˫ (6 min) _5˫/min _190˫ (21 min) 
鵳呋〡庛䏞200˫ 
鲿孞䱽ⵖ倰䒭䛎⾓ 
⾓⸂200 kpa  
鵳呋倰䒭湬䱹 
猌㶩⻊倰䒭EI 

猌㶩彂庛䏞230˫ 
䱹〡庛䏞200˫ 
唬崵㐼歏⾓靈靕歏⾓+0.3 kV 
ꅷ꧋垷䒭SIMぐ⻊ざ暟鷥䭊猌㶩錛邍 1 
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1.3 叻ⲥ⢪欽孞涸ꂁⵖ 
⢪欽孞⡤獺ꅺ鄳縨欽넞紱宆孞㼜䮦封䚍剣纸暟叻ⲥ孞崽䏞⚹ 1 µmol/mol獺ꅺⵌ割Ꝑꛩꅷ呋緵务

蜦䖤崽䏞ⴔⵆ⚹ 0.5 nmol/mol ㄤ 5 nmol/mol 涸 2 緵叻ⲥ⢪欽孞⡤կ 

1.4 ⰻ叻⢪欽孞涸ꂁⵖ 
⢪欽孞⡤獺ꅺ鄳縨欽넞紱宆孞㼜ⰻ叻叻ⲥ孞崽䏞⚹ 1 µmol/mol獺ꅺⵌ割Ꝑꛩꅷ呋緵务蜦䖤崽

䏞⚹ 50 nmol/mol 涸ⰻ叻⢪欽孞կ 

2. 呋ㅷ⵸㢅椚 
⢪欽ꂁ㤛涸⾓⸂雦낉佐溶ꅷ呋鷐㔐㹊낉㹔涸割Ꝑꛩꅷ呋緵㼜割Ꝑꛩꅷ呋緵㸝鄳ⵌ荈⸓鵳呋㐼㼆䎾⡙

縨孞⡤崽綫⟉》300 mL瑟孞呋ㅷ鵳遤崽綫ず傞⸈Ⰶ30 mLⰻ叻⢪欽孞䭽撑1.2ⴔ區勵⟝鵳遤崵㹁կ 

 

3. 絕卓♸雭雿 

3.1 叻ⲥ很巊蒀靶㕃 
64猫䮦封䚍剣纸暟ㄤ3猫ⰻ叻涸幊ざ叻孞蒀靶㕃㥵㕃1䨾爙ぐ⻊ざ暟⥌䜂霫錛邍1կ 

 
㕃1 䮦封䚍剣纸暟蒀靶㕃2.5 nmol/mol 
邍1 64猫䮦封䚍剣纸暟ㄤ3猫ⰻ叻⻊ざ暟⥌䜂 

No. ⻊ざ暟ぜ獦 薉俒ぜ獦 
⥂殆傞ꢂ
min 

CAS 〿 
㹁ꆀ猌㶩 

 (m/z) 
㹁䚍猌㶩  

(m/z) 

1 ⚋掜 Propene 9.980 115-07-1 41 39,42 

2 ✳孮✳守歌掬 Dichlorodifluoromethane 10.188 75-71-8 85 87,101 

3 ♧守歌掬 Chloromethane 10.687 74-87-3 50 52 

4 㔋孮✳守⛩掬 1,2-Dichlorotetrafluoroethane 10.962 76-14-2 135 85,87,137 

5 守⛩掜 Vinyl chloride 11.298 75-01-4 62 64,63 

6 1,3-♨✳掜 1,3-Butadiene 11.670 106-99-0 54 39,53 

7 ♧徃歌掬 Bromomethane 12.401 74-83-9 96 93,91 

8 守⛩掬 Chlorethyl 12.825 75-00-3 64 66,49 

9 ⚋掜ꄏ Acrolein 13.956 107-02-8 56 55 

10 ⚋ꂼ Acetone 14.319 67-64-1 58 43 

11 ♧孮♲守歌掬 Trichlorofluoromethane 14.651 75-69-4 101 103,105 

10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0

0.0

1.0

2.0

3.0

4.0

5.0

(x1,000,000)
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12 䒗⚋ꃫ Isopropyl Alcohol 14.791 67-63-0 45 43,59 

13 1,1-✳守⛩掜 1,1-Dichlorethene 16.035 75-35-4 61 96,98 

14 ✳守歌掬 Methylene chloride 16.239 75-09-2 49 84,86 

15 
1,2,2-♲孮-1,1,2-♲守

⛩掬 
1,1,2-trichloro-1,2,2-

trifluoroethane 
16.809 76-13-1 101 151,103 

16 ✳炻⻊焫 Carbon disulphide 17.038 75-15-0 76 77,78 

17 导 1,2-✳守⛩掜 trans-1,2-Dichloroethene 18.208 156-60-5 61 96,98 

18 1,1-✳守⛩掬 1,1-Dichloroethane 18.650 75-34-3 63 65,98 

19 歌㛇〈♨㛇ꄍ 2-Methoxy-2-methylpropane 18.820 1634-04-4 73 41,57 

20 ⛩ꃑ⛩掜ꂾ Vinyl acetate 18.837 108-05-4 86 42 

21 2-♨ꂼ 2-Butanone 19.490 78-93-3 43 72,57 

22 곡 1,2-✳守⛩掜 cis-1,2-Dichloroethene 20.320 156-59-2 61 96,98 

23 ♧徃♧守歌掬 Bromochloromethane 20.673 74-97-5 130 128,93 

24 姻䊹掬 n-Hexane 20.706 110-54-3 86 57,56 

25 ⛩ꃑ⛩ꂾ Ethyl acetate 20.696 141-78-6 70 61,88 

26 ♲守歌掬 Trichloromethane 20.912 67-66-3 83 85,47 

27 㔋孲ト㊢ Tetrahydrofuran 21.918 109-99-9 42 41,72 

28 1,2-✳守⛩掬 1,2-Dichloroethane 22.453 107-06-2 62 49,64 

29 1,1,1-♲守⛩掬 1,1,1-Trichloroethane 23.017 71-55-6 97 99,61 

30 薅 Benzene 23.970 71-43-2 78 77,52 

31 㔋守⻊焫 Carbon tetrachloride 24.286 56-23-5 117 119,121 

32 1,4-✳孮薅 1,4-Difluorobenzene 24.528 367-11-3 114 88,63 

33 梠䊹掬 Cyclohexane 24.563 110-82-7 56 84,41 

34 1,2-✳守⚋掬 1,2-Dichloropropane 25.653 78-87-5 63 62,41 

35 ♧徃✳守歌掬 Bromodichloromethane 26.024 75-27-4 83 85,129 

36 ♲守⛩掜 Trichloroethene 26.099 79-01-6 130 132,95,60 

37 1,4-✳䜌掬 1,4-Dioxane 26.160 123-91-1 88 58,43 

38 歌㛇⚋掜ꃑ歌ꂾ Methyl methacrylate 26.330 80-62-6 69 41,39,100 

39 姻䏊掬 n-Heptane 26.562 142-82-5 43 57,71 

40 导䒭-1,3-✳守-1-⚋掜 cis-1,3-Dichloropropene 27.876 10061-02-6 75 77,110 

41 4-歌㛇-2-䧥ꂼ 2-Pentanone, 4-methyl- 27.963 108-10-1 43 58,85,100 

42 곡䒭-1,3-✳守-1-⚋掜 trans-1,3-Dichloropropene 28.971 10061-01-5 75 39,110 

43 1,1,2-♲守⛩掬 1,1,2-Trichloroethane 29.469 79-00-5 97 83,99 

44 歌薅 Toluene 30.142 108-88-3 91 92 

45 2-䊹ꂼ 2-Hexanoen 30.598 591-78-6 43 58,100 

46 ✳徃♧守歌掬 Dibromochloromethane 31.178 124-48-1 129 127,131 

47 1,2-✳徃⛩掬 Ethylene dibromide 31.796 106-93-4 107 109 

48 㔋守⛩掜 Tetrachloroethylene 32.814 127-18-4 166 164,129 

49 守薅-d5 Chlorobenzene-d5 34.398 3114-55-4 117 82,119 

50 守薅 Chlorobenzene 34.514 108-90-7 112 77,114 

51 ⛩薅 Ethylbenzene 35.372 100-41-4 91 106 
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52 ꢂ✳歌薅/㼆✳歌薅 
m-Xylene/ 
p-Xylene 

35.807 
108-38-3 
106-42-3 

91 106,105 

53 ♲徃歌掬 Bromoform 36.216 75-25-2 173 171,175 

54 薅⛩掜 Styrene 36.784 100-42-5 104 78,103 

55 㔋守⛩掬 Tetrachloroethene 37.058 79-34-5 83 85,95 

56 龇✳歌薅 o-Xylene 37.105 95-47-6 105 106 

57 1,2,4-♲歌薅 1,2,4-Trimethylbenzene 40.805 95-63-6 105 120,77 

58 4-⛩㛇歌薅 p-Ethyltoluene 41.014 622-96-8 105 120,91 

59 1,3,5-♲歌薅 1,3,5-Trimethylbenzene 42.451 108-67-8 105 120,77 

60 守去歌薅 Benzyl chloride 43.021 100-44-7 91 126,65 

61 㼆✳守薅 1,4-Dichlorobenzene 43.142 106-46-7 146 148,111 

62 ꢂ✳守薅 1,3-Dichlorobenzene 43.366 541-73-1 146 148,111 

63 龇✳守薅 1,2-Dichlorobenzene 44.708 95-50-1 146 148,111 

64 1,2,4-♲守薅 1,2,4-Trichlorobenzene 53.012 120-82-1 180 182,145 

65 蟼 Naphthalene 53.831 465-73-6 128 127,129 

66 Ⱉ守♨✳掜 Hexachloro-1,3-butadiene 56.034 87-68-3 225 227,260 

岤♧徃♧守歌掬ծ1,4 ✳孮薅ㄤ守薅-d5 僽ⰻ叻ꢂ㼆✳歌薅雵⡲♧⚡油կ 

3.2 叻ⲥ刼絁 
㣐孞崽綫⟉ⴔⵆ䬄》60 mLծ150 mLծ300 mL崽䏞⚹0.5 nmol/mol涸叻ⲥ⢪欽孞ㄤ60 mLծ150 mLծ

300 mL崽䏞⚹5 nmol/mol叻ⲥ⢪欽孞ず傞⸈Ⰶ30 mL崽䏞⚹50 nmol/molⰻ叻⢪欽孞ꂁⵖ湡叻暟崽䏞
ⴔⵆ⚹0.10ծ0.25ծ0.50ծ1.0ծ2.5 ㄤ5.0 nmol/mol涸VOCs叻ⲥ禹⴩ⰻ叻崽䏞⚹5 nmol/mol⟄崽䏞嫱
⚹埇㗂叻油꬗獤嫱⚹紷㗂叻䒊用叻ⲥ刼絁㕃2邍2絛ⴀ✫ぐVOCs涸叻ⲥ刼絁涸絁䚍湱Ⱒ禹侨կ 

邍2 VOCs絆ⴔ叻ⲥ刼絁⥌䜂 

No. ⻊ざ暟ぜ獦 湱Ⱒ禹侨 No. ⻊ざ暟ぜ獦 湱Ⱒ禹侨 
1 ⚋掜 0.9990 34 1,2-✳守⚋掬 0.9996 
2 ✳孮✳守歌掬 0.9989 35 ♧徃✳守歌掬 0.9998 
3 ♧守歌掬 0.9985 36 ♲守⛩掜 0.9992 
4 㔋孮✳守⛩掬 0.9997 37 1,4-✳䜌掬 0.9977 
5 守⛩掜 0.9988 38 歌㛇⚋掜ꃑ歌ꂾ 0.9998 
6 1,3-♨✳掜 0.9997 39 姻䏊掬 0.9999 
7 ♧徃歌掬 0.9985 40 导䒭-1,3-✳守-1-⚋掜 0.9998 
8 守⛩掬 0.9994 41 4-歌㛇-2-䧥ꂼ 0.9994 
9 ⚋掜ꄏ 0.9996 42 곡䒭-1,3-✳守-1-⚋掜 0.9997 

10 ⚋ꂼ 0.9996 43 1,1,2-♲守⛩掬 0.9997 
11 ♧孮♲守歌掬 0.9993 44 歌薅 0.9998 
12 䒗⚋ꃫ 0.9986 45 2-䊹ꂼ 0.9986 
13 1,1-✳守⛩掜 0.9996 46 ✳徃♧守歌掬 0.9996 
14 ✳守歌掬 0.9999 47 1,2-✳徃⛩掬 0.9999 
15 1,2,2-♲孮-1,1,2-♲守⛩掬 0.9992 48 㔋守⛩掜 0.9999 
16 ✳炻⻊焫 0.9997 49 守薅-d5 / 
17 导 1,2-✳守⛩掜 0.9978 50 守薅 0.9999 
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18 1,1-✳守⛩掬 0.9988 51 ⛩薅 0.9999 
19 歌㛇〈♨㛇ꄍ 0.9996 52 ꢂ✳歌薅/㼆✳歌薅 0.9999 
20 ⛩ꃑ⛩掜ꂾ 0.9996 53 ♲徃歌掬 0.9999 
21 2-♨ꂼ 0.9978 54 薅⛩掜 0.9997 
22 곡 1,2-✳守⛩掜 0.9995 55 㔋守⛩掬 0.9999 
23 ♧徃♧守歌掬 / 56 龇✳歌薅 0.9999 
24 姻䊹掬 0.9994 57 1,2,4-♲歌薅 0.9997 
25 ⛩ꃑ⛩ꂾ 0.9998 58 4-⛩㛇歌薅 0.9997 
26 ♲守歌掬 0.9986 59 1,3,5-♲歌薅 0.9997 
27 㔋孲ト㊢ 0.9987 60 守去歌薅 0.9993 
28 1,2-✳守⛩掬 0.9992 61 㼆✳守薅 0.9998 
29 1,1,1-♲守⛩掬 0.9999 62 ꢂ✳守薅 0.9998 
30 薅 0.9998 63 龇✳守薅 0.9999 
31 㔋守⻊焫 0.9999 64 1,2,4-♲守薅 0.9997 
32 1,4-✳孮薅 / 65 蟼 0.9988 
33 梠䊹掬 0.9998 66 Ⱉ守♨✳掜 0.9999 

岤ꢂ✳歌薅ծ㼆✳歌薅Ⱏ崨ⴀ絕卓ざ䎇雦皾կ 

   

   

        
1,1-✳守⛩掜                    歌㛇〈♨㛇ꄍ                         薅 

Conc.Ratio (ppb)
0 2 4

Area Ratio

0.0

0.2

0.4

0.6

0.8
1,3-丁二烯
y = 0.1698006x + 0.0000000
R² = 0.9995514    R = 0.9997757

Curve Fit: Default (Linear)
Weighting: Default (None)
Zero: Default (Force Through)

Conc.Ratio (ppb)
0 2 4

Area Ratio

0.0

0.2

0.4

0.6

0.8

1.0

二氯甲烷
y = 0.2325097x + 0.0000000
R² = 0.9998676    R = 0.9999338

Curve Fit: Default (Linear)
Weighting: Default (None)
Zero: Default (Force Through)

Conc.Ratio (ppb)
0 2 4

Area Ratio

0.0

0.1

0.2

0.3

0.4 1,1,1-三氯乙烷
y = 0.07774248x + 0.0000000
R² = 0.9999396    R = 0.9999698

Curve Fit: Default (Linear)
Weighting: Default (None)
Zero: Default (Force Through)

Conc.Ratio (ppb)
0 2 4

Area Ratio

0.0

0.1

0.2

0.3

0.4

0.5
正庚烷
y = 0.1016770x + 0.0000000
R² = 0.9998496    R = 0.9999248

Curve Fit: Default (Linear)
Weighting: Default (None)
Zero: Default (Force Through)

Conc.Ratio (ppb)
0 2 4

Area Ratio

0.00

0.05

0.10

0.15

0.20

0.25

0.30
1,1,2-三氯乙烷
y = 0.06343297x + 0.0000000
R² = 0.9995808    R = 0.9997904

Curve Fit: Default (Linear)
Weighting: Default (None)
Zero: Default (Force Through)

Conc.Ratio (ppb)
0 2 4

Area Ratio

0.00

0.05

0.10

0.15

0.20

三溴甲烷
y = 0.04741309x + 0.0000000
R² = 0.9998315    R = 0.9999157

Curve Fit: Default (Linear)
Weighting: Default (None)
Zero: Default (Force Through)
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㔋守⻊焫                      ✳徃♧守歌掬                     㔋守⛩掜 

㕃2 鿈ⴔ絆ⴔ叻ⲥ刼絁⿺餘ꆀ蒀靶㕃2.5 nmol/mol 

3.3 ꅾ㢕䚍ㄤ唬ⴀꣳ 
㼆崽䏞⚹ 0.25 nmol/mol 叻ⲥ⢪欽孞ꅾ撑鵳遤 6 妃ⴔ區䖤ⵌ涸油꬗獤ꅾ撑䚍侨研㥵邍 3 䨾爙կ㼆剒

⡛崽䏞挿 0.5 nmol/mol 叻ⲥ⢪欽孞鵳遤 7 妃ꅾ撑崵㹁雦皾 7 妃崽䏞崵㹁⧩涸叻ⲥ⨊䊵SD䭽Ⱆ䒭
MDL=t(n-1, 0.99) x SDn=7t(6, 0.99) =3.143雦皾倰岁唬ⴀꣳ絕卓錛邍 3կ 

邍 3 VOCs 絆ⴔꅾ撑䚍n=6ㄤ唬ⴀꣳ 

No. ⻊ざ暟ぜ獦 
RSD 
(%) 

唬ⴀꣳ
µg/m3 

No. ⻊ざ暟ぜ獦 
RSD 
(%) 

唬ⴀꣳ
µg/m3 

1 ⚋掜 3.8 0.06  34 1,2-✳守⚋掬 2.5 0.15  
2 ✳孮✳守歌掬 2.6 0.11  35 ♧徃✳守歌掬 2.1 0.04  
3 ♧守歌掬 5.0 0.05  36 ♲守⛩掜 1.4 0.07  
4 㔋孮✳守⛩掬 4.8 0.10  37 1,4-✳䜌掬 4.7 0.11  
5 守⛩掜 4.4 0.07  38 歌㛇⚋掜ꃑ歌ꂾ 4.8 0.05  
6 1,3-♨✳掜 7.7 0.04  39 姻䏊掬 2.0 0.02  
7 ♧徃歌掬 5.9 0.12  40 导䒭-1,3-✳守-1-⚋掜 2.8 0.07  
8 守⛩掬 3.4 0.04  41 4-歌㛇-2-䧥ꂼ 5.0 0.05  
9 ⚋掜ꄏ 3.9 0.06  42 곡䒭-1,3-✳守-1-⚋掜 3.9 0.12  

10 ⚋ꂼ 4.1 0.06  43 1,1,2-♲守⛩掬 4.0 0.05  
11 ♧孮♲守歌掬 4.6 0.05  44 歌薅 2.6 0.03  
12 䒗⚋ꃫ 5.3 0.10  45 2-䊹ꂼ 6.9 0.16  
13 1,1-✳守⛩掜 2.8 0.05  46 ✳徃♧守歌掬 2.7 0.08  
14 ✳守歌掬 1.6 0.03  47 1,2-✳徃⛩掬 3.7 0.13  
15 1,2,2-♲孮-1,1,2-♲守⛩掬 2.1 0.06  48 㔋守⛩掜 2.7 0.04  
16 ✳炻⻊焫 4.3 0.01  49 守薅-d5 / /  
17 导 1,2-✳守⛩掜 2.5 0.06  50 守薅 3.1 0.07  
18 1,1-✳守⛩掬 7.6 0.04  51 ⛩薅 4.3 0.06  
19 歌㛇〈♨㛇ꄍ 4.1 0.05  52 ꢂ✳歌薅/㼆✳歌薅 4.2 0.06  
20 ⛩ꃑ⛩掜ꂾ 7.3 0.10  53 ♲徃歌掬 2.0 0.13  
21 2-♨ꂼ 3.6 0.07  54 薅⛩掜 3.5 0.04  
22 곡 1,2-✳守⛩掜 1.8 0.03  55 㔋守⛩掬 3.1 0.07  
23 ♧徃♧守歌掬 / /  56 龇✳歌薅 4.6 0.15  
24 姻䊹掬 5.9 0.12  57 1,2,4-♲歌薅 1.5 0.04  
25 ⛩ꃑ⛩ꂾ 3.5 0.08  58 4-⛩㛇歌薅 3.1 0.07  
26 ♲守歌掬 2.4 0.06  59 1,3,5-♲歌薅 3.8 0.05  
27 㔋孲ト㊢ 4.6 0.05  60 守去歌薅 2.9 0.06  
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28 1,2-✳守⛩掬 2.5 0.06  61 㼆✳守薅 2.6 0.06  
29 1,1,1-♲守⛩掬 2.0 0.05  62 ꢂ✳守薅 5.3 0.04  
30 薅 2.2 0.02  63 龇✳守薅 3.0 0.08  
31 㔋守⻊焫 2.3 0.05  64 1,2,4-♲守薅 2.3 0.06  
32 1,4-✳孮薅 / /  65 蟼 2.7 0.05  
33 梠䊹掬 1.6 0.02  66 Ⱉ守♨✳掜 2.4 0.09  

3.4 㔐佐桧㹊낉 
㖈瑟涯呋ㅷ务幑⸈ VOCs 幊ざ叻孞幑⸈崽䏞⚹ 0.25 nmol/molぐ VOCs ⸈叻㔐佐桧絕卓錛邍 4կ 

邍 4 VOCs 絆ⴔ呋ㅷ⸈叻㔐佐桧 

No. ⻊ざ暟ぜ獦 㔐佐桧(% No. ⻊ざ暟ぜ獦 㔐佐桧% 
1 ⚋掜 106.4  34 1,2-✳守⚋掬 104.0  
2 ✳孮✳守歌掬 99.9  35 ♧徃✳守歌掬 107.3  
3 ♧守歌掬 92.9  36 ♲守⛩掜 109.8  
4 㔋孮✳守⛩掬 97.4  37 1,4-✳䜌掬 101.0  
5 守⛩掜 93.4  38 歌㛇⚋掜ꃑ歌ꂾ 95.6  
6 1,3-♨✳掜 85.5  39 姻䏊掬 101.1  
7 ♧徃歌掬 95.3  40 导䒭-1,3-✳守-1-⚋掜 103.5  
8 守⛩掬 86.2  41 4-歌㛇-2-䧥ꂼ 96.9  
9 ⚋掜ꄏ 112.4  42 곡䒭-1,3-✳守-1-⚋掜 92.6  

10 ⚋ꂼ 79.8  43 1,1,2-♲守⛩掬 102.0  
11 ♧孮♲守歌掬 95.8  44 歌薅 104.7  
12 䒗⚋ꃫ 86.5  45 2-䊹ꂼ 85.4  
13 1,1-✳守⛩掜 97.1  46 ✳徃♧守歌掬 107.8  
14 ✳守歌掬 101.0  47 1,2-✳徃⛩掬 100.7  
15 1,2,2-♲孮-1,1,2-♲守⛩掬 96.7  48 㔋守⛩掜 125.5  
16 ✳炻⻊焫 98.9  49 守薅-d5 /  
17 导 1,2-✳守⛩掜 97.0  50 守薅 98.4  
18 1,1-✳守⛩掬 81.4  51 ⛩薅 94.1  
19 歌㛇〈♨㛇ꄍ 87.4  52 ꢂ✳歌薅/㼆✳歌薅 94.8  
20 ⛩ꃑ⛩掜ꂾ 80.1  53 ♲徃歌掬 106.7  
21 2-♨ꂼ 79.2  54 薅⛩掜 90.7  
22 곡 1,2-✳守⛩掜 88.2  55 㔋守⛩掬 100.9  
23 ♧徃♧守歌掬 /  56 龇✳歌薅 91.9  
24 姻䊹掬 74.8  57 1,2,4-♲歌薅 101.7  
25 ⛩ꃑ⛩ꂾ 74.9  58 4-⛩㛇歌薅 94.1  
26 ♲守歌掬 98.6  59 1,3,5-♲歌薅 99.3  
27 㔋孲ト㊢ 77.1  60 守去歌薅 105.1  
28 1,2-✳守⛩掬 90.9  61 㼆✳守薅 102.9  
29 1,1,1-♲守⛩掬 110.1  62 ꢂ✳守薅 104.0  
30 薅 108.8  63 龇✳守薅 109.9  
31 㔋守⻊焫 111.0  64 1,2,4-♲守薅 116.2  
32 1,4-✳孮薅 /  65 蟼 110.5  
33 梠䊹掬 107.1  66 Ⱉ守♨✳掜 114.8  
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3.5 呋ㅷ崵霚 
䭽撑 1.4 鵳遤呋ㅷ⵸㢅椚副纸崵霚呋ㅷ涸蒀靶㕃錛㕃 3崵霚絕卓㥵邍 5 䨾爙կ 

 
㕃 3 呋ㅷ VOCs 蒀靶㕃 
邍 5 呋ㅷ务 VOCs ゎꆀ 

No. ⻊ざ暟ぜ獦 
ゎꆀ 

µg/m3 
No. ⻊ざ暟ぜ獦 

ゎꆀ 
µg/m3 

1 ⚋掜 N.D. 34 1,2-✳守⚋掬 N.D. 
2 ✳孮✳守歌掬 N.D. 35 ♧徃✳守歌掬 N.D. 
3 ♧守歌掬 1.37 36 ♲守⛩掜 N.D. 
4 㔋孮✳守⛩掬 N.D. 37 1,4-✳䜌掬 N.D. 
5 守⛩掜 N.D. 38 歌㛇⚋掜ꃑ歌ꂾ N.D. 
6 1,3-♨✳掜 N.D. 39 姻䏊掬 N.D. 
7 ♧徃歌掬 N.D. 40 导䒭-1,3-✳守-1-⚋掜 N.D. 
8 守⛩掬 N.D. 41 4-歌㛇-2-䧥ꂼ N.D. 
9 ⚋掜ꄏ N.D. 42 곡䒭-1,3-✳守-1-⚋掜 N.D. 

10 ⚋ꂼ N.D. 43 1,1,2-♲守⛩掬 N.D. 
11 ♧孮♲守歌掬 1.64 44 歌薅 4.41 

12 䒗⚋ꃫ N.D. 45 2-䊹ꂼ N.D. 
13 1,1-✳守⛩掜 N.D. 46 ✳徃♧守歌掬 N.D. 
14 ✳守歌掬 2.38 47 1,2-✳徃⛩掬 N.D. 
15 1,2,2-♲孮-1,1,2-♲守⛩掬 N.D. 48 㔋守⛩掜 N.D. 
16 ✳炻⻊焫 1.45 49 守薅-d5 N.D. 
17 导 1,2-✳守⛩掜 N.D. 50 守薅 N.D. 
18 1,1-✳守⛩掬 N.D. 51 ⛩薅 0.65 

19 歌㛇〈♨㛇ꄍ N.D. 52 ꢂ✳歌薅/㼆✳歌薅 1.68 

20 ⛩ꃑ⛩掜ꂾ N.D. 53 ♲徃歌掬 N.D. 
21 2-♨ꂼ 0.60 54 薅⛩掜 N.D. 
22 곡 1,2-✳守⛩掜 N.D. 55 㔋守⛩掬 N.D. 
23 ♧徃♧守歌掬 / 56 龇✳歌薅 0.77 

24 姻䊹掬 0.93 57 1,2,4-♲歌薅 N.D. 
25 ⛩ꃑ⛩ꂾ N.D. 58 4-⛩㛇歌薅 N.D. 
26 ♲守歌掬 N.D. 59 1,3,5-♲歌薅 N.D. 
27 㔋孲ト㊢ N.D. 60 守去歌薅 N.D. 
28 1,2-✳守⛩掬 N.D. 61 㼆✳守薅 N.D. 
29 1,1,1-♲守⛩掬 N.D. 62 ꢂ✳守薅 N.D. 
30 薅 1.57 63 龇✳守薅 N.D. 

10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0
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(x1,000,000)
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31 㔋守⻊焫 N.D. 64 1,2,4-♲守薅 N.D. 
32 1,4-✳孮薅 / 65 蟼 N.D. 
33 梠䊹掬 N.D. 66 Ⱉ守♨✳掜 1.91 

岤 N.D. 邍爙劢唬ⴀկ 

 

4. 絕雿 
劥倰岁ꅷ欽䀙峸 GCMS-QP2020 NX 孞餘翫欽⟉絕ざ UNITY-xr 歏㶩ⵖⲇ㘗㣐孞崽綫⟉SIM ꅷ꧋垷䒭ⴔ

區✫蓿晙ⵖ鸣⾊裂ⲙ㹔ⰻ 64 猫䮦封䚍剣纸暟涸ゎꆀկ㖈 0.10~5.0 nmol/mol 崽䏞薴㔵ⰻ叻ⲥ刼絁絁䚍葻㥩
湱Ⱒ禹侨㖲㖈 0.997 ⟄副կ鵶絯 6 ꛏ叻呋崵霚油꬗獤 RSD%薴㔵⚹ 1.4~7.7%倰岁礵㺙䏞⠏葻կ⸈叻崽䏞
⚹ 0.25 nmol/mol 傞ぐ絆ⴔ涸㔐佐桧㖈 74.8~125.5%⛓ꢂկ霪倰岁乼⡲皍⽀㹁ꆀ侨研ⲥ烁〳ꬑ〳欽✵
蓿晙ⵖ鸣⾊裂ⲙ㹔ⰻ务䗎ꆀ䮦封䚍剣纸暟涸唬崵կ 
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2.3 㼓鄳崵霚 
 

 
 
♧㗌蓿晙ⵖ鸣模䧭㽠⺫ゎ✫䨾霃雦涸♧㹁⸆腊⡎銳㖈歏㶩禹絡务剣佪㖑封䮦Ⱖ⸆腊鵮䗳곢㼆Ⱖ鵳

遤鷓㹆涸㼓鄳կ䨾靘“㼓鄳䪮助”僽♧猫㼜꧋䧭歏騟欽絟続涸㝕俱䧴ꤲ櫘勞俱䩧⺫涸䪮助կ㼓鄳涸⡲欽⡤梡㖈
㔋⚡倰꬗♧僽⥂䫡蓿晙兪㕐ⵖ鸣⾊欰❡涸醗兪㼆庛弪䏞⟄⿺瑟孞䝧嵥곾磜暟㺙䏞鿪剣满鳅넞銳宠鸑鵂
㼓鄳䩞腊⥂霆蓿晙涸⸆腊✳僽㼆蓿晙饰ⵌ佅丒⡲欽⢪䖤㐼⟝侮⡤䔂䏞䲿넞割僒䰀㗁♲僽㼓鄳梠蒜蓿
晙歏騟⠔♸㢪鿈䒸膃鵶鸑㔋僽⚹蓿晙涸鵘⡲䲿⣘刿⚹〳ꬑ涸梠㞯䒁Ɤ蓿晙涸⢪欽㼑ㄐկ崵霚太㼆蓿晙涸
ㅷ餘鵳遤唬崵僽䪾Ⱒ蓿晙葻桧涸Ⱒꝶ梠蒜կ崵霚⚺銳⺫䭍歏㷖䚍腊崵霚㣟佪ⴔ區〳ꬑ䚍ⴔ區瘝고湡կ
㼓鄳崵霚崨玐⚺銳⺫䭍Ⲹ謭ծⴗⶶծ餤晙ծ䒸絁ꝶざծ垷㝕ծ歏ꞈծⴗ瘡䧭㘗ծ䧭ㅷ崵霚瘝姿낢կ 

㼓崵䪮助涸封㾝〳ⴔ⚹ 4 ⚡꣌媯痦♧꣌媯䳃子⾲⟝傞去痦✳꣌媯邍꬗餤鄳傞去痦♲꣌媯꬗
獤꣋⴩㼓鄳傞去痦㔋꣌媯넞㺙䏞禹絡紩㼓鄳傞去կ湡⵸Ⰼ椕䗎歏㶩㼓鄳涸⚺崨姻㢅㖈痦♲꣌媯涸䧭擿
劍鿈ⴔ❡ㅷ溶䒓映ぢ痦㔋꣌媯封㾝կ 

ꥥ满䗎歏㶩猰䪮涸굷鸟封㾝䗎歏㶩蓿晙㼓鄳溶鷶幯䶓膴⡲⚹蓿晙ⵖ鸣た䊨䎸涸➢㾩㖑⡙罜䧭⚹湱㼆
杝用涸䗎歏㶩㼓鄳⚌կ罜䗎歏㶩㐼⟝崵霚⛲㢴歋杝用涸崵霚Ⱆ尽勻模䧭⛲鷶幯䕎䧭杝用涸䗎歏㶩崵霚⚌կ 

㼓鄳崵霚梠蒜覆⿺涸ⴔ區唬崵고湡⚺銳⺫䭍΍㣟佪ⴔ區㥵贞插ծ瑟ꥴծ瑟峯ծ鄬紻ծ㣪序ծⴔ㽻瘝
ⰻ鿈緃ꤴ崵霚⚺銳欽ⵌ涸ⴔ區霃㢊⺫䭍 X 㼘絁唬叅鄳縨鷳㼘ծX 㼘絁唬叅鄳縨CTծ䪊䲽确ꛏ儑䗎
Ꞥ瘝կΎ⸂㷖䚍腊崵霚㥵♲/㔋挿䓮刼ծ䲀䬘⸂崵霚瘝⚺銳ⴔ區霃㢊⚹勞俱霚낉纸կΏ㼓鄳勞俱崵霚
㥵剣纸䧭ⴔꆄ㾩勇餘ゎꆀ⿺剣纸ⴔ㶩ꆀ瘝고湡⚺銳欽ⵌ孞湱蒀靶餘靶翫欽⟉ծ巊湱蒀靶餘靶翫欽⟉ծ歏
䠭羒ざ瘝猌㶩⡤餘靶⟉ㄤⳕ脸幷鷳蒀靶⟉瘝ⴔ區⟉㐼կ 
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䗎搋挿 X 㼘絁荈⸓ꊹⵆ鲱⟝㖈꧋䧭㼓鄳蓿晙唬叅⚥涸䎾欽 

䶰 銳劥俒➝絏✫ⵄ欽䀙峸 SMX-1000 Plus 䗎送挿 X 㼘絁唬叅鄳縨ꂁ荈⸓ꊹⵆ鲱⟝㼆꧋䧭㼓鄳蓿晙唬
叅涸㹊⢾կ鸑鵂⟉㐼ꂁ㢊涸荈⸓夹倗鲱⟝割⡎〳⟄荈⸓夹倗꧋䧭㼓鄳蓿晙涸瀊騟ㄤ㼱ꝩ鵮〳⟄荈⸓夹倗
孞岙 OK/NGծ溫㕐䏞ㄤ湬䖈կⲸ㼱✫➃䊨夹倗涸㣟霴ㄤ⸈㣐唬崵佪桧կ〳 䎛岌欽✵歏㶩⯋㐼⟝涸緃ꤴ唬叅կ 

Ⱒꝶ霒䗎送挿 X 㼘絁鄳縨 荈⸓ꊹⵆ鲱⟝  ꧋䧭㼓鄳蓿晙 
 

㼆✵䱽ⵖ歏騟霃㢊勻霹㸝鄳✫ぐ猫歏㶩⯋㐼⟝涸歏騟匣僽䗳割〳㼱涸կ⚹✫歏騟匣腊㢿姻䌢䊨⡲Ⱖ
歏㶩⯋⟝㐼割䎾霪「ⵌ⟣⡦㹊餘䚍涸䰀㗁䎇⚂䗳곢㼜Ⱖ鷓䔲涸餤鄳㖈副꬗կ搬罜䔲㼜鿈⟝絕ざ㖈歏騟匣
副傞緃ꤴ⠔⟄♧㹁嫱⢾封欰կ㔔姼唬叅鵂玐饰满ꬋ䌢ꅾ銳涸⡲欽㔔⚹鸑鵂霪鵂玐〳⟄㖈粉劍꣌媯唬
崵ⴀ緃ꤴ⯋㐼⟝ㄤ插䱹緃ꤴ䎇➢欰❡鵂玐务㼜Ⱖ幡ꤑㄤ䪪ⴀ緃ꤴ涸⾲㔔կ 

䀙峸 SMX-1000 Plus 䗎送挿 X 㼘絁唬叅鄳縨〳欽✵歏騟匣ㄤ歏㶩⯋㐼⟝涸緃ꤴ唬叅կ歋✵〳⟄蜦䖤㹊
傞涸 X ⯕鷳錠㕃⫸罜割⠔䰀㗁鄄唬叅涸呋ㅷ㔔姼〳⟄鸑鵂 X 㼘絁唬叅䘯鸟唬崵ⴀ剣緃ꤴ涸⯋⟝ㄤ插䱹緃
ꤴկSMX-1000 Plus 霃㢊鵮〳ꂁ剣荈⸓ꊹⵆ鲱⟝〳⟄⫸㢪錜荈⸓⯕㷖唬叅纸♧呋䪄遤荈⸓唬叅〳䲿넞唬
叅佪桧կ 

劥俒➝絏✫ⵄ欽 SMX-1000 Plus 荈⸓ꊹⵆ鲱⟝㼆꧋䧭㼓鄳蓿晙BGA鵳遤唬叅涸㹊⢾կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸 SMX-1000 Plus 䗎送挿 X 㼘絁唬叅鄳縨ꂁ荈⸓ꊹⵆ鲱⟝ 

 
1.2 ⴔ區勵⟝ 
X 㼘絁鷳錠唬叅ⴔ區勵⟝ 

崵霚歏⾓:90 KV     崵霚歏崨100 μA     錜㻋錭䏞0°ㄤ 45°    SDD350 mm 
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2. 絕卓♸雭雿 

2.1 ꧋䧭㼓鄳蓿晙BGA錜㻋 
㕃 1 僽Ⱘ剣䧭䱗涸瘝騄涸 BGA 崵霚䊨⟝涸鷳錠㕃⫸կ㕃 1-΍务㕃⫸僽㣐錠ꅿ䬝䶑涸㕃⫸⢪乼⡲プ〳

⟄㖈♧䌴㕃⫸务唬叅侨涰⚡ BGA 插挿կ➢霪鷳錠㕃务〳⟄唬崵ⴀ霽㥵ꝩ㼱䧴罏瀊騟⛓碫涸緃ꤴկ⡎僽歋
✵錠ꅿ馊㣐㕃⫸务涸 BGA 插椕湬䖈馊㼭㔔姼乼⡲罏〳腊偽岁鸑鵂錜㻋霪㕃⫸勻唬崵㼭涸緃ꤴկ 

䔲錜㻋佞㣐桧㥵㕃 1-Ύ齡呋佞㣐涸㕃⫸傞〳⟄霫絈涸錜㻋 BGA 涸䕎朐➢罜〳⟄㺂僒㖑唬崵ⴀ BGA
涸緃ꤴ⢾㥵㕃⫸务涸紤蒀盪㣢䨾爙կ넞封佞㣐⦔桧涸㕃⫸〳⟄鵳遤刿넞礵䏞涸唬叅㔔⚹〳⟄霫絈涸錜㻋
ⵌ⡛佞㣐⦔桧㕃⫸务〳腊偽岁唬崵ⵌ涸䗎㼭緃ꤴկ⡎僽㟞⸈錜㻋⦔桧⠔㼋荝錠ꅿ「ꣳ䎇⚂䗳곢䬝涸䎇唬
叅刿㢴㕃⫸䩞腊唬叅ⴀ㕃 1-΍务䨾爙涸湱ず⼓㚖կ鵯猫唬叅僽嫱鳅餩傞餩⸂涸կ 

 
㕃 1 BGA 鷳錠㕃紤蒀盪㣢䨾䭷僽緃ꤴ 

⢪欽 SMX-1000 Plus 霃㢊涸⟄♴⸆腊〳⟄剣佪㖑䪄遤唬叅㕃⫸ꅷ꧋綘玐⸆腊姿鵳⸆腊ㄤ侅㷖⸆腊
ㄤ荈⸓ꊹⵆ鲱⟝կ 

⚙猫碫㘗涸㕃⫸ꅷ꧋綘玐⸆腊涸爙䠑㕃㥵㕃 2 䨾爙կ㕃⫸ꅷ꧋⼓㚖歋堜蒀ㄤ磋紤蒀倰㗌邍爙կ姿鵳⸆
腊荈⸓⟄湱瘝涸ꢂꥬㄤ佞㣐⦔侨蜦》㕃⫸կ侅㷖⸆腊呏研乼⡲プ岤ⱃ涸⡙縨ㄤ霃㹁涸錜㻋勵⟝荈⸓蜦》㕃
⫸կ鸑鵂㼜鵯❈⸆腊ㄤた꬗䲽鶣涸荈⸓夹倗鲱⟝絕ざ饰勻割➑〳⟄Ⲹ㼱唬叅䨾꨽銳涸傞ꢂㄤ礵⸂罜⚂〳
⟄㣐㣐Ⲹ㼱➃⚹ꝡ霴կ 

㕃 3 㾝爙✫⢪欽荈⸓ꊹⵆ鲱⟝涸 BGA 崵ꆀ⸆腊㼆㕃 1 务䨾爙涸湱ず崵霚呋ㅷ鵳遤唬叅涸爙⢾կ鸑鵂㛇
✵❭䏞侨研㕃⫸务涸抪蒀꣊䕧➢⢪欽㕃⫸蜦》玐䎸⸆腊蜦䖤㕃⫸务荈⸓䲿》 BGA 勻崵ꆀ BGA 涸湬䖈կ 

姼㢪㥵㕃 3 䨾爙〳⟄鸑鵂崵ꆀ絕卓䪄遤鸑鵂OK/㣟餕NG勻霉⠮կ⡲⚹霪禹絡涸夹倗⸆腊涸
♧⚡暵䖄夹倗叻ⲥ霃縨ꤑ✫OKㄤNG鵮⺫䭍✫GrayկGray叻ⲥ〳欽✵荈⸓夹倗〳腊偽岁姻
烁夹倗涸薴㔵կ玕た〳⟄鸑鵂➃䊨湡錠唬叅鄄夹倗⚹抪蒀涸鿈ⴔ⟄鵳♧姿䲿넞唬叅涸ⲥ烁䚍կꤑ✫ BGA
湬䖈霪禹絡鵮〳⟄崵ꆀ䚪涸孞岙瑟ꥴ桧⽀⚡孞岙瑟ꥴ桧ㄤ嫦⚡ BGA 涸溫㕐䏞կ 

 

΍  

⡛ 

佞 

㣐

⦔

桧 

Ύ 

넞 

佞 

㣐

⦔

桧 
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㕃 2 㕃⫸蜦》綘玐⸆腊 

䊩姿鵳⸆腊〸侅㷖⸆腊 

 
㕃 3. BGA 孞岙崵ꆀ⸆腊OK/NG/Gray 夹倗 

紤蒀呥夹倗⚹ NG 孞岙抪蒀呥夹倗⚹ Gray 孞岙偽呥夹倗⚹ OK 孞岙 

姼㢪霪禹絡⢪乼⡲プ割➑〳⟄㼆⽀⚡ BGA 鵳遤 OK/Gray/NG 夹倗罜⚂鵮〳⟄ず傞㼆⽀⚡㕃⫸夹倗կ
㕃 4 僽鵯猫ず傞夹倗涸♧⚡⢾㶩㼆呋ㅷ涸㔋⚡鿈⡙鵳遤荈⸓㕃⫸ꅷ꧋ㄤ荈⸓夹倗կ歋✵㕃⫸΍涸䨾剣 BGA
鿪鄄夹倗⚹ OK㔔姼侮⚡㕃⫸⛲鄄夹㹁⚹ OKկ㖈㕃⫸Ύ务BGA 孞岙崵霚⚹ OK⡎僽㛇✵湬䖈夹倗叻ⲥ
剣♧⚡ BGA 夹倗⚹ Gray ㄤ〥♧⚡ BGA 夹倗⚹ NG㔔姼㕃⫸Ύ夹倗⚹ NGկ㼆✵㕃⫸Ώ歋✵孞岙桧玕
넞♧⚡ BGA 鄄夹倗⚹ Gray,㔔姼霪㕃⫸⛲鄄夹倗⚹ Grayկ㕃⫸ΐ呏研 BGA 湬䖈ㄤ孞岙桧叻ⲥ㼜Ⱖ务♧
⚡ BGA 夹倗⚹ Gray歋✵䚪 BGA 侨㼱✵ 25 ⚡㔔姼侮⚡㕃⫸夹倗⚹ NGկ呏研鵯❈爙⢾霪鲱⟝割➑〳
⟄夹倗⽀⚡ BGA鵮〳⟄夹倗侮⚡㕃⫸务涸 BGAկ 
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㕃 4 BGA 孞岙崵ꆀ⸆腊鸑鵂㢴猫叻ⲥ OK/NG/Gray 夹倗 

紤蒀呥夹倗⚹ NG 孞岙抪蒀呥夹倗⚹ Gray 孞岙偽呥夹倗⚹ OK 孞岙 
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3. 絕雿 
ⵄ欽䀙峸 SMX-1000 Plus 䗎送挿 X 㼘絁唬叅鄳縨ꂁ荈⸓ꊹⵆ鲱⟝〳⟄刿䘯刿剣佪涸䪄遤歏騟匣涸插

䱹緃ꤴ唬叅կ霪禹絡鵮〳⟄欽✵Ⱖ➭歏㶩⯋㐼⟝涸唬叅կ 
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BGA 蓿晙ⰻ鿈絕絕匬涸錜㻋 

䶰 銳劥俒➝絏鵘欽 inspeXio SMX-225CT FPD HR Plus 䗎送挿 X 㼘絁 CT 禹絡錜㻋 BGA 蓿晙ⰻ鿈絕匬կ
⢪欽 VG 鲱⟝贞䬾ⴀ♲絶用⡤㕃〳錜㻋絓㹁絁倗絁կ鸑鵂 CT 䨔꬗〳錜㻋蓿晙灶䰀ծꝩ椕」䕎ծꝩ椕灶䰀
⿺ꝩ椕孞岙瘝緃ꤴկ⢪欽 VG 鲱⟝緃ꤴ垷㗌雦皾 BGA ꝩ椕务涸孞岙桧ッ梡孞岙ⴔ䋒用⡤佪卓㕃կ 

Ⱒꝶ霒䗎送挿 X 㼘絁 CT 禹絡  BGA  絓㹁絁  㶰ꥴ桧  孞岙 
 

BGA (Ball Grid Array)务俒ぜ⚹椕朐䒸膃叹呔꣋⴩㼓鄳䪮助僽♧猫넞㺙䏞邍꬗鄳ꂁ㼓鄳䪮助կ㖈㼓
鄳䏀鿈䒸膃鿪䧭椕朐䎇䱗⴩䧭♧⚡碫⡃✵呔㶩涸㕃呩歋姼ㄐぜ⚹BGAկ⚺匣䱽ⵖ蓿晙絆㢴ꅷ欽姼碫㼓鄳
䪮助勞俱㢴⚹ꤲ櫘կꅷ欽BGA䪮助㼓鄳涸ⰻ㶸〳 ⟄⢪ⰻ㶸㖈⡤獤割」涸䞔ⲃ♴ⰻ㶸㺂ꆀ䲿넞⚙ⵌ♲⦔
BGA♸TSOP湱嫱Ⱘ剣刿㼭⡤獤刿㥩涸侔掚䚍腊ㄤ歏䚍腊կBGA㼓鄳䪮助⢪嫦䎂倰薉㼄涸㶸⪰ꆀ剣✫䖎
㣐䲿⼮ꅷ欽BGA㼓鄳䪮助涸ⰻ㶸❡ㅷ㖈湱ず㺂ꆀ♴⡤獤〫剣TSOP㼓鄳涸♲ⴔ⛓♧♸⠛絡TSOP㼓鄳倰
䒭湱嫱BGA㼓鄳倰䒭剣刿⸈䘯鸟剣佪涸侔掚鸀䖈կ 

BGA 㖈欰❡鵂玐务⠔❡欰孞岙䧴罏絓㹁絁倗鄬涸䞔ⲃ鵯꨽銳鸑鵂䀙峸 X 㼘絁 CT 唬叅鄳縨唬崵鵯❈
緃ꤴկ割⡎崵霚鸟䏞䘯罜⚂礵䏞넞կ劥俒➝絏鵘欽 inspeXio SMX-225CT FPD HR PLUS 涸䗎送挿 X 㼘絁
CT 禹絡唬崵 BGA 涸ⰻ鿈絕匬錜㻋ⰻ鿈緃ꤴ⿺⢪欽鲱⟝鵳遤ⴔ區կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
inspeXio SMX-225 CT FPD HR PLUS 䗎送挿 X 㼘絁 CT 禹絡 
 

 
1.2 ⴔ區勵⟝ 

X 㼘絁 CT 唬叅ⴔ區勵⟝ 

崵霚歏⾓  :  180 kV 

崵霚歏崨  :  100 μA 

㕃⫸㽯㼄  2048 pixels×2048 pixels 

䪊䲽傞ꢂ  30 min 

SDD      800 mm 

SRD      99.146 mm 

 

Number of Views   2400 

Number of Averages1 

Voxel Spacing      0.018 mm/voxel 
Exposure (ms)      1000.00 
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Acquisition ModeFine 
 

2. 絕卓♸雭雿 

2.1 䗎搋挿 X 㼘絁 CT 㼆 BGA 涸錜㻋 
劥妃ⴔ區涸僽♧猫歏腰⚺匣副涸 BGA 蓿晙㕃 1 僽Ⱖ㢪錜㕃呋ㅷ㽯㼄 L28 mm×W28 mm×H2 mm

⢪欽 X 㼘絁 CT ꛏ㼆侮⚡呋ㅷ鵳遤䪊䲽կ 

 
㕃 1 BGA 㢪錜㕃 

㕃 2 爙ⴀ✫霪 CT 䧭⫸侨研涸♲絶儑爙կ䔲鲮矿⚹♲絶儑爙傞〳⟄錜㻋ⴀ BGA 蓿晙涸ⰻ鿈緃ꤴ紤
㕕䭷ⴀ涸僽絓㹁絁倗✫կ 

  㕃 3 僽鸑鵂괃蒀庪厩ⴀ勻涸♲絶儑爙㕃⫸〳⟄刿湬錜涸錜㻋ⰻ鿈倗絁կ 
  㕃 4 僽 BGA 蓿晙㽻䨔꬗㕃〳錜㻋ⵌ蓿晙ㄤ絓㹁絁鵶䱹鿈ⴔ⿶灶䰀㥵紤㕕䨾爙կ 

㕃 5 僽 BGA 务ꝩ椕鿈ⴔ䨔꬗㕃〳錜㻋ⵌ BGA ꝩ椕务涸ꝩ椕」䕎ծ灶䰀⿺孞岙➢〥♧⚡䨔꬗㾝爙蓿
晙㽻灶䰀朐䙖կ 
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㕃 2 BGA 3D 㕃 

  

倗絁 

 

倗絁 
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㕃 3 BGA 3D 괃蒀庪厩㕃 

倗絁 

倗絁 
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灶䰀 

灶䰀 
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㕃 4 BGA 蓿晙㽻䨔꬗㕃 

灶䰀 

灶䰀 
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孞岙 

BGA ꝩ椕」䕎 
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㕃 5 BGA ꝩ椕䨔꬗㕃 

2.2 BGA 蓿晙侨䰘ⴔ區 
㖈BGA欰❡鵂玐务BGAꝩ椕㣐㼭割㖲⿺ⰻ鿈孞岙鵂㢴鵂㣐㺂僒䕧ㆇ❡ㅷ涸䚍腊կⵄ欽VG鲱⟝㼆BGA

ꝩ椕㽯㼄鵳遤崵ꆀ㥵㕃6䨾爙㕃7僽㼆BGA务涸ꝩ椕孞岙鵳遤崵ꆀⵄ欽VG鲱⟝緃ꤴ垷㗌㼆㕃2ⴔ區孞
岙緃ꤴ雦皾ⴀ孞岙ⴔ䋒佪卓㕃㕃8կ䎇欽割ず괃蒀叻岤割ず㣐㼭㽯㼄涸孞岙կ 

 

灶䰀 

BGA ꝩ椕灶䰀 

BGA ꝩ椕」䕎 
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㕃 6 BGA ꝩ椕㣐㼭崵ꆀ

 
㕃 7 BGA 孞岙㣐㼭崵ꆀ 
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㕃 8 BGA 孞岙桧ⴔ區㕃 

 

3. 絕雿 
 ꅷ欽䀙峸涸 inspeXio SMX-225 CT FPD HR Plus 䗎送挿 X 㼘絁 CT 禹絡唬崵 BGA 蓿晙ⰻ鿈絕匬鸑鵂

CT 偽䰀錜㻋 BGA 蓿晙ⰻ鿈灶䰀ㄤ孞岙կ鸑鵂 VG 鲱⟝崵ꆀ BGA ꝩ椕㣐㼭⿺孞岙涸湬䖈䎇鸑鵂㶰ꥴ桧緃
ꤴ垷㗌崵ꆀ孞岙桧䎇ꆀ⻊ⴔ區կ 
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LGA 蓿晙ⰻ鿈絕匬涸錜㻋 

䶰 銳劥俒➝絏鵘欽 inspeXio SMX-225CT FPD HR Plus 䗎送挿 X 㼘絁 CT 禹絡錜㻋 LGA ⰻ鿈絕匬կ⢪欽
CT 䪊䲽た鸑鵂䀙峸鲱⟝ MPR 用⽰儑爙 CT 䨔꬗㕃錜㻋ⰻ鿈絕匬կ鸑鵂 VG 鲱⟝錜㻋ⰻ鿈孞岙緃ꤴկ⢪欽
VG 鲱⟝緃ꤴ垷㗌雦皾 LGA 务涸孞岙桧ッ梡孞岙ⴔ䋒用⡤佪卓կ 

Ⱒꝶ霒䗎送挿 X 㼘絁 CT 禹絡  LGA  孞岙 
 

LGAⰌ獦僽Land Grid Array湬霖鵂勻㽠僽叹呔꣋⴩㼓鄳⚺銳㖈✵㸐欽ꆄ㾩鍘挿䒭㼓鄳》去✫⟄䖃涸
ꛏ朐䳃膃կ㸐剒㣐剒湬錜涸」⻊㽠僽㢅椚㐼割ⱄ剣ꛏ朐䳃膃罜僽佖⚹鍘挿䒭罜ꛏ朐䳃膃僽㖈⚺匣副鵯
呋涸霢Ⲹ㼱✫CPU䬬䳃傞ꛏ膃僒䰀㗁涸꡼곿կ 

㔔⚹➢ꛏ膃」䧭✫鍘挿䨾⟄ꅷ欽LGA䱹〡涸㢅椚㐼㖈㸝鄳倰䒭副⛲♸Ⱖ㸐❡ㅷ割ず㸐䎇割腊ⵄ欽ꛏ
膃㔿㹁䱹鍘罜僽꨽銳♧⚡㸝鄳䩾卹㔿㹁雮CPU〳⟄姻烁㖑⾓㖈Socketꪪⴀ勻涸Ⱘ剣䔀䚍涸鍘곢副Ⱖ⾲
椚㽠⫸BGA㼓鄳♧呋〫割鵂BGA僽欽ꝩ插娥罜LGA太僽〳⟄ꥥ傞鍒䒓䩾卹刿矿蓿晙կ 

LGA 㖈欰❡鵂玐务⠔❡欰孞岙䧴罏䳃膃割㥩涸䞔ⲃ鵯꨽銳鸑鵂䀙峸 X 㼘絁 CT 唬叅鄳縨唬崵鵯❈緃
ꤴկ割⡎崵霚鸟䏞䘯罜⚂礵䏞넞կ劥俒➝絏鵘欽 inspeXio SMX-225 CT FPD HR PLUS 涸䗎送挿 X 㼘絁 CT
禹絡唬崵 LGA 涸ⰻ鿈絕匬錜㻋ⰻ鿈緃ꤴ⿺⢪欽鲱⟝鵳遤ⴔ區կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
inspeXio SMX-225 CT FPD HR PLUS 䗎送挿 X 㼘絁 CT 禹絡 

 
1.2 ⴔ區勵⟝ 

X 㼘絁 CT 唬叅ⴔ區勵⟝ 

崵霚歏⾓  :  155 kV 

崵霚歏崨  :  70 μA 

㕃⫸㽯㼄  2048 pixels×2048 pixels 

䪊䲽傞ꢂ  30 min 

SDD      1200 mm  

SRD      73.609 mm 

Number of Views   1800 

Number of Averages1 

Voxel Spacing      0.009 mm/voxel 
Exposure (ms)      1000.00 
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Acquisition ModeFine  

2. 絕卓♸雭雿 

2.1 䗎搋挿 X 㼘絁 CT 㼆 LGA 蓿晙涸錜㻋 
劥妃ⴔ區涸僽♧猫剪⸉㐼副涸 LGA 蓿晙㕃 1 僽Ⱖ㢪錜㕃⢪欽 X 㼘絁 CT ꛏ㼆侮⚡呋ㅷ鵳遤䪊䲽կ 

 
㕃1 LGA㢪錜㕃 

㕃 2 儑爙✫ MPR㢴䎂꬗ꅾ䒊㕃⫸կ㖈 MPR 儑爙㕃务㼜㢴⚡ CT 㕃⫸㛜〜㖈♧⚡贞䬾瑟ꢂ务➢
罜䱗⴩㔋䓎㕃⫸CT 㕃⫸1湱✽姻❜涸紷ぢ㕃⫸2ㄤ3⟄⿺♸紷ぢ䨔꬗㕃⫸4姻❜涸⟣䠑
䨔꬗㕃⫸կ 

  ➢㕃 2 涸㕃⫸1荛4务〳⟄錜㻋ⵌ LGA 务㖈♲⚡湬錭湱❜涸倰ぢ䨔꬗㕃务涸ⰻ鿈絕匬կ 
  㕃 3 ㄤ㕃 4 爙ⴀ✫霪 CT 䧭⫸侨研涸♲絶儑爙կ䔲鲮矿⚹♲絶儑爙傞〳⟄㼆 LGA 务涸ꛏ朐膃ㄤ㕐椕

涸䱹鍘鵳遤錜㻋կ 
  㕃 5 ㄤ㕃 6 爙ⴀ✫ LGA 涸䨔꬗⢪欽 CT 〳⟄錜㻋ⰻ鿈孞岙կ 

40mm 

60mm 
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㕃2 LGA MPR㕃 

       

2 

3 4 

1 
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㕃3 LGA 3D㕃 
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㕃4 LGA㽷鿈3D㕃 
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㕃5 LGA䨔꬗㕃 

2.2 LGA 呋ㅷ侨䰘ⴔ區 
㖈LGA欰❡鵂玐务ⰻ鿈孞岙鵂㢴鵂㣐㺂僒䕧ㆇ❡ㅷ涸䚍腊կⵄ欽VG鲱⟝緃ꤴ垷㗌㼆㕃3ⴔ區孞岙緃ꤴ

雦皾ⴀ孞岙ⴔ䋒佪卓㕃㕃6կ䎇欽割ず괃蒀叻岤割ず㣐㼭㽯㼄涸孞岙կ 

 
㕃6 LGA孞岙桧ⴔ區㕃 

 

3. 絕雿 
 ꅷ欽䀙峸涸 inspeXio SMX-225 CT FPD HR Plus 䗎送挿 X 㼘絁 CT 禹絡唬崵 LGA ⰻ鿈絕匬鸑鵂 CT 偽

䰀錜㻋ⰻ鿈孞岙կ鸑鵂 VG 鲱⟝崵ꆀ LGA 涸孞岙桧䎇ꆀ⻊ⴔ區剣⸔✵䊨⾊ㅷ餘鿈盗䱽ㄤ灇封鿈❡ㅷ䒓封կ 

  

黑圆点是气泡 

黑圆点是气泡 
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LED 蓿晙插䱹緃ꤴ涸錜㻋 

䶰 銳劥俒➝絏✫♧⚡鵘欽 Xslicer SMX-6010 䗎送挿 X 㼘絁唬叅鄳縨㼆 LED 蓿晙涸㹊⢾錜㻋կꛏ㼆侮⚡蓿
晙鷳錠尵剣封梡緃ꤴկⱄ佞㣐錜㻋封梡⚙⚡ LED 蓿晙剣孞岙䎇崵ꆀⰦ务♧⚡蓿晙涸孞岙꬗獤կⱄ⧫俷錭
䏞佞㣐錜㻋蓿晙㕐梠剣插䱹孞岙կⱄ⢪欽 CT 䪊䲽蓿晙务涸㕐梠腊㢿幡兠錜㻋ⴀⰻ鿈插䱹孞岙䎇崵ꆀ孞岙
꬗獤嫱䎇⢪欽 3D 㕃湬錜儑爙կ 

Ⱒꝶ霒䗎送挿 X 㼘絁唬叅鄳縨  CT  蓿晙  LED  孞岙 
 

LED⚹封⯕✳匧盗Light Emitting Diode),㾩✵⼱㼋⡤紩⟝涸♧猫絆⟝涸⾲椚僽㼜歏腊鲮矿⚹⯕腊
➢罜封⯕կ涯捅抧㼑ㄐ⚹1000hrs罜LED涸⢪欽㼑ㄐ〳鴪10♰㼭傞⟄副կ蓿晙僽LED抧棟涸呍䗱勞俱㖈鸑
歏䞔ⲃ♴封⯕Ⱖ封⯕⾲椚⚹N匧歏㶩㖈歏⾓涸끮⸓♴瑬鵂PN絕ぢP匧鵘⸓鵳Ⰶ P匧涸歏㶩♸瑟瑏絕
ざず傞鵳ⰆN匧涸瑟瑏♸歏㶩絕ざ❡欰⯕㶩封⯕կ割ず涸蓿晙封ⴀ涸⯕剣割ず涸괃蒀割ず涸岚Ɤ㸐
僽歋蓿晙涸ⰻ鿈絕匬Ɀ㹁涸կ封⯕✳匧盗剣姻ぢ㼋鸑导ぢ䨔姺涸暵䚍կ 

LED蓿晙㼓鄳僽⚡넞猰䪮涸⚎銯嫦⚡Ⱆ尽涸㼓鄳䪮助㾩✵㉁⚌纸㺙⡎僽鿪꨽銳剣插䱹䪮助㖈插俱
插䱹鵂玐务꨽銳錜㻋插䱹务僽や剣孞岙ծ插俱涸㢴㼱ծ僽や⨊俷瘝緃ꤴ歋✵僽㢅✵㺙㼓朐䙖〫腊⦶⸔
Xray鷳錠⿺CT偽䰀唬叅ⰻ鿈插䱹朐䙖կ 

劥俒➝絏✫♧⚡鵘欽 Xslicer SMX-6010 䗎送挿 X 㼘絁唬叅鄳縨涸㼆 LED ⰻ鿈緃ꤴ涸錜㻋կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
Xslicer SMX-6010 䗎送挿 X 㼘絁唬叅鄳縨 

 
1.2 ⴔ區勵⟝ 

X 㼘絁鷳錠唬叅ⴔ區勵⟝ 

崵霚歏⾓:140 kV 

崵霚歏崨100 μA 

錜㻋錭䏞0°ㄤ 45° 
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X 㼘絁 CT 唬叅ⴔ區勵⟝ 

崵霚歏⾓:140 kV 

崵霚歏崨100 μA 

錜㻋錭䏞60° 

䪊䲽垷䒭幡兠 
䪊䲽傞ꢂ13 min 

 

2. 絕卓♸雭雿 

2.1 X 㼘絁鷳錠錜㻋 
㕃 1 僽♧⚡ LED 蓿晙㢪錜㕃蓿晙㽯㼄 L3.6 mm X W3.6 mm X H1 mmկⰻ鿈剣⚙⚡ LED 蓿晙㢪鿈

♧⚡㕐梠㼓꡻կ㕃 2 僽㼆侮⚡蓿晙涸鷳錠㕃կ鷳錠㕃⫸欽랱涯涸崽帜邍爙鷳鵂ⰻ鿈涸 X 㼘絁⵫ꆀ涸䊵䒗կ
⚙⚡ LED 蓿晙 X 㼘絁エ佐ꆀ鳅㢴涸剣ꝩ芁涸㖑倰괃蒀鳅帿エ佐ꆀ㼱涸尵剣ꝩ芁涸㖑倰괃蒀鳅崯կ㕃 31
ㄤ㕃 32鷳錠㕃ⴔⵆ僽僽㼆㕃 21ㄤ㕃 22鵳遤 0°佞㣐錜㻋紤㕕务涸涯蒀鿈ⴔ僽孞岙կ㕃 4 僽
ꛏ㼆㕃 31蓿晙务 LED 孞岙꬗獤嫱涸崵ꆀկ㖈㕃 2 鷳錠㕃务㕐梠僽랱蒀涸 尵剣溏ⵌ插䱹汚鶺㖈
㕃 5 务ꛏ㼆蓿晙㢪鿈涸㕐梠⧫俷 45°鷳錠〳溏錛紤㕕务剣ꝩ芁插䱹կ 

          
 

㕃 1 蓿晙㢪錜㕃                          㕃 2  蓿晙侮⡤鷳錠㕃  

 
(1)                                             (2) 

㕃 3 蓿晙务 LED 鷳錠㕃 
 

3.6mm 

3.6mm 
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㕃 4 蓿晙务 LED 孞岙꬗獤嫱崵ꆀ 

 
㕃 5 蓿晙⧫俷 45°崵霚 

2.2 X 㼘絁 CT 錜㻋 
⢪欽X㼘絁鷳錠傞〫腊溏ⵌ♧⚡䎂꬗㼆ⰻ鿈涸嫦㽻絈蒜鿈ⴔ割腊錜㻋կ㖈鵯猫䞔ⲃ♴唬叅ⴔ區〳⟄

ⵄ欽CT䧭⫸蜦》埇倗꬗涸侨研կ㕃5僽蓿晙CT埇䨔꬗紤蒀㕕ⰻ괃蒀랱涸⼓㚖僽剣孞岙կ㕃6僽鸑鵂孞岙꬗
獤嫱崵ꆀ⸆腊㼆㕃5涸CT埇䨔꬗崵ꆀ孞岙꬗嫱կ 

㕃7⢪欽VG鲱⟝䨔》CT埇䨔꬗ㄤ贞䬾ⴀ用⡤3D㕃⫸〳湬錜錜㻋ⴀ孞岙鿈ⴔկ 
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㕃 5 蓿晙 CT 埇䨔꬗ 

 
㕃6 蓿晙CT孞岙꬗獤嫱崵ꆀ 

 

CT 横截面 
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㕃 7 蓿晙 CT 埇䨔꬗ㄤ 3D 㕃 

 

3. 絕雿 
 ꅷ欽䀙峸涸 Xslicer SMX-6010 霃㢊唬叅蓿晙务 LED 涸ⰻ鿈插䱹緃ꤴ〳⟄呏研 X 㼘絁鷳錠ㄤ CT 鷥䭊

ざ鷓涸錜㻋倰岁կ⟣⡦乼⡲➃プ鿪〳⟄鲽匠涸㖈 X 㼘絁鷳錠ㄤ CT ⛓ꢂ⟣䠑ⴗ矿唬叅呋ㅷⰻ鿈緃ꤴկ 

  

3D 图 
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⯕歏㶩腊靶䪮助邍䖄⼱㼋⡤㐼⟝䒸膃俤鶺 

䶰 銳劥俒ꅷ欽 XPS 腊靶ⴔ區絕ざ䎂遤䧭⫸䪮助邍䖄⼱㼋⡤㐼⟝䒸膃⿺Ⱖ副涸랕蒀俤鶺䎇ꅷ欽猌㶩ⵠ赤
鵳遤帿䏞ⶆ區鳇⸔夹倗俤鶺紷ぢⴔ䋒蜦䖤✫鳅㥩涸崵ꆀ絕卓剣⸔✵叅䪪〳腊涸寓厩勻彂鵳♧姿鵳遤
㣟佪ⴔ區կ 

Ⱒꝶ霒Ꜥ䒸膃 XPS 䪮助 䎂遤䧭⫸ 帿䏞ⶆ區 
 

鵛䎃勻务㕂溶䧭⚹䌄⸓Ⰼ椕⼱㼋⡤䋑㖞㟞Ɤ涸⚺銳⸓⸂ꥥ满⼱㼋⡤蓿晙❡⚌涸封㾝㣟佪ⴔ區㼆✵
䲿넞⼱㼋⡤❡ㅷ餘ꆀ䪮助䒓封ծ佖鵳❡ㅷ⥝撑⿺⟗鄪㣟佪✲佦瘝倰꬗Ⱘ剣䖎䔂涸㹊꣢䠑⛐կ䒸膃僽䭷➢
꧋䧭歏騟蓿晙ⰻ鿈歏騟䒸ⴀ♸㢪㔵歏騟涸䱹絁匬䧭✫蓿晙涸䱹〡կꥥ满歏㶩䪮助涸封㾝歏騟匣副涸
㐼⟝䒸膃ꢂ騄馊勻馊㼭㐼⟝䱗⴩刿⸈㺙꧋歏㖞唑䏞刿㣐㔔姼歏騟匣㼆䒸膃涸臱赤⛲」䖤馊勻馊併䠭կ 

ꛏ㼆⼱㼋⡤㐼⟝㽷鿈㣟佪ⴔ區⠛絡涸䪊䲽歏Ꞥծ歏㶩确ꛏ瘝䪮助鳅ꦼ鵳遤馄鲽⯋稇㥵 Li⟄⿺⯋稇
⻊㷖䙖涸ⴔ䋒唬崵⠛絡涸 XPS 䪮助➑腊絛ⴀ厤♧⼓㚖涸⯋稇⻊㷖䙖緃㼱⻊㷖䙖瑟ꢂⴔ䋒涸⥌䜂XPS
䧭⫸䪮助䎾灇瑕꨽宠罜欰〳⟄䖎㥩涸鍒Ɀ⟄副ꦼ곿կ䀙峸 Axis Supra ꂁ㢊⚁ⵄ䪮助涸 DLD ✳絶꣋⴩䒁鵷
絁唬崵㐼〳⟄ず傞雵䔶⯕歏㶩涸⥌〿䔂䏞⿺Ⱖ封㼘⡙縨❠〳⟄㖈侨猲涸傞ꢂꅽ蜦》模侮涸 XPS 靶㕃⿺
넞腊ꆀⴔ鳹涸⻊㷖朐䙖㕃⫸կ㖈䧭⫸絕卓涸割ず⼓㚖鵳遤鷥⼓ꅷ靶ⴔ區〳⟄䖤ⴀ鶺俤⿺ワ㔵⼓㚖涸⯋稇
⿺⻊㷖䙖䊵䒗կ絕ざ孿猌㶩ⵠ赤䪮助〳䖤ⵌ랕蒀鶺俤涸紷ぢⴔ䋒⥌䜂կ 

 

1. 㹊낉鿈ⴔ 
1.1 ⟉㐼 
䀙峸⯕歏㶩腊靶⟉ Axis Supra 

1.2 ⴔ區勵⟝ 
慨封彂⽀蒀 Al ꬶAl Kα1486.6 eV 
X 㼘絁넞⾓15 kV 

鸑腊Ⰼ靶 160 eV礵絈靶 40 eV 
䪊䲽鸟䏞Ⰼ靶 1 eV礵絈靶 0.1 eV 

1.3 呋ㅷ⿺㢅椚 

 
㕃 1 呋ㅷ⯕㷖撑晙〸㕃⚹䊩㕃㽷鿈涸佞㣐撑晙 

偽꨽⵸㢅椚湬䱹㼜呋ㅷ欽⿽꬗脸䌄餤✵呋ㅷ勵副⽰〳կ 
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2. 絕卓♸雭雿 
呏研⯕㷖儑䗎Ꞥ㕃晙〳ⴲ姿夹倗랕蒀鶺俤湬䖈紨 130 μm⚹✫䗎⼓ⴔ區傞腊㢿刿㥩涸礵ⲥ㹁⡙껷⯓

ꅷ欽 XPS 䎂遤䧭⫸䪮助㼆鷥䭊⼓㚖鵳遤䧭⫸ꅷ欽 Cu 2p 絕ざ腊鵳遤䧭⫸絕卓錛♴㕃 2ワ㔵鳅❭⼓㚖
邍僈 Cu ⯋稇湱㼆ゎꆀ鳅넞务ꢂ鳅冝⼓㚖太湱导կꊹ✵姼ⴔⵆ㖈랕蒀鶺俤⼓㚖㕃 2 ♴倰⿺ワ㔵⼓㚖
㕃 2 副倰鵳遤 55 μm 䗎⼓ⴔ區歋⚙⚡⼓㚖涸Ⰼ靶䪊䲽絕卓〳濼霪䒸膃勞餘⚺銳⚹Ꜥ邍꬗ CծO
⯋稇〳腊涸勻彂⚹邍꬗エ꣡寓厩կ⧩䖤岤䠑涸僽㼆嫱⚙㢅涸絕卓〳濼㖈랕蒀鶺俤㢅괄㢪ⴀ梡✫ Cl ⯋稇
歋礵絈靶〳濼守⯋稇⚹守猌㶩⻊㷖䙖⚂姼㢅 O 1s 油鳅䔂Ⱖ➭偽儑衼⼓ⵆ㔔姼〳⟄ⴲ姿夹㹁 Cl 猌
㶩㶸㖈⚹랕蒀鶺俤ⴀ梡涸⚺銳⾲㔔կ 

 
㕃 2 䎂遤䧭⫸⿺鷥⼓崵霚絕卓 



162 
 

⚹鵳♧姿✫鍒霪랕蒀鶺俤涸紷ぢⴔ䋒㼆霪⼓㚖ꅷ欽孿猌㶩㔙瞭ⵠ赤卦㔙瞭垷䒭 10keV Ar1000+鵳遤
帿䏞ⴔ區〳 歋⯕㷖儑䗎Ꞥ錜㻋ⵌ랕蒀鶺俤⼓㚖ꥥⵠ赤傞ꢂ䒁Ɤ涸」⻊䞔ⲃ錛♴㕃 3կꥥ满ⵠ赤傞ꢂ䒁Ɤ
鶺俤⼓㚖괃蒀鷶幯」崯⚂湬䖈殜剣Ⲹ㼭ⵠ赤 600s た儑衼Ⲹ㼭⡎⣜搬剣鶺俤汚鶺霹僈霪臱赤鵂玐封
欰㖈䒸膃邍꬗⼓㚖䎇ぢⰻ鿈鷶姿的侔կ絕ざ㼆霪⼓㚖鵳遤涸Ⰼ靶䪊䲽絕卓〳濼Cl 2p 油鷶幯Ⲹ烯馋✵嶊
㣟կ罌贊ⵌ歋Ⰼ靶絕卓鵳遤⯋稇㹁ꆀⰨ剣鳅㣐涸霴䊵鵳♧姿㼆ぐ⯋稇鵳遤礵絈靶䪊䲽䎇雦皾ぐ⯋稇涸湱
㼆⾲㶩⽑嫱絕卓錛㕃 4կ 

 

 
㕃 3 ꥥⵠ赤傞ꢂ䒁Ɤ涸儑䗎佞㣐㕃晙」⻊⿺Ⰼ靶絕卓 

 



163 
 

ꥥ满ⵠ赤傞ꢂ䒁ꟋCu ⯋稇ゎꆀ鷶姿㟞⸈馋✵珘㹁Ⱖ⡮⯋稇ゎꆀ侮⡤㖲ッ梡♴꣭馋⸷ⵠ赤 600s
た鵮剣㼱ꆀ涸 CծOծCl ⯋稇♸㕃 3 儑䗎㕃晙絕卓嫱鳅䲀崵僽歋✵鶺俤⼓㚖鵮劢模Ⰼ鄄ⵠ赤荛嶊㣟䨾
荝կ 

 
㕃 4 ꥥⵠ赤傞ꢂ䒁Ɤ涸ぐ⯋稇㹁ꆀ絕卓 

 

3. 絕雿 
鸑鵂⟄副邍䖄〳夹倗守猌㶩㶸㖈僽㼋荝ⴀ梡랕蒀俤鶺涸⚺銳⾲㔔⚂臱赤歋邍꬗䒓映鷶姿ぢⰻ的侔կ

鷥欽 XPS 䧭⫸䪮助㼆⼱㼋⡤㐼⟝䗎⼓涸邍꬗⯋稇鵳遤ⴔ區絕ざ帿䏞ⶆ區䪮助〳⟄幡嘽㖑✫鍒ぐ⯋稇㖈㐼
⟝邍꬗涸ⴔ䋒䞔ⲃ絕ざ寓厩⯋稇絆䧭⿺⻊㷖朐䙖鵳遤剣湡涸涸⾲㔔䱗叅剣⸔✵㼆⸆腊㐼⟝涸餘ꆀ䱽ⵖ
ㄤ㣟佪纸ⵖ鵳遤䪾䱽ㄤ鍒區剣佪勭絟寓厩ㄤ㐼⟝㣟佪封欰⟄鴪ⵌ割倗㼆❡ㅷ䊨蒌ㄤ䪮助鵳遤⠏⻊涸湡
涸կ 
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꣡䔶 唬崵倰岁⿺䀙峸⟉㐼䎾㼆♧錢邍 
䎸〿 ⴔ區倰岁 唬崵呋ㅷ 䀙峸㼆䎾唬崵⟉㐼 곜瀦 

1 X 㼘絁蚃⯕⯕靶岁崵㹁䊨⚌炊务勇餘⯋稇ゎꆀ 䊨⚌炊 XRF-1800 8 

2 X 㼘絁蚃⯕磋劣⾓晙岁崵㹁㢴兪炊务勇餘⯋稇ゎꆀ 㢴兪炊 XRF-1800 11 

3 歏䠭羒ざ瘝猌㶩⡤封㼘⯕靶岁崵㹁䊨⚌炊务勇餘⯋稇ゎꆀ 䊨⚌炊 ICPE-9820 14 

4 ⩫用尺」矿紤㢪⯕靶⟉崵霚⼱㼋⡤勞俱炊晙务孻焫ゎꆀ 炊晙 IRXross 17 

5 
歏䠭羒ざ瘝猌㶩⡤封㼘⯕靶岁崵㹁焫⻊炊磋劣务涸䗎ꆀ⯋
稇ゎꆀ 

焫⻊炊磋劣 ICPE-9820 20 

6 ⢪欽慨⯕磜䏞⟉崵霚焫⻊炊磋劣涸磜䏞  焫⻊炊磋劣 SLAD-2300 24 

7 㖈絁䚪剣纸焫ⴔ區⟉崵霚馄紱宐务䚪剣纸焫ゎꆀ 馄紱宐 TOC-1000e 29 

8 孞湱蒀靶岁崵㹁歏㶩紩䒗⚋ꃫゎꆀ 䒗⚋ꃫ很⵫ GC-2010 Pro 32 

9 孞湱蒀靶岁崵㹁䊨⚌欽⚋✳ꃫ歌ꄍ⛩ꃑꂾゎꆀ ⚋✳ꃫ歌ꄍ⛩ꃑꂾ GC-2010 Pro 36 

10 孞湱蒀靶岁崵㹁䊨⚌欽 N-歌㛇ぼㅜ掬ꂼゎꆀ N-歌㛇ぼㅜ掬ꂼ GC-2010 Pro 39 

11 孞湱蒀靶岁䘯鸟崵㹁歏㶩暵孞♲孮⻊宆务涸勇餘 ♲孮⻊宆 GC-2014 42 

12 孞湱蒀靶岁崵㹁Ⱉ孮⻊炻孞⡤务涸勇餘 Ⱉ孮⻊炻孞⡤ GC-2030 45 

13 孞湱蒀靶岁崵㹁넞紱孲孞务涸勇餘 넞紱孲孞 GC-2010 Pro 48 

14 
歏䠭羒ざ瘝猌㶩⡤餘靶岁崵㹁歏㶩䊨⚌欽孿孞务㢴猫ꆄ㾩
ゎꆀ 

넞紱孿孞 ICPMS-2030 禹⴩ 51 

15 
⩫用尺」矿紤㢪⯕靶⟉㹁ꆀⴔ區歏㶩暵孞宆孞务孮⻊孲孞
⡤ 

宆孞 IRTracer-100 55 

16 
歏䠭羒ざ瘝猌㶩⡤餘靶岁崵㹁稘㢪⯕㔿⻊脸务ꆄ㾩⯋稇ゎ
ꆀ 

稘㢪⯕㔿⻊脸 ICPMS-2030 禹⴩ 58 

17 
㛇餘鳇⸔慨⯕鍒エ歏猌굷遤傞ꢂ餘靶⟉ⴔ區⯕ⵠ脸务ꂛꄏ
吆腒涸ⴔ㶩ꆀ 

⯕ⵠ脸 MALDI-8030 62 

18 紤㢪⯕靶岁ⴔ區⯕ⵠ脸涸⚺䧭ⴔ ⯕ⵠ脸 IRXross 65 

19 慨⯕磜䏞⟉崵㹁䫘⯕灇熋磋涸磜䏞 䫘⯕灇熋磋 SLAD-2300 70 

20 
♲ꅾ㔋匧勍巊餘翫欽⟉ⴔ區䫘⯕巊务涸掬㛇ꂛ翸孻⛩掜ꄍ
䧭ⴔ 

䫘⯕巊 LCMS-8045 74 

21 ⩫用尺」矿紤㢪⯕靶⟉㹁䚍ⴔ區兪㕐ꞈ芘㽻务涸 Si-H ꝶ 兪㕐 IRXross 80 

22 
⩫用尺」矿紤㢪⯕靶⟉ㄤ紤㢪翸送꣡⟝ⴔ區兪㕐晙务䗎㢅
椚⽀⯋ 

兪㕐 IRXross 83 

23 紤㢪儑䗎禹絡崵霚 SiC 兪㕐㢪䒁㽻涸⾩䏞ⴔ䋒 兪㕐 IRXross+AIM-9000 87 

24 ⯕歏㶩腊靶䪮助㖈 GaN ⼱㼋⡤勞俱邍䖄务涸䎾欽 GaN 勞俱 Axis Supra 91 
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25 ⯕歏㶩腊靶䪮助㖈⼱㼋⡤謭芘勞俱ⶆ區务涸䎾欽 ⼱㼋⡤謭芘俱勞 Axis Supra 97 

26 䪊䲽确ꛏ儑䗎Ꞥ䪮助㖈兪㕐副䗎㼭歏騟錜崵务涸䎾欽 兪㕐 SPM-9700 HT 102 

27 䪊䲽确ꛏ儑䗎Ꞥ䪮助欽✵蓿晙䗎⼓歏㷖䚍餘㣟佪涸ⴔ區 蓿晙 SPM-9700 HT 108 

28 
䪊䲽确ꛏ儑䗎Ꞥ邍䖄✳孻⻊炊謭芘勞俱涸邍꬗䕎頗⟄⿺磦
祳䏞 

✳孻⻊炊謭芘 SPM-9700 HT 112 

29 
孞湱蒀靶餘靶翫欽岁絕ざ巊宆ⵖⲇ㘗㣐孞崽綫⟉崵㹁裂ⲙ
㹔ⰻ瑟孞务 65 猫 VOCs 

裂ⲙ㹔瑟孞 GCMS-QP2020 NX 115 

30 
孞湱蒀靶餘靶翫欽岁絕ざ歏㶩ⵖⲇ㘗㣐孞崽綫⟉崵㹁裂ⲙ
㹔ⰻ瑟孞务 64 猫 VOCs 

裂ⲙ㹔瑟孞 GCMS-QP2020 NX 124 

31 䗎送挿 X 㼘絁荈⸓ꊹⵆ鲱⟝㖈꧋䧭㼓鄳蓿晙唬叅务涸䎾欽 ꧋䧭㼓鄳蓿晙 SMX-1000 Plus 134 

32 BGA 蓿晙ⰻ鿈絕匬涸錜㻋 BGA 蓿晙 
InspeXio SMX-225 
CT FPD HR PLUS 

139 

33 LGA 蓿晙ⰻ鿈絕匬涸錜㻋 LGA 蓿晙 
InspeXio SMX-225 
CT FPD HR PLUS 

149 

34 LED 蓿晙插䱹緃ꤴ涸錜㻋 LED 蓿晙 Xslicer SMX-6010 155 

35 ⯕歏㶩腊靶䪮助邍䖄⼱㼋⡤㐼⟝䒸膃俤鶺 ⼱㼋⡤㐼⟝䒸膃 Axis Supra 160 

 
 



本公司在此对中国地图标注信息的行为仅限于表明本公司在中国各地分支机构的区域分布状况，
不作为任何测绘、绘制或其他用途。

分析测试仪器客服热线电话: 800-810-0439
400-650-0439

604-8511 京都市中京区西ノ京桑原町1
电话：81(75)823-1111       传真：81(75)811-3188
URL : http://www.shimadzu.com

本产品资料所宣传的内容，以本版本为准，资料中的试验数据
除注明外均为本公司的试验数据。本资料所有信息仅供参考，
如有变动恕不另行通知。
印刷日期：2024

本书中所记载的公司名称、产品服务名称及商标均为株式会社岛津制作所的
注册商标或商标。本书中有未标明 TM 标志和 ® 标志之处。
本书中所使用的其他公司的商号、商标的所有权非株式会社岛津制作所所有。

广州市天河区高唐路230号广电智慧大厦
邮政编码： 510656
电话： (020) 3718-3888

昆明市青年路432号天恒大酒店 908室
邮政编码： 650021
电话： (0871)6315-2986/2987

深圳市福田区天安数码城天展大厦1楼 F2.6-1C
邮政编码： 518040
电话： (0755)8340-2852

广州

昆明

深圳

湖南省长沙市芙蓉区解放西路188号国金中心T1大楼3115室
邮政编码： 410005

长沙

北京市朝阳区朝外大街16号中国人寿大厦14层
邮政编码： 100020
电话： (010)8525-2310/2312 传真： (010)8525-2531

传真： (024)2325-5577

传真： (029) 6273-7879

传真： (0991)230-6273

传真： (0371)8663-2982

沈阳市青年大街167号北方国际传媒中心11层
邮政编码： 110016
电话： 024-23255577

西安市锦业一路56号研祥城市广场A座501
邮政编码： 710065
电话：029-62737878

乌鲁木齐市中山路339号中泉广场14H座
邮政编码： 830002
电话： (0991)230-6271/6272

郑州市中原路220号裕达国际贸易中心A座20层2011室
邮政编码： 450007
电话： (0371)8663-2981/2983

北京

沈阳

西安

乌鲁木齐

郑州

成都市锦江区创意产业商务区三色路38号博瑞•创意成都写字楼
邮政编码： 610063
电话： (028)8619-8421/8422

邮政编码： 210005
电话： (025)8689-0258

重庆市渝中区长滨路2号来福士A座601
邮政编码： 400011
电话： (023)6380-6057

成都

南京

重庆

武汉
武汉市武昌区临江大道96号武汉万达中心31层3112室
邮政编码： 430060
电话： (027) 5908-0488

B座12层

南京市鼓楼区汉中路2号亚太商务楼27层B座

上海市徐汇区宜州路180号华鑫慧享城B2栋
邮政编码： 200233
电话： (021)3419-3888

上海

传真： (021)3419-3666 传真： (020) 3718-3804

传真： (0871)6315-2991 

传真： (0755)8389-3100

传真： (028)8619-8420

传真： (025)8689-0237

传真： (023)6380-6551

传真：(027) 5908-0470

香港九龙尖沙咀海洋中心1028室

电话： (00852)2375-4979

香港

传真： (00852)2199-7438
TSIM SHA TSUI,KOWLOON,HONG KONG
SUITE 1028,OCEAN CENTRE,HARBOUR CITY,




