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Chapterl。 工ntroduc七土on  

The elements belonglng tO the second periodin the   

Periodic tablep ie。boron，Carbon，nitrogen7 0Ⅹygen and   

fluorine7・are Ca11ed”lightI－ elementsp and are verY   

important to studY the characteristics of metalsQheat－   

resistant materials，rOCks and minerals。 ＝n many cases   

the diffusion 

area relate to the change of their properties，ie。retrO鱒   

gradiation of heat”reSistant－materials，deterioration of  

● metals，refractiveindices of minerals etc。 Therefore  

thelight学主ements analYSisLin micro areaisL∴required。  

Among those elements oxygen is especially important 

because the elementis main component of rocksp mine3：alsg  
Jモ  

and mostinorganic compounds． Howeverc thereis no   

Suitable method for analysis’of oxygenin spite of the   

importance as stated above。 祖icro structures of natural  

rocks as wellas 

COmPlicat畠d as mixture of various mineralphases匂   

Therefore，the analysis of oxYgenin micro areais also   

どequired。  

On the other hand the electron probe microanalyzer   

Can be applied to the analysis of the elements 《4≦Z》in  

リm Order areac and has been wid．elY uSed for the  

＼  

investigation of segregationlOXidized surfacelayer and  
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to the analYSis ofinclusionin・micro area． Quantitative   

analYSis oflight elements bY thisinstrument，however。   

has neither been established nor fullYinvestigated   

because the K lines oflight elements affect absorption   
α  

effect slgnificantlY．  

The wavelength and energleS Of OK lines oflight   
α  

elements（Z ＜10），Which can be detected bY electron   

PrObe microanalYZer，are glVenin Tablel－1。 班OSt Of   

these Lines lie beyond the wavelength range of crystans 

OrdinarY uSedin Bragg spectrometers。 However。Iarge   

2d spacing of soap film type pseudo－CryStal。ie。1ead  

く） O  

Stearate；2d ＝・100 Alleadlignocerate；2d ＝125 A，   

enable the range to be extended to cover the wavelengths   

Of K lines oflight elements down to berYllium（Z＝4）      α   
O  With㌔1ines ofl14Aq  

Assuming that the difficulties on measu士ements of   

light elements，ie。Chemicalshift and detection of X瓜8raySF   

are overcome，and the measurements of accurate relative   

lineintensitY Of the specimen and the standard are   

Obtained，there remains the question of correction for   

matrix because the absorption effect forligh七・el．ement   

X仙raySis especia11y serious since mass absorptiom   

COefficients for10ng WaVelength Xpray are generally   

Verylar9e。  

This thesis describes the absorption correctiom  

－ 2 －   



Tableト1 Characteristics of Kiines ofiight  
α  

elements  

（after White andJhonsong1972〉  

Element Z  Wavelength  EnergY Criticalexitation  

（孟）   （e¢〉   e。er野くeV〉  

Be  4  

B  5  

C  6  

N  7  

0  8  

F  9  

114．0  

67．6  

44。7  

31。6  

23．6   

．18。3  

109   

183   

277  

392  

525  

677  

112  

192  

284  

400  

532  

687  

幽 3 …   



forlight element analysis for electron probe   

microanalyzer through the study of analYSis of oxygen   

in severaloxy－Salts and oxides，ie。Silicates6 Sulfa七es。   

double oxides etc．  

Chapter 2 reports the comparison of ordinarY uSed   

absorption corrections（simple Philibert，fullPhiliber   

and Yakowitz－Heinrich absorption correction）when appliea   

t0 0ⅩYgen analysisin severalsilicatesc sulfates8   

binary－○Ⅹides and double oxides oflanthanoid and   

nlobium．  

王n chapter 3 ne豆abso士ption－COrreCtions based Qn a   

Gaussian ionization distribution or normalized ionization   

l distribution are proposed．  

＝n chapter 4 these proposed corrections are c≡OmPared   

With ordinarY uSed correction equations using160   

microanalYSis data of oxYgen，  

Chapter 5 reports the application of the new absorpd   

tion correction to the determination of totaloxygenq   

which includes the oxygen in water of crystallization 

and 七he oxygen 土n hydrdxylgroup。 Resul七S Of 七0七al   

analysis of muscovite and zeolites using OK line are   
α  

discussed。 And the following factis elucidated that   

the content ofWater and hYdroxYlgroupin micro area   

Of being analyzed could be determined bY deducing the   

amoun七Of oxygen wh土ch 土sin comblna七ion w土七h me七als  

ー 4 －   



from 七he to七alamoun七 0至 0Ⅹygen。 Å1もhc〉u甲奴 七he   

determination of the content of water and hydroxyigroup   

in these samplesin micro area have been a aiffi－Cuit   

PrOblem on electron prob壷 ‥rhicroanaiysi・SF the con藍e若返‘ヒ   

Of them are decided by electron probe microanalyzer   

deducting the oxYgen COntent COmbined with metals   

S七0土chiometrically 宣rom 七he 七0七aloxyge‡ュ ごOn七en鳶∴  
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Chapter 2。 Determination of Oxygen bY the Ordinary  

Used Absorption Corrections  

1。  工n七roddc七ion  

＝n the quantitative electron probe microan盈iys鼠s   

Oflight elements a standard specimen having similar   

Chemicalcomposition to the sample has bee required。   

BY the use of the standard specimen with the simila   

COmPOSition to the sample，．the correction which have   

to be applied to convert measured data to quantitative   

results maY be minimized，reducing● the error caused by   

inaccurate correction models． Although this method   

maY be regarded as satisfactorY，is generallY inconvenien   

because alarge number of complex standardis required。   

And the s七andard of th土s k土nd 土s no七 always ava土1able   

With ease．  

＝n this chapter the author carried out the oxygem   

analYSis using aluminiuね0Ⅹide as a standardin order   

to decide the suitable measurement conditions and to   

establish the absorption correction for the practica   

analYSis。 The samples analyzed were severaldouble   

OX土des oflan七hano土d and niobま．umタ Sulfaとesダ S土1土ca七．es   

and b土nary oxides。  

ー 6 －   



2。  Deouble Oxides of Lanthanoid ＿ and Niobium  

2。瑠 Exper土men七a1   

2。笥。1一。 System  

The electron probe microanalyzer system used   

COnSists of a JEOL JXAM50A and a ACPS鯛ⅩR controI   

SyStem，Whichis a specialinterface deslgned bY   

EIJ工ON工Ⅹ．  

2。1。2． Measurement CQndition  

Details of the measurement condition for oxy9’en   

analYSis are shownin Table 2－1． As theiine of OK  

O  

嵐sin thelong wave－length region く23．6 A）p theline  

まs excessivelY affected bY the high order X－raYlines   

Of other elements． ＝n order to reduce the effect，the   

Pulse height analYZer With the f01lowing details was   

used for descriminator：lowerleve11。O V。Window   

頂。9 V and discriminator mode；diff．  

For the measurement of the intensity of OK, the 

PeakintensirY（P）was measured at the peak position of   

OKαline for 20 sec・and the backgroundintensiry（B》  
O  

at the both side of OKα1ine apart 土1¢75A from the  

peak position for 5 sec.. Then the net intensity was 

暫1Ven aS  L 
（cps） 

＝P 
（cps） 

－ B 
（cps〉C  

Where B＝ は十＋B＿〉／2・  

The measurements were carried out lO times on each  
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Tabie 2円1。 Measurement conditions for oxYgen analysis  

in double oxides of lanthanoid and niobium   

Ⅹ・霊草y 七ake－0王f an91e：350  

Åccelera七土ng voltage；5，7，10タ12ダ15ダ 20 kV   

．．Probe current  ：0‘07 － 0。2 tlA  

AnalYZing crYStal  ：Lead stearate  
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SamPlep and the average eliminated minimum and maximum  

Value was used as theintensitY Of O㌔1ine。  

2。1。3。 Samples and Standard  

The samples which were used for the examination   

Of analYticalcondition and of absorption correction  

Were A1203′ZrO2ダMgO and Lnぬ04 くLn三La♂pr♂Erダ地ダ  

Gd〉。The LnNbO4SamPles were sYnthesized bY Suqitani  

＝97 

for oxYgen WaS uSed aluminium oxide．   

Each sampie was mounted together with the aluminium   

OXide standardin a same way． Sm00th and flat surfaces   

were achieved by mechanicalp01ishing on successive・lY   

fine grades of abrassive down t011Jm diamond。 The   

SamPles were made conducting bY COating a thinlaYer   

Of carbon。  

2。2。  Results and Discussion   

2¢2。1。 Exam土nat土on of Analy七icaユ．Cond土七土on 至or Oxy管e王ュ  

Analys土s  

As the accelerating voltege is very importane 

夏or elec七ron probe microanalys土sク モhe p／B ra七io vegsus  

accelerating voltage on OKα meaSurement are Shownin  

F土gゆ 2¶1タ and 七heline 土ntens土七y of O‡くα1土ne veどS㍑S   

accelera仁土ng vol七age 土n F土9．2－2。 F土g。2隅1shows 忠ha生   

the P／B ratio curves have maxima， and as a result the  

－ 9 －   
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Of OⅨ1まne versus accelera七i叩VOl七粥e for盈ユ203ク α  

Sb203タEuNbO4and ZrO2。  
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suitable accelerating voltage is restricted to the 

reglOn fromlO to15 kVin practicalanalysis。Fig。2m2   

Shows that thelineintensity curves of oxygen have   

maxima and▼are different from the results of ordinary   

elementlikeironin which thelinein七・enSityis  

roughlYPrOPOrtionalto（Eo一軍c） 1・67（Greenetal。g196笥》◎  

The difference between them is due to the variation of   

土Onizat土on d土stribu七ion and of absorp七土○ざユーC・Oe三三土cien七   

of these elements．  

2．2．2． Examlna七土on o£ Ordinary Used Absoどp七ion  

Corrections  

The generated Xqrayis affected by the absorption   

effect and thelineintensitY emerged at an ang■1e   

O（X－ray take－Off angle）to the surface may be w－ritte   

aS  

¢（pz）exp卜xpz）（‖pz），  

where x＝（u／p）cosec O；andリ／pis the mass absorp七iom   

COefficient． As f（x）represents the detected X鵬ray   

intensitY，the above equationis written as  

夏 ＝：‖x）  

鵬 12 叫   



¢（pz）exp卜xpz）d（PZ）  

Where 一■f（x）  

ゆくpz）d（pz）  

＝n the quantitative microanalYSisp the theoreticai   

X－ray 土ntens土ty ra七土00f 七he sample 七0 もhe sもanぬど感 息s   

冒ユVen 卑S  

。Ⅷx） ・fゆ仙‖。Z）  
k－   

Cstd・f（x）std・f upz）stad｛pz）  

上㌔（pz）抽）′薫くpz〉sd細面  where the integral term 

is called ‖atomic number correction‖ andis usu畠IIY   

calculated separatly from the absorption ter軋 ＝n 抽ゑs   

investigation the DuncumbⅦReed atomic number correction   

（1968〉 was used and no fluorescence correction was   

appl土ed because the X叫吏ay王1uo工・eSenCe y土eld was very   

Sma11compared with other factw in thelight eiemen七二S   

analYSis。・封畠SSabsorption coefficients of OK were the α  

values 土n 七he 七able g■土ven by 王ienke e七 al◎ 《197唾〉。  

工n 七he quan七i七a七土ve analys土s ofl土9h七 elememもS昼7   

elec七ron mi．cropエーObeダ absorp七土on correc七iom 土s 七he mosも   

土mpor七an七 fac七or among 七he ZAF co∑●reC七io王－1くZ…Å七0訂正c   

number A：absorptiony F：fluorescence correc七ion）g  
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and the f01lowing，three absorption corrections 言   

Simple Philibert，fullPhilibert and Yakowitz ℡Hein3：ieh   

COrreCtion，Were eXamined飴   

i）simple Philibert correction（Love3 et alゆ 笥9ヲ4b〉  

f（x）＝（1＋h）ハ1＋x／ロ）／（1＋h（1＋X／ロ〉）  

whereh＝0・85′∑C土A土′z…′  
ロ＝■6。8×相加5／ほ孟湖閉式呈。86 さ♂  

Eo：aCCelerating voltage7 Ec言Criticalioniza七土on  

energY，A：atOmic weight and Z：atOmic number。   

ii）fullPhilibert correction（Ⅰ，OVe et al，∴i9●74b：  

¢（0）h x  
1 ＋  

4 ＋ ¢（0）h o■  

f（x）  

｛1＋x′机1＋諾㌃－㌻）  

2 
ぬereゆ…＝1十2・8（1孔9Eo／Ecい∩ダh＝1。5Å′zand  

2 ロ＝9。5㌍105／（正喜－E） C   

土土土）Yakow土七Z－He土nr土ch correction くHe土nr土cbダ19ヲ8凄   

f図＝（川。2×10 敵86・。65 いx｝ 
印2  

〈E 蜘E 

Where x ＝ くり／p〉 cosec O。  

The observed X岬ray土n七ensエryごa七土os o至0筑αuS£m響  

a止血1Ⅶn OX土de s七andard are shown 土n 甘able 2輔2 as a   

func七ion o至 accelera七土n管VOl七a9e。 王n order 七O 君主nd 七he  
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most suitable absorption correction the ratios k訂／k a雷e   

Plottedin＆igs．2－3（simple Philibert correction）p 2戯4   

（Yakowitz…Heinrich correction）and 2p5（fullPhiliber七   

COrreCtion）as a function of accelerating voltage。   

Fig。2甲5 shows the klvalues predicted by the full   

Philibert correction arein close agreement with measured  

k valuesin the rangelO≦Eo三・20kV。The RMS errorsof  

kT／k are shownin Tab■1e 2－3． This table shows the fui3＿   

Philibert correction gave satisfactory results for the   

PraCticalanalYSis because oflow R祖S error く5％）in ai且   

measured accelerationg voltage reglOn。 On the other   

hand Yakowitz－Heinrich equation gave good resuitsin   

thelower acceierating voltage region（Fig。2蜘4）。 ＝n   

high accelerating voltage regiOn this equation cannot  

indicate correct value because the power on Eg and Ee 

areinappropriate．in the analYSis of verylight eleme三通S   

SuCh as oxyg●en。 On 七he o七her hand Fま冒．2…5 showed 七h盈忠   

地Values predicted bY the fullPhilibert equation   

agreed with the observed X－rayintensity ratiosin h息紳   

accelerating v01tage reglOn。 Thisis due to the  

C？n七ご土bu七ion o£t血e（＝0〉 value foご七he coごreC七土omin  

high‘accelerating voltage regiOn． ＝n thelower accele3：w   

a七in9VOl七a冒e range 七his equa七ion does no七 §沌Ve gOOd   

results because the 机0〉 value do卓S h6七 affe占t th畠   

COrreC七ion 土n th土s 工・eaglOn．  

ー16 鵬   
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Fig。2馴3。 Plots of k習／k using simple philibert absorpも嵐on  

COrreCtion together with Duncumb鋤Reed atomic number  

COどごeC七ion foどLa弛04く良きダ加地04《別ダprNbO4《C》♂  

GdNbO4くD〉 and馳NbO4ほ〉。  

ー17 鵬   



）
l
＼
．
）
－
 
 

‥  

ぎー岬帽－‾‾、‾川二苗‾■‾‾‾…‾「墓  
八つCかミ・函黒・ノミ．＼ミ●主、●∋9ぐご√’■一、・一  

Fig．2剛4。 Plots of kす／k using Yakowitz叫Heinrich  

absorption correction together・With Duncumb－Reed  

atomic number correction for LaNbO4（A）p EuNbO4（B）g  

prNbO4くC）ダGd即bO4くD）andでbNbO4ほさ。  
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Table 2－3・ RMS errors of oxygen analysisin double  

OX土des of lan七hanoid and n土obium  

Absorption correction  RMS error（％）＊、of k曹／k  

Simple Philiber   

Full Philibert   

Yakowitz－Heinrich  

Atomic number correction：Duncumb開Reed equation  

☆ Acく；elerating voltge：5，7clO。12。15 and 20 kV。  

－ 20 叫   



2。2。3。 Results of analYSeS  

Oxygen content of double oxides oflanthanoidJand   

niobium were determihed at accelerating voltagelO and   

12 kVg at which the P／B ratio F：urVeS gaVe maXima。and   

the full Philibert and、the Duncumb－Reed atomic number   

COrreCtion were applied・tO the observedintensitY   

ratios。 Results of analyses are shownin Table 2也4。  

The accurate resuits of oxygen analysis（RMS error 言  

2。9％）at these accelerating voltage regionindicate that   

もhose corfec七ions are applicable to the practical   

analysis for oxygen in lanthanoid oxide compounds, 

3．  Sulfates   

3。1。 ●Exper土men七al  

親easurements of OK intensity of severalsulfa七・eS   
α  

Weごe Caエーried ou七 aモ モhe accelera七土ng‘VOl七ag■e 5タ フタ10♂   

12q15 and 20 kV． The details of the measuremten   

COnditions were similar to those described in the   

PreVious section 2． The standard used for oxygen was   

Synthetic aluminium oxide。 The analyzed samples were  

natural barite BaS04, celestite SrSOq, anglesite PbSOq 

and anhydrite CaSO4。The puritY Of these samples are  

Su王宮且cj＿en七 enough for th土s 土nves七土管a七ion because 七he   

Other elements than the main component were not detected   

by 忠be（ヨual土七a七土ve microprobe analysi．s。  

ー 21 －   



Table 2－4。 Determination of oxYgen COnten忠一bY∴  

full Philibert correction and Duncumb¢  

Reed atomic number correetion  

Concentration（wt％）   

10kV＊  12kV＊  Theoretical  
Value女☆  

Sample  

LaNbO4  21。4  

prNbO4  20・7  

EuNbO4  20。8  

GdNbO4■   19。7  

でbNbO4  20・0  

21．7  21。6   

21．6  21。5   

22．0  20。7   

20．5  20。4   

20。7  20。3  

＊ Accelerating voltage   

東女 Calculated from ideal formula  

ー 22 －   



3．2．  Results and Discussion  

3。2．1．  Conditions for Measurement  

The peakintensity P and the backgroundintensity B  

Were，meaSuredin・the range5三Eo三20kVc and obtained  
P／B ratios for OK line versus accelerating v01tge are α  

Plotted  in Figd 2－6◎ This figureindicates that 忠he   

Su土七able accelera土工ng■ VOl七ag■e 土sin 七he 工■an9e 至romlO 七0   

15 kV for the measurement of OK in sulfates。                                         α  一  

問 23 坤   
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3．2．2． Examination of Absorption Correction  

The observed X－raYintensitY ratios using aluminium   

OXide standard are listed in Table 2p5 as a function of   

acceleギating voltage． ＝n order to find appropriate   

absorption correction for oxygen analYSisin sulfates，   

the ratios kl／k（k：Observedintensity ratio．k一：   

theoreticalintensitY ratio calculated appIYing various   

absorption corrections togetherWith Duncumb－Reed（1968〉   

atomic number correction）are plottedin Figs．2－7   

（simple Philibert），8〈fullPhilibert）and 9（Yakowitz卿   

Heinrich）as a‾function of accelerating voltage． The RMS   

errors of kf／k for oxYgen analYSis are shownin Table   

2－6． According to the results of Table 2－6 and these   

figures，nO absorption correction was found which gave   

Satisfactory agreement between the theoretical’and   

Observed X－rayintensirY ratios among a11measured   

accelerating voltage range． The Yakowitz－Heinrich   

COrreCtiont gave somewhat better results at 5 and 7 kV   

as shownin Fig．2－9． The calculatedintensitY ratios   

using this equation，however，did not agree with the   

Observed X－rayintensitY ratiosin the range of high   

accelerating v01tage．and this disagreement might be   

due to the contribution of theincorrect powerin the  

1,65 
termE pE三。65。：ntheprevioussecti。nOnd。uble  
OXides oflanthanoid and niobium，the fullPhilibert  

－ 25 －   
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10  15  20  

Acce如aモmgv｛）鮎ge，kV  

Fig．2－7。 Plots of k9／k using simple Philibert absorption  

COrreCtion together with Duncumb－Reed atomic number  

COrreCtion for CaSO4（A）・SrSO4（B）lBaSO4（C）and  

PbSO4。  
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10  15  20  

Acce雷er紬ngvoftage′ kV   

Fig。2－8． Plots of kl／k using fullPhilibert absorption  

COrreCtion together ☆ith Duncumb－Reed atomic number  

COrreCtion for CaSO4（A），SrSO4（B）t BaSO4（C）and  

pbSO4（D巨  
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軸Ceまe相加gv¢舶g哲多 kV  

Fig。2－9． Plots？f k7／k using Yakowitz－Heinrich  

absorption correction togetherWith Duncumb閥Reed  

atomic number correction for CaSO4（A）c SrSO4（B）u  

BaSO4（C）and PbSO4（D）・  
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Table 2－6。 RMS errors of oxYgen analysisin sulfates  

Absorption COrrection  RMS error（％）of k℡／k  

Simple Philibert   

Full Philibert  

Yakowitze Heinrich  

Atomic number correction：Duncumb－Reed equation  

－ 30 －   



absorption correction gave good results in all measured 

accelerating voltage range．but thisis∴nOt the ca畠ein   

this．section． ＝t seemed that the 4）（0）value and   

ionization distribution modelwere not appropriate for   

OXYgen analysisin sulfates．  

Oh the other hand the Yakowitz－Heinrich and the   

Simple Philibert absorption correction gave g00d resuits   

On Sulfur analysisin sulfates． The R朗S errors were  

3・33！and3B84％respectivelyin the range12三Eo三20kV。  

Therefore there is no problem in the determination of 

Sulfur for the practicalanalysis． The difference   

between the results of oxYgen analYSis and those of   

sulfur must be due to the variation of ionization   

distribution and absorption coefficients for each element。  

4． BinarY Oxides SYStemS   

4．1。 Exper土mental  

択easurements of OK of severalbinary oxides were α  

Carried out at the accelerating voltagelO′15，20，25   

and 30 kV。 The details of the measurement condition   

Were Similar to those described in the section 2． The   

analyzed samples were synthetic MgO, Cr203, Ti02 and 

Fe203y and the standard for oxygen was synthetic  

aluminium oxide。 The mass absorption coefficients of OK   

line were used the table glVen by Love et al．（1974b）   

（for the elements，8 三Z ＜ 22）and that given by  

α   

－ 31－  



Henke et al．（1974）（for the elements，Z ≧ 22）。  

4．2．  Results and Discussion   

4．2．1． Examination of AnalyticalCondition  

The P／B ratios observed on MgOICr203P TiO2an  

Fe203VerSuS aCCelerating v01tage are shownin Figo2血軋  

This figure.indicates the suitable accelerating voltagee 

isim the range fromlO t015kV for measurement of OKα  

in binarY OXide sYStemS・  

4．2．2． Examination of Absorption Correction  

The observed X－raYintensitY ratios using alminium   

oxide standard are listed in Table 2－7 as a function of   

accelerating voltage・＝n this table the data of 5 kV  

and for MoO3and ZrO2are quOted from the results of  

Love et al。（1974b）． The R朗S errors of kソk are shown   

in Table 2－8． The values for kI／k are plottedi   

Fig．2－11（simple Philibert），2－12（fullPhilibert）and   

2－13（YakowitzpHeinrich）as a function of accelerating   

VOltage。 The table and these figures show that there   

土s no absorp七ion coごreC七土on wh土ch 冒1VeS Sa七is至ac七Ory   

results evenin the high P／B region。 Therefore a new   

absorption Gorrection is required for oxygen analysis, 

－ 32 －   
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Table 2－8。 RMS errors of oxygen analYSisin binarY  

OXide systems  

MS error（亀）of kリk  

5 － 30 kV  High P／B region＊  
Absorption correction  

Simple Philibert   

Full Philibert  

Yakowitz－Heinrich  

☆ Accelerating voltage：10′15 kV  

Atomic number correction：Duncumb－Reed equation  

－ 35 －   
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Fig．2－11。 Plots of kt／k using simple Philibert absorption  

COrreCtion together with Duncumb叫Reed atomic number  

COrreCtlon for朗gOくA）′Cr203は）タ聖上02は〉ダFe203くD〉♂  

机0ほ）ダ班003くF）and ZrO2くG）⑳  
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Fig。2騨12。 Plots of kg／k using fullPhilibert absorption  

COrreCtion together with DuncumbdReed atomic number  

COrreCtion for MgO（A），Cr203（B〉Q TiO2（C）v Fe203（D〉p  

配0ほりタ朗003（F）and zro2（G巨  
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absorption correction together with Duncumb膚鼠eed  

atomic number correction for MgO（A）9Cr203くB）c I  
TiO2（C），Fe203（D）′NiO（E）′M003（F）and ZrO2（G）。  
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5．  S土1土cate   

5．1． AnalYticalConditions and Samples  

The measurement of OKαin silicatescie◎ SiO2C  

CaSiO3，NaAISi308and KAISi308，Were Carried out at the  

accelerating voltage 5，7，10，12，15 ′ 20 and 25 kV。   

The de阜ails of analyticaicondition were similar to   

those described in section 2（double oxides of lanthanoia  

and niobium）・The samples were sYnthetic SiO2and CaSiO3  

and naturalNaAISi308and KAISi308。 The compositions of  

the．latter two feldspars were confirmed bY Wet Chemical   

analysis．  

5．2．  Results and D土scuss土on  
5。2．1． Examination of AnalYticalCondition  

The P／B ratios・ Of OKαfor silicates are shown  

キn Fig．2－14・ This figureindicates the suitable   

accelerating voltageisin the range fromlO t015 kV   

for oxYgen analYSisin silicates。  

5．3． Examination of Absorption Correction  

The observed x叫rayintensity ratios of OKα uSing  

almimiun oxide standard are listed in Table 2寧9 as   

a function of accelerating voltage・ The accuracy of   

analyses of silicatesis shownin Table 2－10 by the   

RMS error。  The ratios for k7／k using variou   

absorption corrections together with Duncumb－Reed atomic   

number correction are shownin Fig．2－15（simple Philibert）F  

－ 39 －   



10  15  2t二子  

Acceleraモing vo温色忍g璧藍汽V）  

Fig・2－14・ P／B（P：Peakintensity，B：backgroundintensity）  

Of OKline versus accelerating voltage for SiO 
2C  

CaSiO3P NaAISi308and KAISi308。  
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Tab’le 2－10． RMS errors of oxygen analysisin silicates  

Absorption correction  RMS error（％）of kT／k  

Simple Philibert   

Full philiber七  

Yakowitz－Heinrich  

Atomic number correction：Duncumb岬Reed equation  
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2－16（fullPhilibert），2－17（Yakowitz－Heinrich巨 ＝n   

high P／B ratio range the simple Philibert absorption   

COrreCtion gave satisfactory results as shownin Fig。2閉15。   

On the other hand the fullPhilibert absorption   

COrreCtion gave g00d resultsin high accelerating voltage   

range（20 and 25 kV）as shownin Fig．2－16・ This resul   

maY be due to the contribution of ¢（0）termin the   

COrreCtion because the magnitude of the surface X鋼ray   

intensitY ¢（0）isincreased according toincreasing   

absorption effect。  

6．  conclusion  

Absorption correction and analyticalcondition for   

the quantitative electron microprobe analYSis of oxygen   

in severalbinary oxide systems雷Silicates′ Sulfates and  

double oxides of lanthanoid and niobium have been   

investigatedin the soft X－raY reglOn。  

The most suitable accelerating voltage for the  

PraCticaloxYgen analYSis wasin the rangelO三Eo三15kV◎  

The fullPhilibert absorption correction gave better   

resultsin the oxygen analYSis than those of the simple   

Philibert or the Yakowitz－Heinrich correction because   

of the contribution of ゆ（0）termin the high accelera七土ng   

V01tage range。 However even the fullPhilibert absorption   

COrreCtion did not glVe Satisfactory results to all   

measured accelerating voltage and samples． For exampleu  
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5  10  15  20  25   

JkceleratIngVOltage．kV  

Fig。2－15． Plots of kT／k using simple Philibert absorption  

COrreCtion together with Duncumb－Reed atomic number  

COrreCtion for SiO2（A）・CaSiO3（B）′NaAISi308（C）  

and KAISi308（D）・  
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5   10  15   20  25  

如c鹿指扇れgVO鮎ge，kV  

Fig。2脚16。 Plots of kI／k using fu11Philibert absorption  

COrreCtion together with Duncumb－Reed atomic number  

COrreCtion for SiO2（A）p CaSiO3（B）7NaAISi308（C）  

and KAIS1308（D）・  
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25  30  10  15  20  

A∝密雲erat盲咽VO舶母℡，kV  

Fig．2－17。 Plots of kl／k using Yakowitz鵬Heinrich  

absorption、COrreCtion together with Duncumb…Reed  

atOmic number correction for SiO2▲（A）p CaSiO3柑〉c  

NaAIS土308陀〉and KAIS土308くD巨  
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the correction gave g00d resultsin silicates and   

double oxides oflanthanoid and niobium，but gavelarge   

RMS errors（more thanlO％）on oxygen analYSisin sulfates   

and severalbinary oxides． As a conclusion，animproved   

absorption correction is required for quantitative light 

elements an畠Iysis．  

－ 47 紳   



Chapter 3・ New Absorption Correction  

1   工n七roduct土on  

To obtain quantitative resultsin electron probe   

microanalYSist corrections must be made on the electron   

penetration and backscattering（atomic number correc－  

tion：Z），absorption（：A）and fluorescence effect（：E）。   

Among them the absorption correctionis the most   

important・／And（aS already mentioned′ thereis no   

effective absorption correction equation especially for   

the analysis oflight elements because oflarger ab－   

SOrPtion effect on these elements・  

＝n order to establish a new absorption correction，it  

is necessary to make clear of theionization distriロ   

bution along depthl PZt Of primarY X－raYS。 The   

absorption correction is expressed as 

（pz）exp卜xpz）d（PZ）  
f（x）  

くpz）d（pz）  

where ¢（pz）is the distribution ofionization，and   

x ＝（ll／p）cosec O，Whereリ／pis the mass absorption coef血   

ficient and 8is the X－ray take－Off angle8 By expanding   

the exponential term as a power seriespthis equation   

Can be writ七en（B土shop1974）as  
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〈沖  

PZ¢（pz）d（PZ）  
f（x）＝1－ X  ＝1px。PZ  

J；ゆ  

（pz）d（pz）   

lI Where pz is c畠Iledllmean depth ofionization・And by  

expressing f（x）as a Maclaurine series，thatis written   

aS  

ゆ（0）  
f（x）   

X 管  （pz）d（pz）  

The former equation，Whichis dependent on the   

mean depth pz and x′ maY be expected to hold good   

approximationin the range O．8 三 f（X）三1．0． The simple  
I  

Philibert equation gives good analytical results in this 

range becauseit predicts accurate mean depth pz   

（Bishop1974）。 Thelatter equation，derived after the   

thin－film modelinitiallYintroduced bY Duncumb and   

祖erford（1966），is dependent on the two parameters，   

Surfaceionization function ¢（0）and x，and could be   

applied to the analYSis when f（X）isless than abou   

O。01。＝n the range O・01三 f（x）三 0．8 above absorption  

correction equation is dependent on the shape of ioni- 

Zation distribution and thereis no effective．correction   

equationin this range・ Therefore71ight elements   

analysis requires an－improved absorption correctionin   

七h土slower range。  
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The 4）（pz）has been determined commonly bY the two   

methods， Oneis an experimentalmethod called ‖tracer   

methodn and another is theoretical method called   

一一Monte Carlo method7．． As both of these two methods have   

SeVeralweak points，theY Often 昏ive the different 4）（PZ）   

CurVeS．Therefore，it can not be decided which 4）（PZ）   

CurVe Should be used to make a new absorption correction．   

Then the author proposed two absorption corrections   

in this chapter， the one，based on the experimenta1   

4）（pz）determined tracer technique，and theoretical¢（pz）   

determined by the机Onte Carlo method respectivelY・  

2．   An ＝mproved Absorption Correction＿Based＿On∴  

WittrYIs ＝onization Distribution  

Severalionization distributions，ie．Philibert，   

Square and Gaussian model，are Shownin Fig．3－1． Love  

et al．（1974）concluded that the fuliPhilibert   

absorption correction g・aVe better results for oxygen   

analYSisin some binarY and ternarY OXide systems than   

the correction based on the WittryTs Gaussianionization   

distribution。 The absorption correction associated wit   

this modelmust giVe g00d analYticalresultsinlower   

f（X）region because the shape of Gaussian fits c10SelY  

to the one determined by Monte Carlo method as shown in 

F土9。3－1。  
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1．0  2．0  

矩ニ．ヂ三プ言  

Fig。3－1． Normalizedionization distributionin a  

COpper ma七rix for an overv01tage fa七土o U＝10三  

－－－・ 班Onte Carlo′ －－－h  Gaussian，－－－－－  Philibert  

仙－－－－－  Square mOdel。  
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2．1。  Theory and Calculation  

The Gaussian ionization distribution，   

initiallYintroduced bY WittrYl1957）is expressed as  

PZ － PZo  
¢（pz）＝ A exp（－（  

P△z  

The absorption correction equation f（x）can be   

Obtained from the above equation bY Laplace transfor軋   

Then，the f（x）can be described bY the following equation。  

2 2 
exp卜b）．exp（uトErfc（u）  

1＋ Erf（b）  
f（x）  

5 Where u ＝ q文 一 b′ b ＝ －            14 ′and q土s propo止土onal七0  
七he elec七ron ran守e R．  

The value of q could be determined from f（X〉obs  

data，Which are calcuiated from experimenta14）（pz）p bY   

least square curve fitting method． The experimental  

f（x）obs  
data are calculated from the experimental  

¢（pz）obs  by the f01lowing equation・  

（pz）obseXP卜xpz）d（pz）  
至（X）obs   

¢（pz）obsdくpz）  

The experimental¢（pz）of Au，Ag，Ni。Aland Cu   

target at the accelerating voltage 6p8810，15c20p25 an   

30 kV using various tracer were used and were determined  
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bY Brown et al．（1972，1975，1978一′）and Parobek（1972）   

using the sandwitch technique．  

The f（x）obs  Values used were about30points for each  

ionization distributionin the range O。08 三 f（x〉 ≦1。0白  

A computer program of SALS system（bY OYanagiand   

Naka亘awa）was usedin the calculation of theleast   

Square CurVe fitting with robust estimation。  
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2．2．Results and Discussion  

Calculated results of q bY nOnlinearleast square   

CurVe fitting arelistedin Table 3－1。 The O。02 error   

range has been assumed throughout the calculation on   

each point． At this stag草．itisinteresting to examine  

the ratio f（x）／f（x）obs  Of this modeland that of commonlY  

usedPhilibertmodel．  

Severalf（x）／f（x）obs CurVeS，ie・Au・Al，Ag，etC・P  

at accelerating voltage 30，20 andlO kV are shownin   

Figs．3－2，3 and 4 respectively． These figures show that   

the values predicted by these models agreed approximately   

With the experimentalvaluesin the range O．8 ≦ f（x）．   

Therefore these equations maY be expected to predict   

an accurate mean depth ofionization，and glVe g00d   

analyticalresultsin ordinarY analysis． t！owever，the   

values predicted by the Philibert model are in compLete 

disagreement with the experimentaldatain the f（x）＜ 0。8 

regiOn． The deviation from the experimentalvalues may   

be attributed to the use of incorrect shape function in 

the Philibert model。 The assumption appearedin the   

mode1 4）（0）＝ 0′is apt to give serious error against  

七he f（x）obs 土n七helow fくx）re串On。  

On the other hand′ the Gaussian modelcan be expected   

to predict precise valuesin the rangel。0 ≦ f（x）≦ 0¢2   

becauseits shape functionis similar to the one  
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Table3－1  
2 Calculated results of q（mg／cm）byleast square  

CurVe 至上ttin9method  

2 
hatrix  Tracer  Accelerating  q（mg／cm）   Res  

VOltage（kV）  

2．87×10－3  

1．64×10－3  

9．39×10－3  

2．99xlO－3  

5．90×10－4  

2．28xlO－3  

3．16×10－3  

0・3267  

0・3382  

0・3426  

0・3203  

0・2298  

0・2373  

0・2202  

Bi工一α  30   

Biエペユ  30   

BiI一α  30   

BiLα  30   

BまⅠ．α  25   

B土工α  25   

BiLq  25   

Bilα  25   

ZnXα  25   

ZnRα  25   

2nRq  25   

CdLα  25   

Cd工Jα  25   

C己Lα  25   

Cd工一色  25   

B土工一α  20   

BiLα  20   

五土エα  20   

Bi工．α  20   

Bl夙α  15   

Bi朗α  15   

B土朗α  15   

B上皿α  15   

Cukα  15   

CuRα  12   

SiRα  10   

SiXα  10   

S土Rα  10   

S土Ⅹα  10   

SエⅩα  8   

S土Ⅹα  8   

S土Xα  8   

S土Kα  8   

SiXα  6  

SiKα  6  

S土Ⅹα  6  

S土Kα  6  

AI  

Cu  

Au   

Å9   

AI  

Cu   

A9   

Au  

Å1  

Cu   

Å9   

Å1  

Cu   

Ag●   

Au   

Al   

Å9   

Cu  

Au  

AI  

Cu   

A冒   

Au  

Ni  

Ni  

Al   

Ⅳr   

A9   

Au  

AI  

Ni   

A9   

Au  

AI  

Ni   

Å9   

Au  

0・2604  8・64xlO－3  

0・2459   1・27xlO－3  

0・2380  8・14xlO－4  

0・2429  5・09xlO－3  

0・3－18  5・00xlO－3  

0・2494  2・57×10－3  

0・2894   1・17x－0－3  

0・2761   3・99×10－3  

0・1214   1・5－×10－3  

0・133 
6  5・13×10－3  

0・－330  3・65×－0－3  

0・－685  8・21xlO－3  

0・1230  3・17×10－3  

0・1265   1・11×10州3  

0・1227  2・07xlO－3  

0・1481   2・01×10－3  

0・0938  2・41×10－3  

0・0562  3・23xlO－3  

0・0616  2・09×10－3  

0。0641   1・97xlO－3  

0・0714  3・67xlO－3  

0・0814  5・96xlO－3  

0－0416   1・76xlO－3  

0・0429  3・20xlO－3  

0・0486  4・75×10－3  

0・0561   6・54×10－3  

0・0241   2・81xlO－3  

0・0250  4・61×10脚3  

0・0277  7・52×10－3  

0・0341   9・27×10－3  

＝ほ｛x）obs－f仙cal）2′n  
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1．0   0．1  

享く￥ヨロら≡  

さ．1蔦■∃   

Figゆ3－2。 Rati00f f（x）／f（x）obs  uSing experimental  

ionization distribution for 30 kV （Bitracer）。  

什  Gaussian model，－岬P－N  Philibert model．  
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1．0   8．領  

一十章一享…1，一三  
†二．：さ、ぎ＿1一盲   

Fig。3岬3・ Ratio of f（X）／f（X）obs  uSing experimental  

ionization distribution for 20 kV（Bitracer）。  

Gaussian modelp －－…鵬 Philibert model．  
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Fig・3－4。 Ratio of f（x）／f（X）obs  uSing experimental  

ionization distribution forlO kV（Sitracer）．  

軸 Gaussian model，鵬一一－P  Philibert model。  
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determined bY Monte Calro method・ UnfortunatelY the   

influence of mean atomic number effectis brought out   

ClearlYin Fig．3－2。 The effect，however，is not a   

Serious problemin the practicalanalYSis becauseitis   

rather smaller than the other factorsin thelower f（x）   

regiOn・ As the Gaussian ¢（pz）does not predict 4）（0）  

Value correctly，the absorption corretionチSSOCiated  

W土七b 七b土s modelpごedic七S SOmeWha七 土naccura七e values 王○ご   

the rang－e f（x）＜ 0．2．  

Because the range O．2 ≦ f（x）≦1includes the   

analysis reglOn Of most elements even for oxygen   

analYSis，the f（x）valuesin this rangeisimportantin   

PraCticalanalysis． The variation of this equation and   

the experimentalf（x）datain the range O．2 ＜ f（x）＜ 0．05   

is not solarge（withinlO％）． On the other hand，   

Philibert modelgave verYlarge－variationin the range   

f（x）＜ 0．8． Therefore，the equation based on the Gaussian   

ionization distributi・Onis expected to glVe g00d results  

of analysis because this equation is in good agreement 

With experimentalf（x）datain wide range。  

2。2。・、1。 The Equa七土on q  

The equation qis related to the eiectron range R。   

When theionization distributionis expressed as  

2 ））ダqiswr土モモen as f01lowsゆ  PZ －Zo  ゆ（pz）＝Å exp（－（  
PÅz  
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P△z  O．35  
R．  q ＝  

2  2   

Andersen－WittrY（1968）and KYSer（1972）gave the f01lowing   

ValuesforR．  

R＝2・56×10－3 2 
（g／cm）  （Andersen－Wittry）   

R＝2・56×10－3（Eo′30） 1・68 2 
（9′cm）（Kyser｝  

The constants2・56×10－3appearedin theboth equations  

bTere determined from the energy versus depth of electron   

Penetrationin a Cu target at 30 kV based on transport   

equation calculation． As neither KYSer nOr Andersen－   

Wittry consider the effect of matrix elements on thier   

equationr the R values remain constant under anY  

COndition of Eo even on the equation of Kyser・  

Calculated results of q bYleast square curve fitting   

are affected bY the atomic number of matrix element and   

accelerating voltge as shownin Table 3－1・ As qis   

proportional to R, it may be related to the Bethe range 

Or eXtraPOlated range of ele（コtrOnS．  

＝ngeneralR。beYS Simple scalinglaw（R∝輔）。  

Different values are glVen tO the power n on Eo according  
to the definition of R・ The equation q maY be expressed   

aS  

q＝a（E冨－E≡）・g軌）′  
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Where．g（h）represents the atomic－number effect． On   

the Bethe equation for electron energYlossr the   

variation caused by the atomic number effect is expressed 

by Z／A term andJ（meanionization potential）。Since   

electron range Ris proportialto the recIPrOCalof the  

Bethe equation，g（h）term maY be expressed as A／Zn  

generallY． Considering these factors the author assumed  

the follow土n9 equat土on′  

q＝a咤一轄巨A／Zp  

Or  

E  

（工）  

q＝aE…（1－（  ）m）A／Zp（工工）  
C  

0  

where n is not always necessary equal to m although the 

equations commonlY uSed as n ＝ m．  

The author determined the a（nlm and q by the non≠   

1inear least square curve fitting method with robust   

estimation using above equations・ According to the   

Calculated resultst f01lowing equations are obta：ined；  

q＝1。158×10‾6（E昌湖－E三。33 ）A／Zl。1 g／cm2（工）  

R＝2。027×10‾6（E去・59－E三・33 ）A／Zl・1   ほ工〉  

‾7053 
q＝8。6×10E 

E  

i）  

ii）  

R＝1・505×10 
爛7E●53 E  

（1一 〉A／Z  （工Ⅴ〉   
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＝n the equation（＝＝），the calculation was done using   

f01lowキng relationin order to reduce the parameter．   

q・（Z／A）＝a・E冨（ト（Eさ／E。）m）・衰p－  
＝n the R equation the power of Eo and E is C  

expressed as n ＝ min general，but the equation q does  

not hold same scalein Eo and E・＝f this calculation C  

WOuld be done under 七he condl七ion n ＝ m′ 亡be equa亡土on q   

Obtained would glVelarge error against the q values   

ln Table 3－1．  

2．2．2． PropertY Of Electron Range Associated with  

Gaussian ＝onization Distribution  

There are various equations about the electron  

range according to the definition ofit・The power onEo  

in equation（Il）arein close agreement with the values   

derived from extrapolated ranger n ＝1・5 for copperr   

Silver and goldin the range from 5 to15kVr d－etermined bY  

Cosselet and Thomas （1966）for beam enerqvloss．√   

Whichis corresponding to the mean d．epth of 96－98 ％   

lossinincident beam energY．  

On the other hand′ Bethe range′ Whichis   

COrreSPOnding to the totalpathlength，is determined   

experimentally to bein the reglOnl．7－1。8．1n alower  

energY region（E三6・388Ji，WhereJ・is meanionization l  
POtentialof elementi），the Bethe equation can be  
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modified as（by Rao－Sahib－Wittry，1974）・  

dE  7．85×104ロ C土Zll ∑  
dps  l．26 E  A  J  

According to this equation（the range Ris expressed as   

follows。  

Ai・Ji  
l・5∑   R＝ps＝αE   Where′αis constan七∴  

C．Z．  1 1  

The power ofl・50n E agrees with the valuein equation  

ほ工工）。The power valuel．59 土n equa七土on（工工）is wi七h土n   

the reglOn Of the Bethe and the extrap0lated range．  

＝n order to calculate the electron rangepitis   

usually assumed that the differential dR／dEis the   

recIPrOCalof the stopplng POWer・ Therefore the range  

R of an electron frominitiaienergy Eo to critical  
excitatibn・energy Ec alongits tra］eCtOrY may be aeter－  

mined from the f01lowingintegration：  

E
 
 

d
 
 

L
‥
 

＝
 

⊥
㍉
「
 
 

ニ
 
 

E
 
 

d
 
 

）
 
 

′  

E
 
一
1
 

〇  

こ
 
 

R ＝   

and the range R may be representedin the generalform；  

R＝a哺－E…）  

Therefore，thepower value on Eo and E are equal。                                                   C  
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However the q equよtion obtainedin this chapter s如ws that the  

Value n on Eoisin complete di弼reem飢t’with m on E・                                                                  C  

The reason is that an electron of energy E close to E 
C  

CannOt Suffer an energYlossin excess of Eo－Ect and  

the mean rate of energYlossisless than that predicted   

by the BetheTsdlaw which assums that a11energylosses   

are possible． The power n on E，therefore，maY Change   

into the power m on E according to decreasing the C  

energy of electron because．the energylossis not   

COntinuous process but occursin discreate steps． On  

the other handt the power m on E agrees with the result  
c  

（n ＝1．3）of X－raY PrOduction range determined by Reuter   

（1978）in alower energylevel（2 三E三15 kV）・Taking   

above factsinto consideration，the power n on accelerating  

V01tage changes froml・590n Eo tol・330n E according C  

to the energy loss of eleetron because the energy loss 

are not continuous process．  

2。2．3  Exam土na七土on of Equa七iob q  

＝n order to find the best equation q for the  

practicalanalYSis，absorption correction equation   

f（x）associated with q were applied to the binarY a11・OY   

SyStemS（Z ≧12）together with P00lnThomass atomic number   

COrreC七土on（1962）。  

The150 analysis data determined by P001（1968）  
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豆ere used． The RMS errors obtained by equation q（＝）and   

（ェ工）were the same（5．67宅）．   

As this valueis much better than the results bY   

COmmOnlY uSed Philibert modelthereis no problem on   

absorption correction using each equation q for practical   

analys土s．  

3。 An Absorption Correction Based on a New  

工On土zat土on D土s七ribut土on  

The shape ofionization distribution 4）（pz）depends   

On the fo1lowing four factors：the mean atomic number  

Of the target（z）・theincident beam epergy（E）p the  

Criticalionization potential（Ec）′and the overv01tage  

Variation（U）． However，Bishopindicated that over慣   

VOltage and accelerating v01tage variation can be   

neglected for practicalanalysis using normalized   

ionization function ¢（w）′ and consequently the shape   

may be affected by the mean atomic number effect only。  

The ¢（pz）determined by the tracer methodis   

COmPlicated by fluorescence effect and by the possibility   

Of experimentalerror，and fluorescence affect，Which   

is produced deeper in thetarget than the primarYionib   

Zation distributionin general，is difficult to   

COrreCt PrOPerly・ ＝n addition，the depth distribution   

Ofindirectionization does not have the same dependence  
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On E as the primaryionization，Which again mustlead   

to the error． On the other hand′ 4）（pz）determined bv   

the Monte Carlo method also have some problems．  

A new ¢（w）was built in order t0 0btain、the new   

f（x）equation using the datain a Cu target at 30 kV   

and＿U ＝10 determined by th苧Monte－Carlo method（bY   

Bishop1974）′ Since the ¢（w）data wasin fair agree岬   

ment with experimentaldata．  

3．1． Theory and Calculation  

The following equationis assumed for normarilized   

Shape funct土on．  

2 
¢（w）＝Aexp（－a2（v－b）2－B（exp卜cw2））′ （1）  

Where thelatter termis the correction term for ゆ（0）  

Value ′ and w ＝  and the pz is the mean depth of 

土oniza七土on．  

The parameter A，B′a，b and c were decided by the   

ncnl血1east square curve fitting using SALS sYStem   

頼akagawa and Oyanag土）．でhe ゆ（w）da七a used are de七er皿   

mined by Bishop（1974）in a Cu target at 30 kV and U ＝   

10 with損Onte Carlo method． The absorption correction   

equation f（x）which can be derived from the 4）（w〉 are  

Wrlttelュ aS  

fくx，〉  （w〉exp卜か）dw，  
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e〃   

W¢（w）dw ＝1．0。（2）  g（w）dw＝j  Where xT ＝ XPZ，SO that  

3．2．  Results and Discussion  

From the conditions shown by equation（2），the   

factorsin equation（＝）are required to satisfY the   

f0110W土ng equa亡ions．  

22 

A｛ e ＝1。0   ‾ab＋（1十Erf（ab〉）ト   

A意一（1・Erfはb）いユー＝1・0             2 
c 

Aft．er deciding these factors（A，B′a，and b），the  

f01lowing normalizedionization function ¢（w〉 was   

Obta土ned．   

2 ¢（w）＝0．664・eXp卜0．6652（w－0。3）2－0。2。eXp巨3。23w2）く3巨  

These factors，however，did not satisfy above equations   

completely because above 4）（w）is an approximate equation。  

The ¢（w）obtainedin the present workis shownin Fig 3q5   

together with the one glVen by Monte Carlo method・  

These curves coincide quite wellin their shapein all  

reglOn．And the 4）く0）value predicted bY the equation（3）  

agrees with the 4）（0）value determined bY the Monte Carlo  

method than those of Philibert or Wittry model（see Figゐ  
t  

3－1）． Therefore，the f（x）equation assosiated wit   

the ¢（w）maY be expected to give the accurate f（x〉   

Valuein a verY Wide range．  
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The absorption correction equation can be derived from   

the equation（2）as f0110WS．  

2 2 
f（x）＝A（exp（V）・Erfc（Ⅴ）－B・eXP（u）・Erfc（u））  

Wheごe  

2 
A＝（eC・（1＋Erf（c）－B））－1  

B＝6．65×10－2  
X＿．PZ  
－ C′C ＝ 0。1995 and  

阿  
）＝1－ エ                        ）≧ト音i菜－㌔批  

X．百官Ⅴ ＝   u ＝  

6．46  1．33  

Erfc（y） ＝1－ Eごf（y  

＝n order to compare this f（X）and f（X）obs， the  

f（x）／f（x）obs  ratios versus f（X）obs  are Shownin Figs。L3ご6；7  

at accelerating v01tage30kV・The f（X）obs  uSed were  

Calculated from ¢（pz）determined bY the tracer method   

（Parobek′1972）and by the壇Onte Carlo method（Bishop，  

1974）・Figs・3p6，3p7shows the f（x）／f（x） 
obs  
ratiosare  

affected by the mean atomic number of matrix′ however，  

the f（x）／f（xとbs ratiosin Fiq3－7gave satisfactory  

resultsin a wide range（1・0三f（x）obs 三0・05）。  

However，Fig3－6shows the f（x）／f（x）obs  ratios do  

not coincide withl。07 and this may be subject to 七・he   

COntribution from fluorescence effect on 4）（pz）data  
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ー；．0   0．1  

二二二こきモ・－‾l二言二‡二；＿＿＿  

∴や－：  

Figo 3鱒6。 Ratio of f（x）／f（x）obs  uSing experimental  

ionization distribution for 30 kV（Bi tracer）  

一鋤  pエーOpOSed absorp七土on correc七ion く工工〉 タ  

……叫  Simpie philibert equation。  
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0．1  

管制軸s  

ロリ01   

Fig・3q7・ Ratio of f（x）／f（x）obs  uSingionization  

distribution determined bv Monte Carlo method J  

for 30 kV and U＝10．仙  PrOPOSed absorption  

COrreCt土on（工工）．  
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determined bY the tracer method・This f（x）equationis   

very sensitive to the mean depth as the equationis   

shown by（4），and the correction for fluorescence effect   

is necessary because the mean depth of ionization is 

StrOngly affected by the fluorescence effect・   

Casting and Descamps（1954）pointed out that the   

contribution from the fluorescence effect was assumed  

2 
tobe constantdown todepthofl．2mg／cm，andat  

depths greater than this directly producedionization   

WaS aSSumed to be negligible．  

The curves of f（x）／f（x）obs  ratios curves f（X）obs  

which are calculated from experimental¢（PZ）corrected   

for fluorescence effect are shownin Fig．3－8，and this   

figure shows the proposed new f（x）equation gave satis－  

factory value against the f（x） in a wide range  
obs  

（1．0 三 f（x）三 0・05）・  

＝n generallow f（x）value are only encountered for   

relatively soft radiation where U ＞10。 Thereforep this   

equation might be 畠ⅩPeCted to glVe gOOd correction   

Valueinlight element analYSis because Fig。3－8 shows  

the f（x）valueisin close agreement with f（x）obs  Value  

eveninlower range．  

3．2．1 Examination of Mean Depth of ＝onization  

Mean depth ofionization pzis expected t00bey the   

simple scalinglaw and willbe a function of beam energy，  
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Criticalexcitation potential，and the mean atomic   

number of the target． The ¢（PZ）equation proposed by   

Philibert（1963）is described as  

¢（PZ）＝∈ expトロPZ）－（∈一 ¢（0））exp卜（1＋1／h）ロPZ），   

Where ∈ represents the scattering function at a depth   

greater than the depth of complete diffusion and equals t0   

4 theoretica11y，Ois the Lenard coefficient，and h   

represents the variation with atomic number． Using   

this equation，the mean depth pzis expressed as  

2  

q 
2  

q  － pq  

PZ  

Where  

h ＋ 1  
and  q ＝  p ＝1－  

Various equations have been proposed for o■′ and many   

equations of pz can belead by 上hem・・The representative   

PZ equatiohs arelisted as f01lows．   

i） simple Philibert model  

2h・1  
E去・65 

l・65  

－E                          C  
a） pz ＝  

1＋h  4。5 ×105  

where h＝1．2A／Z2and the constant ofl．65and  

4．5×105were determinedbY Heinrich（1967）．  
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2h・1  ・5 
E－E 

b） pz ＝   
1＋h   2．39×10 

5  

where h＝1．2A／Z2and the constantsl．5and2。39×10 5  

Were determined by Duncumb－Shields（1966）．  

2h・1  
E去・86 

l・86  

－E                        C  
C〉 － ＝  
PZ  

1＋h   6．8×10 
5  

where h＝0．85A／Z2，and the。。。StantSl．86，6．8×10ラ  

and O．85 were determind Love et al．（1975）．  
鶏  

ii）  full Philibert mode1  

1  

2 
q－p  

d）石盲 ＝  
ロ  

2 
q－pq  

2．54 ×105  2 
where h＝4．5A／Z，G＝  and c was  

E去・5－El・3 C   

determined bY Duncumb一班erford（1966）．  

1  

2 
q－P  

e） pz ＝  
2  ′  

ロ  q － pq  

5 whereh＝1・5Å／Z2′ ロニ9・5×10ハE喜一E喜〉andロWaS  

de七erm土ned by 工JOVe e七 al．＝97㌻巨  
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rn order to establish the accurate equation pz   

for the proposed f（x）．above pz equations which were   

usedin the proposed absorption correction，Were   

applied to the analysis of binarY alloY SyStemS tOgether   

With P00l－Thomas（1962）atomic number correction，and   

the micronalYSis data（150）were quotedin P00l，s data  

（1968）・No fluorescence correction was applied because   

this correction may playlittle partin thisinvestiN   

gation． Calculated results arelistedin Table 3－2．   

This table shows that the results obtained by applying   

HeinrichIs mean depth equation giVeS the best results。   

The new absorption correction equation glVeS 5・5 ％ RMS   

error・ Thatis′in heavier element analysis（Z ＞12），   

much better than the result obtained bY COmmOnly used   

Philibert correction （6．2％ MS error）。  

4．  Conclus土on  

The two new absorption corrections，One，aSSOCiated   

With the Gaussianionization distribution（1）and the   

Other，aSSOCiated with the newionization distribution   

（＝＝）were established．   

The first（＝）is expressed as  

2 f（x〉＝AexpくuいErfc（u）  …  

2 

where，A＝eXP卜b）川＋Erf（b＝′u＝qX叫bpb＝詣  
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Table 3－2  RMS errors of microanalysis results on  

binary alloy sYStemS（150 measurements）  

using proposed absorption correction  

associated with various mean depth of  

土on土zat土on equa七土ons・  

ms erro工・（篭）  Hean depth of  

ion土za七土on  

6．10   

6．24   

5．46  

7．63   

9．88  

Love－Scott★   

Duncumb－Shield☆   

He土nr土ch☆   

Duncumb－Merford＊＊   

Love－Scot七女☆  

☆ simple Philibert model   

丈☆ Full Ph土1土bert model   

Atomic number correction：P00l－Thomas equation  
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Erfc（y）＝1－Erf（y）＝1－  
甘言  

q＝1・158×10‾6（E昌・59－E三・33 ）A／Zl・1 
2  

g／cm  

q＝8・6×10 
‾7・53 

（1－（E。／E。） E 3・16）A／Z 9／cm2・  

and  

Or   

The sec〇nd one（＝＝）was obtained frc）m the new  

－0・6652 
2 

f。。。ti。n，”w）＝。．644 e （w＿。．3）2＿。。2e 閣3。23w 

andis expressed as  

2 2 
f（x）＝A（exp（v）・drfc（Ⅴ）－B exp（u）Erfc（u））（＝＝）   

Where  

A＝（exp（c2）・（1－Erf（c）一B）－1  

B＝6。65×10－2  

u＝1／6・46x・謂．Ⅴ＝ 退望」 
1．33  
－C′C＝0。1995  

and  

2h＋1  
E去・65 

l・65  

－E                        C  
PZ ニ  

1＋h   4。5×10 
5  

These equations，When combined with P00l－Thomas   

atomic number correction，glVe muCh better results   

（RMS error：5．5％（＝），5。7％（工1））than those obtained   

bY COmmOnly used Philibert absorption corrections   

（s土mple philiber七：6。2宅，fullPhil土ber七：8．3宅）on   

binary alloY SyStemS ＝50 measurements）。  
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＝n wide range，f（x）values predicted bY the proq  

POSed equations are coincident with those of f（x） 
obs  

Calculated from¢（pz）obs  Which were determined bY the  

Monte Carlo method or bY the tracer method・ The pro－   

POSed equations maY be expected to give accurate   

COrreCted resultsinlight element analYSis．  
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Chapter 4． Evaluation of the New Absorption Corrections  

On Light Element AnalYSis   

1．  ＝ntroduction  

The author proposed two absorption correctionsin   

Chapter 3． And thes白 equations gave good results of  

anaiYSisin binary alloY SYStemSland were expected to  

glVe g00d resuitsin ⊥1gnt elements analysis because  

f（x）values’predicted by the proposed equations are  

COinciden七Wi叫those、of f（x） 
。bs  

Calculated from the  

FXPerimental¢（pz）in wide range・  

′The proposed two absorption corrections are  

evaluated using many microanalysis data of oxygenin   

inorganic compoundsin this chapter・ Results are  

COmPared with those obtained commonlY uSed simple Philibert  

and fullPhilibert absorption correction．  

2．  Correction Procedures  

2．1．  Atomic Number Correction  

The atomic number correctionis treated separately   

COnSidering the stopplng POWer factor S and backscatteriFlg   

factor R，and is written as   

Csp・Rsp。（1／Ssp）  工  

二∴ 墾㌧ ＝  

エs七d   Cstd・Rs七d・ほ／Sstd〉  

－ 80 －   



The Duncumb－Reed（1968）or Philibert－Tixier（1968）   

COrreCtion are commonly used for factor S，and these   

two corrections gave the same order results（Love et al。   

1975）． As the former equationis rather simpler thah   

the latter，the Duncumb－Reed atomic number correction   

WaS uSedin thisinvestigation．  

The correction is described as f01lows．  

S七Oppt土ng power S：S＝∑C土Z土／A土・1n（1匂166云／J土〉′  

Where云＝ほ十Ec）／2andJ・is meanionization potential l  

Of elementi，and backscattering R：  

R＝1－［Ⅹ ＝ ∑（1－∩Ⅹ土 ）  

W
 
 

d
 
 

l
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Ans†1is called‖electron backscattering coefficient”傘   

M尋ny equations have been proposed for the meanionization   

po七en亡土alJ′ andJ＝13．5×Z（eV〉 was used 土n 七his s七udy   

because theionization potentialof hydrogenis13。6 eV   

and 13.5 eV is in close agreement with Duneumb et alPs 

J／Z data（1968〉 for high atomic number elements。 The   

following equations were used for the caユ．culation of   

the backscattering factor R．   

R＝1－γ＝‡沌0〉＋nG用0〉〉 
1。67  
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where′＝（吋＝AllnUo・A2（1nUo）2＋A3（1nUo）3・A4伽Uo） 4  

and   

4 

G”。）＝宣（BllnUo・B2（1nUo）2・B3（lnUo）3・B4unUo））  
Whereuo＝Eo′Ec・  

The constants A．and B．were determined by Love et al。                   1       1  

（1978）．  

2．2． Absorption Correction  

The proposed two absorption corrections are   

described as f01lows．  

2 
（工）f（x）＝Aexpくu）Erfc（u）  

Where  

u ＝ qX － b。  

2 2 
ほエ）f（x）＝A（exp（v）Erfc（Ⅴ）十針eXp（w）Erfc（w））  

Where  

V ＝ XPZ／1．33 － C and w ＝ XPZ／6。46．  

And有言（mean depth ofionization）given by Heinrich（1967）   

WaS uSedin this correction。qin the equation（＝）was   

already discussedin chapter 3・ The simple Philiber   

and fullPhilibert absorption correction were compared   

With above equation．  

These are described as；   

Simple Philibert equation：  

f（x）＝ ＝＋h）／く1＋ X／ロけ（1＋h＝＋ x／G〉）  
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whereh＝0・85A／Z2andロ＝6。8×10｝5／ほ去。86日El湖）。                                                             C  

FullPh土1土ber七 equa七土on：  

¢（0）h  x  

4十¢（0）h  ロー  

f（x）  

く1十X／ロ）く1＋  
1＋h  

2 
where¢（0）＝1＋2・8＝－0・9Eo′Ec｝ ′h＝1。5A′zand  

5 ロ＝9・5XlO／（E一 E喜｝・  

Lenard coeffcient O and mean atomic number variation   

h determined by Love et al．（1975）were used because   

they gave better results than others in the analysis   

Of binary alloY SYStemS．No fluorescence correctionis   

applied because the contribution is negligiSle in the 

analys土s ofl土ght elemen七S．  

Then，theoreticalintensity ratio k－ can be   

described as  

㌔p●f（x）sp●Rsp二三壬生 

Cs七d・封x）s七d㍉Rs七d・S 
sp  

k！  
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3． Results and Discussion  

The measurement was carried out on the f01lowing  

SamPles；SilicatesT Sulfatest doulble oxides of   

、Ianthanoid and niobium and binarY OXides．  

1）silicates‥SiO2，CaSiO3，NaAISi308，KAISi308  

2）sulfates：CaSO4，SrSO4，BaSO4t PbSO4   

3）double ox土des oflan七hano土d and n土ob土um：  

LaNbO4t TbNb04′ErNbO4，EuNbO4′GdNbO4  

4）binary oxides：Fe203，MgO・TiO2・Cr203   

班easured data of oxYgenin those samples have already   

Shownin chapter2（Table2－2，5・7，9）・Data for MgA1204，  

FeTi205，NiTiO3，PbM004and、CaZrO3   quOted from Love   

et al．Is work（1974b）are also used for this investi  

gation。The accelerating v01tage range were from5 t0  

30 kV．  

でhe160 measuremen七S da七a of oxygen have been  

f）lotted as c／kin a histogram（Fig・4－1）in order to   

indicate the order of magnitude of the correction  

required；C is concentration ratio and k the measured  

intensity ratio（standard：A1203）・Microanalysis dat   

Were COrreCted appIYing each absorption correction  

together with Duncumb－Reed（1968）atomic number correcm  

tion・ The mass absorption coefficients used were those  

given bY Love et al。（1974b）（8 三 Z ＜ 22，Z ＝ 80）and  

Henke e七al。く1974）（22 三 Z 三 79）・  

鵬 84 －   



。 

p
h
再
p
u
再
J
S
 
再
 
S
噌
 
む
p
可
×
0
 
己
n
一
己
可
己
ロ
バ
再
 
ひ
㌫
可
∽
ヨ
 
 

宗
監
㌫
す
0
山
0
0
T
霊
h
忠
司
S
已
票
霊
p
巴
n
S
雲
∈
S
T
出
雲
再
u
O
玉
田
ぶ
宏
U
8
U
む
A
憲
書
郎
h
心
霊
S
可
U
 
 

。
｛
∽
室
賀
巴
n
詔
賀
○
ご
）
 
u
乱
打
0
叫
○
男
名
S
T
S
h
一
再
u
召
h
U
召
p
男
じ
巴
≒
U
u
コ
叫
0
∈
何
誌
0
霊
T
㍍
 
ご
去
 
蒜
震
 
 

十
∴
－
い
 
圭
撃
ト
ト
「
∴
二
∴
∵
 
 

－ 85 －   



The fo1lowing equation which gave better RMS error   

（mean：5．64％）than that of others（7．59％）for the oxygen   

analysiswaschosen．   

‾6・59 
q＝1・158×10（E ）A／Zl・1 

2 

－E （9／cm）  

The new absorption correction（＝）and（＝＝）gave better   

results than those g■iven by commonly used Philiber   

COrreCtion as shownin Table 4－1・ EspeciallY the new   

COrreCtion（＝＝）gave verY gOOd results（within 5％ RMS   

error）・MicroanalYSis data obtained by applying various  

absorption corrections together with the Duncumb－Reed   

atomic number correction（1968）are shownin Fig 4－2 as   

the form of histograms of k7／k．This figure clearly  

Shows either of absorption correction proposedin this   

thesisis better than commonly used Philibert mOdels．   

RMS error of corrected analYticalresults obtained bY   

the proposed correction（＝）and（＝＝），Simple Philiber   

and fullPhilibert absorption correction are compared   

in Table 4－2．   

This tableindicates over 60％ of the data corrected bY  

proposed equation（工）or（工エ）1ay w土th土n 5宅 of 七he 七rue   

Value・This resultis as good as 七・hat of ordinary  

element analysislie。SiF Al（Fe and other ma〕Or   

COmPOnentSin siiicate minerals（by electron probe  
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0．80 0．90 1．∞ 写一つ0 1．29   
F州Pilii童tl、誉！●t、コ（ミりこミi…  

（し；ニ；C O．SO 盲＿仁こ）1．10 1．20  

S坤磨掛鼠ぬ曹西野qu忍！ね  

Fig。4－2． Histograms of correctea microanalYSis results  

kリk usin曾Var土ou．s absorp七ion correc七土on 七09e七heご  

With Duncumb－Reed atomic number correction． The  

Standard for oxYgenis aluminium oxide．  
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microanalYZer。 Therefore both absorption correction（＝）   

and（＝＝）can be applied to the practicalanalYSis for   

light elements．  

4．  Conclus土on  

Proposed two absorption corrections were examined   

On160 microanalysis data of oxygenininorganic   

COmPOunds・ The f01lowing two absorption corr＄Ctions   

gave greater accuracY than that of the Philibert absorp－   

tion correction models． Proposed absorption corrections   

are written as  

（工〉 f（x）＝ A exp（u）・E工・fc（u）   

Whereu＝qX－b，b＝5／14′  

q＝1・158×10 
-6 1.59 1,33 

（E －E 
）A／Zl・1。  

2 2 
f（x）＝A（exp（v）・Erfc（Ⅴ）－eXP（w）．Erfc（w）〉  

Where  
v＝ XF言／1．33 鴫C，C ＝ 0．1995，  

（E去・65 
l・65 

－E ）  

W ＝ XPZ／6。46， PZ ＝  

4．5×10 
5  

The RMS errors for oxYgen analyses obtained using   

above equations were 5・6％ and 5・0％ respectivelYu and   

those values were superior to that obtained by the simple   

Philibert or bY the fullPhilibert absorption correction   

（simple Philibert：9．8％，fuliPhilibert：8．5％）。 Both   

new corrections couLd be applied to the practicaL analysis 

－ 90 －   



Oflight elements because the magnitude of RMS error for   

OXYgen analYSis was as sms11as that of ordinary element   

analYSis・by electron microprobe．  
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Chapter 5・ Quantitative Analysis of Hydrous Minerals  

1。 1ntroduction  

There are many minerals which containlarge   

quantitY Of waterlike ze01ites and clay minerals・  

The analYSeS Of these samples by electron probe   

microanalYZer have been a difficult problem because   

there is no suitable methoa to determine the water   

contentin the analYticalarea on electron microprobe。   

1f electron microprobe analysis of these samples were   

carried c、ut Without the determination of water，the   

results of analysis might contain alarge error caused   

by the correction calculation. Therefore it is very 

important to estimate the content of water for the   

analysis of these hydrous minerals・  

The author carried out the determination of several   

ze01ites and muscovite using OK l主ne to estimate the   
α  

totaloxygen contentin electron bombardment area・   

The content of water or hydroxyl group in these samples 

Were determined bY deducing the oxYgen COntent COmbined   

With metals stoichiometricallY from the totaloxYgen   

COn七ent∴  

2。 Experimental  

The EPMAYsystem used consists of aJEOLJXAd50A   

electron probe microanalyzer and a ACPS－ⅩR contr0l  

ー 92 －   



SYStem deslgned bY EL＝ON＝X。 The measurement conditions   

are representedin Table 5－1in detail． The samples   

analYZed were muscovite，heulandite，laumontite′   

Chabazite．analcime and YugaWaralite． The standard   

SPeCimens and analYZing crYStals for each element are   

Shown in Table 5－2．  

3．  Correc七土on Procedures  

The correction method used for the quantitative   

analysis of muscovite and severalzeolites consist of   

the DuncumbpReed atomic number correction，the proposed   

absorption correction（＝＝）and the Reed fluorescence   

COrreCtion． The content of element i could be obtained   

from the measurementintensity ratio K．according to l  

the followlng equa七10n．  

1／亭主  f（x）土   （1＋Y土）  

K ＝  

1／Si，Std  f（x）i，Std （1＋Yi）std，  R． 1′Std  1′S七d  

Where′ the atomic number（R，S）and absorption correction   

（f（x））are same as already describedin chapter 4。   

The fluorescence correctionis represented as the term   

＝＋Y），and－Y Can be written as  

－ 93 －   



Table 5－1。  AnalYticalconditions for determination  

Of hydrous m土nerals  

Acclerating voltage：15 kV   

Beam current  ：0・013リA on FaradaY Cage   

PHA condition（for oxYgen analYSis）  

Lower level  ：1。0 V  

W土ndow  ：2．0 V  

Ga土n  ：32x6  

Discriminator mode：diff  

－ 94 M   



Table 5－2  The standard specimens and analYZing crystals  

for muscovite and ze01ite analYSis  

Element  Standard  Analyzing crYStal  

A1203  

NaAISi308  

M90  

A1203  

S土02  

ⅩAIS土308  

CaS土03  

Fe203  

叫 95 叫   



（9（Ⅹ）＋ 9（y））  
Y土 
＝CJ…D  

●■ （両）；コ  

Where  

1n（1＋Z）  コ  

・y＝ロパリ／p）王  9（Z）   

●● Ⅹ ＝（（u／p）王コ／（u／p）；コ）c。SeCO，  

u昌一1 
1・67  

and  

D ＝・（  

4．  Results and Discussion   

4．1。 朗uscovi七e  

Muscovite has hYdroxylgroup whichis quite resis叫   

tant to the electron bombardment． The determination of   

OH contentin muscovite was carried out by electron micro出   

PrObein order to examine the abilitY tO determine the   

OXygen COntent bY ZAF correction，Whichincludes the  

proposed absorption correctionin this thesis．Th占   

content of oxygen in hydroxyl group was decided deducing 

the oxYgen COntent COmbined with metals stoichiometrically   

from the totaloxYgen COntent．  

甘he ヱニeSul七S Of analyses of muscov土七e from 工Shikawaダ   

Fukushima Prof。and Zambei，Zambia are shownin Table   

5－3 and 5d4 respectivelY． The following emplrical   

formulas on 七he bas土s of totaloxygen a七OmS aS 24 weどe  

－ 96 －   



Table 5－3． 机icroprobe analYSis of muscovite（A）；  

（Zambe土．Zambia）  

Element K－Val＊（wt％）  Concentration No。Of atoms  

（w七篭）  （24 0Ⅹyg■enS）  

34．11  

0．35  

0．42  

47．33  

0．39  

0。50   

16。92  

21．06   

10。25  

3．08  

（24）   

0．14  

0．17   

5。09   

6。08  

2．13   

0．45  

Al  15．64   

S土  17．38  

10。30  

2．73  

to七a1  80．93  99．53  14．06  

☆ 的easured relativeintensity  

剛 97 榊   



’Table 5韓4  班icroprobe analYSis of muscovite（B〉3  
（1shikawa，Fukushima）  

Element K－Val＊（vt％）  Concentration No。Of atoms  

（wt％）   （24 0ⅩygenS）  

35．22  

0．44  

47．78  

0．48  

Al  17．38   

S土  16噌89  

18．61   

20．70  

9．37  

2．70  

5．54   

5．92   

1．93  

0．39  

tota1  81．73  99．64  13．95  

東 邦easured relativeintensitY  
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Obtained from the results of analYSeS glVenin these   

七abl．es．   

A： muSCOVite（Zambei，Zambia）  

（K2。13，Nao．14）2．27（A13・17，Feo・45，Mgo・17）3・79（All・92Si6：08）80胤膵（OH）与。45  

B：（工Sh土kawa′ Fukushima Pre王。）  

（Kl．9i，Nao．19）2．10（A13．46，Feo．39）3．85（A12．08，Si5・92）806Wq（On）4。43  

The ignition losses of thses two muscovites were 

determinedin order to compare with the calculated   

COntent Of water obtined from the above two emplrical  

formulas．   

Thelosses onlgnition was 5・30％ on sample A and4．90％  

On SamPle B7 and agreed with those obtained from emplrical  

至ormulas（A：4．93篭′ B：4．95宅）． でhe con七ent of OH   

are alsoin 

muscovite・ These resultsimpIY the reliability of the   

proposed me七hod．  

4。2。  Zeol土te  

The examination of the characteristics of OK α  

line of the typICaianhydrous oxide SiO2and tYPiCal  

hydrous silicalte，ZeOlite，had been carried outin  

剛 99 叫   



order to find the difference between them． No clear   

Change caused bY the water was found on the shape or  

Shift of OKαline・Therefore，the peakintensity of  

OKctline might giVe theinformation of totaloxygen  

COntent in ze01ite samples． And the analyses of   

SeVeralze01ites，ie．heulandite，1aumontite．chabazite，   

analcime and Yug■aWaralite，Were Carried out・ The water   

COntent Of them were determined deaucing the oxygen   

COntent COmbined with metals stoichometricaliY from the   

totaloxYgen COntent． The results of analyses are   

Shownin Tables 5－5（heulandite），5－6（laumontite）′ 5－7   

（chabazite），5－8（analcime）and 5－9（YugaWaralite），and   

the following emplricalformulas for these ze01ites   

were obtained on the bases of total atoms of Si and Al   

as 9．O in heulandite，6．O inlaumontite and chabazite  

，8．Oin YugaWaralite and 3．Oin analcime．  

Heulandite：   

（Cao．27，Ko。17，Nao．46）0。90（All．91，Si7。09）9017．由・4・弧玉20  

Lanmontite：  

（Cao．83，Ko。03，Nao．08）0．94（All。76，Si4。24）6012。01 。4。6＝20  

Chabaz土七e：  

（C卑。。84，K。誹，Na。．03）0。91（A11．80，Si4．20哲1l．95 05・79且20  
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Table 5－5． 損icroprobe analYSis of heulandite  

Element K－Val（wt％）＊  concentaration N0．Of atoms  

（wt篭）  （Al＋Si＝9）  

0  48。72   

Na   1．54  

56．55   

1．68  

8．13   

31．36   

1．03   

1．69  

22。44  

0．46  

1．91  

7．09  

0。17  

0。27  

7．54   

28．02   

1。01  

1．56  

AI  

S土  

K  

Ca  

to七a1  88．39  100．44  

＊ Measured relativeintensitY  
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Table 5－6． Microprobe analysis oflaumontite  

Element K－Val（wt％）☆ concentration N0．Of atoms  

（w七宅）  （Al＋Si＝6）  

16．60  

0．08  

56．99  

0．40  

0．02   

10．19   

25．55  

0．24  

7．16  

39．03  

0．37  

0．02  

9．61   

22．27  

0．24  

6．68  

O  

Na   

畏9   

AI  

S土  

民  

Ca  

1．76   

4．24  

0。03   

0．83  

100．55  to七a1  78．22  

＊ 班easured relativeintensitY  
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Table 5－7． Microprobe analYSis of chabazite  

Elemen七  R－Val（w七篭）女  Concen七ra七ion No．0王 a七OmS  

（w七篭）   （S土＋Al＝6）  

58．73  

0．12   

10．03   

24。39  

0．29  

6．98  

41．30  

0．11  

9．38   

21．22  

0．29  

6．51  

17．76  

0。03   

1．80  

4．20  

0。04  

0．84  

O  

Na  

AI  

SI  

K  

Ca  

七0七a1  78．71  100．54  

＊ Measured relativeintensity  
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Table 5－8． Microprobe analysis of analcime  

Element K－Val（％）女  Concentration N0．0f atoms  

（wt篭）  （Al十Si＝3）  

53．41  

8．44  

9．46   

23。07  

0．05  

51。97  

9．00   

10．90   

27．41  

0．05  

7．06   

0．85   

0．88  

2。12  

O  

Na  

AI  

S土  

Ⅹ  

七Ota1  94．43  99．33  

☆Measured relativeintensitY  
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Table 5－9。 班icroprobe analysis of YugaWaraiite  

Element K－Val（i）＊  concentration No．of atoms  

（w七宅）  （Al＋S土＝8）  

37。88  

8。37   

25．03  

0．07  

6．24  

55．38  

8．77   

28．07  

0．07  

6．70  

20．91   

1。96  

6．04  

1．01  

O   

AI  

S土  

Ⅹ  

Ca  

98．99  tota1  77．59  

☆ Measured relativeintensitY  
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Analclme：  

Nao．85（Alo．88，Si2．12）305．99。1・08H20  

Yugawaral土te：  

Cal．01（All．96，Si6．04）8016．03 。4・88H20  

The ratios of A to B，Where A represents Ca，Na，K and   

B does Al，Siin the emplricalformulas obtined for   

these zeolites agree with those of theoreticalones，  

indicating that the proposed correction method giVe   

g00d results of analyses for ordinary elementin   

hydrous sampleslike zeolites．  

The content of waterin zeolite samples were   

Calculated from the above emplricalformulas，and are   

Shownin Table 5－10 together with the water content   

determined bY the thermo－graVimetric analysis．  

Although the results of H20 analysis by this proposed 

method are affected by the errors of analysis of other   

elements′ may be applicable to′the practicalanalYSis   

Of ze01i七es．   

On the other hand′ the water content obtained by TめG。   

method represent the average quantity of waterin the   

SamPles，and do not glVe the water content of micro  

－106 －   



Determination of water content in ze01ite   

bY electron probe microanalYZer  

でable 5－10。  

Water content（wt％）  

Ep班A  で．G．女  

Sample  

13．4  

8．9   

20．9  

15．0   

17．3  

13．7  

9．7   

20．6  

14．0  

17．6  

Heulandite  

Laumontite  

Chabazite   

Analc土me   

Yu冒aWaral土七e  

央 でhermo－graV土metric analys土s  
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arealike that obtained bY the electron probe analysis。   

Taking these factsinto considerationp the water   

content determined by proposed method are g00d agree－   

ment withT．G．method。 The results of this method maY   

re．present the content of waterin the electron   

bombardment area，and this proposed method couid be   

applied to the determination ofWater COntentin   

Order areain hydrous minerals・  

5。  Conclus土on  

The eleictron probe analysis of muscoviteT Which   

COntains hydroxylgroupland zeolitet which contains  

Water，Were Carried out using Okline・Theintensity  
α  

Of O㌔1土ne9aVe the土nformat土On Of to七aloxy冒en  

COntentincluding the oxYgenin OH and H20。The proposed  

method，tOdetermine water content or hYdroxylgroup   

COntent by deducIPg the oxygen combined with metals   

StOichiometrica11y from the totaloxygen content，WaS   

applied to the totalanalYSis of muscovite and several   

ZeOlitesc ie．heulandite，laumontite，Chabazite，analcime   

a‡ュd yugawaral土te．  

＝n the analYSis of muscovite this method gave   

Satisfactory results。 The number of OH obtained by the   

proposed methodis in g00d agreement with the number of   

OHin theidealformula，and the water content deter－   

mined from the the obtained empirical formula given by 
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this method are alsoin g00d agreement with the results   

91Ven bylgn土七10nloss。  

＝n the analysis of ze01ite′ this method also gave   

Satisfactory results． The emplricalfoumulas calculated   

from the results obtained by this method are quite   

reliable，and the content of water obtained bY this   

method agreed with the results of T．G．method within   

lO％． The method must glVe the content of waterin   

electron bombardment area．  
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Chapter 6． Conclusion  

＝n conclusion，the following facts were defined。   

（1） The most suitable accelerating v01tage for the  

PraCticalanalYSis of oxYgenininorganic compounds   

isin the rangelO三Eo三15kV・  

（2） The fullPhilibert absorption correction gave  

better resultsin the oxYgen analvsis than that of ＿▲  

the simple Philibert or Yakowitz－Heinrich absorp幽  

tion correction because of the contribution of  

¢（0）t竿rmin the high accelerating v01tage range．   

（3） Even the fullPhilibert absorption correction，  

did not glVe SatisfactorY reSults to allmeasured  

accelerating voitage and samples． For example，  

t邑e correc七ion g・aVe900d resul七s foェ、S土1土cates  

く5．2亀）and double ox土des of lanthano土d and  

（5．2篭）′ bu七 gavelarge 良沢S error for oxy冒en  

analYSisin sulfates（14．8％），binarY OXide（9。8％）  

and ternary oxide sYStemS（8．3％）。 Therefore an  

improved absorption correction－is required for the  

quantitative analysis oflight elements．   

（4） A new absorption correctionis established based  

On the Gaussianionization distribution，Which  

WaS p工■OpOSed by W土モモry。  

The correction is expressed as 
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2 
f（x）＝A・exp（u）・Erfc（u）  （＝）   

Wbere′u＝qX－b．b＝5／14  

and  q＝1・158×10 
‾6・59 
ほ 

－E三・33 ）A／Zl・1  

（5） A new normalizedionization distribution is  

established by the T旧niinearleast square curve  

fitting using the data of ¢（w）′ Which was deter－  

mined by the Monte Carlo me土bodJin a Cu target  

at 30 kV and U ＝10． The new normalized  

ionization distribution proposed is written as 

2 2 2 
¢（w）＝0・664・eXp卜0・665（w－0・3）卜0。2・eXp卜3。23w）。  

（6） A new absorption correction associated with the  

new normalizedionization distributionin（5）is  

Obtained′ andis expressed as  

2 2 
f（x）＝A（exp（v）Er王c（Ⅴトexp（w）Erfc（w〉〉′ 電工工）  

Where，   

Ⅴ＝X。す㌻ 

。65－El。65 
w ＝X。市／6・46and石盲＝（E吉 

5 

C  
）牲5×10。  

く7〉 proposed 七WO absoエーp七土on correcと土ons weヱ：e eXam土ned  

On 310 microanalysis data（light elemets：160′  
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heavier elements（Z 之12）：150）・The proposed  

absorption correction gave greater accuracY than  

that of the Philibert correction models． The RMS  

errors of oxYgen an畠1ysis obtained using proposed  

absorption corrections were5．6％（equation ＝）and  

5．0％（equation ＝＝）respectively，and that of the  

Other elem≡ntS analysisin binary alloY SYStemS WaS  

5．7篭 and 5．5亀 respec七土vely． でbese values were  

SuPerior than that of simple Philibert（heavier  

elements：6．2％，○ⅩYgen：9．6％）or fullPhiliber  

absorption correction（heavier elements：8。3％p  
■  

0Ⅹygen：8．5％）． Therefore，both proposed new  

COrreCtions could be applied to the practical  

analysis oflight elements．   

（8） The proposed absorption correction（＝＝）was applied  

to the analyses of muscovite and severalze01itesp  

Which have OH or H20′tOgether with Duncumb回Reed  

atomic number and Reed fluorescence correction．  

1n order to determine the content of water or  

hydroxylgroup 土n m土cro area′ the 宣0ユ＿10W土ng me七hod  

is proposed because theintensity of OK line glVeS  
α  

the 土nformat土on of to七aloxygen con七en七。  

H20 くOH）（w七篭）＝0（w七篭）七Otal －∑0土′  

Where O．represents the content of oxygen combined ユ．  

Wi亡h s七0土chiome七rically．  
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（9） This proposed method for determination of water or  

hydroxylgroup content gave satisfactory results  

in the analysis of muscoviteF heulanditetlaumontite8  

Chabaziter yug・aWaralite and analcime・ The emplrical  

formulas calculated from the results obtained bY  

this metbod were quite reliable，and the content  

Of wa七eご Or hydroxylgroup obta土ned a9reed w土th  

the results of T。G．method。 This method must giVe  

the content of water or hydroxYlgroupin electron  

bombardment area．  
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