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DETERMINATION OF MICRO AMOUNTS OF IRON, ALUMINUM, AND
ALKALINE EARTH METALS IN SILICON CARBIDE

Hiroshi Hirata and Masanao Arai
Wireless Research Laboratory,

Matsushita Electric Industrial Co., Ltd., Osaka, Japan

Micro-components in silicon carbide, the raw material for /820*

varistors, were studied by the method of colorimetric analysis.

That is, the iron soluble in hydrochloric acid was determined in

the same way as the JIS method by measuring the absorbance of its

thiocyanate complex ions at 480 my. Iron and aluminum were also

extracted by means of chloroform by generating oxines and chelates

at pH 7; they were also determined at the same time by measuring

their absorbances at 390 and 470 mU. Since the calcium and magne-

sium contents were very small, their absorbances were measured at

610 mp (pH 11.5) using thymolphthalein complexon to obtain their

total amount. The values obtained by determining N.B.S. samples

with this method agreed extremely well with the standard values.

Therefore, the method was applied in the analysis of actual

samples, and good results were obtained.

1. Introduction

In the manufacturin¢ of silicon carbide, which is used as

the chief raw material for varistors, the composition and the

amounts of impurities tend to be extremely variable. Since they

exert a cc-siderable influence on the electrical characteristics,

strict determination of them is a necessity when the raw materials

are purchased or used. The JIS R 6124 method [1] is currently

available for analyzing silicon carbide. However, this method.

pertains to silicon carbide used as an abrasive, and it would be

* Numbers in the margin indi:,_Le pagination iii the foreign text.
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quite difficult to apply this method unmodified tc silicon carbide

for varistors, since the impurities contained in it (iron, aluminum,

calcium, and magnesium) are all present in quite small amounts.

The authors decided, therefore, to determine all the micro-

components uy means of colorimetry. The iron soluble in hydro-

chloric acid was determined by the thiocyanate method; the iron

and aluminum were determined by the oxine-chloroform method; and

the calcium and magnesium were determined by the thymolphthalein

complexon (TPC) method.

2. Analytical Methods

2.1. Reagents

Iron standard solution (1 mg/mt): 0.2500 g of metallic Iron

(manufactured by Yokozawa Kagaku, 99.99%) was measured precisely,

dissolved in 25 mt of hydrochloric acid (1 + 1), and diluted to

25U mi.

Aluminum standard solution (1 mg/mt). `.2500 g of metallic

aluminum (manufactured by Yokozawa Kagaku, 99.99 ) was measured

precise] , dissolved in 25 mt of hydrochloric acid (1 + 1), and

diluted to 250 mi.

Calcium standard solution (1 mg/mk): O.6250 g of calcium

carbonate (Wako Junyaku special-grade reagent) was dissolved in

25 mt of hydrochloric acid (1 + 1) and diluted to 250 mk.

Oxine solution: 1.5 g of oxine (Wako Junyaku special grade)

was heated and dissolved in 5 mt of glacial acetic acid and

diluted to 250 mi.
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Ammonium acetate solution (2M): 15.5 g of ammonium acetate

(Wako Junyaku special grade) was dissolved and diluted in distilled

water until the amount reached 200 mt.

TPC solution: 150 mg of TPC (manufactured by Dajin Yakkagaku)

was taken in a 250 mt measuring flask and dissolved and diluted in

alcohol.

Triethanolamine solution: 100 mt of distilled water was

added to 100 mt of a triethanolamine (Waka Junyaku special grade)

solution.

The sodium carbonate, sodium hydroxide and sodium peroxide

used as fusing agents, as well as the other reagents, were all

special-grade products of Wako Junyaku. The indicators used for

chelate titration (Da, NN, BT, etc.) were manufactured by Dojin

Yakkagaku.

2.2. Equipment

A Hitachi recording spectrophotometer (model EPS-2) was used

to measure the absorbances, and a Horiba pH meter (model M -3) was

used to measure the pH.

2.3. Analytical Procedures

2.3.1. Determination of Iron Soluble in Hydrochloric Acid

Exactly 1 g of the sample was measured and taken into a 100

mt beaker. 50 mt of hydrochloric acid (1 + 1) was added to it,

and it was covered with a watch glass. It was then gradually

heated. After most of the soluble iron had been dissolved, it

was left to stand overnight. The insoluble residue was then

filtered out and diluted in a 100 or 200 mt measuring flask.

3
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Next the necessary amount was taken into a 50 m

and 5 m2 of a 10% ammonium persulfate solution,
10% ammonium thiocyanate solution were added tc

Then the absorbance was measured one hour later

the iron contents were found with a calibration

advance.

t measuring flask,

then 10 mt of a

color the iron.

at 4b0 mu, and

curve prepared in

2.3.2. Decomposition of Silicon Carbide
	

/821

Exactly 0.5 g of the sample was measured out and put into a

platinum pot together with 5 g of sodium hydroxide and 5 g of
potassium nitrate. It was at first heated as slowly as possible

to drive out the moisture content thoroughly. Then it was fused

completely while maintaining a dark red color. The silicon was

removed from the fused substance according to the section entitled

"Method for Determining Total Silicon" in 5.2 of the JIS method.

This was then used as the test solution for determining the iron,

aluminum, calcium and magnesium.

2.3.3. Determination of Iron and Aluminum

The silicon which had been separated according to the JIS

method was diluted until it reached 200 mt, and 1-10 mt was

separated from this diluted filtrate, the exact amount depending

upon the amount or iron and aluminum supposed to to present.

Then 5 mt of the oxine solution and 5 mt of the ammonium acetate

solution were added, the pH was adjusted to 7 by means of

aqueous ammonia, and the sample was transferred into a separating

funnel and its total amount brought to 100 mt. Next, exactly 10

mt of chloroform was added, the mixture was shaken intensely for

1 minute, and it was then allowed to stand for 5 minutes. Then

the chloroform solution was transferred into a small-sized bottle

with a ground stopper containing anhydrous sodium sulfa.te, and

its absorbance was measured at 390 and 470 my, using as a control

11



a solution prepared by exactly the same method from fusing on,

except that it contained no sample. The iron and aluminum concen-

trations CFe and CA1 were obtained by the following formulas from

their respective absorbances A390 and A470:

Cr.— A4r 	aiiC—^ roa *L
^ CAI— A"—

Fe
Here, a390' "390 and a470 	are the values of the absorptivity.

Incidentally, the values obtained in this way for the iron will

contain also the iron soluble in hydrochloric acid, and it will

be necessary to subtract this amount.

2.3. 4. Determination of Alkaline Earth Metals

The silicon was separated according to the JIS method, and

1.0 mi was taken from the filtrate which had been diluted to 200

mi. Then 1 mi of a 50% triethanolamine solution and 1 mi of a

10% ammonium chloride solution were added to this. Next 5 mi

of a 0.06% alcohol solution of TPC and 25 mi of concentrated

aqueous ammonia were added, and the solution was diluted in a

50 mt measuring flask. Its absorbance was then measured at

610 mu, using the test solution as a control, since the latter

contains no sample. The alkaline earth metal contents were then

found with a calibration curve prepared in advance in the same way.

3 Study of the Analytical Methods

3.1. Study of the Method for Determining Iron Soluble in Hydro-
chloric Acid

The JIS mentions two methods for determining the iron which

becomes mixed with the silicon carbide during the crushing process:

the potassium permanganate titration method and the colorimetric

method using potassium thiocyanate. In this case we used the
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latter colorimetric method. However, the thiocyanate complex ions

will fade rapidly if the JIS method is used without modification,

and we therefore made a study of the method of adding ammonium

persulfate [2]. The results are as shown in Fig. 1.

V.e
(1) and (2) in Fig. 1 show

07 the measured values of the absor-

^, bances of ferric chloride and
0.6 U ferric sulfate prepared in the

I following manner. 	 Amounts of

< ^^	 , each were taken in 100 irl measu-

a.+

G ring flasks, and 10 mi of 12N

I
hydrochloric acit% or 12N sulfu-

0.3

! ric acid was added to them.	 Then

0.2
0
	

i	 z	 ;	 ; 10 Lit of a 10% ammonium thiocyan-
Tim`, °r ate solution was added, and the

Fig.	 t	 Effect of standing time on absorbance of
ferric thiocyanate complex solutions were diluted with
1. l% NH4 SI0 in 1.2-Y H,so,, d I% NHSSCN in

1.2N HCI,	 m	 1% NH,SC^ + 1% (NH.);5:0. in distilled water until they each
1.2N H tSO,. m 116 aH.SCN+I% (N11 A )_S;Ol m

1.2,,, HO came to 100 mi.	 Then their ab-
sorbances were measured with the

passage of time (hours). 	 In the

samples in curves (3) and (4), 10 mi of a 10% ammonium persulfate

solution was added before the addition of the ammonium thiocyanate.

As is clear in Fig. 1, the absorbance declines remarkably

with the passage of time ir. samples which contain no ammonium

persulfate, no matter whether they contain hydrochloric or sulfu-

ric acid. However, if ammonium persulfate is added, their absor-

bance will become more or less constant after a certain time.

Therefore, the measurements were taken about 1 hour after the

addition of ammonium persulfate and ammonium thiocyanate. Inci-

dentally, the sulfur will be liberated rapidly if ammonium thio-

cyanate and ammonium persulfate are used in excessive amounts,

and the limit is 10 mt in a 50 mt measuring flask. The absorption
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maximum wavelengths will also differ depending upon the amounts of

these reagents which are added, but 480 mu is believed to be best.

3.2.  Study of Method for Decomposing Silicon Carbide 	 /822

In the study we followed the JIS fusing method, in which 10

g of sodium carbonate or sodium hydroxide and 4 g of potassium

nitrate are added to 0.5 g of the sample, which is then fused in

a nickel pot while maintaining a dark red color. However, the

silicon carbide to be determined here can be fused by the sodium

carbonate-potassium nitrate method only with difficulty. If an

elevated temperature is adopted, the fusing agent will spatter or

will flow out along the walls of the pot, and it is therefore

necessary to repeat the process a number of times at a low tempe-

rature. In fact, there are some samples which cannot be fused

even when the process is repeated. However, if the sodium

hydroxide-potassium nitrate method is carried out in the manner

described in section 2.3.2, fusion will be completed in about 1

hour. In this case, there will be good fusion at a low tempera-

ture even if the sample and fusing agent are not thoroughly mixed

together. In addition to th-- JIS method described above, we also

made a study of the sodium carbonate-sodium peroxide method in

the interests of speeding up the fusion process. We found that

if the heat is increased somewhat the reaction with the sample

will proceed at an explosive rate and the fusion will be completed

within a short time. However, large amounts of nickel will be

eluted, and there will also be danger that the sample and fusing

agent may spatter. This, this method is lacking in reproducibi-

lity.

Consequently, the JIS sodium hydroxide-potassium nitrate

method was adopted on account of the circums;,ances described

above. The amounts of fusing agents were 5 g of sodium hydroxide

and 5 g of potassium nitrate for every 0.5 g of gampla— Since
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the amounts of nickel from the pot which are mixed into the sample

are variable, nickel pots were deemed to be unsuitable for analyzing

iron and aluminum, and it was decided to use platinum pots in this

case.

3.3. Study of Method for Determining Iron and Aluminum

In the JIS method, both iron and aluminum are precipitated

simultaneously as hydroxides, and they are both weighed as oxides.

Next, the iron contents are found by the potassium thiocyanate

method, and the amount of aluminum is calculated by subtraction.

H^, ,gever. the samples analyzed here contain far less iron and

aluminum than the amounts contained in silicon carbide used as

an abrasive. Therefore, if the JIS method is adopted, not only

will the error based on the method itself be increased, but it

will also be necessary to fuse large amounts of the sample with

large amounts of fusing agents, so that iron and aluminum impu-

rities originating in the fusing agents and other sources may

very well be mixed in the samples. For this reason, in this

case we studied a method of extracting the iron and aluminum in

chloroform in the form of oxine sal';s and performing the colori-

metrical analysis at the same time [3].

3.3.1. Absorption Curves

The oxine salt of iron in a chloroform solution has its

absorption maxima at 370, 470 and 580 mu, as is shown in (A) of

Fig. 2. On the other hand, the oxine-chloroform extract of

aluminum has absorption at 390 mu, but it has almost none at

wavelengths greater than 450 mu, as is shown in (B). In addition,

the absorption of iron at 390 and 470 mp and that of aluminum at

390 mu both follow Beer's law quite well, as is shown. in Fig. 3.

Therefore, it would be possible to determine both iron and

aluminum simultaneously in accordance with the formula in 2.3.3.

8



	

1 or	 i RIGINAL /' I .
1 4	 OF P!xlk ki-1A.1.IT^

J	 Itt

	

oe ^	 ^	 tA?

	

1	 '

1

too	 S00	 boa

Ws c cng:h, n:'

Fig. 2 Absorption spectra

(A) F­ Oxine in chloroform, Rerercoce : Oxine in
chlurororm; (8) Al-Oxme in ehiorcronn, Refaencc:
Oxine in chloro rorm; (C) Oxine in chlorofonn,:^
Reference : Chlorororm ; (D) Fusing a5ent-0tin _in
chloroform, Reference : Oxine in chloroform

Nevertheless, since the absorption

curves in blank tests showed con-

siderable absorption at 390 and 470

mu, as is shown in (D) of Fig. 2,

it was decided to use a control

solution for the actual samples

in the actual analysis. The control

solution was prepared exactly in the

same way as the sample solutions,

with the sole difference that it

contained no sample.

3.3.2. Influence of pH during /823
Extraction

10	 We investigated the pH when

the oxJ.ne salts of iron, aluminum
0.8

and the control solution were

quantitatively extracted in chloro-

form. It was found as a result

° 	 that the pH of iron was 2.4 oi-

u:	 higher and that of aluminum was

4 .5 - 9 . 5• When the absorbance

10 N	 45	 ,^	 ej -^	 of the control solution was being
measured at 390 mu, it became

Fig. 3 C-riibratiun curvcs of :lurninum and iron
._e- fe ,,,	 constant at 4.5 - 9.5 •	 Consequent-

ly, it will be sufficient to carry

out the extraction at a pH of 4.5 - 9.5. However, when a study was

made with actual samples, it was found as a result that a pH of 6 - 8

was better than one of 5, as is shown in Table I. For this reason,

it was decided to use a pH of 7 during extraction.

TaUr• I Effect of p1l ou earnctiun of uxrnC salts

of iron and aluminum with chloroform

P11	
-	

ern = -
	 - 

A41. 
—

5 _ ----- 0.90=0 Ili	 0.515=0.015	 --
6-8	 I.0?0x0.0'7	 0.5'.3=0.007
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3.3.3. Influence of Impurities in Fusing 1! eg nts

Large amounts of fusing agents are used in fusing silicon

carbide. The fusing agents (spec .al-grade reagents) contain con-

siderable amounts of iron, aluminum and other elements which might

interfere with measurement of the absorbance. Should there be

pronounced differences in the impurities depending on the time and

place of collection of samples, considerable errors might possibly

result on account of the minute amounts of iron and aluminum con-

tained in the samples themselves. In order to find out the degree

to which this is the case, we followed tho actual analytical pro-

cedures to find the absorbance of the fusing agents at 390 and 470

mu, using an oxine-chloroform solution as the control. The values

are shown in Table II. These results show that the fluctuations

in absorbance caused by the fusing agents are very slight and that,

even if a platinum crucible is used, the disturbances caused by

elements eluted from the crucible are quite negligible.

Table II Absorbance of fusing agent ewaeted
by ovine-chloroform

	

t = -- 
Sample 

r r	

Aj9.	 _ A470

	

Fusing agent (1)	 o.07i±U.011	 0.032±0 OnG

	

(11)	 0.n"4± 0.011	 0.011=0.001

(1) : s  X4OH-5g KN*O,, (11) : (1) 't Iced tr. platinum crucible

3.3.4. Influence of Other Ions Present

Silicon carbide was given quantitative analysis by emission

spectrometry, and the results showed that, in addition to iron

and aluminum, other elements such as copper, manganese, calcium,

magnesium and strontium were also present. Of these, ec.per would

obviously disturb the analysis, but its concentration was small

and negligible. Manganese also would be difficult to extract at

this pH, but its concentration was also very small, and it poses

hardly any problem. The alkaline eartn metals were also found to

be completely negligible. Thus, it was concluded that there is no

need to consider the influence of other elements which may be

present.

10



3.3.5. Studies with Synthetic
Samples

I-If(MINAL PAGE (S
Ok' POOR QUALITY,

fable III Absorbance and a t-irption co-(firirnt

of oxine	 salt,	 of iron and aluminum
in chloroform

added A^,a boa	 A414 Oro A»v .31,
^ ►S/ 10 mn

0.141 0.0212
10.0 0. 0e.2 0.01,82	 0.090 0.0098 0.287 0.0287

21D.0 0.148 0.0071	 0.193 0.00)7 0 Sit 0.0179

40.0 -.300 0.0015	 0.402 0.0101 1.117 0.0279

80.0 0.633 0.0079	 0.801 0.0100 - -

A, 0.0078 0.00)9 0. J'82

Reference : Rrag­ blank

Table IV Analytical result; for dete.mination of

iron and aluminum in	 - J Uthctic	 solu-

tion

--	 10m:/200m! taken I m1/200 m1 talon ---

Amount of	 Amount of ^.znount of	 Arnouur of
iron	 aluminum rrun	 alurn;nvrn

added	 found	 added	 found addef	 found	 ad-d	 found

a	 50.0	 51.3	 50.0	 49.8 50.0	 49.1	 90.0	 49.6

4	 50.0	 49.6	 2.5	 1.7 50.0	 47.6	 2.0	 1.2

C	 5.0	 5.8	 50.0	 49.6 5.0	 5.9	 50.0	 50.0

D	 5.0	 4.8	 2.5	 2.4 5.0	 4.5	 _'.0	 2.1

On the basis of the results

of the studies me"tioned above,

we prepared the calibration-curves

and found the absorption coeffi-

cients. The method used was the

same as that described in section

2.3.3, with the difference than
i
the prescribed amounts of iron and

aluminum were added separately to

solutions in which the fusing agents

had been processed in the same way

as the test solutiors (2.3.2).

Table V Anal)'tical results of syndlctic ^olutiun	 A study Was made With syn-

	

Io,f = o t taken-- 	 ^w^ ra: r^`« 	 thetic samples to determine the
FeFe	 At
	

At	 Fe	 Fe	 .il	 AI

added to-d added round added ar!d•d ad.:cd faur2 	 degree of aecuracy of the calibra-
^•:	 -	 2.	 --	 2s	 1^qR17` 2..	 1.8011:
0.2 0.196 0.2 0.194 0.2 0.V3 0.1 0.183	 tion curves of F i g . 3, which were

0.02	 0.026	 0.02 0.021	 0.02	 -	 0.02	 -

-	 -----	 obtained in this way, and the

absorption coefficients of Table

III. The ana-l yticLt.l results are :shown in Tables IV and V. The

results shown in Table IV were for four samples when the amounts

taker. were 10 mk/200 mt and 1 mk/200 mk. At this range of concen-

trations, the amount of sample taken makes no difference. When

there is a large amount of iror. and a small amount of aluminum, /82 4

the analytical value for aluman um will tend to be small. 	 On the

contrary, when there is a I%,rge amount of aluminum and a small

amount of iron, tie analytical value for iron will tend to be

large. Table Y shows the results when the amounts of iron and

aluminum added were 10, 1 and 0.1 mg each. When the percentages

ranged from 2% to about 0.2%, an amuunt of 1 mk/200 mk was

sufficie:.t, but when the pei3entage was lass than 0.2%, it was

necessary to take 10 mk/200 mk.

11
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'.4. Study of Methoa for Determining Alkaline Earth Metals

JIS adopts a method in which calcium is precipitated as

an oxalate and magnesium as magnesium-ammonium phosphate. After

they have each been filtered cut, they are exposed to a strong

heat and weighed. However, this method is applicable only in

cases where they are present in rather large concentrations, and

some other method must be considered for silicon carbide :sed as

an electronic material. One such method would be flame spectro-

photometry, but it would be difficult to apply because of the

large amounts of sodium and potassium in the test solutions.

The EDTA titration method is beyond the range where analysis is

possible. It might be possible to use emission spectroscopy,

but in this case we studied the method of colorimetry with the

indicators used in EDTA titration. Of the indicators for

calcium and magnesium, we made studies of NN, BT, MX and TPC [4].

We found as a result that TPC had the greatest absorbance for

calcium concentrations on the order found in the actual samples;

it also had the best stability. Therefore, in the study described

below, we limiter, ourselves to TPC alone and made a study of

calcium.

3.4.1. Amounts of TPC Added and pH

It was found that if TPC were added in an amount of 2,000

iig/50 rJ to calcium in amounts of 100 u9/50 mk, this would be
quite sufficient for the production of chelates. Furthermore,

a pH of 10 - 12 is sufficient for ED'!'4 titration, but it is

questionable whether this is suitable for colorimetry. A study

was made of this, and it was found that the absorbance reached

Its n_ximt:m and become constant at a pH of 11 - 12. Therefore,

a psi of 11.5 was used in the following.

1
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10-0	 11.0	 12.0

pH

Fig. 4 Effect of pll on absorbanre of Ca-TPC

chelate compound

La (,&/.I) : —[,l -- 1.6, --p— 0.8, —x— 0.+.

—0-0

Table VI Dctern,ination of calcium in syntlictic

soli: • ion

Added-
A a	 c n

NaOH SOOO 5000	 5000	 -^. 5W0

KN0 5000 5000	 5000 5W0

Ca 0.$	 0.5 0.05

.0 2.5 '.5

Fe 2.5 2.5

Cu 0.05 0.05

M. 0.15 0.15

Ca f,-,rd 0.36 0.45	 0.41 0.07

Reference of A : Reagmr blank ; Rrfcrmce of B, C and D : A

--	 _

ORIGINAL PAGE IS
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3.4.2. Infl !nce of Other Ions
Present

As was mentioned in 3.3.4,

small amounts of iron, aluminum,

copper, manganese, strontium,

calcium and magnesium are contained

in silicon carbide. Of these,

the )pper and manganese concen-

trations are extremely small, ant

they are negligible. However, it

is believed that the iron (0.5 -

0.055) may have a considerable

influence, and it is detected

with almost the same sensitivity

as the magnesium (0.03 - 0.0034)

and strontium (0.01 - 0.001°).

By adding triethanolamine, we were

able to mask the iron almost

perfectly. However, since the

alkaline earth metals are diffi-

cult to separate, it was decided

to find their total amounts.

3.4 . 3. _Studies with Synthetic Samples

On the basis of the results of the studies outlined above,

we prepared the synthetic samples shown in Table VI and made

studies of the operating procedures. A study of the measured

values in Table VI shows that the control_ solutjons had a quite

great absorbance. Consequently, if the concentrations are very

small, rather large errors will result. This indicates that

rather large amounts of alkaline earth metals and other disturbing

elements are ;?T-.-,°°nt in the fusing agents and other reagents used.
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The elimination of the disturbing elements contained in the reagents

and distilled water, as well as the methods themselves m"st be

studied with greater strictness.

4. Determination of Actual Samples

Standard samples (N.B.S.) and samples (manufactured by company

N) were analyzed according to the procedures described in section

2.3, and the results were_comvared with the N.B.S. standard values

and with the values determined by company N (using a completely

different analytical method). The results are shown in Table VII.

The analytical values for the
Table VII	 Comparison of present methodethod and

the other method for determination iron soluble in hydrochloric acid
of iton, aluminum and allalinc earth could not be evaluated °_ or their/ 825mculs in silicon carbide .

S=pk	 %ktbod	 re —	 N	 ci+ld;	 Dit. Fir accuracy since there are no

gas
- o.+5(	 Stidarf^ 0. 23 	 ow

u	 o.+i	 o.s+	 oul	 n.iz
-^ reference values with which the Yi	

N	 0.+2	 0.-3

S.C_A	 {	 `	 00. *!	
o_s6	

0.07	 0_1+ can be compared. 	 The analytical
Sic - 6	 {	 u	 0

.t7

.17	
0.

.10	 o_o3	 0.05
o	 ow values fo the calcium and magnesium

Suodar p 	d	 \I: Prc.ent mctL y1,	 \-QtHr
methud	

Stith 	 y 

N. 
Cki totaled together were somewhatgperfamet: b. \. Co. Ltd.

t	
aC,ilicoarc: iron miccd up din h `

cu Ditc.	 It
o	 l-wic 

i.i
d w1u

tio
t greater than the N.B.S.     standardtar	 v.a diw:^-d in hydrochl•xic 	 d wlur.-

values.	 This is because unsolved

problems are still present in the analytical method, as was mentioned

before, and we must await further studies in the future. However,

the results for iron and aluminum agreed well with the N.B.S. stan-

dard values and the analytical values obtained by company N, and

it was learned that this method can be applied to the analysis of

actual samples.

In conclusion, the authors expres3 their profound gratitude

to director Shunkichi Shirosaka and to section chief Senri

Okazaki of the Wireless Research Laboratory, Matsushita Electric

Industrial Co., Ltd., for their permission and enthusiastic

encouragement for this research.
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