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SUMMARY

Preparation of uranium and plutonium alloys containing aluminium

involves the use of cryolite and many times* cryolite which may

be contaminated with alpha activity has to be analysed for its

purity. In view of this, chemical methods for the determination

of composition of commercial cryolite samples have been

developed. Methods are standardised for the determination of

individual constituents of cryolite viz., aluminium, sodium*

fluoride and major impurities. calcium and magnesium. Studies

on the dissolution of the sample* effect of one or more

components on the determination of the other and their

elimination are carried out. Aluminium and sodium are

determined gravimetrically as oxinate and triple acetate

respectively. Fluoride is determined by a volumetric procedure

after cation exchange separation of soluble fluoride. Calcium

and magnesium are determined by a sequential pH-metric

titration. This report describes the details of the procedures

and the results of these studies for two commercial cryolite

samples.
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1. INTRODUCTION

Sodium fluoaluminate <NagAlFg>* commercially known as

Cryolite/ is a fluoride mineral containing aluminium and sodium.

Formerly it was a source of alumina till it was replaced by

bauxite. It is still used in i) the preparation of the aluminium

metal during electro-reduction of alumina as it dissolves about

21% of alumina when fused and ii> the preparation of alloys of

uranium and plutonium with aluminium. Due to its low melting

points it dissolves the alumina formed and being lighter than

the metal/ it covers the surface of thB alloy preventing its

exposure to the atmosphere.

Commercial cryolite* prepared by the action of hydrofluoric

acid on AlgOa in the presence of sodium hydroxide* containn

excess of NaF in addition to other impurities like iron oxide*

silica* calcium and magnesium. Ca and Mg can be present to the

extent of about 1%* while the rest contribute to about 1-2%. The

purity of cryolite to be used should be better than 98% as the

presence of impurities can cause difficulties in the process and

affect the purity of the product prepared. Pome times cryolite

sample which may be contaminated with alpha activity has to be
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analysed for its contents. Therefore, it was felt necessary to

evaluate the purity and composition of the cryolite before its

use. Reported methods involve the detecmination of total

cryolite which is carried out by any of the following ways:

i> treatment of the sample with lime* followed by the assay

of sodium hydroxide formed <k *,

ii) determination of total impurities by known methods and

subtracting their contents<A>,

iii) determination of total fluoride content and assuming the

expected stoichiometry<2>.

This report describes the procedures and the results of the

studies carried out for the determination of each of the

constituents of cryolite, viz. aluminium, sodium, fluoride as

well as major impurities calcium and magnesium in the commercial

cryolite samples.

2. EXPERIMENTAL

2.1 Decomposition and dissolution of the sample

Methods for the dissolution, usually involve fusion of

cryolite at high temperature with sodium hydroxide, mixture of

soda and borax, potassium hydrogen sulphate, silica and

carbonate mixture followed by leaching with water. No single

method was found to be applicable for the determination of all

the constituents. In other words, the method of decomposition

of cryolite is guided by the element of interest and the
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procedure to be followed for its determination. Due to the

interferring nature of the constituents/ it can be advantageous

to resort to a method that can eliminate one or more

interfere ing constituents. If sample is contaminated with the

radioactive materials* the method chosen should be easily

amenable for glove box or fumehood adaptation.

For the determination of aluminium, sodium, calcium and

magnesium, the sample was dissolved in nitric acid containing

few drops of sulphuric acid in a platinum crucible. Fluoride

was determined after dissolution of the sample by fusion with

silica and carbonate mixture.

2.2 Determination of individual constituents

<A) Determination of Aluminium

A number of methods are reported<*-4- > for the determination

of aluminium. The most widely used method for the determination

of large quantities of aluminium is the precipitation of

aluminium as its 8-hydroxy guinolene (oxine) complex. Though

oxine precipitates a large number of elements, quantitative

separation from the other elements can be achieved by

precipitation in acetic acid-acetate buffer at pH 5.8.

About 0.2g of the sample was heated with about 5ml of

conc.HN03 containing about 0.5ml of cone.H2SOA for about 40

minutes. The residue was dissolved in hot water. Aluminium was

precipitated by adding 5% 8—hydroxy quinolene solution in acetic

acid and was determined gravimetrically<s>. The details of the

procedure are given in the appendix.
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(B) Determination of Sodium

Methods for the determination of sodium as alkali chloride

involving prior removal of all non-alkali constituents and

separation of individual alkali elements are tedious and time

consuming. Methods based on flame photometry and atomic

absorption spectroscopy are very sensitive and are used widely

for the determination of ppm amounts of 6odium<6>. Method

employing a boric oxide sinter to decompose cryolite and

determination of sodium by flame photometry is also reported<7>.

Sodium reacts with zinc or magnesium uranyl acetate in weak

acidic solutions to form yellow crystalline triple acetate<fi"9>.

Triple acetate method based on the precipitation of sodium zinc

uranyl acetate was chosen because it is more specific and

tolerates the presence of small amounts of impurities like Fe,

Cr, Al# Be, Ca and Ba in comparison to the precipitation of

sodium magnesium uranyl acetate. After the precipitatation of

the triple acetate* sodium can be determined by a gravimetric or

potentiometric method.

An aliquot of the solution of the sample (dissolved as in

the case of aluminium) was taken and sodium was precipitated as

sodium zinc uranyl acetate*10*. The details of the procedure are

given in appendix. Sodium forms a yellow crystalline triple

acetate. Due to its moderate solublity in water (58.8g per

lOOOg of water) and the fact that the solubility in a solution

containing excess of the reagent is less* about ten volumes of

the reagent was used per volume of the sample. Adequately
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concentrated sample<about 8mg/ml> and ethanol saturated reagent

solution for washing of the precipitate should be used to ensure

quantitative precipitation. To study the effect of presence of

aluminium and fluoride which are also the main constituents of

cryolite, sodium was precipitated as triple acetate from

standard NaCl solutions in the presence of sodium-24 tracer.

The percentage recoveries were calculated by measuring the gamma

activity remaining in the supernatant solution.

<C) Determination of Fluoride

Methods reported for the determination of large amounts of

fluoride in samples such as cryolite and other acidic samples

involve fusion of the samples with sodium and potassium

carbonate mixture and silica to convert fluoride into soluble

form and subsequent determination. Gravimetric procedures

involving precipitation of fluoride as calcium fluoride< " *,

lead chlorofluoride* l2> are commonly used. A method based on

steam distillation of fluorine<l3> from perchloric or sulphuric

acid medium and subsequent titration of fluoride in the

distillate by Th( NO^),^. solut ion has been described. However* it

is reported that quantitative recovery of fluorine is not

achievable. Methods based on pyrohydrolysis at elevated

temperatures require platinum or nickel reactors. A volumetric

procedure involving a simple acid—base titration after cation

exchange separation of soluble fluoride is also reported* l* * and

is employed in the present work.

About 0.5g of cryolite sample Was taken along with 5g of
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fueion mixture (equimolar sodium and potassium carbonate

mixture) and lg of quartz powder <to convert aluminium into

insoluble silicate) and fused in a platinum crucible at about

950°C. The fluoride was converted into soluble sodium or

potassium fluoride. The melt was broken with distilled water*

diluted to about 150ml and digested for about 2 hours. The

solution was filtered and transferred to a 250 ml standard flask

and fluoride was determined using the volumetric titration*5>.

The details of the procedure are given in the appendix.

<D> Determination of Calcium and Magnesium impurities in

Cryolite

Methods for the determination of calcium and magnesium in

natural water and other matrices usually employ chelatometric

titrations using ethylene diamine tetraacetiic acid(EDTA) and

metallochromic indicators * '5-17 >, £ number of techniques like

potentiometry, spectrophotometry and pH-metry for the detection

of the end point are also reported * '6- '9>. Aluminium and

fluoride present as major contituents of cryolite seriously

interfere in the determination of calcium and magnesium

impurities. A sequential method for the determination of

microgram amounts of calcium and magnesium in cryolite has been

reported from this laboratory<20>. The method involves a prior

removal of aluminium and fluoride, followed by sequential

determination of calcium and magnesium by pH-titration using

tetrasodium EGTA( Ethylene glycol-bis<beta aminoethyl ether) —
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-tetraacetic acid) and EDTA solutions respectively at pH of

about 6.4.

An aliquot of the sample solution was taken and aluminium

was separated on a cation exchange resin column as its dioxalate

anion. Calcium and magnesium were then determined sequentially.

The details are given in the appendix.

3. RESULTS AND DISCUSSION

(A) A gravimetric method*21* for the determination of aluminium

after fusion of cryolite with sodium hydroxide at 700°C followed

by the precipitation of aluminium with oxine without removal of

fluoride is reported. This procedure when attempted by us gave

poor recoveries of aluminium( about 30%). The precipitation was

not quantitative and the precipitate obtained was greenish in

colour which could not be dried completely. In order to see the

effect of fluoride on the determination of aluminiumr different

amounts of fluoride solutions were added to standard aluminium

solutions and aluminium was precipitated by the usual method.

It was observed that in the presence of about 50% fluoride<same

as that present in cryolite), the aluminium contents obtained

were lower by about 65%, confirming the interference of fluoride

during determination of aluminium. Further, it was seen that

the presence of even about 1% fluoride gave about 2% lower

values for aluminium. The direct dissolution of cryolite by

treating with nitric and sulphuric acid mixture as described in
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the present studies/ gave more than 98% recoveries of

aluminium. Finally/ two commercial cryolite samples were

analysed for their aluminium contents and the results of these

studies are given in Tables 1 and 2. A precision of better than

2% was obtained for 20-25mg amounts of aluminium from five

determinations each. This can be considered as reasonably good

in view of the determination at few milligram level and also

possible influence of even traces of fluoride in the solution.

(B> During the determination of sodium in cryolite by

precipitation as its triple acetate, it was observed that when

the sample solution was dilute, no precipitation could be

observed. Therefore, the solution was evaporated to a minimum

volume<l-2ml) before precipitation. From our studies<!0> it was

observed that the presence of even about twice the amounts of

aluminium and fluoride did not affect the recoveries of sodium.

Tracer studies using 2**Na showed negligible activity in the

supernatant solution after precipitaion of the triple acetate.

More than about 98% recoveries were obtained in all the cases

and the results obtained were in agreement with thoss obtained

by drying and weighing of the triple acetate. The results of

these studies are given in Tables 3 and 4,

( C> Fusion of cryolite with alkali carbonates and silica should

be carried out at low temperature first to evolve carbon dioxide

and then at about 950°C. Due to the presence of excess silicic

acid, the final effluent after the cation exchange seperation
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contains hydrof1uosilicic acid. This reacts with calcium

chloride solution to liberate equivalent of hydrochloric acid

which finally gets titrated with NaOH. It was reported that

titration of the effluent directly with sodium hydroxide using

phenolphthalein as the indicator* the end point was not sharp

due to the presence of silica. The reactions involved are

FUB ion:

Na3AlF_+ 3Na<K>2C<^ + SSiO^ Na5Al<Si03>3 + 3Na<K>F

Ion exchange:

R-H + NaF R-Na + HF

2 R-H + Na a C0 5 2R-Na + C0x + H^O

2 R-H + Na^SiOjj 2R-Na + H

In the effluent:

Titrat ion:

6 HF K2. S i F
6

^ ^ + 3CaClz + 3 H ^ 3CaE^ + H^SiOj + 6 HC1

HC1 + NaOH NaCl + H-̂ O

The results of the analyses of cryolite samples for their

fluoride content are given in Table 5. A precision better than

1.5% was obtained from five determinations each.

<D) During the standardisation of the method for the

determination of calcium and magnesium in pure salt solutions.

it was found that proper adjustment of the stoichiometry of EGTA

and EDTA to their tetra sodium form was essential to avoid a
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slow decrease in pH during titration. Addition of citrate

solution is essential to buffer the solution when large amounts

of magnesium and other impurities like copper and iron are

present. It resulted in the fast attainment of the stability of

pH and sharp increase in pH at the equivalent point as

reported<aa>. It was observed that treatment of the sample with

nitric acid and sulphuric acid mixture and heating under infra

red lamp for about 40 minutes was sufficient for the removal of

fluoride and completely solublising the sample. Aluminium was

removed on the cation exchange column as its dioxalate anion

prior to the determination of calcium and magnesium contents.

The results of analyses of cryolite samples are given in Table

6. Precison of about 2-6% was obtained for calcium at 900 to 30

pg levels and 8-11% for magnesium at 50 to 20 ug levels. As the

procedure involves separation of jug amounts Ca and Mg as

impurities from large amounts of fluoride and aluminium*

precisions of the order obtained are expected at such levels.

Whereas, with pure solutions, precisions better than 0.5% was

obtained.

Finally, the results of complete analyses of two commercial

cryolite samples are summarised in the Table 7. It was found

that sample received from Fluka chemical company was about 99%

pure whereas the other sample was only about 97% pure. It is

known that these commercial cryolite samples can contain many

other impurities viz., K, Pb, Fe, Kn, Cr, In, SiO etc. in
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varying amounts contributing 1-2% of the total.
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APPENDIX

PROCEDURES FOR THE DETERMINATION OF INDIVIDUAL CONSTITUENTS

A. Aluminium

Reagents and Chemicals

1. Standard Aluminium solution: Accurately weighed pure Al

wire<99.9%) is dissolved in minimum amount of 1:1 HC1 and

diluted with distilled water to get a stock solution of

52.4mg of Al/g of stock solution.

2. 5% 8-hydroxy guinolene solution (oxine)f 5g of AR grade

8-hydroxy guinolene CBDH make) is dissolved in 250ml of 2M

acetic acid.

3. Ammonium acetate solution: 40g ammonium acetate is

dissolved in 100ml of distilled water.

Procedure

To the sample solution, add 100ml of distill^u .»ater and

warm to 60°C. Add 10ml of the oxine solution with stirring when

a yellow turbidity is obtained. Heat the solution to 8O0C and

add 30ml of ammonium acetate solution slowly with stirring till

the precipitate of aluminium oxinate{_AKC_H O N C ] forms. Cool the

solution and adjust the pH to 5.7 with ammonia solution. Keep

the solution overnight and filter the yellow precipitate of

oxinate through sintered G3 crucible. Wash the precipitate with

warm and cold water successively. Dry the precipitate at 135°C,

cool and weigh to a constant weight. The percentage of

aluminium is calculated as

weight of the precipitate <g> x 0.0587 x 100
alurainiumC %> =

weight of sample<g>
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(B) Sodium

Reagents and Chemicals

1. Standard solution of sodium is pepared by dissolving 2.602g

of A, R. grade MaCl in quartz distilled water to get 6.023mg of

sodium/g of stock solution.

2. Triple acetate solution: Solution-A is prepared by

dissolving 150g of zinc acetate in 250 ml of water containing

7.5 ml of glacial acetic acid. Solution—B is prepared by

dissolving 50g of uranyl acetate in 250ml of water containing

10ml of glacial acetic acid. Solutions A and B are mixed and

warmed. The resultant solution is kept overnight and filtered.

3. Sodium—24 tracer is prepared by neutron irradiation of

about 2.5mg of NasC0a for 5 minutes in the pneumatic carrier

facility at Cirus reactor* Trombay. The irradiated NasC03 is

dissolved in 0.5M HC1. A 3"x3" Nal(Tl) well-type scintillation

counter is used for counting the activity of =i|Na (E -2.75HeV»

T, ̂ ji=15hrs. ) The radionucl idic purity of the tracer is checked

by following the decay of =aNa activity to determine the half

life.

Procedure

Dissolve the sample as described in the experimental

section. Take 10ml of the solution, evaporate to a minimum

volume. Add 20 ml the zinc uranyl acetate reagent with stirring

when yellow precipitate of the triple acetate

NaZn< U0^)j < C^HxOo >q . 6K=0 is formed. Keep it aside for one hour

and filter the precipitate using sintered G3 crucible. Wash the



-15-

precipitate with 2ml portions of the triple acetate reagent 10

times and then with ethanol saturated triple acetate reagent

< 10ml). Finally/ wash with ether or acetone and dry at 55°C to

constant weight. The percentage of sodium is calculated as

Weight of ppt.x 0.01495 x D.F.x 100
Sodium(%) =

Weight of sample( g>

where* D. F. is the ratio of sample volume to aliguot volume

( C> Fluoride

Reagents and Chemicals

All solutions are prepared in quartz distilled water.

1. Standard sodium fluoride solution is prepared by dissolving

AR grade NaF in water to get a stock solution of 0.05g of

fluoride/g of solution.

2. AR grade equimolar mixture of anhydrous sodium and

potassium carbonate (fusion mixture:BDH make) and Quartz powder

from Fluka chemical company are used.

3. Neutralised calcium chloride solution is prepared by

dissolving 29.4g of CaCla. 2HaP in 100 ml water and neutralising

by 0.02N NaOH solution.

Ion-exchange column: A thick walled PVC tube (about 50cm

long and 2.5cm i.d. ) is fitted with a rubber cork with.

polyethylene tube at the lower end and filled with Biorad 50wx4

cation exchange resin(100-200 mesh) to an height of 35cm. It is
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conditioned to H* form by passing 100 ml of 4W HC1 and washing

free of acid with quartz distilled water.

Procedure

Take 50ml of the sample solution and treat with lOg of

washed and dried cation exchange resin in polyethylene beaker.

Shake intermittantly to evolve carbon dioxide (released from

excess of carbonate from the fusion mixture on contact with the

H" form of the resin before loading on the column). Wash the

column with water till 25ml of eluate gives a blank

corresponding to 0.0002 meq fluoride/ml. Pour 25ml of the

treated solution on to the column and drain at a flow rate of

about 3ml/minute. Transfer the remaining solution in the beaker

on the column and pass 25 ml portions of quartz distilled water

for seven times. Collect all the eluate in a polyethylene

beaker. Transfer the contents into a 500 ml borosilicate round

bottom flask. Boil the solution for 3 minutes to evolve the

carbon dioxide and add about 15 ml of neutralised 4N calcium

chloride solution. Titrate the hot solution with standard

sodium hydroxide solution using bronsocresol purple indicator.

The solution turns from yellowish to blue and finally to purple

which corresponds to the end point. The percentage of fluoride

is calculated as

Volume of NaOH x Normality of NaOH x 19 x D.F
Fluoride<%> = —

Weight of sample x 10

where, D.F. is the ratio of the sample volume to aliquot volume
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( D) Calcium and magnesium

Apparatus

Beckman <}>-71 digital pH-meter with a combination glass

electrode having a read-out of +0.001 pH units is used for

monitoring the changes in pH during the course of titration.

A glass column of 100mm x 5mm containing Bio—Rad AG50Wx4

<100-200mesh> cation exchange resin is used for the separation

of aluminium.

Polyethylene weight burettes<15ml capacity) drawn at the

neck to a fine jet* are used for measuring the quantity of the

reagents delivered during the titration on weight basis.

Reagents and chemicals

Quartz distilled water is used for the preparation of all

the reagent solutions and are preserved in polyethylene

containers.

1. Ethylene glycol-bis( beta aminoethyl ether)-tetraacetic acid

(EGTAXSigma Chemical) is used. Its tetrasodium salt solution

is prepared by dissolving a calculated quantity in a known

amount of 25% sodium hydroxide solution and diluting to make a

stock solution of 0.05mil1imoles/g.

2. A. R. grade disodium ethylene diamine tetraacetate (Merck)

is used to convert to its tetrasodium salt solution in the same

way as EGTA to get a stock solution of 0.005mi11imole/g.

Procedure

Take 10 ml of the sample solution and evaporate to a
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minimum volume. Add 4ml of 0.3M oxalic acid solution and

transfer the contents quantitatively on to the column

which has been conditioned with 0.3M oxalic acid. Wash the

column with 25ml of 0.5M oxalic acid to elute aluminium

completely. Wash the column with 25ml of quartz distilled

water, elute calcium and magnesium together with 20 ml of 2N

hydrochloric acid solution. Evaporate the eluted solution to

drynesE and take the residue in 25 ml water. Adjust the pH to

8.4 and titrate first with standard EGTA solution. Follow the

course of titration with a pH meter. The sharp rise in pH

corresponds to the end point of calcium titration. Change the

titrant to EDTA solution and continue the titration when a

second rise in pH corresponds to that of magnesium. Blank

determinations were carried out similarly in the absence of

sample solution. Calcium and magnesium contents are calculated

as

40.08 x <w,-wa.> x N, x 103 x D. F
calcium < ug/g) =

weight of sample

2 4 . 3 1 x <Wg-w^) x N a x 1 0 3 x D. F
magnesium( ug/g> =

weight of sample
where.

Wj and W£ are the weights of EGTA solutions required for

sample and blank titrations respectively.
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wg and w^ are the weights of EDTA solutions required for

sample and blank titrations respectively.

N, and N a are the concentrations of EGTA and EDTA solutions

respect ively#

0. F. is the dilution factor for the aliquot taken.
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Table-l

Effect of Fluoride on the Determination of Aluminium in Cryolite

SI.
No.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

Al taken
< mg)

23.5

23.9

24.3

20.2

22.7

26.3

25.0

24.7

26. 1

25.4

Fluoride added
mg( %)

2.0 (1)

4. 1 (2)

10. 1 <5>

72.4 <46)

<53%)
as per cryolite)

_«_

_»_

ir —.

Al determined
< mg>

23.0

22.7

21.0

7. 7

22.6

8.3

10.3

9. i

7.0

8.2

Deviation

-2.2

- 4.9

-13.6

-61.8

0.6

-68.4

-58.7

-63.2

-73.2

-67.7

Note: Sl.no. 1-5 correspond to aluminium contents in standard
aluminium solutions.

Sl.no. 6-10 correspond to aluminium contents in
cryolite sample based on 98.5% purity and determined
after NsOH fusion.

Numbers in the bracket correspond to the equivalent
percentages of fluoride present in cryolite
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Table-2

Results of aluminium determination in cryolite samples
(Expected percentage of aluminium from pure cryolite = 12.85%)

Sample weight of Aluminium determined Mean
No. cryolite < RSD)

<g> (mg> < %) %

I 0.21157 25.6 12.1

0.21475 25.7 12.0

0.20714 25.4 12.3 12. 1+O.2

0.20437 24.8 12.2

0.21100 25. 1 11.9

II 0.20058

0.19857

0.19900

0.20003

0.20205

25.9

25.. 2

25.6

25.6

26.8

12.9

12.7

12.8

12.8

13.3

12.9+0.2
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Table-3

Results of Sodium Determination in Standard NaCl Solutions

s.
NO.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10

11

12

Sodium taken
< mg>

16.3

15.3

16.4

15.8

19.9

14.6

16.2

15.6

16.0

15.9

16.6

16.2

Ratio of
Na/Al Na/P

- -

- -

- -

- -

- -

-

1.0

2.5

10.0

0.6

1.2

2.2 0.6

Sodium detd.
< mg>

16.4

15.2

16.3

15.8

19.6

14.5

16. 1

15.7

15.9

16. 1

16.5

16.0

Deviation

+ 0.6

- 0.7

- 0.6

+ 0. 1

- 1.5

- 0.7

- O.b

+ 0.6

- 0.6

+ 1.2

- 0.6

- 1.2
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Table-4

Results of Sodium Determination in Cryolite Samples
(Expected percentage of sodium from pure cryolite = 32.85%>

Sample Cryolite taken Sodium determined Mean
NO. <g>

II 0.19834

Sodium
(mg>

69.4

69.6

69.3

16.8

17.3

18. 1

65.5

64.7

66.3

65.6

66.0

17.0

determined

34.2

34.9

34.8

34.5

34.9

35.3

33.0

32.6

32.6

32.5

32.7

32.2

0.20284

0. 19921

34.8+0.3

0.04869

0.04961

0.05131

0.20356
32.6+0.3

0.20168

0.05352
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Table-5

Results of Fluoride Determination in Cryolite Saaples
(Expected percentage of fluoride in pure cryolite = 54.3%)

Sample
No.

I

I I

Cryolite taken
<g>

0.50003

0.50012

0.49502

0.20140

0.51032

0.51642

0. 49765

0.19905

0.50257

0.50393

Fluoride
<ag>

254.4

259.9

248.2

100.5

258. 1

272.5

263.7

104.3

267.4

270.7

determined
<%>

5O.8

52.0

50.2

49.9

50.6

52.8

53.0

52.4

53.2

53.7

Mean
%

50.7 40.8

53.0+0.4
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Table-6

Results of Calcium and Magnesium Determination in Cryolite Samples

Calcium determinedSample Cryolite

<g> <jug> <]ug/g> Mean

Magnesium determined

Mean

I

I I

0.20644

0.19994

0. 19141

0. 19144

0.21090

0. 20411

0.22740

0. 21200

0.19842

46

46

50

8 2 1

9 0 5

9 0 6

961

8 9 0

8 6 5

2 2 3

232

2 6 1

4291

4291

4439

4228

4196

4359

2 3 8

+19

4301

+86

24

19

19

2 8

27

29

29

26

29

115

94

98

149

130

142

126

134

146

102

+ 11

138

±8

Values obtained from ICAP Emmies ion Spectroscopy for cryolite sample
I are: calcium =3589+180 ug/g and magnesium = 31+2 jug/g

Table-7

Composition of Commercial Cryolite Samples as Analysed

Sample
type

Al Na F Ca & Mg

Percentage

Total

12.1+ 34.8+ 50.7+ 0.03+ 97.6 +
0.2 0.3 0.8 0.003 0.9

II 12.9 +
0.2

32.6 +
0.3

53.0+
0.5

0.44 +
0.02

99.0 +
0.6




