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SELECTIVE DISSOLUTION OF MICAS FROM POTASSIUM
FELDSPARS BY SODIUM PYROSULFATE FUSION

OF SOILS AND SEDIMENTS

P. V. Krnrv eNo M. L. J,+crsoN, Department of Soil Science,
U niversity of W iscons,in, M ad,ison.

Alsrnect

The J. Larvrence smith (1865) sodium pyrosurfate fusion is employed to decompose
micas by removing octahedral cations so that their relics become readily soluble in the
0.5 1[ NaoH 150-second-boi]ing treatment of Hashimoto and Jackson (1960). Micas are
thus selectively dissolved away from potassium feldspars, which are shown to be remark-
ably resistant to the treatment. The amount of K feldspars dissolved and the amount of
exchange of Na from the Na:SqOz for K of potassium feldspars is compensated for in the
residues by correction factors determined for various size fractions. The mica potassium is
equal to initial potassium less corrected residual feldspar potassium.

INrnonucrroN

Removal of layer silicate minerals from quartz and feldspars in fine
grained mineral samples is frequently desirable for the purpose of quanti-
tative determination of the layer sil icate content or for examining the
components other than layer sil icates. rn quantitative mineralogical
anaiysis, such a separation is helpful in the allocation of potassium and
other elements to their mineral species. potassium is a major piant
nutrient occurring in both feldspars and micas in soils. The availability
of potassium to plants is known to be largely determined by the mineral
species in which it occurs and thus a differentiation of K feldspar from K
mica is often desirable in mineralogical analysis as applied to soil fertility.

The methods available for separation of micas from feldspars have
severe limitations. Specific gravity separation is not quantitative, since
the two types of minerals have overlapping specific gravitl. ranges, which
is particularly troublesome when particle sizes are below 50 microns.
Most chemical methods involving dissolution have been aimed at dis-
solution of all nonquartz minerals (Hardy and Follett-Smith, 1931;
Shaw, 1934; Trostel and Wynne,1940; Durkan, 1946; Talvit ie, 1951,
Jophcott and Wall, 1955; Medicus, 1955; Jackson, 1956; Nagelschmidt,
1956; Shchekaturina and Petrashen, 1958). Feldspars, horvever, are only
partly soluble in such treatments (Talvit ie, 1951; Core1,-, 1952). A method
for quantitative separation of potassium in feldspars from that in musco-
vite mica was proposed by Reynoids and Lessing (1962). It involves
heating a sample at 825" C. lor 2 hours, cooling it and boiling it in con-
centrated HCI for 2 hours. The treatment was reported to remove most
of the potassium from muscovite in the fraction between 10 and 2 mi-
crons while the potassium content of a K feldspar remained r.rnaffected.
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Pyrosulfate fusion has long been employed for the decomposition of
aluminosil icate minerals (Smith, 1865). Smith (1865) suggested the use
of sodium pyrosulfate in preference to potassium pyrosulfate (which had
previously been more commonly employed) since the sodium silicates
formed during fusion are more readily dissolved than potassium silicates.
Bisulfate is commonly used since it decomposes on heating, thus:

2 NaHSOa + NazSzOz * HzO

to form pyrosulfate. Water loss during the reaction causes considerable
spattering. On further heating pyrosulfate decomposes in a quiet fusion
Iiberating acid fumes, thus:

Na:SzOz -Na2SO4+SO3

The fusion serves as a high temperature acid treatment, dehl'droxylating
kaolinite and removing octahedral cations from micas. For quartz deter-
mination as a residue in nonfeldspathic materials, Trostei and Wynne
(1940) used a potassium pyrosulfate fusion. Astaf'ev (1958) employed
sodium pyrosulfate fusion Ior qrartz determination.

The method herein described involves fusion of a sample in sodium
pyrosulfate, followed by HCI washing to remove cations which interfere
with the subsequent dissolution of layer silicate relics in hot 0.5 1/
NaOH. Layer silicates less than 500 p, with the exception of talc and
pyrophyllite, were found to be completely soluble in the treatment,
while quartz, feldspar other than plagioclase of high anorthite content,
and some other sil icates strongly resist the treatment.

Sodium pyrosulfate was used in preference to potassium pvrosulfate
because it was found that potassium from potassium pyrosulfate was ex-
changed for sodium in plagioclase feldspars and some potassium was ad-
sorbed in other minerals also. The cation exchange effect resulting with
sodium pyrosulfate was less marked and, since a separation of K mica
frorn K feldspars was the objective, possible introduction of potassium as
a reagent was avoided.

PnocEpunB

A 200-mg sample of sand or silt sized fraction (dried at 110" C.) is
weighed into a 50-ml vitreous sil ica crucible and 12 to 15 gm of NazSrOz
powder is added and mixed with the sample by means of a glass rod. The
NazSzOz is fused under a fume hood, a low flame being used at f irst unti l
vigorous bubbling of the melt ceases. Therealter the full flame of a
Meker burner is applied. The fusion is complete when some NazSOa
crystais appear on the surface of the melt while at full heat. The crucible
is swirled while cooling in order to spread the melt on the crucible sides.

The solidified melt is transferred as a cake to a 150-ml beaker with 60
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ml of 3 lf HCI and the aid of a rubber tipped glass rod. The cake is
slaked by gentle boiling and the resulting suspension is transferred to a
70-ml pointed centrifuge tube. The insoluble material is separated by-
centrifugation and the supernatant liquid discarded. Two further wash-
ings rvith 3 Ii/ HCI are employed to complete the transfer and to wash the
residue, the supernatant l iquid being discarded each time.

The residue from the tube is transferred to a 500-ml nickel or stainless
steei beaker with 0.5 l/ NaOH and the total volume of NaOH in the
beaker is made up to 100 to 150 ml. The suspension is brought rapidly to
boiling, boiled for 2.5 minutes, and cooled rapidly in a cold water bath.
The suspension is transferred to 70-ml pointed centrifuge tubes, the in-
soluble residue from the beaker being transferred quantitatively. The
residue is separated by centrifugation and washed 3 times with 3 1/
HCl. It is then transferred to a tared platinum crucible (or Teflon
beaker), dried at 110" C., and weighed.

Analysis for K:o is carried out on the residue and also on the original
sample dried at 110o C., according to the HF-HCIOa method.

Mlrenrer,s ,q.No ExpBnrlr_uN IAL

Layer silicate samples used in testing the procedure included kaolinite
from Georgia Kaolin Co.; muscovite from Marshall County, North
Carolina, and biotite from Spruce Pine, North Carolina (Wards Scientif ic
Est., Rochester, N. Y.); bentonite from Princeton, Br. Columbia; i l l i te
from Blaylock Formation, Oklahoma (courtesy C. J. Mankin); i l l i te
from Marblehead Quarry, Wisconsinl i l l i te from Fithian, III inois;
chlorite from Cartersvil le, Georgia (Wards Scientif ic Est., Rochester,
N. Y); and vermiculite from Libby, Montana (Wards Scientif ic Est.,
Rochester, N. Y.). Microcline (Wards Scientif ic Est., Rochester, N. Y.)
and orthoclase were used as examples of potassium feldspars.

Muscovite and biotite samples were ground by prolonged treatment of
flakes in suspension by a Waring Blendor. Other mineral samples were
ground in an agate pestle and mortar. Silt fractions from two soils of Ire-
Iand, employed to i l lustrate the method, include Leitrim Daub, a Humic
Gley soil formed from glacial till high in silt sized qrartz, and Ballinree, a
Brown Podzolic soil formed from granite containing appreciable feld-
spars. All samples were size-fractionated by the method of Jackson
(1es6).

The eliicagy of the procedure outlined above was determined by appll'-
ing it to the mineral fractions obtained and determining its effect on the
potassium content of the minerals.
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Resur-rs

Layer silicotes. Samples of kaoiinite, muscovite, biotite, illite, giauconite

vermiculite, montmorillonite and chlorite were completell' dissolved by

the treatment of the less than 500 pr fractions (Table 1). The fusion had

to be carried to the point specified to ensure complete dissolution of these

Iayer sil icates;the 2 to 4 per cent residues with muscovite (Table 1) con-

tained undetectable amounts of K ( <0.02%). Residues frequentl,v oc-

curred with the various samples but these were shown to consist mainly

of quartz and feldspar as indicated by r-ray diffraction (Fig. 1) and by

elemental analysis (Table 1). The high background intensity in the 7 to

18A portion of the r-ray diffractograms of the residues was shown to be a

property shown by quartz and feldspar (Fig. 1) in the r ray spectrum

used, and does not indicate layer silicates in the residue. Talc and qtartz

were found in the residue from the chlorite sample. Further studies of Iess

than 500 micron talc and pyrophyllite specimens showed that both resist

the treatment. X-ray diffraction studies indicated that the vermiculite

sample from Libby, Montana (Wards Scientif ic Est., Rochester, N. Y')

consisted of interstratified 10A and 14A mixed layer silicate (MacEwan

et al'., 1961, pp. 396-7). The quartz residue from this specimen, not

clearly indicated for the original sample, is of interest. Quartz is some-

times noted in residues of certain biotites also.

Feld,spars. The dissolution effect the treatment had on different size

fractions of microcline was determined. The percentage recovery of

microcline by weighing ranged from 97.5 per cent in the 2 to 0.5 mm frac-

tion to 64 per cent in the 2 to 0.2 micron fraction (Table 2). A lower per-

centage of potassium occurred in the residues than in the untreated sam-

ples, indicating an exchange of Na from pyrosulfate for K of feldspar, a

stoichiometric exchange which was confirmed in several experiments (to

be reported elsewhere). The exchange of Na for K increased with de-

crease in size fraction.
Based on the difference in per cent potassium between residue and

sample, and on the amount of mineral dissolved, conversion factors were

determined (Table 2) to convert residue KzO to feldspar KzO in the orig-

inal sample. This factor, ranging from 1.03 to 1.73 for the different size

fractions, corrects for both the dissolution (increasing much with the

finer fractions) and for the Na-for-K exchange which occurred in the
residue. The "conversion factor, residue KzO to microcline" is based on

the factor 5.9 for conversion of K:O to endmember microcline (16.9 per

cent KzO in endmember K feldspar). It differs from 5.9, however, be-

cause of a reduction in the KrO content of feldspars brought about by
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T.+sLt 1. Sor,usrlrry or Leyrn Srrrcnrn'MrNnRAr-s AND K:O Loss
DunrNc NarSeO rHCl-NaOH TrnerurNr

Mineral and
size fraction

Muscovite
500-1oo/,

50-20p

Biotite
500-100/,

I l l i te
(Fithian, Ill )
500-100p

Illite
(Marblehead, lVis )
500-100p

Illite
(Blaylock, Okla.)
500-100p

Glauconite
(Madison, Wis.)
.500-100p

-5p

Kaolinite
500-100p

Vermiculite
(Libby, I{ont.)

Chlorite
(Cartersville, Ga.)
500-100r

Bentonite
(Pr inceton,  B.C.)
.500-100p

KtO
content

Per cent
residue

t t 4

1 1  . 2

1 0 . 8

4 . 8 2

6 . 5 2

4 . 9

7  .69

0 0

5 8 1

0 . 1 2

0 .05

0 . 0
2 . 3 r
4 . 4 r
0 . 0

8  . 9 1 12.6

2 . 2

2 8 . 5
2 6 8
1 . 9

0 0

J 4

l <

o.o2
0.03

9 . 8 2

0 . 0 0

| . 2 1

0 0 0

0.00

t . 2 l

Per cent
K:O
loss

Minerals in
residue as shown

by X.R.D.

100
100
100
100

100

99.9
99 .8

8 4 . 1

100

93.2

Quartz, feldspar

Quartz, Ieldspar

FeldsIar, q'tartz

Quartz, feldspar

Quartz, leldspar

Qu.artz

Talc, qtartz

Feldspar, quartz,

cristobalite

100

100

0 . 0

I Fusions cut short of final appearance of crystals.



I L L I T E
(  F i l h i o n  ,  l l l  )

5oo y

ILL ITE
( Mor bleheod , Wis)

5oo P

ILL ITE
( B l o y l o c k .  O k l o )

soo p

CHLORITE
(Go )

5 O O p

ALBITE

5 0 -  2 0 p

GLAUCONITE
( M o d i s o n , W i s )

5OO p

\
r-\

{l

BENTONITE
( P r i n c e t o n , B C )

5OOy

G I

VERMICULITE
( Libby , Monl )

5OO p

QUARTZ

5 0 -  2 O p

Fro. 1. X-ray diffractograms of layer silicate samples before and after NaeS2OT-HCl-

NaOH treatment sho'lving removal of layer silicates and concentration of quartz, feldspar

and talc impurities by the treatment. Quartz and Ieldspar r-ray difiractograms are included

for comparison.
Abbreviations: Mi:mica; Qr:quartz; Fl:feldspar; Chl:chlorite; Ql:glauconite;

Crs : cristobalite; Mt : montmorillonite; Vr: vermiculite.

O r
426
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Tl.er'o 2. KzO Loss lnou MrcnoclrNrr DurrNc TnuarunNr exo Facrons ron
CoxvnnsroN ol Rnsrour KzO ro Fnr.ospAR K:O AND MrcRocLrNEr

ron Drrrrnrur Srze Fnecrroxs

Size
fraction

2-0 .5  mm
500-50p
50-20p
2O-5p
5-2p
2-O.2p

Per cent
KzO in
fraction

Per cent
residue
from

treatment
by wt.

Per cent
KzO in
residue

Per cent
KzO lost

of that
originally
present

Conversion

residue

KzO to
feldspar

K:O

Conversion

residue

KzO to
microcline

2 . 5
3 . 5
4 . 0
9 . 1

19,  O

4 2 . 2

| 026
1 .036
1.0+2
1 .  1 0
1 . 2 3
l . / J

6 . 0 5
6 . t r
6 . 4 6
7  . O l
8 . 4 2

1 3 . 1 6

I The microcline employed was not an endmember; it contained some sodium substi-
tution for potassium and was equivalent to 87 per cent endmember microcline. The
"Conversion factor, residue KzO to microcline" in the above table multiplied by the per
cent residue and by the per cent KzO in the residue gives the endmember microcline con-
tent (87 per cent in this sample).

Na for K exchange, surface loss, and dissolution of feldspars during the
procedure. An example of the derivation of these factors may be shown
by considering the 5-2pr fraction:

Conversionfactor,resiclueKrOtomicrocline : 5.9 X 
la 7ri 

o 
: S.+z

r 2 .2x  r *
Orthoclase feldspar was found to behave similarly to microcline. Since
microcline is far more abundant in nature than orthoclase. the microcline
conversion factors are applicable generally.

Diferenti,ation of mica KrO from Jeldspar KzO. The KzO present in the
residue generally represents feldspar KrO. Correction factors are applied
to correct for loss of K20 from feldspars through dissolution and a notice-
able exchange of Na for K during sodium pyrosulfate fusion. The mica
K:O content of the sample is derived by difference. Thus the KzO con-
tent of the residue is increased by the appropriate conversion factor
(Table 2) for the size fraction to obtain the feldspar KzO content:

Per cent  Per cent  KzO Per cent  residue Conversion factor ,  residue

fel t lspar K2o: in residue 
X -r*  

Kzo to fe ldspar Kzo 
( l )

For example, in the 50-20p fraction of Ball inree soil (Table 3), init ially
containing 3.30 per cent K2O, 72.2 per cent residue, and 2.95 per cent
KzO in the residue,

14.7
14.7
1 4 . 0
1 3 . 6
1 2 7
11.4

9 7  . 5
9 6 5
9 6 . 0
93.6
84.4
6.4.0

1 4 . 7
1 A  a

1 4 . 0
13.2
t 2 . 2
1 0 . 3
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7 2 . 2
Per cent feldspar KzO : 2.95 X 

100 
X 1.042

: 2 . 2 2
'fhe 

mica KzO content is obtained by subtracting the feldspar KzO,
from equation (1) from the total ini t ial  KzO content,

trIica KzO : Total initial KrO - Feldspar Kzg (2)

Tarr,o 3. Rrsurrs or ANer,vsts or Sorr, Srrr Fnlcrrows rv
Na2SeOrHCl-NaOH Pnocnlunr

Size
fraction

Per cent
KzO

Per cent
residue

from
treatment

Per cent
K:O in
residue

Per cent
feldspar

KrO

Per cent

mlca
KrO

Per cent
K.

feldspar

Per cent
K-

mrca

Ballinree soil-Cr horizon, 26*inches

50-20p

5-2p

3 .30 t z . J

7 2 . 1

7 2 . 2

3 0 . 0
30.4

30.2

19.7
20.1

19.9

2 . 9 1
2 . 9 9

2 . 9 5

2 . 6 6
2 . 5 2

2 . 5 9

2 . 5 7

2 . 2 2

0 . 8 6

0 . 6 3

3 . s 7

3 . 7 9

1 . 0 8 1 3 . 8

6 . 0

4 . 1

1 0 . 8

2O-5p 4 . 3 5

4.42

3 s . 7

37  .9

Leitrim Daub soil-Cr" horizon, 4-24 inches

50-20p

20-5p

0.46

0.48

9 5 . 5
9 4 . 8

95.2

9 2 . 5
9r.2

9t.9

9 1  . 5
8 9 . 5

9 0 . 5

0 . 2 2
0 . 1 9

0 . 2 1

0 . 1 8
0 . 1 6

0 . t 7

0 . 1 1
0.09

0 . 1 0

0 . 2 1

0 . t 7

0 . 2 5

0 .33

1 . 3

1 . 1 3 . 3

5-2p 0 .35

0 .24 0 . 7
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For examPle' in the 
"t::.t::::::?.,:t:TTl 

, ,,
:  1 .08

The per cent mica is obtained by multiplying the resultant per cent
mica K:O by (100/KzO content of mica). The factor for converting mica
KzO to percentage mica is approximately 10 for the fi.ne grained micas
(Table 4) which have been depleted of potassium on cleavage planes and
usuallv have appreciable iron and (or) sodium content (Jackson, 1956, p.
s43).

Telr,r 4. Appr,rc,lrroll or.rre NazSzOTHCI-NaOH Pnocroune ro Mrxrunrs or.

Composition of sample lp"r.".',
Per cent

KrO

1 1 . 8

1 1 . 5

t r .7

1 1 . 0

1 0 . 0

9 . 4

Per cent
residue KzO in

residue

Per cent
feldspar

KrO

6 . 8

6 . 8

o .  /

6 . 8

o .  /

6 . 7

4 . 4

4 . 4

Per cent
mrca
KzO

5 . 0

5 . 0

Per cent
K

feldspar

Per cent
mlcaComponents and

size fraction

43.5/6 Microcliner
20-5p

50/6 Muscovite
20-5p

43.5/6 Microclinel
2O-5p

50/6 Biotite
2O-5p

43.5/6 Microcliner
20-5p

25lo Muscovite
20-5p

25/o Biotite
20-5p

29/6 Microclinez
20-5p

33.3/6 Muscovite
2O-5p

33 .3/o Biotite
2O-5p

Muscovite, 20-5p

Biotite, 20-5p

a)  47 .35

b)  47  .2s

a)  46 .35

b) 46. ss

a) 46.05

b) 4s .8s

a)  30 .  7

b) 30. s

1 3 . 1

I J . I

13.2

13.2

t 3 . 2

t 3 . 2

13 1

1 . 3 2

4 3 . 5

43.5

4 2 . 8

43.2

4 2 8

4 2 . 8

28.2

28.2

4 . 8

A i

5 . 0

. t . U

6 6

6 . 6

0

0

MrcnocrrNr, Muscourr ANo Brorrrn or KnowN CoupclsnroN

1 and 6.5/o plagioclase.
2 and 43/o plagioclase.

a) and b) are duplicate determinations.
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Per cent mica : Per cent mica KzO X 10

In the above example,

Per cent mica : 1.08 X 10
: 1 0 . 8

The per cent K feldspar is obtained by multiplying the per cent KzO in
the residue by the per cent residue and by a factor for conversion to
microcline of the appropriate size fraction (Table 2).

Per cent Per cent KzO Per cent residue Conversion factor, residue

K feldspar 
: 

in resiclue 
x ---too - 

" ^ro to microcline

From the above example,

Per cent K feldspar : 2 .ss xftf x o.+e

:  1 3 . 8

The results of application of the method to soil mineral fractions are
presented in Table 3 and the effect of the treatment on the r-ray difirac-

tograms of the samples is shown in Figs. 2 and 3. The results of analysis
of known mixtures of feldspars and mica are presented in Table 4.

DrscussroN

Micas and most other layer sil icates are removed by the treatment'
and quartz and feldspars are thereby concentrated so that thev can be
more easily identified by r-ray diffraction and determined quantitatively.

BALLINREE SOIL FRACTIONS

UNTREATED

TREATED

3.2o 3.71.t 26 7 2

Frc. 2. X-ray difiractograms of Ballinree soil fractions before and after Na:S:OTHCI-

NaOH treatment showing removal of mica by the treatment. The fractions rvere rich in

plagioclase feldspars.

1657

(3)

9
>.

9
2
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LEITRIM DAUB SOIL FRACTIONS

4 2 6

t

Frc. 3. X-ray difiractograms of Leitrim Daub soil fractions before and after Na:S:Oz-
HCI-NaOH treatment. Na feldspar content \\ras 7.5 per cent in the coarse silt, 6 3 per cent
in the medium silt, and 3.2 per cent in the fine silt.

' Ihe method has been found to be extremely useful in the field of soil
mineralogical analysis, particularly for silt fractions. It ma1' also be ap-
plied to the sand fractions less than 500pr; however, optical methods are
equally applicable in this size range. K feldspars are extensivell. dissolved
in the coarse clay fraction. An estimate of microcline content in this frac-
tion may, however, be obtained as seen in Table 2. Na feldspars may be
determined in the residues by NazO determination and allocation to
albite. The remaining residual mineral in soils is usually q\artz and may
be determined by subtraction of the feldspar content from the deter-
mined residue (Kiely and Jackson, 1965). Coarse clay quartz is relativelv
litt le attacked by the treatment and the method is accurate for quartz
determination in this size fraction, even though feldspars can be deter-
mined only approximateiy in this fraction.

The precision of the n.rethod is very high in the coarser fractions
(Table 2). In fractions greater than 5pr it is approximately *2 per cent
whiie in fractions less than 5p it is approximately + 10 per cent.

The presence of other potassium bearing minerals of uncommon occur-
rence, e.g. leucite and nepheline, would interfere with this method for
mica-feldspar differentiation. Use of *-ray diffraction analvsis before and
after the treatment is used to detect the presence of unusual minerals
and thus to avoid introduction of this type of error.
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