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SCOPE AND CONTENTS: An experimental investigation

was made involving the synthesis of nepheline

(NaAl8i0)) under varying conditions of temperature

and a water pressure of 20,000 psi. The average

lattice parameter 2022 - 2130 for each synthesized

charge was obtained using X-ray diffraction methods.

It was found that the results of individual runs
provided an erratic lattice parameter varistion

with temperature in the range 500° to 800°C. How-

ever, a least sqguares curve indicates that no change

in lattice parameters in the low-nepheline polymorph

occurs with temperature of formation, for 95 percent

probability.
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Abstract

MacKenzie (1957) from X-ray studies showed that
variation in lattice paresmeter in synthetic albite was
related to conditions at the time of crystallization.
Similar work conducted by the author on synthetic
nepheline indicates that no chéngé in the cell parameter
2022 - 2130 occurs with increase of temperature from
5000 to 800°C. Thus, it is believed no lattice
parameter varistion is observable in the low-nepheline
polymorph when using quenching techniques. This
conclusion agrees with G. Donnay (1956b). Correlation
of variation with pressure was not attempted in this
study, and all nephelines were synthesized at 20,000 psi.

A survey of the literature shows that there are
many different causes for lattice parameter variation in

nepheline,
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I. INTRCDUCTICN

Nepheline 1s one of a group of minerals wlth the
aopreximate composition KN33A14814C16 (according to Buerger,
Klein, 2nd Hamburger, 1947), 2nd beinz a prominent feldspath-
cid a knowledge of 1ts manner of formation 1s desirable 1n
understandinz the origin of the alkalic rocks. The studles
of this mineral have been primarily concentrated uvon 1its
relationship tc other minerals within a closed system and

wWwithin 2 magma; this relaticnship can be seen dlagramatically

in {lgure 1.

Forsterite Forsterite
Fayalite Fayalite
Diopside Diopside
Anorthite Anorthite

NaAl5i0, KA1SiQ
(Nepheline,Carnegieite) (Kalsilite,éaliophilite)

Figure 1. Diagram showing relations of eight simple systems
to petrogeny's "residua" system, after Schairer and Bowen (195¢).

Sl pclymorphsl of nepheline 2re known toc form under
the conditicns of excess water and atmospheric pressure. High

carnegieite (isometrie) crystallizes from the liquidus at
8 y

1y polymorph 1s 2 chemical compound that ecrystalllzes
in more than one crystal class.

L
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1526°C to 1248°C, however, it may persist into the nepheline
field and invert to a metastable triclinic form - low
carnegieite - at approximately 690°C. High nepheline
{orthorhombic) crystallizes from 1248°C to approximately
900°C when it inverts to the common hexagonal form of low
nepheline which is stable to about L40°C. The nepheline
hydrates, I and II, are both ortherhombic with probable sta-
bility fields of 330° - 375°C and 375° - 4L4LO®C respectively.
The chemical difference between the two hydrates is that
nepheline hydrate I contains twice as much water as nepheline
hydrate 11, and nepheline hydrate 1 has a more open framework

structure than nepheline hydrate 11 (Barrer and White, 1952).

MacKenzie's (1957) investigation into the modifications
of albite initiated the programme of research upon which this
thesis is based. Nepheline was chosen because it bears some
chemical similarity to albite, exists in & high and low temper-
ature form, and is not difficult to synthesize. It is to be
expected that the lattice parameter variation, if any, with
changes in temperature and pressure will be small. For example,
Smith and Sahama (1954) obtained consistent results for the
K/{K +Na + Ca) content of any natural nepheline simply by
measuring the lattice parameters. Decause this method is
accurate to approximately 1.5 percent, then other factors deter-
mining lattice parameter veriation must be small. Evidence
that there ig no variation in cell parameters comes from the
work of G. Donnay (1956b) who measured the cell parameters of

10 synthetic nephelines of composition NaAlsiQ, synthesized
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at atmospheric pressure and at temperatures on both sides of
the transition from low to high nepheline. O8he reported that
there was no appreciable cell variation in either polymorph.
However, MacKenzie (1957) found that the lattice parameter shift
was slight for albite, and it is likely to be similarly small
for other minerals such &s nepheline. Smith and Tuttle (1957)
thought that small changes in the low-nepheline polymorph
occurred due to difference in temperature of formation of the

nepheline.

The present thesis presents a pressure temperature
study on the low-nepheline polymorph. A pressure of 20,000 psi
was chosen since it was within the range of the experimental
equipment and also would presumably give some indication of
relations at depth within the earth. The temperature range
chosen for study was 500° - 8009C and was controlled by the
lower limit of nepheline stability on the one hand and on the
other hand, by the temperature of failure of the pressure

vessel used.

The results of this investigation, which ef{fectively
cover the low-nepheline polymorph stability range at 20,000 psi,
support Donnay's (1956b) statement that no significant lattice

parameter change occurs in the low-nepheline polymorph.
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I1II. SOME PREVIOUS NEPHELINE STUDIES

In order to aid future research workers and to¢ provide
a general background for readers of this thesis, some previous
nepheline studies are reviewed at this time. E£ach subsection
described below presents a phase of nepheline investigation.
Since some chemical studies on nepheline indicate that cell
variation depends upon the preseﬁce or absence of certain

elements, a review of these studies is apropos also.

l. Transitional Studies On Nepheline

Lembergz, in 1888, using glasses produced by fusing
natural nepheline, wae apparently the first person to discover
the possibility of two modifications of nepheline. Lemberg
heated the glasses of dubious cheéwical composition, at atmos-
pheric pressure, to approximately 200°C in the presence of
excess water, then observed the results optically. However,
Thugutt is better known for finding different modifications of
nepheline. He synthesized a hydrated nepheline (Thugutt, 1892)
by dissolving 16.8 grams NaUH in 105 cubic centimeters of
water, and having this solution react with 35 grams of kaolin
at approximately 200°C for an unstated time. However, no
identifying physical date were given for the nepheline hydrate.
Two years later Thugutt (1894) fused the previously prepared
nepheline hydrate and obtained the high temperature form of

nepheline which was called soda anorthite at that time.

The name soda anorthite referred to the high temperature

L
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complexly twinned modification of nepheline until washington
and Wright (1910) renamed it carnegieite after the founder
of the Geophysiecal Institute in Washington, U.C. These
authors postulsted that sclid solution of & trielinic metastable
form of nepheline with the plagioclese feldspars explained the
chemical ébnormality in & mineral they were studying. The
crystal system, twinning laws, cleavage, and hardness of the
mineral werw thoss of a plagioclase, and opticel work indicated
a plagioclase of andesine composition. However, the chemical
analysis of the mineral showed excess calcium and aluminium
with a deficit of silica if the material actuslly was andesine.
Therefore, they sssumed another mineral to be present in
solid solution with a plagioclase to account f{or this anomoly,
and chose & tricliinic high temperature modification of nepheline.
They named this wodification carnegieive in order to escape
the comnﬁt&ti@n_af feldspar genesis contained in the term "soda

anorthite”.

Bowen (1912b), in the first precise work in the nepheline
systemn, established the nepheline-cérnegieite inversion to be
1248°C and the melting point for pure synthetic carnegieite to
be 1526°C at atmospheric pressure. The establishment of
carnegieite's true symmetry ss isometriec, with one or more (7)
metastable invergions to a twinned low temperature form
oceurring &t approximately 690°C and 2259 (doubtful) was made
by Bowen and Creig (1925). 4 nepheline hydrate investigation
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was carried out by Lagorio (1940), who studied the nepheline
hydrate of Lemberg (5hagAlaSizlg.kHpl) and delineated erystal
forms, erystal system, snd interfaclal angles. ke found that
the crystals when heated to 1159C were able to resorb water
upon cooling, and as the mineral was different from any kanown

seolite he proposed the name "lembergite” for it.

Work by Tuttle and Smith (1952), in thelr investigation
of the KAlSiU) - RaalSi0, system, brought to light a new
orthorhombic polymorph of nepheline which they named high-
nepheline. This study was carried out at the Geophysical
Institute in “washington, U.C., énd because it is mentioned in
their ennusl report, details are lacking. A more complete
description of this polymorph was given by Smith and Tuttle
(1957) . Two nepheline hydfstee (I and I1), along with many other
minerals, were synthesized and stability fields determined at
atmospheric pressure in an excess of aqueous HaUH solution by
Barrer and White (1952). The addition of aqueous NaUH solution
to gels of mineral compositions lowered the temperature of the
stability fields for the minerals studied and greatly enhanced
erystallizetion, but provided very little, if any, data which
could be used in the study of the origin of nepheline and its
relationship to & megma. However, the determination of the
erystal symmetry and approximete stebility fields of the nepheline
hydrates with scanty observations on their internal structure is
important as it is the only published detailed information about
these phases to date. Sand, Roy, and Osbora (1957) in & study

of the system Negl - Alg03 - Si0p - Hp0 determined the border
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between the stability fields of low-nepheline and nepheline
hydrate to be 460°C at 15,000 psi. These authors further
mention that they conform to Barrer and White's (1952) desig-
nation of the nepheline hydrates. However, Barrer and Vhite
designate the high tempersature nepheline hydrate as 11 and
the low temperature nepheline hydrate as I, whereas Sand,
Hoy, and Osborn designate the high temperature form as I.

A further complication is that Barrer and White's low tem-
perature nepheline hydrate 1 pauﬁarn conforms closely to

Send, Hoy, and Osborn's’high temperature nepheline hydrate

I. This peculiarity is not mentioned nor is it explained by
S8and, Koy, and Usborn. Further investigation, therefore, in
the low temperature aqueous part of the nepheline system

seems to be necessary; especially now that a superfluity of
terms appears to be developing in the fields of the nepheline
hydrates. Confirmation and delineation of the terms lembergite,

nepheline hydrate I, and nepheline hydrate II are needed.

2. "Solid-Selution" Studies Un Nepheline

It was discovered in the very early 1900's that natural
nepheline did not appear to have a consistent chemical formula,
but rether that silica, potassium, and calcium frequently
appeared in excess of the chemicel formula accepted for nepheline.
(1) Silica Studies

Foote and Bradley (1911), in their studies of solid

aolution2 in minerals, thought that the excess silica in

2 2It is usual to think of solid solutions in terms of
molecules" or "components™, although it is known that solid
solutions occur by ionic adjustment in & mineral structure.
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nepheline was due to & form of solid solution. They proposed
that the silica was taken up by the nepheline in & manner ana-
logous to salt dissolved in a beaker of water. The excess
siliéa would not take part in the formation of nepheline, but
would exist there in some unknown manner. Schaller (1912)
was the first to propose that three isomorphous molecules were
present forming nepheline; nemely, NaiAlSiO,, KﬁlSiOa, and
NaAlSi30g. Bowen (1912a) on the basis of experimental work on
synthetic nephelines agreed with Schaller on the three
components forming nepheline. He proved experimentally that
the excess silice present in nepheline was in solid solution
and most probably in the form of albite. However, he
believed that the conditions favorable for albite to saturate
nepheline were unattainable in nature and that the natural
nephelines were probably never saturated with albite (i.e.,
silica). Foote and Bradley (1912) disagreed with Bowen (1912a)
and attempted to show that there was a definite silica
saturation limit in nepheline. Clarke (1914) agreed with
Séhaller (1912) and Bowen (1912a) in principle, but thought
that the excess silica was due to the existence of a polymorphic
variety of albite having the composition Na3A13(Si303)3. His
view was that the replacement of the 5i0, molecule by the
3i30g molecule was fairly common among the silicates. The
theory of Clarke and Schaller on the substitution of Si30g
groups for 8i0, groups, was disproved by Wherry (1923) who
showed that volume relationships would not allow this sub-

stitution to occur.



Bowen (1917) performing experimental work in the
NaAlSi0) - KAl1S8i0) system believed that complete éolid
solutionoceurred between these molecules. He concluded from
this that NaAlSiO, and KAlS51i0, were the fundamental molecules
of natural nephelines., However, he also pointed out that
experimental work (Bowen, 1912a and 1912b) indicated that
plagioclase entered into solid solution with nepheline; the
albitic plagioclase explaining the excess silica, and the
anorthitic plagioclase the calcium present in numerous analyses,
Therefore, he thought nepheline should be represented by four
components: NaAlSiO,, KAlSiO,, CaAlpB8ipUg, and NaalSizOg.
Evidence foresilica:forming a solid solution in naturéal nepheline
was shown by Bowen (1922), when he demonstrated that nepheline

a&éﬁd as a desilicating agent upon diopside.

Cherbuliez and Rosenburg (1928) found that when a
mixture of nepheline and quartz was heated in the range 900° -
1000°C there was a decrease in conductivity at any one constant
temperature. This proved that the two minerals reacted to form
one homogeneous compound, and showed that silica is "scluble"
in nepheline. Bannister (1931) agreed with Schiebold (1930)
that the excess silica presen% in nepheline was due to nepheline

being derived from the tridymite structure along the lines:

(Sgh sthI;Z) e f%ﬁia”l(ﬁﬁﬁf%;zl]

tridymite nepheline
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A study, revealing that silica was soluble to 15 percent in
nepheline at atmospheric pressure, wa s performed by Grelg and
Barth (1938). Shand (1939), from a study on staining
feldspathoids, noticed that zoned nephelines containing lime
and/or potash were stained homogeneously, but that nephelines
containing excess silica (albitic nephelines) were zonally
stained. He attributed this to solid solution of albite in
nepheline resulting in an alterstion of silica-rich and silica=-
poor zones.

Barth and Kvalheim (1947), in a paper written in 1944,
found that spectrographic analysis of a tridymite-like mineral
from Antarctice revealed a content of 5.2 percent nepheline.
The authors knew silica to be soluble to 15 percent in
népheline (Greig and Barth, 1938), and presumed that nepheline
was soluble in tridymite as well, therefore, incomplete solid
solution occurred in the system NaAlSiGh - 5i03. The authors
proposed the name "christensenite" for the solid solution
members in the series, nepheline - tridymite. However, sinée
this series also includes albite, the term "christensenite"
includes three separate mineral species. Also, these minerals
participate in extensive solid solutions with other minerals,
and the use of the term "christensenite” to delineate part of
these solid soiutions appears superfluous. MacKenzie (1953),
in his investigation of the nepheline - albite - water system,
found that (p. 119) "the limit of nepheline solid solutions
richer in silica than NeAlSi0, was ... about Nepshb,g at 7500C"



11
and 14,500 psi water pressure. This amounted to a 10 percent
increase over Greig and Barth's (1938) result in the 'dry!

system at atmospheric pressure.

Eitel (1954), in his review of the physical chemistry
of the silicates, outlined a process which he believed explained
excess silica in most nephelines. That is, tridymite lamella
lying parallel to the basal pinacoid in the nepheline structure,
or as otherwise stated, 510y, groups iscmorphously replacing
AlQ, groups within nepheline. ' ‘No elaboration accompanied
mention of this process. Hahn and Buerger (1955), in their de-
tailed discussion on the structure of nepheline, stated that
incomplete replacement of silicon atoms by aluminium atoms
accounted for the excess silica found in the nephelines. This

view is the antithesis of Eitel's (1954) idea as stated above.

At present it appears that several agencies may cause
excess silica to be present in nepheline. There is little
doubt that limited solid solution of albite and/or tridymite
can occur in nepheline, and also that these solid solutions
could cause excess silica té be present. Hahn and Buerger's
(1955) idea of incomplete substitution of atoms with the
tridymite structure would also account for some excess silica.
It therefore appears probable that all of the aforementioned
causes of excess silica sre operative and that excess silica in

nepheline is a result of any one or a combination of these.
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(1i) Potassium and calcium studies

Bowen (1912b) discovered experimentally that CaAlpSinOg
(anorthite) was soluble up to 35 percent by weight in solid
solution in nepheline at atmospheric pressure. Becke and
Hibsch (1925) described some natural zoned nephelines supporting
Bowen's experimental evidence that NaAlSiO, and Caﬂlgsizos
formed solid solutions. The following year they discussed the
crystals in greater detail giving further chemical analyses
(Becke and Hibseh, 1926). Tré&mel (1930) demonstrated from
synthesis and X-ray work on nepheline that the replacement of
sodium by calcium in valence proportions depended upon the
spreading of the oxygen lattice by aluminium. Eitel, Herlinger,
and Tr8mel (1930) confirmed Trémel's (1930) work and pointed
out that X-ray studies on the two end members, NaAlSiQ; and
KﬁlSiOk!Qmade it very doubtful thav these two compounds formed
a complete isomorphous series as Bowen (1917) had stated. This

has since been proved carrqgt:(see Tuttle and Smith, 1952).

One of the most detailed and comprehénsive studies on
nepheline and its relationrchip to chemical composition was that
of Bannister (1931). He established that the volume of the
unit cell and refractive index increased proportionally with
the number of potassium astoms present. This increase was
rather erratic (see figure 2b). He also inferred that calcium
would produce an effect similar to that of potassium. Thus,
varistion in sodium, potassium, and/or calcium content of the

unit cell may explain the recorded differences in lattice



13
parameters of natural nephelines. Calcium could not of course
increase the cell dimensions as much as potassium due to its
smaller size. Foster (1942) found thet from 5 to 10 percent of
Ca8i03 (wollastonite) would participate in solid solution in
nepheline at atmospheric pressure. Buerger, Klein, and
Hemburger (1947) found that chemicel analyses supported the
thesis that potassium substitutes for sodium and thet the ideal
formula of nepheline should be KNa3al,Ojg. Goldsmith (1949),
in an experimental study in the system NaidlSiQ,-Ca0°alz03, showed
that in the stability field of nepheline, nepheline c¢an absorb
at least 60 percent Caalz0, in solid solution at atmo&phetic
pressure. Juan (1950) also demonstrated that nepheline can not

exist in & pure state in the presence of lime compounds.

Therefore, it is seen that a few mineraels and compounds,
notably kaliophilite and lime compounds, participate in partial
s0lid solution with nepheline, and probvably could explain other
recorded deviations besides silica from the theoretical formula
KNa34l,81,014 of Buerger, Kiein, end Hamburger (1947). The
variation of cell dimensions primarily depends upon the presence
or absence of certain elements (potassium and calcium) or com-
pounds as is seen in figure 2. It is probable that results
obtained using pure synthetic nepheline would not be valid in a
study of the compositionelly complex natural nephelines.
However, the understanding of the complex nephelines must arise

from an understanding of the simple pure synthetic nephelines.
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3. Structural Studies Un Nepheline

Buerger, Klein, and Hamburger (1947) successfully
approximated the nepheline structure and showed that Schiebold
(1%30) wes correct in his idea that the structure of nepheline
was based upon the tridymite structure with half the silicon
atoms replaced by sluminium atoms, and with alkali atoms placed
in the voids of the open high tridymite structure to satisfy the
valency requirements. Chemical analyses lent support to the
thesis that the true formula for ideal nepheline should be
KNA3Al;, 81,096+ The 1947 paper was expended and clarified by
Buerger, Klein, and Donnay (1954). Hahn and Buerger{1955)
published the most detailed &nd refined account of the structure
of nepheline to date. They found that their nepheline was very
slightly non-centrosymmetric with a space group P63. They also
found that oxygen atoms departed considerably from spherical
symmetry, and thought that this represented strong thermal
motion. It was found that rotational collapse occurred, which
reduced 3/& of the voids in the nepheline structure and increased
l/h of the voids. These two void sizes became filled with
potassium, sodium, and a few calcium atoms until the valency

requirements were met.

G. Donnay (1955a) observed that there are two compositions
in nepheline where high order transitions occur: namely, at
x = 1/4, and x = 2 (where x = the number of potassium atoms per
unit cell). The two transition points divide the compositional

range NaAlSi0) - KA1Si0, into three segments, for which she
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proposed the term 'subphases'. She alse pointed out that the
nepheline Hahn and Buerger (1955) used was situated on the
transition border x = 2 and, therefore, was under internal
stress which might account for some of their oxygen atoms

being displaced'from the threefold axes.

iecently, Sahame (1958) found one sample of natural
nepheline which showed, from & single crystal X-ray investi-
gation, that the unit cell we are accustomed to (e.g. 8y = l0.0z,
Cy = 8.#2) is in reality a pseudocell and the true nepheline
" cell has dimensions of 8y = l7.ug, Co * 76.02. The true cell
is also hexagonal with the a-axes at angles of 60° and 120°
to one another. However, the extra reflections of the true
cell were too week to allow determination of the space group.
Since all other nepheline studies use the old cell dimensions
and the new values have not as yet been corro borated, the
measurements in the present study were taken between lattice
planes defined using the old values for ﬁhe unit cell of

nepheline.

From the present state of knowledge, nepheline appears
to be derived from the tridymite structure with aluminium atoms
substituting for half of the silicon atoms. Sodium and potassium
stoms, and/or calcium atoms fill voids produced by rotational
collapse of the tridymite structure, and satisfy the valency
requirements produced by the substitution of aluminium for
silicon. Hahn and Buerger (1955) state that disorder occurs

in their nepheline, with 12 of the 16 tetrahedra in the unit
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cell being disordered with respect to the silicon and aluminium

atoms.

he Cell Veriastional Studies Un Nepheline

Bannister (1931) was the first person to conduct &
cell dimension variational study on nepheline. He correlated
the cell dimensions with change in composition, and found that
the cell dimensions increased with addition of potassium to
the unit cell. This is seen in figure 2b, and as can be seen
the correlation was not very good. Tuttle and Smith (1952)
found as Bannister (1931) had that the cell dimensions of
nepheline vary with composition. However, they also mention
that temperature causes a variation in cell volume. The results
of their work are presented in figure 2a. Miyashiro and
Miyashiro (1954) prepared mixtures in varying proportions of
NaAl8i0y, KAl1510,,, CaAlgSigﬁg, and 5i02. Part of their results
are presented in figure 2¢, and as can be seen these results
do not agree very well with later investigations. In addition
to the increase in unit cell and lattice parameters with
composition, they found that excess anorthite and silica

decreased cell edga 8, and increased cell edge cge

G. Donnay (1955b), in a study of solid solution in
the system NaAlSiU) - CaAlyQy, found that double substitution
(calcium for sodium and aluminium for silicon) caused variation
with composition in cell sizes. This indicates that calcium
might cause varietion in cell sizes in nepheline. OShe also
found that omission solid solution caused no variation in

cell dimensions in pure synthetic nepheline. The following
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year (G. Donnay, 1956a), she implied that substitution-

omission solid solution also occurred in nepheline, but little
affected cell dimensions. In the same report, but in another
article (G. Donnay, 1956b), she utilized information obtained
from synthesizing 10 pure nephelines at different temperatures
and for different lengths of time, and concluded that there

was no observable cell variation in the polymorphs of nepheline.
A further discussion of this paper is left to the interpretation
of results where it is compared with the results of the present

st Udy .

Smith and Tuttle (1957) found that the lattice parameters
for pure synthetic nepheline prepared hydrothermally were the
same after 3 hours as after 34 hours at LOOO psi. This
indicated that lattice parameters might be independent of the
time required for synthesis of nepheline. The variations of
lattice parameters &g @&nd ¢, for nepheline-kalsilite solid
solutions were given, and anomolous results were found for pure
synthetic nepheline. GSome of their results are presented in
figure 2¢c. 1t was found that lattice parameters of synthetic
nepheline varied slightly among different specimens and that
(p. 302-303) "to some extent these variations are related to the
thermal history of the samples." The cause for these variations
was not known, but Smith and Tuttle put two hypotheses forward
{(p. 303): "first, order-disorder between the silicon and
aluminium ions and secondly the presence of H' ions in the

lattice perhaps as OH™ replacing 0% "
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‘MacKenzie (1957, p. 513) stated:

that the differences between high- and low=-

temperature forms of both sodium and potassium

feldspar are principally due to different

degrees of order in the distribution of Al and

51 atoms ... although the possibility that

slight chemical differences masy be partly

responsible for the lattice variations cannot

be completely ruled out.
Thus, minor lattice parameter variations in any one silicate
polymorph would appear to be primarily caused by different
kinds or degrees of order-disorder in the silicate network.
It is the principal aim of this study to differentiate
between Donnay's (1956b) and Smith and Tuttle's (1957)
conclusions on the amount of lattice parameter variation with

temperature of formation in synthetic nephelines.



I1I. EXPERIMENTAL METHODS

l. Description of Apparatus

The apparatus used in this study is the usual pressure
and temperature synthesis equipment common in pressure-
temperature laboratories in North America. The essential come
ponents of the experimental apparatus consist of an air-driven
pump unit to supply pressure, a pressure vessel or "bomb"™ to
contain the pressure along with the charge to be synthesized,

and a controlled furnace to supply the temperature required.

(i) The air-driven pump

The pump used was manufactured by the Sprague
kngineering Corporation of Gardena, California under the model
number $-216C-300, The principle of opefation of this pump
is quite simple. Utilizing the principle of differential areas,
laboratory air was introduced onto a large area piston at low
pressure in order t& develop high pressure by forcing & small
area piston against a small volume of fluid, in this case,
water. Thus, a water pressure ' is formed. This water pressure
depends upon the surface areas of the two pistons. Therefore,
if the upper or air surface of the piston has a surface area
300 times greater than the lower surface, and laboratory air
is supplied at 100 psi, the resulting water pressure developed
is 30,000 psi. The model used (S-216C-300) had an input to

20
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output ratio of 1 : 335, and maintained a set output pressure
to witﬁin 700 psi. The pump used broke down several times
during the experimental period, ruining several runs. Whether
these breakdowns were due to mechanical or operational faults
could not be determined, however, all known precautions were
taken during the operation of the pump. The pressure supplied
by the pump was conducted by high pressure tubing to the

. pressure vessel.

(i1) The pressure vessel

Several bombs have been developed for use in pressure-
temperature systems over the last 60 years. However, the best
design and the type used in this study was developed by
Tuttle (1949). This bomb is machined from "Stellite 25", an
alloy of cobalt,chromium, and tungsten, which provides a
highly temperature andvpressura resistent bomb., The dimensions
of the bombs used were ll/h inches outside diameter x 3/8 inch
inside dismeter x 12 inches in length. 4 bomb of these
dimensions would fail under a pressure of 20,000 psi at
approximately 900°C when used for prolonged periods of time
(e.g., over 2 days). A sketch of this bomb type and the
manner in which it wes utilized in the experimental apparatus
is shown in figure 3. Temperature was supplied to the bomb

by a controlled cylindrical furnace.
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(iii) The wﬁmmwm apparatus ;

The uqnipnanﬁ'aaaﬁ to supply and control the temperature
for any one bomb was as follows: a "Bcv$~ﬂu%y" furnace, & chromel-
alumel thermocouple, and & Bristol Indicating Millivoltmeter
Pyrometer Controller, Model 478L.

The furnace, sold under the trade ﬂnﬁo;“ﬁovtﬁﬂnty“, was
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manufactured by the ldeal Furnace Company. The [urnace was of the
ordinary cylindrical type with an inside diameter equal to the out-
gside diameter of the bomb, and was capable of producing tempera-
tures up to the limit of the controller which was 1100°C. The
heating element consisted of heavy duty nicrome wire backed with
asbestos insulation. The furnace would be improved through the use
of a metal clamp to facilitate closing of the furnace around the
bomb.

Bach controller wes supplied with its own thermocouple
and since the controllers were not correctly calibrated, a
working curve of actual versus recorded temperature had to be
" established for each controller and its thermocouple. These
working curves are believed accurate to*10°C. More precise
equipment should be used to control temperature in any further
pressure-temperature lattice parameter studies.

Bach thermocouple consisted of & positive wire of chromel
(an alloy of approximately 90 percent nickel and 10 percent
chromium) and a negative wire of alumel (an alloy of approximately
95 percent nickel, 5 percent aluminium, manganese, and silicon).
The wires used were No. 8 AWG. Uue to the high nickel content of
this type thermocouple wire and its large diameter, it is re-
sistant to oxidation and can be used to record temperature from
0° to 1250°C. Utilizing the thermocouple, the controller was
able to maintain temperatures from room temperature to 1100°C.

The apparatus a&s used in this study consisted of four

controllers, thermocouples, furnaces, and bombs. These could
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all be run concurrently under the same pressure, while the
temperature for each bomb could of course be individually

controlled.

2. Preparation for Runs

(i) Sample Preparation

The formation of & dry mixture of the composition
NaﬁlSiOb was accomplished by mixing %ﬁioz, Xﬁ1203, and HazsiDB
together by weight in molecular proportion: Na,0°5i0p, 43%
¥A1203, 36k : <810z, R1%. «=8i0y end ¥Al,043 were used because
they are highly reactive components. The «3iUp and XA1203
were prepared separately by heating spectrographically pure
sillicic acid and aluminium chloride in furnsaces at the
appropriate temperatures to achieve the reguired transformations,
The NapS5i03 was prepared from Ma33103-9H20. Since this compound
is deliquescent, accurate weighing of portions was difficult.

In order to ovéreome this difficulty the water was evaporated
off in a drying oven and the compound was weighed out as

NapSils.

After the three powders had been weighed out in the
correct proportions to form NaﬁlSiOh, they were placed in an
hour-glass mixer and mixed until the powder became homogeneous.
The fact that nepheline was easily synthesized from the mix-
ture used would indicate that the mixing was adequate, and
that the Nap85iO3 used did not contain a significant amount of

H20.
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(ii) Sealing of Sample

In order to synthesize nepheline under known
conditions, the starting material and excess water were
placed in gold cylinders which were then sealed and weighed.
The method used is one which was described by Yoder in &
personal communication to the author. The procedure, with
minor changes made by the author, was as follows. OUne end of
a gold cylinder, 25.0 mm. long, outside diameter 3.0 mm.,
ingide diameter 2.5 mm., was crimped and fused éhut in a
carbon are. Distilled water, in excess of the amount of
mixture to be used, was then placed in the bottom of the cylinder
by means of a capillary tube. The powdered mixture was then
added and the top edge and inside lip of the cylinder cleaned
with a cotton swab.: A pair of flat-faced pliers was used to
erimp shut 4 - 6 mm. of the cylinder‘and the crimp then peened
tightly closed. The crimped end of the cylinder was then
placed in & small vise whose jaws were approximately 1 mm.
thick eand the vise tightened. It was found that shearing of
the gold occurred if too much pressure was exerted and that

care was needed when tightening the cylinder in the vise,

The vise was then placed in a direct current electrical

system as shown in Figure 4.



Tﬁa resistor was set at about 26 ohms, the circuit was closed,
and the cylinder welded. Welder's goggles were necessary
during this process. Upon completion of welding, the cylinder
was removed and examined under a binocular microscope (35;3
for any defects. If there were none, the cylinder was then

weighed and placed in one of the bombs available.

»

(Lii) Starting of Run

- The bombs were tightened and inserted into the
pressure circuit in the laboratory. Each run consisted of
four bombs, each bomb containing a ningle.eylinﬁnr. An
arbitrary temperature and a pressure of 20,000 psi were then

applied to each bomb for the length of the experiment.

3. Quenching of Huns

The method of quenching is important since the
formation of any metastable phases must be prevented. Several

methods were tried before the equipment was renovated, but
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they were only moderately successful, However, the
quenching procedure used for the last half of the experiments
was quite successful. This method consisted of removing
the furnace and thermocouple, and simply raising a cold
bucket of water over the bomb. Tha pressure in the system
was maintained during the quenching process so that the gold
cylinders would not burst. When the bombs had been quenched,
they were removed from the pressure system and opened. The
cylinders were then removed and weighed to determine if they
had come open during the run. A new set of gold cylinders

was then inserted in the bombs for another run.

L. X-ray Determination of Lattice Farameters

In ofder to X-ray the synthesized nepheline, the
powder was removed from the gold cylinders and ground. Care
was takan to grind all the runs to the same grain size in
order to minimize any error introduced by varying grain
size. Bengene was added to the synthesized mineral(s) in
the mortar to facilitate grinding. The ground powder was
run upon & Norelco High Angle Diffractometer to determine
the phases present. The machine was set to oscillate between
22.59 and 30.0° 20 since this interval contained the peaks
2021, 2130, and 2022 which were found suitable for
measuring lattice parameter shift. At least six patterns
were run over this interval and the distances between peaks

were then measured upon the Norelco Film Illuminator and
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Measuring Device. These measurements are accurate to t0.0008

of an inch. Ilowever, the thickness of any one line is 0.02 inches
and the line width can vary up to 0.005 inches. The chenges in
lattice parameter were thus measured directly on the six chart
patterns, averaged, and then plotted upon & graph (see figure 5,
and table 2)., It is thought that averaging of the six values

reduced any measuring error to less than 0.005° 20.

The diffractometer settings used were scanning rate,
l/ho 29 per minute; chart speed, 1/8 inch per minute; rate

meter scale factor, 4; multiplier, 1l; and time constant, 4.

5. Froblems Encountered and Sources of Error

A number of problems were encountered during the
experiments. First, the Horelco diffractometer gave varied
readings for the lattice parameters; the average error for
95 percent probability being +0.012° 20. Second, the Fisher
pyrometers were not correctly calibrated and a set of
correction curves had to be constructed so that one could
determine the temperature of the bombs. These curves are
believed accurate to *10°C. Third, several small leaks
occur:ed in the pressure system, causing pressure variation in
the runs. However, this variation was not greater than 700 psi
from the set pressure value of 20,000 psi. Fourth, the pump
which was used did not maintain the necessary pressure on all
the runs, thus causing the gold cylinders to burst from their
high internal pressure. Fifth, because Yoder's method of

sealing the gold tubes was not used until the very end of the
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experimental period, runs which had leaked or absorbed water
{ \ q'

during the experiment had to be included ih the results. Since

this has had to be done, then the prbblem ﬁf leaching needs to

65N
g R

be considered. ‘ . 1 . g
1 !
i

Hydraulic fluid may enter a %apsulefkitner at thél ;f
beginning of a run due to faulty sealing of 6he capsule, qr at
the end of a run when the pressure %s uropped for quenching
However, in runs of 96 hours duratidn since run 19, the
pressure was maintained until the bo@bs were quenched and,
therefore, the capsules could not burst. Thus; almost all

the capsules leaked because of faulty sealing &llowlng the

hydraulic fluid to be in contact with the gynth&tic nepheline

for the duration of the run. The fluid af ectad the charges
and, judging from the results of the runsJ Nago ﬂnd Alp04
probably were leached away. The followiqg equations could
illustrate some of the reactions which might haye occurred

during the experimental period. For runs 17, 2?, and 55:

\

j i‘
zamszo,‘nn,o—ﬂowmo‘umnsa,o,u320+m181508+s*=o+m303+-\530

For runs 53 and 56: H 2

A \
b \

.k \
A
. |

165A1510, + aFy0 —12MA1§50, + 2NaALSE 0 +2H, 0 +Nay0 +A150 o AN
4 2% 2 20+

And for runs 18, 21, 58, and 60: & r e -
j

! ‘\.

ONaAl5104 +nHp0 —>8NaALS10, + NaAlSi,0q+ Nay0 -+ A,Op + una/b |

]
I
)

|
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Although it is improbable that NayU and Alp03 both
dissolved at equal rates, the general relationship is seen
whereby both soda and alumina might have been leached out of
the charge, leaving an excess of silica over the limits of
solid solution which might react with the nepheline present
to form analcite and/or albite. All the phases present
after synthesis had occurred could not be determined, but the
presence of artificial noselite and/or sodalite proves that
804 and/or NaCl were added to a few of the charges in some
manner. The sulphur may have come from the oil used to
lubricate the pump; for each time the hydraulic fluid was
drained after a run, oil was noticably present and could have
acted ﬁpen any charge whose cylinder was insufficiently
sealed. The NaCl present in four of the 53 charges might
have come from careless nhandling of the tools used to place
the charge into the gold cylinders. The preparation of
charges took place in the pressure-~temperature laboratory where
the room temperature frequently exceeded 80°F. This is a good
illustration of why laboratory methods should be carried out
carefully and under the cleanest conditions possible. Further
reference is made to sources of error in the section entitled

"Interpretation of Results”.
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IV. RESULTS

In order to determine which peaks might be suitable
for use in measuring lattice parameter shift, an X-ray
powder diffraction pattern was run and indexed on a natural
nepheline from Brevik, Norway (licMaster University collection
number, M 681). The indexed powder pattern of this natural
nepheline appears in table 1. The peaks 2021, 2130, and
2022 were chosen for measuring cell dimension changes because
of their strong intensity, and because these peaks were found
useful in measuring cell dimensional variation in nepheline
by other workers (e.g., Smith and Sahama, 1954; G. Donnay,

1956b; and Smith and Tuttle, 1957).

lepheline was synthesized in 53 runs to determine the
variation of 20 in 2022 - 2130 and 2130 - 2071 with temper-
ature of formation. These runs were then quenched and
analysed using X-ray diffraction. Of the 53 samples, 28
consisted of pure nepheline only. The other 25 contained
other mineral(s) besides nepheline. The results of each run
and the conditions under which each charge was synthesiged
are listed in table 2. Figures 5a and 5b show the effect of
temperature of formation upon 42022 - 2130. karly in the

investigation it was seen that 42130 - 2071 was too erratic

to establish any trend in lattice parameter variation with

temperature.

21



Material: McMaster collection No. M-621, containing 32.5+18 K/(K+Na+Ca)

TABLE 1

INDEXED POWDER PATTERN OF A NATURAL NEPHELINE

Method: Smear mount, no internal standard, CuKe

Lattice pasrameters: hexagonal, aj = 10.08%, co = 8.46R

'd' spacing 26 Cbs. sin®® Cale. sin®6 Indices
4,37 20,3 .0311 0512 2020
4,23 21.0 .0332 0332 0002
3,88 22.9 .0394 .0395 2021
3.82 23,3 . 0407 L0410 1012
250 27.0 L0545 <0546 2130
3.04 29.33 L0641 <0644 2022
2.90 30.8 .0705 .0702 3030
2.60 34,5 .C879 .0878 2132
251 D5 . 0939 .0936 2240
2.42 T2 .1017 L1014 3140
207 B0 .1060 .1059 2023
2.32 38.75 130% .1097 3151
2.18 41,5 .1255 .1248 4040
2.14 42,3 .1302 .1293 2133
2,11 42,9 <1307 .1328 0004
2.09 43,2 +1355 1346 31%2
205 " 44,2 L1415 <1406 1014
2,00 45.45 . 1493 .1482 3250
1.94 46.75 1574 .1565 2251
L1 47.5 .1622 .1638 4150
1.90 48.0 .1654 1640 2024
1.85 49.2 .1733 alTal 4151
181 50.55 .1823 1814 3252 -
Tall 51.5 . 1888 . 1874 2134
1.72 L W, L2018 .1996 4043
1,70 53.85 .2051 «2033 5051
- 1.65 5585 2194 .2184 4280
1.64 56.0 .2204 .2189 3351
1.63 56. .2248 .2264 2244
1.61 BT o3 .2298 .2282 5052
1.57 58.85 2415 «2418 5160
1.48 62.95 2727 «2750 5182
1.46 63.65 .2782 2TTT 3035
1.45 - 64.4 2840 .2853 3363
1.44 64,95 .2884 <2891 6061
1.39 67«5 « 3087 « 5089 3145
1.28 68,00 .3127 .3125 5271
1.33 70.95 « 3369 «3354 6170
1.35 73.15 +3386 3374 Hafl2
.52 71.50 . 3422, 3434 3364
Lol 71475 3435 34T 6171
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EXPERIMENTAL

TABLE 2

RESULTS*

|

. No.

Run Wt. before Wt. after . Temp, 2022-21730 Phases
Run in gms Run, gms. AP in ©26 Present
10  .6957 5958 95  650Y 2.464 *+020° Ne
T 6701 W ordant 95 625 2.506 t.015 Ne+ Ab +7A
12 .6910 JBOTL . HgR 1 BAO L2486 2,819 Ne+ Ab 2k
13 O3T4 JHH60 0 08 LGB0 2,462 + 4007 - Ne +7B
15 L6680  .6722 953 700  2.451 £.011  Ne +'?B
16 6883 <01 YRS TLO H2,. 40655024 | Ne
17 .6869 .6927 95;;- 500  2.445 *.009 Ne+Anal + Ab
18 «T7106 L7196 953 550 2.438 *.008 Ne + ’Uf
20 73T B876 g8 865 2,461 =025 He
21 ' 5780 5576 96 585 2,451 *.012 Ne +Ab
29 JA847 5132 0 96 " 600 | 2.437 %013 - He +Ab+Anal
23 5768 5511 96 680 2.425 %007 Ne+ Ab+ 7B
24 8044 687 . 96 T BEG 2 A6) +L007 iNe
25 - 6778 6640 96 585 2,448 £.006 Te
26 6948 JBOBL L OR B0O0/ . R ALT A0 Ne
20 TS JPRO1 96 680 i2ulas E-012" ) T
28 «5523 5523 96 - 680 2.459 £.007 Ne+Nos or Sod
20 L7190 GOTTT 96 B65 2,040 5000 e
200 . o055 8053 96 585 2,444 *.016 Artif. Nos+Ne
31 HBTT0 BTI7T 96 600 2.448 *,009 Ne+Nos or Sod
52 6499 B410 96 680 2.460 £.009 Ne
33 6286 .6286 96 550 2.460 +.006 Ne+Nos or Sod Ab
34 7984 Bl100 96 | 820 2.l + 009 ' Reiw 70
35 .7288 .7288 75% 640 2.465 *.013 Ne
36 .B610 0o TR > T = (o I & T e G 1T
41 6364 6576 96 60 L 2,440 2,016 - Ne
42 6891 6655 g6 620 2,470 2,002 . Ne
43 JT3E8 00T 196 BUC - 2.448 =009, Ne
44 .8206 L8041 96 660 2,471 *.005 Ne
45 7700 - i 62% 550  2.466 £.013 Ne
46 7609 251 62% 620 2.449 :.009 Ne
47 Meardrye 7948 62% 640 2,471 £ .020 " 'Ne
48 L7804 Ta0% 625 660 2,451 *.,009 Ne
49 .6861 SEBET 86 8507 8060 % 013" '\ Ne
50 7276 HOTO. 06 620 . 2R .k Na
51 .7088 6822 96 640 2.457*.012 Ne

33
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TABLE 2 =-- Cortinued

=T = _—= Mo e =

6902 96  660° 2.458 £.006 YNe

.6356 o6 515 ' 2.448 .01, Ne r Anal
BH100 06 535  2.445 t.012 Ne

BT 96 515 2.440 £,012 Anal +Ne + Ab
6136 96 535  2.445 +*.011 Ne + Anal
5741 96 7001 2,463,017 . Ne

.6022 961 TL0+ 2.463 = 015 . 'He + Ab
.5848 96 730: 2459 £,016  Ne
L1110 06 785  2.467 *.011 Ne + Ab
burst 93+ 800 2.441 *.008 Ne + 7D
6069 93+ T30 2,457 :,013 Ne + B
6243  93L% 785  2.469 £.009 Ne + 7B
L STH 96 800 2.444 £.005 Ne + ?Anal?
5666 96 800 2.464 *.,019 .Ne + 7B
5940 96 T30 " 2.423 L0258 | Ne
JET21 ‘96 785 - 2,453 % .012 Ne > B
LBOB0 96 BBEL oL 0 s 0 Ne

runs at 20,000 psi.
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V. INTERPRETATION CF RESULTS

In pure synthetic nepheline, the 42032 - 2130°28 for
individual runs shows an apparent erratic lncreasing and
decreasing with rise 1in temperature. An elementary study of
order-disorder in crystals, shows the relationship between
the internal (or total) energy of a crystal and temperature
to be gradual. Specifically, the characteristic feature of
any type of order-disorder transformatlion is an ever increas-
ing rate of disorder with temperature increase. This 1s illus-~

trated in figure 6.

Temperature range

>
Internal energy of crystal

Rate of change to disorder

; covered in present Complete disorder

§ study - achieved

' _,f——%+ﬁ;L*ﬁ*+—r'~—_é//ﬂ
| I
| high |

low polymorph | Polymorph |
Tp ITe
Temperature ——>

Figure 6. Diagram illustrating the relationship between
temperature and the internal energy of a polymorphic crystal,
based on Buerger (1949). T, = polymorphic transition temperature.
Te = critical temperature where disorder becomes complete.

Presumably interchange discrder and distcrtional
disorder occur in nepheline (e.g., see, Busrger, 1949; Hahn

and Buerger, 1955; and Donnay, 1955a). Interchange disorder.

36
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only concerns the interchanging of aluminium and silicon atoms;
which is achieved through increase of t emperature. Increase
of temperature can also cause a gradual transition and dis-
tortion of some mineral structures. This is distortional
disorder, and can be visualised as occurring in the following
manner. At low temperatures the linked polyhedra of the net-
work structures slamp to acquire lower internal energy through
increased coordination. An increase in temperature increases
the tendency of the polyhedra to rotate or swingf Thus, at
any particular temperature, a probability exists that one of
the polyhedra may obtain enough rotational energy to drag

with it some of its sdjacent polyhedra. Therefore, a portion
of the structure becomes reversed with respect to the average
remainder of the structure. With further increase of temper-
ature more and more such centres of disordered polyhedra

occur until the crystal becomes completely disordered as shown
in figzure 6. Since an increase of lattice parameter is
directly related to the internal energy of the crystal, a graph
of‘lattic; parameter versus increasing temperature should show
the same relationship as figure 6, other things being equal,
in%a crystal in which disorder transformetion occurs. In the
tagperature range of the study, 500° - 800°C, we are only
concerned with one polymorph of nepheline in which the dis-
ordering transformations described above have been reported in
the literature. Therefore, a graph of cell dimension variation

vergus temperature increase should give rise to a relationship
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similar to the shaded arca in figure 6, if cell dimension
variation is "frozen" in the nepheline structure on quenching.

Utilizing the method of least squares or linear re-
gression analysis, a statistically based line for figure 5a
and 5b was drawn. The equation ¥ = A+B(X - X) holds for the
experimental data; where Y = mean value of 22022 - 2130°20,

value of Y for a corresponding value of X on the line,

3]

A

i

B slope of the line, X ® any one experimental temperature,
and X = mean value of all experimental temperatures. Solution
of this equation for figure 58 yields:

Y = 2.4501928 + 0.000037°20 (X - X),
and for figure 5b: Y = 2.4505°20 + 0.000025%20 (X - X).
For figure 5a, 95 percent confidence limits for the value of
Y are t£0.0032920, and for the slope of the line are
* 0.000036%920. For figure 5b, 95 percent confidence limits
for the value of Y are * 0.0054°20, and for the slope of the
line are *0.000086°20. Comparison of the equations shows
that the slopes of the lines are negligible in comparison with
the mean values of 2032 - 2130°20 obtained by quenching pure
synthetic nephelines between 500° and 800°c. Comparison also
shows that the mean value of 20?2 - 21§b°29 is the same within
experimental error for both fig;re 5a and 5b. Therefore,
erystallization of other minersls in proximity with nepheline
does not appear to affect the lattice parameter of nepheline.
From the statistical analyses, the‘conclusion can be drawn
that the value of the low-nepheline polymorph lattice
parameter 2022 - 2130°20 is 2.450 * 0.005°20 for the temperature
range 500° to 800°C. The dashed lines in figure 5a and 5b
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are the limiting values of 2022 - 2130920 for 99.75 percent
confidence in pure synthetic nepheline, Although none of the
plotted values of 2022 - 2130920 lie outside the dashed lines
in figure 5a and 5b, a review of the factors influencing 2022 -
s2130°20 seems appropriate here. Factors which may cause &
variance in‘zofﬁ - 2150029 are variation in: (1) water pressure;
(2) durstion of experiment; (3) temperature of runs; (4) dis-
order; (5) original chemical components through addition of
new material; (6) temperature of sample at time of X-ray
diffraction; (7) diffractometer response, goniometer speed,
and/or chart speed; (%) leaching; (9) initial grein size

of the charge; or (10) through crystallization of other

components besides nepheline during a run.,

(1) Water pressure and (2) duration of experiment were
kept r.latively constent and should not have caused any vari-
ations. (3) At any one particular temperature, the fluctuation
was not more than =+10°C on the surface of any one bomb.
Therefore, temperature should be regarded as a constant as well
since the thickness of the bomb should smooth out nearly all
temperature fluctuation. (4) The author did not find any cese
in the literature where disorder in any one polymorph varies
other than uniformly, nor ls there reason to suppose that it
should vary otherwise. The points in figure 5 should lie
upon & varying line if disorder has affected 42022 - 2130°20

in quenched synthetic nepheline. (5) There can be no doubt
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that addition of matter to the starting material has occurred
as runs 28, 30, 31, and 33 testify. However, none of these
runs gave values of 2072 - 2130920 which lie off the curve
in figure 5a except possibly run 33. Therefore, it must be
concluded that. elthough excess chemicals were present in
these runs, it appears that they had little, if any, effect
upon the lattice paremeters. (6) Although the temperatures
at which X-ray diffraction patterns are run affect lattice
parameters, the slight variation of room temperature during
the running of the X-ray patterns introduces a negligible
effect. As has been shown in (3) the temperature for any
verticaligroup of values in figures 5a and 5b was kept constant
as well. (7) The X-ray diffractometer used was new and
similar machines have given accurate readings for other
investigators. Also, whenever the machine was checked using
the silicon standard a good degree of accuracy was obtained.
Thus, it is unlikely that the diffractometer response, the
goniometer speed, or the chart speed varied to an extent to
cause a few erratic values. (8) The opportunity for leaching
has occurred in almost every run, and probably caused albite
and analcite to crystallize with nepheline in some charges.
It is not to be expected that the few runs which are erratic
are the result of leaching which affected nesrly every runj;
however, this possibility should not be completely ignored.
{9) The initial grain diameter used in all the charges was

fairly uniform, and averaged 0.0005 inches. The limiting
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grain diameters observed microscopically were 0.0015 and
0.0001 inches. MacKenzie (1957), in a study of the effect of
the grain size of starting material on lattice parameters of
synthetic albite, found that Al31 - 131 for a grain size less
than 0,003 inches was 1.908°20 while Al31 - 131 for an average
grain size of 0.0008 inches was 1.900%29. Thus, for & variation
of 0.0022 inches in grain diameter MacKenzie found & correspond-
ing variation of 0.008°20 in lattice parameter. The variation
of grain diameter in this study is 0.0014 inches and even a
0.010°26 variation is not enough to bring all the values ob-
tained into coincidence with the curve in figures 5a and 5b.
Since the starting material used in this study was different
than Mackenzie's, & strict comparison should not be made between
the two. However, the composition end crystallization fields
are similar and it is thought that the variation in cell di-
mensions due to variable grain size of the starting material was
not pronounced enough to account for all the aberrations.
(10) Lastly, changes in lattice parameters of artificial nepheline
due to simultanecus crystallization of the other components is

negligible as seen from comparison of figure 5a and 5b.

G. Donnay (1956b) found that all pure synthetic
nephelines acquired the same lattice parameters when allowed
to cool slowly, and that when pure synthetic nepheline was
formed above 1000°C and quenched it acquired another uniform
set of lattice parameters. From these facts she made the

statement (p. 239),
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In contradistinction to albite, which exhibits

@ unique stable crystalline form for each tem-

perature ..., nepheline shows only two forms. -
She also performed a study of AR0Z22 - 21?6029 with temper=
ature at atmospheric pressure in a héating camera. The results
of her investigation showed that as the temperature increased
so did 2022 - 2130°20, which means lattice paraneters s, and
¢p increesed too. The amount of her increase in 2072 -
2130°26 was 0.032°20 for the temperature range 500° - 800°C.
If upon quenching a run this increase was "frozen" in the
nepheline structure it should result in a reletionship
where A2022 - 2130°20 increased with temperature. That a
change in lattice parameter can be "frozen" in a crystal
structure was shown by MacKenzie (1957). However, in the
present investigation the curve in figure 5b is & horigzontal
straight line within the limits of error of the experiment.
The anomoly at 660°C is unexplainable. Therefore, this study
supports G. Donnay's (1956b) statement that polymorphs of
synthetiec nepheline have the same lattice parameters throughe-

out their stability ranges.



Vi. COKCLUSIONS

Experimental investigation of synthetic nephelines
under 20,000 psi water pressure has revealed within the
limits of error no general increase in lattice parameters
from 500° - 800°C, Thus, no evidence was found to
corroborate the existence of order-disorder, which several
investigators claim occurs in nepheline (e.g., see, Buerger,
1949; Hahn and Buerger, 1955). Also the nature of the
curve in figure 5b tends to disprove one suggestion by Smith
and Tuttle (1957) that replacement of 0%~ by OH™ might cause
variation of lattice parameters in synthetic nepheline with tem-
perature of formation. It is expected that this replacement
would probably cause some variation in lattice parameters with
temperature whereas this study indicates that no change

occurred.,

An examination of the probable causes within the
experimental method for departure of lattice parameter values
from the least squares curve of A2022 - 2130920 versus
temperature was made, and no satisfactory explanation for the
discrepancies was found. However, if more accurate equipment

was used a better correlation might be obtained.

b3



APPENDIX

Determination of Linear Regression Analysis¥*

The equation required for a linear regression analysis is:

Y = A+B(X-X). This équation will yield a straight line when solved
using the present data; where Y = mean value of 22022 - 21?0029, A=
value of ¥ for a corresponding value of X on the line, B = slope of the
line, X = any one experimental temperature, and X = mean value of all
'experimental teuperatures.

If Yy denotes our estimate of the mean Y when X is given we
have: Yy = Y+B(X-X). Therefore, Y can be taken as the value of A for
the value of X. The solution of B depends upon the relationship:

Sxn - ELEN

3X1)%
Ix? - Sl

B

The values required in the solution of the equation, Y =

A+ B(X-X), for figure 5a and 5b are:

For figure 5a For figure 5b

n = 44, vwhere n = no. observations n = 22, where n = no. observations
T X:Y4 = 69080.415 >X3¥5 = 33770.04

X1 Y3 = 3038994.76 =X; Yi = 742893.58

5X32 = 18397850.0 X1 = 8716850.0

(= X1)R = 794676100,0 (7 X3)2 = 189888400.0

Y = 2.54009 Y = 2.45050

Solution of the equation ¥ = A+ B(X-X) requires that the values

for A and B be found, for figure 5a:

A=

<

# EnY - 10&804 = 2.54{)09029

*Method and eq.ntions from: Dixon, W.J. and Massey, F.J. (1951)
Introduction to Statistical Analysis, 1st ed. Toronto: McGraw-Hill Book Co.

4l
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69080.415 - 3033994.76

69080.415 - 69062.,062 o
i 792276100.0 = 193978500 = 180608204 | 000366526
18397850.0 - . 8397850.
For figure 5b:
A= T2 2221 = 5 45050020
3377004~
B = 33770.04 - 33767.89 _  0,00002513°20

8716850.0 - 8631290.9

Formulae for computing error for A and B with 95 percent
confidence limits are:

* tgs Sy-x The values required in the solution of the
i equations are: tgs = 1.68 for figure 5a, and
Bl 1.72 for figure Sb where tg5 = t value for
B 2 et 95 percent confldence limits and n-2 degrees
Sy n-1 of freedom.
Sy.x = 0.0124399 for figure 5a, and 0.014221
for figure 5b, where Sy.y = the standard error
of estimate. ‘

Sy = 82,532 for fig. 5a; 63.330 for fig. 5b.
Solutions of 95 percent confidence limits for A and B.
For figure 5a:

£ AV 0OEBA209 1L Wy o banens
ped E e d o O

B+ (1068)-3-0126209 = B +0.000036°26
88.532(6.5574)

For figure Sb

= A* 0.0054°%2¢e

B ¥ (1.72) 2004221 = B*0.000086°20
( >63.830(4.5%26 A
Because the slopes of the lines (the B's) are negligible the
value of A can be considered equal to ¥ for any value of X. Thus, the
line for figure 5a and 5b is a horizontal straight line at 2032 & 2130°20
= 2.540920,
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