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GEL PREPARATION OF STARTING MATERIALS FOR
HYDROTH.ERMAL EXPERIMENTATION1

W. C. Lurn eNo C. O. hqcarurns, College of Mineral
I nilustri,es, T he P enns yla ania S tate U n'iaer sity,

U niversity Park, Pennsyl,ttania.

A iarge number of requests for information on the preparation of

starting material by the "gel" method have been received in these labora-

tories over the past few 1'ears. In view of this expressed interest we pre-

sent a brief description of one of a related series of methods of starting

material preparation developed principally under the guidance of Dr. R.

Roy (1956).
The method is based on the volumetric combination of carefully stand-

ardized aqueous solutions of metal nitrates and hydroxides and ludox.2

This discussion will be limited to gels containing silica, alumina, Iime,

magnesia, potash and soda, although it can be extended to include other

constituents. These six oxides include all the major non-volatile constit-

uents of the igneous and metamorphic rocks with the exception of the

oxides of iron.
Table I gives the preferred and an alternate source of the various

oxides. The chosen concentrations of the individual solutions will be

governed in part by the factors peculiar to a particular investigation, such

as the quantity of material required, the composition desired, the permis-

sable limits of error and the solubility of the nitrate salt. In general, the

solutions can be standardized with a reproducibility of less than 0.1

weight per cent of the amount present, and the volumetric errors are of

the same order of magnitude.
The general procedure for the preparation of the gels is as follows:

Prepare a series of solutions of convenient concentrations. The metal

nitrate hydrates of Ca, Mg, and Al are not good weighing forms because

of their deliquescent nature, and if they are used the solutions must be

carefully standardized. Suggested procedures for standardization of all

solutions are as follows:

SiO2. Evaporate an aliquot to dryness, ignite and weigh. Determine impurity in the

residue spectroscopically and by flame photometry. Note that the ludox for this stand-

ardization should be dispensed in exactly the same manner as it will in the preparation of

1 Contribution No. 63-97, College of Mineral Industries, The Pennsylvania State Uni-

versity.
2 Ludox is a trade name of the E, I. du Pont de Nemours Company and is a soda or

ammonia stabilized silica sol of high purity. The dominant impurities in the ammonia

stabilized variety are NazO, ZrOz, and Al:Os.
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Oxide Preferred Source Alternate Source

tetra-ethyl orthosilicate
Al metal
Ca(NO:) : .2H:O
Mg(NOa)2.6H:O
KOH (1 N aqueous)
NaOH (1 N aqueous)

the gels. Note further that the alkali content of the ludor will lead to an erroneous value
for SiOz if the latter is determined by direct treatment of the dried residue with sulfuric
and hydrofluoric acids.

Al2Q3. Evaporate an aliquot to dryness, ignite and weigh. Determine impuritl, i1 the resiclue
spectrographically.

CaO. Prepare calcium nitrate solution from reagent grade CaCO3, rvhich has been care-
fully dried and weighed: dissolve in nitric acid, and dilute to volume lvith distilled and
deionized water If the hydrated nitrate is used the solution must be standardized, for
example by EDTA titration, or better gravimetrically by precipitation of calcium oxalate
in a suitable aliquot and ignition to CaCOa or CaO.

Mgo. Dissolve pure, cleaned magnesium metal in dilute nitric acid, and dilute to volume
with distilled and deionized water. rf the hydrated nitrate is used the solution must be
standardized, either by EDTA titration, or gravimetrically by double precipitation of
magnesium ammonium phosphate, folloq'ed by ignition to Mg2p2o7. The latter procedure
is more accurate, but is a much more difficult analytical operation than is generally realized,
and in unskilled hands frequently gives high values. (Hoffman and Lundell, 1930.) The
magnesium pyrophopshate may be examined for extraneous metals (particularly calcium)
spectrographically.

Nazo ond, K2o. Prepare alkali nitrate solutions from reagent grade carbonates which have
been carefully dried and rveighed: dissolve in nitric acid, ancl dilute to volume u,ith dis-
tilled and deionized water. Alternatively, volumetric standarcl, coz free, hydroxides com
merciaily availablel may be used.

Combine the calculated volumes of the standardized soiutions in a
screw-cap polyethylene container of suitable size, dispensing from a
burette. Solutions of lime, magnesia, and aiumina should be mixed to-
gether first, then treated with sufficient reagent grade nitric acid to pre-
vent precipitation of the metal h1'droxides when the alkali and silica
solutions are added. Then add the alkali solutions followed by the req-
uisite amount of silica as ludox. During the combination of the various
solutions mild agitation should be provided by means of a magnetic stir-
ring device. Depending on the composition of the mixture, it will gener-
ally form a gel within a few hours or davs.

r Hellige, Inc., standardized volumetric concentrates.

sio:
Al2o3
CaO
Mgo
KgO
NarO

ludox
Al(NOr)3.gHrO

CaC03
Mg metal
K:CO;
NazCO:
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After the gel has formed remove the upper portion of the polyethylene

container with a razor blade, and cover the resulting container with a

watch glass. Desiccate in a 50o-60" C. oven. An enclosure 20X16X19

inches high lined with aluminum foil and containing one 250 watt infra-

red bulb is satisfactory. If the temperature is allowed to exceed about

70o C., spattering may occur, or too rapid desiccation may produce a

non-uniform crust.
Transfer the powder to a silica glass beaker, or a platinum crucible, and

heat over a Meker type burner until the evolution of brown nitrogen

oxides ceases. Grind the resulting material in agate, transfer to a plati-

num crucible and heat to decompose the remaining nitrates. Avoid over-

heating, which may result in partial crystallization or melting, which is

usually undesirable. The petrographic microscope and r-ray diffraction

may be used to advantage for control purposes at this stage. Finally,

grind the powder in agate and transfer to a storage vial. The material is

extremely hygroscopic and shouid be stored over anhydrous magnesium

perchlorate.
The chief error inherent in this procedure lies in the dispensing of the

solutions. It is of utmost importance that the solutions, particularly of

alumina and silica, be dispensed during standardization using the same

apparatus and technique as in preparing gels.

It is also necessary to consider the soda content of the ludox. For ex-

ample, the amount of NazO solution calculated for a typical gel was

reduced from 20.01 :mlto 17.77 mI when the NazO in the added ludox was

considered. It is advisable to re-standardize the solutions each time a

series of gels is to be prepared.
The precision possibie with this method in routine use is indicated in

Table II, in which the calculated composition is compared with values

resulting from gravimetric analyses. The analyses were performed before

any knowledge of the calculated compositions were available to the

anaiyst.
The major discrepancy in the AIzOa values of 1,.2, 3, 4, and 6, result

from the use of different dispensing techniques during the gel preparation

and standardization. Sample 5 was prepared using the same burette both

for standardizatiort and for dispensing during the preparation of the gels.

For most investigations the volumetric dispensation of the solutions is

satisfactory. For maximum precision it is suggested that weight burettes

may be used.
We wish to acknowledge the assistance of N. H. Suhr and Elaine

Martinec for their part in the analytical work. The contributions oI a

Iarge number of graduate students, both past and present, of the College

of Mineral Industries, the Pennsylvania State University, in developing
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Tasm II. Cerculemn Coln'osrrrons ert GnAvruBrnrc ANAr,vsrs

Calculated

sio:
AluOt
CaO
Mgo
KtO
NazO

Total

+2.50
20.95

1 7 . 1 9
t9 36

6 2 . &
16.44

5 . 7 3
1 5 .  1 9

5 1 . 4 9
7  . 2 2

31.62
6 . 6 7

/ J . 5 0

14.  30

4 . 2 3
5 9 1

61 .38
20.89
8 . 2 2

9 . 5 1

100.00 100.00

57 12
1 1  . 8 6

20.06
1 0 . 9 6

100.00 100.00 100.00 100.00

Gravimetric Analyses

sio,
AlzOrr
CaO
Mgo
KzO
Naro
HzO

Total

20.34
nd

1 7  . 2 3
19.41
0 . 1 4
0 . 0 7

62.64
15.94

nd
5 .83

15.26
0 . 2 0
0 . 0 7

57  .31
t1  . 34

nd
20.10
1 1 . 0 1
0 . 1 5
0 . 0 6

51 .44
7 . 1 0
nd

34.64
6.  65
0 .  1 3
0.04

61.28
20.40
8 ,  5 7
nd
nd
9 . 4 8
nd

75.40
14.33

nd
nd
4 . 2 7
5 . 9 2
0.00

99.92 99.94 99.97 99.92 99 73

1 fncludes FezOs, TiOz, ZrOz, etc.
SiOr, AlrOB, CaO and MgO were determined by classical gravimetric procedures.

Nazo and K2o were weighed as chlorides after a J. Lawrence Smith separation, and K2o
was weighed as chloroplatinate. After conversion of the chloroplatinates of sodium and
potassium to sulfates and weighing, Na in the K fraction and K in the Na fraction were
determined by flame photometry. Li, Rb and cs were found in only inappreciable amounts.

this technique are gratefully acknowledged. The method described in this
report has been used to prepare alarge number of starting materials for
use in studies financially supported by the National Science Foundation.
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