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ABSTRACT 

Hectorite, a trioctahedral magnesium montmorillonite, has been synthesized a t  atmo- 
spheric pressure and reflux temperature. The reaction mixture was the system 
SiOz/MgO/LizO (or L3)/NazO in a large excess of water. The starting ratios were based 
on the following formula for the mineral 

[(LizMg~-z)SisOso(OH)4]z-.xNa+. 
Li+ has been found to accelerate the crystallization, and reasons for this effect are 
considered. Lowering of the pH of the reaction mixture by the use of alkali metal 
fluorides rather than hydroxides, resulting in an increase in the solubility of Mg(OH)z, 
also caused the crystallization of hectorite to proceed more rapidly. The products con- 
taining Li+ and F- proxying for Mg2+ and OH-, respectively, were %und to be most 
like natural hectorite. 

The time-dependent data obtained in this work were rationalized on the basis of a 
postulated appearance of hectorite embryos in the dilute aqueous solution of Mgz+, 
OH- and SiOz, followed by growth of this material to crystalline hectorite by transfer 
of components from solution to the solid phase. 

Strese and Hofmann (1941) also conducted synthesis work in this area. A comparison 
of the products resulting from the two techniques showed the main difference to be the 
presence of 001 spacings in the current product. These earlier workars made a point of 
the lack of 001 reflections. 

INTRODUCTION 

The Research Project a t  Mellon Institute sponsored by Baroid Division 
National Lead Co. has been directed of late toward the variation of the 
physical properties of clay minerals as a function of the nature and extent of 
isomorphous substitution. As a consequence, considerable effort has been 
expended in the development of techniques for the synthesis of the clay 
minerals, with emphasis on hectorite. 

The clay mineral occurring a t  Hector, California, was studied by Boshag 
and Woodford (1936) and by Nagelschmidt (1938). No11 (1936) studied the 
synthesis (using high-pressure techniques) of magnesium-containing mont- 
morillonite and extended his work to the magnesium end member of the 
series. Strese and Hofmann (1941) also conducted extensive synthetic work 
in this area and included a study of the products obtained from an atmo- 
spheric pressure approach. A careful x-ray study of the Hector, California, 
clay is included in their paper. Their approach will be described in a later 
section of this paper. Incidentally, Strese and Hofmann discount the presence 
of Li+ in the structure and attribute i t  to accessory mineral. 

https://doi.org/10.1346/CCMN.1959.0080115 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1959.0080115


In  their classification of the montmorillonite minerals, Ross and Hendricks 
(1945) listed hectorite as a trioctahedral montmorillonite having the formula 

[(Lio.66Mg5.34)Si8020(OH)4]0.66(-) . 0.66Na+- 

MacEwan (1951) in his discussion of the montmoriuonite minerals includes 
hectorite, and establishes the criterion that the 06 spacing for the triocta- 
hedral montmorillonite should be slightly greater than 1.5 A, and slightly 
less than this value for the dioctahedral series. Pinally, Eitel (1952) describes 
compounds prepared by solid state reactions, which he terms " hectorites ", 
and gives the following formula 

Li2Mg6A12Si6020F4 nLiF, 
where the LiF is contained between the layers of the silicate mineral. 

In  this paper, hectorite is considered to be a trioctahedral montmorillonite 
mineral of the general formula 

{[Li5Mg6-5][Alysi8-d O ~ O [ F ~ ( O H ) ~ - ~ ] } ( ~ + ~ )  - . (X + y)M+. 
The diagnostic criteria are: (a) montmorillonite-like diffraction pattern; 
(b) 06 spacing > 1.5 A; (c) no stable anhydride, particularly where F- is not 
present, resulting in a differential thermal pattern characterized by an 
extremely sharp exothermic rearrangement to enstatite; (d) rheological 
properties similar to those of the natural mineral; and (e) analytical and 
cation exchange results in reasonable accord with the general formula. 

The current work has involved the isomorphous replacements shown 
above and synthesis conditions ranging from reflux temperature and atmo- 
spheric pressure to 300°C and ca. 1200 psig. The emphasis of this paper is 
upon the atmospheric pressure synthesis and the effect of varying experi- 
mental conditions upon the course of the hectorite crystallization. Some 
analytical data are presented, but these are few and do not permit evalua- 
tion of the subscripts in the above formula. Substitution of Si4f by Al3+ 
is not included. These aspects will be considered in future reports. 

The authors acknowledge the invaluable aid and encouragement of 
Dr. J. L. McAtee, Jr., of Baylor University, Dr. E. C. Jonas of the Univer- 
sity of Texas, and Drs. J. A. Ferguson and Neil1 Weber of Mellon Institute 
and wish to thank Miss Betty Ely and Mr. R. C. Boteler for assistance in the 
experimental work. The permission of Baroid Division National Lead Co. for 
publication of these results is gratefully acknowledged. 

E X P E R I M E N T A L  PROCEDURES 
1. Synthesis 

The experimental technique involved hydrothermal treatment of an 
aqueous slurry containing about 10 percent solids. The solids content con- 
sisted of freshly precipitated Mg(OH)2 and silica gel to which was added vary- 
ing amounts of NaOH and/or LiOH or LiF. The silica gel was prepared by 
hydrolysis of SiCIe (large excess of water) followed by addition of NH3 (aq) 
until the solution was strongly alkaline. The gel was filtered and washed 
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several times to remove C1- and NH4+, and the final filter cake was stored 
under water. 

The Mg(OEQ2 was precipitated from a solution of MgC12 - 6H20 by addi- 
tion of NH3(aq); this precipitate also was washed several times to remove 
most of the C1- and NH4+. The two cakes were combined and dispersed in 
water by means of a Waring Blendor. The desired amount of alkali metal 
hydroxide or fluoride was dissolved in a minimum amount of water and added 
to the slurry. The mixture was then ready for hydrothermal treatment. 

Treatment at atmospheric pressure simply involved refluxing, with 
stirring, for the required length of time. For convenience, magnetic stirring 
was employed. At the end of the desired treatment time, the total reaction 
mixture was filtered through a Buchner funnel, repulped and washed several 
times, and then dried a t  105°C and stored. 

2. x-Ray Diffraction Procedures 
Crystalline phases in the samples were identified from Debye-Scherrer 

patterns made with a North American Philips camera having a 114.6 mm 
diameter. Copper radiation, used with a nickel filter, was employed in all the 
x-ray work. Integrated intensities of the 13;20 peak of hectorite and the 101 
peak of magnesium hydroxide were used as measures of the relative amounts 
of these components in the various synthetic products. Diffractometer traces 
were made a i d  the integrated intensity of each peak was calculated by multi- 
plying the width a t  half the peak height by the intensity above background. 
Dead-time corrections were made for both peak and background intensities. 

I n  earlier work the 06 hectorite peak was used but not here because of 
the large overlap of the hectorite peak with the 110 and 111 peaks of 
magnesium hydroxide in the samples containing large amounts of the latter. 
The two peaks used in this work were satisfactory even though the fairly 
sharp magnesium hydroxide peak a t  38" 20 was superimposed on the high- 
angle tail of the broad hectorite peak located a t  about 35". This superposition 
caused some difficulty in choosing a background line for the hydroxide peak 
and resulted in some error in the hectorite weak width. Nevertheless, the 

L 

intensity measurements were reproducible to within 5 percent except for 
very low intensities where the reproducibility fell to about 10 percent. 

A North American Philips diffractometer equipped with a Geiger-counter 
was used for measuring the diffracted intensities. The copper tube was 
operated a t  35 KV and 20 mA; 1" divergence and scatter slits and a 0.006 in. 
receiving slit were used with a sample 10.5 mm square and 1 mm thick. 
All measurements were made with a scale factor of 8 or 4, the multiplier set 
at  1, a time constant of 2 see, and a scanning speed of lo per min. 

3. Cation Exchange Capacity and Individual Exchangeable Cations 
The cation exchange capacity (CEC) was determined by using a suitable 

variation of the ammonium acetate technique (Lepper, 1945). The leachates 
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were examined for Na+, Li+, and Mg2+ by flame photometry and by titration 
techniques. 

4. Differential Thermal Analysis 
The differential thermal analyses were performed in a multiple sample 

D.T.A. apparatus using a heating rate of 10°C per min. The range investi- 
gated was from ambient temperature to 1000°C. 

5. Wet A d y & s  
Standard analytical techniques were used to run total analyses on several 

of the synthetic products. 

6. FZow Properties of Dispersions 
The product of a 7-day large-scale synthesis (6-liter batch), having an 

experimental environment similar to that given for the 1B-34 series was 
spray-dried to a moisture content of 13.6 percent (equilibrium drying at 
105°C). Four-percent and 6-percent dispersions (dry basis) in water were 
prepared using a Waring Blendor. For comparison, a 4-percent dispersion 
(dry basis) of Hectorite CW, a beneficiated Hector clay, furnished by Baroid 
Division, was also prepared. Rate of shear-shearing stress curves were deter- 
mined using a Fann VG meter. 

RESULTS 
For convenience, most of the experimental data are collected in Tables 

1-5 and Figs. 1-3. Discussion of these results is deferred until the next 
section of the paper. A few additional data will appear in the discussion 
where pertinent. 

DISCUSSION 
The Nature of the Bynthetic Product 

We first examine how well the synthetic materials meet the diagnostic 
criteria listed in the Introduction. It must be emphasized that all of these 
criteria were not applied to all the products. For example, while all samples 
were studied by x-ray and differential thermal techniques, cation exchange 
results were obtained only for the 1B-34 series, total analyses were performed 
on only two sampla, and flow properties were evaluated for only one sample. 
Figure 1 contains a comparison of diffractometer traces for the beat product 
(1B-72-7), a typical product (1B-34-7) and Hectorite (SW. On this basis 
it is fair to conclude that the product is montmorillonite-like. W h e r ,  in 
all cases studied the 06 spacing was > 1.5 A, justifying the conclusion that 
the products are trioctahedral. 
All the synthetic products gave hk reflections, but well-defined basals were 

noted only in the 1B-72 series, although the other samples do show broad 
I I 
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maxima at  about 10 A (001) and in the region of 3.2 A (003). An occasional 
higher order 001 reflection is also seen; for example, from the Debye-Scherrer 
photograph 002,003, and 005 reflections were observed in the case of sample 

TABLE 2.-DISAPPEARANCE OF Mg(OH)2 AS A FUNCTION OF TIME AT REFLUX 

Series 
No. 

D.T.A. I x-Ray I 
Area, Mg(OH)z 

Endotherm, cmz 

Days a t  
Reflux 

-- 

0 
1 
2 
3 
5 
7 

0 
1 
3 
5 
7 

0 
1 
3 
5 
7 

1 
3 
5 
7 

1 
3 
5 
7 

1 
3 
5 
7 

Rel. Am't 
Mg(OH)2 

No detectable amount 
in any treated samples 

Mg(OH)z (101) 
Integrated Area, 
Arbitrary Units 

No detectable amount 
in any treated samples 

- 

1B-34-7. As will be discussed later, glycerol solvation of sample 1B-72-7 
gave a well-defined 001 series to the 6th order. 

Figure 2 presents differential thermal curves for a typical feed gel, for 
Hectorite CW, and for two synthetic products, one of which contains some 

Rel. Arn't. 
Mg(OH)2 -- 

1.0 
0.46 
0.23 
- 
- 
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replacement of OH- by F-. This fluoride-containing product is very similar 
to the natural hectorite, as might be expected because natural hectorite is 
known to contain F- proxying for OH-. It is of interest that neither of 

Hectorite CW 
(Beneficiated 
Hector Clay) 

Series No. 

I Hectorite 13;20 Peak I 
Days at  
Reflux 

Intensity 
CPs 

Width 
mm 

Integrated 
Intensity 

Rel. Am't. Hectorite 
(Refarred to 1B-72) 

* 5399 av. 

these two fluoride-containing samples demonstrates the anhydride instability 
and strongly exothermic rearrangement to enstatite that is characteristic of 
the products containing no such replacement. Presumably, this is because 
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FIGURE 1.-Typical diffractometer traces, synthetic and natural hectorite. 

Reorrongement 
(7 Day Sample1 to Ensfotite 

(7 Doy Sample) 

Ms(0H);;- M@ + HzO 

F I G ~ E  2.-Typical differential thermal patterns. 

the fluoride not only decreases the number of hydroxyls present, but also 
inhibits the interaction of neighboring hydroxyls to produce water and the 
anhydride. In  the non-fluoride products, the high ,temperature phases were, 
in general, enstatite as a major phase and a-cristobalite as a minor phase; 
if B- is present, the major phase becomes meso-enstatite (ASTM Card 3-0523) 
with the minor phases a-cristobalite plus an 8.4 A mineral probably similar 
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to fluo-tremolite. The fluoride-containing hectorites will be discussed in detail 
in a future paper. 

Finally, consideration of Tables 4 and 5 shows that the synthetic products 
are chemically similar to natural hectorite (incidentally, the natural hec- 
torite analysis chosen does not demonstrate the presence of I?-) and have 

SiOz 
MgO 
FerOs 
Rz03 
Liz0 
NazO 
Comb. Hz0 

Li+ (exch.) 
Na+ (exch.) 
F- 

1 These particular samples involved identical reaction conditions as series numbers 
given except that diatomaceous earth was used as a source of silica. The iron shown is a 
result of this change. 

2 Recalculated from Kerr, Hamilton and Pi11 (1950, p. 65). 

similar cation exchange properties. In Table 5, the fact that the sum of the 
exchangeable cations is greater than the exchange capacity simply indicates 
the presence of soluble material. The decrease in Mg2+ with reaction time is 
another measure of the disappearance of solid Mg(OH)2. Figure 3 clearly illus- 
trates the rheological similarity of aqueous dispersions of synthetic and 
natural hectorite. We conclude that the synthetic technique described yields 
clay-like products that are justifiably termed hectorites. 

Time at  Reflux, 
days 

- 

Milliequivalents/lOO g Dry Clay 
------ ------ ------ --- 

C.E.C. ) M@+ I ~ a +  I ~ i +  
---- 
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The high-temperature behavior of the LiOH series (1B-71) deserves 
special mention. Figure 4 shows the pertinent portions of the thermograms. 
The 3- and 7-day samples are the same as the 5-day sample illustrated. The 
1-day sample is distinctly different from the other three. This 1-day product 
shows a slight dehydroxylation endotherm followed by an exotherm charac- 
teristic of rearrangement to enstatite; in this respect it is similar to the 
" normal " samples. The difference lies in the second high-temperature exo- 
them located a t  840°C. Contrast this result with the results found for the 

600 

$300 

10-54, 6% 
(Too Thak,fw 

Accurote Determinotion) 

100 

Bob Deflection, 0 

FIUURE %.-Flow properties of synthetic and natural heohrite. 

other three samples. In these cases there exists a reproducibls, very sharp 
endotherm in the dehydroxylation region, followed by the characteristic 
exotherm for the enstatite formation. This exotherm is followed a t  920°C 
by a second endotherm, and not an exotherm as in the 1-day sample. x-Ray 
examination indicated that in all the heated samples the major phase was 
enstatite. In the 1-day sample both quartz and cristobdite are present as 
minor phases in approximately equal amounts, but in the other samples, 
quartz is present only as a trace and the minor phase is predominantly cristo- 
balite. These phases do not account for all the lines in the powder photograph, 
so it is possible that other components may also be present. 

Therefore, it is tempting to attribute the second high-temperature endo- 
them to the transition quartz/cristobalite (5-day sample, Fig. 4), and the 
second high-temperature exotherm (1-day sample, Fig. 4) to the crystalliza- 
tion of quartz. It is recognized that many objections exist to such an 
interpretation. Note that this behavior occurs only in the case of greatest 
concentration of Li+, together with no P-. The high-temperature phases are 
summarized in Table 6. 
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Kinetics and Mechanism 
The title of this section is presumptuous because the following discussion 

contains more questions about the mechanism of the process than it does 
explanations. The gross kinetic data are contained in Tables 2 and 3, and in 

FIGURE 4.-High temperature differential thermal patterns for LiOH series. 

Figs. 5-7. Figure 5 illustrates a typical " family " of Mg(0H)z endotherms used 
for determination (supported in part by x-ray data) of the amount of 
Mg(0H)a present a t  a given stage of the reaction. Figures 6 and 7 present the 
relative amounts of hectorite and magnesium hydroxide as functions of 
reaction time. We now try to develop a mechanism that will explain these 
data; we do not succeed, but the analysis serves a useful purpose in that i t  
illustrates the complexity of the problem and should serve as a stimulus for 
additional work with this system. 
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The aasumed process can be summarized as follows: 

* Starting conc. OH- (in solution) for 1B-60 approximately 3 x that of 1B-69. 

Series No. 

1B-34 
(7 day sample) 

1B-6V 
(1 *Y =pie) 

1B-60 
(7 sample) 

1B-69* 
(7 day sample) 

1B-71 
(1 day sample) 

1B-71 
(7 day sample) 

1B-72 
(7 day ssmple) 

1B-73 
(7 day sample) 

1B-73-0 
(feed sample) 

1B-34-0 
(feed aample) 

We now attempt to simplify this representation. Consider the saturated 
solution concentrations of Mgz+ and Si& contained in Table 1. Calculation 
of the SiOz/Mg2+ ratio gives results of the order of 106 for all cases except the 
1B-72 series where the ratio is of the order of 10. Thus, to the assumption 
that the hectorite is crystallizing from solution we add the statement that 
this large excess of silica over Mg2+ causes the crystallization to be dependent 

Ions Present 
Other than Mgs+, 

Si4+, 0 8 -  

Cations 

Li+, Na+ 

Na+ 

Na+ 

Na+ 

Li+ 

Li+ 

Li+ 

Li+, Na+ 

Li+, Na+ 

Li+, Na+ 

Phai3es 

Aniona 

OH- 

OH- 

OH- 

OH- 

OH- 

OH- 

F-, OH- 

F-, OH- 

F-, OH- 

OH- 

Major 

enstatite 

fomterite 

foraterite 

enstatite 

enstatite 

enstatite 

meso-enntatite 

meso-enstatite 

enstatite 

forsterite = 
enstatite 

Minor 

cristobalite 

enstatite 

enstatite 

criatobalite 

quartz = cristobalite 
(possibly another phase) 
quartz << crbtobalite 
(possibly another phase) 
cristobdite+an 8.4 A 
mineral probably similar 
to fluo-tremolite 
cristobalite+an 8.4 A 
mineral probably similar 
to fluo-tremolite 
cristobalite 

cristobalite > quartz 
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FIGURE 5.-D.T.A. summary, IB-34 series. 

only on the concentration of Map.. Therefore, in the following discussion we 
are concerned only with the role of magnesia. Now, Mag is constant a t  equili- 
brium and is controlled by the solubility product of Mg(OH)2, and thus, by 
the amount of OH- added. We can apply the steady-state approximation 
for He,  with the final result that the rate of disappearance of solid Mg(OH)2 
and the rate of appearance of hectorite should be equal, or 

dlHs1 d[M,1 -- - -- 
at dt 

For the solution process, 

dlM81 -- = (constants) [Ms] ,  
dt 

where the term [M,] refers to the " active mass " of the solid. Integration of 
(1) leads to the usual first order rate expression: 

[MSI 
h-- = - (constants) t .  

[Ms1° 
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FIGURE 0.-Time dependency of hectorite crystallization. 

Si02/Mg0 I Li,O /No20 
18-34 1.5 / 1.0/0.062/0.062 
18-60 133/1.0/ 0 /0.333 
18-73 1.5/1.0/0.124(LiF1/0.140 

Part 8 : Disappearance of MQ(OH)~ 

Time at Reflux, Days 

FIGURE 7.-Time dependency of hectorite crystallization. 
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We must now inquire into the meaning of [MJ ,  the " active mass," as applied 
to this specific case. Since this reaction is heterogeneous, the most logical 
choice for active mass would be the surface of the solid Mg(OH)2. To com- 
plete the discussion of this model, therefore, we need an idea of the weight 
(or volume) to surface dependence. This can be expressed without recourse 
to a specific geometrical model by an equation of the type 

[Msl = [Mtln (3) 
where [Mt] is the weight concentration of Mg(OH)2 and n is some number. 
We suspect that n = 4 because of the Cd12-like structure of brucite, with a 
greater rate of solution along the Mg2f layer than in a direction perpendicular 

FIGURE 8.-First order rate plots, hectorite formation. 

0 

- 0.2 

-0.4- 

- -0.6- 
:: 

11: -0.8- 
I - - -1.0- 
m 

-1.2- 

-1.4- 

-1.6- 

-1.8- 

-2.0 

to these layers. If we assume a spherical particle with isotropic rate of solu- 
tion, then n = $. Keeping the general form (3), eq. (2) becomes: 

- 

9\ 
\ / 

\qJ 
\\+ 

\G "/ 
\ 
\ 
\ 

I  I \ I  I I I 

[Mt] - (constants) 
In- = t = -(G)t. 

[Mt1° 12 

0 I 2 3 4 5 6 7 
1, days 

Further, the units of [MI]  and [HI can be so chosen that [Mt] = [HImaz- [HI, 
neglecting the term Mag, and we obtain 

Therefore, we can examine the hectorite and Mg(OH)2 data by first-order 
rate plots such as (4) and (5) and arrive at  some conclusion about the validity 
of the mechanism (Figs. 8 and 9). 

Two disturbing factors arise from these plots: (1) The best straight lines 
for the hectorite plots do not pass through zero and, (2) the slopes of the 
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hectorite and magnesia lines for a given series are not equal as demanded 
by our simple analysis. The values of these slopes and pertinent solution data 
are contained in Table 7. We first discuss Table 7 and then try to rationalize 
the two points above. 

t, days 

FIGURE 9.-First order rate plots, Mg(0H)z dissolution. 

TABLE 7.-SUMMARY OF RATE AND ENVIRONMENTAI. DATA FOR 
HECTORITE SYNTHESIS 

Series 
No. 

+? 1B-60 

Constant, 
Mg(OH)2 

Plot 

0.07 
0.15 
0.30 
0.416 

-0.7 ( ? )  
-2 ( ? )  

Starting Solution Composition, g-moles/l. 

d 
... 
* 

Constant, 
Hectorite 

Plot [OH-] 

0.116 
0.05 
0.041 
0.05 
0.06 
-10-5 

1B-69 
1B-34 
1B-71 
1B-73 

Interestingly, both sets of constants arrange the series in the same order 
and permit certain conclusions about the effect of the environmental condi- 
tions upon the rate of hectorite crystallization. For example, consider series 
1B-60 and 1B-69. Here the only difference is about a twofold change in 
initial (OH-) concentration. The result of the higher (OH-) concentration for 
1B-60 is a decrease in the rate of hectorite formation and can be correlated 
with the solubility product for Mg(OH)2 and the common-ion effect. Simi- 
larly, in 1B-69 and 1B-71 the only change is the use of LiOH in the latter 
case instead of NaOH as in the former and thc rcsults indicate that the Li+ 

+ 1B-72 

[F-] 

0 
0 
0 
0 
0.025 
0.06 

[Mgz+] 

0.09 x 10-8 
0.48 x 10-8 
0.71 x 10-8 
0.48 x 10-8 
0 . 3 8 ~  10-8 
3.64 x 10-4 

[Li+] ---- 
0 
0 
0.02 
0.05 
0.025 
0.05 

[Naf] 

0.116 
0.05 
0.02 
0 
0.06 
0 
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increases the rate of crystallization. The other series support these conclu- 
sions, particularly 1B-72, in which the use of Li+ resulted in extremely rapid 
conversion to hectorite, a combined result of the high Mg2+ concentration in 
solution and the presence of Li+. This beneficial effect of Li+ probably 
results from an over-all improvement in the energetics of the crystallization 
due to occasional replacement of Mg2+ by Li+ throughout the structure. 

The fact that the two sets of slopes do not even approximately coincide is 
disturbing in that it implies that solid Mg(OH)2 is disappearing much faster 
than hectorite is appearing. This situation would seem to be impossible on 
the basis of the eq&>ibria hostulated earlier in this section. It is-important 
to note that even in a set of competitive first order or pseudo-first order 
reactions, one of which is the hectorite crystallization, the slopes of the plots 
of ln(M/Mo) and ln(1-H/Hma,) vs. time must be equal. This fact can be 
established by the following general approach. 

We consider a set of i first order, parallel, competitive reactions 

and write the expression for A as 

which integrates to A = Aoexp(-Ckrt). Thus, a plot of lnA/Ao vs. t will 
i 

have a slope equal to -Zkz. The rate expression for any given product Ni 
i 

is written as 

which integrates to N#/Ntm = 1-exp(-xkit), after evaluating the integra- 
Z 

tion constant by setting t = 0, and determining Nz* by letting t + co in 
the general expression for Xi. Therefore, a plot of ln(1-Ni/Ntm) vs. time 
will also have a slope of -Zkz. 

6 
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As a result, in order to explain the existing inequality of the slopes, we 
must postulate the disappearance of Mg(OH)2 by a t  least two independent 
routes, including one reaction leading to hectorite. 

One such explanation is to base the hectorite crystallization upon the 
pseudo-first order reaction in solution between Mgzi- and excess silica to 
form hectorite, and to propose a second reaction involving the deposition of 
SiOz from solution onto the surface of finely divided solid Mg(OH)2. These 
reactions can be made independent by assuming that the growth of the hec- 
torite nuclei is rate-controlling and not the Mg(OH)2 solution process. Thus 
because of the equilibrium existing between Ma, and H, an increment of 
hectorite results in a corresponding decrement of N,, but M, also disappears 
independently by a second route, and the net rate of disappearance of 
Mg(OH)2 is greater than the rate of hectorite crystallization. 

The fact that the hectorite rate plots do not include the origin can be 
explained by assuming that the rate-controlling growth process initially pro- 
ceeds much faster (say, at  a rate corresponding to the rate of solution of 
Mg(OH)2) than i t  does in the steady state. Such a retardation could be 
attributed to a dissolution of hectorite, proceeding a t  a slower rate than the 
growth process, which would become important only after a certain mini- 
mum amount of hectorite had formed. 

A most interesting incidental fact that should be mentioned is that periodic 
x-ray examination of the solid product from several of the runs over a 
period of some months demonstrated a gradual increase in the amount of 
hectorite present. 

This is illustrated by Plate 1, and best by the 7-day sample of the 1B-60 
series. This is the sample that contained the least hectorite and the most 
Mg(OH)2 of all the 7-day samples. The 9 months separating the first and last 
x-ray studies clearly resulted in the appearance of additional crystalline hec- 
torite. 

The Work of Strese and Hofmann (1941) 

Strese and Hofmann (1941) prepared clay-like magnesium silicates by a 
process involving the slow addition, with stirring, of a MgC12 solution to a 
boiling potassium silicate solution, and by modifications of this process. 
This product is described as a " two-dimensional gel " having the a-b charac- 
teristics of hectorite. Table 8 presents a comparison of the x-ray data for the 
best products by the two techniques, together with data for natural hec- 
torite. 

Both processes involve a slow addition of Mg2+ to a large excess of SiOz 
in solution. The present process, involving a transition from solid reactants, 
through the solution or through a colloidal state, to  solid product, is prob- 
ably more characteristic of the reaction as i t  occurs in nature. Further, the 
present technique makes i t  possible to eliminate any extraneous ions from the 
reaction and also permits reaction at  much lower alkali metal concentration 
because it is not required that all the silica be in solution. Future plans of 
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this laboratory include study of the Strese and Hofmann product by current 
techniques, including determination of the flow properties of a redispersed 
sample. 

001, d variable with percent R H  

TABLE 8.-COMPARISON OF X-RAY DATA BOR NATURAL AND 

SYNTHETIC HECTORITE 

9.9 s 
4.8 w 
3.2 m 

- 
1.96 vvw 

- 

none 
none 
none 
- 

none 
- 

Indices1 

11, 02 
13, 20 
22, 04 

31, 15, 24 
33, 06 
26, 40 

35, 17, 42 
08,44 

37, 28, 51 
19, 53, 46 

55 
39, 60 

" Olycerated " 
18.0 100 (I) 
9.20 25 
5.94 10 
4.55 25 
3.57 20 
3.03 10 

Natural Hectorite 
after 

HofmannZ 

4.51 s 
2.58 s 
2.25 vw 
1.72 mv 
1.51 s 
1.31 m 
1.26 w 
1.15 vvw 
1.05 vvw 
0.99 mw 
- 

0.88 m 

d (ca1c)l 

4.49 
2.59 
2.25 
1.703 
1.500 
1.298 
1.249 
1.125 
1.034 
0.982 
0.900 
0.8665 

1 MacEwan (1951). MacEwan does not report 001. 
2 Strese and Hofmann (1941). 3 Taken from Debys-Scherrer patterns. 
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Hofmann's2 
Synthetic, 

22W2 
-- 

4.55 s 
2.58 vs 
- 

1.70 w 
1.52 vs 
1.31 m 
1.29 vvw 
1.15 vvw 

- 
0.987 vw 
- 

0.88 vw 

Present3 
Synthetic, 

1B-72-7 

4.5 s 
2.6 s 
2.25 vw 
1.74 m 
1.53 s 
1.31 m 
1.28 w 
1.18 w 
1.04 w 
0.98 m 
0.90 w 
0.875 m 
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PLATE 1.-Variation in relative hectorite content over a long time period. (1) Hectorite; 
(2) 1B-60-7, March 1959; (3) 1B-60-7, August 1959; (4) Magnesium hydroxide. 
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