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This application is a division of application 
Serial No. 441,381, filed May 1, 1942, and entitled 
Method of making magnesia insulation. 
This invention or discovery relates to magnesia. 

insulation and more particularly to a method of 
making the same whereby the setting time of the 
magnesia insulation composition is greatly accel 
erated and a harder product having greater 
structural strength is produced. 
The invention relates especially to magnesia 

insulation of the type known to the art as 85% 
magnesia and particularly to that type of insu 
lation prepared according to the method set forth 
in the copending application of Alan R. McGar 
vey, Serial No. 441,380, filed May 1, 1942, as a 
continuation in part of a then copending appli 
cation of Alan R. McGarvey, Serial No. 385,612, 
filed March 28, 1941, said application Serial No. 
441,380 having matured into Patent No. 2,409,297 
On October 15, 1946. According to this applica 
tion, insulating material having increased hard 
ness and strength can be made by a simple direct 
process without subsequent removal of water be 
fore molding the product. The process may be 
controlled So that no bicarbonate of magnesium 
is formed even after excessive carbonation. The 
materials resulting from this process do not ex 
hibit the brittleness and fragility inherent in the 
magnesia insulating materials such as have been 
heretofore produced by methods known to the art. 

In accordance with the invention of the co 
pending application of Alan R. McGarvey, Serial 
No. 441,380, filed May 1, 1942, by carbonating a 
relatively concentrated slurry of magnesium ox 
ide or magnesium hydroxide, either a tabular 
plate-like or fine needle-like crystalline form of 
normal magnesium carbonate having self-setting 
properties can be produced by properly control 
ling the conditions of carbonation so that the 
temperature within the reacting mass remains 
as close to room temperature as possible and in 
no case attains a temperature above about 100°F. 
and preferably remains at least as low as 75° F. 
to 85°F. 
When following this method, substantially no 

magnesium bicarbonate is formed, no matter how 
excessive the carbonation, when slurries having a 
dilution range from about 9 parts up to about 14 
parts by weight of water to one part by weight 
of magnesium oxide are treated with dilute car 
bon dioxide gas, whereas when greater dilutions 
are employed magnesium bicarbonate is formed 
immediately upon the occurrence of excessive car 
bonation and increases in amount steadily upon 

Original application May 1, 1942, 
Serial No.-441,381. Divided and this applica 

-tion August 14, 1946, Serial No. 690,607 
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By excessive carbonation is meant the continued 
introduction of carbon dioxide into the slurry 
after tests show that the slurry contains dissolved 
therein only so much magnesium as corresponds 
to the solubility of the normal magnesium car 
bonate under the operating conditions of tem 
perature and preSSure. 
According to this invention, more concentrated 

magnesium oxide slurries are employed and pref 
erably a slurry having a dilution of from about 
12 to 13 parts of water to one part of magnesium 
oxide. When such concentrations are utilized, the 
difficulties involved in avoiding excess carbonation 
and the necessity to add alkaline materials to 
neutralize whatever bicarbonate is formed are 
eliminated. Furthermore, the step of Washing Out 
the bicarbonate by removing water from the 
slurry at the end of the carbonation and the con 
sequent necessity to resuspend the maSS Of CryS 
tals in a fresh supply of water may be eliminated. 
While the procedure involving reconstituting the 
crystals in a fresh slurry may be employed, such 
a procedure is preferably avoided since the elimi 
nation of the agitation needed to resuspend the 
crystals results in the production of a stronger 
and harder final block having increasingly lighter 
densities and higher insulating capability. The 
concentration of the slurries may be greater or 
lesser than 12 to 13 parts of water to one part of 
magnesium oxide, for example, a concentration of 
10 to 1 or 14 to 1 may be employed. However, as 
the slurries become more concentrated, a mate 
rial having a relatively higher density is obtained. 
When a concentration of 9 to 1 is reached, the 
material obtained is too dense to be commercially 
practical. On the other hand, when less concen 
trated slurries are utilized, the materials obtained 
tend to become lighter and more fragile. When a 
concentration of above 14 to 1 is reached, the bi 
carbonate is formed in excessive amounts causing 
fissures and gas pockets in the final product. 
Magnesium oxide can be added to neutralize the 
bicarbonate, but Such a procedure results in the 
production of a softer block than is desirable. 
The preferred procedure, therefore, involves the 

elimination of the step of removing the water 
present during the carbonation and that of re 
suspending the crystals in fresh water. By pro 
ceeding in this manner it is possible to predeter 
mine the final density of the molded insulating 
material by controlling the amount of the water 
used at the start of the carbonation; the more wa 
ter used, the lighter the final molded material. 
However, in those cases in which these two steps 

the continuation of such excessive carbonation. are not eliminated, the final density of the block 
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can be controlled by adjusting the amount of 
water in the step of resuspending the Crystals, 
The employment of more concentrated slurries 

as specified above eliminates the formation of 
sheaves of crystals which occurs generally with the 
greater dilutions of the prior art. The presence 
of a large number of sheaves results in a denser 
block of weaker structure. 
When the prevailing temperature throughout 

the carbonation does not exceed 50 F., the tab 
ular or plate-like crystals predominate in the 
product, while if a temperature of about and not 
in excess of 70 F. prevails, the crystalline prod 
uct comprises about 50% of the tabular crystals 
and about 50% of the needle-like crystals. At 
temperatures of about 74 F. or higher, no tabu 
lar crystals are produced. For the purposes of 
the invention, it is considered immaterial whether 
the tabular or the needle-like variety of crystals 
is formed in the process of carbonation, since it 
has been found that, even in those processes 
starting with the tabular form of crystals alone 
or in admixture with the needle-like variety, the 
tabular crystals are gradually converted into the 
needle-like crystals at temperatures above about 
70 F., this conversion occurring with great ra 
pidity at about 123 F. Such conversion occurs 
in the step during which the slurry of the Crys 
tals is heated to cause setting as will be more 
particularly described hereinafter. For the same 
reason, the crystals formed in the carbonation 
process of this invention will be hereinafter re 
ferred to as "self-setting' crystals whether they 
are actually the tabular or the needle-like variety 
or a mixture of both since both varieties in ef 
fect Set in the same manner. 

However, in all cases it is highly important 
that the carbonation temperature be prevented 
from exceeding about 100° F. since it has been 
found that in the process of this invention, 
wherein the crystals are formed directly by car 
bonation of magnesium oxide or hydroxide (with 
out the intervening step of Converting all the 
magnesium into the form of a soluble bicar 
bonate and then precipitating the self-setting 
crystals by heating the solution in accordance 
with a process heretofore employed) the self 
setting crystals are partially converted to the 
form of a basic magnesium carbonate to an ap 
preciable extent at temperatures above about 
100 F., apparently because of the fact that the 
self-setting crystals are formed in the presence 
of magnesium oxide or hydroxide. This is un 
expected in view of the fact that it has been 
found that no appreciable change to basic car 
bonate occurs when self-setting crystals are pro 
duced in processes involving the heating of mag 
nesium bicarbonate until the temperature ap 
proximates 155 F. 

It should be noted at this point that the crys 
tals formed in accordance with the process Of 
this invention are much finer in size than such 
as are produced by heating magnesium bicar 
bonate solutions, the finer size imparting a great 
er strength to the final product. 
The tabular crystals as well as the needle-like 

variety, the latter being probably in the rhombic 
crystallographic class, though some authorities 
place them in the hexagonal class, can be filtered 
and dried by acetone at low temperatures with 
out any conversion to a basic carbonate form. 
fSuch dried crystals can be stored indefinitely in 
a dry atmosphere and can then be suspended in 
water and the suspension will set in the same 
nanner as the carbonate slurries as hereinafter 
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described. The tabular or plate-like crystals 
formed at low temperatures are probably the pen 
tahydrate of the constitution MgCO3.5H2O. It is 
believed that the needle-like self-setting crystals 
have a composition corresponding to the for 
nula, MgCO3.3H2O. However, there is Some au 
thority holding that the composition of the nee 
dle-like crystals corresponds to the formula 
Mg(OH).HCO3.2H2O. Whatever the formula, it 
is known that such crystals while in the wet 
condition set slowly and are converted even in 
the cold to a form of magnesium carbonate en 
tirely lacking the self-setting characteristics of 
the initially obtained crystals, which, for con 
venience, will be hereinafter designated by the 
expression "normal magnesium carbonate trihy 
drate' or by the corresponding formula, which is 
the more generally accepted designation of the 
substance. These crystals also set if subjected 
to elevated temperatures, above about 100 F., 
the rate of Setting increasing as the temperature 
increases. Thorough agitation during carbona 
tion, provided the temperature is kept low, favors 
the formation of the self-setting crystals or of the 
pentahydrate crystals which are also self-setting 
apparently by conversion during heating to the 
needle-like trihydrate crystals. These facts also 
account for the prior general use of slurries hav 
ing great dilution, since Ordinarily the bubling 
of the carbon dioxide gas through the slurry was 
relied upon to effect agitation thereof. To effect 
proper agitation to insure the production of the 
self-setting crystals, it was necessary to use large 
amounts of carbon dioxide gas, and the use of 
Such a large amount of gas, Since the reaction is 
exothermic, produced an increased amount of 
heat, the necessity for the absorption and dissi 
pation of which in turn led to the use of a large 
annount of water during the carbonation. 
As stated previously, it is highly important 

that the temperature of the reaction be kept low 
and that adequate agitation be provided in the 
reaction medium. Electrolytic or colloidal sub 
stances, such as finely-divided particles of ben 
tonite, may be added to act as nuclei for initiat 
ing the Crystallization of the normal magnesium 
carbonate, but since such devices are not neces 
sary for efficient crystallization, it is preferred 
not to employ them. 
While any dilute carbon dioxide may be em 

ployed in this process without danger of form 
ing magnesium bicarbonate by excessive car 
bonation, it is preferred to use a gas which has 
a relatively low content of carbon dioxide, so 
that a great quantity of the gas may be passed 
through the slurry without generating an exces 
sive amount of heat by virtue of reaction of car 
bon dioxide with magnesium oxide. 
By using such a dilute gas, thorough agitation 

Of the reacting mass is effected, while, at the 
same time, the increased concentration of mag 
nesium oxide is offset by the dilute concentra 
tion of the carbon dioxide, thereby effecting a 
proportionately greater amount of agitation for 
a given weight Of Carbon dioxide introduced into 
the reaction medium. Furthermore, the passage 
of the inert gases not taking part in the reac 
tion through the reaction medium also assists in 
the dissipation, by convection and conduction, 
of the heat generated by the reaction. Any form 
of dilute carbon dioxide-containing gas is suit 
able, and as sources of such gases, there may 
be mentioned Cooled stack gases, the gases re 
Sulting from commercial alcohol processes, etc. 
The gas may be artifically produced. For exam 
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ple, carbon dioxide from a relatively concen 
trated source may be mixed with air or other 
available inert gas. This mixing may be effected 
just prior to introduction of the gas into the 
reaction medium by any suitable means, such 
as by means of an injector in which the passage 
of a stream of carbon dioxide flowing at high 
velocity is caused to entrain air just outside the 
reaction vessel. Similarly, a gas of relatively 
high concentration of carbon dioxide can be in 
troduced into the reaction medium in close prox 
inity to the point of introduction of inert gases, 
such as air, nitrogen, etc. While it is preferred 
to use a dilute carbon dioxide-containing gas, 
yet a relatively concentrated carbon dioxide-con 
taining gas may be employed without excessive 
rise in temperature and without the formation 
of magnesium bicarbonate by excessive carbona 
tion, provided it is introduced at a relatively slow 
rate. However, this involves a loss of time and, 
to obtain the best results, practically necessitates 
the employment of additional agitation, either by 
the introduction of an inert gas or by mechani 
cal means. While a water jacket may be provided 
upon the apparatus for carbonating the slurry, it 
is preferred to avoid entirely any necessity to 
lower the reaction temperature by such means by 
properly controlling the conditions within the re 
action System as aforesaid. The preferred em 
bodiment or our invention, therefore, employs a 
dilute carbon dioxide-containing gas which func 
tions not only by reacting with the magnesium 
oxide or magnesium hydroxide of the slurry to 
produce the desired self-setting crystals, but also 
by dissipating the heat and by agitating the re 
action mass thereby eliminating the necessity of 
Supplying the reaction vessels with water jackets 
and agitating means of a mechanical nature. 
While the product obtained from the setting 

of the self-setting crystals alone is suitable as a 
heat insulation medium, additional strength is 
obtained by incorporating therein from 10% to 
15% of fibers, such as asbestos. The fibers may 
be added to the mixture in the carbonator just 
prior to the end of the time necessary to sub 
stantially completely convert the initial content 
of magnesium oxide to the self-setting crystals. 
For example, the addition may be made at any 
time after the conversion of at least about 95% 
of the magnesium oxide to the self-setting crys 
talline form has taken place. The mixture may 
thereupon be made intimate by the agitation in 
volved in completing the carbonation of the ini 
tial magnesium oxide content of the slurry. Al 
ternatively, the fibers may be incorporated into 
the completely converted slurry of self-setting 
Crystals in a separate agitator operated mechani 
cally or by means of the bubbling of the gas 
therein. 
The mixture so prepared either in the carbona 

tor in a separate mixing vessel, may be molded 
immediately, or in a preferred mode of proce 
dure, may be first preheated to a temperature 
not in excess of 140 F. This preheating may 
occur in the carbonator in which case the water 
jacket may be supplied with hot water or with 
steam, or the preheating may be applied simul 
taneously with the mixing of the fibers into the 
self-setting crystal slurry, either in a carbonator 
Or in a separate mixer. 
The composition, whether preheated or not, 

is preferably molded by pouring it into forms 
having the desired shape, which are then Sub 
jected to an elevated temperature of about 180° 
F, until the mass has taken a preliminary set. 
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The setting of the slurry of crystals is preferably 
allowed to take place while the mass in the molds 
is in a quiescent state and subjected only to the 
normal pressure of the atmosphere. If increased 
density in the product is desired, the composi 
tion may be allowed to set in the form of pressed 
cakes obtained after the composition has had 
any desired amount of water removed there 
from by a filter press or by any other means. 
The self-sustaining blocks resulting from the 
preliminary set in the molds may be removed 
therefrom and subjected to a final drying, which 
may take place advantageously at temperatures 
within the range from about 200° F. to 400° F. 
We have found that the properties of insulat 

ing material prepared as Outlined above may be 
greatly improved by the incorporation into the 
material of a small amount of a water-repellent 
Substance. Not only are the physical properties 
of the material, that is, the properties of hard 
neSS and strength, improved, but the incorpora 
tion of a water-repellent substance into the slurry 
results in an acceleration of the setting time of 
the normal magnesium carbonate crystals. 
Among the Water-repellent substances which 

We have found to impart the surprising charac 
teristics to the magnesia compositions, we may 
mention as examples rosin, aluminum resinate, 
Zinc resinate, stearic acid, zinc stearate, aluminum 
stearate, emulsified asphalt, wax, and other simi 
lar water-repellent substances. The water-repel 
lents may be added to the compositions as such 
or they may be formed in situ, for example, a 
water soluble soap such as a sodium stearate, 
rosin Soap, ammonium stearate, or a tung oil fatty 
acid Soap may be added and thoroughly mixed 
into the Wet mix of self-setting crystals, and to 
the mix may then be added a salt, such as alum 
Or Zinc sulfate, dissolved in Water. The wet mix 
may then be molded, and during the molding 
Step a Water-insoluble soap such as aluminum 
stearate or zinc stearate is formed. 

In our parent application Serial No. 441,381, of 
which this application is a division, we have 
claimed a method in which water-insoluble soaps 
are employed to accelerate the setting time of 
the normal magnesium carbonate crystals, and 
in our continuation-in-part application Serial No. 
690,606, filed August 14, 1946, we have claimed 
a method in which the water-repellent material 
comprises Stearic acid. 
The Water-repellent substances are added to 

the slurry of magnesium carbonate and water in 
comparatively small amounts. We have obtained 
particularly advantageous results when 5% to 
30% by weight, based on the weight of the mag 
nesium oxide, of water-repellent material is in 
Corporated in the mix. 
These materials may be added either to the 

slurry of MgO in water before carbonation or, 
and more advantageously, they may be added to 
the carbonated slurry immediately after comple 
tion of the carbonation step and before subject 
ing the wet mix to the molding operation. When 
the latter procedure is followed, there is no tend 
ency for the water-repellent materials to inter 
fere with the carbonation of the magnesium ox 
ide slurry. 
The following specific example is given as an 

illustration of a specific embodiment of our in 
vention: 

Eacample it 
A slurry containing 23.5 pounds of magnesium 

oxide and 292 pounds of water was introduced into 
5 a carbonator and a gas containing air and 50% 
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7 
by volume of carbon dioxide was passed through 
the slurry for a period of ohe hour and twenty 
minutes, the temperature during carbonation at 
taining but not exceeding 85 F. Eight pounds 
of asbestos fibers were then added, and the car 
bonation was continued only sufficiently to ob 
tain an intimate mixture of the fibers and the 
slurry of magnesium carbonate crystals. To the 
mixture so formed was added 1A gallons of as 
phalt emulsion, containing 2%% by weight clay, 
39.4% by weight water, and 58%, by weight as 
halt. This represents about 29% of water-repel 
E. material based on the weight of the MgO 
content o e slurry. The wet mix was then 
agitated for a short period of time to obtain 
thorough mixing of the ingredients, and was then 
poured into molds, which were heated to 180°F. 
to preliminarily set the slurry in the molds. The 
composition took a preliminary set in about 15 
minutes. After this time, the set forms were re. 
moved and dried at 280° F. for a period of about 
20 hours. The finished block had a density of 12 
pounds per cubic foot and was unusually firm, 
hard, and strong. 

It is to be noted that by following the identical 
process given in the above example with the ex 
ception that no water-repellent material is added 
to the wet mix, a composition is formed which re 
quires at least twenty minutes to develop a pre 
liminary set at the same setting temperatures, 
The products obtained by following the method 

of Our invention have a glossy Surface and are 
unusually hard, firm, and strong when consider 
ing their extremely light weight. The blocks or 
other bodies formed in accordance with our in 
vention by quiescent setting without pressure and 
weights averaged from about 7 to 12 pounds per 
cubic foot. The products have a very low co 
efficient of heat conductivity, the structure of the 
blocks being highly cellular though the greater 
proportion of the cells are too small to be readily 
visible to the naked eye. The self-setting crystals 
formed by the method of our invention are slowly 
converted, even in the cold, to basic magnesium 
carbonate. This setting is accelerated by the ad 
dition of heat, and, because of the addition of 
the water-repellent material, the composition de 
velops a set much faster than any of the “85%’ 
magnesia compositions of the prior art, 
While the invention has been disclosed in terms 

of a specific example employing certain materials 
and definitely stated proportions, we do not in 
tend to be limited thereby, but the invention may 
be otherwise embodied and practiced within the 
scope of the appended claims. 
We cairn: 
l. In the method of making molded basic mag 
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nesium carbonate compositions by carbonating 
a slurry of a magnesium compound selected from 
the group consisting of magnesium oxide and 
magnesium hydroxide, the initial concentration 
of the slurry being such that there are from 
about 9 to about 14 parts by weight of water for 
each part of said magnesium compound based on 
its MgO content, to form a slurry of self-setting 
normal magnesium carbonate crystals, the step 
of introducing into the slurry a water-repellent 
material Selected from the group consisting of 
asphalt and wax, said water-repellent material 
being present in the slurry in an amount, equal 
to about 5% to 30% by weight, based on the MgO 
content of the slurry, whereby setting of the 
crystalline slurry formed by carbonation is ac 
celerated. 

2. In the method of making basic magnesium 
carbonate compositions, the steps of forming an 
aqueous slurry of self-setting normal magnesium 
carbonate crystals containing about 5% to 30% 
by weight, based on the weight of the MgO con 
tent of the slurry, of a water-repellent material 
selected from the group consisting of asphalt and 
wax and thereafter heating said slurry to set the 
same under the accelerating action of said water 
repellent material. 

3. In the method of making basic magnesium 
Carbonate compositions, the steps of forming an 
aqueous slurry of self-setting normal magnesium 
carbonate crystals containing about 5% to 30% 
by weight, based on the weight of the MgO con 
tent of the slurry, of a water-repellent material 
comprising asphalt and thereafter setting said 
slurry under the accelerating action of said as 
phalt. 

4. In the method of making basic magnesium 
carbonate compositions, the steps of forming an 
aqueous slurry of self-setting normal magnesium 
carbonate crystals containing about 5% to 30% 
by weight, based on the weight of the MgO con 
tent of the slurry, of a water-repellent material 
comprising wax and thereafter setting said slurry 
under the accelerating action of Said wax. 

5. In the method of making basic magnesium 
carbonate compositions, the steps of forming an 
aqueous slurry of self-setting normal magnesium 
carbonate crystals containing about 5% to 30% 
by weight, based on the weight of the MgO con 
tent of the slurry, of a water-repellent material 
comprising asphalt, the asphalt being emulsified 
in an aqueous medium, and thereafter heating 
said slurry to break the emulsion and set the self 
setting normal magnesium carbonate crystals un 
der the accelerating action of said asphalt. 

ALAN R. McGARVEY. 
CONRAIL. C. CALLIS. 
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