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This invention relates to the manufacture of
calecium carhonate and especially in a form suited
for use as a filler in cigarette paper for impart-
jng thereto the desired opacity, porosity, and
thickness characteristics.

In our copending application Serial No. 745,728,
fileq May 3, 1947, now Patent No. 2,538,802 issued
January 23, 1951, we have disclosed and claimed
a process of preducing calicum carbonate in cer-=
tain desired particle sizes for use in cigarstte
paper in connection with the porosity and opac-
ity characteristics of the paper, the process com-
prising a first step of producing calcium car-
bonate particle sizes finer than desired for use in
the paper and a second step of increasing the
particle size of these fine particles so as to ob-
tain the optimum size particles.” Our two-step
process is a decided improvement in the con-

trol of particle size in the finished pr oduct cver

a single-stage process.

Nevertheless, there are characteristics of the
calcium earbonate filler, other than particle size,
that must be controlled t¢ give the optimum
properties in the final high-quality cigarette
paper, and while these characteristics are diffi-
cult to identify specifically, we believe that they
include the varying tendencies of the particles
to aggregate, the retention of the filler” in “the
paper furnish during the mahufacture thereof,

the softness of the filler, and the bulking prop-

erties of the filler. Thése are apparently 1mpor-
tant characteristics, but we do not wish oui ifi-
vention tc be llrnlted fo them or to any thécry
of why our new process produces the type ‘of
calcium carbonate filler that gives the desired
results in the finished cigarette paper.

In our research which led to the present in-
vention, we found that one of the main problems
was to produce and reproduce consistently
batches of the desired type of calcium carbonate.
Despite strict control of the overall process con-
ditions, var1at10ns would cceur in the quality
of the final precipitated calecium carbonate, and
the end result in any one baich could not be
definitely anticipated. We finally discovered that
the carbonating conditions at the very start of
carbonation are exceedingly important in deter-
mining the quality of the final filler, probably
because the particles of calcium carbonate
formed at the outset constitute nuclei, the phy-
sical-chemical - characteristics of which deter-
mine the general characteristics of the bhatch.
In short, in the.consistent productmn and re-
productlon of the-desired end product, the most
important conditions during carbonation are
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those at the outset of carbonation. We dis-
covered that theessential condition is to have the
slaked lime, calecium hydroxide suspension, ini-
tially at a temperature of about 15° C. to 25™ C.
and preferably at about 20° C. When this ini-
tial condition has been " established and car-
bonating of the lime with COz2 begun, the tem-
perature.cf thé mixture may be allowed to rise.
Usually the temperatures reach an equilibrium
level of about 50° C.-60°. C.” Once the proper
initial relatively low temperature has been estab-
lished, it is not necessary to maintain that fem-
perature or any fixed low temperature through-
out the carbonating reaction. This is contrary
to prior beliefs of other workers in this field, as
illustrated by the prior art patents that recom-
mend maintainirig the temperature during car-
bonation at a fixed low value or within some
specified narrow range of temperatures. Our
new discovery in this regard is of substantial
commercial value because it avoids the necessity
of maintaining a low temperature during the
carbonating reaction, which is exothermic, and
which would require considerable cooling to ab-
sorb the heat of reaction.

We recognize that prior patents disclose
processes for obtaining certain characteristics
of calcium carbonate by control of the tempera-
ture of carbonation and other operating condi-
tions. A typical prior art process of this ftvpe
involves the maintaining during carbonation of
a relatively low temperature of the lime being
carbonated, so as to produce a colloidal calcium
carbonate. Qur present invention fundamentally
distinguishes over these prior art processes in
that we have found it is not necessary to main-
tain the low temperature throughout the carbo-
nation reaction, provided the initial temperature
is adjusted properly and, also, by permitting the
temperature to rise we-avoid  the production of
colloidal calicum carbonate. We have deter-
mined from tests that colloidal calcium carbon-
ate is' much teo fine in particle size to give the

~ above-described desired properties in the ciga-

rette paper and has other undesirable character-
istcis such as drying to a hard, dense mass. Pur-
suant to our invention, we definitely avoid the
production” of colloidal carbonate and instead
produce a non-colloidal calcium carbonate, which
has substantially larger particle size and dries
to a bulky, soft mass. L

The initial relatively low temperature essential
to our process may be obtained in dlfferent ways,

. sueh as, for example, by éxternal ‘cooling of the
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vessel containing the lime slurry’ or by direct
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cooling of a thickened, i. e., concentrated, lime

slurry with cold water used for dilution to bring

it to the proper concentration for carbonating.
Regarding the carbon dioxide gas, which is in-

troduced into the calcium hydroxide suspension -

for effecting carbonation, as described below, the
COz2 concentration will vary with the type of gas
used.  For example, if flue gas is used, it will
contain approximately 8% to 12% COgz, whereas
if kiln gas is used, the percentage will vary within
the range of about 10% to 30%. The percentage
concentration of COz in the gas will determine
the concentration of the lime slurry to be used.
For example, when flue gas is used, the lime con-~-
centration, calculated as CaCOs, should be ap~
proximately 220 to 280 grams per liter.

The process of our invention will be more:

clearly understocd from the following descrip-
tion of a typical labmatory p;eparatlon and a
typical pilot plant production.

Laboratory preparation

A good grade of 1’’ rofary kiln, high calcium,
quicklime was slaked by addition to boiling water
in the ratio of 54 1bs. of lime to 33 gal. of water.
The lime suspension was slowly agitated for one
hour to insure complete hydration of the lime.

Sixteen liters of the above lime slurry were ad-

justed in concentration to contain 250 grams/liter
expressed as CaCQOs, then were cooled to 20° C. ,

and were transferred to a small laboratory turbo-
carbonator, 12’7 in diameter. A 10% C0:2-90%
air mixture was introduced under the surface of
the liquid in the turbo-carbonator at the rate of

0.6 C.F. M. The 4'’ diameter turbo-mixer in the .

carbonator was rotated at about 500 R. P. M.
(The equipment used is sold by the Turbo-Mixer
Corporation as 4’" laboratory turbo-gas ab-
sorber.) . : o :

The temperature of the batch was increased by
means of a heating coil at. the uniform rate of
30° C. increase in temperature in the time re-
guired to carbonate one-half of the lime present.
This rate of increase in temperature corresponds
approximately to the increase obtained in large
scale apparatus as a balance between the heat
of reaction, on the one hand, and radiation and
other heat losses, on the other hand. The tem-
perature was then held at 50° C. for the re-
mainder of the time of carbonation. From time
to time, a small amount of water was added to
replace that lost by evaporation. About 12 hours
was required to convert all of the 11me initially
present to calcium carbonate.

Handsheets of cigarette paper made with nu-
merous batches of calecium carbonate prepared
according to the above procedure and from limes
from different localities, consistently gave sheets
having opacity, porosity and thickness values
satisfactory in commercial made cigarette paper.

Pilot plant production

A good commercial grade of 1°’. high calcium
quicklime burned in a rotary kiln was slaked by
the gradual addition to boiling water of 2340 1bs.
of lime to 880 gals. of water. 'The litne suspen-
sion was gently agitated with compressed air for
several hours to insure complete hydration.

Of the above lime slurry, 7750 gallons were ad-
justed in concentration so as to contain 250 grams
per liter expressed as CaCO: and were pumped
into a 10,000-gal. commercial turbo-carbonator.
The. lime, slurry . was then.cooled with cooling
water sprayed on theoutside of thetank to about
20° C. Boiler flue gas contammg about 10%
COz was then added ab. the rate of about 800
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C. F. M. under the surface of the liquid near the
blades. of the rotating turbine. The- turho-
agitator was rotated at about 50 R. P. M. The
temperature gradually rose at a relatively uni-

-form rate until a level of about 50° C. was at-

tained. This corresponded approximately to the
time when 1% of the lime initially present had
been converted to calcium carbonate. 'The tem-
perature then remained practically constant
during remainder of the carbonation period,
the head of reaction evidently being balanced by
radiation and other heat losses. The time re-
quired to convert all the lime to carbonate was
about 18 hours.

Batches of this pilot plant filler were first
evaluated with the aid of the laboratory hand-
sheets of cigarette paper. The results obtained
were identical with the corresponding filler simi-
larly made in the laboratory as described pre-
viously. In contrast with these results, similar
batches of calcium carbonate made either in the
laboratory or in the pilot plant at a temperature
initially above 30° C. gave variable and frequently
poor results, when tested in the cigarette paper.

Other methods than those described above for
inijtially cooling the lime siurry prior to carbona-
tion may be employed. They include the use of
a continuous centrifuge associated with a ro-
tating discharge screw and operating so as to
produce from the hot lime slurry a relatively
thick, heavy mass of the hydrated lime, the bulk
of the initial water content of the hydrated lime
being thrown out by the centrifuge and being
recycled, if desired, for use in the slaking of an-~
other batch of lime. The discharge screw will
slowly feed the dewatered thick mass of hydrated
lime away from the centrifuge and into a suitable
vessel for dilution of this heavy slurry with process
water at sufficiently low temperature to convert

5 the heavy sludge or mass of slaked lime into a

watery suspension having a temperature of about
20° C. This procedure, which involves first con-
centrating the lime slurry by centrifuging, and
then diluting the concentrated sludge thus pro-
duced with cold water to effect a lowering of the
temperature of the entire mass to 20° C., has &
definite practical advantage from the heat trans-
fer standpoint. It is difficult to ohtain quickly a
lowering of the temperature of the center portion
of the mass by external cooling. This difficuity is
eliminated, however, when cold water is intro-
duced directly into the concentrated mass. This
water serves the dual function of reducing the
temperature of the resulting suspension to the

_ desired low point and of bringing the lime slurry
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to the desired concentration.

While the process of our invention has been
described hereinabove with particular reference
to use of the calcium carbonate, produced by this
process, in cigarette paper, in which it has a spe-
cial value, i is to be understood that the proc-
ess may be utilized for producing carbonates for
other end uses within the scope of our invention.
In fact, in any case where it is desived to repro-
duce comsistently a predetermined type of pre-
cipitated calcium carbonate, this process may be
employed. Once the desired particle size and
other characteristics of the calcium carbonate
are determined, this product can be reproduced
much more consistently by means of the process
of our present invention than bJ any other known
process, and ag described above our pr ccess is par-
trcularly characterized by the use of tha ‘initial
cooling of the lime slurry to a temperature with-
in the approximate range of” 15° C. to 25° C., and
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then permitting the temperature to rise during
the carbonating procedure.

Our process is used to advantage whether or
not the filler is made in one carbonating step, or
by the two-step carbonating method described in
our copending application Serial No. 745,728, filed
May 3, 1947. In either case, the method described
herein possesses the Iimportant advantage of
leading more consistently than heretofore to the
reproduction of the final qualities desired in the
calcium carbonate,

The scope of our invention is indicated in the
appended claims.

We claim:

1. The process of controlling the character- ;

istics of precipitated calcium carbonate so as
to render it especially suitable for use as a filler
in cigarette paper comprising first, slaking quick-
lime, next ceoling the slaked lime slurry to a tem-

perature of approximately 15° C. to 25° C., then 2

adjusting the concentration of the cooled slurry
to approximately 220 to 280 grams per liter, ex-
pressed as calcium carbonate, introducing gas,
containing approximately 8% to 12% carbon di~

oxide, into this slurry to effect an exothermic ¢

carbonation reaction between the slurry and the
carbon dioxide, continuing this exothermic re-
action on a gradually increasing temperature
scale to an equilibrium value of about 50° C. to
60° C. until substantially all of the lime has been
converted into calcium earbonate of a non-col-
loidal form.

2. The process of controlling the characteris-
tics of precipitated calcium carbonate so as to
render it especially suitable for use as a filler in
cigarette paper comprising first, slaking quick-
lime, next cooling the slaked lime slurry to a tem-
perature of approximately 20° C., then adjusting
the concentration of cooled slurry to approxi-

mately 220 to 280 grams per liter, expressed as 4

caleium carbonate, introducing gas, containing
approximately 8% to 12% carbon dioxide, into
this slurry to effect an exothermic carbonation
reaction between the slurry and the carbon di-
oxide, continuing this exothermic reaction on a
gradually increasing temperature scale to an
equilibrium value of about 50° C. to 60° C, until
substantially all of the lime has been converted
into calcium ecarbonate of a non-colloidal form.

3. The process of controlling the character- ;

istics of precipitated calcium carbonale so as lo
render it especially suitable for use as o filler in
cigarette paper to provide the desired porosity
and opacity characteristics, comprising first pre-
paring a lime slurry hoving at least 220 grams
per liter of lime, calculated as CaCOs, cooling the
lime slurry to an initial temperature of approxi-
mately 15° C. to 25° C., introducing into this lime
slurry a gas containing carbon dioxide to effect
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the precinitation of calcium carbonate, permitiing
the temperature to increase gradually from the
start of the carbonation reaction at a substan-
tiaily uniform rate until the carbonation reaction
mass has attained an equilibrium temperature
of about 59° . to 60° C., at which stage in the
process o substantial portion of the lime in the
Iime siurry has been converted to caicium cor-
vonate, and then completing the carbonation of
the remaining lime ai this equilibrium tempera-
ture to produce non-colloidal calcium carbonate
suitable for use as @ jiller in cigarette paper.

4. The vprocess of controlling the character-
istics of precipiiated calcium carbonale so as to
render it especially switable for use as a filler in
cigarette paper to provide the deisred porosity
and opacity choracteristics, comprising first pre-
paring o lime slurry haeving ot least 220 grams
ver liter of lime, calculated as CaCOs, cooling the
lime slurry to an initial temperature of apProxri-
mately 20° C., introducing into this lime slurry a
gas containing carbon dioxide to effect the pre-
cipitation of calcium carbonate, Permitting the
temperature to increase gradually from the start
of the carbonation reuction at a substantially
uniform rate until the carbonation reaction mass
has attained an equilibrium temperature of about
50° C. to §0° C., at which stage in the process a
substantial portion of the lime in the lime slurry
has been converted to calcium carbonate, and
then completing the carbonation of the remain-
ing lime at this equilibrium temperature o pro-
duce non-collcidal calcium corbonate suitable for
use as a filler in cigarette paper.

MILTON O. SCHUR.
ROBERT M. LEVY.
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