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no. 14961/88

In support of the application/made by
UNITED STATES GYPSUM COMPANY

for a patent for an invention entitled
"TABULAR ACICULAR GYPSUM AND METHOD OF FILLING PAPER"

I1/We, Vaughn N. Simon, Vice President, Manufacturing
UNITED STATES GYPSUM COMPANY

101 South Wacker Drive

Chicago, Illinois 60606-4385 U.S.A.

do solemnly and sincerely declare as follows:-

1. I am/we are the applicant(s) for the patent, or
am/are authorised by the abovementioned applicant
to make this declaration on its behalf.

2. The basic application(s) as defined by Section 141
of the Act was/were made in the following country
or countries on the following date(s) by the
following applicant(s) namely:-

in_United States of America on January 10 1987
by_Norman E. Johnstone , John C. Gaynor & Robert W. Erickson

3. The said basic application(s) was/were the first
application(s) made in a Convention country in respect
of the invention the subject of the application.

4, ?Pe ac%ya} inventor&sg of the said invention is/are
Norman E. Johnstone ohn C. Gaynor Robert W. Erickson

312 Pochet Court 1810 Hunters Lane 254 Ironwood Drive
Schaumburg, IL Spring Grove, IL Lindenhurst, IL
60193 U.S.A. 60081 U.S.A. 60046 U.S.A.
5. The facts upon which the applicant(s) is/are entitled
to make this application are as follows:-
The Applicant is the assignee of the actual inventors.
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1. In the process of the manufacture of paper, such

as paper for facing gypsum wallboard, the improvement

which comprises the steps of:
A. Forming a 20%-25% solids aqueous slurry of
calcium 'sulfate hemihydrate;
B. hydrating said slurry in a continuously
stirred reactor at 50 - 60o with suspending

agitation to produce large tabular crystals
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(10) 605576

of calcium sulfate dihydrate having a mean
particle size in the largest dimension of at
least 45 micrometers and a mean aspect ratio
between the largest dimension and the second
largest dimension of at least 10:1; and

C. Adding said tabular dihydrate crystals to
wet paper pulp at a point before web

formation.

7. Tabular acicular calcium sulfate dihydrate
crystals ia usable quantities having a mean particle size
of at least 45 micrometers in the largest dimension, and a
mean aspect ratio between the largest dimension and the
second largest dimension of at least 10:1, and

further having a mean aspect ratio between the second
largest dimension and the smallest dimension of at least

about 10:1.

8, A process for producing large habular acicular
gypsum crystals in usable gquantities, in a constant
volume, continuous, stirred reactor, comprising the steps
of:

(a) establishing a steady state atmospheric
pressure reaction zone of 20% to 25% by
weight solids of gypsum crystals in water at
a temperature of SOOC to 60°C and with fuﬂf
continuous agitation sufficient to maintain
a suspension of the gypsum crystals but
insufficient to cause shear, breakage, or
contact nucleation of the crystals; j ;

{(b) continuously feeding calcium sulfate . 4
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(c)

hemihydrate to the reaction zone at a rate
to maintain a low level of supersaturation
sufficient to support the continuous

hydration of the hemihydrate without

‘promoting excessive self-nucleation of the

hemihydrate, to react the hemihydrate with
the water to form gypsum‘precipitated upon
existent gypsum crystals; and

continuously withdrawing from said reaction
zone and process a suspension of gypsum
crystals in water having a group of crystals
of a mean particle length at least greater
than 45 microns, and a mean aspect ratio
between the largest dimension and the second

largest dimension of at least 10:1.
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(54) Title: TABULAR ACICULAR GYPSUM AND METHOD OF FILLING PAPER

(57) Abstract

A tabular variety of acicular gypsum crystal filler is prepared by hydrating calcium sulfate dihydrate particles in a
seeded continuously stirred reactor at a low level of super-saturation to obtian crystals having an aspect ratio of about
100:10:1 and average length in the longest dimension of about 100-450 micrometers. For the manufacture of paper, the ob-
tained tabular crystal slurry may be directly added to the paper pulp before web formation to obtain a filled paper having

high filler retention.




B A N ey e e

T — TS AT TR e

-

WO 88/05423 PCT/US88/00141

TABULAR ACICULAR GYFSUM AND

METHOD OF FILLING PAFER

Field of the Invention

This invention relates to the manufacture of paper. and is
particularly directed to the preparation and use of a mineral filler
that is composed ;f tabular acicular crystals for the manufacture of

paper. These crystals are of a shape reminiscent of a "tongue

depressor stick" shape.

Rackground of the Invention

In the manufacture of many types of paper, mineral fillers are
1ncorporated with the pulp to i1mprove such properties as color,
opacitv and printability. 1he fillers also allow the use ot lesseneg
amounts of cellulosic fipber in the pulp. Tyoical levels of filler
addition in acid sized papers range trom about 5 to apout 124 by
weight; but more recent alkaline sized papers can aporoach filler
leveis of 20% or more, particularly 1f expensive retention aids are
included. However, large proportions of the fillers added to the pulp
normally pass through the paper-making screens and are "ot retained in
the paper web.

There have been many attempts to use low cost calcium sul fate i
fillers in paper making as a partial replacement of the paper pulp.
Most of those attempts have centered around the use of finely ground

gypsum (calcium sulfate cdihydrate) or anhvdrite spheroidal particles.
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These relativelv round particulate fillers are not at all well
retained in the paper web. The use of retention aids helps but at a
significant cost penalty. Specially prepared very elonaated
crystalline fiber forms of calcium sulfate having very high aspect
ratios greater than S50:1 or even greater than 100:1 have been proposed
for use in paper. These are said to be well retained without the use
of retention aids but their preparation methoos make tnem very
expensive. They mav be pronibitivelv expensive for most coarse
papers. liners and paper boards. and thair use mav be generallv

confineo to onlv the most retined grades ot t+ine papers.

Description of the Prior Art

U. S. patent 84B.916 discloses the addition of a thin paste of
finely ground natural gypsum and water as a filler in paper making.
U. S. patent 105.591 discloses the addition of finely ground natural
gypsum or sulfuric acid precipitate as paper filler. and 1mproved
retention in the paper by using a sulfate saturated water with the
finely divided powder. U. S. patent 4,470.877 teaches dry
particulate gypsum addition in paper making with sigmficant amounts
of polymeric resin latex binders and retention aids to overcome poor
retention and strength reductions.

U. S. patents 2.B822.340: T.961.1U5 and 4.1%2.408 ci1sclose otner
crystalline varieties of calcium sulfate 1n a wnisker fiver form and
suggest their use as reintorcing tiber i1n prooucts such as paper.
Such whisker fiber materials are made +rom seiect materilais unaer
energy intensive autoclaving conditions witn extensive dewatering &na

drving. British patent 1.3Z6:165 and U. S. patent 4,270,954 describe
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the throuch-solution production of veryv larae ana verv long calcium
sulfate wihvdrate fibers having averaoe lenath to oci1ameter aspect
ratios over 100:1 and lengths in the longest cimension of at least 0.2
millimeters for possible use 1n paper. The fibers are obtained by a
through-solution reaction, with complete calcium sulfate dissolution,
under quiescent conditions over periods of time un to 16 hours. Such
would be p?ohibitivelv expensive 1n an area of use where an 1ncrease
of a few cents per pound over commonly available spneroidal particles
of other minerals generally mitigates against an additive’s usage.

U. S.patent 2.304.34! describes a process for preparing gypsum
filled paper said tp be 1n a more economical fashion in the sense that
a part of the dilution water for paper making 1s used in preparing the
calcium sulfate dihydrate slurry, and the slurry is fed to paper
making without dewatering or drying the gvpsum. Althouah the gypsum
crystals may have oeen considered '"of a fiberous character'" and "of
long. needle-like masses" at the time ot that patent. this was 1n
comparison to the then common alternative ot finely grouno or powoered
gypsum. The process disclosed actual!yvy proouces masses Ot extremelv
small needles due to a large amount of =self-pucieation of tne
dihydrate during the crystalization. Such crystals are extremelv tiny
in comparison to subsequently develcoped whisher fibers and fiber forms
of calcium sulfate dihydrate.

From the above 1t ' apparent that there is a need for gypsum
fillers havina good retention in paper. Further, there 1s a need for
inexpensively formed paper additives of larger gypsum crystal sizes.

Thus, it is an object and advantage of the present i1nvention to

provide gypsum mineral fillers presenting a good particle size and
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shape for retention that are prepared in a quick and
economical fashion for use 1n paper making.

Another object is to provide an improvement in
paper making wherein a gypsum filler presenting a
generally different shape and size is added having much
greater retention than small needle-shaped masses or
spheroidal gypsum particles, and without the expensive
production costs of the extremely long and slender whisker
and fiber materials.

Summary of the Invention

Therefore, the invention provides in the process
of the manufacture of paper, such as paper for facing
gypsum wallboard, the improvement which comprises the
steps of:

A, Forming a 20%-25% solids aqueous slurry of

calcium sulfate hemihydrate;

B. hydrating said slurry in a continuously
stirred reactor at 50~ 60" with suspending
agitation to produce large tabular crystals
of calcium sulfate dihydrate having a mean
particle size in the largest dimension of at
least 45 micrometers and a mean aspect ratio
between the largest dimension and the second

largest dimension of at least 10:1; and
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C. 1Adding said tabular dihydrate crystals to
wet paper pulp at a point before web
formation.

The invention also provides tabular acicular
calcium sulfate dihydrate crystals in usable quantities
having a mean particle size of at least 45 micrometers in
the largest dimension, and a mean asrect ratio between the
largest dimension and the second largest dimension of at
least 10:1, and further having a mean aspect ratio between
the second largest dimension and the smallest dimension of
at least 10:1.

The invention further provides a process
for producing large tabular acicular gypsum crystals in
usable quantities, in a constant volume, continuous,
stirred reactor, comprising the steps of:

(a) establishing a steady state atmospheric
pressure reaction zone of 20% to 25% by
weight solids of gypsum crystals in water at
a temperature of SOOC to 60°C and with
continuous agitation sufficient to maintain
a suspension of the gypsum crystals but
insufficient to cause shear, breakage, or

contact nucleation of the crystals;
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(b)

(c)

gﬁ

continuously feeding calcium sulfate
hemihydrate to the reaction zone at a rate
to maintain a low level of supersaturation
sufficient to support the continuous
hydration of the hemihydrate without
promoting excessive self-nucleation of the
hemihydrate, to react the hemihydrate with
the water to form gypsum precipitated upon
existent gypsum crystals; and

continuously withdrawing from said reaction
zone and process a suspension of gypsum
crystalé in water having a group of crystals
of a mean particle length at least greater
than 45 microhs, and a mean aspect ratio
between the largest dimension and the second

largest dimension of at least 10:1.

Brief Description of the Drawings

In order that the invention may be more clearly

understood, examples of preferred embodiments will now be

described with reference to the accompanying drawings,

wherein:

FIG.

photograph of

invention.

FIG.

photograph of

FIG.
dihydrate filler retention versus filler length in ;

micrometers for various gypsum particles.

1l is a scanning electron microscopic

tabular acicular gypsum crystals of the

2 1s a scanning electron microscopic

B

tiny needles of gypsum.

3 graphically illustrates percent of
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Description of the Preferred Embodiments

The mineral filler of the present invention is prepared by
hydrating calcium sulfate hemihvdrate 1n a constant volume. seeded,
continuously stirred (with gentle sweepina agitation) atmosbheric
presssure reactor under low levels of super-saturation. preferably
usin@ an about 20-25% bv weiaqht tntal solios siurrv at about S0-60° (.
to produce a tabular acicular confiquration havina a mean particle
size in the laragest dimension of the particles ot about 100-450 um ang
about 10-40 um in the second largest dimension. Preferablyv the
produced particle slurry is classified, with the smaller particles
recycled to the reactor while the larger particles are passed to the
paper—-making pulp.

The calcium sulfate hemihydrate reactant may be anvy of the
commonly available commercial materials. Thus the hemihydrate may be
ordinary plaster of Paris or kettle stucco which are forms of beta
calcium sulfate hemihydrate, or it may be a form of alpha calcium
sulfate hemihvdrate also called alpha aypsum. Such hemihvdrates mav
be calcined from natural avbsum or derived t+rom calcium sultates
produced 1n various chemical processes such as +rom flue oas
gesulfurization orogucts. €itroaypsum. phoSDhoQvbsum and the L11kHe. U+
course. the reaction congitipons 1n the Dresent process mav dltter
slightly aue to peculiarities of the sSDecitic particuiar hemihvorate
Oor aypsum source et+tectinq ci+t+erinag rates of Qissolution.

reprecipitation or crystal habait.

vThe aypsum should be at about saturation in the reactor. with

about 20-257% total solids preferred. A low level of super-saturation

viaus
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1S5 preferred for obtimum crvstal arowth udDon seed Ccrvstals without a
lot of selt+-nucleation. The rate ot reaction 1s a tunction O+ the
rates at which the nemhvdrate first dissolves i1n the water and then
precipitates upon existant gypsum crystals. 1+ an undesared hian
level of super-—-saturation occurs. this diffusion controlled reaction
will proceed at a rapid rate with homcaeneous self-nucleation leading

to a massive "blooming" of very tiny nucle:ii and little aqgrowth upon

individual crystals. That leads to an almost gellina of masses of low

micrometer sized tiny needle crystals characteristic of U. S. patent
2.304,361. -

The temperature of reaction preferbly is from about S0¢ C to
about 60’ C. The particular agesired temperature mav be maintained on
each charge to the reactor by anv convenient means such as agirect or
indirect heatina means. steam 1Nniection. electrical heatino elements
and the like. Temperatures as low as 35°L ano as hiaon as vw’' L mav be
used.

This temperature keeps the dihvdrate as the stable pnase 1n tne
reaction and keeos reaction rates reasonable i1n lenoth at preterred
solids levels. The total solids i1n the reactor may be +rom about ZO%
to about 254 by weiaht at the preferrea oberational temperatures to
maintain a low level of super—saturation. Higher levels will lead to
hioher contact nucleation which leads to stubbier and blockier
crystals.

The agitation should be sufficient to keep the particles in
suspension without shearing action that would also lead to particle

breakage and higher contact nucleation which leads to blockier

crystals.
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TAELE 1
SAMFLE TEMPERATURE FARTICLE ASPECT =
NO. & RESIDENCE TIME MEAN SIZE RAT10
1. S0°—- 10 MINUTES 324 um 10:1
2. S0* - 15 " 125 un 7:1
3. S0e - 20 o 109 UM 10: 1
4, S8° - 10 MINUIES 187 unm Y1
S 550 15 " 167 um w: |
6. s5e - 20 o 21 unm 9:1
7. 60° - 10 MINUTES 110 un fisd
H. 60° - 1595 " 153 um 12:1
9. 60°* - 20 " 216 unm 11:1
TAELE 2
FILLER CONTENT FILLER FOROSITY
SAMPLE OF FURNI1SH RETENT10ON  (SECONDS)
SAMFLE 1
UNCLASSIFLED 25% 83% 54
CLASSIFIED 29% 8% S8
SHMFLE 2 ;
UNCLASSIFIED 27% &9 74
CLASSIFIED 29% 7% 44
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ExAMFLE 1

In a series of evaluations. hot water ang stucco were red to a
constant volume. heated crystailizer reactor vesse: equipped with a
motor and impeller to provide a suspengilno agitation. TYne stucco and
water were prooortioned to provige a 20 percent total solids
suspension and the i1mpeller was operated at a rotational speed to keep
the particles 1n suspension without settlino. The output was passed
through a hydroclone_tor classification and separtion of broduct
particles and recycle of finer materials for these evaluations.
Samples prepared at various temperatures and residence times indicted
in Table 1| were evaluated for crystal growth. measuring crystal qrowth
in .he laraest dimension by microscopic count as the averaoe or mean
particle lenath for the sample. Exemplary results are set forth in

table 1.
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Basically, all the samples shown in Table 1
produced crystals of the desired configuration.
Microscopic examination of the various samples showed
generally ratiicr uniform particles of combined acicular
nature with a length to width aspect ratio of around 9:1
but with a generally tabular configuration also, with flat
sides and blunt ends and having width to thickness ratio
around 10:1. FIG. 1 presents a scanning electron
microscopic photograph showing the general configuration
of tabular gypsum filler crystals of the invention.

Portions of samples 1 and 8 were selected for
further evaluation in paper making, with one aliquot of
each sample added directly to a paper pulp and another
aliquot classified before addition to the pulon. The
addition could take place at either the paper making
refiner dump chest or the paper making machine cha2st of a
paper machine. For the classified portions, the sample
was passed through a 50 mesh (300 um openings) sieve and
then the portion retained on a 140 mesh (106 um openings)
sieve was added to the pulp to give a dry fiber to filler
ration of 70:30 parts by weight. The pulp comprised
calcium sulfate saturated water mixed with dry fiber to
form a 1.5% solids consistency pulp which was refined to
350 Canadian Standard Freeness. The pulp dry fiber solids

were 30% waste newspaper and 70% old cnrrugated box board.
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The pulps were felted into single ply handsheets prepared
according to TAPPI method T-205 on a standard 6-1/4 inch
(159 mm) diameter sheet machine to produce 1.5 gram
handsheets. Physical properties of the prepared

handsheets are set forth in Table 2.
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Lookina at Table 2, it is apparent that the samples with fines removed
had better retention. even thouah in one case the classified particle
size was lower in aspect ratio and more blocky in terms of averaae
lenath in the lonoest dimension. Generally 1t had been heretofor
believed that only more fiberous characteristics led to oreater
retention 1n paper tormation.

EXAmPLE 2

In another series of evaluations. oenerally usino the
crystallizer and procedures ot Example 1, a number of ditferent
particle shapes and sizes of calcium sulfate dihvdrate particles were
prepared as follows:

Sampble 10 - Small spheroidal particles:

Natural gypsum rock that had been ground to small. aenerally
round particles having a particle size averaaoe of 24um by microscopic
viewing was obtained from commercially available sources.

Samples 11 and 12 - Small needles:

Freshlv calcined hemihvdrate was charoed in a 10% solids slurry
to a batch stirred reactor eauipopoed with a turbine mixer pbroviding
hiah speed. hioh shear mixina at 3000 rom. lhis reactor was
maintained at 20-21°C. Within 10 minutes massive self-nucleation
resulted in a bloominr ot vervy large numpbers o+ tinv needle crvstats
havino a bv count averace 11.3 micrometer lenath and aspect ratio of
about S:1 for Sample 11.

Followina the procedures of U. S. patent Z.304.361. treshly
calcined hemihvdrate was charaed in a 10% solids slurrv with 0.5% alum

to a batch reactor crvstallizer similar to the continuous stirred

. . PR N ¢
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reactor ot_Examole 1. The reactor was at Z0-21°C: and 1n acout &
minutes there was a massive “blooming" of small acicular needle
crystals. The crystals nad a by count averaae 29 micrometers lenatn
and about 10:1 aspect ratio for Samole 12.

Sample 13 - Tabular crystals of about 45 um:

A 20% solids slurrv of alpha hemihvdrate (HYDROCAL B base
hemihydrate) was fed into a seeded continuously stirred reactor
crystallizer vessel of Example ! maintained at S0”C. Seed material
provided a location for crystal growth and minimized the extent of
nucleation which 1n turn results in a laraer crystal size and more
uniform distribution. Optimum seed crystal size at the beainnina of
reaction appears to be i1n the area of 20 micrometers. After reaction
for 15 minutes. platelet-like tabular crvstals havinao a bv count
average particle size 1n the laroest oimension ot abcut 45
micrometers. 4=5 um 1n the next laroest dimension. &and thicinzce o+t
1-2 um were obtined.

Samples 14 throuaoh 14 = lapbular ot about 100O-200 um:

For Sample 14, a flue cas desulfurization calcium sult+ate
dihvdrate derived t+rom a sult+ur dioxide scrubbina operation was
calcined to hemihvdrate and around to a 10,400 square centimeters per
aram Hlaine surface area. A 20% solids slurry of this hemihydrate was
fed to the cryvstallizer of Example 1 maintained at &0° C. After 15
minutes reaction. a tabular gypsum crystal slurry was obtained with a
by count averaae particle size in the largest dimension of 127

micrometers. 10-50 um i1n the second largest dimension. and thickness

of 1-3 um.

i et 8 i B

Further runs under the same conditions as Sample 14. but with the
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addition of 0.7% by weight sul furic acid as crystal modifier resultad
in larger crystal size, tabular crystals having a by count averaae N
particle size in the largest dimension of 155 micrometers. 15-20 um 1n
the second laraest dimension. and thickness of 1-3 um were obtained as
Sample 15.

For Samole 14. further runs were made unger the same conditions
as Sample 13. but not orindino the nemihvdrate after calcination. The
hemihvdrate teeo had a surface area o+ about 3.000 sguare centimeters
per aram bBlaine. The obtained tabular crvstals hag a bv count averaae
particle size 1A-the larocest gimension o+ 171 micrometers. 20-30 um 1n
the second larocest dimension, and thickness of 1-3 um.

Sample 17 = labular ot 192 um:

To a 2VU% solids slurrvy of beta calcium sulfate hemihvdrate was
added 1% by weioht of sodium chloride crystal orowth modifier. The
mixture was feo to the seeded continuouslyv stirred reactor
crystallizer of Example 1 maintained at 60? C. After 1& minutes a
tabular gypsum s;urry of crystals havino a by count averaae particle
size in the laraoest dimension of about 192 micrometers., about 20 um in
the second largest dimension. and about 3 um thickness.

Samples 18 and 19 - Gypsum Fibers of 350 and 1200 um:

In the aeneral fashion of U.S.patent 4.270.954. a hot (about
?S’C) S% calcium sulfate solution with &% nitric acid aoded was
allowed to cool down to room temperature. At &3°C the mixture was
filtered to give avosum fibers havina a bv count averaoe ienoth o+t
about 350 um ano asbect ratio ot apout 200:1 as Sampie lv. lhe

filtrate was acain tfiltered at room temperature to oi1ve a second set

ot tibers havina an averaoe !enath of 1200 um and aspect ratio o+
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about 300:1 as Sample 19.

Various ot the obtained samples were aaddef{ 1n amounts around 107
or 20% by weioht as filler to paoer bulp as set torthn 1n kxample 1 and
hand sheets were tormeg ailso usino the proceaure ot txamole 1. 1The
hand sheets were evluated for filler content and %Z fi1ller retention
was calculateog.as sert torth 1n labie 3. Exemolarv results ot the %
filler retention 1s diaaqrammaticallyv set forth 1n Fioure 3. From
Fiqure 2 it 1s clearly apparent that the easily and rapidly +formed
tabular agypsum crvstals having by count averaage particle sizes i1n the
larqest dimension of 45 um and above provaided substantially eaquivalent
retention to the 350 um fiber. Not shown 1n the Fiqure, Sample 19
exhibited retention that fit on the curve depicted in the fiqure.

The hand sheets were also evaluated for fiber breakina lenath by
TAFP]1 standard procedure T 220o0s-71. Evemplarv results are set forth
in Table 3. Generallv the smaller the decrfase 1n paper breakinqg
lenath 1n comparison to untilled control hanasneets. the stronocer tne
hand sheet and the more tiller mav be aodeo while maintainino minimum
strenath recuirements.

Furtner. the nano sheets were evaluated +0r percent Aaroo 1n
porositv bv TAFPI Usetul Test Methood S24. bExemolarv results are also
set forth 1n Table T. 1t 3hould be remembered 1n lookina at these
results that verv fine particles mav fill in the pores between the
matted ti1bers i1n contrast to larger filler particles that bricdae
across the pores or openinas between the matted fibers. The impact of
this is that some tiny particles mav Qqive a false neaative drop 1n
porosva value. as i1n Sample 12.

Various crystal habit modifiers mavy be added durinag the
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preparation of the tabular crystals to emphasize crystal
growth in the longest dimension. For example, long needle
or fiberous shaped seed crystals, mineral acids such as
sulfuric acid may be added: and various halogen, sulfate
or nitrate salts such as sodium chloride may be added to
emphasize growth in the proper dimensions.

The tabular crystals of the invention can be
advantageously used as additions for the filling and/or
improvement of mechanical properties of matrix materials
of all kinds. Preferably they are used for filling
various papers such as coarse liner board paper or various
grades of fine paper stock by addition to either a paper
making refiner dump chest or a paper making machine chest
of a paper machine. Generally, the tabular crystals of
the invention are of a white coloration depending upon the
source and impurities in the starting calcium sulfate
structure, various decolorants, brighteners and the like
may be added to improve whiteness and brightness if
desired depending upon the purposes of the paper pulp.

The crystals may be used for example as filler in the

manufacture also of plastics of all kinds.
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SAMPLE
NO.

10 24 U
SPHEROID

11. 11
NEEDLES

12, 29
NEEDLES

13. 4
TABULAR

14, 12
TARULAK

15. 159

TARULAK

16. 171 UM

TABULAR

17. 192

TABULAR

18. TS50
FIBRER

™

AL

um

um

umM

um

UM

(W]

um

% FILLER
IN FAFPER

e &
e

14,90

7.9Q

15.90Q

16.30

w
|

% FILLER
RETAINED

$5.20

46,90

79.00

79.40

PCT/US88/00141

TABLE 2

% DROF IN
BREAKING LENGTH

6.70

7.20

21.80

10.30

23.30

10.90

23.70

% DROF IN
POROSITY VALUE

34.70

23.00

-S.00

45.5¢Q

44,860

44.40

46,00

Ln
an
N
o

52,30
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. In the process of the manufacture of paper, such
as paper for facing gypsum wallboard, the improvement
which comprises the steps of:

A. Forming a 20%-25% solids aqueous slurry of
calcium sulfate hemihydrate;

B. hydrating said slurry in a continuously
stirred reactor at 50° - 60o with suspending
agitation to produce large tabular crystals
of calcium sulfate dihydrate having a mean
particle size in the largest dimension of at
least 45 micrometers and a mean aspect ratio
between the largest dimension and the secend
largest dimension of at least 10:1; and

C. Adding said tabular dihydrate crystals to
wet paper pulp at a point before web
formation.

2. A process as claimed in Claim 1 further
including the steps of continuously withdrawing and
classifying the crystals from the hydrator reactor into a
portion of small sized crystals and a portion of larger
sized crystals having a mean paticle size in the largest
dimension of at least 45 micrometers; returning the small

sized crystals to the reactor for further crystal
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growth; and passing the larger crystals to the paper pulp
for paper making.

3. A process as claimed in Claim 1 in which said
tabular dihydrate crystals are added to a paper making
refiner dump chest.

4. A process as claimed in Claim 1 in which said
tabular dihydrate crystals are added to a paper making
machine chest.

5. A process as claimed in Claim 1 in which the
tabular dihydrate crystals have a mean aspect ratio
between the second largest dimension and the third largest
dimension of at least 10:1.

6. A process as claimed in Claim 1 in which the
aqueous slurry of hemihydrate includes a small amount of
crystal modifier selected from the group consisting of
sulfuric acid, sodium chloride, potassium sulfate,
magnesium sulfate, mixtures thereof and the like.

7. Tabular acicular calcium sulfate dihydrate
crystals in usable quantities having a mean particle size
of at least 45 micrometers in the largest dimension, and a
mean aspect ratio between the largest dimension and the
second largest dimension of at least 10:1, and

further having a mean aspect ratio between the second

largest dimension and the smallest dimension of at least

about 10:1.
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8. A process for producing large tabular acicular

gypsum crystals in usable quantities, in a constant

volume, continuous, stirred reactor, comprising the steps

of:

(a)

(b)

(c)

estabiishing a steady state atmospheric
pressure reaction zone of 20% to 25% by
weight solids of gypsum crystals in water at
a temperature of SOOC to 60°C and with
continuous agitation sufficient to maintain
a suspension of the gypsum crystals but
insufficient to cause shear, breakage, or
contact nucleation of the crystals;
continuously feeding calcium sulfate
hemihydrate to the reaction zone at a rate
to maintain a low level of supersaturation
sufficient to support the continuous
hydration of the hemihydrate without
promoting excessive self-nucleation of the
hemihydrate, to react the hemihydrate with
the water to form gypsum precipitated upon
exXxistent gypsum crystals; and

continuously withdrawing from said reaction
zone and process a suspension of gypsum
crystals in water having a group of crystals
of a mean particle length at least greater
than 45 microns, and a mean aspect ratio
between the largest dimension and the second

largest dimension of at least 10:1.
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9. A process as claimed in Claim 8 in which step
(c) comprises separating the withdrawn suspension of
gypsum crystals in water into two groups, at least one of
the groups having crystals of a means particle length
greater than 45 microns, and continuously recycling one of
the groups of gypsum crystals back into the reaction zone
while withdrawing a group of crystals having a means
particle 1ehgth at least greater than 45 microns from the
process.

10. A process as claimed in Claim 8 in which step
(c) comprises separating the withdrawn suspension of
gypsum crystals in water into a first group of crystals
having a mean particle length greater than 45 micrometers
and a second group of crystals having a mean particle
length less than 45 microns and recycling the smaller
group of crystals back to the reaction zone,

11. A process as claimed in Claim 8 in which step
(c) comprises continuously withdrawing from the process a
group of crystals having a mean particle length greater
than 100 micrometers.

12. A process as claimed in Claim 8 in which the
temperature in step (a) is about 55°C.

13. A process as claimed in Claim 8 in which the
solids level in step (a) is about 20%.

14. A process as claimed in Claim 8 wherein step (a)
further includes the addition of about 0.7% by weight of

an acid crystal modifier.
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15. A process as claimed in Claim 8 wherein step (a)
further includes the addition of about 1% by weight sodium

chloride crystal modifier.
DATED THIS 12TH DAY O® NCTOBER, 1990

UNITED STATES GYPSUM COMPANY
By Its Patent Attorneys

GRIFFITH HACK & CO.
Fellows Institute of Patent
Attorneys of Australia
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