METHOD OF MAKI NG WATER- RESI STANT GYPSUM BASED ARTI CLE
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on the temperature and duration of exposure. The term calcined gypsum." as used

herein, refers to both the hemihydrate and anhydrite forms of calcium sulfate.
Calcined gypsum is capable of reacting with water to form calcium sulfate
25  dihydrate which is a fairly hard and rigid product and which is referred to herein as
"set gypsum.”
An example of a common gypsum product is gypsum board, which is widely
used as a structural building panel. Speaking generally, gypsum board comprises a
core made from an aqueous slurry of calcined gypsum which hydrates to form set
30 gypsum. Typically, the board has a a paper sheet lining adhered to both of its faces.

A characteristic of set gypsum is that it has a tendency to absorb water. To
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The expression "water resistant” should be understood to mean the ability of a
30 prefabricated structural element as defined above to limit the uptake of water by the
plaster substrate, while still retaining the dimensional stability and mechanical

integrity of the structural element in question.
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integrity of the structural elenent in question. 2
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It is the object of the present invention to provide a method of incorporating

siloxane to the slurry along with a catalyst to enhance the curing of the siloxane to

accelerate and improve the development of water-resistance in gypsum-based articles.

30 SUMMARY OF THE INVENTION

The present invention relates to a method of making moisture resistant

gypsum-based products, e.g., gypsum boards, reinforced gypsum composite boards,
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In order to obtain the best water resistance, it is necessary to uniformly distribute the
siloxane on the gypsum. Because a relatively small amount of siloxane is used, it has
been found that the most uniform distribution of the siloxane on the gypsum is

30 provided when the siloxane, in the form of an emulsion, is mixed with the gauging

water. This uniformly distributes the siloxane throughout the gauging water used to
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25 It is essential that the siloxane emulsion be stable until it reaches the pin mixer

and that it remain well dispersed under the conditions of the slurry. That is, the
siloxane emulsion mgst remain well dispersed in the presence of the additives, such as
accelerators, that are present in the slurry. The siloxane emulsion must remain stable
through the steps in which the gypsum based articles are formed as well.

30 The gypsum-based water resistant articles of the present invention are
preferably made with a methyl hydrogen polysiloxane fluid sold under the name
SILRES BS-94 by Wacker-Chemie GmbH as the siloxane. The manufacturer
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that t hq’re-made siloxane emulsions also may be used. However, pre-made siloxane
emulsions frequently have stability problems during storage and the emulsifiers used
with pre-made emulsions tend to cause problems in making the gypsum article, such
as paper adhesion problems and problems in the gypsum rehydration process
30  In the preferred embodiment, the siloxane/water emulsion formed in the high-
intensity mixer is immediately mixed with the balance of the gauging water, which is

then metered into the pin mixer. The siloxane/water emulsion is sufficiently stable
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25  evolution of hydrogen.

The preferred catalyst is dead-burned magnesium oxide because it almost
completely water insoluble and is non-reactive with the components of the slurry
other than the siloxane. The dead burned magnesium oxide speeds up the curing of
the siloxane and, in some cases, causes the siloxane to cure more completely. The

30 dead burned magnesium oxide catalyzes the curing of the siloxane without causing
the evolution of large amounts of hydrogen. Moreover, the dead burned MgO is

commercially available with a consistent composition.
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Tenperature Rise System (TRS). The TRS unit is an
el ectronic thernoster that neasures the heat evol ved
fromthe exothermc reaction of MJO with water. Each
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sece nnds Tha t har mec

mag 13@%‘?’?@9@5%50 AE?IEPE’S}?F%&%E@; k;;éﬂlé’gﬁﬁg%qu this

cup|is in a quasi- tegpgfcaticHa@Mgoabl @ﬂmmﬂmﬂ

(St
dat
for
Te
Bur
76.
76.
76.
76.

dropB?(hg 3000 80. 96 ?glsrf)erature drop@zﬁg Results
dempgggrate that the|rgggtion of the mosventi onal

maghesiumoxide with water is signifficantly different—
fron7®he reaction of |d888 burned magn®sPum 5 oxi de

Wi tl
W t

10

15

sanpl e contai ned 50 grans magnesi um oxi de and 100
TVeBEF | soaked 10 seconds and handm xed for 10

brof oam container} The data Is gollected by a
b1%cquisition sys{ém7 The data cdii®®ted is "set

fog T Tabl e I, belgfg25 8 TABLE [Fglizie (Seconds)
perature (F) Tenperature (F) Conventional MO Dead
1@00 MyO 10 77.07{78994 100 77.0678. 17 200 77.98
24300782076 3L 54007837 7§ 367 500 7854
4%00 600 78.68 76. ‘18‘2@00 78. 80 76.7? ! 800 78.93
6400 900 79. 05 76. 65832000 79. 16 762673(6 1500 79.62

91 2000 80.07 76180 25008656

gt e ReactT o gk ggonventional [ jgggnesi um oxi de
h"wat er was_nore

900 79.05 76.65

1000 79.16 76.70

1500 79.62 76.91

2000 80.07 76.80

2500 80.50 Temperature dropping

3000 80.96 Temperature dropping

Results demonstrate that the reaction of the conventional magnesium oxide
with water is significantly different from the reaction of dead burned magnesium
oxide with water. Reaction of conventional magnesium oxide with water was more
exothermic and caused temperature to rise by ~ 5°F whereas the reaction of dead
burned magnesium oxide with water showed only slight change (about 0.8°F) in the
temperature. This test may be used to differentiate between a dead burned
magnesium oxide and other conventional magnesium oxides.

The preferred catalyst is dead-burned magnesium oxide sold under the name
“Baymag 96 from Baymag, Inc. because it produces a temperature rise of less than
1° F in the Temperature Rise System. Magnesium oxides that produce a temperaturc
rise of no more than about 2° F are suitable for use in the present invention.
Magnesium oxides that produce greater temperature rises, such as the Baymag 30,

provide adequate catalysis of the siloxane, but such magnesium oxides are not
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exot herm ¢ and caused tenperature to rise by - 5F

whereas the reaction of dead burned magnesi um oxi de

with water showed only slight change (about 0.8F) in

the tenperature. This test nay be used to

di firefement beatuse hey vatan ofithd ggpbulnueinedtitiomprpeess iandrransé hes of

and_ot ri)erdconventl onal- magnesi um oxi des. 10 The
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are suitable for use in the present invention
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i nven I'S understood that these exanples are
set forth for illustrative purposes and that nmany

% qusitions are within the scope of the
pre I'nvention. Those skilled in the art wll

eqRYaL dRefeld &ansl gyﬁsaﬁ] %QME Qr%fet}irﬁﬁ&dfdﬁra b Ifulgseaﬁlpmducuon
based articles may be prepared containing oth

1 5q u almema P EEmBFTCIPhEDSTIR |b§ar§ ﬁwnléfqeﬁl%ﬂ fapilitys e aggedjgnts and their
oﬁlrﬁ‘ate %g@?t Odekb@ﬁtﬁ% s| Hﬁésgéﬂta‘é‘ %IQ%@Vﬁarng'egbé]sed upon the

-covere ypsum boards were pr epare on a
t y pwea@ht of cal¢inesegyipeunpeoplared) e listed in Tehde 2.nARodipmet theiganging

gy p@#ﬁ] 1? 9&4%1%6{@@%@7:&; fr\kl)\ngh%%(ﬁgfnP Wter IH&eaﬂdrng ﬁl% £ gﬁ intensity

cent ages (express
as mslelatTPwelhiyernrals laémrtrﬂmlf,}a@ GaddatlelPon42thex-2xtki Histreqiired

Ogglra%!?oglﬁg %f?ay%)lﬁga@a %rr% 19¥on%1u S' this& Ec? td fr% g%ﬂlllﬁclgs%t?rﬁg)éeé awhere
f r dimstnligedwitigiha gawﬁtgedvatén fnel-arsebohdﬂ:to lfmmaremhinghatcr emulsion in

intensity. njxer. The nixer .was rtiflo P

Vo o Sorbak 25 s st el Bt i e’ The

Si | sisdie/videst ieﬁhuissm@mmenuaumb&tdrﬁé giugthgiwited link evhbrieghmixed

i ntensj t mxer where it m xed with the ugi. n .

e 1 Pal3ics o6 EGALES Woiplr TEAHPEBr ST BT T SO

25 N the calcined gypsum and other dry ingredients prior to the pin mixed. Except for the

inclusion of siloxane and magnesium oxide in the preparation, the boards were
prepared using methods and ingredients typical of prior art gypsum board production
methods and ingredients. Boards were prepared with various concentrations of
siloxane and various amounts of magnesium oxide and were compared with control

30  boards and tested for water resistance in accordance with ASTM Test-1396.
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situ. Aratio of about 25 parts of water is mxed with
each part of siloxane. The sil oxane/water enul sion
was then returned to the gauging water |ine where it
m xed wth the bal ance of the gauging water. The
magnesi um oxi de was dry-bl ended with 25 the cal ci ned
gyp%ﬁ% other dry ingredients prior to the pin

m xe t h i ncl usi on of siloxane and
@QFW@B&Q&% “"“{"‘ﬁ[@grﬁ?‘@‘ﬁér ati on t he boards were

pr epare u3| ng nmet hods and 1 ngred fypi cal of
pri or um board productiqgn ods and
i ngf edl ent §. Boards were preparéd th various

cond eFHIEHEPYMf  si | oxane and |vAM ous anounts of
magmesi um oxi de and were conpared_w th control 30
boall d¥%38ind tested for water resilsPhAe in accordance
Wi t TASTM Test-1396. 10 TABLE 4 GypSUm Boar d

Pr odudlokas | ngredi ents | NGREDI ENTOREI®EHT  cal ci ned
gypsumm 100 water 94-98 sitoxarje 0.4-0.8 Seét
accel Btepeeleraor1-1. 6 starch 0. 5-|01F1%j sper sant

0. 2(=022paper fiber 0. 5-0.7[Set retarder 0.07-0.j09
f oarm fﬁgclagent 0.02-0.03 sodi um|t PPrfet aphosphat e
(" SFVP*y—0-0- 016 TecatcimatTon i bf tor 07 13-0.14
magnedisngrsanixi de 0.1-0.3 In Tabl d 9202 set
acceterator—conprised finety grqund sugar- coated
par i pipesfitst  cal ci um sul fate dehfdrlte, as described
i N P—S—Pat—No—3; 5737947, wherjer m the 5 accelerat|or
i s notettepmderd during its prepardt P8A0.8%e starch was
dr y-rmH-ed—actd—rodif+ed—H—=BOND—starchobtai ned
comyefoamalglagerftr om Lauhof f Grai n [C8.02-0t8%e  di sper sant

o a nanht hal £ - f
was HBH=A LO, (2 ||ap||t||a| efre—strtomate-outarnead

conmmrescdival trimetapbospBEEO("'STMP”) 0-0.016
recalcination inhibitor 0.13-0.14
magnesium oxide 0.1-03

Tn Table 2: the set accelerator comprised finely ground sugar-coated particles of
calcium sulfate dehydrate, as described in U.S. Pat. No. 3,573,947, wherein the

5 accelerator is not heated during its preparation; the starch was dry-milled acid-
modified HI-BOND starch obtained commercially from Lauhoff Grain Co.; the
dispersant was DILOFLO, a naphthalene sulfonate obtained commercially from GEO
Specialty Chemicals of Ambler, Pennsylvania; the paper fiber was fine hammer
milled paper fiber; the set retarder was VERSENEX 80, a chelating agent obtained

10  commercially from Van Walters & Rogers of Kirkland, Washington; the foaming

agent was WITCOLATE1276, obtained commercially from Witco Corp. of
Greenwich, Conn.; the sodium trimetaphosphate was supplied commercially by
Astaras Co. of St. Louis, Mo.; and the recalcination inhibitor was CERELOSE 2001, a

dextrose employed to reduce recalcination of board ends during drying. The siloxane
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Speci alty Chem cals of Anbler, Pennsylvania; the paper
fiber was fine hammer mlled paper fiber; the set
retarder was VERSENEX 80, a chel ati ng agent obt ai ned

10 comrercially from Van Walters & Rogers of Kirkl and,
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a mxé orm an aqueous sl urry t he foam ng agent
orm

s hiiselthis byenen hendhelygiss of Srsricnmsiliisheatiyd
tg ﬁggag%grh qglfzft% gfﬁxga}hte %)Ebe Red 28 B WAGugh AEMalkd he 9@1‘1‘? Rt leRuh to cut

m xer); -contl nuousl
de ppxsclsely;g;utthg tlml uoving bwardgo pmlie indgsoduat besrdsef alpguy ¢ x4 feet and

Cnee il it afhe (Epdqslh FREAG AORLARIIRCPE, POV
10 ' h. iTyghcal imbsklréaﬂﬂomtion/\ﬂméuestfd)leuﬂypi'anta}whemftestdden

al cium sul f rm m sul fate
i hwpg‘e&%&@yﬁ%ﬁ@? @Bgﬁrgﬁé‘?}w? el?ral'(ncfl%bgeysl urry hard
enough to cut precisely, cutting the noving board to

rrakerA i vi dual boards of about 12x4 feet and 1/2
inch thick: and drying the bhoards in a heated

mul t | deck kiln. Typical noigture absorjption values for
such| preglieet s when tested i h Sibsamctor dMg® %i { MASTN
Test| 1396 are shown bel ow i h Table 3. [TABLE 3 Prtebarbed %

Si | oxane % MgO % Mbi sture Absorbed % WAt er Resi stant

@ps“ﬂvﬁ%ﬁ‘k%;&ani%ﬁ%uﬁ@&r@% oy~ Tr eal echofy psym 4.5%

Shea —O0A% 0290069 d—EXAVPCE 2
Core-Treated Gypsum Sheathing | .04% 02% 8%
Board
EXAMPLE 2

A laboratory test was run to demonstrate the effect of dead-burned magnesium
20 oxide on the water resistance developed by a siloxane in a gypsum-based article. An
emulsion was formed by mixing 0.7% of BS-94 siloxane and 550 grams of water in
high shear mixer for 7500 rpm for 2.5 minutes. In tests 1 - 3, the emulsion was then
mixed with 500 grams of a calcined natural gypsum, 0.1 grams of CSA and a
selected amount of Baymag 96 magnesium oxide in a Waring Blender for 10 scconds
25 and formed into cubes which were heated overnight. Test 4 was run in the same

manner except that a calcined synthetic gypsum was used. In all tests, 0.7% by
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A |l aboratory test was run to denonstrate the effect of
dead- bur ned magnesi um 20 oxi de on the water

resi stance devel oped by a siloxane in a gypsum based
article. An enulsion was forned by m xi ng 0. 7% of

BS- 9¢ight bitke sibbxamdvdsiBed rBeseloftedwab@mt df Bayhiag 6 abedan tests 1

- e P kBT - at 2o gh SRl e tubes were

cal Gmﬁﬁﬁcmﬁhtwa’talfo@]ﬂﬁlmbs&pﬂorglhaﬂﬁ)r@hcﬁﬁﬂl ASTMETest 1396 and

er (i AT (el P AR B PPl B AEAP PG PR vl

gvhi @by thetheecheddiethoNnah T8, Test 4 was run in the
sane manner except that a calcined synthetic gypsum

vvasT*ﬁ@%%I In all tests, 0.7%by 12 weight of the
si | OfgloWasS USed. The Sel echfggh anount qqc,,lgﬁygmog)@d

usedd in tests 1 - 4iis shown in Table |4, bel ow.
Wthin 24 hours of the manuf a¥ ure, thd ‘cabes’ e

I mme CR ||| water—for 2 hours gabsor pt Ty 7T accor dance
w th Test 1396 and tested for moilsture. Three

tesls were run at each | evel0.e¢6% t he ave]r3age m)i sture
| eve 5--f-or thcthl'eteSLS| shewR—iif able—3:
TABL % 4 Test No. MyO|Mi sturgzﬁ‘osor bed 3,)5% after 2
hours. Control 0 47]7 1005%1302048%86 3
0.5%4 6 4 0.2%3 8lThe samle of test made with— |
syn{BRetic gypsum absorbed | B2% npi st ure38t han the
sanpte of test z Tade W th a natural gypsum al though

the sane anmount of 10 Baynag 96 was used in both

tests. Thhe sainpleof tssicle miade with pynthetie gypsymy shsorbag less mpisare
SucC t t of
e B strpfe B0 20tk IS JoKUISBptn, PRI T same aount o
1@l e sBaynired6hvers eset ia bethttezstsb &he drf&rfdm sattiihityd toghe impurities, such

illus Itvvl beap thoseskllledln

t he® %as{’ﬁ}é/\% i tﬁ%l%l 0“%18. nﬁf(;:eg éﬁs "Fay be nade

t her ei n Pietfoonstof depatidn shgwih amhdds&rdaee penemtar@fo befeensidered only
| nva%nlhustratwe Eit wﬂpbetarﬁgargx%qg ﬁ)ose skﬂﬁ% i Hl%eaﬂ(%l?aq nﬁllngrloﬁgs'

modifications may be made therein without departing from the spirit of the invention

15  and the scope of the appended claims.
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13 W daim 1. A nethod for nmaking a water-resistant
gypsum based article conprising: 5 a) mxing a
sil oxane enul sion with the gaugi ng water used to
prepare said gypsum based article; b) mxing a small
armunt of dead- bur ned magnesi um oxi de with cal ci ned
p@ulﬁa‘c) m Xi ng sai d sil oxane enul si on/ gaugl ng water
Wth said 10 cal ci ned gypsuni magnesi um oxi de
m xture1f o farfethdl REUMRKIUG a Slatef-FosistanBgighsith)-badea pitloly
said slurry and allow ng said shaped slurry to set to
f orfR1SEE- gypsum based, water-resistant article. 2.
sA met hod agcandhddsilokasd diRidn WIE HRIgauSR WatbRGBE®H piéPare
oxi de 15 produces a tenperature rise of no nore than 1
degree Fahr efHeRYPSIR-based atlislier ature Rise System 3.
A met hod 31550 %Qh#‘g sthéll é‘fh(ﬁin%tide\ﬁ@-%ﬁﬁb@m§§ie§tmﬂi&ﬂ%&hﬂmalmmd
oxi de has surface area of at |east 0.3 square
neters per ggﬁﬂﬁ*@s nmeasured by BET. 4. A nethod
according to,6 [ S
a 20 Iossé)on JfS%FQtK%%J]n 0 ee:n{ehésg&%/% Eﬁg%%gmt%‘aﬁl SEQS.
107 net hod accezldinerespeunyiraigasiinwprddenixturh e mam@q'»@pus slurry;
magnesi um omdzle is fromabout 0.1 to about 0.5 w %
of the gypsum 6 A nethod according to claim1l1 wherein
said sil ox@)nehapmgpmldy(umgtahg}hlloxhyglm@dmpgi sllumansy’t to ABm a set
7. A nethod accorq)&a%l m 6 erel n said poly
(et hyl hydr SYEHM™SF o%‘i%‘fes%?“ '€%s from about 0.3
to about2, 1. 0 Aheth86 @Eonﬁh@ tdblyum ngmeuéinaaidsmghemm oside

% ei?sfgqrinl}ﬁ%{ %I@g{ggﬁwq Itlssf og‘;lg gg%a E)Ib ;qgglr?%ﬁelﬁjvg]}]eﬁgeé?peraturc

Si | R¥@B@ierh. s about 0.4 to about 0.8 wt. %of the dry

ingredients of 30 the set Iy umartlc]e '
3. A method according to claim T wherein said magnesium oxide has a

surface area of at least 0.3 square meters per gram as measured by BET.
4, A method according to claim 1 wherein said magnesium oxide has a

20  loss on ignition of less than 0.1% by weight.

5. A method according to claim 1 wherein the amount of magnesium
oxide is from about 0.1 to about 0.5 wt % of the gypsum.

6 A method according to claim 1 wherein said siloxane is poly(methyl
hydrogen siloxane).

25 7. A method according to claim 6 wherein said poly (methyl hydrogen
siloxane) comprises from about 0.3 to about 1.0 wt. % of the dry ingredients of the set
gypsum article.

8. A method according to claim 6 wherein the quantity of said poly
(methyl hydrogen siloxane) is about 0.4 to about 0.8 wt. % of the dry ingredients of

30  the set gypsum article.

9. A method according to claim 1 wherein said article is a water-resistant

set gypsum board.
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9. A nethod according to claim1 wherein said article
is a water-resistant set gypsumboard. 14 10. A

nmet hod for nmaking a water-resistant gypsum based
article conprising: a) mxing a quantity of a
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14. A method according to claim 10 wherein the amount of magnesium

20  oxide is from about 0.1 to about 0.5 wt % of the gypsum.

15. A method according to claim 10 wherein said article is a water-
resistant set gypsum board.

16. A method for incorporating siloxane while forming a water-resistant,
gypsum-based article, comprising:

25 a) mixing a quantity of siloxane fluid with a portion of the gauging water
used to prepare said gypsum-based article in a high intensity mixer to
form a siloxane emulsion;

b) mixing said siloxane emulsion with balance of the ganging water,
calcined gypsum and a small amount of dead-burned magnesium oxide

30 to form an aqueous slurry; and

¢) shaping and allowing said slurry to set to form a set gypsum-based,

water-resistant article, said article absorbing less than about 10% of its

15 .



b) m xing said sil oxane enul sion with bal ance of the
gaugi ng water, calcined gypsumand a snall anmount of
dead- bur ned magnesi um oxi de 30 to form an aqueous
slurry; and c) shaping and allowing said slurry to set
to form a sebwaweilininbesa@ovhen Wainersed & FOSE. doit twarhbine Ine

said article absorbin 0% its

own wei ght i f° C\Rléf{gg?e W\iﬂb‘ﬁﬁ%‘?@@iﬁﬁgg g‘?’&}"ﬁ 2)4;'3"8]‘“ St wo
hours inz, ac Qog'ygﬁfhﬁl-eom&lﬁiﬂgB&F%@hﬁﬁtﬂ@'ﬁeﬁﬁﬁ@rﬂﬂﬁchmmg%
hour psum cont al ni ng, board con‘prlté ao%ﬁgof

mi x§ ft@tiah@v%%/ﬁfggyasw% digxdratsand preparefliwith o fu

gli héﬁ%tﬁ{tﬁllf‘ﬁlﬂ)x%eeﬂﬂﬁﬁ B-thixbdind 1K dnteRli lxarmmna @{lo@ofthe
substantially siloxane fluid pre-m xe a hig

| nt gauging yater added §g 2 aypswip shy grechisor gfgaid @%J@P%e wal@ the balance
dﬁf‘ihe{]% %a WaRY EfﬁdS% z{]Vaanuﬁ{:&fr dRA- bﬁﬁecﬁrﬁbﬁmsﬁ% oslldé kdinGart

ance € gaugl ng wat er and a snal

amoug nlne hardidhgh degraved watey msistanen sl tet saist bq&fsiaabﬁorbft lgss than

the e

& s ORI i R B8 W er MRl FRUGE ARFETF HES ke
10/\/e|@h@rdmfcemmﬂST\MSmndMB%e\dlﬂan 24pours. for two hours

in 10 accordance with ASTM St andard 1396 within 24

hours. 16

16



