5 and its utility as a nenbrane coating on various target substrates. |

3 0 AUG 2005 1 POLYMER MODI FI ED GYPSUM MEMBRANE AND USES THEREF 1&55
invention relates to a conposition containing a polyner conponent @mﬁsum
t is
useful in the construction industry as coatings for sandw ch panels,
nol di ng, duct-work, piping and cladding systens. It also is useful in

“traffic paint applications and other transportation industry safety

coatings. It is of particular value, though, as a sem -inpervious

rei nforcing menbrangppitieMebEmBIG Ry iagEMER SuBtaYHanean n nes.
Further, this invention provides a 10 nethod for applying the novel
conmposition to rapidly set up onUSHEJEIERB R ate surfaces. In addition, the
i nvention may be used in the nmanufacture of fiber reinforced conposite
structures and conposite construction conponents, for exanple |am nated
panel s for uSEhii hvesticnddiarg.to Alcbmpogtiort duntadiesg b ipplyinen ch@povent eddagygsum
primarily to the use of the invention as a reinforcing rirenbra e for use in
subt e? r afshHS HitHES 3 PhBCMRBRIGOBHNS 87 nGFoN MR FUPY Xsich 15 437t Catheons and
may be usgfidhdlion! ARu®X@IPBarid8YioPkad WG cRRRAdIE AhbRIE, RBLKBAChiping and

herei nbefore. Particul'ar probl’ems exist in underground m ning opefations for
coal , gotldddipd aysteram Inndotihesefukeén itraffighpaht hpplicationecaedsethsr transpeuatiode
support to the wall and ceili f a t he ine. shaft.s as.soon after
excavat | BRoS iR o TR & P EadElneaT Mo e I H R R A R RS

faci ng magmbeins s eRPintddh2 sti@acek af kibegraaedh wpa.| Finger | thisenpasied pfoidek@o | ong
a period of tinme, rock fraqments wll begin to fall avvag fromthe wall and
cei | ithg §Hed desanstying e fORFlyFOmPRBL0M fRHPIIOE RS UP PR thesssebERtsssuicehvifous

 hazard thoih fl NhRGiBERANBE! useddn BE hmﬁmémré\rbfaﬁts@rtJem@alceoorc%g@met hat
.must be addressed by any coating nenbrane is the prevention of gas

‘exchangestrnsusts &l sptpeane consiragronfempentnys, dxpasagla Boknated paeksfor Teein 25

spread of ch St AL LAY, ' n_pose serious
neal o« APGAfS PERFR ARG bl b HER o,y BT FRG-REEnag
vi rtual | yeiafoeérsymembrane fonist ir @btertaosn meks,i thg inygndobds notelimbet veeuwcht he

excavated rock angm{ he i-nternal .n‘iFe envi ronnent . Q{llne tunnel systens are
made ldp BPPUGRYQAS, M ds. USfe el SRS thid) Dot APRIICABONSy Bleplieted| ar ger
t han reghessbéefeerred to as "stopes”. Stopes are the prinmary excavation
areas 30 of the mne. It is advantageous to apply a coating nenbrane to

both areas. EB¥HCWHpeRfoblems exist in underground mining operitions for coal, ‘gold, platinum
and the like in which it is necessary to provide support to the wall and ceiling surfaces of the
mine shafts as soon after excavation as pdssible. This is because the recently excavated rock
20  facing may be susceptible to cracking and spalling. If exposed.for too long a period of time,
rock fragments will begin to fall away from the wall and ceiling surfaces of the newly
excavated rocks. This presents an obvious hazard to both mining pérsonnel and machinery.
An additional problem that must be addressed by any coating membrane is the
prevention of gas exchange, such as methane, from the newly exposed rock surfaces. The
25  spread of such gases throughout the mining tunnel system can pose serious health threats to
the mining personnel. Further, any coating must be virtually impervious to moisture, thus
setting up a barrier between the excavated rock and the internal mine environment.
Mine tunnel systems are made up of different areas. The main access tunnels tend to
be much larger than regions réfcrred to as "stopes”. Stopes are the primary excavation areas
30 of the mine. It is advantageous to apply a coating membrane to both areas. FEach area,
however, presents its own unique problems. ..
Conventional coatings in the main access areas are cementitious. These coatings
require large equipment to perform the application process. Th.ey are often used in these

areas because of the adequate amount of room available to accommodate heavy application
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however, presents its own uni que problens. Conventional coatings in hhﬁ{iﬁﬁﬁ”
access areas are cenentitious. These coatings require |arge equi pmg t

‘performthe application process. They are often used in these areas because

of the adequate anmpunt of room avail able to acconmodat e heavy application 3

.0 AUG 7005 2 equi pnent. One type of cementitious coating is referred to as

"shotcrete". As disclosed in U S. Patent No. 4,046,357, shotcrete is a
slurry made up of Portland cenment which is sprayed under pressure onto the
i nt er nal eguiphaatesOnf typhef tangeitioaccrtng ar wisred Thes (rhotskatels M tisclosal of
these ty f ti e that .the. appli,cati rocess i s .very nessy,
croati ng vogiaak NBab 03 TPt PRV itk B REPoriy fident PRiBaY ssieathgs
of ten tak@d@ pr@Bae bhidRhé Mgl stifacef biode kivger BEdREY ®8ust Thepesbidwithaw & Thi s
time frame, coupled with the need to clean up fromthe nessy application
process, hESG DPEY AT FRUBERATE F1G thEARRIITHAD PECENLT Yer¥ GRASEY CERERS I VBIRERI ar
traffisc %hd QR&?!iv@ﬁxtif[;ﬁ{hé.' ErthdrNHRsAABhSeb etk €6 LLADHREQFUEL LY fdm 15hese
types of heavy cenentltious coatings have proven to be unacceptabl e in the
10 st ope miegeonsoaf folrehaurseThie¢anssBamhemepled giidnge ared teelyarcopffiom tg wi t h
ceiling hei%{;\ts . sonetimes no reat%rtttr;ad'n V1. to 1.5 ters. Li htﬁr wei ght
resin sydtEns PRGN Qf%??sﬁémya%&“iree WHERANGRE SFoeieY GRCLHE: Lmyfiiear
equi prentdicoriek asaitie; thPpddvestgrasfeatd prkcivitet hanes had been tried and
had shown sone prom se but are now widely banned in nining operations due
to saf ety andTHe®l WPescncaynsemaHigipus 69dingo NYEnRIP ¥netor RixHRACEpiabde ipBs 15
curi Q@ a%ﬁ}g?)?g&iphst of rmgﬁsﬂ)e%gl@s'actﬁesreoref!ilo bl/éryt(% ﬁMﬁ% t»hﬁ{ cafin%h'l%ﬁ%tsr esul ts
a ose e sy

are desir efnac envi ronnent Such as a’su terranean m stem

Gypsum f cometimes ongrehay ehapekh tanil deinytess eldightor waighi reginopeteatsi emgh @Gppsum i s

i nexpensi ve. hut .it has its drawbacks. For. exanpl e, sum fornes. a
not or i ousaPalegog/rlEh rlrLﬁﬁ‘Ise uvyeég%a?r\r{\él)esrmﬁﬁ&resel%gltpénﬁ%e %o prrri%fl&gl?’ flia"re g%l %Siteﬁ?; Y of

t he excavatyaettiis@ek hidSbdeneied amd hid sttviniomenproafier i iaensow MidelpitBhiddeini S
allowed to seep into the m_ne shaf and tunpnels, at the very  least, it -

wil | credRiaing oPER{onsiyr Sk %P%tﬁgowmsr Afeltd FOECIPRE RidSdREes upad i n t he

Wor stys Ca§ng Md dxhfAUSR: BIsREIhON M arRRAilit)I NeRhAIF HMBY fesBlts 40A6RBYR ina -
requiring const ant preventatlve or rehabilitative nmai ntenance. C}ganlc

pol yner rcosechenvirauaenssueh #5l2ebiedandan migypsem- materials with the objective
oS30, CHRPIMBI SR Sn SHEN Y RS NEc LIRS, 25,06
addi t i on iodfxpensive but it has its drawbacks. For example, gypsum forms a notoriously poor
moisture barrier. Resistance to moisture.seeping out of the excavated rock is irriportant in
20  mining operations. If moisture is allowed to seep into the mine shafts and tunnels, at the very
least, it will create a very unpleasant working environment for the mirers, and in the worst
case, will cause erosion or pooling on walkways or roadbeds, requiring constant preventative
or rehabilitative maintenance. Organic polymer resins have been blended with gypsum
materials with the objective of resolving this problem. However, such systems have always
25  been designed around using gypsum as the primary film forming barrier. The addition of
polymer resins as a secondary, non-continuous barrier only reduces severity of moisture
permeability.  Also, as with shotcrete, due to the difficulty in applying a heavy gypsum
based coating onto the internal surfaces of such a confining work environment as the stope
regions of a mine, this type of coating is undesirable here, as well.
30 As a result of the difficulties attendant with the use of gypsum or cement based
coatings, coupled with the current ban on polyester and polyurethane coatings, there has
existed for some time a need for a non-toxic, moisture and gas impermeable coating which

may be applied with light weight equipment and which will set very rapidly upon contact



pol ymer resins as a secondary, non-continuous barrier only reduces severity
of noisture perneability. Also, as with shotcrete, due to the difficulty in
appl ying a heavy gypsum based coating onto the internal surfaces of such a
confini.ng work environment as the stope regions of a mne, this type of
coating is undesirable here, as well. 30 As a result of the diffi @Ay
attendant with the use of gypsum or cenent based coatings, coupled with the
current ban on pol yester and pol yuret hane coatings, there has existed for
sone time a need for a non-toxic, noisture and gas inperneabl e coating which
may be applied with |ight weight equi preAt and which will set very rapidly
upon cont act 3 0 AUG 2005 3 mﬁth excavated rock surfaces. The present

i nvention p TS |on to. these esent

i nvention p'}' evsma Epom %cfon rSW“EbIWﬁP L%%Eressrétslatga?}? N ‘39“ to these

i ngr edi entﬁobﬁmol ymer resin and gypsum The polyner resinis in the form of
an aqueous 5 enulsion. The conposition is prepared in two separate
conponent's, onelkonraseni Myeriionepropidgnd edrepagitipsumhinhd cemprises,r & is deimary

A e R R e e e S

the first entpoASThe anF;bsmdm isipadpRrddhia t§eképgaige Q&mbb@:x@( Pe4IEBntARRg a resm
conposi tion nay be supp ied to the work site in tw conmponents, one

consi st i ngasr theegyPrym #nd 2t sepiiaptio Pre¥eH tbmreérrféurgt%mg&fdba.smpw t F{éc
sum  Th r L t r e

Sapar at el y oot cof QRATEORANR £ dBRRHshos UG FEPE e U EEE, BhEMber

forma qui cdmba&dwnbthmﬁlﬂstmonmewakpm:&tcﬁiesbﬂmealoﬁﬁm“gypamu S a conposition

cont ai ni ng conpanents A .and B, erej.n, conponent A conprises: 15 - sun1
o8l kal e pol JHoroREerRON dhir b Seplirh E8rHer o 41 SRR B H e os

an aci qpC alsKiRE pfigkily oPfhe-pofymhdrl fe@h and@BKk othér S8itaiRflg H&%Qpsum, The two
components are applied to the tacget surface either separately or immediately_ after being
‘blended where they rapidly react to form a quick setting membrane.
One aspect of the invention is a composition containing components A and B,
wherein component A comprises:
15 - gypsum;
- an alkaline polymer resin, and
- aset retarder,
and compornent B comprises:
- an acidic polymer resin
20 - afiller, and
- aset activator,
wherein both components A and B are dispersed in water to create an aqueous dispersion.
A second aspect of the invention is a method for applying a membrane coating onto
a substrate surface. This method is particularly well suited for application onto the newly
25  excavated surfaces of a subterranean mine system. During application, components A and
B are applied at a volume ratio of from 7 to 3, respectively, to 3 to 7. The optimum ratio
may be determined by considering factors such as the surface to be treated, the time
required for cure and other processing concemns.
A third aspect of the invention is a membrane which forms on the surface of a
30 substrate comprising a continuous polymeric resin film and cured gypsum. Even though

the membrane is very thin, it is substantially impervious to gas and moisture seepage out of



wherein both conponents A and B are dispersed in water to create am[ﬁg“pmme
di spersion. A second aspect of the invention is a nethod for applying a
menbrane coating onto a substrate surface. This nethod is particularly well
suited for application onto the newly 25 excavated surfaces of a

subt erranean m ne system During application, conponents A and B are
applied at a volune ratio of from7 to 3, respectively, to 3 to 7. The
optimumratio may be determ ned by considering factors such as the surface
to be treated, the tine required for cure and other processing concerns. A
third aspect of the invention is a nenbr3@ne which fornms on the surface of a
30 substrate conprising a continuous polyneric resin filmand cured gypsum
Even though the nmenbrane is very thin, it is substantially inpervious to
gas and noi sture seepage out of 3 0 AUG 2005 3A the substrate. The nenbrane
may be fromO. 1 to | Owmmthick, depending on the working environment and

i cati dit t t tly d b f
Pt essur i S6USSBRAF AR TEAPGRS G BERdnT [ AT Coiip SBAATS SRS i 2
separat e JﬂQ&SmﬁEnt%Qta é c%gg!é Laghd her a 3 0 AUG 2005 4 single or dual
applicator nozzles, are sprayed either sinultaneously, as through
dual nozzl es Anpplacsnan [ emad; cvn‘e:na:rn‘slvr@dne bozzé ef pnmsoniddespray gppliexarayvat ed
rock surf appl yin r deter ed vo of ¢ anents A and B, the
person per? eﬁbA’[ ‘%loé%‘%ngﬁ‘teB nﬁ “c‘%écﬁ?éaggf‘ﬁﬁ’eor grgﬁéi's‘?’% {0 Githss & he
task of trylng to calibrate the anDunts of both 5 conponents being sprayed
So as to optim ze cure tines and coating thicknesses. This optim zation has

al ready been determned prior to fornulating and delivering conmponents A
@and B to the work site. At the nonent conponents A and B are conbi ned, the

actlvator fromconmponent B will initiate the setting of the gypsum from
component A. Since it is originally in a hem- 10 hydrate state, as it sets,
the gypsumwi |l require water. The gypsumrapidly withdraws water fromthe

pol ynmer resins, which are in an enulsified state. This then causes the
polynmers to "filmover" the surface of the substrate. It is this polyneric
filmthat provides resistance to the escape of gases and noisture fromthe
new y exposed rock surface.



The nenbrane formed by the application of the present conposition %\r»ﬁmsdﬁﬁﬁ
15 excellent resistance to the exchange of gases, such as net hane, h

m ght | each out from the newy exposed rock. Further, it provides a coating
which is substantially inpervious to noisture. The present conposition
readily adheres to various substrates, #specially newly excavated

subt erranean rock, which helps to reinforce the exposed facing of these
rocks so as to prevent fragnments from "cal ving" off and falling onto either
m ni ng pesisganetuxrapphedtor m@zleguinebath p sprdwidt idnasimadorarndgeisabsueh at ed
with this,invention relates Lo_i e o] dl i ' i bl erto

el i m nat edur?%ﬁg{fﬁﬁsn%r [ raﬁ %‘ia\é%j?tsfn%lne rgD? %iehénrtg I e"]r‘% g[sggg Cn’% ‘{l{%a E)%:IR%[% Ffl(%?é' u%% :
Since thgplyes peMREARIMNeS volnzndf BympunenapphrideB), tat pprsen pat@miigwad usates, the
application equi pmrent nmay be rel ati veI%( si_.nple i nﬁgsi gn. Conponents A and
B may be FAPKARE gefmepbanaigndelt pulsiBe (K PItY IR SROPIS [N Qfskaih

cont ai 91er Somddh L0 U, Vi HS;02RPlJ 6aheR LAChMIURE colBYs RRckReds. I thifmy be
preferable to use a gp ay applicator, especially if the target substrate is
t he recenoptimiexvavas eldeadydkersdatératecdafrion t& {lsmelatiag eadh detivieeing Grropomentsthe

poi nt of us the two. conponents nmay then be fed into spray equi pnent and
sprayed t%‘ﬁ@ ﬁoetlrlecv)vﬁ\f,%l&ehe surface to be treated. The bl ended conponents
will then set Apthyefgmenapodponehn A andrBaceresrhsiact tienadrivetor 8Omr askpodettfmce.
The nenbrane. coating thickness may vary as congit'_ons, warrant  but )

gener al | yWU At (s Rgieing o fH08YPSYE MHHe MRAE hite %P‘iee‘él 5 PG RHESE 3 Bemin t he
range|@f Qydart StaRMR @Bs, MRSEypskth &F iR T@Rlid Wk @MThe Tg?ps%rrf"ﬁpid-lr)h@itﬁd}liﬁb water

pol ymer / gypsum conposition of the present invention wll set up quickly on
t he treat &dmrtbe Rolguef esias, whith Al inmarpgrdsieedcsiaie i s thencienges she pplymers3o 0 AUG
2005 5 1 angd& c?Jer"I thE gur%acmf\%é 4ub§t%te.u&[i%]ﬂ1ié g(?lgmgll?iaﬁlrﬁ i r})ycgvgfesa}gsqst%%tto
probably in approximately |~ mnute. ep mer resins‘useful 1n 'S

i nvent i onthakescape bihguses and deristuedroint dwnpwlyyaxposed obck satthed. eni cal | y unsat ur at ed

mononers and ipclude vinyl resins and pol yner f acrylates and 5 .

ot hacr 1 ates. T BB IR EREn GOSN ot ofF URGH AURGIRD, Pividse

‘acryl as e, xRl lesisiRtbacthyleatiangebhydsedretdragr vt e, whidhyhighelebacsu! fade, .
‘hexyl nethacrylate and | auryl nethacrylate, O her . polyner resins_which may
be used aHé 1§ty epesedyioply| Fagherqif Broviden ¢1coatg, «hih iesuRpantiallyy MPERIS e,
Copol ymer g oRfud WarhOhrd ik t& ofpotiNes feAli3 288 %eOl MRPRAIBIRLERE Rfecially newly

excavated subterranean rock, which helps to reinforce the exposed facing of these rocks so as

~ to prevent fragments from “calving” off and falling onto either mining personnel or their
20  equipment.

An additional advantage associated with this invention relates to its ease of handling.
It is possible to eliminate measuring or the addition of ingredients at the point of use. Since
the two components, A and B, are applied at pre-determinéd rates, the application equipment
may be relatively simple in design. Components A and B may be mixed off site and
25  transported to the work site in closed containers. Although various application techniques
may be used, it may be preferable to use a spray applicator, especially if the target substrate is
the recently excavated rock surface of a subterranean mine. Once at the point of use, the two
components may then be fed into spray equipment and sprayed together onto the surface to
be treated. The blended components will then set up very rapidly to form a membrane on the

30 rock surface.
The membrane coating thickness may vary as conditions warrant, but generally, they
range from 0.1 to 10mm. The preferred thickness is in the range of 0.5 to Smm and most
preferably from 1 to 2 mm. The novel polymer/gypsum composition of the present inven.tion

will set up quickly on the treated rock surface. A final membrane coating thickness in the



enpl oyed as desired depending on the properties required in the fi '3"B|AG 005
menbrane 10 conposition. The term "copol yner" as used herein is i_ntencyedWO
i ncl ude polyner bl-ends as well as true copolyners. An exanple of a suitable
al kal i ne copol yner is AC339, which is an acrlylate polymner, available from
the Rohm and Haas Co. of Philadel phia’ PA. An exanple of a suitable acidic
copolynmer is HA16, also available from Rohm and Haas, which is an

acryl ate/ acryl am_de copol yner., 15 Wen .sel ecting nonopers or non r. bl ends
f or user?"ﬁet"ﬁé ‘@ gripwsy i%%“%f” Ipfyethan ?ﬁ%‘hﬁf‘ﬁ W,mgstt qrcghaﬁgyclgsaggrrogup “Wdep in

m nd t he,¥@si ous properties of each nononer. For exanple, polystyrene is

al kali-resistant and water resistant, but its long term aging properties

are not veryThoodlynEoresgerisciappl iheatmverfon %f%ﬂ?émﬁég/a@"tfv’édffé&@ apymesyobhe an
accept ahl.e i (VAR)Y t | I but in
cor t ai nejsnREGETRRGALLE BronbBX R ARES LR 02, pENDUIEhEL (g Tlarge

subt er r anetaarydued adambies lindlsdes alegtyhntiysdid, youddvairgdatef ethybiastylntes, methyls may be

acceptable. The acrylate and nethacryl ate resins have good |ong term aging
pr opert i”éeéh"ﬁW&“t‘QO(‘}HPﬂA/a'P%tPa%%dteaItf%gﬁ%i &e&aﬁc@'ﬁgﬁcé‘?xﬂufnefkﬁlévq%yar%edﬂir?’le fI ow
addi ti VegetRryldtEPrOME pdighkr fesW i ackedd 6deti GSe shyadneapplyl Gadthnsinpher e

havi ng good flow characteristics is_ not an issue, the choice of this resin
i s not acproBahvindciHeyds Fopdymnelef due pr BarcwAshege slssehal Peneragy cH iter

val uabl rid eg.exhijbi o)'AN €6l Rf (eSS - . unt of
pol yrrer%r gos'ﬁgpége?é?f?g&i rcllgf@:‘eltnt(a ﬁ‘ér y)([gonrr%o%g({rﬁé h%\& orreaklge:tr%c;fr?\eg{e gilnils r?%@%nq 0 -99
partl®, kasedsioon. Thretetnot'@polyeieghis wkd hreinrie speciei ve incbrlp gabmter bends of t he

properties which should be considered i ﬁrﬁh . choi ce of. hy r i.s the
Porass ARSI GAPHERFEr AF GFETPPT 3 Tiebleiiig SR PSS AT OR, YEIAT SR ur e of
a_ pol ynmegerljistetgd®ymed OaviaBARE Frainlthe Rahmvhid Hag GROb Y/ PREladélpARASPAI QtSefabpl a
rigid, glassy state at tenperatures bel ow Tlg to a fluid or rubbery state at
t enper atQlrdeditaye aidirgeopplygierds SR 18 plse witabiesirep Retar pgd Hiahstitieh 1sp3n
differ e%}y@dwé&?{ﬂﬂﬁd}%oﬁ@lb%i. metry (DSC) using the mid-point in the heat
versus teéenperature tranSition as the Tg value. A typical heating rate for
t he IBSC neas 0¥ earesriectisg nXQOMeisnat &ongirer fignds fofatse dosthpseopesiyarcs theay be
found. 1Qle BXRMRHE nbdlsli) WkLeoSnOryfidGre MR FiRREHROCK: el hiBloRY: ! moPr andrup
and E. H Tmergut, I'nterscience Publishers. g of a polyner Is
cal cul atezdmplej pgydtyrendoxii@tjuedistan agd waGr rdsGrant, But its lofgteRhysi e propades Vol .
1, |Issue No. 3, page 23, 19563. : . L '
are not very good. For Some applications, this negative feature may be an acceptable
accommodation. Polyvinylacetate has low water resistance but in certain applications, e.g.,
20  when the composition is applied to a subterranean surface which is substantially devoid of
moisture, this may be acceptable. The acrylate and methacrylate resins have good long term
aging properties and good water and alkali resistance, but they may require flow additives to
improve their flow characteristics. For applications where having good flow characteristics is
not an issue, the choice of this resin is not a problem and may in fact be desired based on the
25  many other valuable properties exhibited by the acrylate class of resins. The amount of
polymer resin present in either component A or component B is from 20 -99 parts, based on
the total weight of the respective component.
One of the properties which should be considered in the choice of a polymer is the
"glass transition temperature” or "Tg". The glass transition temperature of a polymer is the
30 temperature at which a polymer transitions from a rigid, glassy state at temperatures below
Tg to a fluid or rubbery state at temperatures above Tg. The Tg of a polymer is typically
measured by differential scanning calorimetry (DSC) using the mid-point in the heat versus
temperature transition as the Tg value. A typical heating rate for the DSC measurement is

20°C/minute. The Tg of various homopolymers may be found, for example in Polymer



The preferred Tg for the polyner resinis in the range of -20 to 535%@@
the nost 5 preferred range being fromO to 40C. As for the exanpl t
earlier, the Tg of AC339 is 26C and for HA 16 it is 35C. The pH of the
polymer is inportant in that it affects the stability of the formnul ation.
Specifically, in order for the gypsumsto remain stable and not set up after
being formul ated but before use, the specific polyner binder nust be

al kal i ne. Thus, the polyner formulated 10 i nto conponent A nust be al kal i ne.
The pH dfanttwekpaligddy Ji Brandrgpond it 1B lingnengitt, larseiantd Balishesndéeitig dfoes not
come into contact with the S I l—the ongnt s e hl,ended wth
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aci di ¢ @fsue BbkBlphge123Hoygyer, it may be preferable to use an acidic pol yner
since, once conponents A and B are blended, the resulting blend will have a
final pHin fThepiséutedals foaHGeLOXPRISEAY i 18ithigranse ahyOpin %th%l Hithythegst i ve

consequences fromthe for i of L.t her .t L di ko : 00
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wat er redercpef ot blages ipossker.. While either systemmay work in the operation
of the present invention, it may be comercially nore feasible to utilize
enul si fi ed pdhyaHErofrths pelymeEniMOPHHYE INWHIAEH 2Aleets 20t ftefrihiyl oftthel frarulatie.
conposi td on.. of. .t he inv, i.0 i RS J preferably
35 To_ SRS At R e RERY 15 R BN oiPsch 8 U0E0 S Bmut P P P
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cure. However, si nge t ge gpnti gﬁ%u%&h se of the nenbrane fornmed consists
of dOpol'REPTPPIAE ABUshBE 252 iFpsiinP e PRYRFGH BEIPGREY B 48t pyeritsal
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powder. While either system may work in the operation of the present iﬁvention, it may be
commercially more feasible to utilize ému]sified polymer resins. Emulsions which are
20 formulated for the composition of the invention may contain about 35 to 65% solids,
preferably 45 to 55%, by volume. The concentration used will, of course, depend on the
characteristics required in the final membrane coating and the speed of cure. However, s‘ince
the continuous phase of the membrane formed consists of a polymer film and not.a gypsum
film, a high polymer loading is necessary to achieve the dbjectives of the invention.
25 Numerous emulsion processes are known in the art. While any of these may be
employed to create the specific polymer resin emulsions of the invention, reference is
directed to "The Fundamental Principles of Polymerization” by D'Alelio (Wiley, pub., 1952)
and "Principles of Polymer Chemistry” by R.J. Flory (Cornell University Press, pub., 1969)
as indicative of suitable polymerization techniques.
30 The gypsum used in this invention‘ may comprise a wide variety of settable forms of

calcium sulphate which may include anhydrous calcium sulphate and/or chemical gypsum,

commonly called synthetic gypsum, as well as calcium sulphate hemihydrate.



There are primarily two types of hem hydrate (CaSO4*1/2H20) which @y %HG 2005
commercially available and conventionally referred to as the al pha and beta
forms. The al pha hem hydrate is conventionally prepared by placing |unp
gypsuminto an autoclave and calcining it at controlled superatnospheric
pressure in the presence of steam In7ontrast, 5 beta hem hydrate is
prepared by heating the di hydrate at atnospheric pressure in either a
kettle or rotary calciner. Al though the physical appearances of these two
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about | to 5 percent, by weig of acrylic acid. anpl es of suitable

hydration in hBlcPB‘P%SI%?‘bOfA‘EE: WFHMM&OM%W ‘uhwatméntpetﬁ%tava%téée gsiting
Phi | adel ghh@gyRAmands CRaSorard 1RO thAMA a@&my@te@cr ol dh ARG @edolnotihe 2/B"

conponent so that upon interm xing wwth the "A" 30 conponent, setting of
the gypsasviastd pe thenforal ayeeht oftospoReM A-eBitshidstioneinhibermisi oROlgmenor pol yner

[)gSIbn f:jéoB&?erF 3¢ & B6GEiEok TUPREL Al BxamPlE AIRHOtacRhicBkhd VAL R fAYLHEd Wil |

20  itaconic acid and fumaric acid. Copolymers of acrylic acid or methacrylic acid and an alkyl
ester of acrylic acid or methztcrylic acid, or esters thereof, such as methyl acrylate, or
polycarboxylic acid anhydrides are preferred hydration inhibitors. The polymeric inhibitor
may conveniently be in the form of the sodium or ammonium salt. A preferred hydration
inhibiting copolymer may contain from about 50 to 99.9 percent acrylic acid and about 0.1 to

25  about 50 percent acrylamide, by weight. More preferably, the copolymer consists of about 95
to 98 percent acrylamide, by weight, and about 1 to 5 percent, by weight, of acrylic acid.
Examples of suitable hydration inhibitors are Acumer 9141, sold by the Rohm and Haas Co.,
Philadelphia, PA and Coatex TP-30.

An activator is included in the "B" component so that upon intermixing with the "A"

30 component, setting of the gypsum will be initiated. This then leads to the formation of a
polymer resin film on the targeted substrate. The amount of activator required will be based
on the amount of alpha gypsum and hydration inhibitor present in the composition. The
activator will preferably be added in an amount of from 0.1 to 6.0 weight percent, and more

preferably from 0.1 to 4.0 weight percent, based on the weight of the solids content of



on the anmount of al pha gypsum and hydration inhibitor present in thg Ajg 2["15
conposition. The activator will preferably be added in an anmount of fro

0.1 to 6.0 weight percent, and nore preferably fromO0.1 to 4.0 weight
percent, based on the weight of the solids content of 3 0 AUG 1005 8
corrponent B. Suitable activators inclgde netallic salts which can provide
acidic cations. Preferable netallic salts are alum num sulfate, calcium
sulfate, ferric sulfate, zinc sulfate and ferric chloride. The nost

pr ef er r echnpmtenyBt ofuifable ¢chi~/$oodn¢0@d tietwlid sﬂmlmhrithmgm sulvidet asidiAchtidnser may
be used_in the en osition. o provide bu tion.
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is best added to conponent B and nm present in an_anount of 30-50% by
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agent s. ol8s5-4epemdweighgr edi ents Al kal ine binder: Anti foam Surfactant: 20
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10 understood that other ingredients are added to the composition in order to aid processing,
handling or formulating. Ingredients which are traditionally utilized in coatings include anti-
foamers, surfactants, rheology modifiers, set control agents, coalescing agents and expansion

agents.

[5 = Legend: Ingredients

Alkaline binder: ‘ AC3309: acrylic latex emulsion;Rohm and Haas Co.
Antifoam: $882, Wacker Silicones
Surfactant: X405/70, Triton
20  Expansion agent: Potassium Hydrogen Tartrate
Coalescing agent: Butyl Carbitol
Set control agent: Sodium citrate
Rheology Modifier: RM 2020; acrylic polymer: Rohm and Haas Co.
Hydration Inhibitor: TP-30; polycarboxylate; Coatex Corp.
25  Acidic binder ' HA16:acrylic/acrylate polymer;Rohm and Haas
Activator: Aluminum sulphate
Gypsum: Alpha hemi-hydrate
Filler: Millisil C-7; aluminum silicate
30 EXAMPLE

Component A (pre-mix)

ineredient parts by weight



30 Conponent A (pre-m x) AC339: acrylic |atex enul si on; Rohm and Haaé[]égﬁ 2005

S882, Wacker Silicones X405170, Triton Potassium Hydrogen Tartrate Butyl

" Carbitol Sodiumcitrate RM 2020; acrylic polyner: Rohm and Haas Co. TP-30;

pol ycar boxyl ate; Coatex Corp. HA 16:acrylic/acrylate pol ymer; Rohm and Haas

. Al um num sul phate Al pha hem -hydrate MIlisil CG7; alum numsilicate EXAMPLE
i ngredient parts by weight 3 0 AUG 2005 9 al kal i ne bi nder antifoam

surfactant rheology nodifier 5 hydration inhibitor excess water 93.94

1.00 1. ARalinedblnded. 35 1. 86 9BcHal

antifoam 1.00
surfactant 1.75
rheology modifier , A1
5  hydration inhibitor 1.35
excess water 1.86
total 100.00
10 Formulated Component A
gypsum 69.23
pre-mix (A) 30.77
total 7 100.00
15
pH 8.4
solids 83.8%
density 1.84
20 Component B (pre-mix)
ingredient parts by weight
acidic binder 57.18
defoamer .57
25  expansion control .56
coalescing agent 1.50
activator 2.79
filler 143.0
excess water 2.79
30 total 208.40
pH 2.7
solids 83.4%

density 1.82



100. 00 10For nmul ated Conponent A gypsunt9.23 pre-m x (A)30.77 totallg%bﬁﬁ 15
pH8. 4 sol i ds83. 8% densityl. 84 20Conponent B (pre-m x ingredi entpart 2005
wei ght aci di ¢ bi nder57. 18 def oaner. 57 25expansi on control .56 coal escing
agent1.50 activator2.79 filler143,0 excess water2.79 30total 208.40 pH 2.7
solids 83.4% density 1.82 3 0 AUG 7008 to Fornul ation ratio by voluneratio
by wei ght Conponent A150. 17 Conponent B149.83 5 Application

Formulation

ratio by volume ratio by weight
Component A 1 : 50.17
Component B 1 49.83
5
Application

Components A and B are then transported to the point of use in separate containers.

The method of application’is via spray application. Appropriate spray applicators may be
acquired from the Sagola Co. in Spain. The container holding the aqueous dispersion of

10  component A is attached to one of the feed systems. Similarly, the container holding the
aqueous dispersion of component B is attached to another feed system. Both components A

and B are combined in equal volumes inside the spray applicator immediately prior to

application. The blended solution is then sprayed onto a rock surface at 30 psi.

15 Results
set time: 1 minute
thickness: 2mm
moisture permeability low
gas exchange  low

20



Conmponents A and B are then transported to the point of use in separate
containers. The nethod of application is via spray application. Appropriate
spray applicators may be acquired fromthe Sagola Co. in Spain. The

contai ner holding the aqueous dispersion of 10 conponent A is att3:hggi2e
one of the feed systens. Simlarly, the container hol ding the aqueous

di spersion of conponent B is attached to another feed system Both
conponents A and B are conbined in equal volunes inside the spray
applicator inmmediately prior to application. The bl ended solution is then
sprayed onto a rock surface at 30 psi. W5 Results set tine: thickness:

noi sture perneability low gas exchange 1 mnute 2mmlow 20 3 0 AUG 2005 It
Cl ai ns: 1.C A conposition conprising conponent A and conponent B; wherein
conponent A onprises: 5 gypsum an al kaline polyner resin, and a

hydrati on inhibitor; wherein conponent B conprises: - an acidic polyner
resin, 10 - a filler, and - an activator; and wherein both conponents A and
B are di sper sed\ FompRsitean compsisgt @mnenariud 604 cengprans Bywhezein Theponempdsi ti on
of claiml whercg}ngﬁtser%_e volune ratio of conponent Ato

5 - gypsum,
- an alkaline polymer resin, and
- ahydration inhibitor;
wherein component B comprises:
- an acidic polymer resin;
10 - afiller, and
- an activator; and

wherein both components A and B are dispersed in water to create an aqueous dispersion.

2, The composition of claim 1 wherein the volume ratio of component A to

15 component B is from, and including, 7 to 3 to, and including, 3 to 7.

L

The composition of claim 1 wherein the polymer resins are derived from polymers

of ethylenically unsaturated monomers.

4, The composition of claim 3 wherein the ethylenically unsaturated monomers are

selected from the group consisting of vinyl, acrylates, methacrylates, styrene, vinyl

20 acetate, and vinyl versatate.
S. The composition of claim 1 wherein the hydration inhibitor is an aqueous
polycarboxylate.
6. The composition of claim 1 wherein the activator is selected from the group

consisting of aluminum sulfate, potassium sulfate, calcium sulfate, ferric sulfate,

25 zinc sulfate and ferric chloride.
7. The composition of claim 6 wherein the activator is aluminum sulfate.

8. The composition of claim 1 wherein the gypsum 1s calchum sulfate hemihydrate.



15 conmponent Bis from and including, 7 to 3 to, and including, 3 to 7. 3.
The conposition of claim1l wherein the polyner resins are derived from

pol ymers of ethylenically unsaturated nononers. 4. The conposition q @?dgn ,
3 wherein the ethylenically unsaturated nononmers are selected fro A 0
group consisting of vinyl, acrylates, nethacrylates, styrene, vinyl 20
acetate, and vinyl versatate. 5. The conposition of claiml| wherein the
hydration inhibitor is an aqueous polyearboxylate. 6. The conposition of
claiml wherein the activator is selected _fromthe group consisting of

al um num sul fate, potassium sulfate, cal"di?um sul fate, ferric sulfate, 25
zinc sulfate and ferric chloride. 7. The conposition of claim6 wherein the
activator is alum num sul fate. The conposition of claim| wherein the gypsum
i s cal ci um Sul f aflbe lremphsitioatod. cldmo8 AwlerR0the- calcig@m stilfetechempibgdrateors @phal ai m
8, wherein the calciu ul fate hem hydrate is al pha hem hydrate. 10. The
conposition of c grinmyrﬁl}a erein the anounts, by weight, of the ingredients of
conponent A are: 20-99 parts al kaline polynmer resin; 50-80 parts gypsum and
0.1- 5 2.0 qart s Thy dompositiori of¢lbint bwhetrirs thd anouintye by eledght Vel thd ingpddi&psnppnent
A. 11. The conposition of clagim1 wherei.n the anoupts of the ingredi ents of
conponent B ar eC%P%“bérﬁ%aifgg%Paétsﬁﬁ)‘? polymer fpsig 9048 n3gs g¥psum and 0.4nq

0.1-6.0 parts achioakQhydrahés BMibHar, bagdidatiad to\eﬁwghtg%csx\%gwﬁ?m B. 12. A
conposi tion conprising conponent A and conponent B, 10 wherein conponent A
conprises: - gypsum - an_alkaline polynmer resin, and - a hydration

i nhibitor; dAd Wiherenposiinarfsdim Ipvhepip theszmountssof the ingeadientscofisempaaent Besi n,

(%nd - an activat Qfs90.99 parts acidic polymer resin; 30-50 parts filler and 0.1-6.0 parts activator,
C based on the total weight of component B.
12. A composition comprising component A and component B;
10 wherein component A comprises:
- gypsum, :
- an alkaline polymer resin, and
-  a hydration inhibitor; and
wherein component B comprises:
15 - an acidic polymer resin, and
- an activator;

wherein both components A and B are dispersed in water to create an aqueous dispersion.

( - 13. A method of forming a membrane onto a substrate- comprising applying to said

substrate the composition of claim 1 or 12.

20 14, The method of claim 13 wherein the substrate is the excavated rock surface of a

subterranean mine.
15.  The method of claim 14 wherein the volume ratio of A:B is from 7:3 to 3:7.
16.  The method of claim 15 wherein the volume ratio of A:B is 1:1.

17.  The method of claim 13 wherein the components A and B are blended immediately

25 prior to being applied to the substrate by means of a pressurised spray applicator.

18. The method of claim 13 wherein the thickness of the membrane is from 0.1mm to



wherein both conponents A and B are dispersed in water to create anjgaaue9osls
di spersion. 13. A nethod of form ng a nenbrane onto a substrate- conprising
~applying to said substrate the conmposition of claim1 or 12. 20 14. The

met hod of claim 13 wherein the substrate is the excavated rock surface of a
subt erranean mne. 15, The nethod of claim 14 wherein the volume ratio of
ABis from7:3 to 3:7. 16. The nethod of claim 15 wherein the volune ratio
of 4:Bis 1:1. 17. The nethod of claim 13 wherein the conponents A and B are
bl ended i nmedi ately 25 prior to being applied to the substrate by neans of
a pressurised spray applicator. 18. The thod of claim 13 wherein the

t hi ckness of the nenbrane is fromO.1lmmto 3 0 AUG 2005 -13 10mm 19. A
menbrane formed on the surface of a substrate conprising a conposition
according to cl alf®® or 12. 20. The menbrane of claim 19 wherein the
substrate is the rock surface of a 5 subterranean nine. 21. The nmenbrane of
claim 19 wheg ei natiembhihe kpass ok ﬁq@%u%é’@%?rbesﬁb%trﬁtéoéﬂrﬁbrélﬂgoa c%gip&ltlgg The
menbrane of claim?21 wherein the thickness of the menbrane i's fromO0.5

5.0nm 10 23. Thescordingrtakinfl a1ldi m 19 wherein the conti nuous polynerlc
resin filmand gypsumare fornmed by applying onto the surface of the

substrate tﬂft Comoﬁicﬂb%}neo%f c%iﬂli rTblwherc:in the ‘substrate is the rock surface of a

5 subterranean mine.
21. The membrane of claim 19 wherein the thickness of the membrane is from 0.1 to
10mm.
22. The membrane of claim 21 wherein the thickness of the membrane is from 0.5 to
5.0mm.
10 23. The membrane of claim 19 wherein the continuous polymeric resin film and

gypsum are formed by applying onto the surface of the substrate the composition of

claim 1.



