; yze3eeBbl 46 TB@H. POLYMER MODI FI ED GYPSUM MEMBRANE AND USES THEREFCR Thi s
invention relates to a conposition containing a polyner conponent

gypsum 5 and its utility as a menbrane coating on various tar gmm“\ \\N“\\m\\\“‘“\“\
substrates. It is useful in the construqtl on industry as coati

sandwi ch panels, nolding, duct-work, piping and cladding systens. Lfsn®kso
is useful in traffl c paint applications and other transportation industry
safety coatings. It i SP&% %Rtw[%[ﬁfEDléngM DEUBR ARE Qupen - i npervi ous
reinforcing menbrane on the internal surfaces of subterranean m nes.
Further, this invention provides /3K FEERBHORor applying the novel
corrpositl on to rapidly set up on these substrate surfaces. In addition, the
i nvention may be used in the nmanufacture of fiber reinforced conposite
structures and THPO&itioa relawRs to Medmmntmomfpmmamgs:, pd‘lyaneremamph@t hadgyated

panel s for use in.cladding. A though the descrip & bel O\r?{bra at es
primaridy ¢ tthetiligedsop ’P?fébrﬁ?ﬁ/é?ﬂ[inénorh§”é°“tsetr“rngF SHefetrethiaiNeE ol tee i n

subterr ane@éﬁsmﬂ€§’1n<§£ﬁy' RV ERLh AN fdrSsah@bvichi pAnkRJ nidlifs ClucloRB P} bi@lat dn@ns
and may be used in, for”exanpl e, any of the applications mentioned

her ei nbef osladdimasysiamst aflt rofdoyor eﬁﬂﬁulewl waffif painh depligabonrdand aihay trepreedatioons
for coal, t n X i de
Rl B0 SN o Mg S BESFRIR LR, &

support to cei |ng Ces
excavat i onmambfas sh Itﬂeenteﬂfhl wrfasesbcﬁcsabmarartelae nrigGe Muktiere thisainat rethn rpookde2 @

faci ng may b scept i bl rackln and SH allin |.f _exposed f

2 per L omewpld: PBbie e gRielcETap o8 grAtD 5ot BT n M S PRGH SHECR R and
ceiling surffess tr»?J uWéﬁu&ﬁNaY/ BXegaptethe Aaksfactliel 6f BHES R fBrcad RRpbaAS
hazard to both m ning personnel and machi ner An addi tional problemthat

nmust be adstrustgesdandycompysitecronbiistine ﬁ@‘?‘&@f@“iss%ﬁ gearpple Jaminpted pafelsgéps use in
exchange) gl mgg ATRS [LﬁQﬁe dg;cape @Enhh@exas%lxmse RASH! tz;%us%%fftﬁ@ﬁ@emmeas%%?

spread of SUcCh gases rou e m ning unne system can pose Sseri ous
heal th t hr exdrt forciry mhmbmnen|fmguspen50huaehneal¥umm¢serthe BNynLEoat iney limisd tds)euch

vi rtual i npervi ous stur t hus sett ar betwee e
excavat®d f‘}g@ﬁ“&‘ﬁ‘a ?’H‘e M8t b? n‘éﬁegnin f% xmlng ﬁlflﬁ }PBﬁ%aé‘ Sy lﬂ%e ar e
made tip ohedinbétereent areas. The mal n access tunnel s tend to be nuch | arger

t han regions referr d to as "stopes”. Stopes are the prjmary excavation
areas 30 of t hePHIFHAT ArpOIFEs SXNG M HGEEIRINT 6851 petebaT Ry nel A T

bot h ar eas ynEae k@i Rhich AU H&EIsaBl BRI JubBorPWthe! Mall URd BEiRMY Qitfaces of the
"Conventional coati ngs In the main access areas are cenentiti OUS These

coatings r @qm yhatts ay @en afier gpadistion as prssiblsr rhhisHe begapsel tharsceHiyretiaied rockhey
are of tL,gn be t t

Ve aBe (o A A A BB IRAGOA & SR o Pl aP e
cenmentiti om@ckcfwgmqmgs wil bedirrte dall tayapdrons et wrkdtaad  cemgdivsfotessadthe mewlys

046, 3 h f
\Ij)ﬁ;[ gﬂtl SNosﬁg'd‘wgtad ro% s, i é)é e?\{s an'o%v%uﬂl' eryt?er up ﬁmﬁ:)p rsox?r(etl %ﬁccf\ a)|" ger

er SSUre ont 0 ein aces o
access areas. Tha mdd]tﬂnelrrproh{ehh thas et bbhelsle:sseylpbys aoy coataty mgsibaune it hist t he

application rocess. i S v back"” 5 and.excessive
G Pbpt no. BBERGT o 8 eled FROvsoFrER Sor B8 IBRY PR BoC R RS Thim 1
M nut epst 0 spétd of Qidh gh@bﬂtt&ougﬂ&hﬁth& Irrmimé @iel sysRudaachovd SdtiotihReanbalteito ! ean
up From the nessy appli catl on process, E/ require shutting down the

recent |y cdbif BiRg eesongely o FRERAra" YOS B ’(Srbeo‘(‘ﬁéf“ya‘é’iﬂef)’ ‘?‘Iség)moc“ﬁiﬁ thus
adversely atfigghp R9aREOEHAGEdn\thd Yxcavated 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 referred to as "stopes”. Stopes are the primary excavation areas

30 of the mine. It is advantageous to apply a coating membrane to both areas. Each 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. They are often used in these

areas because of the adequate amount of room available to accommodate heavy application
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These types of heavy cenentitious coatings have proven to be unacceptabl e
in the 10 scope regions of the m ne because these regions are very
confining with ceiling heights sonetinmes no greater than 1.2 to 1.5 neters.
Lighter weight resin systenms, which can_pe applied with |ighter weight and
smal | er equi pnent are preferable. Polyesters and pol yuret hanes had been
tried and had shown sone prom se but are now wi dely banned in m ning
operations,gyg, 1o %ﬁg%hcy? oq‘r?:gmlgﬁﬁloh c&e &l FE?erreEhS&t?lwcrétQ 939%@%&&9“ c
fumes upon curing afnd exhibit poor reésistance to anmabi

of these r¥suPusnaNe 4ol)at§|3|5é,blhetcre|¢ ia aslusyethdewpiof Barand ceuah “élschab sprayed
subt erranean, m ne s r. t s have

mi ni ng opel e Bﬁgsur%%%%g‘]ﬁ]”%l%l ]tljsrep&f{lée)eﬁsgwlgl%g ChASY 1?[2“:' F V\%) ﬂstﬁufo
exanpl e, gmp&uuypéﬂﬂ@ata]gmﬁteqmtohshgphpmmn phadesst i veryhaessy, erreauRgSsszsarbaﬁ 'to
nmoi sture seeping out of the excavated rock i.s inportant in 20 mn
oper at i dns2nd §xchEsiver diipgings EHrhgdRFst SOUREH © h?ﬁ §KE RelOpg HigesiRaet 4b-d

tunnel s) ap;idhig RO foRAburs! tThY dithe (Frra%t Soudledalivh H{Eme%@SE@@femY‘Q{i lﬂ”df'rg the
environment for the mners) and in the worst case, will cause efosion or
pool i ng onmesiykapalisttion pr@aﬁb@d)ﬁ1€C]lUE@|l§thtiHﬂﬁgd@‘@h§I€an¢enﬁVévﬁﬁ‘i atep @ velricular
rehabilita nt enance. e S have been bl ended with
gypsum mat Qrf?{‘&"é"%"ﬂ%ﬂ & t erse? ﬂ?ec %?@%‘C?]ﬁq’( ‘his problem However,
such systens ha“m&saltmy@faéuvlyaﬁmedmso@menh@smuﬂdpmemg) by peasre@sble e the

primary filmformng rrier. The addition of polyner, resin
secondi‘? y) SABh r%‘ﬂ‘@l"fﬁ&ﬁﬁé"‘[ﬁ%}’?‘?"’@?e g\‘? & TR S VEré{v@rnlﬁf‘S}‘go‘F”tﬁrﬁFi‘f‘&rh@‘ghts

per meabi | i {ymerfthe@o @eart¥¥ thih sh%qrsehfaersiual er tWigetdirddid Sisdn¥s, iwhid@PRheng a
heavy gypsum bused coating onto the internal surfaces of such a confi ni ng
wor k envi r epatieAt Wik lighsers tusight raagi emallesf eqpipmene, are hP@WWﬂe ofPolyeser napdi s
undesi r abl 0199 ﬁ'\dné%sh‘\w‘egn trid zi%% l‘gld s(ﬁ htsorgg (h'?\séjb rgélow \gﬁl ?tﬁaﬁﬂgfiﬂt
with the u gypsum S cement based coatT m couple he current
ban on pol yremhgbpanmbnpdlwwseﬁetyamd hedét ¢ongsns. t Trey eenldds gencrgt edtid fomesopon t i ne

d d h be
N T T R T TR T

cont act 3lo‘£¢dd”hvﬁ‘?frﬁﬂéh@-h&d ak @GlbistinbACAMe sfhienpr esent invention presents a
vi abl e sol ution to th &_&}Obl ens. The p resenﬁﬁ1 i nvention provides a

conposi tion whi SHPY ons; Bavey Reeh rYigaly yuseh JPe AR A% §Per§“%‘2§} y FEPSUFR & n
and gypsumneIB@nsn@Imf AL s NUrAvebdcRs, t Rr feRbmpIef s ARuAIERRYSY RoRRVLSY @Bor The
conposition is prepared in two separate conponents, one containing a resin
and the gy P¥UWEaMGTEr.sResispace FyBistuse ﬁ?e@wmuttq&éhqowmtm Eockds {mpRitaof int he
0YPSUMyo Ty RAE AR RATPANE RPN 8 salb 6 HR ik SRIM and@ufuhlib &F set
acti vg?gr,%vﬂl Eth\qNE&n conblrﬁed wth ‘e FI rtst colrr%ponen q? th{: ?Iﬁftlwggtyg t he
setting of l¢abeitgyihsuente THerycwpisesint wgrkmgagnmenrsumfbn e migers,mmdvinithe worste i n
two conponents., con | [ resin

ot her _cont e HuF e SHSbTH FEE PRSI ¥ Bhaels IO bEY BN,
surface ei toheehn‘bemaivatreinytemnce nm@ghat qioyyma‘rtxexmbhn\mgbé@hemdmdvmlﬁf @ypsaey
rapidly react for UI ck i.n .,One aspect of the invention
is a conpostA¥ b’?? ﬁﬁvec %@H@Q“w& mBHWF%I ﬁﬁbﬁ'ﬁﬁgﬁé‘ﬁi’e gways

conpri 98s: pién des@ﬁ@& uf&md ugifg @w@lm ﬁbetheqirmmey mrﬁ%mngﬂaﬁlmer aTaehddigsrapder ,
and conponent B conprises: - an acidic resin, 20 - a filler, and -

a set acti \Pabygrr r%%l@e@oﬁdﬂ%é%t nwcqnﬁéuwﬁv‘éﬁrﬂqr&m éedgcwe%%atmfrmaﬁwrey| ng

a menbrane &Jgeﬁédbngy OnAQoaaeswhﬁtsﬁ&Er%tes tané ehe di mcanm pslying pﬁJM %%QH y
wel | suited for appl ication onto the new K excavated sur?aces of
é

subt er r anedmasedi aetitgyete the lmmdhglréaspﬂ plctich areonduinp siveheyimnanet B tk%stapee
appl i ed at i Xﬁ)slo"f% Fl?tt}% QPI%E of%otghyglstu%dgk aﬂlgﬁpx%c‘{s v c:Gr’lI y, to 3 to 7. The

opti nmum rat'o may be d considering factors such as the surface

to be t30eat ed, tAhea tdsate of ehmdﬁ&dnldiexratteudmtand] ok hae obrgypess iongemenclensds .
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



A third aspect of the invention is a nmenbrane which fornms on the surface of
a substrate conprising a continuous polyneric resin filmand cured gypsum
Even though the 30 nmenbrane is very thin, it is substantially inpervious to
gas and noi sture seepage out of the subsStrate. The nenbrane may be fromo0. 1
to | Omm t hick, depending on the working environnment and application
conditions. . ngl ication is_nost ﬁonveni e_nt‘lr{%/, done by use of pressurjzed
spray appl VEREsswaedsparomeficesa A6 PESRYORETTOR RIEGNE FiRBe\ oL IOB J8rBEE hose
or duct sysbemgsto either a 4 single or dual applicator nozzles, where
both are sprayed either sinultaneously, as through dual nozzles, or as a

bl end, via a siThgl presrog ZheptiohtRiotifRs § £HOHWPsiERE avtagte gompHiess ay figcpimBy

appl yi ng pre:- rm ¥ : : e
pert or m ngrERE B R bOFRE AITRR SpuETPARIM i B0 i b SRS PR e o
trying 3o emallsibnafae tdrapairionrs prepiireth o twdsaperaporvenioseiigiong cepniaingdc ©einas to
optim ze cure tines and coating.thicknesses. This optim zation has r eady
been det er?ﬁdntga EYPSUGY 2% 25+ Fﬁtrﬁ%\?ri FPrardt gEI ‘i"\?‘@r‘ﬁuﬁeggeé%rh’p_?)ﬁ&ﬁt@' pﬂmémg“lh_% to
the work sicénd QbmpdiendTBSRAAs GOMERRAENESIN BAfideBaRd @ @OMBIiNRSH wWHi, afehvat or
From conponent B wlt initiate the settlegtg of .the gypsum from conmponent A
e

Since it ignehinggwith thy firshcempragnt, ol i Sf‘é‘ti‘ﬁ‘éf,tgea&)’ﬁs‘t'msets, t he gypsum
will require V\ﬂflﬁrcom-ggﬁti&yﬂ?glﬁ%l&gﬁ'li%%t‘l% mﬂfgwtsiﬂ\e@&%m S dife BRLUMINE

resins, which are in‘an enu state. T en causes the polynefs to
"film &er primdy ofithe polyref resineind tliesathextcentainingitbe gynssmpdhy tver cagnfonkmts tleat

Ccposed r 0P et 1T SE i Eeh e AP e B ) S RE L oege e o AE Usdesen

conposi ti 0fhpm1)opéhae§fo}ﬁa@gmlsb@mg nfe@fbirfileance to t he exchange of gases, such
as net hane, which mght |each out fromthe newy exposed rock. Further) it
provi des a coatPryWSFicAl Ihe iBYELIoR 8 2 fIrYPASHISR \FOBAEIRE COMBPAUERLS e\ 2 B,

present CogROSintdoRpofidedidoinpsier es to various substrates) especially newy
excavat ed subterranean rock, which helps to reinforce the exposed facing of

t hese 1dcks so agypswmnprevent fragnents from "calving" off and falling onto

ei ther mning pers L: equi pnent. An additional advantage
associated with % a?@?%@@%?%ﬂ%hp’e gt es to its ease of handling. It is

possi bl e to el i seatetard@asuri ng or the addition of ingredients at the point
of use. Since the t conponents, A and B, are applied at pre-determ ned
rat es) thea%‘giﬂ"?pgg?ri@ncoé‘%fﬁhent may be relatively sinple in design.
Conponents A andarBictiiypdigmedinggial of f site and 25 transported to the work
site in closed containers. Al though various application techni ques nay be
used, PP may be dikied bl e to use a spray applicator, especially if the
target substrat e, i adili@iorecently excavated rock surface of a subterranean

m ne. Once at the point of use, the two _ .
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
excavated surfaces of a subterranean mine system. During application, components A and B
25  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 concerns.
A third aspect of the invention is a membrane which forms on the surface of a
substrate comprising a continuous polymeric resin film and cured gypsum. Even though the
30 membrane is very thin, it is substantially impervious to gas and moisture seepage out of the
substrate. The membrane may be from 0.1 to 10mm thick, depending on the working
environment and application conditions.
Application is most conveniently done by use of pressurized spray applicators.

Component A and component B may be fed via separate hose or duct systems to either a



conponents may then be fed into spray equi pnent and sprayed together onto
the surface to be treated. The bl ended conponents will then set up very
rapidly to forma nenbrane on the 30 rock surface. The nenbrane coati ng
t hi ckness may vary as conditions warranty, but generally, they range from
0.1 to 10mm The preferred thickness is in the range of 0.5 to 5mm and nost
preferably froml to 2 mm The novel polynmer/gypsum conposition of the
present i nsiegié boduali dpplicedr ropzle)ivdieteybotn arm@ra\redaﬁtbd snmmlkanswsfyaaethrd\lghi nal

menbrane coating, thickness n.the P

Tess thin SohPREHSSORG: P Vi D BRBE TS AT B HEREG R Tl Sitfophe BY

pol yner regphangiseidelerhied RbEmeN¥EIMpRReas @ JadiBTakd ﬂaafsdaqfeweﬂtn@ tmhmifyrmr s
of ethylenlcally unsat urated nononers and include vin resi ns and yNers

of acryl at @PlAr s mermbrars il oot daft With dhgtasss of Hyingde Cﬁje%/fﬁ‘;?lth%é?‘wféﬁ ef E@Q}t yl
acryl ate, e s b\élngtﬁ; tyls 158 dﬁl %Yl xteetlm § ¥4 cemnha@cﬁh@s%@s Ryfy!

met hacryl a hexyl ryl “ate an aury acry ate pol ynmer
resins whi cmlmmngnolndqamsleﬂdwbeersaleymmd priontd foaodﬁ@xﬂgaandvdeﬂlyttrmgemma&ms And
vinyl chlori .Odgoelol ners of two or nore of these classes of nononers can
be enpl oyelf §"PE ! Bependi ng on the properties required in the final

nmenbrane 10 cOnREgE thdbnt IBEpdeANA’ EQPB Y ®ImbiREl, teadibEldn icsmbiieangded to
i nclude polyner blends as well as tnie copolynmers. An exanple of a suitable

al kal i ne cHPbinjiae thieseeg 96 the BPEHN FOTREPBRIEY At SifssIil Werisal4iin ABE®If r om
the Ropgn aﬂ&m@@&e% it &dts, M %@gﬁmhn fequitbwaltR s sgmqspl %Wlhtd?ﬂs%ﬁ&' di c

copol yner 1's HAl6, al so availabl e from Rohm and , I's an
acryl at e/ atrowl tam)o,lemcomllny rmtmch hre iVae pmeisk et statgy ’Emtb\ner:@sg@r thapabymers tlol ends

for use in,the conposi |on ,nven LY to kee
mind the valod& p 85””’5 uggtc i rrgnst’onbv(grp01 o?rlceﬁfil?‘r%l gpr% ) @%?VE‘Q eetol s
al kal i - r esthzteadape aﬂdlswainﬂrmdiﬁﬁrbsﬁo&ﬂﬂh) ndwly ekpssetl eoeg si€ion agi ng properties

are not very goad. For sone ap I|c |on ) thls negative feature may be an
accept abl e accohffodambse M 9‘£|q5(y P?‘é‘%a% ItREN PERAE T r CHTRROSILIPR NRBVIBRS i n
certaifs ap@ldeﬂ@t{t'r%anc@uﬂthe e2bha Bfét".@s @m%éthﬁx@ tvﬁxcﬁmlvl'xtqgac‘ncbu@from

subt erranean surface wh is substantially devoid of moisfure, this may be °
accept abl etheTisslyexpphast @clanﬂurﬁlw haeroyjdgs a CP@Q\%W&“%W@“Q%@HMI%ngftréuom ®gi ng

propert! es Addoad Yalel @AtbodlibR kadliP REANGS ac B st@ﬁ%fesma?s/peEe(iﬁy ey [ oW

additives to I nprove ‘their ow characteristics. For applications
havi ng goodxq‘alvmd atbe:momrrp@t Mdls:hllslmm reafoics stue:xpmé f@hltg afahast radis so asesi n

is not a pro be_gesi b e 2
val uabl o proBEre dceat Ry Pr et 3Rl led SHECe @0y hIRog e B8t M
of pol goer efi@pinentpr esent in elther corrponent A or conponent B is from 20

-99 parts, based on,the total r.es ectl e conponent. One of
the properties g\)ﬁ"‘gﬂmg%ﬁ Hmﬁ‘é’e@ tﬁgtwé%‘ R “%rhf? s 1Bts a5 AN pardlings ¢ he

"glass tramsibbibld RaekiAi Rasudihg o?l'ﬁhe addifién OF agfedien@ns iifel Wttt RBer Rhetr e of
a polymer is the 30 tenperature at which a pol yrrer transitions froma

rigid, gl asteywercampornts driverthih Wplisbgir-tyeryne! wies the applicyipenayivsrat e at

t enper at ur s, aRoYyilgty ;m@em 8dsigh. PeL¥FBRentsS At m' B%hy bEBAKEA & Ewe and
differenti al scanm ng\ ca orinetry (DSC) "usi nglt e md-point in the at
a t

ver sus 26 empenspoded o thanvgirk sighinggose éomgmm u hwg.hy\p\n@@a améa4t|ongethatqgesf or
the DSC ”e%grb%”ﬁélf 1t'n§ﬁ¥2qg$rmﬂb'lg?o us-mlespp_agf agEhc\ﬁ?Jr e%ﬂémﬁ@rrpﬂgk%g@ L?b%[@%

found, for e
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 invention

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



6 Handbook, edited by J. Brandrup and E. H Inmrergut, Interscience
Publ i shers. The Tg of a polyner is calculated using the Fox equation (T. G
Fox, Bull. Am Physics Soc., Vol. |, Issue No. 3, page 123, |1956). The
preferred Tg for the polyner resin is i} the range of -20 to 50C, with the
nost 5 preferred range being fromO to 40C. As for the exanples cited
earlier, the Tg of AC339 is 26C and for HA 16 it is 35C. The pH of the

pol ymer i s.,h 5oy f gt mhnwhhs%c ubtin atd @ah 9 rﬁlh@[e§§rﬁplhbittp)‘o&f)lyt1h@.pf)1@rdﬂhltél§ ifon.
Specifically; in order for the gypsumto remain stable and not set up after

bei ng for nminateed but bef ore use, the specific polynmer binder nust be

alkatine. ThUS ol eI AR AIBES Ib%hmm%v%s?uannﬁrgpﬁmm 88%ved HOAP hollfhers of
e poly

al kaline. The p i n conponent as criti since it
does not canHenitdlly wentact mmdohlemmdgygisdﬁmmmlt iebing hued pMmcmrqﬁcane'mt@ ade

bl ended V\nththelntet of causi,n th set

e ot Her BEROTREIGT PO RG] Ty biE Frdel sivh ofr iR gy ™
aci dic pol M%ﬁcr?hf&ceethﬁnﬁ@tkﬁ@@ﬂ@{leﬂﬁ@l A&nﬁﬁkﬁr)ﬁ?ﬂtar eekylendetheryldie dnds krying
blend will have a tinal pHin the neutral range, thus avoiding 15 any

pot enti al IV\eﬁé@f&kdiex/eowhsﬁ’éb’ﬁ@ﬁé%%nsfWB‘ﬁli‘ Y ?%Pﬁ?ﬁtqfﬁﬁtyé?“ea VWHB‘F“’&W@ @F!lher
L0o act i CyQladi@OnVifA chfa%degfbg, RAWTRb 88 BB R cRUML B Ibffnd! cdnlbe™Y

be in the Torm o ter e po e elther system may
work in thmpﬂpp&d@tasodmoédtdtwerphmem tlnm\pecmertma réquiredhyin b éec dinmie musngtiring  nor e

feasible to utilize emulsifie resins ich a 0

for mut M ecCartiostioh dBhirsi ePORVET Fhiert i Ranoy 1 SRRt BhstbRaE s 6ooc
solids, preatenablycdpaliyinrd 2% exdppledt usitabld1ik e ceps @t l@ﬂ\@lﬁeﬂwh\ﬂch is, anof
course, depend on the characteristics reqU|red inthe fin

coating andrivhdc pYsmer gvai@hledromEireRabm ang Heas Gon ef BB‘H’[“FWUB‘UEAp%‘é‘aﬁ‘P“’t he

menbrane f gf MR GANSEEL SoflyRePRIYATY, aldol Atk Aok Roldy RS MY, [WMictRishingh
pol yner loading i s necessary to achieve the objectives of the invention. 25

Numer ous epuryBiederyharoideseppdymare known in the art. Wiile any of these may be

| t th i.f 1 | f
eToronte is o PUEpSACrR Hphiria R Aok PRERY BeoPoR sop Rl Y BT
D Alelio (Wesyon, puis. necds3&y)todweep IPmintithpl esioos pmpbywerof@adnn@homér b!jonR J.
Fl Co |1 U ty f
poly et 1 2aPFSRRIEGERIATed: S50 PhisBH ot TSE iy TS WIATER T Rt

conprise aw A& vayigby Oforshlealipicitonebthdf naalied st Indyabe awhicedptabhy
I ncl ude anhydrous cal ci_ um sul phat Ei@ d/ or chem cal t?sum co nly called
synt hetic @g§§ostmgdagen. m@olyvaﬁ’%%{fi'@ QY MPAIESHETH ‘Pisd SfT&rin app ‘Ca“"“s .8

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 tound, for example in Polymer



There are primarily two types of hem hydrate (CaSO-, * 1/2H0) which are
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Surfactant: X405/70, Triton 20 Expansi on agent: Potassium Hydrogen Tartrate
Coal esci ng agent: Set control agent: Rheology Mditier: Hydration

I nhibitor: 25 Acidic binder Activator: Butyl Carbitol Sodiumcitrate R ~~I
2020; acrylic polyner: Rohm and Haas Co.7 TP-30; pol ycarboxyl ate; Coatex
Corp. HAl 6:acrylic/acrylate polyner; Rohm and Haas Al um num sul phate Gypsum
Al pha hem -hydrate Filler: MIlisil CG7; alumnumsilicate 30 EXAMPLE
Component A (pr®hare X)rei prifmadly d‘ivemy;pastcsf tblymi/ke/idralm (CaSOF* 11 Hc&) | mbdichi mcter
antlfoamsurfacta r h t on,inhibitor e ss..wat
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Conmponent B (pre-m x) in redient acidic binder defoanmer 25 expansion
control co&te8Egny aasrafelled sUpGE{TPSPRET RiESSHIECIBSEE RERsece 3 Stedtal In contrast,

5 beta hemihydrate is prepared by heating the dihydrate at atmospheric pressure in either a
kettle or rotary calciner. Although the physical appearances of these two types of gypsum
may be the same, they differ in the water/gypsum ratio required to produce workable
products. The dissimilarity in the physical nature of the gypsum particles of the two forms
arises from the differences in their respective surface properties. The larger alpha crystals

10  have low water absorption and smaller surface area per unit weight. This translates into a
lower water requirement to cause setting up, or curing, of the gypsum. The lower the weight
of water in proportion to the weight of dry gypsum solids, the greater the strength of the final
product after curing. The amount of gypsum used in the formulation of component A is
from 50 to 80 parts, based on the total weight of component A, Preferably, 60-70 parts is

15  used.

The composition of the invention contains a hydration inhibitor to prevent the setting
of the gypsum. It is incorporated into the "A" component in an amount of from 0.1 to 2.0
parts, based on the total weight of component A. The hydration inhibitor is a polymer or
copolymer of a polycarboxylic acid. Examples include acrylic acid, methacrylic acid,

20  itaconic acid and fumaric acid. Copolymers of acrylic acid or methacrylic acid and an alkyl
ester of acrylic acid or methacrylic 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

(3]
wn

about 50 percent acrylamide, by weight. More preferably, the copolymer consists of about 95
to 98 percent acrylamide, by weight, and about [ 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



arts by weight 57.18 .57 .56 1.50 2.79 143.0 2.79 208.40 pH 2.7 solids
83.4% density | .82 10 Conmponent A Conponent B 5 Formul ation ratio by
volunme 1 1 ratio by weight 50.17 49.83 Application Conponents A and B are
then transported to the point of use ingseparate containers. The met hod of
application is via spray application. Appropriate spray applicators may be
acquired fromthe Sagola Co. in Spain. The contai ner hol ding the agueous
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handling or formulating. Ingredients which are traditionally utilized in coatings include anti-
foamers, surfactants, rheology modifiers, set control agents, coalescing agents and expansion

agents.

15 .Legend: Ingredients

Alkaline binder: AC339: acrylic latex emulsion;Rohm and Haas Co.
Antifoam: S882, Wacker Silicones
Surfactant: X405/70, Triton
20  Expansion agent: Potassium Hydrogen Tartrate
Coalescing agent: Butyl Carbitol
Set control agent: Sodium citrate
Rheology Moditier: RM 2020; acrylic polymer: Rohm and Haas Co.
Hydration Inhibitor: TP-30; polycarboxylate; Coatex Corp.
25  Acidic binder HAl6: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)

ingredient parts by weight



5. The conposition of claim4 wherein the ethylenically unsaturated
nononers are selected fromthe group consisting of vinyl) acryl ates,

nmet hacryl ates, styrene, vinyl acetate, vinyl acetate and vinyl versatate.
25 6. The conposition of claim1 wherein the hydration inhibitor is an
aqueous pol ycarboxylate. 7. The conposidion of claim1l wherein set
activator is selected fromthe group consisting 30 of alum num sul fate,

pot assium sul fate, calciumsulfate, ferric sulfate) zinc sulfate and ferric
chil ori de. aalinehindeprmosi ti on9%P4cl aim 7 wherein the set activator is

al um num ghief.at e. 12 9. The; ggnposition of claim1 wherein the gypsumis
cal cium sul fate hem hydrate. 10 The conposition of claim9 wherein the
calciun1suhﬁamethenihydrate i £7&l pha hem hydrate. 5 11. The conposition of
claim1l “@1 reLn e, anount s, Xémelght, of the ingredients of conponent A
are: 20-9 888?¥§m 151 i ne pol y resin; 50-80 parts gypsum and 0.1-2.0
parts fydhgdrien intibitdti t or, bagesl on the total weight of Conmponent A 10 12.
The conposition of claim!l rein the amounts of the ingredients of
conmponent B ¥Y0- 99 parts a&?glc pol ymer resin; 30-50 parts filler and
0.1-6.0 parts activator, based on the total weight of conponent B. 13. A
nmet hod of formng a nenbrane onto a substrate conprising applying to said
15 substrt® the conpositionl@0&l aim 1. 14. The nethod of claim 13 wherein
the substrate is the excavated rock surface of a subterranean m ne. 20 15.
The nethod of claim 13 wherein the conposition conprises conponents A and
B. 1610The net hotubtedCanpand Avherein the volunme ratio of ABis from7:3
to 3:7. 17. The nmethod of claim 16 wherein the volune ratio of A°-Bis 1:1.
25 18. The nmethod of claim 13 wherein the conponents A and B are bl ended

i medi at egypspmi or to being appbkBed to the substrate by nmeans of a

pressuri zed sgrag appl i cator, %2 The nmet hod of claim 13 wherein the

t hi cknessPEIMXHA) renbr ane i s3¢76m 0 mmto 30 ( Om 20. A nenbrane
formed ondihie surface of a sukﬁﬁyate conpr|S|ng a continuous polyneric
resin filmand gypsum 13 21. The nenbrane of claim 20 wherein the
substddte is the rock surface of a subterranean m ne.

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



22. The nenbrane of claim 20 wherein the thickness of the nenbrane is from
0.1 to 510m 23. The nenbrane of claim 22 wherein the thickness of the
menbrane is fromO0.5 to S.Om 10 24. The nenbrane of claim 20 wherein the
continuous polynmeric resin filmand gypsumare fornmed by applying onto the
surface of the substrate the conpositidf of claiml.
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-an activator.

2. The composition of claim 1 wherein both components A and B are dispersed in water
to create an aqueous dispersion.

15
3. The composition of claim 2 wherein the volume ratio of component A to component

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

4. The composition of claim | wherein the polymer resins are derived from polymers of

20  ethylenically unsaturated monomers.

5. The composition of claim 4 wherein the ethylenically unsaturated monomers are
selected from the group consisting of vinyl, acrylates, methacrylates, styrene, vinyl acetate,
vinyl acetate and vinyl versatate.

25
6. The composition of claim 1 wherein the hydration inhibitor is an aqueous

polycarboxylate.
7. The composition of claim 1 wherein set activator is selected from the group consisting
30  of aluminum sulfate, potassium sulfate, calcium sulfate, ferric sulfate, zinc sulfate and ferric

chloride.

8. The composition of claim 7 wherein the set activator is aluminum sulfate.



#109&' ()-GLO%& ()-FY 109 ()-F!'10%& ()-33 "10%& ()-1s10%& ()- 10
1019P99: "::;dEMN Yy #10%/@ 10%&' () -, $10%&' ()- Y!' 10%& ()- Y!' 109%&' () -
4109 ()-FL 109 ()-;m' <<<<D=dEnN'y #10% "!10%&' ()-3
109 ()-1 m0%& ()- @$109%& ()-If!10%& (2 -zl 1109 () - D===G>>R??dEnN y
#1098, $10%&' () - Y+10%& () - Y(! 10%&' () - g&2A0%&' () - @Y$10%& ()-#! 109& () - ?@AAA
AAABxmb@ #10!! 10%& ()- 10 10
10710%&' () - L6! 0%& /e&' (v%h 0%&' %&1 % @'
#10! f &$10%& ()1 £ £ ereinb &gws isca cxum su emiftydrate.
#109&' ()-!109& () SEFFGxGGHdBnb@' #10! ! @' ##10%&' ()-z!'"M10%& ()- !'109& ()-F
109%& () - 10%&' é) -1 10()/&Ilé£ H I I JK$KaBnb
109%&' () - / 10100 he) comppsition ol ¢lpiny <1 ivdi‘%ﬁ‘"( )‘her yali‘e@’&ﬁ(l)"“f@zﬁmd%m{% g RIpRK < VEM>M
? MAMUND @4, # L dr 8 1 0V&B&B&! ()-I t 10988 ()- 10 10 105!109& ()-F4#10%& () -
210%&' ()-U @Qn?{z b@, 109%& ()-z D, 10%>& ()-z'!;,
1096B5B& ()-z(109B& ()- &$109BB& ()-! &$109BBE& () - R R{ RRRSS6SAEL@ 9.

ea ) e Eiet el
Hooms )Ly, CIgsEamR F e ecrments o st Pt e diouia ok () -
1OB component A are: 20-99 parts alkalme polymer resin; 50-80 parts gypsum and 0.1-2.0 parts
hydration inhibitor, based on the total weight of Component A.
10 12, The composition of claim | wherein the amounts of the ingredients of component B
are:20-99 parts acidic polymer resin; 30-50 parts filler and 0.1-6.0 parts activator, based on

the total weight of component B.

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

15  substrate the composition of claim 1.

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

subterranean mine.
20 15. The method of claim 13 wherein the composition comprises components A and B.
16. The method of claim 15 wherein the volume ratio of A:B is from 7:3 to 3:7.

17. The method of claim 16 wherein the volume ratio of A:B is 1:1.

25
18.  The method of claim 13 wherein the components A and B are blended immediately
prior to being applied to the substrate by means of a pressurized spray applicator.
19.  The method of claim 13 wherein the thickness of the membrane is from 0.lmm to
30 10mm.

20. A membrane formed on the surface of a substrate comprising a continuous polymeric

resin film and gypsum.
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