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10Claims,(Cl?8?116) 

Thisiavention relates to the treatment of celulosic 
?aterials,particulary materials comprising celulosic 
fbers,suchascotton fabrics,paper,fabricscontaining 
fbersofregeBerated celulose(rayon)orceluloseesters 
(celuloseacetate orcelulosenitrate),andsimiarmate 
rials,and consistsina novelprocess oftreatingsuch 
materials with organo halogenosianes(also known as 
organo sicon haides)torenderthem waterrepelent 
withoutSeriouslyimpairingthe strength ofthematerial 
ordegradingitscelulosic constituents,Inthetreatment 
offabrics,theinventionismoreover,usefulinstabizing 
themagainstshrinkageandinimpartingsize? 

Priorattemptstotreatcelulosic fbers,suchaspaper, 
cottcn goodsandfabrics ofregenerated celuloseorcel 
iulose esters,with organo halogeno sianes have met 
with Cnlyimitedsuccess?Althoughtherehasbeenlittle 
dificulty in rendering the fabrics water repelent,no 
process hasheretofore been developed which doesnot 
resultin Serious degradation and loss ofstrength ofthe 
fabric,and none of the processesyet developed have, 
forthis reason,metwith commercialacceptance. 
The presentinvention notonly avoids the dificulties 

?reviousyencounteredinefortstoutize organo halo 
?enosianesintreating celulosic materials,butinaddi 
{ion,providesa process which maybe carried outcon 
tinuousywith the treatment beingcompletely uniform 
?yerthe eatirearea ofthematerialtreated?Toassure 
uniformity,in any case,itis desirable thatevery bit of 
materialbe treated underidenticalconditions,andthat 
thesianebepresented to the materialatthe rateitis 
usedupin the treatmentandatconstantconcentration, 
and this invention providesa Sure and simple feature 
?oraccompishingthis resulteven though the rate of 
addingthesianetothe treatingapparatus benon-uni 

?ngeneral,the processofthisinventionispracticed 
byexposingthe celulosic materialto agaseousmixture 
dfthesianeandaninertgasundertimeandtemperature 
conditionsfoundsuitableforpermittingthe desiredre 
action between the materialandthe siane whie avoid 
ingthesidereactionscausingdegradation,andimmed 
ately orvery shortythereafterneutraizingthe acidic 
reactionby-productsbyimmersingthematerialinamild 
akainesoution?Thematerialisthereafterpreferaby 
rinsedinwaterto remove excessalkaliand Saitsand 
aried? 

Preferably,thesianeispresentinthegaseousmixture 
asanaerosoltoassureconstantsaturation ofthegaseous 
Phasewithsilane vapors,The iquidaerosol particles 
scrve asa reservoir supplyingsiane vapors to and 
throughout the gaseous phaseas these vaporsare re 
moved by reaction with the material being treated, 
?hisisBarticularyadvantageousinthecontinuoustreat 
mehtofmaterials,sinceitassures constantand uniform 
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2 
berwhile avoidingthe necessity of carefuly correlating 
therate ofaddingsilanewith theratethematerialisfed, 
The time and temperature ofthetreatmentareinter 

dependentin accordance with welknown principles of 
chemicalkinetics?Athightemperatures,shorter expo 
Suresarerequired,sinceincreased temperaturenotonly 
increases the rate of reaction,butalso increases the 
concentration ofsianeinthe vaporphase,andat1ower 
temperatures,thetime ofexposure may be considerably 
longer?Thus?ifthe treatmentiscarried outatabout 
100°F,thetime ofexposureshould beless thanabout 
10?15seconds,and preferably only a second or two, 
Whereasat75°F.exposuresaslongas-2?6 minutesare 
generalysatisfactory,bütanexposure offrom1?60sec 
ondsis preferred,At85° F,the exposure may be as 
1ongasfrom1—5minutes,withexposuresoffrom1—30 
Seconds being preferred,Thus,withinthenormalroom 
temperature range ofabout70-100°F?the maximüm 
exposuretimewivarygeneraHybetweenabout10sec 
ondsand6 minutes,andbestresuitscangeneraly beat 
tained with exposuretimes of between about1second 
and1minute? 

?n anytreatment?it wil beappreciated,thetime of 
exposure wiH depend notoniy on the temperature,but 
also on the degree of water repellency desired,and,in 
the case offabricsat1east,alsoon the degree ofsize 
to beimparted and on the nature ofthe fber,type of 
weave,etc,Anotherfactor entering the selection of 
the properexposuretimeisthecomposition ofthesiane 
usedin the process?Methylchloro silanes,which are 
preferred,are commercialy available as mixtüres in 
cluding such compounds as dimethyl dichloro siane 
(CH3)2SiCg,methyltrichlorosianeCH?SiCl3,trimethyl 
chlorosiane(CHa)3SiCl,sicontetrachloride SiCl4,and 
methyl dichlorosilane CH3SiHCl2?As the components 
varyin volatityandintheirreactivitytowardthemate 
rialtreated,mixtures having higher concentration ofthe 
more volatileand/ormore reactive componentsdemand 
shorterexposuretimethan mixtureslessreactive or1ess 
volatie?The time and temperatures described,above 
have been found suitable fortreatments with the com 
mercialyavaiablemethylchlorosianes,suchas Dri 
Film sold bythe Generai Electric Company? 

Ingeneral,organo halogeno sianes Suitable for use 
inthisinventionincludethe methyl chlorosianeslisted 
above,preferablythose havingtwo ormorechlorine 
atoms,sincetheyformpolymericchainsofsiconeswhen 
hydrolyzed,Cross-inkedsiconesarepreferredtoinear 
polymers and for this reason itis desirable that the 
sianeinchude some havingthree orfourchlorineatoms, e,g,methyltrichlorosiane,sicontetrachloride,ortri 
chlorosiane(HSiCls),orsomemethyl dichloro siane, 
which cross inks through the valence bond of the hy 
drogen atom whichis ready removed,apparenty by 
oxidationorhydrolysis?Inadditiontothe methylchloro 
silanes,itisbelievedapparentthatthe correspondingethyl 
and propylcompounds are also suitable,and that the 
bromo andfuoro compounds could also be used except 
?ortheirexpenseandthe dangerous nature ofthe latter. 
They are,however?known to react similarly to the 
chlorosilanes?Thisinvention accordingy contemplates 
thatother organo haiogenosianes may be used,particu 
iarytheloweralkylsicon haides(e.g.methyl,ethyl, 
andpropy sicon haides)? 
Generaiy,theprocessiscardedoutusingsjanevapor 

mixedwithair,asbyvaporizingsianeinachamberand 
placingthematerialafterequilibratinginanatmosphere 
of between about30and100% relative humidity,in 
thechamberforthe desiredperiod oftime,thenremov ingitandfurthertreatingittoneatraizethereactionby 





? 

5 
Itisnot comgeteyunderstoodwhyfabricstreateáin 

accordancewiththisinventionare hotimpairedbyde 
gradation_orioss ofstrentgh,Itis beieved,however, 
thatthesianereactswithsurface moistureinthefabric 
andwithfree hydroxylgroupsintheceHulosicfbersto 
form a waterrepelientsurface coatingaccompanied by 
theliberation ofa hydrogen haide,andthatdegradation 
isavoidedby maintainingcarefulcontroloverthetime 
temperatureconditionsduringthe exposuretothesiane 
and by complete andimmedaite neutraization andre movaloftheacidreactionby-products, 
Awovenfabric consistingofabout30% animalfbers 

and of about70% ofanapproximately50—50 mixture 
ofviscoseandacetaterayonswastreatedaccordingto 
the process ofthisinvention?Subsequenttestsshowed 
no1ossoftensistrength,anincreaseofabout15%in 
resistance to creaseand wrinkle,andanabrasion resist ancethreetimesasgreatasthatofthesamefabriccon 
ventionayfnished,aswelas high water repelency 
whichwas no more than sightyreduced byfve wash 
1ngS? - 

Thisapplicationisacontinuation-in-partofappicants 
copendingappication,Serial No.318734,fled Novem 
ber4,1952,now U.S.Patent2782090? - 

Havingthus disclosed myinvention and describedin 
detaias representative thereofthe bestmanner I have 
yetfound ofpracticingit,?claimand desiretosecure by 
?ettersPatent: - 

1.?n the method ofreacting organo sicon halides 
havingas organosubstituentsalkylgroupswith between 
oneandthreecarbonatoms,with ceHulosic materialcom 
prisingceHulosic fbers reactive withsaid organosilicon 
halidestoforma waterrepelentsurfacecoatingbyccn 
tactingsaid materia1withsaidorganosicon halideinVa 
Borform,theimprovementofadvancingsaidmaterialcon 
tinuouslyintocontactwith anatmosphere comprisingan 
aerosoimixture ofiquidparticles of said organosicon 
haidedispersedinan inertgasand maintaininga con 
stantlysubstantialysaturated vaporphase ofsaid organo 
sicon halide vapor adjacent to the Surface of Said ma 
terial bySupplyingand maintainingdispersedliquidpar 
ticies of said organo sicon halide in Said atmosphere, 
maintainingsaidmaterialin contactwith Saidatmosphere 
untilthe organosicon halide vaporreactstherewithand 
rendersitwaterrepellent,and continuousyremovingsaid 
materialfromsaidatmosphere. 
2?In the method of reacting organo silicon halides 

havingasorganosubstituentsalkylgroupswith between 
oneandthreecarbonatoms,withcellulosic materialcom 
prisingcelulosic fbers reactive with said organo sicon 
halidesto form a water repelent surface coating with 
the iberation offree hydrogen halide by contactingsaid 
materialwith said organo silicon halide in vaporform, 
theimprovementofadvancingSaidmaterialcontinuousiy 
into contact with an atmosphere comprisinganaerosol 
mixture ofliquid particles of Said organosicon halide 
dispersedin an inertgas,and maintaininga constanty 
substantialysaturatedvaporphase ofsaidorganosilicon 
halide vaporadjacent tothe surface of Said material by 
supplyingand maintaining dispersed iquid particles of 
said organosicon halide in Saidatmosphere,maintain 
ingsaid materialin contact with said atmosphere unti 
the organo sicon halide vapor reacts therewith and 
rendersit waterrepellent,continuously removing said 
materialfrom saidatmosphere,andremovingthe iber 
ated hydrogenhalidefrom thematerial? 
3.In the method of reacting organo silicon halides 

havingasorganosubstituentsalkylgroups with between 
oneandthreecarbonatoms,with celulosic fbrous sheet 
materialreactive withsaidorganosicon halidestoform 
awaterrepelentsurface coatingwith the iberation of 
free hydrogen halide by contacting Said material with 
said organosicon haide in vapor form,theimprove 
ment ofadvancingsaid material continuouslyinto con 
tact with anatmosphere comprisinganaerosolmixture 
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6 
öfliquidpartieles ofsaidorganosieon halide disper$ed 
iáaáinertgasandmaintainingaconstantlysubstantialy 
saturated vaporPhaseofSaid organosicon halideVapor 
adjacenttothesurface ofsaidmaterialbysuppyingand 
maintainingdispersedliquid?articlesofsaidorganosi 
con halideinsaidatmosphere,maintainingsaid material 
in contactwith Saidatmosphere untithe organo sicon 
haidevaporreactstherewith andregdersitwaterrepe 
lent,continuousy removingsaidmaterialfrom Saidat 
mosphere,and fnalyneutralizingandremoving?ydro 
gen halide bycontactingthe materialwithabasicaque 
oussolutionhavingapH between7and 11? ,-,- 
4?In the method of reacting organo siHcon halides 

selectedfrom the group consistingof:methyltrichloro 
silane;dimethyl dichlorosilane;methyl dichlorosiane? 
trimethylchlorosiane;andmixturesoftheforegoingsik 
anes,withcellulosic material comprisingceHulosic?bers 
reactivewtihsaidorganosicon halidestoformawater 
repelentsurface coatingbycontactingsaidmaterialwith 
said organosilicon halide in vaporform,the improye 
ment ofadvancingsaidmaterialcontinuousyinto con 
tact with an atmosphere comprisinganaerosol mixture 
ofiquidparticles ofsaidorganosicon halidedispersed 
inaninertgasandmaintainingaconstantysubstantialy 
saturatedvaporphaseofsaidorganosicon halidevapor 
adjacenttothesurface ofsaid materialby Supplyingand 
maintainingdispersedliquidparticles of Said organo si 
con haideinsaidatmosphere,maintainingsaid material 
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in contactwith saidatmosphere untitheorganosicon 
haHde vaporreactstherewithandrendersitwaterrepe 
1ent,and continuouslyremovingsaidmaterialfrom Said 
atmosphere? · 
5.Inthe method of reactingorganosicon haides 

selectedfrom the group consistingof:methyltrichioro 
siane;dimethyldichloroslane;methyldichlorosilane;t?· 
methylchlorosiane;and mixtures of the foregoingsil… 
anes,with celulosic fbrous sheet materialreactivewith 
saidorganosicon halidestoformawaterrepelentsur 
face coatingwith the liberation offree hydrogen chlo 
ride by contactingsaid materialwith Said organosicon 
haidein vaporform,theimprovement ofadvancingSaid 
material continuouslyinto contact with an atmosphere 
comprisinganaerosolmixture ofliquid particles of Said 
organosicon halide dispersedinaninertgasand main 
taininga constantly substantiallysaturated vaporphase 
of said organo silicon haide vaporadjacent to the Sur 
face of said material by Supplyingand maintainingdis 
persed iquid particles of said organo sicon halide in 
said atmosphere,maintaining Said materialin contact 
with said atmosphere unti the organo sicon haide 
vapor reacts therewith and renders it water repelent, 
continuously removing Said materialfrom Said atmos 
Phere,and finally neutraizingand removing hydrogen 
chioride bycontactingthe material witha basic aqueous 
solution havingapH between 7 and11? 
6.The process definedbyclaim 5whereinthematerial 

isexposedtotheatmosphereatatemperature oflessthan 
about100°F.andforatime ofnotmorethanaboutsix 
minutes? 
7.In the method of reacting organo sicon halides 

havingas organo substituentsalkylgroups with between 
one and three carbon atoms,with a fabric comprising 
celulosicfbersreactive with said organo sicon halides 
to formawaterrepeientsurface coatingwith the liber 
ation offree hydrogen halide by contactingSaidfabric 
with said organo sicon halide in vaporform,theim 
provement of advancing Said fabric continuously into 
contactwithanatmosphere comprisinganaerosolmix 
ture ofiquidparticles of Said organosicon haide dis 
Persedinan inertgasand maintaininga constanty Sub 
stantialy saturated vapor phase of Said organo sicon 
halide vaporadjacent to the surface of said fabric by 
supplyingand maintaining dispersed liquid particles of 
Said organosicon halidein Saidatmosphere,maintain 
ingsaidfabricin contactwithsaidatmosphere untilth> 



organosiconhaidevaporreactstherewithand renders 
itwaterrepelent,continuouslyremovingsaidfabricfrom 
Saidatmosphere,and removing the liberated hydrogen 
halide from said fabric, - ? 
8.In the method of reactingorgano siconhalides 

selected fromthegroupconsistingof:methy1trichloro 
slane dimethyldichlorosilane; methy dichlorosiane; 
trimethyl chlorosiane,and mixtures of the foregoing 
sianes,withafabric comprisingcellulosicfbersreactive? 
withsaidorganosicon haidestoformawaterrepelent 
surfacecoatingwiththelberationoffreehydrogenchlo 
ride by contactingsaid fabric with said organo silicon 
halide invaporform,theimprovementofadvancingsaid fabriccontinuousyintocontactwithanatmospherecom 
prisingan aerosolmixture of iquid particles of said 
organosicon halidedispersedinaninertgasand main-> 

?taininga constanty substantialysaturatedvaporphase 
-of Said organosicon haidevaporadjacenttothesur 
face of Said fabric bysupplyingand maintainingdis 
persed hquid particles ofsaid organosicon haidein sadatmosphere,maintainingsaidfabricincontactwith saidatmosphereuntiltheorganosiconhalidevapor 
reactstherewithand rendersitwaterrepeHent,continu 

“ousyremovingsaidfabricfromsaidatmosphere,neutral 
?ingandremovinghydrogenchloridebycontactingthe 
fabricwithabasicaqueoüssolutionhayingapHbetween 

,7and11? ,? ? 
,9:Inthe method ofreactingorganosicon halides havingasorganosubstituents akylgroupswithbetween 
oneandthreecarbonatoms,withpapercomprisingceHu 
losicfibersreactivewith Saidorganosicon halidesto formawaterrepelentsurfacecoatingbycontactingsaid 
paperwithsaidorganosicon haideinvaporform,the 
improvementofadvancingsaid papercontinuousyinto 
contactWith anatmosphere comprisinganaerosolmix 
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ture of iquidparticles ofsaidorganosicon haidedis 
persedjnaninertgasandmaintaininga constantysub-? 
stantaly saturatedvaporphase ofsaidorganosicon 

*8, - 
haide.vaporadjacenttothe surface ofsaid paperby 
Suppyingand maintainingdispersedliquidparticles of 
Said organosicon haideinsaidatmosphere, maintain ingsaidpaperincontactwithsaidatmosphereuntilthe 
organosicon halidevaporreactstherewith andrenders 
?water?epelent.andcontinuousyremovingsaidpaper? 
from Saidatmosphere? - - - 

10. Inthe method ofreacting organo sicon-haides 
havingasorganosubstituentsalkylgroupswith between? 109ngandthreecabonatoms,withpapercomprisingcelu? 
losic fbersreactivewith saidorganosicon haidesto fornawaterrepelentsurfacecoatingwiththeiberation? 
offree hydrogen halide bycontactingsaid paperwith? 
Said organosicon halideinvaporform,theimprove 

15 ment ofadvancingsaid paper continuouslyintocontact? 
with an atmosphere comprisinganaerosolmixture of 
iquid particlesofsaid organo sicon haide dispersed 
inaninertgasandmaintaininga constantysubstan 
tialysaturatedvaporphaseofsaidorganosicon haide? 

20Vagoradjacenttothe Surfaceofsaidpaperbysupplying? 
andmaintainingdispersed iquidparticlesofsaidorgano? 
sicon haidein Saidatmosphere,maintainingsaidpaper? 
in99ntactwith Saidatmosphere untithe organosicon ha?devapo?reactstherewhandrendersiwaterre? 

25pelegt,continuousyremovingsaid paper ?romsaidat? 
mosphere,andremovingthe iberated hydrogen halde? 
fromthepaper, - - ? .? 
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