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Description

BACKGROUND

5 1 . Field of the Invention

The present invention relates to vvater-curable resins, and In particular, to orthopedic casting materials incorporat-

ing such curable resins.

10 2. The Prior Art

Many different orthopedic casting materials have been developed for use in the immobilization of broken or other-

wise injured body parts. One of the first casting materials developed for this purpose was a plaster of Paris bandage.

More recently water-curable, isocyanate-functional, polyurethane prepolymers were found to be extremely useful

IS in formulating a resin for orthopedic casting materials, as disclosed, for example, in U.S. Patent No. 4.411,262 (Von

Bonin). U.S. Patent No. 4.502,479 (Ganwood et al.). U.S. Patent No. 4.609,578 (Reed), U.S. Patent No. 4.667,661

(Scholz et al.), and U.S. Patent No 4,774,937 (Scholz et al.). Most commonly a knitted fiberglass fabric is used as the

scrim in combination with the resin.

To initiate the cure of such water curable orthopedic casting materials, the material is contacted with water, typically

20 by immersing a roll of the material in wrater. Upon immersion, the curing process begins as the isocyanate-funclional

groups begin polymerizing in the presence of the water. Such polymerization is often aided or controlled by the use of

a catalyst, such as is disclosed, for example, in U.S. Patent No 4,705,840 (Buckanin). During this curing process, car-

bon dioxide is formed and released from the resin in the form of bubbles. Unfortunately, the evolution of carbon dioxide

bubbles, if not properly controlled, can result in undesirable foaming.

25 Foaming is undesirable from several standpoints. First, after a roll of orthopedic casting tape has been applied,

foaming can cause the end of the tape to percolate up and away from the formed cast. Second, foaming is undesirable

because it can decrease layer to layer lamination and hence the strength and durability of the resultant cured orthopedic

casting material. Third, foaming can adversely affect the handling characteristics of the material, and can result in unde-

sirable dripping. During cure foaming can occur in the resin (resin phase foaming) or in the aqueous phase (aqueous

30 phase foaming) which is created by the water used to initiate cure. Foaming occurring in the resin phase is the result of

cartwn dioxide being released through the resin. Resin phase foaming reduces the resin density which weakens the

resin and can reduce the overall porosity of the cast through occlusion of the porous scrim. Aqueous (water) phase

foaming occurs as the cartwn dioxide escaping from the resin bubbles into and through the aqueous phase. Aqueous

phase foaming is enhanced due to mechanical manipulation (molding) of the casting tape during application of the tape.

35 Aqueous phase foaming often forms visible sudsing which is esthetically unpleasing and interferes with the handling

properties of resin coated casting material.

Commonly assigned U.S. Patent Application Serial No. 376.421 filed July 7, 1989 discloses the use of a stable dis-

persion of hydrophobic polymeric particles to reduce foaming in the aqueous phase. Such commercially available mate-

rials, however, are relatively expensive.

40 Several antifoaming agents, e.g. DB-100 silicone fluid (Dow Corning) as in U.S. Patent No. 4,667.661 (Scholz et

al.) and silicone Antifbam A (Dow Corning) have been used in the art to suppress foaming in the resin phase.

These latter antifoaming compounds have been effective in retarding foaming occumng within the resin Ixjt have

not significantly retarded foaming occurring in the aqueous phase during curing. Although not completely understood,

it is theorized that such conventional antifoaming conpounds tend to remain dispersed, or olhenwise entrapped within

45 the polyurethane prepolymer resin. As a result they do not substantially enter into the aqueous phase during curing of

the resin to become effective in retarding foaming occurring in that phase during cure.

Solid supported antifoaming materials are known which are composed of an antifoaming compound and a solid

support material. Such solid supported antifoaming materials are disclosed for use in agricultural products, detergents,

and dry beverages. Solid supported antifoaming compositions disclosed for such uses appear in U.S. Patent Nos.

50 3.983,251 and 4.818.292 and in the following patent publications; Great Britain 2,220.932. European Patent publica-

tions 0.206,522 and 0,266.863. A commercially availatrfe solid supported antifoaming composition (maltodexlrin solid

support incorporating a polydimethylsiloxane and silica antifoaming composition) is marketed under the trade designa-

tion Dow Corning Antifoam 1920 antifoaming agent for bioprocessing.

55 BRIEF SUMMARY OF THE INVENTION

A principal aspect of the invention is an improved defoaming agent for admixture witii water curable resins. The

defoaming agents of the invention have particular utility in reducing the amount of aqueous phase foaming during cure

of water curable isocyanate-functional polyurethane resins which are impregnated into a fabric sheet material for use in

2
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orthopedic casting materials, and other resin impregnated sheets such as pipe wraps and encapsulating materials.

The defoaming agent of the invention has the advantage of reducing the amount of aqueous phase foaming during

cure of the isocyanate-functional polyurethane resin without significantly interfering with the tack reduction effect of

lubricants which are typically added to the resin to facilitate the mddability and improve the handling characteristics of

5 the cast material during cure.

In another aspect of the invention if the defoaming agent is employed in a mixture with silicone fluid or If the defoam-

ing agent is added in sufficient concentration it reduces the amount of aqueous phase foaming of the polyurethane resin

while also enhancing the tack reduction and slipperiness of the resin during cure. The improved antifoaming agent of

the invention also retards resin phase foaming. The defoaming agent of the invention when employed in water curable

10 isocyanate-functional resin compositions has the additional property of imparting improved lamination properties and

often enhanced strength and durability characteristics of the resin impregnated casting material during and after curing.

The improved defoaming agent of the invention comprises an antifoam composition which is associated with and

retained by a solid support. For example, the antifoam composition may be sorbed (e.g., adsorbed or absorbed) onto

or encapsulated by the solid support. The solid support is essentially insoluble in the water-curaWe resin. The solid sup-

75 port, however, has the property that it structurally breaks down (physically or chemically), e.g. disintegrates, in water to

allow contact between the water and the antifoam composition. The solid support is typically soluble in water. The solid

support may typically be dispersiWe in water or at least erodible in water. Preferably the solid support is rapidly soluble

or rapidly dispersiWe in water. By soluble is meant the ability to dissolve in water. By dispersible is meant the ability off

the solid support to break into small particles which scatter in the water and by erodible is meant the ability of at least

20 a portion of the solid support to break apart in water. The solid support tends to breakdown In water so that as the water

curable resin impregnated fabric sheet contacts water, the solid support in the resin disintegrates allowing antifoaming

composition to contact the water. It has been determined that when the solid supported antifoaming agent of the inven-

tion is employed, the percent reduction in foaming (e.g. compared to the control formulation Resin A and D) can be typ-

ically between about 20% to 90%. Greater concentration of the solid supported antifoam agent up to a point will tend to

25 give a greater reduction in foaming. Various otiier factors such as water temperature, tiie anrx)unt of water and water

immersion time are other factors which can affect the amount reduction of foaming when the solid supported antifoam-

ing agent of the invention is employed. A preferred defoaming agent is comprised of a polysiloxane antifoaming com-

position which is sorbed (e.g. by adsorption or absorption) onto or encapsulated by a solid support The solid support

is conprised of a material which is a solid at room temperature and may be in the form of a bulk solid, but preferably is

30 in a powder or granular form. The solid support is water soluble or at least water dispersible at room temperature and

capable of sorbing or encapsulating the antifoam conrposition. The solid support is preferably an organic conrpound

which is insoluble in resin but is rapidly soluble, dispersible or erodible in water. Preferred organic supports for the anti-

foaming composition are sugars, dextrin (hydrolyzed starch), dextran. etiiylenediamine stearamide, and polyethoxy-

lated materials. The organic support may include otiier water soluble polymers and waxes such as modified celluloses.

35 e.g. carboxymethylcellulose, alginates, gelatin, polyethylene oxide/jpolypropylene oxide copolymers, polyethoxylated

fatty alcohols and esters, polyacrylamide, polyvinylalcohol and polyvinylpynrolidone or combinations thereof. The solid

support may also be composed of inorganic oxides, carbonates, sulfates or silicates.

The antifoam composition sorbed onto or encapsulated by ttie solid support is preferably a polysiloxane of tiie

structure:

40

(-H
45

where R and R' are the same or different alkyi groups having from 1 to 6 carbons or aryi groups and X is an integer of

at least 20. The alkyI groups containing one to six carbon atoms may be substituted alkyI groups, e.g., acetyl groups.

The aryl groups maybe substituted aryl groups, e.g., substituted phenyl groups. The prefen-ed antifoam compositions

are polydialkyisiloxanes and more preferably polydimethylsiloxanes having molecular weights of between about 500 to

50 200.000 and viscosities at 25°C of 0.10 to 100 Pa • s (100 to 100,000 centipoise), more preferably 1 to 30 Pa • s (1 .000

to 30.000 centipoise). These siloxane antifoam compositions may also include hydrophobic silica additives. The polysi-

loxane compositions typically but not necessarily have frimethylsilyl groups on each end of the polymer chain.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

55

The curable resin materials herein which incorporate the antifoaming agent of the invention exhibit reduced foam-

ing and improved layer to layer lamination. Additionally ttie antifoaming agent of the present invention when admixed

with polydimetiiylsiloxane having a viscosity preferably of about 100 centistokes, has been discovered to improve tack

reduction, i.e.. improve slipperiness and handling properties of the resin during cure. These materials have particular

3
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utility when used in orthopedic cast applications, however, sudi Is not their only utility. Henc ,
although the following

discussion is set forth In the context of an orthopedic casting material application, it will be appreciated that the appli-

cations and uses of tiie materials of ttie present invention are not so limited, and a few of the other utilities of the present

invention will be noted hereinafter.

5 The curable resins of the present invention are those resins which employ a water phase during curing where the

benefits of the present invention can be realized. Hence, the curable resins of the present invention are water-activated

or preferably, water-curable resins. In tiiis regard, water-curaWe, Isocyanate-functional. polyurethane prepolymers are

presentiy preferred.

Preferred resins for use in the present invention include tiiose disclosed In U.S. Patent No. 4,667.661 (Scholz et al.)

10 and U.S. Patent No. 4,774,937 (Scholz et al.)., Tlie polyurethane prepolymer resins disclosed in these patents are

formed by the reaction of a polyol with an excess of a polyisocyanate. The resins disclosed in the two aforementioned

patents also Include tack reducing agents which facilitate application of the orthopedic casting materials. It will be

understood that, as used herein, the term "polyol" also includes virtually any functional compound having active hydro-

gen in accordance with the well-known Zerevltinov test, as described, for example, in Chemistrv of Qroanic Compounds

15 by Carl R. Noller. Chapter 6, pp. 121 -122 (1957). Thus, for example, tiiiols and polyamines coukl also be used as "poly-

ols" In the present invention, and the term "polyols" will be considered to Include such other active hydrogen com-

pounds.

In the present invention the above referenced water curable polyurethane prepolymer resin formulations are mod-

ified by adding tiie solid supported antifoaming conposition. described herein, to such formulations. The solid sup-

20 ported antifoaming composition serves to 1) reduce both the amount of aqueous and resin phase foaming during cure

2) increase layer to layer lamination and/or 3) result in cured nnaterials having equivalent or greater strength. It has also

been discovered that inrproved tack reduction and improved handling properties can also be achieved by preparing a

premix of the solid supported antifoaming composition and polydimetiiylsiloxane. preferably having a viscosity of about

100 centistokes. In this case the premix is added to the atxwe referenced water curable prepolymer resin formulations

25 or the polydimethyl siloxane may be separately added to such formulations.

Water curable polyurethane prepolymer resin formulations which included a solid supported antifoaming composi-

tion of the invention were prepared. Various comparison tests were made against a control formulation (Resin A) to

determine the effectiveness of the antifoaming composition. In addition to foam tests, the layer to layer lamination prop-

erties of an orthopedic casting material impregnated with the resin as well as strength and handling properties of such

30 orthopedic casting materials were examined. The various prepolymer resin formulations used in the comparison tests

are reported in Table 1 as Examples A to F. These formulations were prepared in conventional manner wherein the com-

ponents and each example (Table I) were added, in tiie order shown to a mixing vessel forming a reaction mixture.

The vessel was equipped with a teflon agitator, nib-ogen purge, tiiermocouple and heating mantie. The reaction mix

was maintained in the vessel at a temperature between about SS^'C and 65°C. While this terrperature level was main-

35 tained, the reaction mix was stin-ed with the Teflon agitator for a period of about 1 hour after the exothermic reaction or

until the isocyanate-polyol reaction was complete denoting formation of the desired polyurethane prepolymer water cur-

able resin. A nitrogen purge was used to maintain the desired dry inert atinosphere. In preparing the polyuretiiane pre-

polymer water curable resin by the above described method best results are achieved when the components are

maintained dry, added in ttie order listed and the temperature is controlled as above. Generally when using I^EMPE

40 catalyst the polyols are added sequentially or as a mixture in bulk or metered in.

With reference to the prepolymer resin formulation given in Examples A to F (Table 1), the "ISONATE" 2 1 43L dliso-

cyanate, available from Dow Chemical Co., is a liquid mixture containing about 73 percent by weight MDI (diphenyl-

methane diisocyanate) which is a relatively low volatility Isocyanate. "NIAX" PPG-425 polyol is a polypropylene oxide

liquid diol of (approx.) M.W. 425 "NIAX" PPG-425 formerly available from Union Carbide Corp., is now available from

45 AC West Virginia Polyols Corp. "NIAX" PPG-725 polyol is a polypropylene oxide liquid diol of (approx.) M.W. 750.

"NIAX" PPG-725, formerly available from Union Carbide Corp., is now available from A.C. West Virginia Polyols Corp.

"PLURONIC" F-108 nonionic surfactant, available from BASF Wyandotte, is a polyethylene oxide-polypropylene oxide

block copolymer. It is a solid wax at room temperature and has an approximate molecular weight of 14,500 and a melt-

ing point of about 58-60°C. "PLURONIC" F-108 functions as a lubricant and tack reducing agent which promotes better

50 handling properties of the resin during cure. Benzoyl chloride functions as an acid stabilizer, i.e. it prolongs shelf life pre-

sumably by neutralizing residual alkaline materials which may be present in the starting materials. Alkaline materials, if

left in the resin prepolymer, can cause prenrmture curing of the resin. MEMPE catalyst is a moisture curing catalyst for

curing polyuretiiane prepolymer resin systems. The MEMPE catalyst as used in the resin formulations herein is 4-[2-

[1-methyl-2-(4-morpholinyl)ethoxy]ethyl] morpholine described in commonly assigned U.S. Pat. No. 4,705,840 (Buck-

55 anin). Butylated hydroxytoluene (BHT) functions as an antioxidant and ttius prevents the occurrence of unwanted ambi-

ent oxidation reactions involving any of the components of the formulations. ANTIFOAM 1920 is a water soluble solid

supported antifoam conposition wherein the support is water soluble or water dispersible (available from Dow Corning

Corp). The solid support Is disclosed In the product literature as maltodextrin e.g. having tiie chemical formula

(C6Hi205)n • H2O which is preferatrfy dried to remove water. The molecular weight of maltodextrin in ANTIFOAM 1920

4
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is not disclosed in the product literature. However any water soluble mattodextrin would function adequately. Mattodex-

trins are discussed in detail in ACS Symposium Series 370, "Flavor Encapsulation," Ch. 2, American Chemical Society,

Washington, D.C. The antifoaming composition encapsulated by r sorbed onto the solid support is about 25% by

weight polydimethylsiloxane and about 1% by weight amorphous silica. Antifoam 1400 compound (formerly DB-100)

5 from Dow Corning Corp., is composed of about 10 wt.% amorphous silica in polydimethylsiloxane. Antifoam 1400 is not

a solid supported antifoaming composition. DC-200, silicone at viscosity of 1 cm^/sec (100 centistokes) 0.102 Pa-

s

(about 102 centipoise) available from Dow Corning is essentially pure liquid polydimethylsiloxane having a relatively low

viscosity of about 1 cm^/sec (1 00 centistokes).

The water-curable resin can advantageously have the solid supported antifoaming agent of the invention therein in

10 an amount between about 0.1 to 10 percent by weight, preferably between about 0.15 to 5 percent by weight. The

water-curable resin can advantageously also include a second antifoaming agent therein, preferably a polydimethylsi-

loxane {e.g. Antifoam 1400) in an amount between about 0.1 and 5 percent by weight. The second antifoaming agent,

if enrployed, can advantageously be a polydimethylsiloxane having a viscosity at 25°C of between about 1 .0 and 100

Pa • s (1 .000 and 100,000 centipoise). In addition to the solid supported antifoaming agent the water-curable resin can

15 optionally have a relatively low viscosity polydimethylsiloxane therein (e.g. DC-200 silicone). When such a relatively low

viscosity polydimetiiylsiloxane is included it can advantageously have a viscosity between about 0.050 and 5.0 Pa -s

(50 and 5.000 centipoise) at 25*C. In such case the relatively lew viscosity polydimethylsiloxane may amount to,

between about 10 to 75 percent by weight of the total of the low viscosity polydimetiiylsiloxane and the polydimethylsi-

loxane in tiie solid supported antifoaming agent When added to the water-curable resin, the relatively low viscosity

20 polydimetnylslloxane functions primarily as a lubricating agent which enhances the tack reduction of the resin during

cure.

25
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TABLE I

OomnonBiit Prep lynnerReslnA Prepolymer Resin B Prepolymer Resin C

5
V¥if vifaiiia VTI* TO WL%

Isonate 2143LIdle b I^WW I** 1939.14 56.43

1.72 0.05 1.72 0.05 1.72 0.05

Antifoam 1400 (DB-100) 6.17 0.18 6.17 0.18

10 BHT 16.46 0.48 16.46 0.48 16.46 0.48

MERE 45.28 1.32 45.28 1.32 45.28 1.32

Pturonic F-108 141.4 4.12 141.4 4.12 141.4 4.12

15
410.04 11.95 410.04 11.93 410.04 11.93

MlAX PPG-725 869.81 25.36 869.81 25.31 869.81 25.31

Antifnam IQPHm IlliUtll 1 1 1 9£v 12.34 0.36 6.17 0.18

MiiLiiuam anu oiiicune rrcmiA

20 Tnlol 3430.02 100.00 3436.19 100.00 3436.19 100.00

uomponeni Prepolymer Resin D Prepolymer Resin E Prepolymer Resin F

Wt, Grams Wl.% Wt, Grams Wt% Wt, Grams Wt%

25
isonaic ^i4oi- 1978.9 56.37 1978.9 56.27 2059.5 56,58

oenzoyi unionae 1.75 0.05 1.75 ao5 1.75 0.05

MnillUam IHKJKJ \UO- IKiKJ) 6.3 0.18 6.3 0.18 6.3 0.17

QUIT 16.8 0.48 16.8 0.48 16.8 0.46

30 MEPE 46.2 1.32 46.2 1.31 46,2 1.27

Pluronic F-108 144.2 4.11 144.2 4.10 140.0 3.85

NIAX PPG-425 418.25 11.91 418.25 11.89 279.9 7.69

35 NIAX PPG-725 887.6 25.28 887.6 25.24 949.6 26.09

BASF RedK3911 HD 10.5 0.30 10.5 0.30

Antifoam 1920 6.17 0.18

Antifoam 1920 and Silicone Premlx^ 140.6 3.86

40
Total 3510.5 100.0 3516.7 100.0 3640.05 100.00

Notes:

1) Silicone premix contains 50 wt-% Antifoam 1920 and 50 wt.% DC-200 1 cm^/sec (100 cenlistoke) viscosity.

Summarized below are tests which were used to determine "foam reduction,** "dry strength**, "wet strength", and

"warm wet strength." Hence, whenev^er the terms "foam reduction" (or reduced foaming), "dry strength", "wet strength",

and "warm wet ring strength" are used, it will be understood that these terms refer to the tests set forth herein below.

50 Foam Reduction Test

A 12 foot long roll of resin-coated material is taken out of a moisture-proof pouch, equilibrated to 20**C, and

immersed completed in deionized water having a temperature of about 27°C (80°F) for about 30 seconds. Upon

removal the roll is gently sequeezed to remove excess water. In order to observe the foaming of the material during

55 cure, the article is applied around a 5.08 centimeter (2 inch) diameter, 30.5 centimeter (12 inch) section of a mandrel

(covered with a thin layer of polyester stockinet such as 3M Synthetic Stockinet MS02) in three overlapping layers. The

wrapping around the mandrel is achieved within atx}ut 45 seconds from the time the material Is removed from the water.

After application around the mandrel, the material Is aggressively rubbed by hand over Its entire length until two minutes

has elapsed from the time the pouch is first opened. Visual inspection shows clearly the qualitative degree of foaming.

6
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particularly in the water phase, and the approximate duration of the foaming. In this regard, the peak amount of foaming

can be estimated in teaspoons.

Delamination Test

5

This test measured the force necessary to delaminate a cured cylindrical ring of a resin-coated material within the

scope of the present invention.

Each cylindrical ring comprised 6 layers of the resin-coated material having an inner diameter of 5.08 cm (2

inches). The width of the ring formed was the same as the width of the resinKX)ated material employed, namely, 7.62

10 cm (3 inches). (The final calculation of the delamination strength is given in terms of newtons per centimeter of tape

width.) Each cylindrical ring was formed by taking a roll of the resin-coated material from its storage pouch and immers-

ing the roll completely in deionized water having a temperature of about 27°C. (80°F). for about 30 seconds. The roll of

resin-coated material was then renx}ved from the water and the material was wrapped around a 5.08 cm (2 inch) man-

drel covered wnth a thin stockinet (such as 3M Synthetic Stockinet MS02) to form 6 conplete uniform layers using a con-

15 trolled wrapping tension of about 45 gran^ per centimeter widtii of the material. A free tail of about 1 5.24 cm (6 inches)

was kept and the balance of the roll was cut off. Each cylinder was corrpletely wound within 30 seconds after its

removal from the water

After 15 to 20 minutes from the initial immersion in water, the cured cylinder was removed from the mandrel, and

after 30 minutes from the initial immersion in water its delamination strength was determined.

20 This was done by placing the free tail of tiie cylindrical sample in the jaws of the testing machine, namely, an Instron

Model 1 122 machine, and by placing a spindle through the hollow core of the cylinder so that the cylinder was allowed

to rotate freely about the axis of the spindle. The Instron machine was tiien activated to pull on the free tail of the sample

at a speed of about 127 cm/min. the average force required to delaminate the wrapped layers over tiie first 33 centim-

eters of the cylinder was then recorded in terms of force per unit width of sample (newtons/cm). For each material, at

25 least 5 samples were tested, and ttie average delamination force was then calculated and reported as the "delamination

strength."

In the practice of the present invention, delamination strengttis of up to about 14 newtons/cm (6 pounds/in) have

been observed.

30 Rino Strength Tests

In these tests, the "dry strength", "wet strength", and "warm wet strength", of certain cured cylindrical ring samples

of the resin-coated materials of the present invention were determined. For each of these tests, cured cylindrical ring

samples were formed as desaibed hereinabove with respect to the delamination test so as to form 6-layered cylinders

35 around a 5.08 cm (2 inch) mandrel, except all excess material was trimmed off to form tiiese cylindrical rings, leaving

no tails.

At a point 30 minutes following the initial immersion in water, each cylinder was removed from its respective man-

drel and allowed to cure for 48-60 hours in a controlled atmosphere of 34° C. ± 2° C. (75** F ± 3** F). and 55% + 5%
relative humidity. Each cylinder was then placed in a fixture in a commercial testing instrument, e.g., an Instron instru-

40 ment, and compression loads were applied to the cylindrical ring sample along its exterior and parallel to its axis. The

cylindrical ring was placed lengthwise between tiie two bottom t>ars of tiie fixture (the bars being 1 .9 centimeters wide,

1 .3 centimeters in height, and 1 5.2 centimeters long), with tiie bars spaced about 4 centimeters apart. The inside edges

of the bars were machined to form a curved surface having a 0.31 cm (1/8 inch) radius. A third bar (0.63 cm wide, 2.5

cm high, and 15.2 cm long) was then centered over the top of the cylinder, also parallel to its axis. The bottom or con-

45 tacting edge of the third bar was machined to form a curved surface having a 0.31 cm (1/8 inch) radius. The tiiird t>ar

was brought down to bear against and crush the cylinder at a speed of about 5 cm/min. The maximum or peak force

which was applied while crushing ttie cylinder was then recorded as the ring strength, which in this particular instance

is the "dry sti-ength" (expressed in ternns of force per unit length of ttie cylinder, i.e., newtons/cm). For each material, at

least 5 samples were tested, and the average peak force applied was then calculated and repated as ttie "dry

so strength".

To measure the "wet strength", the same procedure was followed as for the "dry st-ength", except that after curing

for 48-60 hours, the cylinder was then immersed in water at about 45* C. (113* F). for about 30 minutes, and then

allowed to dry under ambient conditions for about 15 minutes. TTie cylinder was then placed in the instrument and

crushed as described hereinabove in order to determine the "wet strength" thereof.

55 To determine the "warm wet strengtii" of the cylinder, ttie procedure was followed exactly as set forth for the '>«et

strength" measurement above, with ttie exception that ttie cylinder was placed in the fixture and crushed immediately

after removal from the 45° C. (113° F). water batii and was not allowed to dry at all.

When tiie curable resin of the present invention is intended to be used for orthopedic casting materials, the casting

material is prepared by coating the curable resin onto a fabric scrim by standard techniques. Generally, the scrim should

7
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be resin loaded to the point where the resin represents from about 35% to about 80% by weight of the total weight of

the resin-coated scrim. In the case of a fiberglass scrim, the resin preferably repr sents from about 35% to about 60%

by weight of the total weight of the resin-coated scrim, and preferably from about 38% to about 45% by weight. Manual

or mechanical manipulation of the resin (such as by a nip roller or wiper blade) into the scrim is usually not necessary.

However, some manipulation of the resin into the fabric may sometimes be desirable to achieve proper impregnation.

Care should be given not to stretch the fabric scrim during resin coating, however, so as to preserve the stretchability

of the material for its later application around the desired body part.

The curable resins of the present invention may be used with a variety of well-known scrims for use as orthopedic

casting materials or for other applications. Although many materials are well-known for this purpose, fiberglass is pres-

ently preferred. In this regard, in one presently preferred embodiment of the present invention, the scrim comprises an

extensible, heat-set, knitted fiberglass fabric as set forth in U.S. Patent No. 4,609,578 (Reed). One example of a knitted

fiberglass scrim which is within the scope of U.S. Patent No. 4.609.578 is known by 3M. St. Paul, Minnesota, as the

Scotchcast™ 2 knitted fiberglass scrim. The Scotchcast™ 2 scrim is used in the manufacture of 3M's Scotchcast™ 2 and

Scotchcast™ Plus orthopedic casting materials.

A series of projections may also be formed along such a knitted fiberglass scrim in order to enhance the lamination

properties thereof. A detailed description of scrinis having such projections and the enhanced lamination achieved

thereby is disclosed in commonly assigned U.S. Patent Application Serial No. 376873. filed July 7. 1989 entitled "Ortho-

pedic Casting Materials Having Superior Lamination Characteristics and Methods for Preparing Same". Such projec-

tions can be formed by abrading the scrim with, for example, a knurled roller, a knife edge, sharp or blunt teeth, or by

other techniques.

As disclosed in the aforementioned patent application, a projection is considered to be a filament bundle which

serves to enhance lamination and typically has 8 or more filaments per bundle. As further set forth in that concurrently

filed patent application, the fabric scrims preferably have from about 75 to about 1 .500 projections per gram of fabric

scrim on the average, more preferably from about 100 to about 1,000 projections per gram of fabric scrim, and most

preferably from about 300 to about 700 projections per gram of fabric scrim.

By using the curable resin formulations of the present invention with the improved fabric scrims of the above-men-

tioned patent application, the benefits of both the improved saim and the improved resin can be realized in a single

resin-coaled material, whether used for orthopedic purposes or for other applications. »

Orthopedic casting materials prepared in accordance with the present invention are applied to humans or other ani-

mals in the same fashion as other known orthopedic casting materials. First, the body member or part to be immobilized

is preferably covered with a conventional cast padding and/or stockinet to protect the body part. Next, the curable resin

is activated by dipping the orthopedic casting material in water. Excess water may then be squeezed out of the ortho-

pedic casting material, and the material Is vwapped or othenwise positioned around the body part so as to properly con-

form thereto. Preferat»Iy. the material is then molded and smoothed to form the best fit possible and to properly secure

the body part in the desired position. Although often not necessary, if desired, the orthopedic casting materials may be

held in place during cure by wrapping an elastic bandage or other securing means around the curing orthopedic casting

material. When curing is complete, the body part is properly Immobilized within the orthopedic cast or splint which is

formed.

The casting materials formed of curatrfe resins which include the antifoaming agent of the present invention exhibit

reduced foaming. The preferred solid supported antifoaming agent of the present invention e.g. Antifbam 1920 (Dow

Corning) when admixed with dimethylsiloxane. e.g. DC-200 having a viscosity preferably of about 1 cm^/sec (100 cen-

tistokes) (about 0.102 Pa • s (102 centipoise)). or added alone in sufficient concentration (e.g. 5%) has also been dis-

covered to improve tack reduction, i.e. improve slipperiness and handling properties of the casting material during cure.

Foaming can occur in at least two different regions of the orthopedic casting system: the resin phase and the aque-

ous or water phase. The resin phase is represented by the resin on the scrim which is activated wrtien contacted with

water. The water phase is represented by the water which contacts or is othenwise associated vwth the resin during cure.

As the carbon dioxide bubbles are released during cure, they pass both through the resin phase and through the water

phase; thus foaming can occur in either or both of these phases. Foaming in the aqueous phase is often clearly visible,

as "suds", during cure. Foaming in the resin phase often Is not clearly discernible visibly, but it generally causes micro-

scopic voids in the resin which weakens the resin structure. The reduced foaming benefits of the present invention

results in easier handling of the casting material during cure.

With reference to Table 1 resin formulation A is the control. Resin formula B is the same as formula A except that

the solid supported antifoaming agent ANTIFOAM 1920 was added and conventional silicone antifoaming agent DB-

100 was eliminated. Resin formulation C is the same as the control formulation A except that solid supported ANTI-

FOAM 1920 was added.

In a first example the prepolymer resin formulations A. B and C (Table I) were coated in a dry environment (relative

humidity less than 5%) to a coating weight of 42.5 percent by weight on heat set ECDE 75. 1/0. 0,7 fiberglass knit fabric

as described In U.S. Patent 4,609.578 (Reed) and as used in Scotchcast Plus and "Scotchcast 2" 3 in. casting tape

available from 3M. The material was converted into 12 ft. rolls and sealed in aluminum foil composite pouches. These

8
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were stored at room temperature for several days and then placed in a refrigerator. Single rolls were removed and

allowed to equilibrate at room temperature for 24 hours.

Foam Test:

5

Foam tests on rolls produced from the above resin compositions A, B and C coated on "Scolchcast 2" casting tape

were made in accordance with the above described foam reduction test procedure. Rolls produced utilizing resin com-

positions A. B and C were in turn removed from the pouch, dipped in 23-25**C water and squeezed three times under

water

10

Results:

The rolls containing Resins A, B and C were tested after two and four weeks in the refrigerator. Resin foaming

appeared to be minimal for all resins indicating that the solid supported antifoaming agent "Antifoam 1920 (Dow Corn-

15 ing) was Indeed an effective resin phase antifoam. Aqueous phase foaming, however, was noticeably different among

the formulations. At the end of the two week period, Resin A foamed (appeared sudsy and the suds were stable) while

Resins B and C did not foam. At the end of four weeks control, Resin A. foamed extensively and the foam was very sta-

ble. Resin B had practically no foam and Resin C foamed only slightly.

Rolls containing Resins A, B. and C were also tested by the foam test after they had been stored for 5 months in a

20 refrigerator. Resin A showed the most foaming (about 7-8 teaspoons) with quite a bit of dripping. The drops were

cloudy Resin C showed very little foaming (less than 1 teaspoon) i.e. 86-88% reduction in foam compared to control

Resin A and no dripping was observed.

Resin B showed OKiderate foaming (about 5 teaspoons) i.e. 29-38% reduction in foam compared to control Resin

A with a small amount of dripping. The foam was not very stable.

25

Ring Strength Tests

Physical property strength tests and ring delamination tests were conducted using Resins A. B and C in accord-

ance with the above described procedures. The objective of these tests was to determine if the solid supported anti-

30 foaming agent had an effect on dry. wet and warm wet ring strength and ring delamination strength. The results are

shown in the following Table II.

TABLE II

Strength Test Resin A Resin

B

Resin

C

24 hr Dry (N/cm) 95.4 98.1 101.6

24 hrWet(r^J/cm) Not Measured 59.5 63.0

24 hr Warm Wet (N/cm) Not Measured 26.1 26.1

Ring Delamination (N/cm) 9.5 9.3 10.0

45 The data demonstrates that the casting tapes containing the preferred antifoam compositions have properties equiva-

lent or superior to the properties of the control casting tape.

In a second example Resins D (control) and E were prepared in accordance with the formulations shown in Table

I. The Resins D and E were prepared, coated, converted and tested as in the preceding example. Resin D was pre-

pared by adding 1 0.5 g of BASF Red K 391 1 HD pigment to 3500 g of the formulation shown in control Resin A. Resin

50 E was prepared by adding 6.1 7 g of Antifoam 1920 to the resin D formulation.

Once again the foam reduction test described in the foregoing was applied. Resins D and E were stored at 4**C and

checked as in the preceding example for resin and aqueous phase foam. Ttie resin phase foaming upon curing was

determined to be minimal for both resin D and E. After four weeks in the refrigerator resin D foamed extensively upon

curing and the foam drips had a pink hue. Resin E. however, which contained the solid supported ANTIFOAM 1 920 had

55 minimal foaming and no color drips upon curing.

In a third example resin F was prepared in accordance with the formulation shown in Table I. Resin F Is similar to

Resin E except that the solid supported ANTIFO/\M 1 920 was replaced by a premix prepared by mixing 70 g of ANTI-

FOAM 1920 (Dow Corning) with an equal amount i.e., 70 g of DC-200 silicone (Dow Corning). (The DC-200 silicone

employed was essentially pure liquid polydimethylsiloxane having a relatively low viscosity of about 1 cm^/sec (1 00 cen-

9
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tistokes) (about 0.102 Pa*s(102 centipoise)).

The resin F was coated, converted, and packaged as described in the first example, except that the actual resin

content was 43% by weight. This resin was stored at room temperature and evaluated for its antifoaming and handling

properties. Resin F exhibited minimal foaming i.e. of the same degree as Resin E. Additionally, however. Resin F exhib-

5 ited improved handling characteristics over that of Resin E in that tack reduction (slipperiness) and moldability of the

resin coated SCOTCHCAST 2 casting tape appeared to be improved during application and moWing. The improved

handling characteristics during curing of a Resin F impregnated SCOTCHCAST 2 casting tapes are improved molda-

bility due to a slippery yet creamy feel. Ihe casting tapes made in accordance with the above examples all exhibited

desirable set times between about 2 to 18 minutes and for orthopedic applications preferably between 3 to 5 minutes.

10 The set time is the time from initial activation of the material when immersed in water to the time that the material has

cured to the point of achieving significant immobilization.

Claims

IS 1. An article comprising:

a fabric sheet; and

a water-curable resin coated onto said fabric sheet said resin having an antifoaming agent therein, said anti-

foaming agent comprising a solid support and an antifoaming composition retained by the solid support said

20 solid support having the property that it breaks down in water so as to allow contact between the water and the

antifoam composition, said antifoaming composition being capable of reducing foaming as said resin cures.

2. An article as in claim 1 . wherein said solid support is insoluble in the water-curable resin.

25 3. An article as in daim 1 . wherein the water-curable resin comprises between about 0. 1 and 1 0 percent by weight of

the solid supported antifoaming agent.

4. An article as in claim 1 . wherein the antifoaming composition is sorbed on the solid support.

30 5. An article as in claim 1 wherein tiie antifoaming composition is encapsulated by the solid support.

6. An article as in daim 1 wherein the solid support for the antifoaming agent comprises a material selected from tiie

group consisting of starches, inorganic oxides, carbonates, sulfates, silicates, sugars, dextrin, dexti'an, waxes, cel-

luloses, alginates, gelatin, polyethylene oxide/polypropylene oxide copolymers, polyetiioxylated fatty alcohols, pol-

35 yetiioxylated fatty esters, pdyacrylamide. polyvinyialcohol and polyvinylpyrrolidone.

7. An article as in claim 1 wherein tiie solid support for ttie antifoaming agent comprises a dextrin.

8. An article according to claim 7 wherein ttie solid support comprises a maltodextrin.

40

9. An article as in claim 1 wherein tiie antifoaming composition comprises a polysiloxane.

10. An article as in claim 9 wherein the polysiloxane is represented by the following formula:

(-H
50

where R and R* are the same or different alkyi groups having from 1 to 6 cartwns or aryl groups and X is an integer

of at least 20.

55 11. An article as in claim 10 wherein the polysiloxane is a polydimethylsiloxane having a viscosity of between about

0.10 and 100 Pa • s (100 and 100.000 centipoise) at 25°C.

12. An article as in claim 1 1 wherein ttie antifoaming composition further comprises amorphous silica.

10
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13. An article as in claim 9 wherein the antilbaming composition comprises a polydimethylsilaxane having a viscosrty

between about 1 and 30 Pa* s (1,000 and 30,000 centipoise) at 25°C and said water-curable resin comprises

another polydimethylsiloxane. said other polydlmethytsiloxane having a viscosity of between about 0.050 and 5.0

Pa • s (50 and 5.000 centipoise) at ZS'^C. and functioning as a lubricating agent to reduce tack of the resin during

cure.

14. An article as in claim 1 , wherein said water-curable resin connprises an isocyanate-functional. polyurethane prepot-

ymer.

15. An article as in claim 1 , wherein said article is an orthopedic casting material.

16. An article as in claim 1 . wherein said fabric sheet comprises fiberglass.

PatentansprOche

1 . Gegenstand, umfassend:

eine Gewebebahn und

ein wasseriosliches Harz. das auf die Gewebebahn beschichtet ist. wobei das Harz darin ein Antischaummrttel

aufweist wobei das Antischaummittel einen festen Trager und eine schaumverhotende Zusammensetzung

umfam. die durch den TrSger gestutzt wird. wobei der feste Trager die Eigenschaft hat. in Wasser zu zerfallen,

um so einen Kontakl zwischen dem Wasser und der schaumverhutenden Zusammensetzung zu ermOglichen,

wobei die schaumverhotende Zusantmensetzung das Schdumen reduzieren kann, wenn das Harz hdrtet.

2. Gegenstand gemaB Anspruch 1 , worin der feste Trager in dem wasserhartbaren Harz unlOslich ist.

3. Gegenstand gemaB Anspruch 1 , worin das wasserhartbare Harz etwa zwischen 0.1 und 10 Gew.-% des festen,

TragergestOtzten Antischaummittels umfaBt.

4. Gegenstand gemaB Anspruch 1 , worin die schaumverhotende Zusammensetzung auf dem festen Trager sorbiert

ist.

5. Gegenstand gemaR Anspruch 1 , worin die schaumverhotende Zusammensetzung durch den festen Trager einge-

kapselt ist.

6. Gegenstand gema3 Anspruch 1 , worin der feste Trager fur die schaumverhotende Zusammensetzung ein Material

umfafJt. das aus der Gruppe. bestehend aus Starken, anorganischen Oxiden, Caibonaten, SuHaten. Silicaten. Zuk-

kern. Dextrin. Dextran, Wachsen, Cellulose-Verb!ndungen. Alginaten. Gelatine. Polyethylenoxid/Polypropylenoxid-

Copolymeren, polyethoxylierten Fettalkoholen, polyethoxylierten Fettsaureestern, Polyacrylamid, Polyvinylalkohol

und Polyvinylpyrrolidon, ausgewahtt ist.

7. Gegenstand gemaB Anspruch 1 , worin der feste Trager fOr die schaumverhotende Zusammensetzung ein Dextrin

umfaRt.

8. Gegenstand gemai3 Anspruch 7. worin der feste Trager ein Mattodextrin umfal3t.

9. Gegenstand gemaB Anspruch 1 . worin die schaumverhotende Zusammensetzung ein Polysiloxan umfaBt.

10. Gegenstand gennaB Anspruch 9, worin das Polysiloxan durch die folgende Formel:

dargestellt wird, worin R und R' die gleichen oder verschiedene Alkylgruppen mit 1 bis 6 Kohlenstoffatomen oder

11
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Arylgruppen sind. und X eine ganze Zahl von wenigstens 20 ist.

11. Gegenstand gemdO Anspruch 10. worin das Polysiloxan ein Polydimethylsiloxan mit einer Viskositat zwischen

©twa 0,10 und 100 Pa • s (100 und 100 000 Centipoise) bei 25 ''C ist.

1 2. Gegenstand gemau Anspruch 1 1 , worin die schaumverhOtende Zusammensetzung welterhin amorphes Silicium-

dioxid umfaf^.

13. Gegenstand gemdB Anspruch 9. worin die schaumverhOtende Zusammensetzung ein Polydimethylsiloxan mit

einer Viskosltat zwischen etwa 1 und 30 Pa * s (1000 und 30 000 Centipoise) bei 25 °C umfafSt, und das wasser-

hartbare Harz ein weiteres Polydimethylsiloxan un^af3t, wobei das weitere Polydimethylsiloxan eine Viskositat zwi-

schen etwa 0,050 und 5.0 Pa • s (50 und 5000 Centipoise) bei 25 ''C hat und als ein Schmiermittel fungiert. urn die

Klebrigkeit des Harzes wdhrend des Martens zu reduzieren.

14. Gegenstand gemdB Anspruch 1, worin das wasserhartbare Harz ein isocyanatfunktionelles Polyurethan-Prepoly-

mer umfaBt.

15. Gegenstand gemaB Anspruch 1, worin der Gegenstand ein GieBmaterial fur orthopadische Zwecke ist.

16. Gegenstand gemdB Anspruch 1 , worin die Gewebebahn Glasfaser umfaBt.

Revendicatlons

1. Article comprenant

:

une feuille de tissu ; et

une r6sine durcissat>le k Teau. appliqu^e sur ladite feuille de tissu. ladrte r6sine comportant un agent anti-

moussant, ledit agent antinnoussant comprenant un support solide et une composition antimoussante retenue

par le support solide. ledit support solide ayaht la propri6t6 de se d6sint6grer dans I'eau. de fagon a permettre

un contact entre I'eau et la composition antimoussante. ladite composition antimoussante 6tant capable de

r^uire te moussage lors du durcissementde ladite r^sina

2. Article selon la revendication 1 . dans lequel ledit support solide est insoluble dans la r6sine durcissable a Teau.

3. Article selon la revendication 1. dans lequel la r^sine durcissable a Teau comprend d'environ 0,1 a 10 % en poids

de I'agent antimoussant retenu par le support solide.

4. Article selon la revendication 1 . dans lequel la composition antimoussante est sorb6e par le support solide.

5. Article selon la revendication 1 , dans lequel la composition antimoussante est encapsul6e dans le support solide.

6. Article selon la revendication 1 . dans lequel le support solide de Tagent antimoussant comprend un conrposa chdsi

parmi I'ensemble comprenant les amidons, les oxydes min6raux. les cartx>nates, les sulfates, les silicates, les

sucres, la dextrine, le dextran. les cires, les celluloses, les alginates, la gelatine, les copolym^res poly(oxyde d'athy-

iane)/poly(oxyde de propylene), les alcools gras polyathoxyias. les esters gras polyathoxyias, le polyacrytamide. le

poly(alcool vinylique). et la polyvinylpyrrolidone.

7. Article selon la revendication 1 , dans lequel le support solide de Tagent antimoussant conrprend une dextrine.

8. Article selon la revendication 7. dans lequel le support solide comprend une maltodextrine.

9. Article selon la revendication 1 , dans lequel la composition antimoussante comprend un polysiloxane.

1 0. Article selon la revendication 9. dans lequel le polyslloxane est repr^senta par la formule suivante :

12
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w dans taquelle R et R* sont des groupes alkyle. identiques ou diff^rents. ayant de 1 ^ 6 atomes de carbone, ou

encore des groupes aryie, et X est un entier valant au moins 20.

11. Article selon la revendication 10, dans lequel le polysiloxane est un polydim6thylsilQxane ayant k 25**C une visco-

sity comprise entre 0,10 et 100 Pa.s (entre 100 et 100 000 centlpoises).

75

12. Article selon la revendication 1 1 , dans lequel la composition antimoussante comprend en outre une silice amorphe.

13. Article selon la revendication 9, dans lequel la composition antimoussante comprend un polydtm^thylsiloxane

ayant k 25'*C une viscosit6 comprise entre environ 1 et 30 Pa.s (entre 1000 et 30 000 centipoises). et ladite r6sine

20 durcissabte k I'eau comprend un autre polydim^thylsiloxane, ledit autre polydim^thylsiloxane ayant k 25^*0 une vis-

cosity comprise entre environ 0,050 et 5,0 Pa.s (entre 50 et 5000 centipoises), el jouant le r6le d'agenl lubrHlant.

pour r^duire le poisseux de la r^sine pendant le dlirdssement.

14. Article selon la revendication 1, dans lequel ladite r^sine durclssable k Teau comprend un pr^polym^re de polyu-

25 r^thanne k fonctionnality isocyanate.

15. Article selon la revendication 1. dans lequel ledit article est un mat^riau pour rrioulage orthop6diqua

16. Article selon la revendication 1 . dans lequel ladite feuille de tissu comprend des fibres de verre.

30
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