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ABSTRACT

In response to the growing use of the combination of CPVC and spray polyurethane foam products (SPF)
the Center for the Polyurethane Industry (CPI) and the Spray Polyurethane Foam Alliance (SPFA), along
with Lubrizol Advanced Materials, Inc., a leading CPVC resin manufacturer, have conducted a study which
assesses the compatibility of generic SPF and CPVC pipe and fittings. This research program has allowed
the industry to assess the chemical, physical, and thermal compatibility of soy and non-soy based closed-
cell polyurethane foam, soy and non-soy based open-cell polyurethane foam, and one component foam
with CPVC pipe and fittings. Industry testing and current ASTM test protocols involve soaking the CPVC
pipe in a liquid or solvent material. Foam presents an interesting challenge for compatibility testing since
CPVC/foam compatibility does not involve the long term liquid contact of materials. Instead, the contact
point is multi-cellular foam on a smooth plastic surface. This paper discusses the outcome of sample testing
and includes a physical and analytical assessment of the foam and CPVC. Of particular interest, is the
interaction between phosphate ester flame retardants, which have been linked to CPVC pipe failures due to
contact with other substances, the long term and short term effects of variables such as foam exotherm,
phosphate ester type and concentration, as well as soy polyols. This program will provide a basis for an
ongoing industry program to evaluate SPF products with plastic building materials.

DISCLAIMER

The information and data provided herein are believed to be accurate and reliable, but are presented
without guarantee, warranty or responsibility of any kind, egpior implied. Statements or suggestions
concerning possible use of products are made without representation or warranty that any such use is free
of patent infringement, and are not recommendations to infringe any patent. The user should not assume
that all safety measures are indicated herein, or that other measures may not be required. The values
presented herein are typical values and are not to be interpreted as product specifications. User assumes all
liability for use of the information and rdssiobtained.

INTRODUCTION

This paper is second of two papers on this subject, where the first of which was presented at Polyurethanes
2008. In this paper the results of the two year program are presented and discussed.



WHAT IS CPVC?

i At i basiclavel, SCPVC is a PVC homopolymer that has been subject to a chlorination reaction.
In PVC, a chlorine atom occupies 25 percent of the bonding sites on the backbone, while the remaining
sites are filled with hydrogen. GFC differs from PVC in thaapproximately 8 percent of the bonding
sites on the backbone are filled with strategically place chlorine, while the remaining 60 percent available
sites are filled with hydrogen. The chlorine atoms surrounding the carbon backbone of CPVC are large
atomswhich protect the chaindm attack. Access to the CPVC carbon chain is restricted by the chlorine
on the molecule. It is the additional chlorine that provides CPVC with its superior temperature and
chemical resistance. 0 (1)

WHERE IS IT USED?

Chlorinated Poly VinyIChloride (CPVC) Pipe & Fitting compoundsre designed and manufactured to
ASTM D 1784Standard Specification for Rigid Poly(Vinyl Chloride) (PVC) Compounds and Chlorinated
Poly(Vinyl Chloride) (CPVC) Compound3hese pipes and fittingseaused for fire suppression systems,
potable water distribution, as well as corrosive fluid handling and are recognized by all model building
codes. CPVC compounds were first produced by Lubrizol Advanced Materials, Inc. (formerly BF
Goodrich Performancelat er i al s ) i.f) Sinbeghatltime, @PVQ i@aDbéen successfully
installedin residential, commercial, and industrial applications and continues to gain popularity due to the
many benefits that it offers as well as its lower cost and efismstallation when compared with steel or
copper pipe and tubing. When installed per manufactur
well. Manufacturers report that more than a billion feet of CPVC sprinkler piping have been successfully
installed in accordance with NFPA 13andard for the Installation of Sprinkler Systems in-Gmel
Two-Family Dwellings and Manufactured Homasd 13RStandard for the Installation of Sprinkler
Systems irResidential Occupancies up to and including foariss in heightin 2009 there was a change
adopted to the IRC code Section R313. The change stateff¢lstive January 1, 2011, an approved
automatic fire sprinkler system shall be installed in new one andamiy dwellings and townhouses in
accordace with NFPA 13D.

WHAT ARE THE LIMITATIONS FOR CPVC PIPING?

As with any plastic, CPVC has limitations as to where it can be installed and under what physical
environments it can successfully be used@®VC piping andittings have primarilytwo routes of failure:
physical and chemical.These modes of failure aodten manifested in installations as mechanical stress
cracking and environmental stress crackidMgchanical stress cracking is the result of the piping being
installed under high stss situationsMechanical stress cracking is defined asekiernal or internal
cracks in a plastic caused by tensile stressegcess of the local shetsdrm mechanical strengt(®)
CPVCpipe failures can stem from two mechanical failure modes: ipgrimstallation or excessive
pressureThis is not the focus of this paper.

Environmental stress is often the result of variables that impact the chemical resistance of the CPVC pipe
and/or fittings. This include8 ¢ h e manceatiation, temperatungressure, external stress and final
product quality. This can exhibit itself in several differesatys with the most common problems being
softening, degradation and cracking. Environmental stress crackd8@ {Eamechanisnby which
organic chemicalachievean extremely localized weakening at the surface of the part which pénits
propagation of a crack. It generally presents itself as a crack with dgiastiyresurfaces that occur in
regions of high mechanical stred@otential ESC agents for CRMnclude natural or synthetic ester oils,
nonionic surfactanis, alcohols and glycol so (

WHAT ABOUT CPVC AND SPF?

The use of polyurethane foam has grown dramatically in the commercial and residential market. Often
SPFis applied directly, agsulation or crack fille, to the surface of CPVC piand fittings.SPFis made
in the fieldfrom a reaction of a diisocyanate anceainblend containingpolyols, surfactars, amine
catalyst blowing agentandflame retardantéincluding phosphate estg) The polyols used in theesin



blends can bpetroleum basedr soy or other agricultural feedstock basEde polyurethaneehemical
reaction isexothermi¢ which depending upon foam thicknesses can reach temperature in excessrof 200
Based upon the eofphosphatesters as flame retardaimsspray foamand recent field failuierelatedto
othermateria containing phosphate este@RVC resin manufacturers including Lubrizol have issued
cautionary statements about the use of their products inradign with SPFE It is important to note that
foam plastics containing phosphate esters have not resulted doeamyented ESC relatdailures.Since

no qualified research exists tody support that there is nho impattbrizol issued the following

cautionary statement:

AWe are currently investigating chemical compatibi
brands. This process will take several months to investigate. Thus, at this time, we cannot say

whether such products are compatible with CPW®ile we are not aware of a CPVC failure that

was the result of chemical incompatibility with properly applied polyurethane foams, when

polyurethane foams are not properly applied there is the potential for excess heat that can lead to
ballooningoftheppe and a sub(Bequent failure. o

A number of other manufactusehave followed suit. The goal of this-sponsored research work is to
demonstrate that there is no chemical/physical impact to the performance and longevity of CPVC piping
and fittings vihenthey arein contact with spray polyurethane foam. This program will include evaluation
of the chemical, thermal and physical compdéitipof spray foam with CPVC pipg/fittings and have the
data reviewe@dnd a summary report issubd an independenthird party.

HOW DOES ONE TEST CHEMICAL COMPATIBILITY WITH CPVC?

Two test procedures 1ISO 220B@termination oResistance t&nvironmentalStressCracking (ESC)
and ASTM D543Standard Practices for Evaluating the Resistance of Plastics to ChelReeglentsre
used by the industry test method for evaluating the resistance of plastics to chemical reaigents.
current methods used to test chemical compatibility with CPVC pipe are not appropriate for foam plastics.
There ae some clear limitationdefined in the ASTMest procedure.

AThe | imitations of the results obtained from thes:
types and concentrations of reagents, duration of immersion or stress, or both, temperature of the

test, and propertieto be reported is necessarily arbitrary. The specification of these conditions

provides a basis for standardization and serves as a guide to investigators wishing to compare the

relative resistance of various plastics to typical chemical reag@uigdation of test results with

the actual performance or serviceability of plastics is necessarily dependent upon the similarity

between the testing and the emsk conditions. For applications involving continuous immersion,

the data obtained in shditne tests are of interest only in eliminating the most unsuitable
materials or indicating a probabl e@relative order o

Two of the main problems that have been identified with the applicability of this test methochto foa
plastics are the physical characteristics of the foamed plastic and the short duration of liquid chemical
contact with CPVC.

ISO 22088 and ASTM D 543 are very relevant tests for solids, liquids, gels, or adhesives containing
phosphate esters. Figut, below depicts phosphate ester migration from a fire rated caulk into a CPVC
fire sprinkler pipe. When installed around CPVC piplepsphate esters contained within these caulks have
a significant level of exposure with a clear migration pathwayedCthVC pipe.



Phosphate Ester migration through a solid substance (i.e, caulk)

Figure 1. Simulate phosphate ester migration through solid substance

However,Figure 2 representSPF when applied over the surface of @PMpe. The cellular structure of
SPF and other foam plastics limit the amount of surface area contact between the CPVC and SPF. The
pathway for the migration of phosphate estersdticedn many ways. Unlike other solid homogeneous

products, SPF is mhomogeneous. The cellular nature of the product requires that any phosphate esters
traverse a tortuous pathway along cell wall boundaries

Phosphate Ester migration through SPF

Figure 2. Simulate phosphate ester migration in foam

Once reacted, moStIPFproducts arsubstantiallycured in a matter of minutes depending on the catalysts
used. Some SPF products suggest that the chemical reaction in whiesithel end ¢ fi®8e) and t he
disocyanate (A0 si de) sdlidifiedpayurpthapetfoamd praducomfewe sul t s i n a



seconds. ASTM C 1028tandard Specification for Sprapplied Rigid Cellular Polyurethane Thermal
Insulationallows for all spray appliedgbyurethane products to be fully cured and cut for physical
properties testing after 72 hours. This relatively short cure time and short term contact with SPF in its
liquid form suggests that any chemical incompatibility between liquid components and i€ Ewill

not result in a substantial risk of pipe failure.

ALTERNATIVE TEST PROCEDURE

Since the current test procedures do not adequateigsent the exposure modevelopment oén
alternativetest scenarithat more accurately depidtse exposure scenaneas necessarylt was agreed
that the most reasonable test scensinimuld involveencasing a pipe/fitting setup in polyurethane foam.
This would duplicate field condition$he pipe fitting assemblyould be placed unddrydrostatic
pressure. Since it is important to get this information in a timely manner the test speniamditon to
being under pressureould be placed at an elevated temperature to accelerate exposure conditions.

Figure 3. CPVC test pipe with fitting

Numerous test conditions were considered aeddllowingconditions wereselected as the final

industry test protocol

e Each pipeffitting assemblyasencased in a minimum of 1 inch foam

e Thefoamedpipetest specimensvereplaced in the environmental chamber &03F and
_ambientrelative humidity
Every specimemvassubjected to a constafiydrostatic pressuraf 210 psi
The pipesvere removed at approximate3@00 hr, and 6000 hr.
Throughout the test period the pipe pressumemonitored for signs of pipauptureor leakage.
When removedfter 3000 hrs, samevith the highest flame retardant concentrations were
testedand compared to pipe without foam subjected to the same conditions

o Pipe
A Visualand microscopiexaminatim for signs of stress cracking
A Surface analyzed for phosphate content
o Foam
A Sampes analyzed phosphate migratioa positive ion electrospray (ESIS)

using a Thermo Scientific LTQ Orbitrap XL FTM#hd concentration via
ICPOES (Inductively Coupled Plasma Optical Emission Spectroscopy). When
removed after 6000 hrs, all samples not having measureable phosphate levels
after 3000 hrs were tested as described ab&fter examination and analysis,
all samples werdestructivelypressure tested to detect nasible signs 6
stress cracking.
The combination of pressure and temperatised are consistent with CPV@erformanceesting The
results will be compared taubrizol standard samples. A 9%Fonesided)confidence level will be
utilized.

TEST VARIABLES AND CONDITIONS

Basedupon the causative factors fangronmental stressracking(ESC) it was agreed that there were 5
variables that should be included in this studypetof foam, type of flame retardant, flame retardant
concentration, @y and norsoy polyol based and thickness of the foAndesign experiment utilizing a
partial factorial was constructedilizing a high and low point for each of the variables within each of the
foam types. Each experiment was run only once. The camstfaihe experimentation was 50 sampths,
capacity of the test chamber.



Types of foam

There are a variety of polyurethane foams used in buildings. The applications rangaéroomponent
foams used asfae stop gap filler or adhesivéo wall foaminsulation. In order to accurately evaluate the
chemical exposure medium densitglosedcell, low densityopencell and closedell one component
foamwereincluded in the study. Since the focus of this study is flame retardants it was decitlbzeta u
generic foam system vs commercial systemminimize variation withineachtest. The spray polyurethane
industry came to a consensus on three generic formulations to be used in the study.

Type and quantity of flame retardants

As stated earlieenvironmental stress is often the result of variables that impact the chemical resistance of
the CPVC pipe and/or fittings. Chemicascontact with the CPV@nd the concentration of them can
result in environmental stressacking Phosphate esters ahe chemical of concern in this investigation.
There are a large variety of flame retarddptosphate estergyailable for use in the SPF industBPFA
surveyed its membership to identifhat types and concentrations of phosphate ester flame retaadan
used. The goal was to identify the most commonly disede retardants

In addition the industry conducted chemical soak compatibility testing witthatine retardants listetd
identify the most aggressiflame retardanfThis test involveglacingCPVC pipe samples in containers
containing full strength TCPP and TEFhe samples were observed for two monthike difference was
marked.The TEP seemed to dissolve CPVC very quicklye TCPP sample had no visible etching or
solvation after twanonths.Figure 4 illustrates the resuliteronly three weekexposure

CPVC in TCPP CPVC in TEP

AGE 2 MONTHS AGE 3 WEEKS

Figure 4. Soak test CPVC in phosphate ester flame retardants

Based on the industry survefairéeprimaryflameretardants were identifigdr usein the study TCPR
(Tris(2-chloroisopropyl)phosphateTDCPR (Tris (1,3dichloroisopropyl) phosphate blendor one
component foam)an@EP (Triethyl phosphate The soak test allowed us to rank the materials based upon
the reaction with the CPVC pipin§EP being considered the most aggressive.



Type of polyol

It has been long acknowledged by the CPVC industry that CPVC is not chemically resistayattble
oils. The polyurethane industry has begufotoulatepolyurethane foams which aregpared not only
with petroleum based polyols but also polydésivedfrom agriculturalmaterials such as sajls and
sucrose Thesevegetableil polyolsare fully reacted productsmxdchemicaly do not resemble the starting
materials. However, thereak been concern raised in the building community around these foams and the
potential forESC To address this, a commercial open and clasid/egetable basespray foam were
added to the experimental design. These materials are prepared with ghesiardant TCPP within the
concentration levels utilized in the other experiments.

Thickness

Temperature or thermal exposure of the pipe or fitting has been identified as a key vai&ile irhe
spray polyurethane foam reaction is exothermlthough the exothermic temperature for a polyurethane
reaction can exceed 200°F it is often for a very short period of {Bimee polyurethane foam is a good
insulator the retention of the exothermic heat is dependent upon the thickness of the foatiaapplic
CPVC fire sprinkler pipe is typically pressure rated for 175 psi at 150°F. It is not usually derated for higher
temperatures. CPVC plumbing pipe is typically pressure rated for 100 psi at 180°F and can be derated to
80 psi at 200 °FHowever;mog CPVC manufacturers do not rate pipe or fittings for pressure service
above 200°F.

The heat deflection temperature or heat distortion temperature (HDT) is the temperature at which a
polymer or plastic sample deforms under a specified load. For G the HDT is approximately
220°F.The exotherm created and the presence of the liquid components before, during, and immediately
after the reaction takes place may act as a catalyzing ageinicrease the possibility &SC In order to
address theasult of the elevated temperature and its initial effect on the pipe and the migration of
phosphates, all pipe samplesresprayed at thicknessesl inchand >4 inch. This creates the variation
in internal foam temperatures. Prior to testing the sasngie thetrimmed down to Inch so that they
will fit inside the test chamber.

The completed experimental design and samples with testing schedule are listed In Table



Table 1. Sample test schedule
Type of Flame Retardant  Concentration FR, Thickness Sample Test Schedule
p . .

foam (FR) wt% polyol side Foam, in ~3000 hr ~6000 hr
Closed-cell TCPP 10 X X
TCPP 10 * X
TCPP 4 * X
TCPP 4 X X
TEP 10 X X
TEP 10 * X
TEP 4 * X
OpencCell TCPP 50 X X
TCPP 15 X X
TEP 50 X X
TEP 15 X X
OCF TCPP 5% 3o -+, * X
TCPP 10? 3o -+, * X
TDCPP 10? 3o -+, X X
No phosphate este 0 Jo -+, X

BIO-

POLYOL Opencell X
Closedcell X

* Not tested at 3000 hours to reduce ajstudy
& Concentration FR, wt% Total

SAMPLE PREPARATION

A total of 139 samples were prepared for this study. The specific quantities for each study are listed in
Table2. The pipe posed a challenge to the labs because traditionally the pipe éslgecirvall assembly
andthe spray foam is put around the samplew this challenge was met for each technology is described
below. After thesamples wererepared theywere hi pped vi a g rTesuFacditytno Lubri zol 6s
Brecksville Ohio.



Table 2. Samples prepared for test program

# For

testing #1n test # Extra for # Extra for

Type . . shipment application Total #
|np|gd|ng chamber damage improvement
initial
Closed-Cell Foam 28 21 14 14 56
Open-Cell Foam 16 12 8 8 32
One Component 16 12 8 8 32
Soy 1 Open 4 3 3 3 10
Soy i Closed 3 2 3 3 9
Total 67 50 36 36 139

Closedcell/ Opencell foams

Spraying of the CPVC pipe external to a wall assembly presented a challenge. It needed to be
encapsulated in foam and the open end needed to bieeita foam to allow for attachment of the
sample to the test chamber. The pictures in Fi§uitastrate the steps taken to prepare the egethfoam
samples. A similar procedure was used for preparation of the etetiddam samples. Standard indyst
equipment and raw materials were utilized to prepare the formulations and spray the samples.

Foam sprayed onto
pipeinmutiple layers

W / "3;
Sample ready tobe
shippedto test lab

Foam squared to specified size

Figure 5. Preparation of open-cell foam samples



One Component Foam Samples

Traditionally one component foam has linciteontact with a CPVC pipe surface because it is used to
seal or fill gaps. Because of the elevated temperature of the test it was agreed that the test pipe would be
covered with one component foam. However, it would only be appliethahthickness.In order to
insure that the foam exposure resembled traditional building practices the pipe was placed in a jig. It was
rotated as a continuous bead of foam was applied to the pipe. Bidlwstrates what the final sample
looked like.

Figure 6. One Component foam sample

Foam samplesin chamber

- Top fittings ———— — Bottom view 4

Figure 7. Samples in test chamber



TESTING

The testing was divided into 3 phases. The first was chemical in nature. It looked to detect the presence of
phosphorusife. flame retardants). The second was microscopic in nature. It looked to detect 8B8C on

pipe and fittingsurfaces. The final was physical in naturkis test ruptured the pipes and fittings via

excessive pressure looking to detect weak pointsigms of non visible ESC.

Sample Preparation

The pipe was depressurized and removed from the sample chdimbaevater was drained form the pipe
and the fittings were sawed offhe sample was than transferred to the analytical labs microscopic and
physial property lab for analysis.

PHOSPHATE DETECTION IN THE FOAM

A section of foam was removed from the pipe assembly and transferred to the analytical lab for testing.
The foam samples were prepared and analyzed using the GC method for FR identification. In the next step
ICPOES (Inductively Coupled Plasma Optical Emission Spectroscopy) was used to determine the % P
level in the foam.

FR Identification by GC

FR Identification by GChe rigid foam sample is cut into small (242 inch) pieces and placéto an 8

dram glass vial (polyseal capped only);r&Q of methylene chloride is added via apipette, and then

shaken vigorously for a minimum of 1 hr using an auto shaker. The foam plus solvent is allowed to sit for
2 hrs, after which the solventdgcanted and analyzed using GC/FID. The FR type is determined using an
optimum set of instrument parameters and known FR calibration standdrelextraction efficiency of

the method has not been determined for rigid foam samples, therefore this msetbed only to identify

the FR type.

% Phosphorus in Foam

For the total phosphate analysis ( % P level) in the foam a known weight of foam was digested with a
known volume of concentrated nitric acid in a closed microwave digestion vessel. The microwave digestion
program slowly ramps the Teflon digestion vessels to 230°C, holds for 10 minutes and then allows the
vessels to cool down to room temperature. The foam samples are completely digested following this
program. The vessels are then opened, contents transferred to a volumetric flask and diluted to volume with
DI water. The digested samples are analyzed for total phosphorus content by ICPOES (Inductively Coupled
Plasma Optical Emission Spectroscopy). Calibration standards covering the range of the samples are made
up to match the acid concentration of the samples. A nitric acid blank sample that was carried through the
digestion procedure is also analyzed.

Figure 8. Foam sample removed for testing



PHOSPHATE DETECTION IN THE PIPE

The foam was thacarefully removed from the pipe surface. A scarfer was sued to remove layers from the
pipe surface. The first 200um of the pipe surface was removed and than a sample of pipe were placed in a
vial and ready for chemical analysis.

A2

a

Pipe surface with foarmremoved Tool usedto cut sarrples

Sample remaved for testing& transferred
Remaove second pipe section 200 um to vial for testing

Figure9. Sampling pipe surface

Thepipe samplesvere than extracted with ~1 ml of methanol on a hot plate for ~15 minutes Baeh.
solvent isreduced to ~0.5mL by evaporation, was separated from the CPVC particles. About 0.5 mL
tetrahydrofura was added to the methanol extract to make ~1mL of solution.

The sample solution &g analyzed by positive ion etezspray (ESIMS), using the Thermo Scientific LTQ
Orbitrap XL FTMS instrument. A solvent background was run first, followed by thelsaolution.

MICROSCOPIC EVALUATION
The initial examination consisted of removing the foam from the specimen using a combination of coping
saw and utility knife.Once the bulk of the foam was removed, the pipe and fitting surfaces were cleaned of

residual foam using a razor blade.

Once the surfaces were exposed, the pipe, coupling, endcap, and joint areas were examined visually and
microscopically for indications of environmental stress cracking (ESC).



Figure 10. Samples analyzed for ESC microscopically

None of the specimens exhibited any indications of environmental stress cracking along the outer surfaces

RUPTURE TESTING

In some cases ESC can initiate in the CPVC but not be observable until the crack is opened by applying a
hoop stress to the pipe/fitting. This was done using hydrostatic pressure on the specimen assembly. The
pressure was increased slowly until final rupture of the specimen. Had ESC initiated in the wall of the pipe
or fitting, the specimen would fail at that weakened area, and the resulting fracture surface would show
signs of ESC.

The final rupture pressure for the specimens was approximately 1300-1600 psi. The actual pressure was
not recorded other than by observation on a pressure gage. This allowed the testing to proceed more
quickly, reducing the program costs. The actual final rupture pressure was not significant to the testing
being done. The purpose of the burst test was to fracture the specimen to allow examination of the
resulting

Rupture in sample

N

Figure 11. Ruptured sample

The burst specimens were then sectioned and the fracture surfaces examined microscopically.



