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Change of physical properties of urethane foam by adding

the fire retardant materials

Chang-ok Kim

Department of Industrial Chemistry
Graduate School of Industry
Pukyong National University

Abstract

Polyurethane foams, with the related polyisocyanate foams, compose
the largest and most versatile family of rigid, thermoset polymer
foams. Both types are formed by exothermic chemical reactions among
liquid, usually low viscosity, starting materials. Variety in the starting
materials allows foam properties to be changed to meet the needs of
specific applications. Rigid polyurethane foams will decompose and burn
under the severe conditions that exist in a large fire. Usually, fire
retardants inhibit ignition of the foam and retard the dynamic reaction
which occur in a fire. In this work, we Iinvestigated the change of
physical properties ofrigid polyurethane foam by adding the fire
retardant material, tris(2-chloroethyl)phosphate(TCEP). From TGA
measurement, the structure and size distribution of cell evaluated by
SEM, we could find the optimum amount of TCEP which added for the

thermal stability of the urethane foam.
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Table 1. Properties of halogenic phosphated ester for fire retardant

materials
. ) Phosphate| Halogen
Classification| Chemical name Uses
(%) (%)
Tris(chloroethyl) . PU, PVC,
10.8 Cl 37
phosphate (TCEP) Polyester
PU,PVC,
Tris(dichloropropyl) Polyester
PIOPYVY 72 | 1 495 d
phosphate Epoxy,
Phenol Resin
. Tris(chloroethyl) PU, PVC,
Halogenic _
phosphate 9.5 Cl 32.6 Polyester
phosphated
(TCPP)
ester Bis(2,3-dibromo- PUPS, PVC,
propyl) - Cl 11.6 Polyester
2,3-dichloropropyl ' Br 52.6 Epoxy,
phosphate Phenol Resin
. . PVC, PU,
Tris(2,3-dibromo-
4.4 Br 63.7 Epoxy, Acryl,
propyl)phosphate
Phenol
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2. 4% U
2.1 49 A=
2.1.1 Z2( Resin Premixer )

Zo)e, =), AZA, 2 e A So] EFRHY Jde 4N EYE
Z3] of g 2 (Polyether polyol) @ Z&] o] ~HZ Z&]Z(polyester polyol®]
a

Fes s AAA, Berlgel mel 9s EE Efdte] ARl AR

ol B § 29 7o

>

M
AC

Table 2. Physical properties of polyol used in this work

Polyol OH value Viscosity Water USES

(mg KOH/g) | (cps/25T) | content(%)
OHv-360 | 350 ~ 370 | 3000~4000 Max 0.1 General
OHv-482 | 460 ~ 500 |35000~55000 : high functional
OHv-640 | 625 ~ 655 |15000~17000 ) Aliphatic Amine
OHv-280 270 ~ 290 200 ~ 300 * high reactive

=
o] f3f, wEsbxel B cell FE WA Fuje UEEE 2E R 494



NS 8] AFEET 2~3 279 =& 2l ALgdY. REAE F,
R-11, HCFC-141b, cyclopentane 5°] AH-&H Tt}

2.1.2 7 3}tA|(Isocyanate)

= o] Al2® o]AAlold|o] E(isocyanate)s AAEok A Fgf-dg
Z Azo] Z gA AeHn Jde HEAFoZA polymeric MDIelw. &
isocyanates Ao Aol AEoR -20C7HA HF L FHFo] &ol5tH
woml Ae|2 4,4-di phenylmethane diisocyanate®] @A MDIS} o] £ 9
olgka), ab=EAl, AlgEA], olAte] 2 avtrl TEEHO] AdE Huh 125cps2

5C)9 B9t ¢k 2.3 ~2.89 #F71E MR

M
A

Table 3. Properties of isocyanate used in this work

Item Unit Result
specification

-NCO Content W% 30.0 ~ 32.0
Viscosity(25T) cps 60 ~ 110

Water Content % Max 0.3

Acidity T Max 0.1
Specific gravity(25T) 1.23 ~1.25

General properties

Appearance liquid
Boiling point T 200 ~ 208
Freezing point T MAx - 20

Vapor pressure(257T) mmHg Nothing
Flash point T 177 ~ 218
Molecular weight g/mol 340 ~ 400

_‘[7_




2.1.3 #718 A=

==

B oo AbEE JdaAE tris(2-chloroethylphosphate (TCEP)2. = &t
A2 olg] ¥ 49 o

Table 4. Properties of TCEP as the fire retardant material

Properties Unit TCEP
APHA color max 50
Acidity meKOM/s 0.1

max
Water content wt% max 0.1
Specific Gravity 25T 1.420+0.01
Viscosity cps(257T) 37+3
Phosphorous content wt % 10.9
Chlorine content wt % 37.3

_18_
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oA ALgEE FAo mighe ofe) F 5 ¢ 2T

Table 5. Recipe of the resin premixer for the polyurethane foam

Division Component uses
Polyol 100

Water 0.5

Surfactant 1.00
Resin Catalyst 2
premixer Flame Retardant )
Additive 2

Closslinker 1.5

Blowing Agent 25

_‘[9_.
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Table 6. Recipes of urethane foam for the flame retardant tests

Class Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5 | Sample 6
Polyol 100 100 100 100 100 100
Water 0.5 0.5 0.5 0.5 0.5 0.5
Surfactant 1.00 1.00 1.00 1.00 1.00 1.00
Catalyst 2.00 2.00 2.00 2.00 2.00 2.00
Flame
retardant free 5 10 15 20 25
(TCEP)
Additive 1.0 1.0 1.0 1.0 1.0 1.0
Crosslinker 1.0 1.0 1.0 1.0 1.0 1.0
Blowing
25 25 25 25 25 25
agent
Total 130.5 135.5 140.5 145.5 150.5 155.5

_20_
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Figure 1. Schematic diagram for the preparation of the urethane foam.
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Figure 2. Bunzen burner used in this work.

g Ald
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Figure 3. Mackel burner used in this work.
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Table 7. Comparison of the flammable test and the heat—-smoking test

for the flame retardant material

Classification Flammable TEST Heat-Smoking TEST
The Law of The Law of the fire
Connected Laws . o
Architecture fighting
Gas class Propane butane
Burner type Bunzen burner Mackel burner
Flame temperature About 500T About 800T
Flame shape the fan the circle
Flame position 90° 45°
Pre-treatment mathod free drying the 24hour

2.4.3 SEM #A

4 e BRse] E AdolAel cellel AL TASGY. 2ol F
Al cells) 74 Mde F AA 45e A9 YRR oFF Fad
Az SEMelA 2,37 74 WdhA B2soe F el gln celle) W
ol W BAET) FFL FAY] 9e) 4 Sampled) BEE ZASA

.
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Table 8. General properties for the polyurethane foam prepared in this

work

Sample |Sample|Sample |Sample|Sample|Sample

Classification Remark
1 2 3 4 5 6
Density 31.2 31.0 30.8 30.6 | 30.3 30.1 kg/m®
Thermal kcal/mhr
o 0.0138 10.0136(0.0135]0.0136{0.0134(0.0133 X
conductivity C
Compressive _ _ _ 9
1.71 1.72 1.74 1.78 1.81 1.83 | kgf/cm
strength
Closed cell
92 92 92 91 91 91 %
content
Absorpti /100
sorprion 15 | 16 | 15 | 17| 16| 17 | ¥
property cm”
Low temperature
. -1.05 - - - - ~-0.75 %
stability
good
perfect
Flammable (after KSM
. flame 25 45 76 115
properties 120sec| 3809
(20sec)

)

Carbonized area | 115 110 83 67 45 30 cm?

Carbonized length 16 15 13 11 9 7 cm
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Table 9. Characteristics of the urethane foam prepared in this work

Classification | Samplel | Sample2 | Sample3 | Sample4 | Sampleb Sample6 Remark
Insulation Excellent |Excellent| Excellent | Excellent |[Excellent| Excellent
Water proof
Excellent |Excellent| Excellent |Excellent |Excellent|Excellent
effect
Construction | Good Good Good Good Good Good
Flammable Non-flam
. flammable < < < < Exposed fire
properties mable
Occured
. Large small existed
poisonous i < < < < .
Quantity quantity flammable
gas
Flammable of
the other Fired < < < < not exist
material
The first
stage )
X impossible < < < < possible
repression a
find
Self
. . . Not . . . .
insulation Not exist -, Not exist |{Not exist| Exist Exist
exis
properties
Existed
prefected .
Flammable flammable de.n.l
. condition
effect in exposed < < < <
. fire in exposed
touched fired| ¢! fire in
20sec
120sec
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[ Sample 6 ]

Figure 4. Photographies of flame retardant test for Sample 1

and Sample 6.

Table 10. Flammable test by bunzen burner

Class Sample 1 | Sample 2 | Sample 3 | Sample 4 | Sample 5| Sample 6
Size 150%15*30

Temperature about 500T

Flammable | 7. 42 1o7¢ | 181 | 2005¢ | 241
time
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Table 11. Heat-smoking test by Mackel burner
Class Sample 1 { Sample 2 | Sample 3 | Sample 4 | Sample 5 | Sample 6
Size 290%190+%30
Temperature about 800T
Carbonized
arbomize 170mm 145mm 129mm 105mm 95mm 75mm
Area
olubd 0 @ Spray foame Aol Fol 7)ol dis] AFHe] Fotstr
A AN BatEE Adko] ZFehy, 74 FEEE wEd AEE 2N A
G, weddel gEol Fle4s wgwdel Za 4¥e 2 5 AN
Sample 6 712 7VEA 37lol A <k Ado] Au Bt Al e AAGE
Bolon AW(290%190%30mm)S Z+2t 3708 Fhl sk 72MZF AxE = 120
Z7F °F 800C2 2xoA 22 HE AES & A7 #3HA(XE) 80mm
A Fobol e i ARe noln

14,

)

g3k Zol 20 cm oo

_3‘]_



3.2 Cell +% &4

durr o g et Fo] celle) AP wigade] 247 AgA] A4, A
o 9l wke ZA0 wel FeEon Broh 2 AlgeA Aze SEMow
zZAs A, cell AA FAAHQA FA E} YL Sample 1914 7H8
$5e 232 Bgow, ddAe dFo] FHEFSE dd gde TUEHE
A7E Koy, cell o AHe 7] BEXE HolXa, w3 & "HolAE
AE B

B Asle g dUdoeze fdg 4% AAE (-OH7I (-NCO 1 :
1 wigoly A&s] gs Aol 1 : 1 wigolyt P&3] shot AgdelA 1 :
< 7Hdth

o
B
=
=
o
%)
Z</

7 9]
A 2 9] Index ghol WEle] E o
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(Sample 6)

Figure 5. Microphotographies for urethane foams used in this work.
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3.3 TGA(Thermogravimetric Analysis) %2
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Figure 6. TGA Result for Urethane foams
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