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Abstract - With the recent increase in the spread of ESS (Electric Storage System), the damage to human
life and property is also rapidly increasing due to continuous fires caused by ESS. In the manufacture of ure-
thane sandwich panels used in ESS, it is necessary to improve the flame retardant performance. In this study, in
order to realize the flame retardant properties of flexible polyurethane foam, the effect of the tissue density of the
product due to the change of the isocyanate functional group parameter that changes the physical properties of the
product on the fire performance was studied. The product was manufactured by changing the density of the ure-
thane structure, and combustion performance tests, gas toxicity tests, and smoke density tests were performed.

As a result, it was confirmed that the total amount of heat released had excellent performance when the iso-
cyanate functional group was high, and had no correlation with the maximum heat release rate. When the value
of the isocyanate functional group was 2.7 or more, the collapse of the shape could be prevented. In the gas haz-
ard test, the performance was increased when the isocyanate functional group was relatively high, so a flame
retardant for the Char system, which had a dense structure and easy to form a carbonized film, was added. con-
firmed to be. Therefore, as a result of this study, it is thought that it will be possible to lay the foundation for
the development of a flame retardant to replace the cheap urethane sandwich panel used in the past.

Key words : ESS, isocyanate, combustion performance test, gas toxicity test of building finishing
materials, smoke density test
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Material data .
MOlEiallllar NCO % Specific gravity Functional
Material type weight group
Polyol - BASF 1,000 - - 2
1,4-Butadiol - Korea PTG 90 - - 2
APP - LANXESS - - - -
Expanded Graphite (EG) - LANXESS - - - -
PI 250 33.6 1.23~1.25 2
KUMHO
Tsocyanate M-200 MITSUI 354~378 30.0~32.0 1.23~1.25 2.7
(MDI) SR-3001C CHEMICALS 366-378 30.5~315 123~125 275
CORP
SR-500 373~399 30.5~31.5 1.23~1.25 2.8~2.9

KIGAS Vol. 26, No. 3, June, 2022

- 28 -




_\_,

o aAlohlol £ 5] el Aol o5t shA) S o] 4P A AT

N,C.0 atomicweight X Functionalgroup

NCO% 100

@

Molecular weight =

A7IAM, FEE&S WER R ARHE H7]
(-OH)7} 271191 T &5 & 831 A I o] A ofH| o] E=
4.4-t] 3 d | gtr] o] &~ A| o] o] EE Fgo] 2~3 W9
ol A A&stiant FYdEHE ddAe RHde =
AHE-E I &3} 2 3 Ado] fE]dk Ammonium Poly-
phosphate (APP) <} 7-7] A GAA ZA 2B
EAFE ALTAE SR o 22 9] EAtFE
=o]7] 93l 2 AAAZ 1.4-Butanediol & #1835}
t} o] E HYshH, ¥ 1 181 T 29 2rh

AP 5] d&3 SRS $13l OH : NCO<

Table 2. Molecular weight by Eq. (1) and (2)

H-&S 1 : 1.052 393 Isocyanate:= Monomeric
MDI (PD9] 4§ AZA T5 ALE 83tk
ol A o] 7S Al zALe] Al o] A4k ok W9l 2
A 35 o A1 2 A 31 Polymeric MDIE 4,4-diphenyl-
methane diisocyante(MDI)2] @A 9} o] 59| o]
A, abeFA)|, AFEA| ©)42] Oligomer7F £38 Ao &
5 o] AlzAbe] F5 Aol ATt obd MAE &
715 o] F&3% NCO%+ HthA & 2 &3t

22 N=2=xH

AFA 5 B FE ALY Y8l o9 4 (3)
S #8319 2™ Table 4, Table 59 Zo] ALt
Isocyanate = THE A @4 5.9} 2] Table 31 78 2] 5}

Sk

Isocyanate type Molecular Weight by Eq. 2 NCO % Molecular weight
SR-500 (F:2.9) (42 x FQ.9) / 31.5) x 100 = 386.66 315 386
SR-3001C (F:2.75) (42 x F(2.75) | 31.5) x 100 = 366.66 315 366
M-200 (F2.7) (42 x FQ2.7) | 32) x 100 = 354.37 32 354
PI (F2) (42 x FQ) | 33.6) x 100 = 250 33.6 250
Table 3. Experimental material composition ratio
Specimen Polyol 1.4BD APP EG Isocyanate
product name
No ® ® ® ® wi(g)
@® 100 1 100 15 SR-500 31
@ 100 1 100 15 SR-3001C 31
® 100 1 100 15 M-200 30.53
@ 100 1 100 15 PI 29.13
Table 4. Total equivalent of OH functional groups
. . . Input Total
Equivalent material wt (g) Equivalent equivalent equivalent
Equivalent = 1000 / 2 = 500
Polyol 100 Input equivalent : 100g / 500 = 0.2 02
0222
. Equivalent = 90 / 2 = 45
1,4-Butadiol le Input equivalent : lg / 45 = 0.022 0.022
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Table 5. Total equivalent of NCO functional groups

Material

Input wt

Isocyanate
wt (g)

Equivalent = 250 / 2 = 12
PI Input equivalent / 125 = 0.222 29.13g
Input wt = 0.222 x 125 x 1.05 = 29.135

Equivalent = 354 / 2.7 = 131.11
M-200 Input equivalent / 131 = 0.222 30.53g
Input wt = 0.222 x 131 x 1.05 = 30.53

SR-3001C

Equivalent = 366 / 2.75 = 133
Input equivalent / 133 = 0.222 31.00g
Input wt = 0222 x 133 x 1.05 = 31

Equivalent = 386 / 2.9 = 133
SR-500 Input equivalent / 131 = 0.222 31.00g
Input wt = 0.222 x 133 x 1.05 = 31

Table 6. KS F ISO 5660-1

Item

Reference

Total heat released

The total amount of heat released for 5 minutes after starting heating should be 8MJ/m2 or less

Maximum heat release
rate consecutive seconds.

The maximum heat release rate for 5 minutes must not exceed 200kW/m for more than 10

Shape and thickness

After heating for 5 minutes, there shall be no fire-damaging cracks (meaning deformation where the
test specimen is cracked and the bottom is visible), holes (meaning deformation where the bottom is

reduction visible from the surface), and melting (meaning the test specimen is melted and the bottom is visible)
and some melting and shrinkage shall not exceed 20% of the thickness of the test specimen.
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Fig. 1. Combustion performance test — Heat release, smoke generation, mass reduction rate-Part 1: Heat
release rate (cone calorimeter method) (KS F ISO 5660-1 2018)
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Fig. 2. Test method for gas toxicity of building finishing materials (KS F 2271. 2019).
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Fig. 3. Standard test method for specific optical density of smoke generated by solid materials.

(ASTM E 662, 2015).
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Fig. 4. Results of combustion performance test - Heat relese, smoke generation, mass reduction rate — Part 1
: Heat release rate (cone calorimeter method, KS F ISO 5660-1).
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Table 7. KS F ISO 5660-1 result
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® 9 MJ/nf 50~65kw No cracks. 12.8mm increase No melting
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Fig. 5. Results of test method for gas toxicity of building finishing materials (KS F 2271).
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Fig. 6. Results of standard test method for specific optical density of smoke generated by solid materials

(ASTM E 662).
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Table 9. ASTM E 662 result

Result
Running time (sec) | Maximum smoke density Observation
No
) 1300 120 Smoke is generated initially and slowly decreases
@ 1127 132 Early smoke generation and maintenance
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Fig. 7. Comparison of standard test method for specific optical density of smoke gene-
rated by solid materials.(ASTM E 662)
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