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2.1. Fire retardant materials

Fig. 1= APPY] Fx21& Yehiiglon, #x42¢] S+ [NH, PO,l(0H),
o] BzpAls 7FAH 240 °Coll A ¢y o9} Phosphoric acid® &af €t}
2 (D2 ol & Yerdith vl AE 2 2~(Cellulose) ¢t 7] carbon-based
poly-alcohols®] &3} 285 3= 4F ZFHujA =4 Z83t). = Phosphoric
acid( H, PO, =polyphosphoric acid (HPO,),)= <ol E°H43 Phosphate esters
& FAs7] fstel 4F1F(ROH, R=4Z7)) ¥ A whggirt. 2 (2)dd A

%ol o AHEZ+ Carbon dioxide(CO,)E "WE3l3L Phosphoric acid

&

catalystE AAA7]7] 98] BolLH=2 Wha S

R

AAE EA42 co,(Non-flammable carbon dioxide)®] W& ¥7] &

A240°C
_—

INH, PO, |(OH), (HPO,), + NH, (1)

H,PO, + ROH— Phosphate esters— phosphoricacid + CO, 1 (2)
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Fig. 1. Molecular structure of APP.
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Fig. 2. Molecular structure and synthesis of PER.
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Fig. 3. Molecular structure of MEL.
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2.2. Intumescent mechanism

WY gaAe WAUZE G5s 48aE A A APPS @l
&

Principal

structural parts Carbonaceous char

Heat Source

PER g ‘MEE

arbon source blowing agent

Ny, Weic
| =0 o0, ) N, LOS )

H,PO, + ROH— Plvephate «ses

ol [
CHN s NE, —>Na't + B0}

CHAR LAYER Outer surface

Fig. 4. Model of the intumescence.



Binder/Polymer softener

l

The pyrolysis of APP produce Polyphosphoric acid and

release NHsj

A > 250C

[NH, PO, |(OH), (HPO,), + NH, 1

l

Synthesis of APP and PER becomes carbonaceous char

(HPO;), + CH(OH), — [C],+ (HPO,),-mH,0 !

l

Non-flammable gas release for blowing agent

A 0,

Foaming of mixtures

Cross-linking reaction by Char layer

Fig. 5. Mechanism of formation of intumescent carbonaceous foam.



31.1. A4

A7z FAe WAl d e KS F 2257-1& o] §3dto] Alds A
ZAstgom, AA Z7]E= 10 ecm x 20 cm x 6.2 cm® T-Bar JEH 2

Al 2Fs A
312. 9%

Ulshese] 8 Al APPE Hangzhou JLS Flame Retardants Chemical(F
)l JLS-APP AlFS T letd e Table 191 APPO] 574& UERITH
wd, &3t= FYAQ PERE Perstorp(2= 9] 9ol A, Charmor PM40 #1%°] &
A& Table 2] Yeple w3 A9 MELS (52)Yong's Corporation(gt=)
of| A Melamine cyanurate A%< AF&3tl v MELS 54 Table 39| U}
EF A et

L85 ke AR EA B A FXIQ) Epoxy resine ()7 =8}8sK( g

ar)oll A YD-128 (diglycidyl ether of bisphenol A type)S AZAIZHE Algito} A}
23lom, 8udl Xylene2 (F9)SK Chemicals(gHm)ollA] O-AHL &S, A[UA g39-&
T H7HIR] TIO= (F5COSMO Chmical(3F=)oll 4 COTIOX KA-100, Fumed silica
(Si0,)&= Evonik Operations GmbHellA] AEROSIL R972 #|35-S KARZHE Algito}
ARt e, Astateld(Chorinated paraffine)< XINGYANG NO.10 Chemical Co(

o)o)| A chorinated paraffine 7042 PAFZHE Algttol ARSI



Table 1. Characteristics of ammonium polyphosphate

Chemical name JLS-APP

CAS No. 68333-79-9

Structural formula [NH, PO, |(OH),
Specification Index Results
Appearance White power White powder
Phosphorus, % , m/m 31.0 - 320 31.8
Nitrogen, %, m/m 14.0-15.0 14.4

Solubility in water(10%6 suspension)

% m/m < 0.50 0.10
li;j')ssi‘fy(s 25 C, 109 suspension) 100 38
Water content , %, m/m, < 0.25 0.06
Particle size(>100 um), m/m, %< 0.20 Pass test
Density at 25 C, g/cn 1.85-2.00 Pass test
Average particle size, ym Approx. 18 Pass test
pH value Saaith 6.2
Acid nuber, mgKOH/g, < 1.0 0.06




Table 2. Characteristics of pentaerythritol

Chemical name

Charmor PM40

CAS No. 115-77-5
Structural formula C(CH,OH),
Mono pentaraerythritol content % Min. 98
Hydroxyl number 1625 - 1650
Particle size < 40 um Min. 98
Water content(%) 0.1
Melting point(C) 260 C
Water solubility(25 C) 33 C
Oil absorption number(ml/100 g) 41 ml/100 g

Table 3. Characteristics of melamine

Chemical name

Melamine Cyanurate

CAS No.

37640-57-6

Structural formula

C3HyNy Oy

Appearance white Powder(Solid)
Item Specification Results
MCA(%) =>99.5 99.70
Whiteness =96 974
Excess cyanuric acid(%6) <0.20 0.15
Volatile(%) <0.20 0.03
PH 50 g/L(water) 5.0-7.0 6.53
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1A S X = PAFA A A ZFste] AF-&3)
= Fig. 69 YA, T899 =32 PALY =4S sAAE %)
50 cm x A2 50 cm x =9] 50 cm)© PAFol Al AHA]
G5 o] &3l sl or, MEFe=

==+ Fig. 79 YER ST
A& Elcometer?] Digital coating thickness gauge A456CE 9]

g3te] 3% FAE 249

=

%

RPM

D Air inlet damper

@ Supporter
@ Mixing motor

© RPM

@ Mixing a pivot ® Power supply

Fig. 6. Schematic diagram of experimental apparatus for mixing equipment.
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Temperature monitor

@

(D Test panel supporter (® Temperature programing

@ Thermo couple box of furnace
@ Insulation material ©® Power supply
@ Electric coil (@) Temperature monitor

Fig. 7. Schematic diagram of experimental apparatus for fireproof measurement.
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4. 4d23 3 1

4.1. Ammonium polyphosphate?] # 7% z=Ad

Carbone source?! PER®} Blowing agent MELE 1:1 H| &% 143 + &
WHge 27 FulA= #efds APP TEE 0, 1, 2, 3u2 WEAA 7HEA
APPel HA wEE dotre Ads s Table 49w 24 =]
et Group 1ol2t A @ =1
A2P1IMI, A3SPIMIZ 93}

=2

Ho=z 77 AOPIMI, AlPIMI,

Table 4. Sample composition of the group 1

Molar ratio

Sample

APP PER MEL
AOPIM1 0 1 1
A1PIM1 1 1 1
A2P1IM1 2 1 1
A3PIM1 3 1 1
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Fig. 8. Dry film thickness of the group 1.
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Expansion volume [mg]

110

100 L APP:PER:MEL
5 s 0:1:1
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80 |- ® 2:1:1
70 L e 311
60 |-
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40 | {
30
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0 [ = i
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Molar ratio of APP

Fig. 9. The relationship between molar ratio APP and

Expansion volume in the group 1.
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Relative index of density [%]

110

100 |
00 |
80 |
70 |
60 |
50 |
40 |
30 |
20 |
10 |

APP:PER:MEL
W T s 0:1:1
I & 1:1:1
& 2:1:1
e 311
1 1 1 1
0 1 2 3

Molar ratio of APP

Fig 10. Comparison between molar ratio APP and

relative index of density in the group 1.
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4.2. Pentaerythritol®] % %A

Group 1941¢] Ad

Table 5. Sample composition of the group 2

Molar ratio

Sample
APP PER MEL

A2POM1 2 0 1
A2P1IM1 2 1 i
A2P2M1 2 2 1
A2P3M1 2 3 1
A3POM1 3 0 1
A3PIM1 3 1 1
A3P2M1 3 2 1
A3P3M1 3 3 1
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DFT [pm]

4000

3000

2000
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3

Fig. 11. Dry film thickness of the group 2.
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Expansion volume [m€]

110

100 [ | APP-PERMEL
! s 201
90 - A 211
golL | & 221
: e 231
0F | o 301
60 | 3:1:1
50 | k‘ 321 -;
I 331 ; E
40 I ’

30 L ¢
20 |
10 [

Molar ratio of PER

Fig. 12. The relationship between molar ratio PER and

expansion volume in the group 2.
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Relative index of density [%]

110

100+ m
90
80 |-
70 %
60 L APP:PER:MEL = i
s 2:0:1 I
0 4 21 L "
40 _ & 221 ( F
- e 231
30_‘ m 301 {
20 |- & 311
10 L "*. 3:2:1
L | 3:3:1
0
| | 1 |
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Molar ratio of PER

Fig. 13. Comparison between molar ratio PER and

relative index of density in the group 2.
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4.3. Melamine® 2 =ZA

Group 2 A REY S F3to] APP:PERS H &2 3
o5 EUE vlx]4 Blowing agent$! MEL® FAHE ZAASE A%
3J &tk Table 691+ Group 3¢ A= APP:PERY ZAHE 312
APP] T8 55 Uolry] 9J5te] APPPERS ZAH| 2:11% o] A3
s 3to] H kT,

Table 6. Sample composition of the group 3

Molar ratio

Sample
APP PER MEL

A2P1IMO . 1 0
A2P1IM1 2 1 1
A2P1M?2 2 1 2
A2P1IM3 2 1 3
A3PIMO 3 1 0
A3PIM1 3 1 1
A3P1M?2 3 1 2
A3P1IM3 3 1 3
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Fig. 149+ Group 3914 APP¢} PERY FAwE zZ+zt 211, 312 1A

Zo] MELY ZAHE 0, 1, 2, 322 Z7MAA B3-S W, Group 29 2382
b FARHA YElg e 4 T12o B4 FA= Fough Zo] glo] &

5% B4R 2w 4L Fasan
4000 |
i 1 4 4
5 !
» ¢ ?
3000 |
H
=
- APP:PER:MEL
- | 210
0 2000 & 21
® 212
® 213
m 310
1000
o0 |
> 312
O
0 1 1 I 1
0 1 2 3

Molar ratio of MEL

Fig. 14. Dry film thickness of the group 3.
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Fig. 159 APP¢} PERS sdatAl #FAletal MELS =A4HE W3t A7
Suje] AEARE e A2 A APPPERMELY AH 7k 2:1:1, 3i1:10]
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Ao APIMIAA &= 3442w S &1E 4 9t} Blowing agent$!
MEL® &S 53S vl A2PIM2, A2PIM3olA A2PIMI1RE T Z+7b 4.49%,
25.96%92] 7AW, ASPIM2, A3PIM3lA A3PIMIEth 72 57%$ 13.4%
o 25 sl wekA MEL g3e] v S7he 33 daAe 3%
g 7t 2 4TS vAA Rshdlon, 2:01:19 2R HTE 3119 24N

AR Lgz IAYE Feelxe] APPY] Hl&o] vH& HAA 9 7 Fo3d o
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Expansion volume [m@]
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Molar ratio of MEL
Fig. 15. The relationship between molar ratio MEL and

expansion volume in the group 3.
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Relative index of density [%]

110

100 - =
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Fig. 16. Comparison between molar ratio MEL and

relative index of density in the group 3.
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44. A ZIE = F7HE TO, o83 B3 = 49

A B FAA= F= s AAo] B GERAA FAAE AT W
Rog g FES WMo} d A T EANES JHAZ Y,
olgid wAlES dAsty] fste " AUAES dodl= FHIHA
(Synergic agent)E£9 A7} HaAs gt oy HIMA T s 55E5
(MgO, Fes03, MnO,, ZnO, NixO;, )= ©] 83 A2 ATE%E HaPr o9k
ow? 24 7] o 2% phosphoric acid B4 Al NHy7F sl@lslar oo &<
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Table 7. Sample composition of the group 4

Molar ratio

Sample
APP PER MEL TiO9
A3PIMITO 3 1 1 0
A3PIMITO0.5 3 1 1 0.5
A3PIMIT1 3 1 1 1
A3PIMIT?2 3 ! 1 2
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Fig. 17. Dry film thickness of the group 4.
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Fig. 18. The relationship between molar ratio TiO, and

expansion volume in the group 4.
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Fig. 19. Comparison between molar ratio TiO, and

relative index of density in the group 4.
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An Experimental Study on the Optimal
Composition Ratio of Ternary Systems

Flame—-Retardant Paints

Han-Young Cho

Dept. of Fire Protection Engineering, Graduate School,
Pukyong National University

Abstract

The optimal composition of APP, PER, and MEL, which are for
the expansion of ternary systems flame retardant paints, was
explored. Dry film thickness test showed physical property as a
coating paint. Measuring expansion of char layer and density loss
by a gas emission eg. No and H,O, after exposure at 800 C for 30
sec. represented intumescent properties.

In addition, To test a synergistic effect in APP/PER/MEL system,
TiO, was investigated as dosage-dependent manners. We found out

addition of TiO, showed the increase of the char layer formation,
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the following conclusions were obtained.

(1) In the composition ratio of Ammonium poly phosphate:
Pentaerythritol: Melamine(A1P1M1), as a result of comparison
with the negative control (AOP1M1), the expandability in-
creased 23.1 times when AZ2P1IMI, and the expandability in-—

creased 30.55 times when A3P1MI1, significantly increasing.

(2) It was observed that as the number of moles of Ammonium
polyphosphate increased, the expandability increased and the

density decreased.

(3) When the number of moles of pentaerythritol was increased,
the degree of expansion decreased and the density tended to

Increase.

(4) The expansion degree with respect to the change in the

number of moles of Melamine decreased, and the density

tended to increase slightly.
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(5) When the ratios of amounts of ternary systems material are
the same, the change in the thickness of the coating film by
Ti0, does not significantly change depending on the amount

of TiO; added.

(6) Where ratios of amounts of ternary systems materials are the
same, the expansion degree with respect to the change in the
number of moles of TiO; slightly increased, but the density

slightly decreased.
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