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Abstract : Halogen free intumescent flame retardants(IFRg), such as the mixture of melamine phosphate(MP) and
char forming agents(pentaerythritol(PER), di-pentaerythritol(DiPER), tris(2-hydroxyethyl) isocyanurate(THEIC)), were
prepared and characterized. Polypropylene(PP)/IFRs composites were also prepared in the presence of ethylene dia-
mine phosphate(EDAP) as a synergist and used into flame retardant PP powder coatings. Thermoplastic PP powder
coatings at 20 wt% flame retardant loading were manufactured by extruded and then mechanical cryogenic crushed
to bring them in fine powder form. These intumescent flame retardant powder coatings(IFRPCs) were applied on mild
steel surface for the purpose of protection and decorative. It is a process in which a IFRPCs particles coming in
contact with the preheated mild steel surface melt and form a thin coating layer. The obtained MP flame retardant
was analyzed by utilizing FTIR, solid-state *'P NMR, ICP, EA and PSA. The mechanical properties as tensile strength,
melt flow index(MFI) and the thermal property as TGA/DTA and the fire safety characteristics as limiting oxygen
index(LOI), UL94 test, SEM were used to investigate the effect of IFRPCs. The experimental results show that the
presence of IFRg considerably enhanced the fire retardant performances as evidenced by the increase of LOI values
17.3 vol% and 32.6 vol% for original PP and IFRPCs-3(PP/MP-DiPER/EDAP), respectively, and a reduction in total
flaming combustion time(under 15 sec) in UL94 test of IFRPCs. The prepared IFRPCs-3 have good comprehensive
properties with fire retardancy 3.2 mm UL94 V-0 level, LOI value 32.6%, tensile strength 247.3 kg/em’, surface
roughness Ra 0.78 pm, showing a better application prospect. Through IFRPCs-2(PP/MP-PER/EDAP) and IFRPCs-3
a better flame retardancy than that of the IFRPCs-1(PP/MP/EDAP) was investigated which was responsible for the
formed more dense and compact char layer, improved synergy effect of MP and PER/DiPER.
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Table 1. Information of the char forming agents
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W ofue} AAA o)A = ik o] 7t o]f=
o= MPE] A welsl A Ba’ g
v} 9lom, Es| WA U A|(Intumescent Flame
Retardants; IFRs)+«= AF AJE(acid source), char &4
AJE(char forming agent) & 7} ¥R AJE(blow-
ing agent)} o] 37b LAm TAHH, LA
WA chart 4 s} 1EAIS} AelAtolo] el
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lene(PP)#] ©}-9-t] F B A|(Intumescent Flame Retar-
dant Powder Coatings; IFRPCs)E A|=3}7] 3lAl
241 melamine™} phosphoric acidZ25-E WH3-A]71
2] 4~-91 7] melamine phosphate(MP)o]] pentaerythritol
(PER), di-pentaerythritol(DiPER) %! tris(2-hydroxyethyl)
isocyanurate(THEIC)2- =¢3}o] HHAFA] WA (MP-
PER, MP-DiPER, MP-THEIC)Z 7| %5}o] o] 9]

Char forming agent Abbr. Molecular formulas Chemical structure
CH,—OH
pentaerythritol PER C(CH,OH)4 HO — CH, — C——CH,—OH
CH,—OH
CH,—OH CH,—OH
di-pentaerythritol DiPER [C(CH,0OH)3(CH)].0 HO— CH, — CH, — O —— CH, — CH,—OH
CH,—OH CH,—OH
CHZCH20H
tris(2-hydroxyethyl) THEIC C5N;05(CH;CH;0H)3 (ﬁ/ \(
1socyanurate
HOCH,CH, N\H/ CH,CH,0H
o
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Melamine phosphate(MP) YA S HI-S-A|7|7] ¢
3}o] melamine(CsHgNe, Junsei chemical AP} phos-
phoric acid(HsPOs, 85 wt% solution in H,O, Junsei
chemical A= SHAIokS W o] HAlglo] L=
ARE-5FRLE Carbon sourceS 3313 Ql& char
forming agent=. pentaerythritol(PER, Daejung chemi-
calA}), di-pentaerythritol(DiPER, Samyang chemical
corporationA}) 2 tris(2-hydroxyethyl) isocyanurate
(THEIC, Wako pure chemicalAhE- v]2] HF-3-$F MP
of Z}7} E3tsto] WA FAA(IFRs)E Al =5H
S Table 19 char forming agento]] T3l EA}A]
g st s UEhiSith 71e daridAlRE
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chemical A\DE AE-3}5 S base resin® Z PP=X]
(R930Y, Density=0.9 g/em’, MFI=4.5 g/10min, SK
global ChemicalAhE AM2-3F3 Tt

2.2, ey
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S0l A 147t WHEA]A melamine =8908 A3t
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10 pm ©]&}e] MP H| Al &S A 2353t

T a=
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Fig. 1. Flow diagram of the preparing process for MP flame

retardant,
2.2.2. MP Qi3 ztel
MP 918-& BHelsly] 9lte] FTIR AHEHS

Z )4 33w Al(Fourier Transform Infrared spectra;
FTIR, Vertex70, BrukerAhE ARE-3}o] 600~4,000
cm’ o] Mo A KBrz ¢33t pellet A|RE U5
o] 243} t}t. Melamine} phosphoric acid9] -
o i 12E Slsty| glekel wAVE |
4 E337](600 MHz Solid State Nuclear Magnetic
Resonance Spectrometer; NMR, UnityINOVA600, Va-
rianAhE *'P NMR spectrume 24319tk *'P NMR
B0 H;P0«(85%) external standard= 3} Table
29} 72 2o g SASHGE MP ddA 9] A
4, 9 RS YAEA7|(Elemental Analyzer;EA,
Vario micro cube, ElementarAP@} §-=ZAstZt=
u} AZFEA] 7| (Inductively Coupled Plasma Mass Spec-
trometer;ICP-MS, Varian 820-MS, VarianAhE Al-&-

Table 2. Operating conditions for solid—state P NMR analyzer

Item Condition
Instrument UnityINOVA600, Varian
Frequency 242.861 MHz

Number of scan 64
Tipping pulse 30°
Delay time 80 sec
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2.2.3. IFRs M=

YA GAA = MP 75 wt%o] carbon sourceS
353131 Q)&= char forming agent= 4] PER, DiPER
9 THEICE ZH7} 25 wt% H7HE =5 114237
(Super mixer, AR-250, ThinkyAhZ2 &3}5}o] MP-
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7] £5to] A|AFE H-4]7|(Differential Thermal Analy-
sis; DTA, TA-Q600, TA instrumentAP)E- ©]-8-3}o] air
HL7] sloflA 425 % 10C/min ZRALSE 600T
A H2AFEA BD W e dEe ZYskl
o, 50 mg2] IFRs2 550C 3)3}2(Muffle furnace,
SJ-1009, So jung measuring instrumentAP)o] 557+
WA gk & char P44 W RS A WS
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v FRAL FAA A7 IR ol
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S deye WSSt HYENY BAA
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Table 3. Formulation of the IFRPCs

 Je1E,

Component Content(wt%)
IFRPCs-1 IFRPCs-2 IFRPCs-3 IFRPCs-4
PP 77 77 77 77
MP 20
MP-PER 20

IFRs | MP-DiPER 20
MP-THEIC 20
Synergist* 2.5 2.5 2.5 2.5
Dispersion agent** 0.5 0.5 0.5 0.5
Sum 100 100 100 100

:§ynergist : EDAP(ethylene diamine phosphate)
Dispersion agent : Fumed silica
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#47](Cryogenic mill, PGM-030, Palgi*hE AM&-
stov EAAAIR 1 kgd 4~6 kg2 Ao} A4
7t TRste] Ea7] Y 2% 5 -175TCR &+
2)3kal B4 % 5,000 rppm 2 A4 300 pm ©]3}
o YAA7NE s Y54 2 mesh 4183}
halogen-free IFRPCsE A %3}t

2.2.5. IFRPCs SMAIE

IFRs %20 w}2 [FRPCs?| 8§32 4] 5(Melt
Flow Index;MFI, MP600, OlsenAP)= ASTM D 1238*"
o 2175k 230, 2.16 kg ZACE =A3I% 0
o AIFHY = WHs A=A 7] (Universal
Test Machine;UTM, DEC-B500TC, Universal testing
machineAP)E ©]-83}0] crosshead speedS 50 mm/
min 27102 ASTM D 638% 37A¢] wle} 574 A|
HA BRAS Tk

2.2.6. FRPCs Q5L

B FAAES FRoke IFRPCse] A 54
& H7ksh7) ste] IFF 247](Thermo Gravi-
metric Analysis;TGA, TA-Q600, TA instrumentA})E
o]-g-5to] air £9]7] sloflA &%= 10C/min =
22 600 C7HA] 5-2A171HA] Fol| 2]t IFRPCs
o] MeFHEE ZHsto] Ak sholh

2.2.7. IFRPCs BIxjOHM M A&
KS M ISO 4589-2°¢] Z3}6] 150 mm x 7 mm x
5 mm(ZtEXA|ZxFA) O] AFHo R 1R 52
o] A4l LA AkAo] ol ARG (LI-
mited Oxygen Index;LOI, On-1, SugarhE =743}
Ak olwf AlFHO] AejREe 23£2T, 50+5%
RH.2 3}l Ao} A0 SF7EA Faee]
22 114 Umin2 & ARAETEE 02 vol%d Z71HA]
FYstdA LOI g &5kl E3F IFRPCs
o] UL 7l5l7] 95ked 125 mmx13 mmx3.2
mme] A|FHE A 2Fsta AR 2|(2342C, 50+5%
R.H, 48 hr)= A X Fig. 29} ZHo] UL94 52| A AA|
HAol ofsf dAdS SHsHlom, Table 49}
22 W71z wheh V-0, V-1 V2 o
T2kt FEARARFE R 7 (Scanning Electron Micro-
scope;SEM, S-4300, HitachiAh o2 4% char 3
e Eske] IFRs F7of whE char 544& vl
37} skl
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Fig. 2. Schematic diagram of UL94 vertical burning test,

Table 4. UL94 test rating

8v6

1994

T T T
4000 3000 2000 1000
Wavenumbers (cm)

Fig. 3. FTIR spectra of (a) melamine and (b) MP flame re—
tardant,

Table 5, Assignment of IR absorption bands of MP

Band position(cm™) Assignment Reference

3368, 3325 NH stretch: broad band 20), 27)
126,325 N n sod s 2 2D
1684, 1661, 1628 C=N stretch 20), 27)
1404 P-OH stretch 20)
1239, 1179 P=0 stretch 20)
948 P-O-P stretch 20)

Criteria conditions V-0 V-1 V-2
After flame time for each individual <10 <30 <30
specimen (t1 or t2) sec sec sec
Total after flame time for all 5 <50 <250 <250
specimens of any set (t1 + t2) sec sec sec

After flame plus after glow time for each
individual specimen after second flame
application(t2 + t3)

<30 <60 <60
sec sec sec

Cotton ignited by flaming drips from

. NO NO  YES
any specimen

2.2.8. IFRPCs FEIM A|H

&7H(mild steel, 125 mmx25 mmx0.7 mm)2 T8
e & 3kar 250 CoflA] 7S A|E3gt < IFRPCs
5 gO & 200~400 pm FAR FZEFH AP H tf
ol EHAZ7|ZA 7|(Surface roughness measuring
instrument, Surfcorder SE3500, Kosaka laboratoryA})
£ ]85} head speed 0.2 mmy/s, ¢} 2] 3.2 mm
27128 IFRPCs F5ol whg ZHEHe A7
2 24t

3.

M
|

= ik

3.1. MP Lt R HHS =l

AT MP FelAle] WGl Bhelst] Sist
&] melamine(a)¥} melamine phosphate(b)_J FTIR &~

ok

F2ORMSHS| K|, M26F |45, 2011E

HEH-S Fig. 30 et o, 712}9] band assi-
gnmentE Table 5¢f A|A|3}% T Melamine EH
peakQl B4} A4 0] o] ATHC= N)Ol 1,600 cm
‘:‘:Loﬂfﬂ L}E}L}_ﬂ 9lom, 3,100 cm’ , 3, 300 cm’!
2ol NH, 2 NH band7} (a) (b) E-'T‘ g5t

7ﬂ =] B3 (b)Y 5 ()2 2] mela-
mine} phosphoric acid®] HF-o 2|5 P2} OH2J
Z3HP-OH) band ¥ o]FZAZHP=0) band7} Z+z+
1,400 cm 9 1,180 cm’!, 1,240 cm’! Lol A
Zrl= Z o2 Kol melamine®] phosphoric acid2]
P9} O7} Whgof Hoidt A og wrto] Hrp'?,
MP GAAl= IAVSEH S EEoln Fof tigh
solubility7} A 2] 0of] 7127 ol MP ¥h-g-=of
ortho phosphate®] ZA] oJEE& Z213}1A} solid-
state °'P NMRE 2431 A= Fig. 40 YJehid
t}. Fig. 4= melamine phosphate®] *'P NMR spec-
trum©. 2 A ortho phosphate®] chemical shift7} +2
ppmof| A Yoyt om, o] external standard =7
91 phosphoric acid?] *'P NMR spectrum®} %2}5]
A2 8l= A=A MP HH--EU ortho phosphate”}
EABIL Sl FEAE BT 2 gdgont 7}
53 2717 MPO] L Fig. 59 20| 28] 2

2 0 29)
2 e,

51
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At
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Fig. 4. Solid—state %P NMR spectrum of MP,
NH,
(o]
I
N \N*HO'Ii’—OH
| OH
H,N =
)\ H,N N NH,
[¢)
N XN I <MP>
| + HO— P — OH
(o)
Z OH Il
H,N N NH, N*H,0-— ||=— OH
OH
<melamine> <phosphoric acid> N XN
)\ )\
H,N N NH,
<MP>
Fig. 5. Two possible chemical structure of MP,

Al zgt MP A o] A, ¢l gt daE 10 ~ 1
Table 60 LERN AT B4 27} 802} 524x(H) - / il
KgE0] 217 206%, 45% FHFEo] glon] Fael g 1] / i
A dAMEA AANAE] 473%S Festn £ s | T

>° 5 [ | | [
3
2
1
®.

Table 6. Elements analysis of MP flame retardant

N(%) C(%) H(%) S(%) P(%)

MP

flame retardant 473

20.6 4.5 0.2 6.4

N, C, H, S : Elemental analysis, P : Inductively coupled plasma analysis

52

0 00

Particle Size(um)
Fig. 6. Particle size analysis of MP flame retardant,

MP elR|e] QA7) BAATHE Fig 604

B dle} o] AF P YA 7|(Volume weighted
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. (b) {c) (d) (e) 4] (9) (h)
: ‘4‘ ; é : é ‘1'0 ; {2 14 ‘\6*

e YA M= H SRRy a4

A ey

Fig. 7. Photos of IFRs(50 mg) before(a, c, e, g) and after(b, d, f, h) exposure to flame(550C); MP(a, b), MP-PER(c, d),

MP-DIPER(e, f), MP-THEIC(g, h).

mean particle size)= 2.4 pm=S UER o )
YAZL7]= 10 pm mIRE JEFEH = 0.4~10.0

pm Q& 2Hlak 4 gl

3.2. IFRs LI x| HRIEM
S F WAAZ S}aL oJ7]o| char forming agent

2 PER, DiPER % THEICS Z}Z} 25 wt% Z7}s}
of WA FAA(FRs)E A x3k T 550C 3|3}H=
ol M 5Bt HAIso] 7} IFRs 240) e o B
EAE& WS Fig. 7oA B vlel o] char
forming agent7} ghs MP2| 79 A2 AAgHzHA)
o= wAE By do 9l& ¥ WA chard
Zrolg 4= glolen, ¥ carbon sources Ad
MP-PER, MP-DiPER & MP-THEICS- <o o3 ut
2R WA char® AT 5 ek 53] MP-
PERT} MP-DIPER®| 7$ Q4% thee] 4754
WA char7} WY E| QI o] = 5+ HGAA|Ql MP7L
phosphoric acidof| 2]§tF AF AJE(acid source)S 7}4]
I glem FAlof blowing agent ehE Sh= 7k
A /d2(gas source) 2= oFH17|(NHp)S -5}l
9= A3}, char forming agent= 4] PER, DiPER,
THEIC 53} Zro] 3H3S} carbon source”’} =%
O 2A WA/ char PO Hagk 37HA] Q4E
5% 2037) whgo] Fig 73 28 AT} e
AR

Fig. 80 MP-PER(a)®} MP-DiPER(b)] A}l &
A A3}, MP-PERS] 79~ 188T<} 236TC HFLofl 4
Sana) BakEo] Aas AXsHs SAkb s}
FAEE & 4= 9o, ojojA FEHTE vk
AlQ1 260°C o] WA char®] & do] Al2tE]
= 2= 2 gdEoh vk 2 MP-DIPER A
186 Ce} 236 CofA] E-du=7} =9l om 270TC
FollA AR el WA charrl FAEE Ao
2 B,

Sr=orM st K|, M26¢ M4%, 2011H

— (a) MP-PER
----(b) MP-DIPER

-0.05 -
-0.10 4 h
h
-0.15

-0.20

-0.25

Temperature Difference (°C/mg)

-0.30

0 100 200 300 400 500 600
Temperature (°C)
Fig. 8. DTA curves of MP-PER(a) and MP-DIiPER(b).

3.3. IFRPCs S AT 7}t

Table 33} ¥o] AA) 2AEF WA TS 20
W% 3} PPA| IFRPCsS A|Z5to] 88584

=, A= 9 AL E H7}sto] Table 7
of Uepelct. PP2|o] MP7L o2 AREH
IFRPCs-19] 888224 92 ¢/10 min g H]
3lo] IFRPCs-2, 3, 4= 77} 21.0 ¢/10 min, 272
/10 min, 342 g/10 mnC & =7 A% =g,
o]= IFRPCsol| ¥fF% <] %l= PER, DiPER ¥
THEICo] &of 2J3)] 885+ AEE 7ML 9le
), 7k7ko] =l=Ho| 255, 224, 137C& 1 =
=0 7P W2 THEICO| 33 IFRPCs-49]
A9 AH o g & 855 EATE YERNITH
2 AG9] IFRPCs+= 2] of| @ F&umEof 3
PA JE HAEste] 8 &5l g8 =4S 3
A7) Rl v AR =] U e
AE HellMe B 8835540l e =
Lo A A3+ PER, DiPER @ THEICS char
forming agent2 4] 2] &&t7} 317 IFRPCs®] 8§35
B4 Mol & a3t ik I EE A
ZAEZ MP/F =02 20 wi% AREE IFRPCs-1
o] 2235 kglem’ 0.2 71 WA A E =T, o]
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Table 7, Properties of PP based IFRPCs

Melt flow index” Tensile strength  Limited oxygen

(/10 min) (kg/em®) index (vol%)
Original PP 45 320.0 173
IFRPCs-1 92 2235 229
IFRPCs-2 21.0 2324 317
IFRPCs-3 272 2473 32,6
IFRPCs-4 342 230.9 237

"At 230°C, 2.16 kg

= PPA] o]l A1o19li= MP JAtol| O] stressE HF
of QFFET} WolA= Ao g Hou, vhy A
ZAEZ MP g0 15 wi%<l IFRPCs-2, 3, 42
7% IFRPCs-1 HU} =2 AT Fhe H )

SHH, AR e EetAE AmTE AL
gt Akao] Ag(voln)E Sh= Aoz Al
A 27t AaE7] olde&es At Ak
o] oFe wolx &2 LOI g YehA = o
HHAos ZepAE 29 A9 LOI A7} 30
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Fig. 9. TG curves of original PP(a), MP-DiPER(b) and IFRPCs

=3(c).

Table 8, Data of TG for PP, MP-DIPER and IFRPCs-3 in air
at a heating rate of 10C/min

Sample Tonse T Residue at
() () 600°C(%)
PP 270.3 382.6 0.5
MP-DiPER 205.8 496.4 39.0
IFRPCs-3 248.8 438.9 9.9

600X ZHE-2F2 39.0%= eIt PPSX]
o] MP-DiPER©] 20 wt% &3}% IFRPCs-3(c)9] &
FhA 4LE PP(a)2} MP-DiPER(b) Abolo] €14
St} IFRPCs-39] gE3|= MP-DiPERQ] 205.8C
B} 52 240C FTof|A AJ&bE|o] 330C o] 59
= MP-DIiPER Xt} w2 PP Hr} 2|4 Azt
27F 3= on o]F 438.9T oA Tyt B2
23 600 Coll A FF2 9.9%= 2= ek &
3| MP&} char forming agent®l DiPER®| 2]3 =3
4 char P44 EXA wet A4A] Hagh 4b
20t SUZ Atdh= A WA charr} €4
PYAAE TN IE Ao R =, ES IFRPCs-3
O] T} PPE=X]0] 13| 56.3C =4 SHH Ao
2 Hol e ATt of g 2 UE ERIgt 4= 3l
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o |

3.5. IFRPCs s}x{QtF A T}

IFRPCs= HAA HASAS 21 A7k PP
SYARA TYA 199 A ool o
WA Aag YASAL DA et
AT & ATAE IFRPCsS] ShAeHaA
B7he] AFHO 2 UL S4ALAI (T 32 mm)
S33to] 1 AT Table 90 Vet on] &
AF - IFRPCs AEHE] SH5hE op 9 ol
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Table 9, Data of UL94(vertical burning) test for IFRPCs

Combustion time (sec)

Total flaming combustion time”™""

Specimen - = v Heat dri] Ratin,
P tl 12 13 (sec) p g
Original PP >60 - -
IFRPCs-1 <5 >60 >25 >250 Drip Fail
IFRPCs-2 <3 <3 <15 <15 Non-drip UL9% V-0
IFRPCs-3 <3 <3 <10 <15 Non-drip UL% V-0
IFRPCs-4 <5 >60 >20 >250 Drip Fail
:El . After flame time, at first flame 10 sec
“32 . After flame time, at second flame 10 sec
L3¢ After glow time
Total flaming combustion time : total(five specimens) after flame time
3 char ¥ REZX]= Fig. 103} Fig. 113} Zch 3 H o] T E(drip)o] WHAYSlL, YstE AlFHe 7
MP7} =07 20 wt% F-F%8 I[FRPCs-19} MP- Aol oJ3f Higof] = cottono] HAAE AT WHH

THEICO| 20 wt% $H¥ IFRPCs-49] 7% tI(1x}
ALATHE 22} Ssec AR Fostg o 23
@A) o] A A FohL A ALEA A

B34 Gl MP-PER, MP-DiPER©| 20 wt%
335 IFRPCs-29} IFRPCs-32 t1 9 223} A4
AZH Zko] B%E 3 sec o|3lE LS J}siAlubR)

Fig. 10, IFRPCs specimen (a)lFRPCs—1, (bjIFRPCs—2, (c)IFRPCs—3 and (d)IFRPCs—4 after UL94(vertical burning) test,

15.0kV 11.7mm x4.00k

15.0kV 11.3mm x4.00k

Fig. 11, SEM photographs of the char formed (a)IFRPCs—, (b)IFRPCs—Z (c )|FRPCS—3 and (d )IFRPCS—4 after UL94(vertical burning)

test.
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Fig. 12. Surface roughness with variation IFRPCs,

Table 10, Data of surface roughness for IFRPCs

Surface roughness
Sample
Ra Runax Ry
IFRPCs-1 2.54 pm 24.52 um 15.28 um
IFRPCs-2 0.87 pm 6.74 pm 6.26 pm
IFRPCs-3 0.78 pm 8.00 pm 5.60 pm
IFRPCs-4 0.67 um 4.86 um 5.00 um

7} th27) W] Ey 7 H7)0) Zol7t vehit
Flt}. ojuj IFRPCs-2, 3, 49] Ra GE 717H 0.87 um,
0.78 pm % 0.67 pm= IFRPCs-10]| B|5}o] A=
Ql WAL} o} AP Ewo] Fe} 94
e o 5 99

4. 2 2

E AFoAM = WA FAA| 24| MP-PER, MP-
DiPER, MP-THEIC 7\1]_7,:6‘}_12 o2 0|85t ha-
logen-free FAAS Q5= A Tl okog
F Y A|(Intumescent Flame Retardant Powder Coa-
tings; IFRPCs)]l that 7|42 &/ 9 shetsAd
o Tt 457k AukE aokshd cheat 2k

1) A3t MP WolA|2] FTIR ¥ solid-state °'P

Journal of the KOSOS, Vol. 26, No. 4, 2011



Halogen-Free HAX E =

NMR A EE ELX A7) melamineX} phosphoric acid
o AU AAsfon 2 ol G W
AR o] N FHEES 47.3%, P TS 64%2 B4
= 3l

2) IFRse] ol ofat HHEAL char forming
= A dur 301 < 41
©w, MP-PER ¥ MP-DiPER9] 79 = o=
of AN WA charsl S ST oL WA
/3 char Aol Q3% 371 R 4A(acid source, gas
source, carbon source)S & ZF3=11 Q17] wjFo|c).

3) IFRPCs-19f H]|3}o] IFRPCs-2, 3, 49| 8§35
EA7F 27 £4 =%+l o= PER, DiPER Y
THEICo] ¥l &-&5+= 545 7ML 7] wi+=

— T o=

agent’} Q=

_l_

o, 53 THEICQJ EEHe 137CE 7P Yol
AtAOR 4 e 845EX4 342 ¢/10 min
< YERfI) =g §_l—7sﬂkl-/\ A 4(LOI)= 422~ PP

A7} 17.3 vol% <1d| 8|3} IFRPCs-2£} IFRPCs-3
O] AL 2+ 31.7 vol%, 32.6 vol%= &A= o] &
25]7] o]#e /\;(Hol.g_ slolat 2= 9)oir}.

) Oé'é‘éj ﬁj"]— PPTX]"] dex %}: 3826C
H] 3] IFRPCS-32] Tpnax QOI 4389C=2 563C =
o] IFRs7} S48 49 27} o)

ol stolatelry,

5) UL94 SR A4S AT} IFRPCs-22} IFRPCs-3

1 12 B 3 sec ofs}3lon, QLAY F drip

SHe wEsiglon,

char ¥9H& SEM HX%t A7} char forming agent

% IF RPCs 1 Rt} densed}al compact$t char

J5lo] WtedAdo] SRAtElE Aoz T

=2
h
A

o&

d W7+ IFRPCs 9] 85
T 3 AT A 4
ARR-E char forming agent®] E&=7o] o
g g o] Walyo FHAETh

Z o2 MP-DiPER®| 20 wt% 3Fg-%
A char FAAAT AR 4=7)
=of spAfe] gt ebA do] faratkar, Al H7k
of et 7AA &4 Askrt 7P wen, 9%
Ho| 517] wizmoll 7 A4 Q1 halogen-free
dd oo ZEANS gelskich

7) A=AHo
IFRPCs-3-& 9

=

WY F o R AL ARBRNYE
(Korea Environmental Industry & Technology Instltute
: KEITDOA st A e 7]s 7t

AR E] Aol ofgt Ao ool FALER YTt

ok

F2ObR 35| K|, H|26H M43, 2011

A E A 2ot =, Feke) A4, Al
3, pp. 19-25, 1993.

K.C. Leong, G.Q. Luand V. Rudolph, “A comparative
study of the fluidized-bed coating of cylindrical metal

2)

surfaces with various thermoplastic polymer powders”,
Journal of Materials Processing Technology, Vol.
89-90, No. 19, pp. 354~360, 1999.

S.K. Singh, S.P. Tambe, G. Gunasekaran, V.S. Raja
and Dhirendra Kumar, “Electrochemical impedance
study of thermally sprayable polyethylene coatings”,
Corrosion Science, Vol. 51, No. 3, pp. 595~601, 2009.
4EH, Bl o1, AP, AP, S ol
7 —‘:xﬂEi‘—g— 74344 N1,N1,N4,N4-Tetrakis
(hydroxethyl) cyclohexane-trans-1, 4-dicarboxamide
o] A= U EA” J. Korean Ind. Eng. Chem., Vol.
20, No. 2, pp. 195~200, 2009.

M. Barletta, A. Gisario, S. Guarino and V. Tagliaferri,
“Fluidized bed coating of metal substrates by using

3)

4)

5)

high performance thermoplastic powders: Statistical
approach and neural network modelling”, Engineer-
ing Applications of Artificial Intelligence, Vol. 21,
No, 8, pp. 1130~1143. 2008.

M. Barletta and V. Tagliaferri, “Electrostatic fluidized
bed deposition of a high performance polymeric

6)

powder on metallic substrates”, Surface and Coatings

Technology, Vol. 200, No. 14-15, pp. 4282~4290,

2006.

P. G. de Lange, “Powder coatings: Chemisty and tech-

nology”, 2004.

E. Asano, T. Aoki and T. Shiobara, “Semiconductor

encapsulating epoxy resin compositions and semicon-

ductor devices encapsulated therewith”, US Patent

5,739,187, 1998.

C. R. Guilbert and S. H. Huang, “Powdered epoxy

compositions”, US Patent 6,933,332, 2005.

J. A. Jukes and P. Fonds, “Method of powder coating

an insulated electrical conductor”, US Patent 4,131,690,

1978.

11) J. E. Heschke, “Flame-retardant composition for coa-
ting powders”, US Patent 7,456,235, 2008.

12) M. J. Sinclair, “Fire retardant intumescent coating”,
US Patent 7,217,753, 2007.

13) C. Shimasaki, “Effect of the fire-retardant, melamine,
on the combustion and the thermal decomposition of

7)

8)

9)

10)

polyamide-6, polypropylene and low-density polyethy-

57



ol

M
Ofok

. 33

lene”, Polymer Degradation and Stability, Vol. 58,
No. 1, pp. 65~70, 1995.

14) B. Li and J. He, “Investigation of mechanical pro-
perties, flame retardancy and thermal degradation of
LLDPE-wood-fiber composites”, Polymer Degradation
and Stability, Vol. 83, No. 2, pp. 241~246, 2004.

15) o], “HITEA M-P A A= 9 B A=
29 A3 Journal of the KOSOS, Vol. 24, No. 6,
2009.

16) A.R. Horrocks and D. Price, “Fire retardant materials”,
2003.

17) C. Baillet, S. Gandi, P. Breant and L. Delfosse, “Fire
retardance of polyethylene: Study of a formulation
involving phosphorus and polyol system”, Polymer
Degradation and Stability, Vol. 37, No. 2, pp. 149~
158, 1992.

18) M. Jimenez, S. Duquesne and S. Bourbigot, “Charac-
terization of the performance of an intumescent fire
protective coating”, Surface and Coatings Techno-
logy, Vol. 201, No. 3-4, pp. 979~987, 2006.

19) S. Zhang and A.R. Horrocks, “A review of flame
retardant polypropylene fibers”, Progress in Polymer
Science, Vol. 28, No. 11, pp. 1517~1538, 2003.

20) Y. Chen and Q. Wang, “Preparation, properties and
characterizations of halogen-free nitrogen-phosphorous
flame-retarded glass fiber reinforced polyamide 6
composite”, Polymer Degradation and Stability, Vol.
91, No. 9, pp. 2003~2012, 2006.

21) S.Zhou, L. Song, Z. Wang, Y. Hu and W. Xing, “Flame
retardation and char formation mechanism of intu-
mescent flame retarded polypropylene composites
containing melamine phosphate and pentaerythritol
phosphate”, Polymer Degradation and Stability, Vol.
93, No. 10, pp. 1799~1806, 2008.

58

t8, AChel, By

M

22) Y. Liu and Q. Wang, “Catalytic action of phospho-
tungstic acid in the synthesis of melamine salts of
pentaerythritol phosphate and their synergistic effects
in flame retarded polypropylene”, Polymer Degrada-
tion and Stability, Vol. 91, No. 10, pp. 2513~2519,
2006.

23) Y. Chen, Y. Liu, Q. Wang, H. Yin, N. Aelmans and R.
Kierkels, “Performance of intumescent flame retar-
dant master batch synthesized through twin-screw
reactively extruding technology: Effect of component
ratio”, Polymer Degradation and Stability, Vol. 81,
No. 2, pp. 215~224, 2003.

24) ASTM D 1238: Standard test method for melt flow
rates of thermoplastics by extrusion plastomer, 2004.

25) ASTM D 638: Standard test method for tensile pro-
perties of plastics, 2010.

26) KS M ISO 4589-2: Plastics-determination of burning
behaviour by oxygen index, 1996.

27) A.l. Balabanovich, “Thermal decomposition study of
intumescent additives: Pentaerythritol phosphate and
its blend with melamine phosphate”, Thermochimica
Acta, Vol. 435, No. 2, pp. 188~196, 2005.

28) S. Jahromi, W. Gabrielse and A. Braam, “Effect of
melamine polyphosphate on thermal degradation of
polyamides: a combined X-ray diffraction and solid-
state NMR study”, Polymer, Vol. 44, No. 1, pp. 25~37,
2003.

29) Z. Wang, P. Lv, Y. Hu, K. Hu, “Thermal degradation
study of intumescent flame retardants by TG and
FTIR: Melamine phosphate and its mixture with
pentaerythritol”, Journal of Analytical and Applied
Pyrolysis, Vol. 86, No. 1, pp. 207~214, 2009.

Journal of the KOSOS, Vol. 26, No. 4, 2011




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


