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Abstract : The purpose of this study is application to flame retardant powder coating(FRPC) material consisting of
ammonium polyphosphate(APP) and magnesium hydroxide(Mg(OH),) as a halogen free flame retardant into thermo-
plastic resin(LDPE-g-MAH). For improvement of adhesion, LDPE-g-MAH was synthesized from low density polyethy-
lene(LDPE) and maleic anhydride(MAH). The mechanical properties as melt flow index, pencil hardness, cross-hatch
adhesion and impact resistance of FRPC were measured. Also, the limited oxygen index(LOI) values were measured
17.3vol%, 31.1vol% and 33.7vol% for LDPE-g-MAH, FRPC-3(APP 15wi%, Mg(OH), 15wt%) and FRPC-5(APP 30
wi%), respectively. The thermo gravimetry/differential thermal analysis(TG/DTA) of FPRC-3 was observed endothermic
peak at 340°C and 4507, it was confirmed predominant thermal stability though the wide temperature range by APP
and Mg(OH),. It was showed V-0 grade for FRPC-3 and FRPC-4(APP 20wt%, Mg(OH), 10wt%) that a char forma-
tion and drip suppressing effect, and combustion time reduced by UL94(vertical burning test). It was confirmed that
flame retardancy was improved with the synergy effect because of char formation by APP and Mg(OH)..

Key Words : flame retardant powder coating, ammonium polyphosphate, magnesium hydroxide, halogen free, thermo-

plastic
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LDPE-g-MAH HI-3-o]l AR8-3F LDPE= |4
7V aeste] 79T 88355 /30] %2 Honam
petrochemical A}¢] AFZ-8- grade(XJ-710, 0.924g/cm’,
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Fig. 1. Flow diagram of the preparing process for LDPE—g—MAH,
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2.2.2. LDPE-g-MAH /91

Hh8ok&-2 %3} LDPE-g-MAH #|ZA| LDPEQ]
MAH7} graft &= 21317] 918t A LA &
I H(Fourier Transform Infrared Spectroscopy: FT-IR,
IFS-66/S, Bruker A AM83tod shatel 122 =
Aatsict.
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Fig. 2. Adhesion testing specimen.
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Table 1, Formulation of the FRPC

Content(wt%}
Component
FRPC-1 FRPC-2 FRPC-3 FRPC-4 FRPC-5
LDPE-g-MAH 68 68 68 68 68
Flame APP 0 16 15 20 30
retardant Mg(OH}, 30 20 15 10 0

Antioxidant] 0.5 0.5 0.5 0.5 0.5

Dispersion

Additives
agent

0.5 0.5 0.5 0.5 0.3

Pigment 1 1 1 1 1
Sum 100

ET2 39tk A%3 LDPE-g-MAHS| Yaiidse
o107 il T 134 291 5714 2 2714
dAA o] gerg 243k 140T, S0rpm R ZAfA
GEste] FRPCE Alx3sH3itt. &A=t Hal 3
Bl ] FRPCx= disk mill-2 £3)] 250~400um #H$j<]
USRES RS olEsc

2.2.4. FRPC BAMA|3
- F71A FAA 9] ghgoll wet Al2H FRPC
L Mimelt flow index) 2412 ASTM D 12380}
47%0}@1 190C, 2.16kge] 2702, v|F2 H|F
A(MD-3008, Alfa MirageAhE o]-83to] 24519
o} EgF YRid ol FRPCE 400 ~500pum=
AEsto] A= RO| HrighHo| et ddF e
pencil hardness tester(Yasuda Seiki SeisakushoAp)R
Br7lskg on HaFEe ASTM D 3359:09°V8 &z
st} FEE FRPCE Imm 7FAC 2 1007) ojAke]
A A ol BEyaigel2g Bas vt
gJsto] Igato] velEl= HY & HII8h= cross-
hatch adhesionS 4319tk ZEA ] YWFEAALS &
7¥817) 9l5ted ASTM D 2794:93722] Y2AA B}
gieloll Wl 2173 1/2inch, 0.5kg9] €13 2E 50
emol| A} H3tAA TRA| Q] HAR RS Flst
Hrt
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2.2.5. FRPC ZEEA 2 LIeIMAIH

A|zE FRPCO] GHEAS HrpstnAl d&ek
MAbE EA7)(Thermo Gravimetry/Differential Ther-
mal Analysis : TG/DTA, Exstar 6000, Seiko Instru-
mentsAPE ©|-§3te] 2o wlE FRPCO| Z&at
IS v)a S48tk £ KS M ISO 4589-
270 21 A3}Fe] 150mm>*7mmxSmm(7FRx ] ZxF
A2l AEHoR HhAl BRFE AR ol 31
At 2)4x(Limited oxygen index, LONE &35}k

BHRQN S| K|, X257 X3E, 20104

Cotton

Fig. 3. Vertical burning test,
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2.2.6. FRPC EDX &4
A =sF FRPCE] =74 43 2o E4E2
o] Bgolng oholaly] skl FAAREN|A
(Field Emission Scanning Electron Microscope: FE-
SEM, $-4300, HitachiAp-& ©]8-3}o] Energy Disper-
sive X-ray Spectrometer(EDX) &3-S AA|5}+o] °J
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LDPE-g-MAH(b)2] grafting 1% 21015}7] $J3) LDPE
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Fig. 4. FT-R spectra of (a) virgin LDPE and (b) LDPE—g—MAH,

87120 Hagl 4kad] o]FA}C-0)E Yetll=
peak7} 7F5HA| dEE A& Eelatgnh

®3} A28 LDPE-g-MAH®} LDPES] Hatee
Rlsk7] 98k S0 Al@Hol et Hate 4
At 29 ZE Fig 59 60 Ueb 9120 Table 2

Table 17} Zro] A $HgE 30wt%= $F FRPC
ZAEE Azste] ZREAY] 7|2 EA4L aefst
7} HlE, ML AT, G432 WEELe A
A13t AZHE Table 30| Weblict H7HE APPS}
Mg(OH), 9| H|&o] 71z} 1.87) 242 &3l u}
2} LDPE-g-MAH2] 0.9760] vl3f o} AL &
A3, MiE ¥H-g<&% LDPE-g-MAHS] Mi
2l 20¢/10mino| A} APPE] o] woldaF o}
A& A%E vepflovt ZgAle & 2olE y
B g Aow wiEch AU EHo Y ¥
Iy BE APHY 50| 3~5BE LERY matrix
£219] LDPE-g-MAHY] sofigt 9] EA4o] 7|2l
g AoF AlmEch B3 HAE 90% ool 1
& AL 453 AoR FriEa 9o FRPCY
A3 BF 100%E Uepfigle Wsa4d Aol
A= ZYE FRPC7} vrejE| A whi H= @40]
= FBe A YEhhdch

Table 3. Physical properties of various specimen

o 78]?4'5‘}‘93‘:]' LDPE= %+t 3'7lkgﬁ25mm§: u Specific  MI Pencil Cross-hatch I‘?‘P act
el 9l o LDPE-g-MAHS] 732 15.95kgf/25mm-E gravity (g/10min) hardness adhesion(%4) (or,gﬁ;ggi;)
viehfjo] Hakgo] 34 EE ERIstth ol LDPE-¢:MAH| 0976 20 5B 100 good
MAH £3-9] 712547]|7} LDPES} B8 Ao FRPC-1 | 1133 13 SB 100 good
2 ggEy v S44<1 LDPEY] 347191 71284 FRPC2 | 1115 14 4B 100 good
7o) 2Jste] Aol FArE Aoz AlmEd, FRPC3 | 1106 15 4B 100 good
FRPC-4 1.098 15 4B 100 good
3.2. FRPC B4 A8 FRPC-S | 1082 16 3B 100 good
50 200
45 186
40 — " Lfe
35 ]’ i L - - ®o - " '}f‘
30 - 20
§ s § 0.0 f/
2 5 80
15 ,’ &0
0 y A4
05 20
o8 200 A 4.2 830 a4 108 12.80 4 15,80 18.90 MMD 250 lkﬁ (Y- (7 T Y T 1 1w [ Y
ISP (mm} DISF (mm}
Fig. 5. Adhesion strength graph of virgin LDPE, Fig. 6. Adhesion strength graph of LDPE-g—MAH,
Table 2, Adhesion strength of virgin LDPE and LDPE—g—MAH
Adhesion strength(kgf/25mm)
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Mean
LDPE 3.84 3.79 3.06 3.76 4.08 3.7
LDPE-g-MAH 14.86 15.95 15.98 15.92 17.02 15.95

48

Journal of the KOSOS, Vol. 25, No. 3, 2010



3.3. FRPC g EM
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Fig. 7. TG/DTA thermograph of FRPC-Honly inorganic flame
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Fig. 8. TG/DTA thermograph of FRPC~3{organic and inorganic
flame retardant),
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Fig, 9. TG/DTA thermograph of FRPC~5(only organic flame
retardant),
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3.5. UL94 LA AlE

FRPC= W4/ IR b SAA] B2
3 2 A HEFo] o] FoiA]7] Wi Az YA
2 A QA BAo] a7E 2 ddMe &
FRPC A|@¥-& UL94 42| A F(vertical test)o]l 3}
o ERE 7PlE A EE YT AIHE Table
4o vehfiglom Fig. 110 Z2MA1E % dripping 2
Aol e AldE FE HEhlith Mg(OH): 30
wi% - FRPC-19] 7% dAdso] £E3}o]
Aoy dasE ARl 2127 22531 chary
7go] ol Fojx|A| F8to] V2 Aikg yehfglon,
APP 10wt%S} Mg(OH) 20wt% ¥H3-¥ FRPC-29]
AT Aol 1028 238kt 302 w]ThofA
o] AF = V-1 THe R BRI It FRPC3~
59 A% AaAIEE BE V08 FE5te 2AE
Y9l ot FRPCSE &2 A&7 B¢t
A @] B (dripping)°] WS H5HE ol
oJ3} cotton©] st V22 SHHAUL o= &
&73°] &2 FRPCY H|w2 u]Fo] 7pug APP

gor D000 ket

431

Table 4, UL94{vertical burning testing) of various specimen

. |Combustion Total flaming Heat Char
Specimen| .. Lo L . Grade
time  combustion time dripping formation
FRPC-1| 2lsec >105sec Dripping  Non-char V-2
FRPC-2 | 13sec >65sec Non-dripping  Char V-1
FRPC-3 9sec <45sec Non-dripping: Char V-0
FRPC-4 Tsec <35sec Non-dripping  Char V-0
FRPC-5 bsec <15sec Dripping Char V-2

(a) V-O grade and
non dripping(FRPC-3)

(b)V-2 grade and
heat dripping(FRPC-5)
Fig. 11. FRPC specimen after UL94 test,

£ U5 ARgSte] et A0E By 9
AAl(ller) AIE P S Q= 1A ddA
o Abgo] W RO Wk

3.5. EDX 24

g7 A FHadS YEld FRPC3E i
o2 sto] EDXE4E S8 Y4y Z3E Fig
129} Table 5ol Wepiglch. 2443 E7tay &
2] 9] FAEQ EA(C)7} 4L1SW%E 71 Wol &
FEol AR e FIA FHAAQ] AR Iv%
o] mpavisMe)dE T F714 FaAl 4
(P)o] ZH7F 14.64wWt%, 9.12wt% 2 ZAE|glom 7)
B A7HAR AR THASD ¥ oki(Zn) 5= 57

Fig. 12, EDX analysis grapt?of FRPC,
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Table 5, EDX elements analysis of FRPC

Element Weight %
C 41.15
0 3205

Mg 14.64
Al 0.00
Si 0.60
Ca 0.13
P 9.12
Zn 231
Br 0.00
Sbh 0.00

Total 100.00
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