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Abstract Magnesium hydroxide-melamine core-shell particles were prepared through the coating of melamine monomer on
the surface of magnesium hydroxide in the presence of phosphoric acid. The melamine monomer was dissolved in hot water
but recrystallized on the surface of magnesium hydroxide by quenching to room temperature in the presence of phosphoric acid.
The core-shell particle was applied to low-density polyethylene/ ethylene vinyl acetate (LDPE/EVA) resin by melt-compounding
at 180°C as flame retardant. The effect of magnesium hydroxide and melamine content has been studied on the flame retardancy
of the core-shell particles in LDPE/EVA resin according to the preparation process and purity of magnesium hydroxide.
Magnesium hydroxide prepared with sodium hydroxide rather than with ammonia solution revealed higher flame retardancy in
core-shell particles with LDPE/EVA resin. At 50 wt% loading of flame retardant, core-shell particles revealed higher flame
retardancy compared to that of the exclusive magnesium hydroxide in LDPE/EVA composite, and it was possible to satisfy the
VO grade in the UL-94 vertical test. The synergistic flame retardant effect of magnesium hydroxide and melamine core-shell
particles was explained as being due to the endothermic decomposition of magnesium hydroxide and melamine, which was
followed by the evolution of water from the magnesium hydroxide and porous char formation due to reactive nitrogen

compounds, and carbon dioxide generated from melamine.
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Table 1. Classification of flame retardant®.

Application Composition
. Phosphorous
Organic . .
» ) Nitrogen (melamine)
Additive ) Organic Phosphorous+Halogen
Inorganic Halogen compunds
with vinyl Metal hydroxide
) group
Reactive Inorganic

with hydroxyl
with epoxy

Antimon

Molybden, Zinc borate
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Fig. 1. Preparation process of Mg(OH),-melamine core-shell
particle.

Table 2. Mg(OH),-melamine core-shell particles from various
Mg(OH), core.

Mg(OH),
Sample . ] .
Preparation method  Alkail type  Alkail/Mg
CPT Precipitation NaOH 1.5
CHT-1  Hydrothermal (180°C) NaOH 1.5
CHT-2  Hydrothermal (180°C)  NH,OH 1.5
CPH Hydration - -
CNB Natural brucite - -
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Table 3. Mg(OH),-melamine core-shell particles with variation of
melamine content.

Composition (Wt%)

Sample
Mg(OH), Melamine Phosphoric acid
HT 100 0 0

CHT-5 93.5 5 1.5
CHT-10 88.5 10 1.5
CHT-15 83.5 15 1.5
CHT-20 78.5 20 1.5
CHT-25 73.5 25 1.5
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Fig. 2. Preparation of FR/LDPE/EVA resin.

el Azsh 2 B9

N
®
r

O
£

693

FoE Hrbelal E8ER7IE 10 F9F 180 °CE 7}
A3lAA, 60 rpm, torque 4-15 N - mZ FA|SFHA] o
A5 st daAl7 H7HE LDPE/EVA 534
S Wsta, A3t A7|E2 A2 £ hot pressd] &%
£ 230°C=E A3t A% =0 EHAIE ¥ 587k
7t - 71tttk 5 F 23k EE U] F]E
F= S HAAEH A, 557 TA] 7HE - s
cooling press® %7 WZA7]13L 7Ujo] A|HE o)A
ek Sel=g

23 24 4J}

Az At g-deprl o]l Yrte] ARAtE
glsh7] st XA #47](XRD, D5005, Siemens)S
ARg-ate] AT Akl B4, 7] B W AduE
ZAFsH7] $18kd SEM  (Scanning electron microscope,
SM300, TOPCON) &< FE-SEM (JSM 6700F, JEOL)
< ARgsle] Aelin). HlolASAH O R QJERA (MSS,
Malven Instruments)S 3§33 0™, F2kstulad|go =
He AzilS 8Q15H7] 918l Infrared spectroscopy
(660-IR, Varian)s -3t @epqle] B4 w35 A3}
b=

kst g-deptl o]l k] Bl Ad5S H
wsh7] flste] ol-d YAE LDPE/EVA Ao A7}
st dAeR|e] b4 AeS sHAlAHAA] 4 (Limited oxygen
index, LOI, ASTM D 2863)2} UL-94 Al¥S 83}t
SANA T TR AR Folre] EERsE A8
AL AHoR Ah dF Hol| 54 Ze2E AEE
AL sHEel|A] Abael Ao EFTIAE FYRITE A
59| Adte]] Hslsle] oj= A&

)
H
A% AxHEAZ 241D
o ARASE The 2ol Aeld

[0,]
([0,1+[N,])

oJ7]oA [0, At FrEH(L/min), [NoJE 24 FaKL/
min) ©|t}. SHAILAR = IEA A 57} WElE o] 3E
Bt ARAA AL el B o3 AAEA e 2
83 FHAg Ao Hu) HAIERZ AojHn) AlHHS F
7 4mm, & 10mm, Z2°] 120 mm= A¥ 10-15715 A}
&ate] S g

UL 94 TS B7kshe g2o AgHe) w3
of wg} 27IA 2 FEE shbe AlES FHOE F
3 ES Bo] S5k WHOZA UL 94HB(Horizontal
Burning Test) ]2, Th2 sh}e= A|HS RO 2 Al
3 AEs= WHOE UL 94V(Vertical Burning Test)
2t sl A4 A7k wEbA] V-2, V-1, V-0, 5V %
wog FRE AFHS £ 13mm, 77 4mm, Z°]

ol = x 100 (1)



o
[

694 AR - fEF - B - o8 - ofe B

Table 4. Classification of flame retardancy from UL-94.

Criteria V-0 V-1 V-2
Total flaming combustion(t;, t,) for each specimen <10s <30s <30s
Total flaming combustion for all 5 specimens of any set <50s <250s <250s
Flaming and glowing combustion for each specimen after second <30s < 60s < 60s
burner flame application (t,+ t;)
Glowing or flaming combustion of any specimen to holding clamp No No Yes
Cotton ignited by flaming drips from any specimen No No No

t; : Flaming time after first burner application for 10 seconds
t, : Flaming time after second burner application
t; : Gowing combustion time after second burner flame application
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Table 5. Content of nitrogen and phosphorus in reactants composition and magnesium hydroxide-melamine composite particles, and
average particle size.

Sample Reactants Composite particles Average particle size
P(Wt%) N(wt%) P(Wt%) N(wt%) (nm)
CPT 0.36 6.0 0.35 34 1.1
CHT-Na 0.36 6.0 0.36 4.5 22
CPH-NH,4 0.36 6.0 0.39 6.0 22

CNB 0.36 6.0 0.38 4.8 52
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Fig. 4. X-ray diffraction patterns of (a) Mg(OH),-melamine core-shell
particles(CHT-2), (b) Mg(OH), core(HT) and (c) Mg(OH), from
JCPDF data base.

l A A A A

slom, Aol Zoole Wekleln fejE Jros &
Al Az R wel 3ol gixe] Bl
Foll Aol7h YL FAT 4 AT

Foi7l Fig. 45 AvEH, Wiyl I8 Fol= XRD
9] AT AR AL, Hi7REo] AXEE o] o
A QAL @] FAtsteiadlg R e 2440l tha
t‘_go];q‘_: 42& /\].125]1:]. %o}x] Fig 5= /J—j%iﬂ:] u-ﬂ
gl 78 A-Fo] Mg(OH), 34 2 =7]o] ¥
s} 9l9laL, defrle] dso g AAstelur YAFEol
BT AE HEEA Gsirt. ol depdl 1Y FA
A &alE detrle] WM dxor YRir HE

(a) (b)

5808nm 7243

20kV  20kx 11-84-2010

Ante] Aze} 2

\ ¥, 5
Vo8

20kV. 28kx

588nm 7248

BaRIzle] HAEA 695

9] wrke auloige] B FUsh] =9 2
L

3 2 30{-M X} oMol H2fol §HEf| mE #ist
FAst v -de] s2o]- Al R) AlZol|A] Wl
?J FE S7AA 0~25% Zo]-A YRS A 2519, ©]
£9] 545 Table 69 YERAAT. eyl HrteFe] &
7holl whe} ol YR HEEE A4 TS STt
SIS, WP ZoRt. S, Wl AgEo] 5% o
o %‘HOI 53] &2 A& Akt Fakstuiad| o] vt
3 Al B F2HE QA7 YAk
1 %56}— Ao g A7ZFAT), sEA|RE, Herlo] 10%
12k deprie] shst ghgo] SAlsie] H
3| A FAksuladlE
Hol| F2t=] o] %‘E}Eﬂ-ﬂ*& T :QPH}:IHI* B3 E FA
o o= AztA) H7ty
uﬂa.n] o] /\}__/’:/\}51_13]_:7_
Ulg S8 34T & e Auge &5 42
! Bxrmo] F5 9 FAkslelay)

5 EU& Zéﬂ% %XJ@F o2 Agsta, thite]
12k] 3o "Hepnle] NHy717F Fad

3.3 F4tsiotau|&-2atel [of-d XL HEE
LDPE/EVA =X
Fo1%l Table 73 Fig. 6=

A7t =0z M eE ARTHE Mg(OH),-2

AbE B, Mg(OH), ¢
dejql so]-Ad

(c)

1kx 10 Brm 7236

y
17-94-2010 |

11-84-2010

Fig. 5. SEM imagines of (a) Mg(OH), (b) Mg(OH),-Melamine and (c) Melamine.

Table 6. Nitrogen contents and average particle size of Mg(OH),-melamine.

Preparation composition(wt%)

Nitrogen contents in Average particle

Sample Mg(OH), Melamine Phosphoric acid ~ Mg(OH),-melamine (wt%o) size (um)
HT 100 0 0 0 2.2
CHT-5 93.5 5 1.5 3.0 5.8
CHT-10 88.5 10 1.5 4.5 3.0
CHT-15 83.5 15 1.5 10 32
CHT-20 78.5 20 1.5 16 2.6
CHT-25 73.5 25 1.5 21 2.2
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Table 7. LOI of LEPE-EVA resin with Mg(OH),-melamine core-shell particles and Mg(OH), only, and increase of LOI after melamine

coating.
No LDPE (wi%)  EVA (wi%) Mg(OH)Z'melzmi?et Lol %)  LOIMgOH); Increase of LOI
Type (;’V';(;r)‘ Only (50wt%) (%)
1 50 50 - - 19.9 - -
2 25 25 CPT 50 292 26.8 2.4
3 25 25 CHT-1 50 31.1 252 4.9
4 25 25 CHT-2 50 292 292 0
5 25 25 CPH 50 27.5 24.5 3.0
6 25 25 CNB 50 29.1 27.3 1.8
(@) Table 8. LOI of LEPE-EVA resin with core-shell particles of
34 - BMg(OH), Mg(OH), + Melamine Mg(OH),-melamine with increasing melamine contents.
32 Flame retardant
No LDPE  EVA Content LOI
30 (%) (%) Type (%)
_ %)
X 27 I 50 50 - 0 19.9
o 2 - 2 25 25 HT 50 252
24 - 3 25 25 CHT-5 50 333
2 - 4 25 25 CHT-10 50 31.1
20 : : : : 5 25 25 CHT-15 50 335
CPT  CHT-1 CHT-2  CPH CNB 6 25 2 CHT-20 >0 350
(b) 7 25 25 CHT-25 50 35.1
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Fig. 6. LOI of (a) Mg(OH), (left) and Mg(OH),-melamine com-
posite (right) and (b) increase of LOI in Mg(OH),-melamine
composite compared to Mg(OH),.
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Fig. 7. Flame retardance mechanism of Mg(OH),-melamine core shell particle.
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