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ABSTRACT : ZnAl-LDH(layered double hydroxide) modified with oleic acid(SO-ZnAl LDH) was
synthesized and added to the flame retardant ABS compounds containing brominated epoxy resin(BER)
and antimony trioxide(Sb,Os). Flame retardant ABS compounds were manufactured by using a twin-screw
co-rotating extruder and subsequently injection molded into several specimen for flame retardancy and
mechanical properties. The XRD patterns of ABS nanocomposites showed no peaks. The thermal stability
of ABS nanocomposites was enhanced by the addition of SO-ZnAl LDH as shown in TGA results. However,
these nanocomposites showed no rating in the UL 94 vertical test at 1.6 mm thickness. Only ABS
nanocomposites with additional BER more than 1.5 wt% showed UL 94 VO rating. Notched 1zod impact
strength, tensile modulus, and elongation at break of flame retardant ABS nanocomposites increased with
the proportion of So-ZnAl LDH whereas their melt index decreased.
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Table 1. Recipes and Properties of Flame Retardant ABS Compounds Containing SO-ZnAl LDH or Talc

Compound Number ABS-1 ABS-2 ABS-3 ABS-4 ABS-5 ABS-6
ABS DP 270 40 40 40 40 40 40
SAN 81HF 37.8 36.8 35.8 35.8 343 32.8
BER(CXB-3000H) 16 16 16 16 17.5 19
Sb,0;3 45 45 45 45 45 45
SO-ZnAl LDH - 1 2 - 2.0 2.0
Talc(Micro Ace P-3) - - - 2 - -
TiO, 0.5 0.5 0.5 0.5 0.5 0.5
EBA 0.5 0.5 0.5 0.5 0.5 0.5
Songnox 21B 0.6 0.6 0.6 0.6 0.6 0.6
Teflon 800J 0.1 0.1 0.1 0.1 0.1 0.1
Sum(wt%) 100 100 100 100 100 100
Br content(wt%) 8.48 8.48 8.48 8.48 9.28 10.07
Escfﬁds\)/emcal(lﬁ mm) (Xg) No Rating No Rating (\1/2) (Zg) (\1/2)
MI(230C, 3.0 kg) 3.7 2.8 2.6 24 2.7 24
Tensile Strength(kgf/cmz) 274 275 266 278 233 240
Tensile Modlus(kg#/cm®) 9720 10310 10460 11130 9830 9650
Elongation at Break(%) 15.0 19.9 17.6 8.0 27.7 22.9
g;’(icflf(‘;)ﬁ;fsfr:ﬁfc}r‘n) 103 19 127 7.7 12.1 123
£ ANTISWE 18]35, 932 dE 934} o] B FHF &3z 83 NaOH 1M
Micro Ace P-3(BTUE 5.0 1m)E TFU3k] A% FEAS W g FHste] pH 10£022 FA3PA
37 e iz ARSI E wE Ave A wsrlel HakAlE B (coprecipitation) WY
Solt AR 1A 0 27 AEAAY 12 & o2 Azt A4 S84 zn} Al
=2l Songnox 21B(FA)E HEF A7 SHE 212 ser SYit YEFe dash
o ZA|(EBA=ethylene bisstearamide), =3 A|A| Ok T} 2nf) & kS AMESITE ZnAl-LDHE &

(teflon 8001, FZA, AIgka (o] 25HE| BIR 350,
FEAPDE Table 19 F0i7 o g ztzt Hr)s)

LA YEFSE 7] ¥/3A1Z] LDH(SO-ZnAl
LDH)= 25=x4d7] @ Wk stirrer)7} AXH 5
g7l ¢F 2L #Ql F/HIFE ¥ 75C

2 25 FXEEA AL UEF 121.6 g04
ME WA &A1 T Zn(NOs), - 6H,0 119.0
204 M)@}F AI(NOs); - 9H0 75.0 g(0.2 MyS <F 1L
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Figure 1. XRD patterns of ZnAl-LDH and SO-ZnAl
LDH.
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3.41°9}F 551°014 F Jl9] @3zt HEEHAD
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2 f71WA4%9 ZnALLDHOIME 72t 2,54 nm®,
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ofglzte g WAAIZl ZmAl-EH4FE LDHolAM=
305 nm @59 b Arl HauHdekt B
o

TollA &g Qs Q& 3+ A7 0.76 nmol|A]
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LDH 239 7 44=eS ¢ & x4
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Wake)] ARl obd AAME o] Fal A
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XRD # ¥ Figure 20 E=AI8FATE 26 Fhol 3°¢}
25° Aol 31A TA7F YERA ¥oE=F IDH
o] F4T=7t B9= 1/]r EdAEIT B3RS
S & 4 Ut LDHO 4% JulE Bk FEsA
getalr] M= FHAE Y] % (Transmission
Electron Microscopy, TEM) ¥zo] Hash} duk
Aoz {F7|WMAE ZnAl-LDHO| 7§ 1RAL 5
7+ AdE Y=E-3HA S (intercalated nanocomposite)
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Figure 2. XRD patterns of flame retardant ABS com-
pounds containing SO-ZnAl LDH.
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Table 290 ZH2F 10%, 50% 2 90% Z=Faih &
=21 Tio, Tso, Toos FEAIBFFIL 750 Tl A Holal
A8 TF FRMEQ] HFHresidue) S &
FABIATE A7IM T GRE A 2=
(onset temperature)Z Tsp GEI FIHHNA Y
2x2 Z7F Z23 PEZ B F Yok F A
LDH E% 100 C H-ZoA & =
185 C FIZodXe 357 S8t 2 A3
ol Alz® ZnAl-LDHS| 3}8H2ae Zn,Al(OH)s
(NOy) - yH0Z & 4 93 TGA &4 A7} oF 29
wt% F&Z59) 83 wi%e FyH0E
st o abr)el Hibrl= 220 T o) dellA
E7} NOZ B350 HZEHOZ 76.0%2] JF
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Table 2. TGA Parameters of Raw Materials and Flame
Retardant ABS Compounds Under Air Atomosphere

. . . . Residue*
Materials Tio(C) | Tso(C) | Too(C) (ezt(;};;:
Oleic acid 248.1 3122 474.6 0.0
BER
(CXB 3000H) 365.8 | 373.9 520.9 0.0
Not Not
ZnAl-LDH 2017 1 A vailable | Available | 60
Not
SO-ZnAl LDH | 1943 405 | be| 311
ABS-1 3525 423.0 547.6 0.7
ABS-2 3546 | 4237 570.9 1.5
ABS-3 3577 | 4239 594.1 2.0
ABS-4 352.3 4253 553.3 2.5
ABS-5 3567 | 422.8 583.5 15
ABS-6 354.0 | 4196 589.9 1.5

* The residue was measured as a mass percent at 750C.
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Figure 3. TGA curves of ZnAl-LDH and SO-ZnAl LDH.
Heating rate 20°C/min, in air flow.
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Figure 4. TGA curves of flame retardant ABS com-

pounds containing SO-ZnAl LDH or talc(ABS-1, ABS-2,
ABS-3, and ABS-4). Heating rate 20 C/min, in air flow.
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Figure 5. TGA curves of flame retardant ABS com-
pounds containing SO-ZnAl LDH(ABS-1, ABS-5, and
ABS-6). Heating rate 20 C/min, in air flow.
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3= ABS-29} ABS-39] A 57 AlE EFoA
& 1027 A4 Fde b2 AXY F #HA 10
27 Aa oy S8 dAidshe wlg e @
Ad(No Rating)2 HE |t} ©]= LDHE X 31X
2= ABS-1914 VOE RQl At HlE) wl$-
W ARE 1l Aol olo HlF EAE 2 wi%
A7FeIS A5 Voo FTEelen Ak FAIRE

o] 142Z ABS-19149] 40% BT} 953 S5

Elastomer Vol. 43, No. 4, 2008



248

FAXNE 2 Lol AlBoA BF 53
Bk 3 LDHE FaA9 BHad 7
Poly(vinyl alcohol)/APP,"* EVA/4~2F8hul14:* LDPE/
EVA/SaRlol 1l 45+2)9) B BASAY A)2H)
oA dd FeES Hyom Uy
q7ld Hate] A= Frtd wE Hshy
B4tk SO-ZnAl LDHE ZE3ele ABS-29+ ABS-3
gl A=A JddAdo] At
AATy FE FASER FAA A » % HBr}
HH3-3h7] wlEo g2 gEth BER-Sh,O:E FAA|
2eog 283k ABS Aol Octadecyl trimethyl
ammomiuml.2 F7]HAAE MMTE 2 wt% J7}3H
Agos aEAE 7 AYE U=EEAE
(intercalated nanocomposite)S ATl = B3k
LOZ} 22 A=wt FHRom dd Fsads
Uxggelo] Agtay @ BRI ay, ail 5o
25 v FTAAZACIE, AFERIEIE 3 NaBre]
slahk-gol ot SbBr3-°4 Fd ToE AYENU
o} 3l LDHE ddA|e} o] AHed A9o=
MMTS} 22 2t ;@Jrg} AT F7F Sl 7I_1st
3dd Aeads 7dE &
Fole 2 AATE 5 FES] el &
ojBE AR 1EAe 73% 53 }
¥ de2AA dAxhs S-S
ges oiF =Y ﬁzi AZrgltt. pveel
Zn,Al(OH)§(COs)o.45(Oleate)o s - 2H,0S 4
g A¥ A= LDHS} HClo] ¥Hg-5le] LDH 1£E¥
289 ZnCLS} 159 AICKL7F E@AEAL ol &
glEo] GHgFAaNES FXlshe Aoz A Y
Atk Qe AR SO-ZnAl LDHO] 3}3h2aS
ol g3t X3 TS Tl 289 ZnBrS}
159 ABn:E AL 7H83H 2 wi% FEFd
o oF 3.5 wi%] dAA7E o aFFH ek o] 4
Aol w2} BER(CXB-3000H) FA1E 1.5 wit%
(ABS-5) HE 3 wit%(ABS-6) T #H7}g Adtoe=w
b ABS AILEE AR GAAES 59
g A% F HIE= EFAA UL %4 VO 555
B9tk £3] BERS 1.5 wi%gh O 3718t 39ol=
VOE HQl AL At axtel Az vl 710
bl dsanl 28397 jEoz geE.

it ;R e on

A2 A43A A43, 2008

oy
1

AN

71& AFelA LDHE Edse YeB§Ass
HES 72 4% wel Hxrl Tk e
2 Bud u Ik 2 A% SO-ZnAl LDH
o] FF 7t w}a} MI(melt index)7} 7HAahe
73S HYtKTable 1). ©=(Micro Ace P-3)¢] 73
= 2 wi%9 3¢ $EFelA SO-ZnAl LDH Rt}
02 A= T ZAsHch

Ul ABS e EIAIE] =X E ojo|zxE =
AZ}EE SO-ZnAl LDH &kl nlg)ste] =4 =

7}l thTable 1 2 Figure 6). YHkzoz &9}
22 7] Ay aEAe] WK A9 FEAAE
7} AA Fashe Ao gEA Jda B A
A= g3 (Micro Ace P-3) 2 wt% J7} Al 543 7
27t 25% #ashe Ao g yehth 2euy 7]
W% LDHE| 7% W= & g4 wE v

W7l Wtz a2 Agte] tigh AaAde] F
7FeE AV 71918 A= 748 AowE #

e

Table 10l YER nle} 7+o] SO-ZnAl LDHS] &+
o] F7Hgel wet 1R TE A YA Y
Elou} A% B E(1% A8 )L 2 wi%
SFERABS-3)° A ¢F 8% Z715}H 2 H(Figure 7) Al
& E3 9 17% F71sttHFigre 8). 7] WA
LDHE L&A Hrlele 749 134 = 9 1%
BAES S8 A8 A AYHEVA/ Lauryl
Sulfate-ZnAl LDH'", EVA/Dodecyl Sulfate-MgAl
LDH"™ 2 PET/5-Sulfoisophthalate-MgAl LDH™),
ol weh 1 wi%olld A= 9L 2go] A

16 —=— SO-ZnAl LDH
1a] —e— Talc(Micro Ace P-3)

124
84

0 1 2
Content(wt%)

Izod Impact Strength
(kg/em?)
S

Figure 6. Notched Izod impact strength of flame
retardant ABS compounds containing SO-ZnAl LDH or
talc(ABS-1, ABS-2, ABS-3, and ABS-4).



7194 LDHE AH&3 b4 ABS U EdAge 44 2 7AF &4 249

11000

10000 «//A

9000

Tensile Modulus
(kg, lcm’)

8000 v v
1 2

Content(wt%)

Figure 7. Tensile modulus of flame retardant ABS
compounds containing SO-ZnAl LDH(ABS-1, ABS-2,
ABS-3).

254
= 20 I\
o 15+
]
®
c 104
2
g
o 59
w
0 T T
0 1 2

Content(wt%)

Figure 8. Elongation at break of flame retardant ABS
compounds containing SO-ZnAl LDH(ABS-1, ABS-2,
ABS-3).

S7Fehd 8 winolld F 4 25 Aad A
(EVA/Dodecyl Sulfate-MgAl LDH)"7} B a1% u}
ok mE3E A 7R Q1 Bl R STV e
(Epoxy/4-Aminobenzoate-Mg,Al LDH)*', LDH &}e¥o]]
wE} B9 AFS Hole -(PCL/Hydroxydo-
decanoate-MgAl LDH)”, PET FX|ollA] &7 A4
ZF(dodecyl sulfate, octyl sulfate Z dodecylben-
zenesulfonate) 2 LDH $Fagol] whe} Q17 =9} <1
FHAES B3 AFS Hot &S BF
23 9P, Age O TR ARAEE
Z 2713 7Z-HPMA/Dodecyl Sulfate-MgAl LDH)™*
5ol RuEdet Mutdoeg {74 LDHO| <
5 )

|
AT L AEHE S ZrElgT AlSS

o ¥° o

-
K
h

1ot o
7ashe A WAtk BER WA Fao] Be

U Ao =7 27183tk Table 1).

LDHE EFsh= 1#A Y=B§{Ase 71414
24e o /43 wE7IA| 2 LDHY] Ys(F<
92 57 T/ 2 = AUIHAAA, fU1
23 <} Z 5ol wet 18jx
7R FH w

:’L

(i

rlo s
f

o glo
o O 7

N

= 1 V)& ATE B3l fUWA
LDH+= Awkdo g =733} (nanoreinforcements)
2 Zloz wud & Yo} B

o
o= R 1l
98 ENE FESllE Be A7 A7t 2

=
m
ru

2 AFdre Ao E F7HA3H SO-ZnAl
LDHZ A|%3}le] BER(CXB-3000H) Wiz 2 2ks}
UEIE A zES HE5 b ABS i
o] Hrkete] Wl 5o it FAAE, AE
AE 9 AEY AsEadE gtk 4l A%

55
al

¢

= (e}
o 7+AE ¢ZejA<l LDH7F HBr ¥h3-&}ed

1. L. A. Utracki, M. Sepehr, and E. Boccaleri,
“Synthetic, Layered Nanoparticles for Polymeric
Nanocomposites”, Polymers for Advanced Techno-
logies, 18, 1 (2007).

2. A. B. Morgan, “Flame Retarded Polymer Layered
Silicate Nanocomposites: A Review of Commercial
and Open Literature Systems”, Polymers for
Advanced Technologies, 17, 206 (2006).

3. J. Njuguna and K. Pielochowski, ‘“Polymer Nano-
composites for Aerospace Applications: Fabrica-
tion”, Advanced Engineering Materials, 6, 193
(2004).

Elastomer Vol. 43, No. 4, 2008



250

4,

10.

11.

12.

13.

. S. Nandal

S. S. Ray and M. Okamoto,

Silicate Nanocomposites: A Review from Prepara-

“Polymer/layered

tion to Processing”, Prog. Polym. Sci., 28, 1539
(2003).

. J. Zhang, F. Zhang, L. Ren, D. G. Evans, and X.

Duan, “Synthesis of Layered Double Hydroxide
Anionic Clays by Carboxylate Anions”, Materials
Chemistry and Physics, 85, 207 (2004).

. K-H. Koh, T-T. Lim, and Z. Dong, ‘“Application

of Layered Double Hydroxides for Removal of
Oxyanions: A Review”, Water Research, 42, 1343
(2008).

and S. Mayadevi, “Adsorption of
Fluoride Ions by Zn-Al Layered Double Hydrox-
ides”, Applied Clay Science, 40, 54 (2008).

. C-H. Chan, J-K. Chen, and F-C. Chang, “Specific

DNA Extraction through Fluid Channels
Immobilization of Layered Double Hydroxides on

with

Polycarbonate Surface”, Sensors and Actuators B,
133, 327 (2008).

. S. Y. Kwak, Y. J. Jeong, J. S. Park, and J. H.

Choy, “Bio-LDH nanohybrid for Gene Theraphy”,
Solid State lonics, 151, 229 (2002).

V. Ambrogi, G. FArdella, G. Grandolini, and L.
Perioli, “Intercalation Compounds of Hydrotalcite-
like Anionic Clays eith Antiflammatory Agents-I.
Intercalation and In Vitro Release of Ibuprofin”,
International Journal of Pharmaceutics, 220, 23
(2001).

P. Liu, H. Wang, Z. Feng, P. Ying, and C. Li,
“Direct Immobilization of Self-assembled Polyoxy-
metalate Catalyst in Layered Double Hydroxide for
Heterogeneous Epoxidation of Olefins”, Journal of
Catalysis, 256, 345 (2008).

M. Veronica, B. Graciela, A. Norma, and L.
Miguel, “Ethanol Steam Forming Using Ni(Il)-
Al(IIT) Layered Double Hydroxides Layered Double
Hydroxide as Catalyst Precursor: Kinetic Study”,
Chemical Engineering Journal, 138, 602 (2008).
Y-J. Lin, D-Q. Li, D. G. Evans, and X. Duan,
“Modulating Effect of Mg-Al-COs; Layered Double
Hydroxides on The Thermal Stability of PVC
Resin”, Polymer Degradation and Stability, 88, 286
(2005).

A2 A43A A43, 2008

oy
1

AN

14

15.

16.

17.

18.

19.

20.

21.

. Z. P. Xu, S. K. Saha, P. S. Braterman, and N.
D'Souza, “The Effect of Zn, Al Layered Double
Hydroxide on Thermal Decomposition of Poly(vinyl
chloride)”’, Polymer Degradation and Stability, 91,
3237 (2006).

L. Zhang, Y. Lin, Z. Tuo, D. G. Evans, and D.
Li, “Synthesis and UV Absorption Properties of
5-Sulfosalicylate-Intercalated Zn-Al Layered Double
Hydroxide”, Journal of Solid State Chemistry, 180,
1230 (2007).

L. Perioli, V. Ambrogi, C. Rossi, L. LAtterini, M.
Nocchetti, “Use of Anionic
Clays for Photoprotection and Sunscreen Photosta-
bility: Hydrotalcites and Phenylbenzimidazole Sul-
fonic Acid”, Journal of Physics and Chemistry of
Solids, 67, 1079 (2006).

M. Zhang, P. Ding, L. Du, and B. Qu, “Structural
Characterization and Related Properties of EVA/
ZnAl-LDH Nanocomposites Prepared by Melt and
Solution Intercalation”,
Physics, 109, 206 (2008).
T. Kulia, H. Acharya, S. K. Srivastava, and A. K.
Bhowmick, “Effects of Vinyl Acetate Content on
the Mechanical and Thermal Properties of Ethylene
Acetate/MgAl Layered Double Hydroxide
Nanocomposites”, Journal of Applied Polymer
Science, 108, 1329 (2008).

T. Kulia, H. Acharya, S. K. Srivastava, and A. K.
Bhowmick, “Synthesis and Characterization of
Ethylene Acetate/Mg-Al Layered Double
Hydroxide Nanocomposites”, Journal of Applied
Polymer Science, 104, 1845 (2007).

W. D. Lee and S. S.
Properties and Crystallization Behavior of Layered
Double Hydroxide/Poly(ethylene terephthalate) Na-
nocomposites Prepared by In-situ Polymerization”,
Part B: Polymer

and U. Costantino,

Materials Chemistry and

Vinyl

Vinyl

Im. “Thermomechanical

Journal of Polymer Science:
Physics, 45, 28 (2007).

C-H. Tseng, H-B. Hsueh, and C-Y. Chen, “Effect
of reactive Layered Double Hydroxides on the
Thermal and Mechanical Properties of LDH/Epoxy
Nanocomposites”, Composites Science and Techno-
logy, 67, 2350 (2007).

. R. Pucciariello, L. Tammaro, V. Villani, and V.



23.

24.

25.

26.

27.

28.

29.

30.

#71¥4 LDH

il

Vittoria, “New Nanohybrids of Poly(e-caprolactone)
and a Modified Mg/Al Hydrotalcite: Mechanical
and Thermal Properties”, Journal of Polymer
Science: Part B: Polymer Physics, 45, 945 (2007).
W. D. Lee, S. S. Im, H-M. Lim, and K-J. Kim,
“Preparation and Properties of Layered Double
Hydroxide/Poly(ethylene  terephthalate)
psoites by Direct Melt Compounding”, Polymer,
47, 1364 (2006).

W. Chen and B. Qu, “Enhanced Thermal and
Mechanical Properties of Poly(methyl acrylate)/ZnAl

Layered Double Hydroxide Nanocompsites Formed

Nanocom-

by In-situ Polymerization”, Polymer Degradation
and Stability, 90, 162 (2006).

S. Martinez-Gallegos, M. Herrero, and V. Rives,
“In Situ Microwave-Assisted Polymerization of
Layered Double
Hydroxides”, Journal of Applied Polymer Science,
109, 1388 (2008).

T-M. Wu, S-F. Hsu, Y-F. Shih, and C-S. Liao,
“Thermal Degradation Kinetics of Biodegradable
Poly(3-hydroxybutyrate)/Layered Double Hydroxide
Nanocomposite”, Journal of Polymer Science: Part
B: Polymer Physics, 46, 1207 (2008).

T-Y. Tsai, S-W. Lu, and F-S. Li, “Preparation and
Characterization of Epoxy/Layered Double Hydro-

Polyethylene  Terephthalate in

xide Nanocomposites”, Journal of Physics and
Chemistry of Solids, 69, 1386 (2008).

F-A. He and L-M. Zhang,
Nanocomposites Prepared by In-Situ Polymerization
Method Using Nickel a-Diimine Catalyst Supported
on Organo-Modified ZnAl Layered Double Hydrox-
ide”, Composite Science and Technology, 67, 3226
(2007).

P. Ding and B. Qu,
PP/LDH Nanocomposites
Structure, Thermal Properties, and Photo-Oxidative
Behavior in Comparison with PP/MMT Nanocom-
46,

“New Polyethylene

“Synthesis of Exfoliated

via Melt-Intercalation:

posites”, Polymer Engineering and Science,
1153 (2006).

L-C. Du and B-J. Qu, “Preparation of LLDPE/
MgAI-LDH Exfoliation Nanocomposites with En-
hanced Thermal Properties by Melt Intercalation”,
Chinese Journal of Chemistry, 24, 1342 (2006).

AHEEF Tl ABS U

wRPAR 91 R A B4

31

32

33.

34.

35.

36.

37.

38.

39.

251

. L. Qiu, W. Chen, and B. Qu, “Morphology and
Thermal Stabilization Mechanism of LLDPE/MMT
and LLDPE/LDH Nanocomposites”, Polymer, 47,
922 (2006).

. P. Ding and B. Qu, “Structure, Thermal Stability,
and Photocrosslinking Characterization of HDPE/
LDH Nanocomposites Synthesized by Melt-Intercal-
ation”, Journal of Polymer Science: Part B:

Polymer Physics, 44, 3165 (2006).

P. Ding and B. Qu, “Synthesis and Characterization

of Exfoliated Polystyrene/ZnAl

Hydroxide Nanocomposite via Emulsion Polymer-

Layered Double

ization”, Journal of Colloid and Interface Science,
291, 13 (2005).

W. Chen and B. Qu, “In Sity Synthesis of
methacrylate)/MgAl
Hydroxide with High Transparency and Enhanced

Poly(methyl Layered Double
Thermal Properties”, Solid State Communications,
130, 259 (2004).

M. Zammarano, S. Bellayer, J. W. Gilman, M.
Franceschi, F. L. Beyer, R. H. Harris, and S.
Meriani, “Delamination of Organo-Modified Layered
Double Hydroxides in Polyamide 6 by Melt
Processing”, Polymer, 47, 652 (2006).

N. S. Kottegodo and W. Jones, “Preparation and
Characterisation of Li-Al-glycine Layered Double
Hydroxides (LDHs)-Polymer Nanocomposites”, Mac-
romol. Symp., 222, 65 (2005).

and K. R. Yoon, “Thermal
Physical Properties of Ethylene-vinyl Acetate Co-

B. Ramaraj and
polymer and Layered Double Hydroxide Compo-
site”, 108, 4090
(2008).

C-M. lJiao, Z-Z. Wang, X-L. Chen, and Y. Hu,
“Synthesis of a Magenesium/Aluminum/Iron Layer-
ed Double Hydroxide and Its Flammability Charac-

teristics in Halogen-Free, Flame-Retardant Ethylene/

Journal of Polymer Science,

Vinyl Acetate Copolymer Composites”, Journal of
Polymer Science, 107, 2626 (2008).

L. Du, B. Qu, and M. Zhang, “Thermal Properties
and Combustion Characterization of Nylon 6/MgAl-
LDH Nanocomposites via Organic Modification and
Melt Polymer
Stability, 92, 497 (2007).

Intercalation”, Degradation  and

Elastomer Vol. 43, No. 4, 2008



252

40.

41.

42.

43.

45.

46.

F. R. Costa, U. Wagenknecht, and G. Heinrich,
“LDPE/Mg-Al Layered Double Hydroxide Nano-
composite: Thermal and Flammability Properties”,
Polymer  Degradation and Stability, 92, 1813
(2007).

U. Costantino, A. Gallipoli M. Nocchetti, G.
F. Bellucci, and A, Frache, “New
Nanocomposites Constituted of Polyethylene and
Organically Modified ZnAl-hydrotalcites”, Polymer
Degradation and Stability, 90, 586 (2005).

M. Zammarano, M. Franceschi, S. Bellayer, J. W.

Camino,

Gilman, and S. Meriani, “Praparation and Flame
Resistance Properties of Revolutionary Self-Extin-
guishing Epoxy Nanocompsoites Based on Layered
Double Hydroxides”, Polymer, 46, 9314 (2005).

M. C. Costache, M. J. Heidecker, E. Manias, G.
Camino, A. Frache, G. Beyer, R. K. Gupta, and C.
A. Wilkie, “The Influence of Carbon Nanotubes,
Organically Modified Montmorillonites and Layered
Double Hydroxides on Thermal Degradation and
Ethylene-Vinyl
Acetate Copolymer and Polystyrene”, Polymer, 48,
6352 (2007).

Fire Retardancy of Polyethylene,

. C-X. Chao, Y. Liu, D-Y. Wang, D-L. Wang, and

Y-Z. Wang, of Ammonium
Polyphosphate and Layered Double Hydroxide on

“Synergistic Effect

Flame Retardant Properties of Poly(vinyl alcohol)”,

Polymer  Degradation and Stability, 93, 1323
(2008).
G. Zhang, P. Ding, M. Zhang, and B. Qu,

“Synergistic Effects of Layered Double Hydoxide
with Hyperfine Magnesium Hydroxide in Halogen-
Free Flame Retardant EVA/HFMH/LDH Nanocom-
posites”, Polymer Degradation and Stability, 92,
1715 (2007).

L. Ye, P. Ding, M. Zhang, and B. Qu, “Synergistic

A2 A43A A43, 2008

oy
1

AN

47.

48.

49.

50.

51

52.

53.

Effects of Exfoliated LDH with Some Halogen-Free
Flame Retardants in LDPE/EVA/HFMH/LDH Nano-
composites”, Journal of Applied Polymer Science,
107, 3694 (2008).

Z. Wang, E. Han, and W. Ke,

Nano-LDHs on Char Formation and Fire-Resistant

“Influence of

Properties of Flame-Retardant Coating”, Progress in
Organic Coatings, 53, 29 (2005).

L. Qiu, W. Chen, and B. Qu, “Structural Characte-
rization and Thermal Properties of Exfoliated Poly-
styrene/ZnAl Layered Double Hydroxide Nanocom-
posites Prepared by Solution Intercalation”, Polymer
Degradation and Stability, 87, 433 (2005).

H. A. Stretzz D. R. Paul, and P. E. Cassidy,
“Poly(styrene-co-acrylonitrile)/Montmorillonite
Organoclay Mixtures: A Model System for ABS
Nanocomposites”, Polymer, 46, 3818 (2005).

H. Ma, Z. Fang, and L. Tong, ‘“Preferential Melt
Intercalation of Clay in ABS/Brominated Epoxy
Oxide(BER-AO) Nanocomposites
and Its Synergistic Effect on Thermal degradation

Resin-Antimony

and Combustion Behavior”, Polymer Degradation
and Stability, 91, 1972 (2006).

Seogjun Kim, “Phyllite as a New Flame Retardant
Synergist for
Flame Retardant”, Elastomer, 41, 172 (2006).

F. R. Costa, M. Abdel-Goad, U. Wagenknecht, and
G. Heinrich, ‘“Nanocomposites Based on Polyethy-
lene and Mg-Al Layered Double Hydroxide. I.
Synthesis and Characterization”, Polymer, 46, 4447
(2005).

F. R. Costa, B. K. Satapathy, U. Wagenknecht, R.
Weidisch, and G. Heinrich, “Morphology and
Fracture Behavior of Polyethylene/Mg-Al Layered

ABS Resin Containing Bromine

Double Hydroxide”, European Polymer Journal, 42,
2140 (2006).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AmiR-HM
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /Batang
    /BatangChe
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Castellar
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /DungunM
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /ExpoM-HM
    /FelixTitlingMT
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrenchScriptMT
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /H2bulB
    /H2bulL
    /H2bulM
    /H2cysB
    /H2cysL
    /H2gprM
    /H2gsrB
    /H2gtrE
    /H2gtrM
    /H2gttB
    /H2hdrM
    /H2mjrE
    /H2mjsM
    /H2mkpB
    /H2mppB
    /H2mppL
    /H2porL
    /H2porM
    /H2sa1M
    /H2supB
    /H2supE
    /H2supL
    /H2supM
    /H2wulB
    /H2wulE
    /H2wulL
    /H2wulM
    /HaansoftBatang
    /HaansoftDotum
    /Haettenschweiler
    /HeadlineR-HM
    /HYbsrB
    /HYBuDle-Medium
    /HYcysM
    /HYGoThic-Bold
    /HYGoThic-Light
    /HYgprM
    /HYGraPhic-Bold
    /HYgsrB
    /HYgtrE
    /HYhaeseo
    /HYHeadLine-Bold
    /HyhwpEQ
    /HYKHeadLine-Bold
    /HYKHeadLine-Medium
    /HYLongSamul-Bold
    /HYLongSamul-Light
    /HYLongSamul-Medium
    /HYmjrE
    /HYMokGak-Bold
    /HYMokPan-Bold
    /HYmprL
    /HYMyeongJo-Bold
    /HYMyeongJo-Light
    /HYMyeongJo-Medium
    /HYMyeongJo-Ultra
    /HYPillGi-Light
    /HYporM
    /HYPost-Bold
    /HYRGoThic-Bold
    /HYRGoThic-Medium
    /HYSeNse-Bold
    /HYShortSamul-Bold
    /HYShortSamul-Light
    /HYSinGraPhic-Medium
    /HYSinMun-MyeongJo
    /HYSinMyeongJo-Bold
    /HYsnrL
    /HYSooN-MyeongJo
    /HYSymbolA
    /HYSymbolB
    /HYSymbolC
    /HYSymbolD
    /HYSymbolE
    /HYSymbolF
    /HYSymbolG
    /HYSymbolH
    /HYTaJa-Bold
    /HYTaJaFull-Bold
    /HYTaJaFull-Light
    /HYTaJaFull-Medium
    /HYTaJa-Light
    /HYTaJa-Medium
    /HYTeBack-Bold
    /HYYeasoL-Bold
    /HYYeaSo-Medium
    /HYYeatGul-Bold
    /HYYeatGul-Medium
    /Impact
    /ImprintMT-Shadow
    /Kartika
    /Latha
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /MagicR-HM
    /MaiandraGD-Regular
    /Mangal-Regular
    /MDAlong
    /MDArt
    /MDEasop
    /MDGaesung
    /MDSol
    /MicrosoftSansSerif
    /MingLiU
    /MoeumTR-HM
    /MogfilB
    /MogfilL
    /MogfilM
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NewGulim
    /NSimSun
    /OCRAExtended
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PMingLiU
    /Pristina-Regular
    /PyunjiR-HM
    /Raavi
    /RageItalic
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /SanHgM
    /SanIgM
    /ScriptMTBold
    /Shruti
    /SimHei
    /SimSun
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /YetR-HM
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


