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Abstract: ZnAl-LDH(layered double hydroxide) (Zn:Al=2:1 mole ratio) modified with stearic acid (SA) or oleic
acid (OA) was synthesized by a coprecipitation method and compounded to SAN polymer at various contents. All
the SAN composites were manufactured by a co-rotating twin-screw extruder and subsequently injection molded into
several specimen. Morphology, transparency, and thermal resistance of these composites were evaluated by TEM,
XRD(X-ray diffractometry), UV-Vis spectrophotometry, and thermogravimetric analysis. SAN nanocomposites
containing OA-Zn,Al LDH showed better optical transmittance than SAN nanocomposites containing SA-Zn,Al LDH.
All the SAN nanocomposites containing OA-Zn,Al LDH or SA-Zn,Al LDH exhibited improvement of thermal
resistance at second stage of thermal oxidation. These results were explained by the fact that the interaction between
organic modifier and polymer performed an important role in the property improvement of polymer nanocomposites.
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*=Mg, Ca, Co, Ni, Cu, Cd, Ba, Be, Hg, Pb, Sn, Sr,
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F71948 W2 f71 S0l S7kll A9 (intercalation)
Al7le WS AR Qo H 7] 5o]5 LDHel 37+
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M9 (intercalation)A] 71 & WH ol & 33 (coprecipitation)H,
&1 8H(ion-exchange) ¥, 424 (calcination)d] &°] |
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JiEAe| LDHE AHEE 79 dvbd o s f{71wA
MMTe} fAFSHAl Eeb8A S71 a8 Aok 28v
o7 Ao A= LDH A7 A HEA o] 28K, wall2x2
ayete 27 EE EIE AT Poly(scaprolactone)
(PCL)°ll hydroxydodecanoate ¥4 Mg-Al LDHE 37}t
A= 71 e ¢ 2o sl HEA A sk
FY9o g A=Y poly(L-lactic acid)oll Ibuprofen® =
WAE ZnAl LDHE 217} 1, 3, 5wi% F7Hst e s83t
AR EANA =" LDHAA WEE =° o 787t
YA Asts dozl Aoz vaE At T3k Nylon 691
SDBS(sodium dodecylbenzene sulfonate) ¥4 Mg,Al LDH
Z 5wt% H7FeE Aol DBS &ol9 3y ¥4
(nucleophilic attack)ol] 2|3 ZE=}e] Ealj7} F¢0lo=z
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WEEH B 93 7heRA 2 a7 X ez B
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9 S AMHEPH, 2H4)S Y 22 ARE-SA T

SAN LG3tetol A Aabshe= 9SHCTCE AH-skelom
RE Hoeroe AR 12 ¢ 23 AtspA| A 9
1:22 £ =21 Songnox 21B(HYARNE 03 wt%¥ Z7ts)
Atk

M= f71 |944% LDHES th&3 22 33
(coprecipitation) HOZ A XU 2247 &
7] (stirrer)7F G E 20 L w3719 o 10L9] & 5
FTFE 9L 80°CE L5 2 FAEHA NaOH 1.0M 2
712Kz ol AHSA) s 28 04H0A)) 1.0 MES 7t
gk & oF 3047F wRkste] &afAIX] the Zn(NOs),6H,0
595.0 g(2.0 M)a+ AIINO;);9H,0 375.1 g(1.0M)S <F 1.5L9]
# THRT 83122 893} NaOH 2 M T84S
Mg FH|8ke] pH 10£0.28 FA8HEA w7l A5t
AlA AzsA. 7] W% LDH A= Al Zn¢t Al 2
F714F] EH)E 2:1:12 3tk §4E LDHE 80 °Cell
A oF 2071 7F F<t kst =< A4 SHhydrothermal
crystallization)S A1 th o3ty £ STHFE o3t
Ho] FAdo] & wi7kx] AlH S thg 60 °CAlA 24417+ A
z3td e AZxE LDHe 2ARAbEo A FA 7+ o
120 mesh A= A& A XRD(X-ray diffraction) +4] %
SAN L= Az ARSI TH

SAN #AZA E= SA-Zn,Al LDH & OA-Zn,Al LDHEZ
z+zt 0.5, 1, 2, 3, 4, 5, 6 wt%s Zt7 EgeeE A%
staith. SAN HEZAEQ] i LDHo| AHEE 7]
A ©] oFolo] o]o] §-7|HA LDHS| SHFwi%eyS AR
FAIEE e AT A& 233 BRE A5 F A
Fo] 1.5kg A=7t HEs A oy 71202 E3tety
o|F U=71(F=EM F2|3]AL 2l STS-25-40-2V)0ll A
2= 230°CE YE3te] B 3kek v 60°ColA 5A17E
ol 7Axe & AE7](H$H A LDH-75N, 75% )0l 4] Al
HAFP S ol & A&EstATh

718N, 717] g2 259 f714eE HAE ZnAl-
LDH 2%(SA-Zn,Al LDHs$t OA-Zn,Al LDH) @ SAN
AZAE FEE9] g XRD(X-ray diffraction) #2]-&
Cu Ko(r=0.1542 nm)7} “¢2¥ PANalyticalAF XRD(X-
ray diffractometer, X'Pert Pro, Netherlands)E ©]-& 3}
40kV, 30 mA =X ZH43 T SAN AXZAEEZ]
TEM(transmission electromicroscopy) #4242 wlo|aAZ &
(microtome) .2 TH= YlHS =Y ZeissAl Libra 1202
o] g3l 433 th TGA(thermogravimetric analysis)
238 v TA InstrumentAte] Q50 R4S o] &3l oH
10£0.5 mge] A|EE Pt Mol Fo} 100 mL/min®] 5<%
TolM Few F7)8F AAE 80:20(viv) e E TS 714
2 B Y72 A8k 20°C/mine] $E5EE 50 °CoA]
800 °C7HA1¢] 2= flollA] AT A Al ZE 1.6 mm
7] SAN AuL-E P@Eo] FA =42 UV-Vis i
3333 %A (S-1100, SCINCO Co.)E ©] &3t 250~800 nm
oMo FR=E A3t
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S71 HME LDHe| E4. 4% SA-Zn,Al LDH %
OA-Zn,Al LDH®| ™3 XRD 3|81 Zn,Al LDHS} &7
Figure 19 A3 TE f7189] §lE <48 Zn,Al-LDH2]
A% (001)He - 937} 20=11.6°14 YEFE 9]
£ &7+7 2 (d-spacing)7} 0.76 nm®l =24 Ago] FAH
AL =it AHoldAto 2 MAE SA-Zn,Al LDH
= 2704 - u Azt FEEYS 7 A”l= 3.3 nmell
FE} o] Aate 2Hold o 2 MAAZ] Zn,Al LDH
MM 3-u A7t 2.76%(F 3 A= 32mm)E HAE 4
ol F sl T 20 ko] A E OA-Zn,Al LDH
M 33%0A - Azt YEba ol F7F ARt
2.7 nmZ AFECH ¥ d4ke] Zolrt 3.1 nmo|BEE &
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Figure 1. XRD patterns of Zn,Al-LDH and organically modified
Zn,Al LDHs.
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Figure 2. TGA thermograms of LDHs.
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=71 A2 #7271 A E LDHEIA #7434 <]
= 280~500°Cel| AA dojwton o= 4573 ¥
el Tl et HA dojd Aoz FEET f7HA 0]
<=3 Zn,AI-LDH| 3}8+2]-8 7Zn, Al(OH)NO;~yH,0Z
AT TGA £ A3} oF 29wt%2] F2r9} 83 wit%
SN0 E 283t o A7) A=
220°C o]l &3} NO,Z Ea=o] HEH o= 750 °C
oA 76.0 wit%2] HFFHFAAES 254 E)S 2= A
o2 Yepyth”? 2eoldiitoz WA E SA-Zn,Al LDH
o] 3}3H4 2 Zn,Al(OH)s[CH;(CH,);sCOO0]1(NO5 ), yH;0,
SYitez F71HAE OA-Zn,Al LDHE Zn,Al(OH),
[CH;(CH,),CH = CH(CH,),COO];.{(NO;"),yH,0Z F°{#|
3 A FRF) 5-10 wi%] 7S 2 det). 7+
7194 LDH®] 7184 &% Zn,Al LDHE 71
© 2 alo] SA-Zn,Al LDHOAA &= oF 429 wt% S 18] 3L
OA-Zn,Al LDHOA = <F 40.1 wt%2] F7]4FS E3}s
Ao 2 BEAEAtKTable 1). o= 225
> AxE 9 AxA b wet bl 4 QT B
ol e 9 f71wdA o] SR LDHS] $A8 =1
H, A ZAIZF, &5, 34 o] 29 B4, 7| HAAA Y] &
S)el whet b

SAN UL HZXES HEfE {71 AdE SA-Zn,Al
LDH %+ OA-Znm,Al LDHES Z338l= SAN Vi=7A XX
EE9 XRD ZH}E Figure 3 2 Figure 40 27} T A]
3FA T} SA-Zm,Al LDHE ¥33lE SAN YA IXEE
2 SA-Zn,Al LDHS] 345 32.7°7F YEIUA = oy
22°(&7 A8l =4.0 nm) F-Zo MZe ¥=27F vEld
LDH &&o] F7istel wet =7t F7skith. mhebAd
SA-Zm,Al LDHE %3}8}= SAN YA LA EEL vtz g
LDH®} SAN FA7F Z7¢e] I A€ LDH7F &8¢
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Table 1. TGA Parameters for Synthesized LDHs

. i *
Materials ~ T,o(°C)  Ts(°C) Too(°C) Rfj}t‘i/‘g
Znm,Al LDH  221.7 Not Available Not Available  76.0

SA-Zm,Al LDH 241.0 438.8 Not Available  33.1

OA-Zn,Al LDH 197.0 421.1 Not Available 35.9

*The residue was measured as a mass percent at 750 °C.
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Figure 3. XRD patterns of SAN nanocomposites containing SA-
Zn,Al-LDH.
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Figure 4. XRD patterns of SAN nanocomposites containing OA-
Zn,Al-LDH.

FEH A F2E 2=t B 7 Ao 28U OA-ZnAl
LDHE X33k SAN Y= XA EE2 0A-Zn,Al LDHS]
s|d ¥ A(3.3°)7F AR & vhe] H (exfoliated) T35 B
At thek OA-Zn,Al LDHE] &l 6 wi%s! 7d-9-(0A-6)
2.1F7H A2 E 4.2nm) F-Zol 3 M35 HY ol&
A5 LDHel A7t A Ele] 32+ A7t S71s A
o2 dgdd,

SAN Y= XA ES] TEM AMXIS Figure 59 UER]
Atk F F7 SAN U= XA E BFoA LDH7} F
FH0o 7 Ro] e M(sland) +E2S ¥ LDH o)
7S A 2719 #7F SUFskaAT A qbell =
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Figure 5. TEM images of SAN nanocomposites (SA-2 and OA-2
containing 2 wt% of SA-Zn,Al LDH ((a) and (b)); OA-Zn,Al
LDH((c) and (d)).

LDH= ©F 9~26 nm H 19| A5 z3 e g ro wet
Bete] xpol & BATh & AFef AR LDHZF A e
A A (aggregate) = UEFE 212 bis[2-(methacryloyoxy)
ethyl] phosphateZ HA ¥ LDHE MMAS} de53A17
73571 B 1%t} Sodium dodecyl sulfate(SDS) &
Aof| ] o] 2w 3HH MgAI-LDHE PSolA Swi% 2 10 wt%
HA7F Al B AYE 25 B2 SAN A 5wi%
H7sk A9 XRD 2 EH XM= W2 E 1F(no peak)S
B3 TEM o|m| X M & Bt} F2 A% LDHY} &2 5]
Ak® T FA A Bl FEjEHA xpo]= PSET SANS
A&7 wo} w4to] & o]Fojxl Zlow v B3k
dodecyl sulfate(DS)E W/ ¥ MgAI-LDH 33.90 wt%E
TE&H AN MMASH 410 S AZH (in-situ oHA
=3 A$-olE 2540 nme] F7(10-155)2F 60~120 nm<]
& zh= 5749 LDH7E & #4kd deehd 27t
BuE v Qo Axpgog B Ao frHAgddE
LDH7} SAN Ao 3% ZAHE A X3 22 {719
A 9k SAN FA] Apo]e] F5 AF-g-o] A5l o] HUE 7]
A o] TEEA] g2 A 71T F Ut

SAN U ZX|Eo| &8 £4. LDHS| 4+
AR PMMAS 7 A5 vkg)7r | 34 4%
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Zn,Al LDHE 0.5 wt%oll A Hd] 6 wi%7HA] &gt Y=
FAEEo] th3F UV-Vis spectraS Figure 6 2 Figure 7
EA)EFA T 28 3 600 nmol A1 ¢] B EE Table 200 A
g8ttt F71HA " SA-Zn,Al LDH =& OA-ZnyAl
LDHE ¥ &3l HEXAEES FHL7F f7dAdo] otd
ZnAl LDHE X3 35h= S0l &) vl$ =4 Velston
LDH 3ol S7H84E 7HAstadtt. #7114 LDHO
3tako] HA 3 o OA-Zn,Al LDHE ¥ 38l Zo] 7h
=& B35 2 B9 SA-ZnAl LDH Hops o7k 2
EREE BT SA-Zn,Al LDHY 7-9-9= 3 wi%Z7HA
600 nmel A 50% o] FFHEE HOow 0A-ZnAl
LDHE 4 %7 &= 50% ©1’de] £33 =8 BoTh T84
M= Fejsty Aot FUsHA ExHF714k] &9l
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Figure 6. UV-Vis spectra of about 1.6 mm thick SAN composites con-
taining SA-Zn,Al LDH or Zn,Al LDH.
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Figure 7. UV-Vis spectra of about 1.6 mm thick SAN nanocomposites
containing OA-Zn,Al LAH.

Table 2. Transmittance at 600 nm of SAN Composites
Containing LDHs

Materials Transmittance(%)
SAN 70.7
SA-0.5 64.2
SA-1 63.1
SA-2 57.1
SA-3 50.9
SA-4 46.6
SA-5 384
SA-6 19.6
0A-0.5 67.0
OA-1 65.3
OA-2 61.6
0OA-3 57.5
OA-4 51.7
OA-5 46.5
OA-6 41.3
Zm,Al LDH-0.5 13.2
Zn,Al LDH-1 11.4
Zn,Al LDH-2 2.8
Zn,Al LDH-3 1.1

AHOA)©] Z=H o} AHSA)E T SAN G2 &42] AFH&-A] o]
Eo}l 97t = EIEE WAt DS(dodecyl sulfate) A
MgAl LDH7} & ¥4te PMMA YUx=Z XX E+= LDH
SheFo] 33.90 wi% ol = 02 mm F49 FENA 75% &
H=E 400~800 nm ARo]oA] RH TS =2 LDH $HaFol|A]
T AYHCRE & EREE HQ o]fE PMMA Y=
HEAET} in-situ AN BH T W2 oZ AAES]7]A 5
AlZE &<t apkell o) dojxlof wha} vk e} fEAko] Z
2 Aol 7]elgttty e Th Ek o] Lwdgo g
1 DS HA MgFe-LDHE PMMAY in-situ }t]Z:
2 H71s PMMA Y= ZAEE 0.8 wt% LDH
b F2)olM =423 PMMAS}E 712 593 F3
RA3L 80wt% LDH F=(AU/AE £ 7+x)el =
F PMMARX T op3o) wat ¢ 1~10% B35 743
HEE HYTHY B A= Yegd 2R EQ A2y ol
&Y W3 34 (co-rotating) 15 =719 o A2
O jnsiv THH= AAH] o2 2 435 Bd F
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AT FESE A FAF A EQ] Ag FA L Aol o3l Tt
w7 gekd 5 Aok A3H 02 SAN 49| Lol Ed™
(C=N) 253 &g it o5 A Aol FA4 4=
Z2o 23] OA-Zn,Al LDHES E3}3l& E
Eo] &4 SANo| ZHsE M B FAEE B
t}.

T3l RE LDHE X338l= SAN Ui A E S A
270~370 nm Ako]e] FHE=7F =45 SANe| Hlsl] of
Tadhe Ao® vehd 4714 ZnAlLLDHZE UV
A (absorber) G &S st A & F ULE ol
WA Zn,AI-LLDHO| ZnO A #90] I Zn0 Y=Y A=
AFolA UV FFAZ AHEE = A9 Fdg g0t

SAN ULEHEZEXES| L EM. #71HAE SA-Zn,Al
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Figure 8. TGA curves of SAN nanocomposites containing SA-Zn,Al
LDH.
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Figure 9. TGA curves of SAN nanocomposites containing OA-Zn,Al
LDH.
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Table 3. TGA Parameters of SAN Nanocomposites Containing
Organically Modified LDHs under Air Atmosphere

Residue’(wt%) Residue(wt%)

Materials T1o("C) Tso("C) Too(*C) (Experimental) (Calculated)

SAN 3729 4085 436.8 0.00 0.00
SA-0.5 3795 411.7 433.0 0.25 0.17
SA-1 376.6 410.1 4614 0.35 0.33
SA-2 3745 408.0 480.3 0.63 0.66
SA-3  378.1 4104 504.7 1.06 0.99
SA-4  376.7 408.6 5162 1.41 1.32
SA-5  376.6 4072 5364 1.81 1.66
SA-6 3779 4100 5513 242 1.99
OA-0.5 3775 409.1 431.7 0.11 0.18
OA-1 3783 4093 440.7 0.43 0.36
OA-2 3772 411.1 446.1 0.47 0.72
OA-3  377.0 407.1 542.0 1.18 1.08
OA-4 3767 4055 5492 1.65 1.44
OA-5 376.8 407.7 547.7 1.85 1.80
OA-6 3785 4092 5504 1.90 2.15

*The residue was measured as a mass percent at 750 °C.

LDH %+ OA-Zn,Al LDHZ ¥ 338l SAN Ui EX|
EE9] TGA A= Figure 8 2 Figure 99 7}t =A] 619
th. B3 Table 39E Z212F 10%, 50% 2 90% S HAa &%
A T, T oS FEAIBFAIL 750°CoA HolQlE AR 5
& HAEQ] 2HF3K(residue) 7 2 o] E7k(=5¢ LDH] 2+
Tkl A7HEES wste] AlMkE 3hHS 25 BAISIATH o 7]
A T GE&l 7HA] 2 (onset temperature) 2 Ty EH-
3 oMY 2= M7 8% EE B F UTh
Ty ©H3}E (carbonaceous) ZHF=32 o] Fakshalof A&
H exE HAIANES dAAF FdHol U =T
SAN?| g43s]+= DTG(derivative thermogravimetry) 43
A3} F AR 27 422,6°C2] FARE B9l 561.6°Cel
o] e3lEd o B2 o] FojX 3L Table 39| 50% 2
90% W3l == fFAFS 3he ZH=T). Table 39 ¥
uio} 7ro] f7|HAIE LDHE E£33te HAIEANEES T,
I Ty & 45473 SANO H]&) 1~6°C =4 UEFo L o]
= TGA #2419 oap 9] o]y & & % 3UT}. Figure 8¢l
UERd SA-Zn,Al LDH7} £3HEl SAN AXAEE 9]
o] 0.5 wt%(SA-0.5)2 A &8} 430~575°C F7roll AA
T3¢k SANE T =7 VERSTE SA-Zn,Al LDHE 6 wt% 3+
£3 SA-62] A Ty, 571 5513°CE £53F SANQ
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436.8°Cll ®lal 114.5°CH S 7Fstdth 28y SA-Zn,Al
LDHE 0.5 wt% *23sh= 7-5-olA = Figure 8o Ho|x
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