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Morphology, Transparency, and Thermal Resistance of SAN Nanocomposites Containing

Organically Modified Layered Double Hydroxides

Seogjun Kim'

Department of Nano & Chemical Engineering, Kunsan National University, San #68, Miryong-dong, Kunsan, Chonbuk 573-701, Korea

(Received August 26, 2011; Revised November 1, 2011; Accepted November 5, 2011)
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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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/E AA o7 ul 38k o] H\/[2+ M (OH),*'[A™]ys - yHO
*=Mg, Ca, Co, Ni, Cu, Cd, Ba, Be, Hg, Pb, Sn, Sr,
Zn, Mn(II), Fe(Il) 5; M*=Al, V, Co, Cr, Ga, In, Ru,
Mn(Ill), Fe(Ill) $)% FoJR L o] 2(AMC 2= FI A=
OH, CI, Br, NO5, ClO,, CO*, SOF 5°] f71A2=
7}2 84 9| o] E(carboxylate), 43| o] E(sulfate), A ZU|o|E
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F71HA e 7] 2olS 7kl A9 (intercalation)
A71E S ARESkaL low f7] Fo]25 LDHe 37F
A+ 9 (intercalation)A] 71 = W ol = 33 (coprecipitation)H,
o] -2 3k(ion-exchange), 424 (calcination)¥ o] H]x
2z deEA ke

JiEAe| LDHE AHEE 79 dvbd o s f{71wA
MMTe} fAFSHAl G857 a8 Ak 28v
A7 A= LDH A7 A EA o] 28K, wall2x2
ayete 27 EE B E AT Poly(scaprolactone)
(PCL)l hydroxydodecanoate ¥/d Mg-Al LDHE 3 7}3t
A= 71 e ¢ 252 sl HEA A sk
FY9o g A=Y poly(L-lactic acid)oll Ibuprofen® =
WAE ZnAl LDHE 217} 1, 3, Swi% F7Hst Y83t
AT EANA=" LDHAA WEE = o 77t
WA Asts dozl Aoz vaE At T3k Nylon 691
SDBS(sodium dodecylbenzene sulfonate) ¥4 MgeAl LDH
E Swit% F71e A9-ol=2 DBS 2ol29] M9 ¥4
(nucleophilic attack)ol] 2|3+ wE=}e] a7} F¢0lo=z
A = Q. o &H ¢ Fe]olr| =4 = LDHEF-H
WEE B o 7 Eal 2 el SXE e ZAeE B
ZEJTE* 28} polyamide 6604 oFt] ZAF H A
MgAl LDHZ 0.1 wt%2 2% 713 4$-o Jdolxe
Wiedzbe] Apgtg o] ot WEA 77t g =2A v
Bt LDHE 2% F3t=2 7149 A &89 F3+
Z7F(interlayer water)E W& sl ERk-3-0] dojo]
et kol 10wt% o o= thg Hrishes -9 LDH
AA o] F2E B Sk gl g FEtAa 3 =
ErslE] g o STV AF R AA
Epdt) a2iERbe] E3 QP8 Aol thgk LDHS| 9%+ LDH
A1 o] WA 9 1 S frIigA el e B et
ol ek FaHe] fF5 Foll il vk 534
AEgFE Bl S .
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28] SR LDH WAt & vl o] 2 &
b Ae 7S FAE Ao
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M Z. LDHE Zn(NO,),:6H,O(CRF, Kanto ChemicalA},
A E) AINO;);- 9H,O(EPH, Junsei ChemicalA}, &),
NaOH(GRH, B3, YA dsleh), 2= o}ALHEPH, A4)
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9 S AMHEPH, 2H)S Y3 22 ARE-SA T

SANZ LG3tetol A Aatshe= 9SHCTCE AH-skelom
RE Avesols HFAR 13 2 23 AR A <
1:22 £ =21 Songnox 21B(HYARNE 03 wt%® F7ts)
ATh

M= #7] WAAZ LDHES vS3 e ¥
(coprecipitation) HOZ A ZFHUTH 22247 2
WE7] (stirrer)7} X E 20 L w7190 <F 10 L] &<l
FFE 93 80°CE %2 FA3HA NaOH 1.0M
f712H = ol 4K SA) e 28 04H0A)) 1.0 MES 7t
gk oF 3037F wtete] &afAIZ] th Zn(NO;),'6H,0
595.0 g(2.0 M) AI(NO;);9H,0 375.1 g(1.0 M)yS 2F 1.5L¢]
% FHRTA 83127 893 NaOH 2 M T84S
W2 FH|5ke] pH 10£0.28 A5 w7l A5t
AA AzsA F7] ¥ E LDH A=x Al Znst Al 2
S7)1ake] Eu)E= 2:1:12 3tgth 44 E LDHE 80 °Co)
Al oF 20417 &< wnkete] = A A Sh(hydrothermal
crystallization)E A1 th o33ty £ STHFE o3
Ho] FAo] & wj7tA] AlH S thg 60 °CAlA 24417+ A
z3td ok AZxE LDHe 2ARAbE A FA 7+ o
120 mesh A2 ZA# A XRD(X-ray diffraction) #2 =
SAN o= Az AHE-3FSITH

SAN #AXZA Ex SA-Zn,Al LDH %+ OA-Zn,Al LDHEZ
2tz 0.5, 1, 2, 3, 4, 5, 6 wt%s Zt7 L= s A%
St SAN HEAES -2 LDHY| AH&E 7|4
A o] oFolol o]o] {-7|HA LDHE| SHFwit%eyS AR
FAIEE e AT RS 2383 BE A5 F A
Fo] 1.5kg A=7t Mg At oy 71202 E3tety
o]% F=E71(FHEM T2 3]AL 2 STS-25-40-2V)°ll A
HU% 230°CE A&t H st T2 60°CollA 5AI17H
ol AxE F AFEZ|(HEAA LDH-75N, 75%)00 4 Al
HAFYP S ol & A&

7718Y. 72t7] g2 2%9 fr1eE HAE ZnAl-
LDH 2%(SA-Zn,Al LDHs$t OA-Zn,Al LDH) ¥ SAN
AZAE FEE9 3 XRD(X-ray diffraction) #2418
Cu Koy(r=0.1542 nm)7} “¢2¥ PANalyticalAF XRD(X-
ray diffractometer, X'Pert Pro, Netherlands)E ©]-& 3}
40kV, 30 mA 7oA =5t SAN HEAEES]
TEM(transmission electromicroscopy) +4-2 wlo|aAZ &
(microtome) &2 THE YlHS =Y ZeissAl Libra 1202
o] &38to] 43 3} th. TGA(thermogravimetric analysis)
288 1=k TA InstrumentA}e] Q50 2dlS o]-&319 o™
10£0.5 mge] A|EE Pt Mol Fol 100 mL/min] 5
Tl 2EE )9 AAE 80:20(viv)S 2 EFE 74
2 B2 A8k 20°C/mine] $E5EE 50 °Col A
800 °C7HA1¢] 2= flollA A6kt A AlZE 1.6 mm
T2l SAN A#e= o] J3HH £/ UV-Vis &
F33 =4 (S-1100, SCINCO Co.)E ©]83}e] 250~800 nm
Mg EREE FH T
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2y 3 EE

71 HME LDHe| E4. 4% SA-Zn,Al LDH %
OA-Zn,Al LDH®| ™3 XRD 3j€81-S Zn,Al LDHS} &7
Figure 19 =A13FA T} f71&0] Q1 53 Zn,Al-LDH2)
A% (001)He - 37} 20=11.6°14 YEFE o]
£ F7+7 2 (d-spacing)7} 0.76 nm®l Z24 Ago] FAH
ANSS =3 2E oty o7 HAE SA-Zn,Al LDH
= 2704 - uArt FEEJS T2 ARl= 3.3 nmell
FE ) o] Aate 2Hold o 2 MAAZ] Zn,Al LDH
MM 3du =7t 2.76%(F 3 A= 32mm)E HE A
o} FAFsSTh S8 Aste] 41 OA-Zn,Al LDHY
M 33%0A - Azt el a ol F7F ARt
2.7nm=zZ AL 2804k do]7}t 3.1 nmo| B2 &
#Ql4ke] LDH 3 24 Atolel oFzk AAMAAl 49 =

18000
15000 —— SA-Zn2Al LDH
===-0A-Zn2Al LDH
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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.

Aok B 5 U

B Ao A8 SA-Zm,Al LDHS} OA-Zn,Al LDHel
st TGA AHE Zn,AI-LDHS} 7o) Figure 20 =213}
o} EE3 Table 1915 ZH2F 10%, 50% 2 90% S 32 &5
2l Ty, Ty, Tr BAIBIAAL 750°C A Holl= A8 &
F HAEQ 27 H(residue) IS EFAALE TS 271
> G| TN R 7t F

rfo
H
n
g
fl
12

e
N
B
ol
T
QL
N
>,
2
P,E

2
R
%
A3
-z
r
>
i

|

N

N,
I
S

7

T
T
)

| A2ttt 7] WA E LDHECIA 734 #) 2]
280~500°Cell AA dojyton o= F&53HE U
o] aljet HA dojd o2 FEHL f7HA 0]
T8t Zn,AI-LLDHS] 3}8H4]-2 Zn, Al(OH)NO; yH,OZ
AT TGA £ A3} oF 29wt%2] F&9}F 83 wit%
ST yH0)E 28t lew FAb7|9f A=
220°C o]¢ollA 3 NOZ B350 HEZ o= 750 °C
oA 76.0 wit%2] HFFHFAHES 254 E)S 2= A
o2 yepstth” Zeotidte 2 WA ¥ SA-Zn,Al LDH
o] 3}3F4 2 Zn,Al(OH)s[CH;(CH,);sCOO0]1(NO5 ), yH;0,
SYite g F71HAE OA-Zn,Al LDHE Zn,Al(OH),
[CH;(CH,),CH = CH(CH,),COO];..(NO;"),yH,0Z F°{#|
3 2ol FALS 5-10 wi%e] 7S £33t} 7t
71874 LDH® F71WHA8A ¥ Zn,Al LDHE 71
© 2 3t SA-ZmAl LDHAIA = oF 429 wt% S 28]
OA-Zn,Al LDHOIA & <F 40.1 wt%2] 714 23
Ao 2 BEAEAtKTable 1). o= 225
S Axer U AxA7 wet debd 4= Q) B
ZHre] e g {7 HAAA o] S LDHE 87
H, A ZAIZE &%, 54 o229 EH], f71dA4A49] &
R e =

SAN L-HEZXEQ| HEfE {7]HAE SA-ZnAl
LDH T+ OA-ZmAl LDHE E3H8tE= SAN Y7 4]
EE9 XRD Z¥E Figure 3 2 Figure 40 27} TA]
3l th. SA-Zn,Al LDHE ¥3}3}= SAN Y EXEE
2 SA-Zn,Al LDH®] 349 =(2.7°)7} VYEYA = ko)
2.2°(F7F A8l =4.0 nm) ¥ M2-e F A7} VeI
LDH o] F71ghel wet =7t F7Hsttt. wekAd
SA-Zm,Al LDHE %3}8}= SAN YA ZAEEL vhg|d
LDH®} SAN FA7F Z7¢e] I A€ LDH7F &8¢
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Table 1. TGA Parameters for Synthesized LDHs

M *
Materials ~ T,o(°C)  Ts(°C) Too(°C) Rfj}tdo/‘g
Zm,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 Fx2E ZH=ta B F Ao 28U OA-ZnAl
LDHE X33k SAN Y= XX EE2 0A-Zn,Al LDHS]
31" 9 3(3.3°)7F AlEkzl & uhe] H(exfoliated) 25 K
At ek OA-Zn,Al LDHE] &o] 6 wi%s! 74 -9-(0A-6)
2.1F AR = 4.2 nm) F-2o kst HAE HYA o=
A5 LDHel A7t Al Ele] 32+ A7t S A
o2 doE.

SAN Y= XA ES] TEM AHIE Figure 59 vHehd
At F FFH SAN Y= IAE RFoA LDH7}
FH o7 7o Qe A(island) FFE EU 3L LDH o]

=1 M 1
3=

Hhe4E el 279k 471 ke A okl e

3
= 2~
K3 T
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(b)

(d)

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)).

LDHE ©F 9~26 nm W 9]¢] A &2 zkaL whe)g o) upet
Hete] zpol & BTk & Aok AN LDHZF 4] e
A A (aggregate) = Y EFE A2 bis[2-(methacryloyoxy)
ethyl] phosphateZ HA ¥ LDHE MMAS} de53A17
73971 B3 E At} Sodium dodecyl sulfate(SDS) &
Ao A o] & w3kE MgAI-LDHE PSOA 5wi% 2 10 wt%
A7F Al BF AP 25 B2 SAN FA 9 5 wi%
718k 739 XRD 2HEHME vhe]" FZ(no peak)S
B3 TEM oA M & Bt} 725 LDH7} #H25
ATt F FAol A Bl JEjEHE] xfo]l= PSHETE SANS
A&7t ot @4to] & o] Fojx Ao g JFET 3k
dodecyl sulfate(DS)Z WA ¥ MgAI-LDH 33.90 wt% S
TE& NN MMASE 4ol T A ZH (in-situ AEH
%) A-5o= 25~40 nm®] F7(10-15%)2F 60~120 nm®]
%5 72te £71%9 LDH7F & ®A4hE Feehs 27t
BuE vp Qo Axpgog B AFoA FrHAdHE

LDH7} SAN Ao F2F FE4HE ] &3 A& /714

A2} SAN F72] Atol o] A5 a-g-o] 2ol o] F & 7]
A EdHo] FER] e Flof 71908 4= Ut

SAN LH-HZX[ES| &stY E4. LDHY 4% F4
SEARR] PMMAC] 371 A5 w27t © 24 A4S
ool S E BT ST /7] WAdE
SA-Zn,Al LDH, OA-Zn,Al LDH =& §7|H A o] <td
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Zn,Al LDHE 0.5 wt%oll A Hd] 6 wi%7HA] &st U=
FAEE0] th3F UV-Vis spectraS Figure 6 2 Figure 7]
TAlBFATE 28] 3L 600 nmeol| A o] T2 EE Table 29 4
g8ttt F71HAE SA-ZnAl LDH =& OA-Zn,Al
LDHE ¥ &3l HAEXAEES FHL7F f7dHAdo] o
ZnAl LDHE X3 35h= S0l vl vl$ =4 Velston
LDH $t&o] S7H8,S 7HAsttt. 714 LDHO
3tako] HU3F uf OA-Zn,Al LDHE ¥ 38l Zo] 7H
=& B35 2 B3 SA-Zn,Al LDH Hupe o7k 2
EREE Bt SA-Zn,Al LDHY 7-9-9= 3 wi%Z7HA
600 nmel A 50% ol FHES HAOow 0A-ZnAl
LDHE 4 %7 = 50% ©1°de] £33 =8 BTt T84
M= Fejsty Aot FUsHA Ex3HF714k] &89l

Transmittance(%)

200 300 400 500 600 700 800
Wavelength(nm)

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
OA-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

2HOA)©] Z=HoFIAHSA)E T SAN 4] &F2] AFg-A] o]
ol 97t = E3EE WA DS(dodecyl sulfate) A
MgAl LDH7} & #4te PMMA Y= XX E= LDH
geFo] 33.90 wi% o= 02 mm T4 2 FEANA 75% &
F=E 400~800 nm Ato]o|A] B TtE* =& LDH &Hafol|A]
T AYHORE & EREE HQ o]fE PMMA Y=
ERAETL in-situ NEA T3 A o2 AAFL 7oA 5
FEe ate)] oja Ao uwpE} vrgle} #Ate]
2 Aol 711ttt FE Ty Ek o] Lwdglo g
1 DS HA MgFe-LDHE PMMASI in-situ 2}tz
2 H7F3 PMMA U7 EXEE 0.8 wt% LDH
(2] Fx)olA 53 PMMAS A9 U3 T3t
HAI 8.0wt% LDH $HF(Fel/Ete] &3 F+x)olM =
3 PMMAXTE Zgo] wha} oF 1~10% A= H4ast
FHEE BHAGT B AT Y IAES] AWl
&Y Wk 3] (co-rotating) ©]F H=710l o5 THELA
O = insiu TR AT 2ol g2 A3E B F

> ol
(NS

[e]

)

SN
o

1

of

T

My HT oo ofy 2
¥t o m

Polymer(Korea), Vol. 36, No. 3, 2012



AT FESE AFA}F A EQ] Ag FA L Aol o3l Tt
=7 48 & QT S 2 SAN FA]9] o] EEY
(C=N) 273 &g it o5 A Atele] F4 4
= SAN ZH¥EA
o] ¢ SANY| 2t M =2 FHEE H
o}

T3 BE LDHE X E38l= SAN Yef XX ES A
270~370 nm Ate]e] FFHE7} =48 SANO| H|F| =
7+astE Aow e} §71¥WA Zn,AI-LDHZF UV &
T Al (absorber) G &S 3= AL & T Ut ol 7]
WA Zn,Al-LDHO ZnO A #°] 2 ZnO Y=Y A =
Afold UV SFAR AFEE = A3 Fd gk gaafo)t),

SAN ULHEZEXES| L HEM. #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 37677 408.6 516.2 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 ¥4
EE9] TGA A= Figure 8 % Figure 99 7}z =A] 619
T} E3F Table 391& Z2H2F 10%, 50% 2 90% 504 2%
o1 Ty, Tso, TogS FAIBFAAL 750°COA Folde A8 3
& HAEQ] 2HF3K(residue) 7 2 o] 27 (=S¢ LDH] 2+
Faoll A7HEES skl AlMkE 3hHS 25 BAISIATE o 7]
A T GE&l 7HA] 2 (onset temperature) 2 Ty EH-
3 oMY 2= 72H7 8% BEE B T UTh
Ty ©H3}¥ (carbonaceous) ZHF=32 o] Fakslalof A&
H ex® HIANES dAAF Aol U =T
SAN?| g}3s]+= DTG(derivative thermogravimetry) 43
A3} F AR 77} 422,6°C2] FARE B9l 561.6°Cel
o] e3lEd o] B2 o] Fo]x] L Table 39| 50% 2
90% 3l ==9F FAFS #h& 2=t Table 3¢ g€
Hiel 7bo] f7|HAE LDHE ¥3slE AFXAEES] T,
I} Ty =473 SANS H]&) 1~6°C =4 UEFo L o]
= TGA #4249 229 o] Z & 4 Ut} Figure 8°I
el SA-Zn,Al LDH7} £3HEl SAN AXAEE 9 8
o] 0.5 wt%(SA-0.5)2 A &8} 430~575°C F7roll AA
T3¢k SANE T =4 VERSTE SA-Zn,Al LDHE 6 wt% 3
£3 SA-62] A Ty, =571 5513°CE £53F SANQ



Fr71%7d LDHE A& SAN W ZAE2] Jefst, T4
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