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ABSTRACT Poly(butylene terephthalate)-layered silicate (LS) nanocomposites (NPBT) were pre-
pared, and their crystallization, nucleation and their structure—properties were investigated. LS exfoli-
ated layers form many nucleation centers preventing spherulitic from growth. NPBT's HDT is enhanced
from 30 to 50 C, its modulus increases greatly, its crystallization rate (1/t1/2) is further enhanced
30%~100%, and its injection mould processing temperature is dramatically lowered compared with
pure PBT for LS load from 1.0% to 10.0%. In NPBT, the average particle size of LS is from 30 to 100
nm with 3% of micron—sized agglomerations, which are phase separated from PBT matrix by TEM.
The agglomerated particles can be reduced by the selection of proper treating reagent, control of LS
load and the way of loading LS.

KEY WORDS organic polymer materials, poly (butylene terephthalate), layered silicate nanocom-
posites, nucleation, thermal property

* thE Rl 2pE L2 HF ST, Badische Anilin & Soda Fabrik AG, Bi#fR&H. TEALER. FEALREHFES
SEFMNTEREATRERITE. 2003 4 3 A 26 HikBFH; 2003 47 A 2 HRBIBEH.
AXBREN: FHAE, JURH 102200, GHAk¥ (LX) ERMERERERE




5% P RNE_HRT R - BRERESIKRE SRR & Sk 555

RXE_HRT A (PBT) RAGRZERR, MESHFHERNES, EEATHE
TEPLERM, IRETF, WR. FrshEfmass EREAREVEE (HDT) /K. Ak,
PATE RBOR DL B0 TARAGSURRE T ER A, HERRR AR RRSE TS S
JPEARE PBT #hAE, (ERETRSIOHEMIHE BEARE. HEEREGEGH & PBT-
EREERIER 1 (LS) 4kAtkl (NPBT) BRAMM Bz —, HAMRELET #& ppta |
PA6I*~S] | PIFl | PETU~2 f1 PSIS) &4k G 44PRINEE. AL & LS 5 PBT H A&
% NPBT, FBF 5 H A RE.

1 &= B8 F &

ST AER: LS Z#fit (MMTs), R LR 100 pum, FHEF3Z# A& (CEC)70~110 mmol
/100 g, FepO3 )& BAKTF 0.5%, BHEERLEEA 2~30 pm, HARE/NF 17 pm #y5 58% (R4S
¥), Tl &k 1, 4 T _F (BD), DMT(dimethyl terephthalate), AP £k 47| Ti(OC4Hyg)4,
CP I B HidH.

¥ LS(8 MMTs) i - HEFHAEVIRFLEUBERGRNER P~ #& PBT- BRE:
BRELE: LAk B SR, KUK 2426.25 g DMT(dimethyl terephthalate) , 1573.15 g 1,4- T
—F% (BE/RHL BG/DMT=1.4) fl LS BIFAEMAREN 50 L IRV EN, HHAFERE. REHKE
SRR T ER (Ti(OC4Hy)s) FABNAEILF SnO(OH)(n—-C4HoO) MIA. FHE/E, BIKFEKHERT
FERIREY 1.0% DAF. BRSH R NFFEE 2~4 h, RIVIRBE N 140~220 C. WITBERIE, MIABIFH
0.05 g © ¢ (HoN-(CHz)s-NHy), BAMNE RS, {# Ti/DMT MIKREN (4~7)x107°, 3R
A RMFESE 1~3 h, RIVIBE N 240~270 C, EZF 80 Pa AR, =¥/Kilkl. ¥ NPBT 4]
RAEREZ TR (100 C ~120 C 4 h) FHTFER. ERERETEE - B ASE (HE 5 MPa
5 min) ZEVK - KIB SRR FHIR. FHEFEHEEERN 1 mm §H#EE.

¥ NPBT # &% T 50/50(w/w)1,1,2,2-tetracholoro ethane(n2® = 1.5250) FIFBHE G
t, S5 A Ulman B (UEFE MR 0.1 g/100 mL A HERZEE (IR 25401 C). B
[9~12] iy 75 0 8 il R S W R K SE RS, HREE R B X- STRATHT R 7E Regaku/D-
Max RA12kV f75H X _E5ER, HEM AR TA 10 mmx 10 mm, FFHEZFE K 2°/min., 7£ 1.0° ~40.0°
JEHEME, CuK, §t4; TEM(Hitachi S-800H) 356 FH £ : ¥ PBT 1 NPBT ZEFE Mg+
BEEAL, KHESRA TTEEY YRR (50~100 nm) #HBBHM L, B 0s0, XK (B
) REUMEHLRE. 7£ PE-series 7 158, DSC LK, BEWEE N 30~270 C, &
10 C /min.. JEFREEHLE: KRR Al HIE (F 8~12 mg), M 30~300 CFHiR,
M\ 300~30 CREWR (N2 SARYY, HHE 40 mL/s), HFHEZE 5~40 C /min., BRNRXFITED 5
BIE. i F R EAH R A 5 7E PE-—series TGA-7 5% M, TGA £%, BB EE % 50~1000 C,
FHEEHE K 10 C /min. 8 GB-1634-79 FRAEH 5 H FMEMHIBRE (HDT) #&, RN
120 mm x10 mm x12 mm., ¥#EFHEFHYLL 270 CTHH. WiREM4: NMREIE _HERE
(polydialkylsiloxane), fx /75 1.84 MPa, li&#E%E: ASTM D648.
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2.1 NPBT Ktttk

# 1%, LS N 2% UTH, AEMEBEM 1.12 nm §7 K2 3.5 nm KL E, BAISBHES
S FB, dooy WL (o). HIN LS fy& 8, NPBT HE (Bu) MBRLR ST (D) Hbn, Wiskn
FHIBEF 1ZOD B MME op ASAE TR, LS 25 1.0% K, IZOD {H% 45.1 MPa, &F4i PBT;
LS % 5% Bf, IZOD [4%| 37.4 MPa; NPBT Z#i5® Lt PBT #£5, HLHEEL PBT &Ik 2
&l k. % 1§ 1ZOD R AR T PP-LS(E& i thak PP &), 5 PBT Aith, NPBT
) HDT #&41 30~50 C, Ti LS #@xt 5% B, HDT ¥HEAEHINEEAM.

#® 1 U AERLERLBEN NPBT HEHERESH
Table 1 Structure and properties of NPBT with its clay treated by laurilamine (mass fraction of

LS 1.0%~10.0%)

LS loading doo1 n D Izod opb E, HDT
/% /nm /dl.gt /nm /Jm~1 /MPa /MPa /C
0 - 0.90 - 44.3 105 1700 75
1.0 4.5~ oo 0.92 10~100 45.1 110.9 2650 -
2.0 3.5 0.86 30~100 41.2 106.8 2900 111
5.0 2.5 0.87 30~100 374 104 3700 120
10.0 2.5 0.85 30~100 brittle fracture 95.2 - 121
100* 1.12 - - - - -

Notes: dgo;, interlayer distance of LS; n, viscosity; D, particle diameter by TEM statistics(!!]; Izod,
notched izod impact strength; o}, and E},, bending strength and modulus; HDT, heat of
distortion; *, Stands for pure LS.

2.2 NPBT p#itae 548

REASFIEEAALE LS. EHEFA AR, L HDT E&IEFE ) 30~50 C (X 2). K58
SYEERITELA LS N\ B# %t HDT £ BE# M. HDT EHI8E LLiki#Er PET-LS 49k&
Akl B gk, WA TEKEST PBT BUCHFM T ZBERY 3~ F, BRTHER
B, XHTHEESEENHEA.

£ 2 FHLMEARFAN NPBT #MRELEE
Table 2 HDT of NPBT with different LS loads treated by intercalation reagent

Interclation reagent LS load(mass fraction, %) Heat distortion temperature*/ C
HOOC(CH2)sNH; 3.0 112
HOOC(CHz)sNH2 5.0 120
CH3(CHz)11NH; 3.0 116
CH3(CHz)11NH; 5.0 120
CH3(CHz2)15NH2 3.0 118

* measuring under the load of 1.84 MPa
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BEYE L2 AR (12-C) 4#)5, NPBT fHMERE N 391 THF 401 C (LS RES
¥h 1%~10%), K4k PBT #) 390 T, NPBT 44 TR (PBT ¥ 225~235 C)(% 3). /@t
ZERRL PBT - FEEMBI AR, 4B RZMRERNY, BRETRAEE, R T HEE.
NPBT #8818 (InjecT) th PBT BEMRK, XIETF PBT Rk, FEREREHINME
H K, {8 NPBT fyZHHT PBT.

£ 3 AVBHLLAERE (12-C) &EEK NPBT REaEM M THAE
Table 3 Thermal properties and process properties of NPBT*

Sam.ID LS Load HDT® Ty Tm InjecT? Product
/% / C /C T /T Surface
1 0.0 75.0 390 231 110 Bright
2 5.0 116.0 391 230 55 Bright
3 7.0 118.0 401 221 - Bright
4 10.0 121.0 395 223 58 Little Bright

*LS treated by laurilamine; a, Measuring under the load of 1.84 MPa; b, InjecT, injection

mould temperature

LS A F RAHE: A0FEH LS U FMASEERERS S PBT BARA. MTFHSIMA TR
471858y NPBT ABARAILE &M AIURERE 1. NPBT #4 RABAZATHAH Avrami
#7%8 11 Ln[-Ln(1-X (¢))] = Lok + nLot F1E, Ho X(¢) HERE, kM n HERHHESH
Al Avrami ¥, n REESHMEFR. FEEE X(t)=50% L3t RIEHE ¢ AE% (1/t2) #R
ZERER, M| 1/t =1/(Ln2/k)Y/". NPBT BIE4HEE & Avrami BIZEMAE 1 7).

oC / i (b) e 5°C/mi
a min
1'( ) ; 18.%,’?:2 o5 T o10:C/mip
o 20°C/min ©20°C/min
O e 30°C/min ¢ 4 = OF  ©30°C/min
= o 40°C/min 4 & = 240°C/min  f
; 1+ & o >‘< AF g
§ 2t g‘ 2+
4 3l S3t
4 -6t
3.0 20 1.0 0 -35 25 -1.5 -05
Lnt Lnt

1 i Avrami FREZAENE DSC FEFRBLERITH
Fig.1 DSC nonisothermal crystallization behavior by Avrami equation, (a) PBT, (b) NPBT
5% clay load

NPBT #l PBT 7& 20~40 C /min JFRARMITWERT LI T AR L L E. NPBT
HIZ5 S I ZT 30~40 C /min FEFMKHZX, T PBT I 20~40 C /min HITHRX I
X. XFhEh AT AR NPBT fYRIRARE L PBT M, SH HDT SERER Y. HiiZey
BEE(EMMER, WRESE kM n, TLLOTRHERER (R 4). NPBT HEHER (1/t1),) 1
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AR E T # L PBT &£y 30%~100%, PBT B 5 H)R4h ik R AlE T 7] A 90ROk
—##%. B PBT fl NPBT ) n {H, #EMTHSSEHEKITARLL.

% 4 PBT fil NPBT W& &S MR
Table 4 Comparison of crystallization parameters for PBT and NPBT

Sample ID Parameter Thermo-scanning rate/ C -min~?!
5 10 20 30 40
PBT-0 1/t1/2 0.94 1.69 2.46 3.15 2.99
n 2.24 2.38 2.34 2.36 2.69
PBT-5 1/t1/2 1.20 2.09 3.817 5.24 5.35
n 2.39 2.31 2.05 1.86 2.20

2.3 NPBT HiE&E

FIARA 8 LS(5% LATF) #ifE NPBT ) HDT KiEEES, &I BB RRETH
FrEL. LS REfEE M 8L, FEAERES, BHREEERS, SHEAEHRRE, X%
RERLCEAAAELHERKRE. & 22 2 PBT R TEM EZ.

2 PBT &K TEM ES

Fig.2 TEM morphologys for PBT spherulitic (a), NPBT with LS load of 2% by ethanolamine
(b), and NPBT with 2.0% of LS by laurilamine (c)

A LS B A BRI RAZ L, RGN AERIFHEHIER (B 2b, o). ZREEERR
A&, ESREFRSER, BREREE FRARME. RAKEAERRT LS HBMRT
B, BREHRFLENENKREEY, TRIERFBERBEERTROMRZ O, FR
5 PBT 4> FHEMAHEAEA, &% HDT.

HEHER S NPBT #, LS EEWX 10%, X—R AT PBT WEELHFE R, NPBT Xt
LS WIAARKEUR, BIEERAES LS(5 PET M PS %Li). (HR, MR LS & 5.0%, A%
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FURLE R38R ] 200~1000 nm, FRKLT2908 3%, JF 584k PBT A28 (& 2b). LS f
BRREESEEED B R NPBT J2 e T R R E.
2.3 ZEH

NPBT f#49K%Y, 7 HDT . I THERE SHMEMRERET BRABLRAE. XEHVE R
Mgy KA A WAXD BF%E.  PBT ik RHMBREMAEHMBRGEHITRE.

(a) o = (b) 1 PBT-100°C

ol 7 15} 2 NPBT-140°C

- 3 NPBT-100°C

N o 4 NPBT-25°C
ré 5 10F 1
g & 2

£ [

€ s5F 3
NPBT 4
" 1 n 2 n 1 O 1 1 1 1

10 20 30 10 20 30 40

201/(°) 261(°)

3 WAXD E¥ (a)NPBT # PBT, (b)NPBT AR & TRk 30 min
Fig.3 WAXD patterns (a) NPBT and PBT, (b) NPBT annealing at different temperatures for

30 min

firfiit PBT AR o M1 B IR G MREY, TEVEML 20=30° HEE AR NE, H—K o =R
B, B—H 6 ZRHEE M R E SN Tn(a) = 224 TR Tw(B) = 212 C (& 32). 7EH 3b
NPBT 5 PBT W EBIEAIRM, 7E 20 = 20~25° iE{IF(LBIR, {5 NPBT H3RiH 8 &
B, NPBT ZEARIRE SRS 30 min 5, WAXD M(#%5, MMEH™ETN, oFf 6L
FEHE R, o iEBMAL EXEEHT, WAXD BERERRTE 0 BRENFE,
N NPBT FHRERARERE, B LS F BREBTERM K/ PRUSR RIS S HBRE.
X PR EBIHE T LA BB MO e S AL =4, TR BT

3 4 175

HEMESYHE, NPBT PHAKRZIENRENVAS, H HDT £5 30~50 T, #
MERRYERER R, MTARBETH: SOKBRSENRGALEEBRKEVBHE. HXH
R HUR B 30~100 nm, 25 3% #FASR i /25 PBT kA58, S8 NPBT FUrETR.
PBT RAHWHMREWAENES LS Hi L. |
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