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ABSTRACT

a-Zirconium Phosphate(a-ZrP) is a kind of layered inorganics, it
will still keep its layered structure when the guest is inserted into the
layers and it is also a filler for the preparation of polymer/layered
inorganic nanocomposites due to its high ion-exchange capacity, tunnable
size and aspect ratio, and narrow size distribution. However, the high
degree of crystallinity and small layer spacing have hindered the
well-dispersion of a-ZrP in polymer. In order to improve the
compatibility of a-ZrP with polymers, a novel method for the preparation: .
of organic modified a-ZrP has been presented in this paper. In this novels:
method, a precﬁrsor was obtained after o-ZrP was intercalated by
methylamine. Then the organically-modified a-zirconium phosphate had
been synthesized through ion-exchange of the methylammonium cations
in the precursor with styryl quaternary ammonium ions, which had been
prepared from the reaction of N, N-dimethyl octadecﬁamine with
4-chloromethyl styrene. Then, the nanocomposite had been prepared
through melt blending of plystyrene with this organically-modified a-ZrP.
XRD results indicated that the d-spacing of ZrP-DMA-CMS layers had
been enlarged from 0.8 nm to 4.0 nm, while the layer d-spacing of

PS/a-ZrP nanocomposites had been enlarged from 4.0 nm to 4.3 nm.
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Experimental of mechanical properties indicated that polystyrene/oa-ZrP
nanocomposites with good mechanical properties have been obtained.
The tensile strength, stretch modulus, the reputure elongation and impact
strength have been increased by 4%, 21%, 8%, 43% respectively at a
a-ZrP loading of 1%.

Polypropylene/a-ZrP nanocomposites were prepared by melt
blending using polystyryl quaternary ammonium salt (CM-PSQAS) as
compatibilizer. Then, the morphology, thermal stability and mechanical
properties of the nanocomposites have been studied. XRD results
indicated that the B-type crystals of Polypropylene were observed. The
results of TGA indicated that the thermal stability of the nanocomposites
was enhanced, even at a low a-ZrP loading of 1%. The thermal
degradation temperature was enhanced by 18% compared with the virgin
polymer. The heat distortion témperatures of nanocomposites were
increased although the increments were minor. The mechanical properties
testing results indicated that the tensile strength, tensile modulus and
impact strength increased with the increase of a-ZrP loading, and
increments of the tensile strength, stretch modulus and impact strength
were 6.5%, 39%, 29% respectively when the loading of a-ZrP was 5%.

In the last chapter, nylon 6/a-ZrP nanocomposites via melt blending
of nylon 6 with a-ZrP have been presented. The microstructure, thermal

properties and mechanical properties of nanocomposites were studied.
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XRD results indicatéd that the content of y-type crystal in nylon 6
increased with the adding of a-ZrP particles. The experimental results of
heat distortion temperature indicated that the heat eudurable ability of this
composite was enhanced. Among which, the HDT was increased up to
18% compared with the virgin polymer at a a-ZrP loading of 4%. The
mechani;:al properties testing lrcsults indicated that the tensile strength
and tensile modulus increased with the increase of a-ZrP loading. The
tensile strength and stretch modulus were improved by 23%, 111%
respectively at a a-ZrP loading of 4%. However, the reputure elongation
and impact strength were decreased with the increase of a-Zirconium

Phosphate.

Key Words: a-Zirconium phosphate, nanocomposites, polystyrene, e

polypropylene, nylon 6
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a-ZtP BRPHSEBA ERKRIE T BJGHE M Rulbpy)s™ #HTR#,
RERmt e RESMEAREEE M REMREMLEEE, Kb
REER, MRIERARERRA. B£, A TIBAREAGER
2R UM TR TR ERESYIRAEEYE, RitkR L &EBEEeY
- HEBABRERUERNEIHER, Cono % Ru(bpy),” B
EEADKEFRARBIREAS (Zr(HPO,),6H,0) IR\ T 5izh, #
ST IBANERY FTFRF R HES.
(6) £YEML THERE

FER. BAR. BELEVRSFEBIENEESFIIN o-ZP
EiE, UREEMMEERTaE. Kijima 505k — gt &
MARR. BER. FERBEAS o-ZrP P, X/LHEERET &
. e AENNES P-OH 46. LHABRKEN, XEEERE
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B+ FA#X

o-ZtP RERRERRFATHRE. BHEEARKMEN, XERE
RRAE o-ZrP PEHREFHS, BRI PHEERIGEE o-ZP P
REFBRERN . BRETHREDAIDS FEER, RINESRH AT
ulﬁ%iﬁﬂﬁ’cﬁﬁﬁﬁfiiﬂﬂﬁﬁ?, XEDRBRES TFEDERA LFR
KEIEX. BIE Massucci LA ERS o-ZiP FIRRNERLS
YRt Fe™*, Fe** SAEMEE o-ZiP ERFHR /1 HEAY. Hik-

ARAREE U SYENL B0, LB IR, KIXFEAAAME |

LB AEF Fe™ 2% Fe® /A BB R, THXE FEL
E TR MER L.

—EAEYRYFNLRAES. BROLEERARE, BHREF
. WREEY R FEABREZETD, REAEVRS FHEERN
e, FAXBEYRSFTFEEPREUTHAENE, XBRIEF
FHIEEME SN EYEREDY, hTFEAR. BESTHR
BK, AEEEEA o-ZrP P, FUrBIRA Z KA EREN
SINERE, EERBUERNWME. . ZRBE D> TFEAEEER
R R(—R4E), REBEARBARCEEZREFNER
PCRAR), BARY TREE, FRNFREAREH. LT
FREEX o-ZrP BRAEERBLEHIT TR, SH=L% UK
e TR o-ZrP BRIETF, 57 KH,PO, - K,HPO, & MR
R_BREEERTREERRILEEEEE o-ZP R, BEEHU
B, BAEGRETR, R oZP BRNEFSHEIBE, X£HE
ABEERRETHEIER MARR-_EBS5EANER. R°E
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REM/ o-#BENKEEHHNHE, EHRURAR

R34 FRZERIIER, S FRBRE—E, %%’%‘Tﬁﬂmfﬁﬁﬁﬂ
Il &
1.2.5 a-ZrP B

ERRBEREPFIATHIRE S FREDKS FHEY, TLE
BEENRTFERERBY ZERENEY, IMUEYRRET T
REEROMEEMEEE, ANERFIIANZRAENYRT it
te, RSB R EIEARRNWHSINBRZE, & R
P FTRIHRAS L. TR W, PRI
FHAREXWNAEN, B—RNAIZNEZ .

R E: BIREASE—MEGR, TLENRELR, H
HWENEDTLMEN R ERMMEAN. 2002 4, BEREX
Nakayama % ZHHHEK o-ZP BIEEES RN, WA TRIFHN
R .

TERS TR AR PR 7 T : BERR 4 vT LU ISP B 723, ALY
BERA TR (L MBERR S B AR B —Fh R R IO RS, 45 B R 2]
& SO:H. COOH. OH FHEHBIMAEYERFXHEFT AN .
Clearfield IR B4 KA 4B R Heid bl % T EALIBREERIIRYE , U
BB EIER o BRENERET, REHEREHEN Keggin
R ETFORARTSR. BENEELAYLRERD, BiaEl
o

EXRERYPHFHE: B THRERERIFOEFRRIFENREX
M RER, B L;LEﬁﬁ#ﬁ&%ﬂ?”%ﬂﬁm&tﬂi‘“‘%ﬁ%ﬁ%%ﬁﬁ
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B+ FMARX

TP BT i 4R Nakayama Z194 1 ) £ IR A
o-ziP FIFWRMFEE, PRETEUS, KUPRORICEERE,
B SAEIR, B RMENGS AR MR, Rl RS,
B R AR, REREAEARBAN, PRERARET BSAL
EERR, AEHMPEATFHAFETHROKEA, KAHN
I T B SRR . B S TR 4 B B S S R B
M, ERRRENREEBEEOUFBSUSDR. -

EAEYTAST: MAHTE, BEETRASRER IR
ERRE—EATREY. BB FALERFE, mAR
EoH B £ AR — R R R, W E R Ak
B, BRI RTT, W RIS
#, BTLURR SRS DDA R,

AL BT RS T RREE AR T R
PRSI B M BTEAUL A0 BT AR MR A X

HEMERIRROETFLRARTFEIME . FERERGHRER

BRI B T OENEN B E TR R FESENERILEDER,
AMUEEN IR ERFEREER, HARRFEERERE. X—F

- SR BAERIE R RE, B KBRS N K — ME RS

i, I Compton ! F BB SURESL —Fhgi (K 247 O ik P
KEET o-ZrP BH, BlELFDERE, HUNFEREEIINR
PR MR 2 18] th T R A SR FALF R BT £ B R, BT e
FAPTE PR R

18



RoN/ o-BBRENKREEHREHE. EHRERFR

13 BAWZP HKEAHHAHRIR

B, HEAWaz? BREEHEETARIED, 0zi B
RIS S 4 & P B LA BB NN, BHERATRX— R
WRFET SRR

Bestaou &9 % THEUR/0-ZtP MATAME, RIAFEN
HEAT, SR — TR o-ZiP @RIBIWY Ma-ZtP, MBS
RIS AAE T HBRE Moz FEMEARE S, Exd
FT-IR. XRD K TEM X K& MEEIT TRIE, FHXHE%#Eaest
FTHR, B ozP BN 5% B, HAHEOBIHEREET
50%, WABMERET 10%, BHEHEKEAKEET .

HRE. BESL aziP HEARR, URBAEY o-ZiP /R
SR, B L R A T KR P 0 T - YRR
| (PAM/o-Zip) HUKE AN, B X HAATH (XRD) REH
B (TEM) SRR NSHRBSHTRE. SREY, RALGE
ROARERAE, 0205 Moh AW 79 4 O S A R e R A 3R
AT o-zeP BH, HAGKEAME. ETHY o-zP KEHK
IET 5% Bt , BSHRERHBORERMKE AL, T oz
FRABKT 5% FNALSHARHHELHE PAMa-ZP SKH
B4, % PAM fa-ZiP SRS APROLH. PALRIREZ M
KT A PR R s — A
14 BEGRERHENE |

R A/ ERTNLAK S & F 8 B R B AR 8 104
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B+ ¥k X

1. o BB AR A MRS AP ER R TSR AR5
XiE. HAl, SEFAPRSNEMTFERE. ABEBTIERY
SEAMFAMAKE AR O, A/ BB SR T A
BT SAIR .

o-ZtP R—HBRENY, BA TN BRI EAR L MR b
KR, FREFARAHEN, HRROARR . SREREULR
BERMTMIIE. oz ERKIG -OH Ba s TEE (OR &
R) B NATEHRERTFILRS, NTHBREEIES, 3N
SHERE. UE FEFRNEN oz RIAAYEE, AR
HEBAT Cums. L. BE. BEE, BRI T
%) BRI D EA R SIS T 5 A AR A i
HAY, SEEEHEAMESTER. BH. k. EZX. di
A, Y, SRS N TR,

o ZiP BEAIESE, ERATIARE A RS
B MAKETLRERK, HEHLELTRART RS HER
B, B, EAARSER AN ERENAKREAHE. R,
T oZeP BRI, EERERD, BRERENTAS,
HEE LS BRI, TR ozt BT AR EHRMAR
BURAR, MRZER AT 8, LA R At

AXH AR 0z BATABHEH LA IR K 5 5
YA, oZiP — SR TR 5 2 B A A
OH TR AR AN N, B8k TR,
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oM/ a-RBBEAXEAHAGHE. SHANEFE

HHTRERRERER /D, X FEERBEERER, BEFLDMFM
EREBESKS 8. EEXAT/\SRE_RERE (DMA) 5X&
HELEZE (CMS) BT K#EZHE (DMA-CMS), o-ZIP £
BHEREAE DMA-CMS T X ®%BIENEH RS
(ZrP-DMA-CMS). ZHFHLAENBREHS PS BRSLEHIET
PS/BEHUEMBERIEN KB SR, It Hemttgedtis THER.

HE, RAMBERAMERTEREHRESHEERE, &5
FHBARHEZEE (CM-PSQAS) fENMER, ¥ o-zrP 5 PP
WERUR, HATSHEMT, SRT AR PPa-ZiP KA EH

BeSt, o-ZeP Sitgrh i E A -OH R EFEEBY, o-ZrP
R—HEGR, MER6 RCABRKRREEN™Y, 4 FPE8FKE
R A B, PE AT R AEBCRNBRBAHEER, o-ZP 5 PA6
SRABIFHAREME. Bit, FIRARES, AXBEEM o-ZiP 58
&6 BHEILE, R, Bt RBINER /BRI KT &
.
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B F X

2 PS/AHEM a-ZP
MAESHRINFIE. GHEMENR

21 BiE

BEXR, BREY/THERGKREEMEETREHENRTHE
BREZFIBAMUZHXE, KENWHARE, EHAKEHEREE
BRAKIER T, AR ¥ EaE. A AE BRI /8 200 B %,
BAl, NEEL. MOBELETHIERYEREYNBKEEMEE
HARDHRLY, BXREY)/ BREFKE SRR TR D .
a-ZrP BRGHMIE, EERSINBREKARRERNBENER,
MEXBFRHERK, HAGTKBUTHEINTFR I GRES
5, TN A TR EY/ BRIENGKRESHERSIE . B KB
FEASE, RERERAGYERPNHE, AenBRErEESR
EVEENAERE, T o-ZiP BITENB. oZiP —REHMY
FHEZEETSXERASM -OH BFILRMRARIERH#ITA
VU, MAT#T RS FHE, BHTFRERBERD, K4 FEE
HEREME, BERTE Py FRBEERES KRS FXHK. XCKA+TN
ik " HREAE (DMA) SEXEFELELE (CMS) 8T K
ZHH (DMA-CMS), o-ZrP 2 B i Tii% /5 H 5 DMA-CMS #4735 #
BIEVBHBRE (ZP-DMA-CMS). ZHE LB B®REE S
5 PS BELREIE T PS/ANEIBIRMEAKEEME, RS

22



ReM/ o-B#BERKECHANNE, ZURERFAR

KR BEHEAT T B A

2.2 LK ERSY

221 FERH

FZJ% (St): CP, EAERANFEEFFRAF
BEZRTH (AIBN): AR, E#HELTHRAF
ZrOCly8H,0: AR, # ML THRA A

. H3PO4(85%): AR, K HHLEM

& (40%): AR, FEFHEMAIRAR

HC1 (37%): AR, #irEIH AL AH

Fifi: AR, BIRIBALELW AT
T/REZHERE (DMA): RETRZEGHSERAH
SHEHFERZIE (CMS): CP, RIS THRFTEAT
REZK PS)y: PEAMLTROHERAR M MAAF
222 TEMHFLE

£ 5K X Thermo Nicolet 370, 3 H

X-1 #7511 Bruker D8, #EEH

HMESF T4 ZK-82BB, LR MR e

5] [ SUEATH i BL: SHI-20, IR B ML A R A A
ENE R A AINL: GEK80, HHLEEERYMERAR
BFJT AR HL: WDW3020, KERFLRMBERAR
MERIEHL: XIC-25ZD, FHLE A EEFERLIERAAE



B+ #40# X

223 o-ZrP K& S

FREL 22 g (0.07 mol) EAMET 1000 mL =FH+, TMEH
320 mL =B FRHIEMR, ERAFTMA 20 mL 37% R 20
mL 40% HKIEFK. 184 mL 85% HIBERR, FHEZE 60°C KM 72 h
Ja, BRNEYIEE, IREEYHEEFRKGRREESTY, TEE
60°C TEHZFRE™Y 308, W& 83%.

ZrO* + 6HF —» [Z1F¢]* + H,0 + 4H'
[ZtFg — Z*™+H,0+4H"

. Zr* + 2H;PO, + H,0 — Zr(HPO,),*H,0 { + 4H"
2.2.4 fEEH DMA-CMS A& ™

X HAPEUEZE (CMS) 15 g, + )\ ekt —FEHU 30 g in
AEH 100 mL AEE R =S0HD 20°C THH 24 h REEHIR
HAEREE, FRARKA 11 KIREAIECRARKESERYRA
H=KBACEA NN-ZHFEN-ZHEFE+N\RESEH
(N-octadecy-1,4-vinylbenzenaminium chloride (DMA-CMS)), £ 50°C
HZETE 72 h BAGREK 405 g (W 90%). 'H NMR (CDCl,, 8):
7.27-7.63 (m, 4H), 6.71 (s, 1H), 5.78 (s, 1H), 5.34 (s, 1H), 3.5 (s, 2H),
3.31 (m, 6H), 1.94 (s, 2H), 1.22 (s, 32H), 0.88 (s, 3H).

RARRARRE I et
Acetone, /\/\/\/\/\/\/\/\/\&/\_O_/ ct®

@\

A 22 FHEH(IDMA-CMS)HA RREE
Fig. 2-2 Synthesis of the DMA-CMS



REeM/ o -#BREAXEOHBNHE. SHRMBAR

2.2.5 ZrP-DMA-CMS B9& i

- FREX 42 g (0.13 mol) o-ZrP ST 3000 mL KF, FfoHEE,
BZS BB P IMA 27 g (0.35 mol) 40% K FREH, WIEERE
MA-ZrP %R, REH 155 g DMA-CMS 7K¥&E# 500 mL MMAZ
MA-ZtP R, B, HETFTREMR, RE-YLE, KEEY
RS ZEAMRREBRRNEREEET, 80°CETTIE 24
h, iAW ERN 101g, WE 45%.
2.2.6 PS/ZtP-DMA-CMS K E & #1051 &

KRB K ZrP-DMA-CMS 5 PS #%& 2-1 B A 2 ml

TR, T4 FIRTURFTHF LT ik, BET Ps/AHEHH:

RESRESHH. FIRARFHIZRE 2-2
& 2-1 1% PS YRR AFEIOBCH

Tab.2-1 The composition of PS nanocomposites

g =7 ZrP ZiP-DMA-CMS PS

PS 0 0 500

ZP-1% 5 25 500

ZrP-2% 10 50 500

Z1P4% 20 100 500
£22 FFHITZE4&4

Tab. 2-2 Operating condition of extrusion

BRRE (T) BEEE THEE  DREE
1R 2K 3K 4K SK gk (mw ¥ E (Jmin)

(t/min)

100 195 198 210 215 205 96 120 300

25



FLFAAX

227 SRt

22.7.1 5t K ESH (FT-IR)

FREHBRARERS KBr BEEH S, 21T IR #iK.

2272 X HEFTH L (XRD)

CuK, 34, A=0.154nm, B 40.0kV, & 30.0 mA, FiHER 2
°/min, 20 X[E]A 1.5-30° F&AA 1comx1em BFFEADN .

228 hFEMtaEmiR

2.2.8.1 XH-H &

RAEERE AR . BT EAHT:

R2IFBIZEHA
Tab. 2-3 Operating condition of injection
R (°C)
, EHED  mEem ). GARDEE CO
(Mpa)
B B =R ;
210 210 195 45 20 Zi@
2.2.8.2 #ApiXE

WAARUE: PEARILNE @%*ﬁ@«%ﬂﬁ@ﬁﬁéd\ﬁ#ii%ﬁ %)
(GB/T 16421-1996). AFFHIRAFIIIE GB2819 MEMAT. R
BN RAFE. hrfP#E2E: 30 mm/min.

2283 F KB

B brAE: P ANRICHEE R (BER 2R A SOR i e 4 0y
%) (GB/T 1043-93). RAFER I, v BERO,

26



ReW/ a-RBEAXRLOMHAHE. SHRUBEAR

2.3 BR5itie
2.3.1 L5 HR

WA 2-1 HEHIEER DMA-CMS L4 EER, 2920 cm’.
2850 cm™' FEALIRBMLIE IS EA ~CHys —CH, 9 C-H fh4iR3h, 1467
cm’ H/EA -CH, MERRSRME, 1600 cm™ AAFERMIERE K
FIME SRS, 1632 cm™y 3030 cm™ AW HLES FHIE K C=C 1
4IRS K& C=C L C-H M4 iRzhIE.

1 1632\
J 1600

1467

.

Transmittance /%

il

¢

2850

g

2920

e e e
3500 3000 2500 2000 1500 1000 500
Wavenumber /cm™

2-1 #BEH (DMA-CMS) #) FT-IR K%
Fig. 2-1 FT-IR spectrum obtained from DMA-CMS

B 2-2 % o-ZiP REANEHESYOALIER, 7 o-ZP M4
ShEE S (B 2-2-c), 3590 cm™s 3508 cm™ 43 BIVAJE A KR EE IR HR
FARK PR AE IR R A, 3152 cm™ A1 1251 cm™ 1HJE b P-OH %
Ap 2 MRS, 960 - 1125 cm™ &SRB UERESR PO RHIH
FR1EHE, PO EFAMIENBM=A/NE, KB ERKE RN
FHEMIRIEA, REERE G WEWB N XS, £ MA-ZP (B
2-2-a) 91, 3590 cm’' 3508 cm™ &b7K 4T BB RICIERS R AT AL,

27



AL FARX

R M AH T4 RKEEBARNBREZRY, 3152cm’s 1251 cm™
IX PA AL 0 O 7 2K U A TR M) B i 55 P-OH P33 & 4 RO TR I V.
7 1640 cm™ J3/8 4 N-H 35 fhiR3h, 7€ 1460 cm™ HHEEH -CH;
BIRRTRE thimRBO B, XLl (7 FERE— P ESE T BRI
#E ZrP-DMA-CMS (& 2-2-b) 1, 2920 cm. 2850 cm BisbIBR UL
WEJA/B H-CHs. -CH, 1y C-H {45383, 1632 em™ H/B X C=C f{d
Gigzte, 1600 om” AAFAERBISE N EF NS LKD), THT
DMA-CMS MIFEZE, T 960 - 1125 cm™ Ab3RB I IR B X Rk 4% oh
PO BEINSIER, BFIEER DMA-CMS 2RI EABIBR 2
.

h-‘\\_\_\‘__dhku/_.,’“i"’—‘\\Juf\\\\\v///«xx
1632736

c

i Transmittance /%

1125

v L4 v L) v Ll M L] L ¥ I
4000 3500 3000 2500 2000 1500 1000 500
wavenumber /cm™

2-2 a-ZrP, MA-ZtP UL & ZrP-DMA-CMS BI4L5h 5347
Fig. 2-2 FT-IR spectra obtained from (a) MA-ZtP (b) ZtP-DMA-CMS (c) a-ZtP

B 2-3% PS LARFTE R PS/ZtP-DMA-CMS E &Y 5B
e 1600 cm™ Kb B IR AERENTI AR, kBN AT E BRI 7E
13026 - 3066 om™ ALBSRAIIE N B A EK | C-H MM4RS, 2920
e #2850 em LMEEIARY ~CHy. -CH, §9 C-H %R,

28



R/ o-BREAXKELMHANE, BHEMBAR

1944 - 1741 cm™ FIPANERT 755 cm™s 698 cm™ AL B /N3 e b BUAR,
I R RILL Sh g, XL R R Z AR A AE I ), T 960 - 1125 cm™

Kb SRR O 9 B R BERR B P PO EFIMRALEE, i RIAER
| T PS/ZrP-DMA-CMS ik Z &4 %l

3026 ||\

Transmittance /%

S —
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber /om’

& 2-3 PS. PS/ZtP-DMA-CMS K o-ZrP 141547
Fig. 2-3 FT-IR spectra obtained from () PS (b) ZrP-4% (c) a-Z1P

2.3.2 XRD o4

K 2-4 4 a-ZiP REEEYH XRD Bl o-ZP f) XRD i£EE
~ HATHERRME, BuNE RURLNEEERT. £20=
116% 19.7° 24.9° B =ZAEEMTHIERNNTF o-ZP H=AMF
AT, Horp 20=11.6° ALRBATHIEZREEN 0.8 nm, 5HICHk{E
MR,

M ZrP-DMA-CMS ) XRD HiZk EAIW%EF], A DMA-CMS
JG» o-ZiP I =MSAERTHER A K, 720 =22 HBL—A g,
xR Z (8] 8E 4 4.0 nm, H% o-ZrP, Z[A] EEi'éiJuﬁk, #.58 DMA-CMS



B+ FLRX

CiEAR o-ZrP KWERZE WP .
0.8 nm
2
5{":«-/\
. A ® l. L

2/

& 2-4 «-ZrP Bl & ZrP-DMA-CMS i) XRD 4347 &
Fig. 2-4 XRD traces obtained from (a) ZrP-DMA-CMS (b) a-ZrP

2-5 & PS/ZrP-DMA-CMS K E &M FH) XRD, EigHALE
B ZrP-DMA-CMS R IR, 7220 = 20° AHI T —HBUE/
i, EMEEXR 4.3 nm, M ZiP-DMA-CMS, ERE#H—FF K, #
PZEASRLRE P, #B4 PS BEA TR ERIA.



R/ o-RRENKREEHBHHE, ZHRUERALR

Intensity

AL SR
A

A ¢
. e N

N“ d
oo et A M NNt ot

Ak,

10 Y .
2r %0

& 2-5 PS LA K& PS/ZrP-DMA-CMS ) XRD 4347 &
Fig.2-5 XRD traces obtained from (a) ZrP-DMA-CMS
(b) ZrP-1% (c) Z1P- 2% (d) ZrP- 4% (e) PS

233 hEMEESH _ ,

2-6 4 PS R B EPRHBRRAE, B PS, ZP-1% M
PARRERET 4%, T ZrP-2% K ZrP-4% M BsRfE 5 RlRRE T
12%. 30%. |

Tensile strength MPa

PS ZP-1%  ZrP-2% ZiP-4%
PS and its nanocomposites

B 2-6 PS REE SR 1 R E
- Fig. 2-6 The tensile strength obtained from PS and its nanocomposites

31



B+ FARX

2-7 A PS REBEMERIEE, HESLPS, ZP-1% K
MBEBIRET 21%, T ZrP-2% & ZrP-4% Kt HHEE > BIFFKT
8% 36%.

~

-—
L]
¥

-
- )

stretch modulus /GPa
s -

o
™

PS Z1P-1% ZrP-2% ZrP-4%
PS and its nanocomposites

B 2-7PS RELZ SHH KRR
Fig. 2-7 The stretch modulus obtained from PS and its nanocomposites

B 2-8 4 PS REBAMENHRMKE, HEE PS, ZrP-1%
IR K EIRE T 8%, M ZP-2% X ZrP-4% KWK 47
FRIKT 8% 15%.

g » o
FN o o

Reputure elongation /%

N
(8]

~

PS ZsP-1% ZIP-2% ZrP-4%

PS and its nanocomposites

B 2-8 PS REE & H KB RBKE

Fig. 2-8 The reputure elongation obtained from PS and its nanocomposites

29 % PS REB&MENSROMIEE, M4 PS, ES
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R/ a-RBEHXLEMANHE, GHRERAL

e ZrP-1%. ZrP-2% WSO daE s MNRE T 43%. 7%, 1
ZrP-4% KIS O RE KT 3%.

g
V]

=
w

Notched impact strength /KJ.m”
e -
L -] -

e
<

PS ZrP-1% ZiP-2% ZiP-4%

PS and its nanocomposites

B 2-9 PS RE A &+ HER O pp i 3R
Fig. 2-9 The notched impact strength obtained from PS and its nanocomposites

PR T RN 1% WAKTEPRBIRRE . SIEHE . MR
KERMHRESHIRE T 4%, 21%- 8% 43% (W& 2-6. E;-L
2-8. B 29 fiR) . EUANZER T FERIIMDER SV
BEAKRE SRR D RIATIY & B BRI FURE R R g b
BEHSH, BEIEEMEMERNER: J3BHBKY, TSR
ARG & b B B FRAEE. X FRBEHHER o-ZP S

| %%%%ﬁﬁ%*ﬁéﬁﬂﬂa‘&%ﬁirﬁ]m@%mo LBRE S BRIK
i, ZrP-DMA-CMS BERS 2 HU7E PS P, A HEREF, HE4% PS 2%
HABRERERE, BEHEHNBERESARN PS # FR~ET
BAERMEH, FARTME YR, SANEMAN, BIEHHRES
PS MRS HK ARSI NERSEZERME L, NTRET
MEHREBIR AR . BREERRE S B8N, ZiP-DMA-CMS %
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PS PR HRER K, SBERE, Nl EDER PS S THERE
e 1855, R PR R EERRS, BT EEHHH
BOOEHOHY, EZANNN, BHEZER, Bit, BREITER
Wm, EEMEEGRE. REMPIHEERE T RENES.

24 KBNS

A KA EBRNEYE MR (ZIP-DMA-CMS)5 PS #ARiE
BHEIET PSIANEHBERELSKRE EME, HXTHEWMMREHT
TH. XRD SR KSSHE DMA-CMS EFRFHLE,
BESTEA o-ZP ERZE, HEE, BiRMEEEERH 0.8nmF
XAk 40 nm, HEXREHE. £ DMA-CMS )5 KPR %
(ZrP-DMA-CMS) 55 PS S i SURFHF tH Tl & MK B S 4KL, A
ZrP-DMA-CMS, REMRIFEH 4.0 nm #—F4 Kb 43 nm, HHREL
HHANBHRENERE . HFEONERY, BRESEN 1% &, PS/
BB K E SRR IR BAERE. MR KER
WEBRESHIRET 4% 21%. 8%. 43%. {BIEEBRESENY
I, SR AR IR, BARE . WA KRR B
TR, MEFSRE. RIEMTIHSFS TR GENEIEN
BER#: Z1P-DMA-CMS A X PS R —E K REHIH R .
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Rt/ o-BBEAKELMANHE, EHRURTAR

3 PP/a-ZIiP AR ES
MG &, SHRESENR

3.1 Big

KA (PP) R—HSARI ENEAEH, oTHREE
B REE. WEAEES. M. Kotk STMI, 5i
PR, BERENEATE FIURRANREENLE, 5
RBAAE. Kb R U ATSMLOERE, MRS
TR AR, BRI L IR  (RENPE. TR
1 BEMKEER. S5 RAPERBE, NTTRHIT PP Rt —
BN, WARE PP AIHERER TSR S, Mt e
AREH AR EENRLE X,

R, BAEAASR N RBRARIRR, B A BT EX R
FBRIBHERAT T ETRARIS, X TFAKBARNE PP BRI
ERE, HHREUA PP ERKEL. RIEA. CaCOs TiO, %4
BRI AP, BT, MADRIENAKRT 102
HIRTG PP O V2EHERE. EIA, XTT PP/BRSBAUKE ARROTTA
XD, o B (o-ZiP) B—H AR, SHABNEREND,
HETREFEK, FRAEKRETRURTRTAWRESREA,
ARATHERSN BRENDAKELHH. BF oZP GRE
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B, HEMBER/D, BEERREDTHHISE AEmEEEE,

EXRHAEHRMERPREMEZLEFTEE (CM-PSQAS) tEXHE

7, ¥ a-ZrP 5 PP BREIR, BATHMENTI, &BT RAH/o-BE

BRESAK S ARDRL FENTIUAH . R RN S AT T BFL.

32 kEHS

321 EEEH

o-BEEE (a-ZrP): B

BEZE: PEAMUTIKROERAR HIAEH

AR AR, LB IHRAA

FALEE: AR, ERILIETHRAF

WlA: AR, #@EmAELL AR

PUSrkmg: AR, KUFEHLRA

=H: AR, BESEEA AR

EA&E PP): PEARMALTIRGAERAR MayAH

322 FENFRE

PR AL AL RV-300, AERBERBIARAR

HE 9> BT Nwizsch STA-409PC, #EE NETZSCH 2 F

HeMBgam222

323 EETERZAERELTHE (CM-PSQAS) HIHIE
TRAHHASE. FRABRENERETRZ0MFPmMA 50 g BX

ZJ&+ 50 ml THF, BEHEXLEME, A 25 ml FHBF Sg &k
P, BHIBEE 38 °C, RN 05 h )G, EiERN, BEBREEBEA
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ReM/ o-ABRENXIOHBNHE, BHERMBAL

- 200 ml KR, BiRE, SIETIE, AFREAKNESERREREEE
=R, BESBRANEZTREATER B2EEY 48 g. BHIBESY
MAZEE BT, WEE. BRRESNREERED, A 200
mL f THF, ##, RFEEERE, A 15 ml ZBROKER, #i
HH. RNEILGE, RAREZERIGERBRAK, TREBRE™Y
46 g, % 96%. "H NMR (CDCls, 8): 7.6~6.3 (br, m, 394 H), 4.5 (b, 18
H), 3.5~3.1 (br, 81 H), 2.5~1.0 (br, 260 H), &KL T:

a _CHsOCH,Cl 0 n N(CH,),
= 0 O

CH,CI
(CH3)3CP

Bl 3-1 BERZBEAPEMBHENE R
Fig. 3-1 Preparation of polystyryl quaternary ammonium salts by chloromethylation

3.2.4 PPla-TRERER AN AR B A MBI HIBI &

KRBT o-BEHG. HAN RELKBETFENZEE) &
PP 1R 3-2 PHIECH A 2 ml WEBUR, T4, FIFEXUEFHTH L5
HIEH, BET PP/BIRBAHAR SRl FrRANFH T Z5 %W

£ 3-1.

®3-1 T ZLH
Tab. 3-1 Operating condition of extrusion

BERE (T) BEEE THEN UREE
1K 2K 3K 4K SK 4k (fmin) L2374 (r/min)
. (r/min)

140 170 180 190 205 190 96 120 300
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% 3-2 Hi%& PP KRB SHEBIET

Tab. 3-2.The composition of PP nanocomposites

) R/ BEXZIHEAPEL RAW/g
FHith/g
PP 0 0 500
P 0 o | 15 500
ZsP-1% 5 15 500
ZrP-3% 15 15 500
ZrP-5% 25 15 500

3.2.5 SIS

3.25.1 st #ESH (FT-IR)

TR IS KB A ER SR, 1T R W,
3.2.5.2 X S+ & 47482 ¥ (XRD)

CuK, 3B, A=0.154nm, EE 40.0kV, & 30.0 mA, HREER 2
°/min, 20 X[EX} 5-30% FHEA 1emx1 ecm A FEADF .

3.2.6 BENH (TGA) | |

ASAH, WE: 20 mL/min. FHEEZ: 20 °C/min. JX7EH: 25 - 800
°C.

3.2.7 hEFEMsEmi

3.2.7.1 EHHE

KREBRE TG, BB TERHWT:
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XM/ a-RBENKREEHBEHE, SHRERFR

RIIEBITZ4H
Tab. 3-3 Operating condition of injection
HHEERE (O
EHED  pEwm ) ASEER (O
(Mpa)
-B B =R
220 210 200 47 15 ER
3.2.7.2 b5

WaprvE: P ARICHNEE KR (BB
%) (GB/T 16421-1996). AFFHPRAETIZ GB2819 M #HAT. R
PR TTANAKE . B E: 50 mm/min.
3273 # &K%
WEprE: PHEARICHEEFRAE GEREAFE X R RR S
1) (GB/T 1043-93). LKA, BEOXAV, |
3.2.8 ALRIRE MR
WRFRHE: $8 GB/T 1634.1—2004/ISO 75—1: 2003 4TI ﬁt#
HIRZTR 3% GB/T 2918 MEBEAT . AAFHE 100 mm, Z5 Y /) 1.83
MPa, FHEHEZ 120°C /h.
33 BR5iHE
3.3.1 45horiR

Bl 32 ARFZHEPEUFELE (CM-PSQAS) LS 4#7
B, #£ CM-PSQAS HI4L5M & EH (B 3-2-b), 3026 - 3066 cm™ Ab%3R
e )RJE %5 L C-H Bﬂfﬁﬁéfﬁ#ﬁi;b, 2920 cm™ A1 2850 cm™ kb4
N/EA -CH;. -CH, i) C-H 45¥k3), 1600 cm™ ALk diXH &
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BEFARX

HRHFIE, 1944- 1741 om? QIIIAEERT 755 e 698 oAb
AR W B RS 4 S8, M (R W AT i R Z AR 7
#E. 1275 o RMCEIEIR % C-N HOMGERSY. dutk el B m Tl

BT RELGRAPENSHE.

Transmittance /%

3066 850

30.
20

RN

b

1 27

—p

Ty
4000 3500 3000 2500 2000

T
1500 1000 500

Wavenumber /om”

3-2 PS XHZ 7 CM-PSQAS M4 44478
Fig. 3-2 FT-IR spectra obtained from (a) PS (b) CM-PSQAS

- B3-350-Z:P, PP LA K PP/ZIP B MBS 47 B, ZE PP/ZtP
BEMHRASIHE (B 3-3b) P, 2960 cm™. 2916 cm™. 2867
cm’, 2838 cm™” FIAFIER MO IH B b 2 F o . W C-H 943
#=zf, 1465 cm™ M 1380 cm’ HEA L FE. FEH C-H BHKIY
ﬂ&l&ﬂ&, 1166 cm™ 998 cm™, 973 cm™ Fl 841 cm™ B 545 RA X Hi%

s, IXEHT R PP A4 AE Y | 7 960 - 1125 cm! AbIRIR Wi I &
AR PO> EFMMASTIE, NTRIINER T PP/ZP #iXE

éﬁﬂ o



ReW/ a-BBENKRESHBAME. BHRUREAR

Transmittance /%
o

1 v T ) v T v ¥ L 1
4000 3500 3000 2500 2000 1500 1000 500

wavenumber /cm’’ -

B 3-3 o-ZrP, PP UL} PP/ZiP GK B &M B4 5347 B
Fig. 3-3 FT-IR spectra obtained from (a) PP (b) ZrP-5% (c) a-ZrP

3.3.2TGA £ |
Bl 3-4 24 PP LA PP/ZtP SR B S M EHIE TGA 5347, BB
AILIE R, PP/ZP ESHMEIRARBER LA PP EAREEHRS.
IKRE 5% 1 50% B HIREN A, %ﬁﬁ:%ﬁiﬂ@ﬁiﬁﬁuﬁ 34
FiRe KRE 5% B, EAME ZrP-0. ZiP-1%. ZrP-3%. ZrP-5% K
R AR IR BERAE PP 3 IR T 4 °C. 59°C. 55 °C. 47 °C. KRE 50%
B, HEMEERET 10°C, 24°C. 23°C. 21°C. B4R, a-ZrP [
IABER® PP IR EN, HOIBRENSEN 1% i, K&HE
BREERARAEE, BEERRESENSM, S4B HMR%RE
BERERERLY, XEEREN o-ZtP 49KER S PP, Bl
ERERAS, o-ZtP ERZERKPREZREE—FIAEBHEELS
BEMEE, RNBEKEERNENYESE PP LREBRIER, =
EthR{ZEE PP BEMERT IR TE, MK PP M EMRER, £
& PP Rl BRIEHRES BN, BREE R
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B4 #Ad X

B RATIRAH PP B TR R T, FARERE N,
IR o TR R4 A & O EARIE BER R, MBI & B mE, B4

PR AR AR R 2 DS

R3-4 PPHKRESHEME MR
Table 3-4 TGA datas for PP nanocomposites

e BE (KES%) /°C BE (KE50%) /°C
PP . 327 424

ZtP-0 331 434

ZrP-1% 386 448

ZrP-3% 382 447

ZtP-5% 374 445

Mass /%

2 30 4«0 s ew
Temprature 'C

&l 34 PP LA K& PP/ZiP HAHEHIH TGA 44 B
Fig.3-4 TGA traces obtained from (a) PP (b) ZrP-5%
(c) ZrP-0 (d) ZrP-3% (¢) ZrP-1%

3.3.3 XRD 4k

3-54 PP R PP/Z1P HEMEII XRD 4178, —BIEATE
WEL K o A, BTREMRR, WA 3-5f Fim, 4 PP XBIIAT
SHETE 20 2% 13.9°, 16.7°, 18.3°, 21.0° A1 21.7° 4. &% PP [
SRR T I o BEMEXE 5 AMTEHIES, ZE 20 B 16.0°
MOEHBT AT RR B REMISEATHIET, HENREZEEP
BEUFEEX PP ARMRZNIEM, #S PP M B &, FH,
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REW/ a-BABRENKELMHANE. SHEMBAR

THMEBRRERMAENRET PP RAHEBZNIEMH, BERRE
RN, pRMERRNES.

Intensity

B 3-5 PP LLR PP/ ZrP H A EHHY XRD 47 B
Fig.3-5 XRD traces obtained from (a) a-ZrP; (b) ZrP-5%
(c) ZrP-3% (d) ZrP-1% (e) ZrP-0 (f) PP

334 AEWMRESH

B 3-6 4 PP REB S RIKRERERE, PP, ZIP-0. ZrP-1%-.
ZrP-3%. ZrP-5% Aﬂﬁm@%ﬁf&ﬁ%@ 70.6°C. 70.8 °C. 73.2°C. 74.8
°C. 79.1°C, AHELL PP, RAMEHNRBBEFIRE, B84
BAK, Hb, BRESEN 5% NEAMENAEHEREBIER
K. BAMEOAZRVEERBRBTEMERNOENT, Bl
B5 PP ERZAAHEAEA 1458, (18 PP HERMIZZHZBIME,
AT S PP AR AR — I, BRI kS T
HBIZH BT A RELLBRAR M AT EHOE S, AT BRI
REXIMREXNZREENERE, BEEEMHPRTREES
Frige, BIREIEER/D.
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B4 X

HDT /°C
I =

g & 2

PP P ZP-1%  ZiP3%  ZiP-5%

PP and its nanocomposites

3-6 PP REHE SRR ER
Fig. 3-6 HDT obtained from PP and its nanocomposites

3.3.5 HEFEMEESH
Kl 3-7 4 PP REB &M BRI M58, 541 PP M, ZrP-0.

ZrP-1%~ ZrP-3%. ZrP-5% B E&EMERNHBEELFRET 0.5%-
0.9%- 3.5% 6.5%.

Tensile strength /MPa

PP ZrP-0  ZrP-1% ZrP-3% ZrP-5%

PP and its nanocomposites

& 3-7 PP REE S EARH5
Fig.3-7 The tensile strength obtained from PP and its nanocomposite

B 3-8 4 PP REFAMERNBIER, 54 PP HLL, KRinBEER
¥ (ZiP-0), MR R P ERRIRT 2%, MABRE S ESMER



KoM/ a-ABENKEENANHE, SHEMEAE

FBEEB R, ZP-1%. ZrP-3%. ZrP-5% M HEE S HiRE
T 3% 15%- 39%.

1.5
14 |
&
O 13
Sz}
]
[*)
E 11}
S
1t
E
0.9
0.8
: PP ZrP-0  ZrP-1% ZrP-3% ZrP-5%
PP and its nanocomposites
A 3-8 PP REHE ARG 2

Fig. 3-8 The stretch modulus obtained from PP and its nanocomposites

39 4 PP REEAMERNEOMIRE, 54 PP ML,

Z1P-0. ZrP-1%. ZrP-3%. ZrP-5% BBk O RE S IRE T 8%,
23%. 27%- 29%.

Notched impact strength /KJaoi®

PP ZrP-0 ZrP-1% ZrP-3% ZrP-5%

PP and its nanocomposites

B 3-9PP R HE &H RIS O ph iR
Fig. 3-9 The notched impact strength obtained from PP and its nanocomposites

3-10 4 PP RHESMHIKRMEKER, HEFALIENR,
BtEE, SKESMRIET R KRR,
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B+ FA %

g 888888

Reputure elongation /%

g

©

PP ZrP-0  ZrP-1% ZrP-3% ZrP-5%

PP and its nanocomposites

B 3-10 PP R B AR R KR
Fig. 3-10 The reputure elongation obtained from PP and its nanocomposites

IIABERRSES, HBZE PP, EAMEHOR R, BB LIR
MR RR R, BMERRES BN B RN . 4
BRFENFGT, BREAKERYSSHIE PP BAMED, &
TRIMER T A EERAKRE SRR RS LIRR, AN EX
LIHRFENFEEMANEENE A, X —mec 5THERRE
AR, A —mMKENS PP TR EMBES, BOBNB
RERLTRAES THEER—FES . SR, RthERTRE
HIRABUANIR R RH R IR BY D50, AT 250 T RLAH38E . XRD M7
EEMHTPPPEART p BE, B &ENERALERFN TR
BE, BAMBEFI KA ERIEER 78 PP 2460 S 80395, Lk
Blrp B a, RIYER TR R D8R0 5, TTULR K PP B A=A
BIUNH, AR —RE KPR AL, MTTIRES T AR b oR . (BB RREE 1
B5 PP A FIRIMAIEERIE—EBE LRH T 4 THERINIES, M
TR T 2 &R R KR .



R/ o-BRBEAKEEMANHE. EHRUEAR

3.4 KENT

AXKAEGHRPRRLERTELNZEE (CM-PSQAS) X
AN, ¥ o-ZrP 5 PP BRIILE, AT RBRNM/a-ZtP HKES
#1#H. XRD M R A B BRI AR PP BA FH B H1E
., FEE#RESENEM, p RUFHEENES. TGA HHEH
PP/o-ZtP B EMEHHIE A PP A AR s, HPBm
BRSEN 1% B, RESRNEE, WKL PP, H&MHAMRRER
RET 18%, HFEEMRE S BAEM, S4MENAEREERS
BRERD . BIRBENIMAEREEMERRERERNRS, BRE
BEAK. NESNRAS AR R R bR
PP Em, BMEBRE S BN MEELRENES, HP ZiP-0.
ZrP-1%- ZrP-3%. ZrP-5%HFRED HHRE T 0.5%. 0.9%. 3.5%.
6.5%, BROMEHBRES NIRRT 8% 23%. 27%~ 29%: KIMNBER
B (ZrP-0), RN RRIET 2%, MABEREEE SR
PP EBEIRE, ZrP-1%. ZtP-3%. ZiP-5% MIBIfHE 5 B
T 3% 15%- 39%. EEHEHNAREEANERKR, BRES
Bh 5% B U R R IR K, KT SRR
KR EK.
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B4 4L # X

4 PA6/0-ZrP HK
FAMBNEIE. BSHORMETR

41 BIE

JEH 6 (PA6) R—F N ZHLTEEH, REN R MM
fhee. EE, B TERARMEARIER, B 6 HRKER, HERE
FEA, BRI T HS AT, 5 T R R kAt A LUE A B R SUR
TE, EXRABRR. BEIE., HRS e it 9k, BEH
KERBAWEAFKRRE, BEYIHKE SRR BT 7 #
Ko B /THERPKEEHE, BRERTAREGYRERNR
BMEIERME . KFEH RN EYERL ARSI ERE EE MR
BMZB T AMRERNSTZXE. B, NEEL. —SH0E%
THE R 6 HGkEAMEHMARERZ™, WXtk 6
BERE MK R EM R AENRD . o-BRE (a-ZP) B—HE
B SGHMBERERTIY, RETFRHAEREXR, HAAKRHTIE
MR FRITABBRESSS, TNATHEESY/ BRENDZIK
BE&MH. o-ZP P HmEREK -OH Z2HPRFAFRMY, ©
R—ME®R: MER6 RCHABKRSEN™Y, 2 FPEFRE
BB B R, BE R ARBNRBAHELEN, o-ZiP 5 PA6 &
BEABFMMAENE. Bit, &30EH oZP 58 % 6 EEERILE,
BEAAFEEBRENE L 6 AREEMHE, HHEW., AfaEtRk
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REMm/ o -RBRENKEEHANHE. SHRUBAR

T #HRRAT THR.
42 LKERS
42.1 FERH
HE: AR, BT AR FEE AR,
o-BERHE (o-ZrP): B
JEH 6 (PA6): PEAMILTHRHERAR " MHAF.,
422 FEMRRE
FENBRER3.2.2
423 BE 6/o-HEIEARESHEINH &
BB o-BIRREE 5 PAG #3K 4-1 FHIEC 7 A 2 ml ARTRR,
T, FIASUBAFFFHIFHER, B2 T PAG/BREMKESH
¥ IRAMFIHTZSHREK 4-2.

R 4-1 Hl%& PA6 KR SR MR

Tab.4- 1The composition of PA6 nanocomposites

H & ZrP PAG6
PA6 0 500
ZrP-1% 5 500
Z1P-2% 10 500

ZrP-4% 20 500
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REFLAX

R42 FUHT 244

Tab. 4-2 Operating condition of extrusion
BELE (C) BEE EHE IRE

1K 2K 3K 4K 5K Lk * FRE

(t/min)  (t/min) (rmin)

180 230 265 260 270 255 96 120 300

424 ESHRIEMOH

424.1 5t kiENH (FTIR)

FAREORMAREER S KBr BAEA S, A7 R W,
4.242 X S EATH N (XRD)

CuK #8451, =0.154nm, B 40.0kV, &% 30.0mA, FHEE 2
°/min, 20 X[AX% 5-30°% HdA 1 cmx1cm RIBFREADH

425 REFH (TGA)

ESHHE, HiE: 20 mL/min. FHEHEZE: 20 °C/min. PHRTEE: 25 - 800
°C.

4.2.6 HEHEMR

4261 EHEHE

KAEBRB TR, RETZ£4WMF.
- RAIFBIELM

Tab. 4-3 Operating condition of injection

KEERE (T ‘

%ﬁﬁ)” REME (S)  MAREEE (T
—B R =R
245 235 230 70 15 =R/
4.2.6.2 3ii¥iK8



ReW/ a-RBERKREMANHE. EHRMEAL

AR PN RIUHE B KArdE (R a8 R 775 (GB/T
1040-92). WA HPRA P AT1E GB2918 ME AT . IRBERAL: T BIREE.
P 30 mm/min.
4.26.3 #* HiX%
TAARAE: PEARKIEERGE (BRERFE X Rrhdil R
%) (GB/T 1043-93), REERAI, HrOXKR V, | |
4.2.7 AEHRERZ
WRFRE: %M GB/T 1634.1-2004/1SO 75-1: 2003 HATHR . REEM
WRER% GB/T 2918 MEHIT. WHEE 100 mm, Z NS 1.83
- MPa, FHE#EZ 120 °C /h.
43R5
43.1 5T | |

Bl 4-1 K o-ZrP, PA6 VAR PA6/ZP &M RIS TE, 7
PAG/ZP SAMEHLS TR (B 4-1-0) 1, HA 3307 om™ iH
JHEA N-H B4R, BEEH 2900 cm™ &IHEN C-H M4k
BRI, BECH 1650 cm™ &b Bk B (4 R 5h TR e
WHCh 1460 cm™ ZLJABA C-H T NS thiRsh BRIk, BHAr T 1260
e’ H)EH R B C-N RBN)=AEMN, XL R PA6 HIFFEKE, T 960 -
1125 o KER TR BERREE T PO,™ ZE I HOAFIEVE, BERREE 3590
cm’, 3508 cm’’ Laaéﬁméﬁ"%ﬂﬁ%&ﬂé, PL% 3152 em™\ 1251cm’
4t P-OH %IEF?%#&W@E’J/%%%%B%@%“PE’J%%E PA6 H¥)
BERAETHEEM, NIRRT HALERIEY PA6/ZP
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B F® X

KB EHEL

Transmittance /%

T L} N L]
4000 3500 3000 2500 2000 1600 1000 500
Wavenumber /cm™

4-1 a-ZrP, PA6 LK PA6/ZiP B& MBI A E
Fig. 4-1 FT-IR spectra obtained from (a) PA6 (b) ZrP-4% (c) a-ZrP

4.3.2 TGA i

B 4-2 5 PA6 UL K PA6/ZtP B-E KN TGA £HTE, MBS
ALAES], KE 5% B, PA6. ZrP-1%. ZiP-2%. ZrP-4% MR
B FA 403 °C. 409°C. 407 c 400 °C, BERRBERISEN 1%.
2% Bf,PA6/ZtP BEMEI IR G, HPHRERNSEN 1% B
SEMERREE, BREAEN 4% B, EEMERIE et
PA6 R EHEK. kAT I, BiRRE S BN EaMeiae R
?%'3 Pﬁ%@%@%ﬁi%iﬁbﬂﬁéﬂﬂﬂﬁ%iﬁ%ﬁ, XA B o
5 PA6 MIHBHEL, HKEREBTIMIIEAE PA6 B, FEEE
|, BRGRKPRESTE—BIRBERESEEREK, KK
SRS ERE PA6 LIEFERRIER, & hRE{EH PA6 B
AR R BRIE R, AT PR(E PA6 BIRMRE R, B PA6 KIARE
th, [EFEERRES BN, BREL HBRERERATAGEE
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KoM/ a-RBEHKREOHAAHE. SHRMEAR

PAG6 R THRYT, PRRREBREHIRENRR, R b TR
&5 IR AR, R ABRE S e — BN R ETE
BRI R B . |

200 300 40 0 60
Temprature C

& 4-2 PAG6 UL K PAG/ZIP B &M EHIE TGA B
Fig. 4-2 TGA traces obtained from (a) ZrP-4%
(®) PA6 (¢) ZrP-2% (d) ZrP-1%

4.3.3 XRD ##f |

1 43 % PAG LUK PAG/ZP S AHTEH XRD 4 47/E, PAG £—
HERUNGRRAY, EFREHFATET, SRR o (AR
R) . yNHBR) BHRRANSEEH. EXFHHEET, o BUR
B0, RBRMATFERELSMREN. HH TP FEERN
REALTRE—FEA, 7 FEZAHARKS, RATFERE. v
mUEERAKBENREY, A FREANEHFMREFEERE S
SR, BeBRITRIA R . o BB EEERTS Y 20 = 205° 51 24,
0°, iy SEURTRL 20 = 21.5° ORTATETT, ZERBARS, BT
PR R&5RSEAEWHENL, Muthy Z09ERH XRD A
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FEFARX

NMR JEE A, BHEMRETZE PA6 PALTF 20 = 20.5°F 24.0° {8
FBAM o BT Brill HETMAHE 21.5° ZTRAFTEMBEN v
. 75 43, AIDUEEIRETIUG, PAG EEMRT v M
£ (20 =21.5°.

TE ZrP-1%. ZrP-2%. ZiP-4% BEMEIP, PA6 KR v B G
RRFERTEE, PA6/ZIP REMEIRSRE AL PA6 K4 & m (B
43 bo), KRENBR 6 HFHHREHELHEBNERT,
ATy R, PA6/ZIP EEMHPBRENTINMEET KT
HEBEs), BITREMZAER, NTIEmT PA6 F v BEH
. BR, HEEHRESENEKR, PA6/ZIP SEMEINERHE
BEEMAK, FERFEN v BERKEE ®, L¥mal— thale
ENEE T A |

LES

4-3 PA6 UL K PAG/ZIP B &K XRD 4471 &
Fig. 4-3 XRD traces obtained from (a) a-ZrP (b) ZrP-4%
‘ () ZrP-2% (d) ZrP-1% (e) PA6

434 BTRBEE S



ReM/ o -RREAKEOHHAHE, SHREEFR

Bl 44 % PA6 RESAHBHOAEERE, #ERERE HDT)
REERRYH AR — AN EEEIR. PA6. ZrP-1%. ZrP-2%.
ZrP-4% HWIRERBEE A 64.2°C. 144.7°C. 147.9°C. 149.7°C.
HRRAE PAG , B BN 1% FHRET 125%; BRESEN 2%
MR T 130%: BHEASA R 4% FHEMT 133%. MAMENLE
HEERBES, XRHT PA6 RERUME, HATHEEHEKX
B R ERKNOPWY, EE AR SRR, TR TR
K k4 T RUBGEE 3 8 T MBS B A LR IO HEAT, 1678 PAG 1)
AERETIETA A, SIMARGHERBES, BWT PAc %
B BSIG BGHLE, SRRE. 40E, SEENEHRES
PAG 2 ZRATHITLAEF 1, XHE A 6 kB K b A4 TR R B A
B T REIARAER, SRR N EE R A K AT
BRBXKHIL, NHLEE AR BRI AR SR, ST,
— L B AR YRR LA 10 ORI, R S AR B Bk
KEHUR, PA6 A K5 FH— BB B2 3 8 T AR A BB
BeBHAT, NIRRT R 6 Bk TRERIR TR IF M0 1 2Rt
B, s TR AR B T BRI R, AU KIBERIRE.
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B EERX

HDT /-C

€ 3 3 8

PA6  ZiP-1% ZP-2% ZiP4%

PA6 and its nanocomposites

Bl 4-4 PA6 REL B ASMEKIRRHERE
Fig. 4-4 HDT obtained from PA6 and its nanocomposites

435 hEHESH

B 4-5 & PA6 KRB AMEIBIRREE, MR PA6, HAH

Bl ZrP-1%. ZrP-2%. ZrP-4% B HBRE A NIRRT T 17%. 18%.
23%.

a8 R

Tensile strength /MPa
g & 3

Lh
h

3

PA6  ZiP-1% ZrP-2% ZiP-4%

PAG6 and its nanocomposites

4-5 PA6 R HE S PRI MH3R
Fig. 4-5 The tensile strength obtained from PA6 and its nanocomposites
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HEEMEHRERREE.

Stretch modulus /GPa

PA6  ZiP-1% ZiP-2% ZiP4%

PAG6 and its nanocomposites

& 4-6 PA6 RE B A ERHpE R
Fig. 4-6 The stretch modulus obtained from PA6 and its nanocomposites
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4-7PA6 RE B &M EHIMR MR
Fig. 4-7 The reputure elongation obtained from PA6 and its nanocomposites
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PA6  ZiP-1% ZiP-2% ZiP-4%

PA6 and its nanocomnosites

Bl 4-8 PA6 REEEH OGO rh iR
Fig. 4-8 Notched impact strength obtained from PA6 and its nanocomposites
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