Ho2% 1M mOE ¥ OB ¥ W) Vol. 22, No. 1
2008 4F 3 H CHINESE JOURNAL OF HIGH PRESSURE PHYSICS Mar. , 2008

XEHS . 1000-5773(2008)01-0057-05

EETHENERG/BEMEESHH
MmN

PR E 'L AREAE L ERmED, o4
(1. BB TR S B B 52 Fr Wb i 4300705
2. BBUCHEE TR A AR 5T 5 I P T BRI 430070)

WEXADEFZEGETHETBEMECEH/ZHFREOAHKE A M, A X 4
AT 4 (XRD) (& 48 F B % (TEM) B # 2 #1 (DSC/TGA) % 7 %, #F R T A & M B0 4
M BMEMURKBFRE, F2REAFELEN G TFRAR N . AT AN ERLBEHTA
AL E EHEET . BRI FHANRLER, T UM KF B ARG/ L0 KkE S M4,
HEHEAFHBAETRANKE,

XER:ERAL;HEME: S E:;HE; Hom
hE4SES. 0521.2;TB383 Xk ERIRAD : A

1 51 5§

HH S TR R ol B UG ik E P9 BE R A A2 2R 5 D il 4 T p B B Je e 6/ 58+
WARZ G MR CRIT TSRS L) JF R E & TR G YR A PERe ™ LUk, B N AN BT T
VR AR 8 HuHs JE Je 6 3R P 3 DR 04 TR PP 1 SR I 2 i AR 30 S B i L 2R © A i L 2R SR AL £ 0 22 ol
VR B R EERRER EAT TR S ROHLGE T R AW ) 2 MBCE PR RE IR T8 T R G YR R AR

RRAE R G W 9 K S5 BERE B OB SS F) o AT SR 5 0/ K 1 N oK S5 R 23 A S R R B 4 0K SR
PR TEARZ TGRS AR JZ AR IR R 7 e AT AR B LZARAT P 45 (— 2 10 = 20 J2) , g
P2 TO T 0 5 763 B BLGOK S5 BP R 2R BE R EE AN A TE A P 4540 TE 4 R B W /2 R Bk B 35 40
KE SR BRTE N A T 5 A AL R R G R IO 2 A MR Rl R 2 1%

UTAE X TG W/ T2 R R £ 40 K 52 65 b iR F 5 2 8 R b L JH BT A B RS R i O T
BRI Tz i R A R A i L R R B R DR T A 5 e R T e T 4
il B 2 &

55 R AN TR DB TR A i L e TR ) BT S P A T A LR ) R AE A (OREC) & B i
(PEOTERCAIRMAE T, d i 9y B 5 2 1 4 Hh B oK S B A0RE ER TR LR 0T B 1 A4 5 O R REAR 4
W B oA e PR BB A A2 R TR R E S BRI T LB W T X R AE A CIER
P /By BERS I 52 & A4 R BE B9 R i

2 X I

2.1 REHE
(D BIACEBNS FESE 70%) , it 2 iR 26 A B0 A R A 7 L4t

* WFRBH . 2007-02-19; & E HHE . 2007-06-08
BEeWH: ERARRBIFESE (40604007)
EE R B K 1957, 5 282, EZNE T LA 1 IR AL A% O B 535 8 TR T B A R & 55 il 1 iF 52
T R 45 45 3 . E-mail ; fan. duan@ yahoo. com. cn



58 = JE 7] it Es 1 %22 %

(2) 2123 FRIA L B IR RE
2.2 LIEE

(1) QM-1SP2-CL 17 B A BREE ML, B ot K22 il i .

(2) CS-IID A3 4 WA AL, HE MRS A MUACE T il 3
2.3 ERA/MEBEMEESMBIHG&

1 B A DL 1020 1Y b i 5 B IR AE AT R BREE AL P S IR A 25 min, AT R BREEHLIL N
200 r/min, ZH BERE G BRI AE S R P s P AL A R AR 6 S A A M A B S . SNOIL VR R A 5
BHMMPAR R, s, JE 1439 R 2.3.4 GPa, 23k 48 E JE J1 5 JF 86 FHIE 2 100 °C , 4% I8 1% &
10 min, FEA IR FRH 7R, 2R FH 22 $A00 0 2t 40 95 o505 1006 0 B X AR e D iE A b
2.4 HH5MEERI

X AT 5 (XRD) 434 : H A HL 2% Rigaku D/max2400 X 52 i1 514X, Cu K, %8 55, /N 1 43 5995 [
R 2°~10°, i FEFLA 001),(002) fb I FT XTI At 06 437 B R o B 16 25 4k

LB (TEMD : JEM-2100F #1357 % 5 &5 43 i 5 i 7 W Gl . o i JR AL 38U RO RE b AF IS 5 48 8
FE AT DAL FROME D90 R A4 3R A7 b SO 5%

BT (DSC/TGA) : £ [H Thermo Elemental {52\ 5] SDT-Q600 DSC/TGA [R5 73 1 % , FH il 8 3
10 °C/min, HUFEAh 4~8 mg, 7E25 IREE T, W IR INFAE] 800 °C i Sm st A& Hh B i = 1 A8 1k

3 HRSUE

3.1 ERRA/BEMERENARESHHE X HETHIH
BT A RE ) & AT R4E4/ [

TS 8 0 O S A AR B R X B o0op
AT AT L. P p=0 2k 2 ol
5 R AL T T T £/ T I AR B R R i
X LT 51 3% 7T LA A 0 B BT s00f
A (001) . 002) b T 14 7T 513 06 s H Ay 3 2
&2 2 GPa.3 GPa.4 GPa 1% 3001
FEAL TS BAEA /B B S 40 K A [
BB X Bk ATS .  p—o iR ) P e

S A R L R AR FE S (001) ., (002)

cps (a.u.)

100} p=3 GPa
A THT 177 5 1 38 B T i p=4 GPa
59, p=4 GPalf FEAT K . XU & oF
3o 15 P A UL T A 11 53T A ? ! 260, o 10
) RICAT Y2 ] AU R A2 Kl 1 REC/PF 49K & &0k X S A7 5

[ RERE A, T B T B4 A B IRSG Fig.1 X-ray diffraction pattern of REC/PF nanocomposites
by AR B T PR )2 R T
HE RGO E G MR, N 2 GPa E]4 GPa, (002) § T 47T 5 04 A9 96 55 A B 4, U B #F 38 S 19 R T
RO N ZIRE B IR TR,
3.2 ERA/MEBEMERENARESHBNS S PESFBRSN

I 375 555 #EL 55 AT LA DU b UE 25 SR FE A 7 1 I AR T T B A BRI OO

Kl 2 548 3 GPa [E JJAL PR REC/PF 9K &b BRHEMAE T B i EER . K 2 FIE 2(b) 2
i A — DSOS [R5 R R A IR . ANIET 2 voa] DUAR I Wi A UL 53 F B R4 A 278 B ) g vh BT A2 7
HRAS , RATA B8 KB 20 nm #) 100 nm (WL E] 2Ca) L FRE) » JLGIK R B R J2 T )7 43 5O 15
PR v s S — 2D B0 UE T X SR AT A B A58, B RAE A B AR DL R ERAE  BO L FE R AR AT



ERR] B A R TR T i A ) BT/ B RS DS S BRI R R B REAT 5T 59

709 7 J2 o AL L 2 () AR X SR 4G A0 AR B A J2 6] B (2. 4 nm) A AN T2 B2 A J 58 CIL I 2(b) i FR )
TEIE 2(b) Wik RE WL 3 RAT A 7 J2 19 6 it A il X V3% 02 e IR AR S TE AY . fr ] 2Ca) b3 23 T
JLE F 2 0 EHES Y R B B AT SR th B 2 TR R R LS B i ) RAE O R R R4

KN 20~50 nm(ILE 2(a) FAIARIED .

Kl 2 REC/PF 49k &E & # K TEM B (KA

Fig.2 TEM image of REC/PF nanocomposites,showing the nano-lattices exfoliated rectories

5l 3 REC/PF 98Kk & &8k TEM & 43 B S i 15
Fig. 3 TEM lattice image of REC/PF nanocomposites

Kl 3 &% 3 GPa JE J14b B REC/PF 44
KA BRI 35 S LB R A BEIR . L s A
fEh BHe A C ARk B R R R — 2
AL )Z S BEPL A COLIED 3 i 3k bR 59 5
], i T 18] B 24 0. 44 nm, B N B FE A (006)
i [T ) AR AR 1R
3.3 ERA/BEMEBREMNLRESEH
B SH

Pl 4 22l R i RS RAT ARG S i
BEMFIE Y DSC & TGA fhi 4k, it L #a] LLF
HOR ARG R TGA 2 5 A — 5, 3
678 °C J 2li My ¥ B i 1) 90 4 o o O 2% T TR
) ) % I R 7. 86 060, R BT A K4 R 1Y
TR JETE 1000 °C LA BF AR 2B AT 2R

oA, 3t DSC £ T LLWLEEH] 76 161, 9 °C A A /IN B I | 53 2 Hy 7 1 T A i 11 ] A B S 31 1R
R DSC B HE 545~575 CZ MM B £ T — AW, X e i T RITA B R 5 i K,

& 5 24l iy A IS 5 REC/PF K& &8 R TGA £ a9t He I K 5 o B bR TE AT LR 2, 76 B
WIHY 15. 406 1 J5T 5 451 2% 9 B, 4 My [ RS g 1) UL B O 454, 4 °C, REC/PF 44K & & MR 1Y I B )2
497.8 ‘C ¥ T 43.4 °C. Xf REC/PF 49Kk E &Mk, Ml M 497. 8 °C L FHE] 510. 9 “CHF, ol 43 7 7
M 84. 6% FRERNT 43. 6% BRI 41 %0 W I f 0 2 2 AE 13 °C AR X 18] SE W0 . Fh T 193 6 W B A9 0 A 1
SE 2 AT A Ao A R W SRS A A R R A BE R AL G . i AT DU Y Sl B R A
600 “C i, Fl A i & o0 50 % » I BLIHE & ) 2K .COLCO, B KA W, T 4% 0 i 32 A 3Rk A4
B MREC/PFANK 5 A A RHFE 5135510, 9°C B 5 578 B T 3% — 3 B o A 3T — Jr 2 o 76 & 5 A 334



60 = & LY} b =2 Eitd W22 %
120 10 100 5
Pure PF REC/PF mixture ]
100F -
_ 5 __8of 1o
:::’ 80r ) :; 1 %
% 60_ 0 % g 60’ -—5 %
2 dop -5 Z 2 40f T0 %
S 20f T s -
-10 20f 1715
0-
-20 N —15 . . . 120
200 200 600 300 0 200 400 600 300
Temperature/(°C) Temperature/(°C)
& 4 4 PF 5 REC/PF B DSC/TGA £k
Fig.4 DSC/TGA of the pure PF and mixture of REC/PF
1, BFCA MY 2. 4 nm Y JZ [0) 15X By 15 A AE Lo
BT YIEIA SR 5 — i TR - "
B RITA R Z o MABRBEMIETENET Sl 15.4% lost, 454.4.°C 15:4% lost, 497.8°C
BR R G bR IR Sl A% 3 B T R R K ?;f 500 C,0.717 507.3°C, 0.715
AT P DR 2600 38T I P A Mg ) 0 i ot R S 0.6F —+ Pure PF
L R A R PR L R AR F  REC/PR ~—
JR R B R R AN 3. 8% B FORIR 2 04 P10:9°C. 0436 =
RHREARHD 7. 8% FIE T 400 X BEMIZEIE S 273C. 0912
AR R BRI AW R mE s £ O yop
N N N " - = = a
BRSO A ARG G~ F [T
£ TEM IR A5 2] 7 583E) , M i N S S
. N v 100 200 300 400 500 ,
BT BT LE B 05 AL R O mperre(Cy
4 & B 5 4K g 5 REC/PF 40k & &M B TG 4k
- Fig. 5 TG charts of the pure PF and REC/PF
(D E_g mﬁg&%%}?T SREAaAA nanocomposites under 2 GPa pressure

A B L 8 B 20 L BE A HE A R AT
AR IR BIEA B 7R 2FE Y R & R RS /2R AERRER 9 K S S AR

(2) AL HLS W REC/PF 99K & FFRH BT A PR E K A T AR KA 2028 B K fie B v A —

AR Y B A I X[

(3) FE v AL BS » BHE 0 1 JZ RS AR B 1l E (<700 “C) I AT #8970 i

References:

(1]

(2]

(3]

(4]

(5]

Okada A, Kawasumi M, Kurauchi T, et al. Synthesis and Characterization of a Nylon6-Clay Hybrid [J]. Polym
Prepr,1987,28:447.

Kojima Y, Usuki A, Kawasumi M, et al. Synthesis of Nylon 6-Clay Hybrid by Montmorillonite Intercalated with
e-Caprolactam [J]. Polymer Sci Part A:Polymer Chem,1993,31(4):983-986.

Neng Q Z,Chuan K Y,Kang D Y. The Polymer/Silicate Layered Nanocomposites Prepared by Intercalation [P].
China Patent,CN1187506A,1998.

Qiao F,Li Q.Qi Z N,et al. Synthesis and Characterization of Nylon 6/Clay Nanocomposites [ ] ]. Chinese Polymer
Bulletin, 1997, (03) :135-143. (in Chinese)

F* WA URLVESEEE. BB R LK G MR g S5 A R AE SRR E Y [T, & FaE A, 1997,
(03):135-143.

Zhang Z Y, Zhao N, Wei W, et al. Preparation and Characterization of MMT/PMMA and MMT/PBA/PMMA
Nanon Hybrid Materials [J]. Fine Chem,2005,(03):171-173. (in Chinese)

BB L. HL.%. MMT/PMMA #l MMT/PBA/PMMA 44K 24 4k 44 84 i 1 45 A Ak (10, K44k T,
2005,(03):171-173.



551 B A R TR T i A ) BT/ B RS DS S BRI R R B REAT 5T 61

L6]

[7]

(8]

(9]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

Nah C,Han S H,Lee J.et al. Preparation and Properties of Montmorillonite-Based Polyimide Nanocomposites []].
Polymer Inter.2004,53:891-897.

Privalko V P, Ponomarenko S M. Structure and Thermoelastic Behavior of Synthetic Rubber/Organoclay Nano-
composites [J]. Macromole Chem Phys,2003,204:1480-1485.

Gonzdlez 1,Eguiazabal J T, Nazdbal J. New Clay-Reinforced Nanocomposites Based on a Polycarbonate/Polycapro-
lactone Blend [J]. Polymer Eng Sci,2006,46:864-873.

Aranda P,Mosqueda Y, Ruiz-hitzky E, et al. Electrical Characterization of Poly (Ethylene Oxide)-Clay Nanocom-
posites Prepared by Microwave Irradiation [J]. ] Polymer Sci Part B: Polymer Physics,2003,41:3249-3263.

Chen K H, Yang S M. Synthesis of Epoxy-Montmorillonite Nanocomposite [J]. ] Appl Polymer Sci,2002,86:414-421.
Chen G M,Li Q.Qi Z N,et al. Advance in Polymer Layered Silicate Nanocomposites [J]. 1999, (04) :1-10. (in Chinese)
PROGHT 2 BRLCEBRRR. . REY/ BRI RE & MR R (1], @2 TR, 1999, (04) :1-10.
Santiago F, Mucientes A E, Osorio M, et al. Preparation of Composites and Nanocomposites Based on Bentonite and Poly
(Sodium Acrylate). Effect of Amount of Bentonite on the Swelling Behaviour [J]. Euro Polymer J,2007,43(1) :1-9.
Xiong J,Zheng Z,Jiang H,et al. Reinforcement of Polyurethane Composites with an Organically Modified Mont-
morillonite [ J]. Composites Part A:Applied Science and Manufacturing,2007,38(1) :132-137.

Wang S J.Liu L M,Fang P F,et al. Microstructure of Polymer— Clay Nanocomposites Studied by Positrons [J].
Radiation Physics and Chemistry,2007,76(2) :106-111.

Kokabi M, Sirousazar M, Hassan Z M. Pva-Clay Nanocomposite Hydrogels for Wound Dressing [ ] ]. Euro Polymer
J.2007.,43(3):773-781.

Si M, Zaitsev V,Goldman M, et al. Self-Extinguishing Polymer/Organoclay Nanocomposites [ J]. Polymer Degra-
dation and Stability,2007,92(1) :86-93.

Barbosa R, Araujo E M, Melo T J, et al. Comparison of Flammability Behavior of Polyethylene/Brazilian Clay
Nanocomposites and Polyethylene/Flame Retardants [ J]. Materials Letters,2007,61(11-12) :2575-2578.

Sun Z Y,Hu C,Li M F,et al. Study on Exfoliation of Rectorite Nanocrystal Layers by High Pressure Method [J].
Polymer Materials Science & Engineering,2006,(02):213-219. (in Chinese)

MR LB A BRI kS RIEA 90K R Z S ER B [T, &0 7R 5 TR, 2006, (2) :213-219.
Sun Z Y,Hu C,Li M F,et al. Preparation of Intercalated Clay/Phenolic Resin Nanocomposites under High Pres-
sure [J]. Journal of Wuhan University of Technology-Materials Science,2006,21(4) :83-86.

The Microstructure and Thermal Performance of Phenolic
Resin(PF) /Rectorite(REC) Nanocomposites
Produced by High Pressure Method
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(1. Institute of High Tem perature and High Pressure Physics sWuhan University of
Technology,Wuhan 430070,China;
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Abstract ; High pressure method was used to produce phenolic resin (PF)/rectorite (REC) nanocomposites.

The microstructure and thermal performance of the nanocomposites was studied by X-ray diffraction(XRD),

transmission electron microscope( TEMD) ,and thermal analysis. The experimental results show that exfoiated

resin/ clay nanocomposites can be formed under high pressure conditions by the intercalation of polymeric

molecules without interlayer polymerization. Morphological studies using TEM and XRD indicated that the

clay particles within the phenolic resin was exfoliated and dispersed homogenously in the phenolic resin,and

the thermal performance of the nanocomposites changed obviously.

Key words:rectorite; phenolic resin;high pressure;exfoliation;thermal analysis



