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Preparation and Properties of Low Density Polyamide / PP Composites
Xu Xianjun''*, Yang Shuo"?, Ye Shaoyong' *,-Liong Jieming' >, Mai Jichong" *, Jiang Sujun'"*, Cao Min"*
(1. Guangdong Key Laboratory for Specialty Engineering Plastics; Kingfa Science and Technology Co., Ltd., Guangzhou 510663, China ;
2. Zhuhai Vanteque Specialty Engineering Plastics Co., Ltd., Zhuhai 519050, China)

Abstract : Low density polyamide (PA1010) and polypropylene (PP) alloy were prepared by melting process to obtain light-
weight materials. The effects of PP content on the crystallization behavior and mechanical properties of the materials were investi-
gated. Furthermore, PA1010 /PP /HGM composites were prepared to reduce the density of the composites by adding hollow glass
microspheres (HGM). The effects of maleic anhydride grafting polypropylene (PP-g-MAH) on the interaction between HGM and
matrix were studied. Dynamic scanning calorimetry (DSC) test results show that PP inhibited the crystallization of PA1010, while
the crystallization temperature and crystallinity of PP are increased, because the crystalline grain of PA1010 promoted the crystal-
lization of PP via a process of heterogenous nucleation. The mechanical testing results show that the alloy is achieved with notched
impact strength of 13 kJ/m’ when PP content is 30%. When HGM with mass fraction of 15% is added, the notch impact strength
of PA1010 / PP / HGM composite is decreased to 2.7 kJ / m”. Further microscopic observation show that special phase structures
are formed when the PP content reaches 30%, which leads to good impact strength of the composite. The poor interface bonding be-
tween HGM and matrix resins causes the impact strength of PA1010 /PP composite decreases sharply. PP-g-MAH is introduced into
PA1010 / PP/ HGM to increase the interfacial bonding between HGM and matrix resin, the notch impact strength of the PA1010 /
PP /PP-g-MAH /HGM composites increases by 133%, and the density reduces to 0.84 g/cm’ by introducing PP-g-MAH, light-
weight composites with low density and excellent mechanical properties are obtained.

Keywords : polyamide ; polypropylene ; hollow glass microspheres ; low density ; crystallization ; mechanical property

BISEE L, W, S P TR, SE S N GHE A TARMDRHI A K it o F O T A

Wk B - 2021-07-15

51 IR IR A, it A5 2 (RS ERBENE / PP IS BHRHR # - S1ERE (7] TR T, 2021,49(10) : 50-55.
Xu Xianjun, Yang Shuo, Ye Shaoyong, et al. Preparation and properties of low density polyamide /PP composites[J]. Engineering Plastics
Application,2021,49(10 ) : 50-55.



TR, 55 R R / PP A RPRH % 5 TERE 51

EWEH: (PA) J& B E M TAEERL, |2 T
RE L THA A SCE R T Tk, 3£
FE AL RN RIS — RSB T PAG6™ YR AL, Bififm X
HILT PAGY, PA610Y, PA1010™, PA11Y, PA12',
PA 12121 % i i 1 PA S B, DL K 2F 55 7 % PA
PA10T™ %, FEMARZ 1) PA R, KikéE PA1010
HHABRNERE, B RE 1.02 g¢/cm’, BH
I (PP) S fi fre R Y — 2538 19}, FH e 9
B LA B 2 AR R e A TR
IR 35, PP B R, %R =
0.92 g/cm’s TEPRUEM T 124 EREM TR T B K
HE PA Fl PP 45 45 & G A RMIR S B2 b 1) H 2L
Jre U R PA 5 PP AR S, K T A
REL L9 PA /PP & 4, 5 2L U PP 1€ PA BHJIE b
(R 50 B8 LT AR A R A G B Il . Haip, A K
FIRTFEHGE PA1010 / PP & A AHSERIFSE T A% ",
A B N RE A A 1S 2550 5 PA il PP
R, SCH PA 5 PP AHAMILIR . BHFE T A
L7 /4 PA1010 / PP 4 4 (AR 250k 1 07 14 g,
B AZS LI MR (HGM) L AL G 4 10 %
B, [FIRFA 58 T 5 ok B I 2B R TN M (PP-g-MAH)
X &R R P ATE SR 2R RE A2, BT il 44 1
PA1010 / PP £ 4 HLA U510 1 A PR RE AR 5 1)
FEPE, i AR R A SR R I T e T
1 KIEES
1.1 EZRAH

PA1010 : & & Jii 8 # 2R (MFR) 2 20 g/
10 min (260°C / 2.16 kg), L4 75 J= it 7% 57 o1 L)
HABR ]

PP : PP M60T, MFR 2} 61 g/ 10 min (230 °C
/2.16 kg), *h A7 Ak T B0 A R R A AL
TN

HGM : IM16K, BYJE 53350 55 B il ol /A 7 5

PP-g-MAH : BOND YRAM 1001CN, D {f1,31] 3
FIRARL TV A BR ]

1.2 BBRXE

SUZFFBF HHL: TES—40A &I, 1 52 i SV 9% 30 4
R A PR A

HESHL: HTFS6 / T AY, 7 )% ifg K IBHLEE A A
FRAE]

J7REREHEEEHL : BT2-FRO20TEW FRO20TEW
~A50 8, fE[E Zwick A F;

2R F B (DSC) 12 : DSC 209F3 #Y, 7 [+

[CELFAEIF

4 B T 533088 (SEM) : ISM—6700 &, H A%
JEOL /A ;

2 1) A [ R % B2 XX : QL-600E #Y, th [ &
BRI A H
1.3 HmHl&

J T AR I PA1010 / PP & 4 I TERE
4 PA1010 F1 PP A% JIg 44 Bl — 7 it 12 40 B0 e il VR
BHUTIRA 5], B A BUEAT B AL s R
IR IR R RLET A%, 2 A KBS A G S DIk
MLIE 075 F] PA1010 /PP & 4 AF kMR, Horp, B¢
HHZFT 55 N 300 1/ min, i1 TIEE A 200~240°C .
FHUL A BR 645 PA1010 /PP A 4, Je BHIR A R
ARUIZATBF H AL A ) 32 R R, HGME 3 5 ) i
BHLMRRL, 2205 Bl IR 5, YA 20 i kA5 21 PA1010 /
PP/HGM & & # kK. 4 PP-g-MAH, PA1010
1 PP ¥ be il s IR AP IR A 3950 R IR ARt
A TIRATEF L SRR O, HGM 3 1 ) i
BHLMERL 2 AR IS A 20k 5 15 3] PA1010
/PP/PP-g-MAH /HGM & &R, £4E A
PORH L 7 WL 1. kB2 ad V¥ LAE 210~250°C
WA ISO FRiflid 28 Wire 45 T 2P Re i

£ 1 PA1010 /PP A& RESTIIAIELFHRK %

h RS
#DD # # # # # i i
1 2 3 4 5 6 7
PA1010 90 80 70 60 66.5 59.5 56
PP 10 20 30 40 28.5 25.5 24
HGM 5 15 15
PP-g-MAH 5

1.4 HgemliX s £ 4E

BB PERERR IR 1SO 527-1-2012 Wik, Fir ek %
& 10 mm/min ;

P PERERE IR 1SO 180-2000 MR, il %Ny
2 mm/min ;

25 il PR g IR 1SO 1782010 Mt 25 3% Ay
2 mm/min ;

WREHE R 1SO 1183-1-2012 izt ;

DSC 4 : B, W 50 mL/ min, £
S THEZ 280°C, fHIE 5 min, KGR HE 30C,
FTHRZE 280°C, Th FHEHR I 10°C / min ;

SEM {3 : i FH o A 25 T THT 1 >l SEML 4%
FRIRE A, R i I 4 5 R TSR, I L Rl 5 KV
2 #R5iHe
2.1 PA1010 /PP &4t % 4T A

N1 %55 PA1010 /PP & & 045 A I 6E, 43 51



52 TRIBRHI

2021 4%, 45 49 % 55 10 11

il £ T PP A 23 B R 10%,20%,30% H1 40% )
PA1010 /PP & 4 # k. & 1 J& PA1010 /PP & 4
1) DSC M2k, 2T 5 i 4 ml gl i £ I3k 2.
Hr PA1010 #1 PP (925 50 (X,) 48X (1) #4731
B
AH,
ANH,
o A——2LRY R AW 0 TR
A H,—— R P R G W RS 5
A H,—RE Y5t 8 hEmis b, PA
1010 1y H,"=244 1/ ", PP 11y
AH,"=209 J/g",
-

ok
3
| ;

—

60 100 140 180 220 260
W/ C
(a)

Wi

X, = X 100% (1)

R

1#

60 100 140 180 220 260
IR/ C
(b)
a—Pri 2k ; b—238 ik TH h 2k
&1 PA1010 /PP &4 #HY DSC ik
%2 PA1010 /PP &% DSC B & HIE

] PA1010 PP

L

gig Tw/ Te/ T/ X/ T./ T/

C C C % C C ¢

1 193.4 2056 177.3  16.9 166.2 117.2 327
2" 191.7 2040 176.1 15.7 1659 119.7 338
3 186.8 2056 174.0 15.2 167.3  121.6  36.6
4 - 205.6 1732 142 167.7 1246 394

VL T, LA W (R0 ; T, S 0 MR e I (0
JE 5 T, R bHRHIOSS Sk .

gaK lafFE 20T LA W, A
PA1010 /PP & 4 " i PP & & 09 B4 M1, PA1010 1Y
28 R S W AR, T PP AR &5 IR B W T
XF Lb 25 o R O TT DL Y B PP S R,
PA1010 A5 &b BE B HTREATR, PP (045 i BE M s
XU, PP B 51 A T PA1010 BI45 &, AT S
3 PA1010 [ 45 il B2 B ARG, B4 BHRR B4 R ok v

JEA R sE gt i, Rl 4 BRI . AR, 2858
45 5 PA1010 XT PP 28] T SAHRAZ IPEH, S5k
PP (1445 ity I B T M 0 o, 285 ot B g i b . DI
1b FFHEIIZE AT LA, PA1010 H B0 T 06 ol
IR G R AE LR 18 18 H L FE R ST B R 2 b AR 1)
JERLE , B T45MANE 835, R TR N 2 306
B TR PA1010 1E 7 45 W E LAY 56 35 S K
e Rk, BEE PP & i i3, PA1010 94 Rl
AT ARLZR T ALK, AEC TR T U 0 YT 1 2%, &5 e Bl 1 o1
I, PP A A e T AL T 18 5 P AR g 1 4
WA ' IR R AR BH B ARk
2.2 PAI1010 /PP &4 #1464 ) S AR Ao RIS 25
% PP RSB 10%,20%,30% i1 40%
) PA1010 / PP & & A1 RL AT 7 24 PR BRI, 03X
SRR 3, MR 3N E W, BEE PP S E AN,
B G b RH AR A R R R A T A, P
JE M\ 46 MPa [&{I% % 42 MPa, 25 i 55 5 A 63 MPa
FEAL 259 MPa X J& i F PP W) 4R 38 A A%, 55
PA1010 IEEJEFAKT A4 BRI . X4 PP (195
HITECN 30% B, G ARk E R B R T
13 kI/m’, i 24 PP Jii &2 43 50 10%,20% 1 40%
BF, A A ARk s 11 b i B AR, /N F 6 KT/
m’e N T =00 T8 A S B R R A
AR IR, 25 % PA1010 /PP & 4 dH R B 1
it T P IO S T T 430, SEM IRAZE SR n

Bl 2 iR

&3 PA1010 /PP §& MR SRR

Y]
5 . Z:E#ﬁ? -
Fr5RE / MPa 46 45 45 42
53R / MPa 63 64 62 59

LA / MPa 1620 1697 1682 1659

BERE O T /(D -mY) 5.8 49 13 43

I /(g cm’”) 1.02 1.01 0.99 0.98
]

() (d)
PP JHH 434 : a—10% 5 b—20% ; c—30% ; d—40%
E 2 PA1010 /PP 54RO SEM 8



TR, 55 R R / PP A RPRH % 5 TERE 53

& 2 AT LLE Y, Y PP R 50 10% ),
PP 7E PA1010 J 1A v 52 80 1 LAY () 9 17 45440,
PP 7P AR 1E 8 ~ 10 pm Zify. FfAE PP & 4t
(3N, >4 PP 5T 5 53 K0 20% B, G 4 A RHR SR
S YRR 45Ky, PP AMBARI ST 6 ~8 pm
A, At — g/ PP RN
30% I, BRAR A PP 23 HOHTE 2%, WA AH ] S 80 2
“RUGESE” ZER B “HIhAE A 54 U Y PP R
OB INE] 40% B, BRIRE) PP 3 HOM S8 H K,
11 H. PP /rEH R SF B KT 10 wm, J&H T PP
F1PA1010 Z [ Y AHAS PR 2%, PP AHAE i 2 it 1 X
DI RO BT 30

H ¢ 3 FIE 2 8 mT LUE H, 24 PP & 0 B0k
30% B, 2R HOWE S 2B “HhA 1 (1)
SER, T HAA R e 0 wh PR RE R R LR A PERE
Tehf s G, 76 R TR ST T R A PP S 4050k
30% Y PA1010 /PP &4 1E N IR LA
2.3 PA1010 /PP/HGM & &-## 65 M4

1 PP it 7080k 30% 1) PA1010 / PP RIS 5L
5] A HGM, FEIRE G MR R % 324 B
HGM T 73800 5% Fl 15% BHE ARG F1 254k
AE. WHN 5% 1) HGM I} &4 PRI 25 R IR R
0.95 g/cm’ ; 24 HGM Jfi i 43 B 480 15%, |/ A 41
B % AL R 0.87 g/cm’y HGM i FEF&E T &
BRI . (BXF LR 4 15 3 PP R 404K
H30% HEE RTE 1 FEE A R B HGM i
HRAR TR AR R B O SR, 13 K /m?
FEIRZE 3 kI /m® DUR MR T Sebrfl M .

& 4 PA1010 /PP/HGM E&#HIHH = MRE

WiH = nYESTRE .
FPiRE / MPa 45 39
L5 / MPa 63 60
25 A/ MPa 1779 1972
BRI SR /(- m ) 29 2.7
R /(g cm”) 0.95 0.87

& 3 4 PA1010 /PP /HGM & & MR oW IE
$1 SEM HEF. fHIE 3 &, A4S HGM i 434
JE 5% S 15%, HGM FE M Bg FEAR i 20 BRI R
A WEAT W A AT SRR “RRER” . (IR 3 FT LR
AR BB R R Ak 1 HGM B R R
LI ; 5% B LT HGM KT e BOGH , FIR g L
R (a1 B Y A R 2 . XU, HGM A fig
SRR T 2, RS A EH 2. 1284
YEFT , HGM %5 55 DA g L0 58 1 3125, DA T g

@ S (b)
HGM i 4340 : a—5% ; b—15%

¥ 3 PA1010 /PP/HGM & &M EHATOWIE S SEM I
RS, FEUR G RHE BRI N I N s kA
Wrsd , & A AR B O s s B R
2.4 PP-g-MAH %} PA1010 /PP /HGM &4 # #+

DRI A DA

Sy 7 A0 HGM 5 PA1010 / PP # il 344 22 ]
() JL T 45 4, 76 PA1010 / PP/ HGM & & 1 L H i
Ty 80N 5% B PP-g-MAH, #F5¢ T PP-g-
MAH % PA1010 /PP / HGM & b RHEBE RS0
[l 4 JZ PP-g-MAH Tt 53-8 0%,5% 1 PA1010 /
PP /HGM & &4 8y i 1 o o5 T T (19 SEM 300
MO o H I 4 LI E  FE R U PP-g-MAH I,
PR ER TR DL WSS K i #RER 1 HGM LA M K Gt
) HGM & B F i FLI, FLAE 4b 0T LLBH 8 &
HH HGM 5 LR R B0 5 T i, Bl 5 22, H
% X 5K 2 B e R —E. SRR
5] A PP-g-MAH ZJ5 ( WLIE 4c FIEl 4d), KB4
HGM #BYY 4 JIg SEAR G35, (A 2 i 19 FL I AN A
TEAM HGM 5 BRI G AT LUE Y B2 AR
R TESMY HGM 3R TH A K iR 2, i i ]
HGM 53R 1 B 45 58047

S B Wl

(d)
PP-g-MAH JIi it 434 : a—0% (LK 400 £ ) 5 b—0% (K 3000 1% ) 5
c—5% (K 400 %) 5 d—5% itk 3000 1)
E 4 FIMASMA PP-g-MAH i) PA1010 /PP /HGM & &4k
IS SEM fE -
WY PP-g-MAH W& & 4 KHRY 127 1 fE 51
T3R5, HESATLIAE N, B TR PP-g-MAH
By HGM 5 R} ARHAA i S 45 G160, A5+



54 TR

2021 4F 4 49 35 45 10 1

B Bk 0 v aR BE R 2.7 KI/m’ BN E 6.3 kI/
m’ 2T T 133%. [l S b R} / S A T 2
GV, WA A MR R s |2 i 5 B Ay
ity e P W FE N . T AR B Y LI 2
A 1% HGM 7] DATEAUEATBF HH R B4k 2 v e

B AR EORY, INITTRENR T HGM. “BEZER” 1Y LLAA],
OB REH N 0.87 g/cm’ FEILE 0.84 g/
em’, % b ik, PA1010 /PP /HGM /PP-g-MAH
A MR EAT BI85 B A R W A, mT LA
YRR B2 1 45 R4 HE SR A4 60 0 A H - Pl 2 Sk,
W58 T PA /PP A 4N VL .

&5 PA1010 /PP/HGM/PP-g-MAH £ &+ #IH f122 14k

TiH 7" R
PR EE / MPa 0
ZEHh 5 / MPa 65
BB PR / MPa 2053
BRI bR / (k) - m) 6.3
R /(g cm”) 0.84

3 it

i 1 il 25 AN 6] PP % 5 9 PA1010 /PP & & #1
BELBFSE T PP &% PA1010 /PP & 445 fdT
Ji2EMERE R A HGM 2RFE(K-PA1010./
PP GG MR, b 7 305 G R B
R MR . R il e =2 A R A
PP-g-MAH, il T HGM 58 AR i L imzh &,
AR T Ty rERe It 5 H 2% B IR PA1010 /PP 52
HSEL. 458

(1) 7€ PA1010 /PP & 4 ', PP 9 i A BH 1%
PA1010 1Y %% 54 TS5 PA1010 A4 45 4 18 )2 Fngh
i S [R] P AL 5 TR 5E 45 @ %) PA1010 o PP 441t T
SEAHRAZ A, PP R4, fb il B RN 2 i BE TR B T3

(2) 24 PP JR 43BN 30% i, PP /3B R
(R E— 2L AL AR 52 A A0 BHE B “AH A AR 5L
A5, 524 M ORHEAG B v it 1 s i B

(3) HGM T DL B PR ARE S AR 3 B, 24
HGM Jii i 43 80N 15% i, PA1010 /PP /HGM &
BAPBH B LR 0.87 g/cm’ 5 HJEH T HGM
SR RR SR P 45 A 2 ARG S ahds
SREERE N 2.7 kI /m’,

(4) PP-g-MAH i # 27+ 7 HGM 5 4 Jig Sk
() ST 25 A VR 24 PP-g-MAH T it 73 800 5%,
HGM Jfi & 43800 15% i} PA1010 /PP /HGM / PP-
g-MAH & &R R B 0 whds 38 B3 T T 133%, ]
R 0.84 g/ cm’, AT SFAILESYERE,

(1]

(2]

[3]

(5]

(6l

[7]

(8]

[10]

[11]

[12]

[13]

& % ok
Hao Xiangyang, Gai Guosheng, Lu Fangyun, et al. Dynamic
mechanical properties of whisker / PA66 composites at high strain
rates[J]. Polymer,2005, 46(10):3 528-3 534.
Myalski J, Godzierz M, Olesik P. Effect of carbon fillers on the
wear resistance of PA6 thermoplastic composites[J]. Polymers,
2020, 12(10).DOI:10.3390/polym12102264.
Marset D, Dolza C, Fages E, et al. The effect of halloysite nanotubes
on the fire retardancy properties of partially biobased polyamide
610[J]. Polymers, 2020,12(12):3 050-3 071.
PR, AR . PP/ PAL010 TR I A 4540 K T2 P R A
55 [J1. o FARRRE 5 TRE, 1999, 15(1):114-117.
Gao Ge, Ye Fuming. Study on morpirdgies and mechanical
properties of PP /PA1010 blends[J]. Polymer Materials Science and
Engineering, 1999, 15(1):114-117.
Rodrigues A , Bastos I , Kappel M , et al. Micromechanical
property study of nylon 11 and organoclay systems for offshore
flexible pipe[J]. Fibers and Polymers,2021.DOI:10.1007/s12221—
021-0391-5.
Hosseini S, Schkel M, Baran I, et al. Non-uniform crystallinity and
temperature distribution during adjacent laser-assisted tape winding
process of carbon / PA12 pipes[J]. The International Journal of
Advanced Manufacturing Technology,2020, 111(11-12):1-20.
XIRTe B A, TEAR, & AR e e 1212 195 MERE K
N [9]. TRREDR FT,2002,30 (9):37-40.
Liu Minying, Zhao Qingxiang, Wang Yudong, et al. Synthesis,
property and application of petroleum ferm entation nylon 1212[J].
Engineering Plastics Application,2002,30(9):37-40.
TR, AT, TR, 45 IR STk (7] RESERL
2012,40(11):98-103.
Zhang Chuanhui, Mai Kancheng, Cao Min, et al. Research progress
in heat resistant nylon[J]. Engineering Plastics Application,2012,
40(11):98-103.
Zhang Xiaomin, Li Xinglin, Wang Dongmei, et al. Morphology,
thermal behavior, and mechanical properties of PA1010 /PP and PA
1010 / PP-g-GMA blends[J]. Journal of Applied Polymer Science,
2015,64(8):1489-1498.
Zhang Xiaomin, Yin Jinghua. Interaction characterization of
PA1010 / PP blends using PP-g-AA as compatibilizer[J]. Polymer
Engineering & Science,2010,37(1):197-204.
Zhang X, Yin Z, Na T, et al. Morphology, mechanical properties
and interfacial behaviour of PA1010 / PP / PP-g-GMA ternary
blends[J]. Polymer, 1997,38(24):5905-5912.
Yan L T, Sheng J. Analysis of phase morphology and dynamics
of immiscible PP / PA1010 blends and its partial-miscible blends
during melt mixing from SEM patterns[J]. Polymer,2006,
47(8):2894-2903.
PR , kLol 251, 45 . POE-g-PMAH R PERIZE PA1010 /



TR, 55 R R / PP A RPRH % 5 TERE 55

PP HARYIPERERISY (1], W5 T2#41k,2010(3):366-371. polypropylene in the presence of a B -nucleating agent based on a

Yang Fengxia, Du Rongni, Li Bo, et al. Properties of PA1010 / trisamide of trimesic acid[J]. Journal of Applied Polymer Science,

PP blends modified by reactive compatibilization With POE-g- 2011,121(3):1469-1480.

PMAHT[J]. Acta Polymerica Sinica,2010(3):366-371. [16] IhERk, 7%, 5k T, 4 . B G it s B / Je i
[14] Li Yadong, Ma Yizhu, Yan Fufeng, et al. Nonisothermal 1010 HARYIANLE# K ILERE (0], W43 F2#4],2008(1):18-26.

crystallization kinetics of flame : Prayed polyamide 1010 / nano Ma Guiqiu, Lou Jie, Zhang Dinghao, et al. Studies on phase

ZrO, composite coatings[J]. Journal of Applied Polymer Science, structures and properties of polypropylene / polyamide 1010 blends

2007,106(3):1 535-1 543. by analysis of microscope photographs[J]. Acta Polymerica Sinica,
[15] Varga J, Stoll K, Menyhard A, et al. Crystallization of isotactic 2008(1):18-26.

—_
AR

1 "ERE

Fiea e g 3 B2 Pl S R B350 , BRI, T Al T BRSO R k. RN
FEWAESE P28 RS SR AT, 5SS, 54 CEERGE ) A R B Ak . AN A R % 2
R BCCHAD R TR, HE—Ra 24 .

2 TREHEX

JUE T HRBHER R 16 SRR f 091 B 5 B 1918 30, T TERFR S O EM A FR S HE S FR RO T .

(1) BH 82 KA, BH IR E B H R SO 138, — AN 20 AU AEE A A H
THFHES A TAE AL VRS A2 AT L AR RV 75 o R B S A FR I B Ay e A
MRE S, HRR NG (EAEEA , D sl BARR A TP n) VAR DU N .

(2) T4 R ORI . 130T 2R R SORISE SO 2, 2 DI B SRy A B 9, ASTInPHE FIEh 78
fif R, IO 1T B B D) e R A 5T EL O R BRI S5 18 LA AR S P o ORI SO R OR AR B R
BARZR : h 3 SO 23— Bk, N2 OB IR, — e B9 2 SCR B . v e SOl By 8 AR — 3, rh S 2
L 200 ~ 300 50 B, S SCHE A REPE . ORI EIR 3 ~ 8 1,

(3) IE3Co TESCAHBATERBLMTTE W T o R RAm—FE BT hA B i 2 g R 08D 2 IR AN R Z R AT
2 G JH /B SRR , RO A AR ST S <17, 107 % Serfi AR R 4TS B AT FE B b v R E
PRt

(4) Bz, BIREBHEIE, T A W] e R AR A 1 A A D) A (144 R A A A 4 W 3
LR 2 AR S AR A I, Bk *.opg, *.dwe, *.eps G2 T 60 R4 BE AR — S 1A% . AT =
3R B —FARHRNAT RPN DI R, RAR R h SRk

(5) ZH%3CHk. DIAER 5 B B 1 2 250G SCHR A R, A AT 5 AR AT R el & 2 19 Sk, AN Re 5 I S
| R 20 TR S0 SOk, B BB HEGH 1 SCHk . 27 SCREEA — 2 iAGR, IR IR S0 E D 15 5.
S SR S SC R S | BT HCHES , v 30225 SCRREEA A BRSE S 43 (3 SCR A A g s ). Teihahse
HITEE , — AR R4 5 B 8 % M I 3 ARl 4l s =, Ml 3 A, RSt 3 47, HRfim “4 =%
“et al”o ZRIRIGBICISH SCHRE I H S M # 4k, 7T 2 WA PR OGS H SCRERE, R38BT 5 | SCHR 0 a1 Fi
SERMERTT .

3 BRAK

VR BB http:/www.epal973.net, il “VYEE A" JG8H . KA TH VI PRI HhE Ao is  BRAR S (5 8, T
WHIER . —We— " A7 T AR Fe (A S 0 85 3 A A RIS wOE Wk m & i m] ATk 2

4 FEEM

Shyli R S B TR PR F ARSI, AP O g A B NINE BRI . Fath—24 5 H 1 R e bl gk
P PESCSR  VEF ZE VR 2% SAS PRSI — MR 25 5 o AnPEASIRI R ICR: , T ZE BRI 75 Y, 25 DURKE A [ 3

.......................................................................................................................................................................



