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Table 1 Physical properties of polyamides used

Biomass MFR

Samples content (% ) (g/10min) Suppliers
PA56 47 25.3% Mitsubishi Chemical
PA510 100 62.9" Mitsubishi Chemical
PA610 60 3.7" Mitsubishi Chemical
PA6(1007]) 0 149. 9* Mitsubishi Chemical

Test conditions;*260°C , 2. 16 kg; "230°C , 2. 16 kg

1.2 if#EHl&

JIE A A AE B R FT 3 7E 80C JHEAR T 0% 24 h
Ll -, PA6, PA610 il PAS10 4 7E 240°C F 4 JF A%,
A PAS6 1E 260°C 51 J& Bl 7Y, Fr A BURE B9 15 R R
F1°% 10 MPa, JEFE 4 3 mm, i3] % 10 min.
1.3 kR
13,1 2tk 28 (CLTE) I3

Sk 6% 0 T3k B ) AR sk SRR R Bk 12 i 1Y)
s I A R A DU 3T 24 AE 130°C TR Ak 1 2
ot Ah Sy 3 — 20 T8 6 3R T Ml W /K 38 %) B ik &R
B Ir A R A I 3 T 2 7 80°C LA T
24 h DL b MRS ASTM D696 # i 2k FH #4 43 #r A
('TA 2980, 2 [H ) B 4 fi| #1 2L ( penetrate mode ) #f
Fria , 15 5E AT 79 7 0.005 N, i 3 %y 5
K/min , 38 1 RSF & BE R 6 mm, 580 5 mm, J&
JEH 3 mm.
1.3.2  DSC 437

K EE TA 24 2910 B 2% #E4T DSC 4y
BT 6T AN]SRk e, AASE 3R BURE 6 ~ 10 mg,
AU B RE S L 10 K/min T 5 3.\ %
BFHE 2 290°C  fH R IR k5 min DLV BR T L,
SRJE LA 10 K/min (3 S8 FEIR 2 0°C, SR J5 # LUAH
7] 4 TH R 3 R T IR 2 290°C . PA6 Fll PA610 58 4>
25 S TR A TR 23 50k 190 1/ A 200. 8 1/
gill].
1.3.3  DMA 4347

K 9% [ TA 73 7] 2980 %Y DMA 78 XUE ¥ i
BT, H I 2 250°C 119 ik B2 3 [ DY, IR R
5 K/min B3 %4 1 Hz, JFAFHAE R 5, 30RE FLAR A
58 mm x 12 mm x 3 mm, 3] TA universal %
A X B i AT Ak
1.3.4 X A

FH H A D/MAX 2550 % WAXD X %8, L)
CuKa Jy & 558, A R4 8 (°)/min, X I £
(R34 R 0. 154 nm 0 72 N [R) 288 Mk i 1) 245 ot 1A &5
F . HC A5 PR I R 8 R, 43 i 30°C,50°C,70°C
F190°C T~ PAS6 il PAS10 4 5 il 2 %k, th 1 4 55

3 /> dm Ml 5 ) 4 CLTE.
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B R S ol 5 wi% i P R VA T BB T &
KBr#h v b, e R TR 4 Lk IS ek i BB il —
JEHRE AR 2 T 80°C HEAE T 24 h DL L DIBR
F2 KA . R A Nicolet 5700 21463 42 A
[F] 9 85 0 3R R S R & R 2 130°C, I 4 S AE
22°C ,50°C ,70°C ,90°C ,110°C F1 130°C % 5.3 min.
W K TE k400 ~ 4000 em ™', 4y HF R R
0.09 em ™", FH R ECH 32 k.
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Fig. 1 Linear thermal expansion of different types of

polyamides
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Fig. 2 Derivative linear expansion curves for different

types of polyamides
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Fig. 4 The influences of temperature on the loss factors

(tand) of different polyamides

Table 2 Physical properties of different types of polyamides

Tg( C) T,.(C) Crystallinity X_ (% )
Sample
Thermal expansion DMA DSC DsC XRD
PA56 54 80.0 257.4 — 28.4
PA6 50 62.4 225.7 37.7 32.5
PA510 48 60. 4 219.8 — 18.9
PA610 44 59.8 226.7 22.5 26.9
PA1010 43013] 204012 _ o
PAll 4o 12] 186112 o o

R W R CLTE $H530 0 I BE 5 43 3 AN X
6] 4351 =20 ~30°C ,30 ~90°C 1 90 ~ 120C , #&
YRR 7 JEC 37 365 Ak A 72 i A DX 3, 3 398 A e A8 X 3
DL 9% 35 Ak 5% A8 J5 1) X R, CLTE [ 31 55 45 SR 51
T 3. 75 —20 ~30°C X 5] N By CLTE, H W &1
30 ~90°C X [u] , & K W& 90 ~ 120°C X [i].

BS 7R AN ) R kR ) T, 5 K R) i B IX
[y CLTE B X R. MERAGY T, m, K
CLTE fiZBHE T, i H 2 M R IF ML XL R,
FE SR X 3] 90 ~ 120°C %) CLTE Rifi T, 7t = ifif T B
M8, HE R 2 30 ~90°C, | /NI & 7 - 20 ~

30°C X [a]. geAb, IS4 DMA i 5 R BERE T, 5
CLTE JE RSB B R X &R AR E T, 102
L B E R CLTE A T B 5 0 FRAE.
2.3 Z&EiTAXN CLTE %M

SRy 1 — 20 AN () SR e 1 o TR B 2 O B
H WAXD gh£&an &l 6 frzs. X PA6,260 2 20°Fl1
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20 g 21. SCRYATTGF U Sy y (001 ) i T AT 5 06, 158 B
ZAR R R AEAE o A ALED y @ L. X F PA610 B
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Table 3 The structure and the coefficients of linear thermal expansion (CLTE) of various polyamides in different temperature regions

CLTE (107°/C)

Sample Structure N=CH,/CONH
-20 ~30%C 30 ~90°C 90 ~120C

PA56 [ (CH,);—NHCO—(CH,),—CONH] 4.5 3.9 9.5 10. 8

PA6 [ (CH,);—NHCO] 5 4.6 10. 1 13.1
PA510 [ (CH,)s—NHCO—(CH,);—CONH] 6.5 5.5 10.9 14.0
PA610 [ (CH,)s—NHCO—(CH,),—CONH] 7 5.7 11.7 16.1
PA1010 [ (CH,),,—NHCO—(CH,)¢—CONH] 9 — 13. ol 12] _

PA11 [ (CH,),,—NHCO] 10 — 15.01'%) —

20 J Gy~ 18] B AE ELAR A O SR i &) T i =L

CLTE(X10-Y°C)

4L o PA610
o PA1010 o
-20~3
o PA1l 00
0 1 I 1 |
35 40 45 50 55 60

T, (C)

Fig. 5 The influences of the glass transition temperature
(T,) on the CLTE of the aliphatic polyamides in

different temperature regions
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Fig. 6 WAXD patterns of different types of polyamides
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Fig. 7 WAXD patterns of different polyamides at

various temperatures: (a) PA56 and (b) PA510
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Table 4 CLTE of polyamide crystallographic axes

CLTE ( x107°/°C) (30 ~90°C)

Sample

a-axis b-axis c-axis a,, (V.

PA56 4.2 0 23.6 9.3 9.6
PAGLI0: 18] 7.0 -5.8 25.8 9.0 10.6
PA510 5.4 0 27.1 10. 8 10.9
PA61010: 20 7.1 30.7 -3.9 11.3 11.9

TE SR B e 19 & M v 5 40 74 7 A7 1) 1) Al 2
SR DR AR B A G, e A O ) U 43 S &
A o> A AR AR Ty 45 5. X T PAG SR,
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B o 3 38 0 A 70 Vi B %) B2 v T WD 0 ) R AT 2R T
¥ 1 39 385 A 2 A0 Ui B S 52 Ly B ) 1) U
il AU R RS WA B b R
A SR e v Bk e BT o ) (A RRL L T R A 2 X
H CLTE j=/4: & 2 52 . X F L 1 B i+ e /9 g iy

R WM, H oy 7 B S B 6 (CHL,) i
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B, A v ok B i T o R T, ) 3R Tk e T 1)
TE B U R AR, S EOCH A B R T
TR E.

&l 8 it 7 A B i 7 2R Ik i CH,/CONH 1y
FU AR A [R] 36 % IX 8] CLTE #4527 k¢ & 30
W% CH,/CONH Al /) F R, BB CLTE
Bl =2 R AR 7 i 6 2R ok e v, 2R Tk e 6 S ) il 2
X [a] () CLTE ¥ 5 H 4>+ % CH,/CONH f# Lt
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Fig. 8 The influences of structure unit ratio (N = CH,/
CONH) on the CLTE of the aliphatic polyamides in different

temperature regions
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Fig. 10 The FTIR spectra of various types of polyamides in the frequency region of 3000 ~3500 ¢cm ~': (a) PA610, (b) PA510, (c)

PA6 and (d) PA56
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Fig. 11 The shift of peak position of amide A between

high temperature and room temperature
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THERMAL EXPANSION BEHAVIOR OF ALIPHATIC POLYAMIDES

Jian-di Jiang, Kun Zhang, Chong-yang Liu, Guo-zhang Wu
(Shanghai Key Laboratory of Advanced Polymeric Materials, School of Materials Science and Engineering ,

East China University of Science & Technology, Shanghai 200237)

Abstract The influences of the glass transition temperature, the crystallization behavior and the hydrogen
bond strength on the thermal expansion behavior of four types of aliphatic polyamides were studied in details by
thermal expansion test, differential scanning calorimetry (DSC) , wide-angle X-ray diffraction ( WAXD) and
Fourier transform infrared spectroscopy ( FTIR).DSC and X-ray diffraction results showed that the coefficient
of linear thermal expansion (CLTE) of crystalline part is lower than that of amorphous part for different types
of aliphatic polyamides. However, the influences of the melting temperature and crystallinity of the aliphatic
polyamide on CLTE are not clear. Polyamide 56 ( PAS6) owning a higher glass transition temperature and a
lower ratio of methylene/amide groups ( CH,/CONH) shows a much lower CLTE value than other aliphatic
polyamides. Further experimental results showed that when all of these specimens were prepared under the
same procedure and conditions,a linear relationship between CH,/CONH ratio or glass transition temperature
and CLTE could be obtained for the aliphatic polyamide systems. It was found that a further decrease in CLTE
could be achieved either by increasing T, or by decreasing the CH,/CONH ratio of the polyamide chains. FTIR
results confirmed that the density and strength of hydrogen bonds are the key factors influencing the thermal
expansion behavior of aliphatic polyamides.
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