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EU leaf — Fermention — Mechanical grind — Alkali treatment — Centrifugal seperation — EU gum

Solvent extraction:

EU leaf — Mechanical grind — Solvent extraction — EU gum —* Solvent recovery

Fig. 1 Two methods of preparing EU gum
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Table 1 Content of different component of EU gum

Component (% ) Alkali treatment!?* Solvent extraction?*’

EU gum >85 82
Resin 7. 66 14.9
Ash 2 2.5
Water <1 <1
Colour White Light brown
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EU gum (trans-1,4-polyisoprene) NR (cis-1,4-polyisoprene)

Fig. 2 Macromolecular structures of EU gum and NR
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Fig. 3 Biosyhthesis process of trans-1,4-polyisoprene''>* ! ( Reproduced with permission from Wiley-

VCH Verlag GmbH & Co. KGaA)
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Fig. 4 Macromolecular structures of a-form and B-form of EU gum
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Fig. 5 PLM pictures of two crystalline forms of
EU gum!*?) ( Reproduced with permission from
Wiley-VCH Verlag GmbH & Co. KGaA)

a) « -form dendritic spherulite; b) B-form black

cross spherulite
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Fig. 6 WAXD spectra of two crystalline forms of
EU gum'®' ( Reproduced with permission from

American Chemical Society)
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Table 3  Effect of the crystallization temperature on the formation of a-form and g-form of EU gum!?

Table 2 Effect of the cooling rate on the formation of a-form and 8-

form of EU gum!*®]

Cooling from 70°C A,/ Ag(ratio of peak area)

Cooling rapidly to 0°C 0.11
Cooling rapidly to 30°C 0.14
Cooling rapidly to 40°C 0.3
Cooling rapidly to 50°C 1.76
Cooling slowly to 50°C 0.05
Cooling slowly to 54°C 0.03
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Method of crystallization T.(C) Peak position of DSC (°C)

Crystallizing from dilute solution of EU 10 60 (a)
gum (5.4 x10~* g/L) with overcooling to 0°C 20 62(a)

30 66(a)

32 68(a)

0 66, 48 (a few B)
Crystallizing from dilute solution of EU 10 50(a)
gum (0.011 g/L) without overcooling 25 62(a)
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Table 4 Thermodynamics parameters of EU gum (T,

U R AE ST ~57.2°C Z [0, Z5 B Frk , # e A
[ei) ity 2R A 014 6 5 HL 4 O ORI T ik
x.

AH, , p) obtained via Mandelkern and Flanagan

Fusion enthalpy

Densit /em’®
(AHq,, ,kJ/mol repeat unit) ensity (p, g/em”)

Author Crystal form Melting point( T, ,C)
Mandelkern!* a 74
B 64
Flanagan!’ a 79.5
B 82.4
Spin-crystals 81.2

12.8 £1 1.05
6.4 <AH,_ <9.6 1.04
12.7 —
10.5 —

imEdE - EREENR I ESH,
Cooper I Vaughan'**" 13 FH I M 09 J7 o005 T
AN TR it B — 5 B S ) 45 B, o - Y
25 Th AR 34% ~42% 22 [A], B~ AL B 45 1
29% ~32% 2 1] Chou** fff i b — S P 2 (1
W% ) 22 B A A A 22 1 Ry A2 I 9 2%, 22 °C A 1Y)
Z I HL A S R 37 % , 9 H & B 4
58 A8 AR KR BTG

SEPR b, oa-dh BYOFD B-ih Y AT OAH BB AL
Mandelkern' ' A B-tm B HE — AR A, —
ERM R B-fh BT A a-fh B §% A8, Cooper I
Vaughanum?ﬁiﬁff 53 ~63C IR ETLRN,B-m Al
T PA W] o- i B R B AR . Leeper Fl Schlesinger””
B AE 64 ~72°C IRLEE G [ A, AE W B T
li] - T 4% 75 . Woodword A1t f) [ =5 AF 5% 1
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G3 AL A e A e AR S R e AR S A 2 35°C T
TE TR W R W Pk 17 b, 25°C I EZRIE T
Bev W b Ik 24 h BCE 35°C B K 17 h.

Table 5 Effect of the solvent on the formation of a-form and B-form of EU gum
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Az
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PR R A, HL ol P iR AR 3 R
PeR Ui, WAL S.

[44]

Solvent Temperature (°C) Time (h) Transformation Melting point (°C)
Methanol 55 Partly 67
Acetone 55 Partly 71

Ethyl acetate: benzene (2:1) 72 Completely —
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B, K280 B A% o I T 45 A AR Uk
T L5 AT B AL B R R B R 8 0 AR AR T A g

I3 1 WA T, ME — A 8 A 2 4 IR DI L
WYL LG5 . NI, RS fil B2 T B9 A B 26
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AL I A Al i, AR B 7E DSC ol 2
B 2 A T U T > 9 R R S T e A
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P, A AT AL AR R 23 BRI, DT e 2 R A
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M5 W TR R T, 4y R - 60°C
~70°C , —66°C . Burfield™"' Ja.45 T 38 T4E, I Fl
F1 DSC 38 53t {4k A fin #4335 (20 K/min ) 1) 52 6
B BLRASTS DA 25 R AT M A e %) 38 355 b e
AR 4R 6.

SRV RS TR T, W E & T E
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Table 7 Crystallization rate and degree of crystallinity of EU gum at different crystallization temperatures

FBE Y T, S 19 5 A

Table 6  Glass transition temperature (7, ) of different types of EU

gum!*!]
T.(C)
Amorphous state Semi-crystalline state
Sample 1 -68C -65C
Sample 2 -69C -68C
Sample 3 -70C -66C

2.4 HMRERNNERR

TEFE R (1) 25 & By J1 2% J7 T, Cooper " Ji] 4
T BTN RE T AL A B8 1 235 %, D B4 i R
S R ER i 103 1K 380 A B E 19, 45 i il JBE X T 4
R AR AR R, — e 235 ot i 38 L sy, 4% o 3 R
18, BARKE W3R 7.

[40]

Cyrstallization temperature k Calc. for

Avrami index

71/, (min) Crystallinity
(C) n=3 (tin min) (‘experimental value) n
52.5 3.39 x107° 3.00 593 0.35
51 1.2x10°% 3.00 413 0.37
47.5 1.88 x10 77 3.05 177 0.35
45 1.14 x10°° 2.74 96 0.36
42.5 5.25x10°° 3.00 54 0.37
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I AE— 7 (25 SR S 1F T, o BR S 0 1t
KT B Bk 1 K R (H 7 A R 1408 BE R, B 3K
G OH K R R KT o Bk K R R
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Ak, T SR . BRI = 00 4R A% R R ST A K
K BRAG g AR A R T BB SR A L. 1 E) 20 (4D
50 4EAR K, Cunneen™ 45 4 812 T A 2L 57 44
1677 8, SR AR ) B AR K R R SO, 4. 20 it
20 70 AEAR, S RE I C A% R LR HR il TR A B 4
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3.2 MMEREBmLFR
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20 it 42 50 4FEAR, R BK Y Kargin %5 7F — 4> 58
Tk B2 S LI 9 1 L A e g 2 1 Jo B S Ak S R A
SEA AR AL. e IR GE AL AL R B R U BT A A Y
45 i BE TG, B A P R A R Y R R SRR A R D) R
Hog —2E )22k e 5 45 i B N AC B A G, R[]
AL T 2 AR B 4 A R RSN R, RS )
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(1)143°C T~ FI A% 40 1Y, 3 BCAY AR 4 19 5 (2)
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T L,7E S,Cl, 2855 (4)20°C R ¥ kL g 9 CCl,
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ML) TR A5 B @ a AL 7™ i 20C R, &4 10 4
AR OREE T B 255 AN (2) 45 B 19 B A 7= i
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Table 8 Three stage theory of EU gum during vulcanization®'

L T A (BN S = e W N - /Y ]
Saunders' ™! (T 57 3 B, A B 00 6 05, 15 52 1K i
BYIAROC. AR AR 1 B iR 0. 5% B, kLA i
BYHE SR 55°C B 1 & e 3G 0 3 3% B 45 A AR
BASC M EIREH] 6% 15 A FERE 40°C. B
SR, Bl IR BE 3G N  H AT R

SRS T R e g R BB AT TS 0 A
e B A A i X5 G218 45 A A, A AR G R
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Fig. 8 Five dynamic mechanicl behaviours of EU gum during crosslinking
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NATURAL POLYMER MATERIAL——RECENT
STUDIES ON EUCOMMIA ULMOIDES GUM

ZHANG Jichuan, XUE Zhaohong, YAN Ruifang, FANG Shibi
(Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190 )

Abstract  Recent studies on eucommia ulmoids ( EU) gum are summarized. The present paper firstly
introduced the extraction methods, macromolecular structure and biological synthesis mechanism of EU gum;
and introduced the crystalline characterisitics of EU gum,such as the determination of crystal form of EU gum,
the preparation and the conversion of various crystal forms of EU gum, the melting points and fusion enthalpy of
EU gum,the crystallization rate and its dependent factors of EU gum and so on. Then, this paper highlighted
the studies of application of EU gum which was made breakthrough progress by our group in recent years. Such
as, the three stages during the vulcanization progress of EU gum, the critical elastic turning law of EU gum , the
two active dynamic mechanical zones of EU gum controlled by temperature, the five dynamic mechanical
behaviours of EU gum controlled by crosslinking degree,and the comparative studies of EU gum and synthetic
trans-1 ,4-polyisoprene and so on. In the end,the future direction of study of EU gum is envisaged.

Keywords Eucommia ulmoides gum, Biological synthesis, Crystalline characteristic, Dynamic mechancial

properties



