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Table 1 The weight-/number-average molecular weight and
polydispersion index of the samples used.

Sample M, (X109 M, (x10%) MM,
NR 3.05 1.08 2.90
IR 1.87 0.72 2.60

BMR-H 1.48 0.65 2.27

BMR-L 1.17 0.47 2.47
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Fig. 1 The glass transition temperatures (7,) of NR, IR,
BMR-H and BMR-L.

s . [ 2 JeoR T AFPRE S S 1 R 1 (LVE) 26
F2 2R (2 il R R ORI IR S A SE A RO R
BRI R L), EfERetiE G, PUERiE G
EMWFE o FIRR, LAEIFER T tand (= G"/G")
5 o (R 2 . B 2(a) AT LLE 31 4 FioRe 5 i 28
PERESAPERA SRR, BLFE =0 Rouse X« 18P
£ DX FNE AR X (BRI G G BIAS R
X)), BTN R E RS AR, IR
H TGRSR AR B R TR AR A st AT

BT 4 BRI RE S 10 T, Z 3R/, R
Rouse X FEARE A, XN & H 7+ I )% Rouse 5%
B tAT N . B o IFRAK, 4 FHFE S I LVE
NG B IX, 1 FA S FE XS B 3 g 45 B R
ERRIM 25 2540 . BT RT A IR RS AR, P&
R N T T I T S S T e B B S R L )
TR ARG, AR E 2 53 B
72 AR B B AE BRAE F RSP 6 R 0T B 4 DTk
W, FEBEARIEN Gy =pRT (1M, + 1/M,),
Hr, MONSESE TR, M ONDIARIR FE R %R
T A St R B AS B R (B B 43 B U516 T
AT, BRI EE B R AE R 2 Ja, G
5 G igist, A MR T RS . R
G'5 G"IAE RUR BT [ A 31 2 A (1) % AR A
DRI TR B (R A

BMR-L fl IR 7E 5256 & [ REE L2258 G5 G"
FHAZ, T BMR-H 5 NR [ 5% A sty #2 5tb sf 8] B9 2
B, FEERETEORMBERHAS, DK
NR P4 0 52 20 20 45 #4 5: BU8E 1] 0L 5 P AH T
TER, SRR B 2R o £ it BH B o ARG (=] i
NR (155 43 F 5t 5 SO R o A it i R 3524



2024 4F

362 =
9
(2)

8 -

S o6r

=

=

IR

5 41

&

o 3f " NR-G' ONR-G"

= 2r ® IR-G' OIR-G"

| ABMR-H-G ABMR-H-G"
07

¢ BMR-L-G' ©BMR-L-G"

6-5-4-3-2-101 2 3 4 5 6 7 8
Ig(arw (rad/s))

65 43 2-10 1 23 456 78
lg(arw (rad/s))

Fig. 2 (a) Linear viscoelasticity (LVE) pseudo-master
curves of storage modulus G' and loss modulus G", as
functions of angle frequency (@) for nature rubber (NR),
isoprene rubber (IR), and two biomimetic rubbers BMR-H
and BMR-L. The reference temperature is 7,=0 °C. (b) Plots
of tand = G"/G' against angular frequency w, and the results
of BMR-L, IR, BMR-H, NR are represented by lozenge,
circle, triangle and square symbols, respectively.
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Fig. 3 Plots of LVE shift factors ar in Fig. 2 against 7' - T,.
Solid line represents predictions of WLF equation, 1g ar =
[-6.233 x (T~ T))]/[117.460 + (T - T))].
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Fig. 4 Plots of complex viscosity ", " = (G? + G"?)"*w,
against angular frequency w at 7;=0 °C for NR, IR, BMR-H
and BMR-L.
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Fig. 5 Plots of shear modulus G(z, y) against time (¢) for (a) NR, (b) IR, (¢) BMR-H and (d) BMR-L at 100 °C. The numbers

inset represent various shear strain at 0.1~10.0.
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Fig. 6 Plots of the ratio between strain relaxation modulus G(¢, y) and damping function /(y) to coincide the linear relaxation

modulus G(7) at a long relaxation time scale, and thus A(y) is obtained.
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Fig. 7 Plots of damping function A(y) against strain y for
NR and IR, BMR-H and BMR-L at various strain relaxation
processes. The black solid curve represents the prediction of
Doi-Edwards model.
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Research Article

Rheological Behavior of Biomimetic Rubber

Shao-yong Huang, Xiao-lei Xu"*, Feng Ye*, Quan Chen
(State Key Laboratory of Polymer Physics and Chemistry, Changchun Institute of Applied Chemistry,
Chinese Academy of Sciences, Changchun 130022)

Abstract. Proteins and phospholipids play crucial roles in the physical properties of natural rubber (NR),
including ultra-high tensile strength, stress at 300% elongation, and excellent elasticity. Accordingly, a biomimetic
rubber (BMR) was synthesized by grafting some proteins/phospholipids into poly(cis-1,4-isoprene) (PI) chain
ends, endowing it with high mechanical performances that are identical to NR. It is of great importance to
understand the chain structure and processing behavior of rubber materials, and their relationship. In this work,
BMRs with ~0.5% and ~2.0% proteins grafting into PI chain ends were synthesized, and the linear viscoelasticity
(LVE) and nonlinear rheological behavior of these BMRs were studied, comparison with that of a high-grade NR
and a commercial IR. For the BMR sample with ~2.0% proteins (which is named BMR-H), its plateau modulus is
nearly the same as that of NR, and the chain relaxation time is much larger than that of the IR sample. Moreover,
the viscoelastic behavior of both BMR and NR deviate from Williams-Landel-Ferry (WLF)-like at temperatures
above 30 °C, indicating that the associations/disassociation of the physical cross-links from proteins affect and
finally predominate chain relaxation behavior. The shear modulus G(¢, y) of the samples all exhibit separable time-
and strain-dependent. Damping function, A(y) = G(t, y)/G(t, y) was reviewed, and all the A(y) of the samples
deviate from Doi-Edwards’ prediction, showing a weak type-B relaxation behavior. The weaker damping indicates

that the degree of disassociation is lower than that of the prediction of Doi-Edwards model, and it is probably to be
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related to long-chain branched structure in the samples. This work shows that BMR is a more effective approach
to preparing rubbers that possess identical high performance to NR by incorporating proteins and phospholipids

into PI chain ends.
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