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BC NMR Studies of Vulcanized Diene Rubber Blends

TR R

Souta Nimura

This study demonstrates a novel method for quantitative analysis of vulcanized diene rubber blends by using
solid-state nuclear magnetic resonance (NMR) spectroscopy with a model ternary blend system of styrene-butadiene
rubber (SBR), high-cis butadiene rubber (BR), and natural rubber (NR). Two-dimensional *C-*C NMR spectroscopy
was applied to pursue assignments of “C nucleus for SBR. Model study demonstrated the advantage of solid-state
NMR in terms of precision for quantitative analysis and simplicity of preparation over solution-state NMR.
Furthermore, a combination of both NMR methods gave us the information of site selectivity of vulcanization and

cis/trans transformation as a side reaction.
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Figure 1 Sample preparation scheme and the merits on
solution/solid-state NMR analysis for
vulcanized rubbers.
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Figure 2 Chemical structure of typical diene rubbers.
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Figure 3 Two-dimensional *C-*C NMR spectrum and signals assignments of a typical SBR.
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Figure 4 “C NMR spectra of the vulcanized SBR/BR/NR blend rubber (K) .
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Figure 5 Plausible structural transformations during vulcanization/devulcanization by “*C NMR.
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Table 1 Calculated values of SBR/BR/NR compositions and SBR microstructure for test samples by solution-state “C NMR

Sample CB. Silica Oil Compositions Micr0§tructure of SBR
[phr] [phr] [phr] SBR/BR/NR ST/Vi/14C/14T
Recipe Results Targeted * Results
A 76 0 38 SBR-1/BR/NR = 70/30/0  71/29/0 16/48/13/23 (SBR-1) 18/48/13/21
B 64 38 SBR-1/BR/NR = 70/30/0  64/36/0 16/48/13/23 (SBR-1) 16/52/13/19
C 110 60 SBR-1/BR/NR = 70/30/0  58/42/0 16/48/13/23 (SBR-1) 16/54/12/18
D 76 0 38 SBR-2/BR/NR = 70/30/0  68/32/0 13/14/10/63 (SBR-2) 13/14/16/57
E 76 0 38 SBR-1/BR/NR = 70/0/30  78/1/21 16/48/13/23 (SBR-1) 19/48/13/20
F 6 64 38 SBR-3/BR/NR = 70/0/30  54/0/46 12/49/15/25 (SBR-3) 16/50/14/20
G 0 87 35 SBR-1/BR/NR = 90/0/10  74/1/25 16/48/13/23 (SBR-1) 19/48/12/21

“ Determined by solution-state NMR for raw rubbers

Table 2 Calculated values of SBR/BR/NR compositions and SBR microstructure for test samples by solid-state *C NMR

Sample CB. Silica Oil Compositions Micro_structure of SBR
[phr] [phr] [phr] SBR/BR/NR ST/Vi/14C/14T
Recipe Results Targeted * Results
H 5 90 45 SBR-4/BR/NR = 66/14/20 65/15/20 6/37/22/35 (SBR-4) 7/37/20/35
I 5 90 45 SBR-5/BR/NR = 66/14/20 66/12/22 5/51/17/27 (SBR-5) 8/51/14/26
J 5 90 45 SBR-6/BR/NR = 66/14/20 64/16/20 5/33/23/38 (SBR-6) 6/34/19/40
K 5 90 45 SBR-1/BR/NR = 48/27/25 51/23/26 16/48/13/23 (SBR-1) 19/41/12/27
L 5 90 45 SBR-7/BR/NR = 48/27/25 47/27/26 26/29/15/31 (SBR-7) 23/26/13/38

‘ Determined by solution-state NMR for raw rubbers
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