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Abstract: A calibration curve is needed to determine the SBR and BR blend ratio of SBR/BR blend rubber compounds
using pyrolysis-gas chromatography/mass chromatography (Py-GC/MS) or Py-GC. In general, a calibration curve is
obtained using reference SBR/BR vulcanizates with various blend ratios. In this study, the calibration curves were obtained
using reference samples made of rubber solutions and were compared to those plotted using the reference SBR/BR vul-
canizates. Calibration curves using variations of 1,3-butadiene/styrene, 4-vinylcyclohexene (VCH)/styrene, 2-phenylpropene
(PhP)/butadiene, PhP/VCH, 4-phenylcyclohexene (PhCH)/butadiene, and PhCH/VCH ratios with the BR content were
examined for the suitability. We found that the calibration curves obtained using the mixed rubber solution references (1,3-
butadiene/styrene and PhP/butadiene) could replace those constructed using the reference SBR/BR vulcanizates. The cal-
ibration curves of 1,3-butadiene/styrene and PhP/butadiene obtained using the raw references can be used for the deter-
mination of the SBR/BR blend ratios by applying some correction factors.
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Experimental
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Figure 1. Procedure of Preparation for SBR/BR Blend Sample
using (A) Mixture Solution and (B) Each Single One.
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Figure 2. Magnified Photographs of Various SBR Samples.

Results and Discussion
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Figure 3. Py-GC/MS chromatogram of raw BRO1.
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Scheme 1. Pyrolysis mechanism for formation of 1,3-butadiene
from BR and SBR.
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Scheme 2. Pyrolysis mechanism for formation of 4-vinylcyclo-
hexene from BR and SBR.
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Figure 4. Py-GC/MS chromatogram of raw SBR1502.
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Scheme 3. Pyrolysis mechanism for formation of styrene from
SBR.
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Scheme 4. Pyrolysis mechanism for formation of 2-phenyl-
propene from SBR.
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Scheme 5. Pyrolysis mechanism for formation of 4-phenylcyclo-
hexene from SBR.
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Figure 5. Py-GC/MS chromatogram of SBR/BR blend of 80/20

prepared by the mixture solution.
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Aom 2 4 glom, AR (Eachye @ EFEo] U3 5 o
o] Z2ke] Joioz AT Foltt. olzfat AR A
7 Apalag el Aol ol Uehhs Ao Hj4e
% Slch. At 2= gfo] BE SBR $1o] BR 1 tfato]
TR ARE Hol Bokon, X2 (Each)2] 2Rl At
©= SBRo| T ol ZASITL AR YRETHE 23] ol
Fo BEHoR AYEYS ACR oA Gy SBR
ol Al A =)= styreneo] BROJA A/d <= butadiene= o} &
o o BE Aolth. ARMNS 7177k AR(Vule] 71&
7% ARtE R AR TR §UAL o 43k AA 2o
= AR (EachHoHE AIRMix)E AHgoHs o] ek 43
slctkal & 4= 1Th. Table 19 Figure 63} 79 241 & (curve

Table 1. Results of the Curve Fitting Equations for the Pyrolysis
Product Ratios of Butadiene/Styrene and 4-Vinylcyclohexene/
Styrene

Sample Curve fitting equation
Butadiene/Styrene
Mixture y = 0.00285x + 0.18513 (R* = 0.779)
Each/Single y = 0.00217x + 0.18472 (R* = 0.887)
Vulcanizate y = 0.00364x + 0.20634 (R* = 0.962)
4-Vinylcyclohexene/Styrene
Mixture ¥y =0.00174x + 0.11117 (R* = 0.972)
Each/Single ¥ = 0.00279x + 0.10485 (R*> = 0.852)
Vulcanizate y = 0.00181x + 0.0861 (R* = 0.802)

Scheme 6. Pyrolysis mechanism of SBR by dissociation of sulfur crosslink.
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Figure 72 SBR/BR Ed=29] EESAYAE = butadiene
dimer?] VCH2} styrene H|-&(VCH/styrene)Z BR &Fo] u}
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Elon, Ax]6] SBR = 10094 & 953] 24 Uepych 1
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Figure 6. Variations of the peak intensity ratios of pyrolysis
products (1,3-butadiene/styrene) of SBR/BR blend samples with
the BR content. Squares, circles, and triangles stand for the
samples prepared by the mixture solution, single solutions, and
vulcanizate, respectively.
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Figure 7. Variations of the peak intensity ratios of pyrolysis
products (4-vinylcyclohexene/styrene) of SBR/BR blend samples
with the BR content. Squares, circles, and triangles stand for the
samples prepared by the mixture solution, single solutions, and
vulcanizate, respectively.
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Figure 8. Variations of the peak intensity ratios of pyrolysis
products (2-phenylpropene/butadiene) of SBR/BR blend samples
with the BR content. Squares, circles, and triangles stand for the
samples prepared by the mixture solution, single solutions, and
vulcanizate, respectively.
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Figure 9. Variations of the peak intensity ratios of pyrolysis
products (4-phenylcyclohexene/butadiene) of SBR/BR blend
samples with the BR content. Squares, circles, and triangles stand
for the samples prepared by the mixture solution, single solutions,
and vulcanizate, respectively.
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Figure 10. Variations of the peak intensity ratios of pyrolysis
products (2-phenylpentene/4-vinylcyclohexene) of SBR/BR blend
samples with the BR content. Squares, circles, and triangles stand
for the samples prepared by the mixture solution, single solutions,
and vulcanizate, respectively.
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Figure 11. Variations of the peak intensity ratios of pyrolysis
products (4-phenylcyclohexene/4-vinylcyclohexene) of SBR/BR
blend samples with the BR content. Squares, circles, and triangles
stand for the samples prepared by the mixture solution, single
solutions, and vulcanizate, respectively.

o JFo = sHNT 4 ek $A AEskgzel Il ¥
shell oo} butadienes] §4o] TystE] wjolch. AR
(Vul), AIZ(Mix), A& (Each)®] FFHo] FASHA, A2
(Vuhe] 03 W7k U R Yol AFHOR AgH] o 5
FotA) ek

Table 2. Results of the Curve Fitting Equations for the Pyrolysis
Product Ratios of 2-Phenylpropene/Butadiene, 4-Phenylcyclo-
hexene/Butadiene, 2-Phenylpropene/4-Vinylcyclohexene, and 4-
Phenylcyclohexene/4-Vinylcyclohexene

Sample Curve fitting equation
2-Phenylpropene/Butadiene
Mixture y = -0.00529x + 0.71000 (R* = 0.953)
Each/Single y = -0.00127x + 0.65432 (R* = 0.246)
Vulcanizate y = -0.00580x + 0.63793 (R* = 0.855)
4-Phenylcyclohexene/Butadiene
Mixture y = -0.00264x + 0.23167 (R* = 0.764)
Each/Single y = -0.00259x + 0.23252 (R* = 0.978)
Vulcanizate y = -0.00226x + 0.21573 (R* = 0.954)
2-Phenylpropene/4-Vinylcyclohexene
Mixture y = -0.00632x + 1.14906 (R* = 0.795)
Each/Single y = -0.00747x + 1.05335 (R* = 0.178)
Vulcanizate y =-0.01912x + 1.67873 (R* = 0.677)
4-Phenylcyclohexene/4-Vinylcyclohexene
Mixture y = -0.00385x + 0.36371 (R* = 0.928)
Each/Single y = -0.00525x + 0.37910 (R* = 0.989)
Vulcanizate y = -0.00628x + 0.52332 (R* = 0.983)
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Figure 103} 11-2 z}z} BR 3teko]] w2 PhP/VCHS} PhCH/
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Conclusions
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