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Q 9F: 5353 SBR (E-SBR) ¥} £9%3%} SBR (S—SBR) EA =2 A x5k0] o]52] u|AT-% (styrene, 1,2—unit,
cis—1,4—unit, I3 trans—1,4—unit T E F3 2 Folol Mgk 49 F33H (FTIR) & ©]8-3te] 4183t
Valley—to—valley BP0 72 F3F T2 ZA54= W (TV)o] ARA o7 714 elgdst WhHolu ¢is—1,4—unit Q)
3 A71E 3] A ¢ = T vk cis—1,4—Unito] F39 4714 mAlF-Ze gk ARE 47 e,
A S WA o2 WA (TM) 3 Ho S35 99%= 2738 W (TB) = TV W3 v|wslsic). TB Whio=
T3 A7 TM " o2 78t Aytiot TV W os 7+t 439} & o 7PgA velWth TM Wi TB o=
75 54 5=E ISO/FDIS 21561:2005 (E) of] AAEE AREA S o] &-ste] wiAl7-2 $F-5 A7 sklth. E-SBR/S—SBR
A H)of| W& styrene, 1,2—unit, Z¥ I frans—1,4—unit =] HWal= vl A APAHS Bygon TM Wi}
TB W oz A& Ayjell= Z xpol7k QI ais—1,4—Unit $=k2] Hal= TM WY TB el Adaglo] 2x4do)
A5 veh A gkgitt

ABSTRACT : Blends of emulsion SBR (E-SBR) and solution SBR (S-SBR) were prepared, and their microstructures (styrene,
1,2-unit, cis-1,4-unit, and trans-1,4-unit contents) were analyzed by Fourier transform infrared spectroscopy (FTIR) with
transmittance mode. Method to measure absorbance by valley-to-valley baseline (TV) is objectively reasonable, but has
a demerit which peak intensity of the cis-1,4-unit cannot be correctly measured. In order to obtain information for the
four microstructures including cis-1,4-unit, measurement methods without correction (TM) and correction to 99% transmittance
(TB) were compared to the TV method. Results obtained by the TB method were closer to those obtained by the TV
one than those obtained by the TM. The microstructures were determined from the absorbances obtained by the TM and
TB methods according to the ISO/FDIS 21561:2005(E). Variations of the styrene, 1,2-unit, and trans-1,4-unit contents with
the blend ratio of E-SBR/S-SBR showed relatively good linearities, and there was no big difference between results obtained
by the TM and TB methods. Variations of the cis-1,4-unit content with the blend ratio absolutely did not show linearities
irrespective of the TM and TB methods.
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ISO/FDIS 21561:2005(E) (Styrene-butadiene rubber (SBR)-

AE]A-FE] ol 315 (styrene-butadiene rubber, SBR):= /~E]
Ay} Felrdle] ¥5gAlo|th SBRL styrene, 1,2-unit, cis-1,
4-unit, 1231 frans-14-unit= T3 E O] UTh 47H4] wATE
o] grl= SBRO 54= A% A=t SBRY F-EH Al a1
F(BR)C] AFE A oll= 2] 9] 733 (infrared spectro-
scopy, IR),"® 2}HE-34%](Raman spectroscopy),”™® #1718
31 (nuclear magnetic resonance spectroscopy, NMR)*!! 5-0]
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determination of the microstructure of solution-polymerized SBR)"
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FTIRS] 75, 7 1720 s 3127} vehtis 919
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327380 SBR 1502 (styrene $HF 23.5 wt%, 1,2-unit
SHeF 17 mol%) 2t SOL 5270S (styrene &5 21 wt%, 1,2-unit
3heF 62 mol%)E 212} E-SBR¥} S- SBRE AHEskT HER
& = & 2K (tetrahydrofuran, THF), S, olgh2-& )43l
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F o R ARk Al 8o 200 #LE KBr 2A%-5-c]
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Table 1. Formulation (wt%o)

Compound No. 1 2 3 4 5 6

SBR 1502 100.0 80.0 60.0 40.0 200 0.0

SOL 52708 0.0 20.0 40.0 60.0 80.0 100.0

cis-1,4-unit

% Transmittance

1,2-unit

204
styrene
trans-1,4-unit —

1200 1100 1000 900 80 700 600
Wavenumber (cm’)
Figure 1. FTIR spectrum of the compound No. 1.
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Figure 2. Measurement methods of transmittance in FTIR spectrum.
TM is the transmittance of a peak obtained from the 100% trans-
mittance in IR spectrum, TB is the transmittance of a peak obtained
from the corrected baseline to 99% transmittance of the maximum
transmittance line in raw IR spectrum, and TV is the transmittance
of a peak obtained from the valley-to-valley baseline.

el 0w TV ile] b gelHel wlele & 4 QA
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A E QI Figure 3(a) & (HE Bl 3ste] RS wl, 1,2-unit
¥]7.9] wo|7F Al W35 19 vjs) AlPHE WF 60] At
o= wg A Vehb= A B 5 Qlok S-SBR $Ho]
20, 40, 60 12|31 80%%E F7teh= AlEH W3 2, 3, 4, 59
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cis-1,4-Unit ¥ T+ FESAA vepA] ¢b7] wioll 740 -
720 cm”! Pl FEAA YER = Zlo] QoW TS
sl v a7 A1, FEYA A UERE Zlo] HolA] 9kow
724 em! & 70 sh=th TB WHoR 7% Rt
™ Wo® 3 Fyerth B ¢ At} o) o AFE
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Table 2. Transmittances of the SBR Blends Obtained by TM, TB, and TV Methods (%)."

%Transmittance
Cong)ocfund Styrene 1,2-unit cis-1,4-unit trans-1,4-unit

™ TB vV ™ TB TV ™ B vV ™ TB vV
1 304 332 44.8 54.0 56.8 63.3 86.2 89.0 - 13.1 159 355
2 6.2 16.4 434 8.9 19.1 329 66.2 76.4 - 1.9 12.2 50.0
3 11.4 19.9 44.4 9.1 17.6 28.6 71.5 80.0 - 6.7 15.1 46.2
4 17.1 234 45.7 8.5 14.8 23.4 76.5 82.8 - 16.1 223 47.5
5 26.4 323 52.6 133 19.2 26.4 78.9 84.7 - 31.8 37.7 58.3
6 31.8 349 53.8 11.6 14.7 20.5 83.3 86.4 - 49.0 52.1 68.6

" TM : Transmittance of a peak obtained from the 100% transmittance in IR spectrum
TB : Transmittance of a peak obtained from the corrected baseline to 99% transmittance of the maximum transmittance line in raw IR

spectrum

TV : Transmittance of a peak obtained from the valley-to-valley baseline
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Figure 3. FTIR spectra of the compound Nos. 1 (a), 2 (b), 3 (c), 4 (d), 5 (e), and 6 ().
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Table 3. Absorbances of the SBR Blends Obtained by TM, TB, and TV Methods.”

Absorbance
Conlg)oound Styrene 1,2-unit cis-1,4-unit trans-1,4-unit

™ TB TV ™ TB TV ™ TB TV ™ TB TV
1 0.52 0.48 0.35 0.27 0.25 0.20 0.06 0.05 - 0.88 0.80 0.45
2 1.21 0.79 0.36 1.05 0.72 0.48 0.18 0.12 - 1.71 0.91 0.30
3 0.94 0.70 0.35 1.04 0.75 0.54 0.15 0.10 - 1.18 0.82 0.34
4 0.77 0.63 0.34 1.07 0.83 0.63 0.12 0.08 - 0.79 0.65 0.32
5 0.58 0.49 0.28 0.88 0.72 0.58 0.10 0.07 - 0.50 0.42 0.23
6 0.50 0.46 0.27 0.94 0.83 0.69 0.08 0.06 - 0.31 0.28 0.16

" TM : Transmittance of a peak obtained from the 100% transmittance in IR spectrum
TB : Transmittance of a peak obtained from the corrected baseline to 99% transmittance of the maximum transmittance line in raw IR

spectrum

TV : Transmittance of a peak obtained from the valley-to-valley baseline

Z(Beer’s law)e ¢85l FH T (A)E AlAsHe] Table 3¢
CEEEEN
A = 2'log(%T) )
2)e] FFE} FARES] WAE Hol & kol %
L Tl A71sks iR YeRdth TB W ow 4%k
FHN M WO T3 SRR O A7, 9 AdEY

o] uhglo] ol HEFE 1 Aol
T FREE TV PN O T9 SR ohleh TM WO
2 79 2t o Atk FA iFAS Abgaks Aol
R Sy rhErks 2 ovie s B

e TM e R R FRETE 245 6 A
12
—i— 1,2-unit/styrene_TM
—— 1,2-unit/styrene_TB
—&— 1,2-unit/styrene_TV
—e— cis-1,4-unit/styrene_TM
—O— cis-1,4-unit/styrene_TB
8 —A— trans-1,4-unit/styrene_TM
8 —/\— trans-1,4-unit/styrene_TB
© —A— trans-1,4-unit/styrene TV
3
S
=
£ 4]
c
S
04
T T T T T T
100/0 80/20 60/40 40/60 20/80 0/100
E-SBR/S-SBR blend ratio

Figure 4. Variations of the transmittance ratios of the E-SBR/S-SBR
blends. Squares, circles, and triangles indicate the transmittance ratios
of 1,2-unit/styrene, cis-1,4-unit/styrene, and trans-1,4-unit/styrene,
respectively. Solid, open, and crossed symbols denote the trans-
mittances obtained by TM, TB, and TV methods, respectively.
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EH]E E-SBR = 100°] &7 WH 7+ 2471 7 A%l o
e R %7 ﬂohﬁ 7 A7k A7) ek, sl
e S W A Ak A 719 (A ekt 3@

E-SBR = 100< z—]]ﬂé}tﬂ 1,2-unit/styrene 523 =H] " 3}2] 7]
=71 719 vzt Al YRt trans-1,4-Unit/styrene 573 %
H]:= S-SBR = 100°] 717 %17} 22031 E-SBR $l&o] 57}
shaA @ A7F AR = TS B 21, E-SBR/S-SBR = 80/20
ANA 7HE & xS YERASITE 1,2-Unit/styrene S-33 5 H]
Wske] 7187 TV Wilel 78 #A] vk ol ™™ o]
7V A YERFTE. cis-1,4-Unit/styrene> E-SBR/S-SBR =

3
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Figure 5. Variations of the absorbance ratios of the E-SBR/S-SBR
blends. Squares, circles, and triangles indicate the transmittance ratios
of 1,2-unit/styrene, cis-1,4-unit/styrene, and trans-1,4-unit/styrene,
respectively. Solid, open, and crossed symbols denote the absorbances
obtained by TM, TB, and TV methods, respectively.
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Table 4. Contents of SBR Microsturctures Using FTIR Analysis (ISO/FDIS 21561:2005(E))"

Butadiene (mol%)

Styrene (wt%)

Compound No. 1,2-unit cis-1,4-unit trans-1,4-unit

™ B ™ B ™ B ™ B
1 252 26.5 15.7 16.4 18.2 154 66.1 68.1
2 23.9 25.4 27.0 31.1 21.0 23.0 52.0 45.9
3 23.3 24.8 34.1 35.7 21.3 19.8 44.6 44.6
4 23.1 24.6 43.8 43.9 20.0 17.5 36.2 38.6
5 22.3 24.1 46.9 48.5 24.1 20.1 29.0 31.4
6 22.5 239 59.8 61.1 20.1 17.6 20.1 21.3

" TM : Transmittance of a peak obtained from the 100% transmittance in IR spectrum
TB : Transmittance of a peak obtained from the corrected baseline to 99% transmittance of the maximum transmittance line in raw IR

spectrum

Table 5. Linear Curve Fitting Equations of the Component Variations of SBR with the Blend Ratio (Figure 6)

Measurement method

Microstructure o p—

Styrene y = 2.64x10%x + 24.7 (r = 0.917) y = 2.44x10%x + 26.1 (r = 0.948)
1,2-Unit y = -325x10"x + 12.9 (r = 0.990) y = -3.13x10"x + 14.1 (r = 0.983)
cis-1,4-Unit y = -2.38x10% + 14.8 (r = 0.358) y = -4.10x10%x + 14.0 (r = none)®
trans-1,4-Unit y = -324x10"x + 47.7 (r = 0.994) y = -2.93x10"x + 45.8 (r = 0.943)

® TM : Transmittance of a peak obtained from the 100% transmittance in IR spectrum
Y TB : Transmittance of a peak obtained from the corrected baseline to 99% transmittance of the maximum transmittance line in raw IR spectrum

9P =-0.242

—i— styrene-TM
—@— 1,2-unit-TM
—A— cis-1,4-unit-TM
—w— trans-1,4-unit-TMJ
—{— styrene-TB
—O—1,2-unit-TB

60

—/— cis-1,4-unit-TB
—— trans-1,4-unit-TB

40

20

Component content of SBR (wWt%)

T T T T T
80/20 60/40 40/60 20/80 0/100

E-SBR/S-SBR blend ratio

Figure 6. Variations of the component contents of SBR blends.
Squares, circles, up-triangles, and down-triangles indicate the styrene,
1,2-unit, cis-1,4-unit, and frans-1,4-unit contents, respectively. Solid
and open symbols denote the results obtained by the TM and TB
methods, respectively.

T
100/0

2080904 7H A 2AH hehiglon) SSBR Sl 71
s eaF i ST AEe Bt
Valley-to-valley A& v 02 sh= TV W2 49,

7 EA7E H= A cis-14-unit (740 - 720 em™)Q] &4
A7} wo} F2] 3|m35 0 o) £3])= Zolt}. cis-1,4-Unit
93 #--oll= styrene F A 50] YER =] o] 59 F3AI

7} Bl AA cis-1,4-unit I 329} o] HXA Hcol =3
cis-1,4-unit ¥ 78] FFAG7} 2o} 1 o] 1thA] #4

A2 Aol TV W5 olgste] FHE=E AR = Sl
2gato] sl wheEbA cis-1,4-unit S| 4] @b A9,
TV "2 SBRY) cis-14-unit S AP A= 21 shA)7
AT

™3 TB S ol&ste] 73 F¥% %= ISOFDIS
21561:2005(E)2] AlAHA1 o] 2-8510] styrene $HEFo A
S(Wt%)Z YFERN 3L, 1,2-unit, cis-1,4-unit, trans-1,4-unit 5
2 o] &5 %k F butadiene T =S (mol%)= YERASITH
(Table 4). ©1714 B2 2} wA7+22] s Eatnlof] wE
HalE AR 7] 98l 1,2-unit, cis-1,4-unit, rans-1,4-unit 3
T 25 FAMR gAkste] Figure 60 e + W
2boll AJol7} o] UERRE B EL styrene FEEOR I
B]oﬂ 25141:}%10] TB Hollﬁ o= 04_0_ %):o] ™ th o= 042_ 74
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