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Crosslinkable plasticizers

Effects of crosslinkable plasticizers

J. K. Hirata, S. Kuwahara, B. K. Chapman, D. Kilian*

Avoiding migration and reduction of mineral oil usage are up to date topics in
rubber formulation development, not only regarding to tire production. As re-
ported earlier [1] a series of liquid rubbers with molecular weights ranging from
5,000 to 70,000 have been developed by Kuraray. These polymers, which consist
of isoprene, butadiene and styrene, can be used by rubber processors to achieve
improvements in properties and processing. These liquid rubbers are designed to
have a plasticizing effect and offer vulcanizability with solid rubbers. These prop-
erties allow these materials to act as “reactive plasticizers” or as “co-curable plas-
ticizers” The rubbers are available as homopolymer (standard grade), co-polymer
and modified types.

Liquid rubbers can be used for a wide range of applications including rubber goods
(tires, belts), adhesives (solution, hot melt, latex, UV curable), automotive/construc-
tion sealants and others (printing plate, coating). Modified liquid rubbers can offer
additional functionality. Carboxylated types, for instance, can improve rubber ad-
hesion to metal and improve the dispersion of fillers in rubber compounds.

grade line-up and scheme of applications
have been reported earlier [2] and are sum-
marized briefly in table 1.

2. KLR as natural
rubber modifier

Typical properties of KLR are shown in
table 2. These polymers were mixed with
natural rubber, carbon black and vulcaniz-
ing agents in a Banbury mixer and labora-
tory roll mill as seen in the formulation in
table 3.

Properties of vulcanized and non-vulca-
nized compounds are summarized in table 4.
The plasticizing effect of aromatic oil is bet-
ter than naphthenic oil in natural rubber

1. Introduction

The usage of plasticizers is one of the key
tools in the rubber and adhesives industry.
On the one hand plasticizers are used to low-
er hardness, improve processability and re-
duce raw material cost. On the other hand,
mechanical properties deteriorate with plas-
ticizer content. In addition, plasticizers often
cause changes in properties with time and
staining due to volatilization or bleeding.
Phthalate plasticizers and aromatic oils are
or possibly will be regulated due to environ-
mental and human health issues.
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Tab. 1:  Applications of KLR
Kura.ray liquid rubber.s (KLR) ?re pla_sticiz— Category  Application
ers which are co-vulcanizable with solid rub-
bers. Therefore it is very unlikely that they :zggser Tires, belts, hoses, foot wear, rolls
will be subject to these bleeding or vola- Adhesives Solution, hot melt, latex,
tilization issues. As a result, we expect KLR UV curable types
have a growth potential as environmental- Sealants ' Automotive, construction, electronics
ly friendly plasticizers. The characteristics, Others Printing plates, coatings, lubricants
KLR grade Structure Mn gnte;;\i'éc(%;g T, (°C)
LIR-50 Poly-IP 54,000 500 -63
LIR-30 Poly-IP 28,000 70 -63
KL-15 Poly-IP 20,000 15 -62
Tab. 2: LBR-300 Poly-BD 44,000 225 -95
Typical properties of KLR LBR-305 Poly-BD 26,000 40 -95
Effect of molecular LBR-307 Poly-BD 8,000 15 95
weight and chemical L-SBR-820 SBR 8,300 350 14
structure. 2
Tab. 3:  Formulation, mixing and vulcanization conditions
Formulation phr Mixing conditions
Natural rubber (RSS#3) 100 Stage 1: Banbury mixer
0il or liquid rubber 6 0.00 min NR (85 °C)
Carbon black (N330) 50 0.30 min CB, oil/liquid rubber, AO
Zn0 1.30 min Zn0, stearic acid
Stearic acid 7.00 min Dump out
Sulfur Stage 2: roll mill
Accelerator NS " 1.5 0.00 min Compound (55-60 °C)
Antioxidant 6C 2 1 1.00 min Sulfur, accelerator
7.00 min Sheeting

' N-tert-Butyl-2-benzothiazolesulfenamide
2 N-(1,3-Dimethylbutyl)-N'-phenyl-p-phenylenediamine

Vulcanization condition
145 °C for 20 min
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formulations (entries 2, 3). Low molecular
weight KLR showed a similar level of plasti-
cizing effect in comparison to aromatic oil
(entries 4, 5, 7, 9), and all KLR formulations
maintained tensile strength, elongation and
hardness compared with process oil formu-
lations.

As the tire rotates under the weight of
vehicle, it experiences cycles of deforma-
tion and recovery repeatedly, and it loses
energy as heat. This phenomenon is called
hysteresis loss and is the main cause of en-

ergy loss associated with rolling resistance.
The tire is also deformed during braking and
sliding on the rough road surface and ac-
cordingly loses energy. This hysteresis loss
relates to frictional force between the tire
and road surface. Hysteresis loss is attribut-
ed to the viscoelastic characteristics of the
rubber composition. The loss factor (tan )
at -20, 0, 25 and 60 °C have been used to
indicate ice, wet, dry traction and rolling
resistance properties respectively when the
measurement is carried out at 10 Hz condi-
tion (fig. 1).

Crosslinkable plasticizers

Tan & and storage modulus (E') were meas-
ured with a high torque dynamic mechani-
cal analysis unit, Eplexor (Gabo Qualimeter
Testanlagen GmbH) under conditions of static
strain of 2 % and dynamic strain of 0.2 %,
and normalized to the naphthenic oil formu-
lation (fig. 2). The tan & of the LBR-307 and
L-SBR-820 formulations were much high-
er than that of naphthenic oil. These liquid
polymers therefore are expected to improve
traction control in dry, wet and wintry condi-
tions although they do not contribute to the
improvement of the rolling resistance. The E'

Fig. 1:  Relationship between tan & and tire performance Fig. 2:  Normalized tan & of NR/KLR formulations
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Tab. 4:  Properties of natural rubber based compounds
Entry 1 2 3 4 5 6 7 8 9 10
Plasticizer None | Naphthenic oil ' Aromatic oil =~ KL-15 LIR-30 LIR-50 | LBR-307 @ LBR-305 @ LBR-300 ' L-SBR-820
Mooney viscosity, ML, ., (100 °C) 80 69 64 65 65 66 64 65 67 66
Mooney scorch time, 125 °C, T, (min) 22.0 244 26.3 25.1 249 23.2 25.8 25.9 25.2 25.4
Curelastometer, 145 °C, Ty, (min) 9.3 10.1 11.2 9.7 9.5 9.5 10.3 10.6 9.6 9.8
Mechanical properties
M300 (MPa) 23.1 20.2 204 21.2 21.6 21.9 20.6 20.2 21.8 20.0
Tensile strength (MPa) 30.5 29.4 30.8 30.1 29.1 30.3 30.5 28.3 30.6 29.8
Elongation (%) 410 430 440 410 405 410 430 410 415 440
Hardness (JIS type A) 75 73 73 72 74 74 72 7 73 74
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Crosslinkable plasticizers

of KLR formulations were much lower than
the process oil formulations, especially when
KL-15 was added (fig. 3). Accordingly, KLR
can soften vulcanized natural rubber com-
positions better than process oil.

These phenomena are considered to arise
from the following: KLR aggregates on the
surface of carbon black and inhibits the re-
inforcement effect by bonding between car-
bon black and natural rubber resulting in a
reduction of E'. The hysteresis loss (tan 8) of
LBR-307 and L-SBR-820 formulations was in-
creased especially on the interface between
carbon black and rubber since partially vul-
canized low molecular weight rubber was
present there and the mobility of rubber
molecules was increased. Figure 4 shows the
results of a toluene extraction test for each
vulcanized composition. Extracts of high mo-
lecular weight KLR formulations were almost
the same as the control since they were co-
vulcanized with natural rubber. Process oils
were extracted completely, and LBR- 307 and
L-SBR-820 were only partially extracted.

The extraction test also indicated another
advantage of KLR. KLR can maintain the flex-
ibility of vulcanized compositions for long
periods because it does not bleed out. This
is unlike the behavior of process oil. These
properties are suitable for winter tires in
which high traction and long term flexibil-
ity are required rather than all season tires
which prioritize fuel economy.

3. Benefits of KLR
in tire manufacturing

Beside the positive impact in tire perfor-
mance the benefits of KLR for the manufac-
turing process have been investigated [6] by
simple modeling formulation and recording
of mechanical data depicted in table 5.

At the mixing the reduction of mixing
stages from 4 to 3 was properly realized by
exchange of 4 phr LIR-50 as replacement
of the rubber matrix. This also results in the
shortening of mixing time and electric power
savings at last.

In figure 5 we show the effects at the cal-
endering step. A smooth surface was found
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compared to rough together with a restrain-
ing mill shrinkage. At NR/BR mixtures with
4 phr replacement of NR by LIR-50 the mill
shrinkage was improved more than 15 %,
whereas at NR/SBR mixtures this effect im-
proves by over 10 % (tab. 6).

At the extruding step the LIR-50 rich for-
mulation achieved a high extrusion rate and
good appearance, by maintaining accuracy
of size. This especially supports the produc-

tion of tires and other rubber goods with an
adequate and stable tackiness. All test for-
mulations showed the retaining of original
mechanical properties as the base for this
study.

A progress in uniformity is contributing
to many aspects in tires. The potential ben-
efits of LIR-50 in tire parts are summarized
in figure 6. Processability of high hardness
compounds for bead fillers is improved and

1 2 3
NR (RSS#1) 100 98 96
LIR-50 = 2 4
ISAF-HS (N285) 45 45 45
Number of mixing stages 2 2
Mixing time (min) 4 3
Electric power consumption (KW) 52 5.2 52
Stage 1
6.2 - -
Stage 2
Stage 3 22 - i}
6.3 6.6 6.3
Last stage
Mooney viscosity (ML,,, 100 °C) 76 75 75
Mixing
Equipment BR type Banbury mixer
Procedures

1 Mastication
2 Mixing 2/3 of CB

Tab. 5: 3 Mixing 1/3 of CB

Effect of LIR-50 in mixing

NR NR/LIR-50
1 min 1 min
1 min
1 min All CB 2 or 3 min
1 min
1 2 3

50 | 48 | 46
50 50 50
= 2 4
50 50 50

Mooney viscosity ML, , (100 °C) 78 72 Al
Surface roughness (um) 0.62 | 034 0.26

-]

Reduction of mixing time 4 Remill
and stages
NR (RSS#1)
BR-01
LIR-50
HAF (N330)
Base compound
LIR added
Fig. 5:
Effect of LIR-50 in cal-
endering on the surface

roughness
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this supports tire building. A smooth and
sometimes even shiny surface improves not
only the look of the sidewalls, the adequate
tackiness control and restrain of the mill

1 2 3
NR (RSS#1) 50 48 46
BR-01 50 50 50
SBR (1502) - - -
LIR-50 0 2 4
HAF (N330) 50 50 50
Mill shrinkage (%)
0 min 32.6 27.1 27.1
5 min 36.5 31.3 30.1
10 min 37.3 32.6 30.3
30 min 373 32.6 30.6
60 min 373 32.6 30.7
180 min 37.3 32.6 30.9
300 min 37.3 32.6 30.9

shrinkage are trigger at the carcass con-
struction. Improved high extrudability and
shaping of the tread part are fact in modern
tire making.

70 68 66
30 30 30
50 50 50

224 | 21.0 19.9
25.7 240 | 227
259 | 243 22.7
260 | 243 23.0
260 | 245 23.0
26.0 245 23.0
26.2 246 | 232

Tab. 6:

Effect of LIR-50
Improvement of the mill
shrinkage

processability

Bead filler eHigh hardness with improved ‘

Side wall

e Smooth surface at calendering
o Restraining mill shrinkage

Carcass

o Adequate tackiness for construction
o Restraining mill shrinkage

Tread

e High extrudability and good shape

¥

Progress in the uniformity
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Fig. 6:
Effect of KLR in tire parts

Crosslinkable plasticizers

4. Summary

Kuraray liquid rubber (KLR) improves the
processability without deteriorating the me-
chanical properties. In case of tire tread appli-
cations, KLR can reduce E' and increase tan d.
It softens rubber compounds and improves
the grip properties. Furthermore, KLR can help
rubber compounds to maintain softness for a
long period of time since it does not bleed out
due to co-vulcanization with the base rubber.
Progress in uniformity can be achieved by par-
tial replacement of KLR in NR matrix that im-
proves mixing, processing, surface, extrudabil-
ity, restrain of mill shrinkage, and saves energy.

5. References

[1] M. Maeda, R. Bohm, RFP Rubber Fibres Plastics
International, 3, 152, 2009.

[2] D.Kilian, R. B6hm, M. Maeda, RFP Rubber
Fibres Plastics International, 5, 238, 2010.

[3] R. Matsumura, H. Takahashi, Journal of the
Society of Rubber Industry, Japan, 73, 2, 65,
2000.

[4] H. Kaito, F. Yatsuyanagi, Journal of the Society
of Rubber Industry, Japan, 74, 3, 65, 2001.

[5] Y. 0zawa, K. Akutagawa, K. Yanagisawa,

Y. Hirata, Journal of the Society of Rubber
Industry, Japan, 77, 6, 39, 2004.

[6] M. Maeda, Presentation at Tire Technology

Expo, Cologne 2008.

215



