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Before we get into the discus-
sion on whether polyisobutylene 
(PIB) rubbers are superior to sil-
icone in medical devices, includ-
ing implanted ones, we will take 
a look at the fundamentals of the 
two groups of elastomers, includ-
ing structures and enchainment.

Fig. 1 shows the repeat struc-
tures of polydimethylsiloxanes 
(PDMS) —another term for sili-
cones—and PIB. A glance at 
these repeat structures conveys 
lots of important information to 
the practically minded.

We immediately see similarities 
and differences between these re-
peat units. PDMS and PIB are 
similar in that both repeat units 
have two atoms in the main chain 
(i.e., -Si-O- in PDMS, and -C-C- in 
PIB); both have two pendant 
methyl side-groups; both methyl 
groups are attached to every sec-
ond main-chain atom; and the siz-
es (covalent radii) of the Si, O and 
C atoms are not much different.

However, the distances (bond 
lengths) of Si-O and C-C are 
quite different, with the Si-O 
bond noticeably longer (1.64 A) 
than the C-C bond (1.53 A).1 The 
energy barriers of backbone con-
formational changes and of 
methyl group rotation strongly 
influence the properties of these 
polymers.2

These facts also affect the 
densities of PIB and PDMS, i.e., 
the density of PIB is somewhat 
lower than that of PDMS (O.91 
vs. 0.970 g/cc).3 Because of the 
shortness of  the C-CH2  bond 
the neighboring methyl side 
groups on the PIB chain are very 
close to each other, which leads 
to interdigitation of neighboring 
methyl groups (i.e., interference 
to free rotation), and to stiffening 
of the PIB chain (Fig. 1).

Further, due to the closeness of 
the methyl groups, there is little 
interdigitation of neighboring PIB 
chains, which reduces the density 
of the PIB chain. In contrast, the 
neighboring methyl groups in 
PDMS are farther apart, they have 
more free volumes and hence do 
not interdigitate. However, neigh-
boring looser PDMS chains are 
able to interdigitate, which in-
creases their density. 

These few fundamental facts 
explain many macroscopic differ-
ences between these materials, 
as will be discussed.

Basic fact No. 1:
Bioinertness leading to biocom-
patibility, biostability and calcifi-
cation resistance

Let’s start with the most im-
portant facts for medicine: bio-
logical facts. 

Because of steric reasons, the 
surface of the PIB chain is tightly 
covered by biologically unreactive 

-CH3 side groups, which lead to 
PIB’s unparalleled biological in-
ertness, particularly in aqueous 
media. The overwhelming pres-
ence of the highly hydrophobic 
-CH3 groups, and the total absence 
of surface functionalities, lead to 
PIB’s extraordinary bioinertness 
(in fact biocompatibility), biostabil-
ity, and chemical inertness, in-
cluding calcification resistance.

The dense array of unreactive 
methyl groups on the surface en-
velops and thus protects the en-
tire PIB system. The successful 
use of the PIB-based thermoplas-
tic elastomer, SIBS (a linear tri-
block of PIB-b-PSt-b-PIB drug 
eluting coronary stent coating) 
vividly demonstrates these facts.

As the internal barrier to rota-
tion of PIB is much higher than 
that of PDSM, the PIB chain is 
less flexible and less perme-
able,2,4 while PDMS is very flexi-
ble and highly permeable.2,4-6

The tightness of the surface 
methyl groups goes a long way to 
account for the extraordinarily 
high impermeability of PIB rub-
bers to gases. Evidently, the 
dense array of methyl groups 
presents a solid barrier to gases 
and polar liquids.

Due to their excellent barrier 
properties, PIB rubbers (i.e., bu-
tyl and halobutyl rubbers) are 
used industrially for automotive 
inner tubes, inner liners of tube-

less tires and ball bladders. PIB-
based thermoplastic elastomers 
have similar properties. In con-
trast, silicone rubbers have low 
internal barriers to rotation, which 
makes them totally unsuitable 
gas barriers.

Experimentally, we determined 
that to fully protect from oxida-
tive and hydrolytic attack, the 
vulnerable hard segments in PIB-
based polyurethanes (PIB-PUs), 
the PIB content must be at least 
70 wt.%.7-9

In stark contrast to the meth-
yl-group-protected PIB chains, 
PDMS chains are looser, less 
closely packed, and the pendant 
-CH3 groups do not completely 
shield the main-chain -O- atoms. 
These unprotected -O- atoms are 
the weak points, the Achilles 
heels, of PDMS providing surface 
sites to protonation, oxidation, 
and hydrolysis (i.e., degradation). 
Indeed, protonation of the PDMS 
unit occurs during initiation of 
cationic ring opening polymer-
ization of D4 monomer to silicone 
rubber.10,11 (Fig. 2)

Therefore, it is not surprising 
that silicone rubber immersed in 
concentrated strong acids (e.g., 
nitric acid) degrades within min-
utes by protonation to dark 
brown, gooey masses. In con-
trast, PIB rubbers remain large-
ly unscathed under the same 
conditions. Evidently, protons 

have no difficulty finding un-
shielded -O- atoms of silicone 
rubber, while the -CH3 groups 
protect PIB. The acid and alkali 
resistance of silicone rubbers is 
poor, while PIB rubbers are 
largely impervious to these 
chemicals.12-15

We have shown that PIB rub-
ber is calcification-resistant, while 
silicone rubber calcifies.16  Calci-
fication of silicone rubber most 
likely involves exposed unpro-
tected -O- atoms. Calcification of 
implanted silicone rubbers is 
very harmful, as it leads to en-
crustation and stiffening, and 
ultimately to failure of function. 

Calcification of PDMS-contain-
ing heart valves leads to serious 
medical problems.

Thus, well-designed PIB-based 
rubbers must be—and indeed 
are—inherently more resistant 
to chemical attack and calcifica-
tion than silicone-based rub-
bers.16 This difference is likely 
due to the fact that PIB (and ob-
jects covered with PIB) are pro-
tected from external insults and 
therefore are inert, whereas sili-
cones having unshielded -O- at-
oms at the surface are prone to 
various chemical transforma-
tions. These facts are of decisive 
importance when selecting a 
material for medical applica-
tions.

Our examination of the litera-
ture in respect to differences of 
protein absorption on PIB and 
PDMS rubbers did not yield 
much information. We found only 
two references17,18 that indicated 
less protein absorption on PIB 
than on PDSM surfaces. The 
complexity of the subject was 
also discussed by Mitra.19

The much higher chemical re-
activity of silicone rubbers over 

PIB rubbers is convincingly il-
lustrated by the number of cita-
tions in the scientific literature:  
a query of “silicone rubbers” in 
Google Scholar elicited over 
150,000 hits, while “PIB rubbers” 
yielded only 20,000. 

Basic fact No. 2:
Static and dynamic mechanical 
properties

As the determination of static or 
dynamic mechanical properties  of 
elastomers demand shape-retain-
ing materials, the PIB- and 
PDMS-based elastomers selected 
for evaluation had to be chemically 
or physically crosslinked. The se-
lection of samples was challenging 
because most information in the 
literature was obtained with adul-
terated (filled, compounded) rub-
bers. As compounding strongly af-
fects ultimate properties, we 
elected not to use this data. We 
considered only unreinforced (un-
filled) preferentially lightly cross-
linked materials.

The evaluation of mechanical 
properties of many PDSM and 
PIB rubbers indicated that bio-
logical and mechanical proper-
ties of PIB important for implan-
tation and other medical uses are 
superior to those of PDMS. Spe-
cifically, PIB rubber is bioinert 
and much stronger than silicone 
rubber (tensile strengths ~20 vs. 
~10 MPa), while their elongations 
are not much different (~800 vs. 
~700 percent).

Also, PIB rubbers (i.e., butyl 
rubbers) have much better tear 
strength, abrasion resistance 
and dynamic flex fatigue resis-
tance than PDMS rubbers. It is 
worth mentioning that some 70 
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Silicones (or polydimethylsiloxanes, PDMSs or silicone rubbers in the vernacular) are well known 

to medical device users and suppliers as they have been used for decades for medical applications, 
particularly for implantations.

Polyisobutylene (PIB) rubbers—such as butyl rubbers, halobutyl rubbers and various PIB-based 
thermoplastic elastomers—are less well known, but in laboratory studies appear to have strong ad-
vantages over silicones. 

The authors posit that certain well-defined PIB-based rubbers, particularly PIB-based thermo-
plastic elastomers, are inherently superior to silicones for implantation and other medical devices. In 
this paper, we present facts and discuss properties that demonstrate that position.
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Table 2: Comparative properties of silicone-based Elast-Eon vs. Isobuty-
lene-based PIB-PU thermoplastic elastomers.

Fig. 1: Repeat structures of PDMS (silicone rubber) and PIB. Note that 
the Si----O bond is noticeably longer than the C-CH2 bond.

Fig. 2: Protonation of PDMS.

Table 1: Comparison of properties of PIB- and PDMS rubbers for medical 
applications.
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Calcification of PDMS-contain-
ing heart valves leads to serious 
medical problems.

Thus, well-designed PIB-based 
rubbers must be—and indeed 
are—inherently more resistant 
to chemical attack and calcifica-
tion than silicone-based rub-
bers.16 This difference is likely 
due to the fact that PIB (and ob-
jects covered with PIB) are pro-
tected from external insults and 
therefore are inert, whereas sili-
cones having unshielded -O- at-
oms at the surface are prone to 
various chemical transforma-
tions. These facts are of decisive 
importance when selecting a 
material for medical applica-
tions.

Our examination of the litera-
ture in respect to differences of 
protein absorption on PIB and 
PDMS rubbers did not yield 
much information. We found only 
two references17,18 that indicated 
less protein absorption on PIB 
than on PDSM surfaces. The 
complexity of the subject was 
also discussed by Mitra.19

The much higher chemical re-
activity of silicone rubbers over 

PIB rubbers is convincingly il-
lustrated by the number of cita-
tions in the scientific literature:  
a query of “silicone rubbers” in 
Google Scholar elicited over 
150,000 hits, while “PIB rubbers” 
yielded only 20,000. 

Basic fact No. 2:
Static and dynamic mechanical 
properties

As the determination of static or 
dynamic mechanical properties  of 
elastomers demand shape-retain-
ing materials, the PIB- and 
PDMS-based elastomers selected 
for evaluation had to be chemically 
or physically crosslinked. The se-
lection of samples was challenging 
because most information in the 
literature was obtained with adul-
terated (filled, compounded) rub-
bers. As compounding strongly af-
fects ultimate properties, we 
elected not to use this data. We 
considered only unreinforced (un-
filled) preferentially lightly cross-
linked materials.

The evaluation of mechanical 
properties of many PDSM and 
PIB rubbers indicated that bio-
logical and mechanical proper-
ties of PIB important for implan-
tation and other medical uses are 
superior to those of PDMS. Spe-
cifically, PIB rubber is bioinert 
and much stronger than silicone 
rubber (tensile strengths ~20 vs. 
~10 MPa), while their elongations 
are not much different (~800 vs. 
~700 percent).

Also, PIB rubbers (i.e., butyl 
rubbers) have much better tear 
strength, abrasion resistance 
and dynamic flex fatigue resis-
tance than PDMS rubbers. It is 
worth mentioning that some 70 

years ago ExxonMobil’s  prede-
cessor marketed a PIB-based 
automotive tire, named Bucron 
Tire, with respectable tear and 
abrasion resistance. 

High molecular weight (~70,000 
g/mol) silicone rubber doesn’t 
stick to many surfaces but, un-
surprisingly, sticks to glass. 
High molecular weight PIB pre-
pared by living polymerization 
and having narrow dispersity 
(Mw/Mn = ~1.1) does not stick to 
glass. Conventional industrial 
PIB of broad dispersity sticks to 
glass due to its low molecular 
weight components.20

Although the density of PIB is 
less than the density of PDMS,  
PIB derivatives (e.g., butyl rub-
ber, PIB-PU) show higher densi-
ty than PDMS derivatives (e.g., 
silicone rubber, PDMS-PU). The 
denseness of butyl rubbers also 
accounts for its low resilience 
and rebound: A PIB rubber ball 
dropped at a hard surface hardly 
rebounds.

The less-dense silicone rubber 
has very high rebound (remem-
ber the bouncy Silly Putty ball, a 
popular children’s toy). 

An important PIB-based ther-
moplastic elastomer is poly(sty-
rene-block-isobutylene-block-sty-
rene) (SIBS). SIBS’ physical 
properties overlap those of sili-
cone rubbers and polyurethanes. 
SIBS is oxidatively, hydrolytical-
ly and enzymatically stable over 
its lifespan implanted in the 
body. Moreover, it is biostable 
with low foreign body reaction. 
Boston Scientific Corp. intro-
duced SIBS Drug Eluting TAX-
USs Coronary Stent in 2002. 
SIBS has high flex fatigue resis-

tance, which is particularly im-
portant for cardiac and vascular 
devices that are in constant flex-
ural motion.21

PIB-based polyurethanes  (PIB-
PUs) are another class of promis-
ing thermoplastic elastomers for 
medical applications. PIB-PUs 
containing 70-percent PIB are 
bioinert and calcification-resistant 
for long-term implantations. These 
materials have exceptional combi-
nations of hydrolytic, oxidative, 
and enzymatic resistance, togeth-
er with exceptional softness, barri-
er properties, low creep and low 
cell adhesion.

The inert array of soft segments 
shields the environmentally vul-
nerable urethane (-NHCOO-) hard 
segments. PIB-PUs are superior 
to PDMS-based PUs, with tensile 
strength of ~32 MPa, elongation of 
~630 percent and toughness of 
>4.0 J. According to preliminary 

studies PIB-PU has impressive 
fatigue life: > 1 million cycles with 
~ 1 MPa strain energy density.22

In summary, PIB-based rubbers 
have inherently better mechanical 
properties than PDMS-based rub-
bers for medical applications in 
general and for surgical implan-
tation in particular.

Basic fact No. 3:
Costs

Last but certainly not least, 
isobutylene monomer and PIB rub-
bers are among the least expensive 
commodities. In contrast, Si com-
pounds including silicones are rela-
tively expensive specialties.  

So why are silicone rubbers 
still preferred over PIB rubbers 
for medical devices and implants?

The answer to this question is 
partly business-historical and 
partly technical. Over the past 
~80 years, huge sums were in-

vested in silicone technology and 
risk-averse manufacturers were 
reluctant in replacing or chang-
ing this profitable business.

Silicone rubber is biocompati-
ble, and its properties are, in 
general, adequate for medical 
devices and implantation. As the 
-S(CH3)2-O- repeat unit  readily 
undergoes many chemical trans-
formations, researchers were cre-
ating desirable properties using it.

This could not have been done 
with the less-reactive isobuty-
lene. Also, isobutylene was diffi-
cult to polymerize, the polymer-
ization mechanism was shrouded 
in mystery, cryogenic tempera-
tures were needed for getting 
high-polymer reproducibility of 
rates, and molecular weights was 
chancy, molecular weight distri-
bution control was out of question 
and functionalization was limit-
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Table 2: Comparative properties of silicone-based Elast-Eon vs. Isobuty-
lene-based PIB-PU thermoplastic elastomers.

Table 1: Comparison of properties of PIB- and PDMS rubbers for medical 
applications.

See Silicones, page 18
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ed in scope.  A famous 20th-cen-
tury British polymer scientist, 
Francis Dainton, characterized 
the field of isobutylene polymer-
ization as an “undigestible mess.”23

The discovery of living isobuty-
lene polymerization in the late 
1980s revolutionized this field.24 
Results became predictable and 
reproducible, precise MW and 
MWD controls became routine, 
functionalization became easy 
and varied, and well-defined 
complex block and graft polymers 
could be and were prepared.24

The triblock polymer poly(sty-
rene-b-isobutylene-b-styrene 
(SIBS) was synthesized, FDA 
approved for medical application 
(coronary stent coating) and was 
shown to be superior in bioinert-
ness to PDMS rubber.21

Recent publications and pat-
ents disclose various novel medi-
cal applications (i.e., glaucoma 
shunt, intraocular lens, heart 
valve) of PIB derivatives.25 

Among the new PIB rubber-based 
products for various medical ap-
plications are crosslinked PIB 
(xPIB) and hybrids of PIB with 
polyurethanes (PIB-PU).22,25 

Summary
Table 1 lists and compares 

some properties of PIB and 
PDMS rubbers of interest for 
medical applications. The data 
reflect results obtained with un-
adulterated (unfilled) preferably 
lightly crosslinked pure gum 
samples.  

Some of the entries in the table 
are quantitative (where reliable 
data was available) and some are 
qualitative assessments that 
cannot be expressed by a single 

universally accepted datum (e.g., 
biocompatibility, biostability, abra-
sion resistance, cost).

Specifics also strongly depend 
on experimental conditions used 
by the authors (method used, 
sample geometry, temperature, 
etc.). The compilation emphasiz-
es differences to aid product 
evaluation and selection. The 
reader should consult the litera-
ture given in the two last col-
umns for specific conditions and 
numerical values. 

The information compiled in 
Table 1 is general in nature. 
Table 2 extends this information 
by comparing select key proper-
ties of a specific commercially 
available silicone-based PU, 
Elast-Eon-brand E2A, with an 
experimental PIB-based PU, 
PIB-PU, containing 70 wt. per-
cent PIB. Elast-Eon E2A is a 
successful elastomer used in 
various medical devices. The ar-
chitectures of these two thermo-
plastic elastomers are quite sim-
ilar: Their hard segments are 
identical while their soft seg-
ments are largely PDMS and 
PIB, respectively.

Polyurethanes are commonly 
used in medical applications, re-
sulting from their strength, flex-
ibility, durability and biostabili-
ty. Because of these properties, 
as well as their hypoallergenic 
character, they have been used 
in applications ranging from 
medical gloves to tubing to im-
plantables, such as intra-aortic 
balloon pumps.   

Our research on PIB-based 
polyurethanes (PIB-PUs) has 
shown that these materials com-
pare favorably to common PDMS-
based polyurethanes, e.g., Elast-
Eon, with typical properties shown 
in Table 2. Thus, we infer that the 
benefits of PIB over silicone rubber 
extend to hybrid polyurethane 

thermoplastic elastomers as well.

Thus, a prediction
We analyzed and carried out 

extensive research in this area of 
polymer science and thus confi-
dently predict that PIB rubbers, 
specifically the emerging cross-
linked polyisobutylene (xPIB), 
poly(styrene-b-isobutylene-b-sty-
rene) (SIBS) and hybrid PIB-
based polyurethane (PIB-PU) 
thermoplastic elastomer, will be 
key enablers of long-term im-
plantable medical rubbers and 
other medical devices.
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FORT WAYNE, Ind.—Trelleborg A.B. 
has finalized the $950 million purchase 
of Minnesota Rubber and Plastics.

If a tax asset (on the 
Swedish side, where Trel-
leborg is based) of approxi-
mately $90 million is fac-
tored in, the purchase 
price amounts to approxi-
mately $860 million, ac-
cording to Trelleborg.

“This is a step change 
for Trelleborg Sealing 
Solutions,” Peter Nilsson, president and 
CEO of Trelleborg Group, said in an Oct. 
28 news release. “The business area will 
be as strong in North America as its al-
ready established position in Europe.”

Plymouth, Minn.-based MRP, a man-
ufacturer of rubber, thermoplastic and 
polymer products, had been owned by 
the world’s third-largest private equity 
firm, KKR, which has offices in New 
York City.

The transaction was finalized between 
Trelleborg and an affiliate of KKR Oct. 27.

Nilsson said earlier this year that the 
acquisition will allow Trelleborg to ex-
pand its North American footprint in 
several business areas, including spe-
cialty industrial, medical, food and bev-
erage, and water-related infrastructure 
components—MRP’s areas of expertise.

Trelleborg has 21,800 employees glob-

ally and saw sales of $3.3 billion in 2021. 
MRP had sales of about $262.2 million in 
2021, according to Trelleborg.

KKR, in 2018, implemented an em-

ployee ownership program at MRP, 
whereby employees were given ownership 
interests in the company. With the trans-
action now closed, all 1,450 MRP employ-
ees will receive cash payouts worth be-
tween three and 24 months of their 
annual salary. Amounts will vary based 
on tenure and employment status.

As part of the transaction, employees 
also will receive pre-paid personal finan-
cial coaching and tax preparation ser-
vices, according to a KKR spokesperson.

MRP historically has grown organical-
ly (with some acquisitions) at between 8 
and 10 percent per year, and sees its 
largest sales in North America, followed 
by Asia and Europe.

By market segment, MRP sees its 
highest revenues in specialty industrial 
products, followed by medical, food and 
beverage (the segment with the highest 

Rubber News Staff

Trelleborg completes Minnesota Rubber and Plastics acquisition

With the acquisition of Minnesota Rubber and Plastics, Trelleborg strengthens its presence in 
the specialty industrial, medical, food and beverage, and automotive sectors. 

growth) and finally automotive, accord-
ing to Trelleborg.

The acquisition of MRP was made 
possible by a bridge loan that runs until 
the settlement for Trelleborg Wheel Sys-

tems is obtained. 
Trelleborg announced the proposed 

sale of its wheel systems segment to Yo-
kohama Rubber Co. Ltd. in March for 
$2.3 billion. 

“This is a step change 
for Trelleborg Sealing 
Solutions.” 

Peter Nilsson
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