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Opportunities and threats for rubber products

By Irene Yurovska
YIGlobal and Himadri Specialty
Chemicals Ltd.

This work does not include new
experimental data. Instead, it
presents the analysis of the current
status of the rubber industry and
our review of the managerial
cost-control tools applied to sustain
rubber products and businesses.

TECHNICAL NOTEBOOK
Edited by John Dick

While scientists continue to in-
vestigate and understand rubber
phenomena, managers are devel-
oping strategies to increase profit
margins of the rubber industry
and products. Frequently, however,
managers assume that the rubber
industry is mature, the products
will become obsolete soon, and any
tools and means should be applied
to lower the costs and increase
margins. This uneducated as-
sumption can put their companies
on the path to becoming obsolete,
while more educated or lucky com-
petitors will sustain. Thus, how
sustainable are rubber products,
technologies and our jobs?

Discussion

Let us consider the history and
the current status of the rubber
industry.

On his voyages to America in
1492-1496, Christopher Colum-
bus observed Native Americans
playing with a rubber ball.! This
was the time when the Old World
discovered rubber and the scien-

Executive summary

Rubber technology has played a substantial role in the progressing technical development across indus-
tries and continents for over 180 years, and still today there is no substitute. Nevertheless, the rubber
industry is in the maturity stage of the life cycle characterized by intense competition and low profit
margins, and raising questions about the long-term sustainability of rubber industry products and jobs.

Significant technical innovations (such as thermoplastic elastomers, injection molding technology,
etc.) is improving the value of rubber products and increasing profit margins. However, innovations
are not always feasible, so managers must turn to improving cost competitiveness to increase mar-
gins. With the continued globalization of the economy, cost pressures, customer quality demands and
environmental expenses only will increase. Where innovation is not possible, manufacturers need to
find intelligent ways to reduce direct costs of rubber products.

While lowering direct costs by reducing costs of raw materials and processes is a viable approach,
it should be conducted intelligently, with recognition of unique physical and chemical nature of rubber
and possible negative effects on the properties of final products. We demonstrate that even materials
that are termed commodities and are assumed equal in properties can have differences that affect
rubber processes as well as final products. Thus, management of change (MOC) rules should be en-

forced to assure that service life of the final products is not affected.

We argue that quality control and improvement is a hidden powerful tool to help lower costs. However
quality work is not recognized as strategic due to a mistaken classification of quality as a pure cost rather
than margin enhancement tool and, as a result, frequently is viewed as a “non-value-added activity.”

Intelligent approaches to direct cost reduction contribute not only to higher profit margins, but also
extend the life cycle of the rubber products and provide sustainability.

tific evaluation of it started. In
1839, Charles Goodyear invented
the vulcanization of rubber,
spurring development of the
global rubber industry. Thus, the
general outlay of the rubber in-
dustry, as we know it today, is
now almost 200 years old, while
the research in the field is even
several centuries older.?

Rubber technology and prod-
ucts have enabled global society
progress over the last two centu-
ries. Many technologies that we
take for granted today would not
have been possible without rub-
ber. For instance, a modern car

Fig. 1: Catastrophic failures with the Space Shuttle Challenger; Firestone
tire tread separation; and the Gulf of Mexico oil spill were caused by

rubber products.

1986 Space Shuttle Challenger
Disaster was caused by two
Rubber O-Rings

Notorious Catastrophes Caused by Rubber Products

2000 Firestone Tire: tread
separation caused >250
deaths, recall of ~3 min. tires,
split with Ford and takeover
by Bridgestone

2010 Gulf of Mexico oil spill was
caused by a Rubber Blowout
Preventer and other Rubber parts.
The cost for BP above 550 billion

Fig. 2a: Employment in U.S. rubber and related industries.
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Fig. 2b: Revenue per employee in the U.S. rubber, plastics and auto industries.
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that consists of about 30,000
parts,?® with 200-500 of these con-
taining rubber*?, is one of them.

The product range continues to
grow, including tires, conveyor and
power Dbelts, hoses, automotive
parts, medical and household
goods, toys and so on. More impor-
tantly, application of rubber re-
mains mandatory with no reliable
substitutes. It is estimated that
about 60,000 types of products are
manufactured of rubber.

With rubber parts being in a
vast number of applications, a
failure of a rubber component,
even one as simple as a small
O-ring, can have serious conse-
quences, cascading into more
generalized malfunctions, caus-
ing premature and unwanted
discards, process shutdowns and
catastrophes. This demonstrates
the importance of rubber products
design, control and aging preven-
tion (Fig. 1.7)

In 2020, 12.7 million metric tons
of natural rubber and 14.4 million
tons of synthetic rubber were pro-
duced,® and the consumption of
elastomers grew with the average
growth level of 4.3 percent, sus-
tainable since 2015.° Combining
several sources!® that provided
somewhat variable information,
we conclude that the total global
market of tire and rubber products
is in the range of $300 billion to

$400 billion, which is below 0.25
percent of the world GDP. (In this
work, we do mnot consider
COVID-19 related economic ef-
fects.)

For the period of 2003-17, num-
bers of workers in the U.S. rubber,
plastics and automotive industries
are of the same magnitude, being
flat to slightly negative across
these industries (Fig. 2a).

However, the revenue is sub-
stantially lower in the rubber in-
dustry, indicating that the labor
intensity in the rubber industry
is significantly higher than in
other industries (Fig. 2b'.

Rubber is the first soft polymer
known to mankind, and there
were many other polymers in-
vented and industrially devel-
oped later, especially in the 20th
and 21st centuries. The core
rubber technology is about 200
years old. Nevertheless, rubber/
elastomer consumption and tech-
nology grow continuously at a
steady pace.

Naturally, this begs the ques-
tion: Why have rubber products
and technology not become obso-
lete, as did quill pens, carbon pa-
per or automotive carburetors?
Looking forward, how sustainable
are rubber products, technologies
and, equally important, our jobs?

The answer, as shown next, is
intuitively obvious to rubber scien-

Fig. 3: Rubber presents a unique state of matter.

of deformation)
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Material GPa
Palystyrene Foam (90+% gas) 0.007

| Rubber 0.02
Polypropylene 15
Nylon 2
Pol solid 3
'Wood (along grain) 11
Steel (ASTM-A3E) 200/
Diamond 1050|

* Rubber is an elastomer type polymer, where the polymer has the ability to return
to its original shape after being stretched or deformed

* Rubber materials present a unique combination of solids (constant shape), liquids
(large elongation) and gases (resilience increase with temperature, entropic nature

The Unique State of Matter is Termed
Viscoelasticity

Researchers attempt to describe itas a
combination of both elastic and viscous properties

The Theory of Viscoelasticityis still in the active
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Fig. 4: Pyramid of functional requirements per stage of rubber product life.
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tists, but not apparent for manag-
ers. There is no substitute for rub-
ber—it is impossible to use any
other material in many important
applications, ergo, rubber products
are absolutely sustainable. In
technical terms, rubber is a
unique state of matter, being vis-
coelastic, i.e., presenting a combi-
nation of properties of solids, lig-
uids and gases (Fig. 3).12*Due to
its unique state of matter, rubber

is a unique material. Materials,
such as metals, possess well-de-
fined mechanical characteristics.
In contrast, the properties of
rubber depend incredibly on
many variables that are in the
hands of rubber compounders
and engineers: polymer type, re-
inforcing fillers and extenders,
oils/plasticizers, crosslinking in-
gredients, anti-aging ingredi-
ents, process aids, rubber mixing

Fig. 5: Life cycle of rubber products and the rubber industry.
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equipment and process, relax-
ation between process stages,
curing process, etc.* Because of
this complexity, one can never
predict exactly and reliably how
raw material substitutions and
process changes affect final
properties of rubber products.
Furthermore, functional and
technical specifications require-
ments at the stages of design and
assembly (such as hardness, sizes,
tensile strength, density and col-

or) and manufacturing (such as
viscosity, shrinkage and curing
characteristics) are different/in-
complete than requirements for
service properties (such as ex-
tended stress-strain properties,
fatigue resistance, compression
set, swelling resistance, aging in
certain  conditions, electrical
properties, color stability, etc.).
Many of the service properties
are not included in the technical
specifications, and sometimes not

Fig. 7: Comparison of cost structure of tires and high-tech products.
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CBs and rubber tape dispersions.

Fig. 8: Characteristics of carbon blacks, EPDM compounds with these
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even acknowledged by the end
users. The above creates a pyra-
mid of performance demands,
some of which are hidden/uncer-
tain (Fig. 4). Due to the unique
character of rubber materials, it
is impossible to predict the service
properties based on the limited
manufacturing and design char-
acteristics.

Therefore, quality control and
management of change (MOC) are
vitally important for the rubber
industry and its final products.
Numerous trials and tests, costing
time and money, are required
when any substitutions of raw
materials or process changes are
made.

Unfortunately, the issues of
technical uniqueness of rubber
materials and sustainability of
rubber products are not widely
taught in schools, and many rub-
ber industry managers live with
the assumption that, because the
industry is mature, the products
will become obsolete soon. There-
fore, per their opinions, to increase
profit margins, the costs have to
be reduced by all means, similarly
as it is being done for other materi-
als and high-tech products.

With the modern rubber indus-
try almost 200 years old, it is
clearly a mature industry. In the
life cycle of industries and prod-
ucts (Fig. 5), mature industries
are characterized by maximum
sales, lower profit margins and
intense competition. This is what

See Rubber, page 20
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we are observing in our industry.
Luckily, there are two key tools to
extend the life of rubber products
and/or industry®: 1) innovation
and 2) product cost reductions.

The most desirable tool is inno-
vation. Innovations create new
features of products and process-
es, raising demand and/or pro-
ductivity and profit margins.
The examples of relatively recent
significant  innovations are
(N-(Cyclohexylthio)phthalim-
ide)!” and thermoplastic elasto-
mers.!® In the case of N-(Cyclohex-
ylthio)phthalimide, the efficient
scorch retarder enabled manu-
facturers to increase rubber pro-
cess productivity and improve
process consistency, without de-
teriorating properties of rubber
products, therefore reducing re-
ject rate and direct costs and in-
creasing profit margins.

In the case of TPEs, the new
materials assured the less expen-
sive process, but not all desired
rubber properties (such as com-
pression set) were achieved. Al-
though many rubber products were
successfully replaced, the most de-
manding rubber products (such as
dynamic seals) retained and even
grew their market positions, prov-
ing that rubber products are sus-
tainable due to the impossi-
ble-to-match viscoelastic properties.

Unfortunately, significant in-
novations are difficult, expensive
and rare. An alternative ap-
proach to extending the product
life cycle and restore margins is
through intelligent cost reduc-
tion. A typical manufacturing

cost structure is presented in
Fig. 6. Leaving aside the indi-
rect costs, which include over-
head, managerial and R&D
costs, let’s consider direct costs.

Traditionally, factory costs are
considered proprietary informa-
tion, and they are not easy to find.
After an extensive search, we were
able to find limited information on
typical direct cost structures of
tires and rubber goods?*?! and to
compare the direct cost structure
for a high-tech product, i.e., LCD
TV (Fig. 7).

As expected, the labor share for
the rubber product is much higher
than for the high-tech product.
While the share of raw materials
in the tire direct cost is about 50
percent, the raw materials share
in the high-tech product is 85
percent. Due to the higher labor
costs in industrial rubber prod-
ucts (compared to tires), it can be
expected that the share of raw
materials in the industrial prod-
ucts cost is below 50 percent. In
fact, per our experience, it is be-
low 35 percent. The assumed di-
rect cost structure for a rubber
product is outlined in Table 1.

Thus, the resources for direct
cost reduction include reduction of
labor, raw materials, process cost
and quality cost. The process cost
includes costs of production steps
and cycles, setup and tooling.

While reducing labor costs is
tempting, we must admit that for
the rubber technology labor in-
tensive processes, and consider-
ing the recent wave of M&A/re-
structuring, as well as regulations,
the opportunities for labor reduc-
tion are practically exhausted.

Reducing raw material costs
(such as acquiring raw materials
from lower cost suppliers or find-

Table 1: Estimated direct cost structure in the rubber industry.

Direct Cost Components Extmated Potential for Cost reduction
Cost Share
Labor ~40% Valid, but probably exhaused
Raw materials ~35% [Valid, but with the coefficient ~0.35
Valid, but with the coefficient ~0.2.
Process Cost, including Process cost can be lowered, when
manufacturing, setup, tooling ~20% consitency and quality are assured
Real quality cost is much higher, quality
Other, including quality ~5% coefficient is 1.0

different suppliers.

Table 2: Properties of the same rubber chemical, manufactured by

GHs " ; CHy —
OO0O+-O0
Ck | Formula 2 g
CAS E 10081-67-1
Manufacturer 51 GROUP DUSLO
Brand Name NAUGARD ® 445 DUSANTOX® 86
White powder or Pastilles of brown to
Appearance |granules grey colour
Molecular weight [g/mol] 406 NA
|Melting Point [ °C] 98-100 85 min
|Colour APHA 20 NA
Specific Gravity at 55 °C 1.14 NA
Flash Point [TCC/*C] 277 NA
Ash (at 750 °C) max. NA max. 0,1 % by weight
Volatiles (3 h/70 °C) NA max. 0,5 % by weight
Acetone i I NA max. 0,1 % by weight

rubber properties.

Fig. 9: Example of the effect of curing cycle reduction on the balance of
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ing less expensive alternatives)
is a valid option.

However, it must be considered
that substitution of one raw ma-
terial for another raw material
presents unexpected challenges,
even when the technical specifi-
cations of the two raw materials
and certificates of analysis are
close.

One example is presented in
Fig. 8, where four carbon blacks
(CB) with similar morphological
characteristics demonstrate dif-
ferent dispersion characteristics
(as measured per the extruded
tape defect size and number of de-
fects) in the same EPDM formula-
tion, while other rubber properties
remain unaffected.?

Another example is a widely
used advanced antioxidant with
the empirical formula—C, H, N.
Characteristics of this ingredient,
manufactured with the same CAS
number by two respectable suppli-
ers, are compared in Table 2.

As can be observed in the re-
spective technical data sheets
(TDS), the chemicals with the
same CAS number show a differ-
ent color and melting point, when
manufactured by the different
businesses. Also, different proper-
ties are specified by different sup-
pliers (as flash point by one manu-
facturer only, ash and volatiles by
another manufacturer only). The
above scenario is quite typical and
can be observed for many rubber
ingredients, sourced from differ-
ent suppliers. Typically, similar
properties are tested differently,
i.e., per different proprietary SOP.
Therefore, even chemicals with
the same CAS numbers can be
different, and the effects of raw
material substitutions on final
service properties of rubber prod-
ucts are impossible to predict the-

Fig. 10: Visible and hidden costs
of poor quality.

sy Visible
Costs of
[ Quality

et
N midblemt S AT i
" s

Hidden Costs|
0f Quality

T — s e S
Complaist
T
it E::m- imt
Teventory = Trsting
E3173 tpeeations vach i towch ups and briming
Foor Fradut Perfammce

L L
-

Wiayed Digmeaty

oretically based on limited testing,
especially when considering the
unique character of rubber mate-
rials.

Frequently, minor variations
of rubber properties that do not
affect stages of design and man-
ufacturing manifest during the
rubber products service. Thus,
any changes of raw materials
should be followed by a strict
MOC, which should include ex-
tensive testing of products per-
formance during service.

Another option to reduce direct
cost is by lowering process costs,
including production cycles, set-
up and tooling. These are good,
feasible and appropriate options,
if followed by MOC, based on the
unique character of rubber mate-
rials, as was discussed above.

Importantly, rubber properties
are affected by the curing state/
curing time differently.?* Consid-
ering this, for example, an at-
tempt to reduce the curing cycle,
while reaching the maximum
specified tear strength, can neg-
atively affect compression set or
hysteresis (compared to optimum
cycle), which are not included in
the specification, but are import-
ant for the product service per-
formance—see Fig. 9.

Similarly, changes in mixing
processes may not be obvious when
limited testing is conducted, but
become critical for final product
performance. Furthermore, tool-
ing and setup costs are directly re-
lated to the consistency of rubber
processes and must be considered
when processes are changed to re-
duce the costs. A robust MOC must
follow any process changes, with
the realization that improvement
of the process and a desired prop-
erty can hurt other properties, es-
pecially when these properties are
hidden and/or not specified.

It is also important to consider
that the best levers for cost reduc-
tion are around improving yields
(or put another way, reducing re-
ject rates). In other words, reduc-

Table 3: Examples of reduction of
direct cost components.

Direct Cost Reduction of Total Direct Cost
Component |G % |Reduction, %
Raw materials 10.0 3.5
Process cost 10.0 2.0
Reject 10.0 10.0

Fig. 11.: Activity-based accounting approach.
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Fig 12: Mistaken classification of quality work as a non-value-added activity.
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ing the cost of raw materials, by 10
percent realizes a total cost saving
of about 3.5 percent, considering
the roughly 35-percent cost share of
raw materials. Similarly, reduction
of the process cost by 10 percent will
reduce the total cost by about 2
percent due to the share of the pro-
cess cost in the total direct cost.
Meanwhile, reducing the reject rate
by 10 percent, will provide a final
cost saving of 10 percent as each
part that is not rejected realizes a
100 percent savings (Table 3).

The above does not even in-
clude savings from avoiding the
cost of disposing the rejected
products and other benefits,?
such as happy customers, im-
proved attitudes and productivi-
ty of employees, etc. (Fig 10).

Therefore, quality improve-
ment and reduction in reject rate
is the most effective method for
total direct costs reduction.?
Meanwhile, those of us with expe-
rience in the rubber industry
have been observing reductions of
quality staff, testing capabilities
and quantity/ranges of tests.
Quite frequently, you can hear a
notion that “less testing provides
lower reject rates.” Examples of
global companies reducing, con-
solidating and outsourcing tradi-
tional ASTM testing of raw mate-
rials for rubber and rubber
products are growing. Manageri-
al quality positions are being
eliminated or lowered in the cor-
porate hierarchy.

Unfortunately, besides the ob-
vious irrationality, this notion of
“less testing, lower reject rates”
is supported by so called “Activi-
ty Based Accounting.”?” The ac-
tivity-based approach has been
used since 1960 by several man-
agerial theories, such as Kai-
zen,?® Total Quality Management
(TQM)* and Six Sigma.?® All of
the above theories consider “val-
ue-added” and “non-value-added”
activities (Fig. 11).

Value-added activities are de-
fined as tasks that increase the
worth of a product or service to a
consumer, and a consumer would
be willing to pay for it. Non-val-
ue-added activities include sched-
uling, moving work-in-process
from point to point, etc., and are
referred to as non-value-added be-
cause they do not directly enhance
the value of the product.®* To im-
prove products and processes, it is
advised to focus on improvement
of value-added activities that in-
clude fabricating a part, assem-
bling a product, painting, grinding,
etc., while reducing/eliminating
non-value-added activities. The
above approach could be quite pro-
gressive, useful and reasonable,
except that the quality-related
work is frequently labeled by the
above theories as a non-value-add-
ed activity.?? Therefore, the mana-
gerial theories recommend to re-
duce/eliminate quality, testing and
inspection projects (Fig. 12).

All of the above theories claim to
be based on the outstanding re-
search and activity of the American
scientist, statistician and quality
professional William Edwards
Deming.®* Interestingly enough,
Deming, who is credited for leading
the “Japanese economic miracle”
after World War II, ®* never consid-
ered quality control and assurance
as a non-value activity.®> On the
contrary, per Deming,® the exam-
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ple of a bad practice is “manage-
ment abandoning their responsi-
bility for quality, occupied with
finance ... and short-term plan-
ning.”

Meanwhile, such wrong classifi-
cation of quality projects as non-val-
ue activity is creating the industrial
culture of quality neglect. On the
contrary to the assumption made
by nearsighted and careless man-
agers, the neglect of quality work
will not cause a reduction of direct
costs of rubber products, but it will
increase the final costs due to re-
jects, expensive failures of associat-
ed equipment and possible devas-
tating catastrophes. The quality
work is especially important for
rubber manufacturing because,
due to the unique nature of rubber
and technical unattainability to
predict service properties based on
limited data as discussed above,
quality control and testing should
be expanded to assure that no de-
tails affecting rubber performance
are missed. This approach will not
only improve the quality and raise
customers’ loyalty, but, in the longer
term, it will decrease costs and as-
sure rubber products and job sus-
tainability.

Conclusion
Status of the mature rubber
industry, and sustainability of
rubber products, businesses and
jobs, are analyzed in this work.
Due to their viscoelastic behav-
ior, rubber materials have a

unique nature, which makes rub-
ber irreplaceable for many techni-
cally demanding applications.
This creates opportunities for
rubber products and technology
development and for their sus-
tainability. However, the unique
nature of rubber also is responsi-
ble for the difficulty to reliably
predict the service properties
when relying on limited test data.

Attempts of nearsighted man-
agers to lower direct costs by re-
ducing investment in the quality
(mistakenly characterized as a
non-value-added activity) create
the threat to rubber products and
technology and business sustain-
ability. In fact, neglecting quality
work will increase final product
costs due to a higher rejection
rate, expensive failures of associ-
ated equipment and possible dev-
astating catastrophes.

While lowering direct final cost
by reducing costs of raw materials
and/or processes is a feasible and
valuable approach, it should be
conducted intelligently, with the
recognition of the unique physical
and chemical nature of rubber
and with robust management of
change (MOC) procedures. Fur-
thermore, the most impactful way
to reduce costs is by reducing the
reject rate, as compared with the
lower cost share factors, as raw
material or process costs.

Investment in quality work,
along with a robust MOC process
is an important lever to ensure

that, when reducing costs, there
are no effects on service life or
other properties that may cause
premature/catastrophic failures
that increase liability or other-
wise affect a customer’s trust in
products. Education of the global
rubber industry staff in the
unique nature of rubber and vital
importance of quality, as well as
the appropriate quality attitudes
and policies, will assure sustain-
ability of rubber products, busi-
nesses and rubber jobs.
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