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The objective of this project 
consists in the development of a 
process for separating the rubber 
NBR/HNBR from the metal sub-
strate. The methodology will 
consist in choosing, presentation, 
separation, identification and 
classification of the material; 
performing cryogenic and solu-
bility tests, recording the results; 

quantitative and economic sur-
vey;  data processing; analysis; 
and discussion of the results and 
preparation, structuring and pre-
sentation of the report and the 
thesis.

The results showed that a bath 
in polar acetic acid, above room 
temperature, followed by a wash 
in a basic pH bath and further 
drying, generates the expected 
results, with complete separation 
of the parts without attack on the 
steel and with little change in 

the structure of rubbers
With this, the process becomes 

attractive because, in addition to 
the considerable decrease in the 
volume of discarded material, 
the by-products can be reused in 
the process itself, with recycling 
and reuse of materials.

As Barry Commoner stated in 
his 1971 book The Closing Circle, 
“Everything must go somewhere. 
There is no ‘waste’ in nature and 
there is no ‘away’ to which things 
can be thrown.”

The waste generated in auto-
motive parts factories usually 
does not go through a recycling 

process, especially if said part is 
composed of different materials. 
Due the nature of these parts, it 
is cheaper and easier for the in-
dustry to discard the scrap in 
safely, controlled landfills. But 
this generates both an economic 
and an environmental cost. In 
the seals industry, said parts are 
composed of nitrile rubbers ad-
hered to a metal insert, through 
an adhesion process. As this ad-
hesion is hard to break, the scrap 

is sent to a controlled landfill.
This work proposes a process 

to separate both materials, mak-
ing the recycle or reuse of said 
materials possible.

Literature review
A mechanical seal is a part 

with the main function of cavity 
sealing. The sealing is provided 
by permanent contact between 
the edge of the seal and the shaft. 
It’s used in contact with fluid-like 
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Executive summary
This article demonstrates the development of a process to separate rubber from a metal insert, al-

lowing the recycling or reuse of said materials.
The parts were provided by a Freudenberg-NOK operation in Brazil. The main objective of this 

research is to avoid the discard of high valuable materials into the environment. Besides the econom-
ical return, the company also can reach environmental goals, like zero waste, with a low-effort, 
low-investment process.

This process can be implemented on a small area of the shop floor, cutting the logistics costs and 
enabling the reuse of the materials during the following productions.

Regarding the investment, an initial budget of about $2,000 for the barrels—with built-in heaters 
and agitators—and the initial amount of solutions, is enough for a pilot test.

Fig. 1: Landfill in the state of Sao Paulo.

Fig. 2: Seal applied to a shaft.

Fig. 3: NBR structure.

Fig. 4: HNBR obtained from hydrogenation of the NBR.

Fig. 5: Seals made with HNBR.

Fig. 6: Chemical bonds between layers.

Fig. 7: Ideal appearance of a seal after bonding test.

Fig. 8: Parts used.

Fig. 9: NBR part after cryogenic mill.

Fig.10: Parts submerged in the magnesium bath.

Fig. 11: Parts after acid bath.
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oils, fuels, water or air, especially 
in automotive applications as 
pumps, dampers and valves.

For the purpose of this devel-
opment, parts using both nitrile 
and hydrogenated nitrile rubbers 
are used.

The nitrile rubber is a copoly-
mer of butadiene and acryloni-
trile. The main precursor of the 
mechanical characteristics of 
this material is given by the ac-
rylonitrile content in the poly-
mer. The resistance to oils and 
low temperature increases in 
proportion to the percentage of 
acrylonitrile content in the poly-
mer. It also presents excellent 
heat and chemical resistance.

The hydrogenated nitrile rub-
ber is a derivative of nitrile rub-
ber, which is obtained through a 
hydrogenation process of NBR. It 
has high resistance to oxidation, 
sulfur, oils, fuels and heat, while 
maintaining good compression 
resistance and flexibility at low 
temperatures.

For both rubbers, the main 
consumer is the automotive in-
dustry.

A critical part of the seal is the 
bonding agent. It’s a chemical 
substance that promotes the 
union of different materials, al-
lowing the transmission of power 
or mechanical forces between the 
layers. For rubber-to-metal bond-
ing, the metal receives a phos-
phate conversion coating before 
the application of the bonding 
agent, which acts as primer.

The adhesion occurs during 
the vulcanization process. For 
sealing applications, the bonding 
should be stronger than the tear 
strength of the rubber. This 
means the rubber will break be-
fore peeling out the metal insert.
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Methods and materials
In order to cover a wider range of 

products, three different part num-
bers were selected for this study.

Different types of tests were 
performed; cryogenic milling 

was not effective. 
The most direct way to achieve 

the proposed objective was to at-
tack the adhesive, finding a 
solution that would not corrode 
the steel or break the rubber 

structure. Different materials 
were considered, using the Du-
Pont Chemical Selection Guide 
and based on parameters like 
flammability, toxicity, irritabili-
ty and ease of production, in or-
der to find a safe substance. An 
initial selection of 11 materials 
was prepared.

The test method consisted of 
keeping the parts completely 
submerged in the solvent, with 
observations in determined peri-
ods of time. After each period, a 
part was removed from the bath, 
washed with tap water, dried 
with paper, and measured and 
weighted. A bonding test was 
performed, with the use of pliers.

As the rubber reuse/recycle 
also was a goal, the cleanliness of 
the elastomeric material also was 
important; no solvent should be 
left in the rubber. So a washing 
and drying cycle was developed. 
To evaluate the solvent absorp-
tion by the elastomer, both a sim-
ple weighting and an evaluation 
by FTIR (Fourier Transform In-
frared Spectroscopy) were made.

Regarding the final process 
design, it was important to reach 
at least an 8-hour cycle, allowing 
a cycle to be completed during a 
shop floor shift. Tests with the 
use of heated baths and chopped 
parts were performed.

Also, the reusability of the test 
was an important parameter, as 
the discard of the bath after a 
single use would be detrimental 
to the environmental objective, so 
a portion of the bath was reused 
for different batches of the test.

Results
The complete detachment was 

reached only with acetic acid. It’s 
a simple carboxylic acid, easily 
obtainable, with low cost and 
relatively safe. Its main use is as 
a component of vinegar.

After 24 hours, the rubber 
starts to detach from the insert, 
but small parts were still ad-
hered to the steel. After 72 hours, 
the rubber detached completely, 
by hand, from the insert. The 
steel showed no corrosion or 
changes in the dimensional char-
acteristics. The rubber was 
whole, not breaking when pres-
sure was applied, even with the 
use of pliers.

There was no improvement with 
the cut parts, despite the better 
steel exposure to the acidic envi-
ronment. Cutting the parts would 
only add a step to the process.

Regarding the temperature 
increase, two trials were made:

• 24 hours at 40°C, a small in-
crease in temperature to avoid 
evaporation of the acetic acid; and

• 8 hours at 60°C, aiming to 
reach the shop floor shift timing.

Both tests showed excellent 
results. As the 60°C didn’t show 
increased evaporation of the 
acid, and the detachment was as 
good as the original test, the 
time objective was reached. This 
also reduces the size of the tanks 
used for the baths.

Regarding reusability, after 10 
repetitions, the detach was still 
perfect. After five replicates, the 
acid was filtered with common 
filter paper to remove solid parti-
cles. These particles are being 
studied by our laboratories.

For washing and drying, all 
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Fig. 7: Ideal appearance of a seal after bonding test.

Fig. 8: Parts used.

Fig. 9: NBR part after cryogenic mill.

Fig.10: Parts submerged in the magnesium bath.

Fig. 11: Parts after acid bath.

Fig. 12: Beakers in the oven.

Fig. 13: Beaker after eight hours in the oven.

oils, fuels, water or air, especially 
in automotive applications as 
pumps, dampers and valves.

For the purpose of this devel-
opment, parts using both nitrile 
and hydrogenated nitrile rubbers 
are used.

The nitrile rubber is a copoly-
mer of butadiene and acryloni-
trile. The main precursor of the 
mechanical characteristics of 
this material is given by the ac-
rylonitrile content in the poly-
mer. The resistance to oils and 
low temperature increases in 
proportion to the percentage of 
acrylonitrile content in the poly-
mer. It also presents excellent 
heat and chemical resistance.

The hydrogenated nitrile rub-
ber is a derivative of nitrile rub-
ber, which is obtained through a 
hydrogenation process of NBR. It 
has high resistance to oxidation, 
sulfur, oils, fuels and heat, while 
maintaining good compression 
resistance and flexibility at low 
temperatures.

For both rubbers, the main 
consumer is the automotive in-
dustry.

A critical part of the seal is the 
bonding agent. It’s a chemical 
substance that promotes the 
union of different materials, al-
lowing the transmission of power 
or mechanical forces between the 
layers. For rubber-to-metal bond-
ing, the metal receives a phos-
phate conversion coating before 
the application of the bonding 
agent, which acts as primer.

The adhesion occurs during 
the vulcanization process. For 
sealing applications, the bonding 
should be stronger than the tear 
strength of the rubber. This 
means the rubber will break be-
fore peeling out the metal insert.

Fig. 14: Acetic acid FTIR spectra.

Fig. 15: FTIR of the rubber before processing.

See Nitrile, page 22

Fig. 16: FTIR after acetic acid bath.
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Sustainability is key for today’s business. 
But how does this play out for the rubber 
sector in Southeast Asia, where the world’s 
largest suppliers of rubber are located?

In its Sept. 22 webinar, the Program for 
the Endorsement of Forest Certification 
highlighted the importance of protecting 
the world’s forests through two linked pro-
cesses of sustainable business certification 
for both natural rubber and rubberwood in 
Southeast Asia: Sustainable forest man-
agement and chain of custody.

Representatives from the PEFC South-
east Asia team walked participants through 
the technical process of getting PEFC certi-
fied during their “Get PEFC Certified— 
Learn from First Movers in the Rubber 
Sector” presentation, which took place via 
Zoom, with the help of some case studies.

Richard Laity, PEFC’s Southeast Asia 
manager, discussed the certification process, 
explaining that to become PEFC-certified, a 
business must take three main steps, involv-
ing preparation, an audit and communicat-
ing the certification.

“One is getting prepared,” he said of the 
first step. “Contact us, contact your CB 
(certification body), prepare for your audit.”

The second step is to arrange the audit 

with a chosen certification body. In this 
step, a PEFC-recognized certified body 
will verify a company’s compliance to certi-
fication requirements. Upon successful 
completion of the audit, the company will 
sign logo usage and trademark contracts to 
display a seal of its certification.

The final step, Laity said, is to commu-
nicate the certification by using the label 
on products and promoting the certifica-

tion to supply chain customers.

Types of certifications
For sustainable forest management, the 

certification ensures the stewardship and 
use of forests, lands and plantations in a 
way that maintains their health so as not 
to cause damage to the ecosystem, accord-
ing to PEFC.

“Sustainable management is essential to 

ensure society’s demands don’t compromise 
the resource,” PEFC’s website says of for-
ests. “Sustainable forest management offers 
a holistic approach to ensure forest activities 
deliver social, environmental and economic 
benefits, balance competing needs and 
maintain and enhance forest functions now 
and in the future.”

There are six principles to PEFC sus-
tainability benchmarks, Laity outlined in 
the webinar.

These principles include the maintenance, 
enhancement, conservation or encourage-
ment of forest resources and their contribu-
tion to the global carbon cycle, forest ecosys-
tem health and vitality, productive functions 
of forests, biological diversity in forest eco-
systems, protective functions in forest man-
agement and socio-economic functions and 
conditions.

This certification follows three “pillars 
of sustainability,” according to PEFC—
outcomes that are socially just, ecological-
ly sound and economically viable.

“We cannot separate, compartmentalize 
or address individually these pillars,” 
PEFC said. “If one pillar is missing, we 
cannot protect our forests, forest-depen-
dent communities and rural economies 
cannot thrive, illegal logging will not be 

tests showed good results. Both 
coconut soap and magnesium 
carbonate are safe and easy to 
obtain materials. For the drying, 
the oven is obviously faster.

The weighting showed that 
there is an increase of approxi-
mately 20 percent in mass after 
the acidic bath. After the complete 
process, there is a decrease of mi-
nus 2 percent, meaning the acid 
removed some component from 
the elastomer, like oils or waxes. 
This also explains the change in 
the bath color, which shows a 
reddish tone after the first 24 
hours at room temperature

The FTIR study started with 

the spectra of acetic acid. The 
typical spectra of the acetic acid 
show C=O and O-H bonds, typi-
cal of carboxylic acids. These 
peaks will appear only on the 
acid.

For the unprocessed part, we 
can notice the C=N bond, typical 
of nitrile rubbers, and the C=H 
bond peak.

After the acidic bath, we no-
tice, beside the nitrile and alkane 
peaks, the presence of C=O peak. 

This shows the rubber absorbed 
some acid.

On the next step, the basic 
bath, the C=O peaks aren’t no-
ticeable, meaning the acid was 
removed.

After drying, there are no C=O 
or O-H peaks, showing the com-
plete removal of acid. The nitriles 
are preserved, which means the 
structure of rubber was pre-
served.

Final process
Finally, the process developed 

was an 8-hour bath in acetic acid, 
at 60°C, followed by a water rinse. 
Then, a basic wash with magne-
sium carbonate and another wa-
ter rinse. Finally, a drying with 
hot forced air for an hour.

So, concluding this work, we 
can say the objective was 
reached, as the complete detach-
ment of rubber and steel was ob-
tained, and a viable industrial 
process was developed, as previ-
ously shown.

Final considerations
A separation mechanism hy-

pothesis was developed: the ace-
tic acid breaks through the epoxy 
ring of the bonding agent, effec-
tively leaving an empty space 
between the rubber and the steel. 
The bonding agent, attached to 
the molecule of acid, is dissolved 
in the remaining bath. As this 
subject is too complex, there was 
no further study.

Fig. 20: NBR part after processing. Left, rubber pieces; right, steel insert.

Fig. 19: Final process scheme.

Fig. 17: FTIR after basic wash.

Fig. 18: FTIR after drying.

Nitrile
Continued from page 21
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abated and development oppor-
tunities will not be captured.”

Chain of custody certification, 
Laity said, involves the record 
keeping and tracking of certified 
products within the supply chain. 
A company must implement a 
specific, traceable procedure for 
each step of the supply chain for 
any product with a PEFC-certi-
fied claim or label.

Requirements for chain of cus-
tody certification involve comply-
ing with PEFC ST 2002:2020 
standards, briefing and training 
personnel responsible for tasks 
that affect the implementation of 
chain of custody, implementing 
PEFC certification verification 
checks of sourced material, im-
plementing processes to ensure 
separated production or handling 
of certified and non-certified 
goods, and conducting periodic 
reviews of the system and annual 
internal audits.

Another part of chain of custo-
dy is what is called PEFC’s due 
diligence system.

“This is very relevant to rubber 
because a lot of rubber source is 
uncertified,” Laity said. “For 
that reason, the due diligence 
system inside our chain of custo-
dy, it covers the core elements of 
sustainability and covers legality 
so that it can be considered con-
trolled, sourced and mixed with 
certified material.”

This is done through several 
steps, he said, “accessing infor-
mation; completing risk assess-
ment; having substantiated con-
cerns; and then if there’s 
significant risk of supplies, 
managing them through verifi-
cation program; and if they don’t 
meet the requirements, no place-
ment on the market.”

While separate certifications, 
the chain of custody and sustain-
able forest management go hand 
in hand, PEFC’s due diligence 
system under the chain of custo-
dy also ensures controlled sourc-
es, Laity said.

PEFC said on its website that 
its “due diligence system requires 
participants to establish supply 
chain control systems to mini-
mize the risk that certified prod-
ucts include raw materials from 

PEFC piloting sustainability in SE Asia NR sector

PEFC is committed to ensuring sustainable use of natural rubber and supporting smallholders.

By Sam Cottrill
Rubber News Staff
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SINGAPORE—A dozen leading tire 
makers have aligned their natural-rub-
ber procurement policies with the policy 
framework of the Global Platform for 
Sustainable Natural Rubber over recent 
weeks, the Singapore-based group dis-
closed Sept. 24. 

The tire makers are: Apollo Tyres Ltd.; 
Bridgestone Corp.; Continental A.G.; Good-
year; Hankook Tire & Technology Ltd.; 
Kumho Tire Co. Inc.; Michelin; Nokian 
Tyres P.L.C.; Pirelli & C. S.p.A.; Sumitomo 
Rubber Industries Ltd.; Toyo Tire Corp.; 
and Yokohama Rubber Co. Ltd.

Separately, Giti Tire Pte. Ltd., the 
Singapore-headquartered company with 
manufacturing capacities in Indonesia 
and China, reported recently it had 
joined the GPSNR. 

As part of the commitment, the compa-

Tire Business

Major tire makers commit to GPSNR sustainable policy

See PEFC, page 23
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