
DSM is interested in increasing the bio-based content of 
its Arnitel elastomer products, to provide its customers 
with a more sustainable solution for their applications.  
We set out to see if we could successfully replace one 
of the key raw materials for Arnitel – the intermediate 
chemical BDO (1,4-butanediol) – with Bio-BDO®, a newly-
available BDO that is made biologically, using process 
technology from Genomatica, Inc. in San Diego, California. 

In this paper, we present test results demonstrating that BDO made 
with Genomatica’s process technology can be used as a replacement 
for conventional BDO produced from fossil fuels, with no adverse 
impact on Arnitel performance and no changes needed in DSM 
Arnitel production processes or equipment. We believe that the 
success of Genomatica process technology in providing a renewable 
version of a major chemical will facilitate use by downstream 
polymer makers such as DSM, speeding the adoption of more 
environmentally-friendly ingredients in a wide range of product 
supply chains.

Genomatica and DSM
DSM is a pioneer in the development of bio-based chemicals and 
materials.  To speed up its development processes, DSM frequently 
partners with leading innovators in the value chain. As an example, 
DSM identified Genomatica, a bio-based chemical process 
technology firm, as having strong achievements in creating the 
micro-organisms and process technology needed to produce a 100% 
bio-based 1,4-butanediol (BDO) using renewable feedstocks.  
As BDO is a major ingredient in DSM’s popular Arnitel block-
copolyester products, we worked with Genomatica to get early 
access to this bio-based BDO for testing purposes and to qualify it 
for use in Arnitel.  This has now been accomplished. Now that BDO 
made with Genomatica’s process has been approved, DSM intends 
to incorporate it as a raw material in the production of Arnitel as 
soon as there is readily-available commercial supply. 

Arnitel copolyester from DSM
Arnitel is a high-performance thermoplastic copolyester elastomer 
(TPC) that offers a unique combination of flexibility, high temperature 
resistance and strength, together with excellent processing 
characteristics.  In industries ranging from automotive to electrical 
and electronics (E&E), Arnitel is increasingly seen as a lighter, 
smarter alternative to more traditional thermosetting rubbers – 
reducing environmental impact and, ultimately, system costs.

The product is supported by an experienced and knowledgeable 
global team that is continuously working on new ideas and 
applications, as well as exploring new markets. 

Achieving higher bio-based content 
in DSM Arnitel® copolyesters  
Results from testing 1,4-butanediol (BDO) made with 
Genomatica’s process technology.



One of the new drivers for innovation is the use of bio-based raw 
materials to lower the carbon footprint of our products and decrease 
our dependency on mineral oil as a feedstock. In 2010, DSM 
introduced Arnitel Eco, a TPC with 20-50% bio-based content, thanks 
to the use of rapeseed derivatives in the soft block. The use of 
bio-based BDO made with Genomatica’s process technology would 
further increase the bio-based content of our products up to a total 
level of 73%.

Arnitel TPC is a multi-block copolymer in which hard segments of 
polybutylene terephtalate (PBT) alternate with soft segments along 
a polymer backbone.  Crystallisation of the hard segments provides 
the necessary intermolecular interactions (see Figure 1).  Bio-based 
BDO will be used to make the PBT portion of our product.

Figure 1: Schematic structure of Arnitel TPC

The concentration and type of the soft blocks can be changed 
to make a large number of products with different properties. 
Co-reactive polyester products and additives can also be used to 
improve the performance of the polymer.  

Figure 2: Performance of the polymer 

BDO made using Genomatica process technology 
In late 2007, Genomatica, a privately-owned chemical process 
technology company based in San Diego, California, began 
developing a new process for the direct production of BDO 
(Figure 3) starting from renewable feedstocks. Genomatica has 
developed a genetically-modified strain of E. coli bacteria to convert 
a variety of sugars (eg. glucose, sucrose, biomass sugars) into BDO 
through fermentation along with and in concert with subsequent 
recovery and purification operations. Using its proprietary integrated 
bio-process engineering platform, the company was able to produce 
commercially-testable quantities within three years of developing lab 
samples, and to achieve commercial scale production of BDO in late 
2012, less than five years from project start.

 

Figure 3: Direct production of 1,4-BDO from sugars 

Genomatica believes that over time, its BDO process technology 
will have overall economics of production and show a smaller 
environmental footprint relative to petrochemical processes for 
BDO manufacture.  The company has begun to license its process 
technology to partners worldwide, who will build or retrofit plants 
and operate them at commercial scale. These licensees will produce 
bio-based BDO using the Genomatica’s process for their own 

use and/or to sell it to companies downstream for use in various 
applications.

Initial life cycle assessment shows a considerable reduction of 
greenhouse gases for BDO made with Genomatica’s process 
compared to petrochemical BDO.
 

Experiments
The experiments and analysis were done both on bio-based BDO 
made using the Genomatica process and on a conventional BDO 
sample. DSM’s interest extended beyond just the ‘raw numbers’ 
from the tests: of central importance was whether DSM could use 
this bio-based BDO interchangeably with conventional BDO and 
produce the full range of Arnitel products, with no change in product 
performance or in our manufacturing procedures.

The experiments included a polymerization test, polymer evaluation, 
and a BDO purity profile.

Melt Polymerization
BDO is used in the PBT part of the Arnitel block copolyester, and 
not in the soft blocks. In the polymerization tests only the PBT 
was polymerized, without the addition of softblocks.  If there are 
any differences in polymerization, the chance of finding those 
differences would be highest when polymerizing only pure PBT.  All 
polymerizations were conducted using a standard DSM test reactor.  
Final polymer batch weight was 1000 grams.

Analysis of the polymer
Testing procedures:

Table 1: Testing procedures

Determination of purity
Gas chromatography–mass spectrometry (GC-MS) was used to 
analyze the different components in the BDO:
• The chemical components are identified with the mass 

spectrometer by comparing the specific finger prints of the 
component with library data. 

More soft block
Lower modulus

Softer, more elastomeric
More fatigue resistant

More hard block
Greater mechanical strength
Better UV, oxidative stability
Higher chemical resistance

Sugars HO
OH

Item Method

Carboxylic acid end 
groups DSM-RES 15E (internal DSM method)

Relative viscosity in 
m-cresol DSM-EP04 (based on ISO 307 and ISO 1628)

Thermal Analysis - 
Differential Scanning 
Calorimetry (DSC);

Approximately 5-15 mg polymer is prepared 
in an aluminum crucible and covered 
with a perforated Al crucible lid.  The DSC 
measurements are performed on a Mettler 
Toledo DSC 821e.  The measurements are 
performed under nitrogen atmosphere.  Tm, Tg 
(Richardson) are determined using the second 
heating run, Tc is determined using the cooling 
run.

Temperature profile:
1 isothermal: 10 min. @ 10 °C
2 first heating run: 10-270 °C @ 20 °C/min.
3 isothermal: 1 min. @ 270 °C
4 cooling run: 270-10 °C @ -20/min. 
5 isothermal: 15 min. @ 10 °C
6 second heating run: 10-270 °C/min



• The amount of every component is determined by measuring the 
peak area in the gas chromatogram as a percentage of the total 
peak area. For making the comparison between the two sources of 
BDO it is not necessary to translate this to weight percentages. The 
overall conclusion on purity and presence of components will stay 
the same.  

Results: complete interoperability 
confirmed, no adverse impact on 
performance or processes

Polymerization:  similar behavior, and all within specs
To compare petroleum-based BDO to this bio-based BDO, we made 
a PBT grade in a small scale reactor. We used a standard PBT recipe 
in which all the process parameters were kept the same, and only 
changed which type of BDO was used.

Both types of sources were tested twice. The extent of polymerization 
was determined by measuring the torque required to stir the 
reaction mix. The desired torque level was 4N.m.; with this torque a 
similar molecular weight is obtained as in commercial production.  
Polymerization is evaluated based on three parameters:
• Polycondensation (PC) time - time from start of vacuum program 

till final torque is reached.
• Net PC-time - this is the time from when viscosity starts to increase 

until the final torque level is reached.
• d(torque)/d(t) @ end PC (Nm/min) - the first derivative of the 

trendline through the last part of the torque line is a measure of 
the polymerization speed at the end of polycondensation.  This is 
a measure for the reactivity of the monomers in the most critical 
phase of the polymerization.

Table 2: Overview of the polymerization parameters of the produced polymers.

There was no significant difference across any of the polymerization 
parameters between the BDO sources used.  PBT produced with 
bio-based BDO made using the Genomatica process was well within 
DSM’s specifications. The variations we see in both petrochemical-
based BDO and this bio-based BDO are within the normal variation 
of the measurements.

 

Polymer analysis:  similar behavior and all within specs
Besides comparing how our different samples polymerized, we 
also analyzed the polymers that resulted (Table 3). Polymers are 
compared on carboxylic acid (COOH) end group content, relative 
viscosity (ηrel), glass transition temperature (Tg), crystallization 
temperature during cooling (Tc) and crystalline melting point (Tm). 
The thermal properties Tm & Tg are from the second heating curve.

Table 3: Analysis data PBT polymers

All analysis results are similar for the bio-based and the 
petrochemical-based polymer, with no impact on the functional 
behavior.

Figures 4 & 5 show the thermograms of the bio-based and 
petrochemical-based PBT. This again clearly demonstrates the 
similarity of Tm, Tc & Tg for both polymers. The melting enthalpy and 
heat of fusion are also very similar. This can be determined from the 
areas beneath the peaks.

Figure 4: Tm & Tc PBT polymers

Figure 5: Tg PBT polymers

Experiment Remark
final 
torque 
(N.m)

PC-
time 
(min)

net 
PC-
time 
(min)

d(torque)/
d(t) @ end 
PC (N.m/
min)

MJ111012 Bio-BDO I 3.97 130 40 0.20

MJ111024 Bio-BDO II 4.12 128 42 0.21

MJ111021 Petrochem 
BDO I

4.11 124 42 0.22

MJ111025 Petrochem 
BDO II

3.98 131 43 0.20

Experiment Remark
COOH 
end-
group 
(meq/kg)

ηrel in 
m-cresol

Tg 
(°C)

Tc
(°C)

Tm
(°C)

MJ111024 Bio-BDO II 12.9 1.87 45 180 224

MJ111025 Petrochem 
BDO II 13.1 1.87 44 180 224
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BDO purity:  bio-based better than conventional
Finally, we analyzed and compared the purity of the two sources 
of BDO – the bio-based sample made using Genomatica process 
technology, and the conventional, petrochemical-based BDO.  The 
purity analysis is done by GC-MS. The results in area % of total gas 
chromatograph retention area are shown in Table 4. The bio-based 
sample is more pure than the petrochemical sample, based on the 
area %.

Table 4: Purity analysis

   

Future use of bio-based BDO in Arnitel
DSM intends to use bio-based BDO made with Genomatica’s process 
in Arnitel products as soon as it is readily available commercially. 
In this chapter, two case studies of Arnitel product applications are 
presented. The bio-based carbon content is calculated according 
to the ASTM 6866 test method, based on radiocarbon analysis. In 
both cases, the introduction of bio-based BDO is giving a substantial 
contribution to the goal of DSM to further increase bio-based content 
in its products, even up to 73% for Arnitel Eco. As the initial life cycle 
assessment of bio-based BDO also shows a considerable reduction 
of greenhouse gases compared to petrochemical-based BDO, this 
will also contribute to lowering the environmental impact of the 
Arnitel products.

Arnitel VT 

Outdoor clothing can be made waterproof and highly breathable 
with ultrathin membranes made from Arnitel® VT from DSM.  Arnitel 
VT is a very flexible thermoplastic elastomer that, when made into 
membranes just a few microns thick, is 100% waterproof but also 
highly breathable and comfortable. The material contains no PFCs 
(perfluorinated chemicals) and is 100% recyclable.  

Arnitel VT is a more sustainable solution than PTFE membranes, and 
can now become partly bio-based with BDO made with Genomatica’s 
process.

All around the world, established brands in outdoor clothing are 
looking for ways to make garments that offer the right performance 
and bring comfort to the wearer.  At the same time, they want to use 
materials and processes that have the lowest possible impact on the 
environment. The spotlight is currently focused on avoiding the use 
of PFCs, which are found in for example PTFE-based membranes. 
In Table 5, the bio-based content when using bio-based BDO in the 
two main Arnitel VT grades is shown.

Table 5: Bio-based Arnitel VT

Arnitel Eco

M&Q Packaging Corporation has selected Arnitel Eco for the 
production of PanSaver ECO, a range of high-temperature ovenable 
pan liners. PanSaver® pan liners are used in food preparation, 
cooking and holding, to prevent food from baking or burning onto 
the pot or pan surface.  PanSaver can also be used for cold storage.
M&Q Packaging Corporation claims the PanSaver ECO pan liners 
are a true ECO+ bio-based alternative to conventional pan liners.  
They are extremely durable and environmentally friendly, able to 
withstand temperatures up to 400°F (204°C). They help to improve 
food quality and yield, and by preventing food from baking or 
burning to the pot or pan, they save cooking and clean-up time, 
and leave no food residue or waste. Introduced in 2010, Arnitel Eco 
is designed to last a long time under extreme conditions, making 
it highly suited for food related applications, as well as for use in 
automotive interior and exterior, sports and leisure applications, 
furniture, consumer electronics and alternative energy.

 

Table 6: Bio-based Arnitel Eco

Proposed 
compounds Structure

Petrochem 
1.4-BDO 
(area%)

Genomatica 
1.4-BDO 
(area%)

1,4-butanediol 99.85 99.95 

2-methyl-3-
buten-1-ol 0.10 -

1,4-butanediol, 
monoacetate

- <0.01

1,6-hexanediol 0.04 -

Others <0.02 <0.05

HO
OH

OH

OH

O

O
OH

HO
OH

Arnitel VT3104 Arnitel VT3108
Renewable content 
(% calculated according to 
ASTM 6866)

14 22

Arnitel 
Eco 
L400

Arnitel 
Eco 
L460

Arnitel 
Eco 
L550

Arnitel 
Eco 
L700

Arnitel 
Eco 
M700

Renewable content 
without bio-based 
BDO(% calculated 
according to ASTM 
6866)

53 43 33 22 22

Renewable content 
with bio-based 
BDO (% calculated 
according to ASTM 
6866)

73 65 58 50 50



Conclusions 
This paper presented the results of our analysis comparing the 
bio-based BDO made using Genomatica’s process technology, with 
conventional petrochemical-based BDO.  

We found that the bio-based BDO has higher purity, performed in the 
same way in the polymerization process, and the polymer chemical 
and thermal properties that DSM uses to qualify raw materials used 
in the Arnitel product line were equivalent and in-spec. Therefore, 
our tests show that BDO made using Genomatica’s process is 
suitable for producing PBT polymers and copolymers, and can be 
used as a raw material in DSM’s Arnitel TPC products. By substituting 
this bio-based BDO for conventional BDO, we would increase the 
renewable content of Arnitel TPC products to up to a total of 73% and 
reduce their carbon footprint. 

DSM Engineering Plastics
For further information, please see:
www.dsm.com or contact:

Europe
Tel +31 46 47 73796
Info-Europe.DEP@dsm.com

Americas
Tel +1 800 333 4237
Info-Americas.DEP@dsm.com

Asia Pacific
Tel +86 21 6141 8188
Info-Asia.DEP@dsm.com

©DSM 2013 

All information, advice and/or samples (“information”) are provided by or on behalf of DSM Engineering Plastic on an “as is” basis, without any further warranties
as to the accuracy, usefulness, correctness or completeness thereof. Use or disclosure of or reliance on such information shall be for your own sole risk, account
and responsibility and you will indemnify and hold DSM Engineering Plastics and its affiliates harmless from and against any and all damages or claims from third
parties in respect of your receipt, use or disclosure of or reliance on the information.

The disclosure of information shall not be construed as granting you a license or any other intellectual property rights relating to such information. The obtaining of
such license or rights shall be subject to separate negotiations.

13.001


