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Maximizing bio-based content
and performance in reactive
hot-melt adhesives

•

•
There are currently a number of bio-based monomers available to polyol manufacturers,
which either overlap with existing chemistries, or have created new chemistries that provide unique functional properties to these materials. In some applications, these novel polyols provide advanced technical properties and functionality compared to petroleum-based
counterparts. Bio-based polyols and diacids derived from agricultural feedstocks can be
effectively used in polyurethane adhesive formulations. In this study, novel reactive hot
melt adhesive (RHMA) formulations with different bio-based content were investigated.
These adhesives were generated by leveraging bio-based polyols in non-modular or modular adhesive formulations to optimize properties related to adhesion strength, increased
working time, and lower application temperatures. Adhesives containing Susterra propanediol were especially advantaged due to their low polyol melting temperature. The lower
melting temperature improved mixing and handling, as well as lowered the viscosity of the
NCO prepolymer improving the application on the substrate. A significant finding of this
study was that these lower viscosities occurred at relatively high glass-transition temperatures, meaning that application temperatures can be lowered while retaining the same
adhesive properties.

1 W
 orking principle
of hot-melt adhesives
Hot melt adhesives are rapidly becoming a
preferred adhesive for a wide number of applications due to their fast setting speed,
excellent performance attributes, and low
environmental impact [1]. Reactive hot melt
adhesives (RHMA) are adhesives that melt
and flow on application of heat and solidify
on cooling to give a strong adhesion between two substrates. These adhesives are
thermoplastic semi-solids at temperatures
below 80 °C. They are applied to a substrate
as in a molten state at temperatures that
range from 120 °C to 180 °C. As the adhesive cools, the isocyanate groups in the adhesive react with moisture to cause curing
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•

During the curing process, additional crosslinking of the adhesive occurs that improves
the resistance of the adhesive to solvents,
heat, water, and other environmental stresses [2 – 3]. The key advantages of RHMA are
that they:
• are essentially free of volatile organic
compounds, and comply with regulations
aimed at limiting adverse environmental

Megatrends across the globe have created a
demand for bio-based solutions. Bio-based
polyols and diacids derived from agricultural

of the adhesive, which normally occurs in 24
to 48 hours after assembly of the substrates.



Tab. 1: Scale-up projects for manufacture of bio-based chemicals for polyurethane production

Company

Product

Location

Process

DuPont Tate & Lyle Bio
1,3-Propanediol
Products, LLC

Reverdia
james.a.zahn@dupont.com

•

A wide group of thermoplastic polymers are
currently used for RHMA, including ethylene
vinyl acetate (EVA), block copolymers such
as styrene butadiene styrene (SBS) or styrene isoprene styrene (SIS), polyurethane,
polyamide, and polyethylene. Recent advancements in processes for manufacturing
bio-based diols and diacids (tab. 1) have
driven the development of new bio-based
materials. There are currently a number of
bio-based monomers available to polyol manufacturers, which either overlap with existing
chemistries, or have created new chemistries that provide unique functional properties to these materials [4].
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impacts and worker safety issues related
with solvent-based adhesives;
are equipment-intensive, but they do not
require an oven for heat setting and high
production throughput may be achieved
due to the one-component nature of the
adhesive;
offer quicker bonding time in high-speed
product assembly and industrial applications;
retain the entire volume of the adhesive
as compared to other conventional adhesives that can lose 50 – 70 % of their volume when used;
offer superior initial bonding strength
when compared to conventional adhesives; and
can be designed and developed with varying properties for specific applications
by altering composition of components.

Myriant
BioAmber
Rivertop Renewables

Aerobic recombinant E. coli fermentation
Loudon, TN, USA
of corn syrup
Microaerobic recombinant E. coli fermentation
1,4-Butanediol
Loudon, TN, USA
of corn syrup
Low-pH recombinant yeast fermentation
Succinic acid
Cassano Spinola, Italy
of starch
Recombinant E. coli fermentation of
Succinic acid Lake Providence, LA, USA
corn syrup
Cargill recombinant yeast technology
Succinic acid
Sarnia, Canada
using corn syrup
Nitric acid oxidation of
Glucaric acid
Danville, VA (DTI)
glucose
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feedstocks such as corn and soybeans can
be effectively used in polyurethane adhesive
formulations. In some applications, these novel polyols provide advanced technical properties and functionality compared to petroleum-based counterparts. In other applications adhesive manufacturers can blend biobased polyols with traditional petroleum
based polyols to maximize bio-based content
and performance. The ability to tailor unique
properties of polyurethane hot melt adhesives
is largely driven by the unique chemical properties that are imparted by these materials.

2 Introduction
An increasing number of polyurethane manufacturers are looking to provide customers
with differentiated products that combine
performance with environmental consciousness. According to a recent Cone Consumer
Survey, as personal accountability and sophistication grows, consumers are also considering their own role in addressing social
and environmental issues. Global consumers
state they are willing to make personal sacrifices for the greater good. Four-in-five are
willing to consume or purchase fewer products to preserve natural resources (81 %) or
buy a product from an unknown brand if it
has strong corporate social responsibility
commitments (80 %) [5]. As a result; the


Tab. 2: Raw materials

Designation
1,3-PDO
Succinic acid
Adipic acid
Titanium butoxide
PDO-SA-2,000

Description

Succinic acid
Titanium(IV) butoxide catalyst;
97 % reagent grade
PDO succinate 2,000 MW
PDO adipate 2,000 MW
BD succinate 2,000 MW

Jeffcat DMDEE
Silquest A-187
silane
Ortegol 501
Aluminium
substrate

A life cycle assessment (LCA) based on design data of the cradle-to-gate production of
this new material vs. the production of chemically derived propanediol shows significant
environmental benefits. The unique manufacturing process consumes up to 42 % less
energy and reduces greenhouse gas emissions by more than 56 %, saving the energy
equivalent of over 15 million gallons
(56.8 million litres) of gasoline per year. The
LCA has been externally reviewed and Susterra propanediol is also certified as readily
biodegradable based on an OECD guideline
test for biodegradation.

3 Objective

Poly(1,4-butylene adipate) is a common polyol used in RHMA formulations. This polyol
exhibits an even number of CH2 groups that
can achieve a high level of crystallinity [6].
By contrast, Susterra 1,3-propanediol (PDO)
has an odd number of CH2 groups that reduces crystallinity, often resulting in improved elasticity, adhesion, softness, tear
strength, and transparency [4, 7 – 8]. These
properties along with its 100 % bio-based
content make PDO a good candidate for hotmelt polyurethane adhesive applications.
In this study, prepolymers based on polypropylene succinate (PPS) polyester polyols of
2,000 and 3,000 MW and a polybutylene succinate (PBS) polyol reference were synthesized using 4,4’-MDI as the isocyanate at isocyanate/polyol equivalent ratio of 2:1. Modular
formulations containing crystalline and amorphous NCO prepolymer combinations (1:1
PPS 3,000 plus PBS 2,000) provided an adhesive strength that was equivalent to the
BDO-AA 3,000 control condition for lap shear
strength (ASTM D1002) and humidity resistance (ASTM D2247).

4 Experimental
4.1 Materials
All of the raw materials in this study are
shown in table 2. Prior to preparation of
NCO prepolymers, polyols were dried for
24 h at 75 – 80 °C under vacuum of
1 – 3 mm Hg and continuous mixing by magnetic stirrer. The water content after drying
was checked by a Karl Fisher titrator.

Adipic acid

BD-SA-2,000

Mondur M

In May 2004, DuPont and Tate & Lyle formed
an equally owned joint venture – DuPont
Tate & Lyle Bio Products, LLC – and invested
USD 100 million in one of the largest biomaterials processing facilities in the world at
Loudon, TN, USA. Originally built to meet the
global demand for the DuPont Sorona polymer, a renewably-sourced polytrimethylene
terephthalate (PTT), the proprietary production process ferments corn sugar, a rapidly
renewable feedstock, to manufacture a
100 % bio-based 1,3-propanediol. The commercial success of this product has led to
recent capacity expansions as the polyurethane industry recognizes its functional and
environmental benefits.

Susterra 1,3-propanediol

Poly S 2,000PAR

BD-AA-3,000

DuPont Tate & Lyle bio products portfolio of
renewably-sourced products is seeing an increase in demand across the automotive,
furniture and footwear industries.

BD adipate 3,000 MW
Monomeric diphenylmethane-4,4’diisocyanate; 33.6 wt% NCO
Morpholine, 4,4’-(oxydi-2,1-ethano
diyl) bis-catalyst
g-Glycidoxypropyltrimethoxysilane;
adhesion promoter
Anti-foaming additive
Aluminium plates AR-14
(1 inch x 4 inch x 0.063 inch)
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RHMAs consist of crystalline NCO prepolymers based on aromatic isocyanate which is
cured with moisture. The NCO prepolymer is
melted above 100 °C, applied onto substrate, and then cured with atmospheric
moisture. Selected moisture cure catalysts
can be added to the formulation to control
the curing rate. Reaction of isocyanate with
moisture creates additional bonding between
the adhesive and substrate. The isocyanate
content of the NCO prepolymer depends
upon the molecular weight of polyol, but is
usually in the 2 – 5 % range.

Diphenylmethane diisocyanate (4,4’-MDI) was
used as received from the supplier and its
isocyanate content was checked by di-n-butyl
amine titration method (ASTM D-5155).
All other raw materials were used as received from the respective suppliers.
4.2 Preparation of polyester polyols
The synthesis of polyester polyols of
2,000 MW and 3,000 MW was carried out
using 2 l reaction kettle equipped with a mixer
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which was assembled of metal rod and paddle. The rate of mixing was kept at ~300 min-1
and was checked periodically with a tacho
meter (5URHO, Grainger). The reactor was
equipped with Dean Stark attachment, heating
mantle, thermo-couple, and temperature controller. The reaction was carried out under
constant flow of nitrogen at 30 ml/min which
was regulated with rotameter (Ace Glass).
The synthesis of polyols was carried out in a
temperature range of 120 – 180 °C. The reaction was carried out at atmospheric pressure in the presence of nitrogen.
4.3 Preparation of NCO prepolymers
The NCO prepolymers were prepared utilizing laboratory procedure for the prepolymer
preparation as follows: MDI, melted at
44 °C, was placed in the heated reaction
kettle, which was equipped with a stirrer,
thermometer and continuous flow of nitrogen. The isocyanate was heated up to 50 °C
(or 70 °C) and preheated polyol was added
slowly to isocyanate under mixing. The reaction temperature was adjusted to 70 °C (or
110 °C) and kept at that temperature during
the prepolymer synthesis. The NCO content
(wt%) of the prepolymers was checked periodically during the synthesis. Once, when the
NCO content reached value close to theoretical, the prepolymer was transferred into
glass jars and sealed under dry nitrogen.

prepolymer and mixed via speed mixer for
60 s at 2,200 min-1.
The NCO prepolymer that contains all additives, conditioned at 120 °C, was applied to
the substrate which was preheated for short
time at 105 °C (see chapter 4.4). Two plates
were clamped together over bond area and
cured at room temperature. The adhesion
testing was carried out after 30 min,
three days and seven days of curing.
Moisture-cured adhesives based on non-crystalline NCO prepolymers were treated analogous. The only differences were that they
were preheated at 70 °C in a plastic container and applied to the substrate which was
kept at room temperature.

5 Results
5.1 Polyols
The properties of the polyols used in this
study are presented in table 3. Based on
DSC analysis, PDO succinate polyols of

2,000 MW (PDO-SA-2,000) and 3,000 MW
(PDO-SA-3,000) are amorphous polyols.
These polyols did not exhibit crystalline transition in DSC spectra. Their glass transition
temperature was at –37 °C and –35 °C, respectively.
Crystalline polyols (with melting point in parenthesis) used in this study are: BD succinate 2,000 (112 °C), PDO adipate 2,000
(31.8 °C) and PDO adipate 3,000 (33.6 °C).
5.2 NCO prepolymers
The formulations of NCO prepolymers, reaction conditions in their synthesis and properties of final product are presented in table 4. It was not possible to prepare NCO
prepolymer based on BD succinate 2,000
(BD-SA-2,000) polyol due to high melting
temperature (112 °C) of this polyol. The NCO
prepolymers based on PDO-SA-2,000 and
PDO-SA-3,000 were amorphous due to
non-crystalline nature of the polyols.
The NCO prepolymers based on crystalline
polyols PDO-AA-2,000 and PDO-AA-3,000,

4.4 Curing study
0.15 g of preheated NCO prepolymer was
spread over 1.27 cm x 2.54 cm (0.5 inch x
1.0 inch) bond area of standardized adhesion test plate (dimensions: 2,54 cm x
10,16 cm x 0,16 cm, AR-14, Q-Lab) as seen
in figure 1. The plate with adhesive was
then placed in humid chamber at 23 °C and
68 % relative humidity. FTIR spectra of the
adhesive were taken periodically.

Fig. 1:
Assembled adhesion
test aluminium plates
(ASTM D1002)




Tab. 3: Properties of polyols

Polyol

OH value
in mg KOH/g

Acid value
in mg KOH/g

Moisture content
in %

Onset/Peak of melting via DSC in °C
N/A

4.5 Adhesion testing

PDO-SA-2,000

58.3

1.00

0.02

Poly S 2,000PAR

53.4

0.24

0.015

17.6 / 31.8

Crystalline NCO prepolymers were preheated
at 120 °C in a metal container suited for
speed mixer. Additives (adhesion promotor,
catalyst and Ortegol 501) were added to the

BD-SA-2,000

55.6

1.25

0.012

93.1 / 112.1

PDO-SA-3,000

42.0

1.40

0.044

N/A

PDO-AA-3,000

39.8

0.97

0.007

18.1 / 33.6

BD-AA-3,000

39.3

1.80

0.04

35.8 / 57.3
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AA-3,000 polyols. These NCO prepolymers
exhibited crystalline melt transitions at
105 °C and 106 °C, respectively.

were not crystalline either. This could be due
to hydrogen bonding of ester groups with
hydrogen from urethane group which might
affect crystallization of polyol side of NCO
prepolymer. The NCO prepolymer based on
referent polyol BD-AA-3,000 exhibited crystalline transition at 34 – 59 °C (heating
mode).

DSC spectra of NCO prepolymers were recorded in a heating mode and the other DSC
graphs in cooling mode. A DSC graph in
cooling mode has information on crystallization (temperature and heat of crystallization)
of NCO prepolymer that are relevant to the
application of hot melt adhesives. In the application, hot melt adhesives are heated to
elevated temperature (e. g., 120 °C), applied
to the substrate, cooled down and cured at
room temperature.

NCO prepolymer PS3-BS2-SA, which is
based on blend of crystalline polyol BDSA-2,000 and amorphous polyol PDOSA-3,000, exhibited crystalline transition at
106 °C (heating mode).
Crystalline NCO prepolymers PA3-BS2-AA-SA
and 40PA3-60BS2-AA-SA were prepared by
using a blend of BD-SA-2,000 and PDO

The reaction of NCO prepolymers with moisture is a major reaction during curing of hot
melt adhesives which is taking place at room
temperature. This reaction of isocyanate
with moisture is taking place even without
catalyst, but it is facilitated with presence of
selective catalysts.

Tab. 5: Formulation for hot-melt adhesives

Parameter

Value

Prepolymer

30 g

Jeffcat DMDEE

0.8 %

Silquest A-187

1.0 %

Ortegol 501
Mix speed

1.0 %
2,200 min–1

Mix duration

60 s

Amount applied to substrate

0.3 g



5.3 Curing study

The curing reaction of NCO prepolymers
containing Jeffcat DMDEE amine delayed
action of the moisture curing catalyst. As

reference, the curing of NCO prepolymers
without added catalyst was studied as well.
The curing of NCO prepolymers was monitored as a decrease of the peak of absorption
of isocyanate (NCO) groups at ~2,270 cm1 in
FTIR spectra. The curing of NCO prepolymers
progressed well at room temperature, with
and without catalyst present in the system.
After three days of curing of NCO prepolymers, there was none or very small peak of
isocyanate groups absorption in FTIR spectra.
5.4 F
 ormulations and properties
of adhesives
The adhesive formulations were based on
NCO prepolymer and a package of additives
(tab. 5). The adhesives tested in this study
are divided in two groups:
• Adhesives based on non-crystalline NCO
prepolymers that include: PDO-SA-2,000,
PDO-AA-2,000 and PDO-AA-3,000 adhesive.
• Adhesives based on crystalline NCO
prepolymers that include: PS3-BS2-SA,
BD-AA-3,000, PA3-BS2-AA-SA and 40PA360BS2-AA-SA adhesive.

Tab. 4: Formulations and properties of NCO prepolymers (1:2 equivalent ratio of polyol to isocyanate); adhesive NCO index: 1.05

Prepolymer designation

PDO-SA-2,000 PDO-AA-2,000 PS3-BS2-SA blend PDO-SA-3,000 PDO-AA-3,000 BD-AA-3,000

PA3-BS2-AA-SA 40PA3-60BS2blend
AA-SA blend

TPI PDO-SA-2,000 polyol in g

312.1

–

–

–

–

–

–

Poly S 2,000PAR polyol in g

–

318.0

–

–

–

–

–

–

TPI BD-SA-2,000 polyol in g

–

–

157.6

–

–

–

157.6

189.2

TPI PDO-SA-3,000 polyol in g

–

–

166.3

332.5

–

–

–

–

TPI PDO-AA-3,000 polyol in g

–

–

–

–

335.5

–

167.7

133.0

TPI BD-AA-3,000 polyol in g
Mondur M in g

–

–

–

–

–

–

336.1

–

–

87.9

82.1

76.1

67.5

64.5

63.9

74.6

77.82

Benzoyl chloride in drops

6

0

6

0

0

4

6

6

Pre-temperature of polyol in °C

44

44

120 / 44

44

44

65

120 / 44

120 / 44

44

44

44

44

44

44

44

44

50

50

70

50

50

50

70

70

70

70

110

70

70

70

110

110

Reaction time in h

2.25

2.25

0.75

1.75

1.75

2.00

0.75

0.75

NCO content in wt%

3.62

3.33

3.10

2.62

2.67

2.53

2.93

3.01

Viscosity at 120 °C in mPa·s

5,300

4,400

7,700

11,400

12,800

9,500

6,575

5,800

Transitions via DSC in °C

–18.5

–39.7

–23.1 / 27.9 / 75.7
/ 105.9 / 163.7

–20.8

–43.6

–42.8 /
34 – 59

–43.2 /
79.0 – 110.4

–42.2 /
83.0 – 113.9

N/A

N/A

11

N/A

N/A

49.3

25.3

29.8

Pre-temperature of isocyanate
in °C
Initial reaction temperature (beginning of polyol addition) in °C
Final reaction temperature (all
components added) in °C

Latent heat of crystallization
(∆Hc) in J/g
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As seen in table 6 and figure 2, all crystalline adhesives exhibited measurable green
strength after 30 min of curing. Adhesive
samples based on a blend of polyols exhibited very good adhesive strength around
6.90 MPa (1,000 psi) after seven days of
curing. The adhesive strength of referent
adhesive based on BD-AA-3,000 was higher

The adhesives based on non-crystalline prepolymers are one component moisture cured
adhesives and did not have significant tensile
strength. The adhesive strength of samples
cured for seven days at 23 °C and 68 % relative humidity was 2.63 – 2.85 MPa
(381 – 414 psi).
The hot-melt adhesives include the referent
adhesive based on polybutylene adipate
3,000 polyol and three adhesives based on
a blend of polyols. The adhesives based on
blend of polyols contain BD succinate 2,000
prepolymer which is highly crystalline and
the other NCO prepolymers which are
non-crystalline (tab. 4).

12



Load at failure in MPa

The adhesives based on blends of polyols
performed very well in the humid aging test
at 38 °C and 100 % relative humidity (tab. 6

Green strength after 30 min
Strength after three days
Strength after seven days
Strength after three days aging
(38 °C; 100 % humidity)

10

In these adhesives, non-crystalline NCO
prepolymers provided wetting of substrate
with adhesive, which promoted even coverage of the adhesive over the entire surface of the aluminium substrate. This property is very important for good surface
dispersion and overall adhesion properties.

(10.62 MPa or 1,540 psi). It appears that
adhesive strength correlates with latent heat
of crystallization of NCO prepolymers which
was measured via DSC (cooling mode).
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The effect of humid
aging on tensile strength
(ASTM D1002) of various
polyurethane RHMA
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Tab. 6: Adhesion properties on aluminium of adhesives based on various polyester polyols (1 lbf = 4.448 N; 1 psi = 6.895 kPa)

Formulation used

PDOSA2000

PDOAA2000

*PS3-BS2-SA
blend

PDOSA3000

PDOAA3000

*BDAA3000

*PA3-BS2-AA-SA *40PA3-60BS2blend
AA-SA blend

Green strength properties after 30 min
Maximum load in lbf

–

–

68 ± 9

0.5

–

109 ± 22

89 ± 10

70 ± 8

Load at failure in psi

–

–

119 ± 14

0.9

–

208 ± 48

178 ± 27

132 ± 15

Strain at failure in %

–

–

1.5 ± 0.1

3.8

–

2.8 ± 0.7

2.0 ± 0.4

1.5 ± 0.3

–

–

Cohesive /
Adhesive

Cohesive

–

Cohesive

Cohesive

Cohesive

Maximum load in lbf

141 ± 42

175 ± 21

270 ± 39

104 ± 21

200 ± 49

528 ± 48

270 ± 32

386 ± 66

Load at failure in psi

250 ± 74

311 ± 37

461 ± 55

194 ± 33

349 ± 88

916 ± 211

525 ± 58

705 ± 77

Strain at failure in %

4.3 ± 0.2

4.3 ± 0.3

4.3 ± 0.1

3.6 ± 0.7

4.4 ± 0.2

7.5 ± 1.7

5.0 ± 0.4

6.1 ± 0.5

Adhesive

Adhesive

Cohesive /
Adhesive

Adhesive

Adhesive

Adhesive

Cohesive /
Adhesive

Cohesive /
Adhesive

Maximum load in lbf

216 ± 42

220 ± 16

499 ± 94

139 ± 52

215 ± 57

785 ± 88

497 ± 81

605 ± 61

Load at failure in psi

381 ± 70

414 ± 34

919 ± 136

264 ± 103

402 ± 111

1,540 ± 155

999 ± 149

1,105 ± 115

Strain at failure in %

4.5 ± 0.4

4.8 ± 0.4

7.6 ± 0.5

4.2 ± 0.8

4.7 ± 0.6

10.4 ± 0.6

7.4 ± 0.7

9.0 ± 0.6

Failure type

Adhesive

Adhesive

Adhesive

Adhesive

Adhesive

Adhesive

Adhesive

Adhesive

76 ± 17

365 ± 40

69 ± 5

80 ± 16

522 ± 158

454 ± 87

435 ± 74

Failure type
Strength after three days

Failure type
Strength after seven days

Strength after three days aging (38 °C; 100 % humidity)
Maximum load in lbf

78 ± 15

Load at failure in psi

153 ± 32

143 ± 32

708 ± 107

127 ± 11

154 ± 28

970 ± 296

799 ± 94

838 ± 190

Strain at failure in %

2.1 ± 0.7

1.9 ± 0.6

5.5 ± 0.5

1.8 ± 0.3

2.2 ± 0.7

7.4 ± 1.8

6.4 ± 0.4

7.2 ± 1.7

Failure type

Adhesive

Adhesive

Adhesive

Adhesive

Adhesive

Adhesive

Adhesive

Adhesive

40

34.5

77

48

38

62

80

75

Retention of adhesion strength in %

*Crystalline formulations applied on substrate preheated to 105 °C
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and fig. 2). The relative retention of tensile
strength properties of adhesives based on
polyol blends were better than that of referent adhesive composed of polybutylene adipate. Additionally, the viscosities of these
modular blends were 30 – 38 % lower than
that of polybutylene adipate-based adhesive.
Interestingly, these lower viscosities occurred at high glass-transition temperatures,
meaning that application temperatures can
be lowered while retaining the same adhesive properties. This property is especially
useful for edge banding and film adhesion.

6 Conclusion
The hot melt adhesives market is segmented
on the basis of applications including packaging, non-woven, pressure sensitive products, construction and furniture, bookbinding, and other applications [1]. As the industry moves toward environments that are free
of solvents and other toxic volatile organic
compounds, polyurethane-based RHMA are
becoming increasingly attractive to manufacturers that are interested in improving workplace safety, bio-based content and life cycle
assessment (LCA) of products, while improving overall adhesive performance.
Polyurethane RHMA form strong mechanical
bonds that help them adhere to a wide range
of substrates. As shown in this work,
non-modular and modular combinations of
NCO prepolymers were able to dramatically
influence adhesive properties. Bio-based
Susterra propanediol was shown to be an
effective tool in modifying thermal properties
of the polyol and NCO prepolymer.
Previous studies on thermoplastic polyurethanes showed that Susterra propanediol
due to its odd number of CH2 groups shows
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reduced crystallinity, and when used in adhesives resulted in a lower polyol melting temperature and a lower viscosity of the NCO
prepolymer. A significant finding of this study
was that these lower viscosities that were
attributed to Susterra propanediol occurred
at relatively high glass transition temperatures, meaning that application temperatures
for the modular adhesive blend could be
lowered while retaining the desired adhesive
properties.
Although elasticity was not measured in this
study, previous work with TPU elastomers
shows that Susterra propanediol improves
the flexibility of these materials, which may
be a desirable trait in some adhesive applications with high vibration or strain [7 – 8].
When prepared as a modular blend, 1,4-butanediol provided crystalline properties, which
were useful in enhancing adhesive strength,
and Susterra propanediol provided amorphous polyol properties, which lowered the
viscosity, melting temperatures, and latent
heat of crystallization. This approach of using
modular adhesive blends to optimize individual properties that are imparted by individual
or blended polyol mixtures enables customized solutions for specific applications to maximize bio-based content and performance.

[2]

[3]

[4]
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