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ABSTRACT

THE SMALL ANGLE NEUTRON SCATTERING STUDY ON THE
SEGMENTED POLYURETHANE. The distance between hard segment (HS) and soft
segment (SS) of segmented polyurethane have been determined using the Small Angle
Neutron Scattering (SANS) technique.The segmented Polyurethanes (SPU) are linear
multiblock copolymers, which include elastomer thermoplastic. SPU consist of hard segment
and soft segment, each has tendency to make a group with similar type to form a domain. The
soft segments used were polypropilene glycol (PPG) and 4,4 diphenylmethane diisocyanate
(MDI), while 1,4 butanediol (BD) was used as hard segment. The characteristic of SPU
depends on its phase structure which is affected by several factors, such as type of chemical
formula and the composition of the HS and SS, solvent as well as the synthesizing process.
The samples used in this study were SPU56 and SPU68. Based on the appearance of SANS
profile, it was obtained that domain distances are 12.32 nm for the SPU56 and 19 nm for the
SPU68.
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1. INTRODUCTION

Segmented Polyurethane (SPU) are linear multiblock copolymers, which include

elastomer thermoplastic. The SPU consist of hard segment, HS and soft segment, SS, where

each one of them has tendency to make a group with similar type to form domain. The HS

domain has thermoplastic characteristic, on the other hand the SS domain has soft and elastic

characteristic like rubber (elastomer). Therefore, The SPU was classified as thermoplastic

elastomer.

Segmented Polyurethane have been used in various field of industries, such as

automotive, electronic, adhesive and medical. For these application the characteristic of SPU

needed depends on its phase structure. The phase structure of SPU is affected by several

factors, such as the type of chemical formula and the composition of HS and SS ^3'4 ,̂ solvent

and the synthesizing process ^ .

Usually, SPU are composed of three monomers; polyol or polyglycol, diisocyanate

and low molecular weight compound of diol. The polyol as soft segment (SS) are generally

hydroxy-terminated polyester, polyether, polyalkyl or polysiloxane with molecular weight

between 500 and 5000 which act as flexible polymers. The diisocyanates are typically

4,4'-diphenylmethane diisocyanate (MDI) or toluene diisocyanate (TDI). While,

1,4-butanediol (BD) is the most common diol used as chain extender. Diisocyanate and diols

as hard segment (HS) are connected to SS by urethane bonds. In this study the soft segments

(SS) used were polypropilen glycol (PPG), and 4,4 diphenylmethan diisocyanate (MDI),

while 1,4 butanediol (BD) was used as hard segment (HS).

The aim of this study is to learn how small angle neutron scattering technique (SANS)

can be applied to investigate the microdomain structure of SPU based on the effect of HS

content. Using the technique of SANS, the distance between hard segment (HS) and soft

segment (SS) could also be determined.
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2. EXPERIMENT

2.1. Sample Preparation [6'7'

Sampel was prepared from the following components : 4,4 diphenylmethane

diisocyanate (MDI) and 1,4 butanediol (BD) as the HS and polypropilene glycol (PPG) as the

SS, and distiled N-N' dimethyl formamide (DMF) as the solvent. The method of preparation

consists of two stages, as follow :

Stage 1 : PPG was mixed with MDI at 65 °C for 4 hours in the atmosphere of nitrogen.

Stage 2 : Compound from stage 1 was added BD in certain composition, then with DMF as

the solvent. This reaction was done at 50 °C for 4 hours to produce the SPU. The SPU

obtained was dried in vacuum at 60 °C for 24 hours.

The scheme of the synthesis is presented in Figure 1 below :

MDI

BD
HO-(

Hard segment Soft segment

SEGMENTED POLYURETHANE (SPU)

Figure 1. Synthesis procedure of segmented polyurethane based on (MDI/BD/PPG)
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The equation used to determine HS is as follow:

Weight (MDI + BD)
HS (%) = x 100

Weight (MDI + PPG)

Samples used in the SANS study were SPU56 and SPU68, with composition showed in

Table 1, below :

Table 1. SPU composition

Composition (%)
1 lurd Segment (US) T Soft segment (SS)

"VI1)I I'M) ' pWiCMn-lOOO)

50

50

37,5

42,5

12,5

7,5

US(ivi.%)

56

68

2.2. SANS[8]

The experiment was carried out using the BATAN-SANS instrument, with the reactor

power at 15 MW. Segmented polyurethane containing 56 wt. % (SPU56) and 68 wt. %

(SPU68) were measured using neutron wavelength of 4.03 A. The detail of experimental

conditions are summarized in Table 2.

Table 2. Experimental conditions

Velocity selector, Wavelength (X)

Collimation system

Pin hole (aperture)

Sample slit (diameter)

Sample to detector distence (SDD)

Beam stopper radius

5000 rpm, X = 4.03 A

C 1 - C 4 = N G T ; C5=NRT

PH1-PH3 = Open (33x35) mm

PH4 = 30 mm, PH5-PH6 = 10 mm

10 mm

3.0 m

40 mm

For the intensity correction, four (4) othersamples comprising water in a quartz cell,

empty quartz cell, cadmium and no sample (air) were also measured at the same experimental

- 1 2 5 -



JAERI-Conf 99-012

conditions. SANS data aquistions were carried out using an IBM computer. First, the data was

stored in binary form on the SANS computer and changed into ASCII form, then the data

were transferred into an IBM computer in the computer room. Finally, the data are converted

from IBM format into Macintosh format for data analyses.

3. RESULTS AND DISCUSSION

Figure 2 shows the results of data analyzes for the SPU56 and SPU68 samples taken at

the SDD of 3.0 m.
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Figure 2. SANS profile for SPU56 and SPU68 at the SDD of 3m

As shown in the figure 2, the SANS profile measured at the SDD of 3.0 m is spread out in the

q range of 0.29 < q < 1.52 nm"1. The SANS profile of the SPU56 has rather higher intensities

than the SPU68 at high q range. However, they over cross each other at q valuesof about

0.6 nm'1 and the intensities of the SPU56 tend to have smaller intensities than SPU68 below

0.6 nm"1.. According to basic scattering laws, the scattering intensity, I(q), depends on density
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fluctuation in the system. Furthermore it depends on contrast value. For a two-phase system

the contrast value is represented by a mean-square fluctuation as the following equation,

<Ap2> = (pi - p2)
2 9 1 (p2

where pi and P2 are the locally average densities, 91 and 92 are the volume fractions of the

two phases. The density in SANS technique will be represented by scattering length (b). Since

91 + q>2 — 1, for a given value of (pi- P2) , the <Ap2> will become maximum when 91 = 92.

Among two samples used in this study, the value of 9192 must be higher for SPU56 than

SPU68. Therefore, in the low q value the scattering intensity of SPU56 is higher than the

SPU68 as predicted. On the contrary, the result shows an opposite trend from the expected

one in the q values greather than 0.6 nm"1. The most probable interpretation of this

phenomenon would be that the HS content affected the contrast value of SPU. It might be due

to domain formation in the SPU56 and SPU68, producing inhomogenity in density. Further

observation shows that SANS peak occured at q = 0.33 nm"1 for SPU68 and at q = 0.51 nm"1

for SPU56. Considering the occurrence of peak on the profile of SPU68 at q = 0.33 nm"1, the

domain distance formed in this SPU can be estimated to be 19 nm (similar to Bragg spacing,

d = 2rc/q). The domain distance formed in the SPU56 is 12.32 nm'1 approximately. These

results are similar to the results obtained by the SANS instrument at JAERI for the same

samples ^ .

4. CONCLUSION

The SANS measurement can quantitatively support the investigation of microphase

separation on Segmented Polyurethane (SPU) samples. The microphase separation was

observed to be more clearly for the SPU containing higher HS content. The domain distance,

based on the appearance of SANS peak, was observed to be 12.32 nm for the SPU56 and 19
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nm for SPU68. These experiments showed that SANS installed at the MSRC-BATAN

Indonesia has performed well in obtaining the desired data. However, it is still need to be

callibrated using the standard sample of polymer in the future.
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