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Determination of Monomer Content in Ethylene Copolymers and Propylene Copolymers
by Attenuated Total Reflection Fourier Transform Infrared Spectrometry Method (ATR Method)

Satoshi TANAKA*, Nobuyo TAKEUCHI*, Kenji TAKEMOTO*, Fumio NAKAMURA*

*Central Customs Laboratory, Ministry of Finance
6-3-5, Kashiwanoha, Kashiwa, Chiba 277-0882 Japan

We investigated a simple and rapid method for determination of butene-1 content in ethylene-butene-1 copolymer and
ethylene content in polypropylene (block copolymer of ethylene) by Attenuated Total Reflection Fourier Transform Infrared
Spectrometry (ATR method). The relationship between the absorbance ratio due to a single monomer unit and their contents
in copolymer exhibited good linearity, and the content of monomer units determined by the ATR method closely
corresponded with that determined by the NMR method. It was found that this method could be used to determine the
monomer content in ethylene-butene-1 copolymer and polypropylene (block copolymer of ethylene) simply and rapidly.
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Fig. 1 Infrared spectrum of ethylene/butane-1 copolymer
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Fig. 2 Infrared spectrum of polypropylene (block copolymer of ethylene)

5
ATR
ATR
- 1463 cm™
0.107
4
Tablel CcVv
(n=5)
Fig.3
0.9994

RZ



Table 1 Repeatability of absorbance ratio (1378 cm™/1463 cm™) on each
contents of butene-1

Content of butene-1 (%)

3.7 4.4 6.4 10.4
1 0.0500 0.0576 0.0814 0.1250
2 0.0523 0.0592 0.0837 0.1174
3 0.0497 0.0597 0.0789 0.1140
4 0.0516 0.0592 0.0796 0.1128
5 0.0524 0.0560 0.0760 0.1238
Mean 0.0512 0.0584 0.0799 0.1186
S.D. 0.0013 0.0015 0.0029 0.0056
C.V. 2.48 % 2.63 % 3.61% 4.72%

Fig. 3 Relationship between absorbance ratio and content ratio of butane-1

Fig. 4 Relationship between content of butane-1 determined by ATR method and
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Table 2 Repeatability of content of butane-1 determined by ATR method

Sample: 5.90 % (Determined by NMR method)
Content of butene-1 (Calibration Curve)

1 577% (y=1.0060x +0.0144 R? = 0.9993)
2 644% (y=0.9666 x +0.0192 R? = 0.9954)
3 623% (y=0.9285x +0.0204 R? = 0.9920)
4  589% (y=0.9946 x + 0.0136 R® = 0.9988)
5 581% (y=0.9356 x +0.0229 R? = 0.9982)
Mean 6.03 %
S.D. 0.29
C.V. 482 %
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Table 3 Repeatability of absorbance ratio (721 cm™/974 cm™) on each contents

of ethylene
Content of ethylene (%)
4.5 7.1 8.2 13.3
1 0.2232 0.3142 0.3853 0.5565
2 0.2325 0.2869 0.3320 0.5807
3 0.2213 0.3403 0.3669 0.6636
4 0.2088 0.3348 0.3463 0.6354
5 0.1974 0.3250 0.4000 0.5701
Mean 0.2166 0.3202 0.3661 0.6013
S.D. 0.0136 0.0211 0.0277 0.0459

C.V. 6.30 % 6.60 % 7.57 % 7.64 %
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Repeatability of content of ethylene determined by ATR method

Sample: 5.90 % (Determined by NMR method)

Content of ethylene (Calibration Curve)

1 572% (y=3.6163x+0.0449 R? = 0.9997)
2 663% (y=35879x+0.0483 R? = 0.9443)
3 6.25% (y=3.4649 x + 0.0464 R = 0.9856)
4  724% (y=3.8888 x +0.0069 R? = 0.9197)
5 647% (y=28791x+0.0773 R*=0.9352)
Mean 6.47 %
S.D. 0.56
C.V. 8.58 %
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