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Determination of Methyl (Comonomer) Content in

Polyethylene by Fourier Transform Infrared

Spectrophotometry (FT–IR)

YANG Su � YANG Suping � ZHOU Zhengya � SHANG Xiaojie

(Research Institute of Yangzi Petrochemical Stock Limited Company)

Abstract: The effect of different comonomer on the infrared spectrum of polyethylene

in polyethylene copolymer is studied. An analysis method for fast determining the methyl

(comonomer) content in polyethylene copolymer by infrared spectrophotometry is established.

The analysis method has been effectively used in monitoring the methyl content in polyethlene.
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.5Iagtf9��"2���,�nO/V�>/�#�sQW"2;��<Xqr/V�>/�#jjtQW��f	v/��_�}/V�>/��1��t/�X��g;P1�Xro_53vt/[���/V�>/�#t�sQW"2��

9�r6i)t��.E>W[>0�R�k\R
t;I9�bF�3Ml/�m8["2d|Wt;��̀ xF��Z	A�(�3S��b�1��t/���℄\�0/��,#t_�Z�����X NMR �_;F�tT1}(F���m`xF�#t�sf��KT1DR	D�o!Y�W'�����fY;���/g0Y;�t.�	�
1 ��N\
1.1 �k�x^zQsn�2005–04–06!�`e��� (1966 —— ) �z�m��h~�_P���Q�gb}[��q_%�
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1.2 Æo�u=

(1) qK5^=<Wt IFS 66/S0`xF���R�FvvW > 26000��'b} 4.0cm−1 �(l℄T} 32 ℄�
(2) eK PE <Wt SPECAC ;ou�;Q} 0t ∼ 15t ��	} 0 Æ ∼ 300 Æ�
(3) qK5^=<Wt AVANCE AV400 0T4f)KL%jHnW[>�R�[DÆ	} 400MHz �

1.3 x�NM
(1) ���)KL%j`xF�R (FT–

IR);�/V�>/�#�s�K#t�F	����d,�Xg NMR G;�t/V��sQW�"2lJ���_�!�U:9��zlJ�R�
(2) � NMR G;�t/V��s�/�}�;��/X\9}`xF���W��t'�(.�
(3) 7�(.F� (Æ* 1 ∼ * 3) �

1.4 Bx�b\�lvE� NM
1.4.1 $=�4;Ii+�	� 25 Æ ± 5 Æ�;Ii+6	� R ≤ 65% �
1.4.2 <%6GE+6C&)(

(1) ! Bp��
&��>r6��k�N�0��^tp[6|�
(2) ZR�_'���V3�_
ZRt��Er|NT(:Kft���JE��_rF�t3C���jt�_'l"2���rox!�1"Wt PE �djt�_'l"2z���ro0!�1"Wt PE �
(3) >U�O`f�rp[`f�tj�_
��\�8�t	d�`f���0�r�Yl8��#�

1.4.3 $=F9JL
(1) �F�P[ (r![)  lJ`2 ($l�p�t�I) t SPECAC ;out�Oo2#�g Beer �a7�o2B}� C 
B�

(2) ;ou�	�!� 175 Æ ± 5 Æ���Oo2�� SPECAC ;ou)��! �i�	5o 175 Æ ± 5 Æ9��;� 4t(*;) d�O|,;�� 0 
�/�U�Oo2 liH�VtH�℄#���H��G��
(3)�U�Oo2#t�p�F��7TW;p�b	�p�b	_�!� 52µm ∼ 53µm��2�b	� < 0.2µm�%�5(-;!�_!F�p�[2d�i;�

1.5 Bx?�
(1)
?;Ii+t��6	E%&[I��I�I�t_��_6l��:9�
(2) FT–IR `xF�R8u 30min d�
?R
tvW��'b�/��E%boR
t6��(�"2 0% � 100% sObz�*�^(l��Ed�"$�N6:9�
(3) !9/V�F�9�I?2�!���	X�;9�X���sQW;�t.�3�
(4) /� FT–IR `xF�R0T�{}

4500cm−1 ∼ 350cm−1 �"2�*(l��Ed�"2F�;I�
(5) �;!St�[eI�ti;F�>$

FT–IR`xF�RF�;I��)�;�s-`xF�t�/a$�[u�XiYJ�
2 p 	x
2.1 f��Sf�HY�UmO�V�m3p>/jj (-�����}�)t>/�t FT–IR`xF��t"t 1_B�V->/� (A) <71 C–C j�t 1150cm−1(1170cm−1#t	f) #Æ�K#D=+�V�>/� (B)<71&#V�s 908cm−1 X=�s 772cm−1 D=+�V}>/� (C) <71&#�s 895cm−1X=�s 785cm−1 D=+ [1,2,4] �,� A }V->/�� B }V�>/�� C }V}>/��
2.2 f��Sf��~��yPHrLt 1}/V�>/�t`xF��t�t�#WY PEt –CH2–f��K# 2018cm−1 x�JU�Y�stf��K# 1378cm−1 [3,4] �
+
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u 1 0W� ,n.�����~�?0uayG��u/�m��t�Kf�\l* 4 �" 1 GEH#E+6C&31/7)GnM 1# 2# 3# 4# 5# 6#�tRX 4.5 2.16 6.35 1.35 3.5 5.25" 2 GEH'E+6C&31/7)GnM 7# 8# 9# 10# 11#�tRX 0.37 0.09 0.21 0.29 0.25" 3 GEH2E+6C&31/7)GnM 12# 13# 14# 15# 16# 17#�tRX 0.3 0.1 0.53 0.42 0.21 0.67

2.3 �
f��Sf��~��yPH�|

2018cm−1 �Kf�Eg/V��1S# –

CH2– td�0℄�rDt�a9}/V�b	tW	E<2t�_t 2 #<X:U�l'&3pF0t PE F�� 2018cm−1 �K#jwt�F	mF�b	6PUSt�3D��f�lb	 < 60µm�| < 0.06mm9�'l��([US�}�&l 1%�%b	���}�.m%d�
<vEMh	a$twC�k 0.06mm8ktF�b	�E(E>tb	��sL%���b� 1378cm−1 Y��nEtiuf[�#�a^+Mo�`��bt.��℄\E���ssvE%a�t6(It��b�
2.4 Y�UmLiO�NM�_[XiBL�H�� [1]" 4 6EA5,&0B-:D>?I�LG�g (cm−1) 1G (µm) �A ASTM JC�A

1378 7.25 �tw (0W�) D2238

1380 7.24 �tw (?<*`)

935 10.7 �t1^Æ�
908 11.1 %�uW�t D6245

1,2– >W�t
965 10.36 D6248^>W�t
888 11.26 >W�t D3124

772 12.95 >�t
895 11.17 �t
785 12.74 >�t
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12 �/ ;�3 2005 6`xF��W��EX Lambert–Beer �a}sXt�,�a<��*B�
A = log I0/I = abc�#� A }i;�"t�F	� I0 }$-FÆ	� I }s-FÆ	� a }i;�"t�F�T�kg/mol.mm�am`x�Kt0FX�"t3"iD�l0Fmi;�"N�9� a }ET� b }FRF (cm) � c }i;�"tz	�

mol/kg PE �l a �b �3%9��F	mi;�"tz	N���| A = ac �nO;�i;�"tf��F	�|<�ri;�"tz	�

u 2 4qG1 PE 
n 2018cm−1 �L$kxuE�
1——HDPE � 2——LDPE � 3——LLDPE

2.5 LiR q	Hho!�W'���tD��l!�QW.�tF��!�3pz	tF��+9/[��!�tF�I��;u);!N��,Y;�9t�	�
N|T�;Il�#gz��g9W[;�tF��sQW (Æ 1.3.3) ��mpNF�t`xF�t A1378/A2018 "2DR��M"t 3 _B�_t 3 #<X:U� A1378/A2018 m�sP�3D��IB|��y#�6&�Q�lJ���R}
Y = K ∗ A1378/A2018 + R

�#� Y E� 100 3V�S��t�stq�T� K1= 1.8391 � R1= −0.307 � K2= 1.2036 �
R2= −0.102 � K3= 1.0653 � R3= −0.064 (K1 }V�m-�t>/��K2 }V�m��t>/�� K3 }V�m}�t>/��)

A1378/A2018(A)

(A) 0W�n.�u?0�
A1378/A2018(B)

(B) 0W�n��u?0�

A1378/A2018(C)

(C) 0W�n~�u?0�u 3 0W�0\�ay<��tRX(�� !D�T r1 = 0.9943 � r2 = 0.9926 � r3 =
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u 4 4q�tRXuayG�u
0.9903���# 1 �<Æ_�Ot�W'�����.��t 4BUY3p�sQWt`x�KF��gt 4 <:U�5F�t 1378cm−1 �K#%f3m��|F�tb	%f3d�k\0�sQWt50� 1378cm−1 �K#m�Æ�" 5 6GEK/;7#E&+6CG�#V 1# 2# 3# 4# 5#�<� 4.5 2.16 6.35 1.35 3.5<�� 4.45 2.0 6.3 1.0 3.465ÆÆA (mol %) 0.05 0.16 0.05 0.15 0.04" 6 6GEK/;7'E&+6CG�#V 7# 8# 9# 10# 11#�<� 0.37 0.09 0.21 0.29 0.25<�� 0.3 0.10 0.20 0.3 0.35ÆÆA (mol %) 0.07 0.01 0.01 0.01 0.05" 7 6GEK/;72E&+6CG�#V 12# 13# 14# 16#�<� 0.3 0.10 0.53 0.21<�� 0.28 0.12 0.54 0.175ÆÆA (mol %) 0.02 0.02 0.01 0.04

2.6 ℄{>�
(1) 4����t�Q(.4�<*B}5ÆÆA(±) = <��−�<��5ÆÆA�< 1%

,�;��*B`xF��;�/V�t�sQW���;�*B NMR �;�t�sQW����+U*B���M}0 (+)r}x (–)�
(2) !�!�<*B}"ÆÆA = (<��−�<�)/�<�

2.7 dWO�* 5 �* 7 \UYpNFF�t FT–IR ;I�Mz����* 8 �* 10 \UYpNF��+!�t�2F�t;I�M�" 8 6GEK/;7#E&+6CG�#V �<� <�� 5ÆÆA (mol %)

1# 4.5 4.44 0.06

1# 4.5 4.47 0.03

1# 4.5 4.5 0" 9 6GEK/;7'E&+6CG�#V �<� <�� 5ÆÆA (mol %)

7# 0.37 0.40 0.03

7# 0.37 0.33 0.04

7# 0.37 0.36 0.01" 10 6GEK/;72E&+6CG�#V �<� <�� 5ÆÆA (mol %)

12# 0.3 0.09 0.01

12# 0.3 0.08 0

12# 0.3 0.10 0.02* 11 \UYpNF��pNF��pN�
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14 �/ ;�3 2005 6 t;I�M� " 11G�#V 4#–1 4#–2 4#–3 4#–4 4#–5�<� 2.16 2.16 2.16 2.16 2.16<�� 2.1 2.0 2.2 2.3 2.15ÆÆA (mol %) 0.06 0.16 0.04 0.14 0.06

2.8 �DEvH��
(1) gl0/�/y��t(~3�pN0/�8[ui&�X�&���%X��%7�t{\�h�"M�0/�u�k��a/[��{\�h.m%r8�(~�℄\�0/���t36|3E4t�E�N;I�t*Is℄�� FT–IR F��;/V�>/�#t�sQW9�9!(. (�;�) t

NMR ��gl_��XR
�2t��Jm�N`xF��;�sQWt!��
(2) FT–IR `xF�R�rt�_* 7 <X:U�_�pNF��pNF�XpN� ��E�:_F��)�UF��i�*(ld����$�>F�"i�ZQ��
F
℄C3t��<XH9R
�rt� (�al�%W�S3%) �
(3) !�F�ED�t:9�6�!f�	�!� 175 Æ ± 5 Æ��_��!F�F�! d�l;Qbo 4000kg9�d),;�rtE%

W�+F�u�1t�%�s{\ta$�℄\:9�ttNTR	3�YF�tSmh�
(4) glF���t(~3X36|3E4t�℄\�F�t3p�o�F�t��>�E3pt�}Y"ir%W�+;I��!6�� FT–IR `xF�R(lt�o�
&:9��rp.���.p&�

3 px
(1) >���9�_;V�>/�6SET�>/jj�%>/jj���<71 2.1 t��"2+�
(2)���!Fl;�V�m-�����}�/[t/V�>/�#t�sQW�
(3) FT–IR`xF��;�/V�#t�sQW�EN&�j�AZ�.�t;����FSld|WtAZ;��Ag��
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01������������������������������������������
wF� InP tI InAs j�JZ�VK}Cp)#X2:ayG~e<��Gu2g�e<��ayH/$UspH�?d�)r<�X2}ayG~e<�u4w X2:ayG~e<�9T�fL��e:uA-�uNdy< Pjvg:�"�x�

R� InP Kz*4GOZO' InAs X2}ayG~e<��-���Ah�4gj GaAs/AlInAs/InP DEu InAs X2}�=5O��$�1GY��1G ,~ 6.4µm Y 6.6µm �� 77K �
��m~<~ −1.1V:�-��ue<pZ 1.0 × 1010cm·Hz1/2/W ���� 2004 y 11 {	9u SPIE	ay?�H/ XII�-in[*�-e:uA-�u#��,Z-��u7.�N� � *.8
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