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�ا���ارة ��� ��� ا���اص ا���������� وا� در������� ����������� �  
� ا��&و��  ه�$روآ"� ا��!  ����ز���  

� .م��)����$ ا��+� رزاق��� .م.م            ���2ء ه�دي 0/��  . م      إ-"�ن +��ء ا��    
 ا�6 -��ن –آ��� ا�����5  – ��(�� ���!

                                        
  :ا��789 

%�  ا	�$اب) .HEC H.L (!�	� ا	� و��ه��روآ�� ا��� �����ز 	��	� ا	���	���� ��اص ا	����
���� وا	�� درا�� 
�ة و)�12 ا�'��ا)0 آ���/�.، ا	��ء ا	�+*� و('�اآ�  )�'�&� �� وآ��اد �92�8'�7�� %� ا	 	��ن ه$ا ا	��	��� 	0 �*�+�ت �24!�� !

�9وف �	 �0@��و ?�ا04 (1�ف )>�%�) ,20oC   30oC 40oC ,  50oC ,( 	$ا �� �>��;0 	�ر��ت /�ارة )�'�&�  ،و:��ه�
 �A��	ا.  

	��اص ا	����
���� )I? Fل ا�'��ام ا	����ت %�ق ا	��>�� !��E F. ��1ز )�	� و)�'+�� ا	����ت %�ق �� C��س ا
 ��<����ب ا	��اص ا	+����ت � Rه$ 	1$ا ا	��	��� و)gm% F) ٠.٨وا	P  ٠.١)F (و	'�اآ�  )�'�&� ) ٢٦ KHz(ذو ��دد ا	/ �

��<��
;E�U�� و)>�)� ا	��و
� و�'�?�ء ا�T>� و �'�?�ءاTز)F و ا	����
���� ا	'�	�� )>�)� ا)'�Sص ا	����ت %�ق ا	Tا
�Cو ���	��	�1 ه$ا ا��وا	'� �1 وا
�ا!ا	��X%� وا	� و�� ا	+S�� P�! ا	��اص ا	���	����  C����ت اV��'W وا	���
>� ا	��S�� ا	'� ��

V��C  ام�  .و
C 8S*� ا	�A� 7 ا	&>�لو)>�ل ا	�زن ا	�A� 7 ا	� و�� 	 و�� ا�'�	� )+��س (�ا�*� ا�'�

&ً� � داد ز��دة ?*��Z $آ�رة�	اص ا��	] ا�2'�^[ أن ��	أ_�1ت ا  �Cو)Linear ( أو ���Z ز��دة)Exponential) ( [(

�ا  ز��دة ا	'�آ� !�( ��E�U9
Tا  �'�آ	ز��دة ا [( `C�2'� �1
  .و�� ا
��F ?�ا04 !2� وأ_�1ت ا	2'�^[ ان ا	��	��� @� P	در��ت /�ارة )�'�&� ادى ا ����	���	وا����
/�b ان  ا	����

40(����F ا	��	��� !2� در�� /�ارة oC  (���� P	أذ ادى ا c)�d'	ا �	�/ F���وا�4 و�Tت  ازدادت ا����	و��!� ا �%�X�	ا
��E�U;
Tا V�C0 وإن . و��
���F )@��ل ا	��	���ادى ا	P ز��دة �C(��� ا���P�!  �^�)�1�	'�2%� ا	ا)electro static  repulsion 

�ام ا	��	��� آ��@�ق �92�8 وأ_�1ت ا	2) �'�T ة ���	ا �&S	وه� ا P	ادى ا ���	��	ا F���ا	�A� 7 وز
� ز��دة '�^[ ان �
  .ا	�9وف ا	��A�� � 'و)+�و)� '�@��F ?�ا 04	�I^� و(�	'�	�%� )�7 (@�2X )�� �7>�� ا%;�  )�+��� اوا�4 ا	��	���( �����0و

 

Temperature Effect in Some Mechanical and Rheological 
Properties for Poly (Hydroxyethyl cellulose) high viscosity 

  Abstract: 

Some of mechanical and rheological properties of poly Hydroxyethyl cellulose dissolves in 
distilled water for different concentration from (0.1%) to (0.8%)gm/ml concentrations in 
temperature (20oC , 30oC 40oC ,  50oC) had been studied.  

With respect to the mechanical properties, the ultrasonic velocity had been measured by 
ultrasonic waves system of frequency (26 KHz), other properties had been calculated such as: 
absorption coefficient of ultrasonic wave, relaxation time, compressibility, relaxation time, bulk 
modulus, relaxation amplitude and specific acoustic impedance. All these measurements were 
carried at different temperature (20oC , 30oC, 40oC  , 50oC). 

These properties are rheological properties such as: shear viscosity and its different Kinds, 
Viscosity average molecular weight, effective molecular radius and density where the viscosity was 
measured by using Ostwald viscometer. 

The results show that properties have exponential or linear increment with the increase of 
concentration except compressibility decreasing with the increase of the concentration at different 
temperature. 

           Result shows that heating polymer for different temperatures inhances its mechanical and 
rheological properties. Heating at (40 oC ) caused degradation to polymer chains and forming cross 
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linking and this process lead to incrense the values of density and compressibility, then reduces 
sweet gland activity presente in human skin when using this polymer as consmeties , and heating 
polymer solutions leads to increase ions ability to forming electro static repultion and this repultion 
responsible for using this polymer as detergent materials . Results show that heating this polymer 
lead to increase molecular weight and increasing its solidification against the environment. 
 

  :ا��;$(� -١

آ��^� )d'+�ت ا	������ز (�)��
��  ( Hydroxyethyl cellulose, HEC)ه��روآ�� ا��� ا	������ز ��'�ز (�	� 
%�  /�b ا
0 ذو 	 و�� !�	�� وا�;� ��'�ز (��4�� ا	�*�E�� ا	��ذ(� ا	'� ه� 4&� ا����� ،ا	��*�ة !�P ?�ا04 ا	���	����

 g&2	ا�'��اج ا ��ا)0 %� !���� /�ارة 
'� �7	I/'��ك )] �E+�ت ا	'�(� و($	c %�ن . ا�'��	�� P	دي اk� �&@	ت ا��ان !�� b�/
��'/Tا ���+� P	دي اk� ���	��	ه$ا ا F( �^��	@��ل ا�	ا �%�lا��	>�	و�'0 ا �	�7 �'
 �ه� ا/� ا
�اع ا	��	���ات و .ك ا	�'�	

�)� آ��ا^� /&�'��'>�� !�Messina ( ��W P(� وا	��'>��� %� /&� Z(�ر ا	g&2 وه� )�دة )�'�ردة )�W ��C Fآ� ا	�� b�/
�X( ��^�( ��	�@( ) ��X( ز�������)� ا�;ً�  ) و:��ه�ا	������ز وآ�ر(�آ�� )X�� ا	�'�وه� ا/� )d'+�ت ا	��	���ات ا	�����ز�� ا	�

  .)١( و!�W P�� )@�	�� )�^��آ��ا^� /&� 
�م %� /�Tت �+��� ا	@�آ� ا	A� 7�� 	���ء %� !����ت �U*�� ا	g&2 (@�b ان ا	'�اآ�  ا	>�	�� ) HEC((�	��� ان  �'��

F( g&2	اج ا��'�T ���
�X	ت ا��>��	ت %� اI�<'�1 ا�	 ��2��I� آ��ت�( F���� P	دي اk� 02( 0
�+��  أ��9 (���
0 �+�� اT/'��ك %�
�ان '+���	)F /&� اn(�ر و�>'�� آ>�)�  ���ب ا	g&2 %� ا	&�7ات ا	�7��2+%)Losses Factor ( ج��'�  .)٢( ا	g&2 ا	�


��� T!�دة ����� ا	�d'+�ت ا	2&*��  ان�X	ت ا��>��	ا �% ��<'�/�آ�ت ا	'g�7 ا	F( �7��2 ا�'��ام ا	��	��� وا	'� �
�2 !2� ز��دة ��o�� ا�1�Tد ا	�آو
'� �7	F���' )@��ل ا	��	��� ��I�� pآ��	ا F) ���	��	>'�� ه$ا ا�0 %��2ت��ر�� !��X ٣((. 

/�b ان ه$R ا	��4�� ا�l%� ا	P ?�4�� ا	� و�� ا	>�	�� ا!*'0 آ&�ءة !�	�� وا�'+�ار�� 	��@��ل و	���اص ا	���	����  
�ى وا�] )F در��ت ( F�l�&@	ت ا����! F( �7��2	@�ارة ا	ا . ���وا	@�);�� ا	+��� وا�;ً� ه$ا ا	��	��� ���k %� ا	�@�	�� ا	+�!

�م (�Sرة وا�>� 	'�7] ا	��اد ا	���S و%� (> r	Iو)+�وم �'�� b�/ ة���
 ���ت و)2@'0 ه$R ا	S&�ت �*��+�ت �24!�� !

�� آX��ة و)�12 ا�CTاص ا	*��� ا	��U&� 	���آ��ت ا	�����و�� و��'>�� آ��اد T��24!�ت اT:$�� ا	�I7�2�� و	0 �*��+�ت 4�

U	اد ا���	);�%�  ��'�7	ت و)�اد ا�
  .)٤( )cosmetic($ا^�� وا	��dو(�ت وا	�92&�ت و:$اء ا	@��ا
 ���	�) �12�l F( ء��	ا �% �)ذاTا P�! ���)�+	�1 ا	'� 	أي ا ��
�&	Tات ا���	��	وان ا)HEC  ('ع��19 ا��<WI	 �)�7  و

  .)٥( )I? Fل �>��1l 	0 در��ت ا	@�ارة

���� وا	@�ار�� 	��	��� �@��F ا	��اص ا	� وه�ف ا	�را�� ه����)HEC ( �7��2	ا ��	>�	@�ارة ا	7>�0 �'@�� در��ت ا	
)�'�&� 	�Uض �+��� اوا�4  ��ت /�ارةر	�('>��r ا	��	���  ���وه$ا �وا�'>��	� آ�92&�ت  ا	g&2)F^��( F ا	@&� �T'��اج 

  .)٧,٦( وا	;�وف ا	��A�� ا	��	��� وا	@�Sل !�P ا%;� ?�اص /�ار�� و)���
���� �'I^� )] _�وف ا	@&�
  

  :ا���A@ ا�?<�ي  - ٢

١-٢  �������  ا��CD�E ا��
          �x1'آ�/ �x2! �^�x�
��xA� � �x1ت ا	�<� �x'	ا �x(+�و�	ا Fx! �x�<و� �^�x��x��ب ��x^�    . ا	� و�� ه� إ/�ى ?�اص ا	
� اx2! إذ

                �x1% ا$x	و �x12( �!�x� �xCأ �xه��<� �x'	ا �x+�*	آ�2 وأن ا�x� ن�x�� y*x��	 �+x4I�	ا �^�x�ه�دئ !�y*� P أ%+� )>�ox% ،Fن �x+�E ا	
  xx12( �xxXأآ �xxه��<� �xx'	ا �xx+�*	وا �xx1'ق /�آ�xx<�      F���xxC ���oxx� Vxx@� ن�xx�� �^�xx��%>Pxx�! �1 ا	@�آ �xx	xx1$ا %oxxن ا	xx� �xx1% ا$xx	و �!�xx� �

F�د��;'( .   فTZ �<x;) F�x) ات �'�اوح���	���	 ���ا!'��داً !��E P�>� ا	��اد ودر��ت /�ار��1 أ)� ا	� و�� %� ا	@�	� ا	��^>� (�	2
P	إ �A� 7	زن ا�	ا �AEات وا���	���	زن  (1013)�	ا ��	ات !����	���	�A� 7	٨,٧( ا(.  

        F�x) ��x�
�x1 ا	2o) �xو� �	ف ا�x! إذ،F��x�
 �	�x<	0 ا<lي و�<d	ب ا��
���ب ا	��^� دا?� ا|
إن أول �>��� ر��F! �l ا
)�1� ا	+` Shear Stress+` إذ (	ل ا�   :))٩ و(>

)//( dxdss νη =                                                (1) 


+*'���1�S&� F ا	���%� dv)( إذ  F�) [^��	) ��!� اdx(   `x+	ا �ه�x ا	+�xة ا	���xS) �*�xرة x���(�� (s)        Px�!وأن �1
)/(و/�ة )��/� ا	�*y و�>�ف )>�ل ا	+` dxdv    ري�x7	ا [^�x�	ر ��!� ا���xب       . (�2@/ Fx��� �x��nا �x����7'	ا �xCI<	ا px�/
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�2�c و)+�ر
'�) 0	 F( ا	Iزم 	�x��7ن ا	@�x7    -ا	� و�� 	��@��ل (+��س ز)F ا	���7ن 	@<( �7�F( F ا	�@��ل ?Iل أ
��(� أو�'�	�%
 �����C دة�( F( 0�&
         :)١٠(إذ أن) آ�	��ء ا	�+*�(

00

ss

0

s

t

t

ρ
ρ

η
η =

                                                           (2) 

   b�/0,tts  �	'�ا	ا P�! @��ل�	+*� وا�	ء ا���	���7ن 	ا F(ز.  

       0,ρρs  �	'�ا	ا P�! @��ل�	+*� وا�	ء ا��	ا �%�Xآ.  

       0,ηη s  و�� �	ا �	'�ا	ا P�! @��ل�	+*� وا�	ء ا���	 ��S+	ا.  

�ة �/�) ��S+	و�� ا �	)+�س اg/cm.s(  ����	�) P�� :وه�2	c أ
�اع أ?�ى )F ا	� و�� ه� (poise)و�

  

   ����  :)٨(  ���اT)F ا	�>�د	� و�@�C p��'�1 ا	� و�� ا	2

00 η
ηη ss

rel t

t ==                                       (3) 

  : )١٠( ا	� و�� ا	!�2�� ��) P*<	�CI<و 

1
)(

0

0 −=−= rel
s

sp η
η

ηηη                           (4) 

  : )١١(  (dl/g)وا	� و�� ا	��' 	� و�+�س (�/�ات 

C
sp

red

η
η =                                                          (5) 

  : )٩( وا	� و�� ا	$ا���

0

][
=









=

C

sp

C

η
η                             (6) 

�د ا	�Uا)�ت )F ا	>��2 ا	�$ا(� 	��)  C(إذ ���X ا	'�آ� !(100) �'��( p�$�	ا F( .   �xر� Fx( �ً���! ��$ا�	و�� ا �	ا p�@�
 �^�1
I	8 ا�'�&	ا ��1 !2� �+�E] ا	�2@�2 )] ا	�@�ر ا	>��دي !2'��C ]'2'� ا	� و�� ا	��' 	� )] ا	'�آ�  و�

���Tت ا�CI<	ا r<) F( �ً��9
  :)١٢( و�@�p ا	� و�� ا	$ا��� 
8

8
][1 




 += C
rel ηη                              (7)         : Philippoff   �	د�<(         

Crel ][ln ηη =                                      (8)           : Arrhenus   �	د�<(  


C 8S*� ا	�A� 7 ا	&>�ل @��ب	أد
�R وا�'��)V ا	�>�د	�  )١٠(:  

                                  (9)                                            
3 24103.6/sloper ×= 
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�ى �Eا^C .xx��xxس ا	�xxزن ا	�xxA� 7 وأن أه��'�xx1 آ*��+ �xx	<'�xx�F ا	�xxزن       xx/إ �xxه �xx+�+@	ا �xx% �xx&&��	ا �xx�	�@�	ا �xxو� 	إن 
         	�) �x�9
�ة أx<	و �xA� 7	زن ا�x	ا [x( �x����7� �xCI! ذات �x1
�����x و)I? Fx	ox�2� �x1     ا	�A� 7 ��ءت )F ��1	� ا	'�2�c و/+�+�x آ�

�W(1930)              Fx( Tً'�د
�� !�م x) ���x4|ا �xو� �	ض ا�x<� 8 إذx�&E ���x@� [x( �xA� 7	زن ا�x	ا [x) px��2'� �	 '��	و�� ا �	ن اo(
ylو�� �	' ��	ا c	ذ �	>�د�	١٠,٧( (�( :  

a
vkM=][η

         (10) 

 �xxو� �	ا �xxA� 7	زن ا�xx	ب ا�xx�/ �'xx�) Mv (  �xx	>�د�	ا Fxx( ان bxx�/ RIxx!ا ) a وk (  ���	�xx�	ا �xx)ذا�) �xx4�? Vxx)ا�� �xxه
 P	ا ������F إ��7د ا	�>�ل أ	� و�� 	��xزن ا	(k=2.2*10-3)      �xA� 7 و  o%(a=0.9)ن )HEC)و��'�F( 8 (�	��� ا	P ا?� (�	2

�2���E F!-c. ا	� و�� ا	�>'��ة !�P ز)F ا	'�%. %� )+��س ا	� و�� ا�'�	�%. 

  

    :ا���������� ا���اص ٢- ٢
       �x����7'	ا �xCI<	ا Fx( �xو� c	$xآ ،gx��	( ��دة در�� /�ارة ا ��2+	ا^� ا��إن ��!� ا	����ت %�ق ا	��>�� �+� 	�>�9 ا	

���nا �CI<	ا p�  : ))١٣ أن ��!� ا	�Sت %� ا	��ء �'U�� (] در�� ا	@�ارة /

v = 1557-0.0245 (74-t)2                      (11) 

��ب ��!� ا	����ت %�xق ا	�<�x�� �x% ا|و��xط     . (oc)در�� ا	@�ارة (�/�ات  (t)��!� ا	�Sت،  ���X (v)إذ / F�و��

 g��	ا �%�Xآ �	T�
���F (k)و)>�)� ا	��و
�  ρ)(ا	��'�&� ( �U�S) �CI<	ا R$ه P��    :)١٤,١٣(و�

ρ/kV =                  (12) 

        0x��A� � F�xx) cx���'	ى ا�xxC Px�! �xx�'<� ت�xS	ا �!�xx� نT تT�x@	ا [xx��7	 yxS� T �xx	>�د�	ا R$xص . وان ه�xxS'(Tإن ا

 ����I�	ص ا�S'(Tا �(�<�) P��)(ا	F! �W�2 ا	� و�� ا	+S�� وا	@�ارة � cα �CI<	�) 02! ��<١٣,٩( و�( :  

thvisc ααα +=                (13) 

إذ 
)( visα

  .)>�)� ا�S'(Tص ا	F! �W�2 ا	� و�� 

و 
)( thα


'+�ل ا	@�اري )E�2( F. ا	';�:g إ	E�2( P. ا	'���� 
'��7 	��ور ا	����xت %�xق    Tا F( �W�2	ص ا�S'(Tا �(�<(
g��	ا �% ��<��  :	$ا ���ن )>�)� ا�S'(Tص  )١٣( ا	

3

2

3

22

2

)1(

3

8

VCV

f

v

s
c γρ

ωγδ
ρ

ηπα −+=    (14) 

(γ)  V)�� gUl � (f)ا	'�x4���� ا	@�ار��x،    (δ)، (Cv)وا	@�ارة ا	�2!�� !2� /�X��(Cp)  V)�� �7 ا	2��� (�F ا	@�ارة ا	!�2�� 2!

)�xx�)f2دد ا	����xxت %�xxق ا	�<�xx�� /�bxx أن   ω=π اوي xx	دد ا�xx'	ق    . ا�xx% ت�xx���	ا �xxC�E ل�xx@� ص�xxS'(Tا �xx���! Fxx( ء xx� أن
              �x1	إه�� Fx��� اً إذ�x� ة��Ux4 �x�ن ذا آ��x�� ارة�x@	ا Fx! ]��x2	ص ا�xS'(Tن اox% �^ا�x�ا	��>�� إ	P /�ارة )���Wة، و%� )>�x9 ا	

��o� �( P�! �+)��  : )١٥,١٣( 	$	y�S� c ا	>�CI ا	

3

22

3

8

V

f s
visc ρ

ηπαα ==       (15) 

     �xx���<	�) ه�ة�xx9	ا R$xxه P!�xx� ة�xx��� �xx
�وث أي �U��xx% �^�xx7% �xx ا	�kxx� �xx(�92دي (�xx1 إ	Pxx ا	�xx�� إ	�/ Pxx	�xx )�ازxx/ إن
��^�?�'�Tا .I? ث�     : )�) P*<� )١٦,١٣	�CI<وا	$ي  ل ز<( F(�F �>�ف ( )F ا�T'�?�ءوه$R ا	>���� �@

23

4

V
t s

ρ
η=                         (16) 
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�CI<	�) P*<و� ����	ا �C�E P�! ��'<� �1
  : )١٣( و�+� �>� ا�T'�?�ء ( ��دة ا	'�دد أي أ
2/ fD α=                        (17) 

  

���nا �CI<	ا F( ��!�2	ا ����S	ا �<
��ب ا	���/ ��  )١٣( :    

Vz ρ=                             (18) 


;E�U�� F( )>�د	� I)TسTب ا��/ F�١٢( و��( :  
12)( −= VB ρ                                                 (19) 

���nا �CI<	�) P*<و� ��E�U;
Tوه� )+��ب ا �
        :) ١٤( وان )>�)� ا	��و
21 VBk ρ== −                             (20) 

٣ -  �  :ا�A&ء ا����
  :��/�� ا�?��ذج  ١- ٣

 !�P ا	�@�	��%� ا	��ء ا	�+*� 	�@�Sل  (ml 100)�� �@;�� أوزان )�'�&� )F ا	��	��� (�ذا(� ه$R ا|وزان %�  
  : ) ١٧( ، إذ ��V !���� ا�ذا(� 	�7�] ا	��2ذج ا	��زو
� %� و/�p ا	>gm/ml �CI%) ٠.٨-%٠.١('�اآ� (

 
�@+ وزن ا��Lاب (   \وزن ا��Lاب ( =ا��5آ�&L��(21 )        100%× ))  وزن ا   

  
�� ا	�وار �E�2U�	@�ك ا�	�17ز ا) �
�<'�Tا Vو��(Magnetic Stirrer)  ء��	%� ا ���	��	ذو(�ن ا ����! [���'	

�
  .ا	�+*� و	�@�Sل !�P )@��ل )'�7
 :اQ�R&ة ا��"$�5(�  ٢ - ٣
� و)�x'+�� ا	����xت %�xق      أ -x	�( ز�x1� ام�ا	�CSI  (  [2xS()�د�Ultrasonic Generator and Receiver(    �x( ا	��x>�� ا�'�

�ار�W ��C F( ( Phywe) Rآ� +) V$ي �>*� ��دد ��(	26)وا KHz(     �(��'x���x   ٢٠و –�C �x*�ه�x    ١٠(وا(>�د اx�T*�ا
� ا	�
     . !�l�� ) ار�&�!�1

�>� أ -) �%�X�	�2 ا�2C ام��'�(30 ml)  �
�<'�I)آ�  و�W ��C F( [2S( س��   (metter switzarland)(�17ز )� ان /
  �����@)(0.0001) .  

  . (ostwald)ا
��(�  وذ	c (��'>��لا	� و��  �� C��س -
  :ا��?��VW  ا�?UD�5 و- ٤

                    �x	>�د�	ل ا��<'x��) ��xS+	ا �xو� �	ا ��xC ب�x�/ ��(2)   ��xd	(1)وا   �xو� �	ا��U� yxl��      x�'�آ	ا [x( ��xS+	8  اx�'��	و
و
I/� أن C�� ا	� و�� �x داد )x] ز��xدة ��آ�R x و�p�x ذ	�x<� cxد إ	20oC   30oC 40oC ,  50oC,(           Px ,( ا	�ر��ت ا	@�ار��  


'� �x7	 ��xدة ��آ�x  ا	��x	��� �x% ا	�@��xل         �x7@	ة ا��ت آ��A� � ذات �����	�) ��I� F���� P	دي إk� ��( �+<( ��W P	�1 إ���@�
p�$�	وا ���	��	ت ا�A� � F�) ��	�+'
Tوا ��
  . )٩(  و(�	'�	� �kدي إ	P ز��دة �Cى اT/'��ك ا	�ورا

�ر��ت ا	��C �xx�0*�xx��xxس ا	��xx%�X 	�'�اآ�          xx	8 اxx�'��	و  ��xxd	ا �xx% yxxl�( �xxدة   (2)وآ��xxز� [xx( �xx%�X�	ا ��xxC 0xx�% داد xx� ي$xx	ا
           `?|�x)و �x*+�	ء ا�x�	ا �x% �1ـx

'��x7 	$و(� ���	�x�	ت ا�xA� � �x% �x4�@	خ ا�&'
T@��ل وا�	ز��دة آ'�� ا P	و����1 �>�د إ  �'�آ	ا

  .)١٨( ا	��	���ات ذات ا	�زن ا	�A� 7 ا	>�	�

    �xx1

��xx� 0)�xxd� �xx1ك ا	� و��xx ا	+xxS�� آ�o% �xx�!�2	وا ���xx�أ)�xx ا|
�xxاع ا|?�xxى )Fxx ا	� و��xxX( �xx ا	� و��xx ا	��' 	�xx وا	2
��S+	و�� ا �	ا F( �ً�lـ'+� ر��d( . ـ��لW|�) �@l�( (5)و (4)و  (3)وه�.  


� (xx�F ا	� و��xx ا	��' 	�xx وا	'�  �xx��	ا �xx��	ا Fxx( �ًxx���! �xx�$ا�	ا �xxو� �	ا ��xxC F�xx�<� �xx� ��xxd	ا �xx% �xxآ�  xx�(3)آ  [E�xx+� وأن
             �x�$ا�	ا �xxو� �	 �x���<	ا ��x+	ا �xX�� �xه �&xxS�	 و���x�(  x�'�آ	ا �x��C ن�x�� �(�xx2! دي�xS	ر ا�x@�	ا [x( �x2@2�	ا .   �xx��C ب�x�/ �xو�

  �xx	د�<( �Eـ�xx��) �ًـxx��9
 �xx�$ا�	ا �xxو� �	ا(Arrhenus) (8)  �xx	د�<(و(philippoff) (7) . xx+	ا F�xx) �xx�رب آ��xx+� د�xxو� �/�xx	 إذ ��
�ول xx7	وا �xx��92	وا �xx���<	(1)ا   �xx@�ار�	ر��ت ا�xx	8 اxx�'��	و ��xx+	ا cxx�� yxxl�� ��xxC دة�xxز� �xx9/I( Fxx��� ول�xx7	ل اIxx? Fxx( إذ ،
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  ���oxx� Vxx@� �xx�$ا�	ا �xxو� �	ارة  ا�xx@	ت ا�xxدة در��xxز�      �xx�I�و�p�xx ذ	cxx ه�xx و����! F��xx��xx ا	'c)�xxd أو ا	'�xxا(g ا	>�xx) �xxl�F ا	
  . )٨( ي (�ورk� Rدي إ	P ز��دة /�7 ا	�A� 7 ا	$ي ����g ار���Eً� و��+ً� (�	� و�� ا	$ا���ا	��	����� ا	��'&� !�dا^�ً� ا	$

��ب 
C 8S*� ا	�A� 7 	1$ا ا	��	��� (��'>��ل ا	�>�د	� / (9)��         ��xd	ا Fx( �
�x��	ا �x���	 ��+'x�، و�� �>( r��x��x ا	�

C 8S*� ا	�A� 7  (2)، وا	7�ول  (4) ��C ��U� yl�� ،       �x��U	 �x&�&�	ا  x�'�اآ�	ه�� �x/أ ���	�x��	 F�'��C ب��/ �� �C(%0.3)و 

   x�'�آ	ا �
� 	�'�اآ�  ا	>�	�� (>�X	ارة       (%0.3)وا�x@	ت ا�xدر� Fx( 0x&�'��	ت اT�x@�	.        ،�xA� 7	ا �x*C 8xS2	 ن�x'��C V�x�/ c	$x	
          x�'�آ	ا �x2! �xو� �	ا ��xC �x% ���x&�	ا �x��U'	ا Px	إ c	ذ p�� ا  �و�>�د�� F��x�� px��       �x��U� Px	أدى إ Rور�x) ي$x	وا �x�2��I�� px�آ

 ،�A� 7	�7 ا/ �% ���&(  

�R   (0.3%)(�>Z P2?� ز��دة ا	'�آ�  �kدي إ	P ز��دة /�A� � �7ت ا	��	��� و�����A� � Fت )>+�ة !2� ا	'�آ�ـ  x<) �(و.   ���ox� �x(أ
R@�ار	ز��دة در�� ا  c)�d� p����� ا	��	����� (��ا	���I ا	��	����� ا	��'&� !�W P�� آ'��x آ�و�%   �x��'�I? F( Fل ز��دة �Eل ا	

��� �kدي إ	P آ�� ا	�&� ا	��و�� و(�	'�	� ز��دة 
C 8S*� ا	�A� 7 ا	&>�ل���ن ز��دة �Eل ا	% )١٢(.  

�ول          x7	ا Fx( �x�$ا�	ا �xو� �	ا �x��C r��x<� لIx? Fx( �xA� 7	زن ا��	و��  �	ل أ���ب ا	�>/ (1)��    �x	>�د�	ا �x%(10) .
�  )3(وا	7�ول<) �A� 7	زن ا��	و��  �	ل ا�kدي إ	F���� P !���� ا	' c)�d	�xA� 7ت  ز��دة در��ت ا	@�ارR وا	'� ����F ز��دة ا	�>

          �A� x7	زن ا�x	دة ا�xز� Px	دي إkx� وره��x) �x'	ة ا�x���	ا �xدة در��xز� �	'�	و(� ���	��	١٢( �ا(  .       �x���<	ا ��x+	ا F�x) �x
آ��x أ���Vx )+�ر
7�ول  (9)و  (8)� ا	�@��(� (����E )>�دTت 	��زن ا	�A� 7 وا	+�� ا	��92	�) yl�( اً آ�� ه���2'�^[ ��ا%+ً� آ�	(3)إذ أ_�1ت ا.  

     ��?ox'	ا Fx(ز Px�! ���	�x�	دا?� )@��ل ا ����	'� �+*>�1 ا	ا �%����� ا	�+) c	وذ ��<���� C��س ��!� ا	����ت %�ق ا	
 ��d	(6)وا     [x( ��<�x�ا	'�آ�x  إذ 
�x/I أن ه�x� R$x!� ا	����xت %�xق ا	�<�x�� �x داد         ��yl ا	>) �CI�F ��!� ا	����ت %�xق ا	

أدى إ	Px ا�@�xد 
!�x��xA� � Fx( Fت ا	��x	��� وا	��x�( p�$x أدى إ	�xA� � F��x�� Pxت             ا	'�آ�  و��p ذ	cx ه�x أن ا	'&�!�x    آ��� ازداد
�ر اT        (Macromolecular)آ���ة xS( Fx( �x���

+�x ا	����xت ا	���� Px�! �x�<� �'	@��ل و ا�	م     دا?� ا x/ ةox�ه Px�! اب�*xl

��ا^� ا	���*� أو ا	2+�� �	 �ً%I? �!��  . )��((Purity) )٧��، )�� أدى إ	P ز��دة ا	

    �x<) داد x� ��<�x�
I/� أ�;ً� أن C�� ��!� ا	����ت %�ق ا	    Rار�x@	ت ا�xدة در��xز�      �x(I1	ا ��xd	ن ا�x�� cx	ذ p�xو� ،
      Px	دي اkx� وره��x)و c)�xd'	ا �x���! ن�x�� P	إ ��d� $ي	ا           �x<و� ���	�x�	ت ا�xA� � F�x) ت�x:&�ا	ا �x��+و� ���	�x�	ت ا�xA� � رب�x+�


� IًC	R$1 ا	����ت  g��	ا.  
       �xCI<	ا px�/ �!�x�، (16)و�� /��ب C�� ز)F ا�T'�?�ء ��)'>��ل ا	+��� ا	>���� ا	�+��� 	�� Fx( ا	��x%�X وا	� و��x وا	

 ��d	، إذ  (7)وا �'�آ	ء وا�?�'�Tا F(ز F�) �CI<	ا yl��    x�'�آ	ا [x( ء�?�'x�Tا F(ز��دة ز �/I�  [x(و     Rار�x@	ا �xدة در��xز�

� ��(+ً� إ	P أن 
�x*C 8xS ا	�xA� 7ت �x داد      (Complex)و���0 �>�د 	'��ن � ��Aت )>+�ة �Wت إذ أ�A� 7	ا R$�7 ه/ �% ���Uو�

2� ه$ا ا	'�آ� ، و($	c � داد ز)F ا�T'�?�ء، !  
 xxز� [xx( م�xx! ��xxd) ء�?�'xx�Tا Fxx(دة ز�xxز� �xx(دة   أ�xxز� Pxx	دي إkxx� �xx�( �xx����	��	ا �xx�I���xx� ) �xxدة /�xx7 ا	&�%  xx�'�آ	دة ا�

اT/'��ك ا	�ا?�� (��E F+�ت ا	��^� ا	F( �7��2 ا	';�:g وا	'���� 
'��o� �7�� ا	���ـ�ت %�ق ا	�ـ�>�� و($	c � داد ا	x )F ا	Ixزم   
P	رة إ�X'ـ�  .وl>�1 ا|��4 �!�دة ا	A� 7ـ� ا	�

�  � داد)F ا�T'�?�ء آ�� �F( �/I ا	d�� أن ز<)R@�ار	ز��دة در��ت ا   cx	�2ه F�	 ����+	ا|وزان ا �% ���C ���U� c	�2ه
� /��)  �x��xA� � Fت ا	��x	��� ا	x$ي     ����اTوا��C �4 !���� ا	'�d(U�c��� )�@�ظ 
'� �7	�S@ل !���� x� �    xA� 7	ا R$xه �xت /�آ�

  .C�� ز)F ا�T'�?�ء %� )�اk� ��( �1<Cدي إ	P ز��دة

�/ �� �CI<	ا F( ء�?�'�Tا �<� ��C (17)�ب   ��xd	(8)وا          Fx( �x/I� إذ  x�'�آ	ء وا�?�'x�Tا �<x� F�x) �xCI<	ا yxl��
ا	d�� أن �>� ا�T'�?�ء � داد )] ز��دة ا	'�آ�  وا	���x<� pد إ	Px آ��x ا	���x%� ا	'�x1<*+� �x ا	�x% �xA� 7 أ��x2ء !����x ا�X'x�Tرة،            

	$x	Fx( c ا	�'�xC] ز��xدة �x>� اx�T'�?�ء        و!2�)� ���ن ا	'�دد ��('ً� 	��x ا	@T�xت   �ة ���ن ،(��p ! م ا	+�Sر ا	$ا�� 	��A� 7 ا	���
� و	�A� 7ت <) `C�2'� ء�?�'�Tأ�;ً� أن �>� اR@�ار	ء  ز��دة در�� ا�?�'�Tا F(داد  وإن ز x�   �x<) �x+�    Rار�x@	ت ا�xدة در��xز� ،

�>� ا�T'�?�ء 	R$1 ا	�xA� 7ت وز)Fx اx�T'�?�ء أ�;xً�      ز��دةأ�;ً� 	$ا )F ا	�'�C]  � داد �>�2 ذ	c أن �Cة اه' از � ��Aت ا	��	���
.  

      �xCI<	ا Fx( ��E�Ux;
Tا ��xC Px�! ل�S@	(19)�� ا   ��xd	(9)وا         x�'�آ	ا [x( ��E�Ux;
Tا ��xC ن�xS+
 yxl�� إذ  [x��7	
�)�ج 
!�x�Fx( F ا	�xA� 7ت ا	'�x أ             ا	@�Tتx
�وره� إ	x�7� Px] ا	��x�I ا	��	����x(      �x] ز��xدة ا	'�آ�x ، و�p�x ذ	�x<� cxد إ	Px اx) دت

�)�ج 
�!�F( F ا	�A� 7ت

'��7 ا r<) [( �1;<) �)'+�ر�	١٨( ا( .  

��ً� )] ا	��!� آ�� ه� )�l@� %� ا	�>�د	� �! p��2'� ��E�U;
T(19)و(�� أن ا    �x<) ت ازدادت�x���	و(�� أن ��!� ا
R@�ار	ز��دة در��ت ا  �����	��	ا ��I�
'��7 	'+�رب ا	 ��E�U;
Tن ا�S+
 P	دي إk� �1
�% �1�)�d� .��E F!.  
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 �CI<	ام ا��'��)(18)  ��d	(10)وا  �<
)x] ز��xدة ا	'�آ�x ، و�p�x ذ	�x<� cxد إ	Px         	�7�] ا	@T�xت ��yl ز��دة C�� ا	���
 ز��دة !�د ا	�A� 7ت %� ا	�@��ل ا	$ي �kدي إ	P ز��دة آ�X%� ا	��g ا	�C�2 و(�	'�	� ز��د

)��xx أدى إ	Pxx ز��xxدة ا	���
>�xx  ، )١٠( %�xxق ا	��xx>�� |ن ا	�xx� �!�xx داد (xxdـ�� آ���xx )xx] ز��xxدة ا	'�آ�xx     ة ��xx!� ا	����xxت 

I/� أن C�� ا	���
>� ا	��S�� � داد (>� ز��دة در��ت ا	@�ارR و��p ذ	c �>�د إ	Px ار���xط ا	x7$ور     ��d	ا F(و ���2!	ا ����S	ا

�d'	ز��دة ا P	$ي أدى إ	ا ���	��	ا ���  .(c ا	>��l وز��دة آ�X%� ا	��g و(�	'�	� ز��دة C�� ا	���
>� ا	@�ة %� ��

 �CI<	ا p���U� yl�xC �x�� �x(�<( ا	��و
x( �x]      ) ١1(ا	d��  ، و(20)�� /�ـ�ب C�� )>�)� ا	��و
ـ� 	��'�8 ا	'�اآ�  /
      �x1��C دة�xول ز��x7	ا Fx( �x/I
� ز��دة ا	'�آ� ، إذ x2!     Rار�x@	ا �xدة در��xز�    I<	ل اIx? Fx) cx	ذ p�xد     و��x�'!ا �x/I� �+(�x��xC ا	

        �!�xx� ك��xx� �x&
 �xx
)>�)�x ا	��و
�xx� Px�! �xx!� ا	����xxت %�xق ا	�<�xx�� �xS)رة ر^�� �xx	$xx	Fx�% c ا	�'���x� [xxCك )>�)�xx ا	��و
 ��<��  .ا	����ت %�ق ا	

  

  

  

 

  
Concentration (gm/ml)% 

 !�V��5آ�& و ) ١(ا�6 ا�� �W9��ا X+��  ��$ى (6 در��ت ا���ارة  ا�;��E  ا��&و��
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Concentration (gm/ml)% 

!�V�\�]�) ٢( ا���5آ�& و ا�6 ا�� �W9��ا X+��  ��$ى (6 در��ت ا���ارة   
  

  
Concentration (gm/ml)% 

   !�V��5آ�&) ٣(ا�6 ا�� �W9��ا X+��  ��$ى (6 در��ت ا���ارة و ا��&و�� ا���5&�� 
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Concentration (gm/ml)% 

   !�V�٤(ا (���  ��$ى (6 در��ت ا���ارة   ��+X ا���W9 ��6 ا��5آ�& و ا��&و�� ا�?"
  
  
  

  
Concentration (gm/ml)% 

   !�V�6 ) ٥(ا�� �W9��ا X+�� ��$ى (6 در��ت ا���ارة ا��5آ�& و ا��&و�� ا�?����
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Concentration (gm/ml)% 

 !�V��5آ�& و) 6(ا�6 ا�� �W9��ا X+�� ���   ����E�ت ]�ق ا�����ارةا���ى (6 در��ت ا$��  
  
  

  
Concentration (gm/ml)% 

  !�V�7( ا (�0�5ء R6 ا)�5آ�& و ز�6 ا�� �W9��ا X+�� ��$ى (6 در��ت ا���ارة   
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Concentration (gm/ml)% 

   !�V��0�5ء) 8(ا R�5آ�& و  �� ا�6 ا�� �W9��ا X+��  ��$ى (6 در��ت ا���ارة   
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Concentration (gm/ml)% 
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Polymer Intrinsic Viscosity [ ]η  (dl/gm) 

HEC 

Theoretical 

Experimental. Arrhenus 

 Equation 

Philipoff 

 Equation 

20oC 5.0٩ 5.0٤ 5 

30oC 12.0٨ 12.0٣ 12 

40oC 30.05 30.012 30 

50oC 42.02 42.01 42 

   (2)�$ول 

��b ا���eل&A�ا �fW gE� ارة���ى (6 در��ت ا$��    

Effective radius (r) (cm) 

HEC High concentration Low con. 

20oC 8.1*10-29 1.04*10-29 

30oC 9.2*10-29 1.1*10-29 

 40oC 10.3*10-29 2,1*10-29 

50oC 11.8*10-29 2.9*10-29 

  (3)�$ول   

� ا������ وا�?<��� ��$ى (6 در��ت ا���ارةb�&A�زن ا��� ���+X (;�ر�� �;�a وa�W ا���$ل ا��&و�    

  

 :اR 5?���5ت -5
١.  �7�'
 .	 ��دة در�� ا	@�ارة ?Iل ا	�را�� ���F أن ه$R ا	��	���ات �U� �19��اً )�'��اً %� ?�ا�14 ا	&� ��و�� 


�ع F( �?Z ا	��	���   .٢ P�! ل�S@	)�� اHECو�� ( �	وا �A� 7	زن ا��	ة ��� .�E+ً� 	�+�� ا	7

٣.   �E�x��)   ارة�xx@	ا �xدة در��xة     ز��x��� �xx�A� � أوزان Px�! ل�xS@	ا �x22���     �xx����	��	ا �x�I��وث !���c)�xd� �xx ا	x@	 �x7�'
                                                      إذ 
�( ��A� � ات ذات أوزان���	�) �!�24 F! Iً��) � .'�&� أو ا�'��اده��>

Polymer Viscosity average Molecular weight (Mv) 

HEC 

Theoretical. 

Experimental. 
Arrhenus Equation Philipoff Equation 

20oC 4200 4207 4186 

30oC 18203 18174 18181 

 40oC 49610 49610 49580 

50oC 67772 67757 67742 
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٤.              x�و��آ �x����	��	ا ��x���� �xS)رة آ���xة !�Px آ�xE Fx( �xل ا	x�'<� ��<�x�إن !���� ا)'�Sص و��ه��C�E F ا	����ت %�ق ا	
 .ا	�@��ل

٥.  �7�'
 .و�����d� F(c أدى إ	P �>� ا	��	��� أآ�C �Xة و )'�
� ز��دة در�� ا	@�ارة
+�Sن �C(��� ذو(�ن ا	��	��� 
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