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��In recent years silicate layers-biopolymer composites showed diverse application in engineering and 

biomedical fields,  due to superior mechanical, electrical�and also biocompatibility. There is variety of 

structures based on silicate layers-biopolymer composite. Among them, composite nanofibers is an 

extremely important substrate due to oriented fillers and nearly one dimensional structure.  In the 

present study composite nanofibers of nanoclay and poly(å-caprolactone) were formed using 

electrospinning technique. Various rheological, mechanical and thermal properties of the selected 

samples were examined during the spinning dope preparation and after nanofiber spinning. poly(å-

caprolactone)-nanoclay spinning dope show non-Newtonian shear thinning behavior. Scanning 

electron microscopic (SEM) images further show that presence of nanoclay decreases the average of 

fiber diameterdue to the increasing of conductivity in spinning dope.  Mechanical testing showed 

62.5% increase in Young�s modulus and 92% increase in tensile stress for the poly(å-caprolactone)-

nanoclay composite nanofibers with the addition of 1.0 wt. % nanoclay. Diffrentical scanning 

calorimetric (DSC) analysis reveal that presence of nanoclay filler has no effect on melting point of 

produced nanofiber but crystallinitly of composite nanofiber decrease. The Fourier transform infrared 

(FTIR) spectroscopy showed that the combinatinons are physically and not chemically, because the 

sites of the peaks are stable without any remarkable changes. The presence of nanoclay improves 

biodegradation of composite nanofiber. By increasing percentage of nanoclay the condition of cell 

culture process will improve and cells cohesion to the nanofiber scaffold surface increase. 
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ÄÀË�Å�Ä¯�d�Y�¾ËY�d§ZË�Z]�cÔ°�»��´Ë{�c�Z^�Ê»� �Z¯�ÉÁ�Ì¿� Á�É��¿Y�¥���É�ZÌ�]�ÉZÅ{{�³� �Ä�Á�a�|Ì·Âe�|Ë|m�ÉZÅ

Äf�]�cÓÂ�v»ÄÀË�Å��]� ÃÁÔ�� ,É|À]{�Y|¿� Y��ÄÌ·ÁY�®Ìf�Ôa�dÌ¨Ì¯� ,ÓZ]�ÉZÅ� ��ÉY�]�¹�^»�kZÌfuY�ÄÀÌ»���Ìa�¾ËY��Z�Y�]

½M�|Ì·Âe�Ä¯��^��É�¼Ì¸a�{YÂ»��f�Ì]�Äq��Å�Ä �ÂeÊ¼¿���»�Á�Ê¼��{YÂ»�{ZnËY��¶»Z��ZÅ�d�Ë��cY|Ì·Âe�Ä]�dËZÆ¿��{�Á�|�Z]

Ê»�¶Ë|^e�Ê Ì^��Ê�Ìv»Ê»��Z�uY�,|¿Â�{Â����Z]��Ë~a�\Ë�ze�d�Ë��{YÂ»�Ä �Âe�Êa��{��Á�»Y�½ZÆm�Ê»Z¼e�¶Ì·{�¾Ì¼Å�Ä]

½M� {�Â»� �{�É�ZÌ�]�cZ ·Z�»� Ä¯�d�Y�Ê�Â�Â»�¾ËY� Á� |Àf�Å� Ã|��µ�fÀ¯��YÂyÄ���� �{� ZÅ�Á�ÊÅZ´�¿Y{� ,Êf À��ÉZÅ

�Ë~a�¹Zn¿Y�Ê�|ÀÆ»Ê»�Á�Äf§�{�Ë~a]�,�[���

                                                           
ϭ biodegradable 
2 polypropylene 
ϯ polyethylene 
ϰ polystyren 
ϱ polyvinylchloride 
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dË�Âb»Z¯�|Ì·ÂeÃ|ÀÀ¯�a��Y�Ã{Z¨f�Y�Z]�ÊËZÅ�YÂy�Êy�]�d§��Ìa�Á�{Â^Æ]�ÉY�]�Y��É�Ì�»�\Ìe�e�Ä]�Ä¯�Ê¿| »�Á��Ê Ì^��ÉZÅ��

d�Ë�� ÉZÅ�¼Ì¸a� ÉZÅ\Ë�zeÊ»� ºÅY�§� �Ë~a{�ÁM,�d�Y� Äf§�Ë~a� c�Â�� ��YÂy� ,Êe�Y�u� cZ^i�,ZÅ�Z³� �Â^�� Êf ¿Z¼»� ÉZÅ

ÄfË�Â°�ËÁ� ,¹Z°vf�Y��YÂy� Ä¸¼m� �Y� ¾ÌËZa� É�Ë~a�\Ë�ze�d���� Á�¾ÌËZa�[Á}ºf�Ì��¾ËY���Âe� Ä¯� |Àf�Å� ÊËZÅ�ÉZÅ

dË�Âb»Z¯� �{�É�Z§|Àqd�Y�Ê]ZÌf�{�¶]Z«�¶�Zu�ÉZÅ� �� �Â�uÃ|ÀÀ¯�dËÂ¬eÂ¿Z¿� ÊËZÅ�{�d�Ë��ÉZÅ�¼Ì¸a\Ë�ze�®Ë� ,�Ë~a

ÊuY����{�cÂ«�Ä�¬¿�|Ì·Âe�Á�dË�Âb»Z¯Â¿Z¿�¦¸fz»�ÉZÅ{�]�Z¯��{��^��ÉZÅÊ»�ºÅY�§{�ÁM���

�dË�Âb»Z¯½M� �{� Ä¯� ÊËZÅdËÂ¬e� cZ^Ì¯�e� ZÅÃ|�� �ÅZ�� É�f»Â¿Z¿� {Z ]Y� �{� Ã|ÀÀ¯Ê»� Ã|Ì»Z¿� dË�Âb»Z¯Â¿Z¿� |¿Y|¿Â�� ��¾ËY

dË�Âb»Z¯Ã|ÀÀ¯�aÂ¿Z¿��Y�ÊÀÌËZa�ÉZÅ|��{��Â�u�Z]�,cY�}Â¿Z¿�\�ZÀ»��Ë�Âe�¶Ì·{�Ä]�|Ë|m�ÉZÅ��ZÅ���Y��f¼¯���Ê¿�Á���lËZf¿

� Y��Ê]Â¸�»� �ZÌ�]�YÂy� �{Ê»�ºÅY�§� ZÅÊ»� �Z]�cY�}Â¿Z¿�¾ËY�ÉÓZ]�duZ�»� Á�t���d^�¿� Ä]� Ä¯�|¿�ÁM{{�³� ��ºnu� Ã�Á�»Y

dËÂ¬eÂ¿Z¿��Y�Ê Ì�ÁÃ|ÀÀ¯dË�Âb»Z¯Â¿Z¿�ÉZÅÄËÓ�Y��ZÅ���ÊeZ°Ì¸Ì��ÉZÅ�Ê��f�{�Á�|Ì·Âe�Y�Ë��,d�Y�Ã{Y{�¶Ì°�e�Ê¿| »�ÉZÅ

dËÂ¬eÂ¿Z¿�¾ËYÃ|ÀÀ¯ÄÀË�Å� ,d�Y�½Z�M� Á� Ã{Z�� ZÅe�É½M�|Ì·Â�Á� |Àf�Å�[Â¸�»� �Ì¿�Ê�Ìv»�d�Ë�� ��¿� �Y� Á� Ã{Â]�¾ÌËZa� ZÅ

Ê»�ÄfyZÀ��d�Ë���Ìv»��Y|f�Á{�|¿Â�]�,�[� 

������cZ°Ì¸Ì�ÄËÓ�ÉZÅÉY� �

���������¦Ë� e� �

cZ°Ì¸Ì��c�Z^�ÉZÅ�ÄËÓÉY��d¿Â»� ,|À¿Z»�Ê Ì^��ÉZÅ���� Ä]dÌ¿Â¸Ë�Â»��cZ°Ì¸Ì��¾ÌÀr¼Å� ÁÄËÓ�ÉZÅ�|À¿Z»�É�fÀ��ÉY

dË{Z³Z»��Z°Ì»�,�dÌ¿ÂaÓ�,��dË�Âf°Å�Á�ÂWÂ¸§�Á��Ê»�©Ô�Y{Â��]�[����½Z�¨�eM��f�¯Zy�Ê¿Â³�³{��Y�Z»Â¼��Ê Ì^��ÉZÅ�ZÅ

�ZÅ|Ì·Âe�Ê»Â�¿|��ÄËÓ��{��Z�§Á�Ê¿Á�{�ÉZÅ��{�¾ÌÀr¼Å�Äf�ÂaÉ�¾Ì»�,�½Z�¨�eM�½ZÌ¤��Á��Zn¨¿YZÅ�Ê»�\^��Y�{Â������Z]

Ä]Zm�\mÂ»�{Z]�½ZË�m�Á�½Y�Z]�f�¯Zy�ÊËZmÅ]Â���Á�ZcZ�½M�º¯Y�e�ÁÄqZË�{��{�ZÅ�\mÂ»�dËZÆ¿��{�Á�Ã|��ZÅ���{ZnËY �Ê»��

{{�³�]�[��cZ°Ì¸Ì�ÄËÓ�ÉZÅ�Á{�Ä]�É�ZfyZ���Zv·��Y�ÉYÄ¿Â³É������Á����ºÌ�¬eÉ|À]�Ê»|¿Â����ZfyZ�ÉZÅ������dve�Ä¯

cZ°Ì¸Ì�Â¸Ì§�½YÂÀ���Ê»�ÄfyZÀ�|¿Â�|¿�Y{�Y��{�]�Z¯�¾Ë�f�Ì]�,��Ã{YÂ¿Zy�½ZÌ»��{�,cZ°Ì¸Ì�Â¸Ì§���ÃÁ�³�Ä]�ª¸ f»�ÉZÅ�ÉZÅ

dÌf°¼�Y��Ê·Zf�Ë�¯��ZfyZ��Z],�Ã{Y{��Z�fyY�{Ây�Ä]�Y��{�]�Z¯�¾Ë�f�Ì]|¿Y�]�[���

                                                           
ϭlayered silicate 
2montmorillonite 
3magadite 
4mica 
5laponite 
6flurohectorite 
7phylosilicate 
8smectite 
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cZ°Ì¸Ì�ÄËÓ�ÉZÅ�ÉY�Ì�¿�dÌf°¼�YÊ»�É| ]� Á{�Ê·Zf�Ë�¯�Ä°^��ÉY�Y{� ,ZÅ|À�Z],�ÄËÓ� �Y� Ä¯��f»Â¿Z¿�®Ë�d»Zz�� Z]�ÊËZÅ

�µY�|ÅY�fe�Äv¨��Á{��Y�¶°�f»Ã{�Ây�|¿ÂÌa��À´À»�ZË�ZÀÌ»Â·M�µY�|Å�Zf¯Y�Ê¿ZÌ»�Äv¨��®Ë�Ä]�Ä¯�Z°Ì¸Ì�|¿Y,�Ã|��¶Ì°�e|¿Y��

ÄËÓ�¾ËY�Ê^¿Zm�{Z ]Y��Y�ZÅ����Ê»��ÌÌ¤f»�cZ°Ì¸Ì���Â¿�Ä]�Äf�]�½Á�°Ì»�¾Ë|Àq�Ze�¹Á�f�´¿M|�Z]��ÄËÓÂ¿Z¿�µÂ¼ »��ZfyZ��ÉZÅ

�¶°���{�dÌf°¼�Y�����d�Y�Ã|��Ã{Y{�½Z�¿�]�[���

³��Y�«��YÄËÓ�¾f§�ºÅ�ÉÁ���]�ZÅ,�Ä¯�{Â��Ê»�{ZnËY��·YÁ�{�½YÁ�º�À»�¶�YÂ§�ÄËÓ�¾Ì]ÉY��É�·Z³�ZË��Ê»�Ã|¿YÂy{Â���ÃÁ�³�ÉZÅ

ÄËÓ�t���ÉÁ���]�Äf§�³��Y�«�ÉZÅZÅ,�Ê»�{ZnËY�Ê¨À»��Z]]�Ä¯�|ÀÀ¯�Ä½ÂÌeZ¯���Âe�Ê Ì^���Â��Ê¯Zy�ÉZÌ¸«�Á�ÊËZÌ¸«�ÉZÅ

ÄËÓ�¾Ì]��{�{ÂmÂ»Ê»�ÊjÀy� ZÅ|¿Â�� ��µÂ»�§cZ°Ì¸Ì���Y�Êy�]�ÊËZÌ¼Ì���ZfyZ��Á�Äf�]ÄËÓ�ÉZÅ�ÉY�µÁ|m��{������Ã|»M

d�Y��M �ÄËÓ�¾Ì]� �{� Ä¯�d�Y�ÊfÌ§���®e� ½ÂË�®Ë� Á� {�Y{� �Y�«� ZÅX�¥Ôzf�Y� Äm�{Ê»�É�»Á�ËY� ÉZÅ�ÉY�]� Ä¯� |�Z]

cZ°Ì¸Ì�¾Ì]�ZÅ��
���Á�
��d�Y�Ä¯�Ê¿ÂÌeZ¯�µ{Z^e�dÌ§���c�Â��Ä]�Äm�{�¾ËY �(CEC)�Ê»�½ZÌ]��Ì¿{Â�����Å�,�f³��]�{Z ]Y��{

�{Á|u��{�Ê����Á�µÂ��d^�¿�Z]�ÄËÓ��Å���������{Á|u��{�Êf»Zz��Á��f»Â¿Z¿��Ê»��f»Â¿Z¿|�Z]���

��

 

� �

� �

� �

� �

� �

¶°������ÄËÓ��ZfyZ�cZ°Ì¸Ì��ÉZÅ�]�[� �

� {Á|u� �{��� Ze���ÄËÓ� �Y� {|�ºÅ� Z]� ZÅ,�Ê»� Y�� ÄÌ·ÁY�cY�}� |Ì·Âe� ÄÌ·ÁY�cY�}� Ä�Â¼n»� Á� |ÀÀ¯Ã{ÂeÉY��� {Z ]Y� Z]� Y������
��

Ê»�{ZnËY��f»Á�°Ì»|ÀÀ¯��Ä°^�ÄËÓ�¾ËY�ÉZÅZÅ,���Y����d�Y�½Á�°Ì»�|Àq�Ze�¹Á�f�´¿M��ÄËÓ�¾ËYÃ{Âe�¶Ì°�e�ÉY�]�ZÅ�Z]�ÊËZÅ

Ä¸�Z§�É�·YÁ�{�½YÁ�ÉZÅÁ�Ì¿��Y�Ê�Z¿�º�À»�Ê»�ÊËY�M�Z]|¿Â����ÊËZm�Ä]ZmALнϯ��Z]MgϮн�����Z]�ZË �Fe2+��ZËMgϮн ��Z]Li+���Z]

Ê»�{ZnËY�Ê¨À»½ÂÌeZ¯�Z]�Ä¯�|À¯ÄËÓ�½ZÌ»��{�Ä¯�Ê¯Zy�ÉZÌ¸«�ZË�ÊËZÌ¸«�ÉZÅÄf§�³��Y�«�ZÅÊ»��Y�«�µ{Z e��{�|¿Y|¿�Ì³���f�Ì]�

                                                           
1interlayer 
2gallery 
ϯ Cation exchange capacity 
ϰ aggregate 


