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'�Q\D��HQHUML�ND\QDNODUÕQÕQ�JLGHUHN�D]DOGÕ÷Õ�J�Q�P�]GH��JHUHN�UH]HUYLQLQ�
ERO�ROPDVÕ���JHUHNVH�ID]OD�RODQ�NXOODQÕP�DODQÕ�VD\ÕVÕ�YH�EX�VD\ÕQÕQ�JLGHUHN�DUWPDVÕ�
EDNÕPÕQGDQ�N|P�U��HQHUML�ND\QDNODUÕ�DUDVÕQGD�|QHPOL�ELU�NRQXPD�VDKLSWLU�� 

Ancak kömürün kullDQÕPÕ�� ELUWDNÕP� VRUXQODUÕ� GD� EHUDEHULQGH� JHWLUPLúWLU��
g]HOOLNOH� N�UHVHO� ÕVÕQPD� YH� DVLW� \D÷PXUODUÕ� JLEL� oHYUHVHO� VRUXQODUÕQ� WDUWÕúÕOGÕ÷Õ�
J�Q�P�]GH�� N|P�U�Q� \DQPDVÕ� LOH� RUWD\D� oÕNDQ� JD]ODU� VRUXQ� WHúNLO� HWPHNWHGLU��
gUQH÷LQ�� N|P�U�Q�\DQPDVÕ� LOH� oÕNDQ�622� JD]Õ�� DWPRVIHUGHNL� QHP� LOH� ELUOHúHUHN��
DVLWOHUL�ROXúWXUPDNWD��EX�GD�oRN�FLGGL�oHYUHVHO�VRUXQODUD�\RO�DoPDNWDGÕU��$NWDú�YH�
GL÷���������� 

%X� JHOLúPHOHU� N|P�U�Q� JHOHFHNWHNL� NXOODQÕP� úHNOLQLQ� GH÷LúPHVL�
JHUHNWL÷LQL� RUWD\D� oÕNDUPÕúWÕU�� %X� QHGHQOH� J�Q�P�]GH� oRN� G�ú�N�küllü kömüre 

RODQ�WDOHS�DUWPÕú�YH�WHPL]�N|P�U��UHWPH�oDOÕúPDODUÕ�KÕ]�ND]DQPÕúWÕU� 
7HPL]� N|P�UOHU� JD]� W�UELQOHULQGH� GR÷UXGDQ� \DNÕODUDN� \�NVHN� YHULPOH�

HOHNWULN�HQHUMLVL��UHWLPLQH� LPNDQ�VD÷ODPDNWD�YH�EXQXQ�VRQXFXQGD�NDUERQGLRNVLW�
HPLV\RQODUÕ�D]DOWÕODELOPHNWHGLU��dRN�G�ú�N�N�OO��N|P�U�D\QÕ�]DPDQGD�LúOHQHUHN���
úX�DQGD�SHWURO�YH�GR÷DOJD]GDQ��UHWLOPHNWH�RODQ�JHQLú�ELU�DODQGDNL�PDO]HPHOHULQ����
��\DNÕW��NLP\DVDO�PDO]HPH�YV����UHWLPLQGH�NXOODQÕODELOLU���6WHHO�YH�3DWULFN���������
$\QÕ� ]DPDQGD� N|P�U�� JHOHFH÷LQ� \DNÕWÕ� ROarak kabul edilen kömür-su 

NDUÕúÕPODUÕQGD� �.6.�� NXOODQÕODELOPHNWH�� JD]ODúWÕUPD�� VÕYÕODúWÕUPD�� NRNODúWÕUPD��
SLUROL]� YH\D� EULNHWOHPH� JLEL� \|QWHPOHUOH� GH� GDKD� JHQLú� ELU� DODQGD�
NXOODQÕODELOPHNWHGLU�� � $QFDN� N|P�U�Q� LoLQGHNL� PLQHUDO� PDGGHOHU�� N|P�U�Q� EX�
alanlardDNL�NXOODQÕPÕQÕ�NÕVÕWODPDNWDGÕU��.|P�U�Q�LoLQGH�GD÷ÕOPÕú�KDOGH�EXOXQDQ�
EX�PLQHUDO�PDGGHOHU�DQFDN�oRN�LQFH�ER\XWODUD�|÷�WPH�LOH�VHUEHVWOHúHELOPHNWHGLU��
%X� GXUXPGD�� oRN� G�ú�N� N�OO�� N|P�U� �UHWLPL� LoLQ� LQFH� ER\XWODUGD� oDOÕúPDQÕQ�
]RUXQOXOX÷X�RUWD\D�oÕNPDNWDGÕU�  

.|P�U�Q� ER\XWX� LQFHOGLNoH� ND]DQGÕ÷Õ� IL]LNVHO� |]HOOLN� YH� X\JXODQDQ�
]HQJLQOHúWLUPH� \|QWHPL� GH÷LúLNOLN� J|VWHUPHNWHGLU�� gUQH÷LQ� N|P�U�Q� ER\XWX�
LQFHOGLNoH�� SDUWLN�O� N�WOHVL� D]DOPDNWD� YH� EXQD� ED÷OÕ� RODUDN� o|NHOPH� KÕ]Õ�
D]DOPDNWD�� D\QÕ� PLNWDU� PDO]HPH� LoLQ� SDUWLN�O� VD\ÕVÕ� YH� WRSODP� \�]H\� DODQÕ�
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DUWPDNWDGÕU��0DOL\HWL�G�ú�N�D\ÕUPD�LPNDQÕ�VD÷OD\DQ�JUDYLPHWULN�FLKD]ODU�EX�LQFH�
ER\XWODUGD� HWNLQOL÷LQL� ND\EHWPHNWH�� EXQODUÕQ� \HULQH� \�]H\� |]HOOLN� IDUNÕQD� J|UH�
D\ÕUPD� \DSDQ� DJORPHUDV\RQ�� IORWDV\RQ� YH� DJORIORWDV\RQ� JLEL� \|QWHPler önem 

ND]DQPDNWDGÕU� 
%X� oDOÕúPDGD�� =RQJXOGDN� .R]OX� %|OJHVL� øQFLUKDUPDQÕ� RFD÷Õ�

WDúN|P�U�QGHQ� oRN� G�ú�N� N�OO�� N|P�U� �UHWLOPHVL� DPDoODQPÕúWÕU�� %X� DPDoOD�
N|P�U� GH÷LúLN� ER\XWODUD� |÷�W�OHUHN� PLQHUDO� PDGGHOHULQ� VHUEHVWOHúPHVLQLQ�
VD÷ODQPDVÕ� DPDoODQPÕú� YH� |÷�W�OHQ�PDO]HPH\H� \XNDUÕGD� EDKVHGLOHQ� \|QWHPOHU�
X\JXODQPÕúWÕU� 

dDOÕúPDPÕ]GD�D\UÕFD��EX�\|QWHPOHU�LOH�ELUOLNWH�|Q�]HQJLQOHúWLUPH�DPDFÕ\OD�
PXOWL� JUDYLWH� VHSHUDWRU� �0*6��YH�D÷ÕU�RUWDP� LOH� ]HQJLQOHúWLUPH�JLEL�JUDYLPHWULN�
\|QWHPOHUGHQ�GH�ID\GDODQÕOPÕúWÕU� 

'�ú�N� N�OO�� N|P�U� �UHWLPL� LoLQ� EX� ]HQJLQOHúWLUPH� PHWRWODUÕQÕQ� KHSVL�
GHQHQPLú�� D\UÕFD� EX� PHWRWODUÕQ� NRPELQDV\RQODUÕQÕQ� GD� QDVÕO� VRQXo� YHUGL÷L�
LQFHOHQPLúWLU� 
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 ��*(1(/�%ø/*ø/(5 

 

 %X� NÕVÕPGD�� oDOÕúPDGD� \DUDUODQÕODQ� ]HQJLQOHúWLUPH� \|QWHPOHUL� NÕVDFD�
DoÕNODQPÕúWÕU� 
 

 �����<D÷�$JORPHUDV\RQX 

 

 $JORPHUDV\RQXQ�SUHQVLEL��GR÷DO�KLGURIRE�RODQ�YH\D�LQRUJDQLN�PDGGHOHUH�
J|UH�GDKD�D]�KLGURILOLN�RODQ�N|P�U�SDUWLN�OOHULQLQ��NDUERQOX�ELOHúHQOHUL� ÕVODWDFDN�
X\JXQ� ELU� ED÷OD\ÕFÕ� VÕYÕ� NDWÕODUDN� DJORPHUD� HGLOPHVL� YH� PLQHUDO� PDGdeden 

D\UÕOPDVÕGÕU� �3DZODN� YH� GL÷��������� 7R]� N|P�U�Q� VXGDNL� V�VSDQVL\RQXQD� \D÷�
LODYH� HGLOLS� X\JXQ� ELU� KÕ]OD� NDUÕúWÕUÕOGÕ÷ÕQGD�� KLGURIRE� RODQ� N|P�U� WDQHOHUL�
\�]H\OHULQGHNL� \D÷ÕQ� GD� ED÷OD\ÕFÕ� |]HOOL÷L� VD\HVLQGH� oDUSÕúDUDN� DJORPHUDWODUÕ�
ROXúWXUXUODU�� 2OXúDQ� bu aglomeratlar eleme, dekantasyon veya flotasyon gibi 

X\JXQ� ELU� \|QWHPOH� VXOX� ID]GDQ� D\UÕOPDNWDGÕU� �.DZDVKLPD� YH� GL÷��������� <D÷�
WDUDIÕQGDQ�ÕVODQPD\DQ�WDQHFLNOHU�LVH�S�OS�LoHULVLQGH�NDOÕU��%X�\|QWHPLQ�HQ�|QHPOL�
DYDQWDMÕ� RUJDQLN� NÕVPÕQ� ����¶H� \DNÕQ� RUDQGD� ND]DQÕOPDVÕGÕU�� %X� GXUXP�� \DQL�
N|P�U� LoHUHQ� E�W�Q� SDUoDFÕNODUÕQ� ND]DQÕOPDVÕ� VHoLPOLOL÷L� D]DOWVD� GD�� PHWRGXQ�
PLNURQ�ER\XWXQD�X\JXODQPDVÕ�\DQL�L\L�VHUEHVWOHúPLú�WDQHOHUH�X\JXODQPDVÕ�\�NVHN�
YHULP�YH�G�ú�N�N�OO��VRQXoODU�DOÕQPDVÕQÕ�VD÷ODPDNWDGÕU��+RUVIDOO�����). 

<D÷� DJORPHUDV\RQX� LON� NH]� N|P�U� ]HQJLQOHúWLUPH� LoLQ� ����¶GH�
X\JXODQPÕúWÕU��$QFDN����¶ODUD�XODúDQ�\�NVHN�\D÷�VDUIL\DWÕ�QHGHQL\OH�HQG�VWUL\HO�
X\JXODPD� DODQÕ� EXODPDPÕúWÕU� �%ODVFKNH�� ������� *�Q�P�]H� NDGDU� ELUoRN�
DJORPHUDV\RQ� SURVHVL� SODQODQPÕú�� NXOODQÕOPÕú� YH� JHOLúWLULOPLúWLU�� %X� SURVHVOHULQ�
içinde özellikle yedi tanesinin ( Trent, Convertol, NRCC (Naional Research 

Council of Canada), Shell, Olifloc, CFRI (Central Fuel Reserch Institute) ve BHP    

�%URNHQ� +LOO� 3URSULHWDU\��� �]HULQGH� GL÷HUOHULQH� RUDQOD� � GDKD� ID]OD� GXUXOPXúWXU������
��0HKURWUD�YH�GL÷����������<D÷�DJORPHUDV\RQXQXQ�úHPDWLN�J|U�Q�P��ùHNLO��¶GH�
YHULOPLúWLU�� 
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3URVHVLQ�DPDFÕ      Uygun Ekipman 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ùHNLO����<D÷�DJORPHUDV\RQX�DNÕP�úHPDVÕ ( Capes,1979) 

øQFH�
Kömür 
Pülpü D�ú�N�\D÷�

konsantrasyonu 

<�NVHN�ùLGGHWOL�
.DUÕúWÕUPD 

Genellikle 
mekanik 
NDUÕúWÕUÕFÕODU 

Partikül-\D÷�GD÷ÕOÕPÕ�YH�
WHPDVÕ��6HOHNWLI�

flokülasyon, 
mikroaglomerasyon 

$\ÕUPD 
Kül, su 

Sabit veya hareketli 
elekler. Yüksek 

kapasiteli filtreler. 
Yüzdürme veya 

VÕ\ÕUPD�VLVWHPOHUL��
Klasifikatörler, 

siklonlar 

$JORPHUDWODUÕQ�
kazaQÕPÕ��N�O�DWÕOPDVÕ��

LON�VXVX]ODQGÕUPD 

øON�$JORPHUDWODU 

'�ú�N�úLGGHWOL�
NDUÕúWÕUPD 

Makroaglomerasyon
<ÕNDPD�YH�GDKD�
fazla kül azaltma 

7�UELQ�NDUÕúWÕUPD��
diskler 

øODYH�\D÷��
ED÷OD\ÕFÕ�
içerebilir 

Daha Büyük Aglomeratlar 

$\ÕUPD 
Kül, su 

Elekler, 
santrifüjler, 
depolama 
veya 
WDúÕPDGD�
drenaj 

Nem ve kül azaltma, 
aglomerat ND]DQÕPÕ 

<D÷�.D]DQÕPÕ <D÷��QHP ,VÕ 

Kurutma, 
VÕFDNOÕN�
ayarlama, 
\D÷�
ND]DQÕPÕ�YH�
tekrar 
NXOODQÕPÕ Son Aglomeratlar 
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<D÷�DJORPHUDV\RQXQX�HWNLOH\HQ�EDúOÕFD�IDNW|UOHUL�WRSOD\ÕFÕ�\D÷�|]HOOLNOHUL��
N|P�U�Q� ÕVODQDELOLUOLN� |]HOOL÷L�� S�OS� \R÷XQOX÷X�� SDUWLN�O� ER\XWX� YH� QHP� LoHUL÷L�
RODUDN�VÕUDOD\DELOLUL]� 

3�OSH� NDWÕODQ� \D÷ÕQ� |]HOOLNOHUL�� DJORPHUDV\RQ� LoLQ� oRN� |QHPOLGLU�� øQFH�
N|P�UOHULQ� ND]DQÕOPDVÕ� LoLQ� JHQHOOLNOH� RUWD� \R÷XQOXNWDNL� \D÷ODU� WHUFLK�
HGLOPHNWHGLU��'�ú�N�\R÷XQOXNWDNL�\D÷ODU��YLVNR]LWHOHUL�G�ú�N�ROGX÷X�LoLQ�N|P�U�
WDQHFLNOHULQLQ� ELU� DUD\D� JHOLS� VD÷ODP� DJORPHUDWODUÕ� ROXúWXUPDVÕQGD� \HWHUVL]�
NDOPDNWDGÕU�� <�NVHN� YLVNR]LWH\H� VDKLS� \D÷ODU� LVH� S�OS�Q� LoLQGH� \HWHULQFH�
GD÷ÕOPDPDNWD� EX� GD� DJORPHUDV\RQ� LoLQ� JHUHNOL� RODQ� WDQHFLNOHULQ� \�]H\OHULQLQ�
ÕVODQDPDPDVÕQD�\RO�DoPDNWDGÕU���&DSHV������� 

$JORPHUDV\RQXQ�EDúDUÕVÕQGD�HQ�|QHPOL�HWNHQ�GR÷UX�\D÷ÕQ�VHoLPLQLQ�\DQÕ�
VÕUD� D\QÕ�]DPDQGD�\D÷ÕQ�GR÷UX�PLNWDUGD�NXOODQÕOPDVÕGÕU��'R÷UX�\D÷ÕQ��N|P�U�Q�
\�NVHN� YHULP� YH� G�ú�N� N�O� LoHUL÷L� LOH� ND]DQÕOPDVÕQÕ� VD÷OD\DQ� \D÷� ROGX÷X�
V|\OHQHELOLU��<D÷ÕQ�G�ú�N�NRQVDQWUDV\RQODUGD�NXOODQÕOPDVÕ�VRQXFX�SDUWLN�OOHU�YH�
ELUOHúPHPLú�LNL�ER\XWOX�ELU�IORN�\DSÕ�DUDVÕQGD�oRN�JHYúHN�\DSÕGD�N|SU�OHU�ROXúXU��
%|\OH�ELU�GXUXPGD�SDUWLN�OOHU�DUDVÕQGDNL�ERúOXN�KDFPLQLQ����¶VL�\D÷�LOH�NDSODQÕU�
YH� NROD\FD� GD÷ÕODELOHQ� ³SHQGXODU´� \DSÕVÕ� ROXúXU�� %X� QHGHQOH� G�ú�N� \D÷�
NRQVDQWUDV\RQODUÕQGD� ROXúDQ� DJORPHUDWODU�� HOHN� �]HULQGH� ELOH� NROD\OÕNOD�
GD÷ÕODELOPHNWHGLU�� <D÷� PLNWDUÕQÕQ� \�NVHN� ROGX÷X� GXUXPODUGD� LVH� J|]HQHNOHULQ�
KHPHQ� KHPHQ� WDPDPÕ� \D÷� LOH� GROPDNWDGÕU�� ³.DSLOHU´� \DSÕVÕ� DGÕ� YHULOHQ� EX�
GXUXPGD�DJORPHUDWODU�N�UHVHO�\DSÕGD�GH÷LO��GDKD�LUL�ER\XWODUGD�VDONÕPODU�KDOLQGH�
ROXúPDNWDGÕU�� %X� GXUXPGD� SDUWLN�OOHU� \D÷� ID]Õ� LoHULVLQGH� GD÷ÕOPDNWDGÕU�
�6DGRZVNL�� ������� øQFH� N|P�UOHULQ� DJORPHUDV\RQX� LoLQ� \D÷GDQ� EDúND� KHSWDQ��
SHQWDQ�� KHJ]DQ�� JD]\D÷Õ�� PD]RW�� GL÷HU� SHWURO� W�UHYOHUL� YH� ELWNLVHO� \D÷ODUGD�
NXOODQÕODELOPHNWHGLU��&HEHFL�YH�(UR÷OX��������hQDO�YH�$NWDú������� 
 <D÷� NDUDNWHULVWL÷LQLQ� \DQÕQGD� N|P�U�Q� ÕVODQDELOLUOLN� |]HOOL÷L� GH�
DJORPHUDV\RQGD�YHULPL�HWNLOH\HQ�oRN�|QHPOL�ELU�HWNHQGLU��.|P�UOHU��N|P�UOHúPH�
GHUHFHOHULQH� J|UH� IDUNOÕ� ÕVODQDELOLUOLN� |]HOOLNOHU� J|VWHULUOHU�� 'DKD� G�ú�N� NDUERQ�
içerikli, daha fazla nem içeren sub-ELW�PO��N|P�UOHU�YH� OLQ\LWOHULQ�ÕVODQDELOLUOL÷L�
ID]OD�LNHQ��WDúN|P�UOHUL�GDKD�KLGURIRE�\DSÕ\D�VDKLSWLU��%X�QHGHQOH�OLQ\LWOHULQ�YH\D�
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sub-ELW�PO�� N|P�UOHULQ� DJORPHUDV\RQX� LoLQ� GDKD� ID]OD� \D÷� W�NHWPHN�
gerekecektir( Osborne,1990). 

 Genel oODUDN�S�OS�Q�NDWÕ�RUDQÕQÕQ�DUWPDVÕ��WDQHFLNOHULQ�ELUELULQH�oDUSÕúPD�
RODVÕOÕ÷ÕQÕ� DUWWÕUDFD÷Õ� LoLQ� YHULPL� DUWWÕUÕU� YH� DJORPHUDV\RQ� LoLQ� JHUHNHQ� ]DPDQÕ�
D]DOWÕU��$QFDN��U�Q�Q�N�O�LoHUL÷LQH�oRN�|QHPOL�HWNLVL�\RNWXU�� 
 $JORPHUDV\RQD� WDEL� WXWXODQ� |UQH÷LQ� WDQHFLN� boyutunun küçülmesi ile 

VHUEHVWOHúPH�DUWDFD÷ÕQGDQ��GDKD�G�ú�N�N�OO���U�Q�HOGH�HWPHN�P�PN�Q�RODFDNWÕU��
$QFDN� D\QÕ� ]DPDQGD� �� WDQH� ER\XWXQXQ� N�o�OPHVL� LOH� \�]H\� DODQÕ� DUWDFD÷Õ� LoLQ��
DJORPHUDV\RQ�LoLQ�JHUHNHQ�\D÷�PLNWDUÕ�DUWDFDN��EX�GD�DJORPHUDV\RQ�SURVHVLQLQ�en 

|QHPOL� GH]DYDQWDMÕ� RODQ� \D÷� W�NHWLPLQLQ� ELUD]� GDKD� DUWPDVÕQD� QHGHQ� RODFDNWÕU�
(Capes,1979). 

 '�ú�N�\D÷�NRQVDQWUDV\RQODUÕQGD�WDQHOHU�DUDVÕ�ERúOX÷XQ�D]�PLNWDUÕ�\D÷�LOH�
GRODFD÷Õ��NDODQ�ERúOX÷XQ�LVH�PXKWHPHOHQ�VX�LOH�GRODFD÷Õ�LoLQ��U�Q�Q�QHP�LoHUL÷L�
bir haylL�\�NVHN�RODFDNWÕU��$JORPHUDWODU�ROXúWX÷X�]DPDQ��QHP�LoHUL÷LQGH�ELU�KD\OL�
G�úPH� J|]OHQLU�� <LQH� \�NVHN� \D÷� NRQVDQWUDV\RQODUÕQGD� ROXúDFDN� N|P�U-\D÷�
NDUÕúÕPÕ� \DSÕGD�� SDUWLN�OOHU� DUDVÕQD� JLUHQ� D]� PLNWDUGD� VXGDQ� GROD\Õ�� oRN� D]�
miktarda nem içerecektir.    
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2.2.Flotasyon 

Flotasyon yönteminin temeli, çok ince boyuttaki kömür partikülünün su ile 

ROXúWXUGX÷X� S�OS�Q� LoLQH� X\JXQ� UHDNWLIOHU� NDWÕODUDN�� WDQHFL÷LQ� KDYD� NDEDUFÕ÷ÕQD�
WXWXQDUDN� VX\XQ� \�]H\LQH� oÕNPDVÕQÕQ� VD÷ODQPDVÕ�� EXUDGDQ� GD� VÕ\UÕODUDN�
ND]DQÕOPDVÕGÕU�� 

Flotasyon yöntemi, ince kömürlerin temizlenmesinde en büyük potansiyele 

VDKLS� ROXS�� ����¶OHUGHQ� EHUL� WDúN|P�U�� YH� DQWUDVLWLQ� –���� PP¶OLN� NÕVPÕQD�
X\JXODQPDNWDGÕU���2VERUQH�������� 

)ORWDV\RQ�JHQHO�RODUDN�N|P�UH���DPDoOD�X\JXODQÕU� 
- <ÕNDPD�VX\X�LoLQde kalan toz kömürü kazanmak 

- /DYYDUGDQ�DWÕODQ�YH�VL\DK�VX�GHQLOHQ�SURVHV�VX\XQX�WHPL]OH\HUHN�oHYUH�
NLUOLOL÷LQ�|QOHPHN 

- Kömürde bulunan kükürdü gidermek 

- .|P�U� LoLQGH� EXOXQDQ� PDVHUDOOHUL� D\ÕUDUDN� NRNODúDELOLU� NDUÕúÕPODU�
KD]ÕUODPDN���.XUDO������� 

Kömürlerin yü]HELOLUOL÷LQL�HWNLOH\HQ�ELUoRN�IDNW|U�YDUGÕU��%XQODUÕ�SDUWLN�O�
ER\XWX��N|P�U�Q�RNVLWOHQPH�YH�N|P�UOHúPH�GHUHFHVL��S�OS�\R÷XQOX÷X��S+�YH�VX�
NDUDNWHULVWL÷L�� WDQH� ER\XWX�� IORWDV\RQ� UHDNWLIOHUL� YH� IORWDV\RQ� HNLSPDQODUÕ� RODUDN�
sayabiliriz ( Sun,1968). 

<HQL� oÕNDUÕOPÕú�N|P�U�JHQHOOLNOH�X]XQ�V�UH�KDYD\OD� WHPDV�HWPLú�N|P�UH�
RUDQOD� GDKD� L\L� \�]HU�� %XQXQ� QHGHQL� RNVLWOHQPH\H� ED÷ODQPÕúWÕU�� *HQHO� RODUDN�
oksitlenme reaksiyonu, fenolik-2+� JUXSODUÕQÕQ� NDUERNVLOLN� DVLW� JUXSODUÕQD�
RNVLWOHQPHVL�RODUDN�\RUXPODQÕU��%X�QHGHQOH�GH�RNVLWOHQPLú�\�]H\�SRODU�ELU�|]HOOLN�
ND]DQPDNWD�YH�N|P�U�Q�ÕVODQDELOLUOL÷L�DUWPDNWDGÕU��1LFRO�������� 

.|P�U� JHQLú� ELU� S+� DUDOÕ÷ÕQGD� EDúDUÕ\OD� \�]PHNWHGLU�� $QFDN� HQ� L\L�
\�]HELOLUOL÷L� Q|WU� S+¶WD� J|VWHUPLúWLU�� <D÷� WLSL� WRSOD\ÕFÕODUOD� \DSÕODQ� N|P�U�
flotasyonunGD� RSWLPXP� YHULPH� S+� ���¶WD� XODúÕOPÕúWÕU� �%URZQ�������
g]ED\R÷OX������� 
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)ORWDV\RQ� \|QWHPL� JHQHOOLNOH� LQFH� N|P�UH� X\JXODQÕU�� øUL� N|P�U�
ER\XWODUÕQGD� GDKD� HNRQRPLN� RODQ� JUDYLPHWULN� \|QWHPOHU� WHUFLK� HGLOPHNWHGLU��
Genel olarak flotasyonun uygulama boyutu -0,5 mm’dir (Tefek, 1984). 

.|P�U�Q� S�OS� \R÷XQOX÷X� oRN� \�NVHN� WXWXOPDOÕGÕU�� � 'H÷LúLN� oDOÕúPDODU�
RSWLPXP� S�OS� \R÷XQOX÷XQXQ� ���� -��� FLYDUÕQGD� ROGX÷XQX� J|VWHUPLúWLU�� 7HPL]�
N|P�U�NRQVDQWUHVL�DQFDN�G�ú�N�S�OS�\R÷XQOXNODUÕQGD�HOGH�HGLOHELOPHNWHGLU��(OGH�
edilen verim ise�� \�NVHN� S�OS� \R÷XQOX÷XQGD� HOGH� HGLOHQ� WRSODP�YHULPGHQ�GDKD�
G�ú�N�ROPDNWDGÕU��$WHúRN�������� 

.|P�U� IORWDV\RQXQGD� JHQHO� RODUDN� �� WLS� UHDNWLI� NXOODQÕOÕU�� %XQODU�
WRSOD\ÕFÕODU�YH�N|S�UW�F�OHUGLU� 

7RSOD\ÕFÕODU����.|P�U�]DWHQ�GR÷DO�\�]HELOHQ�\DSÕGD�ROGX÷X�LoLQ�Jenellikle 

WRSOD\ÕFÕODU�VDGHFH�N|P�U�Q�\�]HELOLUOL÷LQL�DUWWÕUPDN�YH\D�GHVWHNOHPHN�DPDFÕ\OD�
NXOODQÕOÕU��<�NVHN�N|P�UOHúPH�GHUHFHVLQH�VDKLS�N|P�UOHU�LoLQ�VDGHFH�N|S�UW�F��
NXOODQPDN� \HWHUOL� ROXUNHQ�� RUWD� YH� G�ú�N� GHUHFHGH� N|P�UOHúPLú� N|P�UOHU� LoLQ�
500-1500 g/t�\D÷�NXOODQPDN�L\L�GHUHFHGH�JHUL�ND]DQÕP�VD÷ODPDNWDGÕU��/LQ\LWOHULQ�
IORWDV\RQXQGD� LVH� oRN� ID]OD� \D÷� W�NHWLPL� JHUHNPHNWH�� EXQD� UD÷PHQ� N|P�UOHU�
EDúDUÕ\OD� ND]DQÕODPDPDNWDGÕU� �$SODQ�������� *HQHOOLNOH� N|P�U� IORWDV\RQXQGD�
NROOHNW|U� RODUDN� IXHO� RLO� YH� JD]\D÷Õ� JLEL� KLGURNDUERQ� N|NHQOL� \D÷ODU�
NXOODQÕOPDNWDGÕU��/DVNRZVNL�������� 

.|S�UW�F�OHU�� )ORWDV\RQ� SURVHVL� VÕUDVÕQGD�� ELU� KLGURNDUERQ� WRSOD\ÕFÕQÕQ�
EXOXQPDVÕ� NDEDUFÕN-SDUWLN�O� \DSÕúPDVÕQÕ� GHVWHNOHPHNWH�� DQFDN� SDUWLN�O� WDúÕ\DQ�
NDEDUFÕN� IORWDV\RQ� K�FUHVLQLQ� �VW� NÕVPÕQD� JHOGL÷LQGH� EXQODUÕ� DOPDNWD� VRUXQ�
\DúDQPDNWDGÕU��d�QN��NDEDUFÕN�EX�QRNWDGD�GD÷ÕOPDNWD�YH�N|P�U�WDQHFLNOHUL�S�OSH�
JHUL� G|QPHNWHGLU�� .DEDFÕNODUÕQ� HUNHQ� GD÷ÕOPDVÕQÕ� |QOHPHN� YH� GDKD� X]XQ� V�UH�
VWDELO�NDOPDVÕQÕ� VD÷ODPDN�DPDFÕ\OD�N|S�UW�F�OHU�NXOODQÕOPDNWDGÕU��.|pürtücüler 

D\QÕ� ]DPDQGD� IORWDV\RQ� NLQHWL÷LQL� DUWWÕUDFDN� X\JXQ� NDEDUFÕN� ER\XWXQXQ�
�UHWLOPHVLQGH�HQ�|QHPOL�URO��R\QDU��(Q�oRN�NXOODQÕODQ�N|S�UW�F�OHU�0,%&��PHWLO�
L]RE�WLO� NDUELQRO�� JLEL� NÕVD� ]LQFLUOL� DONROOHUGLU� �1LFRO�������� %XQXQ� GÕúÕQGD�
kresilik asit, çam\D÷Õ� YH� DONROOHULQ� oHúLWOL� W�UHYOHUL� GH� N|S�UW�F�� RODUDN�
NXOODQÕODELOLU�� .|P�U�Q� IORWDV\RQ� LOH� ]HQJLQOHúWLULOPHVLQGH� NXOODQÕODQ� WLSLN� ELU�
DNÕP�úHPDVÕ�ùHNLO��¶GH�YHULOPLúWLU� 
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�ùHNLO����.|P�U�]HQJLQOHúWLUPHGH�NXOODQÕODQ�WLSLN�ELU�DNÕP�úHPDVÕ��.XUDO������� 
 

Besleme 

Çöktürme Konisi 

Elek Lave Kömür 
Silosu 

'D÷ÕWÕFÕ 

.ÕYDP�7DQNÕ *D]\D÷Õ 
Kreosot 

Flotasyon ùLVW 

Filtre + kurutma 
Lave Kömür 

Silosu 
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2.3. Agloflotasyon  

 

Agloflotasyon yöntemi, aglomerasyon ve flotasyon yöntemlerinin 

HNVLNOLNOHULQL�JLGHUPHN�DPDFÕ\OD�NXOODQÕODQ��KHU�LNL�\|QWHPLQ�ELUOHúWLULOPHVLQGHQ�
ROXúDQ�ELU�\|QWHPGLU�� 

Flotasyon ince köP�UOHULQ� ]HQJLQOHúWLULOPHVL� LoLQ� NXOODQÕODQ� ELU� \|QWHP�
ROVD� GD�� NLOOL� úODPÕQ� YH� RNVLWOHQPLú� N|P�U�Q� YDUOÕ÷ÕQGD� IORWDV\RQXQ� HWNLQOL÷L�
D]DOPDNWDGÕU�� øQFH� WDQHOHULQ� E�\�N�|]J�O� \�]H\� DODQÕ� YH� NRQXPXQX�GDKD� oDEXN�
ER]PD� H÷LOLPL�� IORWDV\RQ� LúOHPLQLQ� VHoLPOLOL÷LQi ve verimini etkilemektedir. 

)ORWDV\RQ�KÕ]�VDELWLQLQ�SDUWLN�O�YH�NDEDUFÕN�oDSÕ\OD�LOLúNLVL�DúD÷ÕGD�YHULOPLúWLU� 
 

 

 

.. 

 

 

<XNDUÕGDNL� LIDGHGHQ� GH� DQODúÕODFD÷Õ� JLEL� LQFH� N|P�UOHULQ� IORWDV\RQ� KÕ]�
VDELWLQL�DUWWÕUPDN�LoLQ���\DNODúÕP�V|]�NRQXVXGXU� 

1) Flotasyon gD]ÕQÕ�GDKD�LQFH�NDEDUFÕNODU�KDOLQGH�GD÷ÕWPD 

2) øQFH�N|P�U�WDQHOHULQLQ�DJORPHUD�HGHUHN�GDKD�LUL�VDONÕPODU�ROXúWXUPD� 
(Wojcik and Taweel, 1984). 

 

 $JORIORWDV\RQ� SURVHVLQLQ� LON� DúDPDVÕQGD� PLNUR� DJORPHUDWODUÕQ� ROXúPDVÕ�
DPDFÕ\OD�oRN�G�ú�N�NRQVDQWUDV\RQGD�DJORPHUDV\RQ�LúOHPLQH�ED÷OD\ÕFÕ�VÕYÕ�NDWÕOÕU��
$PDo� \XNDUÕGDNL� GHQNOHPGHQ� GH� J|U�OG�÷�� �]HUH� IORWDV\RQ� LúOHPLQH� EHVOHPH�
RODFDN�PDO]HPHQLQ�SDUWLN�O�oDSÕQÕ�DUWWÕUDUDN�KÕ]�VDELWLQLQ�DUWPDVÕQÕ� VD÷ODPDNWÕU��
$JORPHUDV\RQ�VRQXFX�ROXúDQ�PLNUR�DJORPHUDWODU�ROGX÷X�JLEL�IORWDV\RQ�LúOHPLQH�
WDEL� WXWXODUDN� DJORIORWDV\RQ� GHQH\L� JHUoHNOHúWLULOPLú� ROXU�� ùHNLO� �¶WH� WLSLN� WHN�
DúDPDOÕ�DJORIORWDV\RQ�\|QWHPLQLQ�DNÕP�úHPDVÕ�YHULOPLúWLU� 
 

 

�3DUWLN�O�dDSÕ�2 

�.DEDUFÕN�oDSÕ�3 
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ùHNLO� ��� 7LSLN� WHN� DúDPDOÕ� DJORIORWDV\RQ� \|QWHPLQLQ� DNÕP� úHPDVÕ����������������
��3DZODN�YH�GL÷��������� 
 

 

 

 

 

Tüvenan Kömür 

.ÕUPD���g÷�WPH 

AGLOMERASYON 

Su 

%D÷OD\ÕFÕ�6ÕYÕ����-5 kuru 
bazda) 

FLOTASYON 

$WÕN Temiz Kömür 

köpürtücü 
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2.4. Multi Gravite Seperator (MGS) 

 

0*6�ELU�\DQÕ�DoÕN�XoOX� WDPEXU�úHNOLQGH�ELU�J|YGH\H�VDKLSWLU��7DPEXUXQ�
EHOLUOL� ELU� KÕ]OD� G|QG�U�OPHVL\OH� PLQHUDO� WDQHOHULQH� NDUúÕ� HWNLQ� RODQ� \HUoHNLPL�
kuvvetinden daha büyük�ELU�PHUNH]NDo�NXYYHWLQLQ�HWNLVL�DOWÕQGD�WDQHOHULQ�WDPEXU�
\�]H\LQGH� \DUÕ� NDWÕ� ELU� WDEDND� ROXúWXUPDVÕ� YH� \DUGÕPFÕ� �QLWHOHU� DUDFÕOÕ÷Õ� LOH�
]HQJLQOHúWLUPH�LúOHPL�JHUoHNOHúWLULOPHNWHGLU� 

7DPEXU� KDUHNHWLQL� VD÷OD\DQ� HNVDQWULN� úDIW� WDUDIÕQGDQ� WDKULN� HGLOHQ��
tamburOD�D\QÕ�\|QGH��WDPEXUD�J|UH�ELUD]�GDKD�KÕ]OÕ�G|QHQ�YH��]HULQGH�N�UH\LFLOHU�
EXOXQDQ�ELU��QLWH�YDUGÕU��dDOÕúPD�VÕUDVÕQGD�N�UH\LFLOHU�NDWÕ�WDQHOHUL�WDPEXUXQ�GDU��
DoÕN�GÕú�D÷]ÕQD�KDUHNHW�HWWLUHFHN�úHNLOGH�GL]D\Q�HGLOPLúWLU� 

MGS ünitesi %20 -� ��� NDWÕ� RUDQÕQGD� Oaboratuar ölçekli 0,2 t/s kapasite, 

HQG�VWUL\HO�|OoHNWH�LVH���W�V�NDSDVLWH�LOH�oDOÕúDELOPHNWHGLU� 
*|YGH\H� YHULOHQ� WLWUHúLP�KDUHNHWL\OH� DNÕúNDQ� WDEDND� LoLQGHNL� WDQHOHUH� HN�

ELU�D\ÕUPD�NXYYHWL�X\JXODQPÕú�ROPDNWDGÕU��g]HO�RODUDN�GL]D\Q�HGLOPLú�N�UH\LFLOHU�
ise WDPEXU� \�]H\LQGH� KDUHNHW� HGHUOHUNHQ� WDPEXU� \�]H\LQGH� ROXúDQ� WDEDND\Õ�
N�UHPHNWH�� E|\OHFH� GHUHFHOL� WDEDNDODúPD� VD÷ODPDNWDGÕU�� 7DPEXU� \�]H\LQH�
WXWXQDUDN� KDUHNHW� HGHQ� \�NVHN� \R÷XQOXNOX� WDQHOHU� N�UH\LFLOHU� WDUDIÕQGDQ� \XNDUÕ�
GR÷UX�WDúÕQDUDN��VW�oÕNÕúWDQ��KDILI�\R÷XQOXNOX�WDQHOHU�LVH�\ÕNDPD�VX\X�HWNLVL\OH�DOW�
oÕNÕúWDQ�DOÕQÕUODU��<ÕOGÕUÕP�YH�GL÷�������� 
 

�����$÷ÕU�2UWDP�$\ÕUPDVÕ 
.|P�U�Q�\R÷XQOX÷X�����-1,72 gr/cm3� LNHQ�PLQHUDO�PDGGHQLQ�\R÷XQOX÷X�

2,0-2,7 gr/cm3� DUDOÕ÷ÕQGDGÕU� �:ULJKW�� ������ .RKOHU� YH� GL÷��������� $UDGDki bu 

\R÷XQOXN� IDUNÕ�� N|P�U� LOH� JDQJÕQ�� \R÷XQOX÷X� EHOOL� RODQ� ELU� D÷ÕU� RUWDP� LOH�
D\UÕOPDVÕQÕ�P�PN�Q�NÕOPDNWDGÕU� 

.|P�U�Q�LoLQGH�GD÷ÕOPÕú�KDOGH�EXOXQDQ�JDQJ�PLQHUDOLQLQ�VHUEHVWOHúPHVLQL�
VD÷ODPDN� LoLQ� N|P�U� LQFH� IUDNVL\RQODUD� |÷�W�OPHOLGLU�� øQFH� |÷�W�OP�ú� N|Pür 

|UQH÷L� YH� \R÷XQOX÷X� EHOOL� D÷ÕU� RUWDP� VÕYÕVÕ� LOH� ELU� S�OS� KD]ÕUODQÕS� EHNOHPH\H�
EÕUDNÕOÕQFD��VÕYÕGDQ�GDKD�D÷ÕU�RODQ�JDQJ�PLQHUDOOHUL�EDWDUDN�GLSWH�WRSODQÕUNHQ��GDKD�
KDILI�RODQ�N|P�U�WDQHFLNOHUL�\�]HUHN�VÕYÕQÕQ�\�]H\LQGH�WRSODQDFDNWÕU�� 
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$÷ÕU� RUWDP� RODUDN� WX]ODUÕQ� VXGDNL� o|]HOWLOHUL�� RUJDQLN� VÕYÕODU� YH� NDWÕODUÕQ�
VXGDNL�V�VSDQVL\RQODUÕ�ROPDN��]HUH��o�oHúLW�D÷ÕU�RUWDP�NXOODQÕOPDNWDGÕU��'R÷DQ��
1994)  

Tuz olarak genellikle ZnCl2 ve CaCl2� NXOODQÕOÕUNHQ�� V�VSDQVL\RQ�
ROXúWXUPDN� LoLQ�NDWÕ� RODUDN� LVH�PDQ\HWLW� NXOODQÕOÕU��2UJDQLN� VÕYÕODU� LVH�SDKDOÕ� YH�
ELUoR÷X� VD÷OÕ÷D� ]DUDUOÕ� |]HOOLNOHU� WDúÕGÕNODUÕQGDQ� VDGHFH� ODERUDWXDU� |OoHNOL�
NXOODQÕOÕUODU��&D&O2 ve ZnCl2 kullanarak 1,35-�����\R÷XQOXNODU�FLYDUODUÕQGD�VÕYÕODU�
HOGH� HWPHN� P�PN�QG�U�� 6�VSDQVL\RQX� ROXúWXUDQ� PDQ\HWLWLQ� GHULúLPLQLQ�
D\DUODQPDVÕ� LOH� GH� |]J�O� D÷ÕUOÕ÷Õ� ���-���� DUDVÕQGD� GH÷LúHQ� D÷ÕU� RUWDP� VÕYÕODUÕ�
KD]ÕUODQDELOLU��&DYDOODUR�YH�'HXUEURXFN�������<DPDQ�YH�GL÷�������� 
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 3.MALZEME VE YÖNTEM 

 

 3.1.Malzeme 

 

%X� oDOÕúPDGD� NXOODQÕODQ� PDO]HPHOHU� DúD÷ÕGDNL� EDúOÕNODUGD�
WDQÕPODQPÕúWÕU� 

 

 ������.|P�U�|UQH÷L 
 

'HQH\OHUGH� NXOODQÕODQ� N|P�U� |UQH÷L�� 7�UNL\H� 7DúN|P�U�� .XUXPX�
�=RQJXOGDN�� .R]OX� 0�HVVHVH� 0�G�UO�÷�� øQFLUKDUPDQÕ� � ��� RFDNWDQ� WHPLQ�
HGLOPLúWLU��.|P�U�|UQH÷LQLQ�;5'�DQDOL]L�ùHNLO��¶WH�YHULOPLúWLU� 
 

 3������'HQH\OHUGH�NXOODQÕODQ�UHDNWLIOHU� 
 

'HQH\OHUGH� NXOODQÕODQ� UHDNWLIOHU� YH� ED]Õ� |]HOOLNOHUL� DúD÷ÕGD�
YHULOPLúWLU� 

 

- *D]\D÷Õ�� )ORWDV\RQGD� NROOHNW|U�� DJORPHUDV\RQGD� ED÷OD\ÕFÕ� RODUDN�
NXOODQÕOPÕúWÕU�� � � *D]\D÷Õ� DURPDWLN� YH� DOLIDWLN� KLGURNDUERQODUÕQ�
kompleks karÕúÕPÕGÕU�� &� VD\ÕVÕ� �-��� DUDVÕQGD� GH÷LúPHNWHGLU��
<R÷XQOX÷X������JU�FP3’ tür. 

- N-Heptan (CH3(CH2)5CH3) : Flotasyon deneylerinde kollektör, 

DJORPHUDV\RQ� YH� DJORIORWDV\RQ� GHQH\OHULQGH� LVH� ED÷OD\ÕFÕ�����������������
VÕYÕ� �� NROOHNW|U� RODUDN� NXOODQÕOPÕúWÕU�� 0DUNDVÕ Carlo Erba olup 

\R÷XQOX÷X�������JU�FP3’tür. 

- 1D2+� YH�+&O�� %XQODU� S+� D\DUOD\ÕFÕ� RODUDN� NXOODQÕOPÕúWÕU��$÷ÕUOÕNoD�
��¶OLN�o|]HOWLOHU�KDOLQGH�KD]ÕUODQPÕúWÕU� 

- Sodyum Silikat (Na2SiO3): Flotasyon, aglomerasyon ve agloflotasyon 

GHQH\OHULQGH� JDQJ� PLQHUDOOHULQL� GD÷ÕWPDN� DPDFÕ\OD� NXOODQÕOPÕúWÕU��
<R÷XQOX÷X������JU�FP3’tür. 
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- Sodyum Polifosfat ((NaPO3)n): Aglomerasyon deneylerinde gang 

PLQHUDOOHULQL� GD÷ÕWPDN� DPDFÕ� LOH� NXOODQÕOPÕúWÕU�� 0HUFN� PDUND� YH�
PROHN�O� D÷ÕUOÕ÷Õ� ������� JU�PRO¶G�U�� � ��¶OLN� o|]HOWL� KDOLQGH�
KD]ÕUODQPÕúWÕr. 

- dDP\D÷Õ� �� )ORWDV\RQ�YH� DJORIORWDV\RQ�GHQH\OHULQGH�N|S�UW�F��RODUDN�
NXOODQÕOPÕúWÕU����¶OLN�o|]HOWL�KDOLQGH�KD]ÕUODQPÕúWÕU� 

- $VHWRQ� �� $JORPHUDV\RQ� GHQH\OHUL� VRQXFX� HOGH� HGLOHQ� DJORPHUDWODUÕQ�
\ÕNDQDUDN�JD]\D÷ÕQÕQ�X]DNODúWÕUÕOPDVÕ�LoLQ�NXOODQÕOPÕúWÕU� 

- ZnCl2: Yüzdürme-EDWÕUPD�GHQH\OHULQGH�D÷ÕU�RUWDP�VÕYÕVÕQÕ�KD]ÕUODPDN�
LoLQ�NXOODQÕOPÕúWÕU��&DUOR�(UED�PDUND�=Q&O2 NXOODQÕOPÕú�ROXS�PROHN�O�
D÷ÕUOÕ÷Õ��������JU�PRO�YH�\R÷XQOX÷X������JU�FP3 ‘tür 

- ø]RSURSLO� $ONRO� �&+3CH(OH)CH3): Santrifüjlü yüzdürme –� EDWÕUPD�
deneyleriQGH�D÷ÕU�RUWDP�VÕYÕVÕQÕQ�KD]ÕUODQPDVÕQGD�NXOODQÕOPÕúWÕU��'RS�
PDUND� ROXS� PROHN�O� D÷ÕUOÕ÷Õ� ������JU�PRO� YH� \R÷XQOX÷X�
0,785gr/cm3’tür. 

- Bromoform (CHBr3): Santrifüjlü yüzdürme –� EDWÕUPD� GHQH\OHULQGH�
D÷ÕU�RUWDP�VÕYÕVÕQÕQ�KD]ÕUODQPDVÕQGD�NXOODQÕOPÕúWÕU��0HUFN�PDrka olup 

PROHN�O�D÷ÕUOÕ÷Õ��������JU�PRO�YH�\R÷XQOX÷X�������JU�FP3’tür.  

- NaCl: Zeta potansiyeli ölçüm deneylerinde 10-30¶OÕN� WX]�o|]HOWLVLQLQ�
KD]ÕUODQPDVÕQGD� NXOODQÕOPÕúWÕU�� 5LHGHO-de Haen marka olup molekül 

D÷ÕUOÕ÷Õ�������JU�PRO¶G�U� 
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ùHNLO����.|P�U�gUQH÷LQLQ�;5'�DQDOL]L���<DOoÕQ�YH�%R]ND\D�������� 
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3.2. Yöntem 

�������.|P�U�|UQHNOHULQLQ�KD]ÕUODQPDVÕ 
3.2.1.1. Aglomerasyon, flotasyon ve agloflotasyon deneyleri için 

|UQHNOHULQ�KD]ÕUODQPDVÕ 
 

'HQH\OHUGH� NXOODQÕODQ� WDúN|P�U�� |UQH÷L� oHQHOL� NÕUÕFÕGD� – 8mm 

ER\XWXQD�NÕUÕOPÕúWÕU�� 
.ÕUÕODQ�QXPXQH�GDKD�VRQUD�oXEXNOX�GH÷LUPHQ�LOH�-����P��-�����P��-125 

�P�� � -��� �P� YH� -��� �P¶D� |÷�W�OP�ú� YH� GHQH\OHUGH� NXOODQÕOPDN� �]HUH�
���JU¶OÕN�QD\ORQ�SRúHWOHUGH�SDNHWOHQPLúWLU��gUQHN�KD]ÕUODPD�DNÕP�úHPDVÕ�
ùHNLO��¶WH�YHULOPLúWLU�� 
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 ùHNLO� ��� $JORPHUDV\RQ�� IORWDV\RQ� YH� DJORIORWDV\RQ� GHQH\OHUL� LoLQ�
|UQHN�KD]ÕUODPD�DNÕP�úHPDVÕ 

 

 

7Dú kömürü 

dHQHOL�.ÕUÕFÕ 

dXEXNOX�'H÷LUPHQ 

-����P -�����P -�����P -����P -����P 

'HQH\VHO�dDOÕúPDODU 

-8 mm 

karelaj karelaj karelaj karelaj karelaj 

Elek Analizi Elek Analizi Elek Analizi Elek Analizi Elek Analizi 
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 (yüzen) 

 ���������'�ú�N�N�OO��N|P�U��UHWLPL�LoLQ�|UQHNOHULQ�KD]ÕUODQPDVÕ  

 %X� DPDoOD�� WDúN|P�U�� |UQHNOHUL� oHQHOL� NÕUÕFÕ� LOH� -8mm boyutuna 

NÕUÕOPÕú� GDKD� VRQUD� LVH� NRQWUROO�� RODUDN� -�������� �P� DUDOÕ÷ÕQD�
|÷�W�OP�úW�U�� gUQHNOHULQ� KD]ÕUODQPDVÕ� LoLQ� X\JXODQDQ� DNÕP� úHPDVÕ�
DúD÷ÕGD�J|VWHULOPLúWLU� 

 

 

    

 

 

   

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

���������������ùHNLO����'�ú�N�N�OO��N|P�U��UHWLPL�LoLQ�|UQHN�KD]ÕUODPD�DNÕP�úHPDVÕ 

7Dú�.|P�U� 

dHQHOL�.ÕUÕFÕ 

ÇuEXNOX�'H÷LUPHQ 

(OHPH������P� 
������P 

-�����P� 

(OHPH�������P� 
-�����P 

$WÕN��EHVOHPHQLQ�
%15’i) 

������P 

MGS Yüzdürme-%DWÕUPD 
$WÕN�
(batan) $WÕN 

g÷�WPH 

-����P�-����P�-����P 

g÷�WPH 
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 3.2.2.Analizler 

  

 3.2.2.1. Kimyasal analiz 

 

 'HQH\OHUGH� .XOODQÕODQ� WDúN|P�U�Q�Q� NLP\DVDO� DQDOL]� VRQXoODUÕ�
DúD÷ÕGDNL�WDEORGD�YHULOPLúWLU� 
 

 

7DEOR����'HQH\OHUGH�NXOODQÕODQ�WDúN|P�U�Q�Q�NLP\DVDO�DQDOL]�VRQXoODUÕ� 
Analiz Tipleri Orijinal 

Kömürde 

Havada 

Kuru 

Kömürde 

Kuru 

Kömürde 

Nem (%) 0,91 0,71 - 

Kül(%) 13,28 13,30 13,40 

Uçucu Madde(%) 25,15 25,20 25,38 

Sabit Karbon(%) 60,66 60,79 61,22 

.ÕVD�$QDOL] 

TOPLAM (%) 100,00 100,00 100,00 

Yanar Kükürt(%) 0,12 0,12 0,12 

Külde Kükürt (%) 0,37 0,37 0,37 Kükürtler 

Toplam Kükürt(%) 0,49 0,49 0,49 

Kok (%) 73,94 74,09 74,62 .RNODúPD 
Gaz(%) 26,11 25,91 25,38 

$úD÷Õ�.DORUL 6892 6907 6960 ,VÕO� 'H÷HU�
(kcal/kg) <XNDUÕ�.DORUL 7146 7160 7211 
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 3.2.2.2. Elek Analizleri 

 'HQH\VHO� oDOÕúPDODU� LoLQ� IDUNOÕ� ER\XWODUGD� KD]ÕUODQDQ� N|P�U�
|UQH÷LQLQ�HOHN�DQDOL]L�VRQXoODUÕ�DúD÷ÕGD�YHULOPLúWLU�� 
 

 Tablo 2. -�����P�N|P�U�|UQH÷LQLQ�HOHN�DQDOL]L�VRQXoODUÕ 
7DQH�øULOL÷L���P� $÷ÕUOÕN��JU) $÷ÕUOÕN���� KEÜ (%) KEA (%) 

-600+500 2,84 5,68 5,88 100,00 

-500+250 16,17 32,34 38,02 94,32 

-250+180 5,74 11,48 49,50 61,98 

-180+125 5,61 11,22 60,72 50,50 

-125+63 6,85 13,70 74,42 39,28 

-63+28 5,61 11,22 85,64 25,58 

-28 7,18 14,36 100,00 14,36 

Toplam 50,00 100,00   

  

�
��
��
��
��
��
��
��
��
��

���

� ��� ��� ��� ��� ��� ��� ���
7DQH�%R\X��ËP�

.(
$��

��

 

ùHNLO����-�����P�N|P�U�|UQH÷LQLQ�N�P�ODWLI�HOHN�DOWÕ��.($��H÷ULVL 
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 Tablo 3. -�����P�N|P�U�|UQH÷LQLQ�HOHN�DQDOL]L�VRQXoODUÕ 
7DQH�øULOL÷L���P� $÷ÕUOÕN      

(gr) 

$÷ÕUOÕN (%) KEÜ (%) KEA (%) 

-250+180 14,04 28,08 28,08 100,00 

-180+125 8,74 17,48 45,56 71,92 

-125+63 9,44 18,88 64,44 54,44 

-63+28 7,77 15,54 79,98 35,56 

-28 10,01 20,02 100,00 20,02 

Toplam 50,00 100,00   

 

 

�
��
��
��
��
��
��
��
��
��

���

� �� ��� ��� ��� ��� ���
7DQH�%R\X�ËP�

.(
$��

��

 

 ùHNLO����-�����P�N|P�U�|UQH÷LQLQ�N�P�ODWLI�HOHN�DOWÕ�H÷ULVL 
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 Tablo 4. -�����P�N|P�U�|UQH÷LQLQ�HOHN�DQDOL]L�VRQXoODUÕ 
7DQH�øULOL÷L�

��P� 
$÷ÕUOÕN   

(gr) 

$÷ÕUOÕN�
(%) 

KEÜ 

(%) 

KEA 

(%) 

-125+63 22,63 45,26 45,26 100 

-63+28 13,67 27,34 72,60 54,74 

-28 13,70 27,40 100 27,40 

Toplam 50,00 100   

 

 

�
��
��
��
��
��
��
��
��
��

���

� �� �� �� �� ��� ��� ���
7DQH�%R\X��ËP�

.(
$��

��

 

 ùHNLO����-�����P�N|P�U�|UQH÷LQLQ�N�P�ODWLI�HOHN�DOWÕ�H÷ULVL 
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         Tablo 5. -����P�N|P�U�|UQH÷LQLQ�HOHN�DQDOL]L�VRQXoODUÕ 
7DQH�øULOL÷L���P� $÷ÕUOÕN�  (gr) $÷ÕUOÕN���� KEÜ (%) KEA (%) 

-63+38 8,77 43,85 43,85 100,00 

-38+20 6,93 34,65 78,50 56,15 

-20 4,30 21,50 100,00 21,50 

Toplam 20,00 100,00   

 

 

 

�
��
��
��
��
��
��
��
��
��

���

� �� �� �� �� �� �� ��
7DQH�%R\X��ËP�

.(
$��

��

  

 

ùHNLO�����-����P�N|P�U�|UQH÷LQLQ�N�P�ODWLI�HOHN�DOWÕ�H÷ULVL 
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������'HQH\OHULQ�\DSÕOÕúÕ 
 

3.2.3.1.AglomHUDV\RQ�GHQH\OHULQLQ�\DSÕOÕúÕ 
 

'HQH\� NDEÕ� RODUDN� �����PO¶OLN� EHKHU� NXOODQÕOPÕú� ROXS� NDUÕúWÕUPD� LúOHPL�
Ika-ZHUN� WLSL� KÕ]Õ� D\DUODQDELOHQ� GLMLWDO� J|VWHUJHOL� PHNDQLN� NDUÕúWÕUÕFÕ� LOH�
VD÷ODQPÕúWÕU�� 'HQH\OHU� VÕUDVÕQGD� EHKHUH� W�UE�ODQV� ROXúWXUXFX� OHYKD�
\HUOHúWLULOPLúWLU�� 'HQH\OHUGH� GDPÕWÕOPÕú� VX� �S+a����� NXOODQÕOPÕúWÕU�� 'HQH\OHUGH�
NXOODQÕODQ�HNLSPDQODUÕQ�|]HOOLNOHUL�DúD÷ÕGD�YHULOPLúWLU� 

 

-%HKHU��<�NVHNOLN����PP��GÕú�oDS����PP��Lo�oDS����PP 

-7�UE�ODQV�ROXúWXUXFX��<�NVHNOLN�����PP��HW�NDOÕQOÕ÷Õ����PP¶GLU 
-Mekanik karÕúWÕUÕFÕ����NDQDWOÕ��NDQDW�ER\X����PP�YH�NDQDWODU�\DWD\OD���0 

OLN�DoÕ�\DSPDNWDGÕU� 
'HQH\OHUGH� ��� JU¶OÕN� |UQHNOHU� NXOODQÕOPÕúWÕU�� .|P�U�VX� NDUÕúÕPÕ� S�OSH�

ED÷OD\ÕFÕ� VÕYÕ� �Q-KHSWDQ� YH\D� JD]\D÷Õ�� LODYH� HGLOPHGHQ� |QFH� �� GDNLND� V�UH� LOH�
NDUÕúWÕUÕOPÕúWÕU�� %X� V�UH -��� �P� YH� -��� �P� ER\XWXQGDNL� |UQHNOHUOH� \DSÕODQ�
GHQH\OHUGH�� N|P�U� WDQHFLNOHULQLQ� WDP� RODUDN� ÕVODQPDGÕ÷ÕQÕQ� J|]OHQPHVL� �]HULQH�
EX� LNL�ER\XW� LoLQ����GDNLND\D�oÕNDUÕOPÕúWÕU��%D÷OD\ÕFÕ� VÕYÕ� LODYH�HGLOGLNWHQ�VRQUD�
LVH� NDUÕúWÕUPD\D� ��� GDNLND� GDKD� GHYDP� HGLOPLúWir. Aglomerasyonda sodyum 

VLOLNDW�YH�VRG\XP�SROLIRVIDWÕQ�HWNLVLQLQ�LQFHOHQGL÷L�GHQH\OHUGH�LVH�UHDNWLIOHU�LODYH�
HGLOGLNWHQ� VRQUD� �� GDNLND� GDKD� NDUÕúWÕUPD� V�UHVL� YHULOPLúWLU�� $JORPHUDV\RQ�
GHQH\OHUL�VRQXFXQGD�ROXúDQ�DJORPHUDWODUÕ�ND]DQPDN�DPDFÕ�LOH�ROXúDQ�NDUÕúÕPODU��
GHQH\LQ�\DSÕOGÕ÷Õ�|UQH÷LQ�ER\XWXQD�J|UH� IDUNOÕ�HOHNOHUGH�HOHQPLúWLU�������P¶OXN�
örnek için 710 �P¶OXN�HOHN�������P�ER\XWXQGDNL�örnek için 300 �P¶OXN�HOHN������
�P�ER\XWXQGDNL�örnek  için 180 �P¶OXN�HOHN������P�ER\XWXQGDNL�örnek için 108 

�P¶OXN� HOHN� YH� ��� �P� ER\XWXQGDNL� örnek için 63 �P¶OXN� HOHN� NXOODQÕOPÕúWÕU��
%D÷OD\ÕFÕ� VÕYÕ� RODUDN� JD]\D÷ÕQÕQ� NXOODQÕOGÕ÷Õ� GHQH\OHU� VRQXFX� HOGH� HGLOHQ�
DJORPHUDWODU� DVHWRQOD� \ÕNDQDUDN� JD]\D÷ÕQGDQ� DUÕQGÕUÕOPDODUÕ� VD÷ODQPÕúWÕU��
Aglomerasyon deneyleri sonucu elde edilen bütün aglomeratlar 1050C’de 16 saat 
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V�UH\OH� NXUXWXOPXúWXU�� 'HQH\OHUGH� NXOODQÕODQ� ED÷OD\ÕFÕ� VÕYÕODUÕQ� PLNWDUODUÕ�
N|P�U�Q�D÷ÕUOÕ÷ÕQÕQ�\�]GHVL�RODUDN�YHULOPLúWLU� 
 

 

���������)ORWDV\RQ�GHQH\OHULQLQ�\DSÕOÕúÕ 
 

)ORWDV\RQ�GHQH\OHULQLQ�\DSÕOGÕ÷Õ�NRúXOODU�DúD÷ÕGD�YHULOPLúWLU� 
 

Makine tipi: Denver tipi flotasyon makinesi 

.DUÕúWÕUÕFÕ�oDSÕ������FP�YH���GHOLNOL� 
Selül hacmi: 1 lt 

gUQHN�PLNWDUÕ�����JU 
.DUÕúWÕUPD�KÕ]Õ��������GHY�GDN 

$÷ÕUOÕNoD�NDWÕ�RUDQÕ���� 

6X\XQ�S+¶Õ��a���� 

3�OS�Q��S+¶Õ��a������N|P�U���VX� 
.|S�UW�F��PLNWDUÕ : 100 gr/ton 

 

'HQH\OHUGH� N|P�U�VX� NDUÕúÕPÕ� NROOHNW|U� LODYHVLQGHQ� |QFH� �� GDN��
LODYH�HGLOGLNWHQ� VRQUD�GD���GDN�� V�UH� LOH�NDUÕúWÕUÕOPÕúWÕU��gQ�GHQH\OHUGH���
GDN� N|S�N� DOPD� V�UHVL� RSWLPXP� EXOXQGX÷X� LoLQ�� KDYD� JLULúL� DoÕOGÕNWDQ�
sonra    2 dakika süreyle köpük aOÕQPÕúWÕU��)ORWDV\RQ�LúOHPL�VRQXFX�DOÕQDQ�
konsantre (köpük) 1050&¶GH����VDDW�V�UH\OH�NXUXWXOPXúWXU�� 

 

 

 ���������$JORIORWDV\RQ�GHQH\OHULQLQ�\DSÕOÕúÕ 
 

%X�\|QWHPGH�LQFH�ER\XWWDNL�N|P�U�LON�|QFH�DJORPHUDV\RQ�NDEÕQGD�
oRN� G�ú�N� ED÷OD\ÕFÕ� VÕYÕ� RUDQODUÕQGD� DJORPHUD� HGLOPLú� YH� KHUKDQJL� ELU�
HOHPH� YH\D� D\ÕUPD� LúOHPLQH� WDEL� WXWXOPDGDQ� EHKHU� LoLQGHNL� PDO]HPH�
IORWDV\RQ�VHO�O�QH�EHVOHQPLú�YH�IORWDV\RQ�GHQH\OHUL�\DSÕOPÕúWÕU� 
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%X�GHQH\OHUGH�DJORPHUDV\RQ�YH�IORWDV\RQ�GHQH\OHULQGH�NXOODQÕODQ�
HNLSPDQODU�NXOODQÕOPÕúWÕU��$JORPHUDV\RQ�GHQH\OHULQGH�YHULPLQ�G�úPHVLQL�
HQJHOOHPHN� LoLQ� |UQHN� LNL� HúLW� E|O�PH� D\UÕODUDN� D\QÕ� úDUWODUGD� LNL� NHUH�
DJORPHUDV\RQD�WDEL�WXWXOXS�IORWDV\RQ�K�FUHVLQH�DNWDUÕOPÕúWÕU�� 

$JORIORWDV\RQ�GHQH\OHULQGH�JDQJ�PLQHUDOOHULQL�GD÷ÕWPDN�DPDFÕ�LOH�
NXOODQÕODQ�1D2SiO3 ��GHQH\GH�DJORPHUDV\RQ�DúDPDVÕQGD�LODYH�HGLOPLúWLU� 

 

gUQHN�PLNWDUÕ������JU 
.DWÕ�RUDQÕ���� 

.DUÕúWÕUPD�KÕ]Õ��������GHY�GDN���KHP�DJORPHUD\RQ�KHP�GH�IORWDV\RQ�LoLQ� 

.|S�UW�F��PLNWDUÕ������JU�WRQ 

 

3.2.3.4 Yüzdürme-%DWÕUPD�GHQH\OHULQLQ�\DSÕOÕúÕ 
 

 3.2.3.4.1.Santrifüjlü yüzdürme-EDWÕUPD�GHQH\OHULQLQ�\DSÕOÕúÕ 
 

$÷ÕU�RUWDP�VÕYÕVÕQÕQ�KD]ÕUODQPDVÕQGD�L]RSURSLO�DONRO�YH�EURPRIRUP�
NXOODQÕOPÕú� YH� ����-1,40-1,50-1,60 ve 1,80 gr/cm3� \R÷XQOXNODUÕQGD� D÷ÕU�
RUWDP�VÕYÕODUÕ�KD]ÕUODQPÕúWÕU�� 

<DSÕODQ�E�W�Q�VDQWULI�MO��\�]G�UPH-EDWÕrma deneylerinde 50 ml’lik 

VDQWULI�M�W�S��NXOODQÕOPÕú�YH�W�S�Q�LoLQH��JU�|UQHN�NRQXOPXú�YH�NDWÕ�RUDQÕ�
����RODFDN�úHNLOGH��]HULQH�\R÷XQOX÷X�ELOLQHQ�VÕYÕ�LODYH�HGLOPLúWLU��.|P�U�
WDQHFLNOHULQLQ� \�]H\LQLQ� D÷ÕU� RUWDP� VÕYÕVÕ� WDUDIÕQGDQ� L\L� ELU� úHNLOGH�
ÕVODWÕODELOPHVL� LoLQ� N|P�U�VÕYÕ� NDUÕúÕPÕ� ELU� FDP� EDJHW� \DUGÕPÕ\OD�
NDUÕúWÕUÕOPÕúWÕU� 

6DQWULI�MOHPH�LúOHPL�+HWWLFK�8QLYHUVDO�VDQWULI�M�D\JÕWÕ�NXOODQÕODUDN�
JHUoHNOHúWLULOPLúWLU��6DQWULI�M�V�UHVL����GDNLND�YH�KÕ]Õ������GHY�GDN�RODUDN�
DOÕQPÕúWÕU�� 

6DQWULI�MOHPH� LúOHPL� VRnucunda elde edilen yüzen ve batan 

IUDNVL\RQODU�PDYL�EDQWOÕ�V�]JHo�ND÷ÕGÕQGDQ�V�]�OHUHN�D÷ÕU�RUWDP�VÕYÕVÕQGDQ�
D\UÕOPÕú�����VDDW�V�UH\OH���0&¶GH�HW�YGH�NXUXWXOPXúWXU� 
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3.2.3.4.2. Santrifüjsüz yüzdürme-EDWÕUPD�GHQH\OHULQLQ�\DSÕOÕúÕ 
 

'HQH\OHUGH�D÷ÕU�RUWDP�VÕYÕVÕ�RODUDN�=Q&O2 NXOODQÕODUDN�KD]ÕUODQPÕú�
1,3 gr/cm3 \R÷XQOX÷XQGDNL� VÕYÕ� NXOODQÕOPÕú� ROXS�� \�]G�UPH-EDWÕUPD�
LúOHPOHUL���OLWUHOLN�FDP�EHKHUOHUGH�\DSÕOPÕúWÕU��<�]G�UPH�–�EDWÕUPD�LúOHPL�
LoLQ�EHKHUH�NR\XODQ�N|P�U�|UQH÷LQGHNL�KHU�N|P�U�SDUWLN�O�Q�Q�WDP�RODUDN�
ÕVODQPDVÕQÕ� VD÷ODPDN� LoLQ�� S�OS� KDOLQGHNL� N|P�U-VÕYÕ� NDUÕúÕPÕ� ELU� FDP�
EDJHW� YDVÕWDVÕ\OD� NDUÕúWÕUÕOPÕúWÕU�� 3�OS� KDOLQGHNL� NDUÕúÕP� \�]HQ� – batan 

�U�QOHU� D\UÕOÕQFD\D� NDGDU� EHNOHWLOPLú�� GDKD� VRQUDGD� \�]HQ� �U�Q� VÕYÕQÕQ�
\�]H\LQGHQ� VÕ\UÕODUDN� DOÕQPÕúWÕU�� %HKHULQ� GLELQGH� NDODQ� EDWDQ� NÕVÕP� LVH��
EHKHULQ� LoLQGH�NDODQ�PDO]HPHQLQ� V�]JHo�ND÷ÕGÕQGD� V�]�OPHVL\OH� DOÕQPÕú�
YH�VX\OD�\ÕNDQGÕNWDQ�VRQUD�HW�YGH����0&¶GH�NXUXWXOPXúWXU� 

 

 ���������0*6�GHQH\OHULQLQ�\DSÕOÕúÕ 
 

Deneyler Mozley marka multi gravite seperatörü (MGS)’de 

\DSÕOPÕúWÕU��0*6�GHQH\OHULQLQ�\DSÕOGÕ÷Õ�NRúXOODU�DúD÷ÕGD�YHULOPLúWLU� 
  

gUQHN� PLNWDUÕ�� �� NJ� �|UQHN� �� HúLW� SDUoD\D� E|O�QHUHN� GHQH\�
X\JXODQPÕúWÕU� 

  7DPEXU�H÷LPL���0  

  7DPEXU�G|Q�ú�KÕ]Õ������GHY�GDN 

  7DPEXU�WLWUHúLP�JHQOL÷L������PP 

  7DPEXU�WLWUHúLP�IUHNDQVÕ��4,7 sn-1  

  <ÕNDPD�VX\X�PLNWDUÕ����OW�GDN 

'HQH\� VRQXFX� ND]DQÕODQ� NRQVDQWUH� NRYDODUD� DOÕQGÕNWDQ� VRQUD�
EDVÕQoOÕ� V�]PH� �QLWHVL� \DUGÕPÕ\OD� VXVX]ODQGÕUÕODUDN� ���0C’de 

NXUXWXOPXúWXU�� <XNDUÕGD� YHULOHQ� NRúXOODU�� OLWHUDW�U� EXOJXODUÕQD� ED÷OÕ�
NDOÕQDUDN�EHOLUOHQPLúWLU���<ÕOGÕUÕP�YH�GL÷�������� 
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���������=HWD�SRWDQVL\HOL�|Oo�POHULQLQ�\DSÕOÕúÕ 
 

Ölçümler Malvern marka nano serisi zeta potansiyeli ölçüm 

FLKD]ÕQGD� \DSÕOPÕúWÕU�� =HWD� SRWDQVL\HOL� |Oo�OHFHN� N|P�U� |UQH÷L� VDI� VX�
LoHUHQ� ���PO¶OLN� SODVWLN� NDSODUGD� \DNODúÕN����N|P�U� NDWÕ�RUDQÕ� LoHUHFHN�
úHNLOGH� KD]ÕUODQPÕú� YH� ELU� HQMHNW|U� \DUGÕPÕ\OD� oHNLOHUHN� K�FUH\H�
�GLVSRVDEOH� FDSLOODU\� FXYHWW�� � � NRQXOPXú�� GDKD� VRQUD� GD� EX�K�FUH� FLKD]D�
\HUOHúWLULOHUHN� ]HWD� SRWDQVL\HOL� GH÷HUL� RNXQPXúWXU�� .|P�U� |UQH÷LQLQ� WX]�
çözeltisi içindeki zeta potansiyelinin tayini içinse saf su yerine NaCl ile   

10-30¶OÕN� WX]�o|]HOWLVL�KD]ÕUODQPÕú�YH�N|P�U�|UQH÷L�EX�o|]HOWL\OH�ELUOLNWH�
K�FUH�LoHULVLQH�\HUOHúWLULOPLúWLU�� 

*D]\D÷Õ� YH� Q-KHSWDQÕQ� ]HWD� SRWDQVL\HOL� |Oo�POHUL� LoLQ� LVH� ����
PO¶OLN� úLúHOHUGH� ������ OLN� o|]HOWLOHU� KD]ÕUODQPÕú� YH� EX� o|]HOWLOHUGHQ�
HQMHNW|U�\DUGÕPÕ\OD�|UQHN�DOÕQDUDN���³GLSFHOO´�DGÕ�YHULOHQ�NDUH�ELoLPLQGHNL�
K�FUHOHUH� NRQXOPXúWXU�� %X� K�FUHOHULQ� ]HWD� SRWDQVL\HOL� |Oo�P� FLKD]ÕQD�
\HUOHúWLULOPHVL\OH�GH÷HUOHU�RNXQPXúWXU�� 

+HU�N|P�U�|UQH÷L��JD]\D÷Õ�YH�n-KHSWDQ�LoLQ�]HWD�SRWDQVL\HOL�GH÷HUL�
��NHUH�RNXQPXú�ROXS�GDKD�VRQUD�EX���GH÷HULQ�DULWPHWLN�RUWDODPDVÕ�DOÕQDUDN�
HVDV�GH÷HU�KHVDSODQPÕúWÕU� 

 

 

���������7HPDV�DoÕVÕ�|Oo�POHULQLQ�\DSÕOÕúÕ 
 

7HPDV�DoÕVÕ�|Oo�POHUL�5DP�-�KDUW�PDUND�JRQ\RPHWUH�NXOODQÕODUDN�
\DSÕOPÕúWÕU�� 7HPDV� DoÕVÕ� |Oo�P�� LoLQ� SUHV� NXOODQÕODUDN� KD]ÕUODQDQ�
SHOHWOHUGH�����JU�N|P�U�|UQH÷L�NXOODQÕOPÕú�ROXS��KD]ÕUODQDQ�SHOHWOHULQ�oDSÕ�
��PP¶GLU�� 3HOHWOHULQ� �]HULQH� VX� GDPODVÕ�� SODVWLN� GDPODOÕN� NXOODQÕODUDN�
GDPODWÕOPÕúWÕU�� gOo�OHQ� WHPDV� DoÕVÕ� GH÷HUOHUL�� VX� GDPODFÕ÷ÕQÕQ� N|P�U�
\�]H\L� LOH�\DSWÕ÷Õ� DoÕQÕQ� KHP� VD÷�KHP�GH� VRO� WDUDIÕQGDQ� VX� ID]ÕQD�GR÷UX�
|Oo�OHQ�GH÷HUOHUGLU��=DPDQOD�VX�GDPODFÕ÷ÕQÕQ�N|P�U�\�]H\LQGH�\D\ÕODUDN�
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WHPDV� DoÕVÕQÕQ� GH÷LúPHVLQL� |QOHPHN� LoLQ�� |Oo�POHU� VX� GDPODWÕOGÕNWDQ�
sonraki 30 saniye içerisindH�\DSÕOPÕúWÕU� 
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4.BULGULAR 

%X�E|O�PGH�WH]�NDSVDPÕQGD�JHUoHNOHúWLULOHQ�GHQH\VHO�EXOJXODUÕQ�
GH÷HUOHQGLULOPHVL�YHULOPLúWLU��'H÷HUOHQGLUPHOHUGH�\DQDELOLU�YHULP������N�O�DWÕPÕ�
����YH�YHULP�LQGHNVLQGHQ��(IILFLHQF\�LQGH[��\DUDUODQÕOPÕúWÕU��+HVDSODPDODUGD�
DúD÷ÕGDNL�IRUP�OOHU�NXOODQÕOPÕúWÕU��*DUFLD�YH�GL÷��������� 

Yanabilir verim (%); 

  YV (%) = [C(100-c)/ F(100-f)] x 100  

<DQDELOLU�YHULP��EHVOHPHGHNL�RUJDQLN�NÕVPÕQ�QH�NDGDUÕQÕQ�NRQVDQWUH�
E�Q\HVLQGH�ND]DQÕOGÕ÷ÕQÕQ�ELU�J|VWHUJHVLGLU� 

Kül DWÕPÕ����� 
KA (%) = 100-[C x (c/f)]  

.�O�DWÕPÕ��EHVOHPHGHNL�N�O�Q�QH�NDGDUÕQÕQ�DUWÕ÷D�JLWWL÷LQLQ�ELU�
göstergesidir. 

Verim indeksi (%); 

  9ø����� �<DQDELOLU�YHULP�������.�O�DWÕPÕ�����– 100  

  &��.RQVDQWUHQLQ�D÷ÕUOÕ÷Õ����� 
  c: Konsantrenin külü (%) 

  F: Beslemenin D÷ÕUOÕ÷Õ����� 
  f: Beslemenin külü (%) 

<DQDELOLU� YHULPGHNL� DUWÕúD� N�O� DWÕPÕQGDNL� D]DOPD� HúOLN� HWPHNWHGLU�� YH\D�
GDKD�ID]OD�\DQDELOLU�YHULP�GHPHN�GDKD�G�ú�N�N�O�DWÕPÕ�DQODPÕQD�JHOPHNWHGLU��%X�
ROJX�LVH�\DQDELOLU�YHULP�YH�N�O�DWÕPÕQÕ�ELUOLNWH�GH÷HUOHQGLUHFHN�ELU kritere ihtiyaç 

ROGX÷XQX�J|VWHUPHNWHGLU�9HULP�LQGHNVL��KHP�\DQDELOLU�YHULPL�KHP�GH�N�O�DWÕPÕQÕ�
ELUOLNWH�GH÷HUOHQGLUHQ�ELU�NULWHUGLU��%X�GH÷HU�QH�NDGDU�\�NVHN�LVH�]HQJLQOHúWLUPH�
LúOHPL�R�NDGDU�EDúDUÕOÕGÕU� 
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����$QDQXPXQH�LOH<DSÕODQ�'HQH\OHULQ�%XOJXODUÕQÕQ�'H÷HUOHQGLULOPHVL 
 
������$JORPHUDV\RQ�GHQH\�EXOJXODUÕQÕQ�GH÷HUOHQGLULOPHVL 
 
��������%D÷OD\ÕFÕ�VÕYÕ�RUDQÕQÕQ�HWNLVL 
 

%X�GHQH\OHU����JU�|UQHN�NXOODQDUDN������GHY�GDN�NDUÕúWÕUPD�KÕ]ÕQGD������
NDWÕ� RUDQÕQGD� YH� GR÷DO� S�OS� S+������¶ÕQGD� JHUHNOHúWLULOPLúWir. Deneylerde  

DJORPHUDV\RQ� V�UHVL� ��� GDN�� DOÕQPÕúWÕU�� $JORPHUDV\RQ� GHQH\OHUL� -����P�� -250 

�P�� -���� �P�� -��� �P� YH� -��� �P� ROPDN� �]HUH� EHú� IDUNOÕ� ER\XW� JUXEX� LoLQ� YH�
ED÷OD\ÕFÕ� VÕYÕ� RODUDN� KHP� JD]\D÷Õ� KHP� GH� Q-KHSWDQ� NXOODQÕODUDN� \DSÕOPÕúWÕU��
Deney sonucu elGH� HGLOHQ� DJORPHUDWODU� NXUXWXODUDN� WDUWÕPODUÕ� DOÕQPÕú�� GDKD�
VRQUDGD�N�O�DQDOL]L�\DSÕOPÕúWÕU��(OGH�HGLOHQ�VRQXoODU�WDEOR������������������������
YH���¶GH�J|VWHULOPLúWLU��%X�VRQXoODUD�ED÷OÕ�RODUDN�KHU�ER\XW�LoLQ�\DQDELOLU�YHULP��
N�O� DWÕPÕ� YH� YHULP� LQGHNVLQLQ� GH÷LúLPL� LVH� úHNLO� ��������������������������� YH�
��¶GH�J|VWHULOPLúWLU� 
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7DEOR�����%D÷OD\ÕFÕ�VÕYÕ�RUDQÕQÕQ�DJORPHUDV\RQD�HWNLVL��*D]\D÷Õ������P� 
BSO (%) $÷���JU� $÷����� Kül (%) Yanabilir 

Verim (%) 
.�O�$WÕPÕ���� Verim 

øQGHNVL��� 

5 - - - - - - 

10 4,07 27,13 10.80 27,95 78,13 6,08 

15 10,05 67,00 10,86 68,96 45,70 14,66 

20 13.16 87,73 11.30 89,86 26,01 15,87 

30 10,5 70,00 10,60 69,16 44,62 13,78 

40 7,88 52,53 11,60 53,62 54,52 8,14 

50 6,08 40,53 10,84 41,73 67,21 8,94 

60 4,13 27,53 10,21 28,54 79,02 7,56 

Besleme 15,00 100,00 13,40 100,00   
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9HULP�øQGHNVL���

\DQDELOLU�YHULP���
N�O�DWÕPÕ���
YHULP�LQGHNVL���

 
ùHNLO�����%D÷OD\ÕFÕ�VÕYÕ��JD]\D÷Õ��RUDQÕQD�ED÷OÕ�RODUDN������P�Lçin 
\DQDELOLU�YHULPLQ��N�O�DWÕPÕQÕQ�YH�YHULP�LQGHNVLQLQ�GH÷LúLPL 
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7DEOR����%D÷OD\ÕFÕ�VÕYÕ�RUDQÕQÕQ�DJORPHUDV\RQD�HWNLVL��Q-KHSWDQ������P� 
BSO (%) $÷���JU� $÷����� Kül 

(%) 
Yanabilir 
Verim (%) 

K�O�$WÕPÕ���� Verim 
øQGHNVL��� 

5 - - - - - - 

10 - - - - - - 

15 - - - - - - 

20 3,77 25,13 11,90 25,56 77,68 3,24 

30 12,24 81,60 11,30 83,57 31,18 14,75 

40 13,26 88,40 10,90 90,95 28,09 19,04 

50 10,21 68,06 11,36 69,67 42,30 11,97 

60 8,40 56,00 11,40 57,29 52,35 9,64 

70 4,83 32,20 11,25 32,99 72,96 5,95 

Besleme 15,00 100,00 13,40 100,00   

 
ùHNLO� ���� %D÷OD\ÕFÕ� VÕYÕ� �Q-KHSWDQ�� RUDQÕQD� ED÷OÕ� RODUDN� ���� �P� Lçin 

\DQDELOLU�YHULPLQ��N�O�DWÕPÕQÕQ�YH�YHULP�LQGHNVLQLQ�GH÷LúLPL 

�
��
��
��
��
��
��
��
��
��

���

� �� �� �� ��
%62���

<D
QD

ELO
LU�9

HUL
P�

.�
O�$

WÕP
Õ��

�

�

��

��

��

��

��

9HULP�øQGHNVL���

<DQDELOLU�9HULP���
.�O�$WÕPÕ���
9HULP�øQGHNVL���
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7DEOR����%D÷OD\ÕFÕ�VÕYÕ�RUDQÕQÕQ�DJORPHUDV\RQD�HWNLVL��JD]\D÷Õ������P� 
BSO (%) $÷���JU� $÷����� Kül 

(%) 
Yanabilir 

Verim (%) 
.�O�$WÕPÕ���� 9HULP�øQGHNVL�

(%) 

5 - - - - - - 

10 4.38 29,20 8,80 30,75 80,82 11,57 

15 9,13 60,87 10,23 63,09 53,53 16,62 

18 11,86 79,06 9,76 82,39 42,41 24,80 

20 13,24 88,27 10,75 90,97 29,19 20,16 

30 13,48 89,87 9,87 93,53 33,80 27,33 

40 11,47 76,46 9,94 79,52 43,28 22,80 

50 7,98 53,20 9,82 55,39 61,01 16,40 

60 6,08 40,53 8,89 42,64      73,11 15,75 

Besleme 15,00 100,00 13,40 100,00   
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ùHNLO� ���� %D÷OD\ÕFÕ� VÕYÕ� �JD]\D÷Õ�� RUDQÕQD� ED÷OÕ� RODUDN� ���� �P� Lçin 

\DQDELOLU�YHULPLQ��N�O�DWÕPÕQÕQ�YH�YHULP�LQGHNVLQLQ�GH÷LúLPL 
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7DEOR����%D÷OD\ÕFÕ�VÕYÕ�RUDQÕQÕQ�DJORPHUDV\RQD�HWNLVL��Q-Heptan-�����P� 

BSO (%) $÷���JU� $÷����� Kül (%) Yanabilir 
Verim (%) 

K�O�$WÕPÕ���� 9HULP�øQGHNVL�
(%) 

5 - - - - - - 

10 - - - - - - 

15 - - - - - - 

20 3,65 24,33 11,60 24,83 78,93 3,76 

30 9,39 62,60 8,60 66,06 59,82 25,88 

40 12,40 82,66 9,90 86,00 38,93 24,93 

50 11,98 79,86 10,01 82,99 40,34 23,33 

60 8,77 58,46 10,40 60,49 54,62 15,11 

Besleme 15,00 100,00 13,40 100,00   

 

 
ùHNLO� ���� %D÷OD\ÕFÕ� VÕYÕ� �Q-KHSWDQ�� RUDQÕQD� ED÷OÕ� RODUDN� ���� �P� Lçin 

\DQDELOLU�YHULPLQ��N�O�DWÕPÕQÕQ�YH�YHULP�LQGHNVLQLQ�GH÷LúLPL 
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7DEOR�����%D÷OD\ÕFÕ�VÕYÕ�RUDQÕQÕQ�DJORPHUDV\RQD�HWNLVL��JD]\D÷Õ������P� 
BSO (%) $÷���JU� $÷����� Kül (%) Yanabilir 

Verim (%) 
.�O�$WÕPÕ���� 9HULP�øQGHNVL�

(%) 

5 - - - - - - 

10 7,80 52,00 8,60 54,88 66,62 21,50 

15 8,63 57,53 9,32 60,24 59,99 20,23 

20 12,18 81,20 10,42 83,99 36,86 20,85 

30 13,24 88,27 10,06 91,67 33,73 25,40 

40 13,80 92,00 9,70 95,93 33,40 29,33 

50 11,31 75,40 10,23 78,16 42,43 20,59 

60 10,33 68,86 10,70 71,01 45,01 16,02 

80 - - - - - - 

Besleme 15,00 100,00 13,40 100,00   
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ùHNLO�����%D÷OD\ÕFÕ�VÕYÕ��JD]\D÷Õ��RUDQÕQD�ED÷OÕ�RODUDN������P�Lçin yanabilir 
YHULPLQ��N�O�DWÕPÕQÕQ�YH�YHULP�LQGHNVLQLQ�GH÷LúLPL 
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7DEOR�����%D÷OD\ÕFÕ�VÕYÕ�RUDQÕQÕQ�DJORPHUDV\RQD�HWNLVL��Q-KHSWDQ������P� 
BSO (%) $÷���JU� $÷����� Kül 

(%) 
Yanabilir 

Verim (%) 
.�O�$WÕPÕ�

(%) 
Verim 

øQGHNVL���� 

5 - - - - - - 

10 - - - - - - 

15 - - - - - - 

20 - - - - - - 

30 9,10 60,66 8,20 64,30 62,87 27,17 

40 11,12 74,13 8,18 78,60 54,75 33,35 

50 11,96 79,73 10,01 82,85 40,44 23,29 

60 10,95 73,00 10,10 75,78 44,97 20,75 

80 - - - - - - 

Besleme 15,00 100,00 13,40 100,00   
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ùHNLO�����%D÷OD\ÕFÕ�VÕYÕ��Q-KHSWDQ��RUDQÕQD�ED÷OÕ�RODUDN������P�Lçin 

\DQDELOLU�YHULPLQ��N�O�DWÕPÕQÕQ�YH�YHULP�LQGHNVLQLQ�GH÷LúLPL 
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7DEOR�����%D÷OD\ÕFÕ�VÕYÕ�RUDQÕQÕQ�DJORPHUDV\RQD�HWNLVL��JD]\D÷Õ�����P� 
BSO (%) $÷��

(gr) 
$÷��
(%) 

Kül 
(%) 

Yanabilir 
Verim (%) 

K�O�$WÕPÕ�
(%) 

Verim 
øQGHNVL���� 

5 - - - - - - 

10 - - - - - - 

15       - - - - - - 

20 11,59 77,26 9,32 80,90 46,26 27,16 

30 12,28 81,87 9,37 85,67 42,75 28,42 

35 13,62 90,80 8,84 95,58 40,09 35,67 

      40 13,64 90,93 8,91 95,64 39,54 35,18 

50 13,88 92,53 8,88 97,36 38,68 36,04 

60 13,05 87,00 9,90 90,51 35,72 26,23 

Besleme 15,00 100,00 13,40 100,00   
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ùHNLO�����%D÷OD\ÕFÕ�VÕYÕ��JD]\D÷Õ��RUDQÕQD�ED÷OÕ�RODUDN�����P�Lçin yanabilir 

YHULPLQ��N�O�DWÕPÕQÕQ�YH�YHULP�LQGHNVLQLQ�GH÷LúLPL 
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7DEOR�����%D÷OD\ÕFÕ�VÕYÕ�RUDQÕQÕQ�DJORPHUDV\RQD�HWNLVL��Q-KHSWDQ�����P� 
BSO (%) $÷��

(gr) 
$÷��
(%) 

Kül 
(%) 

Yanabilir 
Verim (%) 

.�O�$WÕPÕ�
(%) 

Verim 
øQGHNVL���� 

5 - - - - - - 

10 - - - - - - 

15       - - - - - - 

20 - - - - - - 

30 - - - - - - 

      40 12,22 81,46 8,00 86,54 51,36 37,90 

50 13,52 90,13 8,48 95,25 42,96 38,21 

60 13,19 87,93 8,96 92,44 41,20 33,64 

70 12,13 80,86 9,87 84,16 40,44 24,60 

Besleme 15,00 100,00 13,40 100,00   
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ùHNLO�����%D÷OD\ÕFÕ�VÕYÕ��Q-hHSWDQ��RUDQÕQD�ED÷OÕ�RODUDN�����P�Lçin 
\DQDELOLU�YHULPLQ��N�O�DWÕPÕQÕQ�YH�YHULP�LQGHNVLQLQ�GH÷LúLPL 
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7DEOR�����%D÷OD\ÕFÕ�VÕYÕ�RUDQÕQÕQ�DJORPHUDV\RQD�HWNLVL��JD]\D÷Õ�����P� 
BSO (%) $÷���JU� $÷����� Kül 

(%) 
Yanabilir 

Verim (%) 
.�O�$WÕPÕ�

(%) 
Verim 

øQGHNVL���� 

5 - - - - - - 

10 - - - - - - 

15 - - - - - - 

20 - - - - - - 

30 - - - - - - 

40 13,46 89,73 10,80 92,42 27,68 20,10 

50 14,60 97,33 11,12 99,89 19,23 19,12 

60 14,02 93,46 10,90 96,16 23,97 20,13 

80 - - - - - - 

Besleme 15,00 100,00 13,40 100,00   
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ùHNLO�����%D÷OD\ÕFÕ�VÕYÕ��JD]\D÷Õ��RUDQÕQD�ED÷OÕ�RODUDN�����P�Lçin yanabilir 
YHULPLQ�N�O�DWÕPÕ�YH�YHULP�LQGHNVLQLQ�GH÷LúLPL� 
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7DEOR�����%D÷OD\ÕFÕ�VÕYÕ�RUDQÕQÕQ�DJORPHUDV\RQD�HWNLVL��Q-KHSWDQ�����P� 
BSO (%) $÷���JU� $÷����� Kül 

(%) 
Yanabilir 

Verim (%) 
Kül AWÕPÕ���� 9HULP�øQGHNVL�

(%) 

10 - - - - - - 

15 - - - - - - 

20 - - - - - - 

30 - - - - - - 

40 - - - - - - 

50 12,48 83,20 11,37 85,15 29,40 14,55 

60 13,40 89,33 11,17 91,60 25,53 17,13 

70 14,10 94,00 11,59 95,96 18,69 14,65 

80 13,27 88,46 11,28 90,63 25,53 16,16 

Besleme 15,00 100,00 13,40 100,00   
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 ùHNLO�����%D÷OD\ÕFÕ�VÕYÕ��Q-KHSWDQ��RUDQÕQD�ED÷OÕ�RODUDN�����P�Lçin 
\DQDELOLU�YHULPLQ��N�O�DWÕPÕQÕQ�YH�YHULP�LQGHNVLQLQ�GH÷LúLPL 
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 7DEOR� YH� úHNLOOHULQ� LQFHOHQPHVLQGHQ� J|U�OHFH÷L� JLEL� JHQHO� RODUDN� D\QÕ�
\DQDELOLU�YHULP�GH÷HULQH�XODúPDN�LoLQ�WDQH�LULOL÷L�LQFHOGLNoH�JHUHNOL�RODQ�ED÷OD\ÕFÕ�
VÕYÕ�PLNWDUÕ�DUWPDNWDGÕU��7DQH�ER\X�D]DOGÕNoD�N|P�U�Q�WRSODP�\�]H\�DODQÕ�DUWWÕ÷Õ�
LoLQ�ED÷OD\ÕFÕ�VÕYÕ��N|P�U�\�]H\LQL�\HWHULQFH�ÕVODWDPDPDNWD��EX da aglomerasyon 

YHULPLQLQ�G�úPHVLQH�QHGHQ�ROPDNWDGÕU��%D÷OD\ÕFÕ�VÕYÕ�RUDQÕQÕQ�oRN�\�NVHN�ROGX÷X�
GXUXPODUGD�LVH�N�UHVHO�DJORPHUDWODU�\HULQH�oDPXU�IRUPXQGD�ELU�\DSÕ�ROXúPDNWD�YH�
LQFH�N|P�U�SDUWLN�OOHULQLQ�ELU�NÕVPÕ�ED÷OD\ÕFÕ�VÕYÕ�LoLQGH�GD÷ÕODUDN�HOHPH�VÕUDVÕQD�
HOHN�DOWÕQD�JHoPHNWHGLU��%X�QHGHQOH�\�NVHN�ED÷OD\ÕFÕ�VÕYÕ�NRQVDQWUDV\RQODUÕQGD�GD�
YHULP�D]DOPDNWDGÕU��%X�EXOJXODU�OLWHUDW�UGH�YHULOHQ�EXOJXODUOD�X\XPOXGXU��&DSHV��
������&DSHV��������&HEHFL�YH�GL÷��������*DUFLD�YH�GL÷������������ 
 %D÷OD\ÕFÕ�VÕYÕ�RODUDN�JD]\D÷Õ�YH�Q-KHSWDQ�DUDVÕQGDNL�IDUNÕ�LQFHOHUVHN��KHU�
ER\XW� JUXEXQGD� D\QÕ� PLNWDUGD� JD]\D÷Õ� YH� Q-KHSWDQ� NXOODQÕOGÕ÷Õ� ]DPDQ� JD]\D÷Õ�
N|P�U�SDUWLN�OOHULQLQ�\�]H\LQL�GDKD�L\L�NDSOD\DUDN�YHULPLQ�GDKD�\�NVHN�ROPDVÕQÕ�
VD÷ODPÕúWÕU�� *HQHO� RODUDN� JD]\D÷ÕQÕQ� VD÷ODGÕ÷Õ verime n-KHSWDQGD� XODúDELOPHN�
LoLQ�JD]\D÷ÕQD�RUDQOD�GDKD�ID]OD�PLNWDUGD�Q-KHSWDQ�NXOODQPDN�JHUHNPLúWLU�� 
 *D]\D÷Õ� LOH� GDKD� G�ú�N� NRQVDQWUDV\RQODUGD� GDKD� \�NVHN� YHULPH�
XODúÕOPÕúWÕU��6HoLPOLOLN�\|Q�QGHQ�LVH�RSWLPXP�ED÷OD\ÕFÕ�VÕYÕ�RUDQODUÕQGD��Q-heptan 

daha L\L�VRQXoODU�YHUPLúWLU�� 
 $JORPHUDV\RQ� GHQH\OHUL� VRQXFXQGD�� DJORPHUDV\RQ� |QFHVL� �VW� ÕVÕO� GH÷HUL�
�����NFDO�NJ�RODQ�N|P�U�|UQH÷LQLQ�ÕVÕO�GH÷HULQGH�|QHPOL�DUWÕúODU�HOGH�HGLOPLúWLU��
+HU�WDQH�LULOL÷LQGHNL�N|P�U�|UQH÷L�LoLQ��KHP�JD]\D÷Õ�KHP�GH�Q-KHSWDQ�NXOODQÕODrak 

HOGH� HGLOHQ� ED]Õ� N|P�U� NRQVDQWUHOHULQLQ� XODúWÕ÷Õ� �VW� ÕVÕO� GH÷HUOHUL� 7DEOR� ��¶GD�
YHULOPLúWLU� 
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7DEOR�����$JORPHUDV\RQ�NRQVDQWUHOHULQLQ��VW�ÕVÕO�GH÷HUOHUL 
Tane Boyu 

��P� 
%D÷OD\ÕFÕ�7�U� BSO (%) Kül (%) hVW�,VÕO�'H÷HU�

(kcal/kg) 
600 JD]\D÷Õ 15 10,86 7228 
600 n-heptan 40 10,90 7731 
250 JD]\D÷Õ 10 8,61 7445 
250 n-heptan 30 8,60 7605 
125 JD]\D÷Õ 10 8,60 7747 
125 n-heptan 40 8,18 8016 
63 JD]\D÷Õ 40 8,91 7953 
63 n-heptan 40 8,00 7980 
28 JD]\D÷Õ 40 10,80 7634 
28 n-heptan 60 11,17 7451 

 
 
 

 4.1.1.2. Aglomerasyon süresinin etkisi 

 2SWLPXP� DJORPHUDV\RQ� NRúXOODUÕQÕ� EHOLUOHPHN� DPDFÕ� LOH� -���� �P� WDQH�
LULOL÷LQGH�GHQH\OHU�\DSÕOPÕú�YH�ED÷OD\ÕFÕ�VÕYÕ�RODUDN�JD]\D÷Õ�NXOODQÕOPÕúWÕU� 

$JORPHUDV\RQ� V�UHVLQLQ� LQFHOHQGL÷L� GHQH\OHU�� -����P� ER\XWXQGDNL�
numune ve %2�� ED÷OD\ÕFÕ� VÕYÕ� NRQVDQWUDV\RQXQGD� JD]\D÷Õ� NXOODQÕODUDN�
LQFHOHQPLúWLU��'HQH\OHUGH����JU�|UQHN�������GHY�GDN�NDUÕúWÕUPD�KÕ]ÕQGD�����NDWÕ�
RUDQÕQGD� YH� GR÷DO� S�OS� S+� ������¶ÕQGD� GH÷LúLN� V�UHOHUOH� DJORPHUDV\RQD� WDEL�
WXWXOPXúWXU�� 

 

 Deneylerden elde edilen bulguODU�7DEOR���¶GH�J|VWHULOPLúWLU��%X�VRQXoODUD�
J|UH� \DQDELOLU� YHULP�� N�O� DWÕPÕ� YH� YHULP� LQGHNVLQLQ� GH÷LúLPL� LVH� ùHNLO� ��¶GH�
J|VWHULOPLúWLU�� 
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Tablo 17. Aglomerasyon süresinin etkisi 

Süre (dak) $÷ÕUOÕN 
(gr) 

$÷ÕUOÕN 
(%) 

Kül         
(%) 

Yanabilir Verim    
(%) 

Kül AWÕPÕ�  
(%) 

9HULP�øQGHNVL�
(%) 

2,5 6,43 42,86 9,30 44,89 70,25 15,14 

5 9,64 64,26 10,25 66,60 50,85 17,45 

10 12,43 82,86 11,08 85,08 31,48 16,56 

15 13,16 87,73 11,30 89,86 26,01 15,87 

20 11,38 75,86 9,70 79,10 45,08 24,18 

30 8,16 54,40 10,30 56,34 58,18 14,52 
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 ùHNLO�����$JORPHUDV\RQ�V�UHVLQH�ED÷OÕ�RODUDN�\DQDELOLU�YHULP��N�O�DWÕPÕ�YH�
YHULP�LQGHNVLQLQ�GH÷LúLPL 
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 7DEOR� YH� ùHNOLQ� LQFHOHQPHVLQGHQ�� G�ú�N� DJORPHUDV\RQ� V�UHOHULQGH�
DJORPHUDV\RQ� YHULPLQLQ� G�úW�÷�� J|]OHPOHQPLúWLU��%XQXQ� QHGHQL� DJORPHUDWODUÕQ�
ROXúPDVÕ� LoLQ� JHUHNOL� RODQ� SDUWLN�O-SDUWLN�O� WHPDVÕQÕQ� \HWHUL� NDGDU��
VD÷ODQDPDPDVÕGÕU���7DEOR�YH�úHNLOGHQ�\LQH�J|U�OG�÷���]HUH��\�NVHN�DJORPHUDV\RQ�
V�UHOHULQGH� YHULPGH� G�ú�ú� ROPDNWDGÕU�� %XQXQ� QHGHQL� LVH� PXKWHPHOHQ�
aglomeratlDUÕQ� EHOOL� ELU� ]DPDQGDQ� VRQUD� GLUHQFLQLQ� D]DOPDVÕ� YH� NDUÕúWÕUPDQÕQ�
HWNLVL\OH��EHKHUH�YH\D�W�UE�ODQV�ROXúWXUXFX�OHYKDODUD�oDUSDUDN�XIDODQPDVÕGÕU��%X�
YHULOHU� ÕúÕ÷ÕQGD� RSWLPXP� DJORPHUDV\RQ� V�UHVL� ��� GDNLND� EXOXQPXú� YH� E�W�Q�
aglomerasyon deneyleri için  bu sürH�VDELW�RODUDN�DOÕQPÕúWÕU� 
 

  

 

 ���������.DUÕúWÕUPD�KÕ]ÕQÕQ�DJORPHUDV\RQD�HWNLVL 
 

 .DUÕúWÕUPD�KÕ]ÕQÕQ�DJORPHUDV\RQ�YHULPLQH�HWNLVL��-����P�ER\XWXQGDNL�����
JU�QXPXQH�YH�����ED÷OD\ÕFÕ�VÕYÕ��JD]\D÷Õ�� �NXOODQÕODUDN�LQFHOHQPLúWLU��'HQH\OHU�
���NDWÕ�RUDQÕQGD�� ���GDNLND� DJORPHUDV\RQ� V�UHVL� YH�GR÷DO� S�OS�S+� ������¶ÕQGD�
\DSÕOPÕúWÕU��'HQH\�EXOJXODUÕ� WDEOR���¶GH�YHULOPLú�YH�EX�EXOJXODUD�ED÷OÕ�\DQDELOLU�
YHULP��N�O�DWÕPÕ�YH�YHULP�LQGHNVLQLQ�GH÷LúLPL�ùHNLO���¶GH�J|VWHULOPLúWLU� 
 

  
 

 7DEOR�����.DUÕúWÕUPD�KÕ]ÕQÕQ�DJORPHUDV\ona etkisi 

.DUÕúWÕUPD�+Õ]Õ�
(dev/dak) 

$÷ÕUOÕN 
(gr) 

$÷ÕUOÕN�
(%) 

Kül   
(%) 

Yanabilir Verim 
(%) 

.�O�$WÕPÕ�  
(%) 

9HULP�øQGHNVL�
(%) 

750 10,52 70,13 10,08 72,82 47,24 20,06 

1000 13,16 87,73 11,30 89,86 26,01 15,87 

1250 11,16 74,40 10,83 76,61 39,87 16,48 

1500 9,18 61,20 10,61 63,17 51,54 14,71 
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9HULP�øQGHNVL����

 

 ùHNLO�����.DUÕúWÕUPD�KÕ]ÕQD�ED÷OÕ�RODUDN�\DQDELOLU�YHULP��N�O�DWÕPÕ�YH�
YHULP�LQGHNVLQLQ�GH÷LúLPL 
  

 7DEOR� YH� ùHNLOGHQ�J|U�OG�÷��JLEL� G�ú�N�YH�\�NVHN�NDUÕúWÕUPD�KÕ]ODUÕQGD�
YHULPGH� G�ú�ú� ROPDNWDGÕU�� � %XQXQ� QHGHQL� G�ú�N� NDUÕúWÕUPD� KÕ]ODUÕQGD� \�]H\L�
ED÷OD\ÕFÕ�VÕYÕ�LOH�NDSODQPÕú�N|P�U�WDQHFLNOHUL�\HWHULQFH�HWNLOL�oDUSÕúDPDPDNWD�YH�
GROD\ÕVÕ\OD�DJORPHUDWODUÕ�ROXúWXUDPDPDNWDGÕU��<�NVHN�NDUÕúWÕUPD�KÕ]ÕQGD�YHULPLQ�
G�úPHVLQH� QHGHQ� RODQ� VHEHS� LVH� DJORPHUDWODUÕQ� EHKHUH� YH� W�UE�ODQV� ROXúWXUXFX�
OHYKDODUD� QRUPDOGHQ�GDKD� úLGGHWOL� oDUSPDVÕ�YH�EXQXQ� VRQXFX�RODUDN�XIDODQPDVÕ�
YH\D�GD÷ÕOPDVÕ�RODELOLU��'HQH\�VRQXoODUÕQD�J|UH������GHY�GDN¶OÕN�NDUÕúWÕUPD�KÕ]Õ�
DJORPHUDV\RQ�GHQH\OHUL�LoLQ�X\JXQ�NDUÕúWÕUPD�KÕ]Õ�RODUDN�EXOXQPXúWXr. 
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 ���������.DWÕ�RUDQÕQÕQ�DJORPHUDV\RQD�HWNLVL 
 

 %X� GHQH\OHUGH� N|P�U� PLNWDUÕ� GL÷HU� GHQH\OHUGH� ROGX÷X� JLEL� ��� JU�
DOÕQPÕú�� DQFDN� VX� PLNWDUÕ� GH÷LúWLULOHUHN� NDWÕ� RUDQÕ� GH÷LúWLULOPLú� YH� EXQXQ�
DJORPHUDV\RQ��]HULQH�HWNLVL�LQFHOHQPLúWLU�������P�ER\XWXQGDNL�|UQHN�NXOODQÕODUDN�
���� ED÷OD\ÕFÕ� VÕYÕ� �JD]\D÷Õ�� RUDQÕQGD� GHQH\OHU� \DSÕOPÕúWÕU�� 'HQH\OHU� �����
GHY�GDN� NDUÕúWÕUPD� KÕ]ÕQGD�� ��� GDN�� DJORPHUDV\RQ� V�UHVL� YH� GR÷DO� S�OS�
S+������¶ÕQGD� \DSÕOPÕúWÕU�� 'HQH\OHUGHQ� HOGH� HGLOHQ� EXOJXODU� 7DEOR� ��¶GD�
J|VWHULOPLú� YH� NDWÕ� RUDQÕQD� ED÷OÕ� RODUDN� \DQDELOLU� YHULP�� N�O� DWÕPÕ� YH� YHULP�
LQGHNVLQLQ�GH÷LúLPL�ùHNLO���¶GH�J|VWHULOPLúWLU� 
 

 

7DEOR�����.DWÕ�RUDQÕQÕQ�DJORPHUDV\RQD�HWNLVL 
Süre 
(dak) 

$÷ÕUOÕN 
(gr) 

$÷ÕUOÕN� 
(%) 

Kül   
(%) 

Yanabilir 
Verim           

(%) 

.�O�$WÕPÕ  
(%) 

Verim 
øQGHNVL    

(%) 

2,5 8,43 56,20 10,27 58,23 56,93 15,16 

5 13,16 87,73 11,30 89,86 26,01 15,87 

10 12,43 82,86 11,08 85,08 31,48 16,56 

12,5 10,14 67,60 10,69 69,71 46,07 15,78 
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 ùHNOL����� �.DWÕ�RUDQÕQD�ED÷OÕ�RODUDN�\DQDELOLU�YHULP��N�O�DWÕPÕ�YH�Yerim 

LQGHNVLQLQ�GH÷LúLPL 
 

 ùHNLO� YH� 7DEOR� LQFHOHQGL÷LQGH� G�ú�N� NDWÕ� RUDQÕQGD� \HWHUOL� PLNWDUGD�
DJORPHUDW� ROXúPDGÕ÷Õ� YH� GROD\ÕVÕ\OD� YHULPLQ� G�úW�÷�� J|U�OPHNWHGLU�� ����� NDWÕ�
RUDQÕQGD�\DQDELOLU� YHULPLQ�G�úPHVLQLQ�QHGHQL� ��NDUÕúWÕUPD� LOH� WDQHFLNOHULQ�\HWHUL�
kadDU� ELUELUOHULQH� \DNODúDPDPDODUÕQD� GD\DQGÕUÕOPÕúWÕU� �2VERUQH�� ����������NDWÕ�
RUDQÕQGD� \DQDELOLU� YHULPGHNL� DUWPD� DJORPHUDW� ER\XWXQGDNL� DUWÕúWDQ�
ND\QDNODQPDNWDGÕU�� 'DKD� \�NVHN� NDWÕ� RUDQODUÕQGD� YHULPGHNL� D]DOPD� LVH�
DJORPHUDWODUÕQ�KHP�ELUELUOHUL\OH�KHP�GH�N|P�U partikülleriyle sürtünmesi sonucu 

WDQH� LULOL÷LQLQ� D]DOPDVÕQD� GD\DQGÕUÕOPÕúWÕU�� %X� EXOJXODU� OLWHUDW�UGHNL� EXOJXODUOD�
X\XPOXGXU� �� &HEHFL�� ������� .DWÕ� RUDQÕQÕQ� DJORPHUDV\RQD� HWNLVLQLQ� LQFHOHQGL÷L�
GHQH\OHU�VRQXFXQGD�RSWLPXP�NDWÕ�RUDQÕ����RODUDN�EHOLUOHQPLú�YH bütün deneyler 

EX�NDWÕ�RUDQÕQGD�JHUoHNOHúWLULOPLúWLU� 
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 ���������S+¶ÕQ�DJORPHUDV\RQD�HWNLVL 
 

 Deneylerde -�����P�ER\XWXQGDNL�|UQHN�YH�ED÷OD\ÕFÕ�VÕYÕ�RODUDN� LVH�����
RUDQÕQGD�JD]\D÷Õ�NXOODQÕOPÕúWÕU�����JU�|UQHN�NXOODQÕODUDN������GHY�GDN��NDUÕúWÕUPD�
KÕ]ÕQGD�����NDWÕ�RUDQÕQGD����GDNLND�V�UH�LOH�DJORPHUDV\RQ�GHQH\OHUL�\DSÕOPÕúWÕU��
S+�GH÷HUOHUL���¶OLN�1D2+�YH�+&O�o|]HOWLOHUL\OH�D\DUODQPÕúWÕU��'HQH\OHU�VRQXFX�
HOGH�HGLOHQ�EXOJXODU�7DEOR���¶GH�YHULOPLú��EX�EXOJXODUD�J|UH�\DQDELOLU�YHULP��N�O�
DWÕPÕ�YH�YHULP�LQGHNVLQLQ�GH÷LúLPL�LVH�ùHNLO���¶GH�J|VWHULOPLúWLU� 
 

 

  7DEOR�����S+¶ÕQ�DJORPHUDV\RQD�HWNLVL 
pH $÷ÕUOÕN  

(gr) 
$÷ÕUOÕN��

(%) 
Kül        
(%) 

Yanabilir 
Verim        

(%) 

.�O�$WÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 

3,0 12,26 81,73 10,94 84,05 33,27 17,32 

5,0 12,36 82,40 11,16 84,53 31,37 15,90 

7,95 13,16 87,73 11,30 89,86 26,01 15,87 

9,0 12,80 85,33 11,19 87,51 28,74 16,25 

11,0 12,28 81,87 11,04 84,09 32,54 16,63 
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 ùHNLO�����S+¶D�ED÷OÕ�RODUDN�\DQDELOLU�YHULP��N�O�DWÕPÕ�YH�YHULP�
LQGHNVLQLQ�GH÷LúLPL 
 

 Deney sonXoODUÕ� LQFHOHQGL÷LQGH� �� S+¶ÕQ� GH÷LúLPL\OH� YHULPGH� oRN� NHVNLQ�
LQLú� YH� oÕNÕúODUÕQ� ROPDGÕ÷Õ� J|]OHQPHNOH� ELUOLNWH�� HQ� L\L� VRQXFD� GR÷DO� S�OS�
�N|P�U�VX��S+¶ÕQGD�XODúÕOGÕ÷Õ�J|U�OP�úW�U��<�NVHN�S+¶ODUGDNL�\DQDELOLU�YHULPLQ�
G�úPHVLQL� JD]\D÷Õ� GDPODODUÕ� LOH� N|P�U� WDQHFLNOHUL� DUDVÕQGD� LWPH� HOHNWURVWDWLN�
NXYYHWOHULQ�ROXúPDVÕQD�ED÷OD\DELOLUL]��'�ú�N�S+�GH÷HUOHULQGHNL�\DQDELOLU�YHULPLQ�
NÕVPL� G�ú�ú�Q�Q� QHGHQL� LVH�� KHP� SR]LWLI� \�NOHQPLú� SDUoDFÕNODU� DUDVÕQGDNL� LWLFL�
kuvvetlere hem de kömür yüzetinin daha hidrofilik karakter ND]DQPDVÕQD�
GD\DQGÕUÕODELOLU���&HEHFL�YH�GL÷�������� 
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 4.1.1.6. Na2SiO3’ün aglomerasyona etkisi 

 

 Deneylerde 15 gr örnek (-����P��������ED÷OD\ÕFÕ�VÕYÕ�RUDQÕ��JD]\D÷Õ���
����� GHY�GDN� NDUÕúWÕUPD� KÕ]Õ�� ��� NDWÕ� RUDQÕ� YH� GR÷DO� S�OS� S+������¶ÕQGD� ���
dakika süUH\OH�DJORPHUDV\RQD� WDEL� WXWXOPXúWXU��%D÷OD\ÕFÕ�VÕYÕ�LODYH�HGLOPHGHQ���
GDNLND� |QFH�� JDQJ� PLQHUDOOHULQLQ� ÕVODQDELOLUOL÷LQL�GD÷ÕOPDVÕQÕ� DUWWÕUPDN� YH� GDKD�
WHPL]�DJORPHUDWODU�HOGH�HWPHN�DPDFÕ�LOH�S�OSH�GH÷LúLN�PLNWDUODUGD�1D2SiO3  ilave 

HGLOPLúWLU��'HQH\OHUGHQ�HOGH�HGLOHQ�VRQXoODU�7DEOR���¶GH�YHULOPLúWLU��ùHNLO���¶GH�
ise ilave edilen Na2SiO3 PLNWDUÕQD� J|UH� \DQDELOLU� YHULP�� N�O� DWÕPÕ� YH� YHULP�
LQGHNVLQLQ�GH÷LúLPL�J|VWHULOPLúWLU� 
 

 

Tablo 21. Na2SiO3 µÕQ�$JORPHUDV\RQD�HWNLVL 
Na2SiO3 
(gr/ton) 

$÷ÕUOÕN�
(gr) 

$÷ÕUOÕN�
(%) 

Kül   
(%) 

Yanabilir 
Verim   

(%) 

Kül 
DWÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 

0 13,16 87,73 11,30 89,86 26,01 15,87 

500 12,64 84,26 11,04 86,56 30,58 17,14 

5000 12,10 80,66 10,88 83,01 34,51 17,52 

20000 12,05 80,33 10,87 82,68 34,84 17,52 

40000 11,45 76,33 10,82 78,61 38,37 16,98 

60000 11,05 73,66 10,61 76,04 41,67 17,71 
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YHULP�LQGHNVL���

 

 ùHNLO�����øODYH�HGLOHQ�Na2SiO3 PLNWDUÕQD�J|UH�\DQDELOLU�YHULP��N�O�DWÕPÕ�
YH�YHULP�LQGHNVLQLQ�GH÷LúLPL 
  

 Na2SiO3 |]HOOLNOH� oRN�\�NVHN�NRQVDQWUDV\RQODUGD�NXOODQÕOGÕ÷ÕQGD�D]�GD�
ROVD� N�O�Q� G�úPHVLQL� VD÷ODVD� GD�� HOGH� HGLOHQ� �U�Q�PLNWDUÕQGD� |QHPOL�PLNWDUGD�
D]DOPD\D� \RO� DoPDNWD� YH� \DQDELOLU� YHULP� G�úPHNWHGLU�� � 6RQXo� RODUDN�1D2SiO3 

NXOODQPDQÕQ�VHoLPOLOLN�\|Q�QGHQ�oRN�DYDQWDM�VD÷ODPDGÕ÷Õ�J|U�OP�úW�U� 
 

  

 4.1.1.7. Sodyum polLIRVIDWÕQ�HWNLVL 
 

 Deneylerde 15 gr örnek (-�����P���������ED÷OD\ÕFÕ�VÕYÕ�RUDQÕ��JD]\D÷Õ���
����� GHY�GDN� NDUÕúWÕUPD� KÕ]Õ�� ��� NDWÕ� RUDQÕ� YH� GR÷DO� S�OS� S+������¶ÕQGD� ���
GDNLND� V�UH\OH� DJORPHUDV\RQD� WDEL� WXWXOPXúWXU��Na2SiO3¶ÕQ� HWNLVLQLQ� LQFHOHQGL÷L�
deneylerde�ROGX÷X�JLEL���NaPO3)n¶�Q�HWNLVLQLQ�LQFHOHQGL÷L�GHQH\OHUGH�GH�ED÷OD\ÕFÕ�
VÕYÕ� LODYH� HGLOPHGHQ� �� GDNLND� |QFH� (NaPO3)n� LODYH� HGLOPLúWLU�� 'HQH\GHQ� HOGH�
HGLOHQ� EXOJXODU� 7DEOR� ��¶GH� YHULOPLú�� LODYH� HGLOHQ� (NaPO3)n PLNWDUÕQD� J|UH�
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\DQDELOLU� YHULP�� N�O� DWÕPÕ� YH� YHULP� LQGHNVLQLQ� GH÷LúLPL� LVH� ùHNLO� ��¶GD�
J|VWHULOPLúWLU� 
  

 

 

        Tablo 22. 6RG\XP�3ROLIRVIDW¶ÕQ�DJORPHUDV\RQD�HWNLVL 
(NaPO3)n 

(gr/ton) 
$÷ÕUOÕN�

(gr) 
$÷ÕUOÕN�

(%) 
Kül   
(%) 

Yanabilir 
Verim   

(%) 

Kül 
$WÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 
0 13,16 87,73 11,30 89,86 26,01 15,87 

500 12,97 86,47 11,26 88,60 27,34 15,94 

5000 12,13 80,87 11,12 82,99 32,89 15,88 

20000 12,02 80,13 11,05 82,31 33,92 16,23 

40000 11,38 75,87 11,01 77,96 37,66 15,62 

60000 11,01 73,40 10,93 75,49 40,13 15,62 
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ùHNLO�����øODYH�HGLOHQ�(NaPO3)n  PLNWDUÕQD�J|UH�\DQDELOLU�YHULP��N�O�DWÕPÕ�YH�YHULP�
LQGHNVLQLQ�GH÷LúLPL 
  



 55 

 7DEOR� YH�ùHNLO� LQFHOHQGL÷LQGH� VRG\XP�SROLIRVIDWÕQ�PLNWDUÕ� DUWWÕNoD� N�O�
PLNWDUÕQGDNL�NÕVPL�D]DOPD\D�NDUúÕOÕN�\DQDELOLU�YHULPGH�|QHPOL�G�ú�úOHU�\DúDQGÕ÷Õ�
görülmektedir.   

 %XQGDQ� VRQUD� \DSÕODFDN� GHQH\OHUGH� EDVWÕUÕFÕ� RODUDN� �1D2SiO3 veya 

(NaPO3)n ��KDQJLVLQLQ�NXOODQÕODFD÷ÕQD�NDUDU�YHUPHN� LoLQ�\DSÕODQ�  sodyum silikat 

YH�VRG\XP�SROLIRVIDW�NDUúÕODúWÕUÕOPDVÕ�úHNLO���¶GD�J|VWHULOPLúWLU� 
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<DQDELOLU�9HULP���

�N�O�VRG\XP�VLOLNDW�

�N�O�VRG\XP
SROLIRVIDW�

<DQDELOLU
YHULP�VRG\XP�VLOLNDW�

<DQDELOLU
9HULP�VRG\XP
SROLIRVIDW�

 

 ùHNLO�����Na2SiO3 ve (NaPO3)n¶ÕQ�NDUúÕODúWÕUÕOPDVÕ 
 

 ùHNLOGHQ� GH� J|U�OG�÷�� � Na2SiO3 ve (NaPO3)n� D\QÕ� PLNWDUODUGD�
NXOODQÕOGÕ÷ÕQGD��1D2SiO3 LOH�D]�GD�ROVD�GDKD�G�ú�N�N�O�LoHULNOL��U�QOHU�GDKD�\�NVHN�
\DQDELOLU�YHULP�LOH�HOGH�HGLOPLúWLU�� Bu nedenle bundan�VRQUD�\DSÕODQ�GHQH\OHUGH�
EDVWÕUÕFÕ�RODUDN�Na2SiO3�NXOODQÕOPÕúWÕU� 
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 �������)ORWDV\RQ�GHQH\�EXOJXODUÕQÕQ�GH÷HUOHQGLULOPHVL 
 

 )ORWDV\RQ� GHQH\OHUL� �� OW¶OLN� K�FUHOHUGH� ��� JU� |UQHN� LOH� \DSÕOPÕúWÕU��
'HQH\OHUGH� ����� GHY�GDN� NDUÕúWÕUPD� KÕ]Õ�� ��� NDWÕ� RUDQÕ�� ���� JU�WRQ� oDP\D÷Õ�
PLNWDUÕ�� GR÷DO� S�OS� S+� �N|P�U�VX �����¶Õ� VDELW� RODUDN� DOÕQPÕúWÕU�� 'HQH\OHUGH�������
–���� �P�� -���� �P�� -���� �P�� -��� �P� YH� -��� �P� ER\XWODUÕQGDNL� N|P�UOHU� LOH�
\DSÕOPÕú�� WRSOD\ÕFÕ�RODUDN� LVH�KHU�ER\XW�JUXEX�LoLQ�JD]\D÷Õ�YH�Q-KHSWDQ�D\UÕ�D\UÕ� 
NXOODQÕOPÕúWÕU�� 'HQH\OHU� VRQXFXQGD� HOGH� HGLOHQ� EXOJXODU� 7DEOR�
��������������������������� YH� ��¶GH� YHULOPLúWLU�� 7RSOD\ÕFÕ� PLNWDUÕQD� J|UH�
\DQDELOLU� YHULP�� N�O� DWÕPÕ� YH� YHULP� LQGHNVLQLQ� GH÷LúLPOHUL� LVH� ùHNLO�
��������������������������� YH� ��¶GH� J|VWHULOPLúWLU. Tablolarda “0-0” olarak 

YHULOHQ� VRQXoODU� KHP� N|S�UW�F�� KHP� GH� WRSOD\ÕFÕ� NXOODQÕOPDGDQ� \DSÕODQ�
GHQH\OHULQ� VRQXoODUÕ� ROXS� EX� GH÷HUOHU� JUDILNVHO� RODUDN� J|VWHULOPHPLúWLU��
7DEORODUGD� WRSOD\ÕFÕ� PLNWDUÕQÕQ� ³�´� RODUDN� YHULOGL÷L� GHQH\OHUGH� KLo� WRSOD\ÕFÕ�
NXOODQÕOPDPÕú�� VDGHFH� GL÷HU� GHQH\OHUGH� GH� ROGX÷X� JLEL� ���� JU�WRQ� PLNWDUÕQGD�
oDP\D÷Õ�NXOODQÕOPÕúWÕU� 
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7DEOR�����7RSOD\ÕFÕ�PLNWDUÕQÕQ�IORWDV\RQD�HWNLVL�������P�*D]\D÷Õ� 
7RSOD\ÕFÕ�0LNWDUÕ���

(gr/ton) 
Yüzen   

(gr) 
Yüzen   

(%) 
Kül        
(%) 

Yanabilir 
Verim          

(%) 

.�O�$WÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 

0-0 28,75 57,50 7,22 61,60 69,02 30,62 

0 39,06 78,12 7,58 83,37 55,80 39,17 

50 41,44 82,88 8,12 87,93 49,77 37,70 

100 42,69 85,38 8,58 90,13 45,33 35,46 

200 43,63 87,26 9,14 91,55 40,48 32,03 

400 43,85 87,70 9,33 91,82 38,93 30,75 

600 44,04 88,08 9,82 91,72 35,45 27,17 

800 44,27 88,54 10,01 92,00 33,85 25,85 

1000 45,63 91,26 10,23 94,60 30,32 24,92 
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ùHNLO�����7RSOD\ÕFÕ�PLNWDUÕQD�J|UH�\DQDELOLU�YHULP��N�O�DWÕPÕ�YH�YHULP�LQGHksinin 

GH÷LúLPOHUL�������P-*D]\D÷Õ� 
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7DEOR�����7RSOD\ÕFÕ�PLNWDUÕQÕQ�IORWDV\RQD�HWNLVL�������P�Q-heptan) 

7RSOD\ÕFÕ�
0LNWDUÕ����
(gr/ton) 

Yüzen  
(gr) 

Yüzen 
(%) 

Kül     
(%) 

Yanabilir 
Verim          

(%) 

.�O�$WÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 
0-0 28,75 57,50 7,22 61,60 69,02 30,62 

0 39,06 78,12 7,58 83,37 55,80 39,17 

50 40,33 80,66 7,83 85,84 52,86 38,70 

100 41,03 82,06 7,96 87,21 51,25 38,46 

200 41,06 82,12 8,01 87,23 50,91 38,14 

400 41,10 82,20 8,22 87,11 49,57 36,68 

600 41,85 83,70 8,41 88,52 47,46 35,98 

800 41,20 82,40 8,51 87,05 47,66 34,71 

1000 43,70 87,40 9,23 91,60 39,79 31,39 
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ùHNLO�����7RSOD\ÕFÕ�PLNWDUÕQD�J|UH�\DQDELOLU�YHULP��N�O�DWÕPÕ�YH�YHULP�LQGHNVLQLQ�
GH÷LúLPOHUL�������P�Q-heptan) 
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 7DEOR�����7RSOD\ÕFÕ�PLNWDUÕQÕQ�IORWDV\RQD�HWNLVL�������P�JD]\D÷Õ� 
7RSOD\ÕFÕ�
0LNWDUÕ����
(gr/ton) 

Yüzen 
(gr) 

Yüzen 
(%) 

Kül 
(%) 

Yanabilir 
Verim    

(%) 

Kül 
$WÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 
0-0 31,14 62,28 7,13 66,79 66,86 33,65 

0 42,51 85,02 7,44 90,87 52,79 43,66 

200 45,59 91,18 8,13 96,72 44,68 41,40 

400 45,43 90,86 8,62 95,87 41,55 37,42 

600 45,68 91,36 8,82 96,19 39,86 36,05 

800 46,10 92,20 8,80 97,09 39,45 36,54 

1000 46,38 92,76 9,52 96,91 34,09 31,00 
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ùHNLO�����7RSOD\ÕFÕ�PLNWDUÕQD�J|UH�\DQDELOLU�YHULP��N�O�DWÕPÕ�YH�YHULP�LQGHNVLQLQ�
GH÷LúLPOHUL�������P�JD]\D÷Õ�� 
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7DEOR�����7RSOD\ÕFÕ�PLNWDUÕQÕQ�IORWDV\RQD�HWNLVL�������P�Q-heptan) 

7RSOD\ÕFÕ�
0LNWDUÕ����
(gr/ton) 

Yüzen 
(gr) 

Yüzen 
(%) 

Kül   
(%) 

Yanabilir 
Verim      

(%) 

Kül 
$WÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 
0-0 31,14 62,28 7,13 66,79 66,86 33,65 

0 42,51 85,02 7,44 90,87 52,79 43,66 

200 43,76 87,52 7,88 93,09 48,53 41,62 

400 44,22 88,44 7,98 93,97 47,33 41,30 

600 44,41 88,82 8,15 94,20 45,98 40,18 

800 45,50 91,00 8,87 95,76 39,76 35,52 

1000 45,04 90,08 9,06 94,59 39,09 33,68 
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�ùHNLO�����7RSOD\ÕFÕ�PLNWDUÕQD�J|UH�\DQDELOLU�YHULP��N�O�DWÕPÕ ve verim indeksinin 

GH÷LúLPOHUL�������P�Q-heptan)  
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7DEOR�����7RSOD\ÕFÕ�PLNWDUÕQÕQ�IORWDV\RQD�HWNLVL�������P�JD]\D÷Õ� 
7RSOD\ÕFÕ�
0LNWDUÕ���
(gr/ton) 

Yüzen 
(gr) 

Yüzen 
(%) 

Kül   
(%) 

Yanabilir 
Verim    

(%) 

Kül 
$WÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 
0-0 33,27 66,54 8,86 70,02 56,00 26,02 

0 44,39               88,78 9,12 93,16 39,57 32,73 

200 46,36 92,72 9,88 96,48 31,63 28,11 

400 46,96 93,92 10,22 97,36 28,37 25,73 

600 47,97 95,94 10,48 99,17 24,97 24,14 

800 46,38 92,76 10,69 95,66 26,00 21,66 

1000 48,04 96,08 10,77 98,99 22,78 21,77 
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�ùHNLO�����7RSOD\ÕFÕ�PLNWDUÕQD�J|UH�\DQDELOLU�YHULP��N�O�DWÕPÕ�YH�YHULP�LQGHNVLQLQ�
GH÷LúLPOHUL�������P�JD]\D÷Õ�� 
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7DEOR�����7RSOD\ÕFÕ�PLNWDUÕQÕQ�IORWDV\RQD�HWNLVL�������P�Q-heptan) 

7RSOD\ÕFÕ�
0LNWDUÕ���
(gr/ton) 

Yüzen 
(gr) 

Yüzen 
(%) 

Kül    
(%) 

Yanabilir 
Verim      

(%) 

Kül 
$WÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 
0-0 33,27 66,54 8,86 70,02 56,00 26,02 

0 44,39               88,78 9,12 93,16 39,57 32,73 

200 45,90 91,80 9,36 96,08 35,88 31,96 

400 46,83 93,66 9,92 97,42 30,66 28,08 

600 46,89 93,78 10,28 97,15 28,05 25,20 

800 46,55 93,10 10,43 96,29 27,53 23,82 

1000 47,12 94,24 10,55 97,34 25,80 23,14 
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ùHNLO�����7RSOD\ÕFÕ�PLNWDUÕQD�J|UH�\DQDELOLU�YHULP��N�O�DWÕPÕ�YH�YHULP�LQGHNVLQLQ�
GH÷LúLPOHUL�������P�Q-heptan)  
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7DEOR�����7RSOD\ÕFÕ�PLNWDUÕQÕQ�IORWDV\RQD�HWNLVL������P�JD]\D÷Õ� 
7RSOD\ÕFÕ�
0LNWDUÕ���
(gr/ton) 

Yüzen 
(gr) 

Yüzen 
(%) 

Kül    
(%) 

Yanabilir 
Verim      

(%) 

Kül 
$WÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 
0-0 38,42 76,84 9,83 80,01 43,63 23,64 

0 46,72 93,44 10,08 97,02 29,71 26,73 

200 47,88 95,76 10,49 98,97 25,03 24,00 

400 48,08 96,16 10,87 98,96 21,99 20,95 

600 47,57 95,14 11,40 97,33 19,06 16,39 

800 48,34 96,68 11,31 99,01 18,40 17,41 

1000 48,45 96,90 11,61 98,90 16,04 14,94 
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ùHNLO�����7RSOD\ÕFÕ�PLNWDUÕQD�J|UH�\DQDELOLU�YHULP��N�O�DWÕPÕ�YH�YHULP�LQGHNVLQLQ�
GH÷LúLPOHUL������P�JD]\D÷Õ�� 
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7DEOR�����7RSOD\ÕFÕ�PLNWDUÕQÕQ�IORWDV\RQD�HWNLVL������P�Q-heptan) 

7RSOD\ÕFÕ�
0LNWDUÕ���
(gr/ton) 

Yüzen 
(gr) 

Yüzen 
(%) 

Kül    
(%) 

Yanabilir 
Verim      

(%) 

Kül 
$WÕPÕ�
(%) 

Verim 
øQdeksi 

(%) 
0-0 38,42 76,84 9,83 80,01 43,63 23,64 

0 46,72 93,44 10,08 97,02 29,71 26,73 

200 47,07 94,14 10,33 97,47 27,43 24,90 

400 47,31 94,62 10,74 97,52 24,16 21,68 

600 47,19 94,38 11,10 96,88 21,82 18,70 

800 47,41 94,82 11,23 97,19 20,53 17,72 

1000 47,78 95,56 11,52 97,63 17,84 15,47 
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�ùHNLO�����7RSOD\ÕFÕ�PLNWDUÕQD�J|UH�\DQDELOLU�YHULP��N�O�DWÕPÕ�YH�YHULP�LQGHNVLQLQ�
GH÷LúLPOHUL������P�Q-heptan)  
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 7DEOR�����7RSOD\ÕFÕ�PLNWDUÕQÕQ�IORWDV\RQD�HWNLVL������P�JD]\D÷Õ� 
7RSOD\ÕFÕ�
0LNWDUÕ���
(gr/ton) 

Yüzen 
(gr) 

Yüzen 
(%) 

Kül   
(%) 

Yanabilir 
Verim    

(%) 

Kül 
$WÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 
0-0 39,91 79,82 10,21 82,76 39,18 21,94 

0 46,35 92,70 10,63 95,66 26,46 22,12 

200 47,05 94,10 11,02 96,68 22,61 19,29 

400 47,72 95,44 11,50 97,53 18,09 15,62 

600 48,44 96,88 11,68 98,80 15,55 14,35 

800 48,73 97,46 11,99 99,04 12,79 11,83 

1000 48,84 97,68 12,49 98,70 8,95 7,65 
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ùHNLO�����7RSOD\ÕFÕ�PLNWDUÕQD�J|UH�\DQDELOLU�YHULP��N�O�DWÕPÕ�YH�YHULP�LQGHNVLQLQ�
GH÷LúLPOHUL������P�JD]\D÷Õ�� 
 



 66 

 

 

 7DEOR�����7RSOD\ÕFÕ�PLNWDUÕQÕQ�IORWDV\RQD�HWNLVL������P�Q-heptan) 

7RSOD\ÕFÕ�
0LNWDUÕ���
(gr/ton) 

Yüzen 
(gr) 

Yüzen 
(%) 

Kül   
(%) 

Yanabilir 
Verim    

(%) 

Kül 
$WÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 
0-0 39,91 79,82 10,21 82,76 39,18 21,94 

0 46,35 92,70 10,63 95,66 26,46 22,12 

200 46,88 93,76 10,98 96,38 23,17 19,55 

400 46,81 93,62 11,03 96,18 22,94 19,12 

600 47,48 94,96 11,77 96,74 16,59 13,33 

800 48,27 96,54 11,79 98,33 15,06 13,39 

1000 48,44 96,88 12,01 98,43 13,17 11,60 
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ùHNLO�����7RSOD\ÕFÕ�PLNWDUÕQD�J|UH�\DQDELOLU�YHULP��N�O�DWÕPÕ�YH�YHULP�LQGHNVLQLQ�
GH÷LúLPOHUL������P�Q-heptan) 
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 .|P�U� IORWDV\RQX� oDOÕúPDODUÕQGD�� IORWDV\RQ� EHVOHPHVLQGHNL� LUL� N|P�U�
SDUWLN�OOHULQLQ� VHoLPOL�RODUDN� IDNDW� G�ú�N�YHULPOHUOH� \�]G�÷��� LQFH�SDUWLN�OOHULQ�
LVH� \�NVHN� YHULPOH� ND]DQÕOGÕ÷Õ� IDNDW� VHoLPOLOL÷LQ� G�ú�N� ROGX÷X� \D\JÕQ� RODUDN�
NDUúÕODúÕODQ�ELU�GXUXPGXU���/DVNRZVNL�������� 
 øQFH� WDQH� LULOLNOHULQGH�VHoLPOLOL÷LQ�G�ú�N�ROPDVÕQÕQ�QHGHQL��NDEDUFÕNODU�
DUDVÕQGDNL� VXGD� LQFH� SDUoDFÕNODUÕQ� DVNÕGD� NDOPDVÕ� YH� VX\OD� V�U�NOHQHUHN�
ND]DQÕOPDVÕGÕU�� %X� GXUum literatürde verilen bulgularla uyumludur                        

( Warren,1985). 

 7�P�EXOJXODU�LQFHOHQGL÷LQGH���WRSOD\ÕFÕ��NXOODQÕOPDGDQ�VDGHFH�N|S�UW�F��
NXOODQÕODUDN� \DSÕODQ� GHQH\OHUH� EDNWÕ÷ÕPÕ]GD� N�O�Q� HQ� G�ú�N� GH÷HUOHUGH� ROGX÷X�
görülmekle birlikte bu� JUXS� GHQH\OHU� LoLQ� ER\XW� LQFHOGLNoH� N�O�Q� DUWWÕ÷Õ�
J|U�OP�úW�U�� ùHNLO� ��� LQFHOHQGL÷LQGH� LVH� |]HOOLNOH� ���� PLNURQXQ� DOWÕQGDNL�
ER\XWODUGD�ER\XW�LQFHOGLNoH�VHoLPOLOL÷LQ�ND\EROGX÷X�DoÕNoD�J|U�OPHNWHGLU� 
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 ùHNLO� ���� 7RSOD\ÕFÕ� NXOODQÕOPDGDQ� \DSÕODQ� IORWDV\RQ� GHQH\OHULQGH����������
(-���P���-����P��-�����P��-�����P�YH�-�����P���N|P�UOHULQ�N�O�LoHUL÷LQLQ�WDQH�
ER\XWXQD�J|UH�GH÷LúLPL 
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 7RSOD\ÕFÕ� NXOODQÕODUDN� \DSÕODQ� GHQH\OHUGH� GH�� KHU� WRSOD\ÕFÕ�
NRQVDQWUDV\RQX� LoLQ� GXUXP�SHN� IDUNOÕ�ROPDPDNWD ve tane boyutu inceldikçe kül 

LoHUL÷L�GDKD�\�NVHN��U�Q�HOGH�HGLOGL÷L�J|U�OPHNWHGLU�� 
 

 �������$JORIORWDV\RQ�GHQH\�EXOJXODUÕQÕQ�GH÷HUOHQGLULOPHVL 
 

 'HQH\OHUGH����JU�|UQHN�LON�|QFH�DJORPHUDV\RQ�LúOHPLQH�WDEL�WXWXOPXú���
GDKD� VRQUD� DJORPHUDV\RQ� NDEÕQGDNL� N|P�r-VX� NDUÕúÕPÕ� ROGX÷X� JLEL� IORWDV\RQ�
K�FUHVLQH�DNWDUÕODUDN�IORWDV\RQ�GHQH\OHUL�\DSÕOPÕúWÕU��$JORPHUDV\RQ�GHQH\OHULQGH�
NDUÕúWÕUPDQÕQ� HWNLQOL÷LQLQ� D]DOPDPDVÕ� YH� GROD\ÕVÕ\OD� YHULPLQ� G�úPHPHVL� LoLQ�����
��� JU¶OÕN� |UQHN� LNL� HúLW� E|O�PH� D\UÕODUDN� DJORPHUDV\RQ� GHQHylerine tabi 

WXWXOPXúWXU�� øON� DJORPHUDV\RQ� GHQH\LQGHQ� oÕNDQ� �U�Q� IORWDV\RQ� K�FUHVLQGH�
EHNOHWLOPLú�� LNLQFL� DJORPHUDV\RQ� GHQH\LQGHQ� oÕNDQ� �U�Q� GH� IORWDV\RQ� K�FUHVLQH�
DNWDUÕOÕS�LON��U�QOH�ELUOHúWLULOHUHN��IORWDV\RQ�GHQH\OHUL�JHUoHNOHúWLULOPLúWLU� 
 Agloflotasyon deneyleri, flotasyonun kömürün tane boyutunun 

LQFHOL÷LQGHQ�GROD\Õ�EDúDUÕVÕ]�ROGX÷X�-�����P��-����P�YH�-����P�ER\XWODUÕQGDNL�
N|P�UOHUH� X\JXODQPÕúWÕU�� d�QN�� EX� WDQH� ER\XWODUÕQGD� \DQDELOLU� YHULP� \�NVHN�
ROXUNHQ���U�Q�Q�N�O�LoHULNOHULQGH�\HWHUOL�G�úPH�VD÷ODQDPDPDNWDGÕU� 
 'HQH\OHUGH�GR÷DO�S�OS�S+������¶ÕQGD�\DSÕOPÕú�ROXS�DJORPHUDV\RQ�V�UHVL�
15 dak., flotasyonda köpük alma süresi 30 saniyedir. Bu köpük alma süresi 

\DSÕODQ�GHQH\OHU� VRQXFXQGD�EHOLUOHQPLú�ROXS�����VDQL\HGHQ�VRQUD�JHOHQ�N|S�NWH�
N�O� PLNWDUÕQÕQ� DUWWÕ÷Õ� J|U�OP�úW�U�� +HP� IORWDV\RQ� KHP� GH� DJORPHUDV\RQ�
GHQH\OHULQGH� NDUÕúWÕUPD� KÕ]Õ� ����� GHY�GDN� �� D÷ÕUOÕNoD� NDWÕ� RUDQÕ� LVH� ��¶WLU��
'HQH\LQ� DJORPHUDV\RQ� DúDPDVÕQGD� ����� JU�WRQ� NRQVDQWUDV\RQXQGD� 1D2SiO3 

NDWÕOPÕúWÕU�� 'HQH\OHUGH� oRN� G�ú�N� ER\XWWD� DJORPHUDWODU� ROXúWXUXS� EXQODUÕQ�
IORWDV\RQ� DúDPDVÕQGD� VHoLPOL� RODUDN� \�]HELOPHOHULQL� VD÷ODPDN� DPDFÕ\OD�
DJORPHUDV\RQ� GHQH\OHUL� oRN� G�ú�N� ED÷OD\ÕFÕ� VÕYÕ� RUDQODUÕQGD� \DSÕOPÕúWÕU��
dDOÕúPDGD�HVDV�DPDFÕPÕ]�G�ú�N�N�OO��N|P�U��UHWPHN�ROGX÷X�LoLQ��DJORIORWDV\RQ�
deneylerinde reaktif RODUDN�G�ú�N�N�O�YHUHQ�UHDNWLILQ�VHoLOPHVL�KHGHIOHQPLúWLU��Q-

KHSWDQ� LOH� JD]\D÷Õ� DUDVÕQGD� ELU� VHoLP� \DSPDN� JHUHNLUVH�� DJORPHUDV\RQ� YH�
IORWDV\RQ�GHQH\OHULQLQ� VRQXoODUÕ� NDUúÕODúWÕUÕOGÕ÷ÕQGD�Q-KHSWDQ� LOH�GDKD�G�ú�N�N�O�
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GH÷HUOHULQLQ�HOGH�HGLOHELOGL÷L�J|U�OP�ú�Ye bu nedenle agloflotasyon deneylerinde, 

DJORPHUDV\RQ� GHQH\OHUL� DúDPDVÕQGD�ED÷OD\ÕFÕ� VÕYÕ� YH� IORWDV\RQ� DúDPDVÕ� LoLQ� LVH�
WRSOD\ÕFÕ�J|UHYL�J|UPHVL�LoLQ�Q-KHSWDQ�NXOODQÕOPÕúWÕU�� 
 $JORPHUDV\RQ� DúDPDVÕQGD� KLo� ED÷OD\ÕFÕ� VÕYÕ� NDWÕOPDGÕ÷Õ� ]DPDQ��
agloflotasyon denH\OHUL� VRQXFX� HOGH� HGLOHQ� �U�Q�Q� PLNWDU� YH� N�O� LoHUL÷L�
EDNÕPÕQGDQ� IORWDV\RQ� GHQH\OHUL� VRQXFXQGD� HOGH� HGLOHQ� �U�QOHU� LOH� EHQ]HUOLN�
J|VWHUGL÷L�J|U�OP�úW�U� 
 'HQH\OHUGHQ� HOGH� HGLOHQ� EXOJXODU� 7DEOR� ������ YH� ��¶GH� YHULOPLú��
ED÷OD\ÕFÕ�VÕYÕ�RUDQÕQD�J|UH�\DQDELOLU�YHULP��N�O�DWÕPÕ�YH�YHULP�LQGHNVLQLQ�GH÷LúLPL�
LVH�ùHNLO���� ���YH���¶GH�J|VWHULOPLúWLU� 
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7DEOR�����%D÷OD\ÕFÕ�VÕYÕ�RUDQÕQÕQ�DJORIORWDV\RQD�HWNLVL������P� 
%D÷OD\ÕFÕ�VÕYÕ�

RUDQÕ����������
(%) 

Yüzen 
(gr) 

Yüzen 
(%) 

Kül   
(%) 

Yanabilir 
Verim      

(%) 

Kül 
$WÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 
0,5 33,15 66,30 7,13 71,10 64,72 35,82 
1 34,27 68,54 7,40 73,28 62,15 35,43 
5 40,99 81,98 8,14 86,96 50,20 37,16 

10 42,18 84,36 8,48 89,15 46,61 35,76 
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 ùHNLO�����%D÷OD\ÕFÕ�VÕYÕ�RUDQÕQD�J|UH�\DQDELOLU�YHULP��N�O�DWÕPÕ�YH�YHULP�
LQGHNVLQLQ�GH÷LúLPL��-����P� 
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7DEOR�����%D÷OD\ÕFÕ�VÕYÕ�RUDQÕQÕQ�DJORIORWDV\RQD�HWNLVL�����P� 
%D÷OD\ÕFÕ�VÕYÕ�

RUDQÕ����������
(%) 

Yüzen 
(gr) 

Yüzen 
(%) 

Kül   
(%) 

Yanabilir 
Verim      

(%) 

Kül 
$WÕPÕ�
(%) 

Verim 
øQGHksi 

(%) 
0,5 35,05 70,10 7,80 74,63 59,19 33,82 
1 36,75 73,50 7,85 78,21 56,94 35,15 
5 40,79 81,58 8,82 85,89 46,30 32,19 

10 43,18 86,36 9,16 90,58 40,96 31,54 
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  ùHNLO�����%D÷OD\ÕFÕ�VÕYÕ�RUDQÕQD�J|UH�\DQDELOLU�YHULP��N�O�DWÕPÕ�YH�YHULP�
LQGHNVLQLQ�GH÷LúLPL��-���P� 
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7DEOR�����%D÷OD\ÕFÕ�VÕYÕ�RUDQÕQÕQ�DJORIORWDV\RQD�HWNLVL�����P� 
%D÷OD\ÕFÕ�VÕYÕ�

RUDQÕ����������
(%) 

Yüzen 
(gr) 

Yüzen 
(%) 

Kül   
(%) 

Yanabilir 
Verim      

(%) 

Kül 
$WÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 
0,5 32,74 65,48 7,85 69,68 61,64 31,32 
1 34,18 68,36 8,18 72,48 58,27 30,75 
5 41,29 82,58 10,29 85,54 36,58 22,12 

10 45,27 90,54 10,72 93,34 27,57 20,91 
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 ùHNLO�����%D÷OD\ÕFÕ�VÕYÕ�RUDQÕQD�J|UH�\DQDELOLU�YHULP��N�O�DWÕPÕ�YH�YHULP�
LQGHNVLQLQ�GH÷LúLPL��-���P� 
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7DEOR�YH�ùHNLOOHULQ�LQFHOHQPHVLQGHQ�ED÷OD\ÕFÕ�VÕYÕ�RUDQÕQÕQ����YH�����
ROGX÷X�GHQH\OHUGH�E�W�Q�ER\XWODU�LoLQ�\DQDELOLU�YHULPLQ�DUWPDVÕQD�UD÷PHQ�N�O�Q�
LVWHQLOHQ�VHYL\HOHUH�G�úPHGL÷L�J|U�OP�úW�U��$JORIORWDV\RQ�\|QWHPLQGH�|]HOOLNOH�
\�NVHN�ED÷OD\ÕFÕ�VÕYÕ�RUDQODUÕQD�oÕNÕOGÕ÷Õ�]DPDQ�N�O�DWÕP�GH÷HULQLQ�G�úPHVL�
IORNODU�DUDVÕQGD�NDODQ�PLQHUDO�PDGGHOHULQ�N|S�NOH�WDúÕQPDVÕQD�GD\DQGÕUÕOPÕúWÕU�
�*DUFLD�YH�GL÷��������$ORQVR�YH�GL÷����������dRN�G�ú�N�ED÷OD\ÕFÕ�VÕYÕ�RUDQODUÕQGD�
EDúDUÕ\D�XODúÕOPÕú�YH�G�ú�N�N�OO���U�QOHU�HOGH�HGLOHELOPLúWLU� 
  

 

 4.1.4.Santrifüjlü yüzdürme-EDWÕUPD�GHQH\�EXOJXODUÕQÕQ�GH÷HUOHQGLULOPHVL 
 

 Deneylerde her boyut grubundan(-����P��-�����P��-�����P�YH�-����P��
�¶HU� JUDP� |UQHN� SODVWLN� VDQWULI�M� W�SOHULQH� WDUWÕODUDN� NRQXOPXú�� GDKD� VRQUD� LVH 

�]HUOHULQH� L]RSURSLO� DONRO� YH� EURPRIRUP� NXOODQÕODUDN� KD]ÕUODQPÕú� GH÷LúLN�
\R÷XQOXNODUGD� D÷ÕU� RUWDP� VÕYÕODUÕ� �� ����JU�FP3- 1,40gr/cm3- 1,50gr/cm3- 

1,60gr/cm3 ve 1,80gr/cm3 �� LODYH� HGLOPLúWLU�� /LWHUDW�U� EXOJXODUÕQGDQ� ��GDNLND�
santrifüj süresi yeterli bulundu÷X� YH� GDKD� ID]OD� VDQWULI�M� V�UHVLQLQ� SHUIRUPDQVÕ�
HWNLOHPHGL÷L� J|U�OG�÷�� LoLQ� ��� GDNLND� VDQWULI�MOHPH� X\JXODQPÕúWÕU� �$NWDú� YH�
GL÷��������������GHY�GDN¶GD����GDNLND�V�UH�LOH�VDQWULI�MOHQHQ�N|P�U�|UQHNOHULQLQ�
etüvde 24 saat süre ile kurutulduktan sonra kül anDOL]OHUL� \DSÕOPÕúWÕU��<�]HQ�YH�
EDWDQ� �U�QOHULQ� PLNWDUODUÕ� YH� N�O� LoHULNOHUL� WDEOR� ��������� YH� ��¶GD�� \�]HQ�
�U�QOHULQ� N�O� LoHULNOHUL�� YHULPOHUL� YH� \DQDELOLU� YHULPOHUL� LVH� úHNLO� ��������� YH�
��¶GH�J|VWHULOPLúWLU� 
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 Tablo 36. 600 µm için santrifüjlü yüzdürme-EDWÕUPD�GHQH\�VRQXoODUÕ 
<R÷XQOXN 
(gr/cm3) 

Yüzen 
(%) 

Yüzen 
Kül     
(%) 

Yanabilir 
Verim 

(%) 
1.3 22,6 2,79 25,36 
1.4 34,6 3,14 38,70 
1.5 38,0 4,56 41,88 
1.6 79,4 5,96 86,22 
1.8 83,2 8,15 88,24 
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�ùHNLO� ���� ���� µm için santrifüjlü yüzdürme-EDWÕUPD� GHQH\L� VRQXoODUÕQD� J|UH�
N�O�YHULP�YH�\DQDELOLU�YHULPLQ�GH÷LúLPL 
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Tablo 37. 250 µm için santrifüjlü yüzdürme-EDWÕUPD�GHQH\�VRQXoODUÕ 
<R÷XQOXN 
(gr/cm3) 

Yüzen 
(%) 

Yüzen 
Kül      
(%) 

Yanabilir 
Verim 

(%) 
1.3 24,0 2,59 27,00 
1.4 54,8 3,10 61,32 
1.5 56,0 4,58 61,70 
1.6 80,8 6,04 87,67 
1.8 84,4 6,99 90,65 
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�ùHNLO� ���� ���� µm için santrifüjlü yüzdürme-EDWÕUPD� GHQH\L� VRQXoODUÕQD� J|UH�
N�O�YHULP�YH�\DQDELOLU�YHULPLQ�GH÷LúLPL 
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Tablo 38. 125 µm için santrifüjlü yüzdürme-EDWÕUPD�GHQH\�VRQXoODUÕ 
<R÷XQOXN 
(gr/cm3) 

Yüzen 
(%) 

Yüzen 
Kül      
(%) 

Yanabilir 
Verim 

(%) 
1.3 10,60 2,41 11,95 
1.4 38,00 2,95 42,58 
1.5 40,00 4,09 44,30 
1.6 71,00 6,50 76,66 
1.8 87,00 6,88 93,55 
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ùHNLO� ���� ���� µm için santrifüjlü yüzdürme-EDWÕUPD� GHQH\L� VRQXoODUÕQD� J|UH�
N�O�YHULP�YH�\DQDELOLU�YHULPLQ�GH÷LúLPL 
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 Tablo 39. 28 µm için santrifüjlü yüzdürme-EDWÕUPD�GHQH\�VRQXoODUÕ 
<R÷XQOXN 
(gr/cm3) 

Yüzen 
(%) 

Yüzen 
Kül     
(%) 

Yanabilir 
Verim 

(%) 
1.3 3,60 2,13 4,06 
1.4 26,60 2,88 29,83 
1.5 30,20 3,03 33,82 
1.6 80,80 3,18 90,33 
1.8 90,20 4,13 99,85 
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�ùHNLO� ���� ��� µm için santrifüjlü yüzdürme-EDWÕUPD� GHQH\L� VRQXoODUÕQD� J|UH�
N�O�YHULP�YH�\DQDELOLU�YHULPLQ�GH÷LúLPL 
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 'HQH\�EXOJXODUÕ�LQFHOHQGL÷L�]DPDQ�N|P�U�QH�NDGDU�LQFH�ER\XWD�|÷�W�O�UVH�
N|P�U�Q� LoLQGH� GD÷ÕOPÕú� KDOGH� EXOXQDQ� PLQHUDOOHU� R� NDGDU� L\L� VHUEHVW� KDOH�
JHoHFH÷LQGHQ� N�O� LoHUL÷L� oRN� GDKD� G�ú�N� VHYL\HOHUH� oHNLOHELOHFHNWLU�� gUQH÷LQ�       
-600µP� LoLQ� N�O������¶D� G�úP�ú� LNHQ�� -28µP� ER\XWXQGDNL� |UQH÷LQ� N�O� LoHUL÷L�
VDQWULI�MO�� D\ÕUPD� LOH� �����¶H� NDGDU� LQPLúWLU�� -28µP� LoLQ� VÕYÕQÕQ� \R÷XQOX÷X�
1,3’ten 1,8 gr/cm3¶H� oÕNWÕ÷Õ� ]DPDQ�� \�]HQ� �U�Q�Q� N�O� LoHUL÷LQLQ� GH� �����¶WHQ�
�����¶H�oÕNWÕ÷Õ�J|U�OPHNWHGLU� 
  

 4.1.5.Santrifüjsüz yüzdürme-EDWÕUPD�GHQH\�EXOJXODUÕQÕQ�GH÷HUOHQGLrilmesi 

 

 Bu grup deneyler, -������������P�WDQH�LULOL÷LQGHNL�N|P�UGHQ�\�]G�UPH-

EDWÕUPD\OD� G�ú�N� N�OO�� N|P�U� �UHWLOHELOLUOL÷LQL� LQFHOHPHN� DPDFÕ\OD� \DSÕOPÕúWÕU��
Öncelikle, ön testte ZnCl2� NXOODQÕODUDN� ���-1,4-1,5-1,6 ve 1,8 gr/cm3 

\R÷XQOX÷XQGD�D÷ÕU�RUWDP�VÕYÕODUÕ�KD]ÕUODQPÕú�YH����FP3’lük beherlerde bulunan 

EX�VÕYÕODUÕQ�KHU�ELULQH�|UQH÷LPL]GHQ��¶úHU�JUDP�NR\XODUDN�\�]HQ�YH�EDWDQ�NÕVPÕQ�
D\UÕOPDVÕ� EHNOHQPLúWLU�� $\UÕOPD� JHUoHNOHúLQFH� \�]HQ� YH� EDWDQ� �U�QOHU� DOÕQDUDN�
WDUWÕOPÕú� YH� \�]HQ� N|P�U�Q� N�O� LoHUL÷LQH� EDNÕOPÕúWÕU�� 6RQXoODU� 7DEOR� ��¶GD�
YHULOPLúWLU�� %X� VRQXoODUD� J|UH� \DQDELOLU� YHULP�� YHULP� LQGHNVL� YH� �U�Q�Q��� N�O�
LoHUL÷LQLQ�GH÷LúLPL�LVH�ùHNLO���¶GD�J|VWHULOPLúWLU� 
 

Tablo 40. Santrifüjsüz Yüzdürme-%DWÕUPD�GHQH\LQLQ�|Q�WHVW�VRQXoODUÕ 
<R÷XQOXN�
(gr/cm3) 

Besleme 
(gr) 

Yüzen 
(gr) 

Yüzen 
(%) 

Kül 
(%) 

Yanabilir 
Verim    

(%) 

Kül 
$WÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 
1,3 2 1,70 85,00 9,21 89,11 41,58 30,69 
1,4 2 1,77 88,50 10,34 91,63 31,71 23,34 
1,5 2 1,85 92,50 10,38 95,72 28,35 24,07 
1,6 2 1,88 94,00 10,49 97,15 26,41 23,56 
1,8 2 1,90 95,00 11,06 97,56 21,59 19,15 
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 ùHNLO�����$÷ÕU�RUWDP�VÕYÕVÕQÕQ�\R÷XQOX÷XQD�J|UH�HOGH�HGLOHQ�\�]HQ��U�Q�Q�
\DQDELOLU�YHULPLQLQ��YHULP�LQGHNVLQLQ�YH�N�O�LoHUL÷LQLQ�GH÷LúLPL� 
 

  

 7DEOR�YH�ùHNOLQ�LQFHOHQPHVLQGHQ�VRQUD��G�ú�N�N�OO��N|P�U��UHWLPL�LoLQ�ELU�
|Q� WHPL]OHPH� GHYUHVL� WHúNLO� HGHFHN� \�]G�UPH� EDWÕUPD� LúOHPLQLQ�� ���� JU�FP3 

\R÷XQOX÷XQGDNL�D÷ÕU�RUWDP�VÕYÕVÕQGD�\DSÕOPDVÕQD�NDUDU�YHULOPLúWLU�� 
 <DSÕODQ� \�]G�UPH-EDWÕUPD� LúOHPLQLQ� YHULOHUL� DúD÷ÕGD� 7DEOR� ��¶GH�
YHULOPLúWLU� 
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Tablo 41. -��������P�LULOL÷LQGHNL�N|P�UH�X\JXODQDQ�\�]G�UPH-EDWÕUPD�
deneyinin sonucu 

<R÷XQOXN�
(gr/cm3) 

Besleme 
(gr) 

Yüzen 
(gr) 

Yüzen 
(%) 

Kül 
(%) 

Yanabilir 
Verim    

(%) 

Kül 
$WÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 
1,3 3200 2712 84,75 9,25 88,81 41,50 30,31 

 
 

 Dene\� VRQXFX� HOGH� HGLOHQ� VRQXo� |Q� WHVWWHNL� VRQXFD� oRN� \DNÕQ� ROXS�� EX�
GHQH\� VRQXFX� HOGH� HGLOHQ� ����� JU¶OÕN� �U�Q� LOHULNL� DúDPDGD� G�ú�N� N�OO�� N|P�U�
�UHWLPL� LoLQ� |÷�W�OG�NWHQ� VRQUD� DJORPHUDV\RQ� YH� DJORIORWDV\RQ� GHQH\OHULQGH�
NXOODQÕOPÕúWÕU� 
 

 4.1.6. MGS deney bulguODUÕQÕQ�GH÷HUOHQGLULOPHVL 
 

 Bu grup deneyler, santrifüjsüz yüzdürme-EDWÕUPD�GHQH\OHULQGH�ROGX÷X�JLEL�
oRN� G�ú�N� N�OO�� N|P�U� �UHWLPL� LoLQ� � |Q� WHPL]OHPH\H� WDEL� WXWXOPXú� N|P�U� HOGH�
HWPHN� DPDFÕ\OD� \DSÕOPÕúWÕU�'HQH\OHUGH� �� NJ� � -��������P� ER\XW� DUDOÕ÷ÕQGDNL�
örnek� LOH� ���� NDWÕ� RUDQÕQGD� ELU� S�OS� KD]ÕUODQDUDN� � PXOWL-JUDYLWH� D\ÕUÕFÕVÕQD�
EHVOHQPLúWLU�� %HVOHPH� PDOÕQÕQ� LoLQGH� EXOXQDQ� úODP� ER\XWXQGDNL� N|P�U��
0*6¶GHNL�úDUWODUÕ�ER]GX÷XQGDQ�HOGH�HGLOHQ� WHPL]�N|P�U��U�Q�QGHNL�N�O� LoHUL÷L�
\�NVHN� ROPDNWDGÕU� �<ÕOGÕUÕP� YH� GL÷��������� %X� QHGHQOH� LoLQGH� úODP�
bulundurmayan -��������P� ER\XW� DUDOÕ÷ÕQGDNL� |UQHN� LOH� GHQH\� \DSÕOPÕúWÕU��
'HQH\GHQ�HOGH�HGLOHQ�VRQXo�7DEOR���¶GH�YHULOPLúWLU� 
 

 
    Tablo 42. -��������P�LULOL÷LQGHNL�N|P�UH�X\JXODQDQ�0*6�GHQH\LQLQ�VRQXFX 

Besleme 
(gr) 

Ürün 
(gr) 

Ürün   
(%) 

Kül 
(%) 

Yanabilir 
Verim    

(%) 

Kül 
$WÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 
3000 2470 82,33 10,47 85,11 35,67 20,78 

 
 

 Deney sonucunda külü %13,40 olan beslemeden  %10,47 küllü konsantre 

�UHWLOPLúWLU�YH��G�ú�N�N�OO��N|P�U��UHWLPL�LoLQ��oXEXNOX�GH÷LUPHQ�LOH��   -125��P�� 
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-��� �P� YH� -��� �P¶D� |÷�W�OG�NWHQ� VRQUD� DJORPHUDV\RQ� YH� DJORIORWDV\RQD�
GHQH\OHULQH�WDEL�WXWXODFDNWÕU� 
 

 

 �������=HWD�SRWDQVL\HOL�|Oo�POHUL�GHQH\�EXOJXODUÕQÕQ�GH÷HUOHQGLULOPHVL 
 

 gOo�POHU� 0DOYHUQ� PDUND� QDQR� VHULVL� ]HWD� SRWDQVL\HOL� |Oo�P� FLKD]ÕQGD�
\DSÕOPÕúWÕU��=HWD�SRWDQVL\HOL�|Oo�POHULQGH�NXOODQÕODQ�N|P�U�NRQVDQWUHVL��W�YHQDQ�
N|P�U�Q�WDúÕPD�YH�QDNOL\H�VÕUDVÕQGD�XIDODQPÕú�N�o�N�YH�LQFH�SDUoDODUÕQÕQ�KLoELU�
LúOHPH� WDEL� WXWXOPDGDQ� ���� JU�FP3� \R÷XQOX÷XQGD� \�]G�U�OPHVL� VRQXFXQGDNL��
\�]HQ��U�Q�DOÕQDUDN�HOGH�HGLOGL��.�O� LoHUL÷L������¶H�G�ú�U�OP�ú�EX�\�]HQ��U�Q��
*OHQ� &UHVWRQ�PDUND� KDONDOÕ� GH÷LUPHQ� LOH� -���P� ER\XQD� LQGLULOHUHN� GHQH\OHUGH�
NXOODQÕOGÕ� 
 =HWD� SRWDQVL\HOL� |Oo�POHULQGH� NXOODQÕODQ� JDQJ� |UQH÷L� LVH� �� NRQVDQWUHQLQ�
KD]ÕUODQPDVÕQGD� ROGX÷X� JLEL� W�YHQDQ� N|P�U� SDUoDODUÕQÕQ� ���� JU�FP3 

\R÷XQOX÷XQGDNL�VÕYÕGD�\�]G�U�OPHVL�VRQXFX�DOÕQDQ�EDWDQ�NÕVPÕQ��&DUO�=HLVV�-HQD�
PDUND�PLNURVNRS�DOWÕQGD�N|P�U�LoLQGHNL�VDIVÕ]OÕNODUÕQ�D\UÕODUDN�DOÕQPDVÕ�LOH�HOGH�
HGLOGL�� .�O� LoHUL÷L� ������� RODQ� EX� |UQHN� GH� KDONDOÕ� GH÷LUPHQ� LOH� -3��P¶D�
|÷�W�OHUHN� ]HWD� SRWDQVL\HOL� |Oo�P� GHQH\OHULQGH� NXOODQÕOGÕ�� %X� |UQHNOHULQ� ]HWD�
SRWDQVL\HOL� GH÷HUOHUL� ��-30¶OÕN� WX]� o|]HOWLVLQGH� |Oo�OG��� $\UÕFD� DJORPHUDV\RQ�
GHQH\OHULQGH� ED÷OD\ÕFÕ� VÕYÕ� RODUDN� NXOODQGÕ÷ÕPÕ]� JD]\D÷Õ� YH�Q-KHSWDQ¶ÕQ� GD� ]HWD�
potansiyelleri 10-30¶OÕN�WX]�o|]HOWLVLQGH�|Oo�OP�úW�U�� 
 6RQ� RODUDN� LVH�� \XNDUÕGD� EDKVHGLOHQ� �� N|P�U� |UQH÷LQLQ� ]HWD�
SRWDQVL\HOOHULQLQ� DJORPHUDV\RQ� GHQH\� NRúXOODUÕQGD� ED÷OD\ÕFÕ� VÕYÕ� RUDQÕQÕQ�
GH÷LúPHVLQH� J|UH� GH÷LúLPL� LQFHOHQPLúWLU��%X� DPDoOD� EX�|UQHNOHU�� DJORPHUDV\RQ�
denH\OHULQLQ� \DSÕOGÕ÷Õ� ����� PO¶OLN� EHKHUGH� ����� GHY�GDN� NDUÕúWÕUPD� KÕ]ÕQGD�
GH÷LúLN� RUDQODUGD� ED÷OD\ÕFÕ� VÕYÕ� NDWÕODUDN� DJORPHUDV\RQD� WDEL� WXWXOPXúODUGÕU��
$JORPHUDV\RQ�GHQH\OHULQGH�ROGX÷X�JLEL����GDN��DJORPHUDV\RQ�V�UHVL�YHULOPLú�YH�
V�UH� VRQXQGD� ROXúDQ� DJORPHUDWODU� DOÕQDUDN� ��-30¶OÕN� WX]� o|]HOWLVLQGHNL� ]HWD�
SRWDQVL\HO�GH÷HUOHUL�|Oo�OP�úW�U� 

$QDQXPXQH�� NRQVDQWUH� YH� JDQJÕQ� ��-30¶OÕN� WX]� o|]HOWLVLQGH� ]HWD�
SRWDQVL\HOOHULQLQ� S+¶D� ED÷OÕ� GH÷LúLPL� úHNLO� ��¶GH�� .RQVDQWUHQLQ� ]HWD�
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potansiyelinin 10-30¶OÕN� WX]� o|]HOWLVLQGH� YH� VDI� VXGD� S+¶D� ED÷OÕ� GH÷LúLPL� úHNLO�
��¶GH�� $QDQXPXQH�� NRQVDQWUH� YH� JDQJÕQ� DJORPHUDV\RQ� GHQH\OHULQGH� ED÷OD\ÕFÕ�
VÕYÕ� RUDQÕQD� J|UH� ]HWD� SRWDQVL\HOOHULQLQ� GH÷LúLPL� úHNLO� ��¶GD� YH� JD]\D÷Õ� YH�����������
n-KHSWDQÕQ� ��-30¶OÕN� WX]� o|]HOWLVLQGH� ]HWD� SRWDQVL\HOOHULQLQ� S+¶D�ED÷OÕ�GH÷LúLPL�
úHNLO���¶GH�J|VWHULOPLúWLU� 
 

 

���

���

���

���

�

��

��

��

� � � � � �� ��

S+

=H
WD�

3R
WDQ

VL\
HOL

��P
9�

$QDQXPXQH
.RQVDQWUH
*DQJ

ùHNLO�����$QDQXPXQH��NRQVDQWUH�YH�JDQJÕQ���-30¶OÕN�WX]�o|]HOWLVLQGH�]HWD�
SRWDQVL\HOOHULQLQ�S+¶D�ED÷OÕ�GH÷LúLPL 
 ùHNLO���¶GHQ�J|U�OHFH÷L�JLEL���JHQLú�ELU�S+�DUDOÕ÷ÕQGD�W�P�|UQHkler negatif 

]HWD�SRWDQVL\HOL�GH÷HUOHULQH�VDKLSWLUOHU��'HQH\VHO�oDOÕúPDODUÕQ�\DSÕOGÕ÷Õ�S+�������
YH� � ������ GH÷HUOHULQGH� LVH� ]HWD� SRWDQVL\HOL� GH÷HUOHUL� –12 ile –��� P9� DUDVÕQGD�
GH÷LúPHNWHGLU�� ùHNLOGHQ� J|U�OG�÷�� JLEL� S+� �¶WHQ� VRQUD� DQDQXPXQH� YH�
konsantrenin zeWD�SRWDQVL\HOL�GDKD�QHJDWLI�GH÷HUOHU�DOÕUNHQ�JDQJÕQ�S+¶ÕQGD�|QHPOL�
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ELU�GH÷LúPH�J|]OHPOHQHPHPLúWLU��dDOÕúÕODQ�N|P�U�Q�L]R�HOHNWULN�QRNWDVÕQÕQ��L�H�S��
\DNODúÕN� S+� �� FLYDUÕQGD� ROGX÷X� J|U�OPHNWHGLU�� +HP� DQDQXPXQH� KHP� GH�
konsantre için pH’taki artma ile zeta poWDQVL\HOLQLQ� QHJDWLI� GH÷HULQGHNL� DUWPD��
OH-�L\RQODUÕQÕQ�DGVRUEVL\RQXQD�GD\DQGÕUÕODELOLU��&UDZIRUG�YH�0DLQZDULQJ��������
Laskowski, 2001). 

 
 

���

���

���

���

�

��

��

��

� � �� ��

S+
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��P
9�

WX]�o|]HOWLVL
VDI�VX

ùHNLO�����.RQVDQWUHQLQ�]HWD�SRWDQVL\HOLQLQ���-30¶OÕN�WX]�o|]HOWLVLQGH�YH�VDI�VXGD�
pH’a ba÷OÕ�GH÷LúLPL 
 

 ùHNLO� ��¶GHQ� J|U�OG�÷�� JLEL� NRQVDQWUHQLQ� VDI� VXGDNL� ]HWD� SRWDQVL\HOL�
GH÷HUOHUL�WX]�o|]HOWLVLQGHNL�]HWD�SRWDQVL\HOL�GH÷HUOHULQH�J|UH�GDKD�QHJDWLI�YH�GDKD�
SR]LWLI�GH÷HUOHU�DOPDNWDGÕU� 
 

 
 



 84 

���

���

���

���

��

�

�

��

��

��

��

� �� �� �� �� �� �� ��
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��P
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$QDQXPXQH
.RQVDQWUH
*DQJ

 

ùHNLO�����$QDQXPXQH��NRQVDQWUH�YH�JDQJÕQ�DJORPHUDV\RQ�GHQH\OHULQGH�ED÷OD\ÕFÕ�
VÕYÕ�RUDQÕQD�J|UH�]HWD�SRWDQVL\HOOHULQLQ�GH÷LúLPL 
 

 ùHNLO� ��¶GDQ� J|U�OG�÷�� JLEL� JHQLú� ELU� ED÷OD\ÕFÕ� VÕYÕ� NRQVDQWUDV\RQX�
DUDOÕ÷ÕQGD��]HWD�SRWDQVL\HOL�GH÷HUOHULQGH�|QHPOL�ELU�GH÷LúPH�J|]OHPOHQHPHPLúWLU��
Bu grXS� ]HWD� SRWDQVL\HOL� |Oo�POHUL�� DJORPHUDV\RQ� GHQH\OHULQLQ� \DSÕOGÕ÷Õ� S+�
������� GH÷HULQGH� \DSÕOPÕúWÕU�� ùHNLOGHQ� J|U�OG�÷�� JLEL� ]HWD� SRWDQVL\HOL� GH÷HUOHUL�
ananumune için –17,0 ile –�����P9�DUDOÕ÷ÕQGD�GH÷LúPHNWHGLU� 
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*D]\D÷Õ
Q�KHSWDQ

 

ùHNLO� ���� *D]\D÷ÕQÕQ� YH� Q-KHSWDQÕQ� ��-30¶OÕN� WX]� o|]HOWLVLQGH� ]HWD�
SRWDQVL\HOOHULQLQ�S+¶D�ED÷OÕ�GH÷LúLPL 
 
 ùHNLOGHQ�J|U�OG�÷��JLEL�KHP�JD]\D÷Õ�KHP�GH�Q-KHSWDQ��oDOÕúÕODQ� W�P�S+�
GH÷HUOHULQGH� QHJDWLI� úDUM� WDúÕPDNWDGÕU�� *HQHO� RODUDN� S+� ���¶D� NDGDU� ]HWD�
potansiyelinin negaWLI�GH÷HUOHUL�DUWPDNWD�YH�EX�GH÷HUGHQ�VRQUD�D]DOPDNWDGÕU��=HWD�
SRWDQVL\HOL�GH÷HUL�JD]\D÷Õ�LoLQ�S+����¶WD�–11,2 mV ve pH 8’de –�����P9�GH÷HULQL�
DOÕUNHQ�� Q-heptan için pH 2,5’ta –8,15mV  pH 8’de ise –� �����P9�GH÷HUOHULQH�
XODúPÕúWÕU��%X�EXOJXODU�OLWHUDW�UGHNL bulgular ile uyumludur (Wen and Sun, 1981). 
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 4.2. Yüzdürme-%DWÕUPD�YH�0*6�.RQVDQWUHOHUL�LOH�<DSÕODQ�'HQH\OHULQ�
%XOJXODUÕQÕQ�'H÷HUOHQGLULOPHVL 
 

 '�ú�N� N�OO�� N|P�U� �UHWLPL� DPDFÕ\OD�� N�O�� \�]G�UPH-EDWÕUPD� GHQH\L�
sonucu %9,25’e ve MGS deneyi sonucu %10,47’H�G�ú�U�OP�ú�N|P�U�|UQHNOHUL��
oXEXNOX�GH÷LUPHQ� LOH�-����P��-����P�YH�-����P¶D�|÷�W�OP�ú�YH�DJORPHUDV\RQ�
YH� DJORIORWDV\RQ� GHQH\OHUL� VRQXFX� EXOXQDQ� RSWLPXP� NRúXOODUGD� GHQH\OHUH� WDEL�
WXWXOPXúODUGÕU�� 
 

4.2.1. Yüzdürme-%DWÕUPD�YH�0*6�NRQVDQWUHOHUL�LOH�\DSÕODQ�$glomerasyon 

GHQH\OHULQLQ�VRQXoODUÕ 
4.2.1.1. Yüzdürme-%DWÕUPD� �U�Q�� LOH� \DSÕODQ� DJORPHUDV\RQ�GHQH\OHULQLQ�
VRQXoODUÕ 

 

Yüzdürme-EDWÕUPD� GHQH\L� LOH� N�O� LoHUL÷L� ������ WHQ� �����¶H�
G�ú�U�OP�ú� RODQ� N|P�U� –�������� �P� WDQH� LULOL÷LQGHNL� |UQH÷L��
VHUEHVWOHúPHQLQ�DUWWÕUÕODUDN�N�O�Q�Q�GDKD�GD�G�ú�U�OPHVL�LoLQ��-����P��-63 

�P� YH� -��� �P¶D� |÷�W�OP�ú� YH� DJORPHUDV\RQ� GHQH\OHUL� X\JXODQPÕúWÕU��
$JORPHUDV\RQ�GHQH\OHUL����JU�|UQHN�LOH������GHY�GDN�NDUÕúWÕUPD�KÕ]ÕQGD��
GR÷DO� S�OS� S+¶ÕQGD� \DSÕOPÕúWÕU�� %DVWÕUÕFÕ� RODUDN� ����JU�WRQ� 1D2SiO3 ve 

ED÷OD\ÕFÕ� VÕYÕ� RODUDN� Q-KHSWDQ� NXOODQÕOPÕúWÕU�� 'HQH\OHULQ� VRQXFXQGD� HOGH�
HGLOHQ�EXOJXODU��7DEOR���¶GH�J|VWHULOPLúWLU� 

 

 

Tablo 43. Yüzdürme-EDWÕUPD�GHQH\OHUL�VRQXFX�HOGH�HGLOHQ��U�Q�LOH�
\DSÕODQ�DJORPHUDV\RQ�GHQH\OHULQLQ�VRQXoODUÕ 

Boyut 
��P� 

BSO 
(%) 

Ürün   
(gr) 

Ürün 
(%) 

Kül     
(%) 

Yanabilir 
Verim      

(%) 

Kül 
$WÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 
125 40 12,82 85,46 5,32 89,16 50,85 40,01 
63 50 13,29 88,60 6,20 91,57 40,61 32,18 
28 60 13,38 89,20 6,45 91,95 37,80 29,75 
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���������0*6��U�Q��LOH�\DSÕODQ�DJORPHUDV\RQ�GHQH\OHULQLQ�VRQXoODUÕ 
 

0*6� GHQH\OHUL� VRQXFX� N�O�� �����¶WHQ� ������¶H� G�ú�U�OP�ú���������
–�������� �P� ER\XWXQGDNL� N|P�U� |UQH÷L�� -����P�� -��� �P� YH� -��� �P¶D�
|÷�W�OHUHN�GHQH\OHUGH�NXOODQÕOPÕúWÕU��'HQH\OHU�VRQXFX�HOGH�HGLOHQ�EXOJXODU�7DEOR�
��¶WH�YHULOPLúWLU� 

 

7DEOR� ���� 0*6� GHQH\OHUL� VRQXFX� HOGH� HGLOHQ� �U�Q� LOH� \DSÕODQ�
DJORPHUDV\RQ�GHQH\OHULQLQ�VRQXoODUÕ 

Boyut 
��P� 

BSO 
(%) 

Ürün   
(gr) 

Ürün 
(%) 

Kül    
(%) 

Yanabilir 
Verim      

(%) 

Kül 
$WÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 
125 40 12,24 81,60 6,49 85,23 49,42 34,65 
63 50 12,95 86,33 6,83 89,84 43,68 33,52 
28 60 13,14 87,60 7,18 90,82 39,93 30,75 

 

 

 

4.2.2. Yüzdürme-%DWÕUPD�YH�0*6�NRQVDQWUHOHUL�LOH�\DSÕODQ�DJORIORWDV\RQ�
GHQH\OHULQLQ�VRQXoODUÕ 
4.2.2.1. Yüzdürme-%DWÕUPD� �U�Q�� LOH� \DSÕODQ� DJORIORWDV\RQ� GHQH\OHULQLQ�
VRQXoODUÕ 

 

Yüzdürme-EDWÕUPD��U�Q�� LOH� \DSÕODQ� DJORIORWDV\RQ�GHQH\OHUL� WHN� DúDPDOÕ�
YH� oLIW� DúDPDOÕ� ROPDN� �]HUH� LNL� úHNLOGH� \DSÕOPÕúWÕU��dLIW� DúDPDOÕ� GHQH\OHULQ� WHN�
DúDPDOÕ� GHQH\OHUGHQ� IDUNÕ�� DJORPHUDV\RQGDQ� VRQUD� \DSÕODQ� IORWDV\RQ� GHQH\L�
VRQXFX� DOÕQDQ� N|S�÷�Q� KHUKDQJL� ELU� LúOHPH� WDEL� WXWXOPDGDQ� ROGX÷X� JLEL� WHNUDU�
KLoELU�UHDNWLI�HNOHPHGHQ�IORWDV\RQD�WDEL�WXWXOPDVÕGÕU��'HQH\OHU����JU�|UQHN�LOH�DQD�
QXPXQH� LOH� \DSÕODQ� DJORIORWDV\RQ� GHQH\OHULQLQ� úDUWODUÕQGD� \DSÕOPÕúWÕU�� 'HQH\OHU�
sonucu elde edilen bulgular Tablo 45 ve 46’da YHULOPLúWLU� 
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Tablo 45. Yüzdürme-EDWÕUPD� GHQH\OHUL� VRQXFX� HOGH� HGLOHQ� �U�Q� LOH� \DSÕODQ� WHN�
DúDPDOÕ�DJORIORWDV\RQ�GHQH\OHULQLQ�VRQXoODUÕ 
Boyut 
��P� 

BSO 
(%) 

Ürün   
(gr) 

Ürün 
(%) 

Kül    
(%) 

Yanabilir 
Verim      

(%) 

Kül 
$WÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 
125 0,5 31,81 63,62 4,69 66,82 67,74 34,56 
125 1 36,24 72,48 5,15 75,75 59,64 35,39 
63 0,5 32,44 64,88 5,10 67,85 64,23 32,08 
63 1 38,19 76,38 5,83 79,26 51,86 31,12 
28 0,5 34,02 68,04 4,92 71,28 63,81 35,09 
28 1 39,88 79,76 5,54 83,02 52,23 35,25 

 

 

 

Tablo 46. Yüzdürme-EDWÕUPD�GHQH\OHUL�VRQXFX�HOGH�HGLOHQ��U�Q�LOH�\DSÕODQ�
oLIW�DúDPDOÕ�DJORIORWDV\RQ�GHQH\OHULQLQ�VRQXoODUÕ 

Boyut 
��P� 

BSO 
(%) 

Ürün   
(gr) 

Ürün 
(%) 

Kül    
(%) 

Yanabilir 
Verim      

(%) 

Kül 
$WÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 
125 0,5 21,12 42,24 3,95 44,71 81,96 26,67 
125 1 23,66 47,32 4,20 49,95 78,51 28,46 
63 0,5 24,15 48,30 4,88 50,63 74,52 25,15 
63 1 26,91 53,82 5,12 56,27 70,21 26,48 
28 0,5 25,14 50,28 4,41 52,96 76,02 28,98 
28 1 27,51 55,02 4,98 57,61 70,38 27,99 

 

 

 

dLIW� DúDPDOÕ� DJORIORWDV\RQ� GHQH\L ile %3,95 kül içerikli konsantreye 

XODúPDN�LoLQ�X\JXODQDQ�DNÕP�úHPDVÕ�ùHNLO���¶GH�J|VWHULOPLúWLU� 
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ùHNLO� ���� dLIW� DúDPDOÕ� DJORIORWDV\RQ� GHQH\L� LOH� ������ N�O� LoHULNOL�
kRQVDQWUH\H�XODúPDN�LoLQ�X\JXODQDQ�DNÕP�úHPDVÕ 
 

BESLEME  %13.4 küllü 

.ÕUPD���|÷�WPH���HOHPH 

-��������P 

1,3 \R÷XQOX÷XQGD�D÷ÕU�RUWDP $UWÕN��������
%36,6 küllü 

 batan 

yüzen 

 %9,25 küllü 

g÷�WPH 

-����P 

Aglomerasyon 
  
 %0,5 n-heptan 
1000g/t Na2SiO3 

Flotasyon ���J�W�dDP\D÷Õ 

 batan 

Yüzen %4.69 küllü 

Flotasyon 
 batan 

���$UWÕN 

   $UWÕN 

yüzen 

 %3,95 küllü 

100gr 

15,25gr 

84,75gr 

30,83gr 

53,92gr 

35,80gr 

18,12gr 



 90 

 

���������0*6��U�Q��LOH�\DSÕODQ�DJORIORWDV\RQ�GHQH\OHULQLQ�VRQXoODUÕ 
 

0*6�NRQVDQWUHVL�LOH�\DSÕODQ�GHQH\OHU�GH�\�]G�UPH-EDWÕUPD�NRQVDQWUHVLQH�
X\JXODQDQ� DJORIORWDV\RQ� GHQH\OHULQGH� ROGX÷X� JLEL� WHN� YH� oLIW� DúDPDOÕ olarak 

\DSÕOPÕúWÕU��'HQH\�VRQXFX�HOGH�HGLOHQ�EXOJXODU�7DEOR����YH���¶GH�YHULOPLúWLU� 
 

 

7DEOR�����0*6�GHQH\OHUL�VRQXFX�HOGH�HGLOHQ��U�Q�LOH�\DSÕODQ�WHN�DúDPDOÕ�
DJORIORWDV\RQ�GHQH\OHULQLQ�VRQXoODUÕ 
Boyut 
��P� 

BSO 
(%) 

Ürün   
(gr) 

Ürün 
(%) 

Kül    
(%) 

Yanabilir 
Verim      

(%) 

Kül 
$WÕPÕ�
(%) 

Verim 
øQGHNVL�

(%) 
125 0,5 30,85 61,70 5,59 65,06 67,06 32,12 
125 1 38,14 76,28 6,42 79,73 53,27 33,00 
63 0,5 33,47 66,94 6,23 70,11 60,17 30,28 
63 1 38,46 76,92 6,88 80,00 49,45 29,45 
28 0,5 34,66 69,32 5,63 73,07 62,72 35,79 
28 1 39,03 78,06 6,41 81,59 52,21 33,80 

 

 

 

7DEOR�����0*6�GHQH\OHUL�VRQXFX�HOGH�HGLOHQ��U�Q�LOH�\DSÕODQ�oLIW�DúDPDOÕ�
DJORIORWDV\RQ�GHQH\OHULQLQ�VRQXoODUÕ 

Boyut 
��P� 

BSO 
(%) 

Ürün   
(gr) 

Ürün 
(%) 

Kül    
(%) 

Yanabilir 
Verim      

(%) 

Kül 
$WÕPÕ�
(%) 

Verim 
øndeksi 

(%) 
125 0,5 19,25 38,50 4,81 40,93 82,31 23,24 
125 1 23,50 47,00 5,12 49,81 77,01 26,82 
63 0,5 20,49 40,98 5,44 43,28 78,71 21,99 
63 1 24,86 49,72 6,03 52,18 71,36 23,54 
28 0,5 21,09 42,18 5,02 44,74 79,77 24,51 
28 1 26,13 52,26 5,93 54,91 70,40 25,31 

 

Yüzdürme-EDWÕUPD� YH� 0*6� �U�QOHULQH� oLIW� DúDPDOÕ� DJORIORWDV\RQ�
GHQH\OHUL�X\JXODQGÕ÷Õ�]DPDQ������P�WDQH�LULOL÷LQGH�YH������%62¶GD�HOGH�HGLOHQ�
NRQVDQWUHOHULQ� �VW� ÕVÕO� GH÷HUOHUL� 7DEOR� ��¶GD� J|VWHULOPLúWLU�� +HU� LNLVLQGH� GH��



 91 

]HQJLQOHúWLUPH� LúOHPL� |QFHVLQGHNL� N|P�U�Q� ÕVÕO� GH÷HULQH� J|UH� \DNODúÕN� �����
NFDO�NJ¶OÕN�ELU�ÕVÕO�GH÷HU�DUWÕúÕ�VD÷ODQPÕúWÕU� 

 

Tablo 49. Yüzdürme-EDWÕUPD�YH�0*6��U�QOHULQH� X\JXODQDQ� oLIW� DúDPDOÕ�
DJORIORWDV\RQ�GHQH\OHULQGHQ�HOGH�HGLOHQ�NRQVDQWUHOHULQ��VW�ÕVÕO�GH÷HUOHUL 

Deney Tane 
Boyu 
��P� 

%D÷OD\ÕFÕ�
Türü 

BSO (%) Kül (%) ,VÕO�'H÷HU�
(kcal/kg) 

Yüzdürme-EDWÕUPD 125 n-heptan 0,5 3,95 8300 
MGS 125 n-heptan 0,5 4,81 8131 

   

 

 

�����7HPDV�$oÕVÕ�gOo�POHULQLQ�'H÷HUOHQGLULOPHVL 
7HPDV� DoÕVÕ� |Oo�POHUL� E�W�Q� GHQH\OHULQ� \DSÕOGÕ÷Õ� DQDQXPXQH� �]HULQGH��

zeta potanVL\HOL�|Oo�POHULQLQ�GH�\DSÕOGÕ÷Õ�NRQVDQWUH�YH�JDQJ�|UQH÷L��]HULQGH��YH�
D\UÕFD� DJORPHUDV\RQ� �� IORWDV\RQ� YH� DJORIORWDV\RQ� GHQH\OHUL� VRQXFX� HOGH� HGLOHQ�
NRQVDQWUHOHU� �]HULQGH� JHUoHNOHúWLULOPLúWLU�� +HU� |Oo�P� LoLQ� D\QÕ� |UQHNWHQ� �� DGHW�
SHOHW�KD]ÕUODQPÕú�YH�|Oo�POHU�KHU�SHOHW�LoLQ�D\UÕ�D\UÕ�KHP�GDPODFÕ÷ÕQ�VD÷GDQ�KHP�
GH�VROGDQ�\DSWÕ÷Õ�DoÕODU�RNXQPDN�VXUHWL\OH�JHUoHNOHúWLULOPLúWLU�� 

$QDQXPXQH�� JDQJ� YH� NRQVDQWUH� LOH� \DSÕODQ� WHPDV� DoÕVÕ� |Oo�POHULQGH� ��
DQDQXPXQHQLQ� WHPDV� DoÕVÕ� ��0�� NRQVDQWUHQLQ� WHPDV� DoÕVÕ� ���0� YH� JDQJÕn temas 

DoÕVÕ���0�RODUDN�EXOXQPXúWXU� 
 

'HQH\OHUGHQ�HOGH�HGLOHQ��U�QOHULQ�WHPDV�DoÕVÕ�GH÷HUOHUL�LVH�7DEOR�������YH�
��¶GH�YHULOPLúWLU� 
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7DEOR�����$JORPHUDV\RQ�GHQH\OHULQGHQ�HOGH�HGLOHQ�NRQVDQWUHOHULQ�WHPDV�DoÕODUÕ 
Tane 
Boyu 
��P� 

%D÷OD\ÕFÕ�
6ÕYÕ 

BSO 
(%) 

1.pelet 
WHPDV�DoÕVÕ�
GH÷HUOHUL 

Ort. 

 

2. pelet 
WHPDV�DoÕVÕ�
GH÷HUOHUL 

Ort. 1. ve 2. 

pelet 

ort. 

125 *D]\D÷Õ 20 105 109 107 104 111 107,5 107,25 

125 *D]\D÷Õ 40 102 98 100 106 119 112,5 106,25 

125 n-heptan 40 125 117 121 122 127 124,5 122,75 

125 n-heptan 50 122 128 125 128 124 126 125,5 

 

 

7DEOR�����)ORWDV\RQ�GHQH\OHULQGHQ�HOGH�HGLOHQ�NRQVDQWUHOHULQ�WHPDV�DoÕODUÕ 
Tane 
Boyu 
��P� 

7RSOD\ÕFÕ�
6ÕYÕ 

7RSOD\ÕFÕ�
PLNWDUÕ�
(gr/ton) 

1.pelet 
WHPDV�DoÕVÕ�
GH÷HUOHUL 

Ort. 

 

2. pelet 
WHPDV�DoÕVÕ�
GH÷HUOHUL 

Ort. 1. ve 

2. 

pelet 

ort. 

125 *D]\D÷Õ 200 109 109 109 113 111 112 110,5 

125 n-heptan 200 116 118 117 118 120 119 118 

 

 

 

7DEOR�����$JORIORWDV\RQ�GHQH\OHULQGHQ�HOGH�HGLOHQ�NRQVDQWUHOHULQ�WHPDV�DoÕODUÕ 
Tane 
Boyu 
��P� 

%D÷OD\ÕFÕ�
6ÕYÕ 

BSO 
(%) 

1.pelet 
WHPDV�DoÕVÕ�
GH÷HUOHUL 

Ort. 

 

2. pelet 
WHPDV�DoÕVÕ�
GH÷HUOHUL 

Ort. 1. ve 2. 

pelet 

ort. 

125 n-heptan 1 118 114 116 116 117 116,5 116,25 

125 n-heptan 5 115 112 113,5 111 116 113,5 113,5 

 

 

$\UÕFD� VRQ� RODUDN� ���� �P� WDQH� LULOL÷LQGHNL� \�]G�UPH-EDWÕUPD� GHQH\L�
�U�Q�QH�X\JXODQDQ�oLIW�DúDPDOÕ�DJORIORWDV\RQ�GHQH\L�LOH�HOGH�HGLOPLú�������N�OO��
NRQVDQWUHQLQ�N�O�QH�EDNÕOPÕú�YH����0¶OLN�ELU�WHPDV�DoÕVÕ�GH÷HULQH�XODúÕOPÕúWÕU� 

+HUKDQJL�ELU� ]HQJLQOHúWLUPH� LúOHPLQH� WDEL� WXWXOPDGDQ�|QFH���0’lik temas 

DoÕVÕQD� VDKLS� RODQ�N|P�U� |UQH÷LPL]LQ� ]HQJLQOHúWLUPH� LúOHPOHUinden sonra temas 

DoÕVÕ� GH÷HULQLQ� ���-1250� JLEL� ROGXNoD� \�NVHN� GH÷HUOHU� DUDVÕQGD� GH÷LúWL÷L�
J|U�OPHNWHGLU�� 7HPDV� DoÕVÕ� GH÷HUOHULQGHNL� EX� DUWÕú�� N|P�U� |UQH÷LQLQ�
KLGURIREOX÷XQXQ�DUWPDVÕ�DQODPÕQD�JHOPHNOH�EHUDEHU��IORWDV\RQ�GHQH\OHUL� LoLQ�EX�
N|P�U� |UQH÷LQLQ� GDKD� L\L� \�]HELOHFH÷L� DQODPÕQD� GD� JHOPHNWHGLU�� .|P�U�
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SDUWLN�OOHULQLQ�ÕVODQDELOLUOL÷L�D]�ROGX÷XQGDQ�VX�LOH�GDKD�D]�WHPDV�HGHFHN�YH�KDYD�
NDEDUFÕ÷ÕQD�GDKD�L\L�WXWXQDUDN�\�]HFHN��GDKD�KLGURILOLN�RODQ�JDQJ�PLQHUDOOHUL�LVH�
ÕVODQDUDN�S�OS�LoLQGH�NDODFDNWÕU� 
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5.SONUÇ 

 

 'HQH\OHU�JHQHO�RODUDN�LNL�JUXSWD�\DSÕOPÕúWÕU� 
 

1) 7�YHQDQ�=RQJXOGDN�7DúN|P�U��LOH�\DSÕODQ�GHQH\OHU 
2) =RQJXOGDN� 7DúN|P�U�¶Q�Q� ELU� |Q� ]HQJLQOHúWLUPH\H� WDEL� WXWXOGXNWDQ�

VRQUD�HOGH�HGLOHQ��U�Q�LOH�\DSÕODQ�GHQH\OHU�� 
 

Birinci grup dene\OHUGH�� ������� N�O� LoHUHQ� |UQH÷H� �� IDUNOÕ� ER\XWWD�
GHQH\OHU� \DSÕOPÕú� YH� HOGH� HGLOHQ� VRQXoODU� \DQDELOLU� YHULP�� N�O� DWÕPÕ� YH� YHULP�
LQGHNVL�\|Q�QGHQ�LQFHOHQPLúWLU�� 

Santrifüjlü yüzdürme-EDWÕUPD�GHQH\L� \DSDUDN�� N|P�U�P�]�Q�N�O�Q�Q� HQ�
L\L� úDUWODUGD�KDQJL�GH÷HUH�G�ú�U�OHELOHFH÷L� WHVSLW�HGLOPLúWLU��(Q� L\L� VRQXo�-���P�
ER\XWX�LoLQ�������RODUDN�EXOXQPXúWXU� 

$JORPHUDV\RQ�GHQH\OHUL�VRQXFXQGD�N�O�KHU�WDQH�LULOL÷L�LoLQ�\DNODúÕN���-8 

GH÷HUOHULQH� LQGLULOHELOPLúWLU�� %X� GHQH\OHUGHQ� HOGH� HGLOHQ� EXOJXODU�WHPL]� N|P�U�
üretmek amaFÕ�LoLQ�VRQXFX�oRN�LQFH�IUDNVL\RQODUGD������-63-����P��ED÷OD\ÕFÕ�VÕYÕ�
RODUDN� QH� NXOODQÕODFD÷Õ� YH� RSWLPXP� ED÷OD\ÕFÕ� VÕYÕ� PLNWDUÕ� WHVSLW� HGLOPLúWLU��
<XNDUÕGD� EHOLUWLOHQ� WDQH� LULOLNOHUL� LoLQ� RSWLPXP� ED÷OD\ÕFÕ� VÕYÕ� PLNWDUÕ� VÕUDVÕ\OD�
%40,%50 ve %60 olarak belirOHQPLúWLU� 

Aglomerasyon deneylerinden sonra birinci grup örnek ile flotasyon 

GHQH\OHUL� JHUoHNOHúWLULOPLúWLU��<DSÕODQ�GHQH\OHU� VRQXFXQGD� -�����P�YH� -�����P�
için kül %7-�� FLYDUÕQD� LQGLULOHELOVH� GH�� GL÷HU� �o� LQFH� WDQH� ER\XW� JUXEX� LoLQ�
yanabilir verim artarken� VHoLPOLOL÷LQ�VD÷ODQDPDGÕ÷Õ�J|U�OP�úW�U��%X�QHGHQOH�EX�
�o� WDQH� LULOL÷L� LoLQ� �� -125,-63 ve -��� �P�� DJORIORWDV\RQ� GHQH\OHUL� \DSÕOPÕúWÕU��
Agloflotasyon deneyleri sonucunda her üç boyut içinde %0,5-�� ED÷OD\ÕFÕ� VÕYÕ�
RUDQÕ�YH����VQ¶OLN�N|S�N�DOPD�V�UHVL�RSWLPXP�EXOXQPXúWXU� 

$JORPHUDV\RQ�� IORWDV\RQ� YH� DJORIORWDV\RQOD� ]HQJLQOHúWLUPHQLQ� \DSÕOGÕ÷Õ�
tane iriliklerinde ( -125,-63 ve -��� �P�� JHQHO� RODUDN� G�ú�N� N�OO�� �U�QOHU�
DJORIORWDV\RQ�LOH�HOGH�HGLOPLúWLU��<�NVHN�N�OO���U�QOHUL�LVH�IORWDV\RQ�YHUPLúWLU� 
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Birinci grup denH\OHUGH�VRQ�RODUDN�\DNODúÕN��¶HU�NJ�–���������P�ER\XW�
DUDOÕ÷ÕQGDNL�|UQHNOH�\�]G�UPH-EDWÕUPD�YH�0*6�GHQH\OHUL�\DSÕOPÕú��EXUDGDQ�HOGH�
HGLOHQ� �U�Q� LNLQFL� JUXS� GHQH\OHUGH� NXOODQÕOPDN� �]HUH� -���� �P�� -��� �P� YH���������������
-����P¶D��|÷�W�OP�úW�U� 

øNLQFL�JUXS�GHQH\OHUGH�� LON�JUXS�GHQH\OHUGH�\DSÕODQ�\�]G�UPH-EDWÕUPD�YH�
0*6�GHQH\OHULQGHQ�HOGH�HGLOHQ��U�QOHU�NXOODQÕOPÕúWÕU��%LU�EDúND�GH\LúOH��EHVOHPH�
RODUDN��������N�OO��DQD�N|P�U�GH÷LO��N�O��\�]G�UPH-EDWÕUPD�GHQH\L�LOH�������YH�
0*6� GHQH\L� LOH� ������¶H� G�ú�U�OP�ú� N|P�U� NXOODQÕOPÕúWÕU�� %X� JUXS� GHQH\OHU������
-�����P�� -����P�YH� -����P¶GD�� ELULQFL� JUXS� GHQH\OHUGHQ� HOGH� HGLOHQ� RSWLPXP�
úDUWODUGD�JHUoHNOHúWLULOPLúWLU�� 

%X� JUXS� GHQH\OHULQ� VRQXFX� RODUDN�� N�O� LoHUL÷L� EHOOL� ELU� QRNWD\D� NDGDU�
D]DOWÕOPÕú� RODQ� N|P�U� QXPXQHVLQLQ� N�O�� GDKD� G�ú�N� GH÷HUOHUH� LQGLULOHELOPLúWLU��
Yüzdürme-� EDWÕUPD� �U�Q�� LOH� \DSÕODQ� DJORPHUDV\RQ� GHQH\OHULQGH� N�O� �����¶H��
DJORIORWDV\RQ�GHQH\OHULQGH�LVH�������µD�G�ú�U�OP�úW�U��.�O�LoHUL÷LQLQ�ELUD]�GDKD�
G�ú�U�OPHVL� DPDoODQDUDN� oLIW� DúDPDOÕ� DJORIORWDV\RQ� \DSÕOPÕú� YH� N�O� LoHUL÷L�
�����¶H�G�ú�U�OP�úW�U�� 

(OGH�HGLOHQ�NRQVDQWUHQLQ��VW�ÕVÕO�GH÷HUL������NFDO�NJ�RODUDN�EXOXQPXúWXU� 
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hQLYHUVLWHVLQGH�<�NVHN�/LVDQV¶D�EDúODGÕ�������\ÕOÕQÕQ�$UDOÕN�D\ÕQGDQ�EHUL�0DGHQ�
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