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º £

öæ�Ú Ò�Ïj *~� Fÿç ö>¾ÒÏ öæ�Ú �Ú¢ B�� > ®º �'�; ��j B�B öæ�Ú �Ú~

bW ªCj Û~� �»~&
. öæ�Ú �Ú~ B�ö ®ÚB R«>º öæ�Úf EVA(ethyl vinyl acetate) :�z~ '

;�W(w/w)f £ 4 & 1�î� ���f 0.74�î
. �-² B�B öæ�Ú �Úö �� &æ �OB¢ ê�~� ��b

j �Ï� ö>¾Ò�;ö 'Ï~&j rö Nê 5 C/Nj~ æzö V� 5&æ mode~ Ú*�� ~öB ''~ öæ�Ú

�Úö &� zÎîæ �N~ B�Nj ï&~� ç^*ö jv~&
. 20oCöB zÎîæ �N~ B�Nf �Ú~ «~ö

Z&~&� 10oCöBº zzA 6º CêÒò~ �Wêj ê�� �Ú& �W ¢¾ 
Ò&�Þ¢ ê�� ãÖ�
 £ 1.5

V �ç~ ¸f zÎîæ �N~ B�Nj ¾æÚî
.

Abstract − For recycling waste-tires the process conditions to prepare the media of waste-tire-powder for the fluidized treat-

ment of waste-water were optimized by the analysis of their physical properties. The optimum ratio(w/w) of waste-tire-powder

to EVA(ethyl vinyl acetate) binder to prepare waste-tire-powder media turned out to be 4 to 1 and their porosity was 0.74. Var-

ious adsorbents were applied to the surface of the prepared media, after which they were used in the treatment of waste-water

so that their removal rates of ammonium ion were evaluated under 5 modes of different operating conditions such as temper-

ature and C/N ratios and were compared each other. At 20oC the ammonium ion removal rates of 5 modes were similar regard-

less of adsorbents applied to the surface of the prepared media. In the meantime, at 10oC the ammonium ion removal rates of

the media with coconut- or coal-based activated carbon were shown to be higher by more than 1.5 times than those of the

media with synthetic calcium silicate.
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1. B �

¶ÿN Öë~ /Ï� >º Ã&ö V� ccö V¢ ÖÒ ¾¢ �Z

Öëö R«>º C �Zï~ £ 70%& æ�Ú¢ ò�º� ²j>�

®j ò¢ æ�Ú �Öf �ZÖëöB � j7j Næ~� ®�, �ö

V¢ 90j&ö �* £ 20-25ò Êö G;� öæ�Ú VÂïf, 93j

1,200òBöB �î
 Ã&~� 2000j ��ÿnöê £ 2,000-2,500ò

Bö ê�� ©b� º;>� ®
[1]. *¯ öVb &Ò» ç æ;öV

bö ��>º öæ�Ú~ &�'� �ÏO» 7öB �ª� O» 5

ªö&� �ÏO»� ®º� Ñ�, �ª� O»f öæ�Ú¢ �ª�

~� �� :¿, CF 5 zê &Ê¢ �Ö 5 ºÂ~º O»b�B *

Òº �ÖB CF& &ÏãçK� ìb� ºÂB �� :¿~ bWö

&� >º �ê �� � ¾ÒO»~ �âò� >� ®
. v ®�� ª

ö�ÏO»� ®º� �º öæ�Ú¢ ªöz~� �»¶Ò 6º �Z

jÊ:Þ B� �ö �Ï~º O»b�B, æ�Ú¢ ªê~º O»b�

º ªö«ê& 12-30 mesh� ��Úê çN roller ªê 5 çNªê 6

º 40-100 mesh� &Nªê& �Ï>� ®
. ��¾ Ò�Ï>º ·f

�® 'b� &¦ª� �B ²', 
ã>� ®b� 
ã� ãÖ Âª�

W bî� ßWb� �� Æ·~ ��, �� 5 ~ãJ" �b� ��

æ�""~ Vb �b� 
ãæ {�ö �ê& ®ÚB 
ãæ ¦�j

.¾~� ®
. 6�, ²'� ãÖöº ²'� �Jj 5 Ú*jÏ~ ¦
†To whom correspondence should be addressed.
 E-mail: khlim@taegu.ac.kr



öæ�Ú �Ú~ B� 5 ßW 601

HWAHAK KONGHAK Vol. 39, No. 5, October, 2001

�" 
�, «¶ç bî 5 k� �b� &VJ"ö � 'Ëj �ö &

ïb� B�>º öæ�Úö &� &Ò 5 ¾Ò& �/� 
;�
.

�Þ 7.³ 5 Væ ~ãJ"bîj B�~V *� �OB�B öæ

�Ú¢ �Ï~Jº ��
� ¯�^ zº�, �ÚöBº ;[2]� öæ

�Ú¢ �Ï� �Ë ö>Ú~ 7.³ B�ö &� ��¢ ~&� �"

öº � �[3]� öæ�Úf ¾¦��b(Cryptococcus Terreus A)j �

Ï~� zÎîj¢ j�� k� FBbî B���¢ ~&º�, � �

�öB öæ�Ú kg� �OB zÎîj~ ·f 0.0154 g/minb� �W

êö ~� �Oï� 0.0074 g/min�
 ¸~
. 6� ê�~> 6º ö

>~ '·"~ B�¾ zÎîæ �N~ îÖz¢ *� �b�' ¾Ò

ö ®ÚB öæ�Ú~ �Ú�B~ �Ï� �"ö ��>Ú, öæ�Ú¢

�Ï~� ò� �Ú¢ >w�ö "«~� �Úö �;zB �&ê~ �

�bö V�� V� ~> ¾ÒË~ îÖz ÎN Ëç" ^V�~ Ï'

6²¢ *� Onb� �Ï~� ö>~ �b�' ¾Ò �ö ��~ V

�~ 
�W �ÒÖ.ê �Ú 5 RFç �Ú¢ &�~� ®
.

öæ�Ú �Ú~ ö>¾Òö~ �Ïf �f ?f ö¶ö~ �Ï G�

öò jî¢ Ò� G�öBê ~~¢ &æº�, sulfides, thiosulfate,

sulfur �~ ~öB ���bj Öz�BB ¶�~ ö.æ¢ áº

Thiobacillus« ?f ��b ¾Ò[4]¢ �b�� öæ�Ú ªö~ &v

¢ ;W~º �j B�~º î&v�;j �Ï~� öæ�Ú ªöj ¾

Ò~� Ò�� >& ®
. ¾Ò� öæ�Ú~ 2� �ËN, �Ë ;ê

�~ bW Ã& 5 öæ�Ú ªö~ Vê' bW~ jz& &Ë~�^

B Â� �Zz�b~ bWö 7"~&
[5]º ��Ö"ö V¢B, ö

>¾Ò¢ *~� 
 �;ö ��æº öæ�Ú �Úö &� ��b


ö ~� î&v*çj �Ï~� ö>¾Ò �;ö R« êö öV>º

öæ�Ú �Úræê bW Ã& 5 Vê' bW~ jz¢ Û~� ªJ

ææ p� Â��Zz�b~ Ïê¢ &Ú� > ®bÒ¢ .çB
.

� ¢^~ �� Ï'f Æ·, >î 5 &V �" ?f 7º*� ~ã

~ �*ö �:æ� > ®� B�ö&.6 � �� &æ �öB ��j

" > ®º öæ�Ú Ò�Ïj *~�, B�ö&& �� j7� '�~

� ��bö ëW� jv' ìb� ÏÏj �>� > ®Ú Ú�W 5

ÚîÎW� �ÚÂ Fÿç ö>¾ÒÏ öæ�Ú �Ú¢ B�� > ®

º �;~ �'��j B�B öæ�Ú �Ú~ bW ªCj Û~� �

»~º ©�
. 6� �-² B�B öæ�Ú �Úö �� &æ �OB

¢ ê�~&j r~ ''~ öæ�Ú �Ú~ zÎîæ �N~ B�N

j �� &æ ÿ¢� ��öB ï&~� ç^*ö jv~� ~ö>~

TKNö &� îÖz³ê 6º zÎîæ �N~ B�¢ �&z� > ®

º öæ�Ú �Ú~ ��j F;~º ©�
.

2. 
 þ

2-1. �Ú B�O»

öæ�Ú¢ çN ªê~� öæ�Úªöj �Ö~º *^ëÚ� ¦

WöB öæ�Ú ªöj �«~� �Ú B�ö ÒÏ~&º� «ê ª

C Ö"º Table 1" ?
. �ÚB�ö ÒÏ>º {ÂVº Fig. 1" ?f

motor, heating barrel, �»bNV(twin screw), �OB ê�V, cutter,

control box 5 �; �ö B�~º ö&Ê~ �÷Ë~� �W>Ú ®


. ªê";öB B�B wire �~ º�®Bbj B�� êö öæ�

Úªö" 7OB� ÒÏ>Úæº EVA(Ethyl Vinyl Acetate)¢ '�ï~

7ïj� Ïª® DÚ& 
r {ÂV~ ^¢ö IÚ"î
. Heating¦

~ Ê��öB öæ�Úf EVA¢ 160oC ;ê~ NêöB Ïª® b

��BB :6j Û� ^¢� ¾N �ò¢ �» bNV¢ ÒÏ~� {

Âj ~&
. {Â¦ ö�öº gate& �Ú~ �V¢ Ö;~� �¢�

³ê� ²*~º cutter� �Ú¢ .�� êö .�B �Úö �OB¢

'�� ·j òJ"î
. ê�B �OBº öæ�Ú �Ú¢ ö>¾Òö

R« �ö FVbî" zÎîj~ B� ÎNj ¸�"º ��j ~æ

ò B��;öBº N�Ú �Ú& B� ïÎ¿º *çj Oæ� "º

��j ~&
. �OB& ê�B jWB �Úº VÂ�¢ Û� <b�

¾N êö �¢~² ÚB ï'�V
.

2-2. �Ú~ bÒ4z�' ßW

2-2-1. �Ú Wª~ bW¦Ò 5 �Ú ��~ 7/' G;

öæ�Ú¢ «¶� ¾² ªê� öæ�Ú ªöj �Ï~� W;�ö

®ÚB B�ö&& &Z~�, 7ï� &âÖ�, Ú�W� �ÚÂ öæ

�Ú �Ú~ B�¢ *� �' �;��~ êÂj *~� �� &æ~

bW 
þj >¯~&
. ö>¾Ò¢ *� Fÿç �Ú~ ãÖ �V>

Ú >�*� çß~º �V OÞö ~~� Â~& ;W>Ú öæ�Ú

�Úö �;ç~ ãÖ�
 

¦ shear stress& ·Ï~² B
. ���

shear stressö &� öæ�Ú �Ú~ n;Wj G;~V *�B �� &

æ �W~ öæ�Ú �Þö &� �Ë;ê�B &� ¾æÚî� 6�

FÿçöB~ Î"'� B~j *�B öæ�Ú �Ú Î·� ��>Ú

¢ ~º� �Ú Î·~ ¢��ö Oæ~ ¿ê�B {»;ê¢ G;~

&
. 6� �Ú ��~ �>W~ ;ê¢ G;~V *~� �Þ �� *

ö ¹� �'ö &� ï; 7/'j ÒÚB �Ú ��ö �Wê 6º

�W ¢¾ 
Ò&�Þ?f �OB& ê�>îj rf ê�>Ú ®æ p

j ãÖ~ �>Wj ç^ jv~&
. 

2-2-1-1. �ÞB�

KSM 6518 &� �Z bÒ�þO»ö V� j_; 3̂ ~ �ÞW;j

*� B·� .;j 12Ê *.Ê(#3851 Model C, CarverÒ)~ v B~

heating & cooling plate*ö ËO~&
. �Ò��� jª 5 ê�Ï 


Ò�¢ �;B�B .;~ ÂË" :�ö ê�~�, öæ�Ú ªöö

Table 1. Size distribution of waste-tire-powder used in the preparation
of the media

Mesh Weight(%)

15 0
16 0
18 0
10 10.02
14 10.20
18 13.63
20 22.60
25 27.45

40 25.65

50 16.47

>50> 13.98

Total 100.00

Fig. 1. Schematic diagram of media-preparation process.



602 ª7�4;Ï&4;�B4"ãC

z��� B39² B5̂ 2001j 10ú

�� &æ 7ïj~ EVA¢ I� Vê'b� Ïª® b�� b�bj

.;~ cavitynö "«� êö jº� ãÖöº b�b *ö �Wê 6

º �W 
Ò&�Þ ?f �OB¢ ê�~� 8Ê~ {K~ö 10ªÿn

"Úê NêöB �Þj {»W;~&
. {»W; �~ *.ÊV~ TIC

J; Nêº v B~ heating & cooling plate*ö ËOB �ÞW;j

*� .; ��~ 
B Nêf~ N�¢ �;~� J;~&
.

2-2-1-2. bW¦Ò �þO»

Î� bW¦Òº 
þö ÒÏB öæ�Ú ªö(Table 1)ö &~� >

¯>î� 6� :�z~ ãÖê â7>VöB ÒÏ~� ®º Sumitomo

Ò~ Ethyl Vinyl Acetate(VA·: 28%)¢ ÒÏ~� ''~ 7ïjö &

~� 3² �ç >¯>Ú ï�8j �~&
. Texture Analyzer(TA-HD

500, Stable Micro System)¢ ÒÏ~� �Ë³ê¢ 300 mm/minb� J

;~� �Ë;ê¢ �þ~&� 6� ÿ êGVV¢ �Ï~� �Þö >

çb� probe~ æª� 5 mm� :¾� 2-3 mmræ 
Ú. r~ {»

;ê¢ G;~� ãê�þj &�~&
. ��z�þf öæ�Ú �Ú

& R«>º ö>¾Ò�;~ ·ë��� çN�æ� >¯ n~&
. �

f ?� �Ë;ê 5 {»;ê¢ �þ~� �' :�z R«ï ¯ �'

�;��j êÂ~&
. �Þ ��ö &� �'~ 7/' G;j *~

� 7/' G;Ë~¢ B·~&º� G;Ë~º &�"�Ò~ 7ö(Î

� GLS-V100C)� 2OË A�& *ö ¹�ê �Þ �� *~ �'j

��" ï¯b� "Ò~� 2 2®(CFM+)¢ Û"~� Panasonic Color

CCTV �z¢(Model WV-CL320)ö RÒB �Þ �� *ö ¹�ê �

'~ G� 'çj Data TranslationÒ~ ²*Þ�Ú(Global LAB Image)

¢ �Ï~� ¾æÚ� � *ö node¢ 3ÚB ''~ ãÖö 7/' G

;j 10² >¯~&
.

2-3. �b�' Batch
þ

� ��ö ÒÏB Ë~º Fig. 2ö ¾æÞ :f ?� 2 L Ï'~ 8B

ö; >w� ~¦ö �VË~¢ J~� Ê, �Úf Ò�æ¢ "«~�

F²~& >ê� ~&
. >w�Ú~ ��bf ~>¾ÒË~ >ÇÒ�

æ¢ �Ï~&�, F«>~ Wçj ¢;~² Fæ~V *~� Table 2

f ?f ��ö>¢ "«~�B Ú*~&
. >w�Ú ��b" �Úf

~ 'wV*f 1"¢� ~&b�, HRTº ÿ¢� ��~ö 24�*b�

~�B batch typeb� F«>¢ "«~&
. zÎîæ �N B�Nj

�~V *� 
þf ''~ mode ê� 7¢* 'w� �Ú(ÏêN 10%)

f 1,000 mg/L Ò�æö �W F«>¢ Î&~� ~>�þO»[6]ö B

�B ©" FÒ~² ¢; �*ê(1 hr)� 6²>º NH4
+~·j G;~

&
.

îÖz ��b~ îÖz ÎNf Nêö "6~� 28-36oCöB �B

~� ��
 Ôf NêöBº îÖzN� /Ï® ÎÚê
[7]. V¢B

� ��öBº 20oC öò jî¢ îÖz& ��ÚæV ÚJÚ Nê�

10oC� J;� Ê, �Úê N�¢ {�~² ¾æÚê� C/Nj¢ 0.25

öB 0.5, 2ræ �;� &� zÎîæ �N B�Nj G;~&
. ''

~ Modeº Table 3ö ¾æÞ ©¾" C/Nj(FVb/î²¦~)f Nê¢

�Ò~� 5&æ� J;~&
. Mode 1" Mode 2º FVb" î²¦

~¢ ÿ¢~² �;� Ê, NêNö ~� �Ú*~ ßWj jv~&�,

Mode 1ö &� î²¦~æz~ 'Ëj 2k~V *~� Mode 3j Ú

*~&
. Mode 4f Mode 5º Mode 2ö &� ¦~æÿ~ 'Ëj �

J~� J;~&
.

3. Ö" 5 Æ�

3-1. bW 
þÖ"

3-1-1. �Ú Wª~ V.bW

Fig. 3f 
þö �� :�z~ FÒ*�6 �j differential scanning

calorimetry(DSC) 
þj >¯~� ¾æÚ� ®
. :�z~ ·� j"

'j röº öæ�Ú «¶¢Ò~ ç7'� 7/�� 
B �Ë;ê&

£~¾ :�z~ ·� Ã&~� öæ�Ú*~ ç7'� 7/�� ì�

�~ Î� öæ�Ú «¶& b�B :�zö ~��� ®j rö �Ë

;ê& Ã&�j .G� >& ®� :�z~ R«ï� jº�ç 
^

B öæ�Ú «¶Ò�ö ÏêB :�z~ �� Ã&~� öæ�Ú «

¶ ��" :�z*~ 7OK�
 :�zö &� �ËwK� £�^B

�Ë;ê& 6²�j .G� > ®º�, :�z~ ·� öæ�Ú ªö

"~ b�bö �~º bW æz~ 
þÖ"º öæ�Úªö" EVA~

7ïj& 4 & 1� F r& �Ë;ê& &Ë 
B £ 13 kg7/cm2j ¾

Fig. 2. Schematic diagram of the apparatus used in the batch experi-
ment.

Table 2. The composition of synthetic waste water

Major component Mode1/Mode 3 Mode 2/Mode 4 Mode 5

Saccharide
NH4Cl
KH2PO4

20 mg/L
40 mg/L
15 mg/L

20 mg/L
80 mg/L
15 mg/L

80 mg/L
40 mg/L
15 mg/L

*Other minor components: MgSO4 ¸ 7H2O-3.75 g/75 L, CaCl2-1.1325 g/75 L,
NaCl-3.75 g/75 L, FeCl3¸6H2O-0.0281 g/75 L, MnSO4¸H2O-0.00285 g/75 L,
ZnSO4 ¸ 7H2O-0.00263 g/75 L

Table 3. Operating conditions of each mode used in the experiments 

Mode 1 2 3 4 5

Temperature(oC) 20 10 20 10 10
C/N ratio 0.25 0.25 0.5 0.5 12

Fig. 3. DSC scan of EVA(vinyl acetate: 28%).
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æÚî
[Fig. 4(A)]. 6� � �WjöB~ {»;êº £ 16 kg7/cm2

j ¾æÚî
[Fig. 4(B)]. V¢B öæ�Ú �Ú~ B�ö ®ÚB R«

>º öæ�Ú 5 EVA~ ';�W(w/w)f £ 4 & 1�î
. �Þ 7/

' G; Ö"º Fig. 4(C)f ?� �Þ *ö �Wê� ê�B ãÖ& �

W ¢¾ 
Ò&�Þ& ê�B ãÖ 6º Ú¶ �OBê ê�>æ pf

ãÖ�
 £ 15o ;ê ÔjB �Wê� ê�B ãÖ& �-æ pf ã

Ö �
 z× �>Wªj ��"î
.

3-1-2. B�B �Ú~ bÒ' ßW

îÖz ³ê ç> G;~~ jv¢ *~� âÂÒ �Wê²(")öB

B·>Úê zzA 5 Cê �Wê ªö 2«" celite corporationöB

B·>Úê �W ¢¾ 
Ò&�Þ 4«j öæ�Ú �Ú ��ö ê�>

Úê �OB� ÒÏ~&
. öæ�Ú 5 EVA~ '; �W(w/w)� £ 4

& 1� B�B öæ�Ú �Úº � 5 ¸�& £ 5-7 mm;ê� ê¦;

~ «¶�B j��'� £ 1,500 m2/m3�� �Ú Ú¦~ n ��ö b

j j�j r~ ¯�V j7f 1.01 kg/L ;ê�B ¢>'� Ò�æ j

7� 1.03 kg/L �
º £* &â�� b~ j7" jÝ~� Fÿç �

Ú�B '�~&
. 6� �Ú~ ��� jîj r~ ¯�V j7f £

0.27 kg/L�B �ö V� öæ�Ú �Ú ��~ ¦bº öæ�Ú �Ú

1 L� £ 0.74 L�� æ �Úö j~� jv' �, îÖz�~ ¦O 5

WËj *� Ú¦ ��j B��
. öæ�Ú 5 EVA �Wö V� �

Ú ���~ º�¢ Fig. 5f ?� ¾æÚ� ®º� EVA& '² R«

F>� öæ�Ú ªö *~ ��� 
^B öæ�Ú & EVA~ �W�

4 & 1¢ rö �Ú ���f 0.74ræ Ã&~&
. «O;(1.5 cmÜ

1.5 cmÜ1.5 cm)~ �ÒÖ.ê Ê�æ z:j[�ö(")]~ ãÖ ���,

j7 5 j��'f '' 0.98, 0.2, 3.5Ü104 m2/m3�ÚB öæ�Ú �

Ú�
 � ���, 'f j7, � j��'j &æ� ®b� Fÿ[öB

~ 'Ï�öº 'f j7ö V�� FÿßW 5 ;êöB öæ�Ú �

Ú �
 WË� ÎÚæ� 6� biomodule" super-module ?f RFç

�Úê ��� ®
. �Þ �;ç �Ú(saran-lock)~ ãÖ "ê� ��

bï ;Wb� �� >Ò�' Ú~�*� �² ·jöb� �� TKN

ÎN~ &~¢ �&� Ú¦ ��� ìº �;~ �Z ��ö �Wê�

¦OB Fÿç �Ú~ ãÖ îÖz�� �;z>æ pjB Ôf TKN

B� ÎNj �&
� ��>� ®
[8].

öæ�Ú ��" �OB~ 7OWö ®ÚB öæ�Ú �Ú ��ö ê

�� rö �W ¢¾ 
Ò&�Þ~º Gnb� 6æF ò¢ ê�W�

�Wêö j~� ÎÚr
. �º ªö �Wê 5 �W ¢¾ 
Ò&�Þ

��j 7� *�ã(BX60, Olympus)b� 40V {&� Fig. 6(A)-(F)ö

Bf ?� ¢>'b� �W ¢¾ 
Ò&�Þ~ ��� �Wêö j~

� 
j�Ú © 6º �OB¢ ê� � EVAf FVb� �Wê"~ 7

OK� EVAf, ZVb �²& "Wª� �W ¢¾ 
Ò&�Þf~ 7

OK�
 Öú�ö V�� ©b� ��
. 6� ¸f ³ê~ îÖz�

j Fæ~V *~�, ��bö &� �Ú F;ö ®ÚB îÖz�� Î

"'b� �;z>º �Ú¢ F;~º ©� 7º��[9] ��b� ¦O

>º �Ú ��ö ê�B �OB ��~ ��V ;ê& ��b ¦Oö

'Ëj �~º ©b� rJ^ ®ÚB ��� �� �OB~ F;� F

Ò~
� " > ®
[10]. �º �� ��ö ��b~ ¦O6� z ô�

�Ò~� 6� �� ��öB ¦O ��b� b~ *�Kö ~� îÒ

Fig. 4. Physical properties over various Tire/EVA samples. (A) Tensile
strength over various ratios(w/w)(1; 5 : 5, 2; 6 : 4, 3; 7 : 3, 4; 8 : 2, 5;
9 : 1) of Tire/EVA. (B) Compressive strength over various ratios
(w/w)(1; 5 : 5, 2; 6 : 4, 3; 7 : 3, 4; 8 : 2, 5; 9 : 1) of Tire/EVA. (C)
Contact angles on various surfaces of Tire/EVA samples(1; with
coconut-based activated carbon, 2; with synthetic calcium sili-
cate, 3; without activated carbon).

Fig. 5. Porosity of the media over various ratios(w/w)(1; 4 : 1, 2; 3 : 1,
3; 2 : 1) of Tire/EVA.
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�¦V �
 ¾ �^F > ®V r^�
[11]. 6� �>W� ��� ²

>W~ ���
 ��b ¦Oö FÒ~
� ��>� ®
[10, 12]. V

¢B �W ¢¾ 
Ò&�Þ�
 �Wê�, �Wê 7öBê zzA �

Wê~ ��� &Ë ºÆ� �~� �Ú ��ö ê� �ö ��b~ ¦

O� Ï�� ©�¢� 6�>� ��bf �Wê~ micro(0.001-0.01µm),

transition(0.01-0.1µm) 5 macroV�(0.1-10µm) 7öB macro V�ö ¦

OB
� ��>� ®
[13]. �Wê~ V� ��f FVb~ ê²öº

�Wê~ V� ��~ > ôf ê²f~ 7ÏB dispersion forceö ~

~� ;� �OKj ��� b ª¶öº ÖzB �Wê~ ê²f~ >

²Ö�ö ~~� �O>º�[14] 
þö �� �OB ê �V, j��',

��6ï 5 "ºWªf Table 4f ?
.

B�B öæ�Ú�Ú~ .��~ ��ç�¢ 7� *�ã(BX60,

Olympus)b� 60V� &V~� öæ�Ú «¶¢ ~�" :�z~ V�

ç�, ¯ :�zf öæ�Ú~ ê� 5 îÖz�~ WËË²& >º �

�~ ç�¢ �Ò~&
(Fig. 7). 7�*�ã~ mode 7öB Fig. 7~ ¢

Þö ®º ¢>'� >Ò mode~ zç(reflected light observation)f 7

ö~ �j �Þ *öB �Ò~� >ÒB zçb�B �Ú Ú¦~ ��

"* ��~ Þg®g� ºÆ ç�¢ ��"�, J�Þö ®º R"

mode~ zç(transmitted light observation)f �� �Ú �Þ~ j¾ö

B¦V *� R"~� �Ú Ú¦~ ��~ V� 5 �V¢ &�'� «

zb� ��"� ®
. 7öf >Ò 5 R" mode~ v ãÖ Îv 12 V,

100WHAL-L halogen*�(PHILIPS 7724)& ÒÏ>î
.

3-2. zÎîæ �N B�N ï&

Fÿç �Úº �V>º bubblej �^~² �"V r^ö bubble~

j��'j Ã&�BB Ö²*�ËKj Ëç�Ê¾, îÖz�f Ö²~

�ê& «³'·�(heterotroph)ö j~� �� �ö ~� Ö²*��

O�AjB îÖz>w� ÛB>º ©b� rJ^ ®º :f ?�[15]

îÖz�ö ~� îÖz ÎNf ^VW� «³'·�(heterotroph)~ Ã

&ö V¢B Ö²*�� O�¢ AjB ¢>'b� ÎÚææ� Ö²*

��f zÎîæ �N B�N 
þöB B�' º²¢� &;~&
.

6� pH~ 'Ëf F« ö>Úö NaHCO3¢ "«~� r¢Òê¢ �

Ï~&V r^ö B��¶öB B�~&
.

zÎîæ �N B�NG;~~ ç&ï&¢ *~� zzA 5 Cê �

Wê 2«~f �W ¢¾ 
Ò&�Þ 4«~¢ �Ú ��ö ê�>Úê

�OB� ÒÏ~&b�, Nêf C/Nj ��æzö V� Ö"¢ ª~~

� 
r" ?
.

3-2-1. ¦~~ 'Ë

�N
~ Nê¢ '' 20oCf 10oC� J;~� 
þ� Mode 1-57

öB Mode 1" 2~ C/Njº 0.25, Mode 3" 4º 0.5�î� Mode 5º 2

�î
. C/Nj& 0.25¢ ãÖ(Mode 1 5 2), Fig. 8öBf ?� 20oC

öBº �Ú~ «~ö Z&~² FÒ� zÎîæ �N B�Nj ¾æ

îb¾ �OB� �W ¢¾ 
Ò&�Þ¢ ÒÏ� �Ú~ zÎîæ �N

B�Nf Nê& 20oCöB 10oC� 6²�ö V¢ £ >b� 6²~&

� zzA 5 Cê �Wêj ÒÏ� �Úº ÿ¢ 6º 20% ;ê~ 6

Fig. 6. Activated carbon powder(A and B) and synthetic calcium silicate(C-F) by light micriscopy(×30). (A) Coconut-based activated carbon. (B) Coal-
based activated carbon. (C) Synthetic calcium silicate(CEL-E). (D) Synthetic calcium silicate(CEL-C). (E) Synthetic calcium silicate(C-209). (F)
Synthetic calcium silicate(C-281).

Table 4. Characteristics of the adsorbents used in the preparation of waste-tire-media

CEL-E CEL-C C-209 C-281 Coal Coconut

MESH(%) +325(6) +325(4) +325(0.5) +325(1.5) +150(1.0) +150(1.0)
BET(m2/g) 120 175 10-20 2 962 1107
Moisture(%) 5.5 8.0 6.0 1.48 4.0 3.0
Component(%) CaO(32), SiO2(17) CaO(27), SiO2(50) CaO(0.5), SiO2(86.7) CaO(0.5), SiO2(89.6) CaO(8.9) CaO(2.1)
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²òj �&
.

0.5~ C/Nj� �.� Mode 3 5 4~ ãÖ, zÎîæ �N B�Nf

20oCöB C/Nj& 0.25� ãÖf îR&æ� �Ú~ «~ö Z&~&

b¾, 10oC� 6²�ö V¢ *Ú'b� Ôjr� zzA 5 Cê �

Wê~ �Úº �W ¢¾ 
Ò&�Þ�
 £ 1.5V ¸f zÎîæ �N

B�Nj Fæ~&
.

3-2-2. Nê~ 'Ë

20oCöBº &Nö j~� ç&'b� ¸f îÖzNj ¾æâ ò¢

îÖz ��b� �Wz>� «³'·�(heterotroph)ö ~~� �OB

��� Ïª® �®æ� zÎîæ�N~ öæ�Ú�Ú ��~ �OB

f~ 7/� O�>ÚB îÖzN� �OBö ~� zÎª�N~ �O

ö ~� B�N�
 �R Öú~� �OB~ «~ö Z&~² FÒ�

zÎîæ�N B�Nj ¾æÚî
. � 
þö ÒÏB C/Nj& 0.25�

ãÖ& 0.5� ãÖ�
 zÎîæ �N B�N� ¢>'b� �º� �

º C/Nj~ çßö V� ^VW «³'·�(heterotroph)~ Ã&ö ~

� Ö²*�� O�¢ AjB �Z îÖz�~ �W 6²� " > ®
.

zzA �Wê~ ��� jv' ��� �>W� ¸jB öæ�Ú �

Ú ��ö ê�W� ±� ç&'b� îÖz�~ ¦OËKöB Ö*ö

®j ©�¢� ÒòNöê ®�~� �OB~ «~ö Z&~² FÒ�

zÎîæ �N B�Nj ��º ©f îÖz�� öæ�Ú �Ú~ Ú

¦~ ��ö "� *~�
º ©j z�~� îÖzNj �² ~V *

~� öæ�Ú �Ú Ú¦~ ��j �² ~�¢ �
º ©j B�� >

®
. �º *F� Ú¦ ��� ìº �;~ �Z ��ö �Wê� ¦

OB Fÿç �Ú~ ãÖ îÖz�� �;z>æ pjB Ôf TKNB

� ÎNj �&
[8]º 
þÖ"ö ~~� «Ã 6º ææ>Úê
.

�Þ 10oCöBº Fig. 9ö ¾æÞ :f ?� C/Nj¢ 0.25öB 2r

æ çß�Vj r zzA Òò~ �Ú& &Ë ¸f zÎîæ �N B�

N~¢ ¾æî
. 10oCöBº îÖz>w� ê¯>V ÚJÞ ;ê�

îÖzN� ��~� 20oC ãÖ�
º «³'·�ö ~� �bï� �

OB ��ö � B�~æ� zÎîæ �N" �OBf~ 7/�� 


^B �O� ç&'b� Öú~�, Table 4ö ¾æÂ :f ?� j��

'� �
 �� ��� z ��ÚB öæ�Ú �Ú ��ö ê�W� z

±f �Wê �OB~ ãÖ& ¢¾ 
Ò&�Þ �OB~ ãÖ�
 £

2V ;ê~ ÎNj ¾æâ > ®î
. 6� zzA �Wê �OB& C

ê �Wê �OB �
 zÎîæ �N B�N� £* �º� �º Table

4ö ¾æÂ :f ?� *¶& ê¶�
 j��'� £* Öú~� 6�

>ÃV& ¢>'b� ²>W� �Wêö �O �ö �Wê~ ^���

ö �Ò~º Özb" >²Ö�j �
[14]º ©j �J� rö îR&

æ� �>W� zÎª�N~ �Oj *� �Wê~ ^���ö �Ò~

º Özb~ ³ê& Cê �Wê~ ãÖö zzA �Wê~ ãÖ�


��� ©ö V��
� ÒòB
. ' �Ú ê�º C/Nj& 0.25öB

0.5� Ã&~&j rö zÎîæ �N B�Nf £* 6²~&� C/N

j& 
� 2� Ã&~&j rö zÎîæ �N B�N� ¢>'b� Ã

&~&
. �º C/Nj& 0.25öB 0.5� Ã&~&j rö 20oCf îR

&æ� ^VW�� «³'·�(heterotroph)~ Ã&� �� îÖz�~

îÖzN ÛBö V� VNR(Volumetric Nitrification Rate) 6²� �C

>Ú î > ®b¾, ��� îÖzNj �J� rö ��
º C/Nj~

Ã&� �� �OB ��ö ��º �bï~ �'� 
^B ¢Ú¾º

�ON~ 6²ö V��
� � > ®b�, C/Nj& 0.5öB 2� Ã&

Fig. 7. Inner pore of the media[reflected light observation(the left) and
transmitted light observation(the right)] by light microscopy(×60).

Fig. 8. Volumetric ammonium removal rate of various waste-tire-media
with the change of C/N ratio(0.25 and 0.5) and ambient temper-
ature(20oC and 10oC).

Fig. 9. Volumetric ammonium removal rate of various waste-tire-media
with the change of C/N ratio(0.25, 0.5 and 2) at 10oC.
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~&j r~ zÎîæ �N B�N Ã&º «³'·�(heterotroph)~

æ³'� Ã&ö V� î²öb�B~ zÎîæ �N~ ²jö V��


� �CF > ®
.

4. Ö �

&V 5 Æ· ~ã�*ö V�~� B�ö&.6 � �� &æ �ö

B ��j " > ®º öæ�Ú Ò�Ïj *~�, B�ö&& �� j

7� '�~� ��bö ëW� jv' ìb� ÏÏj �>� > ®Ú

Ú�W 5 ÚîÎW� �ÚÂ Fÿç ö>¾ÒÏ öæ�Ú �Ú¢ {

ÂV¢ �Ï� B��;ö 'Ï~� £ 160oCöB B�~&º�, öæ

�Úªö" EVA~ 7ïj& 4 & 1�îj rö &Ë � öæ�Ú �

Ú~ ;ê¢ ¾æÚîb� ���f 0.74ræ 7"~&
.

�-² B�B öæ�Ú �Úö zzA 5 Cê �Wê ªö 2«"

�W ¢¾ 
Ò&�Þ 4«j öæ�Ú �Ú ��ö ê�~� ��bj

�Ï� ö>¾Ò�;ö 'Ï~&j rö ''~ öæ�Ú �Ú~ zÎ

îæ �N~ B�Nj ï&~� jv~&
. C/Nj& 0.25� ãÖö,

20oCöBº �Ú~ «~ö Z&~² FÒ� zÎîæ �N B�Nj

¾æîb¾ �OB� �W ¢¾ 
Ò&�Þ¢ ÒÏ� �Ú~ zÎîæ

�N B�Nf Nê& 20oCöB 10oC� 6²�ö V¢ £ >b� 6

²~&� zzA 5 Cê �Wêj ê�� �Úº ÿ¢ 6º 20% ;ê

~ 6²òj �&
. 0.5~ C/Nj� �.� ãÖö, zÎîæ �N B

�Nf 20oCöB C/Nj& 0.25� ãÖf îR&æ� �Ú~ «~ö Z

&~&b¾, 10oC� 6²�ö V¢ *Ú'b� Ôjr� zzA 5 C

ê �Wêj ê�� �Úº �W ¢¾ 
Ò&�Þ�
 £ 1.5V ¸f

zÎîæ �N B�Nj Fæ~&
. �f ?f 
þÖ"º îÖz�~

Nêö V� �W~ æz, C/Nj~ æzö V� «³'·�(heterotroph)

~ îÖzNö &� 'Ë, �OB �� *~ �bï �V æzö V�

zÎîæ �Nö &� �O 'Ë �ö V¢B �C>Ú î > ®î
. 
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