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º £

²ª� v> >w�öB Vªw÷»j �Ï~� Z�êb�¦V ²ª" � B� 
þj >¯~&
. &vÏ
�º Âê

(pentane), �ê(heptane), �F(kerosene)¢ ÒÏ~&
. Ú* æ>�º Vª/Cêj, v>³ê, tumbling �*, �Ò� pH¢ F

;~&b� Î� 
þf 
NöB >¯~&
. �� Ö" F�B �ë æ>º �;ê² ²>N, ²ª B�N, � B�Nö '

Ëj �~º ©b� ¾æÒ�, �;ê² ²>N" ²ª B�N �Ò� � B�N~ �&8f '' 95%, 65%, 60% �çb

� ¾æÒb�, ç�ï~ 7.³� B�>î
. 6� �& ÎNf Vª/Cêj 0.2, �Ò� pH 12öB áÚr
.

Abstract − A study on the rejection of ash and pyritic sulfur in anthracite coals using oil agglomeration was carried out in a

batch type agitation vessel. In this experiment, three kinds of bridging oils such as pentane, heptane, and kerosene were used.

Operation variables were oil/coal ratio, agitation speed, tumbling time, and pH. All the experiments were performed at room

temperature. It was shown that the parameters used significantly effected on the fixed carbon recovery, and rejection of ash,

sulfur, and heavy metals. The maximum values of fixed carbon recovery and rejection of ash and sulfur were over 95%, 65%

and 60%, respectively. The optimum operating conditions were obtained at the oil/coal ratio of 0.2 and pH 12.

Key words: Oil Agglomeration, Bridging Oil, Carbon Recovery, Ash Rejection, Sulfur Rejection, Heavy Metal Rejection

1. B �

�Ú~ ê7öêö V� Ò²'� ÏÏj jz~V *� ãBW� Ô

f �Ú Z�êj æ³'b� ÒÏ~� ®b�, ¢¦ �ªê �¢� 5

Fÿ[ �¢�öB B*Ïb� ÒÏ>� ®
.

Cê ;BO»b�º �² bÒ', z�' 5 �b�'� ;BO»�

®
. � 7ö z�' ;BO»f z�bîj Î&~� � 5 VæWª

j B�~º O»b� �;� �Ç~� ¾ÒjÏ� ô� 
� 2N J

"bî B� &ËWj Ú�~� ®
. �b�' Cê ;BO»f ��

bj �Ï~� �j B�~º O»b�� Ú*� Ú[� jç V.�

��ê� ÖëÏ �Î� ÒÏ>æ p� ®b� ãBW ^B¢ �Ö�

¢ �
. �ö >� bÒ'� O»f Cê" ²ª~ j7N�¢ �Ï�

j7Fê�¾ Cê" ²ª~ ÛJ(wettability)N¢ �Ï� ¦F» ��

ÒÏ>Ú z
[1]. ��¾ ��� O»
f «¶~ �V& ·f ãÖö

º ÎN� Ô�, �ë êö î>^B 5 ¦F >Ú ®º ²ª~ ªÒ&

Ú[
º ^B6� ®
[2]. V¢B ��� ^B6j �j~V *� �

^ Cê«¶~ ²>f ²ªB�ö FÒ� O»b� rJê Vªw÷»

ö &� ��& ô� ��Úæ� ®
.

Vªw÷»(oil agglomeration)f Cê" ²ª~ �� z�' Wî N

�¢ �Ï~º ©b� b-Cê Ò�Òö Vªj Î&�b�� ²>W

(hydrophobicity) Wîj &æº Cê «¶º B� w÷>� �>W

(hydrophilicity)j &ê ²ªf bö ¦FB ç�� �Ò~² � ê w

÷b" ²ªj ÚªÒ� ªÒ~º O»�
. Cê, Vª 5 ²ª~ bÒ

z�' ßW� �;ê² ²> 5 ²ª B�ö 'Ëj �~º�, Cê~

ßWb�º Cê~ ��ßW, CêÚ¦ö �Ò~º 7bî~ ;� 5

·, «¶~ �Vf ª� ��
. Vª~ ßWf ²>W(hydrophobicity)

j Ú¶ ;ê <º& ~º z�' ßW" Cê «¶ 5 ²ª"~ �z

Kj ¾æÚº &ê, 6ê 5 ��ËK �� ®�, �
 ßW� �ëæ

>f ç^ �&Wj <º
� ��B : ®
[3].

æ.ræ ��B Vªw÷»ö ~� Cê;B ��~ &¦ª� F�

êj &çb� ~&�, Z�êö &� ��Ö"º ��� 
;�
. Z

�ê" F�êf Cê~ êzê N�� �� �� &æ Cê~ bW(ª

êW, 6ÖW, FÿW, ÏBºÂ� �)� �¢æ² >æ� F�êö &
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� ��B Vªw÷ ßWj Z�êö ç7 'Ï~º ©f �� ^B6


� ®j ©b� 6�B
.

²ª" � �ï� ¸f Z�êj zKB*²öB ÒÏ~² >� "º

&VJ"bî� �Özb~ VÂï� ¸�, ÷ê¦~& Ã&>º ^B

6� B�~² B
. ��æ� ÎN'� Z�ê ÒÏj *�Bº �²

*ö ²ª" � Wªj B��b�� �²ÎNj Ëç�Ê�, �Özb

VÂïj &6� > ®b� �² ê VÂ>º ²Ò(ash)¢ �²z�b

�� ãBWj Ëç�Ò > ®
. V¢B � ��öBº ²ª" � �

ï� ¸f v «~~ Z�êö Vªw÷»j 'Ï~� Z�ê~ � ®

*z¢ *� V.¶ò¢ {�~�¶ ~&
. �¢ *� �ëæ>(Vª/

Cêj, v>³ê, tumbling �*, pH)ö V� �;ê² ²>N, ²ª 5

� B� ßWj ÚÚ�~
.

2. 
þË~ 5 O»

2-1. 
þË~

� 
þöB Z�ê7~ ²ªj B�~V *� ÒÏ� Vªw÷�;

~ êÛêº Fig. 1" ?
. Fig. 1" ?� Vªw÷�;f ¢;�V~

öêj ªê~V *� Û� " & ªêV(wet ball mill), Vªw÷ v>

Ë~, w÷b~ �V¢ �.~V *� tumble, �Ò� Cêw÷b" ²

ªj ªÒ~V *� screening Ë~� �W>Ú ®
.

Vªw÷ v>Ë~º v>�f v>V� �W>îb�, v>�º ç

ã 12 cm, ̧ � 20 cm� ö; j�Ú&b� B·>î
. v>� Z>w

'�(dead zone)j ì��, Vª" Cê«¶f~ j*b�j Û� 7/

{�j ¸�V *~� v>� Ú¦ö � 1 cm, ̂ � 17 cm� 4B~ O

�6(baffle)j J~~&
. v>Vº çã 2.5 cm� ªÆ�(impeller)¢

ÒÏ~&� tachometer¢ �Ï~� v>³ê¢ G;~&
.

2-2. 
þO»

öêj �� ªêVö ~� ªê ê ÒÏ~² >� �& 7ö �V7

~ Ö²ö ~� öê~ ��Öz& ¢ÚÆ > ®bæ�, ¢;�V~ ö

êj Vªw÷ *ö Û� " & ªêVö ~� 60 mesh �~� ªê�

ê öê" b~ j& 1 : 2� Ò�Ò tankö &Ë�
.

¢;� ·~ Ò�Ò¢ Vªw÷ v>Ë~ö �/� ê �ëö jº�

�ª~ b" Vªf ·f �V~ �'j ò
V *~� Ò* v>�ö

B 5,300 rpmb� v>>�B b�>Ú Vªw÷ v>Ë~ö �ÿB
.

Vªw÷ v>Ë~öBº öê" Vª� v>³êº*(1,500-3,000

rpm)öB v>>�B ²; w÷b� �WB
. Vªw÷ v>Ë~öB

²; w÷b� ;W>� tumble� �Úæ�, tumbleöB ²; w÷bf

� «¶� WË~² B
. TumbleöB w÷b� Ïª® WË~² >�

w÷b" jw÷b(²ª)� screeningö ~� £² ªÒ>�, ªÒB w

÷b" ²ªj 104oCöB 24�* ��~� ''~ Z²¢ G;~� �

ëªC" ö²ªCj >¯�
.

� ��öBº Vªw÷»ö 'Ëj �~º �ëæ>� Vª/Cêj,

v>³ê, tumbling �*, �Ò� pH¢ F;~&b� ' æ>f º*º

Table 1ö ¾æÚî
. �r pH¢ �.~V *�B 0.1N NaOHf 0.1 N

HNO3¢ ÒÏ~&
. 6� 
þö ÒÏB Cê~ �ëªC" ö²ªC

Ö"~¢ Table 2ö, &vÏ
~ bÒ' ßWf Table 3ö ¾æÚî
. C

ê~ �ëªCf ASTM D 3174 O»j ÒÏ~&�, ö²ªCf LECO

CHN-1000" LECO SC-132¢ ÒÏ~� G;~&
. 6� Cê Úö

º~~º 7.³f ICP(Inductively Coupled Plasma Spectrometer)¢ Ò

Ï~� G;~&
.

� 
þf &vÏ
¢ ÒÏ~� Û�b� 
þj ê¯~&V r^ö

�« >Nj G;~V *�Bº êê~ ���;� jº~
. V¢B

�ëªCj >¯~V * ��� �~� w÷b 5 jw÷bö º�~

º >ª 5 >Bª~ ¶
� .ç>V r^ö �« >Nf �;ê²ö

&� bî>æ¢ ªC~� w÷b~ �;ê² ²>N�� ¾æîb�,

�;ê² ²>Nf � (1)j �Ï~� êÖ~&
. 6� ²ª B�N, �

B�N 5 7.³ B�Nf � (2)-(4)¢ �Ï~� êÖ~&
.

�;ê² ²>N= Ü100(%) (1)
Fagg Xc agg,⋅
Fcoal Xc coal,⋅
-----------------------------

Fig. 1. Process of oil agglomeration.

Table 1. Operating parameters and ranges used 

Parameters Ranges

Oil/Coal mass ratio(w/w) 0.15, 0.17, 0.2, 0.22, 0.25
Agitation speed(rpm) 1500, 2000, 2500, 3000
Tumbling time(min) 5, 10, 20, 30, 40
pH(-) 3, 5, 10, 12

Table 2. Proximate and ultimate analysis of anthracite coal samples used

Dogye Jangsung 

Proximate(wt%)
Moisture 5.55 3.80
Volatile matter 6.25 4.42
Fixed carbon 56.13 60.54
Ash 32.52 31.24

Ultimate(dry basis, wt%)
C 59.91 62.33
H 1.15 0.59
N 0.35 0.46
S 0.75 0.85
O (by difference) 3.49 3.08
Ash 34.35 32.69

Table 3. Physical properties of bridging oil used 

Temperature(oC) Density(g/cc) Viscosity(mN.s/m2) Specific gravity Surface tension(N/m)

Pentane 25 0.214 0.225 0.633 0.0183
Heptane 25 00.6795 0.397 0.684 0.0221
Kerosene 20 3.200 000.79-0.83 0.0282
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²ª B�N= Ü100(%) (2)

� B�N= Ü100(%) (3)

7.³ B�N= Ü100(%) (4)

�VöB Fcoalf ²ª� v>�ö "«B öê(raw coal)~ îïj ¾æÚ

�, Faggº Vª w÷»ö ~� ¾ÒB w÷b(agglomerate)~ îïj

¾æÞ
. Xº îïªN��, ~Î¶� c, a, s 5 mf �;ê², ²

ª, � 5 7.³j ¾æÞ
.

3. Ö" 5 �V

3-1. �ëæ>ö V� �;ê² ²>N" ²ª 5 � B�N

3-1-1. Vª/Cêj~ 'Ë

� 
þöB êêê" ËWêö &vÏ
� '' Âê" �êj ÒÏ

~&j r �;ê² ²>N" ²ª B�N 5 � B�Nj Fig. 2ö ¾

æÚî
. 
þÖ" êêê" ËWêf Vª/Cêj& 0.2ö ê�� r

ræ Vª/Cêj& Ã&~� �;ê² ²>N� jò~² Ã&~º ©

b� ¾æÒ�, �r '' 94.79%f 92.57%~ �& �;ê² ²>Nj

�&
. ��¾ Vª/Cêj& ê³'b� Ã&~� �;ê² ²>Nf


² 6²~º *çj �&º� � Ö"º &v Ï
 ³ê& Ã&�>

� �;ê² ²>Nf Ã&~æò 
Ö ¸f Vª ³êöBº J®J

6²�
º Cebecif Eroglu~ ��[4]f Vª/Cêj& Ôf ãÖ V

ª ·f º�~º Î� Cê «¶ *� �O>Vöº ®Ïª~� � ²

>W Cê «¶öò w÷>Ú ôf ·~ jw÷B Cêf Ú¢ Û~�

�^¾&� 20 wt% n-�ê ³êöB �& �;ê² ²>Nj �&
º

Garcia �[5]~ �� ��f ¢~~º ©b� ¾æÒ
.

Vª/Cêj& Ã&�ö V¢ ËWê~ ãÖ ²ª B�N� Ã&~


& 6²~º ©b� ¾æÂ >� êêê~ ãÖöº ²ª B�N� Ã

&~
& 6²~&b�, 
� Ã&~º Ö"¢ áî
. Jin �[6]~ �

�Ö"öB êêê~ ãÖö Vª/Cêjö &� ²ªB�N~ 
þö

B FÒ� Ö"¢ áîb�, êêêj *�ãb� &V� ÒêöB, ²

ª~ «¶& ·b�B Cê" ®��'b� Ö�>Ú ®Ú, ¢&W�

ìº ©b� J«~&
. � B�N~ 
þöB ÒÏB Vª 5 Cê"

Z&~² � B�Nf 50% �Ú� ¢;~² ¾æÒ
. Garcia �[5]f

²ª B�N� � B�N" &7� &ê& ®æò �ç ?f ³ê~ �

B�¢ ~�~º ©f jî¢º ��¢ B�~&
. ²ª B�N" �

B�N� £*~ N�¢ ��º ©f Cê 7~ ²>W bîö &� &

vÏ
& F�'b� ÛJ(wetting)>V r^�¢� 6�B
. 

3-1-2. v>³ê~ 'Ë

Vª w÷
þöB blenderf ?f ²* Ë~¢ �³b� v>~º �

Fº ¾ b�>æ pº &vÏ
¢ b³b� Fz(emulsification)~�

&vÏ
& Cê 5 7b«¶f 7/~� ·f OÞ� >² ~º ©�


. Fig. 3f v>³êö &� 'Ëj ¾æÚî
. �r v>³êº �

(5)f ?f Reynolds >� ¾æâ > ®
[7].

(5)

� ��öB v>³ê 800 rpm �~öBº Vªw÷� B�~æ p

~b� 1,200 rpm�~öB v>Ú*�öº Vªw÷*ç� £~² ¾

æÒV r^ö v>³ê '�j 1,500 rpm �çb� F;~� 
þj

~&
.

Fig. 3ö ¾æÂ :f ?� ËWêö &vÏ
� �Ff �êj ÒÏ

~&j r �;ê² ²>Nf v>³êö &�B &Ú'b� 95% �

çb� ¢;~² ¾æÒ
. �Ò� v>³ê æzö &� ²ª B�N

f �ê" �F� ãÖ '' 69-75%f 67-75%, � B�Nf 40% Ú

�� ¢;~² ¾æÒ
. �f ?f Ö"º w÷b~ ²ª" � Wªö

&�B v>³ê Ã&º � 'Ëj <æ pº
º Gures �[2]~ ��

f ¢~~º ©b� ¾æÒ
. ��¾ v>³ê 3,000 rpmöBº �F

�
º �êj ÒÏ~&j r �
 ¸f � B�N� ¾æÒº� �©

f �ëç�, Cê~ ßW, Vª ç� 5 «~ö V¢ B�~º v>³

ê '� N� r^�¢� 6�B
. V¢B Vª~ bÒ' ßW� &ê,

��ËK, j7 N� �ö ~� B�~º w÷Kf v>³ê~ 'Ëj

AV r^ö Vª-Cê «~ö V¢ �' v>³ê& Ö;>Ú¢ � ©

b� �
.

3-1-3. Tumbling �*~ 'Ë

²; w÷b� �WB ê tumbler �ëf w÷b~ ;êf ªÒ ÎN

Fcoal Xa coal,⋅ Fagg Xa agg,⋅–

Fcoal Xa coal,⋅
--------------------------------------------------------------

Fcoal Xs coal,⋅ Fagg Xs agg,⋅–

Fcoal Xs coal,⋅
--------------------------------------------------------------

Fcoal Xm coal,⋅ Fagg Xm agg,⋅–

Fcoal Xm coal,⋅
----------------------------------------------------------------

NRe 10.754ND2ρ µ⁄=

Fig. 2. Effect of oil/coal mass ratio on carbon recovery and ash and sul-
fur rejection.

Fig. 3. Effect of agitation speed on carbon recovery and ash and sulfur
rejection.
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j Ëç�Ê� w÷b 7ö ��>Ú ®º ²ªj »Â� Úº VËj

&æ� w÷b~ ;�¢ �;b� WË�Êº �*�;�
. Tumbling

Ú*�*ö &� 
þÖ"¢ Fig. 4f 5ö ¾æÚî
. Fig. 4ö ¾æÞ

:f ?� tumbling �*ö &� �;ê² ²>Nf ê «" &vÏ


ö V¢ N�& ®rj r > ®
. ̄  Âê-êêê 
þöBº tumbling

�*� ^Úöö V¢ �;ê² ²>Nf 6ê'b� 6²~º ©b�

¾æÒæò, �ê-ËWê ãÖöº �;ê² ²>N� J®J Ã&~º

©b� ¾æÒ
. �Ò� �F-ËWê 
þöBº tumbling �* æz

ö V¢ �;ê² ²>Nf Fÿ'b� ¾æÒ
. 6, �F-ËWê� ã

Ööº tumbling �*� 10ª¢ rf 40ª¢ r �~ FÒ� �;ê²

²>Nj �&
. Tumbling �*ö &� ²ª B�Nf .> Ã&, 6

²*ç êöº Vª-Cê «~öº � 'Ëj Aæ pº ©b� ¾æÒ


. �f ?f Ö"º tumbling.>ö ²;w÷b~ �W��" tumbling

~ Ú*��ö V� WË��~ N�, w÷;ê~ N��, «¶
� «

¶f Ïò~� w÷B «¶& WË~�¾ �ê ê, tumbling��öB 


� ÒÖ�~º *ç� .Vö B�~V r^��, � ê~ tumbling�*

� Ã&~�ê w÷b~ WËöº 'Ëj Aæ pº ©b� 6�B
.

Ö"öB � B�Nê 40% Ú�� �~ ¢;� B�Nj �&
. ��

æ� Vªw÷»ö 'Ëj �~º tumbling �*f ²ª B�N 5 �

B�Nj �J� r, 10ª� &Ë ãB'��, �;ê² ²>Nj �J

� r, �ê-ËWê~ ãÖöò �*ö V¢ æ³'� Ã&¢ ���, 


� 
þ��öBº 10ª~ tumbling�*� &Ë ±f �;ê² ²>N

j �&
. ãBWj �J~� ' ê «" Vªö ~� WËB w÷b~

ªêf ÒÖ� B� �*j �«~� Ö;~º ©� jº~
.

3-1-4. pH~ 'Ë

*ç� pHæzº �Ú«¶~ ÛJßW, b" Vª~ ��ËK, Cê

«¶ ��ö ~*>º *V~ ßWö 'Ëj "�, *V' �7[j ;

W~� ®º Cê«¶~ ��ßWf pH& Ã&�ö V¢ � �7[j

;W~� ®º zeta potential� 6²~� «¶¢Ò~ >BK� �²&

>� w÷ßW 5 FêÎ"& Ã&>º ©b� ��>� ®
[2]. Fig. 6

f ËWêö &vÏ
� �Ff �êj ÒÏ~� pH æzö V� �;

ê² ²>N, ²ª B�N �Ò� � B�Nj ¾æÚî
. Fig. 6ö ¾

æÞ :f ?� pHæzö &� �;ê² ²>Nf �Ff �ê Îv

95% �ç~ ¸f �;ê² ²>Nj ��� ®
. >�ö ²ª B�N

" � B�Nf �Ff �ê� ãÖ pH 3" pH 12¢ r 
Ö ¸f B

�Nj �&b� pH& Ôf ãÖ�
º ¸j r z ¸f ²ª B�N

" � B�N� ¾æÒº� �©f pH 11öB �& ²ª &6f clay

ªÖ~ Ã&Î"f Ò�Ò pH& Ã&�ö V¢ ê�*ÿ(electrokinetic)

Î"ö ~� ²ª B�N� Ã&�
º ��[8]f ¢~~º ©b� ¾

æÒ
. 6� � B�Nf ²ª B�N" FÒ� ãËj ��� ®º�

�F-ËWê 
þÖ" pH 3öB � B�Nf 36%¢ �&
& pH& Ã

&~� � B�Nf 6²~º ©b� ¾æÒ
. ��¾ pH 12öBº �

B�N� 42%� �² ¸jr
. �Ò� �ê-ËWê 
þöBº � B

�N� 29% �Ú� �~ ¢;~² ��
& pH 12öB 50%~ ¸f

� B�Nj �&
. �f ?f Ö"º ¸f pHöB Cê «¶& Ïª

® ªÖ>Ú 7bî� Cêb�¦V ªÒ>Ú w÷b~ � �Fïf &

6B
º ��Ö"[9]f ¢~~&
. 

Fig. 4. Effect of tumbling time on carbon recovery and ash rejection.

Fig. 5. Effect of tumbling time on sulfur rejection.

Fig. 6. Effect of pH on carbon recovery and ash and sulfur rejection.
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3-2. 7.³ B�N

�²�;öB �W>Ú VÂ>º 7.³ z�bf �²� �ò 7ö

�F>Ú ®º 7.³ Wª~ >B, z�>w 5 w»";ö V¢ �ÿ

~² >�, *V ÷êV 6º �" ÷êV �" ?f V&Ê ¾Ò�J

öB ¢¦ �÷>æò V&Ê ¾Ò�JöB �÷>æ pf ¢¦ 7.

³ z�bf �* 5 "æ ~ãö ëWj &æ² B
. ��� 7.³

~ ôf ¦ªf ²ªö �F>Ú ®V r^ö Vªw÷j Û� ²ªj

B��b�� ç�� ¦ª~ 7.³j B�� > ®
� 6�B
.

Table 4º Vªw÷ *Áê~ w÷b" jw÷b7ö �FB 7.³

~ ³ê¢ ¾æÞ Ö"�B, Table 4ö ¾æÂ ©" ?� Pb, Hg, Ni,

Cr, Sn �~ 7.³bîf öê" w÷b, �Ò� jw÷böB ¦Â�

ê �~� ¾æÒ
. Be, Cd, Zn, Ba, Mg, Cu, Se �~ 7.³f jw

÷böB ¸² ¾æÒ�, w÷b7~ 7.³³ê& öêö j� Ôjö

b� �j öê 7ö 
Ú®º 7.³� Vªw÷»ö ~� ²ª� B

�F r ²ª³ö ��B 7.³� ÿ�ö B�>V r^ö ¾æÂ Ö

"¢� 6�>�, � 
þ��öB öê7ö �FB &¦ª~ 7.³�

&Û 40-70%;ê B�Nj {�� > ®î
.

�f ?� Vªw÷»ö ~� ²ª B�º ÿ�ö 7.³j B��

> ®
º Ë6j <� ®b¾ Cê7~ 7.³f 7bî ;�~ ²ª

7ö �F� © �öê organic matrixÚö ·f 7bW ÚÒb(mineral

inclusions)�¾ FVî z�b~ �� Úö Ö�B ç�� �Ò~V r

^ö ê «ö V¢ 7.³ �Ò ;�& �¢î > ®
. V¢B �ëæ

>ö V� 7.³ B�N~ ãËj ÚÚ�º ©f Ú[
� 6�>�,

Vªw÷»ö ~� âîò¢~ 7.³� B�>º&¢ ÚÚ�º� ~

�& ®
� �
.

4. Ö �

Cê~ � ®*z¢ Ï'b� ²ª �ï� ¸f Z�ê(ËWê, êê

ê)ö &vÏ
� Âê, �ê �Ò� �F¢ ÒÏ~� Vªw÷»ö ~

� Cê ;B 
þj >¯� Ö", � ��~ 
þº*(Vª/Cêj=

0.15-0.25, v>³ê=1,500-3,000 rpm, tumbling �*=5-40ª, pH=3-12)

öB 
r" ?f Ö�j áî
.

(1) �;ê² ²>Nf 92% �çj áj > ®î� ²ª B�N" �

B�Nê '' 50%f 40% �çb� ¾æÒb�, ß® ËWê� ãÖ

95% �ç~ �;ê² ²>Nj �� Vªw÷»ö ~� Z�ê~ �

®*z &ËWj {�� > ®î
.

(2) Vª/Cêj& Ã&�>� �;ê² ²>Nf Ã&~º ãËj �

&b� Vª/Cêj& 0.2¢ r �';ï�î
.

(3) v>³ê æzö V� �;ê² ²>N, ²ª B�N �Ò� � B

�Nö �~º 'Ëf �² ¾æ¾æ p~
.

(4) v> >w�öB Vªw÷ ê tumblingö ~� �WB w÷b�

WË, �ö �Ò� ÒÖ�� ¢Ú¾ �;ê² ²>N N�& B�~º

�, ãBW" ÎNWj �J� � tumbling Ú*�*f Âê-êêê"

�F-ËWêf 10ª �Ú& '�~� �ê-ËWê~ ãÖöº 20ª ;

ê& '�~&
.

(5) pH æzö &� �;ê² ²>Nf ¢;� >� pH 3" 12¢ r

²ª B�N" � B�Nf ¸~b� ß® pH 12öB~ Ú*� � ²

ªB�f � B�ö z× Î"'b� ·Ï~&
.

(6) Vªw÷»ö ~� Cê;B� ²ª ³ö �FB 7.³f jw

÷b ç�� B�>V r^ö w÷b~ 7.³ ³êº öêö j� Ô

² ¾æÒ
.

ÒÏV̂

D : impeller diameter [cm]

Fagg : amount of agglomerate formed [kg]

Fcoal : amount of raw coal input [kg]

N : impeller speed [rpm]

NRe : Reynolds number [-]

Xa : mass fraction of ash [-] 

Xc : mass fraction of fixed carbon [-]

Xs : mass fraction of sulfur [-]

Xm : mass fraction of heavy metal [-]

�Ò�Ê ^¶

ρ : fluid specific gravity [-] 

µ : fluid viscosity [cP]
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Table 4. Heavy metals analysis of agglomerate and reject(Oil/Jangsung
coal=0.2, agitation speed=2,000 rpm, tumbling time=10 min,
pH=12)

Element
Xm(mg/kg of sample) Metal removal

(%)Raw coal Agglomerate Reject

Pb Tr Tr Tr -
Hg Tr Tr Tr -
Be 3.1 1.8 7.1 5.7
Cd 1.7 Tr 6.9 -
Ni Tr Tr Tr -
Cr Tr Tr Tr -
Zn 103 39.4 295.4 71
Ba 103 58.3 235.9 57
Mg 830 339.5 2301 69
Cu 56 43.8 94 41
Se 48 18.3 135.4 71
Sn Tr Tr Tr -

*Tr: Trace


