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Abstract

Composite adsorbents were prepared by mixing water plant sludge with phenolic resin having the ratio of 1 : 1, 1 : 2,
and 1 : 3 respectively, curing from 100°C to 170°C under N2 atmosphere, and then activating with N2 at 700°C. Ther-
mal property, specific surface area and morphology of the composite adsorbents as well as their precursors were mea-
sured by TGA, BET and SEM respectively. Removal efficiency of the composite adsorbents to NH4

+ and TOC was
compared with those of commercial zeolite and activated carbon. The adsorbents presented very promising TOC
removal efficiency of 98%, which was identical level to that of commercial activated carbon while they displayed
removal efficiency, only 32%, of NH4+. Therefore, this composite adsorbent considered as the alternative material of
commercial activated carbon, used as an expensive removal agent of organic substances and THM in water treatment
plant and it also suggested a possibility of practical application in other processes.

Keywords :Composite Adsorbents, Water Plant Sludge, Activated Carbon, Total Organic Carbon, Phenolic Resin.

1. B �

;>ËöB B�>º öV>¾ ��çÒ�æº "� ;>¾

Ò �;~ �* 5 � ^¿ ";öB B��
. ;>ËÒ�æ

º ~>Ò�æfº �Ò F�b �Fï� �~ ì� "Ú�

ZVWªf Æî ª~ç 6Æö &rÚ Wçj &æ� ®
.

;>ËÒ�æº î> �;z ¾Ò¢ ~� 
ã 5 �ç RV

f ?f O»b� "* ~ã" N�~º O�j j�~� ®

b¾, ~ãJ"b� �'� Ò²' .�" '« »' B��

�z>º º^�ÚB �ö &� �Ök� �/® º�>� ®

º 
;�
. 

;>ËÒ�æö j� B�ï 5 J"ê& z× �� ~>Ò

�æ~ ¾Ò¢ *� Fê�öBº ¢3¦V ôf ��& ê¯

>� ®
. ß® �"öº ~>Ò�æ¢ Ò�Ï~V *� 


·� ��& ê¯>Ú zb� � &�'� *�CÞº ¢�

�JW ÆÏ ��¦ Jî ��
öB ~>Ò�æ ²'²¢ ê

� �>Ò� �þ ��� Ö" �J¶Ò�~ �Ï&ËWj «

Ã~&
. 6� ñ½ç=³� ��¦& ºëöò�B~ �Ï

&ËWj ï&~&º� Ò�æ~ ²W >»N" æzº*&


B z ôf ��& jº~
º Ö�j Ú^
. �ö >� ;

>ËÒ�æ~ Ò�Ï ����º �Ú�'b� �~ ��B

:& ìb� �" ��>¶ö�ÒöB Æ�, ºë, ³ëÒò�

�Ï~V *� .V��¢ �ê~&
[1]. �Ò� � ��&f

�V7öB �¾ÒB ;>ËÒ�æ ªö~ Ö>� 7.³ �

OËj �� ���b�B ;>ËÒ�æ~ �Ï&~¢ «Ã�

: ®
[2].

V¢B � ��öBº ;>ËÒ�æf �ª¶ê ¾¦>æ¢

b�~� &v �Wz ¾Ò»b� �^ V�� B�B �Wê

²ê ���OB¢ B��b�B ãBW" VËW� Ö>�

²Ò� Ò�Ï~�¶ ~&
[3-6]. ß® CFVê², zÎîj

W î² � �O ßW� ¦�B ���OB¢ BB~� '«

Öë 5 ~ãª¢öB �Ï>� ®º V�~ �Wê 5 BR

¢�Þ �OB¢ &Ú �b�B ;>ËÒ�æ ¾Ò^B �Ö

~ ³V'� *V¢ â�¶ ~&
.

'« FV bîö &� �OWË� Ö>� �Wêf �V;

z, >BW z�b 5 ÏB~ ²>, &V 5 >îJ" Oæ, k

�B� Ïê � 
Ö 
·� wÏWj {�~� ®
º 6ö

B � �Ë &~º �
� " > ®
[7, 8].

 

2. 
þO»

� ��öB f¦;>Ë(ãVê Î·"� f¦s ²Ò) Ò

�æ¢ �Ï~� ���OB¢ B�~� CFVê²(TOC,

Total Organic Carbon)f zÎîjW î²(NH4
+) �OWËj

çëÏ �Wê" jv~&
. Fig. 1f ���OB~ *Ú B

� �;ê�
. ;>ËÒ�æº ê¾Ò �;ö ~� FVb~

B�;ê& 
� v «~~ �ò¢ B�~� 
þö ÒÏ~&


. ̄  .V~ î>Ò�æ¢ ;Ê; *V &��ö I� 700oC

�V7öB 2�* ÿn �¾Ò�b�B FVb� B�B �ï

�ò(�~ �¾ÒÒ�æ(TS)¢ «�)¢ ÒÏ~&
. ê¾ÒB

Ò�æº ªê~� 150µm �~~ ªöj ª/ ¾Ò~� Ò

Ï~&
. Ò�æ ªöf �Wê²~ *�Ú� Phenolic Resin

(;ÎzW("), CB-8081)Ö�Bf Ethanol(Merk, 95%)j Table

Carbon
Science



Preparation of Composite Adsorbents by Activation of Water Plant Sludge and Phenolic Resin Mixtures 155

1~ jN� b��b�B W;Wj {�~&
. 

6W b�bf FÒ 7� *ö ��² ÚB 24�* ÿn ç

NöB ��� ê 1 × 1 × 0.4 cm3~ �V� ¶� ©j Tube;

*V &��ö IÚ î²ª*VöB 10oC/minb� ßN�B

100oC, 150oC, 170oCöB '' 20ªO &v ¾Ò~&
. �³

�B î²ª*VöB 10oC/min� 700oCræ ßN~� 2�*

ÿn �Wz~� ê²ê ���OB¢ B�~&
. �OßW

j �Ò� rº ���OB¢ ªê~� 150µm �~~ ªö

�V� ÒÏ~&
.

;>ËÒ�æ~ z�' Wª" 7.³ 5 FëW bî ÏÂ

�¦º Inductively Coupled Plasma(ICP, EA1110) spectrometry

¢ �Ï~� {�~&
. �ò~ �' n;W" Nêö V�

Z²æzº �7ïªCV(Thermal Gravimetric Analysis;

TGA2050, TA Instrument)¢ ÒÏ~� î² ª*VöB 1000
oCræ 10oC/minb� ßN�B G;~&
. �� ;çf *¶

*�ã(Scanning Electron Microscope, SA-40 Link)j ÒÏ~

� &V~&� V�ßWj jv~V *� BETG;V(ASAP

2400 V3)� ê�~öB 300oC� ��� �ò~ ��' 5 ï

� V��V¢ G;~&
. TOC �O
þf 300 ppm ³ê~

Humic acid(Aldrich, sodium salt)�& Ï�j B�~� ''

100 ml¢ �� 
r ���OB ªö�ò 3~7 gj Î&~�

çNöB 3�* ÿn 250 min−1� v>�B �Oj Fê~&


[9]. v> ê Membrane filter (0.45µm, ADVANTEC MFS,

Inc.)� �"�Î �� 7~ º~³ê¢ TOC Analyzer (DC-

180)� G;~&
. zÎîjW î² G;Ï �&Ï�f

NH4Cl(Orion, Ammonia Standard Solution 1000 ppm)j VV

~ �& G; &Ë~ 2.15 ppmb� �C~� ÒÏ~&b�,

100 mlö ���OB ªö�ò 2 gj Î&~� 6�*ræ v

>~� ¢; �*&ê� �"� Ï�j HARCHÒ~ G; Ë

~(DR/4000)f JÒ��£j �Ï~� º~³ê¢ G;~&


. 6� zÎîjW î² �O
þ Ï�~ pH(Orion 520A)

¢ G;~� pHö V� �O �ÿê &V~&
. 

3. Ö" 5 �V

Table 2º f¦;>ËÒ�æ~ WªªC Ö"�� ;�6ï

(Ignition loss)� £ 40%~ >ª 5 FVbîj ��~� ®b

� ZVWªf SiO2f Al2O3& "ºWªj ��� ®
[1, 10-

12]. ;>ËÒ�æ~ FVWªf ê.ö V¢ N�¢ ���,

ZVWªf ;>Ë F«> "æ~ Æ·Wªö V¢ SiO2f

Al2O3~ jN" Væ ZVWªö � N�& ®
� ��>î


[1]. Inductively Coupled Plasma spectrometry¢ �Ï~� 7

.³ 5 Fëb ÏÂ�¦¢ {�� Ö" Table 3" ?� ¦Â

� n>�¾ V&~ �~¢ ¾æêb�� 
ï~ Fë Wªj

��� ~>Ò�æö j� Ò�Ïç n*W� 
Ö ¸
� �

> ®
.

Fig. 2º �ò~ �' bWj ªC� Ö"�� ¾¦>æ~

ãÖ 700oCræ £ 40%~ Z²6²¢ ¾æÚîº� �º F

Vb~ �ª�ö ~� êz 5 �Wz& �B~² ¢Ú¾º

Nê '�ªj ~��
[7]. �ö V¢ � ��öBº V� �

Wzö ~� b�bö �OVËWj ¦��f b� B��;

~ ãBWj {�~V *~� �& �WzNê 700oCöB �

��OB¢ B�~&
. 6� Ò�æ¢ �V7öB 800oC �

ç �¾Ò~� �ò& Wïb� æz>�B �F~ �OßW

j ©ÚªÒº *ç� &G>î
. 700oCöB B�B ���

OB(�¾ÒÒ�æ(TS) :¾¦>æ=1 : 3)º 700oC �~ öò

jî¢ � �çöBê Z²6²& �~ ìrj ��"� ®
.

�V7öB >ªj ��� Ò�æº 700oCræº 35%~ Z

²6²¢ ��¾ �ê ��²B FVb~ êzö ~� £*~

îï6²¢ ¾æÚî
. >� �V7 700oCöB FVb� j

* �²B �ï �¾ÒÒ�æ(TS)º 200oCræ Ö�>& Î

v ÃB~� 5%~ Z²6²& ®îb¾ �ç~ NêöBº

Z²6²& �~ ¢Ú¾æ p~
. 

Fig. 1. Flow diagram of experiment.

Table 1. Mixing Ratios of Sludge & Phenolic Resin

 Constituent
Mixing Ratio

Phenolic
Resin Ethanol Sludge

P : TS=1 : 1 35.9 50 ml 35.9
P : TS=1 : 2 35.9 60 ml 71.8
P : TS=1 : 3 25 60 ml 75

P: Phenolic resin
TS: Treated Sludge at 700oC for 2 h in air

Table 2. Composition Analysis of Waboo Water Plant Sludges

Analysis
Content

Composition
(%)

Analysis
Content

Composition
(%)

Ig. Loss 40.7 MgO 0.49
SiO2 21.1 MnO 0.08
Al2O3 32.4 Na2O 0.25
CaO 0.61 P2O5 1.12
Fe2O3 2.24 TiO2 0.18
K2O 0.72 N 1.68
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Fig. 2. TGA curves of (a) phenolic resin, (b) dried sludge in
air, (c) treated sludge(TS) at 700oC for 2 h in Air and (d) acti-
vated composite sdsorbent prepared at 700oC in N2.

Fig. 3. SEM micrograph of (a) treated sludge at 700oC in air,
and composite adsorbents prepared at 700oC in N2 by mixing in
ratios of (b) P : TS=1 : 2, (c) P : TS=1 : 3.
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Table 4. BET Pore Characteristics of Composite Adsorbents

Sample Surface Area
(m2/g)

Pore Size
(Å)

P : TS=1 : 1 175 37.6
P : TS=1 : 2 151 46.9
P : TS=1 : 3 131 57.2

TS 158 93.3
Activated carbon 1010 23.1

Table 5. TOC Removal Efficiency of Composite Adsorbents

 Concentration 
Adsorbent

Adsorbent 
Weight(g)

Adsorption Removal
Ratio(%) (*mg/g)

P : TS=1 : 3 3
5
7

88.7 (*89.0× 10−4)
96.6 (*58.1× 10−4)
98.1 (*42.3× 10−4)

P : TS=1 : 2 7 97.8 (*42.0× 10−4)
P : TS=1 : 1 7 97.4 (*41.9× 10−4)

TS 7 97.0 (*41.7× 10−4)
Activated Carbon 7 98.0 (*42.0× 10−4)

*; mg of Humic acid/g of Adsorbent

Table 6. NH4
+ Adsorption of Composite Adsorbents Prepared

with P : TS=1 : 3 ratio

Adsorption 
Time (hour) pH

Analysis 
concentration

(ppm)

Removal Ratio (%) 
(*mg/g)

0 6.0 2.15 0 
3 8.2 1.56 27 (*3.0× 10−5)
4 8.2 1.47 32 (*3.4× 10−5)
6 7.8 1.57 27 (*2.9× 10−5)

*; mg of NH4
+ solution/g of adsorbent


