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Abstract 

Wine processing waste sludge (WPWS) has been shown to be an effective sorbent for sorption of 

nickel, lead and chromium, but the sorption for copper (Cu) in aqueous solution by WPWS have not 

been conducted. The objective of this study was to explore the sorption mechanism of WPWS for Cu. 

The futher characteristics of WPWS were also determined by optical microscopy, elemental analyzer 

(EA), energy-dispersive spectrometry (EDS) and infrared (IR) machines. From IR analysis of WPWS 

revealed that carboxyl was the major functional group (－COO
-
 and －COOM

+
). The sludge contained 

high organic matter (38%) and cation-exchange capacity (CEC, 625 cmolc kg
-1
). The WPWS sorption 

isotherms of Cu are only well described by the Langmuir sorption isotherm. A pseudo-second-order 

sorption kinetic model describes successfully the kinetics of sorption of Cu onto WPWS at different 

operation parameters (i.e., temperature, initial Ni concentration, and particle size).  

Under the steady-state reaction conditions, the Gibb free energy (∆G
o
) ranges from –20.69 

to –24.29 kJ mol
-1
, and the ∆H

o 
and ∆S

o
 are 5.048 kJ mol

-1
 and 91.05 J mol

-1
 K

-1
, respectively, 

indicating that higher temperature favors spontaneous reaction for Cu sorption by WPWS. According 

to the thermodynamic sorption parameters under steady-state conditions, this sorption is a spontaneous 

and endothermic reaction. The intraparticle diffusion coefficients of Cu sorption increase with increase 

in temperature, Cu concentration and particle size of WPWS. The bulk diffusion of Cu
2+
 onto WPWS 

was observed when the sorption was conducted in 0-3 minutes and the intraparticle diffusion 6-15 

minutes. After 20 minutes until the experiments ending, mass transfer of Cu to WPWS was slow down 

markedly near in equilibrium. 

Key words：：：：copper, sludge, sorption, intraparticle diffusion, physical separation 
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f
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������������ྼ ᜕˙ྼج᜕˙ྼج᜕˙ྼج᜕˙ج

������������������������ഃіڝഃіڝഃіڝഃіྼڝ᜕ྼ᜕ྼ᜕ྼ᜕

՟���H৻ࠠৢᅀϮإ	ࢰ���ä���NFTI
dʱй̋Ї���NMʔΝዢ

᙮๓૰ʕfQ)���ზ๓૰j��e��e��e��e���e���e���e���NH-��fږٙܓ

ˀᏐܓʱйމ��e��e��e��ձ��Ċfл͜���.)/0�א���./B0)

ሜږ᙮๓૰ʘQ)d˸���SQNࣈᐗˀᏐ�ʃࣛܝd˸����ǄN.JMMJQPSF

˸fΌᅵۜѩܓ᙮ዢږɿіϗΈᗅᄃʱؓᓩ૰ʘྼ᜕ࡡཀᓩኜཀᓩdԴ࢛͜ء

ɧࠠልஈଣf

������������������������ਗɢਗɢਗɢਗɢኪኪኪኪྼ᜕ྼ᜕ྼ᜕ྼ᜕

ʔΝܓj���H৻ࠠϮإ����ä���NFTI�̋ɝ���NMზ๓૰�Q)���e���

NH-���dˀᏐމܓ��e��e��Ċf

ʔΝዢܓj���HϮإ����ä���NFTI�̋ɝʘ���NMზ๓૰�Q)���d��e

��e���e���e���NH-���dˀᏐމܓ��Ċf

ʔΝࢰj���HϮإ���ä���e���ä���e���ä���e×���NFTI�̋ɝ���

NMზ๓૰�Q)���e���NH-���dˀᏐމܓ��Ċf

ɪږࠑ᙮Ϯإ๓૰���SQNࣈᐗˀᏐdί���e�e�e�e��e��e��e

��e��e��e��e��e��e���ɦ ᙒі՟ቇඎᘔओ૰dԘ˸����ǄNཀᓩ

ኜཀᓩdΎ͜ࡡɿіϗΈᗅᄃਈᓩ૰ٙږ᙮ዢܓf

ɧɧɧɧ eeee ഐ ؈ ၾ ী ሞഐ ؈ ၾ ী ሞഐ ؈ ၾ ী ሞഐ ؈ ၾ ী ሞ 

������������ৢ ᅀϮإʘतᅄৢᅀϮإʘतᅄৢᅀϮإʘतᅄৢᅀϮإʘतᅄ

������������������������Ϯٙإᐼଡ଼ϓϮٙإᐼଡ଼ϓϮٙإᐼଡ଼ϓϮٙإᐼଡ଼ϓ

   ͟ ሯўඎdଣيձϞዚ࠽ሯe৷ٙ$&$აٙࢮяତإ�ᜑͪdৢᅀϮڌ

ሞɪኹϞᕼɽٙіڝЗѧdϾ᚛eٞeඑeᐟeಢ݊ўඎ༰ᔮٙʩ९f৷ўඎٙ

d̙Դٞ͜ᘷɺࣛإ�i˸Ꮐᓩό୭˥ዚዢᐵϮߵͩމԸІٞᘷɺ�˴ϓʱۆٞ
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ίᓩ̺ʘɪdԣ˟ᓩ̺ϮإҞڜ෦dΪϤˇඎٙٞᘷɺ૿کɝ୭˥ٙϮإ

ʕf͟Έኪᜑฆᗝٙᝈ࿀���9�ᜑͪ�ྡ��dϮྠإٙɽʃϞᜑٙࢨ

൷d˲ϮྠإԨڢҁΌ͟Ϟዚଡ଼ϓ̍ᔧೌዚଡ଼ϓהϓdɰೌجᆽʱ፫О٫

᙮Ϟዚଡ଼ϓd݊א᙮ೌዚଡ଼ϓf͟ϮإՈ৷Ϟዚሯўඎd̙ঐ࿁Չೌዚଡ଼

ϓٙіϗࢤிϓʍᓔאቈᇱࣖᏐdШˢ༰̘ϞዚሯϮإձ͊ОஈଣٙࡡϮ


�ྡ	ମࢨᜑٙdɚ٫ٙ93%ΈᗅԨೌإdৢͪڌᅀϮإৰͩ �������ONߵ

˸̮dԨೌОഐ౺ᘤيf


�ྡ	ᇞΈᗅ̮ߎ͟ᜑͪd����DN��ٙڐڝ੶іϗ݊͟Ñ$00�ʕ$Ø

0ᒟ	$BSCPOZM
ʘФᐵ༶ਗהிϓfϮإ���P$ٙ ஈଣd����DN��ٙ іϗ

ԱᔚᜑdШ���P$ஈଣکܝᜑಯࢮd߰���P$ஈଣdۆіϗ੭ҁΌऊ

̰fவᜑͪৢᅀϮٙإ┖ਿί���P$˸ɪکҞ༆f͟����ä����DN��ڐڝ

ԨӚϞ੶ٙіϗdΪϤપ┖ਿ˴ࠅ˸Ñ$00�ʿÑ$00.�ٙ Җ࿒πίfÑ

$00)Җ࿒٫ᅰඎ༰ˇ�(BSEFB�5PSSFTEFZ�����i.̙ ঐމ,e/Be$Be

.He.Oe'Fe"Mഃʩ९fΪϤႩމ┖ਿ݊ৢᅀϮإձཀನږ᙮ᕎɿආБৣ

Зʿପ͛ʹʝЪٙ͜˴ࠅఙהfՉіڝዚՓ̙މͪڌ

++− −−⇔+− TT MCOORMCOOR
2

                             
(4) 

+++
+−−⇔+− HMCOORMCOOHR TT

2
                       

(5) 

+++
+−⇔+− ITTI MCOOMRMCOOMR

2
                            (6) 

    ί ����DN��ஈ̤ٙɓ੶ٙіϗd ���P$ஈଣܝϤіϗ੭کऊ̰dڋӉપ

݊͟ BMLZMʘ $Ñ)Фᐵ༶ਗהପ͛ٙіϗ�(IPSFJTIJBOE)BHIJHIJ�����d

Ϥۍجίيଣʱᕎஈଣܝપᔕf����ä����DN��ٙ੶іϗ੭d܃Ї

���P$ ஈଣܝʥၪܵՉ੶ܓdк݊ٞ͟ᘷɺʕͩٙߵ 4JÑ0ࣈਗ�8IJUFBOE

3PUI�����্הᘠiϾί ����DNٙڐڝ��іϗɰ̙ঐၾฆ͛يߤኣɪٙ

ɕሯe͠ಠ९אஐͣሯʕ$Ñ/ʘФᐵ༶ਗϞᗫdίϤϞ̙ঐ੶ɽٙ 4JÑ

0 іϗ੭הቈᇱdଭৢᅀϮإಢўඎߒ����fί����DN��	˾߽ڌᐑɪ $

Ñ$ٙ Фᐵ༶ਗ
	(FSBTJNPXJD[BOE#ZMFS����
ᜑٙіϗdᜑͪԨӚϞڐڝ
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Ϯٙૄ࠰ٹإഐ༰ˇ	3FWFJMMFFUBM�����
f

������������������������ϮيٙإଣʱᕎϮيٙإଣʱᕎϮيٙإଣʱᕎϮيٙإଣʱᕎ

يଣʱᕎஈଣdৢᅀϮإසঐʱᕎ̈'SFFPSHBOJDNBUUFS ձ

0SHBOPNJOFSBM Շ΅dவא݊Ϯ͉إԒٙሯ݊کνϤd˸൴ࠪٙتЪૢ

ೌجਗ਼ *OUSB�BHHSFHBUF ΅ྠʕʱᕎ̈Ըdଭ 4PIJ ʱᕎ݊০ଣيٙ

࿁͞ගɺᘎהணٙࠇf

͟ྡ �̙ ٝ 'SFF0SHBOJDNBUUFS ձ 0SHBOPNJOFSBM ٙΈᗅԨೌᜑࢨ

ମdவᜑͪৢᅀϮإϞዚձೌዚଡ଼ϓᒈΣѩʴٙʱбdуԴ݊ྠ༰੶ձྠ༰

จٙ݊����DN��ٙ੶іϗ੭d್ء࠽ʔəεˇfࢨ΅dՉଡ଼ϓ̙ঐٙࢮ

ίيଣʱᕎܝ˷ऊ̰ݫးdࡡપவ݊Ϟዚሯʘ BMLZMٙ $Ñ)Фᐵ༶

ਗdΪމϤіϗ੭ί ���Ċٙஈଣکܝऊ̰dϾ $Ñ)ᒟഐᓥᗳމዷደʱ

༆ٙϞዚሯϓ΅i̙݊يଣʱᕎʕԨ͊Ϟ̋ᆠஈଣdۍϞԴ͜ɽඎ̘ᕎɿ˥ݹ

દຢʷඒٙཀfͦۃપ ����DN��ٙ੶іϗ੭̙ঐ݊͟Ϯהإўٙაה

ிϓdϤي˥̘ࣛݹdϤіϗکऊ̰iა࣬ί ����DNڐڝ��Ϟ੶ٙіϗ

�:BOHFUBM������f

������������ഃഃഃഃіڝіڝіڝіڝӺӺӺӺ

͟ྡ�ձڌ�ᜑ dͪϮإіڝზٙБމ༰ୌΥ-BOHNVJSഃіڝᅼό	S�

������ä�����
f͟ڌ�̙ ٝd,-ձ2Nᎇٙܓɪʺᄣ̋Ͼᄣ̋dᜑͪৢᅀ

Ϯإί৷ࣛ࿁ზٙіڝඎϞᄣ̋ٙᒈැd˲ί��Ċࣛ Չ௰ɽіڝඎ̙༺

�����NHH��f̤ɓ˙ࠦdৢᅀϮإіڝზ༰ʔୌΥ'SFVOEMJDIіڝᅼό�S��

�����ä������f

ᆠɢኪᅰኽΐڌ�fƤ(ĘᎇܓɪʺϾϞᄣ̋ٙᒈැ�������ä������

L+NPM���dƤ(Ęࣛ࠽ࠋމdৢͪڌᅀϮإ࿁ზٙіމڝІ೯ˀᏐf߰˸

Ƥ(Ęᅰٙ࠽ɽʃкᓙ�+BZDPLBOE1BSGJUU�����dზձৢᅀϮإගٙʹʝЪ

͜᙮༰੶ٙيଣіڝfவࡈഐ؈ၾݺʷঐࠇၑΝdƤ)ĘձƤ4Ęɦ й
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�����L+NPM��ձ�����L+NPM��iƤ)Ę×�ࣛމ іᆠމზڝіإᅀϮৢͪڌ

ˀᏐdƤ4Ę×�ࣛ ࿁إfΪϤৢᅀϮܓ৷ٙහΣڝ࿁ზٙіإᅀϮৢͪڌ

ზٙіڝ᙮І೯ˀᏐ˲৷ࣛϞлზٙіڝf

������������іڝіڝіڝіڝਗɢኪਗɢኪਗɢኪਗɢኪӺӺӺӺ

������������������������ܓܓܓٙܓᅂᚤٙᅂᚤٙᅂᚤٙᅂᚤ

    ͟ྡ�BᜑͪdৢᅀϮإіڝზٙඎᎇٙܓɪʺϾᄣ̋dவ݊іᆠˀᏐٙ

तᅄfʔΝܓஈଣʕdɚචᅼόˢɓචϞ༰৷ٙᗫڌ���d��e

��e��Ċૢɨٙଟ੬ᅰʱйމ�����e�����e�����HNH��NJO��f͟

"SSIFOJVṪ όࠇၑϮإіڝზٙݺʷঐ&Bމߒ�����L+NPM��f࣬ኽ

4QBSLT������ٙႭجdৢᅀϮإ࿁ზٙіڝ᙮يଣіڝfϾіڝˀᏐݺ

ʷঐʃ٫d˾࢙ڌіڝd͉Ӻʕ ��Ċהცٙݺʷঐ௰ʃf

��e��e��Ċஈଣ̙ٙ๓ᐼϞዚ၁ʱйމ����e����e����NH-��dᜑ

ͪܓɪʺࣛd˥ʕϮٙإഐ̙ঐᎇഹ๓̈ٙيᄣ̋Ͼ೯͛һɽٙᜊʷdˈ

Չ˸ �� ձ ��Ċʘගٙ๓̈ඎࢨ൷༰ɽf๓̈ٙϞዚ၁̙ᄣ̋ࠠږ᙮፹Υٙዚ

ึdϮإϞዚሯٙிɰ̙ঐΪމ৷ٙᅂᚤϾᜊމጱᕦdіڝЗѧٙᐼᅰΪ

Ͼᄣ̋f

������������������������ዢܓዢܓዢܓዢٙܓᅂᚤٙᅂᚤٙᅂᚤٙᅂᚤ

͟ ྡ�B̙ ٝdዢܓஈଣίˀᏐ �ʃࣛܝ๓૰ʕಞπზٙඎʱйމ����

Ĉ����NH-���e����Ĉ����NH-���e����Ĉ����NH-���e���Ĉ���NH

-���e���Ĉ���NH-���fೌሞί৷אЭٙዢܓɨdৢᅀϮإ࿁ზேϞԳ

ٙіڝৰଟiˈՉ݊Эዢ٫ܓdν ��NH-��ஈଣ̘ৰଟ৷༺ ��ĈdϾ˲ίˀ

Ꮠٙܝ �� ʱᙒࣛఱᒈڐ௰ɽіڝඎi৷ዢ٫ܓ����NH-���̘ৰଟɰ̙༺ ��

ĈdߒίˀᏐ��ɦ ᙒܝᒈڐ௰ɽіڝඎf݂ዢܓʃ ���NH-��ʘზᄻ૰ஈ

ଣ̙ࣖ؈༺��Ĉf

הϞٙዢܓஈଣߒί��ɦ ᙒ̙ࣛ༺Ցі̻ڝፅdϾהٙᅰኽ༰ୌΥɚ
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චᅼό�ྡ �C�dՉіڝଟ੬ᅰL�ɦ йމ��������NH-���e��������

NH-���e���������NH-���e���������NH-���e���������NH-���HNH��

NJOڌ�����f

������������������������ࢰࢰࢰٙࢰᅂᚤٙᅂᚤٙᅂᚤٙᅂᚤ

ྡ�BᜑͪზٙіڝၾʔΝࢰϮإʘᗫڷfίΝٙϮ݄͜إඎdԴ͜

ඎfίˀڝ᙮ٙіږЗѧd̙ᄣ̋ࠠڝጐձіࠦڌኹϞ༰εˢڌ˾إ༰ʃٙϮࢰ

Ꮠٙۃ �� ʱᙒd̬٫ගٙіڝଟࢨମ༰ɽdˈՉ˸ ��ä���NFTI ٫௰މ

ᜑdШί �� ʱᙒܝd̬٫іڝଟɪٙࢨମۍနಯʃdપ݊Ϯྠإᄌ

डٙࣈᐗdန͙༆˸̻ߧѩࢰගٙࢨ൷ᐵʃߧהdˈՉ݊ ���ä���NFTI

ձ ���ä���NFTI ɚ٫ٙіڝϜᇞʹ˷ʹᛌίɓৎd˾ڌɚ٫ٙྠሯ

ટڐf݂Ϯإஈଣᄻ˥ܔᙄԴ͜ ���ä���NFTI Ϟٙהf؈λٙࣖܘՑ༻̙ک

ྼࢰ᜕ί��ɦ ᙒʫ̙کᒈڐˀᏐ̻ፅdਗ਼ᅰኽ੭ɝɚච˙ό̙ܝ༰৷

�S�	ᗫٙ�����ä�����
dϾɓචਗɢᅼόၾზٙіڝᗫ༰ࢨ	S��

�����ä�����
fɚචіڝ˙όʘࠇၑdზ๓૰ձࢰ��ä���e���ä

���e���ä���e×���NFTIʘϮإˀᏐܝdՉіڝ੬ᅰL�ɦ йމ�����e

�����e�����e�����HNH��NJOڌ�����f

࣬ኽɪΐᅰኽdшɛ̙ணࠇɧࡈஹஷٙˀᏐᅻdணϞ����ʮʺ���NH-��

ٙўზᄻ˥d̥ࠅӊࡈᅻ݄͜ߒ��LHٙ ৢᅀϮإ	���ä���NFTI
dୋɓ

ᅻί��ɦ ᙒܝზዢܓПࠇ௵ɨ��NH-��dΎਗ਼Ϥዢܓᄻ˥ˏආୋɚᅻdПࠇ

��ɦ ᙒܝზዢܓ௵ʔՑ���NH-��dϤᄻ˥߰Ύୋɧᅻஈଣd̙Ԙਗ਼ზў

ඎࠥՑᄻ˥ર׳ᅺf

������������ზʘზʘზʘზʘᒶʫᓒᒶʫᓒᒶʫᓒᒶʫᓒ

ίʔΝܓeዢܓʿϮإࢰɨd͟ Rࣛͪڌ�ගίU ࣛٙіڝඎ�࿁U���Ъ

ྡʘഐ؈ʱйԈྡ��Be��Cձ ��Dd̙೯ତʫᓒ೯͛ٙਜݬϞ༰εٙ

ᜊʷdᓒڷᅰ LJEᎇܓeዢܓeٙࢰᄣ̋Ͼᄣɽfஈଣٙᒶʫᓒ
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ЦᎴැdɧʱᙒකٙܝɿʫٙᓒdѩίˀᏐإ�fზᕎɿίϮڌᅰ༉Ԉڷ

ШЭܵה٫ᚃٙࣛග༰ڗd৷ஈଣۆ٫༰Ҟආɝ�̻ᖢਜݬ�fሯඎෂʿ

ᓒЪ͜ѩᎇٙܓɪʺϾ̋ҞdΪϤ LJEԱҏމ ��Ċ������NHH��NJO�����×

��Ċ������NHH��NJO�����×��Ċ������NHH��NJO�����f௰৷����NH-���

ձ௰Эዢܓ���NH-���ஈଣٙᓒϜᇞ̮ۨࢨମხɽdШɰᝈ࿀Ց ��e���e

���NH-��ɧ٫ί̮ۨɪяତཀನٙᜊʷdᜑͪ๓ሯٙᄣ̙̋နҷᜊᓒٙ

Бආ˙όf��NH-��٫ʫᓒٙ೯͛ʔᜑd˴݊ࠅϮࠦڌإϞ̂ԑٙі

ঐආɝྠˆქʫᓒٙܝʔεٙ๓ሯd̴ঃ။͉ࡡіးکЗѧίࣛගʫڝ

๓ሯɰ࿁ˇfՉቱ̬٫ʘʫᓒޫί �ä�� ʱᙒගЦᎴැd�� ʱᙒکܝ

ආɝ�̻ᖢਜݬ�fɽඎٙ๓ሯ̙ᚨഄ༰੶ٙʫᓒdΪϤ LJEԱҏމ ���NH

-��������NHH��NJO�����×���NH-��������NHH��NJO�����×���NH-��������

NHH��NJO�����×��NH-��������NHH��NJO�����×��NH-��������NHH��

NJO�����f͟ྡ��D ᜑͪd��ä���NFTIձ×���NFTIϮٙإᓒϜᇞϞ

ᜑٙࢨମd×���NFTI ϮإίˀᏐٙୋ �ä�ʱᙒࣛdϜᇞ̈ତəڐ �� ᔷٙܓ

ұdᜑͪՉᓒЪ͜೯͛ᄌडᜊʷfၾՉ˼ࢰϮإˢ༰d×���NFTIϮإΪ

Ϟ௰ɽٙˢࠦڌጐdίܘٙࣛගʫکіڝɽ΅ٙზᕎɿdԴᐼᓒί �

ʱᙒܝҞಯࢮd๓ሯಯˇܝஹ੭ԴʫᓒЪ͜ಯࢮdɦΪ௰ʃɿהўٙޫ

݊ʃˆქd݂ Չ LJE࠽ɰ௰Эස �����NHH��NJO����f���ä���ձ���ä���NFTI

ɚ٫ٙϜᇞʔසᇞۨЧϾ˲΅ࠠᛌd˾ٙࡁ̴ڌіڝБމ௰ڐdՉ LJEʱ

йމ����� ձ �����NHH��NJO����f͟ ��ä���NFTIϮྠإʫϞ༰εɽˆ

ქdίˀᏐකٙୋ �ä�� ʱᙒගᒶʫᓒ༰ЦᎴැdܵᚃٙࣛගɰ௰ڗd

LJEה݊࠽Ϟࢰʕ௰ɽٙ༺ �����NHH��NJO����fࢰ൳ʃ٫൳ҞՑ༺�̻ᖢਜ

�fݬ
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̬̬̬̬ eeee ഐ ሞഐ ሞഐ ሞഐ ሞ 

   ͉ ձࣖूfৢ؈ࣖڝ࿁˥ʕზٙৰdՈϞԄλٙіإӺᗇྼৢᅀϮ

ᅀϮإўᔮబٙϞዚሯdϾ┖ਿ݊іږࠠڝ᙮௰˴ٙࠅіڝЗѧdϾᕎɿʹ౬݊

Ϯإіڝජᕎɿࠠږ᙮௰ࠠٙࠅ˙όfϮ݊إϞዚሯၾೌዚϓʱ˸ѩʴ૿ϓٙ˙

όϓϮྠإf

ৢ ᅀϮإ࿁ზٙіڝୌΥ-BOHNVJSᅼόdމІ೯ˀᏐ˲৷ࣛϞлზ

ٙіڝԨၾɚචਗɢᅼόϞ༰৷ٙᗫdՉіڝଟᎇٙܓɪʺϾᄣ̋d

eϮܓ᙮ዢږeܓᎇۆࠦ˙ᄣ̋Ͼಯˇiᒶʫᓒٙࢰձܓ᙮ዢږᎇۍ

ᄣ̋Ͼᄣ੶fٙࢰإ

Դ͜ৢᅀϮإৰ˥ʕࠠږ᙮ٙᎴᓃܼ̍j���Ϯإ՟ϓ͉ЭdՈ

ࣖूi���Ъ࢙d̥ࠅཀࠬ৻eጋຟeཀጜఱ̙˸Դ͜fਂމɽۨϮ

˥ஈଣᅀٙႾпஈଣఊʩdಯˇ൮ᖹۜٙԴ͜dΎ࣬ኽᅰኪᅼόԸཫږ᙮ٙ

ৰଟʿਗ࿒ᜊʷdஈଣᄻ˥ɪԶ̤ɓධอ˙جd˲ቇ͜ɽۨϮ˥ஈଣ

ᅀdΝഃ͵̙༶͜ίʃۨᐄ༶ఙהʘᔊఊʩஈଣɪfϾՉॹᓃۆΪৢᅀϮ˥ஈ

ଣɪʘᜊମd̙ ঐึிϓʔΝҭϮإଣʷሯɪٙࢨମfྼ ყᏐ d͜Ϯإʘ՟d

̙Ꮄ፯ሯᖢ֛˲ପඎᔮబٙᅀਜ
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�ৢڌ ᅀϮٙإʷኪଡ଼ϓၾሯ

pH 6.2±0.2  

CEC (cmolc kg
-1
) 625±9.2  

Organic matter content (%) 38.2±1.8  

N (cmol kg
-1
) 1.6%  

K (cmol kg
-1
) 0.6%  

Ca (cmol kg
-1
) 5.9%  

Mg (cmol kg
-1
) 0.6%  

Fe (cmol kg
-1
) 17%  

Al (cmol kg
-1
) 1.7%  

Mn (cmol kg
-1
) 0.06%  

P (cmol kg
-1
) 4.6%  

S (cmol kg
-1
) 3.0%  

Si (cmol kg
-1
) 5.2%  
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�ৢڌ ᅀϮإіڝზʘ -BOHNVJSձ'SFVOEMJDIഃіڝ੬ᅰၾᗫڷᅰ

Temp  Langmuir    Freundlich 

(℃) Qm KL r
2
  KF n r

2
 

10 10.46 0.104 0.996  1.124 1.77 0.945 

20 11.59 0.113 0.999  1.085 1.24 0.915 

30 12.65 0.123 0.998  1.146 1.16 0.901 

40 13.53 0.132 0.999  1.222 1.23 0.923 

50 14.26 0.134 0.999  1.254 1.22 0.913 

 

 

�ৢڌ ᅀϮإіڝზʘ-BOHNVJS੬ᅰ	2NBOE,-
eᗫڷᅰ	S�
ձᆠɢኪ
੬ᅰ

Temp 

(℃) 

Qm 

 (mg g
-1
) 

KL 

(L mol
-1
) 

KL 

(L mg
-1
) 

r
2
 

ΔG° 
(kJ mol

-1
) 

ΔH° 
(kJ mol

-1
) 

ΔS° 
(J mol

-1
K
-1
) 

10 10.46 6,601 0.104 0.996 -20.69   

20 11.59 7,172 0.113 0.999 -21.63   

30 12.65 7,789 0.123 0.998 -22.57 5.048 91.05 

40 13.53 8,386 0.132 0.999 -23.51   

50 14.26 8,491 0.134 0.999 -24.29   



ڌ �ίʔΝܓeዢܓձϮإࢰஈଣɨd͟ɓචʿɚචᅼόהӋٙৢᅀ
ϮإіڝზٙˀᏐଟ੬ᅰ	L�
eᗫڷᅰ	S�
ʿݺʷঐ

 r
2
  Rate Constants Activated Energy 

Treatments 
 1

st
 order 2

nd
 order  k2 (g mg

-1
 min

-1
) Ea (kJ mole

-1
) 

 10℃ 0.962 0.999  0.032   

Temperature 30℃ 0.951 0.999  0.068 6.961 

 50℃ 0.947 0.999  0.072   

 40 mg L
-1
 0.643 1.000  0.594  

Concentration 70 mg L
-1
 0.831 0.999  0.121  

 100 mg L
-1
 0.887 0.999  0.069  

 130 mg L
-1
 0.908 0.999  0.056  

 160 mg L
-1
 0.938 0.999  0.043  

 50-100 mesh 0.890 0.998  0.034   

Particle size 100-140 mesh 0.951 0.999  0.069   

 140-200 mesh 0.896 0.999  0.070   

 > 200 mesh 0.819 0.999  0.074   

 

 

 

 

 

 



ͭ֝ᚆɽኪʈኪ̊ͭ֝ᚆɽኪʈኪ̊ͭ֝ᚆɽኪʈኪ̊ͭ֝ᚆɽኪʈኪ̊ୋʞಂୋʞಂୋʞಂୋʞಂ, 75-98 ࠫࠫࠫࠫ, 2009ϋϋϋϋ 3 ˜̃̃̃
Bulletin of College of Engineering, National Ilan University, NO. 5, P. 75-98, Mar.. 2009 

 

91 

 

�ৢڌ ᅀϮإίʔΝܓeዢܓʿϮإࢰɨdၾზіהڝʘʫᓒଟ
ᅰڷ

 

                                250 mL 聚碳酸酯離心瓶 

 

 

 
                                            手搖 30 秒  

                                            離心 8000 × g , 30 分鐘 

 

 

 

 

                                              碘化鈉 

                                              破壞穩定團粒 

                                               （超音波 15 分鐘以上，1500 J g-1） 

                                                 離心 8000 × g , 30 分鐘 

 

 

 

 

                                                                               碘化鈉 

 



ྡ �ɺᘎϞዚሯيଣʱᕎЪݴྡ�4PIJFUBM������

            

Temp 

(℃) 

kid 

(mg g
-1
 min

-0.5
) 

Conc. 

(mg L
-1
) 

kid 

(mg g
-1
 min

-0.5
) 

Particle size 

(mesh) 

kid 

(mg g
-1
 min

-0.5
) 

10 0.648 40 0.276 50～100 1.384 

30 1.007 70 0.707 100～140 1.007 

50 1.139 100 1.007 140～200 0.927 

  130 1.048 ＞200 0.345 

  160 1.768   

15 g 風乾土壤 

固液加速分離 

離析 INTRAINTRAINTRAINTRA----AGGRGATEAGGRGATEAGGRGATEAGGRGATE    

90 mL 碘化鈉（1.80 g cm-3） 

離析 FREE FREE FREE FREE organic matterorganic matterorganic matterorganic matter 

固液加速分離 

ORGANOMINERALORGANOMINERALORGANOMINERALORGANOMINERAL    
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ྡ�ΈኪᜑฆᗝɨৢᅀϮ̮ٙإᝈ	��Ò


           . 
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去有機質之污泥

0.426

0.334

   

ྡ�ৢ ᅀϮ9ٙإΈᔎྡ࢛ᗅ	���ä���NFTI
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ྡ �ৢࡡᅀϮإ˸ʿيଣʱᕎܝϮٙإ *3Έᗅ
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