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Abstract

The egg production is guite considerablein. Taiwan. The disposal
methods of discarded eggshell are mostly buried without treatment, and
small parts are utilized as-animalfeed additives by.grinding and drying, so
that the by-product of eggshell is'valueless fromindustrial perspective. The
opportunity of eggshell by-product was due to lots ‘of waste water in
pollution of environment from semiconductors, electroplating, electronics
industry and other industries. The purpose of this study was to use eggshell
by-product and eggshell calcination to adsorb copper ions-in aqueous
solution. Firstly,the reaction time, metal concentration, and-adsorbent dose,
temperature and ‘pH.were discussed. Afterwards the reaction surface to
explore the optimal .conditions for eggshell by-product and eggshell
calcination treatment.

The results of one-factor-at-a-time experiment showed that the
optimal adsorption rate under the ‘appropriate-treatment, adsorbent dose,
metal concentration, and temperature were 24 hours, 25 mg/L, 10 mg, and
25 °C, respectively. In addition, the pH effect in adsorption rates of ES and
ESWM were detected at pH 5 and pH 5.9, and 95.2%, 90.5%, and 73.3%
were found. Further, eggshell after calcination was burned at 700 ° C for 2,
3, 4 hours (CES1, CES2, CES3) and 900 ° C for 2, 3, and 4 hours (CES4,
CES5, CES6), the adsorption rate of CES1, CES2 and CES3 were 99.3%,
CES4, CES5 and CES6 adsorption rate were 100%. The reaction surface
experiment showed the best adsorption rate under proper treatment. The
rate is up to 99.3% after 900 °C for 2 hours calcined and 20 minutes

reaction time.



The results showed that eggshells, eggshell membranes, eggshell with

membrane and calcined eggshe : in the removal of copper ions
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Vadehra % 4 (1970)45 ) - 3-3 5§ 87 6 b= 2 Paehik R RE B I -
% (1986)4 1 b B R b o ] geE vgoh o R R

HoArib LS FEACR B 5 = 26~33% 30 +55~63% > #-3 10~12%>
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¥ &7 & 3% 30% 0 F-d 60% » F=E 10% o F e fpde B 1o
R AR AP g7 98.4%: mpadr 0 H AL 0.8%FY L 4E
0.7%F4f4 47 & e 7 2 s irle ) JoBigokikr e il > B i
YEis P2 s 07 T S AR de A ae A 6 % (%, 1986) o it
%% 3 £8P F 3 (pore) o 3L X 2E 9X10 T 22X29 gmo F At B
$hxpz Bc® 578 1 149 lmm? 5 & i 3% 50107 1131 BImm? o =
5 16 3 90 B/mm? s sars ex 8t g Fe= (L phenpt :'I"Sd gl L
i ¥ H AT A G ek A (5 0 1986) - Dehra & 4 (1970)4, &) >
BBk B k&4 K (cuticle) » H B & 43 05 7] 128 um> &
FOEOTER g Bk R R i AT BB v 3N
s BA ALK B Rde ke k> HAE 3 PR Ao B A 0 % B
BoAom v R Mt T R BT FoehRT# R (Simons, 1971) - 35 4 (1986)
Fadi o RS F 20% kA S T0%Fd e 10%4 A o Flpt AR
BAAS LR T 23y AR DAL 4T E (Keratin) 0 FAwE 3

B2 F-v FApvt g2 o 3wV enlesipg (histidine) ~ ok iepi (cystine)
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Figure. 1 the structures of egg.

(55 » 1986)

15



3\#

i

RN ERF10% TR S AR T BT 0 B R
BERG EREILE FE P B L 9% ek R (Oliveira et al.,
2013) o & & 2017 E Sep AR € 5 75 A AR 24P § PR
FAEEIL g BB A E(Fr R FL | g 0 2017) -

FEON2RE YR 10-11% N FF R A2 o AR A A2
B oo Fed 2 S Apdc®l 2 0 B A & 5t g dhAe g (mammillary layer) o &
G RER S A OT LE YRR RS A N F S
(mammillary knob):='5t ¢ 1= (mammillary core) > 5' 8 & ¢ » F=3 %

X020 pm o @ B¢ EOT R0 R ek v g SV ER4 3 fu(Tsai et al.,
2006) - FLEp 7 e iRl F pEAR AT R RS TR S B R A
g4 W & (spongy layer) » ik 335 & 34 PR ES EE AR RS B
‘bR & & R (cuticle layer)» & A% 3-9 (mucin)pE -2 F (Tsaietal.,

2006) ° B B * 4 5~10 um > 22 F-AehiE oA 2 0 B E K2 T ke

3«‘4?

TG AR AR AT REGCR AN AR L G 0P e

i

a%:

Eik e PR o 2 B3 K (3R 0 2014) -
S S ST RS 2 R R LY
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(Tsai et al., 2006) - & 84 2+t » B & 35 A% Pk Fv T2 5 pEogs 18
¥ (Shoji et al., 2004 ; Tsai etal., 2006) » H 5 & %.0.26~0.36 mm - — 4&
e ¢ R DR T 19 50032 mmoe TR0 BRI Rk
(hydroxyproline) » x> B3 4 20w fe 2 7 Fnleihpt > B g o
AR WA IR AR AR L ARG AR R
VERE o Fl A B enGen BA 3 st oRps > H R i a0 R v

(collagen-like) (35> 1986) - F=—2x & & 3 3 7 w3t > i s Ry & ‘g5t
BphARK BT AU RIERIGL R EC o H F A A R E o2
PR AT ER g F P A AV S gl SR T IR s 4
it AGRF o FINE B G 6000~8000 M oA 3 FELA B P T
bia— o R ES G 16~90.08 /mm? 5 44 320 5 .78~149 B /mm?
(& » 1986) -

FE R E AR T R R PR R
AL (A ) F 7 * (73 & B3+ ok i (Elettaet al., 2016) -
B BT U R R P a4 4 £ i (Hoetal., 2014) - Roy(1969)
¥z Takeuchi and Arai(1990)4p i » #g#% % % (hydroxylapatite, HAP) £_7
L2 WA 0 & 2 Bk 22k A % (carbonate hydroxylapatite, CHAP) 7% -
e B EEL AR kAR Y TR G o CHAP $HE 2 Bdr ~ &K%
ey AFE S o CHAP 145 2 dF 2 % M S5 pH F = @ 3 4e 0 ik
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i pH6 ~ = w H % 250 mg/L 45 % 4 & ik & A %] 80 mg/L % 60

1%£2 93.2% (Zheng et
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F-E " (eggshell membrane) it 3% & 4~5% > dnd b 3 K &5
& & e B (outer shellbmembrane)ez i & 5(inner shell membrane) > 1
Bk SR AR A A R T F R e R T

4 4 0 10 pm 5 SR BRI S 1 um. R R
B Bd 4 F-9 (keratin)e = oA H N K d A K 55 045 -0
(mucin)d~ By ok e BF dow oo fkd & Fov 2 AEd0 ma
(3% > 1986)

3o A FEAFGRLAD T BB BRD- b ® AT Z‘iﬁ#?‘? :
YA AREE T FIEL A Bk AR 0 £ LERTL
554 L 0 AL A e AR GRS Y ¢ R0 g
B3 (5% 0 2006) o 32505 A %) 50~70 ume *F B M S hE D
HERG50um > w2 3B R AP 0 N BN B > P
BOE R b B B R 20~22um 0 BRE TS ] o ien A
BAG AR REE AR TEEE o FRRAT
EhrganEzd s £ER IS 25um (56 > 1986) o F-E N E -
Ak ek Ra s AafFrAx G I AR I A0F
FTAEHEarE R 5 X ERFEE Y I 2y

2 A 0 ST B A B E e d-m B 3 Bl A 4+ (Ishikawa et al., 2002) -
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Balaz(2014)4p & » 3407 ¥ 5 & & ~ Fofearipd) EFHL G
AP BR B RS RS TGRS RAT R IR 2 VT

%5 1 R s o FRUER S R R tein £ (1)8 & (I3~ >

& pH3 7 & & e A N R 147 molg ¥ 618 mglg e Bioresour (1994)
dp o BF RO TE SR AT s il SRl AR R R P eh
[ S R TR ST RV W8 RS e Y- 81 Q- kS A S
& (HP) (98%)> & (1) (97%) > 4 (1) (94%) > 4 (1) (17

%) > & (1) (18% ) > & (1) (4% ) > & (1) (3%) ° ¥

I
-

5 IV e Rz e (DA G srq 5 4 (D) -

(1) g (D)5 (i) B 7 4 3050 e s 4 () fré
CH) 5 (i) AR BB R At chdie 5 Fofe= BLPF RS R =f 2 g
# (1) feds (1) - Chen % & (2012)dn i » FARAg * > o vt ofL
& % F-Eod kiR Pt g B B 5 89.72mglg B vz
98.69% 1% AL « Yeni & 4 (2008)4 1 o @ ¥ FALNIF 5 A F R i
HE L s wiEL A BR E B P YRR Fhwe F
TadEu RN IR R TG HLDE §FERRE w
ghede i L o Farjah ¥ A (2013)4p 4 > A FF PR Y UL
£ A3 REEY > oo R G20 BB LR e

Dong % * (2011)45 1 F-ARNCR * 30 AL en S & F A FREE
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PR TR R RS EAHE LRI s S H R R

F4FiE 1000°C » & * 3 F iR E LR R P gils ks o
I ~ERE

AAIE N FAG B AL 594%50CaC0s 4 K 4> 600°C »
4 = PR R Tl iE 800°C H4BETS B PIARE S 2 0 & 20 5 95%
Ca0 >1.5% MgO %2 2.5% C = =x & = 4 (Kose & Kivang, 2011) - 5%
PR B B2 e VR S B Rl Bl S0 At R A
£ & & 5 CaCOgn & — AR 7 PSS H 246 e f7 3k > s 2 &
=4 Ca0 - H g 7s 4 ",f COz A & fi] shil g & il o] &
ARG S AL PR K E @R S L g A gAY

AR e CO ¥ Ca0 sk BEN T EJR > AR 40T
CaCO; <« CaO + CO;

EERRT e R BR I R 2T FIEBRAT
(hydroxylapatite, HAP) > # & &+ ;% % Caio(POs)s(OH)2 » H_* 18 # f 2
THhgisA s L EAFAFAFTE AP ERE LMD D i
SRB 2 FH > Xt 3 S AR IEAN > dev (T L R RS2
HOUR| S AR 2 B e A s MBS 18 30 27 e i & (Prabakaran
& Rajeswari, 2009) -

BERR T - B PRS- R E LMW P
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& 4 (Kose & Kivang, 2011) - Quina % 4 (2011)4p ) » 4% F-3 5 =
M B 5 0.006.cm3/ge B ki 084 1 1.3 m2/g o 45K
BB S pER RS 23.02.m0l00 F or ERERE T R B R M iy
v (e fRBOA = N AP T Pl - R L )k (Kose & Kivang,
2011) ° “RUERIL F8 38 Fod Frik 24 (445 (7 LML AE (7 o0z 1708 fig
KRRV R ok S Sl NEREY A RN A R Mgk
MR Bo R iR o 9H 3E Bk R W * [ Rt 2.0 0.03 AT =
T teif B 65°C e P pnl it 1201 B RIE R 1S4z 18 98% )
(Cho & Seo, 2010) - Khemthong %4 (2012)z& M - 2.4 L 4c Fu gt >
B ATA B A R nEIRE Ca0, LI AP Wi B AR A b
b & oA enBE F ARG o BB AR 2T (F B EER 4 min sk # 5 900W
B R4 vt 18 1 1 feieliv A 15% ) £ 3]-9696 ™ F frc I o XRD(X-ray
diffraction) 2 FTIR(fourier-transform infrared spectroscopy) 4 73 F &

FOGE N IE Y Ty R AT o T MCE Y 3 ¥ 1t 4T (Wei et al,,
2009; Sharma et al., 2010; Khemthong et al., 2014; Navajas et al., 2013,
Correia et al., 2014) - 32 2% '&EH F » CaCOz; ~ fz = CaO >

TGA(Thermogravimetric analysis) » 1 # B » 82 2R gl ik 4F crs f3 B 4t
700-800°C - e % 800-900°C p¥ = 2 4 fZ o { 800°C 14 F “H'&EF -8+
#-CaCOz = > # it & CaO f- CO, (Navajas etal., 2013; Wei et al., 2009) -

F1e % & £ 800-900°C T U FA 4 i W /K & % 24 CaCO;
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i § 7 (v i | (Reyero et al., 2015) o ¥ 4RMEFET ¥ IR RE e
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Figure 3. From top to bottom were scanning electron microscope for dried
eggshell (DES) and calcines eggshell (CES)

(3 > 2014)
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Reddy % « (2017)45 1 > wovid 5 2 AR 5 hoeripd B4 > 1 ¥ @
* 2 S N R EE 2 AR (F B 2N ) e e S BT > R
e R R 2 PO CORR R RAR AR 0 e I A
B ER GEk o F AW 3750 A ABERE AL TRt AR
vt aE A B E o T RS (GRS o Y
BN 2 e -0 T § o 1881 & 4 4t H.Kayser & E. du Bois-Reymond
crud SRR 51 R g I RE o B2 AR T v K IR SRR SRR L7
BT o R R R HLALE AR VB sk 0 © R W S FAR R
2_ S V| 2 K,fz\ltﬂﬂv]fc%ﬁ;é_ili—’ib# R E BT SRR G B F
P E GRS BEARGIREE T & gE 0 apo Ha &R RE O R T o
P ¥ R Al A T RPES AR S B AR L -
AR S T AR BRIEE o O S SR T T R T LR A

P A AR T SR F AR RIE A A S et E R

G T AR o Ei® F BRI Rk P ehE &R ’\i‘a@%\
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(- ) &#(Eggshell)

Roy(1969) £ Takeuchiand Arai(1990) 4y ) - ¢ B % 7
(hydroxylapatite, HAP) & 4 20 i) » &~ 4o dF V455 € 86k
A ORI Tt % e A A & 2 BT mr A 7 (carbonate
hydroxylapatite, CHAP) ¥+ & £ B4k ~ 45 KR 5 4w g - hifid
PHG6 ~ v *#| A€ 250 moll & 4% 2 4k £ kR~ B 80 mg/L 2 60
mg/Ls & R ps B8hr > 452 S oSk L 94%2493.2% (Zheng et
al., 2007)

¥ Plattes (2007) 7] »/vh di R SRRV A0SE T 2 4 s AR S AR 2
B0 AR 10 A 4R A 4K B SHARET AL B 1 24% 30%-
SCEFRAHET 2 23 % FE 2 S 00% 1 ) o AR
BT 10 A4S HAT4LF i 2 s doid 86% 0 AST 40 A 41T R
>3 Kfﬁ_ﬂ P ARE FAEIT 60 A 4B TS HHAS 2 R T0% o B AT A
do M BRGS0 A 20 F5 N A% pH JE_6.55 Beig + 2 3 12,05 @ 4
N RACEFRE R PpH 10 0T o H A S HERE S S S F V4T

Hie r {8 ¢ EpFmp R RA7% pH R F 2 > @ R4 305 st



Ramesh % 4 (2016)45 1 » 154 F-AL 5 H 4c B st B AL B 507

\\o

Pig o FRERBRHA

(= )~ R pE(chitosan)

pARR:EEGAARIBY TS ag =008 F(Rorrer
etal., 1993) » A~ B ¥ A 2 EGE ek AL s B f 0t B VR Fee
P REEE fent b A mEe A R BAESh g b S R BT
doip (B A7 R AR iR R 5 BT AR LR
(Somashekar & Joseph,1996 ;"Rorreretal., 1993) - 35~ "5 2 ¢ fisis > ",f
4o fpAr @ lena bl S0 BB 5 AT ¢ ko
o E £ it 4 AT R 951 e Ram g -
4o Fets 2ot ke @ vrik (Yang and Zal, 1984) s 1 % 0 B pEE -
A e 30 A 4Efs 1 0.4 g AR E F  pHS BEETT o T U R
BEL P RRE pH F A S e A 13 pHB~9 s 5 ¥ i 100%

(Cerveraetal., 2003) -

(=) % % (lignin)
AFZLRBBRIVEL TR -BILF AN AH A H 2 X4

FolR i AR KkBLEREIA L ETRABAEF BT s fIF > F

~ 2R HE =2 kR(Xinjianetal., 2009) - AFZ 234 FE ~ 2312
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R EF o B REE G+ £ 5 =@ dE(polyhydric phenol) & F
't % (Randall etal., 1974) » H @& B2t € & Hex s % 2 4->4>45>4>
48 5 @ pgu;gfﬁ:xiiij =l r‘ﬁiéﬁfét ; é)gvﬁ,,\,ﬁg s 4%~ B~ 4400 pHE h

Bkt 5w @AY 80%0% ¥ (Guo etaal., 2008) -

(z )& % (fly ash)
BASLAR LGB RSB RS AR KR LA
% T A 2 2 Bed 4 (Baileyetal; 1999) o AhE pH = #1358 & £
S A A 0 0 pHB F R e S B S AR A £ & B 95% 0 H R vt
R L AR A RS T Gk s kiR o
& B 1% 4+ (Choetal., 2005) - Shih % 4 (2003)45 1% & 4 A1%* 2 5

FREaT L Ve San S @ % & § 30-40g & pH6.2

A4 E i i4p2 ko HBoRAF2Z R A E 5 3.2 3 4.1mg/g e

(Z )A&#(rice hulls)
AL E RREFEN v PR AL > HiEfeF 523% 23 £
g N PR AL AL G P T AR T AR A 2
FRN G Emip2 R R % (Dellaetal., 2001) - Jeon(2011)4
HB AR T i ez dat X8ed A2 -5 *# >
FOURK & o fERZ A RILT i 5 A% 0 Randall ¥ 4 (1974)4,
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A KR

AN

N AT ESBAFFEFRRDRESF > 77 £
(polyhydric phenol) & 7 & 3¢ o Fefeah ¥ faus M A X ZR R * A
s £ £ fh(Tarleyetal., 2004)c F525 b Bovgd] @+ 5 v v &) £
50 mg ** pHA Tk 5T Sk & o KiE 30047 R 0 F I f 33%
#r 3+ (Jeon et ali, 2011) »

(= )~ #FA (pine bark)

PHA ATz ~Fas - T5Ez X5 4 F (Feng et al.,
2014) s A TR T3 A R HE £ Huigack o PHRA T A £
&l o w05 g B RS 24 pF o R25 R 8 i e
£ % 0.15 mmol/L % St £ 0.08, mmol/L 1 ¥ vig 94%4F &2 90%
#%#(Cutillas-Barreiro.et al., 2014) -

(= )7 t# (actived carbon)

AR E BRI R LA N E ERARRTRR
Pz WAREET G R AR o BRSO E W & Bdodr ~ st
»z % £ (Anirudhan et al., 2011) o B ndF et £ 6 & 5 34k o
MM F F AR T R H LG R BN BOK

(Razvigorova et al., 1998; Razvigorova et al., 2002) -
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(~)#* % (zeolite)

AEEEANE R FAOFRAGFHS L TELF LA H

()45 (oyster)

RS R S A AT A - AR KA KRR D

MBS A2 - o F U E & A oAk 2 R R R pH
oo BRSO 24 o k£ kR S 10mg/Ll T & pH5.5

7 B S 99%(Wu et al., 2014) o
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A~ B W m jE (response surface methodology, RSM)
B S R ET] T B YRR B S B - TS A

-

' & (one-factor-at:a time) K &F45 & f Bbo. - = F]+ i/8 2 % L% 7 F]

—_\

-
‘fﬂﬂ
H
i\

3

]+ Fen< 3 R B0k (interactive effect) » 2ok

%

B s B Ry DRSS AR o2 T BT B gty
BERM S 223 B0 b E o2 RSM A g Ik > e L sz
3 2k o RSM e g ip| € % ]+ fF et 3 2 E(E » 2018) -

RSM o 78 B gr Mskainn 8+ ik o Al RV 90is 4 47 R0
% #c(variable) % & J& & (response) e85 (Myers & Montgomery, 2002) -
RSM # Jig® »> o e F]+ che & A 4 evs i B ey F A% ik

w £ E 2TV R @i B i o & (optimum solution) ¢ 7t ¥ e BEF

\\\

et 3 A B B IEEBES AL SBGEF RER TS E R
R RARF N SEPE CAEE CRECE P REIPF
BooH IR NE CRA O oS 2 2 A (8 0 2018) o Aot

B XFSESBGEE F B 5 S FRGET {4 areE

1 7 AREEAE 7 % PTG Ile FlciE (7R 2 MRS

2

2. BIL D RRREI - R HKRTT g FF REDF BRE



3. FlF R ehd 3 48 1 A friw S et iR 5 ]S BT kst

4. Boif 1t F e bt id A wdy S RSt At g dlen3 i SR (contour

pOIt) » 7 12 ik 5 UV Z R % T el 0 A0 Peie O e gy i

F R oizihp > 1951 #d4 5 = Box £ Wilson %ﬁiﬁ(Box
&Wilson, 1951)#13% M ezt =2 o %’ﬁ‘d BERFHRR T EEK
¥5 = & $77(data-fitting technique)> F=r+ =5 Q& R B lcyp L = dy o
% ip] ]+ & B 4% 30 dic(objective function) & 4p 5 B2 SBendic B 5N 0 At
BT HFS AT o Fd # 2 % SRR L iR 2 B

FEBBFEH- S BPREERT S (Dorta et al, 2013) - jF

CE RS A SR ET S TR E RN S R

FHREMOERN G o TR E IS F o L FERR



=
o

GriZ REFG R AR 0 2 KRS R0 2 B

g
=

€5+ G E i gy 0 SR ERE RS B £ R S 4 T
FEH pofe & - AR F g B v BiT 0§ R E T

B icd o Ge T B Eb € iR iT R E Wi (Myersetal.,2002)

o

AR R TR T EIpE 2 TR

4

I

%P5 Sk N B S SR e R E T B o 2 2 TR

|1t

B o
ES ] S

ey T B2 Hdp B b assei= L o & % STATGRAPHICS it
WA T BT SR R L B FRRR I S A

ok gt F O d G s Te(Myers et al., 2009) - = R At 2o il 0

1 |

be T 05 (8 5 2018)
Y= By +XBi X; +XBuX? + X BiXiX

Y GApRIE S Xi & X] GRTREEEY b2 8 5 B kT

Bih— =38 il s Byt =R il Byt 3 iR B bl o

. 27 % R ds 17 (ANOVA)

B S By L p;’ VEINFERY s BEHEEZ &4

;ﬁﬂ B E g kS T

#ic > 37 (ANOVA) £ ¥ 2_1%

158
B(RHEFHR LM RANTHRES S PR FEEA



(ANOVA) % 11 #1c 8 S e %] 32 03] ¢ cnlg F 8T+ > A & p en

.
rul F B PR TS ¥ s B E R T o % B(RY) 4
B B R H B2 @ (R2=8SR[SSy) 3% AR T 1 & T A
R0 St B R RSkl o F 2 E I AR 002 7 R
T2 g el T £ s (B0 2018)

5 Box-Behnken design ( BBD )i Box # Behnken ** 1960 #
&P ‘

)I‘)J--eslé 9 ’}}—r’\ ”‘)‘J,;%ﬂ_:_r%
e 8 2> F] 5 3

IE S N
Bkl e W ERALAE AR S - I AT (B E
ZFE S IE N NS TRt $woz% @ B |
v R F Rk (-1, +1) 2 et e 22 R £ (Block)#riE i3
Flr2® Fapl R ad FF FREGIIMER F %
BESY 2 Rl 2 §mérﬁg‘;# e+
> > 8¢ < (0,0,0) %

Il'é‘?f*}e BT

—\

FHBRFE IR L 0P B

B

KB FEHEMEARAE(E 0 2018) 0 M Ek
r’-n-’ﬁ %ﬁ’{%, v

pE S SR S
R MRl RS i R
EERG R T &2 S F BB R E > S R AR
Byfg@aoeFeowg® 150 B A4 %- B F%F]F8KP 3
ANENZ B BAG D AN A e e

= #% 5% fie & (Witek-Krowiak et al., 2014)
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(= st — 5+ P %

H O AR

55°C %3z

B

700°C

(2! 313‘ 4 'J‘ EE’:)

900°C

(21 3,% 4| EE*:)

S0 AR

2

o

. 4

F PR
|

EHRER ¥ ¥ 3] A £

4

34 Kf‘]» j'z
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(2 )AL B3t F B & Boif b i 12

FE FoAm A uos 4%YE 900°C, 2hr

F R &
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Z s R &R

AT R ] ; - 1% ot % L 4% B

2. A 47 & 4 ¢ Tyler 3 3L+ & % » Endecotts » # B -

3. pH meter : SP-701 4] > Suntex » 5 & -

4, g ki BFH : T-350 4] 0 YihDer > ;g -

5. “44(% * i2) 5004 » Memmert > ¢ B o

6. 4 kk R ik :U-2001 > Hitachi> p & -

7. BEYp(HiclER)  Carboliter 2 p RE - %o
8. # % % 4= Adventurer™ > Ohaus » ;4 o
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4 -] pF (CES4, CESS, CESG)4f&k " e d® 2_ 48 F-3k o
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2~ R4 AL
(- )Pl i3 & S
P~ 0.004 5. & coprnfidy 0 ww 210mL > el 100 mg/L AR
Fediip i L% B AR o e {0 & 6.25,12.5,25,50, 100 mg/L 2
Rt P 8 7% % o WAL A AR AR o FRPREFIAIR 2 B AV A E
frr2 g~ 5ml kA 100 Mo/l 22 & fEd i3 ik > be Sml e 1IN &
FitpooRd A4 & F C4Fruiko M 4E 100°CHE s 18 413

§ 4 € E50329000 & F dps =

|

% 97.561.g/mol » 4

3 % 63.546g/mol > gk a3

ks
TS

0:2143Qg° #= 1 mL
JE R 100 Mo/l Fipk4F M o4k 503 € 5°0.04286 g/mL -
(=)F B 2%

%+ Ho & 4 (2014)¢2 Djemmoe = A ( 2015) ;£ iz 4F2_ -
Bk B 25 mg/l 2 # 2 & pH 8 (5.9)hEpk kA i 6mL & %
w =& % 10 mg 2z 3%k (Eggshell, ES) ~ 3-# % (Eggshell
membrane, ESM) ~ & % 3-3.(Eggshell with membrane, ESWM)
4578 700°C 2,3 2 4 | p*(CESL, CES2, CES3) ~ 900°C 2,3 % 4
/| P (CES4, CESS, CESB):i it # & £ 6 & ¥+ 15mL s §
¥ 25°C {58 -k ip 4R H A 100 rpm SpER 1523 24
2 48 ) PE > 111 BE MR 35 0 B~ 6 mL iR 4r » 10M £
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K 3ML {6 E 5~  B3mL 28 g A KER AR E

610nm ] {7 w3 Sk {5 Ak MRS Al B e g

Bt (00) = (FRMFTR GE marR WS ek sk (B ) [eR K e sk
#.x100
(2)& Bk R 5%

%+ Ho % 4 (2014)2 Djemmoe & + (2015)7 = 2 AF 2_ o

P~k 25, 50, 100, 150, 200 mg/L 2_ 7 A & pHwie (5.9) s fc
4F % i BMle & BFEE 5 10 Mg 2 335 ~ B At
#% 700°C 2, 3.2 4| F~900°C 2, 32 4 | iR L
W A 15mL Es g 3+.25°C Jaif Kis RT & 2100 rpm
F PR 24 o) pF o ] B m SR et 0 B bmL g% 4~
10M % -k 3mL %8 # B 54 4> B~ 3mL 28 7 3 3 r1 A sk sk & 3t
g K 610nm R ek E o A s B o SR e o
() v & £ R

%+ Ho % £ (2014)2 Djemmoe % 4 (2015)7 j# iz &F2_ -
Bk B 25 mg/l 2 7 3 8 pH (5.9)Fi L dkiR % 6mL 2 2
wf=£ 5 10,30,50,70,90 mg 2 3% ~ FA O RE 4K
W T700°C 2,3 % 4 | pF~900°C 2,3 % 4 | FFenkdih 29
B0 15mL s g oo 2 25°C iR RiF AR T R & T 100 rpm £
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TP R 24 o) pF > 01 1 BLR M g 3 0 B~ 6mL gk v~ 10M
Z-k3mLis#E 5 A& B3mMLpEE s kKR A
£ 610nmyp] 1 % jmerF ~ S TG R F g g o

()8 & ok

\\\Xr

% Ho %74(2014)2 Djemmoe % % (2015) /2 iz £&n 2. o
Bk B 25 mgll 2% 3 A pH E(5.9) Sk fhdr Rk 6mL 22
B Eeae10 mg £ 3R~ R - A M dE s 4E 700°C 2, 3
5 45 BF ~.900°C 2,3 2 4] =it & & BB 15mL &
S 0 %% 25, 35,45,55°C 1Eioks iR i B 100 rpm Kk
F24 ] BF 5 0L B SGE g Bk 0 B BmL gt 4 ) 10M £
R3mMLfe# ¥ 5~ e B-3mL > 2 s s KRR A&
610nm ip| 18 ex K E o Ao Bk gV R e i oo

(+ )pH # 5%

%+ Ho % £ (2014)2 Djemmoe % 4 (2015)7 j# iz &F2_ -
Bk R 25 mg/L 2 3 & pH (3, 4, 5, 5.9(% B &), 7 s ik 4F
o emL &2 & wl4=E 5 10 mg 2 F-A ~ BRI R -
4% 700°C 2,3 %2 4 P ~900°C 2,3 % 4 | ek 2
W R 15mL s g o 3 25°C EiR R 4R TR R 100 rpm
FRRPER 24 - pF > 10 1 Bim Ml ik 32 0 B~ 6mL JRik 4 »
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10M % -k 3mL 13 4% % 5 2 4> B~ 3mL 2t 2 % F 1A £ X B

44



B H53%

Bs EARGEX DS FBoe -l o i " B A A o AR
Fadr B 42 1 BCK E BN TRE RRY D EEF RHS SR RB S
ERE ER S A S B SUR Y S SN S

MORAIRAFYE T 2 £ BRR PO ER T RTA S DR A e R

3&

Mo B AR A PR B A ik R AN R A pH

A=

2 e B R o A

[Z]

s N G R
SO AREL T > MR- Y i SR ER  cER VAR
Fig 2B d AR
- N F PR
BB B L R BB 3 324 (Egoshell, ES) ~ 3w
(Eggshell membrane, ESM) ~ = %< 34 (Eggshell with membrane,
ESWM) 2 45 % 3-#% (Calcined eggshell, CES) » ¥ ¥ kA 7% @ 2 4k 3g+
R o P F PR R R 2 kAR E £BRAE G 25 mg/l ~ Bt
HAE L 1I0mg~ B R 25CE pHS.9(# A &) » » B 5iE 12324
8 | P2 BN PER T FACS AR SO AR BT KR Rt 25°C R
BoRis R 100 rpm £ o B-H iRt A kK R3NP FIARAFE R

FA o~ 2 E S H oo Mezenner & 4 (2009)4 Ji s iEF 2 A
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-

BOFE R LF R RBP4 SORA £ G b e SO PR B S

Bio 54 2858 @ 3 dlild o2 AL E G L Poid 5o o
PR KA HP A AR ED 0 MR EERCHR T BORIGARSE 0 M F R 2

B, ez v} Zoiy 3 2 =
P FEnF] S 2 = o

it

Bl 4 5 5 TP 4 330~ O e B M e 2 e
% &gt 0 ES, ESWM £ ESM >t & ek I 2 R 1| FRervR st 5 A
H| 2123.8% ~ 23.8%% 19.1% > | P e v 5 0 E 566.7% ~
53.9%%2 51.3% 5 & fed BRI 2 PR 24 ] P R gL B G
80.0% ~ 80.0%%2 73.3% > ES. % 24348 | prm k¢ ¥ 4.8 > ESM &
ESWM %24 | =5 2e¥ £ & - Mezenner &< (2009)45 1 - i€ * & ¥
4B BB s R L FRPF Y 20-220 448 ~ £ ik R 2.8-110
mg/L ~ vt & 25-20  BR K 24-45C 5 M T A LG £
B o NEE R ORPER B e o A A G b e e g iR R b 0 H
Fem T4 2ZBE B RA A w A AT BN IR P 2 o
Doae ) R ik eh o SEF SRR 0 0 RS o Jeon(2011)4,
AU R FRECR AR 0 B F RPER 20-180 4 48 - £ LA 100
mg/L ~ =A@ A £ 0.03 g~ pH2-6 » B M4~ Hp 5 ALk e BN F R
B R ARY c B AF RS R F E 0 ES, ESWM & ESM &k
e 24 ] prexc s 5 0 w5 80.0% ~ 80.0%%: 73.3% » ES & 24 &
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48 | P REF L P o ESM 22 ESWM .24 | p54 ¥ £ 3

R R e FRTE B R R R R e SRR
P 24k 3RS Rt BRI SRR M R R R RS R G 24
| BE s kA BE S 10mg > F A25°C 4 pHS.9( A A oA w1 25,
50, 100, 150, 200'mg/L 2_ 4% & 0k B -k Bk o 302 FoB sk | v Vi A
B3 RR > 26°C AR K iE BT 100 pm 18 0 B B v Ak kR
TR B FIAEE R, A > o8B0 H et o Mezenner. % 4 (2009)
dpdio 4§ VBRI BF R 20-220 44 &
Bk R 2.8-110 mg/l ~ w3 A A B 2.5-200122 (BB 24-45C » A7k R

w1 A
¥ RE

\f"b

Z_

- A

F_&

j

B de i AU R B W S T R

Ca

BoEERR I E T A 2 ,T,«{F ek, A i‘éi
FI# 2sxrpize 3 EEE R 4 FORNF G TSI R A S o

B 552 &R By 3wl g2 88

ﬂni

Y87 0 “E& BIER N e 0 ES, ESWM 27 ESM 2 s it % g2 F
¥ - ES &2 ESWM % 4 ik & 25, 50, 100, 150, 200 mg/L ™ H = ¥
7 <~ ESM > x 11 ES s Hgan &k B i ESWM =t 2. > ESM = o %
Bi>®FAFLE -ES ESWM & ESM &4 ik A 25 mg/L =™ =
i 4 B 5 80.0%-80.0%#2 73.3%ES 22 ESWM % 4 &k & 25 mg/L
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$150mg/lL A E LR ESM . 25mg/lL F A E £ R o A& BER
200 mg/L T e 4 s 5 57.5% +°38.4%%2.14.9% o ESM s K 5 ik
ES &2 ESWM & » %] 5 ESM& 4 5 F-8. Foud & BIER # 4 > Fv
e & g ERsFRRL -

Arami = £ (2008)45 4 » 14 E-iieR kit K G el 2 . (Acid red
14) 2 fe+ 5 (Acid blue 92) » He ik sg g A2 kR K beim T % R
FlALE TR RO A2 L RN S F & 2Tt ] U
B2 RS 6 A Rk AR M A A T R e 3 Mezenner. % 4 (2009)
dpdio 4§ VBRI BF R 20-220 44 &
Bk R 2.8-110 mg/l ~ w3 A A B 2.5-200122 (BB 24-45C » A7k R
H Ao & FoE R R WA S T R D HR FIV G - TR 2
BRI T W Bk A e o H R R B 4 0 BT
I zspize 2 gAER RN e AR EF G TSR AL -
Kalmykova 3 4 (2008)45 ) » re ik “f e vif-Kig i @ & s ~ 4F
oo TR 4 A A A 2 i g ik B 100ppb Skt L 97.3%:
&Gk AR %= 5 5000pph sn kit E 1 86.6% 0 i A H TR 2 ek
e e RORBRY DERRFRZFEVRHEGE  ERAES £

BER T He TR o
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R

N S ATl b o S S R AR R N AL R
AR 2 A A S o LBV B BRI F e R R G 24 /) BF
4 ik B 25 mg/L ~ i8R 25°C L2 pH5.9(# 3 £E) -2 W] v 10, 30, 50, 70,
90 2 S IR o A 2GR it b 4TS R SR > 25°C R K
% A Z 100rpm f6 > B-H i AR EEERIE FIAMER 0 T A
» oS Heses e Vijayaraghavan = 4 (2005)4, ) ol ks (R v
2. Cu L E R AR A A o R N AR 2 B A 0 R S B2 B A
R R Fladgd B 4 F Sty @ st S e ro st A £ S
B E] S 2 - e

Bl 6 & v WAL 5 Ao FEOR OIS A A 2 .
&% B > ES~ ESWM 2 ESM fes A2 10mg » H vz 4 & A 5
% 51.3% ~ 35.9%= 30.8% > I >terA & E 90 mg H g A B S
87.2% ~ 61.5%%2 56.4% > “§ F ' &| £ 3 4r > ES ~ ESWM ~ ESM
2 B RE2 S 4 0 ES ¥ ESWM fewx v &) £ 50~90 mg & & ¥ £

£ - ESM 90 mg 7 # ¥ £ £ - Vijayaraghavan ¥ * (2005)4p ) » 12

@\“,—‘J

ies iw 38 1‘]’&[“?7 /ufE‘ ’? 138 I‘J’ﬁifﬁjﬁ_—}- Tﬁjﬁ_—f ’ l—-‘:" ]‘J’A?IJA?IJE“ - O
)k & 500-2000 mg/L £ pH3.5-6 i it = - AEex A A E 3 4 o RS
# MEZ A ROR TG AR B AT o @ eSO e o
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z o~ R R

PRI TE R YRR R A B R A R P 2
S R o piR B RN T A REEE24 s £ KRR 25
mg/L ~ ¥ sl F| £.10mg £2 pH5.9( 7 24 &) A w1225, 35, 45,55 >
00 FARER S A R AR AR KA RS 256°C 1E R K s & 7 100 rpm £
B gk F A SRk R RIE IR R A A 2 5 B E
Mezenner % 4(2009)4p 71 > & * & F 4 -3 e2 Wt pape @ 0 ek P
Y 20-220 A48~ & ik A 2.8-110 mg/L ~ s i) A £ 2:5-20 g 27 8
24-45°C B s Wt FEE A B @ b el Ba B B F S 2
- B 7 RRR RS S B AR A 2§ 88 ES
M2 25°C 1 B5C i B F EP o m ESWMEESM rafif &t 25°C 1
55CHiE A7 ¥ W v - ES il R boCi :Emrdd 5 854%~ H
SEE B 4r 25°C 3 55°C 2 it B F H 4r S ESWM 2 £ F =t eh
BB B5CH = 5 81.3% > & H AR B H 4 25°C 1 55C 2 %t
7+ 2 AB% ESM 2 BB wrfanf & B5CH i 5 56.3% 0 ¢ H
SR BB 4 25°C 3 55 C 2wt g ¢ 2 ABE o
i ~pH

BUR B G IR pH T R RO A RS kR R Y 2
SrapF R o 2 pH R MR T BT L 240~ £HER 25
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mg/L ~ B & 25 C & s vt A8 10mg > 4 %2 0.1IN 2. @Az 22 0.1N 2
EF AN &K pHS, 4, 5:59(F 5 £) e T 5 xoru ek
PR A PR A AR R R 25 25°C 1R - Rig Bedfl 100 rpm 8 0 -H 3B R
ek KRG RIE FlAAR ER 0 T gV Bdid w5 e Elliott
% 4 (1981) - Lin % £(2002)2 Chor 4 (2005)45 M pH = H F £ -k
sk B e AR R B B 3 2 0 F] L ORGA R 0 pH € BASR R R A
F vz R IR dHEH L G P

B 8 5 pH ¥ 33 » 35l & sl N dp dt F 2282 55 - ES
ESWM £ ESM. # pH3 fams i 24-%1-76.9%~38.5%4£230.8% - . pH7
eFiex i A W] 83.3% . 75% 2 66.7% . s ES ApHD 5 % vk vt
% 95.2%>ESWM o pH5 7 % 2 5t & 5.90.9% ESM % pH5.9(#

AE)F BB o 5 73.3%eES it pH RS Y R EF T

4

ERFiar & B pHPF g A2 Tards > 17 2 ES &2 ot
Rt % > & ES i pH IRB T kg F B F T % 0 ¢ Ishikawa &
4 (2002)45 1 > Bt pH kB R Y S HT g M 4 0 TAEAR R IEF T o x
@ H B F g2 T % o ¥ ESWM £ ESM &K pH s B E T

"# > Ishikawa % % (2002)4p & » 2L pH -kizi® > HH g 384 > T 7

ARIEF T o B g T o
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Elliott ¥ 4 (1981) - Lin ¥ 4 (2002)% Cho # * (2005)45 &} pH &

ikawa % * (2002)4p

%3 pH5.9(7F 4 )z e vt 2 pHE.9(F A )2 i m g F L R o
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100.0
90.0
50.0
70.0
600
0.0
40.0
30.0
20.0
10.0

ESWM

Absorbability( %)

0 I 2 3 24 48
Reaction time(hr)

Bl 4~ F P 4 33~ BB RO R L S L AR
Figure 4. Effect of reaction time on copper ion absorbability of ES, ESM
and ESWM.

*Copper ion concentration 25 mg/L, adsorbent dose 10 mg, temperature 25
‘C, pH5.9 (no adjust).

**ES, Egg shell;, ESWM, Egg shell with membrane; ESM, Egg shell
membrane.

***A, B, C means significant difference.

***+ES, ESWM at 24hr were no significant difference.
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100.0
90.0
80.0
70.0
60.0
50.0
40.0

Absorbability(24)

30.0
20.0

10.0
0 25 50 75 100 125 150 175 200

Metal concentration(mg/L)

RIS~ &HERMRE - FRTEI WEHFPE I GF 2P T
Figure 5. Effect of copper ion concentration on copper ion absorbability of

ES, ESM and ESWM.

*Reaction time 24hr, adsorbent dose 10 mg, temperature 25°C, pH5.9 (no

adjust).
**ES, Egg shell;, ESWM, Egg shell with membrane; ESM, Egg shell
membrane.

***A, B, C, D means significant difference.
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100.0
90.0
80.0
70.0
6.0
50.0
40,0
30.0
20.0
10.0

0.0

|
\ i | 5
: ESWM

Absorbability( %)

0 10 20 30 40 50 60 70 B0 90
Adsorbent dose(mg)

6~ w st LA 4 B AR A AR A o L B

Figure 6. Effect of adsorbent dose on copper ion absorbability of ES, ESM
and ESWM.

*Reaction time 24hr, copper conertration 25 mg/L, temperature25C ,

pH5.9 (no adjust).
**ES, Egg shell;, ESWM, Egg shell with membrane; ESM, Egg shell
membrane.

***A, B, C means significant difference.
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100.0

90.0 R A
30.0 p—1 s

AR AR A =—E=FE5
70.0 f e ESM
60.0

n ESWM
50.0 c

40.0 1
30.0
20.0
10.0
0.0 H
0 23 35 45 33
Temperature( C)

Absorbability( %)

Bl 7~ B 3E 0 BB BT R B

Figure 7. Effect of temperature on copper ion absorbability of ES, ESM
and ESWM.

*Reaction time 24hr, copper conertration 25 mg/L, adsorbent dose 10 mg,
pH5.9 (no adjust).

**ES, Egg shell;, ESWM, Egg shell with membrane; ESM, Egg shell
membrane.

***A, B, C, D means significant difference.
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100.0
90.0
80.0
70.0
60.0
50.0
40.0
30.0
200
10.0

0.0

B
B ==F:
e ES

-8-ESM
ESWM

Absorbability( %)

Lad [lrj-n o
4y
£
=
=
L e a

5.9 7

Bl 8~ pH $ 3i ~ Ba e 4 A BB AT s 2 B

Figure 8. Effect of pH on copper ion absorbability of ES, ESM and ESWM.

*Reaction time 24hr, copper conertration 25 mg/L, adsorbent dose 10 mg,
temperature 25°C.

**ES, Egg shell;, ESWM, Egg shell with membrane; ESM, Egg shell
membrane.
***A, B, C, D, E means significant difference.

**** pH5.9 means no adjust pH
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R RE RAREZ B
iR B 24 B el 90§48 600C4A | P2k R 5 24

o 5 PR AL S AKE T00C, 4 [ PR ks e ¢ H P R 2w
2 PRAT AR SE AN F VAT o ] 25 TR SR e T G B L AT
Kése and Kivang (2011)45 ) 3254848 800C, 4 [ 2 4o % = 9 & -
H R 2 B 4T S T A §T AT Tt 900°C, 4| BE2 B %
Buid o Hlemeh g b 4F o pL B At 2 ARIET I L g F e 700 &
2,3 %2,4 ] g2 000°C 2, 3 2 4 - BRARSE G35 o 17 I MR F-EOR
12700°C 2,3 2. 40] PRAREEST 24 S 4o B) 100 4 EL E A G 4
ZETE IV, B AG 20k B AMRER X2 4 S BT
vod ok AR SRR 22 k4T 5 52 900°C2,3 2 4] PR R R
ZARESE OB 11 PR R Re 4o Ha R SARER D ATIE 2
¥ 1447 -

Bl 12 5 F P S48 Boa e v 4t 3 2 3448 - 700C 2,3 % 4
/| P5(CESL, CES2, CES3) terx i F [ 1 /| P i v 3 A& %] 5 92.9% -
92.9%% 92.9% o @ H {fd§ T 48 o] PFas S A B 5 94.9%
97.4%:%7 97.4%-° @ £ H A sz PR 2 ) PRz s it A B 5 92.3%-
92.3%% 92.3% > CES1, CES2, CES3 frwx*prfF 1 3 48 /| p& 'y & B¢
FAR AT H A2 X PR RIBR Y A R
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B 13 5 F BPF S -8 s A g 5 2 §2 88 900C 2,32 4
/| & (CES4, CES5, CES6) futk My B 1 Juphefi i & A 5] 5 92.9% -
92.9% ~ 100.0% 0 H B FrF T 48] P it A B| 5 97.4% -
97.4%-100:00%° @ f HH (v iz, FFF2 [Pz i A w5 92.3%-
92.3% ~.100.0% > CES4, CES5, CES6 {furx 'iPe i 1 3 48 /| p*'s & &2
FARL D A7 HE2 A PN BRI T ORI W A AR RN o
Mezenner-3-4 (2009)35 2 > # * & F T AR Fan R FE T 0 s
M PE R 20-220 2 b ~ & Bk A 2.8-110 mg/L ~ X vt #E.2.5-20 g £
R 24-45C BT AR LA EEF 4 0 R
B oo e SO RBR S o H 2o 5 d 2@ Bl i e 2
7 AR T BN R R R TR N A BRI S e B AR N R
B R AR o fAEOE TR e Figan P LR BE N ReiE R R 0 AT K
PERY 48 | PEeR v i A B BL > 48 [ PEE 123 2 24 ] P2 vy
FYARFALAE AT H A2 X PR RBR Y R
458 T CES6 fovx %P [ 48 /) pF v v 5 i 100% =t 2. 5 CES4
22 CESS =t 97.4%~97.4%>* & % ¥ £ B, CES1, CES2, CES3 frx
RS R A8 o PR S L 94.9% -~ 97.4% 974 F mETF £ B - Kose
2 Kivang,(2011)45 1} > 4& %4> & 600°C > 4&'E % & 2 & 5 800
4] PF o JLIPIARCEIR R OHTACE R & R 2 R B R RIERS
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¥ 2,32 4 ] P57 e 4&%8 A& 900°C £2 700°C 4p vt #i > H wx s 12
B R B 2. 900°C 4% E B MR o ek PR 48 ) pF > 900°C 4%
B B it 14 CES6 . 2.0°CES4 ~ CES5'=t.2. ; @ 700°C 4& %% -3
Bkt 5 0 1CES2 »'CES3 # 120 CES1=x 21 o

Y Bl 4% %K+ ESyESWM £ ESM fd § w2 pF R 24 |
PF e Bt 5 4 W) 80% -~ 80% ~ 73.3% ¢ Bl 13 = R 12 %% % & 1 - CES4,
CES5, CES6 £ CES1, CES2, CES3 # i F v " BF [F 48] P civx i &
&%) 5 100% ~97.4% ~ 97.4% ~ 97.4% ~ 97.4%22 94.9% 4k & F-E
ORI A R Kose & Kivang,(2011)4, 31 0 3
BB L R G Ca0 - B A LA COrm A ] £
A R S d P RS R o RO R S AR I @ et R
B & A3V A 4 A [ sksktif o Plattes & 4 (2007)4; 8t > i
IR E & B (CA)E L (CNZ Aok s 10 2 877 4
“,f 100%Cd £ 99% 2 + 3 Cr > B2 R A 4'EF3 4 5 - T Cd & Cr
Frka e h R T AR PR B0 A AR A R 2 A
TR R G L e £ SRR R 3 e 5 S B
e fei 4o

Bl 14 2 £ BERHEERES i+ 2 B E - B 5T o
CES1, CES2, CES3 A £ &k B 25,50, 100, 150,200 mg/L * » & 2 &
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J & 25 mg/L 14 CES3 vt & if 93.8%3B i » =t 2. 5 CES2 w5 i
79.2% » 2 = 5 CES1 w» %t F & 72.9%; & &4k & 150 mg/L » CES1 -
CES2 ~ CES3 zemefif & & B[.5794.9% ~ 96.2%-.97.5% » 2 &2 £ Bk R
200 mg/L s &8 % A8 o Bl15 & FER WA R RS 2
o @ 15 % %%+ o CES4,CES5,CES6 i+ £ Bk & 25,50, 100, 150,
200 mg/L = > CES4, CES5, CES6 7 4 ik & 25 mg/L n¢ CES6 &%
F 1% 95.8% i 2 5 CESH wxspdi s 038% > H -tk CES4 4 4
ik B 150 mg/L ek i af 81.3% > CES4, CESS 22 CES6 Z vx ' &
4w % 97.5%+95/0%22 98.1% > TEr & Ak B 200 Mg/l & BF ¥ £ B
CES1, CES2, CES3#? CES4, CES5, CES6 3+ 2 kR 25 mg/L ~ 2_ v
g e w5 72.9% -~ 79.2% ~93.8% ~'81.3%.~93.8%£2 95.8% - H 3t &
Bk R 200 mo/L 2o wewt SA %) 5.91.4% ~95.2% ~ 98.1% ~ 97.5% -
95.9%#7 98.1%  Arami % % (2008)47 1 » 14 FAL R gk 7B % ek

- (Acid red 14)22 i1+ & (Acid blue 92) » H wo v F5g 4 B 2k B 3
fem FORE S R FIA A B A E R B R N R B
P AR 2 BB S 6 A RE R M 4@ T M o ¥ Mezenner
%4 (2000)4 0 0 8% & F ARG CHBER 0 & F BPFF 20-220
g~ & BER 2.8-110mg/L ~ oA A £ 2.5-209 218 & 24-45C >
A7 ek B e @ BRSO B R B L s T R T R A

61



AR 2 PG RBIEET T I 2B A U B HER K
dro BFAIF s AEEEER M Aeo BRIt S G TR % A
4 o Kalmykova & 4 (2008):};, M NLR R KRR R h g B
S BaWT T 0 BER AT ER v B R L i
tofor Boka Ry PARPES mEa T e R L W ER A EBE
B HECF TR o d B R AR L EERAR T U L i
E4 0 2 h R A b 7 1% 2 s AE Bk RO 4@
‘5 » e CES1, CES2, CES3, CES4, CES5, CES6 . £ /& kA 200 mg/L
R0 F PRB N AT SRR (0 R 5 B > MR A KA R
L REE TGS EE Bk B B A m K o KOSe £ Kivang,(2011)
dp o AECEMRE L & g 94%:7 CaCOs » 4858 F Jis B 4> 600
C o 4R S PR R PiE 800°C » Ak 4 PR 1S T T A
B 445 95% Ca0 ~ 15% MgO % 25% C 5 & &4 « RaEHE
ST LR A S FL4T(CaC0g) 0 5 — A R & M T tRin i
Favo AR AN 5T 4(Ca0) HEHEFIE L% COa A2
Pl FEVH o A Skl ) BREEA R X B L BT R

L ST STEEE

AA

I EREY Y R E EREPE I T

ki

A2 AN A BRFLAT 0 § I ATRA Y R
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TR i g kR 150 mg/L T > CES4, CES5, CES6 iF
5 st CES6 2 v 5 12 98.1% =t 2. %.CESb 2 't 5 i 97.9%>
H = i CESA zemx’it 5 it 958% - CESL, CES2, CES3 ff i w vt -
CES3 z et i 97:5% »=t 225 CES2 ziwxfipdiit 96.2%» # = 3
CES1 2 s %t 53t 94.9% o Kose 42 Kavang,(2011)4n > 45 458 &
600°C » 4= 2 R & A 800C, A /I FF - 4oipl4& % 407 900°Ch
wl ] pr2 CES6 H & g 2 4= & & % B - ¥4 &V KA % F B
oS o @ 5 700°C% % 2 p e CESL 3 #u & 2 wetit 5 > 43P
CESL # h BfhpE L B 2 & f i 3Fa o F 400 ™ Bitaiv 5 Aix

e > 2 BRPLAT 0 B IRCESL 3 & £ 2 Bt 5 o KOse & Kivang,(2011)

I

5

I

b

W w20k L RRB00CHE I 4P o do Bl &7 Ak R

BT 6B 2R DR R B i S RS

g

o S eig B 900°C, 2 | FF2 sk sk ¢+ 204 700°C, 2 | PF 5 %
bAR I 2 MR R T 0 HARERE S £ BRI 23 R T
A R T i CES3 siwpzi g <3t CESL- ¥ B 5 &% A7
ES,ESWM £ ESM &% if 2 & ik B 25 mg/L © s vt & & %] 5 80.0%:
80.0%:27 73.3% - CES1, CES2, CES3 2 CES4, CES5, CES6 2 4% % 3~

bk Bk R 150mg/L T e 5 94.9% - 96.2% ~ 97.5% ~ 95.8%
07.9%7 98.7% » G4k M /A 2 M 3G HF e o
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B 16 5 v fi A A0 £ 34T Ao i A+ 2§25 - CESL, CES2,
CES3 v %A 41 £ 10 mg » 3 sosgsk A 5% 8312%  98.0%27 98.7% -
A feR A A £090 mg o e 4 Bli99.3% ~ 99.3%¢r 99.3% o
CES1 #wst|®| g 10.1-50.mg F A% Wendh e 5 8 7 i e 7]
SRR R AR R A A o R gl R T SR R A e B
CES1 e i ¢ Mg 3 v M Al ] & 603 4v @ B e o @ 7R A £ 7 50 mg
T 90mg P RaE AR > BT hk TG R R Vi £ R A
MARIT R 2B FATR 0 Aeanig ® 50 mg 2. CESL v e i 4

3Tk 2oz o 7 CES2 #-CES3 fumiit#lad 10 mg 2 90

=

g aAMFELR wA A% Y CES2 £ CES3 $w k&l 10/mg T+

3

P4 F oCEST g & 10 mg# 30mg i i+ T - CES1
St r CES2, CES3 2 " g g £ B 2R E ¥ a0 R F|¥ a0 &2
i AL LR AR M % o Kose & Kivang,(2011)4
M AOER 2 152 SRR B00CHER 4 o m CESL 2 488 B
= 700C% CES2, CES3 4pfe » Ap R BE R 4REPIE T 2 2 /) FF > & 71
EEDERFHREAER 3 a2 R MR

B 17 5 wxosp A & S8 3-8 A 3t 3 2 B2 48 - CES4, CESS
22 CES6 fovx 't A& & 10 mg- H v ' & 4 %] 5 98.7%~99.3%£2 99.3%>
Mo AR E 90mg o Herg Sy 5 100.0% - CES4, CESS &2 CES6
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A E 10mg 2 0mg &g F LR > 47 * CES4, CESS
#1 CES6 % & 't o 10 mg r ¥ 5 > o Mgt > o
¥ B 6 % % &7 0 ES ESWM £ ESM 2.8 B wx fip 5 eroex ¥ ) )
£ 10mg 3 w50 5980.0% - 80.0%%2.73.3% - [B] 16 £ [§] 17 %
% BF o7 4 342 4% ’# CES1, CES2, CES3 ¥ CES4, CES5, CES6 2.
BB SN v A B 90mgr B A B & 99.3%:-99:3%:99.3%
100% ~ 100.0%22-100.0% o 48 FAL e b o 5o & 3> Gk, 3400y g b
4 A o
B 18 5 R 434 BB ipap a2 8248 - CESL, CES2, CES3
LB B 250 B e FA ulh 84.6% -+ 92:3%92.3% > @ A & 55
C» et o Bl 87.59%6.93.8%% 100.0% - CES1,CES2 ¥ CES3
hR R 35CE 45CH ¥t 2 e o BV g i F] 5 B A A
FORESTIR BB 4o @ i 4e 0 Mezenner & 4 (2009)45 41 > @ * 4 ¥ V483
OO S A F RPEF 20-220 A4 £ R 2.8-110 mg/L ~
AW E 2.5-20 g IR R 24-45C > AR R Ha r 2o d
VoM A B ik 0 3% CES1 -~ CES2 7 CES3 s ' X% ¥ 8 B
erff 4v @ 3 4e o CESL, CES2 #2 CES3 %if B 45°C3 55°Cern v
EBFLR A7 R ASCT P R qap S 45 > B L A2
55°C » ¥ CES1 % 55°C z s %t 5 i CES2 ¥2 CES3 i » f&ip|H ¥ it J
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FV ez FREER LY RS R G Mo Kise &
Kivang,(2011)45 21 » 4 % % 42 #8758 B800°C % A 4] p¥o @ CESL
2 4R B 5 700°C & CES2,°CES3 4k 7 4B 2h 5 MRME P 5 2
JPE 0 R AR SRR AT R LR VAR R 7 R o

B 19 % R R 4% GRS i g 2 7258 - CES4, CES5, CES6
IR R 25°CH Hwog oam 5 92:3% ~192.3% ~ 97.4% i iR B 55
C o & vt doam] 50100.0% ~ 100.0% ~ 100.0% - CES4+22 CES5 tif
B 25C 1 A5CH Af ¥t 2 angd > B¥ syt 7] o 22 £ F
TR R HSe @ B 40 0 Mezenner 3 4-(2009)4n 1 R Road 4B B
HHEERL T B F o 20-220 A4b > & ik A 2.8-110'mg/Ls s ki
B E 25-20 g BRAE 24-45C B g S g R A a b  Hesovg
OB eIk s S5k CES4 ¥ CESD simmx M 5L 5 8 B o 40 7 3
4v o CES4 2 CES5 %if & 45°CE 55°CeHrxritF 5 100% % & &g ¥ 4
BT RER ASCTT % 2O+ 45 > B R S D 55°Ce
¥ CES6 #/f & 25°Cx 35C73 & ¥ ¢ = erdfd > &2 Mezenner ¥ 4
(2009)45 &1 e bt 5 AL E AP £ 0 m B AR R 35°CE 55°C
2 B F Y 5 100.0%y mEEF AR 0 47 CES6 i & 3BCT v =

DA AL B o
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Bt H B2 BRSNS o Bl 7 R R 0 ES 2 B R iD
8 R 35°CHw & 4 83.3% » ESWM 2 S Bkt 78 B 55°C # & v
F % 81.3% > ESM 2 5 3 Mg i 25°CHax v 5 5 73.3% - ] 18
1§ 19 2% & 1 »CESL, CES2, CES3"¢7"CES4,'CES5, CES6 2 # %
SOt eE B 45°C 20 e My 3 A %] 5087.5% ~ 93.8% ~ 100.0% ~ 100% -
100.0%2* 100.0% o 45 45 oAk vz i & % 530 il i i

Bl 20 7 pH ¥4 Fm s ar dp + 2 58 o CESY, CES2, CES3
e pH3 » H e S 4 6] L 92.3% > 92.3%2£2 92.3% 2 & pHZ., H et
Al G 91.7% > 91.7%27 91.7% 2 pH5.9(F A Bk it A E| G
92.3% -~ 94.9%* 94,9% - CES1 ~ CES2. ~.CES3 % pH3' % pH7 3% 5
T A B AR AR R A R o

B 21 7 pH 45 T2 s i S 20 B2 50 o 48 -4 2 4% 900
C 2,3 % 4] p5(CES4,CES5,CES6) % pH3 = rtk 4 w4 92.3% -
92.3%27 92.3% > & pH7 &% & A s % 91.7% ~ 91.7%%r 91.7% - * &
PH5.9(7# 24 &) ez b 5 A W] 5 97.4%~97.4%%* 97.4% - CES4~CES5~
CES6 % pH3 X pH7 ik B ™ ¥ av s 'drdp+ Kiak - Bl 8 B % &
77 0 ES f pH5 ek i L 95.2% 0 ESWM i pH5 s *i & 5 90.9%

ESM 7% pH5.9(# 3 &) chen i 5 5 73.3% o 4 e il f e i Aok ¥ 5
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B O~d 2/ + 2484 ) pF 900, 800, 700 2 600°C 2 4% & =35 -
Figure 9. From left to right were calcined egg at 900, 800, 700, 600°C for 4

hours.

B 10~ d =@ + 5348 700°C 2,3 2 4 /| PF2 4B F3 -

Figure 10. From left to right were calcined egg at 700°C for 2, 3, 4 hours.

B 1l-d 2@ & 545 900°C 2,3 2 4 ] PF2 4533 -

Figure 11. From left to right were calcined egg at 900°C for 2, 3, 4 hours.
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Reaction time(hr)

B 12 ~ F P AR A T i S 2 U o

Figure 12. Effect of reaction time on copper ion absorbability of calcined

eggshell.

*Copper ion concentration 25 mg/L, adsorbent dose 10 mg, temperature 25

°C, pH5.9 (no adjust)

**Calcined eggshell at 700°C 2, 3, 4hr
***A means significant difference.

**** Calcined eggshell at 700°C 2, 3, 4hr from 1hr to 48hr were no

significant difference.
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Figure 13. Effect of reaction time on copper ion absorbability of calcined

eggshell.

*Copper ion concentration 25 mg/L, adsorbent dose 10 mg, temperature 25

°C, pH5.9 (no adjust)

**Calcined eggshell at 900°C 2, 3, 4hr
***A means significant difference.

**** Calcined eggshell at 900°C 2, 3, 4hr from 1hr to 48hr were no

significant difference.
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10,0
90.0
£0.0
70.0
60.0 =
50.0 —A—3hr

40.0 —==4hr
A0.0

20.0
10.0
0.0
0 25 50 T5 100 125 150 175 200

Metal concentration(mg/L)

Absorbability(%))

Bl 14~ & BER HEEFTBHPEF T2 BT o
Figure 14. Effect of metal concentration on copper ion absorbability of

calcined eggshell.

*Reaction time 24hr, adsorbent dose 10 mg, temperature 25°C, pH5.9 (no
adjust).

**Calcined eggshell at 700°C 2, 3, 4hr

***A, B, C means significant difference.

**** Calcined eggshell at 700°C 2, 3, 4hr on 150 mg/L were no significant

difference.

72



100.0 . AB
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B 15~ £ ik B R TR 4T 2 2 B o

Figure 15. Effect of metal concentration on copper ion absorbability of

calcined eggshell.

*Reaction time 24hr, adsorbent dose 10 mg, temperature 25°C, pH5.9 (no
adjust).
**Calcined eggshell at 900°C 2, 3, 4hr

***A, B, C means significant difference.
**** Calcined eggshell at 900°C 2, 3, 4hr on 150 mg/L were no significant

difference.
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SO0
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Adsorbent dose(mg)
Bl 16 ~ v BB E HHcE B AL+ g S L B o
Figure 16. Effect of calcined egg shell dose on copper ion absorbability of
calcined eggshell.
*Reaction time 24hr, copper conertration 25 mg/L, temperature25C ,
pH5.9 (no adjust).
**Calcined eggshell at 700°C 2, 3, 4hr
***A, B, C means significant difference.
**** Calcined eggshell at 700°C 3, 4hr from 10 mg to 90 mg were no
significant difference.
***x* Calcined eggshell at 700°C 2, 3, 4hr from 50 mg to 90 mg were no
significant difference.
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Figure 17. Effect of calcined egg shell dose on copper ion absorbability of

calcined eggshell.

*Reaction time 24hr,copper conertration 25 mg/L,temperature25°C ,pH5.9

(no adjust).

**Calcined eggshell at 900°C 2, 3, 4hr

***A means significant difference.

**** Calcined eggshell at 900°C 2, 3, 4hr from 10 mg to 90 mg were no

significant difference.
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100.0
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Figure 18. Effect of temperature on copper ion absorbability of calcined

eggshell.

*Reaction time 24hr, copper conertration 25 mg/L, adsorbent dose 10 mg,
pH5.9 (no adjust).
**Calcined eggshell at 700°C 2, 3, 4hr

***A, B, C means significant difference.
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B 19 ~ i A B AR AR AL R 2 P -

Figure 19. Effect of temperature on copper ion absorbability of calcined

eggshell.

*Reaction time 24hr, copper conertration 25 mg/L, adsorbent dose 10 mg,

pH5.9 (no adjust).

25 35 45

Temperature{ C)

**Calcined eggshell at 900°C 2, 3, 4hr

***A, B, C means significant difference.

**** Calcined eggshell at 900°C 2, 3hr from 25°C to 35°C were no

significant difference.

***x* Calcined eggshell at 900°C 2, 3, 4hr from 45°C to 55°C were no

significant difference.
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10.0

Absorbability( %4)

pH
B 20 ~ pH $H8E Fdr 3T o S 2 B o

Figure 20. Effect of pH on copper ion absorbability of calcined eggshell.

*Reaction time 24hr, copper conertration 25 mg/L, adsorbent dose 10 mg,
temperature 25°C.
**Calcined eggshell at 700°C 2, 3, 4hr

***A, B, C, D means significant difference.

**** pH5.9 means no adjust pH

**x** Calcined eggshell at 700°C 2, 3, 4hr from pH3 to pH7 were no

significant difference.
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Figure 21. Effect of pH on copper ion absorbability of calcined eggshell.

*Reaction time 24hr, copper conertration 25 mg/L, adsorbent dose 10 mg,

temperature 25°C.

**Calcined eggshell at 900°C 2, 3, 4hr

***A, B, C means significant difference.

**** pH5.9 means no adjust pH

**x** Calcined eggshell at 900°C 2, 3, 4hr from pH3 to pH7 were no

significant difference.
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NS TR IR T R
- - FF 2P EREE G RIL T BT R R & Y

FORsw o iE BB 3R BB a8 3o 900°C, 2 ) FF 2

F R 0E 2 o GRS B TE R 0E 2 12 Box-Behnken design (BBD)
1= K3 = FE Rk 2 F %K (Box & Behnken, 1960) > 4~ # Aut - = -
Fl+ 200 ST D] B d B g o T B SRl ok Rt & R B i
g AT ST R R PR o 2GR R B SRR E % = ]S
e AR FEES D5 FRIEBORZ AR R FpH 2 i &

TR 25 R % pH A AR 5 H e rigE it o

()&=

% BT G A A A A R Y g A 0 B Bk 0F 12 1Y
FREF s £BERZ A E = 75 5 b2 S 4yt s
# B 5 12~36 -] pF ~ 25 mg/L~75mg/L % 1.09~2.0g 4% 1 #F57 - &

fI* BBD kg &k #riF D 15 2% orgifitane 4ok 2 47

FR&ERFELLEER TR A1TNE 15 2P R g =

!
W
3

It ;}:—&r’% 2% od % 2 T ?'55‘;‘3__7i‘:1x;‘ 3?’&1 1&@, qg;\plgﬁﬁﬁ;
oo @ a3 30.8% 0 i 15 kY dwmr oL A
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omz BRFLAFY BT S S 42.9%~84.8% 0 7 F e 1l
BN T P BB e 5098.3% o
#- 15 B RSt A7 (8 2Bt :é;%%%l #Stagraphic s %8 ¢ 4 47 >

FEE- BS v Ep’?“’ A Ao TF o 2T LRl S o % 3 AT

Y= -53.625 +,0.710069*reaction time - 0.201667*concentration +

154.525*dose © - 0.061603*reaction time"2 + 0.0005*reaction
time*concentration + 1.3125*reaction time*dose +
0.00728667*concentration2 + 0.072*concentration*dose -
65.0833*dose”2

¥ Stagraphic” #c 48 7= 7 & 5] % 2 A #(ANOVA) A 15 4 4ok 4 &7

70 BB A H(ANOVA) A 17 T IE 2 F B ~ &G K R 2 s &) | 8
SR SRR S EEE T R Sy S Sl
PiEdot g FpiE 2005 TRIAT ARSI R F AR ok 4

7 B FF B E 4 DB Rl b AR (p<0.06) 0 47 kR - =% 3E (B)

BB A B ek S e B - 3E S 2 IR T IER IR
Al 3 & ¥ (p>0.05) - R-squared % 75.0689% > % 7t = =t ¥ RF ARt &
FRew o 2 FokE%F Lphii N & F sk 2 e w0 5

y LRI it F Y v FIR S S o VR BB
(Paretochart) iF 5 i = & »tjig 2. &~ 47408 22 %777 » & Bk R - A
B)f LB FR A7 HE W 233 BEFFE VR

L7 F PSR ch- %3 R A R R - KB R PR s %F
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AR D R AR 0 B Bk fp2 o Mezenner & 4 (2009)4 ) 4
he b B Ae @ AR AR BRI T R TV - T
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Table 1. The parameters rang e Box-Behnken design

pH
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Table 2. 3-level-3-factor BBD and the adsorption (Y) of eggshell.

Coded level of factor

Treatmen Reaction Y(%).
e Concentration Dose Adsorption
(hn) (mg/L) (@)
1 0(24) 1(75) -1(1.0) 93.3
2 -1(12) -1(25) 0(1.5) 61.5
3 1(12) 1(75) 0(L:5) 73.7
4 1(36) -1(25) 0(1.5) 66.7
5 -1(12) 0(50) 1(2:0) 50.0
6 -1(12) 0(50) -1(1:0) 66.7
7 0(24) -1(25) 1(2:0) 30.8
8 0(24) 0(50) 0(1:5) 80.0
9 1(36) 1(75) 0(1.5) 79.5
10 0(24) 0(50) 0(1.5) 64.0
11 1(36) 0(50) -1(1.0) 33.3
12 1(36) 0(50) 1(2.0) 48.1
13 0(24) -1(25) -1(1.0) 42.9
14 0(24) 0(50) 0(1.5) 80.0
15 0(24) 1(75) 1(2.0) 84.8
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Table 3. Second-order model equations for the response surfaces fitted to
the data point, as adsorption of eggshell on copper ion solution and the

analysis of regression.

Regression coefficient for adsorption

Cofficirnt Estimates
Constant -53.62500

A:Reaction time 0.71007
B:Concentration -0.20167
C:Dose 154.52500

AA -0.06160

AB 0.00050

AC 1.31250

BB 0.00729

BC 0.07200

CcC =65.08330
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Table 4. Analysis of variance for effect factors related to the adsorption of

eggshell on copper ion solution

Source Sum of Degree  Mean F- p-Value
squares of square Ratio
freedom

A:Reaction time..73.81120 1 73.81120 @ 0.29 0.6130
B:Concentration.~2093.05000 1 2093.05000 824 0.0350*
C:Dose 63.28130 1 63.28130 .  0.25 0.6389
AA 290.55400-1 290:55400 =1.14 0.3338
AB 0.00900 1 0.09000 0.00 © 0.9857
AC 248.06300 1 248.06300° 0.98 0.3685
BB 7658010 + 1 76.58010 . 0.30 .0.6066
BC 3.24000 1 3.24000 0.01 0.9145
CC 977.50200.. 1 977.50200 3.85 0.1071
Tortal error 1270.38000 5 254.07700

Total (corr.) 5095.58000- 14

*: Sinficant at 5% level

R-squared = 75.0689 percent

R-squared (adjusted for d.f.) = 30.1929 percent

Standard Error of Est. = 15.9398

Mean absolute error = 8.25889

Durbin-Watson statistic = 1.91539 (P=0.6481)

Lag 1 residual autocorrelation = -0.039536
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Standardized Pareto Chart for ES
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Figure 22. Pareto chart of standardized effects for adsorption of eggshell

on copper ion solution
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Table 5. Optimum conditions and-adsorption-predicted yield value of

response at the optimum condition

Optimum Modified

Facly r's/ High conditions condition

Reaction time
(hr)
Concentration
(mg/L)
Dose
(9)
Adsorption
(%)

12 36 21.4621 21.5

25 75 75 75

1.0 2.0 1.44505 1.445

95.8064

06~ o R RO R

Table 6. Verification tests for fitted model of optimum adsorption

Variable : Adsorption

Lower Upper
Lower Upper
CL Std CL Std )
N CL Mean CL Min. Max.
Std Dev  Std Err
Mean Mean
Dev Dev

3 897 927 957 062 120 754 069 915 939

Variable DF t Value Pr > |t]
adsorption 2 4.47 0.05
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Figure 23. Effect of reaction time and copper ion concentration on the

copper ion absorbability of 1.5 g Egg shell.
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Estimated Response Surface
Concentration=50.0

Absorbability%
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Figure 24. Effect of reaction time and egg shell dose on absorbability of 50

mg/L copper ion concentration.
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Estimated Response Surface
Time=24.0
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Figure 25. Effect of copper ion concentration and egg shell dose on

absorbability of 24hr reaction time.
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Y=72.8875 + 0.382639*reaction time - 1.47333*concentration -
0.085*dose + 0.00622106*reaction time”2 - 0.00975*reaction
time*concentration - 0.001625*reaction time*dose +
0.00567333*concentration2 + 0.01042*concentration*dose -
0.00126167*dose2
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13
Table 7. The parameters range.of-3-level-3-factore Box-Behnken design

(BBD) of adsorption from eggshell membrane

Coded level of factore

Factor
-1 0 1
Reaction time
(hr) 12 24 36
Concentration
(mg/L) 25 50 75
Dose (mg) 100 150 200
Temperture (°C) o5
pH

No adjust(5.9)
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Table 8. 3-level-3-factor BBD and the .adsorption (Y) of eggshell

membrane.
Coded level of factor
- Y (%)
Treggmen Rez_actlon Concentration Dose Adsarption
time
) (mgiL) (©)

1 1(36) 0(50) -1(100) 40.9
2 1(36) -1(25) 0(150) 35.7
3 0(24) 0(50) 0(150) 47 .4
4 0(24) 0(50) 0(150) 42.1
5 0(24) 0(50) 1(200) 47.4
6 0(24) 1(75) 1(200) 62.5
7 1(36) 0(50) 1(200) 50.0
8 0(24) -1(25) -1(100) 55.6
9 0(24) -1(25) 0(150) 22.2
10 0(24) 1(75) -1(100) 43.8
11 1(36) 1(75) 0(150) 57.9
12 -1(12) -1(25) 0(150) 36.4
13 -1(12) 0(50) -1(100) 34.8
14 -1(12) 0(50) 1(200) 47.8
15 -1(12) 1(75) 0(150) 70.3
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Table 9. Second-order model equations for the response surfaces fitted to
the data point, as adsorption of eggshell membrane on copper ion solution

and the analysis of regression.

Regression coefficient for adsorption

Cofficirnt Estimates
Constant 72.88750
A:Reaction time 0.38264
B:Concentration -1.47333
C:Dose -0.08500
AA 0.00622
AB -0.00975
AC -0.00163
BB 0.00567
BC 0.01042

CcC -0.00126
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Table 10. Analysis of variance for effect factors related to the adsorption of

eggshell membrane on copper ion solution.

Source Sum of Degree  Mean F- p-Value
squares of square Ratio
freedom

2.88000 @ 0.04 0.8452
894.64500/ 1314 0.0151*

A:Reaction time..2.88000
B:Concentration--894.64500

1

1
C:Dose 6.84500 1 6.84500 0.10.  0.7640
AA 2:96314 1 2:96314 0.04 0.8430
AB 34.22250 1 34.22250 « 0.50° / 0.5100
AC 3.80250 1 3.80250 0.06: 0.8226
BB 46.42310 1 46.42310  0.68 0.4466
BC 678.60200 1 678.60200.9.97 «~ 0.0252*
CC 36.73390 1 36.73390 0.54  0.4956
Tortal error 1270.38000 5 68.09430

Total (corr.) 5095.58000- 14

*: Sinficant at 5% level

R-squared = 83.4266 percent

R-squared (adjusted for d.f.) = 53.5944 percent
Standard Error of Est. = 8.25193

Mean absolute error = 3.84444

Durbin-Watson statistic = 2.07044 (P=0.1183)

Lag 1 residual autocorrelation = -0.0957534
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Standardized Pareto Chart for ESM

B:concentration
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Figure 26. Pareto chart of standardized effects for adsorption of eggshell

membrane on copper ion solution.
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Table 11. Optimum conditions and.-adsorption-predicted yield value of

response at the optimum condition.

Optimum Modified

Facly r's/ High conditions condition

Reaction time
(hr)
Concentration
(mg/L)
Dose
(mg)
Adsorption
(%)

12 36 12 12

25 75 74.582 75

100 200 200 200

75.3847

%12~ f i HEHT 2 SRR

Table 12. Verification tests for fitted model of optimum adsorption.

Variable : Adsorption

Lower Upper
Lower Upper
CL Std CL Std )
N CL Mean CL Min. Max.
Std Dev  Std Err
Mean Mean
Dev Dev

3 584 670 756 180 346 21.74 200 63.7 70.6

Variable DF t Value Pr > |t]
Adsorption 2 4.21 0.05
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Figure 27. Effect of reaction time and copper ion concentration on

absorbability of 150 mg egg shell membrane dose.
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Concentration =50.0

— 200

S 28.0
& 36.0
T 440
= 52.0
E 60.0

Absorbability%

Time Dose

B 28 ~ 323t 50 mo/L & )k B T O PR R A e v R AN B Y AR

Figure 28. Effect of reaction time and egg shell membrane dose on

absorbability of 50 mg/L copper ion concentration.
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Figure 29. Effect of copper ion concentration and egg shell membrane dose

on absorbability of 24hr reaction time.
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Y= 146.225 - 5.60764*reaction times + 1.97783*concentration -
162.275*dose + 0.0916956*reaction times™2 + 0.0025*reaction

times*concentration + 0.441667*reaction times*dose -
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Table 13. The parameters range-of-3-level-3-<factore Box-Behnken design

(BBD) of adsorption from eggshell with membrane.

Factor Coded level of factore
-1 0 1
Reaction time 12 24 36
(hr)

Concentration 25 50 75

(mg/L)

Dose (g) 1.0 1.5 2.0
Temperture (°C) 25

pH No adjust(5.9)
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Table 14. 3-level-3-factor BBD and-the adsorption (Y) of eggshell with

membrane.
Coded level of factor
Treatmen Reaction ) Y(%).
. Concentration Dose Adsarption
i (mg/L) (©)
(hr)
1 0(24) 0(50) 0(1.5) 26.3
2 -1(12) -1(25) 0(1.5) 22.2
3 <1(12) 0(50) <1(1.0) 57.9
4 0(24) -1(25) -1(1.0) 11.1
5 0(24) 0(50) 0(1.5) 31.6
6 0(24) 0(50) 0(1.5) 36.8
7 0(24) 1(75) 1(2.0) 64.9
8 1(36) 1(75) 0(1.5) 54.1
9 1(36) 0(50) 1(2.0) 63.2
10 -1(12) 1(75) 0(1.5) 62.2
11 -1(12) 0(50) 1(2.0) 68.4
12 0(24) 1(75) -1(1.0) 62.2
13 0(24) -1(25) 1(2.0) 11.1
14 1(36) -1(25) 0(1.5) 11.1
15 1(36) 0(50) -1(1.0) 42.8
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Table 15. Second-order model equations for.the response surfaces fitted to
the data point, as adsorption of eggshell with membrane on copper ion

solution and the analysis.of regression.

Regression coefficient for adsorption

Cofficirnt Estimates
Constant 146.22500
A:Reaction time -5.60764
B:Concentration 1.97783
C:Dose -162.27500
AA 0.09170
AB 0.00250
AC 0.44167
BB -0.01179
BC 0.05400

CcC 52.5167
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Table 16. Analysis of variance for effect factors related to the adsorption of

eggshell with membrane on copper ion solution.

Source Sum of Degree  Mean F-Ratio p-Value

squares of square

freedom

A:Reaction time... 202.00500 1 202.00500 4.59 0.0850
B:Concentration--=4413.3000 1 4413.3000 100.36 . 0.0002*

O *
C:Daose 147.06100~1 147.06100 3.34 0.1270
AA 643.75400 1 643.75400 14.64 . 0.0123*
AB 2.25000 1 2.25000  0.05 0.8300
AC 28:09000 « 1 28.09000 . 0.64 0.4604
BB 200.60000 1 200.60000-74.56 0.0858
BC 1.82250%. 1 1.82250 0.04 0.8467
CC 636.46200 1 636.46200 14.47  0.0126*
Tortal error 219.88400 - 5 43.9768
Total (corr.) 6522.7400 14

0

*- Sinficant at 5% level

**: Sinficant at 1% level

R-squared = 96.629 percent

R-squared (adjusted for d.f.) = 90.5611 percent
Standard Error of Est. = 6.6315

Mean absolute error = 3.35889

Durbin-Watson statistic = 2.74314 (P=0.7929)

Lag 1 residual autocorrelation = -0.468132
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Figure 30. Pareto chart of standardized effects for adsorption of eggshell

with membrane on copper ion solution.
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Table 17. Optimum conditions and.adsorption-predicted yield value of

response at the optimum condition

Optimum Modified

Facly r's/ High conditions condition

Reaction time
(hr)
Concentration
(mg/L)
Dose
(9)
Adsorption
(%)

12 36 12 12

25 75 74.9916 75

1.0 2.0 2.0 2.0

80.6

18~ B i IS WLl

Table 18. Verification tests.for fitted-model of optimum adsorption

Variable : Adsorption

Lower Upper
Lower Upper
CL Std CL Std )
N CL Mean CL Min. Max.
Std Dev  Std Err
Mean Mean
Dev Dev

3 647 764 881 245 471 2962 272 719 813

Variable DF t Value Pr > |t]
Adsorption 2 1.54 0.26
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Estimated Response Surface
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Figure 31. Effect of reaction time and copper ion concentration on

absorbability of 1.5 g egg shell with membrane dose.
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Figure 32. Effect of reaction time and egg shell with membrane dose on

absorbability of 50 mg/L copper ion concentration.
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Figure 33. Effect of copper ion concentration and egg shell with membrane

dose on absorbability of 24hr reaction time.

116



(= )& & 33

% 900°C, 2 /| PFARE F-2 1T 5 SR YRR R AR P
Gragd > FERIEDR VARER S EHEREFSMHEIE = FFTE D
= i A uHEHE P F S 20960 4 4~ 100 mg/L~200ymg/L & 1.0
mg~19.0mg 4% 19 #15% > # 4% BBD kF k3 > #riF d 15 % 7
o igiE 2Nl £ hok 200 Ho? 5 A EAF ¢ oo 2R B K IR
BTN 1ISEF R EEFTTRAES BETERIGT & 0 A 1T
T 15 e I R S e A 2057 o d & 207 (FAaE AR e
12 2_ v fp 5 R Al A SRR S AR A o 18 G0 T S98617% o T g
15 e FE? en3g SE K ) @ Z B £ AP o ZhamR g S
98.0%~100.0% > @ F B2 5~ 8 »9 10 V13 2 15 erwx*if it ¥ {7 3|
BB e i % 100.0% o

#- 15 B F B TR 2 B .éé%ﬁig?]@ Stagraphic #c%8 ¢ & 47 -

FREE - B v AN AT AR & L wdhd ke & 21 40or
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g/L~180 mg/L ¥ &2 v
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%19+ 900°C, 2 - PE4s & F4L = 15 = 14 & e BBD F sk 3w iE

B2 R s o

Table 19. The parameters range-of-3-level-3-<factore Box-Behnken design

(BBD) of adsorption from-calcined eggshell at 900°C;.2hr

Factor Coded level of factore
-1 0 1
Reaction time 20 40 60
(mins)
Concentration 100 150 200
(mg/L)
Dose (mg) 1.0 10.0 19.0
Temperture (°C) 2
pH No adjust(5.9)
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;“_‘;«

Table 20. 3-level-3-factor BBD.andthe adsorption (Y) of calcined eggshell

at 900°C, 2hr

Coded level of factor

Treatmen Reaction Y(%).

. Concentration Dose Adsorption

i (mg/L) (mg)

(hr)
1 0(40) -1(100) -1(1:0) 98.0
2 =1(20) 0(150) -1(1.0) 97.3
3 1(60) 0(150) 1(19.0) 100.0
4 0(40) 0(150) 0(10.0) 98.6
5 0(40) -1(100) 1(19.0) 100.0
6 1(60) 0(150) -1(1.0) 98.6
7 1(60) 1(200) 0(10.0) 98.6
8 -1(20) 0(150) 1(19.0) 100.0
9 0(40) 1(200) 1(19.0) 100.0
10 1(60) -1(100) 0(10.0) 100.0
11 0(40) 0(150) 0(10.0) 97.3
12 0(40) 1(200) -1(1.0) 86.7
13 -1(20) -1(100) 0(10.0) 100.0
14 -1(20) 1(200) 0(10.0) 99.0
15 0(40) 0(150) 0(10.0) 100.0
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S

Table 21. Second-order model equations forthe.response surfaces fitted to
the data point, as adsorption of calcined eggshell'at 900°C 2hr on copper

ion solution and the analysis of regression.

Regression coefficient for adsorption

Cofficirnt Estimates
Constant 105.149
A:Reaction time -0.317986
B:Concentration 0.0289722
C:Dose <0.244033
AA 0.00445833
AB -0.0001
AC -0.00180556
BB -0.000406667
BC 0.00627778

CcC -0.0177984
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Table 22. Analysis of variance for effect factors related to the adsorption of

calcined eggshell at 900°C, 2hr on copper-ion solution

Source squares Sum of Degree  Mean = F-Ratio. p-Value
square of
freedom
A:Reaction time 0.10125 1 0.10125  0.02 0.9010
B:Concentration 23.4613 234613  3.96 0.1031
C:Dose 47.045 1 47.045 7.95. 1 0.0371*
AA 11.7426 1 11.7426 1.98 0.2180
AB 0.04 - 0.04 0.01 0.9377
AC 0.4225 1 0.4225 0.07 0.8000
BB 3:81641 1 3.81641. .0.64 0.4584
BC 31.9225 1 31.9225" 5.39 0.0678
CC 7.6741 1 7.6741 1.30 0.3064
Tortal error 29.5892 5 5.91783
Total (corr.) 1746.62000 14

*: Sinficant at 5% level

R-squared = 81.2286 percent

R-squared (adjusted for d.f.) = 47.4402 percent

Standard Error of Est. = 2.43266

Mean absolute error = 1.22556

Durbin-Watson statistic = 1.29822 (P=0.0921)

Lag 1 residual autocorrelation = 0.317934
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Figure 34. Pareto chart of standardized effects for adsorption of calcined

eggshell at 900°C, 2hr on copper ion solution
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Table 23. Optimum conditions and-adsorption-predicted yield value of

response at the optimum condition

Optimum Modified

Facly r's/ High conditions condition

Reaction time
(mins)
Concentration
(mg/L)
Dose
(mg)
Adsorption
(%)

20 60 20.0703 20

100 200 179.764 180

1.0 19.0 19.0 19.0

100.0

24~ Bt S WL

Table 24. Verification tests.for fitted-model of optimum adsorption

Variable : Adsorption

Lower Upper
Lower Upper
CL Std CL Std )
N CL Mean CL Min Max.
Std Dev Std Err
Mean Mean
Dev Dev

3 977 993 1008 0.33 0.64 399 037 984 100.0

Variable DF t Value Pr > |t]
Adsorption 2 2.00 0.18
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Estimated Response Surface
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Figure 35. Effect of reaction time and copper ion concentration on

absorbability of 19.0 mg calcined egg shell dose.
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Figure 36. Effect of reaction time and calcined egg shell dose on

absorbability of 150 mg/L copper ion concentration.
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Figure 37. Effect of copper ion concentration and calcined egg shell dose

on absorbability of 40 mins reaction time.
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