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Adsorption of Cu(Il) from Aqueous Solutions
Using Pine (Pinus densiflora) Wood
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Abstract

Milled Korean pine (Pinus densiflora) wood was used to evaluate its adsorption
capacity of Cu(I) ions from aqueous solution by running a series of batch
experiments. Prior to the tests, the milled woods were pretreated with IN NaOH,
IN HNOs, and distilled water, respectively, to examine the effect of pretreatment.
Within the tested pH range between 3 and 6, copper adsorption efficiency of
NaOH-treated wood(96~99%) was superior to the HNOs-treated wood(19~31%)
and distilled water-treated wood(18~35%). The efficiency of copper removal by
wood enhanced with increasing solution pH and reached a maximum copper ion
uptake at pH 5~6. Adsorption behavior of copper onto both raw and HNQOs;-treated
woods was mainly attributed to interaction with carboxylic acid group. For
NaOH-treated wood, carboxylate ion produced by hydrolysis or saponification was
a major functional group responsible for Cu sorption. NaOH treatment of wood
changed the ester and carboxylic acid groups into carboxylate group, whereas
HNOQO; treatment did not affect the production of functional groups which could bind
copper. A pseudo second-order kinetic model fitted well for the sorption of copper
ion onto NaOH-treated wood. A batch isotherm test using NaOH-treated wood
showed that equilibrium sorption data were better represented by the Langmuir

model than the Freundlich model.
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lignine 2 ojFolx glow, FAHEY A F=
E 8459 29" £ 3+ carboxyl® hydroxyl
5o #Agriz Hol glo] oj2mBFAY Y
I e gtety =248 Jehdn(elis) 2 5
JE o]&% FFS AA dF n2F ZA[6)0
w2y o]y} =39 Cu retention capacitys
185~115 mg/egd! Aeg rudgz Y. 28z
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' ubgo g, gehitbg4 e g 2t

“+

H
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3 Cu AASL Z2Z 19~31 %, %6—~99 %, 18~
35 % Helolxen, 29 1o uebd e} ol
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a3l 1 Effect of the treatment of wood on Cu(ll)
removal at different pH conditions (initial Cu ion
concentration = 50mg/l). ATW=acid-treated wood;
BTW=base-treated wood: WTW=water-treated wood.

FE&99 pHE FE5Y F8 F2E 48L
gt FolF dgzdA FE&99 pHF B&F
& Cu ¥3F#e Friste 4%E vetden, pH
5~6o A AdHoer ¥ FIAFEL BAT ol
3 ZAx: Bdd Cu(IDzy AFEAH F89
o pHol wet 2312 ¢ d&& vlss, 4892
#2 B o pH 5~6904 Z2e Fde] &A=
ZAE7150] Custel FFEE] FAHE A=
wed 5 dth

Absorbance

T T v T T T
3500 3000 2500 2000 1500 1000

Wavenumber (cm™)
18 2 FT-IR(fourier transform infrared) spectra of
ATW (acid-treated wood), BTW (base-treatedwood),
and WTW (water-treated wood).

Bio-Rad(Cambridge, USA)Y] FTS 3000
FT-IR(fourier transform infrared) spectrophotome
ter® ol&ste] ATWS BTW, 18]35 WTWolA]
UeltE IR bandd] E4& wmsigoh. 19 29
FT-IR £¥WEWYL =AA 4717 gdoeg FEE
4 911l O-H stretching 9 <(3200~3400
em™), CH; £+ CHz9l C-H stretching % (280
0~3000 cm™), carbonyl group stretching 9%
(1550~1800 cm ™), fingerprint ¥ (1550 cm™ o
). ATWS BTW, 28] WTWE FT-IR 29
2z g F&yAE HolE 1550 cm’F
1800 cm™¢) WHlelA YEllE absorption bandol
o} 2@ 2004 1737 cmle] si@slE  absorption
peaks ester group?] C=O stretchingol®, 1640
cm & carboxylic acid group?] C=O stretching$!
Aoz wargoH2)11)10. 283 o 1600 cm™
2o} 4] L}EIL}E absorption peakis aromatic ring
9} C=C stretching(1597 ecm™)¥} carboxylate(CO0) 4}
asymmetric  stretching(1601  cm Dol algETh
[4111]16]. B3 ATWS WTWelA ved 29
EY d@std BTWE A$olAE 1737 cm %
1640 cm™ o)Al C=0¢] absorption band”} YEFUGA
k31 1601 cmel A carboxylate(COO )¢l asymm
etric stretchinge] wWehtm ok ol 7L
BTWSE FT-IR AHEZL EZo] A8l ester
2oy} carboxylic acid 3%&o°] NaOHe] £}
3 oo EEaSAld@)F @1 #Zel
sodium carboxylate salt® H#PE AL v
3], B3] AHAY carboxylate 2°]2(CO07)9}
Cu ol23 Zgste FE717F € Aoz #dd
o, 81 ATWSH WTWel A= COOH 2§77}
Age] F2 7]A¥ Ao2 FAHHAT

RCOOCH, + NaOH — RCOO ~Na* + CH,0H (8)
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RCOOH + NaOH — RCOOQ ™ Na™ + H,0 9

EP‘? "3?0“1%3 229 HA e Wyl o
% Cu ¥ 7148 4= &= carboxylic acid(COOH)
< carboxylate %OTQ(COO) 28717t e
NE FAsnA sger, Zlde AYsA g
A E-A(raw wood J—P esterification ¥+§-2 8 = gldh
24 aEa heEs 9e2 21\’4@ Zzke] E4
o Fzd Cu«} °E° Jebdt}. Esterification
o2 WAz BEdY Cu F2FL A2
Z(1.18 mg/g)°l W @se o 8% Zad
mg/gelth ol# e Cu F&F ZiAv AF
df ZABE carboxylic acid FHEE-ol L,"é
methanolel 28] ester SFEE ABHUSS
nafy, E3 2442 methanol®Z A 2g 2o
esterification ¥H-& o]feof Cu(Il)< & AEst
A @& Hezm ¥ d, COOH #8717t Pinus
densifiora AEZA3 Cud ZIP #43es F&
ligandgl Aoz #AdE £ gl

i %
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o o N"“_l}lﬂolo

H1 Effects of esterification and hydrolysis on Cu
(1) uptake by wood®

After hydrolysis
After of esterified wood
Raw esterification
wood of raw IN IN

wood NaOH  HNOs

Cu uptake

1 . X 0.
(mg/g) 118 0.12 3.39 28

*Three grams of wood was added to 200 mL of 50 mg/L Cu(I)
solution and shaken at pH 5.0 for 180 min at 20C.

a8l ®io) AAE Ael Zo] AEAE
esterification ¥-&2o2 2§ & NaOHE °l&
g} FRRaiAl BA49 Cu F83C30 mg/e)e
esterification ¥r¢2 2 W3ANZ HZFY Cu &%
2(0.12 mg/g)ol Hlastdd 327 mg/gel F7HHA
e, ol#d HAFNZHE esterification TE2F
B9 ester 3tgEo] A ®)F #o} NaOHel s
sodium carboxylate salt7} ABHo g g dd
A ol23t®l COO =47 Cu7} AFS Ao
#og & itk 53] 1o veld NaOHE ©&
sto} 7lRAA B2 Cu FF3339 mg/e)
2 2% 19 Yekd BTWS Cu F33327
mg/g)3H m$ FARRE o2 et :LEV’E
NEFDLE NaOHZ A 5FJ BTWe %

oM dojiteE WREY Ca T2 H@)F ’5}(9)
o] st Eefut-gof sl AG=HX = carboxylate
Lol &(COON)H e AFel g3 o]FoAFTg A

), 21']27'7J AZ, 2007
ol-&g & Fo Cu(ll) F3

& £ otk $# sodium carboxylate salt¥®
carboxylic acid®t} ¢ g fa=r o & EA
€ 723 gk oY ZAHRRE B dAFdA
NaOHE o]&43d Edg HAE BTWS Cu
%3 g0l HNO:Z2 AHISH ATWY FHFE
ARFE WTWY &2 ag31 =4 Jehd 8
Aol = AFEaNkgdd 28 ester SHEZRE
AMEA AAHE COO™ FHE2oA #Ed Ao=
T 4 k.

NaOHEZ oj&% &g sisisl axodes ¢
2l HNOsZ oj&38 BEA9 7teEdie Cu 2o
AR @ FHoE Vet E1FH Zol] A
Ed& esterification ¥§o2 X g thd HNO;
& o]&3¥le] NFERHAIZ FA Cu FAF028

mg/g)< esterification Wgo 2 ®WEHAZ HA9
Cu E2¥0.12 mg/g) ]il% o & AolE Ye
Y= ggro wgo]l 1y 1o ANE ATWY

Cu &Z=1.00 mg/g)dls vlxx Zéts AHRE
depdind, o3 i Fojx HERAdME
Edo| EA5IE ester #F3EC] HNOo 98 Cu
9 AEY = Jv FAE71Ad COOHE 7tEdrt
Z EW %S HFEE Aol 1eEE 487

= 2 9&1:% 9 HNOsS ]88 H39 XA
A Cu Ag A1 ¢ e ZE7|(COOH)4
F7430 44 l% B2 9 Rog ddEr,

& 2249 BTW7 Cu()9 &
Zo) ’Mﬁgi AL ﬂ}—“-i— Uehde)] wat
BTWE o]-§8d §23F R =
7} Cu(ll) FE \ﬂ%f\ms’% *aﬂ;ss}oﬂ o2 BTW
9 Cu E&8(g)S ¥ 3a°l dehiidd =7
Cu B =7} 49, 86, 153, 197 mg/LSl F& oA 2]
BTWel 98 Cu AAEL 742zt 99, 75, 55, 456 %
olgten ¥ 3a%} #ol &7l Cu BE7F 49
mg/LAA 197 mg/LE 27189 wek BTWS Cu
EATL 322 mg/glM 594 mg/g77}7‘ Z7H3 A

o 2 A S ZES o Fold HA¥ERAAAA
Cudl F&& 27 108 ool wizsd AP=AY
ony, E3 108 olUdx BTWo EFZE Cud
S HyPAEoMY FHFY o %0 ¥ olFE
A sk 283 R-E BTW 93 Cud &
e 208 AX A% F FF HP =gEAT

B A3 xME BTWH 9% ol&#8l Cu 3%
gi 598 £c4eE golrny] o 1Y 3p
o} Zol AYHREE FA 2% BT Zd[4(4)]

O}

of Agsgon, ¥ 9% 4355S ¥20 &
Fatech #AZHNA 2 s W 593 A
dxrae 4 23 mdde FEALERD ol
0999 ol4oZ A BTWY &% Cud FFL A
27 B mdo] B RgHE Aoz YEy
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—g— C,=153 mp/L
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0.0 Grrr—r——" : ~r
604 ®) o C=49 mgL - y=03101x +0.0334
—0— C=86 mg/L >y =0.2319x +0.1797
—@— C,=153 mg/L> y = 0.1786x + 0.139,
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Time (min)
22! 3 (a) Culll) sorption capacity and (b) pseudo
second-order adsorption kinetic for BTW (base-trea
ted wood) at different initial concentrations. Solution
pH was maintained at 5.0.

A 23 B9 Rd=28E T g e 27
Cu ¥X7} 49 mg/LolA 197 mg/LE F7+gel ot
2 322 mg/glA 597 mg/gE FUMEHEd, =
a8 3% g FELS APo2REH 1§ g FEH
2 dASAY. FA 23 SEAFE ke e 27)
Cu &7} =842 748429, Cu ¥ 49
mg/Le] 8 ke B2 288 g/mg/min®EA Cu ¥
= 8~197 mg/L WA k gET 96~13.0
v Ttk &7] Cu ¥E 49 mg/Lol W@ &7
EE44E u.E 2994 mg/g/min@ 24 86 mg/L ©}
A FxdA Jeld gH656~7.67 mg/g/min) E
o Aidog =gted, ol 8 mg/L °ldY F
ZoA U ky gtol FUlF oz bl 7] uE
of Yetd Adolth ojg} #o] Cu ¥} ¥
ZA04A B9 A kL ot FUEE Ao
E o) BTWE 50 mg/L 189 Cu =& 58
H5Y e EAHY Aoz gudn

it

F2 Pseudo second-order kinetic constants for
BTW (base-treated wood) at different initial Cu(H)
concentrations

), A27d AZ, 2007.
¥ AW A9 B

i

Co Qe feo U, 2
(mg/L) (mg/g) (g/mg/min) (mg/g/min)

49 322 2.88 29.94 1.000

86 431 | 0.30 5.56 1.000

153 5.60 0.23 717 0.999

197 597 0.22 767 0.999

& £RzAs A

A HA8E dsio Fad R

=3 % ¥®9

do] BARYEH F4% 9 IgxE &

k. 2¥d 3a9 FRFA¥ZEAE AHEO)9

Langmuir 2843 2(7)9] Freundlich X @2 <]
HAgstgen, 1 AE F¥39) Jeuigivh

9 o

{y oor e ok

E3 Isotherm constants for Cu(ll) adsorbed onto
BTW (base~treated wood)

Langmuir isotherm | Freundlich isotherm

‘Wood
qmaxa bb Rz Kr° 1/n R 2

BTW 611 021 0993| 337 011 0537

ma(mg/e); "b(L/me); “Kel(mg/gXL/mg)"™

Langmuir 5&24] 2]3 BTWS] o]&3 Cud
Z’]tﬂ ;57'4"’&(%“)34 ;S’Z} O]}‘;]Z] b Z‘}'Z} 6.11
mg/g$t 021 L/mgelt). Freundlich A%% Kr
9} 1/ne Z+7} 337 (mg/giL/mg)""3} 0.1121 Ze
2 YErRt Krst n ol E5E F344 99 ¢
o thE SFE FAFo] BoAE 2R 4HA
Qo02] n ol 1904 10 HHE vehld & &
A& 710E £ Yol BTWE Cu &2 434
#(RBH7F 093791 Frendlich $24 ®Buiys 4#7
2(FH7F 0993¢) Langmuir 2402 Adgae
2 ¢ Z AT

4.

b
U

2 AT e FuelA Assn e &Y
279  Pinus densifloraZ3E 4L E3FL
NaOH, HNQ;, 281 F/FFE AAHHso 5
JoRE Cu(l)e MAE AT FFHEEL &
galgon, 49& Bt dox ARE g3
| g3 2o

1) Ca(ll) =7} 50 mg/Lelx pH7} 3~6 38
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Cu EFAE8(96~99%)°] 1IN HNO; &9
I EF(19~31%)F FFF= AH
BRET e Aeg dvehgd, Cu §Fzge
g4 x71 pH B9 dlelA pH

2 053:?01 A £
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