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ABSTRACT

removal of heavy metal ions in wastewater treatment and the adsorption of

metals extracted in mines. Therefore, it seems that industrial lignin and its
carboxymethylated derivative are able to adsorb zinc and copper cations from aqueous
solutions under different operating conditions.
Methods: Firs, industrial lignin was carboxymethylated by reacting with sodium
chloroacetate. After carboxymethylation of lignin, the characterization tests including
FTIR spectroscopy, 'H NMR spectroscopy, acid-base titration, pH . (pH point of zero
charge) and zeta potential tests were performed. Concentration of ions in aqueous
solutions was determined by atomic adsorption technique.
Findings: The results of structural characterization tests showed that the reaction of
lignin with sodium chloroacetate removed the aromatic hydroxyl groups of lignin,
while the concentration of carboxyl groups increased. Thus, it was found that lignin
was carboxymethylated successfully. The results of zinc (II) and copper (II) ions
adsorption showed that the maximum adsorption of copper ion in comparison with
zinc ion occurs in the presence of the modified industrial lignin adsorbent at a pH
close to 4. The kinetic study results showed that the adsorption of both ions follows
a pseudo second-order model. In the isotherm studies, the Sips model showed the
best performance for both the industrial and modified lignin samples. Maximum
adsorption capacities for the zinc and copper ions by carboxymethylated lignin were
observed to be 0.25 and 0.37 mmol/g, respectively, showing a significant improvement
in comparison with unmodified kraft lignin. However, selectivity of the copper ion
decreased in contrast. This improvement could be mainly attributed to the significant
increase in active sites on carboxymethylated lignin.

l lypothesis: Lignin-based adsorbents are one of the common materials for
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Fig. 1. Process for carboxymethylation of lignin.

O/CH3

Mome &S5 Sl eddg il & VYL HCD sl SIS 55000

dﬁ@ DI ) 419-]4 BE o.lLAJg_.J)M) J;.:.w‘ u‘j...oda (db—i‘)
Ll as S Sa

Bolwd
wed wblise Dby, c.wc_o...b 510.03.06 J.s Perkin Elmer
S« Bruker &S 4 <l MHz 400 Jas H NMR 0555 5
Perkin o3l ol ol&aas 31 5l chle o gl a4 S
5SSl a5 pean S a cLale s eslasad Elmer Analyst 100
L oo&ans 03 S0, 8 s (pooman A ui)\)f CL:; L}:KJL:A

b %95
o313 a3 W 48
23S s b Gillae (38 28I 05505 ke oS 51 S
olis Vs s of sty Cb S PA] b el w5
LA o 28 51) g e STy pl 55 el el 63l
o) (o) denS gt oo CBLE i Loyl 0 5o 5 A anils
) 3 Sy Sl 1S i s (K ) g sl V0 g
G Yermin) [2iSly oley 5 (AD°C L ¥O°C) LSl slos () 4 Y 1)
() JS8) s sls STy bl IS i b (Fr min
Dpod i o e gl Voo mL L s Aol S|
J;S‘}Qujru(j\w:.bﬁ@lj\a'rpmd))a)\wwﬁlﬁw
5de e (glos 4 DL U S esls Oloy J gloes 45 (Y4 + min)
A @i ¥ 65y s PH V50 ) el SIS 5508 b s
B b STy Sl s A8 gy S sl oK G
PH 3 HCI L sds sl ST L 5 3 Gl FY ol yally o

o

0\)]\ ONa*
HO 0_; 3
CICH,COONa*
C CH

54
Na'0~"

S DAl e oS 5 S Al ) S

Vo T- e £ ke 9o s sl 3515055 9 ool pmle alza Yoy



o LS S b e 9 590 BLBYS SIS (T Ughxo jl s da Saiiawn 9 )59 jlw aslloe

hal 5l o 008 e by e SS 5 S w0 VY e S
Voerem! S s SKeda il WY em! S s JialS s
S35 503 Al a3 5 a0l 55 O b 53 oS 35 0
S eddpdol iS5 eSS Oolie S S S
3 Sy opl s e 0L aS ol VFYO em 5 VEEe s
AL b bralr S5 S (s glasde 4 ol S
Gyl sds Al Ve Yeem! > g6 sue ;3 C-O LS
NPT s SSlgsl 058 @ sl NS5 S 05 S adr
05,5 &S o Al FTIR mls Lad alls ) o¥e em! 5 VYT
e ol 5 el add fate 0ol (2K 4 S 5 S
LPA-N] i ol dse i sla LA 5o

o2 HNMR os) boddamdlol o8 ksl (ran
5 130 553 DMSO-dg I3 < /¥4 ppm s Sy (F JK2) s
(b) JouS 520 05,5 S0 55den & TIVY ppm 55 Sy 1 i o
Syl ad> slad g5, 4 2/V ppm s e Sy Sl by e
S 357 (S 4 Cand i pl Lol i A esls
2 s e 0 S Sl Ss 4 &S s Y/YO ppm s g
Ly sdipdol (oK skl s CH,CO0  fis oS5 S
S Okdlrals s 4 Kl e g b S onl 03508 ol
I ol er O ol [FA] L3l 633000 ol 5 y;jnf 5ol
L@uuwuéijwm)&v}w)uf,ﬁ
S b ol ol 35,0 el DMSO-d, (sl o alls Sy
e S 528 02 357 50 e 05,5 w0 Ul 150k s L (©)
sasplis FTIR b mls b alie mls ool ol oo
) Jsdor) ool Dol [23ST5 03 51 al o 5o

100 90 80 70 60 50 40 30 20 10 00
f1 (ppm)
sdizol (2SI THNMR b Y S
Fig. 3. "H NMR spectrum of modified lignin.

Yy Veer QLT 0 £ 03basd o a9 s rasly (5350955 9 9k cpale Az

%AFSJJ‘\N}‘(S‘}J)UMAYIHIHOI/L}\s'/og'/V /)

A s LT

Do Kt Slae

Ll f ol s GO 5 23 ples Ol Sl (s 2 812
oo Sl L O Ul ol Jlee PH S I ey e
blin D3en b oS Il 53 ol 6Ll OF 4 il 5 osli]
oy S SIS bl Ol sl s A e 03 30n
31613 a0 gad (s [FV] As a3 S Ly ) @/l 5 b
5 el Y50 min 5 TE ee (e Fr e i s s
Y JUPEN ER- PN PVS | ETCIU R SO WP SR NS
A 518 Slre Gl b el as s SKls 5 LS 1SS

g mbe

b b O3 (ol
OLE Y IS 3 el ls fute oS 30 S iS5 (S FTIR ik
4 Yfeem! B YV em? s 228 gl Lol sl esls
Gy 5 dewl SheaS 2 S 5 Jsb oS 550e glaes S OH
(pman s by s C-H Wgy 4 YATS ! 5 YAY s 3 Ol
S0V OFOF s SSles,l ails 4 b g8 e an
o WYY em? s Ol ol 058l s Al VP em?!
5 oS slacid anslis bl bg e Joul 5§ 015 C=0 £ 4y
Sy e o3 WY em! 5180F 53 Sy 55 oSl 08
soap SSlog)l a4 fuate J 5 S 055 4 Glaze VWY om!

T

————— Unmodified lignin ||
Carboxymethylate lignin

VoY,

",

|

~————

Transmitance (a.u.)

1
1
1
1
)
~
-
s
)
Y
\
\
\
\
\
\
\
\
\
|
\
1
1
A
< WY
= \rir_ <

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

'”';Cj"" U”‘Q 3 J«KJ FTIR slacib - S

Fig. 2. FTIR spectra of lignin and modified lignin.



e LS S b e 9 590 SBYS SIS (T Ughxo Hl s da Saiiaww 9 )59 jlw asllioe

S  hd ShS e S sl chle Y Jpus
.oJ.‘.Z)\bJ.“J.AwSﬁJS
Table 2. Concentration of carboxylic acid functionality in

carboxymethylated lignin.

/m’, (mmol/g)* Do/ My (Mmol/g)

nCOOH COOH

6.03 9.06

(a) This parameter has been calculated on the basis of carboxylic
acid functionality in the modified sample, indicating carboxylic acid

concentration per mass of lignin present in the modified sample.
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Table 1. Chemical shift range of peaks related to functional

groups in 'H NMR spectrum.

Chemical shift
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(ppm)
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OO 55 90 b (S o 9500 § JuuS 9257 (SW09 5 (s
Sl 518 e o 0k esls 0L ) JSE 53 o 5 5bles
53 el by s e (2STy S L S sdes glaes S ol
5 Al S ases laey S ke ) e Jllanl sty )
S0l e s s b Rl S 5 S glees S dle
S Jsame 5 JeuS 0 S ey S e 5 ST Sy
O3S a8 gewe &S Y IS s S eslanal l-aal 03 S xS
PH 53 laly goon oo o OLES 1) oyl e S 52 S (iK
Sy odes SSlagyl fonSaodes 035 4 by V00l 5
Sl JomSaoden slaes S (235 ent Ulge ol
il ol s sty STy Sl e L JulS b,
‘.uu_a.l;-f);.wlbﬁf&éulww.@ﬁ.@mﬂj;\&a
35 5 s ey e OS5 S 05 S DSBS 4 o g
SlwS 55 se SR ¥ dsdr )3 358 00 odod oowie 3 4l
03 S 5 o 3l ealinul bsddedlol (08 0 50 a3 s
WO3,5 55 Jos G585 el Gl enl sl esls DL 5 ales

14 6
12 §& s
10

L4

pH

w
Conductivity (mS)

6 -
e pH L2
4 1 —O— Conductivity
2 -4 o 1
0 . x . T 0
0 20 40 60 80 100

Via (L)

HCI

ool i8I gl St 03 S 15 bl -F IS

Fig. 4. Acid-base titration result for modified lignin.
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Table 3. Kinetic parameters for copper and zinc adsorption by

lignin and modified lignin.

Parameter Cu Zn
pH 5 6
Time (min) 360 360
Equilibrium adsorption 0.142+0.0107 | 0.043+0.0038
(mmol/g)
Pseudo first order model
Q, (mmol/g) 0.139 0.037
K, (min™') 0.0950 0.104
R? 0.959 0.926
Pseudo second order model
Q, (mmol/g) 0.146 0.0402
K, (min™) 0.090 4.046
R? 0.970 0.980
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Fig. 9. Adsorption isotherm of zinc and copper ions on (a) modified lignin and (b) lignin (condition: 6 hours, 1 g/L adsorbent, and

pH=5 and 6 for zinc and copper, respectively).
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Table 4. Parameters of isothermal models of zinc and copper ions adsorptions for lignin and modified lignin.

Lignin Modified Lignin
Isotherm model Parameter
Cu Zn Cu Zn
Equilibrium adsorption (mmol/g) | 0.13£0.011 0.054+0.0024 0.37+0.0148 0.25+0.0109
Operation condition pH 5 6 5 5
Equilibrium time (min) 360 360 240 240
Q, 0.112 0.0479 0.352 0.0237
Langmuir b (L/mmol) 18.307 8.831 88.26 71.18
R? 0.92 0.99 0.93 0.98
K 0.103 0.404 0.358 0.241
Freundlich n 6.725 4.233 744.12 118.8
R? 0.96 0.97 0.96 0.93
Q, 0.106 0.0507 0.349 0.256
. b (L/mmol) 224.77 5.416 25.56 7.96
ips
P n 0.722 0.827 2.883 14.456
R? 0.96 0.99 0.97 0.99
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Fig. 10. Competitive adsorption results of copper and zinc ions on (a) modified lignin and (b) lignin (condition: 6 hours, 1 g/L

adsorbent, and pH=4).
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Table 5. Comparison of results of this work with those reported results in the previous works.

Lignin type Modification Temperature (°C) | pH Ion Adsorption (mg/g) Ref.
Alkali Carboxymethylated 25 6 Cu 24 This work

5 Zn 16

Bagasse Amin grafting 25 6 Pb 52 21
Cu 45

Alkali Sulfomethylation and amination 25 6 Pb 33 22
Cu 25

Alkali Dithiocarbamate 25 6 Cu 75.9 23
Pb 103

Alkali Polyethyleneimine grafting 25 6 Cu 98 24
Zn 78
Ni 53
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