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a  b  s  t  r  a  c  t

Carboxylic  acid  functionalized  deacetylated  konjac  glucomannan  (CADKGM)  with  regular  cylinder  shape
was thermoplastically  prepared  by a single  screw  extruder.  Thermoplastic  deacetylated  konjac  glucoman-
nan  (TDKGM)  using  for preparation  of  CADKGM  adsorbent  showed  good  rheological  processing  properties
with  equilibrium  torque  of  13.1  N m  and  plasticizing  time  of  26  s  at 160 ◦C,  which  was close  to  high  den-
sity  polyethylene  (HDPE).  The  scanning  electron  micrograph  results  showed  that  CADKGM  was  porous
eywords:
arboxylic acid functionalized deacetylated
onjac glucomannan
hermoforming
opper

inside  the structure  of the adsorbent.  The  removal  of  copper  by CADKGM  was  studied  in  fixed-bed  col-
umn.  A  comprehensive  study  was  conducted  to  determine  the  breakthrough  curves  with varying  bed
heights,  flow  rates  and  initial  concentrations.  The  breakthrough  data  gave  a good  fit to Thomas  model.
The  consecutive  adsorption–desorption  cycles  were  applied  to  investigate  the reusability  of  CADKGM.
The  adsorbed  copper  ions  on CADKGM  were  easily  desorbed  by 0.01  mol  L−1 HCl  solution  with  desorption

umn  c
olumn study efficiency  of  98%.  The  col

. Introduction

Agricultural field irrigated with heavy metal contaminated
ater causes a serious public health problem since many heavy
etals can concentrate and accumulate in human body through

ood chain (Nayek, Gupta, & Saha, 2010; Wei  & Yang, 2010; Wu,
seng, & Juang, 2010). It is well acknowledged that toxic heavy
etal ions are among the most poisonous pollutants in wastew-

ter, which cannot be biodegraded or destroyed by any treatment
rocess (Li, Wang, Allinson, Li, & Xiong, 2009; Liu, Yang, et al., 2009;
u, Wang, Lei, Huang, & Zhai, 2009; Peng, Song, Yuan, Cui, & Qiu,
009; Shi, Shao, Li, Shao, & Du, 2009; Sunarso & Ismadji, 2009).
opper ions are commonly found in industrial effluents such as
ining, electroplating and battery manufacturing drainage. Cop-

er is an essential element and plays an essential role in the human
iet. However, acute doses can cause health problem such as nau-
ea, vomiting and abdominal pain. Long-term exposure to higher
han 0.5 mg  L−1 of copper in natural water may  cause liver damage.

oreover, copper in the dissolved form is potentially very toxic
o aquatic plants and animals. From the environmental and public
ealth point of view, it is important to effectively remove copper

ons from the industry wastewaters before discharging. Many treat-

ent processes, including chemical precipitation, ion-exchange,

oagulation-flocculation, membrane filtration and adsorption, are
sed to remove heavy metal ions of polluted water (Babel &

∗ Corresponding author. Tel.: +86 08166089009; fax: +86 08166089009.
E-mail addresses: lxg-2007@163.com, lxg@swust.edu.cn (X. Luo).
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apacity  of CADKGM  was  not  affected  by  an  increase  of  reusable  time.
Crown Copyright ©  2011 Published by Elsevier Ltd. All rights reserved.

Kurniawan, 2003; El Samrani, Lartiges, & Villieras, 2008; Matlock,
Howerton, & Atwood, 2002; Pehlivan & Altun, 2007; Sang, Gu, Sun,
Li, & Liang, 2008). Among the treatment processes, the biosorption
process using natural materials or waste products as adsorbents
to remove heavy metal ions from wastewater is one of the most
popular and effective processes (Bailey, Olin, Bricka, & Adrian,
1999; Demirbas, 2008; Farooq, Kozinski, Khan, & Athar, 2010; Sud,
Mahajan, & Kaur, 2008; Vijayaraghavan & Yun, 2008; Wan  Ngah,
Teong, & Hanafiah, 2011; Wang & Chen, 2009). Compared with
conventional treatment methods, the advantages of biosorption
process lie in its low-cost and high removal efficiency. The con-
centration of heavy metal ions can be reduced to very low levels
after the wastewater is treated by biosorption process.

In order to improve adsorption capacity of biosorbents, chemical
modification is widely used (Wu,  Kang, et al., 2010), including a
direct chemical modified method and grafting of functional group
chains on matrix biopolymer (O’Connell, Birkinshaw, & O’Dwyer,
2008). Modified biosorbents would be of great importance and be
hoped for removal of heavy metal ions from wastewater in actual
application. However, related literatures concerning concrete steps
of applying modified biosorbents to practice are seldom found. The
major reason is that many kinds of modified biosorbents are hard
to be prepared or processed on a large scale. Moreover, many kinds
of modified biosorbents have poor mechanical strength with high
water absorbency, which cannot meet the industrial application

requirements.

It was reported in our previous study that chemical modified
konjac glucomannan by grafting hydrophobic monomers onto its
backbone could be processed by thermoplastic extrusion (Xu, Luo,

ghts reserved.
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in, Zhuo, & Liang, 2009). It was further reported in a batch adsorp-
ion study that carboxylic acid functionalized deacetylated konjac
lucomannan as a weak acid cation adsorbent showed relatively
igh adsorption capacity for removal of copper ion and lead ion

rom aqueous solution (Liu, Luo, Lin, Liang, & Chen, 2009). In order
o prepare and process konjac glucomannan based adsorbent with
elatively high mechanical strength on a large scale, carboxylic
cid functionalized deacetylated konjac glucomannan (CADKGM)
ith regular cylinder shape was thermoplastically extruded and
repared by single screw extruder with subsequent chemical acti-
ation by sodium hydroxide. The main objective of this study was
o investigate the copper ions removal efficiency and adsorption
apacity of CADKGM adsorbent in fixed-bed column. Effects of var-
ous parameters on breakthrough curves were conducted. Thomas

odel was applied to fit the results obtained from the column
tudy.

. Experimental

.1. Materials and instruments

The following chemicals including methyl acrylate (MA), methyl
ethacrylate (MMA), ammonium persulfate, alcohol, sodium

ydroxide, hydrochloric acid, copper sulfate used in this work were
ll of analytical grade and obtained from Chengdu Kelong Chem-
cals Company. Refined KGM flour (50–150 �m)  was  purchased
rom Mianyang Anxian Dule Company and was used without fur-
her purification. High density polyethylene (HDPE) was  purchased
rom Shanghai Secco Petrochemical Company.

The following instruments were used in this study: torque
heometer and single screw extruder (XSS-300, Shanghai Kechuang
ubber Machinery Co., Ltd.), atomic adsorption spectrometer
AA700, PE), scanning electron micrograph (S440, Leica Cambridge
td.), and peristaltic pump (BT-100, Shanghai Qingpu Huxi Instru-
ent Factory).

.2. Preparation of DKGM

KGM flour (200.0 g) and sodium hydroxide (15.0 g) were dis-
ersed in 960 mL  alcohol/water mixture solution (400:560 v/v) in

 three-necked round-bottomed flask (2000 mL)  equipped with a
echanical stirrer. The reaction mixture was stirred at a tempera-

ure of 50 ◦C for 2 h. As a result, deacetylated konjac glucomannan
DKGM) was obtained. DKGM powder was filtered out and washed
ith distilled water, and then was dried at 60 ◦C for further graft

opolymerization experiment.

.3. Synthesis of TDKGM

A mixture of 45.0 g of dried DKGM and 1200 mL  of distilled water
as stirred mechanically at 25 ◦C for 30 min  in a three-necked

ound-bottomed flask (2000 mL)  under nitrogen atmosphere. This
reatment was followed by the addition of 120 mL  of MA  and 80 mL
f MMA. Copolymerization was carried out at 75 ◦C for 3 h by adding
mmonium persulfate (6.85 g) into the mixed solution. After 3 h,
hermoplastic deacetylated konjac glucomannan (TDKGM) was fil-
ered out of reacted system and washed thoroughly with distilled
ater and then refluxed with hot water for 12 h in order to remove

ny homopolymers that may  be attached to the surface of TDKGM
owder. The copolymer sample (TDKGM) was dried to a constant
eight (175.0 g) at 50 ◦C. The graft percentage was determined by
he following equation:

raft (%) = Wg − Wo

Wo
× 100 (1)
mers 86 (2011) 753– 759

where Wo and Wg represent the initial weight and the graft weight
of DKGM, respectively. The graft percentage of TDKGM was calcu-
lated as 289%.

2.4. Thermoplastic extrusion of TDKGM

Processing of the TDKGM was performed using a single screw
extruder. The applied temperature during extrusion was kept at
160 ◦C. The extruder speed was  kept at 40 rpm in all cases. Unifilar
TDKGM was extruded through nozzles with a diameter of 1.25 mm.
Unifilar TDKGM was cut into short cylinder pieces with length of
5 mm by granulator.

2.5. Chemical activation of TDKGM for CADKGM adsorbent

Short cylinder pieces of TDKGM were chemically activated
under alkali condition using sodium hydroxide as follows: short
cylinder pieces of TDKGM (200.0 g) were immersed in 500 mL
of sodium hydroxide aqueous solution with the concentration of
10 wt%. The mixture was  agitated at 50 ◦C for 12 h. The chemically
activated TDKGM was  neutralized by hydrochloric acid and col-
lected by filtration and washed with distilled water. The product of
CADKGM adsorbent was then dried at 60 ◦C.

2.6. Fixed-bed column experiments

Fixed-bed column experiments were conducted using a column
with 3.0 cm internal diameter and 30 cm length. The column was
packed with short cylinder pieces of CADKGM between two sup-
porting layers of glass wool. The column was  charged with Cu2+

aqueous solution in the up flow mode. Temperature was  main-
tained at 15 ◦C. The column studies were performed at pH 5. A
Perkin-Elmer-AA700 atomic absorption instrument was  used in the
determination of Cu2+ concentration of effluent by line’s calibration
curve.

The adsorption–desorption cycle experiments were carried out
in a column with a bed height of 14 cm.  The Cu2+ ion solu-
tion of 50 mg  L−1 was fed through the bed in up-flow mode at
10 mL min−1 flow rate. Operation of the column was  stopped when
the effluent Cu2+ ion concentration reached a constant value.
The Cu-loaded CADKGM was regenerated by using 0.01 mol  L−1

hydrochloride. Hydrochloride was fed through the bed in up-flow
mode at 8 mL  min−1 flow rate until the effluent Cu2+ ion concen-
tration reached a lowest value. The regenerated CADKGM was
neutralized by 0.01 mol  L−1 sodium hydroxide until the pH value
in the effluent achieved a value of 6, and then deionised water was
used to wash the bed for 5 h at a flow rate of 10 mL  min−1. The
regenerated column was  employed in the next adsorption cycle to
investigate the reusability of CADKGM.

2.7. Characterization of TDKGM and CADKGM

A torque rheometer (XSS-300, Shanghai Kechuang Rubber
Machinery Co., Ltd.) was  used to study the effect of processing
temperature on rheological processing properties of TDKGM. The
processing temperature was set at 120 ◦C, 140 ◦C and 160 ◦C. The
processing speed was  kept at 40 rpm in all cases. The sample of
TDKGM or HDPE with amount of 45.0 g was  added into in an inter-
nal mixer at setting temperature. Various processing parameters
could be obtained from the torque curves.

The morphologies of TDKGM and CADKGM were investigated by
SEM (S440, Leica Cambridge Ltd.). All dried samples were sputter

coated with gold prior to examination.

Water absorbency of the samples was determined as follows:
1.0 g of dry sample was added into a centrifuge tube (100 mL) con-
taining 50 mL  of distilled water. The sample was  allowed to swell
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horoughly for 12 h. The sample was then centrifuged at 3000 rpm
or 30 min. After removing the supernatant water, the sample was
eighed. The weight difference was calculated as the amount of
ater absorbed in the sample. All experiments were conducted in

riplicate. The average of the three water absorbency was used in
he discussion.

.8. Analysis of column data

In order to determine the operation and dynamic response of
dsorption column, the bed breakthrough time (tb, the time at
hich the ratio of Ct/Co is 0.1) and bed exhaustion time (te, the

ime at which the ratio of Ct/Co is 0.9) were used to evaluate the
reakthrough curves. Co is the inlet Cu2+ ion concentration and
t is the outlet Cu2+ ion concentration. The equilibrium column
apacity (qe, mg  g−1) for a given feed concentration and flow rate is
qual to the area under the plot of the adsorbed Cu2+ concentration
Cad = Co − Ct, mg  L−1) versus time (h) and is calculated as follow:

e = QA × 60
ms × 1000

= Q × 60
ms × 1000

∫ t=ttotal

t=0

Cad dt (2)

here ttotal, Q, ms and A are the total flow time (h), flow rate
mL  min−1), the total dry weight of CADKGM in column (g) and
he area under the breakthrough curve, respectively.

. Results and discussion
.1. Effect of processing temperature

TDKGM with a glass transition temperature of 56.7 ◦C was
ynthesized by free radical graft copolymerization of methyl acry-

Fig. 2. SEM analysis of CADKGM adsorben
Fig. 1. Torque curves of TDKGM and HDPE.

late (MA) and methyl methacrylate (MMA)  onto the backbone of
deacetylated konjac glucomannan. DKGM is not able to soften and
just decompose at much higher temperature. After grafting co-
poly-MA-MMA onto the backbone of DKGM,  TDKGM will soften
when processing temperature is just higher than glass transition
temperature of TDKGM. The molecular structure of TDKGM is the
rigid-chain copolymer, which indicates that rheological behavior of

TDKGM depends strongly on processing temperature. The torque
curves of TDKGM thermoplastically processed at various temper-
atures were shown in Fig. 1. Torque rheological parameters of
TDKGM including maximum torque, equilibrium torque and plas-

t before and after alkali treatment.
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Table 1
Torque rheological parameters at different temperatures.

Parameters TDKGM
(120 ◦C)

TDKGM
(140 ◦C)

TDKGM
(160 ◦C)

HDPE
(160 ◦C)

Maximum torque (N m)  53.5 43.6 23.1 20.4
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Equilibrium torque (N m) 30.6 23.5 13.1 11.1
Plasticizing time (s) 50 48 26 24

icizing time were regularly reduced with increase of processing
emperature as listed in Table 1. The torque curve of TDKGM at
emperature of 160 ◦C was close to the torque curve of HDPE at the
ame temperature. It indicated that TDKGM showed good thermo-
lastic processing behavior and TDKGM can be easily extruded in

 screw extruder.

.2. SEM analysis

The SEM micrographs of TDKGM adsorbent before and after
lkali treatment are shown in Fig. 2. The micrograph in Fig. 2(A)
epresents compact cylinder structure of TDKGM adsorbent with a
iameter of 1.5 mm before alkali treatment. The section of TDKGM
hown in Fig. 2(C) is in a few cases rough and scaly, which is helpful
o chemical activation. When TDKGM adsorbent was suspended in
lkali solution, the surface ester functionality of TDKGM can be eas-
ly hydrolyzed into CADKGM containing carboxyl groups. The SEM

icrographs in Fig. 2(B) and (D) show the presence of pores inside
he CADKGM adsorbent after alkali treatment. Porous structure of
DKGM can provide enough contacting sites that solutes in aque-
us solution can easily exchange with functional groups. The water
bsorbency of TDKGM before alkali treatment was determined as
.3 g H2O/g TDKGM. After the sample was treated by alkali solu-
ion, the water absorbency of CADKGM adsorbent increased to 3.0 g
2O/g CADKGM.

.3. Effect of flow rate

The effect of flow rate on removal of Cu2+ ions from aqueous
olution by CADKGM was investigated by varying the flow rate from

 to 15 mL  min−1 shown in Fig. 3. The amount of CADKGM packed
n the column was 15.0 g. The bed height and initial Cu2+ concen-
ration were kept at 21 cm and 50 mg  L−1, respectively. With the

−1 −1
ncrease of flow rate from 5 mL  min into 15 mL min , the col-
mn  breakthrough time was reduced from 7.0 h to 1.0 h and the
olumn capacity was decreased from 14.1 mg  g−1 to 12.1 mg  g−1,
espectively. The reduction of adsorption behavior with increasing

Fig. 3. Effect of flow rate on breakthrough curves.
Fig. 4. Effect of bed height on breakthrough curves.

flow rate was  due to the decrease of the contact time at higher flow
rate (Ahmed, 2011). Cu2+ ions have enough time to diffuse into the
pores of CADKGM through intra-particle diffusion at lower flow
rate and more available functional group sites are able to capture
Cu2+ ions around or inside the adsorbent. The breakthrough curve
became steeper as the flow rate increased. It indicated that the equi-
librium column capacity of CADKGM quickly reached its maximum
value at higher flow rate because of more Cu2+ ions exchanging with
functional group sites in shorter time.

3.4. Effect of bed height

Quantity of adsorbent inside the column is an important param-
eter in evaluating the performance of adsorption for continuous
treatment. In order to yield different bed heights, 10 g, 15 g and 20 g
of CADKGM were added to produce bed heights of 14 cm,  21 cm,
and 28 cm,  respectively. The breakthrough curves obtained by vary-
ing the bed heights from 14 cm to 28 cm at 10 mL  min−1 flow rate
and 50 mg  L−1 initial Cu2+ concentration are presented in Fig. 4.
It was observed that the breakthrough time and exhaustion time
increased with increasing the bed height. The increase of break-
through time and exhaustion time in adsorption with increasing
bed depth was due to the increase in CADKGM doses, which pro-
vide greater functional sites for Cu2+ ions. Moreover, contact time
is another important parameter affecting removal efficiency. When
the column was packed at a lower bed height, Cu2+ ions had not
enough contact time to diffuse inside the adsorbent, which led to
reduction of breakthrough time and removal efficiency. The uptake
became less effective. With increase of the bed height from 14 into
28 cm,  the breakthrough time have evidently prolonged from 3.0 h
to 7.2 h. The column showed good performance to remove Cu2+ ions
from the fluid with high removal efficiency of 99.7%. The equilib-
rium column capacity improved from 12.6 mg g−1 to 13.5 mg  g−1

when the bed height increased from 14 cm to 28 cm.
In order to predict the relationship between bed depth and

service time at fixed adsorption conditions, the linear bed depth
service time (BDST) model was used to analyze the data. The
linear BDST equation can be expressed as follows (Bohart &
Adams, 1920; Futalan, Kan, Dalida, Pascua, & Wan, 2011; Kumar
& Bandyopadhyay, 2006):

t = NoZ − 1
ln

(
Co − 1

)
(3)
Cov KaCo Cb

where Co is the initial Cu2+ concentration, Cb is the breakthrough
Cu2+ concentration (mg  L−1) when the effluent concentration
reaches to 5 mg  L−1, No is the adsorption capacity (mg L−1), v is the
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Fig. 5. Effect of initial concentration on breakthrough curves.

inear flow velocity of Cu2+ solution through the bed calculated by
ividing the flow rate by the column section area (cm h−1), Z is the
ed depth of column (cm), t is the service time (h) when the normal-

zed concentration (Ct/Co) reaches to 0.1 and ka is the rate constant
L mg−1 h−1).

The plot of service time versus bed height was linear with high
orrelation coefficient of 0.999. It suggested that BDST model well
tted the data. The BDST model parameters are useful to scale up
he column adsorption process for different bed heights without
urther experiment. The values of BDST model parameters were
alculated from the slope and intercept of the plot. The values of No

nd Ka were 1273.89 mg  L−1 and 0.036 L mg−1 h−1, respectively. The
alues of No and Ka suggested that CADKGM has high efficiency for
emoval of Cu2+ from aqueous solution. By setting service time t = 0
nd solving for Z in the above equation, the minimum bed height
Zmin) is obtained as 4.1 cm.  The parameter of minimum bed height
eflects the shortest bed height needed to reach the breakthrough
oncentration at service time t = 0.

.5. Effect of initial concentration

The column performance of CADKGM was conducted at various
nlet Cu2+ ion concentrations. The breakthrough curves obtained by
hanging inlet Cu2+ ion concentration from 50 mg  L−1 to 250 mg  L−1

t 10 mL  min−1 and 21 cm bed height are presented in Fig. 5. It
s clear that CADKGM can be quickly saturated at the higher ini-
ial concentration, which leads to reduction of the breakthrough
ime with increase of initial concentration. The equilibrium col-
mn  capacity obtained by experiment increased from 14.1 mg  g−1

o 35.0 mg  g−1 when the initial concentration increased from
0 mg  L−1 to 250 mg  L−1. The maximum equilibrium column capac-

ty of 35.0 mg  g−1 was similar to the equilibrium adsorption
apacity of CADKGM determined from in our batch study at the
nitial concentration of 250 mg  L−1. A higher column capacity can
e achieved at a higher Cu2+ ions concentration due to the higher
riving force. The driving force for adsorption is the concentration
ifference between the solute on the adsorbent and the solute in
he solution. The driving force between the Cu2+ ions on CADKGM
nd the Cu2+ ions in the solution could be improved with increasing
u2+ ions concentration.
.6. Application of Thomas model

The adsorption data from the column studies at various flow
ates and initial concentrations were analyzed using the Thomas
Fig. 6. Adsorption–desorption cycles of Cu2+ ions onto CADKGM.

model. Thomas model was  based on two assumptions. The first
assumption is Langmuir kinetics of adsorption–desorption with-
out axial dispersion. The second assumption is that the rate driving
force in adsorption process conforms to second order reversible
reaction kinetics. It is used to predict the maximum column capac-
ity of CADKGM. The linear Thomas model has the following form
(Kose & Ozturk, 2008; Qaiser, Saleemi, & Umar, 2009; Tabakci &
Yilmaz, 2008):

ln
(

Co

Ct
− 1

)
= KThqeMs

Q
− KThCot (4)

where KTh is the Thomas rate constant (mL min−1 mg−1), qe is the
maximum column capacity (mg  g−1), Ms is the mass of adsorbent
(g), Q is the flow rate (mL  min−1), Co is the inlet Cu2+ ion concentra-
tion and Ct is the outlet Cu2+ ion concentration any time (t, min). The
Thomas model was  fitted to the column data at Ct/Co ratio higher
than 0.05 and lower than 0.95 to investigate the breakthrough
behavior of Cu2+ ion onto CADKGM. The values of KTh and qe can
be calculated from a plot ln(Co/Ct − 1) versus t at a given condition
listed in Table 2. The Thomas model well fitted the experimental
data at various flow rates and initial inlet concentrations with R2

values higher than 0.95. Moreover, the maximum column capacity
calculated from the Thomas model (qe,cal, mg  g−1) is very close to
the experimental column capacity (qe,exp, mg g−1).
3.7. Column regeneration and reuse studies

The adsorption–desorption cycle was repeated three times for
the same column. The breakthrough curves for each adsorption
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Table 2
Thomas model parameters.

Co (mg  L−1) Q (mL  min−1) KTh (mL  mg−1 min−1) qe,exp (mg  g−1) qe,cal (mg  g−1) R2

50 5 0.188 14.1 13.96 0.98
50 10 0.324 13.5 13.67 0.98
50 15  0.386 12.1 12.86 0.97
100  10 0.218 19.8 19.7 0.98
150  10 0.187 27.7 27.3 0.96
200  10 0.149 31.7 32.6 0.96
250  10 0.103 35.0 35.5 0.95
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Fig. 7. The adsorption–desorption

ycle are given in Fig. 6(a). The adsorption curves from cycle 1 to
 show a very similar shape. The column capacity of CADKGM was
ot affected by increase of reusable time and kept at almost the
ame value. Desorption cycles of Cu2+ ion from Cu-loaded CAD-
GM are shown in Fig. 6(b). Comparing the adsorption data with

he desorption data, desorption efficiency was calculated as 98%.
oreover, this regeneration process can be repeated up to 10 times.

fter 10 cycles, the regenerated CADKGM adsorbents before and
fter adsorption of Cu2+ ions are shown in Fig. 7(A) and (B), respec-
ively. The CADKGM bed did not settled down after 10 cycles. It
ndicated that CADKGM had good mechanic strength to support
he bed due to remaining matrix structure of the TDKGM plastic.
he adsorption–desorption mechanism of Cu2+ ions on CADKGM

an be described in Fig. 7. The adsorption–desorption behavior of
u2+ ions on CADKGM is much dependent on pH value of solu-
ion. At higher pH value, H+ ions at lower concentration binding on
egatively charged sites of CADKGM are exchanged by positively
hanism of Cu2+ ions on CADKGM.

charged Cu2+ ions. On the contrary, at lower pH value, H+ ions at
higher concentration exchange with Cu2+ ions from the negatively
charged sites of carboxylic acid groups on CADKGM. Therefore,
adsorption–desorption Cu2+ ions process on CADKGM can be easily
taken through pH adjustment of solution. After adsorption of Cu2+

ions on CADKGM, it is easy to regenerate and reuse again which
make CADKGM a good candidate for adsorption of Cu2+ ions from
wastewater.

4. Conclusion

Carboxylic acid functionalized deacetylated konjac glucoman-

nan has been developed porous structure and good mechanical
strength through traditional thermoplastic processing technology
and was  then chemically activated by sodium hydroxide. The col-
umn  capacity of CADKGM remained relatively constant when the
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arameters of bed height and flow rate were changed. However,
he column capacity of CADKGM could evidently be improved with
ncrease of the initial concentration. The maximum column capac-
ty can reach 35.0 mg  g−1 at higher Cu2+ ion concentration. The
homas model was reasonably accurate in predicting experimen-
al column capacity. CADKGM adsorbent can be regenerated and
perated for multiple uses without any considerable loss in col-
mn  capacity. This study identified CADKGM as a good candidate
o be utilized for continuous removal of Cu2+ ions from aqueous
olution.
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