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a  b  s  t  r  a  c  t

Natural  bamboo  sawdust  with  cellulose–lignin  polymeric  structure  was  used  as  a  raw  adsorbent  to
remove  heavy  metal  and  dyes  in  water.  The  analysis  of surface  properties  showed  that  high proton  affin-
ity sites  were  mainly  composed  of phenolic  and  alcohol  hydroxyl,  while  low  proton  affinity  sites  mainly
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eywords:
amboo sawdust
urface complexation model

consisted  of  carboxylic  acid,  silicon  hydroxyl,  aluminum  hydroxyl  and  some  low  densities  of  sulfhydryl
and phosphoryl  groups.  The  results  fitted  by NEM  surface  complexation  model  showed:  three-sites  model
fitted acid–base  titration  data  better  than  two-sites  and  one-site  model.  Acid–base  titration  experiments
showed  the  amount  of  acid  and  base  consumed  was  not  uniform  between  acid  and  alkali  side.  This  was
probably  due  to  the  swelling  of cellulose  in  acid  side,  but the  possibility  that  different  reactions  occurred

not  b
znpc in  acid  and  alkali  side  can

. Introduction

With the rapid development of modern industry, the discharge
f heavy metal and dye wastewater from the production process
as become a major environmental concern. The treatment of low-
oncentration wastewater is often difficult. As such, adsorption
ecomes an alternative and has grown into one of the most versa-
ile processes. The most widely used adsorbent is activated carbon.
owever, its operation and maintenance cost is relatively high.
ecently, abundant research has been conducted to seek more cost-
ffective adsorbents for the removal of pollutants. Sawdust is one of
he promising materials which can be used to adsorb heavy metals
Ahmed, 2011; Lee, 2001; Naiya, Hattacharya, & Das, 2008; Sciban,
adetic, Kevresan, & Klašnja, 2007;Shukla, Zhang, Dubey, Margrave,

 Shukla, 2002; Yasemin & Zek, 2007), dye (Batzias & Sidiras, 2005;
errero, 2007; Ofomaja, 2008; Özacar & Ş engil, 2005) and some
ther organic contaminants (Ofomaja & Unuabonah, 2011; Ye et al.,
010) from water.

To better understand the adsorption of metal ions and dyes on
atural sawdust, detailed information is required on the consti-
utive moieties of functional groups involved in the complexation
eactions. The sorption characteristics of sawdust strongly depend
n its charging status controlled by the types and numbers of

unctional groups on its surface. In this paper, surface complex-
tion model was used to account for the surface property and
eactivity of sawdust because it offered a specific mechanism by

∗ Corresponding author. Tel.: +86 02165988598; fax: +86 02165988598.
E-mail address: emsl@tongji.edu.cn (H.W. Gao).

144-8617/$ – see front matter ©  2011 Elsevier Ltd. All rights reserved.
oi:10.1016/j.carbpol.2011.08.098
e completely  excluded.  Pznpc  of sawdust  was between  pH 5.2 and  5.5.
© 2011 Elsevier Ltd. All rights reserved.

explaining surface chemical reactions with a set of thermodynamic
constants. This model has been successfully applied to explain the
sorption reaction of natural polysaccharide (Guo, Zhang, & Shan,
2008; Reddad, Cerente, Andres, & Clolrec, 2002), and wheat bran
(Ravat, Dumonceau, & Monteil-Rivera, 2000).

It is well known that the binding of proton and metal ions
and dyes are closely related (Ravat et al., 2000). But few research
was conducted to study the proton binding property of sawdust.
Natural bamboo sawdust is mainly composed of cellulose, hemicel-
lulose and lignin. Among them, cellulose and hemicellulose, which
account for about 50% of the dry matter, are complex carbohydrate
polymers as the major constituents. The study not only lays the
theoretical ground for the application of other sawdust adsorp-
tion materials, but also provides reference for that of agricultural
waste with cellulose or lignin as the main components, such as
waste tea leaves (Ahluwalia & Goyal, 2005), rice bran (Montanher,
Oliveira, & Rollemberg, 2005; Singh, Rastogi, & Hasan, 2005; Sud,
Mahajan, & Kaur, 2008;), bran shell, coconut fiber (Shukla & Pai,
2005) and cob (Khan & Wahab, 2006; Ngah & Hanafiah, 2008) in
heavy metal removal and apple pomace, wheat straw (Robinson,
Chandran, Naidu, & Nigam, 2002) and husk (Robinson, Chandran,
& Nigam, 2002) in dyes removal.

In contrast to most other plants which need to grow for 10–100
years, bamboo is a fast-growing and renewable resource, which
becomes mature in 4–6 years. Additionally, the wood processing
in industrial and agricultural production often generates a massive

amount of sawdust that needs to be reused. In view of this, we
choose bamboo sawdust as a natural adsorbent for study. Bamboo
sawdust used in this study is not chemically modified to maintain
its low cost.

dx.doi.org/10.1016/j.carbpol.2011.08.098
http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:emsl@tongji.edu.cn
dx.doi.org/10.1016/j.carbpol.2011.08.098
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Table 1
Acid–base titration surface complexation reaction.

Species Mass action relation Equilibrium constant

>XOH2
+ >XOH + H+ ⇔ > XOH2

+ K1
+ (2)

>XO− >XOH ⇔ > XO− + H+ K1
− (3)

>YO− >YOH ⇔ > YO− + H+ K2
− (4)
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>ZH  >Z + H ⇔ > ZH KZH (5)
>ZK  >ZH + K+ ⇔ > ZK + H+ KZK (6)
>ZH  >ZK + H+ ⇔ > ZH + K+ KZH (7)

. Materials and methods

Bamboo sawdust was obtained from a timber mill in South
hina. Bamboo sawdust was dried in an oven at 70 ◦C for 24 h, and
hen grounded and screened through a set of sieves to get particles
ith geometrical size from 100 to 200 �m.

.1. Acid–base titration

Experiments were fully automated by computer-controlled
etrohm 798 microprocessor pH meter. All potentiometric titra-

ion experiments were performed in a thermo-stated cell at
2 ± 1 ◦C under a nitrogen stream, using a glass electrode paired
ith an internal calomel electrode. One gram of sawdust was  added

nto a 100 mL  beaker and fully mixed with 50 mL  0.01, 0.1 or 1 M
NO3 solution. The pH of solutions under different ionic strength
as approximately 5.5 (acid side starting point). The sawdust sus-
ension was first titrated to pH 3.5 (alkali side starting point) by
NO3 solution and then to pH 10.5 by KOH solution. The titration

ate was adjusted with a stability criterion of less than 0.01 pH
nit. The total titration time was approximately 5 h. With the same
itration method, the above experiments were repeated with no
ddition of sawdust.

.2. Sawdust chemical and physical properties analysis

The elements and their contents in sawdust were analyzed
y X-ray fluorescence (SRS3400 type, Bruker AXS corporation in
ermany).

Infrared spectral analysis was done by using solid presser
ethod. The data from 500 to 4000 cm−1 spectral range was  col-

ected by an infrared spectrometer (Nicolet 5700, Nicolet company
n USA). Nine alkali side experimental data points of titration exper-
ment were used for Zeta potential analysis. After titration, the
H of suspension was measured by pH meter and the supernatant
as removed for zeta potential measurements after 10 min  by zeta
otential analyzer (Zetasizer Nano Z type, Malvern Instruments
td.).

. Results and discussion

Since constant capacity model, diffusion layer model and three
ayer model were unable to fit the data well, this paper adopted
he non-electrostatic model (NEM) (Kohler, Curtis, David, Meece, &
avis, 2004; Marmier & Fromage, 1999) to fit the data. Equilibrium
onstants and mass action relation were summarized in Table 1.

.1. At alkali side with pH 3.5 as the starting point for the model
tting

When pH 3.5 was chosen as the starting point for data anal-
sis and fitting, the charge variation of surface protons (mol/kg)

esulting from the combination of H+ or OH− can be expressed as:

Q = −VOHCOH + VOHKCOH

(V0 + VH + VOH)Cs
(1)
Fig. 1. Infrared spectra for natural bamboo sawdust.

where VOH and VH were acid and base volume (mL) added during
titration, respectively. VOHK was the base volume (mL) added dur-
ing blank titration. COH was the base concentration (mol/L), V0 was
the initial volume of suspending liquid (mL), Cs was  the sawdust
concentration of suspending liquid (kg/L).

From infrared spectra (Fig. 1), the following conclusions were
drawn: 3200–3600 cm−1 wide peak resulted from hydroxyl peak
(including phenolic hydroxyl, alcohol hydroxyl of sawdust and
water molecules) (Gode, Atalay, & Pehlivan, 2008), 2920 cm−1 peak
can be attributed to methyl, methylene group and the extension
vibration of C–H bond in the aromatic methoxyl group. 1641 and
1740 cm−1 corresponded to the vibration range of carbonyl groups.
It had been shown that 1740 cm−1 was the free carbonyl stretching
vibration of carboxylic acid group and 1641 cm−1 was the potentio-
metric anionic stretching vibration (Bouanda, Dupont, Dumonceau,
& Aplincourt, 2002). 1602, 1425, 1511 cm−1 were characteristic of
aromatic main structure vibration. Both 1517 and 1467 cm−1 were
the deformation vibration of methoxy group on aromatic ring. 900,
1050 and 1384 cm−1 can be inferred as carbohydrate characteristic
peaks. 835, 1045, 1160 and 1251 cm−1 should be guaiacyl charac-
teristic peaks (Tejado, Pen, Labidi, Echeverria, & Mondragon, 2007),
1122 and 1330 cm−1 should be syringyl characteristic peaks and
both of them were lignin endemic components. 1602, 1425 (Guo et
al., 2008), 1511, 1467 and 1517 cm−1 all exhibited the main struc-
ture characteristics of aromatic ring, but only 1641 and 1740 cm−1

showed the unique structure of carboxylic acid groups. This sug-
gests that phenolic groups and alcohol hydroxyl groups are more
abundant than carboxylic acid groups in sawdust.

Sawdust surface contained a large number of hydroxyl groups.
If the energy of these groups was  equivalent, then only one type
of surface functional group (in this case, XOH) participates in the
reaction. Eq. (2) in Table 1 was  a protonation reaction, while Eq.
(3) was a deprotonation reaction. This was  the so-called one-site
model. In fact, the energy of different sawdust surface groups was
significantly different and can be categorized into two  types: low
proton affinity sites (in this case, XOH) and high proton affinity sites
(in this case, YOH). According to Fig. 1, low proton affinity sites gen-
erally referred to carboxylic acid group, while high proton affinity
sites generally referred to alcohol hydroxyl and phenolic groups.
This was the so-called two-sites model. Relatively, the proton at
high proton affinity sites can be abstracted more hardly. Also, alco-
hol hydroxyl and phenolic hydroxyl groups were more difficult to

be protonated, so their protonation reactions are negligible. Their
deprotonation reaction was shown by Eq. (4).

Certainly, other types of affinity sites may  also exist. The main
components of sawdust were cellulose, hemi-cellulose and lignin
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Lee, 2001), which contained over 99% of C, H, O. By X-ray fluores-
ence analysis, other elements with atomic number higher than 8
ncluded Si (0.21%), Al (0.49%), K (0.15%), S (0.11%), P (0.035%), Cl
0.024%), Zn (0.023%), Mn  (0.0046%), Ca (0.0019%), and Fe (0.0011%).
hese elements can form >AlOH, >SiOH, >SH, >PO3H, etc. These
roups, especially >SH and >PO3H, were often present at low abun-
ance, so it was difficult to locate their characteristic peaks in

nfrared spectrum.
The cellulose in sawdust was crystalline, while lignin was amor-

hous (Lee, 2001). Due to the semi-crystal characteristic of sawdust,
t may  possess some properties that can only be found on crystal.
herefore, some lattice defects may  exist in its structure, which led
o the presence of permanent charge. According to the research
n mineral crystals, these permanent charges were generally neg-
tively charged, and tended to participate in ion exchange reaction
Anderson & Sposito, 1991; Chu, 2003). Three-sites model was
herefore proposed as an improvement of two-sites model by incor-
orating the ion exchange reaction of permanent charge. These ion
xchange sites bound with hydrogen ions in acid side titration (Eq.
5)) or exchanged with potassium ions (in the presence of KNO3)
n alkali side titration (Eq. (6)).

Using Eq. (1),  �Q  was calculated with varying pH and ionic
trength (Fig. 2). Different site model was applied to fit data and
esults were summarized in Table 2 and Fig. 2. Using FITEQL soft-
are (Herbelin & Westall, 1999), Fig. 3 was obtained which showed

he change of surface species with varying pH according to fitting
arameters in Table 2. From Table 2 and Fig. 2, the more sites,
he better the data were fitted (in one-site model fitting, proto-
ation reaction was excluded). Among all fittings, one-site model
ave worst fitting. Its WSOS/DF (Herbelin & Westall, 1999; Westall,
ones, & Gary, 1995) ratio was higher than 1000. This reflected that
he hydrogen ion adsorption capacity of sites on sawdust varied
ubstantially.

Two-sites model fitted better. Its WSOS/DF ratios dropped to 65
r so. Except for log K1

+, the values of fitting parameters under dif-
erent ionic strengths only changed slightly, suggesting a similar
roton binding mechanism. For low proton affinity sites, log K1

−

as between −4.70 and −4.8, whereas its value was  between −9.3
nd −9.6 for high protons affinity sites. As shown in Fig. 3A–D,
he trend in the change of site density of surface species was
lso roughly the same as pH changes. For example, in Fig. 3A, the
umerical value of XOH2

+ was very small when pH was  above
.5 and therefore can be neglected. Despite the change of log K1

+

as remarkable in two  ionic strength series, it has no significant
mpact on fitting results of other data. As pH rose, XOH site density
ecreased gradually, while XO− site density increased gradually. At
H 4.75, XO− and XOH site density equaled to each other, resulting
n a continuous increase in XO− until a maximum threshold was
eached (i.e. the T(XOH) 0.0381 mol/kg in Table 2). T(XOH) was  the
um of XOH2

+, XOH and XO− site density and their relative pro-
ortion only changed with pH. When pH was higher than 6, low

able 2
itting parameters of surface complexation model.

Model Log K1
+ Log K1

− Log K2
− Log KZK Log KZH

0.01 M
One-site −5.27 

Two-sites 0.531 −4.82 −9.51 

Three-sites 2.32 −4.66 −10.0 −7.30 

Three-sites (1) 3.99 −5.46 −10.1 7.83 

Three-sites (2) 4.84 −9.13 −10.7 6.99 

0.1  M
One-site −5.14 

Two-sites 2.08 −4.72 −9.36 

Three-sites 2.42 −4.53 −9.86 −7.39 

Three-sites (1) 3.78 −5.20 −9.82 7.62 

Three-sites (2) 4.64 −8.95 −10.4 7.00 
Fig. 2. �Q–pH fitting curve of Surface complexation models under different ionic
strengths. (A) 0.01 M KNO3 and (B) 0.1 M KNO3.

proton affinity sites existed in the form of XO−, as all protons have
dissociated. Also, from Fig. 3A–D the density of high proton affinity
sites was  much higher than that of low protons affinity sites. These
results were in agreement with infrared spectrum, in which alcohol
hydroxyl and phenolic hydroxyl group peaks had a higher intensity
than carboxylic acid peak. When pH was less than 7, surface species
were in the form of YOH. Proton did not dissociate from sites until
pH was  raised above 8. At pH higher than 8, YO− concentration
gradually increases but did not reach a plateau during titration.
For ion exchange sites, when pH was  below 5.5, ZH predominated;
when pH was above 5.5, ion exchange reaction started to occur;

when pH was above 9, ZK became dominant.

From Table 2 and Fig. 2, three-sites model fitted data better than
two-sites model. Since pH 3.5 was  used as the starting point for data
fitting, three-site model incorporated Eq. (6) instead of Eq. (5).  The

T(XOH) (mol/kg) T(YOH) (mol/kg) T(ZK/ZH) (mol/kg) WSOS/DF

0.0605 1.03E+03
0.0381 0.074 63.6
0.0310 0.0800 0.0209 7.32
0.0211 0.0788 0.0170 9.07
0.0314 0.0917 0.0126 13.3

0.0668 1.12E+03
0.0427 0.104 64.9
0.0350 0.115 0.0249 8.25
0.0239 0.112 0.0203 12.0
0.0357 0.130 0.0156 10.7
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Fig. 3. The predicted distribution of surface species of sawdust with the change of pH under different ionic strength. (A) 0.01 M KNO3 two-sites, (B) 0.01 M KNO3 three-sites,
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0.01  M KNO3.
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Table  3
Material balance coefficient of three sites surface complexation models.

Species >XOH >YOH >ZK/>ZH H+ Model

>ZH 0 0 1 0 Three-sites
>ZK 0 0 1 −1
>ZK 0 0 1 0 Three-sites (1)
>ZH  0 0 1 1
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>Z− 0 0 1 −1 Three-sites (2)
>ZH  0 0 1 0

ass balance matrix in Fiteql software (Herbelin & Westall, 1999)
re summarized in Table 3. Because >ZK represents the loss of a
ydrogen ion, >ZK and >ZH in the “H+” column are designated as
−1” and “0”, respectively.

Compared to two-sites model, the fitting parameters of three-
ites model did not change too much, so the two-sites model may
asically be able to explain the binding mechanism between hydro-
en ions and sawdust. The absolute value of log K1

− of three-sites
odel fitting was slightly lower than that of two-site model, while

he absolute value of log K2
− was slightly higher. Correspondingly,

ite densities T(YOH) of three-sites model was higher with lower
(XOH). This reflected the interdependence of these parameters.
ake “0.1 M”  as an example, log K2

− for three-site model was  −9.86,
hich meant more high proton affinity surface sites were involved

n adsorption, so T(YOH) was also a bit higher. T(XOH) became
ower because some low proton affinity sites were attributed to ion
xchange reaction of permanent charge. In three-sites model, the
ensity of new ion exchange sites was about two-thirds of that of

ow proton affinity sites, indicating the importance of this reaction.
wo-sites model did not reflect this consideration, and therefore
ave a lower WSOS/DF ratio.

.2. At acid side with pH 5.5 as the starting point for the model
tting

Surface protons charge (mol/kg) resulting from sawdust surface
inding H+ or OH− can be given by Eq. (8),  where (H+) and (OH−)
ere hydrogen ion and hydroxyl ion concentrations before titra-

ion, respectively, VHK and VOHK were acid and base volumes added
uring the blank titration, respectively, CH and COH were acid and

Q = {(VHCH − VOHCOH − (VHKCH − VOHKCOH))/(V0 + VH + VOH) + [OH]− − [H]+}
Cs

(8)

Alkali concentrations (mol/L), respectively. VH, VOH, V0 and Cs

ere the same as in Eq. (1).  According to Eq. (8),  Fig. 4A was
btained.

Sawdust surface reactions were more complicated than
xpected. When performing the acid–base titration analysis, an
nteresting phenomenon was observed. Using same concentration
nd volume of acid and base, the amount of acid used to titrate
rom initial pH 5.5 down to pH 3.5 was always a bit more than that
f base used to titrate back from pH 3.5 to pH 5.5. For example, in
.01 M KNO3 system, the acid side used 18 drops, while alkali side
nly used 16 drops; in 0.1 M KNO3 system, acid side used 20 drops,
hile alkali side only used 17 drops. Theoretically, if the reaction
as fully reversible, the amount of acid and base used should be

he same. Two possibilities can explain such difference.
Firstly, under acidic conditions, swelling can occur in the cellu-

ose and hemi-cellulose components of sawdust (Lee, 2001). Thus,

awdust may  absorb more hydrogen ions in acid side titration.
efore titration, sawdust was soaked in KNO3 solution of high
oncentration, so the negatively charged site would bind with
otassium ions to form >ZK. Then the ion exchange reaction in
Fig. 4. (A) Surface proton charge Q curve with the change of pHB. (B) Surface proton
alkali equivalent charge Q curve with the change of pH.

acid side proceeded following Eq. (7),  while ion exchange reac-
tion in alkali side proceeded following Eq. (6).  Eqs. (6) and (7) are
reversible. The excess acid consumed in acid side can be explained
by cellulose swelling.

The second explanation was  that two different reactions
occurred in acid side and alkali side. In acid side the reaction fol-
lowed Eq. (5),  whereas in alkali side the reaction followed Eq. (6).
The difference was  that no potassium ion participated in the reac-
tion of acid side. The data was fitted individually and the fitting
results were summarized in Table 2. Three-sites (1) represented the
first possibility, and three-sites (2) represented the second possi-
bility.

From Table 2, three-sites (2) model and three-sites (1) model
yield comparable fitting results. Both of them fitted data reason-
ably well. As for three-sites (1) model (see Table 3), when >ZK was
the initial state, “H+” was designated as “0”; when >ZH obtained a
proton, “H+” changed its value to “1”. As for three-sites (2) model,
when >Z− was the initial state, “H+” was “−1”; when> ZH obtained
a proton, “H+” changed to “0”.

The change in the distribution of surface species with pH
for three-site (1) was analogous to Fig. 3A–D in addition to a
sharp increase in “XOH2

+” concentration (Fig. 5E and G). This
was caused by taking pH 5.5 as the starting point for fitting.
In addition, although the absorption of excess hydrogen ions

due to sawdust swelling was  not necessarily attributed to the
reaction XOH + H+ → > XOH2

+, the hydrogen ions absorbed can
only be explained by the surface complexation model, reflect-
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Kohler, M.,  Curtis, G. P., David, E., Meece, D. E., & Davis, J. A. (2004). Methods for
Fig. 5. Zeta potential with the change of pH and ionic strength.

ng the increase of “XOH2
+” concentration. Meanwhile, log K1

+

alue increased as the increase of “XOH2
+” concentration. This was

ecause the importance of formula (2) boosted because of increased
ata points of acid side. Log K1

+ also reached 3.5 above. In contrast,
og K1

+ was normally lower than 3.5 for by taking pH 3.5 as the
tarting point for fitting, and “XOH2

+” concentration only slightly
ffected fitting data.

Under different ionic strengths, the absolute value of log KZH of
hree-site (1) was roughly the same as log KZK in Table 2, but the sign
as opposite. This was because Eqs. (6) and (7) were the reversible

eaction of each other. Log K2
− and T(YOH) did not change signifi-

antly with the change of fitting starting point as other parameters
id. These changes reflected the interdependence of these param-
ters.

Log KZH fitting values of three-site (2) model were slightly
maller than those of three-sites (1) model, suggesting that the
ifference between reactions (5) and (7) is small. It appeared that
hether potassium ion participates in the reaction was  not crit-

cal. But from Table 3, the value of “H+” of reactions (5) and (7)
ere significantly different from each other, causing great changes

n other fitting parameters and the distribution of surface species
Fig. 3E–H). Log K1

− and log K2
− in three-sites (2) model were very

lose, indicating that this model was not sufficiently sensitive to
istinguish low proton and high proton affinity sites.

Based on the fitting results, it was hard to tell which possibility is
ore likely to occur. But under acidic conditions, cellulose swelling
as widely known (Lee, 2001), so the first possibility seemed to

e more reasonable. Or at least, the actual reaction of sawdust in
cid side can be explained by taking both possibilities into account.
or ordinary adsorbents, the choice of starting point did not affect
he subsequent fitting of metal ion adsorption. But in this study, in
rder to eliminate the potential errors, the fitting data with alkali
ide pH 3.5 as starting point were chosen for the subsequent metal
ons adsorption fitting in several future papers.

.3. The study on the charge of sawdust surface

In theory, with increasing ionic strength, the diffusion layer
hould be compressed, leading to a smaller absolute value of zeta
otential. This was well supported by experimental results shown

n Fig. 5. Additionally, though the negative charges on surface

iminish with decreasing pH, the sawdust had always be negatively
harged. Therefore, the zero charge point (Pzc) (Sposito, 1998) and
he isoelectric point (Iep) of sawdust cannot be determined because
ymers 87 (2012) 1199– 1205

a large proportion of permanent charge was  not involved in reac-
tion.

According to formula (8) and Fig. 4A, in 0.01 M,  0.1 M and 1 M
KNO3 systems, the corresponding pH values are 6.13, 5.97, 6.09
when Q = 0, respectively. Even if the effect of KNO3 on the sur-
face charge was assumed to be negligible, these pH values cannot
be viewed as net protons zero charge points (PZNPC) (Sposito,
1998). This was because these hydrogen ions which swelling saw-
dust tended to absorb, or which were abstracted from permanent
charges should not be considered as the coordination charge. If the
amount of acid used in acid side was  replaced by corresponding
alkali equivalence in alkali side, a new Q value can be recalculated
by formula (8) and the results are plotted (Fig. 4B). The new Q value
excluded the excess acid absorbed in acid side. In 0.01 M, 0.1 M and
1 M KNO3 systems, the corresponding pH values when Q = 0 are
5.49, 5.25 and 5.41, respectively. These values were considered as
Pznpc of sawdust. In addition, below pH 6, T(YOH) and T(ZK) of
three-sites (1) model mainly existed in the form of YOH and ZH, so
the charge of surface site largely depended on XO− and XOH2

+.

4. Conclusion

The surface properties analysis showed that semi-crystal prop-
erties existed in the structure of sawdust. The results fitted by NEM
surface complexation models with alkali edge pH 3.5 as the starting
point showed: three-sites model fitted data better than two-sites
and one-site model. Pzc and Iep of sawdust cannot be determined
and Pznpc was between pH 5.2 and 5.5. Based the above study
result, the extension of this study to metal ion and dyes adsorption
will be presented in several future papers.
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