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ab s t r ac t
Ziziphus kernels (ZKs) are used for production of activated carbon using a fluidized bed reactor. 
A chemical with phosphoric acid procedure is used to produce the required activated carbon. The ZKs 
are disposal material from a tree called Christ’s thorn tree. ZKs are low in cost, and it be the may cause 
of solid waste pollution problems in Iraq. The adsorptive characteristics of Ziziphus kernels active car-
bons (ZKACs) were evaluated for their physical, chemical, surface and adsorption properties. Surface 
area is determined using Brunauer–Emmett–Teller (BET) surface area method. The microstructures 
of ZKACs were discovered using scanning electron microscopy (SEM) image technologies. The max-
imum iodine number of ZKACs is about 491 under the following conditions: impregnation ratio of 
0.4, activation time of 1 h, activation temperature of 800°C, and particle size of 0.55 mm. The iodine 
number variation under all range of particle sizes is fluctuated between +12% and –11%. The obtained 
yield percent of ZKACs rises from 12 to 24.2 by raising the impregnation ratio range from 0.2 to 1.4 at 
800°C and declines from 47 to 37 by raising the impregnation ratio range from 0.2 to 1.4 at 400°C. The 
highest removal of residual chlorine was obtained at height of 15 cm and with small grain size 1.5 mm 
of ZKACs.
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1. Introduction

Activated carbon is defined by its source and its
 properties, and it can be produced from almost any 
organic matter with high carbon content. Activated carbon 
is considered as one of the most important adsorbents. The 
carbonaceous material is the main part of its content which 
has microvoids in its surface and its structure. It is utilized 
industrially in the process of treatment for gas flue and 
volatile diluters [1]. Active carbon is the final product of 
activation process from different sources of carbonaceous 
materials with carbon contents ranged between 72% and 
90%. The activation sequence usually starts with an ini-
tial raw material carbonization to get high carbon content 
in the samples [2]. It is utilized for purification, decolor-
ization, and toxic organics and heavy metal ions removal 

in wastewater treatment [3]. It is used finally in advanced 
water treatment. Hereby,  activated  carbon’s demand is 
growing. The type of raw material and activation factors 
determine the physical and chemical characteristics of 
activated carbon [4]. Activated carbon is classified into 
three types, such as powder, granular, and fibrous, and is 
considered as three shapes according to the sizes of acti-
vated carbon whereby each type has a specific application. 
Raw materials of activated carbon are selected according 
to some factors such as pureness, price, activation poten-
tial level, and availability. A number of agricultural prod-
ucts were utilized as raw material sources for activated 
carbon. These materials included coconut shells [5], wood 
[6,7], almond shells [8,9], olive stones [10,11], pecan shells 
[12–14], nutshells [15, 16] and other agricultural byprod-
ucts [17,18] but no one used ZKs as raw material for acti-
vated carbon. Many researchers have been working on the 
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specific surface area and adsorbent capacity based on the 
types of chemicals and activation factors, whereas these 
researchers utilized variety of raw materials like petro-
leum residue, coconut shell and fly ash as raw active 
carbon materials [19, 20]. Many activation agents have 
dehydration and oxidation characteristics like zinc chlo-
ride, phosphoric acid, sulfuric acid, potassium hydroxide 
and calcium chloride that have been utilized for chemi-
cal  activation [21, 22]. Activation is always implemented 
simultaneously with carbonization during chemical acti-
vation process. The chemical activation process is very 
efficient process for activated carbon used in water and 
wastewater treatment. Wastewater utilities have used acti-
vated carbon to remove harmful chlorine residual before 
discharge to the environment. The adsorption mecha-
nism of activated carbon provides a highly efficient way 
to remove chlorine, although reaction rates may vary with 
chlorine concentration, type of residual, carbon particle 
size, pH and absorbed organic matter [23]. Activated car-
bon is very effective in removing free chlorine from water 
[24], whereas the mechanism of removal employed by acti-
vated carbon for dechlorination is not the adsorption phe-
nomena that occur for organic compound removal.

The aims of this study were to utilize ZKs as raw materi-
als for activated carbon production through chemical activa-
tion by phosphoric acid and evaluate its adsorption capacity 
for residual chlorine removal. In this study, the activation 
temperature, activation time, impregnation ratio and particle 
size investigated corresponding to iodine number and yield 
percent. Also, the change in the microstructure of the ZKs 
and produced activated carbon Ziziphus kernels active car-
bons (ZKACs) examined through scanning electron micros-
copy (SEM). The efficiency of ZKACs was investigated for 
chlorine residual removal in a fixed bed column with respect 
to operating conditions of the column, such as residual chlo-
rine inlet concentration, adsorbate flow rate, bed height and 
adsorbent particle size.

2. Material and methods

2.1. Source of raw materials

ZKs used in this study were collected from Abu 
Al-Khasib, south of Basra city in the south region of Iraq, 
which is located about 25 km south of Basra city. ZKs were 
collected from fallen pieces under the trees called Christ’s 
thorn. It is collected in plastic bags and transported to the lab-
oratory where further testing procedures were carried out.

2.2. Production process

The activation steps of activated carbon from ZKs 
included five steps as shown in Fig. 1.

2.2.1. Sample preparation

ZKs were received as isolated from Ziziphus. Decanting 
separates any floated particulates easily with vigorous agi-
tation. The remaining hard kernels were used in the exper-
iments after continued process of washing, agitation, and 
decantation. Then, the clean kernels are dried at 115°C for 
about 1 d. Then, hard kernels are crushed and sieved through 
sieve analysis to the desired size. The resultant sieve cut is 
soaked in 97% C2H5OH for about 1 d to remove any undesir-
able materials; after that, the collected fractions were utilized 
to study the effect of the different parameters.

2.2.2. Activation agent

Specified size of 100 g ZKAC particles is mixed and 
shaken with 300 ml activation agent phosphoric acid of 86%. 
Using impregnation ratio of 0.2–1.4, the solution is left for 1 d 
at room temperature [25]. Then, the particles are rinsed by 
pure water and dried after filtration at 90°C for 1 d.

2.2.3. Activation

ZKs are dried at 110°C for 1 day. The particle with size 
1–2 mm is put in a reactor furnace as shown in Fig. 2 and 
heated at a rate of 600°C/h from room temperature about 
600°C and remained at this temperature for 90 min. The pro-
duced char is mixed with phosphoric acid where the ratio of 
char/H2O/H3PO4 equal to 1/2.5/3.5 by weight, with constant 
speed mechanical stirring for 240 min and a temperature of 
90°C. The impregnated char is dried all night at 115°C. The 
furnace reactor had the dry mixture under nitrogen gas flow 
of 0.144 m3/h and heated at a rate of 600°C/h to a final tem-
perature of 695°C, which remained for 120 min.

2.2.4. Leaching

To get activated carbon with excellent specific surface 
area, the materials of activated carbon under activation 

Fig. 1. Flow diagram of activation process.

Fig. 2. Process diagram of Furnace Reactor.
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process need to be washed with hydrochloric acid and rinsed 
with hot water for removing surfaces inorganic matter; there-
fore, all activated samples are washed with distilled water, 
transferred into 0.1 mol/L hydrochloric acid and agitated for 
60 min to remove the remained acidity.

2.2.5. Rinsing and drying

All activated samples are rinsed with warm pure water. 
This rinsing is continued until pH of filtrating solution is 
neutral. Then, the produced ZKAC is dried at 105°C all 
night.

2.3. Experimental set up for adsorption of residual chlorine

Adsorption process was carried out by packed bed 
adsorption with height of 80 cm and diameter of 7 cm. Several 
experiments were implemented by changing the characteris-
tics of granular activated carbons (GAC). Operating parame-
ters for adsorption of residual chlorine are shown in Table 1.

3. Results and discussion

3.1. Characterization of produced active carbon

The composition structure of ZKAC is shown in Table 2. 
ZKACs are composed of a compact cellular structure with 
low porosity. At high temperature, phosphoric acid is mixed 
with ZKs; acid catalyst is appeared to promote reactions of 
bond cleavage and crosslinks formation by condensation and 
cyclization and also to chain with other organic species to 
build bridges of PO4

= that are considered as crosslink frag-
ments of biological polymer [26]. There are various functions 
of acidic surface established in the oxidation surface in addi-
tion to the connection of different surface groups of oxygen 
and phosphorus which are establishing the porosity [27]. The 
cellulose dehydration via H3PO4 is same as alcohols dehy-
dration under high temperatures. The oxides phosphorus 

can establish Carbon-Oxygen-Phosphorus bonds, whereas 
the oxides phosphorus works as Lewis acids. But, when the 
temperature is more than 900°C, the carbonaceous surface is 
empty from species of phosphorus bearing [28].

On the other hand, the characterization of the ZKACs 
could be done from identifying surface area, iodine number, 
yield, and so on.

3.1.1. Surface area

The Brunauer–Emmett–Teller (BET) surface area method 
is based on a 1938 paper by Brunauer, Emmett, and Teller 
to measure the internal surface area of activated carbon. 
The mathematical model uses the nitrogen adsorption iso-
therm at low temperature and single layer adsorption. The 
DESOTEC R&D laboratory is equipped with a BET measur-
ing instrument that, in addition to the internal surface area, 
also calculates the average pore size, pore volume and pore 
size distribution. Depending on the application, DESOTEC 
can offer activated carbon types ranging from 400 to more 
than 1500 m2/g. Some properties of the ZKACs are presented 
in Table 2. The ZK is composed of carbon, but there is also 
oxygen from number of oxygenated surfaces. It is observed 
that phosphorus is presented due to treatment with phos-
phoric acid as an activation agent during the activation step. 
The ZKACs have surface area of 911.22 m2/g and a porous 
volume of 0.729 cm3/g.

3.1.2. Yield and the iodine number

Yield percent and iodine number are used to characterize 
the efficiency and quality of ZKAC. These characteristics of 
produced ZKACs are investigated through a number of influ-
enced variables to find the conditions at which maximum 
yield and iodine number can be achieved. These variables 
include activation time, activation temperature, impregna-
tion ratio and particle size of the produced ZKACs.

3.1.2.1. Yield of the activated carbon

The yield percent represents the mass ratio of produced 
ZKACs to ZKs. Yield investigation is related to four param-
eters which are time of activation, temperature of activation, 
impregnation ratio, and particle size.

Yield % = Mass of ZKAC
Mass of ZKs (raw material)  (1)

The percentage yield of activated carbon is calculated as 
follows:

Yield % =
W

(W W )
1

2 3−
 (2)

where W1 is the weight of end product, W2 is the weight of 
impregnated powder and W3 is the weight of reagent impreg-
nated.

It is observed from Fig. 3 that yield percent declined from 
21% to about 8.6% when the time of activation increased from 
0.25 to 1 h while activation temperature, impregnation ratio 
and particle size are retained constantly. During the first half 
an hour, yield percent declined to about 9.2%. This happened 

Table 2 
Some properties of the Ziziphus kernels

Parameter Value

Specific surface area (m2/g) 911.22
Porous volume (cm3/g) 0.729
Carbon (%) 64.154
Oxygen (%) 8.995
Phosphorus (%) 9.733

Table 1 
Experimental operating parameters for residual chlorine 
 adsorption

Parameter Range Units

Initial chlorine concentration 2–3 ppm

Feed flow rate 500–1,300 cm3/min
Height of bed 5–30 cm
Grain diameter of GAC 1.5–2.36 mm
Porosity of GAC 0.51–0.44 —
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due to rapid growth of volatile compounds to form stable 
compounds so the decline yield percent is proportional to the 
activation rate. Phosphoric acid works as an inhibitor of car-
bon oxidation at short contact time period less than half an 
hour, while the phosphorus bearing species leave the carbona-
ceous surface at long contact time period more than 0.5 h and 
less than 1 h, and activated carbon degradation comes to be 
simple. For that reason, the yield percent declines. After 1 h, 
activated carbon is built stable, and the yield percent becomes 
almost constant.

3.1.2.2. Iodine number

The amount of iodine absorbed (in milligrams) by 1 g of 
carbon when the iodine concentration of the residual filtrate 
is 0.02 N is called the iodine number; therefore, it is useful 
to characterize ZKACs by its iodine adsorptive capacity. The 
iodine adsorption was determined using the sodium thiosul-
fate (Na2S2O3) volumetric method (ASTM D4607-86, 1999) 
[29]. The effect of activation time, temperature, impregnation 
ratio and particle size of iodine number is shown in Fig. 4.

The determination procedure of iodine number is listed 
as follows:
1. A weighed dry sample of the activated carbon is placed 

in a 250 mL dry Erlenmeyer flask and is fully wetted with 
10 mL HCl 5%. The mixture is boiled for 30 s, and then 
cooled.

2.  100 mL of standardized iodine solution of normality (N) 
were poured into the Erlenmeyer flask, and the mixture 
is vigorously shaken for 30 s, then quick filtered through 
Whatman No. 2 V filter paper.

3.  A volume of 50 mL of the filtrate solutions are titrated 
with standardized Na2S2O3 (0.1 N) until the solution 
became pale yellow.

4. 2 mL of starch indicator solution (1,000 ppm) is added to 
solution where Na2S2O3 titration continued until color of 
solution is removed and become watery color. The con-
centration of iodine adsorbed in the solution is calculated 
from the total titration volume of Na2S2O3.

Amount of iodine adsorbed =
500 110

50
1 2N N V− ×

g mol  (3)

5. The iodine number of the activated carbon is then calcu-
lated by using the following equation: 

Iodine number =
W
W

FI

AC

*  (4)

 where F is the correction factor obtained after the calcula-
tion of the residual filtrate normality, WAC is the weight 
of activated carbon in grams, and WI is the weight of 
adsorbed iodine in milligrams and is given by Eq. (5):

  
(a)Activation time (b)Activation temperature 

  
 

(c) impregenation ratio at activation time of 60 
min ,and particle diameter from 0.71 to 0.85mm 

(d) particel size at activation time of 60 min 
,temperature of 800C˚,and impregenation ratio of 0.4. 
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Fig. 3. Effect of activation time, activation temperature, impregnation ratio, and particle size of yield percent: (a) activation time, (b) 
activation temperature, (c) impregnation ratio at activation time of 60 min, and particle diameter from 0.71 to 0.85 mm, (d) particle 
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 where N1 is the normality of iodine solution, N2 is the 
normality of Na2S2O3 solution, and V is the volume of 
Na2S2O3 solution used for titration.

3.1.3. Chemical structure

Fourier transform infrared (FTIR) transmission spectra 
were obtained to characterize the surface groups and struc-
ture [30, 31]. It can be used on the ZKs and the active carbons 
prepared from ZKs. Table 3 shows the FTIR spectra of the ZKs 
and ZKs-based active carbon. The ZKs contained many more 
bands than the prepared active carbons. The FTIR spectra of 
the ZKAC prepared at 700°C is shown in Fig. 5. It observed 
by other, the oxygen functional groups are increased by 

alkaline treatment especially phenolic groups [32]. In addi-
tion to that, carbon skeleton vibrations are noticed which are 
characteristic in ZKAC.

3.1.4. Thermogravimetric analysis

Thermogravimetric (TG) analysis—TG-DTG graphs 
are shown in Figs. 6 and 7—of the ZKAC was performed 
at N2 rate of 6 L/h and a heating flux of 600°C/h up to 
600°C. ZK exists little mass loss about 7% because of 
moisture at low temperatures up to 120°C as shown in 
Fig. 7. The mass stays approximately unchanged up to 
230°C, but it is obviously decreased by losing 65% at 
temperature between 250 and 390°C because of volatile 
matter releasing due to precursor, cellulose, and hemicel-
luloses consumption [37, 38]. 22% is remaining material 
from initial raw material at a temperature of 400°C. Only 
16.7% is remaining material from initial raw material at 

  (a) Iodine number verses  activation time  (b) Iodine number verses activation temperature 

  
(c) Iodine number verses impregenation ratio at 
activation time of 60 min ,and particle diameter 

from 0.71 to 0.85mm 

(d) Iodine number verses particel size at activation 
time of 60 min ,temperature of 800C,and 

impregenation ratio of 0.4. 
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a temperature 600°C, which represents lignin decomposi-
tion as a structure with higher stability [39]. Furthermore, 
thermogram of ZKAC revealed a final yield of 82% for 
heating flux up to 600°C, which specifies a high ther-
mal resistance for ZKAC. Derivative thermogravimetric 
(DTG) thermogram of ZKAC is shown in Fig. 7, whereas 
the maximum detected between 70 and 110°C is due to 
elimination of moisture content.

3.1.5. SEM analysis

Direct characterization of the pores using the SEM was 
found to be a good technique to actually see the pores and 
get actual measurements that can then be used to analyze 
and optimize the production process. It can be understood 

Fig. 5. FTIR spectra of ZKs and its active carbon.

Fig. 6. TG thermogram of ZKs and its active carbon.

Fig. 7. DTG thermogram of ZKAC.

Table 3 
Wave numbers of the principal bands in the FTIR spectra

Wave number (cm–1) [33, 34] Assignments [33, 34] Ziziphus kernels active carbon Ziziphus kernels

3,500–3,300 O-H intermolecular (H bonded) 3,429 3,447
2,930–2,900 C-H stretching vibration 2,928
2,720 C-H aldehydes
1,734 C=O stretching in esters [35] 1,734
1,700 C=O of carboxylic groups 1,700
1,625–1,610 C=O aromatic skeletal stretching
1,580–1,570 C=C stretching band
1,460–1,560 C=C aromatic rings, sym  stretching of 

pyrone groups [34, 35]
1,490 1,507 and 1,457

1,450–1,420 C-H asym. bending
1,375–1,317 C-H asym. and asym. bending
1,284–1,240 C-O asym. stretching of aromatic ethers, 

esters, and phenols
1,251

1,260–1,000 C-O in carboxyl acids, alcohol,  phenols, 
and esters or the P=O bond in phos-
phate esters

1,080 1,036

950–750 C-H out of plane bending to benzene 
derivative [36]

898

700–400 C-C stretching
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from SEM image as shown in Fig. 8 that there are large, 
irregular voids on the external surfaces of ZKAC which 
point to the porosity of ZKAC formed by a violent interac-
tion of reagent phosphoric acid during activation. During 
pyrolysis, pore enlargement in the ZKAC is essential as this 
would improve the pore volume and surface area too of the 
ZKAC by stimulating phosphoric acid diffusion molecule 
to the pores and in that way increasing the phosphoric acid 
carbon reaction, which would then form more pores in the 
ZKAC. Activation with phosphoric acid denotes phospho-
rus interaction between graphene layers and H2 creation, 
which effects to minimize the quantity of surface O2 cata-
lytically active [40].

3.2. Adsorption Mechanism of ZKACs

Batch experiments were performed to characterize the 
adsorption isotherms for both the produced ZKACs and 
the conventional GAC at 27°C. The equilibrium adsorp-
tion capacity of the produced ZKACs (Q) obtained in the 
present study was compared with conventional GAC for 
residual chlorine adsorption as shown in Figs. 9 and 10. 
The results showed that the produced ZKACs have a great 
potential as an adsorbent for residual chlorine in water 
systems and can compete favorably with conventional 
adsorbents.

3.3. Influence parameters on adsorption rate of chlorine

3.3.1. ZKAC height

The effect of ZKAC height on effluent chlorine 
 concentration (Ce) is shown in Fig. 11. At an inlet chlorine 
concentration of 2,500 mg/l, flow rate of 5 L/min, and parti-
cle diameter of 2.9 mm. The ZKAC heights ranged from 5 to 
15 cm. It is noticed that as the ZKAC height increases 5, 10, 
and 15 cm, respectively, the operation time of BP increases 
from 45 to 247 min. This shows that at a small ZKAC height, 
the effluent chlorine concentration ratio increases more rap-
idly than higher ZKAC height. Furthermore, a small ZKAC 
height corresponds to less amount of chlorine adsorbent. As 
a result, a small capacity of ZKAC height to adsorb chlorine 
from its solution and a faster increase in the flow of adsorp-
tion is expected.

3.3.2. Inlet concentration of residual chlorine

The effect of the initial chlorine concentration in the 
influent is one of the limitation factors and the main process 
parameter. Fig. 12 shows the effect of inlet residual chlorine 
concentration in the adsorption breakthrough. The chlorine 
concentrations ranged from 2,000 to 3,000 mg/l. During 
these simulations, other parameters are kept constant at 

Fig. 9. Adsorption of residual chlorine using commercial GAC.

Fig. 10. Adsorption of residual chlorine on produced ZKACs.

   
(a) (b) 

 

   
(a) (b) 

 
Fig. 8. SEM images of the Ziziphus kernels active carbon.
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ZKAC height of 5 cm, water flow of 5 L/min, and ZKAC 
particle diameter of 2.9 mm. It is noticed that as the inlet 
chlorine concentration increases from 2,000 to 3,000 mg/l, 
the breakpoint time decreases from 160 to 144 min. For high 
feed concentration, steeper breakthrough curves are found, 
because of the low mass transfer flux from the bulk solution 
to the adsorbent surface due to the weaker driving force. 
In addition, at high concentration, the isotherm gradient is 
lower, yielding a higher driving force along the pores. Thus, 
the equilibrium is attained faster for values of high chlorine 
concentration.

3.3.3. Feed discharge

The results of various flow rates are plotted for a bed 
height of 5 cm, ZKACs diameter of 2.9mm, and an inlet chlo-
rine concentration of 2,000 mg/l as shown in Fig. 13. This 
 figure shows that the break time has been appeared earlier 
with high flow rate. On the other hand, the breakthrough 
curve was steeper with higher flow rate. This is because of 
the residence time of the solute in the column, which is not 
long enough for adsorption equilibrium to be reached at high 
flow rate; therefore, the residual chlorine solution leaves the 
column before equilibrium occurs. Furthermore, a fixed 
adsorption capacity of bed based on the same driving force 
gives rise to a shorter time of saturation at high flow rate.

3.3.4. Effect of particle size

In order to investigate the effect of ZKAC particle 
diameter on the adsorption dynamics, a sieve analysis was 

conducted to separate the adsorbent particles to the sizes of 
interest; two with different average ZKAC particle diameter 
was selected to perform the investigations in the adsorption 
rig. The effect of particle size on the effluent concentration 
is shown in Fig. 14. During these experiments, other param-
eters such as flow rate, ZKAC height, and inlet chlorine 
concentration are kept constant at 2,500 mg/l influent con-
centration, 5 cm ZKAC height, and 5 L/min water flow rate. 
Fig. 14 revealed that as the ZKAC particle diameter increases 
from 2.007 to 2.845 mm, the steepness of the breakthrough 
curve decreases. The breakpoint time increased from 150 to 
180 min. This can be explained as the diameter of the particle 
increases, the thickness of the stagnant film around the parti-
cles increases, and also the total length of the path inside the 
pores increases. Under these conditions, the overall kinetics 
of the process is slow, because the time for a molecule of chlo-
rine to reach the adsorption site is more, as the diffusional 
path along the pores is large.

4. Conclusions

The ZKs are disposal material from tree called Christ’s 
thorn. ZKs are low in cost, and it may cause solid waste pol-
lution problems in Iraq; therefore, the wastes of ZKs were 
used as raw materials for the production of activated carbon 
using phosphoric acid as an activation agent. The major find-
ings from this study can be described by the following points:

1. The major characteristics findings of ZKAC can be 
described as follows:

 (a)  The increasing of particle size leads to decreasing 
in the yield percent. This is due to compact cellular 
structure and low porosity of ZKAC and high vis-
cosity of phosphoric acid that causes low diffusion 
coefficient through the particles, whereas this can be 
considered as abnormal behavior for ZKAC.

Fig. 11. Effect of ZKAC height on chlorine adsorption.

Fig. 12. Effect of inlet residual chlorine concentration on its 
adsorption

Fig. 13. Effect of feed discharge on chlorine adsorption.

Fig. 14. Effect of particle size on chlorine adsorption.
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 (b)  The obtained yield percent of ZKA Crises from 12 to 
24.2 by raising the impregnation ratio range from 0.2 
to 1.4 at 800°C and declines from 47 to 37 by raising 
the impregnation ratio range from 0.2 to 1.4 at 400°C.

 (c)  The iodine number rises extremely with activation 
temperature increasing, whereas a fluctuation in 
the iodine number value is observed by increasing 
impregnation ratio at same the temperature.

 (d)  The maximum iodine number of ZKACs is about 
491 under the following conditions: impregnation 
ratio of 0.4, activation time of 1 h, activation tem-
perature of 800°C and particle size of 0.55 mm. The 
iodine number variation under all range of particle 
sizes has fluctuated between +12% and –11%.

 (e)  The investigations of SEM analysis and FTI 
Spectroscopy on the surface of ZKAC have verified 
the occurrence of a porous structure and various 
functionalities.

2. Removal of residual chlorine
 (a)  Adsorption of residual chlorine is influenced by 

various parameters such as grains size, bed height, 
inlet residual chlorine concentration, discharge and 
ZKAC particle diameter.

 (b)  The prepared activated carbon from ZKs is an effec-
tive adsorbent for the removal of residual chlorine 
from aqueous solutions.

 (c)  The highest removal of residual chlorine was 
obtained at height of 15 cm and with small grain size 
1.5 mm of ZKAC.
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