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Abstract Article Info 

Nowadays, chemical industries have discharged the wastewater which contain a phenolic compound 

such as 2,4,6-trichlorophenol (TCP). This compound is toxic and hazardous as it belongs to a group 

of common environmental pollutant. It contributes to the shortages sources of clean water due to 

increment of population and rapid development of chemical indusl Therefore, the sources of 
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water must be explored in order to get continuously supply of pure water. One of the ways to get 

pure water is by purifying the wastewater. This research is using progressive freeze concentration 

(PFC) to purify the wastewater. PFC is the process where the ice crystal is generated on the wall of 

the crystalliser which contain pure water through cooling process. The effect of operating time was 

then investigated on the performance of the PFC system through Effective Partition Constant (K) 

value and TCP reduction (%). TCP solution was used a simulated wastewater sample. The 
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optimum condition was found at 40 minutes, resulted in the lowest K and highest TCP reduction 

(%). Furthermore, Response Surface Methodology (RSM) was used for optimization of two 

parameters which are initial concentration and operating time. The K value and TCP reduction (%) 

were determined to investigate the efficiency of this system. STATISTICA oftware is then 

Response Surface 
Methodology 
STATISTICA 

STATISTICA 

implemented to find the operating conditions. The best response for K and TCP reduction (%) were 

predicted by ANOVA were 0.13-(i and 76.5jg8% respectively, 

1.0 Introduction 
Water is a compound that is important in this 

world for all living things. The river has contributed 
97% total usage of water main source for domesticjl]. 
Unfortunately, the clean and fresh water and its volume 
has decreased from time to time because of human's 
bad practices of habit. One of the main factors and 
roaoono for this is because of the large volume 
production of wastewater discharged by domestic 
residences, commercial properties, industry and 
agriculture. Water shortage has become athe- serious 
issue and debatable particularly in developing 
countries. In 2016, half of billion people in the world 
are having water scarcity and this crisis has been 
identified as the biggest risk in the World Economic 
Forum[l]. 

In these days, wastewaters which contain 
phenolic compounds are a serious issue as it is water 
soluble and can be detected in ponds, soil and river [2]. 

Its chemical properties make it become toxic and 
hazardous and nowadays their amount in industrial 
wastewaters are increase [3]. Phenolic derivatives-
belong to a group of common environment 1 
contaminants. The presence of the 2,4,6-
trichlorophenol (TCP) even at low concentrations can 
be an obstacle to the use of waste water. It also contains 
a short term (acute) and long term (chronic) effects t ) 
the humans such as chronic bronchitis, chest wheezing, 
cough and pulmonary lesions [3, 4]. TCP also may 
recognize as toxic carcinogen in which it is producp 
through the process of producing by-product or 
chemical intermediates mainly in petrochemical [5, 6]. 

From literature, various technologies and 
techniques have been used to remove chlorophenols 
compounds from aqueous solutions such as biological 
treatment using anaerobic granular sludge [7] and dea 1 
fungus [8], catalytic wet oxidation [9], adsorptioi 
technology using activated clay_[4] and activate i 
carbon and activatod carbon prepared from various 



precursors J4©]-[10]. However, the usage of activated 
carbon has been limited due to its high cost to the use 
of non-renewable starting material such as coal [10]. 

Recently, focus has been given of thioto the 
wastewater treatment which is freeze concentration 
(FC). It is an effective method to remove various 
impurities from industrial wastewater and liquid waste 
[11]. The freeze concentration consists of two (2) types 
which are suspension and progressive freeze 
concentration [12]. Suspension freeze concentration 
(SFC) is a system in which the tiny sizes of the ice wj 
generated in the mother solution while progressive 
freeze concentration (PFC) is a process in which a big 
single ice crystal is generated in the process and formed 
on the crystalliser surface [13]. The main difference 
between theseis- two technologies are size of ice crystal 
generated^ which is Iif the limited size of ice crystal is 
formed it can make the separation from the mother 
solution become harder and need a complex procedure 
to produce large of ice crystal [14]. The SFC is 
commonly used because of its efficiencies although 
with high investment cost and operating cost [15, 16]. 
In this experiment, PFC has been used even it has a 
lower productivity and efficiency as compared to SFC 
but to decrease the operation cost, the PFC has a much 
simpler system and lower cost [14]. 

The objectives of this study were to evaluate 
the effect of operating time in separation of TCP from 
simulated wastewater using PFC on effective partition 
constant (K) and TCP reduction (%) and to study the 
relationship between operating time and optimum 
condition in separation of TCP by using Response 
Surface Methodology (RSM). [17] [18] [17] [18] [17] 
[18] [17] [17] [18] [17] [18] [17] [18] [17] [18] [17] 
[18] [17] [18] [17] [18] [17] [18] [17] [18] [17] [17] 
[18] [17] [18] [17] [17] [16] [17] [16] [16] [15] [11] 
n QI 
L ± J J 

2.0 Methodology 

2.1 Material and Equipment 

A simulated wastewater containing TCP and 
acetone which act as solvent were used throughout the 
experimental work to represent simulated wastewater 
discharged from chemical industries. The sample used 
contain 100 ppm of TCP with the volume at 500mL. A 
50% of ethylene glycol (EG) and 50% of water were 
used for the coolant in the cooling bath to ensure the 
freezing point of mixture is depressed. It also used to 
supply cooling energy to the system [13]. The 

crystalliser used is made up of stainless steel structured 
in cylindrical shape and the purpose is to provide a 
surface area where ice crystal will form and attach to. 
The cooling bath (PolySs-cience) is act as a cooling 
chamber for the cooling process. The purpose of 
cooling bath is to maintain the process at the desired 
temperature. Ultraviolet-visible Lambda 750 (UV-Vis) 
(Perkin Elmer) was used to determine the absorbance 
value and concentration of the mother solution and ice 
produced. 

2.2 Apparatus Setup 

The system consisted of cooling bath, crystalliser 
and a stirrer (Tuff). The stainless steel structured with 
cylindrical shape with volume of 1000 mL was used as 
crystallises—The—volume—ef-—506—mfe—simulated 
wastewater which contain TCP was placed inside the 
crystalliser. The coolant which contain 50% ethylene 
glycol (EG) and 50% wator woro pourod inoido tho 
cooling bath. Noxt, tho cryotallioor containod tho 
oimulatod waotowator wan fully immorood inoido tho 
cooling bath. Thon tho motor stirrer wan placod inoido 
tho cryotallioor. Tho otirror wao put noar tho ico front. 
Tho purpose of stirrer io to equalize tho ontiro liquid 
phase—concentration—solution—and—lowered—the 
concentration at tho ico front [19], The Figure 1 shows 
the apparatus set up for PFC process. 

S.nq^G 

Figure 1: Apparatus set up for PFC process 

2.3 TCP Calibration Curve Procedure 

In order to prepare the calibration curve of TCP, it 
rasis- required to prepare the stock solution. Thus, 

lOOOmg of TCP in powder form was dissolved in 100 
mL of acetone which act as solvent due to its solubility 



characteristic. Then the distilled water was filled until 
the level of solution rises on datum line of 1000 111L 
volumetric flask. The concentration (ppm) of TCP 
were prepared from 0, 50, 100, 150, 200, 250 and 300 
ppm. The calibration curve of TCP was based on the 
absorbance value taken from UV-Vis. 

2.4 Experimental Procedure 

A simulated TCP wastewater was prepared at 100 
ppm of concentration by diluting a 1000 ppm of stock 
solution of TCP. The simulated wastewater contains 
100 ppm of TCP was pre-cooled in the chiller at 4°C as 
the initial temperature of the sample should be not far 
from the water freezing point temperature.-The-500 mL 
sample solutior vasts then poured inside the 
crystalliser. The crvstallisero ample then was immersed 
into the cooling bath at constant coolant temperature, 
circulation flowrate and initial concentration at 5°C, 
700 rpm and 100 ppm respectively for about 10 
minutes. After desired operating time was reached, 
Next, the circulation of the stirrer-at-was stopped, and 
the liquid solutioncrvstallisor was drained out 
completely into a beaker to collect the layer of ice 

crvstalliser. The volume of 
concentrated solution and ice were 

redcalculatod. and the concentrations were 
determined by using UV-Vis. After that, same 
procedures were repeated with different operating ef 
time at 20, 30, 40 and 50 minutes. Tho oxporimont wan 
repeated for each value of operating time as shown in 
Table 1 below. 

Table 1: Value of varied and constant variable 

Variables 

Operating 
time 
(min) 

Constant 

Range 

10 

20 

30 

40 

50 

Flowrate 
(rpm) 

700 

Coolant 
Temp. 
(°C) 

-5 

Initial 
Cone, 
(ppm) 

100 

2.5 Analytical Procedure 
The concentration of concentrated solution and 

ice were measured analytically by using UV-Vis and 

glass cuvettes were used during analysis. This 
analytical method gave the absorbance value at a 
wavelength 295 nm and it is used to determine the 
concentration from the calibration curve. 

2.6 Calibration Curve 
A calibration curve graph of TCP solutions wa; 

plotted, and it was constructed in Figure 2. Th; 
calibration curve of TCP was determined by prepare' 1 
a series of TCP solution in the range of 0 ppm to 30) 

ppm. 
The calibration curve was used to determine thb 

changes of concentration of TCP at both concentrate 1 
solution and ice crystal. The value of concentration of 
both were evaluated to determine the PFC system 
efficiency by calculation effective partition constart 
(K) and TCP reduction (%) value. 

y = -3E-05X2 + 0.0163X + 0.0252 
R2 = 0.9995 

100 200 300 

Concentration (ppm) 

Figure 2: Calibration curve of TCP solutions 

2.76 Effective Partition Constant (K) 

The effective partition constant (K) can be obtained 
by dividing the solute concentration in ice, Cs with 
solution phase, CL as shown by using Equation (1) [18, 
19]. K value can be determined the efficiency offer th; 
PFC system. The lower the value of K indicatesjh; 
best efficiency for the process. The K value is range 
from 0 to 1. When K=0 it means ice is fully separate 
from the TCP and when K=l means the separation 
process of TCP is not take place. 

K = (1) 
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2.8+ TCP Reduction (%) 

TCP reduction (%) ists also an essential parameters* 
in this experiment to determine the PFC system 
efficiency. The reduction of TCP in this research was 
calculated in percentage by using Equation (2). 

TCP Reduction (%) : X 100% (2) 

Where C; and Cf are the concentration of initial 
solution and concentration of TCP in ice layer. Higher 
value of TCP reduction (%) is better as it indicates a 
better efficiency of PFC process. 

2.V* Experimental Design for RSM 
Figure 32-: A close-up of the ice layer formed 

3.1 Calibration Curve 

In preparing the experimental design of PFC 
process, initial concentration and operating time were 
chosen as the parameters that can give an effects the 
efficiency of the system. The range for all the 
independent variables were based on the limitation of 
equipment and by according the literatures, as listed in 
Table 24. Itneeds atotal of 10 runs to optimize the PFC 
system designed. The runs were performed in duplicate 
[11]. The chosen parameters were substituted into the 
resulting model in order to calculate the predicted 
response as shown in Equation 3. 

PiXr + P2X2 + PnXn + p22X2 

+ Pi2XiX2 
(3) 

where Y is the predicted response value, /? is the 
regression coefficient, a weighting factor which is a 
number calculated by the statistical program to fit the 
experimental data, X is an experimental factor 
influencing the process. 

3.0 Results and discussion 

In this PFC process, the ice crystal will be generated 
on the wall of the crystalhser made up from stainless 
steel. The Figure below shows the solid of ice 
generated on the wall of crystalliser at PFC 
experiments. During the experiment, the thickness of 
the ice solid formed on the wall of crystalliser wereare 
varied with the different operating of time. 

A calibration curvo graph of TCP solutions wan -
plottod, and it in constructed in Figuro 3. Tho 

calibration curvo of TCP was determined by prepared 
a series of TCP solution in tho range of 0 ppm to 300 
ppm. Tho absorbanco value obtained aro summarized 

in Table 2. 

100 200 300 

Concentration (ppm) 

Figuro 3: Calibration curvo of TCP solutions * 
Table—2H—Absorbanco—value—obtained—at—each 

-* 
concentration 

-* 
Concentrat ion (ppm) Abcorbanco Value 
© 

50 

2QQ 

ise 
20Q 

250 

goo 

0,0424 

0.7129 

1.3791 

1.8801 

2.2088 

2.3690 

2.1602 



The calibration curve was used to determine the 
changoo of concentration of TCP at both concontratod 
solution and ico ital. Tho valuo of concentration of 
both wore evaluated to determine tho PFC system 
officioncy by calculation offoctivo partition constant 
(K) and TCP reduction (%) valuo. 

3.12 Effect of Operating Time 

The studied range of operating time in this study 
ereis 10 minutes until 50 minutes. This range was 

chosen based on the size of the crystalhser and stirrer 
impeller. During this oxporimont, for oach oporating 
timo in this rango, an oxporimont was carriod out. Tho 
oporating timo. Tho othor oporating condition such as 
circulation flowrato, coolant tomporaturo and initial 
concentration woro kopt constant as listed in Tablo 1. 
Next, graph of K valuo vs oporating timo was plotted 
to indicate tho effect of this parameter through PFC 
system. 

The K value correlated with operating time was was 
illustratedsummarizo in Figure -1 Tablo 3. and its effect 
can bo indicatod in Figuro 5. As shown in Figure 44, 
the graph shows that the value of K decreases with 
increases of time until it reaches fortieth minutes. From 
10 minutes to 40 minutes, the values of K remain 
decrease which is highly desired. However, as the 
operating time_w tirther increased furthor until 50 
minutes^ the values start to increase. This result for 
TCP reduction (%) is inversely proportional to K value 
where the value increases with increases of operating 
time until it reached fortieth minutes and started to 
decrease until 50 minutes. 

Generally, when the cooling process started, the 
degree of crystallinity of the ice layer generated on the 
wall is still low with the presence of dendrite structures 
[13]. From Figure 44, it can be seen that the K value 
decrease and TCP reduction (%) inci .e as the 
operating time increase from 10 minutes to 40 minutes. 
The ice layer grows thicker leaving the unfrozen 
solution in a state approaching saturation level [13]. 

The lowest K and highest TCP reduction (%) value 
obtained during this PFC experiment wereis- on the 
fortieth minute which is 0.4973. 
respectively. By looking at the trend on the graph, it 
can be said that 40 minutes is a suitable operating time 
in order to achieve high efficiency of PFC process. As 
the operating time became much higher than 40 
minutes, it started to produce ice solid with higher 

impurities because the ice formed almost filled nearl /• 
half of crystalhser which resulted in narrow space for' 
unwanted concentrate to circulate around the wall of 
crystalliser [20]. This make the impurities easily 
trapped in the ice crystal layer. This condition reduce 1 
the path diameter of the fluid flow and produce i 
narrow space for concentrate to circulate. Thus, ic;-
growth become easier to trap the solute in th; 
concentrated solution resulted an increase value of K 
[20]. 

The range of first 10 minutes was chosen to be thb 
lowest operating time because according to the study 
made by previous researcher [20], below 10 minutes 
the ice layer generated on the wall of crystalliser is i l 
dendrites structure and not solid which shows the PFC' 
process is not complete. This happen when operatin 
time was carried out until 50 minutes according t 
Figure 54. The ice solid formed almost filled half 
volume of the crystalliser that could interrupt th; 
impeller of the stirrer. 

Tablo 3: Valuo obtained at oach oporating timo 
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Figure 4: Changes in K and TCP reduction (%) value 
at different operating time 



Figure 5: A close-up of the half-filled crystalliser 

3.MRSM Models 

To start the experiment, the STATISTICA software 
was used to determine the design of experiment (DOE). 
Regression analysis was carried out using this 
software. The range of process parameters for the PFC 
process in this study was tabulated in Table 24. The 
chosen parameter are names as Xt for initial 
concentration and X2 for operating time. The results of 
K value for each run w< HH? tabulated in Table 3-4. 

Table 24: Range of process parameters for the PFC 
process 

Parameter 0 +1 

Initial concentration, 
*i(PPm) 50 100 150 200 250 

Operating time, 
•X2(inins) 

10 20 30 40 50 

Equation 4 and Equation 5 represent a regression 
equation for K (Y±) and TCP reduction (Y2) as a 
function of initial concentration (Xt) and operating 
time (Z2) and their interaction using linear and 
quadratic regression coefficient. 

Yj = 0.645193 - 0.001965XJ 

0.010177X 

0.000062X| 

O.OOOOllXf • 

81.3942 + 0.15473X, - 0.29221X, 

0.0005X? + C 

0.00171XJX;, 

• 0.00314X| • 

(4) 

(5) 

The adequacy of the generated regression model 
was also evaluated using ANOVA method which is to 

determine significant effects of process variables to the 
response and to fit the models to the experiment data. 

Run 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Table 

* i 

50.00 
50JK) 

250.00 
250.00 

8.60 
291.42 
150.00 
150.00 
150.00 
150JX) 

: DOE and the responses 

X2 

10.00 
50JK) 
10.00 
50.00 
30.00 
30.00 
1.72 

58.28 
30.00 
30,00 

K 

A0.379ig 
.0.14±4 
.0.62493 

A0.38? 

A0.4644 
.0.8339 
.0.6839 
.0.2849 

A0.3404 
.0.3404 

TCP 
(%) 

.88.7£744 «j* 
.82.0842 

.83.76.^ 
.63.4143 

.71.000,9967 Ml 
.61.2142 « | 
.89.4434 J 
.67.85484 41 
.79.7000 
.79.6844 4 

3.3_A Analysis of Variance (ANOVA) 

ANOVA was used to determine the adequacy of the 
generated regression model. It also may «s#use to 
evaluate the significant effects of process variables. 
Table 46 and Table 57 showws- the outcome of such an 
analysis for both response K and TCP reduction (%) 
respectively. To determine the accuracy of the model 
using ANOVA, F-value need to be observed. The F-
value calculated by ANOVA should be higher to the 
tabulated value for the model to be considered 
appropriate. From Table and Table , the F-value 
obtained wereis 3.5877 and 5.6633 and both value^ 
areis- lower than tabulated F(o.o5,5,4) which is 6.26. 
Thus, the empirical model is considered not 
appropriate. 

The values of R2 for the regression model for K and 
TCP reduction (%) are 0.81767 and 0.87622 
respectively. It has been recommended that the Rz 

value would be at least 0.75 in order to be considered 
as a good fit model [21]. According to the R 2 values of 
K and TCP reduction (%), 81.77% and 87.62% of the 
sample variation could be attributed to the variable and 
only 18.23%and 12.38% ofthe total variance could not 
be explained by the model, respectively. The data 
shows that there is a good correlation between the 
experimental data and the predicted K value obtained. 

A 
Table 

Source 

: ANOVA results for the model relating K 
to the operating parameters 

Degree , , 
K. Mean _, , 
ot F -value 

Sum of 
Squares Freedom Squares 

Regression | 0.3171 0.06342 3.5877 



Residual 

Total 

R2 

0.0707 

0.3878 

0.81767 

4 

9 

0.017677 

Table 57: ANOVA results for the model relating TCP 
reduction (%) to the operating parameters 

Degree 
_ Sum of °1 Mean „ , 
Source _ ol _ r-value 

Squares „ , Squares 
Freedom 

Regression 

Residual 

Total 

R2 

816.8768 

115.3921 

932.2689 

0.87622 

5 

4 

9 

163.3754 

28.8480 

5.6633 

After the adequacy and validity of the model has 
been achieved, the factors that would give the most 
significant affect to the PFC process can be identified. 
Generally, p--value must be lower than 5% in which it 
will bring significant effects to the responses. The data 
wereas constructed in Table and Table show the 
regression analysis for K and TCP reduction (%), 
which can be used to determine the significance of each 
factor in the regression model. Basically, the highest F-
value and lowest p-value will give the most 
significance affect to the process. From Table 6&, it 
shows that the linear term of Z2(operating time) is the 
most significance parameter as it has the highest F 
value and lowest p value which are 0.010835 and 
0.049446 respectively. From Table 79, regression 
analysis also shows that the linear term of Z2(operating 
time) is the most significant parameter where the 
highest F value is 14.36438 and lowest p valuop-value 
is 0.019268. 

Factor 

Table 6&: Regression analysis for K 

Coefficient Standard „ 

X\ 

x2 

x\ 

Estimation Error J ^ 

XiX2 r0.000000 0.000033 0.000033 0.9} 9ig 

Table 7^: Regression analysis for TCP reduction (%' 

Factor 
Coefficient Standard 
Estimation, Error. 

Xi 

xi 

X2 

X\ 

x±x2 

.0.15473 0.087537 6.10152 0.06 593 

-0.00050 0.000251 3.98453 0.11 

-0.29221 0.437686 14.36438 0.01)2 

.0.00314 0.006280 0.24991 0.64 53' 

-0.00171 0.001343 1.61569 0.27 25 

.63: 

3.4S Response Surface Contour Plots Analysis 

The three-dimensional response surface curves 
called contour plots were plotted to determine the 
optimum level of each variable and the effect of their 
interactions on responses as a function of tw) 
variables. Additionally, the contour plots were used to 
aid visualization of the interaction between two effects. 
Figure 6 and Figure 7 show the contour plots value op 
K and TCP reduction (%) respectively as a function of 
independent variables which are initial concentration 
and operating time. 

According to the 3D plot of Figure 6, it shows thf t 
lowest value of K can be achieved at the range of 25 
ppm to 17 90 ppm for initial concentration and 504 7 
minutes to 70 minutes for operating time. The K valu; 
increases as the value of initial concentration increases. 
This is due to the high concentration of TCP in th 
solution may result in_—high amount of TC 
contamination on the ice formed [20]._Ai 
result, low value of initial concentration will give hig l 
K value at certain point because of low operating tim; 
in which an ice layer formed is not satisfactory t 

separate 

-0.001965 0.002167 0.002167 0.056857 
As the operating time increases, the value of 

seems to be at low value. The 3D contour plots show 

0.000011 0.000006 0.000006 0.158830 t h a t a s operating time is increasing up to 50 minutek 
the 

,-0.010177 0.010835 0.010835 0.049446 
with intermediate initial concentration applied, 
value of K decreases. It means that the purification d) 

0.000062 0.000155 0.000155 0.712001 
simulated wastewater from TCP has effectively 
occurred. This is due to when the low operating tim; 

If 



will result in incompletely crystallization process, thus 
the separation process was inefficient. 

The relationship between initial concentration and 
operating time for TCP reduction (%) i 
constructed in Figure 7. Figuro 7K shows that the 
higher value of TCP reduction (%) can be achieved 
between 508^579 ppm to 150291.-121 ppm and 404T746 
minutes to 6! 30 minutes for initial concentration and 
operating time respectively. This indicates that longer 
operating time can generate purer ice crystal. The 
result—show that whon—initial—concentration and 
oporating—time—is—appliod—togothor shows that 
intermediate operating time and initial concentration 

g will bring a better efficiency in which 
reflected in lower K value and higher TCP reduction 
(%). 

Figure 6: 3D contour plot for interaction between 
factors affecting response K 

B< 

Figure 7: 3D contour plot for interaction between 
factors affecting response, TCP reduction (%) 

3.54 Optimum Condition 

From the model, the predicted optimum conditions 
for K value and TCP reduction (%) were obtained.as 

gonoratod from thin—RSM. Table 8 h shows the 
optimum value for each investigating operating 
parameter. The optimum condition for response K 
generated from RSM wereas at 93.214_ppm of initial 
concentration and 82.922.92'! minutes for operating 
time. For TCP reduction (%), the optimum condition 
wereas at 51.3436 ppm for initial concentration and 
60.490. -192 minutes for operating time. An optimum 
response of K and TCP reduction (%) with 0.13+6 and 
76.53% 28 were predicted. 

Table 87: Optimum condition for K and TCP 
reduction (%) 

Responses 

K 

Initial 
Cone. 

(pP-pm) 
93.214 

TCP 
Reduction 51.3436 

(%) 

Operating 
Time 

(mMinss-) 
82.924 

60.492 

Predicted 

0.1346 

76.5328 

Conclusions 
This research has proven that the simulated* 

wastewater of TCP can be concentrating concentrated 
efficiently by using PFC system and it 4ias a potential 
towards removal of TCP. Effect of operating time has 
been studied where at 40 minutes. From the result, the 
lowest K value_ is at -10 minutes and highest TCP 
reduction (%) areis at 0.4975 and 64.8533-% 
respectively. It also proves that high oporating time 
with—intermediate—other—parameters—such—initial 
concentration,—circulation—flowrato—and—coolant 
tomporaturo rooultod in lowor K valuo and high TCP 
reduction (%) which indicatoo bottor officioncy for tho 
PFC oyotom. 

The optimization by using RSM also was 
successfully applied to obtain the optimum condition 
of operating time and initial concentration for 
concentrating the simulated wastewater of TCP. 
According to STATISTICA software, the best K value 
could achieve is 0.13 when operating time is 
82.922.92-1 minutes and initial concentration at 93.214-
ppm. For TCP reduction (%), the highest value could 
obtain is 76.5328% when operating time is 60.490.-192 
minutes and 51.3436 ppm for initial concentration. 
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