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Abstract

Total organic carbon (TOC) is often found in natural water sources, and also may come from (chemical) water treatment processes or from sewage. It may react with disinfectants to produce DBPs (disinfection by-products), which are harmful to water systems and public health. Besides, in industrial systems applying high pressures and temperatures, TOC may convert to acids, which causes corrosion and damage to the plants. Thus, reducing the concentration of TOC is essential in practice. In addition to the traditional chemical treatment technology, IX (ion exchange) resins have become widely accepted and feasible in recent decades. It has the positive ability to remove organic matter with charge (ions).
In order to apply this method and achieve maximum efficiency, it is necessary to know what factors influence the behavior of the IX treatment process. IX is a batch process including operation and regeneration. Ions will be exhausted by unwanted ions, in this case TOC, then it need to be regenerated. This research concentrated on how regenerant concentration (NaOH), contact time and flow rate affect the regeneration part through performing TOC removal experiments. The purpose of the research was to find the optimized regeneration parameters of the resins offered by Evides.
A strong basic anion resin in OH- form and a strong acid cation resin in H+ were used in this research to compare the performance under several experimental conditions. An initial set of experiments with standard regeneration settings determined the baseline settings and residual TOC concentration indicated removal efficiency of resins. After experiments, a response surface model was set up to analyze the relationship among the mass of removed TOC, NaOH concentration and flow rate, and further to find optimal parameters.
[bookmark: _Hlk484338754]The conclusion of this study is that practically, the optimal flow rate is 4 m/h and regenerant (NaOH) concentration is 4% at 20℃.While the theoretical optimal flow rate is 4 m/h, regenerant (NaOH) concentration is 3.5% at 20℃ from response surface model in regeneration phase to achieve the best TOC removal efficiency.
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[bookmark: _Toc484436013]1. Introduction
Natural water contains many types of organic matter, of which more than half of total mass is organic carbon, causing negative impact on human use. In addition to the effects on taste, color, odor and biological growth in drinking water in water distribution systems, organic matter also plays a detrimental role in industry such as failure of filtration systems and fouling of storage (Boyer, 2008). Generally, producing demineralized water for power production and cracking furnaces requires very low levels of TOC in the makeup water. TOC typically converts into organic acid, such as acetic, propionic, and other acids, under high pressure and high temperature in industrial system, resulting in lower pH and corrosion in treatment plants or boiler system (Hill Publishing Company, 1998). Thus, adopting appropriate measures to remove TOC has become an important issue also for economic and efficient benefit reasons. To solve the problem of high TOC levels, many methods have been invented. According to a case study, water pre-treatment with ion exchange technology had better removal of organics than those without ion exchange technology in water treatment (Drikas, 2010). Compared with common approaches like flocculation, coagulation and filtration, ion exchange is a more feasible and efficient treatment for the removal of TOC (Drikas, 2010). 
[bookmark: _GoBack]Organic carbon components are complex and various, including suspended, colloidal and dissolved organic carbon (Anderson, 2013). Thus, the types and amounts of organic carbon group are unlimited, which results in the removal of this sum-parameter not being predicted accurately. Ion exchange is a batch process with two phases: operation phase in which functional ions are exhausted by TOC, and subsequently regeneration phase in which ions release TOC in a controlled way to create spaces for new functional ions. Operation and regeneration phases are separated in space and time. However, what happens in one phase affects the other, and vice versa. In this case, Evides specifically wants to focus on the regeneration part to analyze how regeneration parameters affect ion exchange treating efficiency. Evides is one of the Dutch water companies, which provides drinking water to around 2.5 million people and business per day, 36 cubic meters of DI water (deionized water), and 289 million cubic meters of wastewater in 2013 (Evides Waterbedrijf, 2013). 
The information was offered by Evides that the way how ions regenerated has impact on ion exchange operation phase, in the sense that resins can remove more unwanted ions if regeneration condition is better. In fact, several parameters including temperature, types of regenerant and composition of the exhausted bed have influence on the regeneration phase (Nachod & Schubert, 1956). But analyzing the three main factors: concentration of regenerant, flow rate and contact time were required by Evides. By performing TOC removal experiments, more knowledge can be gained about what optimal regeneration conditions are when TOC removal efficiency is the best. Thus, the goal of the research was to achieve the best possible TOC removal efficiency under variable conditions: concentration of regenerant, flow rate and contact time. 
Therefore, the main question of this research is:
How can the regeneration process in TOC removal with ion exchange be optimized with respect to concentration of regenerant, flow rate and contact time?
Sub-questions derived from this main question are:
1. How do these parameters affect ion exchange removal efficiency?
2. Which parameter is expected to influence TOC removal efficiency most in ion exchange?
3. How should the operational parameters of ion exchange regeneration be compared with respect to TOC removal?
4. What is the influence on regeneration ability of ion exchange in different parameters condition?
5. What is the optimal efficiency to remove TOC by ion exchange?


[bookmark: _Toc484436014]2. Theoretical framework
1. [bookmark: _Toc474959683][bookmark: _Toc474960083][bookmark: _Toc474960422][bookmark: _Toc475463329][bookmark: _Toc475467363][bookmark: _Toc476791652][bookmark: _Toc476935766][bookmark: _Toc477143409][bookmark: _Toc477299502][bookmark: _Toc477299566][bookmark: _Toc477497135][bookmark: _Toc477498933][bookmark: _Toc478743256][bookmark: _Toc479307561][bookmark: _Toc479349984][bookmark: _Toc481837526][bookmark: _Toc483135504][bookmark: _Toc483137391][bookmark: _Toc483170133][bookmark: _Toc483397870][bookmark: _Toc483401302][bookmark: _Toc483581838][bookmark: _Toc483586784][bookmark: _Toc484031215][bookmark: _Toc484032100][bookmark: _Toc484037450][bookmark: _Toc484122097][bookmark: _Toc484348927][bookmark: _Toc484423665][bookmark: _Toc484432256][bookmark: _Toc484436015]
2. [bookmark: _Toc483397871][bookmark: _Toc483401303][bookmark: _Toc483581839][bookmark: _Toc483586785][bookmark: _Toc484031216][bookmark: _Toc484032101][bookmark: _Toc484037451][bookmark: _Toc484122098][bookmark: _Toc484348928][bookmark: _Toc484423666][bookmark: _Toc484432257][bookmark: _Toc484436016]
2.1. [bookmark: _Toc484436017]Ion exchange resin
Ion exchange is a special chemical process commonly used for water softening or demineralization in water treatment, to remove unwanted dissolved ions by exchanging other similarly charged ions (Paulson, 2016). There are many appearances of ion exchange, natural substances like wood, sand, even living organisms and more artificial substances like functional resins (Vasileva, 2014). The first ion exchange example made use of zeolites, using synthetic aluminosilicate materials to soften water by Gans, a German chemist, in 1905 (Scholarly, 2013). Ion exchange technology was not widely used until 1930 and after the synthetic anion exchange resins being invented, natural anion exchangers were known to all (Zagorodni, 2007).
Ion exchange is a stoichiometric and reversible process. When ions being removed, the ion exchanger is left to make up the charge, resulting in the amount of counter ions staying constant (Helfferich, 1995). For instance, if H+ is exchanged by unwanted ions, R+ will be left in the resins to make up the charge (R means cation).
[image: ]
Figure 1 The explanation of ion exchange in a solution (Helfferich, Ion Exchange, 1995)
Ion exchange resin contains either cations with positive charge or anions with negative charge (Paulson, 2016). Ionized groups attached to the resin bed determines its functional ability, and ion exchange resins could be classified into four basic categories, SAC (strong acid cation), WAC (weak acid cation), SBA (strong base anion) and WBA (weak base anion) (Paulson, 2016). 
Cation exchange may be used to exchange all cations in water by hydrogen ions, and be regenerated by dilute acid, generally sulfuric acid (H2SO4) or hydrochloric acid (HCl). The reaction is: 
Operation:	Ca·+ 2H+R–  Ca2+R–2 + H2·
Mg· + 2H+R–  Mg2+R–2 + H2·
Regeneration:	2HCl + Ca2+R–2  2H+R– + CaCl2 
Or 	 H2SO4 + Ca2+R–2  2H+R– + CaSO4
where R = cation exchange resin
Thereinto, bicarbonate is easily converted into carbon dioxide. Thus, cation exchange is usually followed by a degasser to remove CO2.
Anion exchange has the ability to remove anions present in water, such as SO42-, HCO3-, Cl-, by hydroxide ions. The reaction is:
 Operation:	 2R+OH– + H2SO4  R+2SO42– + 2H2O
R+OH– + HCl  R+Cl– + H2O
Regeneration:	R+Cl– + NaOH  R+OH– + NaCl  
where R = anion exchange resin
TOC is the typical substance with negative charge and removed by SBA (American Water Works Association, 2011). Although there are two types of resins in this research, SAC and SBA, what matters is SBA (because SAC resins are used to maximum remove inorganic ions), resulting in only analyzing the different performances caused by SBA. But SAC will be regenerated at the same time to make sure all the condition is the same in operation phase. Theoretically, cation resins are easier regenerated than anion resins, because cation resins have greater capacity and regeneration efficiency, and SAC is more stable than SBA (Howe, Hand, Crittenden, Trussell, & Tchobanoglous, 2012). Thus, if the two types of resins are regenerated at the same time and the time is sufficient for anion resins, the cation resins will be regenerated fully.
Frequently, bed volume (BV) is used to refer to the volume of resins. Because the different size of resin column may be applied, it is more direct to describe how much regenerant used to be related to the volume of resins (Harland, 1994). For instance, if 0.5L resins are used, 2BV of wastewater to be treated is 1L.
2.2. [bookmark: _Toc477299508][bookmark: _Toc477299572][bookmark: _Toc477497141][bookmark: _Toc477498939][bookmark: _Toc478743262][bookmark: _Toc484436018]Ion exchange capacity
Ion exchange is a cyclic process: unwanted ions are displaced to resins, leading to resins being exhausted gradually, and when there is no more room for unwanted ions to be loaded, the operation phase will stop and resins need to be regenerated by functional ions (Helfferich , 1962). Different from ion exchange removal efficiency which means the quantity of TOC removed by ion exchange, the number of exchangeable ions that resin is holding is called ion exchange capacity (Helfferich , 1962). In general, operation and regeneration capacity is different. Regeneration capacity means the number of ions from loss of function to exchangeable, however, operation capacity means the number of ions from exchangeable to loss of function, which is normally lower than regeneration capacity. What measured in this research was operation capacity.
Ion exchange capacity is expressed as eq/L (equivalents per liter of resin) and can be calculated as the mean of conductivity in the water.

2.3. [bookmark: _Toc484436019]Ion exchange regeneration
The basic purpose of regenerating resins is to restore the exhausted resin back to its functional form for next treating (DESILVA, 2006). Although operation and regeneration phases are separated, how ions regenerated will affect the performance of next operation. The relation is shown below.
operation
Regeneration
operation
Regeneration
operation

Figure 2 The relation between operation and regeneration phase.
During regeneration process, the retained ions are repelled by an excess of original ions, forcing the equilibrium back to original state (Scholarly, 2013). Generally, the regeneration procedures of ion exchange are:
· Compaction - pushing the resin bed up with high flow
· Injection - Cl- and TOC are removed from the functional group on the resin by excess hydroxide (OH-) and typically, the volume needed of DI water (deionized water) is 1-2 times BV (bed volume).
· Displacement/rinse - with DI water to remove chemicals of regeneration. Typically, the water volume needed to rinse is 3-5 BV.

[bookmark: _Hlk484424176]There are two ways to regenerate resins: Co-Flow which the flow direction is the same in operation and regeneration phase and Counter-Flow which the flow direction is opposite in operation and regeneration phase. In Co-Flow regeneration, it has the weakness that regenerant cannot be completely converted into H+ or OH-, while in Counter-Flow regeneration, it improves the regeneration quality and reduces chemical consumption (Drbal, Westra, & Boston, 2012). The latter method is selected in this research.
[image: ][image: ]
Figure 3 Two different regenerating method: Co-Flow and Counter-Flow.
[bookmark: _Hlk483953905]As mentioned previously, flow rate, concentration of regenerant and contact time influences regeneration phase and the three factors are in a triangle relation. There are two methods to reach high concentration or loads: increasing the mass of regenerant while the volume remains stable, decreasing the volume of solution while the mass of regenerant remains stable. The former method is able to inject more regenerant into resin, thus higher concentration is beneficial to regeneration. Whereas the later method means injecting the same amount of regenerant but decreasing the contact time (contact time is equal to volume divided by flow rate), which has a negative effect on regeneration. The former method was selected to change the concentration of regenerant in this research. In precondition of meeting required contact time, higher concentration will regenerate the resin more completely because the desired ions have more possibility to complete the functional sites (K. SenGupta, 1995). Lower concentration or loads will lead to insufficient regeneration and decreasing the lifetime because of accumulation of impurities (K. SenGupta, 1995). In addition, if regeneration flow rate is extremely high, the contact time will be too short for resins to react with chemicals, and high pressure in the column may even increase the possibility of explosion, however, if the flow rate is too low, it will result in poor regenerated efficiency and channeling (J. Zaganiaris, 2016). In addition, regenerant may also contain other anions that have higher affinity to the active sites, thus, contact time must be sufficient because regenerant has to overcome the selectivity ratios and force the sites with hydroxide ion (Nachod & Schubert, 1956).
2.4. [bookmark: _Toc484436020]Ion exchange regeneration ability
The difference between the mass of TOC retained in the resin and the mass of TOC released during regeneration defines the regeneration ability. In fact, it is hard to fully regenerate the ions with regenerant, because the resins will accumulate TOC a little in some degree. Some of the TOC remaining in the resin after regeneration will eventually exhaust the resin. Thus, by measuring the TOC concentration of effluent [1] in operation phase, the mass of TOC remained in the resins is calculated as formula 1. In the same way, the TOC concentration of wastewater [2] in regeneration phase is measured to calculate the mass of TOC out of resins as the formula 2. By comparing these two values, how much TOC remained in the resins is analyzed. It is to check whether resins regenerated well, and theoretically, the two values are similar. It could be expressed as:
Uptake by resin: TOC1=[TOC]in*V-[TOC]out*
Released by resin: TOC2=[TOC]out*Vregeneration
Ability= TOC1 - TOC2
[2]
[1]
resin
feed water
product
regenerant
waste[image: ]

Figure 4 The explanation of ion exchange regeneration ability
2.5. [bookmark: _Toc484436021]TOC analyzer
The basic principle of TOC analyzer is measuring TC (total carbon) and TIC (total inorganic carbon) present in sample, which the detailed inner process is explained in the appendix 1. TOC is then calculated by the difference between TC and TIC.
There are two different modes in TOC analyzer used in this research to measure TOC concentration: online mode and grab mode as shown in figure 5. Online mode is more direct and accurate because water is fed to TOC analyzer. While grab mode is indirect because it is measured by taking samples. TOC concentration is measured every 4 minutes under online mode, and 25 minutes under grab mode. 
[image: C:\Users\J\AppData\Local\Temp\WeChat Files\722617614526588535.jpg]    [image: C:\Users\J\AppData\Local\Temp\WeChat Files\504209825257684029.jpg][image: C:\Users\J\AppData\Local\Temp\WeChat Files\657102206492032900.jpg]
Figure 5 Online Mode and Grab Mode of TOC analyzer
All the TOC concentration in operation phase is measured in online mode for more exact results. However, the waste ([2] in figure 4) is full of strong base (NaOH), it will corrode the TOC analyzer if connected directly. Thus, grab mode is selected to measure the TOC concentration in the waste.
[bookmark: _Toc474960429][bookmark: _Toc475463336][bookmark: _Toc475467370][bookmark: _Toc476791659][bookmark: _Toc476935773][bookmark: _Toc477143416][bookmark: _Toc477299513][bookmark: _Toc477299577][bookmark: _Toc477497147][bookmark: _Toc477498945][bookmark: _Toc478743269][bookmark: _Toc474960430][bookmark: _Toc475463337][bookmark: _Toc475467371][bookmark: _Toc476791660][bookmark: _Toc476935774][bookmark: _Toc477143417][bookmark: _Toc477299514][bookmark: _Toc477299578][bookmark: _Toc477497148][bookmark: _Toc477498946][bookmark: _Toc478743270][bookmark: _Toc474960431][bookmark: _Toc475463338][bookmark: _Toc475467372][bookmark: _Toc476791661][bookmark: _Toc476935775][bookmark: _Toc477143418][bookmark: _Toc477299515][bookmark: _Toc477299579][bookmark: _Toc477497149][bookmark: _Toc477498947][bookmark: _Toc478743271]

3. [bookmark: _Toc484436022]Materials and methods
The research questions are partly answered by means of controlled experiments in a small-scale ion exchanger.
3.1 [bookmark: _Toc484436023]Experimental setup
[image: ]The research aimed to find optimal parameter setting of ion exchange in regeneration phase. Figure 6 shows the setup used in the research. It shows [1] a big bucket to contain feed water (water source), [2] pumps to pump feed water into resin columns, [3] flow meter to check flow rate, [4] DOWEX™ UPCORE™ Mono MA-600 (SAC) to remove cations, [5] Lewatit® MonoPlus S 200 KR (SBA) to remove anions, [6] TOC analyzer to measure TOC concentration, [7] conductivity meter to measure conductivity and [8] DOWEX™ UPCORE™ IF-62 (inert) to prevent resins coming out because of its density and size. Inert resins are usually made of polyethylene, which floats in the top layer when the column is full of water and falls when there is air (Columns with freeboard, 2016). [bookmark: _Toc483586856][bookmark: _Toc483345637]Figure 6 The setup used in this project


The water source (feed water) was the reject of the reactor originated from the soften water system in the chemical lab of HZ. Because the TOC concentration and salt (NaCl) contents of this kind of water was higher than drinking water, it exhausted resins faster and the time for experiment decreased.
The flow chart in figure 7 gives an overview of operation and regeneration process. In the operation phase, feed water flowed through a flow meter, two columns and a conductivity meter, by means of a pump, and was then fed to the TOC analyzer to measure the TOC concentration. While in the regeneration phase, the two columns were separated because the SAC was regenerated by 38% concentrated hydrochloric acid, and the SBA was regenerated by NaOH at different concentrations and flow rates.
[image: ] 
			Operation phase		Regeneration phase
[bookmark: _Toc483586857][bookmark: _Toc483345638]Figure 7 A flow chart displaying the movement of the solution throughout the resin
All the settings were the same in operation phase, and the differences only existed in regeneration phase because of different regeneration parameters. However, there was no evident visual change in regeneration phase. The difference was therefore analyzed by the performance in operation phase.
3.2 [bookmark: _Toc484436024]Main experiment
Before analyzing the influence by resins, the original TOC concentration of feed water was measured by feeding the feed water through the TOC analyzer directly.
Then, in the test phase, the resins were loaded by the method described in the appendix 1 to the column. The dimensions of the system were: 
Table 1 The dimensions of the system.
[image: ]
After loading the resins, the resins were exhausted by the TOC in feed water and regenerated by regenerant. The flow rate in operation phase was set up as 11 m/h because suggested flow rate of resins was 5 to 50 m/h as shown in appendix 1. Different settings in regeneration phase were described individually below.
1 [bookmark: _Toc484031225][bookmark: _Toc484032110][bookmark: _Toc484037460][bookmark: _Toc484122107][bookmark: _Toc484348937][bookmark: _Toc484423675][bookmark: _Toc484432266][bookmark: _Toc484436025]
2 [bookmark: _Toc484031226][bookmark: _Toc484032111][bookmark: _Toc484037461][bookmark: _Toc484122108][bookmark: _Toc484348938][bookmark: _Toc484423676][bookmark: _Toc484432267][bookmark: _Toc484436026]
3 [bookmark: _Toc484031227][bookmark: _Toc484032112][bookmark: _Toc484037462][bookmark: _Toc484122109][bookmark: _Toc484348939][bookmark: _Toc484423677][bookmark: _Toc484432268][bookmark: _Toc484436027]
3.1 [bookmark: _Toc484031228][bookmark: _Toc484032113][bookmark: _Toc484037463][bookmark: _Toc484122110][bookmark: _Toc484348940][bookmark: _Toc484423678][bookmark: _Toc484432269][bookmark: _Toc484436028]
3.2 [bookmark: _Toc484031229][bookmark: _Toc484032114][bookmark: _Toc484037464][bookmark: _Toc484122111][bookmark: _Toc484348941][bookmark: _Toc484423679][bookmark: _Toc484432270][bookmark: _Toc484436029]
[bookmark: _Toc484436030]Different concentration of regenerant
NaOH concentration experiments were divided into 4 groups as shown in table 2 because NaOH concentration for the SBA was suggested 2-4% (mass percentage) by the SBA handbook (shown in appendix 1). Contact time here meant the time for regenerant injected. 
Table 2 Settings for different NaOH concentration. 
[image: ]
The continuous process was explained as figure 8: each loading experiment was performed to regenerate the resins after each cycle and used these newly regenerated resins for the next operational phase. The TOC concentration was measured in the operational phase to analyze how much TOC was removed during the last regeneration condition.
O
R
O
R
O
R
O
R
O
R
2%NaOH 4m/h
C[TOC]
3%NaOH 4m/h

C[TOC]
 

4%NaOH 4m/h

C[TOC]

5%NaOH 4m/h

C[TOC]


O= operation phase  R= regeneration phase  C[TOC]= TOC concentration
Figure 8 Experimental process in testing different NaOH concentration for regeneration in ion exchange.
[bookmark: _Toc484436031]Different flow rate 
After NaOH regenerant concentration experiments, the maximum mass of removed TOC determined the optimal NaOH concentration, and this optimal NaOH concentration was then used to perform experiments at different flow rates. Flow rate experiments were divided into 4 groups as shown in table 3 because flow rate for the SBA was suggested 6-12 m/h by the SBA handbook (shown in appendix 1).
Table 3 Settings for different flow rate.
[image: ]
Similarly, the experimental process of different flow rates was described as figure 9. Thereinto, the experiment with 4%NaOH, 4m/h was not executed since it was already performed before.
O
R
O
R
O
R
O
R
O
R
4%NaOH 4m/h
C[TOC]

4%NaOH 6m/h
C[TOC]

4%NaOH 8m/h 
C[TOC]

4%NaOH 10m/h
C[TOC]


Figure 9 Experimental process in testing different flow rate for regeneration in ion exchange
TOC concentration data was collected and then exported to excel.
3.3 [bookmark: _Toc484436032][bookmark: _Toc483170151]Other Experiment
3.1 [bookmark: _Toc483397883][bookmark: _Toc483401315][bookmark: _Toc483581851][bookmark: _Toc483586797][bookmark: _Toc484031233][bookmark: _Toc484032118][bookmark: _Toc484037468][bookmark: _Toc484122115][bookmark: _Toc484348945][bookmark: _Toc484423683][bookmark: _Toc484432274][bookmark: _Toc484436033]
3.2 [bookmark: _Toc484031234][bookmark: _Toc484032119][bookmark: _Toc484037469][bookmark: _Toc484122116][bookmark: _Toc484348946][bookmark: _Toc484423684][bookmark: _Toc484432275][bookmark: _Toc484436034]
3.3 [bookmark: _Toc484031235][bookmark: _Toc484032120][bookmark: _Toc484037470][bookmark: _Toc484122117][bookmark: _Toc484348947][bookmark: _Toc484423685][bookmark: _Toc484432276][bookmark: _Toc484436035]
3.3 [bookmark: _Toc484031236][bookmark: _Toc484032121][bookmark: _Toc484037471][bookmark: _Toc484122118][bookmark: _Toc484348948][bookmark: _Toc484423686][bookmark: _Toc484432277][bookmark: _Toc484436036]
[bookmark: _Toc484436037]Ion exchange regeneration ability experiments
Ion exchange regeneration ability experiments aimed to answer the sub-question: What is the influence on regeneration ability of ion exchange in different parameters condition?
As mentioned previously, TOC concentration of the waste was measured by TOC analyzer in grab mode. The experimental process was described as figure 10: after each regeneration as designed, TOC concentration in the waste was measured.
[image: ]
Figure 10 Experimental process of ion exchange regeneration ability.
[bookmark: _Toc484436038]Ion exchange capacity experiments
As to practical capacity, the conductivity of feed water was measured by conductivity meter and then calculated. 
As to theoretical capacity, it was obtained by means of the CADIX program. CADIX (Computer Assisted Design for Ion eXchange) is an integrated engineering tool to design system and modify the existing performance (CADIX Software). One example of user interfaces is listed in figure 11. The green blocks are where designed parameters imported, and the outcomes were calculated automatically. 
[image: ]
Figure 11 The interface of importing parameters in CADIX.
[bookmark: _Toc484436039]Extra experiments
This group of experiments were not directly related to the main purpose of the research, but it could better analyze the performance of the resins during experiments. The process was described in figure 12: pH of the effluent was measured at the same time while measuring the TOC concentration at each cycle in operation phase.
 [image: ]
Figure 12 Experimental process of measuring pH 
3.4 [bookmark: _Toc484436040]Data Analysis
3. [bookmark: _Toc484122122][bookmark: _Toc484348952][bookmark: _Toc484423690][bookmark: _Toc484432282][bookmark: _Toc484436041]
3. [bookmark: _Toc484122123][bookmark: _Toc484348953][bookmark: _Toc484423691][bookmark: _Toc484432283][bookmark: _Toc484436042]
3. [bookmark: _Toc484122124][bookmark: _Toc484348954][bookmark: _Toc484423692][bookmark: _Toc484432284][bookmark: _Toc484436043]
3. [bookmark: _Toc484122125][bookmark: _Toc484348955][bookmark: _Toc484423693][bookmark: _Toc484432285][bookmark: _Toc484436044]
7. [bookmark: _Toc484436045]Mass of removed TOC
The mass of removed TOC was equal to the difference of the mass of TOC in influent (feed water) and effluent, in other words, it was the actual treated water volume multiplied the difference of TOC concentration in influent and effluent. Thus, the definition of actual treated water volume affected results. When pumping feed water into columns, there was a short period before really exchanging. The start point was therefore defined at the first point when IC concentration was lower than 100 ppb, and breakthrough point was defined at the last point when IC concentration was lower than 100 ppb. The highlight part shown in table 4 was the really exchanging period.
 Table 4 IC concentration of the effluent regenerated by 5% NaOH at 4m/h, 20℃
 [image: ]
Actual treated water volume was equal to flow rate multiplied time, and expressed as BV (bed volume).


[TOCin]-[TOCout])
Where:	V = actual treated water volume / L
	BV = treated water volume expressed as bed volume / L
	M = mass of removed TOC / mg / 1 BV
[bookmark: _Toc484436046]Response surface model
For a clear overview of the relation, a response surface model was needed to obtain insight into how the combined NaOH concentration and flow rate affected ion exchange regeneration efficiency. This contained an experimental approach to formulate data most. 
The relationship graphs between NaOH concentration and the mass of removed TOC, flow rate and the mass of removed TOC were drawn individually to get an indication as to whether the relationship was likely to be linear (), so first order, or parabolic, thus second order. It was impossible to formulate a higher order, because the number of experiments fell short. 
Generally, a 2nd order model is expressed as (in this case):
 
f(C, Q)= mass of removed TOC [mg/ 1BV]
Q = flow rate [M/h]
C = NaOH concentration [% mass percentage]
As independent factors were assumed, cross term was neglected, resulting in:
	
Therefore, the candidate formulas could be:
[image: ]
[bookmark: _Toc483586860]Figure 13 The candidate model formula
Each of these candidate models was fitted to the actual experimental data using least squares approximation. The sum of absolute differences between the experimental results (TOC) and the approximation for each model is the model error (ε). The FPE (final prediction error) is a method to calculate which model fits the data best and is therefore the most likely candidate to describe the unknown relationship. FPE is defined as the mean squared prediction error of a model plotted to formulate the present data (Lahiri, 2001). Thus, the parameters in each candidate model were estimated using a least square fit and the model which had the fewest parameters possible with the FPE which hardly decreased further when more parameters were added was selected. 
Equation:  [image: ]
[bookmark: _Hlk484341774]The model found could then be used to plot a full 3D response surface: TOC on the z-axis versus NaOH concentration and flow rate on the x- and y -axis. In addition, the model could be used to optimize the settings of the experiment. With the optimal settings of the model, a validation experiment must be performed to check whether the system actually operates better using these optimal settings.
Only the experimental ranges were chosen to plot the model towards this research. Because the limited experiments were performed, it was hardly to predict the outcomes out of this range.


4. [bookmark: _Toc484436047]Results
4.1 [bookmark: _Toc484436048]Main experiments
TOC concentration

Figure 14 The relationship between TOC concentration and BV (bed volume) at different NaOH concentration, 4m/h, 20℃
Based on TOC concentration data in table 11 to 14 in appendix 2, the relationship between TOC concentration and actual treated water volume (expressed as BV) at different NaOH concentration, 4m/h, 20℃ was described in figure 14. It shows how specific TOC concentration changed at different NaOH concentration. For instance, the point (38.475, 148) of the blue line means after injecting 38.475 BV of feed water (38.475 BV * 0.5L= 19.237 liters of feed water in fact), the TOC concentration of the effluent which was treated by resins regenerated by 2% NaOH, 4m/h, 20℃ was 148ppb. 

Figure 15 The relationship between TOC concentration and BV (bed volume) at different flow rate, 4% NaOH, 20℃
Based on TOC concentration data in table 13, 15 to 17 in appendix 2, the relationship between TOC concentration and actual treated water volume (expressed as BV) at different flow rate, 4% NaOH, 20℃ was described in figure 15. It shows how specific TOC concentration changed at different flow rate. For instance, the point (24.075, 248) of the red line means after injecting 24.075 BV of feed water (24.075 BV * 0.5L = 12.037 liters of feed water in fact), the TOC concentration of the effluent which was treated by resins regenerated by 4% NaOH, 8m/h, 20℃ was 248ppb. 
Mass of removed TOC
[bookmark: _Toc483345416][bookmark: _Toc483586840]Table 5 Amount of removed TOC at different NaOH concentration, 4m/h, 20℃ 
[image: ]
Table 5 shows the results of the mass of TOC removed by resins which were regenerated at different NaOH concentration, 4m/h, 20℃. It was indicated that NaOH with 4% was the optimal concentration with maximum mass of removed TOC 134 mg/ 1L SBA resin. The calculated mass of removed TOC data was shown in table 11 to 14 in appendix 2, where the highlight was exchanging period.
Table 6 Amount of removed TOC at different flow rate, 4% NaOH, 20℃
[image: ]
Table 6 shows the results of the mass of TOC removed by resins which were regenerated at different flow rate, 4% NaOH, 20℃. It was indicated that 4m/h was the optimal flow rate with maximum mass of removed TOC 134 mg/ 1L SBA resin. The calculated mass of removed TOC data was shown in table 13, 15 to 17 in appendix 2, where the highlight was exchanging period.
4.2 [bookmark: _Toc484436049]Response surface model
Based on the data in table 5, the relation between the mass of removed TOC and NaOH concentration at 4m/h, 20℃ was plotted to be parabolic, compared to be linear. 

[bookmark: _Toc483586863]Figure 16 The relationship between mass of removed TOC and NaOH concentration at 4m/h, 20℃
Based on the data in table 6, the relation between the mass of removed TOC and flow rate with 4% NaOH, 20℃ was plotted linearly. The point at 6m/h was less convinced because the experiment was only performed once and there was the possibility of failure of the experiment.

[bookmark: _Toc483586864][bookmark: _Hlk483393193]Figure 17 The relationship between amount of removed TOC and flow rate at 4% NaOH, 20℃
In both cases the correlation R2 is low, so it is likely that a good model cannot be found.
Table 7 FPE and loss value for each candidate model
[image: ]
[image: ]
[bookmark: _Toc483586865]Figure 18 The final prediction error of models
Figure 18 shows the FPE of all candidate models, though it was not clearly visible. The FPE did not decrease with increasing model complexity (higher order), so no explicit optimal model might be found on the basis of this limited number of experiments. From the trendline (dash line in figure 18), the difference between 3 to 4 parameters changed least, implicating that FPE almost remained stable at 4 parameters. Although there were two FPE values at 4 parameters, the lower one was chosen comprehensively taking FPE and loss into consideration. It was expressed as: , which means the regenerant concentration was quadratic and flow rate was linear related to the mass of removed TOC.
The equation:  showed the model that fitted data best. The response surface resulting from this equation is shown in figure 19.
[image: ]
[bookmark: _Toc483586866]Figure 19 The response surface generated by the formula 
4.3 [bookmark: _Toc484436050]Other results
Regeneration ability 
The outcomes, shown in table 18 to 20 in appendix 2, of the TOC concentration in the waste were unreasonable because the mass was unbalanced. The TOC removed in operation phase and the TOC released in regeneration phase were supposed to be quite similar. However, there was a big difference.
Ion exchange capacity
[bookmark: _Toc483586842]Table 8 Theoretical and practical capacity at different regeneration parameters
 [image: ]
The table 8 shows the outcomes of theoretical capacity in CADIX at different regeneration condition and practical capacity in experiments. Practical capacity of feed water was used to analyze how much feed water was needed in theoretical. The theoretical capacity kept unchanged, whereas the practical capacity was unstable because the volume of treated water for each experiment was different.
In theoretical, the quantity of functional ions that could be exchanged was: 
SAC 1149meq/L * 0.5 L = 574.5meq
SBA 516meq/L * 0.5 L = 258meq
If exchanged TOC in feed water with capacity 7.76meq/L, theoretically,
for anion capacity, 574.5meq / 7.76meq/L = 74L of feed water was needed to exhausted SAC,
for cation capacity, 259meq / 7.76meq/L = 33L of feed water was needed to exhausted SBA.
The less of feed water needed demonstrated that the SAC was less affected and the SAC was still able to exchange when the SBA was exhausted.
pH 
Table 9 pH in different solutions at different regeneration parameters
[image: ]
After the failure of performing regeneration ability experiments at different regenerant concentration, pH measuring was performed at different flow rates. It was evident that pH in effluent became lower after treating by the resins.


5. [bookmark: _Toc484436051]Discussion 
4 [bookmark: _Toc483135524][bookmark: _Toc483137411][bookmark: _Toc483170160][bookmark: _Toc483397897][bookmark: _Toc483401329][bookmark: _Toc483581865][bookmark: _Toc483586811][bookmark: _Toc484031247][bookmark: _Toc484032132][bookmark: _Toc484037482][bookmark: _Toc484122133][bookmark: _Toc484348963][bookmark: _Toc484423701][bookmark: _Toc484432293][bookmark: _Toc484436052]
5 [bookmark: _Toc484031248][bookmark: _Toc484032133][bookmark: _Toc484037483][bookmark: _Toc484122134][bookmark: _Toc484348964][bookmark: _Toc484423702][bookmark: _Toc484432294][bookmark: _Toc484436053]
[bookmark: _Toc484436054]Main experiment
The flow rate of pump was found quite inaccurate. A timer and measuring cylinder were used to achieve desired flow rate during experiments, which was still hard to make sure the accuracy of flow rate. Moreover, the original TOC concentration of feed water was measured once before main experiment, however it was not evident to recognize TOC concentration was always consistent. In addition, because of lack of degasser and connectors of column, the practical experiment devices were simplified, causing a problem that carbon dioxide produced by the SAC was not removed and entered into the SBA column. Therefore, for no decreasing of inorganic carbon, TOC concentration was not precise as it measured by TOC analyzer. 
The whole setup was assumed to be practiced in a closed situation during operation and regeneration phase. However, water was sometimes overflowed, resulting in the measured concentration and mass of TOC decreasing. Theoretically, the time start to exchange TOC should be the same in operation phase. It was obvious that the start time was different from figure 14 and 15 where the lines dropped from different bed volume. The difference may come from the time for rinse is not sufficient in regeneration phase. Additionally, there were air bubbles in columns in some experiments, therefore the volume of resins exchanged with TOC was slightly different in operation phase. Each experiment was performed only once, which had the problem that it was unable to determine the accuracy of the results, such as the condition with 4% NaOH, 6m/h, 20℃.
Temperature is also a significant parameter in this research: in theory, higher temperature has a good influence on ion exchange efficiency because ions moving rate increases and pressure crossing the resin bed decreases, however, with the increasing temperature, the degradation of functional sites and loss of ion exchange capacity will happen (Nachod & Schubert, 1956). Therefore, there will be a limitation of temperature when regenerating.
[bookmark: _Toc484436055]Other experiment
As to ion exchange capacity experiment, the water source imported in CADIX was default water which was simulated by CADIX itself and detailed parameters were shown in appendix 3, rather than the water used in practical experiment. Moreover, the safety coefficient, one of the imported parameter, of plants was set as 1 in CADIX, because the theoretical capacity here was in lab scale and was unable to achieve in practical production, causing the difference in theoretical and practical resin capacity. But it was still acceptable for theoretical approach. The theoretical capacity of the SAC and the SBA resins remained unchanged, which means treated volume of feed water should be the same in different regeneration parameters. However, the practical treated volume of feed water was different, which may due to air bubbles in columns, the unstable TOC concentration of feed water, or the operation errors in experiments.
As to regeneration ability experiment, TOC concentration of the waste was measured indirectly in grab mode. While TOC concentration of effluent was connected to TOC analyzer and measured directly in online mode, which might be the reason why mass unbalance of TOC in effluent and the waste.
As to extra experiments, pH measuring was not planned to do at first. It was the failure of regeneration ability experiment that led to changing another way to analyze the performance of resins. Thus, only a group of pH measuring was done.
[bookmark: _Toc484436056]Data analysis 
Due to only 4 different groups of experiments for each parameter, the relation between mass of removed TOC and NaOH concentration in figure 16, mass of removed TOC and flow rate in figure 17 was not obvious to formulate. In addition, the experiment which the SBA was regenerated by 4%NaOH at 6m/h was less convinced. Therefore, the response surface model was too weak to indicate the theoretical condition.
There exist 7 practical experiments in the model, however, the point where flow rate is 10m/h and NaOH concentration is 2% is far from the practical experiment, leading to the largest uncertainty whether practical situation is as the same as the model. Moreover, contact time is required minimum 45 minutes to regenerate anion resins, 60 minutes preferred (DESILVA, 2006). Whereas, the contact time for point where flow rate is 10m/h and NaOH concentration is 5% is 15 minutes, which results in less TOC removed in practical. Thus, whether the theoretical condition is consisted with the practical need to be analyzed.


6. [bookmark: _Toc484436057]Conclusion
The main question in this research was how could the regeneration process in TOC removal with ion exchange be optimized with respect to concentration of regenerant, flow rate and contact time. However, contact time in this research is not evident to be answered, because there are no specific comparison experimental groups towards contact time. The sub-question: which parameter is expected to influence TOC removal efficiency most in ion exchange is therefore not answered as well. But it provides the information that longer contact time is, the better efficiency of ion exchange is. It can be concluded that the optimal parameters to achieve best TOC removal efficiency are 4% NaOH, 4m/h at 20℃ from experiments with the maximum mass of removed TOC 134mg per 1 BV SBA. Whereas, the optimal parameters are 3.5% NaOH, 4m/h at 20℃ from model with the maximum mass of removed TOC 109.53 mg per 1 BV SBA calculated by model. 
For the case of quantity of removing TOC from water, enough contact time was desired. The relationship between the mass of removed TOC and flow rate is linear, with an increase flow rate resulting in lower removal efficiency because of shorter contact time. While the relationship is quadric between regenerant concentration and the mass of removed TOC, with a peak resulting in better removal efficiency. Therefore, regenerant concentration influences TOC removal efficiency more than flow rate. However, it is not considered wisely to be set at a low flow rate with the peak concentration, which is time consuming in practical. Increasing the flow rate of regeneration will surly negative affect the efficiency, but it will save time to deal with more water.
For the case of quality of removing TOC from water, although the best efficiency was reached by resins regenerated at 4% NaOH, 4m/h, 20℃ in experiments, it was more effective that TOC removed by resins regenerated at 2% NaOH, 4m/h, 20℃ with the minimum TOC concentration 148 ppb than that regenerated by 4%NaOH with minimum TOC concentration 176ppb from figure 14. Similarly, the most effective flow rate is 4m/h from figure 15. Thus, the better efficient parameters are not always the better effective ones. How to choose the effective or efficient regeneration parameters is determined by the requirement that more mass of removed TOC is needed or less TOC concentration is desired.
For a further conclusion, pH measuring was performed. It was evident that pH became lower in effluent after treating than that in feed water, which indicated that there existed much H+ and no (or a little) OH-. The results provide the information that the SAC is still exchangeable while the SBA is exhausted, and also prove that cation capacity is larger than anion capacity from experiments.


7. [bookmark: _Toc484436058]Recommendation 
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12. [bookmark: _Toc484436066]Optimize experimental process
Optimal parameters experiment
TOC concentration in feed water is supposed to be measured before each cycle to decrease the error whether original concentration is consistent. It was noted that the treatment process was simplified because of lack of experimental devices. Therefore, for closer to practical production and removing cation or carbon dioxide as much as possible, the combined WAC, SAC column, a degasser and the combined WBA, SBA column should be applied as shown below.
[image: ]
			Operation phase		Regeneration phase
[bookmark: _Toc483586867]Figure 20 Suggested system to perform the experiment
Because there is a way for gas to escape in the updated system, it reduces the possibility of explosion. During operation time, a flow meter can be used to measure the flow rate more accurate, while it cannot be applied in regeneration phase, otherwise the strong base or acid will corrode the flow meter. When regenerating the SBA, 38% concentrated hydrochloric acid should be diluted to around 5%. If water overflows in operation, take connectors out and dry it. It will increase friction to connect it tightly. It should check whether water overflows in regeneration before injecting HCl or NaOH, if overflows, stop for a while and resins will fall down instead of pushing the connectors out. Check pH of solution in the SBA after regeneration. If pH is still high, which means it remains NaOH, resins need to be rinsed more with DI water. Utilizing the clamps to control where solution come in and out rather than changing tubes from one bottle to another will make experiments much easier. A new set of parameter experiment about temperature and contact time should also be performed and analyzed.
Regeneration ability experiment
The failure of regeneration ability experiment may result from the method of measuring TOC concentration of the wastewater after regeneration. There is a more reasonable method by measuring COD concentration of the waste. It was concluded that there was a linear relationship between TOC and COD (COD=49.2+3*TOC) (Dubber & Gray, 2010). The specific method of measuring COD is described in appendix 1.
Ion exchange capacity experiment
To more accurately estimate theoretical capacity, the desired parameters in CADIX is supposed to be measured in practical water source, such as the equivalent of calcium per liter. 
[bookmark: _Toc484436067]Optimize formulating model
Each parameter experiment should be performed 2 to 3 times to check whether the results of the mass of removed TOC are the same under the regeneration condition. As to one parameter, more different group of experiments should be performed for better finding the relationship between the parameter and the mass of removed TOC. 
After setting up the response surface model, testing the point where has the evident error, in this case is the point where flow rate is 10m/g and NaOH concentration is 5%, to check whether the is consistent with the model. In addition, a new set of experiments should be performed to check whether the best settings are in fact the optimal ones as concluded by model. 
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[bookmark: _Toc484436069]Appendix 1
[bookmark: _Toc484436070]Three types of resins
5[image: ]
[bookmark: _Toc483586868][bookmark: _Toc483345640]Figure 21 Suggested parameters of Lewatit® MonoPlus S 200 KR
[image: ]
[bookmark: _Toc483586869][bookmark: _Toc483345641]Figure 22 Suggested parameters of DOWEX™ UPCORE™ Mono MA-600
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[bookmark: _Toc483586870][bookmark: _Toc483345642]Figure 23 Suggested parameters of DOWEX™ UPCORE™ IF-62
[bookmark: _Toc484436071]Resin loading
1. Fill vessel with sufficient water (~ 1/3 cylindrical height compartment) to allow settling and avoid resin damage.
2. Load the inert resin from the top of the compartment.
3. Load resin up to 80% of the total volume of resin required.
4. Close the vessel. 
5. Backwash at 4 – 8 m/h for 30 minutes. The resin bed should not be pushed against the inert layer but only be in expansion.
6. Settle and push the bed down by draining.
7. Measure the bed height to determine the additional volume needed to establish the required bed height.
8. Fill the vessel to the resin level with water preferably from the bottom to top and load the additional needed resin volume.
9. Backwash at 2 – 4 m/h to level the resin bed for 30 minutes. The resin bed should preferably not be pushed against the inert layer.
10. Measure and report the resin bed height “as delivered” according to the resin bed height measurement procedure.
11. Fill the vessel with DI water; if possible leave the resins to wet overnight.
12. Proceed with the cleaning according to resin cleaning procedure.
13. Measure and report the bed height “as exhausted” and “as regenerated” after three regular service cycles according to the resin bed height measurement procedure.
[bookmark: _Toc484436072]Resin operating
1. Build the device as shown in Figure 7 (black line).
2. Open pump and access to the resin vessel.
3. Drain the excess water in the vessel to resin level.
4. Allow the lower stopper to extend from the bottom.
5. Using a slow up-and-down motion, insert the device into the resin bed slowly. This must be done slowly to allow the resin level to equalize in the pipe. Inserting the device too fast will result in a sample of only the bottom portion of the bed.
6. Keep operation phase for hours. Once the conductivity rise rapidly, close access to resin vessel and pump.
[bookmark: _Toc484436073]Resin regenerating
1. Build the device as shown in Figure 7 (red line).
2. Open pump and access to the resin vessel. 
3. Inject DI water at fast flow rate to put resin from bottom to top.
4. Inject regenerant as designed condition from bottom to top.
5. Inject DI water (1-2 BV) to columns at slow flow rate until the conductivity is less than 1000 S/cm.
6. Rinse DI water (3-5 BV) to columns at slow flow rate.
[bookmark: _Toc484436074]TOC analyzer working principle
The analyzer is based on the oxidation of organic compounds to form carbon dioxide (CO2) using UV radiation and a chemical oxidizing agent (ammonium persulfate). Carbon dioxide is measured using a sensitive, selective membrane-based conductometric detection technique. For each TOC measurement, the concentration of inorganic carbon species (CO2, HCO3 -, and CO3 2-) is determined and, after oxidation of the organic compounds, the total carbon (TC) content of the sample is measured. The concentration of the organic compounds is then calculated from the difference between the concentrations of TC and total inorganic carbon (TIC). (TOC = TC - TIC)
[image: “TOC analyzer principle”的图片搜索结果]
Figure 24 Inner process in TOC analyzer
[bookmark: _Toc484436075]COD measuring
Experimental: 
[image: ]
Calculation: 
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[bookmark: _Toc484436076]Appendix 2
[bookmark: _Toc484436077]Results (Main experiment)
[bookmark: _Toc483345418][bookmark: _Toc483586843]Table 10 Data in this table shows the TOC concentration of feed water without treating
[image: ] 
[bookmark: _Toc483345419][bookmark: _Toc483586844]Table 11 Data in this table shows the TOC concentration treated by ion exchange being regenerated by 2% NaOH at 4 m/h, 20℃
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[bookmark: _Toc483345420][bookmark: _Toc483586845]Table 12 Data in this table shows the TOC concentration treated by ion exchange being regenerated by 3% NaOH at 4 m/h, 20℃
[image: ]
[bookmark: _Toc483345421][bookmark: _Toc483586846]Table 13 Data in this table shows the TOC concentration treated by ion exchange being regenerated by 4% NaOH at 4 m/h, 20℃
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[bookmark: _Toc483345422][bookmark: _Toc483586847]Table 14 Data in this table shows the TOC concentration treated by ion exchange being regenerated by 5% NaOH at 4 m/h, 20℃
[image: ]
[bookmark: _Toc483345423][bookmark: _Toc483586848]Table 15 Data in this table shows the TOC concentration treated by ion exchange being regenerated by 4% NaOH at 6 m/h, 20℃
[image: ]
[bookmark: _Toc483345424][bookmark: _Toc483586849]Table 16 Data in this table shows the TOC concentration treated by ion exchange being regenerated by 4% NaOH at 8 m/h, 20℃
[image: ]
[bookmark: _Toc483345425][bookmark: _Toc483586850]Table 17 Data in this table shows the TOC concentration treated by ion exchange being regenerated by 4% NaOH at 10 m/h, 20℃
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[bookmark: _Toc484436078]Results (Regeneration Ability Experiments)
[bookmark: _Toc483345426][bookmark: _Toc483586851]Table 18 Data in this table shows the TOC concentration of regenerating wastewater of 2% NaOH at 4 m/h, 20℃
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[bookmark: _Toc483345427][bookmark: _Toc483586852]Table 19 Data in this table shows the TOC concentration of regenerating wastewater of 3% NaOH at 4 m/h, 20℃
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[bookmark: _Toc483345428][bookmark: _Toc483586853]Table 20 Data in this table shows the TOC concentration of regenerating wastewater of 4% NaOH at 4 m/h, 20℃
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[bookmark: _Toc484436080][bookmark: _Hlk483580749]Information from CADIX
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[bookmark: _Toc483586871]Figure 25 Default water parameters in CADIX
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[bookmark: _Toc483586872][bookmark: _Toc483345643]Figure 26 Detailed information of ion exchange regenerated by 2% NaOH at 10m/h, cold temperature in CADIX.
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[bookmark: _Toc483586873][bookmark: _Toc483345644]Figure 27 Detailed information of ion exchange regenerated by 3% NaOH at 10m/h, cold temperature in CADIX.
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[bookmark: _Toc483586874][bookmark: _Toc483345645]Figure 28 Detailed information of ion exchange regenerated by 4% NaOH at 10m/h, cold temperature in CADIX.
[image: ][image: ]
[bookmark: _Toc483586875][bookmark: _Toc483345646]Figure 29 Detailed information of ion exchange regenerated by 5% NaOH at 10m/h, cold temperature in CADIX.
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[bookmark: _Toc483586876][bookmark: _Toc483345647]Figure 30 Detailed information of ion exchange regenerated by 4% NaOH at 6m/h, cold temperature in CADIX.
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[bookmark: _Toc483586877][bookmark: _Toc483345648]Figure 31 Detailed information of ion exchange regenerated by 4% NaOH at 8m/h, cold temperature in CADIX.
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[bookmark: _Toc483586878][bookmark: _Toc483345649]Figure 32 Detailed information of ion exchange regenerated by 4% NaOH at 12m/h, cold temperature in CADIX.
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resin bed volume(L)column inner diameter(mm)column area(mm2)resin height(mm)

0.5 32 804.25 621.70
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NaOH

concentration

NaOH mass(g)water needed(ml)flow rate(m/h)contact time(min)temperature(℃)

2% 100 5000 4 93 20

3% 100 3333 4 62 20

4% 100 2500 4 47 20

5% 100 2000 4 37 20
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NaOH

concentration

NaOH mass(g)water needed(ml)flow rate(m/h)contact time(min)temperature(℃)

4% 100 2500 4 47 20

4% 100 2500 6 31 20

4% 100 2500 8 23 20

4% 100 2500 10 19 20
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Analysis ModeDate TOC (ppb)IC (ppb)TC (ppb)

OnLine 2017/5/11 11:52 2190 316 2510

OnLine 2017/5/11 11:56 1290 189 1480

OnLine 2017/5/11 12:27 803 100 903

OnLine 2017/5/11 12:31 671 93.7 765

OnLine 2017/5/11 12:35 510 85.5 596

OnLine 2017/5/11 12:39 423 80 503

OnLine 2017/5/11 14:47 212 50 262

OnLine 2017/5/11 14:51 218 67.4 285

OnLine 2017/5/11 14:55 226 94.7 321

OnLine 2017/5/11 14:59 239 142 381

OnLine 2017/5/11 15:03 251 236 487
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NaOH concentration 2% 3% 4% 5%

removed TOC (mg TOC/1L SBA resin) 82 94 134 73
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flow rate(m/h) 4 6 8 10

removed TOC (mg TOC/1L SBA resin) 134 61 72 57
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number of parameter fomular FPE loss

5 527.2407 87.8735

4 454.3152123.9042

4 636.0433173.4663

3 466.2233186.4893

2 519.2558288.4755

2 335.7436186.5242

1 392.2105294.1579
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CADIX

NaOH concentration flow rate(m/h)contact time(min) regenerantSAC capacity(meq/L)SBA capacity(meq/L)

4% 6 53.8 1149 516

4% 8 40.3 1149 516

4% 10 32.3 1149 516

4% 12 26.9 1149 516

NaOH concentration flow rate(m/h)contact time(min) regenerantSAC capacity(meq/L)SBA capacity(meq/L)

2% 10 59.6 1149 516

3% 10 43 1149 516

4% 10 32.3 1149 516

5% 10 25.8 1149 516

Practical 

conductivity(μS/cm） 776

practical capacity(meq/L)7.76
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feed water

regeneration condition 4m/h  6m/h 8m/h 10m/h

pH 8.19 5.2 4.29 4.78 4.17

effluent
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Recommended Operating Conditions*

‘metric units
Gperating temperature max. <, 120
Operating pH-range o - 14
Bed depth 800
Specific pressure drop__(15 %) 10
Pressure drop 200
Tinear velocity operation 5 - 120
Regenerant HCI/H,S0,
Regeneration Tevel approx. 9| HCI  50-100
HSO,  80-200
‘Regeneration Concentration approc WL %|  HCI 10
H.SO, 15-5
Regeneration/ ‘mih FRET)
displacement rinse
min. mm 600
FHCI/H,S0,
approx. g/ 80 - 200
approx. wi. % 2 - 10
approx. BV 272

The recommended operating condiions refer 1o 6 Uso of 1 roduc under noTal operaling conditons. T 5 6ased on ests n pIot
plants and data obtained from industial appicaions. Howaver, adciional data are needed to caculate the resin volumes required for

on exchange units. These data are o be found n our Technical Information Sheets.
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Recommen:

Maximum operating temperature:
OH" form 60°C (140°F)
CF form 100°C (212°F)

pH range 014

Bed depth, min. 1500 mm (4 f)

Pressure drop, design max. 1.5 bar (22 psi)

Pressure drop, max. 2.5 bar (37 psi)

Flow rates:

Serviceffast rinse 550 mih (2-20 gpmite)
Regeneration/displacement rinse 6-12 mih (2.4-4.8 gomit)

Total rinse requirement 24 Bed volumes

Regenerant 24% NaOH

Organic loading, max. 5 KMnO,/ resin
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General Description

lonic form as shipped inert granular
Functional group none
‘Appearance “white, translucent
Physical and Chemical Properties
metric units
Bead size mm| 25 - 5.0
Bulk density (+)-5%) o 570
Density “approx. g/ml. 08
‘Stability “at pH-range 0-14
‘Storability of the product ‘max. years. 2
‘Storability temperature range C -20 - +40
Recommended Operating Conditions*
nmetric units
Operating temperature ‘max. °C 100
Operating pH-range 0-14
Bed depth 150
‘Specific pressure loss™ (15 °C). “approx. kPa*m/h*m’ 0.1
Pressure drop ‘max. kPa 300
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Potassium Dichromate Solution. Obtain 500 mL the stock potassium dichromate solution.
“This solution is approximately 0.02 M.

‘Unknown sample, Your instructor will give you a 10 oz. plastic botle filled with a solution
containing an organic compound. Quantitatively transfer your organic containing sample to a
250 mL volumetric flask and dilute to the mark with deionized water. Mix well. Your sample
has been preserved by adding 2 mL of conc. HpSOg per lter.

Oxidation of ssmple. Prepare at least three portions of your sample using the
following steps. Pipet 50.00 mL of standardized K2CryO7 into @ 500 mL Erlenmeyer

flask, place at least six boiling chips into the flask. Slowly 3dd with stirring 50 mL of 9 M.
H2S04, cool the mixture to room temperature under a stream of tap water. Cautiously pipet

25.00 mL of your diluted sample into the cooled flask. Mix well, Using a hot plate, bring the
solution to a gentle boil. Cover your sample with a small watch glass to minimize the loss of
water vapor. Digest the sample until compltely oxidized. The endpoint is not detectable
visually, since dichromate s still present in significant excess. This part of the experiment will

take no more than an hour. Replace volume lost to evaporation with deionized water. Keep

! t . This is important,

Preparation of standard 0.15 M ferrous ammonium sulfate solution. Place approximately 200
mL of deionized water in a clean 400 mL beaker. Slowly add 20 mL of 9 M H,SO, and mix.

‘Weigh accurately the appropriate amount of Fe(NH,), (SO,), - 6H,0 to prepare 500 mL of

0.15 M solution. Dissolve it in the acid in the beaker, quantitatively transfer to a 500 mL
volumetric flask and dilute to the mark with deionized water. Mix well.

‘Standardization of potassium dichromate solution. Pipet 25.00 mL of the K2Crz07 into a 250
mL Erlenmeyer flask. Slowly add 50 mL of 9 M H2SO4 and mix. Allow the solution to cool
and add 5 drops of ferroin indicator. Titrate with standard Fe(NHg)(S04). The endpoint
color change is quite distinct, going from blue-green to red-brown. Titrate at least two more 25
‘mL aliquots.

Titration of excess dichromate in vour sample. Dilute the contents of the flask to about 250 mL
with deionized water. Cool the solution to room temperature and add 3 drops of ferroin
indicator. Titrate the sample with 0.15 M ferrous ammonium sulfate.
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Report the volume of K,CryO7 titrated, the volume of. Fe(NH)2(SO4) used for each

titration and the final molarity calculated for the dichromate solution. Your answer should be
reported in terms of an average and a standard deviation.
Compute the number of moles of KCr,O; consumed in oxidizing the organic material in

each sample. Determine the number of moles of oxygen necessary to carry out the same
oxidation.

Calculate the chemical oxygen demand (COD) of your diluted sample in mg O per lter.

Report the average COD value for your diluted sample as mg O, per liter.
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Analysis ModeDate TOC (ppb)IC (ppb)TC (ppb)

OnLine 10:06 3890 59900 63800

OnLine 10:10 3690 60000 63700

OnLine 10:14 3600 60000 63600

OnLine 10:18 3620 59600 63200

OnLine 10:22 3460 57900 61400

OnLine 10:26 3590 57900 61500
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Analysis ModeDate TOC (ppb)IC (ppb)TC (ppb)volume(L)volume(BV)

OnLine 2017/5/8 8:34 2890 23.8 2910 1.8375 3.675

OnLine 2017/5/8 8:38 3630 12.8 3640 2.4375 4.875

OnLine 2017/5/8 8:42 2020 10.3 2030 3.0375 6.075

OnLine 2017/5/8 8:46 1200 9.59 1210 3.6375 7.275

OnLine 2017/5/8 8:50 832 9.14 841 4.2375 8.475

OnLine 2017/5/8 8:54 655 8.88 664 4.8375 9.675

OnLine 2017/5/8 8:58 483 8.54 492 5.4375 10.875

OnLine 2017/5/8 9:02 372 8.32 380 6.0375 12.075

OnLine 2017/5/8 9:06 306 8.11 314 6.6375 13.275

OnLine 2017/5/8 9:10 264 7.99 272 7.2375 14.475

OnLine 2017/5/8 9:14 237 7.9 245 7.8375 15.675

OnLine 2017/5/8 9:18 217 7.84 225 8.4375 16.875

OnLine 2017/5/8 9:22 202 7.72 210 9.0375 18.075

OnLine 2017/5/8 9:26 190 7.65 198 9.6375 19.275

OnLine 2017/5/8 9:30 191 7.58 199 10.2375 20.475

OnLine 2017/5/8 9:34 187 7.53 195 10.8375 21.675

OnLine 2017/5/8 9:38 179 7.47 186 11.4375 22.875

OnLine 2017/5/8 9:42 173 7.4 180 12.0375 24.075

OnLine 2017/5/8 9:46 168 7.33 175 12.6375 25.275

OnLine 2017/5/8 9:50 164 7.24 171 13.2375 26.475

OnLine 2017/5/8 9:54 160 7.18 167 13.8375 27.675

OnLine 2017/5/8 9:58 157 7.11 164 14.4375 28.875

OnLine 2017/5/8 10:02 154 7.02 161 15.0375 30.075

OnLine 2017/5/8 10:06 153 6.96 160 15.6375 31.275

OnLine 2017/5/8 10:10 151 6.89 158 16.2375 32.475

OnLine 2017/5/8 10:14 149 6.83 156 16.8375 33.675

OnLine 2017/5/8 10:18 149 6.8 156 17.4375 34.875

OnLine 2017/5/8 10:22 148 6.73 155 18.0375 36.075

OnLine 2017/5/8 10:26 148 6.68 155 18.6375 37.275

OnLine 2017/5/8 10:30 148 6.63 155 19.2375 38.475

OnLine 2017/5/8 10:34 148 6.59 155 19.8375 39.675

OnLine 2017/5/8 10:38 149 6.55 156 20.4375 40.875

OnLine 2017/5/8 10:42 150 6.51 157 21.0375 42.075

OnLine 2017/5/8 10:46 152 6.52 159 21.6375 43.275

OnLine 2017/5/8 10:50 155 6.51 162 22.2375 44.475

OnLine 2017/5/8 10:54 158 6.57 165 22.8375 45.675

OnLine 2017/5/8 10:58 163 6.74 170 23.4375 46.875

OnLine 2017/5/8 11:02 168 7.82 176 24.0375 48.075

OnLine 2017/5/8 11:06 175 10.5 186 24.6375 49.275

OnLine 2017/5/8 11:10 184 15.3 199 25.2375 50.475

OnLine 2017/5/8 11:14 195 24.9 220 25.8375 51.675

OnLine 2017/5/8 11:18 209 42.7 252 26.4375 52.875

OnLine 2017/5/8 11:22 230 77.5 308 27.0375 54.075

OnLine 2017/5/8 11:26 252 144 396 27.6375 55.275

OnLine 2017/5/8 11:30 282 283 565 28.2375 56.475

OnLine 2017/5/8 11:34 317 574 891 28.8375 57.675

OnLine 2017/5/8 11:38 350 1200 1550 29.4375 58.875

OnLine 2017/5/8 11:42 343 2630 2970 30.0375 60.075

OnLine 2017/5/8 11:46 249 5820 6070 30.6375 61.275


image36.emf
Analysis ModeDate TOC (ppb)IC (ppb)TC (ppb)volume(L)volume(BV)

OnLine 2017/5/10 11:24 939 7.45 946 1.8375 3.675

OnLine 2017/5/10 11:28 750 7.76 758 2.4375 4.875

OnLine 2017/5/10 11:32 614 7.71 622 3.0375 6.075

OnLine 2017/5/10 11:36 524 7.65 532 3.6375 7.275

OnLine 2017/5/10 11:40 461 7.61 469 4.2375 8.475

OnLine 2017/5/10 11:44 413 7.63 421 4.8375 9.675

OnLine 2017/5/10 11:48 377 7.57 385 5.4375 10.875

OnLine 2017/5/10 11:52 350 7.56 358 6.0375 12.075

OnLine 2017/5/10 11:56 328 7.53 336 6.6375 13.275

OnLine 2017/5/10 12:00 310 7.5 318 7.2375 14.475

OnLine 2017/5/10 12:04 298 7.43 305 7.8375 15.675

OnLine 2017/5/10 12:08 287 7.4 294 8.4375 16.875

OnLine 2017/5/10 12:12 285 7.41 292 9.0375 18.075

OnLine 2017/5/10 12:16 273 7.36 280 9.6375 19.275

OnLine 2017/5/10 12:20 259 7.3 266 10.2375 20.475

OnLine 2017/5/10 12:24 252 7.26 259 10.8375 21.675

OnLine 2017/5/10 12:28 240 7.23 247 11.4375 22.875

OnLine 2017/5/10 12:32 225 7.21 232 12.0375 24.075

OnLine 2017/5/10 12:36 218 7.17 225 12.6375 25.275

OnLine 2017/5/10 12:40 215 7.19 222 13.2375 26.475

OnLine 2017/5/10 12:44 213 7.1 220 13.8375 27.675

OnLine 2017/5/10 12:48 209 7.08 216 14.4375 28.875

OnLine 2017/5/10 12:52 207 7.03 214 15.0375 30.075

OnLine 2017/5/10 12:56 215 7.04 222 15.6375 31.275

OnLine 2017/5/10 13:00 230 7.05 237 16.2375 32.475

OnLine 2017/5/10 13:04 233 6.98 240 16.8375 33.675

OnLine 2017/5/10 13:08 213 7 220 17.4375 34.875

OnLine 2017/5/10 13:12 214 6.95 221 18.0375 36.075

OnLine 2017/5/10 13:16 202 6.98 209 18.6375 37.275

OnLine 2017/5/10 13:32 227 6.71 234 20.8875 41.775

OnLine 2017/5/10 13:36 208 6.85 215 21.4875 42.975

OnLine 2017/5/10 13:40 196 6.87 203 22.0875 44.175

OnLine 2017/5/10 13:44 191 6.9 198 22.6875 45.375

OnLine 2017/5/10 13:48 188 6.88 195 23.2875 46.575

OnLine 2017/5/10 13:52 189 6.92 196 23.8875 47.775

OnLine 2017/5/10 13:56 189 6.92 196 24.4875 48.975

OnLine 2017/5/10 14:00 188 6.99 195 25.0875 50.175

OnLine 2017/5/10 14:04 190 7.14 197 25.6875 51.375

OnLine 2017/5/10 14:08 193 7.74 201 26.2875 52.575

OnLine 2017/5/10 14:12 196 9.7 206 26.8875 53.775

OnLine 2017/5/10 14:16 200 13 213 27.4875 54.975

OnLine 2017/5/10 14:20 206 20.5 227 28.0875 56.175

OnLine 2017/5/10 14:24 212 32.4 244 28.6875 57.375

OnLine 2017/5/10 14:28 219 38 257 29.2875 58.575

OnLine 2017/5/10 14:32 235 98.2 333 29.8875 59.775

OnLine 2017/5/10 14:36 244 170 414 30.4875 60.975

OnLine 2017/5/10 14:40 257 298 555 31.0875 62.175

OnLine 2017/5/10 14:44 269 529 798 31.6875 63.375

OnLine 2017/5/10 14:48 282 934 1220 32.2875 64.575

OnLine 2017/5/10 14:52 277 1720 2000 32.8875 65.775

OnLine 2017/5/10 14:56 239 3210 3450 33.4875 66.975

OnLine 2017/5/10 15:00 184 5850 6030 34.0875 68.175

OnLine 2017/5/10 15:04 30 10700 10700 34.6875 69.375

OnLine 2017/5/10 15:08<4.00   17600 17400 35.2875 70.575


image37.emf
Analysis ModeDate TOC (ppb)IC (ppb)TC (ppb)volume(L) volume(BV)

OnLine 2017/5/9 12:06 342 87.7 430 2.296875 4.59375

OnLine 2017/5/9 12:10 361 102 463 3.04688 6.09375

OnLine 2017/5/9 12:14 493 63.4 556 3.79688 7.59375

OnLine 2017/5/9 12:18 272 51.2 323 4.54688 9.09375

OnLine 2017/5/9 12:22 265 47 312 5.29688 10.59375

OnLine 2017/5/9 12:26 262 43.3 305 6.04688 12.09375

OnLine 2017/5/9 12:30 251 39.8 291 6.79688 13.59375

OnLine 2017/5/9 12:34 238 37.8 276 7.54688 15.09375

OnLine 2017/5/9 12:38 223 43.1 266 8.29688 16.59375

OnLine 2017/5/9 12:42 234 34.9 269 9.04688 18.09375

OnLine 2017/5/9 12:46 218 45.1 263 9.79688 19.59375

OnLine 2017/5/9 12:50 201 38.3 239 10.54688 21.09375

OnLine 2017/5/9 12:54 198 45.1 243 11.29688 22.59375

OnLine 2017/5/9 12:58 188 45.2 233 12.04688 24.09375

OnLine 2017/5/9 13:02 190 34.1 224 12.79688 25.59375

OnLine 2017/5/9 13:06 187 34 221 13.54688 27.09375

OnLine 2017/5/9 13:10 178 29.8 208 14.29688 28.59375

OnLine 2017/5/9 13:14 181 35.7 217 15.04688 30.09375

OnLine 2017/5/9 13:18 176 32.7 209 15.79688 31.59375

OnLine 2017/5/9 13:22 189 40.2 229 16.54688 33.09375

OnLine 2017/5/9 13:26 172 23.9 196 17.29688 34.59375

OnLine 2017/5/9 13:30 187 24.9 212 18.04688 36.09375

OnLine 2017/5/9 15:15 200 20.3 220 37.54688 75.09375

OnLine 2017/5/9 15:19 218 23.3 241 38.29688 76.59375

OnLine 2017/5/9 15:23 196 20.9 217 39.04688 78.09375

OnLine 2017/5/9 15:27 195 27.7 223 39.79688 79.59375

OnLine 2017/5/9 15:31 187 58.7 246 40.54688 81.09375

OnLine 2017/5/9 15:35 190 47.7 238 41.29688 82.59375

OnLine 2017/5/9 15:39 249 45.1 294 42.04688 84.09375

OnLine 2017/5/9 15:43 184 67.1 251 42.79688 85.59375

OnLine 2017/5/9 15:47 287 25.3 312 43.54688 87.09375

OnLine 2017/5/9 15:51<4.00 13300 13200 44.29688 88.59375

OnLine 2017/5/9 15:55<4.00   26400 25600 45.04688 90.09375

OnLine 2017/5/9 15:59<4.00   44600 42600 45.79688 91.59375

OnLine 2017/5/9 16:03<4.00   63100 59000 46.54688 93.09375

OnLine 2017/5/9 16:07<4.00   86700 77700 47.29688 94.59375
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Analysis ModeDate TOC (ppb)IC (ppb)TC (ppb)volume（L)volume(BV)

OnLine 2017/5/11 11:52 2190 316 2510 1.8375 3.675

OnLine 2017/5/11 11:56 1290 189 1480 2.4375 4.875

OnLine 2017/5/11 12:27 803 100 903 6.9375 13.875

OnLine 2017/5/11 12:31 671 93.7 765 7.5375 15.075

OnLine 2017/5/11 12:35 510 85.5 596 8.1375 16.275

OnLine 2017/5/11 12:39 423 80 503 8.7375 17.475

OnLine 2017/5/11 12:43 371 75.2 446 9.3375 18.675

OnLine 2017/5/11 12:47 334 71 405 9.9375 19.875

OnLine 2017/5/11 12:51 305 67.8 373 10.5375 21.075

OnLine 2017/5/11 12:55 285 64.3 349 11.1375 22.275

OnLine 2017/5/11 12:59 271 61.4 332 11.7375 23.475

OnLine 2017/5/11 13:03 257 58.9 316 12.3375 24.675

OnLine 2017/5/11 13:07 248 56.2 304 12.9375 25.875

OnLine 2017/5/11 13:11 239 54.4 293 13.5375 27.075

OnLine 2017/5/11 13:15 231 51.5 283 14.1375 28.275

OnLine 2017/5/11 13:19 225 49.9 275 14.7375 29.475

OnLine 2017/5/11 13:23 220 48.1 268 15.3375 30.675

OnLine 2017/5/11 13:27 215 46.3 261 15.9375 31.875

OnLine 2017/5/11 13:31 211 45.1 256 16.5375 33.075

OnLine 2017/5/11 13:35 207 43.4 250 17.1375 34.275

OnLine 2017/5/11 13:39 203 42.3 245 17.7375 35.475

OnLine 2017/5/11 13:43 203 41.2 244 18.3375 36.675

OnLine 2017/5/11 13:47 200 39.5 240 18.9375 37.875

OnLine 2017/5/11 13:51 197 37.7 235 19.5375 39.075

OnLine 2017/5/11 13:55 195 36.7 232 20.1375 40.275

OnLine 2017/5/11 13:59 194 35.8 230 20.7375 41.475

OnLine 2017/5/11 14:03 193 34.7 228 21.3375 42.675

OnLine 2017/5/11 14:07 193 33.7 227 21.9375 43.875

OnLine 2017/5/11 14:11 192 33.1 225 22.5375 45.075

OnLine 2017/5/11 14:15 193 31.9 225 23.1375 46.275

OnLine 2017/5/11 14:19 193 31.5 225 23.7375 47.475

OnLine 2017/5/11 14:23 194 31.2 225 24.3375 48.675

OnLine 2017/5/11 14:27 196 31 227 24.9375 49.875

OnLine 2017/5/11 14:31 198 31.5 230 25.5375 51.075

OnLine 2017/5/11 14:35 200 33 233 26.1375 52.275

OnLine 2017/5/11 14:39 204 35.7 240 26.7375 53.475

OnLine 2017/5/11 14:43 209 41.1 250 27.3375 54.675

OnLine 2017/5/11 14:47 212 50 262 27.9375 55.875

OnLine 2017/5/11 14:51 218 67.4 285 28.5375 57.075

OnLine 2017/5/11 14:55 226 94.7 321 29.1375 58.275

OnLine 2017/5/11 14:59 239 142 381 29.7375 59.475

OnLine 2017/5/11 15:03 251 236 487 30.3375 60.675

OnLine 2017/5/11 15:07 265 402 667 30.9375 61.875

OnLine 2017/5/11 15:11 280 697 977 31.5375 63.075

OnLine 2017/5/11 15:15 293 1300 1590 32.1375 64.275

OnLine 2017/5/11 15:19 258 2460 2720 32.7375 65.475

OnLine 2017/5/11 15:23 195 4680 4880 33.3375 66.675

OnLine 2017/5/11 15:27 72.9 8460 8530 33.9375 67.875

OnLine 2017/5/11 15:31<4.00   14400 14300 34.5375 69.075

OnLine 2017/5/11 15:35<4.00   22900 22600 35.1375 70.275
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Analysis ModeDate TOC (ppb)IC (ppb)TC (ppb)volume(L)volume(BV)

OnLine 2017/5/16 8:41<4.00   61000 60100 1.8375 3.675

OnLine 2017/5/16 8:45<4.00   60900 60300 2.4375 4.875

OnLine 2017/5/16 8:49<4.00   60900 60200 3.0375 6.075

OnLine 2017/5/16 8:53<4.00   61000 60400 3.6375 7.275

OnLine 2017/5/16 8:57<4.00   60300 59800 4.2375 8.475

OnLine 2017/5/16 9:01 245 12500 12700 4.8375 9.675

OnLine 2017/5/16 9:05 3570 356 3930 5.4375 10.875

OnLine 2017/5/16 9:09 2450 212 2660 6.0375 12.075

OnLine 2017/5/16 9:13 1540 155 1700 6.6375 13.275

OnLine 2017/5/16 9:17 1080 125 1210 7.2375 14.475

OnLine 2017/5/16 9:21 817 107 924 7.8375 15.675

OnLine 2017/5/16 9:25 659 93.2 752 8.4375 16.875

OnLine 2017/5/16 9:29 554 82.1 636 9.0375 18.075

OnLine 2017/5/16 9:33 477 75.9 553 9.6375 19.275

OnLine 2017/5/16 9:37 422 68 490 10.2375 20.475

OnLine 2017/5/16 9:41 380 64 444 10.8375 21.675

OnLine 2017/5/16 9:45 348 59.7 408 11.4375 22.875

OnLine 2017/5/16 9:49 323 56 379 12.0375 24.075

OnLine 2017/5/16 9:53 301 53.1 354 12.6375 25.275

OnLine 2017/5/16 9:57 283 51.1 334 13.2375 26.475

OnLine 2017/5/16 10:01 268 47.4 315 13.8375 27.675

OnLine 2017/5/16 10:05 258 46.5 305 14.4375 28.875

OnLine 2017/5/16 10:09 253 45.1 298 15.0375 30.075

OnLine 2017/5/16 10:13 252 43.3 295 15.6375 31.275

OnLine 2017/5/16 10:17 249 43 292 16.2375 32.475

OnLine 2017/5/16 10:21 226 40.8 267 16.8375 33.675

OnLine 2017/5/16 10:25 218 39.7 258 17.4375 34.875

OnLine 2017/5/16 10:29 227 40.3 267 18.0375 36.075

OnLine 2017/5/16 10:33 220 38.8 259 18.6375 37.275

OnLine 2017/5/16 10:37 216 37 253 19.2375 38.475

OnLine 2017/5/16 10:41 214 36.3 250 19.8375 39.675

OnLine 2017/5/16 10:45 213 35.5 249 20.4375 40.875

OnLine 2017/5/16 10:49 213 34.9 248 21.0375 42.075

OnLine 2017/5/16 10:53 212 34.6 247 21.6375 43.275

OnLine 2017/5/16 10:57 212 34.6 247 22.2375 44.475

OnLine 2017/5/16 11:01 215 35.2 250 22.8375 45.675

OnLine 2017/5/16 11:05 218 36.3 254 23.4375 46.875

OnLine 2017/5/16 11:09 221 38.8 260 24.0375 48.075

OnLine 2017/5/16 11:13 226 42.9 269 24.6375 49.275

OnLine 2017/5/16 11:17 231 51.9 283 25.2375 50.475

OnLine 2017/5/16 11:21 241 67.8 309 25.8375 51.675

OnLine 2017/5/16 11:25 249 99.3 348 26.4375 52.875

OnLine 2017/5/16 11:29 261 153 414 27.0375 54.075

OnLine 2017/5/16 11:33 276 255 531 27.6375 55.275

OnLine 2017/5/16 11:37 291 441 732 28.2375 56.475

OnLine 2017/5/16 11:41 302 826 1130 28.8375 57.675

OnLine 2017/5/16 11:45 287 1590 1880 29.4375 58.875

OnLine 2017/5/16 11:49 250 3170 3420 30.0375 60.075
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Analysis ModeDate TOC (ppb)IC (ppb)TC (ppb)volume(L)volume(BV)

OnLine 2017/5/17 9:41 3670 239 3910 1.8375 3.675

OnLine 2017/5/17 9:45 3560 185 3750 2.4375 4.875

OnLine 2017/5/17 9:49 2180 149 2330 3.0375 6.075

OnLine 2017/5/17 9:53 1410 129 1540 3.6375 7.275

OnLine 2017/5/17 9:57 1020 112 1130 4.2375 8.475

OnLine 2017/5/17 10:01 787 100 887 4.8375 9.675

OnLine 2017/5/17 10:05 642 94.5 737 5.4375 10.875

OnLine 2017/5/17 10:09 545 89.8 635 6.0375 12.075

OnLine 2017/5/17 10:13 473 82 555 6.6375 13.275

OnLine 2017/5/17 10:17 416 76.3 492 7.2375 14.475

OnLine 2017/5/17 10:21 374 73.9 448 7.8375 15.675

OnLine 2017/5/17 10:25 343 69.8 413 8.4375 16.875

OnLine 2017/5/17 10:29 317 67.3 384 9.0375 18.075

OnLine 2017/5/17 10:33 297 65 362 9.6375 19.275

OnLine 2017/5/17 10:37 281 62.5 344 10.2375 20.475

OnLine 2017/5/17 10:41 268 60.7 329 10.8375 21.675

OnLine 2017/5/17 10:45 258 57.8 316 11.4375 22.875

OnLine 2017/5/17 10:49 248 57.1 305 12.0375 24.075

OnLine 2017/5/17 10:53 240 55.6 296 12.6375 25.275

OnLine 2017/5/17 10:57 234 53.8 288 13.2375 26.475

OnLine 2017/5/17 11:01 228 52.5 281 13.8375 27.675

OnLine 2017/5/17 11:05 224 51 275 14.4375 28.875

OnLine 2017/5/17 11:09 220 51.2 271 15.0375 30.075

OnLine 2017/5/17 11:13 217 48 265 15.6375 31.275

OnLine 2017/5/17 11:17 213 47.4 260 16.2375 32.475

OnLine 2017/5/17 11:21 212 46.4 258 16.8375 33.675

OnLine 2017/5/17 11:25 209 45.3 254 17.4375 34.875

OnLine 2017/5/17 11:29 208 44.2 252 18.0375 36.075

OnLine 2017/5/17 11:33 207 43.7 251 18.6375 37.275

OnLine 2017/5/17 11:37 207 42.4 249 19.2375 38.475

OnLine 2017/5/17 11:41 204 42.2 246 19.8375 39.675

OnLine 2017/5/17 11:45 199 40.7 240 20.4375 40.875

OnLine 2017/5/17 11:49 200 41.2 241 21.0375 42.075

OnLine 2017/5/17 11:53 199 40.2 239 21.6375 43.275

OnLine 2017/5/17 11:57 201 40 241 22.2375 44.475

OnLine 2017/5/17 12:01 203 40.5 244 22.8375 45.675

OnLine 2017/5/17 12:05 207 42.2 249 23.4375 46.875

OnLine 2017/5/17 12:09 212 44.7 257 24.0375 48.075

OnLine 2017/5/17 12:13 219 50.9 270 24.6375 49.275

OnLine 2017/5/17 12:17 228 61.8 290 25.2375 50.475

OnLine 2017/5/17 12:21 232 63.8 296 25.8375 51.675

OnLine 2017/5/17 12:25 421 76.2 497 26.4375 52.875

OnLine 2017/5/17 12:29 466 94.1 560 27.0375 54.075

OnLine 2017/5/17 14:01 383 35 418 40.8375 81.675

OnLine 2017/5/17 14:05 321 50.4 371 41.4375 82.875

OnLine 2017/5/17 14:09 327 162 489 42.0375 84.075

OnLine 2017/5/17 14:13 362 500 862 42.6375 85.275

OnLine 2017/5/17 14:17 394 1370 1760 43.2375 86.475

OnLine 2017/5/17 14:21 361 3760 4120 43.8375 87.675

OnLine 2017/5/17 14:25 421 76.2 497 44.4375 88.875

OnLine 2017/5/17 14:29 466 94.1 560 45.0375 90.075

OnLine 2017/5/17 14:33 141 11100 11200 45.6375 91.275

OnLine 2017/5/17 14:37<4.00   30400 29800 46.2375 92.475
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Analysis ModeDate TOC (ppb)IC (ppb)TC (ppb)volume(L)volume（BV）

OnLine 2017/5/18 9:31 399 58000 58400 1.8375 3.675

OnLine 2017/5/18 9:35 315 58200 58500 2.4375 4.875

OnLine 2017/5/18 9:58 5170 185 5360 5.7375 11.475

OnLine 2017/5/18 10:02 3170 164 3330 6.3375 12.675

OnLine 2017/5/18 10:06 1840 139 1980 6.9375 13.875

OnLine 2017/5/18 10:10 1210 117 1330 7.5375 15.075

OnLine 2017/5/18 10:14 893 107 1000 8.1375 16.275

OnLine 2017/5/18 10:18 709 95.2 804 8.7375 17.475

OnLine 2017/5/18 10:22 589 87.7 677 9.3375 18.675

OnLine 2017/5/18 10:26 510 83.9 594 9.9375 19.875

OnLine 2017/5/18 10:30 450 76.9 527 10.5375 21.075

OnLine 2017/5/18 10:34 411 70.8 482 11.1375 22.275

OnLine 2017/5/18 10:38 380 67.9 448 11.7375 23.475

OnLine 2017/5/18 10:42 339 64.1 403 12.3375 24.675

OnLine 2017/5/18 10:46 316 61.8 378 12.9375 25.875

OnLine 2017/5/18 10:50 296 58.5 355 13.5375 27.075

OnLine 2017/5/18 10:54 281 55.9 337 14.1375 28.275

OnLine 2017/5/18 10:58 270 53.7 324 14.7375 29.475

OnLine 2017/5/18 11:02 259 51.2 310 15.3375 30.675

OnLine 2017/5/18 11:06 250 50.4 300 15.9375 31.875

OnLine 2017/5/18 11:10 244 48.9 293 16.5375 33.075

OnLine 2017/5/18 11:14 237 46.8 284 17.1375 34.275

OnLine 2017/5/18 11:18 233 45.6 279 17.7375 35.475

OnLine 2017/5/18 11:22 228 44.4 272 18.3375 36.675

OnLine 2017/5/18 11:26 223 43.5 267 18.9375 37.875

OnLine 2017/5/18 11:30 221 42.9 264 19.5375 39.075

OnLine 2017/5/18 11:34 218 41.3 259 20.1375 40.275

OnLine 2017/5/18 11:38 217 40.7 258 20.7375 41.475

OnLine 2017/5/18 11:42 217 39.4 256 21.3375 42.675

OnLine 2017/5/18 11:46 216 39.6 256 21.9375 43.875

OnLine 2017/5/18 11:50 217 38.7 256 22.5375 45.075

OnLine 2017/5/18 11:54 219 39.5 259 23.1375 46.275

OnLine 2017/5/18 11:58 223 40.2 263 23.7375 47.475

OnLine 2017/5/18 12:02 233 43.4 276 24.3375 48.675

OnLine 2017/5/18 12:06 255 48.4 303 24.9375 49.875

OnLine 2017/5/18 12:10 255 61.4 316 25.5375 51.075

OnLine 2017/5/18 12:14 269 88.8 358 26.1375 52.275

OnLine 2017/5/18 12:18 284 145 429 26.7375 53.475

OnLine 2017/5/18 12:22 303 254 557 27.3375 54.675

OnLine 2017/5/18 12:26 319 465 784 27.9375 55.875

OnLine 2017/5/18 12:30 334 937 1270 28.5375 57.075

OnLine 2017/5/18 12:34 314 1980 2290 29.1375 58.275

OnLine 2017/5/18 12:38 257 4340 4600 29.7375 59.475

OnLine 2017/5/18 12:42 25.9 9640 9670 30.3375 60.675
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Analysis ModeDate TOC (ppb)IC (ppb)TC (ppb)

Grab 2017/5/9 11:54 98.5 423 522

Grab 2017/5/9 11:58 98.1 421 519

Grab 2017/5/9 12:02 80.1 411 491
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Analysis ModeDate TOC (ppb)IC (ppb)TC (ppb)

Grab 2017/5/10 9:17 47.7 261 309

Grab 2017/5/10 9:21 58.5 264 323

Grab 2017/5/10 9:25 54.6 263 318

Grab 2017/5/10 9:29 48.9 260 309

Grab 2017/5/10 9:44 43.8 109 153

Grab 2017/5/10 9:48 46.1 96.4 143

Grab 2017/5/10 9:52 46.4 96.4 143

Grab 2017/5/10 9:56 49.6 103 153
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Analysis ModeDate TOC (ppb)IC (ppb)TC (ppb)

Grab 2017/5/9 10:58 104 563 667

Grab 2017/5/9 11:02 105 540 645

Grab 2017/5/9 11:20 103 411 514
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Feed water analysis meg/l

Calcium (Ca) 475 Chloride (Cl) mg/l
Magnesium (Mg) 105 Nitrate (NO3) mg/l
Sulfate (S04)
Sodium (Na) 125 Other anions Temperature <
Potassium (K) 050 FMA 405 Organics KMnO4 mg/l
Non polar organics %
P-Alkalinity Suspended mat mg/l
Other cations M-alkalinity 350 CO2 after degas mg/l

Total cations 755 Total anions 818 (Incluoing Si02 + fes COZ)
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