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Abstract. Resin in the water treatment system of the Merah-Putih Gamma Irradiator (IGMP) is used as ion exchange. 
The pool containing demineralized water with low conductivity, less than 10 µS, to prevent metal components installed 
at the bottom part of the irradiator from corrosion. However, evaporation mainly due to heat from radiation source 
causes water level is reduced. Raw water from other resources must be added to maintain a demineralized water level. 
Theoretically, the conductivity depends on the contact area and contact time between the raw water with resin particles. 
Calculation from such a situation is difficult to be realized. Therefore, the conductivity and pH of the raw water is 
measured after being the raw water is reacted with the resin particles in the water treatment system. The exchange 
process is influenced by several factors, including the water flow rate. The purpose of this research is to find out the 
effect of water flow rate against conductivity so that the right water flow rate caused the ion exchange process runs 
optimally can be determined. The water treatment system is operated in filling mode. In the filling process, the water 
filling flow rate is varied in six, 100 liters/hour, 200 liters/hour, 300 liters/hour, 400 liters/hour, 500 liters/hour, and 
600 liters/hour, respectively. Each water filling flow rate was observed for conductivity and water pH after passing 
through cation resin and anion resin. Data is collected every 3 minutes. Based on the datasheet, the optimal water flow 
rate through the cation resin is 120 m3/hour and the optimal water flow through the anion resin is 60 m3/hour. This 
research shows if the amount of water flow rate pass resin is closer to the value recommended by the datasheet, it can 
cause the ion exchange process runs optimally and the expected low conductivity is achieved when the pump was 
operated at the speed 600 liters/hour which produces 64.3 m3/hour at the point after passing through the resin tank. 
However, the pump is recommended to be operated at a maximum speed of 300 liters/hour, otherwise the PVC pipe 
break or burst. To overcome this situation, design engineering is needed, so that the pump can be operated at the 
recommended speed. 
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INTRODUCTION 

In gamma irradiators, especially it is of category 4, the radiation sources are stored in a pool containing 
demineralized water if they are not used for irradiation processing. To maintain the water conductivity values 
below 10 micro-siemens, water is circulated and generated through a water treatment system (WTS) to produce 
demineralized water. Demineralized water is water that has been processed in such a way that its cation-anion 
mineral contents are removed. The mineral content as a form of cation and anion in water are including Na+, Ca2+, 
Mg2+, K+, Fe3+, Cl-, SO42-, and CO32- [1]. The WTS is also used to supply additional pool water that has evaporated 
mainly due to heat released by radioactive sources. Demineralized water has a function as a radiation absorber, 
where the exposure rate on the surface of the pool should not exceed 10 µSv/h. Besides, the gamma irradiator is 
also equipped with an ultrafiltration system. The use of ultrafiltration in water purification system has significantly 
increased and it has potential to replace conventional systems.  This paper shows that the quality of water in outlet 
purification and make-up water dual system depends on the nuclear grade conditions. Outlet water quality of 
cationic and anionic demineralizer placed at the end of the dual system for purification. Moreover, this water is 
slightly acidic. Also, since the pool water is in contact with the atmosphere, it is saturated with oxygen. Carbon 
dioxide absorbed from the atmosphere reacts with water form carbonic acid, which tends to make the pH mildly 
acidic (pH 5.5–6). Sources of potential chemical contaminants at the gamma irradiator storage pool includes 
airborne materials (dust, etc.), make-up water, and leaching from materials in the pool. These conditions provide 
good water transparency and corrosion resistance of gamma irradiator cladding and other structures in the storage 
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pool [2]. The need for clean water in the industry is done by analyzing the kinetics of the demineralization process. 
It is important to know the particle size and the effectiveness of the process to produce clean water [3]. Small 
particles are preferred to demineralize the processed water. Moreover, the use of nanofiltration membranes, 
monovalence concentration can reduce permeability [4]. 

Merah-Putih Gamma Irradiator is one of the irradiation facilities using gamma rays. Merah-Putih Gamma 
Irradiator is a type 4 irradiator. The radiation source is stored in pool water containing demineralized water when 
it is not operating. In water treatment systems, ion exchange resin has a function as filters for mineral ions. 
Filtering processes is performed by exchanging ions contained in raw water with ions in the resin. Resins are 
divided into two types, namely cation and anion resins. Cation resins function as positive ion exchanges and anion 
resins as negative ion exchanges. When used, resins have a limit on ion exchangeability so they can make the 
resin-saturated and no longer optimal in conducting ion exchange. Especially for irradiators with wet storage 
rooms, they are required to have a mineral free water treatment system, where the water produced must have a 
conductivity value below 10 micro siemens. Saturated conditions resin when the water conductivity value 
fluctuates in the circulation process, the conductivity value is more than 10 micro siemens during the process of 
filling pool water and circulation and the pH value is close to neutral during the process of filling pool water. If 
resin at saturated conditions, the resin must be regenerated. If after the regeneration process the resin condition is 
still saturated then the resin cannot be reused. So that the resin must be replaced with a new one maintain pool 
water quality by standards [5]. Today most ion exchange resins bases are styrene and divinylbenzene which is 
then sulfonated [6]. Resin has other benefits, one of which is that cation resin is used as a catalyst. For example, 
Dowex 50 as a catalyst in the fat hydrolysis reaction [7]. 

 Demineralized water has the function as a radiation shield so that the radiation exposure caused by the 
radiation source does not exceed the background limit. The radiation source used in Merah-Putih Irradiator is Co-
60 because it has high energy, has a long half-life (5.27 years), and is insoluble in water [2]. The interaction 
between the radiation source and demineralized water causes the temperature to rise and evaporation occurs. The 
evaporation causes the volume of demineralized water in the pool to be reduced. This demineralized water 
management is carried out by a water treatment system. It is to say that the water treatment system is a facility 
that cannot be separated from gamma irradiators. The water treatment system has the function of maintaining the 
conductivity value of pool water based on established standards.  

The Water Treatment System facility has three types of operating modes namely circulation, pool water filling, 
and resin regeneration. The process of circulation is the process of flowing irradiator pool water through an ion 
exchange resin then flowed back into the pool so that the conductivity is maintained. The process of pool water 
filling is the process of flowing raw water through an ion exchange resin then the water has flowed into the pool 
until the water level reaches normal limits. The resin regeneration process is the process of reactivating the ability 
of the ion exchange resin by flowing with a chemical so that the resin's performance is optimal again [5]. The 
water treatment system uses an ion exchange resin that has a function as a filter for mineral ions. 

The filtering of mineral ions is done by exchanging ions between ions in raw water with ions in the resin. The 
exchange process is influenced by several factors, including the water flow rate.  The purpose of this research is 
to find out the effect of water flow rate against conductivity so that the right water flow rate caused the ion 
exchange process runs optimally can be determined. Similar research has been done by previous researchers. The 
difference in previous research between the research’s author is the object of the research and method. Widarti 
has researched "The influence of feed flow rate toward the capacity of commercial cation exchanger resin and 
adsorption of the metal ion with difference valence"[8]. Increased water flow rate causes the chance of metal ions 
to bond with negative functional reduced. Certainly, the water flow rate is one factor that caused the exchange 
process to run optimally. 

METHODS 

Materials and Tools 

Materials and tools used in this study were T42 cation resin, A23 anion resin, water treatment system, 
conductivity meter, and pH meter. Conductivity meter is used to measure the conductivity of water. Ph meter is 
used to measure the pH of water. 

Methods 

The steps used to determine the effect of water flow rate on the ion exchange resin of the water treatment 
system are as follows: The water treatment system is operated in filling mode. In the filling process, the water 
filling flow rate is varied in six, 100 liters/hour, 200 liters/hour, 300 liters/hour, 400 liters/hour, 500 liters/hour, 
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and 600 liters/hour, respectively. Each water filling flow rate was observed for conductivity and water pH after 
passing through cation resin and anion resin. Data is collected when the water has been flowed for 3 minutes for 
an individual predetermined flow rate setting. Based on the datasheet, the optimal water flow rate through the 
cation resin is 120 m3/hour and the optimal water flow through the anion resin is 60 m3/hour.  

A simple schematic position of the water flow rate after passing the pump (h1) and anion resin and cation (h2) 
is shown in FIGURE 1. A complete schematic is shown in FIGURE 2. Because the water flow rate data in 
FIGURE 1 is the water flow rate after passing through the pump, the amount of water flowing through the resin 
must be found. To find the water flow rate that passes through the anion resin (V2) Bernoulli's law can be used, 
as follows. 
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Y
         (3) 

Where ρ is the density of water (1000 gr/cm3), V1 is the velocity of water after passing the pump (m/s) and P 
is the water pressure (Pa).  
 

 
 
 
 
 
 
 
 
 

 

(a) (b) 
 

FIGURE 1. (a) Schematic position of Pump (h1) and cation resin tank (h2) and (b) Schematic position of Pump (h1) and 
anion resin tank (h2). 

 
Based on the calculation in equation no 3, the water flow rate passed the pump, and the water flow rate after 

passed resin cation and anion are shown in TABLE 1. 
 

                  TABLE 1. The water flow rate passed the pump and cation and anion resin 
No Flow rate water passed 

the pump (m3/hour) 
Flow rate water after passed cation 

and anion resin (liters/hour) 
1 100 20 
2 200 32 
3 300 44 
4 400 53 
5 500 58 
6 600 64 

 

RESULT AND DISCUSSION 

There are two things in the discussion of this paper, namely the effect of water flow rate on water conductivity 
after passing through cation and anion resins and the effect of water flow rate on water pH after passing through 
cation and anion resins. The first discussion is the effect of water flow rate on the conductivity of water after 
passing through the resin. 

In this discussion, there are two types of water flow rate, they are water flow rate from storage tanks after 
passing through the pump and water flow rate when passing through the resin. The water flow rate data in 
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FIGURE 3 is the water flow rate after passing the pump. The graph shows that the greater the water flow rate the 
smaller the conductivity of water after passing through anion resin. But on the water flow rate data after passing 
cation resin, the conductivity values are fluctuative. To analyze it, we need an optimal water flow rate data sheet 
that passes through cation and anion resins. 

 
FIGURE 2. Diagram of water flow at the pool filling process 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

(a) (b) 
FIGURE 3. (a) Graphic relationship between water flow rate after through water pump and conductivity after through cation 

resin and (b) Graphic relationship between water flow rate after through water pump and conductivity after through anion 
resin  

 
Based on the datasheet, the optimal flow rate for occurring resin exchange at T42 tulsion cation resin is 120 

m3/h. The graph in Figure 3 shows that the conductivity of the water after passing through the cation resin begins 
to decrease at 64 m3/hr. The water flow rate of 64 m3/hour occurs when the water flow rate after passing through 
the pump is 600 liters/hour. The water flow rate value 64 m3 / hour is still far from the optimal water flow rate 
reference value 120 m3/hour so that the decrease in water conductivity is not too large and there has not been 
optimal contact between the resin and water. Data of up and down conductivity values indicate that three minutes 
is not enough to reach a stable condition of ion exchange between water and cation resin.  

The graph in FIGURE 3 shows that the greater the water flow rate the smaller the conductivity of the water 
after passing through the anion resin. Based on the data sheet tulsion resin A23, the optimal water flow rate for 
ion exchange occurs is 60 m3/hour. The value of water flow rate passing through resin anion and the conductivity 
of the water produced is shown in TABLE 2. 

A decrease in conductivity is evident, starting from 14.6 µS to 5.83 µS. It is caused large flow water that passes 
through the anion resin not too far from the optimal reference flow water. It results in optimal contact between 
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the resin and water which causes optimal ion exchange as well. The tendency of the decreasing conductivity value 
indicates that three minutes is sufficient to reach a stable condition of ion exchange between water and anion resin. 
Water flow rate 20 m3/hour results in high conductivity because water is not distributed the entire resin, so resin 
mixing is not optimal. 

TABLE 2. Water flow rate passing through anion resin and conductivity of water produced after passing it 

No 
water flow rate passing 

through anion resin 
(m3/hour) 

the conductivity of 
the water produced 

(µS) 
Standard Deviation 

1 20 14.60 0.80 
2 32 10.43 0.60 
3 44 8.60 0.56 
4 53 6.97 0.42 
5 58 6.07 0.42 
6 64 5.83 0.40 

 
The experiment also showed that the conductivity value after passing through anion resin was smaller than the 

conductivity value after passing cation resin. It is caused by water that after passing through anion resin occurs 
twice ion exchange, which is ion exchange in cation and anion resins. The experiment also showed the optimal 
water flow after passing through the pump for ion exchange to occur is 600 liters/hour, where it produces a water 
flow rate of 64 m3/hour after passing through anion resin. But water flow rate 600 liters/hour is too high which 
can cause the pipe to leak and even break. The standard water flow rate so that the pipe does not leak is 300 
liters/hour. However, at the current altitude position of 1.25 m, the water flow rate 300 liters/hour cannot reach 
the water flow rate after passing through the resin of 64 m3 / hour. To reach this rate, the position of the water 
level after passing the pump (h1) 300 liters/hour or conductivity meter for cation and anion resin (h2) must be 
changed. To find the position of the water level height can be sought from the decline in Bernoulli's law, as 
follows: 
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j""3j*"
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	+	ℎ+         (4) 
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From the calculation in equation no.4, to get the water flow rate after passing through the resin of 64.3 m3 / 

hour, height position h2 is not changed so the height position h1 is 6.7 meters. The acquisition of a water flow 
rate of 64.3 m3 / hour can also be got by not changing the position of h1, but the position of water passing through 
the resin (h2) is changed to -3.8 m. Both of these are very inefficient in water treatment system design because 
the position of h1 is too high or the position of h2 is too deep. A possible way to obtain a water rate of 64,3 m3 / 
hour in the h2 position is a design engineering 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

(a) (b) 
FIGURE 4. (a) Graphic relationship between water flow rate after through resin tank and pH water after through cation resin 

andm(b) Graphic relationship between water flow rate after through resin tank and pH water after through anion resin 
 

The pH of water in the ion exchange process is closely related to conductivity. The graph in FIGURE 4 shows 
that the pH of the water after passing through the anion resin is more alkaline than the pH of the water after passing 
through the cation resin. This is due to the process of releasing H+ after passing cation resin and the process of 
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releasing OH- after passing anion resin. A good cation exchange process can be seen from the large 
decrease/increase from initial pH to acid pH. A good anion exchange process can be seen from the large 
decrease/increase from initial pH to alkaline pH. Good conductivity can be seen from the large decrease/increase 
in pH. On the graph, the water flow rate of 600 liters/hour is the most optimal rate of water exchange of ions. This 
can be seen from the pH of the most acidic water due to the amount of H + release. 

Similar research has been done by Widarti S [8]. His research was themed "Effect of Water Rate on the 
Efficiency of Commercial Cation Exchange Resin Columns and Different Loads of Metal Ion Adsorption". The 
research explains the number of absorbed metal ions Mg2+ and Zn2+ decreases with increasing flow rate while Na+ 
ions experience the opposite. This is because metal ions with +2 charges such as Mg2+ and Zn2+ metal ions require 
two negative functional groups in the resin to neutralize the charge. The position of the negative functional groups 
in the resin is not necessarily regular and close together or at a distance that is still possible to interact 
electrostatically with the positive charge of the metal ion so that it takes longer for the Mg2+ and Zn2+ ions to meet 
the two functional groups. Therefore, the lower the water flow rate, the more Mg2+ and Zn2+ ions are adsorbed 
[8]. The difference this research between the research’s author is the object of the research. The research object 
of the author is the effect of the water flow rate on the ion exchange process. The parameters observed were water 
flow rate, conductivity, and pH. At the end of the analysis of the research, the author needs to do an engineering 
water treatment system so that the ion exchange process runs optimally. 

CONCLUSION 

The amount of water that passes through the resin is very influential on ion exchange. This research shows if 
the amount of water flow rate pass resin is closer to the value recommended by the datasheet, it can cause the ion 
exchange process to run optimally. The optimal water flow rate after passing through the pump for the ion 
exchange process is 600 liters/hour. This flow rate causes water flow rate that passes through cation and anion 
resin 64 m3 / hour. However, a water flow rate of 600 liters/hour can cause the pipes to leak and burst. The standard 
water flow rate passed by the pipe is 300 liters/hour. To overcome this situation, design engineering is needed, so 
that the pump can be operated at the recommended speed.  

ACKNOWLEDGMENT 

Thank you for all staff of the Irradiation, Electromechanic, and Instrumentation Division 

REFERENCES 

[1] D.Reni, M. Munas, N.Jeni, S.Nanda, Kombinasi Proses Filtrasi dan Ion Exchange Secara Kontinyu ada 
Pembuatan Aquadm (Demineralized Water), Chemica, Vol 4, 27-32(2017). 

[2] (D Reni, M Munas, N Jeni, S Nanda, The combination of continuous filtration and ion exchange processes 
in the manufacture of aquadm (Demineralized Water), Chemica, Vol 4, 27-32(2017).) 

[3] R.Aghoyeh, H.Khalafi, Design of Dual Column Water Purification System for Industrial Gamma 
Irradiator Based on PUROLITE Resins, Journal Annals of Nuclear Energy Series 69, 90-96 (2014).  

[4] D.Oyekunle and J.Omoleye., Effect of Particle Sizes on Kinetics of Demineralization of Snail Shell of 
Chitin Synthesis Using Acetic Acid, Journal of Heliyon, Vol.5 (2019). 

[5] M.Marx et al., Manufacturing of Demineralized whey concentrates with extended shelf life: Impact of 
Degree of Demineralization on Functional and Microbal Quality Criteria, Journal Food and Bioproduct 
Processing, 1-11, Vol.114 (2019). 

[6] R. Arif, S.Bimo, Karakteristik Kinerja Resin Penukar Ion Pada Water Treatment System Iradiator Gamma 
Merah Putih, , Prosiding Seminar Keselamatan Nuklir, 419-425(2019). 

[7] (R. Arif, S. Bimo, Performance Characteristics of Ion Exchange Resins In The Water Treatment System 
Of Merah-Putih Gamma Irradiator, National Proceeding of Nuclear Safety Seminar, 419-425(2019).) 

[8] N.S Natheer, Experimental Study on Ion Exchange Rate of Calcium Hardness in Water Softening Process 
Using Strong Acid Resin Dowex HCR S/S, College of Engineering Journal (NUJEC),107-114(2016). 

[9] R.R Abdul, K.S Ni, R Basuki, Optimalisasi Hidrolisis Sukrosa Menggunakan Resin Penukar Kation Tipe 
Sulfonat, Jurnal Natural Science,119-131(2012). 

[10] (R.R Abdul, K.S Ni, R Basuki, Optimization of Sucrose Hydrolysis Using Sulfonate Type Cation Exchange 
Resin, Jurnal Natural Science,119-131(2012).) 

[11] Widarti.S, The Influenced Of Fleed Flow Rate Toward Capacity Of Commercial Cation Exchanger Resin 
And Adsorption Of Meta Ion With Different Valence, Sigma MU, Vol 7(2015).  




