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The inlet calcium concentration is 860 ppm and using trapezoidal rule to find the
area above the curve in order estimate the capacity of the resin 2.50 eq/L (see
Fig.3). This capacity means that the resin is capable to take 1.5 g of calcium from
CaCO0j5 solution, and this amount will make the resin to be fully loaded and there are
no space for more ion to exchange and the resin must be regenerated. 2.50eq/L is
higher than the manufacturer capacity and that depends on the manufacturer
experiment condition such as using multiple cycles. According to the resin product
information, “Specification values subjected to continuous monitoring” which means
the 1.9 eq/L is the average capacity of many cycles. Also, it depends if it’s a virgin or
regenerated resin.

The last part of this lab is regenerating the used resin, so it can be used again later.
The process of this part is similar to the last part but using 36 g of NaCl (6000 ppm)
solution to let the resin release the calcium ions. Assuming the amount of the resin
stay constant and the flow rate 100 mL/min. The capacity of resin estimated to be
1.4 eq/L, and 0.98 g Ca?*released from the reisn (see Fig.4). The large capacity
exchange in virgin resin compared to the regenerated resin is due to the other
compounds that might present with the virgin resin and affect the ion balance.
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Figure.4: Calcium concentration Vs. Time (Regeneration data)

Using the mass of Ca?*in the resin and the mass of Ca?* removed from the resin
during the regeneration to estimate the resin regeneration efficiency, which is
65.4%. This efficiency looks slightly low because using virgin resin during the first
cycle. Doing more than one cycle to regenerate the resin will give better result since
the resin will be balanced, which makes it more efficient. Also, the presence of Na
might affect the pH and the splitting energy to release calcium ions form resin.

Scale-up for a bigger design such as 1000 L solution and 860 ppm calcium, the result
data will be different (See fig.5). This design has a flow rate of 167 L/hr and the
estimated volume of resin is 22.6 L but considering the safety factor, 24L resin will
be used in this new design. Using the product information of c249 resin to estimate
the cross sectional area from the surface flow rate to be 334 cm?, so the diameter of
column is 20.6 cm. For these specifications, the capacity of this resin is 912 g of
Ca?*. The freeboard should be 65% of the resin volume, so the volume of the
column is 39.7 L and the column height is 119 cm. For the regeneration part (See
Fig.6), the flow rate will be different since the surface flow rate is 1 m/hr and the
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cross sectional area is fixed, so the flow rate will be 33.4 L/hr and it takes 10.5 hr to
regenerate 350 L of NaCl solution. The regeneration cycle design shows that the ion
change is a reversible process and the spent resin need to be regenerated for future
use. Using NaCl to release the calcium ions with Na* and the regeneration efficiency
increased with higher NaCl concentration. The flow direction is down through the
column to take advantage of the gravity and spread the solution among all the resin.
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Figure.5: Ion Exchange Column for a Bigger Design
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Abstract

The objective of the calcium removal lab is to define a process of absorbing calcium
using the ion exchange method. Virgin resin (IONAC 249) is used in this lab to
exchange the positive ions of Ca?* with CaC0; and NaCl solutions. Evaluating the
capability of the cation test kit by making a solution of CaC0; and pump it down
through a column containing virgin resin and test several samples at different time.
This kit is not recommended because it is not capable for low concentrations. The
resin capacity in exhaustion is 2.5 % and in regeneration is 1.4 ?, which is the resin

efficiency going to be 65.4%. One of the main steps to avoid errors is eliminating the
air bubbles and ensures a steady flow rate, which make the mass transfer between
the resin and CaCOj3 solution more accurate. Doing the same steps but with NaCl
instead of CaCO;z in order to regenerate the used resin and estimate the
regeneration efficiency. There are some factors that can affect the regeneration
cycle such as the sodium presence. Scaling up this process to 1000L solution will
require 23L resin and 100,000 ppm of NaCl.

Background

Using ion exchange has some advantages like low energy required and it does not
cost too much. The System characteristics and operating conditions can be found at
1 atm and 25 C. Setting a specific amount of water will help calculating the amount
of CaCO; to achieve the desired concentration of calcium in this experiment. The
volumetric flow rate of CaCOj; solution is (150 mL/min). The time that required
before start taking samples need to be calculated by estimating the volume the
water left the column, which is helpful to know the exact time for the first sample.
Plotting the concentration of calcium against time to see the efficiency of the resin
changes with time, which makes the data to be in curve shape since each sample has
different timing and concentration. After a period of time the calcium concentration
will not change any more due to the drop in the driving force between the resin and
the solution. When the solution pass through the resin, it will take Ca?* from the
solution and by the time, the resin will be filled and the calcium concentration will
stay constant for a period of time. Using sodium to regenerate the used resin by
removing the calcium ions from the resin and adjust the pH (see fig.6). The
regeneration efficiency can be accomplishes by increasing the concentration of NaCl.
Estimating the absorbed calcium mass in lab 2 and released mass of calcium in lab 3
to calculate the resin efficiency.
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Regenration mass of Ca**

Exhuastion mass ofCa?* *100%

Resin Ef ficiency =

The following relations show that the equivalent is the amount of ion required to
balance one mole of an oppositely charged monovalent ion.

leq = 1mol Na*

2eq = 1mol Ca®*
From the product information, l.g%is the total capacity of this resin. Equation#1
shows how to get the resin capacity in gram of Ca?*.

resin Capacity = (1955 (72 (Vi) (MW o4 Eq1

Materials and Methods

Prepared 6 L of 860 ppm Calcium carbonate (CaC05) at pH=2 by adding 20-30 mL
Hydrochloric Acid (HCI). According to the standard operating procedures (SOP), to
ensure a reasonable experiment period, high concentration was used (860 ppm),
which is higher than very hard water. Ionac 249 resin was used for CaC0j; solution
treatment. Five dilutions were used for the kit calibration and to develop a standard
curve for calcium concentration (see Fig.2). CaCO; solution went through ion
exchange apparatus (see Fig.1), and due to the ion charge differences, the resin
took Ca?* ions until it reached its capacity.
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Figure.1: Ion Exchange Column Design
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Calibrating the Rotometre at different flow rate to ensure a steady slow for this
experiment. The column was filled with water and resin before starting the process.
It took less than 1 minute before taking samples in order to let all the water leave
the column. Using the drops from the calcium test kit to measure the concentration
of Ca?* at the outlet of the column (See App. A). 15 samples was taken in 18
minutes and those samples had different timing at flow rate of 150 mL/min, which
makes the calcium concentration differ in each sample because the resin was
approaching its capacity. Measuring the concentration before the process to see the
resin role in this process. Next, the regeneration process was similar to the previous
steps, but using the NaCl to release the calcium ions from the resin. 6 L of 6000 ppm
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(mass) salt (NaCl) solution was prepared and taking 12 samples from the outlet of
the column. At rate of 100 mL/min, the initial samples took higher number of
bottle#2 drops due to the higher concentration of Ca?*. After period of time, all the
salt was consumed and the volume in the receiver was measured to estimate its
concentration in order to find the resin efficiency (see Fig.3).

Result and Discussion

The observation of the first part of this experiment can be taken from the standard
curve (see Fig.2). This straight line shows the relation between the calcium
concentration in ppm and bottle#2 drops. To illustrate, at concentration of 215 ppm
it takes 11 drops from bottle#2, but the manual of the test kit shows that each drop
indicated 20 ppm concentration. Therefore, there are a slightly differences in the
manufacturer and experimental because in the manual 11 drops indicates 220 ppm
of [Ca?*], which mean that the resolution of this kit is accurate for higher
concentration. As a result, this test kit is not capable for low concentrations such as
less than 10 ppm because each drop will give the concentration for 19.8 or higher.
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Figure.2: The standard curve with 15% error up and below the manufacturer data

Those differences due to the errors that might occur while adding the drops or the
volume of each sample is not accurate which will affect the calcium concentration.

The second deliverable is exhaustion and estimation of the virgin resin exchange
capacity. The manufacturer capacity of the resin is 1.9 eq/L or 1.14 g Ca?* for 30 mL
of Ionac 249 resin (see App.2). The volume the column is 57.7 mL and contains
30mL resin and 27.7 mL water. Therefore, water will take 11 seconds to leave the
column at rate of 150 mL/min. plotting the concentration in ppm of the 15 samples

against time (see Fig.3).
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Figure.3: Calcium concentration Vs. Time (Experimental data)
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Those differences due to the errors that might occur while adding the drops or the
volume of each sample is not accurate which will affect the calcium concentration.

The second deliverable is exhaustion and estimation of the virgin resin exchange
capacity. The manufacturer capacity of the resin is 1.9 eq/L or 1.14 g Ca?* for 30 mL
of Ionac 249 resin (see App.2). The volume the column is 57.7 mL and contains
30mL resin and 27.7 mL water. Therefore, water will take 11 seconds to leave the

column at rate of 150 mL/min. plotting the concentration in ppm of the 15 samples
against time (see Fig.3).
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