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Abstract

In this study, a strong anionic resin was used to remove the chloride ion in the diethanolamine of sweetening unit of gas
refinery. A laboratory pilot has been investigated as a resin-filled bed to evaluate the reaction temperature, chloride ion con-
centration, resin saturation, resin recovery rate, optimal reaction temperature, diethanolamine flow rate, hydrogen strength
and resin performance in this work. The resin saturation time, capacity of resin, optimal reaction temperature and changes
in chloride concentration of the output stream from resin were determined in this research. Finally, the optimal amount of
water to regulate the pH of the resin and the optimal amount of 4% sodium hydroxide solution to recycle the resin were
calculated. It was found that one liter of resin is able to absorb 20.77 g of chloride. The temperature of 50 °C was considered
as the optimal temperature of ion exchange reaction by comparing the amount of caustic and water consumption for resin
recovery and regulation of neutral acidity, respectively. In this study, the amount of 4 wt.% caustic and water at a temperature

of 50 °C for recovery of 134 g of resin obtained was equal to 8.5 and 5 L, respectively.
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Introduction

The presence of ionic compounds such as chloride in sweet-
ening units causes many problems such as corrosion, foam
formation and sediment deposition in the equipments (Ming
et al. 2022). Undesirable elements in the fluid flow can be
separated by using different membranes, significantly. The
purification methods with ion exchange resins are used to
remove these ions, usually. The anionic or cationic resins or
a combination of both are selected depending on the type of
diethanolamine solution contaminant ions (Bagmita et al.
2022). The use of amines to sweeten sour gas will lead to
problems such as reduced amine yields during the sweeten-
ing process (Karolina et al. 2022). The presence of impuri-
ties in the amine causes foaming in the tower and causes a
pressure drop, finally. The amine stream decomposes if the
operating temperature of the tower is high and oxygen enters
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to the sweetening cycle (Macreadie Lauren et al. 2022). The
strong salts anions such as chloride or sulfate react with the
amine if these anions enter to the amine stream. In this case,
compounds are formed that, unlike hydrogen sulfide and
carbon dioxide, do not separate from the amine by heating
(Liu Zhen et al. 2022). The formed compounds in the amine
stream are resistant to high temperatures. These salts are
called heat stable salts at high temperatures. The heat stable
salt causes corrosion in the lines of the gas sweetening unit
(Vijayalakshmi and Anupkumar, 2022). One of these ions is
chloride ion, which both produces stable salts and increases
corrosion in gas sweetening units. The allowable limit for
chloride ion concentration has been determined in the stand-
ard rules. This value is set for carbon steel 200 mg/1 and for
stainless steel up to 50 mg/l (Huang Xuanjie et al. 2022).
In most cases, the discharge rate of gas wells is increas-
ing due to the fact that gas wells in different parts of the
country have reached to the half-life and the reservoir has
entered to a pressure drop period (Jie et al. 2022). The water
stream with sour gas that enters to the sweetening units is
saline. In some cases, the amount of chloride ion with gas
will reach to about 80,000 mg/l (Tamang Aditya Moktan
2022). Therefore, the amount of chloride ions in the inlet
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gas to the sweetening units in the early stages of refining by
separators is minimized. Several factors can affect the corro-
sion process in the sweetening unit. But, the most important
are the concentration of acid gases, operating temperature,
flow rate of amine, anion concentration of heat stable salts
(Yiming et al. 2022). In other words, corrosion can be con-
sidered as a function of temperature, amine flow rate and
anion concentration. Of course, the type of acid gas and
the type of heat stable salt anions affect the corrosion rate
(Jungiang et al. 2022). Also, heat stable salts are produced
by the reaction of an amine with its contaminants as well as
the reaction of an amine with acidic components in the gas
other than hydrogen sulfide and carbon dioxide. These com-
ponents include chloride, acetate, formate, oxalate, cyanide,
thiocyanate and thiosulfate (Shangtao et al. 2022).

A laboratory pilot has been investigated as a resin-filled
bed to evaluate the reaction temperature, chloride ion
concentration, resin saturation and recovery rate, optimal
reaction temperature and diethanolamine flow rate in this
research.

Materials and method
Preparation of solutions and resin bed

1. Preparation of a resin-filled bed with a volume of 200 ml
and perform experiments to evaluate the capacity of the resin
for absorption of chloride ions.

2. Preparation of 30 wt.% diethanolamine solution con-
taining 1400 ppm of chloride to cross the resin bed.

3. Saturation of resin bed with 30 wt.% amine solution
and containing 1400 ppm of chloride.

4. Preparation of 4 wt.% sodium hydroxide solution to
regenerate the resin bed.

5. Preparation of ultra-pure water solution to regenerate
the resin bed.

6. Amine, caustic and water pass through the resin bed
at temperatures of 40 °C, 50 °C and 60 °C and a flow rate
of 20 ml/min.

Stability of resin (M-500)

This resin is made in England by Lewatit Company. This
is an anion exchange gel resin with particle size based on
styrene—divinylbenzene copolymer. This resin is up to 80%
recyclable and is used for ion purification operations. Also,
the compatibility of resin particles has created high chemi-
cal and osmotic stability. Table 1 presents the main speci-
fications of the resin. The functional group of this resin is
type M type 1. Also, the matrix of this resin is cross-linked
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Table 1 Main specifications of anionic resin (M-500)

Main specification Type

Ionic form as shipped OH™

Functional group Quaternary amine, type I

Matrix Cross-linked Polystyrene
Structure Gel type beads
Appearance Light brown, translucent

Table2 Physical and chemical characteristics of anionic resin
(M-500)

Property Unit Value
Uniformity coefficient max 1.1
Mean bead size mm 0.64
Bulk density g/l 660
Density g/ml 1.07
Water retention wt.% 62-67
Total capacity Min. eq/l 1.1
Volume change OH™CI™ Max. vol.% —18
Stability at pH range 0-14
Storability of the product Max. months 12
Storability temperature range °C —20-40
ITonic conversion OH™ Min. mol % 80

polystyrene type. The structure and appearance of this resin
are gel type and light brown, respectively.

In addition, Table 2 presents the physical and chemical
properties of the resin.

Apparatus

The IP thermometer with very high accuracy has been used
to measure the temperature of the solutions. This thermom-
eter is made in Germany. An analytical balance device
made by Sartorius Company with an accuracy of 0.0001 g
(model ME614S) was used to weigh different materials. A
pH meter (model pH lab 827) made by Metrohm Company,
Switzerland, was used to measure the acidity of the solu-
tions. In addition, a stirrer (model: IKA RH basic 2) made
in Germany was used to mixing the solution. Also, a mag-
netic stirrer hotplate mixer made in Ukraine was used to heat
the solutions. In addition, a potentiometer device made by
Metrohm Company in Switzerland was used to measure the
amount of chloride.

Method of measuring of chloride in diethanolamine
solution

The 50 ml of diethanolamine is poured to the beaker by
pipette. Then, remove 50 ml of distilled water by a pipette and
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add to the beaker. Then, 40 ml of (1:1) nitric acid is removed
by pipette and added to the beaker. Place the beaker on the

Table 3 Calculation of saturation time at 40 °C

. ) Test Nu  Amine Caustic Cl (ppm) Amine Flow Tem-
heater until hydrogen sulfide gas is released. Remove the volume (Wt.%) rate (ml/min)  perature
beaker from the heater to cool after ensuring that hydrogen (ml) °O
sulfide gas escapes from the beaker. The computer and poten- A 100 4 Nil 20 40
tiometer are turned on in the next step. Remove the graduated : 200 4 Nil 20 40
cylinder containing the silver nitrate titrant and place it on the 3 300 4 Nil 20 40
Eoltlerlltlolrlneter. In this ;tep, mlalfie bsurlf(: thé silver m(tirate tank is 4 400 4 Nil 20 40
fu 1 n :1 e nfz(t .step,dt. §00;) e ; ea ir is Femor\g1 ,a r}rllagnet 5 500 4 Nil 20 40
1S p alce 1ndm e .1t anf 1}t1 18 p.ace : on the mlxder. henl;‘t /eA 01;; 6 600 4 Nil 20 40
plut e e(c;troﬂe1 w1re}:1 of the ml(;ier is .conn.ecte to the g/Ag 7 200 4 Nil 20 40
e ectrtl) e. ! Ie::n tHe sthart an cont;nlklle1 1c.(()jns' on t.lle. computer 800 4 Nil 20 40
?re S? echte . lrfla y,.t e.amount of chloride in milligrams per 9 900 4 Nil 20 40

iter is shown after titration. 10 1000 4 426 20 40
11 1100 4 2522 20 40
. . 12 1200 4 90.26 20 40
Results and Discussion
13 1300 4 209.11 20 40
. . . 14 1400 4 286.60 20 40
In this section, the laboratory results of the saturation and
. . . 15 1500 4 355.70 20 40
recovery of the resin are investigated.
16 1600 4 410.84 20 40
. P . 17 1700 4 510.16 20 40
Saturation step of anionic resin at 40 °C to calculate
. . 18 1800 4 608.88 20 40
saturation time
19 1900 4 710.51 20 40
. . . .. 20 2000 4 811.11 20 40
At first, heat the diethanolamine solution containing 1400 ppm
S o . 21 2100 4 906.69 20 40
of chloride ion to a temperature of 40 °C for saturation of the
. Sy . 22 2200 4 1019.31 20 40
resin. Then amount of chloride in the output ethanolamine
.. . . 23 2300 4 1093.13 20 40
from the resin is measured after passing 100 ml of amine ” 2400 4 118012 20 20
through the resin. The flow rate of amine is 20 ml/min. These ’
. . . e . 25 2500 4 1193.66 20 40
steps continue until the concentration of the chloride ion in the
. . . .. 26 2600 4 1228.12 20 40
diethanolamine stream leaving the resin is equal to the concen-
. . .. . . . 27 2700 4 1240.03 20 40
tration of the diethanolamine ion chloride entering the resin.
. . . . 28 2800 4 1290.16 20 40
In this case, it can be concluded that the resin bed is saturated. 2 2000 4 132181 20 10
The result of resin saturation at 40 °C for calculation of the '
. . L . 30 3000 4 1398.01 20 40
saturation time is given in Table 3.
Table 3 shows that the resin is saturated after passing
3000 ml of diethanolamine solution at 40 °C. The saturation
time of the resin at 40 °C can now be calculated as follows:
BTT = volume of diethanolamine passing through the resin over the flow rate (H
) ) BTT = Break Through Time 4)
BTT = 3000ml over 20ml/min = 150 min )
. Kgq
. . o . . ° Q = CapaCItYResin <K (5)
Calculation of anionic resin (M-500) capacity at 40 °C ZResin
According to the formula pro.v1ded in the.llteratu.res.(Waly m,, = mass flow rate of Cl inter with Amine solution (Kg;L> )
Ahmed et al. 2022) for calculation of the resin capacity is done min

as follows:

BTT(IIIIH) = W(kgResin) X q(kgcl/kgResin) / mcl(kgcl/min)
3)

w = wight of dry resin must be placed in pakage (KG) (7)
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Kg
- =0.670—
PResin 0 Lit (8)
Kg
P Amine = 1020th (9)

In this study, 134 g of resin was used. So, it can be con-
cluded that:

W = 0.134(kggesin) (10)

It should be noted that the cross-bed flow rate is
0.02(%). Consider that the 30% amine density is

1.020(%) and the mass flow rate of the amine passing

through the resin will be 0.0204(% ) So, m is equal to:

M, = 0.0204 X 1400 x 107® = 0.000028 (kg.;/min) (11)

Now, the resin capacity can be calculated at 40 °C accord-
ing to the following formula:

BTT(mln) = W(kgResin) X q(kgcl/kgResin) / mg; (kgcl/mln)
(12)

150 (min) = 0.134 (kggesin) X q(kge1/kEresin) /0.000028 (kg /min)
13)

q(kgcl/kgResin) = 0.031 (kgcl/kgResin) =31 (grcl/kgResin)
= 20'77(grcl/LitResin) = 0'58(eqcl/LitResin)
(14)
After calculating the resin capacity at 40 °C, it was found
that one liter of resin can absorb 20.77 g of chloride.

Investigation of passage of 4% caustic solution
for recovery of anionic resin at 40 °C

At this stage, the recovery rate of the resin is treated using a
4% caustic solution. The resin can be recovered by passing
a 4% caustic solution by the diethanolamine solution. All of
the steps of resin recovery test are the same as resin satura-
tion steps. First, heat the caustic solution until it reaches to
a temperature of 40 °C. In the next step, the caustic solution
is passed through the bed with a flow rate of 20 ml/min. The
measuring of chloride ion is performed after passing 100 ml
of caustic solution through the resin bed. This operation con-
tinues until the concentration of chloride ion in the caustic
solution leaving the resin reaches zero or very low. It can be
concluded that the resin is recovered. In this state, the resin
bed is free of any chloride ion impurities. The results of the
resin reduction step at 40 °C are given in Table 4.

Table 4 shows that the resin bed will be recovered after
passing 9500 ml of 4% caustic solution at a temperature of
40 °C.
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Table 4 Results of passing 4% caustic solution to recovery of the
resin bed

Test Nu  Amine Caustic Cl (ppm) Amine Flow Tem-
volume (Wt.%) rate (ml/min) perature
(ml) O
1 100 4 2681.33 20 40
2 200 4 3669.55 20 40
3 300 4 3113.30 20 40
4 400 4 2778.11 20 40
5 500 4 2550.33 20 40
6 600 4 2330.51 20 40
7 700 4 2100.22 20 40
8 800 4 1870.11 20 40
9 900 4 1599.33 20 40
10 1000 4 1367.20 20 40
11 1100 4 1010.05 20 40
12 1200 4 980.93 20 40
13 1300 4 880.50 20 40
14 1400 4 861.11 20 40
15 1500 4 837.05 20 40
16 1600 4 813.12 20 40
17 1700 4 755.53 20 40
18 1800 4 699.33 20 40
19 1900 4 623.22 20 40
20 2000 4 579.73 20 40
21 2100 4 543.12 20 40
22 2200 4 502.20 20 40
23 2300 4 47830 20 40
24 2400 4 450.22 20 40
25 2500 4 44431 20 40
26 2600 4 415.61 20 40
27 2700 4 390.55 20 40
28 2800 4 372.23 20 40
29 2900 4 351.16 20 40
30 3000 4 333.84 20 40
31 3100 4 312.11 20 40
32 3200 4 290.12 20 40
33 3300 4 281.88 20 40
34 3400 4 277.13 20 40
35 3500 4 255.61 20 40
36 3600 4 24144 20 40
37 3700 4 236.02 20 40
38 3800 4 22720 20 40
39 3900 4 201.51 20 40
40 4000 4 188.34 20 40
41 4100 4 179.23 20 40
42 4200 4 168.61 20 40
43 4300 4 157.09 20 40
44 4400 4 151.53 20 40
45 4500 4 14477 20 40
46 4600 4 13822 20 40
47 4700 4 133.63 20 40
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Table 4 (continued)

Test Nu Amine Caustic Cl (ppm) Amine Flow Tem-
volume (Wt.%) rate (ml/min) perature
(ml) O
48 4800 4 126.27 20 40
49 4900 4 11411 20 40
50 5000 4 108.04 20 40
51 5100 4 104.12 20 40
52 5200 4 98.03 20 40
53 5300 4 90.55 20 40
54 5400 4 87.61 20 40
55 5500 4 84.72 20 40
56 5600 4 83.11 20 40
57 5700 4 81.12 20 40
58 5800 4 79.18 20 40
59 5900 4 77.13 20 40
60 6000 4 75.04 20 40
61 6100 4 73.53 20 40
62 6200 4 71.01 20 40
63 6300 4 69.51 20 40
64 6400 4 68.02 20 40
65 6500 4 66.15 20 40
66 6600 4 64.64 20 40
67 6700 4 62.00 20 40
68 6800 4 60.51 20 40
69 6900 4 5830 20 40
70 7000 4 56.08 20 40
71 7100 4 5523 20 40
72 7200 4 5421 20 40
73 7300 4 52.01 20 40
74 7400 4 50.41 20 40
75 7500 4 49.11 20 40
76 7600 4 48.05 20 40
77 7700 4 47.61 20 40
78 7800 4 46.77 20 40
79 7900 4 4555 20 40
80 8000 4 46.28 20 40
81 8100 4 41.11 20 40
82 8200 4 38.54 20 40
83 8300 4 37.33 20 40
84 8400 4 3351 20 40
85 8500 4 29.89 20 40
86 8600 4 27.66 20 40
87 8700 4 2471 20 40
88 8800 4 21.06 20 40
89 8900 4 1991 20 40
90 9000 4 17.66 20 40
91 9100 4 15.11 20 40
92 9200 4 1333 20 40
93 9300 4 11.66 20 40
94 9400 4 424 20 40
95 9500 4 Nil 20 40

Investigating the passage of distilled water
for elimination of the alkalinity of the resin
at a temperature of 40 °C

The resin becomes alkaline since the pH of the solution of
diethanolamine and 4% caustic is in the alkaline range. The
alkalinity of the resin must be eliminated for recovery at
50 °C and 60 °C, respectively. Therefore, distilled water
with pH =7 has been used to neutralize the alkalinity of the
resin. The following steps must be performed to remove the
alkalinity of the resin by distilled water: At the first, heat
the distilled water until it reaches to a temperature of 40 °C.
Then, the 20 ml/min of distilled water is passed through the
resin. The pH test should be performed after passing 100 ml
of distilled water through the resin. This process continues
until the pH of the distilled water passing through the resin
reaches to 7. In this case, the alkalinity of the resin is lost
and the pH of the resin bed has reached to the neutral range.
The results of distilled water passage from resin in order to
eliminate the alkalinity of the resin at 40 °C are given in
Table 5.

The results of Table 5 show that the alkalinity of the resin
will disappear after passing 5500 ml of distilled water at
40 °C.

Saturation test of anionic resin at 50 °C
for calculation of saturation time

All of the stages of resin saturation at 50 °C are the same
as resin saturation steps at 40 °C. The difference is that the
temperature of the diethanolamine solution must be 50 °C.
The experimental results showed that the resin was saturated
after passing 3000 ml of diethanolamine solution at 50 °C.
Therefore, the calculation of saturation time and resin capac-
ity at 50 °C will be the same as at 40 °C.

Investigation of passage of 4% caustic solution
for recovery of anionic resin at 50 °C

All of the steps of resin recovery at 50 °C are the same as
resin recovery steps at 40 °C. The difference is that the 4%
caustic solution must be heated to a temperature of 50 °C.
The experimental results showed that the resin will be recov-
ered after passing 8500 ml of caustic solution at a tempera-
ture of 50 °C.

Investigation of distilled water passage to eliminate
the alkalinity of the resin at a temperature of 50 °C

All of the steps of removing of the resin alkalinity at 50 °C
are the same as the steps at 40 °C. The difference is that the
temperature of distilled water should be 50 °C. The experi-
mental results showed that the alkalinity of the resin will
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Table 5 Results of distilled water passage in order to eliminate the
alkalinity of the resin at 40 °C

Test Nu Amine pH of pH of resin  Amine Tem-
volume water Flow rate  perature
(ml) (ml/min)  (°C)
1 100 7 13.203 20 40
2 200 7 13.112 20 40
3 300 7 12.999 20 40
4 400 7 12.770 20 40
5 500 7 12.603 20 40
6 600 7 11.505 20 40
7 700 7 11.413 20 40
8 800 7 11.043 20 40
9 900 7 10.880 20 40
10 1000 7 10.701 20 40
11 1100 7 10.603 20 40
12 1200 7 10.444 20 40
13 1300 7 10.393 20 40
14 1400 7 10.203 20 40
15 1500 7 10.001 20 40
16 1600 7 9.899 20 40
17 1700 7 9.607 20 40
18 1800 7 9.412 20 40
19 1900 7 9.303 20 40
20 2000 7 9.025 20 40
21 2100 7 8911 20 40
22 2200 7 8.887 20 40
23 2300 7 8.781 20 40
24 2400 7 8.733 20 40
25 2500 7 8.701 20 40
26 2600 7 8.688 20 40
27 2700 7 8.644 20 40
28 2800 7 8.601 20 40
29 2900 7 8.579 20 40
30 3000 7 8.501 20 40
31 3100 7 8.451 20 40
32 3200 7 8.411 20 40
33 3300 7 8.377 20 40
34 3400 7 8.303 20 40
35 3500 7 8.299 20 40
36 3600 7 8.281 20 40
37 3700 7 8.270 20 40
38 3800 7 8.255 20 40
39 3900 7 8.200 20 40
40 4000 7 8.111 20 40
41 4100 7 8.001 20 40
42 4200 7 7.788 20 40
43 4300 7 7.877 20 40
44 4400 7 7.770 20 40
45 4500 7 7.613 20 40
46 4600 7 7.590 20 40
47 4700 7 7.588 20 40
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Table 5 (continued)

Test Nu Amine pH of pH of resin  Amine Tem-
volume water Flow rate  perature
(ml) (ml/min) °O)
48 4800 7 7.450 20 40
49 4900 7 7.400 20 40
50 5000 7 7.380 20 40
51 5100 7 7.303 20 40
52 5200 7 7.270 20 40
53 5300 7 7.200 20 40
54 5400 7 7.103 20 40
55 5500 7 7.013 20 40

disappear after passing 5000 ml of distilled water at a tem-
perature of 50 °C.

Saturation study of anionic resin at 60 °C
for calculation of saturation time

All of the stages of resin saturation at 60 °C are the same
as resin saturation steps at 40 °C. The difference is that the
temperature of the diethanolamine solution must be 60 °C.
The experimental results showed that the resin was saturated
after passing 3000 ml of diethanolamine solution at 60 °C.

Investigation of caustic solution passage
for recovery of anionic resin at 60 °C

All of the steps of resin recovery at 60 °C are the same
as resin recovery steps at 40 °C. The experimental results
showed that the resin will be recovered after passing
10,000 ml of 4% caustic solution at a temperature of 60 °C.

Investigation of distilled water passage to eliminate
the alkalinity of resin at a temperature of 60 °C

The experimental results showed that the alkalinity of the
resin will disappear after passing 7000 ml of distilled water
at a temperature of 60 °C. Table 6 shows the results of resin
saturation, recovery and elimination of alkalinity of the resin
at temperatures of 40, 50 and 60 °C, respectively. Laboratory

Table 6 Laboratory results at temperatures of 40, 50 and 60 °C

Number Tem- Water (lit) Caustic (lit) Saturation Capacity

perature time (min)

(O]

40 5.5 9.5 150 0.58

50 5 8.5 150 0.58
3 60 7 10 150 0.58
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results show that resin recovery is necessary in times longer
than 150 min.

Table 6 shows that a temperature of 50 °C is better than
other temperatures because the amount of used caustic for
recovery of the resin is 8.5 lit and the amount of used dis-
tilled water to eliminate the alkalinity of the resin is 5 lit
at this temperature. Therefore, a temperature of 50 °C was
introduced as the optimal temperature.

Laboratory results show that the use of resin at a tempera-
ture of 50 °C compared to 40 and 60° C reduces water by 10
and 40%, respectively. Also, if the operating temperature is
equal to the optimum temperature of 50 °C, the consumption
of caustic will be about 11.8% and 7.17% less than 40 and
60 °C, respectively. Table 7 shows this.

Figure 1 shows the concentration of chloride leaving the
resin bed in terms of the volume of consumed amine at tem-
peratures of 40 °C, 50 °C and 60 °C, respectively.

Figure 2 shows the recovery steps and the removal of
the alkalinity of the resin versus caustic and distilled water
consumption at temperatures of 40 °C, 50 °C and 60 °C,
respectively.

Table 7 Percentage of optimized water and caustics at the optimum
temperature

Figure 3 shows the volume of caustic passing through
the resin versus chloride concentration leaving the resin at
temperatures of 40 °C, 50 °C and 60 °C.

Figure 4 shows the saturation time of the resin in terms of
changes in chloride concentration at temperatures of 40 °C,
50 °C and 60 °C, respectively. Laboratory results show that
the change in chloride concentration is almost constant for
about 80 min. Also, the chloride concentration decreases
slightly after this time to about 105 min. The results of this
study show that changes in chloride concentration over a
period of more than 105 min decrease at a relatively sharp
rate. This may be due to more use of the resin bed at higher
times.

Conclusions

The results show that the volume of amine passing through
the resin is 15 times the volume of used resin, approximately.
In this case, the amount of chloride ion leaving the resin
bed does not exceed the allowable range of 30 to 50 mg/l.
According to the experimental results, the saturation time of
the resin is equal to 150 min if the amine is passed. There-
fore, the resin will not be able to purify the amine if the
amine stream is passed after this time. So, it is necessary to

Number Temperature ratio Optimized Optimized .
water content  caustic content recF)very the resin. Laboratory results show that the use of
(%) (%) resin at a temperature of 50 °C compared to temperatures
of 40 °C and 60 °C reduces the amount of water and caustic
50 °C compared to 40 °C 10 11.8 .
i consumption to an acceptable level. Therefore, a tempera-
2 50 compared to 60 °C 40 177 ture of 50 °C is introduced as the optimal temperature. The
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Fig. 1 Concentration of chloride leaving the resin bed versus volume of passing amine
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Fig.2 Effect of temperature on the amount of used caustic for resin recovery
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Fig.3 Caustic volume passing through the resin versus chloride concentration leaving the resin bed

laboratory results and theoretical calculations regarding the  rate of 20 ml/min will be able to regenerate the 200 ml of
capacity and saturation time of the resin showed that one the resin, completely. In this case, the amount of chloride in
liter of resin will be able to absorb 20.77 g of chloride to  sodium hydroxide leaving the resin bed will reach to about
reach the saturation point. The experiments showed that 30 mg/l.

8500 ml of 4% caustic at a temperature of 50 °C and a flow
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