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Abstract This work aimed to study the effect of Gabraun`s water on corrosion of brass and low carbon steel. 
The corrosion tests were carried out at room temperature.  The test solution used was Gabraun water 
samples.  From the results obtained, the weights of all the specimens after the immersion in Gabraun`s 
water were decreased.  After the end of the experiments, the color of the Gabraun water samples that was 
used for the brass specimens was changed to dark blue color, but for the low carbon steel the color of the 
water did not change.  During the corrosion tests period, the Gabraun water in the beakers was decreased 
about 50mL/week, this lack was substituted continuously by Gabraun water during the tests period. This 
addition of water, increased the concentration of the salts of the Gabraun water samples. This increment was 
played a role in the corrosion process.  The average corrosion rate for the low carbon steel is less than yellow 

copper specimens.  The Langelier Saturation Index (LSI) showed that the Gabraun water sample was not 
corrosive medium, also it showed all the Gabroun waters samples after testing all the specimens were not 
corrosive medium.   The Pourbaix diagrams for both copper and iron in the water at 25oC showed both 
copper and iron are not corrode metals.  
Keywords: Brass, Low Carbon Steel, Gabraun Water, Corrosion rate, Pourbaix diagrams, Langelier 
Saturation Index.   
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1- Introduction   
Gabraun`s water is from Gabraun`s lake, this lake 
located in the middle of Libyan desert surrounded 
by a belt of palm trees and sand dunes towering 
height, the depth of this lake is about 7m and also 
it is characterized by its warm water start nearly 
from a depth of 1.5m. In addition, this lake has 
high Salinity[1].   
Basically Corrosion is the result of chemical or 
electrochemical interaction between a metal and 
environments.  In the broad sense, corrosion may 
be defined as "the destructive attack of a metal by 
chemical, electrochemical, or metallurgical 

interaction between the environment and the 
metal [2, 3].     It is a chemical reaction that 
involves oxidation and reduction.   The corrosion 
of metals can also occur in freshwater, seawater, 
salt solutions, and alkaline or basic medium. The 
most familiar corrosion of this type is the rusting 
of iron when exposed to a moist atmosphere or 
water [4].  
4Fe+6H2O+3O2→4Fe(OH)…….(1) 
As shown in the equation (1), iron combination 
with water and oxygen, yielding ferric hydroxide, 
an insoluble red-brown substance [4].  
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Brass is mainly an alloy that consists of copper 
with zinc added and had good atmospheric 
corrosion resistance. Brasses can have varying 
amounts of zinc or other elements added. Brass 
can range in color from red to yellow depending on 
the amount of zinc added to the alloy [5, 6, 7].  
Memon Samina et al :[8] studied the corrosion of 
iron, copper and brass alloy in different medium 
i.e. HNO3, H3PO4, H2SO4, HCl, CH3COOH. The 
study reveals that the corrosion rate increases in 

the order, iron > copper > brass and for the 
medium the corrosion follows the order  HNO3 > 
H3PO4 > H2SO4 > HCl > CH3COOH.   
W.H. Rahmanto et al :[9] investigated Copper and 
iron metal wire corrosion in artificial seawater in 
three corrosion systems. In the (i) closed bath, (ii) 
opened or air exposed bath, and (iii) aerated bath. 
Results show that air oxygen give a strong effect 
on the corrosion of copper and iron metal. 
Howaida M. et al :[10] studied the rate of copper 
corrosion in the presence of phosphoric. The rate 
of corrosion is measured in the presence and in 
the absence of benzoic acid, p-toluic acid, phthalic 
acid and salicylic acid.  In the presence of these 
acids, the rate of corrosion decrease.   
Jamal Abdulnasser et al :[11] studied The 
inhibition effect of the addition of organic 
compounds containing a sulphur group such as 
Diethyl sulphide (DES) on the corrosion of copper 
in nitric acid, results obtained revealed that the 
organic compound is a good inhibitor.  
E.E. Foad El-Sherbini et al:[12] studied the 
dissolution of copper in hydrochloric acid medium 
and the effect of potassium chromate and sodium 
molybdate on the corrosion process. The corrosion 
rate was retarded in presence of sodium 
molybdate. 
A Pourbaix diagram for the copper/water system 
is shown in Fig. (1) [13]. Copper (E = 0.337 V) is 
nobler than iron (EFe=−0.444V), however, it is 
more stable in water (SHE) than iron.  Copper is 
not passive in acid electrolytes.  It would also 
corrode under strongly alkaline conditions in 
higher oxidizing potentials [13]. 
 

 
Figure (1) Pourbaix diagram for the copper–water 

system at 25◦C[13] 
 

Dezincification occurs when zinc leaches out of 
the alloy, leaving behind a copper-rich shell with 
little mechanical strength.  Dezincification can be 

avoided in most cases by maintaining the zinc 
content below 15% [14]. 
Jamal Choucri et al [15] had found that the 
dezincification of CuZn36Pb2As and traditional 
alloys only affected the β’ phase, while on 
CuZn21Si3P dealloying produced zinc and silicon 
leaching from both α and κ phases.  
Carbon steel is classified according to the 
percentage of carbon.  They are referred to low 
carbon steels, medium carbon steels, and high 
carbon steels [7].   
Subir Paul et al.[16] have concluded that all three 

corrosive ions SO42-, S2-, and Cl- have a strong 
effect on increasing the corrosion rate of carbon 
steel.   
Uzorh et al :[17] Evaluated the corrosion of two 
grades of plain carbon steels, DIN 35-2 (Ribbed 
rod) and DIN 37-2 (plain rod) in three 
environments: Salt solution, Tap water and Moist 
soil. The results obtained show that the moist soil 
having the highest corrosive ability, followed by 
tap water and then 3% by weight of sodium 
chloride salt solution. Moreover, the rib rod 
samples essentially corroded more than the plain 
rod samples in these various environments.  
Tadeusz Hryniewicz et al:[18] studied the 
corrosion behavior of C45 carbon steel. Two 
different medium, based on sodium chloride as 
the corrosive agent, were applied for the 
electrochemical studies, with one of them 
imitating the synthetic seawater environment. The 
results showed that the corrosion resistance 
increases almost 3 times in case of 3% NaCl 
solution, and 1.6 times for 0.03% NaCl solution.  
Ismaeel Andijani et al :[19] evaluated the 
corrosion behavior of carbon steel in deaerated 1.0 
M NaCl solutions and artificial seawater at pH 
ranges of 3 to 8.5 and temperatures up to 80oC 
under static conditions. The results revealed that 
the polarization resistance of carbon steel in 
deaerated solutions is generally high. With 
increasing pH, the polarization resistance 
increases, and is highest at 25oC and lowest at 
80oC. 
Sanusi Kazeem Oladele et al :[20] investigated the 
corrosion effect of mild steel in orange juice. This 
research proved that mild steels are corrosive in 
fruit juice environments.  
Ismail et al :[21] studied the corrosion behaviour 
of AISI 1040 steel in artificial seawater and 
different sulphate (SO42-) to chloride (Cl-) ratio. It 
was concluded that the corrosion rate of carbon 
steel in NaCl as compared to the corrosion rate in 
different sulphate and chloride content in with 
and without oxygen content. The corrosion rates 
are higher in solutions with oxygen content in all 
solutions.  
Mohammadreza Tavakkolizadeh et al :[22] studied 

the galvanic corrosion of carbon and steel in 
aggressive environments.  It was concluded that 
the galvanic corrosion rate in the deicing salt 
solution was slightly higher than that in seawater 
(15% on average).  
Gebril and N. Ali [23] studied The effect of 
Gabraun water, Distilled water & Different 
Volumes of their mixture on the corrosion rate of 
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carbon steel and concluded that Gabraun water 
sample is not corrosive media.   
Gebril [24] study the effect of Gabraun`s water on 
corrosion of low carbon steel compared with the 
water from Zweala, Ubari and Sebha and 
concluded that Gabraun water sample is not a 
corrosive medium (scale formation can occur), 
while the other types of water samples are a 
corrosive medium.  
Figure (2) illustrates the potential pH diagram 
(Pourbaix diagram) for iron exposed to water.  The 
various regions indicate the compounds which are 
stable under those conditions.  For example, at 
potential more positive than -0.6 and pH values 

below about 9, ferrous ion(Fe+2) is the stable 
substance [4]. This indicates that iron will be 
corroded under these conditions, yielding Fe+2 as 
can be seen in equation (2) [4] 
 Fe→Fe+2+2e ……(2) 

 
Figure (2) Simplified potential-pH diagram 

(Pourbaix diagram) for the Fe-H2O system [4]. 
[4]. The large region in figure (2) labeled Fe 
indicates that iron will not corrode under these 
conditions of potential and pH.  
2- Experimental work 
 
2.1. Materials 
The materials used in this work were Brass 
(yellow copper), and low carbon steel. Carbon 
steel. 
The chemical compositions for the material of 
Brass (yellow copper) and low carbon steel that 
was used in the experiments are shown in 
Table(1) and Table (2) respectively. 

 
Table 1. Chemical composition by wt% of Brass (yellow copper) specimens before tests  

Cu% Zn% Pb% Si% Ni% Sn% Fe% Nb% P% Pt% Au% As% Co% others 

57.8 37.6 2.03 1.4
1 

0.25
4 

0.23
3 

0.20
7 

0.095
7 

0.06
88 

0.02
76 

0.026
9 

0.025
2 

0.015
3 

balanc
e 

 
Table 2.  Chemical composition by wt% of low carbon steel specimens 

Wt% C wt% Si Wt% Mn Wt % S wt%P Wt% Fe 

0.153 0.046 0.424 0.048 0.012 Balance 

 
Eight (8) specimens used in this work were cut 
from metal rods with square cross-sectional areas 
and with dimensions of 10mm long, 10mm width 
and 10mm thickness as shown in figure (3).     

Four (4) specimens, from low carbon steel and 
Four (4) specimens, from Brass (yellow copper).   
All the surfaces of the specimens were cleaned 
well and polished with 800 and1200 grit emery 
papers to remove oxides and contaminants. 

 
 
 

           
  
                           (a)                                                                 (b) 

Figure (3) The dimension of al specimens (a) for low carbon steel & (b) for brass (yellow copper) 
2.2. Corrosion tests  
Gabraun water was used as a test solution in 
this work, and a number of 500 ml beakers 
were used and filled by this type of water and 
then all the specimens were completely 
immersed in the filled beakers.  Each specimen 
was put in one beaker.  All the specimens were 

cleaned and weighed before and after the corrosion 
tests.  All the tests were carried out at room 
temperature.  The corrosion test period was 55 
days for all the specimens.  The chemical analysis 
of the used Gabraun water is shown in Table (3) 
was done in faculty of science sebha university.   

 
 
 
 
 

10mm 

10mm 

10mm 

10mm 

10mm 10mm 
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 Table 3.  show the analysis of Gabraun's water before and after tests 

Parameter 
Gabraun water before 

immersion 

Gabraun water after 
immersion Carbon 

steel 

Gabraun water after 
immersion Yellow 

copper 

Ph 9.41 11.41 11.26 

Conductivity (μS/cm) 137800 233400 163900 

Salinity (ppt) 790 141 960 

TDS (mg/L) 67540 114340 80330 

Total Alkalinity(mg/L) 314 422 401 

Hardness Ca++ (mg/L) 335.1 412.3 395.4 

 
In order to predict the tendencies of Gabraun 
water to precipitate or dissolve calcium 
carbonate, the Langelier Saturation Index (LSI) 
was designed to measure calcite formation and 
used as a measure of corrosion.  Also, this 
index indicates the driving force for scale 
formation and growth in terms of pH as a 
master of a variable.   
In order to calculate the LSI, it is necessary to 
know the alkalinity (mg/L, as CaCO3, or 
calcite), the calcium hardness (mg/L Ca+2 as 
calcium carbonate), the total dissolved solids 
(TDS) (mg/L TDS), the actual pH, and the 
temperature of water (oC) [25].   
LSI is defined as the following equation [25]: 
LSI = pH - pHs  …………(2) 
Where: 
pH is the measured water pH.  
pHs is the pH at saturation in calcite or calcium 
carbonate and is defined as [25]: 
pHs=(9.3+A+B)-(C+D)……………..(3) 

A={log10[TDS]-1}/10   
B=-13.12×log10(0C+273)+(34.55)  

C=log10[Ca2+ as CaCO3]-[0.4] 
D=log10[alkalinity as CaCO3] 
The LSI indicates three situations [25]: 
If LSI is negative: No potential to scale, the water 
will dissolve CaCO3.   
If LSI is positive: Scale can form and CaCO3 
precipitation may occur.   
If LSI is close to zero: Borderline scale potential. 
2.3. Corrosion rate calculations 
The corrosion rate was calculated by using the 
following relation[26]: 

Corrosion rate = 
TA

W







365
 ……..(4) 

Where: 
W = weight loss (g) 
365 = number of days per year (day/year) 
A = the area of the specimen exposed to the 
solution (cm2) 
ρ = the metal density (7.8 g/cm3) 
T = exposure time of the specimens ( 55 days)   
 
3- Results and discussion 

 
Table (4) The results of the corrosion test for brass (yellow copper) specimens 

No pecime 

 

Weight before mmersion 

(g) 

Weight after mmersion 

(g) 

Weight loss 

(W) 

(g) 

 

Area(Cm2) 
Corrosion rate 

cm/year 

1 8.3232 8.2700 5.5477 1 5.5450

2 8.2247 8.1105 5.5217 1 5.5227

3 8.1878 8.1442 5.5424 1 5.5281

4 8.2452 8.2524 5.5288 1 5.5212

 
Table 5. Chemical composition by wt% of Brass (yellow copper) specimens after tests 
Cu

% 

Zn

% 
Si% Al% Cl% 

Pb

% 

Ca

% 
K% S% P% Ni% Fe% Sn% Nb% Pt% Others 

50.5 
32.

2 

9.0

2 

1.9

3 

1.6

2 
1.2 

1.0

9 

0.79

1 

0.31

7 

0.28

6 

0.26

8 

0.26

0 

0.19

5 

0.06

8 

0.036

1 

Balanc

e 

 
 

 
Figure (4) The yellow copper specimen after testing 

 
According to the corrosion tests results of the 
brass (yellow copper) mentioned above in Table 
(4), visual observations, the amount of the 
sulfate which is 25mg/liter and the amount of 
chlorides which is 0.8mg/liter in Gabraun 
water, it was seen that from the first two weeks 

of the immersion, the color of the water was 
changed to light blue color and became darker blue 
gradually until the end of the experiments, this 
color was attributed to the copper sulfate 
(CuSO4(H2O)) produced from the corrosion 
reaction.  Also, it was found that after two weeks 
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from the immersion, the amount of Gabraun 
water in the beakers was decreased about 50ml 
from each beaker. This resulted from the 
vaporization of the water, which was the result 
of the raise of the room temperature that was 
more than 25oC, this is because of the weather 
change in the Sebha region which was hot that 
time and the temperature was ranged from 25oC 
to 43oC. 
The vaporization of the water during that time 
caused precipitation of salts around and at the 
base of the beakers.  This lack of water in the 
beakers was substituted continuously by 
Gabraun water during the test period. 

These salts (for example chlorine and others) 
and the addition of water,  increased the 
concentration of the salts of the Gabraun water 
samples. This increment was played a role in 
the corrosion process, this what was happen in 
all the experiments.   
According to the surfaces of the specimens, it 
was observed that the surface that was faced to 
the base of the beaker was not smooth as before 
the start of the experiments, it was rough, this 
is shown in figure (4).  
Referring to the Table 1 and 5, it is shown that 
the percentage of Zinc and Cu has different 
values, it can be seen that the percentage of 
Zinc (Zn) before the immersion is 37.6 mass% 
and after the immersion is 32.2 mass%, also the 
percentage of copper (Cu) before the immersion 
is 57.8 mass% and after the immersion is 50.5 

mass%.  These results indicate that Zinc leaches 
out of the alloy or is removed from the alloy, 
leaving behind a porous copper-rich structure with 
little mechanical strength, this means that 
Dezincification is occurred [14, 15]. The higher the 
concentration of zinc in the brass, the more it can 
be affected by zinc leaching out of the alloy.  Why 
Dezincification occurs Copper-zinc alloys 
containing more than 15% zinc are susceptible to 
dezincification[14, 15]. Zinc is a highly reactive 
metal, as seen in its galvanic series ranking.  This 
reactivity stems from the fact that zinc has a very 
weak atomic bond relative to other metals. Simply, 
zinc atoms are easily given up to solutions with 

certain aggressive characteristics. During 
dezincification, the more active zinc is selectively 
removed from the brass, leaving behind a weak 
deposit of the porous, more noble copper-rich 
metal.  Conditions favoring dezincification are 
contacted with slightly acid or alkaline water [14, 
15].  According to this result, Dezincification is 
another parameter that played a role in the weight 
loss of the specimens and corrosion rate.  Despite 
the LSI results and Pourbaix diagram show that 
the Gabraun water before and after the immersion 
is not corrosive media.   
From the results in the Table (4), it can be seen 
that the weights after the immersion of the 
specimens are less than the weights before the 
immersion of the specimens, this indicates that 
there are corrosion and corrosion rate for the 
specimens.      

 
Table (6). The results of the corrosion test for low carbon steel specimens 

No 

Specimen

 

Weight before 

immersion (g) 

Weight after 

immersion (g) 

Weight loss 

(W) 

(g) 

  

Area(Cm2) Corrosion rate 

cm/year 

1 7.4740 7.4882 5.5582 1 5.5502

2 7.0024 7.0424 5.5115 1 5.5512

3 7.0411 7.0282 5.5158 1 5.5511

4 7.8512 7.8522 5.5585 1 5.5501

 

 
Figure (5) The low carbon steel specimen after testing 

According to the results of the corrosion tests of 
the low carbon steel specimens, the color of the 
water was not changed during the test period, 
but the color of the specimens was changed a 
little bit, this was due to the increase of the 
concentration of the water salts that assist the 
metal to be corroded and the presence of the 
two corrosive ions SO42-and Cl- which have a 
strong effect on increasing the corrosion rate of 

carbon steel, this was approved by Subir Paul et 
al.[16]. 
According to the surfaces of the specimens, it was 
observed that the surface of the tested specimens 
that were faced to the base of the beaker was not 
smooth as before the start of the experiments, it 
was rough as shown in figure (5). 
From the visual observations of the water, it was 
seen that some white salts precipitated at the base 
and around the wall of the beaker. 
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From the results in the Table (6), it can be seen 
that the weights after the immersion of the 
specimens are less than the weights before the 
immersion of the specimens, this indicates that 
there are corrosion and corrosion rate for the 
specimens. 
The results mentioned above were expected to 
be the result of the oxidation reaction proceeds 
as rapidly as oxygen reaches the metal surface. 
The following chemical reaction equations can 
be clarifying the resulted rust[26]. 
Fe → F e+2 + 2e-  ……………………(0) 

2H+ + 
2

1
O2 → H2O + 2e- …………...(8) 

From the above equations, ferrous hydroxide 
can be obtained Fe(OH)2. 

Fe + H2O + 
2

1
O2 → Fe(OH)2 ………(7) 

At the outer surface of the oxide film, access to 
dissolved oxygen converts ferrous oxide to hydrous 
ferric oxide or ferric hydroxide, in accord with the 
following equation 

Fe(OH)2 + 
2

1
 H2O + 

4

1
O2 → 

Fe(OH)3……………………………...(8) 
Hydrous ferric oxide (Fe(OH)3) 
From the images that were taken for all the tested 
specimens, small spots were seen on the surfaces, 
these spots were assumed to be pits. 
As can be seen from the Table (7) shown below the 
lowest average corrosion rate is for the carbon steel 
specimens. 

Table (7) The average corrosion rate    

Type of the specimens Average corrosion rate (cm/year) 

Yellow copper (Brass) 0.0356 

Carbon steel 0.00719 

 
Table (8) Results of The Langelier Saturation Index (LSI) 

Gabraun water before the 
test the specimens 

Gabraun water after testing 
carbon steel specimens 

Gabraun water after testing brass 
(yellow copper) specimens 

2.355 4.551 4.377 

 
As can be seen from Table (8) the highest 
Langelier Saturation Index (LSI) is for the gabraun 
water after testing carbon steel specimens, while 
the lowest Langelier Saturation Index (LSI) is for 
the gabraun water before the test the specimens.   
Also referring to the results of the Langelier 
Saturation Index (LSI), showed that the Gabraun 
water sample was not corrosive media, also it 
showed all the Gabroun waters samples after 
testing all the specimens were not corrosive 
media.  In addition, it is known that the potential 
(E) at 25oC for copper is = 0.337V and for iron is = 
-0.444V  and from Table 3, the Ph of Gabrraun 
water before immersion is = 9.41, the Ph of 
Gabraun water after immersion low Carbon steel 
is = 11.41 and the Ph of Gabraun water after 
immersion Yellow copper is = 11.26.  So from 
these results, the Pourbaix diagrams of copper 
and iron showed that copper and iron are in a 
passive region (are not corroded), while the results 
obtained were opposite to what it was expected, 
this is because the weights of all the specimens 
were decreased, this means that the corrosion rate 
exists.  This is due to the increment of the 
concentration of the Gabraun water salts during 
the vaporization and the addition of the Gabraun 
water during the test period up to the original 
level, also increased the concentration of the salts. 
The increment of the concentration of the salts 
was played a role in the corrosion rate of all the 
specimens.   
Referring to Table 3.  that shows the analysis of 
all the samples of Gabraun's water before and 
after the immersion of the specimens, it was 
found that TDS of Gabraun water sample before 
the immersion is less than that after the 
Immersion. This means that the concentration of 
the salts of Gabraun water samples increases 
after the immersion (at the end of the 

experiments) which was affected on the corrosion 
and corrosion rate.      
4- Conclusions 

1. The colors of the Gabraun water used for 
brass (yellow copper) specimens corrosion 
tests were changed to dark blue color, this 
is due to the reaction between the copper 
(Cu) and sulfate (SO4), produced copper 
sulfate (CuSO4). 

2. The color of the Gabraun water used for 
carbon steel specimens corrosion tests 
was not changed but the color of the 
specimens was changed a little bit.  

3. The average corrosion rate of the low 
carbon steel specimens is less than the 
brass (yellow copper) specimens.    

4.  Small spots were seen on the surfaces, 
these spots were assumed to be pits.  

5. After two weeks from the immersion of the 
specimens, the amount of water 
decreased about 50ml from each beaker, 
this  resulted from the raise of the room 
temperature between 25oC to 43oC, this 
lack was substituted continuously during 
the test period.   

6. The precipitations of salts around and at 
the base of the beakers were caused by 
the rise of the temperature that causes 
the vaporization of the water during test 
period time, and these salts and addition 
of the Gabraun water increased the 
concentration of the Gabraun salts.  

7. Dezincification was played a role for 
decreasing the weight of the brass 
specimens     

8. LSI and Pourbaix diagrams show Gabraou 
water is not corrosive media.   



The Evaluation of Brass and Low Carbon Steel Corrosion in Gabraun Water                                      Gebril & Ali.  

JOPAS Vol.19 No.  1 2020                                                                                                                                       44 

9. Dezincification is another parameter that 
played a role in the weight loss of the 
specimens and corrosion rate 
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