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Introduction Botanical aspect of safflower
Copper and its alloys, because of their excellent resistance

to corrosion in neutral aggressive media and their ease of Kingdom: | Plantae
processing, they are widely used in industries, particularly as (unranked): | Angiosperms
condensers and heat exchangers in power plants (1). (unranked): | Eudicots

Electrochemical techniques are effective tools to study brass

) . . . (unranked): | Asteraids
since they offer profitable information about the phase and

chemical composition (2). Such techniques have additionally ord?r' Asterales

proved to be useful to study the advancment of brass in the Family: Asteraceae
nature (3) to comprehend the degeneration process and to Genus: Carthamus
anticipate oxidation of the alloy better (4-5). Most of reported Species: C.tinctorius

have as of late showed up in the literature (6-8) on the theme of
inhibiting the corrosion of a-brass in acidic medium using green
inhibitors, because they are non toxic and do not contain heavy
metals hence they are environmentally friendly (9-10).

The aim of this paper is to describe corrosion of commercial
60/40 a-brass in 1 M HNO; solutions by safflower extract using
weight-loss, potentiodynamic  polarization measurements,
electrochemical ~ impedance  spectroscopy (EIS) and
electrochemical frequency modulation (EFM) measurements.
Experimental technique
Materials

The experiments were performed with local commercial a-
brass (Helwan Company of Non-Ferrous Industries, Egypt) with
the following composition (weight %) Cu63Zn37
Preparation of plant extracts

Safflower was used for coloring and flavoring food and Solutions
making red and yellow dyes. The corrosive solutions, 1 Molar HNO;z were all set by

_ The dried safflower flowers sample. (100 g) of saflower  gijytion of analytical grade (67.5%) HNO; with bi-distilled
mixed with 500ml boiling distilled water with stirring for 15min water. All chemicals and reagents were of analytical grade. The
.then the aqueous extract was filtrated over cheese cloth and measurements were performed in 1 M HNO; without and with

Whitman No. 1 paper respectively. The filtrates were frozen at - the presence of the safflower extract in the concentration range
84°C in ultra —low temperature freezer. (25ppm to 150ppm).

Chemical result have shown that the safflower concentrate Bacterial agriculture media
contain quino chalcones, flavonoids, alkaloids and polyacetylene Cut 50 g of the media in 1 L of distilled water and heat it to
(12). dissolve. Disinfect in oven at (121°C for 15 min), then Cool to

45-50°C, mix well and put into dishes. Leave the dishe to be
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solid. The medium prepared should be at 8-15°C. The violet-red
colour is appears.
Mass reduction (WL) method

The metal sheets were 2 x 2 x 2 cm with emery paper
(grade 400-600-1200-2500) and then washed with bi-distilled
water and acetone. After precise weighing, the metal sheet were
put in a 100 ml beaker, which 100 ml of HNO; contained and
without addition of various concentrations of safflower. All the
aggressive acid solutions were open to air. After 3 h, the metal
sheet were taken out, washed, dried, and weighed accurately.
The average weight loss of the seven parallel a-brass sheets
could be obtained. The inhibition efficiency (IE %) and the
degree of surface coverage 0, of investigated compounds for the
corrosion of a-brass in HNO3 were calculated from Eqg. (1) (12) :
IE % =0x 100 =[1- (W /W°)] x100 1)

Where W° and W are the values of the average weight loss
without and with addition of the inhibitor, respectively
Electrochemical measurements
Tafel polarization methods

Polarization experiments were done in a classical three-
electrode cell with a saturated calomel electrode (SCE) coupled
to a fine Luggin capillary as reference electrode , platinum gauze
as the auxiliary electrode and. The working electrode was cut in
to 1x1lcm from a-brass sheet of equal structure. Before each
estimation, the surface of electrode was before experiment in the
same method. Before measurements, the electrode was put in
solution for half hour. every experiments were done in fresh
prepared solutions at room temperature, then icor Was used to
calculat the inhibition efficiency and surface coverage (0) as
below:
%IE= 0 x100= [1-(icor/1°corr)] X100 (2)

Where i° and i, are corrosion current densities in the
absence and presence of inhibitor, respectively.
EIS methods

Result from Impedance were done using AC signals of 5
mV at the open circuit "the range of frequency from 100 kHz to
0.1 Hz". All result from technique were fitted to suitable to
equivalent circuit using the Echem Gamry Analyst system
version 6.03.
EFM technique

Data from EFM were done with applying perturbation
potential signal with" amplitude10 mV with two sine waves of 2
and 5 Hz". The frequencies sort from 2 and 5 Hz (13-14). The
corrosion current density (icor) calculated by the larger peaks,
the causality factors CF-2 and CF-3the and Tafel slopes (B, and
Ba) (15). Put the electrode potential in the solution to stabilize for
half hour before the measurements start. All the experiments
were done using Instrument Gamry Potentiostat/ Galvanostat/
ZRA (PCIl4-G750) at room temperature. This contain a Gamry
framework system v 6.03 Gamry applications include DC 105
software for DC corrosion measurements, EIS 300 software for
electrochemical impedance spectroscopy measurements and
EFM 140 for electrochemical frequency modulation
measurements along with a computer for collecting data. Echem
analyst v 6.03 software was used for plotting, graphing, and
fitting data.
Surface examination

The surface films were formed on the a-brass specimens by
immersing them in inhibitor solutions for a period of 24 h. After
the immersion period, the specimens were taken out, dried and
the nature of the film formed on the surface of the metal
specimen was analyzed by EDX and SEM techniques.
Examination of a-Brass surface after 24 h exposure to the 1 M
HNO; solution without and with inhibitor was carried out by

A.S. Fouda et al./ Elixir Corrosion & Dye 84 (2015) 33563-33571

JOEL JSM-6510LVScanning Electron Microscope. Rough
elemental analyses for the exposed surface were conducted by
EDX technique.

Results and Discussion

Chemical Method (WL measurements)

Weight-loss of o brass was determined, at different time
interims, in the absence and presence of various concentrations
of safflower extracts. The obtained time weight-loss curves are
shown in Figure 1 for safflower .The concentration of inhibitor
affected on inhibition efficiency of corrosion. The digrams
obtained in the presence of inhibitor fall significantly below that
of free acid. In all cases, when the inhibitor concentration
increase, weight-loss decrease and the inhibition percentage
increase. These data lead to the deduction that the safflower are
totally efficient as inhibitor for a brass dissolution in nitric acid
solution. Also, the surface coverage degree (©) by the inhibitor,
calculated from Eq. (1), would increase by increasing the
inhibitor concentration. The difference in the inhibition
percentage (%IE) of inhibitor with their concentrations was
calculated according to Eg. (1). The values obtained are reported
in Table 1
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Figure 1. Weight loss-time curves for the corrosion of o
brass in 1 M HNOj; in the absence and presence of different
concentrations of safflower inhibitor at 25°C

Effect of Temperature

The temperature effect on the corrosion rate of o brass in
1M HNO;s and in presence of different concentrations of extract
showed in the temperature range of 298-318K using weight loss
measurements. As the temperature increases, the rate of
corrosion increase and the inhibition efficiency of the additives
decreases as shown in Table 2 for safflower .The adsorption
behavior of extract on a brass surface is physical adsorption.
Adsorption Isotherm

The most advantage method for expressing adsorption
quantitatively is by deriving the adsorption isotherm that
describes the metal/inhibitor/ environment system. Different
adsorption isotherms were applied to fit 6 values, but the best fit
was found to obey Temkin adsorption isotherm which are
represented in Figure 2 for safflower, Temkin adsorption
isotherm may be expressed by:
a©=In Kads C (3)

Where C is the concentration (g/L) of the inhibitor in the
bulk electrolyte, © is the degree of surface coverage (6 =%
IE/100), K,gs is the adsorption equilibrium constant, and 'a' is
heterogeneity factor. A plot of 6 versus log C should give
straight lines with the intercept equal log K,gs. The variation of
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the adsorption equilibrium constant (K,gs) of the safflower with
concentrations was measured according to Eq. (4). The data give
good diagram fitting for obeyed isotherm adsorption as the
coefficients correlation (R?) were in the mean (0.943- 0.999).
The values obtained are given in Table 3.

The equilibrium constant of adsorption K,gs obtained from
the intercept of Temkin adsorption isotherm is related to the free
energy of adsorption AG®,s as follows:

Kags =1/55.5 exp [-AG®ys] / RT] (4)

Where 55.5 is the molar concentration of water in the
solution in M™, R is the gas constant (8.314 J mol™ K™, T the
absolute temperature

0.9 4

0.6 o e

0.3 - e

T T T
-15 -1.2 -0.9
logC

Figure 2: Temkin adsorption isotherm of safflower on a
brass surface in 1 M HNO; at 25°C

The heat of adsorption (AH’gs) and the standard entropy
(AS®.) give according to the thermodynamic basic equation 5:
AGoads = AHoads -T ASOads )

Table 3 shows AG%qs good dependence on T, lead to the
good relationship among thermodynamic parameters. The —ve
data of AG°gs give the spontaneity adsorption process and
stability layer adsorbed on surface of metal. Generally, data of
AG%qs average to -20 k] mol™ or less are consistent with the
interaction electrostatic between the charged metal and the
charged molecules (physical adsorption); those average -40 kJ
mol-" or larger contain charge transfer or sharing from organic
molecules to the surface of metal to form a coordinate type
(chemisorption) (16).The AG®gs values are closer to -20 kJ mol”
! lead to the mechanism of adsorption on metal in acidic medium
was kind of physical adsorption (17). The parameter of
thermodynamic result for the adsorption inhibitor Table 3 can
rise valuable information about the corrosion inhibition
mechanism. On other case the adsorption endothermic
(AH¢s> 0) is distributed unequivocally to chemisorption (18),
an adsorption exothermic (AH%g< 0) may contain either
chemisorption or physisorption mixture of both method. The
calculated data of AH .4 for the inhibitor adsorption acidic
medium indicating inhibitor adsorbed physically. The AS°qs of
plant extract in 1M acidic medium are -ve. This mean that large
in disorder obtain from reactants to the adsorbed metal- reaction
(19).

Kinetic —thermodynamic corrosion parameter

The activation parameters for the corrosion process were
calculated from Arrhenius-type plot according to eq. (6):

Keorr = A eXp (E o/RT) (6)

where E*, is the apparent activation corrosion energy, R is
the universal gas constant, T is the absolute temperature and A is
the Arrhenius pre-exponential constant. Values of apparent
activation energy of corrosion for a brass in 1 M HNO3 shown
in Table 4, in the presence and absence of various concentrations
of safflower obtain from the slope of log (K.r) against /T plots
are draw in Figure 3. Indicating data draws that the energy
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activation is larger in the presence of inhibitor. This lead to slow
rate of adsorption of inhibitor with a resultant closer approach to
equilibrium during the experiments at higher temperatures
according to Hoar and Holliday (20). But, Hurd and Riggs (21)
discuss minimize in the activation energy of corrosion at larger
state of inhibition increasing from the net corrosion from metal
surface. Huang and Schmid (22) obtain organic molecules
inhibit both the cathodic and anodic partial reactions on the
surface of electrode and a parallel reaction takes place on the
area covered, but the rate of reaction on the covered area is
substantially decrease than on the uncovered area similar to the
present work.

The alternative formulation of transition state equation is
shown in Eq. (7):
kcorr - (RT / Nh) e (AS*/R) e (-AH*/RT) (7)

Keo ir = the rate of metal dissolution, h = constant Planck’s,
AH" = the enthalpy of activation, AS” = the entropy of activation
and N = Avogadro’s number,. Figure 3 shows draw of log k
against (1/T) in safflower in 1 M HNOs. Straight lines are
obtained with a slopes equal to (AH /2.303R) and intercepts are
[log (R/Nh + AS’/2.303R)] are calculated Table 4. The increase
in E. with increase inhibitor concentration Table 4 is typical of
physical adsorption. The positive signs of the enthalpies (AH')
reflect the endothermic nature of the brass dissolution process.
Entropies value (AS") mean that at the rate determining step the
activated complex represents an association rather than a
dissociation step, meaning that a decrease in disordering takes
place on going from reactants to the activated complex (23-24).
Although, the values (AS") gradually decrease with higher
inhibitor concentration in all acid solution.
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Figure 3: Arrhenius plots Log k vs. (1/T) curves for a brass
corrosion rates (Keorr) at 120 minute of in 1M HNO3; in with
and without different concentrations of safflower

Blank
25ppm
50ppm
75ppm
100ppm
126ppm
1650ppm

dvidpon

|

loghT drgermirer' K
. ;

R*=0.9946
R’=09986
- R*=0.9871
R™=0.9948

T T 1
ER] a3z 2.3 EXY

{UT)*1000 {K™)

Figure 4. Transition plots Log (k/T) vs. (1/T) curves for a
brass corrosion rates (Keorr) after 120 minute of immersion in
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1M HNO;3 in the absence and presence of various
concentrations of safflower.
Potentiodynamic Polarization Measurements

Figures 5 show typical polarization curves for a-brass in 1
M HNO3 media. The two distinct regions that appeared were the
active dissolution region (apparent Tafel), and the current
limiting region. In the inhibitor-free the anodic diagram of
copper illustrated a monotonic higher current with potential until
the current the maximum value reached. the current density
decrease with potential increase, lead to an anodic current peak
which obeyed to formation Cu (NOs), film, both the anodic
current and cathodic densities were greatly decreased over a
wide potential range with inhibitor. Various corrosion
parameters such as corrosion potential (Ecr.), anodic and
cathodic Tafel slopes (Ba, Bc), the corrosion current density (icorr),
the degree of surface coverage (0) and the inhibition efficiency
(%IE) are given in Tables 5.

It can see from the experimental results that in all cases,
addition of inhibitors induced a significant decrease in cathode
and anodic currents. The values of E, were affected and
slightly changed by the addition of inhibitors. This indicates that
these inhibitors act as mixed-type inhibitors. The slopes of
anodic and cathodic Tafel lines (B, and ), were slightly
changed (Tafel lines are parallel), on increasing the
concentration of the tested compounds which indicates that there
is no change of the mechanism of inhibition in the presence and
absence of inhibitors. The orders of inhibition efficiency of all
inhibitor at different concentrations as given by polarization
measurements are listed in Table 5.
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Figure 5: Potentiodynamic diagram for the dissolution of o
brass in 1M HNO;with and without concentrations of
safflower at 25°C

EIS method

EIS technique studying Surface properties, the corrosion,
electrode kinetics and mechanistic obtained from diagrams
impedance (25-29).

Figure7 draw the Nyquist (a) and Bode (b) curves at room
temperature. The higher size of the capacitive loop with
safflower give the gradually barrier forms on metal surface. The
capacitive loop is large in the size (Figure 7a) Bode curves
(Figure 7b), give the total impedance increment with rise
concentration of safflower (log Z against log f). But (log f
against phase), and Bode diagram give the continuous large shift
in the phase angle, otherwise relation with increase of adsorbed
inhibitor on surface of metal. The Nyquist curves not give
perfect semicircles as obtain from the EIS theory. The ideal
semicircle shift was generally attributed to the dispersion
frequency (30) in addition to the surface inhomogenities.
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Figure 6: Circuit equivalent model utilized to fit method EIS
safflower EIS spectra were analyzed utilized the equivalent
circuit, Figure 6, given a reaction single charge transfer and our
experimental results fits well. CPE, is capacitor of double layer
give a more accurate fit (31). Cq, a circuit contain a CPE
parameter (YO and n) were measure from eq.5 (32) :

Cdl = Yo(®max) i ®)

Where Y is the magnitude of the CPE, ®max = 27tfmax, fmax 1S
the frequency at which the impedance of imaginary component
is maximal and n is the factor of parameter adjustable that
usually lies between 0.50 and 1.0. then the diagram of the
Nyquist plots analyzing, it is illustrate the diagrams
approximated by a single capacitive semicircles, given the
corrosion was mainly controlled charged-transfer (33,34) .The
general diagram of the curves is same behavior for all indicating
that no change in the mechanism of corrosion (35).From the
impedance result Table 6, we discussed that the value of R
increases with raising the inhibitor concentration and % IEgs
increase, which in agreement with the data obtained from EFM.
Actually the presence of inhibitor increase the value of R in
acidic solution. Values of double layer capacitance are also let
down to the maximum range in the presence of extract and the
decrease in the values of CPE obeys the order similar to that
obtained for iy in this experiment. The CPE/C data decrease
from a decrease in local dielectric constant and/or an increase in
the thickness of the double layer, recommending that organic
derivatives inhibit the corrosion of metal by adsorption at
metal/acid (36, 37). Calculated the inhibition efficiency from the
charge transfer resistance result from eq.8 (38):

% IEgis = [1 (R°«/ Rey)] x100 (8)

where R%; and R are the charge-transfer resistance values

without and with inhibitor respectively
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Figure 7a: The Nyquist plots for the corrosion of o brass in
1M HNO; in the absence and presence of different
concentrations of safflower at 25°C
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Table 1: Values of inhibition efficiencies (%IE) and surface coverage (0) of safflower for the corrosion of o brass in 1 M
HNO; from WL method at various concentrations and at 25°C
[inh], ppm 0 % IE
25 0.641 | 64.1
50 0.775 | 7715
75 0.811 | 81.1
100 0.865 | 86.5
125 0.894 | 89.4
150 0.921 | 92.1

Table 2: Values of inhibition efficiencies %IE and safflower corrosion rate (C.R) for the a brass corrosion in 1 M HNO;
from WL method at various concentrations at temperature range of 298-318 K

[inh], ppm | 298K 303K 308K 313K 318K
CR |%IE| CR | %WIE| CR | %IE| CR | %IE | CR | %IE
25 0.020 | 64.1 | 0.030 | 50.3 | 0.045 | 46.6 | 0.085 | 40.1 | 0.122 | 20.1
50 0.013 | 775 | 0.020 | 67.1 | 0.036 | 57.3 | 0.075 | 47.1 | 0.092 | 39.7
75 0011 | 811 | 0.015 | 75.2 | 0.023 | 72.7 | 0.049 | 658 | 0.058 | 616

100 0.008 | 86.5 | 0.012 | 80.8 | 0.019 | 77.2 | 0.034 | 75.7 | 0.042 | 72.2
125 0.006 | 89.4 | 0.009 | 85.6 | 0.014 | 83.3 | 0.027 | 81.1 | 0.033 | 78.1
150 0.004 | 921 | 0.007 | 88.1 | 0.011 | 87.1 | 0.021 | 849 | 0.031 | 79.8

Table 3: Thermodynamic parameters for the adsorption of safflower on o brass surface in 1 M HNOj; at different

temperatures
_ Temperature | K, | -AG%gs | -AH%qs -AS°® 445
Inhibitor °C M? | kImol? | kImol? | J mol?K?
25 2.811 29.6 0.353
30 0.451 25.5 0.361
35 0.272 24.6 0.358
safflower 40 0.150 | 235 1349 0.356
45 0.068 21.8 0.356

Table 4: Activation of a brass corrosion in the presence and absence of brass corrosion in the absence and presence of
various concentrations of safflower in 1M HNO;,

Inhibitor | Linh] E. AH" -AS” A X10’
pem | kImol™? | kI mol? | I mol? | g cm? mint
Blank 0 45.9 18.3 134.03 6.70
25 58.5 27.9 60.9 10.84
50 65.1 28.7 56.8 10.86
safflower 75 65.8 29.8 53.4 10.87
100 68.2 30.1 53.3 10.87
125 69.4 30.9 48.9 10.97
150 78.2 32.2 41.4 11.08

Table 5: Corrosion potential (Ecorr), (Bes Ba)s (0), (icorr), and (% IE) of o brass in 1M HNQ; at 25°C for safflower

- inh E r i r

Inhibitor E)prg m\V/ vs SCE pAcim'2 mvﬁdcec'l mvﬁtfjl\ec'1 O | %IE
Blank 0 22.3 389 200.9 110 -—-- -
25 -5.15 106 212.3 86.1 0.728 | 72.8

50 -2.07 101 209.2 86.1 0.740 | 74.0

safflower 75 -7.23 84.7 200.4 80.8 0.782 | 78.2
100 -43.8 32.1 174 76.4 0.917 | 917

125 -61.1 24 166.8 85.9 0.938 | 93.8

150 -69.6 19.6 159.6 86.1 0.950 | 95.0

Table 6: Electrochemical kinetic parameters obtained by EIS technique for in 1 M HNO3; without and with various
concentrations of safflower at 25°C
Inhibitor Bgm ool o, “FCC% Y
Blank 0 1533 | 1.22 190 | - | ------
25 201.6 | 1.248 174 0.240 | 24.0
50 268.5 | 1.586 172 0.429 | 429
75 291.7 | 1.270 168 0.475 | 475
100 | 715.0 | 1.547 166 0.786 | 78.6
125 | 1282 | 1.607 130 0.880 | 88.0
150 | 1773 | 1.597 128 | 0.914 | 914

safflower
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Table 7: Electrochemical Kinetic parameters obtained from EFM technique for a-brass in 1M HNOgj; in the absence and
presence of different concentrations of safflower

: i

Inhibitor ggm uACT2 mv%éc‘l mvlézc—l CF-2 |CF-3 nig/ 0 |%IE

Blank 0 | 1739 | 83 182 |1.768 2253773 | - | -
25 | 1102 71 163 | 1.866 |2.233| 49.0 |0.366] 36.6
50 | 841 68 151 | 1.904 |2.272| 374 |0516|51.6

. 75 | 723 64 137 | 1.910 |2.274| 322 |0.584| 58.4

saftlower 160 [ 317 79 140 | 1.890|2.210] 14.1 |0.818] 81.8
125 | 202 84 158 | 1.982 |2.474(8.959|0.884] 88.4
150 | 152 83 144 | 2.191]3.071]6.768/0.912] 91.2

Table 8: Surface composition (weight %) of a-bass before and after immersion in 1 M HNO; without and with 150 ppm 0f
safflower at 25°C
(Mass %) | Cu Zn Fe C (@) Al As Pt Si
Free 60.78 | 32.72 | 0.79 | 3.48 | 1.13 | 0.70 | 040 | --- | ----
blank 5457 | 25.78 | 0.78 | 1041 | 7.85 | ------ 0.61 | ----- | -----
safflower | 56.53 | 16.33 | ---- | 18.32 | 7.01 | ------ | ------ 1.63 | 0.19

Table 9. Data obtained from the plate counter for bacterial agriculture
Samples | CFU (R1) | CFU (R2) | CFU (mean)
Control | 89X 10" | 95X 10* | 87 X10°
Safflower | 84 X 10° | 90 X 10* | 89 X 10°

the cathodic reaction and the “activation” model. For the latter, a
set of three non-linear equations had been solved, assuming that

{20 the corrosion potential does not change as result of the
1000 4 {10 polarization of the working electrode (40). The corrosion current
1o density (icor) calculated the larger peaks, the causality factors
(CF-2 and CF-3) and the Tafel slopes (B. and [,).These
"t 1004 1% parameters were recorded in Table 7.The presented data in Table
£ 18 7 clearly show that, adding of any one of plant extract at a given
ié {30 3’ concentration to the acidic solution the corrosion current density
N lawone decreases, indicating that the plant extract inhibit the corrosion
2 104 1o of a brass in 1 M HNO; through adsorption. The causality
factors obtained under different experimental conditions are
1% nearly equal to the theoretical values (2 and 3) that indicate the
14 B 17 data measured are differ and of well quality. Increase the
001 o4 1 10 100 1000 10000 100000 1000000 inhibition efficiencies %IEgry by increasing the inhibitor
logF,HZ concentrations and was calculated as from Eq. (7):
. %IEgem = [1-(icor/i°cor)]¥100 (7)
Figure 7b: The Bode plots for the corrosion of a brass in 1IM where i°rr and g are corrosion current densities in the absence
HNO; in the absence and presence of different and presence of inhibitor.
concentrations of safflower at 25°C
EFM method
Nondestructive technique for measuring corrosion that can
quickly and directly determine the values of corrosion current 1E4 4
without any information about Tafel slopes, and with only a
short polarizing signal. These preferences of EFM technique 1654

make it an prefect candidate for online corrosion controlling
(39). The causality factors is great strength of the EFM which ' M
do an inner check on the validity of estimation of EFM. The 150 ' i / \ :
causality factors CF-2 and CF-3 are calculated from the M i /\ ; \/v
frequency spectrum of the current responses. Figure 8 drow the - J \'V [, \/ | f\-
EFM Intermodulation spectra (frequency vs current) of a-brass Ml V : )
in  HNO; solution containing safflower of various
concentrations. The intermodulation and harmonic peaks are
obviously visible and are much bigger than the background
noise. The two large peaks, with amplitude of about 200 A, are 0z 00 02 o4 oo o8 10 12 14 1%
the reply to the 40 and 100 mHz (2 and 5 Hz) frequencies Frequency (HZ)

excitation. It is important to note that between the peaks there is

nearly no current response (<100 nA). The EFM result were

treated using two different models: complete diffusion control of

Current (A)

-

m

4
1

1E-8 4
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Figure 8: EFM spectra for a brass in 1 M HNO;in the
absence and presence of different concentrations of safflower
at25°C

SEM/EDX examination

In order to verify if the investigated compounds molecules
are in fact adsorbed on a-brass surface, experiments of SEM and
EDX were performed. The SEM micrographs for a-brass surface
alone and after 24 h immersion in 1 M HNO3 without and with
the addition of 150ppm of the safflower is shown in Figures (9a-
¢). The corresponding EDX profile analyses are presented in
Figures (10a-c). As expected, Figure9ashows metallic surface is
clear, while in the absence of the investigated plant extract, the
a-brass surface is damaged by HNOj corrosion (Figure9b). In
contrast, in presence of the safflower (Figure (9¢)), the metallic
surface seems to be almost no affected by corrosion. The
corresponding EDX data are presented in Figures (10a-c) and
Table 10. It is clear from the EDX spectra of a-brass in the
presence of safflower, the appearance of C and O peaks (Figure
(10c)) which suggest the safflower adsorption on the a-brass
surface and corroborate the thin inhibitor film formed and
observed in SEM micrograph, thus protecting the surface against
corrosion.

SEl / 20kV / Wp12mm  SS80
Sample 7 ”

immersion in 1 M HNOg, (b) after 24 h of immersionin1 M
HNOg, (c) after 24 h of immersion in 1 M HNO3+150ppm of
safflower
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Figure 10: EDX spectra of of a-brass surface (a) before of
immersion in 1 M HNOj3, (b) after 24 h of immersionin1 M
HNO;, (c) after 24 h of immersion in 1 M HNO3+ 150 ppm

safflower extract.
Escherichia Coli Biological Effect
Agriculture Escherichia Coli bacteria with or without

presence of Safflower inhibitor, Activity is small and
Escherichia Coli colonies increase according to Table 11 and
Fig.11. Inhibitor has oxygen, and nitrogen donor atom linked
with the proteins and lipids on the bacterial tissues existence
activity for it respiration by oxygen atom release and nutrition
by nitrogen atom. So this extract has no poisoning on the
activity of bacterial, and can be used safety on the plants
sanitation without any problems in the operations in treating.

Oﬂ//

the bacterial agriculture in 150 ppm safflower
Figure 11. The bacterial agriculture with and without
Safflower inhibitor

Mechanism of Corrosion inhibition

Inhibition efficiency of aqueous extract safflower is due to
its phytochemical constituents. Most of these phytochemicals
are organic compounds that have center for m electron. The
major constituents of safflower are flavonoids, alkaloids, poly
acetylene and quino chalcone. Inhibition efficiency of aqueous
extracts of safflower is due to formation of multi-molecular
layer of adsorption between copper in a-brass and some of these
photochemical.
4. Conclusions
The results from the study the following may be concluded:
L. safflower extract is good corrosion inhibitor for a-brass in 1 M
HNO; solution.
Il. Reasonably good agreement was observed between the data
obtained from the weight loss and electrochemical
measurements were in good agreement.
I1l. Results obtained from potentiodynamic polarization is
mixed-type inhibitor.
IV. Percentage inhibition efficiency of safflower is temperature
dependent and its addition led to a decrease of the activation
corrosion energy in all the studied acid media.
V. The thermodynamic parameters revealed that the inhibition of
corrosion by safflower is due to the formation of a physical
adsorbed film on the metal surface.
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VI. The adsorption of safflower onto a- brass surface follows the
Temkin adsorption isotherm model.

VII. Thus safflower extract was proved to be an effective eco-
friendly and low cost inhibitor.

VIII. This inhibitor has no effect on the biological activity of
Escherichia Coli, and can be applying safety on sanitation
plants.
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