Mansoura Engineering Journal (MEJ), Vol. 20, No. 2, June, 1995, M. 14,

INHIBITIVE EFFICIENCY OF ZINC ORGANO AMINO
PHOSPHATE FOR THE CORROSION OF o - BRASS
IN0.5M SULPHURIC ACID SOLUTION.

e 2 ohiaY! Guladll A JSG ke e ZOAP 5 paadl oS jall Adaggall Lk
iy ) asala

F.N. El-Sabbahy* and M.I. Abbas**

* Lecturer ** Professor

Metallurgical Engmeering Department, Faculty of Pet. & Min.
Engneering, Suez, Egypt.

-

EW-y Y

A (70/30) ¥V Galaidh 3t JSE Lloe L&A 2l ol o jladll oy al
e 6 i M 6 gaall bgall 3 pa gy Sl (S (0.5 M) Bl Jads Jylss
O A aiih A d aleails a) ol Gl y (ZOAP) Clsas gill DS ey 0l 3l
S Alee oy rdan¥1 Al 53 i LS 2lanS p e ok Jlaall JaSH sl
s L) L2 sl sl Jalsal ) all Sy Soal Shaasly

Cilie il AU ey B o (5 fing M (g pmad) Jagd Plasand o 2 sl
amdinall Sl €l oS A il g LSl laSH ST Jona G Sl
Cord e d 0o Jiby las ) phaw e+ C4Hg (NHz)4 Zns (P3010)2 9H20
E

Abstract :

A study has been made to investigate the mechanism of
dezmncification and elelctrochemical behaviour 70/30 brass in sulphuric
acid in absence and presence of Zinc Organo Amino Phosphate (ZOAP)
mnhubitor using the weight loss method, solution analysis and
electrochemical technique. Attacked surfaces were analyzed by optical
metallography and X -ray analysis.

Results showed that ZOAP inhibitor is able to minmimize the rate of
dezincification due to the formation of a Cg4Hg (NHs)4 Zns (P53 Ojp)a.
9H,0O complex commpound on the metal surface.
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Introduction :

In the field of non-ferrous alloys, the subject of dealloying is of
current interest because its scientitic as  well as mdustnal applications.
Dezincification is one of the well - known de-alloying process by ineans of
which brass loses the valuable physical and mechanical properties leding
of the total failure of structure (1). Dezincification may take place either in
localized regions (plug type) or uniformally over the whole surface (layer
type) (2, 3). Three mechanisms of dezincification (4) have been proposed :
(1) preferential dissolution of zinc from the alloy.

(1) simitaneous dissolution of copper and zinc followed by the
redeposition of spongy copper, by cathodic reduction of cupric 1o0ns in
solution, on the surface of the alloy.

(i) dezincification by both the above mechanisms operating
simultaneously .

Sugawar and Ebiko (3) have studied the dezincification of brasses
by means of a potentiostat and an electron probe microanalyser and
observed that the electrochemical behaviour of the o and o + 8 phases of
brasses are essentially sumlar to those of copper i 3.5% NaCl solution.
They have reported that the dezincification is mainly due to the
redeposition of copper. Langenegger and Robinson (6) observed a linear
relationship between the rates of dezincification and specimen potential,
and they have supported the preferential dissolution of zine theory. Abbas
(7) investigated the effect of temperature on the dezincification and
corrosion of 70/30 brass in 0.5 M H,S0O4 and reported that dezincification
of 70/30 brass takes place by different mechanisms depending on
temperature. In general, NaCl, HNOs, HCl and H;SOy4 sblutions have
been used to study the dezincification of brasses.

Many organic compounds have been used as corrosion inhibitors for
brasses in different media, of theses zinc organo ammo phosplate.
(ZOAP), has shown a greater inhibitive efficiency when used in water
treatment for heat exchangers.

Investigation of dezimncification and electrochemical behaviour of
brasses in H»SO4 has the practical applications of estimating the corrosion
properties of heat exchangers which operate in atomospheres contaminated
with SO5 (7). Thus the present investigation is concemned with the study of
the mechanism of dezincification of «- brass and the mhibitive action of
Zinc organo amino phosphate (ZOAP) on the corrosion rate of - brass in
0.5M H»SOy4 solution.
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Experimental :

To study the mechanism of dissolution of brass m 0.5 M H1SO4
solution and to study the effect of inhibitor, two sets of experiment were
done.

a) Study of the corrosion and mhibition behaviour by wetglit loss method
and solution analysis to detenmine the concentrations of Cu and Zn in
solution.

b) Study of electrochemical behaviour of brass in 0.5 M H»SQOy4, with and
without inhibitor, with the help of a poteutioscan.

Determination of inhibitive efficiency :

Sample of cylinderical shape, 1.5 and | cm in diameter and height
respectively, were cut from a commercial grade brass bar (70 Cu - 29.9 Zn
- 0.07 Fe - 0.03 Pb). A small hole was drilled at the npper edges of the
samples for hangmng them with nylon thread 1n the solutions. The samples
were polished, successively with 400, SO0 and 600 grades of emery papers
and then throughly cleaned with water and acetone. The experiments were
conducted in 200 ml conical flask containing 150 ml of 0.5 H,SO4 and
with 0.0,0.2, 0.5, 1.2 ml/liter concentration of inhibitor. The weight losses
were determined after removing the corrosing products from the specimens
by immersing them in 15% HCl] for 5 min and then washing them
throughly with distilled water and drying. All experiments were carried out
at 25 £ 2°C. Inlubitive efficiency was caluculated using the equation

a-b
E = —e=X 100 % [2] )
a
Where

E = percentage mlubitive efficiency.
a = weight loss in 0.5 H,SO4 solution o o
b = weight loss w1 0.5 H%SO;; solutton contaimng the inhibitor.

Solution analysis :

Solutions were analysed with A - 475 atomic absorption
spectrometer. The instnunent was standarized using solutions of known
concentration, a minimum of [0 readings for each analysis was taken and
the average value has been reported. The dezincification factor (Z)1s
defined by [2] .

Z= e Q)

Where :
R = Zn/Cu ratio in solution.
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R, = Zn/ Cu ratio in the alloy.

The Zn / Curatio (Rg) in the solution was determined by chemical
analysis of the solution and the ratio of Zn / Cu m the alloy (R,) obtained
from their percentage weights in the alloy.

Open circuit potential and polarization measurements :

A wenking potentioscan model POS - 73 was used for monitoring
the corrosion potential of the brass as well for potentiostatic ploarization
measurements. The open circuit potential of brass against a saturated
calomel electrode was continuously monitored using the potentioscan.
Potentiostatic polarization curves were obtained manually starting from
the steady potenhal. A platinum counter electrode was used.

Surface analyses of attacked metal :
Corroded metal was analysed by two methods : optical
metallography and X-ray diffraction analysis.

Results:
Inhibitive efficiency:

From table {I} and Fig. (1) it is clear that ZOAP gives 86%
efficiency at its optimum concentration of /L. In Fig.2 the percentage
inhibitive efficiencies of ZOAP mhibitor is plotted as a function of
immersion period. The maximum efficiency was reached after 24 hrs
urunersion, after which the efficiency decreased [Fig.(2) and table [II}].
This may be due to the dissolution of a complex protective film from the
metal surface. The lower hibitive efficiency of the compounds prior to 24
hrs may be due to the presence of an imperfection complex protective film
on the surface of the metal not capable of mhibiting the dissolntion of zinc
and copper 1ons from brass.

The effect of inhibitor at different concentrations on copper and zitic
dissolution is shown in Fig.(2). ZOAP mainly inhibits zinc dissolution, it is
not very effective in the case of copper whicl shows that ZOAP is able to
minimize the rate of dezincification.

Dezincification:

Equation (2) was used to calculate the dezincification factor (Z)
from the solution analysis data obtained for solution containing Iml/L
ZOAP. Fig. (3) shows the dezmcification factors obtained for without and
withh ZOAP contaming Iml/L solutions. For free ZOAP solutions the
dezincification factor is high in the imtial period due to the preferential
dissolution of zmc, which gradually decrease with tune until Z becomes
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wuty, suggesting that both copper and zince ions are gomng into solution at
the same rate (7). On the other hand solutions contauung [ml/L ZOAP
shows a lower dezincification indicating a much low dissolution of zinc.

Open circuit potential:

The corrosion potential of brass 70/30 in 0.5 M H, SO, solution
without and with 0.2, 0.5, { and {.2 ml/L ZOAP at 25+C was recorded as
a function of ttme and resuits are given in Fig. (4). This shows that the
potential, irrespective of inhibitor concentration, shifts with time to the
nobbler direction before attamning a stable, steady maximum value.
Generally nitial as well as steady potentials became more positive as the
content of ZOAP increased up to 1%. However 1.2 ml/L more or less
shows the same effect as 1 ml/L. ZOAP.

The general shift of steady state potential in the nobbler direction
indicates greater polanzation of the anodic than cathodic processes at the
brass surface with increasing ZOAP concentrations.

Potentiostatic polarization :

The anodic polarization and the cathodic polarization curves in the
absence and with presence of ZOAP inhibitor at different concentrations
are shrown in Fig. (5) and Fig. (6). The polanzation curve of a- brass m 0.5
M H,SO4 solution without inhibitor shows two passive regions, primary
and secondary, which are suggested to be due to the formation of cuprous
oxide and cupric oxide films respectively [7]. Moreover Fig.(5) shows that
as the inhibitor concentration is mcreased up to 1% ml/L anodic
polanzation curves shift towards lower current densities. ZOAP shows
maximum passivation in the prunary passivation region and above this
region it does not inhibit the corrosion of brasses. It is supposed that
ZOAP fonns a stable complex with zinc and thus gives protection in the
prinary passivation region hence ZOAP is not effective mhibitor in the
mgher potential region. The small indication of a secoudary passivation
region obtained in the presence of ZOAP may be due to the formation of
CuO film. The corrosion current density computed by a rough
extrapolation of cathodic and anodic curves indicates that the corrosion
current decreases with increasmg the ZOAP i 0.5 M H,; SQ4 solution
table {III}. Generally the results obtained by potentiostatic polarization
technique are in good agreement with those obtained by weight loss
method.
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X-ray analysis:

Fig. (7) shows the result of X-ray diffraction analysis of brass
surface exposed to solution without and with ZOAP inhibitor (1ml/L) for
24 firs. It is clear that a complex compound of C4Hg (NH»)4 Znjy (P3
O10)2. 9H;70 is formed on the metal surface.

Microscopy:

In the presence of ZOAP inhibitor a thin black fihn has been
observed on the surface of the specimens. This confirms that the inhibition
is due to the formation of some complex film with metal ions.

Discussion:

Gupta and others [2] showed that the organic inhibitors act as
proton acceptors, releasing H* ions wito the sulphuric acid solution and
forming an organo inetailic complex layer with the metal ions on the
surface of the metal, thus inhibiting the corrosion.

In ZOAP, the Amino group acts as the reaction center, on which is
formed a complex with the metal ions. The primary passivation in the
presence of inhibitor is supposed to be due to the formation of cuprous
oxide film along with a stable zinc complex and, on further increasing the
anodic potential the inhibitive effect of ZOAP becames insignificance.
Generally, the dezincification factor decreases w1 presence of ZOAP.

The dissolution of a- brass in 0.5 M H,SO, solution without or with
Imi/L ZOAP is schematically represented in Fig. (8) which has been
compiled with the help of publicated data [2,7].

Conclusion:

From the present study the following conclusions can be drawn :

- ZOAP is effective mhibitor for 70/30 brass in 0.5 M H,SO, solution
and its nhibitive efficiency reaches maximwn value of 86% at its
optimum concentration of |mV/L.

2- The inhibitive action of ZOAP is due to the formation of a protective
complex film mainly with zinc metal ions on the surface of the allay.
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Table (I): Effect of mlubitor concentration ou inhibitive efficiency
towards 70/30 brass i1 0.5 M. H»SO4 at 25 % 2°C, after

48hrs.
Inhibitor Weight | Solution analysis | Efficiency | Dezincification | Efficiency
concentration Loss factor (Z)
/L ng Cu Zn Cu Zn

mgL | mgl

[- Without inhbitor | 13 427 24.0 - 1.3 - -
2- With inhibitor
a- 02 85 204 85 35 0.97 52 65
b-0.5 62 16.3 6.3 52 0.90 62 74
c-1.0 1.8 13.1 32 86 0.57 69 87
d-12 4.1 19.0 8.6 68 1.06 56 64

Table (XI): Variation with time of Cu and Zn dissolution from 70/30 brass

1n absence and presence of ZOAP imibitor.

Table (III): Effect of inhibitor concentrations on some electrochemical

parameters towards 70/30 brass.

Time ! 0.5M H7S804 I ml ZOAP /L
hrs Cu Zn Z Cu Zn z Eficiency
mg/L mg /L mg/L mg/L Cu Zn
2 2.6 829 12.0 1.6 3.69 53 39 55
8 465 11.6 5.8 2.6 3.8 341 44 68
16 14.4 8.6 3.01 6.7 4.3 1.18 53 82
24 28.1 25.0 2.07 10.5 2.0 0.44 63 93
36 512 38.7 1.76 20.9 32. 035 59 92
48| 63 38.1 1.4 30.2 4.5 035 | s2 88

Senes Inhibitor lcorr Ecorr ferit
concentration mA/Cm? mV (SCE) mA/Cm?
mi/L,
- without inhibitor 0.038 - 160 2.5
2- ZOAP
(a) 0.2 0.025 - 120 22
(b)o.s 0.021 -70 0.52
@© 1 0018" +30 0.51
(d) .2 0.020 +20 0.60
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Fig 1:Effect of inhibitor concentration on inhibitive efficiency towards 70/30 brass in

0.5 M H5804 solution at 25 + 2°C after 48 hrs
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Fig. 2: Varation of inhibitive efficiency with immersion time towards 70/30 brass in
0.5 M H,804 solution with | mi inhibitor concentration at 25 +2°C.
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Fig. 3: Vanation of dezincification factor (Z) with exposure time in 0.5 M HpSOy4
solution without and with inhibitor (1 mV/L).
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Fig. 4: Effect of exposure time on the corrosion potential of 70/30 brass in 0 SM
H, S04 solution without and with different concentrations of inhibitor at 25 = 2
°C.
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Fig. 5: Potentiostatic anodic polarization curves for 70/30 ‘b‘rass in 0.5 M H7804
solution without and with different concentrations of inhibitor.
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Fig. 6: Potentiostatic cathodic polarization curves for 70/30 brass in 0.5M H2S04
solution without and with different concentrations of inhibitor.
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Fig. 7: X-ray analysis of 70/30 brass surface exposed to 0.5 M H2S04 solution

without and with

inhibitor imVL for 24 hrs at 25 = 2°C.
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