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ABSTRACT 

This study investigated the corrosion resistance of Nickel and Gold plated carbon steels 
ornamentals in 0.5rno~dd Suphuric acid (&SO4) medium. Nickel plating of carbon steel 
' was done in watts solution for 25 minutes with a current density of 3 Aldrn3 at 60°C. The 
nickel plated carbon steel was later gold plated for 20 minutes with a current density of 0.2 
A,ldm3 at 50°C . The plated and unplated carbon steels were exposed to environment 
for 15 days. The weight loss was taken every 24 hours in order to evaluate Corrosion 
penetration rate (CPR). The results obtained showed that plated carbon steel generally offered 
a betrer cornsion resistance than the unplated carbon steels. The conclusion that can be 
drawn from this study is that: Nickel plated d n  steel is found to be more reliable material 
to be used as ornrunentals than gold plated carbon steel in HzS04 environment. 

Keyworde: C h o n  Steel, Nick1 plating, Gold Placing Corrosion Penetration m e ,  H2S04 

Equipments and infrastructures degradation as a result of cornion is still a topical issue in 
most industries. The direct and indirect costs of cormsion are enormous. Corrosion has 
caused machines failure, economic losses, oil spillage, environmental pollution, products 
conhrnination, plant interruptions and short life span of equipments. According to Den~ry 
(2004), the total mud estimated cost of cormsion in tbe United States was approximately 
$276 billioa Tbe cornsion causes between $SbiIlion to $128billion in economic damage per 
year in the United States alone degrading structures, machines and containers in the oil md 
gas industry. Corrosion in crude oil systems is one of the most costly problems facing oil 
companies, which go to great expense to effectively control the problems. Carbon steel is a 
very vital material in fabrication and installation of industrid machineries due to its 
cheapness and unique mechanical properties. Unfortunately, corrosion has consistentry 
dominated the major constraint degrading its highly valued mechanical properties. Quite a 
number of research efforts have been- made towards corrosion control and prevention of steel 
alloys. The inhibitive action of some tbiadiazole derivatives, nameIy 2,s-bis(2-thieny1)-l,3,4- 
tbiadiazole (Z-TTB) and 2,S-bis(3-thienyl)-l,3,4-thhdiamle (3-TTH) against the corrosion of 
mild steel in 0.5 M &SO4 solution bas been investigated using weight loss measurements, 
TafeI polarisation and electrochemical impedance spectroscopy @IS) techniques (Lebriai et 
a1,2007), The experimental results obtained revealed that these compounds inhibited the steel 
corrosion in acid solution. The influence of Phosphorus addition on the cormsion resistance 
of carhn steel for a flue gas desuIphurization system has been examined (Kim et al, 201 0). 
The authors employed electrochemical metbods such as potentidynamic polarization tesb 
and electrochemid impedance spectroscopy @IS) in 10 wt?? sulphuric acid WzS04) 
solution at mom temperature. The results of the potentiodynamic measurements indicated 
that the addition of Phosphorus increased the cathodic hydrogen evolution reaction. The 
experimental results showed that Phosphorus has s degrading effect on the corrosion 
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resistance of wbon  steels in H2S04 solution Tbis is due to the h c w e  in the activity of 
hydrogen. The study investigated the deterioration of mild steel in 2 M sulphuric acid 
solution in the presence of Bambusta g i ~ c e s c e ~ t ~  extract using gasornetric technique 
(OIugbnga et al, 201 1). Steel c~upons measuring 4 crn by 1.5 cm were immersed in test 
solutions of uninhibited a i d  and also those containing extract concentrations of 641 00 and 
140 cm at a temperatwe of 333K for 60 minutes. The volumes of hydrogen gas evolved 
from the reaction were recorded and aaa lyd .  The analysis showed that while extract 
conwntration was increasing, Hz evolution and percentage inhibition efficiency (% 1.E) 
increased. There was also a companding reduction in corrosion rate as extract concentration 
increased The decrease in corrosion rate was observed to follow in order of increasing 
extract concentration. Furthermore, the microstructural studies revealed thai increasing the 
extract concentration resulted in significant reduction in the dominant coarsening of the oxide 
of iron phase, while the pearlib and ferrite phases became fmely dispersed. A comprehensive 
analysis of stainless steel resistance to burning products released by heat burners has been 
W e d  out (Seifedine, 2008). Experimental tests revealed that Chloride ions, existing in 
combustion, decrease corrosion resistance of cbromic-nickel steers. The test results also 
showed that the most stable steels in the aggressive environment of condensate are those with 
a bigger mount of titanium and molybdenum. The corrosion behaviour of low carbon steel 
was investig~lted in natural seawater and various synthetic seawaters (MGller, 2006).It was 
found that the steel corroded nearly four times faster in a 3.5% NaCI solution tbm in mlud 
seawater for an exposure time of 21 days. The corrosion rate after immersion in synthetic 
seawaters (ASTM Dl141 and Marine BioIogicd Lwboratory seawahr) is similar to the 
corrosion me after immersion in natural seawater. Culoiwn carbonate (aragonite) deposits 
were found on the surface of the steel after immersion in n a b d  seawater and the synthetic 
seawaters. Some magnesium-containing deposits were also found after immersion in the 
naturaI seawater. These deposits act as a barrier against oxygen diffusion and thereby lower 
the mmsion rate. The morphoIogy of the calcium carbonate deposits that formed during 
immemion in the nattual seawatet is different h m  those formed during immersion in the 
synthetic seawaters. This may explain the slightly tower corrosion rates obtaimd in the 
naSuraI seawater. X-ray Nhct ion  also showed that the oxy-hydroxides formed in the 3.5% 
NaCI solution dE8red from those formed in the other solutions. 
The growing interest of xesmhem in the analysis of corrosion resistance characteristics of 

elwtroplahd materids is highly encouraging. Oluwole et a1 in 2009 investigated the 
cornsion resisbce of nickel-plated medium carbon steel and 18-8 stahless steel in cassava 
fluids (i.e. containing hydrogen cyaaide).The work simulated the effect of continuous use of 
the materials in a cyanide environment where comsion products are left in place. Low 
carbon steel sample was nickel electroplated at 4V for 35minutes.The plated sample; the 
unplated sampk and 1 8-8 stainless steel were then subjected to cassava fluid environment for 
thirty days. The findings of the authors showed that unplated steel was found to be unsuitable 
for tbe fabrication of cassava processing machinery because of the very high corrosion 
rate.18-8 stainless steel was found suitabIe for use in this environment. 
Equally, work that investigated the corrosion kistance of nickel plated medium 

m b n  steel in cocoa liquor was carried out by Oluwole et al, 2009. It simuhted the effect of 
wntinuous use of the material in a cocoa liquor environment whwe corrosion products are 
left in place. Medium carbon steel samples were nickel electroplated at 4V for 20,25,30, and 
35 minutes using Watts solution. The plated samples were then subjected to a cocoa liquor 
environment for 30 days. The electrode potentials mV (SCE) were measured every day. 
Weight loss was determined at intervals of 5 days for the duration of the exposure period. 
The result showed maximum corrosion rorte on the nickel-plated steels to be O.OSmm/yr 
throughout the 30 days duration of the test whib corrosion rate in the unplated steel was 
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observed to be 0 . 3 6 d y r  at the end of 30th day. GenerdIy, it was observed that the thicker 
the nickel coating the lower the corrosion rate. The pH of the cocoa Iiquor was acidic 
througbut the thirty days test duration. The conc1usion drawn h m  this paper is that nickeI 
plating is suitable as a protective coating for medium carbon steels in cocoa liquor 
environment. Ming-Gin et d (2009) investigated the Corrosion Performance of Elecboless 
Nickel-Plated Steel. The results of the study showed excellent corrosion misEance fbr 
electroless nickel plated steel embedded in concrete specimen exposed to outdoor or 
seawater. The chlorine contents of concrete specimens increase as the days of immersing time 
in seawater pool increase during 500 days. Another steel bond strength test revealed that the 
electroless nickel p W  steel has similar performance as the conventional one. This means 
that the electroplating has no significant impact on steel bond strength. h most cases, the 
reinforcing steel bar which was coated with an elecmless nickel-plated f h  showed a 
reduction in its corrosion tenden~y. OIorunniwo et d (2010) has studied the performance 
evaluation of nickel-coated manganese steel in high-chloride low sulphate seawater 
environments. Structud manganese steels coated with nickel md u n p M  ones were tested 
for corrosion characteristics using weight loss technique. It was found that the nickel coat 
was able to mist cornion overtime via spontaneous h a t i o n  of passive oxide films at 
ambient temperature. ?be conclusion fiom of this study is that high-chloride low sulphate 
seawater (Polluted) environments are more corrosive than high chloride (Clm) seawater 
environments. More also; a thicker coat of electrodeposited nickel provides better corrosion 
resistance through formation of passivahg oxide layers at the surface of the steels. 

Currently, development of corrosion resistant materiais for decorative purposes is a-g 
more researchers' interests. Titmium aitride(TiN) is a very important niboiogicd materid 
because of its properties. As a result of its superior mechqnical properties and corrosion 
resistance,TiN is one of the mast widely chosen coating materirtls ( PeriIlo,2006). According 
to the author, its bright golden colour makes it appmprittte for decorative purposes. Bala et a1 
(2010) developed a decorative and cormsim mistant plasm eIectrolytic oxidation coating 
on AM50 Magnesium alloy as was shown by the potentidynamic p o M o n  
measur;ements. According to the authors, the c h g s  produced in titania sol containing 
electrolytes offered an improved corrosion resistance compared to the mere phosphate PEO 
coaling. 

2, MATERIALS AND METHODS 

2.1 Materials and Equipment used for Nickel plating. 

Electroplating tank (Plastic in lined tanks), carbon steel to be electroplated (1Ocm x ZOcm), 
Nickel Anode, Drying tray and Electrolyte. The following are the components of the 
eledmlyte used for the experiment: 
( i ) Nickel Suiphate (300 g) (ii) Nickel Chloride (3 0 g) (iii) Nickel brightener (30d 

2.2 Materials and Equipments used for Gold plating 

Rectifier, P W g  tank ,Gold potassium cyanide ,Gold Anode, Drying tray Gold potassium 
cyanide (30g),Gold metal anode (12.5g) and Nickel plated carbon steel samples( weight of 
3.3g and Area of 4.56cm2). 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



Proceedings of NllE 2012 Conference 

23 Methods 

23.1 Chemical analysis 

The carbon steel used was procured from FIIRO (Federal Industrial Institute of Research, 
Oshodi), Lagos state. The chemid analysis of the carbon steel was carried out at the 
universal steeI, Ikcja, Lagos state. 

23.2 Procedures for plating carbon steel 

Basically, the carbon steel substrate was plated with purified base solution is simply b i d e  a 
plating tank followed by the necessary additional agents. A prepared Nickel salt was used to 
p~epare high Sulphate Nickel base solution for Gemini and other bright and semi-bright 
nickel plating solutions. A standard solution of Nickel sdts for electroplating of carbon steel 
was f& prep&. A rubber lined tmk was made clean and filled approximately with two- 
third capacity of clean water. After heating the water to 60 to 70°C, the required weight of 
prepared Nickel Sdts was added gradually and thoroughly stirred. When dissolution of the 
prepared Nickel Salts was completed, the bath is then diluted with clean water of 
approximately 516th of the fmal required volume, At this stage, the solution was purified to 
remove any traces of metallic impurity or organic contamination before the addition of the 
brightener additives. The base carbon steel mated (1 Ocm x ZOcm) was polished and the 
p W  in lined tank was hot washed with dilute acid and properly rinsed out with cold water. 
Polished base metal (10cm x 20crn) was suspended with wires and later pickled in an 
hydrochIoric acid. Carbon steeI samples were immersed in tanks of dilute hydrochloric 
cleaning solutions to remove dirt and solid soil fiom them. The weight of sample was taken 
before the treatment of the s h d  polished specimen .This was properly rinsed in water and 
anodically cleaned in order to avoid drag out of tbe eleclrolyte on the material sample. The 
Nickel plating was done for 25 minutes at a temperature of 6 0 ' ~  and constant current density 
of 0.3Aldrn3.~f€er the specimen was removed k r n  the plating tank, it was immersed into de- 
ionised water to avoid drag out and dogging of elecfrolyte on specimens. Material Sample's 
final weight was determined in order to know the mass of the electrolyte deposited on the 
work piece. This helps in determining the thickness of the Nickel plating of the sample 
carbon steel used in this study. The Nickel plated carbon steel was cut into h e  samples of 
dimension (24cm x 1.9cm).The three samples were used in carrying out the gold plating 
experiments. A little pre-treatment was done, due to the Nickel undercoat that has been done 
on base-metal. Proper hammering and straightening were carried out on these samples to give 
proper edging and smoothing. This was done in order to avoid blur and hole on the work 
pieces which om later result to corrosion and instability of electrolyte on work samples .The 
Nickel mated samples was washed in water and then with caustic soda in order to dissolve 
unwanted agents like hammering and worlr i  particles on the work samples that can 
interfere with the results of the experitnett AAer the clogs were dissolved away, the samples 
were suspended into the electroplating tank contain* gold p o ~ i u r n  cyanide (30g) gold 3 metal anode (I2.Sg) and nickel pIated samples ( weight of 3.3g md Area of 4.56cm ).The 
samples were electroplated for 20 minutes to give enough mating thickness. All these 
specimens were quickly dipped in water immediately they were removed fiom the bath and 
later displayed in thq drying tray for cooling. Weight of each specimen was taken by scout 
pmbalmce in order to determine the mass of gold materid deposited on the Nickel phted 
ske1S. 
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233 Corrosion penetration rate (CPR) Measurements Using Weight ]Loss 

The unphtai, Nickel plated and Gold plated (with nickel undercoat) carbon steels coupons 
were immwsed in O.5mol dmw3 of 1 OOml sulphuric acid environment for a period of 360 hours 
(1 Sdays).The corrosion coupons were removed from the cornsion environment with the aid 
of a tong . These were then properly cleaned in distilled water and dried with cottoa wool. 
The dried samples were weighed with the electronic digital weighing balance and recorded. 
Weight loss measumments of coupons were recorded at interval of 24 horn. The cormsion 
penetration rate (CPR) were calculated h m  weight loss analysis using the equation (1) 

Whem;CPR - Corrosion Penetration Rate in mrnlyr, W - Weight Loss inmg 
p is density in g /  cub. cm, A is Area a f exposed specimen in ma2 
t is exposure time in hr. 

3.0 RESULTS AM) DISCUSSION 

3.1 b a l t s  

Table I: Chemkal And* of Carbon &el 

Run C 

Avg 0.341 1 0.2198 0.0589 0.0609 0.8318 

0.0191 0.0058 0.2077 0.0035 0.0059 0.0262 0.0088 -0.0007-0.0000 0.0001 0.0038 97.9816 

0,0189 0.0058 0.2071 0.0035 0.0058 0.0257 0.0088 0.0007 0.0001 0.0001 0.0036 97.9883 

Table 2: N U  Plaftng Paramters 

Weight(ini~l) 
(9) 

281.5 

WeighqMtiaI) 
w 
15.4 

Table 3: Gold Pladng Pamm&rs 

Time in 
solution 
(min) 
25 

Time in 
solution 
(min) 
20 

Weight 
(final) 

325.7 

Weight 
(final) 
( ~ 1  
15.9 

Temperature e~ 
60 

Current 
amp/dm3 

3.0 - 

Temperstare 
ec> 
50 

Current 
m m 3  

0.2 
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Carbon Steel 
0.1 - 

T 0.09 - 
$0.08 - 
3 0.07 - 
g 0.06 - 

Exposure IImdHours) 

Fig. 1 : Cormsion Penetration Rates of Carbon Steel in Sulphuric Acid Environment 

Fig.2: Corrosion Penetration Rakes of Nickel Plated .Carbon Stee l  in Sulphuric Acid 
hvimnment 
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Fig3: Corrosion P e n d o n  Rates of Gold Plated Carbon Steel (with Nickel Underlay) in 
Sulphuric Acid Environment 

Gold Plated Carbon Steel 
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4 0.08 
t 
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Fig.4: Chart DispIaying Different Corrosion Penetration Rates of Unplated and Plated Carbon 
steels in Sulphuric Acid Environment 

* 
+Gold Plated (7arbon 

Steel 

3.2 Discussions 

0 -{ 
& 

Exposure Time (Hours) 

The xesult from chemical. analysis of carbon steel carried out at the Universal steel La., 
Lagos state, Nigeria is shown in table 1 ,*.average percentage of mbon content is 0.341 1% 
which indicated medium carbon steel. Tables 2 and 3 gives the current density, plating time 
and increase in weight during nickel md gold plating of carbon steels. An increase in weight 
of 44.2g and 0.5g were obtained for nickel and gold p h i 4  cab steels respectively9igl 
gives a summarized description of corrosion resistance of &n steel in 0.5 moydm3 of 
sulphuric acid medium. After 48 hours, the CPR increased to 4.42 x low2 mm/yr and then 
decreased to 1.8 x lom3 mm/yr after 72 hours. A highly si@icant CPR is &o observed 
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at 168 hours, 240 hours and 336 hours. The CPR at these exposure times are respectively 
1.5 x lom2 m/yr , 5 x mm/yr and 9 x mm/yr. The CPR of 9 x 

m / y r  is the highest corrosion rate recorded during the study period of 360 horn Fig.1 
clearly shows that carbon steel is unsuitable in sulphuric acid environment. Fig2 shows that nickel 
plated carbon steel experiences corrosion degradation only in the first 48 hours. The CPR recorded in 
the m n d  day of exposure to sulphuric acid medium is 5.79 x 10'' mm/yr . At the end of 73rd 
hour, the CPR drastically d m  to an approximate 0 mm/yr . Tbis is due to the formation of 
protective layer of MiOa. This pashive film remained stable throughout the rest parts of the study 
peaid (72 - 360 hours). The CPR exppaimced in these periods is bighfy himcant. This result 
& o w  ht nickel p M q  on carbon steels m y  improves its corrosion resistance. No doubt, Nickel 
plated carbon steel is highly suitable in sdphuric acid environment. Fig3 illustrates the corrosion 
resbnce of gold plated carbon steel (with Nickel coating underlay) in sulphuric acid 
medium. Its CPR was at the peak value of 1.0 13 x I O'lnm/yr ai 48hours of immersion. 

Although there was reduction in the corrosion rate between 48hours and 168hours, the CPR 
is however not insignificant. From 192 hours to 360 hows, no visible corrosion rate was 
experienced This is surely due to the f o d o n  of passive layer. This protective layer greatly 
hindered the renewal in corrosion penetration behaviour. Tbis chart kas shown tbst gold 
plated carbon steel is a suitable material in sulphuric acid medium especially when exposed 
in this medium for a long period of time. It should however be clear tbat corrosion behaviour 
is more likely to manifest in the fmt 2 days. Fig4 shows a c o m ~ o n  in the corrosion 
resistance of plated (Nickel and Gold plated) and unplated carbon steels in 0.5 m o ~ d m ~  
suIphuric acid. The u n p M  carbon steel exhibited the worst corrosion resistance throughout 
the study period of 360 hours. The highest three CPR values recorded are 4.42 x 
lom2 mm/yr , 5 x 10'~ mm/yr and 9 x loma mm/yr . Although nickel plated carbon 
steel experienced corrosion degradation in the first 48 hours of exposure, the CPR remarkably 
reduces to an infinitesimal level at the end of 72 hours. Between 72 hours and 360 hours, 
cornion deterioration was not in any way noticeable. The reason for this is due to the 
formation of passivating & which created a protective layer against corrosion. Tbis 
mmmkably improves the corrosion resistance of nickel plaid carbon steel. EqdIy, gold 
plated carbon steel experienced well signif~cant comrsion behaviour in the fmt 168 hours. 
me highest: CPR obtained in the test medium is 1.0 13 x 1 U - l m / y r  at the 48' hour. 

The gold plated carbon steels however developed a high immunity against corrosion h m  
168 hours to 360 hours. This clearly implies that the formation of a protective layer is 
responsible for this latter improvement in its corrosion resistance. This fig4 clearly reveals 
h t  the unplated carbon steel has the worst corrosion resistance as compared to the plated 
carbon steel. Nickel plated carbon steel has the best corrosion mistance of all the three alloys 
in the test medium. Unexpectedly, the gold plated (with nickel underlay) carbon steel bas a 
lower corrosion resistance than the nickel plated carbon steels. This result shows that the 
most suitable alloy in the fabrication of ornaments meant for usage in sulphuric acid medium 
of dl the thee materids is nickel plated carbon steel. 

+ 

4, CONCLUSIONS 

The following conclusions a n  be drawn h m  this experimental study: 

/ Tbis study has shown that as electruplating time, current density and bath 
concenimtion increases, there is a c o m n d h g  i n m e  in the corrosion 
resistance of electroplated alloy materials. This quahtative1y agree which what 
is obtainable in the literature. 
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J The mdta of this study have reveaIed that unplated carbon steel is generally 
muitable in sulphuric mid medium, It has a remarkably high corrosion rates. 

4 Nickel and gold plated carbon steels generally have high corrosion resistance 
in &SO4 environment 

J Nickel plated carbon steel is the most reliable alloy for fabrication of 
ornamentals that will be utilized in HzS04 medium. The gold plating of carbon 
steels with nickel underlay attracied additional costs but contrarily does not 
lrmsIate to its improvement in corrosion resistance. 

REFERENCES 

1. Bala S.,Liang J., Blawert C., Stormer M. and Dietzel W, (2010),DeveIopmeat of 
Decorative and Corrosion Resistant Plasma Electrolytic Oxidation Coatings on AM50 
Magnesium Alloy. Surface Engineerin, VoL26, Nom5,Pg367-370(4), Maney 
Publishing. 

2. Denny J. (2004), Principles and Preventions of Corrosion, Upper Saddle River, New 
Jersey Prentice Hall. ISBN 0- 13-3 59993-0 

3. Kim M.J., Lee S.H., Kim J.G. and Yoon J.B. (2010), Effect of Phosphorous on the 
Corrosion Behaviour of Carbon Steel in Sulphuric Acid, Corrosion-The Jownd of 
Science and Engineering, NACE International, Vo1.66 Issue 12, ISSN-00 1 0-93 12. 

4. Lebrini M., Lagren4e M., Traisnel M., Gengembre L., Vezin H. and Bentiss 
F,(2007), Enhanced corrosion resistance of mild steel in normal sulfuric acid medium 
by 2,5-bis(~-thieny 1)- 1,3,4-thiadim1es:Electrochemical~-ray photoelectron 
spectroscopy and theoretical studies. Journal of Applied Surface Science, 
Elsevier,Vot253,Tssue 30,Pg. 9267-9276. 

5. --Gin L., Tsong-Jen Y., Chen-An H. and Chen-Chih H. (2009) , Corrosion 
Per fomce  of Electroless Nickel-Plated Steel. Proceedings of the Nineteenth (2009) 
International Offshore and f olar Engineering Conference Osaka, Japan, June 21 -26, 
2009.Copyright 0 2009 by The International Society of OEshore and PoIm Engineers 
(ISOPE).ISBN 978-1-880653-53- 1 (Set); ISSN 1098-6 18 

6. MUller EL, Boshoff E.T., and Froneman H. (2006), The Corrosion Bebaviour of a 
Low C h n  Steel in Natural and Synthetic Seawaters .The Journd of The South 
A f r i m  Institute of Mining and Metallura, SA ISSN 003 8-223X13.00 -I- 0.00. 

7. Olorunniwo OX., A-da P,O., Akinluwade KJ., Adetunji, A.R. and Olwmegun, 
K.M.2010.Performan~ of Nickel-Coated Manganese steel in High-Chloride Low- 
Sulphate Seawater Environments. J o u d  of Miherds and Materials Characterization 
md Engineering.Vol.9.No. 1 O.pp.879-886.jmmce.org, printed in the USA. 

8. OIugbenga A.O., Oluseyi 0. A., Ojo S. F., Vincent 0. 1. (201 I), Assessing the 
Deterioration hBehaviour of Mild steel in 2 M Sulphuric Acid Using Bambusa 
glawcescens. International Journal of Applied Engineering Research, Dindigul 
Volume 2, No 1, 2 0 1  1 ISSN 09764259 43 Copyright 2010 AU Rights Reserved 
Integrated Publishing Association 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY


	ui_inpro_oluwole_corrosion_2012-1.pdf
	ui_inpro_oluwole_corrosion_2012-2.pdf
	ui_inpro_oluwole_corrosion_2012-3.pdf
	ui_inpro_oluwole_corrosion_2012-4.pdf
	ui_inpro_oluwole_corrosion_2012-5.pdf
	ui_inpro_oluwole_corrosion_2012-6.pdf
	ui_inpro_oluwole_corrosion_2012-7.pdf
	ui_inpro_oluwole_corrosion_2012-8.pdf
	ui_inpro_oluwole_corrosion_2012-9.pdf

