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Abstract 
rt 

This research work investigated the corrosion resistance of zinc plated 1018 steel in tomato 
fluid. It simulated the effact of con~nuous use of the xnaterial in a tomato environtnent where 
corrosion products are left in pLce. 1018 steel samples were zinc elecZrop1ated at voltages 
between O.5V to 0.9V far 5 to 2 m u t m . m  plated sanlples were then subjected to tomato 
fluid environment for 30 days. Tbn. electrode potentials mV (SCE) were measured every day. 
Weight loss was determined at btervds of 5 day+ for the duration of the exposure period. 
The, result showed corrosion attack on the zinc- plated steet, the severity increasing with the 
increasing weight of zinc coating on substmte. The rcmrlt showed &at thinly plated 1018 steel 
generally did not have any advmtage over wplated steel and wae  quickly stripped of their 
zinc plating with resul€mt amasion of the mderl* steel substrate. Heavily zinc-plating 
steel was observed to o E i  some form of protection for the plated steel. 

The pH of the tomato solx~tion which initially was acidic was observed to progress to 
neutrality after 5 days an& then haune sIi&ey slkalirze at the end of the thirty &ys test 
(because of corrosion product conMmtion of the tomato] c o n t i b u w  to the reduced 
corrosion rates in the plated samples after 10 day. Z i c  m a k g  of 101 8 steel was found to be 
w d k b l e  for the fhbrication of tomato pcessing machinery in this el~vkoment. 

Keywurds: comosion resistance, zinc plahg, Iow &on steel, Tomato nuid 

Introduction 

Coaosion has been established m m~coated mild steel used kt n l a c b e q  for a@-o-prwessing 
(Ad&iyi et al, 2W3, Jekayll-tfa et al, 2005). R&ous work on zinc plating on steel used for 
cocoa and cassava processing machziiery showed that zinc did not offer mx~ch protection 
because of the presence of ethanozc acid and cyanide in the respective flnids during 
processing~Oluwole et al, 2008a and 7,00Xb). Tomtoes am the h i t s  of the plant 
Iycopersicon escuIentur11 and are one of the lnost +defy grown of the hopical vegetables. 
The predomirmnt acids are citric arid rr~alic gltxtanic acid. Methionine mid S- 
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methyhethionhe are &so present (%ekoronp and Ngoddya19SS). The presence of these 
acids is likely to cause ~xxosion of the mwh'inery wed iu ihe pro~essing aud storage of the 
tomato juice. The average analysis of tomatoes fluid is as shown in table 2. The objective of 
the research is to invesrigate the cmmsion of zinc ptated low c-arbon steel in tomto fluid. 

Materials and method 

The material used in this investigation is a low carban steel substrate of length lnletre and 20 
millimeter diameter. It was; obtained &om Nigeria Ma&ne Tools Limited, Oshogbo, with 
batch number 'YDL 15W, part n& "01-160-61". The che&d mmpsition of the steel is 
shown in Table I. 

Tablel: Chemical Substrate 

. . . - - - 

7 ,.: .& 

Method . . . A:' k- --. < 

- 
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Preparatfsn of Specfrnens (Sufface) 
The 1018 steel was used in as received condition. The samples were machined into 
cylindrical pieces of 2- dim- and 20mm long. The sample stlrface were treated by 
abra* them *mgX1 s-ssive grades of silicon d i d e  papers of @des 60,120,320,400 

. and 6W& d finally on the cloth grade. They were r i n d  in distilled water and then in 
acetone before drying. The prepsued sample wem then s$md in deslmators until they were - ";";L7,7,*. . 

$needed for the experiments. :?; 

The enviromnent under study is tomato fluid- Fresh tomtoes were procuredr and the fluid 
was rnanuaEy squeezed out into a clean bowl and stored in a 10 like gdlon and labeled. The 
chemical co~llposition of each of the tomato fluid was; 6 e d  orrt at the Crop, Soil and Pest's 
deparkyntal laboratory of the Fdeml UGvmity of Tmhology, Akure (FU"TA). The result 
'.is shown in Table 2. UNIV
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Samples Pre-Treatment befire EIetropla@ng Opemiiloes 

The samples were removed &om the dmimatom in twn and pickled in 0.SM H2S04 for 2 
h u t s ,  then rinsed in distilled water before dewaing in an 1100 litre electfolytic degreasing 
tank containing 200g KOH and l00g NaOH in &stilled water for 2 minutess after which the 
samples were rinsed in distilled water. %le sa~nples wei-e wei&ed using a digital weighing 
balance model Scout Pro SPU402 of accxuacy Lt 0 -01% and the wei&t was fecorded as the 
initial weight. 

Elwtropfwtlng Operation 

The laboratory zine electroplating bath was stirred with the aid of a stiimr for 1 m k t e .  The 
sample already aftached to ttrt: flexible copper wire was tIien hanged on the cathode ann of 
the zinc electroplatkg bath which the elmbop-g rectSer was switched on. The 
electroplating rectifier was replatad to &tadn 0.5V. Tk sfeel sample was &owed to stay in 
the plating bath for 5 minubs and &en removed, Qied in air 4 reweighed. This procedure 
was repeated for 10, 15 and 20 ininutes of eeIe&oopEaw t h e .  This procedme was repeated 
using voltages of 0.6,0.7,0.8 and 0.W and vaq& e k w l a t k g  h e s  for 5, 10, 15 and 20 
minutes. This process resulted in a series of zine mating of diffemnt mating wei&;hts on the 
steel. 

The eoxrosion amat  for ex-g the conasion protection p&bmmce of the zinc 
electroplated samples was tmato fluid. The zinc elw&oplated samples were iznmersed in 
tomato fluid for durations up h 30 days, k c l u h g  an un-plagd sample as wntrol. Elwtrode 
potential (mV) ineasmements 'bemeen the m p l e  sw%.ce and the co~osive eneoment  
wese done at regular interval of 24 hours using a DT8300f) digital mx~ltilneter with a zinc 
electrode used as a reference electrode. The refmnce elecwde was not left in the cell for the 
duration of the experiment but rued only at time of BleRswement of potentistl Uzen afterwards 
removed. Values obtained were converted to Sabakd  Calomel Elec&Ode (SCE) values 
(l%bb& and James,ll)PI.l.). Weight change & t e e a t i o n  wils us& in Ute dculation of 
corrosion rate due to its sir~plicity {SodiIe, 2002; Adebiyi et &,2.01)3 aud Oluwole et al, 2008a 
and 2008b). The corrosion samples were removed &om the comaion environment (tomato 
fluid) with the aid of a tong after which the smp1es w m  properly cleaned in distilled water 
and then ciried with a cottori wool. The dfied s q l m  were wei&& with a digital chemical 
weighmg balance and recorded and this c o n h d  at regular intervals of h e  days. 
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Results and Mseassion 

The electroplating mass gains, and tmmqxmding coating t t r i c b  value, for the zinc 
plated steel sample at various voltages and times are shown in Table 3 and in Figure 1. It can 
be seen that the resulting zinc coating t h i c b  varied effectively linearly with coating time 
and increased with coating voltage. rite coating thickmess varied h m  about 1 p m  to 30 pm. 
Table 4 shows the variation in pH values for tomato fluid during the wnosion test period. It 
shows the pH of the corrosive fluid changing from acidic to neutrality and then to akdinity 
at tha end of the c m s i o n  test. 

Table 3: EleclropMbg weight (g) valw of zinc plated low carbon steel sample at various 
voltape and time1 3 
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values for tomato fluid test p€siod. 

, , .:-. - FQg.2: Hot of might 
- . - .  1 

against time LW zinc-plated low &n '&l samples at 
*o'u~ voltagehs anst tiales 

Figure 2 h w s  the variation in the electrode potential in mV obtained for un-plated and zinc 
plated low & steel samples at various voltages and electroplating times. For most 
samples, except those with the thinnest coatings, the electrode potential starts at values 
consifit& with that of zinc and relatively rapidly moves to values consistent with the 
exposure of steel, although not newssariy over the entire metal surface. An unusual potential 
excursion mxurred for all samples between about 7 and 10 days of exposure but there is no 
explanation for this and it must be assumed to be expimental errofof Generally, the 
measurement of potential with time under these conditions resulted in data that appead to 
be indistinguishable experimentally from each other. 
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pmadngs OfNILE 2 i O  Conference 

ated 
and zinc-plated low ciubon steel samples electroplated at various voltages and times. 

Figure 3 shows tbe variation of camsion rab m d y r  for &e d u s  zinc pIated low carbon 
steel samples as well as the cmosion rate of the un-plated sample immersed in tomato fluid 
(control sample). It shows a relatively high con:asion rate experienced by the zinc plated steel 
in the over the first 5 days of hers ion.  b-~@yt campared with the corrosion of bare 
steel, the woffosio11 of zinc was much higher (up to 7 times greater) with greater corrosion 
observed as the thickness of the zinc coating incmasd- Figure 4 tabulates the increase in 
weight caused by initial zinc plating compared with the loss of weight c a d  by subsequent 
corrosion. It is quite evident that thin &gs of zioc on steel are not beneficial and do not 
protect the steel as thy are qnickly stripped off. This&= coatiqp were fomd suitable as they 
wem not stqped off durkg the draation of the test However, the the ion rate of the zinc 
coating itselfis rather high. 

- 
.%. + T B S  - -;-- 
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Mg.3: Plot of co~~os ion  fate st expos- t h e  in t~mmto fluid for =plat& and zinc 
plated Low carbon steels elechq1atd at d o u s  voltitges 4 time. 

Fig.4: Plot showing effect ofweight of zinc-plating on corrosion resistance of zinc plated low 
mbon steel in Tarnab F l d  UNIV
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Effect of exposure tfme on poteatioll 

With the exception of tile tm-plated snnlple, which showed a fwly constanf potential 
characteristic of base steel (-550nlV, SCE) .fi-arn initial imersion, the samples with the 
lowest coating thicknesses (O.SV/lS&s, 0.6V/J5&s2 0.7VjSmius and 0.8iIOmins; i.e. 
generally less &an about 10 pm) showed potential moving within 1-2 days into the potential 
region chwactdtic of steel. Note that although the pH was b @ g  during the immersion, 
the extent of tlie change is deemed to be too sxnal to be simificmt. An increase in coating 
weight only marginally affected the v ~ t i o n  in potential with time with the rise in potential 
to that characteristic of steel being delayed for 5 6  days. EvenMy, the open circuit 
potentials of all coating we3ghts Iay in the range for that of steel itlustrating that exposure of 
the substrate had omwed. Visible corrosion prducts for &wl (i-e. rust) were appwent from 
early immersion for the majority of the samp1es. 

Effect of exposure Mme on corrosion rate 

The extent of sus~ t ib i l i ty  to corrosion in natztral fluids depends on the aggressiveness of 
chemical reactivities, transpe pmpefiit"~ of enVirom&, conc1:n&ation of cornsion species 
in the lnedium @H), the metallurgy of the aIIoy sample and tempaab~fe of the cossosion 
meditun (Loto and Adesamo, 1988). Itl the tomato fluid, the co~msion rates of all the samples 
decreased with time tending to relatively low rate after 10 days of exposuse, Figre 3. This 
can be attributed to tfte fonmtion of a layer of con-osion product on aJ1 the sample surfaces 
(Fontam and Green, 1974 and Sct~Zly, 1975), &om the comosian prdtcts and the clmging of 
the pH of the corrosive enviroment to basicity. 

&- , '.f> -:*L 

Suitability of zinc coatings ln r tomato envlrolnmemt 

It is evident that -coated steel is stlitable for s material of corrsmciion for tornato processing 
equipment with a corrosion rate not exceeding 0.1 d m m r e ,  198 I 4 Sin* 1999).This 
work tested the use of zinc coatings as a. ptential pmt&m coating. Thixly coated zinc 
corroded rapidly in this mvkmnent and certainly ruRkes low coating thicknesses ineffective. 
Thicker coating proved effective tho@ for the time of test. Bie reason far the relatively 
rapid corrosion of zinc is undoubtedly due to the easy dissoltttion of zinc in the citric and 

7 ,  malic glutanic acids and consepentfqr more rapid conosim. Unfomtely,  results in zinc 
being an unsuitable material for the pro.twc~oa of steel in tomato fluid. 

Conclusf on 

Uncoated 1018 steel has been fomd to be suitable fw we in tomato food processing due to 
its retlatively low corrosion rate (0.lmdyr). 
Effect of using galvanized steel as constfuctional rnsterial for tomato pmcessing was stuched. 
Unfortunately, due to the citric and lualic g111tmic acids content of tomato, zkc  had an 
unacceptably high co~osion rate that was greater than tlie xmderlyirlg steel. Thinly coated 
steels were soon depleted ofthe zinc coatings but t f i i~k~r  plated 1018 steel was protective in 
the tolnato environment. 
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