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ABSTRACT

The use of wood charcoal as activated carbon for atetarburization is increasing because of its carbg
content percentage ranging from 50%—95%. Pulverizeatbon from wood charcoal when dispersed into metaffers
excellent compression strength which improves the imezaracteristics of mild steel material. It is; #refore, important
to have the knowledge of the microstructure and mauntital characterisation of activated carbon from wd charcoal
for effective and efficient carburization proces#n the present study, pulverized wood charcoal angigehell were
characterized using transmission electron microseoff EM) and x-ray dispersive spectroscopy (XRD) tcedsiine their
morphologies and grain size distributions. The claaterized organic carbon was further employed to lmanize the grey
cast iron. It was observed that graphite was depegbion the surfaces of the carburized samples #fiedént temperature

compared to as-received sample. This indicatesdhgon concentrations. Also, the result of the hawels test revealed

3|21y [eulbLO

that there was increased trend of hardness distribnt which is associated with carbon concentration whrying
carburizing temperature. Thus, the organic carbomse great substitutes for enhancing the mechanigabperties of

grey cast iron.
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1. INTRODUCTION

The environment of application of most engineerognponents like gears and shaft requires hard arrdsion
resistance materialsThis is due to their high speed of rotation, vilma, thermal stress and corrosive action of t
environment™ Recently, Orisannet al® reported that the degradation caused by corrdsiahan increasing treng
and measures need to be taken to salvage the proBlased on this problem, carburization, which ibeat
treatment process, has been recognized as a metifoch improves the hardness of metals based on
compositions of the carbon additives and the eiemaemperature usédAccording to Youet al,” carburization as
a heat treatment technique has proven effectivedncing processing time and improving the morphiel® and
mechanical properties of heat treated metals asaseahcreasing the thickness of surface asperiliese refined
microstructure strengthens the modified surfacénsgalastic deformation, which results due to acef defect§™*

Wood charcoal has different species and contains garbon which made it a potential carbon addifiremetal

www.tjprc.org editor@tjprc.org
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carburizationi? It is known to have a fixed percentage of carhanich increases its heat utilization efficierféyHussein
et al'* reported that wood charcoal exhibited an amorplstusture; however, undesirable properties, ssdbwa density
and Ca reactivities, has limited its use in some applmasl® Therefore, to increase the quality of surfacesnoflified
metals and general engineering materials, pulverizgshell has been recognized as a great enhaseell as excellent
corrosion inhibitor®*® According to Sannket al?’, eggshell adsorption on stainless steel surfadeces the pitting
corrosion effects and improved the strength ofrtfegerial to function in chloride environment. Theésarption process
caused the formation of films of atoms of eggshkelich help in improving the mechanical propertidsttee treated
surface”* Several additives exist for carburization processh as palm kernel shell, periwinkle shell, comém and
horns. However, a major drawback to applicationthis organic carbon includes processing time amitiimg efficiency
and most importantly the unfriendly environmenapplicatio** More so, the heterogeneous microstructure of gasy
iron had made the surface modification processcditf Thus, carburization is an advanced surfaeatiment method,
which can be used to enhance the mechanical prepat metal$’? Further to this manganese, nickel and chromium

have been found to exist in the composition of wobdrcoal, which necessitates its choice as a danby agent®

From study, combination of pulverized wood charcaadl eggshell for surface carburization has noh lypeen
due attention. Thus, in the present study, ourdagauld be on the investigation of pulverized wab@rcoal (70 wt.%)
and pulverized eggshell (30 wt.%) on the surfagbwrézation of grey cast iron. The hardness prgpand coefficient of

friction behavior would be investigated.
2. EXPERIMENTAL PROCEDURE

The pulverized wood charcoal and eggshell wereidxdtiaand filtered to 7pm for easy diffusion of the carbon particles
into the surface of the metal. Weight fraction 6fwt.% of wood charcoal and 30 wt.% of eggshell wamployed. Grey
cast iron samples (HT250) of dimension (30 mm 28 x 5 mm) were obtained and polished with differgrades of
silicon carbide abrasives to achieve a smooth Edctirface. The substrate material (grey cas) iwaas etched in 50 ml
of Nital to reveal the variations at the surfacheTmicrostructure and chemical composition of theeeived grey cast
iron samples is shown in Figure 1(a) and Table dpeetively. In order to reduce the effects of mosston the
carburization process, the carburizing agents @rided wood charcoal and eggshell) were kept im@iwm for 3 h at
80°C. Figure 1 showed the microstructural imagettaf as-received grey cast iron sample. Transmisslentron
microscope images (TEM) of both the pulverized wabdrcoal and eggshell are provided on Figure il&ily, the x-

ray diffractograph of the carburizers are showfigare 3.

The samples were embedded in the mixture of woadcdal and eggshell contained in a stainless steghiner
and loaded into a muffle furnace of 1200°C capadcgrburization was carried out at 700°C, 800°C @@a°C for three
hours, respectively. The micro hardness was measigiag a Digital Vickers Micro Hardness Testemgsa load of 500

N and dwell time of 15 seconds.
3. RESULTS AND DISCUSSIONS

Figure 1 represents the SEM morphology of the asived grey cast iron, while Figure 2 (a—b) showel TEM images
of both the pulverized wood charcoal and eggshéi bright regions indicate carbon presence. Friayur€ 2, it could be
observed that both morphologies of pulverized woloarcoal and eggshell were characterized by cliysatructure with

small aggregates while some particles are sphericahape. These size distribution properties migicheir excellent
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diffusion into the substrate (grey cast iron) mateduring the carburization process. Also, theay-diffraction spectra
(Figure 3) for the pulverized wood charcoal andsiggl indicate a broad peak at 30°. The similagitie their peaks as
observed showed the presence of amorphous carbthwe imaterial. Further to this, smaller peaks &t &8 40%or the

wood charcoal also indicate the presence of graphit

SUoREs
SEM HV: 20.0 K
SEM MAG: 200 x

Figure 2: (a)TEM Image of Pulverized Wood Charcoal(b)TEM Image of Pulverized Eggshell.
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Figure 3: (a)XRD of Wood Charcoal. (b)XRD of Eggshi
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Table 1 presents the composition analysis of bo¢has-received grey cast and the carburized aast @arbon
and iron constitute a higher percentage of the efdah composition, which indicate the possibilities obtaining a
material of high strength and hardness after that featment process (carburization). However, as woted that
chromium and nickel were present in the carburigathple, which may be as a result of their presémabe wood
charcoal. Chromium presence would increase thenkasdand strength of the substrate (grey cast indile nickel

increases the impact strength as well reducingpsive effects of other elements.

Table 1: Chemical Composition of Grey Cast Iron (AsReceived and Carburized)
Sample C Si Mn S P Cr Ni Fe
As-received 2.68 1.42 0.63 0.18 0.28 — — Bal.

Carburized | 3.927 1.737 0.395 0.285 0.144 0.206 10/0®1.70

Figure 4 (a—c) show the scanning electron microso@&EM) and x-ray dispersive (XRD) spectra of saspl
carburized at varying temperature of 700°C, 800A@ 800°C, respectively. Figure 4(a) show the SEMphology and
XRD spectrum of sample carburized at a temperattire00°C. Porous structures were observed at tteeface of the
surface, which was due to the high carbon contedtiacreased surface area. The pulverized eggsaslan accelerated
effect on the diffusion of carbon into the sub&rdtring the heat treatment process. Thus, inecrgdke bond strength of

the carbon layers which will enhance its mechamicaperties.

Additionally, graphite layers were observed at acef which indicate the presence of carbons anthegface and
this also increased the volume of mesoporous foomadt the grain boundaries compared to other rsiowotures
(Figure 1). The XRD pattern (Figure 4(a)) showedt there were broad peaks at 31.25°C and 61°Cectsply. It is
clear that carbon particles diffused into the metaiface to improve the mechanical properties @agtstrength and

hardness at that operating temperature.

The SEM and XRD results, for sample, heat treate8l0@°C for three (3) hours which is presented @ute
4(b). A more porous surface was observed irresgecti carburizing time. Hence, heat-treated surfaas characterized
by carbides, both at the inner and the outer serfAtso, observed is the thickness of the carbdrigrface at 800°C
which was found to be more as compared to as-redesubstrate (Figure 1). This is due to the postugcture of the
pulverized wood charcoal and eggshell which allonege absorption by the substrate (grey cast ir§RD analysis of
the carburized material at 800°C showed that brnopdaks were obtained at a higher temperature.i$fasin indication of

accelerated carbon diffusion at higher temperature.

Figure 4(c) presents the SEM morphology and XRxspm of carburized sample at 900°C. It was obgkthat
at high temperature, carbon atoms diffused faster the metal which resulted to graphite formatainthe substrate
interface. Thus, the entire surface is charactdrlzg retained austenite, martensite and graphytersa In addition, the
interfaces of the microstructure (Figure 4(c)) shdwhat there was strong metallurgical bondinghef diffused carbon
into the substrate. More so, the result of carlation at 900°C with a holding time of three hounew that there was

large number of carbon deposit which promote gtadbirmation at the interface of the substrate meta

More so, the micro-hardness values of the as-redesubstrate (grey cast iron) and the carburizetbles at
different temperature were systematically deterohinsing Vickers hardness tester (Figure 5). Theress values are a
function of the concentration of carbon atoth3hus, the pattern of micro-hardness distribut®fikened to the graded

diffusion of carbon atoms. The micro-hardness etgpens carburized at 800°C and 900°C is greader 260 HV, on the
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average. This suggests an enhanced hardening effiegtared to as-received sample. Furthermore atmple carburized

at 900°C show higher micro-hardness than the otaeburized samples and as-received, which indicatdsetter

improvement in mechanical properties, thus bettsrwesistance.
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Figure 4: (a—c) SEM Morphology and XRD of Grey Casiron Carburized at (a) 700°C (b) 800°C (c)
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4. CONCLUSIONS

Temperature and time were the major factors whigluénced the diffusion process of carbon atoms the substrate
material (grey cast iron). The precipitation of tirphite on the substrate material induces a gngatovement on the
mechanical properties of the material characteriaeslarying temperature. Thus, carburizing tempeeasignificantly
influenced the diffusion of carbon atoms and imtlgad to formation of thick layers as well as mask improvement, as
it could be observed for the hardness values at@@hd 900°C, respectively, compared to the valuasereceived
material. In summary, the microstructure and thehmaaical characterization of the carburized samgé&sonstrate that

pulverized wood charcoal and eggshell are goodmcgaarbon for surface reinforcement of grey cast.i
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