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ABSTRACT

Surface h::rdc ning is an essential heat treaunent given
10 gears, shafts, cutting tools an!! other machine
components: to impact on them a good wear
resistance. surface. The kinetics of the depth of
diffusion of carbon in mild steel is usually enhanced
by thic addition of an encrgizer such as barium
carbonate (BaCO)) in the hardening mix. Barium
carbonate. is not locally available in ngcrm

Investigation were therefore carried out to appraise
soene apricullural waste: cow bones, coconut shells
and seu :.Iu.ll‘. for use as cnerpgleacts in suttuce
hardening: of mild steel. Packed-carburization
wechnique was used and various compositions of the
carburizing mixtire were investipated. At 900°C,
opumal values of surface hardness were obtained at
20T cow bone and 30% sea shell additions. Coconut
s=aell did not seem to significantly influence the
Sardening plocess at any level of addition. The results
showed that cow bone was 65.5% as cfficient as
82C0,. while sea shell was 82.5% efficient.. This
Zaper prcscms the effects of energizer concentration,
chemical compoesitions and holding time on- the
inetics -nd quality. of the hardened products. i

L\-rxobucrxov i3
The productxon of agncultuml wastes is an mlcgral
samt of any agro- mdustry such as food, breweries,

:‘::::o ctc. It is desirable that use !ic found for -

soch wasies, or they be properly disposcd of. Some
of the wastes inciude coconut shells, sea .,hclls and
SO ko i

;_ ium ~arbo:~.:: (BnCOB). sodium cnrbonatc

‘N2,CO,)yrsodium carbonate (N2,CO,) and

'!

potassium carbonate (K,CO,) have been used as
energizers to enhance the kinetics of carburixation
(McGannon, 1971; Gulycav, 1980). Hardwood
charcoal, which is a major component of the
jcarburization compound, is abundant and can be
¢sourced locally from burning of fircwood. Unlike
{charcoal, the energizers such as BaCO, is difficult
to soruce locally and is therefore imported. The
foreign exchange requirement for importation of the
raw material (¢ncrgizers) hinder the development of
small scale foundry industries and heat treatment
ahops i Migetla. It la therelive noosaanry (o flad
alternative cnergizer(s) to encourgac-the growth of
-the foundry industries and heat treatment shops.
Some of the possible cnergxrcrs include limestone -
i(CaCO ). and other materinls of high cnrbonatc
;content ’such as sca shellspo!oconut shells and cow*
g bones. Cow bone can be sourced ;ulmm free of charge
m many parts of the country at slaughter houses
(abattou—) Seca and coocnut shells can be sourced at
, riverine areas and cquitorial forest zones. They are
,rcncwablc sources unlike rock mineral energizers.
i Rescarch was therefore carricd out with a focus on
cow bone, coconut shell and sca shell for possible
use as energizers in small foundries.: The work covers
the characterization, the effect of energizer
concentration, chemical composition and- holding
1times on the kinetics and quality of the ~hardened
products.
Generally, carburization compound consists of a
{ mixture of hardwood charcoal and an energizer such
as BaCO At carburizntmn tempertaures of about
900°C anﬁ 950°C, catrapped air within the charcoal
{lumps reacts to form carbon monoxide:




A

—— | i s
| HE VECHIRNICAL TRANSACTIONS Vol. 35. No. 4 -+ D. U. I. Ogo and A. O. Ettesi’ ﬂ'
e SCRY ... aensinsanerannsd Eoee: 1) _similar to_hardwood and contams htﬂe orno oxl and £

Carbol midionide 1s unstable at the process .- Jresinous matter... 7 . AR TIARSI TS it \';»&"E

- .

waperature wnd thus decomposes wecording o the, .. L, . e o /.’2
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usnoent o atnosplieric oxygen in u charcoal

g varies sud o ly be insuflicient to produce -
nough ca 'L\...‘. g gas (CO), It is, therefore, ”
‘ provide more oxypgen to enable the
production of sufficieny CO, in acm.ord.u:cei with
cquation (1). C-;...r.x:xx." sufficicat an o.m?‘c“‘:,‘t':. 2
s shiowa in equation (3), also culuuice the pm:..uumn
ol CO. However, amole of C gives tise o n.vqxflolub
f CO e o cquation (3). :
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fie physical chemistry of carbonates reve cals that
most carbonates decompose to metal oxides! and

Fdioxiie on Leaddag at high tempenitares. FFrom
vailable data, the minimum decomposition
ciperaiure of the commonly available g.rLo.l.xl"S
tll below the process tenperatuse of carburization
MeGannon, 1971 Weast, 1976).
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CHEMICAL CHARACTERISTICS Ol' '
TIHE RAW MATERIALS

) Cucouu( Shell '
Coconut shell is clussified as a polysaccharide wuh
lecular formular nCH O aund c.u.mu..xl'
composition on dry basis, LUhSlb(Ulb of .z')prumm.xtcly
.31% liguin, 33.61% cellulose, 29.27% pentosan
nd 0.61% ash (\\ou.!"ool 1979). Coconut shiell is

'25%° (P.nrkcr, 1989) chcc cow bone consists' of

Sca shells are the calcified covering of most molluaks
and composcd of conchiolin which is mamly :i
mineral salt of calcium, carbonate (CaCO) wxm
traces of magnessium carbonate, Analysis of & sampl_c
collecied from Calabar, Cross River State, Nigeria -
gave thefollowing composition: 4.07 % SiO2, A1203,
NO 0.08% Fe O, 88.46% CaCO and 0.96% MgO . -
(Ekeéshili, 1991, - :

(©) Cow Bone :
Cow bone, on the other hand, consists of collagen -
' fibres which are organised in layers upon which
mineral salts especially calcium phosphate and
carbonates are impragnated. The chemlcal :
composition of bones are given as follows:’ organic *

‘ component (Collagen, mucopol)'aacchandes “clastin *

and fuy) 30%y inorganic calciim phosphatc 38.25%, '
calciem carbonate nnd trace ‘ions 6.75% ‘and .water

-
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both org,umc andi morgamc coanounds 'j,
o b8 LENT T N wonlt ey B2
N bmdSmd"“’””{"”” G,
Mild stell RST'37 was obtained from Jos Stecl Rolling ~;
Company, Jos thh the followmgtomposnion‘ i
PO T Ry S TV} { FY EPRR YL A 4
c s [vn [ p ] s~ T el [ ] &
0.15]0.21] 0.51 | 0.022 | 0.006 |- 0.02|0.02|0.07|Batance | =
. . THTA T AT £ ve s s Newsfent - Lo '.‘----. - ":
The above composition is close]y approximated by
SAE L01S specification. The sea and « n-'.nmll -lmlln »®

wete oblalned trom Cross River'State’, ‘Tlu. cow
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bone was obtained from the slaughiter’ hous;s at the

:»mum: Modern’ Marm 'BenueStateild #- 1
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22 E QUIP\ILNI‘ 5
The c.srburumg boxes with dm‘u.nsxons 8080
70mm were made of heat resistant §icel’”An’t electnc
furnace of type OH85TR, made in Hungary was used
for the heat treatment. It has ‘a_temperature
sensitivity of +0.5 'C. A mxcro-hardncss (chkcr§)
testing machine, "Model"MHT: 1"manufacturcd by
Matsuzawa- Seiki’ Compan)/ of’Japan ‘was‘used.
Olympus Metallurgical ’ mxcroscopc also made'in -

AR YO v .
SN S JUSRTPR v YT NRRE. | DS

,Japan was used for thc m:c_tosuuctural observauon. "

onsastund 2z wih e
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2.3 PROCEDURE , |
Hardwood charcoal, the shells and the Cow bone were
¢round and sieved 1o particle siz¢'6f:809% finer than =

»
B
l
.
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§ 425 microns. They were then mixed at predetermined
proportions as shown in Tables I, 1 and 1 "The
mild steel rods were cut into 30mm lengths,
thoroughly washed and dried,

—

The bottom of the curburizing box was covered with
a layer of the carburizing compound chosen from
Tables I, II, and III. A single specimen was placed
in cach hoax arxl the remaining space was filled with
the carburizing compound. The box was then covered
- witha lid and sealed with fire clay to prevent infiltrate
n air from entering the box during the carburizing
.

process. The box was then placed in the central zone
of the furnace which was found to have a constant
remperature,

Carburizing times of 2, 4, 6 and 8 hours were used,
At the end of each carburizing time, the box was
removed from the furnace :md quenched in water at

b room temperature (about 27°C). Each set of test was
repeated at least three times. The samples were
prepared for microhardness and microstructural
analysis.

A Effcct of Energizer Concentration on
Carburization Time.

l 3. RESULTS AND DISCUSSION

1
. Ar constant femperature, carburizing time, and zt a
Sxed distance from the surface of the specimen, the
carburizing Einetios depeands alimost vantively on the
concentration ol the carbunzing medinm. The effect
of varing the amount of the coconut shell, sea shell
'z:d cow bone is presented in the following section.

Sea Shell ?
Toz hardness of the uncarhurized sicel was taken at
I:,Z::xm intervatl and e mean value was HV223.95
w55 a standiard deviation of 0.60. The profile was
en from the edge to dmm depth. Table IV is a
mmary of the results of hardness measurements
ser carburized snples, using chiarcoal and sea shell,

p o= results show that as the amount of sea shell
Eﬂ:znscs, the rate of carburization also increases.
s however observed that an optimal value occured

D% sea shell and 70% charcoal. Above 30% sca
F: addition, the hardness value dropped.

ow Bone
iz':': V 1s a hardness profile on carburized samples
=simg charcoal and cow bone. The same trend is
2o==rved excep: that the ontimal value occured 2t 20%

cow bone and 80% charcoal. Above 20% cow bone
o
uddu{un the hardness value dropped.

Coco'inut Shell

Table VI summarises the results using various
concintralions and coconut shell and charcoal. It
can be observed that there is no significant increase
in thé hardness values at any given depth, due (o
mc.casc in the coconut shell concentration. At 100%
coconut shell, the hardness profile was not different
from lhosc obtained at 100% charcoal. The result
sl:ows that the coconut shell was not an effective
cncrg:zcr. but behaved as charcoal. ‘This confirms
the observations by Woodroof (1979) that coconut shell
is similar to hardwood.

{
B. The Effect of Holding Time on Carburization

Displa"ycd in Tables VII and VIII are the results
obtained by holding the sample at 2, 4, 6 and 8 hours
for sca: shell and cow bone respectively. At 20%
cow bone concentration and fixed holding time, the
hardness decreases with increase of distance from
the surface towards the centre of the specimen as
shown in Table IX. Hardness also increases with
holding! time at constant concenrtation and zufistant
depth. Similar observation were made with respect
to sea shell.,

C,  Réiction Kinetics

The nlm‘\--- renulta sl that sca ahell winl cow bone
enhanced carburization kinetics of mild steel while
coconutishell was not effective as an energizer. The
difference in behaviour could be due to the reaction
mcchan{sm which favour equations (2) and (3)
resulting in increased carburization rate.

|
Sca Shell Reactions -
The major reactions from the sea shell include the
fol!owing
(x)Dccomposmon of the carbonate
CnCO’ ‘898°C CaO + CO

(ii) Oxiyution of charcoal (oxygen deficient
condition)
CO: + C (Charcoal) ===---- 2C0  ....cccvuneee. (5)

(iii) Dccémpos[tion.ofcarbon monoxide
2CO - C + CO2 TS e T e 6)

Thc case Iot‘ gcncranon of CO in cquation (4) will
result in |bc increase of the cohcentration of atomic:

=

' 3

——
i
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Y carbion n\"“) as shown i equation (6). The mord lhc
©decomposition of C: 1CO the higher the L_.cgrul, of
e uinu I \)\u\gr, iowas observed ilnxl an
optimum c;u'hm.‘_auon occured at 30% sca shcll

addition. 'l

Zalion

A plot of the average case depth against |lllc
conceniration of sea shell is presented in l~1"ur:. L.
ULie hardness values are observed to decrease as tho
concentration of the sca shell exceeds 30% T}ns
could mean that the furnace atmosphere, was ric,l'u.r
+ CO_ from increased decomposition of CACP
siving *rise to decarburization. On the other hand
below 30% uaddition the furnace aunosphere could
and hence slower L.llbuh/dllOI]
Figure T also shows that longer holdmf’
hxglu_.r values of cases depths at all
compositions of the carburization compound. :

netent in CO

OO

unes gave

Coconut Shell :
From the composition of the coconut shell, tWo
possible reactions can be presented at the reaction
remperature. l'

i. Dissociation of the polysaccharides
I aCH O n(6C + 6H O
12 0 2

O

= g

wion of the polysaccharides
- GH)

- Gassific:
1

PO e a(GCO

2 3

vt e
Equation (8) will merely increase the overall (,.nruun

carburizing compound and ucnura(g
Since the carbon concentration in
(NeCiraw THll,

content of the

waler vapour.

[ Y )r_,hn'

harcoal s i

193Y), 1t can be considered to be bLlf)LIb..lllIIdl(,d%

Henee additional carbon produced due to LqullUlll
3) above will not significantly influence the reaction:
conditions remain constant. lhxst
1

l,

WEeEeTE S T

b
rate, if other

analysis confirms the result shown in Table (V).

= inetics but was not thermodynamically favoured at |
It was also observed lh.l(
1w tests using coconut shell generated severe scaling
-‘.\.ulu'l on the specinen and the carburization box. b
s observation supports the production of h @)
m :.L..ld of H in the decomposition.

IWOPTOCUNRS eniperature.

I Equation (9) would support increased carburization

Cow Bone
since cow bone consists mainly of polysaccharides

l
!
|
l
e T : ; !
30%, inorganic phosphate 38.25%, calcium |
)

|

carbonate and trace ions 6.75%; the following
reactions are possible: b

()The dissociation and gassification of the
polysaccharides as shown in equation (8) and (9).
(ii) The decomposition of the phosphdtes. 9This is
impossible at the process temeprature (9050 C) since
the orthophosphate will only melt at 167 C.

(iii) Decomposition of the carbonates shown in
equation (4). '

Reaction (i) above will not significantly increase the
kinetics of carburization, as discussed in the section
under coconut shell. The phosphates will also not
influence the kinetics of carburization since they are
not dissociated at the process temperature (950 ).

The decomposition of the carbonates as shown in -
cquation (4) will increase the carburization kinetics
similar to values shown in Table (V) and Figure (2).
The explanation given for the sea shell will also be’
valid in this case.

The effect of holding time is almost the same as that
observed for sea shell. However a sccond peak was
observed at 35% cow bone. This second peak has a
lower hardness value than the peak at 20% cow bone.

Case Depth:

The American Society for Metal (ASM) defines
effective case depth as HRC:50 or HV 550 on
Rockwell and Vickers Hardness Scalcv respectively
(Boyer, 1985). Values of case depth at 2,4,6and 8
hours e displayed in Tables (X) aud (X)),

Table (X) - Case depth (mm) measured at HV 550
and at 950 C carburization temperature.

Time =2 hours
% Sea Shell 0 10 20 130 50
Case Depth (mm) |0.55 [ 0.90 | 1.00|1.45]1.30

Table (XI) - Case depth measured at HV 550, 950°C
carburizing temperature at different holding times.

I =

1

Composition|  30% Sca Shell] 20% Cow Bone |~ IPTW
of Ch;rcoal Coconut
Carburizer : Shell
tolding time] 2 | 4| 68 2(41]6 |8 8 "8
(hf)ur) . v “an”
Case depth  |1.45 [1.95[2.60(2.80 |1.82 P.09]2.282.60 1..10 1.10 ]
4
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It is of intcrest to note that the case L!cpth obtained at
" 100% charcoal coincided with that of 100% coconut
shell after eight hours of carburization. The hardness
profile in both cases were identical within the limits
of experimental error.

The Diffusion coefficient of carvon in steel (De) 1s
also given by the equation below (Shackelford; Geiger
1973):

D =De Q7
g % RT
where Q is the activation energy and R is the universal
gas constant. Diffusion co(.fﬁLntz(Dc) of carbon m
austenite is givenas 1.8 x 10-7 cm /scc and 1.3 x 10”
cm/sec, by Geiger and Poirier (1973) and West

(1976), respectively.

ic average value of Dc was determined to be 2.1 x
107 em’/sec using data and case depth for 100%
charcoal samples. This value of Dc for carbon
diffusion in austenite is in agreement with published
values. Using the case depth at two hours and 30%
sea shcll the corresponding diffusivity value was 1 46
x 10° em/sec, wlnch compares with 1.7 x 10 cm’/
sec and 3.6 x 107 cm'/sec reported by Okongwu and
Paranthaman (1987) and Read-Hill (1973),
respectively.  The value reported by Okongwu and
co-worker was based on use of encrgizers. For the
rn\:' baone, the (Iil'l'n.':'ivi(y was found to be 2.3 x l()ﬁ
cm’/sec which compares with the above results.

Comparison of Sea Shell, Cow bone with other
energizers.

The effective case depth obtained using other
energizers is given in table (XII) for 2 hours
carburization.

Table (XII): Comparative values of diffcrent

eneTZiZers.

Emergircs 30% 20% 20% 20% 20%
Sea Shell C(;w bone Lime Stone Dolomite BaCo3
Cane Diepets 1.45 1.82 1.08 0.36 1.76
EfSccy 2.64 2.10 ‘ 1.96 0.65 3.20
e §2.40 65.60 61.40 20.45 100

y was determined using BaCO , as the
it has.the highest efficacy.

The table above indicates that BdCO is the best
energizer follow ed by Sea Shell which i5'82.40% as

efficient as BaCO This is followed by cow bone.
Coconut shell is’not included in the above table
because it showed similar behaviour like charcoal,i.e.
notx'm cffective energizer.

Efﬁicacy Case depth with energizer/Case depth at

IOO% charcoal.
(’I xmc and temperature are kept consmm)

CONCLUSIONS

The kinetics of selected Agricultural wastes in
qurface hardening of parts has been examined and
the followmg conclusions are made:

1. The addition of sea shell, and cow bone to charcoal
cah produce a significant increase in the
carburization rate of mild stecl.

»_The carburization compound made up of 30% s€a
sfiell and 70% charcoal produced an optimal

hrburizing effect at constant temperature and
holdmg time.

3; At constant temperatures and holding time 20%

w bone and 80% charcoal will produce optimal
ﬁrburlzmg effect. - :

4. Case depth increase with holding time at all

compositions of the carburizing compound.

5. The hardness profile of coconut shell is identical
with that of charcoal, which implies that coocnut
-shell was not an effective energizer.

6. Effective average case depth 1.45, 1.95, 2.60 and
2:80mm where observed at 2, 4, 6 and 8 hours of
carburization with 30% sea sm.ll mixture at Y000C.
At 20% cow bone, the depth were 1.82, 2.09, 2.28
and 2.60mm observed at 2, 4, 6 and 8 hours
respectively.

7. Severe scaling and corrosion problems occured
with coconut shell and cow bone specimen.

8. Sca shell compares favourably with BaCO3 as
energizer giving a relative efficiency of 82.5%
when compared with BaCO3.

9. CPw bone can also be used as an energizer and
has a relative efficiency of 65.60%. Butcare must
be taken because of the associated corosion
problcm '

10. | Sea shell is the best substitute for BaCO3
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Carburization Compound using Hardwood Charcoal and Sea Shell

Compound Composition

L., ' 100% Charcoal + 0% Sca Shell
2 90% Charcoal + 10% Sea Shell
3. .80% Charcoal + 20% Sea Shell
4. 70% Charcoal + 30% Sea Shell *
3. 60% Charcoal + 40% Sea Shell
6 50% Charcoal + 50%' Sea Shell

tabic IT:

Carburizing Compound using Hardwood Charcoal and Coconut Shell

Compound

0.

7 oh

i
!
i
1
i
)
M

Compo.sxhon

1O0O % (€ ll!llluul 1 OY%Coconut Shicll
90% Charcoal + 10% Coconut Shell
80% Charcoal + 20% Coconut Shell -
70% Charcoal + 30% Coconut Shell
60% Charcoal + 40% Coconut Shell
50% Charcoal + 50% Coconut Shell
0% Charcoal + 100% Coconut-Shell

Table 111:

;
s 1rl)m izing Compound usmL Hardwood Charcoal and Cow bone ..

Compound |

Composition

l
b
f
i

100% Charcoal + 0% Cow bone
S0% Charcoal + 10% Cow bone
85% Charcoal + 15% Cow bone
80% Charcoal +20% Cow bone
75% Charcoal + 25% Cow bone
70% Charcoal +30% Cow bone
65% Charcoal + 35%.Cow bone .
60% Charcoal + 40% Cow bone




| NSE TECHNICAL TRANSACTIONS Yol. 75. No. 4 | D. U. I. Ogo and A. O. Ette

Table IV: Effect of Concentration of Sea Shell on the fi5.rdness Profile
af Carburized Mild Steel, RST37 at 9500¢ I'ori 2 hours

l

IHardness Values (HV) at Concentration of Sca Shell (%)

Distance

(mm) 0.0 10.0 20.0 | 300 40.0 50.0
0.2 618 05 763 ' 804 798 s
0.4 575 G 725 ,' 755 T 763 757
0.6 513 598 657 . 746 700 675
0.8 523 547 583 " 66l 652 622
10 4o 523 - 547 C 6 606 579
1.2 481 s05 540 606 547 543
. 478 490 520 . ssa 533 530.
1.6 457 481 502 i 520 520 517
1.8 422 478 490 514 502 496
2.0 37 457 483 505 487 484
2.2 311 427 476 {490 484 481
2.4 o 37 465 ; 481 478 470
2.6 i 294 - 31 444 [ 470 457 451
) il > 406 | 465 418 400
30 2441 204 373 | g S0 a1
3.2 242 260 3l 406 364 351
3.4 240 244 312 1 37 341 328
3.6 240 242 269 ‘ 323 315 270
3.8 . 238 240 255 270 252 250
n - 238 210 242 | 251 244 240
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Hardness value of Carburized Specimens Usingﬁ?ﬁ}?ml and Col Bongs. ' 'h’“
Table V: Average Hardness Values in IV of § p%:cimcns in various carburizing e
compounds (1 to 8) heated for 2 hours.
90% 85 ‘\, 80% 75% 70, 65% 60%
Charcoal  Charcoal Charcoal Charcoal Charcoal Charcoal Charoal
+ + + + + + +
S. No Distance 100% 10% 15% 20% 25% 30% 35% 40%
(mm) Charcoal Cowbone Cowbonc Cowbone Cowbone Cowbone Cowbone Cowbone
A B [ D E " F s G H -
I 0.2 €60 705 p 1';7 850 614 575 830 771
2 0.4 627 614, 649 808 546 s46 < 789 132
3 0.6 596 sis o 767 554 519 i 749 696
0.8 500 524 535 729 526 493 712 661
S 1.0 538 492 507 692 500 468 676 628
b. 12 511 490 507:3 658 475 445 ’ 643 597
7 1.4 485 ‘ 470 5021 625 451 423 610 567
8. 1.6 461 y 8 457 502;? 594 429 402 - 579 538
9. 1.9 438 427 4371l 564 407 381 .. 551 512
10. 2.0 416 406 4731 536 3’7 362 523 460
11. Vo R R 4ol | S0y S0/ 344 497 437
12. A 3. 2 BT 483 349 327 472 415
13 2.6 334 301 420 430 332 310 " 449 394
14. 2.8 309 231 383 ' 383 3ty 295 426 355
15. 3.0 208 251 315 | 341 299 280 384 301
6. 32 258 244 273 1 303 369 366 300 257
17 3.4 236 242 244 ! 270 242 230 260 233
18. 3.6 214 224 249 240 218 216 220 220
19. 3.8 213 222 246 214 218 216 230 220
20. 212 22 245 214 218 - 216 228 220
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Effect of Concentration of Coconut Sh;cll on tile Hardness Profile
. * * of Carburized Mild Steel, RST37 at 9500c¢ for 2 hours

Distance

1
Hardness Values (HV) at Concentration of Coconut Shell (%)

() 0.0 100 200 300 400 500 100.0
0.2 : 618 618 618 622 6;’?_2 618 631
0.4 + 57 579 575 579 5,55 579 583
0.6. 543 547 543 547 5‘|43 547 547
0.8 s 523 527 523 %27 523 523
L0 [ 4% 490 493 490 4'}93 490 502
L2, : 481 434 481 484 48l 484 490
1.4, , 478 478 476 478 4:"!76 478 478
L6 | 457 459 454 457 459 457 457
1B . 427 427 425 427 4;25 427 441
20 L. 3 373 371 372 3;71 373 427
. 341 344 * 343 344 3}&43 344 400
2a P a2 | 3 312 3'514 312 375
2.6 294 294 291 293 2"91 294 353
2.8 260 270 260 270 260 270 341
30 ° 244 245 247 245 w1 s 320
3.2 1240 244 242 244 2:42 244 282
3.6 240 242 242 242 2?42 244 269
3.8 238 242 240 242 2f40 242 256
1.0 238 240 240 242 . 2'40 242 242
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Table IX: Hardnesy value (ITV) at optimum ndditit‘m (20% Cow hone) at different holding times.

Hardness (V) at 20% Cow Bane

Distance {(mm) 2 HOURS 4 HOURS 6 HOURS 8 HOURS
0.2 850 900 960 1040
0.4 803 855 912 988
:

0.6 67 si2 866 939
0.8 729 7§|2 823 892
1.0 692 733 782 847
1.2 658 696 753 805
1.4 625 662 706 765
1.6 504 6‘.;9 670 726
.8 564 597 636 690
2.0 536 558 605 650
22 509 539 575 622
24 i 500 546 591
2.6 430 487 518 562
2.8 383 463 492 533
3.0 341 439 468 507
32 303 "1|7 443 482
3.4 2% 396 422 458
3.6 240 376 401 435
3.8 214 35fz 38) 213
" 214 | 3%9 362 392
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Hardness (H{v)

1400

I ayﬂh Sea Shell (2 Hours)
i, - 46 Seu Shell (4 Hours)
i -3 %.\'«\-_u :\'/,.-/l (6 Hours)
: ﬁ)ll 4% Nea Shell (B iours)
I |20 %% Charcoal
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Figure 2: Eflect of Holding Tune on the Carburizing Kinetics
Using 30 % Sca Shell at 950 oC
1000 =
] [ 160 % Charcoal
! —R) % Sea Shell
'f' 20 %% Sea Shell
; )0 Y% Nea Shell . y
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TEMPERATURE: 9500C
PARTICLE SIZE: 425 pm
TIME: 2 HOURS
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Figure 1: Graphical - Determination of Case Depth using Hardness Profiles and
distance data for Diflerent Carburizing Compounds after 2 Hours at 950 oC
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