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Abstract

This research aims to study the factors affecting the hardness and case depth of low carbon steel subjected to the
pack carburizing process using carbon-enriched coconut shell charcoal mixed with an accelerator from cockle shells. The
goal is to determine the optimal factors for hardness and case depth of the test specimens. The study involves two
factors, each with three levels. The first factor is the carburizing temperature, set at 900°C, 950°C, and 1,000°C. The
second factor is the carburizing time, set at 2, 4, and 6 hours. After the surface carburizing process, the specimens are
subjected to hardening at 780°C austenitizing temperature for 30 minutes, followed by immediate quenching in water.
The specimens are then tempered at 180°C for 60 minutes and allowed to air cool. The hardness of the specimens is

tested using the micro Vickers hardness method along the depth from the surface. The analysis results show that the
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highest surface hardness, 861 HV, was achieved at 1,000°C and 6 hours, with a case depth of 1.92 mm. It is concluded

that carbon enrichment using coconut shell charcoal mixed with cockle shell accelerants can be effectively utilized in

the pack carburizing process.
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Test for Equal Variances: Hardness vs Temp
Multiple comparison intervals for the standard deviation, a = 0.05
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| | P-Value 0726
9007 | 1 Levene's Test
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| |
1000 I 1

100 120 140 160 180 200 220

If intervals do not overlap, the corresponding stdevs are significantly different.
= . . ! I3
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General factorial regression: Hardness versus temperature, time

Factorial information

Factor Levels Values

Temp 3 900 950 1,000

Time 3 2 4 6

Analysis of variance

Source Df Adj. SS Adj. MS F-Value P-Value
Model 8 414761 51845 40.6 0.000
Linear 4 41048 102621 80.87 0.000
Temp 2 67635 33818 26.65 0.000
Time 2 342849 171425 135.10 0.000
2Way interaction a4 4276 1069 0.84 0.516
Temp*Time 4 4276 1069 0.84 0.516
Error 18 22840 1269

Total 26 437601

Model summary

S R-Sq R-Sq (adj) R-Sq (pred)

35.6215 94.78% 92.46% 88.26%

HAN1TILATIENBNTNGIINTITENANTY 2 AaUand
Tugu#n 10 wudr nmsdfuladevesgumgituiinaden
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Main Effects Plot for Hardness
Fitted Means
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Interaction Plot for Hardness
Fitted Means
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No.
Average SD
1 2 3 4 5
720 749 770 725 704 733 26
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