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Abstract

The objective of this research was to study the optimum factors between carburizing temperature
and time affecting the mechanical properties of hardened big knives hardened by carburizing process using
periwinkle shells as an energizer. The mechanical properties which consisted of hardness and impact
values were studied. These properties from the experiment were used for comparison with the mechanical
property values delivered from the knife forging commmunity, whereby the average hardness value was 607.0
HV and the average impact value was 14.0 Joules. The experiment was conducted by forging big knives
from low carbon steel with the similar shape and size as those fabricated by the knife-forging community.
The pack carburizing compound consisted of 80% eucalyptus wood charcoal powder as carburizer
and 20% periwinkle shells powder by weight as energizer. The principle of design of experiment (DOE)
was used to design the experiment and the optimization was statistically analyzed. The two optimized
factors in this study consisted of carburizing temperature and carburizing time. The carburizing temperature
consisted of three levels i.e. 960, 980 and 1,000 degree Celsius. The carburizing time consisted of three
levels i.e. 60, 90 and 120 minutes. The experimental steps were as follows; the knives were carburized
then austenitized at 780 degrees Celsius for 15 minutes and quenched in water. After that, the knives
were tempered at 180 degree Celsius for 60 minutes. The analyzed results showed that the optimum
carburizing temperature was 1,000 degrees Celsius and the optimum carburizing time was 96.1 minutes.
The two factors provided the average hardness of 606.9 HV and the average impact value of 24.8 Joules.
The optimum values of carburizing temperature and time were verified. The verification results revealed
average hardness of 610.2 HV and the average impact value of 21.6 Joules, which coincided with the
scope of the mechanical properties of forged and hardened knives from the fabricated community.

Keywords: Pack Carburizing Process, Carburizing Temperature, Carburizing Time, Big Knife, Periwinkle Shells
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6.0 5 533.4 8.7 | 515.0 | 551.7
6.5 5 527.0 16.0 | 508.6 | 545.3
7.0 5 537.0 15.1 | 518.6 | 555.3
7.5 5 517.4 14.3 | 499.0 | 535.7
8.0 5 530.6 21.5 | 512.2 | 548.9

607.0 1.7 | 588.7 | 625.3
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fialdvosyuvu uandlumsnedl 6 Fafleraudiuniu
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Hardness Values (HV)
Temperature (°C) | Time (Min) No.

. 5 3 2 s Average sd

60 376.0 350.5 402.2 378.8 343.2 370.1 23.7

960 90 486.4 492.4 453.5 ara 463.8 474.2 15.9
120 578.4 548.0 539.5 539.0 556.2 552.2 16.3

60 432.1 461.4 468.3 442.1 456.6 452.1 14.8

980 90 558.5 587.4 540.4 535.1 562.2 556.7 20.7
120 613.4 596.8 618.5 603.7 571.5 600.8 18.4

60 462.8 478.2 470.3 469.4 472.1 470.6 5.6

1,000 90 614.1 622.8 612.6 592.5 566.3 601.6 22.7
120 602.4 656.7 641.1 683.6 635.4 643.8 29.8
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Impact values (Joules)
No.
Average sd
1 2 3 4 5
17.0 | 120 | 140 | 16.0 | 11.0 14.0 2.2

3.4 NFIATIZANEDA

3.4.1 NMINTINABUANNYNABIVDITOLA

Myesein1adin1eideldlusunsa Minitab 17
TunsHATIZ9 AounIsimsIvimadianzauves
tady Suduesdeiazdosiinimsivasungndes
193 0YAVDINANITNAFBUAIAULTILAZAIAIY
FUMULIINTZUNN TINDINTINTIVADUANLRFIUTIEVAN
NEDA LaznTI9dUAIANLLUTUTIU lneillsisazidun
Faseluid

ATNAgey Test for Normality YBIAIAINUUD
LazAIALFIUNILLTINSEUNnvesdala Tl lunas
NAADY Imaé?aamuagm fio

H, : {uanAsinIsuantasuuuuni
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PMNNTNAFBUAIY Anderson-darling Test 89
s wamsvaaeuuansluguil 11 aiiuléing
A1 pvalue Wiy 0.088 TunausdimAuiuLwss

Probability Plot of Hardness
Normal

lean
StDev 8608

&

AD 0642
P-Value 0083
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8888838 8
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3Ufl 11 Probability Plot aarinuTs

Probability Plot of Impact
Normal

Mean 3916
StDev 1589
N 45
AD 0370
P-Value 0410

Percent
g

Impact

sUT 12 Probability Plot fAasumuussnszunn

ATELUNN mamsmmaammmﬂugﬂﬁ 12 Faflen p-value
Witiu 0.410 aziuladn A1 p-value vesautRmana
waesdiannnnianiodey 0.05 Seldaunsaufias
H, LanafaaunnAdn1shantaauuuuni
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Impact Values (Joules)
Temperature (°C) Time (Min) No.
. 5 3 2 5 Average sd
60 61 56 67 46 58 58 7.70
960 90 60 a7 68 52 a2 54 10.35
120 28 38 30 a0 32 34 5.18
60 64 53 62 68 54 60 6.50
980 90 40 38 a4 50 39 42 4.92
120 32 22 16 28 34 26 7.40
60 41 a4 32 30 35 36 5.94
1,000 90 24 30 20 22 26 24 3.85
120 28 12 24 15 10 18 7.82
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Test for Equal Variances: Hardness vs Time, Temp
Multiple comparison intervals for the standard deviation, a = 0.05

Time  Temp

60 960 Multiple Comparisons

980 ——
10001 F——

ne’s Tes
P-Value 0710

90 960 e
980 P
1000 ——— ]
120 960 P
980 e ——]

1000

0 20 40 60 80 100 120

Ifintervals do not overlap, the ing stdevs are signi

3‘1Jﬁ 13 nagau Homogeneity of Variance YasrANULTa

Test for Equal Variances: Impact vs Time, Temp
Multiple comparison intervals for the standard deviation, a = 0.05

Time  Temp

60 960 —_— Multiple Comparisons
P-Value 059
P .
%80 Levene's Test
1000 P P-Value 0761
90 960
980 P

1000 —_—

120 960 P
980 —_
1000 ]

Ifintervals do not overlap, the stdevs are signif

3‘Uﬁ 14 NM1IAEOU Homogeneity of Variance U84A7
AIUATUNIULIINTZUNN

dmun1Inaaeu Homogeneity of Variance U84
AranuwduazaanuiuuLsInsEunniildlunis
naes feauufgiuly fe

Hy © ANUMUTUTINRUAANANNNNGNMNAY

H, : AuLUsUsIU90 L AYANA1SLANA9AY
pgNleY 2 Nay

INKAYBIA Multiple Comparisons ¥89AALGS
LLamﬁquﬁ 13 wudn leA1ves p-value Wiy 0.199
ANAUAIUNULTINTELNN LLamﬁ’a‘Lugﬂﬁ 14 l9A1v09
p-value 111U 0.590 Turauziigaiual Levene’s Test
v93AANULTelAAT p-value Windu 0.710 dudn
ANEUNIULSINSTUNn AN pvalue WU 0.761 3
yneAdiAnnIentiuddey 0.05 Jelianunsaufias H,
wananavanAafiauUsUTILTIviny

Runs Test: Hardness

Runs tesat for Hardneas

Runs above and below K = 524.622

The cbserved number of runs = 23

The expected numkber of runs = 23.2222

25 observations above K, 20 below
P-walue = 0.94¢

(n)

Runs Test: Impact

Runs test for Impact

Runs above and below K = 39.1534
The ckserved number of runs 25
The expected number of runs = 23.4

21 gkservaticns above K, 24 below
P-walue = 0.628

(@)
gﬂ‘ﬁ 15 (n) n13Madeu Independence AAND
(¥) MIVAEBU Independence ANAMUATUNIY
WIINTTUNN

N1IMAEeU Test for Independence 83A1AINM
uwdaazanuiumuLsInssnvesinlg il lunis
VIAABY UARSHARIFUT 15 Tnedsausfign fio

H, : \diyanaadudasyiu

H, : wiwanaaldladudaseiu

PNHANTNARDUNUIN AANULTeiAT p-value
WAL 0.946 WagAMANNATUVITULTINSEUNALA p-value
Wiy 0.628 Faienunninendedndiey 0.05 3elilanunse
Ufias H, wansinaennanadmnududasseeiu

91NN1IATIAOUTDAUNAFIY W3 3 dau flo Test
for Normality, Test for Homogeneity of Variance
waz Test for Independence A1 p-value HAMINNIN
Atludndny 0.05 Fsanansoasulidideyaiinisuanias
Anutnagidunuuund fanududassreiu wazd
ANULUTUTILlILRNANeY

3.4.2 MIMBNsnavestade
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A157199 8 HAN1IATIEN Variance AIAIULDS
General Factorial Regression: Hardness Versus Tempurature, Time
Factorial Information
Factor Levels Values
Termnp 3 960 980 1,000
Time 3 60 90 120
Analysis of Variance
Source Df Adj. SS Adj. MS F-Value P-Value
Model 6 310619 51770 127.75 0.000
Linear 3 305702 101901 251.45 0.000
Ternp 1 85120 85120 210.04 0.000
Time 2 220582 110291 272.16 0.000
2-Way interaction 2 1725 863 2.13 0.133
Temp*Time 2 1725 863 213 0.133
Error 38 15399 405
Total 44 326019
Model summary
S R-Sq R-Sq (ad)) R-Sq (pred)
20.1308 95.28% 94.53% 93.33%
paA1ANLTsRdevedinldnthuyn1smaaesetned Optimal Temp Time
v o o - v D.0ges High 10000 1200
HodAy lnen19199 8 uansTgazidunuestladeusiu e o (1000.0 196.1259)
" I o Predict Low 9600 600
1A p-value teenineAseautudAgyn 0.05 ndade
failu aunsaasulaintadesiudananituiinason /\
a | A v o w Yo Co poste
ANuLdaRdueteditedidey wagsanwanisnaaeslaan -
1 U dl 1 a0 ! U m
VB R-5q :M1NU 95.28% VaUg A1 R-sq (adj) UALvIINY D: 08628
94.53% FslnalAesiuAIued R-sq lagdnuuiieanai
Talunsiesigrtadenvungeau
3.4.3 Uadeimnzausamauuds Impack
. = o v ' Mi
9ngUns Optimal iwanslusui 16 uanalvitiuin mm
p U oY . - y= 248198
Tadeimnzanvesgauugiiouiiuaiiueu As 1,000 Y e | K
peAwaldEd LIaluNISoUNNAISUBY AD 96.1 U
Tngldmmnuudands 606.9 HV LagAANUATLNILLTS
a8 o Hardness
nszunniafeingn 24.8 9a MnHavesladeivunga I
ld fAdeddlnhsyivtadevemsasiouladnaim y = 6069513
d = 099

nsneaeiieudunadniu 5 Msnaaes Inskeuly
L4 fio gaungilouliiuansueu 1,000 sarmaTed oy
WaneuLiAIsUaY 96.1 Uil

3U# 16 Optimization Plot ve8nsnavesladesig
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3.5 mInaasuietuduna

LﬁaLﬁuﬂﬂimmaaummgﬂﬁawaaigﬁuﬂﬁaﬁ
wnzandldanamseda Jnhnsmaassuudeials
MENsEUINNSLANAUBLsT muan1zvegnmgl
waslateuiAsueuiildatnnismaAfivanzauves
a1sseufisendfenesvy InenanIsvaaauAIAIN
W aERITInI59T 9 WaTAIAILSIUNIULSINTEUNN
Wanafn159i 10 asudiuléan Apnuudaadedon
WU 610.2 HV UAZAMUAUMIULIINTEUNN 21.6 98
TagArmnuudailéiineglutisnunuszning 588.7-
625.3 HV

= J < Ao
N9 9 ANANULUIYULUNE

No.
Average | sd
1 2 3 4 5
612.0 | 602.0 | 604.0 | 619.0 | 614.0 | 610.2 7.1

M157197 10 AIANUAUNIULTINTEUNNEUTURE

No.
Average sd
1 2 3 4 5
280 | 16.0 | 20.0 | 26.0 | 18.0 21.6 5.1
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JUN 17 urunmaumilaves Fe-Fe3C Diagram
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