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Optimum carburizing temperature and time in hardening big knife by pack

carburizing process using golden apple snail shells as an energizer
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Abstract

The objective of this research was to study optimum factors; carburizing temperature and time that affected the
mechanical properties of hardened big knives in pack carburizing process by using golden apple snail shell as an energizer.
The mechanical properties which consisted of hardness and impact values were studied. These properties of the
experiment were used for comparison with the mechanical properties vatues delivered from the big knives forged and
hardened by communal forging knives. The pack carburizing compound used eucalyptus wood charcoal powder as
carburizer with the proportion of 80 percentage and golden apple snail shell powder as energizer with the proportion of
20 percentage by weight. The two optimized factors in this study consisted of carburizing temperature and carburizing
time. The carburizing temperature consisted of three levels such at 960, 980 and 1,000 degree Celsius. The carburizing
time consisted of three levels of 60, 90 and 120 minutes. The carburizing experiment was conducted by following the
principle of design of experiments (DOE). After carburizing, the knives were then austenitized at 780 degree Celsius for 15
minutes and quenched in water. After quenching, the knives were tempered at 180 degree Celsius for 60 minutes. The
analyzed results showed that the carburizing temperature was 1,000 degree Celsius and the optimum carburizing time
was 83.9 minutes. The two factors produced on average hardness of 606.8 HV and average impact value of 32.5 Joules.
The optimum values of carburizing temperature and time were used for verification. The result of average hardness was
610.2 HV and the average impact value was 21.6 Joules, which coincided with the hardness of the communal big knives.
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Steel Chemical Composition (% by weight)
No. C Si Mn P S Cr Mo Ni
1 0.147 0.024 0.469 0.003 0.003 0.007 0.002 0.024
2 0.147 0.023 0.465 0.003 0.003 0.007 0.002 0.024
3 0.145 0.017 0.468 0.003 0.003 0.007 0.002 0.026
Average 0.146 0.021 0.467 0.003 0.003 0.007 0.002 0.025
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Position ~ Number Average
0.1 5 680.2
0.5 5 675.4
1.0 5 670.6
1.5 5 647.8
2.0 5 661.8
2.5 5 652.4
3.0 5 639.4
35 5 639.8
4.0 5 618.2
4.5 5 591.4
5.0 5 607.2
5.5 5 587.2
6.0 5 533.4
6.5 5 527.0
7.0 5 537.0
7.5 5 517.4
8.0 5 530.6

607.0

sd LCL UCL
20.0 661.8 698.5
13.1 657.0 698.7
13.1 652.2 688.9
12.0 629.4 666.1
23.0 643.5 680.1
19.2 634.0 670.7
215 621.0 657.7
299 621.5 658.1
145 599.8 636.5
32.4 573.1 609.7
36.5 588.9 625.5
253 568.9 605.5
8.7 515.0 551.7
16.0 508.6 545.3
15.1 518.6 555.3
143 499.0 535.7
215 512.2 548.9
1.7 588.7 625.3

A15190 5 Aenundsvesiunegeuliafildndndimsuauiudrguudeiianssuiunisuiinaisiualsds

Hardness Values (HV)

Temperature (°C) Time (Min) No. 1 2 3 4 5 Average sd
60 406.8 3913 413.6 4187 444.3 4159 19.4

960 90 574.7 549.1 535.8 52538 560.1 545.1 186

120 614.1 601.5 595.7 607.9 565.6 597.0 18.7

60 473.1 450.5 448.4 454.0 443.2 454.8 115

980 90 579.6 591.7 563.8 580.0 545.2 572.1 18.2

120 674.1 647.6 667.0 681.8 665.8 667.2 12,6

60 484.8 490.0 505.3 519.5 535.1 507.9 20.8

1,000 90 641.5 614.1 632.6 654.8 636.1 636.8 14.9

120 697.6 688.6 648.2 684.5 659.9 676.8 21.1
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3.3 AMUAIUNIULTINTZUNN
HANTSNAFBUATAIINAIUNIULTINTEWNNVDITALA
UVDIYUYY wanslumiseil 6 Fafimraduduniuns
nszunniaduegi 14.0 Joules duFunagouindnndd
AISUBUAITINIUNSZUILNITWINASIUELSEY HaDIA
ANMUAIUNIULIINTZUNN WARIRINIS191 7 TaeA1A9IL
FumuLsinszunntuazLAnAenAIALLde Jude
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3

LﬁaqmmﬁLLaxnmmiamﬁ'mm%uamﬁmﬁuﬁa 1,000
ssrwaldoa vldaiaudunuLsinssunniuanas
21.0 Joules Mdututl mszganadiigetuinlisng
Asunsvesadueuiindy easueuluivmaniiuiu
ArAnuudaaAinty Fldmdnse Anuduniuss
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Impact values (Joules)

No. 1 2 3

5 Average sd

17.0 12.0 14.0

11.0 14.0 2.2

A1390 7 A1AUAUULTINsELnnUetiunadeuildmandiansueuiigundainenssuaunmsuiinensiuelsds

Impact values (Joules)

Temperature (°C) Time (Min) No. 1 2 3 4 5 Average sd

60 64 54 70 a6 64 59.6 9.5

960 90 a8 54 56 63 52 54.6 55

120 38 a1 35 30 37 36.2 4.1

60 67 58 57 70 63 63.0 56

980 90 51 62 34 a4 38 4538 111

120 32 22 26 20 18 23.6 55

60 36 48 40 32 37 38.6 59

1,000 90 36 20 33 21 23 26.6 73

120 20 16 25 31 13 210 7.1

3.4 ASAATITANISEDA
N13M5ATHBUANYNABIVRITDYA
nMyesgvnsadanieideldlusunsy Minitab 17

TuMSIATITH Aeun Tz amiunzauvestlady

Fuduedredsivdeainnseaeuanugndesvesdoya

YOIHANITNAFDUAIAINULTIUATAIAIIUATUNIULTS

NITUNN FIUDINITANTIVABUANUAFIUAILNANN1IATH

wazATIERUmMATILUSUSI Fselll
N1INAdayU Test for normality YRIANANLTL LAz

AauFumuLsnssunnveinldildlunisnaaes Tng

Seansfg fo

Ho : tAumnA19dinIsuanuaswuuung

H, : wwnnangbdlainishantaakuuuni
1NATNAADUA2E Anderson-darling test U83A7

3 4’ & Y oA
AINKDY HAN1TNAFBULARTILIUTN 8 (n) Aziiuladnden

P-Value 1¥117u 0.095 TuvaugfiA1audiuniuns
NIEUNA mamimaauuamiugﬂﬁ 8 (¥) FailAn P-Value
Wiy 0.127 aifiulddn fn P-value vosaudABenaiis
aeedidruinninatudiay 0.05 Febiarunsaufias Ho
WARSEALABANANINITUANLASLUUUNR

d1m3un1smnaeu Homogeneity of variance U84f1
anuudanaraanudiumuLsinszunnildlunsmaaes
feannfigly fo

Ho : AULUTUTIUYBUAWANANNNNGNWNAY

Hy : A2NLUTUTIUT0IAYANANUANFANAUDE U oY
2 ngy

9NWATDIA1 Multiple comparisons ¥89AIANNULTS
LARSFagUT 9 (n) WuIA1ves P-ValueilAn 0.934 dy
mmﬁhmmﬁmmmmﬂizmeLamﬁ'ﬂugﬂﬁ 9 () WU
A1T99 P-Value fiA1 0.665 TuanzlAsiiuml Levene’s
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a1

Test YBIAIANBTILARAIAIFUT 9 () A1 P-Value i
0.962 @IUANUAIUNTULTINTEUNNUEAIRSLUTUN 9 (V)
A1 P-Value flf1 0.764 @aynA1iA1u1nnina1deddiny

Probability Plot of Hardness
Normal

L] Mean 5633
StDev  89.07

9% *y N a5

AD 0628
P-Value 0095

Percent
8

300 400 500 600 700 800
Hardness

(n)

0.05 Jebyiarunsaufias Ho wanginiauanAnaiinaiu
wUSUSIUAYIAY

Probability Plot of Impact
Normal

Mean 4
StDev 1634
N a5
AD 0575
P-Value 0127

Percent
)

Impact

()

U 8 Probability plot (n) ¥83A1ALTL (V) TBIAIANUFILNIULIINTLUNN

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

Temp Time

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

Temp  Time

960 60 t { Multiple Comparisons 960 60 — Multiple Comparisons
P-Value 0934 P-Value 0665
| -
EY } i Levene's Test € Levenes Test
120 P-Value 0962 120 e P-Value 0764
980 60 | 980 60  m—
90 i 90 }
120 R 120 L
1000 60 R — 1000 60 p—
90 | 90 P
120 —_ 120 [ ——
0 10 20 30 40 50 60 70 80 0 10 20 30 40
Ifintervals do not overlap, the stdevs are Ifintervals do not overlap, the corresponding stdevs are significantly different.
(n) ()
ql . . 1 < ! v
Un 9 19a0U Homogeneity of variance (n) ¥89AIANULTY (V) VBIAIAIMUANUNIULIINTLHAN

nMsnAdaU Test for independence ¥84A1AINLILTS
wazAIAUEUTIULS NSz ve sllaE T lun1sVInaDs
Tnessauuig fo

Ho @ sewmnnadudaseiu

Hy @ wewanenalallmdudaseiu

PNNANTNAFOU NUIALAYANA19VBIANNLTIEIA
P-Value 11U 0.497 uanawadagud 10 (n) wazAiay
ANANIYDIANUFIUNLLTINTTUNALARSAIFUT 10 ()
A1 P-Value Wi 0.527 2zifiulédnan P-Value vdes
AdlA1u1NNIAdEd ARy 0.05 Faldaiunsaufias Ho
uanaIAwAnA1Ldudasyraiu

2NN1IATIERUTANLRG I IS NVAAR T3 3

d7u A® Test for normality, Test for homogeneity of

variance Wag Test for independence A1 P-Value 994
4 3 daudidnannninededidy 0.05 Feanunsaagulai
weanA1adiniswanuasautaziiuwuuun® Sanudu
Saszaaiy warilnnuuwususiuldunnsnetu dedy 39
anusntideyalurmsiieseilutuneusoluld

Asanswavastlale

n153As1e B nEnaresiledefidinananiainunds
wuitadevesgumgiiouifiuanuey nateuliiunsuoy
wasiladesruiuiinaseauudaadovesdinldfidun
insnnastededdedidy Taun15199 8 wana

a

s18a¢108av09T9385uiA P-value Hagni1ASEAU

'
v o o a

Wedday? 0.05 yndade fanu aunseasulaindadesu

<
1%
A | o w

fananuuinanerinuuduadsed1editudfy wazann
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f = [

HaN1INAa0IlAA1U8Y R-sq LYY 96.80 LUBSLEUA

s

Yauziian R-sq (ad) A1y 96.09 1Uedifud &

Runs Test: Hardness

Runs test for Hardness

Runs above and below K = 563.289

The observed number of runs = 21

The expected number of runs = 23.2222

25 observations above K, 20 below
P-value = 0.497

(n)

TnaLABeiUA1989 R-sq LaASDIT1UIUTBITYATITIUIY

U

Wigawanlglunsimsigniadsnvang ey

Runs Test: Impact

Runs test for Impact

Runs above and below K = 41
The cbserved number of runs
The expected number of runs

19 observations above K, 26 below
P-value = 0.527

()

JUN 10 MAAeU Independence (N) TBUAYANANNTBIAIAIINLD (1) TBAABANANYDIAIATIUAUNTULIINTZLNN

A1519% 8 WANTSILATIEN Variance Hardness

General factorial regression: Hardness versus

tempurature, time

Factorial information

Factor  Levels Values
Temp 3 960 980 1,000
Time 3 60 90 120

Analysis of variance
Source Df  Adj. SS Adj. F- P-
MS Value  Value

Model 8 337880 42235 136.23  0.000
Linear aq 333169 83292  268.67  0.000
Temp 2 57057 28528 92.02 0.000
Time 2 276112 138056 44531  0.000
2-Way interaction 4 4712 1178 3.80 0.011
Temp*Time 4 4712 1178 3.80 0.011
Error 36 11161 310
Total 44 349041
Model summary
S R-Sq R-Sq (adj) R-Sq (pred)
17.6074 96.80% 96.09% 95.00%

JadefimunzaufInuudawazAANE UL
NSTUNN

519 Optimal Tugu# 11 wanslsfifiuindaded
Wz auvesguu)iouLina1suou Ao 1,000 047
waded natluniseuiiuasueu fie 83.9 wift Tneagli
A1A1uuTaads 606.8 HV wazA1A UG IUNIULS S
nszunARABAgn 32.5 Joules aziiiuldinszduiiaded
winzaufiesilildaanuudaazaimnugiuniues
nszunnlvieglutisiifiosns vesnszuaunsuiinaniive
1584 lnelfivdenvosiveiiduarsisesujisen fgumgd

AULNNATISUBUT 1,000 D9ANSALR YA LATLIATDULNY

AISUBY 83.6 U ﬁgﬁﬁLﬁaﬂM%ﬂﬂﬁﬂiLﬁd‘Uﬁﬁ%Eﬂﬁﬂﬂ
Waenviosived danwamnsaifuasnszdulsinfuey
uaniaudunsidlulufiamdnlfisitu Fddnalumsen
Winesuoutionas 83.6 Uil Mnnavestladefiunzaud
gy gideisldhsesutiatovesisansioulufingon
vmanaasuilofudunadiuiu 5 mannass lngidewly
g fio qruuglioutiiuauey 1,000 ssrwalToauas
nanauiiAueY 83.9 U

A15N 9 WaNITIATIZN Variance Impact

General factorial regression: Impact versus tempurature,

time

Factorial information

Factor  Levels Values
Temp 3 960 980 1,000
Time 3 60 90 120

Analysis of variance
Source Df Adj. SS Adj. F- P-
MS Value  Value

Model 5 9124.4 182489  27.15  0.000
Linear 2 88215  4410.75 6562  0.000
Temp 1 3434.7  3434.70  51.10  0.000
Time 1 5386.8  5386.80 80.14  0.000
2-Way interaction 1 42.1 42.05 0.63 0.004
Temp*Time 1 42.1 42.05 0.63 0.004
Error 39 2621.6 67.22
Total 44 11746.0
Model summary
S R-Sq R-Sq (adj) R-Sq (pred)
8.19874 77.68% 74.82% 70.39%
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3.5 AsvaaaiNedutiuna

iWerdunisnsivaeuanugniesvossefudadon
wanzanildainamisadn Jaihnimeassyuudedald
AaenIzUIUNITUINAISIUelsTe muan1Isvegungl
LazateuliuasuaudilFanmsmea iz auvos
a13L39U AN YeYeT LAENANITNAABUAN
Anuuds Fauanslumssil 10 uazAANUFIUNILLSS
NITUNNUAAITIATIER 11 uiuldinannuudaaded
ANIAY 610.2 HV LAZAIIUATUNIULTINTEUNN 21.6
Joules TngA1A1ukTrasdinldfiAroglugisniuan
5873719 588.7-625.3 HV luvazfiA1AaufunIuLss
nszunniildl fergandiAinnuiunusinssumnvesia
oy Jsfiaiadengd 14 Joules wansindialaviguuds
fenszuIunswiinansiuelsds vibildaunige uay
Arumilendigeulundeutuisaunsniunsnszunnlda
fu wiedaldfanuunedesaniofsusudalian
YUY

A157199 10 AAULTaInIsnasiioduduna

No.
Average sd

1 2 3 4 5

612.0 602.0 604.0 619.0 614.0 610.2 7.1

A5199 11 AANNAUNULSINTELNNUBINTNAaD LN EUTUNE

No.
Average sd
1 2 3 4 5
28.0 16.0 20.0 26.0 18.0 21.6 5.1

4. J30lua
HanN1sNAaesULdialamenssuILNIUAinAIsiUe
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first law [13] 91 1sunsazuUsiunuaududua
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# 60, 90 way 120 w1 S 1AL svestuau
dutulunudiu denrdesiunuiseves useAdnm
sysulwRuazany [4] idmarluniseufinasueui
Wuduiuezdsmalaiauudafiudy waziintufueans
\eUnsemnuia
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