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Abstract

The objective of this project is to study the increase of surface hardness of
compression screw in the charcoal factory in Phitsanulok province. The pack
carburizing process at 950°C with the holding times of 3, 4, 5 and 6 hours,
respectively, was used to determine the suitable time and diffusion distance of
carbon underneath surface. After the pack carburizing process, the increase of carbon
content and microstructure of screw ‘were determined by optical ‘emission
spectrometer and optical microscope, respectively, compared with the prior process.
The diffuision distance of carbon was measured using the paronamic photos of
microstructure from outer surface to inside. Rockwell hardness testing method was
carried out at the screw surface both before and after the pack carburizing process.
Finally, the case hardnening process was applied to the pack carburized screw
spcimens.  The microstructure and hardness of case hardnenied spcimens were
subsequently determined.

The experimental results showed that the suitable time for the pack
carburizing process at 950 ° Cis 4 hours. The carbon diffusion distance and average
hardness after the case -hardnening process of the screw blade -are 1.435-mm. -and
497 HRC. In the case of screw core, the carbon diffusion distance and average

hardness after the case hardnening process were 1.230 mm and 56 HRC.
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NaCl = Sodium Chloride

NaCN =  Sodium Cyanide

Na,CO; =  Sodium Carbonate

HRC = Hardness Rockwell Scale C
BaCl, = Barium Chloride

CCaN, = Calcium Cyanide

HY = Hardness Vickers

Ar = Argon

C = Carbon

co = Carbon-Moenoxide

Co, = Carbon Dioxide

BaCO; =  Bariam Carbonate

K:CO3 = Potassium Carbonate

K = Kelvin

FCC = Face Centered Cubic

BCC =  Body Centered Cubic

HCP = Hexagonal Closed Packed
AL,O3 = Aluminium Oxide

MeO = Magnesium Oxide

exp = Exponential

APF =  Atomic Packing Factor

cpP = Carbon Potential

HB = Hardness Brinell

AlSH = American fron And Steel Institute
JIS = Japaness Industrial Standards
CaCO, = Calcium Carbonate

N/mm® = ffusesnsdiadiang
m/sec =  gyRunIEIu

cal/mot =  umaasIRelya

cm/sec = mTEuRLmsHEIUT
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A L3 1) ¥ 2
A3 2.1 asAUsznausing § vasaulil {16]

Proximate Analysis (As Received) , v
. - - — ATAIDU

JedaY I0YHY oAy Javay 4.,

w v . WARDIMB
@amama m'mﬁu L0 M EANT ] AU o
ng
AN

anlifganauda 3.92 1.12 2597 68.99 7,689.50
auaInnsennulsiuawgsol 11.92 5.56 6.49 76.76 7,601.00
mulitagion _ 7.6 423 9.64 76.14 7,511.10
omldiszanuna 3.61 4 21.05 71.35 7,391.53
anlsinseiudng 5 3.2 16.3 75.5 7.138.50
alaiuuns 5.97 4.09 9.51 80.43 7,132.09

2.2 MIWNWIVIREABY

mIunsyesozneu (Diffusion of Atom) LWumsidouiivesesnauanganialu
Snqanih Fafatuldvisluaninewds veaman uasineg msunsluanmesavan wasfeg
tudniuldhe winmmdluanmsoudniussfosendesdsnssiilfianuns suldud
mfou Beiindaruauieuninivgdieiliiansunsldidy sasnisiadeud
yapznaLilAUdiuG Vg iivEendnuauiou AN sauns 2.6 vasenitsdes

(Arrhenius)

—-Q
D = D,ex (——) )
0®XP\ &t (2.6)
o = ' |
We D, fo A
R #o Apefiveaudd (1.987 cal/mol - K)
T Ao gungiiduysal (K

Q A wivunsau (cal/mol)

aumsvesanilaiioaannindeulugvesaenmsfiusssuilddaunts 2.7

In(D) = In(D,) — @7
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Iannsanisnnsmikanamuduiugszning D) M 1T Gwandugy 9 2.3)
Tagruduraadunamvesifud QR srawsedunandmdsnunsedu (Q

YBINTEUIUNTIOMNAIUTUTaRdUNIINAING

10‘2|E— Q/R = slope
- QR =B X 1019) - In{5 X 108)
- 0.00129 - 0.00092
5 Q/R = 14,000 K1
1011 -
§ 2
I . X
Ts)
-FE:' 101 £
e S ~
€ °
L X
W
10° £ £
:
- 0.00129 - 0.00092 PN
106 _/\/ | L i i 1 1 i .“r 1 1 1
5% 104 10 X 104 15 X 104
1
— -1
T K

Uit 2.3 nymonfisuileassving In() Au /T [20]

2.2.1 nakANISuWs (Diffusion Mechanisms)
nsuwsvseymenvadlavsuigniliunisindeuiivesesnenvesdalosniinil
TugaBniinils nszuauntsunsuuuil sdendnmsundlasesnonvaaiaies (Self-Diffusion)
winszurumsMsunslagezmenishaslinfuvisasaouvasianiidnatu duandugui 2.4
Wunsunfdmfusendieznovemeuns (Cu) wasiiniia (N) [14] Yhginalanisuns

28 2 tl1efe
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2.2.1.1 n1SUWSHUUYEB999 (Vacancy Diffusion)
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Motion of a host or
substitutional alom

I999 2999

Paosition of interstitial Position of Interstitiz
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#fi13790 2.2 VOYANTIUAIVDIIEANAN € (6]

64,000

ANTTUWT Q (cal/mo) | D, (cm/sec)
ASUAITUUINSAT '
asuauluvdnlassaiendnuuu FCC 32,900 0.23
msuerlumdnlassadreninuuy BCC 20,900 0.011

Tulnsovlumanlassadraudinnuy FCC 34,600 0.0034

Tulnstauluminlassadrawdnuuy BCC 18,300 0.0047

lalaswuluméniaswadimdnuuy FCC 10,300 0.0063

lalsiaulumdnlaseasandnuuy FCC 3,600 0.0012

| nsunsTaeaies (Msunsuuuteing
aeilunsilassadnmdnuuy FCC 25,900 1.27
avgliluylussgitiioulasaadeadnuuy _ _
leec 32,200 0.1
| vesmaslunesunslassadawdnuuy FCC 49,300 0.36
wianluwanlassaiawdnwuy FCC 66,700 0.65
dansdludansdlassairamdnuuy HCP 21,800 0.1
wanthdsiluwunii@uslaseasmdnuuu |
HeP 32,200 1
wianlumdnlaseashadnuuu BCC 58,900 41
_ VeaunhitailazeafindnuuBee | 143300 ) 188
Farouludaou (araud) 110,000 1,300.00
arsvaulumsueu (ataiaud) 163,000 5
nsuwslagasnomsnatila (Msunwiuuu
$93719)

Ondeluweswns | STS00 | 23
vivanaluiinia 61,500 0.65
danz@luvaaun 43,900 0.78
dnfialumdn FCC 4.1
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< 1 v ] @l 1
M5 2.2 (A3) VaYANITUNIVELIAANN 9 [6]

An1IUns Q (cal/mol) | D, (cm’/sec)

vi9gludy 45,500 0.26
RHuluves 40,200 0.072
svgiilenluneasung 39,500 0.045
avgilidlenlu ALO, 114,000 28
pandiauluy ALO, 152,000 1,900.00
uuniideulu MeO 79,000 0.249
aondiaulu MeO 82,100 0.000043

2,22 9M5MNI5uW3 (Rate of Diffusion)
[Y] [ [3] [ @ 0 ) P [¥) [l
ANTINTUNTVDIDEMVAUYINIALTU Wang (Flux ; J) F9v98d 9nsin1sane
= o o el 8 ° = '
lowyasegnauaniinilnnudugaludininnudud laeviosnuuluduauesnouiiuns

1 1 & 4 oy 5 s =4
dussuulumbheiuiaungdousnuesiia (Fick’s first law) Ae

s AD 2.8)
Ax

A ) 2
We ) fo Wand (esmau/cm sec)

a & | 2
D Ao duusedvnonisuws (cm' /sec)

Ac 2
. AD INSLABuNRYBIAILLTLY (Concentration Gradient) (azmau/cm -sec)
x
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2.2.2.2 wuavodlassaiendn
TnssadsndnuwiazeinosilassadavomEniiuaneaiu wu winndn
anfuou Taprdudszavdnmsunsvesmsvoulumaniiilasiairsuvy BCC  aufimvindy
10-12 M3 WiRsAeTUT Tigagil 500 sariwaldea BunnniiAdNUTsANBNITUNIes
mfusumdniifilaseadrauuy FCC Aildniseans (5x10"° msaunsioiui) fgamgi
500 seraidiua (@aaait 2.3) Mihuduil insslessadndnuuy FCC sxiia APF (0.74)
1nnnlAssEsaEnLUY BCC (0.68)
2.2.2.3 yiiavanalnlunisuns
nalnnsuwsLUUIN VS aLuUYesivesdmarean wuesntsunsidu
athann ynesmaxitiivunadnezaansailifanisunsuuuunsnilulassadavesdnitil
wunalvglansutiaie wu ssneuvsimiveululasadne BCC 3o FCC vouniinndn duu
veaunwsunsinllulasaiwdnvesesgiisusuunalndoding Failfnseesnmiaes

Tuunatndlfusi



18

2.2.2.4 nanlunisuns
nalnn1siinn1sunsfotenfaman insiewiisvesdndiiiuduiu
atom/cm’sec  satmniiesnassunuinnissedsinanuuiy agralsiaunailunis
uwsanansaanashldmnisuugamg v

L=

= £ 1 ) ; = =
w13 2.3 dsgivsnsuniuesTandin q Ngamgll 500 ssrmwatdud

J

wae 1000 s galdea [15]

AIgNaTay fiavinazane Fuuszansnnsuws (Diffusivity), m /sec
| (Aassairamdn) 500°C (930°F) 1000°C (1830° F)
A1SUDY win FCC 5x10™ 3310
ASUBL wdn BCC 10 2x10™
wan wén FCC 2x10 " 2x10™°
Wan Wan BCC 10%° 3%10
finfa wan FCC 10” %10
Wsania wiéin FCC 3x10°" 10"
Haned VBN ax10™° 5%10 "
LNIGE augiiloy ax10™" 10"
NDIUAY NDIUA 10" 2%x10 "
Ru [y (wan) 10" 10"
N {1 (upULNIU) 10" -
Arfuau Iyimilon HCP 3x10°° 2x10™""

2.2.3 nsuwsluanuzlineda (Non-Steady State)

1 ) 12 YRR
msungluanuz liseiaitunszuIun TN AATUIILT YYD 0L A DL ETINNT
t:] 1 a8 Jd I3 [ o =y d‘ 1
WaguwUaInIaal 1Y ianiiosnauusInIsunURnIWlUUSIuE) Waateuluuiu
44\ = :‘ A ) s ¥

mnduturesasnauRiivansilinsiasuudas Jamsunsiuaaruzlunsmntseduluau
4 o o &
ngtananvesita (Fick’s second law) #aii

Co—Cx

= erf(;\,x—i (2.10)

Cs—Cp

o =5 2 R Aq ar
e ¢, Am ﬂ')'lul‘im‘ﬂu%ﬂﬁﬂgﬂﬂu'ﬂﬂ']sﬂaﬂ?aﬂ
& Y'Y, - & W ' = 1
C, AD ﬂrnllLSUu?]u‘u@@ﬂﬁﬂ@uﬂﬂgnukuﬂﬂﬂqqaﬂﬂﬂutnﬂﬂ'ﬁl&“ﬂi

P v v A ' a =
G AD ANUINTULDI0ENBNNTZEZN NI (X) NILaan (1)
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8 duUssanconsunsvesszna

b 3

A9 SEOLVINGNNNT

|
i LIan

& ar d N &
erf Aafsnduaammany (Error Function) MAGIAFAIENS AILTITUYDI0EADY

| - v < 1 « ar <
Wananldsuudaslduanal ilugui 2.10 uazAfaddunanairdsuansamilaainaisig

24
200000 °_ o 9900 Co) ' danamiarindmly

e o 0

o “dooosao 0 °5o°60°

s} o O 0=0% 0--0 g

,o. poasooo o P0869%0 o .

o s Xo Xo Jo Xo Xo 2 5 30000 & diuuﬂuﬁ'ﬁuﬁu
o ° poosss ° 86000 | T~

TN

| ' 1y e | oy
UM 2.10 MIUWIvRI0sNoNgRITDIIEs AINNYUBYIADIUBINR [6]

:l L7 d o 2 =J =
713799 2.4 Heiduraapdoudwivngdendesuosiin (6]

X £ X
(2 \/ﬁ) ert(; m)
0 0
0.1 0.1125
0.2 0.2227
0.3 0.3286
0.4 0.4284
0.5 0.5205
0.6 0.6039
0.7 0.6778
0.8 0.7421
0.9 0.797
1 0.8427
15 0.9661
2 0.9953
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2.3 aMuUnUIHINYY (Case Depth) [1]

= =5 ot o = = ]

AppnuwumIsnwdnvesudiiinnuudeiganit 550 HY wiaUszana 500 HB
myianmmudindilagiaenuiawiniagi winhnisgulindadiasda wiedivn

¥ wog v | ; o 2 o o W 3 o o

wdrinliIeurieazaindenisiamiuudeiniadnidwaniely anduislundeansy

1 & o o a o 2 = o o
FEVMINANURYINUTBYSNUNANNHITSUSRIANLYINIUNITESAUANUUDY 550 HV
a v

| = = A a e & & Vs a
A8 ATAINUNUITDINLDY (Case Depth) ﬁﬂﬂqﬂqquwuqﬂ'ﬁLL?.IQUR]%‘!]U@Q?’]UQQJWQN wasan

o I3 - Y] =
mﬂuﬂ’ﬁﬂ'\uﬁﬂﬂq'ﬁu‘hﬁﬂ Llﬁﬂﬁﬂﬂgﬂ'ﬂ 211

Hardness

HV

900

= \\
N

600

m-—---“l

0 !
TTIRD
sl l

o

05 10 15 20 235 30mm

| o o
JUT 2.11 Aswdsanfafanielu (1

case d@th earbmmng )
mm {eroperrature( C}
0
25 923
20 %00
5 . 875
10
0.5
oll

0 5 0w 15 2 b

d = Q) et ar =y
§UT 2.12 avwmnvesiiudeduiusivnawaygamgl [1]
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24 wmmaqw;‘mqﬁ’q‘lu'nﬁsﬁmﬁﬁm%gl-’s’%a [7]

2.4.1 wanaila fiunvanlunisviiatiylsds Tasvinlvansuveuannsounsngaudng
é’ -4 v - 1 =y o [l ] = = > oy ]
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