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Thesis Title Study on Effect of Coatings on One-Baht Coin Stamping Dies
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Academic Year 2017
ABSTRACT

According to the need of the economic system, the manufacturing of one-baht coins was
larger than other types of coins. The coin die damages were usually caused by the wearing out of the
Physical Vapor Deposition (PVD) film coating. To extend the lifetime of coin dies, this research
aimed to study the effect of different coatings on one-baht coin stamping dies.

In order to extend the lifetime of one-baht coin stamping dies, 3 wm Titanium Nitride (TiN)
and 3 um Titanium Carbon Nitride (TiCN) were used as coating substances on MICROCLEAN
cold work die steel. After the coating, a 3 um diamond compound and a 6 um diamond compound
were used in a pre-treatment process. Then, nickel plated steel blank coins were stamped in the dies
with the striking pressure of 350 kilonewton/meter? at the speed of 800 coins per minute. Lastly, the
thickness of the worn coatings, the coating hardness, the physical characteristics of the coating and
the adhesion strength of the coating were studied.

The study revealed that a pair of stamping dies coated with 3 pm TiN that were polished
with a 3 pm diamond compound could produce 1.4 million coins. The coin die lifetime was 1.4
times longer. Moreover, the TiCN coating hardness was greater than that of the TiN coating.
However, the adhesion strength of the TiCN coating was so low that its wear resistance rate was
also low. It was found that, at the same amount of usage, the TiCN coating thickness was lower than

that of the TiN coating.

Keywords: coin stamping die, PVD process, Titanium Carbon Nitride (TiCN), Titanium

Nitride (TiN), diamond compound
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1.2 ’mqﬂszmﬂmmmmw
Ai = a a A a ra o’m, = d a
MRANYIINTWAVDIATIAdo U NUHT YT sy nyalriiagial 1 Um
a UV
1.3 VI UIVUAVDINTHIVY
o o 1a & a Y & Y s A9
1.3.1 'Jﬁ@mgmwuwﬂm‘msmummﬂmcl%maﬂﬂmqmwu 819 Bohler 1n39 K - 490
A Aa 1a s % = s Y as
1.3.2 ManaouRmNuiduvssyny1ilal A1875 PVD
=~ a v . ~
1.3.2.1 waouiale TiN (lnmdlon-1ulas) Anumun 3 pm.
A a g . = J
1.3.2.2 1naeuAIn20e TiCN (lnmitisu-mivou-Tulas) aAnuvun 3 pm.
v Aa 1a ﬂ,mﬁ ~ 4 @ A a 9 Aas
1.3.3 m3varmuinuiunsegnlal HaundouNIA187T PVD
1.3.3.1 81UANUNYS (Diamond Compound) YUIA 3 pm.

1.3.3.2 81UANAUNYS (Diamond Compound) YUIA 6 pm.

v
=

= Y Id = o 1 A Y I A
1.3.4 wirenn 15 luminaass Wuveadaularwtiaga 1 v Tave ldmannaou
UNNANU1 25+ 5 um
A & = Iq 9 < a = 1 =
1.3.5 invoafumssynualldnnuEa lumanda 0o iMsaoun
1.3.6 AATIHHAMINATDY
a 1A d,m: = o [ A a
1.3.6.1 ANUKeFANNNWTusoyny1lainaimsndouHy PVD

A ]

a =Y a’w = 4
1.3.6.2 ANUNIAAARD LN NLW M sy ol
] & d? = 4
1) AeuMIINIUUmMIsgynyilal
1 2 3 4
2) sgvanmatuIugiMTennelal (909 300,000 13 oRy)
o AN 4 a % P
3) naInstiuugdwisennunlal (vuaeigmslea)

I~ A A 1A PxA = d Y A Y] <3
1.3.6.3 ﬂ’J”IJJLHN‘IJ?NN'JLﬂﬁﬂﬂuﬂJWMWﬂNiWiﬂﬂJﬂHTﬂm AYLATOIIAAITULLUN

Micro Hardness 97875 Rockwell C Indentation (VDI 3198)
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L‘W?ﬂWﬁﬁTﬂﬂJﬂﬂﬂ”Iﬂlﬂﬁ’f)\i!,‘ﬂﬁﬂuiﬂi%’)ﬁﬂﬂiﬁTﬂTQﬂﬁ\‘] HAGIAIANNTIGITN UAUAT TIVITONY

Q

apmsnansou lda s10azBeanazAMANEULRNIZYOUHTIYBIUATIAT 1 VN

1) I@URUAUINANYUIA 19.75 — 19.85 TaAWAS
Y
2) WIMN 3.4 AT

3) Mudlessouvisiuiu 130 Wuieq

25 um

1.4-1.6 WA TaPu 125 w.

furda uiinifia i

|A

d' o =) d o 1 a
31]7] 2.1 ﬂ”l‘W@]ﬂ"ll’J"Nm38iyﬁ‘hﬂﬂﬂ!@3lﬂﬁ"ﬁ>’ﬂﬂﬁﬂ1 1 UM
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[ I I a a Aa

5) daailuldivanmdeviininaalonszulwndouiadle Wi (Electro Plating)
1 a <
arunaumuaiusuTanz 14man C0.10 %, Mn 0.50 %, P 0.04 %, S 0.05 % , Fe Bal. (Mild
Steel) AIUHANMUAT VIR AATOUTINMA Ni 99.44% 111 lsivdos N1 25 um

6) AAAVUANNANUATUNIUMSIFOUENINUBIAIB U HDINIINMT IFULagEn
g/} o A 2 A a a a I A s
NIGIA VT UNUANVAIBNUAFUIY IUATLUIUNMSIAd LA TavizininatlulanzAums
i T 1Fnvedaunivateiloanna N iR UANIZAY 19U TANUAIUADNTINADONT AT

Y

(Oxidation) 1tazM3nANTOU (Corrosion) g4 WANUIHTIYY (Ductility) HazdoUAIFIANITOIUY

] Y1 2 @
lﬂuulﬂ\ﬂﬂ HIVUNLUT 571919 D

A a A a = Jd A
2.1.1 MandsuAIlnnavsegnyalyiagial 1 v [1]
I Aa {
n353sMandeuae 19 (Blectroplating Process) 1113smsinaeuii Tane s
a o 1 A a g ng A A Y '
HeuAUUNTHa1e MIAADUAIRIITHAINTDAIUANANNNUILINYEY Tazindon laan
A A A I ° = Y o A Y 1 Yy a2 9 A o
uazANindeuN @i uaNed Nidiausolate ldaneaunis laeli uan3i19ndale Tanenian
A I a a =\ = ) a = o s A 1 A Aa
waouiluneuas dinna Tasdion uaalion noad [Qu Ayn denzduazdus nounfo U7

#en3suasna i maedeuii Tae s i ual

Electrons <, Electrons

Object to Positive
be Plated Electrode
1 (Cathode) (Anode)

. -=C)
[+ -t
‘ Acid Solution
with
Free Copper lons
=)
5

s 2.2 nssuInindeura Tag I (Electroplating Process) [4]

Qy { o 4 I [ Y 1 I
yununazih langdununaovazitlua1Ing (Cathode) adud lanznazinaouaziily
. ad 4 g}/ []
111uA (Anode) Favzazarsadli/lu dianlnslad (Electrolyte) Hindovelanziue azaisey

~ 1 A Aa [ g’z Y 9 ac J =X ~
Tuvazn Tanzuaruazaaounn Ina aatuanududuedlavielu odnTaslad 39a9n
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' { < ) 1 I a o 1 4 {
pgiaue lunsainerTua (Hudnivwu manndr 13atiy aznavseunsmSuouTlanzn la

A a ] o A A ] ad J = a Y
indeuAtovegluanyuzindenazatvegludianiaslaq nsaruguninndevid Tans 14

H ' v
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a ] v g [ 1
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ad J A A o ~ o dyd
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1) naeutnnNaeuIdIzuInt 0.0075 — 0.05000 HaaLwAs (7.5 — 50 pm)

2) ndeu Insdlonazrulszanas 0.00025 — 0.00125 HaamWAT(0.25 — 1.25 pm)
3) IAADUNDILAIIEHUIUTENIA 0.0075 — 0.02500 HAALIAT (7.5 — 25 pm)

4) naeuLAAllenIHUILTZIN 0.005 — 0.01250 HAANAT (5 — 12.5 pm)

5) 1IAADURUITHUIUTZLIN 0.0075 — 0.03000 HAAUAT (7.5 — 30 um)

2.1.2 Tavizilana (Nickel)
a a I A a ~ d' ] dy
unnatusgnidsnaunnuinulenanveslan mgiresulunnHaves

q

a J = a a I 1 o 3 {
M3ANITHNVYTNUTAUNAGININALINAAIY (Meteorites) NanuIGITan HazaziNaa1INvo
a a o Y =\ Id' ] d' 1 =Y a d'd a a o d'
dnnatwudes luduelulaninuurawsinnanilSnageludanasdlsamanny
uvausinmanddy ldundszmanne vazuoumanaveslsamaiade usinnanny

] @ IR (% 1 4 ' A ] 1 a o
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= =1 < Y (=Y A A A Aa a (] [ ~ = I
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4 3 A < E) o 1 1A a a a A ] A
nowas lavead uazmanonmanies Uszmalnedsludinguuusinmanla Tifiea1dn

[ 1

13 1Ta A ™ a
thL‘iJu‘VINfIﬂTﬁW’ULLiuﬂLﬂﬁﬁﬂﬂﬁﬁﬂu]uﬂu{]L“UT]JiL'JmGD'TEJLmulIVIfJ-aTJ

2.1.3 guantiaved lansininatay lavigiinhaney [9]
A Aa I A~ Y 1 Aa o o 1 I
unnatulangnlanumumuaemsinasensayutazmMnansouge 1
Aaa = = 1 o L%I <3 Y- ] Aa a
TavzAldnasan Ianumilsamzesudrgeannsovugiion’la lasdie uensndiinna
o A Y Y < A =\

asoazateny Tanzou lasuaz ldaisazatsveauadanianumied Ussuna 60% 104
A a Aq y a 3 Y a <3 9 1 A A 9 o a a
inman ¥ lugaavinssunaamanna lFatiuuazmanndwan aauiimde: I4vh Tanziinna
~Aq Y a A @ 1 9y A a I . [
panlglununreinumnansouge uazlsndoununan (Electroplating) Iagp1ee

A [ 1 I~ [ 4 a A A 1
auauianumsnansoutaz liesazarovewdsldie WelnsansuaninFinasgnung

va A ' a3 Y J o A A 1 A o = Yy [
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gangiia auauiaani liihvesinmasegelimmeswauazegiiiion uagnenaz141d

L
A A v

Ja ad a 4 (%) o 1Y
Turheansainvimersomasiuealunusidanieing ussemaldnudiiudauoaiiugou
()] S o Yya a 9 d‘d 4‘ 1 1 1 1 9
agarvzlarumldtinmavieanudumuing tazueionszlnzuandie daulveyluly
a a a a‘{ a a A d‘ = [} a d‘ EY (%
unnaluamulanzysgns mazinmalnamguiemeuny Tavesiaoug swldludnyae
Jrp P o < A o wa A a a 1 g/}
Tangwey taznstnuanusInuioodegaauianiayvelnnamIuy

o ara 4
1) puauandland

UINUNOE AN 58.69
Tasaadeszuunan face centered cubic (a=3.516°A)
ANUPUILUY (25°C) 8.89 g/em’
guUuNiaoNiad 1435-1445°C
A I

yamoanaaiiule 2730°C
ANUTBUTUME (27°-100°C) 0.130 cal/g°C
ANuSauLaYeINITaaNAZaY 73.8 cal/g
dulszansmsvens (27°-100°C) 13 x 10°/°C

Y o .
anud iy Tdhsume (20°C) 9.5 microhm.cm
Fulszansdanihanudeu (27°-100°C) 0.145 cal.cm/cm’ .s. °C

2) paANAEnNa

ANUITITANI OATUNIUITIAY (Tensile Strength) 47 kg/mm’
WAAAWBANEY (Elastic Limit) 15 kg/mm’
9n31N58AA7 (Percent Elongation) 40%
AU (Hardness) 110 HB.
Tugdevoan158AKgy (Modulus of Elasticity) 21000 kg/mm’

2.1.4 Jang1a510ey (Chromium) [9]

Tasfeuinan lalsyuansaniisazegluzlveures s Tasy Haldlumswnia

[ Y < Y Y Aa =t wa <
WMannaiNgy LlﬁglfViaﬂﬂﬁ'luli’ﬁullIﬂﬂ!uu‘ﬂﬂﬂlﬁﬂJ“lJ@]ﬂ'J'liJﬁﬁJiﬂﬂluﬂ'ﬁGb"UuﬂN LagnAIy

Y 1 [ 1 < [ ~ A 9 A a a3

AUMUADNITNANTOUVDIUNAN TIUMHAD 1 FlUAAIMNTIVAROUHIUNAN (Chrome
Plating) U0ZQAAIMNITUAAA lanzNUAINoU NUMTNANTOU TagnausIuA e
Tuauain nouas uazdus 13U TangHeay Nichome, Inconel taz Tavignaulungy Hastelly

' IS Ao o a a Y 1 J . A A <3| A
mTmmﬂwmﬂaﬂmmwm%fﬂmm 143 Chromite ¥3® Chromite iron (FeO.Cr,0,) Wunsny
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H o Ao 3 = k4 = s 1 1 =
uminadnihana FlszneuseTasdouoonlaa (Cr,0y) Uszana 33-35% daulnausi

9 v

@ 3 v aa 4 a 4 4 1 1 A
wuinezedsmnudaneusenlen ozgitioueonlea uazuusmiaeonled undwsidinny
J v A =y 1 1 Jd a
yoslan'ldun ausigAiun nsw a0 uazewini dszmalne wounawsIasludusna
o [ a ¢4 d ' o w a a =R 1 1 < = A
vainiagasannnitluuvasdidgvessemalu®amnayd uanidlunvawusvuna@n dnuvasi
drysosasun ldunurasusndaniausing
g

uilas luddafluingauiiinnuddylugaavnssuvarstszian 1dun

gaaminssunaadiganu il (Refractory) gaamnssualinand1slsznon wu Iasme uag
Tsuedy gamvnisunaawles 15 lasy wazgaamnssunanlans Tadoy udu
Tasidionlugaamnssudinluges 101$luanmlansusqns 15y lu
gaamnssuvaniz1¥luzveanles s Tasy uazlugaavnssunanlavenauuonnguman
danaldnanlaefimaniiery lugaamnssumadeviaf bilsTans Tnsifonusqns

a ' 1 4 a < 1 3
end1ssdsduIngnandinsoguine i 1dTans InsilienuSgnste uaszitlulany

o,

=

TATINENUTNTNG 99.5%

2.1.5 lavigmenved lasiieuuas 1aseunas [9]

I 1 [ <3 [] o [ 1
Tasdeuu Tane NUANVUTWT Az NUIIY NN gInI Tans uanngu

< < ] = = A A a A wAa Aa
manna 1l walilianuuiiernguvgilnd vensnlinuaulia lasmwiziFanase

A 9 zg 1 o a Q‘f a @ é’ 9
dsundadlduiniuegiuanuuigns manaatazansauznsvugl nsldaulans
= a £ Y A a A [ . o

Tasmonluanmusgnioglsnaound lanyoulaammizivan (Electroplating) 32n3ziang
ANHalY AD 1NOANA281 (Silver white) TOINUANARDUVINUINUAZIZTADUAADUTOI
dal Y A a A 1 a W = A o 2 < Y o 2 A
NUANDAUAINITDIAINANOY dnanyazriuaaouludnyuzuaNuUe 1T U Tanziiie

A a

HTUANUMUMUABNITTNHTONITNI Hard chrome 130 Hard plating 3¢IARDUNUILALH

v
=

= = d' v A Qy é 9 = a ra 4 a
Taseulusauseulsearununlvearulary F415u1nTuNUAao AN NNAIAAN
Y 1 = [ 1 Ll 9 = d’d =Y A
ABINIIANUAINUADNIIANUIOLAZNIIAANTOY dIUMs 15U Tary Tasilennilsunagene

o < < v < A . X
Tl udrvazitiulanznaulumanndwanuaziannai 13saiiey (Stainless Steel) UOAIINI

I¥manTanzwandy sy Tavelaswa oulatiauodaanos Lazdu
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2.2 MIYUUUI (Hardening) [5]
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Prolonged Heating Below LCT
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2.3.4 m3ouau (Tempering) [5]
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2.4 ms“gmﬂﬁauﬁmmu"lamﬂmw Physical Vapour Deposition (PVD) [6]
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ct quality
Productivity
Tool life

Hardness

Wear rate
Coefficient of friction
Surface reaction
ool costs

30 2.20 uaRsRUANIAvEIANARADY [7]

SELECTED COATING PROPERTIES
Coating material TiN AITIN

Hardness HK (1N) 2500 3000

+400 +400

Temperature 550 800

resistance °C +50 . +50
Electr. resistance pQ cm 60 +20 4000-

7000

Thermal conductivity 8800 8100 8100 7000 7600
(Ws5)/m2K £1000  +1400 +2600 +400 +1000

Coefficient of 0.65- 0,40- 0.50- 0.50- 0.55- 0.15-
friction (100Cr6) 0.70 0.50 0.60 0.60 0.65 0.30

Layer thickness (ym) 24 2-4 3-8 2-4 2-4 1-5

Colour gold- red-brown/ - silver light gold anthracite anthracite/
yellow  grey blue-grey

Ductility good satisfactory  very good good satisfactory -

d’ v a = 1 a
E‘]J‘VI 2.21 HAAINUANHUSUVDINUAADULANS TUA [7]
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Y
3) ANAROUMEY (Gradient Layer) (HIAROUFUIAOIMA TAQIAROUYNHTUTIN
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2.42 malulad PVD 11l ARC
~ = A o & a a A 9 A a o
ImsgamzvesasmaoununuAaa esnn sz y Ilihgeiuinzgniiate

2 o q Ya = Aa 1 o A
ﬁﬂ‘ﬂ’ﬂﬁlﬂﬂﬂ’lﬁﬂﬂlﬂ’]z‘ﬂﬂﬂ'ﬂ @Ngﬂ‘ﬂ 2.22

o
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ne
5

=

P % ¥ € W %

BIAS-voltage

0to -1000V supply

gﬂﬁ 2.22 PVD ARC Technology [16]

y/4

Workpiece

Argon plasma

gﬂﬁ 2.23 PVD Sputter technology [7]
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2.4.3 malulad PVD 1iuy Sputter [7]

¥
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2.44 waTulad PVD UUY ARC and Sputter [7]
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Planetary Substrate
holder supplied with
BIAS voltage

Rectangular
Sputter Source

Rectangular
Sputter Source

3 Circular ARC Evaporator

3UM 2.24 M3INNUVBI PVD ARC and Sputter [7]

310 2.251A509 PVD ARC and Sputter [7]
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2.5 m3tnasuRIgelemil Chemical Vapor Deposition (CVD)

I aa 9 Y a2 Aa A a
WWunssuasas1erudlaunialiuvul 4-8 um ma“lummqmwgu 800-1000
I o = a d . = 4 7. . = 4
A NFATY 1WITDINISIAaoUNAN TiC ("lmmuﬂumi"lm) Ti (C,N) ("lmmuﬂumﬂullu

Tase) TiN (lmiddon Tulase)

< 500 1020
e 10-20

like substrate =2
1 -4 (compressive) < 1 (tensile)
ion etching, metallic bonding diffusion
fine grain coarse grain
insignificant TRS reduction up to 30%
like substrate brittle {eta-phase}
sharp rounded

before coating after coating

no distortion with distortion through thermal load
correct heat treatment and subsequent heat treatment

[

generally not necessary intensive pelishing necessary
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2.8 ANNKYIVAD (Surface Roughness) [10]
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A151990 v.1 uaaawanisiannunmidnndey lmniien lulas (TiN) Yu1ARITARINYT 3 pum.

1a & A Y
suwuW s sy Al uHn

I P szé‘l’ummﬁmqﬂﬁ (um.) ANNHU (um.)
m3eyduso wd.
Qun 2 4
(vi3ea) 1 2 3 4 5 6 7 8 9 10 mag | 0agsIN
1 2.8 2.7 2.9 3.0 2.7 3.0 2.9 2.9 28 | 3.0 2.9
0 2 3.0 3.1 2.9 3.0 2.9 3.1 2.9 3.0 2.9 3.1 3.0 3.0
3 3.1 2.9 3.0 3.0 2.9 3.0 2.8 2.9 2.9 3.0 3.0
1 2.8 2.7 2.8 3.0 2.6 2.9 2.8 2.9 2.8 3.0 2.8
300,000 2 3.0 3.1 2.8 2.9 2.9 3.0 2.9 3.0 2.8 3.0 2.9 2.8
3 3.0 2.9 3.0 2.9 2.8 2.9 2.7 2.6 2.7 2.8 2.8
1 2.7 2.6 2.7 29 2.5 2.8 2.7 2.8 2.7 2.9 2.7
600,000 2 2.9 3.0 2.7 2.7 2.8 2.9 2.7 2.9 2.7 2.8 2.8 2.7
3 2.8 2.7 2.8 2.8 2.6 2.8 2.5 2.5 2.5 2.7 2.7
1 2.6 2.5 2.6 2.7 2.4 2.7 2.5 2.7 25 | 28 2.6
900,000 2 2.7 2.8 2.6 2.6 /T N/ 2.6 2.7 2.6 2.7 2.7 2.6
3 2.6 2.5 2.7 2.7 2.4 2.6 23 2.3 2.3 2.5 2.5
1 2.4 2.3 2.4 2.5 2.3 2.5 2.3 2.5 23 | 25 24
1,200,000 2 2.5 2.6 2.5 2.4 2.5 2.5 2.4 2.5 2.3 2.5 2.5 2.4
3 2.3 22 2.5 2.5 2.2 2.4 2.1 2.2 2.1 2.3 2.3
1,383,953 1 2.3 2.2 2.2 2.3 2.0 2.3 2.0 2.4 2.1 2.3 2.2
1,421,570 2 2.3 2.3 22 2.1 2.2 2.3 2.0 2.3 20 | 23 22 22
1,401,871 3 2.0 2.0 2.3 2.2 2.0 2.1 1.9 2.0 1.9 2.0 2.0
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M5 v.2 uaawwamsiaanuruiAnaaen lmmiionlu'las (TiN) YUIARITARUNYS 3 pm.

1A & Y Y
punuWus sy ny1lalaunoy

I P szé‘l’ummﬁmqﬂﬁ (um.) ANNHU (um.)
maayduio wd.
Qun 2 4
(vi3ea) 1 2 3 4 5 6 7 8 9 10 mag | 0agsIN
1 3.0 2.9 2.9 3.0 2.9 3.0 2.8 3.1 29 | 29 2.9
0 2 3.3 3.0 3.1 3.2 3.0 3.0 3.1 3.2 2.9 3.0 3.1 3.1
3 3.3 3.1 3.0 32 2.9 3.1 2.9 2.9 3.1 3.1 3.1
1 3.0 2.9 2.8 3.0 2.9 2.9 2.8 3.1 2.9 2.9 2.9
300,000 2 3.3 3.0 3.0 3.2 3.0 2.9 3.0 3.1 2.8 2.9 2.9 2.9
3 3.2 3.0 2.9 3.1 2.9 2.9 2.8 2.8 3.0 3.0 3.0
1 2.9 2.8 2.8 29 2.7 2.8 2.7 2.9 2.8 2.7 2.8
600,000 2 3.0 2.8 2.9 3.1 2.9 2.8 2.8 3.0 2.7 2.7 2.9 2.9
3 3.0 2.8 2.7 2.9 27 2.6 2.7 2.7 2.8 2.5 3.1
1 287 2.5 2.5 2.7 2.6 2.4 2.4 2.5 26 | 24 2.5
900,000 2 2.7 2.6 2.6 2.8 /T 2.6 2.6 2.8 2.5 2.5 2.6 2.6
3 2.8 2.7 2.6 2.7 2.5 2.5 25 2.5 2.6 2.4 2.6
1 2.4 2.3 2.4 2.5 2.5 2.2 2.1 2.4 24 | 23 24
1,200,000 2 2.5 2.4 23 2.6 2.5 2.4 2.4 2.6 2.4 2.4 2.5 2.4
3 2.5 2.5 24 2.5 22 2.3 2.4 2.3 24 | 23 24
1,383,953 1 2.2 2.1 2.0 22 2.3 2.0 1.9 2.2 2.1 2.0 2.1
1,421,570 2 2.3 22 1.8 2.3 2.3 2.3 22 2.3 2.1 22 22 2.1
1,401,871 3 22 2.3 22 2.3 1.9 1.8 22 2.1 2.1 2.0 2.1
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M5 v.3 uaawwamsiaanuruidunaeu lmmiionlu'las (TiN) YUIARITARUNYS 6 pm.

1a & A Y
suwuW s sy Al uHn

I P szé‘l’ummﬁmqﬂﬁ (um.) ANNHU (um.)
m3eyduso wd.
Qun 2 4
(vi3ea) 1 2 3 4 5 6 7 8 9 10 mag | 0agsIN
1 3.3 33 3.2 33 3.1 32 3.1 3.0 3.0 3.1 3.2
0 2 3.2 3.0 3.1 3.1 2.9 3.0 3.0 3.0 3.0 3.2 3.1 3.1
3 3.0 3.1 3.0 3.2 3.0 32 3.0 3.1 2.9 3.1 3.1
1 3.3 3.3 3.2 32 3.0 32 3.0 3.0 2.9 3.0 3.1
300,000 2 3.2 3.0 3.1 3.1 2.9 2.9 2.9 2.9 2.8 3.1 3.0 3.0
3 2.9 3.0 3.0 3.1 2.9 BUL 2.9 2.9 2.8 3.0 3.0
1 3.2 3.1 3.1 3.1 2.8 3.1 2.9 2.8 2.8 2.9 3.0
600,000 2 2.9 2.7 2.7 2.9 2.6 2.7 2.7 2.7 2.5 2.9 2.7 2.7
3 2.6 2.7 2.8 2.8 2.6 2.8 2.6 2.7 2.5 2.7 2.7
1 2.8 2.7 2.7 2.8 2.5 2.8 2.5 2.5 25 | 25 2.6
900,000 2 2.6 2.4 2.5 2.6 23 2.4 2.4 2.4 2.2 2.6 2.4 2.4
3 2.3 2.4 2.6 2.5 2.3 2.5 23 2.4 2.1 2.4 2.4
1 2.4 2.5 2.3 2.5 2.2 2.4 2.2 2.2 22 | 21 2.3
1,200,000 2 2.3 2.2 23 2.2 2.1 2.1 2.1 2.2 1.9 2.2 2.2 2.2
3 2.0 2.1 2.3 2.3 1.9 2.1 2.0 2.1 20 | 21 2.1
1,371,103 1 2.2 2.2 2.1 22 2.1 2.1 2.0 2.1 2.0 1.9 2.1
1,309,752 2 2.1 2.0 2.0 1.9 1.9 1.9 2.0 2.0 1.8 2.0 2.0 2.0
1,290,911 3 1.8 1.8 2.0 2.0 1.8 1.8 1.8 1.9 1.8 2.0 1.9
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Ms1ei v4 uaawamsiaanuruiAnaaeu lniionlulas (TiN) vIARITARUNYS 6 pm.

1A & Y Y
punuWus sy ny1lalaunoy

I P szé‘l’ummﬁmqﬂﬁ (um.) ANNHU (um.)
m3eyduso wd.
Qun 2 4
(vi3ea) 1 2 3 4 5 6 7 8 9 10 mag | 0agsIN
1 3.2 3.2 3.2 3.1 3.2 3.1 3.1 3.2 3.0 | 31 3.1
0 2 3.4 3.3 3.3 3.2 3.2 3.0 3.0 3.2 3.0 3.0 3.2 3.2
3 3.0 3.0 3.0 3.1 3.0 2.9 3.0 3.1 3.2 3.1 3.0
1 3.2 3.2 3.1 3.1 3.2 3.0 3.0 3.1 2.9 3.0 3.1
300,000 2 3.3 3.2 3.2 32 332 2.9 2.8 3.2 2.8 2.9 3.1 3.1
3 3.0 3.0 3.0 3.1 3.0 2.8 2.9 3.1 3.1 3.0 3.0
1 3.0 3.1 3.0 3.0 3.0 2.8 2.9 2.9 2.8 2.8 2.9
600,000 2 3.2 3.1 3.0 3.1 3.1 2.8 2.7 3.1 2.7 2.7 3.0 2.9
3 2.8 2.9 2.8 3.0 2.8 2.7 2.7 3.0 3.0 2.9 2.9
1 2.6 2.7 2.6 2.7 2.6 25 2.5 2.5 24 | 25 2.6
900,000 2 2.7 2.6 2.7 2.7 /T o5 2.4 2.7 2.3 2.2 2.6 2.6
3 2.6 2.5 2.4 2.6 2.5 22 23 2.8 2.2 2.5 2.5
1 2.3 2.2 2.2 2.4 2.2 23 2.1 2.0 20 | 21 2.2
1,200,000 2 2.2 2.2 22 2.3 2.4 2.1 2.0 2.2 1.9 1.8 2.1 2.1
3 2.3 2.0 1.9 2.1 2.1 1.8 1.9 2.3 19 | 20 2.0
1,371,103 1 2.2 2.0 2.0 22 2.0 2.1 2.0 1.9 1.8 1.9 2.0
1,309,752 2 2.1 1.9 2.0 2.1 2.2 2.0 1.9 2.0 1.7 1.7 1.9 1.9
1,290,911 3 2.1 1.9 1.8 2.0 1.9 1.7 1.8 2.0 1.8 1.9 1.8
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M319A 1.5 uaaswamsiaanurAnade lnmitionlulas (TICN) vuIARNITARUNYT 3 pm.

1a & A Y
suwuW s sy Al uHn

11y . 3ZAUANNHUIAN (um.) ANUHM (pm.)
Bu
m3eyduso B
i 4 4
(wiseey) 1 2 3 4 5 6 7 8 9 10 1nae 1NAYIIN

300,000 2 2.8 3.0 2.9 2.8 2.6 2.8 3.0 2.8 2.7 | 3.0 2.8 2.8

600,000 2 2.4 2.6 2.6 2.7 23 24 2.7 2.6 24 | 2.8 2.6 2.7

900,000 2 2.0 23 2.2 23 2.0 2.0 23 23 2.1 2.5 2.2 2.3

1,125,015 1 2.0 1.8 2.2 1.9 1.8 2.0 2.0 2.0 2.1 2.0 2.0

1,187,347 2 1.9 | 2.0 1.8 2.0 1.8 1.8 1.8 19. 1.8 1.9 1.9 1.9

1,203,580 3 2.1 20 | 2.0 | 2.0 1.9 1.7 19 | 2.0 19 | 1.9 1.9
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M5 v.6 uaaswamsiaanunuAuadey Inmilonlu'las (TICN) vUIARITARUNST 3 pm.

1A & Y Y
punuWus sy nylalaunoy

11y . 3ZAUANNHUIAN (um.) ANUHM (pm.)
Bu
m3eyduso B
i 4 4
(wiseey) 1 2 3 4 5 6 7 8 9 10 1nae 1NAYIIN

300,000 2 33 33 32 32 3y) 2.8 2.8 3.0 25 | 3.0 3.0 3.0

600,000 2 2.9 3.0 2.9 2.8 29 23 25 2.7 2.3 2.7 2.8 2.8

900,000 2 2.4 2.5 2.4 2.4 24 23 2.2 2.4 20 | 23 23 2.3

1,125,015 1 2.0 2.1 2.1 2.0 1.9 1.8 2.1 2.0 1.9 1.9 2.0

1,187,347 2 1.9 | 20 | 2.0 | 2.0 1.9 | 2.0 1.8 1.9 1.7 | 1.8 1.9 1.9

1,203,580 3 1.9 1.9 | 20 | 22 1.8 1.8 | 2.0 1.9 1.8 1.8 1.9
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M319A 1.7 uaaswamsiaanurAnade lnmitionlulas (TICN) VHIARNITARUNYT 6 pm.

1a & A Y
suwuW s sy Al uHn

11y . 3ZAUANNHUIAN (um.) ANUHM (pm.)
Bu
m3eyduso B
i 4 4
(wiseey) 1 2 3 4 5 6 7 8 9 10 1nae 1NAYIIN

300,000 2 2.8 3.0 2.8 2.8 2.8 2.9 3.0 3.0 29 | 2.8 29 2.9

600,000 2 2.5 2.6 2.4 2.5 24 2.6 2.7 2.7 26 | 25 2.6 2.6

900,000 2 2.1 2.1 2.0 2.2 2.0 2.1 23 23 2.3 23 2.2 2.2

1,154,271 1 1.8 1.7 1.8 1.8 1.8 1.8 1.9 1.7 1.8 | 2.0 1.8

1,017,23 2 1.9 1.9 1.9 1.9 1.9 | 2.0 1.9 1.9 19 | 2.0 1.9 1.9

1,035,203 3 2.0 1.9 1.9 1.8 | 20 | 20 | 2.0 1.9 1.8 | 2.0 1.9
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M50 .8 uaaswamsiannunnAawadey lnmidienlulas (TieN) viarsTaRaNYs 6 pm.

1A & cY Y
punuWussgynedalaiunee

I P szé‘l’ummﬁmqﬂﬁ (um.) ANNHUI (um.)
m3eyduso wd.
(vi3ea) i 1 2 3 4 5 6 7 8 9 10 mis | mdes
1 31 | 31 | 30 | 31 | 29 | 28 | 3.0 | 31 | 31 | 3.0 3.0
0 2 32 | 32 | 3.1 | 31 | 32 | 30 |31 32 | 3.0 | 3.0 3.1 3.0
3 27 | 28 | 27 | 29 | 3.0 | 29 | 28 | 27 | 27 | 28 2.8
1 30 | 30 | 30 | 30 | 28 | 28 | 3.0 | 3.0 | 3.0 | 29 3.0
300,000 2 3.1 3.0 3.0 3.0 3.1 2.9 3.0 3.1 29 | 29 3.0 2.9
3 26 | 27 | 26 | 2.8 | 3.0 | 2.7 | 27 | 28 | 27 | 27 2.7
1 28 | 28 | 28 | 2.7 | 2.6 | 2.6 | 28 | 28 | 2.7 | 26 2.7
600,000 2 2.7 2.7 2.9 2.7 2.7 2.6 2.7 2.9 26 | 2.7 2.7 2.6
3 23 | 25 | 24 | 25 | 27 | 24 | 25 | 27 | 25 | 24 2.5
1 2.4 2.4 2.4 2.4 22 2.2 24 2.5 2.3 2.2 23
900,000 2 2.2 23 2.5 2.4 23 2.2 23 2.6 2.3 2.2 23 2.2
3 1.9 2.2 2.0 22 2.2 2.0 2.1 2.4 2.1 2.0 2.1
1,154,271 1 2.0 2.1 2.0 1.9 1.8 1.9 2.0 2.1 1.9 1.8 2.0
1,017,23 2 18 | 19 | 21 | 20 | 20 | 20 | 19 | 22 | 20 | 20 2.0 2.0
1,035,203 3 18 120 | 1.8 | 21 | 20 | 19 | 20 | 22 | 19 | 1.8 2.0
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HNARNUIN A

a ¢
Scale Y93INNO3A 1aZ Minimum thickness of the test piece in relation to

the test force and to the hardness (HV 0.2 to HV 100)
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Hardness test

Low -force hardness test

Microhardness test

to HV 100)

87

Hardness Nominal value of Hardness Nominal value of Hardness Nominal value of
symbol the test force symbol the test force symbol the test force  F
N N N
HV 5 49,03 HV 0,2 1,961 HV 0,01 0,098 07
HV 10 98,07 HV 0.3 2,942 HV 0,015 0,147
HV 20 196,1 HV 0.5 4,903 HV 0,02 0,196 1
HV 30 2942 HV 1 9,807 HV 0,025 0,2452
HV 50 490,3 HV 2 19,61 HV 0,05 0.490 3
HV 100 980,7 HV3 29,42 HV 0,1 0,980 7
Nominal tes t forces greater than 980,7 N may be applied.
A a o
gﬂﬂ f.1 Scale UBINNDI A
HY) )
3000 X 2 WUHAY N
A \ 1IN N
2000 \\ b \ \ \\\
1000 = -
c 1 -‘) " ¥ HH
500 11 N — T e
N
\\ \
250
\ ] H
<
100 & EEJEI
- A - X 2
2 -
X — - " e WY
50 \ NN
N1\ [ &
A WA Y ATAY
AVAY
s 3K AN
AAVR ANEAN
0
~
10 A N
0,01 0,025 01 0,25 0s 25 S 10
()X
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Max. Sarvice
Coating Thicknezs Hardnezz Cosfficlent

General applications are
far:
2000-2300 5
Gold 2t06 600 0.4 1) eutting  2) forming,
'[B-Dﬂﬂ] 3] injection plastic
m meolding;

Standard for

: S E 1) molds & dies;
cmpéu-c;:;m. Silver Grey | ; 2to10 HOFEIN 700 0.2 2) machine parts:

= {2500) 3) low depasition
- temperature possible.

TICH with low COF, for:
1) milling & tapping:
2] punching & forming,
metal stamping ete.

26 3200 430 0.3

For H55 tools for cuttings
2tod 2400-2800 00 0.4-0.5 like: drilling, milling,
turning ete.

High perfarmance
coating: 1) high heat

1to3 3200-3800 00 0.5 resistance: 2 for dry &
hight speed machining;
3) hard machining.

Bluish Black

Thickness coating
2to3 3000 1000 0.3 possible, for high speed
machining

1)High hardness & heat
resistance;

2) Extramly low friction
coefficient

3) Dutstanding for HSS
cutting in materials

4] High wear and
corrosion resistance.

Blackish 1-6 2500 300 0.06-0.1

A ' a A
Eﬂﬂ 41 ATHIATITURIAA D PVD
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Study of Influence Parameters on Coated Stamping Die of the One-Bath Coin

wWiles vt was Aidy doana’
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TR 1 U AnsEwIunTIYUREEUED PVD (Physical Vapor Deposition) Usenausetiadiowdn Thun
wimvasarsmiovirrinlondoululeg (Tin) waslnndsuedlululas (TCN) seliames (Damond
Compound) seduaieme 3 lurseu wae 6 luRseu Basnsrvaulasnisirrumeuimofuny
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Abstract

The ohjective of this research s to study of influence parameters an coated starmping
die of the one-bath coin by using PYD (Physical Vapor Depositiond coating method. Composing of
main factors which are coating types Titanium Nitride (Tik} and Titanium Carbo Mitride {TICN,
diamond compound (Diamond Compound) thickness 3 micron and & micron. Checking method
by measuring the surface roughness of the workpiece, Hardness and thickness of the coating. The
results show that the PVD coating process swhich wse TiM with thickness 3 micron on 1 Baht's coin
die rewveals that the die life has been increasing to maore than 1,400,000 coins per die or 1.4 time

of die life in the past

Keywords : Coining Die, PYD coating, Titanium Carbo Mitride (TiCH), Titanium Mitride {TiNg,
Diarmeand Compeand
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