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Abstract

Titanium was improved surface properties by mixing acetylene and ammonia

gases for 2 hours at temperature 1250 °C. The flow rate of acetylene was set

constantly at pressure 0.4 cm3/s but ammonia was varied flow rate range 0-12 cm3/s.

By using an X-ray diffractometer (XRD) and an energy dispersive X-ray (EDX) analyzer,

TiC, TiN, TiCysNgs and TiCysNy; phases with the corresponding elements were

detected. Knoop hardness (HK) of the sample was at the highest when it was

processed in only acetylene. Their hardness values were decreased, but their surfaces

became rougher, due to the increase of ammonia flow rates.

Keywords : TiC, TiN, TiCy7Ng3, TiCo3No 7 Knoop hardness
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2.1 Gas management system

2.2 Specimen preparation

2.3 Nitridation process

2.4 Analysis

2.1 S2UUNTIANTUNE (Gas management system)
Iuﬂww@aaaﬁmm?ﬁ’lLﬂuashaﬁaﬁéTaamuqué’mwmsms"l%amaaLLﬁ”a
A A v o o = o o A = A A P
iwanazlwunglnaluwaaiisiadntaua ungnltlun1Inasadd 3 1 da waulaudie
. Aaa A
(ammonia) a:sﬁ‘nﬁu(acetylene) WazaNINan (argon) 98 Gas management system
aaia b
6 (% [ [2%
2.1.1 qﬂnimmuquamﬂmﬂﬁa UAZAILANAIINABVBILAE
2.1.1.1 QuNd
I Q ~ U 1 6 (272
Dudundnawatdurngudnand 20 cm g9 140 cm #11IAUTIIUAT

@ 2 o ' . & [ {
mululatszunm 125 kgf.cm™ §%3U argon gas  &3% ammonia gas (Juadnanig



iminussauanlaiily 60 kg ¥wineaas 60 kg WiNTIN 120 kg §WIU acetylene

gas flﬂ’n&lgm 80 cm Lﬁumﬂuﬁﬂmd 20 cm

2.1.1.2 AATIAUAZAIUANANNAWUAS (Gas measure gage and
control gage)
Juwesasiatannuawmeluasuiauacanuaueianaanannnd lag

o

NanwmsharaInlIznay éﬁgﬂﬁ 2.1

Gas outlet Gas containing
pressure gage pressure gage
Fﬂ

I

sUf 2.1 anauszAILANANUALLAE (Gas regulator)

2.1.1.3 aunsabindasnislnazasuns

Zas flow rate
medsuring tube

Moisture
ahsarber

Inlet gas \%
_I:'_‘.

o

g_'ﬂ'

—

Checkdn
tube

. il S’ Checkeout
Carbon monoxide gt Ventur  ybe
and carbon dioxide ~ Fressure meter
absorber Ccontrol
tube

Eﬂﬁ 2.2 Schematic diagram 283 Gas management system

AN INAnadh #anNNEFIRTLINEATINT AR (flow rate) VaIuAw

WR2E992TILNTB carbon monoxide WAz carbon dioxide aﬂﬁdmﬁw%u(moisture) 13}



sTUsznaudu 9 flidaams %wzdawalﬁuﬁ”aﬁmmu’%ﬁgﬂ%{mﬂﬁﬁu aufiazss
IR0 (chamber) dald & wsuaIulsznaudns 9 Aounanuardout  lag
& LLa@a"Lﬂugﬂﬁ 2.2

2.1.2 NIWIBAIINT IMaDaIuna (Flow rate calibration)

Jun15i0aasns mavadunis z%m%’ui%muqﬂﬁuﬁ”aﬁﬂ%mmmﬁ
ANNRINIIARINMINARDS riauﬁa:ﬂdaﬂlﬁuﬁ”avlmanﬁgjﬁaum $uuagnaben
9zead calibrated IuAadidasmilnamufidasns  lesSduaawlumavnesdalyil

1. degunynl é’agﬂﬁ 2.2 lagl@uan3azane Dibutyl phthalate luwaeaa
AILANANNAULTE (pressure control tube) ﬂi:mmmmg\‘imﬂﬁqmaamwgoma@
uazifnlunaaauiizUdny (u-shape) ’Lﬁﬁs:é’umwgaﬁaaaaﬁnﬂizmm 45 cm

2. daviawas@nNaanIINNaaAaILR&aaN (check-out tube) LTNNLYIA
MUAIVIRABAIALINIHNNT a2 ILAR (gas flow rate measuring tube) wdLAasin
sylunseaiadunmnyinavesudalilszduanuganednuizauaivasraudadilu
RREAIAUTUI NI a2 ILAR

3. AaUARITNNURAAAATIUNFLTY (check-in tube) nniwdeaudsuis
Fuuninasiaanueuneludy (gas containing pressure gage) asiAaudwdlyes
Funssfnaasnnuewnelugs  deaniwiefwuiaean(outiet valve) ENUUNIAT
’“s'mmmé'w,l,ﬁ”aaaﬂﬁ]:%%lﬂEl'w‘hmemmﬁuuﬁ"aﬁgﬂﬂéaﬂaaﬂmmwaﬂ FILNALA
Wosufafinaanasiago UL mmé’uuﬁ"aaaﬂa:mﬁLﬁaﬁWE}aLLﬁ"mﬁﬂﬁuﬁma@
AILANANNAUUAT

4. ﬂ%’m:é’waamaﬂu%aammuqummé’u azldmnuuandvad
maamm‘lumamﬁagﬂéﬁgiﬂméumﬂmgaq@ LLﬁaﬁuﬁawamaﬂﬁuﬁ@wamg
@‘Tma"m"uamaami’aﬂ%mmmﬂmmamﬁ”mm:é’uﬁmga%imﬁaviauﬁ”miw WA
mmnmamﬁagﬂﬁagazﬁuﬂaoagiﬁaayﬁumwﬂa %’una%ﬁaﬂamgﬁuﬂﬁﬂ%mm
50ml ¥ 10 A3 udImIeaagvasnaTwinKg

5. ﬂ%’mzé’ummgwawaammluma@mqummﬁu CEA RN P
°11awaamaﬂwaacﬂLLﬁﬁgﬂéﬁgLﬂﬁUuLLﬂad"LﬂI@uﬂ%'uaamﬁ,’au 5 @1 WaIrLsweeINy
Fofi 1-4

6. AMUIUBATINIT LARVBILAFIINFNAT Q = Av LRLTEWNIIN
LRAIAINNFNANRTITHINIBANNIATNLBIOATINT MRV ILARNURBNNNRTNLBIAINY
Lmﬂ@hwaqizﬁumwgwawmLmﬂumamﬁagﬂﬁagLLéﬁ'ﬁﬂms fit graph  tieam
ANUFNRHEE A (y = mx + ¢) 2z ldaumsluanuasassioluil

logQ = m (log AH) + ¢

{ [ o -1
Wa Q = 8anmIMaTeduiy  (mls’)



AH = uadnalunaaauiizUdg (cm)
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ANRIN
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AT (slope)

3
I

2.2 NN3LAIUNF1IA0819 (Specimen preparation)

1. assnagelaun Tanglmnidion ffldudsznaunsezasy (atomic
composition) #3a13197 2.1 A3Usr0duurianan (rod shape) wIALEWHNGHINANY
Uazanm 2.00 cm.  gnaalidianunudizan 1 mm. ﬁagﬂﬁ' 2 3lagldiaIosfaansng

PauLdwlnri(diamond saw)

A13WN 2.1 @B IENOUNIDLABNVBIRITAIDLN

Specimen Ti Fe C o N H

Ti Bal. 0.05 0.05 0.05 0.03 0.015

sun 2.3 813A0EINHIUNITAG

2. AAGIUNITTONENILLLAT 100, 400 LAz 1000 mﬂﬁfu{f@ﬁwma:gﬁm
(alumina) W19 1 uaz 0.3 luATau mué’wé’uﬁamﬂ%aa“ﬂ'@mmwmuwuﬁpT"rﬂ'@ It

fFNTUTANY (polishing) t&TILFIEATIL M UuasRIaNUING80zElau

2.3 n3zuannTinlase (Nitridation process)
mss“haLiwogﬂﬁwvlﬂldluﬁqﬂﬂitﬁﬁm%'u packing a3 nuwinlunglue
high alumina porcelain reaction chamber wiqtaelAatin 9N evacuated e
aanlasld rotary pump @qﬁlgﬂﬁl 2.4 "%\‘lﬁlzﬁﬂﬁﬂ’mlu chamber # absolute pressure i
17.33 kPa U&7 flow argon gas 731 flow rate iy 10 cm’.s” Lﬁﬁ;j chamber 9Ni AT
nIgaaimeaananuiildas argon gas i lU8nlagvhansmsiTuiisn 9 i 10 a9

A Al A \ o v A " Aa v K ' o
ialiliaamanteagluiaaniosnga (lafin 5 ppb) gariudaddes argon gas 1%




HIWdNg chamber da91n1iu heat up AwganDATIANNGRINNT 29Ta argon gas U7
Udasuianauszning ammonia U acetylene 141§  chamber LWa¥inmsiafaU
specimens NIDUNULTVIULIAN I@ﬂlﬁ flow rate W83 ammonia gas Winnu 0, 8, 10 uaz12
3 -1 A . o 3 -1 A ° a
cm.s UAaz flow rate Va4 acetylene gas A4NLYINAL 0.4 cm.s  LUaATU 2 h ¥innsda
UNRNEY waztda argon gas w%auﬁ'uﬂ@a%sﬁ“q@muqu furnace iawﬂizﬁ'ﬂqmﬁgﬁ
a@aaauﬁaqmﬁgﬁﬁm NNUWINENTA881988N3N chamber WaLaSaNin lUnasay

uazItaTzvaa i lunﬁsmaaa"lﬁﬁwmsl,mmscﬁ"aaﬂwaluﬁ'ﬂwmziﬂmmuquqm%nﬂﬁmﬁ

winnu 1,250 °C

E‘llﬁ 24 L@WLNW&W?QM%Q&Q@G LUDILLIAINB T

2.4 M5ILATILREIIN2819 (Specimens analysis)

a3eradn9fil§ann13¥ nitridation wazlailé¥i nitridation anihlunaseu
hardness lauld hardness tester ﬁdgﬂ‘ﬁ 2.5 lagld load 50 of lasd dwelling time 5s
FMsIadmwan 10 AssudImA1Laa garednihmidied1sllia XRD oila Cu - Ko
s @18 SEM uazmLiunmnaeiy EDX

il

gllﬁ 2.5 Hardness tester
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gﬂﬁ 3.1 NIWLAIANUFUNBTIZTRINATINT AT ILARALANULANG

maas:é’ummqwawaummiumamtﬁagﬂ@hg

P o o [ v A
mngﬂ*n 3.1 mmmmmmauwuﬂugﬂmaaaumimumﬂ@mu

v o & A o 3 -1
Iuﬂ’liﬂﬂaaﬂ%a@]i’m’ﬁ%a‘uaGLLﬂaa’liﬂauﬂ{mm’mu 10 cm .s
d?%LLﬁ&LLQ@JI&ILﬁH%LUﬁU‘LLLLlla(i ﬁﬂﬁuizﬁﬂﬂquLL@]ﬂ@i’]\‘]Taﬁﬂjqugﬂﬂlad
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3.2 N1331A312% XRD (X-ray diffraction analysis)

uiswanlaile : log Q = 1.2522(log AH) - 0.9816
log Q = 0.7445(log AH) + 0.1049
- log Q = 0.6983(log AH) - 1.3899

LazasTNAY 0.4

NNMINATIER XRD vLﬁWUE‘T’]‘Sﬂ‘JtﬂaU ﬁﬂLLE‘T@]Gl%@I"I‘J"Ix‘]ﬁ 3.1



A13191 3.1 815U32N2UNATIINLINNMTILATIESR XRD

50311318289 NHy(em's ') ayUsznaunwy
0 TiC
8 TiCy7Ng 3, TiN
10 TiCy 3Ny, TiN
12 TiCo5Ng7, TiN

INN3I0 XRD  WunstdReuulad phase U89 specimens  #%ad371N%i0 nitride

1181 2 h 71 1,250 °C LaAIAINITINN 3.1 WasanNaaIIm I lwasasunguwanlutiie 0
3 -1 a . A a oA M v g o Aaa
cm .s WULNE4 phase 289 TiC wWNe9 phase LagavintuitasanlalaUsssuiaasdnan

d A o o ° . . £ & 3 1
WalNuaaInT lavasuiawan lutielun1via nitridation g99uldu 8 cm'.s” Wy phase
284 TiCyNgs Ha2 TiIN N3N MINL TIiC 11489310 TiN Januiadias thermodynamically

' . d A o & 3 -1
NN TIC  Watinaasns nazaduiawanuiiordn 10 way 12 cm™.s” WU phase
284 TiCoaNo7, TIN aauaadluzuf 3.
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vTiCq 3Ng 7
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vTiCy 7Ny 3

A-MNHg CoHa = 0.0:04 cm3 57!

B- NH3 CgHy=80:04cm3 5
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3.3 @3uD9 Knoop (Knoop hardness)
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gﬂﬁ 3.3 Average Knoop hardness of specimens

0 3U7 3.3 uaaad1 HK 289813018614 11 load 50 gf dwelling time 5 AU
1 HK pa9s13e0e09 71klevin nitride 15w 136.8 £ 12.4 kg.mm”~ nnTWLilaLAy

AIIMI WavadunrLay Nty a1 HK aaadluunisluan a1 HK gaqmvhﬁ'u 465.0 =
2 A ' ' ' o ' M VM 2o o

33.2 kgmm~ Taflanannindu 3.4 winvesansaaan i lavin nitride NsaRaIva

HK 1Twwse nadasuudasiwaann Tic 1w TiICN waz TiN S9nigadiwaglanainuuds

waynin TiC
3.4 N1331A312% EDX (EDX analysis)

mﬂgﬂﬁ 3.4 1 TuNTIWUEAINITIATIZR EDX UaIRITAI0EIA 0 UULAZHAINITHN
nittide  AINANTILATIZHNUIN ’ITAI8ENIAaWYN nitride WUB1Q i Lﬁmﬁwyﬁm%dﬁ
F00ARAINUANMNULTUITI  &IUFTA8L9NYN nitride ﬁwunﬂm@;ﬁlﬂumuﬂi:ﬂawaa

A A 3 v A | A =2 ' v
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Ti
A-NH3 : CoHy =0.0:04 cmd s
. B- NHy : CoHy = 8.0: 0.4 cm3.s-1
C- NHg : CoH5 =100:0.4 om3 s
D- NHg - CoHy =120:0.4 om3 s
= (|
5 Ti
= Ti
=
E | Jl_/\
{ T
z |l ' A
E d Ti
A — Y B
Ti
ﬁ | 1| c
jL“__J ,
A D
0 2 4 g g 10 12
Energy(kev)

3171 3.4 EDX spectra 184 as-received Ti waz Ti kw37 nitride 71 1,250 °C 1du

181 2 h ludanaIuvaduia NH, : CoH, Aa 0: 0.4, 8: 0.4, 10 : 0.4 Uaz 12 : 0.4.

3.5 N1331A312% SEM (SEM analysis)

. R

1 _um_ WD 15.0mm







SEI  15.0kV 1um WD 14.7mm

»

3171 3.5 SEM micrographs 184 (n) as-received Ti, Waz (3-3) Ti lulasei 1,250 °C
w2 h ludanauweduda NH; : CoH, 181 0: 0.4, 8: 0.4, 10 : 0.4 Uaz 12 : 0.4

AU AL
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711,250 °C 1JuIa1 2 h  WBRITBIRIIA0EN19ULEAINI rough  surface WaZEIRNNLT
a aaa . a v A v wa . .

nmafeUfitenves i Auufsuuugudoazaziaulufisguantdi@nig tibological uaz

hardness U8IR1IAIALNIANGA2L
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Synthesis of Titanium Carbonitride by Direct Metal-Gas Reaction
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Abstract

Titanium carbonitride was synthesized by the 1,250 °C reaction of acetylene and ammonia mixtures with 99.7% titanium
for 2 h. Flow rate of acetylene was set constantly at 0.4 cm’.s" but ammonia was varied flow rate range 0-12 cm®s". The
samples were then characterized by Knoop hardness(HK) tester, a scanning electron microscope(SEM), an X-ray
diffractometer(XRD) and energy dispersive X-ray(EDX). The XRD patterns showed that TiCN, TiN and TiC phases which was in
agreement with the EDX results. The SEM micrographs of the nitride, carbide and carbonitride showed a rough surface.

Keywords : carbonitridation, direct metal-gas carbonitridation, synthesis, knoop hardness
Experimental Procedure : Titanium used for the experiment were supplied XRD spectra delected TiC, i
as 20.0 mm diameter rods, were cut into 1-2 mm thick disks, polished down to  TiN and TICN phases as shown in * va‘(-‘O s
0.3 micron alumina powder and degreased with alcohol. They were put in a high  Fig 4. Al concentration of NH, 0 « TN sbomite syn)
temperature reaction chamber made of quartz as shown in Fig 1. The air was cm”.s™, only TiC phase was *TiCo My
removed by evacuation to 17.33 kPa absolute pressure and purified argon was ~ detected. The temperalure and Aebg Caty = 00:04 e 51
slowly fed into the chamber. The | was repeated ten fimes. The residual  flow rate of acetylene could be 1l Epametnoiaw e,
lent of oxygen in the chamber before slarling the carbonitridation was form TiC phase. 2 || orucam=12004ms
calculated using the equation of state of an ideal gas and 20 vol % O, in At conceniration of NH, 8 | s e e
ambient atmosphere and found to be not more than 5 ppb. Titanium wiere om?.s!, TiCy;Ny 5 and TN = : i
heated in argon flowing at 10 cm®.s! until the test temg was i were 1
Then the acetylene and ammonia was fed into the chamber. The flow rate of concentration of NH, 10 a"d 1208 | l I fx »
tylene was set constantly at 0.4 cm®s! but ammonia was varied ©m®s", TiCq3Ny; and TiN phase ot
flow rate at 0, 8, 10 and 12 cm®.s”'. The carbonitridation proceeded for 2 h. was detected as well. 1 i o =
1
gas reacted with the Ti al random. 1 L1 -
This random reaction leads fo
.,urfa{:e roughness which reflects
. | properlies of the ] ] 1 .

Fig. 1 High temperature reaction chamber.

20 40 %0
"u:dsyee]

Results, Discussion and Conclusion : By using 50 of load, the HK Fig.4 XRD spectra of titanium with

values for the subsirate (Fig. 2) without carbonitridation were 136.8 + 12.4 1,250 °C carnitridation for 2 h.

kg.mm 2. The maximum HK values of the samples carbonitrided at 0 cm®s™" flow
rate of ammonia gas were 465.0 + 33.2 kg mm2. The maximum HK values for
the samples was 3.4 times of the substrate.
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460 - ~

Enoop Hardnessikg.mm )
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!
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0004 2004 40D4 8004 B004 10004 12004 |

i Al 1

Fig. 2 Knoop hardness of titanium with 1,250 °C carbonitridation for 2 h.

n
A My CaHy =00 D4 cmist By using EDX,

B NHy  C M, = 80: 04 emds-!
: o e lemental spectra of th
- NHj : CoH, =100 0.4 em3s! o B ofthe

D- NH3 : CoHy =120: 04 emds-! samples be{r",ra and Acknowledgements
after processing at The research was suppored by the Thaland Research Fund(TRF), Bangkok, Thailand,
=k 1,250 oC for 2 h are | am grateful to Sakon Nakhon Rajabhat University for providing the research faciity and
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Abstract

Titanium carbonitride was fabricated by the 1,250 °C reaction of acetylene and
ammonia mixtures with 99.7% titanium for 2 h. Flow rate of acetylene was set constantly
at 0.4 cm’.s” but ammonia was varied flow rate range 0-12 cm’.s". The samples were
then characterized by Knoop hardness(HK) tester, a scanning  electron
microscope(SEM)an X-ray diffractometer(XRD) and energy dispersive X-ray(EDX).
The XRD patterns showed that TiCN, TiN and TiC phases which was in agreement with
the EDX results. The SEM micrographs of the nitride, carbide and carbonitride showed a
rough surface.

Keywords : carbonitride, direct metal-gas reaction, fabrication, knoop hardness
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Hardness-improvement of titanium using a benign environment process
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Hardness of 99.7% titanium was improved in acetylene-ammonia mixtures at 1,250
°C for 2 h. The flow rate of acetylene was set constantly at 0.4 cm’.s”, but those of
ammonia were varied over the range of 0-12 cm’.s'. By using an X-ray
diffractometer (XRD) and an energy dispersive X-ray (EDX) analyzer, TiC, TiN,
TiCy7Np3 and TiCy3No; phases with the corresponding elements were detected.
Knoop hardness (HK) of the sample was at the highest when it was processed in only
acetylene. Their hardness values were decreased, but their surfaces became rougher,
due to the increase of ammonia flow rates.

KEY WORDS: TiC, TiN, TiCy 7Ny 3, TiCy 3N¢ 7, Knoop hardness

1. Introduction

Titanium has shown the potential for extensive using as processing and operating
parts in industries and medicine, due to their low density, high temperature strength
and high resistance to oxidation. However, titanium has poor surface properties at
high temperature and is very limited ductility at room temperature. Recently, the need
for new types of materials with special characteristics has become a major aspect.

Research in the field of advanced ceramics has focused on the exploration of new

1,* Dr. Kittichai Sopunna and 2,* Prof. Dr. Somchai Thongtem
E-mail: ksopunna@yahoo.com ; schthongtem@yahoo.com




routes to produce non-oxide materials, such as carbides, nitrides, borides and
sulfides!'*?). Among transition metals, titanium carbide and nitride may be used for
improvement the poor surface properties due to their high hardness, wear resistance
and chemical inertness'**). Coatings of titanium nitride, carbide and carbonitride can
be made by chemical vapor deposition (CVD) or physical vapor deposition (PVD).
The CVD and PVD of titanium are rather expensive. They need very low vacuum
systems and toxic chemicals. Titanium carbide, nitride and carbonitride can be formed
by direct metal-gas reaction which is an inexpensive and non-toxic process. The
purpose of the present research is to improve hardness of titanium using the simple

process which is benign to environment. It can be done on a large scale as well.

2. Experimental

The 20.0 mm diameter rods of titanium (99.7%) were cut into 1-2 mm thick
disks, polished down to 0.3 micron alumina powder and degreased with alcohol. Each
of them was put in a high temperature reaction chamber made of quartz as shown in
Fig 1. The air was removed by evacuation to 17.33 kPa absolute pressure, and
purified argon was slowly fed into the chamber. The process was repeated ten times.
The residual content of oxygen in the chamber before starting the reaction was
calculated using the equation of state of an ideal gas and 20 vol % O, in ambient
atmosphere, and found to be not more than 5 ppb. Each of the samples was heated in
10 cm’.s argon until the test temperature was obtained. Then 0.4 cm’.s™ acetylene
and 0, 8, 10 and 12 cm’.s? ammonia were fed into the chamber. The process
proceeded at 1,250 °C for 2 h. At the end of the process, the furnace, ammonia and

acetylene were turned off. The samples were cooled down to room temperature and



brought for further analysis using a Knoop hardness tester (MXT-a7 Matsuzawa
Seiki), XRD (XRD BRUKER AXS company series D8 ADVANCE) in combination

with JCPDS software!®, and SEM equipped with EDX (Jeol : JSM-6335F).
3. Results and Discussion

3.1 XRD

The samples were analyzed using an XRD and the spectra are shown in Fig 2.
Before processing, Ti was detected (JCPDS number 44-1294)!"*] Nitride, carbide and
carbonitrides were produced in the mixture of acetylene and ammonia gases at 1,250
°C for 2 h. At NH; : C;H, =0 : 0.4, only TiC phase was detected (JCPDS number 02-
1 179)[7’8’9]. Ti reacted with C,H, to form TiC

2Ti(s) + C,Ha(g) — 2TiC(s) + Ha(g) (1)
TiC(s) deposited on the titanium surfaces, and H, and residual of C,H, were drained
off into the surrounding atmosphere!'".

When NH; was added to the C,H, gas system, NH3 and C,H, reacted with Ti to
form nitride and carbonitride phases as explained below. At a temperature of 1,250
°C, TiN (AGrix = -195 kJ.mol™) is a little more thermodynamically stable than TiC
(AGric = -167 kJ.mol ™)' At NH; : C,H, = 8 : 0.4, TiN and TiCy;Ny3 phases were
detected (JCPDS numbers 06-0642 for TiN, and 42-1489 for TiCy-Nos3) "*!*]. At this
stage, Ti reacted with NH; to produce TiN!'*!*! Due to the equilibrium of Ti, NH;
and C;H,, TiCy 7Ny 3 was produced and detected as well. When NH; flow rates were

increased to 10 and 12 ¢cm>.s™ TiN and TiCy 3Ny 7 phases were detected (JCPDS

number 42-1488 for TiCy3No-)!"*1%.

3.2 Knoop Hardness



Knoop hardness (HK) of the samples was measured ten times using 5 s dwelling
time and 50 gf load. Average value was calculated and is shown in Fig 3. HK value of
the substrate before processing was 136.8 + 12.4 kg.mm™. For the present research,
HK was successfully improved by the carburization and carbonitridation. It was
decreased with the increase in the NH; flow rates. At NHz : C,H, = 0 : 0.4, HK value
of the sample was the maximum at 465.0 + 33.2 kg.mm™ (3.4 times of the substrate),
due to TiC formation on its surface. This shows that TiC played the role in improving
hardness of the substrate' .

When NHj; flow rates were added and gradually increased from 0 to 12 cm3.s'1,
HK values were parabolically decreased with an increase in the NH3 flow rates. It
shows that hardness of the samples was controlled by the formation of new phases

deposited on the substrates. Therefore, HK values were controlled by the flow rate of

NH3 gas, which led to different deposited phases on the substrates!'®).

3.3 EDX

By using EDX, elemental spectra of the samples before and after processing at
1,250 °C for 2 h are shown in Fig 4. Before processing, only Ti was detected. After
processing in C,H,, Ti and C were detected"”. When N was added to the system,

additional N was detected®”. H is a light element; therefore, it was not detected.

3.4 SEM

Surfaces of the samples are shown in Fig 5. The layers are irregular showing that
the reactive gases reacted with Ti at random. This random reaction leads to surface
roughness which reflects their tribological properties. It is worth noting that surface
roughness was increased with the increase in the ammonia flow rates. At this stage,

more products were deposited on the substrates.



4. Conclusions

Hardness of Ti was successfully improved by the 1,250 °C processing in
acetylene and ammonia mixtures ranging from NHj : C,H, ratios of 0 : 0.4 to 12 : 0.4
for 2 h. The maximum HK value of the sample was 3.4 times of the substrate, when it
was processed in 0.4 cm’.s” CoH,. HK values were decreased with the increase of
ammonia flow rates. It was caused by the formation of carbonitrides analyzed using
XRD and EDX. SEM micrographs show that their surfaces are covered with the

deposited phases of nitride, carbide and carbonitirdes reflecting the surface properties.
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Figure and table captions list here

Fig. 1 High temperature reaction chamber.

Fig. 2 XRD spectra of Ti before and after processing at 1,250 °C for 2 h.

Fig. 3 Knoop hardness of titanium at different flow rate ratios of NH; to C,Hs.

Fig. 4 EDX spectra of as-received Ti and Ti with 1,250 °C and 2 h processing in
NH; : C,H; ratios of 0:0.4,8:04,10:0.4and 12 : 0.4.

Fig. 5 SEM micrographs of (a) as-received Ti, and (b-¢) Ti with 1,250 °C and 2 h
processing in NH3 : C,H; ratios of 0: 0.4,8: 0.4, 10: 0.4 and 12 : 0.4,

respectively.
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