creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

ol

S} B9l

soslElol By Be] 43 dA9E F

Aoletolety & Az Wk AT

20173 2€



20173 2¢



20173 29 244

-

g



F AN 01 (=Tt OO ORRRRPPTPTTPRN

- ™M ™M o o

H

—

2-1. A3}elol B (TiN)2] 2
2-2. A s}E}o]E}

(TiN)] A

L
e
=

2-2-1. TiO,<]

211
.. 13
.. 14

15
.. 18

%

ot
=

18

@Tid,) Sy A T S N

=
e
=

F- 2 3}Elo B}
3-2. Z3}lefolE}

3-1.

24

o}
=

(TiN) &

=
=1

24
.28

ﬁo

Uz

il

28

.28
.29

.33

mK

i

36
... 36

4-2. A3} HES 15 T KINEUC T2 oottt ettt ettt e ettt et e ee e e e e e eeeeeeeeeeneeeeeneens

4-2-1. A3} Hkg-of o

... 40

KINELIC 2 Bl 705 oottt

48

=
T

=171l

52
.04

PRl

Do
AN
T Re

1 ©



A study on the Titanium Nitride Powder Preparation by Nitriding
Heat-Treatment of Titanium Hydride Powder

Hun-Seok Lee

Department of Metallurgical Engineering, The Graduate School,
Pukyong National University

Abstract
With the development of various metal-parts material industry, hardened ceramics powders (titanium

carbide(TiC) / titanium nitride(TiN), etc.) based on titanium are utilized as the raw materials of cutting and
cermet-tool. Particularly, titanium nitride(TiN) exhibiting unique gold-colors is actively applied to the high
value-parts manufacturing such as watch-buckle, jewelry and so on. Among traditional methods for production
of TiN powder, carbothermal-reduction nitriding process of TiO, powder has been commercially known as a
good candidate technology in views of the economical and efficient point. However, this process requires high
reaction temperatures (1500~2000°C) in accordance with thermodynamic stability of TiO,, which can induce
intense sintering accompanied with post-milling process and low quality powder. Therefore, in order to improve
these faults, many researches have been focused on producing the TiN powder at a lower temperature. In this
study, nitriding heat-treatment applying titanium hydride(TiH,) powder produced by hydrogenation heat-
treatment of sponge Ti, was tried at lower temperatures compared with carbothermal-reduction process. Here,
the optimized hydrogenation process was firstly established with regard to reaction temperatures and hours, and
then nitriding possibility and kinetic behavior according to reaction temperatures and initial particle size of TiH,
powder was thoroughly investigated.

In order to establish the optimized hydrogenation process, sponge titanium was hydrogenated at 623~1223K
for 1~3 hours, and then the individual hydride were characterized by XRD, hydrogen elemental analyzer, etc. It
was studied experimentally and thermodynamically that hydrogenation reaction perfectly occurred at
973K(2~3hr), 1023K(1~3hr), 1073K(1 hr), appearing TiH;g,4 phase corresponding to 3.97~3.98 wt.% of
hydrogen content. Therefore, it let us know that the optimized temperature and time of hydrogenation process
were 1023K and 1 hour, respectively.

The sponge TiH, were milled to reduce the particle size to the 2um and 15um and then respective TiH,
powders were nitrided at 1023~1423K for 2 hour, and the individual nitride were characterized by XRD,

hydrogen/nitrogen elemental analyzer. The observation of N, H-contents let us know that H-contents was



decreased, while N-contents was increased with temperature-rises. In particular, according to initial particle size
of TiH, powder, the smaller size(2um) can be nitride more effectively even at relatively low temperatures,
showing the higher N-contents than coarse(15um) powder in the overall region of reaction temperatures.
Therefore, from our careful study of nitriding kinetics, we found the activation energy for nitriding in fine
powder to be 17.45kJ/mol, which was much smaller than in coarse powder, 42.15kJ/mol, which confirmed that

the nitriding rate in fine powder was faster than that in coarse powder because of the higher surface-area effect.
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Table 1. Physical and mechanical properties of titanium nitride[10-11]

274 A A Al
A 744 (nm) a=0.4249(a=b=c)
Al AL Yellowish
8 (K) 3223
2 = (g/em?) 5.44
£ 2 (g/mol) 61.91
H] A T (105Qm) 40
A 7] A Al (107K) 0.445-3 14731
AU 5= (eV) 4.09
A A L2 (WmK) 19.2
4 4 AT (10%K) 935
AEAAEE (K) 5.6
74 X Hv (GPa, N) 19.9
4 & (GPa) 390
w9 7} = (MPa) 260
ot = 7 = (MPa) 1298
o1 %7} & (MPa) 37
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Fig. 1. Crystal structure of NaCl-type of titanium nitride[12]
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Fig. 2. Phase diagram of Ti - N system[13]
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2-2-2. A7+ A A W (self-propagation high-temperature synthesis, SHS)
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2-2-3. LA BB (solid-state metathesis, SSM)
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2-2-4. 71413 53} (Mechanical alloying)
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Fig. 6. Reaction profile to illustrate the concept of energy of activation,
E., and AU of reaction as the difference between E, in forward and
backward direction[22-23]
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Fig. 7. Flow sheet of TiH, powders preparation by hydrogenation and

ball milling process of sponge titanium
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Fig. 8. Photography and microstructure of sponge titanium
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Table. 2. Chemical composition of sponge titanium.

Fe Si €I C N O Mn Mg H T

wt% 0.06 0.01 006 002 0.02 006 0.01 0.06 0.005 99.7
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Fig. 10. Ball milling process for titanium hydride powders

23



3-2. Z3le}olELE(TIN) 2 A Z

= BEE §7] 7 20g¥ Hal, FE | RkgTlel ¥ 5 A A

(o))
o
o
()
Q.
3
=
o
fr
N
inss
ol
ol
g
>
Bjte
=]
rlo
=
(W=
o
N
w
A
H
H
N
w
A
H
N
N
w
A
[EEN
w
N
w
A
H
N
N
w
A
N

N

o
H
=2
>
N
2,
o
ot
o
1A
AL
o

ki
2
ot
12
o
2
=2
ot
Y
2
Lo
i)

e ERE fHsy] Sl

>
oL
2
k)
o
ey
>~
.l
[P
)
i
L
4
DX
i

ZF 9 A HstE v
(Micro Elemental Analyzer, Flash 2000) % X-A1 3|4 &2]7](X-ray Diffraction
D/Max 2500)E F3 ZAlslic) A 1, 23} & UYS F3) Az TiH,

s tis] FAFA R 1] 7 (Scanning Electron Microscope, JSSM-6610LV) 2

dlo] A =24 7](Laser Paticle Size Analyzer, LS13 320)5 ©]-&3}o] A%

2

ME,

ins
k1
H

N
|

= xR

24



T 2 gl uet oy

TR

4
W

——
file]

2
ol

il

N

B
T

=]
24

o
=2

| @ evo wat As dxale Kinetic 7%

7

= 4

[e]

pe

TiH, &

s,

25



TiH, Powder 2um(10hr), 15 um(4hr)

A

Setting in the tube furnace

y

N, gas purging for 30 min

A

1023 ~ 1423 K for 2hr

\4

TiN Powder 2um, 15um

\4

Characterization

Fig. 11. Flow sheet of nitriding process of TiH, powder

26




LU T R |

A

AT

Fig. 12. Schematic process on nitriding heat-treatment of TiH, powder

27



i

K

ﬂl

Fast AF B4

=
T

4-1-1. €59 u}

Fod, WA “Ti + Hy(g) =

5

PR e 13). 13 13004

ZA}E

TEEL

=]
~

Tor
B
B

o

of o

olo
=)

TiHy”

Fom

°F 1043K 7]

o
T

oA H3l, AGC #

o} = 1043K

o2 =4 Tig} H,2 ¥

TiH,7}

ol A =

ol

S

1, Hkth= 1 o

23]

i

ol

1043K ©]

- dAd=

ks

5223}

= 34A7I7 97

o el TiH,

Eis

= 7HAAE AR A

9 149 623~1023Kol A 34]

A WskE YErSIth 19 14014 1043K ] 3te]

fﬂ_

o

=]
=

I HH, 623~823K= WF& LA o

)=
=

al

28



7, hexagonal closed packed), TiH; ¥ (4 ¢

B

T A, TiH0_71}b]'(/‘]‘Hc]'Xg, orthorhombic) o]

=
=

14| face-centered cubic)o] F= 7

A% AT TiH ol

1023K 2]

b

]

ki3

A AEH A

5]

gl

A wEhA 1023K ) A

=
=

, face-centered cubic)e]

g

TiH1 024

ol

o2 A ETh[24]

al

NS
)

H7 o] 5014

S

=
=]

3ol 1]

=)

q

Fas A% 24

=
T

4-1-2. A7kl o}

[e)

]

|Fo] A, 1023Ke] 745 BT Al7telA

0

1073Ko| A 1A 7] A%

hy

A

ki3

35

TiH,7}

;OL

X

oW

S

8607 (AN RTEL TiH7h F35H DA 1 olael A

A2

-
s

1 o] Ake] 2Imof| A

A TiH,

<

OO]:

s A s

} o

2 TiH7F 45+ %

<)

d

@A glo] 9%

3} Ae] =718 1023Kol A 14]

S

Z Atz

29



A G, kdJ/mol

100 +

-100

623 723 823 923 1023 1123 1223 1323 1423 1523

Temperature, K

Fig. 13. Free energy changes for the reaction :
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Table. 3. Hydrogen contents of titanium hydride produced by hydrogenation

heat-treatment for 1~3 hours at various temperatures

973 K 1023 K 1073 K 1123 K 1223 K

1hr 3.316 3.982 3.978 3.369 -
2 hr 3.982 3.980 3.916 3.547 1.164
3hr 3.978 3.986 3.910 3.556 -

32



4-1-2. 3 27 W& d5 ¢ SEM 4

o] o F43t A T 1, 2 ball millingdle] doF TiH 2%

B
a2

o = A7) H mAxA #A A3E 17 159 160 HERAT M A
12P4 02 SUS ball& o] &3t 1A1ZF w3 & dojxl FHe] = #X
Hel= 45~384umeolH, o] 5 7HF @Wol XSt U= Y= A 7I(mode,
HRT)E= 315ume = YEEth E3 2xpH 0w A =sol E& o] &35t
of 4Nz E<F AR BEo Ae 9= X H9UF 6.1~34.5umo]H,
HAWSE 152umol e, 1047k d% B WY E 04~9.7umez
v 27umel Ao 2 yERgtth g F4 ball milling 3ol o8] vERY
= =% 439 dAER #FHENCH, g vEEe] EAde A

o2 Jetrhd 16).

33



Volume, %

7{d,:45um
614, :20.7um
574,384 um

1 Mode : 31.5 um

1hr with SUS ball

6] dy 6.1 um 4hr with ZrO, ball
] d50 :13.9 um
] ng: 34.5 um
1 Mode : 15.2 um

1 d50 D 2.2 um
1 d90 : 9.7 um
1 Mode : 2.7 um

10hr with Zro, ball

1 3 10 15 34100 1000
Particle size, um

Fig. 15. Particle size distribution of TiH, powders produced by
ball-milling with SUS, ZrO, for 1~10 hours
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Fig. 16. Microstructures of a) 325mesh, b) 15um, ¢) 2um TiH, powders
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Table. 4. Velocity of nitriding reaction according to initial particle size of

TiH, powders at various temperatures

Velocity Temperature

Particle size (N9 / hr)
1023K 1123K  1223K 1323K 1423K

\ 6.26 7.50 854 1020 11.02
2 um

InVv 1.83 2.01 214 2.32 2.40

\ 2.57 4.16 6.29 8.54 10.01
15um

InvV 0.94 1.42 1.84 2.14 2.30
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Fig. 24. Kinetic behaviors of nitridation reaction according to initial

particle size of TiH, powders at various temperatures
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