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Fine Titanium Nitride Powders by the Vapor Phase
Reaction of TiCl.-NH:;-H.-N, System

By
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** Faculty of Science and Engineering, Saga University

The formation of fine titanium-~nitride powders by the vapor phase reaction of TiCl,-
NH;-H,-N, system was investigated between 700° and 1500°C with emphasis on the effects of
reaction conditions on the properties of the nitride powders.
obtained.

1) Mixing temperature of TiCl, and NH, gave a remarkable influence on the properties
of the titanium nitride powders produced. When the mixing temperature was about 250°C
(method (A)), the nitride powders produced had a wide distribution of particle size from
0.01 to 0.4 x«. BET surface area (Sggrt) of the nitride powders by method (A) was larger
than the surface area estimated from the particle size distribution based on the electron micro-
graphs (Sgm). On the other hand, when the mixing temperature was above 700°C (method
(B)), the nitride powders produced were finer than those by method (A) and had a narrow
distribution of particle size from 0.03 to 0.2 #. In the case of method (B), the particle size
can be controlled with reaction conditions (mainly with reaction temperature); it decreased
with the increase of reaction temperature.  Sggt of the nitridepowders by method (B) was
nearly equal to Sgum.

2) These titanium nitrides showed a wide range of nonstoichiometry with an excess
nitrogen ; atomic ratio N/Ti=1.1-1.4. The N/Ti ratio decreased with the elevation of reaction
temperature. X-ray diffraction patterns of all nitride samples showed NaCl-structure. It was
found that these titanium nitrides contained Ti vacancies equivalent to the excess nitrogen.

3) For the formation process of titanium nitride particles, it was proposed that the
process in method (A) consisted of the formation of TiCl,-NH; adduct powders and the
subsequent thermal decomposition into nitride, and that the process in method (B) consisted
of the formation of TiN nuclei and its growth into nitride particles.
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TiCli(g) +4/3 NH,(g) =TiN(c) +4 HCI(g) +1/6 N.(g)
TiCL(g) +NH,(g) +1/2 Hy(g) =TiN(c) + 4 HCl(g)
TiCl (&) +1/2 No(g) +2 Hy(g) = TiN(c) +4 HCl(g)
TiCli(g) +1/2 Hy(g) =TiCls(2) + HCl(2)
TiCL(g) +H,(g) =TiCl;(g) +2 HCl(g)
TiCl,(g) +3/2 H,(g) =TiCl(g) + 3HCl(g)
TiCl(g) +2 H,(g) = Ti(g) +4 HCl(g)
TiN(c) =1/2 N:(&) + Ti(g)
. 1 Equilibrium constants of several reactions
concerning TiCl-NH;-H,-N, system be-
tween 600C and 1500C.
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Recrystallized alumina tube (i.d. 22 mm).
SiC resistance furnace (length, 40 cm).
Pt.Pt-Rh (13%) thermocouple.

Collecting flask (12).

Inlet tube for TiCl,-N, mixture.

Inlet tube for NH;-H, mixture.
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Fig. 2 Reaction apparatus,

3.3 BRECEKBELFYIVOER

ﬁ'@ N,-H, BETAEZX» U T— & L’C;jﬁg%%%ﬁsg
A¥EEPIC TiCl, 2EEsE, 2T T7vE = 7%
BERTRIGEE. KIEOE, 7T bhr—F5474
2FERE BT, Rt o REY TiCl, ofis (—-30
C) MfHEICRFEL7z. RIGH#, N-H, (40%) K,
%7 10°C/min T 800°C ¥ THuk L 7=.

3.4 TiIN MESOARK
TiCl,-N,(55%)-H,(45%) ZH AR TH v 25 7
47 AV MEBEMB (1400~1500C) L, 745 A
F E~EEEDOEILFF L R ERRE S .

3.5 ERpoRENE

X#EHrici Cu K, & Az, BTERIIEEY
NIEEHE A, BlkF# > NaCl &) o (111),
(200), (220) DOFEHF#H» SHELFEH L (+0.003
D). E#oFr e TIO, @b+ s E&E

NI | -El ectronic Library Service



The Ceramic Society of Japan

45 HniEEERIE Lz ok 83 197 1975 455

Table 1 Reaction conditions and properties of titanium nitrides.

Reaction® Gas composition(%)P Atomic Lattice Oxidation® Particle® Surface area

Run  temperature (balance : N;~59%) ratio constant Density resistance size (m?/g)
() TiCl, NH, H, N/Ti a(h) (g/cm?) t (C)  DwDy(w) Seer Sk

A-1 1100 2.1 19 19 1.30 4.226 260 0.01—0.23 61 4.6

A-2 1200 2.1 19 19 1.28 4.233 235 0.03—0.13

A-3 1300 2.1 19 19 1.23 4.235 340 0.04—0.30

A-4 1400 2.1 19 19 1.18 4.237 310 0.02—0.25 21 5.0

A-5 1500 2.1 19 19 1.13 4.239 330 0.02—0.10

A-6 1400 2.1 32 6.4 1.14 4.237 335 0.01—0.22

A-7 1400 2.1 6.4 32 1.14 4.240 325 0.03—0.14

A-3g 1400 1.6 19 19 1.19 4.236 290 0.02—0.16

A-9 1400 2.8 19 19 1.15 4.241 330 0.04—0.22

A-10 1400 1.7 19 19 1.15 4.233 345 0.02—0.20

A-11 1400 2.0 19 19 1.14 4.238 330 0.04—0.20

B-1 700 2.1 19 19 1.38 4.228 4.30 270 0.09—0.13 16 12

B- 2 900 2.1 19 19 1.19 4.231 4.56 320 0.07—0.11 19 14

B-3 1100 2.1 19 19 1.18 4.237 4.62 295 0.04—0.07 19

B-4 900 2.1 2.6 36 1.33 4.226 4.43 295 0.04—0.07 25 20

B-5 900 2.1 5.3 33 1.22 4.226 4.57 310 0.05—0.09 20 16

B-6 900 2.9 19 19 1.22 4.225 4.56 325 0.06—0.10 20 15

B-7 900 1.4 19 19 1.36 4.213 4.45 330 0.05—0.09 23 20

B- 8 900 5.1 19 17 1.19 4.233 4.72 406 0.07—0.19

ce 1.15 4.238 4.89 380

DO 1.00 4.240 5.34 560

a) Mixing temperature of TiCl, and NH;: A series: ca 250°C, B series; reaction temperatures.

b) Flow rate of reactant gas: A-10; 100 ml/min, A-11; 500 ml/min, others; 310 ml/min.

c) Temperature at which the degree of oxidation became 10% when the nitride powders were heated at 5°C/min in air.
d) Dy and Dy, are the particle sizes at 20 and 80% in the cumulative % particle-distribution curve, respectively.

e) Powder (black) produced by thermal decomposition of a low~-temperature adduct of TiCl, and NH,.

f) Single crystals (golden yellow) produced by a filament method.

Fig. 3 Electron micrographs of the products (scales in photograph indicate 0.2 g long).
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Fig. 4 Effect of reaction temperature on
particle size distributions.
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Fig. 5 Dependence of the composition of titanium
nitrides on reaction temperature.
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Fig. 6 Dependence of the composition of titanium
nitrides on the gas compositions (symbols
are the same as in Fig. 5).
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: Products by meteod (A).

: Products by method (B).

: Powder produced by thermal decomposition of a
low-temperature adduct of TiCl, and NH,.

: Single crystals produced by a filament method.
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Fig. 7 Variation of lattice constant with atomic
ratio N/Ti of titanium nitrides (curve 1
shows the present data, and curve 2 does
Brager’s data).
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Fig. 8 Variation of the vacancies in Ti and N
sublattices with atomic ratio N/Ti of
titanium nitrides (products of B series,
Run-C, and Run-D).
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