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Synthesis of ZrN Nanopowder via Soft Urea Pathway

MA Xi-Fei, KANG Zhuang, HUANG Xiao, ZHANG Guo-Jun

(Shanghai Institute of Ceramics, Chinese Academy of Sciences, Shanghai 200050, China)

Abstract: High pure ZrN nanopowder was synthesized from Z-U or ZO-U precusors by using ZrCl, and
ZrOCl,'8H,0 as zirconium source, urea as solid N source. The preceramic precursors characterized by FT-IR were
prepared via coordination between zirconium ions and urea molecules. Both precursors were further pyrolyzed at rela-
tively low temperatures to yield ZrN. XRD and SEM techniques were used to examine the microstructures of the ce-
ramic powders, while TG-DTA was used to study the pyrolysis process. It appears that the crystal water has strong ef-
fect on the coordination chemistry of Zr ions, resulting in obvious differences in molecular structures of two precursors.
Such structural differences have strong effects on purity and morphologies of the as-prepared ZrN nanopowder. Ap-
parently, the Z-U precursor from ZrCl, is more liable to acquire high pure ZrN nanopowder.
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Fig. 1 IR spectra of urea, Z-U and ZO-U
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Fig. 2 Proposed molecular structure of ZO-U and Z-U
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Fig.3 TG and DTA curves of the Z-U and ZO-U precursors
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Fig. 4 XRD patterns of the products from different precursors
pyrolyzed at different temperatures

From top to bottom: products of Z-U pyrolyzed at 1400°C, 1200°C,
1000°C and ZO-U pyrolyzed at 1400°C in N, for 2 h, respectively
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Fig. 5 SEM images of the products from different precursors
pyrolyzed at 1400°C

(a, b) from Z-U; (c, d) from ZO-U

FEDEERIBNARB 6, FCRL FI/NE L 21100 nm
BAT . 20-U HISKR AR O ROF B 2, T LK
SURMBER . AU ST LU s Z0-U il
YEORZRT ) RATHER, A 500 nm BULBOK. 1
ST Z1OCh SHO AL ¥ e e 17
ATLAEIHERI 20,2, A, 2 ZO-U IR
WA TR Zr KR, (EIREER AL
R A BUAA B SR s K740

3 #ig
1) SR AU ER 2% 4 S N 4 T R

IRAAR Z-U Fl ZO-U, 28 PG s A5 31 T AN
ZiN BB K. S T2, LUR 2N B AR,



80 WL MR

i %5 30 4

FONGGE A, AR EARTIRAR, I )4

2) Z-U 5 ZO-U #ERY# NI PR LT — 3,
HE R = Al BE RSN B BRZE 5. BL ZeCly
IR 3RAT RIUTER I SEAH ZeN G A, 1 A
ZrOCl, MY, 1538k 70K, 2R,
Hak— L AR EMCR, EAFE DR Zr0,,

3) T4 K IAEAE, ZrOCl, T8 i K@, 1
ZrCly Y] 10 T P AR A5 21 F SR A4S o 7K A R I i P AS [
T BT IR AR 1) 45 R e A S SO, R B S P )
(2l fE RIS -

2% Sk

[1] SUN F H, ZHANG Z M, CHEN M, et al. Improvement of adhe-
sive strength and surface roughness of diamond films on
Co-cemented tungsten carbide tools. Diam. Relat. Mater., 2003,
12(3/7): 711-718.

[2] ADACHI J, KUROSAKI K. Thermal and electrical properties of
zirconium nitride. J. Alloys Compd., 2005, 399(1/2): 242-244.

[3] TANG Y, ZHANG G J, XUE J X, et al. Densification and me-
chanical properties of hot-pressed ZrN ceramics doped with Zr or
Ti. J. Eur. Ceram. Soc., 2013, 33(7): 1363-1371.

[4] STREIT M, INGOLD F, POUCHON M, et al. Zirconium nitride as
inert matrix for fast systems. J. Nucl. Mater., 2003, 319(1): 51-58.

[5] ZHAO X J, CHENA D L, RUB H Q, et al. Zirconium nitride
nano-particulate reinforced Alon composites: fabrication, me-
chanical properties and toughening mechanisms. J. Eur. Ceram.
Soc., 2011, 31(5): 883-892.

[6] ZHANG N, ZHAO X J. Thermal shock behavior of nano-sized
Z1N particulate reinforced AION composites. Ceram. Int., 2013,
39(1): 367-375.

[77 ANDRIEVSKI R A. Nanomaterials based on high-melting car-
bides, nitrides and borides. Usp. Khim, 2005, 74(12): 1163—1175.

[8] OYAMA S T, YU C C, RAMANTHAN S. Transition metal bi-
metallic oxycarbides: synthesis, characterization, and activity
studies. J. Catal., 1999, 184(2): 535-549.

[9] WU D, ZHANG Z, FU W, et al. Structure, electrical and chemical
properties of zirconium nitride films deposited by dc reactive
magnetron sputtering. Appl. Phys. A, 1997, 64(6): 593-595.

[10] ALEXANDER A M, HARGREAVES J S J. Alternative catalytic
materials: carbides, nitrides, phosphides and amorphous boron al-
loys. Chem. Soc. Rev., 2010, 39(11): 4388-4401.

[11] CHEN H Y, WANG L P, BAI J M, et al. In situ XRD studies of
ZnO/GaN mixtures at high pressure and high temperature: synthe-
sis of Zn-Rich (Ga,-.Zn,)(N;-,O,) photocatalysts. J. Phys. Chem. C,
2010, 114(4): 1809-1814.

[12] SCHAAF P, KAHLE M, CARPENE E. Reactive laser synthesis of
carbides and nitrides. Appl. Surf. Sci., 2005, 247(1-4): 607-615.

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]
[25]

[26]

[27]

(28]

[29]

VISSOKOV G, TSVATANOV T. On the plasma-chemical synthe-
sis of nanopowders. Plasma Sci. Technol., 2003, 5(6): 2039-2050.
FU B, GAO L. La;,Sr.Ga;0; s Melilite-type ceramics—preparation,
composition, and structure, J. Am. Ceram. Soc., 2004, 8(4): 696—699.
CHAU L H K, KAO C C. Microwave plasma synthesis of TiN and
ZrN nanopowders. J. Mater. Lett., 2007, 61(14): 1583-1587.
SHEERIF E, ESKANADARANY M, ASHOUR A H. Mechani-
cally induced gas-solid reaction for the synthesis of nanocrystalline
ZrN powders and their subsequent consolidations. J. Alloys
Compd., 2000, 313(1/2): 224-234.

YI H C, MOORE 1J J. Review self-propagating high-temperature
(combustion) synthesis (SHS) of powder- compacted materials. J.
Mater. Sci. Technol., 1990, 25(2): 1159-1168.

REDDY R S, KAMARAJ M. Generation and characterization of
zirconium nitride nanoparticlesby wire explosion process. Ceram.
Int., 2012, 38(7): 5507-5512

YAMAMURA H, EMOTO 8. Factors affecting the formation rate
of ZrN by the carbothermal nitridation method. Nippon Seramik-
kusu Kyokai Gakujutsu Ronbunshi, 1998, 106(7): 650— 653.
ORHAN E F, TESSIER F, MARCHAND R. Synthesis and ener-
getics of yellow TaON. Solid State Sci., 2002, 4(8): 1071-1076.
PODSIADLO S. Stages of the synthesis of gallium nitride with the
use of urea. Thermochim. Acta, 1995, 256(2): 367-373.
GIORDANO C, ANTONIRTTI M. Synthesis of crystalline metal
nitride and metal carbide nanostructures by Sol-Gel chemistry.
Nano Today, 2011, 6(4): 366-380.

YAO W, MAKOWSKI P, GIORDANO C, et al. Synthesis of early
transition metal carbide and nitride nanoparticles through the urea
route and their use as alkylation catalysts. J. Chem. Eur, 2009,
15(44): 11999-12004.

WADE G Jr. Organic Chemistry, 4th Ed. Prentice Hall, New Jersey, 1979.
SRIVASTAVA A. Low-temperature preparation of tetragonal zir-
conia. Mater: Lett., 1987, 5(3): 111-115.

STEWART J E. Infrared absorption spectra of urea, thiourea, and
some thiourea-alkali halide complexes. J. Chem. Phys., 1957,
26(2): 248-254.

SANTOS V, ZENI M, BERGMANN C P. Correlation between
thermal treatment and tetragonal/monoclinic nanostructured zirco-
nia powder obtained by Sol-Gel process. Rev. Adv. Mater. Sci.,
2008, 17(1/2): 62-70.

QIU Y, GAO L. Synthesis of nanocrystalline CrN from Cr{fOC(NH,),]¢Cl
coordination compound. Mater. Res. Bull, 2003, 38(9): 1551- 1557.
ZAHARESCU M, JITIANU A. Composition and thermal stability
of SiO,-based hybrid materials TEOS-MTEOS system. Therm.
Anal. Calorim., 2003, 71(2): 421-428.

YANG H Z, SHI T J, ZHAI L F, et al. Electrostatic spinnability of
silica sol and morphologies of its electrospun product. J. Inorg.

Chem., 2006, 21(5): 1273-1277.



