
AD-A251 514

OFFICE OF NAVAL RESEARCH

GRANT N00014-91-J-1258

R&T Code Matlsyn---01

Technical Report No. 2

Room Temperature Synthesis of Crystalline Molybdenum and Tungsten Carbides,

Mo2C and W2C, via Chemical Reduction Methods

by

Dongshui Zeng and Mark J. Hampden-Smith D T IC
Prepared for Publication f L EC P,

in JUN0 5 1992

Chemistry of Materials *

Department of Chemistry and Center for Micro-Engineered Ceramics

University of New Mexico
Albuquerque, NM 87131

Reproduction in whole or in part is permitted for any purpose of the United States Government.

This document has been approved for public release and sale;

its distribution is unlimited.

92-14620

92 6 03 031



REPORT DOCUMENTATION PAGE ' o'Q4C,8

C Z C Dt-c . P e.,ea.s. - *. .

I AGENCY j.SE ONLY , a rJ 2 REPORT ZATE 3. REPORT TYPE AND DATES COVERED

22 May 1992 Technical Report
4 TiTLE AND S.,BTITLE 5 FJNDING NWMBERS

Room Temperature Synthesis of Crystalline Molybdenum and N00014-91-J-1258
Tungsten Carbides, Mo2C and W2C, via Chemical Reduction Matlsyn---Ol
Methods

6 AUTHORiS)

Dongshui Zeng
Mark J. Hampden-Smith

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

REPORT NUMBER
Department of Chemistry and Center for Micro-Engineered Ceramics Technical Report No. 2
University of New Mexico
Albuquerque, NM 87131

9. SPONSORING, MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSORING MONITORING

Dr. H. Guard and Dr. L. Kabikoff AGENCY REPORT NUMBER

Office of Naval Research
800 North Quincy Street
Arlington, VA 22217-5000

11. SUPPLEMENTARY NOTES

Submitted to Chemistry of Materials

12a. DISTRIBUTION AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approval for public release; distribution unlimited N00179

13. ABSTRACT (Maimmr200woras)

The species MoCI3(THF)3, MoCI4 (THF)2 and WCI4 have been reduced in THF solution with
LiBEt3H to give black, homogeneous solutions. The black product could be separated from the other
reaction by-products to give either a colloidal black solution or an agglomerated black precipitate.
TEM of the dried colloidal solutions showed the presence of monodispersed 1-2nm sized particles
which gave a broad electron diffraction rings corresponding to a d-spacing of -2.4A. Energy
dispersive spectroscopy showed only the presence of Mo or W depending on which starting material
was used. The black precipitates were shown to be agglomerates of the l-2nm crystallites. X-ray
powder diffraction data also showed a broad peak centered at 2.4 A for Mo2C and 2.3A for W2C. On
heating the peaks sharpened and a number of other lower intensity peaks emerged that were
consistent with the presence of crystalline M2C (M = Mo, 5000 C or W, 450 0C) rather than the
expected metal products. The identity of M2C was confirmed by elemental analysis and by TGA
oxidation experiments.

14 SubJECT TERMS 15. NUMBER OF PAGES

16. PRICE CODE

17 SECUR;TY CLASSIFICATION 18 SECURITY CLASSFICATION 19, SECURITY CLASSIFICATION 20. LIMITATION OF ABSTRACT

OF REPORT OF THIS PAGE OF ABSTRACT

Unclassified Unclassified Unclassified
, -.- ..-... 

89)



Submitted to Chemistry of Materials, Comm. Ed., 4/16/92

Room Temperature Synthesis of Crystalline Molybdenum and

Tungsten Carbides, Mo2C and W2C, via Chemical Reduction

Methods.

D. Zeng and M.J. Hampden-Smith*

Department of Chemistry

and
Center for Micro-Engineered Ceramics

University of New Mexico,

Albuquerque NM 87131.

Abstract:

The species MoCI3(THF) 3 , MoCI4 (THF) 2 and WCI4 have been reduced in THF
solution with LiBEt 3H to give black, homogeneous solutions. The black product could be
separated from the other reaction by-products to give either a colloidal black solution or an
agglomerated black precipitate. TEM of the dried colloidal solutions showed the presence of
monodispersed 1-2nm sized particles which gave a broad electron diffraction rings
corresponding to a d-spacing of -2.4A. Lhergy dispersive spectroscopy showed only the
presence of Mo or W depending on which starting material was used. The black precipitates
were shown to be agglomerates of the 1-2nm crystallites. X-ray powder diffraction data also
showed a broad peak centered at 2.4 A for Mo 2C and 2.3A for W2 C. On heating the peaks
sharpened and a number of other lower intensity peaks emerged that were consistent with the
presence of crystalline M2C (M = Mo, 5000C or W, 4500C) rather than the expected metal
products. The identity of M2C was confirmed by elemental analysis and by TGA oxidation

experiments.

*Author to whom correspondence should be addressed
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The preparation of nanometer-sized particles of phase pure materials is currently

attracting intense interest in materials chemistry because such particles exhibit unique chemical

and physical properties that are intermediate between those of molecules and extended solids.1

For example, metal chalcogenides exhibit size dependant physical properties in the 2-100 nm

size regeme 2 and metal particles exhibit size-dependant selectivity 3 and reactivity3,4 in catalytic

reactions. However, traditional solid-state synthetic methods seldom result in formation of

particles smaller that 100nm.5 New synthetic routes based on chemical methods show promise

for the formation of materials with a homogeneity, morphology, composition, microstructure

and purity not otherwise obtainable. For example, the reduction of metal salts in t:-. presence of

a surfactant, often in inverse micelles, has led to formation of mono-dispersed nanometer-sized

particles. 6 However, the surfactant can lead to impurity incorporation in subsequent steps and

as a result a number of groups are investigating alternative synthetic strategies. Reicke et al. 7

have extensively investigated the reduction of metal salts with alkali metal naphthalenides and

formed highly dispersed, reactive metal powders. Bonnemann et al.8,9 have shown that

trialkylborohydride reducing agents can be used to reduce a variety of metal complexes to form

the corresponding metal colloids. The metals are reasonably pure (70% - 98%), the particle size

was approximately 10-100nm and generally trystalline materials were formed depending on the

specific system as determined by X-ray diffraction.

Here we report the room temperature reduction of molybdenum and tungsten halides

with LiBEt 3H, which results in the formation of monodispersed, 1 and 2nm, crystalline Mo2C

and W2C colloids, respectively, rather than formation of the metal. Existing routes to these

interstitial carbide materials involve either high temperature ( > 12000C) reduction of the

corresponding metal oxide 10 -13 or halide 14 or ball-milling mixtures of elemental powders for

extended periods at lower temperatures. 15, 16 Both these methods often result in addition

reactions between the reagent and container causing impurity incorporation.

The reduction of THF suspensions of MoCI4 (thf) 2, MoCl 3 (thf) 3 and WCI4 at -100C

with a slight excess of the stoichiometric amount of LiBEt 3H resulted in the formation of a Codes

. .1.id/oOpecial
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black solution accompanied by gas evolution. 17 After stirring for 24hr., the colloidal solu::.ans

generally aggregated and black powders could be isolated by centrifugation. Under some

conditions, the black powders could be isolated and redispersed in THF to give black colloidal

solutions. For MoCI3(THF)3, a representative example, the black powder isolated had a particle

size of approximately 1-2gm (SEM) and contained only Mo by energy dispersive spectroscopy.

Closer examination by transmission electron microscopy revealed that the l-24.m sized particles

were agglomerates of smaller, 2nm sized particles. Energy dispersive spectroscopy revealed

only Mo and electron diffraction revealed a diffuse ring at a d-spacing corresponding to -2.4A,

consistent with the very broad peak observed for the same sample by X-ray powd,:r diffraction.

TEM of a sample of the same material redispersed in THF revealed the presence of

monodispersed particles approximately 2nm in diameter, Figure 1. This particle size is

consistent with the broadening observed by X-ray diffraction as calculated from the Scherrer

equation and so also represents the crystallite size. Due to the broadness of the X-ray diffraction

peak and the similarity between the crystal structures of Mo and Mo2C a distinction between

these species could not be made at this stage. To distinguish these two possibilities, the sample

was sintered at a number of different temperatures, in vacuo, to increase the size of the

crystallites. On heating to 5000C, the X-ray diffraction pattern sharpened and corresponded to

that of Mo2C. No evidence for Mo was observed. The X-ray diffraction data for W2 C as-

prepared at room temperature and after heating to 4500 C in vacuo are presented in Figurc 2.

Higher temperature sintering of Mo2C at 10-2 torr resulted in partial oxidation to form traces of

crystalline Mo, M0O2, as determined by X-ray diffraction, and presur-oly CO 2 .

Thermogravimetric analysis in air quantitatively confirmed this oxidation io MoO2 via an

observed weight gain of 25% (calculated, 26%).

Similar observations were made for the formation of Mo2C fr'ni MoCL4(thf)2 and W2C

from WCI4 . The interstitial carbides were formed in high yields (>93%) and were all composed

of 1-2 nm sized primary crystallites which sintered to enable unambiguous phase assignment at

450 - 5000C. The presence of carbon in all as-prepared samples prior to sintering was



Submitted to Chemistry of Materials, Comm. Ed.. 4/16/92 4

confirmed by combustion elemental analysis. The origin of the carbide has not been ideritlfcd at

this stage. However, evidence that it is incorporated in the initial reaction rather than in a

subsequent washing and isolation step comes from a separate experiment in which the crude.

centrifuged, aggregated black powder formed from reduction of MoCI3(T-IF)3 was found to be

Mo2 C by variable temperature X-ray powder diffraction. Presently, we feel that it is unlikely

that the carbide originates from the solvent (THF) since decomposition of the solvent is more

likely to lead to metal oxide formation, and we currently suspect that LiBEt3H is the source of

carbide. Consistent with this proposal, the reduction of MoCl3(THF) 3 with LiBI3B under the

identical reaction conditions to the LiBEt3H reduction reactions described above. lid not result

in formation of Mo2C as determined by X-ray powder diffraction after heating the product to

5000 C.

We have observed that a key feature to the success of these experiments is the purity of

the starting materials. When MoCI 3(THF)3 is prepared according to the literature method18

which involves reduction of MoCI4 (THF)2 with tin powder, we have found that after reduction

and separation, tin was always incorporated in the final product as determined by energy

dispersive spectroscopy. As part of these studies, we have recently reported 19 a single step

method for the preparation of high purity MoCI3(T[F)3 in high yield by the reduction of MoCI5

with two equivalents of diphenylsilane. Further studies are in progress to unambiguously

determine the origin of the carbide in these materials and to explore the generality of this

reduction method.
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Figure Captions

Figure 1: TEM data for Mo2C particles formed by reduction of MoCl3 (THF)3 with LiBEt3H in

THF.

Figure 2: Variable temperature X-ray powder diffraction data for W2C showing the growth of

the crystallites with increasing temperature and confirming the presence of crystalline W2 C.

Lower pattern is the data obtained at room temperature. The upper pattern was obtained after

heating to 4500C.



WT

C'. -

21".

", :.4.

a -- .

7,..

xA



IL-JY FiP',' FE TITLE -LE [. -[4,LE E';[ VC EL-P F F F, EL

.P 44 4 C2 .741*§

240- - 0

241'C. 0- - i-

120.0-.K

150.0-

0.0 
L

0 o 0' .


