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STRENGTH OF ALUMINIUM NITRIDE WHISKERS 

By D T. 1. DAVIES and DR. P. E. EVANS 
Department of Metallurgy, Manchester College of Science and Technology 

A NALYSIS of the strength of materials, from an 
1"1. atomistic point of viow, predicts that thc ratio, Ot, of 
fracture stress (a) to initial strain (E) in atomic bonds will 
be of the order of 10 pOI' cent E (E = Young's modulus). 
A value of Ot of this magnitude should be obtainable for 
perfect crystals. Whereas in practice yielding occurs in 
high-strength structural materials when Ot is about 1 per 
cent E, it; has been known for a long time that whiskers or 
fibres of almost all matorials, with diameters of ~ 10- 4 cm, 
and largo length/diameter ratios show values of Ot near to 
the idea! vttlue. Non-metallic whiskors having mixed 
ionic/eovalent bonding with low specific densiti es and 
high melting-points have been examined as strengthening 
media for fibre-reinforced materials l • Analysis of fibre
reinforced systems have recently been made by Cottrell' 
oml Kellv·. 
A!umi~ium nitride is a refractory material which mo.y 

be considered suitable as a fibre-reinforcing material. 
Whiskers of this material were prepared by heating 
aluminium nitride powder (contained in an alumina 
crucible), at temperatures up to 1,820° C in an alumina. 
tube in a flowing atmosphere of high-purity l1~itrogen 
diluted with high-purity argon. Chemical and X-ray 
anA.lysis of the whisker product confirmed that the 
whiskers were aluminium nitride. The whiskers formed 
on cooler sections of the container. It is suggested that 
the whiskers grow by a process of dissociation of aluminium 
nitride powder at the operating temporl.'>tul"O with sub
sequont growth of whiskers, from a vapour phase, at a 
cooler subRtrate. Straight whiskers, about 18- 20 mm long, 
WOI'O formcd after 15 h I\t temperature, giving an averago 
growth rate of about 1·5 mm/h. Some of the whiskers with 
good morphologicl\l symmetry had 'ldnks' n,nd 'branclws' 
(Fig. 1) nnt! it was olso obRcrved that a whiskor changed its 
Itxilll growth (Iil'cction hy about 2° (minimum) t,o 20° 
(maximum) over its length. Platelots ronnnc! at s lightly 
higher tomperature!! showed surface strilltions (Fig. 2); 
under oblique illumination these striations appcarcd to bo 

Table 1. BF.ND STRENGTH OF ALUMINIUM N ITRIDF. WmSHF.RS (E=oO x 10' 
Ib./ln.') 

No. Lcn~t,h Cross- p Fr Jj(%) 
(I' x 10') 8ectlon (/.) (/.) a= 1; (lb. /in.') 

1 7-3 2'[' x 4'0 00 ]'04 x 10' 2'08 
2 4·2 2 ' ;l)( 3'0 58 1-0x)( 10· 2'16 
3 5'0 !l'!\ x 3'5 72 0'!!7 x 10' 1'03 
4 7'0 7'~ (hex ) 1,820 (H) x 104 0'02 
5 r.·2 6-!', (hex) J,720 fHi x 10' 0'10 
6 5'0 o,r, (hrx) 1,000 7'~1j x 10" 0'02 
7 8·2 3'0 x 8'0 70 J'O x 10' 2'00 
8 8'3 8-0x 10'x 10' 1'25 x 10' 

2'0 x 10' 
(platelet) 

0 4-7 3'5 x 2'0 78 0'8 x 10' 1'00 
10 4'2 3'7 x 2'8 82 0'118 x la' J'75 
II 5'0 4'0 x 2'2 2,000 2'2 x ]0" 
12 0'2 8'0 x 2'5 10' 0'7 x 10' 
All S)lecimells cxccpt No.6 wcrc immcrse<l in oil dminp: trsti ng. All 

speclmenscxcept N08_ II on<l12 were bentnbollt an "xis pamllcl 10 the longe8t 
81de of the croBB-8ection; Nos. 11 and 12 wcre bent about the shorter eross
sectional axis. Specimens 4, 6 and 6 wcre produccd In the image rurnacc'; for 
these specimens wlt,h a hexagonnl crosB-section the mean dian'c!cr i8 given. 

Table 2. TF.NSILE MEASUlIEMKNTS (GAUGE LENGTH 1'0 cm) 

No. 
1 
2 
3 
4 
6 
6 
7 
8 

, Whlskcr section Lon<l at Frnet.urc stress (a) 
(1') frac ture (g) (pcr Ill./in.') 

10 x ~8 
17 x 22 

Ox 42 
11 x 37 
10 x 30 
8 x 45 

26'3 mMn dlnm. (hex) 
28'6 mcan dlom. (hex) 

272 
11\8 
260 
208 
272 
268 

52 
53 

1'02 x 10' 
0'72 x 10' 
(H)J;x 10' 
()'04 x 10' 
0'00 x 10' 
1'00 x 10' 
0'14 x 10' 
0'13 x 10' 

growth steps and not slip pla.nes perpendieulrll' to II.. 
major growth axis. The result,s of bend and I I'll , I!. 
strength determinations on whiskers are given in Tllhlt-, I 
and 2. 

Bend-st"ength tests. The whiskers were 8ubjcctl'd I .. 

bending on a Reichart microscope stllge. Fig. 3 sholl" , I 

typical bend in a whiskcr beforc fracture. All ih('~l' k,:. 
were conducted with thCl whisker lying in a film of oil. 

For perfcctly elastic bcnding, the tensile strcs~ in I I,. 
outer surface of a fibre can be expressed as: 

E,· 
a= -p 

where a = tensile stress in outer fi bre; E = YOIiIl " 

modulus; ,. = radius of fibre; ' p = radius of eUI'\',l\II~' 
It was obsnrved that fracture occurrcd most fl'cqu PllI:, 
in whiskers containing common types of structlltul II';. 
perfections, that is, low-angle kinks, whiskers with tw i>I' 
of about 10° along their length and whiskers with surrat. 
growth steps. 

The majority of whiskers were extremely flexible <11,,1 
it was sometimes difficult to obtain a sufficiently tim,, :, 
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