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Figure 4 Secondary markings on the main fracture surface. 

of the type shown are generally associated with 
cleavage involving extensive local deformation. 

It is well known that at high deformations 
natural rubber becomes partially crystalline [4]. 
Therefore a possible explanation of the observed 
fracture characteristics is that the localised high 
strain ahead of the progressing crack causes 
crystallisation and that failure is then through 
material which can undergo cleavage. It should 
be noted, however, that this places a restriction 
upon the crack-propagation rate because of the 
time necessary to allow for the development of 
the local crystalline regions. The size of the facets 
on the rubber fracture are larger, by a factor of 
several hundreds, than those in the steel fracto- 
graph. 

The secondary fracture face (CEF in fig. 1) 
shows quite different characteristics (fig. 5). The 
surface is generally rough and no features of the 
type discussed above are to be seen and it appears 
to be a typical tearing fracture. 

We may summarise by noting that a compara- 
tively smooth fracture surface was created in a 
direction perpendicular to the principal tensile 
stress and a rough surface was created per- 
pendicular to the principal comprehensive stress. 
The markings on the smooth surface have some 

Figure 5 Surface of the secondary fracture. 

features similar to a cleavage-type failure in a 
crystalline material. It is possible however that 
the presence of the secondary tear type of crack 
is fortuitous, having started as a flaw at F'  (fig. 2) 
and propagating towards C', within the time 
scale of propagation of X'D' .  
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Variations in the Lattice Constant 
of Calcium Oxide 

The paucity of reliable data for lattice constant 
changes in ionic microcrystals is due to the ex- 
perimental difficulties involved in their measure- 
ment, e.g. the preparation of microcrystals 
�9 1970 Chapman and Hall Ltd. 

sufficiently small to exhibit lattice changes, 
coupled with the instantaneous adsorption of 
gases by vacuum calcined powders when exposed 
to air. In the absence of adsorbed gases, the 
lattice constant of MgO has been shown to con- 
tract with decreasing crystallite size [1]. The 
magnitude of this contraction is in agreement 
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with that predicted by Anderson and Scholz [2] 
from calculations involving the minimising of 
the energy of the crystals with respect to inter- 
ionic separation. The lattice dilation of MgO, 
observed by several workers [1, 3, 4] results from 
the presence of chemisorbed gases, in particular 
H20. Garvie [5] considered that this dilation was 
due to lattice relaxation and cited the data of 
Cimino, Porta, and Valigi [4] to confirm his 
theory. 

The lattice constant changes in microcrystals 
of CaO have been investigated in different 
atmospheres at selected temperatures. Ca(OH)2 
powder of stated purity Fe, A1 and Pb < 10 ppm 
was thermally decomposed under a vacuum of 
10 -~ mm Hg in a Rigaku-Denki attachment to a 
Philips 1050/25 goniometer. The CaO (200) 
diffraction peak was step-scanned at temperature 
and the position of the peak centroid determined 
[6]. The size of the CaO microcrystals was cal- 
culated at various stages of growth from the 
Fourier integral breadth of the (200) peak using 
a computer programme developed by Harrison 
[7 ]. This method of analysis corrects for absorp- 
tion, Lorentz and polarisation effects, but entails 
no assumptions of the profile shape. A standard 
high-temperature calcined sample of CaO was 
used to compensate for absorption and the data 
of  Dolloff [8] were employed to correct for the 
thermal expansion of CaO. A more detailed 
description of the procedures involved is given 
elsewhere [1, 9]. 

The results are given in table I and a plot of 
the change in lattice parameter, a, against N is 
shown in fig. 1. The microcrystals were assumed 
to be cubes containing N 3 ions, N being calcu- 
lated from the formula N = ( D i d )  + 1, where D 
is the crystallite size and d is the interplanar 
spacing, calculated from the CaO (200) reflec- 
tion. After decomposition at 300 ~ C, the size of 
the CaO microcrystals was 95 A and at room 
temperature in vaeuo the lattice constant of these 
crystallites was normal. As  the sample tempera- 
ture was gradually raised to remove any adsorbed 
gases, the lattice constant decreased until a 
minimum value was reached at 870 ~ C, fig. 1. 
Simultaneously, considerable crystallite growth 
occurred and the magnitude of the lattice con- 
traction was therefore not as large as that ob- 
served with MgO [1], but was still of  the same 
order as that predicted by the Anderson and 
Scholz model [2]. On cooling to room tempera- 

ture," whilst still under vacuum, the CaO lattice 
dilated and further dilation occurred when the 
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Figure I C h a n g e  in lat t ice cons tan t  wi th  N fo r  cub i c  

m ic roc rys ta ls  of  CaO con ta in ing  N 3 ions.  - . . . . .  no rma l  

lat t ice cons tan t  of  CaO;  . . . . . .  uppe r  and . . . .  - �9 - .  

l ower  l imits of  ca lcu la ted  va lues  of  A n d e r s o n  and  

Scho l z  [2]. 

sample was exposed to a small partial pressure 
of water vapour, table I. When moist (labora- 
tory) air was admitted to the 95A material, re- 
hydration was rapid, the smooth powder bed 
fragmented and no parameter measurements 
were possible. 

After initial decomposition at 300 ~ C, the 
lattice constant measured at room temperature 
in vaeuo although normal is, in effect, dilated 
due to the affinity of CaO microcrystals for water 
vapour. Complete removal of hydroxyl ions is 
not facilitated until temperatures around 800 ~ C 
are reached, when the minimum lattice para- 
meter values are obtained. Thus, our experi- 
mental evidence in this and previous work shows 
that the lattice dilation observed in ionic micro- 
crystals is due to the presence of adsorbed water 
vapour, and is not an inherent property of the 
material as suggested by Garvie [5]. 

The rapid growth of CaO microcrystals during 
vacuum decomposition above 300 ~ C prevents 
the measurement of lattice constant changes in 
crystallites less than ~ 150 A. Anderson, 
Horlock, and Avery [10] have shown that 
Ca(OH)2 is only 9 0 ~  decomposed at 300 ~ C in 

vacuo and also noted that the crystal growth of 
CaO is more sensitive to the presence of water 
vapour than MgO. It is difficult to see how very 
small crystallites of CaO (,-~ 50 A) can be pre- 
pared without the presence of chemisorbed water 
vapour, since our results indicate that this is 
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T A B L E I Lattice constant and crystallite size values of CaO microcrystals 

Temperature Atmosphere Lattice* Change in Crystal/Re N 
(~ C) constant lattice constant size 

a (1~) Aa (~) (~) 

27 vacuum 4.8103 --0.00021, 95 41 
325 vacuum 4.8025 --0.00801, 142 60 
562 vacuum 4.799l --0.0114 158 66 
795 vacuum 4.7999 --0.0106 175 73 
874 vacuum 4.7981 --0.0124 179 75 
874 vacuum 4.7981 --0.0124 183 76 
874 vacuum 4.8027 --0.0078 245 102 
27 vacuum 4.8093 --0.0012 246 103 
27 moist air 4.8127 +0.0022 246 103 

* Lattice constant corrected to 27 ~ C. 
1" Minimum lattice parameter values not reached due to incomplete removal of hydroxyl ions (see text). 

present  at  t empera tures  up to at  least  600 ~ C. 
There  is some evidence to suggest tha t  the size o f  
the or iginal  hydrox ide  platelets  influences the 
init ial  size o f  the oxide microcrysta ls  [11 ], hence 
smal ler  hydrox ide  crystall i tes are necessitated.  
However ,  a more  frui tful  a p p r o a c h  m a y  rest  on 
decompos i t ion  under  u l t ra-high vacuum at  low 
temperatures .  
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Subgrain Growth on Annealing of Thin 
Foils of Cold-rolled Aluminium* 

The mechanism of  subgrain  growth  on anneal ing  
o f  cold-rol led  metals  has been s tudied by several 
invest igators  after  the invent ion o f  t ransmiss ion  
electron microscopy.  Reviews are found  in [1 ] 
and  [2]. Li [3] has p roposed  that  subgrains  grow 
by coalescence. The theory  is suppor t ed  by  ex- 

per imenta l  observat ions  made  by  H u  [4, 5] and  
K o o  and  Sell [6] in 3 % si l icon-iron and Weiss- 
mann  [7] in a luminium.  Wal t e r  and  K o c h  [8, 9] 
have also s tudied 3 % sil icon-iron.  They are o f  
the opinion that  subgrains grow by sub- 
b o u n d a r y  migra t ion .  

The au thor ' s  in tent ion  was to investigate the 
p rob l e m of  subgrain  coalescence further.  Thin 
foils o f  cold-rol led  a lumin ium were observed 

* The experimental work was done at The Laboratory of Metallurgy, The Technical University of Denmark, Lyngby, 
Denmark. The author is now at The Technical University of Denmark, DIA-M, Lyngby, Denmark. 
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