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of the logarithm of ageing time. The method of 
calculation is given in the previous paper [10]. 
During the growth of rod-shaped precipitates the 
hardness increases relative slowly (Fig. 1). 

An example of the preliminary wide-angle 
measurements is shown in Fig. 3. According to the 
1 1 1 reflection, the size of Ge precipitates is about 
250 A, when the specimen was quenched from a 
temperature of 480~ and aged at 160~ for 
3000 min. Side maxima were observed in both the 
1 1 1 and 3 1 1 reflections. The side maximum is 
located at a smaller 20 value than the correspond- 
ing main reflection. 

The present X-ray and microhardness studies 
show that the precipitation of germanium in an 
A1-4.0 wt % Ge alloy depends upon the content 
of quenched-in vacancies. After quencing, the 
number of precipitates increases with quenched-in 
vacancies, while the mean size of the precipitates is 
independent of the vacancy concentration. If the 
vacancy concentration is high enough, a short 
ageing at 160~ reduces the number of Ge pre- 
cipitates. When ageing of 160 ~ C is prolonged, rod- 
shaped Ge precipitates are formed. This growth 
process also depends on the number of quenched- 
in vacancies. 
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Fracture morphology of rigM poly(vinyl 
chloride) 

It is clearly indicated that the cracks in many 
thermoplastics are generated from the prior forma- 
tion of crazes [1 -5 ] .  In the case of poly(vinyl 
chloride) (PVC), although thermoplastic, the exist- 
ence of crazes and their role in the fracture process 
is still enigmatic, because contradictory results 
have been published concerning the existence of 
precrack crazes in PVC. For example, Gotham [6] 
and Comes and Haward [7] refer to crazing in 
rind PVC, but Kambour [8] found no evidence of 
precrack craze formation. Because the later stages 
of fracture in PVC are not clearly known we have 
studied the nucleation and morphology of fracture 
in rigid PVC under tensile test conditions. 

The material, which was a commercial suspen- 
sion type PVC (K value of 58), was supplied by 
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Pekema Oy in the form of injection-moulded 
dumb-bell-shaped test pieces (ASTM D 638). It did 
not contain plasticizer, but small amounts (< 7 % 
w/w) of stabilizers and lubricants were added. 

Tensile tests were carried out at room tempera- 
ture (23 + l ~ C). Tests were performed in simple 
uni-axial tension using an Instron tensile testing 
machine (floor model) at constant speeds of 0.5, 
1.0 and 5.0 mm min -1 . The specimens and fracture 
surfaces were examined using a scanning electron 
microscope (SEM) (model JEOL JSMU 3), a trans- 
mission electron microscope (TEM) (model JEOL 
100B) and by light microscopic methods. The 
SEM samples were coated with carbon and gold. 
The TEM samples were cast into epoxide polymer 
and cut using a microtome with a diamond knife 
(150 to 200 nm thick slices). 

When tensile stress was applied to test pieces, 
stress whitening, necking and extension of the test 
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Figure 1 Scanning electron micrograph of the cavities on 
the surface of a PVC test piece. The direction of tensile 
stress is given by the large arrow. The small arrows indi 
cate the remnants of the nucleation centre of one cavity. 

piece took place, followed by a rupture within the 
necked region of  the specimen. 

Tension caused the formation of  Cavities on the 
broad surfaces of  the test pieces (Fig. 1). The 
cavities were, as a rule, oriented normal to the 
drawing direction. A crack which is parallel to the 
tensile axis is also seen in Fig. 1. Some such cracks 
were formed during the final stage of  test piece 
failure. Evidently this process has some kind of  
relationship to the fibrous fractures of  polymers 
described by Peterlin [9]. The nucleation of 
cavities began immediately after the beginning of 
cold flow (necking). During the propagation of 
cold flow, the growth of  cavities practically 
ceased. The cavities nucleated on the broad sur- 
faces of  test pieces and their growth advanced 
continuously from the nucleation centre. The 
tensile test speed in the used region had no effect 
on either the amount or the morphology of  the 
cavities. No crazes were found by SEM or by light 
microscopy as precursors o f  cavities. Neither were 
crazes observed at the bot tom of the cavities 
(Fig. 2). 

The bot toms of  the cavities were blunt, (Figs. 2 
and 3) and therefore differed clearly from the 
sharp cracks which grow by propagation into 
crazes, e.g. in poly(styrene) [1].  Only after sev- 
e rn  weeks did crazes appear on the surfaces of  test 

Figure 2 Transmission electron micrograph of the cross- 
section of a cavity. 

Figure 3 Scanning electron micrograph of the bottom of a 
cavity. 

pieces. Their direction was normal to the stress 
axis as reported by Comes and Haward [7]. 
However, in our test pieces these crazes were 
clearly a consequence of  environmental stress 
crazing caused by residue stresses. 

The dimensions of  the cavities in the test pieces 
varied considerably: the smallest were ~ 3.5gin 
long and the largest ~ 40 times longer. However, 
in their morphology they were alike. Evidently 
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Figure 4 The structure of the walls of a cavity. 

cavities nucleate from dot-like stress concen- 
trations on the surface o f  test piece. The remnants 
of the nucleation centre are clearly seen as sharp 
points on bo th  walls of  the cavity (small arrows in 
Fig. 1). Cavities grow by fan-like propagation 
normal~t~ the~drawing  direction, and their walls 
are composed of  bo th  large and small strips with 
wedge-like points. The smaller strips are located on 
the surfaces of  the larger ones (Fig. 4). 

The morphology of  t h e  cavities markedly re- 
sembles that of  diamond cavities reported by 
Comes and Haward [7] .  However, in this case the 
cavities do not  have blunt  edges n'ormal to the 
drawing direction. Figs. 2 and 3 also indicate that 
the b o t t o m  of  t h e  cavity is parabola-shaped and 
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Figure 5 A schematic illustration of the fracture surface 
of the injection-moulded test piece. The direction of 
tensile stress is shown by the arrow. The different fracture 
zones are indicated by numbers I, II and III (el. text). 
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Figure 6 Zones I and II on the fracture surface of a test 
piece. 

that  the growth of  the cavity advances by  ductile 
tearing of  material in the direction parallel to the 
tensile axis. 

The fracture surfaces of  test pieces contained 
five different zones, which are illustrated sche- 
matically in Fig. 5. 

The catastrophic failure of  a test piece is pre- 
ceded by  the growth and coalescence of  the cavi- 
ties. A coherent crack is immediately formed 
which extends over the surface of  test piece (zone 
I in Figs. 5 and 6). Subsequently, zone II is formed 

Figure 7 Zones II and III on the fracture surface of a test 
piece. 
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when a crack propagates evenly about the centre 
of  the test piece. Zone II is characterized by  
strong, growing ridges which are oriented to the 

direction of  tensile axis (Fig. 6). In the middle of 
the test piece, zone II abrupt ly changes to zone III 
(Fig. 7). The surface of  zone III is macroscopically 
plain, but  the examinat ion of  its fine structure 
reveals that  it is scaley and clearly part ly melted.  
Zone III is oriented parallel to the wide surfaces of 
test piece. Because the remaining zones (I and II 
on the other side of  zone III) have identical s t ruc 
tures with the former zones I and II, we conclude 
that  the fracture surface of  an injection-moulded 
test piece is generated by  two cracks which propa- 
gate similarly from bo th  wide surfaces of  the test 
piece. In the middle of  the test piece, the longi- 
tudinal stress causes an abrupt crack formation 
between the bo t toms  of  the cavities. Simul- 
taneously,  a considerable amount  of  heat  energy is 
l iberated,  which melts the surface of  zone III. The 
existence of  fracture zones I, II and III could 
possibly be explained by  means of  the different 
degrees of  orientation in different parts of  an 
injection-moulded test piece [10].  
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Martensitic transformation cubic -~ 
rhombohedral in rubidium nitrate 

The degree to which potent ial ly martensitic mech- 
anisms are affected by orientational disorder and 
atomic mobil i ty is an important  aspect of  crystal 
structural transformations [ 1 , 2 ] .  It is also of  
interest to examine a material which transforms 
from cubic NaCl-related to an intermediate rhom- 
bohedral structure, in order further to clarify 
details of  the large change NaCI type-+CsC1 
type in which the primitive rhombohedral  angle 
alters from 60 ~ to 90 ~ and which was investigated 
in NH4Br [3].  Two types of  orientation relat ion 
were found, close to (1 0 0)Nacll[(1 1 0)CsC 1, 
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[0 10]Nacl l [ [ ] -  1 1]Cscl(type A), and (100)NaC 1 

ll(1 0 0)CsC 1, [0 1 0] Naclll [1 0 1 ] cscl(type B). Dif- 
ferent authors have suggested new lattice corre- 
spondences [4, 5] .  That of Hyde and O'Keefe 
[4] however, appears to be equivalent, for MX 
compounds,  to the conventional contraction of  
[1 1 i ] ,  leading to A type. Further data on B 
would be appropriate.  

Rubidium nitrate provides the f c c parent lattice 
with marked orientational disorder in phase I 
[6, 7] ;  the rhombohedral  structure in phase II, 
below 284~ [8]; and a CsCl-related cubic form 
III below 219~ Phase III was earlier found to be 
in an orientation o f  type B with respect to I when 
the crystal was slowly cooled through II [9]. 
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