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ABSTRACY

The preferred orfentation developed in extruded salt is stud-
ied us @ function of extrusivn temperature. In ‘pure’ salt a
L0011 Yy double fibre texture is faund for all investigated
temperatures. Fnvock suit the (100 fibre is replaced by (115)
around room tempoerature. The temperaiure dependence of the
pole intensities togerher with microstructural investigations

swggest the (JO0) and {45} components o be primarily due ro
dynamic receysrallization. The {11 deformarion texiure
agregs with model calculations based on slip on {11031 110)
and {1O0YT1G)Y svstems, generully observed us primary and
secondary slip spstems. respectively, Conunecrions with the
diapirism of sult domes are discussed.

INTRODUCTION

Differences in density of evaporttes and covering rocks
tead to a halokinetics, b.e., to a salt impetus. During this
process the superposed covering layers are torn open and
salt intrudes nto the clefts and widens them gradually. In
this way salt domes are assumed to be generated {Jaritz,
1980). Halokinetics icads to a deformation of rock salt,
which in the stage of diapirism reaches strain rates of the
order of 10~ sec™! {Heard, 1972: Albrecht and
Hunsche, 1980). The deformation may also lead to the
development of a specific rock texture. Because divect
texture analyses of natural rock salt are rather extensive
due o the large grain size, it was the purpose of the
present work to study the fextere of extruded small-
grained salt. Such investigations may give an indication
of rhe texture to be cxpected in salt domes, because the
formation of salt diapirs strongly resembles an extrusion
process. The knowledge of the texture in salt domes is not
only of geofogical interest but may alse have practical rej-
evance, e.g., for an estimartton of the thermomechanical
processes {aking place around a depuosit of high-active
nuclear waste, Bestdes these aspects there also was an in-
terest int checking the texture predictions of Chin and
Mammel (1973) for axisymmertrically deformed NaCl-
type ionic crystals. Their cakeulations based on
FHI0M10)Y and {100}<110) slip required for polycrys-
talline plasticity (Skrotzki et al., 1981} show that for axi-
symmettic tension assumed to be prevalent in extrusion

{independent of the value of the plastic anisotrapy, ie.,
the ratio of the critical resolved shear stresses for siip on
{110} and {100} planes), the axis rotates toward {111},
vielding a [111] fibre texture.

EXPERIMENTAL

‘Pure’ NaCl polyerystals were prepared at room tem-
perature from reagent grade powder by compression to
cylindrical blocks {(density > 98%). These blocks as well
as natural rock salt from the Asse mine (FRG) have been
extruded at different temperatures [, with an extrusion
ratis 14/1 and a strain rate in the order of 1 sec™!. T, is
the temperature of the samples before extrusion. The
high-speed extrusion causes a noticeable temperature in-
crease in the rods. All hot extruded samples were cooled
to room temperature in air. The orientarion distributions
of the grains of the extruded rods were determined by
neutron diffraction. The guantitative inverse pole figures
were caleulated using the ‘Orlenration Distribution
Funcrion' method {Bunge, 1981).

RESULTS .

Extrusion of NaCl polycrystals above room tempera-
ture leads to & {1005 (111} double fibre texture, the fibre
intensities chapging with temperature. Figure { shows
typical inverse pole figures of synthetic and natural rock
salt at different temperatures. A similar behaviour is also
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Figore 1. [nverse pole figures of ‘pure’ synthetic and narural rock salf exrruded at
different temperatures. Each contour is the locus of equal normalized fibre axis density;
a value of unity corrosponds to 2 random disizibution,

found for other iomic crystals (Skrotzki and Welch,
1983). The temperature dependence of the intensities of
the [100], [111] and [115] poles is given in Figure 2. The
[104 fibre intensity runs through a maximum at a certain
temperature T, where the [111] fibre has a minimam.
There is qualitative agreement between the textures of
‘pure’ and narural NaCl except at the lowest tempera-
tures investigated. Around room temperature the (100}
fibre is replaced by the {115} component. Furthermore,
T, is shifted to a higher temperature relative to pare
NaCl; also the maximum infensity of the (100} fibre is
lower and the (111} intensity exceeds that of 'pure’ sall
at low temperatures. Figures 3 and 4 show the intensity of

poles lving on the border of the standard stercographic
iriangle between (100} and [111]. It can be seen, espe-
cially for ‘pure’ sak (Figure 3), that the double fibre tex-
ture is sharpest at T,.

Figures 5 and 6 show the influence of temperature on
the microstructure of extruded ‘pure’ and natural salt,
respectively, For ‘pure’ NaCl the grain size depends on
the extrusion temperature, being & minimum at T,. This
indicates that the structure has recrystallized. With in-
creasing temperature the recrystaliized fraction of the de-
formed structure increases. Above T, grain growth sets
in. For natural rock salt the microstructural development
is different. At low temperatures (up to ~ 400 K} the de-
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Figure 2. Temgperatirre dependence of the intensities of the
preferred fibres in extruded 'pure’ fopen} and natural sak
{filled symbols). Intensities are given in units of 2 random orien-
tation disiribution [,.
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Figure 3,  Intensity of the poles lying on the border of the stan-
dard stercographic triangie between [100} and {111 far ‘pure’
NaCl {in units of a random ovientation distribution 1),
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Figure 4. Same as Figure 3 for naturs! rock sali,

formed structure is partly retained. The grain boundaries
of the elongated farge original grains can be seen clearly.
In some grains, however, recrystaliization has faken
place. The newly formed grains first have a cubic shape
and are oriented nearly paraliel to the extrusion axis.
This shape is maintaincd during growth into the de-
formed matrix but is changed as other grains are met,
Above ~ 500 K the deformed mairix is totally recrystal-
fized. In addition, the following effect is observed. Impu-
ritics precipitated along the grain boundaries, probably
as an anhydrite phase, as have been found by electron
micraprobe analysis, prevent the newly formed grains
from lateral growth (Figure 6: 573 KJ. The grain growth
occurs only within the elongated original grains, In this
way an cquiaxial recrystallized microstructure is ob-
tained, the long axis coinciding with the extrusion direc-
tion. At higher temperatures the impurities no longer act
as obstacles for grain boundary migration {Figure 6:
773K). At this point, the microstructure becomes iso-
tropic,

DISCUSSION

Extrusion of salt al the temperatures used is connected
with a texrure that is drastically changed by recrysialliza-
tion. At low temperatures the deformation texture is
found to be a {111} fibre texture. With increasing rem-
perature a ({00} fibre develops by reerystallization. The
intensity of this fibre can exceed that of {111 by an or-
der of magnitnde. When recrystallization is suppressed
by impurities, as in the case of natural rock salt, the de-
formation texture is more pronounced and the develop-
ment of the {100) recrystallization fibre starts aniy at
higher temperatures. The (115) component replacing
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Figure 5. Influence of temperature on the microstructare of extruded ‘pure” NaCl paralle! te the extrusion axis.
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Figure 6. Same sy Figure 5 for natural rock salt,

<1007 af low temperatures in rock salt is atiributed to
ismorphic grain growth,

These results show that the previous discussion of the
double fibre texture oblained for 'pure’ ionic crystals at
/T = 0.5(T, = melting temperature} and assumed
to be the deformation fexture (Frommeyer et al,, 1981}
na longer holds, According (o our new extended investi-
gations the prediction of a {111} fibre texture on the ba-
sis of {3100}(110) and {100)C110) slip by Chin and

Mammel (1973) (Figure 7} is supported. Considering col-
lincar siip. f.e., arranging the twelve (1103110} and
{10014 110 skip systems into six pairs, each pair sharing
a {110) slip direction, an unambiguous lattice rotation
toward (111} is obtained (Figure 8. Collinear ship,
which may be considered as net {111}(110) slip, may
also explain the paratle} texture development in extruded
fee metals {McHargue, 1959).

As has been mentioned at the beginning, diapirism
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Figuee 7. Lartice rotation in axisyrumewmic tension for § 1161110 + {100}¢110) slip. Axial
orientations in region near [111] rotate toward {111); those in remaining region can rotate to any of
the thres carners, though preference is for {111], (After Chin and Mammel, 1973}

sirangly resembles an exirusion process. Thus, our
resuits suggest a double fibre texture near (100} and
(111} in salt domes in the direction of flow, i.e., in verti-
cal direction. Bevause of the low strain rates and temper-
atures of about 350 K during diapirisn: the recrystalliza-
tion components may be dominant. Indeed, Schwerdtner
{1966) and Goeman and Schumann (1977} report a pre-
ferred orientation of {1003 found in halite rocks of Gulf
Coast domes {U.5,A.) and of the Niedersachsen-Riedei
pit near Wathlingen (FRG), respectively,

Finally, it should be noted that a texture in salt domes
will fead to an anisotropic behaviour when strained ther-
momechanically. Assuming a predominant {100] fibre in

vertical direction, this direction will be the weakest. This
prediction should be checked on sclected domal salt and
necessarily taken into account in estimations concerning
the safety of disposats for nuclear waste.
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Figure 8, Same as Figure 11, cxvept that the activity of coBlinear slip systems has been maxi-
mized. Unambigunus rotation toward [1117. (After Chin and Mammed, 1973).
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