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X-ray diffraction study on carnauba wax thermoelectrets
prepared with different cooling rates
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Orientation parameters of carnauba wax thermoeleetsets prepared
with 3-3 kv/em field strength with two ditierent cooling rates have
been determined by X-ray diffraction tochmque. 1t has been con-

cluded that the orientations ae not solely 1esponsible {for the dipole-
field mteractions

1 INTRODUCTION

Xeray difftaction studies on eleetrets show preforred orientation m them (Kwmg
1930, Chandy 1973, Puri 1968, Pan 1976) put howfar the orentalion of SRR
tallites i thermocleetiel formmg maderials shapes the electie hehay our ol an
clectiet state s yet to he estabhshed  The present study has been undertaken
to myvestigate the natuee ol orentation and how i vanes for different regrons of
a thermocleetret with dilferent cooling conditions,

2 KEXPERIMENTAL DETAILS

Thermoelectrets Irom molten puriied prime yellow carnnuba wax have heen
prepared e the following manver A eylmdrieal brass dish ef woa radins
15 em and height 2 em with tin forl Toung mside has a 3 mm anouku ehonite
rig whose mside and outsude diameters are 148 em and 2:6 ems 1espectively.
The dish with the ehomte ring s filled up with the moten wax upto a height of
about 5 mm when a brass dise of 2 em diameter wrapped with tn foil and a thn
hrass ring of 2-4 em diameter s suitably placed upon the chonite ring  The
brass dish, the dise and the rmg has anangements for clectrical conneetions so
that they forms a condensor with a guard ring  The condensor with wax s
placed mside an oven whose temperature can be controlled.  The oven tompera-
ture 18 rawsed to 82- 0-5°C and kept al that temperature for about hall an hous
when a field ol 3:3 kv/em is applied At this stage the oven temperaiure is
allowed to fall at a desired rate.  The eleetrie field s switehed off when the wax
temperature foll to about 6°C above the room temperature The dise shaped
clectiet s then taken out, wrapped with tin Lol and placed mside a dessicator
Subsequently w scetion measurmg 18 em 03 em 0-05 em from the cential
region of the electiet dise is cut out for Xoray ddfeaction study  The sapiple
is mounted on a carrier in fiont of the collimator of a flat plate camera so that the
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fouming clectrie ficld direction lying along the vertical is perpendicular to the
meident X-rays.  Diffraction photographs for different sample 1egions along
a4 limo contrally situated and porpendicular o the field direction bas been taken
by shding the carrier horizontally.
3. RESULTS AND INTERPRETATIONS

An cxammnation of the diffraction photographs from samples reveals the
following charactonstic features.

(a) The number of maxima on (110) ring is four while that for (20¢) the

namber is two (figure 1).

Fig. 1. Naay diltiaction photographs of cuwrnwubs wax thermoclectiets prepurod  with
33 Kv/Cmoand wilh cooling rutes 0-8°C/mm (Photos marked @) and 0-27°Cjnm
(markod b),  X-aays are porpendienla to olectrel formmg field docction (wirows),
Integers denoto distances e mum from one edge ol the sample wnder suvestigation,

Wi, 1adistion sample to filn distanco - 4:256 emd,  Radial lmes show positions
ol maxmna on (110) and (200) and (200) rmgs,
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(b) Two (200) maxima always lic diametrically opposite to cach other.
Howover the anglo between the eaternal field direction on the photograplue
plate with the diamoter of the (200) ring jomning the two maxma arc different
for different regions ot the samples under mvestigations.

(¢) With reasonable accuracy a singlo axis of symmetry can always be drawn
(through the common centre of the rings) about which cach pair of (110) maxima
and (200) maxima aro symmetrically situated. However m general the angle
between the axis of symmetry and ono pair of (110) maxima shghtly differ from
that for tho other pair. This indicutes that it 15 a fibre pattern orientatin about

o single axis tiltod by an angle not cqual to 90 degrees with the incidont X-ray
beam.

(1) Assuming tho orienting erystalbites to be orthorhombie (Muller 1928,
Pan 1976) whose axial length ¢ 1s much larger than the other two axial lengths
a and b, the normal to the (200) planes (¢ axis) makes an angle x = tan—afb
with the normal to (110) planes The value of y can casily be computed from
Bragg angles and 1t has been found that y is nearly cqual to the angle between
(110) and (200) maxuma subtended at tho ceutre of the rmgs (table 1a & b, column
2,3 & 9) Tho duffercnce betwoen the Biagg angles {for (110) and (200) plancs
is about one degree for Cu K,

(¢) The angle betwoen the symmetry axis and the observed (200) maxima 18
w2 in all the cases and cach maxima 18 associated with appreciable angular
dispersion.  Therefore we couclude that each maxima observed on (200) ring
is & superimposition of two very close maxima.

The incident X-ray beam direction is always normal to the thickness of the
sample i.e. X-rays arc normal to the diroction of the apphed oleetrie field  Let
us choose a coordmate system in which the poumt at which the mcident X-ray
beam impmgos upon the samplo as the orgin, the uegative dwrection of the
merdent X-rays 1s the X-axig, a line passing through the orign and parallel to
the axis of symmetry on the diffraction pattorn s the E-axis (the plate being
normal to the ineidont X-rays) Thoreforo for obvious reasons the orientation
axis les in the XZ planc and let us suppose tht it makos an angle ¢ with the
Z axis lying towards positive X-axis  The normals to (110) and (200) plancs
of the orienting erystallites will be the gouerating Imes of two right circular
coaxial conos about the orientation axis These comes have their seminppex
angle p,;, and py, respectively The normals to (110) and (200) planes which
arc responsible for producing (110) and (200) rings will also constitute two co-
axial right circular conos about X-axis with semiapex angle 7/2—6y,, and m/2—60y,
respectively where 0, and 0,y arc their respective Bragg angles.. 1{ 8, and &,
be the angular positions of cach pair of (110) maxima on the plate with respect
to tho line of symmetry and 8, be the same for (200) maxima, the normals to the
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(110) planos producing maxima in the upper half of the plate will have direction
coBines

l, = Sin 6,,,
= +Cos ,,Sm 8, e (D)
ny = Cos 0,4, Cos 8,
where -|- and — sign indicates for the maxima lying m the first or second quadrant

of the photographic plate For two (110) maxima lying m the lower hall we
have the direction cosines

Uy = 8in Oy, m'y = £Cos 0, S, 8"y, n'y = —Cos by, Cos &';.
11 1, mq, ny be the direction cosines of the orientation axis we have

ly==8iny, my=0, ny= Cos . e (2)F

And following Glocker (1936) ono obtains K
Cos pyy¢ —= Sin ¢ Sin - |-Cos 6,4 Cos ¢ Cos &,
= —8in 0y, Sin ¢r+ Cos Oy, Cos ¢ Cos &',. )]
Honce
__ Cor é'y—Cox 8y
tan i = 2 tan Oy, e 4
and
Cos pagy = St Gy Sin - |- Cos Oy, Cos Y Cos . .. (B)

To corclate the orientation parametors with the erystal axes and the external
olectric field daroction an analytical method has heen developed as deseribed
hore. 1f lg, mg and ng be the direction cosmes of the clectric field we have

lp =0, mg=Sine and ng= Cose ... (6)

which ¢ is tho anglo hetweon the symmetry axis and the field direetion on photo-
graphie plate. The angle botween tho orientation axis and the oxtornal field
direction ¢ is obtained from egs. (2) and (6) as

Cos ¢ = Cos fr Cos ¢. e (T)

If the orientation axis lie along the b axis of the crystallites and X-.rays
are incident normal to the same axis, the normals to the (200) plines of the oriented
crystallites would producoe maxima diagonally opposito to each other while the
maxima on (110) ring would be shifted through an angle y = tan—! a/b provided
0,10 and By, aro small and same. In this hypothetical casc the crystallites whose
(110) normals would be rosponsible for producing maxima arc also responsible
for (200) maxima. Henco the angle botween (110) and (200) normals producing
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maxima is ¥ = tan~a/b A departure from tris value is due 1o (i) the orienta-
tion axis being slightly shifted from the b axis, (ii) the orientation axis bemg
not exactly normal to the incident X-ray beam and (iii) the difference between
0110 and by, which is about one degree I howover these departures are small,
the (200) normals of the crystallites whose (110) normals produce maxima lic
nearly along the (200) normals of the crystallites producing maxima on the (200)
rmg. Under such condition considering the direetion cosmes of maxima produc-
mg normals we have

Cos y = Cos tan—1 afh
~ 8in 6, Sin 0y Cos Oy, Cos O,,, Cos(d,—d,;)
2 8in 044 Sin Oy +Cos Oy Cos Oyyy Cos(d',—-8";) .. (8)

where &, and &'y are the two resolved angular positions of (200) maxima which
when superimposed given rise to

8, (observed) — %+,
Therefore
8,— 8, = &,— &) — 2A8 (say)
Hence
8, = 8, (0bs)+AS
8’y = 0y (0bs)— AS
4 =8, (Av) A4,
&L — 8, (Av)—AS.
da-—0, — &, (0hs)—6, (Av)
Hence
Cos y = Sin 65, Sin oy, + Cos 01, Cos Oy, Cas[d,(0bs)—6,(Av.)] 9)

Again from the measurement of the Bragg angles we have

a 2 8in Oy, ‘2_1 L 10
b {( Sinﬂm) } 10
where @
5 = tan y.

We can comparo the two values of y obtained from ogs. (9) and (10). If they
are nearly equal to each other we may conclude that the orientation axis is very
near to the plane contaming the a and b axes of the orienting crystallites and
is very close to the b axis of the crystals

Tho oxperimentally detormined values of different parameters mentioned
above are given in tables la & b.



332 Samita De, N. R. Pan and P. C. Bhattarharyya

Table la. Cooling rate 0-27°C/min. 8,(obs) = 90°

Dist.
from Pito Paoo 74 e* ¢ afb ufb m2—x 8,
one mdeg,  mdeg. mdeg andege mdeg in deg (AV)
edge (Equ 3)  (Eqn,5) (Eqgn 4) (Byn 7) (Equ.10) (Kqn 9)  from m deg.
n mm Col (7)
(1) (2) ) 4) (5) (6) (7) (8) (9) (10)
1 89 10 519 24 6 2512 150 150 33-65 32 44
2 R9 79 1-23 83 §8-39 1-60 1-51 33 656 32 37
3 89 91 044 28 2:83 1456 1:54 34-68 3172
4 89 67 1463 31 3 60 1-64 1-47 3301 3301
h 3313 89-66 1-66 2:2 276 1-52 1-56 33-43 3145
b 3193 89-23 3-69 19 415 151 166 33 58 30 00
7 33-70 89 69 1-47 65 670 148 152 34-12 3207
8 29 38 89-15 110 73 837 151 1-83 36 556 27 27
Bl 3119 88 77 597 4-9 772 1-51 173 33-48 28-79
10 3204 88 71 6 20 00 620 1 50 1-67 3373 29 68
12 32-96 B8 Oh 704 41 814 1-60 161 33 62 30 53
14 29 10 8936 310 1.9 364 149 183 33-86 27 36
1-50 1170 33-78 29-21

16 30-98 89 R0 0-96 20-6 20 62

* ¢ 11 tho sogle betwoon symmotry axis wnd ficld dineetio

Table 1b  Cooling rate 0-80°C/min, §, (ohs) -- 907

Dist. .
fiom Pio Pzoo '3 e [ alb alb w2-x 0,
ono mdog. mdog. mdeg  mdeg. mdeg. n deg. (AV)
odgo (Eqn3) (lqn 5) (liqn.4) (Byn.7) (Kqn 10) (Eqm 9)  fiom n deg.
m mm. Col (7)
(1) (2) (3) ) (5) (6) (7) (8) (9) (10)
2 35 32 H8 87 540 278 2828 148 1-45 3405 13 40
31-89 89-08 4-38 0-6 794 1-49 165 31-83 29 84
5 3619 88 20 869 107 13-79 1-48 144 33 97 33-68
6 3459 89 8BS 074 78 799 1-49 153 33 81 32:00
7 31-85 90-00 000 56 b 62 1-48 164 3399 30-18
B 33-07 89-56 211 46 506 149 1:66 33 87 31-37
9 3444 89 86 3-76 1-6 594 1-50 149 33-78 32170
10 33 22 88 53 708 4-6 8-44 149 1-00. 3381 30-80
12 34 26 80 52 3-80 46 602 1-48 1-60 33-99 32-48
14 3138 89 21 3179 96 10-31 149 1.49 3388 3262
16 33 36 88:G3 601 271 27-87 150 150 3378 32:46
17 3418 R8-T3 6-16 52:8 5304 1-48 1-562 33-99 32:08

¢ is the anglo botwoeen symmetiry axis and ficld direction.
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4  CoNcLuUSION

The electret, behaviour of an cleetret depends upon the forming field strength.
the forming tomperature, rate of coolng. the age of the eleetret and the depth
of the sample along the direction of the formng field (Gutman 1948, Good &
Stranathan 1939, Frickin & Zheludev 1960). 1o the prosent work the formmg
ficld, temperature, age of the cleetret and the depth of the sample along the
direction of the external electric field are kept unaltered while two different
rates have been employed  X-ray mvesbigations have heen made ad diiferend.
points in the specimen along a hne normal to the thickness of the eleetret

The melination of the orientation axis () with the Z axis (axis ol symmetry)
in general deereases from the periphery {o tre eentral region of {he sample
(Table 1a & b. Column 4)  This general trend remains unaltered when the rate
of cooling 18 varied The angle hetween the axix of symmetry and the clectne
ficld (along the thickness ol the electret) also changes atininmg smaller values
at the central region (Table 1a & b, column 5)  The varation of ¢ with distance
is howevor small  But the angle between orientation axis and the external
field (Table la & b, column 6) changes appreeably for dufferent rate of cooling,
speendly at the edges. Near the mnddle region it attains a mmnimum value hut
for no region the orientation axis coinerdes with the eleetrie  efield direetion
For a cooling 1ate of 0-80°C per mmute it atiains larger values at the two ends of
the electret when compared to those for 0-27°C per minute coohng 1ate Near
the middle region the angle does not depend mueh upon the coolmg rate  Or
m other words, the quicker the carnanba wax s sohdified the departne of the
oriendation axis with respeet to the field is much more pronounced  For the
middle 1egion a longer time 18 necessary 1o soldify from the liguid slate causing
the orientation axis to deviate hitle from the field dnection

The angle pyg remains practically coustant bemng nearly equal to 90 degrees
irrespeetive of the region of investigation and the cooling rate (Tuble 1, colunn 3)
Or in words the @ axis 15 always alhgied along a dinection very nearly normal
to orientation axis  But the orientation ol (110) normals fluctustes reasonably
with coohng rate as woll as with the region of investigation (Table 1, column 2
Thercfore the orentation axis is not a fixed dnection with respeet to the erystal
axes.  Carnauba wax is o polar substance and hence the resultant dipole moment
has a fixed direction withimn the crystal.  Hence the orentation axis 1s not the
dipole axis of tho crystals.

The axial ratio /b measured fiom Bragg angles agrees within 10 per cent
with those obtamed from eq (9) for most of the cases (Table 1, column 7 & 8)
This indicates that the orientation axis is very ncar {o the b axis and lies clowe
to the planc containing @ and b If the conditions of coincidences of the orenta-
tion axis with b axis as described before are satisfied then pyy = 7/2 and
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Prop = m[2—y. Though in our results the first condition is nearly satisfied,
Piro deviates from 77/2—y (Tables 1a & b, column 9 & 10). Therefore the exact
comeidence is never ohserved.

From the analysis of our experimental ohservations we are of opinion that
at the forming temperature when the carnauba wax is in the molten state cybo-
tactic groups (Frenkel 1946) are formed They allign themsclves in a preferred
diroction due to dipole-field interaction caused by the external ficld. However
there must be another process responsible for allignment which arises due 1o
preferrontial orientation of the long cham molecules (Frenkel 1946). A com-
petition hetween theso two separate processes ultimately shapes the final orienta-
tion.  The lattor strongly depends upon the dimension of the eybotatic groups
m the hquid state.  The size of the groups in thewr turn depends upon the form-
ing temporature, the rate of cooling and also upon the external field (Frenkel
1946)  The groups orient themsclves in the presence of u liquid environment,
and the process s slow. Therefore the orientation is far from complete if the'
motten wax sohdifies quickly  This may explam the large deviation of the axis
of orientation with the direction of the forming field at the penipherial region as
woll as when the rate of cooling is mereased
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