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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California. '
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ABSTRACT

Interlayer spécings greﬁter than 0.344 nm repOrted,fdr c@rbons are
probab]y incorrect because of failure to cbrrectlline profiles in x-ray
diffraction patterns for distortion caused by deep beam penetrdtion and
small ang]e’scatterinnghich overlaps Bragg reflections.. In Glassy Cérbon
dygp estimated to be 0.375 nm before corrections becomes 0.344 nm when

corrections -are made.

‘T-‘Jmms supported by the D1rector “0ffice of Energy Research, Office .

gy ences., Materials Sc1ence Division of the U S Department
&under contract*No W= 7405 ENG-48.
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where ¥ = {2Tcose/R), T+

.dbsoerption coefficient, R -

I. Introduction

In a recent publication the interlayer spacings, some greater than
0.344 nm, in Glassy Carbon(GC) heated in the range 1000°C to 2800°C were
reportedl. X-ray 1ine profiles such as in Fig. 1 were corrected in order

to obtain line profiles appropriate for analysis. The authors stated

| that the strong diffuse intensity below the first Bragg maximum is the

high angie portion of a very strong small angle X-ray scattering, and in
-addit¢on to correcting for this, the usual corrections for Compton scattering,

2

Lorentz-polarization, and f~ were employed. However, distortion and dis-

placement caused by the deep penetration of the X-ray beam must also be
taken into account233 The effect of these cbrrections is demonstrated for
two specimens of GC. In this work it is shown that previously reported

spacings greater than 0.344 nm are incorrect.

2. Corrections
It has been shown that if I(2e) is the observed interference function,
the intensity distribution (26) which would be observed in the absence of

distortion due to low absorption 152’3

:}l{‘ gi(26)=(‘hf1- ! )29 + l (h- -}h ! )26+U l exp (_.YU)+ ...... (-l )

1}

specimen thickness, y = QPRJSﬁn 20, u = 1inear

Source-specimen and specimen-detector slit

distances, h = sin 261(28)7AR, A = area of beam and h' = dhj/d2e. The
absorption corrected data, gi{2e), is obtained prior to any other corrections.
‘The data -are next «corrected for Compton scattering wusing measurements on

single crystal HOPG in a region Free of Bragg reflections to obtain a
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normalization. ﬂith Compton scattéring subtracted the remaining data are
plotted as 1n sine at small angles. The small angle scattering follows
a (sine)'" 1aw,4w1'th n=3, and with appropriate normalization its magni-
tude in the region,where it overlaps Bragg reflections is estimated and
subtracted. The final corrections for the variation of f2 and LP with

angle are then applied.

3. Results

Uncorrected data for two GQ specimens-heat treated at:differéht tempera-
tures are shown in Fig. 2(a),replotted from Fig. 1. ;n-Eig. 2(b) the
result of correcting for low specimen absorption, Compton scattering and
small angle X-ray scattering is giVen. It can be seen that the non-Bragg
scattering; found to follow a (s1'ne)'3 Taw is merely a very strong small
angle scattering. The subsequent correction for fz_and LP, which converts
Fig. 2(b) to Fig. 2(c) has produced a transformation in the shape of the
profiles as well as a,disp]acement of peak position. The d002 spacings

estimated from peak positions is summarized in Table 1.

4. Discussion

The recognition that the small angle scattering is by far the most
prominentvfeature of the diffraction pattern of Gc>came:0ﬂ}y'recéntay§5 It
was confirmed by ccmparing;thefﬂﬁffrattﬁcnﬁpattermstéf.thezsame:spet#men
in reflection and transmission. Ihis proVidesaan‘experimentaa basis for
correcting for the small -angle sscattering which, when it extends into ‘the
wide angle region, is sometimes described as non-Bragg scattering without
further identﬁ?icatienﬁ. Subtraction of the Compton and small angle

scattering strongly affects the 1ine profiles but has 1ittle effect on
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peak positions. The 1argest contribution to the peak displacement in

" going from Fig. 2(a) to Fig. 2(b) is that from the application of Egn. 1.

Failure to make this correction caused Saxena and Bragg1 to overestimate

dOOZ in some instances by 0.005 nm. It shou1d be noted that much of the

asymmetry in the peqk shape disappears when the corrections for fz and LP

are made,(Fig. 2(c)). The fully corrected line profiles constitutes the
lattice interference function devoid of factors normally taken to be
constant over the breadth of a Bragg reflection. These are the profiles

which should be used in subsequent analyse;, such as for crystallite size,

strain and shape.

The implications of these results are far-reaching. It seems 1ik§1y'
that many large d-spacings reported for carbons or other disorderéd_:
porous materials are over estihated. In GC it is probable that d,,,
spacings larger than 0.344 nm do not occur. That is, the range of
structuralvdisorder in hard carbons is very similar to that in soft
carbons and these in these materials the degree of graphitization attained
for a given heat'tfeatment is usually greater than that estimated from

uncorrected 1ine profiles.

5.  Conclusion

In order to ebtain;meaningfuﬂ-ﬂqspacimgs the X=ray line profiles «of

Glassy Carbon must be corrected for small angle scattering and Tow

specimen absorption in additon to the msual -sources of 1ine profile
distortion. The fange‘of structural disorder in ‘GC characterized by

interlayer spacings -is probably 0.344 nm to 0.335 nm:as -in soft carbons.
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Table 1
402
Uncorrected First - Total
Sample . (a) ‘Correction. (b) Correction (¢)
GC 1000-1 0.375 nm 0.37C nm 0.344 nm
6C 2700-2 0.349 nm 0.347 nm

0.343. nm.
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Figure Captions

Fig. 1

~ Fig. 2.

Fig. 3.

Uncorrected lihe profiles of Glassy Carbon.
Effect of corrections on Glassy Carbon Line Profiles.

Interlayer spacings in Heat-treated GC.
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