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Introduction: The aim of this experiment was the development of a method for the quantitative analysis of
crystalite size distributions (CSD's) based on diffraction images from 2D detectors - for future applications
in gas hydrate research and beyond. Test cases were samples of gas hydrates (GH) and water ice in various
stages of the growth process from liquid water as well as the transformation from ice into GH. Our Fast X-
Ray Crystallite Size Determination (“FXRCSD”) method requires the measurement of a standard material
(LaBg NIST powder) for calibration and the investigation of the lateral intensity distribution of the incident
beam. This calibration has to be done for each measurement setup. The intensity distribution of the beam
was detected with high resolution x-ray sensitive film. Two days of beam time were lost due to a motor
problem — see Evaluation form. The measurement setup (sample and beamsize) was configured in a way that
spotty diffraction rings are produced. The sample is rotated stepwise around the ® axis for a few degrees
(3°) in small steps (0.01° or 0.02°) while taking an image at each step. All images have been taken with the
Pixium4700, corrected for the detector gain using the provided image 'gaincorrcoeff.edf” and have been
normalized to a beam current of 175 mA. Not all samples are fully analyzed yet — this report is preliminary
and mainly serves to support a follow-up proposal.

Calibration: To control the number of reflecting grains of the LaBs sample (comprimising peak overlap and
crystallite statistics) the powder was diluted on site with starch. For the measurement the sample was filled
in a 0.8 mm Kapton® capillary and compacted. The sample was rocked 2° in @ with a step size of 0.005°.
The exposure time was 5 sec and the beam sizes set to 0.1 x 0.1 mm and 0.3 x 0.3 mm. Fig. 1 shows one
frame of the calibration measurement. The total number of grains detected for the beam size 0.1 x 0.1 are
roughly around 500 and for a beam size 0.3 x 0.3 around 3000, which in both cases is not quite at the
optimum (= 1000); this shows us that we have to improve the dilution of the standard powder. This
difficultiy has been compensated and the error was sufficiently limeted with time consuming, manual sorting
of the data. The result after analyzing the data with our Python programs 00Peak and OmegaStep are shown
in Fig. 2; it shows the In(Intensity) distribution of the LaBg¢ standard collected during this beam time and the
In(volume) distribution data obtained with our in-house scanning electron microscope. Both distributions
can be described in good proximity by the Gaussian probability density function and provide one scaling
factor for the CSD measurements. The lateral beam homogeneity was successfully measured with a high
resolution x-ray sensitive film for all beam size settings. The preliminary results of this measurements is,
that the beam is homogenous and no big influence on the CSD is to be expected. A fully quantitative CSD
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analysis will involve the mathematical deconvolution of the beam profile from the measured crystallite
intensities (assuming a statistical distribution of the crystallite sizes across the beam) - this is underway.
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Fig. 1 above: Intensity distribution of all analyzed rocking curves (light

red) of one sample measure at ID15B and the corresponding size

distribution (dark red) measured with the REM .

Fig. 2 left: Spotty diffraction pattern of the LaBg standard. Each
! o " o m weo individual spot is detected and its rocking curve (see also Fig. 1)

analysed.

Initial ice material: Gas hydrates are commonly grown from fine, polycrystalline water ice [1] and it is

conceivable that the topology and crystal size of starting material may influence a CSD of newly formed

clathrates. We have investigated this possibility during this beam | = lceSprayed.

ann 400

time by measuring CSDs of two types of starting ice powders |
produced either spraying or brushing water nebula in to liquid N, _ |
The ID15B results (Fig. 3) are consistent with results from P02.1

[2] and show the ice crystal CSDs to be on average about an order 1
of magnitude smaller than the ones of GH. It is quite noteable that Sm'
with our FXRCSD method we can reliably determine CSDs in the & *]
pm-range for a weak scatterer like ice. & -
CSDs of in-situ growing GH inside a pressure cell: Not -
foreseen initially but attempted in a trial: Xenon hydrates in 0

quartz sand matrix were successfully formed inside a custom S - S
designed pressure cell mounted on the sample stage of the | Fig. 3: CSD of ice (starting material for GH
beamline ID15B. The experimental setup is shown in the follow- | Production) measured on ID15B (d in pm).
up proposal. Xenon hydrates were formed at a constant The crystal sizes (median 1.4 jm) are much
temperature of 3 °C and a pressure ranging from 2 to 6 bar. The smaller than the size of the ice spheres.
cooling of the cell was achieved using a Peltier module. The device is able to maintain the temperature
stable to within + 0.1 °C over periods of many hours and to hold a pressure up to 100 bar. The gas hydrates
formation can be interrupted at any time by dropping the pressure to the stability limit and therefore the
CSDs of xenon hydrates at different steps of formation can be measured. First CSDs from the same sample
of xenon hydrate formed in-situ inside the pressure cell were obtained after 15s, 120s and 250s of the
reaction time. The evolution of crystallites sizes from few um to a few tens of um indicates a rapid initial
growth and some coarsening of hydrate crystals. This is in perfect agreement with microtomographic
experiments using the same pressure cell and formation protocol on TOMCAT/SLS. CSD measurements
beautifully complement the tomographic images in that they provide quantitative information on CSD,
which are much harder to obtain form tomography and certainly are statistically less relevant. The
knowledge of the crystallites sizes and their evolution is of considerable importance in order to better
understand the microstructure of gas hydrates in sediments and understand the nucleation and growth
mechanisms; a corresponding first account is in preparation for Geophysical Research Letters.
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