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» Calcium carbonate exists in several different polymorphic forms, the most common of which are the minerals calcite and aragonite.
Aragonite is only meta-stable under ambient conditions, transforming to calcite on heating.

* Aragonite is a component of many rocks and also forms the shell or skeletons of many marine organisms including molluscs, corals and
sea snails.

» Mussel shells are an extremely strong natural material (outer calcite shell and inner aragonite layer) - composite architecture, with the
mineral crystal and a protein matrix forming a ‘brick-bridge-mortar’ structure

 Important component in the development of new bio-medical framework materials as well as stronger structural composites for other
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engineering and domestic applications.
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 The diffraction results also reveal the effect of temperature on the micro-strain within the
structure as the transformation proceeds

* Synthetic, below left:
Initially low micro-strain, strain increases during the transformation

 Biogenic, below right:
Initially high micro-strain, strain decreases during the transformation

Experimental

e Synthetic:
CaCl2 + urea in solution _ aged overnight @ 90°C
Needle shaped aragonite crystals precipitated
* Biogenic: Sample extracted from inner aragonite layer
* Beamline 111 at Diamond Light Source:
High resolution X-ray powder diffraction experiment with
in-situ heating of sample.
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» Differences can be related to the underlying sample microstructure as observed in scanning
electron microscopy (SEM) images, below.
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» The X-ray diffraction patterns show that synthetic sample consists of aragonite with a small
amount of calcite (~5%), below left, mussel shell sample is mostly aragonite, below right.
6000
- Data "
— Fit 2000 - i . Data
o aragonite) 1 Fit
— 4000 1 I aragonl ) : Dif
£ I | hid (calite) ] m 1500 ! i | h.ild (aragonite) —
3 ' by A=0.827117(1) A S | ! B ' )
L E g 10004 | = 2= 0.827009(1) A < |
> 2000- t ) | | 0
B _E lr E | I _
5 . “ | 2 s004 i i | O
£ 2 7))
04 = 1))
bty 0- Wit =
U T T N R T T IIIIIIIIIIIIII]IIIIIIIIII1 ""J*""f"ﬂ A LA * s
. r . . . | | | IE 0 0 e i mmw e vunm vuamennnr o uw o mweon IIII|
10 20 30 40 50 0 20 3 40 50
20 (deg.) 20 (deg.)
- On heating meta-stable aragonite ° P
) 80 .
transforms to more stable calcite phase. ) ,/:/"‘ Svnthetic. top: I it tals formi irained within the original "
- Mussel shell aragonite transforms at a lower _ A — y?t _ Ie ic, top: sma ert calcite crystals forming are constrained within the original aragonite
. . ] —e— Aragonie|s elic
temperature than synthetic sample, right. ] — 2~ Calote(synthetio particies, increasing strain. - - : . .
] o Aragonite (biogenic) * Biogenic, bottom: protein matrix holding the crystals in the mussel shell together is degraded
; N\ 4 Calete (blogeni) by the thermal treatment, decreasing strain.
i t___‘>\
] JER N
] S Further work
o ey «M | shell ~3% mass | n heatin [V S
350 360 370 380 390 400 410 420 430 _ ussel she o Mass IoSs on heating, 2 —~—_\ ! :
Temperature (°C) rlght. ggﬂ_: x\ I fh"u. .I
 Interesting thermal behaviour of both the 4980 [T oo {' * Analysis of the nature of the gas produced £ 05 N\ [ e
aragonite and calcite phases is observed | 287 pyetheti / to determine its origin and role in the 2 ] .
a plateau region in the lattice parameter 4979 . | thermal expansion behawour obser\{ed. _ |
expansion, see right. 3 r./ . Fu!‘ther prerlments are being carried out 7o
» Anear linear increase in unit cell size with € 47 A ,/T to investigate the gas produced by the 5701 I
1] _.-'. - T ¥ T ¥ T T T ¥
temperature would be expected however § | o° P L samples. P
. o —a—a— e mperatur
both the mussel shell and the synthetic = 4o77 4o, —°°° remperser®
aragonite show a halt in their expansion. .~
This is believed to be caused by trapped 4976 | | | | Conclusions
gas within the structure. 360 380 400 420

» Anomalous thermal expansion (plateau in lattice parameters) occurs in synthetic and
biogenic samples

» Attributed to increase in internal pressure caused by organic molecules/gases trapped in
the structure during crystallisation

» Synthetic and biogenic samples show opposite microstrain behaviour during the
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» On heating evaporating gas inclusions are trapped within the structure, increasing the
internal pressure and lowering the rate of thermal expansion.

* Inclusions likely to be the macromolecules (proteins) for the mussel shell, but not for the transformation, due to the underlying differences in sample microstructure.
synthetic sampile.
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