[A
]

- T N B e
. i d

S T - . -

" EHCEEER =

DEPARTMENT OF
MINERALS AND ENERGY

BUREAU OF MINERAL RESOURCES.
GEOLOGY AND GEOPHYSICS

1973/48

THE TRANSFORMATION OF NESQUEHONITE INTO HYDROMAGNESITE

by

Peter J. Davies and B. Bubela

Bureau of Mineral Resources and Baas}Becking Geobiological
Laboratory, Division of Mineralogy, C.S.I.R.0.; Canberra,

A.C.T. 2601, Australia.

The information contained in this report has been obtained by the Department of Minerals and Energy
a8 part of the policy of the Commonwealth Government to assist in the exploration and development of
nineral resources. it may not be published in eny form or used in a company prospectus or statement
nvithout the parmission in writing of the Director, Bureau of Mineral Resources, Geology and Geophysics.

BMR~
Record

1973/48
c.3 _




s

/773/%

THE TRANSTORMATION OF NESQUEHONITE INTO HYDROMAGNESITE

" Petex J. Davies and B. Bubela

Bureau of Mineral Resources and Baas Bécking Geobiological
Laboratory, Division of Mineralogy, C.S.I.R.O., Canberra,

A.C.T. 2601, Australia. .



**ABSTRACT

Nesquehonite, synthesized in the laboratory,
can be readily altered to hydromagncsite via an intermediate

phase which is morphologically similar to hydromagnesite.-

.This interﬁediate phase exhibit; an X-ray patteénAsimilar to

" that of thé newly &iscovered mineral Aypingite. ‘The trans-
formétion ié accompanied by é large loss of wéter, with resulting

- increase in magnesium. Chemical analysis indica#es that dypihgite
occurs in a range of phases from slightly altere&“ﬁesquehonite to
hydrbmagnesitej The alteration Qf nesquéhonite at 52°C is |
exceedingly rapid, explaining why hydromégnesite is the more
common hydyéte in'natdre.. This formation of a new mineral via
thé aqueou; phase also occurs in the solid state at temperatures
in excess of 100°C, as indicated by Differgntial Thermal Analysis

'~

.and Thermal Gravimetric Analysis.



~ However, it has been shown that nesquehonite is an unstable

INTRODUCTION

Nesquehonite precipitates from solutions of
magnesium bicarbonate below 52°C and hydromagnesite is the
stable hydrate above this temperature (Leitmeier, 1915; Dell

and Weller, 1959; Kazakov et al., 1959; Langmuir, 1965).

phase (D'Ans et al;, 1938;  Latimer, 1952; Garrells et al.,
19603 Langﬁuir, 1965). Our interest in this field has stemmed

.

‘from the following factors. e k;

Hydromagnesite is more common in nature than
nesquehonite, even though natural conditions of temperature favour

the precipitation of nesquehonite. It is possible therefore

that nesquehonite acts as a precursor of some natural hydro-

magnesites. Disagreement exists over the exact chemical composition
;bf the two minerals (Kazakov et al., 1959; Morandi, 1969),
- suggesting that workers are discussing different compounds, or that

the minerals vary in composition. As nesquehonite precipitates

" under different conditions from hydromagnesite (Kasakov et al.,

1959), a knowledge of the requisite conditions for the transformation
and for any intermediate phases is important to the understanding

of diagenesis of carbonates.

Some of the ab6§e factors are being investigated as . .
part of our prégram encompassing the biological and abiological
precipitation, decomposition, and diagenesis 6f carbonates. The
object of the presént work has been to prepare nesquehonite
under wellidéfined conditions, to. document its decomposition,

and to investigate the mineral phases produced.
. ’\\( . ‘ . o
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PREPARATION OF NESQUEHONITE

‘Nesquehonite (Fig. 1A) was prepared both
biologically and abiologically (Davies and Bﬁbela, in prep.)
from saturated Mg (HC03)2 solutions.  The resultant precipitate

was harvested, analysed,‘and identified.

. DISSOCIATION OF NESQUEHONITE AT 52°C |
. . 8= !

- Nesquehonite crystais.wgre placed in a vessel
éontaining distilled water, sealed, and placed iﬁto a water bath
kept at a constant temperatdre of 52°C. After 72 hours the
crystals were examined By X-ray diffraction and scaﬁnipg

electron microscope. The neéquéhonite had partly dissolved

3

- (Fig. 2A) énd pads of plate-like cryétals had formed (Figs. 1B
and 2B). ‘

b | ‘This new mineral phase was characterized by X—fay
diffraction (XRD) patterns (Fig. 3) which in some respects
.resembled both nesquehonite and'hydromégnesite, but which included
diffraction peaks absent f;om.tﬁe XRD patterns of these minerals.
The new ﬁineral was provisionally named protohydromagnesite.

After a period of a week at 52°C the proportion of protohydro-

magnesite to nesquehonite had considerably increased.

ANALYSIS OFANESQUEHONITE, PRQTOHYDROMAGNESITE, AND HYDROMAGNESITE

The chemical analysis of the synthesized nesquehonite

(Table 1) shows that the mole proportions are very close to

.
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0, the same as the normally quoted

1.0 MgO : 1.0 CO2 : 3H2

formula for.nesquehonite. The closeness of the approximation
is iilustraled in Fig. 4, in which the gomposiﬁioné of common
magnesium carbonates aﬁd of those sjnthesized dﬁring tﬁé
preseht ﬁork are plottéd, From the analysis Qf therprpto; '

hydromagﬁesite (Table 1) the exact mble proportions are

: 1.89 HZO' Therefore the formation of'

0.80 Mg0 : 0.75 co, :

protohydromagnesite from nesquehonite repxeéent§ a loss of

H relative to MgQO.

2 2

0 and a slight gain of CO
The Differential Thermal Analysis (DTA) graph
(Fig. 5A) for nesquehonite shows major endothermic reactions

~occurring at 116°, 150°, 480°, and 520°C. A small shoulder

occurs at 180° while broader shoulders occur at 400°-436° and

.‘77470°C. A major exothermic reaction is seen at 484°C. The end

product X-rayed as periclase. The DTA graph for protohydro-
magnesite (Eig. 5B) shows endothermic reactions occurring at

56°, 84°, 130°, 260°-286°, 348°-384°, 480°, and 516°C. Hydro-

magneéife exhibits endothermic reactions (Fig. 5C) at 270°, 378°,

. 476°, and at approximately 500°C. An exothermic reaction is

.seenlat 484°C. Shoulders can be observed on the graph at 320°

" and 410°-450°C.

The Thermal Gravimetric Analysis (TGA) of nesquehonite
(Fig. 5A) shows the following features: a 297 loss of weight
occurs by 200°; further losses take place in the temperature

" ranges 200°-480° (from 29% to 51%), and 480°-530° (20%); the

A}

total loss equals 71.3%. _ .
. Sy . _ _ B

" The résults of TGA of protohydromagnesite (Fig. 5B)

‘
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‘l: .indicaté’.that the loss of weight begins at 32° and reaches a
total wgight loss of 60.8% at 525°C..-Shouldérs can be ;een on
the TGA graph at 130° and 286°C by which températﬁres the losses

 amounted to 4.5% and 15.4% respectivély. The TGA for syﬁthetic
'hYdromagnesite (Figﬂ 5C) shows a loss of 9% at 270° and 13% at
', 320°C. A total weight loss of 72.6% ié apparent, after whiéh

" the residue X-rayed as periclase;

7

- DISCUSSION

?he minérél provisionally named by us as protohydro-—-
magnesite was found to have é-diffraction pattern very similar
to the minéral dypingite (Fig. 3) recently discovered in nature
by Raade (1970). In terms of physical properties, however, they
~are very.differenﬁ. Raade (op. ciﬁ., p.1458) says: "Dypingite
. forms white globular aggregates ...... radiating aggregates
consisting of fibres"; this accurately describes the precipitated
nesqﬁehonite (Fig. 1A) but dées ﬁot fit the resultant protohydro-
- magnesite (Fig. ZB). Dell and Weller (1959) note that.the dry
. transforhation oflnesquehonite into hydromagnesite occurred
experimentally.withoﬁt any change in morphology. This process may
operate during the formation of the mineral deécfibed by Raade,
who states that dypingite is a minerai.closely related to hydfo— _
f- . . . magnesite, which is monoclinic aﬁd normally forms curved'plates
rather than radiating needles. Both tﬁe hydromagnesite and
.protohydpomﬁgnesite produced in oux 1éboratory formed aé-curved

plates. This further suggests that the mineral described by Raade

N )
.

may have formed by the aiteration of nesquehonite, which itself
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is a transitory mineral.

The chemical analysis of the s&nthetic nesqﬁehonite
confifms that the minefal contains only one molgcule of MgO,
not two as suggested by'Moréndi (1969). Coﬁparing its chemical
.ahalysis with nesquehonite, protohydromagnesite represents a |

loss of H,0 and sligh; gain of CO

9 relative to MgO. If the

2

I
~loss of water is expressed as a loss from nesquehonite, then it

repfesents 0.4 moles, or 5.5 mole 7%. :As the formula percent
calculated from simple mole proportions is very éiose to the
analytical reéﬁlts, it indicates-that the chemical formula for
protohydromagneéite is a simple multiple of the mole proportions
shown in Table 1. This is 1 Mg0 : 1 €O, : mzo. This is

. different from the formula published by Raade fo¥ natural
dypingite which was given as 4.6 MgO : 4 CO2 : G.iZ'HZOi The

“triangular plots of Raade's dypingite and our protohydromagnesite
areé éhown.in Fig. 4. As the two show very simiiar XRD patterns,
it is apparent that mineral phasésAéimilar to dypingite occur
.over a wide compositional range, largely aé a reéqlt of

: diffgrgnces';n the percenpéée HZO‘concent. It is AOubtful,
.therefore, whether dypingite'éan be:characterized by an exact

chemical formula, The new mineral described by Raade is probably

only one stage in the decomposition course of nesquehonite.

" Published formulae for hydromagnesite resolve into

two groups:

"a. 5Mg0 1 4C0, ! SH,0 (Morandi, 1969; Raade, 1970)

b. 4 Mgo 13 002 b 4H20 (Leitmeier, 1915; Palache
. . et al., 1951; Langnuier, 1965)
o ) . \._: i . w
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fhe formula péfdentages for-éheée thpee oxides obtained from
the-above.are.shown in the lower part of Table i. The analysis
of syntﬁetic hydromagnesite showé a dgficiehcy.in.MgO, and a
_liftle exéesﬁ CO2 and HZO' .It is therefore'diffiéult to compute
an exact formula. The best approximation, however, would be

3 MgO 3CO2 . 4H20. This formula plots reasonably close (Iig.

' 4) to formula (b) shown above. The chemical analysis of

 synthetic hydromagnesite (upper part of Table 1) indicates a

progression from uesquehonite to protohydromagnesite and finally
DAL
to hydromagnesite, with a relative increase of MgO and decrease

of.HZO content.

o 'The loss of water molecules from nesquehonite at

‘ raisedAteméeratures can be followed by cbmparing the DTA and

TGA curves. The endotherm at 116°C corresponds with a 107

O represents 13%, it

‘total weight loss. Since 1 molecule of HZ

is presumed that almost one molecule of H,0 is lost during this

. endothermic reaction. - Similarly by 150°, a 20% weight loss and

- by 200°C a 29% loss occurred. As the total loss represents

approximately 2.5 molecules of water, some water therefore must

~be lost in the temperature range 200°-500°C.

Published DTA curves-are shown in Fig. 6. All
cﬁrves sho& major endothermic reactions occurring below 250°C. _ i
Dell and Weller (1959), Beck (1950), and Kozakov et al., (1959)
report that two molecules of water are lost below this teﬁperature.
Dell and Weiler (op. cit.) and Kazakov et al{,.(op. cit,)
'suggest the.possibility of the formation of a new hydrate after

s
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~ the loss of the fi;st water molecule. Morandi (1969) considers

that four H20 molecules are last below 200°C. Morandi's DTA

curve approximates closest to our work. In the range 250°-450°C

the curves published by these workers show similar decomposition

characteristics, the major feature being the endothermic

reaction at around 400-450°C. ~All authors except Kazakov et al.,
agree that 002 is liberated at this temperature;'-Kazakov et al.,

consider that (OH) groups are liberated. DTA curves published

LY *

by Brousse and Guerin (1966) (TFig. 6C) differ from the previously

mentioned results mainly by the presence of an endothermic

‘reaction at 310°C. It is noted below that an endotherm at about

that temperature occurs in protohydromagnesite.

1

The reactions detected by the DTA on protohydro-

magneéite are seen in the curve published by Raade (1970) for.
'\dypingite. The major difference is the position of the exotherm.
 Oux DTA and TGA curves for protohydromagnesite (Fig. 5B) show

' an éxcellent correlation;  the shoulder at 130°C corresponding

with the end of an endothermic reaction. By this time a 4.5%

weight loss has occurred. The top of the 286° shoulder correlates

" with the 286° endothermic reaction, by which time 15.47 by weight

has been lost. If this loss represents loss of 1,0, then 1.5

moles have-been lost at this stage. The top of a shoulder at 400°C
corresponds again with the end of an endothermic reaction..'The
weight loss 1is 29%Z. All woter therefore has been removed. 'The

final weight loss is approximately 30% at 400°-425°C. This loss

is probably due to a release of COZ'

\ N
DN
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It should be noted in the data published by Raade
(1970) . that the_pbsitions of majof weight losses (TGA) do not

correspond with major reactions as shown on the DTA.

When comparing DTA curves for natural nesquehonite
(Brousse and Guerin, 1§66) with er éurves for protohydromagnesifé
and Synthétic nesquehonite the following featufes are apparent.
The'égrves for natural and éynthetic ﬁesquehonité are similar
.éxcept fof the endotherm at 310°C. This endotherm is not far
rem§ved from a similar réa;tion oééurring at 290t;in protohydro-
ﬁagnesite. When the results of chemical analysis of the nétural'
nesquehonite (Brousse and Guerin, 1966).are recalculated and
plotted as;§h§wn in Table 1 and Fig. 4, the natural nesquehonite
isﬂplacéd iﬁ an intermediate position between protohydromagnesité

and synthetic nesquehonite. This further evidence for a gradual

_change of nésquéhonite is supported by the extra endothermic

peak on the DTA curve. We suggest that natural nesquehonite is

changing-intb protohydromagnesite, an intermediate phase similar

- to dypingite.

The DIA and TGA curves for hydromagnesite indicate

- a loss of approximately 3 molecules of water during an endothermic

reaction at 2705C. As hydromagnesite is a hydroxycarbonate, the
endothermié reaction at 378°C is almost certainly due to release
of (OH). The endothermic peak at 270°C coincides.approximately
with the peak for dypingite described by Raade (1970). If this
reaction is the fiﬁal réleaée of water, then the progression to
lower temperature indicates that structural water is progressively

more easily released in the series nesquehonite to hydromagnesite.
. ‘\ N . .

N



~ CONCLUSION

It is our contention that nesqﬁehopite alters to
hydfomagnesite via a number of intermédiate phases.. An early
phase‘is the neéquehonite reported by Brousse and Guerin.-
A.more advanced stage is the protthdfomagnésite synthesiéed
'by.the autﬁors. The X—fay anélysis shows that this is -

crystallographically very similar to dypingite reported by

" Raade (1970). The latter mineral is therefore a further'stage

; g > C . v
in the nesquehonite =+ hydromagnesite transformation. A

whole series of dypingite-like phases occur as intermediates

"between the two end members.
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TABLE 1. Chemical compositions of common magnesium
' carbonates hydrates, and those synthesized

during present work.

.L)
Y

Chemical formulae were obtained from

Kazakov et al., (1959), Langmuir (1965),
\’. : B
Morandi (1969), and Raade (1970).
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DYPINGITE

 5Mg0 : 4CO, & GHO

ANALYSIS % RECALC. TO 100% MOLE PROPORTIONS MOLE % FORMULA ¥
NESQUEHONITE: (DAVIES and BUBELA)
MgO 27.59 . 28.154 0.698 1 19.23 28.2

- c0, - 31.61 32.254 0.733 ©1.05 20.20 33.6

- Hza 38-80 @ 39;592 '20198 3.15 60.56 ’38.1
NESQUEHONITE: (BROUSSE and GUERIN, 1966) ;
MgO 27.66 | 28.645 0.710 1 120.02 28.2

- €02 33.08 34.258 0.778 1.10 21.94 33.6
H,0 35.82 37.096 2.059 2.90 58.03 38.1
PROTOHYDROMAGNES ITE: .
MgO 29.97 32.197 0.799 1.0 © 23.03 32.4.
co, 30.80 33.200 0.754 0.94  21.76 38.6
H,0  32.00 34.494 1.915 2.40 55.22 28.9
"HYDROMAGNESITE:

 MgO 37.48 38.576 - 0.957 1.0 31.22 38.0
C0;  38.58 39.708 0.902 0.94 29.44 45.3
H,0 21.10 21.717 1.205 - 1.26 39.34 17.0

. COMMON HYDRATES )
NAME FORMULA MOLE % 'FORMULA %
MAGNESITE Mg0 : CO, 50.: 50 47.7 1 52.3
BARRINGTONITE - MgO : CO2 ¢ ZHZO 25 : 25 :+ 50 33.3 : 36.7 : .30-

" NESQUEHONITE © MgO : CO, : 3H,0 20 : 20 : 60 29.0 : 31.9 : 39.1
LANSFORDITE MgO : €O, : SH,0 . . 14.3: 14.3 : 71.4 23 : 25.3 : 5L.7
_ARTINITE 2g0 : CO, : 4H,0  28.6 : 14.3.: 57.2 40.8 : 22.4 : 36.8
HYDROMAGKESITE (a) SMgO : 4CO,, : 4uéo 35,7 : 28.6 : 35.7 44.3 : 39.3 : 16.2
HYDROMAGNESITE (b) 4MgO : 3CO, : 4H,0 36.2 : 27.3 : 36.2 44.0 : 36.2 : 19.8

33.4, 1 26.6 : 40 41.4 : 36.4 @ 22.2
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Nesquehonite crystals.

' Protohydfomagnesite bundles growing amidst

nesquehonite crystals.
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Fig. 2. A, DNesquehonite crystal undergoing solution prior

B.

Protohydromagnesite

Scale Bar
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. to reprecipitation as protohydromagneéite.
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Fig. 3. | X¥ray diffraction pattern of pr}ot;ohydromagnesite-.
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Fig. 4. Triangular plot of compositional characters of
common magnesium carbonates hydrates, and those

synthesized during the present work.
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Eig. 5.

Differential thermal -analysis and thermogravimetric
analysis curves.

A. Nesquehonite.

B. Protohydromagnesite.

C. Hydromagnesite.
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Fig. 6. . Differential -thermal analysis curves.
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