
Geochemical

 

Journal

 

Vol.

 

19,

 

pp.

 

245

 

to

 

249,

 

1985

 

NO TE

 

Transform ation
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SAY OK O

 

Y OSHIO KA1

 

an d

 

Y ASUSHI

 

K ITA N02

 

Departm ent

 

of

 

Earth

 

Sciences,

 

Aichi

 

U niversity

 

of

 

Education,

 

K ariyal

 

and

 

W ater  R esearch

 

Institute,

 

N agoya

 

U niversity,

 

N agoya2

 

,

 

Japan

 

(R eceived

 

January

 

31,

 

1985;

 

Accepted

 

A pril

 

8,

 

1985)

 

D TA -TG

 

study

 

on

 

several

 

aragonites

 

w as

 

carried

 

out

 

to

 

clarify

 

the

 

transform ation

 

of

 

aragonite

 

to

 

cal-
cite

 

through

 

heating

 

process.

 

Aragonite

 

form ed

 

in

 

biological

 

system

 

started

 

and

 

com pleted

 

the

 

transform a-
tion

 

at

 

tem peratures

 

low er

 

than

 

did

 

aragonite

 

form ed

 

in

 

inorganic

 

system s.

 

T he
 

D T A-TG
 
study
 

show ed
 

that
 

w eight
 

loss  w as
 

observed
 

at
 

the
 
appearance

 
of

 
endotherm

 
for

 
coral

 
aragonite

 

and

 

inorganically

 

syn-
thesized

 

aragonites,

 

w here

 

th e

 

release

 

of

 

w ater

 

during

 

heating

 

w as

 

recognized.

 

W ater

 

contained

 

in

 

aragonite

 

seem s

 

to

 

have

 

an

 

im portant

 

role

 

for

 

th e

 

transform ation

 

through

 

heating.

 

IN TR OD UCTION

 

K unzler

 

and

 

G oodel

 

(

 

1

 

970)

 

report ed

 

that

 

inorganically

 

form ed

 

aragonite

 

is

 

therm ally

 

m ore

 

stable

 

than

 

biogenic

 

aragonite,

 

w hereas

 

K am iya

 

(

 

1

 

980)

 

reported

 

a

 

contrary

 

result.

 

T he

 

present

 

authors

 

reported

 

previously

 

that

 

som e

 

coral

 

aragonites

 

are

 

m ore

 

stable

 

in

 

w ater

 

environm ents

 

than

 

those

 

form ed

 

in

 

inor-
ganic

 

system s

 

(K itano

 

et

 

al.,

 

1980).

 

They

 

also

 

reported

 

that

 

the

 

transform ation

 

rate

 

is

 

higher

 

for

 

aragonite

 

of

 

hydrophilic

 

type

 

than

 

for

 

arago-
nite

 

of

 

hydrophobic

 

type,

 

w hen

 

pow dered

 

coral

 

aragonite

 

is

 

suspended

 

in

 

aqueous

 

solution.

 

Fujinuki

 

and

 

lgarashi

 

(1969)

 

reported

 

that

 
aragonite

 
of
 
hexacollara

 
species

 
starts
 
its

 
trans-

form ation

 

to

 

calcite

 

at

 

low

 

tem perature

 

(280'C)

 

with

 

a

 

sim ultaneous

 

w eight

 

loss

 

w hich

 

is

 

con-

sidered

 

to

 

be

 

due

 

to

 

m obile

 

w ater

 

in

 

the

 

arago-
nite

 

structure.

 

O ne

 

of

 

the

 

authors

 

reported

 

that

 

aragonite

 

synthesized

 

inorganically

 

as

 

w ell

 

as

 

coral

 

aragonite

 

show s

 

an

 

endotherm

 

accom -
panied

 

by

 

w eight

 

loss

 

(Y oshioka

 

and

 

Suzuki,

 

1

 

98

 

1

 

).

 

This

 

report

 

describes

 

experim ental

 

results

 

on

 

the

 

aragonite

 

to

 

calcite

 

transform ation

 

through

 

heating

 

and

 

the

 

release

 

of

 

w ater

 

at

 

the

 

endotherm ic

 

tem perature

 

for

 

pure

 

aragonites

 

of

 

corals

 

and

 

shells,

 

pure

 

aragonite

 

synthesized

 

inorganically

 

and

 

inorganic

 

system .

 

aragonite

 

form ed

 

in

 

natural

 

EX PERIM EN TAL

 

Sam

 

ples

 

Coral

 

aragonites

 

w ere

 

collected

 

from

 

O kinaw a

 

(C-1,

 

C-2,

 

C-3,

 

C-4)

 

and

 

Sam oa

 

(C-5),

 

and

 

shell

 

aragonites

 

(Saxidom us

 

pur-

puratus,

 

S-1

 

;

 

Pinctada

 

m artensii,

 

S-2;

 

H yriopsis

 

schlegeli,

 

S-3

 

;

 

Corbicula

 

fapnica,

 

S-4)

 

from

 

central

 

Japan.

 

T hree

 

aragonites

 

form ed

 

in

 

inor-

ganic

 

system s

 

w ere

 

also

 

used:

 

(A-1),

 

aragonite

 

synthesized

 

from

 

calcium

 

bicarbonate

 

solution

 
containing
 
m agnesium

 
ions;

 
(A-2),
 

aragonite
 

synthesized

 

from

 

calcium

 

bicarbonate

 

solution

 

containing

 

both

 

m agnesium

 

and

 

strontium

 

ions

 

(Kitano

 

et

 

al..

 

1

 

962);

 

and

 

(N ),

 

natural

 

aragonite

 

aggregate

 

associated

 

with

 

serpentinite

 

in

 

Y oshi-
kaw a,

 

Aichi

 

Prefecture.

 

A11

 

sam ples

 

w ere

 

com -

pletely

 

pure

 

aragonite.

 

These

 

sam ples

 

w ere

 

w ashed

 

with

 

distilled

 

w ater,

 

dried

 

in

 

air

 

and

 

ground.

 

Experim ental

 

procedure

 

A

 

D TA-T G

 

study

 

w as

 

carried

 

out

 

at

 

the

 

rate

 

of

 

20'C/m in.

 

using

 

the

 

Rigaku

 

D TA-TG

 

T herm oflex.

 

Fifty

 

m il-

ligram s

 

each

 

of

 

pow dered

 

aragonite

 

sam ples

 

w as

 

put

 

into

 

a

 

porcelain

 

boat

 

and

 

inserted

 

into

 

silica

 

glass-tubing.

 

It

 

w as

 

then

 

heated

 

up

 

to

 

a

 

245

 



246

 

S.

 

Yoshioka

 

and

 

Y.

 

Kitano

 

required

 

tem perature

 

in

 

a

 

H e

 

gas

 

fl ow.

 

T he

 

am ount

 

of

 

w ater

 

released

 

from

 

aragonite

 

in

 

the

 

heating

 

process

 

w as

 

m easured

 

by

 

Kitagaw a's

 

gas-detector

 

at

 

various

 

tem peratures.

 

The

 

cal-
cite

 

to

 

aragonite

 

ratio

 

w as

 

determ ined

 

by

 

X-ray

 

diffractom etry.

 

R ESULTS

 

Figure

 

I

 

show s

 

D T A-T G

 

curves

 

for

 

arago-

nite

 

(A-1

 

)

 

synthesized

 

from

 

calcium

 

bicarbonate

 

solution

 

containing

 

m agnesium

 

ions

 

and

 

for

 

coral

 

aragonite

 

(C-1).

 

T he

 

synthesized

 

aragonite

 

shows

 

an

 

endotherm

 

at

 

450'C

 

owing

 

to

 

the

 
transform ation

 
to

 
calcite,
 
accom panied

 
by

 
a

 

w eight

 

loss

 

of

 

about

 

I

 

.2% .

 

Coral

 

aragonite

 

shows

 

an

 

endothem

 

at

 

318'C

 

with

 

a

 

weight

 

10ss

 

of

 

about

 

3.3

 

%.

 

In

 

the

 

D T A-TG

 

study,

 

sam ples

 

w ere

 

heated

 

up

 

to

 

given

 

tem peratures

 

at

 

the

 

rate

 

of20'Cl

 

TG

 
weight

 

Loss

 

(,,)

 

5

 

5

 

A-1

 

C-1

 

O

 

600

 

oc

 

200

 

500

 

400

 

500

 

100

 

tem

 

p.

 

m in.,

 

and

 

kept

 

at

 

the

 

given

 

tem peratures

 

for

 

one

 

hour.

 

Figure

 

2

 

show s

 

the

 

proportion

 

of

 

calcite

 

transform ed

 

from

 

aragonite

 

by

 

heating,

 

w hich

 

w as

 

m easured

 

by

 

X -ray

 

diffractom etry.

 

Biogenic

 

aragonites

 

(C-1

 

and

 

S-1)

 

and

 

inorganically

 

form ed

 

aragonites

 

(A-1

 

and

 

N )

 

show

 

partial

 

transform ation

 

at

 

280

 

-

 

350'

 

C

 

and

 

400'

 

C

 

respectively

 

and

 

com plete

 

transform ation

 

at

 

380

 

-

 

400'

 

C

 

and

 

450

 

-

 

470'

 

C

 

respectively.

 

Table

 

I

 

shows

 

the

 

tem perature

 

of

 

an

 

endo-

therm

 

peak

 

(T1),

 

at

 

w hich

 

transform ation

 

of

 

aragonite

 

to

 

calcite

 

occurs

 

and

 

the

 

w eight

 

loss

 

percentage

 

at

 

the

 

tem perature.

 

Table

 

I

 

also

 

show s

 

the

 

decom position

 

tem perature

 

of

 

cal-

cium

 

carbonate

 

(T2).

 

Since

 

shell

 

aragonites

 

did

 

not

 

show

 

a

 

distinguished

 

endotherm ,

 

the

 

tem -

perature

 

of

 

transform ation

 

could

 

not

 

be

 

know n

 

from

 

D T A

 

curve.

 

Then

 

the

 

tem perature

 

oi'

 

the

 

transform ation

 

to

 

calcite

 

w as

 

estim ated

 

from

 

the

 

X-ray

 

diffraction

 

patterns

 

(Tlf)'

 

Figure

 

2

 

and

 

Table

 

I

 

show

 

that

 

the

 

tem perature

 

of

 

an

 

en-
dotherm

 

for

 

coral

 

aragonite

 

is

 

low er

 

than

 

that

 

for

 

aragonite

 

form ed

 

in

 

inorganic

 

system ,

 

and

 

that

 

coral

 

and

 

shell

 

aragonites

 

start

 

and

 

com -

plete

 

the

 

transform ation

 

to

 

calcite

 

at

 

tem pera-
tures

 

low er

 

than

 

do

 

aragonites

 

form ed

 

in

 

inor-

100

 

AT

 

exo.

 

t

 

$

 

endo.

 

exo.

 

$

 

endo.

 

DT A

 

A-1

 

C-1

 

318

 

450

 

le

 

o

 

ﾖ

 

o

 

p

 

o

 

co

 

o

 

a

 

b

 

c d

 

100

 

200

 

zoo

 

400

 

500

 

c

 

tem

 

p.

 

Fig.

 

1

 

A-1.-

C-1

 

.-

100

 

200

 

600

 

･C

 

500

 

4CO

 

300

 

tem

 

p,

 

D TA-TG

 

curves

 

for

 

aragonite

 

sam ples.

 

Aragonite

 

synthesized

 

from

 

calcium

 

bicarbonate

 

solution

 

containing

 

m agnesium

 

ions.

 

Coral

 

aragonite.

 

Fl~.

 

2.

 

Transform ation

 

of

 

aragonite

 

to

 

calcite

 

through

 

heating.

 

a.'

 

Coralaragonite

 

(C-1).

 

b.'

 

Shell

 

aragonite

 

(S-1).

 

c.'

 

Synthesized

 

aragonite

 

(A-1).

 

d.'

 

N atural

 

inorganic

 

aragonite

 

(N ).

 




