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Abstract—The formation mechanism of basic magnesium carbonate has been investigated
using X-ray diffractometry, Differential thermal analysis and chemical analysis.

Samples were prepared by varying the conditions of preparation, such as reaction tempera-
ture, reaction time and drying temperature.

As reaction temperature increased, Nesquihonite decomposed into Hydromagnesite, which
had Dypingite as an intermediate.

As reaction proceeded, Nesquihonite-like crystal was formed initially, which transformed to
unknown compound and then recrystallized to Nesquihonite.

The effect of drying temperature on Nesquihonite, and hydrothermal decomposition of it
were investigated also. With these results, it could be concluded that moisture was necessary
for Nesquihonite to decompose into basic magnesium carbonate.
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Table. 1. Operating conditions of X-ray diffractometer and differential thermal analysis.

XRD DTA
Model Rigaku-2037 Model Rigaku PTC-10
X-ray source Cu(Ka) Reference a-Al, 0,
Filter Ni Range up to 700C
Range 6°<284=<35° Sensitivity + 100V
Scanning speed 4° /min Heating rate 20°C /min
Sensitivity 4000cps Sample mass 7 mg
KV-mA 30KV-15mA Atmosphere Air

315t8s Mi23R X235 198513 4%
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Fig. 2. X-ray diffraction patterns for the MgCO, 200 400 600 700
compounds prepared at various reaction Temperature (C)
temperatures. Fig.3. DTA thermograms for the MgCO, com -
{Reaction time;lhr, Drying temperature;18T) pounds prepared at various reaction
© : Hydromagnesite (5Mg0-4C0O,-5H,0) temperatures.
@ : Dypingite (5Mg0-4CO,6H0) (Reaction time;lhr, Drying temperature;
(> * Nesquihonite (MgCO4-3H,0) 18C)

HWAHAK KONGHAK Vol. 23, No. 2, April 1985



72 57 -

°|

40C /min
L2
£
15
2

R 20C /min
5

10C /min

1 1 | 1
200 400 600 700

Temperature ('C)
Fig. 4. Effect of heating rate on the DTA ther-
mograms of MgCO,-3H,0 (Nesquihonite) .

Sample mass: 7mg

ol AAF aAel od) AAH FAH A
AAA MgCO,2 o=l #Aeln, o
Fodsgelar MgCO,7t Mg0 & #allsle Ao
22 Dell 5 (7) & A =stn ek 22| 18T
60C A E2) Aol o) Ao} EL
UA e Aoz Nol AAAE olFe FAFA
2. Hydromagnesite &} d&#sl 49 & o 4 9lo
=, 60C S 18C WHS-E Aol vehs 520C ¥
o] §advjelae olge A¥AMEHE] ¥l
A A skE CO,7F A Al myte g whavirhz] Xat
I Hydromagnesite o] &34 v|&3 54
Ao AulE A AAHA MgCOsF AT F o
“zlo] _,.3]]5,] al)bloi Elr:} o]a{-&]— ?'ﬂ/;}
£ gopur] Yol ol HHFAAEEE CO,EH7
Weld A4S dg A3, 18C2} 60T HSALE
oAM= 510C e gAdslo)art vepdE HAT 4
%o, Fig.4, 50l vtehdl whs} Fo] 18T HHE
A4 &2 heating rate (Fig. 4 )9} < (Fig. 5)-&
A A FAE AN REHE A9 Aol s
t}, Z, heating rate 7t ZE7}&tel wha} 520C 9 &

3stast 1 23A X235 19854 4

5
£
3
S 14mg
g
=
I
L 1 ] 1
200 400 600 700
Temperature (C)

Fig.5. Effect of sample mass on the DTA ther-
mograms of MgCO;-3H,0 (Nesquihonite) .
Heating rate:10C /min

80C in CO,
T 60C in CO,
__6F 18T in CO,
bED ~~‘.. —-..' - N
Z5f NEY
'.-E" \‘."“‘u—\..~ -
—‘—g 3 i 80°C in All‘ \\ 5
"-g 60C in Air p . e
P N
27 18C in Air S
1 -
0 L & 1 L
200 400 600 700
Temperature (C)

Fig. 6. TGA thermograms for the MgCO, com-
pounds prepared at various reaction

temperatures.
(Reaction time;1lhr, Drying temperature;18TC)



FAbstetAbel a9 A4 7 Foll B A7 73

3.0
2.0
.2
&
[} HZO/MgO
I
=
1.0t
CO,/Mg0
ol i 1 n 1 4 1 L

10 20 30 40 50 60 70 80
Temperature (C)
Fig. 7. Effect of reaction temperature on the
composition of MgCO, compounds.
(Reaction time; lhr, Drying temperature;

18TC)

Avolart A=, oj§ Frlsbd 510T o wd
o]zt vele], 89 4& FIAAE o F
glol 27} Yehtis A2 REH o] ¥e)aE CO,
7} Algute g waupe A Esla AAA MgCO,
5 dAd 3 FdEoge ANS AR 3l #
AR et. ol &9 FepHslE Fig 604 2, 18T
o} 60T HHG A A E5 CO T 71l A od B3] 4] 7]
o 7] FelA e dEal 7S-ebe 28 50T ¥
oA FAESE 154 o A7, ole  $
A A gt uwpe} 2o o]l dFs]E A o] Hydro-
magnesite 2| 3 EA A v]=q FAH G o A
2 AZ=E Aoz Ausn], o] AdHe
ZHaE Fubdtthe A S 4 4 Utk o

B A5 AN Fig. 70 4 stgon o]
hgexo wE AAETL 3FFE dEd
& @9l 4 gt

3-2. BSAZEel I3

Fig. 8 & 18CollA Hb-AI7HE WA A & 8
#£¢& 18C (Fig. 8 —a)2} 60T (Fig. 8 —b)  oilA]
AzA1Z Fo X-A Azl o]FRd ul-gA
ko] 349 7A$olt wlxl 2] £ o] Nesquihonite
9} F&E3h4, ub-gA|7ko] ZHolAle| ulz} Nesquiho-
nite®] AAL By vlxo EA2 " F o

Relative Intensity

. 1 L i
10 15 20 25 30 35
26 ()

Fig. 8-a. X-ray diffraction. patterns for the

MgCO, compounds prepared at various

reaction times.
(Reaction temperature;18C, Drying

temperature; 18T)
(O 1 MgC0,4:3H,0 [ : unknown compound

‘Eng w
min

3min

Relative Intensity

10 15 20 25 30 3%
26 ()

Fig. 8-b. X-ray diffraction patterns for the
MgCO, compounds prepared at vari-
ous reaction times
(Reaction temperature; 18C, Drying

temperature; 60TC)

A] Nesquihonite & H& & 4 Ut ola|d A+
& Kolthoff (18)7} 43k vhs} o] wg2sle] &

HWAHAK KONGHAK Vol. 23, No. 2, April 1985



74 &7 -

30min.

15min.

Fig. 9. Electron microscopic studies (X 2000) for
the MgCO, compounds prepared at var-
ious reaction times.

(Reaction temperature; 18C,

Drying temperature; 18TC)

Ao c}eke] Submicroscopic crystal o] ®B|@H &
T2l slAl A §sle microscopic crystal & 34519l
t}rl, wbgA o] Aol W tAY AA oz A
A5t 4%9e2 498 & Uk olF AAY
ujA oz AAY AN (Fig. 9), o= @4l &

asjiich =& slx 9 £4& 60CE A=d AH
(Fig. 8 =b), °|¥ si¥-¥eo] Yol sl& 4
23E o vixle £Ae EtAd Al e

o 4 ok o] % AAAEAZ} AFAE Fig. 10
vebliglel, ol & xw ubgAzke] 3%l A fo
£ HelA Ad=dg A4 MgCO, & FAAI71A X
8o, 583 1089 Aol mxe 23] £3)
5]o] Hydromagnesite] FAFAHNE 2AF& 4 +
913, 3029 7 $ollE Nesquihonite o] 1473}
7} Jelgdel, a2gjeg ol AAEL Mz oE
Aoz EAdce AL ST & ek olF 3
243 A (Fig. 11), 2hgA1 7ol 73z gl we}
CO,/Mg0 2 En]+& 0.88, 0.83, 0.83, 0.91, 0.96

3st2st K23 HI2S 19857 4H

g5
30min

| 10min

, M

L2

£

St
= .
g Smin

<
o M

L 3min

] 1 ]
200 400 600

Temperature (C)

Fig.10. DTA thermograms for the MgCO, com-

pounds prepared at various reaction
times.
(Drying temperature; 18TC)
(Reacting temperature; 18C)
ol
3¢}
H0/Mg0
R
s of
s NS
2
(e}
=
<L
CO,/Mg0
20 40 60

Time (min)
Fig. 11. Effect of reaction time on the composi-

tion of MgCO; compounds.
(Reaction temperature; 18C,

Drying temperature; 18TC)



FARStebel 2l g o] 47Tl A AT 75

e
| ]

) ]
120C >

! I
40C

18C

Relative Intensity
(=2} O
(o) o
t 5
—— o
l ————xo0
A,
L 0

10 15 20 25 30 35

Fig. 12. X.ray diffraction patterns for the
MgCO, compounds prepared at various
drying temperatures.

(Reaction time; lhr, Reaction temperature;
18C)
Ml : MgCO4nH,0 (O : MgCO043H0

a A4 o

L=
-_— (o]
Aol AL ARFel FAY Bl lelgiehs A
ol
2

18ClA 1AIZE b4l A 248, AE,

Table 2. X-ray diffraction data for MgCO;-

H0 (7).
d/n 26 (for Cu Ka/Ni) 1/1,
6. 32 14.0° 25
5.12 17.3° 100
3.81 23.3° 15
3.18 28.0° 30
2.74 32.6° 75
2.63 34.2° 30
2.33 38.6° 10
1.84 49,5° 20

NSl AR F Azes
st 7w, AAzA)7 FLEES
Fig. 12~140l A3}t

Fig. 12& °] &9 X-A3ds2 7Azgrs} S7}
5™ Nesquihonite @] 3] H A& Abebx| =4 MgCO,-
nH,0 (1<n<3) o} A% HAzx=g=7} 190C7 =4
FAEA] AAHS Ak 53] Azex® 120T
ol 4 AzAl7l #3Ee] =42 Mg0; CO,; H,0
Eu8)7F 1.00; 0.89; 1L.04S ol& Dell5(7) ol
43 MgCO,-H, 09 ¥3&d2 FA= v, Dell
ol g of FAo X-Als|Axols A A7
c}. Table 2ol Dell50] 3l MgCO,-H,09 X
A3 Az E velygdch

Fig. 13 o|&& A A4 A7z, AzLE
7t F7hsld 100~210C of &4 o)zt Aleha|

ot 4N lo

190°C

120C

90T
L
=1
i 9
2
(=}
2 60C
j£a]
l 18C

i | 1
200 400 600

Temperature (C)

Fig. 13. DTA thermograms for the MgCO; com-
pounds prepared at various drying

temperatures.
(Reaction temperature; 18C,

Reaction time; lhr)

HWAHAK KONGHAK Vel. 23, No. 2, April 1985



76 57 -

[l N
o
Lo
£
% H,0/MgO
=
CO/MEO
50 100 150 200
Temperature (C)

Fig. 14. Effect of drying temperature on the
composition of MgCO, compounds.
(Reaction temperature;18C, Reaction time;
1hr)

Relative Intensity

10 15 20 25 30 35

Fig. 15. X-ray diffraction patterns for the MgCO,
compounds prepared at various reaction
times followed by treating with steam for
10min.

(Reaction temperature; 18°C, Drying
temperature; 18C) [ :MgCO,nHO
@ : Dypingite @ : Hydromagnesite

SIEtEs M233 X2z 198501 4

¢ B2 AY A3} (Fig 10) A=
W 429 gae A% Bk Co,

Z7hehd AA4E dol Mg
CO;'H, 02 ¥ % FA¥dgdoz o|ghgg 3q|

3-4. 57|19 I

18T ellA Hh-gAI1 g WshA) A A2 A4ES o
Z1Fell A AzAZ] F, Ak 5712 1087 A
A 32 e Bt +F5719 4 AR
. Fig. 156 ol€9 X-Agdxz A4k A7k
o] g-¢4% MgCO,-nH,0& €A Elelz s, o
k8- A 7ko| Zo)x)wl Nesquihonite®] ZAA o] Al

60min

30min

:

10min

——

Endothermic

3min

i 1 A
200 400 600
Temperature (C)

Fig. 16. DTA thermograms for the MgCO; com-

pounds prepared at various reaction

times followed by treating with steam

for 10min.
(Reaction temperature; 18 TC,

Drying temperature; 18T)

if



FAbshebalel g o] A4l 7] ol #RE QAT 77

(=)

| >
H,0/MgO

(=)

My

2

2

: ! H,0/MgO

2N, TR )i

= - mmmmm e -

<

i 1 i 1 It

20 40 60
Time (min. )

Fig.17. Effect of treating with steam for 10min

on the composition of MgCO; compounds.

— ! not treated
: treated with steam
(Reaction temperature; 18C,

Drying temperature; 18C)

A Z 7)ol o3k Eall 7t ol - MgCO;-nH,0
A2 A elupol FEjch 53] o] g}

A 7ko] 3 ~10%2] 7d$-ol= Hydroma-
gnesite, 304 o]4boll 4]+ Dypingite 2] del 5 7}
2 o4 4 9t} ole}gt Ao 2R e] Nesquihonite
7} 23 s)o] Hydromagnesite® s+ #A9o F7}
%"‘iﬂﬂ Dypingite o] £AE &el¥ 4 o} Fig.
62 ol Fo] AAAEA HAAZ, wbFA ] T
o= Z7l2] Submicroscopic crystal 2] =3t
*“94 o]z 2] FAo] 4A Hydromagnesite 3 |
u, HESA]7ke] Helzlwl MgCO,-nH,07} Dyping -
itee} FTEFE HolFx gk Fig 172 18T
AL EES 75372 Mg A 2¥A F
< %o stetz4g ekl Aoz, MbEz7)
o] ¢ CO, 9 @akate]z} ol HbEA
4AE e AL, olv 271

¢} Submicroscopic crystal 3 &hall 7} 4#Z 7)ol 2j3)
CO, % 9o FA3 33} Hydromagnesite® =vi A

} FAHF Ao oko] Ho]zm 4 Hydromagnesite &
7 g ew FAsch ole{g A2 Fig 15 ol
A H oepe} o] wbgz7] £4HE°) Hydromag-

nesite 3| 4 Al el AdlA7)7F Az} Fotebe " Ao
BRI

Azenst 45719 el dlg ARz 3
E| Nesquihonite”} Hydromagnesite2 +3l5]7] 9

A= F4ol 23} Hydrothermal decomposition
shAo] B sheb AU o & ek ol 24 Me-
nzel (6), Bender (19) 5 ¢| Nesquihonite % 100C &
7}ed 8}=d MgCO,-H, O7F ¥y, = 39 AAEL
4 Z719boll we} Wiy FAg AALE A
& gloo,
21§ Hydrothermal decompositionoil

[+ A=
< 4 5 Ak

kn oﬂ.

=4
Murotani ¥ (80| 3 wAhap2
7)ol

ek

X, Lm’,"_

rir

4. 28 E

0.5M/1 2 FE3tollM A& fdt
4%4 o,

1. wte2xo ufa} ddojzl AXYEL 18Col
4] = Nesquihonite7}, 60T oll4]+ Dypingite, 80T

of| 4] = Hydromagnesite7} odo]z]e,

at

Nesquihonite
= Hydrothermal decompositionol| 28] Hydromag-
nesite® &, o] Ao 75 A7 Dypingite 7}
Z A ghe},

2. DTAA Floll 2ot 510C 2ol vebts W
3} o] 2= Hydromagnesite?] %8l FA&elAt
dol AAAMgCO 2 A 3hsl= A olch

3. Nesquihonite &| A48 HF-3-4]7ko]  Zof #lo])
uwte} Z 719 Submicroscopic crystal 3§47} uv]z]
o] A2 5% NesquihoniteZ AZAAErw] o] n
zle] Balg o] WMl AA4o FA43 7h4o) 7
oldghet, =gt o] njxo] 242 EqbA dhed 60Cel
A AzA7H FAEA g o

4. Nesquihonite 7} 4=AFStebAlalavlgo g w3l

71 Al e e &AL de ok

I‘

REFERENCES

1. Murotani, H., and Shirosaki, T.: Bull. Tokyo
Inst. Technol, 42, 15(1961).

HWAHAK KONGHAK Vol. 23, No. 2, April 1985



78

10.
11.

=]

Hagino, Y. and Takahashi, S.: J. Soc.
Rubber Ind. Japan, 28, 466 (1955).
Chensny, H.H. : Ind. Eng. Chemistry, 28,

384 (1936).

. Davis, W.A.: J. Soc. Chem. Ind., 25, 788

(1906).

. Tanaka, Y.: Trans. Inst. Rubber Ind., 2,

330 (1927).
Menzel, H. and Bruckner, A.: Z. Electro-
chem., 36, 63 (1930).

. Dell, R.M. and Weller, S.W.: Trans. Faraday

Soc., §5, 2203 (1959).

. Murotani, H., Goto, T. and Sasamoto, K.:

Kogyo Kagaku Zasshi, 69, 370 (1966).

. ibid, 68, 1172 (1965).

Hepburn, R.I.: J. Chem. Soc., 96 (1940).
Murotani, H.: Kogyo Kagaku Zasshi, 52,

3}-8—3}

o=

M 23 K2z 198541 4H

15.

16.

17.

18.

. Bender, M. and Sprague, R.S.: J.

96 (1949).

. ibid, 53, 1 (1950).
. ibid, 53, 45 (1950).
. Harada, T.: Kogyo Kagaku Zasshi, 40, 676

(1938).

Lee, M.D., Lee, J.J. and Nah, 1.Y.: J.KICHhE,
11, 31 (1973).

West, D.M. and Skoog, D.A.: Fundamentals
of Anal. Chem., 3rd ed. Holt Reinhart
Winston, 737 (1978).

Treadwell, F.P.: Anal. Chem. Vol. 2, Quanti-
tative Analysis, Jhon Wiley and Sons, 345
(1935).

Kolthoff, I.M.: International Congress on
Anal. Chem. Vol. 177, 1000 (1952).

Inorg.
Nucl. Chem., 27, 1827 (1965).



