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Preparation of Basic Magneisum Carbonate by Gas Method

3. Absorption of CO, in Magnesium Hydroxide Suspension
*Moon Deuk Lee. *Jung Ja Lee

Dept. of Applied Chemistry, College of Engineering, Seoul National University

Abstract

Solutions of magnesium bicarbonate have been prepared by leaching magnesium hydroxide and carbonate
trihydrate and calcined dolomite suspensions with carbon dioxide at about one atmosphere.

The metastable solutions of magnesium bicarbonate can not be formed from the carbonate but can be
only from the existence of the hydroxide suspensions. At the experiment, to form metastable solution is
needed the (OH") is 0.1 Mol/liter at flow rate of CO, about 33 ml/min. and 20—50°C.

Absorption mechanism in this system may be represented by the following; the hydroxide ion reacts
with dissolved carbon dioxide to give bicarbonate ion. Then metastable solution breaks down by the preci-
pitation of pillar crystalline magnesium carbonate trihydrate by the reaction between bicarbonate and
hydroxyl ions at the solid-liquid interface.

As the absorption proceeds, the carbonate is converted to bicarbonate.
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Table 1. Variation of Chemical Composition in Mg(OH), Suspension during the Carbonation.

9/ 85

++

Time mOZbrfdol hte]r" mgﬁbl[c-:%grl Cale. (Mg™](107*Mol - liter™] 102?\/51})1t-° ;iatler" [\(;O:t.]

mi%-) 'in Solid | in Soln’ | in Solid | in Soln' | Mg(OR),| MEC% | (M . MeHCO | oy | g (g™ )
3 83 | 22 | o2 | 28 | 812 | 02 | o6 | 16 | 313 | 1065] 0.204
50 63¢ | 45 | 030 | 531 | 604 | 030 | 079 | 373 | 561 | 108 | 0.517
80 401 | 68 | 05 | 9.06 | 344 | 05 | 223 | 460 | 963 | 10.84 0838
100 572 | 512 | 43 | 815 | 1.3 | 4.3 | 308 | 209 |125 | 10.8 | 1.154
110 543 | 540 | 474 | 921 | 069 | 474 | 38 | 159 |13.95 | 10.83| L287
120 a6l | 625 | 407 | 1160 | 0.5 | 407 | 535 | 0.90 |15.67 | 10.85 | 1.423
140 1.51 9.25 1.45 17. 32 0. 06 1.45 8.07 1.18 | 18.77 10.76 | 1.745
160 | 0.00 | 10.75 | 000 | 2252 | 0.00 | 000 | 10.75 | (1.0 |2252 | 10.75 | 2.095

Table 2. Variation of

Chemical Composit

ion in MgCO;-3H.0 Suspension during the Carbonation.

Obs. [Mg*] Obs. (CO,) Cale. (Mg™) Obs. total (O, £

Time || (107 Mol - liter™] | (107 Mol - liter™t) (10°? Mol - liter™®) (1072 Mol - liter™) 2 t.

(min- > 1 Solid | in Soln’ | in Solid | in Solw’ MECDs I Mg(co, | MEEEO | [cos) | Mg | (Mg t.)
0 8.758 1. 110 8.758 1 1. €82 8.758 0.272 0. 838 10. 140 98. 968 1. 027
30 6. 003 3. 665 3.003 i 6. 964 6. 003 3.099 0. 766 12.967 9. 868 1.314
50 3.639 6.229 3.639 |, 11.600 3.639 5. 371 0. 858 15.239 9. 868 1.534
80 0.904 8. 964 0.904 17.344 0.904 8. 380 0. 584 18. 248 9. 868 1. 849
100 0. 352 9.516 0. 352 19.182 (. 352 9.516 (0. 150) 19. 534 9. 868 1. 980
120 0.102 9. 766 0.102 19. 582 0. 102 9. 766 (0. 050) 19. 684 9. 868 1.995
150 0. 082 9. 786 0. 082 19.600 . 082 9. 786 I (0. 028) } 19. 682 9. 868 1. 995
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Table 3. Compared the observed pH Value with the calculated pH Value
in Mg(OH)., Suspension during the Carbonation
(Cozt.] Predominent [H"] i Predominent time pH Error |
(Mgt ] species Calculated Equ. ] Reaction Equ. (min. | Obs. | Cale. (%)
._ - Mg(OH), , Ksp. Mg(OH), at
X=0 pure Mg(OH), (H*]= 3‘/ » I\Sp i‘ —\g" +20H" 0 3 10. 70| 10. 46/+2. 29 18°C, 1. 2X 10 1*(11)
I
Mg(OH), - OH™—~CO,==HCOy" | Mg(HCOy)s
0<X<T | v OH (HY=o Ko | e Ko/Kw | 30 | 9.85 9.95~1. 02 ME{HTE00:
MgHCO;-0OH} [H']= , ] neglect.
(S/Ct—K,S) | OH +HCOy !
/C=Re) =cor 10 ‘
P Tl Ka/ | e e
CMgtteHCOS 50 | 9.46] 9.80l—3. 50 K2:5.6X10 " (14.
==MgHCOg* : Kt 4.4X10°7 (14,
...... .
MgHCO;*+OH == . _ Ke: 1. 0)(10I (14.
T NgHCO ol | 80 | 928 9.67—4.20 ot 15
X=1 | {5 on ‘
MBCO,- 3H0 COTMe T ?}2100 100 | 910 s 23 +10.
; Mg(HCOy): ==MgCO;-3H, e
CO,- OH+2H,0
Mgﬁ_i?\}g?céséggo 110 | 8.¢5 8.19/+9.28
MgHCO, OH reglect
! MgCO,-3H,0 . gHCO;
N ~ow: e ool :‘Vfg“ ZCosr +3HO 120 | 8301 810144.94| g o005 oy
xe MgC0,-3H,0| [H ]=""(;\15—BS) ...... ‘ Mg[: (Mg%) rotal
1 2 e CO-+CO+H,0 | S [Mg" in soln”
| Mg(HCOy): —3HC0, 140 | 8.02) 8.00/40.25 Cs:[CO;] in slon’
2Ky C2 Mg**2HCO,~ b eol oo olKsp. MgCOL4 041075
X=2 Ngaucop, | M=k~ ==ME(HCOY): (T38| B2 040 S (HCD,)
Table 4. Compared the observed pH Value with the calculated pH Value in
MgCO;-3H.0 Suspension during the Carbonation
[CO:L] | predominent H*) Predominent time pH Error
Mgt species Calculated Equ. Reaction Equ. (min. } Obs, | Cale. (%)
MgCO;-3H,0— .
(H™)= Mg~* +COq 4 3H:0 hydrolysis of
X=1 | MgCO;-3H,0 | Kw +v/ Kw?i4kw Ko/ K.C, CO“J:;L&(CZ; OH- 0 [ 10.75]10. 752/—0. 02] MgCOs 3H:0
Vi Z="HCO, Cy : (MgCO;-3H,0)
30 8.73] 8.27/+5.56 neglect the
_ V1 CO hydrolysis of
COSFHOTCO | 50 | 835 8.05+3.98) MpCO,-3H,0
—==2HCO;~ :
| | . .
80 | 7.81 7.€7+1 82 K:56X107
1<X<2 | MgCO;-3H,0 (HY)= 1/ K,-K;3-Cs | ‘ K, : 4 "
Mg(HCOy); Mg—5) 2HCO,™ +Mg*+ w00 | 7.4 7440018 214.4X10
f .44 L 18 - -
=Mg(HCO): 0.13) K,:5.6 X107
Cs: [COgY i In”
120 | 7.28) 7.16/+1. 68 O 7 LCOH in soln
Mg : (Mg**] total
140 7.25 7.11)+1.97] S: [Mg**) in soln’
equilibria;
(V) X=2 a4
[Mg") (CO;™) =Ksp (V-1
o 12 _
dhgo] shdd dez A Mg(HCO,), £471g =8 (H*) (CO,=) =K, (HCO,) (V-—-2)
3 "ok (HY)E (H*) (HCO,7) =K, (CO,) (V-3
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mass balance;

(Mg")=C, [HCO:;3= V-4

A (V=2), (V=32 4 (VD] Hgizte 24
Ksp - K, [CO.)

(Mg} (HCO, )= P

(V—5)

2 (V—4), (V=3)& A (V—5)el wisizte] F4

_2-K-C

(H") " Ksp. ‘\/IgCO;

.............................. (V)

= ;  Ksp. MgCO,=4.0x107° *»
C= (I\Ig(HCOz)zl

6, Mg CO,-3H.0 &Ef0] ofst Etobst BISTI+

(D X=1
MgCO,-3H,0 &gt e] sheadl o84 (H)+=
ARG, F
MgCO, - 3H,0==Mg"* + CO,=- 3H,0---K'?
-1
CO,=+H,0==HCQ,  +OH -+« Kw/K, (M—2)
HCO,™ +H,0——=H.CO,+OH™ +verreerreee negligible
A (M—1DelA
(COF)=vK . C, = C,=[MgCO;- 3H.0)

A (M—D, (M—2)9] A3 4l A
(CO®)=yK - C,—(OH"}, (OH"}=(HCO,7]
M—3)

A (N—3)¢ 4 (M- Hq3ted EH

(OH-) = —Kw/K:+ v (Kw/K,)*4-Kw/K, JK-C,
2
[H+]= Kw+ Vl\’;\tzfl4KW'sz’/K.Cl (VI)
vK-C
) 1<X<L2

Mg(OH), et 23 CO, FF7FA9 4
(s Rl (H7 Ao,

Hedo] graslsts A 7ke] =et 543 pH s o
A5h e wyoz A4d pHE ¥l2g 7ol Table
3 %2 Table 4 o]},

Table 3, Table 404 (+)9 ¢+ 54 pHE
Ngozsted Aadd 9T pHoA HE H9LAE
Yez st AdddE (-)& ZAA ), Table3
oA 0<X<1al A% Aol FAAge] wHekA X
£ 275 dEd olHe A =g AT
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Mg(HCOa)zé’- 'UT‘/"]%]’—‘— [H*] &
g% (— )4 o A% veh

270 & ()Y 3% L]—zlr = oAle EAE:
MgHC03-OH s T2 8bg 7] = o]t
Table 4] A 7] (+).4 9_7\}7:;

MgCO,-3H.0 9] 74£3 o)

e o] $% 5glomg ‘/}EP& 23}l Fab
Pt

Aol Fbrtel #FF oAb ZasiA vt
ol gz e 2345 gleir] AFHAE
1) ggaEe] 2E Speciesd] ZTXT & FA5H

&z Gkt
el A= e nE xHo] TPETAA £2
A eol shgdop ¥t

2) H$YPAE &9 FEFLE A& e Activity

Coeficient gF2- 3 dj ok gk, 1),2)9 =
aHE A iz}i/ﬂ weIFE T ﬁ*‘ AqdE&
o1x+ d FAAAE D, 29 & T
5% oW exzA H)4E
F FT3
7. EciH0| ost CO, 9 &
#3125 2 20, 40, 80—2°C 2 343 0.1Mol/
liter &) 29 & ZA & 20--0.01°C, 33ml/min.
9 CO, fr¥oz ghitgtsle] A zte] w2z 459
[Ca**)$} (Mg**]& E A% Ao| Fig. 8|tk
Fig. 84 ®E vig} o] F$3ex sl AT
ok

o
5 o Mk

%EHM/CG—SﬁL Ao gg A

i —
7z
!

Hydraticn Temp.
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W
o
%  20°C
o acec |TTY
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Fig. 8 Carbonation of Delime Water with CO,
flow rate 33ml/min. at 20--0.01°C
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90%

27]el glelA= Ca(OH), 9] 3 o 835 & Caol
CO. & F5dl Het MA CaCO, 2 At ol
8 Mg o] Mg(HCO,), #°1 & A3t 4359
Mg 2 A[ztefl web A4 Fopstd B2z Fe Mg
2+ 29438 Mg(HCO.), 2 "ok =z =z oj4s e
A zAde B33 & sarbaz Bharg) stz
A Mg % Cag Mg(HCO,), 9 CaCO, Aelz &3
7453k},

32 B

1. Mg(OH),, MgCO,-3H,0, Calcined Dolomite ]
Hedo] CO. & FFA71=gA Mg(HCO,), €3¢

AR

rin
i

2. Mg(HCOg)E.Q] Metastable Solution (& ¢4 &
)2 MgCO;-3H.0 el A= 4= A 9oyt Mg(OH),
e, & OH o] £x3t Ao Alut A

3. Metastable Solution & 20~50°C ¢] 4 [{OH")~}
0.1 Mol/liter o] 4}, CO, #<%o] 33ml/min. ©]3} Uw]
HAY sA5Eie}

4. Metastable solution®] =& o —z.49 A&
A FAAA MgCO;-3H,0 7} A Zdlm24 7o
Al e,

5. Mg d=tdlo] 3 CO, F4E &£ w37+
o 8% #AA Fow, oet FFEEdnt ¢

rﬁ. 2

dgE A
6. Mg(OH), @eralo] o8 CO, H50 glojA &
FEEAE FYste A FEUlTE by 2ok
Mg(OH),7==—=Mg** +20H "+eereerereerericriannn. ¢))
OH"+CO,—=HCO,;™ «+rrerrrerreriamiicnriuiicnn )]
HCO;™ + OH ==CO,;=+H,O- v ererrernrennaanns 3
HCO, + Mg t=—MgHCQO,*+++++reeereersrerars 3)’

Mg** +CO,=+3H,0==MgCO, - 3H,0--+-+-+ @
MgHCOy* +OH" +2H,0—=MgCO; 3H,0---(4)’
MgCO;-3H,0=—=Mg**+CO,=+3H,Q-+++ -« ®

CO;~4+CO,+ HyO=—=2(HCO; ) -serereerreenenee (6)

Mg** 4+-2HCO,"===Mg(HCO,)yr++++-errereerree @

7. MgCO,-3H,0 @t CO, 41 Arjursel
6) ® (M3 2 & §53444 Bade 2 3
SAgd e TEC

8. £ CO, F5E 23U AzA9 <43
LEAYLE WMol FAHH CO,F 4ol

FHA7 22 S48 %9 Mg 7 Ca g Mg(HCO,),
£ 9 CaCO, 24 % 753t
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