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MEAE ZE MG S 2R E88b7] S8l vlelaz o] B 24 2(950 °C, 60 min)ys ©]-8-ste] A3t
THESA] A4 (Ca0-MgO)S A1Z381It}. Hydration test(ASTM C 110) 71550 whe} A &S A8l on 423}
4 A3 & 984 (max 74.1°C, 5 min) 2 T4 HQITh A WA 0] 5} vkl 7]|Zste] A aule-Ala) ¢
(MgCl,-6H,0) (a) 1:1, (b) 1:1.5, (c) 122 wt%Z A3S D3I} & A7) ulgo] F7} g5 H4weA 9 Mgo
7} Mg(OH),= S7HE= As XA 3] 24 23 gl 28] vk & 25 CaCl, 89 AJE|= 80°C, 24 Al
7t FF WHAIA A A1 CaClyt AlZ FIie). XRD 4 A3, CaCl,-(H,0)x(calcium chloride hydrate)® 73
Al ¢ A7 Hkgel &gk CaOE CaCLE w2 B 218 ERISISIT. 12]3 CaCl, &0l NaOH 37} vk
0% % 99wit%2] Ca(OH), T30, TAE Ca(OH),E D2l IS F319] Ca0F AZ3IIL) S-S
Az517] 9180 CaCl, L9l Na,CO, 7} HES- 02 CaCO,Z 3AIEI0M, 84k 9] (cubic) FENE 25 99 wi%

es

Abstract — In order to utilize dolomite as a calcium/magnesium compound material, it was prepared highly reactive
calcined dolomite(CaO-MgO) using a microwave kiln (950 °C, 60 min). The experiment was performed according to
the standard of the hydration test (ASTM C 110) and hydration reactivity was analyzed as medium reactivity (max
74.1 °C, 5 min). Experiments were performed with calcined dolomite and salt (MgCl,-6H,0) (a) 1:1, (b) 1:1.5, and (c)
1:2 wt% based on the hydration reaction of calcined dolomite. The result of X-ray diffraction analysis confirmed that
MgO of calcined dolomite increased to Mg(OH), as the salt addition ratio increased. After the separating reaction,
calcium was stirred at 80 °C, 24 hr that produced CaCl, of white crystal. XRD results, it was confirmed calcium chloride
hydrate (CaCl, (H,O)x) and CaO of calcined dolomite and salt additional reaction was separated into CaCl,. And it was
synthesized with Ca(OH), 99 wt% by NaOH adding reaction to the CaCl, solution, and the synthesized Ca(OH), was
manufactured CaO through the heat treatment process. In order to prepare calcium carbonate, CaCO; was synthesized
by adding Na,CO; to CaCl, solution, and the shape was analyzed in cubic form with a purity of 99 wt%.
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rhu

BRI 33HE(Carbonate mineraly> *5l14 (calcite), 23 3]4] (limestone),
u1-2-M (dolomite) ©. & - FETF WA & o] 24 ek AL
Ca0 30.4 wt%, MgO 21.7 wt%, CO, 47.9 wt%°|th. AA g o2
1&01% AL 1 ~3 wi%2] B4E 7, Si0,, MO, Fe,0;, ALO; 5%

o 1-4]. A1 3)4 9 Me-A) 4 9] 3G 5T T4 E(ALO,,
MgO, Si0,, Ca0, Fe,0;)= 9|3+ A& loss of ignition (LONS.Z
UANEH 0 7 < 1 wt%o]H, 2 & = 3+ g4tk Lol B
impurity = 34| 3 F glow, 7 752 F, Na0, P,0s, SO;,
Cl, K,0, MnO, TiO,, V,0s, Cr,0;, NiO, CuO, ZnO, SeO,, Rb,0,
Sr0, ZrOz, Nb,Os, BaO, PbO, U;0,, Y,0; 501t} o] 52| A
oJaliA] A/d el miR= QIR 1 o] wilg- A47] wiiell < 1 wi%
ofsto]d A/ ste] ZJ4uR-4(Ca0-MgO)= A== & = STk 1
eiu 220 7l gl %‘iﬁ—‘iﬂ—ﬂ FAlel o7t vep A ==
A o] BEELS Si0,, ALO;, B Fe,0, 01H, Bv& & 57 &8

0] 4~5 wt% ©]ul, Na,0, K,0% 0.1~0.2 wt% o]l Z A 8kslar )
tH1-4].

e FES Adsk] Agk A3 A E(lime kilng)Q] S
B = (normal shaft kiln), ©1F 942 4224 Z(double inclined klln)
HE] Y A Z (multi-chamber kiln), 31732 4243 2 (rotary kiln),
Eehd o Y2 A4 Z (mixed-feed shaft kiln) 5 ©|th EE 2+
U o] A 8] A Al A oA AR FolH, 24
2 ZF 7P AP A AnkERl Feloloh AR E = dEE 7
%, FTIATE /H§]/\4/Hj‘1%/g‘]jq_ Qiaz is}- = EH %x 0]_13%
2 NZE oF 24 A3 G olH /\l/‘q FAR 7L A et Az
73S T2 AA A L] g3/ AA GO R AHEETh
EAFE AZAE L] FAE wolar, AakEE Fol7] $l8l 1970
WRE AlRRste] dA7A] 3124 AR AA Y &l 54 T
o] 715 WAt okaL Qlek. ZHzke] A 3] A RellA] AREE = 4]
713 200~10 mme]H, @eraksl kg 7174 9] O, 7k WER
A3l 1~5% & FHES zheth 2428 A3 A2 IARIE,
MAAR, 7IAATE AHESte] Aoz Al%fz}r:}. AWtA 07 31
AT FAA, FAgon, A Az YA, 714 A5
LNG, LPG 52 o] &3t} 43 L*éi~ 42 2] £ Z7(solid
fuel + stone)/oll /2 Tl gzl ) 4vtA| o] 22t BA| & o] Fo)A|H,
Z17rel g o] H A3} 216l wEbA] A 3](Ca0), 4 A&
Az 5]

238 2 RE AR ALF O QAT i&ﬁ io %‘?;(coz,
NOx, SOx), | 2] -80]4-2] T7}, A2 4
Zke] A7)el tigk 27 ] olel 5ol EAllol ”LE} ﬂ e &
3 Ao w AR} ohd nlo| AR I o] g8k A A&
kA o) FolA 3L SlTH6-15]. ol Az st Avd 2 vol A 2 okE
FALsto] A o] 2p7] el ofsf v A AE aAshs o w
2 d9o= AR A S BT X ol XA
oA A olel= el it 1 F-go] FEH L lrh6-15].

23)X& 2AJste] CaOE ©]8-3k0] CaCOsE sk e
F3= ¥ 379 (Ca0-H,0-CO, system), 22T} 574 (CaCl,-Na,CO; or
Ca(OH),-Na,CO; system)= CaCO;E &/ $+T}16,17]. AREZ o
2 gk 3355 o] 8319 CaCO.S FA e 34 ghitsl &
o2 kg wAYUF] -8 AElelA ca02] s 9t co, 711
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o] gallel wEkA CaCOsE §dshH, 71ef The FAtE] 2%
3 2.qdo] glojA] o] &gttt 'hatsl 37> HH 343 Al g9
Ae] ofe] REg 231 =, &o9] 24, pH, &%, H7H &7 52
F el oJsiA A EE = Fd Yz A71E Ao gth16,17]. W
-2 9] 73, BEkd SE(Ca-Mg(CO,),) R A sko] 74w

A|zsto] A7 AE GO E AP RAE EE- wa Qlek a5t

A 2R Gga) YaiM s a2 Cart MgS el
o] Ca 313 9 Mg SHER A|x w|ojof AAEA 7Fx|7} Qlct.
T Cast M7t LS dote] Eael F38taL, 3184 A o)
FAKE | wiell s S84 0 Felehs 21 o fth wlA
O FHE Cadt Mg Felsh= A7 Blwd L ajdiE Ay
32 81t} Mochida 52 A4 W4 9] 35X 3}e} SEHEstel] o] st
W} 3 EAh & X 2ol ol gk (18], Kasai‘:“ Ak, Ak
T Ak o) gst Aas) FAtst vl Alxshs W
[19], Nishikawai= 242 #2215 Sucrose _’,5%9501] 2|8k CaO
2} MgO=E #e|eh= WS skl QIUH20]. T3 Lee 5= W
A3} NH,CI12) 62 Eato] Hh3- &1 450 °C, HH-5-A17F 30 min,
-7 ¥](NH,Cl/dolomite) 8.0, N, - 30 cm*/min, dolomite 37
A7 69 umell A B 1HlE 5 85.48%, Ui FE & 99.63%= A
TEFo] QrH27]. 12l al AAaeA 0] 25} i O g o]
o] ZAAHg oFol & mBFAlof Farste] LAgol S el sk
MgO, Mg(OH), 712] 3L CaCO,Z &4 7ol thdk B} ok
[18,26]. brine(35~, MgCl,) 2.2 5-E] NaOH 5-& 75t 34w}
241481 Mg(OH), & Alz3te] gl5wk1u|A|loKMgO)E A% 3=
F7go] 9IT}H28,29].
B s Weas Zuk B glo] 3|54 vlo]g R go]H A

A 2E 0]43t0] 950 °C, 60 min FF TEAISE HHS-S A A 4
WA Al zslnh. 28k RESAY S A4 o] £ 78] HEgo|
o]t fré} L 1=o|t}. Hydration test (ASTM C 110)°l w2} /RS-
AGFH 2%, 3 min), THFAAEFH 1L 2%, 3~6 min), ARSI FH L =
=, 6m OO R o] o] g5 7)ot o] wht A|Z¥
A o] o5k REE 25 AE X1sleh Az A
2o s alt(MgC12~6H2 ) F7F vlEel] whet ] jEg- A ES X13s)

2

ATt &2 Hbs & Mg,(OH)2 MgOE 43tk 18] 3L salt
(MgCl, 6H,0) 37} Wkg- = o] 21 CaCl, €4S 80 °CollA] 7}
A WA Sz zste] Ald]l CaCl, Alxskeleh. 9 37k
HhS 5 #2]E CaOE CaCl, € ejoltt. CaCl, §0& ]85

©] NaOH #7} W3- & Ca(OH),= $d3k3it}. 18]l CaCl, ¥
o]l Na,CO; 7} HHS-C 2 CaCOsS FAJ3ISITE o] #e] 34L&
|2 Fhdksi, Fake-g o]8s8te] & = Sl gado] Slrtk. 1e]
I e Faprt A om, 5 vkg-S 01&3}71 wtol] & AH7F
POt & w3 A AFE o] &3k AAHEo] Thsatet. e i
A7 9l Mg(OH),2] 25 cake “JEl|ol|A] Al2lo] F 2317] wli-o|
Az Alzko] dovt oigt 3 o 7 8 39 Al ARk E 4= 9l

=

2.4 o
2-1. X2 ¥ 54
E AT AR 922412 100 mm(th’d MDIE)) 942 jaw
crushers ©]-&-3t°] 30 mmE #-2sto] 243H3ITh. 7 A4 2
salt F7} REg-oll AREH MgCly-6H,0% o] A2t dit o 2 5 47%



& 71 ¥k (MeCly 6H,0) 185t M@ 0 25 Ca 315HE3) Mg 313= el

plate FENE o]-&-aF3lth. A4 9] salt 37} WES- §- o] #}oi]l
CaCl, €9 0 2 HE] S48 (Ca(OH),)S #1Z3517] 918 NaOH
(sigma-aldrich, 99%, chemical grade)E ©]-&3sI3it). 12|11 B kD
F(CaCO;)= Alz3t7] 9138l NayCO, (sigma-aldrich, 99%, chemical
gradeyS ©]-&3to] 3Gt

X-A 84 4] 7](model: D/MAX2500V/PC, Rigaku, Japan)E
043147 dolomite, Mg(OH),, MgO, Ca(OH),, Ca0, CaC0,2] A4/
A3t 47974 492 XRD method ICDD (International Centre
for Diffraction Data) cardE ©]-8-5}= & E ¥l E ¥ (rietveld method)=
Agsiss, i A5 RS 7dste] 34 profile W%
£ Aikste] AA| pattern A9} vl wsted A4 ] S Feke W
Holth X-A &3 %33 7](model: ZSX Primus 11, Rigaku, Japan)
= o] g-5}0] F7]4(Ca0, Si0,, MO, Fe,05, AlL,O; 5)& 4]
SFitt. AANALE FAF #)7 (Field Emission Scanning Electron
Microscope, model: S-4300, HITACHI, Japan))& ©]-23}%] Mg(OH),,
MgO, Ca0, Ca(OH), and CaC0,2] &S F-41313ic}.
2-2. 3|4 OO[T=2QY0[EE 0|38 MM &Y I 31
30 mm =175 &AH7] 918 Fig. 13 7o) 852 nlo]

AR08 A ZM2EF)E °]1E€3F 950 °C, 60minE<t Bkt
3} §1-3-3to] AW S A 23T Fig. 12> 3724 vlo]a=2

olB AR =214 Q1 1ot} Microwave kiln®] 2 74
S = Fig 12] @) L& %A, () ZZ 13 A|°]7] 2 microwave
on/off 2914, &5 Y AIRE Ao} 55 & 5 Q)AL (o= VHIUIER
1.1 kw2 microwave HA8 =], (d)i= <L A(t = 50 mm, Al,0;),
(&) HALA(HHEY 2 FE, SiC 99%)°] . B A Al (heating
elements)= SiC(purity 99%, t=>5 mm, max temp : 1,400 °C)2] cylinder
= ARl or, vio] A 2 vk w A Q1 vE LU B (magnetron)-
(LG electronics Co., Itd, korea, Model : 2M246 (2.45GHz, 1.1 kw,
air cooling type)), PCL X2 1% S 2 batch type microwave

kilnS A 2518l th1~4,25,26]. T+ Al (heat insulation)i= Al,0,<]

[e]
Zzo

vl v 2 v s w4 ]

(@) .

——————

401

insulation boards (t = 50 mm)E ©]-8-5+] 300Wx300D*300H mm®]
AN, Tl AANEE 24 F 5& AATE AxXE FoBe
A1¢] @@’2}% XRD & 48 AAEsl o, FI] AR E2
XRFZ #418150}

_‘1
o

i

7442412 hydration condition (slaking reaction)s &
5735 913814, hydration condition (ASTM C 110)2] +4 ]l
Fo] AAIBFATH ASTM C 110 Al 7+8-L th&-3} 2t} (1) 4
£ H,0(120 : 400 g, 40 °C(A2M9-4] 12} 7] 3 mm
3}), (2) Vessel(Dewar)el] HF7] 2 25 A)(0~100 °C ¥ 9], ¢
A% 0.1 °C)E 23k, (3) Vesseldll T-7F& +H
7H400 + 50 rpm)BHAA] A|RE Wil L5 S 152 7}
BT}, A o] 8 Hhe 580 °C, 24 Al &
Aate] a2 gRlaisith

rgl%

ol
1 ox

NOO P HN e
o, %

m
o =
fu o>

|\
oX,

2-3. Salt(MgCl,-6H,0) &7t HIS0]| 2[5t Y2MOZHE| Mg(OH),
MgO 12|11 CaCl,, Ca(OH),, CaO, CaCO; &

7234 © 2 K] a0} MgOE 2] 371 918l MeCl,-6H,0
A7} WSS Fig. 29 o] A& X3k 1step HE 0=,
73 2o -2-21 3} MgCl,-6H,0Z (a) 1 : 1 wt%(200g : 200g), (b) 1 :
1.5 wt%(200g : 300g), (c) 1 : 2 wt%(200g : 400g) B]& =, 2 2] €]

baker®]] %%—’F 1 2B 5 ¥ § MgCly6H,05 YW ¢hd 43
2 w7hA] wHk F AW @11 1,000 rpmol A 60 min <
A S NS e A o] A I Nke SRR 2

71 10 min - 42 °C77}21 st o, gkg-o] F7 A 7EA] oF
5°C ez &7 "olxlek vhe S5 5 129 25 918 lab
scale filter press(H|$FIE] (F7)E o] &3]
AQl Mg(OH),= 40% ]2 2] 24 cake 4B = CaCl, &2 A
7] 913l 2 3] A=A AT AlHE Mg(OH), = 80 °C, 24 A|3F
&F Azxsto] EASISITE 1 step A E 2749 shek vk 2 )
2t} 2 step A T () 1: 2 wt%) .2 AZE Mg(OH),)S 7}
ojAR ol B A2 E o] 838t Mg(OH),E 24 2(600, 800,

(©) \

(e)

(d)

(a) microwave kiln

Fig. 1. Scheme of (a) microwave kiln - (a) thermal couple, (b) Program controller (temp/time/microwave on/off), (c) magnetron (1.1 kw), (d)
heat insulation cell (t = 50 mm, Al,O3), (e) heating element (cylinder(2 liter), SiC 99%).
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[ dolomite(CaMg(CO5),) |
v

‘ Batch type microwave kiln ‘ — [950°C/60min, 30 mm, 2kg ]

‘

‘ hydration test - ASTM C 110 ‘ — [CaO-MgO : H,0(120:400g), 40°C]

+

Ca0O-MgO(s) + MgCl,-6H,0(s) + H,O(1) — 2Mg(OH),(s) + CaCl,(aq) + 2H,O(1)
I I

l

- separating condition

1 step

: Ca0-MgO : MgCl,-6H,0((a) 1:1 wt%, (b) 1: 1.5wt%, (c) 1:2wt%
: temp : max 42°C), react time : 60min, 1,000 rpm

2 step ‘Mg(OH)Z(s) — MgO + H,0(g)[600, 800, 1,000°C, 60min] ‘ —_—

3 step | CaCl,y(aq) — CaCl,(s)[80°C, 24 h, 500rpm]

4 step | CaCly(aq)+ 2NaOH(1)(pH = 12) — Ca(OH)y(s) + 2NaCl(aq) |
v

5 step | Ca(OH) , — CaO + H,0(g)[600°C, 60min] |

6 step | CaCly(aq) + NayCO,(1) (pH = 12) — CaCOs(s) + 2NaCl(aq) |

Fig. 2. Scheme of experimental process for CaO-MgO separating of (a) salt(MgCl, -6H,0) additional reaction.

1,000 °C/60 min)Z A A 5Fo] MgOE A 23131t} ©] & XRD, XRF,
SEM w43t 274 548 153t 2 step A 542 318}
-2 2] (3)3} 2t 3 step A 378 ((0) 1 : 2 wi%) o2 A ZH
CaCl, G087 4-u-e-2 © 2 HE] Fa)g 747 o] &o|t}. CaCl, &
Al 2 Glass micro-fiber filters(Whatman, CAT No.1822-047)%
ol gste] BELES AAT] S8l od HslGitt. CaCl, §HOZ -
E] CaCl, ZAIE #AZ317] $13) hot plateZ ©]43}47 80 °CollA 24
Azt el w5, S, A2 S ke CaCle] FA ] A7 A
7} A E o, o] A4S XRD 148 AAEIATE 3 step 2
A 7<) 38 Rkg2 2] (7)) Zrh 4 step A FH O, 119
28 CaCl, €9l NaOH 1M 10 ml/min ] 3}] pH 127}
d ) TR ¥ Ca(OH)= 2 3] AlH st HAxsto] 4
SIAT. 4 step AE 2792 318k vk 2] (4)7} k. S step A
SO E, A Ca(OH),E €A (600 °C, 60 min)ate] CaOE
Azt om 24 544 T3 5 step AY 54 34 db
=22 (5 Zrh 6 step A¥ TAHLE, CaCl, &Nl Na,CO,
IMS 10 ml/min F¢J3}+o] pH 127} 2 uf] Wk-3-& 88190,
CaCl, €107 ¥ ¥ CaCOsS Al 5 7 %3l0] B2I319)
th. 6 step AE 3749 38} W2 2] (6)7 2t

3. 480 & o

3-1. 2[2A] DO|2RY0|2 AY=0f| ofet WRMo| AY R 2
w12 (dolomite)2] 27 AEIE dotr 7] 913t XRD 4
A A8kt Fig. 39 XRD 4] Ao mh=, (a)2 S8

-

o o

Table 1. XRF analysis of (a) dolomite - DS

D
25x10° -
Dolomite : CaMg(COs)2, Calcite : CaCOs
2.0x10° |-
= C
wn
@ 1.5x10° |-
&
£ 1.0d0°
E DD D
= DD | D
5.0x10* - t (a) Dolomite : Daeseong MDI Co., Ltd.
ccc &«
0.0 c ¢ P N o ALC\..A
(b) Calcite - CaCO,(XRDICDD card : PDF#01-086-0174)
5.0x10° 1 . 1 . 1 L 1 . 1 s 1
10 20 30 40 50 60
Two-Theta(deg)

Fig. 3. XRD patterns of (a) Dolomite - DS MDI Co., Ltd, (b)
Calcite - CaCO;(XRD ICDD card : PDF#01-086-0174).

(Ca-Mg(CO,),) 0. % #4] F o H, (b) calcite - CaCO;(XRD
ICDD card : PDF#01-086-0174)2. % (a), (b)$} T-5-0] @t} wl$-
2 o) o] 24 38t 242 Ca0 30.4 wt%, MgO 21.7 wt%, CO,
47.9 wt%O] t}. Table 18] XRF 7] A& 4 A3}, (a)+= CaO
30.0 wt%, MgO 21.5 wt%, SiO, 0.2 wt%, ALO; 0.3 wit%, Fe,0,
0.1 wt%=Z B2 =2 ¢ 2 #4959}

3] wlo| A2 o] B A ZE o] g-31o] WAE 30mm, 2 ke
2231330 4232 950 °C, 60 min F3F 41510 251 ChFig. 1).
Fig. 4(a)%] XRD 14 A 3}of b2, Ca0 54 wi%, MgO 46 W% =

Samol Component (wt%)
ample

P AlLO, CaO Fe,O, MgO SiO, Theoretical chemical composition CO,
(a) dolomite - DS 0.3 30.0 0.1 21.5 0.2 479
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% W7} W (MeCly-6H,0)& 018:319] w84

5x10° -

(@)
batch microwave kiln
X : 950 C (19 ‘C/min), 60min L
4x10° - Phase Ca0  MgO
wt% 54.0 46.0
XRF(wt%) : Ca= 38.6, Mg =27.7,
& . 0=33.7
gy 107 L : Ca0. Pe : MgO
=
Z
8 L
= 2x10° |
= L Pe
1x10° |- Pe
L
Pe
oF
1 1 1 1 1 1
10 20 30 40 50 60

Two-Theta(deg)

KILAM WD14.4mm

Fig. 4. (a) XRD patterns and (b) SEM images of the calcined dolo-
mite samples at microwave kiln (950 °C, 60 min), DS.

Table 2. XRF analysis of calcination condition (950 °C, 60 min(19 °C/
min)) by batch microwave kiln for dolomite - (a) DS.

Component (Wt%)
Sample -
AlO; CaO Fe,0; MgO SiO,
() DS 0.8 49.1 0.5 49.5 0.1

3|2 mlo| AR go] B A 2ol o3t dhalsl uk-go] & o] o
FTh WA 2] MgCO5> 800 °C H-ol|A] @ital] ¥]31, CaCO5
950 °C oA A3l P TH30~32]. Fig. 4(b)2] SEM images 2
o] 2R, (a2 244 YA AAhWe oz Fdst 272
A H Ut Table 22] XRF 4] Aol W21 CaO 49.1 wi%,
MgO 49.5 wt%, SiO, 0.1 wt%, Al,O; 0.8 wt%, Fe,0; 0.5 wt% =
Fig. 3(2)¢] CaO, MgO &%¢] 2to]i= XRDS} XRF2] 77124 ol A
2 222 XRDE main peak®] A4 0= A4S 3h w2
AR AZEHA] EkE B, XRFE 57159 AR FE= 1)
o] Aol AZE7] wlEolth1-3].

O 2R Ca 3l Mg 3H5tE Il wdt AT 4

S
w

Hydration condition(slaking ¥F-&)2 ASTM C 1102] 74 &
sto] AAletol o, A a3t H,08] WEgHellA Tehks i
W22 8] 425} Rk Al3dolrt

Ca0-MgO + H,0 — Ca(OH)," Mg(OH), 0

2] (1) slaking HH-5-2.2 A% A4
£ o] 83 ASTM C 1100 =35 ES
T AR AE T vkl digk Aot B, A
Aol thst F 3 AR A Al 9] vk
=0 HYghe AN E T AW el
ole] 7H4] F78} gh oW 3 9] 8} AlSollA] o7 = A
A2 HESAEIE A AIE T} ASTM C 110014 = 44
O ukSA S 31, F, AR BAIEH, §E3-29] ¢4 AJ71o] 10 min]
ol™ 17, 10~20 min®]H 3 12] 37 20 min o]4o]H A2 H7}
sk}, AWWA (American Water Work Association)2] 7]l =
W, 3 £k 40°Ce B HE RS VEoR 3 ST
FEAIEF, 4781 257} 3 mindlel] Hul] 2ol =gshd, vkgAdo]
7P & 742, 3~6 mino W WA 31, 6 mino] 3ol
A gEgAJo) 71 W A o7 s, Ao
2| 3t LEF 40 °CE 27 78 ] RRSAI)7] fleh 2
o]H, o= Ca0°ll ¥]3ll Mg02] 573} A& ¥k-go] =7] wiit
7] 573} 55 40 °CE 1 sto] AAIShh FEgh E3) A4

HHS ZZ(ASTM C 110)°]] whef A A8k 423} Wh-5-4-& AJ7ke]|
ule} &% A2 Fig. 59} Table 391 YERNATH Fig. 52} Table 32
A AYE B, (a2 F WHSA S E YERL o= Ca07) WA
531531, MgO7F Ca02] =3l oJ3l|A] Lol 4231510 o]
Sk Rk 2] Aol E HOJFETH26].

3 dolomite - DS MDI
50 microwave kiln : 950°C, 60 min
r hydrated condition = (CaO-MgO:H,0(120g:400g), 407C)

45

40

35 | 1 1
0 10 20 30 40
Time(min)

Fig. 5. Temperature profiles of the slaking reaction samples by hydra-
tion conditions (ASTM C 110).

Table 3. The temperature of the slaking reaction minus the temperature of hydration conditions (ASTM C 110) by calcination condition (950 °C,

60 min) for dolomite - (a) DS

Mg (°O)7 Aty (°C)?

Aty (°0)”

Atgo (O Aty,0(°C)” Max temp (°C)/time (min)

(a) DS 5.4 19.1 36

37.1 36.8 74.1/5.00

@D Aty 5(°C) = (temperature in 0.5 minutes) - 40(a)
@ At ((°C) = (temperature in 1.0 minutes) - 40(a)
@ At; o(°C) = (temperature in 3.0 minutes) - 40(a)
@ Atg o(°C) = (temperature in 3.0 minutes) - 40(a)
() At}(°C) = (temperature in 10.0 minutes) - 40(a)
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Fig. 6(a)y WA A2 2 kg 717} SiC E7hel Y mlo] 3
Zgo)B 24 ZellA 950 °C, 60 min T 2AJE10] Al 2E 734w
28 53} 93 A (ASTM C 110)°]] whe}t 31170 3 A%S
o 423} ZH2ML-4 2] XRD 40|t} Fig. 6(a)2] XRD Aol up
21, (a) Ca(OH), 55.9 wt%, CaCO; 1.2 wt%, Mg(OH), 38.6
wit%, MgO 6.9 wt%=. 573} 2712] 4738} 13- FollA] Bl &4
Sh= HCO; ion?} HHS- ¥]9] CaCOy7} wE: §4 = 9leh. 1e]ar
Fig. 59} Table 39] 573} R34} UA3h= 2102 2Rl &i3lrt. Al
Z¥ BAmEAS 523} vk 27 (ASTM C 110)9] whe} <=3} Wk
SAZ & 7Azste] 51 A o] XRF A& w4 s
Table 4°f] JERJ LT}, Table 48] XRF Aol w2, (a)> MgO
(=Mg(OH),) 36.5 wt%, CaO(=Ca(OH),) 61.5 wt%, ALO; 0.3 wt%,
Si0, 0.8 wt%, Fe,05 0.3 wt%, impurity 0.6 wt%= LFEFSITE. Fig,
6(b)y> M-8 950 °C, 60 min §<t 23t HAWeAS Az
3+ 5 53} WS- 27 (ASTM C 110)°] whe} 3} jES-S A7 5
o3} Felgsfo] Hxsto] I § S ¥ SEM images©]
t}. Fig. 6(b)2] SEM images®] A75 W, IH2] 02 E72] gk
Fej o] TP o2 YERITH26].

25¢10* - po | DS MDI-dolomite
batch microwave kiln : 950°C , 60min
hydrated condition = (CaO:H,0(120:400g), 40°C )
20x10° - Po Phase  Ca(OH), CaCO, Mg(OH), MgO
wt % 559 12 386 6.9
@
© 1.5¢10° - XRF(wt %) : Ca=30.9, Mg =21.0, 0=46.6,
= C=02,H=16
'g Po : Ca(OH),, C: CaCO,, B : Mg(OH),, Pe : MgO)|
= 1.0x10° |
5.0x10°

0.0

Fig. 6. (a) XRD patterns and (b) SEM images of Ca(OH), Mg(OH),
by hydration condition (ASTM C 110).

off

R

3-2. Salt(MgCl,-6H,0) Z7 | {1201l 2[5t WhRMOZRE| Mg(OH),/
MgO and CaCl,, Ca(OH),, CaO, CaCO; 2

3-2-1. Mg(OH),, MgO &4

WM 2 RE] 7 o] 23} vl o] &8 Eelshs o
brine 37} RE-5-0]t}. brine®] %+ CaCl,, CaClyMgCl,, MgCl,
o] QUTh WM& ko] B S Al T A0
T8} qEgol| 71x8to] 2 o] &3 il o] &-g st 5
3} ggAo] kA o R AxH 7] Y HAaMeA S soft-
burningaHAl &2/ 8kolof st} o 2] 212 MeCl, 37} RES- o=
Fo)g 24 0] &8 CaCl, £ 0 2, o] -galo] NaOH, Na,CO, %
HESAI71% Ca(OH),, CaCO5% /3 €th. 18] 31 vhul o]
Mg(OH),= A|Z=H, A glshd MgOZ A1Z=3HH28,29].

Ca0-MgO(s) + MgCl,-6H,0(s) + 2H,0(1) - Mg(OH),(s)

+ CaCl,(aq) + 7H,0(1) )]
Mg(OH),(s) - MgO(s) + H,O(gas) ©)
CaCl,(aq) + 2NaOH(s) + H,O — Ca(OH),(s) + 2NaCl + 2H,0(1) (4)
Ca(OH),(s) = CaO(s) + H,O(gas) &)
CaCl,(aq) + Na,CO4(s) + H,O — CaCO;4(s) + 2NaCl + H,O(l)  (6)
CaCly(aq) — CaCly(s) @)

1714, 2]E Mg(OH),E E*I2] 271 wW=bA] light-burned, hard-
burned, dead-burned MgOE A% & 4= Ut 3)[24].

Fig. 7-> 74 22221 3} MgCl,-6H,0F (a) 1 : 1 wt%(200g : 200g),
(b) 1 : 1.5 wt%(200g : 300g), (c) 1 : 2 wt%(200g : 400g)2] =3t
B2 WRSAIZHS 1A7E RES 2= Hof 42 °CE 9kg- 5 A1F] 2
315 A4 /3 Mg(OH),2] XRD % SEM image 4] A 2}o] T},
Fig. 7(a)2] XRD 4 A3}, Mg(OH), 77.4 wt%, Ca(OH), 16.6 wt%,
CaCO; 6.0 Wt%= Fig. 6(a)2] 53} ¥H-3-o4 A E Mg(OH),
38.6 wt%ell Hl3l 57k 2™, Fig. 6(a)2] XRD 4] A 3}
Ca(OH), 55.9 wt%e°ll H]3l| 7HA3F3ith. Mg(OH), 22| H3He-2 of
86.6 %] St} Fig. 8(a)2] SEM images ¥-4] 23}, 7123} plate
o g B4 F3ltth Fig. 7(b)2) XRD ¥4] 23} Mg(OH), 95.4
Wt%, Ca(OH), 2.0 wt%, CaCOj; 2.6 wt% % Fig. 6(a)2] 973} W&
ol 4] 23 ¥l Mg(OH), 38.6 wt%ell Hlal 57} ¥3 2™, Ca(OH),
55.9 wt%oll vl A 743k ©. 1, Mg(OH),2] A 8H&-2 oF
93.7%% 74422 2] Ca02} MgO7} & %71 HE&-o]| 23+ CaO:=
CaCl, &80 7 2%k5 71, 9 2] MgCl= Mg(OH),2 gz o] 2
)3 2ol stgk wkgo] dojtE oJu] gttt Fig. 8(b)S] SEM
images 4 A3, (a)°ll Bl3l @ E112 o] X|7t plate FE|E EA)
= A o2 g1t Fig. 7(c)2] XRD 4] A3}, Mg(OH),
98.9 wt%, CaCO; 1.1 wt% = Fig. 6(2)2] 53} 244 & Mg(OH),
38.6 wt%°ll vl 571 o] Mg(OH),Z 2] 32 oF 98.7%% 7
W29 Ca09 Mg02] ¢ 7} WE-g-oll 28t CaO+= CaCl, &
o 0 & & 9] MgCl,*= Mg(OH), 2 (b)2] Bl & ] o]-& %]+ o]
Ca(OH), A72Fo] YERFA] ek3kt). Fig. 7(a), (b), (c) Tl A
CaCo, 2747d0] ER1E]= 12 E452] HCO,™ o]&-7} 74341 <]

Table 4. XRF analysis of Ca(OH),-Mg(OH), by hydration condition(ASTM C 110) - (a) DS

Component (wWt%)
Sample - -
MgO AlO; SiO, CaO Fe,04 Impurity
(a) DS 36.5 0.3 0.8 61.5 0.3 0.6
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& H7} ¥k (MgCl, 6H,0)2 o] &afe] w-9-A]
(@) DS MDI-dolomite
25x10° - B |-CaO-MgO: MgCL6H,O
(1:1W% 200g : 200g)
- react temp : max 42C, react time : lhr
2.0x10° - B Phase Mg(OH), Ca(OH), CaCO,
W% 714 166 60
Po
L 15a0 P BiBrucite): Mg(OH),, O(Caleie) : CaCO
o Po(Portlandite) : Ca(OH),
=z
ﬁ 1.0x10* |-
=
5.0x10° - »C
\_J c 2B
00[
1 1 1 1 1 1
10 20 30 40 50 60
Two-theta(deg)
® DS MDI-dolomite
4x10° - B |- Ca0-MgO : MgCLEH,0
(1:1.5 wt%, 200g : 300g)
B - react temp : max 42 C, react time : 1hr
30t - Phase  Mg(OH), Ca(OH), CaCO,
W% 954 20 26
W
) B(Brucite) : Mg(OH),, C(Calcite) : CaCO,
E poras Po(Portlandite) : Ca(OH),
5
E B
1x10° B
B
C Po
B c ¢ € Po
0F
1 1 1 1 1 1
10 20 30 40 50 60
Two-theta(deg)
. ©
640" B (DS MDI-dolomite
-CaO-MgO : MgCLGH,O
5x10° (1:2 W%, 200g : 400g)
- react temp : max 42°C, react time : 1hr
B
_ 4x10* Phase  Mg(OH), CaCO,
é . w% %9 1l
%‘ 310" - B(Brucite) : Ma(OH),, C(Calcite) : CaCO,
Q
E | B
210* B
1x10° - B
a0
0
1 " 1 " 1 " 1 " 1 " 1
10 20 50 60

30 40
Two-theta(deg)

Fig. 7. XRD patterns of separated Mg(OH), by CaO-MgO : MgCl,
6H,0((a) 1:1wt%, (b) 1 : 1.5 wt%, (c¢) 1 : 2 wt%, react temp
max 42 °C, react time : 1hr).

CaO7} w|=F REg- = o] vrehd 210 % FIETH25,26]. Fig. 8(c)<]
SEM images =4 27}, (a), (b)°oll @ &4 plate F 2= 4]
= et

Table 5= Fig. 22] 3}812)(4] 2)9} 7o) 7 4w-8-2] 3} MgCl,-6H,0
A7} Wkgo 4 g3 ® Mg(OH),2] 7] A& 22 (XRF) ©]t}.
Table 52] XRF 4% A3}, (a)E MgO(=Mg(OH),) 71.5 wt%, CaO
274 wt%, F 02 wt%, ALO; 02 wt%, SiO, 0.4 wt%, SO; 0.1 wt%,
Fe,0; 0.2 wt%2 #4591 Table 4] 24 0] 423} wH-&-
=] - MgO 36.5 wt%oll Bl S7181310.M, CaO= 61.5 wt%ell
v 3)) 743 T Table 52 (b)E MgO(=Mg(OH),) 89.1 wt%, CaO

O 2R Ca 3l Mg 3H5tE Il wdt AT 405

F g

,
k)
\

Fig. 8. SEM images of separated Mg(OH), by CaO- MgO : MgCl,-
6H,0((a) 1 : 1 wt%, (b) 1 : 1.5 wt%, (c) 1 : 2 wt%, react temp
max 42 °C, react time : 1hr).

9.94 W%, ALO; 02 Wt%, SiO, 0.5 wt%, Fe,0; 02 wt% % Table 42]
MgO o] FA F71E 0, Ca0E B o] 1A4s3 L,
Table 5¢] (a) CaO EH&Fof Hldl = 43St Table 59 (c)=
MgO(=Mg(OH),) 98.4 wt%, CaO 0.7 wt%, Al,O; 0.1 wt%, SiO,
0.5 wt%, SO 0.1 wt%, Fe,0; 0.2 wt% = Table 42] MgO 3 Ul
Table 52] (a), (b)°ll H|3] U1 7} H 2 H, CaO= 0.7 wi%hE
AAaEe], Ay o H7Fukse] HA 2142 1:2 w3tk

Fig. 9% Fig. 29] 2 step &2 2] ¥ Mg(OH),E batch
microwave kilnZ 600, 800, 1,000 °C, 60 min &<+ ] &5l A
Z3¥ Mg09 XRDO|th XRD #4] 23}, MgOZ ¥4 ¥t}
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Table 5. XRF analysis of separated Mg(OH), by CaO-MgO : MgCl,-
6H,0((a) 1: 1 wt%, (b) 1: 1.5 wt%, (c) 1:2 wt%, react temp
max 42 °C, react time : 1 hr), DS

Component (a) DS
(Wi%) @1:1w% () 1:15w% (o) 1:2 W%
F 0.2 0 0
MgO 71.5 89.1 98.4
ALO, 02 02 0.1
SiO, 0.4 0.5 0.5
SO, 0.1 0 0.1
CaO 274 9.9 0.7
Fe,0, 02 03 02
| (@) Me(OH), [MW kiln, 600G /1hr] — MgO |
MO
4x10°
3x10° -
e
2 2x10° MO
3
=
1x10° |
MO
0F
10 20 30 40 50 60 70
Two-Theta(deg)
- 1 (b) Me(OH), [MW kiln, 800C/1hr] —> MgO |
O
6x10° +
5x10° -
B a0t
=
5 a0t M0
2x10°
x10° - "o t
0 1 1 1 1 1 J
10 20 30 40 50 60 70
Two-Theta(deg)
| (©) Me(OH), [MW kiln, 1.000°C/1hr] — MeO |
1.2010° MeO
1.0x10° |-
8.0x10°" -
2
Z 60x10' - Mo
~ 40a0'F
20x10* - MeO
00 h
10 20 30 40 50 60 70
Two-Theta(deg)

Fig. 9. XRD patterns of MgO by separated Mg(OH),(MW Kkiln (a)
600 °C/1hr, (b) 800 °C/1hr, (c) 1,000 °C/1hr).
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KILAM WD14 .5mm 15 .0kV

Fig. 10. SEM images of MgO by separated Mg(OH),(MW Kkiln (a)
600 °C/1hr, (b) 800 °C/1hr, (c) 1,000 °C/1hr).

Fig. 108] SEM images -4 A, ()= =112 ¢ 43 FH, (b=
Mg02] 24 Yt 77k 78 FElE EtAe B4 E e,
(©)F Mg02] &~ZA IAF=E 4] = U th. Table 6> Fig. 22 2
step = Al ZE Mg02] 77173 4 Aot} XRF -+ A7,
(@) 600 °CollA 1217 A g)ste] AlZ2E MgOo|™, MgO 98.2
W%, CaO 0.7 wt%, ALO; 0.2 wt%, SiO, 0.3 wt%, Fe,0; 0.3 wt%,
impurity 0.3 wt%, (b= 800 °CollA] 1 A|7F A E]ste] Al MgO©]
o, MgO 98.4 wt%, CaO 0.7 wt%, Al,O; 0.1 wt%, SiO, 0.2 wt%,
Fe,0; 0.3 wt%, impurity 0.3 wt%, (c)i= 1,000 °CollA] 1 AIZF DA
g 3to] Az " Mg0°l™ MgO 98.2 wt%, CaO 0.7 wt%, Al,O,
0.1 wt%, Si0, 0.2 wt%, Fe,0; 0.3 wt%, impurity 0.5 wt% % H] i
A =& SEF A H9rH22-24,26,28,29].



o

2 27} 9ES-(MgCly-6H,0)S o]-8-8l0] oA

J

ORHE Ca3tEv} Mg 3H5E Fel Ak A

407

Table 6. XRF analysis of MgO by separated Mg(OH),(MW kiln (a) 600 °C/1hr, (b) 800 °C/1hr, (c) 1,000 °C/1hr)

Sampl Component (Wt%)
ample
P MgO ALO, Si0, Ca0 Fe,0, Impurity
(a) 600 °C/1hr 938.2 0.2 0.3 0.7 0.3 0.3
(b) 800 °C/1hr 98.4 0.1 0.2 0.7 0.3 0.3
(c) 1,000 °C/1hr 938.2 0.1 0.2 0.7 0.3 0.5
1.6x10° -
- CaCl, solution— CaCly(s)
1.4x10° |- [80°C,24 h, 500 rpm]
4 i Phase wt%
1.2x10° 1= Sinjarite(CaCl,(H,0),) 58.1
i Calcium Chloride Hydrate(CaCl,(H,0),) 41.9
1.0x10* |-
7 L XRF(wt%): Ca=25.6,C1=43.6,0=274,H=34
6 8 0x10° @ : CaCl,(H,0),, A : CaCl,(H,0),
Eﬁ X
£ 6.0x10° -
E L
4.0x10°
2.0x10°
0.0
_2.0x10° 1 . 1 1 1 1 1

30

40

Two-Theta(deg)

Fig. 11. XRD patterns of CaCly(s) by CaCl, solution — CaCl,(s)[80 °C, 24 h, 500 rpm].

3-2-2. CaCl,, Ca(OH),, CaO and CaCO; &4

73 =24 7 MgCly-6H,09] Whg- 5 19 2] §- of 3}
CaCl, & Aejo]t}. &) ¥-§ F Z4r o]20] CaCl, ©]& A%
W3- FX] 2 2tolr 7] 94 Fig. 2(a)2] 3 step= 80 °C, 24 A7+ 52
WA F5, T, A3 S AR AAE AN AYAE
XRD #2415 A A8k} Fig. 11 Fig. 2(a)9) 3 step L2 Al E
XRD &4 AI}E, CaCl,(H,0),(sinjarite) 58.1 wt%, CaCl,(H,0),
(calcium chloride hydrate) 41.9 wt% = 4] ¥ 3l o 4315 &
B = LFEbRsiTE

73 228241 7} MgCl, 6H,02] 2] HH§-O.% Fig. 2] 4 step 2

B orlo

/e

4x10" -
(€ P
DS MDI -dolomite
3x10° - CaCl(aq) + NaOH(T) — Ca(OH)(s) + NaCl(aq)|
P [NaOH 1 M(10 m/min, ending pH 12)]
P Portlandite - Ca(OH),
z i
s} 210"
5 P
=
1x10° - P
P
JL . PP
0F A
1 1 1 1 1 1

Two-theta(deg)

& WP o2 CaCl, £ NaOH IME 10 ml/min?] &5 2 F9
sto] pH 127} & wj7}+] mHkslaA Ca(OH),E &/d3F3itt. Fig.
12 XRD % SEM o]n]#] 4 Ao|t}, Fig. 12(a)8] XRD +4
A7}, Ca(OH),Z 4] F3 2, (b= SEM image A7 E 212
st A7) W A4 FEE F4 H Utk Table 79 (a)F EHE
Ca(OH),2] F71/4% A3}Z, MgO 0.1 wt%, CaO(=Ca(OH),) 99.8
W%, Fe,0; 0.1 wi%2 %2 =22 24 ¥ ]h25-26].

Fig. 2(2)] 4 step A3 WA A E Ca(OH),E 5 step A
] 0 7 Ca0Z A|Z38ISIT) Fig. 13 XRD Y SEM #-4] Aajo|t},
Fig. 13(2)2] XRD 4] A3}, CaOZ ¥4 #3121, Fig. 13(b)2]

Fig. 12. (a) XRD patterns and (b) SEM images of Ca(OH), by experimental 4 step process.
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4x10° (a)
DS MDI - dolomite
310 - Ca(OH), — CaO +H,0(g)
[heating treatment(600°C,, 60min)]
L
@ L : Lime - CaO
O 0t -
z L
2
2
=
1x10° |
L
of L U J\
0 ) 0 © % )
Two-theta(deg)
Fig. 13. (a) XRD patterns and (b) SEM images of CaO by experimental S step process.
@
4x10° ¢
DS MDI - dolomite
CaCl,(aq) +Na,CO(l) = CaCO(s) +2NaCl(aq)
[Na,CO, I M(10 m/min)]
3x10* |-
P Phase W(%)
a Calcite - CaCO, 100
8 2
% x10* C: Calcite - CaCO,
2
1x10* - c c
c ¢ c
c c
s H___si_ses
oL
10 20 30 40 50 60
Two-Theta(deg)
Fig. 14. (a) XRD patterns and (b) SEM images of CaCO; by experimental 6 step process.

SEM images A3}, JAF 2717} E1& 3 Ca0 44 YAE Els)
%At} Table 7(b)2 A1 ¥ Ca(OH),Z B lste] #A2H Ca09
TR A=, MgO 0.1 wt%, SO; 0.2 wt%, Ca0O 99.6 wt%,
Fe,0; 0.1 wt%® 2 5= 4] Hh4,26].

Fig. 2()2] 6 step A& el 2l A CaCOsE 333t
Fig. 14(2)¢] XRD A}, calcite B 2] CaCO;=, (b)T cubic FE <]
CaCO,Z 231 F| Ut} Table 79 (o) /% CaCO,2 XRF 7]
5 AHZ, MgO 0.6 wt%, SO; 0.3 wt%, Ca0 99.1 wt%Z -2
FEE 4 5S3TH4,16,17,25,26].

4.4 E
WM o 2 HE] 7y o] & Ul uf |4 o] 28 Halsly] 98

Table 7. XRF analysis of (a) Ca(OH), from experimental 4 step process,
(b) CaO from experimental 5 step process, (¢) CaCO; form
experimental 6 step process

Component (wWt%) (a) Ca(OH), (b) CaO (c) CaCO4
MgO 0.1 0.1 0.6
SO, 0 02 0.3
CaO 99.8 99.6 99.1
Fe,04 0.1 0.1 0
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salt(MgCl,-6H,0) 37} W& A3 A} v} o] 9ok & 4=
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