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SU3500 5.00kV X2.50k SE
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v (]
o v
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Intensity [a.u.]

s
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(BOSERE . ¥4 FCaCOsiREE, I U v FHFH154))

19



[2MF-2202]

(c) 1:2:2.5

= (b)1:2:1

U3500 15.00V X100k SE

M1-8 FEx OKEEGED AT ) 7 I ANVEIGEERTH S LI K DSEME

DRI+ & L TNaCOsDE A EICHH L THELTWS EEZX D,

[X1-9(2CaCOs. NaOH. H,0D#HE /Lt a1:2:258 L, U v 7B %5, 10, 154 & LTHHNTZ
FOGERR DXRD/NY — 7T, 5 DOFRMETHREREIHRO I VA OB —7 3K, Ca(OH) Dt
— VBB TH Tz, ZOZEnb, KRBTV T AOWEAKRLITHENET LT WRISIZE I
Lo INLORISERMOLFRERMEZNE LT L Z A, 549 T2.31m?/g, 104 T2.73 m?/g, 155 T8.52 m?/g
LR UTERMBEWVIZERERBE L EVVEL 2o, H1I-100SEMEgEE LD & I YU v 5 TR
R DONaCOsN e L, Z D F i EIZCa(OH)AFME L TW D DITx LT, 1043 & 15%) TIdki - [7 H 2353 7
NEEICHEELTWD, AB 2 7 I ADNVISESDERETHK TIT 508, TO%O IV o F I Cristis
R—IL DXL X =037 D Ca(OH) DRI FLICHWO LD & X 5,

K1-11ZK1-6 DFHE Y > 71 (1:2:0.1, 1:2:1, 1:2:2.5) DBy it B 2 3 FKCa(OH) DfE R & & L ITRT,
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= ® Na,CO; = ® Na,CO, = ® Na,CO,
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wa ) >
g g S
= = c
) = _
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XM1-9 flixe DIV VEHTH S RKISERY DXRDNRZ —

(CaCOs, NaOH. H:0D ¥ HIEL A E /LI : 1:2:2.5)

e
1

SU350048.0kV X10.0k'SE

X1-10 FEx 03IV > 7B TE b iz RS AR O SEME
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Reagent Ca(OH),

7R RS E,1:2:01TIHA0C LV b hEWiEE
IR o2, KEEEDEN1:2:1E1:2:250 K E
— 73V TN H444°C E 72 BRECa(OH): LV b
20CLL HIRF L, 24| O IRBEIE D A 71 7 /7 X
BN JRAL &2 5 Fx 7= Zhang & (Zhang et al., 1997) D
BAOHFERTH IV T K D MAIRIEE Y D BLK
BEOKIEEMANSRESINTEBY . AFEL FED
R Lo, ZOXKOIIZ, AB I INVIETH
#1172 Ca(OH) Xk H Ca(OH) & » LIk b 2D
:&%*%%méﬁi*w#‘—ﬁﬂu £ Bk s A& 1 D E

WERTAHEEZD, 2O b HAKNBCa0

DTA [uV]

300 350 400 450

Temperature [°C]
AT3 7 I ANVES TR LTk &

500

[%1-11(120-8)

K FECa(OH) D DTAD #f 5

R D BRI, Box OFFRL L 72 IR 133K Ca(OH), &
DHET XX —(IMEZKBILTED EEXD, O Ca(OH),
AR ) IV ROEFB I KIE TR CaC0; 0 % L enacs,

OB LIRS D=0, 77 354 bFICaCO;
REZFEE L TEHE LN ERY DOXRD /S Z —
UARRL-121IRT, I U SRR 13154 & LT, | v
F VYA FHCaCOsik3k & [EARIC, 77 T A1 MiF \ M o
HOE—Z7 13K T L. HACa(OH)D B — 7 MNMEZAT o ﬂ . 5
bote, 7IEFA FRECOVTEENI Y >/ | VTS :L \

B O FHIAT > T2 Ay, CaCOs. NaOH. H,O 0 15 20 25 30 35 40 45 S0 S5 0

M iy § = e ‘,\ A Zo § B
- W ! S ®1-12(180-9) 7 5 TFA FEICaCOsHE A & 153 5

51 A SCk Nz RS AR OXRD /S X —

Zhang, Q., F. Saito and M. Hanada(1997), Non-thermal Production of a Powder Containing Magnesium
Hydroxide from Dolomite by Means of Mechanochemical Treatment, &~ > U 7 /1, 4, 586-590

v Na,CO,* H,0

@)

Intensity [a.u.]

O

4. 1. 2 HAXVLy bEHWIZAD 2 7 2 VIR ER O R

HICaCO; TOMFHIE RA B E 2. WAL v FHKCACOsD AN /7 2 DIV FEREZIT- 1=,
CaCO3z, NaOH., H 0 #HiRE & /L& 12258 L, WEEINEHANWTIS IV 7B L TE LN
O R DXRD /N Z — 0 % K1-1312 7T, 28, T2 TIHRERWD, HALL » bOKRSIMEIED
A A FBICACOs TH A Z L B IEXHESH EXRDIZE W FER L CW5B, RENEL ALy NEKD
MIETHRISERD DO TNV A FOE—7 T T L, Ca(OH) D E— 7 BEE L Ir o7z, N ~— I L
R X DRI EZREDZ OO, BT DAL/ 7F I BNV E Y Ca(OHRZ &5 Z &N T 7=,
HARSN Ly MI, BEOBEEOESWERRK. TH L7720, TNE2ZTOFTFHEEIVICKEET L L. HK
AUy MRIDEEAR AR — VRENZE S, =3V F— DRI 22D, Ny~ — I VEFEAKR Ly MR
EEELZEZACNA Y —DEBREMZ DR TH D720, BLIRR OB ELIZIZAZ TH 5,

Intensity [a.u.]
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Intensity [a.u.]
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BRSNSy hOANY<w—3
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Intensity [a.u.]
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¥ Na,CO;,*H,0

10 15 20 25 30 35 40 45 50 55 60

20/CuKa, [degree]

IV X0 15 BT RGP DXRD /S S —
-10+14H1 %,



[2MF-2202]

4. 1. 3 BEEHBEZHWIZAD )7 I INVKISERORR

Hikt LT, AyxH, A¥ T H, HIEOIFEAZEY L7, 2B, Bk O KSFEBRER L, FEHC
HOZELGHETIIT o7 b D THHZ EICHEET D, FHZkE NV ~—THoT0bH &AM E
(00X 52, 500 ML) L iE2 I VT L TR LN REZ KOSFEE Lz, K1-14[ZXRD/XY — 2 % |
[X1-1521XF DSEM#E 2 2N F T, XRDXZ —r k0 Ay FBEIZT7T 354 M, HiBEEL K& T
WEINY A RRITHDLZENbholz, £72, SEME LV, WFhoHb v 7V ML 2% 7% T
HBA DO — MREEZR - T, 20— MRAEEITRIECACOE AL v b xR 5 Hi
FEM OB TH 5,

1-16124 Bk R 5NaOHE D A ) /7 2 9 VAL & BB 2 /% 7= B O R DB b &R~ $, 2 D

(a) Surf clam (b) Scallops (c) Oyster o
oy B CaCOs(Aragonite) | = 0 DCaCOy(Calcite) | — 0 CaCOy(Calcite)
2 ? 3 3
= = =
2 2 Z
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W W 23
_ e b=
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o — L)
0 soo = ofof
| ‘A.J\.MAM o
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1-14 A v F*H%, A7 7 H i, HEROXRDN Y —

(a) Surf clam (b) Scallops

SU3500 5.00kV. X240
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—_ withNaOH — O Ca(OH), 100° —_ heatmg W CaCO;(Arpgonite)
E - E] i C. 3 @ Na,CO;
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5 5 5
= E =
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Scallops After milling ﬁ\fte_r O Ca(OH),
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7] ‘D ‘@
c 2 c
=] < <
= O. ®e O
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Milling - A
r
_ Oyster WithNeOH | After milling 100°C.  — hefgteing ng(c%H()zcak-te)
=} . H 5 . =] )
a Calcite forlSmin - 3 DCaCOy(Calite)) 24 h 3 ® 1a,CO,
2) 2 2 ¥ Na,CO;-H,0
g 2 o g o)
= 8 P=]
=] = = @) oloe o
2% 990
A )L }L J\ M o — — A A h Wy J M !
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EER T SERBHIH0 2 RN L TV 7 Wik 42
LT A3 HEBHRICEBWNTIZ, 77354 b
DRy ¥ EHTIEI Y v ZALBL15%) TCa(OH),
DERPHERTETN, A MloFx T
B LTI Ca(OH), D A4 AR ITFER T X 72 n o ol
2o BRI Z U RIBENEENTWNETZD, 2 B
NODOEBLZETLLERHDLN, Ay FH B
RIZE N2 RFAER EMES T OND, K

ML X 7R oToh 2 7 RRMIER C b 22 A RE e .
SF100°C CoARE B N I B E S 5 L, DT ié;iﬁ%;&b%&%@kﬁ%@%ﬁf
Ca(OH) & — 7 2SI\ Bl S 47z, == & AL

f)‘E)\ CaCO3z +2NaOH — C&(OH)z*’N&zCOs@
ARG R, 0 F R+ D U2 E 1 72 B IR RE & %
LEHERIT A, BE., ZNODOBREERE 2
D HOWIMZ X2 A A1 7 5 2 71 VOGO AL,
DA = AL ERF LTV, [K1-17 & K1-18l2 8
R E TR & HIER R R O BULIE DO MIED B
SEME& % ZFnZFmrnd, K1-15Ta L7z Btk
HOy— MREETIR SN2 0N, K+ DkEE
EWVW D KD LR L e BRI D D ORI 23 AR AR
LIk DIz 5, 4%, HEOAT 52— ME

MDD AT )43V RS HERE D FERNC S T (118 HLHER D X U v 7 ALER X BULHR £ % C
Ma+ 5 FECTh B, CaCOs + 2NaOH — FoniBikOSEME

Ca(OH), + NaxCOs? [E #H K Jis D 3l 2 B & 71
T2, AN T IHNVEIED A=) T
v FEICEHHTH D,

4. 2 REHINVERWEZATD 7 I HIVIEFEBRGE R
WERINTELONRERENMRAZ RIS, BEAICE LRSI NI D A D 7 2 DVRIEERR BT
o7z, K1-191C B V%A R AICaCOs, NaOH, H 0D HIMIfid & E /LA 1:2:25&8 LC, #BE I L FERTH
SNTMIEDOXRDNY — &Rkt , 2V 720 TH Y REFRARIZEE I LVNIR Y bH2D
49 THoT=-DOx L TIRE I /L TIX100 gE KI25ED A r— T v 7L Lz, IEEI I VERICBWTH K
IR ETT L, Ca(OH) DA RS STz, LU, JREHHERO v A R — 7 7330° il =
iz, KOG TR ORE: O 2 X1-2012" T, IERINVOGEEERRY | BRBZEROILSHH V2O
RO E—IRAEMIZEY , AT 7r I ANVKIENREI VI hoT-, £/, BEI LV TITBE I,
SRR R — L ~DfFE bR ST,

O Ca(OH),
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10 15 20 25 30 35 40 45 50 55 60

20/CuKa|degree]
1-19 RS I VEBRTH O ]S4k O (1-20 RE)INVEREOR vy FNOET
XRD/XZ — (2 ) ZHERI2047) (IX11-190> FEBr)
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INEEETHDIC, BEALEEZHWT

CaCOz, NaOH., HO(filA € /L 11:2:2) % 250 A O O Ca(OH),

L C100C CoRFHILIE S BT b D2 IRB I VR 01 CaCO,(Calcite)

BROFEE LT, ZOERTIE, EBHILicks S O ® Na,CO,

UL IERIE305 E Lz, 56 BIEOXRD & v ¥ Na,CO3* H,0

NG — B K120 R T, B RO YA b =

DY — 7 3B =47, Ca(OH)D & — 7 D I H3 s

BRSh, £/ BROBIRLES TH - 7=(17] = v o

I 384 %), SGHED ) FiE B LSRRI K 5 T
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f:Na2CO3®7k$D5F7J75)%@Hzom@fﬁﬁ% 7 10 15 20 25 30 35 40 45 50 55 60

LEZ L. 20/CuKaldegree]
X1-21(1X10-11) HEHE - RKE I LV EBRTH LN

4. 3 HEFEE~ORERBEAOKRE WK DXRD/SHZ —

HEFE~ORBELE LT, 7T —<20F L
L BFZE L B O dh i LSRR NS A & & BT Ca(OH) D HIRICHOWTHIE L=, #AXL v M
MR CTELIETDH END, Y*%%L%WT@Ca(OH)ZOD%IJﬂ%&:% HL. VP bR LS CoRMHE%
st U7z, KB T3 Cld, RAMRE DO 72D ICCa(OH) 2 AT 200N — I TH D, Z DCa(OH)2dD i
BiiEE LI 2 HEOLONRRBO 5N TS, BLEETORHIZ AN— RALBNEWN,

PR E A LT WVWHIEE LTI IBRAG TORNF & LToFHALEL TS, 77 —v2L
# LT i Dy 5 Ca(OH) & oz 23S L 72 Ca(OH)2 & NaCOs D IR & ¥y TS0 1 A MR 2 Fhie L 7,
3L Ny 7128 ppmD SO A & W 2 7L (K55 Ca(OH)28 2 W T Fk 2 2 H L 7283 1K) 2 95 mg Adv, H &
FRAE 2 VT3040 % L 600 2 DFR{FH AR A IR LTz, Fhx OF L7t > 7L OFREREIZLLT ©
LBV THD,

P TN@  HUEFE D A T 2 I I VEORERR B AR K TR LT D LT R

P FN@ : FHKSL y h-14420H K TY 2 7L & RIEE D J5 vk T

P TN@  EAKRSR Ly F-10+14HETY 7@ & RIEED J7 i THR

P TN@  FHARR Ly M10EETY L@ & REED FiE TR

o TNE A A FEICaCOsi Mk TH o 7O & Rk D Fik TR

P TN® T T T FA FRCACO;mE R K TH 7D L REED FH ik Tl
FL-LTHEMB07 T BT DRSO IE 2 /¥, FFE TIH30 % CHL A ARBRMEN-oIzH LT, Fx
DB L7ZHE T, V7@ FFRWTH AT M I Lo 7o, T AWIFEMEIZ DV CREM 70 i 5+
FAT o TORWVA, RO ERSOREICERT 5 LB 25, FIIRAZORPAILINCE, BA 7
NECFOMBEROMELEZ HRB,

5. V77—~ 105 HEOERCRI

BT F e 1 TlE [RUF AT — L OEB I (3.4 LERS A7) % AT, 600N THEA~SL v k
ZEAEMAIRIL TEDLARBEEZIRET D, £, AW /7 2 DIVEIGETH BB K (Ca(OH), &
Na;COsDIRA ) DIl Pt S fth 2 IR ET D, | ZIREHEE Lic, ZORKAEEZERT 72012, ik
BOMEDS—21Z/R LB, V7T —<1TIE5 >0 B A CCHFSE %2 Fh L 7=,

WER I NV EHWTEBBREZ IV A FRICaCO:iAEK, 77 T F 4 FUCaCOz3 2 H W\ TIiT o 7=,

F#1-1 U728 R & B BT IK OSSO AW 2 8) o Hr ik
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NERAIIZCaCO; + 2NaOH — Ca(OH), + NapCO3 [ FH S i 2 i > > e /2 BINZ 3 b 5 72 0121, i
BHIKZBERNT D2 ERNAFTHDZ E 2R L, KRB DN R 72 EZEIZA
nn L., R IV TIECaC0s3, NaOH, H 0D WML &L thA21:225L 5 2 ENEE LW &0
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CRBEDOREREED LN TE T, £72. AW F I WNRIGERBOBREREST LY, Fox N
U2 St TR L 7=y R O ik B — 7 IR 1Z450°C UL R Th - 7=,
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CRERLA A T ORI NV EHNT, 2 U v 7 EEI304 TCaCO3%& 5242 Ca(OH) I BT 5 Z & BT
X7,

- JRE) I LT, CaCOs;. NaOH, H 0D HIHAEL & E /L % 1:2:2 8§25 Z & CTRUGAE W) % i O [RIER
TELHZENTET,

- AR O R Ca(OH) & A 1/ 7 I I )V UG TR L 72 Ca(OH)2 & NaCOsl & #3 1A 0D SOp 7 A W U3 38 Ji
B Lz 2 A, TTIROR 5% k8l 2 W IGHE 2 25k Lz,
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OI—2 V77—~ 2 TEAEOARIKILIZKIETRMMEDRBEOMIE & xR oS
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HEHIRDOFEEE 72 DT AIKEIO D UNTHBEN L AR TE DLME2RREL, BABDOY A 7 LDk
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FITHZ EICED, KFRECTEONZREOHESEE LT ZYF IV A0REEZRB I o7z,

1. H7F—~ 2R AW

BUGELE AL FEEICBIT AL T LE, & SITIEPEAKRCHET 2 DR DO 7= D 7 v Hh ) &k
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EINTND, ESHICTLAOK, BEOEK Y 7 — L LTEASHOOBNTWD RNV T AH A
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AR O BEFAE S D iS22 5702 LT 5 (Haneinetal., 2021), — 7. fAIKAIZh b B0 E
B LTHNY Y LEELHMTHDLATERRAN T T A, CaSO, » 2H,0) & KR (LT kU w7 AR0KER
b H U 7 AKERZE DN CTIHAIR ERBE A 55 7t 2250 TH HAKFZO/NEHEZSLSED v 2D
Atbir 5 D 70— 772 EKRE L TV D (I 6, 20074F, Bouargane et al., 20234F), Y7 T —< 1B T
TN DREER—RLE LT, AD I HNTavR L) I VEDODKDODERET CTHKRAE L
RVEDRBEINT T LNEFETH D AKEEKIRAIL)R Ly PRABENOEAIKE BRTE st
ZERHLTWD,

BTT =<2 BT, 2D OB EE SR EICORT A OMETH D [BREEH TO
M & TRFDR] 2EBICAERARER > TWAR¥E~D TV T FAT7H A7 LT &R R
¥ MLCANZ X BCORERMI—R 7y b7V v MO b ZE L THRE L. AKBFZERL R 4 1E4a 5k
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[Abstract]

The rapid escalation of global warming is primarily linked to the rising concentration of carbon dioxide
(COy) in the atmosphere. As part of global efforts to mitigate climate change, Japan has committed to
achieving net-zero CO; emissions by 2050. During the production of quicklime (calcium oxide, CaO) from
limestone (CaCOs), a significant amount of CO; is emitted, with approximately half of its weight originating
from the carbonate. In this research, we propose a novel and groundbreaking production process for CaO
and calcium hydroxide (Ca(OH);) through a mechanochemical reaction involving unused-CaCOs3 resources
such as discarded shells and lime pellets from the decarbonation process in water purification plants, and
solid sodium hydroxide (NaOH), wherein CO; is not released from CaCOs. The process is reasonably
applicable to the converting of gypsum (CaSO4* 2H;0) which is the primary chemical compound in
plasterboard, into CaO and Ca(OH), to address waste material issues.

The preliminary reaction experiments conducted using a planetary ball mill, which imparts high physical
energies to the reactants, demonstrated that the addition of water to the initial mixture of CaCO3 and NaOH
resulted in simultaneous high mechanochemical reaction efficiency and easy handling for powder material
of Ca(OH), and sodium carbonate (Na,COs). The separation process of Ca(OH); and Na;COs; was
successfully optimized. Furthermore, by combining mechanochemical reaction using a vibration mill,
which is larger in size than a planetary mill, and optimum separation process, the purification of Ca(OH);
was successfully achieved.

Ca(OH); was obtained from gypsum and a small amount of NaOH in the wastewater. The NaOH in the
wastewater originated from the bottle washing process when returnable bottles were used. The quality of
the resulting Ca(OH), was influenced by impurities, particularly fluoride. To address this issue, we
implemented a determination and separation process for gypsum, which included the removal of fluoride.
According to the result of the life cycle assessment (LCA), the production of carbon-free lime from unused
calcium carbonate and sulfate resources was necessary to obtain NaOH in lower carbon footprint, utilizing
unused waste sources. Furthermore, it is important to optimize novel combinations of industries with
diverse backgrounds, such as the process developed in this study.
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