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1.1 &8 BREB A L OEISER & L TNH,),CO, LY TLAF  OEEER &L
T CaCl, B\ 7=, SEEDOBC 4> (K, Na', Mg™, Ba®, Sr) & Z h ZhigEHh
EFERELTEMLE. RESBEESL LTy L7 —EFERMEHR)ERA V.

1.2 BRBBANYILDER Tris/HC| &8 ¢ pH7.8 (CERE L 7= 0.2M-(NH,),CO
KB 250ml & FhZhs 0.2M O CaCl,/BRINEDEAKER 250ml % 313K THEHE
&L EBEEICY LT —+ 50mg FML, 120min” THEE L. RICEOBBREEE
U, SCE % 7KE L 343K T 60min BEEZEET o, REGLER VT EFILVE/ S X
YLETEE L.

1.3 REBANLI T LOWIEETE BREBANSYILDBEHTEZI DIV N, AT T
AR, PSOdF1 FOEREISIE XRD ETESNERTE-IDBEANSEHLL. =
fe, SREHECLVERPRERE L.

2. RRERBLUEER

2.1 REGIEEICERETHBAF > OFZMYR —fNBA A THD KAF &
MBRTE, REE(LRISRISHE 60min LETERNRICENSE2ERIESNE. =
WOBA 4> Th 3 Mg 4 + L RMB T, FICERE 10min (VW TERMAREENT
RES(LEMEL, RISHHRICEVTREVMKSBRIGHEZFS NS Z CrREBSI L.
22 REBHINS I LSTHORREDLE KA AL RMBTOEERME NS A
NTHY), FISESRE 60min £TIRATFSA M HEIC, 90min METEANLY A FDHA
ER L. Na'q L BMBOEES, ALY, NFF4 MHPEREL, RICKRE 10min
TUNATFS A FOZIEHEL B D EPREBENE. Mg™ 1+ P RMRDGE, TERD
HHLYA FTHY, FSITFA D EERLE. ZORTRERAT T A OER ISHREE
IhE ot Ba¥' 4 4+ L ENRTE, RISEE 10min THSENERMERBLL. ¥
7=, 60min LEETI$ BaCa(CO,), PR L, S A F L RIMRDHE, KIGHTE 10min
TlEPILY AL RO AP, 60min BETIE ALY A FOMEIS(SHCa)COo, BER L7, LD
BELY, —HOBA 4L THS Mg” A AL FMRTRETIIF1 MOER, Ba¥ 174 >,
S A A LEMBRTRESENER VS EFMRTRECEVWRRI BRI LE,
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1. BFEEW

REEH VS MIBBEPENZ LG, RRICHEOI VY T AL T L
REEA A+ VS RTFT B LA ERT B, EEPIIEA VY T AL F H510.0
mmol/l, REEA & > 750.29 mmol/l FFAE LIBIEICEED KR I )V 7 ADHERR
LTVWABELZET 2L, INODA A+ VIBEIIEEL ) BEAZEREC
BILRPIOFERELERS. BREFOANYTRLZOE, Ay T A
bREEAF VHOREDHIREREW - Y EERLTBY, BEFRTIEAA
VIBE R — IR OITRER S VY A DB F I EER Y RS T w
B, 20X I)ICHEEIIRR, B, BESOICI3HE D &0 WEIERO IR
e L TEERREZELLTWE., ThAFTVEEIlHDAEEPREER
BT 9% L EThHAEA F > 45 (Na', XK', Ca®', Mg®) , &4+~ 37 (CI,
HCO,, SO) ZWFKTD [Z8A4 V] LR INLDOEEA 4V ERE
L7- VK DRERIE L L CIRIEE (salinity, K 1kg ICBREL TV A4 4 VO
75 M) BEVLND. EEROD Ca? 4 A Y DOEIEIE 1/90, HCO A 4 Vi
1/300 L FTH 5.
COX)REAKBICEEINDE IV T AL F VIEREA X VNS TR
ISEATEE VD LEHEHETH 2 KA VY T AL LTENATTETH 2.
RERA + Y OBEEHE L L TIRREES R DK AL KSR TINZZ E524T 5
NBDS, BHSRERHFEA A VBRI VY T AOTRRRICEE 2 RITT 2 LDt
HIS TV A Y, AHFZE TILR 2 OISR UG & FIH L 72848 — R CTRER
AFVEBIEL, REOIMKSERESR S IV T AEOTBEIKBRA VY T &
DRI RITTHEBIC OV TR 21To72. &L, WKPDOERA 4V TH
% Na', K, Mg®, Ba®*A 4%, St*'4 F ¥ OushnhsiRE D kA Rk E 2
REED VY Y AORRREIZRITTHEILOW TR 217072,
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2. EBRA%
2.1 A&

REEA A v OBFEER E LT(NH,) ,CO, ANV T AL+ ORFEERE LT
CaCl, B X U Ca(NO,), ® 7z BFEEDE A 4> (K', Na’, Mg”, Ba™', Sr*')
EENENECE ERLE LTIz, REGHEZL LTy LT —F (f
AR Az,

2.2 RBHINVY I ADER

Tris/HCl AR E A T pH7.8 IZF8% L7z 0.2M-(NH,),CO /KEWME 250ml & 0.2M-
Ca(NO,), K¥. [U/Ca(NO,),/Ez ] , 0.2M-CaCl, K¥#i#[U/CaCl,/Ez 3] 250ml
% 313K CTHHREA L7 BAWIC 20~100mg/1 D7 L7 —X¥iibiL, 120min™
TR L7z, FUSEOBEREEZ AL, ThBEY %KL 343K T 60min REE
BeEAT o7, IREDELEL X UIIKSMEREIEY T LT VE ) A FVAET
WE L BRERFRE L DER L.

2.3 BRI VY 7 A0YHRIE

KA N T DDETHLIINVFA L, NF54 N, T5TF4 PDER
ZIH1E XRD EETHEL AT Y — 27 OMENSEH L. /2, GEEMEE
Iz X b ﬁﬂaﬁéﬂ(%ﬁﬁbt.

3. EBRERBIUEE
3.1 REBARICRITTHINVY Y LA F Y OUIMEHE

REICY LT —¥DRETRM L U/Bz B X U U/Ca(NO,),/Ez &,
U/CaCl,/Ez R CORFRFZREDOEREILE Figl IS, 7 LT —XIRE C,,
A 100mg/1 (2 BT B IREIKT DRI SN REEI ko 1 &AWV 7 AR % &
¥ 72\ U/Ez & TlE 25.5mmol/(1*min), U/Ca(NO,),/Ez 52 Tl 7.8mmol/(l- min)
THY, U/CaCl,/Ez R TIE 13.5mmol/(I'min) TH V), CadirHEFT 2 &k
RBUSHHE ENB 2 L AHERRE iz, U/Ca(NO,),/Ez RIZBIT B V4
N, NF 5 A OBREOKEKLEILE Fig2 IRT. KISPHICBWTNT T
A POEERICEON. VLT —ERERZET IS4 0 s
WONT T A P OBIREHF L, FEHEERLE & b ISBIREHED T 2 H[ 55
b7z, Fig3 1273 X 912 U/CaCl,/Bz RIZBWTIE, RIGKHE 60min T/NT
5S4 MOBBREFIIBREZ R L, WFROA NV YT LARIZBWTET I I
A4 M OERIIHER I N o7,

_7 0_



10 12 3

Tr=313K
[Curealo = 0.1 mol/l
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Fig. 1 Time change of (NH,),CO concentration

Table 1 Additive effect of calcium salts on reaction
rate constant of urease k, [mmol/(1* min)]

w
Bz [mg/] U/CaCl,/Ez U/Ca(NO,),/Ez

20 - 2.3

100 135 7.8

U/Ez system : ky = 25.5 mmol/(1° min)
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Fig.2 Time change of product selectivity (U/Ca(NO3)2/Ez system)
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Fig. 3 Time change of product selectivity (U/CaCl2/Ez system)
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3.2 REELRIZRIZTEA I > OaRmzh R

ISR [U/CaCl,/Bz] B LUK, Na', Mg®' £ & VIR [U/CaCl/ashnda
/Bz] TORFZEALEX,), WVT A, NFFA4 b, 75 TF4 FDOERKRD
KA L% Figs.4-6 IS, —MliDREA 4 > ThHbH KA+ VHMARTIE, K
FEALRIZ SR 60min Mg TEMIIRICHAE T 2 {23 5072, Na
A F VYIRS B TIEEAIR & FAROERAEZ Oz, DR A 4> T
H 5B M" A & VIR TIE, FUSEEE 10min 128V TERINGR & L TRE
AR, I B TREDIK S REIEATAE S 1B = & D
Endz. FAFig 7 IORT LI, B M AV 2RIML7-R T, RS
BWTIRED IR GRS O BE SR S vz,
3.3 REEI VY T AZEOBIREKD Lk
KAFVEMRBRTOEERDEI NG A FTHY, KISFERH 60min £ TIEN
754 MAWMEIZ, 90min MIETIEH VI A4 FOARER L. Na'4 F
ROGZE, ANVFA L, NTFIA MHERL, RSB 10min TIENT I 4 b
DEENEL 2 H T EHPHERENT. Mg A+ VIR OEE, TERWEY
WHARTHY, TITTFA MIPDEERLZ. TORTENTTA FOER
RSN odz. BUTR L7ZUADFRTIE, Ba® A 4 ViR O SISk H
10min TIERE DAY Z A L7-. $72, 60min LLBETIX BaCa(CO,), HSAEK
L7z, St A+ Y EINZROS4E, FISREM 10min TIEA VA b DHDS, 60min
VUBETIE A VA OIS Ca)CO, 2SER L7z, LLEDERI Y, Mok
AF v ThHDB Mg A A VIRIMARTIET 7 TF4 MDOER, Ba?*f 4V, Sr**A
F VMR TIIESEDOER & v ) FRINR TIEE U2 WEREIHER I Nz,

4. B

RFEDNRSRRE % TR LI — B E T BREEGOREICL DV NT T
A FPRBRBICEBLZENTESL. NF54 FOBEREIT I NV T AIEORE
22T A,

5. 51 FTEk

B, BH, & BAREBKESE 49 FEMEFNEREFHRESS, p.13
(1998)
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Fig. 4 Time change of product conversion and selectivity

(U/CaCl2/KCl/Ez)
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Fig. 5 Time change of product conversion and selectivity

(U/CaCl2/NaCl/Ez)
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Fig. 6 Time change of product conversion and selectivity
(U/CaCl2/MgCl2/Ez)
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Study on Recovery and Adding More Value of the Component
in Sea Water by Uniform Precipitation Method Using Urea

v Kaoru ONOE
Department of industrial Chemistry, Chiba Institute of Technology
Takaji AKIYA
National Institute of Material and Chemical Research
Gensho MIYAKO
Shonan Institute of Technology

Summary

From the viewpoint of the effective recovery and the utilization of components in sea
water, a reactive crystallization method using urea hydrolysis was developed. The effects
of hydrolysis rate of urea and kind of salt on morphology of calcium carbonate were
examined in several systems. The urea and urease were used as feedstock of the
carbonate ion and the enzyme for decomposition of urea, respectively.

The experiment was carried out by the batch. Mixed aqueous solution of 0.2M-
(NH,),CO (250ml) and 0.2M-CaCl,/chloride salt (250ml) was stirred at 313K by adjusting
in the buffer solution in pH 7.8. Furthermore, 20-100mg/l of urease was added into the
mixture, and the generation rate of calcium carbonate was controlled. The urea
concentration was measured by the diacetyl monooxime test method, and the selectivity of
polymorphism of calcium carbonate (calcite, vaterite and aragonite) was calculated from the
peak strength of the X-ray diffraction.

The coexistent effect of different cation on morphology of calcium carbonate was.
examined, and features of each system are obtained like the following: (1) Potassium
addition system: urea hydrolysis is promoted after 60 min reaction, and the main product is
calcite; (2) Magnesium addition system: urea hydrolysis is inhibited in the initial stage, and
aragonite is formed little only in this system; (3) Sodium addition system: both calcite and
vaterite are formed, and the selectivity of the vaterite rises after 10 min reaction; (4) Barium
addition system: amorphous product was observed, and BaCa(CO,), is formed after 60
min reaction; and (5) Strontium addition system: only calcite is formed in 10 min reaction,
but (Sr,Ca)CO, was formed in addition to calcite after 60 min reaction.
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