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In this study, we investigated about hydrated products synthesized from Ca,Al,Fe;0q9 (C,AF),
gypsum, CaCrO, and water. Moreover, immobilization behavior of CrO4~ ions by their products
was examined. Various calcium aluminate mono phases (AFm phase) containing SO.2~ and/or
CrO42~ ion were formed. The basal spacing dgy3 of AFm phase was gradually increased with in-
creasing in the mixing ratio of CaCrOy4 to C4AF. When 50 and 75 mol% of CaCrO, to C,AF were
mixed in the sample, part of C,AF was remained and a small amount of ettringite (CagAly(OH)1-
3S0,-26H,0) was formed. When 100 mol% of CaCrO, was mixed in sample, part of C,AF was
remained and a small amount of CagAl,(OH)15-3CrO,-26H,0 was formed.

At the soaking test of their products, almost all CrO,%~ ions were immobilized in the hydrated
products when less than 50 mol% of CaCrO, to C4/AF were contained in the sample. When more
than 75 mol% of CaCrO, was added, almost 80% of CrO42~ ion was immobilized, and CrO42~ con-
centrations in the liquid phase were more than 2.0 mg/L. The fixation ability of CrO4?~ by hydrates
generated from C,AF was better than that due to CazAlyOs.
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. Ca Al Fe;04—CaCrO,~CaSO0, RDKFERM & 7 OKRFERYIC L 5 7 0 ABEA T/ DREE

B EBbNS. CTOLSEEE, BEORVES
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(hematite)" £ /=13 Fe & Ca B LU H,0 25454
WRKFYDERD 7z EBMOENTWE. ThbHD
CAF OKFIBRINIC & 75> THERT S Fe & AR
AR O T AR L7,

2 =% B&

21 =EBHRHE

EBRTHA L 72 CATF i CaCOs, ALL,O; 33 LU Fe,
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Table 1 Mixing ratio of C,4AF, gypsum and CaCrOy-
2H,0 in molar.

C,AF Gypsum

CaCr0Oy-2H,0

0%Cr 1.0 1.0 0.0
25%Cr 1.0 0.75 0.25
50%Cr 1.0 0.50 0.50
75%Cr 1.0 0.25 0.75

100%Cr 1.0 0.0 1.0

7o, 2Ok, EWRSMEL EH%Z, 20°C 9.7x10°3
Pa D& T 24 RRHIBERZR T\, K&K D
VR & fTo 7. 7nk, InbORER% CaCrO, D
B#RERZHAWC, ZhZn 0%Cr, 25%Cr, 50%Cr,
75%Cr, 100%Cr &L 1L 7-.
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Fig. 1 Backscattered electron image of hydrated
C,AF and gypsum by SEM.
— : 20.0 um
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bODFe TEEIFEAEGA TP, 71k,
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(CasAly(OH) 13- SO, 6H,0, AFm(SO,)) D ABRE T
T, COEBR, N1XPM2ICB8WTHEEORWRL
TFORBICAR L /oHEE OEWELTiE, AFm(SOy) T
BHADEEbNS. F/-, BRSO CAF-—Kkt
v a7 RO KFMRKIGEDOERIC CLAF OIBBRLTF & L C
Fe # & G 7 WVIRAKRMHPERAET B L a@mEL

Fig. 2 Element distribution of hydrated C,AF and gypsum by EDX ((a) : Ca, (b) : Al, (c) : Fe, (d) : Backscattered elec-

tron image of polished surface).

50um

Fig. 3 SEM micrograph of hydrated products ((a) 0%Cr, (b) 25%Cr, (c) 50%Cr, (d) 100%Cr).
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TWAHR, KRHBTRICEVWTEERE, Fekk
U Ca & %  GUHEBIIRERE 5 OR L7 VRKFY
THHLDEWETES.

3+2 C4AF-CaS0,~CaCrO, RI(C& (T3 KLY

C/AF-CaS0,—CaCrO, 52 D K F A& B H 1z D\ T
SEM # W THBEL/BREE I ICRT. wino
AECTHIRREMDPBETE/. F/z, 50%Cr &
100%Cr TiZ, 2P EOHREREBETE/L. 22
T, ERHEZHLNICT B0, £ XRD /S
=V EORELERER2IC, T/, H4I1ZE3%E
kD XRD ¥ —vEmRT. ik, BBIUNRFT
BEMOBAZ v ELTS02™ £ 7 vE XU CrO2-
AZTVHI‘EHEL TS AFm # (CaAl, (OH )4, -
xCrO,- (1—x)S0,-6H,0) B LU A 4/ CrO2-
AFVDHRTHSD AFm i (CasAly, (OH) s - CrOy -
6H,0) # £ 4 AFm (SO, CrO,) 3 LU AFm (CrOy) &
L7, E/, COL~ AV EEET SO2L~ A4V
DAEEGELIT MY VT A+ (CagAly (OH) 5+ 380, -
26H,0) % AFt(SO,), —77 CrO&~ A AV DA% ELs
IrUVHAFFRKFY (CasAl, (OH )4z - 3CrOy -
26H,0) # AFt(CrOy) &FEE L 7-.

WIFNORARTH AFm lHzRETE /. £,
50%Cr, 75%Cr 5 X UF 100%Cr Tix, 2 &D C,AF
DBREBIUAVEOI NI VA FRAKFHDERLH
ERTE, 50%Cr B XU 75%Cr Tid AFt(S0,),
100% Cr Tid AFt(CrOy) DERBBD LNz, Th
BOFEBITIIRKIGD CAF DAL T AE720, 4
B3 % AFm fHIZ% 4 % CaSO, I LU CaCrO, D E
WHB 1.0 %882, AEVEP30THET VA
A FPRAKFYHBER L 72D EBbh 5.

AFHZ BT, CaCrOy TmEDL WEEHT &R

Table 2 Hydrated products in CazAl;04—CaSO,.~
CaCrO, system detected by XRD.

0%Cr 25%Cr 50%Cr 75%Cr 100%Cr

AFm (SOy) O X X X X
AFm X O O O X
(S04, CrOy)

AFm(CrOy) X X X X O
AFt(S0y) x X JAN A X
AFt(CrO,) X X X X A
C.AF X x A A O

Peak intensity O : Strong, /\ : Weak, X : not detected.
AFm(SOy) : CayAl(OH) 1, SO, 6H,0

AFm (804, CI'O4) : Ca4A12 (OH) 12° (504, CI'O4) . 6H20
AFm (CI'O4) : Ca4,A].z (OH) 12° CI'O4 . 6H20

AFt(SO,) : CagAl,(OH),-3S0,4- 26H,0

AFt (CI'O4) H CaﬁAlz (OH) 12° 3CI'O4 . 26H20

C4_AF : Ca4A12Fe2010

KD CAF BB TWiz. T, BRSO OHES
ICBWTYh, CrO2~ A XV EGAREED NIV Y
LTIV )T 254 FOKRMIIEHEBIEL TWzZ &
P, CrO2~ A ZVDRMEIANY T LT IVIDT
54 MHOKNRIGEZBIEI R 5HDEE 2 bNsb.
WIZ, A FORHER CTAR L 72 AFm # D 003 E O
MEEOEAZRS ICRY. §CIK, £ELIZ
CrO2~ A 4 VB XU S02~ A T VEBHEICEET S
AFm HOWERMRIX, F4DAZVOBEEIZL-> T
BT 5 EHBHEL TWBHD., K& TlE, CLAF-
CaS0,-2H,0-CaCrO, 5o CAR L 7= AFm MO E LR
IZOWTHKRE L7z, BB C3A-CaS0,—~CaCrOy Rk
MBS THB L 72 AFm OB & & i3 5 &9, K
RIGD CAF 38 LU AFt RAFH OAERIZ & - TH
REROBEB» OO TNBH5 DD, AFm HOME
HROZELIZITIERFEOEREZRL TE D, CaCrO,
EOHIMHV 003 HOEEREAKEL &5 &N
R TEI. o, 20=31~32°(CuKo) fHEICEHN
510 HOEMREITIEEAEELL T 53, AFm
HHD CrOs~ A FVERBEDEMT HIZ LB\,
CEFROHEBROADKEL ko,
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Fig. 4 XRD patterns of hydrated products in C,AF-
CaS0O,~CaCrO, system.
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Fig. 5 Influence of CrO, on the Basal space of AFm
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kD &» b, CAF-CaSO.~CaCrO4 % Tid,
C4AF MBSELIT KRG U 721213 AFm MR
L, SBICEBHET S Ca & Feld KB bW 7 )V E LRk
T5HEE2OLNS. T T, CaSO,ITkd 5 CaCrOy
DE#BERE x T5E, RODABFHINS.

C,AF + (1 —x)CaS0O,+xCaCrO,+ nH,0
—> C3A . (1 “.')C) CaSO4 -xCaCrO4 -12H,0
+ (Ca—Fe-H,0 R IVRAF) (1)

72720, REILOD CAF BEFL I-B&13—HoE /
YT 2 — b KB LT CaSO, B+ U VA
FRAKFYBERTS. 2B, (1)R T Felid4eT
FIVKFGPICEENS EREL 2B, TO—iT
AFm R T P U VA A FRAKFYF DO Al LBEH#EL
TW5EE2LN5.

3-3 KMEFRMMOD CrO2- 1 4 DFH
21 TEBLKFERDICE T 5 CrOL- 1 4V
DOEIBREA T 5 7-DICBERRLY T, BHDOZ
OABERLUREE LD RDZEZHBRFD CrOL-
A FVORBIEYRIICRT. JOASHEEDO R
W25%Cr B XU 50%Cr Tid, WP OO ABE
13 1.1x1072mg-dm 3 L FOIHITENEEZRL,
BEA~ND 7 B AOBEERIT 99.98% U EOBEWEE T
L7z, Thicad LT, 75%Cr 3 XU 100%Cr Tid7
OASHEDPE DI L PWERHPICEH L 27
ODABERXE k-7, £IT, E2IRTEMEP
DERMEEERIICRTREAFO 7 D ARE Y BT
5L, AFm HOREIZ SO2- A v & CrO2- 4 &
VHBEFELTWBERE, L ICEDBHFD CrO2-
A X VDOERDVIRVERHT E CrO2~ A 4/ DA
DODBEHREBI o7, —F, AFm(CrOy) B8 LU

Table 3 Immobilization ratio of CrO2~ ion in hydrat-
ed products.

Concentration of Cr in Immobilization

Sample liquid phase/mg-dm—3 ratio of Cr/%
25%Cr 0.7x10-2 99.98
50%Cr 1.1x10-2 99.99
75%Cr 2.7 97.58

100%Cr 28.6 80.52

Table 4 Thermodynamic parameters!®~12),

A4:G° /kJ-mol-1

Chemical formula

AFt(SO,) —15,205.9
AFt(CrOy) —15,130.4
SO2- —744.53
CrO42~ =727.75

AFt(CrO) AR L I2BHICBWT, §FT5 704
DI0% L ERBEH L7z, 72720, BRODE /ST
= — FARFIICR LT CaCrOy ¥ L 72 R T,
K/BEFEEELN 30 THAHIZL20b b3 KR
4 (AFm (SO, CrOy) 2 6D 7 B A% H B E 1T 31
mg-dm3 &7 1, KRTH1.1x10"2mg-dm~3 L)
ToOMEEERL CEEICEWMEZRLZ. hid,
Fe (OH); D7 )VIRAFIIEBRHMAZHF T TV S
CABEMEHROIEA T VERKRT A EBMOLNT
WBD, KRTHEL 7 Fe % &7 IV IRAKFH 5
CrO2~ A A VEBRMBEEIVBREL/CEIZLD, AFm
DR TIT - 7o BEHEIO & L TR O 7 o A
EREVMEE ToTcbDEEZONS.

T IT, CrO02™ A 4 VDKM~ DREEIZ DWW
T, RALZARLAZZ U VHA FPRKFAE LT
CrO2- A &/, SOL~ A AV DEESFT AT X))V
F—DEPLIDICEEEIMNZS. CrO2~ A4 VE
FOSO2~ A ZFVBIHBFELIEHBETIFIYVHA b
FJARFGBERL 72 50%Cr 8LV 75%Cr icB W T
X, QRDAFVRBRIEEETHI ENTES.

AFt(S0,) +3CrO2~ == AFt(CrO,) +3S0,2"
@)

Q)RDOEERIGEF T ALRIVFE—(UG)1FFL D
fExFEWS & 25.2k]-mol~! THHT Lh b, RIGH
EBLPOEAICEL  EBPBE. DD,
CrO2~ A Z & SOL~ A FVERBICHEFELIZES
CEBWTERLZZ P VA FRAKFMIZIT,
CrO2~ A4V & Db SOL~ A X VHEMICERDAE
NeIFWEEZLNS. IHICXRDICLVHEIEL /2
IhUVHA PRI OAERRET AFt(SO,) &3
CAEEDLLIEWMETH -7 &5, 50%Cr Bk
U 75%Cr TER LT U VHA FFRARFIC
CrO2~ A VBT EAERDATN TV VWL D &
Zz2b6n5. PEXY, CAF-CaSO~CaCrO,RICH
T BKRFERDH T CrO2- A FVHEIRDAATWS
KA, 50%Cr 3 XU 75%Cr TiZEIC AFm
& Fe e & L IVRKMYTHY, 25%Cr T
IZAFm & Fe & GG TFIVIRANBYTH S &%
26N 5. £/, 100%Cr Tid SO2~ 4 ZVHBILE
EFh Wiz, CrO2- A Vi AFm B LU
IR YUVHA FFRKFAW & Fe %% &7 VIRAKF
PR IAEN/ DD EEZ AT EPTES.

4 £ &

C4AF-CaS0,~CaCrO4 RiT BT B KFAERDIC L 5
CrO2~ 4 FVOREIEEBNIC DWW TS LR, L
TORERE R,
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1) C4AF-CaSO, ROKFIERY & LT, €/ FIL
7 = — F K (AFm (SO,)) R T & 72dd, <X
A +7rED Fe #EFUfEdEWEIIHER T ad 7.

2) AFm HiZ W OKFRARHT W TLHER T

%, D003 HOHEREL CrO2~ A FVDEHED

BIMTAE R E o 7z,

3) SO2~ A A VT T 5 CrO2™ A & VBE#EK)
50 mol% LA T OEBHT 5\ Tk, KFERY OB ER
ERORER, Cr02 A4 FvitiZiEzoLE0 K+
CEE SN, BHICEHE L7 0 ATIEEA ERES
Nz o7z,

4) SOZ™ A ik d 5 CrO2~ £ &V BEBHEER
50 mol% A LDk Cid, CLAF O—BREL,
I AFt HOAER D HER I N /z. D AFt T,
SO2- A F v EEHRTHHE T CasAl, (OH) 1,
3S50,-26H,0 D ERL, —7FF, SOL~ A X V&S
A L7V EKHTIE CagAly (OH) 12 3CrO, - 26H,0 43/
L.

5) CrO2~ A4V % SO2~ A A VTR L T75
mol% LA EE# L /-5 OBRERBR DR, WO Cr
PEREET 2.0 mg - dm 3 LA EDOE &7k 5 7z,

6) CAF X DERRL 7KF L, vy IL7T IV
I %2 — FROKMNZiFTln Fe 24 &7k
K aEEATHWSED, GATHWEEE LD
WD CrO2~ A T VREMELS 5D EEZ LN
7z
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