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Fig.1 Schematic diagram of synthetic routes from EMR to C-S-H
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Fig. 2 XRD patterns of synthesized C-S-H under various pH

value: (a) 11.0; (b) 12.0; (¢) 13.0
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Fig. 3 SEM images of synthesized C-S-H under various pH
value: (a) 11.0; (b) 12.0; (c) 13.0
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Table 1 BET pore volume and specific surface area of C-S-H

synthesized under various pH values

pH value Sper/(m>g ™) Ver/(em®-g ™)
11.0 98.6 0.32
12.0 205.0 0.68
13.0 136.4 0.45

T [Si0,]* VYT A BT kb o2 B AN, C-S-H A
b BAT A R R IE R B 2, 5 XRD AH LG, FT-IR
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WA 8.64. 11.52, 10.02 mg/L. HILAI WL, 243 pH

1E 12.0 B}, C-S-H A5 1 BRI 4T PRI FE KA,
M N pH AE A 11.0 B, A2 1 #5311 CaCOs 1 H
PEeJANN C-S-H, TAE M. pH fH 13.0 B, BT
TREEE— D18 0n, C-S-H Wi fhki A K3 i se %,
SERRUBRER AT, LUR AR, SRR FLEAS T
PELZE, PBEAS T AFRIAEE Ca’ IRFELIAH .

BT BRBERY, 2GR C-S-H EERid
HIRFEAE RN pH (EXT = S AR . O 4544
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% 973
S

4000 3200 2400 1600
Wavenumbers/cm™

B4 AFEKpH AT C-S-H ZL4MA L
Fig. 4 FT-IR spectra of synthesized C-S-H under various pH
value: (a) 11.0; (b) 12.0; (c) 13.0

| —=—pH 11.0
~ 12 ——pH 12.0
) ——pH 13.0
o 10 +
)
S
2 8r
g
=
S 6fr
=}
8
‘t'm 4k
O

2 1 1 1

0 20 40 60 80 100 120
Contact time/min

&5 &I pHEX C-S-H #4568 /1m0
Fig. 5 Concentration of Ca®" dissolved by synthesized C-S-H

under various pH value
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B, Al A2 U0 B A R SR BE B 3G N, R AR R R
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Fig. 6 XRD patterns of synthesized C-S-H under various

reaction temperatures: (a) 60 C; (b) 80 ‘C; (c) 100 C

1 7 B AN R] IS pHAB ZERT 86 n(Ca)/n(Si)=1.0,
SN pH fH 12.0, &btk 10 h (26 4F R Ffil & C-S-H 1)
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RIBURL(80 C), Bl S Si B (13— 2B 18 K (100 C),
C-S-H Myt Bl 25 fh 4P 4R TR, 2R 4R
Jii H ARG B R AR T R 45 4R, BRI, C-S-H 4544
BONTRRS, MORLR A 2 ALBRY . 2% 2 Bl
AR R R A ) C-S-H [ FLEE#) K L R i
L, B3R 2 fiow, AFERPBEE AT C-S-H
(1 EE R A ALALA ZE R BOR,  RBRE N 100 C
£ C-S-H LR AR A, 53 205.0 mYg, MfL
FLZN 0.68 cm’/g, i BEE N 60 ‘CHI C-S-H th#
RN, N 58.2 mY/g, RFLFLZEN 0.18 cm’/g.

B 8 i NAEAS A S SR B R Bl % C-S-H 4D
SR . B 8 W, FEAR[E) R NIERE () C-S-H B
LT A1 B B4R 2l e 17 7 R AR — 3. B RS B2 AN 60 C
HEINE] 100 CHF, FANEE AR 10 2L AMEFHE 0 37 I8 5L
970 cm™' BT v (Si—0) Q* M 4E R Eh 28 {1k it W &2,

B 7 AR T C-S-H I SEM {4
Fig. 7 SEM images of synthesized C-S-H under various
reaction temperatures: (a) 60 C; (b) 80 ‘C; (c) 100 'C
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Table 2 BET pore volume and specific surface area of C-S-H

synthesized under various reaction temperature

Sper/(m>g ")

Reaction temperature/C Veer/(em™g ™)

60 58.2 0.18
80 108.6 0.39
100 205.0 0.68

FEW I BN 1024 em ™ ZLA5Z 973 em ' A M LR
HAK, 2 NRE TR, Ca(OH), B PEHE I,
FZ 1 Ca” FENF] C-S-H AR {2ilt T Si—O—Ca
KETE .

B 9 it NAEAS [A) s MR E T il %% BT 1 C-S-H
AL, BB 9 TN, N[ROSR FE A R C-S-H
MEHE K Ca® W HIREAEE S, Hb, MRPER
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Fig. 8 FT-IR spectra of synthesized C-S-H under various
reaction temperatures: (a) 100 C; (b) 80 'C; (¢) 60 C
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Fig. 9 Concentration of Ca®" dissolved by synthesized C-S-H

under various reaction temperatures
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ZURI C-S-H MBI Ak R 4 it BE IR s M FE I 5k
SAEREES A1 3 3 B4 A R AR ] R & Bl C-S-H
fLas i X bR AR, 3k 3 B, Al C-S-H Ak}
B SR AL TR e, PRI . LA IIZE T/ o

12 Fizs AN ] di AT 8] ) 45 BT 43 18 C-S-H
WASHZE, B 12 mrEn, dasfeeEy 10 h 1 C-S-H
S Ca® IR FEROR, T Sb AL I (] 24 h [¥] C-S-H ¥
HI Ca® WRBE /DN A A 1 11 AR 3 T LRI, C-S-H
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Fig. 10 XRD patterns of synthesized C-S-H under various
crystallization time: (a) 24 h; (b) 18 h; (¢) 10 h
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B 11 AR E S C-S-H ) SEM &
Fig. 11 SEM images of synthesized C-S-H under various
crystallization time: (a) 24 h; (b) 18 h; (c) 10 h

MOBRHRVEES E 71 5 HWON S A B U1 Rk, BEA ik
IFIEIE N, C-S-H SARE KM, SR,
BECH PSS T IIRE /1AL 22, FLITE DY 10 h & A
C-S-H MfLER g B i, HHRmAER, Wi
HIEAGRE ST o -

#3 AFEGEUEET C-S-H MR SALFLAE & R
Table 3 BET pore volume and specific surface area of C-S-H

synthesized under various crystallization time

Crystallization time/h  Sger/(m*g)  Vepr/(cm®-g ™)
10 205.0 0.68
18 128.6 0.42
24 108.5 0.28
12+ —=—24h
= ——18h
2 10} ——10h
E
ERE
E
5 or
=1
S
Lo 4T
<
@]
2 L

0 20 40 60 80 100 120
Contact time/min

B 12 ELE AT C-S-H 5 g /15

Fig. 12 Concentration of Ca®" dissolved by synthesized

C-S-H under various crystallization time

1) R HL AR AR Dy 3 2 5Ok £ C-S-H MK}, #F
FOKIA AR RN pH fEH RMNIRE . SiLa
SR XA C-S-H AR AH . AROU 45 F4 A 5 4
RETRIFEI o

2) fEN pH {E N 12.00 RN 100 T &
AR 10 h (1 2644 T il % BT 49 1) C-S-H M k)45 K Tk
Fa, HEREAN 205.0 mYg, HFLFLEN 0.68 cm’/g,
B Re ok, WIS FIREAN 11.52 mg/L, &
AR BRBEARHE AR AL B I FE S A

3) DLHLRSRE N R R % C-S-H AR, TT K HiLfif
B EE C-S-H AMRHRI & BB AR, BT DASE I i fif i
A BB ESEE R, IFRET R MINE & R 5110
HLfR AR A L C-S-H ARL, A7) T Fk A i B8 1y v AL
FERFIH RS
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Effects of synthesis conditions on formation process and
property of calcium silicate hydrate prepared from electrolytic
manganese residue

LI Chang-xin', YU Yuan', ZHANG Qing-wu', WANG Yang', ZHONG Hong>*, WANG Shuai**

(1. College of safety Science and Engineering, Nanjing Technology University, Nanjing 211816, China;
2. College of Chemistry and Chemical Engineering, Central South University, Changsha 410083, China;
3. Hunan Provincial Key Laboratory of Efficient and Clean Utilization of Manganese Resources,

Central South University, Changsha 410083, China)

Abstract: Based on the composition of electrolytic manganese residue (EMR) and the structural characteristics of
hydrated calcium silicate (C-S-H) material, a novel technology was used for EMR based C-S-H material preparation
using EMR as raw material. Calcium silicate hydrate (C-S-H) was synthesized from electrolytic manganese residue
(EMR) via a hydrothermal synthetic procedure. The major factors influencing the crystalline phase, microstructure and
Ca®" release capacity of C-S-H were investigated in the aspects of reaction pH value, reaction temperature and
crystallization time. The results show that the crystalline phase, microstructure and Ca®* release capacity of C-S-H are
greatly affected by the reaction pH value, reaction temperature and crystallization time during the preparation process.
And the optimal condition for C-S-H synthesized from electrolytic manganese residue is determined to reaction pH value
of 12.0, reaction temperature of 100 ‘C and crystallization time of 10 h. And the product synthesized under the optimal
condition is identified to be a calcium silicate hydrate with a specific surface area and pore volume of 205 m*/g and 0.68
cm’/g, respectively. Meanwhile, under the above conditions, Ca®" release capacity is 11.52 mg/L, making this material a
promising candidate for removal of phosphate ions diluted in wastewater.

Key words: clectrolytic manganese residue; calcium silicate hydrate; synthesis condition; microstructure; Ca" release

capacity
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