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Study on carbonization process conditions for preparation of
nano-CaCQ, from phosphogypsum
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(School of Chemistry and Chemical Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: A “phase transfer-precipitation method” is employed to prepare nano-CaCO; from phosphogypsum, an
industrial solid waste,and CO, ,and study the carbonization process conditions.It is found through screening experiments
that the formula of suitable compound crystal shape control agent is 2. 5% STPP+0. 5% PDS.Through the single factor
experiment , the optimum carbonation precipitation reaction conditions are determined as follows: the adding amount of
compound crystal shape control agent is 3%, the final pH value of carbonation is 12.40, the carbonization reaction
temperature is 15°C ,and the aging time is O mi.The nano CaCO; sample prepared under these conditions is pure phase
calcite CaCO;,and has an average particle size of about 30 nm,showing a good dispersion and uniform particle size.lt is
concluded that the mechanism of the crystal control agent in the formation of nano-CaCO; may be the synergistic effects
formed by the template induction of PDSthe chelation between Ca®* and phosphate radical generated in the hydrolysis of
crystal control agent,and the selective adsorption of P,07; ions formed by ionization on the nucleus of CaCO, ,which can
effectively inhibit the growth of CaCO, grains and the agglomeration between grains,and promote the formation of nano-
CaCO, with small particle size,uniform particle size and good dispersion.
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WA R B R VA T VA W IR 1207 AR Y A R
i, R KB ES ( CaSO, - 2H,0) , B2
A T ATV HE H 2 R R i i 22 (1) [ 2SR 3, O T
BROAS BRVEIR T HET, BT B LR A kb X
Z DL R 320 S BRI | 2555 R A
AR, PRI, A e] ) PR R S B R A A R
o BN A A Ak T i B A g S

CO, MIEF A5 HAFH AR (CCUS) J& Tl 4R
ARSI BB R H R A s A 2020 4E
T HE Co, HE= 2 103 12 t, R CCUS H A, #ig
RERSIIEL CO, MRIMUBLH4E (R HE R CO, anfa

AbE R FHEE—AHERE

Yok CaCO, BA K40 | L3R AR K RS
PSR AR bR B A A Bk S T
THT A S s ) B A I 32, 2 RT3 1 A 44 oK e
BUERL 2 — Tz i A AR R Uk R
JE BE 2 RRRAEA T

H7, T4k CaCO, M4 EEAT Ca(OH),-
H,0-CO0,(COY ) Ca> -H,0-CO0,( COY ) MK A&
Z2 Horh Ca* —H,0-C0,(COY ) K & R LU
SRS AU, AR AT R4 R Ca™ B F I
AR R AR S O OB, B T AR

S B8 .2022-11-21; & B H#1:2023-07-28

YEE BN RN (1999-) , L WA AR5 7 1 b TEALR R 45 ,2900207568@ qq.com; T HAFE(1973-) , 55, {4, @l #0424 A= T 0, A5
J7 WA TEHLA R £ 5 R 38 THIE 2R N, 284855884 @ 163.com,,



2023 F 10 B

B REAB A X AR BT A IO AR CaCO, 7 fi 40 1
B AR A (EL R T R P A T I R B
DUVE S, A6 36 S N 38 B PR T 25 28 1 42 ol e
K I 2AK CaCO, FRARLIE FIE5 S 1 X A 32 il £
FEAL,

P, 28 & 1 5% 56 & 00 AT 58 T4 19 22 it
P DA RIS AR CaCO, IRLAR VR BE 35 5 1k
N EZG GRS R AREE R - Digeik” , DL Tl [
IRWEATE TR CO, MR % 44°K CaCO, JF
WS T BRACTIE RV TR T 25, B EEEIF
B E B A TTUTE T B0 L Y A 2 1 R0 e e T2
A IEX BRI RITEA K CaCO, JE LAY VE AL
HHEAT IR

1 SLIEES

L1 KFI 58S
) R, R Al R At AR AR RS R

Na,Y

RFTIRE B OERIBK CaCO, I TZFREHHRR <215 -

Na,Y A ALAN  FEREIREN 7SKEALEE T8 =2
Pife R VIITR BN . oK E AL LK R B B
WIKG 7S Im Bk mR B | S PE BRI — S ERE 7Sk
ERIA SN N RS s e R 3
(CTAB) /KA RN IR IR (B2 AY) |
RNIGEMENE (PHE 78 | = RBER N (STPP) ¥k
G3bral, B 2542 B /AR = A R
RIAR G HE— 2L A3 S AL ) PDS | 58 oK, 58
5 [l

FEALL ' A TR S AR B
(FESEM) , SU8020 4 | H 37 ( Hitachi ) A 7= ; X §f4k
AFSHMY (XRD) ,D/MAX2500V %I | H A2 77 3
IR 57 S T i 88 ( FETEM) |, JEM -2100F %Y [
ARHFAFAE,
1.2 RWHRMELEHR

K R B - DUVE L B A8 A5 g0 oK
CaCO, B T anE 1 Fios

SOz BRI

@4 TR, 0¥ ] R ] 9w ] HSor | aiuk F— sk — T | —A

AR RIEHEARIR
ML
v
ALY SR o —— v —— TR — gk
co,. W
NaOH  #&l5]

W1 AEEIIEE B E FH K CaCO, TE R4

BRSSP BRANT .

(1) MFEFE S0

BUtE A7) Na, Y ITAZE 100 mL 81
TR AT 28 A P 2 R T i M 2 o
E IR 7KW 5°C 1400 r/min HEFE T RN 10 min, 3338 |
VR, TSI W BD A AR R W ( E 5T Ca, Y,
Na,SO, BYZKIEW ) , & o HXF Ry Y 3 224057 S
AN

nCaSO, - 2H,0 + 2Na, Y —
Ca,Y, + nNa,SO, + 2nH,0 (1)

(2) BRAETTE 2 1

] A R P I AR 243 ) NaOH Fil— 2
() AR ) P 2 IR 450 v/min FEHE T A
CO, RN ZIRZR pH i (i 5 , i U8 ek
W AR AR R SR AR X R Y FE AL
2 T R

Ca,Y, + 2nNaOH + nCO, —

nCaCO, + 2Na Y + nH,0 (2)
1.3 TFmRIE
FIH H A% Hitachi 23 w42 719 SUS020 #4474 5
T 50 0% (FE-SEM) Fl H A B /A J AR 72 1Y
JEM-2100F %47 k& 5 % 5F i F 2 B8 (FE-TEM )
WLEAE il (4T 00 55 45480 5 R R Aes 2 A9 77 1 X -
Pert PRO MPD %I X -5 AT SO AE i R4 T S AR &y
YA, FAFETE R 260 5~70°,

2 HR5IHE

2.1 BRALTUE &R BB AR il
2.1.1 B AEH A 4y i it

LTl 5 CaCO, FE S RLAR DRLEE 511 3
BB ILARNE , TE B R S N 5T 5340 3% (5 28
W CaCO, BYFTE L) L2 A8 pH 12,7 ik fk
SV ik BE R 15°C CO, Fii# R 100 mL/min | i 3
RN 450 o/ min JRALETE] A 0 min AYSEEG R4 T, 43



- 216 - LA 4L L

FE 435510 H

175 AN [A) it B 42 50 B AR 0 Xk BT i 4% CaCO, 4
aoREAR DRLEE X SIPERYSZ MR 45 RN 1 i,
£ 1 BBEHF CaCO, HZE RSN

Ly Z e i Bl £ CaCO, BifR R X512k
FEER N 50~200 nm /NEURE
ARG EE 5 wm BHOR
ARPEVE R N PN SN
=R 5 wm BHORA 10 pm FBLERIR S
RN R Bk 564 RIS
KRG 2.5 wm BRI
LK B 100 nm ZEA7/NBURL L AT SR, KBk &
B-H MK ZNWIPNEN
FS IR BERR £ 5 pm fEAEAR
AferE 100 nm LA A /INBURE  REAR B —
B A AR AR A
THER IR A 3 — ik
KA 2.5 wm BRI
R A M 5 pm ZE A ZEERR
CTAB 100 nm LhP/INEURL, 5245

KA 1 pm BOR 5 2 pm BORIES
RSB (BT  BRAA BRI S
BB (BB TR R HeiR

STPP 50 nm 2 A /NURL , #5455
PDS 50~ 100 nm /NFKE, 45345

M 1 AT LUA ), S8 #6558 PDS | Sk
B .CTAB ,STPP B, JIr il 45 ) CaCO, ¥ i bi 72 ¢
N ORLRER ) R A, FEXT R () FE-SEM B 4n & 2
FIis

-
518020 5.0kV 8 2mm x100k SE(UL)

(cCTAB
W2 RmA R — 5 e &
& FE-SEM A

HE 2 g 1 el DUAE Y B B STPP
CTAB GAfb4E PDS B i ifil % CaCO, A 5 B R AR 3
TE 100 nm VAP, HRL R 5] s HH e, s
Jin STPP B it i £ 4 K CaCO, £ i 1 i 72 (4
50 nm) BN R EE Y SRR
2.1.2  dhTBAEH A 6 AR

T i PR ) ) 07 16 S 5 ) Sk L e B o
FUR N2 BN 3% AT, it — B HRT
STPP 43515 CTAB SALEE PDS 3 F i A il 71 &2
BEAS X Bl 25 982K CaCO, #E Sl ki AR i B 2457 1
BRI, BT 45402k CaCO, AESL Y FE-SEM &4 3

- =

(a)2% STPP F1 1% CTAB

5U8020 5.0kV 8 5mm x80.0k SE(U)

Sus

(e)2% STPP Fil 1% PDS



2023 F 10 B

RIS  BIEERIRYK CaCo, BIRIL TZ RUHHAR 217 -

(£)2.5% STPP F10. 5% PDS
B3 At R A A & 38 A A &
41K CaCO, # ¥ By FE-SEM &

7R, R H Nano Measurer 3K {44341 BT A5 i 9 °F- 3

RARINFR 2 PR,
F2 HNMAEEEBRFIEFF AT &4 CaCO,
HEmE R
CREgS Zetibl Ji il % CaCO, FAFEHKiAE/nm
2% STPP 1 1% CTAB 50
2.5% STPP #10.5% CTAB 54
2% STPP Hl 1%AALHE 46
2.5% STPP M1 0. 5% A Ab4E 55
2% STPP Hl 1% PDS 60
2.5% STPP 1 0. 5% PDS 37

MK 3 &2 AT LA BN 2.5% STPP Al
0. 5% PDS & & Bl 50 0 BT i 4 99K CaCo, F
A IRREAR (29 37 nm) B8/, FLURLBE ¥ )R ar A
I, E#E STPP+PDS R #38 B &2 A i B 42 1l )
It 55 4 AR I 3R] STPP +PDS 1Y it &
FL X Bl 45 40K CaCO, F ShRIAR KL 1 50 1 1 5
Wi, Fir il 48 44K CaCO, B 1Y FE-SEM E A& 4 fir
7, 2K Nano Measurer FCPF53 B BT ASAE i 18 SF- 24000
e s o,

£9 Oonm x1.00k SE(UL). =

(e)6:1

K 4 STPP+PDS F [ Ji & th T A #l & 44 K
CaCO, ¥ f 17 FE-SEM [

60F =
g 55r
£
& 50-
&
7 a5t
B '\
400
S TS B TS B P R TS BT 2T

S’3l‘i>1P'~§PDS}ﬁ§H$
K5 STPP+PDS AR K EH S
R FHRAEN KR

i 4 &5 da] LUE AN R EL ) STPP
5 PDS BT IR H1 % CaCO, BESLEINANK CaCO,;
Wi STPP 5 PDS Jfi & bb (% 3% fin, BT i & 94 K
CaCO, A PRLAR 52 BLAS T I i/ Nk 3 Y STPP
5 PDS WY HEE LA 4:1.5:1 .6 < 11F, il #5119
gk CaCO, FEFH I RALII AN 37 nm, AT HEL
M7 ,STPP 5 PDS Myt Lt Ry 5« LB, Jr il £ 4 ok
CaCO, B i (R 7 FE B 5 Mg R L, 52 50 1
BEIE B A i 8 R SO R 2.5%
STPP+0. 5%,
2.2 BRUTMERNITZEEY

TEE A BRI STPP 5 PDS L 5:1,
CO, HitiH K 100 mL/min 45 $1:3 %y 450 +/min [
SRR B R R SRR S0 4 B SR E A IR
HFES I B2 88 pH B fl S0 i B2 Bk Akt (]
SR N T4 AN K CaCO, AF ShRLAR ORLIE 5] 1
FIRE
2.2.1 HASmBIF R ims

FERRALZE 5L pH12. 7 B Ak SO IR BE R 15°C Bk
FEBFTE 0 min M 451N, B 5 G S il 7 i
TR B 9 1% 2% 3% 4% 5% I P il 4%
YK CaCO, A Sk 42 7 B ¥4 21 1k, 1 2R F Nano
Measurer 3% 14 XF ¥ fiy P17 00 B 43 A, 45 51 43 91 an
E 6.7 Fims,



- 218 - FAX AL L

£ 4353510 H

5UUB0208.0kV/9.4mm x1.00k SEfBL)

/ 9.8mm:x1, bOK SE(UL)

(¢)3% (d)4%

. 500pm

'SUB020 50KV 9.5 1.00k SE(UL) "«

(e)5%
K6 fFAE®RBEHNRESKTHH %
41K CaCO, # & 1y FE-SEM K&

44}
£ 42t
%40
T
H_Ss \./- -
361
23 4
AL H %
B7 AAdBERFRES &M
T HAEN KRR

HE 6 Bl 7 ] LIE Y, Y2 A e 6 i
BT 3 BUN T 3% 0T, T #8591k CaCO, # i
PRS- YA R AR IR A T 5 4350 A 5 o s B S /) 5 4
BA BRI I BT  53 E0OR T 3% ), il &
HIZAK CaCO, A it 19 ~F- 34747 428 Bl S o o+ 53 55 1)
ST S22 38 5 25 52 4 B 42 1 5700 35 o Joit 122 93 %k
H 3%}, BTl & Bk CaCO, BRI Y0045 A1
XRE/IN(ZY 37 nm) . HIL, BEREGE BN E & P
FERIFES ML 50408 3%

2.2.2 BALLE pH

FEE A SR Ha i A o 82 53 50k 3% ik fk

S EE R 15°C BB TE] R 0 min 55044 T, 5 %500k

T2 pH A5k 12.7 12,4 12,1 11,8 11. 5 I
il 85 9 K CaCO, FE i RLAR L BE 35 20 1, JF R H
Nano Measurer F/F X1 RE i HE1 707 BE 40 B, 45 580 531l
Kl 8 K9 i,

(a)12.7 (b)12.4

(e)12.1 (d)11.8

(e)11.5

B8 A REB AL A pH %l % 45k CaCO,
# 5% FE-SEM H

SRR /nm
=

27 124 121 118 115
ﬂ"ﬂﬁ%ﬁpH

K9 B4 | pH fitd P RENK R

I 8 & 9 rl LI, Yk fb 45 pH Ny
12. 4 W}, Fr il £ B 48K CaCO, 5 19 By ki 42 24
32 nm, BRI S PELE RO IOR D, PRt e
BOEHRALZ S pH o 12. 4,

2.2.3 BB MIRE

TES G iR 1 F0 G n BT = 43 50k 3% i fk
25 pH 2y 12,4 BRAGETTE R O min 95540 N, 5%
WAL RS R 43 3 R 5,10 15 .20, 25°C B fT il 45 40
K CaCO; #F il i 42 R0 BE 33 2] 1k, JF R Nano



2023 F 10 B

SRIRE BOEFISWK CaCo, BRI TZRYEHAR 219 -

Measurer ’ﬁtﬁﬁﬁpﬁ&i&ﬁ*ﬂiﬁﬁ, 28 B30
10 & 11 iR,

@

()25

B 10 A Rl 8 fb 2R I8 E #1440 K CaCo,
# % FE-SEM &

a5t T

40+

RIS /nm

351

303 0 15 20 25
BAL I B BE /T
W11 s RO E fe e i R Ak &

FE 10 & 11 HRAT LA Y ik S g 3 /N
T 15°C I, Bl 440K CaCO, KR B4R A2 it 1R
S A N U ER LN EANE S S PN T et/ 2id
SR EE R T 15CHF, Frifil 844K CaCO, Al iF
PP A i T g T 3 O, HLH U 2 R B AT R
UKL ; 4 B Ak B B R B SR 15°C 1, B i 4 ok
CaCO, Ff i BRI A2 58 /N (24 32 nm) | kL2 2)
PELE . PRIL, PP HGE BB AL S VTR N 15°C
2.2.4 TRACHETE)

FEA A A 4 30 S Jn B 2 4 0 3% ik ¢
M pH R 12,40 BRSO IR BE R 15C AT, %

SEHRAEIT TR 20500 015,30 .45 .60 min i ] 55 24
K CaCO, ¥ il R0 A2 R0 FE 3 53 M IF R FH Nano
Measurer F4 %R 5 AT RLBE 73T, 45 51 43 30l an 14
12 13 FiR,

(a)0 min (b) 15 min

(¢)30 min

(e)60 min

W12 7 [ R A E 4] & 40k CaCo,
# & FE-SEM A

S

-
2.l .
24 /
£y
B 35} _—
30— 15 30 45 60
BRAGET ] /min

W13 BRAbe A frE R R AR R R

mE 12, F 13 pal LLE Y BRI R
0 min I, FT ] 45 40 K CaCO, FE & 17 24 R4 2
32 nm, JIURL 4 ST PR AT 5 Bl B R AR B ] A S 4 ST o
UK CaCO, B fb I V- S RLAR AN K, LB 25 R
FRRF IR A HE | B 22 O BRI RN HIR 55 R E 20 K
WKL, Ay AT FL R R . — T, Rl R AL IS R (1 4E
KRR FIE R CaCO, /I B AS i i, 6 55
KR T TURR, S SRR AR 1Y 1 K R T
SR 1] 10 B SR % A R R B AT SR AR 5 55— T, B



- 220 - A AL T

F WAL ] (R SE K, T I B ) R A0k B G 1] 28 Ak i
P mEHE 2k, —SIE SRR | 5 A R
T R 125 P 45 40 2 [l {1 26 THT B P 45 A 6 728, ATT 5 3K
RHRLISE A T 5%, T8 S AR A R 2725 Mg S Bk
ARBHCIR ARG I TE i, PRI 356 B 438 B 1 PR Ak
i B A 0 min,
2.2.5 HACKMHTHEL SR

BRI R A% S 6 T 0 A e A DTV o 1 563
(T 254504 . STPP 5 PDS ity 5:1 E A5
TEA2 il 70048 0 5 o 43 0N 3% kL4 55 pH
12. 4 BAL SNV IR R 15°C  BRALET1E] 8 0 min, it
ZAETF R4 45K CaCO, FE S Y FE-SEM & |
FE-TEM &2 4n & 14 Fis, MWIE 14 Rl LLE
Tl A8 K CaCO, FESRARIAE 2R 30 nm, 43
HCE L EUR R A 3 5]

“ o
# v :
® 5 -
A & ™ ”
. 23 k
% 5 -
< &

(a) FE-SEM

Bl 14 Fr#| 440k CaCO, #E & B FE-SEM
FE-TEM [&

JI £ A K CaCO, FE B XRD AL 15 fir
o ML 1S TR LI 3 i AR B A A S e 38y ] 4
Bk i 5 A7 8 CaCO, (JCPDS 05-0586) , A &
W3 . At 2 o ) 40 5 0 R IWZ SR A BT kil 45 1Y
FEGCORAAR , iR A TR Tl 4 400K CaCO, #
i PS5 8RR 20, 5 nm

(b) FE-TEM

R /a.u.

30 40
20/(°)
B 15  Frdl & 41K CaCO, # & XRD H

2.3 SREUEHIFIER LB PR

P SRR 29-30 ] FRRAE , 24 STPP MILA W 1A &
), Ca® B T 156 5 STPP /KM= A s TR AR A= 1
BRERRES (4 ZUIR Y, LA IR A5 B R I8 ¥ CaCO, 1Y
it CaCO, M A FR A KA &, [FIRT, STPP

FE 435510 H

i[5 Ca®™ B F2A T S ELAL B/ TH AR Z5 1), dn &
16 Ui, B4 STPP 4311 3 AR IR SE A 4 $2 41 1
A0 JFEFYH Ca® BT, AR PO, &
F0T 3 £k M W B FE CaCO, B9 & T b Bk A
CaCO, MYIE & F Mg A7 &, NI AR CaCO, 1Y TH
g, il CaCO, ff 1A A= 4 19 3% M 355 457 93 /)N, 00 1l
CaCO, kb, I FEAR Ao ] 22 R B AT e

B 16 STPP 4 F5 Ca¥* BFWEALTER

KT PDS XAk CaCO, RiA% UKL EE 15 5] 1 1)
i, 2 i T PDS 1 STPP HIH 2 2 [0] 77 7E 55 B
[N . — 7, PDS 2 — A B IR 2Rk 59, 15
WRACDTTE SN W1, 59 5 Ca™ 456 A Ui R 4% 41 /)N
mA% , BT AR AR, 2 2E JF 42 5 CaCO, il
T2 IR RN A% 3 % 5 R, K i CaCO, @A Y TE
R Ca® 5514 28 K Al 7 A 1R T T AR ] 1) 7 TC Ao 25
AAEH BB TR LY PO BS 1 CaCO, §h#% I
A 58 W T A5 VR, B IR T CaCO, kL 1Y 2R THI
e, T A 850 i CaCO, fi i A K B HE ok 1] A1
R GBRAR/N RLEEYS) S HHELF R 9K CaCo,

3 it

(1) VATl & 48K CaCO, BESRIAR KLY
SN SRR, IF45 G Nano Measurer b B2 #0451
Bt 388 3 07 0 S 36 2% 52 -t MR e B — DT TR
WAE RS COo, fil# 9Kk CaCO, HIRALTTIE
J N T 26 3 L Y A2 G b T 45 T 3R B LTS L oy
2.5% STPP+0.5% PDS,

(2) LU 4540k CaCO, AE &L BRLAR B 2
SIVER G bR B 3R A5 S e 5 S0
IRACTTTE S v TP RGBT 248 . 2 & b
PRGN E0N 3% FRALZ S pH Sl 12. 40
AL N 15°C  FRAB B E] R O min; iZ 55 F T
Firiil B ANk CaCO, #4 h 2l AH J5 fift A B4 CaCo,,
FE S I YRR 24 30 nm, 2 BPE I BB & Ry
¥5y,

(3) XA AIEFEHIF STPP PDS [ 1E F LI



2023 F 10 B

AT T W4T, I PDS Fl STPP HIWG 3 22 6] 7]
REAEAE SR I R0 . — 5 1H , PDS 5 Ca™ 2 iy
PR A /N AZ AR S SR, 2 2 T K CaCo,
A B I 53— T, T Ca™ 5 STPP /K fif = 2
B RRAR S VE R, ITE L P,OT, B F7E CaCo,
A% D IEREPE W B S5 R T, A 2§l CaCO; ik
A R ORI A 3R W I R RIAE T £ aE TR
/N BLEERS) A EHELF Aok CaCO, B K,

S 3k

[1] Wang B, Yang L, Luo T,et al.Study on the kinetics of hydration
transformation from hemihydrate phosphogypsum to dihydrate phos-
phogypsum in simulated wet process phosphoric acid[ J].ACS O-
mega,2021,6(11) :7342-7350.

[2] Korany K A, Masoud A M, Rushdy O E, et al. Phosphate,
phosphoric acid and phosphogypsum natural radioactivity and radio-
logical hazards parameters [ J ]. Journal of Radioanalytical and
Nuclear Chemistry,2021,329(1) :391-399.

[3] Chernysh Y, Yakhnenko O, Chubur V,et al. Phosphogypsum recy-
cling: a review of environmental issues, current trends, and
prospects[ J].Applied Sciences,2021,11(4) ;1575.

[4] Bituh T, Petrinec B, Skoko B, et al. Phosphogypsum and its
potential use in croatia; challenges and opportunities [ J ]. Archives
of Industrial Hygiene and Toxicology,2021,72(2) :93-100.

[5] INKE, BT, BRI , S a0 F e A ATl i) o FH T 52 0k
JELT].7 M4 T, 2021,49(10) ;20-22,66.

[6] Campos M P, Costa L J P, Nisti M B, et al. Phosphogypsum
recycling in the building materials industry: Assessment of the
radon exhalation rate[ J].Journal of Environmental Radioactivity,
2017,172.232-236.

[7] Ma B,Lu W,Su Y, et al.Synthesis of alpha-hemihydrate gypsum
from cleaner phosphogypsum [ J].Journal of Cleaner Production,
2018,195:396-405.

[8] Huang Y, Qian J, Kang X, et al. Belite-calcium sulfoaluminate
cement prepared with phosphogypsum :influence of P,05 and F on
the clinker formation and cement performances [ J]. Construction
and Building Materials,2019,203:432-442.

[9] Zhou J, Sheng Z, Li T, et al.Preparation of hardened tiles from
waste phosphogypsum by a new intermittent pressing hydration[ J].
Ceramics International ,2016,22( 19) :7237-7245.

[10] Yang Y, Shu D, Ning P. Kinetics and thermodynamics of Cu2*,
Zn* , Pb?* and Cd** adsorption onto microwave-preconditioned
phosphogypsum[ J].Zhongnan Daxue Xuebao ( Ziran Kexue Ban)/
Journal of Central South University ( Science and Technology ),
2013,44(5) :2157-2164.

[11] Ennaciri Y, Alaoui B H, Bettach M. Comparative study of K,S0,
production by wet conversion from phosphogypsum and synthetic
gypsum[ J].Journal of Materials Research and Technology-Jmr&t,
2019,8(3) :2586-2596.

RFTE B OEGIEYK CaCo, BVRIC TZ R HR 221 -

[12] RIGFY AR, BEP, S5 B U™ 75 5 19 Z AL e dili 4
S AL B EKE,2022, (6) :17-20.

[13] Sergeeva A, Vikulina A S, Volodkin D.Porous alginate scaffolds as-
sembled using vaterite CaCO, crystals[ J].Micromachines 2019, 10
(6):357.

[14] Broecker W S.Wally’s quest to understand the ocean’s CaCO, cycle
[J].Annual Review of Marine Science,2009,1;1-18.

[15] Trushina D B,Bukreeva T V,Kovalchuk M Vet al.CaCO5 vaterite
microparticles for biomedical and personal care applications [ J].
Materials Science & Engineering C-Materials for Biological Appli-
cations,2014,45 .644-658.

[16] Yuan Z,Bin I, Wang X, et al.Preparation of a polydimethylsiloxane
(PDMS)/CaCO; based superhydrophobic coating[ J]. Surface &
Coatings Technology,2014,254.97-103.

[17] Tolba E, Wang S, Wang X, et al. Self-healing properties of
bioinspired amorphous CaCO;/ polyphosphate-supplemented cement
[ 1] .Molecules,2020,25( 10) :2360.

[18] Gu S,Cai J, Wang J, et al. Compound method to disperse CaCO,
nanoparticles to nanosize in water[ J].Journal of Nanoscience and
Nanotechnology,2015,15(12) :9488-9493.

[19] Kakaraniya S, Gupta A, Mehra A. Reactive precipitation in gas-
slurry systems: The CO,-Ca( OH),-CaCO; system[ J].Industrial &
Engineering Chemistry Research,2007,46(10) :3170-3179.

[20] Cheng X W, Xiong D J, Huo C.Effect of crystal orientation agents

on morphology of nano-CaCO; [ J].Applied Mechanics and Materi-

als,2015,723.544-547.

BAPCAR , BAIEE , X A% AR IR B ) i S HE I [ 0] AR & Jm

7,2000,23(4) :24-26,12.

[22] Zhu W C,Chen J F,Wang Y H.Synthesis and characterization of

[21

[

ultra-fine calcium carbonate whiskers in high-gravity [ ] ]. Chinese
Journal of Chemical Physics,2004,17(2) :175-117.

[23] Onimisi J A,Ismail R, Ariffin K S, et al. A novel rapid mist spray
technique for synthesis of single phase precipitated calcium carbon-
ate using solid-liquid-gas process[ J].Korean Journal of Chemical
Engineering,2016,33(9) :2756-2760.

[24] BRI AHH RS UTTE WS Hh WA 8 ) A M8 A B AR 5 110 T 22 R 1
W[ D] A G AL Tk K% 2011,

[25] M558 AER L BB A F A AR FDE SR AR B R E5 [ D] .
HE A AE Tl k%, 2019.

[26] B/ e Ay ek ds B 4 K B 515 1) il 78 B AR B A B AL 8 1
MDA 2R ,2022.

[27] E. H A I T A SORBR IR 85 S Hoe M 28 kPR [ D] &
HE AR Tl K%, 2018.

[28] WMURIE, BETSHE, ABHE NaHCO, it 44 K Bk R 45 453 A< B 45 1) 16 Wi
FEALT] AR S TR ,2013,31(3) :404-408.

[29] A 05 , M0 i B, 46 = RBEBR AN 5 A7 B R A 5 25 5 WL 3
B RESTWRT HAHT [ T]. 50 FRF22 440, 2015,31(3) : 198~
202.

[30] JESLHE, e, FobA:, S5 99K CaCO; Y E I AR & i =
R AERIPLEL )] A= 549 TR, 2005,22(7) : 14~
16.H

2



