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PR BEAZ AL B FANIE 6 BT o

Zetal 37/mV
&

-13 1 1 1 1 )
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E Y

FACERIRVERRTG o BKAE C 1s A1 Ca 2p
ARG SN 7 i, I 7 (a) ATRLE H FEAE
FJKSER RS T Hl & 0 o BEKAE (25 H
ZH) 0 C 1s YEIELE 284. 8 ¢V H1286. 5 eV b4 FIA,
Sr5lEF C—C 1 C—O BYFFIEIE, ;XA C 1s 4R
K FBRTEYE , TR BRME 2. 10 x 10 2 mol/L %
RN o BIPKAFR C—0 EEAE T,
HBLTE 286. 6 eV Ak, RIAFKIKIERIR S o HIPIKA
BRETVER, I HAE 288. 6 eV b Bl — 454 fE
TR RT3 T U Sfe TR T R K SE SR R 25 4 vh i
0—C =0, —HIFRIKERIR Y o B KAE

284.8

25 F AL (R AR FR Y B2 190 mol/L)
Original Line
—=-C-C

KA RV BE2.10x 1072 mol/L 2

— Original Line x
s CC [\
--C-0 } %X
—--C=0 . C-0 /

C=0 d \
— Fitted 2Bl

288.6 \
s S

——— Sy

Intensity(a.u.)

294 202 290 288 286 284 282
55 eV
(@) C ls

7
2.6 fUKESTIARES R o BEKEFIERILE

I H BRI AL B 7 G AR
R P S R 1 i, TR AR A B
2.45 GHz M0 T, AR CaCl, ¥ WA A1 7 1Y
SHHE R AR FE W& 8 s, MBI 8 W LLE
B CaCl, IR BAT BRI/ v 8, X
PRI R4 1 WO PE RE 5 A1, 78 AR [R] Gl 45 3
T, CaCl, Ve BB VAW 1A v BOBOR , R R A
JB Ve B X VA VL IO MR R, SR v ok O
TR I TR B | S B RSB Y g i Ay M)
TAEHEREATE A o BPEKAE

AR AR TE A Brh, LI E T 192y
T EERERN o35 N TR BRI A E A RE AR I S . 1B
RSN, o TR R 277 A 58 1) 12 sl Al
MRz D, BEAE R Y T, o0 1 i Bz gh i
SR, PEAE T4 O, AT B W AR A 1G n, k E

FM b Ca® " TS R EAE A, NS C 1s
FEA T

PAKERIRAE TG o BEKAF Ca 2p BN
iR 7 (b) Fin, BB 7(b) ATLLVE I, FER
TN K SE BRI ) 45 1 o TR A B RY Ca 2p Gi%
1,347. 83 eV F1351. 33 eV AL AT ST )8 T Ca
2p 5, Ml Ca2p o TERIKFERERUSE 2.10 x 1072
mol/ L W P il 25 1) o T IK A Y Ca 2p,,, Al Ca
2p,, FF I DG (9 58 BE 38 K J3 AL T 348. 13 eV A
351.68 eV Ab, X JE N o B K AT 5 5 KR
MR T HIEAER 5 o BIEK A £ Ca® (1)

T
e 347.83
25 L (R KR ER U D90 mol/L)
Original Line
— —Ca 2
- - Ca 2Efjj 351.33

— Fitted

B
<
g 348.13
£ | SRR 2.10x107 mol/L,
— Original Line )
-+ Ca2p,, 351.68
--Ca2p,,

— Fitted

360 358 356 354 352 350 348 346 344 342
ZE G EleV

(b) Ca2p

TERKERBEIRE N 0 mol/L #12.10 x10 > mol/L &4 THI &M o B /K AT HIEMRIL

1. 35 mol/L F1 2. 47 mol/L 4 CaCl, i F A L 31 6
435124 0. 001 8 F10. 003 1, CaCl, A Wk B 19, A
LIRS0 B I 1 K, X R W R v B 1Y CaCl, I TR
A LK HURE I AL R ARRE  TTPREE | 355 i i A
TR 0T, (AR A s AL A o PP

h T AR RO AR T CaClL VW & K
o BV IKA B IR AR, XAV S A T
AR FL SR | AR KM R Wl
RE T, BEMRISCEE 22 B0 S v ) g it AR B 4T
FHEF R, CaCl, ¥R XV R 52 2R (1 52 1
K9 fimm,

M9 AT LLE H BEE CaCl ¥R 3K B S
BRI ME FFEEHE, 4 CaCL K EN 0 mol/L
IF IRV R S R 2 CaCl, e B34 K 2] 2. 47 mol/L
Ff S T H, 52 %N 5,45 ms/em; 24 CaCl, ¥ & 2|
2.70 mol/L Hf, VR, R [ TEF 9. 38 ms/cem,
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- -0.004
LGN i
| /e
0.003
T4
g
: o
= 0.002%
= &
B
=~
0.001
1
N\ A /N 0
1.35 mol/LL 2.47 mol/L, BAE
CaCl, CaCl

B8 #ikIMNE 2.45 GHz T CaCl, &k
BEENNEEHMNRRE

10

152/ (ms + cm™)
I~

Il 1 I}
0 225 2.47 2.70
CaCl & /(mol - L)

9 AFRREKE CaCLARMESE

3 4Eip

1) CaCl, e B2 T M dEE A B 0] o BYoK A
FHAL, 4 J SR E], 24 CaCl, ¥  2.70 mol/L
IF, SR O IABEZE 60 min A BEA B AL N o
ALK E, TR INAATE 2 180 min, AT
TG UM SR O RS A Be s ALl A B e AR
o P IKATER  FEAR CaCl, RV B 9145 K2 SIS ]

2)1E CaCl, ¥ B A 2. 47 mol/L WS4, R A
PAKERTRBEA SO o BK A IE, SR8
R o BT R R AKSER R T L o B
KA TR Ca®* 06 M A7 A B A I W B 7
LT, {FR B 458 v 1) 2 7K S SRR 4 U0 il Wl A 7 )
o B IR B AR JE K S B RS TH]

3) 5 H AN AR L S N SRR 4
SN B (8] 5 T ELAT B 34, 38 mT LA — e R
FEAR R A A Mk B, TR PR CaCl, V5 W R A 5

P HA BRI A v B, R e B IR G A R A
PERE, IHLAN, CaCl, R BEBOR , J 9 0 A HELHE B A He
FURE AN FL S AR, I P BB, T DAPRE 45
MRS R, fe B A7 T AL o K AT
o AR T —Fh A R & o BEKRAH
T2,
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Microwave Radiation Enhanced Hydrothermal Synthesis of o-hemihydrate
Gypsum from Phosphogypsum and Its Mechanism of Action

LIANG Qingxia' , CHEN Yutong', ZHENG Jierui', DU Weifan', SU Yudan', ZHOU Bingjie' , LI Xianbo'*”
(1. Mining College, Guizhou University, Guiyang 550025, China;
2. National & Local Joint Laboratory of Engineering for Effective Utilization of Regional Mineral Resources
from Karst Areas, Guiyang 550025, China;
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Abstract ;: Using traditional electric heating for preparation of a-hemihydrate gypsum (a-HH) from phos-
phogypsum (PG) takes a long time, and the addition of modifier will further prolong the reaction time
and reduce the production efficiency. This study proposed the rapid synthesis of a-HH by microwave ra-
diation heating, and the mechanism of microwave radiation enhanced synthesis of a-HH was clarified.
The results show that when the concentration of CaCl, is 2. 70 mol/L, the microwave heating can convert
PG into a-HH within 60 min, while the electric heating requires 180 min. Maleic acid can effectively reg-
ulate the crystal morphology of a-HH and obtain short columnar o-HH in 2. 47 mol/L CaCl, solution, but
adding too much maleic acid will inhibit the conversion of PG into a-HH and prolong the reaction time.
Compared with other heating methods, microwave radiation heating has significant advantages in shorten-
ing reaction time, and can also reduce the concentration of the reaction medium to a certain extent. The
reason is that both CaCl, solution and PG have a high dielectric constant, exhibiting a good absorption
performance for microwaves. In addition, the higher the CaCl, concentration, the greater the dielectric
constant, dielectric loss, and conductivity of the solution, and the better the microwave absorption prop-
erty, which can quickly heat the reaction slurry to promote the conversion of PG into a-HH. Therefore,
microwave radiation is an efficient and energy-saving heating method for synthesizing a-HH.

Key words; microwave radiation; phosphogypsum; rapid synthesis; a-hemihydrate gypsum; enhanced

mechanism



