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ABSTRACT. A domestic phosphogypsum was calcined in a batch type fluidized bed reactor at
various reaction temperatures ranging 90~180°C without and with an alkaline additive amounting
up to 5 % of gypsum, and physical properties of the resultant products were compared following
their characterization by X-ray diffraction pattern and DTA.

It has been found that dehydration reactions were uniformly carried out in the fluidized bed
reactor and only hemihydrate was obtained at 90°C whereas at higher temperatures dehydration
reaction progressed further. When gypsum was charged to the reactor preheated at over 140°C,
a considerable degree of dehydration occurred before the reactant reached the initially set reactor
temperature and in particular, at over 160°C most of dehydration reaction was performed prior
to the preset reactor temperature. However, it has been found that gypsum mostly transforms into
hemihydrate around the reactant temperature of 140 °C while transformation into anhydrite mostly
occurs around 160°C. When calcium hydroxide was added to gypsum in the reactor, the
optimum physical properties of the calcined product were obtained at the weight ratio of Ca(OH,)
/P,05=3. 2.
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=

CaS04-2H,0 —> CaSO4-3H,0+ 3 H,0
FA 7 15.7%
CaS0,-1H,0 —> CaSO0,(soluble) ++H,0
A 7E:6.2%

CaS0;- (sol) —> CaSO, (insoluble)
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Fig. 1. Fluidized bed reactor. 1, Compressed air;
2, Regulator 3, Rotameter; 4, Manometer; 5, Air
preheater; 6, Transformer; 7, Distributor; 8, Temp.
controller; 9, Power; 10, Reactor; 11, Temp. re-
corder; 12, Heating jacket; 13, Thermocouple; 14,
Fiilter bag; 15, Air outlet.
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Table1. Results of chemical analysis of JIN HAE phosphogypsum (9%).
Crystal water | CaO SO; 0, | s Fo| a Fe0s
19.6 t 30.7 41.2 3.00 1.81 0.43 (.33 0.084
Soluble PyOs Total P05 H,SO, Soluble NagO [Soluble Al;O3 Organics Purity
0.38 0.75 0.3 | 0073 0.16 o1 | 86 |
Table 2. Particle size distribution of JIN HAE phosphogypsum (%).
Mesh Batch 1 ‘ Batch 2 Batch 3 1 Average
+130 1.6 0.2 0.5 0.8
—130~+150 3.2 3.0 3.0 3.1
—150~ 4200 13.9 14.8 9.5 12.7
—200~+250 28.1 25.4 17.5 23.7
—250~+270 41.1 35.7 3.07 37.9
—270~+300 9.0 7.5 24.7 13.7
—300 3.1 13.5 7.8 81
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Fig. 2. Weight loss vs. time curves at various tem-
peratures in a fluidized-bed reactor. A, 90°C; A,
105°C; O, 120°C; @, 140°C; [J, 160°C; W,
180 °C.
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Fig. 3. X-Ray diffraction patterns of gypsum (a) and
hemihydrates obtained at various temperatures (b, 90
°C; ¢, 120°C; d, 140°C; e, 160°C).
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Fig. 4. DTA curves of gypsum (a) and calcined
products of weight loss of 13.3%(b); 16.1 % (c);
17.3 % (d); 20.4 % (e).
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Fig. 5. Curves of reactor temperature and weight
loss vs. reaction time. A; sample charging point.
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Table 3. Phyical properties depending on weight loss/ (initial set temp. : 160 °C).

Weight loss (%) Mi"i‘(‘g@‘”ate’ Cosl?rléflzstsﬁon Bulk density Coaglflatm thme (mm.: =)
(kg/cm?) Initial Final

13.3 66 23 1.08 3:00 5:30
15.0 67 43 1.09 4:00 8:30
15.9 69 48 1.07 3:40 6:45
17.3 71 73 1.07 5:15 11:00
19.9 74 87 1.13 8:30 12:00
20. 4 74 92 1.10 9:45 12:15

Table 4. Compression strength depending on particle size (initial set temp.: 160 ®C).

Partic] N Mixing water 70 % Mixing water 75 %

; .

article size (mesh) Comﬁ. streng. Difference Comp. streng. Difference
(kg/cm?) (Kg/cm?)

Original 95 — 92 —
—100~+230 102 +7 96 +4
—230~+325 88 —7 70 —22

—325 29 +4 89 -3

Gapol @ FAne gEAn Brgel 4 2 Amdd ageh Q4dndE A9 448
o Ry GEFeat Skl e SdE ARAET 12F ¢ 9t dros
ol gt FRARI WEAZEG SAAG] v EE, T4 5o] £AsET dad Lo+
24 27 48] ASEmolde] FUA7 F e Fo USAL B8 Fe AFE 44
AZAAA $olfhn FAYA AAZE FF F o

FEZL 2 e md A 2e) £ XAl 2 P,05+3Ca(OH), —> Caz (PO;) 5+ 3H,0
Axdoz A9 9% A=Y 9199 Uz v

lrAwt EAE AEA® deans = Na;O+SiO, + 3CaFy+ 3H,0

7} dolAE Aoz A,

Zow QA9 77t ¢ERE HAE o
T2 zAFs| Ykl 160°Coll A A &
BEH e 100, 230, 325mesh 2 AE H

Si0;+Ca{OH) ; —> CaSiO;+H0
H,50,4+Ca(OH); —> CaSO,+2H,0

o
gh

i
0,

XX 5 AEso] Faskdeds sAes 4
A% AYPe AHFE Tabledo] debiior] oy 27 A=EpH FH o2 HBo] shestni A
25 75% —230 mesh~+ 325 mesh A] g.1}¢] Al Azl oA A7 A FHaiE
ey g FEAEE RA¥ veAs Ez d 92 34 F4¢ 282 A Fig. 65 2
2 ol & ursqu] Gomz QA 27t §F

Arole & 9FE F4 &t A2 A4 Ay Az 94 FS Fasgae] A4 3

solRIete] THEET B4, QA ¥ 28459 pH e saeEst Eolile] we
sz g@se] 9t A A4 w $4 S Adel FHes 2 ofRt FALE
A Ane] ek A4S el o drld £ zAgel £xsb Eobdl wel o4 s
AnAed 2 dBUE el 282 4 AAA Fasdae] B g0l £44 2 S
o ga Awe] TAd AL TS ARAL L4 AR 23 THREF WS ¥g
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Fig. 6. Titration curves of phosphogypsum calcined
at various temperatures. @, gypsum; A, 120°C; O,
140°C; A, 160°C; [, 200°C.

o

€4 Zed s 45 AEolst 44 +
Z olHE FHE FJA£LE 140°C o] A A=
9 F35e] saex 200°C e 759
ol & vehllA gokrh. wEbA A4 FA
8]l &3 bzl A A R
Aukg9 A 3txLx9l 140°C 1Y =2 160
°Col A Ca(OH,/P0s FAW & W3lAA 7
A A Fom ol F A EY pH #ES

v

r° ru
By 3

Table 5. pH values of calcined products.

. pH values of pH values of
8V(toﬁz)1t1/op cg_ products reacted | products reacted
a Y2255 | in oven in fluidized bed
0 3.0 3.0
0.8 7.0 5.0
1.6 11.2 10.3

Table 6. Physical properties depending on Ca(OH), addition (initial set temp. : 160 °C).
Quantity of Wt. ratio of | Mixing water | Comp. strength : pH Coagulation time (min : sec)
Ca(OH)z (%) | Ca(OH)2/P;05 (%) (kg/cm?) Initial Final
0 0 74 92 30 5:10 9:45
0.6 0.8 74 98 5.0 5:50 12:15
1.2 1.6 77 68 10.3 6:40 12:50
2.4 3.2 76 118 ‘ 12.3 7:40 11:45
5.0 6.8 79 109 1 12.5 5:55 8:50

Table 5] 4 A2 v sk Azt T3l A2
53 WhszoA 22 a4 EY pH 2
o A gk
ol2f gt A= F53 Szl A ;A Hdol
o7\ A ] AAbE}e] X
3 APgsoz o gL o
shdgol Au =] ) Fo el e Ao
A4 vk FaddE A B4
A& &35 Table6 ol B ule} 2o},
Aud oz CaO-PO-H;0 Al A= AEFH
ZA A & Ca(HyPO.),-H,O, CaHPO,-2H,0,
Cayo(POy) ¢ (OH) 2 (hydroxyapatite) 7} &4} 715
3 Ca(OH)2/P,05 FA B 7} 1.0~1.5 ¥ o]
A& CaHPO4-2H;0 Y} hydroxyapatite 2 A
HeE Aoz 48 okt A4 g F438
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