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BEARMEaYI WS AT 2UL = (raw
meal) o} 22 HEY FUE=z GEe] 4AE
A7t 4 G4 AxE 2P £ ol2Y
Qe 71822 TFHY 4239 HENA re-
duction , de‘composition , sulfurization , clinker-

ing o HAE A ek

reduction
CaS04 +2C —> CaS + 2C0;, AH=+390Kcal
(700°C) .
........ (1)
decomposition

CaS +3CaS0O4 —> 4Ca0+450,, AH =

(1}&12) +251.1 keal -+ (2)
2CaS04 +C — 2Ca0+00,+2S0, - (3)
sulfur formation
3CaS +CaS0, —> 4Ca0 +2S, «weemreeeer (4)

clinker formation

12Ca0 + 2Si0; +2 Al ;03 +Fe ;03 —> 3°CaO

$i0, + 2Ca0 -Si0; +3Ca0-Al,0, + L2000

4Ca0-Al;0; -Feq 05,

AH=—27.7 Keal sreereeeeeeeees (5)
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compound mill

{28 = 1) basic cement/sulphuric acid process (Miller-Kithne process)



Effect of Phosphogypsum on Compressive Strength of Portland Cement

(R—1>
Feed to process Phosphogypsum Phosphogypsum Anhydrite

P20s in clinker, % 2 1 0

F 0.10-0.15 0.10-0.15 0

Compressive strength, kg/cm2 :

after 1 day 70 100 120
after 3 days 190 200 220
after 7 days 250 320 320
after 28 days 420 450 400
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Chemical Composition of Different Phosphogypsum from Phosphoric Acid Production

(HR~2
Wet Process Florida Rock

Chemical Morocco Kola Florida Nissan Hemi-Dihy Wet Process
Composition Rock Rock Rock Process
CaO % 31.0 31.5 31.0 31.76 31.6
SO3 % 44.0 44.2 45.0 44.9 44.7
Comb. Water % 20.0 19.5 20.0 19.53 19.7
5i02 % 1.3 11 2.4 3.57 2.1
F % 2.0 2.0 0.73 0.56 0.83
P205 % 0.7 1.6 0.52 0.46 0.78
Naz20 % 1.2 1.0 .12 0.30 0.35
K20 % 0.16 0.09
Al203% 0.06 0.07 0.12 0.04 0.04
Fe203 % 0.02 0.03 0.02 0.01 0.01
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Analyses of Raw Meal and Clinker

in OSW-Krupp Process
(&—-3> (wt-%)
Raw meal Clinker
SiO2 9.33 19.35
Al203 2.8 5.81
Fe203 0.93 1.94
CaO 30.45 63.19
MgO 0.32 0.66
SO3 42.86 2.00
F 0.15 0.30
P,0s5 0.50 1.00
C 4,50 0
H20 5.26 0
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(2% —4 > OSW-Krupp process (conventional contact acid section)
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OSW+ Krupp Lol 4] SO,z 38 S0, A
EERER = 995 %ol =gzt 842 50
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OSW-Krupp Process: Raw Materials and
Utilities Consumption
{#~— 4 > (per 1 tonne monohydrate/1 tonne clinker)

Raw materials

Phosphogypsum (dried) 2.05 tonnes
Clay 0.07 tonne
Sand 0.07 tonne
Coke 0.10 tonne
Gypsum (additive for clinker) 0.04 tonne
Utilities

Cooling water (25°0) 80m>

Electric power 230 kWh

Fuel 2.8 x 10° kcal

1. ZEUEANE

DIN Standard 1164 ¢} Austrian Standard B
3310 % ut 4)7).

2. & At
H,S0, : 98 %

SG, : 0.01 %
Fe : 0.0035 %
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Total Investment Cost of a Plant of 500 t.p.d.

CE— 5 Capacity Sulfuric Acid/Portland Cement each.

(Basis : West Europe, 1976)

Licence fee, engineering,

equipment(battery limits): 70.5% US$35.25 million
Building and foundations  15.0% US$ 7.50 million
Erection 13.0% US$ 6.50 million

Start-up 1.5% US$ 0.75 million

100.0% US$50.00 million

Plants built to produce sulfuric acid and Portland cement in equal amounts

from calcium sulfate.

(&—6
Location Year Feed Capacity,
ton/day
Leverkusen, Ger. 1916 Gyp./Anh. 40
Wolfen, Ger. 1938 Anhydrite 400
Billingham, UK. 1929 Anhydrite 500
Widnes, UK. 1955 Anhydrite 580
Whitehaven, UK. 1955 Anhydrite 1075
Miramas, Fr1. 1937 Gypsum 70
St. Chamas, Fr. - = - - - -
*Linz, Austria 1 1969 Phos. gypsum 230
*Phalaborwa, S. Af. 1972 Phos. gypsum 350
Coswig, E. Ger. 1970 -——— 850
Wizow, Poland 1952 _——— 520
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