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An Intelligent Simulation of a Phosphoric Acid Plant
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For the identification of the optimal operating conditions of phosphoric acid plant, an intelligent
simulation was performed based on the dissolution reaction of phosphate rock. A phosphoric acid
plant consists of three main processes: ball-mill grinding process, rock reaction process and slurry
filteration process. The grinding and filteration processes are relatively simple processes and most
of the simulation works are on the reaction process. The practical operation data of phosphoric acid

plant at Namhae Chemical Corp. were utilized in the simulation. The operation of the phosphoric
acid plant is highly dependent on the heuristics of operators and so the expert system technology
was employed. The operation of phosphoric acid plant varies with the origin of phosphate rock.
Results of the simulation showed the optimal values of major process variables and optimal operating
conditions. The knowledgebase for the expert system was constructed based on the interview with
the experienced plant operators.
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H,SiFs —»SiF, + 2HF

Cay(PO,), + 3H,SiFs = 3CaSiFs + H,PO,
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Fe,0, + 2H,PO, = 2Fe* + 2P0 + 3H,0

ALO; + 2H,PO, — 2A* + 2PO% + 3H,0

Na,0 + H,SiFs = NaSiF, + H,0

K0 + HZSiF6 = KSiF, + HO
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(F 1) BI23HPAL 29 data

ltem Value
S 98 %
Slurry A8 25 % (by volume)
Slurry A5 s e 30 % (by wt.)
Gypsum®] B)Z 2.32 ton/m®
Filter caked] 4-E-3}3F 21 %
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A B

e Florida Jordan S.Africa China
PO 31.26 34.70 40.00 33.38
CaO 45.56 50.60 54,50 43.65
SO, 0.90 1.39 017 0.00
CO, 367 414 0.46 0.00
F 3.70 271 151 1.81
Fe, Oy 144 0.18 0.21 143
ALO, 1.26 0.17 0.04 1.36
Si0, 9.55 1.94 0.40 9.23
Na,O 0.22 0.73 0.11 0.32
K;O 0.15 0.15 0.03 0.15
MgO 0.37 0.20 0.58 0.32
cl 0.01 0.02 0.04 0.02
organ, 0.75 0.75 0.75 0.75
water 1.80 1.04 1.90 583
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DIGESTER OPERATION
FEED ROCK : Florida, 68BPL

BASIC DATA AND ASSUMPTIONS :
98percent(wt.)

Solid content of slurty : 25percent(vol,)
P205 conc. in lig. phase @ 30percent({wt.)
Gypsum density © 2.32ton/cu.m,

Water content of cake © 27percent{wr, )

t 72deg.C
SIMULATION RESULTS :

. steady-state

Feed sulfuric acid :

Slurry temperature

Feed materials
Phosphate rock = 35472 (ton rock/ton P205 produced)
Sulfuric acid = 0.8067 (ton acid/ton rock)
Filter = 14858 (cumfton rock)
Product :
Acid produced = 09397 (ton P205jton rock )
Gypsum cake = 14688 (tonjton rock;
Process flow :
Recycled acid = 1.6321 (cu.m/ton rock)
Return acid = 6,7403 (tonfton rock)

DIGESTER OPERATION : steady-stat
FEED ROCK : Jordan, 75.9BPL

BASIC DATA AND ASSUMPTIONS :
Feed sulfuric acid : 98percent(wt.)
Solid content of slurry @ 25percent(vol.)

P205 conc, in lig. phase : 30percent(wt,)

2.32tonfcu.m,

Water content of cake : 27percent(wt.)

72deg.C

SIMULATION RESULTS :

Feed materials :

Phosphate rock = 3.1941 (ton rockfton P205 produced)
Sulfuric acid = (.8960 (ton acid/ton rock)
Filter water = 1,6620 (cu.m/ton rock)

Gypsum density

Slurry temperature :

Product :
Acid produced = 1.0436 (ton P205/ton rock)
Gypsum cake = 15517 {tonfton rock)
Process flow :
Recycled acid = 1.7081 (cumjton rock)
Return acid = 7.1239 (ton/ton rock)

Water evap'd = (.3116 (tonjton rock)

FA7lE BEEZEC] SHHol Slold HuE JdE o
T BB EAVE $4T. ARY 18T TR

Water evapd 0.3463 (ton/ton rock)
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(B 6) A/A DAL Hot (B34 ol34A)

DIGESTER OPERATION
FEED ROCK : South Africa, 87.5BPL
BASIC DATA AND ASSUMPTIONS :

Feed sulfuric acid : 98percent(wt,)
. 25percent(vol.)
P205 conc, in liq. phase : 30percent(wt.)
. 2.32ton/cu,m,
. 27percent(wt,)
: 72deg.C
SIMULATION RESULTS :

. steady-state

Solid content of slurry

Gypsum density
Water content of cake
Slurry temperature

Feed materials :
Phosphate rock = 27529 (ton rock/ton P205 produced)
Sulfuric acid = 0.9666 (ton acid/ton rock)
Filter water = 1.8930 (cu.mjton rock)

Product :
Acid produced = 1.2109 (ton P205/ton rock)
Gypsum cake = 1.6616 (ton/ton rock)

Process flow
Recycled acid = 1.8011 (cu.m/ton rock)
76162 (ton/ton rock)

Return acid =

Woater evap'd = 0.3736 (ton/ton rock)

DIGESTER OPERATION : steady-state
FEED ROCK : China, 72.9BPL

BASIC DATA AND ASSUMPTIONS :
Feed sulfuric acid : 98percent(wt.)
Solid content of slurty : 25pcrcent(vol.)
P205 conc, in lig. phase : 30percent{wt,)
. 2.32ton/cu.m,
: 27percent(wt.)
: T2deg.C
SIMULATION RESULTS :

Feed materials :
Phosphate rock = 3.2886 (ton rockjton P205 produced)
Sulfuric acid = 0.7747 (ton acid/ton rock)
Filter water = 14313 (cu.m/ton rock)

Gypsum density
Water content of cake
Slurry temperature

Product :
Acid produced = 1.0136 (ton P205/ton rock)
Gypsum cake = 14165 (ton/ton rock)

Process flow ©

1.5421 (cu.m/ton rock)
Return acid = 6.3594 (tonjton rock)
Water evap'd = 0.2993 (ton/ton rock)

Recycled acid =
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Basic Class:

digester_operation._faults

‘—~—-{ lower_slurry._temp l
——-———{ abnormal_H2S04_content

————-—’——-I abnormal_P205_content

——-—-—-———{ abnormal_slurry_solid_content I

l lower_slurry.temp l

low.decomposition._ratio
low_recycle_slurry_temp
low_return_acid_temp
excess.exhaust.gas

abnormal.H2SO4_content

indicator.error
excess_H2S04.in_return_acid
excess_H2S04.in_recycle_slurry
rock_fineness._ fluctuation
feed_ratio.error
decreased_decomposition_ratio
inadequate. H2504. feed

1]

abnormal_P205_content

abnormal P205_in_return_acid
rock_feed..error

analysis_error
precut.section.choking
P205_dilution..with_seal_water

]

abnormal_slurry_solid..content

return..acid_rate_error

rockfeed_error
analysis_error
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Rule: digester—operation-—faults
IF lower—slurry—temp is true,

THEN digester—operation—faults is true,

Rule: 1
IF low—decomposition—ratio is true,
THEN lower—slutry—temp is true
AND lower—slurry—temp.cause is “decomposition ratio in
digester 1 is low”
AND lower—slurry—temp.cortection is “check the slurry

fluidity and rock fineness”

Rule 2:
IF low—recycle-—slurry—temp is true,

THEN lower—slurry—temp is true

AND lower—slurry—temp.cause is “the temperature of
. »
recycle slutry is low
AND lower-—slurry—temp.correction is “check the slurry

temperatute of digester 11”

Rule 3:

IF low—rteturn—acid—temp is true,

THEN lower-—slutry—temp is true
AND lower—slurry—temp.cause is “the temperature of

return acid is low”

AND lower—slurry—temp.correction is “supply steam to

return acid tank”

Rule 4:
IF excess—exhaust—gas is ttue,
THEN lower—slurty—temp is true
AND lower—slurry—temp.cause is “excessive exhaust gas
from digester 1"
AND lower—slurry—temp.correction is “adjust the open-

ing of damper”

Rule 5:
IF abnormal—H2SO4—content is true,

THEN digester—operation—faults is true

Rule 6:

IF indication—ertor is true,

THEN abnormal—H2804—content is true
AND abnormal—

cator” AND abnormal—H2S04—content cotrection is “check

H2SO4—content,cause is “error in indi-
each flow meter”

Rule 7:
IF excess—H2S04—in—return—acid is true,
THEN abnormal—H2SO4—content is true

AND abnormal—H2S04~—content.cause is “H2S04 con-
tent in return acid is too high”

AND  abnormal—H2SO4-—content.correction is “check
H2S04 content of hydration tank”
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Rule 8:
IF excess—H2504—in—recycle—slurry is true,
THEN abnormal—H2504~—content is true
AND abnormal—H2S04—content.cause is “H2SO4 con-
tent in recycle slurry is too high”
AND  abnormal—H2SO4—content.correction is “adjust

flow rate of recycle slurry”

Rule 9:
IF rock—fineness—fluctuation is true,
THEN abnormal—H2S04—content is true
AND abnormal-—H2S04—content cause is “there is fluctu-
ation in rock fineness”
AND  abnormal—H2S04—content correction is “analyse

ground rock and adjust mill operation time”

Rule 10:
IF feed—ratio—error is true,
THEN abnormal-—H2S04-—content is true
AND abnormal—H2SO4--content.cause is “error in rock
feed ratio”
AND abnormal—H2S04—content.correction is “correct

and repair rock weigher”

Rule 11:
IF decreased—decomposition—ratio is true,
THEN abnormal-—H2804—content is true

ratio in digester is decreasing”
AND  abnormal—H2504—content.correction is “check

condition of agitator and acid mixer”

Rule 12:
IF inadequate—H2504—feed is true,
THEN abnormal—H2S804—content is true

AND abnormal—-H2S04-~content.cause is “error in flow
rate of H2SO4 feed”

AND  abnormal—H2SO4—content correction is  “adjust
H2504 flow rate to digester 11"

Rule 13:
IF abnormal—P205—content is true,

THEN digester—operation—faults is true

Rule 14:
IF abnormal—P205—in—return—acid is true,
THEN abnormal—P205—content is true ‘
AND abnormal—P205—content.cause is “P205 content
in return acid is fluctuating”
AND abnotmal—P205—content.correction is “check den-

sity of return acid”

Rule 15:
IF rock—feed—error is true,
THEN abnormal-—P205——content is true
AND abnormal-—P205-—content.cause is “abnormal rock
feed rate”
AND abnormal—P205—content.correction is “check zero

point and calibrate rock weigher”

Rule 16:

IF analysis—error is true,

THEN abnormal—P205—content is true
AND abnormal—P205-—content,cause is “error in analysis
AND abnormal—P205—content.correction is “repeat an-

- ”
alysis of same sample

Rule 17:
IF precut—section—choking is true,
THEN abnormal—P205-—content is true
AND  abnormal-—P205—content.cause is “choking of
precut section in filter”
AND abnormal-—P205-—content.correction is “inspect the

scaling condition of filter”

Rule 18:
IF P205-—dilution—with—seal-—water is true,
THEN abnormal-—P205—content is true
AND abnormal—P205—content.cause is “dilution of



178 AB01Y B3 =

X H3F, XM1E, 1994.7

P205 content with seal water for pumps”
AND abnormal—P205—content.correction is “inspect seal

of pump”

Rule 19:
IF abnormal—slurry—solid—content is true,

THEN digester—operation—faults is true

Rule 20:
IF return—acid—rate—error is true,
THEN abnormal—slurry—solid—content is true
AND abnormal—slurry—solid—content.cause is “error of
flow rate of return acid”
AND  abnormal—slurry—solid—content.cortection is

“
check flow meter and correct”
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Rule 21:
IF rock—feed—error is true,
THEN abnormal—slurry—solid—content is true
AND abnormal—slurry—solid—content.cause is “etror of
flow rate of phosphate rock”
AND  abnormal-—slutty—solid—content.correction  is

“check zero point and calibrate rock weigher”

Rule 22:
IF analysis—error is true,
THEN abnormal—slurry—solid—content is true
AND abnormal—slurry—solid—content.cause is “error in
analysis”
AND abnormal—slurry—solid—content,correction is “re-

peat analysis of sample”
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