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Model and Simulation for Multi-effect Evaporator in Bayer Process
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Abstract: As one of the most important sections in Bayer process, the multi-effect evaporation process has
more equipment and complex operation, and the evaporation process involves numerous variables, whose
coupled relations are complicated, which brings certain challenges to the field operation. Water evaporating
value and steam to water ratio (ratio of fresh steam to water evaporating value) are the important
assessment indicators of evaporation process, which values directly affect the operational cost. Especially
when the steam is insufficient, the evaporation effect directly affects the concentration of mother liquor,
even affects the entire production process and capacity, and ultimately affects the competitiveness of the
enterprise. In the real refinery, workers manage process parameters according to practice experience,
which sometime cannot achieve expected goal and even arise reverse effect, restricting evaporators
potential performance, and process parameters are not optimal. Based on material balance and energy
balance, the equivalent physical modules of countercurrent multi-effect evaporation process for alumina
production were modeled with the help of process simulation software, and the process parameters of the

multi-effect evaporation process for alumina production by Bayer process were analyzed. The influences of
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different process parameters on the evaporation water amount (steam consumption) were explored to

provide theoretical guidance for the actual operation of the evaporation process, which can achieve the

purpose of energy saving and emission reduction in alumina production, and help the green and low-carbon

sustainable development of alumina enterprises.

Key words: model and simulation; alumina; Bayer process; multi-effect evaporator; energy-saving and

emission reduction
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Fig. 2 Process flow for six-effect-four-flash and two-in-one-out

2 MMy ki

Wk 75k I R0 L B L R W ) 4G
R HERPE . A 2R AR B 2% o 23
o BRI B A AN BRIR BN . A T B A IS Y
PIVETT 5 - DU R M0 00 JEE O S e s 5 LA R S
20 K R ARG R BT L

LRIl R R g RS P SE WA

d:dgo"gXK (1)
dy -« =0. 5+ /0. 25+0. 00144 N-+-0. 0009A+0. 001865,
(2)

AP NLA TN A3 AR 0T Bk L 48Tk BR RN iR B
g (gfL) , EBF 0% AR A% LA Na, O 315 A [A] & BT 1Y
KEWFEI,

k1 KESERENIIEXR
Table 1 Corresponding relation between K value

and temperature
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Table 2 Components of sodium aluminate solution

/(g L")
zf;ﬁ Naz()k Alz(); Nag ()C
KK W 162 92. 1 26. 8
— R R 198 112.2 29.0
VU A H 224 128 31.8

AR 2 MWW T Iras R 5T AN E 0y v T
2 R BT B T BO 5 =M ALE 30~100 C
9% B TR B LA RN 40 5C R U345 3
BB HEAT LU AEE, 25 3R DL 1R 3, JHE e L4047 o E %
Aqueous Debye-Huckel F1E.SZ4H AR B+ B W AHIR &
W VR IR AR AR A ELA 30 1) R TR N VR P UL, &
5 5C R 20R 20 () THEAS B SR MR AR VA WU LR

DL 30 OC & A H 5 45 R O B T SR L0 B
45 S 0 AR I 22 e -

e=100% X | d,,—d. | |d. (3)

P dn F d 3 ) 3 708 55 TR BN ¥ R R 1Y) s L
Mz 5 2 A HAE (g/em?) .

A X i 22 43 B 245 5 AT 1L 78 A SRR . — R
T G TR Ak £ e KR X i 22 43 51 g 2. 1263, 49 %%
R 45906, AL A 7 B3 R B 2R, T I i
Aqueous Debye-Huckel FIEL 52 41 A6 4 3 508 AH TR
B W EE SRARFR TR ML A L AT I AR BT AT




+ 60 - A 04w GRIEER /) (http://ysyl. bgrimm. cn) 2024 4EHE 2 1)
1301 1350 ] "
@REIR (0B
134F o
.\.\.
1.28F :\l\. 133 \.\.
- . .
~ o\. '\.\. =13k \. —
& ~_ \.\ E \.
- 126 ~_ . C1f ~_
= ° f .\
i X 130+ o
i . :
‘]{ﬁ\é \. & \.
iz 1241 \ = 1.29F ~__
* * = 1.28 °\
(R B e R .
120 e AR AR 127 —e— ZEERAIEL
126
120730720 50 60 70 80 90 100 110 L5730 20 50 60 70 80 90 100 110
e 7/C
1.40 B » 2e 3
(o) PHIA Y RHA TR
138 ‘—___.__——.__——““‘~I——__.——~—I-———I
1.36

130 —w— gyroiamsss

—e— ZRKRNHULE
1.28 +
1.26 1 1 1

20 30 40 50

60 70 80 90

1 J
100 110
7/°C

B3 ABRMBARTETHESR

Fig. 3 Calculation results for density of sodium aluminate solution
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Fig. 4 Equivalent module for six-effect-four-flash and two-in-one-out evaporator system
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Fig. 5 Effects of operational pressure in flasher on efficiency of evaporator
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Fig. 6 Effects of operational pressure in evaporators on the efficiency of evaporator
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