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[Abstract] This paper investigates effective recovery processes for by—products generated during magnesium
oxide wet flue gas desulfurization (Mg—WEFGD) technology. Although Mg—WFGD is widely adopted due to its
high efficiency and resistance to scaling, the crystallization challenges of its primary by—products—magnesium
sulfite and magnesium sulfate—have hindered its broader application. Addressing this issue, we propose a
three—effect flash evaporation process that concentrates desulfurization by—products into magnesium sulfate
heptahydrate with minimal energy consumption. The process first concentrates the desulfurized magnesium
sulfate solution to approximately 30% concentration via a three—effect evaporation system, followed by cooling
and crystallization in a crystallization tank to produce magnesium sulfate heptahydrate crystals. This approach not
only resolves the crystallization difficulties but also demonstrates significant economic viability and practical
engineering feasibility, providing both theoretical foundation and technical support for efficient recovery of
Mg—WFEGD by—products.

[Key words] Magnesium oxide wet desulfurization, by—product recovery, triple—effect flash distillation,

magnesium sulfate heptahydrate

1. 5l YA, EARZ IR EAR LA AR, % AR

BEAFR RN H 0 H, U AR T ey WIORRESOURA R, A OE T BRIRSE, 36
VY TRy, SR S B R AR LA . AN S 4 ATRES IR G Y. TR, W9 A BT IR Rl = 0 (A 2L

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 73



Journal of Project Management

LIRS
HTEeN T A 1.062026 4
YEHA, W FS (SSN) @ 2737-4580(P) / 2737-4599(0)

[l T2, A TARRE R AR R W Fr gk R A EZEE L.

2. |UEREREITAREA

2.1 AR JE

FACTRRE e —Fh LU BRI MR B, R 2%
ALK 99. 9%, RV R AN D AR B AN PR AR K47
—EM LI TR A, BT R R, SR TS SO0, ik
AT, AR ASE RN, PR TR R B R R
FRAVEE, BRI R G0K — 20 0 ML BR PR B A AL R B R B
ZIERGRE A A, B KR 3L 5 I,
pH 5B ERAR & B v e S BRI R, R h A AL BE S 1
f, RN, A AER IO R R . RN AR ) =
2 5 BT s

(1) AR Y

MgO+H.0—Mg (OH) -

PRI AL B R 10 H 1247 Ak, B IR 85
CHALIN BN 2 AN/

(2) WRISCHE P I s

RAE RN A«

Mg (OH) ;+S0.+2H,0—~MgS0; * 3H,0 (2 M i JiF > 40°C)

Mg (OH) 2+S0,+5H,0—MgS0s » 6H:0 (Jz N J& <40°C)

Mg (OH) -+S0,—~MgS0:+H.0

MgS0:+S0:+H.0—Mg (HS0s) »

Mg (HSOs) o+ Mg (OH) -+10H.0—2MgS0; * 6H.0

Mg (HS0s) o+ Mg (OH) -+5H.0— 2MgS0s * 3H:0

2. 2 FACDRRIE IR P B AR B

(1D B s, BRGHRI A ZE, HLAE N R, 2
1 BB 2 AT LUA R IF#E I 99. 9%.

(2) WA, WSS = AR BT BERE v v b
PR EA R, AR A A R Y 1/6~1/3, 1 B
WO B v, KRR T AR

(3) RGEAGE T, Ao, BT EEER.

(4) SRR AR PR R R

(5) WEREI =B IR . R FHA, BAR
R RDANE, Rl — 847 2 .

2. 3 @ WAL EELR

UL BRI R IR B ) B AR TR B AR TR B, X P
W JTRAE K (A R v, HLBB AR T B T i AR o DRI,
PEMBR A B A A E AL FE T, AR R EE IR R B 7 5 T
IR, SR SR, Ak, B RE S e
HIZR BT, QR RN SIS, X U AR —
SPHAIN T S R .

RS BRREREE AR R GE 2R, LR~ (3
TR R BERBR IR B HIL5A R 10— R Refs 245 2
P HEE, BIFERZ RIS A E, BRI R A
RN SRR J5 A, IXAGE T BEURIR 2%, 6 AT e ER
B Aty € E” SO PN : A 1 S hE= R A X = L7kt Ve R Sy

T2, T SEBLEE YR A AR PR BRSSO LA J 2 S

3. EHERITMIREBERTZ

RS 5 (TR AR 4 R SE (AN 7)) IR AW
PRIRZ 30%/iA, B AE4h il A HI 4l i A KR IR B
/KA C/KBRIREE, BEJGRE NG, AT A, 5, 7E45 s
IR E 10°CT35°C, A -B/KBRBREE R MgSO+TH.0—
MgS0s = TH0(s) , Zoist [y 43 B 4 7 55 KR IR Bk i Ak, TR
S I FE v 23 5 TR AR P IR B 2k S ARG 28T, R
P RV T R AT B R K B A T A R A
W

K1 RS ZRBEEREAER LR (In3 JREHD

A i A T t/h
HAER MR ZA 0.91
SRR IR TZETR 0.4
RER-NERGE ¢ / 56

3.1 ZHERRS

223k IR 1 2R G015 B R v v B R R AR AN B
A, TEREN ARG, MR RFERANR, IR
FZREER RS, TR R A, AT R I RR R
R, SRS ReskcHEE A SE bR o

SRER RGN W R AVE N 1 RO AR AR,
VR 22 B 8 S B 78 SR £ K AR s I I T N
5, FIFISE 1200 B8 I I ZEVRAE N B8 2 s JA, i
WA R B =R R

S I RS RAAT BB R BERRE NS 1 2o s, W
ARk ZR 5 A P22 3 N AR N AR5 840 7E 2 2 A v SR R B
RER, F 1RGN ERPOERNE 2 WERRG. F 1
WMIER RGEAIE L 0. 05MPa, 95°C Zi A7 IR RN 7535

B2 BAEKRRGHRES 1 MAERRIRNAZE LI
W, WREHEE 1SRRG B AR A P s da ), 2R T
T R 1 200 B2 I R AR AR HENGE 2 R R AR
G GRSEIATOR IR I INZEVRAL . YR B e

W3 MERRGHRES 2 MHER RGN ZE R
W, WREHIEE 2 AR RG S B AR AL I AR, 2R T
TAAE R 2 200 B AR T R AR AR HENGE 3 R R AR
BRI ARG SEA TR A, NZER AL Y B L e

RREA KRGS AR, =R RS IR
B R EA RS

.2 mE MRS

F R 2K R 3R G0 SR 1A 45 TR R B R o i i N 5 iy
R LA, 78 10°C-35°C 41 T 45 ST H LK BR R Bt
) e SR WA T 8> SR GNP S ST BEI ANl - E o S IV B )
S 15 BRI K BRRREE i o R /K BRI R & 4 on T 20K A8
VEAAE AR I T P e N &5 RS B PR 28k 4 W 19 B 800 g
MK IR R G it P i, 4 R P = 2R R 2RV SR TG A
H.

74 Copyright (© This work is licensed under a Commons Attibution-Non Commercial 4.0 International License.



Journal of Project Management

LIRS
HTEeN T A 1.062026 4
YEHA, W FS (SSN) @ 2737-4580(P) / 2737-4599(0)

SYNTES AL L R 68 R -k BRI R T A T
IS o TEANWRSE o T g RS A3 b 5040 1) L P 15 ot il 3
X TR R ] 2- 4 AR I R S e [ .
S AT SR L BRI, T S -G KB R A S 1) o e A 3
e FHERNLER T A= Y MRk S R K228, 5%
A SCHRIE R 45 IR 10°C . XTI ks, K 2-4%
i TR R ST RS ORI, BRI R, BKER R
BRI BRI MAAK, HEW R RAAEEN ), R
Ehes K F1 M 2. Bbar,

3000

2500

. ™ —— LK G I
F=
22000 =
< ..
=
S R

u,
o 1500 ,\
[} \
< L
= 1000 |- "

Y,
S,
N,
\\
500
.
0 5 10 15 20 25 30 35 40 45
L5 AnEHRE (°C

23552 |- .
A UKGREAIE] A
2355.0 |- g
Y
23548 | A
< A
Dossas| Fa
z At
B 23544 uA
T s
o 2sa2 A
1] A
Lm0 A
A
23538 |- e
‘,A
23536 |, A”
23534 \ L \ . \ .
0.0 05 1.0 15 20 25 3.0

43R IE 7 (bar)
P2 4 s T ot 7 o i
4, EHINE
WEPATH H S50 R RIS ARBUR R (bR, ML, 6%
%) 200000Nm’/h; HHSIESE 130°C, HI4h SO ¥ & 1200mg/Nm',
BSRANPE S S0. R 35mg/ N, I S HULBIADRSFIE .
401 FABRIRIE R T 2R s (35D -

4.2 =R ARGER

T H S AL
AR RGN 5 m'/h
Ab BRI 1.5 m'/h
st K& 3.5 m'/h
SRR RG IR 2 t/h
4. 3 Eehdh RGuEN
TiH S L2
4 miE AP e 5 n’
TEW 53 B A b P e 5 m'/h
TEVE K 3.5 m'/h
FH /KGR B 3 t/h
Brm L2k 1400 m'/h
RGFV R 1.4 t/h

T H ZH | WAL
PN

FURSARRR (hrds, W3, 6%%0 200000 | Nm’/h

IR 130 C

WU SO. IR 1200 | mg/Nm’

A 5 S0, e 35 mg/Nm’
fi L T

W P B A2 5 mn

IKFEHE 9.09 | m’/h

SR BERERD (85%) 0.99 | t/h

A7 T BR B 1.63 | m'/h

5. &g

FABEE BB ARSERS 99. 9% L BB R RS
PEARRPE R B IR, Tk o R T 1 2 A B 7 2%
b Sk = L IR % 45 VR 3 BT R AL R0, A U4
SN R A R . Sl RN S RS
VA 2 SR ARG 30%, it A 5 T ARG R
Al LK BRI E ™, ST R I AT R Z T E R
REIRAE . TIRAEE RS, A AU B R AR 1
RS R AR T BRI AN B AR S

(8% 30Hf]

(118 &, B W& KM%, ERERAEREEAR
AR IR 7 R MRk i At 5% (0], L TR IF, 2025, 39 (8):
7-11+75.

()% &, Bimcal =4 o o F ek oy & LR A B 3R R 1L
REB AR ED]. A& T K%, 2023.

(B 2 M F ik, 2 3,4, + = pod 2 Mgl &= 4 T st
B4t LI R HAE A R [J]. AL Tk, 2023, 55 (2): 113-
118+148.

(ATt R, RAEEE & Mo th b 5 & B K #& % 07 1o A A
#5[D]. LAk, 2021.

(51 A M. 308 A4 oy S A8 & A &= R AL
FRBED]. b F A%, 2021.

—EEA R, 1984.7.26, B, LWHELFET, WK,
RE, ZETRIN, ¥4, ARFE: AERITTE, £E%
Horm o EE RO E %k, Tk, FTEIE, BAEA
BRELVE, HETEHH LWEZ SRt BB F et F .,

—fEfA-: EAF, B, 1987.10, Wik, WARFEEA,
KERF, TR, FFRTH: KATEEE, FAHKA,

Copyright © This work is licensed under a Commons Attibution-Non Commercial 4.0 International License. 75




