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Study on the process and environmental benefits of recycling magnesium oxide

desulfurization residue to prepare high-purity magnesium hydroxide

NING Bin, HAN Yu, YUAN Lin
(Guizhou Chemical Research Institute, Guiyang 550002, China)

Abstract: To address the challenge of resource utilization of magnesium-based desulfurization residue, a new
closed-loop process of “dissolution-purification-chemical precipitation” is developed. Using the desulfurization
residue as raw material, the process simultaneously produces high-purity magnesium hydroxide and high-whiteness
calcium sulfate through a calcium-ammonia two-step precipitation method. The process conditions for magnesium
hydroxide preparation are optimized through orthogonal experiments. Under the optimal conditions (temperature
of 60 °C, reaction time of 1.0 h, mass fraction of MgO, S, Ca® in purified magnesium nitrate solution are 3.5%,
0.03% and 0.05% ), flaky nano-structured magnesium hydroxide with a purity of =99.5% (yield =90% ) and
calcium sulfate with a whiteness of =98% can be obtained. This process achieves complete conversion of
by-products, establishing a circular model of “turning waste into treasure”. It not only thoroughly eliminates the
risk of solid waste pollution, but also provides significant carbon reduction benefits by substituting high
energy-intensive materials. This study presents a technically feasible, economical, and environmentally friendly
waste resource solution for flue gas purification systems, which holds important implications for promoting the
development of “zero-waste cities” and industrial carbon neutrality.

Key words: magnesium oxide desulfurization residue; resource utilization; high-purity magnesium hydroxide;

circular economy; environmental benefit assessment; carbon neutrality; industrial solid waste
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Table 1 Chemical composition of desulfurization

residue %

w(Mg0) 10(S0;) w(Ca0) w(ALOs) w(Fe0:) w(Si0,) w(HEk) w(HAth)

2747 5545  0.06 0.01 0.02 0.32 16.21 0.46
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Fig. 1 Process for resource utilization of magnesium oxide
desulfurization residue to prepare high-purity magnesium

hydroxide and high-whiteness calcium sulfate
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Table 2 Factors and levels of orthogonal experiment
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Table 3 Design and results of orthogonal experiment

(with yield and purity as the index)

JE2=) W w(MgO)/ w(Ca™)/ w(S)/ Jiﬂ Wex, ARt
«C % % % WHE/h % A%
1 50 2.85 005 003 10 852 983
250 3.50 005 007 15 861 97.5
350 4.65 005 012 20 857 96.3
4 50 2.85 0.10 007 20 872 985
5 50 3.50 010 012 10 861 96.8
6 50 4.65 010 003 15 863 98.4
750 2.85 158 012 15 883 97.1
8 50 3.50 158 003 20 864 978
9 50 4.65 158 007 10 859 965
10 60 2.85 005 003 15 911 99.5
11 60 3.50 005 007 20 915 99.6
12 60 4.65 005 012 10 913 97.3
13 60 2.85 010 012 1.0 908 97.2
14 60 3.50 010 003 20 915 99.5
15 60 4.65 010 007 15 906  99.1
16 60 2.85 158 007 1.0 915 98.3
17 60 3.50 158 012 15 909 972
18 60 4.65 158 003 20 91.0 991
19 70 2.85 005 003 20 912 995
20 70 3.50 005 007 10 914 992
21 70 4.65 005 012 15 916 972
2 70 2.85 010 012 15 915 97.1
23 70 3.50 010 003 10 915 99.6
2470 4.65 0.10 007 20 917  99.1
25 70 2.85 158 007 20 916 993
26 70 3.50 158 012 1.0 915 97.3
27 70 4.65 158 003 15 917 99.2

F4 EXKBREST (WERIER)

Table 4 Range analysis of orthogonal experiment

(yield index)

AGEEE,  BMgO it C(w(Ca™)/  Dw(S)  E(NL

C) IYEU%) %) %) ) /h)
50 2.85 0.05 0.03 1.0
60 3.50 0.10 0.07 1.5
70 4.65 1.58 0.12 2.0
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£ KU% K2A% K3%  WiZE(R)/% G WS
A 86.30  91.07 9150 5.20 A3(70 C)
B 89.60 89.73  89.53 0.20 B2(3.50%)
C 8950 89.67 89.37 0.30 €2(0.10%)
D 8990 8853 89.07 1.37 D1(0.03%)
E 8930 89.07 89.13 0.23 E1(1.0h)
R*5 EXXWREST (HEIEER)

Table S Range analysis of orthogonal experiment

(purity index)

% K% K2A% K3/%  #FE(R)/% Tt K-
A 97.50 9850  98.50 1.00 A2(60 °C)/
A3(70 °C)
B 9830 9830 98.00 0.30 B1(2.85%)/
B2(3.50%)
C 9830 98.10 97.90 0.40 €1(0.05%)
D 9890 9850 97.10 1.80 D1(0.03%)
E 9790 9780 98.60 0.80 E3(2.0h)
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Fig. 2 SEM image of high-purity magnesium hydroxide

prepared under optimal conditions

AT il 6 14 e B AL B BRS04
LEE 3, SRR do 2 4.3 pm, RS 45
(Span{E/N), 745w S LD BEEHIN T3 sl FIAH
PR o B BRI £ A M AR ) R AR AR
RIERIS], AR T3 HA D OB A g2

PERE .

d;=0.679 pm dy=0.968 pm d=1.365 pm d=1.852 pm
d5=4.276 pm dr5=7.421 pm d5=9.698 pm dy=12.320 pm
100 10
90 // 9
80 8
70 Ty
S 60 6 X
17 50 5 1
= 40 A 11— 4 K
Bk 30 It ( 3 &
20 | E’ 2
10 Bt A L I 1
0 et AR ERA 0
0.01 0.1 1 10 100 1000
AR um

B3 RS T H &6 & %L A AR TS
Fig. 3 Particle size distribution of high-purity magnesium

hydroxide prepared under optimal conditions

3 WERmSEGERASN

AT B EIEA T A e el i, A
D EHAETIELIE G, A ENEE R
11, FRGE IR IR 5T



2026 4 .
%41 5% 31 T

RAF ASCBE AL IR & 2l S A A BRI SR B g AT <17

31 HBEIRmAG: BEAALFEMG

(1) T R P HEAE PR B AR, ARG b
BB, (AAEBUERIE Y T AR IR . A%
TS T WA AR A, kG T AR A
i AESBIRFNETETS Y, GG

(2) LIRS TZ2ZA8%Iih
EIEZ - N 7 Ive % i Dk a s B 0K A BT
s EAERGENIEI; A7 KA B 435 )
M, SCBERSME; MRS E e A Rk
PRIFL b g, BARBREKB T I5YeEhl” m
“WIRAEIR” HITE AR
32 FABRBEAAZ: TRT L5 B

SR FHAE A R PEAN 1 AR R X EL AT, RE
TR LI RZS ¥y - IS 0 Y W NP S ST E o0
WY : B — (AT, Wik — & ol a A
R+ FERIRES . 84— (B8ikte), OmisR
I QMEEEED T RIBE T s A AL GM
KRG B TR T S B RRES
321 BRUEIEAERT I

BT (Q+B) FFERKEIRATFHAERZE
BERFIAEET, THAR )RR, IR X A S ISR
WA . AR T2 (BAE—) WL T # 0 i
Bh, RIEAREIEAED R, SRR WAL
T FRHTIEBE Ly, YT T
50%HIZEET 0.5 tRIR IR EH 0.6 1,
322 fRAEMLXTEL

WOBHEEAR T2 W &5 PR B st
Bk ELHRCRIBRINHE . (Rt LI R 5kt A
AAMLEE 1y, TEZ L2800 °CHY B be
(MgCO; —> MgO + CO,), Uit Fe o HEER R i
TSR, JHEFEREILAIRE. AT ZHERRE
60 C T AT, SE4lt TR Bpe iy, Hikmk
HOLT A% . RgtEmiHE: w5, #e T haR
AT RE A e GRIBEAUR) o2
i HWR, sl R AR A S R N
TR RS, LA M AR B L
YRR A, IR R KR B R HEORT
PRUEER s BE, RIS A R A
IKVAE =R B RIRAE , WRBI D /KTE Tolk A5 43
RHER . PIAGE R, RAA T E84EE
B, MHBETASE %, AT 2.5~3.0 1) Z5A
et R AT —ANEAR I 10 J7 ¢ AR 19 T
I, AEBRISHRE RIS, BoA B AR
HRI TR

33 ZBH-ABW R AT

FEF B I, AR LA 1, AT
A S A EE (TS IN2)6 0007T/) £90.35t
Al FUEGRRES (M 298000/t 0.55 to bk
AR, fERE. AT RITIHE A, W)
AliE1 600 ~ 170070, HAKA-AEE AT
AF WENA20~5070h) ML, Z5ziEE.

WEENE, XA T fEMR R RS
it B BIME S R R, RBEESE AT
IR, AN s AR IR AL
A Fm CFnasRGERNE, BT HIRIK
SR, BRI A RN ). X R
Ur SR IE PRI, izt AR BE AT 5 380
FANFIHET () R
4 HZitERE
4.1 HrRL®

A MK T — 2 LR A BEMR S BB Ry
JEURE, il % e i i S SR A B R 1 1 B RS Y
TILER T2, IR LT Z5e.

(1) #ARMIME: A “HBRESUTIE PR —
FUKTTTEIREE" ML TG A%, it
VL UE | TR B A% ] S oy 55 O A R s i
et ta i Tl 45 4B B =99.5% . T 55 A0 f =5 i
Yk R REEALEE JREZ 50 nm, FEARGUERAHR
WEZE2~5um, doZ943 pm), YUKHE=
98% . ZHFE =99% ML RS, BORTEVRH L =
v o FHEEK

(2) SHOREM: . I35 R 22 i B,
NI B S S S AL BRI e PE R (P22
R=5.20), 7TE70 °C Y%A RN Z5F T AT 345 e i
B (590%) 5 SARI S BRI T Al Y R R 2
(M2 R=1.80), w(S) F#=HITE0.05%LLF ; Mg ¥
AV I S I S TR RE  w (M) B
FEVE IR R 3.0% ~ 4.0% (Feffiff3.5%); w(Ca’) T
FEHIE0.1% LR, JMWEFHEILA1.0 N FikSE
W T2 T SEAA R

(3) HLEAIBERLRS . X T 58 T BRI )
st mEARRIA, BIRARER T HMEAEA R ER
Be R, HadBE . HASIEIR (FEKIME) .
WA TEIAE, Z TSl RERE . Mk
HERL LG Wi 1T i 4k, SC & i BE 615 20 Fn
AR AR EHE B A B I CHE VS T 368 CO,2.5~
3.0t, EMAIRRRE A

(4) BENDT T TEBABERT 5



0180

&7 2B% 558 AL

2026
%4145 340

W A ST E R, B TR A2 5]
e (A R 1600 ~ 17000 ), SEIR T FREE R
P HET R, B R KA T M
FEr AL ET

42 EAE5HEI

AT R A AR R (AL . (AL P U
FIFERAE T — AR AT . RS ALF . ST AR
SERRAR YL I, X HES TSR @ EE R A “ 0K I
7 AR EA B S (BB BRRIEE Tl fb
i, BT ELL T i Rt — TR,

(1) THEBORS RGEN: AKTFLEIF T
iR A TR, R AR A
WL, eI, U8, TS TR, ik
B IMER TS A Sh bl

(2) ZRRETR S =2 eiiss . iR
AR i P i E A4S (W As, Pb, Cd) &
K& (WCl, F) EA T L8 T L AR
275, BRERETAE YIRS X e 4 R,
AR LA AL RN B R S S TR A, T & BHAR
L RBEFAL L SO R s R R U,
AT

(3) BORER SARER . SN EZRZ I
X R EEA TR AR AT SRR AR
HARBEZ, @y . gefEhr. Bt Eg
R T E MLl R, S5 el e LA Tl [ %
S TR P ) SRR L BRIRES S i 1 R R A T
AR, HETT, SlSakaigt.

(4) XIBIEALTR I E: Sl KB
Bl TAlb R XN, sy AL B — i it 7%
PEAL—b T f A = — Nl 7 — M fe =l &
T, MBI “Bi-BE-55" PR,
KA & HEILAE S 5400

ZE P RTR, ARWFFREAERE T — I ELA Y [
TIREEAR, R T Rl AR ia BLE 10l
HIsRIG IR ) B ak e R i . Bk E B

Tl PR BRI S R e s i TR R
NP BRI R SR RT3

[ &% 3k ]

(1] BB, Sk, B RS Yl TR IM 4 b st &
SFHCE L, 2021

(2]  Fw AR RS AAE I RS YR B P 932 404
(0] BT IRLE A A, 2025,43(10) : 217-219.
WANG F.Analysis of the Application of Flue Gas Desulfurization
and Denitrification Technology in Air Pollution Control in
Thermal Power Plants [J]. China Resources Comprehensive
Utilization,2025,43(10) : 217-219.

(3] AUBMASEIRSBEBRBER — RAHARIR [J ] R T 5T,
2025(3):158-160.
LI J. Discussion on integrated technology of desulphurization and
denitrification of coal-fired flue gas[]]. Modern Chemicals
Research, 2025(3): 158-160.

(4] SRWEAR, &2 AR PRBE B0 UBLAR ™ 4 MegSOs AP [ 1 1.2
WF5E L] IRBERL A, 2011, 36(12) :93-97.
ZHANG X W, LU J. Study of pyrolysis and recycling of MgSO;in
FGD process by magnesia [J]. Environmental Science and
Management,, 2011,36(12):93-97.

[5]1 ZJF, EEI IRER S5 QUL BN & T2 KBt ot ()] 4
Rl 516 T.,2019,48(7) : 3-6.
WU D, WANG Y Q, LUO B ], et al. Preparation technology and
research progress of magnesium hydroxide J|. Journal of Salt
Science and Chemical Industry, 2019,48(7) :3-6.

[6] RHIW, M 5EoC, XIL0HME, S5 B R BE ] 5 = sl R AL B T 24
A7 )] BB ENE, 2016,31(3) : 13-15.
ZHU M M, ZHOU G Y, LIU H M, et al. Study on technology of
high purity magnesium hydroxide preparation with magnesium
sulfate [J]. Phosphate & Compound Fertilizer, 2016, 31 (3) :
13-15.

(7] WEEZ . EHED0E I 35 A SV B i S g 5 [0 . 25404k
1.,2012,41(11):1182-1184.
YANG G Z. Experimental investigation into preparation of
ultrafine magnesium hydroxide by using direct precipitation
method [J]. Contemporary Chemical Industry, 2012, 41 (11) :
1182-1184.

[8] SMITH J, BROWN K. Life cycle assessment of industrial solid
waste valorization pathways: A comparative study[J]. Resources,

Conservation and Recycling, 2020, 158:104789.



