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Properties and Microstructure of Fiberboard Prepared from CO; and Magnesium Slag

LIU Songhui, ZHANG Cheng, GUAN Xuemao
(School of Materials Science and Engineering, Henan Polytechnic University, Jiaozuo 454003, Henan, China)

Abstract: Magnesium slag is a solid waste from the refining process of magnesium metal, facing problems such as low activity and
poor volumetric stability. In this study, a CO, sequestration fiberboard (CFB) was prepared with magnesium slag and pulp fiber as the
raw materials, and the effects of autoclaving curing, carbonation curing and carbonation-autoclaving sequential curing on the
properties of CFB and the interfacial microstructure between magnesium slag and pulp fibers were systematically investigated. The
results show that the CFB after only autoclaving curing had poor volumetric stability and flexural strength of 4.5 MPa. While the
flexural strength and CO, uptake of CFB reached 17.3 MPa and 14.4% respectively after 8 hours of carbonation curing. Moreover, the
flexural strength of CFB can be further increased to 20.2 MPa by carbonation-autoclaving sequential curing. The microstructure and
nanoindentation results show that calcium carbonate crystals, including aragonite and calcite, together with C—S—H filled the pores
and enhanced the interfacial micromechanical properties between the pulp fiber and the hardened paste, which is the main reason for
the high flexural strength of CFB after carbonation-autoclave curing.

Keywords: magnesium slag; fiberboard; carbon dioxide sequestration; calcium carbonate; nanoindentation
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Table 1 Chemical composition of magnesium slag

Oxide CaO SiO, MgO

A1203 Fe203 SO3 NaZO Kzo LOI

wW/% 50.98 29.88 11.27

1.06 3.52 1.38 0.49 0.23 1.19

w—DMass fraction.
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(a) XRD pattern

(b) Quantitative analysis results

K1 BRHEET XRD i
Fig. 1 XRD pattern of Magnesium slag

Kl2 B TG-DTG ik
Fig.2 TG-DTG of Magnesium slag

B3 BRI 2 A

Fig. 3 Particle size distribution of Magnesium slag

F2 RRALEBIEXRSH
Table 2 Relevant parameters of pulp fiber

Fiber length/mm Roughness/(mg-m™)

Number of fibers/(N-mg™") Viscosity/(cm’-g™")

2.26 0.250

3480 860

FEN, XINE T IEROKHE . EE R E
F RN 160 mmx130 mm AR, F7E 10 MPa
(5 AR A, 193] CFB A . LRk B 4
GRS, TTH Tz, BEBR, KIEF4ER T
TP Ay 8~12 W27, PRI, ACHF 9Tk £ 110 3%
PR 8 he FEASZIGH, 4r NZEEFRY(HS). Bk
EFEH(CL. C4. C8)LL J b —25 7297 (C1HT
C4H4. C8HS)3 ZH5:%:, CFB MIFRI I ILE 3.
BT T 5 2T AR A A T 2 A R K LS
OKE RN 1:10), HEE AR N E S,
FHEZERRMNENZESHE, EFERNTE
COL(MRFEA 99.9% )i ik 93 e 17 N B fb [ B 387

FE¥EH M CO, /1N 0.2 MPa. SRJEHA
R BRALES 18] f5 1) CFB % N 78 IR B R AT 2R R 7297,
IRE N 180 °C, JE /14 1.1 MPa.

%3 CFBHIFIPHIE
Table 3 Curing regime of CFB CO, sequestration fiberboard

Sample No. Carbonation time/h ~ Autoclaving curing time/h
HS8 0 8
Cl 1 0
C4 4 0
Cc8 8 0
C1H7 1 7
C4H4 4 4
C8H8 8 8
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K4 CFBEAfl &I RE: (ARREFLEHL (DI, (F WK, (DEFIRE, (@B, OTH, (@FLFRY, kit

IR (DIRH—ZRE TR

Fig. 4 Detailed steps for the preparation of CFB, (a) Fibrous pulp, (b) Slurry making stage, (c) Vacuum dewatering stage, (d)
Compression molding stage, (¢) Demolding stage, (f) Drying stage, (g) Autoclaving curing, (h) Carbonation curing, (i)

Carbonation-autoclaving sequential curing
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K5 AFEFRPHIET CFB [ iromE
Fig. 5 Flexural strength of CFB after different curing regimes

6 AFEFRIHIEE T CFB ¥ #2248

Fig. 6 Load-displacement curves of CFB after different

curing regimes
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1P 7b BT, A HS FIFRME RN 1.32 glem’s
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1.76~1.81 g/em’ 2 ], RAIRKFLE FHIMEh. B
W27 95 CFB KR M % LS A PRA%, (HlREE

(a) Water absorption

TRMG. BeZFEAh C8 S C8HS8 [MFRM % FE 4EHF(E
1.81 g/lem’® BT, AN LTS IRERRESH™Y, CFB
BAOKZALHNSA, (HEHEE S WE, BT
LI -

(b) Apparent density

K7 REZEPHIET CFB HTR K 3 AR W % R
Fig. 7 Water absorption and apparent density of CFB after different curing regimes
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Fig. 8 CO, uptake of CFB after different carbonation time
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Bt M A AE T LU AE TR : — 5T

K9 AFIFRPHIE T CFB ) XRD
Fig. 9 XRD pattern of CFB after different curing regimes
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(b) DTG curves

Kl 10 ARFFRYHIE T CFB 1) TG-DTG ik
Fig. 10 TG-DTG curves of CFB after different curing regimes
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(a) Sample H8 (b) Sample H8 (c) Sample C1H7
(d) Sample C4H4 (e) Sample C8 (f) Sample C8HS8
(g) EDS spectrum of point A in Fig.11(b) (h) EDS spectrum of point B in Fig.11(e) (i) EDS spectrum of point C in Fig.11(f)

Bl 11 AFEZRHIE T CFB (¥ SEM I )7 Rl EDS fgi
Fig. 11 SEM images EDS spectrum of CFB after different curing regimes

(a) Cumulative intrusion (b) Lg differential intrusion

K12 CFB A TR Ja L4

Fig. 12 Pore structure of CFB after different curing regimes
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(a) Elastic modulus distribution of sample H8
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(b) Average elasticity modulus of sample H8
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Fig. 13 Elastic modulus distribution and average elasticity modulus of sample HS
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Fig. 14 Elastic modulus distribution and average elasticity modulus of sample C1H7

(a) Elastic modulus distribution of sample C8H8

(b) Average elasticity modulus of sample C8HS8
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Fig. 15 Elastic modulus distribution and average elasticity modulus of sample C8HS

F4 FETEXFERTEHREERS
Table 4 Average elastic modulus of the ITZ and the paste matrix

Sample No. Average elasticity modulus of ITZ/GPa Average elasticity modulus of paste matrix/GPa Width of ITZ/um
H8 20.07+7.50 21.48+10.9 55
C1H7 22.61+9.40 31.25+13.9 35
C8H8 31.04+14.0 32.20+14.2 15

2.9 FIPFIEX CFB MHEERI S NI

ST WIARALE S S Gl 4 A A G oK IR S T 1
4R, ¥ CFB fEAN[FFR I B H (iR AL A fa L
W 16 fros: 1) Z&EFR9: BEEH &ML
MR AN, A 2 ) C-S-H IR X
UKL R LB 2 T8 s B T MgO K Ak A R
Mg(OH),, AREIKE 148%, FBEHEILI A A HE
AIRZRL, MBUARRR L E VRN R, RN 45 I
C-S-H 54K 4El (4 E 2, 643 CFB 1)

FYERREL A 2) BRULFRY: BRE T EEBENNY)
B R & A R SE P, B TR R, AT
R (PR PR S ot R D — S AR B I I R A ALBR
CFB HAA (IR 7K 26 KM B R B, b AL =4 5 4%
WA YR AR, 13 CFB B &1L Rt
AEs 3) R-ZEFRY: TEBACEEZER CFB
AT 4% o R BE (V3R , 7 Jig 42 28 IR 774 o R AR /K AL
R, Ja B KA = P B 3t — D S 7R FLIR, AT 3
5% CFB 1 /122 RE .
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Fig. 16 Hardening process and mechanism of CFB under different curing regimes

2.10 BRBHES R

PL—HR<F N 2 400 mmx1 220 mm. JEE N
10 mm [ CFB fffk 22 FHAEVEAL, R S 1HHE T H
THEEHE . CO, g E. CO, k48 I AL
M7 AR R AR, IR — B T BTl Re T
FEEH CO, HE. R M Ae s BB, &

HFE 1 kW-h BRI 2B 0.41 kg [ CO,.
M#E S Tk, BEEmE. COo, MIkME. Co,
JE 4 A AL CO, HEBCE 73518 0724 0.44 kg
0.32 kg, 1 —H CFB i AtF= 4 By 7T LA UK 7.46 kg
1] COyo KU, A27=—3t CFB nJ LA 47 5.98 kg
1] CO;.

%5 CFB #IRBHD T

Table 5 Carbon emission reduction analysis of CFB

Unit Energy/(kW-h-ton™") Energy for a board/(kW-h) CO; emitted for a board/kg
Magnesium slag 36.7 1.75 0.72
CO; capture and recovery 1431461 1.07 0.44
CO, compression and liquefaction 1031461 0.77 0.32
Magnesium slag CO, uptake —7.46
Total CO; emitted by a board -5.98

3 S

1) FRAPHIEST CFB JthRergm i3, &id
LA HAT RN 4.5 MPa, P21 F 8 & C-S-H
F1 Mg(OH),; T CFB 3@ i fb 7247 R I H AL 5 (1 7
SVERE, HBRA LT AN R, R R
s W28 R TR JE Be S — DR T )k RE, B
R EE A F 20.2 MPa.

2) FEPHIEXT CFB PRV & B, 2
JEFR7 5 CFB IZEM 3 B AR, Hg5 oM 1.32 glem’,
B KR, FLAE RN 38.5%; BERRAGHT [,

CFB F WM ZBWHEINZE 1.76 glem®, WK R
£ 18.6%, HUMEAMECE, MRS E =
kR

3) ZJEFBRACSEF) CFB RO &5 4 B & AN
M, ZRIETERCHSE & C-S—H S5 40 4R 4 s 45
RZ, ML= Y5 K AR AV R, R4t [
JI5 1 RE

4) KT RIS E, H C-S-H
YR A LR S X N 55 pm, WAL= )%
IR R v ) L AR R, Ak, A R AL IS TR A
SO BN 2 B P B S AR 8T il
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