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Effect of magnesia prepared from boron mud and magnesite
tailings on properties of magnesium potassium phosphate cement
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Abstract: In response to the high production cost, rapid setting, and the need for industrial solid waste resource utilization in
magnesium potassium phosphate cement (MKPC), magnesite tailings and boron mud area calcined to produce dead-burned
MgO for preparing MKPC. A systematic investigation is conducted on the effects of dead-burned MgO on the workability,
mechanical properties, and microstructure of MKPC. The results show that under the process parameters of a calcination
temperature of 1300 °C, a heating rate of 5 °C/min, and a holding time of 2 h, the boron mud-magnesite tailings-based MgO
prepared under these conditions can be used to produce MKPC. The setting time of MKPC is extended to 48 min, while the
fluidity and compressive strength of MKPC are improved. The microstructure is dense, and the use of magnesite tailings and
boron mud facilitates the low-energy, low-cost, and green preparation of MKPC.
Keywords: Magnesium potassium phosphate cement; Boron mud; Magnesite tailings; Macroscopic properties;
Microstructure
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PAE SRR B, BEREm. COL IR R, T2 MKPC WA A J& s AN T U7, R 7 A
AN RSTE R

TN R R ZE BN A TP R B SR A5 7 AR ) DL AR R F,  Horh MO & &4 40% ~
45%, BELHEHEAFIE BT IRIR SRR SR S 000, IR SR D B R AR = J R v HE TR v, L AR R
43R MgO (23.0% ~43.4%) F1 Si02 (22.6% ~32.7%), HEH 0.7% ~ 5.6%[H B0, HF 5L B0
2, WcEm AR ER, v BLK MgO HRe4hin g i 1500 ~ 1800 °CFE{KE] 1200°CLL T . B,
FIFZEB R S UeH %% EAE MgO,  BEWT SE I P Fh ] 12 (1 B2 Y8 (LRI F ATy MKPC $ Bk
ARHEHE MgO,

AR SCLAEEEN A FIHIE 9 L EH % MKPC it EE58 MgO, RS T be i il Je- 228607
"% MgO Xf MKPC #E45 I [, VRZHEE . HURSREE . YIAHAL R OB R ALEs MR sem, JF 5%
G st D HAE BRI L, D328t R AWl e 10 i (B A A S LB AR e

1 R
L1 JERPE

JEAFRE: BIYE (Dso=30.92 um). 280 BN (Dso= 88.14 um). R &4 (KH.POs, TMLZE,
AiE>95%) WP (NaxB4O710H20, Tk, 4EfE>99.5%). FAfbsE (ZnO, 4r#frall, 41i/E>99.5%)
K BV RZEEEN B & ML T8 3 A J RS0 T E = & VR FIZEEE0 A I AL i oy ink
1 s

R 1 WEMZERD B R FL R

Table 1 Chemical composition of boron mud and magnesite tailings

P MgO SiO; CaO AlLO3 Fex0s B20s Loss on ignition
e (%) 42.03 28.51 2.02 2.09 0.34 4.1 15.44
FEN RN (%) 43.97 10.16 0.70 1.40 0.34 - 43.43
1.2 FEgflE

1.2.1 fKEFESE MgO ¥ il 4%

SEREN EARIBNYELE 50 °C MR T 24 h, BIVRHE 0% 10%- 20%F1 30% H L5 25 it & %
REFGEY BN, FrSREAYHFEY BN BO. B10. B20 Al B30. AHALIEAHHEINA LI BE1E N
gia A, TSRS E TSI R Bl S oC/min AR THE £ WGE IR 1300 °C, fRiff 2 h J5 H AR,
L 74 pm 97 5 15 2 H K MgO.

1.2.2 WERREPEE YR AL i ] &%

MKPC % HE 5 MgO 5 KHoPOs i g L (M/P) =3:1. /KEE (W/S) =0.15 #HT#H1%& . Kk E
TP E 5 MgO Al KHoPO4 TESEFENLH TR 60's, MIANEH KK, FHFE 3 min, KGHEIHAK, FHk
ARG A, KA 20 mm x 20 mm x 20 mm BEE R . IR 2 h JE B, IR AR IR
¥ 20 £ 5°C. FHIXHEZE 60 £ 5%. LI BO. B10. B20 il B30 i % ] MKPC & X ¥ 4%y MKPC-B0.
MKPC-B10. MKPC-B20. MKPC-B30.

1.3 RRITE

K 4ERACN 2 MKPC #t£5 I} 18], J73:03% GB/T 1346-2024 (/K e brE B /K & Bkt i a]
5z g YERT I 7)Y U4, BT R BE /K YR Uk T [ R £ S iy [ ) B 0, AR 1 SC ARTRE IS ) Ay 1k
fabr o WBh AR GB/T 8077-2023 (VR #E AN 51 B M58 775 ) HEAT MU, 1 28 A3 GB/T
176712021 /KPR RAPSRERT L 755 (1SO 5D AT MR, {FH X'Pert powder ! X H 2R A7 51X
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Xf MKPC IR BEAT 70, XRD B H87EH (200 O 5°~85°. DN 0.02°, 0.5/, K
F Topas 6.0 # AR5 Rietveld 7347 7755 MKPC #9412 & 0. FIZIGMA HD R34 1 1 B4
BB R RO TSR0 7], {5 ] Pore Master 33 5 [ SR A A (it ) L &5 44 o
2 ZER5WR
2.1 BRERRSREIE

1 -2 860 A 2 MgO Xf MKPC L5 [E] (R 2m . A 1 Hiaf DU, MKPC B2t
6] B 6 e - 25 860 A 2k MgO Wil e & & 3G e e K /5 4i %2, H, MKPC-B10. MKPC-B20
AT MKPC-B30 (1)t 450 (8] 4 31 min. 48 min A1 36 min, 1% T MKPC-B0 7 HIZEK: T 3.23%. 54.84%
A1 16.13%. S5RFH, WIVE-Z25E07 A 3 MgO X MKPC HA ZZERN, BRI MREBEN 20%.
FEFEZE— T, WS B.0s REE N B MgO. SiOx 57E BRI A2 Hh B LR IE s viAH
IRV FITRE 5he4E; B, BYREEAN MgO Sk, PEAEBE, BRKE T BUSEE, ART
MgO HAKFNFEEEALDS 19,
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Fig. 1 Setting time of MKPC
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EHe-2 0 B MO thillJe 5 E MR s K k. Horb, MKPC-B10. MKPC-B20 #1
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Fig. 2 Fluidity of MKPC
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22 PiERE

3 NEUE- 22BN AT MgO X MKPC B R 5 B2 (520 . B 3 ol 0L, MKPC #i k5B e &
FRPP R IR K . RPN 1 d F, MKPC-B10. MKPC-B20 F1 MKPC-B30 3T & 38 5 N 27
MPa. 27.8 MPa il 24 MPa, #H# T MKPC-BO #&5 [ 17.39%. 20.87%#1 4.35%; 4F=§ W HIH 74
ff, MKPC-B10. MKPC-B20 fil MKPC-B30 4Lk 51 /%l 45.2 MPa. 55 MPa 1 44 MPa, KT
MKPC-BO 73 Al 51 13.00% 37.50%7F1 10.00%: 47545 14 28 d i, MKPC-B10 Fil MKPC-B30
(KA 50 % N 56.2 MPa FI1 48 MPa, AH#T MKPC-0 73 HIB&% T 3.10%41 17.24%, MKPC-B20 [IHii
JE58E N 63 MPa, F# T MKPC-BO #2751 8.62%. % L&, W &N 20% MKPC ({4551
JE 55 1 o
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Fig. 3 Compressive strength of MKPC
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Fig. 4 XRD patterns of MKPC after curing for 28 days

7747 28 d i MKPC-B0 1 MKPC-B20 [J¥AH & &3 4 Rk 2 P . 138 2 7] %71, 5 MKPC-BO
AL, MKPC-B20 f) MgKPO4-6H20 oK 5N MgO & B &M%, 1 MgaSiOs AE A S ETHE .
A RESE RIS TS A KR MgaSiOs, BV BUE 20 22860 A B il % ¥ FE B8 MgO 1 MgO [
TR, SEELAT MKPC ) MgKPO4 6H0 A il By, KAk S B B4 1 126 IR b S 4
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AR FH S AT LUHTEE MgKPO4-6H,0 2 [8], A AT 3% MKPC (L4514, 5 SEM A MIP 4553
AT o
K 2 F#H 28 d B MKPC FI¥IAR4 R
Table 2 Phase composition of MKPC after curing for 28 days

g FRESE (%)
EE : Rwp
MgKPO4-6H,0 Mg>SiOs MgO Others e
MKPC-B0 24.68 25.14 23.29 4.02 22.87 10.95
MKPC-B20 18.62 31.88 16.45 6.00 27.05 9.65

24 WL

774 28 d i MKPC-B0 Al MKPC-B20 MO 5 frox. HEl 5 (a) AI 0L, MKPC-BO 2
P I B HOR AN ZIR B MgKPO4-6H,0 AZH A, MgKPO4 6H.0 Z [AIfAFESLBR, HRIMEZ
/N Mg2SiOs. HIE S (b) FIIL, MKPC-B20 /A MgKPO4-6H.0 K H RIF. HEARL, JEHRE
VIAHIE TS MgKPO4 6H0 Z [8], [FIR SR IR AFTE MgoSiOs, HERLE R TEEE, 1X /& MPCK-20 $1/E
SRJE T MKPC-0 I E 25, 5 MIP 4558 —%.

ﬂ? EHT = 15.00 kV Signal A=HDBSD WD = 9.4 mm Mag= 200KX 2pm

EHT =15.00 kV Signal A=HDBSD WD = 88mm Mag= 200KX

(a) MKPC-BO (b) MKPC-B20
B 5 3247 28d i MKPC FIBE0SH
Fig. 5 Microscopic morphology of MKPC after curing for 28 days

25 fLEW
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Fig. 6 Cumulative pore size distribution curves of MKPC after curing for 28 days
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7747 28 d i MKPC-B0 Al MKPC-B20 LA 40 AN 3 fizx. HI3E 3 a1, MKPC-B20 1L
1£<10 nm FIFL 5 R 26.69%, FHET MKPC-BO #2& 1 16.14%; MKPC-B20 1 10 nm <fL{£<100 nm
[KIFL 5 Ee ol 64.55%, AT MKPC-BO [&1IK T 6.46%; MKPC-B20 F1§L4£>100 nm fJfL & Eb N 8.76%,
FHEE T MKPC-BO #2151 1 9.36%. 45K, BANMR-Z25:0" BN 3 MgO 4t T MKPC 1FL4544,
fd R SE My B 385, SEB MKPC $0 5 53 % 14 T

& 3 #7428 d i} MKPC HFLEDAR
Table 3 Pore structure parameters of MKPC-B20 after curing for 28 days

fLieaAn (%)

EE SALBRE (%)
<10 nm 10 ~ 100 nm >100 nm
MKPC-B0 5.75 22.98 69.01 8.01
MKPC-20 3.97 26.69 64.55 8.76

3 &R

(1) RHZEEER RN FIYE N R & MKPC B EEE MO, HA, MBEEE 1300°C, iR
5 °C/min, fRILIS A4 2 h, % L 22 H0H & TV 22807 B0 MgO 1] L3 MKPC 1 RE

(2) MR BEN 20%r, WIVE-ZE8:0 A& MgO il % MKPC [k 45 i A1 R 20 B2 43 5l M
48 min M1 161 min, AHECTFEAERF 730380 T 54.84%M1 11.72%.

(3) MR BEN 20%F, WIVE-ZE8:0 A& MgO |4 (1 MKPC $iJE i e m, it N

28 d I ] LLIA 3] 63 MPa, AHE T IR = T 8.62%.

(4) HTRRBEN 20%I, SIAERFMLL, TVR-228:0 B i MgO 4% 1 MKPC #1441

IR AL, HAOR S MRS, BALBR R,
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