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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 (M KPC), 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 M gO 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 heatingrate of 5 °C/min, and a holdingtime of 2 h, the boron mud-magnesite tailings-based M gO
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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P EmIRB RS, BERERT. CO, HEUE K, S5 MKPC (47 A JE m AN 7, PR 7 R
R S HET

SN RN RN St R BGF R A 5 P A W L EA R T, Hod MgO 82 40% ~
45%, ELREEMEAE I BT UER S AR S 0 TR A B B R A e AR b HE RO R, R
53 MgO (23.0% ~43.4%) Fl Si0, (22.6% ~ 32.7%), HEH 0.7% ~ 5.6%/1 B0, wFsr "
OWT R B BRRAAER], TTLLE MgO HIBRSE IR T 1500 ~ 1800°CHAMKE] 1200°CLA TR . [Hli,
FIRZESEN BN Slljes| & Eke MgO, RERTSZILpyFlE & i st R, XA MKPC $2 Kk
AR HEBE MgO.

ASCULZZEAT R AEIe N LR £ MKPC JTH # B¢ MgO, RS Tl fa e - 22 860 2
5 MgO X MKPC B&5it[a] . VishBE. PURREE . WAL WMOWES R ALE M msem, FE51%
GG RN AR AR AT, DR BEn A A e i e A R A SR AL B AR R -

1 A%
1.1 JFEae

JRAFRE: B (Dso= 30.92 pum). ZEEEH BN (Dso= 88.14 pm). R —Z 8 (KH,PO,, Tk
g, AiE>95%) MRS (Na,B,0,-10H,0, TkZk, 4ifE>99.5%). AfbsE (ZnO, ATk, 4ifE>99.5%)
MK B AIZE B A 2 NI 7244 5 A w3 0 TR 5t o BB FIZ2 860 R A B A0 2 i
1 iR
X1 WENZET B KA ZHR

Table 1 Chemical composition of boron mud and magnesite tailings

Pl MgO Si0, Ca0 ALO; Fe,0, B,0; Loss on ignition
TR (%) 42.03 28.51 2.02 2.09 0.34 4.1 15.44
FEVEN (%) 43.97 10.16 0.70 1.40 0.34 - 43.43
1.2 BRI

1.2.1 RIEFEZE MO ¥ (1 £

SEREN EARIBNYELE 50°C FIMAR B T4 24 h, BIURHE 0% 10%- 20%F1 30% H L4125 i 8 %
REEREN R, RS YRR Bic A BO. B10. B20 A1 B30. AHALIESFPEINALCK R Bi1E A
e, RIS ET SR P 5°C/min 3R THE £ RE IR 1300°C, fRilh 2 h 5 HARRAD,
WIS 74 pm 57 /515 2 EEE MgO.
1.2.2 WEERERBEKIRFE 1l %%

MKPC #%ZH & MgO 5 KH,PO, Ji &L (M/P) = 3:1. /KEL (W/S) = 0.15 T4 . BHRE
UF I E B MgO Al KH,PO, fEHEFEHLA TR 60 s, N FE KK, FEHEEE 3 min, RAHEIHMAE, FHk
WAATRGEBEVE R, K 20 mm x 20 mm x 20 mm BEEEEAY . R IR 2 h SR, SR NI
FE 20 + 5°C. MHXHREE 60 £ 5%. LA B0. B10. B20 il B30 #1]41) MKPC K % A MKPC-BO.
MKPC-B10. MKPC-B20. MKPC-B30.
1.3 R

K ERAGI 2 MKPC BEEEITIR], J7iEAKHE GB/T 1346-2024 CKJBARUERE A K& k4 i (a)
e R i) MY, TR B K YR AT U AT [ £ S 17 1R R, AN SC LA AR [ A A
Tebr o BN FEHHE GB/T 8077-2023 (B - AN 20 S5 AR 36 7735 ) HEAT R e PUE S8 MeH GB/T
17671-2021 CRYEBRP TR K 7 (1SO ) TR, ] XPert powder 7 X HFHEEATHHX
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XF MKPC H IAHIEAT € 1 20 4, XRD HFTEE (200 S 5° ~ 85°, KN 0.02°. 0.5 s/, K
F Topas 6.0 B AFARYE Rietveld 73 #7724 MKPC #)AH € &0 4. 8 H SIGMA HD B4 F 125l
B RE T IO TE S . {8 ] Pore Master 33 4 R AR I RE it FRI AL A5 o
2 AR5
2.1 BERRSR3NE

Bl 1 TR S5 86 A JE MgO X MKPC #E45 T (Al 52m . I 1 AT LAE H, MKPC BE45ET
B V- 25860 B 2 MO il is &= Mt K 540 %, ', MKPC-BI0. MKPC-B20
F1 MKPC-B30 {14t 45 18] 31 min. 48 min A1 36 min, A% T MKPC-B0 4 HIZEK: T 3.23%. 54.84%
M 16.13%. 45RFY, We-Z250 B 3 MgO Xf MKPC B A 250N, BVe k58N 20%.
FEFHZE—T71H, TS BO; BB 5380 BN MgO. SiO, SFEMR e #8 Hh ¥ U A SUBAH
WE AT S, B0, BUEAN MgO Sk, FrAEBG, BRRE T EOERe, ART
MgO FZE K RE e 1™,
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Fig. 1 Setting time of MKPC
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Fig. 2 Fluidity of MKPC
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2.2 HiERE

3 NilR-ZE TR HE MgO X MKPC Hi s 2 m . Kl 3 7T WL, MKPC $i ks bl
FEPS IR AR K . MR 1 d I, MKPC-B10. MKPC-B20 Al MKPC-B30 ({475 58 A 27
MPa. 27.8 MPa il 24 MPa, AH%{T MKPC-BO #&/& I 17.39%. 20.87%#1 4.35%; 477K 74
i, MKPC-B10. MKPC-B20 #l MKPC-B30 f#iE3#EH 45.2 MPa. 55 MPa il 44 MPa, T
MKPC-BO0 73l #&15 13.00% 37.50%H1 10.00%; 4F=HF WA 28 d i, MKPC-B10 1 MKPC-B30
(IR SR A 56.2 MPa Fll 48 MPa, H#:T MKPC-0 43 HIB#{% T 3.10%1 17.24%, MKPC-B20 {13t
JE#EE N 63 MPa, HI#T MKPC-BO 2% 1 8.62%. %3 EJHik, WS E N 20% MKPC (K% 58
J& B e o
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Fig. 3 Compressive strength of MKPC
2.3 WyAHA R
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BEAHE N S EEA (MgKPO, 6HL,0) B A (Mg,Si0s) Mg(OH),. A% MgO. Fe;04 F
CaSiO4. HH, MgKPO, 6H,0 fl Mg(OH), /& MKPC FI/KALF=¥), Mg,SiOs FIA N MgO KiET
MKPC (1541 kL

M-MgO  F-Mg,$i0, K-MgKPO,6H,0}
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Fig. 4 XRD patterns of MKPC after curing for 28 days
747128 d Iif MKP C-B0 A MKPC-B20 HIAH 7€ & 73 B 45 R U3k 2 o . 1138 2 AT, 5 MKPC-B0
AL, MKPC-B20 ff] MgKPO4-6H,O FlIA [ b MgO 5 &M%, 1 Mg,Sio, FAHE S & T 5.
A e R BIE & A KR Mg,SiO,, BRI ES 7 28 BT A MEUbe i 45 Y FE A% MgO 1 MgO
TR, FEUERAAF MKPC 1) MgKPO4-6H,0 A R i/, 7KAK s B B4 m) A2 Bl E S A P04,
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AE i SAR T LA TEE MgKPO,-6H,0 2 18], AT 253 MKPC HIfL45H), 5 SEM 1 MIP [45 R
HFF

# 2 F9 28 d BY MKPC F 20 4 5%
Table 2 Phase composition of MKPC after curing for 28 days

- RS (%)
FE - Rwp
MgKPO,-6H,0 MgSiOy4 MgO Others EdHAS
MKPC-B0 24.68 25.14 23.29 4.02 2287  10.95
MKPC-B20 18.62 31.88 16.45 6.00 27.05 9.65

2.4 WML

7747 28 d Isf MKPC-B0 #il MKPC-B20 IO ESR UKl 5 frs. HEl 5 (a) AT W, MKPC-BO %
A AT A0 S B HOR AR 2R MgKPO,-6H,0 i A1, MgKPO,-6H,0 2 [AIfFEFLIR, HARIKZ
/N Mg, SiOs. HHIE 5 (b) AT )L, MKPC-B20 J:4A&H MgKPO, 6H,0 K E RUf. HHEAZ, FEdbd
YIAHIA 7S MgKPO4 6H,0 2 [8], [FIIS FEAR TR JRAEAE Mg, SiOy, BEAALE 1 B

, X5 MPCK-20 Pi/&
ok T MKPC-0 B FZ R, 5 MIP 4551 —3.

EHT = 15.00 kv

mﬂ Signal A =HDBSD WD = 94 mm Mag= 200KX

}Z_HT EHT = 15.00 kv Signal A=HDBSD WD = 8.8mm

Mag= 200KX

(a) MKPC-BO

B 5 347 28d Bf MKPC {480 %1
Fig. 5 Microscopic morphology of MKPC after curing for 28 days
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FEP 28 d B} MKPC-B0 Al MKPC-B20 f)fL1% BRAL A th e A FL 20 A W 6. HHIE 6 40,
MKPC-B0 il MKPC-B20 S FLBRZE A58 5.75%F1 3.97%, MKP C-B20 ) FLER A BT MKPC-0
FRAK T 44.84%, B MKPC-B20 HA4 (1485 ¥ 58 3%
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Fig. 6 Cumulative pore size distribution curves of MKPC after curing for 28 days
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724 28 d f MKPC-B0 #1 MKPC-B20 HFLI2 A Wiz 3 fras. B3 3 Al%1, MKPC-B20 H14L
1%£<10 nm 5L 5 A 26.69%, AHELT MKPC-BO #2751 1 16.14%; MKPC-B20 H' 10 nm <fL4£<100 nm
(L 5 EE o 64.55%, #HEET MKPC-BO A1 T 6.46%; MKPC-B20 F14L4%>100 nm FIfL & Eb N 8.76%,
BT MKPC-BO 5 1 9.36%. 45 REH, B AWIVE--Z2850 B 3 MgO 4L T MKPC L5,

AR LS R, LI MKPC bR S8 FE 42T
& 3 FH 28 dBf MKPC HIFLER 476
Table 3 Pore structure parameters of MKPC-B20 after curing for 28 days

. \ L5 1%
Y Es BALBRE%
<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 4w

(1) RFHZEEEN RN AT N R % MKPC BT B4 MO, o, BB SE 1300°C, FHE
TR 5°C/min, PREEFAIA 2 h, 1% L ZESE0H] & MR -Z28:0 B3 MgO n] L% MKPC HIMERE

(2) MR BEAN 20%0, TVE-Z280 3 MgO il % MKPC (1545 i (8 FI s FE 43 3N
48 min 1 161 min, AHE T EAEAE MG T 54.84%F1 11.72%.

(3) 4B RN 20%, Te-Z280 JRRE MgO 4 (1) MKPC PR s, qid il

28 d WA LU F] 63 MPa, AHEL T E#EAFHE S T 8.62%.

(4) MR BEN 20%E, SEAMARIEAEL, TJE-Z280 BH & MgO #4% i1 MKPC ¥AH4H
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