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Abstract ; In response to the problem that a large number of difficult to use waste magnesium slag will be generated during lithium

carbonate production in China, to realize the recycling and green development of resources, experimental preparation of lithium

magnesium phosphate cement ( magnesium potassium phosphate cement, MKPC) for bone bonding was prepared by lithium halide

extraction by-product from Qinghai Salt Lake with potassium dihydrogen phosphate ( KH,PO,). The fitting ratios of M/P ( magnesium

phosphorus ratio) 1.5, W/C (water ash ratio) 0. 18 were used. The coagulation hardening properties, hydration temperature rise,

composition of hydration products, and microstructure morphologies of MKPC were investigated by using X-ray diffractometer (XRD) ,

scanning electron microscope ( SEM ), isothermal calorimeter, and strength testing machine, as well as the following testing

equipment. The development of compressive strength and fracture resistance of MKPC in simulated body fluid was explored. The results

showed that mkpc bone cement prepared by using lithium magnesium slag extracted from salt lake had a significantly longer setting

hardening time, and the final setting time reached more than 30 min. The early strong characteristics were obvious and the strength

developed rapidly, up to 33. 5 MPa compressive strength at 3 h and 107. 7 MPa at 28 d in natural environment, through linear fitting of
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the strength data yielded the strength growth relationship between MKPC bone cement in natural environment and simulated body fluid

environment. Compressive and fracture resistance strength of MKPC bone cement in simulated physiological body fluid is about 68. 1%

to 71. 1% in natural environment, satisfying the strength requirement. When 1. 5% glucose was incorporated, it was able to reduce the

thermal insulation temperature rise of benchmark mkpc bone cement from 64. 7 to 42. 0°C , avoiding damage to bone tissue and meeting

the requirements of bone cement standard for exothermic temperature not exceeding 50°C.

Keywords : potassium magnesium phosphate bone cement; salt lake lithium by-products; condensation hardening; strength;

adiabatic temperature rise

0 3l

il

BRI Y EAE 2 U B 2 AR YA R
Z— AEBERR BB K Ul MKPC # & W] Z i, E &
AVFZAPRN T T EEE R B B TR
fig B 7K Y2 ( polymethyl-methacrylate, PMMA ) | B Ii2 55
‘B 7K e (calcium phosphate cement, CPC) Tl iR 4 £
‘B 7K J& ( magnesium ammonium phosphate cement,
MAPC) , {H J2& 3 26 15 7K g H B #B A7 16 B K BB
PMMA fEEE A R 2E, 5 A BB Tk BB a &
(e H PMMA 7 S0 i A8 vh 2 R, A
FRIELEE #5158 70 ~ 100°C , 2 i B B 4 SUOR BT Al
AN BT AR M SO B AR BB & CPC AR TE
BEAETEALH B8 | F B ) 2E M AR 25 0 0 )
EPERRESIE SN Y-S 2Dy UN:OE
HH B e MAPC A7 7R 7K AR 2 BT AT 2 Y
SIS PR X A R A SRR AT R L
LIV R BAE G AR, BN A B 18 52 AU Y A
FE L, K Argonne [H 585050 % K FHBEIR — S8
Vil iR ER | %t MKPC, 2038 T W IR — SR TR
JO7 R R R R R I R ) R T O
FIA TEVE 2 374 14 T AR DL RV - b X5t 4 i
XEZMIREA - dEA 21 D)5, R FH
TR, B /K JETE N N R B R4 19 A ) AR 25 1
FAgiF ST X MKPC 15 kB 18 & 1k} it
FPRFFE SR, U Seehra Ms S. S. 45V SR JFELE AR
R FNREIR — S A NE 50k, il 4 T BRI BRGS0
XU E AP0 MKPC VRSB R S5 A1 kL o R 45
PERE AR AP IEAT 1 R RIBFSE SIEW] T MKPC
HAT RAF IR SV e S A A s sk s At e
FIH] Ames 055 DNA & 05 | 0% 56 A1 MTT
REXF MKPC AR )22 Vet dT T3k — 20 i oR
SRR MKPC X 40 i JC 75 1 H B A R 419 40 i
%, Ding %' ffF SEM TEM XDR FI62%
TR A A AR I oA 1 BRI B /K Y 1) 52 L 7™ )

JEEEHLER, 45 b ik MKPC B A Hefdi FLag sk fk
A 5 RG S PE RE A AR A Rl AE A
RUAS 7 | E S A LR BB A P SEBR D0 it
— R AEE,

N AUE G 5 — BRI E 2= TR R
XERT, 3R ERRAE T B B S B 0 3 500
T3 TR T A 5 | A 1) 45 Fofemr 3 BB a3k 200 7 A
DAL AR R R A Ak 3 ~4 427
T E G = 53T AR R E X 41 2UE 2/ B i
MRHGIE R R K, SR E 80% L A RE L4212
WAARER TG BEE 11, OV Tl I R B FL R i Bk 1)
2, P IRE A R R IS T 2B Y A
BE PG RIGYT MR BRI 4S8
HARMFFEE L, HAET, 247 T2 M2, il
WK AE B LiCO, o 2 rp 2 7= A8 Kam & il Ak
B R T S BB 40 R M S B AR
B TCILAd Y, HE RN Ly ™ F g e TR AR AR R
Bio ARSI AE IR A H I K AR A 0 S
DAZE 3k v i B T 1) B I 7 4T B (B-
MgO) Ay Skl 5 18 FH T BB 2 B MR BE 15 K e,
WA —E S5 A A WG T REH TEBE
AREAS JEE 11 10 R (] Hsf A0 i ke 1 6% 3890 i 0 45 s )
RARAY IR, SCEL T B2 R A B0 AR 5 ) el APl
PR K e Az BLAS T L RE A% £ F 55 390 58 U5 i 706 24
A FERIZEA R, e dh WA b X A TG PR 22 5 &

< by

1.1 IEMR

1) $ER B, 516 5 E 2R R A IR
POt fbzE i MR 1,

2) Wil — A4, b2l KH, PO, , /i dll, i
& AR A R R Pt

3) W%, T CH, O, , /W al, Fifik
TEMAE AR A PR m] 4t

4) ERIBCR R B TR, LR E A,



100 mooR o M

T Kk % % 4

%5 28 &

R1 REFENUEROIRESE
Tab.1 Chemical composition and content of

lithium magnesium slag
b2 oy MgO
Bt 5240 %

Mg,B, 0, Mg(OH),

52.25 12. 69 35.05

1.2 XWHE
1.2.1  #H145 MKPC Bk ik

PP T AR BB, 7E 1 200°C T
B3 h, FHEE R 10°C/min, BB 4L 22 o K i
OB 2 FRIRALEEIE AR A EREE 1 h, i
200 Hifi, 5 KH,PO, ¥t 1. 5:1 F840R A 5 B
1533 MKPC ¥y, H o @ B2 /2 MKPC T8 5t
W 1.5% . $EKK(W/C) R 0. 18 T Al I 5T
B EALRE A MKPC T8, 5850 B FE 5 8 AR
1420 mm x 20 mm x 20 mm .20 mm x 20 mm X

80 mmMBL L AL 1 h R AL, BT A SRR
(20°C £2°C AHRHREE 50% ) LA KA (38°C =
2°C) AR ERUE R
R2 BREEREGFENUFERSRESE
Tab.2 Chemical composition and content of lithium

magnesium slag after calcination
(= s MgO
528 %

Mg, B, 04 Mg(OH),

86. 69 13.31 0

1.2.2 P EBEUAR

BEPATR A B i B L 3 AR Y
R A I A2 P Wk 4, REFUA I ( simulated
body fluid, SBF) it & J74:" ) 4. 611 000 mLZ%
BRI A 4 F i A F R IEH 1 mol/L
(IERTR V% PH (B H 7. 45 £0. 01, 782098 HE i 77
AT

R3 SAERMKRNEFRE

Tab.3 Ion concentrations per liter of simulated body fluids

BT Na* K* Mg* Ca’* Cl- HCO,~ HPO,” S0,*"
RIS F IR/ (mmol/L)  142.0 5.0 1.5 2.5 147. 8 4.2 1.0 0.5
MNE M/ ( mmol/L) 142.0 5.0 1.5 2.5 103.0 27.0 1.0 0.5

x4 SHAEUERPHEFIMNE
Tab.4 Reagents added per liter in simulated body fluids

=Sl NaCl NaHCO, KCl MgCl, + 6H,0 CaCl, Na, SO, HCI
A 8.053 g 0.355¢g 0.225¢g 0.311g 0.292 g 0.072 g 40 mL
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MK —vk . B MKPC B 7K U 0 %) 8 B[R] 5 2¢ B
P ] () B 5 0, ACAR 2 56 L MKPC. 15 7K 3 6 ) 98
(i) e AR R BE LS B[R]

2) MKPC B 7K I 4T R 3 B 2R /K e I b b 4
PrRIIEHLIEA T E ey R R 0. 3 kN/s BRI
6 M FATIREE , B2 R BULE YA,

3) MKPC ‘B 7K I B Be 3o 5 Sk FH K e i ib4 4
PrRIRIEHLIEA T E T HBE R 0. 3 kN/s BRI
3AATIRRE | B G5 IV 408 P dfr o B 42 X

o f BT IR MPas F BT A 30 7 2
N L oA 5 S 5 18] A E B, mm b Ry i 0 % i 98 B
mm ; b A R R, mm

4) TOULTE 35 43 A SR FH v 0 23 65 =43 4 L
PEATIA, I R 15 KV, Fe K2R 1 um, fic kK
5510 0001 ,

5) MKPC ‘& 7K Jé i 4 AR 41 SR FH A = AL X
SR AR BT AGHEAT IR, AL S ECR < CuKa
FRET TR 40 KV, 0 30 mA | VG 5° ~70°, 4
FEHEFE 0.095°/s, K Jade6. 0 #XAEXT MKPC 7K
Te A2 o3 B 1 53T o
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Tab. 5 Setting time of MKPC bone cement with

different glucose content

HE B R/ % 0 1.5
BEZE BT[]/ min 10.5 29.5
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Fig. 4 The Relationship between flexural strength
in different environments
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at different age
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