2023 4£55 9 ) A48 GRERHESY) (http://ysyl. bgrimm. cn) « 159 -

doi:10. 3969/j. issn. 1007-7545. 2023. 09. 020
W 15 2% %k i I B /K e 1 E 1 =2 i)

‘g’ﬁil'zai"%‘fiz,iﬂ%ﬁl

(1. §OBI¥E HRAEE TRER. T €0 115013,
2. TFHEAY HHEBE¥E T Bl 11405D)

L - 00 2 O R IR A 7 g AR P A Y T R L R HE AOR AR R DR A b 7 O TR K TS g
FAK G RBBUCA B A I LR T5 U . KU 45 44 B L) 5 b S Ak B 0 8 R — S0 O b R % 1)
PR 8 K U8 Hh o A 5 B0 V06 5 2% % 9 19 5 K Ul 1 R A R R . 25 SR R B L TV B 40 S KK R B UK iR 1Y % W
Vi), [7) Bt 8 848 8 o /K VR A 0 PR SR BE . WUV A R B S 1006, K VR B 45 B ) E JBOR 9 29 min A€ K F)
35 min, K VB HLHESR B f 56. 21 MPa 4875 %) 58. 7 MPa, XRD 4> 8725 5 32 W1, 0 V8 0 i A ¥ A5 240738 s 1R
BEOK VR AR L5 4 o AT 9% 1T LA S B0 08 151 0 9% R Ak ) PR 4R AL 4k 40 .

K R AU s WA BE K U 5 BT IR 9 BE 5 [ R R

hE SRS X754 XHARERD A XEHHE:1007-7545(2023)09-0159-08

Influence of Boron Mud Doping on Properties of

Magnesium Phosphate Cement
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Abstract: Boron mud is industrial waste residue produced in the production process of borax and boric
acid. A large amount of discharge not only occupies a large amount of land, causes groundwater pollution,
and scatters into dust after water loss, and also causes air pollution. Boron mud was doped into magnesium
phosphate cement prepared from dead-burned magnesia and potassium dihydrogen phosphate, and the
effect of boron mud as admixture on the properties of magnesium phosphate cement was studied. The
research results show that boron mud can prolong the retardation time of magnesium phosphate cement and
improve the compressive strength of cement. The experimental results show that when the content of boron
mud is 10%, the setting time of cement is extended from 29 min to 35 min, and the compressive strength
of cement increases from 56.21 MPa to 58. 7 MPa. XRD analysis results show that the addition of boron
mud does not change the mineral phase structure of magnesium phosphate cement. This study can provide a
basis for the resource utilization of boron mud solid waste.
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it GRRBEN BERELL KK B %
1 5 4:1 0.15 0
2 5 4:1 0.15 10
3 5 4:1 0.15 20
4 5 4:1 0.15 30
5 5 4:1 0.15 40

2 #X 5%
2.1 R X MKPC R 4 B 18] 20
4 Sh R 15 X B R B UK e Bk 4 B[R] B9

Wi, 7K 8 B 23 BsF ] B ) 91 42 1 0 38 S 3 R 5 b
O30 %o Tl 2 40 56 7K V0 6 45 B () ) 8 8 4 ) g/ . B
& W5 B 2 W 1 . AE 10 04048 e i R R
KU BE 2 B R] SE K ROR B 4L X B T B
B e 14 Al /0N R 40, 2 A T bS AR A B Y SR T SE 2
TRAREE S R B TR] 5K B 1Y 98 BERICR .
M KT 1020 0F, %25 i 1] () 22 K &R R F
My a3 EB R T 30 Yo it T RSO /& W] 8.
BHBZ2 e th T8 6 Bl 2 S 802 &
e EALEE AR D, (15 B 45 i [A) 9 4E 28 SR 2RI R
R . WlJefu 25 7E A AL BE 0y SR T L 45 A T W IR BE K
8 1 B 45 i )
2.2 HiRXT MKPC BT E 38 BB 52 1

5 S e 45 o 0 i R 8 K U Bt R R B 1Y 52
Wi 24 YR 45 & o 10 26 B, /K U B 5 B X F A B
I B 25 0 BRZE A B T A o e ) 9 R B K
Ve BT B9 e i AT 3k 56. 21 MPa, 7E & il Z 5
T RHUER AT LA B 58. 7 MPa, Xf kb T 3 56 ik
FRER KU AT LA 3] 52. 5R KJE Y59, A 5 ik
AUREH . BBERT 209 5. KRITERESA
— BRI 0 T R B B TR M e it £ . 53
RE % 2 0 2 I 1 i e A Ak B 3ok /b, A ) K AL 7
kD EBOUK R PRSI T . H I, 10 Y02 iR fE

UEZ S8



e 162 - 4w QR ) (http://ysyl. bgrimm. cn) 2023 45 9 ¥
40 9.0
85
35+ —_—
S 80| A W
_ \ : —o— TR
E30f =
= 75+
= E
4o
w2SH or
65|
0L
6.0 |
15 1 1 1 1 J 5.5 1 1 1 1 1 1 J
0 10 20 30 40 0 50 100 150 200 250 300
B R/ % 115 8] /min

B4 RS 2 X B ER 5 K T ik 45 B 1B B 2 T
Fig. 4 Effects of dosage of boron mud on setting

time of magnesium phosphate cement

60 I 1
]34
B 74

BUESRE/MPa
z

20

0 10 20 30 40
gL /%

B S5 RS E R 5k HUE R B A

Fig. 5 Effects of dosages of boron mud on

compressive strength of magnesium

phosphate cement

2.3 FRIRFEREER $E /KGR MUK T A2 Fh 3 pH BRI

MEL 6 7] LLE W B e e . R B K Je E
KAk 3 R T B R A B I TR B A L TR B 1 A5 2]
THRTE . IR BE K U 1 7K A o T S B SRy R ik R
N T RS MgO 5 nf % P 85 iR 45 KH. PO, #£ Jn /K B
GG IR K e ROV A2 L MgKPO, « 6H, O fif &
S E KA B KA BRI HEAT L R R pH
A IO R A A AT Xl R B K R 1A
ENO OS2 A N e R IR (5 P S
BE 0 TR B RE . U S — P 55 IR A RS AT 6 e R
Py, i B e J5 R B 6 92 e AR R RO 26 LT Bl
HIAEFE o 38 5 ) 52 07 B 858 IR 6 1% 98 1 AT 5
BEL W

B 6 2% 4 #RD A0 45 A e By
BEER SR KR KL R i 4H pH
Fig. 6 Liquid phase pH values of borax and
magnesium phosphate cement hydration

system mixed with boron mud as retarder

2.4 T X B BR £ UK TR B 4B 4R X RO B2 0B

B 7 gt 10 min1 ho1 d §948 nwl IR w
FREE K U B A 41 XRD % . MIE 7 7T AHE . 7E &
10 min B YRR b A A BE 1 AT S 0 G
WEERBE K Ve e Kb iR B FFoR & A U . fE#EE 1 h
PAUJE BORE fh © 2 TF 16 K& AR A2 RO, 9F B B T o
AWM, M 1 dJEM XRD %5 1 h
i) XRD 3358 A7 B S 1) X 3% B 0 B oK Ak R AN
SA R R . N = A A B XRD i o
AT LAE B T AR 2 05 A A ST ) 5 X
T2 BE 7K U 1 7K Ak 7= ) B AT 52 s AS 23 % T 1 5 B A
2R,

1-MgO  2-MgKPO, - 6H,0 1
1d 2 22 b 2929 1
1
22 222 !
222
lh 4\24 M 2
10 min 1 Jt
N
L L L L L L L )
10 15 20 25 30 35 40 45

200 )
B 7 7[EFE RS 15 0 e B ER 6 7K e B 4H E X
Fig. 7 Solid phase composition diagram of
magnesium phosphate cement for

different standing time



2023 4E55 9 Y

a4 g QR ) (http://ysyl. bgrimm. cn) e 163 -

2.5 flfife X B R 5% VK e R WL 3R K R Wi
1 FAB 2 Ve f4 Wi BR B8 VK U8 RN LA 1B 2R B A
K YEHRE A B AR SR 47 R [ I 8] )5 A 35 A i 48R AT

Date :2 Dec 2022
Time :18:12:29

Signal A = HDBSD
Mag= 50X

EHT = 15.00 kv
WD = 7.8mm

W um

IR SR J5 FH 40 i H 58 X S W 1 0 A7 W0 4, &5 SR L
B 8Ca) ~8(c), H i 21 Wi R B /K 8 A ) i 301 9 1Y
WO 4N 8(d) IF 7R .

Signal A= HDBSD
Mag= 500X

Date :2 Dec 2022
Time :18:09:16

EHT = 15.00 kv

Date :15 Mar 2022
WD = 8.8mm UsTL

Mag= 500X Time :15:57:10

B8 MR (ab ) FABHIE (d) B SEM 57
Fig. 8 SEM morphologies of boron sludge-doped samples (a,b and ¢) and non-boron sludge (d)

M 8D AT L KA 7= 1 K 2 5005k AR
5K R IR G N EL A AR 2 S BB . A D iR
HARE A RIEA . MR 8Ca) (& 8(b) FI & 8 (o) i
45 VIR 25 ¥ Uk 0, e PR AR R R IR 25 R ) K
W2, 55 SE R HE L 5 R T E0R L UL RO AR B K
LRI 2 250 B REA R AL, KRS E A T
EHm . B 8Co) KAk 1 B SOU S5 A8 L 1] 8 (D
V1R B0 08 BT T R 5L 9T HL S BRI, P
T B R HOR BRI TR BB A

Kl 8 () AL E 8Ca) J8 8(b) Ay ik K&l Fe e T
BRI IR 5 0 e R B 5 K U8 K AL I Y BRI 5
Xif H I A 4B A B AR 1 kit B 4 4B i 8 O 1 K Ak 7
P B O 25 40 B0 AR HOIR SACIR S IR B A

AR A A 1 EDS 438 (& 9,100 WY, A Ak
sl R 2 Tl T 6 K U ) B 7 ) —— 7S K B R
B, ARG R A RN S8 I bE A AR EE

KR B A B B R B K U8 b A7 R e Rk BE
WURL 2Z 8] 300 1T 9% 0K o BEE S5 R 1 7 AR HOR
2 550 BE SR W R 2B RN AE BUK AR . AR
[IRPVEANE P WS- XN 2 DNEL 71 8- S
AR Z b, BEAR T OB R BE K U8 BP0 T R
5
2.6 k{LETIEIE

MKPC 7K {6 b £k 13 7R 2 K LK 11, MKPC
1K A AE At 2 O - e AT M R KH, PO, 7EK
VS 1 T2 LR M VS AR




e 164 - A4 GEHER ) (http://ysyl. bgrimm. cn) 2023 45 9 ¥

L300 m | e

EDS4 {54 500 um Mg Kal,2

500 1 500 pm 0 Kal 500 um K Kal 500 pm P Kal

B9 E8(a)wEHE
Fig. 9 Surface scan of Fig. 8(a)

L S0um | mTEGs L S0km | EDS/ME{%8  (0mm | Mg Kal,2

50 L S0pm P Kal 50 pm K Kal 50 pm 0 Kal

E 10 E8(c)WEAE
Fig. 10 Surface scan of Fig. 8(c)

KH,PO,—~K" +H,PO, oKk

H,PO, —H" +HPO,*" Mg’* + H, PO, + 6H, O + K" - 2H" +

HPO,> —H' +PO,* MgKPO, « 6H,0 y

B . MgO R 76 BR PE VS W 3 Wi v R R Mg’ + HPO,”” + 6H, O + K" -~ H" +
i Mg . MgKPO, « 6H,0

MgO+H* —>Mg*" +OH" Mg +P()13*+6H7(>+K‘ —~MgKPO, « 6H,0

B -Mg® " F PO 25851 RN JE B AR A5 9 IR Bt 7K Ak S T KA W) BESE T B = 4E ¥



2023 455 9 A A4 )E GRS (http://ysyl. bgrimm. cn) e 165 -

ER . AERAGE R IR TR UG KA BN B JRZE AR IR I R AL B B R P RAL . B AR T
SRR R BBE i MO B A 1 B2 G L JE 4G T BB S5 I MIKPC B E . AR 1 ORLAN /N, W] DUAE K Al ad 7
). JfH i T MKPC {97k feadt 8 il BE T, 380y s sl =S B AT $2 7 MKPC (47 56 2

‘ b
o R U
A
L

Lilog

e

WAL

B 11 MKPC k3B REE
Fig. 11 Schematic diagram of hydration process of MKPC

BT REEE T . P I R BE 2 ,2009,16(1) 1 133-135.

3 4w ‘
WU Z Z,MENG D H,ZHANG ]J. Experimental study
DBV AE R Tl B 280 ) FH AT L ke 6 B 15 of magnesium phosphate cement on dog tibia plateau

fractures treatment [ J |. Chinese Journal of Clinical
Medicine,2009,16(1) :133-135.
(3] #ME FRARMR 25 45 v [ A 0 U A O 9 DR AL 28

T g% B 4B 0 BE AT LA K e BT R A — 2 Y
$ETb 2B T LR AR A 7 AR

D) WHRNE B A R Ry X 3 5 5% B2 FRT AT 0T, M 22014 . 2014, 21(5) : 325-330.
iD] »ﬂﬁiﬁ%’li&%ﬂ7ﬁ()ﬁﬁ@ﬁ55‘i§ ,@%'liﬁﬂl]%jt SUN Q,ZHENG S L,LI H.et al. Boron resource and
F10%m P ERFESER™EHRE. HillRE prospects of comprehensive utilization of boron mud as
/\%ﬂﬂ 10%5:]— ,@;M%m{)@g@g{@@ﬁ I‘ETJ tbij][]]jﬁﬂ@ a resource in Chinal J]. Earth Science Frontiers, 2014,
(BB BRI K TR 3R 2165325 50
(4] AT MU TS Rn M S 5 A R HE AR H 5
EED S TR SGIF 25,2014, 34(2) : 28-29,51.

o . WU W N. Talking about boron mud pollution control
(1] T4 M8, 250, | Rk aE R sk K s Z ks . o .
and comprehensive utilization technology[ J |. Environmental

s e 77
BFFELI]. T35, 2008(9) . 77-81. Protection &. Circular Economy,2014,34(2):28-29,51.

DING Z,XING F,LI Z J. Repair property of high early (5] T8 0y B B2 68 T 6 W AL R S R ]
strength magnesium phosphosilicate cement [ J ]. DU I R A4, 2022,48(1) :31-32, 36.

Industrial Construction,2008(9) :77-81. WANG L L,ZANG S L, LI C. Resource utilization and
[2] S, Fflde, okt B e B K M EEERET & thinking of boron mud[J]. Sichuan Building Materials,



166 -

A4 GEHER ) (http://ysyl. bgrimm. cn)

2023 A5 9

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

2022,48(1) :31-32,36.

YU J C,LIN L D, QIAN ] S, et al. Preparation and
properties of a low-cost magnesium phosphate cement
with the industrial by-products boron muds [ J].
Construction 2021, 302.
124400. DOI:10. 1016/j. conbuildmat. 2021. 124400.
PSS - W MBS A Lt R Lo S NI L R
ZEA R A . 2020,38(2) : 72-75.

YIN Y X. Environmental problems and comprehensive

and Building Materials,

utillization of boron mud[]]. China Resources Comprehensive
Utilization,2020,38(2) : 72-75.

ZANELLI C, DOMINGUEZ E. LGLESIAS C, et al.
Recycling of residual boron muds into ceramic tiles[J].
Boletin de la Sociedad Espanola de Cerdmica y Vidrio,
2019,58(5) :199-210.

/e R T B S 1 RV QS g e YA AV T A
HF,1993(4) 1 163-165.

CHEN J Z,LIU Y P. Archarite sludge and its use in
building materials industry [ J ]. Chemical Building
Materials,1993(4) :163-165.

ZHTI Q N,YU C Z,HUA M D. The preparation of high
purity silicon dioxide from boron mud:the solid wastes
of boromagnesite for producing borax by alkali or
soda[ J]. Advanced Materials Research,2011,233-235;
1296-1300.

AR AT 20 X 2 22, A5 TR 3k R 4 w2 S R
FELI1. Tk B 5 R 2% 2 3R CH SR B 22 D) 5 2006 (5)
764-767.

LI G, REN X F, LIU S L, etal

experiment of firing craft for boron sediment brick[ ] ].

Research on
Journal of Shenyang Jianzhu University ( Natural
Science) ,2006(5) : 764-767.

L LAV A B B Rk i @ R B K U8 ) A A 4 he F
FELDJ. B H R K%, 2021,

WANG F. Preparation and performance study of
magnesium phosphate cement using boron sludge as
magnesia raw material [ D]. Chongging: Chongging
University,2021.

LA I HTAI e ) & W R B K Ye LD Ri%E K% B
TR :,2008.

YAN D W. Preparation of magnesium phosphate
cement using boron slime[ D . Dalian: Dalian University
of Technology,2008.

WA . AL & W 0 L L B A= DL LT 1. TEHLER
Tk ,1982,14(12) :28-35.

YANG C R. Application, supply, demand and production
of boron compounds[ J]. Inorganic Chemicals Industry,

1982,14(12) :28-35.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

A AR 22 B B U gk €5 Ak v B (8 R i F
FELD1. LB AR AL R A%, 2000.

WANG W. Research on the greening of low-grade magnesite
and boron mud for high value-added utilization [ D J.
Shenyang : Northeastern University,2009.

e i SO D R B K U A R M BB S [ DL W %
PO 4 i R A . 2014,

GAO R. Study on properties of modified magnesium
phosphate cement-based materials [D7]. Xi’ an: Xi' an
University of Architecture and Technology.2014.
SARKAR A K. Hydration/dehydration characteristics
of struvite and dittmarite pertaining to magnesium
ammonium phosphate cement systems[]]. Journal of
Materials Science.1991,26(9) :2514-2518.
SUGAMA T, KUKACKA L E. Magnesium
monophosphate cements derived from diammonium
phosphate solutions[J]. Cement & Concrete Research,
1983,13(3) :407-416.

WAL ERBERWRow 5. JOK SRR X B R #1 BE/K Y K
Pk RE A GOV AR i 52 i LT 1. B RHS: 4, 2020, 34(6)
66-74.

DAI J, QIAN C X, CHEN ], et al. Effect of sodium
acetate anhydrous on hydration and microstructure of
potassium magnesium phosphate cement[J]. Materials
Reports,2020,34(6) :66-74.

Rt = 22 s == 5 RN SR 7 (75 A v R R
9 PERE AL ] KR K U RHE HE 2017, 37(2) 1 82-87.
WEN J B, TANG X S, HUANG G H. etal
Performance testing on rapid repair materials of
magnesium phosphate cement[ J]. Advances in Science
and Technology of Water Resources,2017,37(2) ;:82-87.
QIAN J S,CHAO Y.WANG Q Z.et al. A method for
assessing bond performance of cement-based repair
materials [ J ]. Construction and Building Materials,
2014,68:307-313.

B R S B S G BRI X BEER B K YR A B K
AR 52 B 5E BE TR LT 1. MR 4R . 2022,36(4) : 77-83.
WEI Y. ZHOU X T, HUANG ], et al. Research
Progress on the effects of retarders on the properties
and hydration mechanism of magnesium phosphate
cement[ ] |. Materials Reports,2022,36(4) :77-83.
P R A AR AR S G2 BN D o IR B K U
AKACTE AL PE R S ma L], B RHRL 22 5 TR 4R, 2010,
28(1):31-35,75.

YANG ] M, QIAN C X, JIAO B X, et al. Effects of
retardant borax on hydration and harden process of
magnesia-phosphate cement pastes[ J]. Journal of Materials

Science and Engineering,2010,28(1) :31-35,75.



	有色金属（冶炼）2023-09目录.pdf
	有色金属（冶炼）2023-09正文.pdf

