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Effect of Mix Proportion on the Properties of Phosphate-based
Rapid Repairing Material With Desulfurized Fly-ash
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(1. School of Civil and Transportation Engineering, Ningbo University of Technology, Ningbo 315211, Zhejiang, China;
2. State Key Laboratory of Chemical Resource Engineering, Beijing 100029, China)

Abstract; Phosphate cementitous material was considered as ideal rapid repairing materials owing to its
excellent properties. However, its application was limited due to its shorter setting time and high cost.
Phosphate-based rapid repairing material ( MKPC) was prepared with desulfurization fly ash and tuff
machine-made sand. Meanwhile the method of single-factor experimental design was adopted to study the
effect of mix proportion on the properties of MKPC under high temperature conditions (30 C). The
optimized mix proportion was determined by using value coefficient. The results show that the fluidity of
MKPC demonstrates the parabola changes with M/P ratio, exponential decay with B/MPF ratio, linear
growth with W/MPF ratio, exponential growth with S/MPF ratio, and exponential decay with CFB/MPF
ratio. Secondly, the setting time of MKPC decreases linearly with the ratio of M/P, and increases with
the ratio of B/MPF, W/MPF and CFB/MPF according to an exponential growth model. Thirdly, the
mechanical property of MKPC about an hour declines linearly with the ratio of M/P, and improves with
the ratio of B/MPF, W/MPF and CFB/MPF according to a parabola model. Finally, the optimized mix

proportion is determined by using value coefficient, which meets the control range of the construction
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operability and early mechanical properties.

Key words: phosphate cementitious material ; desulfurization fly ash; multi-objective optimization; mix

proportion
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Table 1 Chemical analysis of dead burnt magnesia and CFB fly-ash %

JERE

w(8i0,) w(AlLO;) w(Fe,0;) w(CaO) w(MgO) w(Na,0) w(K,0)

w(S0;) w(f- CaO) w(Loss)

SRR 0.62 0.32 0. 86 2.38
CFB ik 52.14 21. 80 3.63 14. 68

93.23
0.78 0.32 1.32 2.26 6.29 1.02

0.03 — 0.62 — 0.33




1398 |

NN AP NEE S

2017 4

A
Q Q— 1
A—TNH
C—4 AL
C
0 AH )
I Iy WAAA L
W A A H
0 10 20 30 40 50 60 70
20/(°)

K1 CFB BB XRD &3
Fig.1 XRD pattern of the CFB fly-ash
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Table 2 Particle size analysis of the CFB fly-ash

D10/ pm D50/ pm D90/pm 0 ~45pm/%

0. 86 4.18 13.05 99.15
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Fig.2 Effects of mix proportion parameters on the fluidity of MKPC



559 1

NS, S HCE eSO B K TR R PR AE A RE RE Y R 1399

MKPC) HOR R L | BAD A i K b /D I B &
BRI B T AE 30 °C i X 3R A s e 1)
SOG4 0L | b A DR 28 I B R e AR AR R
m(M)/m(P) >m(B)/m(MPF) >m(W)/m(MPF) >
m(S)/m(MPF) >m(CFB)/m(MPF).

ML 2 ik o] LU M I 20 3 Bl A B L 1 3
KFHN S0 J5 /0y, FEBRIR LA 3. 0 I BRAS i
KR EHEE 238 mm, AL 1.5 BFERE SN T 37% ,
Giit PR R 2L AR (W Ey =
—36.76x" + 198.29x — 45.81, # X &R ¥ R* =
0.904). HJEF K MO B34 I— 77 i v] 235 MKPC
453181 G IC FIFL B 45 4, D/ ML A =2 [ g 4
T, B B 5 85—y T S A FR B L SR T A
i, T EENK G L FRT R B ) Mg W2 R
T R R FR IR B T, 78 K AR RIS 60T 5K
PRI B REAR. T LATE /K S AR T B Eb X 3 3
JEAFEA PR LA

MKPC $AR I 3L 20 5 B 00 FH 2 34 22 i 3 K,
WIS P A 8% HEhnF) 10% I, Wi sh K T
35. 4% BRI N 10% 3] 13% 0, 37 3
UK T 7.7% , MR 48 Ge 1 H 5 3w 2 5 48 50
WAV AL (BN v = —451. 35exp ( —0.092x) +
422.22 MRZREC R =0.921). HIEKR M 54
R A% G AR AR R Y B — 2 R4
BHAS T KA, I 1 IR K Ak s 0 R ik B 7% 2% i
PRI K i, R0 B 12 2% T R B ) S A 22
FESEIN, U 2 B A (E AT SR A ) A SRR A
TR BN R T R IR R | MR 4k 15 il
B K IR s K S T h B R A
A4 .

Bt 7K J2 LU B 38 K, MKPC 3% 1 14 9 2 B 38 W7 ke
3 KHE EE A 0. 12 38 E] 0. 20 B, i 30 A 196
mm 3 A3 272 mm, #2815 T 38.8% , G it o i &
SRR IEAH M (RN v =970x +75. 6, 2 R AL
R* =0.986). 7K HUAE—E B N, 7K e L ok, Tl
LTI A0 82 5 110 2 A B8 2 | PR 48 ) /N | TR L 3
PR

HD I EE X IAE S04 140 5 Wi 22 8 00 1 AU A A R
(VB y = —0. 04exp(8.33x) +260. 26, X R4k
R* =0.964) ,/INTF 0. 6 B BB L X3 8l B 1 52 0 AN
B, KT 0.6 Jo, FoUm sl BT R B3 K, bR L
0.3 HEREN 0.9 B, S BE N 259 mm TR 176
mm , FEARIEE 32% . FEAETRPIC L /NI, 2R 4k
(OR300 AIOR € N R R U R OB NI (U T T

PRI A BB 3 T A | PEEBEL g K 3 L Bl T g

J AR IR AR 458 #4 L 7T 2l 3 MKPC it 2
Pk, BT K35 5N 10% B B 25% |, I 5 & 208
mm M%) 228 mm, #2755 9. 6% , Hi & Z 8] +5 50w
A (BN y = - 62. 8exp( - 0. 12x) +
228.85, K FEL R* =0.966).

MKPC {4 22 7K Ak S5 10 =5 S I 1 el R s o, BT
MKPC fiZK & , SRR — S PRGH A K (3 R 2
P SR OB i T IR MRV WO, IR Mg
Mgt SBEIRAR K W A i MgKPO, <6H,0 ( MKP) ,
Bl RN AT , AL TE MgO R R T Y KAL) MKP
AR 3 M IE B LA R B2 % MgO ikl % .0, MKP 1E
LT FEUAE B 04 X 25 S5 4, fH MKPC 3 AR 35 235 1
b ; [RlB MKPC K ALK ZR H MO 1137 i i 5 1k 3R
4 SN I RS VRCRE pH B A G, IR 3R B 7 ik B e
WAH pH EEAIG, MO 5 fiff 8 B PR, 7K Ak s iz i
P ORI LA R Rl R AR A VB P, 3k R N
A HELZE MKPC AYBELSRE AL A2 . A R R,
B IR B A BEAR T TR IR A 70 F i, ARk Rk
AT 2 AR, DTS 58 0 A7 A R 3 s P A R 7K Ak Tk
BB RRAR , IR B AE K AL, TSGR RTE R,
T3 —J7 T IR AT R EL AT 3 38 A 5 i AR R O
REARHN AL ZE B be sk & e
fifi CFB F/K LK.

2.2 R IE]

Bl 3 AN AR L IR0 FH 7K BE B Bt 4y
HEIRB R MKPC 78 30 °C B B B9seLsmhie) , ik
PR X BE LS B (RIS R B2 FE AR YK R m (B)/m (MPF) >
m(M)/m (P) >m (CFB)/m (MPF) >m (W)/
m(MPF).

ME 3 Ha] LU, BEE m(M)/m(P) (3N,
MKPC ‘R 3318 5 04 ) 5 25 B 0] B i /N, m(M)/
m(P)M 1.5 BEHNE 4.5 W}, BELE I [H] A 600 s ¥ 2>
125 s, FRET 79% , Geit /AT R M 2R ik
Wk O 2 (HELEINH ] y =880 — 162. 86x , IR R =
0.964). HJFH K MKPC 4 Z K4k s b7 H sk & 48 4k
BE S W — VA TR 2 1) A R A S N, PR R
LG TR, B K AR s 7 3 6 32 2 e AR AR BE 1Y
TR m (M) /m (P (RO DU A5 A0 B AR X6
I ROOT VAR A BN, KA P R
JLEER SSRGS R B 5 H R A

m(B)/m( MPF) XFEESE i 8] () 5 Wi 5 38 B K
RUAR A AL (BELS BT A] y = 1. 78exp (0.49x) +
225.77 MK 2B R* =0.997), 7F 30 C &=l F



1400 |

NN AP NEE S

2017 4

700
600
500
400 -

HIGET TR/

300 -

200 -

100 | | . | I L
1.5 20 25 30 35 40 45

m(M)/m(P)
(a) m(M)/m(P)

600 -
550+
500+
450
400+
350+
3004

250
0.12

WIGERT TR/

0.16 0.18 0.20
m(W)/m(MPF)

(¢) m(W)/m(MPF)

0.14

1 200

1 000

800

600

WIBES [A)/s

400

200 ‘ ‘ ‘ ; L : i
0.06 0.07 0.08 0.09 0.10 0.11 0.12 0.13
m(B)/m(MPF)
(b) m(B)/m(MPF)
1000

800

WIEE [a) /s

600

400 : : : : '
005 010 015 020 025 030
m(CFBYm(MPF)

(d) m(CFB)/m(MPF)

ilE — A

El 3 HiA LS ECT MKPC B4 Bt ] 520

Fig.3 Effects of mix proportion parameters on the setting time of MKPC
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SER 1 b )RR, EARLRR K LA I AL
IVAR(EPYORES i Ee 3 - o iV 8 A & Yt 7
k. PIBEE TR K 4B A  MKPC /R &R 1 h J1%%
PERE T .
2.4 EELSHEHMAK

IR EE 2 E. C. Harrington 1 1965 HE42 H
f—Ff 22 H A P A T] B SR e s, Hoomiet'o ok
VORI E W n AN abR, B — e DIRR BCH

d,(0<d,<1) ,LEIIREN
d=(d, xd, xdy- xd,)""

o REd R | D BRSSP W R
d Fm n MR BRSO e Tk ok
M d, =1 FTRE i D EAR RO EAT AR X [R] 51
BARBR I AE A IH —f b 2] 35S TR R AL
MR B e 2 Bis FRCE it 24802
— BRI AR IR AR S A s s b R
P BE R, BRI 2 B RS I (R] U |
PUE SR AR A A% bR TR A A LS BEAR
FIBOE T A TR R B, 45 R WL 3% 4 s, MKPC
R LS LS Eh E R B IRR B ) 240k
HEhE (W& 4 PHEAAE). HIEH m(CFB)/
m(MPF) 7E 10% ~20% , H BTk REAHZEA K, 45
B AR 7] 5 R R R 3 E m (CFB)/m (MPF) =
20% , A it MKPC 1A & AR AL & Ltk 250 m(M)/
m(P) =3 .m(B)/m(MPF) =12% .m(W)/m(MPF) =
0.14.m (S)/m (MPF) = 0.5 &% m ( CFB)/
m(MPF) =20% .

R4 DRRBASWR

Table 4 Analysis of value coefficient

m(M)/m(P)
i H
1.5 2 2.5 3.0 3.5 4 4.5
BIARE d 0.48 0.67 0.77 0. 86 0.84 0. 65 0.45
m(B)/m(MPF)
i H
0.06 0. 08 0.09 0. 10 0.11 0.12 0.13
BIEREd 0. 60 0.61 0. 67 0.69 0.71 0.76 0.72
m(S)/m(MPF)
i H
0.3 0.4 0.5 0.6 0.7 0.8 0.9
BIIERE d 0.95 0.92 0.99 0.87 0.79 0. 65 0.53
m(CFB)/m(MPF)
i H
0.05 0.10 0.15 0.20 0.25 0.30
BIN R d 0.82 0.84 0. 81 0.81 0. 69 0.62
m(W)/m(MPF)
i H
0.12 0. 14 0.16 0.18 0.2
BRI FRE 0.74 0. 80 0.76 0. 64 0.52

454G BRI T L S B0 R, LA
[FIEC & LS HON 10 AR T b ] 5 (0 WP R
B SR R R EATBESS I 18] Vi 3l BE K g 21k
REXT HL oA, LA B L6 5. B Do A8 52 b bt T

SR NS AN R BIEE R R T 15
min , FY R TR AN FF Z242 6 7 20 min DA [, 1 h 3T
Jie 3 3 B REIS ] 20 MPa. AR U, D5 A Foy e
Er B0 e 1 5B G T3R5 I 5
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Table 5 Performance test results of MKPC

) o § ) PSR/ MPa LTI/ MPa
FE WshE/mm  BELEIE]/min
1h 28 d 1h 28 d
MKPC 230 21 29.2 58.7 11.3 12.6
FEAERE 240 28 26. 1 — 9.8 —

TR Vb £ BB R s 8 &R R E , MKPC
YRR TR BEZEIN RINE A 4606, 1 h BOBT R SR |
PO EE R 0, 2 B AR 2K 5 AL RS 5 ) B R h
&5 PR ELAT S G 1 L T 2E Ml R R A
WM TR B AT S B, CaO 76 R PE 1 980 1 95 1
FEd ) A B A K 5 R P Wl R R R R N R
B Z2 KA = LR e 2s B b i 4% MKPC (19 %%
BRI SR O WS s s BeAMILI A
AR Y S5 A I R RELRES | DR T 5 R EL | TR K
FRER A S AR B SR 22 20 | SRS I E] 42 F, SR 00
IE S iniictid i

0.151
|
:.;; I \ Jﬂ — MKPC
B 0.10 f \ ------- FLHERE
E [\ 7
E F \ f“l I\‘ -'jl.
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< EEr L |
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\
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Fig.5 Distribution of pore size
3 i

1) MKPC HR3# 1 &4 B i 3h B BEE m(M)/
m(P) m(B)/m(MPF) m(W)/m(MPF) m(S)/
m(MPF) &% m(CFB)/m( MPF) [ R U 2 b4
LRI BRI 2R MR IE AR DG A B K R R F
B AR AL X B0 BE 5 i AR BEAR A m (M) /
m(P)>m(B)/m (MPF) >m (W)/m (MPF) >
m(S)/m(MPF) >m(CFB)/m(MPF).

2) MKPC P& 52 44 BLBEL I B B m (M) /
m(P) BYBG IR LM% 33 A B m (B)/m (MPF) |
m(W)/m(MPF) % m( CFB)/m( MPF) {3 iy 32 45
BRI AR XoF B 45 I 8] 52 i 2 JEAR YK m(B)/

m(MPF) >m(M)/m (P) >m (CFB)/m ( MPF) >
m(W)/m(MPF).

3) MKPC PRE A K 1 h J12= P REFE &
m(CFB)/m ( MPF ) [ 34 i &2 26 P 326 sk 48 fk, Bl
m(B)/ m(MPF) . m (W)/m ( MPF) J% m(CFB)/
m(MPF) B3 in 24 2B AR 40 6 1 h J12eEResy
M FE AR N m (M) /m(P) >m(W)/m(MPF) >
m(B)/ m(MPF) > m (CFB)/m ( MPF) > m(S)/
m(MPF).

4) RHARBOESFRAT MKPC 1A R EEZS I ] |
BN R 15 e RE 2 H AR T L& e S5, 1
m(M)/m(P) =3 . m(B)/m(MPF) =12% .m(W)/
m(MPF) =0. 14 m(S)/m(MPF) =0.5 Km(CFB)/
m(MPF) =20% , 1 i P48 52 IR A776 T 25K
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