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Design of the optimal mix ratio of recycled micro-powder

mortar from construction waste
LU Bingke ,ZHANG Zhenying
(School of Civil Engineering and Architecture, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: To improve the utilization rate of recycled micro-powder of construction waste and the
physical and mechanical properties of recycled micro-powder mortar, firstly, 16 groups of recycled micro-
powder mortar samples with different contents of recycled micro-powder, nano-SiO,, redispersible latex
powder and Ca(OH), alkaline activator were prepared by orthogonal test method. Secondly, the physical
and mechanical properties of the samples were measured by laboratory tests. Thirdly, the test results were
analyzed by range analysis, factor index analysis and variance analysis. Finally, the optimum mix ratio of
recycled micro-powder mortar was obtained by comprehensive consideration. The results show that when
the replacement rate of recycled powder is 15.00%, the content of nano-SiO, is 2. 00%, the content of
redispersible latex powder is 2. 00% and the content of Ca(OH), alkaline activator is 4. 00%, the strength
index of the recycled micro-powder mortar sample at 28 days of age meets the requirements of relevant
strength standards. The research results can provide reference for the resource utilization of recycled
micro-powder and the application of recycled micro-powder mortar.

Key words: construction waste; recycled powder; recycled micro-powder mortar; orthogonal test;
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AR FEAE A ERL . HERUR Sl 1700 kg/m®, K
K 0.20%, S URHEEH 2.00% . HEERIECH 2.8,
WrTT SRR A B R AL  FAR G0 - T 34RA
8 um, EEAL2A K 60. 00 %51 SO, A1 13.00%
1) AL Oy, W7 VT8 06 B A BR A & 42 41k 44K
SiO, SEFPRIAE R 20 nm, ARFUE A 0. 08 g/cm’,
JE BN 2. 20~2.60 g/em’ A LIBEXE S
Lo S /NS T IR o 2 ) P T R Nl
99. 70% » JKAY & iy 10. 50 %, HEFHR Sk 390 g/L,
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Sl RS TAE R SR IE AR i 1A
B 2 PR SOR B OR (A 20 (40K SiO, $& (B
K2 AT A LB 2 i (C I ERD .Ca(OHD, B
PEAEFBE D HE) F 4 NMBEHRE BN HEER
B4 IR R FIIERS SR Ly (47, R85 1 & K

W2 1, IEsCIR LA LAl A 3 2. X eis i
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Wb, LR B 7R 38 ol 2. 50 %0 B i A 5 T X0
AELISN R HBR FETE 6. 00 % B8 Y Ca(OHD, Bl
R RN AR, 2 8 H) 1F 32 06 75 B 4 i 1 —
2, AR B R 0, 2.00% . 4. 00% . 6. 00% Ky
Ca(OHD, TR L F B & . BT bR PUTR R 5
Gk M0, Sl 3 B IR RO 48K SiO, AT 2k
FLIB Y . CaC OHD , B3R TN P AE SOy 0 3K it 4 7
Mok, SRFKIEHE 0. 58, IRED 1L 0. 35, BAKEL 4 L
W3R 3.

x1 RBERKER

T AFHEROBBULE/ % BAPK SIO, B8/ CAl A HELEREE/ % D:Ca(OHD, Wk B R/ %
1 0. 00 0.50 2.00 0. 00
2 5.00 1.00 4.00 2.00
3 10. 00 1. 50 6. 00 4.00
4 15. 00 2. 00 8. 00 6. 00

VE : AU AR K SIO, B4t T BBk 15 4\ CaCOHD , BlIHEIUR 5 1 1 K PR 0 B i 7 43 4

x2 EXHBASRITE

An HaE AL
) ) AERIIICR/ 70 BAYK SO, /%0 Crl ek B/ % D:Ca(ORD, BVERUATIEEL ¥
1 ABCD 0. 00 0.50 2.00 0. 00
2 ABGD, 0. 00 1.00 4.00 2.00
3 ABGD; 0. 00 1.50 6. 00 4.00
4 AB,CD, 0. 00 2.00 8. 00 6. 00
5 ABGD, 5.00 0.50 4.00 4.00
6 AB.CD, 5.00 1.00 2.00 6. 00
7 ABCD 5.00 1. 50 8. 00 0. 00
8 A;B,CGD, 5.00 2.00 6. 00 2.00
9  A;B/GD, 10. 00 0.50 6. 00 6. 00
10 A;B.C,D; 10. 00 1.00 8. 00 4.00
11 AB,C D, 10. 00 1.50 2.00 2.00
12 A;B,GD, 10. 00 2.00 4.00 0. 00
13 ABCD, 15. 00 0.50 8. 00 2.00
14 ABCD, 15. 00 1.00 6. 00 0. 00
15 AB,CGD, 15. 00 1. 50 4.00 6. 00
16 AB,CD; 15. 00 2. 00 2.00 4.00
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1 614. 25 270. 00 3.15 12. 60 0
2 585. 90 270. 00 6. 30 25. 20 12. 60
3 557.55 270. 00 9.45 37. 80 25. 20
4 529. 20 270.00  12.60 50. 40 37.80
5 544. 95 301. 50 3.15 25. 20 25. 20
6 541. 80 301. 50 6. 30 12. 60 37. 80
7 538. 65 301. 50 9.45 50. 40 0
8 535. 50 301.50  12.60 37. 80 12. 60
2570. 00 1. 80 0. 90 525. 00
9 488. 25 333.00 3.15 37.80 37.80
10 485.10 333.00 6. 30 50. 40 25. 20
11 532.35 333.00 9.45 12. 60 12. 60
12 529. 20 333.00  12.60 25. 20 0
13 469. 35 364. 50 3.15 50. 40 12. 60
14 491. 40 364. 50 6. 30 37.80 0
15 463. 05 364. 50 9.45 25. 20 37. 80
16 485. 10 364.50  12.60 12. 60 25. 20
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16 L3R AR AR 285 B i K, 100 BH G P 4 4 5 A
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x4 BAMERBER

o B MPa C 98 i/ MPa R
3d 7 d 14 d 28 d 3d 7d 14 d 28 d /mm /(gecm™)
1 0. 50 1.70 2. 10 2. 60 1. 60 4. 90 6. 70 8. 80 98. 00 1. 83 92. 66
2 0. 50 1. 40 2.00 2.30 1. 40 4. 20 6. 10 8. 60 85. 00 1. 80 98. 43
3 0. 50 1. 40 1. 90 2.70 1. 30 3. 90 5. 80 8. 30 84. 00 1.77 99. 08
4 0. 50 1. 30 1. 80 2.50 1. 60 3. 90 5.50 7.50 79. 00 1.79 99. 54
5 0. 50 1. 30 1. 90 2.30 1. 40 4. 00 5. 90 7.30 85. 00 1. 81 96. 02
6 0.70 1. 90 2. 40 2.70 2. 10 6. 00 7.10 9. 40 67.00 1. 88 98. 94
7 0. 40 0. 90 1. 30 1. 60 0. 80 2. 00 3.90 4. 40 100. 00 1. 67 92.17
8 0. 60 1. 30 1. 60 2. 20 1. 30 3.70 5. 00 6. 50 90. 00 1.68 97. 38
9 0. 50 1. 10 1. 40 2. 00 1. 20 3.10 4. 30 5. 90 93. 00 1.78 97.93
10 0. 60 1. 00 1.70 2. 00 1. 30 2. 60 4.70 5. 80 96. 00 1.71 98. 38
11 0. 90 1. 60 2. 40 2.70 2. 30 5.30 7.60 9. 60 63. 00 1. 83 99. 45
12 0.70 1. 20 1. 90 2.10 1.70 3. 30 5. 40 7.00 88. 00 1. 60 96. 83
13 0. 50 0. 80 1.50 1. 60 1. 00 2. 20 3.90 4. 50 92.00 1. 69 93. 83
14 0. 60 1. 00 1.50 1.70 1. 10 2. 20 3.90 5. 00 109. 00 1. 65 91. 76
15 0.70 1. 60 2. 40 2. 80 2. 10 5.10 6. 40 8. 50 60. 00 1. 87 98. 82
16 0. 80 2.00 3. 00 3. 30 2. 40 6. 40 9. 30 11. 30 54. 00 1.93 99. 58
%5 BAEMNDRBERE S
e N
A A REIIR BAVK SO, B Col A BGURRYER. D:Ca(OFD, MR BR ) D0/mm
1 1 1 1 1 1 98. 00
2 1 2 2 2 2 85. 00
3 1 3 3 3 3 84. 00
4 1 4 4 4 4 79. 00
5 2 1 2 3 4 85. 00
6 2 2 1 4 3 67. 00
7 2 3 4 1 2 100. 00
8 2 4 3 2 1 90. 00
9 3 1 3 4 2 93. 00
10 3 2 4 3 1 96. 00
11 3 3 1 2 4 63. 00
12 3 4 2 1 3 88. 00
13 4 1 4 2 3 92. 00
14 4 2 3 1 4 109. 00
15 4 3 2 4 1 60. 00
16 4 4 1 3 2 54. 00
K, 346. 00 368. 00 282.00 395. 00 344. 00
K, 342. 00 357. 00 318. 00 330. 00 332.00
K, 340. 00 307. 00 376. 00 319. 00 331.00
K, 315. 00 311.00 367. 00 299. 00 336. 00
kl 86. 50 92.00 70. 50 98. 75 86. 00
K, 85. 50 89. 25 79. 50 82.50 83. 00
K, 85. 00 76.75 94. 00 79.75 82.75
K, 78.75 77.75 91.75 74.75 84. 00
R 7.75 15. 25 23.50 24. 00 3.25
;‘Eg A B C, D,
Fik

"BA
It e
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2.3 BEHEERESH

FA SO D SR (0 8 B R B L R KRN 3,
7.14.28 d BUyTHEE S Bi H siR EERAR i 1 A G
W 25 A A A il R S A, DU S 7 A% R 3 0
FEPR I
2.3.1 #

K2 o T 16 4l A R e a5 R . IR
2Rl LA 1 K4 4H A9 B8 B2 #E 50. 00 mm F]
90.00 mm = [a], 55 16 41 M # B & /N, N
54.00 mm, % 14 2 AHEEK, R 109. 00 mm,
120
110
100+
90
80
70
60
50
40

30
20

B4 /mm

1 23 45 6 7 8 910111213141516
L5/
2 REEZEKETREDENTEE
Kl 3 45 R K S50 588 i O R .
Ho R E R 2E K 3 B, - Lk
B, 5B ) 32 B R CaCOHD, Bl 38 & 51
B (D) P L R 1B 1 (O, 527 2
Ca(OHD), BIER K F45 /= (D) Al i FL I Ky 15
(O K SiO, BEMB) FHAERMBBULERA),
P 3(h) AP SE R (45 I 2K F K. R H
UL R B, PR B AE ABCD, 35 B KfH. 4

Ca(OHD, fPEW A 425 N 0 B 2. 00%6 . B4
FERE% 16.50%; 24 CaC(OHD, B M & 745 &
2.00% 34 hm B 4.00%, B BE F B 3.30%0: Y
Ca(OHD, % 7% ¥ & 71 # & I 4.00% 35 Jn
6.00% TR 6.30%, CaC(OH), Bk 8 %& 7
FRIEIK YK AR S, SR T2 £ 19 Ca COHD , B 3
RFNAT g T 20 B i KA RN 77 AR Rt 2 K Ak
Yy, GTTE Y FNEE AR . X S~ g B R3S hn T R
A OB DI R, 5 S URE SR AR L TR /D 1 JkE
() A TR B, - BELAS T 00 14 A X 8, Fe & R B A
Ok B0 3 B 8 3 PRI . Ringu 2657 o & 1, B %5
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WO BB S B R R

AT AL B A B i N 2,000 3 i 2]
4. 00 Yomt, BAEE [ TF 12. 80 % 5 24 Al FEAM P FLIE K 15
H 4. 00% BN E] 6. 00 % i, BAEE | TF 18.20%;
AR R B BN 6. 00 V38 nE] 8. 00 Yo,
P TFBE 2. 40% ., AT B BCRL I B 7 5 K 42 fi Js
AT DAAR R -5 OB LR B B RV () £ 4
ALK YRR o 7 A — R BB KRR DT 2
T AR T E ., (1242 6. 0000,
A LIRS 2K TR R B 27 AR R AT g A 31 14
AU BT el 2 5 45 O BELAR T U 1] (1 T
Sl & TR R B RE R PT RS E LR
BRI E g B et 6. 00 %8, 7
FEW/N AR IS A U R B AT A LA T
KIE A A K JE AR B BA 5 3VEH, R
A0 R TR R ST AT 4 A )2
a5 0 AT PSRRI e O B T B, R 45
A A X —a, ot w7 B
S50, A BUBA L [ AT P53 HICEL B 48 B B 2 0
B NS BT RS LR A B
B2 5 A B9 T B R i 3 a2 ) P A iR
K2 THAETE 22 F FR oK BR BRI/
2.3.2 YFEIEE

Bl 4 B/RT 16 A IR s e a5 1.
Bl A Hrn] DL PRAs 8 B A A ) 20 590 =22 ) 9 sl AN
KA FRE R E ., 5 12 PR B /N,
1.60 g/cm’ 55 16 ARSI, R 1. 93 g/em’,

&5 £ I Z KO 53R PR B i O & il
gk, Hp SN EMWMZWE 5 R, NE AT
DL B MR 2 B A B N 2R T LR
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BB (O f Ca(OHD, TRPEH & B & (D),
NSy - ] Ay ECFLE M #8 1 (C) L Ca(OHD, B
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2

6 I I I
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SN
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100 -
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Al A2A3A4B1B2B3 B4 C1C2C3C4DI1D2D3 D4
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(b) OSBRI R EAKFEK

B3 BERRKTEEWMRBENXRBL

2.0
1.8
1.6
14
212

~
=

1.0

¥ 0.6
0.4
0.2
0.0

1 2345678 910111213141516
A5/

B REEZAEFEEWENFERE

Bl 5 (b) SR8 JE 11 45 B R OK 7 K W
Pl DL 3, A B Co Dy H 3R R B 1Y B fI0 TG 5
oo 4] FE 2> BOEL R 1B N 2. 0006 3 i £
4. 00 Yot PRASLE B R B 5. 20 %05 X4 AT FE 43 B LI
¥t I\ 4. 006 BE I 6. 00 %0 B, P A6 %5 i T B
2.80%6 24 Al FE4» BFL B A 45 5 A 6. 00 26 15 i 2]

0.18
0.16
0.14 |-

0.12 |

ZES
(a) WRIFET BRI FRE

8. 00 VoIt HRIE B BE T I 0. 30% . T 7T FR4 8
Bk B — MG S S 8O O 0 A
ARG T KRR, 7 B R &4
T XA R TR AR SO D IR — 4 A
AT REAG T Hom S . R Uk, B 25 AT P4 i RL A
K45 2 A 1S 0, P A O B0 IR R R B LB 2
W

29 Ca(OHD, B PR ¥ A& ) 48 15 AN 0 3 in )
2.00% HFIEBEE Tt 3. 70% 524 Ca(OH), BliPEEL
KRB EN 2,00 %8 E) 4. 009, PR % B 1
3.10% ;4 CaCOHD, ff P& #8 &  4. 00 %03
T 6. 00%, PrAi B EIt 1. 40% ., CaCOH), i
PEFCR 15 A BE S 35 E 7K 8 1 K Ak BN S 8
6T FEAR GOS0 3 A BOULZE ) . X ARG T
AN RS K Z B 25 A 1, T RIS T FL B R
I T A MBI E LR, Wik, &
CaCOH), B & R SR, FA O b 3K 1
Prbos i b 2 3

:EZ}J—A—O—B—*fC—O—D

1.86
1.84

A

182} \
1.80 \

I 178 \/\ A
176 \
1.74F \
1.72 A,
170}

1.68 -

66 .
A1A2A3A4B1B2B3B4Cl1 C2C3C4D1D2D3D4
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(b) BRI B R R R AEK

Bo5 ERRKFESURIFETENXRHBL
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