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Effect of particle size distribution of recycled concrete powders on
microstructure and strength of cement gel

LI Ying, KANG Xiaoming, CHEN Xi, DAI Dahu

(School of Civil Engineering; Qinghai Provincial Key Laboratory of Energy Saving Building Materials and Engineering Safety,
Qinghai University, Xining 810016, China)

Abstract: By using the Andreasen theory of the dense packing powder, the effect of the particle size distribution of the recycled
concrete powders( RCP) on microstructure and strength of cement gel was discussed in this paper. The RCP powders were milled
in different time and incorporated into the cement mortar in the same substitution to investigate the relationship between particle
size distribution of powder materials in cement gels and mortar strength, cement stone pore structure and micro-morphology. It is
demonstrated that with the grinding time increases, the particle gradation of the powder material in the cement gel is improved,
the content of particles with the size under 10 pm is continuously increasing, and it can exert a good filling effect after being used
in mortar, and improve the microstructure of cement gel. The total porosity of mortar prepared with RCP-30 increased by 18.2%
compared with the mortar by using unscrupulous RCP powders, while the average pore size decreased by 51. 9% , the harmous holes
with the diameter under 20 nm increased by 25% , and the pore diameter was gradually refined. The pore structure has been improved
and the structure of cement paste tends to be density, and the mortar 28 d compressive strength reached 43.9 MPa.
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Tab.1 Physical properties of particle materials

JERR IHRTTRAEY % HFEEE/ (kgom ™) FRWHE/ (kgom™?)
K 1.6 1031 3 030
AR 30.78 945 2384

1.2 FHik
12,1 B A fobr o m T S5 0] 3%

RO B FEAE SO 7E PM2L A7 2 EREHL AP 2EATHY I , BRIE A [] 3265 4 0., 10, 20, 30 min, 5351
il RCP, RCP-10, RCP-20 #1 RCP-30 375 3% 4 Fh /N [7) 40 B ) FEA: 0k . SR Fil Mastersizer 2000 ( Th /K
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SC) WL EE AN R A A A e BE 4376 , SR D/ max 2500PC %Y X SR AT SN (XRD) I 2 F-AE 1o 14
W AL, R ] STA449F3-DSC200F3 $443 ik FIAX ( TG-DSC ) I & b4 4} Fy Jot B2t i 2% Rl
1.2.2 A ZEATIL

WK BB A L ank 2 7 ,RCP, RCP-10, RCP-20 71 RCP-30 35I| AR EEAT B S BT i (1) 20% 8 A
KPR £ B bR R 1350 g, F/K &R 225 mL, 574 40 mm x40 mm x40 mm 7K &
IR ARHESR Y 24 h S TEARHESR PR R, K 3. 7. 28 d,

R2 WRHEALL

Tab.2 Mix ratio of cement mortar

it/
ErR= RS %

RCP RCP-10 RCP-20 RCP-30 KB
S0 0 0 0 0 0 450
S1 20 90 0 0 0 360
S2 20 0 90 0 0 360
S3 20 0 0 90 0 360
4 20 0 0 0 90 360

1.2.3 K88 B AR VL 25
SR JSM-6610LV 3 H.4% (SEM ) W EZ /K AL = 28 d 19 7K U8 B Jie 44 1 1 W T 35 5 % A AutoPore IV
9500 4= H hERAXMIR N TRFLBRZE M o BT FE i 7R IR 2 R 3407 TE K T A iRk i o

2 Andreasen A& K& HEFR IS
AW5E R Al Andreasen JURIMEFR R , TR B R K

Y =100(D/D,)" (1)

K Y W BORCRIAR N D A R T BRESEL, % 5 D AR RAR , wm; n AL

Andreasen HR¥E KB HIXIEERAG H , BEE 7 ABE n (B EIBIIN, AP R 25 IR BEZ 38N, X
WEZ n = 1/3 B, B SCBEROR, T n AHARSEWIN, 25 SRR AR TR B T I 7 0 JK VR A9 0RLAM 7 — AR L
AL, AT AR FZOT AT TR . A BOKTRIBURL B B JOREAE 2 150 pm  ARARS (1), 3155 s E
i B HEBURAS K FR AR ABURLRLAR 20 A , W3R 3 7R o 3R 4 D SE Fn I 45 BA 7K R 700 A= oty ) U
o o

®3 RETHERMKESEHRESF(D,, =150 wm)
Tab.3 Particle size distrubution of cement in dense packing state( D, =150 pum)

BB %
TR
<2 pm <4 pm <10 pm <20 um <40 pm <80 um <100 pwm <150 wm
K8 23.71 29.88 40.55 51.09 64.37 81.10 87.36 100
x4 BEHBEMBRRES T
Tab.4 Particle size distrubution of cement and RCP
BB %
TR
<2 pm <4 pm <10 pm <20 um <40 pm <80 um <100 pwm <150 wm
K8 7.17 15.22 34.39 53.92 77.27 94. 80 97.97 99.79

BBk 3.84 6.32 12.68 21.00 33.66 57.37 65.07 86.21
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Fig.1 Change of particle size distrubution of recycled concrete powder with different griding time
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H B USRI 5 & A PRI G2, Ak S ek s 6 ) R SO R
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P 2 S A [ s o ) A fOobs ) XRD &3 1 2 WTLUR Y, FRAR IO 0 2 W 2 R 6 7
fitf1 (CaCO;) | FTE(SI0,) . H = £ (CaMg(CO;), ) FIRAKAL M RERR =45 (C,8) K AR KL= H)
Ca(OH), o H s i 18] 8 02 b 2 P A ook v B TR 0465 A b, FERTS A8 O 26° M EY Si0, HOZE il 7%
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J& 10 min ff, C,S 45 FhI& ] A48 , UL FRAE OB HEATRRIE I, 7T LURE K YR A50RE b 45 . 2 i R 7K AL
5 C,S BERL IR, CpS MK YR FP i 3= ZEAK A , JH35 ok 10 v 412 1 AR 0k B ZK AR P A T
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Tab.5 Particle size distrubution of RCP with different grinding time

B 58 %
3
<2 pm <4 pm <10 pm <20 um <40 pm <80 um <100 pwm <150 wm
KV 7.17 15.22 34.39 53.92 77.27 94.80 97.97 99.79
RCP 3.84 6.32 12.68 21.00 33.66 57.37 65.07 86.21
RCP-10 8.38 13.55 25.33 38.18 54.61 77. 66 85.59 95.67
RCP-20 14.65 22.67 38.15 50.77 67.45 89.73 94.15 99.17
RCP-30 15.47 23.95 38.02 51.61 64.92 85.12 90.71 97.67
RCP : 4C,S  #Ca(OH),
¥ P L4
%
RCP-10 ¥Si0, ©CaCo,
1 % -
- "
RCP-20 + CaMg(CO),
w | e
PR YT, b
L
RCP-30
.
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Fig.2 XRD analysis of recycled concrete powder with different griding time
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Fig.4 Compressive strength change of mortar

under different hydration ages
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Fig.5 Particle size distrubution of cementitious

material in mortar
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Fig.6 Tensile strength change of mortar under different hydration ages
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Fig.7 SEM images of mortar at 28 d

6 ARM DKM ILGHRES R, WRFFTLUE H,S4 H S1 EFLBRRIEM T 18.2% , fLHE M
T 142.9% , MF LSRR T 51.9% , S Al JLFLARIRVDN , Bl BB 0N & &5 4 40 FORE R P AR OB ), B
R B EIFLBRFIG N T B2/ ML B3 2, U 6 P A S0k J0RE % B B R T A AL , R FE K 8
A FALBREE B AR T, XSGR AP K TR B SRORAE A4 7= A BB A o
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Tab.6 Characteristic parameters of pore structure in different types of mortar

45 R/ % BAABY (ml-g™) LB (w-g7") PR/ nm B UL/ nm
st 9.94 0. 047 60 3.867 49.26 50.37
s2 11.75 0. 066 30 0.911 24.30 50.43
s3 11.18 0.052 51 8.568 24.51 40.31
s4 11.75 0.055 60 9.393 23.68 50.42

AR R R R P LGB RI 4 ik, AT LUK K VR A R B FLAR A A R Ak 4 NIRRT
I. .V, FEMRBER 20% 6, K4k 28 d FRPR KA T IR LR NE 8 Bk,
MR LA Y, BEE P A SOk B B s 8] (38, 0 3% oA 35 L (50 ~ 200 nm) F1Z2F AL ( >200 nm) F %
EH BB, MHEFLL( <20 nm) FAFFL(20 ~50 nm) FECEI BN, S2 AR E DY 10 min F)
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