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Effect of Super-absorbent Polymer on Hydration and Compressive
Strength of Concrete

JIANG Yudan,JIN Zuquan, CHEN Yongfeng, FAN Junfeng

(School of Civil Engineering,Qingdao University of Technology. Qingdao 266033)

Abstract Super absorbent polymer (SAP) as a kind of internal curing materials can effectively inhibit the autogenous
shrinkage and prevent crack formation. However, it remains to be studied whether SAP has a negative impact on concrete. In this
paper, the hydration products of paste incorporated by different content of SAP were studied by XRD and DTA-TG, and mechanical
properties were tested after standard curing to the different ages. The influence of SAP on hydration and compressive strength of
concrete was studied quantificationally. Results indicated that SAP could delay the early hydration on concrete (0—7 d) and the
compressive strength of concrete decreased as well. After 7 days curing, the influence of SAP on hydration and compressive strength
of concrete was negligible. When the addition of SAP was 1 kg/m?®(the mass percentage of super absorbent polymer in cementitious
material was 0.2%) and 1.5 kg/m® (the mass percentage of super absorbent polymer in cementitious material was 0.3%), the
compressive strength of concrete with SAP was 100% and 96 % of the concrete without SAP at the age of 28 days. After 56 days
curing, the compressive strength of concrete with SAP was 107% and 96 % of the concrete without SAP. For C50 concrete, the

recommended content of SAP is 1 kg/m®.
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Table 1 Chemical composition of cement, GGBS and fly ash(mass fraction/ %)
2k Loss SiO, Al, Oy Fe, O, CaO MgO K, O Na, O SO,
A 0.17 20. 87 4. 87 3.59 64.49 2.13 0. 65 0.11 2.52
78 0. 38 34.59 18. 15 0.7 33.87 6.5 0.57 1. 27 2.03
M K 0.77 47. 86 32.5 4.52 4.09 0.55 1.62 0. 55 1.18
2 HT700 B WK B BG4 B8 48 b BoA Hig i nge 3 Bin. R LF50 A3 b, gy = Fb
Table 2 Properties of H700-SAP AFE SAP B 8 1 ik FE 4 5 4 %) & LF50SP1. LF50SP2
TE H700 & & % K # g F1 LF50SP3,
A/ B 30790 3 WAL I (g/m’)
& 700 Table 3 Mix proportion of paste(kg/m’)
FAE/N =7 %% AW 7H BHEK Kk SAPHAE SAP
FHTARKRE/ e/ =700 LF50 250 150 75 155 0 0
#ACK K& 0. 9% NaCl/ (g/) =40 LF50SP1 250 150 75 125 30 1
BT ARBKAEKE(1:100)/s <65 LF50SP2 250 150 75 110 45 1.5
R B/ (g/ml) 0.65~0. 85 LF50SP3 250 150 75 95 60 2
ZERKE/ (g/) =27 ] }
pH & 6. 0~6. 6 RWFFE G B A TAERE AT PR AR He : (1) 2K K
G v e i A Ve R S

1.2 SEBEEL

AW A XRD Hil DTA-TG 43 b7 & 3k B . K K el
0. 33, EHEEM BL S 12 475 kg/m’ . S5 R F W], SAP (1Y 15
TG AR HITE 25 52245 W I A S X TR BE 4= T AE PE (9 52
ARSI K ) R m (SAP) :m(JK) =1:30, $WKJG
1 KA R B A 3K JF R H B AR K 7E B Rk & Bk
T ROK R IR B B E N 1 kg/m® (1.5 kg/m” .2 kg/m’, K

WG N FRIFOK 5 (2) BOK K L 38 ¥ 3 5 K & SAP
AN A SRR B S S R R LA
1.3 EBRtE&L

IREE LA RN 3R 4 it SR BUKIK L 0. 33
FHHEEBERMT B LR 8 BB B 2: 1)/
LFS0# Jy B e IR 58 -, IKEEM B 80 10 K I & L Cke/
m’) A 475:730:1 095:155, =FAIR SAP & i 1y il 4 5
4351 LF50SP1 £ \LF50SP2 # Al LF50SP3 #

#z 4 REEA K (kg/m®)
Table 4 Mix proportion of concrete(kg/m?*)

%= K IR K LR 3 B T & FLAA MR SAP % & & SAP
LF50 # 250 150 75 730 1095 155 0.22 5.58 0 0
LF50SP1 # 250 150 75 730 1095 125 0.22 6. 05 30 1

LF50SP2 # 250 150 75 730 1095 110 0.22 6. 05 45 1.5
LF50SP3 # 250 150 75 730 1095 95 0.22 6.51 60 2
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Fig. 1 XRD patterns of paste at different ages
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Fig. 2 DTA-TG curve of paste
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Fig. 3 TG curves of paste at different ages
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Table 5 Ca(OH), content of paste at different ages

i Ca(OH), 2 # & Ca(OH), 8 CaCO; 2 E CaCO; 8  # ity Ca(OH), 8 Ca(OH), B &

% d % % % % % %
LE50 1. 483 0. 301 6. 097 0. 684 0.506 6.603
LEF50SP1 1. 496 6. 150 0. 257 0.584 0.432 6.582
LF50SP2 ¥ 1. 294 5. 320 0.463 1.052 0.779 6. 098
LF50SP3 1. 231 5.061 0.492 1.117 0. 827 5. 888
LE50 1.501 6.171 0.453 1.030 0.762 6.933
LE50SP1 1.533 6.302 0. 335 0.762 0.564 6. 886
LE50SP2 ! 1. 394 5.731 0.521 1.184 0. 876 6. 607
LE50SP3 1.371 6. 636 0.495 1.124 0. 832 6.468
LE50 1. 589 6.533 0. 330 0.750 0.555 7. 088
LE50SP1 1. 396 5.739 0. 945 2.149 1.590 7.329
LE50SP2 28 1.599 0.399 6. 574 0.906 0.671 7.244
LE50SP3 1.503 0. 308 6.179 0.701 0.519 6.698
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Fig.4 Ca(OH), content of paste at different ages
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T 50081-2002) , 43 5l MK A [7] SAP 5 1 i 1R Bt X 1F 1Y
3d.7d.28 d 56 dHLHRE,ERWME 6 IR,

F* 6 IRBELMPLIE IR E (MPa)
Table 6 The compressive strength(MPa) of concrete
% & 3d 7d 28 d 56 d
LF50# 41.73 55.43 63. 37 65.73
LF50SP1 # 35.43 51.83 63. 50 70. 17
LF50SP2 # 33. 85 50. 80 60. 83 63. 17
LF50SP3 # 30. 97 43.00 57.67 60. 73
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Quantitative Analysis of Hydration Products K-struvite in Magnesium
Potassium Phosphate Cement

LLIU Na, JIANG Zichao, WANG Hongtao, DAI Fengle
(Department of Chemical and Materials Engineering, Logistical Engineering University, Chongqing 401311)

Abstract The performance of magnesium potassium phosphate cement is closely related to the content of MgKPO, + 6H,0
(K-struvite). In this study, the relative content of K-struvite and MgO in magnesium phosphate cement was analyzed by the adiabatic
method and Rietveld method based on X-ray diffraction, and the formula for converting relative content into absolute content was
proposed. The dehydration temperature and absolute content of K-struvite were determined by thermogravimetric method, and the
results were compared with the results obtained by adiabatic method and Rietveld method. The results obtained from the three
methods were consistent. Adiabatic method and Rietveld method are simple and fast in the analysis of the relative content of K-
struvite, but the required relative information is much more than that of thermogravimetric method when converting to absolute
content, therefore the thermogravimetric method is more operational.

Key words magnesium potassium phosphate cement, K-struvite, quantitative analysis, Rietveld
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Table 1 Chemical component of the magnesia
Rl MgO SiO, Ca0 Fe,O,  ALO,
4E/%  88.18 7.23 2.20 0. 68 1.31
A SO, P,0; MnO, TiO, 1t
4E/%  0.08 0.11 0.05 0.13 0.03

i ) X MKPC (4 RB 52 ) 5 <, PR R FH LT B B il 2%
MKPC: M/P A 435104 3.4.5 F1 6. AP 5 5% 480 1b B 1
WA R 8%, KR A 0.12, MKPC & {4 #£ 40 mm X
40 mmX 160 mm FEEE P B, 1 h FIFE, B TIRE (25+
5) C AHXHBE (65+5) IR T #7947,

1.2.2 fRBATTHRAR

By R 7 d R e PSR EE 253 0. 074 mm
i (200 B, ¥4 3 5 5 1) MKPC # oK B T B 25 T4 AR
BZE TR, PRI N 30 C,EFRBBEEICE TG IR
FE TR AR
1.2.3 XRD 4-#f

SR H A2 6100 B XS 2 AT G0 7 28 3 IR IR L 28
T4k B MKPC 3 RE 19 X 4542 A7 45 B3, 3 i il ) Cu
1, TAEH R 40 KV, TAERLJE 30 mA, 2558 0. 02°, 45 4 3 &
1 s/step, HILHE 10~65°,

1.2.4 Z&#o#

SRHIZEE TA LR A SDT Q600 % 45 4 #14: H7 AX St
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Fig. 1 The XRD pattern of MKPC with different M/P
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Fig. 2 Fitting process of the strongest peak of K-struvite
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Table 2 The analysis results of adiabatic method
M/P=3 M/P=4 M/P=5 M/P=6
Sample

K-struvite MgO K-struvite MgO K-struvite MgO K-struvite MgO

Height/ % 11. 8 100 7.4 5.5 100 3.9 100

Area/ % 18. 8 100 13.1 10. 7 100 8.3 100
FWHM 0.210 0.131 0.207 0.110 0. 265 0.129 0.275 0.124

wt/ % 38.9 61.1 30.7 69. 3 26. 6 73.4 21.9 78.1

M2 2 Al BEE M/P LG (E B 38 K, K-Struvite () £ X
VA ey U TR ALY T i L A SR 2 1 SE AN L 0 R A AR I 1Y
W A B R B (AR T R A L W R K TR AT B A 4 AR AR
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4G XRD FEAELL A 7 HH . B3R 0 8 & 0 Br 45 SRR 2 R &R
FALA MgO Al K-Struvite, A7 5 19 45 12 7 & AT & &
2.2 HETF Rietveld S FEE S

Rietveld #2722 Wik s2 % H. M. Rietveld T 1967 4
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Sk . Rietveld J7 ¥k B R AR B 2 8 5 U 50 AT 5 5 B () 11 53
L0 {3 e e/ AR PRI L S A IR R S R DL K
SR TR SR R KR EY A, —0
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Table 3 The analysis results of adiabatic method

Sample M/P=3 M/P=4 M/P=5 M/P=6
wt/ % 37.3 29.9 26.1 21.2
R/ % 9. 04 8.17 8.03 8. 48
E/% 5.82 5.62 5.69 5. 66
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Table 4 Comparison of the results of different

quantitative methods

HEE RAMMRZE

%4k Rietveld %

HE % % % %
M/P=3 32.3 30.4 30.8 1.9
M/P=4 24.6 23.8 22.6 2.0
M/P=5 21.2 20.7 20.0 1.2
M/P=6 17.1 16.5 14.9 2.2
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Synergistic Effect of Nano Silica and Fly Ash on the Cement-based Materials
ZHANG Xiuzhi'?, LIU Mingle'?, DU Xiaohan®, YANG Xiangzi''*, ZHOU Zonghui'*

(1 School of Materials Science & Engineering, University of Jinan, Jinan 250022; 2 Shandong Provincial Key Laboratory of
Preparation and Measurement of Building Materials, Jinan 2500223 3  School of Civil and Transportation Engineering, Hebei

University of Technology, Tianjin 300401)

Abstract The synergistic effect of nano silica and fly ash on cement based materials was studied by adjusting the ratio of nano
SiO, and fly ash. The results showed that the effect of nano silica and fly ash on cement is better than that of adding single nano
silica. The early compressive strength reduction by fly ash can be compensated by adding 3% nano silica and less than 30% fly ash
into mortar without the decrement of 28 days compressive strength. The drying shrinkage of mortar increased with the increase of
nano Si0), , but the fly ash can relieve the drying shrinkage of nano SiO,. With the increase of nano silica, the freeze thaw resistance
and chloride corrosion resistance of the specimens were improved, and 3% nanometer silica and 30 % fly ash could further enhance the
durability of cement-based materials. Nano SiO, can shorten the induction period of cement hydration and accelerated the process of
cement hydration, and the total heat release was increased when nano SiO, was added. When adding nano SiO, into the cement-fly
ash system, the content of non evaporated water was increased obviously in the early stage, but the increment of the non evaporated
water in the late stage was slow. The synergistic effect of nanosilica and fly ash improves the performance of cement mortar, which is
beneficial to the performance complementarity.

Key words nano silica, fly ash, synergistic effect, pozzolanic activity
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SEHPRLAR/NT 100 nm, 38 2 B9 35 R AR 1 DG IE AT DLk — 25 4R 5t
TR U EEA R0 4 SEARBE o W] B s A0 B AR A 53T 2k L i M
IRE 6 PR TR JE W B M R 4 Ok gk 1O, 1 R IR T
PR YL 5 W R i 2, Shaikh 1 B RFIE W, 40k
Si0, A LA MR #2148 B 0 B IR IR B8 + i B G088 1= el
fig, Liu VR BLYK SIO, 55 i HoA B R stk s, 9 i
S50 B ICORL AR A BL, 0 JE I R R B L BT LUK BE K 5 g
K SiO, W] 58 B A — 2 i P [7] Bt R0 .

A LA X Ik SO, 585K B 7K Je 0 3 B Hi %
SRET PUAE PLA R PR E T KL R S B L B 5T
T NS 55505 b R 1 Xk K Y8 5 A i FR 5 Wi, I 32 Hh L
B RE ) NS 55805 K b IR et i B0 J e & L 240
1 EWigt
1.1 E#rs

KPR (O R IR K KRERAET=H P« 042, 5 K
Ve, 3 d¥EME R 27.5 MPa,28 d $iL R B K 52. 3 MPa;
MBI (FA) Ry Wi VLA 737 B b A B2 W) A2 77 1Y) 1T 4k I
TR (S) 2R F BT 3E B R b ol b A R 2 ) A 7 i b
ISO Rk fb 5 525980 % FH BT 47 T 36 K B AH K Si0, (NS) 5 28
F I BOBK R K R 30 % HEFEB N 2.5% . AR
b H I 1 i,

F L JEBERL Y A 2H R OB 43 B/ 060 K B T

Table 1 Chemical composition (mass fraction/% ) and

physical properties of raw material

Chemical composition Cement Fly ash  Nano silica

CaO 60. 1 2.47 —
Si0O, 21. 37 60. 65 >99.8
Al O 5. 67 27. 4 —
MgO .94 0.75 —
Fe, O, 3.09 5.09 —
SO; 2.65 0.21 —
LOI 3.18 3.43 —
Fineness/pm 13.6 9.6 0.007—0. 04
Specific surface area/(m*/kg) 385 540 300 000
Activity index / 75 /

x£2 FTEEAW
Table 2 Mix proportion

C w S NS FA FDN Fluidity

Sample “ o 9 o o m
ONS 450 225 1350 O 0 0 240
INS 445.5 225 1 350 1 0 1 240
2NS 441 225 1350 2 0 1.6 240
3NS 436.5 225 1350 3 0 2.5 220

3NS+10FA 392.5 225 1350 3 10 1.6 240
3NS+20FA 346.5 225 1350 3 20 2.0 240
3NS+30FA 302.5 225 1350 3 30 2.2 240
3NS+40FA 256.5 225 1350 3 40 2.5 240

1.2 XWEEL

SO0 R R B, BRI X K TR D B s v e — 2
BB TFHVE T 2 A0k SIO, BB A KIEFBEE T H 8 Rm
W, 24 NS BB s B 4 Y0k, BV 32 85 0k 57 48 et
TC5 W R A0 SR Y T oK, PR UL SC 86 Pl NS 1 s B
R 306 AR SIO, FSZES T 90 V6 B /K 78 #8735 e 4 A
AL 5 min, B IR 80 W, 3 i 3 e ek Ak R 1 T
PTRUERD S B P AR I, SE B E HL AN 2 T,
1.3 XLBHE

4 GB/T17671-1999¢ 7K U 5 b 5k J& 46x 56 I 325 ) i A7 0
B FEA . FERSE N 40 mm X 40 mm X 160 mm, 247 & h
(20£1) “C . AHXF I BE K T 9520 BIBRIE 200 T AT 256
M ERK 3 d.7 d.28 dHRBE . SR H K U e 2% 0t K 4k
PERE FLBR R MAE R LK & KK R 0.5, 3R R

20 mmX 20 mm X 20 mm, it S B4 B in 10 %6 FA
20%FA.30% FA 40 % FA FIE &4/ 10% FA+ 3% NS,
20 FA+3%NS. 30 % FA+3% NS 40 M FA+3% NS, fif A
PRI EC A R A DL T ILM AP I 3+ 1 K RAED 3K . &
HRLH BB I 1 0NS 226 NS 3% NS 30 % FA F& &4
30 FA+1%NS 30 % FA+2% NS 30 % FA+3%NS, &
GB/T 50082-2009 (%38 TR #E + 1 B M G F it A M fig il 56 7
EARE)PE B 1T R R ECE (RCM 280 T E LA & 1 &
B AR R N AR (100 1) mm, 5 (5022) mm R4
. R RCM-6D BRI B 4 B & B0 & A0 & S8 778
KIETREE T P R AR SR R A N E LA & F B &
PR . KA KDR-28V 4 [ 8 iR BE Pk vk @l 6 H1L k17t
AR AL SE I I ) 25 IR RLAE PR JE a1 BT G R o
04 2R 2 L) B W 45 3 THI A A 483 19 00 R 4 0 S ) B R e L ik
PR SFH 40 mm X 40 mm X 160 mm, S JC/T 603-2004
KT T 45 35 0736, B HE A b 3 A RS R
25 mm X 25 mm X 280 mm A 1, 3§ 8h 8 S0, 10 H A BEAE A
WEFE 4 G R (20 1) C) JHIXHE B AT 90 % i1 37
PRy, (2422 h FIHFEL G5 A BT J7 m L i A
AR FRY 2 ds 0 A ) I BE T FH A o AT R i e A
Y 3 2R 10 5L A AR S 45 b W B I T 1) a7 B a4 i
WRE MK ANGERER, 8 TIRE QL3 T,
AHXTREIE A (60E5) MM R A 9. 8155 7 d. 14 d.21 d.28 d
G350 O A B A BE S B S B TR R B R R R RE
1 10 A T A 4 2

KR TAM Air J\ 38 38 55 i i Y G B2 RetracHB 2
AWML A 0.5 BRI AR IR AL, BL— 8 W& 40 1
b5 B K U v 0 e R 28 & K B i IR R RUAT 1 K e 1
IS A A PR TR — 2 JB A A0 R A M I s o R
6858 TR AR 105 CHET 2= A4E 5 8 4T )5 i Uk e 7E
1000 °C Ay 5 R0 H 48 58 28 1 o, G 9 40 2 B0 oA i 28 & K
T,

*FH Quantachrome 2y 5] 42 77 (1) PoreMaster-60 L 45 #4
T AY (Mercury intrusion porosimeter, MIP) il 52 A 1k 7K I8
HARBFLEE R . JLE SRR 0. 5~60 000 psi, & 19 FL EH
FEFE A 0. 003 5~200 pm, B 7 d % B 4 7K U8 44 3 5 8 4k
6 A8 R I A R i (] S 6 1 7K U8 A SR AR AR RN T
1 em® /B S BDCA TG K S B ep ik kb . SE 56 T, 8
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2.1 mERE

M 1Ca) B LA, 153K B9 4T 6 50 5 B 25 400k SIO, 8
BRI RSB 3% g8k SO, MK IRRPIE 3 d
FKBIME R IN T 27.23%, 28 d #% ik 49. 64 MPa, 3 K
16. 3%, Tk SIO, BA & 51 Kk R 6 . 5 K ek
fe7r= CaCOHD, 2R A L 2 (1) K Ak B 850 R 7K Ak 11
ook SIO, HFF /K U8 Uk 1 25 B 2Z 18], i B fif 45 RE L 78 1Y)
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L AEK PR R AR R R B IN G K SO, . b5 B RK BRI
B PR R R R R 3R TR K AR i BRI 4 K
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30 Y0 45 1 W A I K HL AT 0 1 B D8 AR T B — 4B
gk SiO, , H: 28 d 38 AUFRAE 2. 33 MPa(2%), 31 H 3% 4
K SIO, 5 10 % 8y B K 19 52 A FOR LT s —4BIm 3% 48k
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RFAT R PLRSRE . T 402k SO, 1Rk 1k & 4% Kl
TR BE R A J5 ) 2 35 K WL JR T e DT ol G O A R
Aok RE Xy BA B s k. IF HUBUR /N 4k SO, 3
FEF A KA 7K U8 FTORE | R IR AR L K A i TR S 1 S B 2
(U i — A BRI T K D IR A ALIBR 3 $t i T 3 R B L iF
ML TP R MY . T LRGSR . A TRATREL M
BB HR LA R YUE SR S b R L kB
3V HILIK SIO, F1 30 %6 BRI AR B R A FE AT 42

(a)Addition with naonosilica
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and fly ash
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Fig. 1 Synergistic effect of nano silica and fly ash on

the compressive strength of mortar
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KB RI T 4500, B 2 80 LUAE M, BN 2040k
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AR/ S TR HRE 1 B 4 ek 2550 g R 3 78 50 T 9/ FLBR 3R
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JE DT84 3R R B2 0 /N 5 A0 9 B I B0k LA 4 v
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Fig. 2 Effect of nano SiO, and fly ash on dry

shrinkage of mortar
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B o oy BRI P9 S S A8 0 A0 T LA 2 7 8 35 R Hh 1 s B R A5k
R ALB L DT I8 A FL BT 25 4 o 48 785 45 4 19 3 S k. 4B 4
K Si0, A E KV KAk L & CaCOHD, 58K I — kK
A2 C-S-H BRI - 7K e A 45 ) %% S92 BE 42 17« I AE — 7
it BE L By 1k FL B K 25 KO i 17 5 B0 Bl th s 4
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Table 3

Mass loss of the mortar after 25 freeze-thaw cycles

Samples ONS 30FA INS

INS+30FA 2NS

2NS+30FA 3NS 3NS+30FA

Mass loss/ % 0. 89 0.74 —0.35

0.42

0.78 0. 34 0.24 0. 25

(a)Samples without NS before the
freeze-thaw cycle

(b)Samples without NS after
25 freeze-thaw cycles

(c)Samples with 3%NS before the

freeze-thaw cycle

(d)Samples with 3% NS after 25

freeze-thaw cycles

B4 b Il pE 25 YR RLE 3R AT S ) S8 XS LG 18]
Fig. 4 Comparison of the specimens before and after 25

freeze-thaw cycles
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Fig. 5 Compressive strength loss rate of the samples

after 25 freeze-thaw cycles
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Fig. 7 Effect of nano silica on the rate of heat development
in 30 % FA cement paste at 3 days

2.6 @K SiO, 5#ER M EE R FLER E M
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TRAB IR K VR A 2 v, KB He S 0.5 3 gk 18 48 ek 2K R ofe i A
T BB AR RE AL S5 BUN GRS Y 28 d, 2k KAk S TR
IR JE BEAT R SRR B D 5T Aok SO, 5k 4 K 4 Bl 5] 4 1 o
T A AL AR o0 A AN AL B R (W 5 0

M & 8 FZk 4 Al LLE . BB INgk Si0, s AR BRI
R ILR A B, EFFLE W, B F LA F L=

AL HE 0. 02~0. 05 pm 5 Y 19 2035 FL A 32. 9504 Fie IR 2]
T 14.37% i LI EFLM 54. 64 %3P 17 75.63% ., LA
ok SiO, 5k B e [F]FE H S A8 75 K e JE 1R /Y 20 3 fL 1) T
T A B T K TR AR A FLAR 4 A L R A T K R
FEATRMGFLES Y % ST T K U8 B A, DT BE— 2P 3R T KR
R AR .
F 4 AR AR 28 d LS
Table 4 Pore size distribution and porosity of the

hardened paste cured for 28 d

Pore size/pm

Porosity
<C0.02 0.02~0.05 0.05~200 >200
ONS/ % 46. 04 36. 59 4. 31 13.06 25.34
3NS/ % 54. 64 31.95 13. 60 0.01 13.30
30FA/ % 46. 68 47.6 1.35 4.37 19.22
3NS+30FA/% 75.63 14. 37 9. 89 0.11 12.87
0.30 ;1??“ S 5;&5\\1“
. — 33NS
3 3NS o 20NS
= 0.25 | 4 0NS i
% 0 B AP o
4 £ oopr==L A ==
% 015 !
;:/ 5 10 _15 20 25303540
=S olof Fore diapeteri
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0.00 | L Lo =
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28 d LA 43 A3 (5% )
Fig. 8 Pore size distribution cures of hardened paste with

and without nanosilica after cured for 28 d
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Mechanism Study and Application of the Modifier for Siliceous Machine-made Sand
ZHANG Guangtian'*, LIU Juanhong', SUI Baolong®, CHEN Zhaoyang®

(1 College of Civil and Resources Engineering, University of Science and Technology Beijing, Beijing 100083; 2 Hebei Academy
of Building Research,Shijiazhuang 050227; 3 Hebei Institute of Technology Co. . Ltd. ,Shijiazhuang 050227)

Abstract Because of the high content of stone powder and the ability of stone powder to absorb water reducing agent, the
workability of concrete prepared by siliceous machine-made sand is poor. A small molecule surfactant, referred to as modifier, was
prepared to improve the occurrence of siliceous sand. Firstly, the composition, morphology and characteristics of machine-made sand
powder were analyzed. Then, the expansion degree of mortar of different stone powder with and without the addition of modifier was
compared and applied in two kinds of siliceous machine-made sand concrete. Finally, the mechanism of modifier was analyzed by
means of particle size analysis, micrograph, SEM and Zeta potential. Experimental results show that the modified agent of siliceous
mechanism sand can effectively increase the degree of expansion of concrete mortar which improve the initial slump effectively and

reduce slump loss of concrete. And it has little influence on the strength. The modified agent is mainly used to improve the

workability of the siliceous mechanism sand concrete by complexation with strong dispersion and adsorption,and reduce the negative

influence.
Key words siliceous machine-made sand, sandstone powder, modifier, water reducing agent
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Table 1 Main properties of siliceous machine-made sand in Gansu and Shandong region

o HFREDE/N Al AR

4.75mm 2.36mm 1.18 mm 0.6mm 0.3 mm O0.15mm  ff& o JE A 3 DA A E
7 1 18 12 9 18 31 11 2.3 0. 75 14.7%
S 2 26 18 12 13 14 15 2.8 1.6 16. 2%

F 2 REFTHLH 0 AOBRLEE 43 A0 FEAE(E
Table 2 Particle size distribution characteristic of silica sand stone powder

$5 A7 D10 D25 D50 D75 D90 D97 D(3.2) D4.3) Span W% | R
H# 7  10.668 um 20. 634 ym 42.121 pm 68.191 pm 92.841 pm  —  24.386 um 47.673 pm  1.951  241.038 m’ /kg
LA 11.332 um 19.636 pm 46.106 um 70.172 pm 98.821 ym  —  20.836 um 43.653 ypm 1761 252,069 m’/kg

3 EERALHE A TR XRE A48 H1 ()

Table 3 XRF component analysis of silica sand powder elements( %)

%% Na,O MgO ALO; SiO, P,0s SO, Cl K,O CaO  TiO, MnO Fe;O; Rb,O  SrO BaO
H 3.95 0.76 17.06 64.64 0.05 0.48 0. 05 4.35 4. 35 4. 35 4.35 4. 35 4. 35 4. 35 4.35
b F 5. 04 0.58 18.24 63.59 0.06 0. 30 0.07 5.03 4. 84 0. 25 0. 06 1. 48 0.03 0.16 0.28
1501 #Si0,
o K[SiALJOg
= ¥ *NaAlSi;Oq
Z 1001
Z 50
20 KV 100 x 100 um _KYKY-2800B SEM SN:0444 .
B H R AR ORLE 45 SEM ofM
Fig.1 SEM images of particle size of Gansu stone powder 20 25 30 35 40 45
20/¢)
X o
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% 14] - Cumulaiive £ B 3 HaE FEALE A A K XRD 441
g 124 2 Fig. 3 XRD analysis of Gansu silica sand stone powder
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Fig. 2 Particle size distribution analysis of Gansu

silica sand stone powder
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Fig. 5 Molecular structure diagram of silica sand modifier
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Table 4 Physical performance of cement

& | AR P 0 % B 2% B MK E YU E oA
m’ - kg™ © min min 3d 28 d 3d 28 d
320 aH 156 190 28.5 19.5 MPa 45 MPa 4.5 MPa 8.6 MPa

1.4 FEXWAHZE

(D ARYE GB/T2419-2005¢ K Je 1> 3 Uit 2l B I 5 J57 3% il
EALEI T2 0 min, 30 min.60 min ¥R, WL GB/
T17671-1999¢ 7K Je b 3K 8 B A6 I 5 vk (1SO 0 Y itk A7 1b 3% 3k
A B BT R AP R R A

(2)MRHE GB/T50080-2002¢ 5 38 1 + ¢ A ¥y M Ak 1l 48
D7 IERRUE Y RLE (SR B RR S A R R B . AR
5 GB/T50107-20104 VR % 4 58 B K 30 PF 22 b 1 DI 2 AL 1 b
R+ R, IREE AL S,

) PIEALE - R FH IR 75 0 3t K R 90RE 5 A k) UKL TR &
Y (B b 5: 1 4J7R A0 min, 30 min, 60 min i K AE 1L,
0 5 ok e J0RL 55 47 8y BORLIR 5 40 7K 5 1 5 K U8 B0RL 5
OB URLTR A ) K KGR 5 11 S m oK PR ASUR: 5 b IR TR
G K BCER 5 10 5K TR ABURE 5 A B UL TR B 1 K L8
AR BOPER s IF X 0 B 10 B #EAT R W G R 34T

(D) Zeta HLAT B 60 28 Wi 3h BE AR H] 25 14 T 18 0 % 5% 1
I 7K TR N 7R K R AR 2R T Y Zeta BT, 4R J T i) 79 o 3
PRI Zeta B . A SEAKRECH] : m OKIE +A 8 2 m(AMIMF]) :
m(K)=420:5:140; B KB H . m GK VB + A8 2 m (M
FD e (B PEFD :m(IK) =420:5:140:2. 5, B4 FH %
BT KRB 500 {55 TR 8E 1 B PE AR TP B HE 5 min, 285 WL
Zeta LA,

(5)SEM 43 K7 : #5 m (w) /m(¢) = 0. 40 #1% 7K Je F1 4 #
HAA SR T BEAN 5] 1% 0 3 A4 e 3k A o 3R B & R E
WG BULBERE TR S B2 1k K4k . BEEL 5~8 mm /i
IKACEE T4 i 7 53 (SEMD ML, A KIBH . m (K
P emCAK) :m(IK) =350:70:14;B KIH . m (JKIE) :
mCAK) =m (GK) +m QFE K] =350:70:140:5;C /K IK -
mOKIR) :m A :m OK) tm KT = m (BPEF]) =350
70:140:5:2. 5, 00%¢ 3 d.7 d B SEM &4,

# 5  HIN IIZRAEFHLE P C30.C50 REEFL & 1L

Table 5 Mix ratio of C30 and C50 concrete for siliceous machine-made sand in Gansu, Shandong
e s N S Ol AN TS I s
GS-C30-N 210 858. 6 171 70 60 4.7 968. 2 0 10%
GS-C30-Y 210 858. 6 171 70 60 4.7 968. 2 4.3 10%
GS-C50-N 290 690 171 80 60 12.06 950 0 10%
GS-C50-Y 290 690 171 80 60 12. 06 950 4.6 10%
SD-C30-N 220 790 178 70 50 4.8 1030 0 10%
SD-C30-Y 220 790 178 70 50 4.8 1 030 4.3 10%
SD-C50-N 300 680 178 80 80 11. 04 1020 0 10%
SD-C50-Y 300 680 178 80 80 11. 04 1020 4.6 10%
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concrete of siliceous machine-made sand in Gansu, Shandong

10 SR EE 4 f 5w B . v LU 2 F Y, C30,C50 1R +
Bkt 0 3 d R AR T R B R A IR L 7 d

704

Compressive strength/MPa

10 ek R H R L AR i B L RS C30.C50
TR BB 5 BE 1 52 1)
Fig. 10  Effect of modifier on strength of C30 and C50

concrete of Gansu and Shandong siliceous machine-made sand



. 60 - FHH 3R B AT

2017 12 A (B)% 31 5% 12

28 d B ILF- B A R . H 32 B RUR R /N 1 O R o
AR AN TR A 2R EE A —E &
BREAE T« 3 BGA2 i o P 70 £ TR R - f) 7L 300 o R Wi I T R 48
e B R E L
2.3 HMEFSBIER

P 1L 12 o e 3R X 0 R R B2 0 L rp O 5
ORI KR S 15 AR O 55 B Sl U T 2R R R Dk Kk

—
N~

FL10 5 RAE 1B LR E B B 11 5 0 S A
il FUR MBI DA S5 56 45 5 T LR 41 9 B bE G 10
B 1L E B 2 min BB 2 min 5 . /NBORH 4 1
128 1B IR 9690 43 16 2 S 9 0 9 0 o 0/ R
8T I IR . T S 7 T B R 4
S5 0 50 G 2 IR 0 2 1 9 13 K T 4
7

log,(Particle size)

E 11
Fig. 11

log,o(Particle size)

2121 = <

2127 @ S12{® S12]©

5 = 0-4 min £ = 030min 5 o 0-60min

£107 o L4min 210 2 (e 210 "2 1060 min

€ 4 10-4 min 2 . 1130 mi £ v 11-60 min

5 84 v 1l-4min E 3 -V min E 3]

(=9 (=9 (=9

f— ey e

< =) =]

ER £ £

Z 4 Z 4] Z 4]

‘B E B

£ 5] =Y =Y

£ o E0{ v 2 Z0{ v "aantts
2 -05 0.0 0.5 1.0 1.5 2.0 25 7 -05 0.0 0.5 1.0 1.5 2.0 2.5 a -05 00 05 10 15 20 25 3.0 35

log,(Particle size)

Tk A W 5 /K TR Uk YR A 0 2E DU A P B9 () BT 4R . (1) 30 min, (¢) 60 min A7 B 43 BT 52 56 45 S

Experimental results of (a)initial, (b)30 min, (¢)60 min particle size analysis of silica powders and

cement particles in four solutions

12 fEBUA R SR RBURLIR & W TE R B I s R 5
18 T e 1 5 9 Y R S AR 03 2 A T

Fig. 12 Microscopic analysis of particles of silica powder

and cement particles without addition of modifiers and

modifiers samples
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Table 6
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Performance and Evaluation of Anti-icing Super-hydrophobic Asphalt Concrete
GAO Yingli"*, DAI Kaiming®, LI Xuekun®, MA Lu®, HE Bei*

(1 Key Laboratory of Highway Construction & Maintenance Technology of Transportation Industry in Loess Region,
Shanxi Transportation Research Institute, Taiyuan 030006; 2  School of Traffic and Transportation

Engineering, Changsha University of Science and Technology, Changsha 410114)

Abstract Asphalt concrete specimens with super hydrophobicity and ice resistance were made through introducing the
principle of super hydrophobicity. The difference of anti-icing performance of common specimens and super hydrophobic specimens,
the difference of anti-icing performance of super hydrophobic asphalt concrete under different environments were tested by simulation
test and theoretical analysis. Anti-icing performance of super hydrophobic asphalt concrete was evaluated by contact angle and surface
energy. The results showed that super-hydrophobic asphalt concrete could promote the drop of water, the dropping rate could reach
80%. The adhesion between ice and road surface was measured indirectly by self-designed impact test, and the adhesion was 38. 5%
of the ordinary specimen. The residual rate of ice on the specimen was the least in snowy conditions. The surface energy of super

hydrophobic asphalt concrete was 1. 97 mJ/m*, which was measured by the measurement of contact angle and the calculation of

surface energy., it was only 5. 1% of ordinary asphalt concrete and showed a good anti-icing performance.

Key words super-hydrophobicity, anti-icing, asphalt concrete, simulation test, surface energy
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Bral s 20K, & T pH A £ 7K T
*1 90 SWEHHALEIR

Technical indicators of 90 # asphalt
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Table 1

4 N\ F (25 °C,100 g,5 5)/0.1 mm 80~100
B B (R&B)/C =42

15 C#E £ /cm =100

BRE/ % >99.5
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Table 2 Quality change of pavement slab
before and after test (unit;: kg)
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Table 3 Contact angle of three kinds of test liquid on the test piece and the calculation of
surface energy of the specimen
4 7 X %ﬁsz;( ) B 7V /(m]/m*) 74/(m]/m*) 7¢/(m]/m*) v/ (m]/m®) v/ (m]/m?*)
A 4 86. 0 105.0 90. 0 20. 40 2.95 27.60 18.05 38. 45
# B K 4L 150. 7 133.0 145.0 0. 25 3.42 0.22 1.72 1.97
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Table 4 Test data of anti slide performance

K KA £ 14 (BPN) 3% % & (TD)

41 5 1 2 3 4 5 4y 1 2 3 4 5 4y
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BB KB T 68 16 60 56 70 60 0.55 0.56 0.54 0.55  0.55 0.55
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GE/L) . 42 W05 R B 400 mL/m” 5% i S O ¢
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0.4=30. 57CJTTE) . FIRTTION il 4 2 75 (LS 76 1R UK 5 5
S B B I SRR SRR R 0 5 ok 6 AL
MBSk . (10 7 4 T 55 5 UK H I B B 275 5 B
A T 7 5 230 5 % 2 0 B (A RS
A A 725 e TR O AT 5 L e T i
BLEE A 2 B T 8 175 6 B T 4 01 L A
T LB BR K B



< 68 - AR B AR B 2017 12 A(BY% 31 K% 12 4
F 5 FEMR LEMNE (in Chinese).
Table 5 Main materials and their prices W, ST, HpE, . O A E K R 2 MR T SR R LT .
WE GAMM kSO, HekEA EK  xBTA Fe T AR RIR. 2009.97012)- 1 -
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Influence and Mechanism of Mineral Admixtures on Setting and Hardening of
Styrene-Butadiene Copolymer/Cement Composite Cementitious Material

WANG Ru, ZHANG Shaokang, WANG Gaoyong

(Key Laboratory of Advanced Civil Engineering Materials of Ministry of Education, School of

Materials Science and Engineering, Tongji University, Shanghai 201804 )

Abstract In order to compare the influence of three kinds of mineral admixtures (zeolite, nano-silica (NA) and rice husk ash
(RHA)) on the setting and hardening process of styrene-butadiene copolymer/cement composite cementitious material, the three
kinds of mineral admixtures was used as set conditioning material respectively. The influence of the mineral admixtures on the
composite cementitious material was compared from setting time, early strength, hydration process, hydration products and so forth.
The results showed that all the three kinds of mineral admixtures could promote the setting and hardening of the composite
cementitious material. The setting time was shortened greatly and the early strength development was improved. But the set
conditioning performance of the three kinds of mineral admixtures was different from each other. Moreover, there were some

differences in setting conditioning mechanism: Zeolite had a great promoting effect on the formation of AFt, it not only promoted the

hydration reaction of C; A, but also reacted with Ca(OH), to generate AFt and CSH gel; NA and RHA had a strong promoting effect

on the hydration of C;S, it also reacted with Ca(OH), to generate CSH gel.
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1.1 sZwER

SEU B K P e 1152. 5R Gk £k /K U8 . HiAk 2% 45 %,
RT YA INE 1 MK 2 PR, HHREGY AN ECO7623 T
HEFLW PR AR 0.2 pmu pH BN 7. 0~9. 0. F5 i A
BN 15 °C, B A0 4% A8 R BE Oy 14 °C, [ 3 & 2 (51 &=
D% ki H 35~150 mPa « s, BT Al 47 (Zeolite) B4k 2% 5,
K Na,O « AL O, * xSi0, « yH,O, ko ki 2 5 B 404 78 48~
75 pm Z [0, BT Ak A AT (NA) S S B, HAk2E X
J SiO, L&l Ky 99. 5% , BUREKL A2 AE 150 nm 247 . BT RS 7E
R (RHA) 580 %= i 4, FEE AL A &Y SO, Uk R 42 78
37~48 pm Z [l FEE KA HARK.

# 1 P- [152.5R BERRER KR AY b7 418 B & 440, 70)

Table 1 Chemical composition of P« ]| 52. 5R Portland
cement(mass fraction, %)

CaO Si0O;, Al O, Fe, O3 MgO

62.1 20.7 4.76 3.33 1. 20

SO, K,O Na, O TiO, {-CaO

2.57 0. 85 0.33 0. 26 0. 28

2 P [152.5R fEERER KV AIH B 4L CF 43 %0, Y0)
Table 2 Mineral composition of P+ ][ 52. 5R Portland

cement(mass fraction, %)

TAEH E 40 kV, TYEH W 200 mA, 4+ BIHE 20 S 8 ~13°,
17~19°F0 30~36°3w [l N A7 & i 4. 22 4K 0. 02°, F i 15
B 4 s,

2 H#R5iITR

2.1 BR&etE

£ 340FIZ T3 FT WIAMNMAETE T R R AW/ K
VG B EEM B BELS B R], T LU WS B0 A 900k & Ak
FFRE 5T AR X 5 S e A4 R IR BEVE AT .

YT RREY/ K e G BEEM BT E KK IR 0.4,
BIKL A 0.1 B, H 4 E A0 28 B B[] 43 5 S 420 min A
490 min, 4 A WS A 9K AR RE R 5T R I, Ao 1 RN 2%
Ak 0] 2 S A R 46 5 T 7106 F 56 56,76 %6 Fil 45% .76 % Fll
51% ., Btk JE WA A M Bk b1 L Y B 25 TR B B 1k 8 T ¥l
IKUB WY BELS AL . 3 B A 500 76 AR X B A 45 B B HR B i
S AE AL 0 R RS L B R Ah T AN N Y A AR 4B B A KON A
[ AT 90k A T 8 i i D AR BRI B .

F 3 BUWIMNRIGGTIG A B EE R % 45 i R] (min)
Table 3

before and after adding mineral admixture(min)

Setting time of the composite cementitious material

Control Zeolite NA RHA
Initial setting time 420 120 100 100
Final setting time 490 215 270 240

CsS G, S C A C,AF CaSO;,

61. 36 13. 14 6.98 10. 12 4. 36

1.2 LWk EEHTRE

ARSI BT KK (K5 KT8 I B ED [ E SR 0. 4,
BRI CREY S5 KRH &L, BEY R a L 2L M S
BB EN 0.1, WA 90k B REMRTZKET ERE
Y1/ 7K IR A R A R R R 3B i G K TR R ) 43 51 o8
10%.1. 25 % 1 10 %,

PP B R R0 T ORALR S KR A S WA
IKVESHE I 5] G5 A & W A5 Je ¥ K8 5 9 9 4 R
AHAD . TEBFENL LB E B 120 s EFE 15 s P Bk
120 s,

1.3 XLBHE

LS E R] 00 2 2 I E AR GB/T 1346-2011 #E47., AT
WF5E 5K AR B 5 2, 70 00 52 W 45 B 1] Bt SR ) T 11 2 4 7K K
It 0.4,

KK PRI AREE A 20 mmX 20 mm X 20 mm [FAEH, A
TARSh 10 ¥, B BRI AR LA 20 “C/RH(90£5) % By %
FINFEY. 24 h BB, B S S2 B sk & 42 20 'C/RH
(90£5) N M FEY 44 T 46223757 % 36 h 48 h. 60 h 1 72 h,
SR A PR U 3% % TR LI e o

i 518 1= P (TAM. Aiir 08 Isothermal Calorimeter)
WK AR, B S 1 I R IR BRI S (20E2) C/
RH(60 £ 5) %, it # AL Y 1 B2 9 & 600 mW, 7K 4k il B hy
20 °C .1 min i — R , W B (7] K 5% 3d.

AKAL T 3 A 28 B Rigaku D/max 2 550 VB3+/PC
T X SR BIOR 2 B A AL, Bl CuKa b 4% 59 U8 B 08 Uk A

2.2 BREEE

E 13248 3 B o b n F wi S &2 A I BE A R Y R
SRR A2 R . W TR AW/ /K V8 52 & 1 8+ ki
=, H 24 h.36 h,48 h,60 h.72 h (93 ¥ 4> 5K 10. 1 MPa,
15.5 MPa,18.7 MPa,19.0 MPa,21.0 MPa, il A ¥ 7 i,
LA R M 0 5 R A JRUOR Ay AR R T 2100, 249, 2800,
40 % .29 % 5 A2 >k — AT IR L 3% R I 0 30 1) R ) A R
KA BT T 35%0.59%0.34%6.37% .26 % s Il ARG 52 KA,
HL I % 100 A e B A SRR A BB R T 6726.49%0.43%6.49%
38% . HIULHET UL .3 7 L g ok — SR AL BE RIS 52 K R B A R R
AL R 5 B AR AR K AR . 48 h DL A R A IR
HERT R B 4 A1 HESOR 55 T 9ok AR TE L i 60 h DUS Bh A

304 [ Control
A Zeolite

Y NA

| [ORHA

—_ —_ [} [}
(=} W (=] W
1 1 1

Compressive strength/MPa

W
1

24 36 48 60 72
Hydration time/h
1 B0 YR 6T 26 A R BT 3
¥ AT N PSS
Fig. 1 Relationship between compressive strength and
hydration time of the composite cementitious material

before and after adding mineral admixture
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Xof A2 A S R A L 1 B A 0 R R s T Ak R
ik, BRI B S 1 9 R 52 IR 0 52 A I o b1 L R B
JE 119 2 308 0O Foc it
2.3 kikiiE
2.3.1 RALK ik F

B 2 JRBAR T 3 WIMNNRIA G TRREY/KIRE
A IS BE R R AR A T G e 5K AR R B 6 R . R 4 43 B
2T 45 3 WA IR H IS G R K AR 1 S
RV A0 %) R 52 15F T LA R /K A o 3 ) e R A T R, 4
GE2MFE AR, X TRRES Y/ KIRE S K G E
e s, HK AR W20 5 ho sk Ak n 491k 13 b sk 391 i
B KGR A 2.5 mW /g, 1M 4 S0 A K 35 (£ 5 & 60 3
ALK R AR RE R ARS SR OK S . K AR S 4 A 46 R
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Table 4

the highest hydration heat released rate in acceleration period

Duration of the induction and acceleration periods and

of the composite cementitious material before and after adding

the mineral admixture

Control Zeolite NA RHA
Induction period/h 5.0 2.5 2.0 4.0
Acceleration period/h 13.0 9.5 11.0 9.0

The highest hydration heat
released rate in acceleration 2.5 2.8 2.7 2.7
period/(mW « g ')

~ 4.0
Tm Control
© 3.5+ = ==10% Zeolite
=== 1.50% NA
o4 e 10% RHA

Hydration heat released rate/(mW
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Fig. 3 Hydration heat of the composite cementitious material

before and after adding the mineral admixture
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Fig. 2 Hydration heat released rate of the composite cementitious

material before and after adding the mineral admixture
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Table 5

Hydration degree of the composite cementitious

material before and after adding the mineral admixture( %)

Hydration time/h 12 24 36 48 60 72
Control 10 30 41 48 53 55
Zeolite 20 37 45 50 52 53

NA 20 40 49 55 58 61
RHA 17 37 46 52 55 59
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Table 6 Integrated intensity (I.) of XRD peak of AFt and the ratio of the amount of AFt crystal phase (R) of the

composite cementitious material with and without adding the mineral admixture

Hydration 1 h 6 h 12 h 24 h 48 h 72 h
time e R Lioes R T R T R Liiee R Linieg R
Control 11 849 1. 00 15 586 1. 00 19 281 1. 00 26 137 1. 00 19 686 1. 00 17 201 1. 00
Zeolite 12 295 1. 14 20 783 1. 47 28 009 1. 60 22 309 0.94 15 534 0. 87 15 301 0.98
NA 13 357 1.13 16 833 1.08 22 177 1.15 21 888 0. 84 18 909 0. 96 12 254 0.71
RHA 10 553 0.98 16 490 1. 16 20 997 1. 20 24 923 1. 05 17 020 0. 95 14 901 0. 95
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kA, Aok A bt dcERETE 1 ho6 ho12 h i) AFt & 1.93 £%5.1. 58 fiF . 1. 32 f% . M & = LU B AE 24 b i3k B 4% &
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Table 7 Integrated intensity (Iy.) of XRD peak of Ca(OH), and the ratio of the amount of Ca(OH), crystal phase (R) of the

composite cementitious material with and without adding the mineral admixture

Hydration 1h 6 h 12 h 24 h 48 h 72 h
time Linceg R Linieg R Linteq R Linteg R Linteg R Linteq R
Control 7976 1. 00 13 289 1. 00 57 852 1. 00 107 273 1.00 141 675  1.00 157 345 1. 00
Zeolite 7 089 0. 97 21 880 1. 81 98 253 1. 87 188 618  1.93 203 893 1.58 160 644 1.12
NA 12 730 1. 60 19 838 1. 49 95 232 1. 65 124 927 1.16 149 360  1.05 162 102 1. 03
RHA 3 088 0.43 11 471 0.95 71 707 1. 36 128 699  1.32 178 323 1.38 191 524 1. 34

K 8IIH T 35148 3 R AR BTG TRRGY /K WM AR 2 5KAR CS B2 T [F g 1 1 = 3.
VS W BERE R p CoS R AR AT 55 0 19 AL 88 BE L A SOAH X UEIITSX 3 R W A1 R0 220 RE 02 0 &2 5 e 6k 41 B €S
B2 EAE R % T A et e JOR AR i CoS [ ik 394 T[] KA o
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Table 8 Integrated intensity (Iy..) of XRD peak of C;S and the ratio of the amount of C;S crystal phase (R) of the
composite cementitious material with and without adding the mineral admixture
Hydration 1h 6 h 12 h 24 h 48 h 72 h
time Linvee R e R ) R Liniee R Lintee R Liniee R
Control 320 344  1.00 313 937  1.00 278 699  1.00 246 665 1.00 205 020  1.00 140 951 1. 00
Zeolite 256 275 0. 88 232 977 0.82 221329 0.87 212 592 0.95 174 733 0.94 125 225 0. 98
NA 310 734 0.97 281 903  0.90 240 258  0.86 214 630 0. 87 179 393  0.88 128 138 0.91
RHA 265 012 0.91 261 329  0.92 217 811 0. 86 192 206 0. 86 168 909  0.91 128 138 1. 00
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Making Latex Suitable for the Modification of Cement Paste by Selecting
Water-soluble Monomer

HAN Dongdong', CHEN Weideng'*, ZHONG Shiyun'

(1 Key Laboratory of Advanced Civil Engineering Materials of Ministry of Education, Tongji University, Shanghai 201804 ;
2 Fujian Academy of Building Research, Fuzhou 350025)

Abstract Three water-soluble monomers with different molecular structures were selected to prepare the styrene-acrylate
latex used for the modification of cement-based materials. The flowability test and the residue on sieve test of cement paste were
applied to evaluate the stability of latex in cement paste. Results show that the stability of latex in cement paste increases with the
increase of water-soluble monomer content (0% —4%). At the same content of water-soluble monomer, the latex containing N-
methylol acrylamide (NMA) has the best stability when mixed with cement, followed by the latex containing acrylic acid (AA), then
the latex containing hydroxyethyl methacrylate (HEMA). Which shows a good accordance with the inorganic value/organic value (I/0) of
water-soluble monomer (I/O; NMA>AA>HEMA). It is also found that the content and structure of water-soluble monomer determine the
critical coagulation concentration (CCC) of latex, and the higher CCC leads to the better stability of latex in cement paste. The greater the
tendency of water-soluble monomer distributed on the surface of polymer particles contributes to the better stability of latex.

Key words latex, water-soluble monomer, stability, cement paste
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Table 1 The chemical compositions of the

cement(mass fraction, %)

IL SiO, ALO; Fe,O; CaO MgO SO; Na,O {-CaO

1.4 20.98 4.87 3.52 63.25 2.81 2.41 0.57 0.89

TR G FLIR A FEAPERE LR 2 FIk 3. REWILM

T ATFLAL T S Fh 7 LR A 7 ki 4. FLARR R A X
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Table 2 The compositions (by mass) and properties of latex prepared with one water-soluble monomer
Ttems AA0 AA1 AA2 AA3 AA4 NMAZ2 HEMA?2
Styrene/ % 35 34.3 34 33.6 33.3 34 34
Butyl acrylate/ % 65 64.7 64 63.4 62.7 64 64
AN/ % 0 1 2 3 4
NMA/ % 2
HEMA/ % — — — — 2
Solid content/ % 48 49 50 50 51 43 46
Monomer conversion/ % 98.5 99.1 98. 3 99. 3 99.0 98. 7 97. 6
pH 8.0 7.5 7.0 8.1 7.2 8.0 8.0
T,/C — —2.1 — — —2.0 —2.1
Particle size Number average diameter/nm 115 128 132 130 127 118 118
(pH=7) Polydispersity index, PDI 0.12 0. 06 0. 04 0.09 0. 04 0.06 0.06
Stability test Ca®" stability Unqualified Qualified Qualified Qualified Qualified Qualified Unqualified
(GB/T20623) Mechanical stability Qualified Qualified Qualified Qualified Qualified Qualified Qualified
3 TR KO IR B SR G W LY i A A R 1 iR
Table 3 The compositions (by mass) and properties of latex prepared with two water-soluble monomers
Items AA1/NMAL1 AA1/HEMAI AA2/NMA?2 AA2/HEMA?2
Styrene/ % 34 34 33.3 33.3
Butyl acrylate/ % 64 64 62.7 62.7
AA/% 1 1 2 2
NMA/ % 1 — 2 —
HEMA/ % — 1 2
Solid content/ % 49 46 40 47
Monomer conversion/ % 99. 3 97.9 98.5 99.5
pH 7.5 7.9 8 7.0
Tg/C — — —2.0 —2.0
Particle size Number average diameter/nm 129 123 147 142
(pH=7) Polydispersity index, PDI 0.02 0. 04 0. 06 0. 04
Stability test Ca®" stability Qualified Qualified Qualified Qualified
(GB/T20623) Mechanical stability Qualified Qualified Qualified Qualified
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Table 4 Influences of AA content on the stability of

latex in cement paste

Dosage Flowability of Residual ratio

Paste type  of OP10 paste/mm on sieve/ %

% 0 min 60 min 120 min 0 min

Cement paste(C) 0 50 40 40 0.2

10 58 23@ 23® 1.9
C+AA0

13 67 40 40 1.8

8 23(;.) (b (b 30 6
C+AAl

10 80 45 40 1.8

3 23(;:) (b (b 25
C+AA2

5 57 100 89 2

3 25 37 38 7.9
C+AA3

4 133 143 122 1.4

1 23(2.) _ (b (b 8 5
C+AA4

3 104 139 137 1.2

Note: (a) the flowability of 23 mm means that the paste does
not flow because it is the diameter of the tube for the test; (b)

“ ”

the symbol “—” means the paste is not a real paste but cohe-

sionless particles

WP AR . A DL (DR G Wik IR 3 0 IR 3l 1 it 2
IRVRHE B TR B (2 AWK R 1 i LAk AR AR KT
2N VE R REYFLMAE KR PR e 1 S hr i R4 R FF
AAOAAL AA2 AA3 AAL FLTRAE K VR I fa a2 43 I 75 22
1 OP10 K 13%.10%.5% .4 % 3%, 13 B 7K ¥ 1 2R 14
TRAEINAE R FRE WA KRE PR RE, X—
SRS R A YL AR PR AA g 8 0 i 1 0 A B 5T
SR, ENELREA LB KBRS 5
B RN I BT R R KM 1) T 43 A A L ORI R 1
5K FI B TR0 K6 2 545 FL R (442 3 B J7 36 K,
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V) 75 1 FH LA 2L g b =2 i) ) 3R &5 R W 7E — S8 Y L, 7K
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MW RA POKEE RN S RAE 20 EH R
FEOK S T R S R 206, O S TR 45 M K v v SRR g R A
WA BAE KR F P AA R R 2 T 77 OP10 B & L% 5. 5L
PR RS Y I B AR AR PRI RN LA A KT 2%
YRR R A WL AE KK TR E bR I8 4 & AA NMA,
HEMA # 24 W AL W K V8 3¢ P AR 35 f 2 Bi i 2 /) OP1o
SR 520 1% 13 % o 33X T WA AR AH R) B4 T A A,
SRR ESE R B AR AR R A WL K R R
PR TTIR RN 38 NMA>AA>HEMA,

F5 KU LA Y G R Xk B A L T K R Y
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Table 5 Influences of the structure of water-soluble

monomer on the stability of latex in cement paste

Dosage Flowability of Residual ratio
Paste type of OP10 paste/mm on sieve/ %
% 0min 60 min 120 min 0 min
3 23(4‘) (b (b 25
C+AA2
5 57 100 89 2
O (b (b (b 78 5
C+NMA2
1 90 93 71 1.7
, 8 53 30 28 2.0
C+HEMA2
13 88 53 45 1.4

Note: (a) and (b) please see the notices after Table 4

2.3 FWHMKAUEBEEEANREYWIREKEEH

2 E MR =2 M

DA E ST 2% AA Jg 5L a1, 7K % Pk Bk
PREEAZE  H NMA 3 HEMA 855 Ll 2 A8 AALR G
AR KPR PR g T OP10 BB WK 6. K 6
FATLLE . AAL/NMAL 7E K RE R SRR ENFERN
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PRFF AR PE LR AA &8 BUAIR & 20 RAE, fE it
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Y FL R AE K R PR R RE Br e OP10 M R th 72 3% 6 %]
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BN 1%60P10 BIAE7E K VR 3K P AR RE e e . e W PR K 7%
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Table 6

Influences of the mixed water-soluble monomer on

the stability of latex in cement paste

Dosage Flowability of Residual ratio
Paste type  of OP10 paste/mm on sieve/ %
% 0 min 60 min 120 min 0 min
23(57 __ (b __ (b 17' 3
C+AA1/NMA1
85 81 105 2.0
5 55 26 26 2.3
C+AAl1/HEMAI1
8 103 55 59 1.8
C+AA2/NMA2 0 170 162 170 1.6
0 __ (b (b __ (b 66 9
C+AA2/HEMA2
161 133 122 1.6

Note; (a) and (b) please see the notices after Table 4
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60 —e—AAl
40 —a—AA2
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Ca* concentration/(g/L)
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Ca* concentration/(g/L)
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Influences of water-soluble monomer on the relationship

0L T
0.0 05

Fig. 1
between Ca®" concentration and particle size of latex (pH=a7):
(a) influences of the content of water-soluble monomer,
(b) influences of the structure of water-soluble monomer,

(¢) influences of the mixed water-soluble monomers

14 AAO
< . 0
;fo\o 12{HEMA2
£ AAI
‘2% 101 .
[ TR
<Z g
- & L[]
& g AAI/HEMAL
S 67 AA2
|- 0
SE 4]
T2 4 AA3
$E 24 AAT/NMAL
g” NMA2|e |[AA2/HEMA2
S o AA2/NMA2
00 05 1.0 15 20 25 3.0 35 40

The Ca’* critical coagulation
concentration of latex/(g/L)

B2 RAYFLR N A B B R S AR K e R AR e
FidE OP10 #2Z AW 6 R (B AT AT ETREWILIRAE
BG5S B vk B R R AR Y R AR SO
Fig. 2 The relationship between the critical coagulation
concentration (CCC) of latexes and the dosage of OP10
required for keeping latexes stable in cement paste (the
particle sizes of the samples in the box had no change

at Ca’" concentration of 3.6 g/1.)
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Table 7
the Zeta potential of latex (pH=7)

Influences of water-soluble monomer on

Zeta potential/mV

Latex type

No Ca*" With 1.5 g/L Ca®'

AAO —45.8 —25.3
AAl —51.4 —29.6
AA2 —56.3 —32.5
AA3 —54.5 —31.9
AA4 —56.6 —33.3
NMA2 —44.6 —23.7
HEMA2 —42.9 —22.5
AA1/NMA1 —45.8 —23.9
AAl/HEMAI1 —49.6 —24.5
AA2/NMA2 —44.7 —23.3
AA2/HEMA2 —44. 4 —24.1

MBEEWFBTEA 1.5 g/L A TR, B TS B X
LA e T A AR JZ I R AR R B W FLI Y Zeta AL
A XA 59 H BRI A I A6 LK 7 o R R X R A R
Zeta AALEZ M 5 A G 8 R M ARG, BE
SR S KV P BRI B Rl 26 0 A B2 (35 R R Lk ) 2 T R
JE AR R AR Zeta BRI H S R AW AWM
CCC AN B A W FLIAE K TR 3K b 9 B8 1k = 1] 9 A7 R B
[iaR B i S ) @2 =R NG B o A S T VA O - A D
MRS YA EEN FERE,
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Table 8 The inorganic value/organic value (I/O)

of water-soluble monomer

Type of water-soluble Inorganic Organic 10
monomer value(D) value(O)
AA 152 60 2.50
NMA 302 80 3.75
HEMA 162 120 1. 35
3 #it

(DARFE AR B A BT 0% ~ 4% L T, R A3
T AE K TR P i R M B L R B R 4R v

(2) 7K 7 M B AR & d A [E B & NMA (1) R & W) 7L R
IKIEH P IR E M HICR & AA R AR, B X
2 HEMA MR AW I, 5 K 5 v 0 ik i S WL M R A
HLPEAE 1 Lo (/N 38 3 R AR 4 1 — B

OREYZLWA B 1055 5 7 I A5 R b, o
TR VRS R R e M AT

CA) TRV P B0 BT 1) T 0 A AR ZL ISR R 1T, ST R G )
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Re-modification Recycling Process and Mechanism of
Aged SBS Modified Asphalt

YAO Xiaoguang' ?, ZHANG Wanlei*, ZHANG Zhengqi®, LI Peilong®

(1 School of Geographic Information and Tourism, Chuzhou University, Chuzhou 239000; 2 Jiangsu Sinoroad Engineering
Research Institute, Nanjing 211800; 3 Key Laboratory of Highway Engineering in Special Region of Ministry of Education,
Chang’an University, Xi’an 710064)

Abstract To study the re-modified recycling effect of SBS modified asphalt and compare the influence of different recycling
process, the SBS modified asphalt aging simulation method was selected by the routine test and the SHRP test firstly in this paper.
Then three kinds of processes were researched about recycling method that adding SBS modifier and new asphalt. On the basis of
infrared spectrum test, the influence of different processes on recycling effect of aging SBS modified asphalt were analyzed. Finally,
the optimal ratio and best process were determined, which including the content of SBS modifier, the ratio of new to old asphalt. The
results showed that using RTFOT experiment in aging simulation is more convenient and scientific. The indicators of SBS modified
asphalt after five hours RTFOT experiment accords with the asphalts applied for seven years. And the addition order between the
SBS modifier and the new asphalt is closely related to the recycling effect of aging asphalt. The best process is that preparing modified
asphalt with SBS modifier and new asphalt firstly, then mixing the modified asphalt and aging asphalt, with 4% SBS modifier and the
ratio of new and old asphalt of 2.

Key words road engineering, SBS modified asphalt. re-modified recycling, best process, optimal content
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Table 1 Performance indexes of base asphalt
H BAOZWME HAER KB E
AN (25 °CL,100 g,5 s) 0.1 mm 91.1 80~100 T0604

N E 4% Pl —  0.967 —1.0~-4+1.0 To0604

B & (RERE) C 43.5 =42 T0606

10 C#E & em  >100 =45 T0605
SHEGEE R % 1.10 <2.2 T0615

15 CwE g/cm’  0.976 52 8 T0603

25 CHE g/cm’® 1.0317 S 5 T0603

RTFOT j& REE %  —0.31 <40.8 T0609
Y HNE % 70. 1 =57 T0604

ARIEHR LA 2, (B 1 TR R SCH B R A L9 A 907
FRW TR B L .

2 SBS MR HE AR FE bR
Table 2 Technology indexes of SBS modifier

% i o ‘ ‘ ) ) ) ‘ . - T B
BORRR ux ma KA S00%EBEA REBE  ABHKE mwaxky o AATEE
% 7 S/B g/10 min
EA 30/70 0% <0.7% <0.2% >2.2 MPa  >=16.0 MPa >=700% <40% 0.5~2.5
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Fe 5T o ) HH RL A AL W 0 2 TUAR B 5 T EL 2 56 % b B A
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g, AN R LAHEAT = KA AR50, MO 48 75 25, DL B B 3k
HH R E R L R IR R T,

60 “CHEAE & A1 56 B 2 8230 I T B 2% i VLAY P 055, BT
BRI A RIEESIERMET M F N2, 1
Ah T 60 CHEAE KIS RAF M 2~ 3 AR H 75 2 20
d WAL, AT 3T O R E AT 7 EN T,
PR b 3R A5 IR 55 47 50RE 24 B4 T 7 7 5 0 K 194 s [ 00 DA s 1)
IREGHE) B bR U, A AN R IR R W AR .

et LA b A o A L % T AR i 0 22 HE Sk Ui 38 a4
FEH 60 CHEARIEAT SBS SO U5 19 2 A AR AR RN & S A 1
Ve, %R H A W2 AR R w R PAV, LA, il g
FEK RTFOT & kit 1] 3 47 1 3H 2 b A 10000 Jy 32 -t 2% ¥4
ey, R, AW 5T 5 B R A2 BB 5 vk OF S5 T
FHTHRE R Y W 38 bR R A7 b g, DU AS 204 1Y SBS Bl s
HEERTE .

2.2 RTFOT.PAV E L # 41K 36 33 Eb

eAs RTFOT 3055 B[] W] DL ASE 48048 B AN [ 4F 201 22 4k
Wids AR T 4 0 0 58 K 2 41 % 35 R I 9 L B o 48
WL RTFOT 35 4.5 h J5 7 LI E ffi J 5~6 4
WEAET I H . BT ERTEE S SBS st % 76 s -

ERB R SBS Bt Ui A RS % % RTFOT
5 PAV {56 2 8] 19 &AL 88 F1 5¢ R AT 43T LB @ B
P W T 2 AR T B Ak R T e

(DRTFOT.PAV E A4k 5% He 43 B

RTFOT il PAV & 86 A Jf [ 48 2 W & & A S Ak S0 .
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PER 8 R A S84 T PAV R FETR EE A 90~110 C,
2RISR 2.1 MPa T A7 2 A0 By 0 P s 56 ) iR L T
I BORTE . AFSES R W SR T R T Ak
LS B AN EA G B OAR . 54 RTFOT 5 PAV X
AR 2 Ak 2 1) 2 2o 4 1 b TR R N 0 vk SR B
ZALHERE A2 RTFOT Zfbid b, i & AR5 i B
FEHCR R R b HEAT I FEAE R IR A 70 ¥ & 5 T PAV 275
TR B R B T AT, AN R AR

Z ] PAV i B E RTFOT iR 56 09 B all | oE 4T, 55
MUK RTFOT 46 i R 8 2 Ak i ad B b R Al
SRR R T RE 2 R AETEET 85 min, BT SBS B A
LA T Z 53 G, S 4T 40 8, BEER I AP SBS B0 U
HATORSE  Horh SBS geM: 7] 433l Sy B 7 SBS Bt 7l (4303)
£R A SBS BUPERI (1301) . 883k 500, 45 sk 3 TR,

# 3 RTFOT i B % i i 28 1k
Table 3 Mass change of asphalt during RTFOT

B EER SBS(# A SBS(E #)

A etla 8 min2h 4h 6h 8 min 2h 4h 6h
FREHK/% 0.46 0.45 0.42 0.39 0.23 0.23 0.21 0.19

% 3 AR T Al
OWiFl SBS MW H 2 RTFOT 4L 85 min.2 h.4 h
6 hE, KA mm/NEH, X FEER A RTFOT
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Table 4 Performance indexes of SBS modified asphalt after different aging ways
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Fig.1 The linear regression curves of different indicators with RTFOT aging time
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Table 5 Linear regression results of performance indexes of SBS modified asphalt and aging time
ko % M a b R PAV (y1) x/h BRI FE () x:/h
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Table 6 Three kinds of processes of re-modified recycling
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Fig. 2 The variable trend of performance indicators about recycling asphalt [|
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Effects of Temperature on the Properties of a-High-level Radioactive Waste
Immobilized, Hardened Magnesium Phosphate Cement

FU Mingjiao', YANG Hailin"'*, WU Chuanming', ZHANG Ying®,
YOU Chao!, QIAN Jueshi

(1 College of Materials Science and Engineering, Chongqing University, Chongqing 400045; 2 College of Environment and
Resources, Chongqing Technology and Business University, Chongqing 400067)

Abstract The magnesium potassium phosphate cement (MPC) were used for immobilization of liquid acidic «-high-level
radioactive waste ( HLW). This work focused on the impact of heat-treatment temperature on mechanical property, phase,
microstructure and Cs™ leaching rate of the solidified MPC. BET, XRD, SEM and AAS results showed that the ambient temperature
reaction of MgO, KH, PO, and HLW could form a dense structure, several kinds of phosphate was interspersed in the structure. The
solidified MPC dehydrated with the increase of heat-treatment temperature, and obtained more pore structure, large average pore
size, lower compressive strength and high Cs™ leaching rate after sintering at 400°C. As the temperature continued to rise, the
solidified MPC was sintered and formed ceramic while the average pore diameter decreased and the compressive strength increased.
The solidified MPC turned into ceramic structure after sintering at 900 ‘C. Crystal grains melt down completely. The 28 d leaching
rate of Cs ™ in the solidified MPC was 7. 21 X 10 ° g/(em® + d). The leaching rate of Cs* could reach the performance requirements of
the vitrification form agent of the MPC solidified liquid with HLW at different heat-treatment temperatures, which showed obvious
advantages of MPC in solidifying the HLW,

Key words high-level radioactive waste, immobilization, MPC
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N REA A AL v O R, 5 AR B BE A RHAR [E . MPC ]
PATERE R pH E S P AL HLW iy B g, Rt B Ay
BORM HLW R A4

1ol THOAZ BB T ) S M A R A R O o e R B AR OR T
2 kW /m’ £ 00 A 10 Ak i Hpon] A AR A TR 2 200~
400 °C . ] [ 1 A P A% B A L ™ S [ O BT A
P DR P PR TR E T e X Bl R B K U s A TR YL [
AR REME . W5 7R & I T i o W R 2 /K U K AE 7 )
KL R B R ORI B e 4 B R B L R ) A RS A
B R T RS T AR M R R B K e [ A
PRI FATEE T 2 R R W IR BE K e 7E 1 400 °C il be 4 5
I PRFFEAD R AE e R T B 20 AT R AP E 1 .
R IR S TR B K U8 2 R R e 4 R R S B L B

AT AP O3 5 v et A B ST I X v A B R 1 A B R 4
IE .

1 55§

11 FEa#

R 1O E R A B BRI R L S GRS I R B Al
Moo 2 AR BRSO R A SRR Y o
R O R Y 2 a3 55 3R 2 AR ) SR RS 4 A 3R T o 3
Lo oG S U R B PR £k AL 2 R HE AT UL A . BEALL o
WOAZ R pH /NT 1L ASRE ELEEHEAT 1540 Ak B, 5236 i 38 75
LR K PO, « TH,O P8 35 BAAZ R W i pH {H .

F 1 BRI

Table 1 Characteristics and habitates of raw materials
FAU T P & R AE :
” e e 4 R 4 4
AT P K 0 9 R 0 2 K BT ¥ T
B Y . . = Kt MK s g -
R B T P K 300 0 R A 8 3 o 7 LA 0 2 W}; ; (KEP) s W“ ">98; *I;
ey ;= M2, p Ed IR
W5 16 Bt MPC [ b - R 19 5% 00 . 05 90985 T 5 9 0 rnea aw
. , . . . ISR B ) (Na, B, O; + 10H,( W F s Wgrax =9 :
MPC [& {1k 1 f) F 3% Ak ik B2 L #5650 MPC F T 1814k v R % % (Na, B, O :0) TR Wi >95% % E T #
T2 RIE o RO PR FEZ A5 (g/ Ly Cino, = 2. 6 mol /L)
Table 2 Composition of typical HLW liquid treated (g/14,(11,>,()3:2. 6 mol/L)
AP Ba®*" Crit Fe't K" Na™ Cs" NiZ "™ Srét Mo " Ce*" Nd**
5.9 0.074 2 17.4 0. 45 51.2 2 8.2 0.61 0. 82 0.78 2.05

1.2 XWHZE

PR A BE KR AL SRR A BT L 4+ 1,
RO B B MgO By 27 % OKEZE 0. 16) , b 45
o MgO B i 12 % @ B Rt A K, PO, « TH.O
W R ER N pH R 6, KA 20 mm X 20 mm X
20 mm#E B A 3 h 5 B, B TR (2022) C LA
0% MBS R IRy, LRSS 7 d &, L 4 °C/min B9 THER
A M FHE F 400 °C L600 °C 800 CHI 1 000 °C {49 5 h
JEREY R H . BT 1000 Cil R EA DY BT
3% 7L B 915 B R 400 °C,600 °C 800 °C F1 900 °C,

W R AR I T 2 0 B RS e M B I A R i
7% R A5 I Rl = T A B 75 Ak A IR P A R
UV AR TR T 2R R AL R B9 MPC [# b ik
1) 1 2= e Re FLAR A0 A MOWIE S AAZ R CsT R 3R, DITEAY
MPC [k 4 iyt e . [ k458 & D3 2 18 GB/T 17671~
1999 7K e BERD (1 5 J3 46 46 07 45, 1= R 08 52 95 [l B S5
U5 P 2 A0 AT 1 [ Ak A2 N 800 1 S 30 A o T i L 1R U
H3d.7d.14 d A28 d, RAATZMAYEL Panalytical xpert
Powder 7 X 5 28 # A A7 5400 22 B 14 44 0 A 28 B, 2R
H 7 H 37 SU1510 B4 B B2 00 22 43 #r [ 4k 4% A 13 UL JE 55
FHEETL TESCAN VEGAS R 37 % 5 4714 v 485 3 Hr [ 1k 1A
K43+ SR AL B3 4738 F TAS-990 B JF - Kk A 4356 % BE
A% £ Cs™ % FH 2 E Micromeritic TriStarll 3020 4 [
By L 2% T B AL B RE A3 A 4G B A AR B AL AR 43

2 HERHSM

2.1 BEX MPCEUEIZESHEHFRENZIT
3 MPC il 18] A FL &5 ¥ 2 Bk il B2 19 22 4k

ek 2 1 400 “C A1 600 C m i )i T FLAE 1 K Dy« =
147. 94 nm, Dy, « =107. 67 nm, B3t 50 % FLZE K T 100 nm;
M 900 C iR pesi 5 » LT B LR 20 40 nm, R PELE
W3 . /T 10 nm B GFL o7 2R FLIRFR B 406 2247 . KT
100 nm HFLE D> . HIF AT IH S5, R B gh MPC 4L IR i
S AR FL B T BT KA R TR B K B 5 e R AH L TR 8] FL
BRAe /N, 400 CH i F LR RIE KT/, B TR Z W
KT B R FLAE 25 4 . 3R 4k SR T 45 5 R A, R &
A AR A H 3 e e LI 45 4 R, 900 °C A A L IR AR 15 T8 B
) VR AH FE W
3 RIFR AL ELE MPC R kR FLES I 28

Table 3 Porosity parameters of solidified MPC

at different heat temperatures

Pore size distribution/ %

Average
Diameter/nm 10 10— o0 >100 nm
50 nm 100 nm
Unsintered 39.2 41.3 12. 8 45.8 —
400 °C 147.9 17.8 23.5 6.6 53.9
600 C 107.7 6.8 30.5 11.8 51.6
800 °C 52.9 23.6 36.9 14.2 21.0
900 C 43.7 37.1 27.0 36.0

1R 2 A ) Ak B [ AR AR R . 400 °C BT &
PR E 3R B ER AR AH 18. 3 MPa, 900 °C (40 R 3 B 5 A 5 25 [H 4k
MR BB HE SR B 423 . 439 R 52.6 MPa 1 51.5 MPa., Jirf i
BEF T 3 B KT 18 MPa, Bl 2 [ 4k R 58 8 & R {H 7
MPa [ Z3R .
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Fig. 1 The relationship between compressive strength

of solidified MPC and heat treatment temperature
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AP0, I PR AR 2 AR TR KI5 [
AL B G R O P R A A A 3k R v 0 B S AR S
PAL FR IR B 400 °C 900 C,

M & 2 FniE 3 kA XRD % AT %0, & &4 T MgO
M KH, PO, Bz A& i MgKPO, * 6H,0, #% E K ) Cs.Ce
FERRE TR K 8520 MgKPO, « 6H,0 &g K©
B B I i MgCsPO, « 6H,O Fil Mg, ; Ce, (PO,),, It i
KALFEY) A MgKPO, « 6H,0, MgCsPO, « 6H,0,Mg,-
(PO, (OH) + 6H,0, Mg, ;Ce, (PO,); 1 Na,Mg; (PO,), *
TH,O, W& EE 19T KA P L 456 K, 400 “C i %
YIFA Mg, ;Ce, (PO,); . Na,Mg; (PO,), .MgKPO, ,MgCsPO,

3500 1:MgO 2:MgKPO, + 6H,0,Mg,KH(PO,), + 15H,0
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Fig. 2 XRD diagram of unsintered solidified MPC
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Fig. 3 XRD diagram of solidified MPC at different

heat treatment temperatures
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PR 5 AR P A AT LD & B, 400 C 5 900 C #ab L jE K* |
Cs™ 1 Ce'™ 1 1l i 55 40 A 565 0 o7 B LA A AR, Na™ (1) 5 iR 2
T S Wi 8 L B R 078 L HL Na™ 5 Mg®' \[PO, J* BYMEfiz
BB K25, @A 400 CH 900 °C A Lb B 5 [
Al A o i B IR S A L TT A R R B IR 4 B AE 400 °C
I Ay B ARE 2R K B 985 3 Na, Mg, (PO,), . 7E 900 C I %
A R BT R BB BR AN E Nay s Mg, o (PO, . R (DH—R
() Ay [ Ak AR 11 2 2 0 4 I 5 Y B R PR 5 78

400 C
MgKPO, « 6H,0 MgKPO, (D
400 C
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400 C
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2.3 R EXTEML AR RO R B %

B A— 6 JJg A [R5 R i BE /K 118 T 1 Mk 1) 08 I 45
FIRERE . B 4Ca)  (b) Sy oA b8 &5 W 12 B 7K U8 [ b 4k 1 0 WL
ST MR BAR R N & A R BN A KH, PO, UL L B8 A i
1) K #5360 MgKPO, « 6H,0. 7K B8 & Na, Mg, (PO,), *
TH,O J MgCsPO, » 6H,O @R Eh M. X el £k 40 .
IR BEKRIAR D & MR Z B AEAENBRL., WA
MBS LIE 4D A M ZE T R0 & AR g5 4 rh
FEITHEA P.Mg.Na K. O %%, 254 XRD MR iy #d  v] )
W12 2 AR 45 49 T g 32 2 HH K B 85 A1 Na, Mg; (PO,), « 7TH,O
P K K #5830 MgKPO, « 6H,0 41)%. 400 CHt i F454
KB 25 AL AR N FLIE B £ (LR 5Ca)) . Bl 3 IR % 1Y 7
B LR F N4 S B I MgKPO, « 6H,0,Na, Mg, (PO,),
TH, O &5 fh i 25 40 80 B3R . R R b 4 B 9 Rtk B J2 R o AR
SR AR ROIR G 5(h)) . M B S B (WL IR 5Ce) af BL &
B NiNa,K.P.Mg.Cs S5 nEFAE I HAER 5 N AR ML

B SEHE Y gl 37 R R AT LA D G R AR R N MgKPO, |
MgCsPO, .Na, Mg, (PO,), 45 ik Z 181 7 4f & A f @k ; 900 °C
(o) P (b)

. Unreacted KH,PO,
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Fig.4 (a,b)SEM and (c) EDS of unsintered solidified MPC
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RS T W OB 2 AAS P BUA [ 32 Y TR 300 09 1 3R
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NR, = év £ (5)
KA :NR AR M AN 8 Cs" Mt R BRI, a0 Ky
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Fe 4 NORIRBE 25 0 B W B R 5K e B I R % % Cs™ i
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(em® » d), 400 CEag R, i F BRI IE £ FLE5H , #%
FHCsT R R, TR e . 28 d R R R 2. 84 X
107° g/Cem® « &), X BEA R 45 34 388 Ak A 1 Cs™ B 1 365
Bl 10 °~10 ' g/Cem” « d), DL KR £6 3% 35 [ AL Ak 1) Cs™ 7
WY 107° ~107° g/Cem?® » &), 7] DL H B R B 7K Yo 76 I
T I B Y R 9 B R AR Cs™ AR fg
FA4 R[] A 3R B A Bl R B K U8 B AR AR A% R
Cs" B EA0 "g/(ecm? « d))

Table 4 The leaching rate of Cs" in solidified MPC at different
treatment temperature(10™ " g/(cm® « d))
3d 7d 14 d 28 d
K B & 3.46 2.24 1.59 0. 88
400 C 20. 44 8. 17 4.78 2.84
900 C 2.39 1.91 1.27 0.72

TR BE K e 1A 22 (9 J2 i A 55 2 0 HoA AR 1 A AR 45 4
S A T A A e R DR S AT 1S ) o R e BUR
AR, g 900 C v I I E e A5 R Y W IR B K e B A
HUE PR 45K B BRI AR TR BE A A I 400 CRREE B
ity s [T AR BT S A o PRI AT LA A R TR R 4 R W R
B K e Rl S BN R R R HLW K00 B e A 1 A 3K
AT .
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LT B0 454 1 Ak R A 0 i R R AR T 2F 4 (0 B R
R A AR B A
()W 1R B T i s A6 AR P (0 K A 1 B2k DA 5 el 8 B
K . 400 CHFEE G K 58 40 25, 8T8 il L 4 2 1 FLBR
T SRR, S S FLAR B O R Ak g Tt s L AR I
PR 3 2 L B AR TR TR S B0 B 454 5 900 °C
AR v oKL 5 A A L TG B S R SR R A B A
OERTREIR 28 dZFE Cs"BHEN 8.8X10° g/
(em® » d), 400 CHt Cs™28 dIFHIFR Jy 2. 84 X107 g/(em?” »
d),900 CH} Cs™28 d R HERNK 7.21 X107 g/(em’ « d), 45
2K T [ A TR A 1 38 [ A AR SR R Y .
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