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Hydration of Reactive Powder Concrete Matrix under Long-Term Hydrothermal Condition
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Abstract: A reactive powder concrete (RPC) matrix with a low water to cement ratio of 0.21 was prepared. The hydration of the RPC
matrixes under long-term hydrothermal condition was investigated. The insoluble matter of the RPC matrix was examined to
characterize its hydration level. The structural property of the RPC matrix was characterized using the Vickers hardness meter. The
phase composition and morphology of the RPC matrix were characterized using X-ray powder diffraction and scanning electron
microscopy/energy dispersive spectrometry. Under the hydrothermal condition, the hydration level of the RPC matrix increases during
the autoclaved curing for 0-96 h, and the Vickers hardness of the RPC matrix also increases. The hydration rate of the RPC matrix is
rather low, and the hydration of the clinker in the matrix becomes stopped during the long-term autoclaved curing (i.e., 168-312 h). In
addition, there are a few crystalline hydrates in the RPC matrix cured for long-term, and the flocculent calcium silicate hydrates gel
cannot be transferred to their crystalline forms due to the lack of space for the crystallization. The RPC matrix with a low water to
cement ratio has a great stability under the long-term hydrothermal condition and a promising potential to be used as nuclear waste
keeping materials.

Keywords: low water to cement ratio; reactive powder concrete; long-term hydrothermal condition; hydration level; calcium silicate
hydrates gel
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Fig. 1 XRD patterns and fineness of the fused quartz powder
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Table 1 Ingredients and properties of raw materials

Mass/g
Material Fineness/um
CaO SIOZ A1203 Fe203
Cement 640 203 56 33 5-45
Silica fume 03 939 09 0.6 0.1-0.3
Crushed-fused quartz powder 00 99.8 0.0 0.0 0.5-7.5
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PRI /IS RS (1) SEM FESRIEAT T WFFE (LI 7 T 8).

e 2 R F(10~50 um), RPC FEfA ik ik
YR BN BURE) C-S-H &I (E 7), HAEKIHZE R F7
PGSR A RPC JEAKI EATES . (H B A D H XI5,
HIZK A2 TES(E Ta~B Tt X ),
KPR EZAE P T RPC SR BN LIE . T4
AERL SRR T, o DX Sl 38 T it — i (R K4
AR, SRS RS, XRAAE TR
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312 h Z TR G ARG (B 7d)T, A DL R &R E
LI DA S AT IR R R TESR KA =)

Bl 8 RAET 1~10 um RN RPC SR A%
PRIESRIIAKA =4, EZENEL T T FoR KA )
WOWTES. PTCAUE Y, BEFRP I 3G, RPC F4k
PIX R 2 PR E5 L WG )2, T2 )2 MERR &5 4 (1
8b. [ 8c); MFEYIHIIAE] 3120 W (& 8d), KAk
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I, RPC HEAR P IIX I 7 PR 2 R Ry i 72
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I C-S-H &AL . ZEEFEY 96~312h I, JEAK[
EDS fg il 45 W], RPC EEAR P 1 AR AKAL P~ 145
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F BBV i L =T 3.00 112 R tRok464)

FRA RPC LA B4 FLIE . FER R A Bkl 26 T
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W, TR LR 2R CH 5 C-S-H
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(a) Autoclave curing for 24 h

(c) Autoclave curing for 168 h (d) Autoclave curing for 312 h

K7 el RIS RPC B ALK SEM B ST
Fig. 7 SEM morphology of flocculent hydrates in the RPC matrixes cured under hydrothermal condition

(c) Autoclave curing for 168 h (d) Autoclave curing for 312h

Kl 8 @& ETR A RPC Bk iRk SEM TSI
Fig. 8 SEM morphology of flocculent hydrates in the RPC matrixes cured under hydrothermal condition
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AR S5 KM mlh KGR RIS PR AR TR KA A < 673 -

*3 8t 4, B, C. DB EDS &Eit
Table 3 EDS spectrum at area of 4, B, C and D shown in

Fig. 8

wi% Ca/Si

Area .
C O Al Si S Ca ratio
A 15.81  49.75 0.56 5.79 1.33 26.76  3.23
B 4.59 47.58 0.80 17.59 0.89 28.55 1.13
C 4.51 59.37 1.46 13.51 2.79 1837  0.95
D 4.84 50.85 1.06 19.36 0.66 2323  0.84

RPC A, BRT I 6 51 4L5 K 8 BAfLH
MR RE RRAAE =W, 4G 53 IR K AR TSR
7 HATZRIES) C-S-H HEik . i Glasser™
55 Blanc M RIHTSL, F5REL A 0.83. JKIKEL R 0.5
FIHARTE 200 C il 28 T4 T B & KA =900
FENBRA, %R C-S-H B ) 4 U1 55k 4 4
AR JE HRHT R, HAHFEES L N C-S-H Bk %
JE L I i A K A it G R — AR
TG RE o AR ST 0.21 KK HE RPC 4%,
A AR S Bkl 5e KAk, TR C-S-H
BRI NN CsSeasHs iz, 45 1T A FEIIZER A
FHIE, AHAERIAM S 2 R TRl e, 0.21 7KK
b RPC LA ) C-S-H HEI IR Fa e , WA W 2 )
mftiEH. XrE 6 1AL 5K 8 BT E
PRAAG =0 A 44, AR K RPC Ak,
C-S-H BRI St A sl /Dy AH 5 Ak 23 ), X C-S-H
BRI AL R A KA I 45, 75 A A fh 2 2K
L AN FOABE 4 AF T B A AR 1) 7K B N 2 ]
PRI, 7K 2K b RPC JEAAH 1) C-S-H B AE =i /K
P T HA IR S AR e .

KK EE RPC AR 5 LS BH L K
W BAT — 2 M AR AR, KA TR A AE T I,
XTI ), TH 78 RPC A4 P (1) 41 1L
EEGSFL, W RPC JEARRIZ SR . Wi dr RPC
FEARAKARAR L B 50 1) C-S-H BB i K P44
THARSEWREREM, KINZEERSFYERA R
LIS 6T RPC AP C-S-H B LE K 7K #
AT dAA AT, A2

3

1) EiRZERFRYE, RPC EARRE K A
PR AE 0~72h PIPRIE Y, L N 2R R AR ZE SR 1T
12.02% ETFEFEY 72 h 1) 27.20%; KIWIZFER,
BEZRG I T 3G 0, AR/ M A SR N R 5 RPC
FEARPI Y C-S-H bl & sl 22 1e 38 n .

2) RPC AR /R AR 5 FLAE L Jl B AR, 7
IR 0~72 h HIPRE KA A, RPC FEAA AT 15
T, KIFRYI, RPC LA RS 5 BE LA
IKARE LG I T S22 55, AHBARR et AT — 2 1Y
JE BTt

3) (/KK EE RPC FEAR A C3S FEAEZR K TR
0~48 h Inf Bt A AT PRIH K AL, (RAIRZK K L RPC B A
TKA R, FERIITRIIN %K e 2k KA T
fiir, C-S-H & 5 U AT H ik AR A A Sk ) K AR T 22
38 .

4) ZIEFRH) RPC Bk, BT (20~
100 pm), 51 ALHAELE R4, BN RE R
(1~10 pm), BASLL R AR T A AR XS
KA, KINZE SR R X R R A = ]
FREEAC ORI &, 1070 BEAA Y 1) AL A I i S0 4k«
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