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HYDRATION REACTION BETWEEN C,S AND FLY ASH, SILICA FUME,
NANO-SiO, AND MICROSTRUCTURE OF HYDRATED PASTES

BA Hengjing, FENG Qi, YANG Yingzi
(School of Materials Sciences and Engineering, Harbin Institute of Technology, Harbin 150006)

Abstract: The hydration reactions of C;S and three types of superfine powder materials and the microstructure of the hydrated pastes
were studied. The results show that when the secondary hydration between micro-powders and C;S happened, flocculent C— S- H
formed in the early hydration and the C— S — H with outward rediatiform fibres at later ages. These secondary hydration products ¢an

fill in pores among different size particles and the secondary interface microstructure with compact network figure forms as a result.
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Table 1  Physical properties of superfine powders or nano-SiO, AT R 3h B S min, R BA Y5 , RN 3
Mass fraction of granularity distribution /% peific surface/ (g ) 5}0 EEEJEHA?HE% (20 + 3)C , mﬁﬁgk:ﬁ
Fly ssh _Silcs fume _ Nano~ S0, 90 % Hy 2% (] 5 AL 47, B 1L Ak, AR T a,
<20 ym <100 nm 15 nm Fly ash  Silica fume Nano-SiO, b, c, géﬂﬂq 20 mm X 20 mm X 20 mm C,S #iﬂf*,

80 90 95 0.5 20 200

A, B, C, DA% 40 mm X 40 mm X 160 mm K7
¥, HITMTRR:

(1) B E S BB TATS DT RE K A K B
M RBRE;

(2) a,b,c,g HIRFE3d, 60 d Gt T BEHE, &
SHBEENER RSN, Bdm THERS S
B BRI R A T, X TR AR
abr;

(3) A,B,C,DHPFK 3d, 7d, 284d, 56 dJ5
W H 2288

(4) BREERAA BRI BALE, BFIE#HA TR
PREBRAR,

RERS ALK 2 1K 3,
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Table 2 Mix proportions in the experiment of appearance and
phase analysis w

Sample Fly ash Silica fume Nano-SiO, C;S Water Dispersant

a 0.4 — — 1 0.39 e
b — 0.4 — 1 0.47 -
c — — 0.4 1 0.69 0.66

g 0.75 0.125 0.125 1 0.55 0.21

(b) S‘il‘ica fue R3 H¥HERBESH

Table 3 Mix proportions in the experiment of mechanical

properties
Mass of mix/g
Sample V(Water) /ml
Cement Fly ash Silica fume Nano-SiO; Sand
A 540 — - — 1350 238
B 378 162 — — 1 350 238
C 351 162 27 — 1 350 238
D 349 162 27 1.62 1 350 238

Note:Cement is Swan cement, P. 032.5; the sand is standard sand;

and the water is tap water.

(e¢) NanoSiO,
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Fig.1 Micro appearances of three superfine n~wders
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2.1 BERRAXENERE
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BOR, VHAREKASORBERNA A B ARE, ZHN
GREMRE, BELELYE.

(b) Sample of nanoSi0,

(a) Sample of silica fume
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Fig.2 Photographs of electron diffraction
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2.2.1 BMEK REEa EHBEI T RY,
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b) 7K AL = ML TE T 2 SR A 5 A R HE & HE BURL I R
ANEEARAR K Ca(OH), Sk, B XRD 4
B, MK B “WOK L RN, KR BB,
WA 4, 60 d i) Ca(OH), KRB B, BLHIMBEK
B9 5 T A T B

2.2.2 HBR M 1b R 8HE SEM B Al W,
REKBR B AR ZK 100 nm £4, B/MK 20 nm,
ABBRREK BB T REERETAHLRSE, HEN
REHEW., KRS CS KA RMNEH, LE
3¢, BEIKEBBMAERT, B LLRE K BUB 8 % L
B C-S-HEREK, 5CGSKEEMRMC-S-H

(a) Sample fly ash, EPMA (b) Sample of fly ash, SEM

(¢) Sample of silica fume, SEM (d) Sample of silica fume, SEM

B3 BERKRERS GSKARMAE=YRUAEN
Fig.3 microstructure of hydration products of superfine C;S

and fly ash or silica fume

BRAREFEMYREE . HONEH, CESHK
BERIBEA N 1.4, RE Sa; BT RIMEEER,
BERI60 AR RME Y BRAES 7, EERER K
PERE —EHEREMNFIMESHEE C-S-H,
HREERAFECHRMREN, WE 4d, AR
HRC-S-HMWCESE/RLERA 1.2, LH
5b. HIE 4 # XRD 4047, REK KK EE R E
EwFREK.

2.2.3 HKEE HTFHARRERAFERMELRE
B, AMABRBOREE, REREAR, 208
FIALERS , U I A 4) #0200 (] AH £ £ BE R
ditl, WA lc. HOKREES CSORFE o) ZWAKILR
RN, RPUGKREREL, RHES Ca(OH),
RN, AR EgERN C-S-HER, XueRE
HHZXARMEER, LA 6a; FHAESERE R4
MEREBRSDE M REFRIAREC-S-H™
W, HESREMN, BEHBEERA, TUBER
B N RRE R 1, W 6b, C—S-H BEBE
BERTEEMEEN K, XBEHFEC-S-H




BERSE BEK BRKERAKRES GSKERM=HBREATE - 783 -

BI0KFeH
. X Ca(OH)
A x & Microcrystal CSH
A ﬁ'\—’{ MR .
X
A X
/\3\ X f x
\M b
x
. l lﬂf\l’ ‘_K«\_ a
0 20 40 60 80
28/(°)
(a) 3d

Iy

X Ca(OH).
& Microcrystal CSH
~ VO
j&g XA

40 60

0 20 80

20/(
(b) 60d

B4 K=y X HRmHE
Fig.4 XRD patterns of hydrates product with different

curing ages
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Fig.5 EDXA illustrations of product of silica fume and C;S
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(a) Sample of nano-Si0, (b) Sample of nano-Si0,
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(c) Sample of composite powder (d) Sample of composite powder
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Fig.6  Microstructure of hydration products of superfine
C;S and nano-SiO; or composite powder
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Fig.7 Experiment results of mechanical properties
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