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Effect of Alkali-Free Accelerators on Early Age Hydration of Portland Cement
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Nanjing 211103, China; 2.School of Materials Science and Engineering, Southeast University, Nanjing 211189, China)

Abstract: Early age hydration behavior of Portland cement containing liquid alkali-free accelerators was
studied by early age hydrated strength development, released ionic concentration, isothermal calorimetry,
hydration phase analysis and microstructure analysis. The results show that the initial hydration heat rate
of Portland cement containing liquid alkali-free accelerators rises sharply due to the fast crystallization of
massive ettringite prisms. The fluoride present in alkali-free accelerators promotes C;S dissolution and C-
S-H gel generation, leading to better quick-setting effect and improved compatibility with superplastici-
zers. However, the hardening strength of cement paste hydrated 24 h is declined notably with fluorine-
containing alkali-free accelerator, mainly due to the crystallization of plate-like CaF,, which absorbs and
intercalates into the C-S-H gel structure and induces delayed hydration process.

Key words: fluorine-containing alkali-free accelerator; Portland cement; early age hydration; calcium flu-
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Table 1 Physical properties of P « O 42. 5 produced by Huaxin Zigui

Density/ Specific surface Setting time/min Flexural strength/MPa Compressive strength/MPa
(grem ™ arca/(m* « kg ") Initial 3d 28d 3d 28 d
3.06 350 219 6.3 8.8 34. 0 47.5
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Table 2 Chemical and mineral compositions of P «+ O 42. 5 produced by Huaxin Zigui w/ %
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58. 17 5. 00 20. 48 3.07 3. 06 57. 60 4. 00 9. 20 4. 60 4. 10

1.2 REWHE

KA R 56 B TA 2w AR 7™ 19 45 Tt 1k
HHALCTAM 08 Isothermal Calorimeter) i 5 3
5 1) 1) Ak TR 6 K V8 K Ak AR B B S HRK K L
0. 40 57K 5 38 & (ropea ) 0. 6 %6 FE K IR AR5
W S BE SR M A T2 5 10 5 285 .8 20.0 g ]2
NS P 7K U AR TR it L i SR AR E R 20 °C
BT KA 0~96 h iy e R 38 K A h . 350 rh
HEETN BB war vwar ¥R KIB T 6 0.

& 45 B 0] S w0 K bt i I = | GB/T
35159-—2017¢ Mt 5 VR BE + FH 3 58 ¥ VAT K AL b2
FHY(0~72 b B a8 B IR K IR H 0. 40 /D He
1. 80 AL E (/K 1) 2 5 HE FUK Je 0 3K 5875 $E 1
2 min f5 8O EE L 2 10 s 5 4R 3 60 s
B .

KA S v B A SR JH 7 [ Spectro 2

DA B i A8 B T {E 45 8 O B R 2 BB L

A ) FMS 26 B i B & 4F B T MO 35 X
(ICP-OES) 5 7 & 4= ¥y B £ 24 w2 7 i1y TOSOH
IC—2010 B T34 (1C) 43 ) 43 A Ak 4k 0~24 h
Rk R 6 K K AL H Ca®" (SO K Fok . B
PRI B2 A < B S g AN [ 01K Ak SR A e oK T L
10 A &8 F /K, #£ 500 r/min i £ 3 R F %
5 min i » R ARUZ FLAE 30 pm 2@ MR 4C AT 08 5
B3 4 S I (B 3 v R &t S ) S 3
IK AL R B AT 5553 47 R FH A [ Bruker 2%
A4 77 19 Advance D8 ! XRD 5 Quanta 250 #l
SEM 43 17 7K Ak 7K U 3 AR 9 AH K oW 5. XRD
A IO R R Y K U8 Ve KL BT R K 2 B
3~5 d LA kK e K Ak iR 88 )5 SR FH L 25 T 1R A
T 45 CTFHET 5~7 d, B4t 0. 045 pm J7 £L i 1
533 SEM FESIBOUK AL 24 h J5 3R T 7 5% 1 8 4k K U8
A DL AR I A (EDS) 43 01 HoK Ak 7= i 76 2.



510 BE 57 45 < T 00 B AR 0T Ak R R K U8 9T K A 1 52 ) 33
it A

2 FHR5WiE

2.1 wEERERKIRARUBRITH

I TR RALE b 4 22 53 1 35 i A W % G2 A
B TR B DL ALO, 3 T TG Bk
BER I A T LLZ AR & AT AEES . FEK e
IR AT I A AR JC 0 58 75 )i+ e TR S
BB T 5O G KA CoA 5 SO,
4 L9 e A A 25 A A T B2 T TR R K 9 B UK

60

—Blank or
|—--With AF1 _ s |-
--- With AF2'» |-

z O

W
W

wn

(=}
T

/(m’

al
30 (51
DA

~
[

Heat flow/(mW+g™)
H

W

—_
=]
y o

0 12 24 36 48
Hydration time/h

(a) Heat flow of cement paste

B 1 RAE T8 A [R] WA T 02 56 71) I Ak 1R 6
JKIEIKAL 0~96 h WK AL CIAAT . IR 1 Af D2 5%
TRIB WA TCOLHEE N 1975 KT AR R HoR Ak 72
FEA] 5 W IR KA 1 (0~0.5 h) (¥R 1 (0. 5~
10.0 h) i 53 # (10. 0 ~20. 0 h) ., sk 3 #H (20. 0 ~
36. 0 h) M fasE (36,0 h DL b)) s 48 AW AR G Bl it 5%
FJE - i Rk 7K 6 K Ak 3 A v i 490 4R K Ak 3 T
WIBOGATT N & AT 3 e,

375
Ty 300 ¢ '_,__-_—_-_‘-'.‘.'.—.'_—:-’-'-'-’-' S
= ST
S 257 et
2 e
o r
2150 - [
= /)
5 / N —Blank
2 75r A —--With AF1
- --- With AF2
0 24 48 72 96
Hydration time/h

(b) Hydration heat of cement paste

PR L YRR TG 0 70 X fik R 7K 8 L 191 7K A R AT o 1 52 1)

Fig.1 Effect of liquid alkali-free accelerators on early age hydration behavior of Portland cement
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Table 3 Setting time and compressive strength of Portland cement
containing liquid alkali-free accelerators with PCA

Compressive

strength/MPa

Setting time/ Ratio of 28 d

/ /
Wpea/ War1/ War:/ .
compressive

(min:s)

% % % \
Initial  Final 1d 284 Strength/%
0 0 219.00 267.00 17. 2 51.3 100. 0
0 g8 0 3:20  6:50 18.9 53.9  105.0
o 6 2,10 4,20 6.2 48.0 93.5
g 8 0 4,20 8,00 19.2 54.2  105.7
o 6 2.35  5.00 7.3 48.7 94. 9
Lo 8 0 450 10.15 20.3 55.0  107.2
o 6 3.00  6:20 8.0 49.5 96.5
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Fig. 2 Effect of liquid alkali-free accelerators on early hardened strength of cement mortar
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Fig.3 Effect of liquid alkali-free accelerators on dissolution ionic concentration of cement paste
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Fig. 4 Relation between early hydration phase and hydration time of Portland cement containing liquid alkali-free accelerators
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Fig. 6 SEM images of cement paste containing liquid alkali-free accelerators at hydrated for 24 h
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