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Early Hydration and Microstructure of Cement Pastes Mixed with Low-Temperature Early
Strength Accelerator at 5 °C
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(1. Nanjing Hydraulic Research Institute, Nanjing 210029, China;
2. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Nanjing 210024, China)

Abstract: A low-temperature early-strength accelerator was designed with three components, such as calcium bromide (CaBry,),
lithium bromide (LiBr) and triisopropanolamine (TIPA). Effect of early-strength accelerator on the strength, setting time and fluidity
of cement paste at a low temperature was investigated, and its mechanism of action was discussed based on the perspectives of
hydration heat and product microstructure. The results show that the incorporation of low-temperature early-strength accelerator
shortens the initial and final setting time of cement pastes, and accelerates the strength development of specimens at a low
temperature (i.e., 5 ‘C). The 1-d, 3-d, 7-d and 28-d compressive strength of cement pastes mixed with the low-temperature
early-strength accelerator can be increased by 291%, 78%, 62% and 40%, respectively, and the strengthat each age after 3 d already
exceeds that of the contrast sample cured at 20 ‘C. At a low temperature, the early-strength accelerator can shorten the hydration
induction period of cement hydration and advance the acceleration period. Furthermore, the maximum heat release rate can be
increased by 78%, compared to the contrast sample. The cumulative heat release is increased by 227% and 52% at 12 h and 7 d,
respectively. The early-strength accelerator can also promote the hydration reaction at the initial stage of cement hydration, increase
the content of Ca(OH), in the sample and increase the hydration degree. Large amounts of Ca(OH), are formed in the products at the
age of only 12 h, and some products, such as bromine-containing C-S-H gels and hydrated calcium bromoaluminate
(CayAl,O6Br, 10H,0), are also generated. Large amounts of hydration products are accumulated, refining the pore diameter of the
specimens at the initial stage of hydration (before 7 d) and decreasing the number of macropores. The total porosity of the cement
pastes at 1 and 7 d is decreased by 16% and 31%, respectively, thus leading to the denser microstructure.
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Fig. 1 XRD pattern of Portland cement
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Table 1 Chemical compositions of Portland cements w/%
Si0, CaO MgO Fe,O; ALO; KO NaO SO; LOI  Total
20.28 62.10 2.89 3.65 4.38 241 1.76 97.47

w is mass fraction.
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Table 2 Effect of early strength components on the
compressive strength of cement pastes
Compressive strength/MPa
Sample No. Amount/% Temperature/C

1d 3d 7d 28d
Contrast-20 ‘C 20 112 362 49.7 672

Contrast-5 C 5 24 268 410 3582
CaBr, 1.0 5 9.0 413 594 749
LiBr 0.5 5 6.8 394 578 737
TIPA 1.0 5 80 427 619 707
1# 1.8 5 9.4 477 664 81.8
377 281 333 Olmmm1 d
200 v2zAa3 d
X L BRA7 d
) =
£ 180} X928 d|
_§D L
= 160 XX
g %
7] _ ::: E:u 0,
e mm am N
a | 2 ::: ::: XX
5 KK S XK
£ 120l N < %% SN 20%
g X X X XX
o L & XK XX 0%
&} & % % %%
100 : 9 %% %%
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Fig. 2 Compressive strength ratio of the cement pastes cured
at5C
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Table 3 Effect of early strength components on the cement
paste fluidity at 20 'C

Slump flow/mm

Sample No.  Dosage/%

Initial 30 min 60 min
Contrast 211 161 152
CaBr, 1.0 205 158 149
LiBr 0.5 203 151 147
TIPA 1.0 210 168 159
1# 1.8 189 152 146

Water reducing agent amount it 0.035%.
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Table 4 Effect of early strength components on the setting
time of cement paste

Sample  Dosage/ . Setting time

No. % Termperature/ > Initial Final Difference
Contrast 20 4h59min 7h03min 2h 04 min
CaBr, 1.0 20 3h30min 5h22min 1h52min
LiBr 0.5 20 3h53min  5h34min 1h41 min
TIPA 1.0 20 4h22min  6h04min 1h42min
1# 1.8 20 3h42min  5h39min 1h57 min
Contrast 5 13h05min 18 h27 min 5h 22 min
CaBr, 1.0 5 6h30min 11 h 11 min 4h41 min
LiBr 0.5 5 6h59min 12h 03 min 5h 04 min
TIPA 1.0 5 8h36min 13h27 min 4 h 51 min
1# 1.8 5 7h06min 12h02min 4h 56 min
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Table S Heat release parameters of cement pastes

. Coming time Heat-
End time of - .
Sample Temperature/ . of heat- . releasing
. induction . releasing
No. C . releasing 1. beak
period/h peak/(W-g™) .
peak/h duration/h
Contrast 20 2.9 17.2 0.002 31 323
1# 20 2.3 14.2 0.002 86 30.8
Contrast 7 5.0 26.7 0.000 95 56.4
1# 7 2.8 13.5 0.001 69 359

T 6 IRKILBITHAE

Table 6 Heat evolution of cement pastes

Heat release/(J-g ™)

Sample No.  Temperature/C

12h 1d 2d 3d 5d 7d
Contrast 20 30.5 124.4 201.6 229.1 265.1 2774
1# 20 524 163.1 243.8 278.8 3043 3142
Contrast 7 188 559 1164 141.8 1652 178.4
1# 7 61.4 1282 190.3 223.2 2579 271.5
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Table 7 Hydation kinetic parameters of the cement with
early strength components

Sample T/'C n K’ Ky K3

Contrast 20 1.66 0.0237 0.0043 0.0014
1# 20 1.55 0.0265 0.0055 0.0022

Contrast 7 1.24 0.0138 0.0039 0.0012
1# 7 1.14 0.0203 0.0057 0.0014

T is temperature.
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Table 8 Hydation kinetic parameters of the cement

Sample T/°C o o 0—01 t/h t/h t-t/h

Contrast 20 0.06 0.42 0.36 8.3 243 16.0
1# 20 0.08 0.49 0.41 7.7 233 15.6

Contrast 7 0.02 0.38 0.36 16.1 30.6 14.5
1# 7 0.11 0.32 0.21 7.7 18.3 10.6
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SR, 76 S CARHR R KA [ 8 3 5 AR 1 XRD %
BEARACES A ZE K, PIALIRFE C3S. CoS fiTif g
SR TR IR SS , Ca(OH), fi ST 5 e o i e 4
7 d Jo MBS PR, 1K 0T REAE A S C4AF HI7KAE
WFE T HB2> Ca(OH),% . 45 1#FLRFAKYE KL 12 h
RIA] LB 2 1) Ca(OH), AT, HARFIGH T, #
BRI IRFES Ca(OH), R7 5 I i 55 1 W i T
XTECRE, T C3Sy CoS AT U E B BE AR T X LUAT
U Ah P ae LT OB B K AR R A
[Ca,SiOs(OH) ] FH KA A FHIRA [ Cas AL OgBr 10H,0]
IRTEHI, PAKAL = HI7E K4k 12 h JE BRI A2, H
LT SF Ve 18 P55 35 B 7K A8 B S T 2 1 . et
AL, IR R R 138 N TR N KR IIKAL,
12 h B3 K& Ca(OH), A, ZKAGIEAE A% T 7K AGHE
% 45 [CaySiOs(OH),] M 7K 1 W 4 5 B
[CasALOBry 10H,01/ 4, 31X AJ g2 e AR T ik
e PR R o () B )

4.12 DSC/TG 7#r XA TG 58 7]
K, 165 CHRAF N IR A FE AL DSC/TG
Mgl 5 s S4LRFELE 25~1 050 C At 7
1 DSC gk 3 S AN B IR, 43 Sk
50~200 CLEETE XN, C-S-H HE H W B 7K 28 %
FESIL AT 2 1) K B A A 380~500°C i 5 i F %t 1
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Fig. 4 XRD patterns of cement pastes
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WAE 950 CIyT & N K ul &, # % FETE
380~500 “C it J& i [l P R ARG R B 3 A, e Bk
Ca(OH), X &5, S5 Rk 9 fros. AR,
XILEFEF Ca(OH), Fraddiefik, HsK4k 12 hy 1°d
I Ca(OH), & & 48 BIAE 1.19%F1 4.73%. 15 1#5.
SRALAMINT, R IR Ca(OH), & BN LLFE
BIW BRI, 12h. 1d i Ca(OH), & RE X LLFES
BIMERT 1.9 f5H0 1.6 £i5; K4k 7 d i Ca(OH), & &
WK T 42%; 4GSR, BRI
H Ca(OH), i KN, 7K B R e T i 45
FEABUFHASE, XA s TR o
FIB AN TR T /KTe KAk, AFH Kb
AR AKAFREE R s T sl R A

F9 HEAHEP Ca(OH), REHE
Table 9 Content of Ca(OH), in cement pastes
Mass fraction of Ca(OH),»/%

Sample No. Temperature/ 'C
12h 1d 3d 7d
Contrast 5 1.19 4.73 1317 17.12
1# 5 348 1222 2039 2425

4.2 KWLM LE 1
421 SEM M 5 °CHEYF, XFTEERERE 1K
WL LR F KV KA 1dT7 d I P21 SEM I 43 3
Wil 6 FE 7 fro. P 6 nign, KB 1 d i, K
PR AT D IR C-S-H BEIR, (H/KALFLE#2
I, ORLFS B T DL, FIORE A 2 ALRR, 44
SEREON AL o KV AT BB 2 BRI AT AR R
BEL AT, BB K, i8R WD 5N BCR
Ca(OH), fifk. K1bE 7 d I, Ky Ca(OH),
an RIS 2, B RSPV A b AR C-S-H
LB, FLBR P AR 2 ARG IAT, #EAAR S5 R%L 1 d
I 5 B0, ARATSR] L/ K AR B IR R K T
IOk o

HE 7 v, B 1#RRADKTE KA 1T d i, K
AT EHER, HEEMP AR Z LR,
IREERBON LU OB . K E 7 d I, K
BUIRAKA = AE K P kL K FLBRJE BB AR ), A0 ER
SER, SREE MR AN E 7d BoR), %
Ca. Si. Br. O %5J0%&, W THEW S Br f1 Al &
(i 55, RIE b el & Al B, 454 XRD
gEnIa, IR R IR C-S-H EEIFIZK
1 IR A R BR 5[ Cay AL OgBry 10H,0], 31X 42 i1 I
HLags 4 0 h 51N Br, LKA HITTiE R
a3 e C-S-H eI FI KA RRES TH B R o

FLBR R KA KRR A, A A B AT 4,
T B AR S5 7 s A IR 3 A7 L B 8 55 A i oIk
Ca(OH), i Ak, Wl 7¢ Fron, MEHAFERARLE O
EBONESE .

gERRM, IR AR T S CCARIR T K
WIA7 d BDIIKA, Az B iR C-S-H BER K
IR AR 5 [Cas AL OgBry 10H,0177 4, B5L A7 M
Ca(OH), fiiRZ7EFLBR AR R, TR B 2544 5 i
S
422 MIP 1 5 CIGI T, XTEEFERIE 1#1K
i L EFK KA 12 h, 1dy 3dy 7d 5k
(LA A 2 8 Fros. MRS, 1#5 91
T NAL LRI B4 1h, IR B ] JLFLAE I
Wh, B d RHERBRICN B, Kibx 1 d
i, wFEEREFLZ N 0.3~3.0 um K FL, 0.3 pm Ll
FRNLECR D B 1RSSR 12 h R
FERALEZ N 0.3~3.0 pm [FRAL, HoE Lext LeAE KA
1diEZ, KA 1 d FHERFE 2L AE 0.3 um
DL ERIAL, BEW] 1R AFE 12h &2 1 d KA I
COR AR RN, AR LG M3 2000 S5 st . K1k
2 3 d I, AR L2 EEE AR 0.05~0.30 pm fL12
JulH, [FRSHE 28R 0.3~3.0 um FIRL, &l

(b) Contrast-7 d

6 XKL K] SEM JE
Fig. 6 SEM photographs of cement pastes
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FERLESLBRR I B B98N, 12 h IR FE R FLER R A
49.8%, IXmEE XLk AKAL 1 d IR FLBR
(45.7%) KA 1d I, 45 1R SRFAFAFE 1) S FLBR %
B EEREIRDN T 16%, CHEAEXTLGRE 3 d IR AL
BURAE; KL 7d I, B 145 R S FL B
BALBREN 18.9%, BXFLLFRIR/N T 31%, BERHR
FEALAE A B

MIP 53K, 5 CARETEY T, K3 - 5m77)
B, it 7 KRI(7 d mny R fLaz, R9L
R Wb, 1d NI W HAT R & ]
JUALARIEADN LB IRAR, A ROU 44 B i &
%, NI TR B 5

F10 BRAHSILEE
Table 10 Total porosity of cement pastes

Total pore volume/%

Sample No. Temperature/ 'C
12h 1d 3d 7d
Contrast 5 45.7 34.1 27.5
1# 5 49.8 38.6 25.4 18.9
S
5 én l’ﬁ

1) 5 CAGIR T, i 550 f HL 4 5y #5ymT i 5
IR R A e, IR N RO 2 H 28 d
SRS A RN & . BIGRF A 1. 3.
7+ 28 d PUHHREET LLRE D BIHE 5 291% 78%-
62%H1 40%, 3 d Jo &8 R A OB EERE 20 CIS
oL
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A LI ) RN 25k 5 1 1) ZE 80 A i o, L
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3) A L 50 7 A AR 3R 2K Y8 KAk B 30 1R K Ak
N, AFKVEARATE T IAZE R I AT, SRR
PRI, ARG R, HARE FAEFH RSN
B, 7 CIHR T, SRR K e f TS AGHE
IS EURES K 78%, 12 hy 7 d S 1HGE 251
HAK 227%H1 52%.

4) AR T, BAGHER SR A K e KA Eh itz S
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A 7K A 5 3 B LR N B9 U N (D)BY B

5) 5 CHFAYN, KR S amA B AL T Ke
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