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Properties and Early Strength Mechanism of
Compound Early Strength Accelerator at 5 'C
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Engineering, Nanjing Hydraulic Research Institute, Nanjing 210029,
China)

Abstract: A novel low-temperature early-strength accelerator
was designed with three components, such as calcium
bromide, lithium bromide, and triisopropanolamine. Besides,
the early strength property and its influence on the
comprehensive performance of concrete were studied at 5 ‘C.
In addition, the early strength mechanism of the early
strength accelerator was discussed. The results show that the
low-temperature early-strength accelerators make the 1, 3,
7, and 28 day compressive strengths of C50 concrete cured at
5 C increase by 57% , 32%, 23% , and 12% compared with
and the
development is close to that of the contrast sample cured at 20
C. Moreover, the
accelerator will increase the dry shrinkage of concrete

the contrast sample, respectively, strength

low-temperature  early-strength
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slightly, and the electric flux of concrete before 56 d will
increase by 0.7% t0 10.1% . At 5 °C, new types of hydration
products such as bromine-containing C-S-H gel and calcium
aluminum oxide bromide hydrate (Ca,Al;OsBr. « 10H;0) are
generated through hydration reaction. There are also much
needle-rod-like ettringite and flake Ca(OH), crystals formed
in the pores or embedded in the surface of the gel products.
Therefore, the structure of the samples will become denser,
due to the refinement of pore size and the reduction of total
pore porosity.

Key words: concrete strength; early strength accelerator;

low temperature; mechanism; durability
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Fig.1 XRD pattern of Portland cement
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Tab.1 Chemical compositions of Portland cements

Kk BESE/ %
SiO; Ca0 MgO Fe:0;  ALO; K:0 NezO SOs Bed it AR
HL 22.83  59.03 1.54 5.29 6.54 0. 68 0.18 2.01 3.63 99.73
7/ 20.28  62.10 2.89 3.65 4.38 2.41 3.63 97. 47
1.1.2 HiggHsy mm APIEIRA B E KB H R 0. 45, BERP R H A 1+

RIS = 5 N BERE (Co Ha NOs ) S FR I 24 & 4k
T=aARARAER, HERK ; B4 (CaBr,) (R
AL HR (LiBr) 2 43 K BB T3R50 A BR 2 Rl A= 7= 1 4 B
gifb2FlH , Bk, FEK P 5 .

W LR35 2H 43 (Ca(NO; )2\ Na, SO, = Z B
(TEA) FIFF R4 (Ca(HCOO) ) 25 , %R BT Hr T
A PR A AR 7= B A 2 AL 2],

1.1.3 Hit

BRI A KA (5~20 mm ELLRED FAED,
HAER ARED 2 X a0, 40 BERECH 2. 6. K
TR RN DEFB A A E AL AT B ) A 7= ) R FR R I K
H, B RN 0. 16%~0. 30 %, WK R =28 %.

1.2 KE@H=*E
.21 PiERE

(1) W3R, 28 GB/T 17671—1999¢ K I
JRE b G I 2k (ISO )Y, SN B R IB R (%
AT R A4, R ED B 40 mm X 40 mm X 160

WA GED CRIRFRFAD (201D Chrd
FHEFRP, 24 hiIFEERE R ER R B )E
BCH 0 SR A PP s

(2) REE T BE. RAA KA T ER R, S
BLIR RN, 28 JTG E3—2005¢ /A B TR KR
Bk JeiR%E iR AR ), A 100 mm X 100 mm X
100 mm JR¥E HiX7F. AW (5+1) CK
BFEFHELCOLD CH#EFRPE Y, 24 h#F
WS AR SE TR 48 I, T HohT R am .
1.2.2 RE+T4

28 JTG E30—2005¢ 2\ i T2 7K Ve Bk Je iR
B REHE), BAR TR 100 mm X 100 mm X
515 mm MTREE + T4, AR E
P48 h I, A T4 3P B F T 4k 5 22
b MR K R SR R I AR e, T E
TREH 20 ‘CE2 °C,MHXREH 60%15%.
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1.2.3 REEHHEE

288 GB 50082—2009¢ 3@ 1R 5t + K 1 M RE Fn
it A PEBEIREE A ) I TR B R (L
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HMRIREE L 28 d.56 d.90 d #1180 d Ay H i .
1.2.4 XRD 47

e JZ 7KUR Bk B L A 0. 40 SR E SR 14
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FIEE. A MEBER RS 0. 08 mm JfL
7% » % 4 Rigaku SmartLab(3) & X-H4R 87550 Hr4%
SHAFESE AT D 4L B #, Cu 8, B IR 3 kW, 3
B 5°~80°, 24 0. 02°, FHHHE & 10° » min L.
1.2.5 SEMEHiEFEBHE 2

a8 D SRR , A0 W R T U 5 s T
2T, W45, R A JEOL JSM-6510 R il B 5%
NREZRAE SO TR 2.
1.2.6 MIPUERE)

B8 FARD SR, Y950 A6 iR A8 1) O () % B L
F/NAR#ES 8 mm [WRIFE &, 1 2 TS R A
MIP S i FLEE .
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RS KRR SR B R R EE A T HAK L E R
FUKACTREE , J5 B 58 B R R W BE 2Bk F 2 K4k
FEYI RGOS T EE N, S FHKE (5 1T
FPF KRB R R EES O R
BTFKUEM RHIKA, & KARERE; © /EH#E50
A .C-S-H EEiE .Ca(OH), Fr=W A4 5, 3= 4=
B Q) B RS IR A S

AICRAAN-TTHILE A HAR, iR R & B —
A R MERE TR B ) = M AR 5 T A M RE.
B4, 181+ T CaBr, #1 LiBr W 414> 3 32 & F K 08
(7K AR 2R 7K AR B , 2 T i R B 58 B R 5 AR
Ja &I+ T TIPA A5 R4 HE KR S5 Bk 1k, s
JE B A 1. B R W, TIPA {23 C,AF
FIZK AL, AR TEZK U8 H i 038 B 34 LA BB e 4L
FiEhk R m L.
2.1.2 fRIRF5RAIM:RE

(1 ANFEHS

WS 5 CHRIP T PR EE R mA /X
W1 d.3 d.7 d.28 d Hr IR E MR, 2 3
FAMEEBELRE IR -, B EBEFRRE
YEE CaBr, LiBr fl TIPA ZEHBE SN 0.5%.
0.3% A1 1. 0%, I E W T E LA 0. 5% CaBr, +
0. 3%LiBr+1. 0% TIPA MK F 5, id R 1%,
5 CHIPT . BREBHUKLBHPEERE IR 2
Jis. 20 ‘CH 5 CHFRPEAF T X Heik 443 5112 R
FBE- 20 CHRINT HBE- 5 °C. NI AR R 3R 2l 4 %
WA E R R R 2257, LN HRE- 5 C &b i
FEREAE, THEARXT DR BT T B R AN R M hUE
S EL AN 2 R,

R2 5 CHRPTHEENWRMERE

Tab.2 Compressive strength of mortars mixed with early-strength accelerators cured at 5 C

o PLEE B/ MPa

i i/ 1d 3d 7d 28 d
it k- 20 C 10.7 (0. 1) 28.8 (3.2) 41.8 (2.3) 56. 8 (0. 6)
Xt HAE-5 C 1.8 €0.3) 17.4 (1.9 27.4 (2.8 52.0 (0.5)
CaBr; 0.5 7.2 (0.1 28.8 (0.3) 36.7 (1. 1) 53.7 (1. 4)
LiBr 0.3 6.2 (0.2) 28.9 (0.9 36.3 (0.9) 54.5 (1.5)
TIPA 1.0 3.5 (0.1 31.1€0.9) 43.7 (0. 6) 58.3 (1.0)
1# 1.8 8.6 (0.1) 32.0 €0.3) 43.2 (1.0) 59.5 (1. 4)

A5 PR RN IR .

FIREKW,5 CTHHT, H.48 CaBr, . LiBr, TIPA
WA R A A B4R, H CaBr,,
LiBr P4 %R0 3E 1 d 5 42 5 B3, DL s &t
W#Bat 334%,3 d.7 d.28 d Hi R et 34 9

it 166%6.132%.103%; 148 0. 5% CaBr, % 0. 3%
LiBr A, BB SR AT , BP 3 4508 358 B 3 B2 X L
FEAE 20 CF 9, A CaBr, . LiBr & 1* {RiRE iR
FIB 44 4y, 4B TIPA A% 3 d B iR
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Compressive strength ratios of mortars mixed

Fig. 2

with early-strength accelerators cured at 5 C

RN BPIK 3 d S5 AR B 3 B X AR
20 ‘CTF3REE,1 d L ENMNTZEE. B 1% TIPA
WK 3 d.7 d M1 28 d B 3 BE EL 4 H15E 179%.
159% 1 112%, H TIPA Xf#b3 3 d JFiREIEE
@& # 3 CaBr, . LiBr, X HHE T &+ TIPA 445k
25 RIE T /K VR 5 S5 A A S B IR A .

28 17 IR R, U R R RS — 4140
Hagdkag, bR 4. 5 R E A B E R

B.1d.3d.7 d A28 d PSR E Ak 478 % .
18496159 %1 114 %, AR IR PR POER R, H 28 d
SR RRIEE R S, R AR C
F TR AR 20 C T SR B,

(2) 5% WE A R LR

5 CHI T, HL KRB AL & F WL F5& 4 ohb
% 1d.3d.7 dF28 dPrERE LR 3, i fh
KRB RUE 3 Fin. BAFETHLE: AL FIRA
S SR BT RERSEESEAMENE. 226Kk
&,Ca(NO;), H—E KRR IRER, o] H b A i
R ENA RS, B 1%Ca(NOy), BHEPH 1 d.3 d.
7 df 28 d HLEIRE A BIHRE 9426.38%0.40%
5%;3Na, SO, AR 1 d mEREGHE,. M7 d)5
BORAN BB, 28 d 58 BE ) BB 48, 5 Bk W Bt
Na, SO, AEAARK, RGREHA THEN“Z
BEL . TEA XRS5 58 BE $2 &5 19 1 F B 1) 2 22 7
3 dET, BACYBREEH A R ERPER. 7 d )5
IR HAERERS, BEL KA 1 dREREH
LA BA5145 ; Ca(HCOO) , i B 48 =i /B F ) B] R B A
7dZHi B 1B 1 d UESRE ATk 218%,
3SAJSMAEF R EBE, 28 d S I B TR,
18148.
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Tab.3 Compressive strength of mortars mixed with common early-strength components cured at 5 C

1d 7d 28 d
A BR/% PLIE PLIE PLIE B B B B PLE
WE/MPa BELN/Y%  BE/MPa BEN/Y%  ERE/MPa BENR/%  RE/MPa BEL/%
1. 00 3.5 (0. 1) 194 24.0 (0.9 138 38.4 (1.4) 140 54,7 (1.5) 105
Ca(NOs)> 2. 00 3.1¢0. 1) 171 20.6 (0.7) 118 35.0 (2.2) 127 57.2 (2.4) 110
2. 00 4.6 (0.1 254 20.0 (2.0) 115 27.4 (0. 6) 100 43.4 (1.D 83
Nez SOy 4. 00 3.5 (0.1 196 16.2 (0. 9) 93 35.3 (1.0) 129 51.0 (0. 4) 98
0.03 2.3 (0. 1) 130 20.5 (0.7) 118 26.9 (2.4 98 47.0 (0.5) 90
TEA 0.10 1.3 (0.1 73 17.0 (1. 1 102 24.8 (1. D 91 43.4 (0. 6) 83
0. 50 1.8 (0. D 100 24.6 (0.7) 141 34.5 (0. 4) 126 — —
CaHCOOz 1 40 39¢0.2 218 20.2(L4 116 30.1(0.2) 109 41.7 (2.5) 80

aRE = 1€ Y Ay 6

5 CHRIT, 8 17 R pbIk & i B 4%
EHE RN AR 20 CTFaE, R EER T
FH 28 dPUEGRET LB 110%6; 8 WL R 3R 41 4 A%
RESRPERES 17 Fans 22 0 0 8, A Ho T 0 Beab 3
AR IR, B Ca(NOy), 51,28 d 58
FEBI 48 I W1 B, A% W 391 98 B H4am AR T %o LU AR 7E
20 CHYP T HGREE. 58K 2 PR AT, A ST
CaBr, . LiBr # TIPA 44375 5 “CRIR T BF 58 M AR
WAL T # UL SR 2y, B B 17 IR B 9500
F IO A SRR R T R R R BCR B I
e GV LY £ SN UL S

2.2 KEBREEFNERLESEENENRE
ZEEMER R BN F AR BORE /5 .
it AP BB T [ A8 ) &8, SCHR A C50 TRBE 0 XT 42, 78
5 °C.20 CHIET , ZEARBEF R FIXNREE £ /) TAE
P PURBRE . T4 DA B TS N,
LA 3] 7 i ) YR B = P ) R A OO
2.2.1 TAE#:
e HL /K8, DAFE T2 SEFR A C50 TR BE - Al
A HCoAEA, SMBRIR R R, I B BE B RAR R
FKF VR TREE R R R % (180410 mm, B4R
B4 Heank 4 Fis.
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Tab.4 Mix proportion of C50 concrete
. MEAR/ (kg + m™®)
e m 3 /0 [}
A 7K/ (kg + m~?) TR LE WER/% Kl EEE o = WK/ %
it AR 145 0. 34 40 426 0 730 1095 0. 25
1# 145 0. 34 40 426 7.67 730 1095 0. 35

Z 88 JTG E 30—2005¢ 2\ i Tk I8 oK I iR
B HRIHAE), Wik 1% BIRH| C50 BB +HE
YVIRTHEE &SR8 RN B R 5181, 45
RANFR 5 From. XF LA LR HHE BE A 180 mm, ) ¥E
REERTE] 4338 6 h 35 min 1 9 h 10 min. C50-1%

x5

REELBAIT 0. 350 BYIK A, IR EE L YT R T
180 mm, JR#E + RV BE & L EE P, BESS I 14
X EU AR W AT 4 4 (ELATS 7E & BE Y Rl O W9 A2 SE B TR
T LA RE A EOR. BRI, 17 IR R 5850 0 R 5
TAEHERERZ A K.

C50 B L #HEWIERE

Tab.5 Properties of C50 concrete mixture

Ak Y& E /mm HE58/%

FKWEE/ (kg « m™*)

HIEERS ] AEER ]

180
185

2.1
2.3

C50-%f Ho kg
C50-1#

9 h 10 min
8 h 35 min

6 h 35 min
5 h 55 min

2 388
2 375

2.2.2 YilEsEE

B 1 {RIB IR C50 1R EE + T 35 B K X o7
YRR B L BCHE A0 R 3 FTm. 20 ‘C PR, XF LA
1d.3 d.28 d Fi/EmEES 1K 29. 4 MPa.42. 3 MPa
157, 4 MPa, 28 d J5 5@ A A —E 27, -5 & 120
d B3R BEIA 70. 0 MPas iR [% % 5 ‘CHY, IR%E - &%
BT R I R, R R TR R B3, 1 d.
3 d HiRIR BN 20 “CHEIEFH 59. 5% .69. 0% ,28
d JE5R R FRfa e, B B KRB L hi R R R
20 CH T B B 72 i/

20 ‘CHI5 CHFHPF, 1% BHagmI nlE miR s &
BT R EE, HARRIREI T . B REFIREE L5 CTF
FITTH SR LS F 20 CTPLRBE . 5 CHF
PF,1d.3 d A7 d TSR Ay B AR 155%.
130% F1 120%, 28 d & 120 d Hi FE 38 BF bk 3448 &of
110%;20 CFHP T .1 d.3 dF1 7 d HEREE I 43
SIABE 125%.120%F1 110%,28 d & 120 d HiE R
& HHRF 100 %.

ZERAA, THIKIR R 5R7E 20 ‘CHI 5 C TR
ARG, KR TR ESCRE A, B RRS R
FINHEEE T K1 (28 d T 120 D) IBENAE B KIE
PR R S E IR AT 2 120 d. 5 CHPTF,
B 1F B C50 BB+ 1 d.3 d.7 d.28 d PrEmRE
BN HLRE A B 57%60.32%.23% F1 12%,3 d &
FEERBITIREEIY 70% (35 MPa), 7 d 38 B M ikt
SREERY 90 %0, FLJG S B AR , s VR 2 1 258 10
TR Y BRI EURE 20 CTRRYSRIE.

2.2.3 T4
TREE AR AR T A 4% 80% LA I

80

30
20
10

PR/ MPa

—— ST EHbFE-20°C
- 4--1#20°C

—— ST HRE-5°C
-v--1#5°C

60 80 100 120
WHA/d

a PUEIRE

20 40

180
170+
160
150
140 A
130
120 A
110
100
90

—— 1#20°C
—»— 1#-5°C

150%

HUEIRELL/ %

60
wH/d
b LR
B3 BREFIRERELNERENZME
Fig.3 Effect of early-strength accelerators on

compressive strength of concretes

HFIR & ks, xR & - R I N mE
KA TR E s, — Bk, FERFIB A
SRS WIS, 5 5 R IR B £ e A gD,
# 17 R3gi| C50 JREE 1 1 T i 8 3K 45 5% n
AFT 7N , AT AL R R TR O 1 T 4R R B K
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Fig.4 Effect of early-strength accelerators on
drying shrinkage of concretes

Wk iR ZFSE 120 d, Z R IREE T T4 X R g,
B 17 BB FIRE T 28 d TARBN L KT
8.0%,MZE 120 d BH{UIG I 4. 4%, IF R A, Bk
KU o IR PSR X R v 1 T 48 R i N B
2.2.4 HABETBEEEREE

1255 F3R 7 5 & BB + FLE & k. B4 FL
Weds T3 R KA R e g Pk 22 B M R B
fEIREE 7= A R B05F , T RHIR B i A M7= A £
. A SCr94E 20 “CHRT S CHEP T, MR T8
1# B3R5 C50 JRB#E+ 28 d.56 d.90 d F1 180 d fH,
Wa, g5 RN 6 iR,

®6 BEFAERLRERNHMW

Tab.6 Effect of early-strength accelerators on electric flux of concretes

o HIER/C
HAERS i 28d 56 d 90d 120 d 180 d
it ke 2915 (12) 1399 (10) 1045 (16) 969 (4) 665 (16)
1# 20°C 3041 (26) 1540 (A7) 983 (19 799 (D 499 (15)
Xf O RE . 2726 (25) 1022 (8) 788 (14) 716 (6) 590 (7
1# 5 2 747 31) 1039 (18) 741 (11) 577 (12) 442 (10)

aRE = 1€ Y Ay 6

TR E 1 F5E B R B R R KON TR, oA
28 d £ 56 d BfHERB/NEE,5 CHRP TIREL
BB R T 20 CF HER. X 2R M EE T K
TR BKE A 18 K= R A K8, Bh
F T HER BB I IR 454 , B IR BT IE K (£ 28 d
J&) fHIREE LN R R FERH 20 CHRPT
B B R 25 S, DT S0 25 F 1938 38 8 R A1, AH [RIR
BT, 1% BIRFI RS+ 28 d.56 d HLE BB ke
HEK0.7%~10. 1%, 71 90 d J5 H @R LT 5T
FE, B35 5 88 R o 8 B /MR B 5 TR
T, 1% BEBFNESE T 90 d.120 d.180 d BB R
Ko FEREAF BIB/N T 6. 0%.19. 4% 70 28. 5%.

SRR, 1R R aRF &3 K 56 d jTIREE -
R E R, B SERE L AR FE B X
ZHTRBRWBABLEHET KAWL, BEAT
BREZTHERH /- R 2K 15 56 d BiH
BRI K; R E K TeK AR AR5 oK™=
VAW 2, S B, L H R R
TIPA B & 3 C,AF /K 4k, 38 BB {H B f b F i
ST, I IR E 5 B R T BRI
2.3 RiIBEEFIERNMEBSF
2.3.1 #HHKIF=Y XRD 4t

5 CHHP'TF .48 0. 5%CabBr, .0. 3% LiBr #1 1#{%
TR SR BT LU KA 12 hi1 d F1 7 d J5 A

) XRD 3G 5 Brs. 45587 A, B & K Ak 5
HIFEK , B HHIREE R C3S.C, S i S A 3 R i ek 55
1Ml Ca(OH), 175 iess B M & i35, Hokfk 1 d J5
A ESA .

BRmA KA 12 h BPAT WL B
Ca(OHD 17 i 0, T XF tbAEK AL 1 d J5ikieh A H
Ca(OHD 717 5 4 L1 3 5 #H[R) ¥ 3 T 18 T 3R 20 43 /K e
HIZKAL = b, Ca(OHD , FRAGEH A 437 5 048 5% 52 347 B
SR TR EORE T Cs S, Co S 17 5 14 58 BE B AR T X L
FE. K4E 1 d B, XF teAE 38 CaBr, LiBr. 1% FL.3&5|
ke XRD EljE 1, Ca(OHD » S5 5 i 5 i B 43 11 A1
AEIR 20 849,45 216,36 624,53 786, 1 20 fAE
32.2°~32. 6° YL N Y C; S, C, S T B 43 m AR 43
Hh 149 633,114 854,121 933.92 941,454 2. 1. 2
T AT, AE R Ca(OH), B IRAT ST IG AR 23 T AR
SRR S R BABAF AE eME. 45 R R, BaR
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Fig.5 XRD patterns of powder samples from mortars
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Fig.6 Typical SEM morphology of mortars
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Fig.8 Pore size distribution of mortars
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