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Abstract: The effect of tetrasodium hydroxyethylidene diphosphonate (HEDP.Na4) on the fresh and hardening properties of
alkali-activated slag materials (AASM) was investigated. Compared with the control group, the initial and final setting time of
AASM made with HEDP.Na4 are delayed by 43.8% and 25.0%, respectively. The mini slump of AASM with HEDP.Na4 is
increased by 15% and its yield stress is decreased from 57.2 Pa to 26.6 Pa, as compared with AASM without HEDP.Na4. In
addition, the compressive and flexural strengths at 3 days of AASM with HEDP.Na4 are reduced, but those at 28 days are
increased by 15% and 11.6%, compared with AASM without HEDP.Na4. HEDP.Na4 can reduce the early hydration heat, modify
the pore structure, and reduce the total porosity of AASM matrix. Comprehensively, HEDP.Na4 effectively improves the early
working performance of AASM and the later hardening performance slightly. This research can provide a guidance for the
application of AASM in construction engineering.
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BEWE SN ERTT, 1T BE A N HIKAL =4
A BT IE 52 AASM FRIBESEIN ), B & ol H T
EMERE. SR, 4AT%T HEDP.Nad %f AASM H
HTEE I BE DL B A BE (1 BIF FE A A PR

ARHFFEHR AASM 2 B /K B 58 A A AL BN B
RN KA S0 B AR MR . AR5 &
f) HEDP.Na4 (0, 0.3%, 0.6%)5| N\ AASM R4+,
FEXF AASM 9 5B R P e RO R AL 5 56 5 3R 4T AF
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1.1 #&

LA BRI S P (GGBFS) A 2 41
W, HH CaO S 8EZIN 39.81%, LLRMEML N
431 kg/m®. % 2 NANERHOELMERE, KARITRD (1)
BARAEAN 1.25 mm, FHERERN 3.00 B4h, &
WEFLIE AN A 4E T B A28 0.2 mm, KN 13 mm,
L AFEREEZ) N 2 790 MPa. $& F /KK 4 [ ok
K o BRI ) E [ A SR AN (ZE B 96%) FIEE R
EI(SS, Si0,/NayO /R H=3.34, &I/KE=62.3%)
‘A% . HEDP.Na4 &—FfmliF /KA ERK, H
YIEAPE WL 3.

®1 RUSHPT EREERS

Table 1 Chemical compositions of ground granulated blast-farnance slag (GGBFS) wi%
CaO SIOZ A]zO} MgO SO} NazO F6203 TIOZ MnO LOI
39.81 32.86 16.53 6.89 0.02 0.34 0.44 1.24 0.18 1.10

w is mass fraction.

&2 AREVIERME AR

Table 2 Physical characteristics of river sand

Apparent density/(kg-m™) Bulk density/(kg-m™)

Compact density/(kg-m ™)

Void fraction w/% Specific gravity Water absorption/%

2631 1492 1581

39 2.65 0.54
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Table 3 Physical characteristics of HEDP.Na4
Morphology HEDP content/% Purity/% Density/(g-m ™) pH value
White powder =65.0 =90.0 1.26-1.36 11.0-12.0

1.2 il SN

AASM [MBCLA LL 3% 4. HEDP.Nad4 AT
= AASM KUFTPEMERE . N T PRER KA 51,
AW 5T K IR (W/B, Water/Binder) N 0.45. ¥
NaOH ¥ RAE/KH, SR )5 5K TR & UUS 2P 75
RIENEE R L 1.20 SRIGAE VLR o8 @A A wl A
7 B R BT UK R L (B 5. NA-160A)%]
BEYI(GGBFS. W) TIRG . RJEH AN
NIBEWF I ZEHFE 1 min. &5, BEAER
=1 0.3%F1 0.6%[1] HEDP.Nad #} A Jn X\ 4 £ 54
BE, RJE7 MAEMCEM S ER S 2 mine B
BB ATRMIGETR & 2 min: SRJ5 K FR K 7
PCE ¥4 4 min (BLFHKIE 3 min FE# 1 min); 5

o AR IMNNEYE, KEEA 2 min. HiFENE)
Je s BATYEY RN, &5 AASM &5
FEEEE | 40 mmx40 mmx160 mm. 10 mmx10 mmx
10 mm K& HISZ T ARBE . 4 AASM FEbRiESR
P20 C, FHXHEE >95%) U E 24 h, RJE
B IR AR 28 do 43 T Hud A i 5 R ik
(YZH-300.10 7). 945 o 2 5B I ikl (3%
Quantan TM 250 FEG), XRD J& i 33 #2513 .

87 FH AR B 3P B (B T UK T AASML A i )
s, AR I T A fR 1% T 0 0 RS 9 45 0 )
436 mm 1 60 mm, & A 60 mm. 8 MTS i
ACLL 2 mm/min PALFEIEZE . 2.4 kN/s BIINEGH
EIPAL T AASM FE S TR A ST IR

R4 AASM ELALEEIT
Table 4 Mix proportions of AASM mixtures

Mix proportion/(kg'm )

Sample No. Volume fraction of SF/% w (HEDP.Na4)/%
GGBFS Sand NaOH SS Extra water
1 820.3 1230.5 23.8 99.3 307.3 1 0
2 820.3 1230.5 23.8 99.3 307.3 1 0.3
3 820.3 1230.5 23.8 99.3 307.3 1 0.6

Note: SF=Steel fiber, SS=Silicate sodium.

{f F7%£E Lamy Rheology Instruments 2 &) 15
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Fig. 1 Rheology testing protocol
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Fig. 3 Enhanced mechanism of HEDP.Na4 prolonging slump flow of AASM
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Fig. 4 Testing results of initial and final setting time
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% ¥ B HEDP.Ca2 4554, #0775 B K4k 5=
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Fig. 5 Relationship of shear stress and shear rate in paste
incorporated with HEDP.Na4
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Fig. 6 Yield stress of AASM incorporated with HEDP.Na4
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Fig. 7 Compressive strength of AASM at 3. 7dand 28 d
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ii-T- HEDP.Na4 #l#] AASM ({5 HIK{b B,
FERAR B R KA =PI T B, X
N JE BRBOR AR E— P WUR B SRt — e I IEIE,
SHIEAENE C-A-S-H Rt — 24K,
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P B I KA R B, AT = A2 B8 22 (1R 7K A6 = 47 LA
FEOY IR b 2 18] 1 A P, HEDP.Na4 i) % 1)
AASM RAETE 7 d A1 28 d IR I & Rk AL A
B, NI 7= A2 B 22 (R 7K A0 7= 4 DA 78 73 SE R 2 (]
(7 R, gt LR MIP IR 45 5 AH BB,
B i HEDP.Na4 ffi] & ] AASM % 4k L AN &
HEDP.Na4 [f] AASM ZEARFLRR A FEAK, JEARTE 5L
. #e?, 1 HEDP.Na4 ] AASM FEARTE W I
RIAPUE S .

242 PLEMERE 8 LL# T AN[Fl HEDP.Na4 &
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28 d I TS 50 - AASM EE TS 9 5 5 BT o
FE AR A E] O Ea 25 . AASM K S ZE BR300 3 d b S,
BE#% HEDP.Na4 & &M 0 #n%] 0.6%, AASM ik
R P E R BB R, BN 03% M 0.6%
HEDP.Na4 I 5 5 7373 % 1 30.0%F1 29.0%. iX 3=
B2 i T HEDP.Na4 75 5 B0 7 HERR 3 507 1)
KRB, PG AASM FEA4R P93 C-A-S-H 27K 1L
FENAE =, B A PR T B S AR 4 2 1) ) S T A
BRI . BT E AASM R I BT R R R
SRIMT, & 0.3%41 0.6% HEDP.Na4 ] AASM i F1E
7 d A28 d FIPTE RSO N T 11.7%F1 10.3%,
12.6%F1 11.6%. X FEEE AASM 7E 7 d #1128 d i}
PP Z 1 C-A-S-H KW=Mt m 7 E R 55
F& , TR B 22 (7K AL =P nl 78 4 SH AR AF 46 F AASM
(13 ST 2 (R S B, e 1 RN R . AR
= T AASM IR B .

Ll ZZE3d SS7d EEm2sd

Flexural strength/MPa
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Fig. 8 Flexural strength of AASM at3 d,7dand 28 d
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T it 7E 1] 2% 3 A2 H B A 7= A= 1) 7 A BLT- DT e B
18, X5 C-A-S-H M4 MmEE MM E. Fik,
HEDP.Nad 5 G A 0 v 7K AL 4 i V3 R s
TS FURL 1D W PR A5 28 25 i 1261
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Fig. 9 XRD patterns of AASM at 3 d
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