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Chloride binding ability of alkali activated metakaolin/slag

blends and its influencing factors
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(1. School of Civil Engineering, Changsha University of Science & Technology, Changsha 410114, China;
2. Key Laboratory of Safety Control of Bridge Engineering of Ministry of Education, Changsha 410114, China)

Abstract: The ability to bind chloride ions is related to the durability of alkali activated metakaolin-slag blends in
place of cement for concrete structures. In this work, the effects of slag dosage, activator modulus, concentration
of activator and other factors on the ability of the alkali activated metakaolin-slag blends (AAMS) to bind chloride
ions were studied by isothermal adsorption equilibrium method and X-ray diffraction (XRD) method. The results
show that the binding ability of AAMS for chloride ions is mainly attributed to the physical adsorption of chloride
ions by C/N-A-S-H and C-S-H gels. The chloride binding ability of alkali-activated metakaolin is poorer than that
of cement paste (PC), but slag incorporation can improve the binding ability of alkali-activated metakaolin for
chloride ions. Langmuir isotherm has a better fitting effect on the relationship between free chloride ions and bound
chloride ions after AAMS binding. The binding effect of AAMS is influenced by the concentration of NaCl solution,
which is more significant for high concentration (>>1.0 mol/L) NaCl solution. The binding ability of AAMS on
chloride ions increases with the decrease of activator modulus and activator concentration, especially the effect of
activator concentration is the most important, and with the increase of slag dosing, the more significant the effect of
both on AAMS binding chloride ions.
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T3 S R TR R A B P AR 7 ) o AR
M5 53— 8B4 B iR & 00 B AH 18 2 (K Ak 7= 4 )
FIFLGE A6 22 1y B B ( £ 2248 C-S-H B9 ) 51
a4 (2 ClL5 AFm KM 4 & B K
Friedel’s R fll Kuzel's 38), X8l A 7= A 55 il /8
OB, eSS 09 A RE e Tk i PR Ak
FIEM N TR IR LN R A E
M.

HZR Py (Geopolymer) it A K Ll A 3E P (B
KN VE) MR ER TR 3R 250 W FE W R AE T
K RN A R — AR RS AL R A AR, w]
TR AR K YR ] 25 AR B T B 1, 0 S S - 1 [t
LR AL HAZ B T )2 6. Tsmail 5574
RO VR /R B R b R Wy o G - I e Ak o
SN ) PR B, AN R A S AE AL Al AT
IR, C-A-S-H B B A Yy B 240 P 1 g
ANEBUBH W4 s 2L N-A-S-H BERAEH
R @Ay, & F A LI R R G A
16 NaCl JJUiE. Lee &% A0 N-A-S-H B A5
FLESRE T C-A-S-H BRI, By 4 R A8 i &
KIEHFHBANSEE W LE N-A-S-H B P 1Y
PHIZ AR K, H T AR K.

KT & ARV B/ FEL S8, H
B ARTE B4 — MR, Brough %51 A R B & K
PR & T Wb F2 P A TE B Friedel's 3. Is-
mail S5 T S B E & B, Bk i/
BB R R Tk Friedel's 3, FEEERKE A
BAKEAME . HKe %" A, #E NaCl I
RLEH Na, CO; #k g, &I T Friedel's
WA 2 5 Y (2T /K B0 A R B R K R
i), BIRE Na,CO, Wk 10 18 7 76 4 508 7 1)
foagt . AR AL A J2 18] 85 - 0 3 T W i 0
EAER BRI A A A0S B A A BT DL A b
WRAEAREWGEICL 1/[OH by i o 4 i W
HIE A S

KRG, IFEAETFE5EG58ET
ZIH) ) & R 0T DL 4 A SR 4ok Aliib . Tang H
Nilsson"" B 58 7K U6 14 5 R A 2% 1) 3 7 [ AL g
MZh &S, &AM AEE Tk E/NT 0.01
mol/L B}, Freundlich % i 4% H A & if () L& F2

B AMERE S Tk B R T 0.05 mol/L I, Lang-
muir ZFH K PLE ROR TP, Zibara " BE 5T K IR 1
WAE W BEHy 0. 1~3. 0 mol/L 8 [l N 1) 5 &
45 & S lm &N & Freundlich 4 il 284 Lang-
muir SR ZEPIEHOERELF. Hirao 5 MK
W) B T 45 A e J1it A A Freundlich S5 i 48 %)
T = 45 &5 S8 7 (AFm #H 45 & & 8 7 8 K
Friedel's ) B A & L & 20K, M Langmuir
B RRTT C-S-H &E R Yy BRI B HL AT 5 5 i) 421
BROR. HKTRIREE LA, T MR Y b iE
AT 5455 3 81 Z 8 5P 1 i 58 )8 55k B
Z HAorEE Rk, Yang S50 B 50 85 45 K 55 b 2Ry 1)
FALY R Bt & B S A T S M AL A & T
ZIH SRR R, Ye S K BB A& 0 i )
HEAEFE5EAE S FILTFRLERR H
Zhang %51 WA K B & 0 /0y A v Ui 3
T 5B AL S S T % R M Langmuir 557 2 3 b
L8

e A - ay A Ee . BEARALEL . DL
A T/4ERABE TR R, X T € 8 F7EH
T AR AT A, DT R R 0TI £ 77 R 2R o TR
T EE i A ERE R A EER L. BT, AR
FH SRR W B P72 A0 XRD 4 7 108 20 008 & Ve
We /5B R A B R MR W14 3 (Alkali-activated
metakaolin-slag paste, AAMS) iy [l k. & & F8E 17,
SIS ) S 2 TR B T A T 45 AR R S
Fh AAMS [ AL S5 F-RE T 2.

1 B HERTE

1.1 FE#F 4t

R EE + (MK) h M55 KAOPOZZ 25 &%
PEf e+, BE e e 700 CHREE 24 h 44 3.
AL B8 (Slag) HAEFTM AR K B 24 m) S8k, )&
FEIEEREG#E. P O 42,5 HEm kiR h K e
(PC) I R YEIE R 7 KR IR A JI AR, i i 1%
+ . BRI KR A R LR 1 R
JERCR B AL R X I RAL T AR A, 40K
BHEFAA, 4R Na, O, SiO, fil H O, 4%
FLEE R 39.9% ., 8.35% 0 51. 75%. AAAAbEN. 2
FALE . AL B RAE R AR 38 R A b i R Ak 25 K
FIABR 2 |) A 5=, Hod ARk o b ali, 4l
=96%, SMUCH A @Ak R SR EE TR
FIRW P REGFAEN S, AiE=300; Ak
oAl A RE==99.5%; WEIRER Moy bral, 4
JE=99.8%. IRIEFEERH K T K.
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XA K MR s W /4 7R A S - RE T B S
ZHOKFIIESE T SCRRI19] EER, SE0 %8
BAACEREATH R & VE X AAMS 8 4k &8 1
HFE L. 3% H 80 2 BOKSFE R 5T EB R 006,

B R I K VR ¥ R AV S o B, HR L HE
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x1 KEMBHOELZERS/%

Tab. 1 Chemical composition of binding materials /%

ME S0, ALO, CaO  Fe, O, MgO SO,
40% . 60% F1 100%; ¥k FAEE A 1.0, 1.2, MK  50.28 46.23 0.15  0.45  0.00 0.05
1.4, 1.6 Fl 1.8; A& FEER 20%., 25%. Slag  30.35 15.07 37.08 0.31  6.28  2.97
30% . 35%F0 40%. FEEE KK A 0.4 F 0.6 PC  19.12 5.15 57.06 4.23 1.52  4.19
*2 HKHEEAEL
Tab. 2 Mix proportion of specimens

UGS R WOk B T ‘gﬁﬁf;{w A R Y WO R ‘gﬁiﬁm’g

0 0
SOML. 0 0 1.0 1.4 35 S60M1. 8 60 1.8 1.4 35
S40ML1. 0 40 1.0 1.4 35 S100M1. 8 100 1.8 1.4 35
S60M1. 0 60 1.0 1.4 35 S0C20 0 1.4 1.4 20
S100M1. 0 100 1.0 1.4 35 S40C20 10 1.4 1.4 20
SOMI. 2 0 1.2 1.4 35 S60C20 60 1.4 1.4 20
S10ML1. 2 40 1.2 1.4 35 S100C20 100 1.4 1.4 20
S60ML1. 2 60 1.2 1.4 35 S0C25 0 1.4 1.4 25
S100M1. 2 100 1.2 1.4 35 S10C25 40 1.4 1.4 25
SOMI. 4 0 1.4 1.4 35 S60C25 60 1.4 1.4 25
S10M1. 4 40 1.4 1.4 35 S100C25 100 1.4 1.4 25
S60M1. 4 60 1.4 1.4 35 S0C30 0 1.4 1.4 30
S100M1. 4 100 1.4 1.4 35 S40C30 10 1.4 1.4 30
SOML. 6 0 1.6 1.4 35 S60C30 60 1.4 1.4 30
S40ML. 6 40 1.6 1.4 35 S100C30 100 1.4 1.4 30
S60MI1. 6 60 1.6 1.4 35 S0C40 0 1.4 1.4 40
S100M1. 6 100 1.6 1.4 35 S40C40 40 1.4 1.4 10
SOMI. 8 0 1.8 1.4 35 S60C40 60 1.4 1.4 10
S40M1. 8 40 1.8 1.4 35 S10040 100 1.4 1.4 10
1.2 i & FA AL I T AR I W i S IR A R AT (iRl 1), E

Wi kK 4y 78 %, IR A T R S ) 5
B, EhERP AR SED 28 d BRI AT
AT LS S T DA &, G Bk Ak A P
. KR 28 d R IR AT W AT, KBk
PRI )Z, DLk 5 v B8 & A i 5tk 455
T B R 43 H W I R 43 R O M B R AR AE 0. 25 ~
2.0 mmyuw B N IR AR EUR L B R R T
ARERC I A FRRAE b, (E(2020.5)°CF 45 d,
HZEH—0.1 MPa, BrERIGKG. K5, H
FE i JEON A7 A T B 1) T v 5 [ B T8O A A R
B TR as N2 SRR CO,, gkEET4e 7 47, B
WA RIE: 73 B B FE .

1.3 H.O, BRESAMREERH S

ZHM PRI A, BEUEN AAMS & &
F-I3 V8 i B 1+ Metrohm 848 Titrino plus Hi v
T EACHEAT I 2 I, T M 2 RS BT CT R
B EFE), MERZE K BADIE, 5iH

Ik IR WL AN % E TR A, Bl T T
HREN ST . MEFH I LB, T H Y
R IRACIEE I 1 mL 13 A AL S AE 60 C Y
JETBEHE 3 2, W DLAR B BR 25 T 92 1 %k i
SE Hh 2 F0 45 SR 52 me (A&l 2), DA SE A
FROUHCRRESE A 0 I HEN E£ 8 7 KIER
TR I, 3 e X e 00 94k 4 A Ak T S Y i R Hh 2%
LG RBEATHRE S3 4, W LURIE T TR E
PRRL).
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Potential titration results of the solution to be tested

without oxidation and impurity removal
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Fig. 2 Potentiometric titration results of the solution to be

tested after oxidation and impurity removal
L4 WK HFE
RS % ] Tang Fl Nilsson' ' 45 H 14 1 3
T 7 0 4 S 1 0 5805 -
P SLUB B AT B2 25 ¢ BB R 0
0.000 1 g)JA 100 mL By BUEHR S, KRG, M
WEFH 50 mL ) NaCl 3% #8 T 4 b LU M

. NaCl g by ClI R ER 0.1, 0.3, 0.5
0.7, 1.0, 2.0 F1 3.0 mol/L, XK H#E K
Cl ML FIYR 2554 0. 6~0. 7 mol/L"™", TigE)"

ZAE RS AR R H, NaCl # ik B2
4 0.5~2 mol/L¥** ShHEEEWE Cl T
AR CU e R gE 0, AT it — P ¥ K
Cl #RJZEECA 3 mol/L. M TR L E A
A E (29 1.0 mol/L NaOH ) #l & & F 5
REE5] O NaClLIEW H 1.0 mol/L NaOH &% Bl &
DLW 1k 78 3= 30 3 A% b om0 DA L 2R W 4 S b iR
RUASIR] kB i NaCl %W B A A W 1) OH ™ ik B,
HICI J/[OH JHERJEH A 0.1~3.0. ZJ5, ¥
PR B 3 A FE =il (2040, 5 °CH e, 4% 5%
(53 KEG 148, Frg 1A H, DAl Cl ¥k
FIAE S RURE v BRI 8 B R P, RIEC A EE T
[l AL BEF 50 B9 SCRR [ 14, 26-27 [ FIAE 5 ) 1 25 1K
Iy, TEmAN 12 d 0T LR B P (an sl 3).

1.02
—a—SOM1.4
—a— S40M1.4
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2 S100M1.4
g ,
Ry \
¥ e e e
*“" A B §
7 =y -\H
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Fig. 3 Relation between adsorption equilibrium and time
Pt — A i i i) LA A A i 2k 31 %
RiEFA. W RN P S, R AT R, il
JARHE S5 89 0.01 mol/L AgNO; ¥ 1 8 i Ky &

Metrohm 848 Titrino plus HL 7 i & A6 3% 2 W% Fft
P ) IR Y IR T LA T E D E L CL R BEE.

FE Sk B R P S, W LA R W CL

W REAR 2 B TR CU MR . 1A
Cl" W FI B 2 W B, IRV ) AR AR A i )
BRI TG DL S S A O
)
35. 45VVE/(:) C) (1)
A G B CL 45 & & (W B 51k 5 45
&), mg/g; V. RIEWEHER, 450 mL; C:
R G CUEE, mol/L; Cr: 1R WKt
PR R CLWEE, mol/Ly; W, i i) T 8 5t
i, g; 35.45 & Cl WEE/RIUE

W, a] LR A i 80 25 T4 R0 T B8R 25 T 452
Jei W) B S AR SRR 105 °C B bR Hh Mk == 48 S 0
EEMETEASHR. AT,

W,=W,(1-5,) (2)
Zit S TR T TG R =,
o LS TR R T AR TR S R Y T K

G, =

KX W,
g; 0.: &t
KK ER.

FHIR D5 00 FF il UKL TE A7 A Gk A AR A AR Y
HAE PR EHZ T3 G, KR SBRE S
Wi 20 pm @5 AR, SR X AT ST EOR 4 B
ARG H R P 09l AH AR AL, By R FE A 10 ~
SSEH N ELL A, BTN 0.02°, HEHER
4°/min.

2 l—tq_z % %ﬁ*ﬁ

ST [T Ak 23 5 e B T AL R LA, R
S DR A v W /07 T R T A PR RE. AR TSR A
S B T 57 9 A0 XRD RAE 7 iR R 07 i 15 & |
& FRIBLEC 3 & R R BE X AAMS [ 4k 585 17
REM I, FE5KK L (w/c) 2k 0.4 F 0. 6 K2
I A AL P RE AT L.
2.1 PCHEMSEFELEE

4§42 T AWKIR 4k PC & AE AL
W IR 30 d J5F &% F (Free chloride, C.)
54k & 8% T (bound chloride, C,) Z[8] ) 3€ &.
HE 4 TER, MESES FIRER K, PCHEHR
Ivi] 14 525 TP BE D AT B A TR E A TS K,
X R b MR B Tk B R, ARk
KALF=H) C-S-H B A AFm AH 2 fih & 2 110 0] 58
PEXEIN, X PR K AR 72 43 0l W] A B T AT
HL bS5 5. 55— J5 i, PC 3 Ak & 5
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T-RESIRE KA L ) 1E R B8 i, X i TR R
LT LASR & K VR B KA FR B, IF 5 SO FL R ) 3
K, AT H e G T W R RE 0 KR TR
C-S-H &R 7 1 Yy B E 68 1 vl Bh Lang-
muir RS, 1 AFm X &3 T 22456
(H: i Friedel’s #) 8 J1 ] i Freundlich 578 k4]
&7, WME4AWED, 5 Freundlich % & AH
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I KU i 2R 0 S5 T I Ak RE L C-S-H BE IR
FAE TR A 3, SAbBRbRE IR ik NT
BUILD 492 H B 25 e ).
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Fig. 4 Comparison of chloride ion binding isothermal

adsorption curves of PC slurry
5 gy th 7 A RIK AR HL ) PC B fHAE 1. 0
M NaCl #1252 W B F 15 5 89 XRD 183,
SlAE N, WEH-P S B T B Friedel’s
#(Ca, AI(OH),Cl - 2H,0, PDF £42-0558). Pa-

padakis 2%V Ak Friedel’s £k 0T il i W Bt I i€ (&
BRI =SS RS TR (R AR SR
Tobk i) & F B AFm Ay OH ) AL B
. B, X E Friedel’s $h 8978 i R 8H T /K B
W G T B2 45 A R T TEAE.

® Friedel’s salt
C-A-H
* Ca(OH),
C-S-H
o H e 04-1.0
! X e A A2
; J R \ L 0.4
: 0,6-1.0
"‘—I—Lﬁ—"—r--‘“r—JT e A’ 0.6
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20/(°)

5 PCHRELOMILMBRBMATEE XRD EiE
Fig. 5 XRD patterns of PC slurry before and after
adsorption on 1. 0 M NaCl solution

2.2 WHARSIWE /7 EFELREME(AAMS)H
SETELeE

2.2.1  AAMS X F WAL 25 th 22

% 3 B T Linear, Freundlich 1 Langmuir
FAM G S8 mE 3 P RIEGE (R ) AT
B, EARCHZLZN CU REEHE (0.1~
3.0 mol/L)Hr, Jif & A & F M4 & & 12\
KAMM Langmuir SR 40T LUE IF iRl &, X0]
AEVAR T AAMS b 58 2 1 14 [ 46 7 2 DL 4 BRI
B A, g A H A R RN R

#& 3 PC# AAMS By Linear, Freundlich #1 Langmuir B2 &Ml &§3#

Tab. 3 Fitted parameters for Langmuir, Freundlich and Langmuir isotherms for PC and AAMS

Linear S5 4%

Freundlich ¢85 £k

Langmuir 575 26

R4 7 9 9
a B R? a B R a B R
SOM1. 0 —0.569 4 4.845 0 0. 994 4.131 4 1.119 5 0.991 4.027 5 —0.047 4 0.991
SOMI. 2 —0.769 6 5.089 3 0. 989 3. 890 1.230 3 0.994 3.523 3 —0.102 1 0. 994
SOMI. 4 —0.413 3 5.421 8 0. 990 4.982 0 1.055 1 0.990 5.042 2 —0.012 9 0. 990
SOMI1. 6 —0.577 5 5.223 7 0. 990 4. 353 1.153 2 0.991 4.069 0 —0.071 9 0.992
SOMI. 8 —0.574 9 6.167 3 0. 988 5.293 0 1.129 7 0. 987 5.054 1 —0.058 0 0. 988
S40M1. 0 —0.400 0 7.269 7 0.997 6.572 1.091 8 0.998 6.195 8 —0.0520 0. 999
S40M1. 2 —1.284 6 7.691 6 0. 988 5.581 1. 286 4 0. 997 4.971 4 —0.1211 0. 996
S40M1. 4 —0.471 6 6.440 8 0. 995 5.603 0 1.128 0 0.998 5.102 8 —0.074 4 0. 999
S40M1. 6 —0.938 0 6.983 7 0. 986 5.362 1.242 0 0.994 4.790 8 —0.1100 0. 994
S40M1. 8 —0.398 4 6.706 1 0.993 6. 070 0 1. 086 6 0.993 5.838 8 —0.042 8 0. 994
S60M1. 0 —0.850 1 8.740 7 0.992 7.291 1.165 9 0. 996 6. 660 7 —0.0839 0. 996
S60M1. 2 —0.813 7 8.654 8 0. 989 7. 408 1.134 6 0. 989 7.057 8 —0.060 4 0. 989
S60MI1. 4 —0.448 6 7.421 5 0. 997 6. 781 1.074 2 0.997 6.553 2 —0.037 4 0. 997
S60MI1. 6 —1.015 4 7.590 9 0. 989 5.830 4 1.243 5 0.998 5.133 0 —0.1150 0.999
S60MI1. 8 —0.576 9 7.222 0 0. 995 6. 307 1.118 2 0.996 5.953 0 —0.059 1 0. 996
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Fig. 6 Chloride ion binding isotherms adsorption curves of

AAMS and PC slurry

HIE 6 v FH, Bk AAMS, WiERBY

T8 () BRI A M v 08 =, R SR Y I AL R A
F PC ¥ 3k, Hu &5 N6 % s v 0 1 A9 [ 46
AR TRAOABIGFIRT AR, HET &SRR
WK, MR E TR AR E. XER T
BB NGB C-(A)-S-H B AE B P i W b 2

196 R EE R % 50 %
gR3
. Linear 455 2 Freundlich 4§ 5 £k | Langmuir 55 28 |
a B R? a B R? a B R?
S100M1. 0 —0.491 1 9.634 8 0.996 8. 775 3 1.086 8 0.997 8.360 5 —0.0468 0.997
S100M1. 2 —0.5510 8. 826 4 0.993 7.798 9 1.117 6 0. 996 7.184 7 —0. 0680 0.997
S100M1. 4 —0.180 8 8.477 3 0.994 8.290 9 1.013 9 0.994 8.448 7 —0.003 7 0.994
S100M1. 6 —0.889 4 8.792 4 0. 987 7.247 6 1.178 6 0.991 6.637 6 —0.086 4 0.992
S100M1. 8 —0.567 4 7.448 4 0.991 6. 455 8 1.130 8 0.992 6.006 8 —0.067 8 0.993
S0C20 —1.545 5 9.732 5 0.992 7.708 9 1.187 1 0. 990 7.193 1 —0.082 4 0. 989
S0C25 —0.970 5 7.503 5 0.994 6.330 7 1.126 4 0.991 6.171 2 —0.049 5 0.989
S0C30 —0.038 1 4.134 7 0. 980 4.113 7 1. 000 2 0. 980 4.070 8 —0.004 5 0. 984
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modulus of AAMS in NaCl solution with slag dosage
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concentration of AAMS in NaCl solution with slag dosage
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