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Table 1 Chemical analysis of binders

Ordinary Biast
Chemical | Portiand Flyash Furnace Silica fume
analysis | Cement Slag
(weight%)
o P F 1|F 2|B 1B 2 S F
Ig. loss 0.8 1.27 4. 61 2.00 1.36 1.8
Insol. 0.2 76.41 | 86.31 0.23 113 _—
$i02 21.86 51.41} 59.10| 31,02 32.05 94.0
Al 203 5.4 24.70| 22.56| 13.62| 12.44 0.3
Feg0n2 2.6 5. 69 4.12 0.36 0. 46 0.3
Cal 64.0 8. 69 3.99] 42.88| 43.23 0.2
MgO 1.8 2.00 1.071 6. 01 6.39 0.5
$03 2.0 0.48 0.57 0.1 1.56 —
Na2z0 0.38 1,81 0.93 0.18 0.23 0.4
K20 0.55 1.22 1.16 0.38 0.34 0.8
TiO2 0. 48 1.28 0.99 0. 95 1. 67 —
P20sg 0.13 0.57 0.26 0.02 0.02 —
MnO 0.17 6.07 0.05 0.46 0.32 _
ci 0.01 <0.01 0.0t | <0.01 [} —
*Na20 _ ©0.54 0.3 — | — _
*K20 — 0.40 0.46 | — _— —

% available alkalies

Table 2 Mix proportion of mortars (weight ratio)

®B&|{OP}|F1 F2|B1}B2|SF|WAJ|SA
Mo| 1| — | —|—|—|—|os} 2
mM1] osfloz2—|—|—1]—|os| 2
M2 | o8] — |02 —|— | — |05 2
M3| 05 —| — |05 —]— 1|05 2
mMmalos| — | —] —|os|—|os| 2
mMs5| 03] 0.2 — | 0.5 — | — ] 05| 2
mMe | 0.3 0.2 —{ — | 05| — | 05| 2
mM7| 03] — ] 02] 08 — 3 — | 05| 2
me| 03] — o2 — |05 — | 05| 2
Mgl 09| — | -1 —|—]o1{es| 2
Mig| 0.8 — | — | — | — | 6.2{ 65| 2
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Fig.1 Measured concentrations of OH-, Na*, K* ions of MOC1
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Fig.2 Measured concentrations of OH~, Na*, K* ions of M1C1
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Fig.3 Measured concentrations of OH-, Na*, K* ions of M2Cl1
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Fig.4 Measured concentrations of OH-, Na*, K* ions of M3C1
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Fig.5 Measured concentrations of OH-, Na*, K* ions of M4C1
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Fig.6 Measured concentrations of OH-, Na*, K* ions of M5C1
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Fig.7 Measured concentrations of OH~, Na*, K* ions of M6C1

500

M7

3400

3

g

£

g 300

3

5

gzoo

— OB-
S 15 ute 3 \
730 N
100 [ -

0N e s ses
Time (days)
Fig.8 Measured concentrations of OH-, Na*, K* ions of M7C1
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Fig.9 Measured concentrations of OH~, Na*, K* ions of M8C1
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Fig.10 Measured concentrations of OH~, Na*, K* ions of M9C1
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Fig.12 CI" ion concentration of specimens in saturated NaCl solution

Fig.20 1213, &ML 727 U —FIVEREOKHE X #&/E
RS & OREREIL%, Photo.2 I3 BT MBI
FABEBRETT.

4, E =

(1) 7rhyAFREOEL
Fig2 B XU Fig3 oMo hin kdiz, 754 T
VSt 2RHRTIE, ME28HUE, OH- 44>

BESBOLTVSE., 2hiE, KV Y REPHS 28
AL TERICEE TVSEIEZRLTWVAEEZHN
3%, AMUKRSTVvPETHBE Y ) HIT7a—ba2EL2
BARTIE, Fig.10 5 LU Fig.1l » 5, #5 7 HLE
TRYS Y RIGHREICEETHEY, TVAIVAF VR
EORSBBRBIIC LR Y T v RIGOEFLOBER
MPFRTES. £z, 794 T v ¥ 20BEHOHEER
VYA T2~ LORAEESICED, OH- A4+ VRBED

1

45



Wi s L CEEOSH I & 2 #AH OMAMFHE T 2 HR AR - K

§

. C21  e—te Mo

E 5000 | &% ==

Iy -

g [ X BN

= [ c221 . I”j

2 4,000 [ aabi ,,/f‘
gy

2 V%=

-} 7

4 3,000 7.

< ‘e

g /,.

8 K

2 2,000 d

g 2,

2 L 7 .7

o LA

© 1,000 oo

0

1 T 28 91 182 365
Test period (days)

Fig.13 CI- ion concentration of specimens of MoC2
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Fig.17 CI- ion concentration of specimens of M10C2

Specimens in saturated NaCl solution Sealed specimens
Mo : Moenosulphate
Q CH:Ca(OH)2

Fr : Friedel's Salt
Q CH: Ca{OH)

Q : aQuartz CH Q :aQuartz
cH Mo Mo
Fr Q I
) \_UAJ“\JM.AA/M
. \&UAJMLA&\/
| ) \_ALJ‘M«A,A_/
Q
MIO
 Fr I
510 1323233055“4’)5055605 10 15 20 25 30 35 40 45 50 55 60

26{degree; Cu Ka) 28(degree; Cu Ka)
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Specimens in saturated NaCl solution
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Fig.19 Differential thermal analysis curves

Fr

Table 3 Decreasing ion concentration of alkali (£=365 days)

(wemoles/| )

Wix! g losd ¥/C Iod;dﬁ?g()lon Dignzr)l(;on DecreGasi(r)»?)lm

%) |(X)|Na+ K*|Na*+ K+ |Nat K+ |Na*+K+
MO | 7.8 [24.2] 135 | 164 | — | —
M1 | 62 [184] 137 103 |- 108 131 2% [-28 1
M2 60 [1T.0] 102 102 108 131 -6 -8 - 35
M3 6.0 117.3] 83.9] 122 67.5] 820 21.4| 40 61
M4 | 6.1 (17.8] 8.7| 81| 6.5| 820| 18.2 11 19.3
M9 5.8 {111 N.7| 83.5| 122 148 -50 |-59 -108
MIO| 49 [13.91 36.7| 39.4| 108 131 - (-9 ~163

Table 4 Decreasing ion concentration of alkali (=1 217 days)

(mmoles/| )}
Fr : Friedel's salt Wn/C| Nodified lon Diluted lon Decreasing lon
Mix|lg losq M (X) D (X) G ("f)
06 [H[Na*| k+[Na*t] k*+[Na+|[ k*[Met+k+
MO 8.9 (20.9] 156 187 —_— | —{ — | — _—
M1 5.9 |17.4] 149 121 125 150 24 |- - 8§
510715 20 25 30 35 40 45 50 55 60 100 200 300 400 500 600 M2 6218 47 {12 [125 |15 | -8 [-38 - 46
2(degree; Cu Ka) Temperare (T) M3 | 68 [19.8] %6 or8| 0| eas| w6l 43] 29
Fig.20 Powder X-ray diffraction patterns and differential M4| 66 [19.5] 8.5 90.9] 70| 9.5 105/ - 28 .9
thermal analysis curves of Friedel’s salt M9] 59 [17.5) 104 | 80.0) 140 | 168 | -36 |-88 124
MIO{ 4.9 [13.9| 54.9] 46.6( 125 150 -70.1|-103.4( -174
Table 5 Accumulated ion concentration of alkali (£=365 days)
(meoles/1)
¥n/C| Modified lon | Diluted lon |Decreasing lon| Z Decreasing lon Accumulated lon
Nix 1g. los§ N(FA1BS) D(FAtBS) G(FABS) G(FA)+G(BS) S(FAiBS)
%) |[(X¥)|Na* K+|Na* K*|Nat K+ Nat K+ Nat*t K+ |Nat+K+
M5 54 [15.0] 69.1 52.4| 40.5| 49.2( 28.8] 3.2 50.4 12.0 -21.8) -8.8 -30.6
M6 48 [13.2]| 61.2) 5.2| 40.5| 49.2| 26.7] 20 41.2 -26.9 -20.5{ 28.8 8.4
M7 50 [13.0] 628 55.6| 40.5| 49.2] 223) 6.4 15.4 ne 6.9| 4.6 23
M8 46 111.9F 583 522 40.5| 49.2} 17.8f 3.0 122 -21.9 5.6/ 30.9 36.5
Table 6 Accumulated ion concentration of alkali (=1 217 days)
(mmoles/I)
Wn/C| Modified lon | Diluted lon | Decreasing lon| X Decreasing fon Accunulated lon
Wix | 1o tess M(FALBS) D(FABS) G(FA+BS) G(FA)+6(BS) S(FAtBS)
%) |(%)|Na+ K*+*iNa™* K*INat K+ Na* K+ Na*t K*|Nat+K+
M5 56 |15.7] 80.9| 58.6( 46.8{ 561 34 25 426 -24.1 -85 21.2 18.7
ME 52 |145} 753| 556| 468, 561 28.5(-05 45 -31.6 -6.0f 311 25.1
M7 5.7 [153]| 631 56.6| 46.8! 56.1 16.3| 0.5 10.6 -33.7 5.7 34.2 39.9
M8 | 53 1142] ©623| 528 46.8) 5.1, 155|-33 25 -40.6 13.0] 31.3 50.3
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DURABILITY ASSESSMENT OF BINDERS BY ANALYZING LIQUID AND SOLID

PHASE

Tsuyoshi MARUYA and Yasunori MATSUOKA

In order to assess durability of binders, authors have analyzed liquid and solid phase of
mortar specimens made from ordinary portland cement, flyash, blast furnace slag and
silica fume which have been mixed. Liquid phase was analyzed by the method of
measuring ion concentrations in pore solution, Solid phase was analyzed by powder X-ray
diffraction and differential thermal analysis. Specimens were sealed cured and submerged
in saturated NaCl solution. The results were obtained as follows. The trinary mixture of
cement, flyash and slag is most durable to alkali-aggregate reaction because alkali ion
concentration of pore solution is the lowest. The trinary mixture is most durable to salt
contamination because chloride ion concentration from environment is lowest.

50



