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The Properties of Underwater-Hardening Epoxy Mortar Used
the Rapidly Cooled Steel Slag (RCSS)
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ABSTRACT Although blast furace slag has been widely used in concrete as a cementitious admixture or aggregate for many years,
the slowly cooled steel slag is not used in concrete but mainly in road. Its use in concrete operates problem such as the lack of volume
stability due to high free CaO content, which can be potentially hazardous in concrete. However, the rapidly cooled steel slag by atom-
ization has a low free CaO content, a high density, and a spherical shape, so it is expected to use in concrete so much. This paper
is to understand the probability that the rapid cooled steel slag can replace the silica sand used as aggregate in the epoxy mortar. We
did the experimental study on the properties of the epoxy mortar having various replacement proportion of rapidly cooled steel slag.
This study shown that increasing content of the rapidly cooled steel slag in epoxy mortar lead to increase largely the passing time of
nozzle by O-lot, compressive strength and flexural strength. However except the flow is almost same level. So we understand that the
rapidly cooled steel slag has positive effect on increasing of properties in epoxy mortar.
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Table 1 Applications of slag”

Classification — BI'S — 58

Million ton{ % |Million ton| %
Raw material for cement 6.07 752 0.46 6.8
Aggregate for road 1.29 16.0 2.36 35.0
Aggregate for ground - - 2.11 313
Siliceous fertilizer 0.64 8.1 0.06 1.0
Reuse in process - - 1.52 225
Aggregate for brick - - 0.13 2.0
Others 0.05 0.7 0.09 14
Sum 8,07 100 6,76 100
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ol Bbd AF Fntz SHEE Aol ohlE XA F] oz Eg% AL Table 33 2. 3 AWEE ¥
F53AN FAHER 2AS P83 7XNE FH AT T 3.16g/m’e] REFENSATES AE32 AR
of 209tk o2A REBRe] §E54E EFW 3 A Y A 13AS Y AGEYae ¥4 2 B
A N 2D 5 YA, 28 A AN A5 A 2]3}3t4 AL Fig. 1, Tables 4, 59 2. ¥4 A%
o w7k AT APeAol 3A wobd B ohiek 7} &E1e] FAHEE Ca0, S0, Fe001H, B3 Fe,05%
% ug HEol 2 AR AR F7A AANS ok 30% TR 2lE AL B UEe 9] 9%
ofglsh= 59 ®AZC] HASHA ok a#Rz Bg ATk (Table 6). g+ 7]1&9] Aol fetd A<
o A AIZY, W -3 24, 2ok AAFHA A 7} free CaO% 1% ©1d &8 A5 A% S8k 7
B 2ge A RetiEe) @Y Hed P e Fol AAA HEE free CaO THFO] 1% TV A&
Zag @9lo] ), ALgslEE et e, B AFoa AMed F9
A <4=3) v 7yol =+ AT = o Mo o) .
ded _} el i A as we W, Aol Table 3 The physical properties of epoxy
g 7Y, 2o AFgolehs 5HL /T Utk of e e E vy
= = =5 = pecific | Suspend time | Viscost
o} 22 BAL % A4Sty dEA REgE FAA, Type | Component | o iy (min) (CPS)
O = xj h=k = 2FF o X o 2]15] - p
TS0, _XH}?,_ L‘j/], o ZA] AMEE T A ‘_oﬂ 2] 3t Resi Epichlorohydrin 116 . 1D-14
A 2 Ao Algdn. a23BER 2 dAfdA s TF esn ete. :
A SALE FY A7tEEla A 8} O = M ZA] B .
}1IZALE J49 i]o HIE PATFoEZHR of FA] ; Hardener| Degeneration 0.95 29 9,300
zetzel 215 %o MM APEY ) THAN poly-amide
Table 2 Experimental plan
Experiment item Weight ratio Test items
” B Aggregat
Mix ID CondlltlorTs poxy ggregate In water In air
of application A B D E
RO 3.00 0.00 Flow O-lot
R25 2.25 0.75 Flow O-lot | unit weight
T aen In water . .
R50 . 2 1 1.50 1.50 G, viscosity
_ In air
R75 0.75 2.25 Oy Cc
R100 0.00 3.00 b

A :resin, B : hardener, C: cement, D :silica sand, E: RCSS, o, : compressive strength, oy, : flexural strength
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Silica no.1 RCSS
Fig. 1 The shape of silica sand (no. 1) and RCSS

Table 4 Properties of powder materials

Type Properties

Ordinary Portland Cement
Density : 3.16 g/lem’, Average size : 7 ptm
Blaine : 3,373 cm’/g

Cement

Table 5 The physical properties of the silica and the RCSS
Water Unit Solid Max.

Type l(jg‘j“cfg absorption| weight | volume size
) | (gm) | (%) | (mm)
Silica sand| 2.65 0.25 1,422 55.0 25

RCSS* 3.56 0.42 2263 63.8 25

Table 6 The chemical composition of the RCSS

Chemical composition (wt.%) F-CaO
Si0, | ALO; | Fe,05 | CaO | MgO | K,O | SO; | (%)
130 | 96 | 3021399 | 80 | 003 | 01 | 015

A7AEH 2 free CaO THHE 0.15%2) Aoz ver
=

2.3 A8 9y

Fig. 2 Brook field viscosity meter (model number : DV-lI+)
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26 —e—5SL/AG ——LI/AG
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Mix ID Mix ID
Fig. 3 Variation of flow according to mixtures (the numbers in Fig. 4 Variation of volume ratio of components according to
the right of character R means the replacement ratio mixtures. SL, AG, LI, SO, and PO represent the volume
of RCSS) ratio of slurry, aggregate, liquid, solid, and powder

respectively in the mixture
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3.1.2 O-lot A|Z 0 018 =& St AIZH Fig. 5 Passing time by O-lot test according to mix 1D
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¢s}% Whd o] oM e v A sk o Ee)ael o) 9xrt B AR AEFE =0l
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Table 7 The mix proportions and test results of fresh state
Weight ratio Unit volume(!/m’) Volume ratio Unit weight (kg/m’) Test results
M i || A2 i || A8 s fpo o | taid ] e |l et | sty
A|Bl C |DI|E A|{B| C|D|E AGAGAGSOABCDE Water| Air | (cps)
RO| 2 [ 1] 6 [3.000000 12 [297|181] 327 |195] 0 [1,000(4.13]2.45]1.68[0.92}344[172|1,033|517| - R066| 135 | 32 | 299
R250 2 | 1| 6 [225075] 12 |301|184| 330 | 148| 37 [1,000[4.41(2.62{1.79]0.94| 349|174 |1,046|392 | 131 2,092 100 | 26 | 29.1
R50| 2 | 1| 6 |[1.50]1.50] 12 |304|186| 336 | 100| 74 |1,000|4.74|2.81]1.92|0.96|353|177|1,060|265|265{2,119) 93 | 25 | 286
R75( 2 | 1| 6 [0.75/2.25| 12 |308]188| 340 | 51 |113{1,000|5.11|3.03[2.08|0.99|358|179 L,073| 134402 2,146| 76 | 24 | 27.2
Riod 2 | 1| 6 [0.00[3.00] 12 312|191] 344 | 0 |153{1,000/5.55]3.30|2.25|1.01]362| 181|087 - |544[,175| 55 | 21 | 24.0

A, B, C, D, E are the same meaning as those in Table 3. SL is the volume of slurry being composed of A, B, and C. AG is the volume
of aggregate such as D and E. LI is the volume of liquid materials such as A and B. PO the volume of powder material such as C.
SO is the volume of solid materials such as C, D, and E.
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Fig. 6 Relation between total unit weight of mortar and passing
time by O-lot test
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Fig. 7 Relative viscosity and unit weight with the replacement
ratio of RCSS
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Fig. 8 Compressive strength with the replacement ratioc of RCSS
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Fig. 11 Flexural strength with the replacement ratio of RCSS

554 | BH=2222|E5t8 =2F X193 M55 (2007)



(a)RCSS 0 %

(b) RCSS 100 %

Fig. 14 The separation of material
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