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UTILIZATION OF STAINLESS-STEEL SLAG BY CEMENT HARDENING
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ABSTRACT

The utilization of wastes as construction material is one of the most desirable strategies to
solve environmental problems caused by the generation of wastes. There are only a few
researches that have discussed the utilization of slag derived from stainless-steel industry.
otainless-steel slag, which is simply disposed of, is one kind of electric furnace slags which
exhibit the expansion plicnomenon associated with water absorption.

The objective of this study is to illustrate the effective utilization of stainless-steel slag as
ground materials by solidification. Strength and durability characteristics of stainless-steel slag
hardened by stabilizers were investigated experimentally. Tt has been shown that the Carbonated-
Aluminate Salts can be used effectively in stabilizing this slag, The addition of kaolin clay as a
pre-mixed admixture to raw materials improves the hardening cflect considerably and the durabil-
ity of materials, and the durability characteristic of stabilized mixtures depends on the curing
condition, especially drying method. It is recommended that the hardened stainless-steel slag ex-
amined in this study can be applied as road (subbasce course) materials.

Key words: cement, road base, soil stabilization, unconfined compression test, wastes (IGC:
D10/ K6)

urilization in construction works can be onc of

INTRODUCTION the most clfective strategies because we need

A wide variety of wastes are presently
generated in large guantities in Japan. About
half of the industrial wastes are reused due Lo
recent developments in waste management
technology, but the present situation, which is
reflected by the increase of the waste genera-
tion, the lack of proper disposal area, and the
latest conscious-raising of *“‘Environment
P'reservation™, necessitates further strengthen-
ing of waste utilization technology. The waste
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large quantities of materials for embankment
and road construction. Recent researches have
shown that some types of industrial wastes,
¢.g. coal ash and steel slag etc., can be used
positively as embankment or concrere
materials (Gidley et al., 1984; Mehta, 1989;
Kamon et al., 1991). The generation of slags
from the metallurgical industry, for example,
has reached 40 million tons per year, and more
than 85% of them are reused as road material,
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cement material, fertilizer, pottery material,
and soil stabilizer.

Slags can be classified as blast furnace slag,
converter furnace slag and electric furnace
slag. The hlast furnace slag and the converter
furnace slag are produced through the process
in which iron is made of iron ore, and the elec-
tric lurnace slag is gencrated from the steel
making process using scrap iron as main raw
material. While the production of the blast fur-
nace slag and the converter furnace slag has
decreased in recent years, however, the genera-
tion of the electric furnace slag 15 still an the
ris¢. The characteristics of the electric furnace
slaps vary due to the method of production,
e.g., some types of steel are made in the elec-
tric Turnace, ¢.p. carbon steel, stainless steel,
nickel steel, ete. The trouble with this material
is that the electric furnace slags have the
eflorescence and expansion characteristics
like the converter furnace slags. So most of
this production (2.5 million tons per vear) is
disposed of in reclamation areas.

The eleetrie furnace slags are classified inte
two calegorics, namely oxidizing and reducing
slags due to the production process of slaps,
Oxidizing slag is produced in the process to
eliminate the porosity and the impervious com-
position n molten steel by oxidizing. The
reducing slag is produced in the process to
eliminate oxygen in molten steel and adjust
the steel composition. It has been clarified that
the oxidizing slags have similar expansion char-
acteristics as those of the converter slags, Slags
expand by the volume increase associated with
the hydration of frec lime, and slags with the
expansion characteristics eliminated by aging
can be ulilized as construction materials
(Kuwayama et al., 1992), The reducing slaps
form the hydration products of calcium
silicate hydrate (CaQ-Si0:-H-0; CSII) and
hydrated gehlenite (CaQ- AL O, 8i0,;-1,0;
CASH) in long term, so they not only exhihit
the hydraulic properties but continue the
volume increase (Kuwayama et al., 1992), The
reducing slags are mostly disposed of, becausc
the properties, such as hardening and expan-
sion, have not been quantified.

It is our main objective Lo illustrate the effec-
tive utilization of stainless-steel slag (S-slag)

stabilized by using Carbonated-Aluminate
Salts (one kind ol cement-based stabilizers;
CAS). S-slag used in this study is a kind of the
reducing electric furnace slags derived from
Austenitic Stainless-Sreel Plants, and mostly
disposed of. Authors have shown the potential
utilization of S-slag as additive of soil
stabilizer; the contribution of S-slag to the
strength  development for dredged sludge
(Kamon et al., 1989, 1990). In this study, to
use a larger amount of wastes as main
material, we discuss the potential utilization
of the stahilized S-slag as road materials
through the experimental works on strength or
durability,

EXPERIMENTAL PROCEDURL

1) Materials

Two types of S-slags used in this study are
derived from dilferent Austenitic Stainless-
Steel Plants. The physical properties and the
chemical compositions of the materials are
given in Table 1. The S-slaps arc composed of
fine-grained particles cquivalent to the size of
silt grains, and have a lower specific surface
area (2025 cm®/g and 2225 em?/g) than blast
furnace iron slag (4000-4800cm?®/g). The
particle density (3.10 g/em® and 3.19 g/cm?)
is within the limits of the general reducing elec-
tric furnace slags (2.80-3,25).

The chemiecal composition of 8-slag varies,
but it mainly consists of oxides such as

Table 1. Physical properties and chemical compositions
of materials used
S-slag 1l Sslagll

Particle density g, {gfeml) B Y] 119
Grain size distriburion (%)

Sand [raction .0 [RH

Sile fraction | B34 91.8

Clay fragction 7.4 E.2
Blaine specific surface arca femifp) | 2025 2225
Urpiimum maisiure confeng () - .5
Maxinum dry density ialcm"y . I.72
Chemical composition {("h)

S10; 22.4 9.4

AlDy 2.3 114

Call 45.6 302

Fe, 0, I.1 6.7

Mp 14,2 12.3

S0y .2 0.8
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calcium oxide (CaQ), silicon oxide (5103), and
aluminum oxide (Al;O,), causing materials to
possess  latent hydraulic properties. The
chemical compositions of both slags are similar
and arc close to the average in composition of
gencral electric furnace reducing slags except
for the CaO content. The CaO content of the
general reducing slags ranges from 30% to
50%. S-slag I and S-slap 11 used in this study
are considered to represent the reducing slag
with rich and poor CaQ content respectively.
This difference in composition may be due to
the collecting spots and the raw materials, Re-
parding the efllorescence of slaps, the volume
change when free-lime is hydrated to Ca(OH),
or the expansion for the formation of CSII
(calcium  silicate  hydrate) and  CASII
(hydrated gehlenite), have been reported as
the causes (Kuwayama et al., 1992 Narita et
al., 1978). CaO content can influence the for-
mation of Ca(OH);, CSH, and CASH. o it is
expected that these two materials have
different hydraulic or efflorescence properties.

Fig. I shows X-ray diflraction patterns of §-
slags used. It has been reported that the main
minerals of the peneral reducing electric fur-
nace slags are dicalcium silicate (2Ca0-Si0,),
magnesium  silicate (2MgO-Si0,), ealcium
aluminate (12Ca0-7A1L,0.), elc. {(Kuwayama
et al., 1992). Both slags used in this study ex-
hihit peaks of merwinite (Cas Mg(Si0.):), diop-
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Fig. 1. X-ray diffraction patterns of S-slags

side (CaMg(Si0:),), magnesiuvm  aluminum
oxide (MgO-ALO,) and magnesium silicate
(£-2Mg0)-Si0;). While S-slag 1 contains
calcium aluminate (12Ca0Q-7ALOs), S-slap II
shows the existence of alite (3Ca0-Si0;) and
gehlenite  (2Ca0-ALO;-8i0;), which are
cement minerals,

Two types of S-slags were used in this study,
namely, rthe raw material as obtained from the
factory and the S-slag finer than 0.425 mm. It
15 mainly larger than 5um. Therefore,
kaolinite was used to arrange the grain size
distribution of slags, and its particle size is
finer than 5 gm. Kaolinite used in this study
has silt fraction of 15.89%, clay fraction of
84.2%, liquid limit of 84.7% and plastic limit
of 35.1%.

As the admixture, Carbonated-Aluminate
Salts (CAS) are used, which are cement-based
stabilizers containing lime, sulfate aluminate
and sodimm carbonate. It has been previously
shown that CAS are effective as hardening
materials for soft clays or waste materials
(Kamon et al., 1989; Tomohisa, 1989; Non-
tananandh, 1990), The effects of the CAS
materials are as follows:

(1} formation of ettringite and other reac-
Lion products and the erystallization of excesy
pore water in the soils:

(2) activation of the pozzolanic reaction in
long term;

(3) control of the pH value of the har-
dened mixtures; and

(4) activation of hydration through ac-
celerating  dissolution  from  soil / waste
materials,

The composition of CAS used in this study
15 Ordinary Portland Cement: Ca(OH);:
Al (50 Na,CO,=50:30:15:5 (dry  weight
busis).

2)  Specimen Preparation and Experiments

Mixing and preparation of specimens were
pertormed in accordance with the Practice for
Making and Curing Noncompacted Stabilized
suil Specimens (JSF T 821-1990). The eylin-
drical molds of § ¢m in diameter and 10 em in
length filled with the fresh mixtures (alter mix-
ing with 5/ soil mixer for 5 minutes), were
vibrated for the removal of air bubbles. The
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Table 2. Experimental conditions for durability tesi

TLems —

Curing ¢onditions

Mormal curing

{Deying and wenting test)
(1) Cheo cuning
(2} Dryingloven) welling

(3) 40°C curing
(4} Drying{A0"Cl-wetting

{5y Dayisg{vacuumn)-welling

Dirving

vacuum vessal, 2125,
€8 hours/ cvele

Werting,

sealed; 30£3°C, 8049 KH

clectric furnace, 1101 3°C
clectne furnace, 110£3°C
48 hours/cycle
clectric furnace, 404 1°C
electtic furnece, 40+ 3°C
4R hours/ eyele

water, 207,
24 hoursfoycle

waler, 20°C,
24 hoursfcycle
wiler, 207C,
24 hemirs feyele

(1) 2.5% Ma50, solution

(2) 3% Ma;s0, solution

{3 5% MpS0, solutien

2.5% May50.,
contieous sonkng, 20°C
595 Mu,S0,,

conrinuaus soaking, 200
5% Mgso,,

continnous soaking, 20°C

scaled specimens were cured in 4 constant-tem-
perature room (20°C, 8096 relative humidity).
Beside the curing condition which is termed as
‘Normal curing’, the following curing proc-
esses were performed for the durability test,
using specimens of three kinds of mix
proportions which can gain strength in 1-day
in excess of 10 kgf/em? (0.98 MPa) without
vielding a loss in strength, after the specimens
were cured in the constant-temperature room
for 6 days and, therealter, cured in water for |
day. The following steps were taken in curing
the samples (Takle 2):

(Drying and wetting test)

(1) cured in an electric furnace at 110°C,
called *Oven curing’

(2) dried in an electric furnace at 110°C
for 48 hours/cycle and stored in water for 24
hours/cycle, called *Dryingfoven)-wetting':

(3) cured in an electric furnace at 40°C,
called ‘40°C curing’

(4) dried in an clectric furnace at 40°C for
48 hours/cyele and stored in water for 24
hours/cycle, called ‘Drying(40°C)-wetting’;

(5) dried in vacuum desiccators for 48
hours/cycle and stored in water for 24 hours/
cycle, called ‘Drying(vacuum)-wetting’;
(Soaking test)

samples were stored in following salutions:

2.5% Na;850,, 5% Na,SO,, and 5%
MESD-{.

The temperatures ol all the water and solu-
tions were maintained constant at 20°C.
Unconfined compression test (strain  rate
1% /min) and X-ray diffraction analysis
(XRD) were carried out after the curing
period. On the durability under drying and
wetting cycles, the standard test method is not
established in Japan and it has been reported
that the durability of stabilized mixtures might
be overestimated if they are dried at high tem-
peratures (40-70°C), because these tempera-
tures accelerate the lhardening reaction
(Kamon et al., 1990), In this study, the
vacuum drying method, in which drying was
pertormed with evacuation by means of a suc-
tion pump (— 750 mmHg) at a temperature of
20°C, was newly adopted to evaluate the
durability in early stages while keeping the tem-
PEerature constant,

RESULTS AND DISCUSSIONS

I) Strength Characteristics of Stabilized 5-
slag

Table 3 shows the compressive strengths of
some S-slag mixtures. The mix proportions of
the mixtures shown in Table 3 were deter-
mined so that the fresh mixtures are workahle
enough to remove air bubbles from them by
vibration and the bleeding does not oceur.

Table 3 reveals that the CAS gives a higher
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Tahle 3. Strengths of stabilized S-slap mixlures
Materials-and Mixiag Conditions | Compressive strength (ki*a)
Type af —— ; —_—
Symhaol ot : - { |
Stahilirer Type of S-tlag Stabilizer water/salid | : \ Y o
Content (%6) | (95 by wt,) oy | oy Tugs 438
e § 5 | 488 [ 78 | 757

MI1X :I__ L'-::mc:_'l[ Stap I 3 | 50 | it g { 3 A01

MLR-2 [ ] Slag 1 & 501 549 733 574 432

MIN-3 Raw 5lag i 43 1088 041 50 ,

MIN 4 Raw Slag1 | 1 50 21 1137 1077 913

MIX-5 Raw Slag 1 fi 45 1250 1134 {85 ) o
s ool S ! | _ e .

AT -1 CAR | Raw Slap 1 -] 50 [ I535 | 1332 1402 1321
= Hardening — 1

MLX-T Material Haw Slag | 9 | 50 1339 1739 1845 2418

MIX-E Slag 1 9 i 1987 L1178 b i

ML Slag I:K =955 9 k1] | 638 1850 149a7 1859

MIX-10 Slug LK =95:5 12 pii] ' 2263 2709 REN | 2474

MR- Slug 11 i 33 352 | ol 135% 47114

MIX-12 CAS Slag 11 | fi 15 1675 2idM ARGH R7a5

: |T:1||'.r|rll11'llj'_ . i —:I- = S

MMIX-13 ] Material '_:ﬂ;"lj"__”.R 95:5 3 15 306 S6HH 1725 . - ]I?_’i

Ml x-14 Blag 11:K=095:5 & 34 15441 1541 455 AlWIS
(Mote) K" stands Tor Keelinite clay, "Raw Slag' for the untreated Soslag, and *Slag' for S-slag fer thiny 425 g, ** " stands Tor o dada

hecause of the fallure of specimens,

hardening effect than ordinary portland ce-
ment. For S-slag I, a marked gain in early
strength is observed for mixtures having parti-
cle sizes smaller than 0.425 mm. This indicates
that the strength development is affected by
the particle size and chemical compositions of
the metalloid pellets which remained in the 5-
slag. For many of the mix proportions shown
in Table 3, the decrease in strength is ob-
served, which is considered to be due to the
efflorescence  phenomena. The mixtures
without kaolinite clay cured for 3 days had ap-
proximately 40%, lower strength than the mix-
tures cured for | day (Fig. 2). However if the
mixtures are proportioned with some kaolinite
(5% addition in this study), the strength of S-
slap mixture can be maintained, Similar
results were found in & study on the stabiliza-
tion of incinerated pulp ash, which indicates
that the addition of kaolinite realizes the effec-
tive stabilization due to the decrease in porosi

ty and the acceleration in the formation of
CSH (Kamon et al., 1991). As for the subbase
purpose, it is recommended that the mixtures
gain 14-day strength of more than 12 kegf/cm?

Compressive strength ¢, MPa

Fig. 1.

(1.18 MPa),

MD-10: 129% CAS,
and 5% kaolinite

MIX-9: 9% CAS,

\ and 3% kaolinile
\
M
®
MIK-E: 9% CAS
1 1 1 |
1 2 7 28
Age, Days

Strength characteristies of S-slag T mixtures

without

yielding a loss in

strength, Hence, it is considered that S-slag 1
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mixture blended with CAS and kaolinite can
be used as subbase course matcrials,

For S-slag 11, the strength improves con-
siderably with the increasing curing time when
the mixtures were stabilized with CAS, and
the addition of 6% CAS rcalizes a higher
strength than 1 MPa cured for l-day, while
the mixtures with 3% CAS achieve a lower
strength of only 500 kPa. In contrast with 5-
slag 1, the addition of kaolinite in Slag IT mix-
tures was considered inelfective because this
impaired the strength with a prolonged curing
time. In Fig. 3, the mixtures with kaolinite, a
marked trend of reduction in strength was
noted after approximately 7days. Considering
for the subbase purpose, the mix proportion
of CAS is more important than the addition of
kaolinite, and S-slag with 6% CAS has a
potential use.

Fig. 4 shows the X-ray diffraction patterns
of stabilized S-slap. The samples stabilized by
ordinary portland cement exhibit the forma-
tion of CSH hydrate. Both S-slags treated by
CAS have remarkahle peaks of CASH as well

®
MIX-12: 6% CAS /;’
ry
6r a
F g

/!
s

" MIX-11:

MIX-14: / TR
6% CAS,

L and 5% kaolinite /

I

i
i
Fd
47 MIX-13:

3% CAS,
and 5%
kaolinile

Compressive strength g, MPa

28

Age, Days

Fip. 3. Strength characteristics of S-slag [T mixtures
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._,'h-i__l,_.hﬁ,,ﬂ'li_-"mru TILRIWTN JJLA".
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[ll:l Foi

. J‘_JLA Joa, -‘;IL-F. ot ui-.'iIH-.JJL'n.’.LA L‘JULA
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. ..-J'—in'-\.\.q.—... -"'Illl.'j'-.‘-.'.-.F .J”ﬂ -Llill."j- J"-\.IL‘—JL"\

Lia L.
i ca

N T

PR IR L ,,.’.I .M’l.. L,.m JLrit A

BT 10 (28 tiys)

MIEE-17 {7 days)

o8
[ :
- 1000[ ;, = l-':‘\ !’ MIX-12 (28 duys)
= 500 b | ’ .
-
? Ol_ _.‘]'-rJ]IL -)-.ll...,aiul"*q"",__'k _IJ IJ.LLN ¥ .rL)Lll,,-"l.lu
= i i - | 1

5 19 20 au 40 N

Duffractuon Angle, Co ke
U, degree

ColSH wnd CuCASH

Fip. 4. Xeray diffraction patterns of S-slag mixtures

as CSH, and X-ray intensitics of these
kydrates also increase for the mixtures which
cxhibit an increase in strength with a prolong-
ed curing time. The formations of CASH or
CSH are very important as considering the
efflorescence characteristics of S-slaps, but in
stabilizing S-slag CASH and CSH contribute
to the strength development. It must be con-
sidered that the strength decrease of many mix-
tures of S-slag 1 is not due to the formation of
CSH or CASH but other reaction
mechanisms.

2) Drying-Wetting Durability of Stabilized
S-slag

The confirmarion of water removal by some
drying conditions is important to evaluate
these curing methods proposed in this study.
Fig. 5 shows the weight change ratios of
specimens under drying and wetting condi-
tions, which indicates the water removal and
adsorption. Water removal ratios by 40°C dry-
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Fig. 5. Weight change of S-slag mixtures under repeated
cycles of drying/wetling

ing method in 40°C curing or Drying (40°C)-
wetting are about 70% of the removal by
110°C drying in Oven curing or Drying{oven)-
wetting. The drying method with the tempera-
ture of 110°C is unlikely in in situ environ-
ment, and it is known that the soils nearby the
surface of the earth are often heated ta 40°C.
In Fig. 5, the water removal ratio at early
cyvcles by Drying(vacuum)-wetfing is com-
paratively low, because the number of samples
in a vacuum desiccator aflects the water
removal, When the number of specimens in
the desiccalor is between 4-6, the dehydration
ratio by vacuum drying is about 709, which is
approximately the same as that of 40°C drying
methods. So it is clarified that the newly
adopted vacuum drying method realizes the
same water removal as in 40°C condition
withoul raising the temperaturc. Volume
changes of S-slag mixtures under the drying-
wetting condition, as shown in Fig. 6, il-
lustrates the effects of the drying method and
kaolinite additive. For the Drying(vacuum]-
wetting and Drying(40°C)-wetting, shrinkage

1 :
I[ {a) S-slag 1 {12% CAS and 3% kaolinitc)

el
e 0 "**;p:l e - g gttt A
o ﬁ,ﬁ- -_ﬁﬁ_._e. P
(V] B , k M
E =t} e - da Sl
= o
=
=20 i i
C o AT NG r ‘\ i
e (h) §-slag 1L (6% CAS) Y
g > Dryingioven)-welling ! \‘r:ll}
2 T+ [ Deyiag{4imCwetting !
e & Diryingfvacuuml-welting |
Li ]
u |
) e
I = i
e % 3 ';'-._ |I.I' W
= i :r"(-:l- % ks ‘({ T P —
VG Sslag 11 (12% CAS and 5% kaolinite)
=
L L o, 8]
= 0 Q:'*-l“l'r‘f_lﬁlt:" U?"“ -”.ﬁ ;_[;
ey \ r Tu,
a2 y ‘E.r' 4
L Y 1
E -1 v o ‘:'} ? 9‘\ J‘
B AL "y o
> % .C r_S 5 o
_2 b— o N e — e
o 7 14 21 28
Ape, Days
Fig. 6. Volume changes of S-slag mixtures under

repeated cyeles of drying/ wetling

and swelling in cach drying or wetting cycles
are minute, and drying shrinkage ratios are
less than 1% for all the cycles. For Dry-
ingfaven)-wetting, irreversible shrinkage oc-
curred in the lirst drying, and afterwards a
general tendency to swell was observed.
Especially for S-slag 1l without kaolinite, a
marked crack propagated and led to eventual
failure.

Fig. 7 illustrates the changes in strength
with respect to the curing period and curing
conditions, Compressive strength  of
specimens for 40°C curing is as high as 10
MPa. This unusual increase in strength is the
result of the tightness raised due to drying and
the hardening reaction accelerated due to high
temperature. Drying(40°C)-wetting and Dry-
ing(vacuum)-wetting resemble in the water
removal ability and drying shrinkage charac-
teristics, but differ obviously in strength char-
acteristics [rom cach other, In the case ol dry-
ing(d0°C)-wetting, the S-slag  mixturcs
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(a) S-slag 1 { 12% CAS and 5% ksolinilc }

Fig. 7.

without kaolinite have hall the strenetl as that
of Normal curing after 28 days (6 cveles),
while the mixtures with kaolinite clay show
high strength when compared with normal-cur-
ing. In the casc of dryingfvacuum)-wetting,
the strength of the mixtures with or without
kaolinite shows a reduction in strength by 10-
209% and 50% respectively, when compared
with Normal curing. As the 40°C-drying is
nearly equal to the vacuum-dryving in drying
shrinkage, it is considered that the strength
development for drying(40°C)-wetting is due
to the acceleration of the stabilization reaction
with a high temperature. The strengths of
stabilized S-slag [ with kaclinite and 5-slag 11
without kaolinite, obtained from Oven curing,
are respectively twice and a half as high as
those for Nortmal curing (Fig. 7(a) and (b)). 5-
slag mixtures with Kkaolinite obtained {rom
Dryingfoven)-wetting do  not show any
remarkable expansion and/or failure, and
maintain the strength of about 1 MPa. So, the
durability of mixtures shows more dependence
on the existence of clay minerals and curing
conditions than the type of S-slag and the mix-
ing waler content. It is inferred that the 5-

() S-glag L1 { &% CAS )

Mg, Dlays

B Normal curing

? Checa cwring

O Dirwing{oven -weiting

W O curing

[ Drlv.:n‘fﬂf[.'} welng

O Dryang] veecunen |- tiing

@ Normal curing

[y wiagfoven ) wetting

B 4 C curing

U Drrptng(ifC Fwerting
& Dryinglvacuum -welling

(z) S-slag IT { 6% CAS and 5% kKaolinie )

Change in strength with several curing conditions

slags with CAS materials and kaolinite clays
can potentially be used as subbase course
materials.

Fig. & shows the X-ray diffraction patterns
of S-slag mixtures under several curing condi-
tions, As stated above, CSH and CASH are
considered to he main reaction hydrates which
contribute to the strength development. While
the peaks of C5H are unchangeable [or the
curing conditions, those of CASH are owing
to drying and wetring cycles. CASH was not
observed in the specimen for 40°C-curing and
Oven  curing. For  drying{40°C)-welting,
CASH appeared again when the sample was
rewetted, but consequently, the reduction in
CASH was observed compared with Normal
curing. For Drying(oven)-wetting, CASH did
not reappear when the specimens were rewet-
ted. These phenomena can be the signs of
dehydration and re-hydration of the water of
crystallization. For dryingfvacuum)-wetting,
CASH which scems to be sensitive to drying-
wetting decreases, but the addition of
kaolinite restrains the decline in CASH. In
consideration of the stability of hydrate com-

pounds which play the role ol strength



126

Cs.

Y ey |

UL }
i

L it f-H.J]U

-

il i &

J‘ !

|

Wt

A JJ Lot i/

@ _.'I»-A-)} Londbod JU'...-LJ

Iy

v iln’.h'.. Lt

Diryinglaven J-wereng

LH-ILJ.I" Hu.' ! ___,L,,-.JJJ\/L._/-L._A_;

LN

I
J_"III,'L"L| JJ-HMHM mm

Dirying{ vacuum)-wetting

JLJLMJM

FANON ET AL,

Clven curing

Y A

Cs.

Wkn

[T

0°C curing

PUNTET ¥ UlLLJL,w

Drving (407 - werting

!’ u"m

k)

LA M LA

u_ 1000 C--‘r a._.\- ‘ Warmal curing
£ 500 JLJL \.l . e J J A
..Ei: D ‘:'ijdr}'“h J l1!“'lj‘l' Lr-j._'_;‘_”l__., LA o I---'U'\—I‘L-"\-—ﬁﬂ Ma ks M Lo
= i ) i 1 1 i

5 1u EO SD 40 50 5§ w 2U 30 40 50

Diffraction Angle, Cu-Ka Diffiacton Angle, Cu-Ka
20, depree 28, degree
(a) without kaolinite (1) with 5% kaolinite
Cs:C5H and Ca,CASH
Fig. 8.

development, kaoclinite leads to the improve-
ment in durability.

3} Soaking Durability of Stabilized S-slag
The assessment of the durability for sulfare
attack is of great importance if these
materials are to be used as ground materials.
Fig. 9 shows the strength characteristics of the
specimens cured in the long period by Normal
curing and in 2.5% MNa,S0. solution. The
strength deterioration of both S-slag mixturces
does not appear in the long lerm. S-slag cured
in Na; 50, solution has a much higher strength
than the slag cured by Normal curing. X-ray
diffraction patterns exhibit the formation of et-
tringite  (3Ca0 - Al 0, 3CaS0,-32H,0) in
these specimens as shown in Fig. 10, On con-
crete and concrete-like materials, it is general-

X-ray diffraction paticros of S-slag II mwixtures with various curing conditions at 28-day curing

12+ Sslag] S-slapll
with  without
baolinie kaalinie ;
10 - Momal curing L] o /K 0
£ 2.5% NS0 || o .
= snh}r:nrt ,_,-f",o
2 8 .
5 T }:r/
£ o6t '
5 ;
E oat =
= .
= o o9 &
'2 -
D| gl i 1k iaial M L1
7 10 50 100 300
Age, Days
Fig. 9. The strength-time curves of S-slag mixtures
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Fig. 10,  X-ray diffraction patterns of S-slag mixtures with seaking conditions
ly said that the formation and subseguent ex-

pansion of the hydrated eltringite causes the
deteriorative expansion of mixtures, for some

40—
concentrations of some kinds of sulfate solu- |h o
tions. These deteriorative phenomena are due o H,,f‘f
to types and concentration of sulfate, | o
chemical and physical properties of stabilized E r G,P’M - __J_.__-———r_'
materials, the characteristics of the mixtures, 2 *°[ o= g o
and the curing term. The experimental condi- & [ & *:}":r,rr”':;:a.auw S04
tion in this study does not lead to a decrease in ”T :::r-"' ggfhfﬁﬁﬂ:;;rﬁ |
strength. The change in weight over time for I E?ﬂjﬁﬁf;‘.ﬁ“j‘;{;sm
specimens stored in sulfate solutions and in P VT U I e

waler is presented in Fig. 11. The specimens
stored in 2.5% sulfate solutions show only a

slight change in weight over time and remain Fig. 1. Weight changes of S-slag mixiures with soaking
in an excellent condition after a soaking conditinns

Soaking penod, Lays
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(o) (h) (c)

Photo 1. Five-month-nged stabilized S-slag 11 stored in:
{n) water, (b) 5% Nu,S0), solution, and (¢) 5%,
MpSOy solution

period of one month. it s evident that the
specimens stored in an extremely high concen-
tration of sulfate solution underga marked
changes in total moist weight and exhibit a
sign  of  deteriorative  expansion.  The
specimens in 5% MgSO. show poor crystalliza-
tion of sulfate on the surface and those in 5%
Na, 50, were badly cracked, whereas those
stored in watler remain in a good state as
shown in Photo 1. One must be aware that the
resistance to sulfate attack on stabilized S-slag
depends on the curing condition.

CONCLUSIONS

Strength and durability characteristics of
stabilized stainless-steel slag, which is an elec-
tric furnace reducing slag and has cxpansive
characteristics, were tested to establish their
potential use as ground materials.

Stainless-steel slaps used in this study are
typical electric reducing slags in view of the
physical properties and the chemical composi-
tion. The main minerals constituting S-slag
are merwinite (Ca;Mg(Si0.),), diopside
(CaMg(Si0,),), magnesium aluminum oxide
(MgO-AlLO;) and magnesium  silicate (/-
2MgO - 5i0);).

The use of Carbonated-Aluminate Salts
(CAS) accelerates the formation of CSH and
CASH. It is considered that these hydrates

contribute to the strength development of S-
slag mixtures, and the strength deterioration

due to the expansion of S-slags does not
OCCUr.

With the addition ol kaolinite the specimens
show improvement in durability, It has been
confirmed that the supplement of fine grain
materials to S-slag brings about denser mix-
tures.

The durability of stabilized mixtures
depends on the properties of materials and the
curing conditions, The drying condition with
the temperature raised can accelerate the
hardening reaction of stabilized S-slags. The
vacuum drying method proposed in this study
is cllective to assess the drying-wetting durabil-
ity of cement stabilized mixtures because il
realizes suflicient dehydration of specimens
sufficiently keeping the temperature constant
normal.

It 15 concluded that S-slag has a potential
use as subbase course materials if it is treated
by means of CAS and kaolinitc.
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