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S TNQPELS

An investigation was made into the cementitious groperties of
metallurgical slacs which f211 in the four-component system smz-uzaff,
MgC-C20, notably those slags ‘rom the iron blast furnuce., A series o! :
slags have been chosen dzsed on the following criteria: o
3102 H
81203 : W = 35 Per cent
MgO 3 0 - 35 Per cent

20 « 50 Per cent

Cal : 10 - 50 Per cent
Liquidus temperature less than 1600°C.

These 2riteria result in 101 slags which best reflect the slags

for the manufacture of cement.

The slacs were prepared by meltin, the pure oxide co.m and
quenching them intc water, The quenched slags were ground M“ﬁw
to various tests: v

1. True liquidus teaperature determination

2. Primary Phase determination

3, Rate of quenching reguired to pravent crystallizatiom,
Small test cylinders were made by mixing the ground slag vuh :

sand and Cl(OH)a activator and moulding the mixture. These were W ;

at various intervals (7, 14, 22, s2nd 56 days) to determine their comm

pressional strength.

Iso-strergth curves, relating compressional strength to com- 4
position, were drawn on pseudo-ternary diagroms at constant uzo, levels.
These provide a means for rapidly assessing the hydraulie strength of a ;

slag based on composition.
Two statistical approaches, a correlation matrix and a multiple

linear regression analysis, were made to determine if a linear relation-
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ship between strength and composition exists. Yo such Teloti

 The total combined water of hydration was dsternined for »

dutmiu:t a relationship betwesn strength azdf" dr

m&;ut; miicd.x» mu results were inconclusive.
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11 Intioduction

As world production of metals increases, so does production of
assccizted metallurgical slars. Althouzh new processes and technology

have reduced the quesriity of slag per unit of metal produced, increased

demands for metals have increased the tctal amount of slag formed.

Although slags are formes during a number of pyrometallurgical
processes, the major proportion of slag is derived from the iron u&é
steel industry and ferro-alloy production., Slass themecelves, if trn
from metal values, have l.ittle further use retallurgically, except :
when used as a fluxing material. Hence large guantities of slags mt
be disposed of by various metal producers, Several different :LM&OB
have found slags to be 2 useful raw material for variocus appliuﬁmo |

Perhaps the most common use of raw, unprocessed slags is as lc-
gregate, either as a concrete filler or as roadway and railway fm‘- '
ation material. Other uses of slags include slag ceramics which m : :
produced by a process of controlled devitrification, slag wool for use o
as insulation material, foamed slag for use as a light-weight wta.
and, depending upon their compesition, as fertilizers. Slags are also
frequently used for the manufacture of cement or as an saitia e T

portland cement constituents, The subject of this thesis is the use of s

slags as cement.

1.2 Slag Cement
Blast furnace slag has been used as a raw material for the manu=~

facture of cement for about 100 years (1). These slags, which fall
into the quaternary system SiOZ—AIZOB-Hso-CaO may vary greatly in
their hydraulic properties depending upon their chemical composition,

the presence of constituents other than those in the quaternary sys- : }

tem, the amount of crystalline material in the quenched slag, and
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oth;r censiderations.

Blast furnace slag can be utilized as a cement with the ad-
dition ¢’ an activator, or, more commonly, as an addition to portland
cement in varying proporticns. 3lag additions to portland cement can
either be made to the cement clinker »rior to grinding or as aax ad-
dition to the mortar mix. The former results in an unegual particle
size distribution between the cement and the slag, as the softer clinker
will be preferentially grourd. Ad-dition of the slaz to the mortar mix
necessitates separate grindiag of the two cornstituents. '

Mixtures of portland cemant and blast furnace slags fall gen-
erally into three catezoriss depending upon the weight ratio of t#‘

(2) :

twy constituents 5

Specification Per Cent 3Blast Furnace %

Blast furnas: cement 35 <35
Blast furnace cement 3%5/80 3% - 80
Ciment de laitier au Portland > 85

Unassociated Mg0 (periclase) in portland cement clinkers has

been shown to be dele’erious to the cement .<¢cause of the volume in-

crease experienced when this constituent hydrates to form brucite (3).»

Since expansion may occur a considerable length of time after the cement iR

has set, thus disrupting the entire matrix, the amount of periclase
allowed in cement clinker is regulated by various specifications, gen~
erally to less than five per cent. This specificaticn has also been
applied to blast furnace slag cements, aithough various workers (3,8,5,6)
have shown that when maintained in the glassy state the g0 in blast
furnace slags is not harmful.

The risk of lime unscundness has also led to certain restrictions
being imposed on the (=0 content of plast furnace slag cemen.s. Lime
unsoundnesa results from the phase change beta to gamma dicalcium 5il-

lcate (20:0.5102) and is accompanied by a volume increase of the slag.
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Sevéral workers have propnsed composition specifications of the slag
which will prevent "falling" because of lime unsoundness (7'8’9),
and it has been shown that rapid quenching of a blast furnace si~g

prevents the crystallizotion of dicalcium silicate and thus preclu.ess

the possibility of the phase change.

1.3 Assessgment of the Hvdraulic Properties of Slacs

Some investigations have been m:de into the suita..ility of nigh-

(3,4,6)

macnesiza or high-lime slugs for cement production s however the

entire range of slag compositions available for cement manufacture has

nol been strdied to determine the extent of those slags suitable for :
cenent.

Various corposition formulae have been proposed for the assess~
ment ¢f a sla- based on its composition. Of taese, the modulus

1
Ca0 + g0 + /3 A1.0 :
2 = 1 has been one of the mszt popular (5).

2
SiOZ £ A].‘._!'.')3

&
24
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¢

Cad + Mg0 + 41,0,

B, MatE

Other related formulae include 510, »
05
;;g G ngzo 2 ;nzas L A e Rl are based on
; experience and have been used to indicate the hydraulic value of 2 93
,% slag. The validity of these formulae over a wide compocitional rarge
g has not been established.
¢ One of the most important criteria for assessing slags for use
’ as cement is that they do not contain more than about 15 per cent
::;: erystalline material. lNot only might crystalline material lead to
’ ' unsoundness as discussed above, but crystalline slag possesses little
ﬁ or no hydraulic properties (10). For this resson, slags which cannot
i‘“ f be successfully quenched to yield a glassv product will be unsuitable

for cement manufacture. Therefore, a determiration of the quenching




characteristics is recessary.

1
Parker and Nurse (1) have combined b.th a composition modulus ¥

and the rercentage glass into a strength :1n.ex:

I = O.}BG (H - o."q) + 75.0
where

;{V I = Strength index of 2 65/35 portland cement/slag mixture

K g G = Per cent glass

e 3

f ; ; Ced + Mg0 + 1/3:1.0.,

%;Q} e M = 22

bis Si0, + 2/3105

?L : g It is therefore proposed to examine a2 number of slags wiil Te=

S &
E % spect to not only their hydrau.ic capabilities but also to their over-
B3 . k e
5 ‘i 8ll suitability as cement.

1.4 Metallurzical Slacs

T Jf;:;*“‘f'\'i,}ﬁ
SRR

$lazs which might be considered for use as cement come from threc

main sources:

S T ST 2T %

a., iron blast furnace

SeRRNRC:
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b. steelmaking processes
¢. ferro-alloy production.
All of these siazs fall basically into the quaternary systes

8102-A12 }'-Cao-.‘{go out contain varying amounts of other material. I'ai i
addition to those slags listed above, non-ferrous slags may also fall
generally into this quaternary system, but these slags usually con!' in
signilicant amounts (mere than 10 per cent) of material not falling
into the SiOZ—Alao}-M;,O-CaO system, which would probably affect the

Z wulation behaviour and the cementitious properties of the slag.

Table I is : tabulation of the analyses of several types of
A : metallurgical slags which have a composition suited to warraat their

. IS " application as a constituent of “ement.

&
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