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ABSTRACT 

Silicoferrochromium fume containing 85.5% Si02 was  invest igated to 
determine whether it could be used as an admixture  in concrete to 
increase its strength. The fume was  added at the dosage rates of 0-5 % 
by weight of  cement,  and a number  of  test spec imens  were prepared 
from this  concrete  mixture .  The uni t  weight ,  u l t r a s o u n d  test ,  
hardness ,  compress ive  strength of  the concrete  s p e c i m e n s  were 
determined. The initial and final time of sett ing va lues  of  the mortar 
s p e c i m e n s  were measured .  The test  resu l t s  ind ica ted  that  the 
properties of the concrete changed considerably with the addition of 
the  s i l i coferrochromium fume.  The compress ive  s t rength  of  the 
concrete was  observed to be max imum at 2 % fume content.  

Introduction 

Currently, there is extensive work in making use  of by-products  or waste  
materials.  It is considered that these materials can be used  as an admixture in 
various products.  

Dur ing  the manufac ture  of  s i l icoferrochromium, fume  is col lected in 
electrostatic filters (1). The main reason is to prevent environmental  pollution. 
A review of the literature shows  that researches have been conducted  in order 
to investigate the economical usability of this fume for industrial  purposes .  

Concrete is a composi te  material consist ing of  cement ,  aggregate, water 
and admixtures  (2). Silica fume, a by-product in the manufac ture  of  ferro- 
s i l icon and also sil icon metal, has  been used  as  an admixture  in concrete 
s ince 1950.  It is a very efficient pozzolan and its SiO z content  is in the range 
of  85 to 98 % (3- 6). 
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Silica fume can also be used in concrete preparat ion as a par t  of cement  or 
an admixture  in concrete .  Silica fume, which is finer t han  cement ,  reac ts  
quickly with Ca(OH) 2, the product  of cement hydrat ion,  and forms calcium 
sil icate hydra tes .  As a result ,  wa te r - so lub le  Ca(OH) 2 is s tabil ized.  Also 
nonreact ing particles fill the empty spaces be tween  cement  particles causing 
the concrete  to have a less permeable s t ruc ture  (6, 7). It has  been  reported 
tha t  the concretes containing silica fume possess  high s t rength and durability. 
For workabili ty and dispersion of silica fume particles, superplast icizers  (high- 
range, water  reducing admixtures) are used (8 - 14). Fur thermore,  it has  been  
shown  tha t  the  addi t ion  of Silica fume  has  an effect on cur ing 
requi rements  (15) and set-retarding and setting t imes (16). Previous s tudies  
were focused on us ing  silica fume from 5 % to 40 %. The resu l t s  of these  
s tud i e s  s h o w  tha t  the  more silica fume was  used ,  the  more  wa te r  and 
superplast icizers  were needed. In this case, the cost  of concrete increased by  
adding more superplasticizers and silica fume. 

In this study, silicoferrochromium fume containing 85.5 % SiO 2 was added 
to concrete as an admixture  at various amounts  up to 5 %. The propert ies  of 
concretes were examined. 

Experimental Prob,-am 

a) Materials: 
Silicoferrochromium fume: Table I gives the chemical and sieve analysis  of 

the si l icoferrochromium fume. It has  a densi ty of abou t  0.6-0.7 g / m  s . As a 
result  of the x-ray diffraction and scanning electron microscopy (SEM) s tudies  
on s i l i cofe r rochromium fume, it has  been  shown  t h a t  its s t r u c t u r e  is 
a m o r p h o u s  and cons is t s  of spherical particles (17). There is no evidence of 
health hazard caused  by  silicoferrochromium fume. 

TABLE 1: Chemical composition and sieve analysis of si l icoferrochromium 
fume 

Chemical Cqmposition 
Material % 

SiO 2 

C r 2 0 3  

Fe203 

A I 2 0 3  

CaO 
MgO 
C 
S 

Ignition loss 

85.5 
0.40 
1.83 
3.61 
1.56 
3.83 
0.85 
0.34 
2.00 

Sieve Analysis 
mm % 

1.50 
3.50 
5.00 

-0.037 90.00 

+0.250 
+0.125 

+0.075 
+0.044 
+0.037 

Cement: The c e m e n t  used  was  Type II. It has  21 .0  and  32.5  MPa 
compressive strengths at 7 and 28 days respectively. 
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A aclreaat~.. The sieve analysis  of the  aggregate is given in Table  2. The  b lend  
cons i s t s  of  15 % c r u s h e d  s tone I, 40 % c r u s h e d  s tone  II, 15 % c r u s h e d  s t o n e  III 
and  30  % sand .  The  b lend conforms to TS 707 (Turkish Codes  707) and  ASTM 
C 33. 

TABLE 2: Sieve ana lys i s  of the  aggregate 

Type  of  Sieve size (mm) 
mate r i a l  31.5 16 8 4 2 1 0 .50  0 .25  

C r u s h e d  s tone  I 100 100 86 16 2.87 2.14 1.46 1.20 
C r u s h e d  s tone  II 100 85 8.7 3.1 2.05 1.22 1 . 0 0 ,  -- 
C r u s h e d  s tone  III 100 . . . . . . . . . . . . . .  
S a n d  100 100 I00 94 61 61 43 5 
Mixture  100 64 46  32 20  19 14 2 

i,iiiiiiiiiii~i!iiiiiil 
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b) P repa ra t ion  of  tes t  specimens:  
Six dif ferent  b a t c h e s  were p repared  for the  exper iments .  In e a c h  b a t c h  the  

a m o u n t  of  c e m e n t  was  same however, the  a m o u n t  of  the  s i l i co fe r rochromium 
f u m e  w a s  var ied .  Table  3 gives the  conc re t e  codes  and  a m o u n t s  of  the  
m a t e r i a l s  u s e d  for C 30 which  r e p r e s e n t s  s t a n d a r t  s t r eng th  level. The  W / C  
rat io  of  the  s a m p l e s  w a s  0.50, The concre te  was  p laced  in cyl indr ical  m o u l d s  
hav ing  a length  of  300  m m  and a d iameter  of 150 mm.  There were  no  chemica l  
a d m i x t u r e s  u s e d .  For  workab i l i ty  of  f r e sh  conc re t e ,  the  s l u m p  t e s t  w a s  
c o n d u c t e d  a n d  all the  b a t c h e s  have a p p r o x i m a t e l y  s l u m p  va lue  of  80  mm.  
E a c h  s p e c i m e n  w a s  consol idated us ing  a v ibra t ing table.  They  were  d e m o u l d e d  
af ter  24  h o u r s  a n d  t hen  t rans fe r red  to the  mo i s t - cu r ing  r o o m  unt i l  tes t ing .  
For  K3, K4 and  K5, only the  b a t c h  size w a s  inc reased  in c o m p a r i s o n  to K0 - 
K2. O n  the  o ther  hand ,  all the  b a t c h e s  had  the  s a m e  mixing p ropor t ions .  

TABLE 3: Concre te  codes  and mix proport ions ,  ( kg /m 3) 

Specimen 
Code 

C30-K0 
C30-K1 
C30-K2 
C30-K3 
C30-K4 
C30-K5 

Cement W/C Crushed 
Stone I 

364 0.5 273 
364 0.5 273 
364 0.5 273 
387 0.5 289 
387 0.5 289 
387  0.5 289 

Crushed 
St0n¢ II 

728 
728 
728 
764 
764 
764  

* Pe rcen tage  is weight  percent  of cemen t  

Crushed 
S t o n e  III 

277 
277 
277 
290 
290 
290  

Sand Fume 
%* 

564 0 
564 1 
564 2 
590 2.82 
590 3.76 
590  4 .7  

c) Method:  
Cyl indr ica l  s p e c i m e n s  were p repared  for 7 and  28 days  c o m p r e s s i o n  tes t s .  

Before  t he  c o m p r e s s i o n  tests ,  un i t  weight  of  the  s p e c i m e n s  were  d e t e r m i n e d .  
Then  n o n - d e s t r u c t i v e  u l t r a sound  tes t  were c o n d u c t e d  on each  s p e c i m e n .  For  
the  c o m p r e s s i o n  tes t ,  a 250- ton  p r e s s  w a s  u sed .  The load ing  r a t e  w a s  2 
k g / c m  2- sec.  Dur ing  the t es t  of s p e c i m e n s  the  m a c h i n e  w a s  s t o p  a t  4-  t on  
load. The  su r face  ha rdnes s  was  found with Schmid t  hammer .  
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R e s u l t s  and  D i s c u s s i o n  

The resul t s  of uni t  weight, u l t rasound,  hardness ,  compress ive  s t rength  
tests  at  7 days and 28 days are given in Table 4. Moreover, Figure 1 gives the 
initial mid final time of sett ing of the specimens. Measurements  for time of 
setting were taken in the normal laboratory environments. 

TABLE 4: Test results  

Specimen 
Code 

E30-K0 
C30-K1 
C30-K2 
C30-K3 
C30-K4 
C30-K5 

Unit Weight 
[kg/m3) 

7days 28days 
2.46 2.48 
2.43 2.42 
2.44 2.44 
2.42 2.42 
2.40 2.40 
2.48 2.38 

Ultrasound 
Velocity(km/sn) 

7days 28days 
3.20 3.30 
3.25 3.40 
3.50 3.55 
3.15 3.20 
3.11 3.12 
3.06 3.02 

Hardness  

7days 28days 
19.0 27 
19.6 28 
21.8 31 
20.2 30 
19.8 29 
19 .2  29 

Compressive 
StrenathfMPal 

7days 28days 
19.24 29.81 
21.51 30.37 
24.50 39.61 
22.50 34.52 
20.75 33.75 
20.17 32.82 

420 420 

360 ~ 

In i t ia l  300- 
Sett ing 
Time 
(min.) 240- 

180 

"-..._ 

" ' ~ ' 0  . . . . . . . .  0 . . . . . . . .  i 

120 , , , 
0 1 2 3 4 5 

360 

300 F i n a l  
S e t t i n g  
T i m e  

240 (m in . )  

180 

120 

Fume content, % 

Figure 1. The initial and final setting times of the specimens 

The addit ion of si l icoferrochromium fume to concrete  affects the  time of 
set t ing in such  a way  tha t  it didn't have an influence in the initial t ime of 
sett ing and accelerated the final time of setting between 0 and 2 %. However, 
the fume addition be tween  3 and 5 % accelerated the initial t ime of sett ing 
and delayed the final time of setting. 

As can be seen from Figure 2, the fume addition caused  the concrete to 
be lighter. For C 30 - K5, abou t  4 % decrease in unit  weight was  found. 

The spec imens  were subjected to the u l t rasound  tes t  in order to evaluate  
the dynamic  modulus  of elasticity of the concrete and compare the  resul t s  
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Figure 2. The relation between unit weight and fume content 

wi th  t he  compress ive  s t r eng th  t e s t  r esu l t s .  F igure  3 shows  t h a t  m a x i m u m  
u l t r a s o u n d  veloci ty was  obta ined  a t  2 % fume.  A dec rease  was  observed  in 
u l t r a s o u n d  velocity between 2 and  5 % fume.  
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Figure 3. The relation between ultrasound velocity and fume content 

As a r e su l t  of the h a r d n e s s  m e a s u r e m e n t s ,  it was  found  t h a t  the  h a r d n e s s  
v a l u e s  were  s imi la r  in t rend  to t hose  ob ta ined  by  u l t r a s o u n d  t e s t  or the  
compres s ive  s t r e n g t h  resul ts .  Figure 4 shows  t h a t  the  h a r d n e s s  va lues  of 
s p e c i m e n s  con ta in ing  5 % fume were a lmos t  ident ical  wi th  those  con t a in ing  
no fume.  

The  compress ive  s t r e n g t h  tes t  resu l t s  have been  f o u n d  to be in line wi th  
the  p rev ious  s tud ies  (18, 19). As can be seen from Figure  5, the  compress ive  
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s t rength  increased up to 2 % fume; after that, increasing fume a m o u n t  caused 
a dec rease  in compressive strength.  The 28 days compress ive  s t reng th  of 
concrete  containing 2 % fume was 33 % higher than  tha t  with no fume. The 
fume  addi t ion  up  to 2% improves the proper t ies  of c e m e n t  pas te  and  
s t r eng then  bond between the paste and aggregate. Fur thermore ,  it fills the 
spaces between particles. As a result, the strength is increased. 
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o~ 20 

. . . .  ~ , o . °  7 DAYS 

• 28 DAYS 
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. . . . . . . . . .  ,c~o o '¢~ I~ . . . . . . . . . .  I;I . . . . . . . . . .  

5 i i | | 
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Fume content, % 

Figure 4. The relation between Schmidt Hardness and fume content 

The decrease in the compressive strength for K3, K4 and  K5 was thought  
to be due to the fact tha t  there were not enough water  nor  superplast icizers 
for these  specimens.  The strength variations of the concretes  which  includes 
si l icoferrochromium fume looks like the strength variations of concretes  with 
silica fume. A change in compressive strength with increasing silica fume (see 
Figure 6) occurs  by pozzolanic and fine particle effects (11). The compressive 
s t rength  can be raised by using superplasticizer together with silica fume (20), 
and  very high s t rength  concrete can be produced (10, 11). It is necessa ry  to 
increase superplasticizer in accordance with the amoun t  of silica fume added. 
As a result,  the cost of concrete becomes higher (12). 

As can be seen from Figure 6, when the amount  of silica fume increases the 
compressive s t rength  first reaches  a maximum, then  it decreases .  In this 
study,  a max imum strength value was found in the range of 0-5 % fume. The 
addi ton of 2 % sil icoferrochromium fume resulted in an  improvement  in the 
mechanica l  properties (see Figures 3, 4 and 5). Similar resul ts  were observed 
with use  of silica fume (2). In the study, it was shown tha t  the compressive 
s t rength  can be increased economically by using no other  additives such  as 
superplast icizers but  only fume. The decrease in s t rength between 2 and 5 % 
fume m a y  have been caused  by the lack of sufficient a m o u n t  of water  for 
wetting the fume particles. 

In Ba radan  and Simsek's s tudy (10), concrete was made  with fume and  
superplast ic izer  additions. Maximum strength was reported at  30 % fume. 
Moreover, 33.2 MPa and 52.6 MPa strength values were reached at  0 and  10 % 
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Figure 5. The relation between compressive strength and fume content 
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Figure 6. The analysis of the effect of the silica fume amounts  on the 
compressive sixength (11) 

fume respect ively  a t  the  end of 28-days experiment.  The increase  in s t r eng th  a t  
10 % f u m e  was  58 %. However, 33 % increase  was  obta ined  by  the  add i t ion  of 
2 % f u m e  in ou r  s tudy .  These resul t s  indicate  t h a t  s t r eng th  can  be i nc reased  
wi th  t he  a d d i t i o n  of  fume  even a t  smal l  a m o u n t s ,  so the  u s e  of  f u m e  in 
concrete  in th is  way  would be economical.  

Conclus ion  

From the  tes t  resu l t s  ob ta ined  in th is  s tudy,  it  is conc luded  t h a t  concrete  
c o n t a i n i n g  fume  a t  a low add i t ion  ra te  of 2 % a n d  W / C  ra t io  of  0 .50  can  
provide sa t is fac tory  s t rength.  Moreover, ha rdness ,  u l t r a s o u n d  velocity and  un i t  
we igh t  c a n  be improved.  In th i s  respect ,  the  u se  of th i s  i n d u s t r i a l  w a s t e  
mater ia l  in concrete  would be economical.  
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