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UTILIZATION OF FERRO-NICKEL SLAG AS FINE AGGREGATE FOR CONCRETE

U I A R TN

By Atsushi AKIYAMA and Yasuhiko YAMAMOTO

A total of eight ferro-nickel slags were studied for their possibility of being used as

fine aggregate in concrete. Special emphases were placed on their effects on the freeze-

thaw resistance and long-term stability of concrete. It was observed that the freeze-

thaw resistance of slag concrete was generally lower than that of ordinary concrete with

river sand. The increased bleeding of slag concrete was mainly responsible for the low

freeze-thaw resistance, Slags which were composed of only forsterite and amorphous

silica were found to cause a reaction with alkalis in concrete, while other moderately-

cooled slags were stable. Grain popouts were observed when certain slags were used,

Three slags were considered not to impair the durability of concrete., Properties of |

fresh concrete were also discussed briefly,
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Table 2 Chemical compositions of slags.

CHEMICAL COMPOSITION , %

SLAG

§i0z | MgO | Ca0 [ AhO; | FeO Ce Ni Mn $ Na X
s1 56.4 3.0 1.5{ 2.0 4.6 0.5 0,1|0.15 - - -
$2,82* |53.2 (3.4 1.5]| 2.9| 6,2 1.0|0.04 |0.18] 0.03| 0.0 0.0
$3 56.0| 3.5 0.8| 1.5| 5.4¢ 0.1|0.07 | 0.03 - [0.24]0.05
sS4 54.1128.4) 5.5} 2.4 7.7 0.,8] 0.3| 0.2] 0.04{0.05 |0.05
$5 50.6 26,0 {143} 3.7 4.4{ 0.3]0.06|0.21}0.21 | 0.0 0.0
$6 54.2 3.0 0.2 1,2 64| 0.5]6.07|0.22| 0.03| 0.0| 0.0
s7 52.2{337| 09! 1.5{ 9.0] 0.8]0.06|0,33]| 0.02 0,04 0.04
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Table 1 Physical properties of slags and river sand. EBRC AT TER WYY
FERRO-NICKEL SLAG specirre | ABSoRp-| SOLID. SouND- GRADING Y — rOREMEMSERE, Y
eRAVITY | TION PERCENTAGE | LOSS PASSING PERCENTAGE , %
NAME TYPE FURNACE 7 7 7 F.M. Sum 2.5 1.2 0.6 0.3 0.15 %mb\f’i%ﬁ(‘:tt/\;—(‘i ‘i“ﬁ%
s1 | AlR- 3.06 1.82 58.1 -- | 2.03| 00| 94| 8| S7| 38|26
COOLED * ya -
/N DA
| e bR | v | oae|m| e | g ¢ PUSERIMEOEAESS
7, L GRANULATED | ELECTRIC : : - : ' = ST Z % /4
s20 | AR FURNACE | 2,99 | 2.72 - 15.85 | 1,90 | 100 | 90 | 78| 62| u6 | 3 SeMRHONG. COEDL
+ B8 7378 o . 2 N 2 e
53 2,85 | 0.84 675 | 420 |2.49| 100 | s | 81| si| 27 |1 HERPBONWIRERZFANS
T | ROTARY 3.09 | 0.75 61.5 - 25| 10| 93] 70| szl 25| 9 - B Ny -
s KILN 505 | 0.8 o 156 | 2:73| 100 | a5 | 74| 43| 13| 2 HIZ, a7 - MTHWIZY
WATER- BLAST 2.71 1.53 57.2 - 2.62 | 100 95 77 4y 18 7 . — .
S5 | GRANULATED | FURNACE 2.74 % - 1.87 | 2.46| 100 | 9 | 78| 49| 3| 9 DEFEUREODRT J DERE
6 aeomc| s | 080 | % | o |BEE| ) ) R B &) 3 1 g g =
C . . it . » > . v B 3 o
g B e w0 e B pl g g g onRREREORIRETL
d : - . 4 - 5 e 3 -
RIVER SAND 2.59 2.27 64.0 | 4.3 |2.71| 100 | 87 | 72| 48| 18| 5 12073 Fig. 1 ¢ Ho. COKE
_ . L g e
* WATER~SATURATED SURFACE DRY CONDITION. —
* S2 AND S2' WERE PRODUCED FROM THE MOLTEN SLAGS DRAWN FROM THE SAME FURNACE. 0 ’ S 1 % B'%U’ Li’ éﬂ&ﬂ,ﬁ“ %
534 N - (=)
RPN BB ONTEHE
Table 3 Properties of cements, MEMEINS L 25 EEHEE
speciric | spectFic | SETTING TIME STRENGTH _(MPa) CHEMICAL COMPOSITION, % Honbd, hnik, AEYOR
CEMENT GRAVITY SURFACE INITIAL FINAL FLEXUAL COMPRESSIVE - .
(cM2/6) | (HR=MIN) | (HR-mIN) [ 3p[ 70[28p| 30 | 7p [ 28p | S102| Al20a | FeaOa | Ca0 {Mg0| SOs AKX LD l:’)ﬂ’(ﬁ‘ﬂi'ﬁ‘bj’
CEMENT 1| 3.16 3760 7% =5  |3.3/8.8(6.9]|13.6|22.7|40.3 | 22.0] 5.4 | 3.1 [65.1|1.3]1.8 )
CEMENT 2 3.16 3210 2-% 3-38  |3.4]4.8]7.0]13,8/22.7]40.3] 22.2| 5.4 | 3.1 [65.1]1.2]1.9 RBENXLSTHINENHL &
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Table 4 Optimum sand-aggregate ratio (%) of concrete*.

FINE AGGREGATE
TEST METHOD RIVER
S1| S2 | S3| S4 | S5 S6 | S7 SAND
_CONSISTOMETER| 35| A3 43} 40 | 38 | 40 | 43 | 43
TRIAL MIXING 33| 43| 43| 40 | 39§ 40 [ 43 { 43
* PLAIN CONCRETE : W/C = B0Z , stump = 8cM
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Fig.13 Results of mortar-bar test (NaOH added).
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Fig.14 Results of mortar-bar test (no NaOH added ).
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Table 5 Classification of slags,
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Fig.16 Phase diagram of MgO-SiO, system,
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Fig.17 Dissolved silica vs, reduction in alkalinity.
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