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A Study on the Improvement of Early—age Compressive Strength of Smart BFS Powder
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Abstract

In this study, to improve the early-age compressive strength of mortar, the compressive strength tests of mortar mixed smart
BFS powder added powder of rapid setting additives milled by processing, using functional grinding aid, the power-typed rapid
setting cement clinker developed by sintering industrial waste and by-products with much CaO-SiO,-ALO; to cement were
performed. From the tests, the followings are found that (1) for BFS early-age strength improvement test (Series I): early-age
strength improvement of BFS mixed rapid setting additive milled after adding functional grinding aid, when the clinker is milled,
is superior and (2) for OPC early-age strength improvement test (Series II): case of additive mixed rapid setting powder typed
activator milled after adding functional grinding aid to Clinker-C showed the higher compressive strength.
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Table 1 Characteristics of ground blast furnace slag powder

Type llI
it chemical composition (%) density | blaine value
e MO | SOs |ig loss| cL™ | (efem?) (cm¥/kg)
KS <100 =40 | =30 |=002| =280 | 4000~6000
test result | 559 | 006 | 003 | 0.002 2.90 4241

Table 2 Physical properties of OPC

blaine | initial | final | tocle compressive strength
item value | set set | Autocave (MPa)
9 - (%)
(em¥/g) | (min) | (hr) 3day | 7day | 28day
>
— > < < > > >
KS 0800 | = 60 | <10 = 0.8 > 127|=19.6| = 28.4
test result| 3300 200 5.5 0.08 30 42 58

Table 3 Chemical compositions of rapid set typed cement
clinker (unit: %)

sample | SiO2 | AOS | FesOs | CaO | MgO | SOs | KoO | TiO.

Clinker—A| 2.1 0.7 1.0 | 392 | 05 | 543 | 01 1.7

Clinker—=B| 0.5 0.3 0.2 | 96.7 1.9 0.1 0.0 0.0

Clinker—C| 47.6 | 39.7 | 54 1.0 1.6 0.6 2.2 0.6
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Fig. 1 IR Spectrum of functional grinding aid

Table 4 Physical properties of functional grinding aid

item test result remark = = . ~
- o vl - Table 691 LIERH 21} o] 71554 RA2AE A7k A
specific gravity 1.12 at 25T -u-ﬂ' 7@7]_0};(] OLO }‘]a‘:ﬁl‘-A 74 }‘]Zl"% o]%aﬂ ?‘i‘“éﬁ:‘ﬁ”%
pit 85 - ek, AR E s B S8 Baws
typical viscosity 25 ¢ps at 25T
. Table 5 Chemical compositions of rapid set clinkers
225 Z=A (unti: %)
x = 2] 5 A|lHE 7= A
‘lﬁ‘ézﬁi KS L ISO 679 ﬁL Oﬂ 2‘5‘ ]rﬂﬁ o= ] sample SiOs ALOS | FesOs CaO MgO SOs
A8 ATARE ARSI OPC activator | 80 | 7.2 | 24 | 517 | 37 | 232

BFS activator 12.9 11.8 2.4 44.6 1.2 24.8

(@) mixing with water (c) putting mixtures into furnace

(d) sintering at 600°C+1350C (e) quenching clinkers (f) milling of clinkers
Fig. 2 Preparation of the rapid set additives
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(a) without functional grinding aid

(b) with functional grinding aid

Fig. 3 Powder status of samples with and without grinding
aid

Table 6 Milling time and blaine value of rapid set additives
with dosages of functional grinding aid

sample do§ag§ of .functional milling. time. of ball blaizne
grinding aid (wt%) mill (min) (cm/g)

OPC activator—A - 45 4180
OPC activator—B 0.05% 22 4190
OPC activator—C 0.1% 10 4220
BES activator—A - 38 4230
BFS activator—B 0.05% 19 4180
BES activator—C 0.1% 8 4220

mixing at 140
rpm ..
mixing at e
285 rpm
r = = = isch:
Waie for 15 sec, phches
stirring to .
cement remixing
N center the
mortar
sand
90 sec 90 sec 60 sec

oF 4200cm’/g AER FUEHA Az
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Fig. 4 Mixing method of mortar (KS L ISO 679)
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(@) measuring machine of compressive strength

(b) combressive strength test of mortar

Fig. 5 Compressive strength measurement of mortar

Table 7 Mixing ratio of mortar series | test  (Unit: weight %) Table 8 Mixing ratio of mortar series Il test (Unit: weight %)
Mix. No. | BFS | Clinker—A | Clinker—B | Clinker—C NaOH Mix. No. | OPC | BFS Clinker—A Clinker—B Clinker—C
BFS - - - 7 oPC 100 - - - -
BFS-1 7 - - - OPC-1 7 - -
BFS-2 - 7 - - OPC—-2 70 23 - 7 -
BFS-3 - - 7 - OPC-3 - - 7
. 93 BFS BFS BFS ) OPC OPC OPC
Mix. No. activator—A | activator—B | activator—C a Mix. No. OPC | BES activator—A | activator—B | activator—C
BFS—4 7 - - - OPC—4 7 - -
BFS-5 - 7 - - OPC-5 70 23 - 7 -
BFS—-6 - - 7 - OPC—6 - - 7
450 3.2 Series I (OPC X7 |LE Skl AlS)
mlday 3day © 7day

40.0

Compressive Strength(MPa)

50

00 -

35.0

30.0

250

20.0

15.0

10.0

103

0.0.0

112
89 . 9.8 9:
6. ; 64
45 39 4.
0&—1—] 0.0.0.0 i

BFS-1

BFS-2

BFS-3

Mixture No.

BFS-4

BFS-5

BFS-6

Fig. 6 Compressive strength of mortar using BFS activator
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Fig. 7 Compressive strength of mortar using OPC activator
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