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VI E IMPROVED

CSEE:IA[{EE SCRAP QUALITY
LEANIN
- STEEL RECYCLING
— * OF SCRAP > ( IN SOCIETY
.o-"'_'_.pj'____ I"b‘ N
T ~Gmonths ~1-10 years
‘ ’ F‘r:-:u-.f: ¥
of scrap ;‘&-‘-
i :___-_
' \ 15 years
ENVIRONMENTAL - h
: ¢ ek EVALUATION ]
Blast furnace . are »
for hot met :|| ... “” furnge
i ‘ - } 10=20 years
NEW METALLU Hﬁu:ﬁ;; r
Production of plate, e.nufn cturing, construction and PRODUCTS

strip, bar, section, pipes,
wire rod and powder

NEW FORMING PROCESSES

and engineering industries

NwW dohttp://www.stalkretsloppet.se
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( Ironmaking /: Steelmaking ) (Continuouscasting) [ Roliing ) KMain products\.

s Rall

_}——— Sheet pile
_'* e Shape
Section mill be—— par
—t B 8—g = Wire rod

Smered leestone

* |ron ore

] Wire rod mill
W e — l
.................t....; ............ Hot —— — P'ate
’ direct | Plate mill
: rolling
Kot metal Billet | \"oR Hot rolled coll
N ' (HOR) |— BRI — ana sheet
1 >
E ; Basic oxygert_lumace Blom HOL SR TN
..... Joorderennn - (BOF) Cold rolled coil
o ‘ . ANA SheEL
P il | N— : e Cold rolling tandem mi 10 O Piating)
g % :l .
2] 2 BRREEEEED v 5 h : -3 Welded pipe
( ﬂ p —— I — Butt welded pipe
Y N " Welded pipe mill
: Scrap : & Electric arc furnace [ﬁ
PRt Q . E (EAF) : b #_. Seamless plpg
i o R Rmrnace Seamless pipemm
Carbon steel/ Steel castings

Stainless steel
Source: Kawasaki Steel

Nw dhttp://www.jfe-21st-cf.or.jp/



Pure oxygen gas S50Nm3/t

Charging raw materials (kg/t) *
Amount of gas collected
Hot metal 1,033
101 Nmd/t
= Gas composition (Vol.%
£ Pigiron 4 b ( )
= ) CO CoO, N, H,
= Burntlime 23
8 70 10~15 13 1~2
Ferroalloy 11
Dolomite 8 Amount of slag produced
.4 50 kg/t
Composition of hot metal
After pretreatment) (mass% w
( P ) ( ) Composition molten steel
© Si Mn P S (mass%)
430 001 020 004 001 C Si Mn =) S
004 001 015 0.01 0.007

3
Inert gas (Ar, N2) } 1.6Nme/t b g To secondary refining

CO, COz

NwW dhttp://www.jfe-21st-cf.or.jp/



Raw materials
Steel scrap

Additives: lime,
limestone, and /or
dolomite

t
Amount of slag
produced
70 kgt
f ) Water-cooled roof
' L
DC upper electrode —F Water-cooled panels
(cathode)
i Eccentric bottom taphole
DC bottom electrode
(anode)/ o
Tilting device D

NwW dhttp://www.jfe-21st-cf.or.jp/



LD/RH/LI

Steal Refining Facility

Continuous Casting:

Electric Arc Ft
Produces molten $hesl,

3 I
LD/RH/AOD

( A

)




By-products produced (kg) per tonne of

Crude Steel Produced

500

450

400

350

300

250

200

150

100

50

YN pwW

R n

By-products by Steelmaking Route

*D&S = Dust & Sludge

BF/BOF

EAF D&S*, 12.5—» [

Steelmaking Route

NWw dhttp://www.worldsteel.org/




Type

Component

CaO
SiO,
T-Fe
MgO
Al,O,
S
P,Og
MnO

Andesite:

Yo p)

Blast T — Electric arc furnace sla An(c:cgrsite

furnace sla¢  slag Oxidizing Reducing reference)
slag slag

41.7 45.8 22.8 55.1 5.8

33.8 11.0 12.1 18.8 59.6

0.4 17.4 29.5 0.3 3.1

7.4 6.5 4.8 7.3 2.8

13.4 1.9 6.8 16.5 17.3

0.8 0.06 0.2 0.4 -

<0.1 1.7 0.3 0.1 -

0.3 5.3 7.9 1.0 0.2

Ny

Y p fn

Ordinary
cement

64.2
22.0

3.0
1.5
5.5
2.0

Nw dhttp://www.slg.jp/
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hro P %
©

Constituent
(wt. %)

CaO
SiO,
Al O,
MgO
FeO
MnO
P,Oc
Sotal
Cr,0Oq

Yo

J

35- 42
33-38
10- 15
7-12
01,0
01,0
1-1,5
00,1

Blast furnace slag

Steel Slag

35-45
11-17

1-6
2-9

16- 26

2-6
1-2
00,2

0,5-2

do http://www.euroslag.com/



yn i

Typical chemical composition

Typical Steel Slag Chemistries %

CONSTITUENT

Ca0

FeD

SI0:

MgO
MnQ
Al=02

Pz0s

s

% BY WEIGHT
42
24
15
8
5
5
8
.08

Strength characteristics of steel slag

Test Characteristics Steel Slag
Maximum Size 1:07
Moisture Content 8.1-94

| CBR at0.2”, % of standard 120 - 132}
Specific Gravity 32

Unit Weight

153 Ib/cu.ft. (compacted)

Importantelementdor agricultural

purposes
Element Percent

Calcium (Ca) 28

Iron (Fe) 15

Magnesium (Mg) 5

Manganese (Mn) 3

Boron (B) .03

Sulfur (S) .01
Zinc (Zn) .008
Molybdenum (Mo) .005
Copper (Cu) .001

Calcium Carbonate Equivalent (CCE)

Lbs. / Ton

560
300
100
60

.60
.20
16
10
.02

90

A CBR value of 100 ishe

maximum ordinarily specified
for the highest types dfase
courseghosedirectly under
flexible pavements oheavy

duty airfields

N W doNational SlagAssociation, USA




Sio,
33~37

7~11

Yy
(mg/kg)

¥

Cu

Y

w

N

ND~15 ND~200 ND-~500

ND: not detected (< 0.25~2 mg/kQ)

ynQ i

DN
g

L, y

D

CaO | MgO | FeO FeO; | PG4 MnO TiO, pH
38~4| 5~8. | 0.3~0. 0.2~0. 0.4~0. 0.4~0.

: ; - - 0.01 i’ i’ 9~11.5
38~4 1.8~2. 2.5~4. 0.4~0. 11.5~12.

. 6~9 | 5~20 1-8 . - o 4
Zn Pb Cd Cr As Hg Cré+

ND 8&%&&) ND ND ND

W (Umd) f R (%) s d (%) R 4 (%)
2.77 1.29 17.6 1.33
2.59 1.99 32.7 2.87
NW d Yo bb (2002)] M TYA ®
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o

Y p fn
i,
d“ | B |
w
B A YIlo D)
7 25 A YMNo D2Gxd 1 (%)
Si0 s Ca0 Jg[] MnO | Ti0s | SO3 | S | T-Fe |f-Ca0 ik Crs0s| Ni0
>/ ¢ 10 i - - I 1
WX 1810 s Py | B el Bac T a0, 658 K0 | 2
Mﬁ 123.86| 6.34 122,91 8.06 |24.91) 8|61 [ 2.37 1 0.27 0.02  0.07 |16.65 0,028 0. 036 .73 0.01
2N
7 25 A YN z % d 1 (mg/kg
E H WEAs Ccd Hacr HCu EHg ANy #8Ph @7n
BR2ACEEE | 2.39 N. D, 7,553 37.13 0.86 51, 24 6. 64 191.7
SOtk 5.3 0. 45 7,760 166 <0.41 45 21.5 9244
ORGS0 16.6 | ND.~0.42 | 20.5~170 [11.1~92.6 | 0.01~1.39 | 0.90~72.3 | 17.2~848 40, 7~159
ﬁ{%ﬁﬁ@* w & o LA . R . " A " s .
* Yy © . 0" E M M nY 1997
NWw Y A 0 Y 2011
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&

b
> W, /4
B YIT p 1
c w Y M TCLP Q
Cu Se Pb Cd Cr As Hg Cré+
(mg/Lt)  (mg/L) (mglL) (mglL) (mglL) (mglL) (mglt)  (mg/L)
y <0.1 <0.03  <0.3 <0.03 <0.1 <0.1 0.004 <0.05
y <0.1 <0.03 <0.3 <0.03 <0.1 <0.1 <0.003 <0.05
7 25 A YNTCLP Q
5 H ol Cu Zn Pb Cd Cr As Hg Crb*
mg/L) | (wg/l) | (g/L) | g/l) | g/L) | (/L) | (mg/l) | (mg/L)
2oMgEAE | 10.31 N.D. 0.15 N.D. N.D. N.D. 0. 0037 0. 0076 0. 02
ERUTHE | 2~12.5 | <15. Omg/L | <25.0mg/L | <5.0mg/L | <. 0mg/L | <5.0mg/L | <5.0mg/L | <0.2mg/L | <2.5mg/L
e (mg/L) MDL=0. 029 | MDL=0. 012 | MDL=0.059 = MDL=0.011 | MDL=0. 022 | MDL=0. 0005 |MDL=0. 0005 | MDL=0. 010
TCLP: toxicity characteristic leaching procedure NW Y A 0 (2011)
Yon kb (2002)




i

R

Y A
p n YTmT q Q
5 7 "He M 0 BMD M T c-Iyr) (mg/n?/100
CAc B g Y NIEA  a (r:g;]rr?/ m
R21910Cy R 00y) T e
Y NIEA R2_1710Cy Y Sb 39 NA NA NA
Y p n A As 435 NA NA NA
Ba 6300 2885 508 0.19
LM T N L Cd 12 NA NA NA
Le v C 1500 NA NA NA
wn Q yY QY >4Qmmy c:) 300 NA NA NA
Y <4 mmy Y I Cu 540 NA NA NA
M T g ! ay Hg 45 NA NA NA
- : v Pb 1275 NA NA NA
§6 DN JI_H/]Y Mo 150 NA NA NA
y Y zX TANY Ni 525 NA NA NA
Se 15 NA NA NA
Sn 300 NA NA NA
Y, 2400 NA NA NA
Zn 2100 NA NA NA

BMD: Building Materials Decree; NA: not available.
NWw oM TYnN

e



BABE 0 s
_}(&égz) l—a—» (n,&) e 3 % MR
mam BrH '"'"",
. R&iﬁﬂ##
;f"’,a YT ,&E ________________ KRR
B XA s 2
% raRa M SRR KRR
- tARIBEAH/EARH
S rz&ﬁg'}—& ——— PRI
> > =\ ""”:&xxmhi#
ETTT N *
(%ﬂ&xiﬁ) RARE TR : JsESSEER i 3 A 2k H
& I ]Jj ; "*"*‘) e
B AL#ERH
5 5K R H
___________________ B s
b ! A A H
@-»“5 T amrA A H
"""""""""" . EBABAMHE
: 3 -1( W) BARH
FCAEY ¥ Wika
B2 T T L RTIEAM
- KRB
BB

Nw dhttp://www.slg.jp/



i

Yy

03

"%@%‘\t‘% = ~ —
Y oo " n (<)
Slag type Sources Characteristics Applications
(Y ) W_ ) (1) )
: Road base course
Hydraulic property -
Z o #) materia
' ( DN)
No alkalraggregate | Coarse aggregate fc
reaction concrete
( Dy ) ( E D)

Blast furnace slag

( Y)

Air-cooled slag
(6 m Y)

Low Na,O and KO
@ vy z )

Cement clinker raw
material (replacemel
for clay)

(FRg 1 N )

Thermal insulation an
sound absorption
effects when made int

Raw material for roc

WO0O0
a fiber (y A N)I
( yf1i Q)
Fertilizer component| Calcium silicate
(CaO, SiQ) fertilizer
(z1 NOw) C T N)

Nw dhttp://www.slg.jp/
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Slag type Sources Characteristics Applications
(Y ) W__) (1) @)
Raw material for Portland blast furnace s
cement
Strong latent hydraulic property (A a4 N)
when finely ground Blending material for Portland cement
(zA W0 1) (A _H3§ EDN)
Concrete admixtures
(_E N)

Blast furnace slag

( Y)

Low Na,0 and KO

Raw material for cememinker
(replacementor clay)

¢y =) (& A N)
Latent hydraulic propert
(z -Ay o pﬁ )p . Material for civil engineering works, grour

Granulated slag
(R Y)

Lightweight, large angle of interna
friction, large water permeability
( ysB PEY V)

improvement materigbackfill material,
embankment material, sasdmpaction
materialetc)

(ELUDNY" BOS)

Does not contain chlorides

Nz 0'Q) Fine aggregate for concrete
No alkalraggregate reaction ( E N)
( Dy )

Fertilizer component (CaO, Sjp

Calcium silicate fertilizer

C T N)

(zT Nd>n)

Soil improvement
(E BOG)







B N 0
ah ‘| q°mnAfR AN
ag>mn
ERG 4 N (>> 95%)
v v°* A (World Steel Association)K
é I Yz o 55 CO, 1| |
E YNy :Ny . N
E NE BO (BF slag pH>7)

E Y (SlagWoo)

___________________________________________________________________________________________________________________
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Slqg type Sources
(Y ) W )

Converterslag

Steelmakingslag (Y ), electric

( Y) arc furnaceslag
(A YY)

03 7

n (<)

Characteristics Applications
(1) n )
Hard,wearresistant Aggregate for asphattoncrete
(= yi HvV) (| E D)

Hydraulicproperty  Base coursenaterial
(z o 1) ( DN)

Material for civil engineering
Large angle of internalworks, ground improvement
friction material (Material for sand
(B PE) compaction piles
(ELDNY  BO)

FeQ CaQ Raw material for cement
SiO, components  clinker
©° o D) (R&AN)
Fertilizer components Fertilizer and soill
CaQ SiO,, MgO, FeO improvement
(T Nd>wu) (I NYyE BO )
Nw dhttp://www.slg.jp/
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NIPPON SLAG

National Slag Association

Founded in 1918

Backfill materials, Port of = i . o
Nagoya Fertilizer using Slag used as filter media in
converter slag water purification. worldwide in waterway
construction.

Marine sand Slag has been shown to be
compaction piles Rock wool an effectivephosophorous

removal media at fish
hatcheries.

Slag ballast for
railroad applications



Yy oo~ n (1)
NIPPON STEEL &
SUMITOMO METAL

The European Association representing
metallurgical slag producers and processors

=

APorous asphalto desi
noise reduction

Seaweededs

Triton Reef

Fertilizer: Plant
growth with and
without Thomas
Lime made from
steel slag.




CONE 0 " Ng g0
A (Nj = 071%
Concretei.15%
Cementid.18%.

T

E €
| 26.65%' y

D(— )
24.06%

2.68%

3.85%
0.10%

(2015-Nippon Slag Association) (2015-POSCO, Korea)




o MuW()

. AC D _ Use of steel making slag in Germany 2015
0, <
o} 4.06% ] | -12.0%
13.59% 0.01% [ N-8.6% Metallurgical
Fertilizer _ Use
/1 8,6% 12,0%
i 0 '- '
l!ir%'l%e/;?osit
ko
13,2%
70.57% — /7 /W
0.11% Interim | ° |-|-| -61.8%
Storaﬂge Construction
4.4% Materials
B 61,8%
Roads: 193 %
- 44% Rural Ways: 21.3 %
001% Earth Works: 17.7 %
Trackbuilding: 0,5%
A N Hydraulic Structures: 2.9 %
Total: 5,4 Mt

(2016-CSC) (2015-Germany)
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Yangtze port Ll
9 19997 O 200 Y b 0gq2nU LI
Yaz’ ni mo1 T AX © 1 Zeelandy A

Westerscheldee Oosterschelde A Yangtze port(RotterdamMaasvlakte
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| (Antwerp) 2008/2009T v 1 3 YLWG6 710 ] 20117
EDeercting wallll b V 1 Y] Ghent (2005Tv i1 )y

. Nieuwpoort  (2008T v 11 8000 )y Blankenberge (20107 v 4 4000 )y Puurs
' (2009, 20107, Vv A 6000 U 1 )Y Ghent Moervaart(2012T v 1 1.9 ),

B 2014: Culrent deflécting-wali=
Antwerp Deflecting walllLl v 7 y on
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Y ~o2ull n(x)

N
gkl 2 R (gfi ) ik (257 /%) IR ()
KWATT #4277 257 B IRAARAENERTR 1,100,000  FEEOFHEIEE(LCkEZ 5 /8R) 1996
DEFETOYY s BIFuA AR, 207)-NEEaH 30 0 0 30 ] [EEFR= Lty #2221 HBHEKITTH 4000000  HHEME(SCP)(BUERF FHE) 1008
Rt % ? S 499 T e 1,500,000 iﬁ_ﬁtﬂiﬁ;&ﬁ (> Evy b) (kR 2000-2002
------------------- RPN EAR: 170 0 0 1m0 _1775*“”) o
OIT0(HHS) Bkt TU-MEREH BFCOMIKE 10 150 0 260 hif E R 1,000,000 gg?fg&iﬂi(*wx 7 78 2001~2004
i, ot 0 70 0 710 RS Y
“““ 2 0-hERH, BIF AR 110 0 0 110 wEEE 1700000 Lo aa) * 2003~2004
(MBS, G o S ) _ N —
A5 B AN = e T MBEEERZE 2 TS 1100000 o s e 20042007
M ER S
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Swelling slag grain

: (High content of
M Z < I_I v i ' 8 free lime)

||Z ’
ﬁ
)

g
f-CadinY X z X(f-MgOY | SEE
Q v Yz X (e el

oy H,08& CO,
g -
t y 0?2

Ao, |

SR
N M -
e QJ,, w

Core drilling

S <L

after steam testing
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U bOo3 ¢sDN®IB 3 V1T Koo pEQ 3]
d KOouvw XYoDy guw bl Yay Tw 0

n
oD |
' T 3t

M a3~ mul 23 |
(2N - . DN= o023 ]
3003 s DN®YB 3 |

(4T Kot pEFEQ 3}

(5)MHPbI B N D3 L 5 Ao T —

Rice husk ash

yolk-shell M@C

surfactant
f y
P
;:,—; A — hydrothermal it refiled metal. Cu, Cr, P active sites madifed surlace
i ) ‘ Wash with DI \ ’
Silica source  sodium silicate e, Ghic
solution
Equisetumramosissimum :gﬂ:gg‘ns“'ca‘e
153 o ﬂ
. Bu Bu
Calcinedat 300¢ p NZ 0
|:> S F”\ NH, hydrothermal D
Wash with DI water”. J 7 NG =) =
[aP.dILys] w1 increase collision frequenc
autoclave 100AC, 1 day
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e

0 +60%
& +40%
K'Y 40% O
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_[10% [20% |40% 80%
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290 | 452 | 253 | 0.59 | 0.04
100 | 8.2%
% % % % %
y 25 | 159 633 [ 710396 [0.46 | 003
8% % % % % %
sou | 183|793 | 746 [ 402
6% % % %

Swelling ratio(%)

y

%d KR
%d W
B& i

AWt 4.02%
Wt 0.46%

Q V]

F M E AR
®—8—@#ii5100%

GC—E—O) 4K 5 90%+i5 K10%
[—5—F1#18 580%+5 R20%
LB M B 60%+iF IRA0%
G—O6—O HIE T 40%+5 R60%
Fo——e—d 4R B 20%+15 R80%

20 30
Time(days)

40 50
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e mho/

mg/L

3
<

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

[l DN

r-o-1a

10BJ:

b e=d

0.0046
0.0038
0.0046
0.004
0.0038
0.004
0.004
0.0048
0.0048
0.0005
0.0048
0.002
0.0048
0.0043
0.002
0.00025

A

1 (2016 02/ 04)

27
65000
2.9

95

ND
<0.010
ND
0.028
ND
ND
ND
ND
<0.020
0.032
ND
0.232
ND
ND
0.0017
ND

25.7
3550
0.4

-287

ND
ND
0.38
0.121
ND
<0.010
ND
<0.020
<0.020
0.031
ND
0.062
ND
ND
0.003
ND

26.2
17700
0.9

-54

ND
ND
1.05
2.3
ND
ND
ND
ND
<0.020
0.019
ND
0.12
ND
ND
0.0064
ND

25.2
23100
0.6

-112

ND
ND
2.24
0.936
ND
ND
<0.010
ND
ND
0.058
ND
0.106
ND
<0.020
0.0252
ND

A Q

26.2
77800
0.7

-37

ND
ND
1.97
3.85
ND
ND
ND
ND
ND
<0.010
ND
0.027
ND
ND
0.0069
ND

27.3
77300
0.4

-76

ND
ND
6.56
1.71
ND
ND
ND
ND
<0.020
0.018
ND
0.039
ND
ND
0.0174
ND

26.8
15300
0.7

-38

ND
ND
1.08
0.856
ND
<0.010
ND
ND
<0.020
0.018
ND
0.034
ND
ND
0.0116
ND

22.6
54900
0.5

-33

ND
ND
3.94
3.98
ND
ND
ND
ND
<0.020
0.012
ND
ND
ND
ND
0.0176
ND

0.0025 0.025
0.025 0.25
0.5 5
0.025 0.25
0.05 0.5
25 25
0.025 0.25
0.001 0.01
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Klos:

_ ¢ - 28 28.8 28.1 25.9 29.4 29.4 28.3 285 = =
= emho/ - 117000 3420 23200 34200 58200 69000 10800 42300 = =
b moL - 1.8 0.9 1.1 1.6 0.6 0.7 0.6 0.5 = =
- mv . 4 -176 58 36 158 -198  -192  -169 = =
r | mgL 00046  ND ND ND ND ND ND ND ND = =
| mgL 00038 ND ND ND ND ND ND ND ND = =
| mgL 00046 121 0711 749  0.988  1.43 739 0836  2.88 = =
| mgL 0004 7.64 0494  3.02 33 2.88 149 0508  2.62 = =
| mgL 00038 ND ND ND <0005 ND ND ND ND  0.0025 0.025
| mgL 0004 ND ND <0010 ND ND ND ND ND 0025 0.25
| mgL 0004 ND ND <0010 ND ND ND ND ND 05 5
| mgL 00048  ND ND  <0.020 <0.020  ND ND ND ND 0025 0.25
| mgL 00048  ND ND  <0.020 <0.020  ND ND ND ND 005 05
| mgL 00005 ND 0011 0062 0026  ND ND <0010 ND 2.5 25
| mgL 00048 <0010 <0010 <0.010 <0.010 <0.010 <0.010 <0.010 <0.010 = =
| mgL 0002 004 0075 0146 0164 0032 0033 0022  0.033 = =
| mgL 00048  ND ND ND <0020  ND ND ND ND - -
| mgL 00043  ND ND ND <0020  ND ND ND ND - -
" mgL 0002 00026 00142 0.0072 0005 00073 00224 00171 00148 0025 0.25
& | mgL 000025 ND ND ND ND ND ND ND ND 0001 0.01
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A 0 1 A p % 0
EAF Slag 1260,000 Tyr

Ladle

P ; -~ Electric arc furnace
refining

wg\ary steelmakingl

~
S~o
s
~
~

Steel making by
products - Roading

Pacific Steel

Billet Rolling Mitl

Continuous casting
Export
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Autoclaved TestMethod
(ASTM C151)
2009C / 8 bar

r n

Intensity

w

p €—
Ca(OH),

C Lime, CaO B Brucite, (MgOH)2

Q Quartz, SiO2 F Iron oxide, Fe203

M Periclase, MgO P Portandite, Ca(OH)2

H Hatrurite, Ca3(Si04)0O A Coruridm, Al203

W  Wollastonite, CaSiO3 U Mullite, Al5.65Si0.3509.175

CF Calcium Iron oxide, Ca4Fe14025 C3 Calcium carbonate, CaCO3
C2F Srebrodolskite, Ca2Fe205

CAF Calcium Aluminum Iron oxide, Ca3(Al,Fe)206

C2S Calcium Silicate, Ca2SiO4

CMS Calcium Magnesium Silicate, CaMgSiO4

-Mg0  Mg(OH),

20 (degrees)
T Dt o Vf-
L, f-MgOj,

1 (CAF) U

53



Intensity
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R

Cementitious process paste  Length expansion rate (%) CNS1258 (< 0.8%)

oPC 0.1108 Soundness
OPC+HLS ND (> 0.8 %) Unsoundness
OPC+LSG ND (> 0.8 %) Unsoundness __After After

ND : cracked or not detectable Mg('O“H)Z Ca(OH), 7 |. T
. V2 i \ )
Pe C Calcium oxide, Cao M Periclase, Mgo é- C Lime,Cao M Periclase, MgO A -

P Portandie, Ca(OH)Z B Eructo (MgoH2 P Pt CoOH2 B Bnicte(MOOH ~
S0 Halruite, Ca3Si05 C a(o H)2 Q Quaz,S02  H_Hauurie, Ca3Sio g0
Cs Calicium Silcate, Casios J Jeffeite, CaS(SZO7)(OH)5 - o | £ -
de Fez A Corundom, A203 | Iron oxide, Fe203 = S— ~ 5= RN
T Tobermorite-94, CSH R R esdele CsH — % g
-/ g
L

P e MS  Magnesiui MgSit
Mg OH)? CSH  Calcium silcate: hyd d c 2(Si03)(OH) Mg(OH);=10.28 %
cSh

.| Ca(OH),=23.050

Mg(OH), =11.03
Ca(OH), = 19.51

Heat flow (Vrg)

Heat flow (vilg)

w0 o w " x0 - o
2
= Temps 3] Te atare (0
- _ Before ™
OPLS(A) £ i * l
LR k!
N o b — £z \\ /.»;“-—1;( T~
— i BE el S
W/ 2 kY
Mg(OH), = 3.22 % LI ot Mg(OH), = 3.44 % W —
| caom,=12.580% s .| caom,=123200
10 20 30 40 50 60 70 80 10 20 30 40 50 60 70 80 . -
20 (degrees) 20 (degrees) Temperare (°C) Temperatore (°C)

> LM XRD (e )LS (H)LSG > LM~ uD (e)LS(H,)LSG

i A A N A1 en |
( LSM Ca(OHly Mg(OH), L F 10.46%u 7.06%) LSG ¥ 7.19%L 7.59%]
i f-CaQy f-MgO t Ca(OH)E Mg(OH), > !
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Alkali activated process paste  Length expansion rate (%) CNS1258 (< 0.8%)
AAS 0.0808 Soundness
AAS+LS 0.1492 Soundness
AAS+HLSG 0.1672 Soundness

ND : cracked or not detectable

h O

CSH

“RanCSH

“Raw-CSH

Before

> LI XRD

20 (degrees)

(¢ )LS (H)LSG

U b o LSy LSG
0w f-CaQy f-MgOv Y
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