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Quantitative Evaluation of Free CaO in Electric Arc Furnace Reduction Slag
using the Ethylene Glycol Method
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Abstract

Blast furnace slag has been actively used as a substitute for cement in the construction field with high value-added
through resource recycling research. However, most of the slag cannot find a clear recycling purpose. This is because some
slags contain unstable materials and are used for road-use asphalt and embankment, which are low value-added materials.
Electric arc furnace reduction slag(ERS) has been reported to contain a large amount of unstable free CaO due to
deoxidation and component adjustment. In this study, free CaO of ERS which is generated in Korean steelmakers is
quantitatively evaluated by using ethylene glycol method. As a result of free CaO quantitative evaluation of ERS, it was
confirmed that there is a big difference according to the location of each field. In addition, ERS generally existed in powder
form as undifferentiated characteristics, but it was confirmed that free CaO content was different due to hydration product
in aggregate form due to water treatment. In addition, free CaO is an amorphous material and its crystallization
characteristics are different due to the influence of temperature when it is cooled. ERS requires a long-term aging period

as it contains a lot of free CaO.
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Quantitative Evaluation of Free CaO in Electric Arc Furnace Reduction Slag using the Ethylene Glycol Method

A7 2 Sl 1 v
mA= b= Vil

A7|2 SHj 1= A7|2E o]8sto]
&2 A xSk= Aol ek &
O =& FeO, SiO, Cal & A&-go] 73t fagt AHeZ
oFg SHstal QleH8. 712 e A7|= WA A
Apgof| gt A7) 2 Ak 1(Electric arc furnace
oxidizing slag; o]} EOS)2} #1712 3RS e)|1(Electric
arc furnace reduction slag; ©]3} ERS)7} 2 Har Q)
o}, diEd o ® A7|E WO edE AR O & sto] 87)
Z TRkl Q= EeES AR EOSE HiEAIX 3,
o8 Z7po] el R4S slo] ERSE HiE
ZItH9]. A7|12 &3 5 EOS+= S ES ZA=A
2 A7 ZIE|Glom, KS4o® Ags]o] A=
2 ARgo| 7hsditt, SkAINE, ERS+ B4R} ERAgo R
ol5lo] Boby B9l free CaO7} vl RG]0} Q= Ao
2 HIE Qo

free CaO= 2/JIPY 02 Qlsto] M= A7) &
Y =)0 glom, ZF Ao A4 2] W BYE=
A zloke] met free CaO2] FeFo] ¥z} 2 4= QITi{ 101,
free CaO2] £AIRE slidsl] Slsl G225 ol gellA
o] (Aging)= Z1gs}o] free CaO2] Tk ARHAIITH
ool (Aging) Ae] Wi 1120] A7|2 S ILE ATEA
7 & Ak deg sfigk ohe AR Aol ti7] Sl B
sto] FE]A3]E Ca(OH).= A oZ HIAA AR F
WA Fado] AsHA] fws AASE fEsto] ¢
slek= ol o] M g 3m HE9| =olE 7]
ZollA ofdlste] HA|ok= ACRE KAl QAL free CaO2}
Eo] $5ES- T free CaOQF EAIA(CO,) 2] ERAF
e SXIA7IH 1 83k= =oFA ool (Aging) 717He
=51 Hok, ZLeuh o] Mk |7kR]olli= ERSS] 7
< 370 ol Haslal free Ca02] o] W H Qo=
HL A7|1to] Haskt

free CaO2] FAES H.02F ZAgste] Ca(OH)E A4
SHA| =aL, ool wet A& 7RI, free CaO7} 22
Eo} 7k2- S9l=0] AuaA] v SoH| = wele
(B} Z2geH =ar, S ol Al BRro= Qlsie]
FIYES] #ES o] Al 4 drH11,12,13],

ERSE ofeld A7 34 $ 11Ca0 - TALOs - CaFy
(C11A7CaF 2), 12Ca0 - 7A1203(C12A7), 2Ca0 - SiOz(C2S),
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3Ca0 - AlOs(C3A) 59| FES 2RFEE EAstaL glom,
olefel 2RIER EAfSHA] S5l Alo] free CaOR TR EAY
S 14]. ERS= E9Fg 44 free CaO7} th k-2l
w2l Al Foke] A-8-do) gt Aol A& o] it
[15,16]. SHAIYE, ERS= AMIE S5 Adeo] ok EAfsio]
AHIE oA A== F7F G =i Kim et all 1712
ERSE Fg¥Ae] & nhads f4fslo] ARgslo], CpArE ¢l
slo] G2} 784S 2= 2 RIS Choi et al.,
[14]+= ERSo]| &46l= Ci1AsCaFy2 Q18] 58443 Rl
stloL, diAke: S7il WE w2 SA4CE Qlste] e
o] Afsfshiz Zhe ERIsIsi) SFANL ERS? free CaO
of thgk g=F H7lel et At ZIBEX] el

2 Atollxt= T A7 Aol A=A 9= ERS9)
=04 54 4 sMdE 4% HESKL, free CaOE 4
2 F71= 285ttt free CaO A% H7M= Ethylene
glycol'#= ©-85I3it}. WA, Ethylene glycol'H< o83}
of 2= W ARt w2 HakE gRlskar, A7k ALtdAl,
A7 2o](size), oF4 YAI(IN, OUT), oflo]d 717K 1day,
Tdays, l4days, 21days, 28days)°ll
CaO A H7I= zI3gsieict,

= HEE

= = free

2. 49 A8 3y

2.1 M8 AE

FRS9 free Ca0 &=F W72 Asfalr] Ssio] =U) A7k
AYAAA| 235 At ERSY] free CaO Tk AT
B7HE X3sIoitt. ERS9) free CaO2] A H7 1= %1ayst
7] $feted oFA S|, 7, ool 7IRtel mE ERe A9
S Agsigon free CaO A H7p Hpoz:=
Ethylene glycol ¥& o833t & o] Hd 313y
A W AY 8-S TR Table 13t o] Yepic
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Table 1. Test contents for ERS
Experiment contents Experiment details

(1) Physical and chemicall - Physical test (density, absorption
property evaluation for ratio)
ERS - Chemical property(XRF evaluation)

- Temperture effect on Ethylene
glycol titration (60°C, 80°C)

- Duration effec on Ethylene glycol
titration (20min, 30min, 40min)

- Site condition of aging(IN, OUT)

- Size
- Aging  period  (1day,

14days, 21days, 28days)

(2) Temperature and
duration time of
Ethylene glycol titration

(3) Production company
characterization for

ERS 3days,
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ERSQ] free CaO2] A HriE Asir| <
Ethylene glycol #e] 2% 4 AJ7te] wkE Al=ld 4l
Z12Ysl3it}, Ethylene glycol A[dHe 018510 &5
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Ethylene glycol H& ©]8-310] ERSQ] oF2] §Jx](oF4]
<L) 1m Zlo] ¢hak ke 91%)), ofloq 7|7tel| W
(1Y, 79, 14, 21, 28%) free CaO A H7}= Z3)
U2 sUsH sb7] flsto] @goll o=

=
2} 7RPER samples AFioto] A= LIy}

)

2.3 Sample HIZ}

Ethylene glycol ¥ o837 alia] A7 AAAA|
HPAE] 71 Q)= ERSQ| sampled A|Zkskgich A7) AJAk
Aoll W} ERS= KS F 2501(ZA4] A& A3 )
710 R 17, oFd Qo) wet AlRE ARl o,
F 2553(FA1Y] A& 25 W) o851 7 sampleS
Asioict, g ZF sample>  100°C9] HRZOA 14]
k& EAA sample FEHFO]| 450 §les 0[5
Az = ABEE disk mill2 100pm ] F7|2 apsic},
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2.4 Ethylene glycol A|E 4y

Ethylene glycol & AJHE W] A89] free CaO &
o Akl A o g FAsk= o= o8& £
tH18], AHIE WY9] free CaO= AHIE =3HkS- 5 3
< o] Al 4= Q= BARCE Qlsto] A E]o] g1,
olof w2} Ethylene glycol 'HO= AeFAQl 7P} XIegx]
AUt

Ethylene glycol ¥-2 sample?] free CaO -7 wh
2} 2Q0kS Aok Rt sample®] free CaO FF=0|
3% olalQl Holl= 1g& 7IEo= AHS Hdsh, 3%
ol 7foll= 0.5g2 7o AE lsgelty,
samplesr 7| -§F0= AR <, 100ml 47t S0l
Y31 ethylene glycol 50mlol] 884171t} sample©] B71
A EekAds 60~80°CE 28 S5 QoA 55 11
Ao 7 20~4057F sample©] ethylene glycolof 2 &=ol=
T2 3t} 83 E AlEE buchner funnelo] No 5B ©J%]
Ao & 3.0 ofuls}o] ethylene glycol 30mlE 33 Aj&sH
o}, os 5UE 4t Evkiao] ol Brom cresol
green 8 2~3922 278kl N/10-HCL 88 o= M
of|A] TR =Mo] Ueh= s SR it N/10-HC
HEN 7ol whE AH|FS 7150 free CaO2] 4
e e, 7} sampled 37114 Ak XI8¥sto] a4k
o= F7RICE R A1) ol8sto] sample®] free Ca0
£ A% B7ksieici19].
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)
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=

HCl 2983 x N/10HCI(=0.1)

free CaO= 10 X sample weight X (1>
3. A% A3
3.1 YayHY ERSe| EC|H E4 H MR 24
A7 A EEAL Q= BRSO &4 B4 Al
of tfgt Ax= thS Table 20 YeRHT), ERSY W=
1,16 ton/m’, 1.24 ton/m’E LAl glon], §582

1.65%, 1.64%= 2 2[ol& UERAL UA| 34T,

Table 2. Physical properties of ERS

Company A B
Densit;
(ton/m%/) 1.16 124
Absorption 165 164

(%)
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Table 32 A7} AAIA L o4 9JxJo] wE ERSY]
SlePAdE BAS Uehd A0 XRF 24 Z11E Jepic
ERS®| 3}8F4 AJELS Ca0, Si0s, AlOs, MgO, SOs,
MnO, FexOs2 UYL 9lom, Aol w2 ERSQ) &Fsh
2] ke G 2jolE YERHL Qltk, tiid 02 FeyOs0]|
A2 Aols: UEAL ok AYAlE FeOs7t OF
0.54~0.59%= YEPHATE, BUAlE Fex0s2] $hgo]
8.45~8.84%= =/ UERT), T3 CaO o] A=
oF 8%2] Afol5 UERT), L2y oF49X|e] w2 ERSC)
skl g Alol= AA| WISl ke RIS 4= Qi
E3F A7)=(Ca0/Si0)E H7IeE A3 AYAl= 3.09,
3.16°0& Yepor, BYAl= 3.08, 2.502% o4 91|
of e} Ak Zpolzh Ypeptar gl

Table 3. Test results of chemical properties(XRF measurement)

Content A company B company
(%) N ouT N OuT
MgO 280 297 496 6.60
AlOs 1701 16,02 1273 13.42
Si0s 19.14 19.03 17.26 1943
SOs 075 051 139 132
Ca0 59.07 60.10 53.00 4851
MnO 0.14 0.14 148 161
Fe,0s 054 0.59 845 8.84
Etc. 055 0.64 0.64 057

?Ba‘%g'gf 309 3.16 3.08 250

Etc. : KO, P03, NaO

al
=

3.2 Ethylene glycol2| 2% U Azt 3 0 = ERS2Q

free CaO 24 Z 3}

Ethylene glycol Al 2599 =% 9 5% ARl w2t
A free CaO2] 3 X7} Uehd 4= Qi ofi= Javellana
AlE12 ATLofA] AHIE Y19 free Ca0 $1EF 2jo]S 2= W
ATl w2 Stk §iste] dfs Urehiar QIcH20].

b Figure 12 2% Y A[{HHS}o|| wE ERS9] free
CaO =FS Yl Aolth & &% 60T, 9 At 208
of| A free CaO2] o] 1,05%% Ueton, S8 A7t
4004 1.19%= YeRdth & &% 80 T, T9 At
20420 1.19%=2 Uepstom F5 AR 402004 1,30%
2 Uepdth Ethylene glycols olg3lo] & 2% 60T,
ZuF A7 40%9] free Ca02) gkt & 2% 80T, 5%
AR 20829] free CaO FHollA] Bls=gt A} gho] U=

2 gel g 4 AT
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©® ERS-60
14 y = 0.007x + 1.023
BERS-80 R? = 0.7874
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1.04 R2 = 0.9453

Free CaO (%)
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Figure 1. Free CaO content of ERS with temperature and
time

ERF = 25 80TColA 5 ARE 3073} 40:20llA] free
CaO2] o5 Alo|7} A HF=|R] eilet. & =% 60Tl
Aol A AT BlEHoR Z71slo] R*=0,94530%
LEREAIRE, 80°C & 229 3715443 R'=0,7874%
2olE YeRar it} o] Ethylene glycolol free CaO
7b Sl 2% 9 AR Ao veht Ao AlEE
o} 2% 9 AIZTo] S7FsHH free CaO ol 243} ¥ CaO
T YR gol=]7] wizell Ethylene glycol H& 085}
AaliA= A AR 9 25 Asto] AHE XIdgsof
o AoR AlmEch

3.3 g™ ERS2| free CaO MZ TWJ| A3

Ethylene glycol 2 0|85} AAE ERSY free CaO
< A% B71s19) Ethylene glycol HE o83t} &
25 60CON T AR 40508 sl ofjolR]e] ofy
AN, OUT), 9749 #ol(size), oflold 717H1day,
Tdays, 14days, 21days, 28days)oll W2 ERS9] free
CaO s Hlwsigich,

3.3.1 ERSY oF4 $]x]¢] @& free CaO H7} A}
Ethylene glycol & o]-8510] 3AHAAIE ERSS| oF4
Qo) wE(oFd H &9 1m Zlo] <t} Hhe] 1)
free CaO o 7} AE o Table 40f LERAC}, oF4
H S 1m oA ZJFRE samples IN, oF4] &
&) 19] oA St sample OUTC 2 A7aie] A
5S35ty ERSQ free CaO 3RS ©F 0,631~
1.762%= AJAMAA] 9 oA Qj2]of wE Zjol7} A vt
UL 9l AR 0= AAAIC] ERSE] free CaO2] Fego]



A VER e, IN X} OUTO]l YIX]3h & sampleo]|A]
free CaO gl A7 Uepde gl o= OUTe|
A8t sampleo] 571 & L 0Ozl 2J3f] free CaO7}

sjston ARsp} ek A Ao Al

Table 4. Results of free CaO evaluation with site location

free CaO (%)
Type A company B company
IN ouT IN ouT
ERS 0.860 0.631 1.762 0.907

ERS:= oF4] 9ol w2 free Ca02] $kek Zjo|7} Leht
A9, YA wEbME 2jo)E vERAL the- Figure 2+
ERSY] J7Fol w2 £57E Uehd Zolt}, ERS+ 7|2
ELEoA HiE Al B Fel(powder)ot ZA| P
(aggregate) = HiZE]o] 7} AJRo] thErt the Table
5= OUTel| $J2Jgk ERS®] 9150l wh free CaO F=f B7}
£ Uehd Aot ERSE: aggregate ol thgAl &
H(porosity) 2t thgdo] gl Fihard)o] W free
CaO slF zlol& Yefal 1o, powder HEfQ] free
CaO regat W2 zjo|& 2l 9l3-S ERIsH3irt. ERSY
powder F-2-2 OF&A19] IN9| free CaO 0] BIESSHA|
UERFor ERSO] hard H-E3} oF&A|] OUTY] free
CaO o] vls=stA ettt ERSQ) hard F-5o] A
o7 YFof QJx]5laL QIA|HE powder FE-2] free CaO
ko] A yepdar Qi

UubA 0 2 ERSE AR CaO HEg<] 2J3) ujEs)s]
o] powder FE|7} Et, SEAITE, ERSE oFg 0| & A
T B 41817 flete] AEAElE A ElaL, A
= Qlslo] Ui ERS= 44 o] ok =3 ERS9] vk
go] Sli= o] Aete] ataat 245kE A =
11, o] wff AAE FERgEo] A3t aggregate FE7L
ek,

Table 5. Test results of free CaO content with size and type
(OUT location)

k. AR

(b) Powder

(a) Aggregate
Figure 2. Type of ERS

3.3.2 ERS9| o] 7|7} e ©& free CaO %7} A7

ERSY] ojo]d 7]7tol| w2 free CaO2] T2k H7I5H
AE the Table 61} Figure 30 YERHC}, ERSE 27
free CaO &=go] A Yepgol wket ofjo]d] 7|3t wlat
free CaO 3 45 2RI T 4= i), AARIAef w2
ERS9] free CaO o] Ajo7F Lpepstom, ool 1o
b B2 Zjol5 e it AGAR= 27 free
CaO o] 0.631%, 0.860%= ERdol we} 282ofA]
free CaO7} 0.397%= 7A5FANE BYA|= 27] free
Ca0 §o] 0.907%, 1.762%04] 0.818%, 1.628%= L}
EPsitt,

Tk Figure 4= ERS9] oflo]q 7]7tol] W& free CaO
S el Aoltt AAAIS] ERSE= oflo]d] 717t w}
2} free CaO F Tar}t FE6HA YeRHATE BEA<]
ERS= 27| free CaO o] ARt ool 7|7te] S7I5}
ot FA| 7rasiA] ettt of= ERS7L oflold] 7|3to] 5
7tetodk free CaO7} 37| & HaOL} COx2F A3tsto
Ca(OH)z, Ca(CO3) TG ER FA == AA5}
E)2] X3t free CaO7} ol EAfch= 208 AlRHTh

Ukl o 7 Laf1 29] free Ca02] A3} &%= Ca0
of vlsf 4 or et} free CaO HIPE Z2= o
o] 77to] STt AA3t HA] ¢k 4= Qlrk. free
CaO2] e d7ko] 58 Al FY=l= A= e
Al W7 2 20 whet W2 zjol7} HARRIT

=
1

Table 6. Results of free CaO with aging period(days)
free CaO (%)

Type free CaO (%) ERS Aging period (days)
A B i 7 14 21 28
Powder 0.86 175 A-OUT 0631 0.565 0.495 0435 0.397
Porosly 069 s A-IN 0.860 0.701 0477 0.463 0.397
Aggregate B-OUT 0.907 0.879 0.851 0.827 0818
Hard 0.62 0.88 B-IN 1762 1.748 1729 1645 1628
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—a—A-OUT - -A-IN —s—B-OUT - -B-IN

1.8 Ot s B v e T

Y
. y = -0.0055x + 1.7803
iy R2 = 0.9171
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; y = -0.0034x + 0.9042
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free Cao (%)
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y = -0.0088x + 0.6292
R? = 0.9854

02

14 21 28
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Figure 3. Results of free CaO content with aging period
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Figure 4. Results of free CaO reduction rate with aging
period

15

free Ca0 (%)
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40
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Figure 5. Results of CaO(%) - free CaO(%) analysis

3.4 ERS2| free CaO M3 I} Z1}

Ethylene glycol Al 1831 ERSS] AAIRIAIE, oflo]
A 7L 9 Ao, o el w2 Age At
k- Figure 5+ Ethylene glycol Al&8< o851 ERSY
Ca0 Bkl W2 free Ca02] 3 B4 A11E vehd Ao]
th ERS+= CaO g0 B% 40% oWl & Yehdal glom,
free CaO go] 0, 5% ooZ Hoj 1,7%= VFERfar Qict,
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4.2 &
H =802 FRS9Y free CaOE A H7I3t A%} tha)
e AES A3k

1) Ethylene glycol & o}83F7] Haliile & 2% 60T
oA SE AR 40O Adslo] Aghe Hagslior &
Ao ket & 2% 60 Colke] SR A} 1
Hlaoa Z7fslo] R'=0,94530% LERgAlRE 80T
B 250 3BA AT} R'=0, 78748 Hjo}Z UeR)|i
AUt ESE & 2% 60T, T ARF 408} & 2%
80T, % AR 202004 AR free CaO go] 4
SOt = 2% 2 ARt S718HA  free CaO £jef]
2743} H CaO U5 83fl=]7] whige] & 2= U AR
o] free CaO BtF W710] Fa @Qlog ghekwr)
2) ERS®] free CaO 7w 87} 2t 27 A x‘
ofA 9o wet & AJolE YL Sl RS 2RI
]_ 1;], E3F ERSE: adlyoz u]_,.g]. ——’HQE
powder FE|= EASR} A=A R Qlslo] aggregate
|2 FsPIgEo| AAE wet free CaO Tgo|
vl Uehde: lolslat}. powder SElQ] ERSOA
free CaO 9 % oF 0.86%, 1.75%= JERES
aggregate FEfolA= F 0.62%, 0.88%= %EPL;M.
3) oflo] 7171o)] W2 free CaO H7} Zx}, ERSE= 95
o o]l f2_E ERS7} free CaO7} a8l 7ok
< UeRt) ol ERS7F oo 7|7te] 718l
free CaO7} 571 Z H 02} COu2} Aglé}e] Ca(OH)s,
Ca(C0Os) Fi= 3P ER FAuE o= 243} =7
53t free CaO7} thfF EAf8k= A 0= AlEET
4) ERSY] free CaO= A 4= offp |y 7ol 5781
T 27t =] Sl wleh g7 k9] offe Py Ayt Zagt
ZOR ekt Egh oo A FE(R5) 2712 Fakl|
tigh St S7HCR Hash Zlow AlmEr)

3
b |

ko

= o
LI L T

BT 9 A AR WAL Gl BRSY

ee CaOEEthylene glycol - o|-83}o] A B71513c)

r

ERS 28410 2355 A7gste] ERS9| =212 E4 2 3k
A B } O Kthylene glycolf o851 AJAE
AAE, e zJo|(size), oF& SIX|(IN, OUT), oflo1d 717+



(1day, 7days, 14days, 21days, 23days)o]] whe =2
free CaO % H71= Algsislct. = A9 A@4x} ERS
O] AATAAE Tfet Adio] YR AlolE UERlAL glglom,
ofa] A, I, ol 7Kl W free CaO2] T Ajo]
7} JERES: ERIGIILE, o= free CaO7} v R SR 2A]
oflod 7zto] S71slolw 273t HX| 3k 208 AR
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