
��
Copyright © 2017 JFE Steel Corporation. All Rights Reserved.

Abstract:
Steelmaking slags have been widely used as aggre-

gate for roadbeds and civil engineering. However, when 
used as aggregate, slag sometimes expands as a result 
of hydration, resulting in the evolution of cracks at the 
surface of roads. Because free magnesium oxide (free-
MgO) as well as free calcium oxide in the slag are 
potential causes of this expansion, analytical methods to 
determine the free-MgO in slag for accurate evaluation 
of expansion are required. Based on a combination of 
chemical extraction and thermogravimetry (TG), an 
accurate method to determine the free-MgO in steelmak-
ing slag was developed. In this method, the free-MgO 
and magnesium hydroxide (Mg(OH)2) in the steelmaking 
slag are dissolved in an ethyleneglycol solution contain-
ing iodine and ethanol when heated. The amount of the 
magnesium species dissolved in the solution is deter-
mined by inductively coupled plasma atomic emission 
spectroscopy (ICP-AES). The amount of (Mg(OH)2) in 
the slag is determined separately by TG, and the result 
is then subtracted from that of the magnesium species 
dissolved in the ethyleneglycol to obtain the amount of 
free-MgO. The newly-established method enables deter-
mination of free-MgO in steelmaking slag at the 
0.1 mass% level.

1.	 Introduction

6WHHOPDNLQJ� VODJ�� ZKLFK� LV� D� E\SURGXFW� RI� WKH� VWHHO�
PDQXIDFWXULQJ�SURFHVV�� LV�XVHG�DV�D�FRQFUHWH�DJJUHJDWH��
URDGEHG� PDWHULDO�� HWF�� 5RDGEHG� PDWHULDO� PDGH� IURP�
VWHHOPDNLQJ� VODJ� LV� XVHG� EDVHG� RQ� DGHTXDWH� FRQVLGHU�
DWLRQ� RI� WKH� H[SDQVLRQ� RI� WKH� VODJ���� +\GUDWLRQ� RI� IUHH�

FDOFLXP�R[LGH� �IUHH�&D2��� IUHH�PDJQHVLXP�R[LGH� �IUHH�
0J2���HWF��LQ�WKH�VODJ�LV�FRQVLGHUHG�WR�EH�WKH�PDLQ�FDXVH�
RI�WKLV�H[SDQVLRQ�����

,Q� RUGHU� WR� XQGHUVWDQG� WKH� H[SDQVLRQ� PHFKDQLVP� RI�
VODJ��LW�LV�LPSRUWDQW�WR�GHWHUPLQH�WKH�IUHH�&D2�DQG�IUHH�
0J2�LQ�WKH�VODJ��7KH�DQDO\WLFDO�PHWKRG�E\�HWK\OHQHJO\�
FRO��(*��H[WUDFWLRQ�±��� LV�ZLGHO\�NQRZQ�DV�D�GHWHUPLQD�
WLRQ� PHWKRG� IRU� IUHH�&D2�� $V� GHWHUPLQDWLRQ� PHWKRGV�
WKDW� GR� QRW� XVH� FKHPLFDO� H[WUDFWLRQ�� GHWHUPLQDWLRQ� E\�
;�UD\� GLIIUDFWLRQ� �;5'������� FDOFXODWLRQ� IURP� LQIUDUHG�
VSHFWURVFRS\� DIWHU� K\GUDWLRQ� ZLWK� KHDY\� ZDWHU���

��0J� 105� VSHFWURVFRS\� LV� QRW� D� JHQHUDO�SXUSRVH�
PHWKRG��DV�KLJK�SHUIRUPDQFH�105�DSSDUDWXV�DUH�QHFHV�
VDU\��DQG�UHTXLUHV�D�ORQJ�PHDVXUHPHQW�WLPH��7KH�PHWKRG�
RI� FDOFXODWLRQ� IURP� LQIUDUHG� VSHFWURVFRS\� DIWHU� KHDY\�
ZDWHU�K\GUDWLRQ�DOVR�ODFNV�SUDFWLFDOLW\��VLQFH�0J2�PXVW�
EH� FKDQJHG� FRPSOHWHO\� WR� 0J�2+��� E\� K\GUDWLRQ�� DQG�
FRQVLGHUDEOH�WLPH�LV�UHTXLUHG�

2Q� WKH� RWKHU� KDQG�� GHWHUPLQDWLRQ� RI�&D2� DQG�0J2�
XVLQJ� ,��(*� VROXWLRQ� DQG� PHDVXULQJ� WKH� HOHFWULFDO� FRQ�
GXFWLYLW\�EHIRUH�DQG�DIWHU�DGGLWLRQ�KDV�EHHQ�UHSRUWHG�DV�
DQ�DQDO\WLFDO�PHWKRG�IRU�&D2�DQG�0J2�LQ�FHPHQW�FOLQ�
NHU�����7KH� ,��DOFRKRO�GLVVROXWLRQ�PHWKRG� LV�NQRZQ�DV�D�
VWDQGDUG� PHWKRG� IRU� H[WUDFWLRQ� RI� R[LGHV� LQ� VWHHO��������
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)URP� WKH�DERYH��DQ� ,��DOFRKRO�(*�VROXWLRQ�ZDV�FRQVLG�
HUHG�WR�EH�D�SRVVLEOH�VROYHQW�IRU�H[WUDFWLRQ�RI�IUHH�0J2�
LQ�VODJ��+RZHYHU��WKHUH�ZHUH�QR�FDVHV�LQ�ZKLFK�WKLV�VRO�
YHQW� ZDV� VWXGLHG� DV� DQ� DQDO\WLFDO� PHWKRG� IRU� 0J2� LQ�
VODJ��7KHUHIRUH��WKH�DXWKRUV�LQYHVWLJDWHG�IUDFWLRQDO�GHWHU�
PLQDWLRQ� RI� IUHH�0J2� LQ� VODJ� E\� FKHPLFDO� H[WUDFWLRQ�
XVLQJ� DQ� ,��DOFRKRO�(*� VROXWLRQ�� DQG� GHWHUPLQHG� WKH�
RSWLPXP� FRQGLWLRQV� IRU� GLVVROXWLRQ� RI� IUHH�0J2� DQG�
0J�2+��� E\� XVLQJ� VWDQGDUG� UHDJHQWV� DQG� DFWXDO� VODJV��
:H� DOVR� IRXQG� WKDW� WKHUPRJUDYLPHWULF� DQDO\VLV� FDQ� EH�
XVHG� LQ� GHWHUPLQDWLRQ� RI� 0J�2+��� WKDW� LV� GLVVROYHG�
WRJHWKHU�ZLWK�0J2��7KLV� SDSHU� UHSRUWV� D� GHWHUPLQDWLRQ�
PHWKRG� IRU� IUHH�0J2� LQ� VODJ� ZKLFK� ZDV� GHYHORSHG�
EDVHG�RQ�WKH�VWXG\�RXWOLQHG�DERYH�

2.	 Experimental

2.1	 Reagents and Sample Materials

2.1.1	 Reagents

7KH�0J2�XVHG�LQ�WKLV�VWXG\�ZDV�D�KLJK�SXULW\�UHDJHQW�
PDQXIDFWXUHG� E\� .DQWR� &KHPLFDO� &R��� ,QF�� 7KH�
0J�2+��� ZDV� D� KLJK� SXULW\� UHDJHQW� PDQXIDFWXUHG� E\�
.RMXQGR�&KHPLFDO�/DERUDWRU\�&R���/WG��$V�$O�FRPSOH[�
R[LGHV�� 6L� FRPSOH[� R[LGHV� DQG� )H� FRPSOH[� R[LGHV� IRU�
XVH� LQ� LQYHVWLJDWLRQ� RI� WKH� PHOWLQJ� EHKDYLRU� RI� 0J�
R[LGHV��0J�$O2�����0J�6L�2� Â �+�2�DQG�0J)H�2��PDQ�
XIDFWXUHG� E\�:DNR� 3XUH� &KHPLFDO� ,QGXVWULHV�� /WG�� DQG�
.RMXQGR�&KHPLFDO�/DERUDWRU\�ZHUH�XVHG�

2.1.2	 Slags

7KH�VWHHOPDNLQJ�VODJV� �6ODJ�$�'��VKRZQ�LQ�Table 1 
ZHUH�XVHG�LQ�WKH�VWXG\�RI�IUHH�0J2�DQDO\VLV��:KHQ�XVHG�
LQ� DQDO\VLV�� WKH� VODJV� ZHUH� FUXVKHG� LQ� DGYDQFH� WR�
����� PP�RU�VPDOOHU�

2.2	 Experimental Method

2.2.1	 Melting and determination method 	
for MgO+Mg(OH)2 in slag

$� ��� J� VDPSOH� RI� VODJ� FUXVKHG� WR� ����� PP� RU�
VPDOOHU�LV�ZHLJKHG�LQ�D�FRQLFDO�IODVN����� Pl���DQG��� Pl�
RI� HWK\OHQHJO\FRO� DQG� � Pl� RI� �� PDVV�� ,�� HWKDQRO� DUH�
DGGHG� WR� WKH� IODVN�� 7KH� IODVN� LV� SODFHG� LQ� D� KRW� ZDWHU�

EDWK� DGMXVWHG� WR� ����Û&� DQG� KHDWHG� IRU� �� PLQ� ZKLOH�
VWLUULQJ�ZLWK�D�VWLUUHU��$IWHU�KHDWLQJ�IRU��� PLQ��WKH�IODVN�
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JUDYLPHWULF� DQDO\VLV� RI� WKH� VDPSOH� DIWHU� (*� WUHDWPHQW��
7KH�FRQWHQW�RI�IUHH�0J2�LV�REWDLQHG�IURP�WKH�GLIIHUHQFH�
EHWZHHQ�WKH�WZR�UHVXOWV��7KLV�PHWKRG�HQDEOHV�HYDOXDWLRQ�
RI� IUHH�0J2� LQ� VODJ�� ,W� LV� SRVVLEOH� WR� DSSO\� WKLV� WHFK�
QLTXH� WR� VWXGLHV� RI� DJLQJ� WUHDWPHQW� FRQGLWLRQV�� LQGH[HV�
RI�FULWHULD�IRU� MXGJLQJ�WKDW�VKLSPHQW�RI�VODJ� LV�SRVVLEOH��
DQG�RWKHU�ILHOGV�
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