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Study on basic performance of roller steel slag and hot smoldering steel slag
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Abstract; To achieve efficient resource recovery of steel slag, the effects of roller method and hot smoldering
process on the basic properties of steel slag were studied by means of X-ray fluorescence spectrometry ( XRF), X-
ray diffraction ( XRD ), scanning electron microscopy ( SEM ), particle size distribution, stability, and
grindability. Research indicates that the main chemical composition and phase composition of roller steel slag
(RSS) and hot smoldering steel slag ( HSSS) have little difference. RSS contains a large amount of dicalcium
silicate (C,S), tricalcium silicate (C;S), and dicalcium ferrite (C,F), and metal iron particles can be observed
clearly. Compared with HSSS, the CaO content of RSS is larger, while the {-CaO content is smaller. Autoclave
stability test was carried out under 2.0 MPa saturated steam, and it was found that with in the same particle size
range, the stability index of RSS was higher than that of HSSS, indicating that RSS has better stability. Cement test
mill was used for grinding, and the curve of specific surface area with the increase of grinding time was obtained.
Results show that during the same grinding time, the specific surface area of RSS was smaller than that of HSSS.
When the grinding time exceeded 70 min, the grinding efficiency of RSS tended to be gentle, while the specific
surface area of HSSS increased by 15.67% when the grinding time reached 110 min, which suggests that RSS has
poor grindability. Sizing experiments and crush value test show that the particle size of RSS was mostly 3 =5 mm,
while that of HSSS was mainly 3 = 10 mm, and the particle size distribution was relatively uniform. The crushing
values of RSS and HSSS coarse and fine aggregates both reached the technical index of type I coarse and fine
aggregates, which can thus be directly used as coarse and fine aggregates.
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Tab.1 Chemical compositions of steel slag %
= CaO Al, 04 Si0, Fe, 04 S0, MgO MnO P, 04 Alkalinity
GS-1 42.70 1.39 9.60 21.29 0.05 8. 84 2.41 1.72 3.77
GS-=2 40.95 1.58 10.21 22.43 0.04 11.11 2.79 1.62 3.46
GS-3 42.14 0.94 9.98 21.62 0.05 11.18 3.68 1.50 3.67
¥l 41.93 1.30 9.93 21.78 0.05 10.38 2.96 1.61 3.65
HS-1 39.19 5.34 12.61 26.33 0.40 10.31 2.46 1.63 2.75
HS-2 22.57 1.58 10.21 37.23 0.13 5.33 4.56 0.67 2.07

Hs-31) 37.93 1.33 8.72 36.20 0.26 7.80 3.54 2.77 3.30
¥ 33.23 2.75 10.51 33.25 0.26 7.81 3.52 1.69 2.71

7 : Alkalinity = wt(CaO) /[ wt(SiO,) +wt(P,05) J.
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Tab.2 Screening test results of steel slag (0 ~4.75 mm)

Bi g/ mm 4.75 2.36 1.18 0.60 0.30 0.15

REHG E R % 0 51.0 70.1 79.2 81.8 89.9
P L Eit/% 0 57.5 78.0 87.8 92.2 95.3

A EERE AN -
M, =[ (Ap1s + A0 50 + Ao +A11s +A236) —
5A4451/7(100 =4, 45) ,
M = (52.0+70.1 +79.2 +84.8 +89.9)/
100 =3.7,
My = (57.5 +78.0 +87.8 +92.2 +95.3)/
100 =4. 1.

16 2 AT LUAE Y, 7R A i AR 4 i T A v
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JERRCH 3.7, AR el AR 4. 1 TR AT S
A R ORI B A BF SR A5 i TR
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I4.75 ~19.00 mm 7R & ¥ AR O i 4% 3 kg it
Fi0fi oy e R W2 3. R 3 nLAE H, #it
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LI A ORI /).
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Tab.3 Screening test results of steel slag (4.75 ~19.00 mm)

$7 %%/ mm 19.00 16.00 9.50 4.75
WA LR % 0 3.5 53.5 100.0
G B % 0 12.0 58.7 100.0
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Tab.4  Test results of crushing value of steel slag in different Tab. 5  Analysis results of steel slag stability in different
treatment processes treatment processes
LA ) A4 FF ZE 2.36 mm 2.36 mm
KA RE £ R 3 sk oL o o . -
R RER AR e JERE(E/% - &0k gy /Mmoo R FRPHE TR it
Z
- - - /g /g KU /g HREU%
R 7 .36 ~4. . 359, . .
iR <20 <25 <30 1% 1 " 2.36 ~4.75 2000.0 815 59.24  815.3 59.24
Hh i) i 9 2 H 4.75~9.50  2000.0 5%.1 70.50 315.9  84.21
i)
- i i 0 0 7 L 3 o 9.50~19.00 2000.0 520.4 73.98 227.4 88.63
s - b b h - 4 19.00~38.00 1000.0 368.4 63.14 113.7  88.63
Hfel it 6
5 2.36 ~4.75 2000.0 136.5 93.17 136.5 93.17
i
6 4.75~9.50  2000.0 240.8 87.96 18.1 99.10
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e Y AR Pl s ) PR R 38 /N T 20, 283K 21 T 24
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Fig.6  Specific surface area for different grinding time

H AL 6 T LA H VR faT v 5 B 3 ) o B e 24
SRR, VR 1T B B AL 2% BRI ] 4 20 min 1
A T 114 2 TR PR 22 AR K, IHe 7 B 5 ) 40 11
AN B RS R B T PR A i
() BB AE 22 AR, TR e R TR AR 22 AR K. B s
30 min i, A FC) S B At 2 B S A, AP i 14
LR LR 7 22. 47% , B B 10 3 2 5
I R AR IR B T AR 20, TR U R ek A
SRR, LR RIS, BRI 5 S 1E 24, 30 min J5, 5
VT S R v A T 0 R W R T 4
B ORI IR AR L BEHLIN , 237 5 SR EE LB BER0R
388 0o ARV B K A e B R O A PRI
XA AT R Ak B AR, A T A0 B BB 70 min
Jii, TR B AR e T 2, T 4R ) U 24k 25
5, AT 15. 67% . I, 540 A 1,
VA VA M S I ) 5 I 5 SO SR A e, K J
e ¥ X 16 9 b 2 TG B 090 938 0 5% RS k. TR T T L
A B PR T A 2 1) M e e 3 )



- 138 -

T SN AN

552 4%

RLPOZ BRI S N I R R AR AR LN, 2 E
Wi P ATL AR B R0, H e A AT P A A T A, fel oy
JEARBLALAL 52 ) A9 i P S dfe [ R 38 il /1 T ik 2>
A S B R A Ay B A A 53) VR BeT i A 3 1
LGB HRY S IS I LR A A 5R  BELAS Pkt
PE— BN, DR A PR AR .

3

% i

1) R EEE T2 A0 RS BB 5 i) 32 e A,
P B F AR A 1) R o B s, T SR A A
AT E A TR o RO e TR

2) 5l A PR A AR L, TR BRI ) B B
B2 ARAR SRR w4, HLAECH 5, T
TR B AR

5% ik

(L] Tl B . 2017 4F 2 HR [ RS Tl 181 1A B2 0 2 M ol 2
JRACE[R]. dEmt: TolkFEER, 2018
Industrial Solid Waste Network. 2017 China’s large-scale industrial
solid waste comprehensive utilization industry development report
[R]. Beijing: Industrial Solid Waste Network, 2018

[2]5kung, BiAe, B, . g T 25 E A sMRE AT
HORII]. WBRBFF 24, 2013, 25(7) : 1
ZHANG Zhaohui, LIAO Jielong, JU Jiantao, et al. Treatment
process and utilization technology of steel slag in China and abroad
[J]. Journal of Iron and Steel Research, 2013, 25(7): 1. DOI.
10. 13228/j. boyuan. issn 1001 —0963.2013. 07. 008

[31BAHE, AR, FHITME, 5. WA YL . A0 R T
RS R [T]. RO RAE24R) , 2010, 32(15) : 22
ZHAO Haijin, YU Qijun, WEI Jiangxiong, et al. Influence on
composition and morphology of mineral of steel slag and cementitious
property [ J]. Journal of Wuhan University of Technology, 2010,
32(15) . 22. DOI: 10.3963/j. issn. 1671 —4431.2010. 15. 006

(414720, . MRl SR A Hr (], B A,
2010(5) : 56
GU Jinsheng, XUE Jun. Hot closed pot technology for steelmaking
slag and analysis on recycling for slag[ J]. Angang Technology,
2010(5) : 56. DOI:10.3969/j. issn. 1006 —4613.2010.05.014

[STlbets, &5, A% T4 ik b 2 T 228k K 2i & FIH
(J]. EPRBHE B = HAARLR) , 2009, 11(4) @ 63
XIE Guangjian, ZHAO Liang, SHI Yongjun. Development and
comprehensive utilization of steel slag treatment at Chongqing Iron
and Steel Group[ J]. Journal of Chongging University of Science and
Technology ( Natural Sciences Edition), 2009, 11(4): 63. DOI.
10. 19406/j. enki. cqkjxyxbzkb. 2009. 04. 020

[OTBXNI. AIRFMAA AL BE T 2R 4£ [ T]. L7664, 2016,
39(3): 57
ZHAO Gang. The choice of treatment process for various sorts of steel
slag[ J]. Shanxi Metallurgy, 2016, 39 (3): 57. DOI.10. 16525/
j. enki. enl4 - 1167/tf.2016. 03. 20

(7IXUBE, J5 80, pFuna. Wk 15 25 A BRI 58 0t
[J]. A TR S35, 2014(9) : 190
LIU Ying, FANG Honghui, LU Lijun. Research progress on steel

slag treatment and comprehensive utilization technology [ J ].
Chemical Engineering & Equipment, 2014(9) : 190
(8123, BSSFIRFEMNIEAIIH AR RMAMFE[)]. HETHE,
2013, 31(3): 113
LI Song. A review on development of BSSF technology [ J].
Environmental Engineering, 2013, 31 (3). 113. DOI: 10. 7617/
j. issn. 1000 —8942.2013.03. 029
(O], FRERS], w5 L. 500 B A9 ids b 2 T 25 LW R AL )
HHARLI]. FMWEAR, 2005(3) : 12
JIN Qiang, XU Jinyin, GAO Weibo. New technology of steel slag
processing and its application as the second resource at Baosteel[ J].
Baogang Technology, 2005(3): 12. DOI.10. 3969/]. issn. 1008 —
0716.2005. 03. 004
[10]PEn. WAL BB ARMIMR LRI Hais,
2003(3): 1
SHEN Chengxiao. Practice and prospects for technology of slag
processing by rotary cylinder at Baosteel [ J ]. Metallurgical
Equipment, 2003 (3): 1. DOI: 10. 3969/]. issn. 1001 — 1269.
2003.03. 001
[ EEE, WFER, A, 5 WAL BB RS L 43 B
WhFE[1]). ST, 2014, 32(3) ; 143
WANG Yanbing, XU Junmin, FAN Yongping, et al. Comparison
analysis of the whole process treatment technology of steel slag[ J].
Environmental Engineering, 2014, 32(3): 143. DOI.10. 13205/
j- hjge. 201403034
[12]YI Huang, XU Guoping, CHENG Huigao, et al. An overview of
utilization of steel slag[ J]. Procedia Environmental Sciences, 2012,
16: 791. DOI: 10.1016/j. proenv.2012. 10. 108
[13]GUO Jianlong, BAO Yanping, WANG Min. Steel slag in China:
Treatment, recycling, and management [ J]. Waste Management,
2018,78: 318. DOI: 10.1016/j. wasman. 2018. 04. 045
[14]MA Jiao, ZHANG Yibo, HU Tiangi, et al. Utilization of converter
steel slag by remelting and reducing treatment[ J]. IOP Conference
Series: Materials Science and Engineering, 2018, 382. 22088.
DOI.10. 1088/1757 —899X/382/2/022088
[15]LI Yunyun, NI Wen, GAO Wei, et al. Corrosion evaluation of steel
slag based on a leaching solution test[ J]. Energy Sources, Part A.
Recovery, Utilization, and Environmental Effects, 2019, 41(7):
790. DOI.10.1080/15567036.2018. 1520359
(16 ] skaie, LAEW], BV, 45, A fed i SEAR 1k B8 2 Hr b v FH i
L], rERRERIEAR, 2014, 33(4) : 869
ZHANG Zhaohui, KONG Weiming, JU Jiantao, et al. Analysis of
basic properties to the hot braised slag and it’s application prospect
[J]. Bulletin of the Chinese Ceramic Society, 2014, 33(4) : 869.
DOI:10. 16552/j. enki. issn1001 - 1625.2014. 04. 051
[17]H AT, Brfe, X084, %. 40 BSSF AL B T 25K B K Ji 1
RNHLC]//78 IR E FNFARFE LR CE. L. B 4
e S AR A 2%, 2006, 161
XTAO Yongli, CHEN Hua, LIU Yin, et al. Development and
application of Baosteel Short Slag Flow ( BSSF) [ C]//Proceedings
of the 2nd National Baosteel Academic Annual Meeting. Shanghai
Baosteel BAC, 2006 161
(18120, #7WI, Bite, S5 ON[A] = th3R 5 FAL B L 20800 i 2R A
PEBT R HANHLI]. fERERE R, 2015, 34(9) : 2619
LI Ting, YANG Gang, CHEN Hua, et al. Basic properties and
utilization of steel slags produced in different processes and prepared
by different treatment process[ J]. Bulletin of the Chinese Ceramic

Society, 2015, 34(9) : 2619. DOI:10. 16552/j. cnki. issn1001 -



5 12 3

Frn, . REAE SRR TEREDTTT

- 139 -

1625.2015.09. 043
[191SRMER , BRED, ®Afek, 5. B it W AH 40 K H: RO 3
(1], BRSmasdk, 2019, 18(1) : 37
ZHANG Zuoliang, CHEN Ren, MENG Xiangran, et al. Phase
compositions and microstructure of slag in BOF [ J]. Journal of
Materials and Metallurgy, 2019, 18 (1). 37. DOI. 10. 14186/
j. enki. 1671 -6620.2019.01. 007
[20] WANG Qiang, SHI Mengxiao, YANG Jun. Influence of classified
steel slag with particle sizes smaller than 20 pm on the properties of
cement and concrete [ J ]. Construction and Building Materials,
2016, 123 601. DOI:10.1016/j. conbuildmat. 2016.07. 042
(21 IRAL. AR ] o S ALK PR i B - b i) R DRSS D ]
I RWILT R, 2006
ZHU Hang. The research on the preparation of steel slag and its
application in cement and concrete[ D]. Wuhan: Wuhan University
of Technology, 2006. DOI;10.7666/d. y1021152
[22] Fum, AE. KB M0 25 BB AR WK AL T RE RIS 1A
ML) RERRER 4, 2008, 36(10) : 1406
WANG Qiang, YAN Peiyu. Early hydration characteristics and
paste structure of complex binding material containing high-volume
steel slag [ J]. Journal of the Chinese Ceramic Society, 2008,
36(10) : 1406. DOI:10.3321/j. issn:0454 —5648.2008. 10.011
[23]5KEME, 2KE. WERGBSRICHIREE LR TAETERES T
SAPERRATSELT]. RBEL, 2006(6) : 38
ZHANG Aiping, LI Yongxin. Workability and compressive strength
of concrete with steel slag composite mineral admixtures [ J .
Concrete, 2006 (6 ): 38. DOI: 10. 3969/]. issn. 1002 — 3550.
2006.06.012
(24120, i3, (L. B0 5E 4 [ B BEBEAT A 7K A 2 107
HUERLT]. APRHTTE 24, 2017, 31(9) : 687
CUI Xiaowei, NI Wen, REN Chao. Hydration mechanism of all
solid waste cementitious materials based on steel slag and blast
furnace slag [ J]. Chinese Journal of Materials Research, 2017,
31(9): 687. DOIL: 10.11901/1005.3093.2016. 741
(25 ] 1%, BRoak, FANGE. EWRME LRI T]. W
#k, 2009, 44(8) .93
SHI Lei, CHEN Ronghuan, WANG Ruyi. Experiment study on
stability of Baosteel rotary cylinder steel slag[ J]. Tron and Steel,
2009, 44 (8): 93. DOI: 10. 13228/]. boyuan. issn0449 — 749x.

2009. 08. 022

[26 ] fhds, AAREE. AR IR ENE I TIREE L ML E T[]
R, 2013, 25(4) : 34
XU Bing, YU Linfeng. The analysis of stability of Baosteelconverter
roller steel slag for concrete[ J]. Coal Ash, 2013, 25(4). 34.
DOI:10.3969/j. issn. 1007 — 046X.2013.04.010

(27183, thiEF, By, . MBI Rfb-e o BRUESK
YA BT[] EERRELIE L, 2014, 33(8) : 1902
HUANG Yi, XU Guoping, CHENG Huigao, et al. Analysis on
chemical composition, micro-morphology and phase of typical steel
slag[ J]. Bulletin of the Chinese Ceramic Society, 2014, 33(8) .
1902. DOI:10. 16552/j. cnki. issn1001 — 1625.2014. 08. 044

(28] Fuik, A, Tk HUBRE A i rhoRLIBORE (9 e B L RE Y
L)), WA BAREEM) , 2013, 53(9) « 1227
WANG Qiang, YANG Jianwei, ZHANG Bo. Influence of
mechanical grinding on the cementitious properties of coarse
particles in steel slag[ J]. Journal of Tsinghua University (Science
and Technology) , 2013, 53(9): 1227. DOI. 10. 16511/j. cnki.
ghdxxb. 2013. 09. 002

(29 AT, Tel s A T 10 P B 2 e I R B S fe Ak B 1
WL [J]. RERRERER, 2017, 36(2) : 477
ZHAO Jihui, YAN Peiyu. Volume stability and stabilization
treatment of steel slag in China[ J]. Bulletin of the Chinese Ceramic
Society, 2017, 36(2) : 477. DOI:10. 16552/j. cnki. issnl001 —
1625.2017.02.011

[30]®taA, B, BT, 55 ey il Hml vt 5 K 25 & R H
ATLI]. MERIFSE A4, 2013, 25(11) : 23
ZHAO Fucai, JU Jiantao, LIAO Jielong, et al. Analysis of
comprehensive utilization and basic properties of converter slag
processed[ J]. Journal of Tron and Steel Research, 2013, 25(11) .
23. DOI:10. 13228/j. boyuan. issn1001 —0963.2013. 11. 009

(3157, MBLASE, B, . B9k G IR A0 A T HOR BLG AR
[J]. TlkZa 554, 2016, 42(9) : 99
WU Long, HAO Yidang, YUE Changsheng, et al. Current
situation and discussion of steel slag utilization technology [ J].
Industrial Safety and Environmental Protection, 2016, 42(9) . 99.
DOI:10.3969/j. issn. 1001 —425X.2016.09. 030

(%4 K 4)



