WEEEMA

¢ 12 Multipurpose Utilization of Mineral Resources

2018 £E

AP E R B IR 5 R 2

B, RAE, K&

#*, WEE, TIX

(4B T K% JRE&5aEREYMR, Wit B 063000)

RE: SRR EPESRET S, METLAFKERY. MERROLMRERRE, myEl
HRERHBEE . MRS REER, RERFENFHZHTRR. SrarEsr0uR RSB E,
EEBHRENRS, SRENTHTRERRIRIMAE. ERIBREESS HUFM, @0 USCAREMNT
YBER. SHEN, mrEtEERENER. REASKKKEEMFEEARAEMEKFRE, Aabk
TRENRE. HXEINERL, ERSABTIARBTESRALE, TEAUSARNTE: DEERENL T
Blii%. YIE SR EER FIFEIEIE R E K R B R H TR LI B AR B Z R R EEF ABERE
RAEFRIIERN M. STEML, LZRWENERMEWERRE, ERERSFERNGERA. 53X
FAIMERR T Y EEAL R BB, 4T T B RO ERMR B R EE R TH RO R

RFE TR, ZRBFELENRRES.

RBF: BE; ERRB; EBRHGE; HEREE; TR
doi:10.3969/j.issn.1000-6532.2018.01.003
FEES: TDS CHAIRER: A XEHS: 1000-6532 (2018) 01-0012-05

BEEWNGLVHIERRE, SrBMHRE
HHREL, —BRE, SPEMAERNTER
BEE A A G HRRENA R REZRL.
¥l ALK B 60%~66% B, B — A kBN =
250~300 kg''s #H L B 1 JE 2 K ik B G @ A A
SRR AR 90% UL E, BERE KR HEE
AR S EMBEEAMNERAREN L, W
BB EHE. [ 8 188 H g f1 2k 8%
AL, BFEHEHFERENAIYA D Fil,
T SEBN m A R A R, SR & E R A
ME kM mEdl, RERRGSVHESRES, 12
FERATH A B —TE AR
1 ®HHFEEAMN
1.1 SFENUERS

EPE RSN m Y, HFER
s RERIEMERKE. L iRIX3 1400~1600TC

WisA#A: 2016-07-17

FRER, TAPRKA, ERYTHKS, BIE
FHURD G A A B 2 N AE R B 2% T % R CAREBR 25 F0
EREANFFESHKLENEE. BPBERNEE
HE SR CaO. S0, ALO, Fl MgO, &itifit
T EHABRK 95%. BET ARERKIEIZ
AE, TRSEREHHMA S TiO,. BaO
M CaF, %, UK/ EH MnO, FeO. CaS% P,
ANEPEFEEE TiO, Ml V,0,, HREFEH
&4 BaO, CaF, %,
1.2 SRENT HER

WP RE LT UEKA. B
A ER_E. HEA. BERAMRRA. Bk
EERE A HEEAR, BRA—RENT Y.
HPGER G B, A IS ST A,
wmEKA, BEXA, BKES.

BB REERENER 5 (CaO - ALO,) -
TR (Ca0 - 2A1,05) =488 TL45 (5Ca0 - 3AL0;)

BEESWE: EXARMFESHBIME (51404087) , WL HARIE RS - KBS E S BT H (E2014209213);

AL S EFRREM R RIBBINE (Q2012076)
EE®: B (1993 , B, Tit.



E1H
2018 42 B

BEE AYPELAEKAATKERE + 13-

WA (MnOSO,) B ¥4,
2 BHREHAET®

Hul, REMSPEHLESEEZES>NT
BAKEBRHER SR

BT FREER AL T35 74 KB
WES AT R |, T B R EAF AR B,
AFENTEES , FE—EXBEBREE. B,
REEKBERGHEREA SHH. KBEKES
AN4FITN: REEE. HEE. fpEik. Bhk v,

(1) JK¥E¥E (OCP %)

PR IE M N B L LBk fE—
SE RIK BRI E R T 3T K KR LR
WREBRLAL , RFHAVTELIE , 23 /R
KBEBRICAH, #ERTEZ%ERK. B
WHK K& &EFY@E i R ERA L , 21353 0k
JEHRIKAEKEFENS LA, FBHRER , £
EHIKEHFKIFE

(2) FEE (INBA )

A 23 INBA /K # 4 B R 48 2 20 42 80 4
BT L FIA FG4E3S (SIDMAR) A F 545 H% %2
P&W A F P ILEF R — DA E S AR, FEE
MITZAER: SrEE b EEaRA RIS,
PR = R KRR BERKE, 25, KBZKE
WIEN KM BTN T, ZKENZ S
WM TR, BAKREWEI T K
BoE. MERBRRSE, BEIEAKFNL
B KESEBFTHAYE, EAHNENEAT
WAL HE, BB EEAER.

(3) PIFHE (RASA V%)

PEFEFKBGE ARG HHARNEATNER
RASA R 5 AR EEH AN . REFEMW® T 20 it
42 80 FREFIRGI N BB HBERAMFH T
K. KB G R KIBE ST KRB R
SEEANIRS , IRAEE B R R RIEE K E
7K VETE ST B A K I A ORI i & Bl YiE e, &
MiEE, BaEEEENBEKREEY—Ei#TH
K, BKEKBHFRENZ;, SEERHKELTH

TR Bk A 2 ORI A -

(4) Bk (TYNA i)

BRIE R EIEJLEA NN — UK B A
R4, SHEEARE, TapEewug, &
KK BRI KBS —F L ZRE. B
WERBMBEMERZHILFARYE, ARF HTETL
BE RITBREH KB ERE R 1998 FEE
WEH IXIIEBRAE=IBIT .

3w RS E N E KA A

WMGEAFIEF=ENKERRBME, H
BB EHIE 1400 ~ 1600C. BHILAELA N 1.2
KJ/(kg- C), SRR & 1 F39{E LA 1400CHH 5
[ B HE B R E 1L 400°C T B, 45 A]
InE 1.2G] FIE#, KRBEMHT 41 kg ArdEEE
ERBEFEENHRE. HBEEREZ S, SAWHE
BRK, mEMURSHERRE, $-E—2Z
BELMEEHATFHE " B,

3.1 SWFEYESEAMNEKHBAER

TAE WA, WRERAELALE 400 kg £
Fo. Hik, M GEBETRIEEEM L. &P
BREFERIBEINEER = RZ —, HiBP
BIEAE 1400 ~ 1600 C 2 8], &H KERYEER,
EPEMRAERES LB ERL5HEE Y. BIE
AL, BB B R BT 2 B R
BeHEARRLEE . XU K RS P,

TRV A5 %o ok f A BB s [ WO LA AR AT 9
Bi. Bk, REGBIT—®NHE (R BEHE)
FRMFEEW B, MRS ERRE.

PG U0 R e BB ALK A b HE H A 1500°C B
FHBMERPBRENE, 268 ARG
RLEB 8 SR B R T L I S R R A
BIANTEESKARE, F10507C LA KR
Yl 2 SRR PR B 4 AR T 6 T 24K 4L A 5>
BIR%E TSR, HATSEBHAHT 800CEA,
RGN RIE R HEH . A XR A HE R fh 2 R
e, FHEEREFHECT. RELIHE
P HRBIERABAIE 150CELTT, Bhifbi



c14. A

2018 £

LA BEETS. RFEREEEALE, HE
THREHRFBE—EHNHE, RESFHEERT
— AR R A7 LSS A B K AL
B B2 OREIINHRETHIEER
B R

IR AA RS B R PR A B SR T A T
8, HREEENEARLSE. BT HEERE,
BRERPBEEDRARERT, SANR, W
DIERWE o FE v B A U B 48 R AL R B T
B, AZAE T EERELE SR N. AE
FER B T IAC R BE AR () 8 — P ARRE , WYEE TR,
RHBNREBELT, ME, MBI H X
FRMRATHALN, RELHBEOHY. &5
BARZE[SHORERRZES, ALK& &
HRERREYL.

NKK"™ A BB AN BIE R A&, 2
KBS BERTEEAR RPN EE
o HHR B FHN REFRABEI, AT R
BHES, firBthEgH. ATHNTREN
BRI, o B R S IR B B A0 S BR T -
BIEESREKMPEE TEAERR TR, B8
BRFESMEPER EiEs. EXRMAERER
T, EdETHRREERE, EraEnkamidsiE
FE B EE E EiEE. RIS Sl K R (8]
W, PEERE R A BB BRI R 2 A
HHAKNFINAE—EREE, NEBFRH,
MR AR RS E R .

514, BEBEANR " RE AR E RN
AP B RAE. 18205 R R A B
RREZMRTREMMEREZN, EHERFFT
RAABHRRN . X MHFTHLRET, FE
NA R L RE B R MEF AL R B AT . FbE - K
ARER R R F A E P B Y E A A
FIKESHATRE, DUAEIR P BN R
R BRI TT i
32 SFEXFEARENFAER

UL BB BT i, #E BB T8 (.
FR. WEDE) kEREHR. B, #EINY

BHRgaRENBREEFFARBE. NBEIESE
SRARAE LY, BARTRENRKTER
HEFRBBEERE SR IER =5

(1) RPEAE =R

BE EAMEL s0 EK, REEHRESFENR
K, FEWTHE LB N =SB R R AR
B, WAL 18E IR S S R
R ERAE . mRABBESRPEERERR
AR, RPBEERANFIRAEE 0% L,
A] LAOKIE B PRI A VAR R A 7 AR

() B BEFRARE

ISR WK 3% B XA B A v o v
IERME &= SRS T EM R E. Fi:
EE K Agarwal G. % ' R AWM EHIEE CaO
MM mEE, AR E ST R R,
FEERNUGRE , A 2 R B A0 6 i
B8 THRKHI GoktasA A. F 4R Bk i i i HH 7 B
BB AEEME, DA /E ST R ik Kt
&R . fEREGUMEL. Thaes e, SRifhshr
SRS NATER, T, I, #K, &
FETL

1979 £ H & Harada FEF|H Sl EE S8k
REBRTREBLEZERR ", FEREK. AK
BRI , R ESPBBENR SN, FHANE
ERBHRM. DERFEEE B E, A
—ENRTRSFEREYOREG. BAAGENHE
R BB BRI MR . X, B
BrEEERESRRINMENRES~S, BEHRT
TR ORI 1) R, XA R T B R
ZRBASHEARRAMR, EE& /NN,

S 1 xR T s E A TR R
B (XPRE) 1T THRW .
3.3 FArERAGIRSEAR

Xi| 2 U 4R R B v AV RS T
2, ZEARAMEE T B@EHITRALE. S
BAEAESFEIJEAH, BUHRERH; MK
MR MEFR—NMRAKNSRE, FEMNAR
SR B BRI R T R E B R SR



B1M
20184 2 A

BEE: BYPERRQKARARKE LR <15~

WHEARER R EAAT, EHEBET: S
RNERERREEFERNGEFE, RN, S
WRMAIE, BEBLER,

4 IR B A E KA B A ER A T

S EEEARKNE ARUESR.
PAKAN REIREBERRE, BREBEEN—
BEE: —REPENSHRABUBEK, 7R T
BRENET. XEHLA P EHITRAERY
REZENHE. ERHENE, BrENSREARK
Ao 0.1~0.3 W/(m’ - K), ZEE A Bt R 1~2 W/
(m’ - K), FrUl@diE g . RS
BHEHZ, REBKRRK. BEMSENE
FREELZT KRENNE, EEEE, ZE#R.
LR EEMERCEREEBRAFEMRE. FAH
BEBK, RREHRKRME K. 7B £ Rk
BEAHAKRER SR RARRTEAL , KRBT RR
BRI ™. XM, BMELMRBRS (BR) K
REE TEBEEH , BB,

HEEZ T, R ERAERER MR
Fo B, TUEEBREMAARKEE, HK,
W E W BT L RIR B R D,
MEHRD. &5, NBRENZEEFIBATRBE,
ERRRETTETHESE. B, hFEA”
EHIME REENBEEER A T Z AR,
PR BIR R B AR
5 KE#AR

LTHERPBELEFEFE-BHE AR LR
B, DB A B R SR B A — S AR
SAFREFR—FEFHaraEBi/EgRER: &
PrETFIERAL . R B EKTE , X AT &R
AP R

Kk BB FIARES AL ST
AT R BN TR, BRERRE R ERE
FAMAR: DBRSE TEZEREREN RN,
HAIHANEOIBBER. BTEENEPE
ATRIELSEMNEZL, FEXANMBARKETSR
TEAH. PEATELIRERFZHEALAH, T
A NBOEE . B EE— B ERRALEER

KIEFRH &, Bz T EgcRI A ®.

AP TR RAL K 2 B R BT R AR
BEARET: (1) SHEEFEAIFGREY,
CAF= £ R BRI G, WERSKEL™K
TR, (2) PUHRENBRE, AN, T4t
WEIEER; (3) ERBURLERA AEEN
RBBHIHR . — 7 HEBERNEAREFKR
B RIIREE, WAMAREINR (BEATR) K
RE; A—THENMFRHRELTK, X2I3HE
WAERBEAE.

Rk, TR R g B R R A
RELHZE T mirEEGLETT %, R
BAFEARN—MEAEH, TEERZENHS
Mt EFFRBMAERE, HEARAEK
[ERZR:I Bl di:3:1 bt

HE X

(1] BA1RES . H NS R SR & P A BOR B R B R K B4R
R 7). BB , 2003 (3) : 8-11.

2] skFBR, EEHE, T8, & . &PEH S URATEENGT T
). WWFRK 2R - AR, 2006, 41(5):129-133

3] E%E . M &FHHKBLF M) bR HeTikh
fiAL | 2000.24.

4] LS, R ER , BHE7T . AP BELEBEARANIREK
RETTIA []. ¥ & RETE , 2011 (05) :55-60.

[5] B3, iR, HHE . mirEtBERMIRE R RS
# [J]. TolkdP, 2012, 34(4): 16-18.

(6] HEE  NFEKBELERREBITEE ). EWER,
1988, 02:22-25.

[71Zhang Ze Long, Chen Lin Gen, Yang Bo, et al.
Thermodynamic analysis and optimization of an air brayton
cycle for recovering waste heat furnace slag[J]. Applied Thermal
Engineering, 2015, 90:742-748.

(8] THR, ik&EHR , FME , £ . R ELEEAKIURA
R RS (7). 8k, 2007, 42(6):83-87.

[9]DING Lin Feng, MING Wei, WANG Qing Wei, et al.
Preparation and characterization of glass—ceramic foams from
blast furnace slag and waste glass[]]. Materials Letters, 2015,
141:327-329.

(10] . BREE B ARBAARARGRREE (1) +E
BRANER , 2007 (4):30-36.

{11]Kenney W F. Energy Conservation in the Process



¢ 16 ¢

g - =gl |

2018 £

Industries[M]. Orlando: Academic Press, 1984.

[12]Toshio M , Jun-ichirof Y, T omohiro A .Granulati on of
Molten Slag for Heat Recovery[A] .2002 37th In tersociety
Energy Conversion Engineering Conference (IECEC)[C] .641-
646 .

(13] EK, HIEHE , KR, & . RIPBBERTLNT &
FRRITERERT T (7). $MEREREK , 2016, (2):019.

[14]Agrawal G, Speyer RE Devitrifying Cupola slag for use in
Abrasive Products{]]. JOM, 1992, 44(3):32-37.

[15]Goktas A A. Manufacrure and Properties of Slag-based
Transparent glass and Light Coloured Glass-ceramic|[]]. Second

International Ceramics Congress. 1994:405.

Molten Steel Slag With Red Mud From Aluminum Industry [P]
:USA, US 4179279.1979-12-18 .

(17) ¥4k, BoCR . R TAs B R LB REFTREER
PELT REMEIRYT (7). R EEH , 2006, 15(3):78-81.

(18} XU E#E . R B & E R SE BT HE SRS (1]
i fiE , 2004, 8(6):41-43.

[19] ZE00 . B A4 ER S g B R EIWCH % (). Talin#,
2009, 38(3):1-4.

[20] BB R , it , KEE . AR T ORI A B #
ECHE AR R R (7] $NERHT AL 23R | 2008, 20(7):1-6.

21 &%, R, BHE . Rt EEARARIREEE
% 7). Tolkt, 2012, 34(4): 16-18.

[16]Genzaburo H , Takum a Y, Masao T. Process for T reating

Present Situation and Prospect of Using

Blast Furnace Slag Sensible Heat Recovery
Gao Yang, Gui Yongliang, Song Chunyang, Hu Binsheng, Wang Yawen

(College of Metallurgy and Energy, North China University of Science and Technology, Tangshan, Hebei, China)
Abstract: Ironmaking blast furnace slag is a byproduct of the production process, but also the industrial
production waste. With the rapid development of steel industry, blast furnace slag emissions are increasing.
Compared to some developed countries, China's utilization of blast furnace slag is relatively low. Blast
furnace slag pile is not only a waste of land resources, but also seriously pollute the environment, and the
sustainable development of China's current program contrary. But if it is through recovery and use, it can
be good mineral resources. At the same time, blast furnace slag also contains a lot of sensible heat. China's
traditional method of water quenching slag sensible heat without any recycling, and simply lost a lot of heat.
In view of this situation, domestic and foreign researchers conducted several experiments can be divided
into two directions: physical and chemical heat recovery method. Heat method primarily physical high slag
collected achieve significant heat recovery through a specific energy carriers. Chemical recycling method
is the direct use of the sensible heat of the slag and the production of high value-added products. Compared
with the former, the chemical recovery process of sensible heat recovery more efficient, to better reflect
the comprehensive utilization of blast furnace slag. This paper reviewed in detail the physical and chemical
methods sensible heat recovery, and analyzed the advantages and disadvantages of each method. Based on
this, the authors developed a new way of recycling: blast furnace slag dry granulation technology, which is
the development trend of blast furnace slag processing.
Keywords: Blast furnace slag; Sensible heat recovery; Physical heat exchange method; Chemical recycling

method; Dry granulation technology



