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Fig .1 Flowchart of iron recycling by reduction-magnetic
separation from nickel slag
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Fig .2 Flowchart of valuable metals recycling by pressure
oxidative leaching from nickel slag
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Fig.3 Flowchart of the production of glass ceramics by nickel
slag
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Table 2 Test results of cement

o H¥  PiITSRE MPa HUEIRE MPa

ma ﬁﬁ # # # #
= RE 3*d 28'd 3'd 28%d

Bl14 12.14 12.15 5.1 86 233 509

P-C32.5R

K BlUS 1215 1216 438 86 236 517
B121 1221 1222 5.4 87 244 533

B126 12.26 1227 55 93 262 555
PrO325R 5107 1227 1228 53 85 232 533

KIE
12.28 1229 5.1 84 230 507

2.5.2 A FEIREE L A

R G RBEANB SR TR £
t, & RR LR E RN 480 m¥kg F 538 mP/kg
RN A TRE L B S RN B R R, SRS
BIEEZ 10% ~ 20 %. S ™ BaEn AT as
HaiRgL, SRRPEENHER KRG, e
PR AP R B BINEE, B 450 mkg /5,



6
20184 12 A

kR F: TaMsLS

AR E Rk «29 .

HEZRIAE; i, REBEAESEIT 10 %,
BN sEmpLERE. FE 9 BATHR LRSS
A ERE BN ERKIEAT Y5 R R BR L
o &R ASREEEEASERE N RN
BEX. ARERULERMEERFHERREL
ek, AT RMEERAFIRAIEFER. RHE
BE @B RE TR S KRB LRI, SRE
B 45UV L FEE 0 389 0 (R B e B B RN LA R AR Y
’im, HEHN 520 mYk FERELL 15 % BItLBIB A
KEREE, KIBMERERLF; Moh, HilRH IR E
TR R LT :
2.5.3 AR LT HEAR

PUIES); U Fi S )1 SIS b ow 1PNy b
PR, REHTRASE, BERMANE
R Fe. Al. Mg. Ca. Si%tZ, }RMHESPH
MMERR. . SR
26 WLLEE

AT R LEMMEERE, DANTRT A
JERIE W TR AT B 4E, AR K 35 P i AU T T
Plo T BRI R F) T 58 o XOR AT 38 e ) 2 7
AXERD. BAMNT®E, LB XEERY
HERZE RS E. K, FAXEEFDIT
B LIniR EE, W CAE R E R R A R R, 2
LB R SR B TRAL R

R Y BER T KRR AL, A
F K BRI 45 s BRI 4 K VB R 2 5
EHE, REKEEMNREEETKE, £—&
BT EAETEBARKE, 24X 7 HEE R R
EERGmE RN RRF . mAA W mgRkR
BRIEHREFBANBRN, #IBRMREREXY
& F RS EEATEL AT LU B 5 L R S TR T E R,
ATk O DUE A E A KRB N R EERL, #
BRI &R RE KB B RS TFI FRER
B &)INERATSE Y BT RIRBTR
R EKEREARE, FROERERIZET,
NEPKEGBETRERETHAHTHTRE,
HyPUE. PihisafEym] LA 29 L 78 R K58 5F
R, FREATREK 30 % EAEREERE. HE

58 18 gt at & K AR BRY M ETEYE, AR
AR )N L= 4R X 78 AR 58 B B R BT
RS B EL o

3 B &

ANN] -g

(1) BARSGEEF ARBERTTEEESNE
JRIREk. REVBREE. WHHENS™ R FIEMS
WH. ATEIMSE ARG LIEEANKRE. Bl
SIARFLEHRERTH ILEHE, BHEXMTT
BARBEANRET BRI MENRERONA,
E3 Q0 7N 5 1Tl | 2 A

(2) RENGEFACHFEUTEHE: OX
RRELURBEE, ARERFE. AERRERS
FUR ARG TR CO. CO: SBUKLKR
BRERRESE, RIUEHANIES=EEF
AN ERRE. OREMNATERS, FAH
EER. mMBEE BR RN LIRS
EI R X E M IE R RERNFH. @F
REBRBRAR—, RERSEEHNER. WCE
AT ZEYREERNOPABRE, TREFEN
SRMUFAERR T FEERBENGERHIER
MAE L. @LHAEARRE, NEEAEREE.
R AR R RS G S A= — R LR
o, FBMASEFERELR. TZEE. &
ERAEE— RIIMIGR R, REXEUBIT At
PR

(3) REMEGEFHRMNEIUTILL: O
HEMLCHEEINERL, ORBERFEMEER
SFIARKEEN, @KFFAILRITH LI AK
B, RERSFARBERXEEENE, 7
RRBAF A MR B RS, FREHU
mFIA

DG

[ A&EF . WRBEEE ML LR 8 E T HARHE 2005.17.
R, HE, BE, % . £EFBELRBERERZEFA
], AL SRR 2] ,2010,32(8):975-980

BIMIEZE, BHE , KEH, 5. ERBHENEEPES
EHELE 0] 1B T ,2006,26(1):49-55.



.30 AR

2018 £

[4]Pan Jian, Zheng Guo-lin, Zhu De-qing, Zhou Xian-lin.
Utilization of nickel slag using selective reduction followed
by magnetic separation[J]. Transaction of Nonferrous Metals
Society of China,2013,23(11):3421-3427.

BIEEFR , BEL . EARGSBEREZFAA I D).
b THR ,2013,(1):13-14.

(6] L4 ZFE , X8, X R AT B R E RSN
T MEERTFT [7]. 4k Tk 2014,125(1):61-64.

[71ZHANG Ya-li, Li Huai-mei, Yu Xian-jin. Fe extraction from
high-silicon and aluminum cyanide tailings by pretreatment of
water leaching before magnetic separation[J]. Transactions of
Nonferrous Metals Society of China, 2013, 23(4): 1165-1173.
[8] AR , sBE , AVH BT . SR EIE RIS FRRIR R K
WREH TZ 1) FEE B SRR ,2014,24(9):2426-2433.
(O] XIBEES , X , R, & . £)RARBENIZT Y
% [T], TR 4R ,2017,39(3): 349-353.

[10] EWE, BEAR , Sokik . &)I18MRBErBLEaF A
FIRF FLERR [I1, &R ,2011(1):15-16.

(M AES, KRR, AT . &)IIREFERKEMA T
[T). BRI U 2E9R ,1994(6) T :65-72.

[12] ERE , FRBR, # 8 & —FMER SR BB R
BERBI L [P). FE :201310677737.2,2013.

[13] %48, MK, 2404, % — M OBERBFRERT
% [P]. 1 E :201310559523.5,2013.

[14]Jung Ho Heo, Byung-Su Kim, Joo Hyun Park. Effect of
CaO addition on iron recovery from copper smelting slags
by solid carbon[J]. Metallurgical and materials transactions
B,2013,44(12):1352-1363.

[15]1Jones, R.T., Hayman, D.A., and Denton, G.M. Recovery
of cobalt, nickel, and copper from slags, using DC-arc furnace
technology[C].Montreal,Canada,24-29 August 1996, pp.451-466.
[16] Bk, B30, AR, & . —MEFABEREDERE
B E WA NSRBI [P]. P E :201210340521.2,2012.
M7EES EWRRUBTENSROLZHARNA
[J]. ML T8 , 2010,104(2):44-46.

[18]Li Yunjiao, Perederiy I, Vladimiros G P. Cleaning
of waste smelter slags and recovery of valuable metals
by pressure oxidative leaching[J]. Journal of Hazardous
Materials,2008,152:607-615.

[19]Baghalha M, Papangelakis V G, Curlook W. Factors
affecting the leachability of Ni/Co/Cu slags at high
temperature[J]. Hydrometallurgy,2007,85(1): 42-52.
[20]Huang Feirong, Liao Yalong, Zhou Juan, Wang

Yiyang, Li Hui. Selective recovery of valuable metals from

nickel converter slag at elevated temperature with sulfuric
acid solution[J]. Separation and Purification Technolo
£y,2015,156(12):572-581.

[21] ABE . ARFPREFLZEREIRER. FHRA .7
FEeEEFIH ,1998,(6):4-9.

[22] XX . &R EGEFESSF AR ARKG SRR
BN [7]. HR B4 ,1995(2):23-27.

(23] EER, BER . — MRS REERKNTEREE
[P]. #[E :200810013552.0,2008.

[24] BT, B, T8, % GOOBEFET BENRE
BB TR 0], 8 &8 ,2014(1):108-114.

[25] NI, TWE, B, % . — MR BB BT ES
EFKEAS S AR [P FE :201310673276.1,2013.
[26) F%0& , FAEWN , 718 . MR REGERRESRNTA
[7]. BRI ,2008(12):1689-1691.

[27) A% EEW, $E  AARBEREEKRESASN
B 0] 7R 5 R ,2009(4):55-58.

(28] Bk, TR, RAX . BB EBEHRENHNER
SEIMBEHT T [J]. HEFRHIEIR ,2015,2(2):395-400.

o], Fhed, 24k, % . —MEaFARBERES
BRI 5% [P HE :200616156309.5,2006.

[30] A ,EEW, HE®R, % . FEMSTEEHNERKN
ECRIA [3]. Z M3 T R %23 ,2010,5(10):14-18.

BI] EIER, KR, KIER, & . —HAHREREAH]
AR [P). A :201210050302.0,2012.

B BEWK, HF, #RE, ¥ E5ES8BURAEERHNE
% [P]. FH :201310557303.9,2013.

BB %, B2 ST hBnesBENRELI.£BY
11 ,2005(10):68-71.

[34) et , Bk, AR, & . BER BREREE
ST [7]. 2 REZ-EFIA ,2013(2):23-26.

[35] VE3% . BB B EXT B UK W 24 B R (7],
FERR ERIE R ,2016,35(11): 3850-3854

[36) EFRHK . 427 VB RIS LT 5T [J]. MRS EEAS ,2014(4):34-37.
B X EE, KK FIHEREK. S8 %7 aEH
EH TR & MR EMNB L= KEHTE ] FEK
6 ,2004(4):43-48.

[38) ik EE B S RIRBE T HEERIBT A M), LK - M
K 2016,

[39] A . SERHZEARERLAEZRRH T [J]. Fi
BHHAEL 2016(7):35-37.

[40] sR¥E , R, Wbt GEREREEFIET WB A
KGR R FT (7], I8R5 2015(2):76-79.

[411 =W, BT, BREkHT, & RIAWGE T L EFDER



oM
20184 12 A

LR TRASBEOAAGHL R RLEE

0310

VR R A HbRL (7], TRBE L 57KV HI & ,2015(2):93-95.

[42] REM:, ERE, B[R %, % EESFEBEBAR K
PEEEERRIRN [C). ILF 23R ,2016:58-59.

[43] XNE K . BB ISEFIA (7], BIFRE ,2013(5):87-88.
[44] BB . KRB HRGHLE (1. FAE&E 5L
43 ,1994(1):9-12.

[4s]1 WA R0, FRK, % . KR ZIREBESIET U

[46] ZETLK , GHE, A . REEY FRER KM D
Hil# [0]. TR 224K 2015,1(1):1-6.

B ENERAF ZKEREERA 0. PEF WL
T72 ,2004,33(2):41.

1B ER, EAM, m¥k,.Z. A KERE
B ARFEREREANRRFAD. ELITEE
1} ,2014,36(8):1498-1506.

FIEM B R HKAGHLER [J]. BERR R 24 ,2013,5(5):612-618.

Research and Progress of Nickel Slag’s Comprehensive Utilization
Ma Yongbo,Du Xueyan, Alibek Kakimov,Shen Yingying, Li Guozhou
( State Key Laboratory of Advanced Processing and Recycling of Non-ferrous Metals,

School of Materials Science and Engineering, Lanzhou, Gansu, China)
Abstract: The iron-rich nickel slag, which contains 40% of iron, is difficult to be used directly, but to be stacked.
Not only does the stacking process occupies a lot of ground, but also makes a waste of resources. This paper
mainly introduce the progress of disposing iron-rich nickel slag, including iron-recovery by reduction methods,
recycling of nickel, cobalt and copper, smelting of steels and irons, production of glass-ceramics, using in building
fields and the landfilling of mining in the end. The authors of this paper summarized the shortcoming of methods
above, and the requirements of nickel slags’ comprehensive utilization in the future was also forecasted.
Keywords: Nickel slag; Comprehensive utilization; Iron recovery; Glass-ceramics; Landfilling
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Study on Direct Reduction of Vanadium and Titanium Iron

Ore Concentrate
Li Jun, Wu Enhui, Hou Jing, Huang Ping
(Panzhihua University Panxi Science and Technology Innovation Center ,Panzhihua ,Sichuan, China)

Abstract: Comparative study on direct reduction of Indonesian sea water sandy vanadium titanium iron ore
concentrate and Panzhihua Hongge vanadium and titanium iron ore concentrate was carried on. Test results
show that the pellet performance of the Indonesian vanadium and titanium iron ore concentrate is much better
than Panzhihua Hongge vanadium and titanium iron ore concentrate through direct reduction comparative
study. Pellets of Indonesian vanadium titanium iron concentrate could meet the transport requirements of
industrial production process. Metalification rate of indonesian vanadium and titanium iron ore concentrate
could reach 90% and residual carbon content was 6% at a reduction temperature was 1350°C and a reduction
time was 15 min, which could meet the requirements of furnace melting and separation. Theory content of
molten titanium slag could reach about 48% after the direct reduction-melt fractions when the content of
TiO2 reach about 12% after regrinding and selected, which could be used as raw materials of sulfuric acid
titanium dioxide. The study shows that the indonesian vanadium-titanium iron concentrate was very suitable
for the direct reduction-electric furnace melting process,and its beneficial elements such as Fe, V and Ti
could be well recovered. Indonesia vanadium-titanium iron concentrate has more market competitiveness
compared with panzhihua hongge vanadium-titanium iron concentrate because of its simple ore dressing
process and low cost.

Keywords: Indonesian mine; Direct reduction; Metallization rate; Residual carbon content



