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IOPEKTUBHOCTb UCMNOJ/Ib3OBAHUA CEPOCOLAEPKALLEIO
YINA U AOBABKU NA,SO, A1 OBOTALLEHUA HUKENEBOW
NATEPUTHOWM PYAbI

T.T. ®yH2', Y.T. YaH*, B.J1. dam’, B.M. HzyeH?
1XawHolickuli yHusepcumem 2opHo20 0ena u 2eosoauu, XaHol, BeemHam
2TexHonoauyeckuli uHcmumym, XaHol, BeemHam, chinhnhan88@gmail.com

Cepo-cozeprKaliue yriu peiiko HCIOIb3YIOTCS B METAJIIyPruuecKoil MPOMBIIIIIIEHHOCTH
M3-32 DKOJIOTHYECKUX MPOOJIEM M MX HEraTUBHOTO BO3JCHCTBHUS HA Ka4€CTBO MPOIYKIIHH.
OpHaKO MOCIIEAHNE UCCIIEIOBAHNS ITPOIIeCca BOCCTAHOBJICHHUS M MarHUTHOM cerapanuu Juis
W3BJICYEHUS] HUKEJS U3 HU3KOCOPTHOM JIaTepUTHOM pyJibl IOKA3aJM, 4TO cepa 1 e€ coeluHe-
HHSI MOTYT CITOCOOCTBOBATh 0Opa30BaHUIO CJIa00 MAarHUTHBIX JKEJIE3HBIX CYJIb(HJIOB B IPO-
Lecce BOCCTaHOBJICHUS. DTOT MPOLIECC CHIYKAET BKIIIOUEHHE XKeJle3a B MArHUTHBIC TIPOIYK-
ThI (HUKeJIeBbIC KOHIIEHTpaThl) [ 1-3]. B 1anHO#i paboTe mpe/cTaBiIeHbI 3KCIIEPUMEHTAIBHBIC
pe3yabTaThl 000TaleHUs] HU3KOCOPTHOM HHUKEJIEBOH JIaTePUTHOH PyAbl ¢ UCIOIb30BaHUEM
cepocozeprkariero yrist u3 maxtsl Ha 3si0ur (BoeTHam) ¢ no6aBkoii Na2SOa, B cpaBHEHUN
C IKCTIEPUMEHTAMH, TPOBEAEHHBIMU C MCIIOJIb30BAHUEM aHTPAIIUTOBOTO YIVIA IIPU TEX Ke
YCIIOBHSIX.

OKCHEPUMEHTBI 110 BOCCTAHOBJICHHUIO IIPOBOIMIINCH MPH PA3JIMYHBIX TEMIIeparypax 1 co-
OTHOIICHHUSAX YIJIsL, C TOCTOSIHHOM NMPOIOJKUTEIIEHOCTBIO BoccTaHOBIeHHs B 90 munyT. CHa-
yajia TemMreparypa BoccTaHoBieHus Bapbrpoaiack ot 900°C o 1200°C npu GpuxcupoBaH-
HOM cooTHoueHU! yriast 8%. Jlns u3ydeHus: BIMSHUS COOTHOLICHUI YIVIs SKCIEPUMEHTHI
npoBoauiuck npu 1100°C ¢ cootHomenusamu yrist ot 5% no 12,5%. Ilocne 3aBepiieHus
Ipolecca BOCCTAHOBICHUsI 00pasIibl MOABEPIIMCH MArHUTHOW Cerlapalii MPU MHTEHCUB-
Hoctu 0,32 T ass mostyueHust HUKEJIEBbIX KOHLIEHTPATOB.

Pesynbrarhl MoKasaiy, 4TO HMCIIOIb30BAaHUE CEPOCOAEPIKAILEro yIs MpHUBEIO K Ooiee
BBICOKOH CTENCHU M3BIICUSHNUS] HUKENS U OONBIIEMY COAEPKAHUIO HUKEIS B KOHIIEHTpaTax
MarHUTHOW cerapaiyy 10 CPaBHEHHUIO C aHTPAIUTOBBIM yriuem. [Ipu Mcnonbp30BaHHM ce-
poconepxarero yrist aHanu3z SEM-EDS BbIsSBIII 4aCTHIIBI, TPEUMYIIECTBEHHO COCTOSIIIHE
m3 Fe u S B BoccTaHOBIEHHBIX 00pa3iax. ITO CBHIETENHLCTBYET O TOM, YTO cepa B yIe
urpaet poiib B oopaszopanuu FeS.

Jist ynydiieHus kadectsa KoHeHTpara Na:SOs ObUT BBE/ICH B Ka4ecTBe JI00aBKH B TIPO-
necce BocctaHoBieHus. JJo6aBka ObLIa UCIIOIb30BaHa B KOINYECTBE 3%, IIPH COOTHOLICHHH
yroist 10% u temneparype BoccranosieHus 1050°C B teuenne 90 MunyT. PesynbraTsl noka-
3a1u, 4To foOasneHue NaSOs 3HAUUTENIBHO YIYUIINIO IPOLECC BOCCTAHOBIECHUS, YBEIIU-
YUB co/Iep KaHre HUKEIsi B MAarHUTHOM KoHIeHTpate ¢ 2,88% 1o 3,66%, a crereHs u3Biede-
HUsE Bo3pocina ¢ 58% 1o 6omnee yeM 76%.

[1] J.C.Dong, Y.G.Wei, et al. JOM. 70 (2018) 2365.
[2] L.H.Gao, Zh.G.Liu, et al. Min. Metall. Explor. 36 (2019) 375.
[3] T.Th.Phung, T.T.Tran, et al. J. Min. Earth Sci. 65 (2024) 44.
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EFFECTIVENESS OF USING SULFUR-CONTAINING COAL
AND NA,SO, ADDITIVE FOR ENRICHMENT OF NICKEL LATERITE ORE

T.Th. Phung’, T.T. Tran’, V.L. Pham’, V.M. Nguyen?
"Hanoi University of Mining and Geology, Hanoi, Vietnam
2Institute of Technology, Hanoi, Vietnam, chinhnhan88@gmail.com

Sulfur-containing coal is infrequently used in the metallurgical industry due to envi-
ronmental concerns and its negative impact on product quality. However, recent studies
on the reduction-magnetic separation process for nickel recovery from low-grade laterite ore
have shown that sulfur and its compounds can facilitate the formation of weakly magnet-
ic iron sulfides during reduction. This process reduces iron inclusion in magnetic products
(nickel-rich concentrates) [1-3]. This study presents experimental results on the reduction
of low-grade nickel laterite ore using sulfur-containing coal from Na Duong mine (Vietnam)
with a Na>SOs additive, compared to experiments using anthracite coal under the same con-
ditions.

Reduction experiments were carried out at different temperatures and coal ratios, main-
taining a constant reduction duration of 90 minutes. The reduction temperature was varied
between 900°C and 1200°C, with a fixed coal mixing ratio of 8%. To examine the effect
of coal ratios, experiments were conducted at 1100°C, with coal ratios ranging from 5%
to 12.5%. After completing the reduction process, the samples underwent magnetic separa-
tion at an intensity of 0.32 T to produce nickel-containing concentrates.

The results showed that using sulfur-containing coal led to a higher nickel recovery rate
and nickel content in magnetic separation concentrates compared to anthracite coal. When
sulfur-containing coal was used, SEM-EDS analysis identified particles predominantly com-
posed of Fe and S in the reduced samples. This finding suggests that sulfur in the coal plays
a role in the formation of FeS.

To improve the quality of the concentrate, Na.SO4 was introduced as an additive during
the reduction experiments. The additive was applied at a rate of 3%, alongside a charcoal
rate of 10%, under reduction conditions of 1050°C for 90 minutes. The results showed that
the addition of Na>SOa significantly enhanced the reduction process, increasing the nickel
content in the magnetic concentrate from 2.88% to 3.66%, while the recovery rate rose from
58% to over 76%.

[1] J.C.Dong, Y.G.Wei, et al. JOM. 70 (2018) 2365.

[2] L.H.Gao, Zh.G.Liu, et al. Min. Metall. Explor. 36 (2019) 375.
[3] T.T.Phung, T.T.Tran, et al. J. Min. Earth Sci. 65 (2024) 44.
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