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Abstract

Red mud is one of the important reasons hindering the green and sustainable development of the
aluminum industry. In this experiment, Guangxi Pingguo aluminum Bayer process red iron mud
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was selected as the initial raw material; nickel-containing cast iron was obtained through carbon
thermal melting reduction technology as the experimental raw material, and the nickel concen-
tration range in ASTM A532M-1993 was selected as reference, and by adding pure nickel and fer-
rochrome for modulation, five groups of experimental samples with nickel concentration gradient
were obtained. Based on the composition analysis, metallographic microstructure observation,
microhardness test and friction and wear test of the five groups of samples, the following conclu-
sions are drawn: when the carbon content is 5%, with the increase of the nickel content in the red
mud reduced iron, the carbon element is gradually graphitized, and the hardness and wear resis-
tance of the samples decrease gradually. When the nickel content is greater than 4.5%, free gra-
phite can be observed in the sample tissue.
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1. 518

IRV SR AR T A AR AR B AR TR Y, PR LSRR, KT AR A 1t E 2 LR
FRIEKE SRR, W AEREGE R 7P EG G, A E L TR AT ISR TR R L] [2] [3]. &
BT RAFIRIARPERE s P o Y e PR BE AN AL 7 i ) ) S T A, 8 20 K. ) e 2 2 W] R
FEARYe, BRah iR, AT DA A R B B D5 3R BRI Hh BBk, SIS A A

BAEE DBV E S EouR, AHIUN S IRK, B w el L B U 1R 5 [4] [5] - R84
B R & R SE [E bR e ASTM AS32M [6], A1 1 o . BAESEERPUIE H ME REAAF T LA AR (K B
REEARAMERBENLRIPRER . BEHUATA . B LRI i3k WRNAT. B TR S T AAR . FLERSE
FESRE . P, MR BRI TE S, BRAEE RO MR AR[7] [8] [9].

AR E AR AR 78 A R R R A R SRR O Rk, Gl B BGA R SR PRI Bk <, AR
& ASTM A532M Hrifk Py DU AR ER & AT ER 5 < IR AR IR JBE A8 R VA LS 30 AR IR BEIA L BB Bk & i, X 3L
BEATAL A« AR M B BB i o LU HR R I MRS B RO B 6 Bk L UM RE, Ay B AT B
NIRYEIE JRR ) T AL 3R it — 5 B £ 4.

Table 1. USA ASTM A532M-1993 antiwear cast iron (wt.%)
% 1. £E ASTM A532M-1993 HiEE 4k (R 2 9 H %)

TLiES B C Mn Si Ni Cr
A Ni-Cr-Hc 2.8~3.6 <2.0 <0.8 3.3~5.0 1.4~4.0
B Ni-Cr-Lc 2.4~3.0 <2.0 <0.8 3.3~5.0 1.4~4.0
C Ni-Cr-GB 2.5~3.7 <2.0 <0.8 <4.0 1.0~2.5
D Ni-HiCr 2.5~3.6 <2.0 <2.0 45~7.0 7.0~11.0
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2. R
2.1. SCIERARL

S SR P S kR U T PR T A 7 FE EER AR TR TR A A R R AR B A ek, LR A I 2
Fir. Seierh, NSRRI K 99.99%, Hekk ik & )y 58% (£1%).

Table 2. Analysis of main chemical constituents of iron in red mud (wt.%)
=2 FRRESREBUZERD DIT(RES %)

C Mn Ni Cr Si

2.45 0.041 1.62 0.66 0.61

2.2. SKBTE

X TR E BRI BOE RIS B BRI AT UK E BT, TE R EZOURINE &, 455k E ASTM
A532 BLE TR AR TP R TR E M, it 5 AR Ry . 36 1 AR S BN R B AR S
B 2. 3. A HMBREEINKEE ASTM A532 B #5 Bk briE R h o s LRV EIMEAN, & 0.5%M) %
{38 0; 55 5 A SRy E ASTM AS32 SRFH BARER T T R & BRI HORME 7%, i T 5
HARAZERL L R AR B 2 BT, W1 3 s

WEPRAT, KA BRERATELR — BTN & 30 s AT FUEA, PG Z Y 300°C,  fRi N a] 25/ Py
NI, TR R BR LR AR MK 3, B R PSRN O K, B S AR I BB R, AR BRI
AP S SR /N, A AR BRI P VR o R SR TR AN AT DU S ) /N B, SR AT GP-25 i
BENIE R IR, PRI HIE 1550°CRL, R R b FUARERERE, DBk BRI AL, BB 4tk
Nk TR RS B, RS IR, AT E R A I A I S
REILSH B BRCAFNIERR, DV se U v, Fp RS EATHIE . BERIIAAIER, Al i it)s
IMANEEER, RrE RIS A0S f5 PROEHEAT 38 — IR B, VIR IR TR IR B IK T 38 & &, B
FRRBCRTII A5, S Bk Al .

Table 3. The material data sheet added in the experiment

3. LWSEFRMAMRIEIER

il PRIER(9) Ni 5 & (%) RN ZE4R(9) Cr 5 E(%) R Cr k(g)
1 800 1.62 0.32 2.0 19.15
2 800 35 16.30 2.0 19.73
3 800 4 20.66 2.0 19.88
4 800 4.5 25.07 2.0 20.04
5 800 7 47.85 2.0 20.85

2.3, KR E

SEG R GP-25 H TR N A JFEH I #4# 1550°C s R A FLUKE TiX660 21 /M ARG G & kR JE
SE AR B E— R SR INNOV-X DS-2000-C & &0 M il £#2 & &t & & 8; R Leica
DM2700M g 5 62 A B S 5 2k & & M S AR L4 SR HXD-1000TM/LC %7 2 5 1l A 152 (i
BHERE S .
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3.1 BEEENENEE ST

TARFEN A B B TR, ) EHIRE, A EEGEMONE SR EE TR SE, Wk 4l
o NI TCE G BRI RIHE, 2 1.2 4 H9 Ni XS EREIHE S HHE-K T 0.13%. 0.1%- 0.05%,
3. 5% Ni oE S EREIHES S/ 0.09%. 0.11%. FRVEIERREE: T &8 KRR, 18 FHiEE 7%
MG, R RARE B RK, AEemaigE KRS

Table 4. Direct reading spectrometer data (wt.%)
4 HIERNIBEIERE D B %)

A c Ni Cr Si
1 5.09 175 171 0.201
2 4.98 36 1.93 0.334
3 5.34 3.01 2.14 0.224
4 5.27 455 153 0.203
5 553 6.89 1.46 0.215
3.2. &7

FLALARELE 500 £5 N MK 1 FTR, 1. 2 3 SR &AL SN 1 35 & B D85k,
Elé%%éﬂéﬂﬁﬁa\ﬁ*ﬁﬁﬁi, FLAA 9 TR M A A5 AR S SR IR 72 3 P, 3 SRS B 1 5K

TR M@ﬁ*ﬁfﬂml 3 S KEHRAARLIR ., JE 15 E— B AR ; 2 S l—k
lﬁjﬁiiﬁiﬁj\%ﬁg%ﬂl\ B, W 1. 2. 30 4. 5 SIAHEREMALNE, E N RS EITHE, B
ORISR HLLZERD, Rl 4 SR TR EL A TR R0 SB A GRS mkiE s
BHRRAD.
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Figure 1. Schematic diagram of metallographic microstructure (500x)
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3.3. EE T

T T BURE R I BRI, SR AT I 2. 5 AL URRE B o BEAREE 5% 47, T LR A B
BB B, R, I 2 AT, 1SRRI, SRS AR] T 6551, BAFRA RN
W, R ZEEIEG. TR BT, KIS 5 TR BN A 1 B, R REE. (o
WRE A L%, B ERRABMIEE, 3 SRR 2.14%5K 6%, BIlih 4 LRRE 5w, 4
SR 3.91%, AT AT, HoTEHEH M RTE A R, (3 SRR 2 SRR
Ko 5 BARRE LA TIA S T 6.80%, Wid ik 5.53%, A4 K LI R, B T R
BE, 5 BARRERURERER: 1 2 RBERES T 65.5%.
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Figure 2. Rockwell hardness of sample (HRC)
B 2. iR K E (HRC)

3.4. BHUR T

T R EE RIS, BRI PERE, HEIER 5 Fon. 1 SRS KEN— RS IR,
MR AN, “PYBIRERRIK, N 14.71. HA 4 HF AR EEE IR, FRBRERHIES. 45
REEMAEEEL 3 SRR, (EMEESAANE, 4 SRR EEGELI A /N A SR BRI . 76 R
BEE R, A SRR EEER, NS E. 455 3.2 THRESMNT, NI NS BRI 185
AT IR IR UL A (P EE M, e 3 SR R A B e B AR () 2 4

Table 5. Specimen wear data

5. M EIRRUE

15 BEBRT R EUEE [ AR PEA 1% PR BEARI%
B 2.841 2.829 0.42 14.78
1 B 2.823 2.812 0.38 13.46 14.71
H=IR 2.832 2.819 0.45 15.89
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Continued
I 2.807 2.793 0.49 17.46
2 BN 2.801 2.788 0.46 16.42 16.76
B 2.805 2.792 0.46 16.40
B 2.843 2.831 0.42 14.77
3 BOW 2.844 2.831 0.45 15.82 15.48
HEEIR 2.839 2.826 0.45 15.85
H—IK 2.773 2.761 0.43 15.51
4 I 2.794 2.782 0.42 15.03 15.18
W= 2.798 2.786 0.42 15.01
IR 2.782 2.769 0.46 16.53
5 bl 2.779 2.765 0.50 17.99 18.00
HEI 2.774 2.759 0.54 19
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