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Study on Hot Dip Aluminum of 25MnV Steel Round Link Chains
for Mining and Its Mechanical Properties
XU Yi'%, LI Guang'?, CHEN Yuxi’, WANG Tonghui’, LI Desheng’, WANG Weizhi', XIA Yuan'

(1. Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China; 2. University of Chinese Academy of
Sciences, Beijing 100049, China; 3. China Juli Group, Baoding 072550, China; 4. North China University of Science and
Technology, Tangshan 063210, China)

Abstract ; Hot-dip aluminizing and diffusion annealing were carried out on 25MnV steel round link chains for mining.
The microstructure, microhardness, stretching properties and breaking properties of the coatings were studied. The results
show that the coatings consist of aluminum layer and Fe-Al alloy layer. The major phase of the alloy layer is Fe,Als and FeAls,
and the area of high hardness of the alloy is larger. After diffusion annealing treatment at 850 “C for 4 h, the aluminum layer
transforms into alloy layer completely. The alloy layer can be divided into an outer diffusion layer and inner diffusion layer.
The major of the outer diffusion layer is FeAl and the inner diffusion layer is mainly composed of Fe;Al, and the region of high
hardness in the alloy layer is smaller. The microhardness of the inner diffusion layer is lower than the substrate. After
diffusion, due to the Fe-Al alloy layer with high temperature oxidation resistance, the oxidation of tension piece in the process
of quenching and tempering reduces and then the tensile strength and yield strength improve. The elongation and shrinkage of
the diffused aluminized tensile parts reduce result from high hardness of Fe-Al alloy layer. Compared with the non-treatment
chain, the breaking load of the aluminized chain and the diffused aluminized chain show little change, but the elongation both
obviously decreases. In addition, their properties both meet the Chinese standard of C-level ring chain.

Key words:25MnV steel mine ring chain; hot dip aluminum; thermal diffusion; stretching; breaking
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Tab.1 The parameters of hot dip aluminizing

R I [F] /min R agit] R /C
Al 3 JroRIEARE i 730
A2 5 Jr R i f 730
A3 3 F RARE R A 750
A4 5 JroR e R 750
L1 5 i 4% 750

B R 850 °C AR Ky 4h, XFE S SE AT 5 R
AT B9 Y8 I [ ¢ A B0 D $ s SR ) ) 300

K HITACHIS-4300 414 H 58 W8 2 78 1 JE 5
I BRHE B BE IS EDS it #8181 45 )2 B 4 A T 4307
SR A 98 2 WA 2 B0 Xl AR 0 4 T 4% )2
() S ARE L R FH WAW-600KN A4 B i 5 AL
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510 T 1 R

2 KWERKHW

21 HEHREEESHME
B 1 A T2 #2408 R B m 1y SEM &,
A IR 2 LA S B S SRR R B2
AN B AS 2 N Fe-Al 42 )2, H2H Fe-Al &
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Fig.1 The cross-section morphology of the hot dip aluminizing samples before diffusion
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Tab.2 The thickness of Al layer and Fe—Al layer
before diffusion

HRPER TS 2 /pm Fe-Al & 4)2 /um
AL(730°C , 3min) 2431 42.93
A2(730°C ,5min) 29.23 44.75
A3(750°C ,3min) 14.17 60.53
A4(750°C , 5min) 25.53 89.53
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Fig.2 The cross-section morphology of the hot dip aluminizing samples after diffusion

YRR © 2947 AE, HR T Fe fl AL JCR
T il N AFE B AR B 7 T Fe-Al & 4 )2 1Y 5

F4 AR ETEAIERNEER S
Tab.4 Composition of cross section of A4 samples
before and after diffusion

Emu%i&éﬂ}imigﬁj]uoﬁt,?ﬁﬁ&}a%é%ﬂgggwﬂ - ?}”’éﬁ(ﬁhﬁ?ﬁﬁ(at%) ?}”ﬁﬁ()ﬁﬁﬁ?%’&(at%)

BT (W5 3 FOR ), (04 42 R W X b Al Fe Al Fe

LB NS i U3 &  IEASTT IS @ 74.41 2529 48.92 51.08
x3 FHAIEFe-Al 52 ENEE ©) 73.25 26.35 44.68 55.32
Tab.3 The thickness of Fe—Al layer ® 73.02 26.39 25.12 7481

before and after diffusion

— Fe-Al £ 4 2 /um PG Al Fl Fe i+ 80050 Lb vl & 4 2 0 0 AN ik
T IrE EHANY 82, SN BUZ 0 AL F Fe J5 140 L 294
AL(730°C , 3min) 42.93 63.15 121, 3 X 80 P A %) 32 22 A AT BE 2 FeAl, 10 N9 HLZ
A2(730°C, Smin) 4475 6897 ff) AL 1 Fe JEFACHL 2R 13, 1 X 480 P9 14 1) S BEAH
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Fig.3 Microhardness distribution of cross-section of the samples before and after diffusion
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Tab.5 Stretching properties of the hot dip aluminizing
samples after diffusion

PORYERR T2 WUHLER B /MPalJi il 58 B /MPa) i 26(%) 15 46 %.(%)
JE A 1195 1126 14 69
A1(730°C ,3min 1276 1234 13 65
A2(730°C , 5min 1296 1237 12 58
A3(750°C ,3min 1216 1166 13 63
A4(750°C ,5min 1298 1246 8 58
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Tab.6 The results of the breaking experiments
of different chain

ER S TG 61 28 /KN KR (%)
B2k BT 435.25 24.82
PR PE R BE 5 432.05 20.20
PECR P AR B O 438.10 19.98

MR TR 2 20.20%, SR PR BE ALt L
Qb BT A0 DT 7 28R B =2 B A B AR DR B AR
7 HL A SR i — 25 R 2 19.98% ., AH HL 3% T4 2%
JE A, PR AR BT A N AR R B 2% 1 DB 7
HOFAR MW B4, A RS GB/T 12718 —
2001 (B FH ven i J3E [58) AE ) XoF C 2 1 [58) 3A ile R
W 11 2k 410 kN, B8 W87 B B /DN AR R 12%, TR It A
RAPIZBER Y AR PES T )5, BE AR b
TR IR R A BT e, (H 08 2 P B8 0 B 45
R B B E 5%, LA 7 R R 3
B EARESK

3 &g

(1) #8405 1R B R [a) Xy w45 5 B 2
Fe-Al A& ZMERE . 2V fbMs, mZHEEN
Fe-Al &5 4 )2, Fe-Al 154 J2 (1 )5 B2 W E— 25 3%

(2) 8T 5 R 2% T AR S fl Tl A X 2
AR A B S . VTS &2 2 AR
Fe,Als Fll FeAl;, HEEAG 42 BMEERE 31345,
TR X IR, WY B & &2 YT EUZ F A
PHUZ  ANYHUZ 9 FZ A A FeAl, W H#UZ 1 £
B R Fe;Al, X ffif3 5 4 )2 Wi BEVR & 4 2R E
P A R B R A B X L) R R OF B
AR A & 2 SRR AR BT BT

(3) M TEM, 8RRt
L5880 S R 5 A T e, AL TR] B R A e 1 A
JE Fe-Al £ 4 J2 A5 A 44 0 iR 2 Rl 4 324 B
TR

(4) SEEATAFAH L, PO BEEE S NP A
AR BE AR I T o AR AR, E 3 i KR
U S B T B A PR AR B A RN AR
R B 2% T B DT £ RN A K R 4 R AR X C SR
SR PR BE LR

S & 3k

[11  #EFE. A R H 25MnV 9 40800 P RE i 52
WA [J]. 38 Ak I YE 24 B 2% 41, 2012,33(12): 19-20.

[2] SE5H, T4 5Kk E% 4. 25MnV 0 F s 1 5 2R 4 A9
PSR R AT K [T]. 4B AL B, 2004,29(11):65-67.

[3]  E4EE SR, ShEGEE AR 0P R (5 PR G O R AR
SER LA A 7k (0], B HLAR,2011(12):220-221.

[4] o7, THF, . AREBIZOERERII]. MRRE

5T.2,2002,10(2):192-195. o
(FHE%5 127 1)

-122-

(€)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



PoNT T L
Hot Working Technology

(3) BRAEMFIAZ T By il e 45 A8 T2 BRAS T2 R

0.01s" ¥ 300 .350 400°C . FIZASEH = 0.1s" 1
300 C4 241, Hopb il 50 T AZ91 2[5 A5 36k
WEAE N IR T84 AZ91 BEA 41,

5% 30k
[11  Xu Hong,Zhang Xin,Wang Changshun,et al. Semi-solid

(2]

[3]

(4]

[3]

(6]

(7]

[8]

9]

moulding of AZ91D magnesium alloy [C]/ Materials Science
Forum.2016:790-801.

Chen Gang,Zhang Shun,Zhang Hongming,et al. Controlling
liquid segregation of semi-solid AZ80 magnesium alloy by back
pressure thixoextruding [J].
Technology,2018,259:88-95.
R e 0 F O S ol S BOES S Wi R A RS N
MR FEI]. tHAA B4 )8 ,2017(14):270-271.

FIAFWE . DI A TR ST 2R ) s b B 4 0 i 2 R I i
F¢[D]. B H BT K, 2016.

Wang Kai,Liu Changming,Han Zhaotang,et al. Research on

Journal of Materials Processing

semi-solid thixoforming process of AZ91D magnesium alloy
brackets for generators in JH70-type motorbikes [J]. Chinese
Journal of Rare Metals,2005,24(4):381-391.

Murakami Y,Miwa K,Omura N,et al. Development of new
type semi-solid injection process for magnesium alloy[J]. Solid
State Phenomena,2015,217-218:361-365.

Wang L X,Fang G,Leeflang M A, et al. Constitutive behavior
as-extruded AE21

and microstructure evolution of the

magnesium alloy during hot compression testing [J]. Journal of
Alloys & Compounds,2015,622:121-129.

F, Shamekhi
stress-strain  curves of AZ91

[C)/  Proceedings

Barati L. Mathematical modeling of the
magnesium alloy during hot
compression of Fourteenth The IIER
International Conference,Paris,France:2015,62-66.

Seong B H,Kim H K,Van G H,et al. The microstructure

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

evolutio n of semi solid AMS0 alloy added Zr and its
compression behavior at elevated temperature [C]// Aeromat 23
Conference and Exposition American Society for Metals.2012.
Rakhshkhorshid M,MaldarA R. A comparative study on
constitutive modeling of hot deformation flow curves in AZ91
magnesium alloy [J].
2016,3(1):27-37.
FROCUR SRBEA BN 4 R BL SIMA B # AZ9ID BE A
SR ESEY A LT IR[I]. AN T T.25,2016,45(3): 1-4.

Yang X,Miura H,Sakai T. Dynamic evolution of new grains

Iranian Journal of Materials Forming,

in magnesium alloy AZ31 during hot deformation [J]. Materials
Transactions, 2003 ,44:197-203.

Sivakesavam O,Prasad yvrk. Hot deformation behavior of
as-cast Mg-2Zn-IMn alloy in compression a study with
processing map [J]. Materials Science and Engineering A,
2003,362:118-124.

Mcqueen H J,Fry E,Belling J. Comparative constitutive
constants for hot working of Al-4.4Mg-0.7Mn (AA5083)
[J]. Journal of Materials

2001,10(2):164-172.

Engineering and Performance,

Wu Wenxiang,Sun Deqing,Cao Chunyan,et al. Flow stress
behavior of 5083 aluminium alloy under hot compression
deformation [J]. The Chinese Journal of Nonferrous Metals,
2007,17(10):1667-1671.

Zhang Hui,Li Luoxing,Yuan Deng,et al. Hot deformation
behavior of new Al-Mg- Si-Cu aluminum alloy during
compression at elevated temperatures [J]. Materials Characteri-
zation,2007,58(2):168-173.

Ui R 22 AR R, A5 JREE S AZ9ID BE G & BUE 4 AR Y
RN WS [, WA R A RS LR 2013,42(9):
1844-1848.

FICIR RS /N B RS AZIID BE 4 & R AE

FE 0B MALSU]. & m AR L, 2017,42(8):36-39. I

(55 122 1)

[3]

(6]

(7]

(8]

9]

Tt BR Wk, kb B HGE BE A AR R T AT
WAE[I]. FiAT 428 # kS TR 2006,35(2):74-78.
JRIAEZE WAl AP 25 R TR e A 15 0 0 U2 AR LRI
WS RAT AT]. MR TR ,2018,46(2):93-98.
BRI, BEEE AL PO O S B 0 G AR B R TR
FURISE R[], AR AL B2E 47 2014 ,35(S1):205-209.
FAEAR WRIR S, 0 A [ IR R AR TR R B B R
B8 Sl ) 25 A [0]. AT ik 4% 1, 2013(1) :32-36.

PR Al 5, S FAR BE BR 2 Tk N E /K JE lt M 1 F Ab
WFEE[I]. MRS, 2001(1):20-21.

[10]

[11]

[12]

[13]

[14]

XN PEAR AR S AR . AR A e ) ke B 2 A K A 5
1. #ARSF4R ,2013,16(27):97-99.

TR, PINBENE . 20 FHVRBEER T2 R SRR IR SR [)]. 3
P TR 2 e 24 31 ,2016,30(6) : 117-120.

SETAR SRR T A R ) X AR AR 35+CrMo 9B
JEALUE R [T]. A K 2 2 R A A B 2 4, 2017,31
(3):25-27.

BRI A, SRR BH TR AR AL RO A TR 2 0 O 45
[J]. MRS 247 ,2014,28(10): 737-744.
TBEE RETE, 1A, 17 _APH R 0 2R B 40 2 L R i T
SALPERE[T]. HAE S IRME,2011,30(3):35-39.

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.

-127-

http://www.cnki.net



