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Study on the diffusion mechanism of W and Mo atoms
doped inNickel base alloy at y/y” interface

WANG Xu-Hui, GONG Zhi-Hua, SU Pengi, Q1 Jan-Bo, MA Yong-Lin, WANG (hao-{iao
{ Schoal of Malesials sod Metallizgy,-Trmer Mongslia Univessity;of Seimnes and Technology . Baoion 014010, Chins)

Abstract: Based on the first principles of density functional theory, the factors for the difference of y° phase dis-
tribwition in the precipitation strengthening of Woand Mo doped nickel base superalloy were studied. The system
model of ¥~ Ni [ AL, Ti./,) phase was established by VASP soltware, and the substilution energies of W and
Mo atoms in different positions were caleulated by selecting different array points in non - equivalent positions ,
and the ocenpying tendencies of W oand Mo atoms in y° phase were analyzed. The adsorption energy of the inter-
[H[:f‘ ]l‘{['rl' H]\l] llrlrr []‘J}’i]lg “’I R.[Ill ‘l‘] alons were (‘.Bl['u'iill‘(], HJHI ‘I]{‘. i"ﬂll"."("‘ﬁ Uf [](F]'].JIE “‘I H"‘l 3’0 oan Ihf‘
phase boundary were studied. The dilfusion paths and potential barriers of W oand Mo atoms from y o ¥ were al-
so caleulated. The results show that the doping of W or Mo preferentially replaces No. 5 Al atom in y” = Niy
{ _—\l_‘.“TiJH] pllam: and Jlllllir(i\-t‘.‘i the ﬁLu}Ji'iil:r of the |rha_9-: l]!JIJI'I[]Hl}'. The difference in allocation is caused hy
the fact that W replacing Al atom in the ¢ phase is more likely o form vacanecies than Mo, while Ni atoms in the
y phase are more difficult to form vacancies and require more energy for reverse diffusion.

Key words; First principles; Diffusion; Doping; Intedace
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Fracture Failure Analysis of 21-2N Valve Steel Plate

Wang Qiaogine, Gong Zhihua, Li Kangxue
{ Materials and Metalburgy School , Inner Mongodia University of Seience and Techmology , Baoton 014010, China |

Abstract: Anaysis on lractune fnlure o 21-2N plate coacked on line win carmied il by weaes of oplical sicmsoope (M),
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Effect of La on Microstructure and Mechanical Properties
of 75Cr1 Saw Blade Stecel
LIU Di, SONG Yuanging, ZILANG Xin, J1 Yunping
{l. Scheol of Marerial and Metallurgy, Inner Mongolia University of Science and Technology, Baoton 014010, China;
2. Grikin Advanced Materials Co. Lud., Beijing 102200, China)

Abstract ; The Roclosell hardness tester, electronic universal testing machine and electronse pendulum impact testing
machme were ulihzed W measure the mechanical properties ol the hat-ralled plates ol 750 saw blade stes] withaul and with
the trace amount af rare earth La. The scanning elecrran microseope was used to observe the microsmmctune and the fracture
maorphologies ol the hot-rolled plates, The effects of mre earth Ta on the microstructure and the mechanical properlies wene
discussed. The resulls show that under the condion of meeting the natonal standard, the trace ammmt ol La can reduce the
dmount ol pro-eutectuid fermle in the microstructure of 75Cr] saw blade steel holarolled steel, reline the mterfamellar spacing
ol the pearlile and improve the Faclure morphologies of the lensile and rovm-lemperature impact samples. So the strength and
the hardness of the hotrolled plates of 73Crl saw blade steel with La increase and the plasticity and the impact toughness
improve greatky.

Key words; 75Cr]; saw blade steel; hot rolling; peariite; mechanical properties
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Abstracl: Tayered double hydroxides (TTIHs) have been successfully applied in surface proleclion
ind funcionalization of metal materinls ewing to their special struchure, composition, contrellabil-
ily, anionexchange, and olher excellenl properlies. Harein, lhis review focused on Llhe mosl common
LDIT preparation methods on magnesium alloys in the past 10 years by summarizing about 70 re-
scarch papers. Al the same lime, based on lhe corrosion proleclion mechanism of LDH malerials,
the performance of LI films and TDIT as filler on metal substrates was briefly introduced. The
surface of LD materials were chemically modified to enhanee their compatibility with solvents,
and theit corrosion resislance lunclion was developed as an addilive, Finally, L.DH-based composile
coatings on Mg alloys by surface pretreatment and chemical medification were disoussed

Keyvwords: layerod deuble hydroxides; magnesium alloy; corrosion protoction; composite coating

1. Introductinn

Magnesium (Mg) and its alloys, known as the lightest metal structural materials, are
widely applied in the computer, electronics, autemotive, and aerospace industries due to
lheir advanlages (including their low specilic gravily, high specific sirenglh and slillness,
processing, and recycling) [1-3]. The overall weight of a car is reduced by 10% and the
fuel is economized by about 20%-30% with ne significant design changes through using
magnesium alloys [4]. In addition, the clastic modulus of magnesium alleys is similar lo
that of the human skeleton, which can relieve external stress and represent the major com-
ponenl of artificial skeletons. Therelore, as a medical malerial, magnesium alloys are ideal
materials for cartilage repair and moetal implantation [5,6]. Although magnesium alloys
have many excellent properties, their inferior corrosion resistance due to the low standard
polential { 236 V) limils their further development and exlensive applicalions [7]. Henee,
research on comrosion resistance of magnesium alloys is an important topic for their wide
application. In the past few decades, plenty of appreaches have been used to combat the
corrosion of Mg alleys including alloving, improved heal lrcalmenl process, and ad-
vanced surface treatment technology, Among them, surface treatment technology is the
mosl exlensive and clleclive melhod, including chemical conversion coalings, polymer
coatings, micro-are oxidation (MAD), layer-by-layer film, and TITT coatings.

In recent years, LDHs have gained a key posilion nol only due Lo environmenlally
Iricndly and low cosl bul more imporlantly due Lo Lheir the high anionic exchange capa-
bility [8]. As a resull, interealaled malerials have shown broad applicalion prospecls as
corrosion resistant coatings.

Coatings 2021, 11, 1316 hilps/idoi.arg/10.3390imalings 11111316
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Effect of La—Ce mixed rare earth on mechanical properties and
corrosion resistance of Mg—Al-Mn alloy
llnang Ming, Chen Lichao, Chu (ian, #hao Liping. {Hn Chen, lian Zhihva, Zhang uimin

{ School of Material: and Metallurgy. Inner Mangolia University of Science and lechnolegy, Baotou loner Mengelia 014010, China)

Abstract: Effiel of LoCoe muneal rave carthe on the microstruetore, mechanical properiies and corroston resistance of Me-ALMn alloys were

investigated. The Mg=A\l-Mn allovs with rare earth content { mass fraction} of 4, 63% . 5. 81% and 6. 18% respectively were smelted in a 'T-
120CE crueibile Teemace,. The specimens were solutian trented ot 3000 Tor 24 boinoo baxAype mesistanes: Turace, aned then agead ol 200070l
24 h. 'The microstucture of the specimens in different heat treatment states were ohserved. the tensile. hardness and salt spray corresion tests
were cartied out on the specimens atter solution treatment and aging, 'lhe effects of mixed rave earth on the microstructurs, mechanical
propuerties andd cormsion resistoners of the alloys were analyzed. The resulls show thal with the anerense ol Ta-Ce misel rare carth content i the
alloy. the Mg, AL, phase is gradually replaced by the Al { La, Cel phase: the hardness, tensile strength and elongation ave gradually reduced ,
and the mexhanival properfies are decrnsased; the cormsian rate ol the alloy is gradually dicreased and the corrosion resislance is fmprived,

Keywords: Mg—Al-Mn magnesium alloy; La-Ce mixed rare earth; microstructure: mechanical properties: corosion resistance

e VAT A B (R SR VRS R i e
R T 0 00 D 7 ) 9 A 0 )
BRI F: 5 F] A LR S G 2012029 PRI A P o RS SR SR i A
e g & W50 19081 1, TR S, 12t Rare ewrth, 5% RE) $575 000 IR 5500 — Kt
sl UIETURYT 60 ey vone T IRHE 1 A3 A FUEDL T L Bl LB Mg-AL 5 40 F0 Moo &5 ILH LEES S &
shueliping3 1956 120, cun A v . 3 L T AT B A i e
DOIL: 10, 13251 /], Issn. 02546051, 2020, 06. 039 WHAH—THELEZHAERGEE SR CTRRR
BRI RN VSN VSR R IO T VR I % I VI VG S S VR RS I K R AR SN VSN S RSN I R I CR VSRR P S VI VIS T L VIR T 5 T

[53] Zhne ¥, Zue TT, Tang Z, e ul. Micnstmewnes and properies of high entropy alloy [D] . Shenvang: Sheavang Ligong Univessivy, 2018,

crtmpy allove [J], Progress in Materials Seience, 2004, 6108 ; 1493, [LL] BRt, ASaR, (10 #h, Ca #0080 o8 o & 4 Callelebed
[6] #hang ¥ . Fan T UL Cheng ¥ 10, el ol Highenirepy allavs with high i Frd ] SR kTR, AT, AROTT) - 3a3Y.
satuation slization . electrival esistivity, and mallealdlitg [ 1] . T Wenjing, Phang Weirinng, Fu Huameng. Diffusion hehavior of
Seientilie Reports. 2003 3 1453, Cu uned i wems in CuCoCrFeNi high ennopy alley [J] . Transactivns
13 W ) dafnesdi e g [l AL FAE AR, 201 of Muleriuls sl Heal Treatment, 2017, 380110 3434,
[8] Tsai KoY, Tsai MOH. Yeh J W Sluggish diffusion in Codor-be3n-Ni (2] 3 debh, Taicte. 88 F, S SllS E ColekeMali) /L7
igh-entmpy allows (1], Aeta Materialia, 2003, 61: d387-4597. RO REFT ARG S I ] LT, 2T, aa
[3] Taal M I, ¥eh T W, Gan T Y. Diffusion harier propeties of (2] 8481

AIMONESITaTIV s high-entegy alloe laver hetwera copger and siliven Tin Yulin, Tun Yengehun . Zhan Tian, et sl Tnterfaeial behavier and
[7]. Thin Solid Fily

[lo] Foeh. Sts

. 2008, S16i 16} : 5527-5530. foink propertios of high eatrape allor | CoCeFeMaNi) feopper vacuum
“oleCuFedi D B EC A A D] i diffusion bonding [1] . Jousmal of Mechanival Enginecring, 2017, 53

k= A
BH: frPHIE CoReF . 2018, (21 8481,
Tao Wenjing. A study on diffusion of aems in CollrCubebi high [13] 3t EEeRES e ] 405 B T lkhiREL, 2006

192



9. KK BB, = A R, B KL ML, i H1 3 VB BN R A A
VIR RS 32 51 [J]. P 28 7 BHE K 52 523:,2020,39(04):339-342.

012 H MESER LS SEH Thews e e, 20200
A EFEL4 N Tournal of Tnner Mamgolia University of Setence and Technology Vol.39 . N d

H13 AR ELAR i i ST AR 4 8 T Al 5 4% o)

T ARK BEeH OAELELBA  TER
(1, REEFHAR LS B S e Ay U ek 0M010;2. (B HEL 2 AR sl I ek 014010)

s e (BB L 8 Lo o b P B e = A1 i oW s RO 0 N i B TI?‘T-X‘E' HIG T
i A AR SR R A ST T T Gl RS A 5 0 A A HIS i A R T (08 Bl . sl dh I

9 ZOT G 2 Fhah AR BT |9, 2 T SR [T PR A B UDAS IR BT | B A R R (S AT R A
A b AT T4 ST SRR A T 5 3 A ST I3 AL W o
B -

SePRIR): LL3 4 AR 2 pe
PEGHES: 16142 1 EEARIRED: A
EHS 2095 - 22956 2020) 04 - 033 - 04 DOL: 10, 16559 /. coki. 2095 — 2295, 2020. (4. 008

AT AR & FEH . LR = s s

Hi s R B B B AL A L L RS A 1 SEMR5sE
TR T RE RS, R T A RASSH Tt A HI3 B AR g Al e b0 A
Wi fia . AR W ER TN LT RITMERIE.5 B0 ) s 00,32 ~0,45; S 0,80 ~ 1. 20; Mo: 0, 20 ~
B BUPERNE I S T L fE R R L A A 0.50; Cri 4,75 = 5,505 Moz 1. 10 = 1. 75; V: 0,80 —
AFRLHD HAHEERHSFEMASE TR T 120, R Fauig] 1 050 C R i 1.5 b 354;
f&ﬁ”"’-”&{-iﬁ" B S BERE 7, e B TR im S I SRS 1 SRR N EE

38 HLA B8 S T i 2 T A ¥ IE 000 C BT S L2 4——mh—ﬁ“ﬂ"‘)"‘£ SO0 T
FA G AL S B Mo By & S TN Nb S S B =2 B IEH BT 2 E a8Meh | 5
HA TR AT LW HI3 4 B2 SW . 2 SR T 10 mm x

BS i Rd R cS FI  EO i  TMY 10 mm x 10w §) A SFFE S LS. H 4% 1)
Foshab I L MMTIRE A by st e .%"-l.L»Ji TR i R b, R B R L et

SRELS AR At P TS SRl g 200y 1 RIS i F 0 i o i il o A 181 T3

WAL T AR AL A0 S ANAY (S T2 Mt R R R L e T2 A R 40 5T

DA R TR e R SR R T HIS S

{51 F 77 o RO L 380 6 T2 i AR i AL 3 R 2 EEBRSAH

Futkh E g T [ _lEr-"I%iﬁ"f'.‘liEktH’ EAHIE . TLLE
A 2 P T R B U AR Ao A - SHELAS M o), B {0 4 AT

BB TR B e AR A L I H e e T BRI AR R I, nﬂ%*ﬁ]i{‘ EEE TN, r“E..

T A A AR B B ST R TR R RN e ik B LR SR

FEFAR LR T R A A = 3 A L A A ) A LB e 1 A

S BAWE: W R sE e AT H 2008 MS05038) 5 IR G i ERME | R G R E 2008030050
VERRAr: Dk ke 1994 -0 B oy R L IOl LR S s i it = 0 AHHS) VTR
RS emnail: windflowerl 268 163 com
A% E HE: 2020 02 —1d

193



10. BRI A A7 L BR IR, T R, e La 045 e 400 o B R A 4L 23 S5 0T

AH B2 A [J].8% £,2020,41(05):137-142.
4B H5M W =+ Vol 41;No.§
001D H Chiness Rare Earths Detober 2020

aMHMEESNPRRMAEALASHTHENE T
AR FLERE T RE T RKS

(LA RO MR e &R0, MR B3k 014010
LR AR R ARSI S 2B A AL s, A L 014010)

#OE: U0 Le ARSI La i) Nb-To 305 S 900090 00 500 A S0 S RURL AT T an b 18 v L B i ot
AR, SRH Gleeble—1 500D RYALBUCUHL B0 1708 T 05 0 26 8 A0 oL B TR0 47 th MR OR S fit i 51 1 3
S G T ERGAES R ARIT T La 0 S350 Seh BLEC P 20 A5 I A 5 S B, I L T 1) 0 A L R
i LB A R0 e A% R30S L ECIR A0 1S ORCER, 0 RE I 1. R B, La SRRER NEE A8

Ab AT A BT Sk HT A R .
g BE1A - La; NB=TT R s 5 52 FCAAHER Bt 4
RESFE TG4 | TRATIRE A

NbTi B ST AE EHRAE &Pk R
HEEEOR B BB DL A, IR L SR A
0T FREY HEN EE RO Y AR AR Ll T SN
BEBTIEMSAYY . @ EN N TS s
& 773 204N S PE A [ BR A 0 SRR AN DL R AR 1
SEALSE IR, TR s s e e ™0 .
B LTGRO BT A g BHRIEM
fe2 it B2 BT R RS
e 2 2 (788 R0 2K 7= IR B 2 T
FHTRAT®RSY . aEn? mLdFEs
SHCPRBEL D ER ST R EEB, R
i » 35 i FI L ERIE Wk 2 3 00T 90, A B IR AT 15

1R 1 4 2018-0947

TEEHRE 1100440277 (2020) 05013706

R, A R L D s bR
e A7 B 00 S SR S R
ANHFUREH Y TR b RS s
BT SRR TN B R B T ) R R
AT A0, F 30T SR 18 15 4 PR 50 T L R A 4 4T
Sl 0 T R B, BRTTF L La XT Wb S N
o G R RS T B AT R G R
Fib s SN AR B e

1 REAMBET &

BRI H R FTIE T BE S0 ke B2 HERAP P B
il NbTi R - AT BRI AT I La (4 Nb-

HEH I FE SRS (51961030) ; 15 6 B T80 2 ( 2019 M305013, 018MS05038)
TR IR R {19924, A, Bl (UBE, RS, E RN BR SR EE R L MEHH TR S5FE, Email olings 12@ 126, com;
ERIEE : EilE W 22 Eemail: mnd.ﬂnhulEﬁ@lG" com

( ibolt! e éed3 g o ¥sodernagzecsars. Electronic Puslishing H

194
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1 Cext 253MA if B E B R R X R YR A

iR, FEE S, BAE, HikE
(I AREERAENSBHRESALEE, ARE 2% 014010

2. AREREAFE HBSEEFR, ARG 8% 014010
HE REBELERERME B ESIHER(SEM) NETFHRATH( EBSD) Fit & 2B O M A 253N S8 iRE
BEARERADNER. EANSHHTREMNT SRRE REFHARL C BASNREAN L G AkEEAR
FHAR SEERROER BL G BN ERMENH GO, fuf C0) 50, S8/ GEREWEA T 2 HW B THITNE
§ ERHL Ce ZROAPMAFF D AR RANEE  AHTRERHBOREE R EHEE.
SEEE: Bk Co; WHASE 2530 A; IR il
HESES TG TEEEE: A LTRSS 0254-6051( 2020) 01-0026-05

Effect of rare earth Ce on solidification structure and inclusions of
253MA heat-resistant steel

Yang Lilin*~ , Qi Jianho'**, Zhao Liping'”, Jis Yongjie®
(1. Inner Mongelia Key Labwratory of New Metal Material, Baotou leer Mongolia 014010, China;

2. School of Materials and Metallurgy, Inner Mongelia University of Science and Technology, Bactou Inner Mongolia 014010, China)
Abstract; The solidification structure amd the morphology, composition and structure of inelusions of 253MA steel with different content of
rare earth Ce were characterized and analyzed by confocal laser scanning microscope, field emission scanning electron microseopy | FESEM)
and electron backscatter diffraction | EBSD) _ The resulta show that by comparing the solidification stmetures of two specimens , the equiaxial
grain rate aml columnar crystal refining effect can be promoted by the addition of cerium. The rare earth inclusions are CeO, and

( Cetd) .50, , which have fine and near=pherical dispersion distribugions. 1t is found according o the siatisteal analysis and grading that the

increase of rare earth Ce content is beneficial to the increase of D-ype spherical inclusions, which helps to improve the high temperature

resistanece and ovidation resistance of the 253MA steel.

Keywords: rare canth Ce; heat-resistant steel 253MA; solidification structure; inclusion
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12. Z5/2 RAF0PE, A, A 8 PR, 22 Al T8N S+ AZ REBEA S
HZRA T VERE RS2 [T]. 4 8 #AAb E,2020,45(03):68-72.

ESE EIH 4‘ I: kE ¥ Val 45 No. 3

2020 & 3R HEAT TREATMENT OF METALS Masch 2020

AIZENERLT AZARSSERRMENTW

B R, BEE. B, GBS, B OB, 2UE

(AREBEAY HHSASFR, ARE Bk 014010)
WE AL AL RSAS S HE TRERATIA 5% 7% 9% MARTHE T 45 °C <24 h E% +200 T x24 i
IR HEROSS RS NNASNBRAMNESTRE MENE T KEHAES HAEELERREE. BRED, &
SHESSEMFTN oMy + B-Mgo Al + Al ( La, Ce) o 3 La, Ce) AL; B Al S EAEN, B-Me ALRB LA SHEES BN
Bl ERLERE ARG B, AL BLERRN, B A SROEE BRBLTRE , FRBEALE B0 AL RS
P HATERRERREL . HECEEE, B Al A RO, BRP R B, AL ARME, B L ADERTSE
. BR A EERES, SESHNEENE T BOE A0 HRL RN
R REAS AL SR BRUBR HPME RERL
BEAES:TCL66  XAUREMA  SCRES: 0254-6051( 2020) 03-0065-05

Effect of Al content on microstructure and properties of
AZ series magnesium alloy containing rare earth

Qin Chen, Zhao Liping, Chen Lichao, Niu Jiaxing, Chen Sheng, Jiang Yajun
[ Sehol of Materials aml Metallurgy , Inner Mongelia University of Science amd Technology, Baotou Inner Mongalia 014010, China)

Abstract: Taking the A¥Z series magnesivm alloy containing rvare earth as the base alloy, specimens with 5%, 7% and 9% Al were
prepared , and solution treatment at 435 T for 24 b + aging at 200 C for 24 b was carried out. Then the microsteoctures of as-cast, solid
solution treated and aged specimens were observed, the mechanical properties amil comrosion resistance of the specimens after aging were
measured. The results show that the as-cast microstructure of the specimens s mainly o-Mg + B-Mg, Al + AL { La,Ce) , and { La,Ce) Al
With the increase of Al content, the g-Mg, Al phase snd mre cath compoonds increase, and the gain refinement {5 achieved. Afier
solution trestment, the B-Mg . Al phase in the micrstructure gradually dissolves, the dissolution becomes uncompleted with the increase of
Al content , and the undissolved strengthening phase §-Mg,, Al and the rare earth compound phase disperse in and near the’ grain boundary.
After aging treatment and with the increase of Al content, B-Mg . Al phase continues o precipitate and increases in the microstrocture, and
the size of rase earth compound phase is refined. With the increase of Al element, the tensile strength and handness of the specimen increase
grafually, while the plasticity and toughness are getting worse, the cormsion resistance is becoming better.

Keywords: AZ series magnesium alloy; aluminum content; microstrocture; mechanical properties; corrosion resistanee
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Hot Working Technology 2020, Vol. 49, No.6

RE 206G NEMBRASTEREZRRNIN
S

PeLE, EMEL THEL UEK, BEg’
(LHEEHELYE HHSELTE, BET L& 0M0IG2L HETHERT OETHFSLERRESHMNE
EERE NEE 040140103 RFRFEAFRTEATLAF—REr, AEF L2 014010)

W E 020G R RT AR M RS B S SRR G A AR R T 20G PRI A KT RAl
A BT (OM ok B T S 55 Sk 0 BB 2 S0 BT R B (SEM) M N L T A L EBSD i
B T A R ] 7 8, M TR (O T POE O] T AR R 0 3L L BR R 206G WM B REAE T SR WER
SEPR IR, i AHEAR AL 200G 550 Ab VR B 1 A IR SR A M HE T | BOE A AR S B M AR

KR 220G B RS, 5w EBSD;KAM

DOT: 10.14158/). cnki. 1001-3814. 20183226

BEAHES TG4 RIS A LR T : 1001-3814(2020)6-0062-03

Microstructure of Cold Formed 20G Steel and Distribution Rule
of Residual Stress After Deformation
LIANG Mengfei', REN Huiping, WANG Haiyan', LIU Zhibiao®, LYU Yufeng'
(1. School of M Hurgy, Inner M fia University of Science and Technology, Bactow 014010, China; 2. Key
Laboratory of Integrated Exploitation of Bayan Obo Multi-Metal Resource, Baotou 014010, China; 3. Baotou No. | Thermal
Power Plant, Baotou Power Co., Lid., Baotow (14010, China)

Abstract : Based on 206 boiler steel, the failure behavior of 206G cold-formed steel pipe was analyzed from the angle of
microstrocture and residual stress distribution after deformation. The microstructure of crack and non-crack position was

iails and M

analyzed by optical microscope (OM). Scannmg electron microscopy  (SEM) and clectron backscattering diffraction (EBSD)
were used to collect the orientation information of frecture ares to clanfy the relationship between micro-orientation and
mechanical properties of steel. The results show that the microstructure of 206 steel is mainly composed of fernite and pearlite,
and the banded structure appears. The stress distnbution of 200G elbow is concentrated. Compared with that, the stress
distribution of straight pipe is ratherly mixed.

Key words: 200: microstructure; residual stress: EBSD; kernel average misorientation (KAM)
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Effect of PhO on Crystallization Characteristics of Bayan Obo Tailing Glass— Ceramics
Yuan Ye' Shi Yuguan®, Wang Yunhai® ,Shao Yun® , Du Yongsheng' (1 School of Science, Inner Mongolia University of Sci-
ence & Technology, Neimenggu, Baotou, 014010 ) (2 School of Mechanical Engineering, Inner Mongolia University of Sei
enve & Technology, Neimenggu, Baotou ,014010) (3 School of materials and metallurgy, Inner Mongolia University of Sci-
ence & Technology, Neimengg u, Baotou,014010)
Abstract: Tailings glass —eeramics were prepared by melting method with Bayan Obo tailings as main raw materials, and
CaF; as nucleating agent. The effect of differemt ratio of Phi) on crystallization characteristics of tailings glass—ceramics
were characterized by DSC, XRD, SEM and Raman specira. The results showed that the mode of crysal growth of the
glags —ceramics was surface erystallization and the cry=allization characteristics of glass—ceramics first increased and then
decreased with the increase of PhO) addition. The main crystalline phases of glass—ceramics were mainly composed of ge
hlenite and diopside with an interlaced distribution pattern, and the increase of PO content contributed 1o the enhancement
of erystallization chamcteristics of gehlenite in glass—ceramics, PB*™ was mainly distributed in the form of PhF; at the in-
terflace between crystal phase and glass phase, and a small amount of PH* can substitute the Ca™ in the structure of diop-
side phase to form substitutional solutes,
Key words: Bayan (bo tailings; Glass—eeramics; Heavy metal; Phi); Crystallization characteristics
DOL: 1019397/ enki. ceramics 2020.01.006
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Forming of Natural Plant Metal Artwork Based on the Ancient Lost-in-Fire Method
Sun Jiayi' . Wan Hong' . Kuang Jiajin?, Yuan Cheng'
(1.8choaol of Aeronautical Manufacturing Engineering, Nanchang Hangkong University:
2.5chool of Materials and Metallurgy: Inner Mongolia University of Science and Technology )

Abstract: Based on the ancient lostin-fire method. the natural plant metal artworks were prepared by using gyp-
sum surface laver and remforcement layer instead of traditional clay. The results show that the slurry prepared
with 50% & ~hemihydrate gypsum and 50 % bauxite as matrix materials and 80% ferrous sulfate and 20% sodium
pyrophosphate as additives presents loose microstructure. which can reduce the strength of the shell and improve
the broken shell effect. The slurry prepared with 50% silica sol as binder has three-dimensional network struc
ture, which can mmprove the bending and tensile strength of the gypsum reinforcement layer and prevent the
cracking and deformation of the mold, Finally, the casting has the characteristics of realistic modeling and unique,
Key Words: Lostin-Fire Method . Gypsum Mould. Natural Plant Metal Artwork
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Effects of Induction and Traditional Tempering at Low Temperature
on Microstructure and Properties of 45 Steel Tubes
FENG Dianchen’, CUI Jianxin', SUN Xuexian®, WU Xingfu®

(1. Schood of M 5 and Metallurgy, lanee Mongeli
Science Technology R ch and Develoy

University of Science and Technology, Boaetou 014010, Chama, 1.
Center, Shand

Huitong Group, Lasacheng 252000, China)

Abstract ; The 45 stcel seamliess tubes wene cooled and quenched in sce brine, and then low temperature tempering at 200

T was camied out i the waditional box type farnace and mpid induction electromagnetic heating device with 100
Heamd 150 Hz resp ly. The of hing and g under different ways were observed,
and the hard impact prog and tensile perf: af the were testex] accurstely. Besides, the fracture

muepholozy was also obwervisd. The result shows that. the fempered nmrtensite can emenge nnder the trditions] tempersng and

rapid inducts pering e . But 3 small amount of anstenite ill exists afier induction hesting tempering. And
teasile fractures are ductile fractures. Compared with the tadi | pering, the temgering can improve the
values of b remsile wgih, impact sough and l iom more abviously. The teTwile gth, impage
shiess and elongation of the samples tempered by 150 He ind 2 81 kow teny are which
reach 52 HRC, 1463 MPa, 21 1.66 Vo', 6.45%, respectively,
Key words; 45 steel seamless steel pipe. quenching: i heating; bow temy pering
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Di ion cn the

y technology of valuable metals from smelting waste residue of nonferrous metals

U Lin-tao
{InnerMongo lia lniversity of SciencadTechnology, Neimerggu Baoteu 014010, China)

Abstract: With the industrial production in sacial Tife in the proport ion of mom and more large, zreatly sriched the
mterial wealth of the society. However, in the process of industrial production a large amount of non—ferrous metal
tesources will be consumed, The charecteristics of China's norferrous metal mineral resowrces are the overall volume
of metal resources is larger, and the per capita possession of metel resources is lower. Based on this, this paper introduces
the concepts of noolferrous metal smelting wasie residoe and valuable metal, and discusses G clamcter istics of curment
conventional recovery technology, in order to provide some theoretical reference value for the sustaisable devalopment of

monferrous metal industry in China

Keywords: nonferrous metzl smelting, wasteresidue, veluable meial, recycling
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EEHHHEEETR Vol42 No6
ORDNANCE MATERIAL SCIENCE AND ENGINEERING Nov., 2019

Ni—Al & G152 %5 Po2 it #4u4H i IR Bt E AL 1Y 5 i

BEE AT, ELE ki, EEFH
(PRI RHERCE B S E2F 6, sl 3 014010)

# E e Po2 AMERTEALYE R AR LR R G R R, RIS N-Al B S P
16650 °C F 2 S b A (e iT 0 UL 5 S Po2 SRR a STk AT A et He ar . FCHS R BT SO0 R RO AT BRI (R S i
e T SR TR B AR 0 B R i BT I R O . SR AR R EE R
LA A £ 0 oy Ni-AL G T (b5 , EL i NiaAL B B-NiAl B 0 5% 78 2 NUAL Y sl £ 132 h L fk S P2
Feli kR R AR R ETLAY Fe 0, TN B ] (Fey Cry, ), 04, T Ni—AL S S35 2 52 0 MU i (R 40489 AL, 7E
Sk b B @ 20, BAT IRV S B . OB N-ALR B L EUS | Po2 8 i R (R A 11 gl R
2713 g/m? W 4R PO2 EHL A b,

Sgin hoE; s W AR P2 8l MiRbT R Tkt B
FESGHES TC1744 THREREE A

DOL: 1014024/ enki. 1004-244x 20190823 001

XEIRS 1004-244X(2019)06-0024-05

Effect of Ni- Al composite coating on high temperature oxidation resistance of P92 heat resistant steel

TIAN Zhihua, ZHAO Yongtao JIANG Yajun , ZHANG Tong, LU Haitao
(Schoul of Materials and Metallurgy . Inner Mongolia University of Seience and Technology ,Baotou 014010, China )

Abstract 1n onder o improve the high temperature oxidation resistance of P92 steel, Ni-Al double-layer composite coating was
prepared on the sudace of P92 steel by mekel electoplatmg and low temperature embedded alumimzng, amd its oxdabon
resistance aml oxidation mechanism al 650 °C were studicd in detail. The same anti-oxudation experment of P92 steel substrate
was carried oul to make & companson. X-ry diffraction (XRD) aml scanning electron microscopy (SEM) equipped with an
encrgy ilispersive speetroscopy (EDS ) probe wene used 1o analyze the microscopic momphology , phase composition amd diffusion
of the elements along the cross=section of coatings before and aller oxidation. The results show that the prepared coating is dense
and non-porous, the phase composition 15 Ni- Al intermetallic compound , and the phase tmnsiton fom NoAly o B-NiAl s
controllad by NifAl intenliffusion. Aller oxidation for 132 b, a double oxide layeris fomed on the surface of P92 steel. The outer
Layer is mainly loose anl porous Fe0,, the inner layer is (FegCr, L0, Inocontrast, the surface of Ni- Al composite coating
forms protective ALO, film. there 15 no chyvious crack in the oxidation process. Afler coated with Ni- Al coating, the oxidation
weight gain of P92 steel is reduced from 11 g/m® 10 2.713 g/m®, which indicates that it can significantly improve the oxidation
resistance of P92 steel.

Keywords plating: embedding; composite coatings ; PO2 steel s high temperatune oxidation resistance piiffusion
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2018 £12 H MESFH S KEEHR December 2018
AT R4 Journal of Toner Mongolia University of Science and Technology Vol 37, Nod
WEHS.2005 -2295(2018)04 -0359 - 05 DOL-10. 16559/, tnki. 2095 — 2205 2018, 04,011

TREENZSRNMEEZNEMARSERNEIE

Wb A, AR K E 28w A
(1 MRS o MR St a0 0140102, MEH A ARG S SN 24 BEHS A NS
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mEk. EEESTE SFETILRESRELE NESEAS SRR ANENER . USERISENNAA
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Effect of deformation temperature on microstructure and hardness
of Nb microalloyed steels under thermal deformation

YAO Zhao-feng' , WANG Hai-yan'?  HE Zhao-hai' ,LIANG Meng-fei' , RUAN Xiang'
(1. Materials and Metllurgy School | Inner Mongolia University of Seience and Technology, Baotou 014010, Chinay2. Key Laborato-
v al [nlt:gmtu] Elpluilaﬁl.tl al Bu_vuu Obo Multt-Metal Resource, Inner Muugu]iu Erﬁ1‘mit}' of Science and Tc(:hnulrgy, Baoctou
014010, China)

KE)’ words . Nb: Ini(_'nm"u-_\'t:l] steels: hot deformation ; deformalion Lemperalure

Abstract . Nb Micrmalloyal steels are widely used in pipeline steel, automobile plate steel and rail, and their excellent pedormance can
meel the 'n:(plin-.mrents fur steel hardness | ldlgiuu%s_-; and corrosion resistance. The research on Nb Mi_'mu]lu}'ed steels has become more
and more impl)dxnt with the upill ||t."\'c|upmt::|l of pipr.litlc: n-.ugim-:t‘r'lng1 aulomohile im]uer_v and rsi]wu}'_ Nb M i(:mu]lu_vr.(l steel was
usedd as the research uhjc:(:l, the t‘:l[l?l‘il‘llr.lllﬂl sleel was hot deformed }J_'r Ll:a'mg Gleehle = 15000 themmal simlator al different deformma-
tion lemperatures , amnd the stress and stain curves were analyeed. The microstructure and onginal Austenite nicrostructure of the exper-
imental steel were observed usill.g the uﬁt'nmupe of Zeiss, and the size of the gmin:; was caleulated. The haniness of the Expt:r'lmenl.ul
steel was measured with Vickers hardoess tester. The m'lulue;q_'upil' observation showed that the main microstructure of the cs(per'lme.-nl.ul
steel is femite and lathelike Bainite afler heat deformation wreatment. Under the same conditions, with the inerease of deformation tem-

peralure the hl];rr the Austentie gruin:s are, the lower the hardness s,

WA S SRR IR R RGBS Tlhe 6", BT AETE N A
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The super-cooling austenitic phase transformation and
strengthening behavior of high manganese steel

LIU Zhibian'*, WANG Hai-yan® , GAD Xue-yun™' , WU Zhifeng’, 20U Cun-ghe’
(1. The First Power Sustion of Baotow, North United Electne Pawer Co. Lad. , Bastou 014000, China; 2. Matenals and Metallingy
Sehoal o Inner Moagoha Univessity of Seience and Technolagy , Baoton 018000, Chingg 3. Key Labosatory of Modem Welding Technal-
oy of Guangrling Proviner, Gusigrhoay Geneol Reasarih Tnitife Tor Industrial Technobagy , Guungshou S10650, Chis)

Key words: Z0Mnl 3 steel; Super—cooling austenite; phose transformuation; pwins

Abstract; I is theorstically significant o investignte the pearlite trnsformation and martensitie trmsformation of Mol3 steel. The optical
mirrosenpe, scan decimn micnscope | SEM) and trnsimissaon electron microscape [ TEMY wens med 10 observe the mombology and
strscture af the superconling mestenite procusct of Mal3 steel i high4empernture and Jow 4emperstore zone, The resalts show that austen—
il el twins were obtained after water toughening treatment on Mol3 steel; pearlite and marensite were chitnmed when the sesl hold 1s0—
thermully in the high-temperature zone of the pearite transfomuation tempemture, and a great deal of residual astensie ol twin crystal
were alse abitmined ; which proves that o Jasge number of twins are sconmpanicd with supescosding mesteniite transformation i £GMnl3

steel; and mustenite matnx will be divided mto many regons by twin, plaving a symificont role m matrs strengthening,

khEEHBESVEFAERROXRRE, B FANERNANRSER . ARINT RIEQRE
Htd2WRMnEESE. REHNE . BHEER & BREFT ZERASAXEAREARTRAR
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Strain precipitation strengthening of Cu-containing
steel for water supplying pipe in power plant

LIU Zhi-biao' , WANG Haiwan® , CHEN Shu-ming’, GAO Xuesyun™ , WU Zhideng
(1. Baotou Fiest Power Plant, Nenh United Power Co. Lud. , Baotou 014010, China;
2. Materials and Metallurgy School , Inner Mongolia University of Science amd Technology , Baotou 014010 , China;

3. Key Lahoeatory of Integrated Exploitation of Bayan Obo Muolti-Metal Resourcee, Baoton 014010, China)

Key words: Cu-eontaining steel; hot deformation; orthogonal experiment; precipitation strengthening

Abstract; Hot simulation on Cu containing low carbon steel was camied out 1o obtain its strengthening characteristics through strain
hardening aml precipitation process by means of obogonal experiment ,and Gleehle — 15001 hot simulator was used for hot compression
test.  Microstrueture of high purity steel containing copper wis investigated by using scan electron migroscope { SEM) jand hardness was
characterized by miceodurdiess measurements. The effects of deformation temperatiie,, reduction and deformation rate on the enliance—
ment of the stee] were analyzed by variance caleulation. The result showed that strength of the steel was improved by strain inducing
atrengthening, which has relation with deformation lemperature , reduction and deformation cate. The onder of the three factors affecting
the strengthening of the test steel is as follows: deformation rate, deloemation temperature, and strain rate, which may provide experimen—

tall hasia for the prodiction process control of the stecl for water supplying pipe in power plant.
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ZSSRA A %K 4T BNbRE RHE EiH 5
RN, ERE, R, B, BYR, REN

(1. SAmERLERER MR, ARG 8% 014010

2. AWMEREARE HEEASFR, ARG 8% 014010

3. AMEREAE TUEARTRER, AEE €% 014010
R A Fleen S0pE T A A BRMEY BNIRE ERES SHRAHERNAGREESRT T ARTHE R TFR
AHIRE( 100200 m/s) FHRATHADNEEREEREERANE. SR MERRRE RNETERREMA BR
BRI, R T RN 100 w/s IO, S EB AR S0 - i, FEMRSEEAEREAENBESRMHEEN. SEE TS
ST MR 200 w /-, A HIEHE Y 40 - B ERSEE HEME T R TR M 100 n/s BEH 200 w/s 5 EH
FSEERIAE b, REESEAM 543 CRE S U, FHSERGH 255 T MmEL 2 TH AN TRREREOS
HIZHER MHEFREANATEERRESEL.
SR BNLRE $950; Fluent $ifF; =S 45044), 2FH
AESESTCIH21  TRFEET: A RES: 0254-6051( 2016) 12-0173-05

Temperature field distribution of BNbRE steel rail during air-jet cooling

An Xisofan', Wang Haivan™ , Chen Shuming’, Chen Lin®, Zheng Mengzhu™', Wu Zhifeng’
{ 1. Department of Mechanical Engineering, Baoton Iron aml Steel Vocational Technical College, Baoton Inner Mongelia 014010, China;
2. School of Material and Metallurgy, loner Mongolia University of Seience and Technology , Baotos lener Mongolia 014010, China;

3. Industrial Technology Research Institute, Inner Mongolia University of Science and Technology, Baotou laner Mongolia (H4010, China)
Abstract; Flow and temperatuse fields of BNRE steel rail duning air jet cooling process was caleulated by Fluent software based on the
standand k- twrbulence model, 21 models temperature field and the heat ransfer characteristios change of the vail unler different wind speed
cooling{ 100, 200 m/s) was discussed. The results show that the rail sudace heat transfer coefficient increases, and heat transfer enlunces
with the wind speed inereasing. Under 100 m /s inlet velovity condition, when the cooling time reaches 80 5, the gas dispesion produced by
the upper jet impact with the wall will affect the lower pant jet direction. Compared with the former, when the inlet velocity is 200 m/s aml
the cooling time is 40 s, the sdberent air flow sigifieantly affect both sides of the lower part of the jet. The cooling rate of rail ia significantly
inereased when the inlet velocity increased from 100 m/s to 200 mfs, the final cosling temperature decreased from 543 T 1o 358 T, the
average eooling rate inereased from 2. 55 T /s to 4. 42 T /s, The model has important significance for the requirements of rail quenching
process, thereby controlling the final microstructure.

Keywords; BNBRE steel rail; Fluent software; air<et cooling; temperature field
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Hot Deformation Behavior of High-Ca Magnesium
Alloy Produced by Spraying Deposition
Zhao Nana' «Li Zhenliang' «Lin Fei' + Yuan Aiping' . Jia Guodong' + Yang Subing”
(1. School of Material and Metallurgy, University of Science and Technology Inner Mongolia:

2, School of Metallurgical and Ecological Engineering . University of Science and Technology Beijing)
Abstract: The Mg-9AF3Zn-1Mn6Ca alloy billets were produced by spraying deposition method(the Os
prey process), The microstructure evolution between recrystallization and superplasticity of the deposed
hillets prepared was ohserved during pre-deformation and compression deformation. The results show

'y and the elongs

that the superplastic compression deformation can be ohserved at 350 T and 0. 002 s
tion of outer edge of circumferential reaches up to 103, 96 %, Superplastic behavior. in which the harden
ing rate and the dynamic softening rate realize dynamical equilibrium. is accompanied with the occurrence
of dynamic recrystallization at 350 U . and the strain rate 1s the key to the superplastic compression de-
formation in hot-extruded magnesium alloys modified by high-Ca alloying .

Key Words: Spraying Deposition., Magnesium Alloy . Recrystallization . Superplasticity
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