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Table 1 Chemical composition of experimental steel/ %( Mass fraction)
Number C Si Mn P Ni Mo Nb La Ce
1# 0.029 0. 190 1.470 0. 006 0.002 0. 240 0. 150 0. 064 0 0
2# 0.022 0. 180 1.400 0. 006 0.003 0. 250 0. 150 0. 064 0. 006 0. 006
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Fig.1 Thermal deformation process
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Fig.2 XRD pattern of experimental steel
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Table 2 Crystallographic information of o-Fe
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Fig.3 Experimental steel finishing result
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Table 3 Rietveld refined parameter results

Lattice Density/ Rwp/ Rexp/
Number X? LY
parameters(a)  (gm/cm®) % %o
1* 2. 867803 7.864 7.8 5.4 216 4.786
2* 2. 868727 7. 856 6.8 5.1 1.63 5.154
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Fig.4 Lattice constant (a) and Cell density (b) for experimental steel
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Table 4 Micro strain and dislocation density

of experimental steel

Number &/ % p/nm’
1 0.083 0. 000159
2 0. 090 0.000187
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Fig.5 Micro strain(a) and dislocation density (b) of experimental steel

%&b

L f T LR R TR TR 1, B T

BRI A DT o 4k s o A
WO, it M s P AT

2. W R RS LR, e A A

R AL (AT A A RS AR, T
JURAEBRBEAL AT HL T SBOREL A TE N T AL 5552 Bl 1A
e NIERE R

SE 3k
(1] Hoor Aft-RJE 2 te W EERE()]. M

(2]

(3]

4, 2001, 22(4) : 7-24.

Ji ] W. Addition of the rare earth element to steels-an
important approach to developing steels in the 21st centu-
ry[J]. Chinese Rare Earths, 2001, 22(4) . 7-24.
BRSC, R, XIEA, PR, gk W
AR T IR [ )], P E R 2R,
1996, 14(4) ; 350-359.

JiJW, Che YY, Liu A S, Lu X L, You M. Research
and theory in internal friction of alloying of rare earth in i-
ron and steel[ J]. Journal of the Chinese Society of Rare
Earths, 1996, 14(4): 350-359.

Felk, 28 HENA. # LT RAAERRB AT
VERI B RS [T]. #it, 2003, 24(5) : 10-12.
Wang L M, Lan D N, Yue L J. Application prospects

and behavior of RE in high strength steels with superior

[7]

toughness[ J]. Chinese Rare Earths, 2003, 24(5); 10-
12.

My, R, S, K. PR A &R
SpipAmTR[)]. fit, 2001, 22(4) ; 31-36.

Lin Q, Song B, Guo X M, Zhang M. Effects of RE on
microalloying in steel and application prospects[ J]. Chi-
nese Rare Earths, 2001, 22(4) ; 31-36.

EH, REE, Bl RIRD X AT AR S A
ERFFE[ )], SEEEOR S, 2021, 38(3): 29-33.
Wang X, Xu J, Mu B Z. Study on phase analysis method
of X-ray diffraction of crystals[ J]. Experimental Tech-
nology and Management, 2021, 38(3) ; 29-33.

Rietveld H M. Line profiles of neutron powder-diffraction
peaks for structure refinement[ J]. Acta Crystallographi-
ca, 1967, 22(1) ; 151-152.

PRI, 2500, X & Z AT AR Rietveld #5128 K
GSAS FAEATT[M]. dbat. rEEM Tk R,
2016.

Zheng Z H, Li Q. Introduction to Rietveld Refinement
with X-ray Powder Diffraction Data and GSAS Software
[M]. Beijing: China Building Material Industry Publish-
ing House, 2016.

Toby B H. EXPGUI, a graphical user interface for GSAS
[J]. Journal of Applied Crystallography, 2001, 34(2)
210-213.

IRl X S AR AT S 18 i —Rietveld 421540
G11]. WPz 1996, 16(2) ; 251-271.

Ma L D. New starting of x ray powder diffraction rietveld



148 i + 45 %
whole pattern fitting[ J]. Progress in Physics, 1996, 16 M AR S, 1998, 4(1): 12-18.
(2): 251-271. He L, Cong Q). Principle and application of determina-
[10] Young R A. The Rietveld method[ J]. Crystal Research tion of the microstrains[ J]. Analysis and Testing Tech-
& Technology, 1993, 210(8) ;710-712. nology and Instruments, 1998, 4(1); 12-18.
[11] It=dkE, XRE, B, 2T Wb B3R 1 [14]  skmewg, A, siBNg, £22, BEE. LE
W BICARFARR I [ 1], SN T2, 2015, 44 B 2 Tl Ak 2B F= BRI AT [T, 6 +, 2021,
(24): 113-115,118. 42(4) ; 117-130.
JiYP, LiuZ C, Wang HY, Ren H P. Effect of solid- Zhang X F, Tang J P, Han C P, Wang A L, Zhi J G.
solution rare earth in steel on transformation of super- Analysis on the role of rare earth in steel and the present
cooled austenite[ J]. Hot Working Technology, 2015, situation of industrial production [ J ]. Chinese Rare
44(24) ; 113-115,118. Earths, 2021, 42(4) : 117-130.
[12] de Andrade Manfridini A P, de Godoy G C D, de Arru- [15] Foetk, A&, SR, K%, MERLTEAN
da Santos L. Structural characterization of plasma nitri- TR LR RN FAFSE [ 1], F £, 2001, 22(4) .
ded interstitial-free steel at different temperatures by 37-40.
SEM, XRD and Rietveld method[ J]. Journal of Materi- Wang LM, Du T, Lu X L, Yue K X. Study of behav-
als Research and Technology, 2017, 6(1) ; 65-70. iors and application of micro-rare earth elements in steel
[13]  fal55, MABKIE. OB As s R EE e i )], 40T [J]. Chinese Rare Earths, 2001, 22(4): 37-40.

XRD Refined Analysis of Fe-RE System Lattice Constant, Micro Strain and

Dislocation Density Characteristics
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Abstract: The Rigaku MiniFlex 600 X-ray diffractometer was used for phase identification and lattice analysis, and the

Rietveld structure refinement theory was used to calculate and analyze the characteristics of the Fe-RE system lattice constant,

microstrain, and dislocation density. The peak shape function and the least square method are used to obtain the accurate fit-

ting pattern of the experimental steel, and by comparing it with the initial structure model of the crystal, the influence of the

addition of rare earth on the microstructure of the iron polycrystal is explained from the crystallographic point of view. The re-

sults show that after the rare earth is solid-dissolved in the iron base, because the radius of the rare earth atom is larger than

that of the iron atom, part of the rare earth atoms enters the iron-based solid solution, which makes the lattice constant of the

steel tend to become larger and the lattice density become smaller; After the mechanism diffuses, defects such as vacancies are

caused to cause lattice distortion, which increases the micro-strain in the steel. At the same time, the rare earth atoms occup-

ying the dislocations will hinder the movement of the dislocations, which will increase the dislocation density in the processing

deformation of the steel.

Key words :rare earth; XRD refinement; lattice constant; micro strain; dislocation density





