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Abstract Three—dimensional X-ray diffraction (3DXRD) microscopy is a fast and nondestructive structural
characterization technique aimed at studies of the spatial distribution of grains (subgrains) within millimetre-sized
polycrystalline specimens. The 3DXRD method is successfully established on BL13W1 imaging beam line at Shanghai
Synchrotron Radiation Facility. Several influential factors are studied during the process of data analysis.The
accuracy of peak searching is improved effectively by using median filter and image enhancement. More accurate
alignment can be achieved by the combination of Debye— Scherrer coarse alignment and the iteration of figure—of-
merit fine alignment. Further operation of parallel computation increases the efficiency of alignment by 4.5 times.
The results show that 3DXRD can obtain both far—field and near—field diffraction information simultaneously,
deriving grain information such as grain size, center—of-mass position, crystallographic orientation and the degree
of grain deformation.
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Fig.1 Sketch of the 3DXRD. High-resolution near—field detector and low-resolution far—field detector are used.
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Fig.3 Effect of median filter on peak searching in far—field. (a) and (b) are results of peak searching before and after filtering at @=180°;

X
%
4.

(¢) and (d) are the magnified images of the red box in (a) and (b), respectively, which show successive 4 images in angle

It H, A 3(a) 1 (b) A XF e a] LA Y A (B 8 SN I B 1 MR R By 52 e, Tin EL 7R AR KRR BE b4 1 R Y
R L, SR AEAR B (E (/) T°40) MRS 1T MO PRI T S0 R v 1 , LS 4 S WA T 48 b A i 45
W e s bR ARG 25 AN BB AR E A ¢ 1) A TC A O 0% Ay B UM SO R A E A . ST — R AR
PRl 25 5 i 43 S (0 HE 20 8 19 1 20 B VA% B 709 LA 5 2) X TF— A2 1 R, 23 BE A kS 4 5 B S Tl
1 AiA% O B E) A 7 240 £ B 22 5 (mean_TA) o —BOR UL, A B 22 5 A8 0.1° LA T R W b b L 3 &K AR I8 o

4 T 7 2 v D8 I R AR AR S SR R o ] e B A R A D A R AR AR A g R AL AR R
TS AR AR AL A B o H A B 4 (a) R (b) B R T R R DE N K A A AL 5 B B S R 4a) SR IO R R 1 0 T
5 H L B 40) R BT SR SF 2 mean_TA {8 5 11 &1 4(c) B (d) A7 TR — 4> R0 7E AS [7] 50 {5 79 48 B A 45 41, 181 4
()M 41 BE 45 12 OB A AT 59 06 0 Bl i, 81 4(d) % db b 1 mean _TA i o MR 4(a)rh o] DL Y, 70 306 19 B {13
FEL PN, 80t o (L 00 0 1 PRI AR 1 T e v AR 40 i 7 4 B, T L7 Bk 25 I, 20 FBE T 80% A AT K% 2 5 i B

1205001-4



Dl R R
9 14 7 e O T AR RS 3, el AL R 24 9 30) , W 7 %) 52 W0 2% 3 0 3 0 2 350 9% A , IR v {0 98 90 1T 3
FIR Aty 2% SLA A AR AT S P o PR d(b)~ ()Tl B 358 BT 646K 7 s 5, Dt T 15 4 4 s A 45 2R
55 IR OUAR e B T TR A 25 S TR B S B BB AT BECR AR e RO AR E TR o oh BT 4(e) T DL Y, R B9 AT
S WA 0 IE 4 T S ORE X T B A D MR R AR AT I IR 2 S T R AR s B

@ A .20 ih) _«_ original
B sk —a— original 4+ median
2 N, i e 019
) m Aa 4 median <
P A
o \ A . . I
L1 . e S & 018
g °070% VAV, - =
$E \ 3 I
[=fp=1 S
8 S 65%| - |
g@ A g
[ % 0.16
60%F | T
10 15 2025 30 35 4045 5055 60 6570 75 80 8 0-15 10715 20 25 3035 4045 5055 60 6570 75 8085
Threshold Threshold
5 20 (©) 0-201(a) —«original
X — Oﬂglnal @ i median
g’ 190 | + median % 0.19}
£ 180 | &h
S g o018t
s 170 [ g "
g L
° o
?o 160 | S o1rp
% 150 | gl
g 140 § 0.16
% = A A
A 130 0.15 Lt LA A ’f\?’."r.‘r‘T/:\.“. L
10 15 2025 3035 4045 5055 60 6570 75 80 85 “*2°10 15 2025 3035 4045 5055 60 6570 75 80 85
Threshold Threshold

P4 R0 e T R A 25 SR BRI o ()R (b) R /R T vl (L 308 I8 X AR 8 s 1 45 2R 1) 5
()1 (d) A [) — A it Ao 7 A [ I3 I 40 98 B AL 25 2R
Fig.4 Effect of median filter on indexing. (a) and (b) are effects of median filter on the integral indexing;

(c) and (d) are the indexing results of the same grain at different threshold

4.2 Ttk 58 3t i 35 E & B 2D

FH T30 2 PR ) 5 1R S B[] 1% B o, A R S 3 o 30 3 PRI 1 1 MR L A IR, — B A 55 14 AT 59 50 1Y) i R R
S W P ) 5 B A T, O T e R IR R Tl IO S R 0 A AT A 11 PR AR 4 B SR B v AT SR BRE 8 X L

WA S5(a) 7w, FEAR B E (0~8) R AR, i iy e R 5 ™ 5, 2 049 2 & Y S 25 2L 1hi ., spafi
) HP (0 T T T PR T S M A I B2 . AR SCEE AT /M TR T SR RD DX AR K ) vk B M R T O
G EE X LB o B0 e/ IME IR T SR RS DU — sk G TPl 43 3k OISR R 2R i A 11 5k (B
5 BRI 11 5K EIG H R) — L B AR R S0 K A W e IMEAE N 5t TR SR BT RR A e D i
R M 7 I R PR e DX R B O 3 B T (BN T 10 MR R Y S AT AR . B A5 B Y RE a1 5(b) T
L AT LVE Y, 20 R 0 S S Y 45 R RS N .

T 5 PR 3G 5N B T 506, X E A4 B 9 52 et AR T S . R T O 3 EAGOR AR AT S 3 e 68 T 4
by I e R R AR AT R DR b A ISR O 3 AR . BT 6 4 i) Ry 0 T D s PS8 P 48 58 1) IR A T
— JA AR Y 2 R 5 SR T B R] DL e 1 R Y RSO X E B b JE T TR SRR A R T ELA T 2 Y
A5 2 FE R (A 21 B TR
4.3 RAEFGEXTEERE RSN

XTI WA SC 0 K RIS R A S BEA TR RS B B CETN, 4 X LR A
Xof A 1) L SR U w5 20 T 5 E0E 1 2 80 S BEAL A A A B AR I g 1 B RS OGBE O 1 067 B DL CHEI 2% - T
AFDRE A S - T 1 185 £

1205001-5



5 R0 XTI 3 AR T W S5 R ISE I o (a) AR TR K6 EGIESRXT SR Z R A . (o) UG EUR Y AR 22 45

(b) Z8 3 1 5 5 1Y 11 (b)) 58 e B P 15 A T 22 1]
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Table 1 Effect of parallel computation on data processing

Si Al Ti Ti
Number of grains 5 26 185 550
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Table 2 Comparison between sequential and parallel computation

Parameter Distance /pm Tilt x /(°) Tilt y /(°) Tilt z /(°) y center /pixel z center /pixel
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Parallel 75220.213 -0.00746 -0.00871 0.01468 2024.812 1357.532

5 BRRLRSE b
i%%%w@%ﬁ&@%w@ﬁaﬁmﬁ%ﬁ%%:%7Uﬁﬁ&t R o RAE DU =3 I PIN

X
-04 -02 0 02 0.‘%0.4 04
0.3 0.3 (b}
H0.2 0.2

01 0l SRR

0 > a Q

=01 _o.1
r—0.2 ~02
'“g-i 03
%‘ -0.4:
A, 204
04 -02 0 02 04 0.4
@ by 03 (e
0, 0go0 : 0.2
He® 0.2
e ©O o8 .
3' .} 0.1 0.
0> a0
{ ‘é -01  -01
S oo -02  -02
w 03 -03
0.4 —0.4
h -0.4
2

[001] [010]
K19 =4k X PLATE AT ARBR AL FREE R o (a) 1 (b) 730 g T 2 Bt A0 o Sl LR (AR 3 — 1) BT A AR 7341 () Lagueerre RS 515 (9 T A4
() (e)43 531 g U 2 e 0 oo Bl UL 28 A ABE 5 — A0 000 AR BR 4310 5 (F) GrainSweeper 5570 19 55 44 25 55 (@) AS [) B €2 56 7 1) 52 4% 18] A
Fig.9 Result of 3DXRD. (a) and (b) are center—of—mass positions of Mode I along the z and x axes; (¢c) Reconstruction by Laguerre
Tessellation algorithm; (d) and (e) are center—of—mass positions of Mode Il along the z and x axes; (f) Reconstruction by

GrainSweeper algorithm; (g) Orientation colourcoding given by the inverse pole figure

1205001-8



DI S R ¢

AR B AT AR U xSl Y 0 AR BR 40 A L Laguerre £ 4558005 AO B A 45 2 5 8 9(d)~ () MR 3 RO 25 2R, 43 ) M ¥ 2
B R B0 AR bR A3 AR T x il UL EE  B0 AR BR A A L GrainSweeper 515 A9 T A 45 3L 5 B A AN R a9 B (0 RO
[Fi) P A BB 1], JHCXF 07 325 ) sz A% 11 &1 9() BT 7 o
5.1 mAHE

DNIEL 9 285 5 i L ml A, e W i 22 R 7E TR & ad gk e, 45 B UC IE 1y S obr g s sl b IR 2 0 181 10
R T R — 2 FE 5 AL 8 Laguerre #3558 7% 5 GrainSweeper .35 FU 2 B, B 10(a) T AEZ (A 8 (A AR 2% 6 18
P 10(b) o E AL H R (8 FhoRE . Al LUFR Y, 28 R 22 Moo A e A X vp s A 1 Ok 9 o 9 RO #8480/ i HL 32 2
3 A AR i ) 2 T o

GEHE P, FEA AT - 1) A6 R, DL S 375 8000 45 B ' I 8] iy B, S 0B/ 19 kL 1Y)
TG TCEWORAE R . FEim 7, ol LA - 06 1) 50 5 AT S W 0 S 24 9 32 T, =~ 3200, %58 585 A7 A 06 1) ~F- 24 5 B2
1., =109 ALYy 3045 s M I 37, i T 52 51 B S i 7] i B0, B fi 5 70 7 S 06 ) - 24 5 38 s 1
1, =750 i 7] 43 % (14 5 559 ) 37 S B 10 - 23 0% 1, ~ 105 (35 SR 290 100) , U HUR 7565 . R Z 4L
S vhoa] LA R B B 1 R S T TR I S oL g B, PO 2R T B R AT SRR R A A Al R AR B A ok
B o X 1)) LASE S et e A O Y O A R, bR SO iR A R I — 2 SR AR I SO IEAE S AL
U35 2) #F i 2 TH Y AvokL 2 B0 AT B B 52 R A OB AS TR AN AR b, il T AR AR A R A Aok B A
(GEUER A

K10 (a) Laguerre L8575 5 (b) =4 X 2437 3 2 7 A B9 X e
Fig.10 Comparison between (a) Laguerre Tessellation algorithm and (b) 3DXRD
5.2 AR
TBCR A RL I AR (V) 5 T 53 TIC 465 12 R 14 A7 555 B 194 1 289 B 43 5 BE (It B IE B, D) 5 A & R 1 A AR
Int
V"min = V\dmple ° 5
i ZInt ®)
Forb Y e ARFR AT FORLI BCF BB V., AR A AR T DL b R CT R B 1 B0 E AT AR
Mo H TS T B TR N T AR DRI A R B PR BT A R S O R AR

_3 3(h),
Ve =332 )7 ©)

FCHP R R B e D R AR R I RS S H B /a1 HE SR AR ZE (TN 1.5857) . 45 b, i FaA dki
117 5 BRE B R X R0 5 (Im/ZIan TEBCE AL FH ok A P B A, IR, BT AL B R RS S =2r
X dtobr R B Al B2 SR a0 11 Frs o B 11 () AR 28— T ok ROSE 4 A 9 B B e AT IE S LA

2

In* !
A ( xj
= exp — R 7
Y=y, + Tom o p o (7)
oy, ARG 50 R SRR RST 5 x, - BE s w AR ER 25 o IILA OS5 R 45 50, Ir A i ks 8 - 38 RS

4 31.84 wm , X 5 EBSD J7 k45 A F 4 R~ — 2.

1205001-9



Dl R R
T X AR S ) A R, DA G 32 Y £ e R A S AT B DR B Y 98 AN KL, RT3 A A AT 11 (b) R R R
ARGE T 7R, T30 4% R DT TE 1) AfORE AN Z0 (AR 28 T 7 o R LU HR 248 R 22 0K DE R 9 ok 1 RO #8/ , 1X 5
F10 B9 45 2R — 2o P& 11(c) VEFC A AR 7 1 AR TR B9 RS S B TRT, 7T U, Al B 34 A y = o B
AT o AEAE SR RS /I 7 o 45 SR W) A B 5 (RS i B OR B R L, FE RS — R R TN X
R A O A A AR RS R A T A R A AR B R AR TR AR S — AR AT R B DL Y
e RE A SR o 45 A il 23 T

40 Model LogNormal

a Equation YEYOF NP WS 2/(2'w'2)) 120
( ) P A< Reduced Chi-Sqr 300008 (C)
30+ / Adj. R-Square 0.97182
>y /| Value Standard Error
: e
%’ 20 Frequency w 03768 001837
g 94524923 36.05248
z 10t \i 80
%]
<
<]
. o B s S £
O 20 0 60 80 100 120 =g}
201 Grain size /pm 1)
U Il matched = 2.
B unmatched g o "
15} a0} =
> 5] L
g a
%]
B 10 o3
£ 200 oy ™
5L .
. NN 0 I N B
0 20 40 60 80 100 120 0 20 40 60 80 100 120
Grain size /um Grain size of mode 11 /pm

E3 I W Tv8 =70 E v NG <0 P VI B NG 7 o = s 3 R (Y U W R R s S U TR A 1 e TR S
(c) VTTC Y L7 T 3 5 22 375 vh 1 % R
Fig.11 Distribution of grain size in far—field. (a) Histogram of grain size; (b) histogram of matched and unmatched grain size;
(c) matched grain comparison between near—field and far—field

5.3 mAILE

i 5 mean_TA {5 B9 70 A, 0] DAXERE 5 28 0 72 B8 ABCHS 0 20 10 FI T o BT 12 Bz 238 Al BT A7 dfoRL Y
mean_IA H 7 &l . H mean_IA {HFF A X BOE S A0, 44 mean_[A {4 0.157° 0% KT 0.1° , RIFFE S A B
AL o B TP 2L 4 X BOE S A £k A A A 2R R b s o

50 r Model LogNormal
Equation y = y0 + A/(sqrt(2*Pl)*w*x)*exp(-(In(x/xc))"2/(2*w"2))
ﬂ Reduced Chi-S 26.44172
40 — Adj. R-Square 0.88829
Value Standard Error
Frequency y0 1.45937 1.52757
& 30| Frequency  xc 015692 0.00169
[=1 Frequency w 0.11525 0.01206
g Frequency A 1.99213 0.1667
=y
E 20 /
10
0 r—/[_ L L iH\Eﬁ‘?—r_v—r—v—\
0.10 0.15 0.20 0.25 0.30

Mean IA /(°)
& 12 337 R mean_IA 17 &

Fig.12 Histogram of mean_IA value in far-field
6 4 i’
R FHALBRARE G0 =4k X SF R AT SR AR ZEAT 1 9250 50 UE , I 45 5 RSk 3G 77 ke ke 1 o AL 3 7 v il 2]

47 22 (), A1 31 1 ARG r 25 5% 0 ELR 947 A0 S008 R e A7 s, A5 A8 AR 1 508l Acd ) B )
TE B A XL AT R M ARBE T ARAF 1 RE S b Aok 9 RO B0 67 8 b AR 2 I 1) 2545 5L, O BE A% X

1205001-10



D
R I 728 7 FE AN T o AR AT SR AF T A R A B RD sk A BRI T3 O T T R ORE A3 A AT B0 2 A A R
T, $2 3 A X il i 2 B . Bl AR Tn X PR E AT 8BS, nlR i % R S — R b,
S5 T ey R BCRE RS ) TR R R0 25 , T ORE B OIG I ] R AR B LT 2 A i g, DT e A SR B — 2 HOHE Y S
(i) 42 i) 7 LR, T i R 2 2 W Y oK
Bt AF# &2 3DXRD ik 9 A5 A2 0 45 2] T Rk B S & A K F 49 Jette Oddershede 1 4 89 & 4 87,
VA B R KA B & B K 5 89 Peter Lynch 232 3R L 69 A 3, 45 b 32 B B3t

£ Z XMk
1 Poulsen H F. Three—Dimensional X-Ray Diffraction Microscopy—Mapping Polycrystals and Their Dynamics[M]. Berlin: Springer Berlin
Heidelberg, 2004, 221-222
2 Oddershede J, Schmidt S, Poulsen H F, et al.. Grain—resolved elastic strains in deformed copper measured by three—dimensional X-ray
diffraction[]J]. Mater Charact, 2011, 62(7): 651-660.
3 Offerman S E, van Dijk N H, Sietsma J, e al.. Grain nucleation and growth during phase transformations[J]. Science, 2002, 298(5595):
1003-1005.
4 Schmidt S, Nielsen S F, Gundlach C, et al.. Watching the growth of bulk grains during recrystallization of deformed metals[]]. Science,
2004, 305(5681): 229-232
5 Lyckegaard A, Lauridsen E M, Ludwig W, et al.. On the use of Laguerre Tessellations for representations of 3D grain structures[J]. Adv
Eng Mater, 2011, 13(3): 165-170.
6 Poulsen H F, Nielsen S F, Lauridsen E M, et al.. Three-dimensional maps of grain boundaries and the stress state of individual grains
in polycrystals and powders[J]. Journal of Applied Crystallography, 2001, 34: 751-756.
7 Poulsen H F. An introduction to three—dimensional X-ray diffraction microscopy[J]. Journal of Applied Crystallography, 2012, 45: 1084~
1097.
8 Chatterjee K. Determination of Grain—Level Strain and Proposing a New Method of Strain Determination for Three Dimensional X-ray
Diffraction (3DXRD)[D]. Urbana-Champaign: University of Illinois at Urbana—Champaign, 2014: 10-14
9 Schmidt S. GrainSpotter: a fast and robust polycrystalline indexing algorithm[J]. Journal of Applied Crystallography, 2014, 47: 276-284.
10 Oddershede J, Schmidt S, Poulsen H F, et al.. Determining grain resolved stresses in polycrystalline materials using three—dimensional
X-ray diffraction[J]. Journal of Applied Crystallography, 2010, 43: 539-549.
11 Xiao Tiqiao, Xie Honglan, Deng Biao, et al.. Progresses of X—ray imaging methodology and its applications at Shanghai Synchrotron
Radiation Facility[J]. Acta Optica Sinica, 2014, 34(1): 0100001.
MR, WL, B L S RO UE X G R AR S B S SR (1. D2 2= 4, 2014, 34(1): 0100001.
12 Liang Chuanhui, Wang Yudan, Du Guohao, et al.. Research on the contrast enhancement algorithm of synchrotron radiation X-ray image
[J]. Acta Optica Sinica, 2015, 35(3): 0310003.
BeAL i, EESF, RN, S [E)A0 0R O X 2R GO L BE 3 3l 553 T 5[], Ot 44, 2015, 35(3): 0310003,
13 Qi Juncheng, Ren Yuqi, Du Guohao, et al.. Multiple contrast micro—computed tomography system based on X-ray grating imaging|J].
Acta Optica Sinica, 2013, 33(10): 1034001.
R A, AT B 3, AR, 4F T XS ZOUM SR r9 2 RO SR AT R L) Ok, 2013, 33(10): 1034001.
14 Ye Linlin, Xue Yanling, Tan Hai, et al.. X-ray phase contrast micro—tomography and its application in quantitative 3D imaging study
of wild ginseng characteristic microstructures[J]. Acta Optica Sinica, 2013, 33(12): 1234002.
NREREE, BEHEIS, M, AF . X ST ARRT BRSSO T I SRR SR 10 2 B A R S]], et R, 2013, 33(12): 1234002.
15 Suter R M, Hennessy D, Xiao C, et al.. Forward modeling method for microstructure reconstruction using X-ray diffraction microscopy:
single—crystal verification[]J]. Review of Scientific Instruments, 2006, 77(12): 12.
EEEREE: K B

1205001-11



