e

i
[SSRIEN)

vo gff

Jo i o 5 ot W o M

Spectroscopy and Spectral Analysis

s
mE

s
[—] ‘

= 1H

i# £ X A% EDXRF X Z51% it

XNAE 2, R OFN, AFRS, RTAN. WA, RaEnt, REATY

1. WBRIFSE BB, dbst 100081

2. ORI B AR BB A R4 | L dEBT 100081

=:
=

i M2 BME X GBS MO MR X 5 B EDXRF 2%, B8 5 B 38 % FR g8 4~6 4~ SDD 45
DR BT AR X GERAT . 2 . WRER G, Fn BT 8ol R & F5 FEMa R o,
M FF & 56 B NX-mapping 3 &t X $9 #§ 2 EDXRF (X4 . B F 2R ES 00 R A . A 055 58 15 2
RS EE T B E PR B [ R 0 1B B0 22 S M A8 22 o [ S5 26 0F » [R) S P I A0 D0 T+ IaCAR o fi 22 R Dy B
PRIAS I BIA L 40040 0 B STRE b 2 mm X 2 mm (AR . 400 A 5 Ao I 3587 e i 22 15 7 md I U 22 5 o 1]
18 YU RN B AR R . A S R A R o X T AT A B B BERST  9e 0T 1 sk
)5k X Feo Nif1 Mo JUs EAT T, A% = Fh 0 5 09 A B BERCT S /ME 2RI 52.4. 49.3 Al
39.03 pum, £ JGF A AR BERCT BT P BRI D, X5 2 BANAE X 2B B BT R A AT 5 58
B iR R BT 4% 0 B A B AR ST AR AR /N (A e B A A B B ML IR O TR B — T MR
PG BEORFRRE IR A V8, . B 5 FH NXeomapping 0 X0 5 L w4 SRR AR 9 Ni, Ta, W ORI Re JUR

Vol 42,No. 9,pp2752-2756
September, 2022

S B i1 I <SR ST
K58 BT B8 2 0 18] 7T L 48 0

XKEF

&5 0582

XHERFRIRAG: A

5l

i

X 2256 (XRE) SE 1% 43 A7 2 — Fh 5 A 0 38 E M A E
WO T B, B 20 g 40 EAUTE I DOk . DU ER L P,
TR E R RTER R G E . b 0. MBS . PR AR AG
IR THRITTZ RN BEA 21 . BiE X L
JEUR L LA E AP A8 B AR A2 . DL XRE JFUE A 00 Y
e ORI BE (0 F 2R A3 A 1 A 0 o 8 1 A i A7 R D
AT AREERMBEL , RIS XA E AT R & KALE
R AR TT R T & A A @R s T A R R
Eﬁ?ﬁfﬂ

15 XRF FEAR BEA 9 ) 1o Bl 77k TH 2 A0 AT A
W 18] UL T S A SR . PR AERE WLT R E  B A TR R
Ko TRRRAERE v IR TOW 0 A Bk B 51 AT A T T fE A

i XRF(EDXRE) % g7 B A7 45 4 157 B, 7 F 58006 45 4 A

KB
E£mA:
EEEN:

2021-07-23, f&iTHHE: 2021-10-26

E KA RB#E ST F5H (52075509) %% Bl
XU, 1981 4FA: . MBI o8 B Be i LT 5 A
* JAIREH

e-mail: wanghaizhou(@ncschina. com

SHZS R B S T B, I H o Ni:
F 38 () XRE i, 7 NX-mapping fiff X 4% EDXRF {{ g8, B F 28N #00 R H
DAL ot A A 3 A e 5k ) T oK

Ka 51 28 3 ¥ 5 3% 220 keps, W1 6 75

S B, IR

el X FELIVOUMX P milE; BREmREe S B
E/ = DOI:; 10. 3964/j. issn. 1000-0593(2022)09-2752-05

HHE PR EME X SHLEE, BRAEMT 6. &b

SRR 40 M O R0 T LLEAT pm ROBE MR IX Z2 00 K 4 A
I3HE . XL 1% X 4T 4 8 EDXRF {48120, RE 4%l BIF 98 A5t
A — BT R A A .

A X R AT A R RS
B RORIRZES ST Z R OT R W A A Ay T, FRECE T
A G IR R R B R, BAS T2 A B U R B
M.

FE R RHSE DR 410 H O 0 A 40 - 1 4 4 - i S Tk
PR ARE A S LS v, RO AT TC 45 e 3 o A 0 A AR IX 4 4
) EDXRF % #% [7) 39 14 B2 85 . OPA JBfi B %6, LIBS-
OPA Z R — 38 BLA B4 4 Al RIER I EENFE, |
LYK B EDXRE X 32 28 8R035 K = 19 P 75 R
DAL 7 R i ROST L A B L KGR . AN R
AR 47 1t s v A D X T A BT B RO L HE AT R
EE M T Y ) 117 87 RO

e-mail: liumingbo@ncschina. com



%o

X WY AE . 3l 1 X 4 il EDXRF (XA BT 2753

biiBoR 2 NS AT 1PN IR Y iR a2 W S KRk K R
IX 5B BT A RS AL . T 9 T AL R PR 4100 B BA
FEM T NX-mapping = 8 & i X 74 5 EDXRF X439 I % »
AR SO AL A ) B E A RE RE S B AT R AR M 4 T X
25 PRI 4 X 00 a5 BE ) B2 IR . LA B iR RE 4R T R B RS
JRE AP 145 TG 3 A BE RS Bt A i B AR A A Y
AR IEAT T 1 40 A 0 32 4 5

ISR

1.1 {38
NX-mapping {{#F EEMHRESEUT «
X k. — b2 EBAME X JHLE, 50 kV/50 W,

(2)

XL

EAE
XU 2B

B 1 (a)h NX-mapping #Z0EHTR=E;
(b) 73 NX-mapping ##1 35£ 4
Fig. 1

(a) Layout of NX-mapping;
(b) Prototype of NX-mapping
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Table 1

FRIEZE /cps EXIME D szl RSD/ % Fiig RSD/ %
Ti: Ka 17567.2 1. 05 1.07
Fe : Ka 71.7 16. 41 16. 70
Co: Ka 40. 7 24.09 22.18
Ni ¢ Ka 55.1 19. 88 19. 05
Cu: Ka 37.9 25.35 22.97
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40 kV/600 nA/0.5 s(T)
Table 2 Static test of 400 times with 3 detector of
25 mm’* each. 40 kV/600 pA/0.5 s(T)

FAAELR /cps PHMAECD sz RSD/ % it RSD/ %
Ti: Ka 5 3513. 8 0.63 0.61
Fe : Ka 223.8 10. 16 9.45
Co * Ka 123.9 14.73 12. 65
Ni : Ka 163. 3 12.93 11. 07
Cu: Ka 113. 2 14.77 13.29
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Table 3 Static test of 400 times with 6 detectors (4 X 25 mm?
+2X50 mm?), 40 kV/600 nA/0.5 s(T)

FRAEZ /eps FIME D sz RSD/ % it RSD/ %
Ti: Ka 134 535.1 0. 37 0. 39
Fe : Ka 538.5 7.07 6.09
Co: Ka 295. 2 10. 97 8.23
Ni: Ka 362.7 9. 61 7.43
Cu: Ka 240. 5 12.51 9.12
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Table 4 Static still test of 400 times, 5 ms(T) each

FREL /eps  PIYMECD 50l RSD/ % M i RSD/ %
Cr+ Ka 74193.2 5. 06 5.19
Fe: Ka 181 819.0 3.06 3.32
Ni: Ka 11 230.0 13. 30 13. 34

x5 WA 20X20 pixels, HF 2 mmX2 mm,
BES5ms(T), &iEE 20 mm - s’

Table 5 Scanning test of 2 mm X2 mm(20X20 pixels) .

—1

5 ms(T) each, speed with 20 mm - s

FRAEZ /cps  SPXMECD 5l RSD/ % it RSD/ %
Cr: Ka 74 482. 4 5.01 5.18
Fe * Ka 182 682. 3 3.08 3.31
Ni ¢ Ka 11 257.8 13.23 13.33
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Fig. 2 Layout of knife-edge experiment
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scanning of Fe-Ni film
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Design of High-Throughput u-EDXRF
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Abstract A high-through put p-EDXRF instrument named NX-mapping with polycapillary optics and 4~6 SDD detectors placed
symmetrically around the emitted focal spot was developed. We designed the software to control the X-ray source, multiple
detectors, and high-precision stage and carried out the work of data collection, signal synchronization and result in analysis
simultaneously. Due to the use of multiple detectors, the intensity of this XRF instrument was improved several times, and the
RSD was reduced to 40 % hasn’t deteriorated due to the differences between several detectors and the moving stage. There is no
significant difference between the RSD of scanning a uniform sample with 2 mm X 2 mm square 400 pixels and the fixed-point
test, indicating that the motion mechanism and control algorithm performed well. The fluorescent knife-edge test was carried out
forthe effective focal size testing of NX-mapping. The minimum effective focal size of Fe, Ni and Mo elements are 52. 4, 49. 3
and 39. 03 pm. The law that each element’s effective focal spot size decreases with the increase of atomic number is summarized,
which is consistent with the design principle of polycapillary optics. It is also found that the effective size of the focal spot of each
element is sensitive to the change of height at the minimum value. Therefore, it is recommended to keep the surface of the
sample flat in order to obtain uniform and clear images. Finally. the characteristic intensity of elements Ni, Ta, W and Re of a
single crystal superalloy sample were scanned and analyzed by NX-mapping. The images of the dendritic structure can be
distinguished, and the intensity of the Ni : Ka characteristic line was up to 220 keps, which was significantly higher than that of
the ordinary XRF test. The NX-mapping p~EDXRF instrument with multiple detectors, which provide high signal intensity,

good test precision and shorter test time,can meet the requirements of high-through put testing.
Keywords ;~-EDXRF; High-throughput; Single crystal superalloy; Dendrite
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