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Abstract

According to JJG 810-1993 “Wavelength Dispersive X-ray Fluorescence Spectrometers” of Na-
tional Metrology Verification Regulation of the People’s Republic of China, the instrument is
checked/calibrated, and can be put into use only if the indicators are qualified. In this paper, the
specific experimental analysis and statistics of the indicators involved in the verification are car-
ried out, and the detailed statistical results are given. The verification items are discussed, and
suggestions are provided for the revision of the verification rules in the next step. Verification
regulation of wavelength dispersive X-ray fluorescence spectrometer has been in use since 1993,
but X-ray fluorescence spectrometer has developed rapidly. Now, wavelength dispersive X-ray
fluorescence spectrometer has developed into a large-scale instrument which combines wave-
length dispersive, energy dispersive and micro-area scanning. It has better detection performance
and new scanning performance. With the continuous updating and perfection of relevant laws and
regulations, it is urgent and necessary to formulate corresponding new verification rules in order
to better meet the needs of future customers.
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1. 5]

X ST ISR TERE A AR RAEN T O & TR R, W2 T IERMF
TCERINT BRI AT SARBE T PSRRI AT S5 2 Fh s 5K o R B A0 T /W B BT
II T T VE NS B S M 7 3 UM B 3 BT 7 YR RIS H B DA R o A 5 SR 104k HE B A 2 P 0 S AN 5
LSS J LT B XA A A 5 A HE T AR CEAETT A B3 5 T 48 7T

1993 £/ JIG 810-1993 rhAe N RILANE FE St 2k e R (B BBl X S8 A [1]1895E
TEA T 25 A, SRS 8 A 7 THT ME— 11— 350 [ 5K A s AR « B A 5 A DA e /R
THEARAEEAZATE B T E AR 5 @ X W E A E 8 5 RR S TAEMAWHEIT 56358 2] [3] [4]
[5], 1A% 8 MU AR S AH B U PE AR TS Y0 DA RS 8 48 AR 7 TR — S8 5 ORMBT, DRI e 38, 4
U 5 AR E PR FF— 3o AR SO I 6] S5 A A s R s e I H 1 B A B LA R IIAG FH DG RIS B
PE T K H o AT AT R DA B 3G 00 A2 0 I S A R O E AR B N R BEAR SN AR . JJF
1033-2016 (IFEARAEFIZATE ) HOHCERAT AR HE A B iRl E , e N RSN [E ST E ARG
JIF 1059.1-2012 (& A€ BEVFE 53R ) Hf TS Bt es 1R e URE, JJF 1001-2011 GERTFEAR
BEEL) CAEHIME, EAEMENE S AEETrER A RTEERE, BE TirEMRE.
THEFEMIER . K8 S IR 52 738 LA 8 A S N 2, FEXT T &8 Bl A% 5 15 1 8 1 2= 4
ARyEH . TEEAREMAREMET, K CERTTERESE ) , S5 i& ARSI R 562
RS, R E 52 . JIF 1033-2016 /8% JIF 1033-2008, ARIEHIHN T “AX 3% (000 AR E 7 M “it
BRI ETEE” 2RE ., MIXEARIELE JIG 810-1993 K & AT #AL T2 R, AFBITHE,
T 5 A AR A 2 RURR AR G R I

WA AH X G T SURMRYE X ST IREE, R b AN BrE, DU h kg e o 3
fill, SR KRR R R HEAT 40, ARG EATIER I . B B X SR DO B R RS
[T K =25 R NN ¥ 7 N1 X/ 5 1 T P P A5 0 R = "/ IR <. // NN . NN
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B fERE. RAPRYEE 2R . ARG BRSO a5 B, P VORG: S /g v 393 1) L3047 39 )
A TAE.
N H JIG 810-1993 £ FURE H BRI B (148 8 J7 vk, st BARTE e & Feit 25 A e 4

2. BARIERR

PR T X BTG R E T H (1SR Rl X St deR . RIS 2R LUk
IR IR M, WIS AR 45 IR B G 1 PIER. 2 1 e TG X SR SOt
(ORRHETH B A ARSERRB %) [1], g 2%, £igh N ARE o IR T8l A RES T
2 X SR P (L) nm AL,

Table 1. Qualification
= 1. BAREERRL]

id=s K 15 H S =7
1
1 radicy <3.0x—==x100%
¥ % B (RSD) i
1
2 o E(RR <] 04+ 6x—x100 |%
FETE(RR) [ + N J
3 X iR AR B ARFRAERL E (IS5 F T HIGA TR 50%, B > A% ) FRARE M 80%
MBITMAIE L s <45% (AIK,)
IR 2 <70% (CuK,)
4 ﬁgﬁ HH He, <65 7%
PR I H Ar, <55 V%

FH Kr, <71 VA%
1 Xe, <89 1%

5 1A TS vt 60% X A E Fe R METHECR BT B i 22 CD < 1%

3. MEEZFHMITEIRE

AXFR I e SR I AR — 5 ISR, BARIZ IR MU A 2 R S AR AT R Rl o X T
B X BRI 2%, T AU S % .

MR A = ABFIR AP A LR, 220 V, RS + 10%. fHh: b <30 Q. %
HK: KIE <30C, KIE >9.8 x 10* Pa/em®, Jiif > 4lU/min. EiF: 20C~25C. #BF: <75% RH. X
A ISHEHTCEM 2 T3 /AT 2 he

e 12 T R A AR R R RS . P E B US4, aifisi e s, 4
Y, AR, BREL. PSK i, BEHL

4. ¥ E BRI
PLHE2E RIX2100 X SR HEHIEABCAH], LA 1 RFARIE R, #4708t
4.1. BEBE

FEBETE LA 12 VS B R A AR R 22 RSD 7R o RIS S MU 15 B 2% 1, L9
pefR . RS HEELAS . 20 L DR TEIESARE S 6 AL B A%
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RSD = = x100% )
N
vy ()
i=1 n
N, =IxT €)
n 2
(N~ )
P | R — 4)
n—1

b s——n B RBRAER 2 N ——n KK TS T—5 i KRR, —
DA n—— R B
W5E A 1. AURBE AP, W& Cuk, MTHEMEETH S, LiF ik, s, ik,

ToREUREE, NARTTEEe, BEAes, THEON A 10 so M S0E 2. Ai4RduRe i, W& AIK, FIVHSUa T
2%, PET fmfk, HHMEESE, INuEyeh MEEias, MmahSIETHEEs, Bk, 3 1s 82 s,
X SRR R BAE 40 kV 8L 50 kV.e TTHGL, fEIE & 4F 1 CuK, BTHE% 9 100~200 keps. 254
1R 2 28 B E, B RAEAr BIINGE 12 K. 82 12 illEH, WG AR -l +3s, SEIN
. 52 G T RS T ARG % E ST AR

Table 2. Precision
w2 BEE

e TR (keps) PR (keps) XA HE G 22 (%)
1 127.72
2 127.70
3 127.66
4 127.70
5 127.56
6 127.74
127.76 0.09
7 127.78
8 127.88
9 127.77
10 127.61
11 127.59
12 127.89

4.2. REMEIMIE

1A A AR R AR R 2 RR KR
RR = Mo = Noin 1009, (5)
N
R Ny B TR SR HUE ; Npy—— T B R i N B s N —— AN 5 (R 2 B f
Mg 26F: AARFREARED N & CrK, 88 NiK, T EUE 0K, LiF &, 7 B R A,
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i CrK, 5% NiK, FIiTHE0R =T 100 KCPS, THEN 18] 40 s, FELEM & 400 K. % 3 A TR E MRS 45 53

Table 3. Stability
3. REM

e KR (keps) /R (keps) SERTHECE (keps) XTI ZE (%)
121.10 120.73 120.89 0.31

4.3. X ST #Ea0mR

FEWATA B HARARHE R € HOIAR S5, I B4 — B i Ak Bl A — A ] g 38 ) e — N MT TG B AR AE X 5
LR ECR . JTHRR 1 R B R T AR R EE 43, A8 EL I 52 B R AR B bR AE M 52 & 24 N 4R 5
T 50%, B>ACEEH) TRMER] 80%. 7 4 thill B R TE&ER,

Table 4. X-ray counts
=4 X SRR

HEEN LiF200 LiF220 LiF200 PET Ge E2=1!
FE b 4 4 £k 4 PSK B
R 40kV20mA  40kV/20mA  40kV/20mA  40kV/20mA 40 kV/20 mA 40 kV/10 mA
20 ) 45.04 65.58 86.12 144.75 140.95 20.95
HEH 3 std std std std std std
WL CukK, CukK, TiK, AlK, PK, MgK,
PRI % SC SC PC PC PC PC
4% (keps) 996 355 1171 885 147 649

4.4. FRMZFEER PRI
PR % 0 RE B2 % LUk o s 2 201 10~ 0 9 M1~ 253 ok o v P P40 7 2 B RROR

R =%x100% 6)

s R——HIAR I RER DA w——Fkofis L 70 A 1) e e

4.4.1. RENSEELL TS

AR P R BRI R ATK,, 58 5 26 o 1 B Jkh 0 B 0 BT ) 74 9, ok 28 10 e ok s FE 0 A RO 4 S JE T,
PR XS R AN IR, A TERRAE 20~50 KCPS. XE3RAS (K 55 CE Bk & FE 1Y) 2% 45), 1B IR
PRI BR, A R il ko s BE AT 26, IR BE R R R,

4.4.2. (¥R
FH Al AR B 2 4 B B Bl B CuK, B 2% . W80 18 5 8/ 1 L T3 38 i & 25 1B AH A
BRI B RE B PRI 45 % 5.

4.5. {USFHHELMERIMIR

4.5.1. RIS EIEE TS
AR E YUl & AIK, 48914k, X SRV BB 1L 30 kV 86 40 kv, HFEaHIN 2, 5, 10, 15,

V—— Wikt e B A P 24 v L

=
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20, 25, 30, 40, 50, 60, 70 mA, KKME AIK, 5B FITHECR, BN RIE 10's, BN FLULE A9 THEL
RE 3R, BOFHME. s R 1 RS HiH SR 3 B i 2k, Hit5 90%8 60% 13 4% M &
R ZRME T BRI T BCR W 2 CD:

Table 5. Energy distribution of detector
TS5 RNBREEE PR

PRI % SC (30 kV/5 mA)) PC (40 kV/5 mA)
Iy Mk £ CuK, AIK,
I HEEE (%) 51.5 37.0

THHCR(CPS)

HLfimA
Figure 1. The curve of counts and current

L RSB

|11,
IO

CD= x100% 7)

. ——h& M E 2 B BCR A, RN 90%E 60% (X 3% 52 fe Rkt —— sl T
TEMMZR s BT ECRAE . MR, X G2 108 ThR A AT e TR .
4.5.2. [AHRTHEER

FH 4l B s A B s B & CuK,,, X SFERIR IR B AE 40 kV 8L 50 kV, B H18 2, 5, 10, 15,
20, 25, 30, 40, 50, 60 mA, WKIME CuK, FTHEER, tHEUNIE 10 s, BEANHRE R THECERIE 3 K,
BCF38ME . LS AR R 5 0 S SR 1 e 2

6 LT RIS S I S

Table 6. Linearity of detector
= 6. TR

BRI 2% 1o (keps) CD (%)
SC 1000 <1%
PC 2000 <1%
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THERAR 8 2 BITAS S8 HAN AR T BVE 8 IRURE, OBEAER I TARARAS o AR SCER ) BAR T SR M 2 36
| R ARTE R, fFE TR E R G 810-1993 H[11HIARMERE B L ZK, 7R AR, ZERIGH M
i, MOREEERE . FARFE R | PRI SE E NG B AN 14, A
ACER R, RS RO AT AR 5, B AL AT Mk A R v ORI AR A, e R A I 500 P A T

W4, PPAACERAE . REHE L I RD R T (A DG ST AR A 8 ) 431 = AR AR F 5 v A R AR
RI6][7], 4R EA R E . BRI T # R R S (BT . RS AR RE BT LASE 438
R R MM BT, (HFEIATHCELLE, WOREEE. B2, JTTREHTW—I, # 5 ZRE R
SKRHEAT, TERMARXANKRIHE T, HATAHR Y DU EYE R, B0 3T A R AN VT
6. Eil

WA X BRI AU T AR 1993 FRIRA —EITHES R, U B ER ] Sk —
RN RRVE TAERE AT o H R BE S E SAHROEGNE R AW R AW, R 0 S A B ik
AT HRT, HEann TR RS B, BHIE A ST DURRHE B . KRS Seie g e 45 o2 11 AT
WS 12 YCPATINE B R EREE A 10 20 UCPATINGE, LA @ AR o b 70 0038 I S AN 52 5, i
KA X LTI G A M A 2 B T B A H— AR e S, il R AN e B, R —
FRE R SR AT VPRI TE S 3, LLAnrE R MR o2 5 75 B BRI R RALR B A AN A B
K AR P TR, BCE R AR RN AT DARC & B K B2 R A3 1 R T AR A 8 TAE . BLA 1993
TR v BT A P (0 2 PR o 2 753 52 B8 37 Sy e 7 B L B B A L PR T AR ]

MA R AR X HEIOOEEEE CE KRR T, Be AR 8 =8 M 45 & 1R BUES,
BT AR R DU BE AN TG T R, TE A 0 B A RS E R, R ARSR)T R IR R

E&WE

E X AR T H (41371212), E S A RE# 5 410 H (40902055)
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