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Simultaneous Quantification of V, Cr, Mn, Fe, Ni, Cu, Zn and Pb in
Compound Fertilizers by Total Reflection X-ray Fluorescence Spectrometry
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Abstract; In this work, gallium was used as an internal standard and V, Cr, Mn, Fe, Ni, Cu, Zn, Pb in
compound fertilizers were simultaneously determined by Total Reflection X-ray Fluorescence Spectrometry ( TXRF')
after microwave digestion with nitric acid. The detection limits of this method range from 1.0 wg/g for Pb to 7.0
pe/g for V. The RSD of all elements were less than 10% , except for Pb, which was 16% . The recoveries were
80% -120% . The lower recovery of Pb was caused by the interference of the As Ka spectral line with the Pb La
spectral line. The results were compared with Inductively Coupled Plasma-Atomic Emission Spectrometry
(ICP-AES) and there were no statistically significant differences between the two measurements, within a
confidence range of 95% . The RSD obtained by TXRF was less than that by ICP-AES for high contents of metallic
elements samples. The results for different compound fertilizers show that the TXRF technique is accurate and
applicable in the determination of variously metallic elements. It is inexpensive to use and maintain the TXRF. The
established method is rapid and accurate.
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Table 1 Technical parameters of total reflection X-ray

fluorescence spectrometer

HARSH AR
b8 KB ERE X 648, Mo #E 37 W, g K% 50 W
R Ni/C B3 (17.5 keV)
. XFlash®Si A2 & , 76 P AN 30 mm?,

/nﬂ
BRI % <150 oV (Mn Ka)

KN 450 mm x 590 mm x 300 mm

oy 37 kg

1.2 2650

FERE (75 Serva 23] « T4 9 S A & 1T
HCPEAL

HNO, (g4, B 255 A G FRA R o

1000 mg/L AR HER W : CGGAL -5, J 1K 5%
(fFR5r%0, T IR) 9 HNO, , 2 [E Inorganic Ventures
25 Al BIR]
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1.3 54575k
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HNO, #1 5 mL KB F K, T k56 5% 5 R T8 il W
FeRe 2 50 mL i rb, FH /R VR T S0 T A A3 P ke
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Table 2 Working parameters for microwave digestion
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Table 3 Detection limits and relative standard deviations of

elements in fertilizers determined by TXRF

JTE Ly/(pg-g”') RSD/% || EE Ly/(pg-g™') RSD/%

v 7.0 9.1 Ni 2.0 7.0
Cr 3.9 2.5 Cu 1.5 4.8
Mn 1.5 8.0 Zn 1.2 3.8
Fe 3.0 4.2 Pb 1.0 16
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Fig. 1 Total reflection X-ray fluorescence spectrum of fertilizer
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Table 4  Analytical results of elements in compound fertilizer 1, I, Il determined by TXRF and ICP-AES wy/(pg-g™")
- feie 1 LTI AEHE T
JCR
TXRF(Ga) TXRF(Fe) ICP - AES TXRF ICP - AES TXRF ICP - AES
\Y 46.2 4.2 42.7+4.0 42.2+3.0 84.2+£5.0 76.7+1.6 42.4+4.1 42.6 £5.2
Cr 50.4+1.4 46.6 1.3 50.0+2.0 132 +5 122 +3 78.3 +4.0 77.4 3.0
Mn 15.0+1.2 13.9+1.1 16.1 £0.5 - - 1412 £110 1245 £152
Fe 560 +25 - 518 £18 612 +34 560 + 14 8699 +810 7948 =950
Ni 8.6+0.6 8.0+0.6 8.0+0.8 13.7 0.6 13.0+0.8 19.2+£0.8 22.1x1.4
Cu 8.2+0.4 7.6+0.4 9.0+0.8 11.3£1.0 12.7+1.1 2032 +£50 1786 +170
Zn 81.4+3.0 75.3 £2.8 72.6 £5.0 167 +8 156 +9 3334 £120 3120 £310
Pb 12.8£2.0 11.8+1.9 14.2 0.8 - - - -

@ fﬂluiﬁ(ﬁ n :3,“ % “%‘:{i_\‘ﬂ’i*ﬁﬁo

2.5 JiikmpeR ik s S

(NSRRI S XA IV LV VE=FRE A it
TH A R IA — 28 1 1Y % 0 2 An HEV MRS, AT 2
Al LIE ), TXRF 350 ¢ 2R AE R H V Cr Mn Fe
Ni Cu.Zn Pb {) IR AE 80% ~ 120% ,Pb fif [a] 1l
RIEAR F 22 T As Ko 328X Pb Lo 548
e S B0 2 25 SR

SEH

|
s
it

=
s

35
o
f i
5

8

i
Ty

e
tks

—

0

SRRl

S5

H sk
Tt
B
it

%
i
o

e

T
S

T
i
5

ﬁ
fiE
o

R

1

I
b
b
b
b
b
b
b
%
b

2
b

A.
=
s
s
z
-
i
Tz
T

b
b

&
Hh,
e
o
2

5

I

T

%
i

=
i
-
=

13
!
£
i

i
T
52

T

{3
i

T
i

i

,
T
RS
-
7z
-
i
—
B0
,‘
T

=
i

o
eh

[

i
s

—

i

3
;1
=

o
&

i
AR A
T
=
60
T
T

o
i
7

e
HE,

it
e
2
7
o
iR

i

7
S
T
£

s
S
i
e
h
T
S
LS
T
R

R

2

i

R
S
%

7

o
-
e

.A.A.
L
e,

-

o
-
i

i
S
P

by
o

m,
I
T
T
=
¥

T
T

25
i

T
R
it
T

2l

T
HHH

o
ks

o

i

T
=

o
i
-

F'B
e
?s
7
Z
i “4
i ’4
2
é
%

-

b
iy

3

B

b
b
b
I

L

_,
[
i

g
(o

=

e N
JLER
B AR V

<
o)
¢
£
=

Bk eIV afk eVl

Pl2  TXRFIEMEAEIEV .V VIF TR R

Fig.2 Recoveries of elements in fertilizer IV, V, VI obtained
by TXRF
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