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Table 1 Microwave digestion program
0 ES Tt ik i 1] PRAR I i) AU 22531

Fir Bz .
Sta Power/ Warming Keep Fan
Stage W time/ min time/min level

1 600 8 3 1

2 1200 10 15 1

3 0 0 15 3

Optima 8300 %Y 4 B {3 45 85 11K & 51 Ot AL
(£ [E Perkin Elmer 2 ®)), B A T & 5 R #1417 &
8¢, ICP-AES TAE &AM w2134 1300 W
IEEN A HE N 15 mL/min; 28 TR & N 151/

min; & 4L W A 0.55L/min; B S W BN
0.2L/min; WL & E A 15 mm.,

B Wi % (18 [H 3 2= #4) . 1.0~ 10. 0mL, 100 ~
1000 xL,10~100 uL,
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6. 00 mL 4H 15 | ik A5 4 fiff 25 % WK (1000 mg/L), 0,
0.20.0.50,1.00,1.50.2. 00 mL 4,55 . 8. 45 4% 1fE
B4 VA I (1000 mg/1.),0,0.05,0.10,0.20,0. 30,
0. 50 mL 88 Bk W L 46 L B b o i 45 ¥ I (1000 mg/
L), Bh 3% (V/VO ISR E 45 - 4851 . Mebm v i & 5
A TR IR E WL 2,
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Table 2 Mass concentration of each element in standard solution series mg/L
i H Item Mo w Si \% Al Ba Ca Mg Cr Fe P Mn As
STD 0 0 0 0 0 0 0 0 0 0 0 0 0 0
STD 1 5.0 5.0 5.0 2.0 2.0 2.0 2.0 0.50 0.50 0.50 0.50 0.50 0.50
STD 2 10.0 10.0 10.0 5.0 5.0 5.0 5.0 1.00 1.00 1.00 1.00 1.00 1.00
STD 3 20.0 20.0 20.0 10.0 10.0 10.0 10.0 2.00 2.00 2.00 2.00 2.00 2.00
STD 4 40.0 40.0 40.0 15.0 15.0 15.0 15.0 3.00 3.00 3.00 3.00 3.00 3.00
STD 5 60.0 60.0 60.0 20.0 20.0 20.0 20.0 5.00 5.00 5.00 5.00 5.00 5.00
) EBRERD & PR T R T, B AT A B R AR R
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Table 3 Formula table for three catalysts w/ %

£ Name TiO; V,05 WO; MoO; SiO;
ft 75 1 Formula 1 75 2.0 6.0 6.0 8.0
fit 77 2 Formula 2 85 1.0 3.0 3.0 5.0
fii i 3 Formula 3 93 0.5 1.0 1.0 2.0
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Table 4 Spectral line of each element nm

JG#% Element Mo w Si A\ Al Ca Mg Cr Fe P Mn As

BK 202.031 224.876 212.412 290.880 396.153 493.408 317.933 285.213 267.716 238.204 178.221 259.372 193.696
Wavelength
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Fig. 1 Effect of titanium matrix with different

concentration on each element
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Table S Linear range, linear regression equation, correlation coefficient of calibration curve and detection limit

JTLH 2 2k | E 5 AR AR R oty B
Element Linear range/(mg/L) Linear regression equation Correlation coefficient DL w/%
Mo 5.0~60.0 y=1.344X10%2x+85.2 0.9997 0.005
A 5.0~60.0 y=1.150X10%2+87.7 0.999 6 0.002
Si 5.0~60.0 y=1.098X10%x+46.3 0.9995 0.004
\ 2.0~20.0 y=2.465X10%x+62.7 0.9998 0.001
Al 2.0~20.0 y=2.465X10°x+7.07X10? 0.999 6 0.003
Ba 2.0~20.0 y=4.366X10°x+1.75X10? 0.9995 0.006
Ca 2.0~20.0 y=2.312X10*x+2.95X103 0.9998 0.004
Mg 0.50~5.00 y=2.527X10°x+5.95X10? 0.9999 0.002
Cr 0.50~5.00 y=1.524X10°x+32.8 0.999 8 0.001
Fe 0.50~5.00 y=1.315X10%2+66.2 0.9999 0.001
P 0.50~5.00 y=1.802X10%2x—0.303 0.9993 0.021
Mn 0.50~5.00 y=1.437X10%x+67.1 0.9999 0.001
As 0.50~5.00 y=1.684X10%x—0.277 0.9995 0.015

2.7 ¥ ENARE IR IS

Fg 118 S 8 75 1k DN R S A 1 7R R o b 45 R DT

i, P PR o e A b D, 45 2R L
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Table 6 Test results of precision and recovery

TR 7€ {8 HH T A o i 22 Tz W5 i Al i =
Element Found/(mg/L) RSD (n=7)/% Added/(mg/L) Total found/(mg/L) Recovery/ %
Mo 42.6 0.46 20.0 61.8 96
w 48.4 0.39 20.0 67.5 96
Si 35.7 0.52 20.0 56.2 102
\% 10.4 0.66 5.00 15.3 98
Al 6.44 0.59 5.00 11.6 103
Ba 4.92 0.83 5.00 9.81 98
Ca 7.16 0.74 5.00 12.2 101
Mg 1.45 1.1 1.00 2.41 96
Cr 1.18 1.3 1.00 2.15 97
Fe 2.67 0.86 1.00 3.64 97
P 0.42 1.5 0.50 0.89 94
Mn 1.72 0.76 1.00 2.70 98
As 0.28 1.6 0.50 0.76 96

3 KSR M EZARriME GB/T 315902015 %ET%%)‘E})‘C?‘%%

(XRF) P 5 B VBR VB B A L B R T I AR 1fiE GB/

P RS kD 3 A AL RIRE S B . T 347012017 HLEHR A 55 B TR R & Ot ik

B RE VHLLVER VBB VB VR VR VB VR VBI L RIS SR A DU L AR IR 7. a7 n] AR I E (S [ bR ik
FoAbT7 e b AT XS o o gl B Rk VBL LR BB R DIDE (AR — 2

x7T BWHEAHAHERTIHASE TN AN B E R EBEMONEER

Table 7 Determination results of molybdenum, tungsten, silicon, vanadium, aluminum, barium, calcium, magnesium,

iron, chromium, phosphorus, manganese and arsenic in denitrification catalyst samples w/ %
1% 2= 3¢
TE RsEl RETEWER Ak RE TR AkWE BB Ty 2 f
Element Found by Found by national Found by Found by national Found by Found by national
this method standard method this method standard method this method standard method
Mo 0.11 0.12 2.49 2.52 3.92 3.95
W 2.26 2.27 3.92 3.95 4.39 4.41
Si 2.17 2.16 1.53 1.51 4.14 4.11
\ 0.24 0.23 0.72 0.70 1.38 1.35
Al 1.48 1.47 1.12 1.10 2.11 2.11
Ba 0.44 0.45 1.08 1.11 1.21 1.23
Ca 0.59 0.61 1.28 1.30 2.17 2.19
Mg 0.46 0.44 0.32 0.31 1.55 1.52
Fe 0.21 0.20 0.54 0.52 1.21 1.18
Cr 0.13 0.13 0.62 0.61 0.34 0.33
P 0.27 0.26 0.15 0.14 0.24 0.25
Mn 0.33 0.32 0.39 0.40 0.86 0.87
As 0.015 0.015 0.082 0.081 0.022 0.023
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Determination of thirteen elements in denitrification catalyst by microwave
digestion-inductively coupled plasma atomic emission spectrometry

WANG Yong,GONG Hou-liang, DAN Juan,CHEN Xiao-yi, LIU Lin
(National Quality Supervision and Testing Center of Vanadium and Titanium Products, Product Quality Supervision

and Testing Institute of Panzhihua, Panzhihua 617000, China)

Abstract ; The elements in denitrification catalyst are important research objects to evaluate and improve the
efficiency of catalyst. Therefore, the accurate and rapid determination of contents of elements is of great
significant to in-depth studies of catalyst such as performance evaluation, deactivation and regeneration,
poisoning, etc. The sample was dissolved by microwave digestion in tartaric acid-hydrofluoric acid-nitric
acid system. Combined with dynamic background correction technique, the matrix effect was eliminated by
matrix matching method. The contents of vanadium, tungsten, molybdenum, silicon, aluminum,
calcium, barium, iron, manganese, chromium, magnesium, phosphorus and arsenic were determined by
inductively coupled plasma atomic emission spectrometry (ICP-AES) under selected optimum analytical
lines and proper instrumental working conditions. Consequently the analysis method for the simultaneous
determination of 13 elements in denitrification catalyst by ICP-AES was established. Within linear range
for elements, the correlation coefficients of calibration curves were all higher than 0. 999. The detection
limits were between 0. 001% and 0. 021 % (mass fraction). The proposed method was applied for the deter-
mination of vanadium, tungsten, molybdenum, silicon, aluminum, calcium, barium, iron, manganese,
chromium, magnesium, phosphorus and arsenic in denitrification catalyst sample. The relative standard
deviations (RSD, n=7) of results were all less than 2. 0%. The recoveries were between 94 % and 103 %.
The contents of 13 elements in three denitrification catalyst samples were determined according to the ex-
perimental method. Meanwhile, other methods were also adopted for comparison (the contents of molyb-
denum, tungsten, silicon, vanadium, aluminum, barium and calcium were determined by X-ray fluores-
cence spectrometry in national standard GB/T 31590-2015; the contents of magnesium, iron, chromium.,
phosphorus, manganese and arsenic were determined by ICP-AES in national standard GB/T 34701-2017).
The determination results were in good agreement.

Key words: microwave digestion; inductively coupled plasma atomic emission spectrometry; denitrification

catalyst; titanium dioxide; vanadium pentoxide





