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Fig. 2 Typical analytical spectrum of calibration solution (a) and actual sample solution (b)
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Table 2 Determination results of phosphorus in actual sample and certified reference materials of welding fluxes

T RSD Z%HME

G WAL/ % (n=6~10) v % % %

WEF804 0.012 3, 0.012 8, 0.012 4, 0.012 0, 0.012 2, 0.012 4, 0.012 8, 0.012 7, 0.013 0, 0.0128 0.012 5 2.6 0.0122 0. 000

CHF-105R(17) 0.014 7, 0.014 0, 0.014 5, 0.014 7, 0.014 3, 0.014 4, 0.014 3, 0.014 4, 0.014 8, 0.014 8 0.014 5 1.8 0. 0142 0. 000
705-ch(1%) 0.0211,0.021 2, 0.022 2, 0.020 3, 0.020 5, 0.020 4, 0.020 5, 0.020 5, 0.019 9, 0.020 5 0.020 7 3.1 0. 020 +0. 001
705-ch(2%) 0.012 8, 0.012 3, 0.011 7, 0.011 3, 0.013 0, 0.012 1, 0.012 7, 0.012 9, 0.012 5, 0.0129 0.0124 4.6 0.011*  +40.001
L2 24 Hz 8080 0.002 8, 0.002 5. 0.002 8, 0.002 5, 0.002 6, 0.003 0, 0.002 6, 0.003 1, 0.003 0, 0.0028 0.0028 7.1 0.0031* —0.0003
705-ch(7%) 0.011 4, 0.011 0, 0.010 9, 0.011 7, 0.011 0, 0.012 0, 0.012 0, 0.012 6, 0.011 9, 0.0121 0.011 7 4.9 0.0102 +0. 002
705-ch(4%) 0.016 1, 0.017 2, 0.015 6, 0.016 8, 0.017 3, 0.017 2, 0.017 3, 0.018 0, 0.014 9, 0.018 9 0.0169 6.8 0.016  +0.001
705-ch(6%) 0.016 0, 0.016 9, 0.016 4, 0.015 6, 0.015 8, 0.016 7, 0.015 9, 0.016 4, 0.016 9, 0.014 7  0.016 1 4.2 0.018% —0.002
CHF-105R(27%) 0.013 8, 0.013 8, 0.013 8, 0.013 9, 0.013 8, 0.013 9, 0.014 2, 0.013 6, 0.014 2, 0.014 2  0.013 9 1.5 0.0152 —0.001
SJ208DR 0.004 8, 0.005 0, 0.004 9, 0.004 6, 0.004 8, 0.004 7, 0.005 1, 0.004 9, 0.005 0, 0.004 8 0.004 9 3.1 0.0032* +0.0017
SJ101DR 0.025 6, 0.025 8, 0.025 5, 0.026 1, 0.026 0, 0.025 5, 0.025 8, 0.0259, 0.0259, 0.0256 0.0258 0.8 0.028% —0.002

GSBJ33003—92 0.022 1, 0.021 6, 0.021 5, 0.021 4, 0.021 2, 0.022 0, 0.021 5, 0.021 8, 0.021 8, 0.0221 0.0217 1.4 0. 022> 0. 000
GSBJ33001—92 0.023 2, 0.023 0, 0.023 1, 0.022 7, 0.023 0, 0.022 8, 0.022 8, 0.022 7 0.0229 0.8 0.024>  —0.001
YSBC11801-—2006 0.005 0, 0.005 1, 0.004 7, 0.005 0, 0.004 6, 0.005 0 0.004 9 4.1 0.0052> —0.000 3
YSBC11802—2006 0.002 8, 0.002 6, 0.002 8, 0.003 0, 0.002 6, 0.002 8 0.002 8 5.4 0.003 2> —0.000 4

W 0 5% CSMO5129401—2006 Wi {85 © bR RE SN
x3 EREFABER
Table 3 Recovery rate test results
ErRe AN pg B/ pg A5 S/ pg [ i i/ g Il g/ %

705-ch(1%) 10. 86 5. 00 15.83, 16.13, 15.75, 15.83 4.97, 5.27, 4.89, 4.97 99.4, 105.4, 97.9, 99.4

705-ch(2%) 6. 38 5. 00 11.25, 11.48, 11. 33, 11.40 4.87, 5.09, 4.94, 5.02 97.3, 101. 8, 98.8, 100. 3
CHF-105R(1%) 7.36 5.00 12. 60, 12. 60, 12.83, 12.53 5.24, 5.24, 5.46, 5. 16 104.7, 104.7, 109. 2, 103. 2
WE804 6. 44 5. 00 11.85, 11.63, 11.48, 11.48 5.41, 5.18, 5.03., 5.03 108.1, 103.6, 100.6, 100. 6
GSBJ33003—92 10. 87 5.00 16. 35, 16. 20, 16. 35, 16. 28 5.48, 5.33, 5.48, 5.40 109.6, 106.6, 109.6, 108.1
YSBCI11801-—2006 2.44 5.00 7.65, 7.58, 7.50, 7.65 5.21, 5.14, 5.06, 5. 21 104. 2, 102.7, 101. 2, 104. 2

YSBC11802—2006 2.09 5. 00 6.75, 6.83, 7.05., 6.90 4.66, 4.73, 4.96, 4. 81 93.2, 94.7, 99.2, 96.2
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Determination of Phosphorus in Welding Flux by Inductively Coupled
Plasma Atomic Emission Spectrometry With Ultrasonic Assisted
Hydrochloric Acid Extraction

LIU Pan' #, LI Jing-bin', ZHANG Jian-hao', ZHANG Yi', CHANG Guo-liang' , HE Peng-fei', ZHANG Bin-bin',

ZHANG Xin-yao' *
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Abstract Welding flux, such as fused and agglomerated flux, are composed of various inorganic and organic minerals such as
silicates, carbonates, oxides, fluorides, iron alloys and metal powder. They are prepared by smelting, sintering, binding or
mixing. Welding flux would play an important role in slagging, deoxidation, gas making, arc stabilization and alloying in the
fusion welding of steel and nickel-based alloys. They have been widely used in the engineering fields, including shipbuilding,
ocean engineering, energy, metallurgy, chemical, and machinery. Phosphorus is a trace and harmful impurity element in iron,
steel and nickel-based alloy materials, which could reduce the mechanical properties of materials by causing embrittlement and
micro-cracks in deposited metals and welded seams. The accurate and rapid determination of phosphorus in welding flux is
significant to performance evaluation and quality control. Working conditions for determining phosphorus in welding flux by
inductively coupled plasma atomic emission spectrometry with ultrasonic-assisted hydrochloric acid were optimized, such as radio
frequency power, gas flows of atomization, auxiliary and plasma, and analysis line. The optimized operating parameters were
obtained below: The radio frequency power was set to 1. 2 kW, and the gas flows of atomization, auxiliary and plasma were set

t0 0.75, 1.0 and 12 L » min ', respectively. P 213.617 nm was selected as the analysis line. The sample suspension was



%o X BEAE . B R R B IR R 4 S TR R I I v D e 2] v 2829

prepared with a 0. 5 g welding flux sample in 20 mL hydrochloric acid with ultrasonic-assisted extraction for 30 min and was
heated to boiling with 2 mL nitric acid. After cooling. the volume of suspension was adjusted to 100 mL by pure water. Then the
suspension was dry filtered, and the filtrate was used for measurement. A series of solutions for developing a calibration curve
was prepared with 20 mL hydrochloric acid and 2 mL nitric acid as the matrix. The linear correlation coefficient of the calibration
curve was 0. 999 9, and the quantification limit was 0. 0012%. The actual sample and certified reference materials of welding
fluxes with phosphorus between 0.003% to 0. 03% were determined, and the results were consistent with the certified or
obtained the standard. The relative standard deviations (7= 6 ~ 10) of determination results were less than 8%, and the
recoveries were between 93% to 110%. The proposed method has the advantages of accuracy, fast and convenience. It is

suitable for the rapid inspection of phosphorus in welding fluxes.

Keywords WIlding flux; Posphorus; Inductively coupled plasma atomic emission spectrometry; Utrasonic; Hdrochloric acid;

Fsed flux; Aglomerated flux; Ac welding flux
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