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Abstract: An accurate, reliable, and low-cost online elemental analysis method for powders is sig-
nificant for improving product quality and reducing energy consumption in process industries. This
paper proposes a new continuous direct powder introduction device that eliminates the need for pellet-
izing or digestion pretreatment, allowing raw powder samples to be directly introduced into a micro-
wave plasma torch for atomic emission spectroscopy analysis. Tests were conducted using 200-mesh
glass fiber powder, and the torch structure and experimental conditions were optimized based on the
characteristics of the powder aerosol. The relative standard deviation for the measurement of eight ma-
jor elements was found to be less than 6. 0%. Quantitative analysis was performed on 9 different glass
fiber powder samples, with the predicted average relative error of the validation set ranging from
0.99% to 5. 87%. Compared to other similar rapid/online powder analysis methods, it achieves simi-
lar or even better results. The method has the advantages of rapidity, accuracy and low operation and
maintenance cost, so it has the potential of online analysis of process industrial powder elements.
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Fig. 1 Schematic diagrams of the continuous powder direct introduction device (left) and integrated system (right)
1.2 i
PEIEET A AAE St by v 1] B e A PR 2 m) Al , R ARRIAR A 200 H (<80 pm) , 34 9 FivAS[m] vk
FERIRESL, HOTUR A 2 He s A 1 PR (el 88 =5 R LA £ ) XRE J5 R 245 31))
1.3 A ik
PGP IBLFUERYANE Sl B CEAE ORI sF b, TR R SHERS 51N MPT-OES Hr 3Ef 7% 43



512 TG HES : JESR ELIERE MPT-OES Bl & BB A AT & R B 2583
Br(E 2) o XTBIHLFAER AR ) 8 PR320 (i, AlL Fe, Ti, K. Na, Ca. Mg)BEATRLI . THEHIELZ
HOREDGHbR E f 22 (RSD ) IR AESE R HYRSUE P o FERE S BTN SR B — 32038 SUBRIE A TS bR iE 48
FHE BRG] P 25 (R®) AR E SR A MG R ZE VA 107 % B HE B

F 1 AR AR RS 0 E B R 4

Table 1 The main oxide mass percentage of different glass fiber powder samples

Mass percentage/%

Sample Si0, ALO, Fe,0, TiO, K,0 Na,0 Ca0 MgO
#1 80.71 17.20 0.339 0.318 0. 806 0.098 0.063 0. 066
#2 79.59 18.03 0.395 0.348 0. 882 0.110 0.077 0.073
#3 79.03 18. 58 0. 406 0.354 0. 888 0.103 0.094 0.075
#4 80. 09 17. 40 0. 627 0.332 0. 873 0.072 0. 060 0. 088
#5 81.31 16.33 0.616 0.317 0.787 0. 069 0.053 0. 082
#6 80. 81 16. 65 0.658 0.324 0.876 0.070 0.058 0.085
#7 74. 10 22.70 0.870 0.768 0.807 0.075 0.122 0.134
#8 74.76 22.27 0. 798 0. 740 0.721 0. 070 0. 109 0.119
#9 75.61 21.55 0. 749 0. 692 0. 685 0. 065 0.108 0.117
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Fig. 4 The optimal results of experimental conditions
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Table 2 Indicators of quantitative analysis of 8 main elements in glass fiber powder

Sample 4 for example

Element( Oxide) R Cortifiod value Predicted value Mean relative error/% RSD/%
Si 0.96 80. 09+0. 09 81. 14+0. 38 0.99 0.41
Al 0.97 17. 40+0. 16 17. 08+0. 42 2. 66 1.8
Fe 0.98 0.627 0+0.013 0 0. 646 4+0. 020 4 3.56 2.5
Ti 0.97 0. 332 0+0. 005 0 0.3394+0.0109 5.64 3.8
K 0.90 0. 873 0+0.048 0 0.857 1+£0.013 8 4.17 1.6
Na 0.96 0. 072 40+0. 008 00 0.074 75+0. 002 13 5.87 3.1
Ca 0.94 0. 060 20+0. 002 00 0. 057 73+0. 002 82 5.18 3.8
Mg 0.92 0. 088 40+0. 000 44 0. 087 75+0. 002 25 5.74 3.0
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