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Abstract: In response to the time—consuming and labor—intensive preprocessing required by tradi-
tional analysis methods for glass fiber powder, this study established a solid direct-ablation micro-
wave plasma torch — atomic emission spectrometry method, which enables the rapid quantitative
analysis of multiple elements (Na, Mg, Al, Si, K, andFe) in glass fiber powder. For nine
glass fiber powder samples with different compositions, the key experimental parameters, such as
microwave power, distance between plasma and sample, and working gas flow rate, were system-
atically optimized. Through spectral time—series signal analysis, the ablation and excitation process-
es of different elements were studied. The quantitative performance of the original spectral data, the
spectral correction model based on plasma physics, and the support vector regression model was
compared. The results show that the optimized experimental parameters can significantly improve the
excitation efficiency of difficult—to—melt elements such as Si and Al. The full-time window—integra-
tion strategy can smooth the non—steady—state process and weaken the influence of differences in the
excitation processes of different elements, effectively reducing the relative standard deviation of mea-
surement. The support vector regression model demonstrated superior quantitative performance,

with the relative error of all target elements predicted within 8% and a relative standard deviation of
measurement of less than 7%. This method exhibits simple sample preprocessing and fast analysis
speed, achieves accurate and rapid detection of multiple elements in glass fiber powder, and pro-
vides a new technical path for the direct analysis of high—hardness, high—melting—point, and diffi-

cult—to—dissolve solid powders.
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Fig. 1 Schematic diagram of the DSA-MPT-OES experimental setup (A); schematic of the aerosol sample introduction MPT—
OES experimental setup (B)

1.2 # &

SEBG T O B IR] BB AR by K X B B B B A IR A )i, M R e E S SR
5 =07 ks (BHEdERE) R ICP-OESINE, 1EAERSHE, W 1R, fllJriks kE
FRGB/T 43310—2023 (BEFHLF 4 I JFOEME ST A0 E HUBHRE & 28 58 F IR R SHEIEE) 70 FRAIR
AR (SUIE) W& AW (Siv Al FeZmRETCRTHMFE) 1T ICP-OESKTIN, A ih 26 %t
FhRESCEL, BT TINE 31K

£l OFMPEIEAAEN AN AP FECE AN S B

Table I  Reference contents of major oxides in nine glass—fiber powder samples

Mass percentage/%

Sample -

Si0, ALO, Na,O MgO K,0 Fe,0,
#1 67.34 11. 66 0.0775 0.0102 0.4729 0.2263
#2 68.42 13.54 0. 0759 0. 0208 0.5193 0. 2851
#3 69.99 12. 84 0.0716 0. 0235 0. 5409 0.2763
#4 74. 46 11. 14 0. 0489 0. 0300 0. 5065 0.4211
#5 71. 41 9.89 0.0518 0.0312 0.4652 0.4306
#6 69. 61 10.72 0. 0520 0. 0340 0.4825 0.4151
#7 66.77 13.31 0. 0567 0. 0577 0.4611 0. 5796
#8 65.74 16. 04 0. 0497 0. 0542 0.4225 0.5246
#9 69. 04 15.37 0. 0505 0. 0542 0. 3987 0. 4969
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Fig. 2 Typical spectra of glass fiber powder determined by DSA - MPT - OES
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Table 2 Characteristic spectral lines of the target elements in DSA—-MPT-OES (nm)
Si Fe Al K Na Mg
250. 690 252.411 259. 940 374.949 394. 401 766. 490 588.995 285.213
251.432 252. 851 373.487 382.043 396. 152 769. 896 589.592
251.611 288. 158 373.713 385.991
251.920 374.824
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Fig. 3 Effects of particle size and key experimental parameters on relative spectral intensity of various elements

A. particle size (powder aerosol introduction); B. particle size (direct solid ablation); C. microwave power; D. plasma sample distance;
E. plasma sample angle; F. working gas flow rate (A. 42 CRyARSIHAHER 05 B Ride (BIEE R C MiEshE; . %
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bars)
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Table 3 Element measurement ranges and detection limits (based on raw spectral data)

Elements Analytical line/nm Measuring range/wi% LOD/wt% LOQ/wt%
Si 251.611 65.74~74. 46 1.388 4. 626
Al 396. 152 9. 89~16. 04 3.095 10. 318
Fe 373.713 0. 226~0. 580 0.078 0.259
K 769. 896 0. 399~0. 541 0. 069 0. 231
Na 589.592 0. 049~0. 078 0. 007 0.022
Mg 285.213 0. 010~0. 058 0.033 0. 109
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Fig. 8 Comparison of the results of average measurement RSD, predicted RE, and predicted RMSE of the three methods
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Table 4 Specific quantitative performance indicators of the three methods

Element RSD/% RE of prediction/% RMSE of prediction
Raw data  Physical model SVR model Raw data  Physical model SVR model Raw data  Physical model ~SVR model
Na 13. 82 5.50 3. 81 11.87 11.17 6. 08 0. 0070 0. 0067 0. 0061
Mg 18.90 13.48 5.14 31.91 22.28 6.18 0.0175 0.0173 0. 0075
Al 12.72 5.62 2.97 12.78 10. 34 3.70 1. 9062 1. 6560 0. 8777
Si 23.89 0.90 0.59 4.18 2. 80 3. 14 3.2034 2.2225 2.3064
K 10. 68 2. 80 1.85 34.84 15.71 7.80 0.5227 0.0917 0. 0642
Fe 20. 90 8.92 6.58 20. 83 11. 05 5.78 0. 0888 0. 0588 0. 0521
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Fig. 9 Comparison chart of all predicted values obtained through cross—validation of the three methods with the certified values
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