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Spectroscopy and Spectral Analysis
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Table 1 Operation parameters of instrument
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IES YR/ (mL » min~ 1) 1.5
B A/ (L » min~ 1) 0.2
HFETFARME/(L s min~ D) 15
ST/ kW 1.3
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FE R IFIA] /s 45

B J5 = A 1 W

KK 3

1.2 RKF R

TS S i 1R R KT Ve B A 5 0 I S R RO, A
B Mg A 4, R 2l K Ay B2 R 18. 25 MQ + em, AR E ¥ i £
4 Co, Cd, Cr, Mg, Ni, Ti, Zn f1 V % 21 ﬁlﬁ(ﬁ)ﬁﬁ%,
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WAWE T4 ITTR MR P 4K (nm) ;. Cd(228.802), Cr
(267.716), Co(228.616), Be(313.107), As(188.979), Ca
(317.933), Zn(206.200), Fe(238.204), Ni(231.604), Sh
(206. 836), Pb(220.353), Mo(202.031), Li(670.784), Mn
(257.610), Mg(285.213), Se(196.026), Sr(407.771), TI
(190. 801>, V(290. 880), Cu(327.393), Ti(334.940),
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Table 2 Water quality standards for urban water supply

JLH FOE(/(mg+ L 6% BUEME/(mg- LD

As 0.01 Ni 0.02
Pb 0.01 Cu 1.0
Sh 0. 005 Zn 1.0
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FE X SF-AR OK BH B %*ﬂ%ﬁﬂﬂﬁﬁﬂﬁm R S AT R DU, 22
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Table 3 The test results for standard solution

PRUEVRIE 1/ ARIEIRIE 2/ BRMEWRIEL 3/ ARIEIRIE 4/

TR (mgel-D)  (mgeL-D)  (mgeL-H  (mgeL1
As 0.2 0.4 0.8 1.6
Ca 0.2 0.4 0.8 1.6
Cu 0.2 0.4 0.8 1.6
Cr 0.2 0.4 0.8 1.6
Mg 0.2 0.4 0.8 1.6
Ni 0.2 0.4 0.8 1.6
Mn 0.2 0.4 0.8 1.6
Pb 0.2 0.4 0.8 1.6
Sh 0.2 0.4 0.8 1.6
Ti 0.2 0.4 0.8 1.6
AV 0.2 0.4 0.8 1.6
7Zn 0.2 0.4 0.8 1.6

FH ICP-OES X 48 $A4 2% 2] Wil J5 09 7K S5 A oty 32 A7 A 00 43
Mo B30 7K BORE S P R T R b AR I A 2R R AT
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Fig. 1 The content of low concentration heavy metal elements

of blue-film coating collector
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Fig. 2 The content of high concentration heavy metal
elements of blue-film coating collector
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Fig. 3 The content of low concentration heavy metal

elements of black chromium coating collector
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Fig. 4 The content of high concentration heavy metal

elements of black chromium coating collector
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Fig. 5 The content of low concentration heavy metal

elements of anode oxidizing coating collector
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Fig. 6 The content of high concentration heavy metal

elements of anode oxidizing coating collector
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Determination of Heavy Metal Elements in Stagnation Water of Flat-Plate
Solar Collectors With ICP-OES

YANG Lu-wei', LI Ming”* , GAO Wen-feng®, LIU Gang', WANG Yun-feng’, WANG Wei', LI Kun'
1. School of Physics and Electronic Information, Yunnan Normal University, Kunming 650500, China

2. Solar Energy Research Institute, Yunnan Normal University, Kunming 650500, China

Abstract The flat-plate solar collectors (FPSCs) provide hot water for people’s daily life, and the minute heavy metals and im-
purities come out from inside collectors with hot water. Heavy metals have a potential impact on the environment, meanwhile, it
also threatens people’s health. So it is necessary to detect the stagnant water samples of FPSCs. To improve the reliability of the
test results of FPSC water samples, the ultra pure water was used for the stagnation of the FPSC. The ultra pure water was
used to wash the FPSCs before stagnation to reduce the effect of pipe impurities on the results. The pipes materials of FPSC
were made of TP, phosphorous deoxy copper. The standard solution contains 21 kinds of heavy metal elements, such as As, Ca,
Cu, Mg, Ni, Zn and so on. The concentration gradients of the standard solution were 0. 2, 0.4, 0.8 and 1. 6 mg * L.™', respec-
tively. The blank sample and standard solution should be analyzed before testing the water sample. The water samples of differ-
ent aluminum substrate FPSC (the blue-film coating, the black chromium coating and the anode oxidizing coating) were ana-
lyzed, and the content of heavy metal elements in water samples were also detected by ICP-OES method. Moreover, the best an-
alytical spectrum of the 21 heavy metal elements were ensured by relevant parameters. The best analytical spectrum of partial
heavy metal elements of the standardsolution were respectively (nm): As (188.979), Ca (317.933), Zn (206.200), V
(290. 880), Cu(327.393), Ni(231.604), Sh(206.836), Pb(220.353). It was shown that ICP-OES can simultaneously detect

the content of various heavy metal elements in water samples accurately. The higher content of heavy metal elements in water
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samples, the greater the amplitude of the spectrum. There were not 12 heavy metal elements (Be, Co, Cd, Cr, Fe, Li, Mn,
Mo, Se, Sr, Tl, Ti) in the water samples of three kinds of FPSCs, but 9 heavy metal elements (As, Ni, Cu, Ca, Mg, V, Pb,
Zn, Sb) were detected in the same experiments. The changeable rule of heavy metal content in water samples showed that the
heavy metal content increases with the FPSCs stagnation time, the heavy metal content increases to the peak value and then de-
creases with the FPSCs stagnation time, and then it decreases to the lower content gradually. The changeable rule of heavy metal
content with the stagnation time was obtained with the analysis of the stagnant water samples of the FPSCs, and the superscalar
and the excessive stagnation time of different heavy metal elements were also given too. The limit value of water quality stand-
ards for urban water supply (CJ/T 206—2005) for heavy metal elements was taken as reference, so these heavy metals elements
(Cu, Ni, Zn) of water samples of three kinds of FPSCs were not more than that of the limit of the national standard. However,
the contents of As, Pb and Sb in water samples of three kinds of FPSCs exceeded the limit of the standard after 8 days stagna-
tion. The maximum superscalar of As, Pb and Sb elements were 0. 007, 0. 006 and 0. 004 mg « L', respectively. And the su-
perscalar of the As elements was the highest in the water samples of the blue-film coating collector and the anode oxidizing coat-
ing collector, and the superscalar of the Pb elements was the highest in the water samples of the black chromium coating collec-
tor. The detection results had certain reference significance to the manufacturers and the customers, and the technology of FP-
SC’s pipes should be further improved to reduce the precipitation of heavy metals. The research results can also provide some

references for the research of the FPSC and the establishment of national standards.

Keywords ICP-OES; Heavy matal element; Flat-plate solar collector; Quantitative analysis
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