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Abstract: It is of importance that all countries in worldwide, including EU and China, have adopted the
Restrictions on the use of certain Hazardous Substances (RoHS) for all electronics. IEC62321 document, which
was published by the International Electronics Committee (IEC) can have conflicts with the standards in the
market. On the contrary Publicly Accessible Specification (PAS) for sampling published by IEC TC111 can
be adopted for complementary application. In this work, we tried to find a route to disassemble and disjoint
cellular phone sample, based on PAS and compare the screening methods available in the market. For this
work, the cellular phone produced in 2001, before the regulation was born, was chosen for better detection.
Although X-ray Fluorescence (XRF) showed excellent performance for screening, fast and easy handling, it can
give information on the surface, not the bulk, and have some limitations due to significant matrix interference
and lack of variety of standards for quantification. It means that screening with XRF sometimes requires
supplementary tool. There are several techniques available in the market of analytical instruments. Laser ablation
(LA) ICP-MS, energy dispersive (ED) XRF and scanning electron microscope (SEM)-energy dispersive X-ray
(EDX) were demonstrated for screening a cellular phone. For quantitative determination, graphite furnace atomic
absorption spectrometry (GF-AAS) was employed. Experimental results for Pb in a battery showed large
difference in analytical results in between XRF and GF-AAS, i.e., 0.92% and 5.67%, respectively. In addition,
the standard deviation of XRF was extremely large in the range of 23-168%, compared with that in the range
of 1.9-92.3% for LA-ICP-MS. In conclusion, GF-AAS was required for quantitative analysis although EDX
was used for screening. In this work, it was proved that LA-ICP-MS can be used as a screening method for

fast analysis to determine hazardous elements in electrical products.
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(Hydrochloric acid, 36%, Dong Woo FineChem.), 24}
(Nitric acid, 69~71%, Dong Woo FineChem.), Ak
(Sulfuric acid, 95~97%, Dong Woo FineChem.), E.&
3}= 22 4H(Hydrobromic acid, 47~49%) So|t}. 3k,
GF-AASOA HAFAE 4T o A ZF8 0]

W e

Company/Model Elvatech LTD/Elvax
Range of detected elements From Mg (Z=12) up to U (Z=92)
Main technical data Measuring time 200 s
Detection limit 0.001 wt.%

X-ray tube Type BX-9, W (Ti, Rh)-anode, 140 um Be Window, air-cooled
Voltage 4-50 kV, adjustable in 50 V steps

X-ray generator Beam Current 0-100 pA adjustable in 0.1 pA steps, Max power 5 W
Stability 0.1% over 8 hours
Type Semiconductor Si-pin-diode with thermoelectrically cooling

X-ray detector Active area 5.5 mm?

Energy resolution

180 eV at Fe 5.9 keV
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Table 2. SEM-EDX operating condition

Table 4. GF-AAS operating condition

FE-SEM Company/Model Thermo/GF95
Company/Model Thermo Keytek/JSM-7000F Graphite Cuvette type ELC
Resolution 1.2 nm (30 kV), 3.0 nm (1 kV) HCL Pb (Uncoded)
Magnification x10~5000,000 Cr (coded)
Probe current 1107 A to 2x107 A Sample injection volume 20 ul
Acc. Voltage 0.5 kV to 30 kV Gas Type (Ar) 2 Inert
Beam Stability 1% in 10 hour Gas Flow (Ar) 0.2 L/min
Schottky type field emission Abs. signal Area

Electron Gun

(T-FE) gun
EDX (Energy Dispersive X-Ray Spectrometer)
Company/Model Oxford/Inca
Resolution 133 eV (Mn-STD, 20 kV (ko))
Light element analysis  Be to U

Table 3. Laser ablation ICP-MS operating condition

ICP-MS
Company/Model Thermo/Axion
RF Power(W) 1350 W
Plasma gas (Ar) flow rate (L/min)  14.0 L/min

Auxiliary gas (Ar) flow rate (L/min) 0.9 L/min

Carrier gas (Ar) flow rate (I/min) 0.8 L/min
dwell time(s) 30 s
Scan Mode 1600 points
Measuring number 3

Laser
Company/Model CETAC/LSX-500
Type Solid state type
Wavelength(nm) 266 nm
Energy(J) 9 ml]
Spot size (um) 200 pm
Frequency (Hz) 10 Hz
Pulse Energy (%) 100%

Laser Mode Single shot mode
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Fig. 1. Flow chart of test procedure.
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Fig. 2. Experimental procedure of a cellular phone.
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Fig. 4. Light and heavy disassembly for cellular phone.
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Fig. 5. Heavy disassembly and light disjointment for battery of cellular phone.
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ol =2 A (RoHS)ol W FE W] 34 Tre 5782 gk =3y A+ 11
XRF data LA-ICP-MS data SEM-EDX data GF-AAS data
LA-ICP-MS
No.  pp mg/mL Cr mg/mL picture Pb mg/mL  Cr mg/mL Pb mg/mL Cr mg/mL Pb mg/mL Cr mg/mL
(%RSD)  (%RSD) (%RSD) (%RSD) (%RSD) (%RSD) (%RSD)  (%RSD)
1110.0 n 52.0 339
Brown Brown
16.3 9.8 ND ND
(21.7) (18.3)
Gold Gold
BAT2 5(6176080)0 ND 3.1 8.8 8050 ND 92000 140
(22) 27 (36.0) (12) 2.4)
Black Black
18.3 123 ND ND
(14.7) (12.6)
926.0 1.0 27.4
1350.0 1.7 17.7
LEDL 03g) NP - (203) (7.4)
1710 70.0 32 34
D2 5y a732) - ©23) (16
Silver
30900 Silver
LCD3 ND 17.4
(48.8) 13900 (445)
Brown Brown
10.9 196 125000 ND 44000
(7.5) 6.1) (38.0) (15.0)
Green Green
9.0 19.7
LCD4 Z;):(;()) ND (22.0) (12.5)
’ Black Black
66 530
(42) (1.9)
Silver Silver

9400 2.5 (5.0)
Fig. 10. Screening results of cellular phone using ED-XRF, LA-ICP-MS, FE-SEM-EDX, GF-AAS
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XRF data LALICP-MS LA-ICP-MS data SEM-EDX data GF-AAS data
No.  Pb mg/mL. Cr mg/mL ;;ictulje Pb mg/mL Cr mg/mL Pb mg/mL Cr mg/mL Pb mg/mL Cr mg/mL
(%RSD)  (%RSD) (%RSD) (%RSD) (%RSD) (%RSD) (%RSD) (%RSD)
Brown Brown
434106 3 6x10° 330 10.9 0.012 190 12.6
X Ox 273 6.7 19 35 5.9
LCD5 (100) (160) (27.3) (6.7) 19) (3-5) (5.9
8.5 18562.7
(28.1) (26.0)
Brown Brown
107 252 ND 162000 2600
(32.2) (5.6) (0.8) (1.9)
Yellow Yellow 162000
118 343 ND (0.8) 2600 151000
14.3 22.8 ND 1.9 2.0
Lcpe 18000 160.0 (14.3) (22.8) (1.9) (2.0)
(44.5) 972) Black Black
167 96.6
(7.2) (27.3)
Silver Silver
96.7 13600
(52.9) (10.3)
ND ND
Green Green
MB1 21029;)(())(; ND 5.6 39.7 459000
’ (48.6) (13.9) (139)
333 38400 2.6 36800
Keyl (173 (126) 22) (20.9) ND ND

U'ND: not detectable.

Fig. 10. Continued.
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