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Abstract : When the polymer was used for the guard raw materials of electronic device, the content
of U, Th and their daughter nuclides were known as a factor of soft error. Because emitted alpha ray
could be caused of mis-operation. And ionic impurities such as Cl, Fe, Na could shorten the device
life-time. For the analysis of trace impurities in the polymer, neutron activation analysis(NAA) and
ICP/AES have been studied. To improve the accuracy and sensitivity of the trace and ultratrace metallic

impurities in the epoxy and phenol polymer, sample pretreatment method and optimum analytical condition
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of NAA were developed. Using the above method, U, Th and other 23 trace impurity elements were

analyzed.

Key words : neutron activation analysis, epoxy, phenol, trace impurity analysis
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Table 1. Analytical conditions for the detection of nuclides

weight Tirrad Tcool — Tcount nuclides

2¢ 1m S5mn 200s “AlL “Cu ®*Mg T, ¥V,
40 mn 500 s “Ca, *cl
120 min = 500 s *Mn

UScd, ®Br, “K, “La, *Na,

10g 30m 2day 2000s Ni, ZNp(U), "“sm,

0 dr 5000 icg, 60C0, Sy, 152Eu, 59Fe,
X S
y mPa(Th), me, SSSr, 67

< Bulk Polymer sample

< Deionized Water

Cleaning

. < Freezing by Liquid N
Crushing o i
< Sealing in Clean PE Bag

< Crushing with Acetal Hammer

‘ Decontamination ‘ < with 10%-Nitric Acid & deionized water

< Oven & Desiccator

Fig. 1. NAA procedure for the analysis of impurities in

— NAA

Epoxy and Phenol resin.
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‘ Epoxy Phenol resin ‘Hwe‘\ghed 30 g of the resins into Pt crucible

‘ Ashing

|

‘ Fusion

|

‘ Digestion \ —

l

‘ Dilution

‘ «— ashing on propane burner without over flow

‘ «— fusion at 650°C for 10h in electric fumace

5mLHNO,/10mLHF/ImL H,SO, in Teflon Beaker
Heating/Dryness

‘ «— 50mL deionized water

Measuring

«— AAS for Na, K, ICP for others

Fig. 2. Analytical procedure for the analysis of impurities
in epoxy and phenol resins by ICP/AES.
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(a) Novolac type Epoxy resin

Folymerization and Condensation of Fhenol
and Formaldehyde towards a Resin

i il
=
He e HaoiC HOCHz CHzOH
I-IIIC OIH M H Trimethyiolphenod
~ G
H Formal - CHoOH
Fhenol el yue
OI—I o]
. “tHa " —CHa —CHa-0- CHo
HOCHZ — - CHaO o
Tonden > O Ch CHy
sation CI) CIJ CI)
CHalH
§ iz 2 tHz
Trimethylolphenol _CHE_UcHz _ OHE_O_OHE_
i
CH CH

Phenol Forpaldehyoe Resin

(b) Phenol formaldehyde from phenol and formaldehyde

Fig. 3. Most popular used epoxy resin(a) and phenol
resin(b) in IC (Integrated Circuit).

Table 2. Nuclear data of the important impurities of
polymers used in electronic materials

Important Produced ~ Cross Section(barn)  Emitted Ealf life
Element Nuclide Thermal Epithermal —Y-energy
H H 0322 0.149 - stable
*H 000053 000023 noy 123 yr
C “c 00034  0.0015 - stable
"¢ 0.0009  0.0013 oy 5736 yr
0 c 0.00018  0.00027 - stable
0 000016 000094 197 keV 27 sec
Na "Na 053 0.34 1368 keV 15 h
cl *a 0428 0213 1642 keV 372 m
K K 1.46 142 1524 keV 124 h
Br Br 269 48 554 keV 354 h
Fe YFe 115 17 1099 keV 44.6 d
®py 74 72.4 311 keV 27 d
U Np 27 275 277 keV 235 d




Ho

312

o) * 2=
&9* - 259 - oA g -

oy - AlAA - Zé_g_)\]—*

Table 3. Analytical results of NIST 1632b coal SRM by NAA

Element NIST NAA Variance (%) Element NIST NAA Variance (%)
AL% 0.86+0.02 0.90+0.04 52 La 5.1 5.4+0.5 5.6
As 3.7+0.1 3.9+0.1 34 Mn 12+1 13+1 22
Ba 68+2 69+4 2.7 Na,% 0.052+0.001  0.053+0.002 2.3
Br 17 18+2 5.8 Rb 5.1+0.1 5.4+03 6.5
Ca,% 0.20£0.01 0.21£0.01 33 Sb 0.24 0.25+0.02 2.1
Ce 9 9.7+1.1 8.1 Sc 1.9 1.9+0.3 12
Cl 1300 1300+16 1.7 Sm 0.87 0.90+0.09 29
Co 2.3%0.2 2.310.1 2.1 Sr 100 11023 11
Cr 11 1242 8.9 Ti,% 0.045+0.002  0.046+0.002 2.1
Cs 0.44 0.46+0.03 49 Th 1.3+0.1 1.4+0.2 6.2
Eu 0.17 0.18+0.02 7.4 U 0.44+0.01 0.48+0.08 10
Fe,% 0.76 +0.05 0.77£0.08 1.2 \Y 14 162 13
Hf 043 0.47+0.04 10 Zn 12+1 13£2 5.5
K,% 0.075+0.003 0.076+0.005 1.1
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Table 4. Analytical results of impurities in epoxy, phenol resin and EMC by NAA and ICP(mg/kg)

element phenol epoxy EMC method element phenol epoxy EMC method
Al 1.10 0.75 1400 NAA/ICP Mg 0.72 0.11 76.0 NAA/ICP
Be <0.1 <0.1 <0.1 ICP Mn 0.13 0.03 6.20 NAA
Br 7.29 043 3620 NAA Na 121 330 8.86 NAA/AAS
Ca 43.0 0.78 11.0 NAA/ICP Nb <0.01 <0.01 <1 ICP
Cd <1 <1 1.70 NAA/ICP Ni 0.69 0.17 <0.1 NAA/ICP
Ce 0.03 0.03 0.05 NAA P 0.26 230 <0.1 ICP
Cl 0.47 62.0 0.43 NAA Pb 10.1 0.09 0.50 ICP
Co 0.02 0.02 <0.1 NAA Sb 0.85 0.75 3100 NAA
Cr 0.50 0.15 <1 NAA Sm 0.00005  0.00004 0.01 NAA
Cu 0.07 0.06 0.12 NAA/ICP Sr 0.07 <0.01 <0.01 NAA/ICP
] 0.02 0.02 0.06 NAA Th <0.0011  <0.0013 <1 NAA
Fe 13.0 1.80 19.0 NAA/ICP Ti 0.24 0.14 2.80 NAA/ICP
K 0.20 0.21 <10 NAAJ/AAS U <0.026 <0.011 <1 NAA
La 0.0011 0.02 0.05 NAA v 0.02 0.04 <0.1 NAA/ICP
Li <0.01 <0.01 0.01 ICP Zn 0.31 0.32 0.34 NAA
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