Polymer(Korea) Vol 23, No. 3, pp 401-412 (1999)

Pyrolysis-GC&t GC/MSedl 2J3 EMCU Y ol FA| 4] £4

AAE - Y - 2R St
Eodigta e 383 eta
(199949 24 5¢ <)

Determination of Epoxy Resin Type in EMC by Pyrolysis-GC and GC/MS

Sung Hoon Kim, Nae Joung Park, and Myongsook Oh'
Department of Chemical Engineering, Hongik University, Seoul 121-791, Korea
te-mail . msoh @wow.hongik.ac.kr
(Recetved February 5, 1999)

2 2k: ¥t package® plastic BXA] FollA 713 HHHo g o]y A& epoxy molding
compound (EMC, 91 ZA] 2x4) & ZAsE22 dutEed 4718 £4 hjozE B4o] oy
2 AFNAME QEAEE o83 H3EAe A T2 E A8 AU Ads] x5
o] Wdg A=k AREAE A8 Yo dEE =08 TN, EMCe 48 242
A, HH9 QEs 21NN 4 AEF F 3-AHEoE FAH RANE GEHE9 gas chro-
matogram$ T3, ¥ A0 a g At 4 SHuae] sud FxAe GC/MS 4¥Ee
B3l T, ¥xA] EXA2 sols o EFA] 422 F g-cresol novolac¥, bisphenold,
naphthalene® 2| #o] 7158}% 3, phenol novolac¥e] s #de] 7FeEg BRAFch
agy iRl W X (<3phr)dlA AEHRA ot vz & B2 o] AREL EaA
71e AXz HFo] Fago] AelsAU.

ABSTRACT: Epoxy molding compounds (EMC), generally used plastic molding compound for
IC package, are cured material, and are difficult to analyze its composition by typical
analylical methods for organics. In this paper, qualitative compositional analysis of EMC was
attempted by pyrolysis-GC and pyrolysis-GC/MS. The optimum pyrolysis condition for the
composition analysis was determined. At that optimum condition, characteristic peaks for the
major components of EMC were obtained from GC-chromatogram of raw materials and cured
3-component model compounds. The chemical structure of each peak was obtained from sep-
arate pyrolysis-GC/MS experiments. Using the relative intensity and retention time of the
characteristic peaks, identification of epoxy resins commonly used in IC packaging, such as
o-cresol novolac, bisphenol, and naphthalene types, was possible. Phenol novolac type of
hardener can also be distinguished. However, low concentration components such as the
accelerator (<3 phr) were not detected, requiring pre-separation before the analysis.

Keywords: pyrolysis-GC, pyrolysis-GC/MS, analysis, EMC.

N B LOANE §aEA = QUd 28U 0, A5

2 2o 84 ANe Hge TP 4] 24

A olEA HPET Po] NI} oy 2o oz sh5aA ook o]E A5t Ao AR 2
EREZ o)FoA U, TF BHH ZsEo| ¥= AYozs WA} (diffuse reflectance, DR or
€ 59 7] 8ullo] £3=)A] ov, solderze] 1 DRIFT) %¢& &%+ %4 (photoacoustic spec-

&2/ A23d A33 19994 5¢ 401



troscopy) T BHEEA & &

o} 0|3 d¥s EMye nEx PEe] W
Hog go] oly Wz

A B9rldA dRsAA BHE ALY e
ANl Baj=7) Ao F2E ojgRe Wi
By go g8y AR 2k W F&E
F& B¥, B3 £5 55 2EA FRA Bol 2
ol AgAo|th!?

AseA] 4E 2AE AT d& 24 e
A G719} B4 srle B FEoE UE 7
o). Q% vgrizEs 2350 452 EA 2
g Zog FUY 4 = Curie Point Reactor,’’
Pyroprobe® ! 5] A7} 2ic). ¥ 8o &
B M7]2% gas chromatograph (GC),® mass spec-
trometer (MS),’® gas chromatograph/mass spec-
trometer (GC/MS) 715811 714 HHAoz soln
itk GCs} MSEMozs A8 & ARE
4L F a4 AR FAPEE HEE F /e
U g Age &g &3] o1l GCst MS,
Z17te] 9L GCo Hel4d= MSo] &% 3z &
Hg 843 GC/MSdA Bedtt. Curie point
reactort} pyroprobe %9 on-line pyrolyzer2 &
BaAA Poja IR EL interface boxE T3
GCo A FYsta, GCo capillary columndllA]
Bal, 829 A2 MSE detectorZ o] &3l
W3h= pyrolysis-GC/MS (Py-GC/MS)¥-& A3l
A AR BAA 7P dsEe wgo|hA o] gl
% infrared spectrometer-(IR),* nuclear magnetic

ol

H

422

resonance (NMR),!? field-ionization mass spec-
trometer (FIMS)™® 9] 77| #8453 9t}

£ =FdME Py-GC9 Py-GC/MSE o]4-3ldd
teX] FetaE BA4AF 7P B2 Rol= o
Al ®2)A] (epoxy molding compound, EMC)E&
). WixAdg EMCe dlEA £z, Z3A,
7SR, 2aAl, oA, 34, FAAe EFEER
o]FolA At °olF FAHEE olF& FA, H3HA,
7IEAle] BEE A=t Zb AEe AH9 fin-
gerprintE 47| §8] &3 =47 GC ¥4 =4&
A s, Aol 733 ROARE 0|83l 7} AR
o] Wi s ke ERAHIES Foldied
2 7age] +24& GC/MSE o] &3ld Fadrh

rx

A

402

ENE R B

4 #

B 7 A AR dE 2HARE 2] 93t
o ALg-" 7], B8, 7H&EAlE Table 19 YeRy
At} o] AEREE RAR AFAE AH-HUTH
Y8 dEFA A U7 ¥ £AE AR3YE
] o-cresol novolac (OCN)E <22 OCN-
1020 (65)& )&l OCN{1020(55), 4400H,
1020(62), 1020(70), 103, 195XL.-4, 195XL-7}
©] 87}, biphenyl®@2e] YX-4000, bisphenol¥ ]
Epikote 3001, naphthalene®e] NC-70008 ¥
3ttt 871e] OCNE Fx& 2L 7]8 Ex4s
Zra oy ExiEA zlelzt dot. A=A
2702} phenol novolac® 9] 73 342} (PSM-43249}
MEH-7800S) amine® 2] 4,4’-diaminodiphenylsul-
fone (DDS)& A3l t}. 714 = triphenylphos-
phine(TPP)#} 2-methylimidazole (2-MZ)°¢] A}&
=t

LA RE A EZA 4], A3, &R 3-HE
Agz AFsigct. JRERS EddE E3AA
olH|Eof] @3] LAY F oHEE oM F
WAF| I 175 CollA 1A Bt A skete] ARR3IE
of. d¥s 4¥ 2A9 £4 2dE JFH3E] 9
Blo] AL e A gitdl OCNE EMC ZEAI8E8
Apg-8R ok

das 24717 ¥ B4 = dE e
CDS 1000 pyroprobeE o]&3lc}. 0.1g o|3}t9]
287} 0.2em 974, 1.5cm Zoje] Hgud] A
2 F @By A9 3oz J1EH 3-
2027t QE=EAGT. BB AEES 200 CE /A
%)= interface box& &3] GC && GC/MSI F
g=o] £459ch Biphenyld #x& AjLlg o
2 g gdEs 20 HAs 4¥L 3,
Ay 7tE4x, 2% 700 C, fAAZL 10%, A8F
0.1ge 2 85t Biphenyl® A& ¥ E¥
& 27t dEs A

GCE flame ionization detector (FID)E A&t
HP Model 5890GCE ©]&-3l9 1 carrier gas2&
A47t 2495 GC columng SPB-5 fused silica
capillary column (25m, 0.20 mm 1id., 0.33 zan
film thickness)e]git}. GCEAL 50 CalA 280 C

Polymer(Korea) Vol 23, No. 3, May 1999



Pyrolysis-GC9} GC/MSql| 2|3t EMCuie] ol Al 2] &4

Table 1. Types and Chemical Structures of EMC Components

A. Epoxy Resin
product OCN type Bisphenol type
standard formular o N i H,_iﬁ He
oG = CH CH CH:O i '
EEW(g/eq) 200 192
product Biphenyl type Naphthalene type
e, G
standard formular {@—Q‘ e b "} H ;}
EEW(g/eq) 187-197 227
B. Hardener .
product Phenol Novolac 4,4" -diamino diphenyl sulfone(DDS)

standard formular

B

NH:OS(\:—QNH:

EEW(g/eq)

C. Accelerator

product Triphenylphosphine(TPP) 2-methyl imidazole(2MZ)
standard formular [ @EI~P ( '/>‘ Ciha
3 N
EEW(g/eq)

7R 5 °C/mine2 714, APKSE 0.5 mL/min,
split ratio 100: 12 AA= Y}

GC/MS2%= KISTe] =3 ZHEE AEe HP
GC 5890/HP MS 5988 mdlg 0|83l o]Fo]H
t}. o] 7|79 Z@L Ultra-2(HP), 25m, 0.20 mm
ID, 0.33 yan film thickness& A}&-3}¥ 31, carrier
gast Heo] AMEE U, MS+= EI mode (70 eV)
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Table 2. Effect of Pyrolysis Conditions on the
Weight Loss of a Commercial EMC (Base Case:
Final Temperature, 700°C; Holding Time=10s,
Heating Rate=maximum, Sample Weight=12 mg)

[Variable : Final Temperature]

final temp. (C)  sample weight (g) % wt. loss
600 0.0119 12.605
700 0.0112 12.500
800 0.0116 12.069
900 0.0103 16.505
[ Variable : Holding Time]
holding time(s)  sample weight (g) % wt. loss
4 0.0151 7.950
5 0.0156 8.300
10 0.0128 13.280
10 0.0111 12.613
10 0.0144 11.080
10 0.0112 12.500
15 0.0129 13.954
30 0.0131 15.270
[ Variable : Sample Weight]
final temp. ('C)  sample weight (g) % wt. loss
700 0.0066 18.180
700 0.0112 12.500
700 0.0324 8.950
[ Variable : Heating Rate}
heating rate ('C/s) sample weight (g) % wt. loss
100 0.0130 8.460
1000 0.0133 12.780
10000 0.0124 11.290
max. 0.0112 12.500
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AL gazko] o 12% 352 LASA Jehdd
ety Fe&5e Wil AFRLd E S 1
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chromatogram& o}8-3l] X35t} 47 lHe 2
o] Ao 4L viXA R $2EEE A9
3 o Al A& AT HFexre] ¥ &
A3l7) ¢l 700 Cot ABFRAIT F71%E 900 ¢
GC chromatogram@ Fig. 194 u]: B4},
AFex 900 Ce 700 C 25 RT 10~25 mindj
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Figure 1. Effect of pyrolysis temperature on GC
chromatogram (a commercial EMC at 700 and 900 ).
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Figure 2. Effect of pyrolysis time on GC chromato-
gram {a commercial EMC at 10 s and 30 s).
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Figure 3. Py-GC chromatogram of 4 types of epoxy
resins: (a) OCN type, (b) bisphenol type, (c) biphenyl
type, and (d) naphthalene type.
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(a) Hardener : PSM-4324

(b) Accelerator : TPP |
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Figure 4. Py-GC chromatogram of (a) a phenol
novolac type hardener, PSM-4324 and (b) an accelera-
tor, TPP.
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Figure 5. Py-GC chromatogram of (a) uncured and
(b) cured EMC model compounds. O: OCN type resin;
A: PN type hardener.
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Figure 6. Py-GC chromatogram of cured 3-compo-
nent model compounds with (a) OCN type, (b)
bisphenol type, (c) biphenyl type, and (d) naphthalene
type resins.
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Aol F=E WA ROARE YA gas
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Attt =¥ FsiAlel F7E dsAA PNY 7
sHAle] 49 aE Aok

T29] F=9} A3l FEE HAZ AYolA
A= OCN type, 3 A= PSM-4324, 714 =
TPP7} ARg-8l9la Egd 3= o3 2.
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(a) Low bardener conc.

[ 10 20 30 40 ]

Figure 7. Effect of hardener concentration on Py-GC
chromatogram: (a) low hardener concentration and (b)
high concentration. O: OCN type resin; A: PN type
hardener.
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Figure 8, Variation of hardener and accelerator on
Py-GC chromatogram: model compounds (a) A, (b) I,
(0) ], and (d) K.

ER8e -
BINE e, EU D)
I OCN type:DDS: TPP 200:124.15:2
] Bisphenol type:DDS: TPP  471:124.15:4.71
K OCN type: PSM-4324:2-MZ 100:50:1
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#olt. o] PNA| B3 E4d5as Jyehix A
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Qeoz FzAe EJuazt PHM Uee Aoz
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 BoA g Ast ulusld ZEd HE FRTE
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tha e 1 9o Aj2o] Yehd mau ¢l
o7 Mas & 7 AU 7KEAle F=7t 1phr
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as F8 ¥az Jepdx gedA 71§ 2ol
t}. TPPe] 73S TPPe] X7} 3phr o]3d o
GC/MSd| o1& 7Zo] 7Fs3tdh

HP Quadrupole Mass Spectrometero]| 2|5t GC/
MS 4. Py-GC/MS 4322 Z x| §4ua
TFZ2E Ttk A 7l biphenyl¥ o] A&
ERQagE 2& F e WA AgdA A=
t}. Py-GC/MS& &3l 539 3dA Uos d&3)
£ 72E Ao zM, 7 miad AEd &
Eo 7x4e ZHFENA mass spectra library
(Wiley and NBS) & 73l 42 AHE ol ¢
I Ae & ARe FERAF Hudy s g
TZ2 A9yt a8y Aast dREE ¥ oy
70eVe] electron impact (EI) ionization#3d A
T Ao ddg A7) g, 22¥ mass spec-
trum & ] 2 GEHEe) TRy Aud 72
d Aoz Y. 28)22 GC chromatogram9)
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Table 3. Characteristic Peaks of OCN Type Epoxy
Resin and Their Major Fragment Structure

RT (min)
peak & — e cured sample by GC/MS

1 13417 13.852 @"'

3 16474 16.938 @A

o

1)

fragment structure

2 15.160 15.607

4 18.220 18.687

4 Fage g FRAL 4F3e e
B a8y 4 £3939] mass spectrum
AN ael YRt dANE TP e FET
Ar7t 9o A 89 48ete] RTY te 53
93 g ¥wdn, Zt 739 FHGE FE F2p
& el

Table 32 OCN¥ <39 E5AHAFA mass
spectra library & ZAM3le] dojxl R E9 72
2]& Yehidoh. 5353 29} 39 mass spectra
T 43T A patterng BAFUEH, mass
spectra library HA 23} 33 2& ortho, 33 3
€ para 7%9] dimethylphenol2 #Aojsit}. o]
E dimethylphenol o] AA= OCNE 2] a8
2 A% JFsd Fxoln OCNY £ & X
Z3ieA oA AEEA 23 13 494 HEE
v TRHL dse 7ETzd WEsv €3
Eo] 7} 3¥E HdF). Table 4+ bisphenold
o] X EAzze F¥HEe] T2 Yehidd
o & f¥e] X9} vl bisphenold FA&
RT 40&olddMz §4nag et a8y o
Heol A Yehs dEHESS DEAEE 2
Qe vz library searchoir] Yot FZx49 &g
o] WolA 1 £Xjg] 7| RFRIVEE TZ4L B -
37171 o). AAAHo 2 HEFxd W7 B
o W= FdE& Jelliz, OCNY 3 vasld F
2% GEHES Ul mas 20z, d3 7.8
AA4 & bisphenol® 9| Y852 7)EFx9} Ay
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Table 4. Characteristic Peaks of Bisphenol Type
Epoxy Resin and Their Major Fragment Struc-
ture

Table 5. Characteristic Peaks of Naphthalene
Type Epoxy Resin and Their Major Fragment
Structure

# RT (min) fragment structure # RT (min) fragment structure
I resin  cured sample by GC/MS I resin  cured sample by GC/MS
1 11627 10.0 dj 1 15831 13.750 5«
2 13.738 12.0 {)’Q
2 16571 14.475 5“
3 14.410 12.7 {)
o 3 19.155 16.875 6"
e
4 17.334 15.7 fj .
Y. 4 21005 18680 "*¢(
oty
5 19.320 17.3 é 5 24632 22.090 05
ﬂlt'f‘ah
oy
6 21687 19.3 ):;" 6 29558 25775 55
’ Hy
I¥e)
7 36.060 327
=~y 730321 27697 oo
Sy
8 38.196 347 al e o -
o 8 31.874 29.181 CO""
9 42818 3838
10 43663 39.7 o

v 7%71 7425t} Table 5& naphthalene® 2}
2 ¥ a0 dEAE TS Jepiid. o
3 1, 3, 4914 OCNEe] morgdA AEHE
T2} Y FRo| G Eol FEdHUY 1
Y 73 5~99A= naphthalene® o] 7z3 £3
& & YeplolFe 88 2o] AEHUT

A2AE 24. A Fod 5ATIE J8A
B 244 HLAA Fig. 1(a)9 F&AE GC
chromatogram& RT 10~25% Alo|o|A] 77]9] =
3& BAET o] F d A= (O= ¥4) OCNY
FA ] EQYFHIYE ¢ # A3 PNE AAx 9
A Feld RTIA (A2 EA) Ueide & &
Aot mEA 2 =84 AE 593 E o) L3
AEA R FR % FsAe] HEE F LS
g

#aiol A123¥ A3 19999 59

9 33.362 30.730

g

g EB

£ =%dM Py-GC, Py-GC/MSE& o|&3ld
EMCse} 22 7 3lE9] AR B4 o] 7i5de
Bol3lrl. IC packageg FA F OCNE,
bisphenold, naphthalene® %2} 39 zZ A2
Yehls 5A93E 78 & AT, o159 493
RTs} ZAxE o]&3e GC-chromatogram &
GC/MS¢] TIC chromatogramol| A 2z} &9}
o] 7Fsdttt. 2@y biphenyl¥ o] A¢- ¥ RT
A FRAH Ia3E YR ol GC chromato-
gramo2E WHo| shediA ¥ AR
OCN¥ 3} 38ty Fz7] vlxd PN¥ AsiAle A
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$ A FsiAle] vg Ao, B Zs
AE ¥ oz EYaE 78 F AAS F
st AsAlohs €8] 1phr 359 ¥& ¥x9) 7}
&4l GC chromatogamdl] Z&5A] ot ¥ £
AE fsAE A8 Eele] AN Ay da e
RojFQich Hojd §AAE o] 43l A8
Ao Fx)9t Z3Ae] o] 7FsdAt.

dAle] 2: & A7 AR Fdoz AYs
At £¥ GC/MSE o] &3 s34 KIST Dop-
ing Control Center®] AW+ wAbd, H452 w4}
@A Aal=dd
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