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Determination of phthalic acid content in unsaturated polyester resin by gas

chromatography
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Abstract The organic dibasic acid monomers in four unknown unsaturated polyester resins were converted into low —boiling
dimethyl esters by tetramethylammonium hydroxide degradation method. The degradation products were analyzed by gas
chromatography —mass spectrometry. Using dibutyl phthalate as an internal standard a working curve of peak area ratio and
substance molar ratio was established by gas chromatography and the phthalic monomer in unsaturated polyester resin was
quantitatively analyzed. The results showed that one of the unsaturated polyester resins contained phthalic acid monomer
and the content was 1.9 mmol/100 g. The recovery rate of adding standard was 97.54% when the adding scalar was
0.97 times.
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5 min,
1.2 GC-MS
001* 20.0 mg 1.5 mL
. - 114 pl 25 %
GC-MS 114 pL. 100 C
30 min 32 pL 1.0 mL
004* DMF GC-MS
2.76 % ° 3
DBP 1.3
6 10 mL 5
004* DMP M=194.19 DBP M=
11.9 mmol/100 g 278.35 °
202.7mg  004* 1.2
o 0.717 1 mmol  DBP
1 1.
1.1
25 % 1
TMAH Tab.1 Standard solution configuration
CH,0H / nDMP/ nDBP/ m 004"/ n DMP/
CH.I mL mmol  mmol mg n DBP
DMF I 1030 0102 0719  —— 0.142
DMP 2 10.49 0313 0717 — 0.437
3 10.11 0.515 0.718 — 0.717
DBP
4 10.29 0.771 0.718 — 1.074
001" 002' 003" 51027 1029 0718 — 1433
004# i 6 10.26 —_— 0.717 202.7 S—
110 g 0.1 mg
Thermo Electron 1.4
20~200 pL.  100~1000 pL.
GC-MS 7890A-5975C / 2.088 mmol/10.15 mL
DB-1 30 m x 0.25 mm X 115 pnL. DMP 0.023 7 mmol
0.25 pm 1.0 mL/min, 6 GC o
50 C 250 °C 50 C 2
1 min 2 °C/min 60 C 30 C/min 2.1 GC-MS
250 C 8 min 0.2 pL 4
EI 70 eV 1 2
20~550 m/z, NISTO8 GC-MS °
° 4 7.55  8.50 min
GC GC5890 SE-54 7.55 min 8.50
30 m x 0.32 mm x 0.25 pm min  2- . 001* 002* 003"
0 210 C 280 C  FID 10.43 min
290 C 5 min 20 °C/min 280 °C . 001* 7.16 min
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o—
004*
6.92 min 9.43 min
10.19 min
2.76 %,
004#
/min
2.2
! Tic 11 GC 6
Fig.1 Total ion chromatography of four kinds of ’
unsaturated polyesters ’
2 GCMS
Tab.2 List of four unsaturated polyesters GCMS ingredients
001# 002# 003# 0044#
/min
1% 1% 1% 1%
6.92 — — — — 10.77
7.16 a- 10.93x — — — —
7.55 19.59 10.85 17.46 21.70
8.50 - 1825 = 939 >~ 1805 = 26.40
9.43 — — — — 22.97
10.19 — — — — 2.76
10.43 47.26 76.83 59.08 — —
2 DMP DBP 5 DMP 5
1~5 DMP/DBP 0.118 0.350 GC DMP DBP
0.552 0.851 1.161, 6 004* DMP DBP DMP DBP
DBP 5 3 3
| DMP
1of | 9.7‘
J e L DMP  DBP GC DMP
6 /1 2 3 4 5 6 7 8 91011 AJL DBP i
5
. ] Origin Y =-0.00599 +
0.
3 A
2 )\ |
| [\ DMP DBP A

3 4 5 6 7 8 9 10 11

/min

Fig.2 Gas chromatogram of mixed samples with different

DBP

molar ratio of DMP to DBP

2 DMP 4.2 min
9.7 min, 6
004* GC 4.2 min

n DMP /n DBP

3 DMP DBP

Fig.3 Relationship between molar ratio of DMP to DBP

and peak area ratio
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6 DMP/DBP 232 % 100 g 004* 11.9 mmol
g
DMP/DBP ° 004*
o 202.7 mg 004* GC
DMP °
3 004"
Tab.3 Content of dimethyl phthalate after derivatization
of 004* sample
S DMP /S DBP n DMP /n DBP n DBP /mmol n DMP /mmol m DMP /mg o DMP /%
7 0.0215 0.034 1 0.717 0.024 4 4.7 2.32
2.3 0.97 97.54 %
4 DMP/DBP
° 4 o
4
Tab.4 Test results of recovery rate of adding standard
S DMP /S DBP n DMP /n DBP n DMP /mmol  n 004" DMP /mmol  n DMP /mmol 1%
8 0.047 3 0.066 2 0.047 5 0.024 4 0.023 7 97.54
3 2010 37 6 40-44.
1 - [4]
[J]. 2007 22 2 38-40.
[5] 1
GC-MS °© 2001 16 4 12-13.
2 GC-MS 004* 6]
[J]. 2012 15 4 37-38.
2.76 %. 171 U
3 GC 2003 18 4 22-24.
004* "
[JI. 2005 20 2 50-53.
11.9 mmol/100 g [9] Peris—Vicente ] Baumer U Stege H et al. Characterization of
0.97 97.54 %, commercial synthetic resins by pyrolysis —gas chromatography/mass
spectrometry  application to modern art and conservation [J].
1] Analytical Chemistry 2009 81 8 3180-3187.
] 2013 27 5 19-23 [10] Oba K Ishida Y Ohtani H et al. Characterization of abnormal
2] 0 structures in thermally treated liquid crystalline aromatic polyesters
2013 28 6 1-5 by pyrolysis—gas chromatography in the presence of organic alkali[J].
3] ] / Polymer Degradation & Stability 2002 76 1 85-94.
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