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Determination of the contents of 6 kinds of phosphate ester flame retardants
in plastics by gas chromatography-mass spectrometry

LIU Fang'

(Centre Testing International Group Co., Ltd., Shenzhen 518000, China)

ABSTRACT: Objective To determine the content of phosphoric ester flame retardants in samples and provide a scientific
basis for optimizing the flame retardancy of plastic products. Methods The phosphoric ester flame retardants were extracted
from plastic samples with suitable solvent, and the content of phosphoric ester flame retardants was determined by GC-
MS. Results The method is fine and can effectively remove impurity interference, can effectively remove the interference
of impurities, has a good linearity with a correlation coefficient of more than 0.995; has a good precision with a relative
standard deviation of less than 10%; a spiked recovery test was carried out throughout the process, and the recovery rate
was 80%~120%. Conclusion This method is accurate and reliable, and can be used for the determination of the content of
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phosphate ester flame retardants in samples.

KEY WORDS: ultrasonic extraction; gas chromatography-mass spectrometry; phosphate flame retardant
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Table 1 Information of 6 kinds of standard substances of phosphate ester flame retardants
i TR R [l CAS No. I
1 =(2,3— AL BERR TR TDBPP 126-72-7 Dr.ehrenstorfer
2 =(1— FERL) S LB TEPA 545-55-1 TRC
3 iR — (- W L H) MR TCEP 115-96-8 Dr.chrenstorfer
4 (2,3 RN EL) BERR G DDBPP 5412-25-9 Bepure
5 IR =41 H g TOCP 78-30-8 Bepure
6 IR = (1,3— 5 -2 PN3E)MR TDCPP 13674-87-8 RS
1.3 1.5
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RWAL; RN E Rl AR H H] GC-MS (QP2020NX
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HERE, 1.0 min J5HFH; HERR TR R 250°C; #EAEEE R 1.0 pL;
VS RIAER I (]2 4 min; BT FHEZBRGPIGEE N 100°C,
#F 1 min, L) 30°C/min AYEEFTHE S 300°C, FAFF 3 min; (A -
i FOREE y 280°C; HLES I =l EI; HUBSREREN 70 eV i
HHIIEEN 50~800 amu; 5 J7 k28 8 7 Wi =X
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HEWAIA 20 mL /3T ER, AR 22l &iaeE, &3 A
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T 28 % 12 T 288 BELR TR0 AS [ o 3 S gy RS i s i,
TEPA. TCEP. TDCPP. TOCP #4354 : 0.1, 0.2, 0.5, 0.8,
1.0, 2.0 mg/L; DDBPP, TDBPP ¥4 : 0.5, 1.0, 2.0, 5.0,
8.0, 10.0 mg/L, Fl GCMS 437l I a2 45 Wk 3 wi AT, LAVR
oA, WEE BRI AAR, PRI IE LR . TRA PRI RN
A 0~4°C EIE5 I IRAT
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Table 2 Comparison experiments of extraction with different
solvents
it (mg/kg)
TiH -
P PUkiRg . I HOR: HIEE i
TCEP 12056 8005 9003 7585
2.2

S ERE 750, BATREAT (Y 6 PR RHAA
AR B RC ] bR T AL, LI REPRAN S T4 3
MR, 6 FRRERRERRELIAH AL AR R AR5 0.995 LU
Fo X BERFEI AL T AU X BR E) R A TR
[, S I — 22X SR A AT, ORI T T S ah
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Total ion current chromatogram of 6 kinds of phosphate ester compounds
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Table 3 The linear range of phosphate ester flame retardants

EAS ez HEREL
TDBPP S(x)=754.038080x+729.956606 0.999896
DDBPP fx)=154.744864x+14.790737 0.999532

TEPA Sx)=12468.196970x—1432.410612 0.998353

TCEP Sx)=19682.290635x+1273.232361 0.999268
TDCPP S(x)=3795.438017x+415.975480 0.999187
TOCP S(x)=46694.132234x—5391.476605 0.998271

2.4
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Table 4 Recovery test

it A (%)

TDBPP 116 111 98 92 119 111 99 99

DDBPP 104 93 110 103 120 92 115 107
YRR AT BEAFAE Y BEHL IR 22 1 R G iR 22 A 3] T A Rl i3 TEPA 9% 106 109 106 102 96 98 103
Ft, w7 K% TR N T8 1z i F 5 e sl S B A e TCEP 119 114 114 113 119 101 100 110
W A BEMRE . SRR T i BT 2 A B IR IR S B 5 TDCPP 105 107 120 92 104 112 116 109
RAWES, BARRLES. TOCP 113 118 114 104 114 110 110 107
5
Table 5 Precision test
i H MRS (mg/kg) XM (mg/kg)  RSD(%)
TDBPP 233 222 196 185 237 21 199 198 211 9.166
DDBPP 209 187 21 207 239 184 230 214 211 9.183
TEPA 9% 106 109 106 102 9% 98 103 102 4.791
TCEP 119 114 114 13 119 101 100 110 1 6.518
TDCPP 105 107 120 92 104 12 116 109 108 7.956
TOCP 13 118 114 104 114 110 110 107 11 3.833
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