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ABSTRACT: The work aims to establish an effective flame retardant usage specifications and regulatory system, and
determine the content of 5 kinds of organic phosphate flame retardants in soft packaging materials by microwave extrac-
tion-GC-MS method. Taking the soft packing material as the research object, the samples were extracted by microwave,
separated by the DB-5 chromatographic column, and determined by GC-MS. In the range of 0.2~50.0 mg/kg, the linearly
dependent coefficients were greater than 0.9994, and the linear relationship was good; the detection limit was 0.05~0.10
mg/kg and the limit of quantitation was 0.2~0.5 mg/kg; the rate of recovery was 85.6%~104.7% of standard addition, and
the relative standard deviation ranged from 1.3%~2.5%. The proposed method is simple and rapid, and it can meet the
requirements of the detection of 5 kinds of organic phosphate flame retardants in the soft packaging materials.
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1.1 KFENEE

FERHM: M. FEE. BR. ZR4OBE. EC
B, (ikali, fE MERCK AFl; Bk = (2-/23)
fig ( CAS Bt 50 115-96-8, i/ 450=97.0% ),
iR = (1, 3-—ARWNHE) M (CAS BiL5 RN
13674-87-8, R /350=96.0% ), Wik =M (CAS
BHicT R 115-86-6, Fit340=95%), LifEZigs}
AT PR A s BER = (2-F %) B (CAS &id
50 13674-84-5, 40 =95.5% ), — H RBERRER
(CAS Bit 5N 563-04-2, FiR/E=95%), HA
/R s A B4 5 W

7B ML A T BELIR 0 B VA A 25 VA TR o 5+ o e
PR BGE /Y TCEP, TCPP, TDCP, TTP, TMCP
PR, FH R RO )R BT mVR N 1 /L bR IERE &

W o A LI TR TR FELER TR & A HE VA WA i 4 . FHHROR
R R I VR B TR A B VA TR

FEAER . A EAE- TS, Agilent 7890A-5
975C 14, £ Agilent A H] 5 flE #EHUL, MSP-100E
B Jb s R TSR A Rl s B ROF, BS22428 Y,
FEZ R ( i )55 BRAS | 5 iEs% 78 & A, RES003
R, LR AR A A FRA ] ZEEUR 4% , KH-B
B, ML A BR AR ANk RN, WFI-8
B YT SO 2 e ML A8 AT BRA R 5 ARAY,
HGC-12D #, Kumhifa BEH K RABRA R el
KAR, Milli-Q #Y, 3 F= % B A .

1.2 BiERESYE

i/ DB-5 BIEAME @ikt , A& H 30 mx250
umx0.25 um. 7E 100 ‘CFLR%F 2 min, LA 20 C/min
FEEFRZ 160 C, £FF 1 min, L1 10 C/min
R EETHEZE 300 C, AFF 5 min, HERECREE N
270 °C, JEiEHE OREE N 280 C, A ANAS, KM
J3%0>99.999%, Vi A 1 mL/min, HLE 7N EI,
ERETT OB A o3, SEREESA 1 pl, e Jr Uik
P =, EmAE I 1,

®1 AYVBREARTNREREOREE. EEET

Tab.1 The retention time of organic phosphate flame retardant and its qualitative and quantitative ions

2% e X
4k G (B T /min R TR

EHET FERET
R = (2-A %) bR TCEP 7.28 63.2, 143.4, 204.9 2495
iR = (2-ANL) B TCPP 7.43 99.2, 125.6, 157.2 201.8
BR= (1,3-"HRH*E) B TDCP 10.82 75.2, 99.2, 208.9 191.6
N L TTP 12.06 169.2, 215.6, 326.1 325.2
= H KB TR R TMCP 12.31 165.4, 179.7, 280.8 368.2

1.3 fTEmuT4hiE

HERRARIBRE A 1.0 g CRFB R 0.1 mg ), B Tk
AHUREF, A 20 mL K, JRERES 1 min, 70 C
T#H 30 min, UEE LIS ZE 50 mL 208 T, H
A AR LA 20 mL HOR ) JEATES 2 IRIMIE AR,
WA FYERE SO mL B0, IREBITA LIER AT
Ll 8000 r/min B.0> 5 min, iR BRI,
e 7R R E 3 ~4 mL, i PSA Hfb/E, FHH KT
VEXGOIE 3 UK Wb BT, R RV i O
EAE 1 mL, £ 022 pm AHLRTIER T E, it
GC-MS M%E . BRAFREGREESN, 4 iR &1
UL BRAEAT 28 RS, PPARAES . BRI AES I A Bl
BRI R 1 AR I K- o

1.4 fREMZKLT

B 100 mg/L BIFREAG AW 2.5 mL F 50 mL %=
W, HRERZEZE, AN S mg/L ByhE G
W, BRMmBEEREWE N 2.0, 1.0, 0.5, 0.2, 0.1,

0.05, 0.02, 0.01 mg/L MIRAARIER R . 75 iRtk
JE T S A T AT E , DARRAE B (0 1 e T AR R A\ Al
B, VIRV RO B RS A AR, 2l bnafe 2k, skl
A7 A R K
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R, IR TR AT A 50 ~ 500 (9FETE RN, %)
A HLTE R TR BER 0 164 T — ST A 4 o BB o
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TAHR 5 B R B K, SEEAEN T BT, LUk s
B R T 2 o WA, TR A
o GEREAS, M 1.2 WO RS &F% TCEP,
TCPP, TDCP, TTP, TMCP #174r5, WK 1, 5
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Fig.2 Effect of different solvents on the extraction efficiency
of organic phosphate flame retardant

‘TCEP  TCPP TDCP  TTP  TMCP
A HUBEE ARSI FIE
K3 N[ A IO 3O BB IR TR BELAA 57 A USR5 1
Fig.3 Effect of different extraction methods on the extraction
efficiency of organic phosphate flame retardant

2.4 ZMSEEMKEHR

Be ] 5 A HLBE R R BHIA SR A bR s, i
e 439k 50.0, 20.0, 10.0, 2.0, 1.0, 0.5, 0.2 mg/L,
Fe I8 1.2 B IS A R T E , DL BRI REAE B
FOGEE TR (y), DABRIAEG IR B A i Ak
br (x), ZefilbrdEMh<, SRR E, k2, D
25 FURE b B TR AR TV TR R AR R Lol 10 B R
IR (LQD), fEMerth 3 BHE N R (LOD ),
2 0[H, 7E 0.2 ~50.0 mg/kg JLEN, LMHHER
BERT 0.9994, KLMXLRRL . 5 A PLEER
BELIA ) A G H FR Y@ R 7E 0.05 ~ 0.10 mg/kg Z 17], & &
FRYGZHETE 0.2 ~ 0.5 mg/kg Z[A] . Fh 25 R0 AR T 45 5
FRHN, AXES . BT RES LA A L R G Y I (e 341K
Trz R

®2 LMARE. AXRH. YR, EER

Tab.2 Linear equation, correlation coefficient, detection limit, quantitative limit

&Y ZREHLIE LML/ (mgkg ) MXRE K R/(mgke ) ERM/(mgkg ")
TCEP y=81408.3x-24131.8 0.5~50.0 0.9998 0.10 0.5

TCPP y=47812.3x-22716.6 0.2~50.0 0.9996 0.05 0.2

TDCP y=54168.4x-21317.6 0.2~50.0 0.9991 0.05 0.2

TTP y=41023.6x-21056.8 0.5~50.0 0.9993 0.10 0.5
TMCP ¥=34016.9x—15477.4 0.5~50.0 0.9994 0.10 0.5

25 HiEEWRERZEE

HERRARIL 1.0 g A BEIA A 0 BB R A BHRE
JA 20 mL RIS, 4300 A 1 mL sk B
0.2, 25.0, 50.0 mg/L WIRAPRUERI, FTISE

FA T, ¥ 1.2 13 W TR, 6 WOPATINE
ML RILE 3. M 3 AT, TR A
0.2 ~50.0 mg/L BJEE N, etk s M pLukig
Filg BELBR 77 bR [ 3R AE 85.6% ~ 104.7% 2 [], AHXH R
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Tab.3 Recovery rate of standard addition and precision

MK HAHR
it EkF ke
0.5 92.4 1.9
TCEP 25.0 91.9 2.5
50.0 95.3 1.6
0.2 94.9 2.4
TCPP 25.0 94.2 1.3
50.0 93.9 1.8
0.2 94.4 1.9
TDCP 25.0 95.7 2.0
50.0 96.9 2.1
0.5 93.4 2.1
TTP 25.0 94.2 1.8
50.0 96.1 2.3
0.5 92.8 1.4
TMCP 25.0 93.9 1.6
50.0 94.9 2.3

HEMRZE R 1.3% ~ 2.5%. X Ui IH iy 8 5 vk 3 42 1 A [
RS
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17 1 8256 4 R b A HE A ML R M BELA 750, Hoep
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ARG AR, SOP Ik miE | Pk, BRI it
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Fig.4 GC-MS chromatogram of organic phosphate flame re-
tardant in real samples
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