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W B BRAIR. BRI B 0% 635 7 (gel permeation
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Table 1 Laboratory instruments and equipment

& K LU AR
. FEM QR (D)
TS . ‘
B FEL 27 A Nicolet IS50 N
. IR R B ( 1)
SR Y
RN DSC 8500 A
PR ATHTYL TGA2 MR TR 25
Yk S st JSW-7800F  HANH R 4tt
WA AT QTRAP5500  3E[E AB SCIEX /A H]

R A 5 TR 7700x 2[H Agilent /A7
SMOIE - BB L Agilent—7980/5975 3£[% Agilent /A
2.2 ERHHE

Rk B H F RN AR i il ke A sl
AR P o BA AR S AT 0 A, 144
FEGIIN PP AT, J3 ARG . — kM & K
PRI £
2.3 FTIR iz

W R RORE S R Y RCIE 2 A RN, T T R
Je . SR L S e O O 4 B B AL A0 Ot 3

( fourier transform attenuated total reflection infrared

spectroscopy, ATR-FTIR) , XFFEah#EFT & 34T,
SIELTE IR R 500~4 000 cm ™',
2.4 DSC il

BIYJIFFRIN 5~10 mg FESL, HCE TG %
PUATHEE RN 10 °C /min, M 40 CTHEZE 200 C,
FasE 5 min, JHERPULE; AEFREREER, HNE
TTHR RS F o SEFEE X F LU A0

X=AH_ /AH, x 100%.

AP AH, O IR A S Rl IS s AH, RS
100% 25 fib 2 Rk
2.5 TGA ik

PRI 5~10 mg A, & TAUEHE M = . ik
FHE K 10 °C /min, R ELE K 40~550 C, A
S PHE A 50 mL/min.
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HoAg, & B A 8k G &b o ok 3 R
RS 5 % 1 AH DG bR . MR A AH DG SRk [20], AR F
7% % = 20 AR 8 i 15 (high performance liquid
chromatography, HPLC ) X} 11 Fl =2t — K 2,
IERIDE I 7 (C1.220, C.1.24, C.I1.210, C.1.85,
C.I113, CI1264, C1353, CI1357, C190, C.L71,
SBM) M & b AT . A 45 F: kAL
C18 (250 nm x 4.6 nm, 5.0 pm) , BEEFE 35 C.
RAWM (AM: 20/ HEE, BA: & 25 mmol
VT IR B /K ), Y M 1.0 mL/min.
o W 2% R &K kG T A R U %% (flame ionization
detector, FID) , FEALIEFET N 20 ul.
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a2 R B AL T S A R e )
XF PP AESRUEA TR . B . HF 3 R E AR AL R AOARIN
TSR B Y3 RV E & JE T R TR AR A
3B —E RO R AR, B B B
I 0.25, 0.5, 0.75, 1.00 mL T 4 4> 50 mL 25 i
FARBCEABON 2% B9 HNO, GE X 2205 5 FHECH AR
FRIE N 0.5, 1.0, 1.5, 2.0 ug/mL HIESFRIER . R
J R FH LB 5 S5 2 AR I, I A Sl ZE AR 0 8
H 4% B ORRERT, T 60 C. 2h KM FEESEDN
TR,

2.9 BT

1) G505 et AR 3% GB 31604.30—2016
CE b2 A E R e £ S HE il bRt B SRR —
FH R g 1) 000 5 AR RS B i ), KRR B DI 0.5
cm x 0.5 cm FRER, FREL 0.5 g iCT4HEEH, A
50 mL IE CUGEIE R, OB RS BB VERS AR, Y,
AL,

2) HEEFIERS I, M GB 31604.30—2016
(R Z A FARME B SRl R B i 482K
PR A FEERS I ), R SEe BRI
B ERIAR, BOEANFRIE . IS, Ex g
FET SR R AR S A TR YA AR RS I E

K1k 0.5 pg/mL A9 16 Ff 48 25 — H R i 2%

( phthalate esters, PAEs ) 34385 AR & FrUEE TR K
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Fig.1 Total ion flow diagram of 16 PAEs mixed
standard solutions at 0.5 pg/mL
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Fig. 2 Infrared and thermal performance

curves of the samples
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Fig. 3 SEMs and EDSs of the samples
3.3 HmXiEafmEERERN

ISR E AR R P AEAE SO R, TR
BHE MRS RS, JOLEARSUBE, T
BB A R, YR AE R R R S
HPLC 7% Fsh b, AT X 2 e Fofl kA 7
PEFIE T 00T AR B4 P SR T HPLC VX £ e
fl AR (R AR ) P 4 RO Rk
77 IRE, RS T 207 1 B BB Z LS R B RE
JESE MR . ASHIFSE SR T HPLC J5 i 6 i 1t
BOREALEAT T e BRI, 455K, PP RERL IR
R BEE Y 11 BRSO R T HRTER R
BCHECHE RIS 2 REE, A el
JOLHE AR AR S 3, X E DO F5E
P AR A D R 24,

e [ A1 S5 s o L E SR N 04 TR PR (A )
By (Pb) FIEE (Sb) MEBIR A, A 1.00,
1.00, 0.05 mg/L, fHBR#4 0.01 pg/L, &2 HA
[i] PP #E 5t As. Sb. Pb LR MER M 45 0. 45
R, HERTPOCER 3 MESBITRITHEMEY
/NF0.01 pg/L, I, FEMPES)E As. Sb. Pbif
P RIS R 5%

F2 H@mPAs. Sb. Ph ARMIBE

Table 2 Migration of As, Sb and Pb in samples

B JLRITH R
As Sb Pb
1# ND ND ND
21 ND ND ND
3# ND ND ND
44 ND ND ND

H: ND FRAKH .
34 HmBEHSENTBENN
Ak, TR EERMSEYE . nTI RIS
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PITERREEER], JUHIEAROR — I RMESE (PAEs) B9
MG TAD R, SR TR 2
Sl B, PAESs SR EREE AT, R
AZEYE . AR REERE RO . 72
BHE AR R, ol PRI AR, AR s B 2 A
T RMAR R —1E T (di-n-butyl phthalate,
DBP ) FI4BA —HEZ — (2- 23 ) Cfg (di (2-ethyl)
hexyl phthalate, DEHP ) , ifif HHFEEAIN AR, 46
W 5 TH5 (diisobutyl phthalate, DIBP) 1
AERHY
341 HBMNEEFRRX

7 3 0 PP R Al 0 S50 5 A4S SR . GB
9685—2016 (Bl Az [E ZEhnifl £ i F il bk K o]
i TS IR0 6 AR ) B #Lz€ , DBP Hl DEHP AL ]
HTFEREA LN (polyvinyl chloride, PVC) #%}, HI
B o 5%, FrE BRI 1.5 mgkg, A
A5 FH - Hz Aok B D P £ L TEDRS 9 0T A3 BOK T 20%
M SRR LB . 2 3 RIS R, FRih 3
i SR KA AR

R HARPINPFE_PRERGEHEE

Table 3 Contents of three kinds of PAEs
plasticizers in samples

BB TR (g © ke

FES S DEHP DBP DIBP S
1# 0.0302 0.089 4 0.1325 02521
2 0.100 6 0.090 1 0.056 9 0.247 6
3# 0.1103 0.032 8 0.047 8 0.190 9
44 0.0257 0.039 8 0.025 8 0.091 3

3.4.2 WA EBR R

FE_E R HT LAt b, EXT TH#PP R A S 5
(DBP. DIBP F1 DEHP ) [1] i [l 2 £ i 455 400 T 5+
FRERERE AT TS I 4 e SE e B
T it v 3 0o 3 550 i Uk 52 AT ] ) 3RS 10, e
TSI 43 5k 40, 60, 100 °C. &l 4 A,
it 4 T A o SRS T (B A B, IR E RS i
P 0R S 30, i R X R B R R K,
FHMRN T HREY /T2 ey, b
VAL BE FH i o T B BGE Bh ok, S EORE S g
FIT BRI, 7540 CH, =F eIy
WB2ZH; 60 CHF, DEHP AT B % ; 100°CHT,
DBP WyiE i 8, (IR T H AR E TR
% Horb DEHP # DBP 45 & A2 BR800 1.5,
0.3 mg/kg, TR MK REL T A BB, Jo il

HIK, AR, BJRikE .

0.06
—.:D VZADBP;
< 0.04r EIDIBP;
2 SNDEHP B
P 44
5 0.02 33 ?Ef
£ ::: ’;‘
5
Nk
0 5 7
30 60 120
time/min
a) 40 C
0.20
LZ2DBP;
7, 0157 msaDIBP; < N N
n SN DEHP
g
e
g
B
)
£
] 180 240 300
time/min
b) 60 C
0.20
7272 DBP; N
= 015 BXIDIBP; N N
o0
~ XY DEHP
=4
S 010
S
&
5
£ 005
073060 120 180 24 300
time/min
¢) 100 C

4 [FEEBUBEED 14 HRP PAEs IEEH
B i R Fn e R R SRS 45 R
Fig.4 Migration results of PAEs plasticizer in sample 1#
changing with temperature and time in
isooctane simulated solution
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AR ST 255 18 T 2 R AR 1 0B I i,
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i PR AR AR AT B H BT FEX e Y
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ZHANG Jing, WANG Zhutian, FAN Yongxiang,
et al. A Review of Toxicity, Analytical Methods and

Identification of Recycled Materials in Polypropylene Plastic Food Contact Materials

CHEN Ru', JIANG He’, LIU Jiateng', LU Yongzhen', JIANG Hao’, LI Ying’

(1. School of Textile and Material Engineering, Dalian Polytechnic University, Dalian Liaoning 116034, China;
2. Chemical Analysis Laboratory, Shanghai Lelang Testing Technology Co., Ltd, Shanghai 201201, China;
3. Packaging Center, Dalian Institute of Product Quality Inspection, Dalian Liaoning 116021, China )

Abstract: The identification of recycled materials in common food contact materials of polypropylene (PP)
products was researched. Firstly, Fourier transform infrared spectroscopy(FTIR), differential scanning calorimetry(DSC)
and thermogravimetric analyzer(TGA) were used to analyze the composition, structure and thermal properties of
the samples, from which abnormal data were obtained. Then field emission scanning electron microscopy(SEM)
and energy dispersive spectroscopy(EDS) were utilized to accurately analyze the micro morphology and element
composition of the samples. Furthermore, the contents and migration of harmful substances such as fluorescent
brightener, heavy metal and plasticizer in the samples selected were examined. The results showed that sample 1# was
made of PP, but its thermal properties were poor. There were no other impurities in the matrix of sample 1#, in which
harmful substances of heavy metals and fluorescent brightener were not detected. The testing results of great concern of
phthalate plasticizers also met the standard.

Keywords: food contact material; polypropylene; plastics; recycled material
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