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ABSTRACT: Objective To establish a method for determination of the migration of 2,6-diisopropylaniline
(2,6-DIPA) and 2,6-diisopropyphenol (2,6-DIPP) from food-contact plant fiber/degradable plastics by ultra
performance liquid chromatography, and conduct a comprehensive study on the migration pattern of 2,6-DIPA from
positive plant fiber/polylactic acid (PLA) samples. Methods Basing on optimized chromatographic conditions, the
linear relationships and recoveries of 2,6-DIPA and 2,6-DIPP were validated in 4% acetic acid, 10% ethanol, 20%
ethanol, 50% ethanol and 95% ethanol (V:V) soaking solution. The migration pattern of 2,6-DIPA was investigated
from 4 dimensions. Results The method showed good linearity for both compounds, with limits of the detection of
0.010 mg/L (2,6-DIPA) and 0.003 mg/L (2,6-DIPP), and overall recoveries of 72.0%—-109.0%. The migration amount of
2,6-DIPA was positively correlated with ethanol concentration, migration temperature and migration time, and
negatively correlated with migration frequency. High temperature screening tests could replace some experimental
conditions. Conclusion The integrated study indicates that the migration of 2,6-DIPA from plant fiber/PLA materials
poses a potential health risk, requiring focused attention across various stages.

KEY WORDS: plant fiber/degradable plastics; food contact materials; ultra performance liquid chromatography;
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FEY LT 2/ 0] B A SRR — R B ATER 4 . REFTEF 4k |
T Yk S RARME W 7 4 55 B FLRR (polylactic acid, PLA)!,
RBX R ZH @ -C Z 8 T Z B R [poly(butylene
adipate-co-terephthalate), PBAT] %5 A [4 i 38 KL B4R 5 &
T QT B R A B . X ISHTM RIS & T 24
KR ATEA L ARBIAS IR AR PR, 55 AT R i R AT %
fie . S I TR ERREREDY, R4 B A A i T R R
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2,6- SN LR (2,6-diisopropylaniline, 2,6-DIPA)/Z
— PR Ak U E B T AMA, FERZy . B2, JeRl K
B T YA R R Tk, 12 FAfESR &
W5, AT T BB OB RE AN e e v, )
IR BT R ] NN - (2,6- 5 79 4 ) Bk — 7 i
[bis(2,6-diisopropylphenyl)carbodiimide, BDICDI]A4 il
UH JEORE . T AE AT FR AR VA OB, 2,6-DIPA M kL
BDICDI /Kf#JE Y, BDICDI #f Jc 4k 2,6-— LI
SRR, 4k imiE K AR I LR 2 9 2,6-DIPAP, fi
TRETEMJZ, CUT U9 & B PBAT bR 5% b 55432 fik )
I 2,6-DIPA K H SRR R 2 143 B WT ik 2.45 mg/g
514.37 pg/g. BT 2,6-DIPA 4> T-45H 5 35 T e 2548
5, BAKEMR . SRR RR S, Mg e Rk
ARG FEAFAE R AE XU R, BRYH & 28 4 R e &
SmAZE ik R 2,6-DIPA 5 BDICDI fliT A% BRI 1558 5

0.05 mg/kg!'?,

ViR HOK R4 BUEURL, 2,6-DIPA J# # % H 2,6- 5+
TN B (2,6-diisopropylphenol, 2,6-DIPP)zfk il 513,
2,6-DIPP 1E R4k T 453 b i 2 A AL& B A, ¢
[% 24 43 AR b S SORR B 24 18 U . 20 S0 e O i
RIS R, 2,6-DIPP /EMEG LRI R A 19.3 mg/ke
BF, AT S SR G S R R, 5 2,6-DIPA A AL
¥, 2,6-DIPP Fi & A Y B H /A EHRE, TS H N
2,6-DIPA [ £T 2/ ] R 2R ™ i 5 LA B i & 2 AU

FIHT, £FXF 2,6-DIPA 45 W] 205 B e 1 e S Ho 4 mii™
YA AR KIS br fE R A [GB 31604.52—2021 ( &
LAaE R &R R &S DS ER AT E
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A NN - (2,6- 5 P RSB I B
WO S-S TR ) 1, PO 28R I VORE € 1 006 FH T %
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1.1 {XEFE5RF

2,6-DIPA (CAS % 24544-04-5, 4fiJ¥ 97%). 2,6-DIPP
(CAS 5 2078-54-8, ZiiJE 99%)(Iz B kG Rl Bein A IR
Fl); LR, LNE(TELE, VTSR I RE AL 2 B A PR
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Fl); LER(EIEA, 2R B A BRA ) o

1290 R4 & OBAH IS GO BRI 5, 28 E 2 b
2 El); FM-LT BUZE0GRH (L E %2\ ); FastCore
Super C;g 3545 (150 mmx4.6 mm, 2.6 pm, | HIEZ TR}
AU A RN H]); PURELAB Option-Q7/15 #4li/K 4lifk &
Gr (B EIR KA FD); XS205 DU JT4rZ— 43 M R SF-Git+
MERF G R £ 8 w]); FD-260 B4R (18 [ 24528 7).
1.2 fRERREE

A BIERRFREL 20.0~30.0 mg 2,6-DIPA F1 2,6-DIPP, {ifi
MG HERE 25 mL A2, RS, BEREREY
1000 mg/L FOFRIERE 5 1o BB, WHERAAL BORT D AR B 45,
FIA Z N5 H6 1 2 W BE 100 mg/L 19 2,6-DIPA F1 10 mg/L
i 2,6-DIPP H[A] i .

DL 4%Z. 8 M50, WK 1.00 mL 459 E T 10 mL

B, ERFIRS, H3 2,6-DIPA 10 mg/L. 2,6-DIPP
1.00 mg/L MR AFRIER I . BEF LB MR, S35 —4
e BERSEE 43 5124 0.10~5.00 mg/L 5 0.01~0.50 mg/L 1) %41
TREPRETAER . A 4 FhE B AR HE TAER R
B Uy R7N T
1.3 Fiie

Fi I GB 31604.1—2023 { &M Z e E R &M%
il A4 Ak B i A2 AL 1 BRE ] ) A1 GB 5009.156—2016 (&
Wl A E AR B A RORA Rk B ] A B 1 A Ry
DA ) AER, XIRIYIER /AT R iR R B RS
5, WE 3 AT, IRIERE GBI . ORI RT,
HEBE 1 mL & TR NRIE T8 R A Y £
HE/PLA FESL, AR 1 IR 5440, N 4 ADYEEEES
2,6-DIPA TR AT

F1 EBARER

Table 1 Migration test information

e FERHER TR TR UEL TR AT
1 R AT A% HR, 10%ZHE. 20% 2. S0%Z M. 95%Z. I 1K 70 °C, 2 hi'
2 TER IR IR EL A%ZTHR, 10% B, 20%Z B, 50%Z B, 95%Z M 3K 70°C,2h
3 KIRIT R85 A% IR . 95%L T 1k 20, 40, 60°C,10d
4 e Uk 1] i i A%LIR . 95%L T 1k [l AL, 4 h

I ABC BB

1.4 {UERFH

i 0.8 mL/min, RN 40 °C, HEFEESN 5.0 pL;
DECAGI AR K e LR 2, MR IR 18; WBhAHN
0.1% M5 R /K 75 R (A) Fl FH B(B), M VEAR )T : 0~2 min,
70% A; 7~10 min, 25% A; 11~15 min, 70% A,

R2 ORKIRE
Table 2 Setting of wavelength

e i} ltEﬂ/ WRMAK,  REHEK/ Kol B bR
min nm nm
1 0 236 328 2,6-DIPA
2 8.5 271 305 2,6-DIPP
1.5 HIEAIE

AMWEFE AT S BT BT 3 GO A S A St s
W Agilent TAEM RS, 4kiMikH WPS Office
Excel 2025 #A T8 430r, HZFIH Origin 2018 58 El %
221l

2 GERE5SH

2.1 BIEFHHAK
B REIT AR IEE | 2T K H AR T 0 o AR,

ARIFFIEA Cig R IEAT A HTINR, XSS T ish
AH SRS K A T E S A
2.1.1 AzhAaekAe

43R K T B S i Sl A AT i o0 2, 45
ZM, ATRE T 2,6-DIPA F 2,6-DIPP Z5AAAM, T34
B (E AT, RIS BIREL S @ Ak, AR 4 i
0.1% M B KB WG, & B8R Ry, HrlgeEE
RAERYELAMET, 2,6-DIPA B 1k, FEC R B4 aT,
MY 2,6-DIPP R U743 B . B4 IR B AH =2 Jm 1 6335 B A
[l 1, 2,6-DIPA FlI 2,6-DIPP [ { B BB 4B 7E 7.92 min Al
10.74 min,
2.1.2 Hemlok K ey a2

SR FH B I T AR 9 5 1) & S RN R SR
55 2,6-DIPA 1 2,6-DIPP i & /% S, i 2
Kl 3 FiR.

El 2 R, 2,6-DIPA 7E3R K 236 nm, KT
328 nm B 2SI N iR, ORI 2H -G o R oA 4K o
X}F 2,6-DIPP, HiAE 271 nm & BT 297 nm A0 B
KEGH, SEMEICB81Z G, MRFATEREFESR
U, 2B & S E N 305 nm. HEAb, BRI RRIE 35
Ak 18, BEAUFT BRREWE EAa Hh FREEK, JRAT 3R IETE
RAF R is



22 B2 4 TR R I 2R 175
350 kAL
500000 |- 271 od i i
300l — W
2,6-DIPA
400000 |-
250 2,6-DIPP @»
172} / §
& 200} 7> 300000 |
o Ao
& =
= 150 = 200000 |
100 297
100000 -
50 -
W 0 1 1 i 1
0 I I I I 1 I L 200 250 300 350 400
0 2 4 6 8 10 12 14 WK /nm
A B4 1t 8] /min
3 2,6-DIPP M5t
B AR B i Fig.3 Fluorescence spectrum of 2,6-DIPP
Fig.1 Optimized chromatogram 2.2 Eiﬁ#%g
221 ZMXFZ, AEREZEMR
700000 236 - R FF 2R 90 B o A AT A0, LA L
- B >, N — v —
600000 | — R WA MEZ ., 3k 3 PR, BFELE 5
500000 MY PRI R PSR 2,6-DIPA 1E
2 0.10~5.00 mg/L 35 A E R E(r) M 0.9998~1.0000, LODs Jy
P 400000 - 0.010~0.030 mg/L, LOQs 4 0.04~0.08 mg/L; 2,6-DIPP 7£
= 300000 | 0.01~0.50 mg/L & [ M r* & 0.9994~0.9998, LODs Jy
=
nmmw 0.003~0.004 mg/L, LOQs 24 0.01 mg/L. ZEHEH, %Lk
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Fig.2 Fluorescence spectrum of 2,6-DIPA

16 5 Fhe ShBIY o B vERf B SRS B AT T 8E: 7ERA
PR P AIE . A, 3 RS AR AR, Uk
FEARFEATIRE 6 Ko 53 ER 48R, 2,6-DIPA B iNAR[E]

3 ZMHIE. HERH. LODs 1 LOQs

Table 3 Linear equations, correlation coefficients, LODs and LOQs

wEY B Bt 45 2 r? LODs/(mg/L)  LOQs/(mg/L)

2,6-DIPA Y=1759.0127X-8.6857 1.0000 0.010 0.04
A% TR

2,6-DIPP Y=14429.5093X~75.5249 0.9997 0.004 0.01

2,6-DIPA - Y=1782.2017X+0.8982 1.0000 0.030 0.08
10%Z.

2,6-DIPP Y=18442.1979%+91.9805 0.9994 0.003 0.01

2,6-DIPA - Y=1772.3449X+0.1133 0.9998 0.020 0.06
20%Z. 1%

2,6-DIPP Y=19611.8795X+101.8492 0.9998 0.003 0.01

2,6-DIPA Y=1794.6012X+56.4965 0.9998 0.030 0.08
50% 2.1

2,6-DIPP Y=19931.2647X+99.6779 0.9997 0.003 0.01

2,6-DIPA Y=1565.1837X+0.5504 0.9999 0.020 0.05
95%Z. %

2,6-DIPP Y=19165.5075X-20.2061 0.9996 0.003 0.01

A H BR(limit of detection, LOD); € % FR (limit of quantitation, LOQ).
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Table 4 Recoveries and precision test of the method (n=6)
B _ 2,6-DIPA _ 2,6-DIPP
A/ (mg/L) RSDs/% /% EIME/(mg/L) RSDd/% R/ %
0.10 8.60 98.1 0.01 5.80 97.0
A% LR 0.50 1.60 97.9 0.05 5.90 101.0
5.00 0.36 98.2 0.50 0.71 109.0
0.10 6.40 97.4 0.01 14.00 84.0
10% B 0.50 0.36 98.4 0.05 3.00 72.0
5.00 0.15 97.4 0.50 0.20 91.2
0.10 2.40 97.8 0.01 12.00 83.0
20% % 0.50 0.92 101.0 0.05 0.94 75.0
5.00 0.35 100.0 0.50 0.73 87.6
0.10 4.30 80.9 0.01 13.00 99.0
50%Z. % 0.50 1.40 97.8 0.05 3.80 91.2
5.00 0.65 98.6 0.50 1.70 93.0
0.10 3.20 82.0 0.01 2.60 100.0
95% I 0.50 4.60 99.0 0.05 0.95 97.4
5.00 0.35 100.0 0.50 0.54 98.8

T AXTHR (R 22 (relative standard deviation, RSD),

% 80.9%~101.0%, RSDs /N F25F 8.60%; 2,6-DIPP iy
AR Ay 72.0%~109.0%, RSD /NT 14.00%, FIi A 45 44 %
B, 2 IR ECR R RS AR A TR
2.3 EFREERII

TETT SRR LA T 2 A5, %I [ 26 ERZE R g
22 HERRIM R (4B A 4E/PLA . WIER/PLA 48) 0k 2F
Y /AT BRI AT | WA AR FLEA TR o R OB (3
B M e (3% 5)%EM: 2,6-DIPA KGN 9.1%, HiTf
41 0.28~5.32 mg/kg, FrtRERBAIK, HIRAEAWEYE/PLA B
FedhraRrp R, HiER o ik L BIME; 2,6-DIPP £ ST
BRSPS RAG . FET I, RSB R R  f A
SF4E/PLA #E 5L, T RG0S 2,6-DIPA HIER .

#5 ZRERYGHER
Table 5 Initial screening results of actual samples
EmAFR FEREEAL B EBE/(mg/ke)
2,6-DIPA 22 9.1 0.28~5.32
2,6-DIPP 22 0

T R T SR H A

24 IHME

B MY LR TS T YA
HIRFE 2,6-DIPA FE/N R B A BRI Hh (14 3078 AU 22
5t, WHABHMERENMTE 4% 418 . 10%LBE, 20%LFE. 50%
LR 95%ZFE(V:V)P 5 RSy kA T i i e i A S
WG, IR AR R, BRECIA RN 2SS, m AR

2.4.1

te . EREE (70 °C). LASGTRESE] (2 hyRE—2, T/
ZERI 4 R,

147
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Fig.4 Detection results of 2,6-DIPA in different simulants
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Fig.5 Change in 2,6-DIPA migration with soaking cycles
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