€ % = #f PACKAGING JOURNAL

05

2025 £ £ 17 % ZE 5 i Vol. 17 No. 5 Sep. 2025

PA6/ SCPEDmy S AR il e PEfE

doi:10.20269/j.cnki.1674-7100.2025.5012

BEgR B IFE BE4
FHE Ik EFE
E553)16% 1

Ak Tk k&
BRITAFR

Wl R 412007

1 HiIRnE=

B OE ATH—IRIVDBROEMAANGAKFER M LR BREF
ROy AP, B RMEERR CERET S0, Bk, SFALAESES . &
B sk Fe US55 BB 6 (PA6) HARIE Sk R H & 2 &H4, ¥
R JG B & % PA6/ %8 (PA6/Fe) 5 PA6/ Butték#y (PA6/m-Fe) H A& B,
A FTIR. TG. DSC. 7 fgiifd X Ibife ARG EA T LA 45 M 5 Mgk
HAFERAE, ER RN, WML SR AL SRR P, BoEs
B 7E PAG 84 k845, {2 PA6/m-Fe 8 A 69 AR & WAL, KA %H
Fo B G B F 093, AT FAY IR L 2 R KGR AA S, AL
PRETFTHEEIRHBI G, LERETELYE; S8H5 RN RmR
FoMA 2% B, AAMEA PR EA R R KRAL, 5 PA6 AL, PA6/Fe 5
PA6/m-Fe 5 & M52 B4 AR &S T 16% #= 28%; A &BMAA (0,)
FHRKERB DB RO YE, Beh 5 BRER MR ESE A 2%
B, AAREe) 0,% i A4k, 5 PAG6 AR, PAG6/Fe #= PA6/m-Fe A 4
B8 0, Fd Ay A EIRT 43.2% 5 66.1%., AARAELZKHTEY, §T
BORSARFFARAZER, KET ARG LER[ITH, AU TASBREMNF
R R &,

KEEIE. RA 65 BuMskhy; MEGERE; EANE

hESES: TQ322; TB484 XEARERG: A

XEHRS: 1674-7100(2025)05-0103-06

I B4ER, B I, M FEL, 5§ PAG/ B B AR 60 B & RO AR [T].
@3 5, 2025, 17(5): 103-108.

PAG WL AFIEA A, UNREMPERERCZE . IR PR A
Mif K78 THEREZE, —EFEHE L2 PAG R AY KT

KW 6 (PAG) Mo —FPE 2200 TAE2RE, (A
FE 12 VERe . mAEFIfL 2 A E M, 7RIS .
BT ARAESUARE] TR T SESE
RN . ROIGTEEAEMEAALL, PA6 HAHLSR
AR B S IR 55 1k, PR 2 R R S AT TS REFR
FREA SR, eIV 97 RS Rz H

FasE R A R . 1455 PAG WERAERA PR RE I
WAFE—E MR, BRSNS 7, R
FEE A, R AT I LI R X R 114
By EE B

#ky (iron powder ) HFHA BRI EME, H
YR AU o E TS Aerh, ok — A /)N

Wim B
E&UH:
EE RN
BIEEE:

2025-05-13
A A AREL A e XA I H (2025170037 )

BRI, 5, WA, FEOE ORGSR G ME, E-mail: lyy56702@126.com
O, B, #rz, A, FENFB S TR T & SN APESE, E-mail: wss71@126.com



€1 %= = f PACKAGING JOURNAL
2025 £ 5E 17 % % 5 #i Vol. 17 No. 5 Sep. 2025

05

B, HE SHERmiRge, DUtissiA
PREER H B, (B AR /NSRRI DR T 1Y 4
Pt BL, KM R S bl B R A, il
AINREM R —2 038 e e 6 WAL BRI BE
AL LS 2 bR A R4 R R Pk TR ek B
RN, HRERE . R SRS, HA R
FIWEAERE S U, AHAE R T 6 M Ao g 2% .
H T HBCESTEE e 6 SRR A ik, Rk S
Je e 6 WA GO, HoRH A bR (Si0,) Xf
PRy AT . 4k Si0, e e 6 E A AT LA
RUCAR 2 TR 2 MR RE A A AR B B 17

PRI, AR5 43 3 Tk Fl Si0, 04 Y el 2k
¥y 5 PA6 SR G, & T e e 6o/ Pk A M BRI
Je e 6/ YERR B S G AR, R AR S A3l i A%
Y PA6/ kK ( PA6/Fe ) Fll PA6/ B E#kH) ( PA6/m-Fe )
SANE, M ILAECRRE PAG T ) 24P BE AY [ iRt 2
B AAMERE, DURCAR DR UG G0 Tl p Bl NS A
F5 AR R R i e Al

2 SRIGE

21 BEREERSHEH

1) SRR 5okl Bk, Tolkgk (100 H) , FRJH
MR BRA F]; PAG, YR, thEAILEEA
ML TABRAR; KR, 48k, BRI
BT IERERR ZEE (TEOS) , #ral, Kt
KA ERN 5 20K, A2zl R e TR

2) g as bt PR iel, XH-406BEW-30-
300, BERIERABRAF]; SUREFFHT L, CTE-
35 (MBAFEAE N30 mm, KR HN32), ®Mak
FEREREALMA R A A5 mEIESG 4L, SHR-10A,
K G WS AU BR 2 R B AR5 2T S AR
( FTIR spectrometer ) , Nicolet 380, 3£[F Thermo 2
Ay PEATL, TGASS, FEE TA AV AF]; 2R
PR PIL, DSC25, EE TAUAFAH]; HFThE
RIRHL, CMT4104, TRIIGH — LR A PR A vl 5
JEZEWESABIBENL, VAC-V2, TR 2EHIHHAA
R
2.2 RHEBB G &

2.0 g Bk in A 245 120 mL JC K £ ) —
PR, IAGE 20K, 7ENULMBERE . A 4
BRI R AT, i E H T W0 <1 i 4 mL 1Y
TEOS, 7EZEI FHtFE 24 h, Frigdr=#y il Ik 2 B

VeI 3K, A B ERE] Sio, W SR
2.3 PAG6 #EHE . PAG/Fe 1 PA6/m-Fe 8§ &EMHI&

A3 K — 5 o R DL B e P o LAAS TR A L
i, 5 PA6 1Em IR G AL WIIR G5, RIEH
MUZHTFBF HHLILIR, 15 3] PA6/Fe Al PA6/m-Fe & 4
BEE, BEJF# PAG. PAG/ 5 Hl PA6/ B 7
TR TR, B PR AL IR 240
C IR, 4354115 PAG WK . PA6/Fe &A1
Fl PA6/m-Fe 45T
2.4 RN

1) A7 258 (SEM) ik, i H SEM
WLEE M T 5 5 A ST SR AR Ak, DL R ko e
BRI EE OL . TEIRZR 0 2 — W 2 b ATes 4 Ab B
AR

2) FHE ML AMERE (FTIR ) M3, F FTIR %}
A WA TE M RAE . FRTLEY 400~4000 cm™,
WY R 4 em™,

3) HAEMT (TG) Wik, ERTZR FIERE
AR TG #h4k, THEHEE K 10 °C /min, i EH
4 30~600 C..

4) 28R (DSC) FAE, TERAITHAT
e 2GR DSC HhZk, AR R ek
TR EE N 40 CTHEZ 300 °C, £ 5 min LY
FRETT BRI L 10 °C /min BV )8R 5] 40 °C,
FELL 10 °C /min AFHEHEFHE 2 300 °C.

5) JizFrEREMR . 208 GB/T 1040.3—2006,
HL 7 RE RIS AL o B2 A B0 2 kg . sl RS
50 mm x 9 mm FYMEE R S5, 285 P80 4 mm,
FRBER 17 mmo FEZM NI, PrPER R 10
mm/min, FFEELIEMNEL S WK,

6) FHEMEREMIX. =18 GB/T 1038.1—2022, H
FE 2575 1 O WA 1 R B R (P,)
FESRFEBY LA A R 8.6 em PR -, BRHFE S EAI 3 I

3 HREE

3.1 SEM ##f

&l 1 -} PA6/Fe Fl PA6/m-Fe & A B MORIES ] .
WE 1a 7R, PA6/Fe &G M5 A R/ NN
HABAR A, %t Sio, kit )5, PA6/m-Fe &2 4 ik
WA LA R A A O AN R e e A (LI
1b), 5O, AEMET N7 sy, HAK P RARAEXTI5]
Kl 2 20 SiO, BB kLA A R, AR R 60 A4S

- 104 -



BEiR, %
PAG/ I SRH A A RO & R 1 e

05

SR TG, KRB SiO, MRk Y e/ NVRL AR
9 0.73 pm., fRKAEH 1.98 pm,

Lue = 100 pm

' i) B
a) PA6/Fe A3 b) PA6/m-Fe & A
1 SESRMRERR
Fig.1 The surface morphology of composite films
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Fig. 2 Particle size distribution diagram of SiO, modified

iron powder
3.2 FTIR &4
& 3 4 PAG Wil . PA6/Fe B AL M PA6/m-Fe
HA TR FTIR 15K .

PA6/ m-Fw
12850 1()3()798
2930
1 1530
1640
PAG6/Fe
2850
2930
+l 530
1640
PAG \/v\/f
20304 1 2850

1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500

wavenumber/cm™!

3 PAG6 #HE. PAG/Fe #l PA6/m-Fe E & HEH
FTIR i&E
Fig.3 The FTIR spectra of the PA6 films, PA6/Fe and
PA6/m-Fe composite films
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Fig.4 TG and DTG curves of the PA6 films, PA6/Fe and
PA6/m-Fe composite films
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Fig. 5 DSC curves of the PA6 films, PA6/Fe and PA6/m-Fe composite films

F1 HEFHE/ BREEET (10 C/min) DSC HEEHIR
Table 1 Key DSC data at the same heating/cooling rate

(10 °C /min)
e T,/C T,/C AH,/ (Tg™") X%
PAG 187.2 220.5 47.7 27.0
PA6/Fe-1 187.2 220.6 49.4 28.2
PA6/Fe-2 188.1 2212 50.8 29.3
PA6/Fe-3 188.1 220.7 49.6 28.9
PA6/Fe-4 187.8 220.6 482 28.4
PA6/m-Fe-1 188.2 222.1 50.1 28.6
PA6/m-Fe-2 189.5 223.4 52.7 30.4
PA6/m-Fe-3 188.3 2225 513 29.9
PA6/m-Fe-4 188.3 2225 50.2 29.6
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Preparation and Properties of PA6/Modified Iron Powder Composite Films

LIAO Yuyuan, XUE Qiong, YANG Junhong, WANG Kemeng, JIANG Xiaolong, WANG Zihan, WEI Shanshan

(' School of Packaging Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In order to improve the deoxidation efficiency and the safety issues caused by the mixing packaging of
small deoxidizer and foods, silica sol was prepared by hydrolyzing ethyl orthosilicate and used to coat the iron powder. The
iron powder and modified iron powder were respectively molten-blended with the polyamide 6 (PA6) matrix to prepare
composite materials. After hot pressing, they were prepared into PA6/iron powder (PA6/Fe) and PA6/modified iron powder
(PA6/m-Fe) composite films. The structure and properties of the composite film were characterized by Fourier transform
infrared spectrometer (FTIR), thermogravimetric analyzer (TG), differential scanning calorimeter (DSC), universal tensile
tester and gas permeation meter. The results showed that in the two composite systems with iron powder and modified iron
powder, the dispersibility of modified iron powder in PA6 was better, but the thermal stability of the PA6/m-Fe composite
film decreased. Besides, with the increase in the filler (iron powders and modified iron powders), the tensile strength of the
composite film showed a trend of increasing first and then decreasing. Its elongation at break decreased and then slightly
increased, but overall, it showed a downward trend. With the filler content at 2%, the tensile strength of the composite film
reached the maximum value. Compared with the PA6 film, the tensile strengths of the PA6/Fe and PA6/m-Fe composite
films increased by 16% and 28%, respectively. The oxygen (O,) transmission coefficient of the composite film showed a
trend of first decreasing and then increasing. With the filler content at 2%, the O, transmission coefficient of the composite
film was the smallest. Compared with the PA6 film, the O, transmission rate coefficients of the PA6/Fe and PA6/m-Fe
composite films decreased by 43.2% and 66.1% respectively. During the crystallization process of the composite films,
due to the heterogeneous nucleation effect of the modified iron powder, the internal crystallization behavior was improved,
which was conducive to the improvement of the structure and performance of the composite films.

Keywords: nylon 6; modified iron powder; oxygen resistance property; composite film
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