€ % = 3§ PACKAGING JOURNAL

Ub

2021 £ 5513 %5 58 6 H3 Vol. 13 No. 6 Nov. 2021

—PhHLi. Wl

DALIEERSIW R 23 18K g4

TR AL FR IS

doi:10.3969/j.issn.1674-7100.2021.06.010

HEE DiRE B
ek EHE K =

i E: A 3R oRERENE TR R R AKBINGL A WA % @R AR
R, BEENERRRHET A, THEMNMOR S CRERANLS
BH ) RSN | B R Bl (PDA-rGO/SA/PAM ) H ALK # Ak, Fiss R
F s AT ALK LA ST A SR P AR L BT R LA A VA B R A8
P Rt fl . SO, LR 69 R HUKER IR Tt T A B T A B AR AARIE B
R, BleFiEh, FHRETW., OFREFF, TREATFREFR LT

KEER: FHETERE; AIKEA; A, Bk

TP212; TQ427

MERPRERD: A

XEHRS: 1674-7100(2021)06-0073-08
SIXig: MR, LRF, AIEA, F. —FRA. TEMNAIKEEG
BB RAE T EAERE P R [T]. LK IR, 2021, 13(6): 73-80.

3R T2 M7k, FRE: 1)@ dhncyLER(an

g £

W Tl k&

SR LM AT

e AR 412007
Sty K RACE] T — RS
HESES:

0 5%

AR, I HCRIEIRAE R TR R L T
FEMEIN . AW AU B TR e, etk
SEORI RIS IR 1) R A S OGTE 0 IR B
JEARAT AT IR R ALBPERE . DU A AR A A R
(S PR REA TR, BT O T 2 R A A
B AT S B BEAR BT RL . K BEIR SR — 2R N A KR
O o i 7 s I BB O e R [ NI D Rt ' 9117
PIFRAC I AR 1 = R Sg BRI 4 T SR, 2
IKBEE ST TEBGR A PRI T A REGE A AL T,
TEJETEIRGE RS, FF AR TR IERE S
PERBAE R 1 R mUK B PR ERE,

NaCl. KCI. CaCl, %) By J5 2k FEAR K 5 M o K AH
(R 5 s 2) sl B AE NN (ne — @, H
M) B TR R, EARREIRAEE R AR R
UKARAS TR 171 3 ) S N AR, KK
R AN EAHAR CUH . LB IDBLREESE )
FRVES T H 8 8 K R A I 245 R R 43K o 1
HImVE N —F TR BGRE A HLAR, ATRLS K
DT HBR s 270, R al R R AR K S M v i
TR K AASHUR BN o [, 48k A7 8545 ( graphene
oxide, GO) RIHEHVFZ & FR/KIER, A LITEK
BWh 50T H SR EWRAMELER, [Hifia]
FAFHE K EE I R R S R R P20 HRdRaE, R

s HHE: 2021-09-19

BEEWHE: WS ARRPER ERASWIITH (2020104266 ) ; WA HE T RAIFEFHERS RO H (18B297)
EE R WHAEIE (1998-) , 2o, WIRZS P, IR Talb R, FRBE0R9 1) R J /K BRI 1 32 A I A il % I

MW, E-mail: 2466574160@qq.com

BEEE: & & (1987-) , L, WA, WK TR, WL, RNV TR SRRSO,

E-mail: jingxin@hut.edu.cn



DE €1 %= = f PACKAGING JOURNAL
2021 £ 5 13 % % 6 87 Vol. 13 No. 6 Nov. 2021

HZ B (dopamine, DA ) ifs 5l S AL A7 2 0 & —F
fai B H AR A iR RaR e, 2 B AT EA A
MR AT LUR A A RABTE R Z B ( polydopamine,
PDA ) , PDAfEH GO R I H)if 7] K w5, 78
FRE IR 5 GO MR EIE T HAEKEERE W 2% iy 345
O34 BT BRI, ERAE Y PVA/PDA-rGO /KBRS
P AL 3 P T PAA-TGO™* ) 7K 38 it 22 M A% Ik 48 1l F
k= FUARPERE T AEFEVR IR T 29 R, Rk, AfF5E
PALLER 22 B A I S A A A8 0 0 S 2, TR s bR

(acrylamide, AM ) . T #2841 (sodium alginate,
SA) Jglsill, 38 AV ) E 5 OR E  A5 AT R HBT R
23R 2 EL A I SR A A 580 / TR R AN / SR DN s e B

(PDA-rGO/SA/PAM ) F MUK EENE, I RGMFFEA
[ ZE 47 (8 2 00 TR VT 7K BB G T 2 LA A Ik BB R 52 )
TRFEAT WK B RS A Sl A TR o A 2 1 oy 78 A% Jegi i
A H

1 SLIWES

1.1 EEFER S8R

Jokh: Z WM (AR 98% ) . HFBEIREN (4
Mrati) . NHwEERE (4R 99% ) . Hl ( glycerol,
Gly, Z#frali, 4R 99% ) | i #iizE (ammonium
persulphate, APS, Zr#r4li, 4K T 98%) . N,N'-
3V L BUPN s e % (N, N'-methylenebisacrylamide,
MBAA, 4l £ 5 99%) Ml & % L 4 (sodium
hydroxide, NaOH, 43#li ) ¥+ b ifgpa i T 0]
H BT, G445 (calcium chloride, CaCl,, 434,
AR 96% ) , T EZ G IR Al Ak
ek (XF002-2) I FRIAUEFIARA AT . 5%
B K 28 1K

& 4 BT KOF, ES1035A B, Kt
PEL AL A ARAT IR A |5 B B0 PE &%, MYP11-
2A R, BRI A AR R M A PR A W] B4
MW REAL, TY92-TIDN %Y, | ifjfigi s By ¥ L A R
A BT TREIRIRAL, EUT2503 2, I =S84
D HARAT B vl 5 Adf B AR S 2T AR 3% A (Fourier
transform infrared spectroscopy, FTIR) , Bruker
tensor 20 A, 1 [ Bruker /A w]; {94 F W U5
('scanning electron microscope, SEM ) , Zeiss Sigma
300 54, FE[E Zeiss 23 ml; 22t Y ( differential
scanning calorimetry, DSC) , DSC-Q2000 #!, 3&[H
TA A5 #7JiHi#é, BK PRECISION 878B I, 3%

[% BK PRECISION /A ] .
1.2 KEFERHI&

il # PDA-rGO/SA/PAM JKEEfE: B4, FEVKIB
MR, A AR (R IR R 540 W)
5 mg GO #75 AH07E 10 mL 22 7K # 30 min;
RIS, TE 45 C T4 5 mg DA URINE] GO 4M8um it
£ 1 hJ5, 7€ DA-GO ¥ ¥ 7 10 mg NaOH, Jf
1 60 °C R iEHE 3 h J155] PDA-rGO i ; Hak, 1E
50 CF¥ 0.156 g SA fil A PDA-rGO % i Hh B £ 50
min, AR 20D, RIREEIA 1.56
g AM ($i£$¥ 30 min) | 106 mg APS ( $it#F 30 min)
2.4 mg MBAA (420 min) ; )5, BEKB
FEEIMTF DR, RIS, T
JIRAAE I BT 60 CHEFRH 3 h, LABA IR 58 2 BERAL
931 PDA-rGO/SA/PAM JKEEE

SR V5 5] 4 SR il % PDA-rGO/SA/PAM A5 L
IKEERE . ¥ PDA-rGO/SA/PAM K EEREIEIAEK .
T CaCl TRA PRI (i, CaCl, iy T fE vk
03 gmL) H, 25°C TR 72 he R K
R AAFR LA 5k 101, 2:1, 1:0, /5753 PDA-
rGO/SA/PAM-1 HHI/KEEIE . PDA-rGO/SA/PAM-2 £
MLKEENE . PDA-rGO/SA/PAM-3 A HL/KEEIE .

1.3 RSN

TESFAE R FH A4 T S U8 WL K O 114
TR R TS . IR X A R T4 5 () 4 PAM
PDA-rGO/SA/PAM A HL7K ¥ e 4 R 485 1A 144 7 Wik <5 Acb
30 s DIMGIAE s k. SR 5kV.

HEMZLAMEE T R E AR 2 S
16257 GO F1 PDA-1GO/SA/PAM A LK B FTIR St
$E, MHRIEE S 400~4000 cm ™, MR AHER K 4em’'

PrPEREINR: F R4 30 mm x 10 mm x 1 mm
(R 7K EE SR i B T T REIRER ML, FEZE TR T LA
20 mm/min (7 AR AU BE, JFid st
fifins B AT 2K A, RRLIAE AT 3 1K

FrARPEREMN: KBNS B TR KA TP REE A
[Fi) T 32 B AN [ B (B B PR L A Ty, Lo 2 g 28
PRI K BERE VR S5 T 45 (#H] DSC-Q2000 %2
IR KBRS TR RE DI Y
h =70~20 °C U¢F A HIFEE A S °C /min.

1.4 BHLKEEE MR T 45 2R 6 % 5

1R IR0 %5 ¥ PDA-rGO/SA/PAM-1 G HLIK

R VI AL 40 mm x 10 mm x | mm WHTE 45, Mkt
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i 45 T FL B R 1)y A 2 A ALK R B S P 1 AR A
SR
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HIFhE R, 5T AR PMNEIEA MUK EER e
i B R IR . 7E AIRERAL (lnigkn . T48 .
FAANH ) 2 MKBER LM AR 8%,
e Rl skg st B A R BRAE,  Em TS R A
BERT ( gauge factor, GF) 4, FJi

s=(AR/R,)/e, (1)

K AR/R, FHBHARXTZE 03, AR/R=(R-R\)/R,,
T Ry R A3 A NS AR it iz 7% S 7 e RHAE
& RIKBERE AN AR

2 XWERELDN

2.1 R
% 0T 1R 5 1 PAM K ¢ 12 LA & PDA-rGO/SA/
PAM 7K EE M B9 T ROWTE SR An &l 1 Fs

b) PDA-rGO/SA/PAM /K EEIIE
1 PAM F0 PDA-rGO/SA/PAM 7K 5 B 8 E R 2 57

Fig. 1 The cross-sectional morphology of freeze-dried
PAM hydrogel and PDA-rGO/SA/PAM hydrogel

i1 1 AT, PAM K BEE 7 FLEE FIFL AR 3 AL
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KNG, 11 PDA-rGO/SA/PAM /K BEJKE 1) L BE
LI AN AT B 2 T 4, X B RLT 44 A K
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BER I FLRE FIR S TV 2 R IRE5 R 1GO (LA
1b BB AL ), X8 FR rGO AT Bl 7K R 1 S H
PR S ILAL RN RE
2.2 HEREMAMEIES R
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LA ZEREA T RALE, 55N 2 R,
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Fig.2 The FTIR results of GO and
PDA-rGO/SA/PAM hydrogel
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IKEERE ) C=0 Fl C—O Fff e sty B Wk 55, 7
1317, 1180 cm™" b /R 58 ) O—C=0 fil C—0—C
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em ' 4b P 7E 1263 em™ AbJEIR R C—N R IR
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(4R B LA 2 IRl A e A EAE T B
2.3 AR

W K BERETE 20 CF fRAF— & i [al, wiF g%
VR Ji. P 3 0 4 4K BE I FE S S W 3R B8

(25, -20 °C) MIEAENEH DSC M4k, &S
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RA; £ -20 CTFRAF 24 h )5, Bk PDA-rGO/SA/
PAM-1 47 ML 7K &€ e =z #b, F At 3 40 7K BE 5 A b
( PDA-rGO/SA/PAM . PDA-rGO/SA/PAM-2. PDA-
rGO/SA/PAM-3 ) #RU ARG VRES . ILAh, MIKEERHE
mh ) DSC #H 28 0] L& H, PDA-rGO/SA/PAM 7K %
JEAE -16.37 CALHBRARIE, X FHEE [ 55 ; PDA-
rGO/SA/PAM-3 HHUKEERLTE —42.01 CAb H IR
1M PDA-rGO/SA/PAM-1 A HLIK Bt e 5 PDA-rGO/SA/
PAM-2 A MK BERCAE IR EER#AIL 22 DSC A48T H2 L1y
FARFGE IR (=70 C) MR BRI, Fik
45 BE UK PDA-rGO/SA/PAM 7K BEE = A2 & A it
PR A b, K BRI I 45 rh B R 3 7K 43 A
T o &, KEERAPIRTEREIS 2] T B s
Ca™'/Cl" BT 5K FRMEAEA, LIS HO
TE B8 i S B AR R ) 5855 T K 40 7 22 18] ) A
PEHT, 3% FEAR PDA-rGO/SA/PAM 7K HE IS 1) B %] 5
) T RMAER. 77 )L, PDA-rGO/SA/PAM-1 A L
IKEEEAENLFESA T BEARFF A A PERE AR e M

PAM-rGO/SA/PAM

PAM-rGO/SA/PAM
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25°C -20 C{#fF1 h =20 C{#AF24 h
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Fig.3 The anti-freezing perfomance
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of the four hydrogels
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Fig. 4 The tensile strength and elogation at break of
the four hydrogels

&l 4 741, AT PDA-rGO/SA/PAM /K EER
PDA-rGO/SA/PAM-3 A7 HL 7K #E Jiz 4 $7 41 58 B M 100
kPa 34 i1 2] 102 kPa, Wi 24 fif £ 38 M 1420% FEAIL 2
590%. 3 X AR B G G P R P Y Ca® Bl
KT SA M3CHE, IKEERAAR R HIE B A sc k14,
o KBEE P AR B AT Bt s SRR 2 12K i
FOKBER W B R PR EART RS, BT
5K T 2Z A B R S E T, MR
HOEIh ARG, KBRS AR SR BRI, e
KR A, PDA-TGO/SA/PAM-1 A5 HL /K &8 J1E 1 L
5 JE K 143.2 kPa, WK 58 310%, PDA-rGO/
SA/PAM-2 A HLKEERHLAPREE Hy 122.1 kPa, W%l
R 420%

Y F PDA-rGO/SA/PAM-1 47 HL/K Bt i HAT fL 5+
(1 124 BE A VR RE . RERS T 2 8 H 15 00 T AR
BFEITEAE (0~75%") ZR, LARARIRIFSE N HAT
St tE, AWFRGET T HAE L M AR s
11 1 B A B A A iz sl i g 1o o

3 PDA-rGO/SA/PAM-1 & #l 7k %¢
REZRMENTERERIZHEIN A

3.1 BHKEER R MR T R R 15 R

5 R A TE R AR R (50%, 100%, 150%, 200%,
250% ) PDA-rGO/SA/PAM-1 A LK BE I Z2 1 i A8 1%
TR I P AP AL SRR BB IR 25 S . IRl 5 AT%1, PDA-
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Fig.5 The stretching sensing results of the PDA-rGO/
SA/PAM-1 organohydrogel-based sensor
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Fig. 6 The applications of the PDA-rGO/SA/PAM-1

organohydrogel-based sensor
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Fabrication of a Freezing-Tolerant and Stretchable Composite

Organohydrogel for Flexible Strain Sensors

XIE Zhihui, MA Zhenping, XIA Zhike, QUAN Yongpeng, WANG Shengji, CHEN Zhuo, JING Xin

( College of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: Focusing on the problem that most conductive hydrogels based flexible sensors easily get failed in the
low-temperature environment, an anti-freezing and stretchable polydopamine-reduced graphene oxide/sodium alginate/
polyacrylamide (PDA-rGO/SA/PAM) composite organohydrogel was developed via solvent replacement strategy. The
experimental results show that the composite organohydrogel have outstanding anti-freezing property, good mechanical
property, and excellent sensing property. In addition, the assembled organohydrogel flexible strain sensor can detect
multiple human motions, such as finger bending, wrist bending, facial micro-expression, etc., and has played its role in
promoting the development of wearable flexible electronics in the future.

Keywords: flexible strain sensor; organohydrogel; freezing-tolerant; stretchability
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Reliability Analysis of Kinematic Accuracy of Label Delivery Mechanism of
Labeling Machine

LI Binghua', HE Bing', LONG Saiqiong’, TANG Yinghong', MI Chengji'

(1. College of Mechanical Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China;
2. Guangzhou Customs Technology Center, Guangzhou 510623, China )

Abstract: Applying the theory of kinematic accuracy and reliability, the research on reliability analysis of
kinematic accuracy of label delivery mechanism, the key device of labeling machine, is carried out. Based on the
geometric constraint equation of planar mechanism, the matrix method is used to derive the error expression of
kinematic accuracy of plane mechanism, and the limit state equation for the failure of motion displacement accuracy and
speed accuracy of label delivery mechanism (the linkage slider mechanism) of labeling machine is established, with the
model of displacement and speed reliability of kinematics accuracy constructed. Taking the machining error of the rod
length into account, the reliability calculation of kinematic accuracy of the mechanism for labeling machine is realized
by MATLAB computer program, the reliability of displacement and speed is obtained quickly and accurately, and
verified by Monte Carlo method. The results show that the relative errors of this method are less than 0.5% compared
with Monte Carlo method and this method is practical and effective.

Keywords: label delivery mechanism; displacement reliability; speed reliability; kinematic accuracy
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