In-jet Printing of Complex Fluids through an Integrated Approach

Xuefeng Yuan

Abstract: Printing organic semiconductor materials on various substrate has been
attracted considerable attention due to its cost effectiveness and suitable for large
scale production. However, for given functional materials there are a large number
of parameters in design of electronic ink formulation and printing conditions, which
affect the performance of the semiconductor devices tremendously. It poses
fundamental challenges in terms of solubility of semiconductor materials, stability
and manufacturability of electronic ink, and the quality of thin film formation during
solvent evaporation. We address those fundamental challenges by translating a novel
Rheo-chip technology into flexible semiconductor device industry. Rheo-chip enable
high throughput rheological characterisation of ink formulation, fast evaluation of
their stability under industrial relevant flow conditions using small sample volumes. It
is a unique formulation-screening platform for evaluation of the stability, printability
of electric inks.
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Figure 1. The electrostatic combination of dinuclear gold(l) complexes and block
ionomers leads to the formation of spherical micelles with remarkable luminescence
enhancements in solution.
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Understanding molecular mechanism of rheological behavior of polymer melts in
computer simulation requires first a preparation of an equilibrated configuration of
them. We develop a multiscale simulation approach for generating well-equilibrated
atomistic  configurations of high molecular weight polymer melts for
chemistry-specific systems. This work acts as a methodological extension of our
previously developed approach for efficiently equilibrating a highly entangled
polymer melt [1], with an aim here to handle chemically realistic polymer melts. To
achieve this a hierarchical back-mapping strategy is proposed. Atactic polystyrene has
been taken as a testing example for the multiscale simulation method. The
back-mapping procedure starts from an easily equilibrated polymer melt, in which
each polymer is described by a soft-blob chain. Then, an equilibrated, moderately
coarse-grained (CG) configuration of polymer melt is obtained by reinsertion of CG
beads into the blob-based configuration and then a short local relaxation of the
configuration. Finally, atomistic detail is reintroduced into the CG configuration being
equilibrated to obtain an equilibrated atomistic polystyrene melt. We emphasize that
in the course of hierarchical modeling only local and thus short-time relaxation is
needed at each stage of back-mapping, making the method very efficient, i.e., the total
equilibration time for a polymer melt is independent of molecular weight, M, of the
sample. Therefore, we believe that this new, efficient method will pave a way for
studying both dynamic and rheological properties of highly entangled
chemistry-specific polymer melts in and out of equilibrium through computer
simulation.
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Dynamics of Polymer Thin Films Supported by Solid Substrate

Fei Chen
ABSTRACT: Thermally activated flow dynamics of polystyrene films supported by

silicon is studied for a wide range of film thickness (ho) and molecular weights (My,).
At low Mw, the effective viscosity of the nanometer thin films is smaller than the bulk
and decreases with decreasing ho. This is due to enhancement of the total shear flow
by the augmented mobility at the free surface. As M,, increases, with hy becoming
smaller than the polymer radius of gyration (Ry), the effective viscosity switches from
being substrate-independent to substrate-dependent. We propose that interfacial
slippage then dominates and leads to plug flow. The friction coefficient is found to
increase with hg providing ho/Rg < ~1, demonstrating a surface-promoted confinement

effect.
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Fig. 1 Colloidal probes in a sol-gel transitioning medium (gelatin) exhibit two shoots
of non-Gaussianity in their probability distribution in the pre-gel regime due to length
scales crossover
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ST RO EBA R E IR B AR LA A

TAME*, PREEE
FPEMFRKELANFRET G THESUFEXRERERE, 130022, K
&

BATMEENFERERERERNERT B0 TRAEKGTE, FAE
T—RIGREE ) TEBERAME®, TEXRNTEEENEERBANAER
KA FHRTZfphh . REFEEES T ERTUNEN G FHAE LBHNF
AXXZRZEAAFNFERIE. o FHEURERA AT A A F LB,
FRAEAR, HULENENUFE, KINTAET 8o TREEZRRKEZE A EMH
WE X IR AR BAT A RO Z AT 0 TREFAE R E OB AL+ = A
EMTEAZBANZTRT BATA, RALEERANTHES, PEXR, KEXX
AAERY . HEEANFERNNREAFHEEA, PR RRELE. K
MEAEAN TS FTRAEKTUEAEMES, ETRNENFR, BLTETHA
REMREREZEEREM, AT URTE L TZRY #hPaykak o 1. ROTE
HERERRIARRT, RAREN G LR BN E. ROZIIRE AT F AL
RABATERE, ERRAAETE, NTHSREFREGRE, EaitHE
AR, RAVFELAT T ZABHORLBENET, ZIRENFNZAFE W
Rkt 1 REBREIENKERLEAEGRERZEWAEEE; 20 KK
1S F WA I B R R, ERFAJLETR; 3. BERERKAFL,
AFREFREEEEN > THFELR, REFILEE . KAWL R AAHBI
By - T ACE [ 22 &b B R R F A TR R AT A R R B M EALE  RATH R X
ETHEEERANNE LS TZRY KZ)FERFRHANEER.

B X
1.D. Wang, et al, Appl. Phys. Lett. 2017, 110, 211107.
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Bxz 1 +tHEB?
Y, AEMEMAASE, L ERTEER ¥ RS 37 5,100191
2H O R RN RS, AR AR A, LR e X ¥ % 37 £,100191

HEEBEERE TE T H R GRS B2 E T RE
B RE KA T, BAE R0 M N & TN R 0 R K RE TR AR,
Mok —FELrE, MALAR —RORENE, BRERREH . KA
ZREEARERS T BEDHERE RGO EERLTE, ASHEL B0 A E
BRET BIRREMT RTE.

R HEERE FEERE
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REERER-n-Be (PnMA) 584K ENE EdE TERE
WA FTATR
=R, HFa”
(EMEKEHET AR AL 5265 5 F E A 51 K & A % Fr,130022)
“Email: gchen@ciac.ac.cn

WE: KATAA 2 - R4 (RAFT) #l%& T ORI EEEF
EAFRE(FTEARHRRFEE., PERRRTE,. FTERFRCE. AEEFE
W IHERBE) B B RN R L ENH POMA-r-ssNa) ¥ &, EANRFIHBE FIRE
H 55 1T G B T RROBE B AL X 38R o 38 3T A R R 0B R R0 AR A L A M
M (LVE) RAOTEZI, FERHRFERF|HF e R s A DR T L
dho A X-ray #4, RINAAFERERFERAIFRER TEERMWA, &
ABETREGENEI, WA THENE FIKE, FEFHFRT B LM EEKAH
g RO P A BB E FREE; BTN 2 BN, KN FERE
MEBASIERONEEN MBEBREDESTEMART B R, X EBERHHH
V& TEERORENTEFRERS RIRNEAT AR : B oy & R ] LLEG
B FRE TG 1K 7 NEEBCZ 20 20 T & B9 BT[]

F48:7F: RAFT B4; BEY,; Xray #4; WnE¥; EHEE; DRS

1. Quan Chen, Chongwen Huang, R. A. Weiss, and Ralph H. Colby.Viscoelasticity of
Reversible Gelation for lonomers. Macromolecules, 2015, 48, 12211230

2. Zhijie Zhang, Chang Liu, Xiao Cao, Longcheng Gao, and Quan Chen. Linear
Viscoelastic and Dielectric Properties of Strongly Hydrogen-Bonded Polymers near
the Sol—Gel Transition. Macromolecules 2016, 49, 9192—9202

3. Rubinstein, M.; Colby, R. H. Polymer Physics; Oxford University Press: New York,
2003.
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WE. KRR T # = H 7 1EF X Poly(vinyl alcohol) (PVA) /Borax ¥ &
BEIAT e, RATHE R T dE 8 45 80 PVA 7 KUE T F i X\ Borax 3 51k £
LEFEE MR AL, Borax ] AEAK R A R L H) B(OH); 4 F A7 B(OH)™*
e T (RETAMNMEET), BFAULE PVARREM RN R e, #EiL
R AR RNTLI, FE Borax IRE R in, BARZHH K. FlF ¥ 15 %k
R RN X 2 S R M RE AT A R E TR BT Borax Yk k[ AR R BR R Y
HH. AR IE 7 BB T Borax R EBy#E A0, A BB R B9 B T 0 50 #
B, XRBHTPVAR EEALAMNE T (WERFNEECET) 4 THEE
BY (AFRen ) WHarERERy, > aaREAcHER T
IR B3 A T HE 5
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98 25 To AL ROK T 0 v A e Rk e

e, e
(BEMEKETARAH 5625 5K &M AMFHT AT, 130022)

Email: qchen@ciac.ac.cn

BRYETHEFENAFREZERE, £EEEMR, Eaw LRIt
M EFAABEE ZHNA. EZRHIESY, RNFART FELEBERIN
BREREL., BEEABR A, Ginzburg EMAERME A, KRIOK#*T
Rubinstein o Semenov Wy IS, M50 T MAEE S & o T R IRAR B RY AL
BREREL . EERABER TN T ERETFER, FETRELRRIET X
BivmagmtEs, M MABLEGER PO HMELE T ANELE N E M
G - R = A B 5 6 P 4%, B AR BOAT A 2 — 2 B 444k (4 Fig. 1a Fros). Jowr,
Leibler ¢ A 42 7 ¥ #E 504 A (Sticky Reptation Model), 1% 326 1R 4 #9 1)
TEEFFERROREAT A, EEEEEERAN Y —MF 6 EEWBH RS,
EEIZNAERY, ZEIRFZHEABEZATMEANN. FHib, RATVERE
HIALEI GI N Leibler 893 b, $2 H T k54 W AE 2145 A (Sticky Double Reptation
ModeD), H T4 R4m Fig. 1b Air: L% 6 BU/NTEEHE (p<p.i), KA
RAETE, MUBARATELERT (p>p i), hEXRANTE., B kT
e, RMNELTPETHMES R OFNBEMERZI (D EERRANERERNE
T (2) NEBEFE N Femsrd, BKRERGEFR T RE,

........................

)
<)
e
) Guo]
=1]
=

9 8 7 -6 -5 -4 3 2 -1 0 1 2 3
log (wz,)

Fig. 1 (@) Schematic illustration of the entangled sulfonated polystyrene, where the

black chain of focus is entangled and ion-associated by its surrounding white chains;
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(b) Normalized storage modulus G'(w)/Ge as a function of normalized frequency wr.
for entangled ionomers having p = 0 (green curve), p < pe and p > pe.

R BERY, BEKR, SMEEEK

%% Xk

[1] Quan C, Chongwen H, R. A. Weiss, Ralph H. C. Macromolecules 2015, 48:
1221-1230.

[2] zhijie Z, Chang L, Xiao C, Longcheng G, Quan C. Macromolecules 2016, 49:
9192-9202.

B8] he. @B TReMERNIN ¥, &4 TFH 2017, 8: 1220-1233..

[4] Quan C, Zhijie Z, Ralph H. C. Journal of Rheology 2016, 60: 1031-1040.
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WE:BFTERGMER LTINDENE TEAT UL W8 R/ F
BT, XTERYNEMEHEN AR, UR-FXNE FREFMSE FHENK
HE R Y H 4 A T T OB R AR AL R RAFT A F1 8 T & o i & 4
K n T B K (Mn=3500,Mn=9200) W R X IFEZ N HEY, EEaT
HARWE B TARRAE T, RET AW (Na) (% (Cs) M@ T, @
£, BMOHET FRLAEGNEREGE FTHENERY., B3R EE—F
FERYPBEABETERYE N AN mELBEHEE, RITTRT &
ERFANE TREERS AL RENREERT ROFERHTANEA,

K1 #£BEFENEEDHAEN~EE
K#E:. RAFT B4 ZE\BEY,; fwMRE

5% S k-

[1] Quan Chen; Chongwen Huang; R. A. Weiss; R. H. Colby. Viscoelasticity of
Reversible Gelation for ionomers. Macromolecules, 2015, 48 (4), 1221-1230.

[2] Chongwen Huang; Quan Chen; R. A. Weiss. Nonlinear Rheology of Random
Sulfonated Polystyrene iononers: The Role of the Sol-Gel Transition. Macromolecules.
2016, 49 (23), 9203-9214.
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F-2-CEErE (P2VP) 5% 4 B &% (POM) & &K Z iR
AT AR

wRE, 2, BaeT
(EMEHKETARAL 5265 5 F E# ¥t K& A L FH R Ar,130022)

Email: gchen@ciac.ac.cn

RE: 24 BEHE KT ELBRL L MM EAREETAN — KL BE#,
BEHZMEd N, 24 BAENERANMT 05-6nm Z |8, BFFFHAF
A0 % B FR N A, Fig 1.5 % 7 4 #15 Keggin. Dawson ., Anderson . Lindqvist
amh

A RBLEREN P2VP KR FEINL & BEAEE Y, Fl&THAREAH
M. %4 BAEKANTEE TEBNNTEZBRE, VR EAAETNELHE T,
FEL L P2VP B EAREERGFE T H a8, BIAATEERKERBHEL
WRBEBRNEIA, £4BEETREAAEAHKERN A FH R HEE, T
T2 R BT &4 FaEeh g4 R~ kI AT P2VP %1k 48 4 ey i1 AL B,

REWE: WRKEEKEZ; REF; 22 EBE#%

(b) (d)

Fig 1.Some basic POM structures in polyhedral representation: (a) Keggin
[XM1,040]™, (b) Dawson [X;M150s]", (¢) Anderson [HxXMo01,0,4]™, (d) Lindqvist
[MgO10]™
[1] Dimitris E. Katsoulis. A Survey of Applications of Polyoxometalates[J]. Chem.
Rev. 1998,98(1), 359-388
[2] Stephen Z. D. Cheng. Molecular Nanoparticles Are Unique Elements for
Macromolecular Science: From “Nanoatoms” to Giant Molecules[J]. Macromolecules,
2014,47 (4), 1221-1239
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[3] Michael E. Mackay Effect of Ideal, Organic Nanoparticles on the Flow Properties
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BANE S ERT TR NG KB AR FRA)FARFARLTHE (PB) 1
THE-CLIETAERY (PBE) & MAs . ROTBAHMEEZ AL 10 M
R, £ dm/E L, LI T X PB A PBE A Rouse A7 [X 35 B AR i A2 5 [X
B, B REARB 2 AR A TS, RITZERE, 4
BOMGE E A ) FEMIG G 2N AN MOIH e m, #HEAHAE
AL T EER. BMOFSER I, HEMMEENEEREHT LFmEE
BR; MEZE S TENEMEKAT THFBITINIE T o TR E M

R RITHE; SERE#EE, JERXHER

%% Uk

[1] L. Szanto, R. Vogt, J. Meier, D. Auhl, E. Van Ruymbeke, C. Friedrich,
Entanglement relaxation time of polyethylene melts from high-frequency rheometry
in the mega-hertz range), J Rheol 61(5) (2017) 1023-1033.

[2] Q. Chen, Z.J. Zhang, R.H. Colby, Viscoelasticity of entangled random polystyrene
ionomers, J Rheol 60(6) (2016) 1031-1040.
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bR R B VT AR R AR R AT AR R
AXE, WEE hFE
BEARFAFIEZR, 4L 100084
* (M, FHi4H: jun-xu@mail.tsinghua.edu.cn)
WA RERE—EHMEETEEN, BEEENE A, HERER M,
5 A7) H AR A B Ak R YR R AT A TR AR P T Z RiE, 2 — AR R R
ERBAME: YA BRI, A TEREERSH, bt 2 —LHEEAN
B, EHERBERNRNE; 28 EE, HEREAR, EAEFRHNEER
W R, 1
A R B AR R R A R BT R R, AREAH & T — e AR
BB S AR R R . BEERE (30 wt%) BE S I R 47 R 4 0.06 57k
JE % 260Pa-ss. 75 0.1-0.5sT Wi R E AN, TR BARRELE, REiLF K
30000Pa-s, # /w7 100 5L E (Figure 1), ZEREH“BEE A", BT E — AN
NESHVINAERMEL, FRNBEERNLE, TREEE N EETSRNKE
RRKE, ERHMERERT, §—FRN A ZFEE ST EAELNIE
B AT &4, MERB e &AW EEAN AR — ik m N Z0IE R
B, BITERENE RN ER S FEZR, DAFRANFR.

Viscosity - Shear Rate: Different Concentration of Fillers
5

10
Pa's |
4
10
n
+
3
10
2 | L | 0
10 f f f 10
-2 -1 0 1 2
10 10 10 10 1s 10
Shear Rate y >
30 wt% Filler —- 1 Viscosity —v— 1 Shear Stress -0 N, 1stNormal Stress Diff.

Figure 1 # & (30 Wt%3E K ) WAL A MR 4

Laun H M, Bung R, Schmidt F. Rheology of extremely shear thickening polymer
dispersions (passively viscosity switching fluids)[J]. Journal of rheology, 1991, 35(6):

999-1034
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The rheological and dielectric behavior of milk / sodium
carboxymethyl cellulose (CMC) system
Yuan Liu, Kongshuang Zhao*

College of Chemistry, Beijing Normal University, 100875, China

FPAERBEGE T2 ZEREGTEF £ R[] H L, & Tl wEmA
ZAExR i CMC 1B A FLHAREAI[2], WA CMC & 5K K& i & Fu -
BLAT A o FATA R 2 A A o 77 AL 58 0 B A S 9ICMC R R Fo ) AT 1Y
2w, R, B la RAEMRALH tand(=G"/G)E [ & Ik & 09 7 = 1 3
AEAT 1, XAKATHEERUIHEHRERIFEELSES; & CMC &K
B 25mg.mL-1 KA F, LB EFLE 328.15K B, EMEMEREN, #KF
M tand>1, B G”>G’, HAEMMAEMA, tand #HREHA, XTEEE
THZH CMC KREMR, BRAEREEZTW AWNELEHWE 23, REFEHER
CMC B# 7AW MBEENE, FEMEI;BWE 2b, HEEZAHN tand EFF
BA, TUKFAH CMC K /EZiAZF 5.0mg.mL-1, CMC 4 FH LK% %E
SR EEN, fEloBEaRRs THENE S FwE 2c, FEMLIEE
FrEE S EE NS ENEEWE 2d, A, B b FERERRNERES
EHEEWNAEMIRS, Bl CMC RENREHLEHEN — N LAWK E,
fl CMC WE % 25mg.mL-1 ek Z 7 288.15K #r 328.15K &4k, DL L4
MHAEFHEEAHET, CMC TEAREFMERABRZE, HTHIL CMC
AFRSEENBEEARRZEMEERFNmEESE, NEBEAEFTHELHGT
#F CMC L EZMWEEH CMC KELH By =4,
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[1]. Dalgleish, D.G. and M. Corredig, Annual review of food science and technology,
2012. 3: 449-467.
[2]. Du, B., et al., Food Hydrocolloids, 2009. 23(5): 1420-1426
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Yuan Liu, Xueping Sun, Kongshuang Zhao*
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EALFEFMNRFETEZY (CMC) 2FwWERTER. HERE
M%[-2], NTI®mE D RAfnfREd, KNBLFHENERE TR E 0K
CMC X T FE fr R AR, WM A-HmEw&ER IR, R fe
TR RN EES 10=0 FHRARMERH n<l, RALASMETERT AR
BHRE, BE-FVNERNRARER DTSR AN EHE CMC Hing i
Wi m, HER-—HMEET, CMC KiveE ek R 55 E w200
BEANRE, HEMUFHOREZHEERA, BRERFT, KET, BRAEF
T, MABRHHTEEERNWE 1, BT AESHNAsH pH E1F,
EELFme pH |oA, EFE, MBRGE pH &/, E®RE, K¥H CMC
XY B ) 5b B H VR AR K B T B 4L g A B AL R EY R

[ EEGRE]
i AE A
—Jrpi
© 2001 |gm fet 0
[ BT

0-
02% 04% 0.6% 0.8%

CMCJ5i &= 77 24
Bl 1. $i%AN 1825 ), CMC 3 & 5 A [8) e i 95 2% BF 10 52 W

% Xk
[1] Juan Wu, Baigiao Du, Jing Li, et al.. LWT-Food science and technology[J],
2014,56(02): 370-376.
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BRAE, AHFF, TR
LAY MBBFEIEFR PRABAEEASHFERERLRE
Ltﬁﬂﬁ%%ﬁ‘ﬁﬁ%%<wﬁﬁﬁﬁﬁﬁﬁ>@mmm)EL%W
H£-3-FHE kA ([AMIm] CD # $E Ty R A K R IR ROR B[R] R
EZFEEmTIARTLILE ﬁﬁﬁﬁﬂmﬂﬁ%%%%mﬁﬁwﬁﬁﬁﬁ%
F, RAOEFAET AR, BELREFHARKANEXIET P (NIPAM-[AMIM]CD #
BN R ME B R B A m R B, A LA AR IR THWHE MR E L ERIE THE MY
264 1%, BIEAREG, REXMLERMTAFTERDH; B3 B RLRAATIRE
HE, AALmETF e, FERK-BEREL, FHRRT b7 Ry E-K K
BERBMENRERE. ER%HA, BESKEEST PNIPAM £ B8 g #y. &t
HEFHAR, BIET T RESLHEEANEH, RALEESS, BET
EoTERMERE THWREEHARHLT HEIBH R T ERIFEBRA, FA
Z A EAER . 2 FEe, BTiREF S, BN o, (8] B H 58 o K
KR, wEANTEERNRET.
KB PNIPAM; B Filk; /-HE; BRE
%% Xk
1. Jain, K.; Vedarajan, R.; Watanabe, M.; Ishikiriyama, M.; Matsumi, N., Tunable
LCST behavior of poly(N-isopropylacrylamide/ionic liquid) copolymers. Polymer
Chemistry 2015, 6 (38), 6819-6825.
2. Conrad, H.; Sprecher, A. F.; Choi, Y.; Chen, Y., The temperature dependence of

the electrical properties and strength of electrorheological fluids. Journal of Rheology
1991, 35 (35), 1393-141
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Dispersion and rheological property of nanoparticle polymer

composites with different interaction

Wenzhi Cui®, Wei Yu*?

! School of Chemistry and Chemical Engineering, Shanghai Jiao Tong University,
Shanghai, China
*wyu@sjtu.edu.cn

Abstract

In recent decades, nanoparticle polymer composites have been researched deeply
and widely due to its advantages in electricity, optics, acoustics, mechanics and so on.
Though polymer-nanoparticle composites have been used widely in industry and daily
life, two mainly challenges are existing in controlling the dispersion of nanoparticles
in polymeric hosts and revealing the structure-property relationships. Recent
researchers had declared that a delicate balance of entropic and enthalpic
contributions to the total free energy directs the spatial distribution of nanoparticles
and controls the macroscopic properties of materials.' Even if the interaction forces
are in favor of nanoparticle dispersion, Agglomerate may still be found unless the
correct processing strategy is adopted. Besides, mechanical forces, such as ultrasonic
treatment and shearing, are not negligible during the dispersion. Several models about
the structure-rheological relationships have already been suggested in the past decades
based on different point of view, however none of them are suitable for all composite
system.? It is necessary to have a better understanding of how cooperative interactions
between polymer chains and nanoparticle surface could lead to unexpected behavior.
Because the interaction between nanoparticles and polymer hosts are mediated by the
ligands attached to the nanoparticle surface, polymer graft nanoparticles are widely
used to study nanoparticle behavior and spatial distribution.

Keywords: nanoparticle polymer composites, polymer-nanoparticle interaction,
dispersion, rheology
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FE: SRR ERERET %R CTPB A4t BT E M fo stk , B AT H kR 5 14
Mt ACHE An A st , iz Rz A T EAROK AT HE B A . B A Fr Bt R B AR, AT
HTHEAGAFHGERRAEAELEE, FRENATE — 2R, RAEL
MEBRHNF T ES LB A GER T L AT BB Fo b A A
UL, WA E, FF KH570 1516 SiO, #1540k & F i1 35 A& A
EWE, REEKE CTPB + 7 ik KH570-SiO,/CTPB # %1k 242 & CTPB /1 %
MEh. hFBHAE, FIARRERR — % KHHE TGIC 5 CTPB X ELE®
HAEA M BAF KHS60 BN K —AEFEENRN T REE EIFEAE,
HEAEE CTPB RER R4k W& 4t it TAL oo, REBRE LA R T Be 3,
B B B AT 4 RORLIA B R BR M B I S AR, &R % CTPB ¥ k. WA A
PG A TR BN R B RE S Sh AS T
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BEAFHALSTH, EREXEFAENREARFHIREE, LG EEE T4
BHSEHL R B T, RATE KA GC-MS Fo Az %5 7 33 52 T A B8 B o B R G /)N
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WE: EARBRZTWRTZ T(LACS), BRE A mkaEZETH I E AR
RN, BERAEER _HoaEMAR: —RERGITVEANERAGES
Fno fu SR 40 X BBk E 5 Fn M, B R, T BB A RATE, Fnofu
Fny 70 B R it B o (R A o XL & o ) AB (Lt ToE # . B AR B BUT
PR 209 8 RRAL 1 AR (£ B A R AR5 804 80%7Fn 90%Hy 8CB/PDMS Hy ik SR |
AR -85 K TT%Fe 80% Y 7~ [E] k5 & T silicone oil in water & 5Lk A &~ i & 4
#Hy Carbopol ##t X)) %, EHEN A GEME A ARERG T WRT T A
R T A ESRETH Fno A1 Fny LUK Fnp B 58 M 2 55 40 h & (Fig. 1) & R %6 &
R

KRBV EEA; AREBEZDY; BRNARE; BREL;

[1] Nam JG, Ahn KH, Lee SJ, Hyun K. First normal stress difference of entangled
polymer solutions in large amplitude oscillatory shear flow. J Rheol 2010;54:1243-66.
[1] Yang K, Liu Z, Wang J, Yu W. Stress bifurcation in large amplitude oscillatory
shear of yield stress fluids. J Rheol 2018;62:89-106.
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WE:
—HNERNE RN F T UBEAZXRTE TRz 5
NHNFBRERANEARZ — X UENHENKE, AMXKAZE—EBRE
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Energy dissipation in the Mullins effect of NBR vulcanizate

Zhiyun Li, YH Song*, Qiang Zheng”
Department of Polymer Science and Engineering, University of Zhejiang, Hangzhou,
310027

Abstract: The Mullins effect of filled vulcanizates has attracted wide attention for
its use to reflect the mechanical property during cyclic deformations. However, the
mechanisms of this effect are still ambiguous. In this work, we divide the dissipation
energy generated during constant-velocity cyclic deformations of filled NBR
vulcanizates into a reversible and an irreversible loss part and quantitatively analyze
the change of dissipation energy and its recovery with respect to crosslinking degree
of the rubber phase and content of carbon black. The results show that (1) the
reversible energy loss can be superposed well onto a master curve determined by the
microscopic strain of the rubber phase, suggesting a cause involving in the friction of
free chains dangling from the rubber network; (2) the irreversible part is related to
both the microscopic strain of the rubber phase and the content of carbon black,
revealing a secondary origination from the filler and interface; (3) the energy
dissipation in the first stretch can basically recover after a long time conditioning of
the stretched vulcanizates, revealing that the energy dissipation is essentially related
to the viscoelastic deformation of the rubber phase in the vulcanizates.

Keyword: Mullins effect; Energy dissipation

46



BT TR F P T R AR

ZFHE, RTR*, AR

TER, ARHENFLAT SR ERENRR, BRANIERT AR RAE N —F
MR BT, TR bR AN, 98 ACH BB Ay R AL
ERAMHTFH. - TFEEEN MBI S EER LD, S E K FREEE,
ARETARERNEREEABRIMALE K, R2ETE (PED 2—%
T EAEBRENINE RS, BTH PEIEETHER (AAC) #
RH ¥ LA (DMSO) %k, FETI AR AR FERK. T DMSO £ —
MR AETR, GBS H AR B T AR R, A PHATERN GG HFE
PEI-PAAC & 58 43 KEEfX . PEI 4 F WY& E1E Sk, [F i PAAC £&
REEAZRERRABHRAEDE, AARFTERWAFEE, LWEN
7. WERMmK R HEREESF A 1-19 MPa. 560-850%. 1-70 MPa. [ At 4
REZERTHARFHWEEEERE, EAFEHEESE 15mn A E2KE.

%3 SCHk

[1] Zhang, Y. S.; Khademhosseini, A. Science 2017, 356, eaaf3627.

[2] Zhao, X. Soft Matter 2014, 10, 672—687.

[3] Zheng, S. Y.; Ding, H.; Qian, J.; Yin, J.; Song, Y.; Wu, Z. L.; Zheng, Q.
Macromolecules 2016, 49, 9637.

[4] Tian,Y.; Wei, X.; Wang, Z. J.; Pan, P.; Li, F.; Ling, D.; Wu, Z. L.; Zheng, Q. ACS
Appl. Mater. Interfaces 2017, 9, 34349.

[5] Sun,J.Y.; Zhao, X.; llleperuma, W. R. K.; Chaudhuri, O.; Oh, K. H.; Mooney, D.
J.; Vlassak, J. J.; Suo, Z. Nature 2012, 489, 133-136.

[6] Hu, X.; Vatankhah-Varnoosfaderani, M.; Zhou, J.; Li, Q.; Sheiko, S. S. Adv.
Mater. 2015, 27, 6899-6905.

[7] Dai, X.; Zhang, Y.; Gao, L.; Bai, T.; Wang, W.; Culi, Y.; Liu, W. Adv. Mater. 2015,
27, 3566-3571.

[8] Wang, Y. J.; Li, C.Y.; Wang, Z.J.; Zhao, Y.; Chen, L.; Wu, Z. L.; Zheng, Q.
J. Polym. Sci. Part B: Polym. Phys. 2018, published online, DOI:
10.1002/polb.24620.

47



B AR T A ACHR B

=
HIAFBRTHRFEELEFR, B0 ToXKENRHERFTHELLRE,

A, KR, ERE, RTR*, AR

N 310027

R B R IR
s 2B B i
N HEC - SR AIp OO R K

WETRBR o X
AN T
\ﬁ%&nﬂﬁﬂﬁwﬂ:«,ﬁﬁﬁ
ot ety

B ot e am

Eyp e QTR T
TR Tl cRRwig
IS S E FE L -
S F g 2ARE W
P Y R Rl

N . v ~ iﬁ.»\
A IVRERE- -2
%,ﬁw<ﬁ%%mwm
4 A o MF IR 29N
%WW%%%%M%J@
REE oo 2 FHEm TR
ﬁm\m%ww,,ﬁ/om(ﬁAﬂﬁmﬁ
fﬁﬁ@%ﬁm&%%&ﬁ 9»%%\1«_” o
&I@Kﬂlﬁ 2 e S W S

e R

ol FR o Rg sCB-3g
BT R Wg AT ans
e o N B A S
8 = LR, JHRE

ST . ERwsR b
R (@ i O Y <
O tp-ab- Pk a4 H
SR B R
RN R B

TR Fuf; ABRKRERE; SEE; RAEN

%4t

1. H.C. Yu, H. Zhang, K.-F. Ren, Z. Ying, F. Zhu, J. Qian, J. Ji, Z. L. Wu*, Q.

-carrageenan/chitosan hydrogel films with high toughness

Zheng, Ultrathin

and anti-adhesion property, ACS Appl. Mater. Interfaces, 2018, 10, 9002-9009.
2. F. Zhu, H. C. Yu, W. Lei, K. Ren, J. Qian, Z. L. Wu*, Q. Zheng, Tough polyion

complex hydrogel films of natural polysaccharides, Chinese Journal of

Polymer Science, 2017, 35, 1276-1285.
3. Vandenabeele, F.; Creemers, J.; Lambrichts, I. Ultrastructure of the human

spinal arachnoid mater and dura mater. J. Anat. 1996, 189,417-430.

48



% BIRRBAAARBRELR A
R, R, M
BAaTERENEHNERTHERERE, FIAFEF IHR/EIEFR, I
M, 310027
*Email: s_yh0411@zju.edu.cn
A PRI 7 R B AN TR AR AF 2R R B R LR AT 5T, A R E AR R L 31 v i A
AWK EEER, AT, B EF XA EERRABINET AL &L — A
Ro AMIEERERTWE[L] 5 A TR F A A2 7m0k RO AT A
R, ZAMNT EBENFEEETHRB], RZAREER, FTRHEEAEATERR
RITARRNAGH R AXHET —RFEREEMERIRE EHREIR
IR E B AR, X HG B 58 R R A B AR B X B R R A R R B T B B
BAPSREMNRARAHAREN & EHFERXREEXREAT AN ER %
H, REAEREHRFWREZEZ R RN EMRIRE ER g iy &R
SR g8 HE, H Z AR O R AR T ELAE L
R REEERARK. R, FAMERY

%% Xk

[1] Payne A R. The dynamic properties of carbon black-loaded natural rubber
vulcanizates. Part I[J]. Journal of Applied Polymer Science, 1962, 6: 57-63.

[2] Smit P P A. The glass transition in carbon black reinforced rubber[J]. Rheologica
Acta, 1966, 5: 277-283.

[BIH & . &3 70 & B R A% IR W B B $L 8 B vy A 1 353 AT 47 B %8 [D).
T A%, 2016.

49



The rheological behavior of carbon black filled natural rubber

Zhongjia Xu, YH Song’, Qiang Zheng
MOE Key Laboratory of Macromolecular Synthesis and Functionalization,
Department of Polymer Science and Engineering, Zhejiang University, Hangzhou
310027, China

Abstract: The research on the mechanisms of reinforcement and nonlinear
viscoelastic responses is an important foundation for China's rubber industry to move
towards high-end and fine industrialization. However, the reinforcement mechanism
has been in great dispute nowadays. While researchers tend to pay more attention to
influence of filler network and interface effect on viscoelastic behavior of filled
vulcanizates, the contribution of the rubber phase especially its filler
loading-interfered viscoelasticity to the reinforcement and nonlinearity is usually
ignored. At the same time, the relationship between the matrix relaxation and the
rheological behavior of the vulcanizates is still lack of a systematic research. We
herein prepare a series of carbon black filled natural rubber (CB/NR) vulcanizates
with varying CB concentrations and crosslinking densities to investigate the
systematically. The results show that the vulcanizates have good modulus recovery
properties while increasing CB concentration and crosslinking density tend to shorten
the strain amplitude of the linear viscoelasticity regime. Furthermore, the CB
concentration and crosslinking density have a synergistic effect on rubber
reinforcement.

Keyword: carbon black filled nature rubber; vulcanizates; nonlinear
viscoelasticity
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Rheological study of reinforcement of konjac glucomannan

hydrogels by functionalized microcrystalline cellulose

Lin Wang, Yongsheng Ni, Yu Du, Xiaowei Xu, Xiaohan Chen, Xianhui Wu*, Jie
Pang*
(College of Food Science, Fujian Agriculture and Forestry University, Fuzhou 350002,
China)

Natural polysaccharides have been widely used as a biomaterial. Konjac glucomannan
(KGM) is a kind of high-molecular-weight neutral polysaccharide extracted from the
tubers of the Amorphaphallus konjac plants. KGM exhibits good prospect in
rheological study. Numerous attempts had been witnessed to improve the property of
KGM hydrogel, such as physical treatment, chemical crosslinking and blending with
other polymers. Recently, biocomposites based on biopolymer reinforced by different
kinds of reinforcing agents have received considerable interests due to the impressive
reinforcing effect and processing feasibility. Among these reinforcing agents, potential
use of natural fillers in KGM composite materials showed great eco-enhancement
ability. Microcrystalline cellulose (MCC) was purified and produced by the acid
hydrolysis derived from purified alpha wood cellulose. MCC possesses a high
cellulose content and comparatively high crystallinity. It is used as reinforcement for
both synthetic and natural polymers. The influence of the addition of MCC on the
structural and rheological properties of a KGM hydrogel has been studied, with the
objective to design innovative material, with good mechanical properties. The
functionalized MCC was characterized using scanning electron microscopy,
trans-mission electron microscopy, x-ray photoelectron spectroscopy and fourier
infrared spectroscopy. Oscillatory shear, amplitude sweep, frequency sweep and
viscosity tests were performed in order to characterize the rheological properties of
the KGM matrix, and of the KGM hydrogels filled by MCC at volume fractions
below 0.5%. The results show a significant reinforcement effect due to the addition of
functionalized MCC and indicate changes in the matrix network structure induced by

the functionalized MCC.
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BREm T BNERR &6 RN/ 5 A W EFARAT A URHA T
WA W R, - F L TEREARE T Qg TR LB 75BN R
AR T. AEE TERNE, BURGWHINARHAT A BUERK
& REMEFMWATH, FRFEREEFEM0REHAEERBALR. #
—FERBAMEZENE L, FAAT LS TEENVER AT AR H . RAITHE
WLE R R AN LB A B 7] AR T 5 2% B IR B9 A B 32 2 DL RO B ST AR
SEZE RS H K.

2ot R TEREERARMFEEZHF B!

R RE-FBEU Rewafh; MAm;

%% Uk
[1] Nie, YJ.; Gao, HH.; Yu, MH.; Hu, ZM.; Reiter, G.; Hu, WB. Polymer. 2013, 54:
3402-3407.

[2] Nie, YJ.; Gao, HH.; Wu, Y X.; Hu, WB. Soft Matter. 2014, 10: 343-347.
[3] Nie, YJ.; Gao, HH.; Hu, WB. Polymer. 2014, 55: 1267-1272.
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2l B 3 Bl & 0 4 a5 7] 5 BN SO R B AR LA 5
=

KE, TZF, hAR, Fttis, *£48, T&, ¥
BRAFUNFNIFREL TR, BUNFERELALRE, B8R, 210023
*Email: wbhu@nju.edu.cn

AR THE RS FNH, BNERF O E L THTRISKFE T
Bl A F[1], sk EAAKXFFANUT O RES S RRBETEH
SRR RE B S HEr, AR TATHIIEBEBE W ESRERURR KT L T3
AEITENE BEE G ZEMNE,. ERATHERNBETCEN, ARENSHK
NEFIRE @A FHRE . BEUERLAEUREE AR 2 &2 T EREX
HY R RN, TSRS f i B R 4 a5l 1 5 W R VR A H T ER,
EFEM AU E RN FNTHENAR . BNERN TEB G TERNT A
FALF AR R — RNEREFE X

K| o FEMN; REFZ; SR AF
M ATHRIEX BAMFES TR B

%% Uk
[1] Hu, W.-B.; Frenkel, D. Polymer crystallization driven by anisotropic interactions.
Advances in Polymer Science 2005, 191, 1-35.
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AT TRERNRE T 2 THEN
wAK, TFT, AXE

HEAFUFNTIHREL TZ, BUAFERELALRE, §H2, 210023
*Email: wbhu@nju.edu.cn

ATHRERBRAE RGBS TWERTA, RANERF ST
ARFEFZ o THUNE L[], BRT S5a TREEZMERNEESHE,
SINT SIREMRNSEE, ATRTEa TREZANFEEER. BTE—
BRENRESE, NEoTAREKRAT - RIWREMFEEYN, ERTE
EREma T aELEREBEYERTANEAR R EERNIE—F 2T L4 &
PHEREREBENEUEA MG, THAVES, ATMBHENEESENEL T
BT ANEE. KIENTHAB, TERBFHFTHRERAAETZR N,

KW o FTEN; REFZ; &8

s ATERIERBARFESZ (N0.21474050) B9 # B!

%% Uk
[1] Hu, W.-B.; Frenkel, D. Polymer crystallization driven by anisotropic interactions.
Advances in Polymer Science 2005, 191, 1-35.
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AR T % & T BRI IEH R
Ao 5 o 3 S AR AR I

AV, TR, Ex Y kR, Emx BENEY
CHMUFENFERELLRE, BFA¥  LHVNRABFEEATERAR
e, KHETAY, *HREsr FHRATHEALRE, L¥F¥K, BFA¥

¥k o FREEIRR, BRA¥)

KB A CIFTEM A £, BEF, THEBTH ZWEA, EaT
EeKERE, B AHOAKBERAFEETHHT, HTRARE T H A0
B, TFR, BLMBRREABEROARRE TERFROAIFEEZE &
RIE, AW REEEE (BAFMEEIEM R MREEMN TR & F LN
KERAAEENEREX AXZERIEaRAFMRT £ 8 TR IRE
AR T A 5 A0 Ay BRI 38 B K B R B ORE e BRI G SF I B R IR . K
BRURF R REARAIER AL RN R E AERTE, BTN
Fe* R4 A RAHBREIMESHNE, AEFZRETT A FRAEL S
T LT B9 R 38 Bk AR IR 5 5 5 2 BR KB R A [B] 2R L, i AW B AR T Y
AT, BT BRI M F A AR E AREEY N LA+
2FEIEE, AERRMTAARBKR, 2 URFABERERANENET
AR . ERFUFRREETEOERLT, KEREHEEET Y X EERL
(CandCanm) o Fe¥ ik E IR MM A, WEXBEERE Fe* Bk w48 fw.
RY¥4ETERHMARIDEBE T T WELEME Fe® Wk E A £ RE LB ENT
B, BB, SEMFRBRABERMENL, RRBFARRYFNERGEEEEZDFS,
ElAXELEREFERHIRAFREATIE 63— 5 EH T KRR E
WKL B A 5 UL W 48 4640 2 (B B9 ok R, 8 32 R ACRE AW 25 4 5 22 UL E 2 (A Y
RARAGEEEEAERAAFTEEZNETE L

K NRBABR; @ BRAL; RE: RTSET; BEEH

*W B R A BKER4E: HiE: 020-22237387, E-mail: zhangcr@scut.edu.cn; A< T
EE2EX AR ¥E4 (21534005, 21704046) # Ef.
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Particle-filled Rubbers Missing High Harmonics in LAOS
L Flut A%

ERR AT, TURBRRAIF L WERR . EAKREIRS T W44
T, A SO s B3 7 40 #oa A 7 70phr, 40phr, 20phr B9%E 4k SBR #8c, #ATT
MEFEROAR AELN, ELEREBHEARBHKN SBR KK F, ARl
BRI Z R F I TN G NN ERZKETHE, ERXETFESHRBE.
ABHE7 SBR R mte et EE . MAEEHEAE R BHE AR i A,
FoWHAE —WE W W/ FERAE. AR RBETR S SBR &K
AAEREEE, RAEE- N X HEEEARFNESNL.
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B ERFLR (CFG) AR/ REAL M RA K

M, TR
TERBAFUFMIFRRTFHAR, Li#E, 200240
*Email: hbzhang@sjtu.edu.cn

FREWI =& O MRV ST, B3 EKmTE =Y EWA A, 3
R R B ERMA R LR D, EXRTEIZEmEL. Rt R LRE
B EXRAER (CFG) AT R T B4 T K&k & F BN — R E AR
W, BAERAFAERKT ARG BAER?, HiHERES ZHITLRA, CFG
WL A FH—F R, MUFAEZ AR TR, AR BLCFGE ¥ /%
E IR IHRET (OSA) B R fr, WCFGHAT T B4, HHAR T T ENE
MCFGHY A, REREFUREILBRE LN ELMNE., R LA, &
M ECFGHSL B fr s M SLR LR E R F R IR ERK
A R ek P 3 A Lo T T B AR AR Y R R BT 5
R TARER; FREFHR, REAFER; BT, EXmIE >
i
%% Xk
1. Jin, Q.; Cai, Z.; Li, X.; Yadav, M.; Zhang H. Food Hydrocolloids, 2017, 64: 85.

2. Jin, Q.; Li, X,; Cai, Z.; Zhang, F.; Yadav, M.; Zhang H. Food Hydrocolloids, 2017,
70: 329.
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FI R A TR R R ) 4 BT A BB B F R I U R
24, K"
PEREASUE AT ERESTHEETRE

T e B — R B A b R3-D-R B, LA B A
Fo sk BRICHL IR, 8 [ S o e B AR A VL BB L ST A T DL
R0 T BB, 714 3 A AR T BV I A T DA B R “Tow-set”
B Frehigh-set™ B BE, M AMRUR AT . B o A Sk A0 A B 4 T DL
T 18 B B B T Y R BB AR R R R R T TR
IDMSO H ML, 33— 5 5 B 7 5 ok ) 4 U0 T B RO ACR B, i 4 B &
% . DMSO EI K #9357 5 e 2 B, H8 R0 AR B 0 /1 298 5 . BHA M 409 B %8,
(BREHEREN, H#it— 587 T T ERDMSO BAHEBAME, 7 E RS
BB R A A BEMENE, MR T AW E.
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H T e R H e B PR R OK A ZE RV LA ROFLIBAR R R
BT, Ttk
(LEXBA¥ KFUT¥E BHTHESWER, REEFAHM, L
200240)

F kA4 (corn fiber gum, CFG) £ —#f )\ F Kk & 7 tn TH (R E & =4
FRBFHFRIBIEMNAEZRBNRLSZE, CFG M5 E I, K&
MR AT, AR A AR, AR AE A IR AR RS, 2 kR H E EE (Glycerol
monooleate, GMO) & — AW EMEHAER, EAMEANKE. Tl wFEEAL,
TUbE R E e

A TAEF| N GMO *f CFG # 4T B K b I M # % T 4 Bl 38 GMO-CFG
(1%. 3%. 5%, wiw) HI&M REFI L, HEr Lo bigf ' HAZ
# IR B8 GMO &I KR E CFG 4T L. %45 GMO-CFG W& & % 7
ek, AR ENREHETESREENE, RIEE GMO-CFG & Ik &

\ \ N N

HREIREIGEER, LRREMEE R, RERETNKERER CFG Em/ AR
WY RHESKEEISWAEE (G”>G), GMO-CFG JLILFI W ko w8
W& T CFG, H#E5 GMOWERKEEEL X R, W, 51\ GMO B A& &
®E T CFG LA RAREER, EFEEAKHRE IR XA
AR AR LR
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REARXTNEROND FHEZTURERTFHEAR
A, iR
TERBAFUFMIFRRTFHAR, Li#E, 200240
*Email: hbzhang@sjtu.edu.cn

AERASE (1,3)-p-D-ARAEA R — & kA Ry b T EEENRAE KT
Befm i gE, ERERSTL T ZIENRER. 4T, TEKE & KBS
WIRH T £t —F HF% BFETER (CMCD) & T A RFHABE KM A
Mg, BAERGMANELTVEITBER LM *E, EAFRF, ¥
584 T A E B AR EHCMCD, #HEFT-IRFINMR (—4fn — %) WH#HRET
CMCD# #4454, 1 3 'H-NMRFr3C-NMRI| . 7 CMCD % % F £t #h BUX & Fu
BREN M. CMCDEAKFHABEHMERRERGENRE . RNHF—FLZIAR
HEBRE R R CMCD YA -t flx st &, FF A BUR E 2 7] LL R BRCMCD &
A FRNMEE N, W, REF 4R KZAMBAKECMCDEH#CMCD#FEH F
G T D] LA R B B

KA. FER; REFETER; BRE; BRESA; WE

%% Xk

[1] Cai, Z.; & Zhang, H. Recent progress on curdlan provided by functionalization
strategies. Food Hydrocolloids, 2017, 68:128.

[2] Zhang, R.; & Edgar, K. J. Properties, chemistry, and applications of the bioactive
polysaccharide curdlan. Biomacromolecules, 2014, 15(4): 1079.

[3] Yan, J.; Liu, J.; Sun, Y.; et al. Green synthesis of biocompatible carboxylic
curdlan-capped gold nanoparticles and its interaction with protein. Carbohydrate
polymers, 2015, 117: 771.
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