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Relation between Structural Heterogeneity of Cellular Structures and Mechanical
Properties of Polymer Foams
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Polymer foams have cellular structures which consist of solid polymer
matrices and dispersed gas pores. Polymer foams exhibit good energy absorption property while they
are light. The properties of polymer foams are known to strongly depend on the degree of foaming.
But in addition to the degree of foaming, the properties can depend on the heterogeneity of the
cellular structures. In this work, we prepared series of polymer foams with different heterogeneous
cellular structures. We measured both the mechanical properties of these foams by the compression
tests, and the cellular structures by microscope observations and image analyses. We introduced the
cell strength parameter to characterize the strength of a cell against the compression. We showed
that the heterogeneitz of the cell strength parameter can be semi-quantitatively related to the
stress-strain curve obtained by a direct compression test.



B & C—-19. F-19—-1, Z—19 (i@

1. WSERHm S DOE =

mATRIERIEESTFEY MY Y 7 AL L, AEICKEDOANDHE L 72 1E % ROk
Thd, @ FREEITEEME, WEZE, T2V F—RIE, BrevEEicEn, 7y
VaVvMREEMBEOITHMEUTIEAESHNONT WS, EoFRIEKROEN YN
YShV I ADEDFOYERZ T TR, SEKDOAZED TIVEE] ITERIKFEL TS
ZEDRHONTEY, A—DEDINORDIBEARTERBOREL2ZLIEDLZLTY
a2 bO—IL§T 5 ENARETH D,

%< DG, @2 FRAEREITICESAEE L, [UEOREOEHWIRETHWLND
2D & D BRFISRIZIEE (TR T 3 )b — IRIURR M X0 W Bl 12 Eﬂt%@t&é Ed
K < FW U 72 FTAR O WM 13 TR O FEHE K B 36 C @ % Gibson-Ashby #RER 12 & V) Fdik X
5ZEMONoTWVSE, ULLANS, K L<HEL ZRIEA iﬂ%fﬁf@gﬁﬁ*#%b<ﬁT
U, BEMEO LS BI1O»»5 HERADERIIAM I TH D, BElP T 30 F -1k
CHMERPBE I VVDIEN L — RAT7DOEBRICZHY . FARFICETOYEEZENZEDIZT
522 LIFTERY, BUAHEORELZS F<AETCINIE, #EHELRWIIMAS Z L TR
B TRV F—IRINEDP R - MESE 22 MOV UNT Y ADENLME L TE
5EDLWREIND, 72720, FERBWOREZINA &0 FRIERIZONTOMERSE
3%, TOYHIE R ITIFb o TWAN - 72,

AEFFEDBIERTIC, PREICKRE L ZEEERY TF L 2 RIaKO ERERME %2 750123
Rz A, LSHEBMUERBEOEMBGE L BB EH2RTIenbhoz, ITH
X RREICRIB U 2 &0 FRIAR O Y IE TR O FEE DA O F B3 IC B b - Tw
52 LaE%RT L, MEBHOHR, CIHEENZELIAAE—-REDLB->TEY, 20
(R — 1] DFRIBRD Y KESEEL TV 2 eIz,

2. WD HM

AWFFETIE T VEED AR —ME] ICEH L, PREECHKBELZES FRIEARD X IVIE
EENFYEOBBROMIHEZIT S 22 HMNE Uz, SHEERNTFILEEHAULE T VP Y
Ralb—Yaviwo MmN TFIEEZMAGLES 2T, HAEWIZES FRIEAEKD HZ#
R ANl DY AR T AN Y

g9, EFTINRELT, MATIES FORBBESRIEORE, vILDORIIEL2ZMKN

AV A= UESFRIEEREERT D, fERL ZE0FREmIcs LT, BEMsEE
m<‘:W%%ﬁ%ﬁ%H@Ib\f’z)I/$%L@Ti’3~'r$0)ﬁiﬁﬁn¥4ﬁ%rﬁ50 F 72, —HhEMEABR, —
HIAEEAER, M TR ED I X R NFRBN O YN T — 2 %285, ZhbDT—

Wiz, MY I al—yavEDT—R2 %250 TCLHNIIRT TS Z & THREEIZ
FKELU 2@ FRERICE T 2EE L YEOBEBREZHLNE T, HlAIXERNIIES N
e VEEDA Y DT —2% AU, hEYEDOT—22Hhed5¥3Ial—
vavETd,

BEIZR R 72 & 50z, K <FEU 2 FIARO YN IX Gibson-Ashby LG CTRlik §2 Z & AT
M, HRRE »%@b?’:%?@ﬁi (2 U Tl Gibson-Ashby #l G & HEEH 2 Z & I3# L
W, RS T Gibson-Ashby # G (255§ & HERAY R ILER U, BIVREE D AR — M & %Y
MOBBERAWICEMBLET VLTSI 2HELA, 512, BOFRIEERIIEST

FVENRIZEHEATED A M NZYMEORBREZ 5 X2 HmOEELAADL I L L
U7,

3. WrEDHIE

RIE IV EDRR D FE 2 D E 5 7RIk % JMAITER L. TRICDOWTEFEAE %
RS2 mNIFERMU 2, BONZED T RIRITT U T EkE LMt sl L

WEERIENT 2175 2 & T, IVEETDOADOY A XPEDEI DAL V> 2, IEED
RYG— V2 R 2 BFENT A—REZREL 72, £/, @0 FRIEARITH U T — 8l E
REBRZIBIUOETIRENHERRZITO LT, NEREMEZHAR, VS & f22 R
WZDODWTERKIZELONZHRICEDE, vYIEBEDOAE -2 AN UTERYRAD DS &



SEBMBLET NV ERMEL, G L WIEOMBE 27,

(1) R¥G—MED R D @0 TFIMRDIER: ¥ NV w7 ZEa O &0 T OFEME L FIaORE % 24k
PHZZAL U 2@ FRIROER 217572, X MUY 7 A& UL TREERY TF L >~ (LDPE)
ZHWz, BIGIEFIEOMEL I TV ZFERIH 2 W2 IR TIT R 2 12, FEHIk 7O R E
T & RGNS 5 Z LT, RIEWOREP VO A X - BRE LT HE,

o XNV WI AL OYINE

o BIEEEDOKRETI - APk
DEZ D w5 FFIak 2 FE U 7=,

(2) @D FFEARDORGEDRE: FERK U 720 FFIRITT U T, VSO RIE & FEfwie o Hl
ERITR Oz, T, @07k O HEEHEHORER T 280D B U, Wi D FLo A % U
WCHRETLH TR MEGEZBIITE D L 512U, B 2 2B CHIE TS Z LT, 1L
DG & ER T2 BT S D EG LG, /ONAZEGT — 2 UT, W 7077 L%
HEL. RE—R)URE 2 S EISINT Uz, R, RO ERR RIS <BR L T0a
IAERED AR B % ERERE ISR D 72,

(3) E D T HIRDIEMEIRER: 50 TR U T2 O 2R & 175 2 & ThHZWE % N
Tz FEIRD JZYINE % O 1 2 121E T — X DEFEN S S BEFORIR & D DR S & —l1E
MaskBRAYEH U T\ B, T2 T, ARIIZEICEWTERERDISE & R EHMEARR % W T hFYE

NIz, ESROBB R 20 U, JTREREREIC TIEMO T AR ML, JEMES -0
AR % JE U TR 24778 o 720 FEIORITIEREAED & R IVREEN R AR 2 [Hi#E] 234

C2ZenbnroTHY, FEXEEFILIUVEEDHEHREZ KKKMULTWSEDEEZLND, T
Z T, AWFETIRRHC RSB S H U @i 21778 2 7=,

(4) VRS & MO BROMGEE TV v 7 (2), (3) DEBAER %2 W T &0 FRIAAD

Y IRSED A~ e IV OBGRE NS 720, HELET ) Y 72178572, AW%ETH
W B TRV & R IVESE DAY —Th 2 2%, BHMETIIE TR O N2 iiE O AR —M & i
e & 255D 272012, ED &S 2YliE - NI A—RIZEHTUUIIOONELE L, HiE
CEMERIE 2 A B 2 ODETIVEBEL -, £/, RE—MHIZEHLATETY VI %2 &Y
— R BERANEREI ., A —BEDX 1 F I 7 ADETMLE AT,

4. WFEER

(1) LDPE F7AAD X IVEEE DAY — M DFH%EE & Ab: LDPE RIaADFILDREE & L IVEEE DA
2 ETNTNEIEIL CHET LI N TELIFEEMAL 2, (LFHBWETER-AED T
(LDPE) & @R CHRUCHAZ AT 2R WA ZEAL., SEEE NICES 2L TR EZTR
D, FRIWOBEZXTHEE U THNEE CREEDED TSN 2 @0 FRIGKRDEE D )
ZHWS L, HABEIREHODRIZE>THBETEILZ 2D r>T W5,
$H%Tﬁ\m?%@ﬁf%égmﬁ#vEXNyﬁy1w$:th59Famﬁn@ﬁ
TRERXS - L TRARO T VEOFA L2 BT S TR WL L2 MARRD OBSH
AR —IVIZHER - AT 2 LT, KA OBSH K T-& U7z, OBSH O¥RIF/INX 2 1L
Z, HAMERIIKERAZIEKT S, TI T, MARCHREREDODRELZIAIEEL I LT, /N



BILE K BRILOEE Z P Uz, WKL HAREROE A £ 2 TOOBSHO AR % KT 2 2 ¥
T, MRIEE &R VSO RY) M % REIT 2L X € - LDPE RIAKE 55 - L AHREL %85
Foo BIUCHEED LRI —M: % 250 X 8 7 LDPES A D BIEL O & R d . 20 & > 2k
% SR B U 7= 65 9 TRV R IR % OWIME % TR % 7D DE FL TRtk & LRI
BILENTED,

TR D BRI B H,  FEIOAR T I

DAZRSPELTWD, KEFD>H, KREIBAZEKTIHAEHOEESER%EZ ()0, (b)

0.2,(c) 0.5, (d) 0.8, () 1 ¥ ZALIHT VB, (a)(e) XL IHEED T —ITIEVAS, (b)-(d) Tldt Vi
BIZRWAE MR SN D,

(2) LIVHEE DAY — M & FEAERE I D BIfR: M & VG DA — M % R 2L 3 E 7=
LDPE FIAR IR U CHIMEEHIE & B ARNT 2 MlAEhE TRIVEEDO AR —M % 2N
7o ZBEOUEMBHED S L IREE DR EZ T 2720, Fi2 ICHEGgEN 7 075 A% BIEL.
LOERDO B % BRI RD 2, IHIT, HDLIVORBEIINTIMELZ RTHEEE LT

(VBRSNS A=K ) ZHBAL, CIVBRET A — X 5B E RD7Z, RIVREIST A —4&
IZEMER O I T2 MY DIBEETH Y . LIVIRE ST A — X A6 EMER O i %2 T 5
YIVIREINT A —ZDAEIZOBSHM AR DA, & D WO IZH KSR O A THEE L 2 Rz s VT
WIEMEDO DA TH Y, MR RIS ZEA UK TR BN RoT 0D 2
ENbhm o7z,

FEAER I % R D 720, HNEE & 2 IVED R —M % RFIC2 (L X8 /2 LDPE F&iak
XU TEMEIS -0 3 AR % JIE U 72, 185 07206 )1-0F Al R RHER I ISR 2 1
EOTHIMRE DN, BRI 21T R o728 2 A, FEEREID L VRS DR —ME & iR < HH
LT\ Zedbhnol, TI T, BREEHOENEEEMITANDS 20, THERE U
TRIVABEEBIC B ) 216 0-0 3 AMfROME S 2 8 AUz, FiEFAEIE OBSH RO A, H5D
W KA RO ADFIATIINET <, MREHAERZEG U ZRBEAERTIEIREILS R I L%
AUz, B 2R T &0, MR BMEHIIE 2 S8 5 N2 R IVBRE /ST A =2 DHAHD
RN 722 & ORIZHBIN R 57z,

PAEMS, RIVEEE DAY — M & [EMEREEIDHEBI L TW S Z e DAL N 8o /2, RIVEEED
RYG MR IVRE N T A—ZNHATELSRBRTED 20D, RIVBREINT A — X 5di%k AV
TIEMIG -0 A% KT 2 2 L 2ikAz, BIVIRE/RT A —ZHMHIEN < DhDRF
A—Z % BAUTHEMOTAIRNMIREBRDOT 2 2 e N TE S, BERIINT A — R % [EHEA



BNOEONIHMERED T — R EBETDLDITRDZL A, LIVOFEFIRE TOISS-
O AMBOPIRE PERKICHE T2 22N TE /2, JckY), BEMEIC X 22 IVEEEDHE
ET —ANOEMEETEZ FHIL 20, B T 2 EMEEER % R 720D ViR H AR O IR
DTFHA UV efFROLE VLI ENTEDL LB,

— 0.3 . £ 10 : N
= o plp,=047 © = s & s 4 P/p=0470
e x 053 x .= g4 ] © 053 x
5§ 0 0628 & 0.62 &
EE 025 = g
28 x 5
= 2 S 9|
5% 028 2 3 0
E E F a (-) k
R 2 51 o e o g
Fo00s b =R
0 02 04 06 08 I s 4

0 02 04 06 08 1

coarse crystal fraction w,. o
coarse crystal fraction w,.

[X2: tHXIEEE 0.47,0.53,0.62 T OBSH DO¥yk &M KA DEIG % % X 72 LDPE FidikD (F)
BBERBIERE D O RO - RINVREINT A — R 3 OBHERZ, () JEMEAER D & K d 72 FEREL

(3) R —FEED XA I 7 ZADE T I L: @ T RIGRO 2 IVREE AR — M & TR O BIfR D
b, &Iz, MEOROARE - ENSEDEICHEE 5TV I ENEZILNG, BHT
R DG E I RREER A — L R o TV AW, WEIZ L > TIRBINAREN A —L
BoTWdE2B5DEH 5,

Bl ZIE, B EIEAR TR CIREBIME SRR - BT X > TARE—I12D 6 SEIR A —HERFEE U
TV ZEMNELSEHBINT VD, ZDOED BRI —LRENEEE2 R OREET LT 2720,
HEOARYE —MDHE 2 FPMAOEEE TV EE LI, FZBMELET IV BEEEETETI)
ZHFEL 72, @EREAET TN CTIEREMKT 2 BEEBOMAPBINICEITL2EDE U GRIER
A LR, BEOEFHILEPEEEGOE DA - HITEEEIND, BEMKAEET VLT
RIEZHECZITBRODDERY —REAF IV AZEBTL I L IR -,

7o, BEASGETIVEIERLY EHESDS LV S DS SHHUHRBE T IVIZDOWTEE
FIOAL & BRI 2175 720 D O HABURILTE 7OV E kS & € TOVRBRIC RIE ISR L X vz
ETNTHD, BEJMEETNERRIIAY) —REAFIVAEZHEHTLZ LI LAZZTT
<L WGBS T CTIENBEBED - MARELFL ZLICERIL TV, b DRI
SHBI FIERROEHNEFHOE T IMALRMTICFHATE 2 LD LfFIN5,



13 12 2 0

Masubuchi Yuichi Uneyama Takashi 14

Comparison among multi-chain models for entangled polymer dynamics 2018

Soft Matter 5986 5994
DOI

10.1039/C8SM00948A

Uneyama Takashi 150

A transient bond model for dynamic constraints in meso-scale coarse-grained systems 2019

The Journal of Chemical Physics

024901-[1--16]

DOl
10.1063/1.5062495

Uneyama Takashi Yamazaki Tatsuya lgarashi Toshio Nitta Koh-hei 59

Effect of pore size distribution on compressive behavior of moderately expanded low-density 2018

polyethylene foams

Polymer Engineering & Science 510 518
DOl

10.1002/pen.24958

Uneyama Takashi Miyaguchi Tomoshige Akimoto Takuma 99

Relaxation functions of the Ornstein-Uhlenbeck process with fluctuating diffusivity 2019

Physical Review E

032127-[1--13]

DOl
10.1103/PhysReVvE.99.032127




Hirayama Takaya Uneyama Takashi Masubuchi Yuichi 58

Characterization of critical gel state of polyamides by viscoelastic, thermal, and IR 2019

measurements

Rheologica Acta 281 290
DOl

10.1007/s00397-019-01136-0

UNEYAMA Takashi 76

A Self-Consistent Field Theory Based on a Soft-Dumbbell Model for Symmetric Diblock Copolymers 2019

KOBUNSHI RONBUNSHU 44 51
DOl

10.1295/koron.2018-0035

Yuri Nishiwaki-Akine, Sui Kanazawa, Takashi Uneyama, Koh-hei Nitta, Ryoko Yamamoto-lkemoto, and 5

Takashi Watanabe

Transparent Woody Film Made by Dissolution of Finely Divided Japanese Beech in Formic Acid at 2017

Room Temperature

ACS Sustainable Chem. Eng.

11536-11542

DOl
10.1021/acssuschemeng. 7b02839

Yuichi Masubuchi, Ankita Pandey, Yoshifumi Amamoto, and Takashi Uneyama 147

Orientational cross correlations between entangled branch polymers in primitive chain network 2017

simulations

J. Chem. Phys. 184903-1-8
DOl

10.1063/1.5001960




66

2017
547-548
DOI
45
2017
217-223
DOI
10.1678/rheology.45.217
Miyaguchi Tomoshige Uneyama Takashi Akimoto Takuma 100
Brownian motion with alternately fluctuating diffusivity: Stretched-exponential and power-law 2019

relaxation

Physical Review E

012116-[1--13]

DOl
10.1103/PhysRevE.100.012116

Uneyama Takashi Nakai Fumiaki Masubuchi Yuichi a7
Effect of Inertia on Linear Viscoelasticity of Harmonic Dumbbell Model 2019
Nihon Reoroji Gakkaishi 143 154

DOl
10.1678/rheology.47.143




Uneyama Takashi 101

Coarse-graining of microscopic dynamics into a mesoscopic transient potential model 2020
Physical Review E 032106-[1--18]
DOl

10.1103/PhysRevE.101.032106

29 6 6

Takashi Uneyama and Koh-hei Nitta

Rheological Behavior of Partially Melted High-Density Polyethylene near Melting Point

The 7th Pacific Rim Conference on Rheology (PRCR 2018)

2018

165

2018

Modeling Viscoelasticity by Mesoscopic Coarse-Grained Models with Transient Bonds

Takashi Uneyama and Yuichi Masubuchi

First International Conference on 4D Materials and Systems (4DMS)

2018




2018

2018

67

2018

66

2018

30

2018




2018

2018

Takashi Uneyama

Fluctuation of Diffusion Coefficient in Coarse-Grained Models of Entangled Polymers

Soft Matter Physics: from the perspective of the essential heterogeneity

2018

2018

2018

2018

2019




Takashi Uneyama

Mesoscopic coarse-grained simulation models for entangled polymers with transient objects

Computational Sciences Workshop 2019 (CSW2019)

2019

74

2019

44

2017

65

2017




66

2017

Takashi Uneyama

Coarse-grained modeling and statistical mechanical analysis of entangled polymers

Bridging the Scales in Soft Matter Simulations

2018

T. Uneyama, T. Yamazaki, T. lgarashi and K. Nitta

Effect of Cellular Structure on Compressive Behavior of Moderately Expanded Low Density Polyethylene (LDPE) Foams

The XVIIth International Congress on Rheology (1CR2016)

2016

T. Uneyama, S. Tatsuta, T. lgarashi and K. Nitta

Bending Behavior of Moderately Expanded Linear Low Density Polyethylene (LLDPE) Foams with Different Relative Densities

The XVIIth International Congress on Rheology (1CR2016)

2016




65

2016

68

2019

19-1

2019

2019

2019




Ornsetin-Uhlenbeck

2019
2019
Rouse
67
2019

Takashi Uneyama

A highly coarse-grained model for dynamics of entangled polymers using transient bonds

The 91st Annual Meeting of The Society of Rheology

2019

2019

2019




2019

75

2019

2019

2020







