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AiXix (T8 hFEy I a2 b—va v ERFBADBEREEIC L D77 2F v 7Bt F ) Wpikfighr) L, &
TETHR I TS,

H1E [HERR TIX. T/ A— MV R — Iz BT 2 51%WE (7 k) O REE LConTEih% v 2
L—3 3 > (MD) & 7D BEMEE (AR OB & . I FEZ0PA LA TR VW THBIL WD, BEERY =F
LV (HDPE) & AR U 25 Lo (PS) ZREMRT G, Wik 2 eS0T 2 @ vtiid & fif AR K4 2 Ao 5 % 3
LT B ENS HIOb &, MFEEZHFNIOEHT 2 Z EOBRIZOVTHRITW A,

B2 TARMIC X 57 WMERIE & Z O k] Tk, ARM OS2 30BN U CIREICH LiAA, 3l SHEd 2
it Lo, EERERESMET L EEO 7 4 — A — RV RERES . ) W E i+ 579
ORFORHIHET MTOVTIRRTND, £, WERREOT Va2 500 T LTRALE
DMT BB E 7 /L & JKR BB T 7V, £ OHGRIRO -0 O T L UTHER L7z Tabor /37 A — & RS
HX DN TIRRTUN B,

¥3E IMD OFFIAEEL T My S 2 L—a U HE] T MD THEAT AL TFETFT A (S AT v K7 b
LETIV)RRT b, HE BERIEGER EORARN R I 2 L—a VEEDIED. ARMICX BT W
PEREFEEZHRT DO DERETFT VORI ONWTIRR LTS, ZITIRELZESHRLIARES L=
v MEAOY A Xt L1277 4+ — A —REVERREIBREH N L 2 A, ZOMBRIE AR T 5 2 #ifR O % %
BLIEZTZLDOTH -T2,

B A TIESEPEREE (PS) O /7 MpMEfEAT) Tl MD & AFM & $1Z 23°CI2H T 5 7 4+ — A — R ETR il &
JWEERIRAT LTV, MD TTHIIL 727 4 — A — 3B E A 3RS 2 7 LIADSG TS Bz > T T, 20D
ERITEL T D2 L 2R LTS, L LEO—J TR Lo MERIIES T Z L ICEENERDS b Z
LD FOEBITRETAI R E OEVITER T 2 TR R Sz, & ST & EHER 2, BT AR
DEPEFRERIZH L TCREZED A — L THFRH SN TS Z D, ETALOFRMEEIEHWE VR D,

o5 E TRESRIERTEE (PE) OF 7 WPERRAT] Tld. MD & ARM & 1T 23°CITBIT 5 7 +— A-BHETE i & T
D WIEE T LT B, MD BT T Y B8 s T BT 7 AN D A B R RSE 2 L T X . EsF o
MR 7 4 — A —REEHEMBROBIRICEE L 525 2 L2 R_TWD, KRIESIZBO T L7 iR
HbELAEENALI, EEEMTICB T2 mREEDOEWEWMEAMNIZE D0 FEHOEWVIERNTLZ L&
SN LTWD, F/-, RO FEHMEIT ARM & R%EOENRE LN, T /LELTOAMMEEZRL TV D, ARM
T2 um WWHIZBWTH ) W EFHE L72fE R, 7 4 — A2 =3B BRI MD & FEROREMA RO Z &,
BERE OBMERBICAR—ERROND Z LR ELERETNEEMTTND, 22 TEHELITT +— A BE
TEERBRC R SN DM A IS+ 5 B E LT, HPI T A—FEZEHRZELTVD,

%67 NEEKIIEMNT) TiX. PS & HDPE IZ2OW T, F/ WP EDIRERIFHE 2T L T\ 5, PSIZEEL T, ARM
THIE L7 7  — 2B ETE BRI SRS 2R B IO THEIBNCE(L L, T A EBIRE (Tg) &2 HIREH
TIREEHEERNAE LD, —FF WD O 7 4 —A—REEE BRI Te 282 2IEEH CRIMICRS AL, # LA
Trihif & Bl ZHEUBRANITZ L A E B Le v, BPERIT Tg 120 HE L 7R BEHRIZ 35U Tl 2R oD SRl & R iR 75
RN E T D, TNDH AT A — I LEBERICE T 2 EkiE 02 (b E ARM & MD OBRIE S 7727
RTINS, HDPEIZDWTIE, 5 FETM OFERE S LICERE LRI RT A —& & ARM AIER R I3 L i
AT 2T PEAREL TS, HBIST A —Z 37 4 — A —REEERHBROR LMD TFHI LIS T4 A
F I REEMEALT DEZICHESNTND I LMD, ZONRTA—X BB LCH ) WEER TS5 2 L2
I, EBRIZIIBRT 22 LOTERWEHE TOX A F I 7 A LEBCE LT — X 2052 &
MNTExD, TOMRE, KBS TIImMEAMNIC LD ERRIAOWE Y NEFICRN D —F CEMEE IRz TV D
&, AEIORGE 64 CEB A D L REMEEDREM T2 2B 60T LTINS,

FBTE [Fwm T, KRXONBIZOWTRIEL, SBOBEIZOWTHRIEL TS, IhEET 5T, K
ST By DE RGN T ) WIS G- 2 A EIZHOWT, MD & ARM Z 0 L7=FIEICK VLML TV 5D,
D E BB A DI 5 2 & O TE 2ARFEE, b+ 2 /M S H0c @2, RN
OWNWTE L EEOBRMEIIC SN Z EREIF SN 2 LD, T¥EEROWNCTE EREIRT 2 L 2 AKX
TV, Ko TRGERUFEE (T%) OPEE LTHOaRMER S 2 b0 @B Db D,




(FHRR )

Doctoral Program

WO B

THESIS SUMMARY

Foea—Z S b PR HRET. 8o « it ( T2 )
Department of, Graduate major in a— A Academic Degree Requested Doctor of

FAERA — gEZE (E) :

R TR PR (R < i Gt

Student” s Name Academic Supervisor(main)

fREHA E) -

Academic Supervisor(sub)

S (JE3C 300 FEFRAE)
Thesis Summary (approx.300 English Words )

The aim of this doctoral thesis is to clarify the relationship between higher—order structures and
mechanical properties of polyethylene (PE) and polystyrene (PS) at the nanometer scale (nanomechanical
properties) by using a combination of molecular dynamics simulation (MD) and atomic force microscopy (AFM).
The doctoral thesis consists of seven chapters, and the outline of each chapter is as follows.

In chapter 1, significance of the complementary application of MD and AFM and the reasons for selecting
PE and PS as samples were described.

In chapter 2, detailed measurement principle for obtaining nanomechanical properties using the AFM
technique was provided.

In chapter 3, settings for MD were described. To obtain the nanomechanical properties using MD, the
contacting movement between an AFM probe tip and the sample surface was imitated, and the load generated
on the tip was simulated.

In chapter 4, correlation curves between the force and sample deformation (force—deformation curve)
of PS at 23 °C were analyzed. As a result, the high reproducibility of the MD model was assured because
the similarities in curve shapes and moduli obtained from the curves were confirmed between MD and AFM.

In chapter 5, force—deformation curves of PE obtained at 23 “C were analyzed. The plane zigzag structure
and amorphous structure of PE could be reproduced in the MD model. It was cleared that the nanomechanical
properties depended on the contact position of the probe.

In chapter 6, the temperature dependence of nanomechanical properties for PS and PE was evaluated.
It was confirmed that the nanomechanical properties of PS changed significantly at glass transition
temperature and that of PE at crystalline dispersion.

In chapter 7, knowledge obtained in chapter 3 to 6 were briefly summarized, and future prospects were
described. The method, which combines MD and AFM, can evaluate the nanomechanical properties visually
and quantitatively, and it is expected to be effective for various materials.

%5 FSCEEIL, A3 2000 & HEC300 GEA LERT ORI D0, b L<IZIL 800 #Fa LR L T<E3 0,
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