[2R2 Exflsks U H—FURI Y

Science Tokyo Research Repository

oo /00000
Article / Book Information
oo@a)
Title(English) Study on reinforcement mechanism of elastomer using butadiene
rubber/resin composite
oo@a) oood
Author(English) Yuki Takahashi
oo@a) O0:00@0),
oOooooo:0oo0ooa,
O000:00112350,
000 00:20190 60 300,
ooooo:0o0o0a,
ooo0:00o,000,000,0000,0000
Citation(English) Degree:Doctor (Engineering),
Conferring organization: Tokyo Institute of Technology,
Report number:[J [0 1123501,
Conferred date:2019/6/30,
Degree Type:Course doctor,
Examiner:,,,,
oooo@a) oood
Category(English) Doctoral Thesis
oo@a) oood
Type(English) Summary

Powered by T2R2 (Science Tokyo Research Repository)


http://t2r2.star.titech.ac.jp/

(FEERER)

Doctoral Program

i 30 B

THESIS SUMMARY

Foe T—R B H HRHAL 80D @« Mt

N R
Department of, Graduate major in FE )ﬂ{ [ﬁ'_%é a—A Academic Degree Requested Doctor of ( %)

FARA o FEHA (1)

Student’ s Name Academic Supervisor(main)

g 2%

frga F)

Academic Supervisor(sub)

BE (F13C 2000 FHRE)

Thesis Summary (approx.2000 Japanese Characters )

mPERE X A YRR A R & LT, IrfE I LBt omMEfARDENTND, 72V T
A - BEEAR (VCR) X, 74 Y= 34 BR) 230447 F v —1, 2—
RN T7HTxT (SPB) BHETHR L7 T LB TH Y . @R Y A Y~ H 03 #ifs =
b, KX TIE, VCR O A N = XL %ML, S 65T ENT R, F
J IR DBEMEE (AFM) &0 5 FEZHWT, VCROT / Ik & i~
7zo BAREYITIZ, BRAH - SPB AHH O S fEE A ) FMEIC KIETRE, RIREBOEL 7
+ 1 = OIS OBIEE L SPB B A b oMM v MU — 7 HEEORE, Y
W UARRIC K 27 7 #EZEA OB, FHE(EFRI ORI, 72 EIC O W TRHE LT,

%5 1 % [Introduction] Ti%, FAFEHXONE R, 2 LOHMIROIEITHIE, ABFZEICHNS
MEIORY 72 AT O TR L, AWFFED HiZ ik ~7-, % 2% [Theory) TiL,
INETBEREBESN TN D T LOHMRICET 282 DHERICHOVWTE & DT, Eio,
AWFFEDFEBRIZHND T/ filiz AFRM IZHOWTHERR T DI H 70 . AFM OffA, -/ fil
BON—ALR DT =A<y THE, £ OMITIC LR #ET v & JKR 2 AIEIC
DNWTE E O, #5 3% [Experiments] Tik, FHEBRICHWSHR YU ~— (BR, VCR 72 ¥)
DERFNE, s — R ZAERT 2720 OREINLHE, BT & O HSEEIT D
THt L7z, # 4 % [Basic study of butadiene rubber/resin composite] Ti%, £7 VCR ®
BRRIZOWTIA LT, 74 V= EHAD 2 BEMEIGE LT, EicT2. (BR) ’i’/‘\ﬁfcb
BWTHIE (SPB) #6595 Z & TVCR #47-, VCR %, ##kiiZ SPB % BR (2
SHLET LV R —AR 77 v 7 (CB) F#E BR L0 & it (SI5RMEE) Ja%ﬂ
Tz, 7/ itz AFM 12 LV VCR Z 812 U7-pT, RO/ BR A & o 50 SPB
FAORNZ T O R A A 2 R fEKDY 50nm 13 EDEHTHEEL TND Z ERH 5
Wl oTe, Fiz, BIERBR TR ONIc~ 7 v DY o VR E | FimtEkad B E L 7o
RTHAT L &N TE e, REEBII T LERT 2 L CEHERBETHDL L ER
bb, #5E [Observation of deformed samples| TiL, i /1EAHBR TH O 5 VCR
DO FIRIRE DRI Z 5 << | [HEIRED VCR 8 LU CB £ BR O 7/ fiti2 AFM




BEEFEE L=, BEICX->TVCR X, SPB IR FHEICEIM L, SPB BA&IZH > TR
WERO~ M) 7 ANEFGHER DRy N7 HEEZIER L TND Z ERH LN -
7zo —F. CBREBRIZCBH. 72 Vv /v ar & LTy M 7 ARKRITE DGR
MINDHIEEEZRE L TEBY ., BITHEDOET LV E T H/RTH-oT, SHIZVCRBLW
CB 74 BR NN DOFIRTE T MY LD T BPEZR M| 5ERER T D7z i J17E A il
MAEABH TXDZENHLMNCARY, BT NAOZY M Z2RRT LRI o7, 6%

[Effect of cyclic deformation| Ti%, ZAEEKEL 5 272D VCR OFE/L 7 4 1 U —X0jH
PR DA, HLITHRBENTWD TLD~ U U ZBVRN T tEIc 5 2 5 882>
WTHR L7e, MuR LEA T TH SPB Xy MU — 7 [3RFF S0, Mok LHRHET 5 2 & 238
SNt MRLEAZEZDZE T, ~ MU 7 ZAOWMERMET L, R EEkom
RSB T 2 Z Lo Te, ZORRITEATHIZED CB FRIE T L OMM EEELL L7726 DT
bole, TOEEBE L, 2 [BIHLBEOISTIEAMIT, ~ MY 7 ZOEPERTHATE
HZENHLMNI 7257z, 5 7% [Improvement of VCRJ TiZ. VCR O % HIIZ,
kAl Z 56322777 5 VCR 28R L, SPB OWHMEIZAE) LTz, M) m =L
7=b DD, VCR UL EOBEMENS SN h o7, SPB OfHIMb L, Fi i fEIR o> mfE A3 0
LizZ &T, BN m L L, 2 o¥ A R TIS RS oM K0 AR O3 m kL
TebDLHENT S, —J5. SPB M9 % 2 &L TVCR ORH D SPB D> b U —7 M3
B CE T, CB RO E ST DWW DIRENG LN oo Rl SN D,
8 # [Conclusion and future work | TiX, Aoy DERE#RRE L TR/, BiEE LT,
~ 7 aiR )t s LT o 7R BRI, <~V AR E T A — L ORIl CTREL
THIENTE, BHRERICHIET DMRA =X LDOMANTELLER D, —Hh.
LV BIEMBRBIESG L LT, I X B REBFToNnD, BRI THRNRER 2
OIS ZETINDDOMENREL D, TLADBIEA N =X LIRMHBETH D, £ 2
T, ABIEZIGH LT, S AMEI OB IR, BEFEBIRO A 7 = X AREBIZ SR T &
Tene&EZ 5,
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To obtain the reinforced elastomer and elucidate the reinforcement mechanism for
rubber, butadiene rubber/resin composite (VCR) is designed by using a synthesis method
for a rubber composite filled with highly crystalline resin, which is derived from
only 1, 3-butadiene. The fibril fibers of SPB resin are highly dispersed in the BR
matrix of VCR.

The nanostructure of VCR is investigated by using nano—palpation AFM. The interfacial
region in VCR is found between BR and SPB. The area of interfacial regions is around
twice as much as that of SPB in VCR, regardless of SPB contents. Average JKR modulus
of the region combined with matrix and interface is revealed to have good correlation
with Young’ s modulus given from tensile test. The interfacial region is one of the
key structures in thinking of the reinforcement of elastomer.

Nano—palpation of deformed samples is carried out. Its result suggests that SPB has
two merits for reinforcement of rubber. First, it’ s easier for SPB to build the
network structure in small amount of the filler. Second, SPB can be deformed and
oriented with elongated rubber. SPB is “elastic filler” . The SPB skeleton network
structure can support higher loading in VCR.

Cyclic deformed VCR is investigated to clarify origin of Mullins effect. The
mechanical property of the cyclic deformed VCR is related to only matrix because of
the damage in the interfacial region. The essential structure of VCR is maintained
even if the specimen is damaged by cyclic deformation. Mullins effect is reproduced
by nano—palpation AFM.

The dispersity of SPB is modified to improve the mechanical property of VCR by in—-situ
synthesis of the compatibilizing agent. However, its tensile modulus is inferior to
normal VCR though elongation at break is improved. The results suggest that the

relatively large and high aspect ratio SPB must be essential to reinforcing effect




