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AN TR BRI & B U 7o R FMAME O MBS R OWPEDfiflr ) L, LAT O 6 ECHEN 5.

1R Tiam) 1%, BRBEXIRICHE O IREMHE~ O TR EOZALIZOWTIH L, BT OB D FEHFEIZ OV TG L 20385 2 X M D
PR E PR, & IR FETUCRET 2 EEIZOWTIR 72, 20D 5 2 C, FHRBHUREBHEOMIEICE T 5, SRR MEL LA
T D T EAR O FAR BN OREEE0, GRS KOO RBBUKEEEZ B O NICT L2 HERH D LW I RO B L BER AR~

W28 [~ 7 b —AX#E O REHEOERRICEB T 5 in-situ SN T, AU 727 Va=krUL (PAN) &fHi0CHmRE
AR L CERIS D Pitch ZRFR & T D RFEMHEICONT, Yo Zubarovs 7o —AXBREFMATSZ EICL-T, HilkiEd
T IR ER & BLHE T /A X BREGEL (SAXS) D IRIREHIE 36 X OMEE BN I 2 JR T fiEilod SAXS MIE & 17 - 7. A B EMERE MRV
ZERMBITV D Pitch RRFEMMET, JEREERZ N 5 P8R TR A FOFYBmERES D35 2 &30 0, PAN Rk FEHECILZE
DX DI RA FHEEDOERITBM S nier o7z, £72, TORA REHWHEHBEO LB EL, JEMETIICBT 2MEE TOOTHEN LIRS
NAHEELVE LI REL, RA REBETOISHERBEE TWDHL I EEZHLNE Lz, SBIT, JEMEMEERE O RFHHEDO R A L Wi
FiflE, Pitch 38 XU PAN RRFHEDERAM O R A FEEWIERI AW LT D Z LD, Pitch RIRFMMIIEMREER O,
PAN SRIRFEMHEIZHIRE RN A A RSSO R AWAENEE WD Z EE2W LN E L, A AORE ST S TOIRNEFO L
RoF I DIEHMETREE 2 AR STV D LT .

%3 B DHTBLATER IR R SRAHE O BIE FTRETREE & MREMRNT) T, KX N ERMREA N L O D FEHHEDO KB E LTRY R XA 14
V' —/L (PBI) K2R MaREEUEIC L > THLNDFHPitch IEFH LT, RSN CHRES Y2 2 & THEEAROBE L HH+ 55|
EATRESRE & RSN A2 1T o 7o, BIEERTRESREE OWE T T, PBL RIREMIHETIE, PAN I L2 EREFMEA A L, A UEROMHER 1
TS 2 L RGO FREDOEBMNENH D T L3RR STz, BBl Pitch REREMHMEIZ SV TIE, B rTRETRE (XTI D PAN R=° Pitch &
IRFEMMEE 01D b DR oTohy, ZORFIROFERE, ikl L OURF(LIREIZ K > CREERRIREISEVRHTWS Z L, ZbH0
WREHZ XD, FREORBUE A2 UETE D Z EBH B oTo. Fiz, HEEMATOREEN S, PRI RRFHRHEIZ I TIEWi i IS AR
MNAETRLT K, B Pitch RRFHHE CIIEENANECICS WI b ot 2RO OFER LY, PBL RIRFEMAMEIL, MikFMECmRFEIS
PRI R 2 WA AOWT i RS ORI A HETH Y, Bl Pitch RRFWHET, REFTORFVLOIRE S K ORI IE D Fai s mimEE ki
HIETH D L RERATT 72,

%4 TREWMMEDORA FREI DM EBE L RMARNT] Tl fRx 2RFBW O D IREMHET, TOXRBEEZ LBV LD, £
B R — AT © & 2 RS OfT TEN DR W2 L 2B E 2, 2 E TICEA SN CE 72 Ruland JEOHEEE1T 5 2 L2 L » TRk %
MA7=. Ruland ¥EiT Pitch SRR FMHME CITMATIEAF DN N E WS MR H 50, ZHeRA RORIHMAEZEL T W2 LIZFEER
bbb EEZ, RA FRENHT T AR D T & BAUEIC BTN R 2 T 7o fighrala 8 U, fEx O BRSEMHED RN 21T > 7=, & Off
R, Pitch REHFEMHMED B DR TORFMHETHA FORIZMHTARETH DL Z LB ERSNTZ. E6IT, KAWL O THM FORI LR
A ROESIZEOHENRH D Z Lvbnn by, #ifh T OREHIRFROENC L > CTRR DM ERTZEEW SN L.

%5 B TR 2RI U7 IREHEHEO NER R FRARIT ] T, 8Ly R = b—ra Ve 2RI L, 138 A CBEORN 2L, KR
A ROY A XLy & ZHEHICHNT C & 2 FIEOMSL 21T o 7o, BARMIZIE, REWHED O/ O 2 BEBZER DR A FH D OISLHEELD
EAREEZ, RERHEEORRERA OO0 E S I 2 L— F Lz ETHAZKE L, EERICHE 57z SAXS 84 BNZES L LT Ridge
EYFIC RV BRI LMEEET LR, NOEREGES ML RDI. ORGSR, RIESRMO R DHEE D PAN FRRFEHHE & Pitch SRR FEMMER
FHHEDORA FOKRE, B, BMOSMERDDLFICIIL, F4 B CTHE BEA LIRS FES LEMEICET 2 UED Pitch R HEM
HECFBWT ORI T 5 Z E AR E N, F£72, Pitch RIRFMHETIE, AA FOR I OHIMIIHED B LT &A% PAN R ki &
EARTREL, BOARA FRRESBENTND LW D FHRRA A FHEEEZE T2 2 LoRaShiz. ZORBWIC K > TR DR A FREENR
JEAGHREE I %5 LT D ATREPEAS RIR ST,

06 TR TIX, AR THELNIRREZRIE L. ThEZT 2ICARMSUE, BRa 2 RFIRIC K D RFEMHEOE, Ykl L OB
TTHESREE DBIRZ I BT L, SRAME 2 7FA T DT FIE 2 RE LTz, DEORRN D, 5% ORI = 2 Muds L O ke
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Note : Thesis Summary should be submitted in either a copy of 2000 Japanese Characters and 300 Words (English) or 1copy of 800
Words (English).
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Carbon fibers are known for their excellent specific modulus and strength, which contribute to energy conservation. The
application fields of carbon fibers are expanding, and demands are increasing for cost reduction and optimization of physical
properties for each application. Thus, investigations into alternative carbon sources for carbon fibers are being considered.
In this study, the influence of carbon sources on the mechanical properties, such as attainable strength and compressive
strength, of carbon fibers was investigated. In addition, methods for analyzing the void structure in carbon fibers made from
various carbon sources have been established, which will enable universal evaluation of various carbon fibers and
understanding of their influence on mechanical properties.

Compressive strength is known to be strongly influenced by the precursor material. Pitch-based carbon fibers are known to
have significantly lower compressive strength compared to polyacrylonitrile (PAN)-based carbon fibers while high modulus
fibers are easy to produce. Therefore, the deformation of the void structure during the compression was observed through
small-angle X-ray scattering measurements in PAN- and pitch-based carbon fibers first. It was revealed that the void
structure of pitch-based carbon fibers is sensitive to compressive deformation and tends to cause stress concentration.

In addition, the intrinsic strength of carbon fibers produced from the novel pitch and polybenzimidazole, both used as low-
cost precursors, was measured. The diameter dependence of the intrinsic strength of PAN- and polybenzimidazole-based
carbon fibers was similar, while the intrinsic strength of novel pitch-based carbon fibers varies depending on feedstock and
refining method of pitch itself. The findings suggest that polybenzimidazole-based and novel pitch-based carbon fibers
could have high attainable strength by producing finer polybenzimidazole fibers and selecting appropriate feedstock and
refining methods for pitch.

Finally, analytical techniques using mathematical and informatics approaches were established to uniformly analyze the
diverse structures of carbon fibers from various carbon sources. The mathematical approach, which modified the Ruland
method to include the distribution of void lengths, successfully broadened the range of subjects for analysis. The machine
learning-accelerated method utilizing Ridge regression allows for almost all structures and clarifies the statistical
distribution of void sizes and their orientation. The analysis revealed that variations in the precursor lead to differences in
the void structure. Specifically, it was found that pitch-based carbon fibers exhibit a higher tendency to orient with increasing

void length than PAN-based carbon fibers. This difference in void structure has a dominant effect on the mechanical strength

of carbon fibers, which are brittle materials.
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