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Changes in Tensile Property and X-Ray Parameter for Carbon Fiber
after High Temperature Heat-Treatment

Tamotsu SAITO, Shin-ichi BABA and Motokuni ETO
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Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received November 29, 1999)

Effect of heat-treatments up to 2800°C was studied for PAN-based carbon fiber on changes
in tensile property and crystallite structure which were obtained respectively from single
fiber tensile tests and X-ray diffraction methods. Mean misorientation angle of crystallite
decreased with the increase of heat-treatment temperature, and crystallite growth was also
observed. But changes in layer spacing and lattice constant,a,, were very small and these
parameters still remained in nearly the same values for turbostratic structure even after
heat treatment at 2800°C.,

Young’s modulus increased with the decrease of mean misorientation angle and it was well
consistent with the calculation based on the intermediate model between constant stress and
constant strain models. Tensile strength began to decrease after heat-treatments above
2000°C. Misorientation angle, ¢., of the crystallite responsible to initiation and propagation of
shear failure was calculated from the formula based on the tensile failure theory of Reynolds
and Sharp. For as received sample ¢, was nearly equal to mean misorientation angle, ¢, but
discrepancies between them expanded with the increase of heat-treatment temperature and
¢. became at least two times larger than ¢, after heat-treatment at 2800°C. Presence of these

crystallites which had large ¢. value was confirmed by the X-ray diffraction results.

Keywords : Carbon Fiber, Heat Treatment, Tensile Test, Fracture Strength, Young's
Modulus, X-Ray Diffraction, Crystallite Orientation, Crystallite Growth
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1. [ZUHIZ

REMMEIL. REANABEOMBN Y R RICES LEBEZREL, ShD OB Y R i3k
HEBH 5 ENORIRAICEL R VLTV D, B ORE IR ORBECRIERMIC L > TR,
VBRI A & OBRMELT CEEHEER T R OSSR - BBVREE - RBWFIRTE L\ o I BEnGdh
FO a BMFHOEEILESL, SOICRESEOBELVIRABRELS, M%E - THEGH
i ETHEERALVRY Y I\Fﬁ%ﬂk LTIERLEDRT WS, RFBHEDFRF NI E~DIE
BT T R0 B MERE SRR BHT IR B MHESRIL IR EM EHCFRC : carbon fiber
reinforced carbon)ZHEAT H12E 245V . WHROBEFAAME L LTHAELRFEMO—
EEZXD,

CFRC OWEILZNEHERT 2 RESHE ORI FIEOPEMEL BDA DL MY v 7 RTHER
XNAHM., FOEMERDLOIIBGH#ZOLODORETH D, CFRC AFEM I DN DML
Blapaafs L MM RF AR L EMES/L—FTHY ., TENBRKRTAEEINL TV LD, £
DEFHZEY PAN ZHDVEE Yy FRODBEEND bONBLRA Y R E LKHERE
S LDRENDH D, ZDRMTPAN RBEMIT EFRBERV 727 ) o= g 5HDT,
oo EtERE 7 L— RICH~FIRBENEH  HREATH L2 L ALV HLATVND

PR FERHE OB R b B IR AT MR O BREIRE . BRI ORLI A ”&«.’ﬁf&iﬂﬁé{%%ﬁ
5. ZOERAGITEBEES bOBEFOSMEER S R T 2EE A RTAE T, MuikE
DR T 1A L 2RI BT AR A . 6=0" 2725, Reynolds & Sharp®iZ k5 & ¥ 7RI
FRm A O L e B, OB IRMEWNII - WA L K& REIMA L b Ok T OB
OFERIEIZ L > THE S (Fig.D) .

(1)?/7¢kiﬁmﬁﬁ(¥/7¢@%?»ﬁ)

1/E = s;;+0- 844° 8in%9* cos?¢ [1]

(1R C. E MMM M OY > ZRTHY . s, BE P sy 13 TFITAT U RAERTH D,
F7- ol 0~1 ORPIZH D /8T A—H T, EIIET V(constant stress modeD) TiL 1, EE
%5 \(constant strain model) TiX 0 & 72%., Reynolds &iX[1] X To=1 LIKE L. ¥ TRD
ERMED LE AR ¢ 2RD, £ OMENSXREINC L 2ERBER PO ¥EE ¢, (HWHM : half
width at half maximum) & 1EE—HT 5 L Lz, L LELOERIIEBILAD L. 6,>¢TH
V. ZOBMEY [XBET CEZEMBICIIER TREOEENREEN. ¢, 3 0XVH 37 K
<D LLTWS,

(2) BWrZE LEMA (Reynolds-Sharp Bk EEER)

g, = (eE/cyy) sing, cosd, 2]

21K Te, iZEA A & b OB TURFBEEB OHHETHY .. aldBHEBT M D5IRE. cu
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VIR 2T ¢ TR R EBMTH S, Reynolds & i IHEMFEE OB W E A RS S F O M GRA 2 HEE
fEGE 0%V & 2 ERFERE LR L, 2]NT =02 & LY VRBOEHED bR ORK
W7 23K lintrinsic strain)] & L7z, 2B, ZOHETHE LI OB E DA FORMA %L
FEERAD 2 £ LUEL TV 5,

Bennett & Y13 EFRAMREEIIC L HMMRIOBE)N S, LD TReynolds-Sharp Bim) % Xkf
THRREME LT D, # 51T PAN REHE(Type [IZOWTRETE OMKBIR 2 5 27220,
B RREET DR R 2SN ORMBF O LD LY | REGEDEHOKRE efdm M b OfEdh 1 O35 Wik
ZEBHELTWS,

AFFFE D H BT R R EHE O NBAAERIZ & 670 9 FIRBMEDOERALEZARIT L. LV &tEseafiiE
RRARTBLOORET 452 H(5 2 THDH, I TIIHRO PAN Rz & 2800C £
TORMEDRETMRLE L, ZOBMIEIZLE H72) 5IRFEOE/ & kS & OFEBEER %
BRI U7, BIEREMOMITICIZERD TYr VR0 EF VK] & TReynolds-Sharp & % &
B, XBREHTCH/-E MBSO AIEE T A — Y OEERZ O LILZNLDET NV E BT
ffi L7z,

2. EBRFE

2. 1 RA¥rezs

FEHIT PAN RIRFEMAME T300-3KR L) TH 5, BEBBOFMIINZ I N TORVD, &
FBERIRIE & 1500°CRRIE S HERI L, TR~ Y 7 AWM X REZ S 2000, 2300, 2500, 2800°C
DERETENEI 1 BFRTMNBSLE UM & L7,

2. 2 X&Er

X #RIEIT BRI 1L RIER o PR AR R E TS B R AR RU100-PL & O RINT1500)% £/ L .
BomBE%ds LOXBRRT A —F 2 JE Uiz, BEmBEE 1o)X, FM POk T ORIRMEC MM+
#7 BaconVDE#H LI T, RUL00-PL EEICHAMEMAE B 2 B0 10, 5 mixd 2
002 T DEREE O RIET B HikTRDTZ,

XB3T A= ZIIHREIZ LV RINT1500 & CRIE L7z, XBROBBMIZIINI 7 4 L7 —
FEA L, Y S THIE LT 002100, 004, 110 B85 CuK,, & Ky, #DBEL7-Dt . #
0 ] B (doog, dons= Co<004)/2)\ a %,ﬁﬁ]@%?‘ﬁ'ﬁ(amw, a0(110))\ ﬁiﬁ“ﬁo)%ﬁi%%(]ﬁ(m@, Lc(002)%)
BLUc#FmMOBRETEGCIERDT,

RDNT OFES TRIZREIITROLMEIE A5 L=K-A)/Bcosds LTEHE LKL, 8 I1IEHA. A
X ROBETH Y, Scherrer E8 K 1% 001 FHFHT 1. hkOEITHTIE 1.84 & LTz, BTE
13 8= (Acy2cy2) L EFR L. FEONMICERDAHEME L3R *Ic kY 002 B L 004 [H
PR OAMIRD LR DT, B, [B]RD LB Mg L BEOREB LR R FETH S,

B cos0 /2. = K/L, + 8m(co/2)52(sind /1)? [3]
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2. 3 5lRAR

St DB | ERERIT [RFBHMERBRFE : JIS R 7601 (1986)) IZHE &5 B D 5| 5RAR
HICHE > TR IRV, BIIRMEMIEEE & v VR 2RO, RBRERBIII, RHTEZEFANT
R 2 /N RS RS CR A RUERTRY : Fig2 2 bbb\, F'— VYR &% 25mm, 51REES
4y 0.5mm & L7,

REOMOTL, 7 2R~y FEMZJEL (HE - B ay b TARORHI AT S ERT
DEZPEN 0 ICHEIELTRD, BFEER LU 2 X~y FEMBRHBODMEIL. £0LE
1n0.01g B LV0.0Imm TH 5, Z2PHHHEOFHERITA Tum T, REZIZAEE 200 FOHK
PRI A L7,

3. EBER

3. 1 X#&Edr
3. 1. 1 EmEK

BALER - L AE AR OB Fig.3 10w Lz, 1@O)ER 002 EHRBROBESALRDIE
DT, B QIR T DR T (REREERB) OB A TH Y ¢=0" AEHER T I H
T3, 2B 002 RHTHRRE Lo 3. SR & BT 25 CTRKR L 2V Sdtahr i TNz
A, ROBMBEEIIXBETTE MMy - 672y b ZHEEFMIC 90° FHRLBRT
BB, FT Ty BMEORIEL $=0~360" DHEEE TR IV, Ny 7 7T T FRE80cps) &
FL, BOI 4D My + 07y b Z2EHLE,

EorREt s EEMIZLET 2720, [(O)DKKEE 1 & LIZABREL cos™o T VL7,
Fig 4@ X# OFEIFET, m EIZERHROLMIE Z 25 L1 1/2= cos™2 & LTKRD, K
IIRAEME ORLEETH LN D &6 1($)>0.3 DEETIIEIME L X< —EHLTRY,
ZOERIE 2800°C TR LR LR TH 72, Figdb)IEMEROBLRIL L 5ELE
B L= b 0T, ALERIRRE OHEAN & & b ICHHEENI X9 B IR OBIROBR MMEAE L,
PEOWAZ LD m EHOHEMARDLND,

3. 1. 2 XBRFIA-H

UL IR TR L2 BHZ DWW T, L FDOXBRRT A—Z 2 JE LT, Fig.b@id 100
EIHTHA DB &R0 a BHMORERR T, BTERK a, & RMT OfE&EFE L, OBMHR
Hhk, Lz, BKRO 110 EIFIIARREET 2800°C THILEE U732 BV Tl BRI R
HTCERd)ol,

RO cBFHMD/NAT A= IZHLENRRD L, LEEEOEINE & HIZRINT ORHF
& L, A0 LR RIRRIIED Lz (Fig.5()) . 2 BELESE OFETIX 002 BHHBDIIMNT 004
EFRLRESATEY., ZhboEITRML/ELoOBAII—&K L7, Fig.6 i1 T300-3K
O BEMEOEITIRIEZ KT L O T, MWEMIE doe DB E T EER ao DEMEFIL L TR
L7z, BALOM BITIF /ST A—F & b/p7e < 2800°C T L7t b dop IFELBHEER R
O EHAO.344nm)ICHT < | ap b BERFES DOBEFRME(0.24612nm) & DENKE W,
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DD c B FUZ DWW TR TS, 2 [B]FUSHE - T 002 L 004D 2 KOETERIHRD T,
Fig. 7 i385, L BB E OBFRE T LI b DT, 8, ORBANE 2800°C X 0 XV BMLHIRE T©
13385 B39 2000~2500 COFHE DS, [I—E@RRE)THolz, £RFERO L iLEFRO ¥
B HEDORY RO TR TR TH Y . BALOMHEMIT 002 BB OZ LG MR OER
&L,

BRMAEIC, BMEORIITE 1B XREFT AT A -FORET— ¥ 2 £ L ¥ (Table
Al) .

3. 2 GlEsEELYLIE

T300-3K #MkHEDMBSLERIZ & & 72 ) 5IRIEWIRE & 5 REGEME)DELE Fig8lio, Y 7
RO E Figd I Lz, TROIIBERICEIR TR IR -5 5ERBRO OB MR T, 7
— BB BNBBE IR LERER 30 AU ETHY, TOEHELEERELR L, 2B
ARBRITZABHIOWTEIER 40 BILLER 222572535, ?ﬁﬂiﬁclﬁiﬂnﬁlvﬁLb%d)fﬁ%’éd)%ﬁ
ROBHREDORLNIZLOMNB Y, L ORRERVE,

FIRMBEIIAEIRE 2000°CHRIZE -2 265 ZORKITBLIIRE O E 7 - TR
Y Llz, —FH. BIREBEREHEER CEED ER L & LIk Lz, FoZEERIT 2300°CLL
ETCHA Rh o (Fig8) . Yo 7RiL I5RME - E7 2y b ORENLRDIER T,
D7p L GBLEEREN 2500 CE TILRE L L LML (Figd) .

BRI EOSRRBRCTHRIEET — ¥ L 2O E R LT : Table A2 115 51EEM D
EHE L EEREB L UCHIERTH Y . FigAl~Fig A3 Ot Z b7 T AXKBIEMH 2 BLBIE
ETHELILERTH S,

4. 1 Blrf & RaTR

INBMALERLZ 10 @A RN xt 3 B Al el T OBIFULASEA T, BLi RISk 2 AR 3R T L L /-
Fig AG0)DFER TIE. BLEIBEOEMNIZ L LARVERMAOKR X RS TOLERNHED | LR
MAMED Lz, —% Fig.3@id 1) O ZHRIEZ B LI 2T, B okE\ 6>
157 OFFRTIY 2800°CTHRIE L 73kt & RAAEREL E OSREEND RV, ZORRKZ. B
BORELTILELR A DK E R T OBILBD T 553, 8« OFESF O BEME AL 2] TSR E
BEL lpolrdbbEZ 5,

XBRNT A= H DREIZ XD & T300-3K D BEMELOEITIZHLTATH Y . 2800°CHBL
BE O EE MR LELBREIEVW L O TH - 72 (Figs) . LH L. RN ORSE FRoHE
MOKERRTFEORPEANRRD LN TEY Figh. Fig7). REMEOK X X122 0HBOE
FTNEIRE L L LML e EZS,

UL ERXREITERIZ L D T300-3K D TR RERRE LRS- H0TH DN, SN
TR SRS EA TV A0 GG S TW5, 2L i3 Reynolds & @ 13X Type 1 @ik
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(HTT : £ 2500°C) DB EFEZ R L, R LINEBRMOEZEICRK 307 OELA A & FF-OfE
FRFETDEERE LTS,

4. 2 Reynolds-Sharp f##7

4. 2. 1 YU UVRELEHECHA

o VR AR AOEKE L[1]X T, Reynolds b YIXELNETVEREL, B—
Mfﬂﬁf~%F1tL&yﬁ%w%MﬁmaﬁﬁE@ﬁ%ﬁwTwéoLmb ZDFIET
15 OB LSRR AT X BREITERIC L 5, 0 IR FBETHS (Table 1(b)) . EHIZEED
T300-3K ##EIZOWTH a=1 & L7 'ﬁ%@%%ﬁ%BhTBU(%mhKM)\uﬂbw
ERMPD U ITTRRLEISHTTNVEEFEETNVOFEOEO<a<DE LD EELD,

BRI TETuEZ RO D Z L IR0, 1R Taz B E LT VR EERA DR
Bk, T OFEHBRE ERFEN LB BER L 2 BT D 2 L TaD&BEE0.25) 21572,
Fig.10 1% 0 FHiEE R LI b DT, HPOEREIIIRABRIToEZ 0~ OB TEILES Y
ZROFERER T, FERAIZIISREO T300-3K D137> Reynolds 512 15 PAN i DR LS
B, ¥ T RELLEOFRMET NV (0=0.25)THE L7ZER. T300-3K TIIEAMELE OEDE
#A3 27GPa ¢, I OEITEREOE AR ZE O EE(29GPa) & RIFRE TH 2 (Table 1) . *
RIC LB o FTROFE T, BEEE 213 1/5,,=900Gpa. 1/s,=4Gpa & L7253, Kelly &
BEPHLHELTLZOET I0%UTTH Y. FlEcofd b [RERIZ 025 TH ol
4. 2. 2 BIRIME &L EM A,

[Reynolds-Sharp SIMrAEEEREGG ) (2L B & IRFEHHME O S SRMEMNIIEHER L BEM A 2 b
S TOREREER) OB MR LT 5, M FmOSIRICNE ok LIcE., #dedh &
A HEL FERFOTIWIE L o,=csing-cosd & 72D, Z Do iE ¢=45" THRK(c12)& 72 DA,
T300-3K ##HECTIIEMA 45" 2 L oS TFOREIIRQERETE 5% AT THY | BULHR%Z
DEBITITFOIFEMTE A ERD bR (Figd) . BATIZ T300-3K ik IZ DOV TZ DR KT
DR & 72 DRES T OB R A, X BRI 5.

Reynolds 511 ¢, 2 FHEFEA D 2 FRELRELTWDH, Z 2 T2Vl E &
Y IROEREN D, HEERD, BRELXREIC LD EHE A, &L, 2B,
CDEFHBE T ER ¢,,=4.0Gpa & L. BIMEIL 20% LIRE L7 9, BAEIZE 720 2RO
B (9 & o) PEALE Fig 11 IR T, T 2T, ¢ 1T EHERIEDN D, b 1IXFER LI FKEN
SEETH D, ROHREITIXY, & EHEMA L OEITIT LA SEWD LEIRED 2000C
EHTEZOEIRE LAY, 2800CTUE LI RE O X FHBEIRA( 11.1° YD 2~3 {FiT7
o7 (452209 | 6,=32.2" ) . Fo. InbHOEMAR L OREETOE A ZEMBE 1(0)H
DWET DL, BMRENDLHI b & b OB FOFERIT 1(200=158%THO Nv 7 V50

REZ LW HIEBEL 425cps TH o7z, L LEBHEN LB, & b ok T OlEI D
72< 1(32)=3%T& v RIERE & 80cps TH o7,

BALEIREOHME & GICEEM A NKELKRDEVWHI L EOHERIL T4, 18 Il ~7-F
BTORRICLEDLOTH D, MBREIZ LY EMADOKE RS TORIIBAT 218 AKRE
WD, ZNOOERT RIS I VBE LY T 7 OBMICKLERRKE IR DD L
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227, L LXBEIT CBIERFRIIUT O Griffith OX PO/ ER 7 7 7R EC
critical flaw size) & tb~% &ﬁy@b\uuj\’&b\ (Table 2) ., ZD7=®, BRI & b OkEgh T
A LT T v 7 BBEET A5 FICEIBET 57291213, Reynolds © & RIARICHRAR KR D f5¢
HERET HLENRDH D, 2P Griffith O 0“—(2E' YIIEC)TE IR, ZOXTREIT RNV
F— )% 4.2Jim> & L. ¥ 7 RE) & 55RBEIES () DERMEND Table 2 DERF27 T v 7
EXC) &k,

@)
"\
i
-

RFEGAME O SRS REEROROBIRE - BHE2BRE Lo, BE O PAN R & Rk
T300-3K 1ZEEME LICK WAEITH Y | 2800°C TRALE L 7o % L MmEHERCE - EROEITE
BREEIZITVY, L UMBVAEIZ & bV, #E& T (RFREERE) ORCAMEHHE L7 iEh, Bl
HBOERLELOHEMMAED bivz, b0 XRENT CTHIZBHBEDOELE Y 7RG
RIREILA LA EILDFER & E X, BUEEOSIRBBEREZBEFOY L TROETNVCEIRN
EF )& [Reynolds-Sharp SyMTAEEEERG R (20> THEMT L. AT OfMmE BT

(1) Y 7EROEF N

HRHE D Y o 7 RII R b, OBEIEUZ 22 0 INBVAERIZ & L2 0BT 55, BEfFo [EIR
HEFNL] ICEV[IRTRT A—Ha=1 & LEHEERIIEIED 30%_ETHE. Ly
VT REBMREISIETNA TR TEISALERLOTHET V] TEZa=0.26 LI-HR
WEBEAF D PAN Ri#E & 2 0 E R & IT B L7,

(2) BIRBEDKT

EEECE Ad, & B2V, TReynolds-Sharp B3] (2 X D EMKEE DM E A 55 FOBLM A ¢,
BRI LY KEL 2D, ZOBERA (IREEERIEED 2000CHU FOBE 1, &IXITHFL
WS, ALERRFE O & & HicKkE 2D 2800°C TR LI BHE Do (I BB RA D 2 fFLAE

7R o 7o, BRI & b7 gh F OB AMEDHE LELR A DR & 22555 F ORIIBUNT D23,
INHOBMEEOR - VT WRE RERAE b OB TORE LT, XREIT TR
TRX Griffith OXPO/BLHER Y 7 v 7 RSWZHERTIEN, ZODHKBETRE L
7T VMR A DI IIBHE T AR TR EOESEM A RET ALEIIL A, HEFERE
2T w7 DRI E R RE SICER LEER A OEMOKER L kolebD B XS,
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Table 1 Young’s Modulus and Crystallite Mean Misorientation Angle

(a) T300-3K

HTT E, E[GPa] ¢ [degl | ¢ [deg] O
°cl [GPa] av. std (o=1) | (©=025)| [de

as received 164 182 19 7.68 160 172
2000 | 219 268 27 591 121 140
2300 256 289 25 559 114 125
2500 285 296 23 549 112 115
2800 300 273 49 5.83 119 11.1

average of | E, — E | : 27[GPa]
(b) from Reynolds and Sharp® except for ¢’ value

Fiber E ¢ [deg] | ¢ [deg] d.[deg]
[GPa] (a=1) | (@=0.25) [(cellulose)| (PAN)
Type I 250 6.1 12.7 105 15
Type I 360 47 95 8 10
* 570 29 59 6 6

* : hot stretched
E. : calculated modulus from equation [1] with ¢,, value and a=0.25, E : observed
Young’s modulus. ¢ : calculated mean misorientation angle from the “constant
stress model” ®with the observed modulus, ¢ from the “intermediate model’
between the constant stress and strain models, ¢, : X-ray diffraction half-width.

Table 2 Critical Flaw Size Determined by the “Griffith’s Relationship”

T300-3K
HTT o Flaw Size | Crystallite Size [nm]
°cl [GPa] Cloml | L gy L4100

as received 2.61 71 16 39
2000 3.06 77 34 6.5
2300 215 167 38 6.7
2500 2.20 164 43 72
2800 1.80 225 49 76

C : critical flaw size determined by the Griffith's relationship® as 6>=2E- v )/(nC).
o and E : observed tensile stress and Young's modulus respectively, v, =4.2[J/m?].
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Fig.1 Tensile failure model of Reynolds and Sharp®. Tensile stress parallel to fiber axis
causes shear failure of misoriented basal planes. ¢ : angle of misorientation.
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Fig.3 Orientation function of T300-3K fiber obtained from 002 diffraction intensity.
(a) : observed, (b): normalized.
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Fig.4 Orientation function of T300-3K fiber calculated from the half width at half
maximum, Z , of experimental curve. (a) : asreceived, (b) : after heat-
treatment up to 2800°C.
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Fig.5 X-ray parameter changes of T300-3K fiber after heat-treatment up to 2800°C.
“(a): a-axis direction, (b) : c-axis direction.
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Fig.9 Increase in Young's modulus of T300-3K fiber after heat-treatment up to 2800°C.
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Fig.10 Relationship between Young's modulus and crystallite mean misorientation.
Solid and dotted lines are calculated moduli from equation [1] with o value from 0O
to 1. Circular symbols are experimental modulus versus ¢y, from X-ray half width.
@: T300-3K fiber, O: PAN fiber from Reynolds and Sharp?®.
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Fig.11 Misorientation angles, ¢, and ¢,, and their different dependence on the heat-
treatment temperature.
o,n: mean misorientation responsible to Young’'s modulus, from X-ray diffraction.
¢.; and ¢, : misorientation angles responsible to shear failure, from equation|[2]
calculated with mean and maximum tensile strain respectively.
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Appendices
Table A1 X-Ray Diffraction Parameters of T300-3K Fiber after Heat-Treatment
up to 2800°C

a—axis direction
HTT | attice Constant [nm]| Crystallite Size [nm]
[*cl 35100) 8n110) Lo Lo

as received. | 0.2378 - 39 -
2000 02414 - 6.5 -
2300 0.2427 - 6.7 -
2500 0.2421 - 12 -
2800 0.2423 0.2432 16 6.5

c—axis direction
HTT Layer Spacing [nm] | OCrystallite Size [nm] | Lattice Strain
[OC] d(w) d((IJ4‘f Lc(m) Lc * 60 *

as received | 0.3533 - 16 - -
2000 0.3455 0.3431 34 38 0.0425
2300 0.3448 0.3429 38 44 00424
2500 0.3442 0.3424 43 5.1 0.0432
2800 0.3435 0.3417 49 55 0.0354

* : from 002 and 004 diffraction lines

Table A2 Tensile Properties of T300-3K Fiber after Heat-Treatment up to 2800°C
gauge length : 25mm

HTT Tensile Strength [GPa] | Tensile Strain [%] Young's Modulus [GPa]
[°Cl av. std av. std av. std
as received 261 0.39 135 0.18 182 19
2000 - 3.06 0.71 1.05 0.20 268 27
2300 215 042 0.71 0.10 289 25
2500 220 0.32 0.71 0.09 296 23
2800 1.80 042 0.65 0.11 273 49
av.:average value  std : standard deviation
HTT Fiber Diameter [pum] Number of
[°C] av. std experiment
as received 71 04 33
2000 65 05 36
2300 65 05 33
2500 85 05 35
2800 6.5 04 32
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Fig.A1 Distribution of measured tensile strengths of T300-3K fiber after heat-
treatment up to 2800°C.
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