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ABSTRACT

ABSTRACT

The physical and chemical changes of fibers during preoxidation and
carbonization were analyzed by means of different measurement methods
including X-ray diffraction (XRD), differential scanning calorimetry (DSC),
Fourier infrared spectra (FT-IR), elemental analysis, density and tension testing.
The changes of element content were analyzed in the whole process, and the
relationship were explored between processing parameter in each stage, fiber
structure and the changes of element content,

It includes four main parts. First, study the element content changes in the
whole process and approach the relationship of the changes and the performance
of fibers in each process. Second, study the structural conversion of precursor
fiber, preoxidated fiber and carbon fiber and explore the relationship of the
structural change and the fiber performance, such as fiber tensile strength, linear
density, bulk density, tension and so on. Third, study the effect of the main
processing parameters of preoxidation on oxygen element content of preoxidated
fibers as well as the structure and performance of the final carbon fibers. Fourth,
gystematically study the changes of fibers performance during preoxidation and
carbonization and discuss the main influential factors of fiber performance.

The test results of element content in each stage indicated that the content of
S element showed a tendency to descend, especially during the coagulation bath,
washing bath, boil stretch bath. Oxygen content was increasing while carbon,
nitrogen, hydrogen content decreasing during preoxidation. The carbon content
increasing while other elements (O, H, N) contents decreasing during
pre-carbonization and carbonization.

The change of S element content reflects the change tendency of remnant
solvent (DMSQ). When DMSO rem;lins too much, the tensile strength of carbon
fiber would be impacted. DMSO’s residual content of spinning must be controlled

under 0.1%. During the stabilization and carbonization, oxygen content increases
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first and then decreases, which plays an important role just like a bridge. At first
oxygen element is combined into fiber to form a thermoresistence-ladder structure
during preoxidation, and then released out during carbonization. C content is
increasing gradually and up to more than 90% at the end during carbonization.
Carbon content of final product is the mainest factor that affects the performance
of the final carbon fiber.

PAN’s linear macromolecular structure converted to a thermoresistence ladder
structure in the preoxidation process and fiber structures were almost noncrystal
after preoxidation. After carbonization process, fibers with turbostratic structure
were obtained. In this conversion process, linear density of fibers had few change
during preoxidation, showing a total tendency to descend. But it descended
quickly during pre-carbonization and carbonization. The bulk density increased
constantly, which meant that fibers compaction get better and better. Fibers still
had fairly large tension even without stretch, which said that chemical reaction
was severe and fibers contracted constantly in this process. Fiber tensile strength
decreased during preoxidation and increased during pre-carbonization and
carbonization. It was weakest during preoxidation.

Processing parameters of each process have quite important effect on the
clment content, structure and performance of fibers. Oxygen content can be
influenced by the temperature and time of the preoxidation, and also by
precursor’s native characteristics such as copolymer component and titre. It also
can be impacted easily by fiber’s water absorbability. The precursor fibers with
different copolymer component were preoxidized and the result showed that
improper parameter of preoxidation induced PAN fiber not to be preoxidized
thoroughly and impacted the performance of the final carbon fibers. Both the
temperature, the time of preoxidation and the titre of PAN fiber could impact the
oxygen content of the preoxidation fiber: the higher the temperature, the longer the
time and the thinner the fiber, the higher the oxygen content of preoxidation fiber.
At the end, we approached the effect of preoxidation fiber’s water absorption on
the oxygen content.

In the preoxidation process, oxygen content can reflect the preoxidation level
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of PAN fibers in some degree. Improper oxygen content can affect the structure as

well as the performance and quality of final carbon fibers. When the oxygen

content is too low, preoxidation cannot be carried out thoroughly and no
high-strength carbon fibers will be produced. But if it’s too high, some oxygen
will be released by means of CO or CO2 remaining molecular-degree space, which
will decrease the tensile strengtch of carbon fiber.

To observe the change of fiber’s structure and performance in different
preoxidation phase and approach the main influential factors, fibers of 10
temperature zone at different preoxidation level have been studied. The main
performances of fiber during preoxidation were analyzed, including the linear
density, bulk density, oxygen content, the change of mechanical property, degree
of crosslinking and also the change of chemical structure and thermal property.
During preoxidation, density, oxygen content, degree of crosslinking were
increasing while fiber strength decreasing. Two diffraction peaks of PAN fiber at
20=17" and 29° get decreasing gradually to disappear at the end, and a new,
identical but wider diffraction peak appeared at 20=25.5°. Exothermic peak
changed from sharper to milder gradually, and the peak move to the higher
temperature.

Finally, two experiments were designed to study the effect of temperature
and stretch multiple on the fiber performance in the pre-carbonization process. In
this process, as the temperature was getting higher, fiber becomed shrinking, the
linear density decreasing and the bulk density increasing. There were also changes
of element content that nitrogen, hydrogen and oxygen contents get decreasing
gradually while carbon content increasing. Stretch multiple had little effect on the
linear and bulk density of fiber in this process. In some extent, tension increased
with the stretch muitiple and the carbon fiber’s tensile strength also increased

correspondingly. But over stretch would decrease carbon fiber’s tensile strength.
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HHRE, EIOCHPRTREESR, REEZBEHN21C. HMNEBEH65%
RIFEFATIEE, 4RRPPANFENREHSENRS LFREER

R. BEANPEUAENRELEAEPHESAEFATTHEX, X3 KE—
BTE6-8%. MELAERBEME-BRH LRI ZHANGE ARSI
SEBEB /SR SERERTIHELEE.

1.6 Bim£ Rk

BRURBRFEHENN - EBH B BRA— B RERAE CEEHFIP
BB REERAHEANES LN, KB KKEE—B%E 300~600C, HERX
R — AR TE 900~1600C. BALMIE MEBREZHFHERRT (H. 0. N%),
ERERBAN 0%ERNKA %, WALTESR, PAN HEALFEERS T
AHENFEBRHF RS FR DK, FUREER, FERORRGTES
WA _RFEEERFEAEHEE, FTFRRERK, BAREE. WiEH
KWESRE, BHE NH. CO. COz Haw N I H,0 029, BRERE
YO AT E I 35 AL , 46 B T TE AR B0 DR L R R D AR AN TR 5 A
RYEE®, GRENBRRLARTREEEN, ERIBFEEREUT
JLF R B,

o~ 555

Bl 1-13 FMETRBREMH HCN
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B 1-15 B E TR L N,

1.6 XREWRMENNAR

RAEMEFLRT, AMISNRABRS LRI BLANRRABNE
SRFGES R, TRERARFERRGEHERET RORE, £XA.
. R BRARE—-RILERL, ATEENBETRESRERKRER.
HEF S iRERSHGLMBAZNLAE. C. H. 0. N TERHE PAN BB
HEIBRTEREFA~RONGES TR, ENZAKENERERATIE
ABARGHHZL, A\—EBELRBRTHRRMIZHE, ERTHRASE
BRAKURAER. tREBRAERFEHETEP— M1 EENRILLEE.
AREELH ENBTAERNTESROME, ROTESBTLONE,
HAIZEH. FREH, ARAEHERSEARTALTZRENBARSR
ZUREE BRI Z2HNEANRAEERNEHENTRRTARSR
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WEXZMITEMARX

T LW, AHEMBRIZSE. A24A5HSTRITRIXR, MiE—F

HEHETLESE, RARTENETRENELRE, REBRSETIWHRBL
R EEZNERA.

ARXEEFARUTILAAE:

1) IRABAEFELEBFELCRSBOZMAAE, RITHETZEHR
TREBBUEEM RAESHERIIXE;

2) IR, ML, RAEEHELRFHEWEELR, EmHRW
SHHBRESAERE. AFE. AERURKNIEEGHEERTENXR;
3) IAFELIZBEH AL S RURBLRAEERH TN,

4) BRAEEF AT BEFREAH BREWERNHRZE, RitE
MENBRARLEHERNEEAR.
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F2 ¥ TWHRMLIESE

F2F ZEABMITRLHE

2.1 EHHE

RER (AN): ¥WERBEREEEN, RNoKREE 76-78CHE 5

KRR (IA): L, PEEGEE EEALERATATER,
BE_RTH (ABN): T, PHELSRA, LWRETRUALATRYE,
—FETR (DMSO): Tk, REREEMER, TTRBALI £
ZHFK: BH.

2.2 PANGFHH&

¥—ERLLA AN, 1A B4k R HMNE B DMSO. AIBN MAZREE+
HTHEBRS, HFEREHRABEARSHE, BEAHEH SRk
ERIARNEHMALER. BRAHEHEERLETIELE, FELHEREER
HEABEZEBDRBLLE D IK M 2LE, EREHLTESHE=A
A REEEE K DMSO AKBFREHFHTERLE, KEHBKER. T
Ll CRAMBRGEERS). BEL. BREMTHEE, S5/578 PAN
T4,

2.3 PANFHMEBELTBRL

RALKREESSIMPE, RASRESLE, TEEFUTEE,: (1)
A RIENIH PAN SR HBE: QRERFIERK 0 5 A% 85 4
BEM, UEEEHRETRELTE: O) FHECRANREBIENHE
B MEASNETIR, ESHE—IEX. PTHRHSKTHE,
AXRBEAEGHR, HEOPEETNHLE, BREENRE, BHEEHR
BARRFFHET, ELEMEE PAN FENFELEH. FEOPEETFREA
t, EEMLYRUELSET. BEMEOREREN~MITH, PRE
BEEB R, B ERPE 0 RR X BT . EE0 AN AR TR
DU EE PAN SRR AL, BEEBEHEE,

RAABRLPFEEDE 2-1 FiR, WRLPHS 10 MEER, &

-14-



WHEXEMEEMLX

HEZEHRENBERRILET S, BEEMEEE 180-300CZ M, &
SEATH I L (8 21 PEXFIENERTENEFHR) BTEHRE. W
SN BERKABUBFRHHES. PAN FEEREENHEALTZLEERS
BT %, MEAARORASHPEBRAMRERL, RECREHBYHIE
fFeEMnahREHNRARE, BRANKBRERREHZE 350-1400CZ [,

BRALRY ] By HLBAT BB E . AL FRA & RBHIL 99.99% M B A B,

HE LT EEEE T ERILEBHRA .
715 %
L*J
CE " 4 Vi
[ &)
v | 3 [ = j,
hd lI iﬂﬂﬂ X m
I v |2 | m L___J -, l__._J?O
Lﬁ? : ": ; R | AR
U Wira

E
g

Bl 2-1 PAN EKA4HHEHRER

2.4 MRFHEMB R R H

2.4.1 S ERIMNAHMNR
# PAN A &R RREILM BT EH BB FRIEL, KA KBr ER &
(0.5mg ¥ 5/ 200mg KBr) #E. $A## E 7 400-4000cm™ Z 3],
2.4.2 X HE&iTH ML
% PAN HFERNT RFHEAH B R MM A HT X HRTHIR. M4
BT Ni K CuKa BHE (A=0.15420m), i & R 5 5255 2 5
% 40kV F 60mA. REAHMME N 0.02°, B 6°/min MIZHEE, % 5-60°F
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2% LWRHRAIEER SR

H A R4,
2.4.3 ASHAR |

FI NETZSCH 404 % i £ R 9 # B # A CHE 488 BT a0
K. BRRBEEARERT, WHEER 10mg £4; HEH 30cm’/min S
RPN, BEGEIEE~1400C, FAREXHREMEL 10°C/min.
2.4.4 ARSHWR

# PAN AL PR R AEAM BROAEHRB KRGS, BRE 23mg 2
fl. A GmbH VarioELIIA ST R4 (X i) CHNS XA E T XK. 4. &.
MORTESRER, BHOEANETEEANTFLER,
2.4.5 JFHEENIT

MABLRAENEHEHREREEFENHRKERL (B3362~3366—
82.

2.4.6 hBEMR

2B Bir GB3362-82, FRANBEMNEAENAETE. FEBIE 0.5~
Imm KERWEFESTBANEERKNNEAKERNBEH TR, AEnE
By, BE. AR, FTEREESH, EEAERERSHNBIINH, £EEF
ETHE 4, WHARKERBEGHNGHILH, RANBARNTESLLN
EECLHAR. AEETHNRZEE TRAMOTE, NANESRERHEN
AR TR,
247 RERE. BAENEREMNE

R, BRGNS HRAFRERFERR XD-1 4 B 4 U XQ-1
oF B SR 1o BE (LR,
2.4.8 REEMRL

A E 7 FA-1004N A RF 0 B A L M &% F, A RE K QTR
LK, MBRKEA In, PRRFEABEITHZ—R.
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WEXEME ML X

B3E AR EEP R E R R R ARG HERER MR

3.1 8iH

% F AN 5 1A £ DMSO P BHAKEAHERNBEHEN, KRBT
REBAERERN, HESHLTIESRNET, REBESRE, REER
B KRB KEMNBREEEE. FHLdidEamm BB maTXsEH,
H7E 200C A LTRGBS, BEAELRERE, BRNKRAEBRER.
FIR, ZPBRAEBRAR B EEM, MR TFAERET, SIRTENE,
FUBERKAENREBEE TR, ERGLEANHBRERRETEESE 0.1%
BF.

PAN ERFENHELBEPRLEEF NS HAROYRLELTMLD, W PAN
RefRaRIELLT AL, BUEFIHE. PAN RELZEBERKEAS
TEH, ARAMERE, ITHEERZERNKRLEE. REHEKE, BF
EBRALZ AT B ELEERBAS30T)EHARNPHITHE/LLHE. ANT
B PAN RS TEHREDL, ERFEFREANRABERLEH, BN
TEamHBEeE. ZREAAEIBRFEIERETORREMLERN, LR
R, BERM. FLRELBERN.,

ABEEHEFNFENIEFEIA MR MR LBERRL % EP
BRUXEERAAUAEPRFMTLEM PAN 5 TFHE—FHITHUER
B, HTFERBA. REZBRURER., MERRRERENR, FihERHE
RMRER. EHERKL, FEFORGVENENRAERENEST, BRE
BWZHTEE. REVREFHURNES FHEANKSE. B, RNFEER
Bi: BRHBROFAREHBF/ERNESLY, ERTHRED, RNEHRAT
mit—E5 K, BREANKRFERERE, FELEREEH.

3.2 REHZMEARBRAMNR

MR R R FM AR ENIR, XREANEEANNSEGR
B, EmRLKEHERREZFEN, RENFEREWRTERLFREN

-17-



EIE mrgNEURPAESETURGANERTRR

REAREIS, EPAN/DMSO BS54t B, EXLTE R, H
EXBPHFR{AL HDMSO, EAFEFHENRER, ERLELED, &
EAEFRER—EREHRE, LHPANEBRAENERE.

3.21 K%IZ

MEARPEHFELEN, BLPRYENETRTE, WAHREH, F
REPEAEFHRAE, BFKE. BN, TEDACEHNAREERE, W
HERHBSILABIBPELYER, AHYHEL, FEREH RIS
MBE. A TREAEFRAGEAAARE, BELARELIREMN
DMSO FrTsesided, BRAKREEAETHBEN S BED, BHE 0.1%LLTF.
KELFFTANAKLAREETFK, BHEABREAEEAETRIIAK A5
B, WHRAKGREX.

ERkEHROERIERKGES. BARTNEHE, EEKKERF
FRE, FEBKME, FRTLEE DMSO [KFF BAK@LHRSE,
RERSHN. BEEKEMEN, #FER DMSO fikLEH, THES
BHEFRS, BMARSELH, —MEHE 70~80C. ¥ AKESH M,
LRHRER, SERAERK, FEPRABNED. BI—BRXREERE
R AHEIT (I 55~85C) KEM AR —BRERERNEHEMEHFTR, TRE
W, XKEREKR, BEESHWHESANTAMNRAERN PAN RLHEHEXR
RRF. ATBCGETZ, SIRRARRHBRAE, AWATNRALRAER BB
PIBEIRI AR, SE 1~1000Hz , RE 0.1~50mm, MERHHEBER, X
FERT Lkl A B8 24 (ARG 38, 4748 B R 78 LA 3050,

3.22 RAHEMBRHTEEL

REMBZLIEP—REGUTSER: —HGEE. —RREB. =45
B WH. K. HBAKEMH. TREEL, BHED. TRAEH., ki,
RIIBELFEZNBENTESR, AR 1FTUEHFIERRAEZSR
B, NTTRBHMeTEATEEYAH.
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WFEXEMLELLEX

®3-1 FRAGLTIZEHBAEHN, C. 8. HAETE

FR%KBEA % N/% C/% S/% H/%
1 23.52 63.51 4,617 6.430
2 24.11 64.10 2.250 6.443
3 24.65 65.00 1.741 6.447
4 25.39 66.13 0.717 6.558
5 25.65 66.59 0.413 6.603
6 25.67 66.61 0.203 6.605
7 25.80 66.71 0.129 6.611
8 25.75 66.55 0.090 6.609
9 25.69 66.65 0.074 6.614
10 25.63 66.61 0.057 6.612

3.2.3 RABENERN S i MEL
SAREROBMMERRT &4+ DMSO MZLEY, WTEHAR:

0o 2 4 8 8 10
B B
.. H3-1FAGLTEMBE S T REHE
MEI-IPTUEH S AKENNBIISTESREMALRA, ZFRER
A, SREAEGARDR, BENEBRIENS T (H0) MLFNT#
MALBFERNITFHLEARNEERT BHART KIE, Z—dBRESTR
g L R 1K, SRR A R L (R SR VR L L e, BRI R AT A B R REE
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$IE RAGNEIEPIERETAREMEERTHS

BEAETRARGSEH, SRELEREANLS. I8, K, HAEH
HEBEKRD, BERRERH, FRLEFANSTRER. RLPRBHENG
£, EAENARANRLEEES, RAKKE, BRASABRILLRKLE,
PR BT .

3.2.4 JKRETIFPAN A HEHIDSCRY 25 43 47

D8C Kuvwng
4 Moo
. A~ 24808 C HibAY 2707
FT P
2.
48
- H{4: 2601 °C
» L] i» e i ﬁ =
Bi3-2 7K % RTPANSF 4 ADSC i 2% B
UG Gavsng)
ok

£51k /5. 264.7 C
g 26518 C

HB: -357.8 Jig

440 4

-8

kB{5: 258.6 C

T
» © "m - n kg
-

F3-3 ¥t /5 PANS 4 #DSC i 45 B
BIEDSCHIR, MRBABFIDMSOZEPANH R EHR LB BF A4
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WEXSEW 2 UL X

ZHRMEEHEN.

ME3-2. E3-3K¥AEPAN 44 KIDSCH 4 vf LA B 4 4% 19 R 1 1 4
AR . R EREARREAR, TUEHBDMSOS BRE, H4EH
WERBERRY, KRG ERENR, HAERD. FEESARSNDH
e, BESRLSHILRN. PANBTHERMFEHEREN-C=NTRE,
FIRDMSOZ A/ HBTREL A, LREREREA—-S=0LMHHAHEORT
5-C=NLEWC*RFEEZT, NIRRT AM=RTF, REERF RN,
BB, FEFDMSOTREHK, FLAEE, ELFEFLHBEE LR
F, KEATRMIPANG & FOMSOSE®, FLLERERMN, K¥t/HEHPANEF
BERERN. B4+, DMSOES BN ST EEMLEY, TERLEUNT
7, SE—EBELESPANS THEMEP, BRDSCERT RBRARER
RS . DMSO M, SIEBAE (AR MM, EXRERERLAIR
. B RS, FABERERT TG TRAMBHR, REHM. DMSOH
B, BEESIRFIREN, BHEMARINE, BERHRNEL TR,
FURLHEHR, REBNERTEND, KELIZREKEEM.

LIMENHNREMBEAEAES RREHILERR

S B — A R A AT AR AL L0, R R MR R P R
ERRGHMRERZL.
FEARBAE R ERELEFENR 0.4m/min. MEANKLTZSHRE

SHE 3-2. £33 FiF.
. %32 HALIEZERE

PE ®-FR gt o) B=pR B0 E BHYE

#K 1IE 2K 3B 4K SEKE 6 7K 8K 9K 10K

BEE(C) 195 205 220 230 245 255 265 275 275 255

B 3.10% 1.97% 0% 0% 0%
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HIF BARNEIEPARSETLRENMEERTHR

%33 RUIERE
By 8 wiE
BE 1K 2K 3K 4X 1K 2K
B 100C  350C  500C 600°C 1280C 1400°C
BRI M 1.5% —4%

3N REAMBRARSETH]

EMEALBFREZMER PAN 2 FHLBAZAARBEL B TFHE
Fe4H, TEC. N H. O SBRAETRL, RUASENZLAEE, W
3-4 %W 3-4 iR,

®34 TREARHBELARTES R

7B B 41 C/% N/% H/% 0/%
18X 67.60 25.93 5.718 3.573
2HK 67.16 25.78 5.648 3.581
3RK 66.72 25.51 5.527 3.592
ABK 66.47 25.31 5438 4.045
SERX 66.18 25.09 5.345 4.461
6K 65.58 24.66 5.129 5.248
THRE 64.94 24.39 4,943 6.121
S HEK 63.48 23.56 4.647 7.101
9 @X 63.04 23.31 451 8.180
10ERX 61.80 22.67 4,111 9.890

EH=MEK, BERRRN, TER (O, & (N) E () MERE
SERRAMAL, MTER (O NERMAF BN, EHMEEFK. £
WRELLE, BERHRN, BnARERRAOMANAEAZK, TEC.HAN
MERES & REE, BEEERTHE, T o ¥RIRANMN, XAXLT
BRGHERERR. ERARERRNEHT, B25TRIARNAELR
B, SETHEASERMAELER, RURILRNEEBR.
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LWEXEHMETEHLRLX

Ly L)
e 3.

[~ L (3.}
M

BX

4FAARORESRELE

3.3.2 pEEERILMBETREL
¥ 3.5 BALITE PAN LA R TESR

Cl% N/% H/% 0/%
e A % 61.80 22.67 4,111 9.890
FERMAE (600T) 68.18 19.09 2.451 8.513

WEBIAE (1400C) 94.37 3.293 0.309 1.137

PAN FA LA RBAL BN E TERILME 3-5 fin, BILFFEPK
FREEMBE, HBTETRANRD . AALORLTERERRERTN
BREMEERABEEFNTBRAREMNLE, PAN IALFHER
ATFRBEMFREOFRY Tt — P LBk FALRER, RERNFLAT
BEHA_EFERFATEOEURE, FTFRARERK. RE, BEHM
AESBRE. 2 THETARSEXH. IRREREERAEREHNRE L
EER—BAITARRERATRORE, AAREEHNEREARSUTR
BHRSERERBTIARAZBEAER, BERSYHARBREMKE
BB, BEANNTESRREME, WX3-5Fn, TXH O. NHE
BEEME, MARBNASEREN M. mERLY, BE®R, REAN, #
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HI8 BRAHNEIEP IR BT A RGNS TS

FEAREYDERLELETRARE. ERTEAREH, BREEURTE
AERBTE, KPROETEE 0%ULE, AHERELROBTE (43%
EE) AHBHE. AT,

I HmELMRILN RO TELRE

S ( eNd

lllllll R | v T v LJ

B 3-5 RAEHESRPIEHELE

HeEMma LREWBRAEAES ELBPHKOGETEL. B35 ERT
xX—24k.

B 1~5 BrELRBR T AL AT 1k A ZE L, e kAhERK, —EBEY
ARFELBEFHEEMT SR ZHBTHRLERNERBT, 78
MEEETRAKSE. 6 ATERLNE, HHRLEEET 600CEEHHE
ARPHAT ABRTLLEHKDEFRBRIM BRBENE D, HOLFEMA N
BHEERERD. BEmEREN (WERE 7), dTEREAE 1200CLLE,
REEIZ, BIEAREMT 4%fEN, FEAFNEKSEERR, KRN
SHEREBRRET.

BEREMEFERAHTEERENTL. 2EFAABRLE, FEERZH
B K 10~12um ZR T RA LR 6~Tum.
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WEXERBLTEMRBX

LBARAAFRILMBEETENEEETL

AE 3-6 FTUBHERTRHEIBPAENETHZLNBEED
REHE/PK. PAN RERTHEACHEETES, FETHRREEMER
B, BEBUNYFEY. X—WUBHEEHRTTHE. B, RENTBRREN,
EhHk. BEASRERMFEY, SIBRASERNED: EURNPHH
HRE. EHEREBLBAENERED, ERAGLEAVMRNRESE
REREM; PRRNBESHE SN FYRSIEAENRARED: HTR
¥ PAN A THEAEMARE, ERAAIEFBENFEETEN, BE
BlRAsAKE FERGE/D. B3-6 BEXERETUMEAER, TUF
HARERRLHBREFEEZUAK. EHRUEBS, FEXERMITHTFME
MABRN R SEMERN, ERETFLERY (10 HCN, NH;. COz. CO.
H,0. N; %) HAKRE, AEPNITFEUBHEZRRNEBHMREH.
ERTEMBN, FRAENSHRED 0% L, FEEHEENT EBRL.
ME3-6 PATLEN, RERFENEEERRLETHEN 11254,

0'10-\-\-\‘___.
— g

B®®¥(g/m)
s o o
g 8 8

o
&

0.05

''''''''' LA

RZ IE 2K 3K 4% SK 6K X 8% 9K 10K @ %
BEK

H3-6 BAGHEIBT RN BRATRELE
HEERBRTAENHELEE. NE 3-7 FELES, £8MRTEH
EQRPARGEEER MY, ERAMIETENRERTAETR. B
BAH B P B EH MR, RATENBEERREE, LUPRBILTE
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FIF BRAGHEIEI TR ETARSNHERTHR

FBRGENE . FEALE BT B IR o T8 B W7+ w6 (618 PR 4L R S b R
GHNERNERE, RURFUXRETESN, B REEEZRFR
TRAIEETHLD, ERTFTEANELESHEHT. ¢ 8. BEKLNBRSE
BEEMNEMEHT N, H. ORBTENBLARTERNEM, RELERE
GH, FEGHEMHE.

1.8

171
~1861
£
£ 159
£¢l1.4-
7]
#13

12

1!1 L L) T L) Ll A L) 1] L L) L] T
Bz 1K 2K 3R 4% 5K 6 T S S 10K i ##
= {E

B 3.7 B EHELET ENREEETLE

.35 MMM R R FBENTL

ME3-8F LB HPANAF EH R PREEREAN B EZHEEM, MR
HAERKRAEHEIBRPALBERMKY, TEEPRRAR, HEKRL
RAgmERELA. HHRE LB FPANAS FHH-C=N ¥4 HA-C=Ng,
RS FHRARBAKRE, FUNRELENTE, FHEDATHE
RIEAKE, K hBERERE. MERMNBET, MELTEEANE
LB, MEATEBERRLMEREERTHE, T8, PERNPMREH
PEER, MATHTFERMAARE, ATEPERLAENRHBERT
MEMAEHGRE: BRARL FEVEROBEHAREHE—S%
£, MFEERAZX, dTFC-CROBBERERTRERANS TEENAE
B, FIURARMBEETER FPANELEE. AEBENTHEENEL

-26 -



hHEXETE:EMEX

f16 cN /dtexZt, BITAEAGEH2 cN /dtexEH, FRBALA MBS oN /dtex
Eh, BEIBRAEHBREL HT0cN/dtex, RET RHZEL.

-

Hir{H IR (oN.dtex™)
8 3

- Ny
(=] [~
i 1

—=

o
1

RE 1K 9% 3K 4K 5K 6K 7K sX oK 10X il
#HEX

B 3-8 BASHETBRPRPREELE

336 BMARBFIRPHALEEHEN

PAN BU4RAKHREEY, £E4H—C=N. CH, £H, 4/ NiEER
B 3-9 thek 1 Fig. Mgk 2240 cm™ RN —C=N R MR T &
FAIE W e oe ™Y, 2939 cm™! MHE T IR E T CH, CH: % A1 C-H B 45
", 1456 em™, 1356 cm™, 1255 cm” BHER A KRR 8T C-H 1
TRFADERN, 1070 cm™ W% C—CN KRR TG,

EFEMLTEP, REFL. RE. BEAINSBRME, —C=N LA —
C=N, F b KRR C=0 %5, mE 3-9 #£ 2 Fi/~, PAN R4 C=N.CH, &
B R B e 9 %, TIAE 1500~1700 cm™ BL T —~ AR EM G, XMEBHE
BRI C=C,C=N,C=0 @ LI % NH ZEAMELZBHLER.

BhBRRLEARE, LSEEPRAFO>ROBEBEE, WE 39 HE3
i, RARHNFEFNEELI>ROLFER. TRERLE, RTIEEK
AERBEH, HTFHRABRGEEE, ATURAEHLHEER LT R EEH
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HIEF RARNEUET AR RTERENMERTTR

B/itx

0 500 1000 1500 2000 2500 3000 3500 4000 4500
¥ (™
B 3-9 BRET 4 ) & ok 8 b BB B4 b 2 4 I
(1-RZ 2.4 3-PBRE 4BA%)

3.3. 7TRRA SN ETE P TR RAEN X HE&TTH

.

.
[ 2
A :

4

0 10 20 30 40 50 80

20 ()

1-B4 2- WAL 3-hEE 4 BIE
B 3-10 A EFETRFM BRI RN X SHE4THE
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LWEXEFRMLTEHLRX

3-10 RBEAEFHETEMBTYN X HEMHE, NH%1+TUE
Wi B 42 7E 20=17°F 20=29°KEiE RS, X MUATA MR, ERPFRLNE AR
I, BAREEPAN RK. #4277 20=1TRT 5 M, ETRELE X HEMH
SRR ELMEE, WE20=55°LRALRAFHMTHELS. BRHEERS,
REAELARN RN FRLEH, SHRIMBHEHRRATERALLE
i, R#Tf PAN Bt RS FLEM AR ARREHENL. NPRELTERN
A7 54 B g 4R 3)F BT DUE P EBRLE AT 4 7E 20=23° MHEHBLATH 2.
SURBERLERIMHRAE, £ 20=25" ELFHURRMFETATHE,
AR A BRSNS, RERTFETILETROERL.

3.3. 3 BAMNETEIFRM BRASR DSC 54T

B A " a

DSC

2887

0 200 400 600 800 1000 1200 1400
# 3 (C)

3-11 ¥ DSC M4k a R, b MEL, c PEBRUAE
EEAN KD, U—EREREE 180~270CTEB X H#IT £ BELT
FALE, ERELHHHMERR EMER, BBTELTE, MALTEN
EERLAFHANER, ANRESERSA AT TF 350~600°C AIHT, B2+
BHRAAE, ENRERE B0CHBARANHPi#T, AIRTE. R
xR A5 H PAN F4. B AEAN P ERILLT Hit1THE DSC Wik,
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BIE ALY EIENARS BT REUMERTHR

ZRWE 3-11 firk. PANARESPREML, HERENOREEMNST
GEMENET B, SAERNERSEED, WRE(—COOH) ., B (—
OH), ZE(C=0)%, BUEFART T RELAERNPEBILFENTAY,
B, MEALAERPRBUATE 100CELNBRABRK S ERERMN.
B 3-11b 7 330°CH — B, REPTEMAETRALTBROE LS W42
LR ERBRN. Bit, PEBAIBELEYN, XZ—dBFERRERET
BROEAMBERERCRN, FUSTELAENNHFERLABE
BOCHERA XA R B AR,

PAN £ 743'CHIE, P2 RES FIREH N B BE .
1052CA R R W E. REBARER . REHASHEAI LB RN HE—F
BRIRBMER, BRHERES A, MELE UNRCLHARAEEME.
FRRKSED. MEASHERNERN.

.4 kRN

BEEMNEEWRLEEYEERR, £PAN/ DMSO B4 48P,
EFAELEAREE, HLEAEPHFRATEHDMSO, DMSO WHFE, 3l
BHRAEARD N, ZERARKRLTEL. RETEP, FUBEREHRE
TR TREIRRH, EAETHR—EHEABE, BAPANER A R4
fE. FTUERLPHETERMAKRTE, BHREHN.

BEALED, FLPH PAN GHRATFLEHRARBRLEHEL, W
FUAENTF LR LREREH . AP ERERLERIELBEREBEHY
A%, EX—HEARP, EaxEsRLunERLD, BFRER, BEL
HARZEESRHRWARRLEH, ERANEEAFETHRRTERRY
. FEHREECHELB AN BREBUTK, BEBERD, AEHH4E
BE—E#m RAAENBEREBERRET., EFELEY, NEREREWR,
HEMBEREKD, RELMRAREERNMLERET, #E4—HERE. 4
GERRREA BB, BEERE BN, FUERBR A 4B IR A B W5 Y
B,
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4.1 HIE

FREATESHMNBEARNEREREREHNE S, MELEE. MBE
X, m#HetE T EEBEEwERASHBALREREREE. MALE
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BERBRAELETRT, {H PAN 7 230~260CH Z FEZH¥AN. BIES
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ERBEXERHABELEH UL EENARE, NERAMALBEERAT
LS. REAHESSFERREX, AETPSELNHRAS RBEREL
RO 4 B 389 ] 4 S0 TR AL Bt fRl

FEUMBETENSR, TE—EBEELRB PAN AETEALER,
HUETERSTEHABEEENSHESHNRBEERFVBE SR
%, HENBRTERLANERAER. ElXREXERNEREESNE,
FERE 9%~12% 0, EFHMNRAEBERS. MARALARE, HHFL
BEE, ERALBRTRRBNSEENE, BEAEFETAERE: A
iy, MALBREHTESHERF, ERERLN, BRUHAE™Y
£, BENMASLLEHNES, BURFENBETR, BRREHREK.

FERTHZITENEE. HRURFELEGHFEN{XRAIMARER
Ew, TNHELESEAATEBPNEZBAERKENEM. R EL
MARERA S ELHETHEMN, FRIEBAS M HAMAERN SRS &
feaeam, Eid X AR RER AR A®TYBEREAHA, £E4%
REMEATEHHR, FiTHELBRE., HE GELER HESENA %
Hept e, FRARAAENESBNAEHERAYHE, BEXFTTHAL
Bk EERITER,

4.2 ARULITESHAEKE
FREFEAIETHBEEMARREFMEN, ANHENAEELEEZH
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MFIERER 221.6C, #ILEKR 3802C, RMMBRREEAE 283.1C, X£
RINHEMENTEREH PR KB, B 42 HFLH TG HE, NE
A LIE MR 287C~350CHARETRARENFRRK. X5 DSC #
KFGAMLERNE—BN. ETRAMMTHER, RNBFALKERBE
REEBHRRNFHBE 220CZH, AT @LLEMEML, SREEME
EERABEEFERMNERBAREFBAE 280CZH, HEBXAEE
5~15°ClRIR F .

4.3 HBESMESEMAHEREAEE

MER BB —EAREERE, HE PAN UTEEBBEE N ATIISE PAN
TG AT, M, BERAEN 282°CKEE, REKKAEWL.
, REREAYFMA—ENXRAS, EREAPFIRRNERL, FHE
PAN BHEMFHRNHBHETRARMRE, AT MET LR M #AR
B, e REEMEE, FRAESTIEN. b, B PAN AKX, &
BHE, FEEE, SIAERAASREMEE. FLl, B_ELEHTIAXEL
IR,

ZAEERREERNTELERNER, HELASTR—BE2%UT,
BEFE1%UT. EXZRERARESE, MAHBIANFEFTIEHE,
R SEEERARE, ATEREARRENIERYES, RIERK,
FEREE R, HFEEETR.

£EASHERERN: EREREARLUGERE,; EERE, BE
BER BAEREREENSLRE: THLHEF, IRAREFNEANS
R FIn, ERRETRAARN, MELEAELEHYT: RILFERT
BRI R B, BBRBER.

—BTE, MERERL, RERALHRRAES HRERENAER
MRTEY, MRERJA). TERAA). FEAKBMMAAL). AHERTIEMA)
LM, B RETE PAN REFT A RAGKERARBRTBMA). KER
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MAEEAZ—, BASXTFEFENHRARS, TEEBE IA £ PAN 4
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E1R IZoMIT RS RRRRLES LT

MEAH BT R EREFILRE, RTERBEZEFRA. BEIAMT A
TRMHEILES. BHWTR:

R41FRAIREFIORS
=) HERSE BEgkE % BERHK/ERES®
A AN/AIA 1A 21.5 99/0.6/0.4
B AN/AIA 21.5 99.4/0.6
C AN/A 21.5 99/1
D AN/IA Z AL E 21.5 99/1

H: AN-HEiK, AIA—-KEREK, IA—-RER

MARXEASHERLRTHRBESENBAAIZLR, NEMEK
R, MEATERATEIT, HHERDE 4-2. AE BN THEA
BEN—TEESH, NEREXRGERLINE, HERE 9%~12%F,
EFHMORSEBRERR. AR 4-2 TUEHY, IAEHBE_HKk, 2X4,
G4, MEABIANTELNE S REZREAATELNFEATE, 9
BEAATRTS . PAN RELEUBFTTL2E MR AMBELEH, NE 43T
B, HAAREA MR LESRUAER I Bt mBa .

® 42 PARKREAARFEANBOA TR

Al% B/% C/% D%
1EX 2.464 3.573 2.961 2.732
2R 2.717 3.581 2.965 2.806
3EEK 3.093 3.592 3.036 3.091
4RX 3.432 4.045 3171 3.745
S@EK 3.950 4.461 3.372 4.139
CRK 4.815 5.248 m 5.247
TERK 5.257 6.121 4,049 6.739
8K 6.169 7.101 4,870 7.972
IBRK 7.760 8.180 5.551 9.071
108EEK 11.38 9.890 6.444 11.91
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WEXEREF ML X
SRERFHLER BENTX.

%45 FI. AP HRALSERHARFREAR

Fibers WELESR/% FHRE% W4 BB /GPa

F1(120min) 15.10 61 3.1
F2(80min) 10.57 46 3.6

F3(60min) 8.88 29 32

£ 4-5 WLE HBEACH M3 RERTERENER, RIOZAFHLE
M FE AL F RN TT K, A REMETEAR AFE TR, i
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MELEF 10%EAME, FESEER, WRE(COOH). ZE(-OH).
BR(C=0)%, EMNEHKA, ERARSSEREFIHAXD. SEARKHE
PEHFELESREKS, RLNTMEALNAEMT (TG) BERNTE—
A, ME 48 hATLLEH, NEHEET 287.5C, RLHBLBEHFEH, F4E 1
YHFRIAK: TAELBMEE 120CHEF &, HBRREKRAI%4%, &
BHFALLELE HREK.

RS, FRRALBENFENRERIBEFFAN, NETE
ARAWMERHERMEEARAN. B 4o BT AARELERERNAET RN
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FEEEHE %)
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REMEWHTMELEE. TRITFHNAFEASEHZEF LRTFTH.

-41 -



F4E IZBHNARSENFEEETLOTSR

4.9 X FIE

B TR DSC. TGHAHER, RNEARLNELRBEREERMK
REFF R LAY, W0 T8 St BETRA4L, G573 BE Mt s 72 i e (IR )
R REAKREFEREZ G, HEBXEHZE S~15CARAR. MFRK
RASHRLETHRALZSZENAEN, RAREENHRELS K BB PAN
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B5F TRRSABREAEMNGHEERNR

5185

FE WA BERABE LRETHANKAENEHRELRE, MR RKK
PANE £ £ 5IMm btk e A E MR R, BATMEALFERMREW (RE) BE
(BA%E) HRED, HEAMBRETRZARAZNNE, REEMANE
MIZHRE, FEPANFEAKMBNREXELEAY, HBEARTEN
gms5HeTREEER, BAFRAEXEX. BN+ BEMNFRREL
BEENTENRALN, RGREE., ABE. HFEE, XBREURLFES
¥4,

5.2 ME#4ARXR

% 5-1 PAN T2 A

T HE /dtex BWPKE /% B/BH/eN #H /g.om’?

5 ak )] 1.00 10.6 6.53 1.165

RS- HEEMNELEAFRSAEREBTMEALE, FEFARE
hEBEHRELA R, REFELY P, R4S BRMBAAEST NN
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58 TRRALEEFSEnEHT

BERT

5

EHMBE FEE REE FAeR LR LEE #ER DEBEE HREH
“ui % % % % /gm?  fgem? /feN.dtex? E%
P1 3.758 6643 2552 5644 0.1058 1.183 6.53 10.6
Al 3.573 6760 2593 5718 0.1054 1.182 5.94 10.6
A2 3581 67.16 2578  5.648 0.1027  1.186 5.41 11.1
A3 3592 6672 2551 5527 0.0999 1.192 4.84 11.6
A4 4045 6647 2531 5438  0.0996 1.203 432 11.7
A5 4461 6618 2509 5345 0.0996 1214  4.05 11.5
A6 5248 6558 2466 5129 0.0997 1227  4.01 1.7
A7 6121 6494 2439 4943 0.0988 1239 334 124
A8  7.101 6348  23.56 4.647 0.0993 1.264  2.97 12.8
A9 8180 63.04 2331 4511  0.0999 1297 275 13.4
A0 9890 61.80 2267 4111 0.0973 1382 236 15.8

5.3 FRBEAEEARLBENEL
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BROBTHRENNEET, LERNEI, KENMIFRYE, EBKTER

-44 -



A1 A2 A3 A4 A5 AB AT AB A9 A10
&

528 wHELE

5.4 TRRRHLEEAGAEEMEIENEL

ARG AL B AL 4 (5 A LS BBHIR B 0 8, (B 48 B R
F: SEAK, ¥mEkhs: BRER, MnEERX. WE 5-3 TUEH
BHEEBEN, EENRSTREHRE, BNBER,. BTFRERLSY—
BRN, BEMKENEEEFRAER, HHEERENENY, BENNENRH
B. BEBRUE, $TEREFTRWBAEER M. LERHBEH M7 L
FTHEANMEHE, —RETRENAHN, SBRYEELEM: —RaTEEMNH
mERAEARNEEEMR, FRELEH S THD. bEERENMEERE
RETRENFEEBFLRIME, SHOERNES, 85 RFILTHKRE
BENN: P EERREARNERTFRIMIZRTFHD, RUERRFERT
BAMELLHEAT, BEABEHENERLRA M, BT Ak & g
EX.

BATMALHUEENEAREGRAEMBEN — M EEREEF. T
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#5.3 PRMAMATEHEREER SRR

P1 Al A2 A3 A4 AS A6 A7 A8 A9 AlD

EWR
"

0.873 0.787 0.767 0.576 0.552 0.595 0.621 0.707 0.729 0.748 0.767

SRR
F(nm)
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