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T PAA. PHQEP fl E-51 (A LARBEIAKEMNE. N EERAFRTBI M FEL: R
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ABSTRACT

Epoxy resin is in possess of superior mechanical strength, good insulating performance, low curing
shrinkage rate, low cost and flexible formula and processing design. It is largely used as paint, adhesive,
encapsulating materials and composites. However, epoxy resins have bad toughness, for this reason, they
are limited in the application of area where high strength, high toughness and high heat resistance are
requested. Elastomers toughen epoxy resin remarkably, but decrease the heat resistant. Thermotropic liquid
crystalline polymer and the thermoplastic resin which has good compatibility with €poxy resin are able to
toughen strength the epoxy resin and improve the heat resistance at the same time. Improving the synthesis
technology, liquid crystalline epoxy resin was synthesized by epichlorohydrin method using phase transfer
catalyst. PAA was synthesized by direct polycondensation of dianhydride and diamine after dianhydride
(BTAH) was synthesized. '

The molecular structures of PHQEP, PAA and intermediates were characterized by FTIR, 'H-NMR
and DSC. Liquid crystalline phase behavior of PHQEP was studied by POM, DSC and WAXD. Curing
behaviors of PHQEP/E-51/DDS and PAA/E-51/DDS were studied by non-isothermal DSC method, the
apparent activation energy Ea was calculated by isoconversional method, kinetic model was predicted by
Malek method. Static mechanical tests of PHQEP/E-51/DDS and PAA/E-51/DDS blend such as impact,
tension and three-point bending was carried out. DSC, TG, DIL and heat conduction apparatus were used in
the heat properties investigation. DMA, SEM, WAXD, Creep Properties analysis were done to search for
the toughening mechanism and the information about the compatibility of PHQEP, PAA and E-51. The
results show that PHQEP and PAA were oligoesters, PHQEP was nematic liquid crystalline, the
temperature zone of liquid crystalline phase was 180~ 225°C. In the whole, the Ea value of
PHQEP/E-51/DDS system was higher than the value of E-51/DDS, and the Ea value of PAA/E-51/DDS is
nearly lower that the value of E-51/DDS. It was found that PHQEP the curing of epoxy resin, PAA
promoted the curing in some extent. Autocatalytic model was predicted as the proper model to describe the
curing mechanism of both PHQEP/E-51/DDS system and PAA/E-51/DDS system. The addition of m and n
is near 2. PAA and PHQEP are approved to toughen, strength the epoxy resin and improve the heat
resistance at the same time. When Swt %( relate to E-51) PHQEP was added, the impact strength was
improved by 164% comparing to EP/DDS system, static mechanical strength and modulus were also
elevated greatly. For PHQEP/E-51/DDS blend, the initial decomposition iemperature was raised by 5~
15°C relative to cured pure E-51, the glass transition temperature (Tg) raised by 8.9°C, heat deformation
temperature elevated by 20 °C, and the heat conduction coefficient improved by 9.92%. It indicates that the

thermal properties of materials modified with PHQEP were improved. The impact strength of
Il



AR T ¥ KR M+ F 4o X

PAA/E-51/DDS can reach 3.15 times than that of E-51/DDS, and other properties such as mechanical
strength, mechanical modulus and thermal stability were improved too. From SEM observation, WAXD
and DMA analysis, it can be seen that the compatibility between PHQEP, PAA and PHQEP is good, the
distinct second phase wasn’t found. The rigidity of PHQEP and PAA were large, the rigid units were
brought into the epoxy net, the coexistence of the chemical crosslinkage with the physical crosslinkage
such as interact of rigid chain and the hydrogen bond that formed between the hydroxyl and carbonyls
made the Tg go high, the heat resistant to be improved, and the mechanical strength to be raised. In
PHQEP/E-51/DDS blend materials, there were cured epoxy net of PHQEP, E-51, and net of PHQEP-E-51
which net oriented in some extent for the orientation of PHQEP, these complex networks have more
advantages in absorbing impact energy. PAA reacted with E-51 and reduced the crosslinking density which
lead the improvement of impact toughness, the physical crosslinkage made PAA/E-51/DDS have superior
mechanical strength and modulus.

Keywords: Epoxy resin; liquid crystalline epoxy; Polyamic acid; Toughening; Strengthing
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§1.1 RERBEF N

M E M S (Epoxy resin, BjFR EP)RITHMTEFRNEBAN U LFAEER, 68l
L B R LT L =4 PR G M R 4 F TR D .

HEMEFMRES, TIIRBERE. AR, hFENNREENEESTR. FER
SERNRMEHRITHE. HERESA_ETERERENIERNS FRETR AR, EHE
T ABRAAEM BRI EM I BRUESUNTEENSE &R N5 KH hE
K. GKHMER. FAKH ML, BWERELEY. BHRERELSVIRETR
MR, REERSTHNBAKRENBENESHFEREY. BUFZRNFRTHH
FERT RS B IRAGE. BB, MEEE. ROEE. kMMM E TR,

HEREEUERIFE MU EZARMNSHETRENERER. s H|R. Bk
HRR, PIEHEMBALELT. WERERR. RFREBEEFURRENTIESSRE
It RER,

A L1FE R BB MRS 6 — 2o i rbdk

WA HEM A BEER AR AR B A
1§38 5E (MPa) 455 25.0 60
%5 335 (MPa) 94.2 50.0~60.0 90
FE 45353 5 (MPa) — 80.0~100.0 160
TSR (kI/m?) 3.84 1.0~1.2 9
#F B (ghem’) — 1.25~1.27 1.22
LMk RHEK) 6x107 — 10~15x10"
AW 2R (%) 1~2 8~10 4~6

WEMAE R 1947 FEXELRTWALEFUR, 2t 50 BEMEE, 2004 FE4
HAAEMIEEFBL 170 g, HAPFRK, £E. BEX=E 5T 100 M, 214 60%,
REAREMIENET KF 170 2K, BEFRESCEBN 35 7 t/a, 2005 ELEFER
FRE=Bh 44 Tit, WHRBEN 63 )7 ',

§1.2 @I EHE

§1.2.1 BRAKRABREESY
BRERBYREIRLWBERTVE LN TFBERA N TESRNAEFNEES

g, RESHEFERNARSEE, BAXFRIIA. S8, BEHEURENE A

AR FAEME. BEMKLEREKSE, THARBERRM. BEEBSHUEE
HiSrm(ED . B, B35, RESERTERSENSBR SRS,
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BRREY (KBRS T, HEZPIEREBOE LB FIEHE i ST B &
SHREY. WERSTXaKER, SRENE RN M= EROB R TR
EM. KERERETHUESHME 1.1 FiR.

el
A 1.1 kKRR ATGIFLEH

ERFLR—ANIERZ, BPEE—HE—X—, #li—CH=N—,—N=N—, —
N=N(O)—. —COO0—%. RERGETERST FPUENARF, TUREHBBRE
0T, HBGETATEEZH: BTURMNERBRRRST, BRETEINSERE
X LW, —BRERTUHEBEARD FOETHRALRINN. 0nRMEER RS
RO TFHETHNHE EHAERAET, SRS TERAINESRBREL T. 15,
R —EMEEEREST. EHUERBETH L, RERETE—REDLRTTN
ARy 5 £ Faerasnbl.

§122 HRAEHMEREAMTEZ

BRAEERE, RESTFPHESERSET, NEASIMRMEEEEA, XEE
WERT BRI RHEFMEHRAY. WA REER IS REFRE S, 8RN DR BT
RO R R AR S I E LY, LA T RAE RSB A, B EE AL
WAERELT . T AMEST. TR ERIRR Pt IR %,

WRHE R T FE&H R ETORER U E I i S A B v R AR B AR A
RREETTEM, TG EN R ERIN BRIB K7 K010 B K
MEFAE, BEFENEYWNEREBIENENFEEARRERTRH . 8%,
X T A G KR S BRI R T — R AR S, TR RN THIRSIAGRRE, A
WHIER RIS, BEXMATETEESRHBERFEANFEY, SRBARK, *
HEHMBEHREK, §RAMFHZY. FEERARE EBSRAETHAKERAK
FiEERNAZEAAEMIEREB R R TS EF R RFBR N 4K H B R N
BEERIEMHRENE, P EERCE, BOARMEYNS FESMFEEELWY,
§1.2.3 BRI EMIRRIE L ZE

BEAEWEHELTXERR, —FRE S aERBFFMAEFASIEFELET
FRBATRE, B—Fh R 5 BEHRMABRREESYE BURSFhE R SETET,
SWRETHEARFE I, BEE. BRE. SHBRLES, FERARTHEL
FAEMNEZRR. BR. WEZRM44- B E R gD,

ATHEEZHNRBERFRE TR, BURMBSNERNBLEEESHE R
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5 B #% B A4k S RLHUER AT 78 R R A2 ob A AR FR 2 X v R R S B AL R A AL I
WH%[Z?.ZS]“

§1.2.4 BREFREHEOARIVK

BRI ERISHBIITAT 20 A 80 R, AFEM. S hEsHE AT AFEA
WAT J B DA B B A 2. REEMERRBR R T KB

Giamberini et al® "4R3E T JLFH AR FHE A2 Eb BB S ST RSN N B A7 5o PR AR 38 1
1R BIARIT H RN . Harada et al® 190 T IS E R TSI E N IS 5 & P B E
WAL RS . KRNI, IR TERRAFER TR RERW, &
EBRAT—#HEAENREANELR, EARENTIEER, LC HEREKX, TABRME
HA—BEAFEROAERER, L ERTNRERALBNREMH-, Cl-, Me)
Xt % HEERR R EALYI(LCEP)M 4,4- —H X — AB¥(DDE)EL KW, &RRPAI
REMBEBERERRENE D, FEUREEIME B MR, T ERARNAE K.

Carfagna® | Ochi et al®’>® I Vyazovkin" 5t R EN S WHIB AT AT AR5
M. HF Vyazovkin PIH DSC 8 T DGEBA il DGEBP 5 DAP KNI 4L3h 7
FITHh, RABSHENELLEEFENRNES 2, BERNELRINELAN
ERMEENRBTEEREGHEXR. BERENHEESEYVERT —HEXE B =5
PEEFBREECHQMAEATEY (PHQEP), 18T PHQ SHE &K kA thxt
PHQEP 43 F & DA F % & i FE X (8] B 36

W R EM e B R BRI A BI%R/ER, BXH AR ER
. A REtEREFEEEER, TERELE, FMeERmESN, XA EE
DA 22 0L £ 44 B 9 K 40 1A 180 5 ) R AR R U i L A AR R 5 S AR B o A
BRI RS R AL ST ARk AR R #CR SR BT AR 2 Bk H B 5B
ZEY R MBI R E M IE(LCPE), ARERRME S EAEME (E-44) , HLCPEM
AB/PNF5%E, BuridetBEAremEmnEIEs, HAMELCPEN RN
MR E. EELNEPLCPES FERNE S, HFEH, HABSHMX, #8E /L
PMEEEE, AhaBEh, Tgfhtm, BRAERERT, MEetsE.

§1.3 R ESELI iR

REWHK (PD REF# LEFRUBAN—RREY, BAPLAGHMIEL.
RIPRK RBUR. . W%, WHAR. K@M B BRREINR, T 2
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FETREE. G4, £HEAME. B%%. WERRHTBESEY., 25N EHS
Z it B BsB WAE(PELS) B £ & 2 Xy v a i TR T2k . BRBE T v @ ik i R 4
BE&M, Al LU AR M TR R AER A, S0 NN-Z 5 F B (DMF),
N,N-— i Z.Bti%(DMAC), N-F&-2-it 5 BI(NMP)a PUZU%AE (THF) /5 BERE Y
P TRRAR, RETHENRBRTER, RIREGLEMAZE 300°C 24 KK

[{45~47)
o

§1.4 ERIBERIERA R

B TELE T EM ISR EE R, WK, EMFERNE. R 2R,
ENREZET 2R, MPSHERA THREMERRMNERRE. REWEEY
MEMTERS, WMRARKEY. RBEREET. FHESEEY. BRReY
WP, R TR, MR RGN, KO FEAFEY. RBBRREVEY. B
FRAMNEEY], RS THYIE, MIOPER “RO-4TH” P, “RE-87TH”
BLER, 1 “OpRRRE”. WK “IRiamss” fERIE,

§1.4.1 AL R MR IE IR E R AR

AFHRER Iy S R R RS R EET AR RET BRE
(CTBN). M2 ETHKRRMHTBN). BAEEMRETHEE. WmARERT _HHTPB).
W ERTREBRKRETBNYE ., EHBARRET HR(CTBN) A IIFIE T EM I
i, 7ER S ELILRES, SRR E, HRRFIHE G, PR AR R
BT B SRR, L4 1ERE, FAREERBRER M FET R EBHE
25, ENREA AR/ MNOBSTEFES NG, FLEREEM, MMEEEIE K.
SERE, BRI, TRIEE IR SR ErEtE. AR HTBN E¥HE/
ANEMEXE - HEBFAR, & HIBN §EiX 20phr B, SRR H s mik
900J/cm?, ZEFFE(340)/cm)HtL, MERERE T 2 E2Y, RTBK B SRR
WHEERAE, TG NFRERBRERNSIIREERKT .

§1.4.2 HEB R REIE RN IE IR F TR

80 FER PR HITTEA, WA BAENEER. WML HREPUPES). ER
(PSF). REEEW L (PED). REAHI(PEK). RERPPO)FMEH TEMAR, BNIRES
FFE A S L IRY P T B S AR SRR 43 SO, BESLIRAT R RO I 18 B4R 3 . Giannotti®™”)
% \ %I EP/PSF/—HEZXKP(MDDS)RAMELMPH 2 &M, —HEEEHEM
hASERMER, B—MEEERATESHFEARR. MI1ELT NS weibull t£E,
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KT KNS, RAMARWLUG, ARNS thikaRE s, mnsEssm. T
BRCYZEA, UL DDS HELABIR T RBEPU(PES) MFISFEUM ISR, A TR
WS EPTERIR R PES/AEMIEE SRR RFMLEM, KE% PES LIA/IF—iG
AR BIEEAER AR RAAR T, DB PES WA FHRR T T FHREELEM . B
& PES KM, AARMPEE KIBEER, % 100phr FREFMA 12.5 phr i PES,
MRS R T 3.34 15, Gie BM T 1.2 4%, PES & 81k 25 phr B G 328 T 1.27 2.
RIBUER IR AR AR B3, BRABEN ISR, S5y
BRI R, e,

§1.4.3 FIERER B FHR MR R RAE

F &1 RAERERIR T R BALIRER ST 4R B K 20 IO 4% £ S 4 e B L
%, WRBEMERHE, PHEBINE. KEESPIIERT SR -BPEG)RM
BB ER A S AR ARBCPPO)R M RIRE. AR 5% ST s
B FI(LCEUreG), 3 HENIA B IR E E-51/ =¥ (DBAVA R 5H 4
E-SURBRBEAR, AR T EURIIENE . SRS B RS F PR R LN T B
XTI RPERNE®. X PEG 4T & % 600g/mol i, & E-51/§ #MR/DBA /4
REyUb R, MUY EIRE RS I 55.8k/m%, 214345 E-51/DBA FiL
R 5 & X FHE E-51/LCEUppe/ B IEAA R, 24 LCEUppg & PPG 4+ F B ¥ 2000,
BRI RS 20phe B, B EHRBEK M REE 27.6k0/m?, BHE % kK bk R
(4.0kIm*)iy 7 f%. B F LCEUmc BEE T REMFEM ISP, HEB i
FEETHRESE, RTEH. BRRRGFEHMSER, FolLE 254 Res
BRI, ORI AR AT 5 BB 4 BT A b S B AR
§1.4.4 BEEREYR BT R

EFREVNEPN)REEHHRIEENED) FELMBRNE. PN BERAHR
ARKHRYBERVAELRE . BETIRRNYERREY, REROSHKR. S
RE—HHREAUM T FHNS —HHPR, 518 PN R PRAS 2 07 T AN
B, RERESEMER, NF/EH—SREYE MR R0, Tt xis
AU Harani™ V6 AMBFRURIL, TEAL IPN GH SR U RS oS @ BIR KRR L
RE, EPREVMARIRLEN PN EHWEEELW.

§1.4.5 KK FLEFIRE AR

AR T T AR R B R SR B Ik 5 50, 91 3R bR B R
AR A A SURTHER, SRR TERE LS FEEARRT A Fiame s nE
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R, REEFBEANAE, NMEIREMSIRMMA. REEEENER, 99KTN
NIHERL T IR EP —ERIEZR Y, 4REUZE EP ¥ B AT 522N M 456 ki T B0 BEBS Rtk
TIBAEIL, HIETHREFR, SR THAY, 3P nEz g% A RAEB
FAEBAKKLT, BN BEIRER e, FrdiBaEAIEARA, Hit
HREUAHERR. FENRERAKETFEREPIEARE, BHREDRR, BB
BT ERGFEH, HEERNNE—RBLEAD, ERTBIERANER.

§1.4.6 BZILEAY (HBPs) EHIRE MG

BXUREVRFHER. AAHR. SHMERE. ARk, 2 TEEEN™
DHRREENA, MIHTBIURED I TRRERENRERE R, L LAH
RpCEER. 5FEM. SAEEEHEETSRA®. DRatna® % A RFAHBPsHK
HEMAE (DGEBA), LI3,5-ZZEFEK-24-"AENF, “HBPsH B H20%H, &
HAERPMERE (1.5K)/m?) BREMEAER (07KI/m?) KME AL, BME Bk
BEHFE(E. LU Shao-rong! /% AR ¥ AL-5E B #1% T EP/SiO5-TiO 20K 2 4L 41
K, Z4Si0,-TIO & B 42.78%0T, BHEM B i R A N AR E MBS f92.34%, TikiE
i AHEERRE, X TS #IH20-Si(0CHs); 4 FH-CONH-E 4 8 T EFHH
WP, HEBNERPEET UM E, BRTEF. BRERNFHENE
41, FIRPIKSIOrTIOTHME P FERBRNZE, B 5HEM ISR RRTI
S8, BETHEMMGRE, MAKERPRIESWEREECREREN %R
BRI b .

§1.4.7 BBERARER (PAA) BUMEIRERIBE

REWER SR FI PR FEERA, EHIHEE, ARBES, BEMET, B
HpEE, KAMFERBEAY-60 ~150°C. T PI 7E-200 ~260 °C Z [aH 11 B i 2 ge
#%tERe, CRAFRRAMBME. RBEHERENKEEE%.

PIHIREM RAARAENE, EAStREML L EE. PAA £ P1 METIRE, 2 FF
SHENRE. 5. REVBRERE SHEEARN, A5 PAA SHEMEHHEE
PEBE PLAF, BEOLAT LA PAA SKRELAISME IR E MRS  Kevinl® 1Rt T BB A XT PAA
Bt EP AR, BTMEPRANERERESRMESEHRETRNER,
AIRAFENBREW T 2RI HERBELERPRENBNNRUH B REKR
Mg EtERE. BAMCIEE THF/CH,OH BEH N+ A RNFRES 44— 8%
EMRNERYEBER, FRAERENEHBEANFA SR, SHERbF
PAA 5 EP Z[EMthFE{ER A E RIFMGZEHERE, RHZ&RELMEHSBENS T
ER, PMERKHIAND.
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§1.4.8 MBRAVIEIMERIAFTM S

20 tH42 90 FE4, BB F(TLCP) MBI E MBS T ANIMKE. TLCP %)
EP MM X ERBGATHIERNE, TLCP ASENE ZHRIMSEFEE)NE —E
MR ERNREKER, FHREARSE0ES, RVURERGITHETMER, &
TLCP MELY RABARASIER, ER—ERERENNE L, SRIMPRKE
RERFUBAFRAE R, R ERCNROETHER, NTTHEIEREM—ST R, LB
TLCP BFMIAF7ET AR IR ZA0, $7 /0 Mt 2 44 (R0 39 ek T S P ARG A A 0 i e 0 I E
10667 £ AR T —Fhim A A HEHEANAIH R ZRSW(LCPU), ARKHER
FM g CYD-128/4,4'- — 8 3 — Z(DDS) BT, XS RIrPditERe . FimtEae.
BMMER, WRMKER, RBAATEE Tg 5 LCPU SRIXRBITTHIY. SRR
B, LCPU BN T] M B R b R AT 4R 1 2~3.5 i, hriha iR M 1.6~1.8 %,
B RR R 1.1~1.5 18, WRMKRIER 2~2.6 1§, TgRH 36~60°C, StEEikl
W ST (4 T R T 2 TR M A AE « BRI S B R R A4 KU9221 HIHE
BHHS B-51, 7E BE-51 NN 2%~4%H KU9221 AL B iR iR E 2 544,
FIEHE AR A BB IS s A B AN vk 30/ 35U0% 4% EPT/PHA ST THEAN
feh B & BB R KM ILIR, MATIRRY 42, {§f TLCP ZE# B MRl oh AL 4 B
54, REBXLEMLFMBFEMIETZ, ERASES, BRAERNS FRE
R GEREEARE T R4 A5, B T 1 TLCP MR B R AR L P —HRBFHALE.
LRRB, TLCP S EB{UY 4%H, SA{EAREMIEMPIEREBIREKR 2.73 £5, G
REZ 382 4%, TWHWAEMEEFRRE, TLCP REHR. WMIIHEM.

§1.5 BAARMBENFTIAE i
§1.5.1 BEMARMIENX .

BEIE M Igial it 20 4R, HRSMEITA, BT AR IR E R
HEMEEABTHR. BERBEAERBURHAE, SRILEEHR AHLKL, F
PERALEBEETES, FRUEESHROMELERR OB SHAERE. B BRF
WAt BB EREHERST, BE. RAMREHE4 X R ERIEE", €4
FUEEE Sk, TIRGIHMNA, FTUMAE SRS RS ERENE S . &%
Foft . BRGDKE R A GRS E G BAR VT LARTE Rt RE I & 48
{BRHIZRAER, AFRTF A SR E G0 8 2 O I AU AT B
R AR A, 0 E AT LAZE 40 A M S B e AR R R AN B PR AR g i — 2k K )
R RFESHEN RN HRBURM, EEREFEIAFERE; FERIERANE
AR BB AT LA S PR R AW IR & MR RIF R P K.
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RMERESHETER BN THEEPERAS FEARKANEE BB T RN SENLE
e T P 288 B9 Ui [ A PSR S R i 7 ) R 0L I 5 T 0 4 8 e R o8 4R
RIBT AR EB D o FF R SR BRALRR U IR R R OB R LA X TF R iR A e v B e} 2
XEX.
§1.5.2 BEMARMAR

(D BEFEUREFAREBENEERTHRAEFEY (PHQEP), KA M-H
EVEw e IR E(H, RAI FTIR. POM. DSC # WAXD % F B #1E4 F 45351 PHQEP f¥
BT,

(2) RABERWRAIM A, H% PHQEP/E-51/DDS iR E . it #hA 2Rk
WREMMETIrPdr. Tl B RIEERRN A% 2088 31T DMA Wik
MAAFRGET KEME A ¥ 6 @id DSC, TGA, DIL £/ MR T E&H

(3) B KBEAL MBI R R P& B PAA, F FTIR. 'H-NMR. DSC 1 WAXD
ST B RIE PAA 4> F 454

(4) RAGERUREIMTE, $%& PAA/E-51/DDS SHEME . BiT#E 2R
AEMMEGITE . i, Bd IR RN A heE 2tk gt Fid DMA MR T
HEAMEEA N ¥RE: @it DSC, TGA, DIL £FEMRTHSHENIGEaEH
B fE

§1.5.3 1RO FE

(—) WAFE (PHQEP) MMHE Mg E-51
XEESALE 1999 ER AR Y T PHQEP, {HEA MM EHE 512h, AXHK

Ha I ZE RSB RETE S R 48 2] 7.5~9h, PHQEP Xt @HE M s
A HIRE, A3K PHQEP 5% EHEMAE (E-51) UFRRMLEIIR, &t DDS
ELRRE,; BFAE 4418 PHQEP/E-51/DDS (1112, #tEak,
(Z) BB EMAE E-51

RELMERR(PAA) R BB (PO R BL A [8)44, ARSCA R T —Fb S B R i B B AR
B, EEAEWIEELPRENREER, REBSEENRLRNSERLRMN, ST
W R 2 PR R i R AR .



AR L F R M+ F 42 X

e L rry=—_
§2.1 315 ’

X & UO% \ B SRR ARSI ETRY (PHQEP), 7 180~ 250°C
BRSSO, AESGERLARTE, AMEZBAMBEERRER TR
EREGWAME B X P ] (PHQ) B, REEIAEBMEILNLL PHQ 5HE
SR BE B 5 [E 14178 T PHQEP. XA FTIR. 'H-NMR RIE T PHQEP ML34:H,
FI 8- E T PHQEP WA E X &, F DSC 1 POM W57 T PHQEP MW S A%
TiTHh, TR T ERE&M PHQEP PR A A U B K.

REBW (PD RAEMWEMELT. VIMGCRESEM S, BEMEH TSR E M iE 6 &
it PR ARG 2 IR W R & 7. RELEER (PAA) REBIUEMMFTIRGE, HFhHR
B, MEBRRETUMAEMENREAEARBZE RN, Fit PAA ¥ 2R BB LAk
IR EA AR, HAB B FIM A AT FR G R B RO . AL R Rk
SRS R AR SRR, 544-"FRE %8 (DDE) SaH&H—%
AT RELREE (PAA). it FTIR. 'H-NMR FRI1ET PAA & S A BA=WNS F 41,
Fi DSC f1 WAXD W T PAA FIRESEH, W5 T PAA AT E4MHF.

§2.2 31

§2.2.1 EERFIFNDIRILZE

§2.1.11 £ 2N

Pk, AR, KWHHLRAM: MIE, AR, LBTHLTIHRAR; 28, T
W&k, Aiuhuh; HEE, AR, REEMAZERAFAERLR; R, AR, REKZEL
WA .

§2.2.1.2 £ 2iXH

MEREXPR, E4A, REERLFANERAT . XK, AR, HEEK
WERR: XTREHR, LFA, BMLIHERAT; HREERK, AR, THEZY
£ ERRAFAT; S84, AR, BTHIROERAR; WNTHRLE, AR, L
BHEMMLIERAT,; FATEM, AR, REREATRARN; WE=FHEE, w2
4, FEHRUMNIAT,; 4,4-“HFEZXKE, g, LEEEFALTIAT.
§2.2.1.3 RXAL B o A7 8144

Nicolet 470 K& 7 -5 3 417 S0 %38 4% ; Netzsch DSC-204 &) #1443 4713 ; NETZSCH STA
449C BIME /3 #1{L; i+ BRUKER-AXS DSADVANCE, AV 500MHz Fii8 SmiItiE

WA SE KA S00MHz X-5H& TS 28 Olympus BH-2 BRt 8145 (A Mettler FP82
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AR L F R M+ F {2k X

BIE): BAMBEN (Ubbelohde viscometer); ChemWindowsS.0; Origin 7.5 .
§2.2.2 AR E PHQEP A A
Gl 5%

o O+ o 24m Dy ooy

(PHQ)

nHO—OOCOOOH + (n+l) W—CH2C1—-——>ZI‘_’C0”

CHZ—CH——CHz—@—R—o—CHz-CH—CHao—R—o—CH—CHz
/ | n-1 \ /
o OH
(PHQEP)

R= —@—oco—@—oco—@—

§222.1 SR B st A X FHET (PHQ) oA

MEFEET, AREN N, BEEN=DEEER T MAINE B 2.5
(22.73mmol) FIXFRHAKH R 7.2g (52.17mmol), #RJ5 IIAXS F AR 0.3g(1.90mmol)
MEBHRRER, B N R, 7 160~180°C RN 2.5~3h, BELAEMTRYR,
@Hl, RZBAEREEREKR, BEAGERE, 7 80-100°C MEFTFRATRT, 8
BIEERE AR K 3.8g(MIE RN FEREBEILF & 7.95g), 75X 48%. '
§2.2.2.2 &I R (PHQEP) #4 A&

# 1g (2.9mmol) PHQ 5 3.5g FE MKW H (LR 15 5B E, MA 0.0014g B
AT ZERULE, N, BRPRBEERTIAZ—EEE, RNEEH (4 1h), &
IR MHFEE AR, REREZE 70~75°C, S8R ME LM (0.28g, 7mmol)
HIKHE B (45Wt% )o 7E 2h ARSEEEMAE RS RER M 3h, BILRMN, WAEER
N, I8, IEHYAZEBIKYER 2~3 R, RIERIBSEFIE — ZBRm (ALY 5
2) J#k 2~3 1k, T 80°C-100°C EFTFHT, 18 0.5g Ak,

§2.2.2.3 PHQEP X f. 4 & (EEW) #M&

PR 0.1g ZE4 1 PHQEP AR 50ml 4EIET, A5 9ml £h#s — Py
SRR (1.5m1 IR EFRIET 70ml PUEPKI), EAMO, R34 PHQEP =AW
FRIEEMEEARE 1he BBAESERA, I NaOH FRMEMM (IN) RESZ A, 2
T E P NaOH AR AR A (mD). 534b, FI NaOH FRAES I 2 9ml 20
— VR, T SE AT AT NaOH WV B2 N B (ml). EEW BIHE AR
EEW=1000xW/N(B-A), X H, W AR EHBKFHE, N AEEUBBBEKE (moll);

10



AR T ¥ IR M+ F {2 X

Hit 7748 PHQEP ffy EEW {4
‘ B=3.7Iml N=0.1 mol/l

¥ a: W=0.100g A=09Iml EEW=357.1 g/mol
H & b: W=0.103g A=096ml EEW=374.7 g/mol
FEdh c: W=0.100g =0.56ml EEW=317.5 g/mol

§2.2.3 BEIEREE (PAA) MR

B RBR LR :
0 o 0 0
oC C—OH + soci, Reflux, O<C:©7C_C' +50, + HCI
\ﬁ’ ﬁ
: o
(TMAC)

0=0

0 (0} o]
-0 0-C ¢
C ‘@: S0 + 2HCI

2 TMAC +H0~©—0H—» oZ

(BTAH)

0
Q

BTAH +H2N—QO—QNH2 —> PAA

§2.2.3.1 fR R = T ELATBLA (TMAC) #94- &,

W ERA= PRRET 19.2g, THEZE 100 BEAA, BARRBERARE M HC
BB = ORES, REMA 0ml EATER, FEHIMAREE 100°C ET#T
FREZEH, REERLERM 1h, AH1F] 50°C £4, REMERRMEHN ZEER,
PR A BB FHER ke kiR, 72M07E 50°C 8T8, B77& 23.51g, X 95%. BAm
64~69°C. '

§2.2.32 3 KB — 16K = VLB BT (BTAH) #94-A%

YHEHFR BN Y 2.2, BEXPUSMEM 18ml, MESE 4.4ml JRAE] 250ml B9= D5
o, ZEVKE B PR R B RS . FRE TMAC 10.53g % T 61ml [IEKRE R,
B I R SHE 2h RIS DS . W5 S5 (R FEFE 0~5°C 4k 4L AT 24h, FikBiHE,
g, EHYHERKEEER 2~3 K5, BRARNENE 2~3 K, 50~60°C T, A#AM
b 3:1 MIBRER — BRERET VA VRVER, BREAFYAHBAEARK. FE: 50%, BN 274~
278°C.

§2.2.3.3 RBLEAR (PAA) #44AK
PAA & BB ZBF MR ALl 101 MEBERICE RS A RTIM. EEETH

1

o=
]



K T F K& M+ F {2 8 X

$:{f DDE 524 % F DMF #, RESHMASE/REN BTAH, 7 BTAH 522 E 4%
YR 12h, BEBE|T PAA BI. $iX% PAA BRI H TR INE A 78 18K T FF R E
PHTABAAERNE S, S, BHYREAZEEKEER, SRTE BIKRA
AR 44

§2.2.3.4 HFHAEH AR E

FHRBMEREVNL TEAXMEREYERMRELX. L DMF HERH,
RCE 0.0032g/ml PAA FIARUHERR, Fif 25°C, FIBERS HIC TLIA I PAA BHNGE
RMETBABEREMO R, HASEEBEn]=1.6mlg

§2.3 HER51HE

§2.3.1 RIS PHQEP RYRIE

§2.3.1.1 PHQ #j 45 M R AE

B 2.1 & PHQ i FTIR B, ¥ 3376cm™ LIRTILRE IR s B T B % O-H
MRS, 1693cm™ ABFH b C=0 MH4EiRs), 1281cm™ HESRA C-O fi
FIRFFERG 1221cm™ HEIRE C-O MZEIRMF AR, 849cm™ A5 E C-H M
T : |

100
90 4
80 <
704

$ 601
F 50l
w-
30 4
204
104
4000 3500 3000 2500 2000 1500 1000 500
viem™)
B 2.1. PHQ # FTIR
Figure 2.1 FTIR Spectrum of PHQ"

B S PHQ E— B RIE, WA 2.2 iR, i RERALNEE. KPS
=10.57 ABBENRK, §=8.0, 7.32 M 6.93 AKX L FHELAMLHERK. BhHL
LEEZ LS PHQ R &F H R FHEE LLARRF, RABE T IUHN~Y .

12



K L F R M+ ¥ {2 B X

DMSO-dé

1 23 o, 4 f 0 32
no~<; >—g- o—g—O—m TMS
H H-2 H.3

4
=2

= [ i=2H =24

85 8.0 75 7.0

7 1]1 HLC{ |

14 12 10 8 6 4 2 0
8(ppm)

B 2.2 PHQ 94 mt£.i% (DMSO-D6 #o TMS #4345 ) )
Figure 2.2 "H-NMR of PHQ (Mixed solvents of DMSO-D6 and TMS)

XHE B AR 170~173°C, MREFFRIESRN 211~213°C, K23 PHQ
f DSC 2 i LK B ME B X R TR #4g,  SGBAF= Y1 IR X R A R
R B, NER XA 325~330°C kB Hhide 55 SCRRVOHR I8 { 325°C ARIE,
B PHQ tbie4t.

325~330°C

80 110 160 210 260 310 360 410
Temperature (°C)

B 2.3 PHQ ¢ DSC #
Figure 2.3 DSC curve of PHQ

PHQ M7= 2% R MBEN N, BHMZWE K. MEZBTE 100 °C UL ERSHER
b, FTAZE R LR R 2R M K BB, N, REEEB X, BREIMRITX,
B RN KB HH, KRS R,

§2.3.1.2 PHQEP #) FTIR #= 'H-NMR &/

7EE 2.4 ATAMEIE S, 3448cm™ IR EEMURBTNE, TR I LY 55 R R A R A R
AHEREZE, UERERESREZ METEaR=4 T 2 F2RHM%4 4 . kst PHQEP
7 1254cm™ AL IR T PHQ &8 IS5 BF BB ME, 76 2900cm™ HHE IR T e el B 148
EPRNRIE, 7E 915cm™ 1 896em™ B H B T PR A 4 HE IR 0 i



AR L F IR M E F Ak X

S

70-

AR

T(%)
sos88888

4000 3500 3000 2500 2000 1500 1000 500
viem™

A 2.4 PHQEP #9415 %A
Figure 2.4 FTIR Spectrum of PHQEP

A 2.5 4 PHQEP MHiE % . 76 PHQEP KR X 4 62.80. 2.95 (FFE I CH,,
E), 83.4 GREHH CH, =FI¥), 34.0 (HMBtH CH,, TUEIR), $4.1GFE T
JEI-CH-, £EI%), 542 (FETFHEI-OH, Bi%), 543 FEFKEM-CH, £E
%) L& 86.96~8.15 (Ar-H) KIFF7EX ¥ PHQEP & /KA. 81.5 Z %, §7.24 (CDCI3).
7E PHQEP M{K3Z XK B A MBI PRE 4L 241 % 510, 18] PHQ RMN5E4.

cDCi3

13.5 12.0 10.5 90 7.5 60 4.5 3.0 1.5
5(ppm)

A 2.5 PHQFP #9484 4% (CDCL4E:%#])
Figure 2.5 "H-NMR of PHQEP ( CDCl, as solvent )

§2.3.1.3 PHQEP #§3r#. 4 ¥ (EEW) 4#f

PHQ MIFFE M K5 R N8 5| PHQEP F B4, FREEHM EEW 44 RE—, hfs—
DUEUBK I V22 00 8 O R4 24 B th R B RN 5L W S B30 9 7R IR J S+ )8 B PHQEP
#] EEW {HEAMH.

§2.3.1.4 PHQEP & $h 4847 % #5 POM #= DSC & 4E

BEAEERLS PHQ RNBAMERFE —EXRELENI HNBRAHTEFED.
PHQEP ) DSC ik in/& 2.6 Fi7zs, a, b, ¢ XN NFARRFELER PHQEP, B4

14



AR L ¥ KM+ F 4o X

2k b EA AR A, RITT—/ R TR AL, Bl PHQEP HEA (S) MB&AH
A (N) SBRHRM, FH—AMETHRER B AR AA R & R A (D HRNE
R, A 7EZE BELBE IX 8] 4 1) 9 a: 181~224°C, b: 174~228°C, c: 179~227°C.
B 5EE ) PHQEP 7E N—I M8 A S-N HEM AN L, A& RIS E /.

r\ﬁ/\?;/b
4 224 a
/-\’\ c
1
27
17
75 100 125 150 175 200 225 250 275
Temperathe(oc)

2.6 PHQEP #) DSC #h £,
Figure 2.6 The DSC curves of PHQEP( EEW: 2-357.1; b- 374.7; c- 317.5)

PHQEP M MAH#s4E sRIiE R RARLL PHQ AR ISR ERRE, BEA
PHQ 5 A MA SR NBEH PHQEP 7E R4 0 S 2L TO B R R e 0 R 2R MR
(-CH,-CH(OH)CH-) MIfF7E, BAET T2 RMERSD, BIET SR,

; T A

<— Endo

| 2.7 PHQEP & POM M} (EEW=357.1g/mol, 185, 4&# 200x)
Figure2.7 POM of PHQEP (EEW=357.1g/mol, 185°C, magnification 200%)
G MR BB ME T PHQEP (A KRN 357.1 g/moD) Rk AT A,
s f 48] 180°C BT, HIL T SR M FUHHLRLH, 185°C At A R AR I A 2.7 BT,
U5 PHQEP 3Bt M MBI RIS . M4kEEin#B 220°C I, bR G R, H
BRI R AR T & R YA . WA ERN KBUREX | 180~

220°C, 5 DSC M4 R#H—3.

15



AT ¥ KR M E F 42 R X

§2.3.1.5 PHQEP & A& 4 #4145 WAXD &

& 2.7  PHQEP 7E £ WAXD #h4k, BRT 20 X[ 16.82~27.47° WH LLEL
REFINTEE, HEMSEEGRE IR, i PHQEP BELRHUEREY, 26
=20.05° 21.10° F1 23.22° fIT Ak A 44T FI BB S AT AT 14

8,400
3 7,200

©
= 6,0004

‘D 4,800-

5 3.600]

8 360

2,400]

1,200

10 20 30 40 50 60
20 (°)

A 2.7 PHQEP #4 WAXD # £,
Figure 2.7 WAXD of PHQEP

§2.3.1.6 %°h PHQEP &AL HE %

(1) FEEFAL: REER RO LB PHQEP 4 TEA XM, MIILIREF RN
FAFRFME, PHQ EHEAARKRNFERNBEEEBRHZEER, TUE—25
REFAARRNRET L, BEMERIREMAE, /£ PHQEP MR (K.

(2) BRE R, SRR ST PHQEP MRt W MBS, KN
BEBE (BT 80°C) MAS K AR, MBUSKRMNAEME, BROIFEEDS
B, {F EEW {380,

(3) HEBEAN: dTHREANREEARRNAEERK, PHQ ABSERERTE
AP, BBURMNA R, AEBELTIINT BRI LAY R
HPEY, £ PHQ PMBERMNMEYE, MRRMNER.

§2.3.2 BELRLEE (PAA) R Ia=HEIRIE

§2.3.2.1 BTAH. TMAC #= PAA #4rsh kit o4t

2.8 ARE=FRE (TMA) , WE=FRREBS(TMAC). BTAH K\ X PAA K
AR . TMA L 3049cm™ S PO ) 58 T 90 AR BT R I IR BT 7E, iXTR I I4
7 TMAC #1 BTAH FEAHE R, KA TMA FHREM SOCL, RNELE, X _BH
fIFREF TMAC RN 554 . PAA i 3434.66 cm™ . 1604 cm™ 1 1542 cm™ &b RY4F4E Rl
i R B R A B R M F7E. BTAH F 1746 cm™ . 1848 cm™. 1228 cm™. 1265 cm™
717 cm™ RABRETH F A S R F7E. TMAC F 1748cm™ 2 8 FF BHEE P BB M RF IE R

16



ML ¥R AT F R

i, RUPBFERNTE.

et L

35003000240015001200 600
v(icm -

2.8 PAABSL ¥ i) = 4 ¢4 FTIR )
Figure2.8 FTIR spectrums of synthetic compounds and polymer

§2.3.2.2 BTAH. TMAC #= PAA #§ 'H-NMR #4547

E2.9PAAR A= % B 2K M . §=7~9ppm HEFDAMNENE, RN
TMA. TMAC. BTAHUA B PAA S RKIFIFFFE: TMAR3=13 ppm(-COOH, 1H) #ETMAC
FBTAHH A HH, % TMAS (U35 O AR T B AMBTAHT BEREAFE.
FEPAAR K 5 IR B AL 2 AL B R R S B A fk SRR TR e 2w,
PAARS=10.53ppm A FHEVEFE L E AL, RUIPAAF BV EEMTFLE.

AR-H
/—‘R‘—’\ <ﬁ Lo

-COOH
i=1.0H

140 133 126
e .
9.00 8.75 8.50 8.25 8.00 7.75 7.80 7.25 700 4573743872871 8.0 7.9 7.8 7.77.6 7.5
8 (ppm) 5 (ppm)
(A)TMA (B)TMAC
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B AL F R M E F LB I

HO

[ - ML&

13121110 9 8 7 6 5 4 3 14B1R211100 8765 4 3
5(ppm) ‘ &ppm)
(C)BTAH (D)PAA

2.9 PAAZSLF i8] 7 449 'H-NMRi#
Figure2.9 'H-NMR spectrum for synthetic compounds and polymer(DMSO-d6 as solvent )

§2.3.2.3 PAA #945 M 458 0]

LRI PAA 7E DMF PSRRI, TR TFASKEEITIA PAA MM
1.66ml/g. [n)ELEKXRIHE] BTAH # DDE 24&HHR, FAEPERNERKX,
S FEEBERK.

§2.3.2.4 BTAH. TMAC #= PAA #) DSC 4-#7

& 2.10 J4f DSC fhsk, BI=4% sk kAR g K BT & TMA. TMAC F! BTAH )
PR B AT A . TMA £ il i A5 18 R 2 163°C, B 5 SOCL, R K 5 78 2 fE IR B 44 TMAC
IR E IR R h 64.7°C, TMAC 53 % — Ky R FL18 | BTAH i3 RhEE R 278.42
°C. DSC 4k b shigmE—, RFAE B . PAA 7E 167.17°C 1 204.25°C LM %
i, RAREMMBIEERKERUAER.

163.1

80 90 100 110 120 130 140 150 160 170 10 20 30 40 50 60 70 80 90
Temperature (°C) Temperature (°C)
(A) TMA (B)TMAC
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AL F R M E F AR X

2784

167.2

J 04.3
-

55 05 135 175 215 255 205 335 g0 90 120 150 180 210 240

Temperature (°C) Temperature (°C)
(C) BTAH (D)PAA
E2.10 PAAFe F 1) & 4 6)DSCh 4%,

Figure 2.10 DSC curves for synthetic compounds and polymer(DMSO-d6 as solvent )
§2.3.2.5 B BLEEA(PAA ) WAXD 547

AT X ST 474 R T PAA ARG RBAERESLEMN S MIEGR. B 2.1 5 PAA
1] WAXD B, {UH 20=20.14° L H18 KB FF7E, R PAA REEHEH.

Intensity(a.u)

7 12 17 22 271 32 37
20

/2.11 PAA#JWAXD# £,
Figure 2.11 WAXD of PAA

§2.4 BN

AEZHEBRTE, RAMEBHELTMTFEARRRES R T RAFE PHQEP, B
AREM TS & S F (BTAH), RABEBERN GG REEE PAA,
SRJ5 %t PHQEP M PAA i#1T3RI1E.

1. FTIR . 'H-NMR #1 DSC Z & FBAE L RATK I & Ml T PHQEP. PAA RHH
=Y. NSRRI EM EEW M4 REH, PHQEP Ml PAA #RRF—EH TR
S AMFEY. PHQEP i) EEW {832 hiss R RLi [B] (0 we, B (B4, EEW {Ei
Ko

19



Bk L % B M+ F 45 i

2. POM #1 DSC 43 #1& #] PHQEP £ —F# St RFAEE LY, 2 POM %, PHQEP
7E 180~225°C AL T L REAH, BTREMFEFNEBEL. WAXD 44 R
PHQEP R¥-4 St R &Y, PAA REEHREY.

LA ARTEMERBZIAEB BUFERKYEE PHQ FMERE A e inms &K R

ingi

20



AL F K M EF 2R X

$ =% PHQEP/E-51 # PAA/E-51 A RHIE LB h F R

§3.151§

FEMIENELRE—NME R N%ER, A 20 tHE 60 ERE, FRAENEH
BN EHRRITET, RAEEEEBRA: B 20 L 80 ERYIMLLR, BRIME
S50 2 B T R L R R M B A S B A3 1 2 RO AT T %L Szezepaniak
et al™PIBFST T A RS PR DGEBP 5 = BIKELFI BT, 350 F HE
# H5(DGEBF) I ELAT BT . Lu et a1™ IR 3)7 DSC 4 51T T DGEBP f1=
AR F REELF( %P5 DDM, 4- B ERLIHBL SAA 5B " BPDA)
B R 5 /1% . Zhang et al "5 5I% %2 T DGEBP MI=H-& BN & M (B
ATHEE—1,2-E B, I-WE-12-EEREM 24— ZWHEER) D%, FHH AICM &EX
BRE R NFE AT, MERNIREETON . 3 REBRER SIS aw B i
S tae. BeEEHREUURMEHHARR S, Tt EWS) IR RARERD.

BB A AR AEAEAFIFF LM ZE, YRS, EANBRENSRE. 5
5b, HEMPSAEBILLIET, BEBLF RN F 6 RS 8 h#Eh, Bk
G R LB . BB R, (EFREUR BRI R R U R SR Y L RORE U s F 2R Bk
BRI B H R EME 2, HARRERRD,

A%E=i@it DSC ¥R T PHQEP/E-51 FLiB{A R LA Kk PAA/E-51 3B R L DDS /Y
%G E Lt 2. FFA T PHQEP Al PAA S EXE LRI M, LhKE RN LE
5EMBERRER, FSRLRETETEWRMAELAE, XA Malek &5 T
W BB J) R
§3.2 Bzt HEEIE

HEM S B L A2 9] T M3 2 TRk AR
%=K(T)f(a)=Aexp(—%) (@) S G-D

R, t HRIAEL, o HHUE, KOERERFEHR, T AEIRE (K); A NEH
EF(min~"), EXiELEE (K/moD), R BEESAREE, M f(o)RIRFERERNHLET
SRR,

DSC #TiIBh h# BB M F—MERE, KRB K dH/dt 5B R R
WEaRIE . KBRIEY, ZREEFB AN, BILA LR T X8 2B R MR
(&S
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AWK LT ¥ K M+ F 42 8 X

o= OH (3—2)
AH,

Fd, AH BEARAENZIMELRRNR (J/g), AH R BHEKREHR (J/g). FEit,
E4 R EE (dovdt) ATRAH LA T BREIRIE:
do _ dH

da _ (3—-3)
dt dtAH,

dH/dt A HIFEFE (mw/mg), T DSC HEME.
DSC AR EM IEELE 1%, FERERESRERM.
JEZE R DSC ¥, ZFiEHREMITE— MR N FABRF T#ETRE K,

T=To+ Bt (3—4)
dT/dt=p (4—5)
A, To %Jiiﬁ. B?ybu#&iﬁ& (K/min). EEHREA#—PRERN:
B——Aexp(———)f(a) : (3—6)

S5 B OV LTI Kissinger 543,
dinC T} _ _E, | 3-7

d(UT ) R -

HTFHREMROELE S T SMESE R ENYERL, HHARIKELEA
BREMLESYBETLEENEARBR, MESMELIRENGE R, FHERAIR
WMIE LB Ea. Sergey Vyazovkin* VA ZEFREUM A A L A2 P B AL REBE B LR T
A, BME B Ea b —EREWR T REUERNBRPHR A NIEE . KRENSBAELR
THELEER T EM S5 (Isoconversioal Method). ZHUREFREEANE
Friedman 33", #8338 DSC #fi & F1 578 3- 3 HHEHEZE dovdt, K5 In(do/dt) o,;VS

UTo, fEE, Kb i AR i MnBER, LHEHSE] EafE,

do E 1
— ) . =In[A ——d— . —
In( i Ja; = In[AfE)] R x 3—8)

ai
B A AT DURYE Malek BRMEN, FIA Ea #HEE y(o)f z(o)kl, Hb
X=Ea/RT JFFEHIIEAE, op A EILEFRE BB RERFZNE; £ (op) %Jz;bja%#ﬁ
RIR e B K R b — M FHUE ..

y(a)=(d—a)e‘ (3—9)
do, T
z(a) = ”(x)(E{)E (3—10)
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x® +18x +88x+96

x)= 3—-11)
m(x) x4 +20x% +120x% +240x +120
X
=— P exp(x (3—12)
Tf@,) p(x,)

§3.3 KIGE S
§3.3.1 PHQEP/E-51/DDS RYyIEZiR DSC 134

§3.3.1.1 B2 H

WRFEMIE (PHQEP), BHl, FIHE LR EEW=357.1g/mol. &M E-51
(CYD-128, HEHE), EHAMAKTIER FEMIE, TE; 44-“FEFN
(DDS), (AR), SCRC EZ#AEALERFBRAF.
§33.12 H &4 4 '

1. E-51/DDS Bk ik &
WRRBIEMAE (E—51) 1.0g 1 DDS 0.3g, #H# (50~60°C) itHE M s b
i, SR DDS BR&194.
2. PHQEP/DDS {6 &
#EWFR & PHQEP 1.0g A1 DDS 0.3g, FANISHIAR BRFEENS.
3. PHQEP/E-51/DDS [ Lk &
HEHFRE E-51 1.0g, —E &M PHQEP LLK DDS 0.3g, hn# E-51, AHAAMA
PHQEP HEW#R, RIEXHZE 50~60°C, A DDS #HEEHS.,
£ 3.1 s A BLH th 4B vk

Table 3.1 Formulations between resins and curing ageants

Weight Formulation Molar ratio(amino

Sample ES1 PHOEP DS group/epoxy
E-51/DDS 1.00 _ 0.3 0.474
PHQEP/DDS — 1.000 0.164 0.472
1wt%PHQEP/E-51/DDS 1.00 0.010 0.300 0.471

2.5 wt %PHQEP/E-51/DDS 1.00 0.025 0.300 0.467
5wt%PHQEP/E-51/DDS 1.00 0.050 0.300 0.461
7.5wt%PHQEP/E-51/DDS 1.00 0.075 0.300 0.455

10wt%PHQEP/E-51/DDS 1.00 0.100 0.300 0.449
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§3.3.1.3 3 5B DSC RXAARALES )R] &
7£ DSC BE#y (EEF L DSC204) MEHT, A ITESRRE. ¥ 20mg FRE

FEEIHRD, 4NN RGFAEEE (5K/min, 10 K/min, 15K/min F1 20K/min),
M 50°C It 350°C MR RFIX (B)E 4T3, 4T 3E%E (Non-isothermal) F {6.3]) 17 %
Ko

SR AR 4 M SRR A 1], PRI 160 °C, HIVEERLHH MR K4 RN HE
TR 1]
§3.3.2 PAA/E-51/DDS RK93EZiR DSC 133
§3.3.2.1 B#+

BB, SREAS, R 1.6 mVg (DMF A%, 25°C B &30k B
5E) ﬁ?iﬁtﬂ?

LJ@‘@ (e ©$O©j

HEME E-51 (CYD-128), TMk#k, EISBE%%I,E\F%%WHEF. HE4E
EEW=185.19~208.33g/mol; 4,4-—& 3 "&KW (DDS), (AR), SCRC HZEANFERAN
FRAHE. :

§3.3.22 Ha4l&
K REBLEME T DMF, ERAHHEATESHREAMBESHS, H1E 90°C HEZE

£G4 TREER, MABEWLF DDS. FERIEMFEELFKREL AT 100:30, &
Heh PAA 400 R ER ST 2.5 wt%, Swt%, 7.5wt%Fl 10 wt%.

§3.3.2.3 £ ¥R DSC R iX A AL BT i8] R
DSC WA 76 48 F i it 2 5] i) DSC204 B #% L3417, BX 20mg G ETEHT,

BRFE 20L/min, FHEEZESFIH 5. 10, 15, 20K/min; M 50°C 33H#iF) 350°C, #1T
B E A3 12 B

P EAR i 2 0 s R A 8], WIRIRFE 160 °C , iR BB 4 4 A BT B (8] o
§3.4 BEMtah hFEEIR S
§3.4.1 PHQEP/E-51/DDS Bl{L ik %
§3.4.1.1 3 %8 DSC #h XAk 57

T MIEEHR DSC FIIRTE B8 Fi bn s 28 T B B- 1058 i 4 A0 #5401 B i 2% (i
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B 3.1), NEISFEEY, BIKEEGEERE (T, BTHEE(Tp). BELEREF(THURE
AN T B 95 R X ) R B 0 P 2R A U T 1) R T [ BB B, AR fry e TS AR 1 R SR
KRB, MM BEMENEETHEREMNERBRSHRX ., XFHELER
HEAET & ERE RS, HERRMAERBAR, B EFEENREBRS, #RA
BB, BERETR, BAREEFAEsI®. LBRFE—nRERTEELERHN
DSC #i£; (/& 3.1) &I, E-51/DDS A E-5I/PHQEP/DDS BELik R E{NA —A B4
#i&, T PHQEP/DDS 1A R7E IR BB A AT EFATE— MR AR X ANR il tHIRTE
184°C fitiE, & PHQEP # DDS HIARE A K PHQEP fiEA MM AHESHEENER. T
PHQEP/E-51/DDS 1A%, PHQEP R I M 7E E-51 1, 3 DSC Mk th s AN EE AR 4
AR, YinHuE A 15K/min i, PHQEP/E-51 ML 218 B th &AL FARX BREE X
W, XR&KE % PHQEP [k & Mz & 4 7E PHQEP 1 DDS R Ja .

MEEALRBE- BT LE S, B ERKEE, Wi —eR
B, MKEE Mk, EEHERETRERT 1, X5ELH DDS #iEHEx.

1.25{ —m— 5K/min 10
' —— 10K/min !
O 1.004 —A— 15K/min o 08
% —w— 20K/min ﬁ
g 0.754 g’ 0.2
H 3
E | d
£ om0 £
]
< 025, 2 —O— 10K/min
g g 0.6 —&— 15K/min
- 0.00 T —¥— 20K/min
. , . . 1.0 . L . ,
100 150 200 250 300 350 100 150 200 250 300 350
Temperature (°C) Temperature (°C)
(1)E-51/DDS (II)PHQEP/DDS
1.25 0.794-A— 1WI%PRQEP/E-51
p —8— 5K/min ! | w2 5Wi%PHQEP/E-5
‘ —&— 10K/min o 0.55{-=- PHQEP/DDS
8 1.00{ —A— 15K/min X -e-E-51/DDS
5 —¥— 20K/min S 0.314
£ 0.75- E
3 g 0.074
£ .50/ T
g K] -0.17
$o02s 5 -4 SWI%PHQEP/E-51
5 251 S -0.414 b 7.5W%PHQEP/E-51
T ﬂ x -9 10Wt%PHQEP/E-51
0.00 4% . . . . -0.654— y r . r
. 100 150 200 250 300 350 100 150 200 250 300 350
Temperature (°C) Temperature (°C)
(IIN)5wt%PHQEP/E-51/DDS (IV)10K /min
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] 101 = PHQEPDDS
101 ~&- E-51/DDS
74 0.8} —A— wt% PHQEP
0.8 ' c —— 2.5W% PHQEP
c ) Ih 5 —O-5wt% PHQEP
S 06 A 061 % 75wm%PHQEP §
] 4 —O— 10w% PHQEP /4
g A S o4l 1
g 0.4 // — & SKimin 8
O o, % —O— 10K/min
0.2 A/ 02}
E'-ﬁz L] —A— 15K/min
0.0 ) — 8 20K/min 0.0
T T T T T L] T T T
120 160 200 240 280 320 150 180 210 240 270 300 330
Temperature (°C) Temperature (°C)
(V)5Swt%PHQEP/E-51/DDS (VD15K/min

B 3.1 DSC #iiieh -2 & th K Aodb b0 F i 4,

Figure 3.1 Heat flow VS Temperature curves and Conversion VS Temperature curves

§3.4.1.2 R FR 0. B40RBAE BALERE A

A Ti. Tp M Tf 5% mAEE (B) B (WHE 3.2), #ITEHLRE, BEEL
SMEZINPGER N 0, ABFNEENMMN Ti. Tp R T, 2HIUERBIRE (Tgel). Fik
BE (Tc) MEEEE (Tpe), X=MBEALMENBEHIZEENSE®, WK
3.3 ATAF 4 PHQEP 4 EXf Tgel, Tc A Tpe ZFiE B KW, PHQEP B E kA
Tgel. Tc #FAHXT E-51 1 PHQEP/E-51 A RHE R, X PHQEP M DDS EZ [i—4M&
RTFEAH 5. PHQEP/E-51 {52 M Tgel. Tc B PHQEP & EMMMEHA K, 5 E-511R
i, TIRBH Tpe EEFBRPBUBAK, HASFASRAEMIRAR LS,
X5REEAS DDS EHRMAEERX. @it L4478 2] PHQEP/E-51 T ¥ %
ERE, Tgel: 133.2°C, Tc: 194.6°C, Tpe: 279.5°C, LPREM TS FE 120°C/2h+
160°C/2h+180°C/2h.

350
TﬁTf=280.°5*2'2°2},/-—*" 280 A—-——“’"_‘I%_’A———A
3004 A _ 260
) A .% 240
L 2201 ®
g 19;1p=193§?_'f‘.6‘.w - £ 200 \,.,,4__~ oTc -~ o
@ — @ 180+
g 2004 £ 1601 \_Q_&__.g
5 TiTi=135.55+0.792B F 140 T
= 150+ e '_—___,.-.—————‘—'."‘ 1204
100+
10— p s P PHQEPES1 1 25 & 75 10
Heating Rates(K/min) PHQEP Content(wt%)
B 32 sMs KRR E. BLR B 3.3 PHQEP st 3thuB & . Bl
JEVAB G BMLR A BEVARG BLIR B TR
Figure 3.2 Calculating Tgel,Tc and Figure 3.3 Effect of PHQEP
Tpc by extrapolation methods content on Tgel,Tc and Tpc
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§3.4.1.3 PHQEP 4 & £/ B 18] 69 %5

54
£
E
50 p s
[ = Vi
Kol
® 48 /,v/
[7]
(O]
46 // '
4 T=160°C
444-< Y : r : T
E-51 1 25 5 7.5 10
PHQEP Content(wt%)

B 3.4 PHQEP & ¥ ¥ iR ALAL A 7] 6 %R
Figure3.4 Impact of PHQEP content on the gel time

A 3.4 B, 7E 160£2°C MSRBEWAMHT, B AIRE PHQEP & B ks
H14in, 599 PHQEP X s g 4L — & BA#S1E H . PHQEP HML L KES E-51
gAML, RE MR PHQEP HINIMER E-51 BIK, EEMS PR T B SiEHRSMRT E-51
STFHERESAERER, FRRNEEK.
§3.4.1.4 KRB Bk % ¢ Ea

(—) Kissinger AR K fi# Ea

In(B/T,2)4 Y 4, 1T, X X S 1EE, #ATE AT, REA R AT Ea(n A 3.5).

RE Kissinger ’A:’tﬁﬁﬂm%%ﬁ@%ﬂﬁ* f)F3 BafH.

N .‘
965} \\\
l\\
;a -9.90F ,\\
= .
&-10.15} LI
£ AN
10401 \‘\
-1065 .
\.\\
'10% 1 Iy - - 1
1.9 1.95 200 205 210
10007, K

B 3.5 Kissinger %K Ea
Figure 3.5 Calculating Ea by Kissinger method
PHQEP 4L} ] Ea 2§ 90.42 kJ/mol, E-51 f) Ea 4 53.92 kJ/mol, Hi# R/a#H /I 1.67
{&, Ti PHQEP/E-51 &4k &K Ea {HWARXT E-51 A& (WM 3.6, #i# PHQEP 5 DDS
A B R B RS B-51 RYK.
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Ea(kJ/mol)
3 8 8
[ ]

8

/'/\./ "

N HGEPESt 1 25 5 75 10
PHQEP Content(wt%)
A 3.6 PHQEP 4% 5 Ea ¢4 %A
Figure 3.6 Ea variation with PHQEP content

(=) Friedman {4 5i%E3K % Ea

ek fy 52 MARIA IEILAE (Ba) BEEEEHE (o) MMmSER, HELERS
2R, TBRESWETURNTEREAN, Ea RFEE. FHARERFAEE
B4k R AR R BT ASK A% Ea B4R A%, Friedman {20k R B B4R H SR A#E L RE R EE
AHk. FAAREGE-3)MGE-8), X (T, In(do/dt)) B i st TRk B 4L
#491% 02, 0.3, 04, 0.5, 0.6, 0.7, 0.8, 0.9 B ) Ea & (@ 3.7 FiR), &%
& HEMBERBCKT 0.99.

-5.3

-5.61
" -5.94
-6.2
-6.54
-6.84
-7.44
-7.44
1.7+

In (dosdt)

175 1.82 1.80 1.96 203 210 217 2.24
1000/T(1/K)

B 3.7. Friedman #43k K Ba (&4 i14-8 B 2| £ 5t 5L 69 4L R4RK 4 0.2, 0.3, 04, 0.5, 0.6,
0.7, 0.8, 0.9)
Figure 3.7 Calculating Ea by Friedman method

B 38 AT HENERN Ba HESHR BT, EHRANELRT
PHQEP/DDS ' Ea {88 & tt E-51/DDS 1 PHQEP/E-51/DDS )&, 1 PHQEP/E-51/DDS
FRAR IR MIE AL X L E-51/DDS & . XRBAZEMF K ELEH T, PHQEP i
RIS PR TF B-51.1X #1458 5 Kissinger 3K tH #9735 Ea (B3 2 (1 45 R A4H — 2. PHQEP
MR E-51 K, 4FF8EsEEMNERLL E-51 £, PHQEP KIBEME L+
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PR BT L R LA A T4 B — SE SRR A

—e— E-51DDS

—4— twt% PHQEP
—A— 2. 5wt% PHOEP
—o— 5wt% PHQEP
—0— 7.5wt% PHOEP

B 8

Ea(kJ/mol)
8

. 8 8

00 02 04 06 08 10
o
B 3.8 RWERE Moty T ik

Figure 3.8 Dependence of Ea values on « for various formulation of €poXy systems

§3.4.1.5 Bl H FAER Him)

HEWEE 02~0.7 AR, RIELEEIBEEE D, W B EHMERRELE 10
%L . FIIXBUE LI 9 0I5 A PR ER BN E) 1 2487, R AR (3-9) A1 (3-10)
Hill y(o) i z(a), B 3.9 RIA—LH y(o)F 2(c) L2 .

00 02 04 06 08 10

(C) SWt%PHQEP/E-51/DDS
3.9 y(a) ez () & H byarH

Figure.3.9 y (o) and z (a)variation versus o

A~ EH yo)Fl z (o), HBKERE 1, V() z (o) I BB S Y o5y )52
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Hom Mo, ME 3.9 REMBGEERESEN, avFlop MEBURK. K THE R
HIEMLHER, o, o, fo; AT SR AWK B J1 2 R RS RIS,

M3.2%F Ham<ap, o <0.632, PHQEP/DDS, E-51/DDSFIPHQEP/E-51/DDS 4L
A ZEAAHPHMEEE T H A SR (0)=a"(1-0)"kH#R, XPm, nBEiS5HET.
Plin[(dovdt)e ]y, In[oP(1-o)] Aixdl, ARIELRHER U3 /5 B4 30T LK S nfl(in E13.10).

A 32Milek skt Hoysh A F A K

Table 3.2 The kinetic parameters evaluated from Malek method

Sample Ea (k J.mol™) ap oy o n m InA
" E-51/DDS 56.90 0.478 0.252 0.494 1.553 0524 13.23
PHQEP/DDS 88.05 0460 0.174 0468 1.605 0.338 15.89
1wt%PHQEP/E-51/DDS 69.10 0.487 0.230 0.495 1.624 0.489 16.10

2.5wt%PHQEP/E-51/DDS 77.70 0456 0.180 0.499 1.689 0.370 18.38
5wt%PHQEP/E-51/DDS 63.80  0.489 0.237 0.496 1.438 0444 14.90
7.5wt%PHQEP/E-51/DDS 71.00 0479 0.205 0.500 1.588 0.408 16.65

10wt%PHQEP/E-51/DDS 72.20 0.491 0.203 0.502 1.577 0.399 16.95

9.8

g
9.6
*r—ﬁ
%94 )
3
= 9.2 -’.-'.
Z
—
5 0.0 ¥
|
| 3
8.8 v
. n=1.62
8.6+ . ' . . r .
1.4 43 -1.2 14 <10 -09 -08 -0.7

na’[ (1-a) ]

B 3.10 &M= J2% K n 14 (Swt%PHQEP,5K/min)
Figure3.10 Obtaining n by linear regression method

RIEMalek ¥, p=om/(1-om), m=pxn, HTKEmME. MFK3I2EH, m. nZfE
T2, ECERMEECZRMWL. BRE-12KHBIEHTETFA, RERA3-13E
FEWGRIER T2

dat/ dt =exp(IPA —Ea/RT)*a™(1- o)™ (3-13)
WHBEN dovdt~T LM B ERABN do/dt~T B FELLR, W 3-11, & 3-12
BiR.
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0.30

0.25

. 020

_§ o.15ﬁ

0.10-

0.05

0.00

200 220 240 260 280 300 320 340
Temperature (°C)
(A) E-51/DDS (B) PHQEP/DDS

0.30-
0.25
0.201
g 0.15-

0.10{
0.05-
0.00-

180 200 240 280 320
Temperature (°C)

(C) Swt%PHQEP/E-51/DDS
3.1 RE kit £ FEE@HE (FK) PEMBE (F5) Lk
Figure.3.11 Comparison of experimental (full lines ) and calculated (symbol)rate versus temperature
curves for in different heating rates

160 200 240 280 320
Temperature (°C)
A3.12 Aok £ 5 10K/ miniH i & (H5) FRBEHE (FX) 4k

Figure 3.12 Comparisons of experimental (solid line)and calculated (symbol)rate-temperature curves
at a heating rate of 10K/min (m) PHQEP/DDS, (A)E-51/DDS, (A)1wt%PHQEP/E-51/DDS,
(V)2.5wt%PHQEP/E-51/DDS (0)5wt%PHQEP/E-51/DDS (¥¢)7.5wt%PHQEP/E-51/DDS
(0)10wt%PHQEP/E-51/DDS

B 3.11 B, SMMAERTHEIE dovdt~T MLMELRABEN do/dt~T LA
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RERY, THAEHNMERN 0.2~0.70. & 3129, ZMAEER 10K/min K XT&EH
W R SR B R L MR T L, BRI ERE R M2 5L R T
FRX B A —2. L Lo hiiel B 43 1 I ANE A Rk A PHQEP/DDS,
E-51/DDS 1 PHQEP/E-51/DDS HIE{LiEFE.

§3.4.2 PAA/E-51/DDS Bl %

§3.4.2.1 %R DSC &) K45 LA KT

HE 313 FH, BEENRERNYK, IR R &HERT RB3, JFHERERE
RH. FREAAMPGERBK, BAREFENAERES, KPR, BEELRE
B mBEh,

| —=— 5K/ min
—&— 10K/ min

| —A— 15K/ min

—¥— 20K/ min

-
o

~
N

[=]
EN
T

Heat flow(w/g)EXO —
o
@

©
(=)

100 160 220 280 340
Temperature (°C)
B 3.13 Swt%PAA/E-51/DDS # 3k %5 E| /& DSC #h X A
Figure.3.13 DSC non-isothermal cure curves of
5wt%PAA/E-51/DDS

F 3.14 5 10K/min B PAA & BN ELFFERERZ W, HE4, X PAA SR
MO EIE] 10% &, B4k R GE R (T A TR (Tp) 2 MK T 16.9°C #1 21.8°C,
BRI IERE (TH BHEBEMBME. XU PAA MFEM G ELA RH1ER.

3304
ao] A _MIP”*\
2704
240
2101 *-—h."“"lpx—.‘_,
180
150 I
1201 PN ~ .

904

.

Temperature (°C)

E51 25 5 75 10
PAA Content(wt%)
A 3.14 10K/min # PAA 2-¥3f TiTp M T4 %A
Figure 3.14 PAA content dependence of Ti,Tp and Tf (10 K/min)
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FIR SR BRIt Ti 70 Tp A3 MAGE BB, SEMBEEZF 0, X
HEW T EEERELMES . W 3.15 iR, 2508 Ti, Tp M mBEEHITEMERS,
FREE 23 % L A BRAR SR KR FE Too FIEMLIRFE Teo Too F1 Te AT LME N BB T 28
EHIZ%. NE3.16 B, PAA FIMAAE Tea 1 Tc HHT F &

3401 240
- a Tf r/_,_al—
R S 2m] Te
s ST
7 20| ?_ o 3 160 -
g e 5 1604
g 8
o 160} ’ [=
— T ’2 120 .\./\Iiﬂ;_—.
|-
100 —#— W W "
5 10 15 20 E51 25 5 75 10
Heating rate(K/min) . PAA Content(wt%)
B 3.15 Shif it F Tea « To Fl Tpe B 3.16 PAA &3 Tgel f Tc #5% 1
Figure3.15 Calculating Tgel, Tc and Figure3.16 PAA content effect
Tpc by extrapolation methods On Ty and Tc

Bl 3.17 4 T 160°C B fIBERERTIE], AIRIIA PAA J& {8 ERBCRT 18] 45 46E 56%., WE
PAA MO EXTEALEE — R e . '

\

\ T=160°G

Time(min)
B R EE & &
-

-
(3]
/
Q

E51 25 5 715 10
PAA Content(wt%)

B 3.17 PAA 4 E x5 B 1R 69 5ol
Figure 3.17 Influence of PAA content on Gelation time

§3.4.2.2 F451LE %k K Ea

ARG RE R IEI AT T MES) SRR AR A A A AR (3-3)F1(3-8),
S EMEURTHA (1T, In(do/dt)e) BATERERE, KB —#1LRHHERY Ea @ (0
B 3.18 Fi7R ).
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In (do /dt) o j

52, Fe
5.6 X
< N
6.04 e \’\(\¢ 3
6.4 S, \.\'\ \\ B
TN \\.‘ N
L

68

- g “\ ~ N .\‘\

7.6 l\ \ A\ . \.

80{ N\ n
NI N

a4 N\
18 19 20 21 22 23

Taj

& 3.18 Friedman #£-#% K Ea (&-£414 th XM 5

B 5t L AU R ORI 5)

Figure 3.18 Calculating Ea by Friedman method

MBI 3.19 B, EatittaF—Niglatas, XEELSEF L2 RS, B
BABBUEBNGEER. B TR ERAAN TN ], FEEFREEROBE
ERHH —E MRML R B PAA BB T RAET AL, PILUERS Ba MRl
tRe ZEARABELET, 24 PAA FBH 25W%H 7.5Wt% B, Eafd5 E-51 H:5, [l
& Swt%Ht, EafHtt B-51 6/, PAA PHIRET SIHARABEERE RN, B4
HEFME, LUREAAEANTR, EEREELZRBIGMETH, BIME
HEREFNERETRARR, 5 E-51 M5 8EHBER, KEBM Ba 2L E L

RIR RS R. B 3.20 4H T A BRI R M.

Ea(kJ/mol)

120
—a—E-51
100l —0—2.5% PAA
—A— 5% PAA
—v—7.5% PAA
80 —e— 10% PAA

(023
(=}
T

015 030 045 060 075 090
a

B 3.19 & Bk £ 49 Ea SRty T4k

Figure 3.19 Ea variation with o
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OO =k OF O

! Lok
\ C—O— E-51
PAA—~( ﬁ/o + HO-CH-Est ——» PAA—{

C—OH
+ e
G dCl-KZHz—— ESl

o
PZ—O—&H—ESI

PAA
C—OCH,CHCH,-E51
0 OH

PAA LEAT A A A E-51 LIRAA AR
OH
i
_CH;CHCH,—E-51
+2H,C—CHCHy— E-51—»PAA—N_
\/ CH;CHCHy—E-51
OH

PAA—NH,

o PAA L£5Ae B-51 LIAREIKE 698 5L

é_on

: :C—-NH—Q—O— + H;C—CHCH,—E-51
it b/
o rl
¢_on
: :c— 0—

S éH:CHCH:—E st
H

PAA Mwmmi # E-51 L AL BB

: :C—-OH

C—NH 00—+ H;C—CHCH;—BSI

‘_©:c—o—c1-1,cucu,—551

N

PAA iﬁ#;);&:fv E-51 .tmum 0 B
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C—OH
C—NH 0— +2H,C—CHCH,—E-51
i %

l

: :—o CHZCHCHT—E -51

CH;CHCH; E-51
OH

PAA LB . B A H E-51 EXRAL A RA
—O— NH; 4 4CH2—CHCH2—ESI
E-5I—H2CCHCH2»\ ( ) < > CHZCHCHZ—E-SI
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—Qﬁ@wz + 4CH2—CHCH2 E—Sl——CHZCHCHz——PAAm
o
~~-PAA—E-5 l—H;CCHCHz\ CH;CHCH; E-51—PAA—~~n
wv-PAA-—ESl-—HzCCHCHz < : > < : > CH2CHCH2—E-51-—PAA-~A

DDS #= E-51-PAA L3R RAH 64 5L&
& 3.20 PAA/E-51/DDS BJ4tAk & F A L% BB
Figure 3.20 Existed curing reaction in the PAA/E-51systems

§3.4.2.3 PAA/E-51/DDS # Bl{L B AE %) T )

ME 3.19 B, FEILE 02~0.7 HAY Ea EafiEsiA R, EHMUEEB R XT
0.985, FHERE SD /MF 0.1052 (@ 3.21 i), X Ea WFEWMETERBITIH¥
R M5

_w=O

=0

w

o=

=0

O=w
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1.0+ gaOQQQQQQQQQQQQQQ : g -0.68
—8—E51 Rl osa
09; —0— 10Wt% PAA '
—A—7.5WM% PAA | 038
@ o8] —v— 5wt% PAA @
N —0—2.5wt% PAA Aton
07 A
A _.;gwn-#'*ﬁi(l-o.os
WiTEEEEEREES
000 025 05 075 100

A 3.21 14 Z % (R) Fiifdh £(SD)AT oty KL

Figure3.21 R (Fitting coefficients)and SD (Standard deviations) variation with

W ELE 02~0.7 Y Ea FIERALAR (3-9), (3-10) UK (3-11) AfitHEH
y(e)F z(o)fE, H—WEH ya)f z(o)fHxXfaliZZMAE 3.22 fim. MNEFRE B InHGE
EXF y(o)F z(o) B KA MW . '

te. ] Wi 5Wt°ﬁ)PAA
0.9} @ﬁd ?ﬁn n 09
§a et
LN}

-~ 08f J‘l——~ ‘o "o 06 N
= 1 g
¥ a s5kmn B m
03t o 20Kmn BT {03

4 15K/min ﬂ%
0.0} v 10K/min {00
000 025 05 075 10
a
A3.22 y(a)ez(a) R s H

Figure 3.22 y (o) and z (at)variation versus a for Swt%PAA/E-51/DDS system

(o) B B K BR BB % B Y AL B o (o) BB K BB BUEXT B AL R oy, B TR
BEXT R B AL B s o Flo s o BB RT LARISRTRRIBY 1722 8L . om Flay» o FUFET R
33, WUERay oy, apZ PAAEBEEWAK, Hitom <o, a;<0.632, E-51
1 PAA/E-S1 MIELERE, TTLAA BSEENH 2R fo)=a™(1-0)" RER®, m M n
B3 ZE N m=p*n, p=om/(1-am), U In(aP(1-a))H x B, In[(dovdt)e ]l y i, Bid &kt
BAENAZETURE n M mE CUE 323 Fin), AE33FH, m. n 2R 2,
I 432 2 g R 3B — R A 2
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435 -1.27 -1.49 -1.11 -1.03 0.95 -0.87
Infa’(1-a)]
B3.23 &K= Y% Kn
Figure3.23 Calculation of n by by extrapolation methods

¥ m M n RN fo)=a"(1-0)" RRBECR DR R FREAR G—12) AXK
BAME RERSHSHERNERTE 3-13),

A 33 Mélek sk RIFHH A F 5%
Table 3.3 Kinetic parameters calculated by Malek method (Mean value of various heating rates)
Sample f;éi(.l op oy o, n m InA

E-51 56.9 0478 0.252 0494 1.553 0.524 13.233

2.5wt %PAA 63.94 0520 0.293 0546 1.296 0.536 15.285

5 wi% PAA 5379 0513 0308 0536 1.207 0445 12.844

7.5wt% PAA 63.25 0.524 0296 0.546 1.322 0422 15.303

10wt %PAA 60.88 0537 0.315 0.563 1224 0461 15.006

CAR AN x B, dovdt b y SFEE, HE5ZRABIEE —EEMEHLR.

o

o

o
v

do/dt (min™)
Q
=)

0.05¢

0.00}
1(')0 150 200 2&.30 300
Temperature (°C)
B 3.24 10K/min R4 & (F5) PREHE (FK) ik
Figure3.24 Comparisons of experimental (solid line)and calculated (symbol)
BRI E SR B MEE — B &N —BUER T . R AR RE S
& PAA/E-51/DDS E{LiE IR,
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§3.5 KE/NE

A4 BIHFR T PAA/E-51/DDS. PHQEP/E-51/DDS KB J1%#4TH, 35 E-51
MIELEE H T AVELE, K IL PHQEP ST A AR ELAERER, M PAA Xf E-51
R EEEEER. BlSHARETHE T RWEHEE, PHQEP E{LKEILAENE
bt PHQEP/E-51 R, T PHQEP/E-S1 JLiBIA RIS AE X LL B 4E E-51 B, KR H
PHQEP 7£ & N ¥ i S A1l & ST SL RE I M4 SR TS, PAA S B2 H1H 2.5wt%
7.5wt% 1 10wt % ff) PAA/E-51 ] Ea {65 E-51 A3, T Swt%PAA #J PAA/E-51 i Ea
5 BT FRA% . F Malek iETRIU B B LB J1 R, RH#4E E-51 A1 PAA/E-51/DDS.
PHQEP/E-51/DDS F1 E-51/DDS EW YR BERE, HHEF m. n ZME2 £A,
40 e R — IR I 2%

39



MK L F R M+ F {2 X

FME BRARE/AEMIEE LN 5 RPN R

ot

§4.1 5|8

BRAEWER—FEESTEF. BESTRBEHNRASYME, S5H%EHREME
Mk, RERER. H28. WAF. KUEWERBUDARPHSREERE, TUH
Kbl &BIEREM . B TRERERIEN ARBERAERERS. KA, A RSY
= E R TERIESE, WMEHER™ER L, FrURaeamE A . R ER gy
RAENREMEIH & BAR, FIHD & AFER IRt SR a5
BRo BRIET% A A BRI R R TT MR IR R AL (PHBHQ) B ¥ B4 (CYD-128),
5 PHBHQ A &4 50wt%HT, i@ RE T 17.1kI/m?, HATEIE IR &E 30°C.

AERBITERNBATRENE (PHQEP) 5% FALEMAS E-51 LAIRF Y L i3t
8, REMAREWF DDS @, BFR T PHQEP/E-51/DDS BE{LWtisA f2etkbe.
MHREFBIE ¥R, B SEM MR T HEMrhENE, {48) WAXD IR T MEH
g, 4R PHQEP 9. 358 MIR I E M Jginf 2 FOWLIR.

§4.2 LWERS
§4.2.1 [FH#}

BEFERPE(PHQEP), BITARL, HE 4R (EEW) HEN 357.1g/mol; @K
W g E-51, M5 CYD-128, ERHIREM IS, FRE 248 (EEW) 4 185.19~208.33 g/mol;
4, 4-ZEE KXW (DDS), (AR), #&5s: 176~178°C, SCRC EEALZERFH IR

AP

§4.2.2 PHQEP/E-51/DDS # & & & &

PRI —E B IFREMAS B-51, WEREKS, MA—= B PHQEP MAEM, A
JEBMA—E R DDS (E-51 ) 30wt%), M#{# DDS BT ERBE, BINEH
WIHFRENENTRMER, BAEZTERET, BRSHE, BEBRTRED, KR
120°C/2h+160°C/2h+ 180 °C/2h FI B2 1TE L .

§4.2.3 PHQEP/E-51/DDS HITEEEMR B RAE

(1) rhEtERE: RAAERFRENERTEARIC—25RBEMHARI, L0
R, RHERT80mmx10mmx4mm, #£GB1040-9235%, .
(2) BvEREMbrttae: RABARBEATAG-201 8 B FHERB MR, 25 ik
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B I 2B M % 4o

3)

4

(5)

# R <t 80mmx10mmx4mm, =A%, LK & E2mm/min, #FE60mm; 80
mmx10mmx2.5mm, H{#iEE2mm/min, $ZGB1040-79%1i .

DSC4H#: RFEENETZSCHAIDSC204 %! 2R B HAL, NS5, PAA/E-S]
B KA 10mg, LAIOK/minfn#E300°C, A #H1F]0°C, B 20K/ minfn#
#)300°C.

TGA%M7: SRAINETZSCH STA 449CEI M E X, NT4R, PAA/E-S1E LYK
KEEH20mg, MEEFI700°C, HNHGEZE20K/min,

DMAZ#T: RRINETZSCH DMA 24280 &5 H1 % A, BB RmMBE R,

- S R~T%40.000%5.100x2.500mm, B ETEFE0~250°C, PXSHZE1.0Hz, FERE

(6)

N

(8)

# }5°C/min.

WAXDA#¥T: 7 2 PANanalytical B.V.J A XAT4H{%, PHQEP/E-51H} K #¥ .,
ERAHTEES~45% _

SEMZr#7: RF HAISM-6380LVEI AR 8%, PHQEP/E-518E4& b M,
RERFEA, WGFHEK, MEBE20KV,

g RAERE: RAINETZSCH DIL 402CEU A ERKAN, #5125.64mm, 2°C/min,
MEEINHF]180°C, LR &M FAEEEAH2°C/min, BEEHE: 25~160°C;
KRS 25Smmx4mmx4mm; FIE K R,

a = —

I -T2 lo(TZ '—Ti)
Ory-1y , T\—T BEXEEANTHEEERR K');
Alp | B T EZERE (mm);

' AlTl , BEANT HMHEZEE (mm);

9

(100

an

B3 AN E R E A FEEE A L RE.

AR BASEAFTAG201HEFHERBINIRA, dRAERT
80mmx5Smmx2.4mm, [EEHA, i {#HEE2mm/min;

AR MR BAREATAG201 R BT RBHIR, R R
80mmx5Smmx2.4mm, BEEMH, FRHHEE2mm/min.

B#MEREMIR: UNITHERM™ MODEL2022 B{EHF#HFIHES I, AR
25.4mmx25.4x2.54 mm, PRE/EISC, EM39.18°C.
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§4.3 R 5L

§4.3.1 PHQEP/E-51 R h S seMt R

§4.3.1.1 PHQEP/E-51 #) 7 & #1447

MEEEATENM RS OES . A BEESItE. AR 41 F
PHQEP/E-51 LB H R MH LR EIEE H, MA PHQEP 5, HRYMIMEHRER
B TIRKHEE, 3 ABi% PHQEP & BAIMMAIY K, PHQEP N Swi%ht, ik
MEFIRERK, i& 164%. PHQEP 5 E-51 JtEL LT — AN E RN 454, €15 E-51
HyE 4L %%, PHQEP LM% LA & PHQEP-E-51 Jt[F 5H K ELM%% . PHQEP-E-51
% PHQEP B3I MWt —E I rtas, WMEEMEXFARY—E IR
i RINE.

4 4.1 PHQEP/E-51/ DDS $:itdh ¢4 /) 5 M 8%
Table 4.1 Mechanical Properties of the PHQEP/ E-51/ DDS systems

PHQEP content Impact strength  Tensile strength ~ Tensile modulus  Flexural strength

(kiim?) (MPa) (GPa) (MPa)
E-S1 10.02 52.73 1.02 93.29
1wt % 19.36- 57.63 1.30 109.98
2.5wt% 24.23 66.97 1.29 112.34
5wt % 26.43 61.12 1.98 115.59
75wt % 19.79 64.61 1.40 110.37

§4.3.1.2 PHQEP/E-51 # 344 fik

BANMLE, BRMERRRREES. M 4.1 FH, E-51 2 PHQEP #ft)5,
MR BB A B E0A1RES, PHQEP &84 2.5wt%Et, HifsgfE EFAFIRAMHE,
ST B-51 323 T 27%, PHQEP & &% swi%it, Ridis® L7 3B A, #xE-514#
& T 94%. 54, PHQEP/E-S1 HINiZ A B KT E-51, 15 PHQEP RERINT3E5aY
PIFEMR.

§4.3.1.3 PHQEP/E-51 ¥4 & th 4 A& |
A S0 F R M ELR P thAS TR IEE D . MK 4.1 B, PHQEP/E-S1 %
MERAEREE PHQEP S BMMKtE — @M%, 4 PHQEP &N swik%hf,

PHQEP/E-51 {35 fiB A B %, EMMAIFEE LY E-51/DDS fUEMT 24%.
B PHQEP M S #EHEN S B WAL AT R, BRINAX,
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§4.3.1.4 PHQEP/E-51 # & Bf & &4 L7 $%

B E R ROARSR, BT ABF SRR 2 RR i () TR LR RS L IR i B 4H 2 25
L.

@1-JUN- a1-JUN-B

(b) 2.5 wt %PHQEP

ZBky X1, 8688 18um a1-JUN-86

(c)5 wt%PHQEP (d)7.5 wt %PHQEP
A 4.1 PHQEP/E-51 # & Wi d &) SEM -4t
Figure 4.1 SEM micrographs of the impact fracture surfaces for PHQEP/E-51compound

HE 4.1 ATH, 2EE-51 (& 4.1(2)) BELRrbiWimEIEHR Jel, RYMWEHBD,
HrE—, BTFHEEAELE MRS . & 2.5wt%PHQEP £ ILRELY (H
4.1(b)) Wit _L B LB Z , i SWt%PHQEP (& 4.1(c)) 1 7.5wt%PHQEP (A 4.1(d))
AIBTEEL T MRS, RABAFSE PHQEP MM, #iE AR TRy ~4E
THREBHRR, SETRAMT RARE, ¥NTEEHE AR, ATRE T HE

frpidiaE. A ItRERY A ERE LEF HIA B RS X, $i8 PHQEP Ml
E-51 tHEMENF .
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§4.3.2 PHQEP/E-S1 By 6E 58

§4.3.2.1 PHQEP/E-51/DDS B{t.4944 DSC 447

K 4.2 4 PHQEP/E-51/DDS [E#.#1# DSC ghisk, BEAMBZHMBAT —MHEKHE
ML ERMEERX . & PHQEP BN, BUYRERBILETHEEX
BrAA#5. 2 PHQEP A &% Swi%hf, #E B RE R (TgR kel E-51
1Y) 8.9°C; PHQEP Rl 5 B Hk N\ ZR U4 i ) (B 4L IO 4% B 38 K T 20 T4 B 2 Al g A L4
RA, BHREPERIRES PHQEP HEZ MMERER A EB%BEBAR
o 4 PHQEP EB KT swi%ht, FEYH Tg AAMREK, RERAEHH#—SHER.

100 125 150 175 200 225 250
Temperature (°C)

B 4.2 PHQEP/E-S1 El{t4s#) DSC # 4%
(PHQEP “4-¥ :a-Pure EP; b-1wt%;c-2.5wt%; d-Swt.%;e-7.5 wt%)
Figure 4.2 DSC curves of PHQEP/E-51 blends

§4.3.2.2 PHQEP/E-51/DDS El{t4h 645 Rt 47

HEN—MDEER S5 BRI —YE, RENDERHXA 3
HSWAES, BERHRANES. ARREK “SRERYN” REERS FHEALS
RAMEESH, ASRAMK, WMEHEHRE, REHRT. TE—HE, EREY
In T a8 A A T BB 7E — 2 A i) P InAA B N TR B LA R ¥ H B PR R B R #0 B
REHFE, 4 B-51 B SHAEY 0.1824 Wm K, TEMA 20wt%PHQEP /5, 3t
B FRALIEKRE 02005W/mK, KT 9.92%, #HEMA PHQEP FHEHS
HHBENE.

§4.3.2.3 PHQEP/E-51 # # & 4-47(TGA)

HEDPTEH FRARME IR RS M85 1% . 7E N, AR T, B 20K/min
B nAE R & AR EE BN ZB MR E] 700°C. B 4.3 HHEMLEH ERHE—
ASREE, HEMRMEEREE (B 4.4) UBBL—A B AR, ¥ PHQEP/E-51
M E-51 B—B%, EIStOAOBR R a1k
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a— E-51

b — 1 wt% PHQEP
€ — 5 wt% PHQEP
d — 10 wt% PHQEP

100

85-

70

551

Weight (%)

401

251

150 250 350 450 550 650 750 B850
Temperature (°C)

B 43 HhEBHL
Figure 4.3 TGA thermograms

AF#Z PHQEP/E-51 IR/ ARR A4 E-51 B 2~10°C, HILBE KR
RN RN B-51 5~15°C. BN PHQEP FEH B MIEEMBIRE. XA
HARER B EPEIAN TR H B4, BB THBIES), S4EHLES
PR RS PHQEP MIREMMER, #1845 FRIKER E, WHERE.

d

First Deribative(%/min)

100 200 300 400 500 600 700 800
Temperature (°C)
B 44 Aok R R

Figure 4.4 Thermal decomposition rates of (a)E-51, (b) 1 wt%PHQEP,
(c) 2.5 wt%PHQEP, (d) 5 wt%PHQEP, (e) 7.5 wt%PHQEDP, (f) 10 wt%PHQEP

BABRAMREBA I (Yo) MRRAILT HMEHMBERYE, WK 42 FH, BE
PHQEP S BN, Yc{E7EHN. PHQEP S BB AEIEREMA, MEHERIEMSE.

A42 RESHHIE
Table 4.2 Datas from the results of TGA

Sample T, (°C)" Trmax (°C)° Ye(%)
E-51 384.2 400.5 16.0
1wt% PHQEP 391.0 415.3 164
2.5wt% PHQEP 390.7 418.0 16.5
5wt% PHQEP 3942 405.2 16.7
1.5wt% PHQEP 386.2 4152 17.9
10wt % PHQEP 3879 415.0 17.7

aT,CO)¥NMBE; bTrcR XS HREFHGBE, cYuRANRETIL.
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§4.3.2.4 PHQEP/E-51 ##I5 ik 14 #E (DIL)

VLT REZAFHEG R M4 E-51 & PHQEP/E-51 LB 4k £ R e & 75 1 7] (9

12{—FEP
-------- 1Wt% PHQEP 8
109 - 2.5wt% PHQEP ~
o | 5W% PHQEP e ¢ ©
e |- 7.5W%PHQEP A\ 2
= 6f— 10W% PHQEP 7 ° o
9 7 - ~
3 4 A S 161
o s
2] -241
Ol -32
20 40 60 80 100 120 140 160 180 200 2 % 8 1o 1o 170 20
Termperature C) Temperature (°C)
B 4.5 KM E IR T4 B 4.6 HHWIKE K
Figure4.5 Linear expansion ratio variation Figure 4.6 Linear expansion efficient with temperature
variation with temperature

EMRE B R A LR, ZUERTHAERELMKGNE 4.5), &t
KRS (B 4.6) BEARFEAE, ERBELERREINL, MENEEEKRERE
KA, HIETPRAOEMEZAFRE, FH5&EEH KR DBREAK, #1755 m0H
KEBK. 4 PHQEP BB R RB RS MERTI K. R 4.3 FIH THHE
W5 25 BART 30~100°C F1 80~140°C iX /MR BE X 8] (I P 3 B2 ik 2 %0, MF#HE 11 24 PHQEP

EEBM Iwt%E 3] 10wt%a, PHQEP/E-51 SLiBM KM R BB HUA K.
£.43 WIS TBE ALK A K

Table 4.3 Linear expansion efficient before glassy transition temperature

Iwt% 2.5wt% Swt% 7.5Wt% 10wt%

E-51
Sample ! PHQEP PHQEP PHQEP PHQEP PHQEP
a (x10° K"

0062 0060 0064 0062 0062  0.062
(30~100°C)
a (x10°K™"

0065 0063 0073 0062 0066  0.065
(80~140°C)

§4.3.3 PHQEP/E-51 MIFN7S 1214 RE

75 11243 1 (Dynamic Mechanical Analysis, f&jFk DMA)RZEFREH HEE T &
YVRERSHH THRZSEBANEREREXZN—HHEA. 5HENEFIEML,
DMA BE{EBUE MBS 8] AR 1B AR BN A S ARSI I SR 1, RIARMBRYLE .
SFEHFEEN—FHENTRY. B 4.7 5 4.8 £ 512 PHQEP/E-51 H&H Kl HIfEHE
PR -iR (B -T) F i FE B - A i (1g0-T)
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10* 07
= 0.6 —O0—E81
—*— 1 w% PHQEP
051 —&— 2.5 W% PHQEP
0] O E8t “ 04 —v— 5 w% PHQEP
) —— 1% PHOEP g ™
Wl —e—25w%PHOEP & 03
—v— 5wt% PHQEP 02]d Gl M P
0 % T5W%PHQEP N R
0.1
- 0.0
00 50 0_ S0 100 150 200 25 400 50 0 50 100 150 200 250
Temperature (°C) Temperature (°C)
B 4.7 RHEARE - B A # B43 MR T -BA%
Fig4.7 Storage modulus versus temperature Fig 4.8 Loss factor versus temperature

K A3 TN THEEMNERSHEEE B g5 . WEFFEH, A PHQEP &,
HEMEEZE TH E'S B-51 HLLEFRE, HFPIMA 7.5wt% PHQEP HiREH L,
i% 0.58GPa; ZERBRARK EERESHEEKX, #ET 11.77MPa, i%H PHQEP *f E-51

BAEWHRER.
#4.4 E-51#°PHQEP/E-51 Bt th 3 & Jy o S48
Table 44 Dynamic mechanical data of cured E-51 and PHQEP/E-51

Sample E'm (GPa) E'(MPa) To(°C) Tg T (°C) tand T4(°C)
E-51 3.61 38.54 168.61 165.3 -56.37 0.25 153.55
1wt% PHQEP 3.72 51.73 171.62 167.9 -43.69 0.18 156.01
2.5wt% PHQEP 3.81 45.90 183.65 — -41.59 0.26 167.72
Swt% PHQEP 3.90 47.97 189.63 174.2 -25.57 0.19 173.63
7.5wt% PHQEP 4.19 5031 174.56 157.0 -54.94 0.04 164.06

EmR oYW ELTRTOMARE: B AHHERRENGMERE: Ty, BARBHLHY
BAE; T, @il DMA #EAPERAETRE, Tg, @il DSC AR HRIBIETRE; Ty REH
Py 48

E 4.8 FH tg8-T i 8AH HIABNM AN U LMok Aig, 8 PHQEP 5 E-51 3
BHAAESERE, BEHAAENE M. oL (FFEETER) WNAERE
EWREEREET S, o kEE PHQEP 4 BIING SR MBs), BHE
WEAF R BRI K, X5 DSC HHiBEIH Tg BH#aHAH—3. PHQEP MRt # R
BWIATERRME MM S, BETHRNES): ANEREZNERERRIENT
5 H .

TR L Tg KR HE N DMA 7E8/NIBIA R H R E I FHRE R T AL,
MHE 4.8 B, 7-120~0°C XMEBX A KT RAIPRELZIEHIN, RHATBRLZ
IR B BARE R ES, BRIRE B 4RSS, mizkkER ( - CH,CH(OH)CH;0-)
MBENES . RBBRFEEFTLEHEESEK, BEQR, MR ESAT, /KRS
HtEaERRLS). BEE PHQEP S EMIMM, Te7EMK, PIEARRFER FARN, BH
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PHQEP/E-51 H &M KM HtEM R HEmSS. SHRME+H PHQEP H%, FE
R ERIRITE K, BEAMMEEER AR, BHZR%ED, o 8HE3)NREEBRR
B, FRBFEERFER TR

WASTR AR M EBAEA TE MR R M2 &N R, ﬁzi:)ﬁzsﬁ
*45’1%&&;&%% 0.9GPa AR, 7E E-T iR ALFRH 0.9GPa &b X — %K F4k,
BAGHEEREMENT AR —&ER, BRSEERIRNIT RAKANZME T HEZTE
B (Ty) . Te{EBE3E PHQEP & BMIGMTIIMA, X4 PHQEP & BiLH| Swi%ht, #4k
9 Ty MA3T4E E-51 89K T 20.08°C, #5i8H PHQEP KA N T A RHESIRE T I 5E

§4.3.4 PHQEP/E-51/DDS RY$EITFNLL H L5t

EEE RN KA EERT, AR 3 Me IR 2R A 8E R (Creep). 1%V
MEE—ERFNERTHERSHE, MEFHANRRERENZEERNT R
(881, ¥ 4 IR AR E-51. 2.5wt%PHQEP/E-S1 F1 Swt%PHQEP/E-51 fHi A FEAR B £k
F) 0.24KN, RESMHAE, FRIFEZ 10h, ERMEHER R RSB ML, BEE
49 HIEAR L. FERBERILEYEWRE, FETHKMSE, RRYKERE T ML
WA E B BTN, FFUMBERFEE NN DR B2 TTEMK. AETFH,
MEHIE BT AT, B IRBASERENR, NAS5NEMIEL, 53K
REERMHENBEHRVERENR), EENAERTHMER, REIZKA
(2 T B R B R AL, BT, MBEXREALE. 3 100 i, E-51
HIfL# % 0.31mm, 2.5wt%PHQEP/E-51 HIfLE N 0.28mm, 1 Swt%PHQEP/E-51 KA #
3 0.21mm, AR R/ PHQEP #4558 T AR PR LB AL . PHQEP FHIM & HIT
B E B B M4 B FRPE R, RBOSZ R MR B AG IR IAE, R sIRNAR Rt
B

034 037
020 0.34
Es1 031 \"\*\_‘__\1
- 026 ~ 0.284 .
€ >
£ 2 SWYPHOEPIE-51 z 2
1,’ 0 7 0.254
S £ 02/
a SMYPHOEPESH » 3
0.18 oqel] VT SwUPHCERES!
2 —— 2 SMYUPHCEPES1
0.14] 016]] 3 ——s
r r ———— 0131 S —
0 5000 10000 15000 20000 25000 30000 1000 7000 13000 19000 25000 31000 37000
Time(minute) Time(S)
B 4.9 5 3 oh £ 67 19 PlAL B 4.10 PHQEP &¥ 51 & 1 b4 %78

Figure 4.9 Comparsion of Creep Stress  Figure 4.10 Effect of PHQEP content on Deformation
Curves Relaxation

48



MK L F R MR £ F {2 b X

[ J3¥Adb (Stress Relaxation) A= E Ert, #EHN HBEREZBLHRE . BE
SRR g E-51. 2.5wt%PHQEP/E-51 fl Swt%PHQEP/E-51 M3 K 0.4mm, Eif
SRERH RN D ZE 10n PIBERT IR ARG, FRERRERE LG, TR A 18] (445 th 5 BL v B 4b
NAhFREEREDSTANS, BEEANFFRET BHBRBHGES. B 410 PEFHHT
HE ALY R S B B I ZE R, 100 BB  PEEHA R Z. K4 E-51 BN GFEE
3% 0.206KN, 2.5wt%PHQEP/E-51 0.269KN, 5wt%PHQEP/E-51 4 0.297KN. PHQEP &
B K, PHQEP Fl & B yCHE M FAX K AR RME MEETHBRE, NFEE
K.

§4.3.5 PHQEP/E-51/DDS #) WAXD £}t

MERESBI f X 5184758 (Wide Angle X-ray Diffraction, WAXD) FRRAE & Fh
REEUHREEHSE. B 411 FRKRITHE%LEH, E-51 LUKk PHQEP/E-SI
HEADEN BRH—RE0E, 2RHARMNEREES. —BRE, LRYNTHE
REASHTH BN, &H SRR RTINS 4 BRI L™, ST PHQEP 7 20=21.24°
B — 20 R B0 AT S I A IR AE 2.5wt%PHQEP/E-51 1 7.5wt%PHQEP/E-51 (%744 #h
%1, RHRELALLE AR PHQEP X, KHEIE PHQEP MAER />, # H PHQEP
5 E-51 MHAMRE, e2&BE%BT E-51 TN E-51 MEAMES.

;

|

2.5M%PHOEP

Intensity(a.u)

7.5wm% PHCEP

0 5 0 > 2 I L
()

B 4.11 WAXD £ 1b4%
Figure 4.11 Diffraction intensity versus 26 angle curves

A PHQEP BE{L/E, SRENMEXTFR Lo 20 AF AT, 43 8] LA B Bk BLa) iF-34
5 B B MINR 4.5 Fin). PHQEP AR HLTHIME K, HBHRZANIERAN
W3R, PEESSEIE; 535 PHQEP WM BN MMM EM R A H M EESIEA, HRAR
—ERE G, BERHARLRKNS THREBMELEEL.

A 45 KEE e b LMK
Table 4.5 Crystal parameters of cured epoxdies

Sample E-51 2.5wt%PHQEP Swt%PHQEP

20 (M) 17.63 17.84 17.97
D-spacing (A) 5.04 4.98 4.95
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§4.4 KE/NGE

REHART PHQEP it E-51 MISLRM B A H 24 68, ifid DMA f1 SEM 4
¥t T PHQEP 5 E-51 fAAYE, i1 7T PHQEP #43&18%) E-51 AR A E-51 R
&l : ,
(1) Mhifi. B, RNERHAHEEERNES, WA PHQEP, WUIKEFREELY
HIPITE, X PHQEP & &N Swi%hf, MRS RE aliRE 164%, Himp R MK E
B B4l B-51 fK; [RET PHQEP Ml E-51 LiRAHE R AR A M R SR BE A B, 24
PHQEP &84 2.5wt%Hi, f R FERE T 27%, SEN Swi% R EERE T 94%,
THBEHREMT 24%.

(2) DSC #1 TG 4474 255, PHQEP/E-51/DDS 3Li@MEHY Tg f 4 E-51 B
A& 8.9°C, ¥IMAHREER AL E-51 BLY) 2~10°C, 8K 43 s Z i iR et 48
E-51 B4 5~15°C,

(3) BN EMTHEREN, 4 PHQEP /G, MEERBEASMBIR AR 6
BEMMIBK: fEREER N 0.9GPa i AR IR EEARST A3 S E 4 v] & H 20.08°C,
.5 PHQEP St R B MIR A EM lE A /EMH . R F-RE I EMaE %2R
E{LH—4, L8 PHQEP 5 E-51 HAHAMEELF, AT PHQEP S &%, BRAKHEE

BEAB /MM, Y PHQEP MAJEH MM EHR (KB b tE AT B8 .
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FHE REBERIAEW IR HEMBEERE
§5.1 515

B M20t 240K Pierre Castan® K& H A EM ARLAR, & FP4E M FERER
HELFERETRKEHFRAONA. AT EMEESETHRELENEER T EE
REZE RN SEIRER S R B XA B RSR A #vi e KK B3R SRR U AR B
N R AU

REER (PD # 2 AEEREH A, SIRIRE RS 25 5% 8 i
BOSU | SE4E Sk MG B REAE W B TR R BN MR A R BLE S . 38R
MEESYHNER TREETBAREGRATET?, BR, XS UNRTHL
WK FEMPLSHEM FEFE R WHEILR, 7 HPIRIE IR HI7E JLH 53R E R fs 4
BEUHRFHRMBTEA: B, EPISHERERRE, AROMKBRESM, X85
MLHRT —& B,

Kevin Gaw'®!, RAEKCILHEPIFFTRIARBIEER (PAA) BEELA, 1% T
R RE I ERK . PAAR RIS B R ET 4,4'— 83 = F R 7 DU Sk g
RSB (R4 PERTN, REYM=YHERRERSHENXP. ikPAA
BREFENRRE, EI00°CLAAREBRAERMEHITENK, BEFTNPHEMRNRE
BRI TRRHIZE.

AEH HITEHRKIPAARMIEDMEF, RESHREMEESIHBRN, BWEBRE
A MABEKIDDS, EEBEHFELERE, MRAEEYRIRER %, XA
SEM, WAXD, DSC%F B RMEZ LR E MM AHS BRI, HEITPAAKEYINY
SEPLER.

§5.2 KW
§5.2.1 KB

RERZRE (PAA), EREFEBHTEH: HEMWIE E-51 (CYD-128), HEHEN
185.19~208.33 g/mol, EFAAMA LA HEMAE, Tikk;

44'——FHFEZEM (DDS) (AR), LA AR ; NN-ZHEHEE (DMPF),
(AR), KM RIEMFEEF .

§5.2.2 PAA/E-51 iR RO &

I — € BHIPAABRIEIOMIDMFH, #H 5E-SUBANARHEICCR ML, HE
B Z£DMF, MADDSHESHE, FAREERMEADP, NAB120°CHELTTE
P EH1h. #RJ51%120°C/2h+160°C/2h+ 180 °C/2hH B IR E 4L, ¥ E15)70~80°C
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[, BEIRES.
§5.2.3 PAA/E-51 9T B FN R AE

(D) mEtEREINR: RARERFRARINFE R EATIC—25RZEH AR, T
BORE, AR T80 mmx10 mmx4 mm, 3EGB1040-92#3x,.

(2) ZihtERebr it aEmliR: KA HARZEATAG201 R BT H e RBHINR, &
A R 5180 mmx10 mmx4 mm, =8, LRFEFR2mm/min, FHREHEIECOMM;
180 mmx10 mmx2.5 mm, Hf#EZFE2mm/min, 1%GB1040-797i .

(3) DSC43#7: FFNETZSCH DSC204Z1 3R B HAX, NS, PAA/E-SIEH
MAHMI0mg, PA1OK/minfn#E(300 °C, A #H1F0°C, B LA20K/minfn#F|300°C.

(4) TGAZMT: RFAINETZSCH STA 449C BIMESMTH, NS, PAA/E-SIFEANY
MR 20mg, FER~700°C , fn#iER20K/min.

(5) DMA4#r: KFAIQ800 V20.6 Build 24%! (EETAAT) BB NEMT, WEE
B AR, BRRSA48mmx25SmmxSmm, 86 E0~230°C, WRFiE1.0Hz, F
#2243 °C/min. :

(6) WAXDH#f: FF#722PAN analytical B.V.) i XAT4H{X, PAA/E-SUREREES, =
#, FARHEES~45%

(7) SEMZ#r: KA HAISM-6380LVEI A, PAA/E-SIHANMEMEE, XE
WEEK, INiEFE20KV.

§5.3 BR5i1ie
§5.3.1 PAA/E-S1 M) h ¥ RE S 4R

§5.3.1.1 PAA/E-51 84 A &4tk

MRS 1EH, MAPAARKEE, MEMHERBERIAKNIES. YPAAHEMN
0.5wt% I 2] 1.5wt% i, i iRERE T2.80~3.15%. PAASE-SIRMN/JG, #13PAA
R B BUEEE-SII BEL ISR, S HPAAE B EAL M4 AT BL % B LL4E-51 B
RERERR, XMEERNZHKME, BT RErhaEE8E .

5.1 PAA/E-S13 R B {bdh g /1 b gt
Table 5.1 Mechanical properties of PAA blends

PAA Impact Tension Fractue Flexural Tension Flexural
Content Strength Strength Strain Strength Modulus Modulus
(Wt% ) (kJ/m?) (MPa) (%) (MPa) (GPa) (GPa)
E-51 10.02 52.7 5.00 93.29 1.27 2.04
0.5 38.03 86.59 9.18 115.17 1.76 273
1 38.63 72.29 10.99 126.38 1.91 3.37
1.5 41.58 74.00 6.74 122.47 1.86 3.29

2.5 10.92 55.34 4.16 113.52 1.56 2.73
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§5.3.1.2 PAA/E-51 &) idadh M 6t

EIS.1EL8 TPAAE-SIHL AR ) — N 2k . BPAARMERIATEL, BT RBIR I
AR S ERERE-51 K, HAPPAAS B R Iwt%i BiR N R K, MXE-51380 7T 5.99%,
M0.5wt%B FIPL SR B K, FXTE-513017 33.89MPa, H KRN HLIEINT 4.18%.
FMEE R T HEHRR BRI K A, NN -NE ML EAI T R BRBE Y
THKOREHER, HETUEININEHAMMERRR. AESIEFH, E-S51
REE—ANRENN KRR, TPAA/E-514F 3 2 UPAAS B H1.5wt% R 1 wite it B
THANEEHKHBSNEE — N EREN B, HAPAA/E-SIERT R RTH — N E M B
CBIRBAE R B , FIEMXE-SIH FTIR M. S5 RIPAA/E-S1ZE L M1 K B 38
HEEHLESIPK (WRSIAR) » HPIW%PAA/E-51 & HE-511%50%, A
PAA/E-S1EEHEPT R . PAAGIR L ISRIER, REAPAAT KN BELHENT 2
E AR B &

90 10
142 I NV 1N
& 60
2
8 451 —=—E-51
% 20 —<—0.5wt%PAA 14
—o— 1.0wm% PAA
154 —— 1.5wt% PAA 42
—o— 2.5wt% PAA
0

iy —— ; T y 0
000 0.02 004 006 008 010 0.12
Strain (mm/mm)

5.1 PAA/E-S1654a40 5L /) - fL % dh 4K
. Figure 5.1 Stress versus strain curves for PAA/E-51 blend

§5.3.1.3 PAA/E-S1 #4457 s b 6%
 EHBRESRRMRR, RUEMBFIS BRI, ARS.IFH, APAATE
MO.5wt% I I F2.5wi%Et, PAA/E-51875 it 58 35 M 93.29MPalts /i £126.38MPa, 3N T

21.7%~35.5%. 25 thi& B 4E-51 BB IGIN T 34~65%, HHHPAA/E-51317 A
fIRE I BE-515%. PAASE-51 R NAEEME IR IR, KRS MERRE R,

§5.3.2 PAA/E-51 By ik

§5.3.2.1 PAA/E-51 #) DSC 4#7

B 5.2 & PAA/E-51 BE4LYH) DSC BI4R, B4R M — B3R, ¥ PAA
F1 B-51 MIMIAMSIT. BELETELLET, EEATBERSYP BT RN
B RATEE A 2 I R B R AR BN K0 FRB ARG FEELDO BB
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AR (Te) R A A W R AR IR M. WEPIEES, PAA LR
VI B EIRE Tg b#H PAA S BIMMTTABE, KERER PAA PHEE.
AR, HBEREURRES E-51 MFEEFSRE RN ERF A BRI MR
BEFEA

Heating Flow(mw/mg)

110 135 160 185 210 235
Temperature (°C)
B 5.2 PAA $ti4hth DSC # 4,
Figure 5.2 DSC curves of PAA/E-51 composites
(a-E-51, b-0.5wi%PAA, c-1wt%PAA, d-1.5wt%PAA, e-2.5wt%PAA)

§5.3.2.2 PAA/E-51 #)# & 247 (TGA)

ME S HT(TGA)BEIR Bt 5 R P EEMBEMMEA R KE B . B 5.3 F PAA S
R HIFAN G (A 5.3 FiR), ASMERMEHRAFEME (W 54 Fis),
RAERNMRESFENLRE, —& PAA FREMMPBEERBK LR, XMEER
BIRA 10%, BIEEEHR 140.6 °C, REIBKAER (WE 5.4 FiR) BEEER
173.1°C; EE—MEERREIER AR, RIAERER 466.7°C, EEIBRKHMEER
B R A 508.1°C. PAA/E-51 FLIRBEMLIITE E MK EF & MR RE B
R BHIREMASEE, S8 PAA FHRE. BEREAMITLM E-51 FHHFEE
AR ERET RMN.

B 1] S—
80} 3
2 e AW % s
2 40H_" 15w L
B
20 iz
0300 200 300 400 500 600 70 100 20 0 400 50 600 700 800
Temperature (°C) Termperaiure(0)
E5.3PAAESIH R Eth B)5.4 PAA/E-S169 A 5 ffik F dh 4%,
Figure 5.3 TGA thermograms Figure 5.4.Thermal decomposition

rates for PAA/E-51
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MK 5.2 B, RIEHMERE To MB K5 ME B FHEE Tm FFE PAA SEH
BTG A, Ho 1wt%PAA ) To 45T E-51 287 10.2 °C, i 1.5Wt%PAA ] Toux #
%t E-51 $2/ 7 19.8 °C. i8] PAA 1 E-51 3B KN GIRE T A E B i k. #
SHEFR IR 4K (Yo) MIBR R R T el BRARTE B9 EF4R1Y. WZK 5.2 F i, PAA/E-51
LRI Yo HIXF E-51 B, ATEERRBRERFEMEN. (BEHE PAA S BNRA,
Yo AR, N AT BRI A R MR AT A

& 5.2 PAAJEE-S1 ¢4 Mt b 438
Table 5.2 Thermal properties of PAA/E-51 blends

Sample  E-51 0.5wt%PAA 1wt%PAA 1.5wt%PAA 2.5wt%PAA PAA

Tg(°’C) 1653  162.7 1436 141.8 1555 2046
ToCC) 3842 3933 394.7 399.2 3822 466.7
Tmax °C) 400.5  417.7 420.3 4179 4079  508.1
Yo%) 160 11.9 11.3 11.8 14.1 38.7

§5.3.3 PAA/E-51 B DMA 447

- HESeEEERNEEIEMRSINEENE N FHIEE H, S0°CRPAA/E-5113
BANKERIERELE-SIFHEMRE, HPIW%PAAE-S1IRFHRE, &HE-51
1543%, 0.5Wt%PAA/E-51%8/>, Bt & HE-51 0.02GPa. 176°Cht, M Bt TR FEK,
PAA/E-S1HIfEHERE (E'm) MXTE-SIE B TR, FIHERPAALSE-S1IRM, FBEFEE
WY ATBRE B 2K, PAAPEREER, HHRIEEKR, ERESNSTFEAERND
g, BAENDPHER. BIERENBREZ AEREBEMEERFRANEER, T
B TREY b, BB AEXEyETRERMER, MR REMEREE
MR BKIE R E, PAAFIE-S1R R{EATBRFZ B (K, HEWAD.

0.75
284 -+ E-51
-=- E-51 -0- 0.5M% PAA
23] %, -0-0.5m%PAA 060{ o W%PAA
v - IM&&;”;AM v 1.5W% PAA 4
© 1.8 —v- LawlA | o, 3
g Boggoos oty —4-25wm%PM | w 045~ 25M%PAA % Y
= 43 QR o i
w [l 0.304 § b g
08 AR
0.15- A4 % )
0.3 s
2 ook Q
031— v r y r 0.001
0 8 120 160 200 240 0 10 1% 20 2%
Temperature (°C) Terrperature (°C)
B5.5 faeiRE o9 im A Bs5.6 iR Foyim Ak
Figure 5.5 Storage modulus versus Figure 5.6 Loss factor versus
Temperature Temperature

PR A 2 B E T (and) RRAEKBEM BN EE S H, RBMBHES SR HE
AT HRAEEAS AR ERAPIBMIRRE, tand 35T N IR FE 1045 52 SN B
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WHATRRE (Tg). ME 5.6 HEETHEFEE L, MA PAA FHHH o HAET(E
%5, FHER PAA. DDS SHEURISRBUEHA T — RFIHEE A5 M E R,

LB AZIANS TFRAGEE, o BRERBEITHIE). H5, MA PAA FHRIIHK
B TREHE K, X5 DSC AHBRIMNARM—B, HHMA PAA BHETH
BHOZBE R . DMA 47821/ Tg 5 DSC 4821 Tg 4 £ 5, £HE% DMA
BB B AR B RO FHEE R T IR, :

£ 53 PAAE-S1 Bl bdh ey 3h S A F oM 4R
Table 5.3 Summary of Dynamic Mechanical Datas of cured Networks

Sample E'g(GPa) E'r(MPa) Tg(°C) tand
E-51 1.58 19.21 163.0 0.66

0.5 wt%PAA 1.60 18.03 156.0 0.46
1.0 wt%PAA 2.26 4.87 122.0 0.60
1.5 wt%PAA 1.92 11.16 120.7 0.35
2.5 wt%PAA 2.21 . 1871 161.0 0.67

§5.3.4 PAA/E-51 BT f3 X fiTht 9 #i(WAXD)

FERIS. THLE T E-51 LA R E-S1/PAARIXATSS fhek, FTA MAEMER T — BHITRE
W, WHMBHULEERAFE. BPRELEHTHIEHIRAPAAYSSEAET
E-5191. RS5.45F5R &L H92047 B Fd-spacingtE T HLE, IIAPAAJSd-spacing#EiTE-51T
HXTAERIE-S1 XA, HHAMAPAAYKT /3 F2Z BIKEE .

E)
8 E-51
2
2 TWM%PAA
Q s
= 2.5M%PAN
\’/\A
7 12 17 2 2 3@ 37
2 {Degree)
5.7 WAXDh £
Figure 5.7 Wide-angle x-ray diffractograms curves
& 5.4 20 Fo d-spacing btk
Table 5.4 Comparsions of 26 and d-spacing
Sample E-51 1 wt%PAA 2.5 wt%PAA " PAA
20 (%) 17.46 18.08 17.77 20.80

d-spacing (A) 5.07 491 - 499 4.26
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§5.3.5 BT ARORFEREY SEM 547

X1,888 18)m 21 -JUN-B&

s 1@@@137?« 18 a3 et/
(c) 2.5 wt %PAA/E-51

5.8 #&Br@ey) SEM H
Figure 5.8 SEM micrograph of Impact fracture surface

7E[E5.8 PAA/E-51{{ISEMHR - LA WEF| A B, RHPAAZEE-51H33]
¥4, X 5DSCHIZ I BR H— B R 4 R —2. ZHE-51E LD
TR, RO MA—, NASEASED, RHRENZ. T1wt%PAA/E-51H
MO BHRRET %2, HREHRATAE, 2.5W%PAA/E-SIRLM A BERE, N
I BRRRER R . M2 BrhiRt, TR T 1R % ARSIk T B0 5% 34 it et BT R %
A, Rk ROEER, FAXREMENELEAZRE. HErhhmEnERS TSR
55 RTD EH e M BEE R RIFM—B . PAASHEMIRE-SIRMN, KT /R
B4 ML RSB B, IXFBRAA R B SE 77 00 B 46 R 8 Bl et AR B AN 43 R KO RE )
FAXTAEE-S 1 B Y L 58 . '
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§5.4 KZ /g

(1) RASERE T $8% PAAE-51/DDS KIHRARLY), BENELRERY
PAA/E-51/DDS B4 FItEAR%T E-51/DDS HR KIRE, MiiRERET 2.80~3.15
1, fribhsk SUHETPIE; BENBERIEM, PAA & 8% 05wt #1H
Bd R B ARXT 4l E-51 38T 33.89MPa, PAA S EM 03803 2.5wt%n, iR
BET 21.7%~35.5%, TiiEEHREME 34~65%.

(M IWt%PAA J& , MEHORI M MRE XS E-51 28 T 10.2°C, A 1.5wt%PAA
B, MEER MR E R R B AR E-51 3RE T 19.79°C. 8 PAA MIMARET
A Y A . :

(3) DMA H1 SEM & H: PAA f1 E-S1 HAMEL, BAHAHEMHETE.
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BAE EXBE

ATEEAF AR RBSNA . FEM ISR ERM IR, BRI
He R HBE o B S E E G B B SO S S b, AT T R R R R B R e
HEM Ae it R LIE. .

BTSRRI EURAS (PHQEP) FIRBIIZAR (PAA), BV AT AR
| PAA/E-51/DDS #1 PHQEP/E-51/DDS HI3tiE#1 k!, 3Fxt PHQEP 1 PAA KI5 T 45H.
YT BE. PHQEP MIMRMERN. SLRMBNERZ H%E. BENENE. BED
Beprge WPERE. BALH. MR HSHT TN, Wi T PHQEP 1 PAA H15&.
W3 BR A T AR ISR A R0 R R, BUS R RR A48 T -

1. BEARTE, FRAMESELTERT BRFE(PHQEP), 7EEEBA LT Z5H
EWEFEM —FF (BTAH) /&, RABRBAREARHRBKR (PAA), #Eid FTIR.
'H-NMR R DSC % %4F FEF 524 R 69 PHQEP. PAA BRI BF=YIi 4T 4 HMBE
T — B

2. MARTEM EEW M4 4 R B, PHQEP Al PAA M2 AH —EH TEAHIIF
%4, PHQEP ) EEW 255 RAH AW, REK, EEW ElK. S8
) PAA BB (1.6 mUg) HEK, REN-EMEFM SRR HEL 1, 5
HEK, BREMGESTRAREHK.

3. POM F1 DSC 4}#7 %8 PHQEP & —Fh Bt i IR A Bk, £ POM W%, PHQEP
£ 180~225°C P9 4B T R4, B T S0 2 ) 1 51 BL & - WAXD 234745 R % PHQEP
REGERHUELY), PAAREERNRED.

4. BELEN 12647 %8, PHQEP xR R IE LA FARIEA, T PAA X} E-S1 K
WABREER. BESEAREE T RWNELEE, PHQEP ELIKELEEY BLL
PHQEP/E-51 [{J#, 7 PHQEP/E-51 3LiRARMIEILAE X LA s E-51 I, KBLEH
PHQEP 7ER M H MR ERMMRN S RTE . PAA FEAHH 2.5W%. 7.5wt%6 3
10wt% ) PAA/E-51 ff] Ea {5 B-51 A3, T SWt%PAA [fj PAA/E-51 () EBa {EiEH 7 f&
1. F] Malek BEFRMAMERITE R, Eit AEABERBERFENLRERE
EH RS LA RIFH0—B0E, S8 B ELE) S EREL, AR E-51 F1 PAA/E-51/DDS.
PHQEP/E-51/DDS 1 BE-51/DDS B LA K BiEHEL

5. phib. . RMEHA S EHRPIARY: MYPHQEPE &4 Swi%m #1 R KR
A AR R B ALY AT IR 164%, BN R K th B3 B LLAEE-5 189K HPHQEP
A BN SW%E, RANEREIRET27%, &8RSl R R IRE T 94%, & 8K
RWIN T 24%. TG FIPAASH: & 8 FREUR IGE-S 1 RHMEM R B BI K KR &, pPEiRE
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R T2.80~3.15F, fripih BEMHRMPMEE: HAMEM R RENEESR
B, PAAS B 70.5wt%E 34 B i hr iR B AH X 46E-513 00 T 33.89MPa, PAARE
MOBEINZEN2. 5wt%ht, 25 R IR A T 21.7%~35.5%, 2 HiEE B MNF34-65%. PAA
PERAEFEKR, RitEK, PAASE-S1RMNAEE LMK RINITEIE, RS
fHARTE IR S 3558
6. DSC F11 TG M4 4 5% ], PHQEP/E-51/DDS i1 kb iy B4, 54 2518 i 25 M1 40 E-51
BLIATik 8.9°C, WA MBS R B4 B-51 B4 2~10 °C, BRADMREZEMHIE
EEa E-51 Bl 5~15°C. WHMA PHQEP 5] LUREM B #vE. F
PAA/E-51/DDS LR L A 1wt%PAA J& , ¥ EHO TG 4 SR A 4BXT E-51 88 T 10.2
°C, A L5SWt%PAA EATEIERK S E £ 0 B AR E-51 R\ T 19.79°C. #iH
PAA 1 E-51 BERNERES TH ARG A EMEE S . Bk E-51/DDS F
20wt%PHQEP/E-51/DDS BE{tYHI R A REEIM, A PHQEP FMHM S HRLIRE
T9.92%, FHMEBENE. FFRILE PHQEP/E-51/DDS LRI E-51/DDS KM
B ZHOCR A PHQEP MMABTE 10wt% LA T B, MRMEMEKRETHUTK.
7. VAN FESVINGEREZYH, SPHQEPKEE, MEZEHBEMBAAN KR
IR K AR H0.9GPal () #R IR B AH X S PR 4 (B b ) B KR 1 7 20.1°C,
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