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Abstract

Dithiocarbamate group containing compound is reactive
toward metal ion chelation. It is introduced onto epoxy resin as a
pendant group for potential metal ion extraction. A compound
comprises both diamino and dithiocarbamate is prepared from
an addition of diethylene triamine to carbon disulfide under
alkaline condition. The characterizations of dithiocarbamate
derivative are carried out by NMR and IR spectra. Amino group
of the resulted compound reacts with epoxy resin by
chain-extension, even furtherby cross-linking functional group.
The metal ion (such as Cu®*,Pb**andCd*")extraction capability
under various pH values are investigated. Furthermore, the
epoxy resin dosage, metal ion concentration, extraction time at
an optimal pH condition are evaluated. Whereas, the thermal
properties of this functionalized epoxy resin before and after

metal ion chelation are measured by thermogravimetric

analyzer.
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Abstract

A Quantum mechanics computer program CASTEP will be used to study the
interaction between the metallic surface (mainly iron) and POs containing epoxy
resin polymer. Better understanding of the nature of interaction between POs group
and metallic surface will assist the material design of better anti-corrosion coating
material.

In addition to the extension to first year project on the study the nature of chemical
bond between POs group and only a few metallic surfaces. This tear we added to
goals : One is to study whether the absorption enhancement of POs can take place
on various typical metallic and alloy surfaces. Another is to investigate the
possible change of properties of metallic surface due to the polymer adsorption.
We will construct a PC cluster to perform most of the computing task in this
project, and use extensively many finds of analysis theory and program tools to
study the results of our Quantum Mechanics calculations.

Technical transfer will provided to the industry to carry on further research of

similar type.

Key workds :

CASTEP, Quantum mechanics, anti-corrosion coating material
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ABSTRACT

Solid materials that exhibit anomalously high ionic conductivity
are referred as fast-ion conductors or solid electrolytes. They are the
topic of considerable current research both for applications to fuel cells
sensors, electrolytic cells and high-energy-density batteries and because
the mechanisms which lead to high 1onic mobility in solid are of
considerable intrinsic interest. The principles, type, technological
applications and scientific applications of solid electrolytes have been
reviewed. A more compliant solid electrolyte, such as polymer
electrolytes, show better behavior and applicability should enable
contact to be maintained at the electrode-electrolyte interfaces in all
solid state devices and low operating temperature might be facilitated. A
variety type of solid polymer electrolytes has been discussed in detail on
their principles and applications. A continuously growing interest in
devoted to polymer electrolytes because of their specific advantages,
such as plasticity, low cost, and ease of fabrication in the form of their
films. The majority of he studies have so far been focus on complexes
between poly(ethylene oxide) and lithium salts. A variety of approaches
have been taken to develop polymer electrolytes with high conductivities
at room temperature and below. Structure design of some kinds of
solvent-free polymer-alkali metal salt complexes was reported, such as
graft copolymers, com-branched copolymers, block copolymers, and
random polymers. An alternative approach is that of incorporating
so-called ‘plasticizer’ molecules in a long-chain polymer host. Typical

plasticizer that have been used include the variety of polar organic



solvents familiar as solvents for non-aqueous electrochemistry, such as

propylene carbonate and related solvents.

Poly(ethylene oxide) with an average molecular weight 100000
was obtained from Aldrich. Reagent grade lithium perchlorated (Merk)
was dry with P,Os in desiccators . under vacuum. Acetonitrile was dried
by distillation frpm calcium hydrate under N, atomsphere. The
PEO-L1ClOy Clomplexes, with different mole ratio of polymer repeat unit
to salt (12:1, 18:1 and 36:1), was prepared from stoichiometric quantities
of the polymer and salt in anhydrous acetonitrile. Thin films were cast on
Teflon coated glass plates, and water or traces of solvent were removed
under vacuum (10-3 torr) at room temperature for more than 24 hours.
Another series of PEO-lithium salt complexes were prepared in the same

process but with diglyme plasticizer added into the mixture solution.

The characteristics of solid polymer electrolyte, formed by
complexes of poly(ethylene oxide) PEO and lithium perchlorate LiClO,
is presented, based on infrared spectroscopic studies, cation-dependent
vibrational bands indicate that significant cation-oxgen atom interactions
occurs and suggest that polyether chain may warp around the lithium
cations. Spectroscopic studies indicated extensive contact on pairing
occurs in some PEO-lithium salt complexes. Strong cation-anion
interactions are expected to reduce cation mobility in polyether salt solid
electrolytes. Morphology of PEO-LiCl0O, solid polymer electrolyte was
exanimated by scanning electron microscopy. The crystallinity and

phase-transition properties have been investigated by using thermal



gravimetric analysis and differential scanning calorimetry. The results
based on electric conductivity measurements show that two ion-transport
mechanisms are proposed for ion-transport in PEO-LiClO4 complexes.
The intrahelical hopping process exhibits Arrhenius behavior is
predominant in the higher temperature range. The diffusion of ions is
amorphous phase when T>T, is obey the Vogel-Tamann-Fulcher model.
The electric conductivity of PEO-LiClO; polymer electrolyte is
4.40x10° Scm™ at room temperature with activation energy of

0.14+0.006eV.

Key word: Solid polmeric electrolyte, PEO-lithium complex plasticizer,

Conductivity
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2223 B HITT BRI AN EPEOALTERA

WHREREHRAZ S FREGARBMNBETE T €2 PAN(polvacrylonitrile)
(2] (10) ~ PVDEF(polyvvinylidene fluoride) (111 ~ PVC(polvvinvl chloride)
(12)JPVCAC(polyvinyl chloride-co-viny] acetate) [131PMMA (polymethyl
methacrylate) (24]JPVS(polyvinyl sulfone) (151% &1EC ~ PC ~ NMP(N-methyl
pyrrolidinone)DMF (N,N-dimethylformamide)DMC(dimethyvl carbonant)DEC(diethvl

_
=

carbonan) ¥ 5 i B X EH B ES2BE S FERRTTEALS R -
o

$:fKeel SPEA B ETAE07-107m » {2t & i po R £ FHIEE 0 ERE

P AN E 22 EF el SPEXEZTHRARINZHE 2T 4£

G
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3.1 7% B &

RORE R BREBETAEAMAKTOLAEAFSSHN 107 Scn
2 BRI ARTHAN HEZAMNEAZELRHEE - BT
B AEBZE)TERTHESOMERBATRER S M
Bt  RAXBEHBESr FESEFIR2 SR8 &M PEO
e ANA Bl &2 LiCl04 jﬁlﬂﬁaAIFﬂh\%ﬁzqi‘éﬁ‘d » 4 IR, SEM, DSC
RETE HRELSEEE B AR A EETAEMRE - UAFA
GRERMBHZSEHRBEREIETRLABPECHERTRS B4
BEBENSETRBAE HHEEMRPECIHEIMBERARENLE
M R ERERTHEEN 75’*?5&‘# ERUARE BRI EYE
BE e &R PERLETHEZRE iif/ez&‘@ﬁé‘%ﬁﬁﬁé&%ﬁé
THREzTAMRBEETHEN  FELHLETRSIFIFEIRTZISE
A O BMAETUMBLEYRMAE BETH2Z2E> FERTMAYE A 4



BREHBETFRUAEREANM A ZILBEETIR
)}"{ °
3ARZEBETRE

EAALEMERER LEFRAGLBHETIR
B #% 300ppm~200ppm~ 100ppm ~ 60ppm~ 30ppm -
UBRMEZAEZESGEMEE > &K 20ml X X F £
BeEFRERR 24 bR 0 % 045um &8 KB
BB ARCHRTAUAEERBAANSE X LA
BFRE -
4. K F) Z B KB

B4 UBRMEBEEFZPDHES  HEZRKA
o ER24BETEE ¥ RMZER  2hr-
6hr ~ 12hr ~ 24hr~ 36hr % > 32 0.45um & & &K BIE °

BAEREHEFRUAEBRBERAASAEZILE B
FRAE o

() BBETFEEMEB >~ REDH
B F Rl F 3 Y

BFRUWAEG  R—HRALKERTESBET
%&ﬁé%&’ﬁﬂﬁ%ﬁﬁﬁfé%%’ﬁaﬁ%
P eF 70 s ARG AE > FARFRKELR
EaElEE o £ ESE L ppm E ppb N 0 B
BFRUAELEAMAIMETREEEMY — -
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1.i® #8542 LiClO,(lithium perchlorate) » X &% » FW 106 * mp 236°C -
d=2.42 - |

2.PU prepolymer(L73) PUTRH 44f » T 54 (5 & 4]) -
3. % & = 7 8%(Polyethylene glycol) »F & 200 » T ¥%&(¥ 82 3)) -

SFE 400 ZEA(T L) -
600 » TEH(FENE) -

&5+ & 1000 - :r_iéz(r#r g/3) -
HFE 1000 TEH(EERE) -

SFE 2000 TERESNE)
5 F & 4000 - L“‘i(#’Ei/\'])

> FE6000 r TELR(ETNE) -

4 ;% %) THF (Tetrahydrofuran) C,HgO » 3 8 4% » FW 72 » mp 108°C > bp
63-67°C » d=0.889 -

5.= T &£ 8% (Dibutylamine) [CH;(CH,);]2NH ° ’\#Fr‘& # 52 FW 129 bp
159°C » d=0.767 -

am

6.45 7~ %] Bromophenol blue » ¥ &£ 3 B PH3.0(F &)EPH4.6(%E) °
7.8 f4b45  NaOH @ 3 #% » FW40 -



8.888% HCl » 37% » d=1.168 -

9.#;& » = Z = &% Diethylene glycol (HOCH,CH,),0 » X% ' FW 106 -

-----

bp 245°C » d=1.118 «

10. 2, B5 1L B 828%8F » Acetic anhydride (CH;C0),0 £ &% » FW 102 -
bp 138-140°C » d=1.082 -

11.Pyridine(CsHsN) X &% » FW 79 » bp 115°C » d=0.978 -
12.L ¥ A /&# Ethanol (C;H;OH) » o ¥ 82488 £k -

13.78 7K & » 84648 BaO ' H#E4R -

14.48 7~ %] Phenolphthalein » % & & PH 8.0(&£ &)ZPH 10(4c &) -
1542 € TE5493R 8] » AF X = F 8% 547 Potassium biphthalate

CsHy(COOK)(COOH) » 3t @& » FW 204

16.ethylene carbonate (PC) C;H,O; » 3K #4z » FW 88 » mp 35-37°C  bp
243-244°C + d=1.321 =

17.propylene carbonate (EC) C,H0; > 3 %4 » FW 102 » mp 35-37°C » bp
240°C » d=1.189 -

18 PVDF 2750 = ¥ R (A LH B W A LEF £ K k)

19.PVDF 740 = ¥ %%

5

20. % 3 A, o Poly(ethylene oxide) M. W.=1.0x 10
91 %1 A 0% Poly(ethylene oxide) M. W.=3.0x 10°

20 % % £, % Poly(ethylene oxide) M. W.=9.0x 10°



93 #212 #, 2 % Poly(ethylene oxide) M. W. =5 0x 10°

0f =z #ai#k-— F A& Triethylene glycol dimethyl ether

M.W.=178.23

95 2-F % z A & 2-methoxythyl ether M. W. =134.18

26. AT

3.2.

KHRETTH

Acetonitrile Av A Cal: 44 >

fAE ke HPLC &

3.9.2.1 Poly(ethylene oxide)#t LiC10GY 4 &4 ¥ #2

PEQ M¥.= |[MW.= |MV¥.= M.W.=
PEOx &, : Li' | 1.0%10%| 3.0%10°] 9.0%10° | 5.0%10°
<] # |

36:1 36:1 36:1 36:1

waedmethoxy= | yg.y | 1g:1 | 18:1 | 18:1

ethyl ether 2nl | 9.1 | 191 | 12:1 | 1211

waaTriethylene | 36:1 36:1

glycol dimethyl| 18:1 18:1

ether 2ml 12:1 12:1

T Ao =T 38 3 36:1
B 0.0671lg , 0.1343g , 0.2011g = LiCl0,& =@
¥ = CHCN , % % A2 X 1g Poly(ethylene oxide)
MW.=1.0%10° , # L A HEmIHE, mA 20l T2 H
2-methoxyehtyl ether , #ZF@A N, £%% 3-5 min £, & ¥
ﬁm%i8mﬁmﬂﬁf¢k%%CMWﬂmP%Wioéi

BT HALLHRZ

ﬁ%ﬁﬁ%#iJasmw




KIKO =R & ZE% #H(107torr) b E# = CHCON fRFEF
24 JEFUAE , RIBEARSEAESR T,

{RB" ’J@J}E—% leﬁiifmil/—rn T %1%%EH#+Q
3.2.2.2 4T RMBETAETER

3.2.2.2.1 B zIRK

EPzRkEeZHBY EXEERE H*ﬂ?ﬁifﬁﬁ*/\rﬁ%
SEEEFA(COC)»-4E 2 WA AESARE T ERBBLEKGHFELT
FHoKE R AFIEE S A K F 4 (Carbamic Acid) ' A A FésFie—F BAEAAK
(Amine)fo = R b5 » L ik R & B Fo L 4 px, Substituted Urea » o B 70171 -

PEG200 ~ 400 ~ 600 ~ 1000 ~ 2000 ~ 4000 ~ 6000 ~ LiClO, ~ THF ~ Pyridine
M FERKEBER

3.2.2.2.2 PUTAR A LT = & k8 T AE A A E

B3 PUBARAH PNCOLE ¢#0i8 T8 — T A 8% (Dibutylamine) % £ &
PRIEBERAR B _TEAEEUHCIERRRFLE + U4 k FNCOBZ ¥
2 ER K 4o B8I17] -

3.2.2.2.3 B —_ B OHEARAZERE

G IR R EE - UERAE A X OHAFoi® § 2 B85 BT ho BB 4T L ABIE R AR
(acetylation) * RAEFX 2% » MARBEZ BRI KE  RERATEAR
W ERE X4 B9(a) > 9(b) (171 -

11



3.2.2.2.4 &%

ARBBTRALENS  BEFARMAGLE  ©FI100) LEAHERE
BRAZEMECHIYERZRE  $RERE F L5545 L U655 2 56 1L ¥
ho o PR BAR R RGBS LLAS M5 B A RALIE « ABTE T s 55 £ fak
38 EAEERZPURRAH(LTS) LB 10(b)  RAMEE HEOHT 4L 2 K [E 4
+#(200 - 400 ~ 600 ~ 1000 ~ 2000 ~ 4000 ~ 6000)2 % & (PEG) LLLiCIO, 4~ 5] £,
BFEATHF? » iR ALISHPEGER » M4 FLICIOMER » A T8 T4
RIE  BPEG—Z ZOHEALEMNCOTAL L RAZERE RN » Tl
RIBZALE B ERBE F(SBEAERME N Teflons £) -+ &5
' ANIOCCEBRAAFIAMRAEZ Fods B A THBRERdhr » B2

FTH BERE EBET Z4TEZTRE  wHI-
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4.1 PEO £2 LiClO« o 2 42 540 4 R334

4. 1.1 @2 PR zB &

I . »A PEOCM.W.=1.0%10° ) & &5 F£528%, % LiCl0,
PEO M R PiE,ARAGEFE S H [EHE PE0 5 F
B3 AubF(Flhe D PEO M.W.=3.0%10%), b — 30, £18 % 374 &
AF LB IR RIRALIEA Aduss A dp (B2, 13)

2 . LiCIORE ¥ miF, SR Az Enm L2 50

Ll ﬁkéﬁl}(n Flbo

3 . Wik SMRRE, FTEE S T EIEmEF, Thek PEO &
F [ 9B & @i#ipa%ﬁ&‘ NEg 4R Z £ PEO 5 F %) 8
A B

4.1.2 185 0 #7
4.1. 2.1 4 9h k2

AN RGEHATRANETETH A LS EF A REH R
JE& BT o T E AR 8 RAR B4 S 89 4K B8

Bli2-22 Af#H PEO 2542442 LiEEH, B s
PEOCM.¥.=1.0%10° ) #4 @iz v At g e niihz
R, RO RFRA R (B3 ), 2R TFoa4a R 444,
kT A PEO #4564k, WAETBRRA LI AR AN TFEER,

13



% PEO F&4 3.0%10° 8F & kik, 5 FRELEF Ko,
BRI ET BT, A AT REHH LT,

B4 ,800cn £ &, bz (b), (¢)Tid 40 A 2-methoxyethyl
ether # Li' M ABEOMEM LA Z B4, E b AF IS
~(a), (D) P& TABER, 5508 £ 1240-1280cn™ &, rhéz
(b),(c)TF T # R 24 2-methoxyethyl ether Afix s, b — ¥22:
GBS B BB TEE, BT EH# 2-nethoxyethyl
ether g PEO %78 Li* # 42 44p,

VAR, 2 E BBl F 8= PEON.F.=1.0%10%), 12 7 fu
N8 CT BB R, & (¢) 800cm BT AR B R K
PEOCM.W.=1.0%10°) 2 4464 B 130700 {2 & po A2 5T 81 30| 5 F
Fam K Br, A PEOM.W.=1.0%10%) 4% Li* 2 diE =k
pugfhin o — B £ 48 PEOCM.W.=5.0%10°) 424-4p & 3 50,(F o,
), 22U RARSTFREIMBL S EL LY EN B TH
AL Lit 7R 4444,

P

A8, 19 800cm R B 3] 85 E 3R, & PEO £ F Ak 8%
2—methoxyethyl ether 2 Li' A éddpeytb )it ;2 H 38 pu, 2

AR RTE FES PEO RAemE—FF Lit Has
S —BRAEREAES>TFEHRER), # R BLEH, &
¥y Li' 2L PEO # A48 A44h# 2-methoxvethyl ether = Li
Wi othZ bIEF PEO BRI ® E K A, B o

14



(800cm &), &5 PEOM.W.=5.0%10%) % F
MELALE o, AEFEE PEO-Li' 2540 a4 T 3R
9-methoxyethyl ether £ Li* # s 42440, PR vl o AT ) 4
FEZTHEH AR GH FREH HR,

LiCl0, Z#fen ¥/ e FHeAZETHE 11-22 TARE,
# 1145cm™ & (2 LiClO, C, ®L), T & &4 LiCl0, EE
¥iF IR RULH3g BB T HaEFHI 2 H 32 % o948 %,

AR RS, RNERA D> TFENT AL E
PEOCH.W.=1.0%10°) ‘FT%Li Lit # mésb4h/E83 PEO & F
T 49 A K ,%%I’aﬁi#a@%é@%%%@if%ﬁu o LB E R VA5
SHBAT AR E LT Hrégsdh, 55T
féﬁlﬁ%%ﬁﬁiéﬂ%,%ﬁﬂﬁ}iﬁ Lif ﬁﬁﬁié—/\b‘ﬂo VAR % LiCl0;

&
Ay
o
SA-
o
:“‘&i
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4.1.2.2 EF8aMsEK

Bl 2> -2  HE&E< (a) PEOZ & :Li' #8F % PEO

ST B R, 5 FRES K, 45 D BRI I8 ho 3k 2 5 5
&8z (a),(b),(c),E# LiCl0, BE¥gse, Lit B 4,/8 F4
Ji 71 ¥ Ao fE A & F SOk 38 fu

ASNEZT 23 S REE a2 = (a) HETE
R, T ABF 5T EIE A ECEH S E S,
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BFRALESEE  Bh - AKEIEAER
MR E e O ERRE L BEELFL
(nebulization)» Sk A A F FHhSHEAN B E M E L R
Fl o BmALARERTF - ARR TR TXE KE
B ENBRETRESTMEET KEAEHERBIHAE
o R ABE Y ”ﬁﬁﬁ‘é%’"’%ﬁ’:‘é%ﬁ%"ﬁ&
PR ETHAELIE TR LasbbriaH s
B e

ﬁ

=

ETBHRY AREFOCHARARENRER &
hBEFRKGEGMER REEHRKAENEE AH
BENPFEEE—RESL RLRESREAERK
e BEBETIRE -

# & oA D

BmESME R—HAEHGBRRET  KEER
B?Fa‘i%%ififfﬁié’ﬁn’;}Bﬂl‘iané‘}”’" R # &7 &
SR MBS R T B A R B E S SR
& 8 B 22 4% B (thermogram) & # o AF & 4% B (thermal
decomposition curve) °

BESHEA—ABEMRE  RMELBHGRBADTN

G ESHERRAAERLGAE  LAR&KBERMET M
WER A B yBEW RAAHE R &8
K@éﬁfﬁé\%%ﬁ%ﬁ%éﬁ%\ﬁiﬁi’E&bﬁ%ﬁi%%
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4.1.2.3 #on#

S THMM A LT Z 408848 & (Phase Transition
Temperature)éﬁ%ﬁgﬁﬂ’{i’?ko %’ﬁi"imé’ﬁﬂﬁﬁ” 20 o B i g
o T ERMZRER M TE, BER TR R KRB
4, ,Tg (Glass Transition Temperature)%ﬁéf‘&ﬁﬂﬁﬁF)’rﬂ/;

)3

0

HR—, = rshey PEOM.V.=5.0%105) 8B 5 F & 24 &
(36:1 TAoT BHDERE 61.17°C A4t ihiases5:8 % 3k
PEO = A8 452 % (69.28°C), % sha 219.35°C A4o4h= &
RABEEAS (L C A SO TR A 4o b (K2 2 48 M 45 JE 352 {4, Bofa 4w 42
e, e SR ARMAL B R A 5 AL 2 4242 A 4,)

PUdR— YHIWTEROESRE FAIOER L
— GR— &5 FEEEE,E Lit ﬁ&igﬁua%,%fb\#a%%-ﬁ%éh
BEHS TR, EEREHRE R TR, 28 EE2 Lit
21 PEO M i8S th A & AR Bl Bedx, & Lit A& 85, PEO
FE S ZFBAT AT LIt BUdL, vATY AR EAE E 8045 A4, 4k 48
HERBRAEBS, ARFEHRBF ¥ MK L
PEOCM.W.=9.0%10° ,PEO= &, : Li' =18:1)3 FR4g4E s /B B, T 48
RERES TFTEREALWH T, G5 FIHHELAK 5 KA
oM e = BEREERRZIE KRB RETE, {2
BREAMEFNRERKXERIMSE Li' BREK mm B o
PEO(M.W.=5.0%10° ,PEO= & : Li*=18:1) £ S IEHR B 1 ¢4 58

17
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(222.52°C), A /& B 7T g 4L & 4o B AT it (2 st & F & R BLAL B
TFTHABTHER) F=Z, ERfEaBit a4 2- methoxyethyl
ether PAF R Z 4564, B AR EH AW A b(#ﬁ!ﬁ%} Tfé ) A%
€1EH,TCA B LS e FAEEETIRL, éiT’fi_"’k'Jé‘*/\%z#Bi#;
BATERGLBRF D, AL T
KRR A BF AR, mﬁa@.a@f—/\wﬁ]mrzmza’%ﬁa'
AR A2 Bo s 2 (R B A A A4 5 T M B ), giﬁsi:,;*-*
Yo b 0E 85 508 % th AR HAS H & | PR KA B ASAE 5 A B AR iB F—3
BGHSWARSBEE A THY B TH O |
AR BT R ¥ 0
#E=Z,T] HR S FTEFBEXRLEZ AR 454
PEOCM.W.=5.0%10%) A& — 185 AR E (411.08°C), ki k&
W&zmﬁp)ﬁ%ﬁ,édﬁ@ﬁﬁ\ﬁ@f&/ﬁt(?ﬂioow_ﬁ,4000(35@,;t-/??iLﬂ
THZ Cl0, &% A LHEa sy PEO £ 3168 & 9 A2 (LICIO,
Bl LiCl), #4486y PEO BlAS S BESARFA BT H &S
BE ok Cl0, RAMAE, KE SR ILFLIEZ o, &
fmEEk—HE(B 7 —40 WA ERZBHSBBE
(400°CA & )THEF|, % LiCl0, BE ik, 5 AFRE RN TIE,
7% 340°C pmEF L LB LR,
vA Trithylene glycol dimethyl ether & =T ##&H|8F, &%
— TERE—kEEB(THYEESLTTER— TR(E
¥ Lit BAEBmRER), BAFE _ kiadgH(TDAERETE
LiCl0, /& A £ 7,

JEPSTIRVRCES LIRS+ IS S PO
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fe % Bl 5o B Rl Ak (o
BFA)RHERGRE(ETEHS>FEEm A ASHSTEHES
FEE, S TRETERY, BIFATRAEBDME LR, AN
Lit st 5k & &8 B 41, 2 T EHE & T F
9. 0>l<106 1.0%10° éﬁ#iz’d)o% ShERRT R EI TR, T2, T3 2 AR A
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4.1.2.4 $8E

F—O'_J \%ﬁ' H’#‘*Sﬁ"ﬂ:‘ ’ﬂ ﬁ/mf? Ba{’fih ﬁ . éé‘ia%ﬁ
offt & Arrhenius Bi{% X o=A exp(-E,/RT), & =45 : 3t = 2,
offf &-Vogel~Tamman-Fulher (VIF ) B 4% X=AT"%exp(-E,/(T-T,))

EZAE L A B RS (&R 48 82 452 &= 5F | J& 3% Mt
Arrhenius B X, 8 &85, BlM 4 VIF B3 ),

o 3TN 'y BRI A ¢35 % (PEOZ &, ¢
Li'=36:1), % M4 Arrhenius B X (Fra & &4, 3 0 2 4 %
SHER, T=A exp(-E,/RT) )& H» FHRLETH A (FHH T
EMSTEN) BEAHAGESN SRR, LEE L AT
B 43 —as BP el iFfa ) fRA A E S o TR H 4T
B RIENE S FERER G4 F %%#"‘%ﬁﬁﬁﬂ;mzﬁrié
g5 mads, A e R B R FEON.=5.0%10°) = L5244
Fl 52 48 /o K, R T 8 4 ﬁ%@sw\%%%w & T FEAR
(b B 43 , 45 Do
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4.9 piEE FREMTMREZLERITHE

4.2.1 PEG % &t = L8 OH & A6 & 2 57 41

(1) 53R E»F 8 2PEGE LaEL4KAE » BANaOHZ BER A A 42
W A5 ATWAAZRRA-ABGAHLERES AL ENbra R
A EISRTRGHTELT  AHELA  HALAY
BETEENIFELREGHEZIIFEHEY  AMABERE - 84

7% 5 £0PEG600 EPEG40002 & & &% & £ #] 847 » 12465 F &

PEG200 ~ 400 OHE AE A ST/ A LI KX » THRAMEAZE
L)AL Z B IR B AR BEA T TESAMMSE  MmE;
ER: 2

P
s
>
TR
W
ha
)

(2) MPEG2000=.OHE A & % W32 #15% @ £FPEG20000F &2 5 %
YREN ST E 0 BRIEOHZ TALETEL % » MPEG6000Z0OH T & 4
£ R3ZHTT% » £ZTPEG6000 FEXZ A 5 EFHERSFF 0 24E
OHZ B L& T Y - ATHRAHHT
PEG200(OH 4" £38%) * PEG400(OH4 £75%) * PEG2000(0H4 &
115%) ~ PEG6000(OH4E77%){5# £ ' PEGZ E A2/ E R UK ER
F o B EBFAI00/(OH4EE ntk) -

REEATBEES YU EE

I

4.2.2 AR LTS BRBREBETREAZBE

FARAMLISERBAREEARLAZFITERoEAGC AFRPUTARSHLTS
F3g 0 LOEFHM0008 HEERAETEH(HBN)Z mz— 0 ATA
NCOBHAED LAME  EAARPHABOEALISE - ERTRFMEE D
WLISZ Bhelt  HEEMEHHEE 2T ETREFTEHBRDREFSE
Bk bt B TEN AN EEANCOS2 @) BfFLF M

MIETHRELERBEL S FENREFEFTRA -

4.2.3 $THE A FEZMAE
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FE»FEZPEGH UG H 2 0 E2BTHET 20 wAS(E REkasa
Bzt A 12 COCHLE 2 £ Ftk 4 1:0.04 » 12PEG60002 £ R 8585 41682
ZEF A1) MAEREETEEN - BT TREALETEZHA
1%k APEG1000 - PEG400 « PEG2000 ~ PEG600 ' £ EE R £ % 4
PEG4000 -

wF B0 R A ER L EAEETSH T2 TEEAEE —
EZ 0 TR TFZETEHEI0  order » 1B EA2iB35°C BPE T L 42
A Mg o PEGA00FF H Ak 2 EAZE MIEH 2 - L QB A LPEG200%8 % » 7
UAESHEREEEE RETHEMIEYILIE T EL - LA FRS
AP FERRMB A AT CERBETIRLL EHREMEX
BEGEEN > FTEXB SRR ESEAESL -

HBEZT T EI0ZREtEE AR Zid g 2 LH#2Z » PEGI000£ E

PR By 7R 3E A

/“‘

BTERSEEN EFEEGRAIHBRAZELSHAITL]H

zESEME RS TAEAKERCO)TFTLHEI0C EiET%10'5’ 5HETF
(55°CRA E)RIEZ 107" 28 EF -
4.2. 4 BREERS B AL A/OH BAE A 2 b
#8255t & E 2 PEGA000PEG6000AF B B2 TRYE &2 ¥ TULE
B AR RE/42B(1:00)TF ' NCOZLLERERLZTRSZETE -

PEG4000£NCO:0H=1:12 ¥ § £ $#NCO:0OH=1:2 ; MmPEG6000 £
NCO:OH=1:1.6 2t TF » XMEREIEFTE > 23 EFETHE  12NCOT
ﬁélgs%%%ENCO:OH"I:IF&?&%X_’?%? B aAr B EE A 0 stk S
ERESRASEE  2A35°CU L BASBETE  LEMER:

et

MEETHEE L B44°CE48°CE A BEF 10042 + MmiEE[107 ) wwB S0 Fi2
TAHLELRSIETE  SHBILED  FR L it b FiEEY
B REREEEERTRALEMIEN  THARSLEZEEAS

o
tm

2]

Y
o
&}
A

(
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wETFEaRMZETE

B F R T4 A FELREE_TET oy Faes B B
NCOIF 2 S  F2 il Al FEFHETRGRLETE LMK

R

4.9.5 BEEEE T A A/OH TaE b 2 thfp] £1 BB B F 2 Rl 1%

#7% R F A ZPEG2000E A2 2 it - SHFFIGLL 2 BB R TR
GEIEE ) T

48

}(n\

B5 NCOTAAATHOHT LA TZILES123 COCRERZ
Btb 21008 ETERS  AZHMIELEXTEET 1:0.06=8 T E &L
1:0.08-1s1.5 order » M 1:0.04z &t £ 5 Z & 122 E! FETHE R

C ﬁT@ﬁNqﬂmim%iT'ﬁ‘%%ﬁ%z%%&hmmﬁﬁ%

/\sr
= m
@}
Y
v
N
Aa
et
o)
e
i}
Rd
=
[
3

FRR HaFraRERME
nF & &8I o 45‘2%%?:—?2,5??; cfizE {J-:g"g:f}i’i,",;%&z%{-_?_
Hho o 2 HBELHE AL LA LR -

BSl - NCOB AL THOHT AL T HLEALD COCaisz8 =

T
A bt 421:0.06821:0082 ¥ T EMEE 210082 ETELGAEHSEE
R =]

EA1:0.06 0 B TohLRAEMELZT  BHE5ST z ALt 421:0.06 4

B}
J1
‘q
|
i
B
=
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3.5 - BPEG2000,1:2,1:0.04
: —— —e— DPEG2000,1:2,1:0.06
4.0~ / —m— FPEG2000,1:2,1:0.08
1 e
4.5 - >
5.0-
55
6.0 -
6.5~
7.0~
ﬂ - et B B S I A E
29 30 32 33 34 35 36 37

(1/T)*1000 K
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LOG(EEE)

I5]

2

3

~ PEG2000 COC:Li+=1:0.04 & NCOHLOHELY 7 EFEEIE

70 60 50 40 30 20 10 0
..\rw@ 1 I T I T B T T T [
4.0~ _ . —A—DPEG200012 | | ,

. — / —=—FPEG2000,1:2.3
4.5 -] N\ e —o— HPEG2000,1:1

| //‘
lmO ) >/ .l lm
-5.5 i
- — / i ..@
6.0 - A

T .
-6.5

i A ~ -7
7.0

] I T ] v I ! I N { '
2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7

(1/T)*1000 K
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LOG(E.

[B 54 -~ PEG1000 NCO:OH=1:2 NE{IH & & v BIER

70 60 50 40 30 20 10
Iwm — 1 — — 1 — .< — T ﬂ 1
7 ®
e —m— B 1:0.02
-4.0 7 x//%- —x—D1:003 | 4
4 /%/o ~_ —e—F 1:0.04
e / —%—H 1:0.06 | ]
X
-
5.0 * -+ -5
// /
] ®
5.5 - :
-6.0 / - -6
1 X
-6.5 - :
INO — 1 d T — T m 1 A T _ R 1 — T ..l\
2.9 3.0 3.1 3.2 3.3 3.4 35 3.6 3.7

(1/T)*1000 K
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LOG(EEE)

& 55

* NCO'E HEELTRER B HLETE U 7 BRRTE

70 60 50 40 30 20 10 0
_ _ _ T T ﬂ “ _ 1 _ [ " T
-3.5 .
) —+—B 44%,10.5hr
i " /o —¥— D 51%,8.5hr
404 /+ :/ —@—F 61% 5hr 4
| —mM—H 74%,3.5hr
—v—J 75% 2hr
-4.5 + :
5.0 15"
5.5 — .
6.0 -1 -6
. +
lmm ] ‘ L ﬂ _ T q T d T ~ I | — 1
2.9 3.0 3.1 3.2 3.3 3.4 3.5 36 3.7

(1/T)*1000 K

75



Me(H,0),*" + H,0 +—> Me(H,0),.,,0H° + H;0"

FTABEABBEEIR Y —BREBRLESH £ 22X
THEHLBEBTFHETELAER  HILBRME E2HEIK -

EPHEZRHMASH  FITHFAHEN LB ER
3o B AL KD pH 4 (pH=5> pH=7 > pH=9)8% >
HRaBTEMNYNSRAET L KEERE € FIK
BERBASETAA LF _BRAAREL B
TEAER O HFEARMAR RN ARHLE £
¥ X Cd*" ~Pb* ® 4 B &4 0 » 3 £ pH=9 ~ pH=5
o R M E A 93.12% & 96.28% £ Cu* &y 3 4 >
£ pH=9 &% 71.73% - 2 AU HEMHER » L
BB BRBERE BESBOBRERL RSIMRE s LK
HETFEHABELIR 2B RSB dHMBGHETFHSE I~
9 ERE S AR ETRIREFRARALE T
B RBEHH dABDTUEIIIREFRH RES
o CdEk=mMBEFMA CAes > REF 54
B Ss#REFEHA O AdHEHE FEHA 10 Cu £ %
FHBEFRLECEH > AEFTHNH A 4s R E
FEHAHEOO3dNBRETFHEHLE IO - W& BT B
B Cd7ey Ss4f-4d ZHBEARAGREL S Bt
HRNIREFABAMNERS 242 CWREURE
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Table I DSC of PEO-LiCl0,-_Z-methoxyethyl ether
PEO PEOZ & . Li’ TI(°C) T2(°C) T3(°C)
H.V. Temp Heat(J/g) {Temp Heat(J/g) |Temp Heat(J/g)

5.0%10° pure PEO 69.28 160.7* |168.8 1.966° — —
5.0%10° 36:1° 61.17 98.47* |174.99 1.713* |219.35 86.68*

1.0%10° 36:1 54.56 74.73* |184.4 132.2° — —

18:1 48.22 29.45* |139.05 249.9° — —

12:1 — — 175.46 354.4° — —

3.0x%10° 36:1 c:62.4 94.83* |210.4] 98.83° — —
d:62.19 54.71° — — 341.99 357.7°

18:1 c:49.91 37.74> 235.43 218.4° — —

d:60.07 51.80° — — — -

12:1 c:40.43 3.077* [187.73 355.4° — —
d:53.83 32.34° — — 309.86 718.4°

9.0%10° 36:1 c:58.78 84.90® {194.08 ‘ 105.9° — —

d:63.17 79.47° — — — —
18:1 86.62 134.4> |191.38 285.4* [320.10 668.1°

12:1 c:38.32 4.776* {192.76  361.0° — —
d:56.18 30.79° — — 331.39 51.70°

5.0%10% 36:1 61.82 71.62® |172.74 98.68° — —
18:1 57.03 63.59* [169.26 10.37* |222.52 116.3°

12:1 42.61 14.98> (162.56 264.8° — —

a:IRE b fLER c:First Run d:Second Run e: U=y EEH
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Table 2 DSC of PEQ-LiCl0,-Triethylene glycol
dimethyl ether

PEO | PEO% f:Li' TI(C) T20C) T3(°C)
M.¥. Temp Heat(J/g) |Temp Heat(J/g) |Temp Heat(J/g)

1.0%10° 36:1 43.94  50.00° 154.18 2.180° [227.32 82.29°
239.79  17.56°
253.43  3.044°
18:1 47.22  49.34° 160.88 3.719° (233.69 87.69°
12:1 38.8 18.31°  [157.76 6.234° (225.71 181.4°

5. 0%10° 36:1 5134 7375 | — —  {256.06  63.43°
288.97  a
292.10 a

| 344.74  262.6°

18:1 T [48.71 d5.44* | — —  [229.19  189.2°

12:1 44.15 27.30° 153.61  213.5° — —

a: e bifER
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Table 3 TGA of PEO-LiCl0,-2-methoxyethyl ether

PEO | PEOZ f.:Li' TL(°C) T2(°C) T3(°C)

M.V, Temp Loss(%/°C) |{Temp Loss(%/°C) |Temp Loss(%/°C)
5.0%10° | pure PEQ 88.00 0.01102 | — — 411.08 2.653
5.0%10° | 36:1° — — 337.32 1.368  |406.55 1.320
1.0%10° | 36:1 60.59 0.2398 [318.28 0.8701 (411.87 1.134

82.39 0.188!
18:1 55.27 0.2472 |347.58 3.805 403.99 0.3982
[82.20  0.1908
12:1 41.64  0.4003 ]327.53 6.775 - —
64.71  0.2489
85.23 0.2075
3.0%10° | 36:1 84.01 0.0581 |342.18 2.364  |411.41 1.159
18:1 79.94 0.1546 [348.62 3.452  {385.91 —
12:1 81.75 0.1052 |351.46 2.210 - -~
9.0%10° | 36:1 80.91 0.0546 [341.73 1.505  [417.45 1.453
18:1 — - 339.67 3.18 385.82 0.5075
[2:1 — — 336.89 2.864 — —
5.0%10° 36:1 — — 346.16 2.280 403.86 1.246
18:1 — — 349.95 2.573 391.79 0.3685
12:1 82.99  0.0594 |357.03 3.468 — —

e: Ahna] EEE
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Table 4 TGA of PEO-LiCl0,-Triethylene glycol
dimethyl ether
PEO PEO= &.:Li' T1(°C) T2(°C) T3(°C)
M.¥. Temp Loss(%/°C) |[Temp Loss(%/°C) |Temp Loss(%/°C)
1.0%10° 36:1 122.58 0.2495 323.07 0.5614 402.39 1.167
18:1 130.12 0.1464 330.60 0.1871 398.38 0.8352
12:1 134.13 0.6885 315.87 0.6501 380.77 0.3094
330.29 0.8815
5.0%10° 36:1 121.39 0.2656 343.75 1.905 406.25 0.6169
18:1 — — 344.98 1.409 383.92 0.2666
12:1 143.77 0.1270 351.46 3.707 — —
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25 ¥ ¥ -8B O0HTE

i

X2 B EnH#

PEGHF ¥ WEEH | REYE |(OHEHAS
Fh

200 100 38 38
400 200 ISQ 75
600 300 290 97

1000(+ &) 500 202 100

1000(# 3=) 500 521 104
2000 1000 1152 115
4000 2000 1981 99
6000 3000 2315
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o LEKPURRAMHLS ERBETRAZIBELSH

sample 1 sample 2 sample 3
L75 3g 3g 3g
L' NCO% % % 0. 0084 0.0077 0. 0079

E3)



TE

£ BRE S FEXLPECHUAHASEBTRETZIIBRAETR
PEGH F & &% LE T ALE S ETE | ERLHY
. S48,
(ZE)
200 NCO:0H=1:2 358 = LB EH Ik
COC:Lit=1:
0.04
400 NCO:0H=1:2 %518 9.2%10° |£B EHIK
, COC:Li+=1 *at27°C
0. 04
600 NCO:OH=1:2{ 8 ~ s . 2%10° % 88
LCOC:Lit=1| #FEE3H | ‘at21°C
0. 04
1000 NCO:OH=1:2| £ - & 1.1%¥10° |58~ £ &
,COC:Li+=1{%8 ~ & & | ‘at21°C
:0.04 FAE
2000 NCO:OH=1:2|&a & » £&®| 4.8%10° i% B
LCOC:Lit=l| A & mFi
0. 04 ta st B, 7z
4000 NCO:OH=1:2|&a &, ~ %% - 8. 2%10° % AR
,COC:Lit=1|# B &l ‘at19°C
:0.04
6000 |NCO:OH=1:1|x 8t E18 » | E2 &3] KEEIK
B, COC:Lit| F e mBi | HETE
=1:0.04 |G & FAK|HEHET
th g B FEf| FRIEAE
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&8~ B & & B 2PEG4000 ~ PEGOO00ERAF 2 BT &

»F& | NCO:OH | OH:Li' [%:2(>45 C°)| 45 C°>iBE>20 |52 (<10 C°ﬂ
(ZF)| (EFtik) .

PEG4000| 1:2 1:0.04 - 107-107 -

PEG4000 | 1:1 1:0.04 10”°-10" 107-10" -

PEG6000| 1:1.6 | 1:0.04 - . _

PEG6000 | 1:1 1:0. 04 107*-107 - -
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F 1 Y4 PEG2000 2 4 2B THAR

PEG#F+%| NCO:OH COC:Li"
(£ Ftk) (£ Fik)

2000 1:1.5 1:0.04
2000 I:1.5 1:0.06
2000 1:1.5 1:0.08
2000 1:2 1:0.04
2000 1:2 1:0.06
2000 1:2 1:0.08
2000 1:2.3 1:0.04
2000 1:2.3 - 1:0.06
2000 1:2.3 1:0.08
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#io(a) FRBREGET UAGEZ2TRY
M A2 4544 :L75/PEG1000=1:2, COC:Li'=1:0. 04( ¥ F¢b)

[
shleg RASMGD)| #£EA 5,
(NCO/THF) %
6.3 924 1.3%10°
at2]°C
g 4 1.07%10°
at21°C
9 20 7.3%10° Z ¥
at21°C
10 20 - EXT T b4
Z 15
11.5 20 1. 2%10° Z 8
at21°C
13.6 8 5. 9%10° Eesd
*at19°C

#11(b) FRABMEET, YH#ELEZB TR AN ZH R AR NCO

REE O H
NCO/THF% NCO#% & &%
10 21
11.5 43
13.5 50
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thth 4s R 3d B2 EF ol CAHE A8 H &k
Cu" 2 ABH % ETRACIHBRMEREAYER -
PV st A M B MAEBELB LEN AL 6p M
BAAEZHB B PV AFBELABYMRYE ©
bz s PP EBETRERS  BELmE R T PbY
RAOMBEAMBHPY EEME RN RME

EUB R EBBRERET BRI
BB G LRk ATRAAEAG=%LE P Cd
B PoH MRS S L EEs o CUTRIME S A b M
FORBES—EAER BHLIHRBETHRLAK L &
BREATE > BEEH EAMBAMEHEYN Cd
B Po™Tey B Mtk R 2 HE R Culo

(B I6)RUAFE AEAOELSHBEABE 23R
M Cu* ~ Cd* PO =R 4B B FrAmuenEmE
HRE  ME—AIHEBRE > (R DT &K
MERAARINBEENGDER EHWELSHRREEA
BASE BEHLBAORMELHBEK > @ B vty &4
5 B EAEBSEMR RAHPY BEFHEME
wHF L —TKE MAMELSEH COOTBFHUTHR
BT LA ANE_ROIgELME ARG
BMELEZE L RMARA > (& AT - N
B ER RPMTUATEHIER EhoANS EHHAE
tho BB EETRIRBF N BTHEHRLE R B
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2 FRRBFHLZNCO ZBTHE

na

23

[

8 mtb=11. 5%

&4+ :L75/PEG1000=1:2, COC:Li+=1:0. 04(E Fit)
Lo THF = &

] 2 3 4 5
& 8% fa 2hr 3. 5hr Shr 8.5hr | 10.5hr
NCOE e % 5 74 61 51 44
HEREN
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R3S ERMERAIUFRETE

PVDF PVDF EC+PC/LiCl [PEG2000 PEG2000
12750/LiC104[740/L1C10:/ 04
/NMP+EC NNIP+EC NCOZPEG=1 . NCO:PEG-’-I .
2.3,C0C:Li'2.3,C0C:Li"
=1:0.04(& |=1:0.08( &
H k) Etit)
shig, BE %I £ P& LEEs | B8 £
| S FoAEHE | ¥ BT
& TFa ARE
® a8
TRTFTEE| 307 2.4%107 - 1.67%10° | 3.8%10°
4
s/cm(23°C)
TRMILE | E&% R R A =R H AR
FEBHE| - - 8107 | 3¥I0°
BTETE . e | .
S/Cm<23oc) 'I_&_E_Ji 4;&];-_;%
B Bt
R4 EH T - - 6%10” T*10™
SEFEE Y .
s/cm(60°C) B )
R B i
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B A BRMEE pHE A A %1 > PTRB A T Na'gk
FHBFREND FAENANS TORBETERRMF
K8 R -

(% 3)F » KT RF 50 & F B &) 81 R E8F >
HHEB LB ELHEBEAMEIRREL BREZT
AL ER tRB-EHREL  EEMHK
B BEA R B RM ﬁaﬂ:{%‘ﬂﬁ%’l’f‘%éﬁt%‘ BT
B2 HA PV RIABRENBRHEAEN ERLERE
#» 200ppm 8% 0 B A EBE#HRE RS Na BREBE O A E
LR L BB TFEAEARFAORR UBENARM
0 & B AT AR — L8 o

(B 1A UFERKSEERESEREAH
Bs o B B K Cu’ >~ Cd* ~ PV = KR & B & F A
MU BMEHLE  CER—BRXRANHFH RN
ohr~ 6hr~ 12hr 85 * B A M B AR BEHN LB & T
A EY A AL AR AN R A€
Moo AL 12hr W BEEMRAHEDTE
HEHPHARE RMEERAARNRMEGR 0K ®FA
. 5B MER COOTHMTHESR  HRMERY

BREFEHE 80C ALBHRMBIFAER  RME
-

£ =7 90.7%(& 6) wRNBEMH LI BRI T
e e B TR, THGREREEN o &
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REBEHRBNFE RN 80T £ 8 R4 B MK
% [e]
B iR FEREE
% M & (%)
ppm ppm
% — =% 0.1g 91.04 23.6 74.07
¥ =% 0.1g 91.04 21.8 76.05
xS HHREBEMZEKREBHR X
B iR FIEREE
R fit £ (%)
ppm ppm
% mogy 24 Ne5%| 101.6 29.15 71.3
80°C &M 2 /) 8548 96.4 8.96 90.7

# 6

FBEMZRMELLE X




NN WX A
BE A

BRMELSALBERETFTLEAME SR EH
HESHNERARZANBHET BEARM L ER
FleRBEETH SRXEAMEF HAAZTITHURRKEA
et e) 2 B BAT o
1.2 & & M

BRRIM RERANBRRETAMSHEIN - £
(B 1) aymd& o B ERE T o+ 2 6935EAH
FERBBUA_BHRBEATHRMNETHREERESL A&
RAEESGMBAMER RO EsH G RE » # (B
1) » MM TURABYAELE A2 EEREAT G £
B EnERBE  w(k AT BRARE
R B/ 2218C EoMHBRABBER R KXY Z 264.4
C REM#BBETAE A26C- AR £HLEI @
BAKIE ARG S 23%E AL 2R BEHMHE AR
R RS R FHET 24.1% - LRBEESE B
BREALFHEA TERERAERANER  ZH AL
BiBMERER HTELA ERFAEBREFLEER
ol pEARIMBABR DG FRESHRBER
B B4 -—BERETEEAESGERORE T B A
S FEABELFRIE EFERAREE L T B R
kR R EARKRER BT SRR
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REABARBER BEKKEALAABTAEBREYS LGS
oo REAERESHBABBE R KRR ENIETH %
BB MU A E R RBAAMBRINGBEE -

RMEBE |
) #EE(N)
(C)
% £ Bt BE 221.8 2.3
X AHRABBEERXK 264 .4 24.1

27 BEABMBEREATZZIAARERWAEBAELBRX

(B 1D AEBZEABMBERAELSHBEAREL K
AR EBRER - RBSBRE - RATURER K AH
FEREAMBEABEN RORAREBEE ok 8
ik % & 3094C AR 315.7TC R 2B R K > B
BEXIEHEH —HRBAREARE  EFARERO6S
CHEE BRRARBERAERNG, TEH I UK
HEPATTFHER -2 EAHBEAMELRK
AEBMEGSENSGHLNRABMB LSBALLE &
kR ERRBBER B RMA RABER KGR
Heik & B 16.46%/min > M ¥ A MR ABEE R KA
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K %] 10.01%/min 24 > %X TEZ2HERRKZLREAE
i kR E %w&ﬁmrﬁﬁﬁ%%%MWWIM)

BB 198X TUAEEA ZaAMEd s T2

HER o MARER B R=ZGEHE L -

RPRMEE | RERBRE
o/min
(C) (% )
% 4 Bt Be 309.4 16.46
R OB AR IR ER 315.7 10.01

%8 BEMEREANAZIAAEBRERSEEE - R b8k

BB AKBREANZLGLRE £ T R(E 20)
FRBETMA BEAMBEABMEH K £RNMBPLT
Cu" " CA&"=HARLBETHRMA  MEuH®KE
S BEE BREER O AMAEETFHEAKME SR
BREAGORMEBRBBE (R T 45 A 2644
CR2781IC AL » WK ELBET 13.7C> B REA A
EAOMBEAMENRAMELBETFR AALEBET
% M — # # (bridge) © %8 L £ # 4 4 49 (inorganic
complex)—# » M B R AR A —EiRMLE > migH




L BEETLE Bt EAHSMBAME G R
$TABBETHE FMUBRBKEBRIELHT 137
Cat LERBEIR BRMAELE T4 63E QKA
E2HAEEE M £ FRE PO Cu’tey B A B
Bs L EAMBABMER AR RN CAd 4B A B
HMBATRY 2% T THREHERZ PO Cu*'ay
THEEBR BN _mXKAS82EKE I8k E
—g‘— 0

R AEBRECC)| & E (%)
XS BABEER R 264.4 24.1
% K Cu’'d F 278.1 26.3
% M Cd* g F 278.1 24
% M Pb2 ik F 278.1 26.3

%9 EAOBERAMABIRARAEBRRMEMAIELER

(B 2HDAERAMHBEARBBERRXRKMES B & T A
BB ERELE KRB IGRE KB FRMATUE
B BEAEBEUELSOMBARMENRAERS @ (X
1)+~ B4 BB TFHRABMBERESAERO A
% » # 10.01%/min & 2 2] 9.12%/min & 8.73%/min
ERATEALBETHRAMBAL TH FTRE
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HMRH  BIFRAMBERRAE S ME M EMKER E
TR R RRBEE (R 10)HAT E6HEE
Btis s K& B 315.7C A% &M Pb*" -~ Cu*" 'y 38 &
BAs 7+ % & 338.2°C » M &K CAd* o438 &Mt Es & L 7
2] 3507C » ¥ty ¥t REE AR A& F ¥
R RDNRBEMERS  BE CP A% 5+ %kt
FRFAHEZEASMBAMBE LY —BREAA R A R 3
o FRBERERBE S FHE 350.7C 0 PbTE B
BHFHmEs o EEBETELEARCu™R A P&
FREk CATE2X $AEABTEHHKE 22
REEFHRR AMURBERENERE TR RESHE
B B AR o

R B ELEE EE
('C) (%/min)
ESRAHM ML R 315.7 10.01
% K Cu’"# F 338.2 9.12
% K Cd* 8 F 350.7 8.73
% Kt Pb* 3k F 338.2 9.12

210 %4BERWLBEZIARAEBERSEMABE - REEX
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2.4 B ALtk

HEMHARX TEZRANERBETHAHMRE 5
B (B 22)v 8 mé o A% SHBAMBERRA
BEBBIAESHNHE KEFTHERMTUER RE
RO BABERYR EEWEBRIELRREGEEA
BIREZEB AY S0C > EMERERE (X LD)AF >
EEHARBRBENBEAMER R 4 FERBEEMW &
FRrE M —RE BN E EEFRAHER RAERE
HoBRHIHERTHAETAMARE - 4# B ¥ &1
ST AABFE L ESMEBEAHERRAEALE S KR
MIALZ RAELEZEAMREBMENRATAS AN
MEFHEENEIRY EHER T ERREGRRE AR
HAITEIALRE  FFRALE(B 22)BATHREER -

B EABECC)

B EABECC)

AR E (%)

B A ktHE

224.3

1.8

AR A M
Bs My K
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452.1

2.1

* 11
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(B 23)f1 B %A MHBEAHBEHD RABAMEX
BRERBEA —RMHBE ko (F 12)FFT SRR ELY
BEBERR EE " KREABEEAATS =AM
20.23%/min & & 9.79%/min
EE  REEZBKT —Z B REA AR 89 F £ -
TTENRF - BEEEAR - LELSMHE AR
XY — R oreg ¥y BRAOHBEEEE T RAEE
FRERFHANEAELARALRE > AR SO, &
NO, # % 2 ¥ o

B iR o B BT F AR

L3

RaHEM | KSR | F_B&R | F-AXK
B ECC) B E SHMAE | HEMAR
(%/min) E(CC) | #(%/min)
% A BRe 313.2 20.23 — —
%5 AN
305.9 9.79 315.7 10.01
B R

#12 BEMPBEREAAZIZTABERSEAILE - RELEB X

LR ESMBEABMENAAZLRHM AR £ B
Pb2 ~Cu*~Cd*"#% i T REBEZHE 5 B (B
2B ARMEBNEABME  EWEABHH R
LR A BB ERFTFE BARERALHAERR
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BRABERWMEBEZ WAL THRFEBOKRE R
MABEHHEB EFLAREFSE R URIEETEE
MERBRBEMEREBR - BREREO SR S H
RE BRMEBE RAESKEBRYALALE mA
F_BRABOBEREANMBHR L > wo(k 13)5
B AAERMBRT 542 BEABTAILR
o S REMR REBETFLEHBRIBERE  EERL K
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Abstract:

The phosphonate-containing epoxy resins were prepared by
two different methods: 1. It is prepared from the reaction of
phosphorus  pentaoxide with 2-hydroxylethylmethacrylate
(HEMA) and resulted in acrylphosphonic acid formation, which
was reacted further with free-radical curable epoxy resins . The
final resin was free-radical curable and phosphonate-containing
epoxy resin . 2. A free-radical curable epoxy resin was reacted
with phosphorus pentaoxide and it also resulted a
phosphonate-containing free-radical curable epoxy resin .

Both of those phosphonic and carboxyl groups containing
epoxy resins were formulated with curing agent which was
cured by free-radical cross-linking process by heating or at
ambient temperature . Those curable phosphonate and carboxyl
groups containing epoxy resins served as metal coating
primer . Those coating material offered good adhesion promoter
and corrosion control on metal surface . It served as energy

saving and environmental friendly coating material .
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GBS s wsbohieibx B & AR R AR » 7T Shho
HRBA LI ERREL BT ARG T ER
AR BRI LAS R AR AL BHAE T NS X B BL T A R &
AR BRI o

B AMES B A% & (Epoxy Equivalent Weight) &9
RN BE L2 8K Hifo BEE £ KRB FaE



s PR e R A RS RE B A - B AR AR )
EiEA A B AR T X R AT TR R RN Y
o A EHERUT E R AN B AN G HRER
ko BIIAREIREZBREL -

A AMmEBE AR BRI LEET:

- A LA FTRAAMHBRE T RALE R RILH
A R ES o #¢ FT-IR 3t @ (Figl) ¥ T & & (C=0)
B 4 1720cm™ 0 @ #4 1635em™ & (C=C) ¥R
% » (P=0) & (P-OR) Bl # % 4 £ 1300cm™ &
1172cm™ - £ '"H-NMR k%8 (Fig2) ¥ #56=19%
Mg L FRAZ BWE 5542 R 5.6 £AER R RST
NERFZ BRI 6=6.1 LA AR EZX AR FIR
Mo o B4 6=10 M BB E (-OH) A#yR¥k - 4£
BO.NMR #4258 (Figd)¥ @ 18 A5 A LT RZR
B F Rk 0 65 KRl A (-O-CHy) Z#E TH%R
W o 126 £4 % (=CHy) 2R Tk > 135 MLk
(C=C) 44tz Rl > (0=C-O)Z R £ 167 ML

. BB ARILR R AR X AEET

& FT-IR #3@ (Fig 4) ¥, E£49RABE 127
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—

AN

¥ 7T & 2 #) 910cm™ K — B f A &R T 4L 3500cm™
AR BRIELB TR ARIAS L (OH) A9k - M
f 918 57, /18 (Acrylic acid) R4 > /B & B F &y
(-OH) A3 AMtAs L ey 8 AABIIE AT LA RIA B 4
HRAEFBIRALYRUE > bty (Figs) T35 -

SHER B B AL AR IE 2 ke r (— )

(Fig 6) B2 AMmBREE R B M BB ABAS R B2
FT-IR B, 910cm” mif 2B AABRUECEHE %, B
1720cm™ Ftif % (C=0) #h%& 4k, (C=C) &R & &
1635cm™ ft i, (PO-C)8 4 813cm™ Mtif & & ik, (P=0)
B (P-OR) %%]4 1300cm™ & 1172cm™ £ % .

eHiE A B AR B EMIE T Ak r (=)

(Fig 7) % 8 s AL AR AR BE R B Rl =B R &
Z FT-IR B 1720cm™ ftif % (C=0) &Rk (C=C) #
R A 1635cm™ fig » (PO-C)8) 4 813cm™ Wit 4 &
W - (P=0) & (P-OR) #-%|4 1300cm™ & 1172cm™ £
;é- o

Bz W
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SRR ELBE KA BL B 88 138 M S RUE

ProKidey 2-R R CAFARKEEE (HEMA) stn
Afe=st (P0s) RAE- & A 1:1, #4 8 THF &%
Bl BELKSOEHETURRBEHEZ R A%
BMADHER  BHAMIZIHF/RE BLARFEE
%%iﬁ%ﬂ7@ﬁ%ﬂ&AMA”e%HE%@W’

|H¥H %> BB AR B A e B A 0 R R
T BRI BRI - A FT-IR 89428 > &
AEZE 910cm” R ZBAARYME LBERELL; BEY
HESMTREENMRRY  EHABEZ oALLE -
ABETUAEREZ 89 Y R B2 EREERE
ERRMABHEZECRE > BREALE SOCHAT &R
B E % M E R T B -

. BEERACUREMEREE AL RIE

\

B
H
%
e

HFEEZBEAMAE 127 RBBAT S
ZEEWA LIIARE AN 1% ZCEARBRE
LB 4B EEBRIE 120-140°C » B oL R IE A M4
B EATEA R R & LA ffv MEHQ £ 48 B & 5] &)
FANT KRR RERE  REKITABEEREE

7
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RELEZBBEITEE L GHRAH BHHSE L2
BAAAE (Scheme IT)- 41341 A B AR 2 8.4,
ARBEFAL BRI > 5B 4 A THF - & FEA B 3]
2 AR EE A2 a8 2 4 % (SchemelV) « &
A THIFEEZ TR MEHQ 458 & A4 B 2 2
0 REEM AT A O A BILABEMSZ B2
B HERBRE  BXH_EHRPRELENE
HF o RN EZ AABE BT R 2 5
5 RBFEIERBEAR L B R E AR AHE 2R
B ABMELL SOCHA T 0 B3 2 47 F 14 4 18 RARARE G 58
&

HEEMIE M G A

(a) El4Ea=:
Bl o>ERRAAFINEETHRITEYIT, LA
BRAEA RIEBEAMS 127 B452 > KEN S0CH
WATY ML EEEFFINELSEZFES

Blag = (M#EAE / BEATE)x100%

(b) FFHH
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(c)

TGA Z—HREESHWEELEERLNERS
BE SRR AR GRIET 0 B R
UM FT X EA ML EEE R E R
e BB TR - BEEREEE 0 FUFHA S
HAEE R A BE RS EE R -

BRESHERESHRARTRAARFARRS
Mo B BB T REMNSER S E B »HBH
e B o shoh o BREROMEE B R AEA
X HEEH T ITMELTZA -

g R B EA SOCHAREEEE > A
% 452 E R T84 sample pan X > AHEBRY 10 2
H A4 B L ER samplepan T AAZBE N E
FE% - B ESW T RIIPERGFLERRAR
Ly hmBE —ABRUABEBEREZSL (PR
) B—AERGHABERELAK (—REER) &£
A AT TR S S RGN MARRRAT
$ ko Ak db B A RRTE

I

&

b7
N

2

2N

Bag Rl

A BOEREN SOCHA T » HEEH
o REEBER W BHEEESR ARG
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(d)

Ak 1% 0 EANBAHEKRERFEANEEA (Thimble) »
UA Soxhlet 38R # & » A THF 25 % B 24 /)N85
HEGEBEEE AR SOCHA T > IR EH
FUEH THF s RE E X RGO EEBEER W

UTFHIAFEBSE -

BAE =(W /W) 100%

Tk % RHAHRE

B AH AR ZEEREARER 50cm & E
W BB EEMERS KA SOCHBELE (W)
%o BANERBETKZBERT  RERTEREANK
b ERE BB ERIEBRASEBAMENK
mEKEE W) BEASOCHE PRELIAEE
(W) ATFH AN EABRBRKEREKBRE ¢

EBERKE (WA%)

WA% = [(W’ - W)/ W”] 100%

EE#E Kk (WL%)

WL% = [(W - W)/ W] 100%
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(€) AEERRERKERFRE

M E LB AR EBEEARER 5.0cm & EF
W BB REERERS EASCCHEZHE ()
B BEARERFERZIBEHRY EEBETEZANRT
BT # 24 851% 0 HESRIEAKREFERBDATH
EFHABBHELEBE () HBEN SOCHESE %
EHE AY) RTFIAFEEAERREARREA
BB K %

ABHAFZRUE (EA%)

AA%=[(E’-E”)/E”] 100%

ZEH %k (EL%)
AL% = [(E - E”)/ E] 100%
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BEE oA

TR BIRZ B EAN SOCHALEZIEET > KiEH
HEXRFHysamplepan 5L BREEEL 10 EX AL
H Ak oL EX sample pan ¥ 0 BRA G IBIE N EITTE o £
EOMT 0 BRIVFERFEBEERB RS0 ARE  —
HEEOAMEERLZS RA) A —ATHARBEREK
A8 (—HBEER) ERAAAT TR kSO EER
M T ERR A SR T A Lotk S e AT o

(—) &AIHEEE

julyy

AL B ARAEARERE

(1) £RAZFEKT

Fig AR ZIERABKHETZIEZHR LB L
HEEMEZIRESHE  -dBEFTi HES4E
AEHFF X TEEE A 240 2] 283°CH
EYRaAeRme A BN AR AR
b B — RS B d B ¥ A SR AH
FEEM i EERARET NI _THERLKE
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ZRS BEATEABEMGIE o -

Fig NA AL A I ERAKHTEER LB I
HEBEEZ—REBTURETH BRE - dLE T4
TAEERARRBEETHEERASIEENH oM
g2 A -

Q) AZRE%4T

(Fig IO)AARAFIEZRGEHETETHLRE L
HEEAEZRESHE BB T T4 HEEHE
AREBHZ TR E N 260 2] 310°CH
EPRauAhLARBEAg AR AREY
bl B — b E e S 5 B B P T A R ¥R A
fsEem EERAREE S X THERLR
ZREG BERTEABIELE o -

BRARBESHLABTHNULHEE —REBTHHRE
s E (Figll) RE  RAREBBETHEE
BEAKIENE MBI RA  TELEFEH
ey 0 R AL f -

Z >
= A

2R

(=) BHARIERHBEAMEELZAIL_BRAE

(1) £RRAERT
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(Fig 12) AR Z 7 ARAKH T EEH AT S
WHBEEZBRESHE - BT T4 L EF
BAEEBSZ R E A 350 2] 380°C
Bl Evmxae ke b AR A3 888 7 A4t
AL A RS EHBE P A LB E
BaARILAREAMBEENE N ETRAEET
S THBELEZRS  BRATEABEMLY
32 fpa o

(Fig 13) RIAKRZFIEARAGHTEZHRE S
LB EZ — RSO RETH BERE - LB F
S R KRR ARE TN 23R RIS E 693 A
g Z 2 e

Q) EZRAKT
(Fig 14) AAA A ZRAKHTESZHLXEBE L

HEEREZREIE B YT4 HES4E
A BEFEpZ —+FRE AR 360 2] 375°CH S

HPEdaRa b AR R ABERE A8
Bt s —tb— s c BRTFTRAET  EHAE

BT MEARTHERE -
BRMEEBRAGIULHEBEE —RBI/ORE
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%ﬁ@ﬁaﬂkhﬂké’%kﬁ%%ﬁﬁﬁ%%
PRAR N B AL —FE B 69080 M 1R 0 B4 7 &2

T EAME 0 Al R AL 8 B R AT

B a2 R

ARG A ENSOCHMA Y » IB 54 E > Bk 44

T RBABE R AT R BT AR AE
EANZ%EMAN (Thimble) > & Soxhlet XEREE B THF A
BB IR 240 RBIE B E S A K A SOTEA
R ZHE R EH THF -

Bognist THAMBEIByRE -

g 5

(—) >AMBERES R AL B i IE A RIS RJE ¢

ATBRAER BB BARILABEEMISHES S
% 56.68% > o MBS B A A B B 8% I8 BUBAS RE

EMmZ e g AR BEARIENB ST FRA
#13,% (TableI) -

(=) BEARICRIEARIERE AL R IE ¢

BRAMATIEM  AEOBSEH KBHRA &
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% T 86.43% (TableIl) = $b % 7| 894 Bl FE 7 &
TRAMBREE AR E AR AAISREY -

EELY.E P P

HELLBIREZBEREARER SOm B EFH > AEHE
BERERSZ BANSOCHBEHESR  EAREFHET K2
BARF BB REEAKY  HERE  BESRIEAM
BHRRDATMESNKIBHAEBE BEANSOCHE Pltsti
BE o

RAKFEGR B AT TRAKETREANS®IL L hidk
RS IERHABEBRE -

(—) A FArasfs Aahns B 2 o138 A RIS RJE !
g7 (Table) ¥ TAHE » RAKEZRBER > EARSE
BERAKMEOER ERARTTFRHGENEBRT - ML
HAKBREF G BRHORG  ETRAKBRALK
S FRBSEGHEKREEMEREL T -

(=) & ARICAE AR RE A B R

(TablelV)% B & 28 /LR 3R S B85 81 2 AL = 34K
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X ) b fe] BB PR 6 B B e B K B R KB R F o SLAT
2P| RE A BAERERIHEE  ERRMALAT A
Gk MR E T BehA et R AR BELENLAT A
Sl BT AR B iy FRf s FRAMNE
ko HASFAREBREE T SEMEL T ETH BALY

ﬁ$$&%$ﬁ%$’ﬁﬂﬁiﬁﬁﬁ¢°
HERKEAHAFAELE

%@&mz@z%ﬁﬁﬁéﬁimm%ﬁf%aﬂ%%@
BAERS  HASOCHMEEHER  EANKAFERZT
%%*’ﬁ%%%%ﬁAﬁ%?;@24$ﬁ&’%ﬁ?ﬁ
ﬁﬁﬁ%%%@%w%%ﬁﬁ%%%ﬁéL@ﬁkmtﬁﬁ
PR EHE

ABHIE RE -

e

(—) SARmEsEEASBRERA

(Table V) & & & M B B8 Rk Bk B8 MR AR AR R
B AR RAFMERHAFEAKRE c BRTT
#’ﬂ&$ﬁ%%ﬁ%’ﬁ@%$%&1°ﬁ§%%
kA FUE B @ F R AR

(;)aégﬁwﬂ%iﬁ%ﬁiih;m&@:
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(TableVI) & & & A A8 1L R 38 A K Bs 8 7 A4t =5k
REFERG A BRAEEREAFBRRE - Bk
FEY > BHBUERBRARRLEHYRK > BAHFL
HE L] 2 AT & P8 RAF/ ) 0 T R AR ERIUSEIME

FELAT A P24 0 AR EEEBAT AT R BB

o r

%
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