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HE. BB A BIFREMAIE (ES1) Btk =2l (TETA), RINGIAS (RE&) “Bik” PRI 2B
) "R ER( DA ) Ko BRAa 1 SR B S B R M 55 BX DEGS01, TR, il 44 T 3 ( B4 ) vt B [# 1k 71 DTED
(TED) ), R TED. DTED 43X} ES1 #EA7 L, 45 15 BERMEEEBOA M AR (ES1-TED, E51-DTED ),
KA FTIR, '"HNMR ., GPC YRS AT TRAE, %% T DA Uil 454 ES1-DTED 1. #ikfe . J24tk
RE. kM. TR TERE . KRR, 45K, M DA SN 8.4 g. TETA29.2 g, E5133.3 g. DEG501
12.8 g #ll %1% DTED [@ 1k ES1 55/ ES1-DTED 1#M 8 88 LA IR EE v 363 123 °C, FiE g 10% 1R 5k F
365 °C, KT ESI-TED Y 72 #1342 °C; Ffif5 DA BRI, #1419 ES1-DTED $i KRR, Fifhog
FERWT RPN, B3R A e N, (HILT ES1-TED WY J12=PERE; W& DA BRIy,
#19 ES1-DTED 7K 808, Tk CEEMISES , Bk MR £5 55 M Re e R /5 s

FEIR: TR SN RN BB B MR By DR MERERE; BRI HREM R, ESAkE

FES S TQ323.5; TQ314.256 XEEFRIAFS: A XEHS: 1003-5214 (2025) 01-0224-09

Molecular construction and coating properties of self-emulsifying
epoxy resin curing agent with double flexible segments

FEI Guigiang'?, GAO Tengteng'?, CHEN Guangdi'?, CHEN Yangfang'?,
WANG Dandan'?, BAI Yang"**
(1. College of Chemistry and Chemical Engineering, Shaanxi University of Science & Technology, Xi'an 710021, Shaanxi,
China; 2. Key Laboratory of Chemical Additives for Industry Shaanxi Province, Xi'an 710021, Shaanxi, China )

Abstract: Double (single) flexible chain segment curing agent [DTED (TED)] was prepared from
open-loop addition reaction by modifying triethylene tetramine (TETA) with bisphenol A type epoxy resin
(ES1) and introducing dimeric acid (DA) with and without "dendritic" long carbon chain flexible segment
and polyether chain flexible segment DEG501 with epoxy end, which were used to cure E51, respectively,
to synthesize single and double flexible chain segment epoxy resin ES1-TED and E51-DTED. The samples
were characterized by FTIR, '"HNMR as well as GPC. The effects of DA addition amount on the
morphology, thermal properties, mechanical properties, hydrophilicity, salt spray resistance and swelling
properties of ES1-DTED were analyzed. The results showed that ES1-DTED1#, prepared with DA 8.4 g,
TETA 29.2 g, E51 33.3 g and DEG501 12.8 g, displayed a glass transition temperature of 123 °C and 10%
thermal mass loss temperature of 365 °C, much higher than E51-TED (72 and 342 °C). With the increase
of DA addition, the ES1-DTED showed an increase in compressive strength, decrease in both the tensile
strength and elongation at break, and first decrease then increase in the compression rate at break, all of
which were lower than those of E51-TED. Moreover, with the increase of DA addition, the water resistance
of prepared ES1-DTED was enhanced, the resistance to anhydrous ethanol was weakened, while the

Wi BEHEE: 2023-12-22; EABEH: 2024-02-07; DOI: 10.13550/j.jxhg.20231106
EEUA: PIHEHFTUALTIE (19jC010 ); BEPGAFSOHI—FHARI AATIH ; B A & ab AT H (2020GY-243)
{EE®AT: eiom (1980—), B, ##%Z, E-mail: feiguigiang@sust.edu.cn, BREA: 1 FH (1988—), B, ®lI##Z, E-mail: baiyang@

sust.edu.cn,
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hydrophobicity and salt spray resistance were first enhanced and then weakened.

Key words: dimer acids; polyether chain flexible segments with epoxy end; double flexible segments;

curing agents; epoxy resin; construction chemicals

IR PR LT 8 bk G BEE o Bhek
1o WA AR B A A P TR SR T B
TR . okl 5. R AR
Bifi 5 A5 400 R PR RE AR 3B VDTSR, AT R4
PG T Z AP RE TSR o PR IR 9 = 4k
AREEHE 2 R A ECRAR 5 BRI R & VIR e, B
B, IR AR 0 P RE 3 HR T 2R S A AR 14k 551
WAL s ™, e IE & B R a5 A BB A
SR, D RE R R AL 0 ] % B P

BRI, 3 e o A S AR 750 %) T e 45 4 i T sk
Pt S B A rE D REE o [ AR b A B A B
J& . BHEREE TR AOAEBE, T (B A A5 X 10 4 1
fiEl101 HAJAR 5l W AR AL 7] ( RUSURE AR
SR ) AR IE AL AU A H I R R PR AR A A
(DGEBA ), Z5H &I, (i FHZMREN L
A EN M s B B b . HE SN0 A R
WEM N (ES1) 5] ARIELH = 20 Ui ( TETA )
H, SERREE, EST ettER RS BS1T A MR
MM MALERE . QIAO ZESIfE EALF 5| A
9,10- — & -9-% 6 Z%-10-B 24 E-10- 441k (DOPO ),
GESLR I, A% Y AR R AR B B A S A BELA
PEfE. LUO MR AT 10-[(4-FRFEHHL)(4-5%
FEOE L 2 K B 3K -5,10- A Wy R -10- S AL B
(H-DPPA ) [EfEH], # I TR A BIAA
BiRg, 455 kB, 5340k 3% H-DPPA ] fifi 3f
AR EFERRbe I R B U IK R 2, BE5ER T IR A
JiELED] SR i P S 1 A <A K A e A AN N [ LB =555
BEn] T IR A B X R B PERE, A g A bEREI
S PR E R AR PR AL T A RR A s 15200

ARSCHEI I 5T B BB R B Bl 22 1R B B
B R (DA ) Bl 7400 3R b 5 B 22 1 6 B
( DEG501 ) > il #& & W 2 ¥ 4% B a9 [ 4k 5
(DTED), ¥ H T E51 FEfk, i U 8w i
Oy FBE W) FVE BooE Kb, SRR AL S EST
( ES1-DTED )2 W RE , #4550 —Fh A 7 14 fig
Mtk 2 . TAEFITE R ARG, %% DA AR
YT EMBEPUE . Bk . W Eh2E . i R ARk RE )
SR, LAY R B SRR I 7R K 1k B A T 0 )2 4K 1)
NS %

1 SRIGERSY

1.1 iXFE5{H
ES1, fbral, mail A R A A R PR F] ; TETA

MR, rbral, RKET R KA A BR A
Al; DA (H45 8001-51-5), fh2i4l, SRS &
YIEBEARBRAF; 4T (MSDS). I
Wemg (THF ). JoKOBE, mbral, g smkd:1k
BHE A FRAE] ; DEGS01, b4, Blpb sl
R A RAF; ZETFK, Afl. AR
B TC T #E— 2 4lifl

Invenio S H{H B0 AR 21 4R 354 ( FTIR ),
Avance NEO 600 MHz A% 348 %1 (NMR ),
f#5 [ Bruker 2y &) ; Regulus 8100 AY#E & 43 #37 & 5t
FIHi 7 2344 ( SEM ), HZR Hitachi 23] ; Discovery
TGA 55 BUHE ML ( TGA ), ZEE TA XA
AI-7000-NGD %I f] JIie #4 %} 22 Ty g i A% il 47 1 ik 4
B, ZRIERFREIRA R, JC2000A 784 fil £ i
AL, il R TEE AR ZEABRAF; YW/R-250
RIER I 00 A4, Jbt g TR & A BR A A
PL-GPC50 I iE &I 154 (GPC), [ Aglient
/v H); KQ-300TDE sy S i e v v e, 21l
DR ERENE 2 e SN
12 Ak
1.2.1 $FFMH4EEAF (TED) #4m%

MRAER 1 A ERHEC EL, mBe AT BEFEER 9 250 mL
R IMA TETA HTHEZE 70 °C, 7EILIRE
TN ECR 75% 0 EST R (%557 MSDS ),
M 3 h JE A DEG501, 7E 70 °C R 2 he J2
MR R, IMASIRA YA RN ZAH b, 130
°CFJiEz& 2 h, % MSDS MAZS H5RAM TETA

SR, 18] TED.
% 1 TED J DTED & USRI L

Table 1  Synthesis parameters of TED and DTED

e T Hitre
DA TETA E51 DEG501

TED 0 29.2 333 12.8
DTED 1# 8.4 29.2 333 12.8
DTED 2# 11.2 29.2 333 12.8
DTED 3# 14.0 29.2 333 12.8
DTED 4# 16.9 29.2 333 12.8
DTED 5# 19.6 29.2 333 12.8

1.2.2 DTED # 4%

MR 1 i EURHEC LG, A i FEAR 1Y 250 mL
“HARETIMA DA, #EIHREZR 145 °C, fEIL
T DA MR SR /N, BIREEAETR ., FHl
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ERAEAE 145 CIafMA TETA, 45N iR E N
145 °CILN 4 h, BRIGERIRZE 70 °C, RFFZIEE TS
T BN 75%% ES1T (37 MSDS ), <M. 3 h
JE A DEGS501, 4¥Z2/ ) 2 he WV EEHE, A
HIRGWAER RN AW, 7530 CTEZ 2 h,

TEDA R4k -

Fr A& MSDS LUK RS 5 RAH TETA 5540, 1595

SRR B LF DTED, ¥ DA Wt (i)

84. 11.2. 14.0. 16.9. 19.6 g 4 HFEALFI 4B N

DTED 1#. DTED 2#. DTED 3#. DTED 4#. DTED 5#,
TED #1 DTED & BB LU~ s o

OH o
H E51 H H H H DEG501
HN ANNNH, ?’I'IzN ANUANSN Y (0] J\/N\/\E/\/N\/\ NH,
TETA H H ®1 TETA-E51 A

OH
H H
HN S NVSNSN
H (6] 9

OH H H
N O
O\)\/ \/\I}\i’\/N\/\E

10

OH

TETA-E51-DEG501 ( TED )

DTEDA AU «
H H H

H

DA H H
HZN’\/N\/\N’\/HzN —»HZN/\/N\/\N/\/N\Ir l{n/N\/\N/\/N\/\HZN —
A H 00 A

H O OHH g OH
" =
AP OF OO0 iAo
n-1

TETA TETA-DA

DEG501

1 Tl 0 N HN—— SN
HzNR;NVq&O_{_@OA/}W UANRHN TN
n-1

TETA-DA-E51

E5S1

TETA-DA-E51-DEG501 (DTED )

~ i H lgﬁ N
R: R AN N N V}
’fy H N\g o H

1.2.3 3 b4k PR AR IS Ao A JE P 4k IR BT R
4 ) &

¥ 15.0 ¢ TED (5, DTED ) ¥ fiff e % i (1) 2%
B K O R B R P R R A 43 EE 10 min,
SRIGINA 10.0 g E51 i, HERASWIRAYA,
FEM A HEIAG, FINA 20.0 g 28 FKIET
P E RS, MBI AIL . FH 200 H A /%
INEFLR AT UE, BRI DL BT BEAF A 1Y R
SR, A U8 i I R FLR A B R U R &
SR (15 cmx15 emx1 em ) W, B FHIE T T4,
R 75 PR PEBE B R SR ( SOBUEE M B B 2 S A
g, iCM E51-TED ( 5{ E51-DTED ),
1.3 RIEFZESHEEEMK

FTIR it :  TED F1 DTED 435I FH 3% 535 b e
B—3i , URIRAE & 4 R IRALER A b, #E4T FTIR
MR, I EGE F 4000~400 e ™', 3 FE K 2 em
'HNMR ik . CDCl; AiE#Hl. GPC Mik: LI THF
A% TED F1 DTED., SEM . AT
PR T AT, TARF T 20 pA L 5.0 kV,

TGA M : Ny AR (Ui 50 mL/min), K
mn NE R INEE] 700 °C, mAE# 10 °C/min, g
ST R AR AR 2R . DSC P, IaCRE S G B
WAL (T,), Ny <40 (i 60 mL/min ),
RS 2 TR INAAE] 160 °C, PRI Bkt
MR ES 24 mm. &8 30 mm AR, DU

3 mm/min B FIME BRI
FrRE S £ K 30 mm, B8 2 mm AUARMEREES 5%,
PL 10 mm/min B3NN E I MR . 7K fi £ 0
e SRl AR DU {SOGRE it R TR TN, AR
s uL LK, BAREREAFSI SN 5 ), gt
AR R A€ DR S (ST E N oV B W L% = TSI M EE 7S
SO A L, JBEZN 0.1 mm, FHBRARE A0
AT AL PR, SRR 55 b i 6 40 o R R AT
LR W=

AN : PRSI T, B S A K 30 mm
P& 2 mm MARENEES 5%, 52 & Tia 7 81K
FJEK B, Kb 72 h, SR)G AT BUARE,
IFHIEANE TR, FRE 2 EEE (38
BT ), RAEC (1) IR KR

SR/%=(m,—m)/mx100 (1)

K. SROBEIKE, %; m RARERAHT T L,
g; m AW IRIRIIF R EE G i, g

2 H#HR5WR

21 FTIR&#F

Kl 14 E51. DA, DEG501. TED #il DTED 1#
) FTIR $%&] .

M 1 AW, ES1 7E 2930, 1250 #1 830 cm™'
A B T AT G S R BB A C—H SRR 4R SR 5
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C—O—C HAXTFR A S PR 4a IR sl SR I C—H
HmANS MRS, b 3 AIRIIMILIEE TED FI
DTED #9148 Zaks5 , UiBH ES1 5 TETA A%
)R T RN . DEG501 £E 1508 1 1250 cm ™' b Ky
C=C ) 45 4z s i LA K C—O—C B XK
FSOR FRAd 45 B 2l g%, 78 TED At DTED Hrow)
L RS, Ui DEGS01 Bl Sh A7 1 Ff [ £k
P, DA 7 3160, 1700, 1250, 830 cm ' 4b4 5]
—COOH 1y O—H 4R . C=0 H#ihgHR
i . C—O AR AR IR S g 2 O—H S5
PRI, T DA 5 TETA KA NG, A bt
Jiekd, HXF R WU AE 1650 cm ' b g BBk, 7
DTED 1#94G %W #EM ., %t TED 5 DTED 1#/Y
FTIR %K 7] L& ¥, DTED 1#£F 2910 13620 cm™
Rb 3 B C—H S ) i 45 41 sl W s L J O—
H S N—H S48 IR 2h i bd , X2 T DA 45
PR R A C—H DL SORIESE B TE L T 0 T
(B SR, S E0T i IR MR R AR

2.2 HNMR 97

[§] 2 * TED 1 DTED 1#/% '"HNMR %4 ,

E51

N S

DA :
H c=0 '

O—H
DEG501

M\

C=C
C

4000 3500 3000 2500 2000 1500 1000 500
WeE/cm™

TED

O—H, N—H!

DTED 1#

4000 3500 3000 2500 2000 1500 1000 500
PeE/em™

1 E51. DA. DEG501. TED #1 DTED 1#/4 FTIR #£[&
Fig. 1 FTIR spectra of E51, DA, DEG501, TED and DTED 1#

ZT o

f OH

OH
fl & ab b a ab b a OH { d d d
d d d o < > < > < > < > N
N N ~
Ig fl a b b a -1 a b b a e e

TETA-E51-DEG501 (TED)

O
f

OH a b b a ab ba H H E OH
e oMM Ao
fl. 2 b ba @ D ba f

TETA-DA-E51-DEG501 (DTED )

hyh hhh h g h

g
. E\/d\N N_R N ~2UN
1 d H/\g \g Wg g g d
[ €

¢ S

g
H H

CDCl,

I fupul

B . VS
C
CDCL
d
b f cg
.. L

109 8 76 543 2 10 -1-2-3
0

10 9 8 76 5 4 3 2 10 -1-2-3

0

K2 TED (A) 5 DTED 1# (B) /) "THNMR 3%
Fig.2 'HNMR spectra of TED (A) and DTED 1# (B)

MIE 2 AT IE Y, 0=6.8~7.2 Ab H B IR 1Y TR 1
I, 6=3.9~4.5 bW T ¥ /& DEGS01 2544 il H L
R T, 6=2.5~2.8 1 1.5 &b A4 Jil 762 TETA 45
A v e 3 A KT R S H B BT, 6=3.5~3.6 Ab 5T g

J& ES1 5 TETA KA EIF IR NI, F6 5 0 ik gt
FBEH, SECLR R & T, BT DA,
TED il DTED #4539 Y1 Hz A TETA. ES1 DL K&
DEG501 %, %t TED F1 DTED 1#n] L& ¥,
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DTED 1#7E 6=2.7~3.0 838 T F & LA K 6=1.2 4b i
MEFE (K 2B), XJEHT DA Z5Hh Kl
FH 35 L A o R e A T e
2.3 GPC ##r

2 NEESL I GPC I SE 253 .

2 MR BIARXT TR

Table 2 Relative molecular masses of samples

SRS RS Bk EZ A EX
TETA 146 —
DA 560 —
ES1 366 —
DEG501 384 —
TED 1008 1.69
DTED 1# 2658 117
917 L11
e =" AR I

M2 AT LIE ), TED BYAHXT43F 5 4 1008,
ST AR TE ( 25 ER BN 1.69), X ATHEZH T
TE(# F DEGS01 %t TED s A1 p it fE v, fE7E R
o B A e AT AL, S BOEXT o BT
DA ER , DTED 1#A9FI X4 i & R B X
W, S35k 2658 F1 917, ZAEARES IR 1.17 fl
111, AAHX B s A v, 3K AT RE 2 i T [
B3 R B AEAE & 58 & DA 185
2.4 SEM &#fr

%l 3 & E51-TED #1 E51-DTED 1#f#) SEM &,

K3 ES51-TED ( A~C) #1 E51-DTED 1# ( D~F ) i SEM [
Fig. 3 SEM images of E51-TED (A~C) and E51-DTED 1#
(D~F)

MK 3 AT LIFE ), E51-TED il E51-DTED 1#%]
EAERER) “FLIA” 4548 (& 3A. D), JEEREE
&, WA NETE B IL R b, AP 23 A R I A
R, FESM AR AR EAE, KA IR
Wk, eSS H R T K “FLIA” 4544 . ES1-TED
Ml ES1-DTED 142 i K & 1 FL e bz i BT T Bl
(B 3B. C. E. F), XH5I7EF, E51-TED FLEh:
Z AR A AT, AR IR 25 A T TR L P B A 21 58
AT ZL R, HAeTEM BE R 11 A WFLBORL™N i
) “Hiki” (3B, C), ifii ES1-DTED 1#FL ki
FvkiE, MR RS ARMA W FLIRR, Wi
gt a] LUV B B LRIV BT 4R (&
3E. F), JHAfESE, DTED 4 F5iH 5] A DA 45
S, AN, 5Kk 3L R
TELBR R B KM, ARG Ay B o L E A,
BIE, T A LR 45 F4 T AR o
25 HERESHT

K 4.5 4%k ES1-TED 1 E51-DTED 1#1Y
TGA. DSC flit45 5 .

100

342 °C 1 \\ 365 °C
80 - :
i \| —— ESI1-TED

%60_ i 1\| —— ES1-DTED 1#
ég !
g 40 - L
E [

20 [

0 10|0 20IO 30IOI |40|0 50|0 60|0 700
B/ C
#l 4 ES51-TED Hl E51-DTED 1#1 TGA 4k

Fig. 4 TGA curves of E51-TED and E51-DTED 1#

—— ESI-TED
———E51-DTED 1#

Hafi/(Wig) —> Tk

25 50 75 100 1I25 150
WREE/C

¥ 5 E51-TED F1 E51-DTED 1#/ DSC |4k
Fig. 5 DSC curves of E5S1-TED and E51-DTED 1#

MK 4 ATLLEH, ES1-TED 2% 10%0 1Y
RN 342 °C, KT M E51-DTED 1#/4 365 °C;
ES1-TED 7£ 700 °CHJ5%4x K 0,2 /K F ES1-DTED
1419 6.59%, JEH AT HES:, DA A v fa e Al ik XL
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4R T ES1-DTED 1##GEEME, W R K mx
FEZERIE T T E51-DTED 1#— RS2k, 25
T Hak R,

M s nTRAE H, ES1-TED §) T, 4 72 °C, i
T E51-DTED 14/ 123 °C, JEN AT g, ARG
2| A DA #£F+ T E51-DTED I#MH X435 & Y41,
PR Z g | B P IR R S 3 30 ES1-DTED 1#43 154
Bhz#hfe I Nk, MiFt&E T T,

M TGA F1 DSC P25 R ] LUK, SR PERE
BEIRER NG ES1-DTED 1#89 #Fa @ MEAL T 80 22 4
BEAE MR ES1-TED,

26 NFMEEESH

& 6. 7 4354 E51-TED #1 E51-DTED %% 45
NSy -REAR S . PR S - AR . & 3K
E51-TED F1 E51-DTED Jj2: 1k figth 2 2%k,

50
40f
——ESI-DTED 1#
€30l !\ —Es1.DTED 2¢
S 4 —— ES1-DTED 3#
R ES1-DTED 4#
B20p ~—— ES1-DTED 5#
—— ESI-TED
10t
0

0 10 20 30 40 50 60 70 80 90 100
A%
¥l 6 ES51-TED 1 E51-DTED ) Hs 45 i 1 -1 25 il 2%

Fig. 6 Compress stress-strain curves of E51-TED and
E51-DTED

—— E51-DTED 1#
——— E51-DTED 2#
——— E51-DTED 3#
ar ——— E51-DTED 4#
——— E51-DTED 5#
2r —— ES51-TED

N
T

¥ 51/ MPa

4
NEAE /%
[’ 7 E51-TED 1 ES1-DTED i i1 5 J7 - 157 7% ih £&
Fig. 7 Stretch stress-strain curves of ES1-TED and ES1-DTED

MIE 6 F13E 3 ATLIA H, E51-TED 4 45 5
43691 MPa, WiZdE4i5%H 85.12%, TEL5H 5]
AVE) DA J5, E51-DTED F4 4555 B 1 K 24 R
45 BRI/, 5T ES1-DTED 1#~E51-DTED 5#1] L)
&I, E51-DTED [WE4AsREEREE DA HMIHEE 13
TsE N, e DA W 19.6 ¢ B, ES1-DTED
SHAYE4E 98 EE 1K F 46.56 MPa; i E5S1-DTED (¥t
ZARARRREE DA I 3G 0 Je s NG 8 . TR

RIFETF, ES1-TED 431 H REAT W 45 F4 8 21 A 3
() SR HE (LR | A 20 P 245 4 SR Tk e BB R (AL
JIt LA BS1-TED 3% 3y [] B HL A 958 v 119 s 4 5k 138 11 By
ZUE4E R, Y5 A0EH DA 5, E51-DTED 431
o U AR B FREBE A DA, MY TR FR
B FEER TR O ZRIR . S SR BB, BT S
RS54 R F B TR BEE DA IR
T ARG, IR 2 BT DU AR R A
F)f?ﬂil_‘lo

ME 7 fn3 3 ATLIE Y, ES1-TED $iifdis &
8.63 MPa, Wi RN 7.12%. FE45H 5] A DA
Je , A FE T S0 R 480N, X L ES1-DTED
1#~E51-DTED S#0] DL & B, B DA Ui i3,
E51-DTED (¥4 fi i & F1KT 244 < 2Rt — 25 ks o
JRATET, ES1-DTED fEREfb)E, FLEK Z [H/EH
Fi/N, UKL Z AR A HERUAN S K%, SECLER
et g2 e R B 25 .

%3 ESL-TED 1 E51-DTED Ji2= M feph 2k S5

Table 3 Stress-strain curve parameters of E51-TED and

E51-DTED
A FE4RTR Wi g WrZd fip
FE/MPa  FR/%  E/MPa  KR/%
E51-DTED 1# 8.76 57.33 4.06 6.19
E51-DTED 2# 9.14 32.30 3.22 4.81
E51-DTED 3# 11.34 25.73 3.03 439
E51-DTED 4# 15.06 27.99 2.43 3.05
E51-DTED 5# 46.56 53.29 1.95 2.78
E51-TED 36.91 85.12 8.63 7.12

2.7 SEKESH
%] 8 > E51-TED #1 E51-DTED B4 7K 42 fish £ 10 3

[\*3
O

gk
100 - 93.7%
ol 85.8 7900

o 66.9°
% 60
i 3970 449
240l

0

E51 E51- E51 E51 E51 E51-
TED DTED DTED DTED DTED DTED
1# 2# 3# 4# S#

¥18 E5I-TED Fl ES1-DTED 7K £ fil £
Fig. 8 Water contact angle of E5S1-TED and E51-DTED

M 8 T LIFE 4, ES1-TED (/K il /147 39.7°,
TE<90°, FI M RIUFHISEKME, X&EH T ESI-TED
S F A e K T R A B R 3 B B RN i K
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E51-DTED 7KLl BEE DA It i3 inJe i
T JE /N, DA BN 16.9 g i}, ES1-DTED 4#
BAT BRI e, o 95.7°, T T mikit,
JEINTET, — 70, E51-DTED 20 FH#dI A T 6
IR BB B I, T T 295 7K i AT Bl 366 R A i 32 )
FRAXE N H—Trm, DA R ES S51AM
3%k )N IR ESI-DTED 4+, 3%
ES51-DTED #& {4 £ KT K o1 24 DA B NEH 19.6
g I}, E51-DTED S5#MY/K4%filffi A%} E5S1-DTED 4#
AN (79.0°), KRG, FRET AR, K& DA
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