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Synthesis and Study of New Type DOPO-Based Flame Retardants
Zhang Wuyi, Wang Xishun
(School of Mechanical &Automotive Engineering, South China University of Technology, Guangzhou 510640, China)

Abstract : A new type reactive nitrogen-phosphorus-contained DOPO-based flame retardants were synthesized with 9,
10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide(DOPO), paraformaldehyde and diisopropanolamine.Their structures were
characterized, and the thermal properties of the flame retardants in air atmosphere were studied.The results show that this product
begins to decompose in 178°C, remaining 10.02% at 700°C .When it is added to the polyurethane to make the composites, according
to their TGA results in nitrogen, the initial decomposition temperature of the composites decrease, the same as their weightlessness
stepped degradation activation energy, and they are all higher than pure polyurethane.So it is proved that this composite play a
certain flame-retardant effect after adding such flame retardants, when its content is 2%, the overall performance of the composite
are the best. TGA results in air atmosphere show that the composites decompose at 239.7°C., there are two weight loss platform, the

weight loss are 22.06% and 10.03% respectively, the remaining is 8.18% at 700°C .Then the mechanism of the degradation process

of the composites was explored.

Keywords : DOPO ; flame retardant ; polyurethane ; heat resistance

RELJA 1) 2 — b FH T 238 TR 2 A A R BR o 1k
AE AR B AL T Bl 1 7 ) R A 6 v P e il L
1Z o RS AR AT 23R OB, A HLEEER A
TEHL A B A BRI &5 T HLRHIAS, an S
FEAASR 3 BES AW oc 2 & A Zou =, 7R
AR, A AT Re A RO, L ER—JT R BHAA
A BESRRR B F3 A, Fefdt 5k vl R 51
A3 RS TN ARY BELIR 700 R sz iz Y BRI, 52 78 RELAA )
AT LRI o SR rh BE S 2 53 T AR RO, BEAARICR:
HEINFEA, % & W &8 i Mannich &6, & A%t —
oo R R0 Wl I g AR RELBA ), i BELIA SR AT 1 FH 1
REANFRER =S

9,10- & -9- 2% -10- B % 4F -10- | AL W
(DOPO) 2B} 2 58 3t R J IR i) 387 284 BEL A 79) o [ 44
B SRR O B LA Y, A
S FASHT S P—H B, X P RO AR
Fg FE AR ELE M, W LURI AR 22 I ) & HE A R
N A RGF AT P, DOPO K HAT A=W 43145
P S AT W PERCOR IR PR S A AR RS 1, )
ST Y 5 B A LSRR O=P—O # 5 A,
FE— M8/ B JRAE R R SO A JIER A L R P A
R PR Ak A e M T v, DR BELRR P R 4y 1

WA TR, Bk, BN 23 1 A R 5
Wi H 4 : 2013-02-06



杨超


80 TSR

2013 4F 55 41 4,55 4 M)

DOPO S HAT A=W AN AT AR Ay s 1 B BHIA R, ik ]
DIVE R i35 i B BEAA R , & B BELA SR JE A TS b TG
B, AR, R A AR AT LR B PERE L
— BB R A U AT T R R AR
IR BB Mt B R Z UK (PUR) 25 2 8 & 2 74 RHY
BEIGR U2, 5L R AR 22 R O 20 B R S A0 14 BHLI
N e HE 158 FH AR R B R e L 2 55
A 19

PUR 7 & A 2 2 IR B (—NHCO—) 1
I, FERG AR U 02 U A AR i U g U 4
P A A U 2 Y SRR T Tz, 7E HE AR I A
PUR # FF > il i 45 Rl vk U™ R khifg 25 0, et
ZE TR AR E YRR 2 AN B AR TR ZE A R B A
{H PUR %5 ) Bk, PR b FLRH K A A 58 02 24 F i 34
AL SRR R PUR (1 BELEATE RE , IR BELRA TR K o
T FHAERFI A PUR &2 &b REI TR R RE k2 07 %
JEIY 7 TH
1 EIES
1.1 R4

Z 7 W 3 Z2 o8 B S5 U2 T : WANNATE PM-
200, AR TS WUER AR A PR A AL

X ik 22 ST . Wanefoam RCP36, ) 25 JT £ 2 14l
RAMRAFRAF;

TSR NBERE : Ay Hr e, TN AR AR

2R A2l | N2 A F R A R
NCIE

DOPO : 7l B T4 T A FR A .
1.2 ELH&&

AR ISR N BRE ) B FE 2% : DF-101S AU, IR,
TS A PR T AW 5

4 A B e % 25 &AL N-1001V-WD &I, H A &
b SR 2t

AP A RE IR (YL . 400 MHZ, DSMO-d6 N %
I, TMS i NbR, 5 E A S s A

ZEIN — P WX BT : DTG-60AH %Y, H A<
RE /NI B

i LI 2T AN G3E Y« Nicolet 6700 %, FE 2R K
IRBHE (P ED) A RRA R
1.3 & mBL&

(1)3-2- FEF NI )-5- HESEMASA Al

W H 5 N B IE 66.595 g(0.5 mol) i
AR, #E 60 C NI Rl Z )5, A £ 5
15.015 g(0.5 mol), i 4 h, 8K J5 K¢ Be I o A9

VR AT D3 208, SR R B D e 1 7 ik AR R R
M 50 kPa [ A %] 17 kPa, Jif [ 2618 6 h, 5 2 &
R =) 3-(2- SR N 3L )-5- I N )
71.61 g, W3R 98.63%, S LA 1,

o CH;
I

CH;, on
CH,CHOH SN -
<< 2
H—C—H +NH CHCHON J\/NACHECHCI—E + HO0
CH

13- BRI )-5- FLIEM G £
(2) 5B o
FREL DOPO #3 K 108.1 g(0.5 mol), X Ji 8] A
R A =, A 200 mL AR, Rk 45
F| KA 4 DOPO K i, FHR 3 55°C ) 6 h, X
J5 T ZE A R, A R TR 2 i A e
Yy, 773 47.56%, O 2L 2.

CH\K]/\ O O O M CH C/H((;EJ
—CH,CHCH; P—H — P—CH;—N< > 2

o N ’ O N O 2 CH,CHOH
\\ 2

o o con

2 A

(3) B A MBS

R 100 g REFZ TR (R, RS
TN 13 g J2 1500 A — 2 He A9 A BELR 5], FF B i £
PR BTN, e S 2 ) R R B T
AL, SR IF P T TF B K, R e PR T
AR, 2% B RCE LA FUORFT 20 CHETRAR
FEFRI 120 g 2230 F L 2R S R g (2 EL ), A
FEBECE T 20°CHHIRAR . FRREE T 2 Z 5,
B PEEHE AL A R SRS TE 1500 1/ min Bk
TEIARE 7 s, IFEIABLE PR,
1.4 MEgemX

W5 2 P2 W BELR 570 1 PUR / BELA 75 42 45 4t
T, SR s R, 2K 30 mL/ min,
IR N 15°C /min ; ¥ PUR / BRI & & 41k iE
PR i, SR A, AU 40 mL / min,
FHEHE K 10°C / min,
2 GHBR5ITE
2.1 Fpeginskat

K KBr JE R, 1045 28 7= 1) i 21 A 563
K 3 . Hii,3420 em™ &b & —OH 14 i1 45 ¥}
S, 2975 em™ Ab S —CH,— Y AN % Fk {1 4
IR Bh W s e, 2924 em™ b & —CH,— ) % F 1 4
PR g, 1237 em™ 4bJ& DOPO #:H] | —P=0
) e 4 R S TG L 1473, 1453 em b i XL
J& >N—CH,— X} FRAZ T U g, P—O—Ar 1% FR
TGRS W A AT REFE 1473 cm™ BT HHBR,


杨超


TR, 45 B DOPO JERILIARIAY & M S5 0F5E 81

1165 cm™ &bk P—O—Ar | O—P i1 4 3i& 3 W i
W, 1111 em™ &bk P—O—Ar I O—C iR a0
Wi, 1053 em™ Ab J2AUKE C—N B A4 1 45 % 20 T
W, 1036 ecm™ kb J&—CH,OH—H &R T 4b 4 A
45 4R S Wi, 770 cm™ &b P—O—Ar | XK
P—O—C W ZE 4 s ids , D 1 1 T IR 2 e
FEYIE HER =8

P/ em™!
3 YRt
2.2 FHEZTAAATHRRESH
Xb bR e 2 AT I T, U S
MR THREE 700°C. TG-DTG [HiZk UL 4.

100 [ _16676C 40031¢ 4037C 3078 | 0.01 o
1000 &

SERAT | 001 &
~ <
60 4002 <
£ 12003 &
= 40 TR
| 1 -0.04 g
& 20 1005 =
0 —-0.06 |

0 1(;0 2(;0 3(;0 4(;0 5(;0 660 700
B/ C
E 4 25281 TG-DTG Hhk

Bl 4 FAFFEDUAS KRR, — ok VE, 55—
RH- B Y WO B K o A Ny B R
FEIX[A] R 105.61 ~ 166.76°C , 2R H 7.21% ; 5/ K H
FEH 178 ~311°C, KRE N 32.43%, —J7 1, A 1T g
SO N EE 4 (R BRI 2 8] e AR K RO, A=
FRA7K A3 R AR 5 R EE R R
oA R 24.44%, LI, 43FH DOPO 4 7347 Al
RECLZA7E il NSt RIE ) A 3, BT R Ay
ATREE S SR PERAE RS AL Gk 2 4
DY 2k 8- 65 K 500.08 ~ 530.78C, i &5 ) DOPO H
PR 2 53 PR R A A3 SO, AE Ui 4 T PR 3, (A
TR R R AR SO, ARk B N R0 R A
AT 7.09%, 2 700°CAREAY 10.02%.,
2.3 5 PUR ®A&- K06 A oM a K E o4

() FTER A

B BEFP AR AT PUR IRA 2 J5 A, BEIRFI )

AR 0,2,4,6,8,10 43, il 4 2 A LIRS R,

XTI A TR BRHE AR B R T A I, DA
Z T 600°C, F P 40 mL/ min, T H R
S 10°C / min, B 06 2R 50 (1) 52 A b4 Ak 14 #RGER il 26
4li PUR py A th 2 & T — sk I, an &l 5 s
NS BT LE 3 BRI 22 S5 AT LA R
PUR MYRC 46 73 il 2 . R A 3 A B4 2 5
L) R it el AR, 8 TR DX IR N HE A T 3 F1 22 e B I F
T RE G ITERE .

100

80 6

Bt 55/ %
o
¥}

20 -

0 100 200 3;300C 400 500 600
T/
5 PUR/ BHIAFIE A M EHER A T TG-DTG Mk
S IEATTEAL R - e e sh 1
RN
éi% _ %efh‘/RT 14 E(g;) n)]f(a') 0
Krhea BV, B a=1- JREARSR; flo) %
Rt BRI PR AL A AR RTIN 5 B A P it
T B L 5 T S PR i o R A 4R R 5 E R B
ff I R TS AL RE , TR SRR s T O . A
ﬁﬂﬁiﬂﬁlﬁﬁﬁj%‘fﬁ% :
a/dt — InA/f — E/RT
R | R,
X (2) #A TS 152 T B T
Y@) =kx()+b6 (=123,..,N 3)
Hrpr,

In

da/dt

“4)
BT, 1]]

/N = T b LR TR TR A SR A
R AR 1 s LI 30 R R AU HLIRERAR =
o 5 R LI B B (I 94 o R i) T, i
o 4 BRI R L BT R A B
AT HY A B, LSRR L B 7 )
2R AL X R AR 1, 2 3 HL B bR KO L
IEA W T PUR RS, s B3, 4l
spRAch /(@) = 14— In(1— )] 'y a2
FERASE RACR A, EF HLERBRR T I3 Rk — e
7R, BB AL AR A K LB, 7
RALE FF ARG [ S i 2 0 SRR 4 F

Y(@) =1In



杨超


]2 TR R

2013 4F, 55 41 4,55 4 M)

HELE 25 A F PR L B BT R R B4 = A
BrBe: 7R (P PRAYE ), BB BR A%
TR A A, HLARSE A% ) =4 )y 1] A4 mmiid (
FEYIRZRGE R, 7 )5 ROV ) 2 [ Y BT 2
K s WY (AWTE R B CR, HE RS,
EC RN, ROV R ). AR H U,
J& PUR TEMABE AR B v, oy T B2 Ty, B Bt
(SRR ) az SR 2 5 i T RERS S i 73
B TR JR R SO T Ly X Jay R BB HHL AR AT
PR TR 5 RJA B R e — A IR
BUZ WA R JRIR A e M ao R i IR 5 i Jim B ke
PUR M BH Lo “F= ", C 2l LE 1)
HER . ASTRIBELAA SR FH B PUR / BEASRSR) 52 5 41K
AR FRIE LR 1.
x1 BAKEHIESSW

EIGIME 2l R B

B
i/

DTG

W/ CFE/C H/C /% [kI-(molK)™ {ﬁmj%(’c

ke /

y

0 269.1 339.8  70.7 4531 214.81 310.4
2 3059 3619 56.0 38.13 263.96 343.9
4 306.0 360.6 54.6  39.01 256.93 3414
6 305.8 3633 575 3621 241.62 3422
8 3044 364.1 59.7  36.30 237.28 339.3
10 2984 3624 640 3774 216.85 336.3

A 1 AT LA B it 2 LR 390 FH e 22 TN K
A PR R o R e = SR IR, =D e
R ART BELIA ) 4 4l: PUR WIHA 2 e U s 28 20
30°C, M e R 2,4,6 OB B4R /RS KA
5 BELBR IR 2R 4 OISt RS B e fidf T 8 R X A
ARG AL BE R AR SRR AR AR 3, 4 BHIAF
FHE R 2 Oy G AL BB BEAE . i A D T,
AR XT PUR BRI I B BB 1E [l fiE E 1R
FH; T PUR JUREh 2231 B 35 22 O8Ot 55 501 i F
Rk 22 TCEE , KA I, B 2] il £ s BR R
230 PUR, 2478 A0 386 s, A 0T BE T A A £ BELAR
FIALE Je BV Pl IR T I & 2 PUR A9 SRS ]
AREEH, BT A5 52 A 4R A it A0 RE A B AR
R4k PUR M LG, BN T BRI 0 & A bR
PHERRIS IR R T2,

(2) TEZ AR

AR AE AT I R BT 25 51, BRI R R
ek 2 i, 25 A I B BT, BTE PRSI LAY
BAEMEE TP T AE T, A= iR Tt
| 700°C, 28534 30 mL / min, FHEHEE K 15°C
/min, £3 2 LK, Wil 6 Frs. E 6 Hl LA

F i, PUR/ BEIAFRISE A AR PR F1 1 A At
A%, — Bk iE, PUR 762 KA h i # b &
WIS RE G, B —MREAGM EZE PUR K
BEOrTWiE , A2 iU S N OCHRAE A W, 1% ROV AE
275.52 CHEH R, IWE 6 nTLLEH, 5 —KE
BRI A 239.7°CHR, 2 309.1 CHEH A
R 22.06% ; 55 K H B 2R LRISIUER
A, L AR R IR, 76 391.44 ~ 673.22C 2
[ PR 224 Flde, AR AT R 25 58 519.0
~548.2°C, 2 T N 10.03%. 7E 700 °C i}, ifs 5 4%
8.18%.

100 - 373.78C391 440 J00r

90 205 s1387C67322 000 T

S 80F ¢y 001
S0 ¢ 17002
¥ 60 1-003
£ os0r c1-004 i
= 40 F 4 -0.05 #
o 30 L 1-006 =
= o} 1007 =
10 - <-008 &

0 L L Il L L L _009 1

0 100 200 300 400 500 600 700
T/
Bl 6 PUR/FHMAFIE G M EHES SH R TG-DTG ik

3 g
W =P Rk A W 2R B RO, A — 2

R 52N AR B K 28 & ok, T LA AkE S B 2

H1 DOPO 4143 i /K Mt , T A5 2 (14 7= 9 4l i v, I Ak

P78 0 ST T, A e A —E

it AP RE , BT LAVE A B B BE A B o 8B s 1

B 51 52 FH 1 PUR H, 78 AU P E AT A )

iR, R IR SO RN, 525 MR R 46 o3 A

AR S, G B R T A Be U2 a0

I, HER L AiRE PUR A&7, iE BRIt BELA 90 =2

JEHER T PUR WYTHIERE, 255K E , M Ry

2 YIS ER A ERE IR . XA 2 By BRI G R A A

RHEA AP B T, & BLHAE 239.7°CHF

o, FEAMRKE -5, 505K EH 22.06% F1

10.03%, 1£ 700 °CHf i I 4x 8.18%.

S & X ok

[11 Lu SY, Ian Hamerton.Recent developments in the chemistry of
halogen-free flame retardant polymers[J].Progress in Polymer
Science,2002,23:1661-1712.

[2] Liang X F, Quan Y, Shao Y L, et al.Preparation of organic-
inorganic compound flame retardant based on magnesium
hydroxide[J].Science and Technology Review,2006,24:82-84.

[3] DingJ P, Tao Z Q, Fan L, et al.Preparation and characterization
of flame retardant epoxy resins based on phosphorus-containing

biphenyl-type phenolic resin[J].Polymers,2010,122:1-13.


杨超


TR, 45 B DOPO JERILIARIAY & M S5 0F5E 83

(4]

(6]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Yang L C, Xu L H, Tao Z Z.Palladium-catalyzed arylation of 9,
10—dihydro-9-oxa-10-phosphaphenanthrene-10-oxide (DOPO)with
halogen-substituted phenols[J].Phosphorus, Sulfur, and Silicon,
2009,184:3175-3 181.
Yana Bykov, Sebastian Wagner, Olaf Walter, et al.Synthesis of new
dibenzo[c.e][1,2]oxaphosphorine 2-oxide containing diols based on
diethanolamine[J].Heteroatom Chemistry.2012,23:146—153.
Lin C H, Lin H T, Chang S L, et al.Phosphorus-containing
benzoxazine-based bisphenols, derivatives thereof, and preparing
method for the same : US 20110257347A1[P].2011-10-20.
Lin C H, Taso Y R, Hsiech C W, et al.Novel Phosphorus-based
oxazine compounds and preparation method and the same : US
20090171120A1[P].2009-07-02.
Lin C H, Lin T L, Chang C W, et al.Novel Phosphorus-
containing compounds and their preparing process and use : US
20090258997A1[P].2009-10-15.
Johannes Artner, Michael Ciesielski, Olaf Walter, et al.A Novel
DOPO-based diamineas hardener and flame retardant for Epoxy
resin systems[J].Macromolecular Materials and Engineering,2008,
293:503-514.
Wang X, Hu'Y, Song L, et al.Thermal degradation mechanism
of flame retarded epoxy resins with a DOPO-substitued
organophosphorus oligomer by TG-FTIR and DP-MS[J].Journal
of Analytical and Applied Pyrolysis,2011,92:164-170.
Wang X, Hu 'Y, Song L, et al.Flame retardancy and thermal
degradation mechanism of epoxy resin composites based on a
DOPO substituted organophosphorus oligomer[J].Polymer, 2010,
51:2435-2445.
Perez R M, Sandler ] K W, Altstddt V.Effect of DOP-based
compounds on fire retardancy, thermal stability, and mechanical
properties of DGEBA cured with 4,4'-DDS[J].Journal of Materials
Science,2006,41:341-353.
Lin C H, Chang S L, Wei T P.High-7, transparent poly(ether
sulfone)s based on phosphinated bisphenols[J].Macromolecular
Chemistry and Physics,2011,212:455-464.
WAz . Ji R RAB &R A i [
21:38-40.

1. BRHE A 2011,

Tian Liyun.Solvent-free polyurethane composite adhesives
research [J].Plastic packaging,2011,21:38—40.

AR, B AR, A L STEDIR)Z SR E R ERG57) hl
[7]. BT, 2011 ,41:21-23.

Shi Hongcui, Jia Jinlan, Mao Zugqiu, et al.Development of
polyurethane resin of coating for printing [J].Paint & Coatings
Industry,2011,41:21-23.

VR RAEWRIR T — 5B IGBORIERE (7] h EHRE,
2011,27:11-12.

Xu Chunhua.Polyurethane tread—the composite rubber tire

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

technology progress [J].China Rubber,2011,27:11-12.

RULRZE . PR SR RV IR [J]. AR 1all, 1999(1):39.

Liu Yijun.Flame-retardant polyurethane foam gasket [J].
Polyurethane Industry, 1999(1):39.

Boutina M, Lesagea J, Ostiguya C, et al.Identification of
the isocyanates generated during the thermal degradation of
a polyurethanecar paint[J].Journal of Analytical and Applied
Pyrolysis,2004,71:791-802.

Parsons N, Lam M, Hamilton S, et al.A preliminary investigation
into the comparison of dissolution / digestion techniques for the
chemical characterization of polyurethanefoam[J].Science and
Justice,2010,50:177-181.

Dressler M, Reinsch S, Schadrack R, et al.Burnout behavior of
ceramic coated open cell polyurethane (PU)sponges[J].Journal of
the European Ceramic Society,2009,29:3 333-3 339.

Dagostin V, Golcalves D, Pacheco C, et al.Bactericidal
polyurethane foam mattresses:microbiological characterization and
effectiveness[J].Materials Science and Engineering,2010,30:705—
708.

Swinton M, Maref W, Bomberg M, et al.In situ performance
evaluation of spray polyurethane foam in the exterior insulation
basement system (EIBS)[J].Building and Environment, 2006,
41:1872-1880.

WAZRAL, A, BORGES , 45 . OBl 2 (M. et s Bz il
Jigkt:,2008:81-82,63-64.

Hu Rongzu, Gao Shengli, Zhao Fengqi, et al. Thermal analysis
kinetics [M]. Beijing: Science Press Ltd. 2008:81-82, 63—64.

IN I R, BR R AR, B T 25 MC,0,(M=Mn, Fe. Co. Ni, Cu,
Zn) E@i&ﬁ%&ﬁm%ﬁﬁ]ﬁ 1] 4 38 4k 2% 27 412, 2005,
21:1001-1005.

Shan Haiwei, Chen Donghua, Tang Wanjun. Thermodynamics and
thermal analysis kinetics of MC,0,( M=Mn, Fe, Co, Ni, Cu, Zn )[J].
Acta Physico-chimica Sinica, 2005, 21: 1 001-1 005.
AR, R R AT A L K SRR K IS i Bl 2
WEFE [7]. PrBAe22¢ 41, 2004, 20:33-37.

Zhang Weinan, Yuan Yuhong, Li Liqing, et al. A description of
thermal decomposition kinetics of dehydration of zinc oxalate
dihydrate. [J]. Acta Physico-chimica Sinica, 2004, 20: 33-37.
Al AR R T EA O A SR B ) 2 B F S (D) — KA T
FRAR K R Y Bl F3 27 (D). IR IS R4l . AR
1991(3): 40-45.

Li Jinghua, Zhang Guien.Investigation of thermal decompostion of

solids Lkinetics of thermal dehydration of potassium oxalate
one-hydrate [J]. Journal of Henan Normal University : Natural
Science, 1991(3): 40-45.

ZEuf e, ok B, B A, L K B B K A R L

PRBCHI 3 RN B 3 25T 0] ‘%ﬂf‘ﬁﬂfﬁ?’ik%%?ﬁ: FLIRBL2A R,


杨超


84 TR

2013 4F, 55 41 4,55 4 M)

1992(20):79-83.

Li Jinghua, Zhang Guien, Wang Geming, et al.Identification
of mechanism function and kinectic investigation on thermal
dehydration of MnC,0, - 2H,O [J]. Journal of Henan Normal
University : Natural Science, 1992, 20: 79-83.

[28] AHARAE A, )T RN / =R AU IR AR A 5 IR A
[ 20 ) EAF5T (7], SR Tk, 2011, 26:22-25.
Xiang Yixin, Feng Shaohua, Feng Chang. Study on the kinetics of
thermal decomposition of polyurethane / melamine formaldehyde

resin composite foam[J]. Polyurethane Industry, 2011, 26: 22-25.

MADITEE 2013 £ TERERN AW LEZSITITE) RETTANE
& XS 24-42, 24-138 £ERHMEREHATE
AT F AR A B RARATIE 2d) ( TAZWH B R ) e AALST I ( TAZHA R A ) (L3 oA it 8 ) A AT AL S, 520

T /e ER Y B AR AR IR R AL

CIRREBEAY EMNIMATEEITI 4 E R L
AR, AP, K16 FA, 44 10 H M. KA H
SCROIATL, R E A R R BT o 23 T SRR R
J B = R R R 5 26 T R BT BT W,
A e EALEE S (CA) TRER. 2013 4FE M 15T/ 01,4
4F 180 TG 1986 4F ISR TIN B IL3R 1o W3t 325k R (B
HR) RBRIET.

(ESTITEY BRI ETH2EESP 0
W FEARZETY), WH T, K 16 4, 54 20 HihAR, 2
T g b E R A O T, 263K 6 g SRZE R T W HI, A
T EAAE SO (CA) AP, 2013 4EE M 15 T/ W], &4F
90 JG. A LR IR H LR 2. 0G24 2K oR (B
2R RIERIFET].

(ISR LEIMITE) AITAXE it
UK C TR SR T ) A 8IS (1973 4F ) & 2012 4F 4t
40 %5 278 WRIA TR 1k, IFH R G 1T A4, BIA B8
IR (2o pri ) AAIRI (1992 4F ) % 2012 4R
3L 21 4% 89 WM WAl 1k, IR I L G iT A 68, A TF R
B AT BRI R PR A I T AR AL RE v He A SO S |
A RS R A I R R T B SR AR AR B
43, OATARYE RS A R SR AT SO R, AR
JrfE S

CTARREELR ) ST A CE LB E M 530 JT (e sr
Bt ) BT A A B M 230 JT.

BB EICEK:

WK < LRV R TT M X AR 3 5 2 at
% : 250031 f£E (0531 ) 85947355

FE 35 (0531 ) 85878223 85878057 85878278
RITICRK:

FUo % R EERR TS A =T
FEPRAT: B TR T8 T — A7

e 5. 1602001229014425546

) _E1T 5 : http://www.epal973.com

F1 (TEREREA)BMAT . SITEANER

AR W] B /oT | AAEEN /T | BITA T
1986~ 1989 | 16 0.825 132 19
1990 ~1992 | 12 1.4 16.8 23
1993.1994 | 10 2.4 24 30
1995 6 2.8 16.8 23
1996 6 3 18 24
1997 6 3.5 21 27
1998 12 3.5 42 48
1999 12 4 48 54
2000 12 5 60 66
2001 12 5.5 66 T8( A )
2002 12 6 72 84( A )
2003 12 6.5 78 90( A )
2004 12 7 84 96( A )
2005 12 75 90 102( PiAS )
2006 12 8 104 116( AR )
2007 12 9 108 120( A )
2008 12 10 120 132( PR )
2009 12 12 144 156( P )
2010 12 13 156 168( P )
2011 12 15 180 192( A )
2012 12 15 180 180( Filit )
2013 12 15 180 180( 51l )
it 248 1230( fE38) | 1330( f20)

®2 (LESTITE) BT SITANER

AED g | B OT | SN/ T | BITAR /T
BIFS ~1998 | 9 3 27 33
1998 ~ 2001 14 4 56 62
2002
AR
2004 6 7 42 03
2005 6 7.5 45
2006 6 8 48
2007 6 9 54 108
2008 6 10 60 66
2009 6 12 72 78
2010 6 13 78 84
2011 6 15 90 96
2012 6 15 90 90( HLAt )
2013 6 15 90 90( Huitt )
At 95 630( fLHL) |680( L)
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