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Abstract : The mechanism of the flame retardation ,current situation of application technology of magnesium
hydroxide flame are reviewed and its development tendency is posed ,the developing trend in future is pointed
out . The influence of magnesium hydroxide — coated red phosphorus on the flame retardancy of epoxy resin was
studied with orthogonal experiments. Simultaneously ,coated red phosphorus/magnesium hydroxide were estimated
primarily had the excellent synergic effects. The experiment expresses as a result: By adding 22% of coated red
phosphorus/magnesium hydroxide composite |, the fire — proofing effect reached UL -94 V -0 Value ,and oxygen
index was 28.3%.

Key word : epoxy resin; magnesium hydroxide ; coated red phosphorus ;flame retardance
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RAEEMRE EREI -2,
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R3-2 FVHGIRAE(s)

% 5
EAE

FV -0 FV -1 FV-2 FV -3
FAKEAERBET AR (1) +1y) <10 <30 <30 >30
s FARATRABY &4, S EREFABRET N ER T <50 <250 <250 >250
HHREHE KRG R ERR R (8 +15) <30 <60 <60 >60
BREAFTBIABREEEI L LAE x £ A A
EEH I MBS i x H ARL

EDAEARNHABRH N AN T ER P EE LT RGN,
NWE-BERRBER  RA-RAHLEENER, UTRAZ S - LELARREN AR RATRE, F 45
A E R, R R ERE K
NWwRAEHLENBELREZFEREAFNRADEE , KAZ 0. Imm,
HEMBTRAZEELR, TRRAKTERERBEEL R

4 HZR5HE

4.1 HFIBLE
4.1.1 EBEHZz(FE4-1)
F4-1 BERANEAKRTRERN(g)

2 A 1# 24 3# 4#
IREM R 100 100 100
o &Lk 4.0 , 6.0 8.0 10
IR A R 100 100 100 100
E A2 20 30 40 50
REAM B 100 100 100 100
EE A 10 15 20 25
R L 2.0 4.0 6.0 8.0

4.1.2 #FR(F4-2)
F4-2 BERNSSERAREENRER

% A A 5 #EHME KRB A%
k30 B AE - - FH -3 -30mm/min 19.5
FR- Rt 1# - FH-1% 23.1
KA 2# - FH -1 % 24.1
AEL4 3% - FH-1 4 27.1
A4 a# - FH -1 % 27.6
LR sk 1# FV-04 - 24.2
LA 24 FV -0 4 - 25.7
2 BoL 3% FV-04 - 24.0
R AL 44 FV -0 & - 23.1
E4%A 1# _ FV-14 - 26.7
b 24 FV -0 % - 27.5
Eonik 34 FV-04 - 27.2
b R 44 FV-0 & - 28.3
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4.2 & ®

FEME - CEABE SR EES MR NRESR &, REMUTF 7 HEMMERE, SdxEH
WEMBBEIHN N BER R ERSERMATFREE R EIS R E MR X, B2 T
AT B4,

(1) IR A SRR , SR AR IR B B R B0 R £, B RS A B R RO i, E 6 R
A, AT RE RS R B RCR R LA B,

(2) AR EBELABEXT IR ARG B B B AE R, E1EM R B IR BN & 9 6phr B, AT 4481
BHIR 3K UL94 V -0 G, EARE LT 81 25.7 % ORISR BN IR, (HENINEZHE InE 8phr /5,
B ZH B/ HIREE T OB R e 3N E MG AL, 2R T 55 K9 R W B B Z R 2 R
M EM. B5—TTE AR 20 3Ok R BE E 5 fAE R T BURFen H A IEK

(3) GER T, In A BRI B R R, W7 RAKHR BE 3R R SR A AR BB RO RR pe v i s (B BEE I &L
B, AR KHRE, ARBEANER THREANBEERRER. RAZEZSE ARARKNEHT
REAS BB BORCR , IR B/ M R e T SR A IR IR R AP IR o

(4) BEME: - QELABEE SRR X INER R EA B R R, ARBCR BT, FRER S
ik UL94 V -0, Ee 8t 751 28.2 %, XERVIDEAME - WHAMRSHRE REFOBREM.

& LR, BT B EEIEE - BB &R R XTI AW S I BLARBOR ELEEAR , B — R PEREIR
B, AT A BRI B R R AT R AT A R AT ZERA EZ SRR B IRAR B B4,
BE TR R MBEMAAORL . (E7E3 B X 0 o0 AR B BF 52 A0 5L A4 MR 2 , 6250 i ER TG ot BRI R B9 FF
RFBFFE , LAE R BT FIR IR A YR AR S A K o

8% ik
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A BeH® (BeD' BeT" ) 5544
B it 7 Bny i v

wEEL ¥ #

BEZARTAFEAEF %, 857 BeH (BeD" BeT" ) A FHETFTHXANAEHBRR, XA
Mk B — kA A B A (QCISD) J7 #%, 441 Al 6 =311 + + G(3df ,3pd) #v aug — cc — pVIZ £ 4 £
H 7 BeH' (BeD* BeT" )0 FHFESWFHEM RIAXMEREA AT TERBEIHITE, A
J& , A Murrell - Sorbie & # #y B/ X %t BeH" (BeD " \BeT" ) o F B F A AW B Kb #ATFE R MR D=
RENABEAP IR, £ —F KT BeH' (BeD* BeT" ) 2 FH T HANAE ¥ K ( 0.,0.X,,B,,
a,)o R%Y, % QCISD/6 -311 + +G(3df,3pd) J7 3% it 5 B9 4 # £ $ K A Murrell - Sorbie4 & $ 31 &
WHERBRAEEKS LRERFERE.

X7 :BeH" (BeD* BeT* ) 4F & F; QCISD;Murrell - Sorbie & $ ; ¥ 6 & #

Abstract: The reasonable dissociation limit of the ground state of BeH* (BeD* \BeT ") cations has been
correctly determined based on atomic and molecular statics. The equilibrium geometries , harmonic frequencies
and dissociation energies of the ground state of BeH " (BeD* \BeT ") are calculated using the quadratic CI meth-
od including single and double substitutions (QCISD) method with 6 —311 + + G(3df ,3pd) and aug - cc -
pVTZ basis sets , respectively. Further, The single point energies are calculated by energy scanning method. The
potential energy functions and relevant spectroscopic constants(w, ,w.X,,B.anda,) of this state are obtained by
least square fitting to the Murrell — Sorbie function which potential parameters are 4 and 5, respectively. The re-
sults show that the spectroscopic constants obtained from 6 —311 + + G(3df,3pd) basis set and the Murrell -
Sorbie function with 4 parameters are in very good agreement with the experimental data.

Key words:BeH* (BeD* BeT*) cations ; QCISD method ; Murrell — Sorbie function ; potential energy

function

1 3]

i

ATFEFRERHEN TETILANRTEHNZEHR, ERERNEEL TEFRER. LA
KHE 1% 5T, BIRESS &R FE FMYER . BT Bom — Oppenheiner 3T U1K S L5 KL
R, B, 2 T BRI T B RN 3h ¥ 8, XA Bt guE' . B2, 7%
BE R BRI A TR MBI S F AR T4 FREE R SRR, BEXLE S TEY¥ X
etk KR O U R AR BEAR R R, 4 F R RN RS DR T4 T BT HEEREM
HHRBERI—NEEQPRIRE, £ Be WEAYS FERREWERFIFRNIRERES LHE
75 Bell A FIUBEBHBEA L) [BXTF BeH" (BeD* \BeT" ) 4+ T FESHRERBMBI AR
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T SCERARGE

BT, M WUETFAFEFEMMSERRMNTR T EERAERENET IEALEF R A
R FTE R M SR BB AT A, T 3K 78 52 H M 10 38 e AR T 2 5 X, 51120 - Morse B& %)™ | Hulbert ~
Hirschfelder %' PG %" Murrell — Sorbie (M - S) %{ "' . Rydberg %" Huxley s&%g"" )"
& Heh Murrell - Sorbie EEHIA R BB F MR FAHTRERKZ -, ER U A TH
RHEMIUEFATF Y MERIN A TN A TE T B FRRMIUEF 4 F5 T, Murrell
—Sorbie REIIAMEREHLANABENIRE, Bt X F—MEENWER, IMTEREWE—E
BB RS, M THREBE RN DET A TE TR S EEEREXREEN, ACRANKET
$Ext BeH* (BeD * \BeT " ) A 7B FRASHAT THRALA A A RERHITE , 37 A Murrell - Sorbie U A
T HARN B EE R BRI R BN, R HE E TEWS R SR, I E &R 5 LREMFEH/IE
HiFo

2 ERitHE

2.1 BFRESHBRR

ATFEFHERLCTMF—ENE TRE, I THRFAEROEME R, LAHE THEAE TR
ASMERNSERR, RIERFAFRMEGIE PRIBRFE, MREHAF M EE TR FRE
(BIEFRMARTAESR) , MBI 8T 8 R T 5258, IR F R AR R, BNR TRERR T N
HFPRC,, ®D., BFR, Bl C., R D, BRRWERSAL, N A58l C., B D.., TTRERRAT 4R
R AR T TR R T RE, XBE, H(D.T) BT/ Be' B THESHTREHE S, BeH'
(BeD* BeT ) A FEFHREEMNEFHFET, BT C., B, ¥ H(D.T) # Be" B FHRIEHEK
BeH* (BeD* .BeT" ) 4+ FES F0f, X FRUEFEAR, [ FREM R AT AR R AR A BE A T 2 R0 278, —
2y SRS, +7S, MHTEBMAL, B S @ 2 - X SR P EE BeH" (BeD" \BeT” ) FE
FRIESETA X' S 1, R BV R 5 7 S A0 SR BB OR SR 3R, M€ BeH ™ (BeD " ,BeT ") 53
TEFHESNEFRRY:

B,H' (X'Z*)—B,(?S,) +H(})

2.2 BeH®(BeD* . BeT" ) EFBVEHSE

¢ BeH* (BeD* BeT" ) 4+ F B F, Fl il Gaussian03 2" sp 988 SRR M —RASHEEH
QCISD F7#:, 4RI 6 311 + + G(3df ,3pd) \aug — cc - pVTZ Z4, P15 2K T 44540 RE R A
AT T |, ik 1 ATAF I QCISD J7%,6 -311G + + (3df ,3pd) il aug - cc — pVTZ E4]
B S8 Re FIBIARAE De HUBRHET, T QCISD/6 - 311G + + (3df ,3pd) I AT H MM S Re
FIE MR Ak De FHEITLHAE

%1 BeH'HFHLEHEY

Method Basis set R,A E(a. u.) De(eV)
QCISD 6 -311 + +G(3df,3pd) 1.3158 ~ 14. 8908929 3.1258
aug - cc — pVTZ 1.3161 -14.8919376 3.1257

Expt. [14] 1.3122 3.2765

H AT S, % BeH " (BeD* \BeT* ) 4+ T BT, S B M2 410 V45 &% (B BE S AR BB T LR B IEH B R
I, T AR AT AR MR , R Bl T OIS B B L R L BORE — B AT R
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A —FPEE S FIR AR BeH " (BeD ™ \BeT ") B T I ZBE AR

2.3 BeH'(BeD" BeT" ) EFHVBAERM SHWIER

I B3R5 84 5% BeH ™ (BeD " \BeT ") B FHEATRER 115, BLIBIEEM 0.6 ~0. 9A (7L Ry [A]
B% 0.05A AT TS S REFIHIT BB —RIIHEEA . )5, A Murrell - Sorbie MR H#4T AL
RANZFELE , HBEE R 52 NS5 Murrell - Sorbie BEI(ARIZA M -$4) .

V(R) =-D,(1 +a1p+a2p2 +a3p3) exp ( - a,p) (1)
FHB% Murrell - Sorbie EEHEN(ARIE N M -S5) K-
V(R) ==D,(1 +ayp+ayp’ +ap’ +ayp’) exp (- ap) (2)

RFp = R - R XE,R A R, 5359 WUR T A % (B B AF- S RIEE, D, AR B ca, ,a,, 04,0, U
BEW. PUGERIITR2 H.
#2 HEABeH* (BeD ™ \BeT* ) HFHF(X'S " ) ) Murrell - Sorbie 8k B

Basis set potential function R, /A D, /eV a, /A1 a, /A? a; /A3 a, /A4
6 —311 + +G(3df,3pd) M-54 1.3158 3.1258 3.26327 2.70748 1.19538
M-S5 1.3158 3.1258 3.02519 1.97014  0.66936  —0.21827
aug —cc — pVTZ M-54 1.3161 3.1257 3.25237 2.68861 1. 19586
M-S5 1.3161 3.1257 3.05630  2.07799 0.74989  -0.18884

FUSEM - 4 HEERBESHSH M - S5 HaER BB G 7E QCISD/6 - 311 + + G(3df,3pd) Hi
QCISD/aug - cc - pVIZ FEE T HHENAER BRI N AT HILE 1 B2, HE 1 ME2 ALCE
H, IR LA FIFETS BeH " (BeD ™ \BeT ") B T WIS RE M L3I 5 ML B SRR EREF

4 4
o V-QCISD o V-QCISD
...... M-S4 fitted [ -« - - - -M-54 fitted
2t ——— M-S fitted 2 | ——— M-S fitted
> i
=0 =0
=g =
2} 2}
-4 -4
0 2 4 6 0 2 4 6
RA RA
B 1 OQCISD/6 311+ +G(3df,3pd) FikHeEM LR B2 QCISD/aug - cc — pVTZ F7%EHEE H £
AL AR —BARRN S, =TI (n =2,3,4-) P RATTGEIE M - 54 46
R=R,
REGHE =AU hER L L L TR AXA:
f, =-D.(-al +2a,) (3)
fi =—De(2a? - 6a,a, + 6a;) (4)
f. =-D,(-3a} +12d’a, - 24a,a,) (5)

R, S-S M - S5 $REREOTE B B RMB A ¥R R AR
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