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ACTA POLYMERICA SINICA
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W OE SRTINLESWRSRABEMING ] BHASEEESTRAFUARZTREYHNEL R
FogE 3 E T L EEBUI AR A T BEIE T ENE S WA R O £ A E A AT IR
FRMBE 00CH FTRSREEA R R LSRRI EAERABERHRER E=RABASH
Wy (k22T B R M FE 2.25 Vversus Li/Li* ) 5% A, LT 16 B o Ak = WAL I RLFE 2.51 V(versus LifLi* )H#ET s FEHL B
Wik BRI LI RA 745.2 mah g ' HIH KR AR, 5ERE(759.0 mAh-g ') T2HEE, £ 60 K
ERBEEFESHRERPEISE 7088 mAh g BEREER05.1% , EFEHBRF.

XA E=mARES, TVEAY, ER, b

M 20 HE 90 FERFMAFH, AMIITE - IKE
BHFREREA IR Y EEERR B TR
EHARGH, AARBEEESAME KA
WEAEHRESRAE X ERENME BER
WAL I 5 S R P RN R, AT
e B 2 o YRLPE o 303 T L 1 30 17 3% 6 R 3 4
R MR EEOFR T, NAE KA
WERD AW ABHE(EV)RBERAE
(HEV) B\ 0 77 SR 19 31 52 BRRL A

Fe 48— v B v 3 4 R4 B0 TE A b MR
HEE, B ERAXNES R AW IEN EHRE
AU (E X % AR RO B A B W R IR T 200
mAh-g" , BE B HE XE UL 18 B o — 25 0 4R, B
FRHEEEESE RN TR 40E
.

 EERENE KA ERMNEAREY
AR (1672 mAh-g~'), M R B MBI T 1E
SR TR IR B E W AR
S HUR G AL B TR T B BELRS T 4R H o B0 S B
ML EERREARSRE (B OREFETE
HEVSYR, ATIEBAI (L) REDE
WA, REH BRI S S SRRESWEA.

Syt — b B IE AR AL R i I YR BB A LB LY

MHZEHEBIERGAYERMHTRNE, B
RSt ENmiAy. BHRAYFRR
gl ASEFRBALETEERENRE
BT R L BOR A BT R AN, B RILR
WAL AR 2R, EN1X— 15

Ml CHOMS TEAR, HLAFTRE, E
R EH BB FEAIAFETENESR
B.

BEREHMWHEREREBAT Z NN
M EERHF TEMEM L, A XEEAE S—
S—SXBTEHBERS TP, B -XFHHIT
NMHEHR=RARER ETRAYITTA.
BTENKEREE MHARMMBEEN,TES
Yo THEFPRENBRSERETF LI B THE
E,FHE0ShEaaFRRE. B, XEH
MERMBEREEREEERRFEIREER
Rt EAHEBRAEE, KARE T ERHAHTT
ERERMML LM, FEBAEFMA.
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1.1 #HEHER

FH 240 mL B9 X PRI M Z 485 4% 20.85 g L
FALBE PCL K PCL, BB N ) B RS &
k. NH,C1(5.35 g) B9 X3 R 0 & Z 4% (100 mL) ¥
Wb R eh REBREEESKS
2% R [ R A P AT B BN, 25 24 h [
iR . BARECENARE, 2 0CHERER
EBRF MBI, BB P E> PN, C B
Hi= 9.

HZMBE@ AT YHIRBEERR .22
HEETEREBREIBEN ARAHEREES S
3R, 1BE 680 g MIALRERRER=Y, X
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58.6%.

WEL /S PN, CL A TR AT HE
FOATRESHEOSh GHEBE —RIEH,
H-WMEEERERE  MHEZE 0.109 MPa, 4%
20 min, 37 BM/EH L BEHEE - EFXP 518
ARE250C, FIRENERREN I h, WHEE
B EETEHE. BN ™Y, 2K 68 R E
B PRE LB E M FFE 6.03 g, /"% 88.6%.

W ERAREBHREFERT 400 mL ) ¥, N-
ZHERRE(DMF)F, BRI HCEHER.

¥3.32 g il 5 4.05 g BAKBALHE T 200
mL # DMF #, [B 3% 5 h 58 5| 5 B 66 Na,S, ¥
T, ot I B O R i b R BB AL B LB ) DMF
W, SRR E 4 FNERE %% E R
16 h G4 RN . W E 7 1B Bk = 75 ) DMF f&5 , A
EEFRERTBFEEABRME, E AgNO, REH
A NaCl E 2[R #E , MR Y#T s0CEE T
24 h, BBTHRESUREKINPS],.

ERFA GRS BRI OFRLETH
7.

1.2 FHR{4E

FFBRACE KBr [k 5 &, /8 A Shimadau 2
) 49 FTIR-8400 Y {8 57 M-5% 6 £1 51 6 38 i) i€ {0
RBAR S BRI .

ff § VAEIO EL #l i & # ( Elmentar
Analysensysteme Gob) ¥ fif & BLE & ¥ # B 1y 57
FRELR.

& =YW 3R | &8 CHEMBET23000 Bk
LB 437 REE (Quanta Chrom E) MK E .

AR M ERYXRDESAH
Mastersizer2000 7 BF # 32 4% ( Malvern Instruments )
WRBH NERRFRN 4, (BEPDTFizk
RMPAESFTRERMN 50%, B 50% Bl R 2
INF ) .

B JSM-5600LV FHH L F B (Jeol) W
EZARMHNMRESHRBEES.

BaWa s et B Pyrs Diamond
TG/DTA #E 7 H71{Y (Perkin Elmer Instruments) &
.

SX-1934 A4 %=X P B4 W i AL 4k A T Ik
BE-PHBFHE,

1.3 HBibH
BRR WK 70 i [NPS, ], =W .20 5B

MIOGRAKZHEM, =2x10°)YEXZETKF
HHSh, BEREHNNERER, B LK R B
BTEREEAB(FE 20um) £, 2 60CHE T
B24h BERIFTFEBEIIER.

ABESFERPEESR 156 g LiCF, S0, HE
BPMASERENZ _BE_FB(DME)MI—Z
“HE_FB(DG) KR SE R EEB R 1000 mL, fF
LiCF;S0, SE 2B B/e BB E X 1.0 mol-L™' M
B B B LiCF, SO,/DME + DG B8 R IR WK .

BERBHER EREFE . EREH (R
B 100 pm) 1 Celgard2400 R EE S FEHE T
B A e s A A
1.4 BHRARIR

P13 5 o BT o L it IE AR A B T R AR, LA
EREREASHLBEBEMMBBRR, £ LA
LiCF,80,/DME + DG B B R B W + # B
Solartronl470-Battery Test Unit Tk 3§ # 7 18 3 1R
TR, AR EE 0.5 mV-s B APAKER
0~3.75V.
1.5 FHEHRFLE

13 WA T R R IR, EH
A 35 mA-g~' BB ETEE 1.50 ~ 3.50 V, &5
60 ¥X .

2 ER5iTie

2.1 SFHEMSHM

A B L L1 51 6 1 1 B HR B T 1R 2R Y
Wi, 0B 1 FFR, 7E 1384.5 em ™' M AE B A9
B EFRE T P=NEHMEE, 7 1073.5 em™’
MB39.5cm ' AL BLA R P—N HF AWk,
P—S EHF7E 667.6 cm™'Ab /=4 B W i& , Ty S—S—
S 5 B % U % 7E 466.6 om ™' B IR IR B4 3k L T
EERMALERANESHEEESYNEETTAM
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Fig. 1 The IR spectrum of [ NPS; ], polymer
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Fig. 2 The synthesis process and molecular structure of [NPS; },,

RIHWMTINGS, ], A FRETETHES
#K 5 8 A ¥ {8 (Cambridge Chem3D), 3L fr L
[NPS,], A FHARMENTHEH MERA
SR BONESERE, XENESETHNTE
BF(r=0.076 nm) ¥ R E T8 LA RH 8 5B #
WATHTESEM, FHEREREH#HTHRERS
ARPEARENEEMNARMERRSRT.

Table 1 The data for some bond lengths and bond angles of
[(NPS;);],, molecule

Bond Length (nm) Bond Angle (°)

P—N 0.1770 N—P—8 - 109.472

P—N 0.1770 N=—P—N 109.470

P—S 0.2114 P—5—S8 109.470

5—8 0.2024 P—N—P 120,000
2.2 YibiEeE

¥R¥E BET M8 [(NPS, ], MBI 8 R
H28.8m g R EWARINPS, ], #E T
BiZd=62um SHEBER A, WA 3
B .

E 3 FFAA SEM B R, /T LUUE B
[NPS; ], EEYHHEMBRBEE G4, E
AU EFEEAN LR EHRARE M BALE
BE X AR TINPS, |, TEE IR EHY
BN EREHFTHAREIBT SHRBE
oM, AREEEEAARENERE, ASHT
BRERSAHEARBEEIRPREMHBEE,

2R A 2

Fig. 3 The SEM images of [NPS; ], polymer

A3CLA 5 K- min~' B FH R 3 B X [NPS, 1, i#
TREA#RTR,. MEYAEEAFRNAE 4 5
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NEEEERBEAERMN, K E#H %M 300C
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# O H, (NS, ], EERANEREERSEE. &
300C LA T BB RaEfFE .
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Fig. 4 The thermogram curve of [ NPS; ], material

0.48S-cm™ , AHRFHFHEN EXAN, B
S FHRBRAELEN NP AREME(NS, ], BE
HREHHRESLHE NPETFRNEFHE
ENMBEEGYSTFPRENBNERAEREGMRA
—ERFHEE.

ZEAINPS, ], PRl A LRI URE (SEM &
MESFER, A IEREVESEINEZKE
o IE £ A1 g
2.3 M

A ICRAINPS, 1, 4B 4 B AR 75 kb R 4 TAE
ik, e REENHBRKEMSLER, & 1.0
mol - L' fJ LiCF,SO,/DME + DG H# FR B W h 3t 17
TEFHR R, BARMEE 0.5 mV-s™' M
B0~3.75V,B2nE s R REMEZ.
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Fig. 5 The cyclic volt-ampere curve of [NPS; ],
cathode

B s ERMNAERELES, T2.25V
(versus Li/La* It i HH BLEA B AR IRl i 0, 55 00
AR R M BB R ERBA#MEIRT T 2.51V
(versus Li/Li* ) B . A B A EIE LB TR
EEA T HEENRE THEIREP S FHS—S—S
WA SE A SR . B IE 5 i
AN RBEINPS, ], fERmRE M RERN RS

B E AR A, ATORIET &8
RAASRTEERNARAEIRLR.
EAERBBETRERBEEFON KD,
[NPS, ], BRI TRFHNEEFRAE. Be Al
TR E KT R EEN, R RERR R
E 7 RO 6.7, IR HE T NS, ],
M AERXD 452 mAh- g, 5B AR
(759.0 mAh - g™') + 478 E, T B E R 766.8
mAh-g~' HPEF 30 WG, B EHRERS N
722.3 mAh-g~ ' 1 739.8 mAh-g~', i &1L 60 K&
e, MBS IEEAERAFTE 708.8 mAh- g Fl
722.0 mAh-g™'.
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Fig. 6 The first discharge/charge plot of {NPS; ],
cathode
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Fig. 7 The cycle performance of [ NPS; ], cathode

B 6 MKl £ BT I, [NPS, ], fE N B
EUYRER AEREHEENAR THERF
BERME WA 7 OEENE—-SRAREGYTE
BARAARFHERRTES, 213 60 KMH
BREERDAREAMARER 95.1%, B3 &
WAk AR, N THEHRE R, S—S—S &H
RUZBKHE A RBERBRRAMRI#E LY. —F
W, AEFEENEYE S—S—S ERAZRFERER
BHEREHEANLER TS 5ELEER.
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RN :;A—FHEH.BEWAFHNPETE
PR e, T B9 7 7E R B UM & b L B0 DU A AT AE
FERSYHFHEN R TR B B, 5w
THEEE AERFRSERAEEHHRARS
B DB R B . :
FTEM,[NPS, ], HHET 6 ~H W67
% BRI A R, MR RS
B R ik bR T A 3 s B T
HETRRENARIABBAR, HH S—s—s
ERBASE R RRERRAET EANR
BEMHPEEH AR NENHHR. A,
[NPS, ], R0 ERFE M T/EE K ENE
S EM B REEEH R 1.5V, X AT X X ER
MEEAAERABREFNERERE - HH

%, RmEMLLEIR; B, BRARINPS, |, HH A5
MHMERERARARMREHAHIER, BT
FHERTHRBTRENEEX TRZRFRANE
B A0 S8, R O o 33 2 5 R P A SR R
B+ obEe.
GrHR,ERTREHABRES TV ER
BB X 0 T 45 Bt R R L
PERHAT T AT Siie  EENE T REBIER
&R R B, [NPS, ], 5B 7 AR B B9 FE A
FEALRMNBAGES 8 THRAGHRN
TFHMSTRER, BRI R Bk
FRENFRAHREE. XM ABRE®N L
REYEE _KHARARRAEE XN NAES.
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THE PREPARATION AND CHARACTERIZATION OF
POLY (PHOSPHAZENE TRIFULFIDE) AS AN INORGANIC
POLYMER CATHODE MATERIAL

XU Guoxiang, QI Lu, WEN Lei
( Department of Applied Chemistry , College of Chemistry and Molecular Engineering , Peking University, Beijing 100871)

Abstract A novel inorganic compound poly ( phosphazene trisulfide) was synthesized. The polymer’ s molecular
structure was determined by element content analysis and IR spectrum. It' s microscopic morphology was
characterized by specific surface area, granularity analysis and scanning electron microscopy ( SEM) . The effective
working temperature is under 300°C, which is ascertained by thermogravimetric analysis. In cycle volt-ampere
experiments, the reversible electrochemical redox reaction occurred at 2.25 V { versus Li/Li* for the reduction
process) and 2.51 V (versus Li/Li" for the oxidation process) . The first discharge capacity of the polymer is 745.2
mAh+g™",and the polymer can hold the discharge capacity at 708.8 mAh-g™' after 60 repeated cycles. Taking into
consideration the incombustibility, the conductivity , high capacity density and excellent eycle ability of this polymer,
poly( phosphazene trisulfide} is a promising cathode material and has a huge application potential .

Key words Poly(phosphazene trisulfide), Inorganic polymer, Cathode, Lithium battery



