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Fig. I Synthesis of HPG
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B, b RAAAA =R, AT BB
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Fig. 2 FTIR spectrum of HPG
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Fig. 3 P C-NMR inverse gated spectrum of HPG
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Table 1 Interpretation of > C-NMR inverse gated spectrum

Region D 2L 2D.,1T Lis. Ly T
& 76.5~ 78.0 70.5~71.5 68.5~70.5 67.0 ~ 68.5 61 ~62
Relative integral 1.22 2.38 4.712 2,38 1
Structural unit L Ly D T
Relative abundance 25.9% 25.9% 26.5% 21.7%
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Fig. 5 TGA trace of HPG
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Fig. 6 DSC trace of HPG
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Fig. 7 FT-IR spectrum of lithium HPG sulfate after

purification
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Table 2 Degree of substitution( DS) of HPG after sulfation

Reaction times Sulfur content DS

1 14.03% 52.6%

2 15.90% 64.0%
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2.3 HPGC RMENBEER

BT HPG RMENEBET K. AR .CM%
JEFHRILL K& DMF NMP,DMSO 4% #E3E 0 F I
L ABTFEFMOEIER M EFRBRTZMHE
FEREMBRBRELER, ME - &RXAL MK
MEEENESY . » TEE HPC MiRRE A #
TR A AN, RATR A DMF/EC/PCIR &5
#| . DMF {#iF % @44 , EC/PC W 5] LAIE & B 4%
2 B FFRE.

% 3 /& HPG BN 7€ DMF/EC/PC{EE I 2/

MBEBREMNPHBBEBEENNEZER TR
HPG BiBe 8 (% MR B R AT R /b, {H 243k
AT 10% AGHE F AR, @t 200 LR R
EERABEA MHE—THRH/GTHEBEMR
W B BE 1 mol/L B9 LiC10, BY EC/PC I8 25C
B B KG BE R 5.25 mPa+s; | mol/L B LiTFSI B9 EC/
PC B 25 CHRIRIRE R 7.00 mPa-s, BATATLL A
LY HPG BB M I AEHT 10% M mHER, B
WHES/ G THRBRNBBREEHE Y, MAR
REASYER BHEREED 10%LUERE LA
R ENREST 20% UG MBS LT H
BFEELLEEN HPC MBRENF TEMURE &
HRAPARSAT N E OB MPBHESL THR LR
ZRIMFEFIMBMESERR, A EEE
T, BB REMN 5T W FF 288N BBk
SHEBNP HE ZEMERADRHHEEER
AR BEARE BB RRERHER UG, 2 FZ
IF) fp B i R R MR, M EAERIE R K EUE &
F, MY 5 FZREHBEE, ARG FREFEA
ZRIEAEEBROMEERHN EROERESE
HEHREGYEBRHEM BERL2R .

Table 3 Viscosity of lithium HPG sulfate solution in DMEF/EC/PC

{2/1/1 by weight) at 25°C

Coneentration (wt% ) 5% 10% 5% 20% 30%

Viscosity (mPa-s) 2.66 5.46 14.0 36.6 > 1000

RAHHT HPC HBEBRBEMN B SR K
EMEAERE. TUEL, TREZRTRER
60°CHT AR F I 10% WK EHHF L3 —
MRAE . YRERKA S W&, FRKNE S
AR MYBREERTT 10% ~20% 8
R, B SRERBETHE, - SHEEBEEKE. &
GEEETHE X - ZFTLUREETFREUH
RN . BENETRFRFIERRETHAEE,
—TREHEFHRE,. D - TEETFHIBE.
EMAREFR, TS K.

o = D (qlpiul) + > (qipip)
RPR - BABABRNEFERIE ¢ fq. &
FIRE - HEHAE TR AL EFHH
MR, o Fp, HHIE - FHAEHEETH
Ba AR EFNERE, o M, T HE
MAMAETAS . HEARABEFRIBE. &
HPGC il b ik A FTHRE BB X, &
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BELRBD, EXF B FHRMRBRA, T2
FRNASEIEHESTrHIBEE. LR
NIl R A

o = pL M

TEMRME XS, R BRI KRAHE
THAARIEBEFHERE o) WEBERK,E
WAL EEZHNEE T . ERTEHEET
BB o, Rt S E B RTG BYREFR
HE—-EREN B TREAZERENSSE, B
BEFHKRE o MINA L L ETRE, RS T
ZRIGHEERERE AEARERE LA, E8 58
FRIBR o  KBEB/N SHEFERET
FE .

FHEBEERHE HPC RBREE 10% %K E
FTHEREEFEADT 1.7 oS/em, X—HAEH
M e s, RN T8 WA/ Ny %
BROEFE ZERE | mol/L LiCIO,-EC/PC ¥ H
MEBHEFERE 3.2 mS/cm, T 1 mol/L. LITFSI-EC/
PCHABHEREFRER S.4 mS/em. 7] W, HPG
BREBBNBFES/ ) THABHENLSEE
B MRE%. WP BT HPG iR AR T
R TARE D, BB FIBRMRE, N HPG
HMERRNE T R Sy FEERE
BHE % .

Table 4  Conductivity of lithium HPG sulfate solution in DMF/EC/PC
{2/1/1 by weight)

Concentration ( wt% ) 5%  10% 15% 20% 30%

Conductivity at 25C (mS/em) 1.55 1.70 1.05 0.5% 0.362
Conductivity at 60C (mS/em) 2.23 2.45 1.48 0.952 0.822

EEFAT REEEA VAR P ELUEE S
AKEHBHMHEE T, M HPC MENEER HLE
AHRBERERARENSERR, XM YA
THIARSYHMBES . LHE L, RITLE
HPC BB RERBFHITEREL KRB A
HEH TN — Ry 55 A AR FRLERE
KB FTHRKER(B 10). 8 TRREAHS
TR RG R T BERER S, Ah

ARTAEFETPEIBHRIOZINEG, 8 78
IBR L RBRRK EARMEEASRL O
BFMENES FARAPHANEETHRE o/ F
R (S R r o R AR TR . o At 2 0T DL HE BT
MR AR ERNE TEARRBRRE
W, ExEBHOA BN TFHRE o, EX, T
LB HPG K FHEERNE TR BT EE
N TERBERNRTEEFRATEER. B,
X R K5 EEEh T 8 7 o Mok T LA fi ol S
BAEBRREKNEE IR, H ARS8 6
-

Fig. 10 Scheme of dissociation of lithium HPG sulfate in

dilute solution
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B X, B AR R B R A

REFERENCES

Tarascon J-M, Armand M. Nature, 2001 ,414:359 ~ 367
Dai H, Zawodzinski T A.] Electroanal Chem,1998,459:111 ~ 119

[

Cowie ] M G, Spence G H. Solid State Ionics, 1999, 123:233 ~ 242

Doyle M,Fuller T F, Newman J. Electrochimica Acta,1994,39:2073 - 2081
Thomas K E,Sloop S E,Kerr K B, Newman J.J Power Sources,2000,89:132 ~ 138



120 B 4 F % # 2004 4F

Watanabe M, Suzuki Y, Nishimoto A . Electrochim Acta,2000,45:1187 ~ 1192

Travas-Sejdic ], Steiner R, Desilvestro J, Pickening P. Electrochim Acta,2001,46: 1461 - 1466
Jikei M, Kakimoto M. Prog Polym Sei,2001,26:1233 ~ 1285

Inoue K. Prog Polym Sei,2000,25:453 ~ 571

10 Tokar R, Kubisa P, Penczek S, Dworak A . Macromolecules, 1994,27:320 ~ 322

11 Sunder A,Hanselmann R, Frey H,Mulhaupt R. Macromolecules, 1999,32:4240 - 4246

12 Wang X L.Chen J J,Hong L, Tang X Z.] Polym Sci Part B-Polym Phys,2001,39:2225 ~ 2230

oG - o

SYNTHESIS OF A NOVEL MACROMOLECULAR LITHIUM SALT —
HYPERBRANCHED LITHIUM POLYGLYCIDOL SULFATE AND
PROPERTIES OF ITS NONAQUEOUS SOLUTION

SHI Qiao' , ZHOU Xiao"*
(* Department of Chemical Engineering , ® School of Maserials Science and Engineering , Tsinghua University . Beifing  100084)

Abstract Higher cationic transference number is preferred for electrolytes of lithium ion batteries, and employing
macromolecular lithium salt is effective to improve he cationic transference number of the electrolytes. Therefore, a
novel macromolecular lithinm salt was synthesized through sulfation and neutralization of hyperbranched
polyglveidol, which was obtained by cationic ring-opening polymerization. " C-NMR analysis indicates the degree of
branching of polyglycidel is about 0.5, and element analysis confirms the degree of substitution of hydroxyls can
excess 0.6 after sulfation. FTIR and thermal analysis were used to characterize the hyperbranched polyglycidol and
the macromolecular lithium salt derived from it. For the application of this macromolecular lithium salt in lithium ion
batteries, viscosity and conductivity of its solution in the mixed solvent of EC/PC/DMF were studied. The results
show that the viscosity of its dilule solution is so low that it can be compared with that of small molecular lithium
salts . However, when the concentration of the solution is increased above 10% ,the viscesity of the solution increases
quickly and reaches a very high level at the concentration of about 30% . There exists a maximal conductivity of the
solution while the concentration of the solution increases, and the maximum is reached at a concentration of about
10% .This can be explained by the concentration and mobility of free lithium ions in the solution. Besides, the
maximal conductivity of the solution is about 1.7 mS/em at 25%C, which can be compared with that of small
molecular lithium salts. Considering the low viscosity and the high conductivity of its dilute solution, this
macromolecular lithium salt has great potential application in inlithium ion batteries.

Key words Hyperbranched polyglycidol, Sulfation, Macromolecular lithium salt, Viscosity, Conductivity



