OJIMBUHA OJISI TUTUN-NOHHBIX
AKKYMYJIITOPOB HOBOT'O
ITOKOJIEHW S

['K «Pycckue akKymyrnsamopbi»

TapHononsckuu B.A.




OcHOBHbIe XapaKTePUCTHUKH U TPUHITUIT PAOOThI TUTHIA-
MOHHOTO aKKyMY/ISATOPA;

TpebGoBaHMs K 37IEKTPOAHBIM AKTUBHBIM MaTepUaJIaM;

Hanoxkommnosur LiFePO4*C KaK KaTOJIHbIN aKTHUBHBIN
MaTepua;

[TponsBoguTE M ¥ TIOTPEOUTETN HAHOCOAEPIKAIINX
aKKyMy/saTopoB (nano-enabled batteries);

Pa3paboTka HaHOCOAEPKAIIMX TUTUU-UOHHBIX
akkymyasTopoB (/IMA) B 'K «Pycckue akKyMy/isiTOpbI»
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VYnenvHast sHeprus, Br*u/Kr

200

40

70

100

40

MaxkcuMalbHbBIE TOKH

30 C

5C

4C

1C

5C

CoBeplieHCTBOBaHUE NIUTUN-MOHHOWN TEXHOSIOMNN —

crneacTBUe XXECTKOU KOMMEpPYEeCKON U HayYHOU KOHKYpPeHUUn

AelibHaA 3Heprus

USS$/BT*y

BT u/kr

91 |92 |93 |04 |'05 | ‘06 |97 |95 |00 |0 |'01 |02 |03 |04 |05




©

RS @ ._G_sapsm
OTpuuarenbHbIi —_— paspag % + [lonoXuTenbHbIN
anektpog = ® e
anekTpoa,

(aHoO0)

Cathode

o eqnn3apag ! ’ | (KamOO)

AnoMHUHHEBBIN

MeaHbii
TOKOOTBOA,

TOKOOTBOA4 Lt
[

Lt
Li+-npoBoaawmi
INEKTPONuT

Li x Ce Li1- x Co02

Anode

Jelly-roll

oe O (Kucnopop)
o Co{KobanbT)

o C (Ymepop)
o LI (HoH nutuA)

3apag
LiCoO,+C, «— | Li, CoO, +Li C,
paspag




BrewHsis uerib

S/IEKTPOJ/INT

MoHoB Li* B CTpyKType, anemMeHTHass WU

CTPYKTYpPHada YNCTOTA); oo Lits
1ICo |
CoOz-Ee'

2. BO3MOXHOCTb ObICTPOro nepeHoca MOHOB
Li* B oObéme wmaTepuana (Hanuyve B
CTPYKTYpE KaHanoB WM nonocten Aans
nepeHoca woHoB Li* u3 oObémMa Ha
NOBEPXHOCTb W 0OpaTHO, CcoKpalleHue
OVUCTaHUMN nepeHoca).

3. BbiCcOKas anekTpoHHass NPOBOAUMOCTb
NOBEPXHOCTN YacTumy, (Heobxoanmo

NEPEHOCUTb 3NEKTPOH CO BCEX TOYEK YACTULIA AKTUBHOTO
MATEPUAJIA

® /OHbI INTUA







CoBpeMeHHble KaToaHble maTtepuanbl gnsa JIMA

LiCOOZ: 80-90% PbIHKaA. + Bbicokas émMKocTb, Manblit camopaspsa,
K 2015 r nons LIC002 COCTaBUT chOopMMPOBAHHOCTb PbIHKa, NPOCTOTa NPOM3BOACTBA
oT 10 go 60% no pasHbIM - [loporoe CbIpbé, TOKCUUHOCT,
NPOrHo3aMm npo6nema 6e3onacHOCTW, Manas yaenbHasi MOLWHOCTb

LiCo, M M’ O

Y2
M, M" = Ni, Mn, Al,...

LiMn204: 5-7% PbIHKA. + OuyeHb AélweBo, xopoluas EMKOCTb.

= BbicTpas HeoGpaTumas aerpagauma npu padorte
(ocob6eHHO nNpu BLICOKUX TeMnepartypax).

- I
noTeHUuunaribHO geweBoe Cbipbe.

= CnoXxHas TeXHOosorus, MHEePLUMNOHHOCTb PbIHKaA.



NMpeumyuwecTtBa
HaHopa3MepHOro ofiuBuUHa no
YznepodHoe nokpsimue CPaBHEHUIO C TPaAULUOHHBLIMU
KaToAHbIMU MaTepuanamm:

OuyeHb BbICTPbIN TPAHCAOPT NUTUA
B TBEpPAOW pase + 60nbLuasa (B ~
50-100 pa3s) nnowaab
NOBEPXHOCTU = NpeaernbHble
TOKW YBeNMYNBaKOTCS B AECATKN
pas;

w
o
o
o
I
=

Be3onaceH;

YACTULA AKTUBHOTO HYACTUL bl AKTUBHOrro
MATEPUANA HAHOMATEPHAA

® JOHbI TNTUA ® UOHbBI INTUR




MwukpodpoTorpapum HaHo4YacTuL, onmBmHa.

J.-K. Kim et al. // Journal of Power Sources 166 (2007) 211-218.



700°C: HaHOKpUCTannbl

500°C: HaHOKpuCTansbl He 600°C: HaHOKpUuCTannbl
ycnenu arnomMepuvpoBaTbCs

ycnenu cpopMmupoBaTbCa XopoLo cchopMMpoBaHbi

Mukpogomoepagpuu obpasyoe LiFePO,, cuHmesupyembix rpu pasiuyHbix memiepamypax

Pab6otocnocobHocTb LiFePO 4
onpeaenseTcA pasmepamMm HYacTuu;:

Voltage (V)

60 80 100
Specific capacity (mAh/g)

J.-K. Kim et al. // Journal of Power Sources 166 (2007) 211-218.



Hu3kas AINEKTPOHHaA nNpoBoaAMMOCTb
NOBEPXHOCTU HAHOKPUCTAIJ10B,

Hunakasa noHHasa NnpoBOANMOCTb B
obbeme kpuctannos LiFePO,;

HeBbicOkasi 9HEProEMKOCTb;

CnoXHasi MeTogmka CEpPUMNHOro
NpPOn3BOACTBA;

HaHeceHune yrnepoaHoro nokpbITus

1. YMeHbLUEHME pa3mMepoB KpUCTanmnoB =
CoKpaLleHue angpdy3noHHOro nNyTu;
2. Mogwndukauums ctpyktypbl LiFePO,;

MbiTatotcs gonuposatsb LiFePO ;

OTpaboTka TeXHOMorMm, HapawmBaHue
0O6bEMOB NPON3BOACTBA;




paHTbl JenapTaMmeHTa QHepreTuku Ha pa3paboTku B obnacTtu

paspabortku LiFePO, n OJINA, (2009r.)

A123 Systems, Inc. $249.1 mnH. gonn. CLUA.
Manufacturing of nano-iron phosphate cathode powder and electrode coatings;

fabrication of battery cells and modules; and assembly of complete battery pack
systems for hybrid and electric vehicles.

Saft America, Inc. 95.5 mnH. gonn. CLUA.

Jacksonville, FL Production of lithium-ion cells, modules, and battery packs for
industrial and agricultural vehicles and defense application markets. Primary
lithium chemistries include nickel-cobalt-metal and iron phosphate.

http://www1.eere.energy.gov/recovery/pdfs/battery _awardee _list.pdf




A123 Systems U.S., Toshiba, Valence
Technology, BAK Battery, Actacell

USA, BYD China, GAIA Germany,
Phostech Lithium u gpyrue.
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[TorpeouTtenu OJIMMA u MapKy BHITVCKAaeMOM MPOAVKIINU:

Toyota( Prius), Phoenix, Tesla Energy (Tesla Roadster), Think Nordic, Grand Tourer,
Continental AG Germany (Chevy Volt).Motorcycle-Killer, Zero motorcycle, Electric

g g X Corp coway. Panasoni Anva

UcmoyHuku: Nano-Enabled Batteries for Portable and Rechargeable Applications // Innovative
Research and Products, Inc., USA, 2009;



MmnH. gonn.CLLUA

w2013
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P s , : : Large format Customized Fast charging
1997 2002 2007 2012 2017 modules Battery packs for customized nano
Pa3BUTME MUPOBOrO pbIHKa 3JIeI(TpOM061/IJII/I, cordless tools safe battery for
cTaHOoapTHbIX JIMA* ruopuanbie TC laptops

* Nano-Enabled Batteries for Portable and Rechargeable Applications // IRAP, 2009
** The Freedonia Group, Inc.




SNeKTpoMobunn, anekTpuyeckne Benocunedbl, CKyTepbl, WrPpyLIKW, WHBaNUAHbIEe
KOMSCKW, anbTepHaTUBHAs SHEpreTrka, BOEHHbIE Lienn, UTA.

3.2V 1.1Ah/ Cell up to 3.2V 250Ah / Cell 12V 6Ah ~ 12V 50Ah 24V 5Ah ~ 24V 12Ah
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A123 systems. E
NNA pns noptaTuBHOM 3nekTpoHukn:  6.6B, 2.2 Ay, 180r. (1500 py6.) S AT
3B, 0.75Au4 ($17 BmecTe c 3Y). PaspagHble Toku: 30 - 60C OMNUA B MsirKoMm Kopryce

c¢umpmbl Valence.




TIpou3BOAMT cTAPTEPHbIE CBHHIOBO-KACIOTHbIE AKKYMYJIATOPHLI ¢ 1929, 4. -

* Kypcknii 3aBox «<AKKYMYJISTOP».
IHocTtpoen B 1944 1. [Ipoussoaut 0osiee 400 HAMMEHOBAHNI AKKYMYJISITOPOB (CBUHII0OBO-
kucjgotrubie, Ni-Cd, Ni-Fe). Exkeronnoe npousBoactso - 6oJee 360,000,000 Ah.

e «HUcTok», I. Kypck.
IHpousBoncreo 3anyumeHo B 2002r. BeinmyckawTcs crapTepHble CBUHIIOBO-KHCJIOTHbIE
AKKYMYJISITOPBI .

e Jjekrpoucrounuk (r. Caparos)
C 1929r. npou3BOAUT CBUHIIOBO-KUCJIOTHBIC CTAPTEPHbIC AKKYMYJIATOPHI U CepedpPsaAHO-
unHKoBbie XUT niis a3pokocMHUIIeCKUX, BOCHHBIX U CIIEHMAJIbHBIX IPUMEHEHUI.
HUTOI'O: CoBokynmHoOe MPOU3BOACTBO — 00Jiee MOJOBHHBI IPOM3BOAUMBIX B POCCHU aKKYyMYJIATOPOB.

2. [[pon3BoACTBO MaTepunanosB:




'K «Pycckne akkymynatopbl» B COTPYAHUCYECTBE
¢ MOHX PAH um. H.C. KypHakosa n MdX3 PAH
nm. A.H. ®pymkunHa paspabaTtbiBaeT TEXHOMOMMIO
Npon3BoACTBA HAHOKOMMO3ULMOHHOIO OfIMBUHA U
OJIMA. nony4eHbl paboTtocnocobHble 0bpasLbl NPMeEMNEMON
€MKoCTU. BegyTtcsa paboTbl N0 yCOBEPLLEHCTBOBAHUIO U
MacLITabrupoBaHMIO TEXHOMOIMN.

2. [MpousBoacTBO ONbITHbIX o6pa3uyoB JINA:
Hamn o6opyaoBaHa nabopatopHasa NNHUS
no cbopke N TECTUPOBAHUIO NPU3MaATUYECKNX
JIMA B mdarkon ynakoske (aHanoru npoMbILLSIEHHO BblMyCcKaeMom
3apybexHon npoaykumn). B HacTosiLee BpeMsa MOLLHOCTH -

NCNOJIb3YKOTCA AJ1A NOATOTOBKU K cepMﬁHomy npon3BoaACTBY U 140 | 5309%09900000009330003000009000020, 909000009
TeCTUpoBaHNA OTEHECTBEHHDbIX U 3apy6e>|<Hb|x MaTtepunarioB. & 12o-

8
Cot HUYaEM C: 5
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