Available online at www.sciencedirect.com
JOURNAL OF

scrence (@ormeor- POWER
SOURGES

www.elsevier.com/locate /jpowsour

ELSEVI

ER Journal of Power Sources 146 (2005) 809-812

Moisture-uptake by the positive active material from the casting
solvent and the ambient environment

Vijay Saharai®*, Jeffrey Robert8, Vesselin Mane®, Yee Ho Chi&,
Greg MacLea#, Steven R. McMulleR

@ Technical Center Flint, Delphi Energy Chassis Systems, 1601 N. Averill Avenue, Flint, Ml 48556, USA
b Delphi Energy& Chassis Systems, 8750, Hague Road, Indianapolis, IN 46256, USA

Available online 26 April 2005

Abstract

Itis widely recognized that the presence of residual moisture has significant detrimental effects on the performance of lithium ion batteries.
Studies have shown that the positive active material can be a major source of moisture contributors to the overall cell moisture. The aim of the
present study is to understand the factors affecting moisture uptake by the doped-lithium nickel cobalt oxide material from the casting solvent,
acetone, and the ambient environment. As-is and the air-dried powders under various conditio@sf¢8@a h, 500 C for 8 h, and 500C
for 24 h) were exposed to ambient and humid air for various lengths of time. Similarly, all these powders were exposed to extra dry (47 ppm)
and wet (5789 ppm) acetone. Karl Fisher measurements aiClédd 290 C show that humidity levels (80-85% relative humidity versus
20-25%) and the exposure times are the critical factors. Acetone wetness and the length of exposure in it do not contribute significantly to
the moisture uptake by the active material. Cathode powder drying helps in minimizing the amount of moisture uptake from the environment.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction reaction:

Presence of moisture is widely known to have significant LIMO2 + xHF — Li1 MOz + xLiF + 5H;
detrimental effects on the battery performance for capacity, |t is commonly accepted now that Mn dissolution for
power, cycle life, and calendar life in lithium ion battery tech-  |ithium manganese oxide especially at elevated temperature
nology. Various reaction mechanisms have been proposed tds induced by acids generated through temperature-enhanced
explain the effects of moisture on the electrolyte, negative electrolyte decomposition, or by water contamination of the
electrode, positive electrode, and overall cell chemistry. For cell components either present in the electrolyte/cell compo-
the electrolyte, it is commonly accepted that the moisture re- nents or introduced during the manufacturing/assembly cell
acts with lithium salts, e.g. LiRfrcurrently used incommer-  process, and finally due to the secondary chemical reactions
cial lithium ion batteries, according to the following reaction occurring at the LiMaOa/electrolyte interfacg2—4].
[1]: Electrolyte manufacturers have recognized this challenge
. . in manufacturing electrolyte solutions to minimize the con-
LIPFe +H20 — 2HF + LIF + PORs tamination IevelgsJ to impr())/\t/e the battery qualiB}. Studies
HF generated from the above reaction, possibly reactsOn contamination levels, influence of packaging, high tem-
with the lithium metal oxide cathode as per the following Pperature storage, and handling have been carried out in de-
tails. A complete understanding of the SEI layer formation
on the negative electrode such as carbon based material, used
* Corresponding author. Tel.: +1 810 257 8936; fax: +1 810 257 2001.  In lithium-ion batteries, continues to be a challenging issue.
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the electrolyte on the SEI layer formation on the graphite 290°C. As-is and three dried powders were exposed to the
surface has been studifg]. It was concluded that the pres- ambient conditions (25—-30% relative humidity at#@ °F)

ence of water increases the irreversible capacity loss in theand humid conditions where relative humidity was main-
first cycle due to water reduction. In later studies, itis further tained at 80-85% at 882°F. All four powders were ex-
demonstrated that an effective and a better quality SEI layerposed to the above-mentioned two conditions for 3h, 6 h,
is formed on the carbon surface when water contamination and 24 h time period. For the acetone exposure experiment,
is avoided. The improved SEI layer helps in achieving high ACS grade acetone containing 5789 ppm moisture and ex-
specific capacity360 Ah kg™ of carbon), satisfactory cy-  tra dry acetone obtained from ACROS ORGANICS contain-
cle life of the graphite electrodes (1000 deep cycles), and aning 47 ppm moisture were used. All four powders were ex-
irreversible capacity loss of <7% during the first cycle us- posed in dry and wet acetone for 6 h, 24 h, 48h, and 192h
ing 1M LiPFs in EC/DMC electrolytg7]. In an attempt to in a sample vial. After the exposure time, acetone was de-
understand the reduction products of ethylene carbonate, acanted off and the powder in the sample vial was subjected
widely used co-solvent in electrolytes for lithium-ion batter- to drying at 60°C for about 16 h, and then put under vac-
ies, an electrochemical-chemical sequence of reactions hasium at the same temperature for additional 6 h to make
been suggestef8]. Electrochemical reduction of water to  sure that all the acetone has been removed before doing the
form hydroxides, and hydroxide addition to form ethylene moisture measurements. Each data point is average of two
oxide and lithium bicarbonate are some of the possible prod- measurements.

ucts of these reactions.

Our previous study has shown that depending upon the
composition of the positive active material like lithium man-
ganese oxide, lithium cobalt oxide, or doped lithium nickel
cobalt oxide; the positive active material can be one of the 3.1. Effect of ambient conditions on the moisture uptake
major contributors to the overall moisture in the dél. It
was concluded that the final cell moisture content is strongly
affected by the processing of films used to fabricate the cells.
To minimize the moisture exposure, the commercial lithium-
ion and/or lithium-ion polymer makers use dry room with

3. Results and discussion

Various time intervals for the exposure were chosen con-
sidering the practical aspect that in a manufacturing environ-
ment, it will be highly desirable to use a dried powder as
soon as possible and not let it sit in a humid environment for

controlled temperature and humidity to fabricate films and
assemble the cells.

The most common film fabrication method, either directly
on a metal foil or as a freestanding film is solvent casting.

more than 24 hFig. 1 shows the Karl Fisher measurements
at 160°C for as-is and dried powders under ambient and hu-
mid conditions. It is believed that the measurements done at
160°C represent the loosely/weakly bound water or the ph-

Typically the active material, along with a polymer binder ysisorbed water and measurements done at@@present

and conductive carbon, is suspended in an organic solvent toa total of weakly and strongly bound water or the combina-
make slurry. Acetone, due to its low cost, ease of handling, tion of physisorbed and chemisorbed water. The data show
and less toxic nature is also used to cast both electrode filmsthat the dried powders absorb/adsorb less moisture than as-is
However, there is always a concern that the positive active
material could absorb/adsorb moisture from the acetone, con-

sequently increasing the moisture in the film and the cell even 10000 o
after the cell has been subjected to some drying process. The 16,000
positive active material can also pick up moisture from the
environment depending upon the temperature and humidity 14,000
of the ambient conditions. Doped-lithium nickel oxide mate- 45 oo | LA
rials are known to be hydrophilic in nature due the presence § g.’,..,,,-..._g; _______________________________________
of excess, unreacted lithium salts on their surface. The main g 10,000 S
purpose of this study is to understand the factors and further 3 i
to quantify the amount of moisture uptake from the casting ‘g s.000 1 ' y
solvent, i.e. acetone (dry and wet) and from the ambient air- = 6,000 b
conditions under varying temperature and humidity levels. son0 A s
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Doped-LiNi.gCop 202 was dried in air using three differ-
ent conditions: 300C for 24 h, 500°C for 8 h, and 500C for
24 h[10]. Karl Fisher titration method was used to measure Fig. 1. Moisture measurements at T&for humid and ambient air exposed
the moisture for two heating temperatures up to 4G@&nd samples.
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Fig. 3. Moisture measurements at 2@Dfor humid and ambient air exposed

Fig. 2. Moisture measurements at T&Dfor humid air exposed samples
samples.

only.

3.2. Effect of wet and dry acetone on moisture uptake

material from ambient and humid air. In a humid air environ-
ment, most of the moisture uptake happens during the first ACS grade acetone from Fisher Scientific (considered to
3 htime period. Though the moisture levels are highest for all be wet acetone) and extra dry acetone from ACROS ORGAN-
four powders after 6 h exposure, there appears some decreas€S showed 5789 ppm and 47 ppm moisture levels respec-
of moisture when exposed for longer time up to 24 h. This tively based on the 16@C Karl Fisher measurement, where
phenomenon is still not well understood. It is possible that the acetone was directly injected into the titration solution of
some chemical reactions involving G@nd other compo-  the instrument. Four different exposure times, 6 h, 24 h, 48 h,
nents in the air can react with the cathode surface impuritiesand 192 h (8 days) were selected to study the effects of time
to cause this decrease in moisture. All the dried powders showon the moisture uptake. Considering the practical aspect of
moisture levels in the range of 6000—7500 ppm as comparedcasting films, it is highly desirable to use slurry as soon as
to about 10,000 ppm for the as-is material. possible (within 24-48 h) and not let it be stored for more

Fig. 2shows the expanded graph for the ambient air only than 8 days. Fast usage of the slurry to cast films can poten-
exposed samples. Majority of the moisture pick up occurs tially have a direct impact on the turn around time for the
up to 6 h exposure and it is fairly constant up to 24 h expo- equipments involved, improved efficiency of the operation,
sure, at least for the dried powder. Clearly, 24 h dried powders and therefore, lower battery cost.
either at 300C or 500°C show less moisture after 24 h expo-

sure (about 425 ppm) than 8 h dried powders atSDabout 500
515 ppm). So the longer drying time is more important than 450
the drying temperature. e
Fig. 3displays the Karl Fisher analysis done at 28for 400
as-is and three dried powders. Upon exposure to ambient air, 55,
the moisture of the dried samples levels off around 1000 ppm ¢
after 24 h exposure as compared to about 2500 ppm for the un- & 3% e
dried material. These 29@ Karl Fisher moisture levels are g 250 —— e AsisDryacelone - 0-- Asis - Wel acetone
about double those from the 180 measurement as shown ‘ua‘a 200 ;f\*/ o e s e st
in Fig. 2for the respective powders after the same exposure = i —e—300C/24h. - Dry acetone - - 300C/24h. - Wet acetone

time period (24 h). This suggests that longer exposure (24 h)
of powder under ambient air conditions contributes not only

to loosely bound water but also equally to the strongly bound

water on the positive active material powder. On the contrary,
humid air exposed samples for 24 h show the moisture con- Y ‘
tent in the range of 7000—9000 ppm, which is about the same o 24 4 72 %6 120 d44 168 192

as the moisture analysis at 18D as shown irFig. 1indicat- Time of exposure, hours

!ng thatin a humid environment, most of the moisture uptake Fig. 4. Moisture measurements at T@&Dfor dry and wet acetone exposed
is loosely bound. samples.
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1,200 that there is some water from acetone, which binds tightly
i B on the active material. Among the dried samples, even at this
1,000 e higher analysis temperature, drying time and temperature are

not very important factors.

—&—As is-Dry acetone -+ -- As is - Wet acetone
——500C/8h. - Dry acetone  -- {3- - 500C/8h. - Wet acetone
—A&—500C/24h. - Dry acetone - - A -- 500C/24h. - Wet acetone
—@— 300C/24h. - Dry acetone - - O -- 300C/24h. - Wet acetone
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4, Conclusions
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A strong interaction between the doped-lithium nickel
cobalt oxide positive material and the moisture from the pro-
cessing media and the processing environment was found.
Humidity levels and the exposure times in the ambient envi-
200 ronment are the critical factors in controlling the material’s
contamination due to moisture. However, some degree of

0 ‘ : i T drying the doped-lithium nickel cobalt oxide material may
0 24 4 72 %6 120 144 168 192 significantly reduce the amount of moisture uptake from the
Time of exposure, hours .
environment. Furthermore, acetone wetness and length of ex-
Fig. 5. Moisture measurements at 2€Dfor dry and wet acetone exposed posure of the active material in it does not contribute signifi-
samples. cantly to moisture uptake.

Moisture, ppm

H
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Fig. 4shows the moisture analysis at 1&Dfor the pow-
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