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HEAT SEALING SEPARATORS FOR 
NICKEL-ZINC CELLS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims the bene?t of and priority to 
US. Provisional Application Ser. No. 61/240,600 ?led Sep. 8, 
2009, the contents of Which are incorporated herein by refer 
ence in their entirety and for all purposes. 

BACKGROUND 

[0002] This invention pertains generally to rechargeable 
batteries and speci?cally to rechargeable nickel-Zinc atteries. 
More speci?cally, this invention pertains electrode assem 
blies used in rechargeable nickel-Zinc batteries and methods 
of manufacture. 
[0003] The popularity of cordless portable devices, such as 
poWer tools, has increased the needs and requirements for 
high energy density rechargeable batteries that can also 
deliver high poWer. As poWer and energy density require 
ments increase, the need for a high cycle life rechargeable 
electrodes also increases. The alkaline Zinc electrode is 
knoWn for its high voltage, loW equivalent Weight and loW 
cost. The fast electrochemical kinetics associated With the 
charge and discharge process enables the Zinc electrode to 
deliver both high poWer and high energy density. Nickel-Zinc 
batteries can satisfy the need for higher poWer and higher 
energy density in e. g. batteries, suitable for electric vehicles 
(EV), plug-in hybrid electric vehicles (PHEV), consumer 
electronics and other applications. 
[0004] Particularly important is life cycle of rechargeable 
batteries. Nickel-Zinc batteries can suffer from electrical 
shorts due to, e.g., dendrite formation from the negative (Zinc) 
electrode to the positive (nickel) electrode. Previous 
approaches to this problem include, e.g., chemical modi?ca 
tion of the electrodes to reduce the propensity toWard short 
ing, but these are not typically optimal chemistries for high 
rate discharge and battery capacity. Coating or taping edges 
of electrodes is dif?cult to implement on a production scale 
and typically are not highly effective. 
[0005] Separators are typically used to block dendrites 
from creating shorts betWeen the electrodes but dendrites can 
migrate around separators unless they are sealed to envelop 
the electrodes. Sealing separators to envelop individual elec 
trodes effectively blocks dendrite groWth (or other particle 
migration) betWeen electrodes, Which extends battery life. In 
prismatic cells individual electrodes are enveloped prior to 
assembly of the electrode stack. 
[0006] In Wound electrodes, enveloping individual elec 
trodes prior to Winding is problematic due to Wrinkling, bind 
ing and other dif?culties attributable to the physical charac 
teristics of the separator materials and the fact that many 
layers are Wound together in the jellyroll. Heat sealing sepa 
rators post-Winding is knoWn, but such methods only address 
sealing both electrodes on one end of a Wound jellyroll elec 
trode assembly. These methods do not alloW for ?exibility in 
internal cell design Which is often critical in ever changing 
uses for rechargeable nickel Zinc cells. 

SUMMARY 

[0007] The invention is most generally described in terms 
of selective methods of sealing separators and jellyroll elec 
trode assemblies made using such methods. More particu 
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larly the invention is described in terms of methods of selec 
tively heat sealing separators on one of tWo electrodes for 
nickel-Zinc rechargeable cells having jellyroll assemblies. 
Selective sealing can be employed on one or both ends of a 
jellyroll assembly. 
[0008] Thus, one aspect of the invention is a method of 
selectively sealing a ?rst set of separator layers disposed on 
both sides of and extending past an edge of a ?rst electrode of 
a jellyroll assembly including tWo electrodes, While not seal 
ing a second set of separator layers disposed on both sides of 
and extending past an edge, parallel and proximate to the edge 
of the ?rst electrode, of a second electrode, both edges dis 
posed on the same end of the jellyroll assembly, While expos 
ing the same end of the jellyroll assembly to a heat source. 
This method can be accomplished in a number of Ways in 
accord With the embodiments described herein. 
[0009] In one embodiment, selectively sealing the ?rst set 
of separator layers includes: i) con?guring the current col 
lecting substrate of the second electrode so that When the heat 
source is applied to the same end of the jellyroll assembly, the 
?rst set of separator layers can seal to envelop the ?rst elec 
trode, but the second set of separator layers are physically 
obstructed from sealing and enveloping the second electrode; 
and ii) applying the heat source to the same end of the jellyroll 
assembly. In a speci?c embodiment, con?guring the current 
collecting substrate of the second electrode includes folding 
the current collecting substrate of the second electrode sub 
stantially over, but not touching, the current collecting sub 
strate of the ?rst electrode, so that a substantially enclosed 
volume is formed, Where the ?rst set of separator layers and 
adjoining separator layers from the second set of separator 
layers are disposed in the substantially enclosed volume. 
[0010] In another embodiment, selectively sealing the ?rst 
set of separator layers includes: i) con?guring the jellyroll 
assembly such that the ?rst set of separator layers includes 
layers that can seal to envelop the ?rst electrode When the heat 
source is applied, but the second set of separator layers 
includes layers that can not seal to envelop the second elec 
trode When the heat source is applied; and ii) applying the heat 
source to the same end of the jellyroll assembly. 

[0011] In one embodiment, as applied to the embodiments 
described above, the ?rst set of separator layers and the sec 
ond set of separator layers each have different melting points. 
In another embodiment, as applied to the embodiments 
above, the ?rst set of separator layers are polypropylene lay 
ers and the second set of separator layers are cellulose-based 
layers. In one embodiment, the cellulose-based layers are 
cellulose impregnated and/or coated With polyvinyl alcohol 
(PVA). 
[0012] In one embodiment, the heat source includes at least 
one of a convective heat source, an inductive heat source, a 
conductive heat source and a radiative heat source. In another 
embodiment the heat source is a conductive heat source. In 
another embodiment the conductive heat source is a heated 
platen. In one embodiment, the end of the jellyroll that is 
heated, Where the ?rst electrode is selectively enveloped via 
sealing the ?rst set of separators, is contacted With the heated 
platen for betWeen about 1 second and about 30 seconds, 
Where the platen temperature is betWeen about 1300 C. and 
6000 C. In another embodiment, the jellyroll is contacted With 
the heated platen for betWeen about 3 seconds and about 10 
seconds, Where the platen temperature is betWeen about 3000 
C. and 6000 C. In yet another embodiment, the jellyroll is 
contacted With the heated platen for betWeen about 5 seconds 
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and about 25 seconds, Where the platen temperature is 
betWeen about 4500 C. and 550° C. 
[0013] In some embodiments, during contact With the 
heated platen, the j ellyroll is contacted With the heated platen 
With a force of betWeen about 0.5 kg/cm2 and about 5 kg/cm2. 
In other embodiments, the jellyroll is contacted With the 
heated platen With a force of betWeen about 1 kg/cm2 and 
about 3 kg/cm2. In other embodiments, the jellyroll is con 
tacted With the heated platen With a force of betWeen about 1 
kg/cm2 and about 2 kg/cm2. In other embodiments, the jelly 
roll is contacted With the heated platen With a force of about 
1.5 kg/cm2. 
[0014] Methods of the invention can be practiced With any 
jellyroll con?gured electrode assembly, and is particularly 
useful for nickel Zinc cells Where dendrite formation from the 
Zinc electrode can short the electrodes. 
[0015] Thus, another aspect of the invention is a jellyroll 
electrode assembly including: i) a ?rst electrode disposed 
betWeen a ?rst set of separator layers; and ii) a second elec 
trode disposed betWeen a second set of separator layers; 
Where, at the same end of the jellyroll electrode assembly, one 
of the ?rst electrode and the second electrode is enveloped by 
its respective set of separator layers and the other electrode is 
not enveloped by its set of separator layers. In one embodi 
ment, the ?rst electrode is a Zinc electrode and the second 
electrode is a nickel electrode. In another embodiment, the 
?rst set of separator layers includes polypropylene layers. In 
another embodiment, the second set of separator layers 
includes polyvinyl alcohol impregnated cellulose. Batteries 
Which include the jellyroll electrode assemblies described 
herein are another aspect of the invention. 
[0016] These and other features and advantages are further 
discussed beloW With reference to the associated draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIGS. 1A, 1B and 1C are graphical representations 
of the main components of cylindrical nickel Zinc poWer cells 
of the invention. 
[0018] FIG. 2A is a perspective representation shoWing 
assembly of electrodes and separator layers prior to Winding 
into a jellyroll. 
[0019] FIG. 2B is a cross section of the assembly in FIG. 
2A. 
[0020] FIG. 2C is a cross section ofajellyroll assembly of 
the invention. 
[0021] FIG. 2D is a cross section of a jellyroll assembly 
after a current collecting substrate is folded in a particular 
con?guration and after selective heat sealing at one end of the 
jellyroll. 
[0022] FIG. 2E is a cross section ofthejellyroll assembly of 
FIG. 2D incorporated into a reverse polarity battery. 
[0023] FIG. 2F is a cross section ofthejellyfoll assembly as 
described in relation to FIG. 2D after the opposite end of the 
jellyroll is subjected to selective heat sealing. 
[0024] FIG. 2G is a cross section of a sealed separator from 
the jellyroll described in relation to FIG. 2F. 
[0025] FIG. 2H is a cross section of thejellyroll assembly 
of FIG. 2F incorporated into a reverse polarity battery. 
[0026] FIG. 2I is a cross section of an electrode-separator 
stack. 
[0027] FIG. 2] is a cross section ofajellyroll assembly. 
[0028] FIG. 2K is a cross section of thejellyroll assembly 
of FIG. 2] after heat sealing at one end of the jellyroll. 
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[0029] FIG. 2L is a cross section of the jellyroll assembly of 
FIG. 2K incorporated into a normal polarity battery. 
[0030] FIG. 2M is a cross section of the jellyfoll assembly 
as described in relation to FIG. 2K after the opposite end of 
the jellyroll is subjected to selective heat sealing. 
[0031] FIG. 2N is a cross section ofthejellyroll assembly 
of FIG. 2M incorporated into a normal polarity battery. 
[0032] FIG. 3 is a graph shoWing comparative results for 
nickel Zinc batteries manufactured using the heat sealing 
methods described herein and for those not employing the 
heat sealing methods. 

DETAILED DESCRIPTION 

A. De?nitions 

[0033] Some of the terms used herein are not commonly 
used in the art. Other terms may have multiple connotations in 
the art. Therefore, the folloWing de?nitions are provided as an 
aid to understanding the description herein. The invention as 
set forth in the claims should not necessarily be limited by 
these de?nitions. 
[0034] “Heated Platen” refers to eg a heated stage, hot 
plate or other hot surface upon Which a Work piece can be 
placed to expose the Work piece to heat. 
[0035] “Conductive heat source” refers to a device that 
transfers heat to a Work piece via direct contact With the Work 
piece and thus heat is conducted from the heat source directly 
to the Work piece being heated. An example of a conductive 
heat source is a heated platen, Where the Work piece is con 
tacted With the heated platen. 
[0036] “Convective heat source” refers to a device that 
transfers heat to a Work piece via a gas or liquid by the 
circulation of currents from one region to another. An 
example of a convective heat source is a heat gun, Which 
bloWs hot air onto a Work piece to heat the Work piece. 
[0037] “Inductive heat source” refers to a device that trans 
fers heat to a Work piece via inducing electrical eddy currents 
in the Work piece by exposure to a magnetic ?eld produced by 
an electrical coil (typically using alternating current there 
through). Heat is generated in the Work piece via resistance 
(Joule heating) or via magnetic hysteresis losses in material. 
An example of an inductive heat source is a magnetic induc 
tion Welder. For example, plastics may be Welded by induc 
tion, if they are either doped With ferromagnetic ceramics 
(Where magnetic hysteresis of the particles provides the heat) 
or doped With metallic particles (Where electrical resistance 
Within the metal particles provides the heat). 
[0038] “Radiative heat source” refers to a device that trans 
fers heat to a Work piece via energy radiated to the Work piece, 
and once striking the Work piece, the energy is transferred to 
the molecules of the Work piece, thus exciting the molecules 
to increase molecular motion and heating the Work piece due 
to the molecular motion and/or friction. Examples of radia 
tive heat sources are lasers, microWave generators, infrared 
radiation generators and the like. 
[0039] “Envelop” is meant to mean that once separator 
layers are sealed, they serve as a continuous Wrapping or 
covering for an end or edge of an electrode of a jellyroll 
electrode assembly. “Envelop” is not necessarily meant to 
mean encapsulating the entire electrode as in the traditional 
sense of the term. Thus “envelop” can mean, for example, 
once separator layers are sealed together, an electrode resides 
in a pouch of the separator material or a bifold of the separator 
material. “Envelop” can also mean, for example, closing, for 






















