wo 2017/011365 A1 [ I 0000 OO Y O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

19 January 2017 (19.01.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/011365 Al

(51) International Patent Classification: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
HOIM 2/12 (2006.01) HOIM 2/02 (2006.01) DO, DZ, EC, EE, EG, ES, F1, GB, GD, GE, GH, GM, GT,
HOIM 10/06 (2006.01) HOIM 10/04 (2006.01) HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,

. . KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,

(21) International Application Number: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM.,

PCT/US2016/041676 PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(22) International Filing Date: SD, SE, 8G, SK, SL, SM, ST, SV, 8Y, TH, TJ, TM, TN,
10 July 2016 (10.07.2016) TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(25) Filing Language: English (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

(26) Publication Language: English GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,

(30) Priority Data: TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
62/192,299 14 July 2015 (14.07.2015) UsS TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
15/166,099 26 May 2016 (26.05.2016) US DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,

LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,

(71) Applicant: JOHNSON CONTROLS TECHNOLOGY SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
COMPANY [US/US]; 49200 Halyard Dr., Plymouth, GW,KM, ML, MR, NE, SN, TD, TG).

Michigan 48170 (US).
Declarations under Rule 4.17:

(72) Inventor: ANDERSON, Glenn W.; 864 Harding Dr., . , .

Hartford, Wisconsin 53027 (US). ZZ tteon?Izzizl(;a;i.tls;irz)t)zﬂement to apply for and be granted a

(74) Agents: MORGAN, Rejean, A. et al,; Abraham-Morgan __ o 0 applicant’s entitlement to claim the priority of the
LLC, 100 S. Saunders Road, Suite 150, Lake Forest, earlier application (Rule 4.17(iii))

Illinois 60045 (US).

(81) Designated States (unless otherwise indicated, for every Published:
kind of national protection available): AE, AG, AL, AM, —  With international search report (Art. 21(3))

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(54) Title: TEXTURED LEAD-ACID BATTERY HOUSING

FIG. 6

(57) Abstract: In one embodiment, a lead-acid battery includes a hydrophobic texture of an outer surface of a housing, where the
hydrophobic texture is configured to resist formation of a residue on the outer surface of the housing when the lead-acid battery is
undergoing a formation process in a water bath.



WO 2017/011365 PCT/US2016/041676

TEXTURED LEAD-ACID BATTERY HOUSING

CROSS REFERENCE TO RELATED APPLICATIONS

{06801]  This application claims priotity from and the benefit of US. Provisional
Application Serial No. 62/192.299, ennitled “SELF-CLEANING BATTERY CASE;
SELF-CLEANING IN-PROCESS VENTS,” filed July 14, 2015, which is hersby

incorporated by reference,

BACKGROUND

{0002]  This section 1s intended to introduce the reader to various aspects of art that
may be related to various aspects of the present disclosure, which are described below.
This discussion is believed to be helpful in providing the reader with background
information to facilitate a betier understanding of the various aspects of the present
disclosure. Accordingly, it should be understood that these statements are to be read in

this light, and not as admisstons of prior art,

{0003]  In some cases, a lead-actd battery may be disposed in a water bath during a
formation process to dissipate heat generated within a housing of the battery. However,
substances other than water {e.g., contaminants) may be present in the water bath as a
result of exhauvst expelied from the battery andfor contaminants present i an environment
where the fornation process occurs. The additional substances may adhere to and form a
residue on an outside swface of the honsing {e.g, bathtob rings). The residue may be
difficult and thine conswming to clean and nwy detract from an aesthetic quality of the
battery, which may ultimately affect an attractiveness of the battery (0 a consumer.
Accordingly, it1s now recognized that products and procedires for addressing issues with

formation of the residue on the outside surface of the housing are desired.
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SUMMARY

[0004] A summary of certain embodiments disclosed herewmn i3 set forth below. It
should be understood that these aspects are presented merely to provide the reader with a
brief summary of these certain embodiments and that these aspects are not intended fo
linait the scope of this disclosure. Indeed, this disclosure may encompass a variety of

aspects that may not be set forth below.

{0065]  In one embodiment, a lead-acid battery includes a hydrophobic texture of an
outer surface of a housing, where the hydrophobic texture is configured to resist
formation of a residue on the outer surface of the housing when the lead-acid batterv is

undergoing a formation process in a water bath.

{0606]  In another embodiment, & leadracid battery formation system ncludes a
plurality of lead-acid batteries configured to undergo an exothermic reaction that
generates heat during a formation process, where each lead-acid battery of the phuality of
lead-acid batteries comprises a housing with a hydrophobic texture, and 3 water bath that
includes water configared to surround at least a portion of cach lead-acid battery of the
plurality of lead-acid batteries during the formation process, where the water is
positioned to absorb the heat generated from the plurality of lead-acid batteries, and
where the hydrophobic texture is configured to vesist formation of a residue on an onter
surface of the housing of each lead-acid battery of the plurality of lead-acid batteries in

the water bath

[0007]  In another embodiment, a method mcludes assembling components of a lead-
acid battery in a housing of the lead-acid battery, sealing the housing, where the housing
comprises a hvdrophobic texture, disposing electrolvte material into the housing t
initiate an exothermic reaction in the housing, disposing the lead-acid battery in a water
bath configored to dissipate heat generated in the housing, and resisting formation of a

residue on an outer surface of the housing with the hydvophobic texture.

o



WO 2017/011365 PCT/US2016/041676

DRAWINGS

{0008]  Varous aspects of this disclosure may be better understood upon reading the

following detailed description and upon reference to the drawings in which:

[0009]  FIG. 1 is a perspective view of a vehicle having a battery that provides power
for various components of the vehicle, in accordance with an aspect of the present

disclosure;

{0010]  FIG. 2 is a perspective view of an embodiment of 8 water bath configured to
dissipate heat from a plurality of batteries having a hydrophobic texture doning &

formation process, m accordance with an aspect of the present disclosare;

{0011} FIG. 3 45 a perspective view of an embodiment of a battery of the plurabity of
batteries of FIG. 2 disposed in the water bath, in accordance with s aspect of the present

disclosure;

{0012]  FIG. 4 is a perspeciive view of ant embodiment of a battery of the plurality of
battertes of FIG. 2 that includes an exaggerated hydrophobic texture configured to resist
formation of a residoe on a housing of the battery, in accordance with an aspect of the

present disclosure;

{8013] FIG. 5 s a perspective view of an embodiment of a battery of the plurality of
batterigs of FIG. 2 that includes an exaggerated hydrophobic texture formed as a band

around a housing of the battery, in accordance with an aspect of the present disclosure;

{0014] FIG. 6 13 an expanded sectional view of an embodiment of the housing of the
battery of FIGS. 4 and § that includes the hydrophobic texture contacting water particles,

in accordance with anaspect of the present disclosore; and

{0018]  FIG 7 15 a flow diagram of an embodiment of a process that mayv be nsed to

generate a battery that includes a housing with a hydvophobic texture and that resists
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build up of residue on the housing after a formation process, 1n accordance with an aspect

of the present disclosure.

DETAILED DESCRIPTION

{0016]  Oue or more specific emboduments will be described below. In an effort o
provide a congise description of these embodiments, not all features of an acteal
implementation are described in the specification. It shoold be appreciated that in the
development of any such actual implersestation, as in any engineering or design project,
mumercus implementation-specific decistons must be made to achieve the developers’
specific goals, such as compliance with systemi-related and business-related constraints,
which mayv vary from one unplementation to another. Moreover, it should be appreciated
that such a development effort might be complex and time consuming, bot would
nevertheless be a routine undertaking of design, fabrication, and manufacture for those of

ordinary skill having the benefit of this disclosure.

{0617] When introducing elements of various embodiments of the present disclosure,

<

the articles “a.” “an,” and “the™ are intended fo mean that there are one or more of the
elements.  The terms “comprising,” “mcloding” and “having” are mtended to be
inclusive and mean that there may be additional elements other than the histed elements.
Additionally, it should be understood that references to “one embodiment” or “an
embodiment”™ of the present disclosure are not intended to be interpreted as excluding the

existence of additional embodiments that also incorporate the recited features,

{0818}  Batteries (e.g., lead-acid batteries) may store power (e.g., electncal energy)

that is ultimately supplied to 3 load (e.g., a vehicle or a component of a vehicle). Lead-
acid batteries may include one or move plates (e g, positive and negative plates) that are
configured fo react with an clectrolyte material {eg, an acid) to generate power.
However, simply placing the electrolyte material into a housing of the lead-acid battery

may not be sufficient fo generate the electrical energy demanded by the load
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Accordingly, the lead-acid battery mav underge a formation process that supphes

slectrical charge to the plates and mitiates a reaction within the housing.

{0019  During the formation process, a temperature within the bousing may mcrease
as a result of the reaction generating heat in the housing of the lead-acid battery (e, an
exothermic reaction), In some cases, the increase in temperature and/or the reaction iiself
may cause the electrolyte material to evaporate {e.g., bubble) within the housing. To
reduce an amount that the temperature increases during the formation process, the lead-
acid battery may be disposed iy a water bath.  Accordingly, water may swrround the
housing of the lead-acid battery and absorb heat, thereby reducing and/or maintaining a
tenperature within the housing. However, the water bath may not reduce the terperature
enough to block all of the electrolyvte material from evaporating. Therefore, 1n some
cases, electrolvte material may inadvertently escape from the housing of the lead-acid

battery through a vent, for example.

{0020  Electrolyte material that escapes from the housing of the lead-acid battery may
collect in the water bath.  Additionally, other contaminants from within the battery {e.g.,
paste andior pasting paper for coating the plates) andfor In an enviromment swrronnding
the lead-acid battery may be present in the water bath.  Accordingly, the electrolyte
andior other contaminanis that colleet in the water bath may adhere to the housing and
form a residue {e.g, film) around the housing of the lead-acid battery. The residue {e.g.,
film) may be difficudt andfor time consvming to remove from the bousing.  Further,
cleaning the housing may not completely remove the residue. The residue {e.g., film) on
the housing of the lead-acid battery may be undesirable to consumers of the lead-acid
battery. Therefore, sales of the lead-acid battery may decrease because the lead-acid
battery with the residue is less attractive to consumers than a clean lead-acid battery
without the residue. Therefore, i 18 now recognized that a lead-acid battery that resists

formation of the restdue {e.g., film} s desired.

{6621} Emboediments of the present disclosure relate © 8 legd-acid battery housing

that includes a hydrophobic, textured surface (e.g., a texture formed from nanostructures

LA
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that is water resistant), Therefore, despite the presence of the electrolyte andior other
contaminants in the water bath daring the formation process, formation of the residue
{e.g., film) on the housing of the lead-acid battery may be resisted because the
hydrophobic, texinred surface may reduce contact between water i1 the water bath {and
thus the contaminants) and the housing. However, the water may still abswrb hemt
generated within the housing, thereby cooling the lead-acid battery during formation.
Accordingly, the water baths may be vtilized to cool the battery during formation, but the

hydrophobic texture may resist formation of the residue {e.g., film) on an outer surface of

the housing.

{0622]  Additionally or alternatively, the hydrophobic fextwre may clean the residue
{e.g., film) from the outer surface of the housing should the residue form when the lead
acid battery 1s in the water bath. For example, rinsing (e.g., with water} the ouoter surface
of the housing that includes the hydrophobic texture may cause water particles to bead
and fall off of the surface of the housing {e.g., via gravity) because the water particles do
not adhere to the hydrophebic texture. Accordingly. in some cases, water particles
apphied to the housing {e.g., via a rinsing process) may collect {e.g., absorb) electrolyte
anddor contantinants that adbered to the outer surface of the housing duving the formation
process and remove at least a portion of any residue that formed.  Therefore, the
hydrophobic texture may facilitate cleanmg of the outer swrface of the housing in addition

to, or in hien of, resisting formation of the residue during the formation process.

{0023}  To help illustrate the manner in which the present embodiments may be used in
a system, FIG. | is a perspective view of an embodiment of a batterv B that includes a
housing with a hvdrophobic fexture being vtilized with a velucle 10, As shown in the
itlustrated embodiment of FIG, 1, the vehicle ncludes the battery 8. The battery & may
be placed under the hood of the vebicle 10 {e.g., as tdhustrated), i a ook of the vehicle
10, under a seat of the velucle 10, or otherwise positioned m the vehicle 10, In certain

embodiments, the battery 8 may be a lead-acid battery.
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{0624]  In somce embodiments, the battery 8 may supply power to components of the
vehicle's 10 electrical system, which may include radiator cooling fans, chmate control
systems, electric power steering systems, active suspension systems, auto park systems,
electric ol pumps, electric superfturbochargers, electric water pomps, heated
windscreen/defrosters, window Hft motors, vanity lghts, tire pressure mosiioring
systems, sunrool motor controls, power seats, alarm svstems, infolainment systems,
navigation features, lane departure warning systems, electrie parking brakes, external
hights, or any combmation thereof. While the embodiment of FIG. 1 iHustrates the
battery 8 supplying power to the vehicle 10, it should be noted that other embodiments of

the battery 8 may be employed in stationary power systems or other suitable applications.

{0625]  As discussed above, the batterv 8 may include a housing with g hydrophaobic
texture that may resist formation of a8 residue {e.g., film) on the battery § dwing a
formation process. For example, FIG. 2 is a perspective view of batteries 8 disposad i a
water bath 20 that includes water 22, As discussed above, the water 22 may be used to
absorb heat that may be produced within the batteries 8 during the formation process.
For example, an exothermic reaction {e.g, heat generating) may occur within a hoovsing
24 of the battertes & during the formation process, which may release heat in the hovsing
24, Accordingly, at least a portion of the heat generated in the housing 24 may be
transferred to the water 22 to mantain a temperature of the battery 8§ within a
predetermined temperature range (6., a temperature range suitable for the formation

ProCess).

{0626]  As shown in the illustrated embodiment of FIG. 2, the batterdes § may be
disposed in the water 22 and a first portion 26 of the housing 24 of each battery 8 may
extend above the water 22, The exothermic reaction taking place within the housing 24
may primarily occr 1 a second portia.n 28 (see FIG. 3) of the bousing 24 that is disposed
{e.i., submerged) in the water 22. However, in other embodiments, the entive housing 24
of each of the batteries 8 may be fully submerged in the water 22 {e.g, all sutfaces of the

Ly

housing 24 contact the water 223 Accordingly, the housing 24 of cach battery 8 mav
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imclude a substantiglly fluid-tight seal, such that water 22 may be blocked from entermg
mto the housing 24 of the batteries 8. For example, the housing 24 of each battery & may
include a polymeric material {e.g, polvpropylene, polvethvlene, or another suitable
polymer) that may be molded into 8 predetermined shape configured to hold components
{e ., the positive plates, the negative plates, separators, and/or electrolyte material) of the
battery §. In some cases, the housing 24 of each battery § may include two or more
pieces that are coupled to one another (e.g., via a laser weld) to form the substantially
fluid-tight seal. For example, a receptacle portion 30 of the housing 24 may be
configured to receive the components (e.g. the positive plates, the negative plates,
separators, and/or electrolyie material} of the battery 8. Additionally, a hid portion 32 of
the housing 24 may be configered to be disposed over an opeming of the receptacle
portion 30 and sealed (e g, via 3 laser weld) 10 block the water 22 from entering into the

housing 24.

j0827]  As discossed above, it may be desirable for the hovsing 24 1o melude
hvdrophobic properties to resist formation of a residue (e.g., film) the housing 24, In
accordance with embodunenis of the present disclosure, a hydrophobic texture may be
applied to, or incorporated In, an ounter surface 34 andior a vent 36 of the housing 24,
which may enable the housing 24 to resist formation of the residue {¢.g., film). As used
herein, the hydvophobic texture included on the cuter surface 34 andfor the vent 36 of the
housing 24 may include one or more nanostructures {e.2., nano-sized and/or micro-sized
structural features) such as contours, protrasions, grooves, recesses, and/or other sustable

features spaced throughout the outer surface 34 and/or the vent 36 of the housing 24.

{0028} In certain embodiments, the hydrophobic texture may be inchuled m an
injection mold configored to form the housing 24 of each of the battenies 8. For example,
the injection mold may be machined to mclude the hydrophobic texture, which may then
be incorporated i the housing 24 wpon formation of the housing 24 {e.g., when the mold
solidifies). In other embodiments, the hydrophobic texture may be generated after the

housing 24 s formed in the iyection mold. For example, a laser or another mechanical
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tool may be utilized to form the hydrophobic texture in the outer surface 34 andior the
vent 36 of the housimg 24. In still huother embodiments, the hvdrophobic textire may be
coated {e.g., painted) on the outer surface 34 andfor the vent 36 of the housing 24. For
example, coating {e.g., pamnt) may mchude nanoparticles surrounded by a flud {e.g., an
adhesive). When the fluid {e.g., adhesive} iz applied to the onter surface 34 andfor the
vent 36 of the housing 24, the nanoparticles may adhere to the housing 24, such that the

hydrophobic texture is formed.

{00291 Including the hydrophobic texture on the bousing 24 may enable the housing
24 to resist formation of the residue (e.g, film) during the formation process. For
example, the textore on the housing 24 may be hydvophobic such that the water 22 18
directed away from the housing 24, In some cases, contact between the housing 24 and
the water 22 may be reduced because the water 22 forms substantially spherical beads on
the hydrophobic texture of the housing 24. The shape of the water 22 {2 g, substantially
spherical beads) may resist contact between portions of particles of the water 22 and the
housing 24 that would otherwise contact the housing 24 when the hydrophelue texture is
not included. The hydrophobic texture of the bouwsing 24 is discussed i more detail

herein with reference to FION. 4 and 3

{0030]  Traditionally, when positioned in the water bath 20, a residge {e.g., film) may
form on the housing 24 of one or more of the batteries 8. For example, FIG. 3 15 an
expanded perspective view of the battery § disposed in the water 22 of the water bath 20
As shown in the illustrated embodiment of FIG. 3, the water 22 may cover the second
portion 28 of the housing 24 and extend a distance 50 along a height 32 of the battery &
In some embodiments, the distance 30 may be between 10% and 90%, between 25% and
75%, or between 50% and 70% of the height 52 of the battery 8. In other embodiments,
the distance 50 may extend o approximately {e.g, plus or minos S%) two-thirds of the

height 52 of the battery.

{6631  In waditiona! batteries, a residue (e, film) may form at the distance 530 where

the water 22 no longer contacts the hattery 8 {e.g., at the point between the first portion
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26 and the second portion 28 of the housing). As discussed above, the water 22 may
mclude electrolvie emitted from the battery 8 as a result of an increase in temperature
within the housing 24. Further, the electrolvte may include other contaminants collected
from within the howsing 24 of the battery & As a non-limiting example, paste andior
pasting paper used to coat conductive plates {e.g., positive conductive plates andior
negative conductive plates) disposed in the housing 24 mav collect in the electrolyte and
escape from the housing 24. Upoa exiting the housing 24, the electrolyte, and thus any
contaminants within the electrolyte, mayv ulumately collect in the water 22, As the water
22 laps against the housing 24, water particles may adbere to the owter swrface 34 of the
housing 24, In some cases, such water particles may evaporate and leave behmnd
contaminants on the ovter surface 34 of the housing 24, thereby forming the residue {e.g.,
film). The residue may be unappealing o consumers of the batteries 8, and thus, reduce

sales of the battertes 8.

{0032}  Accordingly, the hydrophobic texture may be applied o the outer surface 34
andéor the vent 36 of the battery 8, such that formation of the residue on the housing 24
may be resisted. It some embodiments, the hydrophobic texture may be applied to the
housing 24 when the housing 24 15 formed in an injection mold {e.g., the hydrophobic
texture 15 included in the mjection mold remplate and formed on the housing 24 as the
housing 24 ¢ formed). In other emboduments, the hydrophobic texture may be applied
after the housing 24 15 formed {e.g., solidified) using a laser or other mechanical device
configured o form navostructures on the bousing 24, In still further embodiments, the
hydrophobic texture may be coated (2.g., painted) on the outer surface 34 and/or the vent

36 of the housing 24.

{0033  Including the hydrophobic texture in the vent 36, may resist adherence of the
electrolyte that condenses in the vent 36 from adhering to a surface of the vent 36, and
ultimately blocking an opening 54 of the vemt 36,  Accordingly, including the
hydrophobic fexture 1 the vent 36 may avoid a presswe increase within the housing 24

caused by accumulation of electrolyie that blocks the opening 54. It should be noted that

13
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housing 24, the vent 36 may be located at any suitable position that enables exhaust gages

{e.g., oxyvgen and/or hydrogen) to escape from the housing 24,

j0034] FIG. 4 is g perspective view of the battery 8 that includes a hydrophobic
texture 70 (e, vanostructures) on the outer surface 34 of the housing 24, It should be
noted that the hydrophobic texture 70 of FIG. 4 Is exaggerated for the purposes of
discussion.  Indeed, in some embodiments, the hydrophobic texture 70 may not be
aoticeable when compared to a battery that does not inclunde the hydrophobic texture 70
{2.g.. the hydrophobic texture 70 15 g series of nano-sized structurss that mav not be
detectable by the oaked eve). Additionally, in certamn embodiments, the hvdrophobic

textare 70 may be included in the vent 36 of the housing 24.

{0035]  In other embodiments, the hydrophobic texture 70 may not be included on the
entire hoonsing 24.  For example, FIG. § is a perspective view of the battery § that
includes the hydrophobic texture forming a band 80 around the housmg 24, but not
covering the entire housing 24, The band 80 may be positioned along the height 52 of the
battery 8, such that the band 80 s included in both the first portion 26 and the second
portion 28 of the battery 8. Accordingly, the band 80 may contact the water 22 along a
perimeter of the battery & hetween the first portion 26 and the second portion 28, When
the water 22 laps, the band 80 of the hvdrophobic texture 70 may Hmit contact between
the water particles and the housing 24 {e.g.. adherence of the water particles to the
housing 24), such that formation of the residue (e.g., filny) is substantally Hmited
Including the hydrophobic texture 70 as the band 80 around the housing 24 may reduce
manutactuimg costs by reducing an amount of the outer surface 34 of the housing 24 n
which the hydrophobic textare 70 is incorporated. However, as showa in the illustrated
embodiment of FIG. 3, the hydrophobic texture 70 may also be included in the vent 36,
such that adherence of the electrolyte t an intexior surface 82 of the vent 36 ix resisted

and outward flow of exhanst gases {e.g., oxveen andior hvdrogen) is encouraged {e.g.,

I
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the opening 54 of the vent 36 is not blocked by accumulation of electrolvie andior

contaminants).

[0036]  The bydrophobic texture 70 mayv facilitate beading of the water 22, thereby
resisting contact between a first portion 90 of water particles 92 and the housing 24, as
shown in FIG. 6. Such beading typically occurs where the water 22 laps against the
housing 24 {e.g., near the water lines) or where liquid may be spraved {e.g., in and around
the vent 36). In some embodiments, a second portion 94 of the water particles 92 does
contact the housing 24. However, the second portion 94 may be less than a portion of the
water particles 92 that would ctherwise comtact the housing 24 without the hydrophobie
texture 70, Below the water hine, pressure caused by the water 22 may be sufficient to
cause full contact between the water particles 92 and the housing 24.  However, the
vesidue (e.g., film} may not form because the water particles 92 may not evaporate from
the outer surface 34, thereby depositing contaminants on the outer surface 34 of the

housing.

{0037 As shown in the illustrated embodiment of FIG. 6, nanostructures 96 {e.g.,
mounds, bumps, andfor other structural features) may be formed in the housing 24 and
spaced a distance 98 between one another. The distance 98 may block the water particles
92 from coptacting portions 100 in between the nanostructures 96 of the housing 24,
thereby reducing an amount of contact between the water 22 and the housing 24, In
certain embodiments, the distance 98 between the nanostructures 96 i combination with
the shape of the nanostructures 96 may cause the water particles 92 to be substantially
spherical. The substantially spherical shape of the water particles 92 may reduce an
amount of a circumference 102 of the water particles 92 that comtacts the housing 24. For
example, the second portion 94 of the water particles 92 may be between 0.5% and 15%,
between 1% and 10%, or between 3% and 5% of the circamference 102 of the water
particles 92. Therefore, g relatively small amount of the water panicles 92 contacts the
housing 24, thereby resisting formation of the residue {e.g., film} on the howsing 24, For

example, reducing an amount of the water particles 92 that contact the housing 24 may
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reduce and/or eliminate the water 22 (andfor the contaminants i the water 22) that
adheres to the housing 24. Resisting formation of the residue (e.g., film) may enhance an
aesthetic quality of the battery 8 to consumers, thereby potentially leading to ncreased

customer sabisfaction,

{0838]  Creating hatteries 8 that include the hydrophobic texture 70 on the housing 24
may be performmed using a process 120, as shown m FIG. 7. For example, FIG. T is a
flow chart of an embodument of the process 120 that may be utilized to generate 4 battery
8 with the hyvdrophobic texture 70 that resists formation of the residue (e.g., film} on the
housing 24. At block 122, assembly of battery components in the housing 24 may be
performed. For example, positive and negative conductive plates may be disposed in the
housing 24 {e.g., the receptacie portion 30 of the housing 24}, In some embodiments, the
housing 24 includes receiving features that enable the positive and negative conductive
plates to be secured into the housing 24 (e.g., slots, grooves, andior other structural
features that may secure the conductive plates into the housing 24).  Addinonally, in
some embodiments, separators may be positioned between respective posiive and
negative conductive plates, such that & positive conductive plate may not directly contact
a negative conductive plate.  Utilizing separators within the battery ® may avoid shont
circuits, which may enhance an operating life of the batterv 8. In certain embodiments,
the positive condactive plates, the negative conductive plates, and the separvators may
form elements of individual cells of the battery 8. The individual cells of the battery 8
may be coupled {e.g., welded) to one gnother in series or i parallel, such that the battery
8 may provide a predetermined amount of electrical energy to a load {e.g., via battery

terminals).

{00397 At block 124, the housing 24 may be substantially sealed {e.z., the lid portion
32 may be laser welded to the receptacte portion 30). As discussed above, the housing 24
may include the hydrophobic texture 70, which mayv resist formation of the residue {e.g,

film) on the outer surface 34 of the housing 24. Accordingly, at least the outer swface 34

o
L
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andfor the vent 36 of the housing 24 may include the hvdrophobic texture 70 that resists
formation of the residue {e.g, film} by reducing adherence of the water 22 m the water
bath 20 to the housing 24. In some embodiments, the hydrophobic texture 70 may be
incorporated into the housing 24 at the tirne the howsing 2418 formed {e g, molded). For
example, the mjection mold that is confipured to create the housing 24 may include
etchings andfor protrusions that may generate the texture 70 on the outer surface 34
andfor the vent 30 of the housing 24 at the time the bousing 24 is formed. In other
embodiments, the hydrophobic texture 70 may be formed in the housing 24 after
generation of the housing 24 (e.g., via a laser andior another muechanical device

configured to create the hvdrophobic texture 70}

[0646]  Once the hydrophobic texture 70 is formed and the housing 24 is sealed, the
electrolyte {e.g., acid) may be disposed m the housing 24 {0 initiate an exothermic
reaction in the housing 24 (e.g., the formation process), as shown at block 126
Additionally, at block 128, the battery 8 may be disposed in the water bath 20, such that
heat generated in the housing 24 may be dissipated to the water 22 of the water bath 20,
As the exothermic reaction ocowrs, electrolyte may inadvertently escape from the housing
24 through the vent 36 (e.g., via evaporation ov acid overflow). The hydrophobic texture
70 on the vent 36 may facilitate movement of electrolyte tn the vent 36 back toward the
housing 24 {e.g., the receptacle portion 30} because the vent 36 may be angled toward the
receptacle portion 30 relative to the outer surface 34 of the housing 24. Therefore,
clectrolyte 18 directed toward the recoptacle portion 30 via gravitational forces and
because adherence of the electrolyte to the surface of the vent 36 is resisted {e.g., via the
textured surface 70}, Thus, including the textured surface 70 in the vent 36 and angling
the vent 36 toward the recepiacle portion 30 reduces accumulation of electrolyte in the
vent 36, which may avoid a pressure mcrease in the housing 24, As electrolyvie is
madvertently exhausted from the housing 24, some of the electrolyvte may collect in the
water bath 200 As discussed above, the electrolvte may also include contaminants from
within the housing 24, Additionally, contaminants from an operating environment

surrounding the water bath 20 may collect m the water 22, The hydrophobic texture 70
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may reduce an amount of contact between the water 22 and the housing 24 when
compared to a housing that does not include the hydrophobic texture 70, Accordingly,
formation of the residue (e.g., film) on the housing 24 may be substantially resisted by

the hydrophobic textore 78, as shown at block 130,

[0841]  One or moore of the disclosed embodiments, alone or on combination, may
provide one or more technical effects including resisting formation of the residue {(e.g.,
film) on the outer surface 34 of the housing 24. Removing the residue (e.g., film) from
the housing 24 may enhance an assthetic appeal of the battery 8 to consumers, thersby
increasing profits. Addutionally, the hvdrophobic sexture 70 may be included 1n the vent
36 of the housing 24 to avoid accumulation of the electrolyte i the vent 36, which may
ultimately increase pressure m the housing 24, Therefore, operation of the battery 8 may
be mmproved by mncluding the hydrophobic textiwe 70 in the vent 36 and avoiding
undesirable pressure increases within the housing 24, The techmcal effects and technical
problems in the spectfication are exemplary and are not limiting. 1t should be noted that
the embodiments described n the specification may have other technical effects and can

solve other technical problems.

{00421 The specific embodiments descnbed above have been shown by way of
example, and #t should be understood that these embodiments may be susceptible to
various modifications and alternative forms. Tt should be firther understood that the
claims are not intended to be hmited to the paricudar forms disclosed, but rather to cover
all modifications, equivalents, and alternatives falling within the spirit and scope of this

disclosure.
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CLAIMS:

1. A lead-acid battery, comprising:
a hydrophobic texture of an outer surface of a housing, wherein the hydrophobic
texture 1s configured to resist formation of a residue on the outer surface of the housing

when the fead-acid battery is undergoing a formation process in a water bath,

2. The lead-acid battery of claim 1, wherein the hvdrophobic texture
comprises a phurality of nanostructures configured {o Himit contact between water and the

oter surtace of the housing.

3. The lead-acid batiery of claim 2, wherein the plurality of nanostructures s

formed in the housing with an injection mokd.

4. The lead-acid battery of claim 2, wherein the plurality of nanostroctures is

formed in the housing with a laser.

5. The lead-acid battery of claitm 2, wherein the plurality of nanostructiwes
conprises contours, protrusions, grooves, recesses, other suitable stroctural features, or a

combination thereof

6. The lead-seid battery of elaim 1, wherein the housing comprises a vent to
enit exhaust gases from the housing, and wherein electrolvte madvertently escapes

through the vent.
7. The lead-acid bastery of clamn 6, wherein the vent comprises the

hydrophobic texture on an interior sacface such that adberence of the electrolyvte 1o the

interior surface is resisted and cutward flow of the exhaust gases 18 encouraged.

16
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8. The lead-acid battery of claim 7, wherein the hvdrophobic texture directs
the electrolyie toward the bousing such that the electrolyte does not block an opening of

the vent.

Q. The lead-acid battery of clanm 1, wherein the hydropholic texture Is

configured to facilitate beading of water particles of the water bath on the housing.

10, The lead-acid battery of claim 2, wherein beading of the water particles
reduces contact between the water particles and the housing when compared to a housing

without the hydrophobic texture,

11, The lead-acid battery of claim 9, wherein 3% of a circumierence of the

water particles contacts the housing,

12, The kead-acid battery of claim 1, comprising

a positive conductive plate disposed i the housing;

a negative condoctive plate disposed 1n the housing;

a separator disposed between the positive conductive plate and the negative
conductive plate in the housing; and

electrolyie surrounding the positive conductive plate and the negative conductive
plate in the housing, wherein the electrolyte Is configured to react with the positive
conductive plate and the negative conductive plate soch that the leadiacid battery is

configured to supply electrical energy to a load.

13, The lead-acid battery of clatm 12, comprising a plurality of positive
conductive plates and a plurality of negative conductive plates, wherein the housing
comprises a receptacle portion and a hid portion, wherein the receptacle portion is

configured to receive the plurality of positive conductive plates and the plurality of

17
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negative condactive plates and the electrolyte, and wherein the hid portion s configured

to be disposed over the receptacle portion.

4. The lead-acid battery of elaim 13, wherain the receptacle portion and the

Hid portion are configured to be sealed to one another using a laser weld.

15, The lead-acid battery of claim 14, wherein 2 seal between the receptacle

portion and the hid portion is Haid-tight.

16. A lead-acid battery formation system, comprising:

a plurality of lead-acid batteries configured to undesgo an exothermic reaction
that generates beat during g fonmation process, wherein each lead-acid batiery of the
plurality of lead-acid batteries comprises a housing with g hydrophobic texture; and

a water bath comprising water configured to surround at least a portion of each
lead-acid battery of the plwality of lead-acid batteries during the formation process,
wherein the water i3 positioned to absorb the heat generated from the plurality of lead-
acid batteries, and wherein the hydrophobic texture 15 configured to resist formation of a
residue on an outer sarface of the housing of each lead-acid battery of the plumality of

lead-goid batteries in the water hath,

17.  The lead-acid battery formation system of claim 16, wherein the water of
the water bath comprises electrolvte from a leadracid battery of the plurality of lead-acid
battertes, first contamimants from the lead-acid battery of the plurality of lead-acid
batteries, second contamunants frors an envivonment surrcunding the water bath, or a

comnbination thereof

18, The lead-acid batery formation system of claim 17, wherein the

hvdrophobic texture Is configured to facilitate beading of water particles of the water,
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such that adherence of the electrolvie, the first comtaminants, the seeond contaminants, or

a combination thereof, to an outer sirface of the housmg 1s reduced.

19, The lead-acid battery formation system of olaim 16, wherein the water i
configured to swround approximately two-thirds of the outer surface of each lead-acid

)

battery of the plurality of lead-acid batteries.

20, The lead-acid battery formation system of claim 16, wherein each lead-
acid battery of the plurality of lead-acid batteries comprise a vent configured to emuit
exhaust gases from the housing, wherein electrolvte madvertently escapes through the
vent, and wherein the veni compnises the hyvdrophobic texture, such that accwnulation of

glectrolyte in the vent {s resisted.

21, A method, comprising:

assembling components of a lead-acid battery i a bousing of the lead-acid
battery,

seating the housing, wherein the housing comprises a hydrophobic texture;

disposing elecirolyte material into the housing to imtiafe an exothermic reaction
in the housing:

disposing the leadeacid battery m a water bath configured to dissipate heat
generated in the bousing; and

resisting formation of a residue on an outer surface of the housing with the

hydrophobic texture.
22, The method of claim 21, comprising forming the hydrophobic textwre in

the housing using an mjection mold before assembling the components of the lead-acid

battery in the housing.

19
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23, The method of claim 21, comprising forming the hydrophobic texture in

the housing using a laser before or after sealing the housing.

24, The method of claim 21, wherem resisting formation of the residue on the
outer surface of the housing with the hydrophobic texture comprises causing formation of

beads of water particles of the water bath on the housing.

25, The method of claim 24, comprising reducing adherence of the condensed
electrolyte matertal 1 the water bath 1o the outer swrface of the housing with the

hydrophobic texture,
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