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outline

A introduction to the issues
A quick review of generic approaches
A what works and why?
- hot end/cold end coatings on containers
- coatings on glass fibers
A water/corrosion versus mechanical damage
A tools for the evaluation of coatings
A summary
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fundamental issues In glass strength

Amechanical damage/flaws at the glass surfaces
Aintrinsic strength/fracture toughness of the glass
Afatigue (waterchemisorptionand corrosion)
Aresidual stress and bond strain
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Important Roles for Coatings in Strength

A mechanical barrier: modulus and thickness

A abrasion resistant: hard and low fricti@Rooth aiubricious)
A water barrier

A compressive residual stress

A flaw healing, especially at cut edges

>>>> what about the coating/glass interface?

>>>> coatings for strength are necessarily applicatior
specific.
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Coatings for Strength
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Surface Treatments for Glass Strength

A flaw healing(eg, flame polishing or acid etching)
A compressive residual Stregs ion exchange strengthening)
A dealkalizatiortreatments (eg, fluorine treatment)

>>>> perhaps best applied in combination with a
O2F GAYyIXDD

PENNSTATE Materials Researchinstitute
ﬁ strengths in materials and nanotechnology




To T o To o To To o To o To To o To T o Do T o Do I

partial list of patents for iofexchange
AUNBYITKSYAYIBYEY|

[1]A.R.Hessand G.BeighteE ¢aSi K2R 2F {GNBYyIUiKSYyAyITh®dirondada pE bZWySEOKRYIB2BY R
WHB 5® 2d WAYSKINI>X daSikK2R 2F {GNBy3GKSyAy3a | DflFaa ! NiIAOES o0& L:
[B]F.JMarusak a52dzof S L2y 9EOKIy3aS aSiK2R T2NJallAy3a Dflaa ! NIAOfSésx | {
[4] A. E. Saunders and RKEbicha & { 6 NSy 3G KSyAy3 Dfl aa o0& adzZ GALXS ! f11fA L2y SEOKI
[5] H. M.Garfinkeland J. Olcotz daSG K2R F2NJ { NSy3GKSyAy3a DflFaa ! JjAOfS ¢ | 03cCoO
[6] Ellen LMocheE & !AlurpinosilitateGlass Article Having an lnE OK I y 3SR { dzNF I OS [ | @ SNE ! oXTdnIno
OT8 5d 2d WAYSKINIZ L2y 9EOKIy3aS {(iNBy3IiKSySR Dfl aa /2 GFAYyAy3

wy8 5® 2d wWAYSKINIZ a/ KSYAOFET {GNBYy3IGKSyAy3a 2F Dflaac:x
Ohe 5P 2d WAYSKINIZT G[AGKAdzY /2yGlAyAy3 L2y 9EOKFy3IS (i
4,164, 402 Strengthening of Thiwalled Light Glass Containerg/atanabe; Yamamura Glasabushika<aisha (August 14, 1979)
4,206,253 Method of chemically strengthening a glass containdfatanabe; Yamamura Glasabushik&aisha (June 3, 1980)
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(54) Title: METHOD AND APPARATUS FOR STRENGTHENING GLASS

BOTTLE FORMING }-/ 310

315
| FLAME POLISHING -

320
{ DIPPING i‘/

Y
LHEAT TREATMENT |/ 330

340
COOLING ’—f

SALT REMOVAL }J 350

(57) Abstract: The invention relates te a method and apparatus for strengthening glass. A
method according to one aspect of the invention strengthens glass by applying potassinm
ions to the surface of a glass article with the surface being at least the annealing point tem-
perature of the glass and then keeping the temperature of the glass between the strain peint
temperature of the glass and about 150°C below the strain point temperature for at least
about five minutes to facilitate a more efficient ion-exchange reaction. In one embodiment,
the glass articles may be dipped in a salt bath to apply the ions. In an alternative embod-
iment, the glass articles may be sprayed with molten potassium salt to apply the ions. As
a result of the methods of the invention, the treated glass articles may be strengthened by
having an increased surface stress or may contain less glass with no change in strength as
compared to the same untreated glass article.

METHOD AND APPARATUS FOR
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Can a coating make a difference?
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What kind of coating?
eg, agueous spray; Brockway
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7. Swength of soda-lime silicate glass as a function of damaging load, after
contact damage with a Vickers diamond: (i) as-float glass: (i1} after thermal
tempering: (iii) after chemical tempering. The lines are guides for the eye.



simultaneous tempering or ion exchange, atehlkalization

JP 58064248 A - Surface Treatment of Glass Bottle to Improve Strength - Involves Simultaneous
Alkali Removal and Compressive Stress Layer Formation

Nippon Taisan Bin K; 10/13/81 (Derwent)

Surface dealkalization is achieved with the addition of a alkali-removing agent (SO,, (NH,),SO,) inside of
the glass bottles at a temperature which is higher than the strain point and lower than the softening point
(1075°F to 1200°F) for 10 to 40 minutes. Cooling air is then blown against the inner and outer surfaces
to simultaneously remove the alkali products and to develop a compressive stress layer (thermal
strengthening). A synthetic resin emulsion or surfactant (paraffin and fatty acids, etc.) is then applied to
the outer surface of the bottle to improve its lubricity and anti-wear properties.

JP 57129845 A; JP 91023494 B - Glass Having Good Chemical Resistance and Mechanical Strength

Nippon Taisan Bin K; 8/12/82, 3/29/91; Derwent)

JP 55056042 A; JP 85022662 - Strong, Lightweight Chemically Durable Glass Bottle - Surface Dealkalization and lon
Exchange

Ishizuka Glass KK; 4/24/80, 6/3/85 (Derwent)

Glass bottle is simultaneously exposed to surface dealkalization and ion exchange at high temperatures.

JP 54142227 A; JP 82001502 - Increasing Strength and Chemical Resistance of Soda-Lime Glass by Treating with
Potassium Thiocyanate which the Enhances lon Exchange and Dealkalization Reactions

Nippon Taisanbin KO; 11/6/79, 1/1/82; (Derwent)

JP 54107921 A - Preparation of Strengthened Glass Bottle by Immersing Bottle Immediately After Shaping in a
Molten Salt of Alkali Metal and Annealing

Ishizuka Glass KK; 8/24/79 (Derwent)

JP 54107920 A - Uniformly Thin Strengthened Glass Bottle With Stress Layer on Surface Formed by lon Exchange
Ishizuka Glass KK; 8/24/79 (Derwent)



JP 54054124 A - Surface Treating of Glass Bottles by Etching with an Aqueous

Fluorine Compound Solution and Coating with Plastic
Toyo Glass Co. Ltd. 4/28/79
The outer surface of the bottle is treated with a 1-10% aqueous solution of ammonium fluoride, hydrogen

fluoride or ammonium fluoride by immersing or spraying. After water washing, it is coated with polyurethane.

Strengthening of Glass arf@yroceramWith

Hydrophobic Coatings

Authors:Curtis E. JohnspBaniel C. Harrjdohn G. Nelsgn
Clare F. Kline JBrandy L. CorleNAVAL AIR WARFARE CEM
WEAPONS DIV CHINA LAKE CA

July 2003

Abstract:The objective of this study was to determine whethe
significant improvements in strength of sotime glass and
Pyroceran9606 could be obtained by applying thin hydrophot
coatings. Sodéime glass slides were coated with a few differe
hydrophobic compounds (containiogganosilicorgroups) and
then subjected to strength tests in flexure. The glass slides w
acid etched to remove surface defects and to slightly mimic tt

outer fortified surface oPyroceramA hydrophobic coatin
of octadecyldimethylchlorosilaneon sodalime
glass slides led to doubling or more of the
strength.The increase in strength is attributed to
reduced role of stress corrosion cracking that is

promoted by moisture at the surfacesimilar
hydrophobic treatments were not effective d?yroceranbars.
Thickcoatingson dryPyroceransurfaces were successful at
improving the strength by about 40%, similar to the effects of
dipping in silicone oil.



http://www.stormingmedia.us/authors/Johnson_Curtis_E_.html
http://www.stormingmedia.us/authors/Harris_Daniel_C_.html
http://www.stormingmedia.us/authors/Nelson_John_G_.html
http://www.stormingmedia.us/authors/Kline_Clare_F__Jr_.html
http://www.stormingmedia.us/authors/Corley_Brandy_L_.html
http://www.stormingmedia.us/corpauthors/NAVAL_AIR_WARFARE_CENTER_WEAPONS_DIV_CHINA_LAKE_CA.html
http://www.stormingmedia.us/corpauthors/NAVAL_AIR_WARFARE_CENTER_WEAPONS_DIV_CHINA_LAKE_CA.html

4,039,310 Process of strengthening glass bottles and the like
Sipe, et. al.; Duraglass Research and Development Corporation (no listing in Boulder CO) (August 2, 1977)

Glass strengthening technique in which a fatty acid is applied (sprayed,
mold coating) to the glass bottle at temperatures between 900 and
130C°F. Fatty acids evaluated wdnehemig stearig glutamicand
combinations ofstearicandbehemic Bottle drop heights increased

from 2 feet (control) to up to 15 fees{earid behemicapplied at

110C°F. The theory is that the fatty acids chemically reacts with the
atoms in the glass surface, strengthening the tips ofrtherocracks

and preventing further crack propagation when the surface is under
stress.



High temperature fluorocarbon treatments of glass containers

TABLE I
o Mlj C n
(M?)
internal surface untreated 307 A3 17
internal surface treated 440 06 35

S, = instaneous failure stress

C and n = stress corrosion factors




Strengthening glass articles with electromagnetic radiation and resulting
product

Document Type and Number:

United States Patent 5102833

Abstract:

Alkali metal and alkaline earth metadxidealuminosilicateamorphous glass
articles can be strengthened by providing such glass with a cerium dioxide
sensitizer and a nucleating agent, irradiating the article with electromagnetic
radiation, heating the irradiated article to a temperature between about the
annealing and softening points of the glass, and cooling the heated, irradiated
glass article. The treated article has a thick lower layer of the amorphous glass,
but a thin layer of this glass at the surface of the article has been converted to
a crystalline state. In this surface layer, some of the cerium has been converted
from a +3 to a +4 ionic state and some of the metal element in the nucleating
agent has been changed to a metallic state. The adjacent location of the lower
and surface layers creates large compressive stresses at the surface layer which
imparts great strength to the glass article.



Damaage resistance din-oxide/organiccoated glass containers

oMechanical effects
- abrasion/sliding — friction = f (roughnesshardness, chemistry
- contact/Hertzian——— B, VSE, syrate thiCKNESS
- Impact » By VS Epsirate thICKNESS

«Chemical effects
- tin oxide is an adhesion promoter for therganiccoating
- aqueous attack of the glass is reduced (diffusion barriers)
- Sndiffusion modifies the glass properties (8-Sn)
- gettering sodium? NaC|] NaSnQ)

PENN_SEE Materials Research Institute




Baseline Properties

Property Soda Lime Slica Glass Tin Oxide
Hardness(GPa) 6.3 10i 14 (Rdf. #)
Y oungés Modulus (GPa) 72 263 (Ref. ®)A
Poisond mtio 0.23 0294 (Ref. )
Thema Exparsion 8.3 4.13* (Ref. %)
Coeffi cient (/°C)
Density (Mg/m®) 253 6.990
PENN STATE Materials Research Institute

¥
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tin-oxide Qyrolytic) coatings on glass containelfs

2.0nm

0 500 nmM 0 500 nm 0 500 nm
Data type Ampli tude Data type AmMpli tude Data type AmMpli tude
Z range 0.05000 V Z range 0.05000 V Z range 0.05000 Vv
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H,O Contact Angle vs SpO

H,O Contact Angle (°)

N w w B B a1 [¢)] D [o2]
)] o ()] o [&)] o [&] o (53]
L

N
o

—A— CGW 1737

—a— P16 sls
= | |
] ‘%A
] 7
| ]
T T T T T T T T T T
0 200 400 600 800 1000

SnO, Thickness (A)

10 day equilibration time (90% in 48h)

C3H7+
£CH0
CSHS\

h CF"

“. ulll Jlﬂ mnﬂ n [ Vh”nhnﬂunn NN, nz Lo

I |
0 10 20 30 40 50 60 70 80 90
m/e

TOFSIMS spectra shows
corresponding hydrocarbon
adsorption




Snoxide and (hydro)carbon adsorption

organic species A Sn-oxide has a high density of
(hydro)carbon adsorption OH

AThose i reactive OHDO

Sn Sn Sn Sn
/JIN/IN/I\/|\ associated with the i
surface
. A Na impurities in the film surface (e.g
075 PL16 SLS) or exposed substrate (e.g.
070 CGW 1737) influence the amount of
o %% Sn-OH groups- (hydro)carbon
1 adsorption- contact angle

0.50
0.45 4 I
0.40 .

X<2 X~2 x>2

0O:Sn

Ratio of negative TORSIMS OH-/ O peak areas
for unaged100s tin oxide films on CGW 1737



Impurity Effect on Friction
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= friction coefficient on the tin
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conclusions about timpxide on bottles

The tin oxide coated surfaces are more hydrophobic (highgDHontact angle)
than bare glass surfaces. This is consistent with the empirical observation that
oxide coated glasses have better adhesion to organic substances than bare glg

TOFSIMS shows a high concentration of hydroxyl species (which act as adsorp
sites) on the Sroxide coated surfaces; the observed stoichiometry effects sugge
that SnOH is the important adsorption site for (hydro)carbon species.

The tin oxide films on CGW 1737 samples have highg Ebntact angle (more
hydrophobic) than corresponding tin oxide films on SLS due to the presence of
sodium in the tin oxide films on SLS.

Sodium at the interface, and within the hedteated SnQ films, deteriorates the
film adhesion under load.

The dynamic aspect of (hydro)carbon adsorption may help to explain the empir
observation that Sroxide films enhance scratch resistance; i.e. reduced friction
due to the (hydro)carbon and its continual replenishment

Sn
SS.
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Carbon also provides a hydrogen barrier
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fiber strength versus Oxidative removal of the carbon coating
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Fiber Draw

. Sealed in plexiglass: atmosphere control

- N &

The roller with horizontal motion:
reducing the fiber damage during
collecting




Surface Treatments

and Their Evaluation | |
S < MISt from nebulizer

<«—— Smooth rod

«—— roughrod
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Strengthening Effect dip coating for 1 min

Polyamide : excellent on both Pristine and Damaged
APS: none

Pristine
v
Pristine + R.O. Water

Pristine + Polyamide 1wt%

Damaged + Polyamide 1 wt?
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Lubrication effect
Polyamide : excellent

APS: none
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Edge-strengthening of flat glass with acrylate coatings

Mei Wen®*, Jean-Michel Chabagno®, Gary Silverman ?, Maurice Bourrel © “—| 5" S |—™>

Glass under

external tension

* Arkema Incorporated, R&D, 900 1st Avenue, King of Prussio, PA 19406, USA

o: closure stress
applied by the coating

EHT = 4 nnLs 1um?
Mag= I

30000

B J o ~ » o
| .
) In ) il 1 -
25000+ )
Fig. 6. Optical microscope images of indented glass before and after coating (F#B).
The indent was created by a 50N load and the film was about 30 pm in thickness.

200004

15000+ —#— Non-coated

100004 —— Coated

Strength, psi

5000+

Method of Strengthening a Brittle Oxide
o 2 4w e s 10  Substrate with aWeatherableCoating

Indent load, N

Fig. 5. Strength of coated and uncoated glass versus indent load (F#8).



Development and Evaluation of Coatings for Strer

Asurface properties of the glass

Aintrinsic film properties

Aelastic and plastic response of the coated surface
AVEONBY3IUKQ 2F 0KS O2F 0SR
Adamage mechanisms and failure modes
Amanufacturing effects

Aservice performance

Acost
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Tribolndenter

The Hysitron Tribolndentéruses a twalimensional transducer to collect lateral
force and normal force measurements at the same time. It has nanoscratch and
nanoindenter capabilities with-situimaging similar to that of the AFM. Using
this instrument allows for the collection of quantitative information.

7 Vertical Force

Transducer
Lateral Forc
]
Transducer r?
Feedback
Indenter
—

_ Piezoelectric
http://www.hysitron.com

http://www.inex.org.uk/page.asp?pageid=104 | é




Indentation Pileup

A Must be accounted for in calibration and measurements
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Hardness Trends in Aged Float Glas:
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Penn State, to appear



Float Glasg HardnessKj)

A Corrosion decreased air
side hardness

A Tin side hardness was
relatively invariant

A (H)air-side> G_I)tin-side

beforecorrosion

A (H)tin-side> a_l)air-side

after corrosion



