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THIN ADHESIVE FILMS HAVE BECOME INCREASINGLY

IMPORTANT IN APPLICATIONS INVOLVING PACKAGING, COATING OR FOR
ADVERTISING. ONCE A FILM IS ADHERED TO A SUBSTRATE, FLAPS CAN BE
DETACHED BY TEARING AND PEELING, BUT THEY NARROW AND COLLAPSE
IN POINTY SHAPES. SIMILAR GEOMETRIES ARE OBSERVED WHEN PEELING
ULTRATHIN FILMS GROWN OR DEPOSITED ON A SOLID SUBSTRATE, OR
SKINNING THE NATURAL PROTECTIVE COVER OF A RIPE FRUIT. HERE, WE
SHOW THAT THE DETACHED FLAPS HAVE PERFECT TRIANGULAR SHAPES
WITH A WELL-DEFINED VERTEX ANGLE; THIS IS A SIGNATURE OF THE
CONVERSION OF BENDING ENERGY INTO SURFACE ENERGY OF FRACTURE
AND ADHESION. IN PARTICULAR, THIS TRIANGULAR SHAPE OF THE TEAR
ENCODES THE MECHANICAL PARAMETERS RELATED TO THESE THREE
FORMS OF ENERGY AND COULD FORM THE BASIS OF A QUANTITATIVE
ASSAY FOR THE MECHANICAL CHARACTERIZATION OF THIN ADHESIVE
FILMS, NANOFILMS DEPOSITED ON SUBSTRATES OR FRUIT SKIN.
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EPIRETINAL MEMBRANE PEELING (MEMBRANECTOMY)

EPIRETINAL MEMBRANE (ERM), ALSO KNOWN AS MACULAR PUCKER, IS A
CONDITION CHARACTERIZED BY GROWTH OF A MEMBRANE ACROSS THE
MACULA, OR CENTRAL RETINA OF THE EYE. THIS CONDITION MAY BE
THOUGHT OF AS THE GROWTH OF SCAR TISSUE

ACROSS THE MACULA, THUS INTERFERING

WITH CENTRAL VISION. THE ERM TYPICALLY

CONTRACTS, CAUSING DISTORTION OF THE

CENTRAL RETINA, THUS PRODUCING

DISTORTION OF VISION. THE TREATMENT OF

ERM IS VITRECTOMY AND MEMBRANE PEELING.

THE ERM PEELING PROCEDURE BEGINS WITH A

VITRECTOMY (A PROCEDURE THAT ACCOMPLISHES

REMOVAL OF THE VITREOUS HUMOR OF THE EYE)

THE VITREO-RETINAL SURGEON THEN USES AN EXTREMELY

FINE FORCEPS, UNDER HIGH MAGNIFICATION, TO GRASP AND GENTLY
PEEL AWAY THE MEMBRANE FROM THE RETINA. THIS PROCEDURE MAY
VERY WELL BE THE MOST DELICATE OPERATION EVER PERFORMED ON
THE EYE!
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SCHEMATIC REPRESENTATION
OF THE EXPERIMENTAL
SET-UP

ATERIALS USED:
POLYESTER AND POLYPROPYLENE FILMS

“E-MAIL: LHAMM@LAUCA.USACH.CL

3 Limm]

wlmm]

FIGURE 1 THREE RECTANGULAR FLAPS OF ADHESIVE FILM
CUT AND PULLED AT THE SAME CONSTANT SPEED. a, WIDTH
VERSUS LENGTH IN MILLIMETRES ON A LOG-LOG PLOT FOR
THE FLAPS WITH INITIAL WIDTHS OF 10 (OPEN CIRCLES), 50
(TIMES SYMBOLS) AND 100 (PLUS SYMBOLS) um. SOLID RED

LINES HAVE BEEN INCLUDED FOR COMPARISON.

b, TEAR SHAPES OBTAINED IN THE EXPERIMENT, SHOWN

OVERLAPPED. L: DISTANCE FROM A GIVEN POINT ALONG

THE AXIS OF SYMMETRY (HORIZONTAL DASHED LINE) TO
THE TIP. w (WIDTH): DISTANCE BETWEEN THE TWO SIDES OF
THE TEAR ALONG THE PERPENDICULAR LINE TO THE AXIS OF

SYMMETRY.

Tearing Surface

Peeling Surface

FIGURE 2 SCHEMATIC DIAGRAM SHOWING THE SIDE AND
TOP VIEWS OF THE EXPERIMENT AND THE GEOMETRICAL
PARAMETERS INVOLVED TO DESCRIBE THE SHAPE OF THE
TEAR. a, SIDE VIEW OF THE FLAP. THE DISTANCE h GIVES THE
‘HEIGHT' OF THE FOLD. b, TOP VIEW OF THE EXPERIMENT.
¢, THE CLOSE UP SHOWS A VIEW OF THE TEAR AT THE
POSITION OF THE CRACK TIP. THE FRACTURE PROPAGATION
CAN BE INTERPRETED AS THE BALANCE OF FOUR VECTORIAL
FORCES: TWO OF THEM DUE TO ADHESION AND FRACTURE
FORCE, AND THE OTHER TWO DUE TO THE PULLING FORCE
AND THE INWARD FORCE ¢,U]..
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ACI STRUCTURES

ANALYTICAL MODEL

@ TOTAL ENERGY U=U,+2yts + 4

@ STATIC EQUILIBRIUM oU =0

and
® MINIMAL FORCE

(06F )y =0 equiv. 39(6U/Ss) = 0

F=1% +ytcos

leads to

(0Ue Jae = ytsin 0

a

FIGURE 3 EXPERIMENTAL CHECK OF EQ. (1). FILM WAS ADHERED TO A
SUBSTRATE AND THEN A 4-CM-WIDE FLAP WAS PULLED AT SEVEN
DIFFERENT SPEEDS (LEGEND). @, OVERLAPPED TEARS. b, FORCE VERSUS
WIDTH. INSET: SAME EXPERIMENT WHEN FILM WAS ADHERED TO A
SUBSTRATE WITH A STRONGER ADHESIVE AFFINITY, LEADING TO A
LARGER FORCE NECESSARY TO DETACH THE TEAR FOR A GIVEN PULLING
SPEED, WHILE THE INTERCEPT REMAINS THE SAME.
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FIGURE 4 ANGLE OF TEARING VERSUS (2B7)"/5yt FOR EXPERIMENTS

WITH THREE DIFFERENT MATERIALS: M50 (B = (3.0+0.1)x10° Nm, pt =0.6+0.1 N),
M70 (B = (5.5+0.1)%10° Nm, yt =1.5+0.1 N) AND M90 (B = (1.5+0.1)x10* Nm,
yt=1.9+0.1 N). THE VARIATION OF THE ANGLE IS PRODUCED BY

CHANGING THE SUBSTRATE AND VARYING THE PULLING SPEED. RED

LINE SHOWS THE THEORETICAL PREDICTION GIVEN BY THE ELASTICA
(INSET EQUATIONS). ERROR BARS SHOW THE UNCERTAINTY OBTAINED
FROM THE ESTIMATED ERROR OF EACH PARAMETER.

CONCLUSIONS

® WE DEVELOPED A FORMALISM FOR INVESTIGATING
MECHANICAL PROPERTIES OF THIN ADHESIVE FILMS.
® AS THICKNESS IS REDUCED OWING TO NEW
TECHNOLOGIES, TRADITIONAL METHODS GIVING
MECHANICAL PROPERTIES OF A MATERIAL IN BULK
FORM ARE NOT APPLICABLE DUE TO STRESS
LOCALIZATION? AND WRINKLING®.

® COUPLING BETWEEN ELASTICITY, ADHESION AND
FRACTURE, IMPRINTED IN A TEAR SHAPE VIA THE APEX
ANGLE, PROVIDE THE POTENTIAL FOR NEW METHODS
OF MATERIAL PROPERTIES CHARACTERIZATION®.

® MECHANICAL PROPERTIES OF MORE COMPLEX
SYSTEMS: FRUIT WALL® AND EPIRETINAL MEMBRANE.

———  —— ———— — jpueoeny

1. Hamm, E., Reis, P, LeBlanc,

. ROman, B. and Cerda, E. Nature Mater: 1, 386-390 (2008)

2. Witten, T. A. Stress focusing in elastic sheets. Rev. Mod. Phys. 19, 643-675 (2007)

3. Cerda, E. & Mahadevan, L. Geometry and physics of wrinkling. Phys. Rev. Lett. 90, 074302 (2003)

4. Groenewold, J., An angle on sticky films, Nature Mater: 1, 348349 (2008)
5. Matas, A. et al. Biomechanics and anatomy of Lycopersi

fruit peels and

d 125 samples. Am. J. Bot. 91, 352-360 (2004)




