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* A fundamental understanding of the deformation mechanisms of geological materials 1s critical when

considering designs that require predictive mechanical behavior of geological materials Constituent materials control the Strength of mica is function of shear siress and loading direction®]  Dislocation glide confined to mica basal plane
- ex. Geological storage of CO,, nuclear waste storage, geothermal heat pumps, and hydraulic fracturing . !
+  Mica minerals overall strength of rockl?] Orowan mechanism(“]
- are abundant, comprising almost 15% of the upper continental crust!!! Mechanical Response =~ cizriony : énznio s s :
- have a layered sheet-like structure \ of Follated Schists === | -
- shear along the basal plane with relative ease T = HI; (010] e e 1. 575 e
- greatly influence the mechanical properties of its host rock!?! ¢ prci - ) R e ]
 Ex-situP! and qualitative in-situ!* Transmission Electron Microscopy (TEM) straining experiments of mica % e e Bt s ’
have so far observed o e 7 maavsmona | /
- strength is a function of shear stress and loading direction g H’F"‘ — e 20‘
- dislocation glide is confined to the basal plane RN et 1 o e et PO <
- Orowan dislocation bowing mechanism
Low High

Mica grain contiguity in plane of active slip

By quantitatively investigating deformation and fracture in mica minerals at the nanoscale, this research
aims to generate a fundamental understanding of geological mechanical behavior by m mm

- establishing deformation mechanisms in mica as a function of shear stress and loading direction
- quantitatively measuring activation and interaction energies of participating defects in mica

Nanoscale Sample Preparation Quantitative In-Situ TEM Tensile Testing of Mica

Gops 35 Experimental Setup * Sample

- 115 nm 1nitial thickness

- 675 nm 1nitial gage width

- 1.2 wm initial gage length

- Tensile loading // to [010](001)

- Experienced drft during blind FIB cuts that exposed top ~% thickness of gage

Exfoliated or ultramicrotomed biotite mica
sheet (obtained from Ward’s Natural Science

Establishment, Bancroft, Ontario, Canada) 1s
floated in DI H,O onto Cu TEM grid

Tensile Sample 8

Hysitron PI-95 Picolndenter

~ Neheam Pt : - section to unknown dose of 30 keV Ga* ions

micromanipulator * E0101meas = 110 GPa (Ejgjgca = 170 GPalol)
Crystallographic orientation determined using + JEOL 2100 operated at 200 keV * Omax-meas = 9-0 GPa (Opayidear ~ 4-9 GPal’)
TEM diffraction * Video recorded at 15 fps

B || e Displacement control at 0.5 nm/s (¢ ~ 1x104 s!)
In a dual-beam SEM/FIB, 3 blind focused 10n * PTP has 4 laterally stiff springs (k = 450 N/m) that translate the compressive
beam (FIB) cuts made with Gat* at 30 keV | motion of the indenter into tensile motion at the sample gage section
(blind = without 1maging with the 1on-beam) o ]
Quantitative Data Analysis Engineering Stress/ Strain
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Free end of sample affixed to

Global: 1nitial gage length and initial area
micromanipulator with e-beam deposited Pt ~ |
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Blind FIB cut made to free sample from sheet
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Engineering Strain

Transferred and affixed to Push-To-Pull (PTP)

device with e-beam Pt Engineering Strain

Local True Stress/Strain

35 Insitu TEM tensile test of biotite mica. (a-e) Still frame images from

Local: Digital Image Correlation (DIC)L! 3| _ . experiment video. (a) Initial sample. (b) FIB damage that has begun to

: TH0 0 %0 100 150 200 250 to measure local instantaneous gage length s . ' clear at failure site at 3.2 GPa, is now obvious at 4.1 GPa (yellow circle). (c)
Bl.lnd FIB.Cut made to free SElIIlplG from Displacement (nm) and msmntan;"us It % A M reff Right before failure, defect seen to grow, indicating failure initiated in the
mlcromampulator o= — 5| T adit middle of the gage widih, likely in the FIB-damaged top layer. (d)
4 g Magnified area from blue inset in (c), arrow indicates defect location,

W : o L ) £ dashed lines indicate relation to fracture surface. (e) Frame after failure. (f)

Bllnd FIB cuts made to Shape ten81le S ample o ’: _ l, oo | Brighi fie.ld TEM microgruph .sho.wing. fl‘(](?UI’(.% surface. (g) Engineering
_ O Stz obi o6 005 0T 02 0T 06 | : stress-strain curve. Correlated in-situ video indicates plasticity at 0.8, 1.,

True Local Strain s | 2.1, 2.5, 3.2 and 4.0 GPa due fo cooperative mofion of FIB-induced defects.

*Data are representative

Conclusions
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