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ABSTRACT FLSP STRUCTURES ON MATERIALS IMPORTANT FOR HEAT MEASURED PARAMETERS OF
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surfaces are fabricated using femtosecond laser surface
processing (FLSP) for applications in heat transfer. Inconel 740H Nc-pyramids BSG-mounds ASG-mounds ] i e e

T P, W i o e T, Ten e Average Maximum

Why Femtosecond lasers? _ T e PRttt e e tarhy U, B e . Average
Multiscale structures in a si ngle step SEM images ~ . f . B | \, l ro u( if::)ess
Structure permanency (normal AR Tl P P A IS LW 52 K L
Contactless fabrication viewing) B D e et walb @5 7 W e
Scalability o ey by » ,& m vl € - _. bt L LW NC-pyramids : 54.2
Repeatability « S T N eEtRLs e ST B e 8 BSG-mounds . 15.3
Versatility T soum [ N | “sovm SRR S soum bR YR ASG-mounds 77.4

Material ChOICES? AN\ A [E\ ) " % s e s e N £ a2 ' Zircaloy 4
Inconel 740H: Newly engineered high temperature alloy for VAN AN LD A A AR e il ags! BT BT LR e — 62.6 93.6
power plant applications , AN [ RN 2 AN i Aa s e Tl O N BSG-mounds . 19.2 25.7
Zircaloy 4: Common for nuclear oower pIant applications Im?izf by .. - v R L 3 ASCormounds 0 o 5

4H-SiC: Used as stamp for FLSP imprinting and microelectronics B Al N A AR Rt adell B\ TG 4H-SiC n-type

Copper: High conductivity and often used in critical heat transfer DA\ P T e = NC-pyramids 208.2 241.2

applications — 49 RN —  ReSentS e Saldpe —— Fgl ae o e B3G-mounds | - 22
- | Bt A N o e e Pits . 11.8 16.8

Surface area ratio
(measured surface
area/geometric area)

structure structure height
height (max peak to max

(um) valley) (um)
Inconel 740H

- | Copper
3-D Laser i - - Mounds 6.8 42.1 61.7 3.7

Scanning | .‘ ' _ ! Physical parameters measured using Keyence laser scanning confocal microscope (LSCM)

confocal

EXPERIMENTAL SETUP o ' , o HEAT TRANSFER ENHANCEMENT

. Focusing optic: images
\ Parabolic . 7 ["" parabolic mirror (152.4 8

\ <[ mmifocal fength) ‘ L o e ' OF FLSP STRUCTURES

: NC-pyramids BSG-mounds ASG-mounds Secondary
Zircaloy 4 i | [ S

shutter  Polarizer SEM images
% waveplate
(normal
Computer controlled . .
linear stages viewl ng)

—_
o
o

Ultrafast Laser System Specifications

~J
o

| Laser system Spitfire, Spectra Astrella,
Typical programmed .
rastering path Physics Coherent

Heat Flux (W/cm?)

n
o

Pulse Energy 1mlJ 6ml) i _ _ 0, A AN } A o et g
. VY \Was e 5 b : CARA P SR gn s S e e GRS 77 @® Polished Inconel
Center 800 nm 800 nm SEM images &% i N TN GERNLGY g g Ny S <P S S R AR o 3!0 A @ ¢ TallInconel |

Wavelength (45° viewing) (E N CAELSUNRIEL WY S dB T = e e gy = 1.0 B e, Y S 23 wi® A ® i Shortincone

Gk VAN iy I ¥ BT o AR et T IRV B - S - 2 e - = ‘. b ® Medium Stainless &= Sl
Pulse Duration 80 fs 30 fs < i \ A\ AN S | e | > = o, AL 5 10 15

20 25 30
Wall Superheat (°C)

RANGE OF FLSP STRUCTURES IMPRINTING COPPER WITH
A diverse range of unique surface structures can 3-D LSCM

be fabri.ca:::lelzyll: I\Lzrr\‘/(i:gg two critical parameters: Images | ' " 5 | | I NVE RS E F I_S P STR U CTU RES

e Number of Pulses per spot | | Goal: To imprint reverse FLSP structures on copper using mechanical press
as a method to scale FLSP to larger areas
* Preliminary work has shown potential that imprinting FLSP structures is

Random ‘ an easy and quick method to fabricate functionalized surfaces
nanostructure 3 v —

(smooth on the 4H_Sic NC-pyramids BSG-mounds e :

20000

19500

C-Pyramids

M
i
o
o

Number of laser pulses

microscale) Below surface growth

(BSG) mounds % SEM i B=1 /- 3
— (ASG) mounds Images ; s ,A ‘"md | Imprlntlng

(normal : = i
1 1.5 2 2.5 3 o ' X = e press
viewing) ’ 1A ' = _

No significant ablation

Copper imprint
Fluence (J/cm?)

Note: this structure range is for Nickel 200/201 although similar ranges

. Di ion: Zuhlk .A.(2012). P .
can be found for each material issertation: Zuhlke, C. A. (2012). ProQuest

University of Nebraska.

SEM images |
(45° viewing)

Depending on the fluence of the laser, different formation mechanisms _0 gL

dominate structure growth

Nanoparticle covered-pyramids (NC-pyramids)

Phase | Phase Il
Microstructure growth Redeposited Incident
Precursor cones (preferential ablation) nanoparticles photons

Ejected xtra
Y Pulses
nanoparticles

F W j IS TR B - o 7% x " : t - ; - 5 - p— I P iy S
b\ ) %) 4 A S50 RO R0 A B o : o . " : : Ap— o = Ty a
: 3 (N 1 o K. o' % X R Pt ~ ik . A - g a 3 3 =N ~ < G
K ;‘f\,"" A <9 ;’- e i R . he S . La - b a s G e o it g 2, T, ol TR, W iz : -]'
SRy P o LITe "G B! Pl - ook a = s p d = i D
L ’ B A \ 3 "’ 3 Ar 4R e N % . 8 ) o o 2 d . & g Y. P ~ = s . M
| A DEDLT i N PA A € X o™ A ) SO -~ A P . SS 304 Imprinter e
Lo Niesy daslats SRR T B BNt e A Al S e s opp
i1 ? G i - 'y : - : o : ] 2 o s ' o { 5 . . 5 g
3 3 4 y 5, s g4 g 3 b . » ¥ » eddad ablai s B &
R & W% M ™ i k7 & L " A s . : e, 4 N T . ; > =t g s P - o o
-' G ¥ Y 4 i " Y b P - W, - o8 3 p " i afl ; i ne > i ik 3 : g
AR O d B r o - % ! - . . i Y . i 7 28 g
A g : N % & ¥ L ?
. 2 ] 2 o 3 3 d X ~
. 470l . > |

3-DLSCM |
images .

Below Surface Growth-mounds (BSG-mounds)

Phase 1 Phase2 g EEP?HESE?; CONCLUSIONS

With the novel method used in this project, femtosecond lasers can be
used to create unique micro and nanostructures on a variety of materials.
1. Through this project insight was gained into how certain
morphologies form and how to control their formation on materials
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