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@Different types of cathode structures for lithium sulfur batteries.

@Study on the mechanism of lithium-ion battery by hyper branched polymer coated on cathode.

@XKinetics of acetic acid steam reforming over Ni/ and Co/CeorsZroxsO: catalysts.

@Casting process of CNTs-Al composites using composite powder precursors and intensive melt
shear technology.

@\laterial development enabler formulation to turn active materials into finish products.

@Dual nitrogen and sulfur doped carbons as metal free catalysts for the oxygen reduction reaction
in fuel cells.

@ Structure, mechanical properties and conductivity of Cr and Hf Bronzes after ECAP.

@ Nano-foams by continuity inversion of dispersion.

@High voltage core-shell nanocomposites as positive electrode materials for advanced lithium-ion
batteries.

@Surface modification of carbons by elevated temperatures gas treatments for improved solid
electrolytes interphase formation.

@1In-situ stress evolution studies of (De) lithiated Si films.

@1n situ and ex situ studies of lithium nucleation and dendritic growth during electroplating.

@XRD total scattering and pair distribution (PDF) measurements on LiNiosMnisOs spinel.

@ The EERA joint programme on energy storage.

@Nanoscale silicon as high capacity anode of next-generation lithium ion batteries.

@ The influence of different carbon surfaces on electro-reduction of oxygen in different electrolytes.

@In-situ X-ray diffraction : time-resolved structure investigation of L-transition metal-fluorides as
cathode materials in Li-ion batteries.

@The initial stage of lithium metal deposition studied by in situ STM.
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Controlled Oxide Layer Formation on
Corrosion Behavior of Ti-6Al-4V Alloy
Following Thermohydrogen Processing

L. M. Wang, C. J. Tsai, S. L. Lee
%)

J/’g

Chung Cheng Institute of Technology,
Dept. of Power Vehicle and System Engineering
University of National Defense, Taiwan, R.O.C.
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2™ International Conference on Materials for Energy M"' )

Introduction

1. Ti-6-4 alloy is a promising materlal
Major applications are in : ;
@ aerospace,
@ automobile,
@ military industries
because of its :
@ low density,
® cxcellent mechanical,
B corr05|on propertles




2. Recently, extensive studies have been reported
on refinement of the grain size of titanium alloys
using a thermohydrogen process (THP) by
employing hydrogen as a temporary alloying
element.

*THP, by using :
hydrogenation and dehydrogenation process
[Yu,06;She,07;She,09].

3. The refinement is achieved based on the
@ modifying effect of hydrogen

on

® phase composition and transformation
of metastable phases.

4. Interestingly, even a relatively low concentration
of hydrogen introduced into titanium alloys as a
temporary alloying element has a great effect
upon phase transformation and thus modification
of microstructure and mechanical properties
[Fro,04].

4/31
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5. THP can produce nano grains.
[Yu,06;She,07;She,09].

6. Oxide layer produced on nano grains may be a
good way to enhance the corrosion resistance of
Ti-6-4 alloy.

7. There are limited reports on the corrosion
behavior of grain-refined Ti alloys resulting from

( _)2

5131

8. Control of O, flowing rate into the furnace
containing THP processed sample of Ti-6-4 alloy
may be possible to control the desirable thickness
and composition of Ti-6-4 and therefore :
improve the corrosion resistance of T-6-4 alloy.

9. So this study aims to evaluate whether this goal
can be achieved.
GD AL

Js

5/31

11




+ as-received(AR)

* [(-solution treatment at 1050 C in vacuum for 0.5 h,
followed by furnace cooling to room temperature(AR+BST)

Sample

preparation

7131

+ Sievert's volumetric apparatus was used for THP M
treatment.

+ Hydrogenation : 600 C /30 min
+ Dehydrogenation : 600 C/2 h, followed by air cooling for

approximately 30 min to room temperature. )

B o

@ Pressure transducer D Vaoumm zauge

=g ] ilm

vn:hmh

ee Botary pump
\.ed -:-:-]m | @
reat:tncr Veesen
Fuma.ce

Fig.1 Sievert’s volumetric apparatus diagram g4
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« ANN : without O,+Ar (500cc/min) at 704°C /2h/air cooling

_ * ANN plus O, : with O,(50cc/min)+Ar (500cc/min) at 704°C/
Annealing 2h/air cooling

treatment

noona

= Sample }rj I Temp. gauge |
T T T T®
500 ce/min Flf Argon(Ar)
conirol

50 co/min ga“gi Oxygen(O,)

Fig.2 Annealing treatment diagram

All the samples were ground with SiC abrasive papers and
further polished with fine grade diamond paste before each
stage treatment. 9/31

Sample Condition test

o AR+BST
B-solution treatment |
X-ray diffraction technique
Optical microscopy
High resolution transmission

RABSTHTHP+ANN (O o
(50cc/min)

Scanning electron microscopy

spectroscopy(Al Ka

Potential dynamic polarization
@ AR+BST+ANN :

“Sample A, B treated at vacuum condition.

“Sample C, D, E prepared in argon filled atmosphere. 10/31
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TABLE 1. Related processing and treatment of present samples

Sample

Treatment Procedure

AR+polished+BST"!
AR+BST+polished+THP™

AR+BST+THP+polished+
ANNT

ARABST+THP+polished+
ANN(O,)™

AR+BST+polished+ANN

as-received — polished — [} solution treatment —
exposing in air

as-received — [ solution treatment — polished —
thermohydrogen processing — exposing in air

as-received — P solution treatment —thermohydrogen
processing — polished — annealing treatment— exposing
in air

as-received — [} solution treatment —thermohydrogen

processing — polished — annealing treatment associated
with oxygen flowing into the furnace (50 cc/min) —
cxposing in air

as-received — [} solution treatment — polished —
annealing treatment — exposing in air

*1. BST (P solution treatment) : conducted in vacuum at 10007 /30min/air cooling
2. THP ({thermohydrogen processing) : hydrogenated in vacuum at 600°C /30min —
dehydrogenated in vacuum at 600°C /2h/ air cooling
3. ANN (annealing treatment) : carried out in furnace completely filled high purity argon

at 704 C /2h/air cooling

4, ANMN(O,) : annealing treatment associated with controlled amount of oxygen flowing
into the furnace at 50 ce/min

1131

Result and Discussion

0.6
0.54
[
L]
L]
< 044 ?
T ¢The hydrogen content is up to 0.54 H/M
= [ (H/M : hydrogen-to-metal-atomic ratio)
o |
= o
S 024 |
T |
u!

0.0 .Iﬁ

i}

Eﬂﬂnc
5 10 15 20
Time [min]

Fig.3 Typical kinetic curves for hydrogen absorption

12132
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ARABSTHTHP+ANN{Oz)
{pulished) §
e — ln)
-
‘= " bd d ®* % W wTsAl
= | AR+BST+THP+ANN 5 O Bphﬂﬁﬂ
(polished)
E’ E b 0 @ o phase
E r [ ﬂ L
£ | AR+BST+THP o
{polished)
[ ] [ ] O L [ ]
H R :
£ |AR:BST g = o & i
Elmmo § 5 5B B B
E . ] .
X A
e e e = =
200 25 30 35 40 45 A0 55 60 65 70 75 B0

2-0 (degrees)

Fig.4 XRD patterns of Ti-6-4 alloy after related treatments.
The identified phases of a, az, and  are marked.

13/32

equiaxed a and intergranular lamellar structure

Fig.5 Optical micrographs of g-solution treated Ti-6-4 alloy

14/32
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600, hydrogenation and dehydrogenation

AR+BST (0.5014/M) AR+BST+THP

Fig.6 Optical micrographs of Ti-6-4 alloy subjected to THP
treatment at 600°C following B-solution treatment

the lamellar structure is preserved
associated with severely etched feature after THP treatment

15/32

AR+BST+THP

refined a phase

magnified
7

oM SEM
Fig.7 Optical and SEM micrographs of Ti-6-4 alloy
subjected to THP treatment at 600°C

grain refinement within the a matrix is observed

through SEM technique
16/31
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AR+BST+THP+ANN

oM SEM

Fig.8 Optical and SEM micrographs of Ti-6-4 alloy subjected
to post-THP annealing treatment (704°C/2h/air cooling)

the thicker a grains are obtained due to the effect

of grain growth attributed by post-THP annealing treatment
17131

AR+BST+THP+ANN(O,)

oM SEM

Fig.9 Optical and SEM micrographs of Ti-6-4 alloy
subjected to post-THP annealing treatment
with O,

18/31
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)
[1101]a// [1102]a2

(1102)a

(1011)a
e

(0111) o
™ (1120)a2

o (i
®

o

(o]

nm . ®
Fig.10 (a) HRTEM micrograph of AR+BST+THP+ANN
condition and its Fast Fourier Transform analysis
of the framed area inserted
(b) the corresponding schematic illustration of FFT

pattern
19/31

Relatively distorted
region close to grain
boundary are arrowed.

¥ =T

NN s i s

Fig.11 HRTEM morphology of AR+BST+THP+ANN condition.
The identified phases of a, az, and 8 are marked,

confirming the XRD result 20/31
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0.8 - AR+BSTHTHP+ANN(Oz)  AR+BST
o - e 8.30%1 o-1 e 4.12?!(1[!'T
= E-—hR+BST+;\NN
< 0.4- dey 3.77x10°10
<02 —— . N . .
?; TN, T corrosion resistance
; Y7 E— ranking :
= 0 AR+BST+THP+ANN(O,)
= AR+BST+THP+ANN
§ 0.4+ ) AR+BST+ANN
n?. 1 AR+BST+THP+AN! y AR+BST
0.6 2.78x10-10 AR+BST+THP\ AR+BST+THP
03' 7.41x10-7

B, B B B BLELLLL LR BLALELLL IR BLALLLL, |
IE-12 1E-11 1E-10 1E-9 1E-8 1E-7 1E-6 1E-5 1E-4 1E-3
Current Density (Ah:ml)

Fig.12 Potential dynamic polarization curves of Ti-6-4 alloy
after related treatments in 1N H,SO, solution

(all measurements are carried out with produced oxide layer)
21/31

(#) AR+BST (b) AR+BST+THP

Fig.13 SEM micrographs of the top surface of oxidized
Ti-6-4 alloy of AR+BST and AR+BST+THP
conditions

22131
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{d) AR+BST+THP+ANN(O,)

corrosion resistance ranking :
AR+BST+THP+ANN(O,)
AR+BST+THP+ANN
AR+BST+ANN

Fig.13 SEM micrographs of the top surface of oxidized
Ti-6-4 alloy after related treatments 23/31

(a) AR+BST+ANN 16.44 pm
thicker but porous oxide layer magnified

100 m

(b) AR+BST+THP+ANN 0.56 pm (¢) AR+BST+THP+ANN(O;) 1.04 un

greatly thinner, dense, and well-adhered oxide layer

refined substrate refined substrate

Fig.14 Cross sectional SEM micrographs of oxidized
Ti-6-4 alloy after related treatments

Refined Ti-6-4 substrate producing thinner oxide layer pZEx

20




458.20 eV [ 2P55 Ti 2Py2
. ~
ARFBSTHANN N%_

—
E
E 457.99 eV
2099 e

i , 2
7 [AR+BST+THP+ANN(O: 463.94
]
-
= 458.17 eV
< 464.44
z
f
= IR
& |AR+BST+THP v‘i&:lfv 464,02 B
b
e
= 458.13 eV
= 3B.13e

AR+BST AT 46407

450 ' 455 ' 460 468

Binding Energy (eV)

Fig.16 XPS spectra of the Ti 2p region of the top
surface after related treatments
The Ti 2P, peak was positioned at about 458 2 eV, indicating

oxidized Ti* in the form of TiO, in agreement with the work of

Wang et al.(JMR, Vol. 24, No.12, pp3680-3688,2009) 25731

T340 eV Al 2P

-'"I__\
£ 72.99 ¢V
=
—.
. [AR+BSTHTHP+ANN(OY)
-~
E 7357 eV
=
=
-
"
-
! T TR T,
B |ARBSTHTHP 73.71 eV
—] I I e e T
&
= 243 eV
. T T T T
65 70 75 80

Binding Energy (eV)
Fig.17 XPS spectra of the V 2p region of the top

surface after related treatments
The Al 2P peak was positioned at about 73.2 eV, indicating

oxidized APF* in the form of Al,O, in agreement with the work of
Wang et al (JMR, Vol. 24, No.12, pp3680-3688,2009)

26/31
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517.20 ey ¥ 2P

AR+BET+ANN

317.39eV

AR+BET+THP+AMNN{C2)

316,77 eV

AR+BST+THFP
e e

Intensity (Arbitrary units)

65 ' 70 ' 75 ' 80
Binding Energy (eV)

Fig.18 XPS spectra of the V 2p region of the top
surface after related treatments
The v 2P peak was positioned at about 516.9 eV, indicating

oxidized v=* in the form of V,0; in agreement with the work
of Wang et al (JMR, Vol. 24, No.12, pp3680-3688,2009)

27131

TABLE]I . Correlation between corrosion resistance and related of oxide layer.

Composition of Oxide Laver

T]]l.lfl{.[lESS (pm) and Intensity of XPS Cur‘rusmu
Samples _Structure of Ranki Resistance
Oxide Layer anking Ranking

AR+BST+THP+ANN(O,)
AR+BST+THP+ANN
AR+BST+ANN

*ranking 1 means obtained
highest amount of related XPS | means best
intensity corrosion

| resistance

*the compactness of oxide layer is found a dominant factor
affecting the corrosion resistance of Ti-6-4 alloy

*Under the similar compactness of oxide layer, the Al,O5
content becomes more crucial influencing the corrosion
resistance of Ti-6-4 alloy

28/31
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Conclusions

@ The thermohydrogen process results in the
formation of refinement structures (refinement of
a matirx by breaking it into several pieces) and
the precipitation of a, (Ti;Al) in Ti-6-4 alloy.

29/31

Conclusions

@ THP plus annealing treatment (704°C) together
with controlled amount of oxygen (50cc/min)
leads to the formation of thinner and denser
oxide layers offering an effective process to
improve the corrosion resistance of Ti-6-4 alloy.

@ The Al,O, content becomes more crucial
influencing the corrosion resistance of Ti-6-4
alloy under the similar structurg.ef.Qxi

F 3031
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Surface modification
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S. Borhani Haghighi', S. Kiink?, E Ventosa®, D. GM'. A. Siegel',
Wolfgang Schuhmann®?, Alfred Ludwig'?
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Many slectrode materials, sumass.mwmme-—m
cause When the material is constrained

5 Bttucs Hausty'. 5 Fiew, [ uesast. 0. Grcree A, et 1. 0w bou Aoens’
Wholkgury Sichuturanes . Atvedt Luswiy'*
! e 7 e ot ety e Sty
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-~lmbpu L Mmﬁun

Many eectrode matersls. sch es 5 undergo signficant volume changes duting
Wmmmnmn.am-—mnnﬁuum—~l
Iracture and pubseNZBLoN I LoMpansarn 1 awesar, e siruss response of thin fims can be Mo easly Farpwied
\mwmmmmy’ﬁfmmlw
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-5i(100nm) sputrod on CoZ00nn T 5omYSUN/SI0/S:
the laser beam reflects off the mulll array canthevers, and
reflection observed on the screon is recorded by y the CCD Camers.

‘ & Relative dsplacement of the laser recorded

& Stonay's equation used fo calculats changes in siress

s %

& Casbration constant o
£, Elastc modu of substratm
¥, Ponson's o of subsirate
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36




5 £] 15 BRI (TR MY B

37




5 £| 15 FIBHRIR] iy e B

o

= i N
N\ N - -

Il

§

ot bt of Ve sy

The EERA Joint Programme on Energy Storage

Hans J. Sellert. Evertiard Diegele, Carlos Ziebert, Kartsruhe instiute of Tachniiogy, institute
Kartsrube, Gormany

38




5 £] 15 BRI (TR MY B

39




5 £] 16 BRI (IR MY B

40




5 £] 16 BRI (IR MY B

41




5 £] 16 BRI (IR MY B

42




S+ QP R ¢ S YR

L]
Gm I I = #’d <johnny.ic.wang@gmail.com>
wyGoogle

Materials for Energy 2013 conference - publication of your presentation
2 R

martz@dechema.de <martz@dechema.de> 2013 =+ 5 5] 23 [I™~ T 4:56
%K : johnny.ic.wang@gmail.com

Dear Prof. Wang

Thank you for your oral presentation at the Materials for Energy 2013 conference, titled:

Controlled oxide layer formation on corrosion behavior of Ti-6Al-4V alloy following thermohydrogen processing.

We would like to publish your presentation on a Web based platform and make it available for download for all
participants of the conference. Therefore we kindly ask you to submit your presentation in pdf format electronically.
Please submit your electronic file via internet till May 30 at the latest at

http://events.dechema.de/en/enmatsubmissionofpresentation by using your submission number 3164.

All submitted presentations will be made available for download to all registered participants of the conference. You

will be informed about the login access if available.

Best regards

Claudia Martz

DECHEMA e.V.
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