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Introduction of Nano Materials Lab PI: Shu-huei Hsieh

Department of Materials Science & Engineering

» Synthesis of nanoparticles, nanorods, nanowires, GO by wet chemical
method(electro-electroless plating, sol-gel, hydro-thermal method etc.)

» Modification of Carbon Materials
» Lead Carbon Fiber Composite (LCF)

Co-Ni/rGO

Z8aku =5aa S8 Z29-7JUL 15

TEM photos of bimetal/graphene 5 se
SEM image of Pb/graphene
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Introduction of Nano Materials Lab Pl: Shu-huei Hsieh

» Lead Carbon Composite (LCC)

Department of Materials Science & Engineering
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Performance of Lead-Acid Batteries with LCF Inserts
Why Use CF cloth applied in Lead-Acid Batteries?
Field Application of Lead-Acid Batteries with LCF inserts

LCF-Based Lead-Carbon Battery Design
Conclusion

5 NFU NanoMaterials Lab



Lab Battery(12V6AH) vs Commercial Battery (12V7AH)
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Lab Battery(12V6AH) vs Commercial Battery (12V7AH)

Lab:240 cycles consistent discharge time & remaining capacity 100%
Com:80 cycles decay discharge time & remaining capacity 41%

Remaining capacity
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CF cloth applied in Lead-Acid Batteries

4+  Why commercial batteries decay?

. Constant current charging 1A (about 0.17C) was used to compensate for the energy lost
during a 500W discharge to 9.0V, which may leave residual PbSOs,.

? Why do both Lab 1 and Lab 2 maintain the same discharge duration?

. Lead-Acid Batteries with LCF Inserts

NanoMaterials Lab




Lead — Carbon: Low Interaction Energy

Table 1. Surface tensions of various liguids and their wetting
ability of nanotubes

Element, Surface tension

compound (mMN/m) Wetting Reference

HNO, 43 Yes [15]

5 &l ¥ es [71

Cs a7 Yes (71

Rb 77 Yes 7]

Wl g B ¥ es [14]
. S = Zl.......
e oxades L, (EBCY S122) iirennnnn b —— 111......}

B oxides (Bix Oy ~—200% " es [12]
X —— L l‘::ls?i ................. -

Adding EAC Highly catalytic effect on the charge reaction

H,S0O, solution
Pb* V,+300~400 mV=V,
Pb2+ Pb2+
Pb2*| V,
Vil poe Lyl = .
"1 pbso,
Seoesenend ¥ Pb2+

AAILERLTRIRLSARRRRRRIRAR AR

Carbon Fiber oxidation CF Pb-CF Bond
Ref: S.H. Hsieh etc“Application of carbon fibers in thin-plate pure lead batteries”, Journal Ref: D. Pavlov etc. * Mechanism of ‘actlon of electrochemlcally gctlve carbons on the
of the Taiwan Institute of Chemical Engineers 152(2023), P105175. processes that take place at the negative plates of lead-acid batteries ” » 191 JPS 2009.
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ToBe Lead Carbon Cloth Composite

Monolithic and flexible Carbon Cloth

> A continuous carbon material
» 100% coverage of Pb on C

(b) after CV ~ NFU/Ming-Jui Lee

Pb-CF-Pb
Pb  Hot Press

v

10.0kV 6.8mm x200 SE

Ny —
, Ye——xio=1
As is = ‘/M.. ——={{ .
~— NLAw/Cand 3D Pore Structure (100% DoD)  Carbon Fiber/Cloth SEM Morphology
3 T T T T T . .
i (e/“ NLA w/o C Pb/C chemical interface LA
BN O s/ il 2.4 f—_NanoLeadAcic
g =
U 'Eo,os- \&‘\ :"; c i
E 1-8 I é'o,oo 4 o @0'\12?:0:"‘ H1z Sma” AreaS :;! )Pﬁlfﬂ;} %
ey - ) [/ miZ S PbA
g 1:27UPerC2P+'Lcct Goopb (20-30 cm ) S R e Lea(dCar)bon
LCC3 mACoPb ‘e >
A 2 % ol Charge Discharge Charge
& Cycles | Time 2013 INER STRERE
Confidential Do not duplicate or distribute without wr NanoMaterials Lab



15.0kV 10.0mm x70 SE 15.0kV 10.0mm x3.00k SE

CF Electrode

Low Temperature HOT Press
Yes!

600°C > 400°C=>»< 200°C

v A continuous carbon
material y \ ~ . 5.00kV6.0mm x100 SE
v" 100% coverage of Pb on C : pet e A b ey

DOkV 6.0mm x10.0k SE : y 5.00kV 6.0mm x5.00k SE
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Validation Test of LCF Insertion Effect on Lead Acid Batteries

CC Discharge-Charge Process: All 2V 4.8Ah batteries
1C(4.8A) discharge to 1.8V Lab1l, 2, and 3 : Lead-Acid Battery inserted LCF
1C(4.8A) charge 1hr. LAl and 2 : Lead-Acid Battery

Capacity(Ah)

y : .
100 150 200
Cwcle
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The charge voltage exhibits a pulsed profile, and the battery with inserted LCF shows
a lower, wavy current at the final stage—indicating that the LCF functions like a

capacitor to enhance charge acceptance.

2.35030
i ) - 0.24 |- -inserted LCF
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Performance of Lead-Acid Batteries with LCF Inserts
Why Use CF cloth applied in Lead-Acid Batteries?
Field Application of Lead-Acid Batteries with LCF inserts

LCF-Based Lead-Carbon Battery Design
Conclusion
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Ref: S.H. Hsieh etc“Application of carbon fibers in thin-plate pure lead batteries”, Journal

Cyclic Voltammetry of Pb vs. LCF
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Electrochemical Impedance Spectroscopy of Pb vs. LCF

Sample Rct (Q) Rs (Q2) LCF
Pb 616.80 0.66 75
LCF 18.82 0.46
140 20
m  Pb Expt o
Pb Fit
120
=  LCF Expt I
LCF Fit ) = 15
100 E
' " S
E 80 sz 10
£ L R=
= N
QE 60 '
= ! 5
40
z - =
20 ‘ 0
. [ . . 1 . 1 . ] N ] \ ]
0 200 400 0 10 20 30 40 50
Zer/Ohm.cm’ ZeI-/Ohm.cm2
Ref: S.H. Hsieh etc*“Application of carbon fibers in thin-plate pure lead batteries”, Journal
of the Taiwan Institute of Chemical Engineers 152(2023), P105175.
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Voltage(V)

High Rate 119 A discharge 15sec
Battery inserted LCF 19.83C vs Battery without inserting LCF 17C

13.50 140 13.50 140
13.25 |- 13.25 |-

13.00 |
12.50 E Avoid affecting factors such as welding, 12.50 |-
12.25 L pressure of group plates, sulfuric acid etc. | 440 12.25 | L 100
12.00 £ 12.00 |-
11.75 i [ 11.75 -
11.50 | -80 £ S 1150 -80
11.25 | € 8 1125 £
11.00 | | 60 ::s S 11.00 | 60 '_5,
10.75 %) >° 10.75 %)
10.50 10.50
10.25 10.25 | - 40
10.00 | 10.00
9.75 9.75 | 50
9.50 9.50
9.25 |- i 9.25
9.00 PR TR TN T NI NI ST NI ST NI SN R ST R R 0 900 . 1 . 1 . 1 . 1 . 1 . 1 . 1 . 1 . 1 . 0

6 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 00 05 10 15 20 25 30 35 40 45 50

Time(s) Time(s)
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Negative Paste electrode of Failed Batteries after CP cycling
Bate L

NanoMaterials Lab



° I
Discharge | Charge
, -
N N ¥ -~ -\
- y— I 3 l
L E=; ‘ ' =Bk !
HS0; — = ' SR I
T ! 2B |
--: I L L | l
= ! SR !
: | '
| L
" .9¢ i 2
¥ surface | inner I J-‘t
i — | i
LEF l LCF
Te- !
without LCF : without LCF
|
i I
HSO; — : Inert PbSO,
'y
HSO0, ’ I I PbSO,
I
| Pb
_o
ace | inner§ )I I Carbon Fiber
I

Confidential_Do not duplicate or distribute without written permission from National Formosa University

NanoMaterials Lab



Outline

ok wON =

Performance of Lead-Acid Batteries with LCF Inserts
Why Use CF cloth applied in Lead-Acid Batteries?
Field Application of Lead-Acid Batteries with LCF inserts

LCF-Based Lead-Carbon Battery Design
Conclusion
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PV Energy Storage: Field Test vs. Commercial Battery Packs

Both Lab and Commercial 12V 65Ah
T ﬁ/ I s were configured into 48V 195Ah

N oV
. battery packs, tested under identical
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kWh

From August 2024 to July 2025

CP1320W
Discharge to
55.6V

CC 30A to 46V

o . Constant Power 1600W Discharge to 55.6V

: @ CC 30A to 46V ¢ LCF charge

I e LCF discharge
'.::. ﬁ ;‘o‘ "‘}M + com charge

LY SRR AR O » com discharge

LCF fit
com fit

Constant Power 1600W
Discharge to 57.6V
CC 30A to 46V

No Charge/Discharge Function

> o

1 11 21 31 41 51 61 71 81 91101111121131141151161171181191201211221231241251261271281291301311321331341

day
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Performance of Three Battery Packs Over

kWh

8.5

7.5

6.5

5.5

4.5

3.5

2.5

the First 81 Days

® 48V 165Ah LCF charge
A 48V 165Ah LCF discharge
© ° ® 48V 165Ah Com1 charge
°
¢ PS A 48V 165Ah Com1 discharge
1 e, ® 48V 240 Ah Com2 charge
° AAA A ¢ o®g°, A 48V 240 Ah Com2 discharge
| ‘L s e LCF Fit
:. AAAAAAA .'o. ° Coml Fit
¢ ° B ‘A P e%0q,0 Com2 Fit
° - AAA L XY ° ®o 0
ged 3 — Ao 202442 ° o o °% °
A 8 ‘:. Iy & St A, ° o oo o0’ o °
(¥ )
te2r e | : N —ta %830 2 0 ° NPT,
A, A L e ® AAAAA ® A 2._ hd .‘ AAAAAAA A
Afag ® ® ,a A . ° LCF
A AT A Y AA £ 4 e _, ‘.. Ab
| A .AA o A AL 4 4 A A..‘ ® L 2P ® _0%,00
@ AAA. e o Y ) AAA 4, A ARAA — .: o ... o o ®
. o o ° ®ceae A A ® °
0%, “: e 4 0%e0 Aadrdr s A
waA 0_0_: Aaa Ak, ., [ 398 ®eo 000, . AA:AA AA T pAAAAL AL
AAA . ® o % egart—ALL, A A ®ee 0000 ,0,, 4
- ’ : rrh—aaa, 4,8 ®e,00,0, Com?2
AA,, o . A AAA ,00%00e°°
A A, A‘_ALAAAA A oo,
Com1 . A AAAAA
1 11 21 31 a1 51 61 71 81
day

Confidential_Do not duplicate or distribute without written permission from National Formosa University 24



- ke % § - 5 3
73 ‘ " B
e - = o
L o ay OS] | )¢
™ e & - R
. > P w Ve
. .. BT
. . by~ 1 e
~
’ 3 i
T 74
'~ -

Eab-Battery(12V50AH) vs Commercial Battery (12V50AH)
v' LCF Battery(on work): 20231124 to Now
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Light Up Longyan Station
NanoMaterials Lab
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Performance of Lead-Acid Batteries with LCF Inserts
Why Use CF cloth applied in Lead-Acid Batteries?
Field Application of Lead-Acid Batteries with LCF inserts

LCF-Based Lead-Carbon Battery Design
Conclusion
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CF electrodes/plates

Tools / Battery parts

Plate Group

LCF 2V Battery_+/- 6.6¥3.9 cm

2V Battery
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High-rate cycling test with 1C charge/3C discharge, then IEC61427

2V Cell_39%68 mm? electrode

0.9 0.50
i —=— Charge capacity B C capacity
0.8 —e— Discharge capacity
i 0.45
0.7 =
! q;l
0.6 | 0 0.40
| 2
5
8 0.35
1]
O
E‘-‘ [
= 0.30 .
— |
© ||
E L o R
v [ REE } n
x 0.25 = . ] i
[
0.0 ! L | : | . 0.20 I . 1 : [ . | .
0 200 400 600 800 1000 10 15 20 25 30
cycle Cycle number of every 30 cycles of HRPSoC cycling

A Pure paste type LCF Battery: + 3/- 4 LCF composed 2 V battery 1C=0.75Ah

NanoMaterials Lab
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High-rate cycling test with 1C charge/3C discharge, then I[EC61427
Service Life of Pure LCF Battery in PV System

—@— Charge Capacity (Ah) 80% C0
—@&— Discharge Capacity (Ah) 60% C0

4 Capacity Rewrn (AL 5y cell 39%68 mm? electrode

1
Up to 10 years of Service Life
e 0.71Ah 4~ 9.67AR 0.69Ah ¢ 69AR
1 : .

= A 0.77Ah 4 a8 4 gs7ap  001AR
=% 7 0.66Ah s JO7AR -
£ - 0.54Ah -
0.4
=
W 1

02

0

sty &

0 200 400 600 800 1000 1200 1400 1600 1800 2000

Cycle IEC61427 Test
A Pure paste type LCF Battery: + 3/- 4 LCF composed 2 V battery 1C=0.75Ah
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High-rate cycling test with 4C charge/10C discharge

A Pb/CF cloth/Pb composite as a highly efficient lead-carbon electrode exhibits notable charge
acceptance and long cycle life for lead-acid batteries (LAB) during HRPSoC cycling

0.6 | 90
I —=— Charge_capacity ] | —=— Energy Efficiency (%)
0.5 - : —s— Discharge_capacity 80 -
- 10 [
04 | § |
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S N : SRS
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i \l\\n“l\'ll\lﬂl\l\l " “l NII“l"'NW“H"“"'||”"' o o otz 1y
| i w
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||I |||, il |II||‘||III||IIII||IIII|||1 11 et T 30 -
D.D A 1 1 1 | 1 1 X 1 1 | 1 1 1
0 500 1I]I]U 1500 2000 2500 3000 3500 4000 4500 20 T Y T T T T T
1000 2000 3000 4000
Cycle
Cycle

A Pure LCF Battery: + 2/- 3 LCF composed 2 V battery C10=0.3Ah

|
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Capacity(AH)

High-rate cycling test with 4C charge/10C discharge

4C / 10C cycling test 30 Cycles (():.f:)a;iec-cl?|I;?:Cahragreg:r&c$is£(/ Capacity after Every 30 Cycles
2.8A CC Charge to V=2.35 " | 0.28ACC Charge 6hr.

Rest 30 min « Rest 30 min

2.35V C\( Charge 2hr. 2.4V CV Charge 2hr.

/A CC Discharge to V=1.5V 0.1A CC Discharge to V=0.5V

Achieving 90% Energy Efficiency 90%

0.7
—— Charge__Capacity(Ah) 100 | — Encrey cfficiency |
—— Discharge_Capacity(Ah) i ‘ j .
06 3 “f .
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0.3 S 40'1 e o o ®© T 7 & o o - e o o
= T
0.2 o2
' 2 20
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01
- | . L . | . 1 . 1 . | . - . i 0 1 M 1 M 1 L 1 L 1 L 1 L 1 M 1 L 1 M
(0] 50 100 150 200 250 300 350 400 450 500
0 50 100 150 200 250 300 350 400 450

Cycle Cycle

A Pure LCF Battery: + 4/- 5 LCF composed 2 V battery C10=0.6 Ah —»2 Ah
Nezelidaterials Lab
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Conclusion

Lead-acid batteries are safe, reliable, and have been part of our lives
for over 160 years.

At our lab, we are committed to improving the performance of
lead-acid batteries to support a more sustainable and energy-
efficient future.

We sincerely invite you to join our collaborative projects and
support the continued development of this promising battery
technology.

NanoMaterials Lab




Thank you for your Attention

=
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Our lab continues to focus on brihgig light to remote areas

33 NFU NanoMaterials Lab



	預設章節
	Slide 1
	Slide 2
	Slide 3: Introduction of Nano Materials Lab
	Slide 4: Introduction of Nano Materials Lab
	Slide 5: Outline
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15: Outline
	Slide 16
	Slide 17
	Slide 18:  Battery inserted LCF (12V6AH) vs  Battery without inserting LCF (12V7AH) 
	Slide 19
	Slide 20
	Slide 21: Outline
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26: Outline
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33


