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Development of Dual-lon Battery Using Graphene-like Graphite
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The thermal treatment of graphite oxide provides carbon materials consisting of regularly stacked graphenes
possessing oxygen atoms and nano-pores. We named these materials as graphene-like graphite (GLG) and used as the
active materials of dual-ion batteries (DIB). The reversible capacity of GLG as the cathode of DIB reached 147 mAh g*
with a low upper limit potential of 4.8 V vs Li*/Li. The theoretical calculations indicated that it is ascribed to the newly
emerged bands. The charge-discharge reactions of DIB using GLG as both anode and cathode successfully occurred
when anode was precycled and 66 mAh g™ of reversible capacity was achieved. At this moment, the energy density
was calculated to be 124 Wh kg™, however, further investigation would improve the performance and more than 300
Wh kg™ of energy density would be expected.
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Pairwisely introduced C-O-C

Figure 1. A structure model of graphene-like graphite Reproduced from Ref.4 Copyright The authors
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Figure 2. Charge-discharge curves of GLG700 Figure 3. Charge-discharge curves of GLG700
and graphite electrodes. Reproduced electrode. Reproduced from Ref.14
from Ref.14 Copyright The authors Copyright The authors
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Figure 6. Charge-discharge curves of the full cell with lithium metal reference electrode in 3 mol dm? LIFSA/EMC. The weight ratio
of cathode and anode was 3.4.(a): Charge-discharge curves of GLG700 anode during precycling. (b), (c), and (d): Charge-
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off voltage was set at 4.2V(b), 4.4V(c), and 4.6V(d) vs. Li*/Li. The capacities in(b), (c) and (d) are divided by the active
material weight of the cathode. Reproduced from Ref. 16 Copyright The authors.
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Analysis of operating data of LL batteries at wind power plants
by using exploratory data analysis and other analyses for their life prediciton
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Our "LL1500-W series” large-size lead-acid battery was developed for load leveling in wind power plants. These
batteries have been widely used in many plants, and their operational data have been accumulated since 2010.
Battery life prediction by analysing the data is one of the main technologies to manage our "energy storage solution
business". Data analysis using Al, which have been developing rapidly in recent years, is essential for the technology.
In this study, we analyzed the operational data of the LL1500-W's large-scale energy storage system by using
exploratory data analysis and other analyses to obtain information about the battery life prediction and factors
affecting the battery life.
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Development of algorithm for image inspection of COS (Cast On Strap) process

K¥ BE%F Masahide Ohno
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A short-circuit failure of an automobile battery is a fatal defect resulting in malfunction of the battery.The short-
circuit failure is occured in the COS process, and molten lead is crossed between the positive and negative plates, this
is causing a short circuit. Currently, defects are detected by visual inspection by workers, but it's desired to introduce
image inspection to automate inspections and improve quality. Although the introduction of image inspection has
been considered in the past, it has not progressed due to the fact that defects could not be imaged accurately. In
this research, we exmined to get proper imaging environment and the judgment algorithm.After that, this image
inspection has introduced in the mass production

1 ZETRA

2 BHOBE e
cHEBEBEEAICL D, BELEBHEELEARARFTEIEZEHR

cBREOT SR L 220 T — 8 N— 2L RIFERREFE ~ O A3 e

3 FRRDERE

MEBEME. BREOLY Y VRBB LU L ETASEHINTE L, HEEBOBE TR TIZ, COS(Cast On
Strap) v oh %, COSEMMORBERICHA A, EffiL AMHZE2 ZLickh, EEZEIL, BETRLRF
RBFELTW 5, BE, FEEICLINBBRENTON TV 22, MERE LT, OREBITCARBEDPIERIC/HS <F%

IFI—94RXFITZAIUR—K No.02 (2024-5 B) 15



RPHL O, OFEEZEOAHEARE L, @F —#LPHBRERP TS 2, LS HBEF oD, MEDMR L REAEL
BLOWER EZKY, T2 L2 ARBERFEICORTE I E2HNE L, BEEENMOBI 2D 7,
BRICEHIITONTE D, FRAKROEYIPRETH S Z L e, RES /TR HERBHNT v LTHBI LITXD
ARHEED Dy ZEEDPHEL 2 EPOEAICESh o7,
AWETIE, BUARICNL TREGES LR Y y 7R 2T R E L LD 2,

4 NS B

HEERREEAC I AR ZRE TE 5 2 LKA L 25, RI2BRAERE TR L WREH Y — F TRORGRILE TDH 5,
FEHETT R TIEE~ B OAR R IEHEICHEY TE TuZRwnd, EREHY — A TIRIIPRPIERICRE S W, R
Y= b EEAY F7ANSDOMABEDRICL D, ERE (R D LD RIREHDFREL 720 72,

BEITE
HNEE5E REIHHSR RERERY— AR

-

=3y

MHEFHF A

M2 REDLERESRRERY — AT E DR

ARIGIRILIBED7-DBFET A v TR Z2 T o720 LD DZBBICRT, WIR/ KRES/REMEIILT VI LTHE T
EDMRTE e 7o, BTN SBARBIREETH 2 2 LDMRTE o NLETOHER Y Yy Z7REEZIT D 720, Rih
EARRERBLESE T MEET > 7,

AR
EZql IR RLIR

EFILE
B&EFIL

BESAVD
% TRERBRL
3 EFIL

ARBETI)

TN

M3 EBESA Y TORRREGHER

16 IFI—94RXFITZAIUR—K No.02 (2024-5 B)



{1l

HEBOREIC OV TEHATR T, HEHREIFRE L ZEGICN L, FECHE R EOHEY — V2L, ZOHEM (B
i) THEZITO) DD TH 2, HERLIFHEY -V Z#EHT 2HEOZ L THO, MEHFL DS Z %,

AREICB O TIMERICE 2 HEROEBOIREZRH L 7zo RMOBRICEFHNEL 270, ZOEHICNIETE BIF
R/ HPH 2GS U 7R TH B,

MEPRENED (B8) ERIHI LT
o m ; %
PEREEE_(B5) EH(CHLT LTIy YRR

UEMIEZNT 2 & TR
4 HERDRERET

HER Yy 2 2RI L AR, BR300y — L2 S T & TRAAY — RHETHTH > 72, WHEARI DK
Y — VR REFAHE L. HIE ORI R A5 5 2 L 258 L 7,

HEY—=ILD  BEHeF W OEBEHE
*FER  SENCFYDOEE>E 1 DH0EE+ 0 (IV5DX)

_____ : NG HIZEEFT
—_———— e ——— H1290HE
&
HEY— L@ : B D HIEY —ILO~BIC K BHEEHIE
*ARE  ENcFVOHFEDH WHIIRETETE)
. NGHE=ERR
—-TrR 112
&8

HIEY—ILG : B feFE D D
ARE : @NeE) OHFEDH+ 1 (ZEEOH. MHERETERE)

2) O HEON HESH EGE EYE [EE
" . Eaa e - —

X5 HEOJwvo

5 SE&DREH

BT A UANDEEER
- B E 2 W NGEER O 0 HEML L BERERT — 9 X—21{bic L 2 R B
© F = R— 2RI & B A RFERKEORE

IFI—=94XFTZHILUKR—bk No.02 (2024-5 A) 17



(Energywith )

A new DIN-Type Traction Battery

Warakorn Suriyatun Pratan Pongphongpoon
Chakkapan Sangkaew Muneyoshi Noda
Research and Development Section Engineering Department

Thai Energy Storage Technology PLC.

"The term 'batteries' describes battery-powered traction power supplies, also known as traction batteries, which
are broadly classified into two types. The first type, defined by JIS standards or BS (British Standards), are called
'narrow cell' with a width of 160 mm or less. The second type, defined by DIN standards set by the German Institute
for Standardization, are called 'wide cell' with a width of 198 mm or less."

Note that the terms "narrow-cell" and "wide- cell" are not interchangeable due to significant differences in width
dimensions. A global overview reveals that about half the battery types mentioned are in use worldwide.

The market for these batteries is split nearly evenly between the two types and development and expansion of the
product line are crucial to boost market share. Moreover, technologies developed under the JIS standard, e.g. for
glass tubes, have also been adapted for use in DIN standard products.

2 Features of technology _

- Optimal material specification.
@ Optimized positive active material
(@ Adopt a glass tube, with generally excellent durability at high temperature
(® A separator for high charge acceptance

- Privileged charging specification for protect stratification defect.

3 Technical Content _

(1) Development terms are examined through benchmarking and design reviews, which incorporate failure mode
analysis(Figure 1). This analysis particularly considers the implications of shape changes from JIS standards on battery
performance. The review identified potential issues such as low capacity, low charge acceptance, and reduced lifespan, which
stem from increased resistance caused by changes in battery height. To address these issues, adjustments were made to the
active material, glass tube, separator, and charging conditions.
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Figurel. Failure mode effect analysis in the development of a DIN Type Traction battery

Optimized positive active material

The positive active material is a crucial factor that influences both the capacity and durability of batteries. In this development,
the density of the active materials has been optimized to enhance these characteristics. Additionally, the formation production
conditions have been thoroughly studied to ensure efficient formation of PbO2, further improving the battery's performance
and longevity.

Adopt a glass tube
Glass tubing exhibits excellent durability characteristics under high temperatures. Furthermore, several materials have been
examined for their high-rate discharge characteristics to enhance overall performance.

Low-resistance separator

The PE separator has been optimized to achieve minimize electrical resistance, which is crucial for efficient battery
performance. The resistance of the PE separator is influenced by its porosity and electron transfer characteristics. In this
development, several materials were evaluated for their charge acceptance characteristics. Improved charge acceptance limits
any increase in voltage, which helps the battery function more efficiently. The separator chosen for this application effectively
suppresses any increase in voltage.

Privileged charging specification for protect stratification defect

Battery durability is critically dependent on its ability to fully recover after heavy usage, specifically after discharging 75% of
its capacity. To address this, new charging patterns were explored, including daily charging for regular recovery and weekly
“configuration charging” for comprehensive maintenance. A new charging method was developed that prevents stratification
through gassing, thereby enhancing the battery's durability.
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4 Product Specification

Table 1 shows the specifications of battery models launched in 2022. In the first phase, there are a total of nine models,
covering a range of battery capacities from 345 Ah to 930 Ah, each at 2 Volts per cell. These 2V cells can be assembled into various
configurations ranging from 24V to 80V per set. An example of a 2V cell assembled into a 48V battery set is illustrated in Figure 2.
Additionally, the discharge characteristics of 4PZH620 model are detailed in Figure 3.

Table 1. DIN Type Traction Battery Specification (Step 2)

List Battery Model
3PZE345 | 4PZE460 | 3PZH465 | 4PZG560 | SPZES75 | 4PZH620 | 5PZG700 | 5PZH775 | 6PZH930
Capacity At
5 Hour rate 345 460 465 560 575 620 700 775 930
(AH)
Jollel ok 7 9 7 9 11 9 11 11 13
number
Plate size E E H G E H G H H
- Width (mm) 65 83 65 83 101 83 101 101 119
: '(-renr;ﬁ)th 198 198 198 198 198 198 198 198 198
: ang;‘t 545 545 720 685 545 720 685 720 720
'T(’r:i;?ht 576 576 751 716 576 751 716 751 751
Battery
Weight 21 28 28 34 33 36 41 44 52
W/ Acid (Kg.)
Electrolyte
Volume 4 5 5 6 6 6 7 8 9
(Liter)

Figure2. DIN Type Traction Battery new model (2V Single cell) and battery set (48V Cells).
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Figure3. Discharge Characteristics (4PZH620)

- Material Evaluation: Consider selecting high-quality materials to enhance product quality and increase profitability.
- Battery Development: Develop new battery models with two capacity ranges: from 230 to 310 Ah and from 980 to 1240 Ah.
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"withBMS", the battery monitoring service of lead acid batteries for electric folklifts

T#& ®E Akihiko Kudou ®H = Koji Hayata
MEEMIES RV AT LABEREI LT

18 = |

BE7 +—2 ) 7 P AEBREEGAY —EX 2T L

BMU (Battery Monitoring Unit) C#Efi. MREE. R, K S z HEEH, EbFH 7 — 4 1358EF7 — b = A (oT
Gateway) Zt L TH—ER T T 9 b 74 —LANEEIND, Y—ERXT Ty b7+ — L TIIEBE L ZEMEHH 7 — 2 251
BHMAET I - BLEEML R—F24H, - AL L TRHET 5,

We developed “withBMS", the battery monitoring service of lead acid bateries for electric forklifts. Battery
Monioring Unit (BMU) measures battery operating data including electrical current, total voltage, ambient
temperature, and electrolyte level automatically. loT gateway transfers the measured battery operation data from BMU
to the battery monitoring service platform. Based on the stored battery operationg data, the service platform creates
the battery alert and some reports as needed and provides it.
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