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SHANDONG ZHONGSHAN PHOTOELECTRIC MATERIALS CO., LTD.
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NEW ENERGY BATTERY AND MATERIALS FUNCTIONAL FLUOROCARBON MATERIALS
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SEMICONDUCTOR MATERIALS STABLE ISOTOPIC MATERIALS
AND DERIVATIVES
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FLUORIDATED BIOMEDICAL MATERIALS LASER CRYSTAL MATERIALS
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Introduction
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Shandong Zhongshan Photoelectric Materials Co., Ltd. is a high-tech
enterprise invested and established by Shandong Zhongshan Group Co.,
Ltd., which integrates R&D, pilot test and industrialization. Our company
is located in Zichuan district Nan Han industrial park, Zibo city, Shandong
province. The registered capital of the company is 30 million RMB, the total
investment is 1.27 billion RMB, the project base of our company covers
an area of 200 mu. In 2016, the company passed the 1ISO9001:2015
quality system certification. In 2018, the company successfully passed
the certification of "National High-tech Enterprise". In the same year, the
company became the council member of Lithium Battery Branch of China
Industrial Association of Power Sources, and won the special contribution
enterprise award of Lithium Battery Branch of CIAPS. In 2019, the
company was approved as one of the first batch of enterprises in special
supervision points of chemical industry in shandong province, which is
beneficial to the project construction and sustainable development of the
company.
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Business

HA& IR

Research and
development team
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The main business of the company is to research and produce functional fluorocarbon
materials(fluorographene, fluorographite, etc.); high specific energy lithium fluorocarbon
battery and its key materials(nano fluorocarbon cathode materials); thermal battery
and its key materials(Li-B alloy, Li-Si alloy); electrolytes of lithium battery(lithium
hexafluorophosphate, lithium tetrafluoroborate, lithium perchlorate and electrolyte
additives); ultrathin lithium ribbon specially for lithium battery, ternary composites,
lithium iron phosphate, silicon-carbon anode material ; IC chip and semiconductor
device manufacturing process materials(high purity electronic specialty gases, high
purity electronic chemicals, high purity metal organic electronic materials, silicon
carbide, gallium nitride, semiconductor ceramic materials, etc.); stable isotope materials
(B-11 materials in the super-large scale IC chip manufacturing; B-10 neutron absorber
materials used in nuclear power, a series of B-10 radiation protection materials and
nuclear reactor control materials); fluorine containing biomedical materials. Target
customers include new energy battery, large scale IC chip, photoelectronic and
microelectronic devices, flat panel display, photovoltaic cell, LED, optical fiber, nuclear
power safety, solid lubrication, lubrication grease, anticorrosive and antifouling coating,
biological medicine, etc.

BUSCBRAEUEE. HRR. B1fE. 1. Wt FAREWERERN
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Zhongshan Photoelectric Materials Co., Ltd. has a research and development team
of 150 people with an average age of 35 years old, mainly including professors,
researchers, postdocs, doctors, masters and undergraduates. The company has made
a number of innovative technological achievements after several years of development.
More than 50 patents have been applied, and 20 patents for invention have been
authorized in recent 3 years.
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R & D condition
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The company invested more than 50 million yuan to build a 5,000m? R&D pilot platform, including
a number of complete supporting facilities and advanced function of test and pilot devices, such as
high pure fluorine gas, special functional fluorinated carbon materials, semiconductor materials(high
pure electronic gas/ electronic chemicals), high specific energy battery, lithium battery electrolytes
and additives, thermal battery and related materials, photoelectric materials, stable isotope and its
derivative materials, fluoridated biomedical materials, etc. The company can carry out a number
of innovative research and development tests and pilot for related areas of new materials and
equipments. The company has established an advanced analysis and testing center for R&D and
production of all the projects. Testing instruments including a full set of battery discharge performance
test system, electrochemical workstation, charging and discharging instruments, special glove box
for lithium battery test, gas chromatograph, GC-MS, ICP-MS, infrared spectrometer, ultraviolet
spectrophotometer, metallographic microscope, micro moisture meter, particle size analyzer,
automatic titrator, specific surface area analyzer, etc.
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The company has built the first large-scale production line of fluorographene and functional
fluorocarbon material performance evaluation laboratory all over the world, and has become
the only manufacturer that can mass-produce and supply high-quality fluorographene at
home and abroad up to now. At the same time, a series of functional fluorocarbon materials
with different degrees of fluoride, different uses and different structures of precursor can
also be produced with the same production equipment, such as fluorographite, fluorinated
nano-graphite, fluorinated carbon nanotubes, fluorinated fullerene, fluorinated graphdiyne,
fluorinated carbon fibers and fluorinated activated carbon, fluorinated carbon black,
fluorinated diamonds, fluorocoke, fluoropitch, etc. The properties of those materials can also
be evaluated.
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R & D condition
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In 2017, the project of fluorographene was listed as the key project for innovative
development of Zibo city, and the project of thermal battery materials was
approved as the first batch of high-end chemical industry cluster construction
demonstration projects. In 2018, the project of fluorocarbon was listed as the
key project for innovative development of Zibo city, and functional fluorocarbon
materials were listed in the "Development Plan of High-end Chemical Industry of
Shandong province from 2018 to 2022". Meanwhile, the functional fluorocarbon
materials research and development platform was identified as “Engineering
Laboratory” of Zibo city. In 2019, the company was identified as "High-
Performance Fluorocarbon Materials Engineering Laboratory" of Shandong
province, and the project of lithium fluorocarbon battery was listed as a key
construction project of Zibo city.
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Exchange
and cooperation
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rocarbon Materials Joint Laboratory
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- R&D Center of Novel Corrosion Resistant Materials and Corrosion Control Technology

Our company adheres to the development philosophy of
innovation, safety and environmental protection, energy saving,
green development, opening and sharing, and has established
the favorable cooperative relationship with Tianjin Lishen special
power technology co. Ltd, Lanzhou Institute of Chemical Physics,
Ningbo Institute of Materials Technology & Engineering, CAS,
Tianjin University, University of Electronic and Technology of
China, Civil Aviation University of China, Shandong University
of Technology, Sichuan University of Science & Engneering,
Shandong Research Institute of Tianjin University. "Zhongshan
Photoelectric Information and New Energy Materials Research
and Development Laboratory" has been established in Shandong
Research Institute of Tianjin University, " United Laboratory for
Development and Application of Fluorocarbon Materials " has
been established with Shandong University of Technology based
on the performance evaluation and basic applied research of the
functional fluorocarbon materials, "United Applied Technology
and Engineering Center of Fluorocarbon Materials" has been
established in cooperation with Ningbo Institute of Materials
Technology & Engineering, CAS, which is based on engineering
research and development of functional fluorocarbon materials in
the field of lubrication, anticorrosion and antifouling coating."R&D
Center of Novel Corrosion Resistant Materials and Corrosion
Control Technology" has been established in cooperation with
Sichuan University of Science & Engineering, which is based on
engineering research and development of novel corrosion resistant
materials and corrosion control technology of electrolytic tank.
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Long-term goal
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Long-term goal of Zhongshan Photoelectric Materials Co., Ltd. is to build the company
into an advanced photoelectric information and new energy materials base which includes

R & D, pilot test, production and logistics, and the base should have distinctive industrial
characteristics at home and abroad.
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Lithium-Fluorocarbon
Battery

Emmkit( Li-(CF,),), ERBALHIIE (CF,),,
GlRAERE, BEFRMAIACERER - :IMEN—IKB
i, SREHRIMRREN—XBBER. EFAKEBHEER
MIBICEEEZRERIEL 2180Wh/kg, 2—XEittREISLL
HERANBNER. EFiKBhaESINt. BHERN
IRt

Lithium-fluorocarbon battery (Li-(CF,),) with cathode
material of (CF,), and anode material of lithium, which is
the best primary battery system at present. The theoretical
energy density of the Li-(CF,), battery system is up to
2180Wh/kg, which is the battery system with the largest

theoretical specific energy in the primary batteries. Lithium-
fluorocarbon batteries consist of button, cylindrical and soft

package batteries.

BEHAIM FTEEE Excellent performance of application

BUKBHLLEEX, EEES, RESMEIN
BB,

With high specific capacity and high energy density,
fluorocarbon batteries are easy to be miniaturized.

©

S RIFEBEEE Excellent discharge performance

TREBIERNA 3V LAE, BERYETHIthET(ERT,
AWEENREEIIRESENK, FBRLFR
100%, MEFEFR, TIEEETLURERNE
HERo

The discharge performance of Li-(CF,), battery is
excellent, the working voltage is as high as 3V. At
the same time, when the battery is working, the
fluorocarbon is converted into lithium fluoride and
carbon that can conduct electricity, and the internal
resistance does not increase. The discharge plateau is
stable, and the working voltage can be stable until the
end of discharging.

(5]

iA=L EEE Superior safety performance

Bt EENSFNUEREENEREN, XK
UERR, fERRER. BYE. fiE. M. SEFIRAEB
mHMRERENZEE.

The excellent chemical and physical stability of the
fluorocarbon ensures the safety of the Li-(CF,), battery.

It is still very safe in the case of short circuit, extrusion,
collision, over discharge and high temperature.

(2]

BTS2 1EEE Excellent high temperature resistance

BUBMEASGEAREFNAREYE SE
(<600C) A, KEfTs4ER, BmER
IRt SIR TEERERY, SUUHBRYEINE]
IXE| -40 ~ +125CRIT/FEE,

Fluorocarbon material has excellent thermal stability
and does not decompose at high temperature(<600 C ),
besides it does not crystallize at low temperature, so
the capacity retention rate of Li-(CF,), battery is high,
the working temperature range of Li-(CF,), battery can
achieve to -40 ~ +125 °C after the battery is improved.

(4]

RIFAINTZHRE Good storage performance
BUKBEBLTICRECEHAIRIEREERMST
T, EERERRE, N 1%, KEFGTX
10 LA E,

Li-(CF,), battery is very stable, no matter in the process
of using or in the condition of normal storage, its self-
discharge rate is lower than 1%, its shelf life is more
than 10 years.

(6]

FEBIA{E Green environmental protection
EBREF (ERFIIREIRES, MNP REUEEE.

During the process of production,using and rejection of
batteries, there is no heavy metals involved.
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Button Battery
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Product summary

ERICIRAMEM~mEERRE BR2016. BR2025 #1 BR2032 FES, BEHRN. LFEwmK. £F
ﬁéﬂll{’ﬁ%&' CEREAER, £ -40 ~ +80° CTRMIBERELF. BENBTHEREREGSRENS
BESREERENMAME, WSEREL (TPMS) ( ISFEBR. TisdEiR. BRER. SE8GR.

%A{ETHM§\ BAETT FMN AWM.

Lithium-fluorocarbon button battery products mainly include models of BR2016, BR2025 and BR2032, etc., it has the
characteristics of small volume, long storage life, safety, wide working temperature range, and it can work normally
under -40~+80°C . Generally, the battery is used in the situations for power requirements with high and low temperature
performance, high energy density, such as tire pressure monitor system(TPMS), car keys, industrial control board,
computer motherboard, intelligent instrument, unattended operation instrument and other applications.

EREARANEihsE
Parameters of lithium-fluorocarbon button battery
BS  FREEN)| RHRER | BREE | BAESEE | BART TAEREE &
Type Nominal (mA) (mAh) (mA) (mm) (°C) (@)
voltage Nominal Nominal Maximum Maximum Working Weight
current capacity continuous size temperature
current

BR1025 3 0.1 50 2 $10.0X2.5 -40 ~ +80 0.6
BR1225 3 0.1 60 2 $12.0X2.5 -40 ~ +80 0.8
BR1616 3 0.1 100 2 $®16.0X1.6 -40 ~ +80 1.0
BR1632 3 0.1 150 2 $©16.0X3.2 -40 ~ +80 1.7
BR2016 3 0.2 120 2 $20.0X1.6 -40 ~ +80 1.6
BR2025 3 0.2 160 2 $20.0X2.5 -40 ~ +80 2.4
BR2032 3 0.2 220 2 $20.0X3.2 -40 ~ +80 2.9
BR2325 3 0.2 180 2 $23.0X2.5 -40 ~ +80 3.2
BR2335 3 0.2 320 2 $©23.0X3.5 -40 ~ +80 4.3
BR2354 3 0.2 440 2 $23.0X5.4 —40 ~ +80 6.2
BR2440 3 0.3 400 2 $24.0X4.0 -40 ~ +80 5.0
BR2450 3 0.3 570 2 $24.0X5.0 -40 ~ +80 6.0
BR3032 3 0.3 520 2 $30.0X3.2 -40 ~ +80 5.5

NFA. EEHEE SERET. FHj. BTER. BERS

Applications: Back—up source: tire pressure gaugecar key, electronic meter,camera,remote control,etc.

=ik E25CEMHT, MmHEgIEEER 2V

Remark: At25°C, 2V recommend cut—off.
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Cylindrical Battery
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Product summary
BB EERRE 18650, 18500, 10440, 14500 #1 32590 FES, EERES. FRKERER &
=, FmaUNATERESE. B, BPTER., ;B M. BaTE. EEXRRMNNSIREFWE.
The cylindrical battery mainly includes models of 18650, 18500, 10440, 14500 and 32590, etc., which have the

advantages of high capacity and wide operating temperature, the products can be used in remote control, camera,
lighting, toy products, power tools, portable power sources and emergency equipment and other applications.
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Parameters of lithium-fluorocarbon cylindrical battery
A= FRIREEE | ARRERIR | RMEE EAELIEIR BARST TERE =
Type V) (mA) (mAh) (mA) (mm) (‘c) (@)
Nominal Nominal Nominal Maximum Maximum Working Weight
voltage current capacity continuous size temperature
current
BR14250 3 10 1200 500 $14.5X25.5 -40 ~+80 7
BR14500 3 10 2500 1000 ®14.5X50.5 -40 ~+80 15
BR17490 3 10 3500 1000 $17.5X49.5 -40 ~+80 20
BR18500 3 20 4000 2000 ¢ 18.5X50.5 -40 ~+80 23
BR18650 3 20 5000 2000 $18.5X65.5 -40 ~ +80 28
BR21700 3 30 6500 3000 $21.5X70.5 -40 ~+80 38
BR26500 3 30 7500 3000 $26.5X50.5 -40 ~+80 44
BR32590 3 100 12000 4000 $32.5X59.5 -40 ~ +80 68
RIFE: BaiER. FERE. NRRE. REEE., BERE
Applications: Portable power, electric torch, survival and emergency equipment, alarming device, remote control, etc.
&iE: E25CEMHT, MHLIEBEN 2V
Remark:At 25°C, 2V recommend cut—off.
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Soft Package Battery

= miFik
Product summary

REEER—FRAREEFEAIIMENED, BE%etetlr. E8%. §8X. WEMMIRITRE (8
OESTEH JFMSR . REEMSFIESNEREXREESRENLRE. SREE E*H%ﬁ&%"é‘ﬂ’\]ﬁ.\iﬁ%@ﬁﬁ%,
MEMR . TAFR. TABETRE . FIMEL. FEFBRE . SMBEF-nERARRSEFBIFEmIuE.

Soft package battery is a kind of battery using aluminum-plastic film as the outer package, it has advantages of
wonderful safety performance, light weight, high capacity, low internal resistance and flexible design (battery models
can be customized). Soft package battery is especially suitable for application fields for power requirements with high
and low temperature performance, high energy density and high discharge platform, such as aerospace, unmanned
vehicles, unattended operation equipment, field work, handheld radio, medical devices, backup power of various
electronic products and other applications.

.
ERRaemthsy
Parameters of lithium-fluorocarbon soft package battery
BS RAREEE | ARARERIR A E RRELEER BRARST TIERE =
Type W) (mA) (Ah) (A) (mm) C) ()
Nominal Nominal Nominal Maximum Maximum Working Weight
voltage current capacity continuous size temperature
current
BF224558 3 10 3 1 2.2X58X45 -40 ~+80 11
BF673863 3 20 5 2 6. 7X38X63 -40 ~ +80 18
BF773856 3 30 6 3 7.7X38X56 -40 ~+80 21.5
BF825287 3 100 12 6 8.2X52X87 -40 ~ +80 43
BF 1154868 3 100 13 6 11.5X 48 X 68 -40 ~+80 46
BF1256081 3 150 21 10 12.5X60X81 -40 ~ +80 75

NFE: BEIBIR. TANL. MESRE. RELE. BRRE
Applications:Portable power,unmanned plane,survival and emergency equipment, alarming device, remote control, etc.

#iE: E25CEMHT, MHEIEBER 2V
Remark:At 25°C, 2V recommend cut-off.
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Functional
Fluorocarbon Materials

AR H R — MRS TR IR ERERE . RKH~RBEAREHRELE.
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As a kind of functional carbon material, fluorocarbon materials have many specialty
performances. They have been widely used in solid lubrication, corrosion protective
and antifouling coating, flame retardant material, moderator of nuclear reactor and
Li-CF, batteries due to the merits of extremely low surface energy, excellent chemical
stability, outstanding heat endurance and super theoretical specific capacity.

The large scale demonstration production line has been completed in 2016, many
productions have been produced, including fluorographite, fluorographene (powder,
flake and etc.), fluorographene substrate, fluorinated carbon nanotubes, fluorinated
carbon black, fluorodiamond, fluorinated carbon fiber, fluorocoke, fluoropitch and
fluorographene/PANI composite, etc. And we can customize various fluorinated

w of different fluorination ratios for customers.
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Fluorographite

mLtAEE

Fluorographene

aALENAE
Fluorinated diamond
ALK 4
Fluorinated
Carbon Fiber

ALK E

Fluorinated Carbon
Nanotubes

LR

Fluorinated
Carbon Black

LR

Fluorocoke

LB R
Fluorinated
Activated Carbon

mILA=ER
Fluorinated
graphdiyne

AL aER
REXREarE
Fluorographene
PANI Composites

#BihE
Fluoropitch — e
AL EE
Fluorinated
fullerene
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Fluorographite
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Product summary

AaAERARFENAZEREN—MEaERENWEY), MARRER, HEERKRLAESEREEIRK
H, EEHE. altA=EANENTRER. ASHOHUEIRREL. RFEEtERUNESEICHEE,
FEEHERSEE. HEhERe. ERIIECVAISREERIFNNARSR. SNAaSRERBRHAR
D AR R AE. AN AE. SNEKGERACHRAESME.

Fluorographite is a kind of graphite interlayer compound in which fluorine atoms are inserted into graphite layers.
Fluorographite is a powder solid, and its color gradually changes from black to gray to white with the increasing of F/C ratio.
Fluorographite has been widely used in solid lubrication, corrosion protective and antifouling coatings,Li-CF, batteries
and other fields due to the merits of extremely low surface energy, excellent chemical and thermal stability, outstanding
lubrication performance and super theoretical specific capacity. Fluorographite can be subdivided into fluorinated flake
graphite, fluorinated spherical graphite, fluorinated expanded graphite and fluorinated nano-graphite according to
different raw materials.

TN

AlE=E (RER) Ala=E (=)
Fluorographite (energy-type) Fluorographite (power-type)

Ala=E (ExR)

Fluorographite (high discharge rate-type)

J - R Y fiufzE (D50) REFE
Product name Purity Fcontent Particle size Tap density
miLaB > 99% 45-65 wt. % <20pum > 0.9g/cn’
Fluorographite
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Electrochemistry performance

S ABERERMTENATFESAKBEE, £ C/10 NMBRERT, iEATHEE2E. RBNEXRE—
IREB

Fluorographite is used as cathode material of lithium-fluorocarbon batteries, at the discharge rate of C/10, it can be
applied in energy-type, power-type and high discharge rate-type primary batteries.

EENANASEREFE= 2.5V, tLEE> 800mAh/g, tLeEERIA 2000Wh/kg LLE, 2—F RS
RYSE—IRE B IER T o

The discharge platform of energy-type fluorographite is equal or greater than 2.5V, the specific capacity of energy-
type fluorographite is more than 800mAh/g and its specific energy is more than 2000Wh/kg, which is a kind of cathode
material with excellent performance in lithium primary battery.

RS ASREFEE= 2.8V, LEEE> 700 mAh/g, tLEEE™IX 1900Wh/kg LA L, ZrEtERERIE,
AEARRIREEMBEER MY RFAIIMEERIL, ERTHREESHBRENNREENTS.

The discharge platform of power-type fluorographite is equal or greater than 2.8V, the specific capacity of power-type
fluorographite is more than 700mAh/g and its specific energy is more than 1900Wh/kg. The combination properties of
power-type fluorographite are excellent, which exhibits prominent performance at different temperature and discharge
current, it is suitable for the situation requiring higher discharge voltage and higher power density.

fEREENOEHEER AWK AETR, KIBRHATSHBEMY, TXMSHERMEB. £ 5C FERTHE
Fa= 2V, 18t 0.1C LkBRBREER= 70%, ERTUMEBELREHER, EFEXBRMBNHE

The high discharge rate-type fluorographite is modified by the energy-type fluorographite, the modification greatly
improves the conductivity, as a result it can discharge at the high rate. The discharge platform of high discharge rate-
type fluorographite is equal or greater than 2V at the discharge rate of 5C, comparing with 0.1C rate the capacity
retention ratio is equal or greater than 70%. It is suitable for the occasions without special requirement for discharge
voltage but requiring high current discharge.

3.04 3.0 3.04
S S s
g 257 225 g 257
= g 2
3 S 2
2.0 2.0 2.0
1.5 T T T T J 1.5 T T T — 1.5 T T T T
0 200 400 600 800 1000 0 200 400 600 800 0 200 400 600 800
Specific capacity (mAh/g) Specific capacity (mAh/g) Specific capacity(mAh/g)
BILAE (BEEED s AE (hER) BAE (EXRE)
Fluorographite (energy-type) Fluorographite (power-type) Fluorographite (high discharge rate-type)

o TNEBREZ Discharge curves
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Fluorographene
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Product summary

ANARBREMEBNHEABRITEY. AUOERESASHEL, BARRETORMUEA B sp’ 3
A sp’, EREBRBTASBNAEEE. B, SASKENMEEETASER—RANLERR, FEiH
FREFHSINRAMEE T AEERERE, WMAMIER THUKERYE, B 7TRREE. AFREERN
[BiREES] . ANARRINXEIRSHERERNZNBTREER. MEERRcES, BfATaHGE
BRI EREIKB M SR FREHUNRABRESFTHESEERNNAR. W, BTA
waSsEERBEREGRANLLREMASE, BRSENIFENETERNEETRTE, SHEEAR
SHOSEMEE, BTEIXERERMHNESSHEERERARR. EBFT SRERFSS, Balka
SIRMERMHINEREEEGRETES. NBFESEYR. FARETERE. FHEEHRKIFNR,

AR S i RS A R KRN BE .

Fluorographene is an important graphene derivative. Compared with graphene, fluorographene retained the lamellar
structure of graphene although the carbon atoms were hybridized from sp® to sp®. As a result, fluorographene has
not only large specific surface area, at the same time due to the introduction of fluorine atoms, the surface energy
of graphene was greatly reduced, the property for hydrophobic and oleophobic was greatly enhanced, while the
thermal stability, chemical stability and corrosion resistance were largely improved. Due to its unique properties,
fluorographene can be widely used in the fields of anti-wear lubrication, high temperature corrosion resistant coating,
at the same time, due to its wider bandgap, fluorographene has potential applications prospect in nano-electronic
devices, photoelectronic devices, thermoelectric devices and other fields. In addition, because the fluorocarbon
materials have fairly developed specific surface and pore structure and unique conductivity, the lithium primary
batteries will have large contact interface with electrolyte and fast lithium ion diffusion speed, when fluorographene
used as cathode material of lithium batteries. These lithium primary batteries have the advantages of high energy
density, high discharge voltage, stable discharge curve, wide operating temperature, extremely long shelf life, which
has great application potential in the aerospace and high-end civil field.

= E20ES ARE fifz (D50) B REEE
Product name Purity Fcontent Particle size Layers Tap density
ALAER = 99% 45-65 wt. % <20um <15 = 0.2g/cm’
Fluorographene




F{LZERE

Electrochemistry performance

BNARBFEENERMHANBTFERUKBE, ECAONMBREERT, UEATHEEE (MBEFE
> 2.6V, LLAE > 800mAh/g) FIIHERE (EFEE= 2.85V, HhZE > 750mAh/g) —REits,

Fluorographene is used as cathode material of lithium-fluorocarbon batteries, at the discharge rate of C/10, it can
be applied in energy-type and power-type primary batteries.The discharge platform of energy-type fluorographene is
equal or greater than 2.6V, the specific capacity is more than 800mAh/g, while the discharge platform of power-type
fluorographene is equal or greater than 2.85V, the specific capacity is more than 750mAh/g.
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ALIRPAKRE

Fluorinated
Carbon Nanotubes

Q = mimid

Product summary

AWRNAKE (FCNTs ) SMRAMKIRE R, BEERKILIRESENHBELTAIXRE, EE2WAE. KN
KE (CNTs) BLEHE 90 FRWAIE, ZETAMNMIZXE, ERHTF CNTs REAEEYE, B
BZHARESR, REENRPOE, RETHEWA, FELXS CNTs #HITREEMHMAAT CNTs HHFGUHAY
. FCNTs — A EAF TERANZSHEREN, Z—HHEEENXTHLRAISE. SBE. BENE
MR, FEEITUEEFZECHTE—LOREEM, XESREE FCNTs EEEMERMR . BEEB.
SEEMERFNFSUHEERIEHNAR. REFAEERMMENRNKE, TLUSHRESTRERNRE. D
ERZSENANKRAKRE

Fluorinated carbon nanotubes (FCNTs) are powder solid, and their color gradually changes from black to gray to white
with the increasing of F/C ratio. Carbon nanotubes (CNTs) have received a lot of attentions since they were discovered
in the 1990s. However, due to the relative inertia of the CNTs surface and the fact that they are easy to agglomerate
and difficult to disperse, which limits their applications. Therefore, the surface modification of carbon nanotubes has
become a hot research topic in the field of CNTs. On the one hand, FCNTs maintain their original three-dimensional
tubular structure; on the other hand, their surface properties are significantly changed, such as conductivity and
lubricity, so that surface properties can be further modified by nucleophilic substitution. These characteristics make
FCNTs have a unique use in the field of lithium primary battery cathode materials, solid lubrication, composite filling
agent and so on. FCNTs are prepared from different diameters and types of carbon nanotubes by fluorination, including
single, few and multi-walled FCNTs with different diameters.



mILixE

Fluorinated

Carbon Black FmiFiR
Product summary

BWREE—METREFSHESMHEME, BHARRER, AEERKRLRESERREER. RTH
B5aasRUNERESR, SKBREEEEER. HNENER. BEHEEEHRN. SRE8H
B BRER . KB LR R E S AR B RN BNE.

Fluorinated carbon black is a new type of fluorocarbon material based on carbon black. Fluorinated carbon black is
powder solid, and their color gradually changes from black to gray to white with the increasing of F/C ratio. In addition
to the surface properties similar to those of fluorographite, fluorinated carbon black also has the characteristics of low
density and small particle size. Therefore, it has potential application value in lubricating oil additives, high temperature
lubricating materials, mold release agents, water-proof and oil-proof materials and anticorrosive coatings.

IR T4

Fluorinated

Carbon Fiber P miziR
Product summary \

BURALRTREERE, CFEEEFER, ENBAWEEZE T —ERE . RITEENREEMSE
BILURSRAENRERE, FESHAEMMEEANRS, MReEENREANRTMEBH —SFEER
Hge, ERENEBMAEARPHSEN, NMAXIGREN BT . SURAETLUBIFELEIK. BittiE
MYIR. RERSSEEME.

Due to the characteristics of low surface energy and strong chemical inertness, the application of fluorinated carbon
fiber is limited. Low degree of surface fluorination can improve the surface energy of carbon fiber and greatly improve
its wettability and adhesion, while high degree of surface fluorination can further reduce its surface energy and

enhance its lubricity and dispersion in solution, thus greatly expanding other application fields. Fluorinated carbon fiber
can be used as insulator, active materials for battery, light and high conductivity materials.

mitihE

Fluoropitch .
PRk
Product summary

BNLHBEE—MERGEOME, EEREUTFECASNRNEIE, BENERMEEE (2.0 mim® ) tba
A (7.0 mJim? ) FIRMUEZHRE (15.88 mI/im® ) R1RS, SkMEMASRSIL 145° . BWHBERIK
e BIK. BB, BRSO EYEARIFNNAERR, TLIBERSIRE. BikiR . BRIER. REEH.
s BFTHRNA . BRAP. SETH. BFERSH. IFUEBTIABERE.

Fluoropitch is a kind of advantageous properties material, its properties are similar to fluorographite and PTFE, but its
surface energy (2.0 mJ/m” ) is much lower than that of fluorographite (7.0 mJ/m’ ) and PTFE (15.88 mJ/m’ ), and the
water contact angle of fluoropitch is up to 145 °. It has good application prospect in hydrophobic coatings, waterproof,
lubrication, battery fields. Fluoropitch can be used as antifouling coatings, waterproof materials, release agents, binder,
cleaner, electronic component detector, welding protection, high vacuum oil, electronic insulating oil, non-combustible
lubricant and electrode materials.
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Fluorocoke

= maRid /
Product summary -

BUERRBERNEREIR. BICEMERR, SRRAMERE, LERERX, MEASKEHEERERER.
WEREMIIMRELRFSR, BIEHFRTLANRETUBARE . BigEFIEaq.

Fluorocoke is made from coke. Compared with other raw materials, coke has the advantages of low cost and
developed pore structure, and the fluorinated coke also has the characteristics of low surface energy, chemical stability
and thermal stability, etc., so fluorocoke can also be used in oil resistant and waterproof coatings, mold release agents
and other fields.

mitiE TR

Fluorinated
Activated Carbon ,

w =Rk

Product summary

BMEERZLUEER ARRS R —FSELR R, BEESataSENINRERRR. BFNHER
EMMREEY, FEREBTEMEREANIENE. SNEERBTESAKREIBERME, YIRMEREE
A=k 3V, tEEERIK 600mAh/g LLE,

Fluorinated activated carbon is a special fluorinated carbon material synthesized from activated carbon, which has the
same low surface energy, good chemical stability and thermal stability as fluorographite, and retains the well-developed
pore structure of activated carbon. Fluorinated activated carbon is used as the cathode material of lithium fluorocarbon
battery, the initial discharge voltage can be up to 3V and the specific capacity can be more than 600mAh/g.

AtA=ER | REBEESHH

Fluorographene/PANI Composites

Q = RER

Product summary

BOEE | REEEGTMH, EXRBARBASENASEHRESHIEBERMURENITEMEIEN, B
FEOTIBHERNASHRT, XETARLASHRNSEN, FRES T aNAaSEEHEBISEAILERE.
MEESEHRIMA, KXHRESHE N B .

Fluorographene/PANI composites are synthesized by in-situ polymerization with aniline monomer and fluorographene.

The introducing of PANI in fluorographene improved its conductivity, and enhanced its performance in power batteries.
With the addition of conductive materials, the application fields of fluorocarbon materials are greatly broadened.
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Lithium Ribbon

Q =Rk

Product summary

# (L) 2—MEABLE, BR, REERN\WLE. ENENEFRERN 6.94, BEH 0.534g/cm® ,
B=9180C, AISKEXNEANBNRAFLRERN, ERIRAEE, BESSTR, TSKEERZIR
R, FEENEFER), BEFEAERNEEEGRENEEER. Wi, ERHEEERER. KRN,
HFonic. MReFENS, BN ERNENR AR B

Lithium (Li) is a kind of silvery white metal, soft, with the minimum density of all metals. Relative atomic mass of lithium
is 6.94, with the density of 0.534 g/cm® , melting point of 180°C . Li can react with a large number of inorganic reagents
and organic reagents, its chemical property is instable and decomposed easily, react violently with water. Due to the
small atomic mass, the battery used lithium as the anode materials has a high energy density. In addition, lithium

battery has the advantages of light weight, small size, long lifetime, good performance and so on. The battery field has
become the largest application field of lithium.

Q ik

Product summary

Z% &% & Impurity Content (wt.%)
s Li,
Catego (Z=wt. %)
gon | f=w K | Na | Ca| Fe | Si| Al | Ni Cu | Mg  ¢C | N | Pb
Li-2 99.95 | 0.001 | 0.010 | 0.010 | 0.002 | 0.004 | 0.005 | 0.003 | 0.001 | 0.005 | 0.005 | 0.010 | 0.0010
Li-3 99.90 | 0.005 | 0.020 | 0.020 | 0.005 | 0.008 | 0.005 | 0.003 | 0.004 | 0.010 | 0.006 | 0.020 | 0.0030
Li-4 | 99.00 | - | 0.200 | 0.040 | 0.010 | 0.040 | 0.020 | - |o0.010| - - - | 0.0050

& 1. A8 (RESH R 100% BERPREINZMEHRE.
2. FRWMEFOUER D BRHHREKRE, AREVNAHE.
Remarks :1.The lithium content (mass fraction) is 100 % minus the total amount of impurities measured in the table.

2. Special requirements for the chemical composition of lithium ribbon should be agreed by seller and
buyer.
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Dimensions
ppe A% EERRE BERRE
Category Specification Thickness and tolerances Width and tolerances
EE (mm) TEE (mm) EE (mm) 2E (mm) TEE (mm) NE (mm)
Thickness Width Thickness Tolerance Width Tolerance
0.10 ~0.20 +0.01 4.0~ 40 +0.2
Li-2
' > 0.20 ~ 0. 60 +0.02
Li-3 > 40 ~ 100 +0.3
0.1~4.0 4.0~120 > 0.60~0.80 +0.03
Li-4
>0.80~1.00 +0.04
> 100 ~ 120 +0.4
>1.00~4.00 +0.05
&t FRRIMIETRIERFEXREBEN.
Remark:The dimension of products can be customized according to customers' requirements.

FKHGEE

Surface quality

HEEREFYE. =, THREMZY), TEMIT NSRRI, THEL. FLIR. R, R, £
KEHE, DIFERMBITESGFRED, BaNLSEST, XA, Lo BEMkS.,

The surface of lithium ribbon is flat and bright, there are no oil spots, visible oxides and nitride, wrinkles, holes, cracks,
creases, trace, other sundries or other defects on the surface, while slight processing stripes and roller printing are
allowed. The edge of the lithium ribbon is neat, there are no cracks, no stratification and inclusion at the edge of lithium
ribbon.

8 &%

Packaging
RE%: BETSRAEHSNE L, ATENRTRSARSEHRETETIE 24h LI ERARRESES
Kb, RESAMIERTEEEER, DERF. SIMEE. WEEH.
Inner packing: The lithium ribbon is wound around the plastic coiling and sealed in five-layers aluminum-plastic

composite bag that has been dried for more than 24h with high-purity argon in the dry environment. The aluminum
composite bag is covered with cushioned foam, and is placed in layers. Outer packing: Seal with steel drum.

fig &=
Storage
EENEARETSSIRE, EBE. K, ZERR. KERSWEIER; REHASTE.

Lithium ribbon should be sealed off from air, moisture, water, heat sources, source of ignition and oxidizing substances;
The shelf life of lithium ribbon is six months.
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Lithium—Boron Alloy
iR
Product summary

BRSNS ILRERNRYE Li, B, BB Li EBERN—MEEa+%, FE 0.88+0.04g/cm’,
SMAREBEE, IRARE, BESSTR, BKRMER. EMEsETENBTERME BRI,
BEEStEE. SHWIIRMERIL. BHFEMS5EEEIR, 600 CLL ENARTSEREMR, SMEER
REHRRERIRA . SRR ZERREESEAL, EMSSFARRMH I RENETEIBERS
FEEFNCE TR EX s m BB EFRIIERE.

Lithium boron alloy is a kind of composite material composed of Li;B; matrix phase with porous structure and Li
toughness filling phase, with a density of 0.88+0.04g/cm®. It has a silver-white metal appearance and is extremely
unstable. It is easy to deteriorate when exposed to air and react violently when exposed to water. Lithium boron alloy
has advantages of high specific energy, high specific power, low polarization and high melting point, what's more, its
electrochemical potential is similar with that of pure lithium, which makes the lithium boron alloy become excellent
anode material for the new thermal battery. Compared with the lithium silicon alloy which is widely used in thermal
battery at present, the lithium boron alloy as the anode material of thermal battery has better performances in the
highest voltage and discharging time.

iAo RI#g
Chemical composition Dimensions
Y #ag WaE e | EE B EE
hE= (wt%) (wt%) (wt%) fﬁnﬁ (%;1.:3 RIFRE (mm) | RIFRE (mm)
Category | Mass fraction | Mass fraction | Mass fraction Width | Thickness Allowable Allowable
of lit hium | of magnesium of boron range ranqe deviation of deviation of
- 9 9 width thickness
Li55 55+2 <4 th @iid
e residue 60~100| 0.4~1.8 +0.2 +0.015
Li60 60%2 <4 RE v eo e N
the residue #F: FRRIABARERZEFEHEEKRBE.
. 7S Remark:The dimensions of products can be
Liéd 65%2 <4 the residue determined according to customers' requirements.
FHRE

Surface quality

FmEREYS. FEB. TEAFHER, AERBRRERETM.
The product is a soft silver-gray metal chip or strip, the surface of the
product is bright and smooth without oxidation and oil spots.

Q» minEN

Thermal stability

\ >
FERIE 600°C &M FIRISREERIES, TE5R. C (L L
The product is stable without liquid lithium outflowing at 600 C .

B3, =

Packaging and storage

BERAANEEREIRABEEESRATRESESN .. ABNEARETSEE, TEMHE. FBKX, =
BRIR. JRREWHEYIR.

The product is packaged with open-top round metal cans or aluminum-plastic composite bag filled with dry argon sealed.
The product should be sealed off from air, moisture, water, heat sources, source of ignition and oxidizing substances.
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Lithium—Silicon Alloy

= aizid
Product summary

BEGEHEFIRN LSy, SMINRKEERERKMR, EREARE, BAEMNRN~EAXERFBME
25, APETSHER. EESSEAREBARE, EEZeE. REMRANMEFMNS, 28/
RE&KRMEMANRE . REESSFEARMHIRRT, RIER. ERABMEREEANRME.
SRR, BERE. NEFIRKRENRESMR, FIEGARRKTHRE, X8, SEEERBREZ—.

The main phase of lithium silicon alloy is Li;;Siy, lithium silicon alloy is dark gray metal solid powder, and its property is
extremely unstable, it reacts strongly with water to produce large amounts of heat and hydrogen, spontaneously ignites
in moist air. Due to its advantages of safety, stability and low cost, lithium silicon alloy is the most commonly used
anode material of thermal battery. Compared with calcium and magnesium thermal battery system, thermal battery
using lithium silicon alloy has the advantages of high power discharging, high specific energy, quick activation, long
storage period and compact structure, etc., it is one of the ideal power sources for artilleries and missiles.

RS T

Chemical composition

&S Li FREDH % Si RESH %
Category Mass fraction of Li Mass fraction of Si
Li-Si 44%2 56%2

L}
VISILICON ALLOY
Powy DER

O nEmis

Particle size

F=EeRL E—RIEH D50 E7E 45-150um, EFEXNBEENSEE.

Generally, D50 value of product granularity is 45-150um. The particle size should be determined by supply and
requisitioning parties.

Q SMEE

Apprearance
FmARKBEENR, THR, TERT KR,
The product is silver-gray metal powder without agglomeration and visible inclusions.

@ 8. =

Packaging and storage
#EiaetxT . TIRINERT, LSERSEH . AmNEAREZSIERT, EEME. Bk, ImEHiE.
KRR SR

Lithium-silicon alloy is packaged with clean and dry aluminum bottles, sealed with high purity argon. The product
should be sealed off from air, moisture, water, heat sources, source of ignition and oxidizing substances.
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Lithium
Hexafluorophosphate

= anigid
Product summary

ANEBRE (LiPFe) AEBERIEMEK, ZETK, IETRIRENRE.
2B, BEBEEESHEIET, BSHR200C, HNEERS 1.50 glcm®,
NEBREZEERAS FEENEARESS, AHFBEERDMAR
43%. 5 LiBF,. LiAsFg. LiCIO, FHEMREELL, "aBRETEIA
FPRBERE. BSX, Z2MNIRESTEEENS, SERNATE
Bl RYEE

Lithium hexafluorophosphate (LiPF) is a white crystal or powder, soluble in
water, soluble in low concentration of methanol, ethanol, carbonate and other
organic solvents, melting point is 200°C , the relative density of 1.50 g/cm®.
LiPFg is an important component of electrolyte, accounting for about 43%
of the total cost of electrolyte. Compared with LiBF,, LiAsFg, LiCIO, and
other electrolytes, lithium hexafluorophosphate has advantages in solubility,
conductivity, safety and environmental protection in organic solvents, and is the
most widely used lithium salt at present.

=ity

Quality specification

gE| =X v EiLon
Items Units Specification
FNEBEERSE Lithium hexafluorophosphate w /% =99.95
IxER —EAfE (DMC) NiA44 Dimethyl carbonate w /% < 0. 0200
7K 43> Moisture w/% < 0. 0020
=R (LLHF i1) Free acid w /% < 0. 0090
lEgth (LA So,it) Sulfate mg/kg <5
Sk (BLCl 3) Chlorid mg/kg <2
Fe mg/kg <2
K mg/kg <1
Na mg/kg <2
Ca mg/kg <2
Cd mg/kg <1
Cr mg/kg <1
Cu mg/kg <1
Mg mg/kg <1
Ni mg/kg <1
Pb mg/kg <1
Zn mg/kg <1
As mg/kg <1
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Lithium
Tetrafluoroborate

= aizid
Product summary

SRR (LIBF,) NEBHMECKHK, RBIETK, EREEEH . BREXSYHPBEREFBHRYE, B
=fE 293-300°CZ I8, HEXEER 0.852 g/cm’, UEMREEERFHLEREEINRREYE, FTEME
7 LiPF, EEBMEARRIIN, NEEIRSD, Reln AR, ARMBRFRN LiBF, Z/5aHhREE
BFEENIFEREEE, ReRtNSMEMEMLERE,

Lithium Tetrafluoroborate (LiBF,) is white or yellowish powder, easily soluble in water, carbonate solvent and ethers
compounds. The melting point of LiBF, is 293-300°C , with the relative density of 0.852g/cm® LiBF, has excellent chemical
and thermal stability and is mainly used as an additive in LiPF; based electrolyte system to improve cycle life and

performance of lithium batteries. By adding LiBF, to the electrolyte, the operating temperature range of the lithium
battery can be broadened and the high-low temperature discharge performance of the battery can be improved.

= it
Quality specification

iE S b
ltems Units Specification
M & AAERSE Lithium tetrafluoroborate w/% =99.9
7k 43 Moisture w/% < 0. 0050
HEsEL (1L S0, 3t) Sulfate mg/ke <30
S4e4 (BLcl 3t) Chlorid mg/kg <30
$# (Fe) Iron mg/kg <10
8 (K) Kalium mg/kg <30
$M (Na) Sodium mg/kg <30
$5 (Ca) Calcium mg/kg <30
% (Pb) Plumbum mg/kg <10
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Shandong Zhongshan Photoelectric Materials Co.,Ltd.

Add: LR sER) || B4 T

Nanhan Industrial Park, Luocun Town, Zichuan District, Zibo, Shandong Province
P.C.: 255138

Tel: 0533-5693888 / 0533-5677666

MP: 18560910888

E-mail:halochem@zs—em.com

http://www.zs—em.com




