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APPROVAL FROM ALL
OVER THE WORLD

More than 1,000 production lines have been successfully supplied by Modena in both domestic and
overseas market and approved by the customers. And the counting still goes on
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Foshan City Modena Machinery
Co.,Ltd.(predecessor of
Modena Technology Itd. ) was
established.

Macedonia

3000 5 K BIFFIMA K
BIEAER,

New office building of 3,000 m2
put into operation.
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Modena qualified for CE
certification

and ranked as “Provincial new
hi-tech enterprise”.
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Wholly-owned subsidiary of
Modena, Xinxing Modena
Machinery Limited, laid its
foundation in Xincheng

Industrial Park in Xinxing Town,

Yunfu City, Guang-dong
Province, covers 100,000sgm

area.
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Modena’s MFS-305
high-efficiency wide-body kiln for
polished tiles was awarded as
“National Key and New Product”
by the Ministry of Science and
Technology.
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Modena'’s self-developed new
type of energy-saving system

RCH obtained National Patent
(No. ZL201510927025.0).

EEBR RIS
FrELE T =IALL (ADC
) REHREBEREF
(ZL201711461351.2
) o« MAREMRFIE
EEUE KW EF @
MESRENBEI;LX
F, HEREELXET
390kal/kg (&FEEE)

, AEREHKE,

Modena researched and
developed its all-new Air/Gas
Smart Control system (ADC)
and obtained National Patent
(No. ZL201711461351.2). The
ADC system empowers the
roller kiln with more productivity
and higher level of automation,
gas consumption reaches
390kcal/kg (for vitrified products)
which is at the international
leading level.
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The very first Double-decker kiln
for large-format sintered slab
production line in Asia, supplied
by Modena to LIOLI, was put
into production successfully.
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The year of 2020 is the year of
Sintered Slab in China,
Modena’s INFINITY series
thermal equipment (the
Double-decker kilns and
multilayer dryers) enjoyed the
most popularity from the top
brands (Monalisa, Dongpeng,
Goldmedal etc.). Till September
2020, all the Double-decker
kilns for sintered slab in Asia are
provided by Modena (more than
9 lines).
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In the post epidemic era,
Modena set a historical record
of annual turnover. It is
particularly prominent in the
overseas market. The annual
shipment of 3,352 containers is
the largest in the industry,
covering all major ceramic
zones in the world, and has
answered the questionnaire of
the new era with the a Full Slam
of kiln models.
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Modena and Honeywell
established a strategic
partnership in hydrogen energy
applications to jointly develop
low-carbon combustion
technologies for the ceramic
industry. This initiative not only
aligns with China's "Dual
Carbon" goals but also drives a
revolutionary breakthrough in
the clean energy structure of
kilns, providing innovative
solutions for the global ceramic
industry's low-carbon
development.
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Modena and XinBoer
successfully achieved mass
production with their
groundbreaking 100,000 m?/day
porcelain tile kiln production line.
Featuring an innovative
production architecture and
optimized thermal system, this
project delivers unprecedented
efficiency and production
stability, setting a new world
record for single-line kiln
capacity in the ceramic industry.
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Modena and Ganfeng Lithium
successfully launched their lithium
carbonate project. The innovative
continuous calcination technology
enables efficient lithium extraction
and conversion, demonstrating
Modena's cross-industry
technological capabilities. This
milestone marks a crucial step in
Modena's transformation into a
diversified thermal equipment
solutions provider.
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Modena Technology Limited (formerly Foshan City Modena Machinery Co., Ltd.) was
founded in 2003 as a high-tech enterprise specializing in the R&D, manufacturing,
sales, and service of thermal equipment and complete production lines. Originating
from the ceramic machinery sector, Modena has focused for over two decades on
innovations in drying and firing technologies, developing an energy-efficient, intelli-
gent, and environmentally friendly system portfolio. Our products are widely exported
to India, Vietnam, the U.S., Thailand, Indonesia, Malaysia, Bangladesh, Pakistan,
Turkey, Saudi Arabia, the U.A.E., Egypt, Mexico, and Colombia, making Modena one

of the leading Chinese exporters of kilns and complete ceramic production plants.

While continuing to strengthen its core business in thermal engineering, Modena is
now expanding into the new energy materials field, leveraging its rich experience
in high-temperature technology to develop Integrated Lithium Extraction Solutions
for resources such as lepidolite and spodumene. The system covers key processes
from material feeding, calcination, crushing, and acid leaching to post-treatment,
featuring high energy efficiency, system stability, and strong process integration—

providing reliable and sustainable equipment for the lithium extraction industry.

With its international professional team, advanced core technologies, excellent
management, and highly cost-effective products, Modena has become a
highly competitive player in the global market. The company upholds its
social responsibility and adheres to the principle of energy conservation
and environmental protection, driving industrial development through
innovation. Modena is committed to becoming a world-class supplier of

energy-saving and environmentally friendly material processing equipment.
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INTEGRATED LITHIUM EXTRACTION SOLUTION(Lepidolite as source
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Defining the Highest Standards
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LITHIUM EXTRACTION SOLUTION
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With the rapid development of the new energy vehicle industry, the demand for lithium carbonate, a key raw material for lithium-ion batteries, has sharply
increased. The traditional spodumene resources in the lithium extraction industry are scarce, gradually consumed, and prices continue to rise. However,
lepidolite is widely distributed, has large reserves, and low costs. Therefore, lithium extraction technology from lithium mica has become a current re-
search hotspot. Among numerous lithium extraction processes using lepidolite, tunnel kiln calcination technology stands out due to its advantages of low
energy consumption, minimal pollution, and stable operation. The above flowchart shows the technical principles, process flow, equipment innovation,
and development prospects of tunnel kiln calcination lepidolite to prepare new energy battery materials, providing reference for research and industrial-
ization in related fields.

BRABRIZZSKALEERRE, BABRARR, EFEEEES (RASHEREES
100Nm?*/T) | RSHBEKXR. SEEFH,
REEEFREZGSEROEEBLEUTRS:

CREREERRE: BUMUEPERMRTIHE, RASHEZEIUREE 60Nm*/T AT
CREESEH: SXIZREMAZAENS, BEAREE 93% L

- IMRMEREME: HAXIRITRDERSHK, RALKRRSGIES ERF A=
CRERERD: BLEEE, BERZIRMARRL 30%

ERETRXEMRD, EERBRERBREACENEZSRENGSIREE .

Traditional calcination processes often use rotary kiln equipment. Although the technology is mature, it has problems such as high
energy consumption (natural gas consumption usually exceeds 100Nm 3/T), large exhaust emissions, and easy kiln formation.
Compared with traditional rotary kilns, tunnel kiln calcination of lepidolite has the following advantages:

-Significant reduction in energy consumption: By optimizing the kiln structure and thermal system, natural gas consumption can
be reduced to below 60Nm */T

-Accurate temperature control: zone temperature control makes the material heated more evenly, and the lithium conversion rate
can reach over 93%

-Superior environmental performance: Closed design reduces exhaust emissions, waste heat recovery system improves energy
utilization efficiency

-Less equipment investment: Compared to rotary kilns, the construction cost of tunnel kilns is reduced by about 30%

It is precisely based on these advantages that tunnel kiln calcination technology has been rapidly promoted in the field of lithium
extraction from lepidolite in China in recent years.
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RAW MATERIAL FEEDING

ExEETRRERLY Y, HREASEHH[SIOPNEAEMAC\EXREREHSIAN, EEFRFEMREE/\EERZRK
., SEEFE 500-600°CH, BRBAGRKRIREMKNEE, BEXLASE 700-900°CH, RAEMAEHZER, &2
NERPRR LR, KNEFESIERNN (N5, MEHEE) , FENEEFRERMNRMERTAEES (EER
MRE) , AEZRHIFEERK.

Lepidolite belongs to layered silicate minerals, and its crystal structure consists of alternating [SiO] 2 tetrahedral
layers and [AlO] octahedral layers. Lithium ions are firmly bound in the octahedral voids. When the temperature
rises to 500-600 C, lepidolite begins to remove structural water and hydroxyl groups; When the temperature
continues to rise to 700-900 C, the crystal structure collapses and reorganizes, and lithium is released from the
lattice. If appropriate additives (such as calcium salts, sulfates, etc.) are present at this time, free lithium ions will
react with the additives to form soluble lithium salts (mainly lithium sulfate), creating conditions for subsequent
leaching processes.
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ADDITIVE STORAGE

EFEERPAFNSPAERAN (WREER) . B (WXAS. B)) IFNNE, FEEENNHENCERTRS
fitF. RERBEIZEX, BUTERFWERSE, BHHLRMAETZREP,

Various chemical reagents (such as concentrated sulfuric acid), fuels (such as natural gas and pulver-
ized coal), and additives required in the production process need to be stored safely in specialized
storage tanks or warehouses. Then, according to process requirements, they are precisely added to the
main process flow through metering pumps or conveying systems.
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BATCHING & CONVEYING

ML EENERESRMFAIZLES (BF 100:5 £ 100:60) RN PHTRE. FNKNEEFTEZEY AE, EHA
aeE:
- RERES + MR ERTERERE, REERESMHE.
- S8 + MRS ESEHERS, MHISYENEE,

BRIN: HRERRAT A, WRRW + RERE + SHBAHS.
EEYREKDFEFEHE 3-8% 2, KATRAFTELEFME, ITENSEBMETEERE,
BATIZRAFERY, BBRETHRD, BEEEAT—IF.

Pre treated lepidolite and additives are uniformly mixed in a mixer in a ratio of 100:5 to 100:60. The selection of additives should consider the characteris-
tics of the ore, and common combinations include:

« Calcium carbonate+sodium sulfate: suitable for high silica lepidolite, promoting silicate decomposition.

« Calcium hydroxide+calcium sulfate: suitable for high-speed iron lepidolite, inhibiting iron encapsulation of lithium.

» Composite additives: targeting complex mineral components such as sodium sulfate+potassium sulfate+calcium oxide combination.

The moisture content of the mixed material should be controlled between 3-8%. Low moisture content is not conducive to subsequent compression mold-
ing, while high moisture content will increase drying energy consumption.

Some processes use dry batching, omitting the drying step and directly entering the next process.
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MOISTENING & MIXING COMPACTION

IMEHF S IR

BERThE, BEYRESHTXENMERHSHNLE, KTFRHRARRERESERRMIIENZORKT ., Z3EEE BRMEESN: —HREEARESRER (REE 250x120x60mm Z£A) , BEBK 5-15 B; 5—H288
EXHHAN P T, ZIREEHRHF. S, e TF—IK, ENMKEEE (BF 10-100 1A, SEFE 200-5000kg) . AIEEEENET%, EEREERE, REFNERRE
IZ B8 EREY, REAZBEREN, XEEBRES THRER
RERET: BEEEHNRNBEAZSHKIZK, BREERNSKERHIZHITE3%-8% NREXE,

i"/]"jﬂﬁ NEZBERNF (NKRERS. MERNE) #TeRERY. XWRAMYT BUES, MR EREEALLENREZ R T There are two main ways: one is to press the mixture into tiles (usually around 250 x 120 x 60mm in size) and stack them in 5-15 layers per vehicle;
EHRES EMREN, BEE—HOURENERSEE—E, Another method is to load the materials into fire-resistant containers (10-100 containers per vehicle, with a total weight of 200-5000kg). The former is
WEN: FEEREIED, KSTANINEEZEHAEE A EM, it —ENFUEH/ER, NEEEETHERNETE suitable for automated production lines, while the latter is more flexible in operation. The strength of the formed raw material needs to be moderate,
=i, which not only needs to withstand stacking pressure, but also is easy to break and leach after calcinatior.

Humidification stirring and homogenization treatment

After the ingredients are completed, the mixed materials need to undergo key humidification, stirring, and homogenization processes, which are the core
steps to ensure the uniformity of subsequent forming and calcination reactions. This process is usually completed in a dual axis mixer, which integrates
mixing, humidification, and homogenization functions.

Process objective:

Humidity regulation: By spraying atomized process water into the mixer, the moisture content of the mixture is precisely controlled within the optimal range
of 3% -8%.

Homogenization: High strength shear, convection, and diffusion mixing of lepidolite and additives (such as calcium carbonate, sodium sulfate, etc.) is
carried out to completely eliminate the possible stratification and segregation caused by differences in raw material density and particle size, ensuring that
the composition of each part of the material is highly consistent.

Pre activation: During the stirring process, water and additives come into full contact with the surface of lepidolite particles, which can play a certain pre
activation role and lay the foundation for subsequent chemical reactions at high temperatures.
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DRYING

BRIERNTFIEARESHEEZZBENARTIER, XELUHRERENXE, AAERSANRNARHR, BREESHE
FTERLT1000°CHIZARIREANZE1S0°CLATHE, IPMIBRESFEXREFRIBERAR (EE200-400°C) , KXLEHRXSEH,
ERATIENR, RREBWEERMALR.,

Controllable cooling technology: The roasted hot material (about 1000 C) cannot directly contact cold air, otherwise it may cause rapid cooling
cracking or lithium salt coating of the material. Modern tunnel kilns often use gradient cooling methods:

High temperature slow cooling zone (1000-600 C): utilizing the waste heat from the kiln tail to preheat the combustion air and naturally cool down

» Medium temperature controlled cold zone (600-300 C): Introduce some external air to control the cooling rate

Low temperature rapid cooling zone (300-150 C): Activate the forced air cooling system to quickly cool down to the kiln outlet temperature

12 B AR A

Control points and instructions

BHSH HEGE/ER

Control parameters Typical scope/requirements

yE A e ANDEERERIE250°C, #BERHEREERE, REFREREVEKSTTRM BT RIZH
FENREE 100 - 250 °C N X N K
The inlet temperature should not exceed 250 °C to avoid overburning of the billet surface.

Dry medium temperature

RURI /N, ERERBERE; RNEIK, oJfERERNEZERTFIERY,
Low wind speed leads to low heat and mass transfer efficiency;
Excessive wind speed may blow down the billet or cause uneven drying.

FIEN RN 1-3m/s
Dry medium wind speed

SHERR. BEE. MK S8RYEX. BERE, HEBEER.

i%rsqliﬂime 2-8h It is closely related to the shape, thickness, and initial moisture content of the billet.
ying The tiles are thick and the time needs to be extended.
REKNEE <1.0% WA PSR K S B ASGH AT IR, AR RIXAR.

Final moisture content A rapid moisture analyzer must be used for sampling and testing to ensure compliance.

B ATHEE KBRS X FFERES FRENNRRTE.
Control the ambient humidity inside the drying room by adjusting the frequency of
the dehumidification fan or the opening of the air door.

WRTE (HHZES) -
Enﬁron:entalhumidity *EXTJ;EE <30%

(dehumidification control) relative humidity

PAGE[H

The temperature needs to be controlled in sections according to the initial moisture content of the billet and the drying stage.

CALCINATION

BREREERREENERNIEEEE,

Main chemical reactions and temperature range of lepidolite tunnel kiln calcination.

RETE (°C)

Temperature range (° C)

100~300

300~600

600~800

800~1000

>1000

FEVEBLEEK

Main physical and chemical changes

BEBROR MK FO BB E5 Rk

Remove adsorbed water and some crystal water

SEEEBR, RAFIRZAK
Removal of structural hydroxyl groups, crystal begins to expand

RIRERTRIR, BFERK
Crystal structure destruction, lithium begins to release

5RF R R4 oA E
Reacts with additives to generate soluble lithium salts

TERRLE, BoiRaR
Excessive sintering may cause lithium to be encapsulated

R

Reaction product

FRNE=Z
Dry lepidolite

EEWERE
Amorphous lepidolite

HEEET
Free lithium ions

Li+, SO4-%
Li+. SO4- etc

MRLEY
Insoluble compound

PAGE[]



EnZE 5 5%

UNLOADING CRUSHING

PR REIR AN FHT BN ERI XL EHAT 1M LE, BNMINIREEFCHAREZTEKY, H—aE5FH RERR LR AN S B

MR EER, T—aRSENEESEMHEADRNIN, BR—MEZNBMLELER,
REER: HEVRFRHECCLAT, BLSERYHEKIBHE,
WEERIE . RAMNEEEISYRREE0.5-2mm, BINLLRER;
HOERRER: B REERRERTRPREANNKRRR;

The material after calcination will be unloaded by robotic arm to a conveyor and transport tothe next process. The entire unloading process is closely
integrated with the kiln car transportation system. When one kiln car completes unloading and departs, the next fully loaded kiln car will automatically
enter the unloading position, forming a continuous automated operation cycle.

Cooling and crushing of calcinated materials:

Cooling requirements: The materials exiting the kiln need to be cooled to below 80 C to
prevent high-temperature materials from boiling rapidly when encountering water.
Crushing particle size: Use a roller crusher to crush the material to 0.5-2mm, increasing
the specific surface area.

Magnetic separation for iron removal: using strong magnetic separation to remove iron
impurities mixed in during the calcination process.

PAGE[H PAGE[H]
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LEACHING

EIREHNEGRE T, BFEPTTRURERE (Li,S0,) HRAFEE, INSFELEXRTEHUNEBLEYRER
BEIEETERZFIRE, B KEFRARSEEFNEREEERE. IRE=FRES XA =R NRE;
IZ2, RKRERSERIKE

EARY PULR I RIR AR
FrEks > FOREE (BR) 2 FZREY > FHEE - F—RKEE GRKR)
F—RRY: FRAKREXRNRER (BNEE) SNSRI E,
RKFRE : FERFEKFRBR, TAOEKERE,

BEWER: ORERRLRSCSEINEDTIZI7-98%,

In the calcined lepidolite clinker, lithium mainly exists in the form of soluble lithium sulfate (Li,SO,), while containing a small amount of incompletely converted
lithium compounds and impurity elements. The leaching process is based on the principle of solid-liquid extraction, which transfers lithium ions from the solid

phase to the liquid phase through water or dilute acid solution.
Modern lithium mica leaching often adopts a three-stage or four stage countercurrent leaching process to maximize lithium recovery rate.
Typical four stage countercurrent leaching process:

New roasted material — Fourth stage leaching (lean solution) — Third stage leaching — Second stage leaching — First stage leaching (concentrated solu-

tion)

First level leaching: Use the last leaching solution (relatively lithium rich) to come into contact with the new roasted material.
Final leaching: Use fresh water or extremely lean solution to fully recover residual lithium.

Lithium recovery rate: The total recovery rate of the four stage countercurrent leaching system can reach 97-98%.
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ROTARY KILN CALCINATION FOR SPODUMENE

ERAENEERRIZABREERMEIE. BE. AE. BRER. . ReNF-aEXEIR. 8%, BEEA. aka
Wﬁ&%gﬁﬂ&m—mwﬁﬁﬁﬂﬁg,%Fﬂ TIFEMES. BEHNSENENESEEIREENDEENH R,
MELRZRENRY, RAESE FPETERENRN, HRGHELNOSEMHEZE QA HTRERE, BEERRKR,
ﬂFm%ﬂﬂAWQ%ﬂﬁwmiﬂ,W%ﬂ%ﬁ%ﬂﬁ%wﬁoﬁF,éﬁ@ IR SRIRERE @,

The calcination process of spodumene rotary kiln includes raw material preparation, mixing, kiln feeding, calcination, cooling, dust collection, and
product packaging. Firstly, raw materials such as spodumene, limestone, and sodium carbonate are crushed and ground in a certain proportion, and
then measured and mixed. The mixed raw materials are sent to the feeding end of the rotary kiln through the conveying equipment. As the rotary kiln
rotates, the raw materials undergo calcination and reaction at high temperatures. The high-temperature material discharged from the discharge end
is rapidly cooled by a cooler while recovering waste heat. The cooled material enters the dust collector for dust collection treatment, collecting fine

particles and harmful gases. Finally, lithium carbonate products are obtained through packaging processes.

1. FRFE

(1) WESTHH
}?E}*_:sfﬁﬁ&ﬁm*ﬁ Z<100mm,
BERE#EEEY/ REEPEE<30mm,

BEHAKENMAEE<0.074mm (2008 )

(2) HiEBRER
KAFREIEN ERFe,0;5 (EK<0.5%)

, BB RNERE,

, BREIEERH,

(3) BLH 5194
BEARERMERERY, EFLL,05825%.
BEHIKERE, BERRORE.

2. WFHK (200~800°C)

(1) ZEIEXTRFH
YIRS 3~AREN TR, SEESRES (800~1000°C) Mk,
BE 9—553,"'1600“'800‘{ B BRI S KA BR 5 &R K

(2) X2
e O ESIRE<300°C (RA/EK) .
M BKEERE %,

. EmiEE (950~1100°C)

(1) EEEBE

R (BL~25%KE)
=RE (hEE0%KE) ¢

BHH (BE25%KE) :
(2) XBRIEER
BEEIRE]: FEARIRHITET1050+50°C, BWRITKE (>1150°CESHIBHK) B
KR (<950°CHURE) .
EEFT: 0.5~3 rpm, YIRHSBETE40~60775H
KIEFAIR: RAKERR, BRENSEEE.
4, ﬁlzu“nﬁ%ﬁ'—ﬂﬁii

JEHIB-EEA L ERAETIXENE,

800~950°C, H—H K,
950~1100°C, 5ERRa—>RHEZE (HEHZ295%) ,
BIRZEB00°CIAT, REREILEM,

SRRIHEM L.

1. Raw material pretreatment

(1) Crushing and screening

The raw ore is roughly crushed to < T00mm by a jaw crusher.

Further crushed by cone crusher/counterattack to < 30mm.

Finally, it enters the ball mill for fine crushing to < 0.074mm (200 mesh) to
improve the efficiency of calcination reaction.

(2) Magnetic separation for iron removal
Use a dry magnetic separator to remove Fe , 03 (with a requirement of < 0.5%)
to avoid affecting subsequent leaching.

(3) Mineral blending and homogenization
Mix different grades of spodumene ore and control the Li , O content to be = 5%.
Ensure ingredient stability through homogenization storage.

2. Preheating and dehydration (200~800 °C)

(1) Multi stage cyclone preheating

The material enters the 3-4 stage cyclone preheater and exchanges heat with
the high-temperature exhaust gas (800~1000 °C) at the kiln tail in reverse flow.
Gradually raise the temperature to 600-800 °C and remove free water and some
crystalline water.

(2) Key control parameters
Preheater outlet exhaust gas temperature < 300 °C (waste heat recovery).
The moisture content of the material is reduced to < 1%.

3. High temperature calcination (950~1100 °C)

(1) Rotary kiln calcination

Pre tropical zone (kiln head~25% length): 800~950 °C, further dehydrated.

High temperature zone (50% length in the middle): 950~1100 °C, complete the a
- phase transition (conversion rate = 95%).

Cooling zone (25% length of kiln tail): Cool down to below 800 °C to stabilize the
B - shaped structure.

(2) Key operational points

Temperature control: Strictly control at 1050 + 50 °C to avoid overburning
(>1150 °C causing vitrification) or undercooking (<950 °C insufficient conversion).
Kiln speed adjustment: 0.5~3 rpm, material retention time of 40~60 minutes.
Flame shape: Long flame combustion is used to avoid local high-temperature
ring formation.

4. Finished product storage and transportation
The calcined B - lithium pyroxene is transported to the silo by a chain plate
conveyor for subsequent acid leaching or alkaline processing.
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