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mtk: www.lanketu.com District, Qingdao, Shandong
BiE: 0532-86812715 Web: www.lanketu.com Tel: 0532-86812715
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k&7 Company Profile

EHENEREMBERATMILTF2016F, 2EESPHREHEMMBR
BERRIAERFASE, EMER21CT. TENFEFERBRERNT
ZHEk. SI@EFNHEERS, AN EBRESRET R4t KIS
BERERE. HEPVDRRERE. MESLRERES M.

Established in 2016, Qingdao Lanketu Membrane Material Co., Ltd. is a
holding subsidiary of Qingdao Zhongkehualian New Material Co., Ltd. with
a registered capital of 200 million yuan. Mainly engaged in the research
and development, production and sales services of wet lithium battery
membrane. In the direction of functional lithium battery composite mem-
brane, the company can provide modified ceramics coating mem-

brane. oily PVDF coating membrane, and aramid coating membrane.

/A\Elaﬁb_l*i Company History

2012 2014 2016.12

MISL102E it FERIBREZRZIER

Attained 102 mu of land The first membrane production line
is delivered to customer

EMRAIER T A RIS BIERHE
Registered to set up a holding
subsidiary Qingdao Lanketu

o 0 0 O O O 0
2011 2012 2015 2018
BB PRI EEIR PRIRAE BT BIRAFIREFEE AR ERAE EMMRT S B F AT

YN=1)7Av2 Mass production of membrane
Qingdao Zhongkehualian New production line
Material Co., Ltd. was established

The company changed from limited
Liability company to a joint stock
limited company.

ERE

Registered to establish a
wholly-owned subsidiary,
Shanxi Lanketu

akHSER % Strategic Planning

AT X—HSERS0E, BIR3KEEEETHMRESE
%, FFER15MZFERX, HERFEE, HHEZS5ER
SrERMEBRAUIXREE,
BEEBSFEUNATENFET X, BERNERSEY X~
B¢, 2019%3H18H, EREREEMBNERAIMERE
BEMEE_HREEENARINES, FEEZHREE
AL RMERIZMER

SRBERETH

Qingdao Lanketu Phase Il

IISFES 4]

Project construction plan

12 F#/%%
12 production lines -
8 12 m?/ SFF=hE B

800 million m2/year capacity

At the first phase, the factory covers an area of 50 mu, with three wet lithium ion battery membrane
production lines and an annual output of 150 million square meters. It has been put into operation
and has successively reached cooperation agreement with many well-known battery companies both
domestic and abroad.

With the continuous expansion of the application range of lithium-ion batteries, Lanketu continued to
expand production capacity. On March 18, 2019, the groundbreaking ceremony for the second phase
of the new wet lithium battery membrane of Qingdao Lanketu Membrane Material Co., Ltd. was

successfully held, marking the second phase of project entered into construction period.

WAEERLEIRE

Shanxi Lanketu Project

IE IR E
Project construction plan
8 Ktk

8 production lines

5.3 12 m¥/ FregE

530 million m2/year capacity
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FZme8 Introduction to the products

F=&E 7T Introduction to the production lines

NERENERESA BT ZURNESEESR BT S4E The company owns two kinds of production lines, biaxial synchronous stretching process and
P& AR BERRIRT. BEE”. BER biaxial asynchronous stretching process, which both originated from Qingdao Zhongkehualian.
o, EEEETs , TR, The equipments have the advantages of high precision and strong expertise professionalism.

RS prvrrnToarern it
TEFREE h_' ®® i f J | .

Synchronous stretching

oduct orocess diagram BHRE BREK WHURLRER ZEMTIERRES BAURSE HREERRR HURR
product pr lagr Ingredients Casting system Biaxial synchronous Extraction and drying Horizontal stretching Thermoforming Slitting system
system stretching system system System system

TEreE B 00 %

Asynchronous stretching

roduct process diagram BHRE HBRER HHER BEURS— ZMTIERES BHRGE— RAEERR DURER
P P 9 Ingredients Casting system  Longjitudinal Horizontal stretching Extraction and drying Horizontal stretching Thermoforming Slitting system
system stretching system System 1 system System 2 system

FZmé8 Introduction to the products

=532 Product Categories

A PRARE R

HEERR SRR [SEE

Wet-mehod LIB
membrane base membrane

BERERER

Ultra-thin membrane High-porous membrane High-strength membrane

Coated membrane

MEREIRE PVDFREMRIECKME. HtE) SORERER
Ceramics coated PVDF coated membrane Aramid coated
membrane (aqueous, oily) membrane
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miré8 Introduction to the products BiAPRR R

Wet-mehod LIB membrane base membrane

BRLDRST B5-200miEkiRiE, mRESEENIMT. RIKER/\, hif@E Lanketu membrane products with the thickness of 5to 20 um, have excellent
=

WER, FRESRE. HaiSii—BErEMma, thickness uniformity, low thermal shrinkage rate, high stretching strength,

and puncture resistance, stable product quality, excellent characteristics, etc.

= i meinen pecieem F @ P [F iy i ; |- b el P = o e mrama
ERHE - mRERR Hitt TZHEmR 1 Hite TZHEm 2 Htt TZHEM3
HERFLRE, RE FRBE = 4 BRI AT 4E R MRIEREAHFLIIR PRESEFL LA MR AR
HIES M AR & SRS

The surface morphology of Lanketu  Sample 1 prepared from the other
Product

Sample 2 prepared from the other Sample 3 prepared from the other

process

process process

Even porosity and Themembrane produces thicker fibers , There are close of the holes on the Destroyed pore structure and

stable permeability. and the emergence of fiber hugging.

membrane surface. fractured fiber bundle.

NEHE T = RIEERA R e ER

Physical properties of different models of LIB membranes fabricated with wet-method preparation technolgy

FRHMERERIRE IR YR EREIEIR

Physical properties of different models of LIB membranes fabricated with wet-method preparation

WREE 7umER | opmEE 12pumEE 14pmEfE T6pumEE 18umEfE 20umEfE
Test items membrane | membrane membrane membrane membrane membrane membrane
BE (um) JRE 1 +1 +1 +1 £1 +1 1 +1 £15 £15 £1.5
S (s/100c) Permeability | 150+40 | 150+40 | 240+40 | 180+40 | 220+40 | 300+40 | 200+40 | 180+40 | 220+40 | 240+40 | 200+40
T D >200 >140 >160 >180 >160 >180 >160 >160 >160 >160 >180
Stretching strength MD >200 >160 >160 >180 >160 >200 >180 >160 >160 >160 >180
ERRIIRAE (g) Puncture resistance | 2450 >435 >500 >600 >550 >600 >600 >600 >700 >800 >900
105°CHEE (%) D <15 <15 <1 <1 <1 <1 <15 <15 <15 <15 <15
Thermal contraction MD <3 <3 <3 <3 <3 <3 <3 <3 <3 <3 <3
120°CHUEHE (%) D <35 <35 <3 <3 <3 <3 <35 <35 <35 <35 <35
Thermal contraction MD <6 <6 <6 <6 <6 <6 <6 <6 <6 <6 <6
FLBEZR (%)  Porosity 3645 3945 38+5 | 40+5 | 4045 38+5 4345 4545 45+5 | 4545 4245
Page
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FEméd Introduction to the products

FEIREIRIE The membrane coated with ceramic

MEREVESRIRIAEENL. $RIRE. BERIIET  BIHERbNe et URERSs.

[ERERE |

ARSI R R ERIRA IR eI ET

Physical performance indicators of ceramic membranes of different specifications

PVDFiR7E =R

LR R

Ceramic coating could improve the characteristics of LIB membrane,including the thermal
stability, the puncture resistance , the wettablity to electrolyte, increasing its safety and ser
-vice life.

BASEMRIE The membrane coated with boehmite

KB KRBE Low self-generation rate
BEHREBR Long cycle life
BRIRIZEER  Reduce equipment wear

Page
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7umEfE oumE & oumE & 12pmEfE 12pumEfE T6pmEfE
MR E Base membrane Base membrane Base membrane Base membrane Base membrane Base membrane
Test tems WE/ABE22 | BE/MBE+3 | WEANEE22 | WEANEE22 | WEANBE | WE/EE+2
Ceramic / boehmite Ceramic / boehmite Ceramic / boehmite Ceramic / boehmite Ceramic / boehmite Ceramic / boehmite
EJE (um) ﬂﬁ% 111 12+1 13+1 16+1 16+1 18+1
Thickness Deviation
BESME (s/100c) Permeability 200+40 180+40 200+40 230+40 220+40 220+40
HIBEERE (MPa) TD >120 >100 >90 >120 >120 >130
Stretching strength MD >120 >110 >100 >120 >120 >150
EFRISBEE (g) Puncture resistance >450 >435 >435 >600 >600 >600
120°CHULR (%) TD <2 <2 <2 <2 <2 <2
Thermal contraction MD <2 <2 <2 <2 <2 <2
130°CHUE (%) TD <2 <3 <2 <2 <2 <3
Thermal contraction MD <2 <3 <2 <2 <2 <3
7K%3 (ppm) Moisture <600 <600 <600 <600 <600 <600

Page
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FEmég Introduction to the products

KZPVDFESRIRIEAS REE KEPVDERRBERASREE
Heat sealing diagram of waterborne  Heat sealing diagram of waterborne
PVDF coating membrane PVD roll coating membrane

rlepete 8 ¢ | =B poleplc
<« PVDF
«— [B & Membrane

PVDF —
Membrane 1 % —

FRESKIEPVDF/RIFERIZAIREREISIR (BIR/BR)

P EIRE R

PVDRREIRIR | SHRERE

Physical properties of water-based PVDF/ceramic membranes of different specifications (roller coating/spraying)

T *ok

Infiltration

EARMG A % % Kk % % %k %k Kk

Electrode adhesion

- -

Membrane permeability

ERIVAEEEPVDFRZEFEZR, LEMBERNRBRMTEE, MERREREFRAEDFRLIEERIRE .

The sprayed coating membrane provides a channel for the infiltration of the electrolyte due to the gap between the PVDF points, and the roll coating

membrane electrolyte can only infiltrate through the inter-particle gap.

KIEPVDFRZEIRIE The membrane coated with waterborne PVDF

PRER SERtR SR YT

Good adhesion between the membrane and the electrode

IumEE 12umEfE 16umEfE
DEERE=] Base membrane Base membrane Base membrane
festitems PVDF9+3+1+1 PVDF12+4+1+1 PVDF16+2+1+1
BE (um) fwE 1 £1 +1
Thickness Deviation - - -
EE (5/1000) Sgg?yﬁg 200440 240+40 240+40
Permeability Rolleiting 250440 290440 290+40
RIfHEE (MPa) D >100 >110 >120
Stretching strength MD >100 >110 > 140
ZFREE (g) Punqture resistance > 435 > 600 > 600
1050(:[*&&@@ (%) TD <1 <1 <1
Thermal contraction MD <1 <1 <1
120°CHUEE (%) ™ <2 <2 <2
Thermal contraction MD < <2 <2

BIFRRIEM Better infiltration

B REE High decomposition voltage

AN RS EEHRER Can be applied to high voltage material systems
EERFRIRRR Increase the liquid retention rate
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10



Fmég Introduction to the products

WERE, HEINReFR

iHEPVDFiRZERAE The membrane coated with oliy PVDF

Improve battery hardness and increase safety level

HDENSEREEIFEAIRIRE.  Reduces the intensity reduction and side reactions of aging

RARRRRER

Increase the liquid retention rate

HEPVDFRERIRAIMIEMEEEER (DER)

Physical indicators of oily PVDF membrane (delamination coating)

P EIRE R

HTEPVDFRERIZRIMIEIEREREIR (BIR)

Physical indicators of oily PVDF membrane (mixed coating)

PVDRREIRIR | SHRERE

WA T E

Test items

oumE &

Base membrane

oumE &

Base membrane

9+2+2WHRE (FHELS)

Double sided coating (conventional model)

9+3+3WHAE (RFESMHEZXE)

Double-sided coating (fast charge high magnification type)

Erg (pm) Thickness ﬁﬁﬁ Deviation

BESM (s/100c) Permeability

7umEfE IumEE 12pmEfE 9+3umigE & 12+4pmBgEE
mitm e Base membrane Base membrane Base membrane Ceramic membrane Ceramic membrane
festitems PVDF 1+1 PVDF 1+1 PVDF 1+1 PVDF 1+1 PVDF 1+1
RE (um) JRE 9+1 1141 1441 1441 16+1
ESHME (s/100c) Permeability 170+40 220+40 250+40 250+40 280+40
HIEREEE (MPa) ™ >130 2140 >140 >140 >140
Stretching strength MD >150 >160 >160 >160 >170
ERRISREE (g) Puncture resistance >300 >450 >550 >500 2550
105°CHUTiE (%) D <2 <2 <2 0 <1
Thermal contraction MD <3 <3 <3 <1 <1
130°CHUKAS (%) ™ / / / <2 <15
Thermal contraction MD / / / <2 <2
HEZE (g/m2) Areal density 5.8-6.4 6.9-7.7 7.7-9.9 10.2-11.5 14.5-17

KRR (MPa) D

Stretching strength MD

EFRISBEE (g) Puncture resistance

130°CIE (%) D

Thermal contraction
MD

EZE (g/m?2) Areal density

13x1
190+£30
2140
2160
>500
<3
<4

6.5+1

15+1

120+30

7.5%1

Page

>6um), double-sided coating +6pm, and the value of permeability increase is <40s/100c.

- BRZHMEPVDFAEREAHTAREE (RALSKRE260M) REN, NMARETEERFNEEME, WEHRE+6um, BESEEM{E<40s/100c,
- HMPVDRRIRX IBRAES MR MRS BRFIMEN—L,

- The effect of oily PVDF mixed coating on the permeability of the membrane is less than that of the delamination coating.

- Lanketu oily PVDF coated membrane retains good permeability of the base membrane when it is coated with large thickness (double-sided total coating

Page
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Introduction to the products

:: % s - Q’-— "E fjﬁ fit#s Advantage BB LIRE Wet + aramid coating
. TR (FPRAEMI RV REANEIRT |, SCUL 7 A F LR OIS BERI R B SRS

The membrane heat resistance has been greatly improved to achieve both the characteristics of pore
closing and heat resistance.

Heat resistance

&' ; A .o SE IESXERAERANRIENT | NMEKERYER S
e B 9; . "" ,@' ) Wettability Improving the membrane wettability to he electrolyte, which will be beneficial to extend the cycle life
‘_"..‘ s | % e ."‘ n . ‘ “ - | of the battery.

o ¥ e L ey = I =/ SRR
PRI : ver s A RS TSRS | KARSIONEN S TSR, TS REE
¥ J ‘a - - " “I F -.I P 3 Antioxidant Improving the antioxidant properties of the membrane, this excellent oxidation resistance helps to achie

) _5-_.___“ ] *‘} - ‘-'tL ;jf"'m_f*ﬁm’ o properties -ve high potential and energy density.

A RS RIRERIRR VIR EREIEIR

Physical indicators of aramid coating membrane with different specifications

fBEicEMRIE | PVDRRERIR | FLRERE

BiERIR, RERIRTERERILL

Performance comparison of wet membrane and coated membrane

DIRERGY=] OUM+3 5 EIRE Delamination coating | 12UmM+493 EIRE Delamination coating OUM+2+2;BAIRE Mixed coating
Test items FLCEEE Aramid single side FLCEAE Aramid single side FHLeXE Aramid double sided
JEFE (um) Thickness {RZ Deviation 12+1 16+1 13+1
S (s/100c) Permeability 200+30 240+40 20040
H{HEE (MPa) TD >100 >120 >80
Stretching strength MD >110 >120 >80
ZFRIFEE (g) Puncture resistance >435 >600 >250
130°CHWILE (%) D <2 <2 <2
Thermal contraction MD <2 <2 <2
150°CHukgE (%) D <3 <3 <3
Thermal contraction MD <3 <3 <3
180°CHUKE (%) ™ < <5 <
Thermal contraction MD <5 <5 <5
TMA (°C) / / >300

Page

M E EERREE EIE+PVDFRE BER+BERE BE+ERRE
Test items Wet-mehod LIB base membrane Base membrane+PVDF coating Base membrane+ceramic coating | Base membrane+aramid coating
.EEQSH . % % Kk .00 .8 ¢ .00 .8 ¢ * %k % k
Thickness Uniformity
s * kK * 4Kk . .
Stretching resistance
ﬁﬁlﬂﬁﬁ * % kX 1. 8.8. 8.8 % % % % ¥ % % %k % 5
Puncture resistance
BRIk * 4k Kk * 4k K 3 * ke k kS * Kk
Permeability
PRIREIE * ok k * Kk ok * ke kK K K ek
Thermal stability
R
N % %k Kk % %k kK k %k kK ok % % % Kk k
Wettability
St gk =
%'EEEEQE. % % %k % %k %k %k Kk % % %k %k % % %k %k Kk
Battery energy density
EFA * %k * Xk k * kK k * 4k ke k

Production costs

Page
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SaRIFIE Quality Assurance
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BRIV RE 2 EEARIAIEIES

Occupational Health and Safety
Management System Certification

REEERARRNELER

Quality Management System Certificate

FiREBAERINEES

Environmental Management System Certificate
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compliance certificate
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REEEKRF AR

Quality management system

RENERTS

BRIREETR TIS09001 REEEARIAIE. ISOT4001 MIREEBARINE, BIYEEE. ALEN. AmRls, 85N, RESERRESAMRWK

EE, mEE%. BRATFRRE, TEAFERRRNERESHRE,

Lanketu has completed 1SO9001 quality management system certification and ISO14001 environmental management system certification.

Through material inspection, online monitoring, finished product inspection, battery testing, membrane online management system, etc.it has

continuously strengthened management, specified assessment, and improved product quality to create a domestic high-end wet membrane

of international quality standard.

FUKIFE Thermal stability 5E Radian CESME
. . Warehouse
Jﬁ’ﬁ’t—t Permeability FEME Membrane surface management
LR Porosity 1514 Collapse @,ﬁ‘é‘fﬁ
B white oil FRREERE Thickness BEHRIA Wave edge Packaging
.y management
PE#) PE powder TEZMEIRIE Online thickness measurement RSB Puncture strength URTE] End face p—
e . . N . Ia =)
ZSUHE Dichloromethane I FABEREM Control point loop detection HI{EBEE Stretching Strength B Width Deﬁ\;ery
management
—0 O O O O
SIS TELeAST LT =gkl AREE
Testing of raw materials online testing Offline testing Compliance testing Staffing
Page



SRRFE Quality Assurance

BERERE2ER0HFERNIENEE, URAHSE
B (SEM) | BOLRIEM. FTIRMEM ., FRER
B ERAAEMIRAMN, REREFEERDVEN
SRHOOVUEE, BRRERENRRERE.,

Lanketu has a full set of battery manufacturing
and testing equipment, as well as scanning
electron microscopy (SEM), laser particle size
analyzer, FTIR spectrometer, thermal differential
scanner, mercury intrusion aperture tester, mem-
brane flatness tension gauge and other advanced
testing instruments, effectively guarantee the

quality of the finished membrane.

EEmlit o tridER
Sample testing and an
equipment

Pore size distribution

Mercury intrusion meter

B, 1885, B0, RREG
Folds, ribs, sag, tire print detection
PRARFEE KR

Membrane flatness tension
measuring instrument

AOULTTLARRY L

FLEEH

Pore structure

1R

Scanning electron microscope

Equipments for testing and
analysisof raw materials

[RtEEEN S ER
Equipments for evaluating
the characterizes

Hthli o4 Es
The other analysis
instruments

FrEEREETE

EHREFHRER BT mBRERE
© = I~ 208,
N — NS/
Full chain traceability information Query product traceability information bt

112 ERIERA HEEE

Enterprise Information collection system Consumer
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PRFATREE. FEEAA. INEFHETER, BRIREEMAT ERRELEEEERS, TERERRRIE. FAaEE
[RIFEEEERR" KE "2014FEPETISWEMECEEERRESTHR" |

EfEF=ARR, "EE i

i
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To enhance the quality of products, reduce costs, build digital production workshop, Lanketu has independently researched and developmented a set of
membrane lineinformation management system, including financial accounting system, management of the quarkey assurance system and workshop site
managemant. March 19, 2015, "the LIB membrane information management system" obtained "2014 China's manufacturing industry fine production man-
agement best practice award".

BPM/BIZ%
Qd

ERPESR MESZE% PLCESR

© ® @

RIVFRERE HISEHITER minazhGIEH
Manufacturing executive Enterprise resource Site automation control
management

EBL., RESH
Collaborative office

decision analysis management




EIFREEN Creativity

REERE | HAARSES
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1 kel o iy Ak el AR
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HETEEE RS RIEE BRI ERREHm (%K) H|BENREERERTNE 2018FIIFREERTRE EBMH2018FERME
China wet lithium battery membrane Qingdao SME specialization special New and old kinetic energy Key Project of Shanxi Qingdao Key Project
equipment manufacturing base new products (technology) conversion major projects Province in 2018 of 2018

REDERLKAEF ., SAEFEERN, HANE. TRERTE

Received a number of national invention patents and practical new type patents, and were included in provincial and municipal key projects.

2017 2018 BERhRET X ENHARARBTRF it fE &R A K

EER O ch A 6 i R A S L - ch A BRI RS EETREN (58201 8EEAHE" Lanketu has continuously improved the technical level of membrane through a large amount of research and development investment.
IR "ERHR/NELEREHTR (BA) 7 ER - BRLEFT AR BB RIE AN "WWAREH B petieE R E” )
UFERR S tBERESIA (201 sE LRSS TR R FAREIE S ER2400m*
- PR ZEiE St ER3600m?
2017 2018 CHRTS0ORZEESAFHRREMNLES. 5AFMR. AI3R58HK. IR SRS NERNHLEN,
- Won the "China Wet Lithium Battery Membrane Equipment - Lanketu New Energy Lithium Battery Membrane Project was included in
Manufacturing Base - Zhongkehualian" "Qingdao 2018 Key Project” - The newly built research building covers an area of 2400 square meters
- Awarded the "“Qingdao SME Specialized Special New Product - Lanketu New Energy Lithium Battery Membrane Project was included in the  The midale trial run workshop covers an area of 3600 square meters
(Technology)” Certificate “ shandong New and Old Kinetic Energy Conversion Project Library” - Setup a R&D team of more than 50 employees under the framework of polymer material processing equipment, polymer materials, chemical
- Shanxi Lanketu Lithium Battery Membrane Project was included in the “key process and automation, engineering design and service.

project of Shanxi Province in 2018"

Page Page
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BIFREES Creativity

TR RIERT N

Twin screw extruder

ZIREM AL IEH

Multifunctional Biaxial tensile test machine

(]

Batching system Extrusion system  Sharp cooling rolls  Winding machine Handkerchief machine Extraction Drying system Sample

NEEEERFREMRIRSLINE , TERT ISR AXIREAE T AR TZ224
LRI , FHTRSMmRmR.

ERERRRAEBRICHRIEEREFA7TI, HEPCEIURBEF)15I0. LA
FETFI32I0,

=P ELIFFEContinuous process s JEZELHTFEDiscontinuous process

There is a Lab-scale LIB membrane production line, which could be used for
the optimizations of the formula and process, improving the membrane g-

-uality continually.

As for the achievement of R & D, 47 national patents have been authorized,

including 15 invention patents and 32 utility model patents.

EETHEBRRSGZ | EEFEIbN=E

§EESFHSEISEE Laboratory for assembly of LIB

ALOERBEFEERL. REBI. HXEHRNEEEFRERMEXIGNNES | ARENERIRETEIEERAGN , FAREERN T 2R , WTdiRIER
MRS LH .

The laboratory has a full set of production equipment and related testing equipment for the production of cylindrical batteries, packed batteries and
button batteries, testing for the company's existing membrane and adjustment of the process according to the results, thereby improving the performance
of the membrane.

IE .\, SRR ey 1R ke

Coating the andde or cathode plate Cutting and Scrapping plates Drying the Plates

IE. fatk&ES

Mixing the anode or cathode materials

' i _"' -
- (L
JFEimEO TRk

Winding Injecting Electrolyte and sealing Battery formation

Rolling
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