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UNITED STATES PATENT AND TRADEMARK OFFICE

BEFORE THE PATENT TRIAL AND APPEAL BOARD

LG ENERGY SOLUTION,
LTD.,

Petitioner, :
-VS- : CASE NO. IPR2024-01011
U.S. PATENT NO. 8,968,924 B2
MOLECULAR REBAR DESIGN,
LLC,

Patent Owner.

Deposition of YU ZHU, PhD, an expert witness herein,
taken by the Patent Owner as upon Cross-Examination and
pursuant to the Federal Rules of Civil Procedure and Notice
via Zoom videoconference on March 21, 2025 at 10:51 a.m.,
before Jennifer K. Starner, RPR, a Notary Public within and

for the State of Ohio.
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1 STI PULATI ONS
2 It is stipulated by and between counsel for the
3 respective parties that the deposition of YU ZHU, PhD, an
4  expert witness herein, called as upon Cross-Exam nation by
5 the Patent Oaner may be taken at this tinme and place
6 pursuant to the Federal Rules of Gvil procedure and Notice
7 as to the tinme and place of taking said deposition; that the
8 deposition was recorded in stenotypy by the court reporter,
9 Jennifer K Starner, RPR and transcribed out of the
10 presence of the wtness; and that said deposition is to be
11  submtted to the witness for his exam nation and signature,
12 and that signature may be affixed out of the presence of the
13 Notary Public.
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1 YU ZHU, PhD, reees
2 of lawmful age, as having been duly sworn, as hereinafter
3 certified, was exam ned and testified as follows:
4 CROSS- EXAM NATI ON
5 BY MR ZINDA
6 Q H, Dr. Zhu.
7 A Hi .
8 Q Let nme go back. |'mnot going back
9 through the introduction with you because we just went
10 through that regarding breaks and all that stuff. In this
11  deposition you're here to offer testinony on U S. Patent
12 8,682,924, correct?
13 A Yes, that's correct.
14 Q You understand -- is it okay if | call
15 that the '924 Patent?
16 A Yes, that's okay.
17 Q You' ve offered a sworn declaration in
18 the proceeding regarding the '924 Patent, right?
19 A Yes.
20 Q Ckay. So can | get you to first to turn
21 to LGES 10017
22 A Yes.
23 Q And if you go to -- can | get you to
24 turn to Caim1l?
25 A |'mon the claimpage.
www.huseby.com Huseby Global Litigation 800-333-2082

Page S of 81


http://www.huseby.com

LG ENERGY SOLUTION, LTD.vsMOLECULAR REBAR DESIGN, LLC

U.S. Patent #8,968,924 Yu Zhu, Ph.D. on 03/21/2025
1 Q Ckay. And if you look at Claiml, dg%986
2 you see that it says "Discrete carbon nanotubes"?
3 A Yes, | saw discrete carbon nanot ubes.
4 Q Ckay. You've already offered -- you've
5 already been deposed in the proceeding on the '909 Patent
6 and the '483 Patent, correct?
7 A Yes. Correct.
8 Q And you've -- do you recall that both of
9 those patents also had clains that used the word "discrete
10 carbon nanotubes," correct?
11 A Yes.
12 Q |'s your understanding of the word
13 "discrete carbon nanotubes" the same for the '924 Patent as
14 it is for the '909 and '483 Patent?
15 A | -- that's the sane question as |
16 mentioned previously. This is the status of carbon nanotube
17 in application of lithiumion battery electrode. Soit's a
18 status to describe how the nanotubes distributed in such a
19 conposite. And this discrete carbon nanotube provide
20 information on the status that is those nanotube are not
21 Dbundled, they are unifornmy distributed and eventually
22 formng a good electrical conductive network in those
23 Dbattery el ectrode nanotube to support the high conductivity
24  of the electrode conposite materials.
25 Q So that understanding of discrete carbon
www.huseby.com Huseby Global Litigation 800-333-2082
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1 nanotubes, you think that's the sane in both the '909 angége7
2 the '483 Patent as well, correct?
3 A | would rather call it very simlar
4  status of the carbon nanotube distribution in the electrode
5 conposite materials because they all refer to the simlar
6 application.
7 Q Got it. And then if you go down to
8 Cdaimb5, do you see where it uses the term"uniformy
9 dispersible oxidized carbon nanotubes"?
10 A | saw uniformy dispersible oxidized
11  carbon nanot ubes, yes.
12 Q And does that phrase, unifornmy
13  dispersible oxidized carbon nanotubes, have the same nmeaning
14 to you as unifornly dispersed carbon nanotubes fromthe 909
15 Patent?
16 A Vell, that could be carbon nanotube with
17 a simlar status. However, here it specifically states it's
18  oxidized carbon nanotubes and uniformy dispersible. And if
19 you just say discrete carbon nanotube just the same as
20  carbon nanotube are separated, not formng a bundle, and it
21 does not mention any status |ike oxidized carbon nanotube in
22 this case.
23 Q Maybe -- maybe | can nake it a little
24  clearer because | understand why -- | nean, my question
25 wasn't a very good question. Let ne just phrase it this
www.huseby.com Huseby Global Litigation 800-333-2082
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1 way.
2 A Uh- huh.
3 Q Uniformy dispersible carbon nanotube
4  have the sane neaning as uniformy dispersed carbon nanotube
5 fromthe '909 Patent?
6 A Yeah. As | said, they have -- those are
7 simlar description of the status of a carbon nanotube under
8 the -- under the application of using battery electrode to
9 formng a conposite. Those discrete nanotube in '909 and
10 uniformy dispersed oxidized carbon nanotubes in '924 refers
11  to how those carbon nanotubes are distributed in conposite
12 used lithiumion battery electrode, yeah. That is
13  description of the status of those nanotube in the
14  conposite. They share simlar neanings, which is they are
15 not bundl ed carbon nanotubes, they can form good el ectrical
16 conducting network in the conposite el ectrode.
17 Q Now, in your declaration in this
18 proceeding, the '924 proceeding, you' ve offered the opinion
19 that the clains -- that certain clainms of the '924 Patent
20 are invalid based on a reference called Cheng and a
21 reference called Gan, correct?
22 A Yes. | refer to a reference Cheng and
23 @Gan.
24 Q Ckay. And I'mgoing to ask you if you
25 wouldn't mnd pulling out the Cheng reference for ne.
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1 MR. ZINDA: And just for the reporterpageg
2 because | don't think she's heard this word
3 before, it's GHE-NG Cheng.
4 Q And then that's LCGES-1007. So if |
5 could get you to pull that out for ne.
6 A Yes, | open that reference.
7 Q Ckay. And then if | could get you to
8 turn to Paragraph 1.
9 A Yes.
10 Q And in this Paragraph it says, "The
11 present invention belongs to the technical field of Iithium
12 iron battery" -- I'msorry -- ion battery nmaterials, and in
13 particular relates to a carbon nanotube/lithiumiron
14  phosphate conposite cathode material and an in situ
15 preparation method thereof."
16 Did | read it correctly?
17 A Yes. That's correct.
18 Q What is a conposite cathode nmaterial for
19 a lithiumion battery?
20 MR IN Cbjection to form
21 A So the conposite cathode material for
22 lithiumion battery | already described in ny declaration.
23 So the lithiumion battery cathode materials are not a
24 single-conponent material. It consists -- it consist of
25 several typical ingredients including the active materials,
www.huseby.com Huseby Global Litigation 800-333-2082
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which in this case is lithiumiron phosphate. And also, the

carbon conducting fillers and in this case can be carbon
nanot ube, and it can contain additional materials.

Typically will contain polynmer binder materials. And when

1

2

3

4

5 you prepare the slurry, you need also a dispersion nedi um

6 whichis asolid. And there may be sone additional additive
7 materials that can be added into this mxture in order to

8 formng a conposite cathode, yes. So the conposite cathode
9 contained several different type of materials in the lithium

10 ion battery.

11 Q Ckay. The cathode conprises active

12 material, correct?

13 A Yes.

14 Q And it will conprise a binder typically?
15 A Yes.

16 Q And it will also sometimes include a

17  conducting agent such as carbon black?

18 A Yes, a lot of tines.
19 Q Ckay. And then | want to just to
20  discuss at your higher level -- a high Ievel your

21 understanding of how these conposite cathode materials are
22 typically made

23 Is it conmon to mx a conductive agent
24 such as carbon black with a solvent or a dispersing agent as

25 part of that process?
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1 Yes. That is one conmon approach. reoe
2 Q s it common to mx -- to then mx the
3 conductive agent with an active material such as a |ithium
4 iron phosphate?
5 A Yes. It is one conmon approach to mx
6 themwth active materials and conducting fillers.
7 Q s it common to use a m xing nedi um such
8 as deionized water as part of that process?
9 A Yes. Deionized water is one of the
10 solvent or dispersion mediumused, but it is not the only
11 one, yeah. So in sone cases deionized water was used.
12 Q And is it common to apply a heat
13 treatnent to the mxture?
14 A That dependi ng on how you refer the heat
15 treatnent. 1In general, you can evaporate a solvent by
16 slightly heat it. And to -- to renove the wall entire apart
17 and then you can conduct in solid material. But in sone
18 approach this can be some -- let's say you call it in situ
19 preparation. So there will be sone reactions related to
20 those heat treatnment to formng the right materials. So the
21 situation of heating is relatively conplicated. There are
22 different approach, different purpose, yeah, used in the
23 lithiumion battery electrode preparation
24 Q And if we could go to Paragraph 5 of
25  Cheng.
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1 A Par agraph 5? rage2
2 Q Yes, Sir

3 A Yes, sir.

4 Q Yes, Paragraph 5. And I'll read it. It
5 says, No. 1, "Carbon nanotubes have good el ectri cal

6 conductivity, and the fibrous structure thereof can better

7 connect electrode active materials into a continuous

8 ‘'network' that is electrically conductive, thereby inproving
9 the electrical conductivity of the electrode and the

10 wutilization rate of the active naterial."

11 Did | read that correctly?

12 A Yes, that's correct.

13 Q Sois -- is Cheng describing the goal of
14  trying to achieve an interconnected network of carbon

15  nanot ubes?

16 A Cheng is describing here is idea

17 situation, that a carbon nanotube form ng good network

18  because the carbon nanotube has good el ectrical conductivity
19 as intrinsic properties. It will be ideal to have this
20 conduct -- electrical -- electrical conductive network,
21  which is beneficial for the lithiumion battery el ectrode.
22  However, this is an idea situation it referred in this case.
23 Q Ckay. Understood. But in this
24  paragraph, Cheng is stating that one of the goals is to have
25 a continuous network of connected carbon nanotubes, correct?
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1 A Yes.
2 Q Ckay. No. -- if we could go down to
3 Paragraph 6. In Paragraph 6 Cheng states, No. 2, "The
4 carbon nanotubes have good nechanical properties and the
5 added carbon nanotubes provide high toughness to the
6 electrode sheet, so that exfoliation caused by a change in
7 the volume of material during charging and discharging can
8 effectively be suppressed, and particles of the active
9 material can always maintain good electrical contact during
10 charging and discharging, thereby inproving the cycle life
11 of the electrode."”
12 Did | read that right?
13 A Yes.
14 Q And so here is -- when Cheng refers to
15 good nechanical properties, can you describe in your own
16 words what he neans?
17 A So in this Paragraph, Cheng mentions
18 that carbon nanotubes not only have beneficial for inproved
19 electrical conductivity, but also provide a good mechani cal
20 property for the electrode as a whole. So the change of the
21 volume, which oftentines happens during the charging and
22  discharging process, will not cause a dramatic change on --
23 on the material's pathology. Therefore, the electrica
24 contact can be maintained during repeatedly charge and
25 discharge. Therefore, the cycle lifetine of the battery
www.huseby.com Huseby Global Litigation 800-333-2082
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electrode will be inproved.

Q So if |I'munderstanding you correctly,
when he's tal king about nechanical properties, he's saying

that because during charging and discharging it will cause

1

2

3

4

5 expansion and contraction of the material, this -- these

6 nanotubes are actually better at addressing that problenf?

7 MR IN Objection. Form

8 A Yeah. The procedure here is -- so you
9 have electrode active materials, which is active materials
10 such as lithiumiron phosphate or sone other things Iike

11  graphite. And what happens during the lithiumion battery
12 operation is the lithiumiron -- we use lithiumiron

13  phosphate as an exanple, right. So the lithiumirons inside
14  the lithiumiron phosphate is actually nmovable. So you can
15 take it out and nove it in during the charging and

16  discharging process. And when you take it out and nove it
17 in, there will be slightly nore change for this active

18 materials. So you add one lithiumiron into it, it wll

19 generally cause a little bit expansion on the solid materia
20 itself. And even though it's very little expansion, a few
21 percentage or even less, it can actually repeatedly happen
22 and cause some stress between the electrode active materials
23 and the current collector, which was the base where the

24  electrode material was coded during the preparation

25 procedure.
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1 So this repeatedly ball and chain c;ﬁge15
2 cause the denom nation of what he says here is exfoliation
3 whichis the electrode was peeled off fromthe current
4 collector in this case. Mst of that situation happened in
5 this one. And, therefore, you | ose contact -- the electrode
6 lose contact with the current collector and with the carbon
7 nanotube because they can -- they can provide stronger
8 nmechanical properties. They can hold those active naterials
9 Dbetter.
10 So during this slight warning, expansion
11 and contraction, which happens during the charging and
12  discharging process, this will not cause significant
13 denom nation of the materials, which is exfoliation of the
14  materials fromthe current collector. If you have
15 exfoliated those materials fromthe current collector, then
16 those materials lose the electrical contact with the
17 external circuit, and then those active materials will be
18 lost during the cycling. Therefore, the battery does not
19 detect all those active materials that was exfoliated.
20 Therefore, the cycle has become worse because you have | ower
21 capacity after a certain nunber of cycles. So this is
22 actually what he discussed in this paragraph what is the
23 function of nanotubes in terns of intense nmechanica
24  property of the electrode and why that is inportant for the
25 el ectrode.
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1 Q And then Paragraph 7 -- and "Il qug?§816
2 it again. No. 3, "Uniform dispersion of carbon nanotubes
3 can also significantly inprove infiltration of the
4 electrolyte in the electrode nmaterial."
5 Did | read that correctly?
6 A Yes.
7 Q And so what is this referring to?
8 A So the electrode prepared in the [ithium
9 ion battery is a porous structure, right. So this is
10 actually a reaction needed to happen in several nedium So
11  on the solid state, the electrode active materials is
12 electrode transfer. And the iron transfer will be
13 intercalation and de-intercalation fromthose solid active
14  materials like [ithiumiron phosphate. And after the iron
15 was de-intercalated fromthose solid materials, they have to
16  have sonewhere to go. Ckay. So the place they gois
17 actually the electrolyte. So those lithiumiron
18 de-intercalated fromthe electrode materials will enter into
19 the electrolyte. And the electrolyte is a liquid medium
20 that carry out all those irons fromone electrode to the
21 oxidated electrode, right. Fromthe cathode to the anode,
22 fromthe anode to the cathode. So, therefore, you have to
23 have an interpenetrated structure for all those solid nmedium
24 which contain all the active material, and a Iiquid nedium
25 whichis the liquid electrolyte.
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1 So in this case, what he said here izageﬂ
2 uniformdistribution of the carbon nanotube will also
3 inprove the infiltration of electrolyte, which means they
4 wll help to attribute this interpenetrated porous
5 structure, allowing the electrolyte actually wetting
6 everywhere of the electrode materials. Therefore, the
7 de-intercalated lithiumiron can be easily infiltrated into
8 the -- can be easily noved into the liquid medium
9 electrolyte and carry a charge and noving to the other
10 opposite electrode. Yeah, that's the nechanismof how it
11 works.
12 Q And then if we go to -- okay. |
13 appreciate that. Thank you for that hel pful explanation.
14 A Yeah.
15 Q |'d like to go to Paragraph 13 of Cheng.
16 A 13. Yes, |'mhere.
17 Q Ckay. So give me one second. |If you
18 scroll up alittle bit nmore to Paragraph 10.
19 A 10.
20 Q Do you see the heading above it that
21  says "Sunmary"?
22 A Summary?
23 Q Yeah. |f you look at just above
24  Paragraph 10 there in the mddle of the page, it says
25 "Summary." Just to be clear, above Paragraph 10 there's a
www.huseby.com Huseby Global Litigation 800-333-2082
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1 title -- rages
2 A Above. So you are talking about the
3 words above sumary?
4 Q No. Right at summary. So you see
5 Paragraph 10 is under the word "Summary," correct?
6 A Yes, | saw Paragraph 10. So which part
7 do you want me to | ook?
8 Q Sure. So ny first question is, Starting
9 on Paragraph 10, this is Cheng's summary of what his
10  invention is, correct?
11 A Yes. Correct.
12 Q Ckay. And then if you go down to
13 Paragraph 10, and about mdway through the sentence -- |
14 nean, of the paragraph, it says, "Uniform dispersion of
15 carbon nanotubes in the bul k phase and on surfaces of
16 lithiumiron phosphate is achieved by neans of an in situ
17 solid phase reaction process, thereby, solving the problem
18 in the prior art in which carbon nanotubes are distributed
19 only on the surface of the electrode material and cannot
20 forma continuously connected three-dimensional electrically
21 conducted electric structure both in the interior and on the
22 surface of the material."
23 Do you see that?
24 Yes, | saw those words.
25 Q So Cheng -- again, Cheng is trying to
www.huseby.com Huseby Global Litigation 800-333-2082
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1 achieve a continuously conductive three-dinensional netdgﬁflg
2 of carbon nanotubes in his conposite, correct?
3 A Yes, inthis -- in this -- yeah
4 description.
5 Q And then if you go down to Paragraph 13,
6 that is himdescribing -- providing a sunmmary of the first
7 step of his process, correct?
8 A Yes. 13 provided sone details about his
9 process.
10 Q Ckay. So if I -- I'mgoing to refer to
11 this Paragraph 13 as his Step 1; is that fair? Because if
12 you look, he labels it 1, 2, 3 going down.
13 A Yeah. The Paragraph 13 is first step
14 Q Ckay. So in Step 1 of Cheng, as
15 disclosed here in Paragraph 13, can you wal k me through
16  exactly what is happening in this step?
17 A Ckay. So this step is basically
18 dispersed carbon fillers which include carbon nanot ubes.
19 And in this case, they also have acetylene black, which
20 is -- which is another filler. So it's actually quite
21 comon in the lithiumion battery actual preparation to use
22 multiple carbon fillers. And they can serve as different
23 functions. And so you needed to al so control the quantity
24  of the carbon nanotube eventually in the cathode and anode
25 material. So you needed to weigh the exact quantity of
www.huseby.com Huseby Global Litigation 800-333-2082
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Page 20
carbon nanotube as well as acetyl ene bl ack.

And you needed to have a dispersion
medi um which is help to dissolve a nunber of things. Here

it wll not dissolve the carbon nanotube. 1It's not a solid.

1
2
3
4
5 It cannot dissolve acetylene black. So they will just use a
6 dispersion agent, so -- which means they are uniformy

7 dispersed in this medium And so it can have severa

8 different type of the medium So sonetines it can be used

9 in water. Sonetinmes you can use organic solvent. And the
10  choosing of using water and organic solvent may be

11  determned by what kind of a binder you will be using. The
12 binder polymer you really need to be dissolved in such kind
13 of solvent, which is a dispersion nmedium-- dispersion

14 agent, which is nentioned here.

15 So -- so it has prepared a mxture of

16 this first with certain percentage. He said 0.5 to

17 8 percent of those carbon nanotube and acetyl ene toget her

18 and -- as conpared with the dispersion -- as conpared

19 wth -- as conpared with the dispersion nedium And there
20 wll be sone ratios between the solvent and the sol vent

21 materials. And in this process, it was prepared by using a
22 dispersion polynmer as well, which is used to help the

23  nanotube to be de-bundled, to be dispersed and to be roughed
24 by those polyners and dispersed as individual carbon

25 nanotube in this medi um
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1 And the polymer is polyvinylpyrroliézﬁ§21
2 or polyvinyl alcohol, PVP and PVA. They both are solid in
3 water in this case. And typically those polymer are formng
4 a roughing of the surface of the carbon nanot ube.
5 Therefore, they have the functions to actually de-bundle al
6 those nanotube polymers -- or the nanotube bundles when they
7 arein asolid status. And so those will help those
8 nanotubes to be separated fromeach other due to the rough
9 of the polymer, PVP and PVA, on the surface of the nanotube.
10 Soit's kind of, like -- you can consider it simlar as a
11  functionalization, yeah, process. So this is basically what
12 they describe in this paragraph. So dispersed carbon solid
13 by assisting PVP and PVA.
14 Q Ckay. And the carbon nanotubes are
15 Dbeing used as a conducting agent, correct?
16 Yes.
17 Q And the acetylene black, is that also
18 being used as a conducting agent?
19 A Yes.
20 Q Do you know why -- or what is your
21  understanding as to why Cheng i s using both carbon nanot ubes
22 and acetyl ene bl ack?
23 A This is actually a general procedure or
24  general protocol for all those carbon nanotubes as a comon
25 filler-based battery el ectrode conposite preparation. So
www.huseby.com Huseby Global Litigation 800-333-2082
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1 carbon nanotube is relatively large in terms of the Iend?ﬁfzz
2 right. Soit's good to formng percolation network as
3 nmentioned by Cheng.
4 And the other thing is that you have to
5 have good point of contact. And the point of contact was
6 nmade by the carbon nanotube -- sone part of the carbon
7 nanotube with sonme of those active materials or particles.
8 And active materials/particles on the surface may not be
9 very conductive, you know, in all cases. So they want to
10  have sone of the smaller particles |ike a carbon bl ack
11  acetylene black. In this case, you only have size very
12 small from like, a few nanoneters to a fewtenths of a
13 nanoneter. \Wen you have those things, it basically can
14 cover on the surface of big -- relatively big, active
15 materials, particles in some cases. And, therefore, they
16 can build up a better electrical connection with -- with
17 nanotube. So if you don't use nanotube, this can also work.
18 So without carbon nanotube, you can al so have a bul k of
19 carbon black. Basically you need a little nmore to build out
20 this network. And it's less efficient as conpared with the
21 use of those carbon nanotube and carbon bl ack, yeah
22  Acetylene black in this case, yeah. So there's a slightly
23 different function on the conducting fillers.
24 Q And then is -- is PVP aresin? Is it
25 considered a resin?
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1 A PVP and PVA in this case -- actuallypéialgez3
2 polyner is used to disperse carbon nanotube. This is not
3 exactly the binder materials which we talk about in [ithium
4 ion batteries.
5 Q Understood. So give ne one second. |Is
6 it possible for carbon nanotubes and acetylene black to
7 aggl omerate?
8 A Vell, there is always possibility that
9 those carbon nmaterials will agglonerate. That is why you
10 always want to have a dispersion nmedium You want to have
11  sonication, which is actually separating themfrom each
12 other physically. And, also, you want to have some pol ymer
13 like PVP and PVA in this case, which can help rough the
14  surface of the binder. So even you stop sonication, which
15 neans the basic separation/agitation force was stopped,
16 those materials can still maintain separated status. And
17 that functioning is pretty nuch simlar as you oxidize the
18 carbon nanotube. So once you oxidize carbon nanotube, you
19 can also maintain this separated status after you use
20 physical force to agitate in the solution and separate them
21 fromthe solid into the liquid medium And in -- if
22 nanotube was oxidized, generally you don't need to add
23 additional PVP and PVAin this case to help themto naintain
24  the separated status.
25 Q Now, you mentioned that in Step 1 of
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1 Cheng, which is in Paragraph 13, he's using the PVP or 53?e24
2 as a dispersing agent, correct?
3 A Yes.
4 Q He's not using it as a binder, correct?
5 A No. This is not in a binder for the
6 polyner.
7 Q So | want to flip back. Taking back
8 over -- so remenber part of this IPR petition there's the
9 Ohata and Kavan reference, correct?
10 A Yes.
11 Q In Chata, he's using the resin of his
12 masterbatch both as a dispersion agent and as a bi nder,
13 correct?
14 A Yes. That's true.
15 Q Ckay. | just wanted to clarify because
16 that's just the difference that popped in ny head and | want
17 to knowif | had it straight.
18 So if we go down to Step 2 of -- well
19 actually going back real quick to Step 1 for just a second,
20 it talks about ultrasonically dispersing?
21 A Uh- huh.
22 Q And that's where it's tal king about
23 ultrasonical |y dispersing the carbon nanotubes, acetylene
24 Dblack in dispersing agent together. |Is it conmmon to
25 ultrasonically disperse conductive agents?
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1 A Yes. It is comon, yeah. Mbst of JﬁgeZS
2 preparation involve ultrasonication to disperse solid in
3 liquid medium
4 Q And is ultrasonic dispersible -- is
5 that -- what is that again in your own words? | know you
6 toldmein a prior depo, but what is the conversion?
7 A Vell, ultrasonication is basically using
8 a physical agitation force, right. So you have some with
9 basically agitating materials including a solid and a
10 liquid. So all than those agitation raw materials started
11 to disperse, right. So one phase was entering the other
12 phase. And the problemw th ultrasonication is once you
13 stop to give this agitation force, they started to
14  precipitate and aggregate again, right. So thisis a
15 problemthat people needed to solve. That's why you needed
16 to add PVP and PVA. So even after agitation sonication is
17 stopped, the material still can be a separated status.
18 And the same thing for the carbon
19  nanotube, oxidized carbon nanotube. When you have oxi di zed
20  carbon nanotube as a solid powder, when you have -- then
21 dissolve it in water and you al so needed to have some
22 sonication or simlar physical agitation process to have
23 something to dissolve, right. Just like you have a solid to
24 Dbe dissolved in water. You have to use your spoon to stir
25 it alittle bit to help themto dissolve. And once they
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1 dissolve -- because in case of the oxidized carbon nanoti%ﬁ?G
2 they're hydrophilic. So they were state as in status
3 wthout reaggregate and formprecipitated. And in case of
4 non-functionalized carbon nanotube, you needed to add
5 something, which prevented themfurther aggregate after
6 the -- after this agitation is stopped. Therefore, the
7 reason he is adding PVP and PVA is to help the dispersed
8 status even after sonication agitation is finished.
9 Q Got it. Can | get you to go to
10  Paragraph 14 of Cheng. And Paragraph 14 is the beginning of
11  what I'mgoing to call the second step or Step 2 of Cheng's
12 process. Do you see that paragraph?
13 A Yes, | saw this paragraph
14 Q And can you explain what Cheng i s doing
15 in Step 2?
16 A Yeah. So Step 2 is also quite conmon.
17 So after you have dispersed conductive fillers, you want to
18 add your active materials, right. Soin Step 2 basically
19 they just add active materials. And these active materials
20 is related to lithiumiron phosphate, right. It could be
21 the lithiumiron phosphate material itself. Could be the
22 precursors of lithiumiron phosphate as well.
23 And they also add -- in this case | also
24 noticed they add some organic carbon source, right. So the
25 organic carbon source is also quite comonly used because
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1 you can have a better dispersion of the organic carbon rages
2 sources in the dispersion medi um because they are generally
3 soluble in the dispersion mediumat the very beginning. And
4 then you can -- pyrolytic formng those carbons if you raise
5 the tenperature and those organic carbon can eventually

6 incorporate into the network and they help the conductive

7 network to rebuild in a better way. So sone people add

8 organic carbon. In this case, sone people do not add

9 organic carbon. And this is just as an option -- steps to
10 optimze the procedure, but this is actually quite comon,
11 yeah. Al these things are quite common: Adding the

12 lithiumiron phosphate materials, adding the organic carbon
13 source and later on formng organic carbon source from sone
14 carbons, which has simlar function as the prem xed carbon
15 nanotube and acetyl ene bl ack, and eventually form ng good

16 conductive network to inprove the performnce of the

17 electrode, yeah.

18 Q And is the purpose of the lithiumsource
19 to help create the lithiumiron phosphate?
20 A Yes. The lithiumsource is used to
21 create lithiumiron phosphate. It could be the lithiumiron
22  phosphate itself. It could be some precursors of the
23 lithiumiron phosphate.
24 Q And then the lithium-- the purpose of
25 the lithiumiron phosphate in the conmposite of Cheng is to
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1 act as the active material, right? rege s

2 A Yes. The lithiumiron phosphate is the

3 active materials.

4 Q And then you tal ked about the carbon

5 source. Is the purpose of the carbon source to essentially

6 act as a binder for the cathode?

7 A Not really. This is -- the organic

8 carbon source is acting as a carbon at the end of the day.

9 Soit wll be converted into sone kind of carbon and provide
10 a simlar function as carbon nanotube and acetyl ene bl ack.
11 Q Ckay. So they're using the -- they're
12 using -- basically the carbon is acting as a conducting
13 agent?

14 A Yeah. Eventual |y beconme conducting
15 agent, yes.
16 Q Ckay. What is pyrolytic carbon?
17 A Pyrol ytic carbon, which means organic
18 carbon was deconposed and, therefore, it was carbon
19 conducting fillers.
20 Q And it says, "The pyrolytic carbon
21 forned by the organic carbon source in a subsequent heat
22 treatnent process being capable of acting synergistically
23 wth the carbon nanotubes in perfornmance to inprove
24  performance of the electrode material.”
25 Do you see that?
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1 Yes, | saw that. reged
2 Q \What does that nean in [ayman's terns?
3 A That means it's an optional approach,
4 right. So that's why | say some people use it, sone people
5 don't use it. So you always want a conductive network to
6 give you as better as possible, right. So this will inprove
7 the active materials utilization. It wll inprove the
8 variability of the battery. And in this case, you want to
9 use carbon source to be really distributed uniforny as
10  conducting fillers in your conposite electrode naterials.
11 Your previous -- you disperse the nanotube as a
12 pre-dispersion. You disperse the acetylene black as a
13 pre-dispersion. Al those things are focusing on the sane
14 purpose: How well the carbon fillers can be distributed
15 Dbetter in the final active materials conposite.
16 And the same thing here is adding sone
17 organic carbon source. This will be -- organic carbon
18 source can be dissolved in the dispersion nediumtypically.
19 So once they convert it in the pyrolytic carbon, you can
20  consider those carbon -- pyrolytic carbon can be very well
21 dispersed in the active materials because active material
22 was also, if it's precursor, dissolved in this dispersion
23 medium So they are basically formed in, |ike, a one-part
24  synthesis and they can be intermttently integrated together
25 and formng a better conductive network, yeah. So this is a
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1 way, a general way, a very conmmonly used way to actuall?mﬁ30
2 build up a good conductive pathway inside of active
3 materials conposite.
4 Q And it mentions the heating process --
5 or heat treatment process. Is that -- is that what Cheng
6 refers to as carbon thermal reduction?
7 A | didn't see the carbon therm
8 reduction,
9 Q Vell, let me -- let me -- maybe -- if
10 you go to Paragraph 39 of Cheng, you'll see that he uses
11  that phrase.
12 A 39. Paragraph 39?
13 Q Yes, sir. The last -- well, it's only
14  one sentence, so..
15 And you see he says --
16 | saw that, yes.
17 Q It says, "In situ solid phrase
18 reaction.” In parenthesis, "Carbon thermal reduction.” |Is
19 that the heating -- is that the heat treatnment process he's
20 describing in the summary that we just tal ked about?
21 A Yeah. This is the heat treatnent for
22 converting carbon -- organic carbon source into carbon.
23 Q And an exanpl e of an organic carbon
24  source provided in Cheng is sucrose, for exanple, correct?
25 A Yes.
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1 Q Ckay. So in order to have this -- iFr)1age31
2 order to create this carbon, you have to performthat
3 heating -- heat treatment process, correct?
4 A Yes. In order to convert an organic
5 carbon source into carbon, you have to conduct the heat
6 treatment.
7 Q Ckay. And --
8 A As | said, this is an optional approach.
9 People can take it and people can just discard it. You
10 already have carbon nanotube. You already have acetylene
11  black. So this is an option. Sone people will choose it to
12 just getting better dispersion of the carbon nanotubes.
13 Q And | just want to be clear, that in
14 Cheng he always teaches this step of converting the carbon
15 source into carbon, correct?
16 A In Cheng's exanple, yes, whomwe | ust
17  discussed in Paragraph 13. And this -- or 14, Paragraph 14.
18 This is the process he used to add organic carbon source in
19 formng pyrol ytic carbon.
20 Q But in -- but you're saying that you
21 don't have to performthat step when you're making a
22 cathode. That's just the way that Cheng chose to do it?
23 A Yeah. Fromthe PCSITA s general
24 understanding, you need carbon fillers in the cathode
25 materials to forma conposite. So as | also nentioned, the
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1 carbon fillers can be a conbination of different carbonPage32
2 fillers. For exanple, in Cheng's case he used initia
3 carbon black as well as acetylene black, right. So those
4 are the two different carbon fillers serving as the sane
5 function in the conposite to provide conductivity for the
6 conposite.
7 And the organic carbon source is
8 additional carbon after it was converted to the pyrolytic
9 carbon. It also provide conductive filler for serving for
10 the same purpose as carbon nanotube and acetyl ene bl ack, to
11 provide good electrical conductivity. And all of those
12 three are serving as the sane function in terms of what is
13 the use of those materials in the conposite el ectrode,
14 cathode or anode.
15 Q And then we go down to Paragraph 15 --
16  or I'msorry. W go up. W're back up to Paragraph 15.
17  And so Cheng in this paragraph he describes using a |ithium
18 source, an iron source and a phosphate salt. And that is to
19 create the lithiumiron phosphate, right?
20 A Yes. That is used to create lithium
21 iron phosphate.
22 Q And at the sane tine, he's -- at the
23 sanme tine, he's mxing a lithiumsource, an iron source and
24  a phosphate salt, he's also adding an organic carbon source
25 inthe mxture fromStep 1, correct?
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1 Yes, that's correct, in his proceduﬁgpe33
2 Q Wy is -- why is Cheng performng that
3 process of mxing the lithiumiron source -- I'msorry --
4 the lithiumsource, the iron source and the phosphate salt
5 while sinultaneously adding the organic carbon source and
6 the mxture fromStep 17
7 A Yeah. The reason is that they're all
8 soluble in water. So in this case -- so dispersion medium
9 or other dispersion nediumand solid. And then you can get
10 a nore uniformed dispersion of the iron source, lithium
11 source and phosphorous source. After these three sources
12 react together, they formlithiumiron phosphate and you
13  have organic carbon. And after the organic carbon was
14 converted into pyrolytic carbon, it will be very close to
15 all those formed lithiumiron phosphate particles as well.
16 And also in this mxture, you also have
17  carbon nanotube, you al so have acetyl ene bl ack, which nmeans
18 all those active materials of lithiumiron phosphate, once
19 it was forned, it will be very close to this existing
20 acetylene black and carbon nanotube. They will be attached
21 on the surface of the carbon nanotube, for exanple, and form
22 very smooth protein coverage in this case. So this is
23 typically what they call NC2 reaction, right. So the NC2
24 reaction, it nmeans | have a very good contact between all
25 those ingredients because ny active materials was dissol ved
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1 in this solution. rages
2 And then as they're formng the fina
3 product, which, therefore, it will be attached on the solid
4 particles that was distributed in those sol ution medi um
5 those solid particles of carbon nanotube in this case and
6 sone acetylene black and could be some carbon forned by the
7 organic carbon source.
8 Q Ckay. And then at the end of that -- of
9 that Paragraph 15 it says, "Adding a mxing and mlling
10 mediumto performmxing and ball-mlling." Wy is Cheng
11 performng that -- that process as part of Step 2?
12 A The ball-mlling was typically used to
13 disperse those solid and liquid medium And in this case,
14 it has insoluble part, which is carbon nanotube and
15 acetylene black; and you have sone sol uble part, which is
16 lithiumsalt, iron salt and phosphorus salt, and those
17 things can be dissolved in the solvent. And organic carbon
18 sources could be also dissolved in the solvent. And if you
19 add too nuch, it may al so exist as sonme of the slurry
20 status. In this case, you have several different type of
21 the solid and you have something dissolved in the sol vent
22 and you want to mx themvery -- very well to have the solid
23 and the liquid as a good contact. And that typically can be
24 done by some mlling procedure. So you can use bomani ne
25 (phonetic). You can use also other mxing procedure, but
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1 bonmaning is quite comon in this case. ragess
2 Q So the bomanine is to help with the

3 dispersion?

4 A The bonanine itself is -- may help the

5 mxing of the different ingredients rather than the hel ping
6 of the nanotube to be dispersed in this nedi um because

7 nanotube has been pre-dispersed. So there's two procedures.
8 The nanotube was pre-dispersed by using PVP and PVA in this
9 case. So they were not aggregated in solid mxture in this
10 case. And then you have other solid particles and you have
11 other solutions that you mx together with -- with the

12 dispersed nanotube solution. And this bomanine procedure is
13 used to help the other ingredient like the different |ithium
14 iron phosphorous source materials and the organic carbon

15 based materials to be better mxed with pre-dispersed carbon
16  nanotube and acetyl ene bl ack.

17 Q Ckay. And then we go down to

18 Paragraph 19. This is where -- Paragraph 19 of Cheng, this
19 is where Cheng is describing the third step of his process.
20 And it says, "In situ solid phase reaction: After the m xed
21  precursor powder is dried in step (2), calcining the sane at
22 600°Cto 850°Cin an inert protective atmosphere for 4 to 48
23 hours, pulverizing the burned material and then sieving the
24 sanme through a sieve of 150 to 400 neshes, thereby obtaining
25 the carbon nanotube lithiumiron phosphate conposite cathode
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. Page 36
material ."

Did | read that correctly?
A Yes.
Q And so this -- this is the -- we tal ked

1

2

3

4

5 about the heat treatment processes earlier. This -- and

6 which you would agree with nme that he also refers to that as
7 athermal carbon -- carbon thermal reduction, correct?

8 A Yes. Yeah. Because -- yes.

9 Q This Step 3 is describing what Cheng

10 calls a carbon thermal reduction or a heat treatnent

11  process, correct?

12 A Yes. In this patent, it was given the
13 nane like this, yeah. So basically the procedure is formng
14 lithiumiron phosphate, right. Before you were formng

15 lithiumiron phosphate, you had this solid mxture, right,
16  because you already evaporate all the solid and everything
17  was mxed well. And in this case, the lithiumsalt, the

18  phosphorus salt and iron salt are still in the salt status.

19 They are not lithiumiron phosphate.

20 Q |"'msorry. Can you say that again? You
21 said what status? Soft?
22 A Salt. It'sa--it's alithium

23 precursor. You can call it a lithiumprecursor. Lithium
24  carbonate, lithium hydroxide. Those are |ithium sources,

25 right. So the lithiumprecursor, iron precursor and
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1  phosphorus precursors, they were just mxed in this phaggge37
2 at this stage. They have not formed an active material,
3 whichis alithiumiron phosphate, which is all of it
4 crystal, right. So they have not formed this case. And
5 fromthe precursor to the formation of the lithiumiron
6 phosphate, there are a number of ways you can do that. So
7 inthis case -- in this specific patent, they used -- one
8 way is to heat materials to a the tenperature of 600 to 850
9 degrees heat. But there are actually several techniques
10 to -- to achieve this purpose. And it has al ready been well
11 discussed by the time while Cheng was working on that. And
12 you can use this precursor in relatively | ow tenperature,
13 but you can put a little bit of pressure if you needed to,
14 to be under a little bit of pressurized conditions and using
15 slightly lower tenmperature. And you can still basically
16  have the reaction between all these three precursors,
17 lithium precursor, iron precursor and phosphorus precursor
18 in formng the lithiumiron phosphate.
19 So those are all well docunented
20 procedures. So what | nention here specifically with a
21 used -- we use Cheng's patent. |It's not saying that Cheng's
22 patent disclosed all the procedures. It's just one of the
23 exanples that you need to use precursor materials in situto
24  react together in the existence of carbon nanotube to
25 formng a good contact between the carbon nanotube and the
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Page 38
final formed lithiumiron phosphate.

However, there are nany ot her
approaches. The detailed experinmental procedure may be

slightly different, but they follow exactly the sane

1
2
3
4
5 purpose. You have to have sone dispersed carbon nanot ubes.
6 And the carbon nanotube -- because the dispersion medi um

7 oftentimes use water, it wll be better to use some oxidized
8 carbon nanotube in this case. And you needed to mix wth

9 precursor in order to formvery uniformmxture. The

10 precursor will be converted into lithiumiron phosphate.

11  And this conversion can be called out on the different

12  experimental conditions, and all those experimental

13 conditions has already been disclosed, yeah.

14 This is one experinental condition

15 mentioned in Cheng's patent, which is to raise the

16 tenperature to about 600 to 850 degrees, and in this

17 condition lithiumiron phosphate will be forned.

18 Q Right. And in the specific process that
19  Cheng discloses, he has to performStep 3, correct, to form
20 the lithiumiron phosphate?

21 A Yes. This is approach he take. He

22 could also take a different approach to formlithiumiron

23 phosphate, but the approach is close in this paragraph

24  He's using a higher tenperature.

25 Q Understood. And that higher
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1 tenperature, does that also help you convert the carbonPage39
2 source into carbon?
3 A Yeah. That is the reason likely he wll
4  choose this relatively high tenperature because he has sone
5 organic source. He also wanted organic source to be
6 converted into carbon. But as | said, the organic source is
7 an optional step and the carbon fillers in this conposite
8 already have two as a -- as a type, right, carbon nanotube
9 and acetylene black. And organic carbon source is the third
10 type of the carbon filler he integrated into this fina
11 cathode nmaterial. Therefore, he would like to use it to
12 increase the conductivity. Because of that, it is likely
13 the reason he increased the tenperature.
14 Q And when you oxi di ze carbon nanot ubes,
15 you add functional groups to them correct?
16 A Yes. \Wen you oxidize the carbon
17  nanotube, you oxidize the surfacer carbon atons and the end
18 tube carbon atoms of the nanotube and then you add
19  functional group.
20 Q Then -- I'msorry. | didn't nmean to cut
21 you off. Wen you --
22 MR ZINDA: Well, let's -- how about --
23 | think nowis probably a good time for a break
24 actual |y because I"'mgoing to switch topics. So
25 how about a ten-mnute break? Does that work?
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1 MR IN Yes.
2 MR ZINDA: Thank you.
3 (Wiereupon, a brief recess was taken.)
4 Q Dr. Zhu, when we last -- right before we
5 took the break, you had mentioned Step 3 of Cheng. You said
6 that that step is optional, correct?
7 A Yes. Step 3 of Cheng is one step that
8 is formng fromthe precursor to the [ithiumiron phosphate
9 and, yeah, there are many ways to do that. That's one of
10 them
11 Q But in the specific process that we
12 discussed about Cheng, the three-step process, he has to
13  performStep 3 to formthe lithiumiron phosphate, correct?
14 A Vell, that's what | said. This is
15 optional for himand the PCSITA should know a nunber of
16 different ways to formthe lithiumiron phosphate. And
17 those are all well documented ways to produce lithiumiron
18 phosphate. \Wen you prepare lithiumiron phosphate, you
19 always need a precursor: Lithium iron and phosphorus. And
20 how do you prepare them actually what experinmenta
21 condition. Like, what is the tenperature you would like to
22 use. Wat is the pressure you would like to use. And this
23 is basically an option of the -- of the researchers, whether
24 there are existing protocols, existing batteries by that
25 time already and -- to formng the lithiumiron phosphate.
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S . Pagedl
And this is just one of the approach taken by Cheng in his

1

2 exanple to do that. And he can certainly don't use that

3 high tenperature, use a |lower tenperature. He can stil

4  formlithiumiron phosphate under the right condition.

5 Q Ckay. And then in Cheng if you -- if

6 you were to use oxidized carbon nanotubes in the three-step
7 process that we tal ked through in Cheng, you woul d expect

8 that the functional groups would be renoved by those high

9 tenperatures, correct?

10 A Vel l, not exactly the case. So this is
11 anin situ reaction. So what is in situ reaction? It

12 actually means there are sone reactions that happen between
13 your lithiumiron phosphate precursor and other things

14 existing in the -- inthe -- in the solution. And the in
15 situ nmeans that one of those binder of the lithiumiron

16  phosphate to be formed together with other things. And,

17 otherwise, they would like to synthesize [ithiumiron

18 phosphate by itself wthout adding any other things. By

19 adding other things, the intention here is to forman

20 interaction, formng bonds between the lithiumiron

21 phosphate with others. And oxidized carbon nanotubes, the
22 oxygen functional group can be renoved if the carbon

23 nanotube was heated without adding anything else. So if you
24 heat oxidized carbon nanotube in vacuum and keep the

25 tenperature higher or sone other environment, |ike nitrogen
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or atom and then those oxygen functional group will be

removed. That is the condition that oxidized carbon
nanotube to be sitting by itself, not mxing with any ot her

else. And if you mx carbon nanotube with other things, it

1

2

3

4

5 is not a guarantee that oxygen functional group will be

6 renoved. Instead you can have reaction with other -- with

7 other -- other materials added together, particularly in the
8 case of this, these added materials is actually very

9 reactive. It's lithiumprecursor, phosphorus precursor and

10 iron precursor. That is not even involved lithiumiron

11 phosphate particles. And there's a high likelihood to

12 actual ly bonding those things together. That is why they

13 call thisin situ reaction. So, otherw se, they just cal

14 it a reaction. Not necessary to put words |like in situ.

15 Q \What tenperature woul d you expect

16 functional groups of oxidized carbon nanotubes to be renoved
17 in and by themsel ves w thout anything checked?

18 A Vell, in a vacuum those functiona

19 group will start to be renoved at a tenperature of around

20 260 degrees, depending on what kind of functional group. So
21 even if you heat it at very high tenperature, sone

22 functional group will still handle the material. And you

23 can have some XPS data to see those oxidized carbon nanotube
24 after heating. And other tines you will detect some of the

25 oxygen signals even after the high tenperature treatnent,
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1 whichis an indication that not all group will be rennvggge43
2 yeah. Some group will be very difficult to be renoved.
3 Q Woul d you expect some oxidized groups to
4  Dbe renoved at 600 degrees?
5 A | woul d expect sone oxidized group will
6 be removed at 600 degrees. However, | also expect at
7 660 degrees heat that those renmoved are not necessary to
8 just leave a hole open there. Instead they can actually
9 react with the lithiumprecursor and actually attach with
10 the lithiumiron phosphate and those places. And oxygen
11 atonms in this case, not necessary to be renoved. Instead
12 they can actually formbonding with other materials,
13 particularly with lithiumiron phosphate is actually kind of
14 the oxide of materials.
15 So you have a | ot of oxygen group --
16 oxygen atons over there. And those oxygen atons can be
17 shared by the oxidized functional groups of the oxygen atom
18 and oxidized carbon nanotube. Therefore, they can actually
19 forma bond in this process.
20 Q Ckay. So are -- just one second.
21  Sorry. W -- when we talk about the tenperature that coul d
22 potentially remove functional groups from oxidized carbon
23 nanotubes -- or let me state it this way: Heat exposure
24 that could potentially remove functional groups from
25 oxidized carbon nanotubes, one of the considerations is
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1 tenperature, correct? So the higher the tenperature, tﬁ:@e44
2 nore likely it is that you can renove functional groups,
3 correct?
4 A Yeah. In the condition, if nothing else
5 exist. Yeah. 1In the condition that only nanotube, oxidized
6 nanotube is heated without existence of other ingredient
7 surrounding it.
8 Q And then, secondly, the anount of tine
9 that you heat the nanotubes could affect the amount of
10 oxidation that's renoved; is that fair?
11 A Yes. In principal, the tinme will have
12 inpact on this, yeah. Also, under the same conditions that
13 there's only oxidized carbon nanotube, nothing el se exist
14 around it.
15 Q And you mentioned before that Cheng uses
16 the tenperature of 600 to 850 degrees Celsius, correct?
17 A Yes.
18 Q And you mentioned before that it's --
19 that you could use -- in your opinion, you could use a | ower
20 tenperature?
21 A Yes. This is a wide tenperature range
22 people can actually choose to formng lithiumiron
23 phosphat e.
24 Q So is it your opinion that you would use
25 a lower tenperature if you were using oxidized carbon
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1 nanotubes or would you do the same thing that Cheng did?Page45
2 A | could use either way. | don't think
3 it's necessary to have any specific difference in this case.
4 You just needed to choose a way to formng lithiumiron
5 phosphate. And end of the day, you consider the cost of the
6 rawmterials and distribution of the carbon fillers and
7 whether you would Iike to add any other ingredients in the
8 lithiumiron phosphate. And there are many considerations
9 like that.
10 So sometimes you -- you can consider
11 using higher tenperature. Sonetines you can consider using
12 lower tenperature, yeah. So it's a w de range of selection
13  depending on the exactly raw materials reaction conditions
14 and the result you would like to achieve.
15 Q Are you aware of any specific exanple of
16 anybody using -- anybody cal cining oxidized carbon nanotubes
17 at 600 degrees or higher?
18 A Yeah. W actually provided one
19 exanples, which is those exanples in this case. It's
20 oxidized carbon nanotubes. And it was, | think -- what is
21  exactly the nunber? Let me go through the Iist of exhibits.
22 W will provide an exanple. Go to ny exhibit list. That is
23 exhibit -- Exhibit 1032.
24 Q Ckay. Let me pull that up.
25 A Yeah
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1 Q Were does this -- Exhibit LGES 103£?Qe46
2 where does it disclose the tenperatures that it's heating

3 at?

4 A It's not inthe -- in the manuscript.

5 It's in the support information. Yeah. It says the

6 tenperature is 600 something to formng -- yeah, to -- in

7 the sanple. In the paper it says it will be heated and it's
8 oxidized the nanotube. It has already been discussed and

9 it's acid treated oxidized nanotube. So this is exactly the
10 exanples you were asking for. You were asking if there's

11 any evidence that oxidized the nanotube mxed with lithium
12 iron phosphate precursors and use relatively high

13 tenperature to formit.

14 Q Can you tell me where the tenperature is
15 disclosed? You said it's not in this docunent; it's in

16  anot her docunent?

17 A This is a scientific paper, right. The
18 support information fromthis scientific paper, whichis

19 actually available online. So if you go to this paper's web
20 page, the support information is free of charge to downl oad.
21  So you don't need to buy access to access this one. The
22 experimental detail was mentioned in the support
23 information
24 | think the exact nmention of -- let ne
25 see. Soif you look at Page 1 of this Docunent 1032, and if
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1 you look at the first page and you | ook at the bottom ofpﬁgﬁf
2 first page on the left colum, the last sentence,
3 "Electronic support information available: Details of the
4 experimental procedures, XRD patents, inpedance spectra."”
5 See blah, blah, blah. That's -- that's the support
6 information of where you will find the experinental
7  procedure.
8 Q Ckay. Thank you. So | want to turn to
9 @Gn, which is LGES 1021. And when | say --
10 MR. ZINDA: For the reporter it's GAN.
11 Q So Dr. Zhu, when | say Gan, you
12 understand |'mreferring to LGES 1021, correct?
13 A Yes, | understand. |'mon the page.
14 Q You're there. (kay. Can you go to
15 Paragraph 2 for ne?
16 A Paragraph 2. Yes, |'mon Paragraph 2.
17 Q Can you tell me what is PEDOT exactly,
18 P-EEDOT?
19 A Yeah. PEDOT is -- the name is actually
20 right above this is. It's a poly
21 (3, 4-ethyl enedi oxyt hiophene). Right. So thisis a
22 conjugated pol ymer which has thiophene as a conjugated unit.
23 And the thiophene has a side chain which has two oxygen
24  bridge. And it was conducted on the top two carbons of
25 five-nenber thiophene. So thiophene has -- thiophene is a
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1 five-menbrane structure, aromatic structure. It has four
2 carbon atons and one sulfer atons in formng a five-nenber
3 ring. And on the opposite side of the thiophene there are
4 two carbons on that, two positions. There is a bond which
5 are two oxygen connected together to bridge this two carbons
6 in addition to the carbon, carbon bond. And this one was
7 called 3,4-ethyl enedi oxyt hi ophene. And it was pol ynerized
8 onthe 2,5 position of this nmolecular, which is -- which are
9 the two carbon matters that is not connected with oxygen
10 atoms. And they can be pol ymerized, which neans they're
11 formng a connected bond across those two positions and
12 formng a nedial structure. And this nmedial structure is a
13 polyner, which is called poly (3,4-ethyl enedi oxythi ophene).
14  And the 3,4 are the position where the ethyl enedi oxy group
15 was -- was positioned. And 2, 5 are the position where the
16 pol ymerization happens.
17 Q So is PEDOT a conductive pol yner?
18 A Yeah, it's a conducting polymer.
19 Q And that's -- PVDF woul d be an exanpl e
20 of a non-conductive polyner, right?
21 A Yeah. In this sense, a PVDF is not a
22 conducting polynmer. However, the conducting polynmer and the
23 connectivity is a skill nuch |ower than anything we cal
24 conductive, like a carbon, like a netal. So there are
25 conductivity differences. It's orders of magnitude,
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1 Q And one of the purposes of Gan to -f%ge49
2 when he tal ks about making a conposite of carbon nanotubes
3 in conductive polymer material, he is talking about trying
4 to basically create a polymer that has carbon nanotubes in
5 it so that it's nore conductive?
6 A Yes. Cenerally, the conductivity of the
7 carbon nanotube is better that any kind of conductive
8 polyner. So adding conductive polymer into the -- or adding
9 the carbon nanotubes into the conducting polymer to prepare
10 the polymer conposite is to inprove the electro
11 conductivity -- electrical conductivity of the conposite.
12 So they have simlar meanings, |ike, you add carbon nanotube
13 into sonething |ike other non-conducting polyner |ike PVDF
14 or other things. O you can conpare it wth adding
15 conducting fillers of carbon nanotube into a | ess conductive
16  cathode material because cathode material is not conpletely
17  non-conductive. It has a little bit of conductivity, but
18 the conductivity is not as good as carbon nanot ube.
19 Therefore, there are sone simlar conparison cases in
20 this -- in this sense. You have nore conductive fillers,
21 which is the nanotube, and you are putting this into a |less
22 conductive medium which can be a conducting pol ymer, can be
23 a non-conductive PVDF, can be |ess conductive cathode
24  materials.
25 Q Ckay. And then if you go down to
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Page 50
Paragraph 18 of Gan.

A Yes.
Q So here he's -- starting at

Paragraph 18, he's describing the functionalization of

A Yes.
Q And then in the final sentence of

Paragraph 18 he says, "The functionalization of the CNTs

1
2
3
4
5 carbon nanotubes, correct?
6
7
8
9

achi eves at |east one or nore of the follow ng objectives.
10 SoI'd like to talk through these with
11 you. So Paragraph 19 he states, "1. Inproves the
12  solubility and dispersibility of the CNTs in water and
13 conductive polymer materials into which the CNTs are to be

14 mxed in accordance wth the enbodi ments descri bed herein."

15 Do you agree with that statenent?
16 A Yes, | agree.
17 Q I n Paragraph 20 he says, "Reduces" --

18 excuse nme. Paragraph 20 Gan states, "2. Reduces contact
19 resistance between CNTs incorporated into the conductive

20  polymer by drawing the CNTs closer together."

21 Do you agree with that statenent?

22 A Yes, | agree, but there are sone subtle
23 differences. Wen he say draw all the CNTs close to each
24 other, in this sense he neans there are point of contacts

25 Dbetween the conductive -- between the CNT together. It does
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not nean the conductive -- or the carbon nanotube are

rebundl ed and formng a bundled structure because the carbon
nanot ube was functionalized in the pi pi stacking, which

| eads to the bundl ed carbon nanotube was di srupt ed.

1
2
3
4
5 Q Ckay. So if | understand you correctly,
6 in Paragraph 20 when he refers to functionalization of

7 carbon nanotube when used in a conductive polyner materia

8 drawing the CNTs closer together, you're saying that just

9 neans it causes the CNTs to touch but not intertw ne?

10 A Exactly. That's what it is in the

11 contact resistance.

12 Q When CNTs are drawn cl oser together as
13 described in Paragraph 20, is there any sort of Van Der

14  \aals forces that are hol ding themtogether?

15 A It can be a market for interaction

16  because the nanotube has al ready been functionalized in this
17 case, right. So you have oxygen functional group on the

18 surface of carbon nanotube. So not only Van Der Waals force
19 exist inthis case. There are also ionic bonding force

20 exist inthis case. And it could have al so hydrogen

21  conductive force in this case. So there are -- those are

22 much nore conplicated situation in terms of the force

23 that -- between those conduct -- functional groups of the

24 carbon nanot ubes.

25 Q Ckay. And then 21, Paragraph 21 of Gan
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"3. Provides a conductive bridge between CNTs to reduce the

el ectrical contact resistance therebetween."
So first question, do you agree with

t hat statenment?

1

2

3

4

5 A Yes. This is actually referred to the

6 conduct -- conductivity of the -- of the conposite naterial
7 as a whole, right. So this is basically bring two carbon

8 nanotube or nore carbon nanotube more closer as a point of

9 contact inthis way, right. So you can build up electrica
10  conducting network in a continuous medi umand, therefore,

11  the conductivity will be enhanced in this case. The contact
12 resistance -- when they nention the contact resistance,

13 they're talking about, okay, one nanotube contact another

14 nanotube with kind of a point of contact wthout actually

15 aggregating. \Wen they aggregate, that neans the two

16  nanotubes parallelly inpacts, which al so have good cont act
17  between those two nanotube. |t does not contribute to the
18 network in the mediumwhich is not preferred. So you have
19 aggregate in this case. And Paragraph 21 actually is saying
20 this reduced contact resistance is provided by building this
21  Dbridges between those CNT, which is a result of

22 functionalized CNT because the functional group on the CNT
23  has stronger interaction as conpared with non-functionalized
24 CNT. So they can easily build up this contact point wthout

25 having it aggregated into bundles which | ose the conducting
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1 network function. ragess
2 Q So essentially Paragraph 20 and 21 are
3 both about inproving the -- inproving the conductivity by
4 having the nanotubes, | guess, contact one another to forma
5 better network?
6 A Right. |If you have nanotube -- it's
7 quite fairly to understand. |f your two nanotube -- if
8 there's two nanotube that does not have any contact, then
9 there's no electrical connection between them right. So
10 the electrode has to nove fromone to the other. They nust
11 have sone place to contact. So the point of contact
12 provided such kind of bridge. But you also do not want two
13 nanotubes just bundle together. And then you only have
14 contact with those two nanotube, which is you'lIl need a |ot
15 nore nanotube to actually build the network, which is not
16 preferred in this conposite for lithiumion battery.
17 Q And if we can go down to Paragraph 41 of
18 Gan. Do you see where it says, "Figure 5 is a scanning
19 electron mcroscope i mage"?
20 A Figure 5. So | just want to doubl echeck
21 wth you the paragraph you just nentioned.
22 Q Par agraph 41.
23 A 41. (kay. Across to the picture. 41,
24 Q Yeah. But it says, "Figure 5."
25 A Correct.
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1 Q "Figure 5 is a scanning electron regest
2 mcroscope image of the MANT- PEDOT: PSS/ PMVA conposite after
3 the acetone treatnent."
4 And then it says, "Figure 5 illustrates
5 the presence of randominterconnected network of MANTs and
6 PEDOT:PSS." That's referring to nulti walled nanot ubes,
7 correct?
8 A Yes.
9 Q So this is describing howthere's an
10 interconnected network of multi walled nanotubes. And then
11 it goes on to say, "The arrows in Figure 5 identify
12 locations where the PEDOT: PSS effectively waps around and
13 binds with MAINTs to forma percol ated network."
14 Do you see that?
15 A Yes, | see those words.
16 Q So Figure 5 -- is one of Gan's goals to
17 achieve a percol ated conductive network?
18 A Yes. One of the goals is to achieve
19 this percolated network. And this is actually the same goal
20 as any of the polymer -- any of the lithiumion battery
21 cathode materials preparation. You would [ike to achieve
22 this connected network, which is called a percolation
23 network. And this network can provide electrical
24 conductivity. The carbon nanotube was connected with this
25 network with mninumanount of weight ratio. Then it is
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1 preferred to formng a conposite in the lithiumion batt%%?Ss
2 electrode.
3 Q And then it says, "A percolated" -- this
4 is going back to Paragraph 41 again. It says, "A percolated
5 network refers to the network of CNTs and conductive
6 polyners in formng a continuous conductive path extending
7 through the conposite.”
8 And so that continuous conductive path
9 is the path of interconnected carbon nanotubes and
10  conductive polymer material?
11 A Yes. Al of the conducting species |ike
12 conductive nanotube and a conductive polymer all, of course,
13 have sone conductivity as well.
14 Q And it says, "The presence of such
15 continuous conductive path through the conposite is believed
16 to be a reason why the electrical conductivity and the
17  conductive polymer material increases when CNTs are
18 present.”
19 Did | read that right?
20 Yes.
21 Q And so basically Gan is saying this is a
22 good thing that we have this percol ated network?
23 A Right. |If you have a percol ated network
24  for the conductivity, right, this is a good thing for -- for
25 intense conductivity of the conposite as a whole. So this
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1 is basically actually quite a general understanding of t%age%
2 PCSITAin working with lithiumion battery electrode. He
3 knows that the battery electrode was actually fornmed by sone
4 conductive fillers with Iess conductive active materials.
5 And those conducting fillers needed to provide a percol ated
6 conductive pathway in order to enhance the electrical
7 conductivity of the electrode materials conposite as a
8 whole. And that's basically every -- every researcher
9 working on the lithiumion battery is looking for. So
10 that's why it's quite understandable for themto |ooking for
11 how ot her assistance, which not having active materials of
12 the electrode, but have | ess conductive medi umas conpared
13w th carbon nanotube and how the carbon nanotube was better
14  distributed in those systems to formng a popul ated network.
15  And those know edge and those reference will certainly
16 provide insight for the POSITAs to -- to build up those
17 conposite with a connected conducting pathway, yeah, with
18  nanot ube.
19 Q Dr. Zhu, | really appreciate it.
20 MR. ZINDA: | have no further questions.
21 "1l pass the w tness.
22 MR IN Actually, yeah. No further
23 questions fromthe petitioner either. Thank you.
24 MR ZINDA: Al right. Thank you.
25
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