


In-situ XRD Analysis System
of Lithium-ion Secondary Batteries
It is important to study the mechanism of the positive electrode material when studying materials in secondary Li-ion batteries. In particular, the cathode 
reactions which is occured charging and discharging are particularly important. XRD is a good way to analyze the structure of the materials in secondary Li-ion 
batteries. However, It is hard to measure the same time while performing the charging and discharging.
“In-situ XRD Analysis System” makes it possible to  measure these changes.

Charge/Discharge Data (NMC : 0.1C, 0.2C, 1C)

XRD Data with Charge/Discharge (2theta:15~60, LCO/NMC)   
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In-situ XRD Analysis System into heater

XRD Data with Charge/Discharge (ZOOM IN: OLO, NMC)   
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1. 3D-CAD Configuration

This is the 3D design, In-situation Battery Cell system(ISBC).

External 3D view of ISBC module : ISBC-PAN-H100

External 3D view of heating & Cell module
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2. Product Photos

This is the real product photos., In-situation Battery Cell system(ISBC).

PHOTO1. ISBC System on XRD
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PHOTO2. Cell Module

PHOTO3. Heating Stage Module

The Content of this document is CONFIDENTIAL 5



PDC TECHNOLOGY

2016-08-16 CONFIDENTIAL

ISBC for XRD
(ISBC : In-Situation Battery Cell)
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It is important to study the mechanism of the positive electrode material 
when studying materials in secondary Li-ion batteries. In particular, the 
cathode reactions which is occured charging and discharging are 
particularly important. XRD is a good way to analyze the structure of the 
materials in secondary Li-ion batteries. However, It is hard to measure 
the same time while performing the charging and discharging.

2016-08-16



CONFIDENTIAL
C

O
IN

-C
E

LL vs. IN
S

U
-C

E
LL S

TR
U

C
TU

R
E

COIN-CELL vs. INSU-CELL STRUCTURE

기술자료2 2016-08-16

Casing Bottom

Cathode

Separator

Anode(Li)

Spacer(SUS)

Dis Spring

Gasket

Casing Top

Coin-cell Structure

Be SHEET

Insu-cell Structure
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Measurement Range Incident Angle(θ) from 2.4°
Min. Measurement Angle(2θ) : 4.8°

Material of Current Collector Anode side : Be sheet
Cathode side : SUS316L

Material of Insulator Teflon

Number of Poles 2 Poles

Temperature Range -10 ~ 70℃

Sample Size D > ø14mm (Recommend)

Sample Weight W > 50mg (Recommend)

Seperator Size D > ø18mm (Recommend)

Li Metal Size D > ø16mm (Recommend)
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Control Voltage range ±10V(standard) or customer , specified range

Compliance Voltage ±12V(standard) or customer , specified voltage

Control Current range Control Current range 8 ranges
(1A,100mA,10mA, 1mA,100uA,10uA,1uA,100nA)

or customer specified range

LED Run: 1ea, POT/GAL: 2ea, Irange: 8ea

Input impedance 10^10 Ohm

Cell Connection 4 probe type, alligator clip cables

Voltage Accuracy <0.01% f.s

Current Accuracy <0.01% f.s

Full Scale Ranges ±10V(Standard)

Resolution (16 Bits) 0.3mV(Standard)

Current Control & Measurement

Full Scale Ranges ±1A,  ±100mA,  ±10mA,  ±1mA, ,  
±100uA,  ±10uA, ±1uA,  ±100nA(Standard)

Resolution 16 bit(0.0015% f.s) Resolution 16 bit(0.0015% f.s)

Power 30Watt

Sampling time > 50ms

PC communication USB2.0
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# LiCoO2  powder had been provided by customer for the reliability of in-situ XRD system.

# Sample preparation and electrochemical test conditions are following:
- Working electrode: LCO/NMC 80%, carbon 10% and PVdF 10% on a Aluminum foil
- Counter electrode: Lithium metal
- Electrolyte solution: LiPF6 / EC:DMC=1:1
- Charge-discharge test:
- Current density: 0.1 C-rate

- Voltage range: 3 ~ 4.3 V
- # of cycle: 1 time
- Room temperature

# XRD test
- Cu anode / BBHD / ISBC / PIXcel
- 10 min per scan
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(003) and (006) peaks show a reversible behavior as a function of applied current, while (111) Al of substrate 
peak is keeping its position.
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XRD DATA - Experimental : NMC333 (0.1C)
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(003) And (101) peaks are shifted to opposite directions due to its intrinsic c/a ratio.
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XRD DATA - Experimental : NMC333 (0.1C)
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XRD DATA - Experimental : NMC (0.1C)
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# NCM powder had been provided by customer for the reliability of in-situ XRD system.

# Sample preparation and electro-chemical test conditions are following:
- Working electrode: NCM 80%, carbon 10% and PVdF 10% on a Aluminum foil
- Counter electrode: Lithium metal
- Electrolyte solution: LiPF6 / EC:DMC=1:1
- Charge-discharge test:
- Curr-ent density: 0.1 C-rate

- Voltage range: 3 ~ 4.3 V
- # of cycle: 1 time
- Room temperature

# XRD test
- Cu anode / BBHD / ISBC / PIXcel
- 10 min per scan
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Figure. Overall XRD patterns of NCM @ 0.1 C-rate and 3.0 V to 4.3 V in CC/CC mode
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Figure. Detailed view of in-situ XRPD patterns of NCM with a various bragg diffraction plane.
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With increasing Ni contents in a layered structure, a structure distortion at a higher voltage is 
increasing by a high lithium deficiency.
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- Approaching to 4.3V, a background intensity has increased constantly regardless 2 theta range. It 
is assuming that some of transition metal ions have changing its binding energy resulting in a 
higher fluorescent signal to detector.

- It is called a geological effect of the sample against X-ray radiation. We used Cuka 8.04 keV, and it 
can easily excite transition metals in the structure. As a result, a detection sensitivity has been 
changed. This is usually detected in in-situ battery experiment, but nobody mentioned for this.
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# OLO (Li1.2Ni0.16Mn0.56Co0.08O2) powder had been provided by customer for the reliability of in-situ XRD 
system.

# Sample preparation and electro-chemical test conditions are following:
- Working electrode: OLO 80%, carbon 10% and PVdF 10% on a Aluminum foil
- Active mass : 13.7 mg
- Counter electrode: Lithium metal
- Electrolyte solution: LiPF6 / EC:DMC=1:1
- Charge-discharge test:
- Curr-ent density: 0.1 C-rate

- Voltage range: 3 ~ 4.3 V
- # of cycle: 1 time
- Room temperature

# XRD test
- Cu anode / BBHD / ISBC / PIXcel
- 10 min per scan
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- By performing a single in-situ experiment, several hundreds of XRD profiles has been 
obtained. We can also find a structural behavior in real-time.

- In this test, we could see that average volume of unit cell is increasing, and also cell capacity 
is getting larger by repeating charge-discharge cycles. On the other hands, supporting 
materials has kept their peak position. (it should be)
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# NbO2 powder had been provided by customer for the reliability of in-situ XRD system.

# Sample preparation and electro-chemical test conditions are following:
- Working electrode: NbO2 70%, carbon 10% and PVdF 20% on a Special metal foil
- Active mass : 0.02164 g
- Counter electrode: Lithium metal
- Electrolyte solution: LiPF6 / EC:DMC
- Charge-discharge test:
- Curr-ent density: 0.1 C-rate

- Voltage range: 0 ~ 3 V
- # of cycle: 5 time
- Room temperature

# XRD test
- Cu anode / BBHD / ISBC / PIXcel
- 10 min per scan
- Designed to 120 scans per cycle
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- XRD patterns were dynamically changed during de-, intercalation process of the Li ion into 
the working electrode.

- We believe that NbO2 was decomposed 

to LixOy and NbxOy during discharge 

process except 1st cycle. However, it is 

not yet revealed what the mechanism is. 

Because, this is never published in 

battery journals.




































