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rhd instruments — flexible cell solutions

Microcell product line CompreDrive product line

Software and Services
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rhd instruments — flexible cell solutions

The CompreDrive press system
is released

2018

On-site seminars on the topic of
'Impedance Spectroscopy’

2017

Move to our new headquarters
in Darmstadt

2015 =

Coupling of electrochemistry with amsiedom
spectroscopy with the TSC Spectro Niederlande

Danemark

Deutschland
Belgien
2014 Crchons
RelaxIS: Impedance Spectrum Analysis ‘ Monchen
joins the software portfolio : Osteneich §

2014

Inception of the cooperation with
Metrohm Autolab and Deutsche Metrohn

2013

Official formation of
rhd instruments GmbH & Co. KG

2012

Expansion of cell portfolio with the
TSC Battery and TSC Surface

2011

Commercial launch of the
Microcell HC system

Monaco
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Motivation for CompreDrive development

State-of-the-art measuring systems: Needs in cutting-edge research

Reproducible results

Robust and easy to handle equipment
Active force control and logging

Active temperature control and logging
Automation

Fixed, standardized procedures

Data management

C 0O 0 000 0 D0

Safety of operation

rhd|[ljinstruments
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Motivation for CompreDrive development

Issues in solid state electrochemistry:

 Home-built setups
e “Measuring Cells” with insufficient manufacturing tolerances|
 Manual force regulation via hydraulic cylinder or screw

* Force direction inaccurate due to manufacturing tolerances

RIS ST,
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Motivation for CompreDrive development

State-of-the-art
Issues in solid state electrochemistry:

 Home-built setups

 “Measuring Cells” with insufficient manufacturing tolerances
 Manual force regulation via hydraulic cylinder or screw

* Force direction inaccurate due to manufacturing tolerances
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Motivation

State-of-the-art
Issues in solid state electrochemistry:

 Home-built setups

 “Measuring Cells” with insufficient manufacturing tolerances
 Manual force regulation via hydraulic cylinder or screw

* Force direction inaccurate due to manufacturing tolerances

* Often no force monitoring at all 3,7+ 204 17 o 1855 U
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Motivation

State-of-the-art
Issues in solid state electrochemistry:

 Home-built setups

 “Measuring Cells” with insufficient manufacturing tolerances
 Manual force regulation via hydraulic cylinder or screw

* Force direction inaccurate due to manufacturing tolerances

e Often no force monitoring at all

* No active force regulation

* No or insufficient temperature regulation

—> Inaccurate conditions
e Highly limited force range
e Limited flexibility
* No automation

rhdwinstruments 9
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Motivation

rhd’s approach:

* Design of highly specific measuring set-up for solid state research

* Eliminate common drawbacks

* Enable (semi-)automated solid state measurements

- Over 4 years of research and testing

—)

Copyright rhd instruments GmbH & Co. KG
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Precision

Servo-driven movement

Drive—
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3. CompreDriveControl

1. CompreDrive 2. ComprecCell
rhdwinstruments 11
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1. CompreDrive

* Modular platform -> Different measuring cells available
* Main part: Force control unit
e High precision servo drive
= minimum step width <10 nm
e 75 kN maximum force
- 663 MPa @ 12 mm sample diameter
- 1.7 GPa @ 6 mm sample diameter

—> Different force sensors available

rhdMinstruments 12
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1. CompreDrive

e Application of force via spherical collet

- Only uniaxial forces

* Electrical insulation by Al,0,/ZrO, ceramic

e Highly stressed parts made from hard-metal

- Robust and durable

rhdwinstruments 13
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1. CompreDrive

e Application of force via spherical collet

- Only uniaxial forces
* Electrical insulation by Al,0,/ZrO, ceramic

e Highly stressed parts made from hard-metal

- Robust and durable

* Universal connection capabilities for all

potentiostat/galvanostat models
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1. CompreDrive

e Application of force via spherical collet

- Only uniaxial forces

* Electrical insulation by Al,0,/ZrO, ceramic

e Highly stressed parts made from hard-metal

- Robust and durable
* Universal connection capabilities for all

potentiostat/galvanostat models

e Safety first!

— Safety glass housing with open door detection

— Electromechanical door lock

— Self checks, SW based limits, User input checks, ....
Copyright rhd instruments GmbH & Co. KG
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1. CompreDrive

Temperature regulation add-ons

e High precision Pt100 temperature sensor

« 3 different configurations:
Fluid heating and cooling*
Electrical heating -40°C > +250°C

RT = +250°C *|ab scale refrigerated circulator required

B

No active heating

CompreDrive CompreDrive H CompreDrive HC
tnaInseuments 16
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2. CompreCell

Example 1: CompreCell 12C

* Designed for powders and disc-like samples
*  Airtight (He leakage rate < 10”7 mbar:I-s?)

*  Stainless steel body

* Insulation sleeve: Al,O,

*  Sample diameter: 12 mm

*  Maximum sample height: 10 mm

*  Maximum Force: 75 kN (=663 MPa)

*  Temperature Range: -40 = +250°C

* Plate-plate geometry (2 eIectrodes)

thd|ljinstruments 1
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2. CompreCell

Max. pressure: 1,7 GPa

Different Labs — different needs

ComprecCell: 12C 6C 12P
Diameter: 12 mm 6 mm 12 mm

N x . *up to 150 °C
Insulation: Al,O, Al,O, PEEK"/PEI ** Uup t0 200 °C

- Custom cells available! €

rhdwinstruments 19
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Recent developments for CompreDrive

CompreCell Pouch 10S HC

o Designed for pouch-bag samples Mounting scews

o  10cm x 10cm sample cavity Connection Ports Heating fluid
__~—outet
o Solid stainless steel body [ | e

Spring loaded contact pins L]

T t : 0-100 °C
o emperature range Flsgsupport T

guidings
Heating fluid inlet

o Both plates with fluid channels
\

Drip pan Sample cavity

o Adjustable gold-plated contacts
o Maximum sample height: 20 mm
o Maximum Force: 75 kN

o Fixed to CompreDrive main unit

rhdMinstruments 20
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Recent developments for CompreDrive

Double-Piston CompreCell

o  Optimized for ASSB preparation

o  Moveable cell body

o Airtight

o Compatible with H/HC add-on

o Variable insulation sleeves available

o Same temperature and pressure ratings like

standard CompreCells

rhd|ll mstruments 21
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3. CompreDriveControl
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3. CompreDriveControl p

Potentiostat / Galvanostat

00 000

Temperature control Pressure control

rhdMinstruments 23
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3. CompreDriveControl

CompreDrive Control - (=2 x
Main Advanced Help
Disconnect  Disconnect Build &Run Select Retract Disable temp. Result Setup  Stabilization Pressure
CompreDrive T-Controller | Procedure  Measuring Cell  CompreDrive contral Browser Conditions | Calculator
Connection 4 General Control 4| Results Settings 4 Tools 4 -

Manual Contral Welcome! Manual control plots Result Display

Manual Control

Apply Setpoint

New result SaveResult LoadResult | Adddata Delete Export Create  Stored start Extract Time Smoathing
([l Pause regulation list List List file: selected selected | overlay conditions ¥ | plateau values  Interpolation

- Result List 4 Data files Display Analysis
ForcefPressure: | 1,00 - || Apaly

Temperature [C]: | 100,00 @ Aeoly Source file: Y:\Qualitdtssicherung CE Seriennummern\Datenbank CE und SN\32x CompreCell\20211104_Endabnahme CompreCell 6C.cdd

Comment:

Dats callection Desaription Procedure finished. Plot setup

20211104_Endabnahme C
Clear current data Current datapoint count: 1653 Endabnahme CompreCell 6C

X-Value: Time

=
Discard old datapoints 100000 { Q Sx ¥ivalue: |Force

Sampling interval: | 00:00:05.000 = | [] ynamic © Run 11actions s ¥2¥alue: | Temperature

@ Set force stab. cond. to Min.: 0 s, Max.: 3
© Set temperature stab. cond. to Min: 605 FiTva.t || Fvs.t || Xvs.F
© Approach CompreDrive and wait forit to spiitby: | By Setpaint / Activity

Enable temperature controller and wait fg

Save path: kCentreM75q 2021'DesktoplJulabo 200C Test Pumpe Stufenregelung = & @ Set temperature controller to 20 [°C] and Series type: | Lines & Markers
@ Repeat 1 actions for each item in {0.2, 0.

@ Set CompreDriveto Sitem [kN]and w
/] Automatically make unique @ Set temperature controller to 230 [°C] an
El ©® Repeat 1 actions for eachitem in {0.2, 0. ¥
<

Save data to file
Filename: Julabo Austauschgerat Pumpe STufensteuerung SP 200C.cdd Hide plot markers

Data Selection
Data comment:

Do [ 2Imesadwa |

Edit filters (0 active) ...
o Visible Data Section
|- Start saving data continuously... Data is not being saved <latest>
Action I\ 1-> 10000 .
Title 1080 170 1260
[N 1,495 -> 3,61 Time / 5

B Save data once

T
o
=]

Message Log:
[2821-12-15 . (T-Reconnect): Stopped trying to sutomatically reconnect the controller.
[2821-12-15 . (T-Reconnect): Temperature controller reconnected successfully.
[2821-12-15 (Connection): Reconnected after disconnect!
e [2621-12-15 . (CompreDrive): Communication failed 3 time(s) but recovered (GetAdditionalData, GetDataPackage, GetadditionalData).
& 78, [2821-12-15 11:41:@1. (Connection): Temperature controller disconnected
[2221-12-15 . (Device): The measuring cell CompreCell 12 was selected. Max. force set to 75,8 kN, max. temp. set to 25e,@ °C.
[2821-12-15 11:41:89.724] (Connection): Successfully connected to "JULABD PFRESTO NEW GENERATION A48 268-238V/S8-£8Hz VERSION 14.8.1"!
oy ﬂyp [2021-12-15 11:41:44,797] (Device): The measuring cell CompreCell 12C was selected. Mmax. force set to 75,@ kn, max. temp. set to 25e,@ °C.
S [2821-12-15 13:89:85.925] (Device): Comprebrive connected. FW wersion 22, W version .
[2@21-12-15 13:@9:86.378] (Device): The active sensor is: KMMse/D 1eekn
[2821-12-15 13:89:89.427] (Device): The measuring cell CompreCell 12C was selected. Max. force set to 75,8 kN, max. temp. set to 258,8
1,00 (3147 5) 99,82 °C [2821-12-15 1. 82.424] (Device): The measuring cell CompreCell 12C was selected. Max. force set to 75,8 kn, max. temp. set to 2s5e,@
m= m= [2221-12-15 13:24:@4.864] (Main): Approach started...

8,8 MPa

Caution: Heating mantle may be hot! (€ Current cell: CompreCell 12C

rhdMinstruments 24
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3. CompreDriveControl

Procedure Editor - Force & temperature ramp with waiting time (New) x

= =

Save changes Check Chanige Procedure Delete Selected Show Hide
Procedure Settings Actions Procedure Tree
Procedure Editing Display 4
Procedure Editor
Path to currentaction: | T | Root
Toolbox

Request a list of numbers from the user; store itin $temperatures
Request a list of numbers from the user; store itin Sforces
Request a number from the user; store itin Swaittime
Approach CompreDrive and wait for it to finish
Enable temperature controller and wait for it to be ready
[} Repeat 2 actions for each item in Stemperatures; Store current item in $temperature
Set temperature controller to Stemperature [5C] and wait for stability
[=} Repeat 4 actions for each item in $forces; Store current item in Sforce
Build text: Apply {force} kM at {temperature} =C...; store it in Stext
Show message Stextin Message log
Set CompreDrive to Sforce [kN] and wait for stability
Wait for Swaittime seconds
Set temperature controller to 25 [5C] and wait for stability
Disable temperature controller and wait for it to be off
Retract CompreDrive and wait for it to finish

Copyright rhd instruments GmbH & Co. KG

() Simple  (®) Advanced
Drag & Drap actions fo the st fo use them

[=I- CompreDriveControl

E| CompreDrive

- Set Force Pressure Setpoint

- Approach CompreDrive

- Retract CompreDrive

- Pause CompreDrive Force Regulation

- Unpause CompreDrive Force Regulation

- Enable ramp & set ramp speed

- Disable force ramp

- Change force stab. conditions

- Restore force stab. cond. to global settings
[=- Temperature Controller

- Set Temperature Setpoint

- Enable temperature controller

- Disable temperature controller

- Change temperature stab. conditions
Resb:re temp. stab. cond. to global settings

-Setup hardware triggers
-Pulse hardware OUT trigger
-Wait for hardware IN trigger
= Software

-Set software trigger

-Wait for software trigger

= Miscellaneous

- Get device fsystem value

- Sampling rate setup

- Wait for stabilitv

Description:

Actions (executed successively):

@ 1. Request a list of numbers from the user; store it in $temperatures
@ 2. Request a list of numbers from the user; store itin Sforces

@ 3. Request a number from the user; store it in Swaittime

@ 4, Approach CompreDrive and wait for it to finish

5. Enable temperature controller and wait for it to be ready

X , 6. Repeat 2 actions for each item in $temperatures; Store current item in $temperature [ ... ]
7. Set temperature controller to 25 [°C] and wait for stability

8. Disable temperature controller and wait for it to be off

@ 9, Retract CompreDrive and wait for it to finish

Double-dick actions to edit them

rhd|ll lnstruments
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3. CompreDriveControl

CompreDriveControl main features

* Full control of forces/pressures, temperatures, electrochemistry (optional)
* Manual control and fully automated procedures

* Logging, visualization and analysis of all available data

e Results browser, export functions (graph, text)

* Read and set external setpoints: Synchronization with other programs

via a simple http interface or hardware triggers

rhd|lljinstruments
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Motivation for CompreDrive development

State-of-the-art measuring systems: Needs in cutting-edge research

Reproducible results

Robust and easy to handle equipment
Active force control and logging

Active temperature control and logging
Automation

Fixed, standardized procedures

Data management

LN N X X X X

Safety of operation
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Compre
Drive

- New experimental horizons in solid state electrochemistry -

rhdwinstruments 28
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Summary

Compre
Drive

- Mechanical force up to 75 kN (1.7 GPa @ 6mm sample diameter)
- Temperature range -40°C <-> +250°C

- Active(!) force and temperature control

- Modular system allows for extension and customization

- Airtight measuring cells

- Extensive control software

- Fully automated electrochemical measurements of solid samples

rhd ‘JH instruments
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Available sensors

100 kN sensor: accuracy of the whole system is within +- 0.1 kN.

10 kN sensor: linearity error is <0.5 % full scale according to the sensor data sheet (0.05 kN)
2 kN sensor: linearity error is <0.2 % full scale according to the sensor data sheet (0.004 kN)
For the 100 kN sensor, you would get 0.1 % error.

The difference here is, that this is the standard sensor, and we check every single unit with
a second calibration sensor in the system instead of a measuring cell.

The sensors are typically much better than the limit given in the datasheet.

In case of the 100 kN sensor, we do not use full scale.

Measured value amplifier has 24 bit resolution

rhdMinstruments 30
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Available sensors

Minimum force available

In general: 0.15 % of full scale, absolute minimum 30 N.
100 kN sensor: minimum force 150 N

10 kN sensor: minimum force 30 N

2 kN sensor: minimum force 30 N

rhdwinstruments 31
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The CompreDrive by rhd instruments

The importance of pressure and temperature control
Round-robin study by S. Ohno et al.

-
o
[
T T
—
—

« 5 different solid electrolytes
e 8labs around the world

-
=

5
* Determining ionic conductivity o %0 ‘5’% =
Results: — @ Sai}ple @ P

* o deviation: One order of magnitude

* Results highly dependent on local sample processing

—> Precise pressure and temperature control during sample preparation crucial

rhd|[ljinstruments
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S. Ohno et al., ACS Energy Lett. 2020, 5, 3, 910-915



