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CryPRINS

Introduction

This manual will show you how to use CryPRINS
(crystallization ~ process  informatics  system)  for
implementing simple temperature profiles to applying
advanced control strategies.

The software enables users to connect and use various
process analytical technology (PAT) tools simultaneously.
A key feature of the software is real time display of
information from different sources thus enabling easier data
collection and synchronization.

CryPRINS can be easily used both in industrial and
laboratory environments for routine work and investigative
tasks.

The manual covers all aspects of the software and also
includes some recommendations for using advanced control
strategies.

Some of the conventions used in the software are as follows:

This indicates the importance of the task which must be
carried out for proper functioning of the software.

Time saving tips

Graph manipulation options
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Software Installation

CryPRINS installation is quite simple, locate the zip file on
the hard disk and follow the following simple steps:

B CryPRINs_A100_Installer

. CryPRINs_A100_Installer

CryPRINS » CryPRINs_A100_Installer » CryPRINS_A100_installer » Volume »

13 CryPRINS ver 20 =S

Destination Directory
Select the primary installation directory.

All software wil be installed in the following locations. Ta install software into a
different locations, click the Browse button and select another directory.

Directory for CryPRINS ver 2.0
‘C:\Pnogmm Files\CryPRINS \www\. ‘ f e ]

Directory for National Instruments products

lC‘\ngram Files\National Instrumerts\. ] [ Browse...

[ << Back ]L Next >> ]L Cancel

Select the desired directories and click next.

Wait till the installation process is complete, you may be
asked to restart the computer, after this the software is ready
to use.

Running the Software

After the software has been installed you can start it by
double clicking on the software icon:

55C
@

CryPRINS

Once open you will see the following window.
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All the software menus i.e. Time diagram, Phase diagram,
Communication Measurement, FBRM, Control and
Communication can be accessed by clicking on the
respective tab.

In the coming sections the functionalities available under
each tab will be discussed in detail.
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Communication

CryPRINS is versatile software and can be readily used in laboratory and
industrial environments. The software offers connectivity to different
equipments from simple RS232 connectivity to sophisticated OPC
platform suited for industrial environments. The different options
available are shown in the figure below.

opci//localhost/ADS.OPC.2/5L:asmoduled:
[0.VL0L TopTemp_TT.Value opci//lacalhost/ADS.OPC.2/5Lsasmoduled:
Start.L1.L2.5creen.L1.12.ReactorVL01.11.L.2 AnalogueRR

OBC CancTemnSetnnint Walie

opc://localhost/National Instruments.OPCDemo/
SINE:0.0.0.5:10.0

e

RS232 Communication

The communication between the software and heating/cooling baths can
be established using RS232 as shown in the following steps. Under the
communications tab click on configure RS232 button in serial write box:

The following menu will then be presented, by selecting the dropdown
menu you will be presented with all the active com ports available on
your computer. From this list select the port communicating with the
heating/cooling unit.

Baud rate, data bits, parity, stop bits and flow control should be set in
accordance with the requirements of individual units. A reasonable value

4
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for delay before read is suggested e.g. 300 ms gives enough time to
computer for exchanging reading with the heating/cooling unit. Keeping
this time very short e.g. 50 ms may result in communication issues.

“Save Current Config as Default” allows the user to save settings, the
software will always initialize with the saved settings every time it is
restarted.

After completing the configuration process check the box “Write to
HUBER (RS232) as shown in above figure. Once the communication is
established you can see the temperature values for Tj_Huber and
T Huber.

Always ensure that “Write to Huber” is checked otherwise
communication with your heating/cooling unit will not be established.
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The steps required for communicating with a DCS or other industrial
systems are:

Click on search button in the OPC writing tags box.

opc:/flocalhostfADS.OPC.2/5L: :asmodule4:
Start,L1.L2.Screen.L1.L2.ReactoryL01.L1.L2.AnalogueRR.,
OPC_ConcTempSetpoint.Yalue

£ 20,0000

iy u|E
] Mational Instruments.LookoutOPCServer
| Mational Instruments. OPCDemo

| Mational Instruments. Yariable Engine

] System
-|E] DataSocket Server
EE]~§ My Metwork Places
3 i =
Browse host: | Refresh I

URL: |

Expand the Matrikon.OPC.Simulaion and select Simulation Items
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.OPC,Simulation
28 Clients

#-(] Configured Aliases
#-(] Simulation Ttems

=

4 2l = Quetarn :

< i | (2]

Browse host:| Refresh |
URL: |

Expand Simulation Items and select Bucket Brigade.

= Simulation Items | oK I
#-(_] Bucket Brigade
+- (] Random 3 Cancel I

+ (] Read Error

+- ([ Saw-toothed Waves
+- (] Square Waves

+- (] Triangle Waves
[‘ﬂ{:] Write Error

#- (] write Only @

o m E Makiban ADE Siralabian 1

<] i ] (2]
Browse host: | Refresh |

URL: |

Under Bucket Brigade select Real4 and press ok.
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E1~- Bucket Brigade _ oK |

287 arrayOfReals

287 ArrayOFstring 3

287 Boolean '

w87 Intt

w7 Int2

w7 Int4

':3’ Money

B ol -
<. i
Browse host: | ~ Rehesh |
URL: |bpc:ﬁloi:galhbét?_l_&la_t(ikohil;l_l?‘C.Simula_lidhof-B-uckel Brigade.Reald

Once the configuration is complete check the box Write to OPC Server, if
the communication is functioning properly, you will a green tick mark for
status in OPC write error box.

4 om0

For configuring the OPC Read Tags (for temperature) following steps
have to be followed, press the Search button in OPC Read Tag box.



CryPRINS

— OPC Read Tags
Temperature Tag

opc://localhost/ADS.OPC.2/SL::asmoduled:
IO.VLO1.TopTemp_TT.Value

Search ] ! 0.0000

__) Time Out from Server Q Error Reading Item

The remaining steps are identical to the steps shown for OPC Write Tags
except for one important difference. In Bucket Brigade a different value
from OPC Write Tags must be selected. For OPC Write Tags ‘“Real4”
was selected, therefore in this case Real8 is selected as shown below:

Select URL ﬁ
8 ArrayOfReals T~ ok |
W ArrayOfstring B
~37 Boolean ) Cancel |
287 It El
37 Intz o
7 Int4
W Money
W Real4
57 Reald I
U@ criina )
&l i | E3
Browse host: | Refresh |
URL: ]opc: /flocalhost/Matrikon. OPC.Simulation/Bucket Brigade.Reald

It is also worth noting that either Real4 or Real8 can be selected
interchangeably for write or read modes but same values cannot be
selected at the same time for both read and write.

Absorbance Tag

The software offers two different ways of reading spectroscopic data,
these are:

Reading file from a shared drive
OPC

For the first option the software used for data acquisition from a
spectrometer must be able to write a file with data on a shared drive.
CryPRINS can read the files having a scalar or a vector inside.
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Read Abs from| OPC o File |

File Path
U:\Abs.tt =/
1 —
(?}10 E 00282572 €
— I [ ] -
Time Out from Server Error Reading Item

By selecting File in Read Abs from the options shown above will appear.
By clicking on the folder icon you can create a file at the desired location
and the file path is shown in File Path box. The box above Error Reading
Item shows the current value read by the software. The software can read
several values simultaneously. The index number of a particular value
can be checked by the displayed number as shown by the dashed circle in
the figure above. It is important to note that indexing in the software
starts from O i.e. the first value read will be indexed as O, the second
value as 1 and so on and so forth.

Different values written in the file can be checked by pressing the up and
down arrows as shown in the dashed circle.

For reading data via OPC for absorbance and FBRM data, same
procedure as described before for temperature reading should be
followed; in this case OPC option should be selected in the Absorbance
Tag box.

Absorbance Tag ~ Read Abs from

opc:/flocalhost/Mational Instruments. OPCDemo/SINE:
0.0..0,5:10.0

A
Search _fﬂ“ ll 0.10016138

D Time Out from Server J Error Reading Item

FBRM Tag
opc://localhost/Mational Instruments. OPCDemofSINE:
0.0..0.5:10.0

cearch | 0.4670179
? Time Out From Server J Error Reading Item

The appropriate OPC connectivity tags for both FBRM and absorbance
should then be selected from their respective menus by clicking the
Search button.

10
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Concentration Measurement

A key feature of CryPRINS software is its ability to determine
concentration in real time using spectroscopic data. The software is
capable of implementing various types of models ranging from simple
univariate models to more complex multivariate nonlinear models.

— Conecentration Correlation from Absorbace (UV/FTIR/Raman/U%) (from OPC/file)

= I 0.070126
Calibration Model:

€= gl T suo amse gl ™ ioocs] sabera-
4 oowess st A 10008 *TAZ+
A s e T s e
Dot values e for :
PCM in JPA fmg/mL solutinn) offset = ;I—U

Callibration on?  ( =) OFF €= cimer

The above menu can be accessed by clicking on the Concentration
Measurement tab. The concentration measured at any time is displayed in
the box in the top right corner. €

To show how the calibration model can be plugged in we consider the
following calibration equation:

n n n
C=by+ Z b, A, + Z d,A% + eT + gT? + Z(hnAn) T
i=1 i=1 i=1

The corresponding model parameters can be inserted in the white boxes
as shown in figure. Notice that each of these boxes has an up/down arrow
next to it. These arrows can be used to toggle positions. The constant
term as shown can be written in the box as shown above.

It was mentioned before that indexing in the software starts from 0 i.e.
first term will be indexed as “0”, 2nd as “1”” and so on and so forth. For
the first absorbance term the corresponding box will lpok like this:

M 1

C-= 'E)IU z 5440.2 | "Abs+
s 0

C= f)|1 :1 339 *Abs+

The second coefficient can be added by first clicking the arrow so that the
number in the box changes from 0 to 1 and after this you can write the
corresponding values. The process can be carried out for “n” number of
absorbances therefore simple univarite to multivariate models can be
easily implemented in CryPRINS. The same procedure can then be
followed to enter the other coefficients. Once all the parameters have

11
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been entered press the calibration on button, the green LED shows that
software is now using the calibration model.

A provision for adding a bias term to adjust the model is also provided in
case it is required, this is done by writing the required values in the offset
box as shown below. The concentration obtained will then be a sum of
the concentration model output plus the biased or offset term.

¢ I

A part from implementing models using spectroscopic data, models based
on conductivity or ultrasonic probe can also be implemented. A 2nd
implementation box is available and the parameters can be entered in
exactly the same way as shown previously for spectroscopic data. The
measurement button as shown must be activated prior to the start of
conductivity measurements.

Supersaturation control can be implemented either by using spectroscopic
data or conductivity measurements. The appropriate mode has to be
selected as shown in the box below.

The raw absorbance(s) and conductivity data are also displayed as shown
in the figure below. The temperature here corresponds to the process
temperature.

12
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Control

The following discussion will cover the software options available under
Control tab. This is the main part of the software and different
temperature, supersaturation control and automated direct nucleation
control profiles can be configured here.

f
£

1o
£ Er—
0 p—
§ Corom—
" COm—

e
|
| E

=>» The top left corner shown in red dashed rectangle has the data saving
interval and sampling time options.

A saving interval of 4 seconds means that the data will be saved by the
software after every 4 seconds.

Sampling time refers to the time after which the software sends a signal
to the controller to vary a setpoint. For a better control of the process it is
important that this time is kept as small as possible. Having a higher
sampling time may result in process not being able to follow a desired
profile.

The different control policies available can be chosen by selecting the
appropriate option from the following box:

13
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Setting up a Temperature Profile

The temperature control options will be discussed initially. One of the
main features of the CryPRINS software is ease of implementing
different temperature profiles.

In the simplest case of Manual T-control the system will follow the
temperature as specified in the temperature setpoint box.

Note that all the other options will be disabled upon selection of a
particular control policy.

For implementing a temperature profile select T-control and then click T
profile button as shown in above figure, a new window shown as follows
will appear.

14
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=
[ Initial T(C) | Final T (O) |iate (C/min) Jaration (min) Time (s)
20.0000 | 20.0000 0.0000 60.0000 3600.0000

This new window allows the user to load a temperature profile, setup a
new profile and amend already loaded temperature profiles. A
temperature profile with several heating/cooling steps with different rates
is shown below:

S50 Design Temperature Setpoint Profile B

i e . C ‘ X ‘ Y |
fonl(EEEMMESS] Ry =P Fic | 00:00:00 | 20

[ el A7 R, BAEEE (31015 | 38.571 %
"~ ||Initial T (C) | Final T (C) |'ate (C/min) [uration (min) Time (s) —

200000 | 20.0000 0.0000 50000 |  300.0000 || =
20,0000 | 25.0000 1.0000 50000 600.0000
250000 | 25.0000 0.0000 100000 | 1200.0000
250000 | 30.0000 0.5000 100000 | 1800.0000
30.0000 | 30.0000 0.0000 100000 | 2400.0000
30.0000 | 35.0000 1.0000 50000 | 2700.0000
35.0000 | 35.0000 0.0000 100000 | 3300.0000
350000 | 40.0000 1.0000 50000 | 3600.0000
40,0000 | 40.0000 0.0000 200000 | 4800.0000
400000 | 30.0000 |  -1.0000 100000 | 5400.0000
30.0000 | 30.0000 0.0000 100000 | 6000.0000

— a—

15
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In this profile the system will heat up to 40°C starting from 20°C and
then it will be cooled down to 20°C in several steps. To insert a
temperature profile, following steps should be followed:

The first box under the heading Initial T should have the initial
temperature, in this case 20°C, followed by the desired temperature in the
first box of the second column titled Final T, in this case 20°C.

In the first box under Rate (°C/min) the heating/cooling rate has to be
mentioned in this case the system is kept at the same temperature
therefore O will be entered in this box.

If it is required to maintain the temperature at a certain value for a
specific duration then that time should be entered in minutes in the
duration column. In this example we are maintaining temperature at 20°C
for 5 minutes.

To continue adding the profile click in the 2nd box of column titled Final
T, you will notice that by clicking in the second box of column titled
Initial T it is automatically filled with a value of 20°C. This is a time
saving feature of the software that you don’t have to enter values in the
first column apart from entering the very first value. In the Time (5)
column the cumulative time is displayed e.g. the time required to finish
the first two steps is 600 seconds as shown in the figure.

To heat up the system at a specific rate, simply enter the desired rate in
the rate column, the time required to carry out the step will be displayed
in the duration column. In order to add a cooling step a negative sign
must appear before the rate in rate column e.g. in the above example
temperature is brought down from 40 to 30°C at a rate of 1°C/min. This
rate must be entered with a negative sign as “-1°C” in the software.

Once the last step of the profile is reached the process will be maintained
at the same temperature regardless of the duration of the last step.

The temperature profile as it is entered is displayed in the graph.

Once you have finished entering the profile, press the save button, a new
dialogue box will open, save the file at the desired location. If it is
required to use the same profile or any other profile (provided it is written
in the correct format) press the Load button and select the desired file.
The temperature profile will then be loaded; the supported formats for
loading a temperature profile are Microsoft Excel and Windows notepad.
Please make sure that numbers are present in these files without any
alphabets or text.

Right clicking on the profile table will show multiple options for data
manipulation and export.

16
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Reinitialize to Default Value

Cut Data
Copy Data

Description and Tip...

Empty Table

Inzert Row Before
Insert Colurmn Before
Delete Row

Delete Colurmn

4 Show Selection

Export 2

Most of these options are self-explanatory e.g. data can be copied, cut,
rows/columns can be inserted etc.

The following export options are available:

Export Data To Excel
Export Simplified Image...

For Export Data To Clipboard, highlight the data cells, once this is done
right click and go to Export submenu and select the appropriate option.
Please note that only the highlighted data will be exported to clipboard.

In a similar way select the desired cells and click on Export Data To
Excel option. All the data will then be copied to the currently open excel
sheet. The software will open an excel sheet by itself if no sheet is open.

If Export Simplified Image... option is selected the following dialogue
box will appear:

i@ Bitrap (bmp])
") Encapsulated Postscript (.eps)
(") Enhanced Metafile (.emf]

i@ Export to clipboard
(") Save to file

(=

Export ][ Cancel ] Help

17
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Select the desired image type and file location and click export. In this
case selection of cells is not required as the whole table will be exported
as an image.

Annotation on temperature profile graph can be done for making
important points or notes, this can be done by right clicking anywhere on
the graph, a menu will appear as shown in the following figure.

550 Design Temperature Setpoint Profile 22
L e N WO AP N |
: Copy Data
Description and Tip...
Visible Items »
Clear Graph

Create Annotation

J AutoScale X
J AutoScale Y
J Smooth Updates

(2

Optional Plane »
1 1
02:00:00 03:00:00 04:0 Export N
Time (HH:MM:S5) e

Clicking on Create Annotation will show the following submenu:

550 Design Temperature Setpoint Profile

e KNS W XD

550 Create Annotation

Annotation Name

Lock Style
Free

Locked Plot

Plot 0
Hide Arrow

Lock Name

Cancel Help

Time (HH:MM:557

In the Annotation Name type in the notes or remarks and then select the
Lock Style. Lock Style options enable you to have the menu at a fixed
position or it can be moved.

18



o

The data can be saved in the
same file as the one created
for saving the temperature
profile.

CryPRINS

550 Design Temperature Setpoint Profile

o — W . 74

Temperature (C)

Time (HH:MM:55)

Once an annotation has been added it cannot be changed, if you want to
delete text that you have added, right click on the graph and click Delete
All Annotations. The text will remain part of the simplified image if the
annotated graph is exported. This option is particularly helpful during
development of written procedures for training of personals or for
personal laboratory notebooks.

In the above figure purple and green cross hairs can be seen. Purple cross
hair can be moved freely across the plot, the resulting x-y coordinates are
displayed in the box as shown below:

Cursors: | X =
- + B8 Fix | 01:45:00 25
| BAEE 02:28:19 | 27.767 % |

The green cross hair can be used to move step by step in accordance with
the set temperature profile.

Saving Data, Starting and Stopping the Software

For saving data press the diskette symbol present in the top right corner:
| N

-l

Fi

After pressing this button a dialogue box will appear asking you where to
save it, select the location and press ok. Once the data saving is in
progress the symbol will change as shown in the following figure.

In the control tab press Start/Stop T profile, the LED will turn on
indicating that data saving has started.

19
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— Temperature Control

Temperature Setpoint (C): :—JIEEI

T profile | Start/Stop

Temperature (C)
=2 oL &8
1 1 1

i

m _I LI T T I B I | L T T O N | | Trrrrrrnnn |
000000 02:00:00 04:00:00 (0&:00:00
Time (HH:MM:55)

To stop the software press the button for software integrity it is

important that it must always be stopped using this button instead of
simply closing it down.

The data file can be opened using note pad or excel, the file header is
described in the following table:

20
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Column 1 Month Column 24 Concentration from
Conductivity

Column 2 Day Column 25 FBRM statistic no. 1

Column 3 Hour Column 26 FBRM statistic no. 2

Column 4 Minute Column 27 FBRM statistic no. 3

Column 5 Seconds Column 28 FBRM statistic no. 4

Column 6 Time from the start of software Column 29 FBRM statistic no. 5

Column 7 Counts/s (Selected from FBRM) Column 30 FBRM statistic no. 6

Column 8 Process Temperature Column 31 FBRM statistic no. 7

Column 9 Concentration Column 32 FBRM statistic no. 8

Column 10 Filtered Counts/s Column 33 Off set used for calibration
based on absorbance

Column 11 DDc Column 34 Off set used for calibration
based on conductivity

Column 12 Set Point Counts (FBRM) Column 35 FBRM readings via OPC

Column 13 Temperature Column 36 ADNC setpoint

Column 14 Absorbance Column 37 Cooling rate during ADNC

Column 15 Temperature Set point (OPC) Column 38 Heating rate during ADNC

Column 16 Jacket temperature Column 39 Upper limit of target counts
during ADNC

Column 17 Temperature Column 40 Upper limit of target counts
during ADNC

Column 18 Set point from heating/cooling unit Column 41 Lower temperature limit for
ADNC

Column 19 Set point from heating/cooling unit Column 42 Upper temperature limit for
ADNC

Column 20 Supersaturation Column 43 Kp values

Column 21 Supersaturation setpoint Column 44 K. values

Column 22 Conductivity Column 45 Absorbance

Column 23 Concentration from Absorbance Column 46 FBRM  measurements via

DDE

21
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Phase Diagram

Phase diagram can be accessed by clicking on the Phase Diagram tab.
This feature gives the user another option for real time monitoring of the
process. If a proper calibration model for concentration measurement is
used, at any time, the process can be monitored with respect to the
solubility curve. Any unusual behaviour in the process can therefore be
easily detected e.g. presence of impurities etc.

The users can plug in a solubility curve and a second one called as
nucleation curve. The later can be used simply as a reference point to see
how far the process is from saturation point or if solubility curves are
available for two polymorphs they can also be seen at the same time. This
can quickly inform the user about the polymorph which is likely to be
present or will disappear during the process.

Clear Figure removes all the data from the plot apart from the solubility
and nucleation curves.

550 Generic Crystallization Control and Monitoring Interface E]@
Fie Edt Operats Took Window Help
T
Loughb h ——— 5
W5 Loizhoorous! Crystallisation Process Informatics System - CryPRINS 2.0 EPSRC
=
. —=
Time Diagrams = Phase Diagram | Uy-Vis/Conduct. | FBRM | Control ‘ OPC ‘ H @‘

0.3200 - Solubility

|
Metastable B |28 0.206z
Oper. curve I

0.3000 -

10,2600 - |
0.2600- Tmin 30,00 Tmax 570.00

0.2400 -|
(3)Use Solubility fram S5€
0.2200 -|
I S (CUse equation below
0.2000-|

Solubility Equation

10,1600~ 2.940E-05%t"2 + 1.301E-03% + 7.127E-02

Concentration

0.1600 -

0.1400 - Nucleation Curve

2.940E-05%t" 2 + 1.301E-03*t + 7.127E-
02+0.01

0.1200 -

0.1000-

0.0800 -

D~ L RSE
0

40 &0 7
Temperature o2, Bloure,

Main loag: | 17960 |\ [FoT zming® | | control apc locps 71655 FERM ORC loop: | 18034

The equations for solubility and nucleation curves can be entered in their
respective boxes. The equation for solubility curve can be either entered
here or in SSC parameters under the Control tab.

Tmin and Tmax are used to specify temperature range while the yellow
cross hair provides information about x and y coordinates.

The x and y axes can also be changed manually by right clicking on any
of the axis and unchecking the AutoScale option:

22
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18000 pjarker Spacing »

160.00

140,00 » AutoScale

([a]y]

Concentrat
=
=
[e]
[=)
[=)
[=)
1

ﬂluuuu_I""I""I""I""I""I""I""I""I""I""I""I""I""I
o 15 20 25 30 35 40 45 50 55 60 65 T U5

Temperature

After this simply highlight the first or last digit of the required axis and
enter the desired values.

As shown previously the phase diagram can be exported as a simplified
image or the whole data can be copied to excel sheet etc. This graph can
also be annotated as shown previously for temperature profile.

23




Right click on the graph
and select export data to
excel. This will transfer
all the data that can be
plotted directly to the
excel file along with file

headers.

B

CryPRINS

Time Diagrams

Time Diagrams provide the visual and comparative aspect of composite
sensor array concept. Time diagrams features three tabs namely
Overview, Absorbance/Conductivity and Supersaturation. Overview of a
cooling crystallization experiment in which ATR-UV/Vis and FBRM
were used as PAT tools is shown in the following figure:

“5C Generic Cr Control and g Interface Q
File Help =|
> ® '
g imierouh E EPSRC
University Crystallisation Process Informatics System - CryPRINS 2.0
2
Time Diagrams | Phase Diagram | UV-Vis/Conduct, | FBRM | Control | OPC | |
650  0.2400~ Y . . . . =22000.0
smn«; 0.22003 = 220000.0
5507 020003 ATR'UV/VlS 180000
50.0%  0.18007 B
s : -16000.0
4505 0.16007 B
«m-; 0.14005 ; 140000
gss.u—g g 012007 £120000 g
£ 30035 o000 Z100000 5
: 2 : A
2507 008003 ) Zaon0
200 0.0600- -
g >t 6000.0
150 004007 g
1005 002005 | 40000
50% 000003 y £20000
D i e——— L b 0.0
11:46:26  13:00:00 14:00:00 15:00:00 16:00:00 17:00:00 18:00:00 19:00:00 20:00:00 21:00:00 22:00:00  23:26:2%6
T© i~ 9.95 +HR ol | E
Conc -~ 0.083%6 [
Countsfs "o 13106.3 [
Count/s filter | 13107 O .
Tsp (€) [~~~ 10.00 B Plot interval (min): 700
() = 927 B
FBRMOPC | 0.0 [J
Jassinioops f15634 | [Swving s | | ControlopCloopi7emst | FeRmopCloop f136se .|

In this figure real time information about the process provided by FBRM
and ATR-UV/Vis in the form of counts/s and concentration can be seen
along with process temperature. Concentration information if provided by
ATR-FTIR, NIR, Raman and conductivity probes can also be plotted here
along with FBRM data. The choice of information to be displayed is
selectable from the menu shown in the following figure:

Tic 000 O
Conc 0.200473 [
Counts/s ' oo [
Count/sfilter = | 01 O
Tsp (Ch 2000 L]
TQ | ooo O
FERM OPC/DDE .. Nan [

The box for a particular piece of information should be selected in order
for it to be displayed. Brief description of these is as follows:

T(C) Process temperature
Conc Concentration
Counts/s FBRM data using RS232
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Count/s filter FBRM data averaged using RS232
Tsp (C) Temperature setpoint
Tj (C) Jacket temperature

FBRM OPC/DDE FBRM data if obtained via OPC or DDE

Again the data from the plot can be exported using the right click menu
as shown previously. All the graph manipulation, annotation and export
options previously described are equally applicable here.

Plot interval min allows you to specify time for which the information
should be displayed.

A number of other advanced graph interaction options are also available,
these can be accessed using the following menu:

2 |

By clicking the middle icon the following submenu will appear:

This can be used for magnifying a specific area by drawing a box.

This can be used to magnify area selected between two vertical
lines. After pressing this simply drag the mouse pointer (left mouse
button pressed) between two points of interest.

+
@] This option can be used if it is required to magnify area between
two horizontal lines. Follow the same procedure as described in the
previous step.
.‘..T..
be used. After selecting this option take pointer at point of interest and
press left mouse button. Pressing the button repeatedly will increase the
magnification of the selected point.

+*
" This option can be used to zoom out of a specific point, operating
procedure is same as described in the previous step.

4% Use this option to auto scale the graph. This is particularly helpful
after you have used one of the above options and would like to view the
graph in the normal view.
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Free hand option can be used to scroll over the plot.

Absorbance/Conductivity

Raw absorbance and conductivity are displayed alongside temperature
and concentration data under absorbance/conductivity tab. One such plot
with absorbance is shown in the following figure:

M
=

g

Fle Edit Operate

ools  Window  Help

EH

FF“- NOT Saving ! F- issssa F 1 GRC laop:

All the data export and graph manipulation options are applicable here as
well. The submenu allows selection of data to be displayed.

Supersaturation

The absolute supersaturation calculated by the software is plotted under
the supersaturation tab along with the supersaturation setpoint. This is
useful in SSC to check supersaturation level against the setpoint. All the
data and graph operations can be used here as well as described before.
Supersaturation plot for a SSC experiment is shown below:
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Focused Beam Reflectance Measurement (FBRM)

CryPRINS can read and display data from FBRM in real time, there are
three different modes through which data can be read:

RS232
OPC
DDE

550 Generic Crystallization Control and Monitoring Interface

File Help

Crystallisation Process Informatics System - CryPRINS 2.0

Time Diag Phase Diag ion Measurment FBRM | Control  Communication

—FBRM ion via RS232

[]Read FBRM Data rr Plot/DNC/ASSC Write
Comport

Mo Connection |
Error Status)

al Value selected here
- s plotted and used in
FERM feedback control

["1Read FBRM DDE

FBRM DDE £
E
Nal counts/s S
i1 l— - 1 1 1
FBRM OFC Update time (s): 1. 2 10 100 1000
4 Chord Length {micron)
B CLD from DDE
‘ Main loog: | 100 T Saving !! | Conmol OPC loop: | 358 ‘ FBRM OPC loog: | 100 J

All three options are available under the FBRM tab. For RS232
configuration check the box ‘“Read FBRM Data” and then select the
appropriate COM port from the dropdown menu under the Comport.
Once the connection has been established the FBRM data values will be
displayed in the table as shown below:

—FBRM configuration via R5232

[<]Read FBRM Data Write

& - Enabled Labels (LR T OPC tag to OPC Error

ot = 0 »

e 0 e

Error Status ) O @
0O e

Walue selected here
+l— s plotted and used in
FBRM feedback contral

For OPC communication search for the FBRM OPC tag, once it is
selected communication will be established.
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Always make sure that FBRM software has been configured properly for
sending data to CryPRINS.

DDE is the third communication option available, make sure that the
excel file through which transfer is taking place is open for CryPRINS to
be able to read data, after this check the box Read FBRM DDE.

2250 -

EJRead FERM DDE g
1750 -]

1500~

FERM ODE 2 1250
5

21877.0508  countsis S 1000

750

. S ] |
FBRM DPC Update time {(s): 'Dl 2 3 1000
Chord Length {micron)

B | J oD from DDE

FBRM distribution will be displayed in the graph indicating that
communication has been successfully established.
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Supersaturation Control

The parameters for SSC are defined in Supersaturtaion Control box under
control tab.

Following steps should be followed for SSC:

Enter the solubility coefficients in the format as shown in the above
figure.

Specify the setpoint in DC setpoint box. Care must be taken that setpoint
is defined in accordance with the units used in solubility coefficients.
Define upper and lower temperature limits in the Temperature Limits
box.

Once all the parameters have been specified select SSC from the
following menu.
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SSC Implementation Guidelines

In SSC the system follows an operating curve which generally
corresponds to constant supersaturation. For implementation of SSC a
calibration model for concentration measurements is required. Following
are some general guidelines for implementation of SSC. It is important to
know that each system is unique and therefore all the conditions must be
selected based on the individual properties of the system.

SSC starts once the seeds have been added to the system and process is in
supersaturated condition. Typically 5-10% seeds based on the initial
concentration can be added, the amount can however be tailored if
required.

Seeds are added when the system is slightly supersaturated, adding seeds
below solubility curve will result in their dissolution on the other hand
there is a chance that system might nucleate if seeds additions is carried
out when the system is highly supersaturated.

Selection of supersaturation setpoint is important. A high setpoint means
that system will be cooled quickly generating supersaturation at a higher
rate. For slow growing crystals this might result in multiple nucleation
events therefore care must be taken when selecting a setpoint.
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Always select the
appropriate  FBRM
connectivity mode
for ADNC.
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Automated Direct Nucleation Control

The parameters and conditions for implementing ADNC are
specified in the Direct Nucleation Control box under
Control tab. Following steps should be followed:

— Dynamic Mucleation Control (DNC)

Measured counts/s: | 0.000

FEBRM from:
DNC Setpaint 5: 4000 (Counts/s) '.E.' OPC
Max Counts/s Min Counts/s :

;,‘.|5unn ;}|3nnn ' Sk

Coaling rate (C/min)  Heating rate (C/mi | — test
;}|-ﬂ.2 ’5:|n.4
- A : A Counts/s tes|
Ke 2 kh oj2 go

Tsp min: :}IIIE Tsp max :_JIEI:I_ Cn;ug

Select the FBRM communication mode that has been
chosen for communication with FBRM under the FBRM
tab. It is vital that same mode has been selected for ADNC
as well.

Next enter the desired setpoint e.g. 4000 counts/s along with
upper and lower limits under Max and Min Counts/s.

After this specify the cooling and heating rates along with k.
and Kk, values. These control parameters change the
heating/cooling rates once the counts are with in the upper
and lower limits e.g. the cooling rate will be 0.1°C/min
(0.2/2) when the total counts are between the lower limit
and the DNC setpoint during heating up phase.

Upper and lower temperature limits are entered in Tsp min
and Tsp max. The controller will only drive the process in
between these temperature limits using the predefined
heating/cooling rates.

Finally select DNC from the following menu:

| T-control || Test {random)
| S8C
| Manual T-control 2 DNC

Measured counts/s box at the top displays the counts/s read
by the software at any time. In the menu under “FBRM
from” a test option is also available, selecting this option
allows the user to check the operation of DNC in the virtual
mode e.g. at what counts heating/cooling would start.
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The blue LED with tag cooling tells when the process is in
cooling mode, it turns red and the tag changes to heating
when heating is in progress.

ADNC Implementation Guidelines

Major source of variability is crystal size distribution (CSD)
comes from primary and secondary nucleation events. The
issue is addressed by using ADNC which continuously
preferentially dissolve fines. The resulting supersaturation is
then used up by the crystal present for growth. This helps in
improving the crystal size distribution but also in de-
agglomeration and removal of trapped solvent. Following
are some guidelines® for implementation of ADNC, briefly
the working of ADNC is described:

1y, . .
H H e, H H
H H R . H
H H 9 % . H
H O o H
o

I. Upper Limit ¢ i .40 K, forheating
e et ol el it e
@l . Targeti . ., 11O rate
& - \ :““ : E "0 E - N—
c [«B)
3 - =
fra)
© o
E 2
l_ -
. - @ k, for Cooling

rate

Time (min)

Before starting ADNC target setpoint, upper and lower
limits with respect to the counts and proportional gains (k.
and k;) are specified. The upper and lower temperature
limits and heating/cooling rates are also selected alongside
previously mentioned parameters. After this the ADNC
begins from a clear solution and continues to cool at a
specific rate until nucleation takes place as shown in the
above figure. Once the lower limit of counts is crossed the
system switches to a different cooling rate based on k. The

1

Saleemi, A.N., Rielly, C.D., Nagy, Z.K., 2012. Comparative Investigation of
Supersaturation and Automated Direct Nucleation Control of Crystal Size Distributions
using ATR-UV/vis Spectroscopy and FBRM. Crystal Growth & Design, 12, 1792-1807
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heating cycle starts once upper limit of counts is crossed and
the rate changes once the counts are between the set point
and lower counts limit.

Selection of target counts is important generally selecting a
lower number of counts result in bigger crystals as more
supersaturation is available for particles present at any time
or vice versa.

This on the other hand can also lead to multiple nucleation
events as less surface area would be available to consume
supersaturation.

To establish a correlation between the ADNC target counts
and desired CSD a simple experiment in which slurry is
heated up step by step can be performed. The process
temperature can be maintained at certain values for 30-60
minutes and sample should be taken and analyzed using
standard measurement techniques such as laser diffraction,
image analysis etc. For seeded systems this would be the
number of counts after the introduction of seed.
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Appendix A

CryMOCO/CryPRINS and iControl interface

Configuration of the Temperature setpoint output from

CryPRINS/CryMOCO to iControl via iCDataShare

In addition to the RS232 interface for standard thermoregulators (Huber, Julabo) and the OPC

interface the CryMOCO/CryPRINS software has the possibility to send the temperature setpoint
output specified via the “Control” tab (as manual, T-control, SSC or DNC) to the Mettler-Toledo
iControl software via the iCDataShare environment.

To setup the communication follow the steps below:

1. Open Excel -> Add-ins —> iCDataShare

Give a variable name for the setpoint, set the update rate and press the “Run” button

Bookl - Microsoft Excel

« ”
Data Reui View Add-Ins Run
Create a T
: button
variable
METTLER TOLEDO
I £6 ! e 5] ! ¥
[ 4] A B C D E | METTLER TQEEDO iC Data Share v x
1 |Data Qut Vapiable Value Units Data In [times and values fetched fron & it - H
2 [Tsp_icdata 23.4 | i . L] lc Data Share
= Data Out | Data In |
4
5 iC Data Share supports both Data Out and Data In.
6 | | | The Data Out tab enables you to define up to 20
T calculated values in this Excel worksheet that become
i =| available to iC or iControl applications. Each output has
g a variable name (in column A). a dynamic value (in
column B). and an optional units tag {in column C).
]
= Adter ing names, val lculations, and units (if
10 desired), press the Start button in the iC Data Share
11 toolbar to begin sharing data. The variables will then be
- available to iC or iControl as extemal trends.
12
The Data In tab enables you to select a running
13 iment from iC or iControl. iC Data Share will
14 peniodically retrieve values from that experiment.
1 (Retrieved values can be used to calculate values for
15 the Data Out variables in column B}
16
|25
12 ; U data val nd:
4 4k M| MTAC - Sheetl Sheet2 Sheet3 ¥ 4 [ I pae data ol oy SERAET
Ready | | EE\ (Ol

Set the

update time
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CryMOCO/CryPRINS and iControl interface

After pressing the “Run” button the iCDataShare macro sheet in Excel should look similar to the
one in the figure below. Make a note of the name of the sheet (e.g. “MTAC”) and the address of
the cell with the temperature setpoint value. (e.g. “R2C2” —row 2 and column 2). These
information are needed to configure the temperature setpoint output from the iControl menu of
the CryMOCO software as described in Step 6.

| _ E—ﬁj s Bookl - Microsoft Excel - - -oXx
I P ut  Formul Reui Vi Addns | - 2 X
. (M e M B 1 B o 2 T

METTLER TOLEDO|
| E6 - £ | ¥
| 4] A | 8 | e | b £ | & METTLER TOLEDQ iC Data Share v %
1 Data Qut Variable v Units Data In [times and values fetched fron . - Z
2 |Tsp_icdata 23.4 | &} ol . |c Data Share
L= 1 Waorkbook Name: Book1

Sl DateOut | Daaln |

S |

5 Currently Defined Data Out Variables
i Address of variable to be changed Cl | TegNeme | LesiVele

2 g o 3

e from CryMOCO - here it is “R2C2” A2 lspiicdata 233

10| (i.e. second row and second column)

A1 (see in Step 6)

e

13 |

14

_15 1

16

17|

- = z
W4 r @ MTac < Yeeti - Shest FShests /70 eeshiod cale s —conde
Ready N R

\

Name of excel sheet
(see in Step 6)
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CryMOCO/CryPRINS and iControl interface

2. Open iControl and start a new experiment.

Go to the “Trend” tab and press “Add”

From the “Select Trend(s)” window select the variable defined in Excel in the
iCDataShare window and press OK. The variable should appear in the legend of the
Trend figure

Press the “Add” to add the
variable defined in iCDataShare

Go to the “Trend” tab; press “Add” and select

the variable define in the iC Data Share

" Experiment 2013-05-06 19-42 (Running) - iControl 5.1

FN\ Edt View Ewpeiment Tools Windows Help Elpeadineg TR Experiment 2013-05-06 13-42 (Running - Phase 1: Initial)
Time remaining 00:00.00
DNE RER & \@m =0e=lE] <Type reaktime annotations heres
N —
E}S\rt Page ﬂ Lab Crwerview, ﬁ i 1
Procedurs [\gzpeiment Equipment | Chemistry | Events  Trends | Evaluation Resuts | Large Values | Report |
4 € | Mladd tEdiaxes v Settings | &) G, & 10mn - | [cRadar | [ egend | | B irteoral - | [Ehe | 180 Add To Report v
36 & Select Trend(s) =]
56 / [ Alsvalabletends | [ Aleady selected rends
35
Select trends to add to the graph: Select trends to remave from the graph:
57
34 Selected | Trend | R
ss = [E] ¥ iControl Experiments g R
_ 5 3 [ Current Experiment o) TeTi
Z 53 = a2 O mr [ Tsp_icdata Excel ]
= -
= 2 AL
& EEL ¥R
[ Rend
64 o [ Rset
- [ Taux
62 0t
n W O Tend
000:00.00 o0:02:00 o000 0 time
W Ti
j bl Tr
[l T
ﬂ [ Tset
O wr
Trend |Color  |width  [Style |y-odis  |Show  [Re O Control 5.1 (this application)
L - ... =) B ICDats Share 1.0 {this computer)
T | T solid 2 ] 2 M Ekcel O
oo wms 1w ‘
R .. z Salid 4 7]
Add wends from other iC or Control expenmeml Fiemove Al
ok | caeel | Hee |
) start| [ Mirosoft Excel -Booki | ] Search Results | S officer | jicantrol_configuration- ... | FJ Experiment 2013-05-05 ... |[[] Select Trend(s) PO EM marm
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CryMOCO/CryPRINS and iControl interface

3. Right click on the trend figure and select “Add user defined trends”

8]

Fle Edt View Expeiment Tools Windows Help Elpeading e Experiment 2013-05-06 19-42 (Running - Phase 1: Initial)

Time remaining 020000
DEERER&DODBHIE

< Type reaktime annotations heres>

| % mtegral ~ | E- | [E8 Add To Report ~

-2 38 255
/\\ >
25 2
35 08
-3 245
34 04
-35
24
5 o 02
4 o i
= ) 251 . 2 B 3 Tsp_jcdsta: 234 (Excel (1)
= =3 & k=] 4 R Orpm
a5 -~ 3
< g Add Trend 02% W 2T 350587
B =4 Paste Trend W 2 Tr 32844 °C
1 TeT) 22137 K
, Q)
55 v Automatic graph update 08
-6 29 Copy Graph to Clipboard 08
Copy Legend to Clipboard
&5
»n W Print Graph 1

00000:00 000:02:00 000:04:00 0000600 0000500 pefresh External Trend Data

j Add Trend Annatation ﬂ
Hide All Annatation Labels
ﬂ v Show Annatations on trend ﬂ

High contrast mode

Trend |Color  |width | Style |y-Axis [Show  |Radar  |Walue at 00:07:40 | Units |Refen lative Offset |
5 Show Local Time
Show Toolbar
z 7] O
Tr-Tj z Solid 1 | O 22137 3
3 2 Solid 4 ) O o rpm
Tsp_icdata 2 Solid 3 [l [0 234 Excel {) 00:00:00
) start| [ Microsoft Excel -Bookt | ] Search Resus | o officetz | 1) cartrol_configuration - .. |[FZ Enperiment 2013-05-...

Page | 4
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CryMOCO/CryPRINS and iControl interface

4. Press “Add” in the “User defined trends for experiment ...” window.

Important: deselect the “Autoname” option and give a name for the setpoint variable that is
different from the name used in the iCDataShare sheet in Excel.

The link to the iCDataShare variable should be selected in the “Trends” field and press “Add to
Expression” followed by “OK”

05-06 19-42 {Running) - iControl 5.1 . .
Ewperiment  Took ‘Windows Help F m Elopeed limeiy gg‘uﬁgg Experiment 2013-05-06 19-42 {(Running - Phase 1: Iniial)
1B & |@ OEB8I® g Bcas - [ <Tupe realtime annotations here>

i Lab Cverview A&

it Equipmentl Chemisl[yl Events Trends | Evaluation Hasultsl Large Yalues I Fepart |

W Edt Axes T Settings | @ G ¢ 10min - | [EmRadar |[Jiegend | (% intearal - | [+ | 00 Add To Report +

& User Defined Trends for Experiment 2013-05-06 19-42 il il = IEIIE[
36
355 [ ‘ Hame * | Expression
o Deselect
G [l
Add name that “Auto name” SREE
. . . \ 4 (Excel ()
IS d |ffe rent from Name:—ITsp_Dut Auta name
variable in User Defined Trend Expression Copy |
ICDataShaI’e I‘iCDataShare\ExcaI\Tsp_icdata‘ Units.. | T
aste |
Trends: I‘iCDataShare\ExceI\Tsp_icdaﬂ IMI il ;I il _II
Functions: IAverage[‘lEDataShare\ExcaI\j Add to Expression £I
000 ak. | Cancel | Help |
4
0 Select link to the iCDataShare variable, press 2k il 22
“Add to Expression” and “OK”
[ Salid 3 vl O 234 Excel () 00:00:00
ift Excel - Bookl | J Search Results | () Cificel2 | @ iContral_configuration... | E Expetiment 2013-05-... | B User Defined TrendsF... ”u Add/Edit User Defin... ({3
Page | 5
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CryMOCO/CryPRINS and iControl interface

5. Goto “Procedure” tab (@) and drag-and-drop a “Heat/Cool” element in the procedure (®).

e Select task: “Setpoint controlled by expression” (©)
e Mode: “Tr” (@)

e Setpoint expression “User defined trends” (©)

& Experiment 2013-05-06 19-42 (Running) - iControl 5.1

Fie Edt ‘iew Esperiment Took indows Help o e Experiment 2013-05-06 19-42 (Rui
DeERER&nSmm [ oocraton Exsymanest /ool -Iolx
— Caption; Heat/cool Tr to 20 °C over 10 min
g1 StaM\Page Lab Overview 4 | }
o Description: Heat / Cool [
Pracedute | Efperiment Equipment | Chemisty | Events | Trands | Evaluatio
One , Comment: I
peratio
All Dperations - Initial Conditions
4 Dose = ~P.
Started: 00:00:00
‘: 9 Heat ¢ Cool E
Select task: ISetpoml controlled by expression j S——— 9
B4 Marual Take Sample N Lo Rt o
mﬂperatorMessage F%ESEM Initial - Started: 00:00:05 - Elap Heat 7 cool | Advanced Upllunsl
gpause Control
1 Phase Heat/cool Tr to 20 1
&Slir h “C over 10 min o Jhd B
) wait Setpoint Expression: | ~|a
E)Wa\lUnll\
Alowed temp. 1and=: P <
Trends
Taux
Te
Tend
Ti
Tr
T
Tsst
V| Erd condition
Condiior: [Tr == =lfraoc |
Cad | || K|
Pan & Zoom 1] ok | camcel | meb |
Z
[Tlmehne |
ﬂstartl E;_i Micrasoft Excel - Bagkl | ‘_} Search Resulks I Office12 | E:l] iControl_configuration - ... I Experiment 2013-05-06 ... | Lm'] Operation: |
¥ user Defined Trends for Experiment 2013-05-06 19-42 -0 5[
4 | Expression Add
g
B Edit 6

Delete

Copy

Past

il [l

Mota: Duning an expenmant you cannot adif or delale & user dafined trand buiyou can always
acd & new usar defined rend.

ok Cancel Help
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CryMOCO/CryPRINS and iControl interface

e Select the variable (®) and press OK (®). The user defined trend for the setpoint should
appear in the “Setpoint Expression” field and will be used as the setpoint for the
temperature controller (®).

IST=TE

Caption: Heat/zool Tr to 20 °C over 10 min

Desciiption; Heat / Cool

Comment:

- Parameter

Select task: [ setpoinit contiolied by expression =

Heat / cool | Advanced pians |

Coniol
Mode: =
Setpoint Expression: | RTENT = @
Hlovedtemp range: M [40°C Max  [180°C
¥ Endcandiion
Condition: [Tr [z =l[1e0C =l
fand | = =l =l

oK | Cancel Help

The “Procedure” window should look something similar as below:

¥ Experiment 2013-05-06 19-42 {Running) - iControl 5.1 - |EI|5|

File Edit ‘“iew Experiment Toolz ‘windows Help E:;?E:l:‘iar::ig: gg;;gg Experime
DeEER_DNIsIH

fegiStart Page T H Lab O\terview)_'fifh i -05-1 - ing)x ]
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Operatio 0 =
All Dperations “ nitial Conditions
24 Dose
[ End Experiment Started: 00:00:00
hHeatz’CooI : LU
4 Manual dd
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&3 Operator Meszage
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E Phase S wait 001651
£ st | |
“wiat
8\,\36‘ U Started: 000005
it Unii Completed: 00:15:57

Caontral Tr ta

Tep_out: End if Tr

:180°C

Started: 00:16:57
Elapsed: O0:00:23
Pan & Zoom < |

[ Timeline ]

Conkrol Tr ko Tsp out; End if Tr = 180 °C
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CryMOCO/CryPRINS and iControl interface

6. After iControl is prepared for reading the temperature setpoint from iCDataShare, CryMOCO
can be configured to send the setpoint to the variable defined in the Excel template in
iCDataShare. Communication is implemented via the windows dynamic data exchange (DDE)
approach through the Excel file in icDataShare used as a data transfer buffer between
iControl and CryMOCO.

e Select the “Communication” tab in the CryMOCO interface and press the “Configure
iControl” button the configure the communication with iControl via the excel data buffer
set up in iCDataShare:

Configure
iControl

ope://localhost/ADS.OPC.2/SL::asmeduled:

10.VL01.TopTemp_TT.Value P f". ost/ADS OG- Liasmody " communication
nint Valis 1

Select iControl

opc://localhost/National Instruments.OPCDemo/
SINE:0.0..0.5:10.0

communication

Tick the box to start
;ﬁ:éé’l;:;zﬁmiuml]nstlumems.DPCDemal CO m m u nicatIO n
| search | | 0dsi79Es

Communication

sampling time
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CryMOCO/CryPRINS and iControl interface

{3 Configure iContral

e —

e

Beed &
——

Race

Use “Excel” as “service”

“topic” name is the name of the Excel sheet with the
iCDataShare macro (see Figure on pp 2)
i
“Item Tsp” is the address of the value for the variable that
corresponds to the temperature setpoint in the
iCDataShare macro (see Figure on pp 2)
|
“Iltem Tr” and "Item Tj” are the address of the cells with the
crystallizer and jacket temperature values in the
iCDataShare macro (see Figure on pp 2)
N
Current configuration can be saved as default, which will be
automaticallv loaded whenever CrvMOCO as launched

After the communication parameters are defined, the “Sampling time (s)” can be set. This will

determine the frequency with which the cell value in the iCDataShare will be updated by
CryMOCO. It is not necessary to set the same value as set for the update time in the icDataShare

excel maco.

By selecting the “Write to iControl” the temperature setpoint values obtained in the CryMOCO
interface with any of the methods will be sent to iControl via the iCDataShare macro used as

data transfer buffer and the crystallizer temperature and jacket temperature values from
iControl will be transferred back to CryMOCO.

© Zoltan K Nagy, 2013
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Appendix B - Detailed info on the use of calibration equation

Circled parts are actually coefficient vectors. Note that each of the three subvectors are indexed

separately starting from index 0.

Put 1 for index O for Abs(1)

calibration model (index
start with 0)

Put -1 for index 1 for Abs(2)
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In general the calibration equation implemented in CryPRINS has the form:

n n n
C=bhy+ Z bpA, + Z d,A% +eT +gT? + Z(hnAn) T
i=1 i=1 i=1

For example for a two absorbance model (little rearranged the terms of equation above to follow
the order of the terms in the calibration equation in the cryPRINS interface):

C= b1*A1 + bz*A2+ dl*(Al)z + dz*(Az)z +e*T+ g*TZ + bo + hl*Al*T + hz*Az*T

index 0 is b,

index 1 is b, Similar here put d; for
index 0 and d, for index 1

Here goes the value of b, for

index 0 and for b, forindex 1

Thisis g

This is e This is bg Similar here put h, for
index 0 and h, for index 1

Note: Any of the coefficients can be zero, depending on the desired form of the calibration model.
For example of only Al is to be used in second order or nonlinear A*T term the other can be zero,
etc.





