« DE MONTFORT
% UNIVERSITY
LEICESTER

Through Vial Impedance Spectroscopy (TVIS)

A novel process analytical technology for the
development of freeze-drying processes and products

Prof. Geoff Smith

Leicester School of Pharmacy, De Montfort University,
United Kingdom

Through Vial Impedance Spectroscopy m



Outline

e Introduction
o Description of Measurement System
o Theory (Dielectric loss mechanisms)

e TVIS Applications

o lce Formation and phase separation in freezing
Yowwares Jeeraruangrattana

o Temperature calibration and prediction GPO Thailand

o Drying rate estimation

o Heat transfer coefficient calculation

o End-point determination

o Dry Layer resistance and collapse (time permitting)

e Acknowledgements

TVIS pass through on
GEA Lyophil dryer, Hurth, Cologne

LEICESTER

@BEW%NJE?TRJ Through Vial Impedance Spectroscopy 2



Introduction to the TVIS System E!Ex

* Impedance spectroscopy characterizes the ability of materials to conduct
electricity under an applied an oscillating voltage (of varying frequency)

* Impedance measurements across a vial rather than within the vial
* Hence “Through Vial Impedance Spectroscopy”

* Features \
>

* Single vial “non-product invasive”

* Both freezing and drying characterised in a single technique
* Non-perturbing to the packing of vials
* Stopper mechanism unaffected
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Through Vial Impedance Spectroscopy (TVIS)

Description of Measurement System
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TVIS Measurement System MS.

(1) (i1) (i1) , _ _
e The designs of various vials that have been
Adelphi Adelphi Adelphi modified with copper foil electrodes (10 mm in

VC010-20C VC005-20C VCDOO5 : .
- height and 3 mm from the base of each container
)1 :{2 . jr | i. 20 mm crimp-neck vial with 10 ml nominal capacity
A\ I % = ii. 20 mm crimp-neck vial with 5 ml nominal capacity
I _] ii.  screw-neck vial with 5 ml nominal capacity
®24.25 ®22.15 $17.90

e The different styles of a bespoke pass-through for
TVIS systems

A. Connected via the manifold hose on the outside of the dryer
B. Connected via the port on top left side of the door on the dryer
C. Connected to a port on the top of the drying chamber
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@BEWDENJE?FYT Through Vial Impedance Spectroscopy 6



Through Vial Impedance Spectroscopy (TVIS)

Dielectric Loss Mechanisms

DE MONTFORT
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Measurement vial

Electronic polarization

’ h E——>
distortion of electrons P @
relative to the nuclei  ©.. OH-
. _ OH-
Atomic polarization OH-
distortion of nuclei across <~
OH-

stretching and bending

\ J
T

Instantaneous polarization dominant
mechanism in the glass wall
@ © ©

a heteroatom bond by v C i

Space charge polarization
(weak frequency dependence) J

MW (space-charge) polarization at glass
wall - sample interface

I

TVIS response for empty vial

H*

OH- - . s lil
'

() “m a g/
L el %y |
Proton-hopping @ ©
Conduction of protons in liquid water occurs

through the Grotthuss "hop-turn" mechanism

T
Conductivity in pure water

Dipolar polarization N
re-orientation/alignment of &
permanent dipoles in liquid

water (Debye-like 5&:\/ P
relaxation) ,\j

Polarization mechanisms in liquid water
(relaxation time, T ~ 9 ps at 20°C)

T
TVIS response for liquid water

Electronic polarization

E——>
P @ distortion of electrons
H+ o.. relative to the nuclei
H* Atomic polarization
+ <——> (distortion of nuclei across
a heteroatom bond by

stretching and bending
L Y )
Instantaneous polarization dominant

mechanism in the glass wall

Space charge polarization
L (weak frequency dependence)

MW (space-charge) polarization at glass
wall - sample interface

TVIS response for empty viaé



5 1 TS

Measurement vial

10 mm

Dominant at T > 235 K (approx. -40 °C)
Generation/migration of L- and D- orientation defects
inice Ih

Electronic polarization
distortion of electrons
relative to the nuclei

E 5 Elegtronjc polarization
: @ distortion of electrons

relative to the nuclei

Atomic polarization ~ ~" Atomic polarization

<——> distortion of nuclei across

stretching and bending

J \ )

a heteroatom bond by OO Q = = i L
stretching and bending p/ﬁ)’ Qp/% Op(%o(

Instantaneous polarization dominant

T Y

Instantaneous polarization dominant

Dominant at T < 235 K (approx. -40 °C) - L
mechanism in the glass wall

Generation/migration of H30+/OH- ion pairs (ionic

i LY Aot Sy
distortion of nuclei across S~ 1 ‘O” (O “{}*%ﬁg :‘;Q%bT%
: defects) in ice lh (similar to the Grotthus mechanism)

i OM(E) 3 heteroatom bond by
mechanism in the glass wall i
© © O |

e S - G Y
O’ O;PIZD O oo’ I:>“(:)” oF ‘t}’ F

o .--O..\jS 5

T

1
Polarization mechanism in ice i
1

Space charge polarization

Space charge polarization
(weak frequency dependence) J L (weak frequency dependence)

MW (space-charge) polarization at glass MW (space-charge) polarization at glass
wall - sample interface wall - sample interface

I T

TVIS response for empty vial TVIS response for frozen water (ice) TVIS response for empty viaé



Frozen Water and Dielectric Relaxation of Ice T‘_’ !S

3.0 - Real part Capacitance
|. @ The polarization of the water 75 L —03C
dipole in liquid water at 20 °C, 20
with a dielectric loss peak 5 s (1
frequency of ~ 18 GHz > ]
© 1.0 mermmnanranneas o
II. : The Maxwell-Wagner (MW) 0.5 .0
polarization of the glass wall of N e
the TVIS vial at 20 °C, with a 1 2 3 4 5 6 7 8 9 10 11 12 13
dielectric loss peak frequency of Log Frequency
17.8 kHz 0.8 - 18 kHz Imaginary part Capacitance
0.7 - 2.6 kHz20-3°C

I1l. : The dielectric polarization of ice
at =20 °C, with a dielectric loss
peak frequencies of 2.57 kHz

IV. : The dielectric polarization of ice
at -40 °C with a dielectric loss
peak frequencies of 537 Hz.

1 2 3 4 5 6 7 8 9 10 11 12 13
Log Frequency
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Through Vial Impedance Spectroscopy (TVIS)

Applications
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Through Vial Impedance Spectroscopy (TVIS) T\_’ !S |

Monitoring Phase Behaviour Fpgax temperature calibration Surrogate drying rate
(ice nucleation temperature for predicting temperature of (from dC,’:’EAK)

and solidification end points the product in primary drying d

by using Fppak Y JC

J\/I Liquid

0.8 - State 0.8 -
Solid '

o
(0))]
|

Drying time

State -18°C

0.0 — — .
v

v 1
1 273 4Fs 6 1 2 3 4 5 6
Log Frequency Log Frequency Log Frequency

C'(~ 100 kHz) is highly sensitive to low ice volumes; therefore it could be used for
determination end point of primary drying
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TVIS Response Surface (3D-Plot) TS

Imaginary Part of Capacitance Real Part of Capacitance

/\ Annealing = Re-heating and Re-cooling/\
Liquid state Liquid state—f
N

- Frzen solid \ Re-heating

— 1.5

— 0.3 - 10
C' pF

02 CPF

Primary drying

— 0.5

low frequency

low frequency
High frequency
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Phase Separation in Freezing Step Ms.

Water (frozen) 5%w/v Lactose solution (frozen)
0.5 - - 1.0 - Liquid state
Liquid state Unfrozen fraction peak
0.4 - |
Ice peak
l-s_o.3 .
S~
lI)O.Z .
0.1 -
0-0 T T T | 1
1 2 3 4 5 6 1 2 3 4 5 6
Log Frequency Log Frequency

Cice unfrozen Co

Rice Runfrozen Unfrozen
- Fraction

IIeM SSEID

Microstructure Microstructure
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Dielectric loss spectrum T\l!(

* Data analysing software (LyoView ™) 0.40 -
identifies the peak frequency (Fpgax )
and peak amplitude (Cpg,x) in the
imaginary part of the capacitance 030 -
spectrum

-C"/pF

0.10 -

F
0.00 PEAK

i T T -

4 5 6

Log Frequency
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Through Vial Impedance Spectroscopy (TVIS)

Temperature calibration & Temperature prediction
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Temperature Calibration

TC1 for
calibration BE TC2 for

calibration TE

Polynomial coefficient from Log Fpr4x — temperature calibration

a b C
TE -1.02 30.1 -114
BE -5.43 x 101 26.7 -109

Temperature /°C

JAL LN

-41.5°C wmm) _155°C

1 2 3 4 5 6

Log Frequency

4

| y=-0.543x% + 26.718x - 108.5

R%?=0.9999
Bottom electrode j.

y =-1.0225x% + 30.106x - 114.74
R?=0.9999

24 26 28 3.0 3.2 34 36 3.8

Log Fpeax
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Temperature Prediction TS

TC1 for
calibration BE TC2 for
calibration TE
| [

Temp. constant <« 1emp. constant

5 - ! 28 - | & !
| | P |
i Shelf Temperature (T;) . l
5 - 30 -
8) : : O A """"'T(TC)l
L -10 - | | < , (FpEAK)BE
L | | Q S e T(10)2
2 15 : : 2 327 : T
© ; ; © ; (FpEAK)TE
g 20 ] g i
E _25 ] | | E _34 ] |
= . e T2 2 i
i e, L(TC) 1 :
- BE : - _ o
TEF;)EQII;%TE -36 - T(Pi=PC@%270/,Lbar) - 332 C
I
i
T T 1 _38 -. T T T T : T T T 1
3 4 5 1.0 1.2 14 16 1.8 2.0 22 24 26 2.8

Time / h Time / h
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Through Vial Impedance Spectroscopy (TVIS)

Drying rate estimation
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Drying Rate Estimation

Temperature /°C
W
(@)}

21
20
19
18
17

Ice height (h)/ mm

16

.- e e - o
-~ - -

% Temp. constant
IT;=-33.1+ 0.05°C
'T,=-29.8+ 0.03°C

LEICESTER

0 1 5 lg 4 5
ITlmeII'h

0 1 é I 4 5
Time/%
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Drying Rate Estimation

Temperature /°C
w
(@)

Ice height (h)/ mm

14 DE MONTFORT
’,5 UNIVERSITY
LEICESTER

% Temp. constant
1T;=-33.1+ 0.05°C
T,=-29.8+0.03°C

o 1 2
!

| h(z_g h) 1898' mm |

L3
ime )/ h

hed ny 19.94 mm

A

|
i
i
i
0 1 2
¢

ime/% N >

Drying rate = 0.920 g - cm™3 x 3.80 cm? X

JAT A

Drying rate during the steady state

Am
Drying rate (A_t) =p;- A

ey ~ b
ty — 4

Ice density (p; ) at -32°C
(Calculated ice temperature between T; & T}, )

Internal vial diameter (VC010-20C) =2.21 cm
Cross-section area (A)

Ice heightat 2 h (A, p))
Ice height at 2.8 h (h(2.5 1))

=0.42g-h1

=0.920 g-cm™3

=3.80 cm?
=19.94 mm

=18.98 mm

TVIS parameters used for determination:
Am

= = h-1
-=0.42g:h

Ty=-29.8°C

(19.94 — 18.98) x 10~ 1cm
(2.8 —2.0) h

21



Through Vial Impedance Spectroscopy (TVIS)

Heat Transfer Coefficient Determination
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Heat Transfer Coefficient (K, )Determination T\_’ !S

1.4E-3 - eTVIS
_ a 12E-3 - o Tchessalov S (2017) .
Parameters TVIS o X Kuu W (2009)
“g e 1.0E-3 | ° Brills M (2002)
Drying rate at steady state (g/h) 0.42 S H.: 3 0E-4 -
2-2.8 h into primary dryin 2 g °
( p y drying) Eg c0Ed -
Shelf Temperature, T (K) 273.3 — T 4.0E-4 - o ° K, (TVIS @ 270 pbar)
© .z ™ o © 5.73 x 104
Vial’s base Temperature, T, (K) 243.3 % £ 2084 4 o0°
8 0.0E+0 T T T 1
0 100 200 300 400
Am Pressure (mTorr)
LA—m=AK(T—Tb) > | K, = v L5m
A TS U ATy - T K, (270 pbar) = ——At
-1 -1
L is the latent heat of sublimation of ice (2844 J-g* or _ 679.7cal- g7 x042g-h
679.7 cal -g'') and A, is external cross-sectional area of 4.62 cm? x (273.3 — 243.3)K

the base of the TVIS vial (4.62 cm?) —206cal - h-!-cm-2-K-1

=573%x10"%cal-s™1-cm™?%-K1

[ K,(270 ubar) = 5.73 x 10~%cal -s™t-em™2 - K1 ]
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Through Vial Impedance Spectroscopy (TVIS)

End-point Determination
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End-Point Determination (T,-15 °C and P. 400 pbar) ms.

2.0 - Secondary process

u- / |
a 15 - Primary
S~
= process
c 1.0 - for ice
§ 05 4 High frequency
- response
U 0.0 I T !I T T I: 1

1 2 3 4 5 6

Log Frequency :
0.15 - 90 -
W 013 - High frequency ——100 kHz
e response &80 - Primary Drying time profile
T 011 - 570 | of C' values at a peak
£ 0.09 - ) = frequency of 100 kHz, i.e.
©
O —

&£ 0.07 - = 60
-L) 0.05 ! I 1 D 50 T T T T T T T T T T T T 1

3 4 5 01 2 3 45 6 7 8 9 101112 13

Log Frequency Time /h
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End-Point Determination (T,-15 °C and P. 400 pbar) ms.

2.0 -
L
o 15 -
-~
gt
c 1.0 -
o
3
3 0.5 -
© 00 - . . . . .

1 2 3 4 5 6
Log Frequency

0.15 - 90
S~
T 0.11 - =
© T 70
2 0.09 - g
O S 60
& 0.07 - Al
© 005 . - Yo

3 4 5

Log Frequency
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End-Point Determination (T,-15 °C and P. 400 pbar) ms.

2.0 -
L
o 15 -
=
put
c 1.0 -
o
5
3 0.5 -
© 00 | . . . . .

1 2 3 4 5 6
Log Frequency

0.15 - 90
S~
T 0.11 - =
© T 70
2 0.09 - gy
5 e
& 0.07 - = 00
© 005 - . P s0

3 4 5

Log Frequency
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End-Point Determination (T,-15 °C and P. 400 pbar) ms.

2.0 et
L |
L
o 1.5 - ‘
=
put
c 1.0 -
(o
k5
3 0.5 -
© 00 | . . . . .
1 2 3 4 5 6
Log Frequency
0.070 -~ 90
2.0.065 - w 80
~ | =
4%;0060 | ?70
Q- \\ <
o 2 o
20.055 - \\/— = 60
T O
“0.050 . . 50
3 4 5

Log Frequency
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End-Point Determination (T,-15 °C and P. 400 pbar) ms.

2.0 - | "; ¥
) *;I Ice layer detaches ffom the wall

W oy 1 R
o 15 - _
~
ju
o 1.0 -
o
s
3 0.5 +
“ 00 - . . — . .

1 2 3 4 5 6

Log Frequency
0.070 - 90

2 .0.065 - w 80
~ | =
e | ~
© 0.060 - \ T 70
o \ Y
© \ o
20.055 - N S 60
C (@)
“0.050 . | 50

3 4 5

Log Frequency
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End-Point Determination (T,-15 °C and P. 400 pbar) ms.

s

2.0 -
L
o 1.5 -
>~
put
o 1.0 -
Q
s
£ 0.5 -
© 00 - . . — . s

2 3 4 5 6
Log Frequency
0.070 90
:I ——100 kHz

2.0.065 L 80 ; Capacitance
E | ~ i recovers as ice
§0.060 | \ :T:' 70 i layer recedes
— ' \\ g across the base
2 0.055 i N 860
©0.050 - . 1 S ——

3 4

4 5 6 7 8 9 10 11 12 13
Time /h

Log Frequency
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End-Point Determination (T,-15 °C and P. 400 pbar) ms.

g

\ { A ; ¥
y & " i K 3 3 Fil i
! 3 : A
A A § a i
v { AN ».; 1 D g e i
3 ] . N 4 5

§ g A

= B

3 R i

2.0 -

1.5 -

1.0 -

0.5 -

C' (Real part)/ pF

0.0

0.070

(Real part)/ p
© o ©
o o o
(9] (o)} (@)}
(02} o (Oa}

%

©0.050 i

3 4

Log Frequency

4
Log Frequency

¢ |

~ (00}
o o

C' (100 kHz)/ fF
(@)}
o

ul
o
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End-Point Determination (T,-15 °C and P. 400 pbar) ms.

§

2.0
L
o 1.5 -
>~
gt
o 1.0 -
o
3
3 0.5 -
© 00 . . . . .
1 2 3 4 5 6
Log Frequency
0.070 - 90
©.0.065 - w 80
- 2
L0060 1> 270
a | AN <
= = ——— 8
&JO.OSS . :50
< @)
© 0.050 . | 50
3 4 5

Log Frequency
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End-Point Determination (T,-15 °C and P. 400 pbar) ms.

2.0
L
o 15 -
=
put
c 1.0 -
o
k5
3 0.5 -
© 00 | . e —
2 3 4 5 6
Log Frequency
0.070 } 90
2.0.065 w 80
s 3
- N
G 0.060 [N T 70
E S
20.055 :60
©0.050 - . o Zso
3 4 5

Log Frequency
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End-Point Determination (T,-15 °C and P. 400 pbar)

2.0 -
LL
o 15 -
~
put
o 1.0 -
o
5
3 0.5 -
© 00 - — . . . =
1 2 3 4 5 6
Log Frequency
0.070 - 90
L
2.0.065 - w 80
s >
— N
30.060 - E 70
E s
‘GIJO.OSS . :60
Q O
“0.050 . | 50
3 4 5

Log Frequency
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End-Point Determination (T,-15 °C and P. 400 pbar) ms.

2.0
LL
o 15 -
~
s
o 1.0 -
o
3
3 0.5 +
© 00— . . ;

1 2 3 4 5 6
Log Frequency

0.070 } 90
2. 0.065 w 80
s >
— N

. . 70
§_0060 = T
; 3
&JO.OSS ~‘ :60
©0.050 - . T

3 4 5 01 2 3 45 6 7 8 9 1011 12 13
Log Frequency Time /h
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End-Point Determination (T,-15 °C and P. 400 pbar) ms.

2.0
L
o 15 -
=
put
c 1.0 -
o
k5
3 0.5 -
© 00 | . . . . .
1 2 3 4 5 6
Log Frequency
0.070 } 90
2.0.065 w 80
s 3
- N
80 060 —!/f I 70
E S
$0.0s5 i S 60
©0.050 - . o Zso
3 4 5

Log Frequency
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End-Point Determination (T,-15 °C and P. 400 pbar) ms.

2.0 -
L
o 15 -
~
ju
o 1.0 -
o
s
3 0.5 -
© 00 - . . . . .
1 2 3 4 5 6
Log Frequency
0.061 - 60.60 - ¢ 100 kHz
LL e ®q 0 ®e ] (]
o 60.58 - v et et oot e
> o ® L4 . °
T .
© 60.56 - .
o °®
§ 60.54 O
e S
©0.060 - . . 60.52 4 . |
3 4 5 10.5 11.0 11.5
Log Frequency Time /h
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End-Point Determination (T,-15 °C and P. 400 pbar) ms.

2.0 -
LL
o 15 -
~
ju
o 1.0 -
o
s
3 0.5 +
“ 00 - . . . . .

1 2 3 4 5 6
Log Frequency
0.061 - 60.60 - ¢ 100 kHz
L : e °eq0 ®e o o
- 60.58 - ! .. oo teet oo
~ i °® O . °
put ! .
© 60.56 | | e
o ! e®
§ 60.54 ’
=3 R
- o
“©0.060 - . . 60.52 - . |
3 4 5 10.5 11.0 11.5
Log Frequency Time /h
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End-Point Determination (T,-15 °C and P. 400 pbar) ms.

1

2.0
LL
o 15 -
~
s
o 1.0 -
o
3
3 0.5 +
© 00 +— . . . .
1 2 3 4 5 6
Log Frequency
0.061 - 60.60 - ¢ 100 kHz
L : e °eq0 ®e o o
- 60.58 - | .. oo teet oo
sy i °® O . °
put ! .
© 60.56 | | e
o o ®
§ 60.54 - ‘
e ' ;
©0.060 - . . 60.52 + . |
3 4 5 10.5 11.0 11.5
Log Frequency Time /h
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End-Point Determination (T,-15 °C and P. 400 pbar) ms.

2.0
LL
o 15 -
~
s
o 1.0 -
o
3
3 0.5 +
© 00— . . . .
1 2 3 4 5 6
Log Frequency
0.061 - 60.60 - i ¢ 100 kHz
s & 60.58 L L
= = ® L .-
+ l : !
© 77X 6056 4 "
o () e*
“© o !
— 1 e
2 = 60.54 a
= 0 .
“0.060 - . . 60.52 1 . |
3 4 5 10.5 11.0 11.5
Log Frequency Time /h

LEICESTER

@Bﬁ%%"&&?& Through Vial Impedance Spectroscopy 40



End-Point Determination (T,-15 °C and P. 400 pbar) ms.

2.0
L
o 1.5 -
~
pus
o 1.0 -
o
ks
3 0.5 -
© 00 - . . . . .

1 2 3 4 5 6
Log Frequency
0.061 - 60.60 - i ¢ 100 kHz
s & 60.58 L L
> \_" E . : °°° et ° ° 1
+ ; : !
© T 60564 e
o () ’?
I S i
— | o !
2 = 60.54
= 0 o
“0.060 . . 60.52 +— . |
3 4 5 10.5 11.0 11.5
Log Frequency Time /h
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End-Point Determination (T,-15 °C and P. 400 pbar) ms.

2.0 -
LL
o 15 -
~
put
o 1.0 -
o
5
3 0.5 -
© 00 - . . . . .
1 2 3 4 5 6
Log Frequency
0.061 - 60.60 - i ¢ 100 kHz
LL : e ®q 0 ®e ] (]
- 60.58 - e oo teet oo
> i °® O . °
£ 1 5
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o o°
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o« o
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End-Point Determination (T,-15 °C and P. 400 pbar) ms.

2.0
LL
o 15 -
~
s
o 1.0 -
o
3
3 0.5 +
“ 00 A . . . . .
1 2 3 4 5 6
Log Frequency
0.061 - 60.60 - ¢ 100 kHz
LL e ®q 0 ®e ] (]
o 60.58 - v et ot Toet Te
> ;e ® L4 . °
t 1
© 60.56 - !
o o«
f5 6054 | ©
=3 o :
©0.060 - . . 60.52 i . |
3 4 5 10.5 11.0 11.5
Log Frequency Time /h
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End-Point Determination (T,-15 °C and P. 400 pbar) ms.

2.0 - ' 7 |
o 1.5 . . 8 i 3
t 3
o 1.0 - '
o 3 ge ‘
EC’ 057 ; g i iR £
© 00 . . . . . :
1 2 3 4 5 6
Log Frequency

0.061 - 60.60 - i ¢ 100 kHz
LL I °° ®q0 ®e [ L]
S 6058 - : . %o °® L) ° !
> ?. [ ] . °
£ .
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Summary 'ﬂlls.

e End point determine by high frequency (i.e. 100 kHz for ice) real part capacitance
(i.e. 100 kHz for ice)

0 'kHz)/ fF

g

Time /h
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Summary 'ﬂlls.

e End point determine by high frequency (i.e. 100 kHz for ice) real part capacitance
(i.e. 100 kHz for ice)
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Through Vial Impedance Spectroscopy (TVIS)

Product Resistance Determination
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Product Resistance (R;)
Determination
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Product Resistance
(Rp) Determination

Top layer
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Through Vial Impedance Spectroscopy (TVIS)

Collapse Phenomena
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5% Sucrose “;!S,
I. 22.00h (T

Temperature Calibration
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5% Sucrose in 0.26% NaCl '!1;!;

Temperature Calibration L 22.00 h [TC)
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Temperature calibration

5% Sucrose +0.55% NacCl
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Summary results of sugar- salts solutions

JAT A5

Parameters Unit S-1 S-2 S-3
Component
Sucrose %wW/v 5 5 5
Sodium chloride %wW/v - 0.26 0.55
Ty (DSC) °C -33.7 -38.0 -41.8
Temperature stabilization period Il to IV Il to IV Il to IV
(Before ramping shelf temperature) h 23.3-23.6 23.3-23.6 23.1-23.6
T (Fppar) °C -36.0 to -35.6 -37.0 -38.3 to -37.7
Surrogate drying rate (dCpgax/dt) pF/h 0.0380 0.0644 0.0864
Structural state Non-collapse micro-collapse? | Micro-collapse
VI to VIl VI to VIl VI to VIl
Temperature stabilization period h 26.0 - 26.8 26.0-26.4 26.0-26.2
(After shelf temperature constant) °C -26.4 to -25.6 -30.1 to -30.0 -32.8to -32.7
Surrogate drying rate (dCpp i/ dt) pF/h 0.2243 0.1227 0.1569
Structural State* Micro-collapse Collapse Collapse
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5% Sucrose in Salt Solutions
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Limitations T‘_’ !S

e Cppax and Fpparparameters rely on intimate contact of ice cylinder with glass
wall

e (C'(100 kHz) parameter does not dependent on contact and can be used for end
point but relationship between C’(100 kHz) ice constant is non-linear

e Cable length limited to 1m at present
e C-TVIS not compatible with front loading system
e |Incompatible with TCs in same TVIS vial (use fibre optic sensors — INFAP)
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Future Work

e Development mapping a drying
characteristics

o heat transfer coefficients (Ky)
o dry layer resistance (Rp)

e Instrument Development
o Commercial C-TVIS (2018)

o Non-contact TVIS (2018-19)
» Micro-well screening
» Vial clusters in batch FD

> TVIS - Shuttle (2019-20)

Non-invasive real time information for characterising the freeze drying

@BEW%NJE?TRJ Through Vial Impedance Spectroscopy 57

LEICESTER



Acknowledgements, Recent Projects & Collaborators TAN/@S

e De Montfort University, School of Pharmacy

o Evgeny Polygalov: co-inventor of TVIS instrument DE MONTFORT
o Yowwares Jeeraruangrattana. PhD student UNIVERSITY
LEICESTER

o Bhaskar Pandya. PhD student
o Irina Ermolina. Senior Lecturer

GEA Pharma Systems o uedegggg 22 NIBSC SANOFI v g

L ]
c...- -
Innovate UK LYoDEA 585 BIOSTAART AtlasBio &
. Lyophilization process analytics @ Biopharmaceutical Stability at Analytical Technologies for the
Government Support for industry By dielectric analysis Room Temperature Stabilization of Biopharmaceuticals

DE MONTFORT

@umvgnsny Through Vial Impedance Spectroscopy 58

LEICESTER


http://www.nibsc.org/

