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"Current Best Practices for Pharmaceutical Glass Vial
Handling and Processing”

- PDA Technical Report TR87

ANGELA HUANG
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PDA

P T

Technical Report Portal (pda.org) - Free online portal

o

TR43: Glass Defects
“Identification and Classification of Nonconformities in Molded and Tubular
Technical Report No. 87 Glass Containers for Pharmaceutical Manufacturing”

Current Best Practices for Pharmaceutical Glass Vial
Handling and Processing

o TR85

“Enhanced Test Methods for Visible Particle Detection and Enumeration
on Elastomeric Closures and Glass Containers”

o

2017 PDA Glass Quality Survey

o PDA Journal of Pharmaceutical Science and Technology

“Failure of Glass Tubing Vials during Lyophilization”
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Purpose

to provide an understanding about the glass, various load/stress damages to the glass and to
provide best practices guidance for glass handling during empty glass transportation, receipt,
storage at manufacturing sites as well as handling of the glass during preparation, filling,
stoppering, capping, terminal sterilization, inspection, and packing of the pharmaceutical
finished product to minimize glass damage.

Flip off button
Aluminum shell

Stopper
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Glass- benefit & challenges

@ Glass is a rigid, durable and non-permeable O Glass is not compatible with all drug formulation/drug
material to water, air and gas. substances, drug products with high risk factors e.g.,
) ) ) . high pH or certain buffers or chelating, high ionic
@ Glass is compatible with a wide range of strength etc. can react with the glass

Pharmaceutical drug products.

. ) O Glass manufacturing is not free from flaws,
@ Glass can be shaped into many forms and sizes

(vials, syringes, ampules, sizes from 1mL to 3L), can O Glass can break, chip, crack
be provided in Flint (clear), and colored (Amber)
forms, and is easy to clean, sterilize and inspect.

@ Amber colored glass can protect a drug product

from UV light. -> Glass breakage can result in processing down time, an
increased number of production interventions, injury to
@ Glass can be recycled. operator/user, increased particulate load, sterility failure

and a loss of product. The container sterility failure can
put patient safety at risk.

111TPDA04009
® Glass is inherently a strong material, but the condition of its
surface plays a major role in its resistance to breakage. . .
Glass failure main causes:
® For glass to break, )
glas Tensile Stress + Flaw/Defect = Glass Failure
o significant stress (Load) and
o a critical surface flaw Ay imperfection, blemish or defect The combination of these two effects
actingasa s(rs;ss concentrator {tensle stress and defect presence) Wallner slide face under
must be present at the same place and at the same moment. causes gass faiure Line reatsttension

® Sometime delayed fracture can occur due to slow crack growth ] » -
from preexistent flaws. The loading conditions and stresses may e
initially be insufficient to cause breakage, but a flaw may slowly \/
grow when it is under load until it reaches a critical condition Tends o stetch the matera orpul it apart
and then triggers breakage. Fractography is a powerful tool for the analysis of fractured glasses, that can identify the cause of failure
through the interpretation of fracture surface characteristics and can even provide quantitative
® The rate of crack growth is very sensitive to the stresses and information about the tensile stress.

stress intensities acting on a flaw, and growth can be very slow
or rather fast.
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Stress and Flaws-

= Stress is defined as applied force divide by area, magnitude of stress increases with increasing of forces and
decreasing cross sectional area. Stress may be applied in the form of various loads like internal pressure, vertical
loads, thermal shock and impact.
» Stress applied from impact or loads is generally temporary and these stresses are present only when the loads are applied,

removal of the loads eliminate the stress example, removing the closure from a beverage bottle containing a carbonated liquid
will remove the stresses.

= Flaws, however creates a permanent stress to the glass.
= Surface flaws are results from handling of the glass container or from the glass manufacturing process.

= Example of stress from glass manufacturing process are poor annealing, compositional cord and inclusions etc.
Surface damage induced early in the manufacturing process may manifest itself as failure later in the process or in
the field as the container is subjected to subsequent stresses.

= The failure of glass container will occur only when the tensile stress equals or exceeds the strength of the glass
container.
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Examples of stress- (1/2)

The loads applied during handling, storage and processing induce stress to the glass and reduce the
strength of glass. The various loads which can occur during handling, use, and storage of glass are
described below:
» Internal Pressure: Internal pressure may occur during lyophilization process, storage (heat or freezing etc. Internal
pressure normally creates tensile stress to body, bottom and shoulder -neck joining area.

» Vertical Load: Vertical load may lead to breakage of glass container. The vertical load mainly occurs during
capping/crowning and storage. The vertical load normally generates tensile stress to heel and shoulder area of the
container.

» Thermal Shock: A sudden change in the temperature applied to glass container which can lead to crack, check and
breakage to the glass container. The thermal shock generate stress to complete glass container
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Examples of stress- (2/2)

» Impact: Impact may occur due to various reasons e.g.
¢ Glass to Glass Contact,
¢ Glass to Metal Contact, and
¢ Friction at the time of container running at Line.

Impact generate stress mainly to the impacted area or weaker portion near to impact.

» Hydrodynamic: Hydrodynamic loads are produced in liquid (and vacuum) filler containers that
experience a sudden acceleration due to an impact event.

¢ Animpact to the filled vial causes the vial to pull away from the product, producing a small void or bubble in the liquid. Once the
product catches up with the vial, this void collapse, producing a high-level, but localized stress on both the inside and outside
surfaces of the lower sidewall/heel area. If the fractures originate on the inside surface, the load is referred to as “water pick.”
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Low stress? High stress?

Hertzian cone - ‘ ‘
¥\ ¥

(schematic illustration from cross sectional view)

a b c d e
f g h i i
1
5

Picture-1: Bottle fracture patterns. (a-c) sidewall fractures due to internal pressure at
progressively greater pressures; (d) internal pressure fracture starting from the base; () is a
(created by friction, curves concavity toward rubbing direction) thermal fracture from sudden cooling of the base; () is an impact fracture on the right side
(labeled 1) with a hinge fracture on the side (labeled 2); (g-i) show water hammer fractures

and (j) shows a fracture from diametral rim clamping.
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Glass Breakage Mechanism

Crack propagates by tensile stress that concentrated at the origin, which is a small damage as cracks on
the glass surface, or in the glass body.

Fracture surface information-
* Wallner lines

The relation of the failure stress and size of origin is
explained:
_ iKIC

Y Je

* Hackle marks

Origin

* Mirror region
where :

Y is constant depending on the crack and sample shape ;
K, is the fracture toughness, and

( . * Sharra scarp
cis crack size.

* Origin
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GENERAL GLASS HANDLING GUIDANCE TO
AVOID DAMAGES

The glass breakage typically occurs due to too high applied force, poor processing equipment
generating surface defects, manufacturing defects, improper handling, and not due to the inherent
material limitations.

Typical candidates for lowering the strength of glass are static glass-to-glass contacts on
accumulation tables, dynamic glass-to-glass contacts, due to sudden stops (impacts) at the end of
conveying belts, glass-to-metal contacts with parts unintentionally protruding into the conveying

iath of containers.
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GENERAL GLASS HANDLING GUIDANCE TO AVOID
DAMAGES

Processing of glass containers on equipment and lines always presents some level of risk for container
damage. To reduce the risk for certain flaws (e.g., scratches, scuffs, checks, bruises) on glass containers and
generating glass particles, abrasions, cracks, and breakages, friction and force exerted upon the containers
should be minimized throughout the entire process.

neck
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Best Practices/ General Considerations & Point to
Address

Handling Consideration Points to Address

Limit Glass-to-Glass Contact (Frictive and Impact)

Limit Glass-to-Metal Contact
Reduce Friction whenever Possible
Overall Process Management

Minimize Transitions and Accumulation of
Containers

Limit Areas of Back Pressure
Assess Thermal Stressors
Mitigate the Impact of Glass Breakage Events

Investigate Breakage Events
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New Equipment Design & Consideration

Full range of dimensional variability and consideration of critical dimensions required for optimal
container handling must be accounted for in equipment design.

e Container dimensional variability (lot-to-lot or vial-to-vial)

¢ Component stack-up tolerance (vial + stoper + seal) Star whal

e Container design appropriate for equipment use
e Technical drawing details (e.g. contact points on the rails, star wheels, Screw feed

screw feeds, grippers), including specifications on shoulder angles, radii,
concentricity and roundness)

™ Pinch points

Aligning measurement techniques among and within pharma
company, equipment suppliers and component suppliers

111TPDA04009

New Equipment Design & Consideration

Liquid Vials Line

€ Minimization of glass to glass contact during production
* Single vial transport where applicable (washing, filling+closing, inspection)

@ Minimization of metal to glass contact during production
* Format parts made of polymer materials where applicable

“ECA*

Evrorax Courance
AcApEMY
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New Equipment Design & Consideration

Liquid Vials Line

@ Reduced friction
* Objects are moved in a static position (e.g. grabber and vacuum star wheels)
* No contact to guide rails where applicable

* Synchronized running belts as lateral guidance inside sterile tunnel

111TPDA04009

New Equipment Design & Consideration

Liquid Vials Line

@ Further optimizations
* Analysis of visual inspection findings
* Conveyor belts stop automatically if following process stops

» Teflon coating for large surfaces like buffer tabled and eject plates
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Real-Time Stress Monitoring

@ Vial Diagnostic Drone and Associated Data Visualization Technology

Smart Drone (vial JZARAY(EEES)

EXAMPLE

Quantifeel™ System — Single-Site Pilot — 4 Months
One Microsoft Surface Pro tablet, pre-loaded with Quantifeel™ software with

sting library of available

owing.)

during the pilot

weeks’ notice of

including e updates, new design features and new cloud
sync features fo

Includes unlimi

a3 access

aining, technical support and analytical support
Hardware and software are fully warrantied for all perils for the duration of
the pilot

All hardware and so

- . returned at t clus
N L L g F
p.g : ”"’mﬂ .’,””' - Special offer — Smart Sk supply one (1) custom ressure design
it 383 AL AL r— U K B W | with initialization o e pilot. (Standard cost is 520, yte that format still

counts as one of the 2 formats on-site for the subscription

OPTIMIZING
P S FINISH PERFORMANCE

.
; 5 , Pressure indicates adjustment issue
r_ 1 e (guardrails, etc.)

Shock indicates additional issues
s | - (control system etc.)
bl ; 1\ o A

b A MRk LM L DA Lk

Washer infeed — conveyor to Buffer table and transition to single file
feeding screw

Critical areas

D e e e N

Solve issues in minutes and prevent hours of unplanned downtime.

o
- 1

Inspection / Mass flow to starwheel Labelling

10



STANDARD VIAL CRIMP NECK

X X
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SPECIFICATONS ISO 8362-1 STANDARD VIAL CRIMP NECK

Type full capadty ml (3 02+40.2-0.3 D3 max
2R 4.0 1640.15 13.0 10.5
4R 6.0 1640.15 13.0 10.5
6R 10.0 2240.20 20.0 16.0
8R 11.5 2240.20 20.0 16.0
10R 13.5 24%0.20 20.0 16.5
15R 19.0 2410.20 20.0 16.5
20R 26.0 30£0.2% 20.0 17.8
2SR 32.5 3040.28 20.0 17.5
30R 37.s 3040.25 20.0 17.5

Target Hole —\

Septum

Collar/Head

Wwall

‘!

Under-crimped Vial

Correctly Crimped Vial
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Cap

Skirt

Tuck-under

Shoulder

Over-crimped Vial

« Capping Equipment

>

>

04 20.2  H1 H3 s1 ’
7.0 35205 8.0£0.50  1.040.04 i
7.0 45205 8.5£0.50  1.040.04

12,6  40£0.5  8.5£0.50  1.020.04 X
12,6  4520.5  8.5£0.50  1.020.04 >
12.6  4520.5  9.0£0.50  1.040.04 >
12,6  60£0.5  9.0£0.50  1.00.04 :
12,6  $520.7 10.020.75  1.220.0%5 g
12,6  6520.7 10.020.75  1.240.05

12.6  754£0.7 10.020.75  1.240.05 >

Manual crimpers to high-speed automated cappers

Crimping mechanism; jaws (K-Head), rail, spinning rollers

Some equipment monitors pre-compression force

Most equipment is fixed height of roller/rail (component variations)

« Automated process

lied a pr pression force (F;)
The aluminium seal is rolled under the vial flange

The roller or rail may exert additional force on stopper dependent on vial
geometry (F)

When pre-compression force is removed, there is an immediate
relaxation in stopper compression force (F5).

* Monitoring the process

In cases were equipment measures pre-compression (Fy), nota
measurement of stopper compression (F3)

Component properties have impact on stopper compression (vial flange
geometry, stopper properties)
Stopper

ion can only by indirectly

¥
N\

T
b—

F1 - Pre-compression Force (cap to vial base)
F2 - Force exerted by crimping tool
F3 - Stopper compression force

D1- Caliper, distance from crimping tool to
pressure block

Risk Assessments — Typical tools

Risk Management Tool

Basic Tools

* Diagram Analysis
* Flowcharts

* Check Sheets

* Process Mapping

* Cause/Effect Diagrams
(i.e., Ishikawa or
fishbone diagrams)

Risk Ranking and Filtering

Statistical Tools

Description / Attributes

Simple techniques that are commonly used
to gather and organize data, structure risk
management processes, and facilitate
decision-making

* Method to compare and rank risks

* Typically involves evaluation of multiple,
diverse quantitative and qualitative factors for
each risk, weighting factors, and risk scores

* Control Charts

* Pareto Charts

* Histograms

Potential Applications

111TPDA04009

Compilation of observations,
trends, or other empirical
information to support a variety
of less-complex deviations,
complaints, defects, or other
circumstances

Useful for situations when the risks
and underlying consequences are
diverse and difficult to compare
using a single tool

Visualization and evaluation of
data to assist in the identification
of trends, issues, and appropriate

corrective actions

*  Fault Tree Analysis (FTA)
* Hazard Operability Analysis (HAZOP)
Failure Mode Effects Analysis (FMEA)

11
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Examples of RPN Factor Determination

Criteria Correlation Factor Considerations

How severe is the effect on the
10| product?

10 = Previously observed glass
5 | break/crack

5 = May cause breakage or
cracking, but has not been

Will cause glass to crack or break/chip and enter
container

Severity | May cause glass to crack or break/chip and enter
container

Will not cause glass to crack or break/chip and enter

container observed previously
Daily (1/2) 10/ How often does the event occur (if
i ?
Weekly (1/20) 7 observed in the past)?
How often should the event be
Occurrence | Monthly (1/100) 4| expected to occur (if not observed
Yearly (1/1000) 1 | in the past)?
Has the event ever occurred (if
Remote or never (1/1,000,000) 1 documentation exists)?
No possibility/highly unlikely to detect and/or control (< 50%) |10| How probable is it that the defect
Detection/ | Unlikely to detect and/or control (50%—-90%) 7| (crack or glass in product) will be

caught before passing to the final
Control | Somewhat certain to detect and/or control (90%—100%) 4 cus?omer? - 9

_ Certain to detect and/or control (100%) 1 ﬁ
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Glass Vial Handling Process

Glass-handling process begins at the glass vial manufacturer and continues through the final packaging at
the pharmaceutical company and shipment to their customer.

Numerous transfers take place within that process. Consideration for glass handling must be taken into
account for the transfer between process steps-

Some points to consider in transfers to and from the warehouse include ensuring
v the hand truck or lift wheels are in good condition,
v’ the operators are properly trained, f"l

v the facility floor is in good condition with no potholes or deep cracks, and

v the floor of the transition from room to room is level.

12
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WAREHOUSE MANUAL
RECEIVE AND MANUAL DISASSEMBLE FOR PULL SAMPLES FOR UNPACK FOR
TO LINE TRANSFER SAMPLE SELECTION [ | INSPECTION »| TRANSFERTO LINE e
TRANSFER
ASEPTIC b L
(MAY BE BY 3 DEPYROGENATE/ STOPPER |
PROCESSING INSPECT AND LOAD =1 - g1y pRIOR TO STERILIZE > B > PLACEMENT
RECEIPT)
v
MANUAL
TRANSFER
FREEZE DRY/ TERMINAL
o > caeenG e TRV b{ AFTERFILWASH oA
STORAGE
v
MANUAL MANUAL
POST FILL TRANSFER TRANSFER
AUTOMATED MANUAL RELEASE SAMPLING
INSPECTION INSPECTION JOAND INSPECTION || AND INSPECTION JOAND
AND ASSEMBLY FROM EROM
STORAGE STORAGE
v
sco MANUAL
ECONDARY SECONDARY TRANSFER AREHOUSING AND
PACKAGING RABELIS > PACKAGING T0 SHIPPING
STORAGE
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Best Practices/ General Considerations & Point to
Address

Points to Address

Handling Consideration

5.1 5.2 53 5.4 5.5 56 57 58 5.9 5.10 5.11 5.12

o el woshing D1V eat Vil fiing B o capoing (S PSR ispection il
Limit Glass-to-Glass Contact (Frictive and Impact) v v v v
Limit Glass-to-Metal Contact v v v v v
Reduce Friction whenever Possible v v
Overall Process Management v v
Minimize Transitions and Accumulation of Containers v v v
Limit Areas of Back Pressure v v v
Assess Thermal Stressors v v

@ Mitigate the Impact of Glass Breakage Events
@ Risk Assessment

@ Investigate Breakage Events

13
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Glass Handling Process

® Good glass handling practices can preserve the inherent strength of the glass containers, whereas
poor glass handling practices can significantly reduce the practical strength of glass containers.

® Surface flaws induced due to damages early in the manufacturing process due to poor glass

handling may manifest itself as failure later in the process or in the field as the container is subjected
to subsequent stresses.

@® To minimize the risk of creating flaws/damages (e.g., bruises/bump checks, scratches, scuff marks,
cracks, checks, breakage, abrasions, etc.) during handling below mentioned recommendations are
general glass handling guidance points to be considered and taken care of:

» Documentation and Procedure

» Best Handling Practice Recommendations

111TPDA04009

Glass Handling Process

® The glass-handling process at the pharmaceutical company starts
» from glass receipt from the glass supplier

» through the final packaging

» for the shipment of finished product to their customer.

® Many transfers take place within the process. Each handling or processing step may introduce a surface
flaws or may enlarge pre-existing one, which can result in a reduction of the overall strength of the glass.

® Therefore, each process steps from receipt of glass to loading of the product pallet into container should
be considered for good glass handling practice to avoid any damage to the glass.

14
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GLASS RECEIPT FROM GLASS SUPPLIERS:
Packaging Configuration

e === @ Configurations should be standardized for each
‘ container type and size: shrink-wrapped module type
with glass-to-glass contact, or a tray with or without

o : cell partitions or separators.
Y § LR o
o :’ﬁ'b_ 4 .

ST S

for Transportation: -‘
® Pack-out configuration should include a review of
(%) Not Good Practice | | (O) Good Practice such factors as:

— v’ Setbacks of the load from the edge of pallet

No separator between shrink module layers l

Activity-
Supplier Pallet

v Module-stacking
v/ Corner protection and straps

v Slip sheets between layers

: : v’ Method of securing the load to the pallet
1 58 v/ Total height of the pallet

111TPDA04009

‘ Good Secured Palletization

15
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UNLOADING AND TRANSFER OF SUPPLIER GLASS
PALLET TO SITE PALLET

Activity- l‘ﬂ

* Material unloading from vehicle

{X) Mot

* During depalletization using Toppy

What's “Toppy”?
https://youtu.be/KLo73gKvizZ8

111TPDA04009

Activity-
e Storage

(X) Not Good Practice (O) Good Practice

16
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TRANSFER OF GLASS FROM STAGING AREA TO
WASHER LOADING POINT, DEPACKING AND
LOADING TO WASHER

* Handle shrink wrap module carefully

111TPDA04009

Vial Washing Process — Linear or Rotary

The machine RRU 3105 consists of the following main components and processing steps:

17



Loading and Infeed of Vials

111TPDA04009

machine.

on a spoke-shaped sector.

| 1] \Ill' llll m BN
ARy

‘Huuw €

» The de-packed empty vials are loaded in the hopper of the unscrambler.

» The unscrambler sets the vials in upright position and deliver them to the infeed of washing

» The infeed conveyor belt, carries the containers to the loading zone.

» Here the vials are arranged in several lines by specific sorting units that move back and forth.

» When the belt stops, a lift picks up the vials that are inserted into the conveying baskets by sliding

Position of vials during
transportation

Position of vials during
washing, separated from
basket due to water
pressure.

111TPDA04009

LIFTING NEEDLES / DIVING
- Optimum water distribution
- Flow effect on the glass surface

1.Position of vials in the basket is
important so damaged baskets
cannot be used.
2.Position of needle also plays an
important role in vial washing.
3.Insertion of needles inside vials
is important for effective washing.

Needle motion:

»The vertical needle motion (the motion of the
distributor and needles) is driven by a servo motor.

»The container specific insertion depth of the

needles is stored as a recipe parameter on the
HMI.

»The horizontal motion of the distributor and
needles is driven by a mechanical cam.

18
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Damage can occur due to needle misalignment

» Typical damage due to bent needle or wrong setup

Flange to flange contact

- -
Flange chipping for damage
events impacting flange
edge corners

S
Activate crack prevention
I Tipover vial attribute for severe
damage when near flange
center

Wash or filling needle strike

\ = . v/ Ensure proper set-up of washing and filling equipment

v Avoid use of tipped, downed and rejected vials

Over torqued or bent needle Potential chipping on interior of flange

111TPDA04009

Vial Outfeed and Emptying (conveyed to
downstream tunnel)

g i
.

19
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DEPYROGENATION OF GLASS

» Vials undergo a depyrogenation immediately after washing
and depyrogenation is normally made at ~ 350 degree C
temperature utilizing dry heat Process.

» This process effect lubricity of the glass surface and make the
vials more susceptible to abrasion at external surface if vials are
in contact with another vial (glass to glass contact) or glass
come in contact with metal (glass to metal contact), this can
create scratches/scuff marks at vial. This can generate glass fine
glass particulates in the process. Dead Plate

Vial Flow

=

Dead Plate

Stainless Steel Belt

» The scratches/scuff marks may weaken the glass surface, these
defects can grow in further process.

Typical Depyrogenation Tunnel Layout with Preheat Zone , Hot Zone , Cooling Zone

111TPDA04009

Ideally the conveyor belt should be operated in a “pull mode” and run at a slightly higher speed than the feed rate
from the washer in order to maintain a small space between the rows of vials.

Maintain a minimal downward transition of the vials is recommended to reduce the probability of damaging the heel
region.

Tunnels typically include 3 zones: pre-heat zone, hot zone, cooling zone.

Vials are then pushed out of the tunnel, using slight back pressure, across a dead plate, and onto the next stage of
process by an accumulator.

Although the glass structure is not impacted directly by the temperature used for depyrogenation, leaving the
containers in the tunnel beyond the validated depyrogenation process time is not recommended.

The temperature removed the protective water skin from the containers, leaving them more vulnerable to surface
damages. As a result, the exiting containers may be more prone to damage in general and have a higher COF than
prior to depyrogenaiton, and make the vials more susceptible to abrasion.

This type of friction is usually observed just below the shoulder and above the heel of the vials,

Though small and relatively minor in appearance, scratches and scuffs can potentially contribute to breakage under
sufficient mechanical or thermal stress further downstream.

In a case where vials are in contact with on another, one vial may bond with the surface of another, causing the to
stick together. Vertical marks will be apparent then the vials come apart.

These marks may act as stress concentrators and fracture origins as the vials are subjected to subsequent loads during
downstream processing or handling.

20
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Glass Surface Reactions: ,Sticky Surface*

Vial geometry performed by optical measurement technology

a) Ideal geometry . n b) Bulgy geometry G

!

-

¢) Concave geometry - d) Concave geometry -

a) Ideal geometry b) Bulgy geometry

)
J
)

|

[ Sfiassannntil |
o .

c) Convex geometry  d) Concaye geometry

Pressure distribution along outer surface

’ SCHOTT
© SCHOTT AG, Technical Training Glass / Container; Prof. Dr. Volker Rupertus; April 2019 I PHARMAVERSITY glass made of ideas

DEPYROGENATION OF GLASS:
Tunnel / Batch Type Oven

v/ Sufficient gap between shutter and the top of vial

v' Dead plate aligned properly with tunnel metal belt to ensure smooth transfer

* misaligned dead plate can result in vial bottom damage, fallen vial, broken vial, overcrowding e.g. glass vial
riding on another vial.

v/ Heating and cooling temperature gradient/cycle should be adequately defined and validated to avoid any
thermal shock to glass

Damage Dead Plate
between Depyrogenation
Tunnal ta Tirn Tahla

21
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Juassasiassss
Glass surface phenomena é@»

Glass Surface Reactions: “Water Skin on the Outer Container Surface“

Physically adsorbed wa-er Paired hydroxyl groups Free hydroxyl groups
T=1200150C 1\ | » Outer surface phenomena:
i e TR A * Sticky/ climbing vials
D S S N e v . 4 * Scratches
~ ” N / AN AN \ "‘\
: ¢ Minor cracks
- : Middle area of vial Rim area © Na+s partiles . Roughness,fﬁcﬁon
i il ittty ¥ O12IC CON.
we \Water skin
AR

SCHOTT AG, Technical Training Glass / Container; Prof. Dr. Voker Rupertus; April 2019 I PHARMAVERSITY
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ACCUMULATION OF VIALS AT TURN TABLE /
PRODUCT FILLING

» Vials are transferred to the filling station after washing and depyrogenation, typically by a conveyor belt,
with a star wheel or by a gripper the picks up the vial by the neck

» Either fixed nozzle or a diving nozzle apparatus

» Stoppered either by direct placement (stopper picked up by vacuum) or by a rotating wheel

> ldeally, grippers should be constructed of plastic rather than metal

Abrasion rings

p——
= F3

=) S A . J— o
Filling Needle with Good Alignment
~ ; 'iglrl
A ‘ :
-~ @ o o - . - ks - -
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PRODUCT FILLING & STOPPERING

> Needle can also become bent when striking vials that have offset finishes

» Damage in the lip region of the vial can go unnoticed through inspection as the stopper and seal
can mask the damage

» Regular inspection during the production batch should assess misalignment of and damage to
filling needles.

> Vials attributes such as leaners (slanted bottoms), bent or offset finishes, or small inner diameter,
can increase the risk of needle strikes. o

Bent l'le:i’-~

» The risk of incurring damage during the stoppering process
is very low as there is no glass-to-glass contact during
stoppering. Any breakage observed during stoppering is most
likely due to damage that occurred upstream.

ICE FRONT MOVEMENT DURING
PRIMARY DRYING

LYOPHILIZATION

» Lyophilization (freeze-drying) is a process though which water is removed from the liquid solution by freezing
the product, subliming the ice (:7-%£), and desorbing residual water to low levels.

2 30 36
TIME (hours)

» Vials are filled with liquid product and stoppers are partially seated into the vials on the filling line prior to
accumulation for the loading operation.

» The vials are loaded onto the freeze-dryer shelves, either manually using bottomless trays, or via automated
mechanical loading system.

» Upon reaching the specified end condition of the process, the stoppers are fully seated into the vials with the
hydraulic shelf-stoppering system. Vials are then unloaded from the chamber.

» Manipulation of the vials during loading, stoppering, and unloading processes, in addition to the freeze-drying
process itself, can all be potential sources of glass vial handling issues.

o |

,‘ bbb bbuubusa |

(Diagram of hexagonal arrangements)

N
CANANNY NS

CAAAAA)
CAAAAN)
LA SAY
O ORINNSS)
[
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Vial Fracture due to
Expansion of Product Component

Lensed Vial

LYOPHILIZATION

» Loading & Unloading

* Traying, transfer, loading and unloading: glass-to-glass and glass-to-metal interactions occur similar to other
manipulation operations: close-packed configuration

* Over time and repeated use, cleaning and sterilization, earn on the bottom surface of the tray can become
evident and warping of the ring may occur, leading to “pinched” vials when nested

» Lyophilization
e Potentially significant stress imposed on the glass from the expansion of product during freezing and drying
e As the product freezes, crystals from the product can expand, often upward from the bottom of the vial and
outwardly and down from the product surface toward the bottom
* Extent of this effect vary depending on the specific product formulation

Although this expansion would not initiate glass breakage by itself, the risk to vial breakage increases with
the presence of a defect, such as a blemish due to scratches in the vial from glass-to-glass and glass-to-metal
abrasion.

¢ Vial design, especially in the heel area, may also have an impact on breakage during expansion. With a
large fill volume, internal forces are increased significantly.

Stoppering mechanism in a production freeze dryer | ¥,

LYOPHILIZATION @

» Seating the Stoppers R
* Final seating of the stopper occurs within the lyo chamber at the end of process, when the shelves are
either lowered or raised to fully insert the partially seated stoppers.

* The suspended shelved most often are driven by a hydraulic ram. Pressure exerted by the hydraulic system
is set initially for the most demanding need, such as 1cc or 3 cc vials with a 13mm finish. Such small vials
have greater density across the shelf surface area and require the greatest pressure (force per unit area) to
fully seat the stoppers. In order to apply a uniform pressure to each vial across the shelves, the shelves
should be level and planar. If there’s any significant variation to pressure distribution, the force can be
localized significantly in one area, which could lead to glass breakage.

* When a partial shelf-load of vials left at the end of filling operation are being placed on the lowest shelf,
there must be sufficient number of vials, being evenly positioned across to accommodate the pressure
evenly.

* Failure to evenly distribute the vials across the shelves can lead to cokced selves and distortion of the shelf
suspension hardware.

* Some breakage observed may not be due to improper handling but may attributed to vial nonconformities,
such as leaners, rocker or uneven bottoms, or an improperly designed or formed bottom radius
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CAPPING

> Vial capping (crimping) is the last step in the aseptic process to fully seal a parenteral vial.

» The primary seal of a parenteral vial packaging system is the interface of the elastomeric stopper flange and
the land sealing surface on the crown of the vial. Capping is the process of sealing the vial by compressing the
flange of a rubber stopper against the to surface of the glass vial, forming the primary seal, and then crimping
an aluminum ferrule around the stopper and vial finish.

Sufficient vertical load force is necessary to optimally compress the stopper, achieve sufficient seal tightness,
and assure container-closure integrity. A side load may also be imparted when the metal is crimped.

» Regardless of the sealing method, the stress created in the glass from these loads of an optimized capping
process (<130N force) should be well below that where breakage would be expected. Breakage, however, is
sometimes observed at the capper. Glass failure at capping is likely the manifestation of 5|gn|f|cant surface
damage caused to the vial earlier in the process.

111TPDA04009

CAPPING - Examples of Surface Damage/Breakage & Vial Nonconformity

The finish and plane of the seal surface is not Finish not concentric with the body.
perpendicular to the axis of the body.

Much Force

—
J

!

) . N ) Plane of the container bottom that is not Fol rlap of gl h ior gl fi
Examples of Surface Damage and Breakage Due to Contact with Sealing Disc or Rail perpendicular to the axis of the body. oldor overlap of glass n theexteriorglass surface.

(a, b) Abrasion from sealing disc ;
(c) Chipping ; (d) Broken vial neck
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CAPPING

» Improper set-up of the capper or excessive vial variability (e.g., offset necks, bent necks, large necks,
leaner, rocker bottoms, laps (folds) in the neck) could cause the neck to come in contact with the sealing
rail or disc, causing surface damage to the neck of the vial that may propagate into fractures.

» Transfer of vials into and out of the capper usually consists of a combination of belts, screw feeders, and
star wheels.

» That the sealing disc or rail will not contact vials within normal variability must be assured, and detailed
capping equipment set-up parameters must be established and documented for each package combination.
The parameters should be based on achieving sufficient stopper compression to achieve acceptable
container-closure integrity without excessive force.

» Component variation and stack-up tolerance should be considered in establishing the capper parameters.
Offsetting (top and bottom) springs or dampers are employed to compensate for total height variation.

111TPDA04009
Neck crack defect:

How the machine crimp the cap?

EXAMPLE
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PRODUCT FILLED VIALS/AMPULE COLLECTION

| Wrong Practice (Partial Tray Filling) |

111TPDA04009

TERMINAL STERILIZATION / EXTERNAL WASHING

> Breakage of vials during terminal sterilization is most likely due to
an upstream incident. The practical strength of the glass may have
been reduced, thus reducing the burst pressure of the vials.

» Transitions that convey the glass containers into and out of the
external washing unit operation (e.g., star wheels, screw feeds)
must be aligned and synchronized.

» Feedback mechanisms or a sensor to detect proper functionality
of the grippers should be used to prevent such glass breakage.
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INSPECTION OF FINISHED PRODUCT FILLED GLASS
CONTAINER / LABELLING

» Inspections may be carried out using manual, semi-automated, or automated.

» Most of the time inspection does not occur in-line just after the capping. Vials with
finished product after filling are often packaged in intermediate packing material or
in trays on pallets and then pallets are transported to the inspection line

» Most of the time labeling does not occur in-line just after the final glass container
inspection. Vials with finished product after inspection are often packaged in
intermediate packing material or in trays on pallets and then pallets are transported
to the labelling and packing section. Normally transportation of pallets is made by
hand truck/hand fork

111TPDA04009

PACKAGING OF FINISHED PRODUCT FILLED GLASS
CO NTAI N E R Divider/ Inner compartment

219 ®
» Folding cartons, made of cardboard or coated paperboard, are often used. ;;) ) Q

» Carton properly sized, designed in a way that prevents glass breakage or
damage, and made of materials with a lower friction factor and shock
absorption.

» Multi-vial pack: prevent glass-to-glass contact

Carton pack
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PALLETIZATION / LOADING OF PALLET INTO
CONTAINER FOR DISPATCH:

Points to be Considered:

* Carton staking configuration

* Apply corner and edge protectors,

* Apply the slip sheet or separator between layers

* Ensure total height of pallet as per storage rack system,

* Avoid double stacking of pallet in warehouse and during
transportation until or unless not validated for such storage.

* Secured load of pallet by stretch wrapping

* Ensure reefer Container/Vehicle is in good condition; and
ensure door locking mechanism working properly

* Secured pallet properly by lashing or by putting air
dunnage bag between gap to avoid movement of pallet
during shipping

111TPDA04009

CONSIDERATIONS FOR PREVENTING ADDITIONAL
DAMAGE

_— Steam-permeable outer membrane

> Ready-to-Use vials Polymer inner sheet (optional)
* Prevent glass-to-glass contact, j R
* Allow processing without unpacking | : e

» Robotic Automation
* Reduce glass-to-glass contact,
* Precision pick-and-place units, provide consistent glass manipulation

» Outer Surface Treatments or Coatings
* Strengthening the outer surface and/or applying a lubricating layer (maintain low COF)
* Molded-glass containers or tubular containers
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Fundamentals of Glass Science

Table 8.0-1 Overview of Glasses Used in Phar ical Primary Packaging by Cl;

and Standard > Coefficient of Thermal Expansion (CTE) £\ iE (48

EoEaicale  Main factor in determining the resistance of glass to sudden
33 5.0 7.0 Quartz Soda-Lime-

Aluminosilicate |~ Group = Group | Group = Molded | (Fused Silicate Tubular/ temperature Change

Tubular  Tubular || Tubular Silica) Molded * Increasing resistance to thermal shock is correlated with
decreasing CTE

Commonly Available Ci
Si02

01 » Due to the fact that glass has poor thermal conductivity, a

B:0: = 12413 | 911 5-8
ALOs 6-12 2 5.7 465 - 24 thinner wall thickness is recommended for thermal resistance
Naz0/K:0 8-13 4 6-9 9-12 = 12-16 while a thicker wall will withstand greater mechanical loads

Mg0/Ca0/Ba0

Physical Data

CTE[10°K" (20 °C; Not

300 °C)] as specified described 3.2-33 | 4856 Not described 90-93

by ASTM E438

CTE [10€K" (20 °C; Not

300 °C)] as specified described 33 4.9-55 Not described 8-10 £ 200 ,,2

by IS0 12775 i

CTE[10°K" (20 °C; ‘

300 °C)] as mainly 3.5-7.0 33 4954 | 6.3-70 | 5865 | <1.0 7.1-93

found on the market = -
Annealing Point (°C) by 550- S s s
ASTM E438 or common 560 560 | 560-575 | 550-580 570 |~ 1150 525-540 S :

T
heating and forming quick cooling down after forming

Stress Inside the Glass ]
\

Figure 8.2.2.1-1 Schematic Representation of Heating* and Forming of a Glass Tube into a Vial (© SCHOTT AG) (1)

» Melting and Solidification Behavior of Glass

» Thermal Stress During Container Manufacturing
* Vial annealed by heating to about 20C above Tg and then slowly cooled in a strictly controlled process
in an annealing lehr(oven)
* If the stress is not released properly, the risk of glass breaking at the zone of tensile stress is greater

* Residual stress can be determined by polariscopic measurement devices p—

Partally Anncaled

Not Annealed

Figars 2.21:2 Polrzed Lt Inoge of Annsid, i Ansid and ot Anraid Vil

* Except for ampoule sealing, residual thermal stress cannot be introduced in the filling process as the
temperature never exceeds Tg

* If the temperature difference at a certain spot on the glass exceeds the particular thermal shock
parameter, micro-cracks can result

* Depyrogenation poses no risk in terms of thermal stress. It does, however, facilitate the introduction of
scratches that decrease the mechanical strength which is discussed
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Stress Inside the Glass

» Thermal Stress During Container Manufacturing (cont’d)

* The lower the CTE, the more stable the glass is in terms of thermal shock resistance, but the rate of change
must be extremely high for thermal shock breakage.

* Use of glass with lower CTEs may reduce the breakage risk due to rapid rate of change; however surface
defects still play the major role in glass breakage.

* Breakage during exposure to cold temp are primarily due to flaws present in the glass and the outward
pressure of the internal materials, not thermal stress.

* The fewer defects there are on the bottom area and area of drug contact, the less likely the glass will break.

* Vial breakage during lyophilization process is usually due to the mechanical stress from the expanding solution
rather than thermal stress.

* Likewise, the thermal stress does not contribute to breakage when glass is immersed in liquid nitrogen, but the
sole cause of the failure is the outward expansion force of the frozen material.

111TPDA04009

Stress Inside the Glass

» Mechanical Strength of Glass
* Ductile versus Brittle Materials Griffith’s theory of Fracture:

0 = stress (induced by an applied force)
* Practical Strength

Y = geometric factor (which considers the location of the defect

K=o.YVe among other factors)
Realistically predicting the practical strength of different glass is difficult. > ong other facto
Breakage only occurs if both stress and flaw or stress riser are present on tandem, Ve = critical dimension (e.g., depth of defect)
and the combined phenomena exceed the practical strength of the particular piece.
* Tensile and Compressive Stress L 1

- >

Glass always breaks at the point of tensile stress location. 2 @
When compressive stress is exerted from one side, it always induces tensile stress in
certain other places, but these areas of tensile stress are not always clearly I I . I I !
detectable piece.

» Surface Condition and its Impact on Practical Strength 1
(@) (b)

Figure 8.3.3-1  Vial with Compressive and Tensile Stress Areas (© SCHOTT AG)

Figure (a) has force applied to sealing surface of the vial creating tensile stress in the outer surface of the neck and heel
and compressive stress in the side wall. Figure (b) has force applied to the side wall creating tensile stress on the interior
surface at the exterior load location and exterior surface 90 degrees from load. Long Blue arrows are compressive stress
and short orange arrows are tensile stress. Large red arrows represent load forces.
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a) Y@<, a) Glass surface is clean and pure Si-
oo o 0-Si bonds with water vapor H,0
P N N T 1 present (showing charges) and one
» SOH shown.
. 9 \‘3/ b) Water, H,0 splits and Si-O-Si bond
S LD Lo ¢ breaks, (OH) attaches to Si* and H*

111TPDA04009

attaches to (Si-O)

Adsorption Layer on the Glass vy £

Figure 8.4-1 Water Vapor TAG)

» Glass surface reacts with adsorbates from ambient air that then saturate the surface.
* This layer acts like a cover on the glass and protects it from scratches.
* This phenomenon of building up and evaporating is equally valid for all glasses.

* The water layer not only protects the glass from scratches, but it also plays as a lubricant, decreasing
the friction between glass containers or between glass and metal.

Chemical Strengthening

* Chemical strengthening by ion exchange creates a residual compression layer on the inner and outer
glass vial surfaces that resists the applied tensile stress required to propagate flaws.

* Applying an additional protective coating to the outer surface will lower its COF and minimize surface
damage during frictive sliding contact
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Appendix II: Investigations

Fishbone Diagram - Root Cause Analysis (&t [10B#3X) EXAMPLE
[ [isUE: custome compiaints repoto orteaing vials ofDEOCHGrom batch XHXNXX lArea:lM iR HDE HXXNXXX

1. Define the problem (Plan)

Supplier advised that there was a discontinuity present in some vials which may crack if another ouside force is applied to the vial.
This RCA is to determine the cause of metal incisions present on the affected vials and any other mel’ that may have caused the cracks to appear

2. Analyse the problem (Plan)

manual loading onto washer (knife u
manual loading onto filing machine

guide rail transition from walking beams
decon machine nozzles

Seidenader volume sight guide

labeller

sheather

packing machine (pushing vials into cartons)

— 1. Man 1 [ 2.Machine —] [ 3. Material
Vial dispensing washing machine metal discontinuity in glas:

forkift handling walking beams on filler metallic mark on vials fr

manual stacking on trolleys infeed tumtable manufacturers lot number

manual transfer to CPR reject starwheel and rail

no change to method same method used for all vi

Canada weather conditions
regional location within Canada

transport between supplier and Muigrave
transfer between buildings (Mulgrave)
transport Mulgrave to Canada

transport within Canada

vials in batch XXXO(XXX

[+ 1] ite - 3 x broken

- [ 4.Method —] [ 5.Environment [C 6. Transport -
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Appendix II: Investigations

» Production personnel must be aware when a failure occurs. Any failure should be
immediately investigated.

» Personnel should be well trained in proper glass handling, conducting initial-failure
assessments, sample collection, and sample preparation for fracture analysis.

> In order for breakage to occur there must be
* Force applied to the item to generate stress in the glass

* Flaw to act as the origin of the fracture

» The general aim of fracture analysis is to identify the
* Type and magnitude of force that was applied to the container
* Type and severity of the defect at the fracture origin

* Cause of the breakage, whether due to
O Defective container that failed at normally expected levels of applied force

O Excessive force applied to a commercial-quality container

111TPDA04009

Root Cause Analysis & Mitigation

v’ Fracture Analysis

v' Supplier Evaluation

v" Incoming Inspection

» Equipment and Handling
» Line Clearance Procedures
» Training

» Metrics

» Visual Inspection

» Packaging and Distribution
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EXAMPLE: Safe glass handling - possibilities for risk mitigation

Process flow — Filling of parenterals
EXAMPLE

111TPDA04009

EXAMPLE: Safe glass handling - possibilities for risk mitigation

Speed:

0: |ow / without guidance
5: low /vial guidance
10: high / vial guidance

Format parts vial guidance:

0: no e.g. conveyer belts
5: vial packages{e.g. dry heat tunnel)
10: strong guidance/ vial positioning

Height differences:

0: no,
5:  yes— high to low in moving direction
10: yes—low to high in moving direction

Turning tables:

0: no
5: turning table simple outlet

Method: Risik analysis
o d EXAMPLE I

111TPDA04009

- 10: turning table forced/sorted outlet -
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EXAMPLE: Safe glass handling - possibilities for risk mitigation

Risk Assessment: Cracks, Splinters and EXAMPLE

- Breakage -
Speed Guidance Height differences | Turning tables Risk level

Detraying 0 0 5 0 5
Vial washing machine £ 16 5 5 25
Dry heat tunnel 0 5 10 0

Filling machine 10 10 10 5

Format table 5 5 5 0

Transfer system 0 5 5 0

Freeze dryer 5 5 5 0

Intermediate storage 0 5 5 0

il Y D : [y

Capping machine 10 10 10 10 —

Traying 5 10 5 0

* Risk level 5-10: low - Risk level 15-25: medium - Risk level 30-40: high

111TPDA04009

EXAMPLE: Safe glass handling - possibilities for risk mitigation

Safe guard measures: Example Vial filling
— machine

EXAMPLE
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General conclusions/remarks/quotes

o Disadvantage of polymers vs glass: poor water vapor and oxygen barrier

o Fractography is a powerful tool to find out the reasons for fracture

o Quote Ingo Presser: “If ppm glass breakage is comparable with airplane crashes, what is the issue? “
o Most speakers emphasized the importance of trending defects

o Quote Wenzel Novak: “Are cosmetic defects unwanted. One can easily make a line with no glass-glass
contact with an increase in cost of 30%.”

PDA Journal 111770A 24
of Pharmaceutical Science and Technology X/

“Failure of Glass Tubing Vials during Lyophilization”

PDA J Pharm Sci and Tech 2019, 73 30-38

Examples of vials that failed due to an internal pressure force

a) Failure at relatively high b) Failure at relatively low
pressure pressure

a)  Failure at relatively high b) Failure at relatively low
temperature differential temperature differential

Examples of vials that failed due to a thermal shock force
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“Failure of Glass Tubing Vials during Lyophilization”

I High
Stress
1.47 mm Level of
Product
Medium
Stress
1.47 mm Low
Stress
Tensile Stress
1.47 mm in Glass
1.78 mm

2.24 mm 1.65mm
Frozen Product

Finite element analysis of the tensile stress pattern
due to expansion of frozen product

Glass thickness distribution

111TPDA04009

“Failure of Glass Tubing Vials during Lyophilization”

Typical fracture pattern from oven to cold-water bath

Typical fracture pattern from liquid nitrogen immersion breakage
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“Failure of Glass Tubing Vials during Lyophilization”

® Based on the nature of the fracture patterns, on the measured breaking stresses of tubing vials

differentials,

transportation, or filling.

that fail during commercial lyophilization, and on the calculated stress values from thermal

» it was concluded that the common type of lyo-breakage discussed in this paper is due to the outward
expansion force generated by the frozen pharmaceutical product and not due to thermal gradients.

» Thus, changes to the thermal properties of the glass vials (design changes to the vials or the use of glass
having a lower coefficient of thermal expansion) are unlikely to make any significant difference in the
frequency of breakage that may be experienced in typical lyophilization processes.

® Solutions to lyo-breakage can be best realized by performing detailed fracture analyses.

» Such analyses will clearly differentiate the cause of breakage as either due to excessively high forces due to
the expanding product or due to low glass strength caused by problems during vial production,

ALKALINE
Hydrolysis

Alkaline pH>7
solution

Si-O-Na +H20 ———> Si-OH + NaOH

CH

——§i—O—Si—OH

&

+ NaOH ——> =Si-O-Na + Si(OH),

environment and glass
network modifiers : H* j&
Na, K, Ca

Hydrolysis : OH attack
the SiO rich islands of
glass network

Challenges for Glass Containers: Breakage and Delamination

— Chemical Mechanisms of Glass Attack depend on pH

Characteristie

Ori
2 Wi
ACID & WEI Acid pH<7 lon exchange between Alkali ions leaching from
Ion exchange 5 - Si
solution protons of agueous glass surface; SiO

network not affected

SiO network disintegrates
and Sianions are
dissolved, so that the
glass decomposes as a
whole; process is linear
and time related

Water Similar to acid corrosion At high temperature water
Si-O-Na + HC| =— Si-OH + NaCl (CX-H itleads tolon exchange  corrosion can become
WFI) and to leaching of ions significant

111TPDA04009

- L EXAMPLE -
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2. Selective Dissolution

. Concentration of glass Morphology
Info: ;
— elements that have Layer thickness
gone into solution Chemical composition
Sample1 | Sample 2 SR s
[mg/L] [mg/L] BTN
B 23 0.44 LY,
Na 40 1.1 S
Al 0.24 0.02
ek
Si 54 1.0 ¥ A
[ ¥
Method:  Inductively Coupled Plasma Scanning Electron Microscopy

Mass Spectroscopy Energy Dispersive Spectroscopy

Challenges for Glass Containers: Breakage and Delamination

Combination of Methods to characterize Glass Attack

intensity [counts]

111TPDA04009

Chemical composition
change as a function

of depth
10°
A AN PO AN 7B
10 [ ) -
10 —FB
——Na
Al
—8
2 ca
10
o 20 40 60 80 100

distance from surface [nm]

Secondary lon Mass Spectroscopy

» Delamination usually seen after months or years of
stability storage - test must be much faster

» Optical inspection gives a YES/NO answer and
relies partly on chance - complementary analytical

tools needed to see early indicators
» Delamination risks depends on drug - test needs to
use drug or placebo

Study protocol example for accelerated testing at 60°C

15
days

30
days

45
days

60
days

Reference 0 7

(empty)  days  days

Optical
inspection

Stereo

microscope = = X = = X

ICP analysis x X x
SEM/EDS

morphology X X X

SIMSdepth R =

profiling

SEM/EDS
flakes (option)

39

Challenges for Glass Containers: Breakage and Delamination

Accelerated Testing to predict Delamination Behavior

111TPDA04009
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Challenges for Glass Containers: Breakage and Delamination

Conclusions
o Fractography is a powerful tool to find out the reasons for fracture
o Prediction of failure rates deserves overload test and tailored statistical evaluation

° Glass delamination
o Glass delamination is not new (research started already 40 years ago)
o There is no safe pH
o Formulation more important factor than API
o Risk assessment via screening tests
o A combination of different analytical techniques needed

o Accelerated ageing tests are suitable to predict delamination risk

111TPDA04009

Case sharing
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Where is the defect? _
Case Sharing : Defects at manufacturing

HRSRER Neck Crack HERR Bottom Crack MNRFF: Small Scratch

EXAMPLE

50% Small Scratch
wBottom Crack
0% Neck Crack

AlB C AB A/B C A B C A B A B C A B C A B A B CA B C A B A B C A B C AB AB C A B A B C A B A B C A B A B C A B C

Most of the defects contribute from Neck Crack
Some defects contribute from Bottom Crack
Small Scratch is cosmetic defect

111TPDA04009

Case Sharing : Defects at manufacturing — Impact & Investigation

Process Description Diagram J
T EXAMPLE

compounding ‘

A contaminated unit found
at incubation ...?!?

| 4

Packaging component
sterilization

’ filtration

| filling =

» When/how the vial damage happened?

| 4

(freeze dryer) ‘

e » When/how the microbial gets in the vial?
’ crimping ‘
’ _t ‘ * Pre-inspection?
Inspection (why not rejected during pre-inspection?)
’ W ‘ e Or post-inspection?
’ Post-inspection ‘ (during transportation?)

» Can we locate the root cause away from the aseptic operation?
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i : Optical Mi
Case Sharing : Damage Analytics ptical Microscopy  EXAMPLE

Photography by optical microscope (47.2X)

» Failure-inducing damage:
* contact damage, or
* melting induced discontinuity?

» Glass-to-Metal or Glass-to-Glass contact?

» Failure trigger: Direction and type of mechanical load
(bending, side squeezing, axial load, internal expansion, temp gradients...)

/ - i
Fig8 Fig.9

Scratches (Fig.8 and Fig.9) observed in vials with Scratches were generated by glass to metal contact
basing on @@ Dmanufacturing experience.

Fig.12 Fig.13

@RQQ performed the study of photography taken by optical microscope for the vials with the crack
or lensing (Refer to the below table), it is possible to indicate the potential causes.

Fig.10 Fig11

Scratches (Fig.10 and Fig.11) observed in vials with Scratches were generated by glass to glass
impacted with the force basing on@@®manufacturing experience.
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Case Sharing : Damage Analytics - Fractography

Glass failure main causes

Tensile Stress + Flaw/Defect = Glass Failure

The combination of these two effects
(tensile stress and defect presence)
causes glass failure

Any imperfection, blemish or defect

acting as a stress concentrator slide face under

greatest tension

@& T

Tends to stretch the material or pull it apart

Fractography is a powerful tool for the analysis of fractured glasses, that can identify the cause of failure
through the interpretation of fracture surface characteristics and can even provide quantitative
information about the tensile stress.
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Case Sharing : Damage Analytics - Fractography

EXAMPLE 0000000000 Fracture surface

Fracture
=N H!H
I

Origin

e Failure analysis investigation was performed
on # vials, broken by lensing, with the bottom
detached from the body.

Origin,
5 » The fracture origin was identified onto the

Figure 12: OM image of the fracture surface, bottom, sample 001_6, 20x magnification . .
internal glass surface at the vials heel for all

Fracture .
Internal glass surface the observed vials.

at the bottom

Figure 11: OM image of the fracture surface, bottom, sample 001_6, 10x magnification
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Nomenclature- Stopper
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Figure 4111 Stopper Nomenclature — Standard Terms (Serum & Lyo) Figure 4.1.1-4 Stopper Nomenclature — Coatings and Laminates (Serum & Lyo)
Targct Area Total Coverage Plug Coverage
Flange
3~ Trim Edge
Plug + Flange Coverage Flange Coverage
Plug
Figure 41102 Stopper Nomenclature — Additional Common Features (Serum & Lyo)
4.1.2 Vial G Closure | CCl) Consid
Target Ring osure (ccl)
7 A critical defect is one that has the potential to negatively impact the integrity of a container closure
g 74 system. The integrity risk posed by a specific closure (vial stopper) defect is dependent on defect sever-
ity, defect location, and the level of protection required of the closure as the package is being assembled
and after package assembly. The illustration below defines the different areas wh ling between the
v J \ stopper and vial will occur.
No Pop ring Figure 4.1.2:1 Vial Container Closure Integrity (CCI) Considerations
Interacts with
blowback
feature on vial
Figure 4113 Stopper Nomenclature — Additional Common Features
den o
- )
NG
L 1. Valve seal: A surface-to-surface compression seal formed between the vial neck and the vertical
Nibs or sides and/or beads of the closure plug. Synonymous with “plug seal.”
L“" 2. Transition seak: The compression seal formed between the top of the closure plug and the vial
Vent mouth. This sealis a combination of land and valve seals.
Legs 3. Land sealk: A surface-to-surface compression seal formed between the closure flange and the 87
horizontal plane of the vial fnish.
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Table4.1.31  Elastomeric Vial Stopper Nonconformity List Table 41311 Continued
Sescomlemanos D”” = Clussiliontion B Figure [T — [y— Location Classification  Figure #
Formulation ingredients that migrate
v accumdate on the surface. b= A & .
. Two or more parts adhered or ticking together, .
Clumping — Adhered A Aay Major B 82
, ey Defects onsealing | Risk to.CCI Sealing surface Crical
Clumping — Parts that are mechanically interocked wnable o | \/» Mojor B 83 surface caused by
Intertwined/Twins be machined. Mold Cavity Damage | damaged mold cavities | No potential to impact | Other than sealing Minor 821
5 _ - ) . Product contact area | Criical scratches, pits, CClor Machinabiity | surlace
exposing the. ™ 84 biisters or dents).
Film Incomplete elastomer to drug product. Product Contact | e Risk to CCI Critcal
Coating or Laminate — | Imegularities including folds, abrasions, bubbles, Minor Incompletely fomed| [ Oty knpacting
Othr Defcts ccks st i = NonFilskaVeid) | dastomericcloswre | Moo awedt o A0 82
i . not orliner.
Wrinkles intecering with function of stopper. aren L5 & %:nﬂum - —
X i o 81 Risk 1o CCI Sealing Surace Criical
M risk to CCI Critical
o Potentially impacting
— Disruption in continuity | machinability, posing | Any B8
e gon | ot such s hi,bood, skin msects, ec. | A" R i L) o elstomer surface. | norisk o CC &2
Material not part of the | Not removable by oy o x,‘:'m Non-Sealing Surface | Minor
Contamination elastomer formulation | washing — Risk to CCI Sealing Surface Critical
(Extrinsic) — but part of processing 89 Porous area on the Potentially impacting
Stoppers mn:utmu Is removable by A surface of the stopper | machinabily, Potentially impacting
i) waating A Lo £ whoosrwesnot | norisktoCCl ) Disruption in continuity. | machinabiity, posing | Any Major B o
- i of elastomer surface. | norisk to CCI
Contamination No potential to affect
(Extinsic) — Material not part ofthe elastomer formulation e molding process. CCl or machinabilty Mo potentel wimpact | oo coior e | Minar
Readyto-Sterize/ | such as ol grease, environmental partcuate, etc. | A"V L oo Clor Mactnablty
Ready-to-Use Missing or Incomplete | or target ring) when specified on drawing. Ml:-mh Potentially impacting e
) § surace ofthe stopper | machinabilty, Non-sosing Suxface
Foreign materia not par of elastomer formulation p— . Surtace Finish Variation | S0t o rough surface (inconsistent surface Sponge whereairwasnot | norisk o CCI 824
Embedded Material A surface iregularity that results from material ‘condition). .
(Extrinsic) uw'vmlhﬂ"u:vmum Any Knit Mark Sow during mold Any e 5 removed during No potential to affect Minor
o the eastomer Surface Imperectons | 14 cavies (scratches,pt,biste o dents). - = g = Ww“'"‘"‘i"
P i - formulation such as fibers, paper, plastic, foreign jve portion of webbi kg sl Surface Festure - incomplets mark (e tool identification, space surface of Minor
Material — Buk . Excessive portion of webbing remairing Top Flange 825
Aies dispersed; partially or completely embedded in the | Any ‘stopper material, not embedded. Removeable by Lo Tﬁnndu‘;n . imming > 0.254 mm/ 0.010 inch. May Missing or Incomplete | or target ring) when specified on drawing.
(2) component. 2 washing. Excessive Tim Lip inabiity or capping. nooth i - A, unless oz
o Excessive materialatached tostopper created | ) insi i the elastomer conditon). Spociied
duing the mokding process. Material — Ready-to- | formulation such as ibers, paper,plastic, foreign Cosmetic flw on the sufoce caused by damaged | — .
P Amwm:—hm"—u - / Ready. =D mm—qmmmm‘-um)
LT — Excessive portion of webbing remairing after
formuaton A L G m>mm/umnmw,m Flange. Major B 828
Buk Removable by washing. Excessve TAmLP | rachinabityor capping.
= Risk to CCI Criical
| T -
(Inrinsic) — Readyto- im Defect - Off Cut Mmedhp;:md ] D E e
— — 1 or machinabiity o
Malformed Distorted or deformed stopper. =
m;" R | iregulr tim srfoce. Flange. Minor 830
Trim Defect - Fringed | Threads of elastomer attached to stopper at trim
Trim Edge (aka Tais, | edge with the potentialto become loose and enter | Flange Major A 831
Yam) peoduct vial.
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Nonconform

8.0 Appendix A: Elastomeric Vial Stopper

Nonconformity Lexicon

Figore 81 Bloom
Location: Any Class: Minor
that migrate and on the surtac
Figure 8:2 Clumping - Adhered
Location: Any Class: Major B

A0

Tiwo of mere parts adhered or sticking together, impacting machinabilty.

Figure 8.3

Clumping - Intertwined/Twins.

ity Lexicon

Location: Non-Product Contact Surface Class: /A

Ripples in the film that are a cosmetic defect, not interfering with function of stopper.

Figure 87 Concentricity (lack of Concentricity)

Location: Plug/Flange Interface Class: Major B or Critical

Visually apparent off-set or off-centered plug (can be confirmed by concentricity measurement). Can
be critical defect f risk to CC

Location: NA Class: Major B

Parts that are mechanically interocked, impacting machinabity.

111TPDA04009

Figue 811 Embedded Material (Extrinsic)
Locaton Any Class: Critical
elastomes formuaton o
‘completely embedded = the component
Figwre 412 Embedded Material (Intrnsic)
Location: Any Class: Manor

created during

89
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Nomenclature- Aluminum Seal Components

Figure 4.2.1-1

Figure 4.2.1-2

Composition of a Vial Seal
Plastic Button
* Cap Seal
. « Fii
Aluminum Ferrule , ;..;oc:o
+ Shel ~ * Overseal
+ Skirt - + Dust cover
+ Colar + Bonnet
« Fermue
Vial
Composition of a Lined Seal
Elastomeric
Aluminum Ferrule
Also Called
“Shel )
Skt . Cartridge
Collar 4
Crimp 4

90
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. . Chipped or Broken namfloa to the hutton including a section or fragment that has heen Buton r:;‘?;p’::r»; a1
uminum s>eal Noncontormity = B i
Damaged, Incomplete, or | Melt that is missing a portion, or the d 5
Small Melt i Button | Major A 9-18]
Embeded Foreign substance on the surface or within the plastic that cannot .
oo Button | Minor 919
Table 4.2.2-1  Aluminum Seal Nonconformity List CopapRetos iSisnovl
Flash bﬂd’smmwky‘mm.wmmphsﬁc B Major B 920
Nonconformance Description Location Classification Figure #
5 e Also referred to as a “short shot”. Includes sunken plastic injection 3
Bent, Crushed, or Out | Deformation caused by external force resulting in the ferrule . Incomplete Button ites or other lack of plastic material. Button | Major B 921
Tafion ¢ e Ferule | Major B 91 sites or other lastic material.
of Round becoming misshapen to prevent machinability. 5 B
- - - - Lifted Finger(s) One or more fingers of the button which are not flush with the Button | Minor 9.22|
Bite Mark Piece of aluminum removed by the forming equipment. Ferrule | Minor 92 surface of the aluminum.
5 Bridges of the ferrule which have lost integrity prior to removal of 4 Buttons that are mangled during the assembly process by getting ~
Broken Bridges the plastic button. Ferrule | Major A 93 Mangled Buttons G P Willnot ine i filing equipment. Button | Major B 923
Thin ride dur S ——— 8 > -
area of g cutting or shaping of S . Missing or Damaged | Fingers of present or Button o B
Burrs metamoqor shaped aminum on odge, ot on nerDametr (D), | Fee | el 8 11068 | g4 Fingers i button, but lack of function. . =
notch or hole (not resulting in loose aluminunvslivers). . - Includes variation in color (streaks, blotches, swirled, etc) or .
Plastic Color Variation - Button | Minor 9:25
- 5 . Major B if specified samples exceeding agreed to color standards.
Earring The formation of scallops around the edge of the seal skirt. Ferrule %of 5 95
Incomplete or Incorrect | A design feature designated in the drawing is incomplete or o Table 4.2.2-1 Continued
F - Ferrule | Major A 96
| s D 1o 0 2core ot kg Complete o ot eop eough Y ihe See] o — o Nonconformance — Description Location Classification Figure #
Incomplete Score does not fracture properly. emule jor - o Printing either not present, not complete, or not able to be read - .
) o ) o M""A‘“"u“m"".“'m' when required by the product drawing. Defect critcal if printing is | Button °n"°",‘°""a”? Al o8
anmmmmmmnmm F Major B 98 LI for patient safety purposes per USP<1>. ‘
or chipped Contamination (Non- Processing aids (grease or lubricants) inherent to the manufacturing Al Minor 921
Ilacqnar Missing or Lacquer is absent from surface or incorrect color. Ferrule | Critical 99 Biologic) (R T
Nconect Intermix Stranger item within a carton or shipment of product. Al None Allowed 928
Scratches in the lacquer coating exposing aluminum to B P
Lacquer Scratches = Ferrule | Minor 910 eTei e :;mmmmm,mm-smuodwmamon Al Major B 929
- A localized aluminum protrusion which extends past the edge of s Absence or loss of attachment between the ferrule and button such o
Lij Ferrul Major B -11
J the ferrule. ermule | Major 811 Unassembled e Al Major B 930
Messing, Insuficient, or | ¢ 0\ i akuminum i absent, 100 shallow, or too desp. Fermule | Major B 912 Visible Aluminum Aloose aluminum fragment that is present on the surface of the i ey
Excessive Groove Particulate o Al Seals; Minor 931
Missing Score or Lack of an intended design attrbute (either score or bridge) thatis | o\ |y o 013 G
Bridges necessary in order for the seal to function appropriately. g Inverted Liner Material | Laminated finer inserted wrong side up. Lined Critical 932
Removal of the button causes raised metal around target area. e Sn|
Projection/ Protrusion | Also called “cheese grater effect”. Creates potential for hazards for | Ferrule | Major A 914 e US| | per material not present or multiple finers present. g"l" Major B o3
practitioner, such as a tom glove. e -
Pulkthrough occurs when the button is removed but the aluminum Incomplete Liner Off cuts of elastomeric iner,also called “mouse bites”. Lined | Griical (X1}
Pull Through bends rather than break the aluminum bridges/score to expose the | Ferrule | Major A 915 Seal
target area. Liner Loose or Not Aliner which is not properly positioned or not fixed in the position | Lined Minor 235 91
N ical folds in the ~ by the ~ F Major B 916 Flush that is dictated in the product drawing. Seal
111TPDA04009
N f . t L -
9.0 Appendix B: Aluminum Seal Nonconformity Lexicon fawes o Seore
Figura 8.1 Bent, Crushed, or Out of Round Location:Ferrule Class: Major A
Location: Ferrule Class: Major B
Due o the score not being complete o not doep encugh, the sea does not fracture properly.
Fgwe 2 Figers 3-8 Lacquer Incomplete
Location: Ferrule Class: Minor. Location: Ferrule.
Pioce of akuminum removed by the forming equipment.
swied, uneven,
Figere 83 Broken Bridges Figere 89 Lacquer Missing or Incorrect
Location: Ferrule Class: Major A : Ferrule Class: Critical
Incorrect
idges po Lacquer s absent rom surface or incoect color.
92

46




111TPDA04009

ND/OFERESENTATION}

111TPDA04009

Acknowledgement / Reference

@ SCHOTT AG, Technical Training Glass / Container; Prof. Dr. Volker Rupertus; April 2019

® Summary Pharma-Kongress Produktion & Technik / ECA Conference Glass — Glass Breakage — Delamination
® “Failure of Glass Tubing Vials during Lyophilization” PDA J Pharm Sci and Tech 2019, 73 30-38

® PDA Technical Report TR43 “Identification and Classification of Nonconformities in Molded and Tubular
Glass Containers for Pharmaceutical Manufacturing”

® PDA Technical Report TR85 “Enhanced Test Methods for Visible Particle Detection and Enumeration on
Elastomeric Closures and Glass Containers”

® Merck, Development of TopLoad Drone for Stopper Compression and Residual Force (RSF) ; Jeff Cremi
® Schott AG, Improving efficiency in fill-finish ; Arne Kolke

® SmartSkin Tech, Unlock New Potential in Productivity ; Dr. Franz Mader ; March 2022

® And ...

47




	111TPDA04009-書皮
	Best Practices for Glass Handling_Angela--



