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INTRODUCTION 

A committee comprised from PET Container industry developed 
the Prevention of Pressure Loss and Leakage Guidelines for PET 
Bottles and Preforms. These guidelines are based on industry 
best of practices. 

This document has been prepared to provide guidelines to 
manufacturers of PET container, Closures and Filling industry 
personnel to identify key characteristics for maintaining the 
quality of both preforms and bottles. Individual needs, however, 
may dictate the application of other requirements negotiated 
between Consumer Product companies and suppliers of 
preform/containers. 

The International Society of Beverage Technologists does not 
warrant the efficacy, accuracy or completeness of these 
uidelines. 

Prevention of Pressure Loss and Leakage GUidelines for PET Bottles and Preforms. 

©ISBT-.7 Page 3 

~ 



International Society of Beverage Technologists 

1.0 An Overview 
The following document has been compiled by the ISBT Bottle and Closure Sub-Committee as a 
tool to assist the PET container industry in educating all operations that manufacture, fill and 
distribute PET packaging, in Best Practice guidelines for prevention of pressure loss or leakage. 

The carbonated soft drink industry has grown tremendously over the decades since the 
introduction of the 2 liter PET carbonated soft drink bottle in the mid-70's. As the market and 
range of applications has grown, productivity of assets used to produce PET containers and 
preforms has increased substantially. The rate and quantity produced in highly automated, highly 
efficient manufacturing processes has over time produced conditions wherein individual articles 
may be accelerated via gravity or transfer mechanisms to the point at which impact with each 
other or with containment structures can result in impact damage to relatively soft, amorphous 
injection molded surfaces. If that impact damage is concentrated on the surfaces which are used 
in contact with closures to effect a hermetic seal, the integrity of that seal may be compromised, 
leading to leakage or pressure loss. Similarly, conditions of closure application or of compatibility 
between neck finish designs and associated closures can lead to pressure loss or leakage due 
not to damage but rather due to non-optimal application conditions or to the negative effects of 
incompatibility. To sort out the root causes and derive permanent preventive actions, extensive, 
objective multi-party investigation is often required. 

The source or sources of leakage or pressure loss in a large population is often difficult to 
identify, and a systematic research methodology is recommended. This document provides tools 
and a road map for investigation and mitigation of the sources of pressure loss or leakage 
throughout the lifecycle of PET container products. 

This is why it is extremely important for everyone from the packaging manufacturer through filling 
and distribution to take ownership and to be accountable for reducing all potential sources for 
conditions which may compromise seal integrity. 

1. 1 Purpose and Intent 

If systematic investigative techniques are used, causes of Pressure Loss or Leakage may be 
found and occurrence from various sources may be minimized. These guidelines were compiled 
from the extensive experience of PET packaging manufacturers, closure manufacturers, resin 
suppliers, container testing laboratories, bottlers and fillers, and parent beverage companies. 

Use of these guidelines. 
Use of these guidelines will further a complete understanding of all criteria that influence 
incidence of pressure loss or leakage from its various sources. The following must be considered 
but are but not limited to; 

• Geometry of the PET Neck Finish 
• Geometry of the Closure 
• Thickness of the sealing surface 
• Processes employed in the manufacture of the PET articles 
• Processes employed in the manufacture of closures 
• Materials Handling Flow Path 
• Resin Grade and Intended Application 
• Environmental factors 
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• Inventory Age 
• Filling Conditions 
• Capping Conditions 
• Storage and Distribution of Filled Goods 
• Consumer Handling and Usage Practices 

This document has captured experience from across the industry and will be expanded and 
enhanced as the understanding of the sources of pressure loss or leakage improves. 
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2.0 Bottle and Preform Manufacturers' 
Responsibility 

2. 1 Overview 

There are many preventative measures that PET preform and container manufacturers can take 
to ensure that the most consistent quality preforms and/or containers are produced and that the 
production population is substantially free from damage, defects, or dimensional non 
conformances sufficient to compromise seal integrity. 

2.2 PET Materials 

• PET material grades are optimized for end use. By and large, the relative hardness or 
resistance to impact damage is uniform regardless of grade, formulation, or 
manufacturer. The tendency to scuff, nick, or gouge the as-molded surfaces of formed 
plastic components is a relatively uniform characteristic of the material. Geometry plays a 
greater role in determining susceptibility to damage. 

• Certain grades may however display an increased propensity towards impact breakage, 
as governed by copolymer type and content, or molecular weight. Consult the 
manufacturers for more information and guidance. 

2.3 Preform Injection Molding 

• PET resin needs to be properly dried before processing to insure the most uniform 
physical performance characteristics of the material. Moisture content should be below 
0.005% (50 ppm). Improperly dried material may display increased brittleness and 
increased susceptibility to impact damage or breakage. Articles produced from over-dried 
or under-dried PET may show signs of increased embrittlement. Over-dried material will 
often develop an increased b* color index value, as also measured by Yellowness Index. 

• PET preform injection molds are complex, sophisticated, precision mechanisms. The 
motions involved in opening these molds and extracting the parts must be precisely 
mapped and sequenced. Small differences in the contour of the cams directing the 
motion of the opening of the components which form the neck finish may, under improper 
adjustment, produce repetitive damage to the sealing surface or other features of the 
preform. Ensure that these molds have been set up correctly according to manufacturer's 
recommendations and as appropriate for the design of the product being manufactured. 

• Preforms are typically extracted into a post-cooling device, but older systems may free 
drop a multi-cavity shot of preforms via gravity onto a conveyor belt. The process of freely 
dropping preforms by gravity is inherently abusive and has been largely purged from high 
level production practices. Free dropping preforms will cause some degree of sealing 
surface damage to unavoidably occur, due to the combination of proximity of hard, sharp 
surfaces in the area of the injection mold and injection molding machine, the accelerating 
force of extraction, and the 1 - 2 meter free fall from the injection cavity by gravity to the 
receiving conveyor. 
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• Following a cooling sequence in the extraction device, preforms may be dropped onto a 
conveyor or transferred to a secondary orienting extraction device. Ensure that the belt is 
made of non-damaging materials, that it is not frayed, damaged, or improperly spliced or 
repaired with inappropriate materials. 

• In general, review all locations within the production pathway to which preforms must 
pass for any sharp corners or protuberances. 

• Follow GMP's (Good Manufacturing Practices) to ensure no exposure to contaminants 
occurs. 

2.4 Preform Handling and Inventory Management 

• Upon exiting the injection molding machine, preforms may be transferred immediately to 
blow molding processes or may be bulk stored for future use. The process of transferring 
preforms in bulk is inherently a significant source of potential damage. Review flat belt or 
cleated conveyors for damage points such as exposed bolt heads, metal plate transitions, 
cleat damage or tearing, etc. Ensure that the linear speed of the belts is appropriate, the 
minimum speed necessary to transfer materials out of the production machine. 

• When preforms are immediately transferred to bins for bulk storage, the process of filling 
the bins is typically performed by gravity transfer and is the first and most likely source of 
damage. This is because the temperature of preforms as the exit the injection molding 
machine is always elevated above room temperature and therefore the preform surfaces 
are incrementally softer than when stored at ambient temperatures. Avoid discharging 
preforms into bulk storage if their surface temperature exceeds 50° C. 

• When releasing preforms from injection molding machines into bulk storage containers, 
the preform manufacturer must avoid drops from the conveyor into the bins exceeding 
1.5 meters. To systematically avoid excessive drops, a variety of "soft drop" mechanisms 
have been developed and offered commercially. Over the years, a number of preform 
'stacking' and orienting systems have been patented and introduced to direct preforms in 
a controlled manner into bulk storage containers. Depending upon the design of the 
preform, the neck finish, and the intended end use application, a 'soft drop' mechanism 
may become a requirement. 

2.5 Preform Storage and Transport 

• Preform storage must follow Good Manufacturing Practices for PET preform materials 
handling. Preform or resin suppliers can provide additional GMP recommendations. 

• Avoid excessively high humidity, greater than 80% RH. 
• Avoid temperature extremes. Storage temperatures should be maintained in the range of 

10° - 30° C (50° - 900 F), especially during movement and transport, when high levels of 
uncontrolled vibration can be anticipated. 

• Ensure that individual bulk storage containers are not filled to overflowing and that the 
packaging itself bears to the load of stacked containers rather than the contents. The 
latter case generates concentrated loads which may lead to sealing surface damage, 
general surface damage, chipping, or ovalization. 

• Unitize loads in transit using load locks or air bags to prevent excessive vibration or 
shifting. 
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2.6 Bottle Production, Handling, and Pa/letization 

• The process of 'dumping' preforms from bulk storage containers into bulk hoppers which 
feed preform orientors can be inherently abusive. Avoid the following: 

o Avoid discharging preforms into the hopper from greater than 1.5 meters above 
the level within the hopper at the time of loading. 

o Avoid discharging preforms into the hopper when the level is already above the 
high level sensor of the hopper. 

o Avoid preform orientor designs which recycle excessive numbers of preforms 
back into the hopper, particularly if the ratio of preforms loaded to preforms 
recycled exceeds 3%. 

o Avoid 'churning', in which bulk preforms are picked up by a cleated elevator belt 
in such a way as to repetitively tumble them again and again back into the pick 
up zone. 

o Similarly, avoid cleated elevator belt configurations which permit large numbers 
of preforms to fall off of the cleats and to drop for distances exceeding 1.5 meters 
back into the pick-up zone. 

• When preforms are discharged from the cleated elevator belt into the orienting 
mechanism, avoid energetic bouncing as they drop into the orienting mechanism. Use 
soft materials such as UMWHDPE (Ultra High Molecular Weight High Density 
Polyethylene) or HIR PU (High Impact Resistance Polyurethane) as the preform contact 
surface in this zone. Avoid all contact with metal protrusions or surfaces. 

• Any preforms not properly oriented at the end of the orientor path length are typically 
mechanically ejected to a recycling pathway. Take care that neither the process of 
ejection, which can be energetic, nor the materials in contact with preforms in the 
recycling pathway conflict with the damage avoidance guidelines above. 

• Within the blow molding machine process pathway, examine all handling fixtures and 
transfers to ensure that no excessive forces are being applied to the sealing surface. 
Ensure that all seals and gaskets are in place and functioning. Ensure that no individual 
metal component has been damaged and so has a sharp edge or burr which could come 
into contact with the sealing surface. 

• Ensure that all downstream equipment has similar controls upon contact with the sealing 
surface. Check the process pathways of each downstream device, including automated 
inspection, labeling, and automated palletization, as applicable. 

2.7 Storage and Transport of Palletized Bottles 

• In addition to the general points covered in preform storage and transport immediately 
above, ensure that the materials used to separate layers in bulk pallets are clean and 
free from embedded sharp objects. 

• Unitize loads in transit using load locks or air bags to prevent excessive vibration or 
shifting. 

• Invoke Good Manufacturing Practices including traceability and FIFO (first in first out) 
stock rotation. 

• In general embrittlement can occur when inventory age is excessive. Consult 
manufacturer's guidelines for best practices in managing inventory storage lifetime. 
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2.8 Storage and Transport of Bottles supplied in Bulk 
Packaging 

• In many cases filling lines are configured to receive PET containers stored in bulk bins 
rather than unitized as pallets. In these cases the same guidelines apply as are 
enumerated for bulk loading and storage of PET preforms. 
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3.0 Closure Manufacturers 
Responsibility 

There are many preventative measures the closure manufacturer can take to ensure that 
the most consistent quality closures are produced and that the production population is 
substantially free from damage, defects, or dimensional non-conformances sufficient to 
compromise seal integrity. 

3.1 Raw Materials 

• Materials selected for closure shells and liners may vary greatly by end use application 
and production process. Closure manufacturers extensively test their designs and 
materials for compatibility and application efficiency. It is essential that current application 
guidelines be available and in use. 

• Color may influence closure dimensions to the extent that application and removal 
torques or other dimensional indicators may be influenced by the color chosen. 

3.2 Raw Closure Manufacturing 

• Closures are lightweight components produced on high speed, highly automated 
production lines. Distortion can occur in plastic closures when cooling conditions are out 
of the ideal process range. 

• Molds for forming plastic closures are complex, sophisticated, precision mechanisms. 
The motions involved in opening these molds and extracting the parts must be precisely 
mapped and sequenced. Small differences in the contour of the cams directing the 
motion of the opening of the components which form the shell, threads, or tamper evident 
features may, under improper adjustment, produce repetitive damage to the thread form 
or other features of the closure. Ensure that these molds have been set up correctly 
according to machine and mold manufacturer's recommendations and as appropriate for 
the design of the product being manufactured. 

• Closures are typically sequenced after primary forming into a post-operations such as 
slitters, band folders, liner inserters, and printers. In each of these systems it is important 
to take care to ensure that inadvertent damage due to contact with misaligned or 
misadjusted handling components is averted. 

• Following any secondary forming or assembly operations, plastic closures may be 
sequenced onto a conveyor and transferred to a bulk container for storage and transport. 
Ensure that the temperature of components when discharged into the bulk storage 
container is maintained within process limits. 

• Follow GMP's (Good Manufacturing Practices) to ensure no exposure to contaminants 
occurs. 
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3.3 St"rage and Transport of Closures in Bulk Packaging 

• Ensure that the bulk storage containers are not overfilled, as forcing too many closures 
into a container may cause distortions leading to cap application variation which may 
present as pressure loss or leakage. 

• In most cases filling lines are configured to receive closures stored in bulk bins. Ensure 
that these storage cases protect the closure from damage during warehousing and 
transport. 
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4.0 Fillers' Responsibility 
There are many preventative measures the bottler / filler can take to insure that their 
production lines and operating personnel are minimizing exposure to conditions that can 
initiate or generate sealing surface damage sufficient to compromise seal integrity. 

4. 1 Incoming Materials 

• Extended exposure to very high temperatures may cause many kinds of distortions 
including neck finish ovalization. 

o Do not store bottles (empty or full) in trailers during anytime of the year. Unload 
bottles as soon as possible, always within 12 hours, less in periods of 
temperatures exceeding 30° C (90° F). 

o Keep bottles out of direct sunlight. Avoid storing bottles for any period at 
temperatures in excess of 38° C (100° F). 

o Keep bottles away from external heating sources, e.g. tow motor exhaust, 
warehouse heaters, etc. 

• Avoid loading PET containers into a filling line during periods of cold temperatures « 10° 
C (50° F) directly from trailers. Whenever possible, keep the temperature of PET 
containers at the time of movement and handling within the ideal operating range of 10° - 
30° C (500 F - 900 F). 

• Allow for proper air exchange when storing bottles, to permit them to stabilize at the 
desired ambient temperature. 

• Use common sense when moving pallets to avoid vibration or shaking that could lead to 
shifting of pallet tiers or collapse of the pallet. To avoid the potential for impact damage to 
the sealing surface, avoid re-use of bottles which have fallen to the floor from a pallet or 
production line. 

• Use stretch wrap to protect bottles from damage or contamination and to help prevent 
layer shifting wherever appropriate. 

• Follow manufacturer's guidelines appropriate to the container design for pallet or bulk 
container stack height during warehouse storage. 

• Utilize appropriate FIFO practices in stock rotation. Do not allow odd lots or end-of-run 
quantities to remain un-managed in inventory for extended periods. 

4.2 Bottle Self-Manufacturing 

• See "Bottle Production and Handling" under "Bottle and Preform Manufacturers 
Responsibility" . 

• Self-Manufacture containers only with a qualified preform for a specific bottle size and 
design appropriate to the configuration of the blow molding machine personalized parts 
and the configuration of the handling components of the associated downstream 
equipment. Ensure that the neck finish portion of the preform is compatible with and 
qualified for use with the closures in use. 
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4.3 Handling System 

• Air-conveying systems, while highly effective for transferring PET containers, can be 
abusive if not correctly set within their ideal operating ranges. 

• Ensure that key control variables, including the static air pressure and velocity within the 
air conveyor system are continuously monitored and found to be consistent with the 
conveying system manufacturer's specifications and operating guidelines. 

• Review all transfer points, particularly those which by design effect the transfer using the 
neck finish, for the possibility of forceful contact between a driven metal component and 
the PET container neck finish or sealing surface. 

• If bottles are pre-labeled on the filling line, check the centering or pressure head for any 
misalignment or damage. 

• Consult your bottle supplier or equipment manufacturer to set the appropriate pressure 
limits, alignment, or controls. 

• It is recommended that all of the above areas be checked on a daily basis. 

4.4 Filling and Capping 

• Check the Rinser, Filler Nozzles and Capper Heads and Anti-Rotation knives for any 
misalignment or damage. 

• Ensure that personalized handling components are designed and installed following 
manufacturer's guidelines and have been qualified as functional at the desired line 
speeds. 

• Follow closure manufacturer's guidelines. Ensure that the cap application conditions, 
most notably application torque, are correct and nominal for the application. Avoid over 
torque upon application of closures as this can lead to stripping. Stripped threads due to 
over-torque are often mistaken as 'as-delivered' defects when in fact they are an artifact 
of cap application settings. 

• Ensure that the design of the closure has been proven capable and is qualified for the 
intended end use application. In particular, verify that liner-less closure systems are 
qualified for the internal pressure and storage temperature range selected. 

• Verify the production process conditions (pressures, such as carbonation levels, nitrogen 
dosing levels, counter-pressure or hot filling temperatures) in use at the time of 
application of closures. Any out of control condition may lead to loss of pressure or loss 
of seal. 

4.5 Filled Goods Storage and Distribution 

• Internal pressure increases with storage temperature. Therefore conditions of storage 
can result in pressure loss or leakage even when the PET bottle and closure was 
properly manufactured, delivered, and applied. It is critical therefore to understand and 
implement appropriate controls and measures to maintain the storage conditions within 
manufacturer's guidelines. If extreme conditions of temperature are unavoidable, an 
upgraded neck finish / closure system may be indicated which is designed and warranted 
for the more extreme conditions. In general PET containers and closures are warranted 
for long term storage in the range of 1 ° C - 38° C (34° - 100° F). Continuous storage at 
temperatures exceeding 40° C (104° F) may lead to pressure loss or leakage in properly 
manufactured, filled, and closed PET containers. 
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• Damage is unlikely to finishes or sealing surfaces once the closure is applied. However, 
forces acting upon the finish through the closure can in extreme circumstances create an 
opportunity for loss of seal and should therefore be carefully screened prior to settling 
upon the primary packaging as the source of seal loss. Inspect the bottle and closure for 
abuse such as scuffs, dirt, or impact deformation. 

4.6 Post Fl1ling Incident Responsibilities - Leakage, Pressure 
Loss, or Microbiological Spoilage 

Any incident wherein the hermetic seal is found to be compromised is serious and results in 
most quality systems in product hold or recall. Systematic, deliberate, and traceable actions 
are essential to isolating the root cause and designing effective corrective actions to prevent 
reoccurrence. Here are a variety of guidelines aimed at quickly and comprehensively 
resolving these incidents: 

• Contact packaging and equipment suppliers for assistance. 
• Use GMP traceability methodologies to isolate all production to the last known good date. 

Hold or recall all production since that point in time. 
• Isolate all failed samples from known good product immediately. Save defective samples 

for root cause analysis. 
• Isolate all companion samples in the warehouse and assist in the following traceability 

data collection: 
o Retain samples and log all date codes involved (filler and supplier). Segregate 

suspect product for inspection. 
• Supply the bottle manufacturer with as many failed samples as possible. 
• Categorize the damage: 

o Determine if the nick or gouge or chip feature is uniform in size. 
o Determine if the feature is consistent location relative to an identifying mark on 

the bottle such as the neck finish engraving, the mold parting lines, to a mold 
labeling registration lug, or other associated feature. 

o Determine if incidence is random, or if it repeats by preform mold ID number, 
which is typically found on the neck finish, or by blow mold ID number, which is 
typically found on the base of the container. Random defects occur when the 
preforms or containers are randomized, for example in bulk handling, whereas 
non-random damage occurs when the preforms or containers are constrained 
within their primary production systems. 

o Verify the time limits associated with the date codes. If the empty container date 
codes are broadly distributed but the filled goods codes are found within a much 
shorter time frame (and of course vice versa), the underlying cause can likely be 
isolated. 
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5.0 Investigation and Prevention of 
Field Failures 

There are key investigative and preventive measures that field personnel can perform to insure 
that they accurately identify the causes for loss of hermetic seal in filled PET packaging during 
handling and distribution. 

5.1 Field Sales Responsibility 

Product Handling: 

• Do not expose bottles to direct sunlight. This includes outside and in store window 
displays. 

• Do not expose bottles to high temperatures (in excess of 380 C, 1 QQoF). 
• Do not store filled goods near any heat source (vents, portable heaters, etc.). 
• When containers displaying leakage, pressure loss, or microbiological spoilage are found 

in the field, avoid altering or destroying the evidence that can lead to finding the 
underlying cause! Maintain chain of custody. Collect all examples possible. Place the 
defective packages in a sealable plastic bag, carefully marked with the date, time, and 
location collected. Return them to the quality management or packaging engineering 
group for forensic investigation 

Forensic Investigation Methods: 

• Involve all contributing parties in an open and forthright way. 
• Maintain chain of custody records and carefully document the conditions of storage from 

discovery to release of samples to the group performing the forensic investigation. 
• When defective packages must be opened to inspect the finish for damage, digitally 

photograph the package before and after opening. If possible, open package samples 
from the defective population with an application torque meter to determine if the closure 
was properly applied or if the removal torque is outside of expected range. 

• Present clearly organized data to all affected parties. 
• Use photomicrographs and other high resolution tools to enable the possibility of 

matching the damage to its source. 
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Appendix A Data Collection Checklist 

A.1 Checklist for Analysis and Report 

The following checklist contains information to be collected for a thorough analysis and report. 

Bottle Identification: 

o Package profile o Bottle weight o Preform cavity number o Blow cavity number o Bottle supplier and location o Manufacturing date and time 

Closure Identification: 

o Closure Type o Closure Color o Closure cavity number o Closure supplier and location o Manufacturing date and time 

Filler Information: 

o Filling location o Filling date and time o Product being filled o Carbonation or Nitroqen Dosing level o Hot Filling Conditions - Filling Temperature & Temperature within the bottle o Neck support used? o Counter pressure o Production Speed o Capping System o Where did the bottle fail (at filler, on conveying line, in warehouse, in field) 

Initial Visual Analysis: 

o Damage location (inside, top, or outside of sealing surface, threads, other features) o Depth of any nicks or gouges o Evidence of finish distortion or ovalization o Damaged thread forms or tamper-resistance geometries o Evidence of co-damage to underside of support ring or bottle neck diameter o General condition of bottles and closures 
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o Other Visual defects suggesting unstable process conditions o Material distribution in the neck or shoulder of containers 

Lab Analysis: 

o I.V. check o Complete Dimensional Analysis for conformance to specifications o Container Material distribution measurements o Results of control samples comparison 
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Appendix B Pressure Loss or Leakage due to Sealing 
Surface or Neck Finish Damage: Data Collection 

B.1 Data Collection Checklist for 

Pressure Loss or Leakage due to Sealing Surface or Neck Finish Damage: Data Collection 

This sheet (or equivalent) may be used by both the filling plant and bottle manufacturer to collect 
data concerning failed samples. After all data has been collected and all lab analysis is complete, 
the bottle manufacturer should use the gathered information to generate a final report. 

Initial Information 

1. Package profile, _ 

2. Bottle supplier _ 

3. Closure supplier _ 

3. Filling location _ 

4. Contact names: 

Fill location _ 

Bottle Supplier _ 

Closure Supplier _ 

5. Date and time failures reported _ 

6. Estimate the number of failures involved _ 

7. List the bottle fill date codes involved 

8. List the bottle production dates involved 

9. Has both full and empty product been segregated and placed on hold? 

Full product Empty ware _ 

10. Are failed samples available for analysis? _ 

11. Are empty samples from same production date available for analysis? _ 
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12. How many samples does the bottle manufacturer require for analysis? _ 

13. How many samples does the closure manufacturer require for analysis? _ 

Back to top 

©ISBT-.7 
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Filling Plant Information 

1. Who reported the initial failures? _ 

2. In what locations have the failures been reported (conveying line, warehouse, route truck, etc.). 
Be specific. 

3. Is the entire inventory from the failed package size supplied from the same supplier 
manufacturing facility? 

4. What brand(s} of product are failing? _ 

5. What carbonation or nitrogen dosing levels were recorded at time of fill? _ 

6. If Hot Fill process, what are the fill temperatures? _ 

7. What type of capper is in use and what are its standard operating conditions? _ 

8. Is the problem isolated to a particular closure lot or color? _ 

9. What is the age of the closure inventory involved in the incident? _ 

10. What is the temperature of the closure inventory storage area? _ 

11. What is the filled goods packaging system? _ 

12. How are filled goods stacked and stored? _ 

13. What are the conditions of storage in the filled goods warehouse or distribution center? 

14. List the conditions of bottles storage prior to filling. Be specific. _ 

15. Age of empty product at the time of filling. _ 

16. Have there been any other incidents of failed product from this location? _ 

If yes, list date / time / product involved. _ 
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Was a conclusion reached and agreed upon by all parties involved? _ 

What was the conclusion of previous failures _ 

Additional Information 

Use the space provided to detail any other pertinent information: 
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Conditions of Use and Legal Disclaimer 

The contents of any website sponsored, maintained, or sanctioned by the 
International Society of Beverage Technologists (lSBT) are provided for the benefit 
of the beverage industry, and are to be used on a voluntary basis. Prior to the use of 
any information, documentation, or specification, you should first determine whether 
the use of these materials is appropriate to your particular application. You, the user, 
assume all responsibility for the use and interpretation of website contents and agree 
to use at your own risk. 
No representations or warranties, stated or implied, are made as to the accuracy, 
completeness or usefulness of the information, documentation, or specifications, or 
the conformity of any product to them. You, the user, agree to indemnify and hold 
harmless the ISBT, its officers, directors, employees and agents from any and all 
losses, claims, or damages resulting from the use of the information on this website 
including injury or death of any person or damage to any property of whatsoever 
nature. 
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Introduction 

The following test methods were developed by an ISBT committee made up of end 
users and suppliers in conjunction with the ISBT. The scope of this committee was 
to review test methods relating to plastic bottles for CSD's, NCB non-pressurized, 
NCB pressurized and hot fill applications and standardize on conditions of testing 
where practical. 

Having gone through this exercise, this may now make it possible for the suppliers to 
be more efficient in their lab facilities because they will now test bottles and closures 
for all end users by the same methods. 

Having completed the original mandate, it is recommended that the committee 
should meet twice yearly to make revisions to test methods as technological 
advances occur in test equipment and packaging in general. 
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TEST CSD NCB-COLD FILL NCB-COLD FILL HOT FILL - 
PRESSURIZED NON-PRESSURIZED 

Dimensional Tests: 
Bottle Dimensions: X X X X 

Finish Dimensions X X X X 

Section Weights X X X X 

Wall Thickness X X X X 

Weight and Capacity X X X X 

Physical Performance Tests: 
Burst X X 

Pressure Retention: X X 
Zahm-Nagel 

Crystallinity: Gradient Column X 

Drop Impact X X X X 

Hot Fill Distortion X 

Top Load: 
Non-Vented X X X X 

Vented X X X 
Filled and Capped X X 

Thermal Stability X X 

Stress Crack X 

Vacuum Retention X 

Reference Tests: 
ASTM Test Methods: 

AA - Ground Preform X X X X 
AA - Head Space X X X X 

MaCON 02 Ingress X X X 
T ra nsportation Test X X X X 
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Carbonation Retention: 
Non-Destructive X 

MOCON X 
FTIR X 

Orbisphere X 

02 Transmission: Orbisphere X 

Perpendicularity X X X X 

Sodium Hydroxide Preparation X 
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DIMENSIONAL TEST METHOD BOTTLE DIMENSIONS 

PURPOSE 
Evaluate the critical measurements (such as height diameters, shoulder contour, and height to the 
support ring) of the bottle to ensure compliance with the manufacturer's drawing and ease of 
handling during the filling and capping operations. The purpose of this test is to determine if bottle 
dimensions are within specifications. 

APPLICATION 
All PET Bottles: CSD; NCB-Cold Fill Pressurized; NCB-Cold Fill-Non-Pressurized; Hot Fill. 

TEST EQUIPMENT 
1. Surface Plate, flat to 0.0025mm (0.0001 inch). 

2. Height Gauge, accurate to 0.025mm (0.001 inch). 

3. Calipers, accurate to 0.025mm (0.001 inch). 

4. Bottle specification drawing showing dimensions and tolerances. 

5. Non-contact methods of measurement are preferred. 

6. Pi tape and optical comparator methods are also acceptable. 

SAMPLE QUANTITIES 
To be determined by end users' specifications and risk analysis. 
Recommendation: 12 bottles, minimum. 

PROCEDURE 
1. Verify calibration of equipment. Dimensions to be measured are dependent upon application. 

2. Diameter(s): 
Measure actual samples and record data 

3. Bottle Height and Height to Neck Support Ring: 
Measure actual samples and record data. 
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DIMENSIONAL TEST METHOD FINISH DIMENSIONS 

PURPOSE 
Various factors of package quality, including seal integrity and removal torque level, are dependent 
on the quality of the neck finish. The purpose of this test is to verify that finish dimensions are 
according to specifications (see www.Threadspecs.com or the appropriate supplier). 

APPLICATION 
All PET Bottles: CSD; NCB-Cold Fill Pressurized; NCB-Cold Fill-Non-Pressurized; Hot Fill. 

TEST EQUIPMENT 
Optical comparator or other non-contact method for measurement must be used for exterior 
dimensions. 

SAMPLE QUANTITIES 
To be determined by end users' specifications and risk analysis. 
Recommendation: 12 bottles, minimum. 

PROCEDURE 
1. Verify calibration of equipment. 

2. Observe and record incident of gross defects such as "blown necks" and other deformations. 

3. Observe quality of sealing surfaces. Mark and note instances of short shots, nicks, dents, 
molding flash, etc. 

4. Dimensions to be measured are dependent upon application. Recommendation: T, E, A, C 
and X, minimally. Verify with www.Threadspecs.com the nomenclature and tolerances. Each 
diameter dimension should be measured at approximately 100 and 900 to the parting line. 
Height and vertical dimensions should not be measured on the parting line . 
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DIMENSIONAL TEST METHOD SECTION WEIGHTS 
PURPOSE 
A bottle has a unique material distribution profile depending on the bottle gram weight and 
processing technique. Consistency of weight distribution is an important factor in bottle 
performance. The purpose of bottle sectioning is to allow measurement of a specific cylindrical 
segment (such as shoulder, panel and base) of a bottle. 

APPLICATION 
All PET Bottles: CSD; NCB-Cold Fill Pressurized; NCB-Cold Fill-Non-Pressurized; Hot Fill 

TEST EQUIPMENT 
1. Laboratory scale with capacity of 100 grams minimum and an accuracy of ± 0.01 gram. 

2. Bottle sectioning location guidelines, based on applicable end user's specifications drawing. 

3. Equipment for cutting or sectioning bottle. 

SAMPLE QUANTITIES 
To be determined by end users' specifications and risk analysis. 
Recommendation: 12 bottles, minimum. 

PROCEDURE 
1. Verify calibration of balance. 

2. Inspect for and remove any foreign matter from the bottles. 

3. Cut each bottle into sections based on the container drawing. 

4. Determine each section weight to nearest 0.1 gram. 
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DIMENSIONAL TEST METHOD WALL THICKNESS 

PURPOSE 
Successful performance of a PET bottle is related to many critical properties that are dependent 
on the bottle wall thickness profile consistency (e.g., C02 permeation rate, 02 ingress, water vapor 
transmission rate, volume change, top-load strength). The purpose of this test is to measure wall 
thickness in distinct regions of plastic bottles in order to monitor and compare with physical 
performance. 

APPLICATION 
All PET Bottles: CSD; NCB-Cold Fill Pressurized; NCB-Cold Fill-Nan-Pressurized; Hot Fill 

TEST EQUIPMENT 
1. Ultrasonic or other non-destructive thickness testers. 

or 
2. Micrometer with ball ends or equivalent with a resolution of 0.0025mm (0.0001 inch). 

3. Height gauge with ink marking or scribe tip. 

SAMPLE QUANTITIES 
To be determined by end users' specifications and risk analysis. 
Recommendation: 12 bottles, minimum. 

PROCEDURE 
1. Verify calibration of equipment. 

2. For direct contact measurements, mark the bottle in the vertical & horizontal positions based 
on bottle design and end users' specifications. 

3. Measure the thickness to 0.025mm (0.001") at all intersecting points marked above. 
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DIMENSIONAL TEST METHOD WEIGHT & CAPACITY 

PURPOSE 
Plastic bottles must meet the specific capacity requirements of the country(s) in which the bottles 
will be used. Additionally, bottle weight can impact a number of performance attributes. The 
purpose of this test is to determine the weight of a bottle along with fill point and overflow capacity. 

APPLICATION 
All PET Bottles: CSD; NCB-Cold Fill Pressurized; NCB-Cold Fill-Nan-Pressurized; Hot Fill. 

TEST EQUIPMENT 
1. Laboratory scale with accuracy of at least ± 0.01 gram 

2. Depth Micrometer 

3. Vented Bulb Syringe 

4. Thermometer with accuracy to 0.50C (10 F) 

5. Table for density of water per CRC Handbook of Chemistry and Physics 

SAMPLE QUANTITIES 
To be determined by end users' specifications and risk analysis. 
Recommendation: 12 bottles, minimum. 

PROCEDURE 
1. Verify calibration of equipment. Obtain bottles immediately after production and store at 

ambient temperature for 72 hours, or per end user's requirements. 

2. Record the actual temperature of the water (target 22°C172°F). 

3. Identify bottle samples. 

4. Determine the weight to ± 0.1 g of the (first) empty bottle, record the weight and tare the 
weight. 

5. Fill bottle with room temperature water (distilled water recommended) to the top of finish and 
record this weight as over flow (g). 

6. Set the depth micrometer to the fill level, referencing the bottle drawing, and adjust for the 
appropriate correction factor to account for surface tension. Adjust a vented bulb syringe using 
the depth micrometer. 

7. Apply vented bulb syringe to surface of bottle finish and remove excess water and record this 
weight as fill level capacity (g). 
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WEIGHT & CAPACITY 

8. Repeat procedure steps 4 through 7 for each bottle. 

9. Determine the density of water at the respective temperature as derived from the water density 
table in the CRC Handbook of Chemistry and Physics. 

10. Covert the overflow and fill level weights to volumetric data using the following calculation: 

Volume (mL) = Net Weight (g) / Water Density (g/mL) 
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WEIGHT & CAPACITY 

Bottle Capacity WeightlVolume Conversion Table 
Apparent Density of Water in Air 

Temperature, °C [)~r1~i!}', .. {:J'!II"!,,L Temperature, OF 
'"" .,'._._.,._._.,.,-", .. ""-"--,---.,.~-,--- 

0 0.99873 32.0 
1 0.99879 33.8 
2 0.99884 35.6 
3 0.99887 37.4 
4 0.99888 39.2 
5 0.99887 41.0 
6 0.99885 42.8 
7 0.99882 44.6 
8 0.99877 46.4 
9 0.99871 48.2 

- ----------- ----------- 

10 0.99863 50.0 
11 0.99854 51.8 
12 0.99843 53.6 
13 0.99832 55.4 
14 0.99819 57.2 
15 0.99805 59.0 
16 0.99790 60.8 
17 0.99773 62.6 
18 0.99756 64.4 
19 0.99737 66.2 
20 0.99717 68.0 
21 0.99697 69.8 
22 0.99675 71.6 
23 0.99652 73.4 
24 0.99628 75.2 
25 0.99603 77.0 
26 0.99578 78.8 
27 0.99551 80.6 
28 0.99523 82.4 
29 0.99495 84.2 
30 0.99465 86.0 
31 0.99435 87.8 
32 0.99404 89.6 
33 0.99372 91.4 
34 0.99339 93.2 
35 0.99305 95.0 
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PHYSICAL PERFORMANCE TEST METHOD BURST TEST 

PURPOSE 
Bottles are subjected to rapidly increasing pressure during the filling operation. The purpose of this 
test is to determine the failure paint of the PET bottle when pressurized under specific conditions. 

APPLICATION 
Only CSO and NCB-Cold Fill-Pressurized bottles. 

TEST EQUIPMENT 
Calibrated Burst Tester (AGR*TopWave Model BR 3000 type or equivalent) with fill ramp capabilities. 

SAMPLE QUANTITIES 
To be determined by end users' specifications and risk analysis. 
Recommendation: 12 bottles, minimum. 

PROCEDURE 
1. Verify calibration of equipment. 

2. Place one bottle at a time in the burst tester. Ensure that the bottle is properly threaded into the 
bottle support and close the safety chamber. 

3. Initiate the burst tester using the following parameters: 
a. CSO: Rapid pressurization to 9.18 bar (135 psi); hold for 13 seconds; ramp at 0.68 bar/sec 

(10psi/sec) to failure or 20.41 bar (300 psi) (whichever comes first). 

b. NCB-Cold Fill - Pressurized: Rapid pressurization to 2.04 bar (30 psi); hold for 13 seconds; 
ramp at 0.34 bar/sec (5psi/sec) to failure or 2.72 bar (40 psi) (whichever comes first) 

4. After the method has finished, remove the bottle. 

5. Test each bottle to failure. 
Note: There is a potential that the test will not proceed to failure due to physical limitations of 

the machine (l.e.. ramp pressure limit reached). 

6. Record the following test results for each bottle: 
a. Burst pressure or maximum pressure achieved. (mandatory) 
b. Percent bottle expansion at 13 seconds and final expansion. (optional) 
c. Time duration for each bottle tested. (optional) 
d. Location of failure (side wall or base) and if it is a base failure, describe the location of failure: 

through the gate, around gate, foot to foot, etc. (mandatory) 

7. Record the water temperature for each series of tests. 

©ISBT2004 • 



INTERNATIONAL SOCIETY OF BEVERAGE TECHNOLOGISTS 

PHYSICAL PERFORMANCE TEST METHOD CRYSTALLINITY 

PURPOSE 
PET is a crystallizable polymer. Since the percent crystallinity is proportional to density, the 
percent crystallinity of a PET sample can be determined by measuring the density. Crystallinity 
level is an important variable in determining hot fill performance. 

APPLICATION 
Primarily for Hot Fill Bottles. 

PROCEDURE 
See ASTM # 01505-85 for the Density Gradient Column method and ASTM # 0792-91 for the 
Displacement method. 
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PHYSICAL PERFORMANCE TEST METHOD DROP IMPACT 

PURPOSE 
An important feature of plastic bottles is their resistance to failure on drop impact. The purpose of 
this test is to determine the ability of the bottle to withstand free-fall impact forces. 

APPLICATION 
PET Bottles: CSD; NCB-Cold Fill Pressurized; NCB-Cold Fill-Nan-Pressurized; Hot Fill 

TEST EQUIPMENT 
1. Flat hot-rolled steel plate, or equivalent, with minimum dimensions of 1 m by 1 m by 12.7mm 

(39" by 39" by 0.5") having an unpolished surface and securely attached to an industrial 
concrete surface. 

2. Safety glasses and/or face shield 

SAMPLE QUANTITIES 
To be determined by end users' specifications and risk analysis. 
Recommendation: 12 per orientation; 24 bottles, minimum. 

PROCEDURE 
1. Verify calibration of equipment 

2. Sample bottles must be filled as outlined below for the appropriate application 
a. CSD: 4.2 GV +/-0.5 GV 
b. NCB-Cold Fill-Pressurized: 2.72 bar (40psi+/-5psi) 
c. NCB-Cold Fill-Nan-Pressurized: Flat water (no pressure) 
d. Hot Fill: Water filled under hot-fill conditions. 

3. Test samples must be conditioned a minimum of 16 hours at 4 +/-1°C (40 +/- 2 OF) 

4. Drop samples individually onto steel plate from the specified height: (measured from bottom of 
bottle to plate) 
a. CSD: 1.8 meters (6ft) 
b. NCB- Cold Fill-Pressurized: bottles s 1 L at 1.4 meters (55"); bottles> 1 L at 1 meter (40") 
c. NCB - Cold Fill-Nan-Pressurized: bottles ~ 1 L at 1.4 meters (55"); bottles> 1 L at 1 meter 

(40") 
d. Hot fill: bottles s 1 L at 1.4 meters (55"); bottles> 1 L at 1 meter (40") 

5. Divide the samples into 2 groups and drop 12 samples, or number per end user, in the 
following orientations: 
a. 12 samples dropped vertically on to the bottle base. 
b. 12 samples dropped horizontally onto the bottie side. 
Each sample is tested once then discarded. 

6. Observe effect of the initial impact as opposed to the effects of secondary impacts. 
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PHYSICAL PERFORMANCE TEST METHOD HOT FILL DISTORTION 

PURPOSE 
Evaluate the container's resistance to distortion resulting from liquid hot fill. Manufacturing 
process, container material, levels of non-uniform biaxial orientation, crystallinity and design can all 
impact on a container's response to high temperature filling. 

APPLICATION 
Hot Fill Bottles. 

TEST EQUIPMENT 
1. Mechanical bottle diameter fixture with measuring standards or equivalent devices such as 

Vernier calipers or non-contact devices. 
2. Height Gauge. 
3. Top Load Balance. 
4. Bottle specification drawing. 
5. Thermometer or thermocouples with read out devices. 
6. Regulated hot water supply. 
7. Quench box or sink. 

SAMPLE QUANITIES 
To be determined by end users' specifications and risk analysis. 
Recommendation: 12 bottles, minimum. 

PROCEDURE 
1. Test freshly blown bottles after a minimum of 20 minutes (preferably within an hour) after 

collection. 
2. Record initial values for volume, height (to support ledge), and diameters in multiple locations 

(such as maximum bell, mid-label panel, and maximum base). 
3. Fill bottles to finish "A" diameter with hot water and cap. Use water temperature appropriate for 

condition of use. Generally, 90.60 C (1950 F) water is used if bottles are less than 24 hours old 
and 850 C (1850 F) water is used if bottles are more than 24 hours old. 

4. Allow bottle to stand for two (2) minutes. 
5. Place bottle on side and hold for one (1) minute, to wet the closure. 
6. Quench bottles to cool (generally, 220 C172 0 F). Time dependent upon method of cooling and 

container size. 
7. While bottles are still sealed, check for visual distortion and measure height (to support ledge) 

and diameter ovality. 
8. Empty bottles and measure volume, height (to support ledge) and diameters. 
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PHYSICAL PERFORMANCE TEST METHOD PRESSURE RETENTION: 
ZAHM NAGEL 

PURPOSE 
The shelf life of a carbonated or pressurized beverage is affected by a number of components. 
One of these components is the amount of pressure loss (via permeation and creep) through the 
plastic bottle. This test method quantifies the amount of pressure retention for the bottle. 
APPLICATION 
CSD and NCB Cold fill Pressurized Bottles. 

TEST EQUIPMENT 
1. A filling machine capable of filling carbonated water or product to 4.2 ± 0.1 volumes of C02 or 

pressure target listed below. 
2. Method of applying plastic closures 
3. A calibrated Zahm & Nagel Piercing Device with pressure gauge (capable of measuring 0-100 

psi or 0-6.9 bars) 
4. Digital or analog thermometer calibrated to manufacturer's specification 
5. Fill-point syringe assembly 
6. Safety glasses/face shield and gloves 
7. Permanent black ink marking pen 
8. Environmentally controlled chambers capable of maintaining a constant 22 +/- 1°C (72 +/- 2°F) 

and 38 +/- 1°C (100 +/- 2°F). 

SAMPLE QUANTITIES 
To be determined by end users' specifications and risk analysis. 
Recommendation: 84 bottles, minimum. 

SAMPLE PREPARATION 
1. Inspect a set of 84 bottles to ensure that no samples are out of perpendicularity and or have 

rocker bottoms. 
2. Using the marking pen, number the samples 1-84. 
3. Rinse each sample with water to remove any dirt or dust before filling with water or the 

product. 

PROCEDURE 
1. Fill samples with carbonated water or product to a level of: 

CSD: 4.2 ± 0.1 volumes 
NCB Cold fill Pressurized: 2.72 bar (40 ± 5psi) 

2. Using the fill-point syringe assembly, syringe each bottle down to the proper fill height. 
3. Apply closure to closure manufacture's application specification. 
4. Store samples in an environmental chamber at 22 ± 1°C (72° ± 2°F) for the duration of the 

test. 
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PRESSURE RETENTION: ZAHM NAGEL 

5. For high temperature (38°C/100°F) conditions, remove samples from the chamber and allow 
them to stabilize at room temperature (22°C/72°F) for 24 hours. 

SAMPLE TESTING 
1. Using the table below as a guide, randomly select 12 samples for pressure and temperature 

measurements. 
2. Use the Zahm & Nagel tester, following the procedure below: 
a. Calibrate Zahm Nagel thermometer (or temperature probe) and pressure gauge according to 

manufacturer's instructions. 
b. Close tester vent valve. 
c. Position sample in tester, directly under the piercing needle. 
d. Squeeze the lock plates on both sides of the cross bar and lower the testing head assembly 

so that the piercing needle rests on the top center of the closure. While squeezing the lock 
plates, rapidly push down on the crossbar to pierce the closure. NOTE: A quick insertion 
of the piercing needle is required to prevent carbonation loss. 

e. Release the lock plates to lock the cross bar in place with the rubber seal compressed to 
prevent leakage. 

f. Insert the thermometer (or temperature probe) down until the tip is in contact with the bottom 
of the bottle. 

g. Read and record initial pressure. 
h. Shake sample in tester (ultrasonic agitation or shaker table preferred) vigorously for 90 

seconds. 
i. Allow the samples to "relax" for an additional 60 seconds (no agitation). 
j. Observe and record the pressure and temperature. Read pressure to the nearest 0.5 psi 

(0.04 kg/cm2) and temperature to the nearest 0.5°C (1°F). Inspect visually for leaks during this 
step. If found, discard the sample and select an alternate. 

k. Open the vent valve slowly to relieve pressure and remove the thermometer (or temperature 
probe). 

I. While squeezing the lock plates, pull up on the cross bar to remove the sample from the tester. 

CSD Intervals NCB Intervals 
22°C (72°F) 38°C (100°F)* 22°C (72°F) 38°C (100°F)* 
At time of fill N/A At time of fill N/A 
24 hrs. 24hrs. 24hrs. 24hrs. 
2 wks. (14 days) 3 days 2 wks. (14 days) 2 wks. (14 days) 
4 wks. (28 days) 7 days 4 wks. (28 d'!Y_s) 4 wks. (28 days) 
6 wks. (42 days) 14 da_ys 6 wks. (42 d'!Y_s) 
9 wks. (63 days) 
12 wks. (84 days) 
* OPTIONAL: Per end user's requirements 
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PRESSURE RETENTION: ZAHM NAGEL 

DATA REPORTING REQUIREMENTS 
Report Pressure, Temperature and resulting C02 value for each sample Report Average, Standard 
Deviation, and Range (both minimum and maximum) for the carbonation value at each time 
interval. 

©ISBT2004 ~ 



INTERNATIONAL SOCIETY OF BEVERAGE TECHNOLOGISTS 

PHYSICAL PERFORMANCE TEST METHOD TOP LOAD - NON VENTED 

PURPOSE 
Empty bottles must be able to withstand a top load in the form of counter pressure during lift 
cylinder filling and capping operations. The purpose of this test is to observe whether empty 
bottles (non-vented) can sustain top load without failure. 

APPLICATION 
PET Bottles: CSO; NCB-Cold Fill Pressurized; NCB-Cold Fill-Non-Pressurized; Hot Fill 

TEST EQUIPMENT 
Calibrated compression tester (0-150 Ib load cell) or equivalent with a non-vented, steel load plate. 

SAMPLE QUANTITIES 
To be determined by end users' specifications and risk analysis. 
Recommendation: 12 bottles, minimum. 

PROCEDURE 
1. Verify calibration of equipment. 

2. Obtain bottles that have been aged at least 72 hours after production. 

3. Test at 510mm (20 inches) per minute cross-head speed. The load plate must be non 
vented. 

4. Record the Newton or pound force for each bottle at 3.75mm (0.150") deflection. If the 
maximum load is prior to 3.75mm (0.150") deflection, record the max load and the deflection at 
which it occurs. 

5. Record where the bottle failed (i.e. crushed foot, shoulder dent, etc.) 
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PERFORMANCE TEST METHOD TOP LOAD - VENTED 

PURPOSE 
Empty bottles must be able to withstand a top load pressure during normal warehousing. The 
purpose of this test is to observe whether empty bottles (vented) can sustain top load without 
failure. 

APPLICATION 
All PET Bottles: CSD; NCB-Cold Fill Pressurized; NCB-Cold Fill Non-Pressurized; Hot Fill 

TEST EQUIPMENT 
Calibrated compression tester (0-150 Ib load cell) or equivalent with a vented, steel load plate. 

SAMPLE QUANTITIES 
To be determined by end users' specifications and risk analysis. 
Recommendation: 12 bottles, minimum. 

PROCEDURE 
1. Obtain bottles that have been aged at least 72 hours after production. 

2. Verify calibration of equipment. 

3. Test at 510mm (20 inches) per minute cross-head speed. The load plate must be vented. 

4. Record the Newton or pound force for each bottle at 3.75mm (0.150") deflection. If the 
maximum load is prior to 3. 75mm (0.150") deflection, record the max load and the deflection at 
which it occurs. 

5. Record where the bottle failed (Le. crushed foot, shoulder dent, etc.) 
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PHYSICAL PERFORMANCE TEST METHOD TOP LOAD - FILLED & CAPPED 

PURPOSE 
Filled bottles must be able to withstand the compressive force of warehouse stacking. The purpose 
of this test is to use the top load result to calculate the number of pallets high finished product can 
be stacked during storage. 

APPLICATION 
PET Bottles: NCB-Cold Fill-Non-Pressurized and Hot Fill. 

TEST EQUIPMENT 
Calibrated compression tester (0-150 Ib load cell) or equivalent with a vented or non-vented, steel 
load plate. 

SAMPLE QUANTITIES 
To be determined by end users' specifications and risk analysis. 
Recommendation: 12 bottles, minimum. 

PROCEDURE 
1. Verify calibration of equipment. 

2. Obtain bottles that have been aged at least 72 hours after production. Fill to level per end 
user's product requirements and cap with appropriate size closure. 

3. Test at 510mm (20 inches) per minute cross-head speed. It does not matter whether the 
load plate is vented or non-vented as the bottles are capped. 

4. Record the Newton or pound force for each bottle at 6.35mm (0.250") deflection. If the 
maximum load is prior to 6.35mm (0.250") deflection, record the max load and the deflection at 
which it occurs. 

5. Record where the bottle failed (i.e. crushed foot, shoulder dent, etc.) 
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PHYSICAL PERFORMANCE TEST METHOD THERMAL STABILITY 

PURPOSE 
C02 gas in carbonated beverages exerts a pressure on the container walls. As temperature 
increases, pressure increases, causing the bottle to expand and creep (permanently deform under the 
influence of an applied stress). Excessive creep will cause the beverage fill level to drop, which will 
negatively affect package appearance and affect how the bottle fits into a carrier shell, sits on a shelf, 
or fits into a vending machine. The purpose of this test is to measure a bottle's resistance to creep. 

APPLICATION 
CSD and NCB Cold-fill Pressurized bottles. 

TEST EQUIPMENT 
1. Equipment or chemicals to carbonate bottle to 4.20 +/- 0.05 GV of C02 

2. An oven or temperature controlled room set to 38°C +/-1°C (100°F +/- 2°F) at any %RH 

3. Equipment to measure carbonation level. 

4. Measurement tools: Pi tape, height gauge, calipers, etc. 

SAMPLE QUANTITIES 
To be determined by end users' specifications and risk analysis. 
Recommendation: 12 bottles plus 3 extra for carbonation check. 

PROCEDURE 
1. Verify calibration of equipment. 

2. Mark and then measure the required bottle dimensions on empty bottles. 

3. Mark the target fill level height on each bottle. 

4. Fill samples with carbonated water or product to a level of: 
CSD: 4.2 ± 0.1 volumes 
NCB Cold fill Pressurized: 2.72 bar (40 ± 5psi) 

5. Wait approximately 1 hour after the bottles have been carbonated and check and record the 
carbonation level on 3 extra samples. Then place the remaining 12 bottles in the 38°C (100°F) 
condition. 

6. Leave the bottles in the 38°C (100°F) condition for 24 hours. 

7. Remove the bottles from the 38°C (100°F) condition and measure the required bottle dimensions. 
a. Measure the bottles "hot" which is 2-4 hours after the bottles have been removed. 
b. Measure the fill point drop from the original mark. 
c. Check the bottles for final carbonation level. 
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THERMAL STABILITY - CSD 

d. Note any visual abnormalities. 
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PHYSICAL PERFORMANCE TEST METHOD STRESS CRACK 

PURPOSE 
The hydroxide ion is the main catalyst of stress cracking in PET bottles. A bottle that has more 
resistance to Sodium Hydroxide attack should be more resistant to stress crack initiators that a 
bottle may be exposed to during its lifetime. 

APPLICATION 
Only CSD bottles. 

TEST EQUIPMENT 
1. Individual testing stations 
2. Stop watch or timer 
3. Compressed air regulated to 531 +/- 4 kilopascals (77 +/-0.5 psi) 
4. Distilled water 
5. Bottle closures 
6. Titration apparatus (to determine alkalinity of NaOH solution) 
7. Carbonated water 
8. pH paper 
9. 0.200% NaOH (sodium hydroxide), solution prepared with distilled water and solid NaOH 

(also available as a commercial solution from VRW Scientific and Fisher as 0.05N NaOH)) 

Safety Concerns - The following list outlines known hazardous conditions. Conduct your 
own job safety analysis prior to initiating this test. 

1. NaOH is a strong alkali, which is corrosive to skin and eyes. Solid NaOH is also 
hygroscopic. Dilution of solid NaOH with water is an exothermic reaction. Always add 
NaOH slowly to water. Do not add water to NaOH. The pH of the 0.2% solution is about 
12.7. 

2. Total body protection is recommended when handling the solution and the pressurized 
bottles. 

3. It is highly likely the bottles will explode during the test procedure. It is imperative to take 
proper precautions to prevent injury. 

4. NaOH solution must be disposed of according to MSDS requirements. 

SAMPLE QUANTITIES 
To be determined by end users' specifications and risk analysis. 
Recommendation: 30 bottles, minimum. 

PROCEDURE 
1. Bottles should be less than 2 weeks old, then aged at 50'C +/- 1 'C (122 +/- 2 'F) and 50% 

RH for 24 hours. After aging, the bottles should be stored at 22"C +/- tC (72 +/- 2 'F) for a 
minimum of 16 hours. 

2. Prepare the solution according to the procedure in the reference section . 

©ISBT2004 • 



INTERNATIONAL SOCIETY OF BEVERAGE TECHNOLOGISTS 

STRESS CRACK 

3. Verify the NaOH solution is equilibrated to 22"C +/- 1°C (72 +/- 2 OF). The solution must be 
stored in a closed container to minimize absorption of C02. The container should be labeled 
and dated and used within one week of preparation. 

4. Measure the alkalinity level of the 0.200% NaOH solution. The acceptable range of alkalinity 
is 2402-2602 mg/I CaC03. 

5. Label each bottle in the order the testing will occur 
6. Fill each bottle with the target net contents of water. (2L bottle would contain 2000ml of water) 

The water should be equilibrated to 22"C +/- 1°C (72 +/- 2 OF). 
7. Pressurize each bottle with compressed air to the equivalent internal pressure of 531 +/- 4 

kilopascals (77 +/-0.5 psi). 
8. 5 minutes after pressurizing the bottles mark the liquid level on each bottle and then gently 

place each bottle into an individual pocket of 0.200% NaOH solution at 22"C +/- 1°C (72 +/- 2 
OF). The solution must cover the base up to the top of the strap. 

9. Record the start time as the time that the bottle was placed in the 0.200% NaOH solution. 
10. The bottles should be checked on the following frequency: 

0-30 minutes: Continual Monitoring 
30-60 minutes: Check every 2 minutes 
60-90 minutes: Check every 5 minutes 
>90 minutes: Check every 10 minutes 

If the Technician leaves the room, it should be noted on the data collection sheet. 

11. Record the time to failure in minutes for each bottle. Failure is defined as a burst or a slow 
leak. A slow leak is evidenced by a visual fill point drop. 

12. After each use, carefully rinse and dry each test station. 

©ISBT 2004 



INTERNATIONAL SOCIETY OF BEVERAGE TECHNOLOGISTS 

PHYSICAL PERFORMANCE TEST METHOD VACUUM RETENTION 

PURPOSE 
To determine the amount of vacuum a package can hold over a period of time, and/or note the 
amount of vacuum lost over time. Many hot filled products hold a vacuum for seal security. Since 
most hot filled products are not head spaced, it is hard to ascertain the amount of vacuum 
generated after sealing. This test can be performed using a predetermined headspace so the 
samples to be tested will generate a repeatable vacuum. The amount of vacuum in the 
heads pace can be measured with the appropriate gauge set up. Any loss of vacuum over time 
can then be measured with reliability. 

APPLICATION 
Only Hot Fill Bottles. 

TEST EQUIPMENT 
1. Hot Filler or acceptable substitute. 
2. Head space tool. 
3. Cooling shower 
4. Single head/Lab capper, Vibrac in application mode, or Secure Pak Spring Torque Tester for 

application. 
5. Gloves. 
6. Canner's gauge with appropriate neck holder set-up or Terriss C02 tester converted to 

Vacuum with the appropriate gauge and neck holder. 

SAMPLE QUANTITIES 
To be determined by end users' specifications and risk analysis. 
Recommendation: 12 bottles minimum 

PROCEDURE 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 

Hot fill bottles at required temperature, flood fill to top of finish. 
Heat closures to required temperature. 
Headspace to predetermined depth. 
Immediately place closure down on finish and apply closure to required torque. 
Cool as required in cooling shower or bath. 
Hold 24 hours or overnight at ambient or predetermined temperature. 
Adjust piercing head to proper height. 
Place bottle in neck holder, turn on gauge. 
Pierce and read gauge. 
Record vacuum. 
Repeat for the rest of the samples requested. 
Store any remaining samples as requested. 
Repeat sample readings at intervals requested. 
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REFERENCE TESTS 

The reference section consists of several tests that may be helpful to use 
during bottle development or special troubleshooting. The Subcommittee 
acknowledged that in addition to the full test methods included in this section, 
that there were several ASTM methods that are commonly used. As the 
methods are documented via the ASTM, it was determined that they did not 
need to be repeated here. The following grid lists several ASTM test methods, 
along with their corresponding ASTM numbers, to ensure that all applicable 
test methods are documented in this manual. 

Test Method ASTM Test Method Number 
Acetaldehyde (AA) - Ground Preform F-2013-00 

AA - Head Space 0-4509 

Oxygen Transmission: MOCON F-1307-0 
Transportation Test 4169-96 
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REFERENCE TEST METHOD C02 RETENTION: NON-DESTRUCTIVE 

PRINCIPLE 
The carbonation level in bottles varies with time due to volume expansion, sorption and 
permeation. Carbonation loss may also result from improperly applied closures. It is essential to 
have the C02 content within specified limits to assure product quality. The purpose of this test is 
to determine the carbonation level in filled and capped bottles as a function of term perature, 
pressure and time. 

APPLICATION 
Only CSO bottles. 

APPARATUS 
1. Calibrated pressure gauge or transducer [readability to 0.03 bar (0.5 psi)] fitted with shut off 

valve (Whitey ball valve) and Luer-Lok adapter (Thomas Scientific #8960-059) 

2. Closures punched, fitted with rubber septums (Thomas Scientific #1780-J07) and applied with 
superglue inside and out 

3. Syringe needles (Thomas Scientific #8956-B90) 

4. Calibrated thermometer or thermocouple with readability to 0.25° C ( 0.5° F) 

5. Constant temperature room set at 21 ° C ± 1 ° C (70° F ± 2°F) 

6. Gas Volume Slide Rule appropriate for product being tested (diet or sugar). 

SAMPLE QUANTITIES 
To be determined by end users' specifications and risk analysis. 
Recommendation: 30 bottles, minimum. 
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CARBONATION RETENTION: NON-DESTRUCTIVE TEST METHOD 

TEST INTERVAL CHART 

Time (days) Time (weeks) 
0 0 
2 0.3 
14 2 
21 3 
28 4 
42 6 
56 8 
70 10 
84 12 
98 14 
112 16 
126 18 

PROCEDURE 
1. Mark and identify each bottle sample. 

2. Fill the 30 random test bottles to fill point with carbonated water* 22°e (72°F) to 4.20 ± 0.05 
gas volumes and apply closures fitted with rubber septums. (Note: These 30 bottles will be 
used throughout the test to measure pressure of the container for gas volumes calculations, 
herein referred to as Pressure Bottles.) Record capacity at fill volume. 

3. Fill the 3 random bottles with carbonated water* or tap water 22°e (lO°F) which is at the same 
temperature as the carbonated water. Apply regular eso closures. (Note: These 3 bottles 
will be used throughout the test to measure the temperature of the water for gas volume 
calculations, herein referred to as Temperature Bottles. These will not be used to measure 
pressure.) 

*Carbon Dioxide [C02] injection is the only acceptable form of carbonating. 

4. Immediately upon filling and capping (within 1-hour), shake all pressure and temperature 
bottles 5 minutes to equilibrate the pressure and temperature inside the bottles. 

5. Immediately after shaking, measure and record (within 1/2-hour) the initial interval reading 
(T =0): 

a. Record the pressure of each Pressure Bottle using the needle-pressure gauge assembly. 
(Note: The gauge must be pre-pressurized between each reading by closing the shut off 
valve.) 
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CARBONATION RETENTION: NON-DESTRUCTIVE TEST METHOD 

b. Record the average temperature of the Temperature Bottles. 

c. Determine the volumes of C02 for each Pressure Bottle using a Gas Volume Circular Slide 
Rule or equivalent chart appropriate for product being tested (diet or sugar). (Note: When 
testing with carbonated water use the "Diet" side of the Circular Slide Rule.) 

d. Record raw data. 

6. Store all Pressure and Temperature Bottles in the constant temperature room for the duration 
of the test. 

7 . For each subsequent test interval repeat procedure steps 4 through 6. 

8. Continue the test until the test interval C02 gas volume mean is less than 3.2 (or 0.8 gas 
volumes loss). Conduct at least one more test interval past 0.8 gas volumes loss. 

CALCULATIONS & REPORT 
1. Calculate and report the average, minimum and maximum gas volume for each test interval. 
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CARBONATION RETENTION: NON-DESTRUCTIVE TEST METHOD 

Source: 
Dev Tech, Inc. 
15 Columbia Drive 
Amherst, NH 03031 
Phone: 603-889-8311 
Fax: 603-889-8221 
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REFERENCE TEST METHOD CARBONATION RETENTION; MOCON 

PRINCIPLE 
To determine carbonation loss and shelf life of PET bottles. Testing C02 permeation with the 
Mocon provides a rapid approximation of the result obtained by the Zahm Nagel method. This 
method tests a single set of conditions. Actual shelf life is very dependent on external 
environmental conditions, therefore common sense must be exercised in interpreting the results. 

APPLICATION 
Only CSO Bottles 

TEST EQUIPMENT 
1. Mocon Permatran C or equivalent, with suitable test fixtures 
2. Carbonated beverage filling systems 
3. Zahm Nagel Carbonation Tester or equivalent 
4. Cadbury Beverages carbonation chart/wheel 
5. Appropriate closures 
6. Temperature and humidity controlled storage faciltiy. 

SAMPLE QUANTITIES 
To be determined by end users' specifications and risk analysis. 
Recommendation: 22 PET bottles (minimum for Refillable PET) 

12 PET bottles (minimum for Non-refillable PET) 

RELEVANT READING 
1. Mocon Permatran Operating Instructions 

PROCEDURE 
1. Measure and record the following criteria on 12 of the bottles selected at random: 

a. Bottle Weight 
b. Wall Thickness (base, label panel, shoulder) 
c. Volumetric Expansion/Creep (see Method PTP203) 
d. Overflow Capacity 
e. Base configuration 

2. Fill all bottles to normal fill level with carbonated water or product to 4.8 +/- 0.2 volumes C02. 
3. Use a filling method capable of consistent carbonation and fill level control to +/- 0.2 volumes 

C02 and +/- 15 mil, respectively. 
4. Measure off-line carbonation, using Zahm-Nagel Non-Snift test method, of every fifth bottle 

filled. This measurement should be made five minutes after filling that particular bottle. If 
bottle samples are in short supply, the bottles test for carbonation may be refilled, if they are 
not visibly damaged. 

5. Record the temperature and pressure reading for each of the samples tested. Then, 
determine and record the carbonation, in volumes C02 using the Cadbury Beverages Gas 
Volume Chart or Cadbury Beverages carbonation wheel. 
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CARBONATION RETENTION: MOCON 

6. Store bottle in controlled environment, as follows: 

Temperature: 
Relative Humidity 

21°C t/- 2°C (72°F t/- 2°F 
50% t/- 5% 

7. Determine Carbonation 

a. Sample according to Table 1 below 
b. Use Cadbury Beverages Test Method FPTM-014b (Non-Snift) 
c. Record temperature and pressure for each bottle 
d. Determine and record carbonation, in volumes C02, using either the Cadbury Beverages 

Gas Volume Chart or the CadburyBeverages carbonation wheel. 

8. Mocon Permeation Determination 

a. After appropriate equilibration period (i.e., 2wks N/R PET; 6 wks. Ref/PET) conduct Mocon 
testing (see discussion for further clarification). 

b. Record permeation for the package in units of : 

P = (cc)/Opkg.day) 

CALCULATIONS & REPORT 
1. To convert the Mocon reading in (cc)/(pkg-day) to (vols C02)/(week), use the following 

equation: 

where 

C02 Loss Rate = IE. 
v 

7 = the days/week 
P = the Permeation rate in (cc)/(pkg.day) 
V = the container overflow volume in (cc) 

2. Detemine average, minimum and maximum carbonation values for each of samples (i.e., time 
= 0, 24 hr. 2 wk, ... ). 

3. Plot average, minimum and maximum carbonation values (in volumes C02) vs. time (in 
weeks). See Figure 1. for example. 

4. Use the time = 2 wk reading* as the y-intercept and the C02 loss (in vols C02/week) as the 
slope to plot the equation: 
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CARBONATION RETENTION: MOCON 

Y = mx +b 

where 
y= the Y -coordinate 
m = the slope (C02 Loss Rate) 
x = the X-coordinate 
b = the Y -intercept (time = 2 wk*) 

* - 6 weeks for Ref PET 

5, Shelf life limit calculation: 

The minimum carbonation (Le" shelf life - 15% C02 loss) is determined by the following 
formula: 

= 0,85 [(24 hr carbonation) - 0,3] 

6, Overlay the minimum carbonation on the carbonation vs. time plot. The "X" coordinate of the 
intersection between the C02 loss curve and the minimum carbonation life is the shelf life for 
the bottle being tested (at test conditions, of course), See Figure 1, for example, 

DISCUSSION 
When considering C02 "loss" in PET containers, there are several important factors that must be 
sonsidered, as follows: 

Bottle Creep (expansion under the pressure of carbonation) 

Although carbonation is not "lost" from the package, the C02 is no longer in solution in the 
beverage, which is really why we measure carbonation in the first place, The "creep loss" of C02 
is due to the greater volume of the bottle after expansion and the resulting equilibration of the C02 
in the headspace. Bottle creep is measured using the Topwave Creep Tester (Cadbury 
Beverages Method PTP203), and the measurements can be directly related to the initial 
carbonation loss observed in the first 24 hours after filling, 
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CARBONATION RETENTION: MOCON 

Absorption of Carbon Dioxide (by the PEn 

Table 1 -- Pull Schedule 

T est Interval Zahm Nagel Mocon Test 
Sam~le Number (from time of filling) No. of Bottles No. of Bottles 

0 At filling As required 
1 24 Hours 5 

2 2 Weeks 5 2 N/R PET 

3 4 Weeks 5 

4 6 Weeks 5 2 Ref PET 

TOTAL BOTTLES 12 (NR PET) 
22 (Ref PET)) 
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CARBONATION RETENTION: MOCON 

Figure 1 -- Example C02 VS. Time Plot 
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REFERENCE TEST METHOD CARBONATION RETENTION: FTIR 

PRINCIPLE 
The FT IR method for carbonation retention testing is designed to accurately assess the 
carbonation loss-rate of a plastic beverage bottle and to extrapolate shelf-life to 17.5% loss. The 
amount of C02 is evaluated in a sample size of 12 test bottles over a 49 day period for non 
refillable or a 70 day period for refillable plastic bottles, using an infrared light beam. Based on the 
calculated loss rate determined from this test, a shelf life can then be accurately calculated. 

APPLICATION 
Only CSD Bottles. 

TEST EQUIPMENT 
1. A calibrated Zahm & Nagel Piercing Device with pressure gauge (capable of measuring 0-100 

psi or 0-690 bar). 
2. A supply of "bone dry" C02 (moisture level not to exceed 15ppm and C02 must be at least 

99.8% pure). 
Safety Note: Use protective gloves when handling frozen C02. Ensure the area is well 
ventilated. 

3. Approved plastic closures that properly fit the test bottles. 
4. Analytical gram balance accurate to +/-0.1 grams. 
5. Approved device to measure bottle diameters accurate to +/-0.1 mm, such as: 

• Optical comparator with a minimum magnification of 20X or, 
• Laser measuring device. 

6. Approved properly calibrated FTIR instrument, such as: 
Perkin-Elmer FTIR Spectrometer with supporting hardware fixtures and software patented by 
The Coca-Cola Company are recommended. 

7. Safety glasses/face shield and gloves. 
8. Torque meter to properly apply approved plastic closures. 
9. Permanent ink marking pen. 
10. Environmentally controlled chamber or room capable of maintaining a constant 22° +/-1°C and 

50% relative humidity (RH). 

SAMPLE QUANTITIES 
To be determined by end users' specifications and risk analysis. 
Recommendation: 12 bottles, minimum. 
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CARBONATION RETENTION: FTIR 

PROCEDURE 
Sample Preparation 
Marking Samples 
1. Pre-inspect the 12 non-refillable plastic bottles to be tested to ensure that no bottles are out of 

perpendicularity or have rocker bottoms. 
a. Two extra bottles will be required for validating initial carbonation level. 

2. Mark each sample with an individual number for identification purposes. 
3. Mark all 12 sample bottles with an indexing line, on the heel or foot that runs through the 

center of base. This line is used to ensure that the bottles can always be properly and 
consistently aligned on the FTIR. 
a. The indexing line must not fall on a dimple, flute or bottle parting line, or other irregular 

surface area of the bottle. 
Determining Sample Volume and Dry Ice Weight 
It is necessary to first determine the bottle volume so that the proper amount of dry ice is used to 
achieve the correct internal pressure. To determine the proper amount of dry ice, do the following 
steps: 

1. Place one sample bottle on an analytical balance and tare the scale to zero. 
2. Fill the sample bottle to the brim-full capacity (to top of bottle finish) with water of known 

temperature. 
3. Record the weight of the water in grams. 
4. Convert the water weight (g) to bottle volume (mL). Use the following conversion table: 

Water Temperature H20 specific volume 
(mUg) 

19°C 66.2°F 1.002637 
20°C 68.0°F 1.002838 
21°C 69.8°F 1.003039 
22°C 71.6°F 1.003261 
23°C 73.4°F 1.003492 

5. Convert the bottle volume (mL) to weight of dry ice (grams) by using the following formula: 

(Bottle volume in mL) x (0.0077) = weight of dry ice (grams) 
a. This weight of dry ice should yield an internal bottle pressure of 3.81 +/- 0.14bar (56 +/- 2 

psi) at 22°C, which is the equilibrium pressure of 4.0 volumes of C02 at 22°C . 
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CARBONATION RETENTION: FTIR 

Filling Samples with Dry Ice 

Safety glasses should be worn while the sample bottles are being filled with dry ice. Gloves should 
be worn to prevent skin burns when handling dry ice. 
1. Place one empty bottle and closure on the balance and then tare their combined weight. 
2. Continue to add small pieces of dry ice to the bottle until the weight exceeds the previously 

calculated weight (refer to Step 5) by approximately O.3g. 
3. Put an approved plastic closure on the bottle finish and screw down loosely without completely 

sealing the bottle. Observe the balance reading. As the dry ice sublimates, the weight of the 
bottle/sample will decrease. Once the balance reading is approximately 0.1 grams greater 
than the calculated dry ice weight (3.2.5), quickly tighten the closure on the bottle. The plastic 
closure should be tightened by hand to the application torque recommended by the closure 
manufacturer. 

4. By hand, gently swirl the bottle at ambient temperature (approximately 22°C) until all the dry 
ice evaporates inside the bottle. Do not hit the bottles on tables, or on any other rigid objects 
to break up the dry ice. This may affect the physical characteristics of the bottle. 

5. After all of the dry ice has evaporated in the capped bottle, check the internal pressure of the 
sample using a Zahm and Nagel piercing device. The pressure should 3.81 +/- 0.14bar ( 56 +/- 
2 psi) at a temperature of 22°C +/- 1°C (72 of +/- 2°F). . 

6. If necessary, use an additional bottle to adjust the amount of dry ice until the correct pressure 
is obtained. Once the correct pressure has been confirmed, fill 12 test bottles with the 
confirmed amount of dry ice per the procedure described in Steps 1 - 3. 

Measuring Initial Bottle Diameters 
1. After the samples have been filled and capped, and all of the dry ice has sublimated, measure 

the bottle diameters. The initial diameter measurements must be made within 10 to 30 minutes 
after the dry ice has sublimated. 

2. Measure each bottle at 86mm up from the base of the bottle. This corresponds to the exact 
point where the FTIR beam passes through the bottle. Ensure that all bottles are aligned 
consistent with their heel mark (refer to Step 3 in the "Marking Samples" section included 
previously in this document). Record this as the initial diameter for each sample. 
a. All diameters need to be measured at the same distance from the base for each interval. 

IR CALIBRATION 
Calibrate the IR instrument according to the manufacturers recommended procedure. 
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CARBONATION RETENTION: FTIR 

SAMPLE TESTING 
1. After the 12 test bottles have been pressurized and the initial diameters measured, they will be 

evaluated on the FTIR to establish the initial C02 concentration. 
2. After all 12 test bottles have been measure for C02 concentration, store the samples in a 

conditioned environmental chamber (22°C +/- 1°C or 72°F +/- 2°F at 50% RH). 
3. At each interval shown in the table below, the C02 level will need to be measured on the FTIR. 

You do not need to measure the diameters at every interval. To see a suggested frequency for 
diameter measuring refer to "Sample Measurement Schedule" section later in this document. 

SAMPLE STORAGE 
Store all test bottle samples in an environmentally controlled room or chamber at 22°C +/- 1°C or 
72°F +/- 2°F, 50% relative humidity (RH), between each test interval throughout the entire test 
period. 

SCHEDULE FOR MEASURING SAMPLES 
Measure the C02 level for each test bottle according to one of the following schedules: 

NON-REFILLABLE BOTTLES 
Test Interval Days Diameter Measurement 

. 1 (initial) o (10 to 30 minutes after filling) X 
2 1 X 
3 10 X 
4 14 optional* 
5 18 optional* 
6 25 X 
7 33 optional' 
8 40 . optional' 
9 44 optional* 
10 (final) 49 X 

1. The schedule should be followed as closely as possible so as not to miss a measurement 
interval, otherwise the final results may be affected. 

2. The initial (#1) and the 1 day (#2) interval measurements cannot be missed or delayed. The 
initial measurement will be used as the baseline from which the subsequent C02 loss and 
shelf life will be calculated. The 1 day (#2) is not used in the C02 loss calculation. It can be 
used to characterize the C02 loss within the first 24-hour period if necessary . 
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CARBONATION RETENTION: FTIR 

3. If a measurement cannot be performed at the scheduled time (in case of a holiday or 
weekend), it may be performed up to three days later (except interval 1 and 2). A late or 
delayed measurement will result in a longer test period, but there is no negative influence on 
the accuracy of final test results. A measurement should never be performed prior to its 
scheduled interval. 

OAT AlREPORT REQUIREMENTS 
1. All data should be reported in a standardized format. The data should include the projected 

shelf life and the % C02 loss per week. 
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REFERENCE TEST METHOD CARBONATION RETENTION: 
ORBISPHERE 

PURPOSE 
To accurately assess the carbonation loss-rate of plastic beverage bottles and closures filled with 
carbonated water or product. The amount of C02 will be evaluated using the Orbisphere Beverage 
Package Analyzer (or comparable instrument) using a sensor to measure dissolved C02 in the 
product. 
APPLICATION 
CSD and other C02 Pressurized Bottles. 

TEST EQUIPMENT 
1. A filling machine capable of filling carbonated water or product to 4.2 ± 0.1 volumes of C02 
2. Capping machine to apply approved closures that properly fit the test bottles 
3. A calibrated Orbisphere Beverage Package Analyzer with a model 31460 C02 sensor 
4. A pure pressurized N2 gas supply 
5. Digital or analog thermometer calibrated to manufacturer's specification 
6. Safety glasses/face shield and gloves 
7. Permanent ink marking pen 
8. Environmentally controlled chamber or room capable of maintaining a constant 22° ± 1°C (72 

± 2°F) and 50% relative humidity (RH), or other conditions if specified. 
9. Horizontal bottle shaker 
10. Water bath for bring bottles to room temperature for testing {capable of maintaining a constant 

22° ± 1°C (72 ± 2°F)}. 

Other Applicable Methods 
Chemical carbonation or carbonator 

SAMPLE QUANTITIES 
To be determined by end users' specifications and risk analysis. 
Recommendation: 64 bottles, minimum. 

SAMPLE PREPARATION 
1 . Inspect a set of 64 bottles to ensure that no samples are out of perpendicularity and or have 

rocker bottoms. 
2. Using the marking pen, number the samples 1-64. 

PROCEDURE 
1. Fill samples with carbonated water or product to recommended fill level and carbonation level 

of: 
CSD: 4.2 ± 0.1 volumes 

2. Apply closures with specified torque and conditions. 

©ISBT2004 ~ 



INTERNATIONAL SOCIETY OF BEVERAGE TECHNOLOGISTS 

PRESSURE RETENTION: ORBISPHERE 

3. Store samples in an environmental chamber at 22 ±. 1°C and 50% RH for the duration of the 
test. 

4. If other storage conditions are required, make note of them, and bring bottles to room 
temperature for testing. Variations of more than 1-2°C will introduce noticeable scatter to the 
results. 

SAMPLE TESTING 
1. Submerge 8 randomly selected bottles in the water bath to warm them to 22 ±. 1°C (72 ±. 2°F). 

Confirm product temperature with a "dummy" bottle. 
2. Using a horizontal shaker, agitate for a minimum of 3 minutes to assure that equilibrium has 

been established between the liquid and headspace. 
3. Test the bottle on the Orbisphere by piercing the closure and lowering the sampling tube when 

requested by the software. (1 hour after filling). 
4. Record the "C02 Sensor" value (v/v). This is the actual dissolved C02 concentration in the 

liquid, and will be the initial measurement used in calculations. The software also records a 
"C02 Pressure" value, which is analogous to the Zahm & Nagel measurement, and is based 
on measured temperature and pressure. The amount of N2 in the product is also calculated by 
the software. 

5. Continue to perform and record 8 measurements from the remaining samples at: 

CSD Intervals 
At time of fill 
24 hours 
1 week 
2 weeks 
4 weeks 
6 weeks 
9 weeks 
12 weeks 

DATA REPORTING REQUIREMENTS 
1. Determine average, minimum and maximum carbonation value at each time interval. 
2. Carbonation loss is defined as: 

% Carbonation Loss = [initial carbonation (v/v) - current carbonation (v/v)J*100 
[initial carbonation (v/v)] 

3. Determine best linear fit of daily average carbonation loss (omitting data <1 week) vs. storage 
days, and extrapolate to the specified maximum allowable carbonation loss to determine shelf 
life. Confirm that points included in the fit are outside the nonlinear portion of the curve. 
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REFERENCE TEST METHOD OXYGEN TRANSMISSION: ORBISPHERE 

PURPOSE 
The objective of this test is to determine the oxygen transmission through the bottle and closure 
during the shelf life of the product. This method can also be used to determine the affect of various 
environmental conditions on the oxygen transmission rate of the package. 

The oxygen barrier properties of plastics and oxygen scavengers used in packaging are greatly 
affected by manufacturing, filling, and storage conditions. By measuring the total package oxygen 
over time the oxygen ingress can be determined under conditions that closely resemble the actual 
life of the package. This method also allows the identification of the activation and consumption of 
oxygen scavengers. 

APPLICATION 
PET Botties: NCB-Cold Fill Pressurized; NCB-Cold Fill-Non-Pressurized; Hot Fill: 
The transmission rate for bottles is determined by using a foil barrier lined closure to eliminate 
transmission through the closure during the test. 

Plastic Closures: NCB-Cold Fill Pressurized; NCB-Cold Fill-Non-Pressurized; Hot Fill. 
The transmission rate of the closure and gasket is determined by using a non-scavenger bottle 
and subtracting the transmission rate for the bottle only (using a barrier foil lined closure) from the 
transmission rate for the total package. 

TEST EQUIPMENT 
1. Sealed water preparation tank 
2. Tank heater for hot-fill applications 
3. Regulated carbon dioxide or other inert gas supply 
4. Counter-pressure bottle filler 
5. Appropriate closing equipment 
6. Bottle shaker 
7. Orbisphere Package Analyzer capable of measuring dissolved oxygen at 1 ppb. 
8. Environmental chambers 

SAMPLE QUANTITIES 
Six samples per variable per test period are recommended. Initial and final test periods are 
required, additional data points are suggested to identify activation and consumption of 
scavengers, and affect of package abuse. 

SAMPLE PREPARATION 
Bottles or closures are labeled to identify type and series number. Samples should be filled, stored 
and tested in a manner to not allow any bias. 
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Oxygen Transmission: Orbisphere 

PROCEDURE 
1. Deoxygenating Water: Water is deoxygenated by bubbling inert gas through it for 24 hours or 

by boiling for 15 minutes and cooling to desired fill temperature under inert atmosphere. 
2. Filling: Using a counter-pressure filler, bottles are flushed with inert gas, and then filled to the 

appropriate level from the bottom to minimize incorporation of air in the liquid. The headspace 
is flushed with inert gas before applying the closure. 

3. Processing: If additional processing such as cooling or pasteurization is carried out in 
production, the test samples are treated the same way. 

4. Storage: Samples are stored at 22+/-1 °C (72+/-2°F) for standard test. Additional samples can 
be stored at 100 F, in an oxygen atmosphere for 5X acceleration, or abused with a head load 
or transportation test. 

SAMPLE TESTING 
1. Samples to be tested are stored at 22+/-1 °C (72+/-2°F) for 24 hours 
2. Samples are shaken for 30 minutes. 
3. Each bottle is measured for total package oxygen with the Orbisphere Package Analyzer 

ANALYSIS OF DATA 
1. In order for the test to be valid, the initial total package oxygen values should be below 400 

ppb and have a standard deviation of less that 15 % of the average. 
2. The Total Package Oxygen values for each type of package are plotted versus time. The 

slope of the best-fit line is the overall oxygen transmission rate for the package. 
3. A reduction in the slope towards the beginning of the test indicates the activation of an oxygen 

scavenger. 
4. An increase in the slope either indicates the consumption of an oxygen scavenger or the loss 

of sealing integrity. 
The range of the Total Package Oxygen values at the various time intervals is an indication of 
consistency of the oxygen barrier properties 
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REFERENCE TEST METHOD PERPENDICULARITY 

PURPOSE 
The perpendicularity test is designed to ensure that non-refillable plastic bottles stand upright in an 
orientation that is completely perpendicular to the bearing surface on which they stand. 

APPLICATION 
All PET Bottles: CSD; NCB-Cold Fill Pressurized; NCB-Cold Fill-Nan-Pressurized; Hot Fill. 

TEST EQUIPMENT 
1. Perpendicularity gauge assembly or equivalent. 

SAMPLE QUANTITIES 
To be determined by end users' specifications and risk analysis. 
Recommendation: 12 bottles, minimum. 

PROCEDURE 
1. Using 108 randomly selected sample bottles as a source, select a sub-group of 12 

perpendicularity samples. 
2. Fill each sample bottle approximately half full with tap water and place it in the measuring 

apparatus. Be sure that the base of each bottle is held securely in the support fixture. 
3. Adjust the dial indicator contact so that it rests on the locking ring of the bottle finish. Set the 

dial indicator on "0." 
4. Rotate the bottle through at least 3600 and note the maximum and minimum deviation on the 

gauge on either side of vertical. Set the zero mark of the gauge at that position. 
5. Repeat steps 3 and 4 for remaining samples. 
6. Record all measurements. 
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REFERENCE TEST METHOD SODIUM HYDROXIDE PREPARATION 

PURPOSE 
The purpose of this document is to outline the multiple procedures to prepare the 0.200% sodium 
hydroxide (NaOH) solution from sodium Hydroxide bead or powder for use in the Stress Crack 
Test Method. 

METHOD 1: 0.200% NaOH Solution Preparation from Sodium Hydroxide Bead or Powder 

Caution: Sodium Hydroxide is corrosive to skin and eyes. Use appropriate personal protective 
equipment. See the test methods and MSDS for safety precautions. 

Caution: The reaction of water with sodium hydroxide is exothermic. Use care with all mixing. 

Note: Sodium Hydroxide absorbs moisture and carbon dioxide from the atmosphere. Since the 
sodium hydroxide concentration is critical to the outcome of this test, either buy new sodium 
hydroxide for each test or be certain that the sodium hydroxide has been stored in a tightly sealed 
container and the beads (or powder) are free flowing. 

PROCEDURE 
1. Weigh the distilled water and pour it slowly into the mixing vessel. 
2. Weigh the sodium hydroxide (100% active) and add slowly, with stirring, to the distilled water 

in the mixing vessel. 
3. Stir until the sodium hydroxide is well dissolved and the solution is homogeneous. 
4. Titrate the solution to confirm total alkalinity of 2502 {100 ppm (mg/L) as CaC03}. 
5. Transfer prepared sodium hydroxide solution to a closed container. 
6. Store solution in a tightly closed container with minimal headspace for up to one week. 

Batch Size 
1000 am 10000 am 18945 am (- 5 aal) 

Bead I Powdered Sodium Hydroxide 2.00 gm 20.0 gm 37.9 gm 
Distilled Water 998gm 9980 gm 18907 gm 

Alkalinity Test Kit Selection 
Target range 2400-2600 ppm (mg/L) as CaC03 

Accuracy (50 ppm (mg/L) CaC03 

Example Test Kit: 
Hach Alkalinity Test Kit with Digital Titrator 20637-00 AL-DT 
10-4000 mg/L sampling range 
10 mg/L smallest increment 
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REFERENCE TEST METHOD SODIUM HYDROXIDE PREPARATION 

METHOD 2: 0.200% NaOH Solution Preparation from 50% Sodium Hydroxide Solution 

Note: It is difficult to determine whether sodium hydroxide solutions have absorbed carbon dioxide 
and formed carbonate, or become more concentrated due to evaporation. Since the sodium 
hydroxide concentration is critical to the outcome of this test, the preferred method involves 
preparing a solution from solid sodium hydroxide. If a stock solution must be used, check for any 
precipitate in the bottom of the container, or any white crust formation on the mouth of the 
container. If possible, titrate a known dilution of the sodium hydroxide solution, and confirm that 
the total alkalinity is equal to the phenolphthalein (or i actlve i) alkalinity. If precipitate or crusting 
is present, or if the total alkalinity does not equal the active alkalinity, replace the stock solution 
with freshly purchased sodium hydroxide. 

Caution: Sodium Hydroxide is corrosive to skin and eyes. Use appropriate personal protective 
equipment. See the test methods and MSDS for safety precautions. 

Caution: The reaction of water with sodium hydroxide is exothermic. Use care with all mixing. 

PROCEDURE 
1. Weigh the distilled water and pour it into the mixing vessel. 
2. Weigh the 50% sodium hydroxide solution and add slowly, with stirring, to the mixing vessel. 
3. Stir until the solution is homogeneous. 
4. Titrate the solution to confirm total alkalinity of 2502 (100 ppm (mg/L) as CaC03. 
5. Transfer prepared sodium hydroxide solution to a closed container. 
6. Store in a tightly closed container with minimal headspace for up to one week. 

Batch Size 
1000_g_m 10000_g_m 18945 _g_m (- 5 ual) 

50% NaOH Solution 4.00gm 40.0 gm 75.8 gm 
Distilled Water 996gm 9960 gm 18869.2 gm 
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REFERENCE TEST METHOD SODIUM HYDROXIDE PREPARATION 

METHOD 3: 0.200% NaOH Solution Preparation from 1 N Sodium Hydroxide 

Caution: Sodium Hydroxide is corrosive to skin and eyes. Use appropriate personal protective 
equipment. See the test methods and MSDS for safety precautions. 

Caution: The reaction of water with sodium hydroxide is exothermic. Use care with all mixing. 

PROCEDURE 
1. Weigh the distilled water and pour it into the mixing vessel. 
2. Weigh the 1 N (normal) sodium hydroxide solution and add slowly, with stirring, to the water in 

the mixing vessel. 
3. Stir until the solution is homogeneous. 
4. Titrate the solution to confirm total alkalinity of 2502 (100 ppm (mg/L) as CAC03. 
5. Transfer the prepared sodium hydroxide solution to a closed container. 
6. Store in a tightly closed container with minimal headspace for up to one week. 

Batch Size 
1000 om 10000 om 18945 om (- 5 aal) 

1 N NaOH Solution 50.0_gm 500 _gm 947 _gm 
Distilled Water 950 gm 9500 gm 17998 gm 
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REFERENCE TEST METHOD SODIUM HYDROXIDE PREPARATION 

Total Alkalinity Calculations 

(0.200 gm NaOH) x (1 mole NaOH) x (1 mole equiv CaC03) x (100.1_gm CaC03) = (0.250 g_m CaC03) 
(40.01 gm NAOH) (2 mole equiv NaOH) (1 mole CaC03) (0.250% CaC03) = (0.250% CaC03) 

= (2502 ppm (mg/L) CaC03) 
L________ _ _ - - -- -- 

= 147.2 gpg 

Error Limits (4% maximum) 
Alkalinity Ex~ression Lower Limit Desired Value Upper Limit 

% CaC03 0.2400 0.2500 0.260 
ppm (mg/L) CaC03 2402 2502 2602 

gpg 141.3 147.2 153.1 
- 

Error Limit Calculations (4%) 

Percent CaC03 

(0.250% CaC03) ( (1.04) = 0.260% 
(0.250% CaC03) ( (0.96) = 0.240% 

ppm (mglL) 
(2502 ppm CaC03) ((1.04) = 2602 ppm 
(2502 ppm CaC03) ( (0.96) = 2402 ppm 

gpg 
(147.2 gpg CaC03) ( (1.04) = 153.l gpg 
(147.2 gpg CaC03) ( (0.96) = 141.3 gpg 
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Abbreviations 

-c: of 
ASTM 
Bar 
cc 
C02 
CRC 
CSD 
o 
ft 
FTIR 
g 
GV 
Hg 
H2 
H20 
HPLC 
hr 
in 
ISBT 
IV 
k 
kPa 
Ib 
mg 
mm 
mL 
MSDS 
N2 
N 
NCB 
NPB 
N/R 
02 
P 
P 
PET 
pkg 
PP 
ppm 

Degrees, either in Celsius or Fahrenheit 
American Standard Test Method 
unit of pressure 
cubic centimeter 
Carbon Dioxide 
Chemical Rubber Company 
Carbonated Soft Drink 
Diffusion 
feet 
Fourier Transform Infrared 
grams 
Gas Volume 
mercury 
Hydrogen 
water 
High Performance Liquid Chromatography 
hour 
inch 
International Society of Beverage Technologists 
Intrinsic Viscosity 
solubility 
Kilo Pascal 
pounds 
milligram 
millimeter 
milliliter 
Material Safety Data Sheet 
nitrogen 
Normal 
Non Carbonated Beverage 
Non Pressurized Beverage 
Non Refillable 
Oxygen 
density 
permeation rate 
Polyethylene T erephthalate 
package 
Polypropylene 
parts per million 
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PPT 
PSI 
RH 
s 
SST 
T 
TM 
V 
Vc 
wk 

Plastic Pressure Tester 
pounds per square inch 
Relative Humidity 
second 
Secure Seal Tester 
time 
Test Method 
volume 
volume percent crystallinity 
week 
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Bottle Test Procedures Manual 
Issued: October 2003 

Revision History 
The table below chronologically lists revisions made to documents in this manual and a 
summary of the change that was made. 

Revision Date Details 
June 2004 Header and footers where changed to meet 

new ISST Spec. 
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