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ABSTRACT

Project: JAM/77/008/A/01/37

Duration: 2 months (20 April to 19 June 1981)

A Packaging Centre has been establishec at the Jamaican Bureau
of Standards under the above UNIDO project. The present Consultant,
specializing in Glass Technclogy, was the ninth one who visited the
Packaging Centre. His main duties were to advise the Centre on the
application of laboratory test methods for the evaluation of glass
containers and on problems associated with the nroduction and use

of these containers.

During his stay at the Packaging Centre the Consultant delivered
12 lectures covering the entire spectra of glass containers, including
raw materials, methods of manufacture, physiro-chemical properties of
glass, laboratory test methods, fracture analysis, container design,
surface coating, standard specifications and quality control. Detailed
notes on the above subjects were prepared and discussed with the
counterpart staff. Several visits were naid to plants of the manufacturer
and the users of glass containers to identify and discuss their technical
problems, and a 2-day-training course was conducted for their senior
officers.

Recommendations have bteen made regarding the selection of
laboratory equipment, additional training for the counterpart staff
and also relating to the production technology in use in the country.
It has been suggested that work regarding rationalisation of sizes,
shapes and colours of glass containers may be taken up at the Bureau.




Post title
Duration
Date required

Duty station

Purpose of project

DUTIES

JOC DESCRIPTION

DP/JA/77/008/11-C8/31.7.C
Glass Container Consultant
Two months
August 1°8n

Xingston, with possibility of travel withia the
country

The Governmeat is endeavouring to upgrade

the general level of packaging tcchnology in
the country. A\ packasinr development
laboratory is being created and the purpose

of this project is to cauip it in the test

possible way and to teach local staff how tp
work out soluticns for packaging protlems in
the various fields.-

The cxpert will work with the staff of the newly
created packazing department on protlems a2sso-
ciated with the use of the glass containers,

and will be responsil.le to the Project Manager.
The expert will specifically be expected to:

1. Carry out 2 survev on the existing situation
in the country with respect to the quality
and availability of glass containers.

2. Advise counterpart personnel on the applica-
tion of laboratory test methods for the
evaluation of glass container characteris-
tics and advise on the types of equipment
normally used for such tests. The inter-

pretation 97 the results from these tests

and how these relate to the performance
of the containers under actual use con-

ditions is the important part of this work.

3. Assist local companies in solving specific

container problems.
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4. Advise on the preparation of storage tests
on glass containers filled with a variety
of products for shelf life testing, the
type of tests used to follow qualitative
and quantitative changes during such
storage trials and the relationship be-
tween these laboratocry otservations and
container performance under actual use

conditions.

5. Advise on the relationship between structural
design of tie containers and closures and

their likely performance.

6. Present round-talle training sessions for
staff members of the manufacturing and user

industries.

The expert will also be expected to prepare a
final renort, setting out the findings of his
mission and his recomrendations to the Govern-
ment cn further action which might be taken.




INTRODUCTICN

The UNIDO project "Establishment of a Packaging Research, Testing
gevelcpment £ Information Department in the Jamaican Bureau of Standards"
officially started on 12 ifarch 1%7¢ and terminated in April 1981. The
main purpose of the project was to establish a packaging devzlopment
laboratory with a view to upgrading the zeneral level of packaging

technology in the country.

RBesides a Project ﬁanager, ten consultants in various specialised
fields were appointed by UNIDC. The Project Manager left on ‘nril 17, 1231
after completing his assignment and eight consultants visited the Purzau
for various lengths of time. The author was the ninth consultant,
specializing in Glass Technology, whose main duties werzs to advise the
Packaging Centre of the Bureau on the application of laboratory test
methods for the evaluation of glass containers and on the problems

associated with the use of glass containers.

During lis stay at the Packaging Centre, from 23 April to1l4 June 1°%1,
the consultant visited the only one existing plass container plant in
Jamairz ang the plants of several large consumers of glass containers with
a vicw to idcatifying their problenms § offering suggestions for improve-
rent. The consultant delivered a series of 12 lectures to the staff
of the Packaging Centrc on the subjects of glass, s'lass containers,
latoratory test methods and standard specifications. A training
course, consisting of five lectures, was also conducted for the bene-
fit of the glass and the bottling industries. ) list of essential
testing equipment, books and journals was compiled and submitted to the
Bureau. The present report covers the work done Ly the consultant at
the Packaging Centre, his obsarvations and recommendations.

The author would like to place on raecord his appreciation of the
co-operation and kind help, in official as well as personal matters,
extended to him by Mrs. M. Domville, the dynamic head of the Packaging
Centre, and her atle staff.




RECOIMENDATIONS

Project: JAM/77/003/A/91/37

Adequate funds may be preVided for the grocurement of essential
equipment for testing and evaluation of glass containers at the

Packaging Centre. The first-pricrity equipment is esrimated
to cost U.S. 310,003.00 C.I.F,

(For U.N.I.D.C.)

A Fellowship may te provided for 'practical training' in the
methods of testing and evaluation of containers and in fracture
analysis since such a training could not be imparted by the
present Consultant due to non-availatility of equipment at the
Packaging Centre.‘

(For U.N.1.D.0.)

The Packaging €entre, in cunsultation with the container
manufacturer and users, should endeavour t:, rationalise the
sizes, shapes and colours of glass containers as there are far
too many varieties and distinctive designs in use at present.
Rationalisation will help in reducing imports as well as cost

of production of the indigenous containers.
(For Packaging Centre)

The Pureau of Standards may take up the preparation of Jamaican
Standards for glass containers. To start with, work may he taken
up on glass bottles reauired for carbonated soft drinks and teers.

(For the Pureau of Standards)

The West Indies Glass Company may thorcughly reorganise their
quality control department so that it bLecomes an effective tool
in maintaining control over glass-making operations and the
quality of products.

(For West Tndies Glass Company)




To conserve energy and obtain a better temperatute control,

West Indies Glass Company, may consider installation of the
modern all-electric forehearths during rebuild of the melting
furnace.  These forehearths give a saving of 75 percent in

energy consumption.
(For ¥est Indies Glass Company)

Manufacture of surface-treated glass contziners for intraveous
fluids, as per USP Type II, may te taken up as the process is
very simple and enough demand exists for these containers in

Jamaica and the neighbouring countries.
(For West Indies Glass Company)

The Vest Indies Glass Company is at present importing all moulds.
It will be economical and advantageous if the machining of moulds
can be taken up locally. To start with, mould copyin? machine

may be installed for the production of most commonly used moulds.

(For vrest Indies Glass Company)




ITI PRODUCTION \NO “VAIw.RILITY GF
GLASS CONTAINERS IN JAMAICA

Role of glass in packaging

Glass has been an important aciaging material for over 300
years. Despite competition from other alternative materials, like
plastics, paper and metal, the glass container industry in industrially
develoved countries has been steadily growingz at the rate of 3 to S per-
cent per annum. This is due to certain unrivalled characteristics of
glass, viz. its compatibility with almost all liquid and solid products,

high degree of sterility, odour resistance and container appeal.

Glass containers constitute an immortant packaging material in
Jamaica which produces large quantities of rum and other liquors fer
export, beers, soft drinks, preserved fruits and other food products.

Production of glass containers in Jamaica

At present there is only one glass plant in Jamaica, viz. West
Indies Glass Company, which uses modern 1.S. 6-section, double got
machines for the production of soda-lime glass containers. Up umtil
1973, the plant prodt . hoth colourless and amber coloured containers
but thereafter the production of amber glass was discontinued ‘'ue to
financial and labour problems. In recent years the plant had been in
serious financial crisis which adversely affected the maintenance of
machines, replacement of moulds and procurement of spare parts. The
productivity of the plant in respect of colourless glass containers
had been extremely low, the percentage of packed ware being only 20
to 3F percent (in- April and early May 1951) as against the attainable
figure of 80 to 35 percent. Almost all consumers, visited by the
consultant  had serious complaints about the availability and quality
of containers. At present, all coloured glass containeas for beer,
liqudrs and soft drinks, and colourless g¢lass bottles for export of
rum and for pharmaceutical preparations are imported, resulting in a
substantial drain on the foreiyn exchange reserves of the country.

The West Indies Glass Company has recently received sizeable
financial assistance and is now under complete reorganisation with the
technical collaboration of Rockware Ltd. of U.K. New I.S. 6-section
machines have been installed with new moulds and the 110 tonne daily.
draw colourless glass melting furnace, which is over 7 years old, is
going to be rebuilt with an improved decign so as to give a better
glass to oil ratio and a more uriform temperature in the forehearths

and feeders. The production capacity of the plant for colourless glass

is around 38,000 tonnes per annum.




Quality

The main complaints about the guality of containers, as voiced
by the users, are: (i) uneven wall thickness resulting in high
breakage or rilling lines (ii) too much variation in dimensions
(iii) 1low thermal shock resistance and (iv) greenish blue tint of
glass. The uneven wall thickness can be reduced by improving the
temperature uniitrmity of gob through better control of forehearth
and feeder temperature, bette: slass level control, proper Frepara-
tion of delivery chutes and rorc precise allignment and design of
blank moulds. Variation in dimensions is probably due to worn out
moulds and would be corrected by replacing the old moulds. Low thermal
shock resistance may be due to inhomogenccis glass and uneven thick-

ness and baffle marks at the bottom.

The bluish green colour is dﬁe tc high iron content of silica
sand and use of too high a prcportion of cullet (broken glass). Iron
oxide content of the sand is stated tc be around 0.1 percent which is
very high for the manufacture of colourless glass. It is learnt that
sarples of sand have been sent to Pockware as well as the Jamaican

Bureau of Standards for suggestine methods of upgrading the materiai.

(uality control

The quality control labcrétory of West Indies Glass Comparny
needs a thorough reorganisation, In a glass plant, guality control
has two distinct functions. One is to =cntro! thc quality of the
products so as to maintain it at the riven level. This is done by
regularly testing the rlassware for dimensions, capacity, verticality,
thermal shock resistance, internsl pressure resistance, etc. The sacond
furpose is to maintain control ever glass-makins operations for
efficient manufacturs of glasswage. The techniques that L.ave been
found most useful for this purpoge arc (i) teo control glass composi-
tion through density measurcment, caicalzting the daily average (X)
and the density range (R) znd pletting the values on a control chart
(i1i) chemical analysis for Sioz. aG, R02 and R203 (iii) control of
working characteristics of gzlass throuch measurement of softening
point and annealing point (iv) homogensity of glass by the ring
section method (v) seed count (vi) furnace bridgewall temperaturc
(vii) daily glass null and (viii) percentage pack. Th2 control charts
should be disnlayed on the wall gz th:t they are available to the
production nerzonnel for corvclating the chanees in the forming oner--

tions to the changes in glass cegposition and quality.
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Instrumentation

To improve quality of glass and increase speed and efficiency, instru-

mentation has assumed a very important role.

The variations in gcb weight are mostly cdue to change in the glass
level and temperature in the forcheartl and feeder. The glass level
control should be within + 8.25 mm and the temperature at the orifice
should be maintaineé at + 1 C which requires an instrument accuracy of
better than 0.] percent. ~ 1°¢ chanre in temperature gives a 1 percent
change in viscosity which results in variation of the rob weight. For
maintaining the above type of close control on temperatrre, a system

known as Deviation Control or Set-Point Contrecl should be used.

For the melting furnace a nev instrument to continuously monitor
oxygen in the flue gases has been developed by Corning Glass VForks,
U.S.A. The instrument helips to maintain 2 control on the excess air

used for combustion and thereby gives a saving in fuel consumntion.

Recommendations for West Indies Glass Compnany

(1} To conserve energy, for which there is no known indigenuous
source at present, the management may seriously consider installa-
tion of recently developed all-electric forehearths during re-
build of the nmelting furnace. These forehearths give a saving
of 70 to 80 percent in energy consumption and will also not re-
quire imported licuid petrolcum gas used :% present ty the
compan.

(ii) At present moulds are entirely imported. For a factory of the
size of !.I. Glass Company, it will be advantageous and economical
to creat2 facilities for making their own moulds. If necessary
only castings may be impcrted.

(iii) The contrcl laborztory should be reorganised so that it becomes
an effective tool in maintaining control rver glacs-making opera-
tions an’ in maintainine the quality of products at the desired
.evel,

(iv) Class technology and preventive maintenance sections should be
strengthened.

(v) Manufacture of surface treated sodz-lime containers for intra-
venous fluids, as per USP Type IJ, can bte taken up as the rrocess
is quite :imple and does not require any investment except for

moulds.

l»
B
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II1. PHYSICAL TCST METHODS FOR
EVALUATING GLASS CONTAINERS IN A LABORATORY

Two of the important functicns of the Fackaging Centre
of the Jamaican Pureau of Standards are (i) to form an
independent linkape letween the manufacturers and the consurers

and (ii) to formulate standard swecifications for thc nroducts

in consultatien with the rmamufacturers and the consumers. For this
nurnose it is necessarv to organisc an independent laboratbry for

testing and evaluation of the nroducts

Several laboratory tests have ieen evolved to evaluate glass
containers for their likely rerformance in use. The tests adupted
by the American Society for Testing § '‘aterials (AST:Y). tke Indian
Stardards Institution (ISI) and the British Standards Institution
(BSI) are:

(1) polariscopic examination

(ii) thermal shock resistance
(iii) internal pressure resistance
(iv) dimensions § capacity and

{(v) verticality

Polarisconic examination

The polariscopic examination is carried out to evaluate the
containers for the quality of annealine. The containers, when
exarined by a polariscope un'er polarizing light and compared to
Standard Strain Discs, should shov a Real Temper Mumbter not greater
than 4. 1In calculatinec the Peal Temper Number. correction €or
thickness should be made Ly multiplyine the arnarsnt temner number
by 4, which is the thickness in =m of standard disc, and dividing
the product by the average thickness of class in . Temper No 4
is equivalent to Lirefringence . or retardation of €2 millimicron
since one standard disc produces a retardation of 23 millimicron.
1f plass containers are not well-annealed, they are liabtle to
crack during washing, filling, handling or storage.

The test is described in detail in ASTI*:C 143-71 and IS€I: C 143-77,




Thermal thock resistance

Thermal shock resistance is essential tecause most containers
have to undergo some thermal shock, either during washing or sterili-
zation, filling with hot products, pasteurization or cooling during
storage or use. Thermal stability of a container depends on the
ragnitude of the stress produced by the sudden chilling of one sur-
face whichi in turn depends upon the thermal expansion of glass,
its ™ lulus of elasticity, tinsile strength and thickness. Fur a soda-
lime glass container whose coefficient of thermal exransion is around
o0 x 10'7 per O and the effective tensile strensth of the outside
surface is around 3C ™ per mz, the relationship between maximum
temperature differential and thickness is as follows:

= 30
max

0.362 it

. . o= X )
where Tmax is the maximum temperature differeatial in C

and t is the thickness of the container in mm,

The soda-lime glass containers should bte atle to withstand a hot
to cold thermal shock, as carried out in accordance with ASTM:C 149-71
or ISI1:€506-77. The temperature differential, as specified in
various standards for soft drink and tcer containers, is around
46°C. 1f the containers €ail to pass tihe prescribed test, the failure

may l'e due to any one or more nf the following causes.

i) Concentration nf stresses at the base at snots like the bafflc
mark.

ii) A truise at the junction of the bottom and side wall.

-

iii) Too thick or uneven bottom.
iv) Bad annealing.

Internal pressure resistanc:

—- o —

Adeaquat: pressure resistance is essential for bottles tequired to
withstand internal hydrostatic nressure, such as bottles for teers and
aerated waters, The bottles should pass the test as carried out in
accordance with AST!":C 147-67, Method A, or ISI1-1107-1957. For the
pass test, the pressure nrescribed in various standard specifications
varies between 1.2 and 1.6 MN per mz (12 to 16 kg per cmz) for 1 minute.
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For returnatle hottles used for carlonated products, a testing pressure
of 1.4 N per m2 appears to te alecuate, provided the test is carried
out on tottles “"as delivered to the bottlers™ anu not or new, rntouchec
tottles. For untouched bottles, the wagnitude of pressure should be

increased ty 50 percent.

In a typical btottle, such as for ginger alc or beer, the peak
stress caused Ly the internal pressurz occrrs on the side wall of the
bottles and the fracture originates on the outer surface of the wall
as a short vertical split which travels commletely round the bottle
and may extend in the form of fissures. The origin is usaally a thin

snot or a truise.

_Dimensions and capacity

Although the cast iron moulds, in which containers are tlown to
shape, can be made to an accuracy of 0.C5 ms »shen ncw, during use
thzir inner surface gets oxidised which causes the cavity to become
slowly larger in volume. The moulds may also warp slightly in use.
These changes in mould affect the dimensional accuracy of the con-
tainers biown in them. Further, due to small changes in the gob
temperature and the ratc cf cooling of the r~ulds the rlass may set
toc quickly or it may not Le sufficiently rijgid when it leaves the
mould which may also affect the shape and dimensional accuracy of the
container.

Eeight of the container is a critical dimension and, if not
controlled within certain limits, may cause serious problems at the
filling line. It has been found by exparience that the most useful
way of stating glass container tglerances is to use what are known as
"2-sigma limitsY, indicating that theoretically not over 2.3% of
the containers may te ahove the upper limit and not over 2.3% telow
the lower limit. '

The tolerances on height, diameter and capacity of a2 container
are usually fixed by thc manufagturer in consultation with the
customer. However, the following standard specifications are availatle
which may be consulted fur details.

i) British Standards Institution
BS 4599 - Part I; 1970: Non-Returnatle Soft Drinks Eottles

ii) Indian Standards Instigution
20€1-1973 : Glass Peer Fottles
1107-1957 : Aerated Vater Class Fottles

iii) National Bureau of Stamdards, U.S.A.
' Standard TS '214C : Carbonated Soft Drink Bottles
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Eased on the 2-sigma limits, the Alass Honufacturers’ Federation cof
J.K.. has worked out the following ecuaticn for tolerances on

container height and diameter.

i) Tolerance on overali height (H) (0.6 + 0.004H)

(2.5 + €.M20)

ii) Tolcrance on body diameter (D)

1+ t+

In a laboracory, height and body dimensions are measured by using

aprropriate gauges to an accuracy of one-tenth of a millimeter.

Capacity, which is defined as the internal voiume at 20°C.
is determined by weighing thec empty contairer, filling it with water
to the appropriate level, weighing the full container and then
estabtlishing the weigit of water by subtractine the weight of the
empty container from the weisht of tue full one. The result is
corrected to 20°c by multiplying it by a conversion factor which
takes care of the change in density cf water 4ue to tomperature
and error due to bucyancy durine weighiag. The conversion factors
for water temperature of'lso, 20° and 25° are 1.9029%, 1.00284 and
1.00387 respectively (¢f RS 1797:1568).

Verticality

Ver:ticality is defined as the horizontal distance by which the centre
of the Lottle finish deviates from its intended position in relation
to the bottle base when the bottle is rotated throush 36¢°. This is
important for locating bottles accuratecly under €filling and capping
heads. Non-verticality ic due to slicht btending of the neck or
warpage of the base which may occur during lifting up of the bottle

from the tlow mould on to the conveyoar cor during annealing.

The recormended 2-sigma tolerances on verticality have a
constant value for btottle heishts up to 12 mm, Thercafter they

increase linearly according to the following equation:

Teolzrance on verticality for overall height (H)

£0.3+ H
- in ™
100

Impact test

Although impact test has so far not been recognised as a standard
test, it is commonly used in the industry since impact is undoubtedly
the most frequent cause of breakage of tottles in use. The test consists
of a rigid pendulun with a hardened steel ball, the vertical height
through which the striker falls being the measure of the impact encruy.




¥hen a bottle brecaks due to impact, the origin of the crack is

usually a bruise or a thin spot. A blow from a round hard ctject
may drive a cone of percussion thiroush glass at thc peint of impact.
The fracture moves out from tha: point ir a series of waves civing
rise to bending or "hinge" stresses on the cutside surface which may
give rise to complex hinge fractire, at somc distance from the point

of impact.

Causes & types of fractures

The mechanical and thermal tests described above, viz. internal
pressure test, impact test and thermal test, if carried out and 2nalysed
intelligently, can nrovide 2 lot of infcrmaticn azbout the causes res-
pcnsible for the contairer failure since the cracks are a definite
response to the forces producing them. The four basic princinles

in determining the origin and propagation of cracks are:

i) A crack has only one immediate cause, viz. mechanical stress.
This stress is a2lways a tensile stress and is at ~ight angles

to the crack.

ii) Generally speaking there is a single minute starting point for
all fractures and the various fissures are propagated through the
tettle from this point.

iii) The fractures nearly always oripinatc at a surfacs, outer

or inner, and not in thz interior of the glass mass.

iv) The fractures may be¢ propagated with differs ‘cities, from
zero up to the speed of sound in glass.




IV CHE!ITCAL RESISTANCE OF GLASS
AND TEST “{ETHODS %OR SHEL® LIFT

Chemical durability of glass

fost commercial glasses are fairly inert anc do not react
readily with materials with which they are liable to come into
contact during use. flass is chemically very durable against acids
(excent hydrofluoric acid and hot phosphoric acid) and acidic pro-
ducts have very little effect on it. In this respect the manu-
facturers of soda-lime containers ars in a very favouratle nosition
because over M0 percent of the nroducts packed arz acidic in nature,
e.g. cartonated beverages, milk, preserved fruits, most liquors, and
atout S0 percent of all medicinal solutions. In the reaction in-
volving an acidir soiution, sodium ions diffuse out of glass and
hydrogen ions diffuse into glass, formine a hydrated porous layer at
the surface. This layer then acts as a harrier, slowing down any
further attack.

In the reaction involving an alkaline solution, the silicate
network itself is demolished and this degradation mechanism is res-
ponsible for a major part of the chemical attack. Soda-lime glass
is therefore not so statle against an alkaline attack and its solu-
bility increases with the alkalinity of the solution, narticularly
at elevated temperatures.

Soda-lime plasses also react slowly with water vapour or materiils
containing water. Initially the reaction proceeds as 2 simple ion
exchange reaction in which scélum ions diffuse out of the glass into
water and hydrogen ions diffusr into the glass. However, the extracted
alkali changes the attacking sclution into an alkaline solution and with
increase in basicity it causes the attack to change over to the net
work degradation type, attacking all ccnstituents of glass, including
silica.

Tests on glass containers for shelf 1life

The chemical action of various products with class at room tempera-
ture or under conditions of actual use is so slow that it would take
years of study whicn would be an almost unsurmountable task. Several
accelerated tests have therefore been designed to give a fairly rcliable
indication about the performance of glass cortaineis in commercial use at
room temperature. The results obtained by these tests are interpreted
in terms of the alkalinity of glass, i.e. the amount of alkali extracted
from g’ass or glasswarz under “he préscribed conditions, v




These tests are generally based on attack cn glass surface by water
at elevated temperatures as the rate of attack increases rapidly with
rise in temperature. the increase being of the nrder of 2% times for

. o
each increase of 1°C.

Methods of test

1) International Standards Orsanisation (ISC) Recommendation Ne.

R719: According to this methol, 2g of the freshly prenared
powdered sample of 390 micron te 500 micron grain size is dipested
with high purity water at 08°C for 40 ~inutes. The extract is titrated
acainst 0.0IN HC1. The value in rl per ¢ of the samrle ané its equiva-
lent in alkali extracted as microgrammes of Hazc ner 1lg of glass are
reported.

1 a1 of 0.0IN HC1 = 310 ricrogramme of Nazo
The Indian and the Gerran Standards arc based on the atove method with

slight modifications.

2)  ASTM Standard : C225-73 (1v78)

There are three test methods nrescribed in the above  standard.
viz. (i) Method R-A, for determining the resistance of whole
container to dilute abid (ii) Method E-¥, for determining the
resistance of treated containers to atteck by water and (iii) Method
P-¥, for determining the resistance of powdered rlass to attack by
water. In these metihods, the whole container or the glass pow&er
of 300 micron to 425 micron size, as anplicatle, is digested with
the prescribed attacking medaium at a terpersture of 121°C for
60 minutes and the extract is titrated agzinst a standard alkali or
acid solution as the case may be.. The results are reported as
millilitres of 2.02 N H2864 consumed in the test.

Grading of alass containers_in r'spect of chemical durability

The United States Pharmacoepia (USP) has classified the glass
containers into the followiny four typcs tased on the quantity of
0.02 N H25n4 consumed in the test, carried out as per ASTM methods
of test described above.
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c¢f glassware

Gencral uescription

I Highly resistant

torosilicate

iI Treated soda-

lime

-
(o)
b=

Soda-lime

NP* General purpose

soda-lime

USP Test
Name

Powdered
zlass
Vater

attack

fowdered
glass

Powderad
glass

*NP means non-parenteral

ASTH
Test code

P-¥

pP.w

Limit of 0.N2K
5.SG, in &l
< -

0.71 to
5.20 de-

rending upon
capacily

8.5

Hiost of the general purpose colourless soda-lime glass containers

fall under Tyne III vhile all
These containers are suitatle
except injectatle liguids and
products will not bte affected

containers rust pass the Tyne NP test.

far nackiny all varieties of nroducts,

intravenons fluids, and the n»acked

by glass so far as the shelf life is

concerned. For injectables, Type I or Type II glass should be used.
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V. [EQUIPHENT FOR TESTING AND EVALUATION OF

GLASS CONTAINERS

Essential items of equipment
D e —

The following eguipment is recormended for the Packaging Centre

of the Jamaican Pureau ¢f Standards for testine and evaluaticn

of glass contziners. The cauioment iz listed according to priority.

First Priority

1. Polariscope, Model 110

(Polarizing Instrument Co. Inc. -

Price in U.S.%

1,175.00

616 Yashington St, Peeksill, N.Y. 10556)

2. Standard Strain Discs
(British Glass Industry Research Assn,
Sheffield 10, U.K.

3. Bottle Pressure Tester
(American Glass Research Inc.
P.Q. Box 149, Butler, Pa, U.S.A)

4. Yall Thickness Gage

(American Glass Research Inc.
Butler, P3)

S. Gauges for measuring height, diameter
and verticality of glass bottles

2,100.00

3,310.00

670.00

Not Known

(Research Tocl Mfg., 111C0 Greenstone Ave.,”

Santa Fe Springs, Calif. 90670).

Second Priority

1. Ibpact Tester
(American Glass Research Inc.
Butler, Pa.)

Autclave '

As per
ASTH:
4. Misc. apparatus, like €lasks,{(225-73

L)

. Mortar i pestle

turette. w'.ter bath etc. !

5. Thermal Shock Testine Machine
(.smerican Class Fesecarch Inc.)
A simplier version of the machine

can be farricated at the Purecau.

1 715.00

(173) Not Known

12,310.90




Provision of funds for purchase ofequipment

On scrunity of the project document it was found that most
of the items of eauipment listed abov: had been included therein.
These were, howeier, not ordercd as their cssentiality could not
hc established without consultine an oxpert in the field of glass
technology. The present consultant considers the abcve items of
equipment essential for work at the Packazing Centre and stroncly
recommends that adequate funds should be available for their pro-

curement.

Fellowship

It is also considered essen: i1l to provide one Fellowship for
practical training in the testing and evaluation of 2lass containers
as such training could not be imparted adequately by the present
consultant due to non-availability of the equipment at the time of
his visit. Suitable training facilities may be available at the
American Glass Research Inc., Butlcr, Pa, U.S.A., vho 2re designers
and manufacturers of the important items of equipment listed above.

This establishment has been a2 picncer in the field of container

testing, fracture anzlysis and interpretation of results.




VI DESIGNING OF CONTAINERS % CLOSIRES

A. De51on1ne o‘ Glass Lontalners

A majority of the glass containers arc desipned keeping in
view the performance reauired of tham Aurinc filling, handling
and traasport, althoush distinctive and attractive nackages account
for much of the variety, for example as used for packing expensive
products like perfunes, cosmetics and liguors. Since over two thirds
of the container precduction arc for foods m=ilk. beers, wines, scft
drinks, and pharmaceuticals, their design rust be adanted to a variety
of mechanical handling devices, like washing and sterilizirg machines,
bruéh spindles, fillers, cappers, pasteurizers, labelcrs, conveyors and
cartoners, which differ very widely. The cost ¢f the container being
an important factor for the above types of products, the container
weizht must be the minimum in order to reduce initial cest as well
as freight etc. To achieve the minimum weight with adequate con-
tainer strength and high speeds of production on the modern glass
forming machines, the design of container has to be given a very
careful consideration. Of the various practical shapes for con-
tainers, a short cylinder is the most economical of material since

the surface area reauired tc enclcse a ziven volume is the minimm.

Theoretically, the cylinder most economical of matcrial is one
whose height approximately eauals its diameter. However, since a
bottlc has a shoulder and finish its height has to Le somewhat
greater than its diameter but the ratio should te kept as low as
possible to ensure :ufficient glass thickness at the lowest cost.
The container shapes which are the most economical of material are
also the strongest since they give the maximur. wall thickness for a

given weight of'glass.

Influence of design on thermal shock resistance: Investigations have

shown that in all plass containers, vhether cylindrical or of any other
shape, there is a concentration of localized bending stresses in the
rcrion of the base of the Lottle where it is connected tc the sidewali
If the base of the container is joined to the sidewall by a smooth
curve ('inswecp') the bending stresses arc much reduced. A smooth
inswept junction also makes this part of the container less prone to
damaga by impacts reczived during handling and fiiling. This is very
important as a hruised hecl will markedly reducc the thermal shnck
resistance of 2 container. & tapered junction also pives a cood
distritution of glass during the forming process. In repard to the
designing of shoulder and neck of the container, the basic principle

. is that glass éhOLLd flow smoothly dur1n, the fornine process piving
‘a uniform wall' thickn2ss in this region. |
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Influence of design on internal nressure resistance: Theoretical

calculations are not able to predict exact values for bursting
pressure of bottles but the following relacionship illustrates the
effect of the main design features when a thin-walled hollow
cylinder of internal diameter d and wall thickness t, is subjected
*5 an internal pressure p.. Tﬁe tensile strength, s, at every

" pcint in the outer surface will be:

S = pd

——

2t
If the limiting value ,¢ stress at which failure occurs is taken
as 350 bars, the maximum bursting pressure of the cylinder, pmax’ is
given by the equation:

pmax = 350 x 2t bars

d

The bursting pressure is proportional to wall thickness and inversely

proportional to the hottle diameters.

The greatest tension due to internal pressure is on the wall of the
barrel and the failure normailf occurs either at the thinnest spot

or at a briise. A good distribution of glass is therefore an
essential requirement for a reasonably strong bottle. As a cylindrical
shape, with rounded cross-sections at all heights, gives the best
distribution of glass it will be the strongest. Bruises or surface
damage during filling and handling can bc reduced if sharp corners or
bulges, where the containers ruyb against o4.h Other on the conveyor
belt, are avoided. A cylindr¥cal body with waist is also satis-
factory provided there are twp dificient heights on the body at which
theadiameter is equal. The junction of the si:ewall with base should
be/smooth curve and the shoulder should be streamlined.

The following tatle by F.W. Preston ~ives ratios of pressure resistance
for bottles of different shapes.

Shape Ratio cf pressure resistance
Cylinder 1¢
Ellipse (pajor axis twice th:z 5
minor)
Square with well rounded corners 2.5
Square with sharp corners 1

For the above reasons. all bottles recuircd to withstand internal
hydrostatic pressures are cylindrical in shape, with well rounded

base and shoulder and a smcll height to diameter ratio.

[ ) I
! i
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Influence of design on vertical load strength

A well-designed bottle is able to withstand high compressive stresses
without any problem provided all parts of the bottle are evenly
compressed and no significant tension is produced. On a filling
line the cappiug machine may exert a weight of nearly 150 kg on
the top of a bottle and the greatest stress occurs in the region
of the bottle shouider. The shoulder should therefore be well-
designed with a large radius of vertical curvature. It has been found
that the larger the radius of curvature the larger is the load tearin-
strength of the bottle. The shoulder of a champzgne bottle is a good

example in this respect.

Influence of design on impact resistance: The principles caployed

to obtain grestest impact resistance are exactly the same as for
internal pressure resistance and vertical load resistance, viz.

the maximum wall thickness for a given weight of glass ﬁniform
distribution of glass, rounded cross-sections at all heights, and
large radius of vertical curvature. cylindrical body, without any

sharp curvatures or corners, is the strongest against impact.

Rationalization of designs

For a country of the size of Jamaica there are far too many shapes,
sizes and colours of zlass contalners prevalent in the market,even
for products like carbonated lLeverages, wines, syrups and sauces.

This is mostly due to using distinctive shapes and colours, in r-
cases due to the insistence o€ the foreign collaborator. Since
production of sc many varieticg of glass contziners is very uneconomica!
because of high cost of moulds and down-time for job changes, many
bottlers are importing the empty containers causing a drain on the
foreign exchange resources of the country. The Government, as a
matter of policy, should endeavour to reduce the varieties required

in the country to the minimurm so that import of éhpty bottles couli

be reduced. In this task of rationalising the sizes, shaves and
colours of glass containers, the Bureau of Standards, in collaboration
with the manufacturer and the users, could play a significant role.

The results achieved arec expected to benefit other Caritbean countries
also,
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B.  CLOSURES FO2 CONTAIMERS

A closure is defined as aaythinc intended to seal the neck of 2
container. For obtaining a rood seal itis essential that the
closure and the container finish should properly match each other.
For general purpose containers therc are three types of seals viz.

i) Mormal seals ii) Vacuum seals and 1iii) Pressure seals

The vacuum seal is mostly used in the packing of food products and

the pressure seal for beers and cachbonated teverages.

In the cormonest tyre of Lottle seal, a flat resilient disc or rins

is pressed dowawards on to the top of the sealing surface of the
bottle. The sealing disc may uve made in two parts: i) a sufficiently
thick pad of resilient material, called the 'wad’ and ii) a thin

layer of facing material which is compatible with the product. Alterno-
tively a flowed-in liner is formed inside the closure. In this methol
the sealing medium is disnersed in a suitable liquid, injected into the

closure, and solidfied with heat,

Resilient sealing materials

The commonly used 'wad' materials are cork, nulnboard, rubter and
plastics. Pulpboard is now the most commonly used sealing liner. The
plastic sealin; materials consist of fairly hard polyethylenes, softer
ethyl vinyl acetates (EVA) and various grades of polyvinyl chloride
(PVC). The flowed-in compounds or plastisols are dispersions of PVC
resins in plasticicisers. None of the materials in the closure that
may come in contact with the packed product must in any way react

with it physicilly cx chemiczlly,

Faciny matarials

Fer the mojority <7 uses, the wad waterials nave to be lined »ith =2
facin; material that is compatitlc with the preiuct packed. ‘lmost
211 facing material: are tased on paper, such as tleached sulphite

or tleachad xraft, coated with white-pigmented synthetic resins such
as vinyl conolymer PVA/PVC. ‘ie§al foils (aluminium and tin) are used
wherc maximum resistance to solvents and impermeatility to gases is
requirad.




Closure Materials

The basic metals for closure manufacture are tinplated steel, purc
afhmiﬂtumrand aluminium alloys. Crown closures are always made
in tinplate because of“its high strencth and-rigidity. Other
cldsure materials are thermosetting plastics, like urea formal-
dehyde or phenol formaldehyd# , and thermoplastic materials like

polyetuylene or polystyrene.

Closure tolerances

In most cases closurc manufacturers aim for a clearance of about

0.1 mm between the maximum finish and the minimum closure dimensionms.
For crown finish and continuous-thread-screw finishes the British
Standards, BS 1218:Part 2 and BS 1918:Part 1, may be consulted.
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VII DEALXALIZATION AND COATING
OF CONTAINER SURFACE

Dealkalization of gzlass surface

The purpose behind dealkaliziny the inncr surface of a soda-lime zlass
container is to improve its chemical resistance bty removing a part of
the alkali and thereby leavin: a surface laver which differs in
composition from the main glass. The USP Type II containers for

parenteral products are based on this process.

De-alkalization is carried out by treating the glass surface,
at a tcmperature between its annealing and softening points, with
an acidic gas - sulphur dioxide or hydrogen chloride. The sodium
ions in the glass diffuse towards the surface where they react with
the acidic ¢as to produce a crystalline sodium salt which can be
removed by washing the surface. An efficient method of de-alka- ’
lizing the inner surface of a container is to drop a pellet of
ammonium sulphate into the hot container before it enters the
annealing lahr. Ammonium sulphate decomposes to ammonia and
ammonium acid sulphate which, in the vapour state, reacts with
sodium ions that diffuse to the glass surface to form sodium
sulphate. "The sodium sulphate layer being soluble is removed during

washing of the container with water.

Coatigg of containers

As already explained, glass is an extremely strong material but
when blown into a container its strength falls very rapidly duc to
the formation of "Griffith flaws'" which are caused by mechanical
damage to the glass surfacc during the blowing operation. After the
¢nnealing process, when the containers are passed through high
speed inspection equipment or throusa high speed filling machines they
rub against each other causing further damage to the outer surface
which results in considerable reduction in the container strength.

The damage due to the rubbine action can boe very much reduced if
lubricity is provided to the outer surfac: of the container so that
when one such treated surface is rubbed against similarly treated |
surface, the two surfaces slide over each other without producing a

scratch, vhercas untreated glass surfaces rubbéd together undoubtedly

scratch each other. |




Scratch resistant coatings for glasswarz e€nerally consist of

tvo different coatings - the hot emd coatine tc rive a scratch
resistant surface and the cold end coating to provide surface
lubricity. Hot end coating is arplied bty spraying a finely

atomized solution of stannic chloride »entahydrate onto hot
containers when they pass from the forming machine to the annealing
lehr. The coating is only a2 few milli-micron in thickness and is
invisitle. Similar effecct may be obtained by vapour deposition of
tetra-iscpropyl titanate on hot glass surface. The cold end coeating,
which provides lubricity to the surfac: and is aprlied while the
glass is at a temperaturc oF 100 to 120°C, generally consists of
derivatives of polyethylenz, such as polyethylenme glycol or polyethylcne
stearate and polymers of vinyl alcohcl. All single-trip carbonated
beverage bottleS are generally required to have hoth hot-end and

cold-end coatings.

Coated glass is as much as three times as strong as uncoated glass,
under impact breaking stress, after it has been through a typical
fillingz line. Line breakage is reduced to a tenth or less of that

found before surface treatment.
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VIII.  SPECIFICATIONS FOR GLASS CONTAINERS
USED IN MAJCT PACKAGING INDISTRIES

A. Essential reculrerments

The main purpose of formulating standard specifications '
for a product is to ensure that the product has been manufactured
so as to be suitable and safe when use¢ for the intended purpose,
and to provide the manufacturers, consumers and other interested
parties with a basis for common understandine of thc characteristics

of that product.

In the field of glass containers a number of voluntary product
standards are available specifying the essential requirements of
containers for various products. Somc of the requirements, viz.
accuracy of dimensions and capacity, verticality, annealing, freedom
from such visual defects that may interfere in the filling, cappine
and sealing operations or may result in premature failurc of the
container in servicec are common for all containers. The special
requirements will depend upon the severity of conditions during
washing,‘sterilization, filling and nasteurization, internal nressure
created by the product, sensivity of the product to chemical reaction
with class, etc. Examples of the special recuirements of containers

used for some major products arc given below.

1. Pottles for carbonated beverages, like beers and soft drinks.
1) Thermal shock resistance of 40°C from hot to cold.
ii) 1Internal pressure resistance equivalent to a hydrostatic
pressurc of 14 kg per sq. e¢m for 1 min.
iii) Colour i.c. transmission of light at certain wave length
(for amber bottles the transmission should be between 30
and 5C% at 550 ne for 2 mm thickness).

2. Jars for jams and jelleys. .
i) Thermal shock resistance of 40°C from hot to cold.

3. Containers for transfusion fluids and injectables.

i) Chemical resistance, as per USP Type I or II for boro-
silicate plass or treated soda-lime glass respectively.

ii) Thermal shock from 260°C to ambient temperature for horo-
silicate glass containers.
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4. Containers for vitamin nrepzrations, pharmaceuticals and products

affected by light.

i) Chemical resistance, as per USP Type III.
ii) Crlcur, i.e. transmission of light at certain wave lengths.

... . . 0
iii) Thermal shock resistance of 4C° from hot to cold.

B. Standard specificatiocns for carbonated soft drink bottles

Since the largest preportion of ~lass contziners consists of
bottles for snft drirks and beers, the following standard specifi-
cations have been analysed to illustrate their essential require-

ments.

i) National Bureau of Standards, U.S.A.
Standard TS 214C: Carbtonated Soft Drink Pottles.

ii) British Standards Institution
BS 4590: Part 1:1970: Non Returnable Soft Drink Bottles. Rottlce

with crown finish.

iii) Indian Standards Institution
1S:2061-1¢73:Glass beer bLottles
1S:1107-1957:4erated water class bottles, crown typce.

The essential requiremznts of the above glass bottles,. as

specified in the albove standards, are as follows.

Dimension 5 Capacity: The most criticzl cof tne dimensions on a

glass container are those relating to height, btody diameter and
finish. These are important to tie packer, especizally on high

speed filling machines. Suitable tclerances arc specified in the
standards listed above. The British Glass Manufacturers' Federation
has recommended the use ¢f Z-sigma limits for tolerances on dimensions

and capacity.

Verticality: Verticality is the horizontal deviation of a convenie::
point on the outside of the finish relative to the outer surface of
the tottle ncer thz base. The tolerance for verticality, as speci-
fied in the above siandards, varies betwcen 2.1 and 3.: mm.

Annealing: The totties shouid not show preater than Real Temper
No. 4 when examined unuer nolsgriz:d light and cor vr ! to Standard
Strain Discs in accordance with AST . € 145-71. In calculating the
2¢al Nunter, correction for thickness shiculd be madz,
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Thermal Shocx Re :stance:

The bottles should withstand a hot tc cold thermal shcck, as
carried out in accordance with ASTM:C 149-71. The temperature
differential, as specified in the atove standards, varies between

33% and 42°.

According to ASTM, if & cold bath temperature other than 75
(21°C) is used, the specified differcntial mayv be decreased
(increased) by 1% (O.SOC) for each increase (decrease) of 10°r

(5.6°C) atove (below) th: cold bath temperature.

Bursting Pressure Test
g

The bottles should pass the test as carried out in accordance
with ASTM:C 147-69, !lethod A. For the pass test the pressure pr-
scribed varies tetween 175 psi and 225 psi for ! min Auration for

returnable tottles.

The pressure test should be carried out on new bottles '"as
delivered to user”. Brand new and untouched bottles should have a
higher tursting pressure by about 50 percent,

Impact Test

This test is not included in any standard but National Bureau
of Standards has prescribed a simulated impact by application of at
least 50-pound force per vertical inch (39 N ner vertical cm) of
bottle sidewall loaded in a squeeze-roll tester.

Glass Colour

The light transmission for amber glass used for beer bottles should
be in the range of 40 + 10 percent when measurad in air through glass
2 mm thick at a wavelength of light of 550 nm.
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IX QUALITY CONTRCL IN CONT. INER GLASS
MANUFACTURING OPERATIONS

One of the functions o€ the auality contrel department

in a ¢lass plant is tc maintain contrel over glass-making

operations for cfficient manufacture of elzssware. TFcr this

purvose it 135 uecessary to salect only those measurements and

techniques that have been found to Lo mcst useful and fairly

quick for raintaining an effective control.

1.

Control of Glass Compositicn

Density: The rlass property which 1s sensitive tc small changes
in the composition and is suitatle for statistical treatment is
density. By usinn‘a density comparator, cmploving tihe sink-
float method, it is possitle to determine density of five
annealed samples, taken 3t regular interval in a 24-hcur perioa
from the same machine, simultancousl, an? calculate the Densiz:
Range (R) and a Daily Average (X) ir one hour. The values of

¥ and R are plotted daily on control charts. After 2 veeks the
average of the daily averages (X) and the averace canre {?) arc
computed and these values form the central contrel lines for the
first one month.

~fter one month new averages are computed and extended tc

2 months and likewise after 2 months, extended to 4 months.

The control limits, i.e. the upper control limit (ucL)
and the lower control limit (LCL) are best established from
practical considerations. Artitrary limits for X have been
established at + 0.002 n per c.c. and for R at + ".9005 ¢ per
c.c. Mt-of-control values for avera;e daily dersity X or
daily range R are indicative of an ztnormal condition that
can Le identified upon investigation. /bruot changes are jpdj-
cative of major tatch ups2ts ana require immediate attention. &
steadily changin<s average density, without atnormal values fer
daily ranre, pives evidence of a sradual shift in the glass
composition, which may b~ due to a continuous change in a raw

materizi or a trend towards preater velatilization loss cr

|
refractory pick up.
Sta@dard Test iethod for Density of Slass by the Sink-

Float Corparator is given in the ACTi’ Specification C729-7%,
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Chemical Analysis: Chemical analysis of glass carried out at

regular intervals, say cnce in two weeks, should be an essential
activity of the control laboratory because density measurcments do
not vield positive information abtout other »roperties or
chemical composition of glass, particularly of the minor
constituents, such as sulphate or flusride, which have a marked
influence on the melting and working characteristics of glass.
Another use for chemical analysis is to pesitively identify the
source or cause for out-of-control density points. For the
purpose of control charts it has been found that plotting of
silica, alumina, lime and total alkali effectively represents the
chemical composition in a majority of cases. & nractical set of

limits for chemical control of these constituents is given below:

Constituent Percent

Silica (Sioz) + 0.35
Total lime (Ca0 + MpO0) + 0.20
Total zlkali (Nazo + k20) + 0.20
0.19

Alumina + iron oxide (3203)

(R 4

Standard Methods of Chemical Analysis of Soda-Lime and Poresilicste
Glasses are given in ASTM Specification C 169-75.

Control of Working Characteristics of Glass

Behaviour ¢f glass during the forming process depends upon the
rate of change of viscosity. This can be determined in the form
of Working Range Index for which A.K. Lyle worked out the

Zcllowing empirical equation.

WRI = S-A
where S is the Softening Point of glass at which log
viscosity = 7.¢5 ané 4 is the Anncalinr Point of glass
at which log viscosity = 13,0, Standard 'ethods of
determining the softening point and the annealing point
are described in ASI* Specifications C 338-73 and C 336-71
respectively,

The working range index can be determined once in two weeks anc
plotted «cr the control chart.

The density, th: chemical analysis and viscosity measurcments

nrevide a means of cross checking each deterrination,




Homogeneity cf Glass

Homogeneity of glass is a good index of the success of the
entire control prograrme. An effective methoi for measuring

the homogzneity of glass containers is the ring section methcy.
in which a ring section cut from the container is examined under
a polerizing micrescepe using a graduanted quartz wedge or a
Bereck compensator to measure retardation in nm produced by the
cords present in the glass. The glass is then Craded on a rela-
tive scale ltetween 2 (complete ahsence of cords) and E (presence
of extremely high tensivral cords on the outer surface) and the
grade is plotted on a comtrol chart. An isolated change of onc-
half rirn; section grade, say frem b to B or L to B 5y can occur
without e tectatlc cause but one-half erade change in monthly

average level is very sirnificant.

ea’d and bubble count

Controls of the quaiity of glass includc seed and bubble

count. This is dome by using a s~2edscope and expressing the

result in terms of number o7 seeds per 10g of glass. 1In container

ware, 3 seed count of 20 to 25 per 190z of glass is not objection-

atle to apnearance.

Seed count is dome daily and the value ‘s plotted on the

controi unit.

Furnace Temperature (Eridgewall temr-erature measured by optical

pY=ometer)

The values are plotted daily (once in each shift) on thc
control chart. ‘

Glass Pull: Vvalues of zlass dravn in tonnes per day are
O ——— — o

plotted daily on the control chart.
Perccnt Pack: The values are ulotted dally,

The control charts should be displayed on the wall of the
laboratory and also in tle production deopartment so that changcs
in the forming operatinns and percent nack can le correlated to
chanzes i the glass. This knoviledse is also helpful in the

evaluation ~f tlic c-ntainers an' :n assi-nin- reas-ns f:r their
promaturce failur: during testinp or usc.
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APPENDICES

APPENDIX 1

LECTURES DELIVERED TO
STAFF OF THE PACKAGING CENTRE

Introduction to Glass - & Review

Container glass compositions; batch materials and batch
calculations.

Glass melting and forming of ccntainers (with slides).
Glass annealing and polariscopic examination.

Properties of glass - physical, thermal and chemical.
Laboratory test methods for evaluation of glass containers.
Part I: Thermal shock resistance, pressure resistance and
impact resistance. Types of fractures and interpretation

of results.

Laboratory test methods for evaluation of glass containers.

Part II: Dimensions, capacity and verticality.

Laboratory test methods for evaluation of glass containers.
Part III : Chemical durability and grading of containers fo~
shelf life.

Defects in glass containers.

Designing of containers and closures.

Surface coatings, decoration and dealkalization.

Specifications for glass containers used in major packaging

industries.

Quality control in manufacture of glass containers.

PO
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APPENDIX 2

PLANT VISITS

West Indies Glass Co. Ltd., Kingston
Desnoes § Geddes Ltd., Kingston
¥ray § Nephew Ltd., Kingston
Federated Pharmaceuticals, Kingston.
DaCosta Brothers, Kingston.

Estate Industries Ltd., Kingston.
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APPENDIY 3

PRCGRAMME FOR THL TRAINING
COURSE FOR INDUSTRY

Dates: 3 § 4 June 1981
An introduction to glass and the manufacture of glass

and glass containers.
Properties of glass.

Terminology relating to container zlass industry

and container defects.
Laboratory test methods.

Standard specifications and their applications in
packaging.

Quality control of glass manufacture.










