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Introduction

This revision of 1ISO 6221:1980 includes additional inforn
graphic paper and expands the coding system for(procg

Photographic films and papers exhibit temporary or rqg
sional changes as well as permanent dimensional cha
national Standard is designhed to provide\uniform meth

nation on photo-

ssing changes.

versible dimen-

nges. This Inter-

ods for treating

the samples and for expressing the dimensional changes which occur

with changes in atmospheric conditions and those whi
cessing and ageing.

Temporary or reversible dimefigional changes are the v
in equilibrium moisture cogtent (which is determined
humidity of the surrounding atmosphere) or changes
Permanent dimensional ‘changes occur as the resuit of]
ageing. The rate of permanent shrinkage of film generall
temperature but decreases with time. The rate of shri
be greatest at either high or low relative humidity, dd

ch occur in pro-

psuit of changes

by the reiative
in temperature.
processing and

y increases with
nkage may also

pending on the

type of film. Seme materials, particularly photographic ffim on polyester

base, can show a swelling after a high humidity exposu

The increasing use of photographic films in recent years
where-dimensional stability is critical, has emphasized
of ~an+ accurate measure of dimensional properties. H
phetomechanical reproductions a dimensional change
0,01 % may be of practical importance. In the case of
uniform shrinkage is not serious since it can be easily]

re.

, in applications
the importance
or example, in
of as litile as
aerial mapping,
corrected by a

change in magnification, but any difference in shrinage in the two

principal directions is a source of error. Any localized
changes in dimension are of practical concern.

The dimensional change properties of any film or paper
on their composition and method of manufacture but al
mal and moisture content history. Accurate evaluation
ties requires some control over the sample history 4

or non-uniform

depend not only
50 on their ther-
of such proper-
s well as very

precise control over the conditioning and measuring p
and paper dimensions are also subject to hysteresis ef

rocedures. Film
ects. These are

relatively more important with the more stable materials such as poly-

ester photographic base films-

Additional information on the dimensional characteristics of photo-

graphic films and papers and on methods of measureme
in the bibliography (see annex C).

nt may be found
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INTERNATIONAL STANDARD

ISO 6221:1991(E)

Photography — Films and papers — Determmatlon of

dlmenswnal change

1. Scope

This lnt’I‘ernational Standard gives a method for de-
termining. the dimensional change. of photographic
films and papers caused by

a) variations in equilibrium moisture content due to
change in the relative humidity of the atmos-
phene (humidity coefficient of expansion);

b) change in temperature ‘(thermal coefficient of
expgnsion);

C) processing;

d) ageipg.

This Intprnational Standard deals with the:moisture
content|and thermal history of the samples before
measurement, the atmospheric conditions during
measurgment, and the treatment of the data. This
standarfl does not describe the )various exper-
imental| techniques used to make the measure-
ments.

This Inteérnational Standatdis not suitable for deter-
mining fthe dimension@al change of lnstant photo-
graphic [film.

2 Definitions

sy

2.2 humidlty coefficient of expansion' The change
in dimension per unijt Iength per "% ‘change in
relative humidity. ' '

2.3 thermal expansion (or contractjon): The dimen-
sional change.caused by a rise (or fall) of tempera-
ture at constant relative humidity”.

2.4 thermal coefflclent of expansion: The change in
dimension per unit |ength per 1 °C change m tem~
perature.

2.5 dimensional .change. due to. ;rrocessmg The
permanent dimensional change caused by photo-
graphic processing. This may be the conventional
wet chemical processing, vapour prgcessing or heat
processing. It is measured after conditioning at the
same relative humidity and temperalture as used for
the original measurement and is gxpressed as a
percentage.

2.6 dimensional change due.to processing plus

ageing: The permanent dimensiona
occurs as a:result of processing ply
processed material. It is measured

| change which
s ageing of the
after condition-

ing of the processed, aged fllm or paper at the same

relative humidity and temperature

hs used for the

original measurement. and is expre

ss,edwas a per-
centage. T .

2 7—length—direction—The—direstion' of the. film or

For the purposes of this International Standard, the
following definitions apply.

2.1 humidity expansion (or contfaction): The di-

mensional change caused by the gain (or loss) of

moisture following changes in the relative humidity

of the ambient air at constant temperature.

paper parallel to its forward movement in the film-
or' paper-making machine. This is also termed
“grain” or “machine direction” in the case of pa-

pérs.

2.8 width direction: The direction of the film or pa-
per at right angles to the length direction. This is
also termed “cross direction”. :

1) This is an apparent thermal expansnon since the moisture content of film varies sllghtly with temperature at constant
relative humidity. However, the primary effect is thermal expansion. Thermal expansnon is Iess lmportant for paper because
of the small changes involved, particularly compared to humidity effects.
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2.9 differential dimensional change: The difference
between the dimensional changes of the materiai in
the two principal directions (length and width)?.

2.10 conditioning: The exposure of a sample to air
at a given relative humidity and temperature until
equilibrium is reached.

211 preconditioning: The establishment of a
moisture content history by conditioning the sample
at 3 relative humidity above or below the condition-
ing relative humidity used for measurement. The
purpose of preconditioning is to control the effects

4.2 Handling of specimens

Specimens shall be prepared under controlied cont
ditions and then separated into groups which are
subjected to different atmospheric conditions. The
operator shall take care not to breathe on the
specimens and shall wear moisture-resistant gloves
while handling them.

!
I

4.3 P’roc'eissmg of specimens o ;

Specimens shall be exposed and processed by
methods and equipment normal for the product

of hystereslis (see 2.12).

212 dimensional hysteresis: The difference in the
absolute dimensions of a sample in equilibrium with
air at a giyen relative humidity, when conditioned

from a higher relative humidity and when con-

ditioned from a

annex B).

3 Techn

lower relative humidity  (see

que of measurement

There are d number of different techniques used for

measutring
materials.
beyond the

the dimensional change of sensitized

Specifications of measuring equipment is

scope of this International Standard, but

several apgroaches are déscribed in annex A:

4 Sampling

4.1 Selection of samples

Samples intended for dimensional stability tests
should exhibit no obvious physical defects, be rep-

resentative
be handled
and be tre
are to be

of the whole of the-material being tested,
in the same manner as in actual use,
ted uniformiy~When different materials
ompared,. they should preferably have

been subjepted to‘the same conditioning history.

The length

irection should be indicated if known.

2) Polyeste
length or width. These can be determined by rotating and viewing the uncoated base between a pair of crossed polarlz#zrs
When either the maximum or minimum direction is coincident with the optical axis of one polarizer, there is minimum hght

transmission

-based films frequently have the maximum. and minimum dimensional changes in directions o

When the effects of processing machijnes, tensions,
or drying conditions are being investig ed the fllm
or paper should be processed injthe sizes of practi-

cal interest. Specimens may be develo

tives or as positives but' this can
dimensional change propecrties of som
Silver-gelatin films generally show less

change when they havefow density rath
high density.

5 Conditioning

5.1 Constant humidity chamber

Either a walk-in constant humidity room
may be used.

5.1.1 Constant humidity room

The relative humidity shall be held

ed as nega-
affect the
3 matenals
dimensuonal
er than w«th

or a cabinet
|

constant )to

+ 1 % RH or better in areas of the foom where

spectmens are measured?.

5.1.2 Constant humidity cabinet .

The relative humidity within the cabinet
controlled as closely as possible. Whersg
is mechanically air-conditioned, the
midity shall be constant to + 1 % RHK
Where a saturated salt solution is used
provision shall be made at the bottom o
for inserting suitable trays, which shall

" should be
the cabinet
relative  hu-
| or better.
for control,
the cabinet
hold abbut

her than wthe

through the base. . .

3) The room shall be vapour sealed and insulated on all six sides. The room shall be mechanically air-conditioned and the
air circulated at a linear velocity of at least 15 cm/s. The number of personnel permitted in the room at any one time duhng
testing shall be limited. The relative humidity of the room shall be checked regularly, preferably by means of an eteétnc
hygrometer calibrated by: a dew point method.

4) A convenient size for a humidity cabinet is approximately 1'm in hetght and 0,5 m in width and depth. It should be
constructed of materials which will ensure good insulation. Suitable provision shall be-made for thermostatically controlhng
the temperature within the cabinet. Air shall be circulated throughout the cabinet at a linear velocity of at Jeast 30 cm/s.
The cabinet shall be equipped with ports filled with moisture impermeable (e.g. rubber or plastic) gloves for entrance of
the operator's hands. The relative humidity of the cabinet shall be checked regularly, pl eferably by means of an elebtrlc
hygrometer calibrated by a dew point method. : ,
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11 of salt solution. A large surface area is needed
and about 1000 cm? is suitable.

5.2 Standard temperature and humidity

The standard temperature shall be 23 °C'+ 0,5 °C
except for the test specified in clause 7. The relative
humidity is specified in the respective test pro-
cedure subclauses and depends upon the property
being measured.

5.3 Conditioning of specimens

ISO 6221:1991(E)

humidities- shall be measured to a precmon of
+ 1 % RH in accordance with 5.1.1.

The test may be made on both unprocessed and
processed specimens’ dependlng on the measuring
method used (see annex A). The humidity coef-
ficient of expansion of unprocessed and processed
film is generally not the same. .

6.2 Calculations

Since the dimensional change curve versus relative

hnmirhhl iec not ghug.y.s_l.i.n.ga.r_‘gg.g_a.nnex B) this test

Specimens may be suspended in the conditioning
atmosphere by means of a hook or a rod through a
hole in the middle of one end near the edge of the
specimen.: The 'specimens should be separated to
prevent| contact with each other. An alternative
method| of conditioning is to place specimens in
racks spaced so that there is free circulation of the
air on poth sides of the materiai. The specimens
shall ngt be removed from the conditioning atmos-
phere for measuring. Condition specimens  until
practicgll moisture equilibrium:has been reached?.

531 Fjim

The conditioning time for.film will be about 4 h-but
will vary according to access of the conditioning air,
the film|type, base thickness, etc. Conditioning time
should not exceed 24 h®,

5.3.2 ' Ppper

Double weight non-resin coated papers will require
about 8[h of conditioning; resin.coated ‘papers re-
quire up to 14 d depending on resin coverage

6 Tej( for humidity coefficient of
expangion N\

6.1 Prpcedure

Five spelcimens-shall be preconditioned” at 10 % to
15 % RH, thenconditioned at 15 % to 25 % RH (but
at least |5.% RH above the preconditioning relative
humidit n-be con

method gives only an average coefficient over the
range measured. The dimensiohal ¢hange between
the two measurements of five “spetimens shall be
averaged and the humiditycoefficients of expansion
shall be calculated in accardance with the following
formula; o

bh—1
H
{, x ARH
where

H is the humidity coefi”cue . of expansion
per 1 % RH; ‘

A is the gauge distance ol the dimension
measured at the initial condltlonlng tem~
perature and- relative humldrty,

A is the gauge distance ol the dimenSIon

measured at the final cgnditioning.tem-
perature and relative humidity;

ARH is the difference betweep the two con-
ditioning relative humidiiles used, as a
percentage.

6.3 Test re’port '
The test report should contain the following:

a) humidity coefﬁci‘ents_of,ex‘pansion for both the
length and width directions;

b) two conditioning relative humidities and tem-
perature;. :

ditioned again - at 50 % to 60 % RH and
remeasured?®. The conditioning temperature shall be
constant as specified in 5.2. The . two conditioning

¢) a statement as to whether the samples were un-
processed, processed to-high . density, or pro-
cessed clear;

5) The time required to achieve this shall be established by actual measurements on representative samples or 'based

on pI’IOV experlence

6) At relative’humidities of 60 %:and above, films and papers-sometimes uhdergo an irfeversible change in suze wuth time.
For this reason, the conditioning time must be standardized for comparison: purposes. - :

7) Preconditioning times of 1 hto2h are recommended for photographic i‘lm 4 h for non-resin coated paper, and 7d for

resin -coated paper

8) This range of refative humidity is selected because the dlmensmns wuth respect io the reiailve humidity curve for some

materials is abnormal, i.e. above 60 % RH (see annex B).
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d) a statement as to the statistical validity of the
measured coefficient,

7 Test for thermal coefficient of
expansion® -

7.1 Procedure

Five specimens shall be conditioned, first at 45 °C
to 50 °C and measured, and then conditioned at
10 °C to 25 °C and measured again'®. A conditioning
time of 4 h at each temperature is recommended.
Both the sp , ]
shall be at|thermal equilibrium. The relative hu-
midity shall|be the same at both temperatures and
controlled ap specified in 6.1. A low humidity is more
practical for| laboratory work, but other relative hu-
midities may be used'. The test can be made on
either unprn"{‘:’:essed or processed material, depend-
ing on the measuring method used (see annex A).
The measuring equipment shall not be affected by
the thermal changes or else the measurements
shall be corfrected for thermal effects.

7.2 Calculations

The dimens{onal change between the two measure-
ments of five specimens shall be averaged and the
thermal coefficients of expansion shall be calculated
in accordange with the following formula:

7.3 Test report

The test report should contain the’f‘ollowing'

/
a) thermal coefficients of expansxon ‘for both thé

length and WIdth direction;

i
It
|
|

b) conditioning temperatures and relative humidity,11

¢) a statement as to whether the samples were uniL
processed, processed to high density, or pro»

cessed clear;

measured coefficient.

8 Test for dimensional change due to

processing

8.1 General

The dimensional “change due to prdg

idity of the

j

J
cessing  of

photographicd{ilms and papers can be markedly ajf-

fected by -the following three variables
procedure,

in the te$t

i

8.1.1 " Preconditioning relative humidity of raw

sample

The dimension of the unprocessed spe

cimen at|a

M =_—li‘-—-li- given relative humidity can be dependent to a large
L x|AT extent upon the preconditioning humidity histony.
This is due to the hysteresis and relaxdtion effects
where described in annex B. It is necessary| to specify
o i$ the thermal coefficient of expansion whether the sample. had been precondilioned frqjm
der 1 °C; a lower or from a higher humidity prior to the orig-
’ inal measurement on the unprocessefl material.
A i$ the gauge distance-or the dimension This is indicated by the letter “L” for the|former and
easured at the initial-conditioning tem- “H” for the latter. When film is measured from the
g‘erature and relative -humidity; original box (ot packaging) without precpnditioning,
' the leiter “B” is used.
A i$ the gauge distance or the dimension |
g;igf&‘::ina; :2; ﬁr:;;a'h;;?g;:;’?nmg tem- 8.1.2 Preconditioning relative humidity of ‘
processed sample i
AT i3 the \difference between the two con- o e i i
itioning temperatures used, in degrees The preconditioning humidity history is as important
aegsg..s' for the dimension of the processed sample as for the

Depending on the type and composition of the
measuring equipment, it may be necessary to cor-
rect for the thermal expansion of the gauge or of the
reference standard. .

raw sample described in 8.1.1. The letters “L" and
“H” are also used to indicate. the humidity history
of the processed material. The letter "H" is also
used when the sample is dried after processmg; at
the measuring humidity.

9) Dimensional changes of photographuc paper with reasonable changes in temperature (but at the same moisture contént)
are so small that measurement is very difficult and has little practical significance. This method is of lmportance for

photographic film.

10) The high-temperature measurement is made first so that any pe;manent shrinkage which may occur durmg con-

ditioning will not affect the result.

11) The thermal coefficient of expansion varies slightly with relative humidity for some materials.
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Although the drying conditions after processing af-
fect the dimensional change due to processing, the
effect is erased when the processed film is precon-
ditioned. If measurements are made on processed
film that is not preconditioned after processmg the
letter "M” is used.

8.1.3 Measuring relative humidity

Samples shall be conditioned to moisture equilib-
rium with the same relative humidity for both the
raw and processed measurements. Otherwise a
reversi humidity change will be included in the

I1SO 6221:1991(E)

the measuring ‘humidity. The specimens shall then
be conditioned to the measuring relative humidity
and the specimen dimensions shall be measured (or
exposed if a photographic image is to be used for
measurement as described in annex A). The speci-
mens shall be processed and dried as outlined in
4.3. The specimens shall subsequently be precon-
ditioned to the desired low or high preconditioning
humidity, conditioned at the measuring relative hu-
midity and remeasured®. The conditioning tem-
perature shall be the same before and after
processing and shall be controlled as specified in
5.2; the conditioning time shall be as specified in

measured dimensional change. However, the di-
mensiopal change due to processing can be very
dependpnt upon the relative humidity at which those
measurpments are made and this shall be indicated
when réporting the resulits.

8.2 Coding system

A wide yariety of test procedures can be used for the
measurpment of dimensional change due 1o pro-
cessing| by varying the preconditioning history of the
raw anfl processed samples and the relative hu-
midity 4t which these measurements are made. To
characterize the procedure used, a coding system
is used |For example, procedure LH-50 signifies that
the raw|sample had been preconditioned from a low
humidity (L), the processed sample had been pre-
conditioned from a high humidity (H), and al
measurgments were made at 50 % RH. Likewjse,
procedyre LL-10 indicates that both the raw "and
proces;]ed sample had been preconditioned" at a
lower hymidity than the 10 % RH at which the sam-
ples wedre measured. In practice, the range en-
compasped by LH-50 {tray processed\and air dried)
and HL-50 (machine processed and)machine dried)
generally reflects the expected variation in process-
ing diménsional change. The(procedure BM-50 indi-
cates that no preconditioning’was done for either the
raw film[ from the original-box (or packaging), or the
processgd film from the_machine.

8.3 Priocedure

Five spgcimens shall be preconditioned. The pre-
conditiohing relative humidity shall be chosen to

53.

;

8.4 Calculations

The dimensional = changes between the  two
measurements of five(specimens shall be-averaged
and the processing-dimensional chiange calculated
according to the following formula:

-1
%P = 2L x 100
15

where

%P is the dimensional change due. to pro-
cessing, as a percentage. A negative
sign indicates shrinkage| and a positive
sign shows expansion;

ls is the gauge distance of the dimension
measured at the initial conditioning tem-
perature and relative humidity;

A is the gauge distance off the dimension

measured at the final canditioning tem-
perature and relative humidity. '

8.5 Test report
The test report should contain the following:
a) procedure used (for example LH{50);

b) dimensional changes due to protessing for both
the length and width directions;

¢) processing conditions (including drying con-

provide the desired low (L) or high (H) humidity his-
tory and shall be at least 5 % RH below or above

ditions) and whether processed to a high density
or processed clear.

12) Precondltuomng times of 1 Wto 2 h are recommended for photographrc fitm, 4 h for non-resin coated paper, and 7d

for resin coated paper.

13) When samples are dried at the measuring humidity the letter “H" is used without the need for a separate precon-

ditioning step.
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9 Test for dimensional change due to
processing plus ageing ~

9.1 Ageing conditions

The ageing conditions' used shall be selected from

the following'®:

9.4 Calculations

The dimensional changes between the initial]

measurement of the raw material and the final

measurement of the processed and aged material
for the five specimens shall be averaged and the
dimensional change due to processing plus ageing
calculated in accordance with the following formula;

Five specimgns shall first be subjected to procedure

LL-50 in acc
at least 6 m

ditions liste

has elaps
precondition
temperature
as specified

may then be
and stored fq

and stored {nder ohe or more of the ageing con-

brdance with 8.3. They shall be placed
m apart on racks, or hung from clips,

in 9.1. After the ageing time (see 9.2)
d, the specimens  shall be
bd'® at 3 low humidity at the standard
(see 5.2), then conditioned at 50 % RH,
n 5.3, and remeasured. Thesgpecimens
returned to the same ageing condition
t another time interval if.desired.

a)

d)

. . o o —1
a) normal \ coqdmons, 23°C+2°C and oA = lev 7 % 100
(50 + 5) % RH; ly
b) surhmer conditions, 32°Cc+2°C and where
{50 + 5) %Rk
°/A is the dimensional change,due to pro:
c) moist trgpical conditions, 32°C +2°C and cessing plus ageing, as a(pertentage. A
(90 + 5) % RH; negative sign indicates),shrinkage and é
positive sign indicates ‘expans{on; ‘
. 3 d‘ i © °C i
a) dry acc%ierated conditions, 50 °C 2 and 5 is the gauge distapce or the |dimension
{20 + 5) % RH. vl R i
measured at the“initial conditipning tem-
erature and relative humidit |
9.2 Ageing time P y |
A is the gauge distance or the [dimension
The ageing {imes used shall be selected from the measared at the final conditipning tem-
following: one week, one month, three months, six perature and relative humidity
months, one [year or multiples thereof. |
9.5 Testreport
9.3 Procedure
The-lest report should include the followipg:

dimensional change due to processing plus ag(i;--

ing for both the length (machine)
(cross) directions;

processing conditions (including d
ditions) and whether processed to a h
or processed clear;

ageing conditions;

ageing time.

and widﬁh

ying cogp-
gh density

14) Moist, accelerated conditions hasten shrinkage caused by loss of residual solvent in solvent-coated film base. Dry
accelerated conditions hasten shrinkage caused by strain relaxation or plastic flow of film base. Photographic paper does
not have solvent loss shrinkage but does change dimension with humidity cycling due to strain relaxation (see annex B).
15) The tolerances on temperature and relative humidity for ageing conditions do not need to be as critical as the toler-
ances on temperature and relative humidity for conditioning for measuring. :

16) Preconditioning times of 1 h to 2 h are recommended for photographic film, 4 h for non-resin coated paper, and 7 d
for resin coated paper. ' j

|
i
i
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Annex A
(informative)

Methods to measure dimensional change

Many different techniques are available today to
measure the size change of photographic films and
papers. The most suitable method depends upon-the

The block rests on bearings and is
and down on the inclined plane (31

free to move up

Another usefgrdevice, whith aiso Ineasures the di-

materigl available for measurement, the relative
importgnce of measuring the physical dimensions
of the material or the displacement of the photo-
graphid image, whether dimensions shall be meas-
ured simultaneously in different directions, and the
need tq obtain a measure of size change uniformity.
Severa| well-established approaches are briefly re-
viewed|below.

accuraiy required, the dimensions of the sensitized

One wilely-used technique is the pin gauge method
first described by Davis and Stovall [l With this
techniqgue, the photographic material is punched
with two pairs of perforations which are a known
distanck apart. These perforations fit over corre-
sponding pairs of pins in a mechanical gauge, and
the dislance between the pins is read on a dial in-
dicator| Repeatability of -+ 0,006 % can be obtained.
Depending on gauge tension, this equipment may
be lesg satisfactory with some thin photographic
papers|and thin base films since the perforations
may ngt have sufficient strength to resist disltortion.
This prpcedure gives a dimensional chiange aver-
aged oyer the gauge length, and localizéd areas of
non-uniform behaviour will not be«detected. More-
over, values are determined only(in)one direction of
the tesi specimen and appropriate specimens shall
be cut|for each direction of interest. Within these
limitatipns, this technique~has proved to be ex-
tremely useful (2],

A variation of this method mounts the specimens on
registef pins, one, 'of which is fixed at the top of an
inclined plane\while the other register pin is
mounted on{a-steel block containing a dial gauge.

mensions of strips, is an electronig
a strain gauge. Again, this méthod

gauge (4] using
is limited to one

dimension and a spring-loaded probe tends to. de-

flect base materials.

Dimensional changes\in"several dir
graphic film have(been simultaneq
exposing a reseal or grid. on th
sequently comiparing the intersect
against those of the original mastet]
plate) using an optical comparatoy

ections of photo-
busly studied by
b film and sub-
ons. of this grid
grid {on a glass
. This approach
1171 and can be

can yié€ld“very precise values [5] (§
maderon relatively large sheet siz
measurements are very laborious,

s. However, the
more sophisti-

cated variation of this technique measures X and Y

coordinates of a rectangular grid p
puter program converts these coord
meaningful data,

Another optical method on large
volves the principle of moiré inter
I9] to [12]. A fine half-tone chequered

ttern (8], A com-
inates into more

sheet sizes in-
ference patterns
pattern on glass

is exposed on the film and regiptration is sub-

sequently made with the glass
chequered pattern. The resulting mc
be used to calculate absolute size
to illustrate readily any nonunifd
changes. Both this moiré techniqu
comparator method utilize the pho
for measurement purposes and h
used on unprocessed materials.

Both grid and the moiré method al
mation on the uniformity of dimensi

master of the
biré patterns can
change and also
rmities in size
e and the grid-
fographic image
ence cannot be

50 provide infor-
pnal change.



https://standardsiso.com/api/?name=495b1b7552be23356a8dc66368ee5a9c

ISO 6221:1991(E)

Annex B
(informative)

Dimensional hysteresis in photographic materials

Careful measurement of the dimensional properties
of photographic materials, particularly those coated
on low-shrink, moisture-resistant polyester photo-

gelatin-base interactions [13]. Thus, two competing
forces may be present 1o ‘cause di’mensiona!
hysteresis in photographic films, namely, normal

account the

henomenon of dimensional hysteresis.

graphic film ‘Fase and onh paper base, shall take into
a

This is the f.
dimensions
approached
humidity.

Hydrophilic g
a moisture H

lure of the material to reach the same
Vhen its equilibrium moisture content is
from a lower or from a higher relative

r moisture absorbing materials exhibit
ysteresis and have a higher moisture

content wheln equilibrium "is approached from a

higher relati

e humidity than when it is approached

from a lowgr relative humidity. Paper, cellulose

ester, and’ ¢
However, di
materials is
ical factors,
involved.

Dimensional
figure B.1 for|
film. Figure B
both unproc
hydrophobic
trates such ¢
base. Thesgq
changes tha
although the
haviour for
cellulose es]

elatin are typical of such materials.
mensional hysteresis in photographic
further complicated because mechan-
n addition to moisture absorption, are

hysteresis curves are  shown in
an unprocessed cellulose ester base
12 shows the dimensional hysteresis for
essed and processed film coated on
polyester film base. Figure B.3~ilus-
urves for a typical photographic ‘paper

curves illustrate the dimensional
occur with cycling relative: humidity
e can be considerable yariation in be-
different materials. The unprocessed
er base film illustrated in figure B.1

shows the n

rmal type of hysteresis resulting from

higher moistiire content during desorption than dur-
ing absorptign. Film coated-on the polyester photo-
graphic film base (see-figtre B.2) on the other hand,

shows “hysteresis”_but in the reversed direction;

that is, the flm bas>a smaller dimension when the
relative humidityis' approached from above. The re-
versed hystefesis observed here is due to mechan-

moisture - hysteresis in the base and

reversed

hysteresis  due to the mechanicai ceffepts of the
gelatin. In fact, some types of celltlose pster base

film also exhibit reversed hyslergsis: In o
the type of base and -emulsion and

emulsion thickness ratio determine the d
hysteresis characteristics:

For ph0tog’raphic papers, hysteresis

her words,
the  baser
mensional

urves are

complicated by the\stretching which paper was

given during the, paper-making operatig
humidity decreases from a high humidity
the machine\direction follows a lower cy
followed with increasing humidity due to
dried-in “strains. This strain relaxation
permanent shrinkage. However, in the ¢
tionj\the paper shows normal hysteresis
and follows a desorption curve of grea
sions,

it is apparent from the above that the d
properties can be accurately determined
most careful control of the sample histo
rigid specification of test conditions. In
measurement is specified over a raf
60 % RH because the curves sometime
inflection point at high humidily. in claus
ent procedures may be used to take in
different combinations of moisture history|

n. As the
condition,
rve than it
release of
results in
ross ‘direg-
behaviour
fer dimen-

|
mensional
bnly by the
ry and the
clause §,
ge below
5 show - an
e 8, differ-
o account
in the raw

and processed material that may occurip practic:e.

This is relatively more important in the m
materials coated on polyester photogr
base. Figure B.2 illustrates the variation
sional changes that can be caused by
moisture history, even when the film is 1
the same relative humidity at the time of

ore stable
aphic film
in dimen-

previous
eturned to

existed at the time of camera exposure.

printing as

ical and rheological effects related to the
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Figure 8.1 — Dimensional hysteresis curve for a typical film (gelatin emulsion and backing) coated on cellulose
. ester base
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Figure B.2|— Dimensional hysteresis curves for a typical film (gelatin emulsion and backing) coafed on
polyester base
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Figure B.3 — Dimensional hysteresis curves for a typical photographic paper bage
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