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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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ABSTRACT

Some effects of heating and drying Ilford types G and K V‘emulsions :

prior to ‘éxposure and p’r’oce".ssing are reported. It was found that some

~gain in sensitivity was obtained, but that an increase in "fog' background

offset any advantage. »For-‘_éach emulsion type there is a critical _t.e‘mper‘?.‘-
tlire above which the growth of fog background soén makes thev'emulsion
uvseiess.. Attempts to remové this fog. by eradication showed that track
images are re'rr.zéved more easily than the fog, so that the usefulness of

emulsions which have been heated too much cannot be regained. No c‘hangebsv_,

in the sensitivity of emulsions to near-minimum ionizing particles was

observed betweeﬁ -20 and SOf’C.
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INTRODUCTION

We report here the results of a number of experifnents carried

out with Ilford G.2, G.5, and K.5 emulsions, designed to determine the

~effects of high temperature and low humidity on the photographic prop-

erties of these emulsions. The experiments can be divided into two
g'roups: (1) emulsion stacks~.in which a temperéture gradient was main-
tained (-20 to'+100°C;) prior to processing, and (2) stacks that were held
at co.nstant uniforn.n. temperature’prior to processing. The emulsions’

were dried prior to heating and maintained at nearly zero relative humid-

ity d'u.ring heating. The density of random fog grains and the blob-density

. of minimum tracks were measured in the processed emulsions. Varia-

tions in the processing times (the time in the "hot stage'') were studied.
Several experiments were attempted on the eradication of fog and track

grains.

We believe our most significant result to be the determination of

" a rather critical "threshold temperature, " which depends on emulsion

type and the time of preheating, above which the growth of fog baclkground_ :
makes the emulsion useless,.. Eradication is of little va‘iué in reducing |
this fog, as the eradication lprdcedure more readily removes tréck images.

"Contrary to the reported properties of NIKFI emulsion, 1 we find
that ir'ack images in Ilford emulsions are not appreciably enhanced by .

drying and heatihg priér to exposure and prcﬁces;sing° '
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EFFECTS OF HEATING PRIOR TO PROCESSING

A. Temperature-Gradient Stacks

‘To investigate the effects of heatirtg emulsions prior to exposure
and pr-o‘cessi‘ng, we as.sembled emulsion stacks consisting ot_ strips of
: pelliclee about 3/4 in. wide and 8 in. long. Each etack contained earnples
of G.'Z, ‘G,Sv, and K.5v emulsion. Several different manufacturers" batches'
were represented among the stacks, so that the results representvan
average over emuls1ons furmshed by the manufacturer. These emulsions
" were dried(either by vacuum or ehemical desiccation) for several days"
before being made i‘nto stacks, and w.er‘e then-asse’mbled»‘and placed in
au' apparatus, descr‘i‘bed in Appendix I'I,. which produced and r’nai'ntained
a temperature' gradient oetween the ends of thve peilicles. Thus a steady-~
state temperature dlfference from about -20 to +100°C was estabhshed
We note: here that while emulsmns at normal humldlty lose their mechanl- :
cal r1g1d1ty and tend to adhere to each other at temperatures of around
, 50 to 60°C, dry emuls1ons can be heated to about 90°C w1thout "stlcklng
when made into stacks.

o ~The ruost striking. feature of these'e#periments is shown in Figs.
1 through 3 In each case it is evident that there is a sharp increase in
the de-.nsity of ra_ndom backgiround grains (fog) over a rather narrow

4 : ,
'temperatu.re range. In general, the temperature at which this increase :
occurs deereases with the length of time the emulsions were marxltained
'at_‘ elevated t'emperatures, ‘t.)ut we note. the foilo\ving:

1 Even for times as s}rort as an hour," a temp_erature of' 60 t__o 70°C

causes a marked increase in fog in G.5 and K.5 emulsions.- On the other =
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ha'nd,.’- these emulsions seem relatively unaffected by a temperature of
about 40°C even if maintained for a week.

2. G.2 emulsions show qualitatively the same behavior, but the |

onset of fog occurs some 10 to 15°C highef.

There are fluctuations among the various staeks, but we believe
that thesevvcan be attributed to variations in manufacture of the emulsions
and in the processing used. - It is signifioant that the same trends were

observed in emulsions processed at two laboratories, Lawrence Radiation

Laboratory (LRL) and the U. S. 'Naval Postgraduate School (NPGS). 2

(The generally hlgher backgrounds in the LRL emulsmns are attributed,
in part, to the greater age of the emulsion used in the LRL experlments )

Some qualitative features of the dried and heated emulsmns were

noted:

1. At tempefatures slightly above the onset of fog, the efnul-sions

- showed a general darkening of the gelatin, which made them opaque.

2. Mostvemulsions became quite brittle and broke .a.t the heated
end when the stacks were disassembled -- roughly at about 90°C
One stack (marked normal" on the graphs) was heated w1thout

prior drying. 'This stack seemed to behave in the same way as the dried

.emulsmns, although the hot end could be extended to only about 60°C..

"The data'from the 'temperature—gradient stacks is presented in a -

different way in Figs. 4, 5, and 6. Data points for these curves are

taken from Figs. 1 through 3, after first normalizing the K.5 and G.5 |

~curves-to 1 grain per 10; p.3 at 0°C. These curves show rather clearly |

V - the growth of fog background during'the first day of‘heati'ng.
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B. Constant Temperature Stacks

The data from the temperat;‘lre-gradient stacks indi.cate»a't_hrefsh—
old temperature of 50 to 60°C. Therefore, several batches of emulsions
\;vere-dried and heated for various times at about this temperature in
‘order to investigét-e fgrther:this'.critical temperature range.. The data
 are 'showﬁ in Figs. 7 through 9. Each curve representé a different emul-
sion batch -- our te:chruque was to cut a smgle large pellicle into bmaller
plecés, dry them, and place them in an oven at mtervals of time. F'The
“entire batch was remo‘ved from th¢ oven and processed together.

~We interpret these data as folléw_s:

a.” G.5 emulsion: From Fig. 1, the threshold is at 40 to 50°C.
Fig.ﬁre 7 indicates an increase of fog as é. fun'c.:tion of time for. tempera-
tures shghtly a.bove the threshold. |

b. K.5 emulsmn ThlS behaves vsumlarly to G.5, but has.a more
prvonounced increase in ng w1th time. 7

c G.2 emulsions‘: From Fig. 3, the thresholditemvper'ature is
.above 60°C.’ Figure 9 indicates that h‘eating'below 60°, even fof>'9'to 10

vdays, ~has little effect on the fog;

ERADICATION EXPERIMENTS

Some pelli‘c"lrgs_f‘rom'the temperature-gradient sta.cks‘ were sepa-
Il‘a.tedb a;fter heating and subjected to‘t.he following eradication procedure
: i)'evfo,re processing: The pellicles Qere placed in an environfnent of ~100%
‘huniid_ity at 35°C from 3 to 6 days. The emulsions were then processed
'V.'ih the same. manner é.s the remainder of the stack.' These data are not

represented by a gréph because:’
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a. The threshold temperature was not appreciably lowered by

eradication -- that is, the fog which occurs at high temperatures was not

removed.

'b. No difference was note.d in eradicating for 6 days rather than 3.
‘c. '_'The major result wés a decféase in the fog Be__l_gﬁ threshold,
particulariy in K.5 emulsion; |
E Since.it seemed that whatever eradication did occur took place
within 3 dé.ys, samples of each erﬁulsidn type were-expos‘ed to a Coeo
éoU.rce, and the eradicétion‘ expe.riments were repeated on these erﬁulsions-

ﬁsing times from 0 to 3-3/4_days. The results are shown in Fig. 10.

We also carried out the eradication of emulsion (for times‘O to

' 3-3/4 days) exposed to a Co60 _sour‘ce to compare the rates of eradication

of fbg due to low—enefgy electron tracks (Fig.' 10) and that produced by.
subjecting the emulsions to “high temperatures. Although the eradication-

rate data showed considerab_l_e fluctuation, we conclude that eradication

effectively removes random fog and particle tracks at comparable rates

'f_rorn'K._S emulsion, and to a lesser extent, G.5 emulsion, Ha_nd has little

effect on G.2 emulsion. Further, little is gained by extending the eradi-

cation beYond about a day. Finally, in the case of fog caused by tempera'-." :

- tures. beyond the threshold, eradication has no appreciable effect, so that

emulsions once heated to this point cannot be "repaired" by the eradication:

procedure.

GRAIN DENSITY OF MINIMUM TRACKS o
| The data of the NIKFI Group indicéte that a si‘gnif‘icanf inc rease

in the grain density of near-minimum tracks in NIKFI emulsions can be
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obtained without an accompanying increase in fog background by drying
and preheating emulsions priror to exposure. In an attempt to detect this
effect in Ilford emulsions, the gradient stacks of 2, 6, and 24 hour.s.'heat_infg

were cxpos ed to a C060 source at the NPGS, and the LRL gr’adientvstacks.

of 24 hours heating were exposed to a near-minimum pion beam at the 184-iﬁ.

cyclotron. In each case, control plates from the same manufacturer's
batch, whxch had not been dr1ed or heated, were expos ed 51multaneously

and later processed w1th the other pelhcles. These experlments showed

.
!

- the follow1ng
a. The graln den51ty of near mlnlmum tracks changes very 11tt1e
as a funct1on of the heating time and (or) temperature -= any 1ncrease‘
l.that occurs is offset by at least an equal increase in fog background The
resolutlon, or ease in detectm-g these tracks, is ‘if anythmg decreased by
preheat'mg F1gure 11 presents the temperature dependence of the blob
densities of 400-MeV/c pions in G.5 emulsions that were ma’mtalned at .
temperature for 24 hours in the temperature gradlent stacks. The ex-
posure to pions took place at the end of the heating period under the fol-
lowing conditions: (1) the’ temperature gradient was rnamtamed in the
: stack, and (2) the stack was ‘allowed to return to the ambient room tem-
| pera_ture. No differences in the blob densities were observed in the two
cases, as can be seen from Fig. 11. Our results show that 24 hours of
-h-eating at any temperature below the fog threshold has little effect on
'emulsion sensitivity and that no sensitivity maximum occurs between -20
and 50°C.° f | |
| b The control pelhcles showed ‘about 20/0 lower: grain denmty

than the dried_ _plates. This suggests that some 1ncrease in gram den51ty
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" can‘be had simply by drying pellicles prior to exposure. Whether this

is due to the prevention of some eradication of the image in emulsions

at normal humidity, or to some other effect, ‘has not been determined.
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APPENDIX I. PROCESSING METHODS

Thre Bristol developer method‘wa;s used té_prdc-essvthe mounted
emulsion pellicles. T‘he compositi‘on‘s of the de've‘lop’er and other standard
.pro'cessing solutions used are lnist.ed in Table I.v .

The proc.es.sing times in each solution for the 200-p'and.300-_|¢

emulsions and the temperature of the solutions are listed in Table II.

Table I. Composition of standard processing solutions

Bristol developer

Cold stage
Distilled water 1.0 1
Sodium sulfite, anhydrous 7.2 g
Sodium bisulfite, meta 1.0 ¢
Potassium bromide 0.87 g
Amidol , CT 3.25 ¢
Bristol developer
Warm stage
Distilled water 1.0 1
Sodium sulfite, anhydrous 1.2 g
Sodium bisulfite, meta 1.0 g~
Potassium bromide 0.87 ¢
Amidol 1.3 ¢
Short stop
Distilled water | | ‘ 1.0 1
Acetic acid, glacial 31.0 ml
Fixing bath
Distilled water 1.0 1
Sodium bisulfite, meta 22.5 g
Sodium thiosulfate ' 300.0 ¢

In addition to the normal processing method described above,
variations in processing were used. The warm development was com-

pletely omitted and some of‘.'th:e_ stacks were process'ed with cold-stage




. -9- ' _ UCRL-17229

‘development only, for times of 2‘-1/2, 1-—1/2,_ and 1/2 hour. This was done

to determine whether the fog background could be suppressed relative to

the blob density of electron tracks by variations in devélopmen’t; No sub-

stantial improvement in the quality of the processed erriuls_io.ns was ob-
served.

"To iﬁsure uniform processing for all pellicles of a given stack,

- the v.pl.ates were placed in raé’ks and always processed togethér. Fresh

solutions were always used, and the amidol developer was never mixed -

N L]
more than an hour or so before it was to be used.

_'Table II. Processing times and temperatures

Time (min)

Solutions Temperature (°C)

' i 200 p 300 p
Cold soak _ 3to5 20 40
Cold develop ' 5 20 40
Hot develop 22 50 50
Stop bath - : 5 : _ 20 40
Dilution and wash 5 to 10 (clearing time + 50%)%
'50% alcohol and . ,

5% glycerin 5to 10 _ 20 40
- 75% alcohol and . . v
5% glycerin 10 , 20 40

95% alcohol and ' :
5% glycerin o 10 to 60 90
room temp. )

" a. Demineralized water at 3% of tank volume per hour until hypo test N

. is negative.

To avoid etching in the fixing bath, the silver-ion concentration

e

Cwits not allowed 1o excecd 10.g:/1, and we attempted to maintain about

6 g/l throughout the fixing. No impro;fément was noted in those cases in

‘which the"hypo was prevloa‘.ded with silver to about 3 g/1.
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APPENDIX II. TEMPERATURE-GRADIENT APPARATUS

Emulsions in 6- by 3/4-in. strips, protected by black photographic
paper, were placed between two 1- by 9-in. aluminum plates. The alumi-
num plates were connected to a heat scurce at one end and a heat sink at

the othef. The device used is illustrated in Fig. 12. This arrangement .

gave a continuous temperature gradient between the two fixed ‘temperatvure :

sources.
To measure thefempe_ratgré at-&aripus points, eight ‘copper—

‘constantan (No. 30—55:1)‘therm.oc.01:1p1es Wefe constructed, inserted‘ be- |

tween the central emul'sién strips, an‘d spaced from the hot to the" cold énd

" of the stack. By placing the thermocohples .againStb the pellicle agljacént

to the aluminum, and against the éluminurn- itself, it was determined that

the is'o‘t}ierms were e_s_,sentially perpendicular to the aluminum, so that

the temperatufe at a point of any peilicle in a stack dei)endéd only onvthe

~ distance fr‘ofni the hot (or cold) end of the pellicle. | The thé’rrﬁocbﬁples

were éo‘ﬁnecfe}d to a revolving. switch aésociated with a graphi(:‘recorder

which r'ecordbe_d in sequence the reading from each thermocouple. Because

room temp‘er‘at'u_re was fairiy constant, 72% 2°F, it was used As the known

constant temperature "cold Vjunctio'n" for calibrating thermocbuples_

| The heat source was a 100 W, 30-Q resistor; the current flow

. through the resistor was used to control the temperature of the heat source.

The heat sink was at the temperature of a ciry ice and methanol mvix'ture.
. Emuisions at.normai humidity (50 to 60%) fuse togctﬁer wimen
héated‘ to 'téfnpefatures of 50 to 60"-C:, but dry 'el.'nulsigns \;/i,thstand tem-
péré.tu_i'es in excess of 90°¢ without s'ticlrdng.v' Theré_fore, S'Y ﬁsiﬁg dry

e‘mulsions,v avtemperature‘ span of -20 to 100°C was possible. |
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The appéré.tus Qas l.c.>ade‘d‘ in the darkroom, pla}cing the thermo-
couples at measufed distances from the hot or.cold end of the emulsion
stack so that 'tvhe temperature could be mé.asur:ed as a function _of posi__tionz..
.A‘Black paper was placed aroxinc_l-the stack to 'preyer:lt light ‘exposuré 'and
reacfion of the emulsion with the aluminum. 'Whén t_he stack‘ was in place |
aﬁd the source and sink Vattac.hedv., all exposéd areas were c.ov_ered'with
fitted pieces of styrofoa;'n, ;hd all seams taped in order to provide thevrrh‘.al_..
.insulation.

About an hour was r‘equired‘ to reach steady state; in order tvo‘ reach
steady state as soon as possible the resistor was turned on first, 'alléwin.g

the heating to proceed for about 5 min before the dry~ice —~methanol mix-

ture was added. This partic;ulair process was established by trial.
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: FVIGURE LEGENDS

Flg 1. Density of random-backoround grains (fog) vs temperature for desic-

cated G. 5 Ilford emulsion subjected to a temperature gradlent of
-20 to +100°C. The numbers indicate the t1rne {hours) the emulsions
were maintainéd at temperature prior to processing. The curve
deﬂoted "fnormal" is for a sample of heated, but undesiccated emul-
. .sion'. Représenta,tive data points 'are.shown.'
Fig. 2. Density of random background grains vs temperature in desiccated

K.5 Iliford emulsion.

. Fig. 3. Density of random background grains vs temperature in desiccated

G.2 Ilford emulsion. | |

Fig. 4. Fog density in desicca.ted G.5 emulsion at 50, 60, and 70°C vs
time. The fog den51ty curves for the G.5 and K.5 data (see Fig. 5)
have been normahzed to 1 grain per 10 p3 at 0°C (not shown).

Fig. 5. Fog den51ty in, desmcated K.5 emulslon at 50, 60, and 70°C vs
tlme. - |

Fig. 6. Fog density in desicéated G.2 emulsion at 60, 70, and 805C Vs
time. |

Fig. 7. Time dépendence_»of the fog density in desiccated G.5 emulsion
held at’ cbnstant terﬁperatures. Temperatures are_iﬁdicated for
‘each curve.

Flg 8. Time dependence of the fog density in> desiccated K.5 emulsion
held at constant temperatures. Temperatures are indicated for

each .curve.
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Fig. 9. Time dependence of the fog density in desiccated G.2 emulsion

held at constant temperatures. Temperatures are indicated for
each curve.

f‘ig. 10. Fog density in Ilford ¢mulsion exposed to a Co60 source, as a
function of eradic;ition time.

Fig. 14. Grain density of 400-MevV/C; pions vs temperature in the tem-
perature-gradient stacks. Emulsions were maintained at tempera-
ture forb.24 h 1v3r>eceding exposure. The cross-hatching indicates
onset of fog backvground.

Flg 12. Te'mperature gradient device. (1) Resistor heat source, -

(2) aluminum plates, (3) emulsion stac.ks, (4) coppér-'-constantan

thermocouples, and (5) methanol—dry'—ice heat sink.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
‘may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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