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Abstr act: Influenceof different mixingdevicesand  Octahedral onehavebeen estimaited. Our experiments
surfactant Laprol 3603-2-12 on the formation of haveshown that the Laprol isapowerful factor to
tabular silver halidemicrocrystasinthephotographic  control sizedistribution and the shapeof thesilver
tron microscopy. Vauesof the Laprol concentrations

for homogeneity increasing, obtaining of bimodal emul- K eywor ds. Gelatin photographic emulsion; Silver

sionandfor transformation crystalsfromtabularto  haidemicrocrystals; Surfactant.
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INTRODUCTION

The synthesisof photographic emulsionsonthe
base homogeneousflat microcrystas(MC) or, asthey
arecdled, tabular T-crystdsof theslver hdideAgHd
provided opportunity for the qualitative breakthrough
in the technology of photographic filmstt.
Granulometric homogeneity (C, ) istheratio of the
standard deviation of the M C equivalent diameter to
itsarithmetic mean. Thisgatistica analysisshould be
performed for at least 300 particles. Granulometric
homogeneity and crystal sshape significantly depend
on design features of the chemical reactor and the
gelatin solution mixer, method of introducing of re-
agent solutions, thetypeof gelatin, etc. Modern syn-
thesisof MC AgHa has 20 variablesthat must with-
stand at awell-defined algorithmd?. Thisisdifficult
technologica problemfor industria production. There-
foreobtaining of desired propertiesof emulsonsand
providing their reproducibility isactud problemupto
NOW.

Several yearsago the effectiveness of high ho-
mogeneous (C,, < 20%) and extrahomogeneous (C,,
<10%) T-crystasin X-ray technical photographic
filmswas shown by R. Dickerson and A. Tsor!34,
Theslver consumptioninfilm productionwasreduced
up to 25% without loss of the photographic sensitiv-
ity compared with emulsions made of thickened or
isometric M C. Surface-activeagents (surfactants) un-
der thetrade mark Pluronic - two-functiona polyols:
polyoxy-propylene polyethyleneglycol s (PPG-PEG-
PPG, M ~3300), polyoxyethylene poly-propylene
glycols (PEG-PPG-PEG M ~2000) and Tetronic -
dkoxylated tetrafunctiond ethylenediaminewerepro-
posed®>7 for improving of the T-crysta suniformity.
The optimal concentration of the surfactant was 1 -
5% of introduced into the reactor silver nitrate for
emulsion nuclegtion sage. Unfortunatdly, thishigh sur-
factant concentrationsincreasethevell inthe process
of industrid production of films. Now new brands of
surfactantswereentered on the market of chemicals.
Photographic filmsproducershave practicd interest
inusing of moreeffectivesurfactantsfor obtaininghigh
homogeneousemulsions.

Inthiswork theinfluence of three-functional co-
polymer of propyleneoxide and ethylene oxide based
on glycerol, namely brand Laprol (3603 -2-12, TU
2226-015-10488057-94 of JSC “Nizhnekamsk-

~\
neftekhim”, Russia) on the synthesis of photographic
emulsionwith using different mixing deviceshasbeen
investigated.

EXPERIMENTAL

Synthes sof photogragphicemulsonsiscarried out
on thelaboratory home made set-up for two-jet crys-
tallization. Theset-up consstsof thechemicd 2liters
reactor equipped with thermostat system and peri-
static pumps (for supply of reagentsintothegelatin
solution) controlled with the computer. We used two
typesof mixing devices—simple propeller stirrer and
special home made stirrert®, Last model was settle
downinthelower part of thereactor and consists of
aturbineand the propeller ins detube casewith conic
bells. Liquid reagentswere pumped from narrow sili-
conetubesunder theturbine. The stream of thegela-
tin solution was directed upward. Therefore our re-
agentsvery quickly mix up and react with each other
insidethetube case. Then they jJump out inthevol-
ume of the reactor and repeatedly circulate viathe
mixing device. Temperature and pBr of theemulsion
wereregulated automatically using feedback of the
corresponding pumpswith thethermal sensorsand
ionomer. Operation of pumpsand thedataof al sen-
sorswereautomeatically recorded?. Such procedure
provided high repeatability of the conditionsfor the
emulsion synthesis. Wevaried only concentration of
the surfactant addition (0; 0,005; 0,01; 0,05; 0,5%
wt. of the Laprol per quantity of AQNO, entered into
reactor at the nucleation stage).

Synthesisof thefine-grained emulsionfor photo-
graphic filmwith high resolution wascarried out ac-
cording to thefollowing scheme:

Loading of thereactor: 675 ml of initial gelatin
solutioninwater with concentration of gelatin 0,8%
wt.; Laprol of necessary concentration; water solu-
tion of KBr uptopBr=1,3inthefind gelatinmixture
(solutionwasmixed carefully and heated up to 40°N).

The 1st stage - nucleation: solutions of 2,0 M
AgNO, and 2,0 M KBr with rates of 6,75 ml/min
and 10,7 ml/min, respectively wereinjected during
125 s. Rotation rate of the stirrer was around 600
rpm. After it thetemperature of theemulsionwasin-
creased up to 50 °C during 20 min. pBr value was
increased up to 1,6 by injection of 2,0 M of AgNO,
solutionwithrateof 0,85 ml/min. Then pH of theemul-
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sion wastuned up to 9,6 by addition of 25% wt. of
ammoniawater solution.

The2nd stage- Ostwald ripening: thisstagewas
carried out at 50 °C within 12 min. After it the
emulsionwas acidifiedto pH 5,5 by acetic acid in-
jection. 100 ml of 13% wt. of water solution of gela-
tin was added into the reactor also.

The 3rd stage - crystallization of the 1st coat: so-
lutions of 2,0 M AgNO, and 2,0 M KBr +0,03M
K1 wereinjected with equal rates 1,489 + 0,17t ml/
minduringt=32minat pBr=1,6. Therotationrate
of thestirrer was800 rpm.

The 4th stage - crystallization of the 2nd coat:
solutionsof 2,0 M AgNO, and 2,0 M of KBr were
injected with rates 6,008 + 0,13t ml/minduringt =
30minat pBr =2,0. Therotation rate of the stirrer
was 1000 rpm.

After ending of the synthesisM C were separated
from gelatin by centrifugation and washinginthedis-
tilled water with ultrasound processing. About 5 pl of
find water suspension of microcrystalsweredried on
afresh plate of micafor the scanning el ectronic mi-
croscope (SEM) measurements. We used SEM
Merlin (Carl Zeiss). Set of SEM imageswith magni-
fication X 10 000 of the micaplate surface was ob-
tained. Magnification X20 000 was used for analyz-
ing of acrystal shape.

Critical concentration of micdleformation (CCM)
of Laprol was determined by themethod® usingthe
dependence of pyrenefluorescenceintensity at 373
nmon Laprol’s concentration. For fluorescence mea-
surements Microplate reader Infinite 200 PRO
(Tecan) was used (excitation wavel ength wasequa
339nm).

RESULTSAND DISCUSSIONS

Above described synthesisscheme hasbeen cho-
sen by usbecauseit guaranteed the obtaining of the
fine-grained homogeneous C,, < 30% emulsion of
tabular MC with therequired average equivalent di-
ameter about 0.5 um, if a special mixing device is
used®. The SEM image of such MC populationis
shownonHgurel. FHrg of al, experiment withsmple
propeller stirrer can show theroleof aspecia mixing
devicein obtaining such high quality emulsion.

Figure 2ashowsthe M C of emulsonwhichwas
obtained usngthesmplepropd ler stirrer without sur-
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factant. It isnot quite homogeneous. Corresponding
histogramillustratesthat the population consistsof a
amall fractionof reeively large T-crysta swith equiva:
lent diameter of 1.3 um and a large number of small
about 0.2 um crystals of spherical shape. The thick-
ness of thelarge MC variesfrom 0.15t0 0.28 um.
The granulometric homogeneity of such mixture of
particlesisvery low C,, = 84%.

~ AL
Figure1l: The SEM image of M C population if special
mixing device® isused for emulsion synthesis.

It not suitablefor high-qudity photographicfilms.
It will beinteresting to seetheaction of Laprol asa
potential amplifier of T-crystalshomogeneity inthe
conditionsfor obtaining of thelow-gradeemulsion.
Successful result will be especidly important for re-
moving of any destabilizing factorswhich can appear
duringindugtria synthesis.

Theoreticaly theeffect of surfactantsonthecrys-
tallization processis explained by formation of mi-
cellesaround the M C nucleus. Thisshell smoothes
fluctuationsin therate of increase of massof single
crystalsdueto theinevitable concentration and tem-
perature gradientsintheareaof reagentsinjection
andinthereactor valueasawhole.

According to our measurements CCM of Laprol
indeionized water at thetemperature40°C is 0.042%
wt. But content of 0.8% wt. gelatininwater solution
reduces this value up to 0.007% wt. Reducing of
CCM can be explained by the participation of the
protein moleculesintheformation of thecolloidd sys-
tem - composite micelles. Taking into account that
4.8 gof AgNQ, isintroduced into thereactor at the

stage of nucleation and volume of gelatin solution
S
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Figure 2 : The SEM images and size distributions
(equivalent diameter) of microcrystalsAgHal synthesized
at different Laprol concentrations: a-0; b - 0.005; c -
0.01; d-0.05; f - 0,5% wt. of AQNO,which wasused for the
stageof nucleation. M agnification of all imagesisthesame.
\
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reaches about 700 ml at theend of thisstagewe can
recal culate concentrations of the surfactant additions
inour experimentsonweight of final gelatin solution.
It will beapproximately 3,4 x 105; 6,8 x 10°5; 34 x
10°; 340 x 10°% wt. That ismore than twicelower
than CCM. However, theintroduction of minimal
addition of the surfactant changed theoriginal emul-
sionsignificantly (Figure 2b). The number of small
and large particleswas cons derably reduced. T-crys-
talsaremainly formed with anaverageequivaent di-
ameter 0,47 um and a thickness 0f 0,16+ 0,02 um.
Homogeneity was C,, = 32%. There are about 70%
hexagond T-crystalsand ~ 25% of T-triangular crys-
talsintheparticlepopulation. Thisemulsonissimilar
with emulsion on Figure 1 and hence acceptableto
makehigh qudity photographicfilms.

Withtwiceincreasing Laprol addition (Figure 2c)
it isobserved theformeation of two groupsof particles
inroughly equal proportions: 1-flat crystalswithan
equivalent diameter 0,35-0,55 um and thickness 0.1
- 0.18 pm and 2 - isometric crystals having the size
0.1-0.3 um. It is so-called bimodal emulsion. The
symmetry of flat crystalsissignificantly disturbed. Ir-
regular hexagonsand trianglesareobserved. Thetrend
of their transformation intoisometric M Cisobserved.
Homogeneity isdeteriorated and equal C,, = 40%.
Consequently the given concentration of Laprol a-
ready isnot optimal for high quality photographic
emulson.

Thethird-largest addition caused atendency to
thicken the MC and to create octahedral particles
(Figure2d). Finefraction about 0.2 um almost disap-
peared. Thenumber of large crystalsincreased again.
Theaverage size of theMC reached 0.58 pm. The
relative shareof thetriangular MCincreased. There
are not only the deterioration of grain size (C, =
302%) but the transformation of thecrystal formin
thiscase.

Fourth Laprol concentrationturnsthewholeemul-
sioninto octahedral shape 0.3 - 0.8 um with sharp
maximum near 0.4 um on the size distribution curve
(Figure 2f). Inthiscase, speaking about the synthesis
of T-crystalsisimpossible. The homogeneity of the
emulsonC,, =26%but itisnot suitablefor themanu-
factureof high-qudity photographicfilms.

Itisknown hypothesisthat T-crystalsareformed
by self-assembly of AgHa nucle inflat associatesand
their subsequent stacked cod escence. We could con-
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firmit, having processed water suspens on of micro-
crystalsby ultrasound. Resultsof suchintensive pro-
ng areshownon Figure 3. Ultrasound beginsto
destroy tabular crysta sand to bareinitia structure of
growing together small particles. Apparently, deter-
mined inthiswork minima micro addition of surfac-
tantisoptimal for regulation of thisprocess. It’s in-
creasing only on oneorder changesthe dynamics of
crysta growth dramatically. Octahedrd MC instead
T-crystalswere obtained, that are no suitablefor the
manufactureof high-quality photographicfilms.

Figure3: Revealing of initial structureof tabular AgHal
microcrystalsconsisting of accrete small particles.

CONCLUSION

In summary our experiments have shown that
specia mixing device and surfactant Laprol addi-
tionsareapowerful factorsto control sizedistribu-
tion and crystallographic structure of the silver ha-
lidemicrocrystasin gelatin solution. Ontheonehand
Laprol can significantly increasethe homogeneity of
plane MC. Thisis observed when the surfactant
concentration is 200 times smaller than the CCM.
Intermsof theinitial gelatinsolutionitis34 x 10°%
wt., i.e. very small, microscopic addition to thefinal
photographicemulsion. Thereforeitisunlikely to be
asource of negative influences on the subsequent
processing and the properties of the photographic
film. Ontheother hand it wasfound that the proper-
tiesof thefinal emulsion are sengtiveto small (two-
time) change of the micro-concentration of Laprol
that significantly impairsthe homogeneity. Conse-
guently a precise cal cul ation of optimal surfactant
additionisrequired.
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