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FASTER PROCESSING OF COLOR POSITIVE FILM

S. Ye. Tikhonovich, L. S. Sevast'yanova

In recent years the Soviet movie industry has created a number

of different types of colcr positive film for cinematography (TsP-3;

TsP-7; TsP-8; TsP-8r).

However, despite the significant difference in the thickness of
emulsion layers, the arrangement of them, their granularity, and
physicomechanical and other properties, the same regimes are still

reconmended for development of these films.

One might assume that for TsP-8r, which has relatively thin
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emulsion layers, a low degree of hardening and fine granularity, it

would be possible to reduce the period of the individual processing

stages. Posed in the first stage was the problem of speeding up the

process by 20o0/0.

In further defining the processing regimes particular attention

was given to rinsing quality, which influences the permanence of the

dye materials and the stability of the obtained prints.

Development

According to MRTU 6-17-208-66 film TsP-8r should be developed

for 8-10 minutes at pH = 10.4-10.7 and a temperature of 20 X 0.3°.

The development process can be speeded up by increasing the

temperature and pH of the developer.

It was not possible to speed up the prccess by significantly
increasing the temperature of the processing solutions because of the
lov degree of hardening of the emulsion layers cf TsP-8r. Laboratory
experiments showed that increasing the temperature of the developer

by 2° for most tested reels resulted in a 0.2-0.4 increase in color

densities. In individual cas.s an increase in fog density was
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sometimes observed.

Oon the print fabric the pH of the developer usually remained in
the range of 10.4-10.5, in some cases - even 10.3-10.4, which
corresponds to the equilibrium concentration of the hydrogen ion
which is established in the tanks of the developing machine, provided

there is no caustic alkali in the additive.

Laboratory and industrial experience has shown that oscillations
in the pH between 10.4 and 10.8 cause changeés of 0.3-0.5 (when D =

2.0-2.5) in the color densities of each layer, which practically

coincide with the 2 minute change in the develogment period.

Prints obtained under the usual conditions and developed for 10
min at pH = 10.4-70.5 and 8 min at pH = 10.7-10.8 proved to be

visually identical when viewed on parallel screens.

Measurements of sensitograms which were processed simultaneously
with the prints showed that the sensitometric parameters vere

identical.

Table 1 shows the results of measuring three sensitograms

developed at pH = 10.4~10.45 for 10 min (I) and at pH = 10.7-10.8 for

8 min (II).
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Experience has shown that because of the high buffering power of
the color developer its pH can be easily maintained accurate to
within £ 0.05. In order to attain the necessary pH value of the
developer it is necessary to introduce caustic soda on the order of

2.5-3.0 g/1 into the additive.

Fixation

We know that fixation time must be at least twice the time of

clearing. For this reason the time of clearing was determined for the

first and second fixationa

Under laboratory conditions the clearing period of film TsP-8r
was determined (10 reels of different batches) in industrial fixing
agents, taken from the tanks of developing machines whose composition

conforms to MRTU 6-17-208-66.

wom

After development, clearing begins within 2 min 10 s-2 min 20 s. f
Clearing in the second fixation begins within several (10-15)

seconds, since after bleaching the amount cf silver salts remaining 7

in the color image is relatively lcw.
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Therefore, an adequate period for the first fixation can be
considered 4 min 30 s-5 min (as opposed to the 6-8 min recommended by

MRTU) .

For the second fixation 1 min is quite adequate (according to

MRTU the length of the second fixation should be 4 min).

Bleaching

To determine the length of the bleaching process under

laboratory conditions the kinetics of bleaching in a solution taken
from the tanks of the developing machine, corresponding to the

specifications of the MRTU, were determined.

Bleaching completeness was determined Ly the magnitude of

residual silver density (D) for a density in the coloring material of

Dus close to three.

Quantity D, wvas measured on densitometer DEFA behind an infrared

light filter.




DOC = 0522 6

The density of the coloring material in film TsP-8r was
determined behind a blue light filter, since earlier it had been
established (by microscopic sections and prints behind three light
filters) that in TsP-8r it was most difficult for the silver to

bleach in the upper sensitive layer.

The results of the bleaching kinetics for TsP-8r (reels 33995)

are shown in Table 2.

From the table it is apparent that when the density of the
yellow coloring material is 2.95 (Sth field of the sensitogram) 2
minutes is sufficient for complete bleaching of the silver in the

image.

The low measured optical density is agparently explained by the
presence of silver sulfide, which is fcrmed during the fixation
process [1] and by a certain nontransmissicn of color agents in the

infrared region.

Verif ication of different TsP-8r film batches (10 reels) showed
that bleaching completeness is attained with prccessing of 1 min 30

s-2 min.

Here the optical density of the residual silver Di did not
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exceed 0.07-0.12 (according to RTL 19-3-70 Di=012 is permitted) and

was the same as the density obtained during bleaching for 4 and 5 min

(according to MRTU the bleaching period is 4 min).

Rinsing

To a great extent the rinsing process determines the guality of
the image and the sound track, since on it depends the fog, the
permanence of the coloring agent in the positive, and the stability

of the processing solutions. Rinsing speed is influenced by a number

of factors, the most important of which include: diffusion
resistance, which is overcome by the particles cf the rinse
substances; the reaction between these particles and the gelatine,
temperature and pH of rinsing water, concentration of salts in water,

hydrodynamic rinsing regime, etc. [2, 3, 4, 5). Hovwever, the rules

usually specify only duration and water temperature in rinsing. With

respect to other monitoring methods there are recommendations only

for the residual thiosulfate in the process filwm, which describes the

quality of the last rinse.

In order to establish the possibility of reducing the duration

of the other rinses it was necessary tc develop methods for

monitoring these stages.

e e —— ._J
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Inadequate rinsing quality after development usually causes
increased density in the coloring agent and fog. This is explained by
the fact that the rinse-water tank can accumulate the substances
contained in the developer, and the solution thus formed may begin to
perform a predevelopment function. The difference in the rate of
diffusion of bromides and para—aminodiethylaniline (TsPV-1) affects
the r#ising of the fog as a result of so called "bromide-free

development. "

The increase in the fog is also influenced by an increase in the

concentration of TsPV-1 in the first fixation, which results from

poor rinsing.

A three-month industrial test showed that in the rinse tank
after development the pH of the water changed from 7.3 to 10.7, the
concentration of TsPV-1 - from 0 to 0.1 g/1 and the concentration of

sodium carbonate - from 0 to 2.6 g/l.

In analyzing the obtained information it becomes clear that the

most probable is a change in the pH from 9.3 tc 10.3 (80o/0 of

cases), in the concentration of TsPV-1 - from 0 to 0.02 g/1 (720/0 of

cases), and in the concentration of potassium carbonate ~ from 0.5 to
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1.0 g/1 (760/0 of cases).

Laboratory experiments showed that the change in the value of
coloring agent density is ino direct relation to the pH of the water
in the first rinse tank. Table 3 shows results obtained in processing
one TsP-8r spool. For different spools and batches of TsP-8r the

value AD«xr varies approximately from 0.2 to 0.6.

The change in the concentration of TsPV-1 from 0 to 0.1 has no
effect on the sensitometric indicators of the film (Table 4). The
latter is probably explained by the fact that when it emerges from
the developer the film has a sufficiently high quantity of TsPvV-1,

which is diffused from the layer in water at a rate considerably

slovwer than that of potassium carbonate and bromides.

Based on the above we can assume that to estimate the quality of
the first rinsing it is best to determine the pH of the water in the
rinse tank, the concentration of potassium carktcnate, and the
intensity of the flow. In the first fixing agent the concentration of

TsPV-1 should be monitored.

In the case of poor rinsing thiosulfate and the developing

substance can accumulate in the bleaching solution after the first

fixation.

S R e
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The presence in the bleaching bath of even a small quantity of

thiosulfate results in a noticeable decrease in silver density values
in the sound track. Practice and laboratory exgeriments have shown
that wvhen the bleaching soluticn contains 0.5 g/1 thiosulfate the
value of Di in the color-silver sound track decreases by 0.15-0.2;
wvhen 5 g/1 thiosulfate is present the metallic silver is dissolved
completely. In analyzing bleaching soluticns on various print fabrics

thiosulfate (up to 1.6 g/1) was detected in individual cases.

Moreover, poor rinsing can be the reascn fcr increased fog (so

called "bleaching fog%).

Experiments have shown that an inadequate second rinsing can

cause the following increase in Dg:

ADy =0,02—0,03; ADy=0,05—0,07;
ADy =0,06—0,12.

The presence in the bleaching solution of even traces of TsPV-1

causes a noticeable increase in the fog.

Laboratory experiments showed that when the pH of the bleaching

solution is below 6.5-7.0 the developing agent may remain in it for

several days. According to MRTU the pH of the sclution must be
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maintained between 5.6 and 7.0.

However, in further defining the length anrd intensity of the
second rinsing, it is sufficient to determine the concentration of

thiosulfate in the last rinse tank. The concentration of TsPV-1 need

not be determined, since it depends on the amount of fixing agent
wvhich has accumulated. Even traces of thiosulfate in the water means

that the quality of the rinse is poor.

After bleaching the rinse water was checked for the

concentration of potassium ferricyanide in it.

After the final rinse the presence of residual thiosulfate in

the processed film was determined.

As a result of long-term industrial checking it has been
established that the length of the rinses can ke significantly

reduced without impairing the gquality of the image.

New Processing Reginme

Based on this study a new processing regime was created which

speeded up the process by 200/0 (Table 5).
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Since PTs-7 is developed together with TsP-8r on the same
machine, the new specification was carefully tested for processing l
color positive film ORVO. The changes in the processing conditions
provided in the new regime were not reflected in the sensitometric
indicators of the developed PTs-7 or visual perception of the color ]

image obtained on this film.

Table 6 shows the sensitometric characteristics of film PTs-7
ORVO, processed in the o0ld (I) and new (II) regimes on developer

10P-30. 1

The development period in the first case is 10 min at pH =

10.4-10.5, in the second - 8 min at pH = 10.7-10.8.

In addition to a visual and sensitcmetric estimate of image
quality, the permanence of the coloring agents in the positive was
tested. For this purpose specimens of film PTs-7 ORVO and TsP-8r (5
reels each), processed in developer 10P-30 according to MRTU
6-17-208-66 and the new regime (see Table 5), were placed for one
year in metal containers and stored at room temperature and were also

sutjected to thermostatic centrol for a certain period of time at a

temperature of 80° and a humidity of 750/0 [6].

P — —— , J
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The preservability of the color image was evaluated by the
difference in optical densities of the coloring agents of each layer

measured before and after storage (ADuu).

The experiments revealed an identical change in the optical
densities for both processing regimes. After being stored for one
year the color densities of film PTs-7 have not changed. In film
TsP-8r only the density of the light blue coloring agent declined (by

0.1-0.2). Thermostatic control of both films for 65 h at a

temperature of 80° and 750/0 humidity caused a decrease in color

densities in all layers.

In film TsP-8r: AD,=0,15—0,2; AD;=0,2—0,3;
AD,=0,3.

In film PTs-7 ORVO: ADy =0,15—0,2;

ADg=0,1—0,2; ADy=0,2—0,3.

The new specification has already been used for tvo years in
shop No. 2 of the Main Works of the Sutdivision "Kopirfil'nm"™

(formerly the Moscow Movie Print Factory).

The faster pace of the developing machines has made it possible
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for the shop to move to a two-shift operaticn and somewht reduce
expenditures by stabilizing the process while preserving the quality

of film prints.

Sukdivision "Kopirfil*m"

BIBLIOGRAPHY

1. Mn3 K., Teopus dororpaduueckoro npouecca, 'oc-
TeXTeopeTH3aar, 1949.

2. Bawm6epr H. b, Texuoiorus o6pabotku ¢oro-
KHHoMaTepuaaos, M., «Hckycerso», 1967.

3. JIaaukos K. C, Teopusa dororpaduyeckux npo-
ueccos, M., «<Mckyccrso», 1960.

4. Lloid E. Photogr. Sci. Eng., 1959, 3, No. 6;
1965, 9, No. 6.

5. C6. «CoBpemeHHOe paaBuTHe  doTorpaduyecknx
npoueccos», M., «<Mckycerso», 1960.

6. Kupuanos H. U, Bofinexosckan A M,
Kupuannosa H. E, Ycnexn Hayunoh ororpaduu,
VI1, 1960. =




15

0522

DOC

of sensitogram.

(1) No.

Key:

Table 1.

min.

(2) Bleaching period,

of field,

(1) No.

Key

Table 2.

(2) density.

(1) layer,

Key:

Table 3.

0 g/1, (3) TsPV-1, 0.04
density.

(2) TsPV-1,

Concentration,

(n

TsPV-1, 0.09 g/1,

Key

Takle 4.

(6)

{5) layer,

()

q/1,

Jedt. 2.

Jakta /.

=N~ O 0
| T o
.......
u ocoocoooo
LIS
3 o~n~O®
Z ey mmmm——— o
-3 LB s i
M oocoocooo
g [—
m C—=NN=O®
w 5 —O- |“.I.l”.lo
> | P S ertan 0 s
2 ococococooe
Qg
9
Ol
z
A O MMN=O D
Fla| mm=m== -1
.......
- coococoo0o
R |=
g
o
=4 COvmNOo®
(-3 - ON = ot ot ot ot D
Q™| eosoesen
mv cococococoo
% WwRLVLWVOWY
a CvomnOw
.......
NN=—DOo0
svou iy | worweo~
s
<
coo mnn
= L —_—— i)
* %% S
ot o e ==X mom
wo© @ o
-] a0 ——— ek
= i S
- coco ono
oow Lo
% —So ) -
el S coo Lol
L d
- wo o) amm
o
- o ®© - il
Ve .=
——— coeo mno
wes ~o®
RN e et W
o cco ane
wow N
% —oo - e
- cco @oo
gz
=3 .
22 - ~cem —m
®a
oy
A
-
w

Jabta
.

Jubts 3.

)
L1nB-1,

27

HMB-1, 0 ¢/a

0,04 2/a

Konnentpa-

nHs

7.8

PH

PRGBS VO

NJAOTHOCTS

(2)




DOC = 0522

Table S. Key: (1) Technological operation, (2) Processing regimes
corresponding to MRTU6-17-2C8-66,
regime, (4) New processing regime on develofper MKF, (5) Development,
(6) min, (7) s, (8) rinsing,
Rinsing, (12) Bleaching,

track, (15) Per RTM-KINO 122-66,

(18) Fixation, (19)

Table §.

(9) No more than, (10) Fixation, (11)

(13) Rinsing, (14) Development of sound

Rinsing,

(3) Nev recomsended processing

(16) Rinsing, (17) Not indicated,

Final results.
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4 [4 ¥)
Pex#imn 06pa6oTku, cootser-| HoBuft pexomenayembift pe- |HOoaut pexum o6paGoTKH Ha

creyoiue MPTY6-17-208-66 wum obpaborTkm nposaBovHOR mMawuue MK®
(7
(s) Nposisaenne 8—9 mun 8 mum 30 cex
‘ TpoubiBaKKe He Goaee | mun 45 cex
) OHKCHpoBaHNE 5—~6 mun 5 mun 30 cex
») MpoMmBanne 89 mun 8 mum 20 cex
8)OTGennnanne 2 xsuu 30 cex 2 Aaun 30 cex
IpomsiBanue MUK MUN
’ng:umenue $onorpammsl (.S) Coorteercteenno PTM-KUHO122-66
Ipombipanne (17) He yxasano 30 cex 30 cex
duKcHpOBaHHE 4 mun 1—2 mun 2 mun 30 cex
! o [TpoMbIBaHHE 7—8 mun 7 mun 30 cex
"
() Mitoro: 36—41 mun 3839 mun
Table 6.
1
x-fn b o®
Dy
2,00 1,87 f 2 1,
2,10 -~ 1,94 1,90 2 1,
2,14 1,95 1, I,
Dy ¢
;
0,21 0,20 0,14 0,19 0,13 |
0,18 0,18 0,13 0,19 0,01
0,19 0,18 0,13 0,18 0,12 ;
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