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ABSTRACT
~This report describes a test program condu.cted 'with.AduPont :
guplicating film type SR 112 and SCOLOR developer and Kodak
duplicating film types 2430, 2422, and FE 2628 (S0-467) and
MX-641 developer to determine sensitometric and image qual-
ity characteristics of these mdterials when used with é‘

Fultron Spray Processor.

The teét.resuits show that the SCO1CR developer foams ex-
césSively in the Fulﬁron ?rocessor when used without any
additives and when used with the addition of .05 milliliter
of antifoaming_agent, tributyl phoéphﬁte, per liter of

SCO10R developer.

For the film/process combinations tested, the Kodak type
FE 2628 £ilm with MX-6L1 chemistry had the longest linear

Log E range at-a 1.0 gamma.

Sensitcmetric curves and granularity traces for all film/

process combinations tested are included in the appendices.




INTROLUCTION

The dupllcatlon of photographlc films is an esp801ally critical
task for the Photographlc Technology DlVlslon (PTD), since most
of the scientific investigations are conducted not with the

original imagery, but with varioué'genératioﬁ-dopies.

- The Photographic Science Office is, therefore; continually
searching for new duplicating materials and techniques to
insure that the dupllcate 1magery dlstrlbated by the PTD is of

the hlghest p0351b1e quality.

One of the major problems confronting the-Preciéion Taboratory
is that of obtaining a ﬁigh resolution duplicating material
capable of producing.a gamma of 1.0 with a 1inear”Log E‘rangé IZU
of at ieast 1.4 using a chemistry compatible with the Fultron"J““
Spray Processors. This requiremeﬁt comes about primariiy

because of the large density range encountered on.much of the

lunar imagery. A search was insbitubed for new duplicating
materials capable of mesting the describedaparaméters;

- Omn J#nuary'ﬁ, 1972,-repreéentatives oflthe Photographic Science -
Office and the Precision Laboratcry met with representatives of'
the.E. I. duPont de Nemouré & Company, Inc., tg discuss their-
duplication matérials. Two films, types CRN and SR 112;'werel

described which appeared to offer advantages in latitude and




fesolution‘over those materials presently being used. . The film
type CRN is a direct reversal material similar to Kodak film
type 2&22,}but is claimed to have a longer 11near log E range,
"Fllm type SR 112 is a negative type dupllcatlng fllm with sensi-
tometrie characteristics similar to Kodak film type_zhzo._ The |
recommeﬁded developer for these films is duPont SCO10R. However,
this developer had ﬁever been ﬁsed in a Fultron Spray Proéessor.
The PTD requested that duPont supply elght 5 inch by 500 foot
.rolls of each £iIm type and 500 gallons of SCOLOR developer

for testing in the Fultron Processor.

Shortly thereafter, Kodak informed the PID of a new experimental
duplicating film similar to 2420 but with a longer linear Log E
range and improved MIF characteristics. This film was called

FE 2628 at the time, but has since been formally numbered SO-&67{

A comprehensive‘test.plan wés prépared to evaluafe the duant
films and chemistry. This same plan was to be followed using |
Kodak duplicating materials to providé a Baéis for comparisén.
ﬁhile awalting arrivai of the duPont materials, testé were
conducted with Kodak duplicating film types 2430, emulsion
batches 178 and 175, and 2422 proceésé&.in a Fultron Processor

with MX-641 developer.

Congiderable difficulty was endodntered'in_obtaining the duPont

materials. They were considerably laté in arriving at MSC and

iy ‘.‘J},....



when they finally arrived, théy wére not complete as requested;
. no CRN ﬁaterial-was receiveé and only 60 gallons of SCOlQR dev-
'élqper.arrfved, as opposed to the 500 galloﬁs reqﬁested. Tﬁis
‘qﬁantity of developer was not near}y‘enougﬁ for evalvation in
the Fultron Proceésor. The original téstlplan-had to be alteredl_
, aﬁd scme of the objectives changed to acc&un‘b for a la.‘_ck of
materials and, by now, lack of time. The objet:'tives and test

procedures which follow feflect the required revisions.



TEST OBJECTIVES

L ; | N B .
I.: Determine the gamut of sensitometric curves (D Log E)

obtainable in a Fultron Processor for all film/chemistry

combinations being tested.

- II. Determine the image quality characteristics for all film/

chemistry combinations being tested.

- TIT. Determine if there are any operational problems in using
duPont film type SR 112 w_ith SCOL0R chemistry in a Fultron

Processor.
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TEST PROCEDURES

PFopane a printer loop make ﬁp-of the following items:

A. Twenty-one step tablet on Kodak type 3400 f£ilm with a

~ nominal .i5 density increment between steps.

B. Twenty-cne step, 5 modulation level resolution frisket
superimposed on a stop tablet made up of steps of |
Wratten #96 néutral-dénéity filters witﬁ a nominal
.30 density increment between steps. .

C. Five 3 inch by 3 inch Wratten #96 neutral density patches
ﬁith nominal density values of 0.3,70.6, 0.9, 1.2, and
s : : _

D. -Samples of pan and metric camera 1magery 1nclud1ng both
high and low phase angle photography

Determine the optlmum exposure for duplicating the printér

loop in a Niagara Printer with the mercury vapor 1amp. Do

this for each of the fllm/process condltlons to be tested.

Expose one 500-foct rool for each fllm/process combination

with the printer loop in a Niagara.Prihtér using exposure

criteria determined in Step IT.. o

Determine proper replenishmeﬁt réﬁe.

Process each filﬁ/process oombination according to its

respective specification except that 1/3 offeach roll

will be processed at a speed of 10 fpm, the second third -

at 20 fmm, and the last third at 40 fpm.-



VI,

Uniformly expose 2000 feet of each film type, so that when

processed the nominal density will be 1 0.
A

VII Process the exposed fllm in a Fultron Processor to specifi-

cations supplied by the Fhota Science Office. Process a
sensitometric control strip at 100-foot intervals, along

with thée 2000 feet of exposed film.

- VIII.Expose 15 sensitometric strips from two different emulsion

IX,

batches (ié available) for each film type using the I-B
sensitometer. Process thé 30 strips from each film type
raﬁdomly in a Fultron Processor to specifications supplied
by the PSO. | .

Throughout all steps continually be conscious of, and record

' operational characterlstlcs, 1nciud1ng such problems as

foamlng, clogging of the spray heads, dnylng ablllty, track—

ing, and contamlnatlon.



DISCUSSICN
The test procedure was followed first with Kodak dupiicating film
 type 2430, a high Tesolution negative acting emulsion, and film
- type 2422, a direct reversal eﬁulsion.: Development was carried
out in the Fultron‘Processor usinérMX-641.chémistry at 68°F; And
80°F, with machine speeds of iO, 20, and 40 feet per'miﬁute.
Testé were condﬁcted-with two different emulsion batches of film
tﬁpe 2430. No problems were encountefed dufing’this ﬁh;se of
the téstiﬁg prograﬁ. These films and chemistry are norﬁallﬁ used
by the Precision ILaboratory in the fultron Procéssof.‘
The second phase of the ﬁesting program cemmenced‘with the
arrival of film and chemistry from duPont, Two dupliéating
© film types, SR 112, a negative acting emulsion, and CRN, ai_
direét reversal émulsion, were to-have'been received. Cnly
four 500-foot rolls of the SR 112 £ilm were received initially.
An additioﬁal four’rolls were requested, and they.arrifed the
following day. No CRN material was avéilablé. Only 60 gallons
of SCOLOR chemistry_were received'forftesting as opposed'to the
500 gallons originally requested. _The‘iack of chemistry reéultﬂ
ed in an ébbreviated.test being.carfied out in the Fultron Pro-

cessor

The duPont SCOLOR chemistry was mixed in three 20-gallonrbatches.

The resultant chemical analysis, pH and spacific gravity (Table 1)



indiecates that there is no difference between the three batches.

!

TABLE 1

duPont SCOIOR Chemical Analysis

‘Batch pH _ Specific Gravity

2 $9.87 . 1.063

3 987 - 1062

As suggested by the duPoht-representative,-Mr.:Charles'L. Wick-
-ham, no antifoﬁming agent wés ad&ed initially to the chemistfy.
duPont had conducted tests with a spray processor and the SCOLOR
chemistry that indicated that no antifoaming agent would be re-

‘quired.

Foaming of.the developer occurred after about 200'fee£ of film
had been brocessed. The fogminé was of suéh magnitude that_it.
began flowing out of the deveiéper cabinet dqof and onto the
‘pfocessing feed elevator and flodf of the room., At this poinf'_
it was decided to add .05 milliliter of antifoaming agent, tri-
butyl phosphate, per liter of SCO10R developer. The developer
wes then recirculated for thirty minutes, and another processing

cycle was attempted. The same foaming problem occurred again,
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 Due to the lack of developer solution, no further testing could

be done. Subsequent testing of duPont film type Sk 112 was

,carrled out in Kodak MX-641 chemlstry

An additional operational pfoblem.was noted by the Precision
Laboratory. They are of the opinion that the pléstic cans

the SR 112 film is packaged in would contribute a major hand-

'1ing problem due to the extreme effort required to remove the

tops.

No further problems were ehcountered when using duPent SR 112

film with Kodak MX-641 developer in the Fultron Processor.

_ The final testing phase was carried out with Kodak film design-

ated by an experimental emulsion, number FE 2628, This film is

now produced as a special order item numbered S0-467. Only

one 500-fooct rell was received. This, huweﬁer, was sufficient

to determine sensitemetric characteristics.



.. TEST RESULTS
.-’ - -

'fifteen sensitometric strips exﬁosed in the PTD I-B Precision
Sensitometer were read on a MacBeth TD217DR'aenéitometer,
averaged, andlplotted for each film/process combination
tested. The resultant D Log E cﬁfves are included in Appendix

A. The gamma derived from each curve and a listing of all

‘film/process combinations tested can be found in Table 2.

A sensitometric comparison between the two emulsion batches
of Kodak £ilm type 2430 is illustrated in Figures 1 through 6.
An examination of these curﬁes shows that no sighificant sensi-

tometric différence exists between the two emulsion batches.

D Log E curves derived by exposing the film in a Niagara printer
using a Film Type 3400 step'téblet to modulate the light are

plotted and included in Appendix B.

Thé gamma derived from these plots for duPont filﬁ typé SR 112
in both SCOLOR and MX-641 developers, and Kodak film type 2430
in MX-~641 developer, are included in Table 2. A comparison of
the Niagara derived gamms wversus the i-B derived gamma-shows

that the Niagara gamma is lower in ali cases bu£ oﬁe. This is

due primarily to a difference in spectral qﬁélity betweén the

10 . \



Niagara printer and the Niagara simulation'with the I-B.

sensitomet?r.

A pfbgr&m deveioped by Technicolor‘photospientists Bob Goodding,
for the Whngl7OOB Progrﬁmmable Cﬁlculator and Model 702 Plotter
was used to provide a plot of the D Log E curve and a plét of
.the'ingtantanéoué slope at eabh point on the curvglsuperimposed

- on the same graph. This technique is useful for showiﬁg graphi-
caliy the amount-of'linearily inherent in the D Log E curve.
These éurves are iﬁcludedrin Appendix‘e. The‘curve, displayed
as a éombiﬁationlcf crosses and dots, is-the_ﬁ Log.E éurve de-
rived from the average of fifteen I-B éensitométric striﬁs as
'described»previously. The curve, &isplayed.as a series of circles, .
-is a representation of'thé slope at é#ch ﬁoiﬁt'on the D Log E
curve, If the D Log E curve‘was perfectly linear frém one end to .
the other, then the ﬁlot of slope would Sh§w as é_horizontal
.stra'ight line positioned in the Y-axls at a point e-qua.l.to the

8lope of the D Log E curve,

A reiative number fof linear Log E range was derived from the
described slope curve by finding the two p01nts on the curve
'equal to the maximum slope minus 10%. ~The Log E distance be-
tween these two points is defined as the linear Log E range.

This data can be found in Table 2.

11



T§ éimmlify the analysis of the large amoﬁnt‘of data collected,
. the informafion_shown in Table 2 is illuétfatgd grapﬁically
.ip”Figﬁfes’7, 8, 9, and 10, Figure 7 is a graph of machine -

‘ siaeed véxrf;susr gamma. Figure '8 shows ﬁacﬁine ‘speed versus linéar :
Log E range. TFigures § and lO.illﬁstrate gamma’ versus linear

- Log E range for two different temperatﬁres.

G:anularity traces were made at Tour deﬁsity'ievels for each
film/process combination using a qude Loebl microdensitometer
with an effective aperture of approximatély 23 by 23 microns.

These traces are included in Appendix D,

12
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TABLE 2

Process _ Linear T

Film Chemistry Speed(fpm) Temp(°F,) T-B Gamma ' Niagara Camma Log E Range |
SR 112 SCO10R 10 68 1.0k 0:fl 0.60 -
SR 112 SCO10R 20 68 0.61 0.42 0. 80
SR 112 - SCO10R 40 68 0.27 . 0.22 2.40
SR 112 SCOLOR 10 80 1,06 1.09 1.00
SR 112 SCO10R 20 80 0.72 0.69 ~ 1.20
SR 112 SCOL0R 40 80 0.38 0.31 1.65
SR 112 MX-641 10 68 1.38 1.21 0.50
SR 112 MX-641 20 68 1.10 . 0.9 1.00
SR 112 MX-61,1 40 68 0.73 0.67 1.75
SR 112 MX-641 10 80 1.40 1.30 0,60
SR 112 MY-641 20 g0 1.23 1.12: 0.75
SR 112 MX-641 40 80 0.91 0.79 0.75 -
21,30-178 MX-641 10 . 68 2,13 1.90 0,40
21,30-178 | MX-641 20 68 .73, 1,45 0.90
24,30-178 MX-641 1O 68 140 1,17 0.75
21,30-178 MX-b] 10 80 2.06 1,98 0.40
21,30-178 MX—641 20 80. 2.09 . 1.98 0.45
2130-178 MY~64,1 ey 80 1,61 Lk 1.10
24,30-175 MX=641 10 68 2.22 ‘ 0.25
2430-175 MX~-641 20 68 1.72 1.05
21,30-175 MX~64,1 4O 68 1.40 0.75
2430175 MX-641 10 80 2.10 0.35

. 2430-175 MX=641 20 80", . 2.10 0.45
2430-175 ME-641 40 g0 " 1.60 1.10




148

. TABIE 2 (continued)

Process ‘ . Linear
Film Chemistry Speed (fpm) Temp(OF,) I-B Gamms Niagara Gamma . "~ TLog E Range

FE-2628 MX-641 10 ' 68 1.60 0.70
FE-2628 MX-641 20 &8 ’ 21,19 0.80
FE-2628 MX-641 LO 68 ' 0.86 2.00
FE-2628 MX-641 B 10 80 CL.T7 0.60
FE-2628 MX-641 20 . " 80 146 0.70
FE-2628 1.20

MX-641 40 80 . . l.0l
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CONCLUSICNS
L, . . - . - 7 '
.The duPont SCCO1OR Developer foamed excessively in the Fultron
Processor when used without any additives and when used with the
addition of .05 milliliter of antifoaming agent, tributyl phos~

- phate, per liter of SCO10R developer.

The film/process combinations tested produced the following
range of -gva.mmas: |

. Minimum - Maximum

Film Lhemistry . Gamma - Gamma:
SR 112 SCOLOR 0.27 o106
SR112 ME-64L o3 13e
230 WK-bs1 e 140 2.13

FE 2628 MX-641 : 0.86 1.77

The film/process combinations tested produced the following

maximum linear Log E ranges: - ‘

Film Chemistry Linear Log E Range
SR 112 - SCOI0R 2.0 |
SR 112 MX-641 1.75
230 | MX-641 | - 1.10

FE 2628 MX-641 2.00

25 . i
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For the film/process combinations tested, the Kodak fllm type
FE 2628 with MX-641 chemistry had the longest linear Log E range
!

at a 1.0 gamma.

26
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P T >

- DATE _FEeb 1972 CONTROL # : TASK PREPARED BY
' duPont. ' ' ) ‘

. . i
Film SR 112  EMULSION # . - MFG , EXPIRATION DATE
792-15(EXPOSURE DATA 247G PROCESSING DATA  DENSITOMETRY
SENSITOMETER [=B F56209 | processor _Fultron # 1 INsTRUMENT _MacBeth tseeeop ( —
ILLUMINANT 3000 °k i cHEMISTRY _ oCO 10K TYPE . TD217DR D—MAX
L ' 1 . .10,20,40 L K
TIME 2 sec.|SPEED tanks =Y a5Y e APERTURE SEZEV_,_IMM GAMMA
FILTER . none  trewpor. 88 Time_ FILTER 1sua BASE + FOG _
oo ) 3. s 7 9 W RE 15 L 21
-7 CHEMICAL P00 LA RALTELANRRAETAE AT LAA1 SO S SARRAE6ARE AR AR EAM SO LSS D a0
CUANALYSIS O = = —
Tsror B . =t : — — 3.8
. : : : —3 — — = =
A . 3.f =3 : - : - = 3.4
— a2 = —— - = = S B 3.2
Ty 3.0 == & ' 3.0
ny |28 , = : =is.8
20 : . - [ o = = —]
19 2.8 : - — : - - ' — — 2.6
18 '
7 2.4 = : : ———1 —— 2.4
16 - : ' =S - :
15 1 —= : - — S Frmi ] .
2.2 == = = SR et gg
4| e == b e
13 ‘
= 2.0
11 ' ==
10 1.8 =
5 =
1.6 1=
7
16 1.4 E=
5 :
- =
1.2
3 =
2
: 1.0
B
: &
“Technicolor
)
ABSOLUTE g ==
GE
u Lo 0 R :1 T l-d: - - h
AT R.L.E.~ . — %..,.. =" — = oo =
RTI Fitisttitt et LA IR IVIAT LI RV TR PSRRI FRTTT OGN D I AT L T e s e

g1 SRR SE 3 . .8 9 12 - s 18 21 0 24 27 30
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- Feb 1972

DATE
e SETeR

CONTROL

EMULSION #

¢

TASK

MFG

E

PREPARED BY

]

XPIRATION DATE

<=LoVexposure DATA™ <577 PROCESSING DATA , "DENSITOME TRY
SENSITOMETER 1~B_PS6809 | rrocessor___Fultron # 1 linstrument _MacBeth topeep o
T ILLUMINANT 30807 x| cremisTRy __SCO 10R TYPE TD2L7DR 1 uax
TIME = _sec.| SPEED TA'NK510’2O’I+FOPM APERTURE 5|2Ei_.._-__MM GAMMA
FILTER none TeMP F 30 TiME. FILTER Visual BASE + FOG __
. Y L I 7 ¢ " 13 15 1”7 19 21
CHEMICAL 4.0 T T T Ty T I S I T 4 o
- W ANALYSIS . ' : S = - =
“SP GR 3.8 +—+ = a8
— 3.6 E= - | 3.6
? A 3.4 = — — 3.4
IRP 3.2 == S s Rar
——E"é"""""' 3.0 —] 3.0
21 2.8 e = = Hng
20 = : = = e T .
19 2.6 : — = 2.6
18 ]
= =
17 {2.4 2.4 .
16 Sy Sm— N— e — .
s —F& e l:\—u_- e e Mo _4:_ .
2.2 —+— ~ — 2.2
14 P —
13 : - — = 3=
= 2.0 e = = == 2.0
1" : = T =
10 1.8 =t i e =t = 1.8
9 —— == =
[ 1.6 = —F—— 1.6
7 e e e e ‘
e e e e b — e — -,
¢ 1.4 = — =% 1.4
5 : e 1 -
4 e - = — z p 3
{3 2 = —_— 7= = = 2
2 e B o
o - a__—_‘.% 3
) | ‘.o _,1 Ill'_ — ‘.0
— s ,;d(-_—__' i
. ‘e — Hm.# = I‘(, S e
8 S e 8
’ 6 = e —— = .
Technicolor et —
. - D S = f—
o4 = | e — e e .4
P A LT e +—= e :
ABSOLUTE o i e —= == = —— = 2
LOG £ e e - = — r—r ——o
AT R-L'E' i 0 — "_:—*_—;— -—.—,7#- " s — — — i
, ~10 P I O T A B A ST T T T AT e o
A ~— MSC 23 5 R . R 1.5 .8 23 2.4 . .
T71-21 NAS | X . 2.7 3.0
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DATE _Esb 1972  CONTROL # _— TASK . PREPARED BY
Fibm S0 112 emurstony 15023 - MFG EXPIRATION DATE
192=15xposure DATA <487 PROCESSING DATA o DENSITOMETRY
| sensitomever I=B PS6809 | procEssor _Fuliron # 1 INSTRUMENT _MacBeth JsPEED ( S
ILLUMINANT . 3000 °k|cHEMsTRY _MX-64T Type___TD217DR  fo-maAx
TiME /2 e |seeen vanks 10,20, 400 | APERTURE SIZE__ 4 wm| GAMMA
FILTER _ none TEmP °F 68 TiuE ' FiLTer  Visual BASE + FOG __
1 3 s S § e 1N 13 15 B ¥ 19 21
“CHEMICAL o [ e T O T T I I I I O I TIICIOE T |, o
ANALYSIS - : ~ =N
" sP GR 3.8 3= : — —F 1= = 3.8
TR M E E ' = e =
T TaA 3.4 E = ' 3.4
g ‘ p— = =
3.2 —r="13.2
TRF p— — . '"'"“'“Jf':':?ﬂ
e, 30 ' = : : e —
kR 2.8 : : == ' = 7= ===k |
20 s E === =
19 ! 2.6 o . - o= = = A ;,1 s 2.6
18 c = —— Z T D!,{’,i = .
17 2.4 — == e — == 2.4 -
16 : = : ==
15 :
2.2
14 : =
13 . it
> 2.0 ==
T ‘ =
'lo I.8 - == . " Py
9 = = — ;’l
' 8 1.6 ) p— : ’I’ -
7
6 14 = —1 ' = —
! S N z - ‘_)""‘" 111 o
4 - — i o8 Z -
1.2 ==t
3 7
2 == A At
-! I.O - - '7“: pa
— ra A "’ﬁL‘
= P e S ~
8 T =
' 6 = S =
Technicolor = S P o 2
a S e e e o
=t -
_f..__../ —_— 777 — = ~—1 — 3= 1 .
ABSOLUTE 2 — o —}= ' . ‘ = 2
LOGE i = e : ] =
ATRL.E.- 0 ——f—— : S — =]
BT I 110D L TSR 110N MRSV E A1 VNN (DOAESA T SORTE ISR T I TADATT U LR TVOTI S TSI vas st A T s asaenes
a3 NASA —— MSC .3 & 9 ‘1.2 N 1.5 1.8 2] 2.4 2.7 3.0
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.DATE Feb 1972 CONTROL # TASK' PREPARED BY

M SRR EMULSION # __ 1503 MFG EXPIRATION DATE
792-1.50EXPOSURE DATA 24,89 | PROCESSING DATA - DENSITOMETRY
sENsITOMETERL-B PS6209 _ |processor_ Fultron # 1 _ |nstrument Mac Beth Jseeep¢ - 3.
ILLUMINANT 3000 °x | cremisTrRY __ MX-641 : rype . TDRITDR  Jp.max -
TIME 1/2 sec. | speeo_ vanxs10520,48h0f APERTURE SIZE__ 2 wa| GAMMA
FILTER none | temp°F 80 TiMe  FILTER 1sua BASE  FOG ___
1 3 s 7 9 n tE TR 174 19 21
CCHEMICAL O T T I D g
- ANALYSIS . ——— : z i Ml SSemeieit) shaistbbeant S - = '
~ror 38 = \ s —t=—1 3.8
T ‘3.& — —t—— — — e o e ey 3.6
TA . 3.4 —] ¢ — ; — T H__ 3.4
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