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PROCESS CONTROL APPARATUS AND METHOD 
FOR SILVER HALIDE EMULSION MAKING 

FIELD OF THE INVENTION 

The invention relates to an apparatus and method for 
the preparation of silver halide emulsions and more 
particularly to an apparatus and method for controlling 
the delivery of individual reactants into a precipitation 
vessel while maintaining a preselected pAg therein or 
by following a ?ow rate or pAg variation program. 

BACKGROUND OF THE INVENTION 

US. Pat. No. 3,031,304 discloses a method of pre 
paring ?ne grain nuclear track emulsions utilizing two 
Zenith gear pumps which pump mineral oil to displace 
the respective silver and salt solutions from separatory 
funnels into an aqueous gelatin solution contained in a 
reaction vessel. The silver ion concentration of the so 
lution is followed potentiometrically with a silver elec 
trode and a calomel electrode connected with salt 
bridges. Limit switches are wired into the potentiomet~ 
ric circuit so that when the pAg rises above a prese 
lected level, a third pump subtracts 1 percent of the 
halide ion solution being forced by displacement from g 
the separatory funnel containing the halide solution. 
The pAg varies widely at first, but after a few minutes 
the silver ion concentration becomes relatively steady. 
A fourth halide solution pump may be provided for 
manual operation in order that the halide ion supply 
can be properly adjusted by an operator from the ob 
servation of a potentiometer reading or from a strip re 
corder. 
A prior art system for automated electronic control 

of silver halide emulsion preparation is that disclosed 
by Claes and Peelaers in Photographische Korrespon 
denz 102 Band, Nr 10/1967, pp. 162. In this prior art 
system, silver nitrate and alkali halide salt solutions are 
gravity fed to a precipitation vessel through two valves 
which are activated electronically to regulate the ?ow 
of the silver nitrate and alkali halide solutions. To keep 
a constant level of silver nitrate solution in what ap 
pears to be a separatory funnel, a relay is used.‘ A re 
corder is used to monitor pH, pAg and also to control 
?ow rates. _ ‘ ~ 

The advantages of continually monitoring and con» 
trolling the pAg and/or the pH of the peptizer, silver 
salt solutions and halide salt solutions are recognized 
by those skilled in the art. US. Pat. Applications 
194,451 now US. Pat. Nos. 3,782,954 and 194,466 
now US. Pat. No. 3,785,777 ?led Jan. 12, 1972, a con 
tinuation and divisional, respectively, of US. Pat. Ap 
plication Ser. No. 876,893 ?led Nov. 14, 1969 and now 
abandoned which is a continuation in part of US. Ap 
plication, Ser. No. 854,629 ?led Sept. 2, 1969, now 
abandoned, all to Porter and Johnson; Ser. No. 1 1,838 
?led Feb. 16, 1970 to Wilgus and Ser. No. 159,914 
?led July 6, 1971 to Owens, both now abandoned, all 
make clear that during the preparation of silver halide 
crystals, it is desirable that the pAg and the pH of the 
peptizer solution which contains silver halide mixture 
be continuously monitored and that the pAg and pH 
characteristics of the solution be continuously con 
trolled by adjusting the proportions of the silver and/or 
halide salt solutions being added thereto in response to 
changes in the pAg. The above mentioned US. Pat. 
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2 
No. 3,301,304 and the Claes and Peelaers article show 
typical prior art control systems. 

It is recognized that the preparation of silver halide 
emulsions is preferably carried out in a carefully con 
trolled environment. F or example, the accurate control 
of rates of addition, pAg, pH, and the duration of prep 
aration as well as temperature and the relative unifor 
mity of mixing of the reactants as added from two sepa 
rate sources in addition to other such variables is desir~ 
able. It is also well known‘ that variations in the initial 
rates of delivery of silver salt or halide salt solution into 
a precipitation vesselcan have adverse effects upon the 
number of nuclei formed which is directly related to 
the ?nal grain size of the emulsion produced. Conse 
quently, the final light sensitive properties of the silver 
halide emulsion prepared are affected by the initial 
rates of the silver saltand halide salt solution into the 
precipitation vessel. Despite the above mentioned im 
proved prior art devices and methods, there is still a 
continuing need for more accurate control of variables 
by sophisticated and programmable metering systems 
that will insure the preparation of more reproducible, 
extremely sensitive photographic emulsions which are 
characterized by uniformity in grain morphology, grain 
size and sensitometric properties. 
Reference is now made to the drawings in which like 

numbers denote like parts and in which: 
FIG. 1 shows a silver or halide salt solution flow rate 

control apparatus for emulsion preparations in accor 
dance with the invention; 
FIG. 2 shows a flow rate responsive control system 

for the delivery of silver or halide salt solutions into a 
precipitation vessel in the preparation of emulsions; 
FIG. 3 shows a system in accordance with the inven 

tion which has pAg responsive flow rate control; 
FIG. 4 shows‘a system in accordance with the inven 

tion which provides pAg responsive cascade ?ow rate 
control; . 

FIG. 5a shows an embodiment of the invention for 
following a predetermined pAg pro?le in an emulsion 
making process; 
FIG. 5b shows an embodiment of the invention for 

programmed pAg control; and , 
FIG. 6 shows a system in accordance with the inven 

tion providing programmed flow rate control to main 
tain a constant pAg. 

DETAILED DESCRIPTION OF THE INVENTION 
Turning now to FIG. 1, shown therein is a portable 

system which is preferably applied to emulsion making 
wherein the resulting silver halide preparation has re 
producibility of about i 3 percent. A tank 12 acts as a 
container for either a silver salt or halide salt solution 
to be added to a peptizer containing precipitation ves 
sel (not shown). A drive system generally designated 
14 comprises an electrical potentiometer 16 to set 
pump speed, speed regulator 18 which is preferably of 
the SCR type for a drive 20 comprising a motor and 
gearbox which is preferably of the Westinghouse DC 
type. Drive 20 is connected to pump 22 which is prefer 
ably an ECO metering pump of the G series. Disposed 
on conduit 26 connecting tank 12 through the outlet 24 
in tank 12 to pump 22 is tank valve 25. A ?owmeter 
which is preferably a Fischer Porter magnetic flow 
meter 28 comprising a 10D1418A transducer and 
50SF2221-1B amplifier and a ?ow rate recorder 30 
which can comprise any of several recorders well 



3,821,002 
3 

known to those skilled in the art are operably attached 
to conduit 32 which outputs from pump 22. A three 
way recycling valve 34 which is preferably of the “sani 
tary” type is also connected to pump 22 through con 
duit 32 to control whether the solution from conduit 32 
returns to tank 12 through return conduit 36 or outputs 
through conduit 37 to a precipitation vessel (not 
shown). The flow rate of solution is set by controlling 
the speed of pump 22 through variable speed DC pump 

’ drive 14. An equilibrium flow rate can be established 
throughout the delivery system comprising conduits 26, 
32 and 36 prior to the addition of the solution to a pre 
“cipitation vessel through conduit 37 by utilizing three 
way recycling valve 34: to recycle or return the solution 
to tank 12 until the equilibrium flow is established. 
Thus, the solution ?ows out of tank 13 through outlet 
24, conduit 26, valve 25 and into pump 22. The solu 
tion is pumped by pump 22 through conduit 32, 
through flow meter 28 and into valve 34 which controls 
whether the solution flows back through line 36 into 
tank 12; and through outlet 37 after the desired or 
equilibrium flow rate is established. 

Different sizes of ECO gear pumps are available such 
that a wide range of flow rates are realizable. For exam 
ple, ranges of from about 0.5 to about 3 gallons per 
minute, about 1.0 to about 12 gallons per minute and 
about 10 to about 25 gallons per minute are achievable 
with such pumps. The system of FIG. 1 is adapted to 
control silver salt solution as well as halide salt solution 
low rates. 

Reference is now made to FIG. 2. Shown therein is 
a system providing for reproducible control in the :51 
percent range of silver and halide salt solution ?ow 
rates. Tank 42 containing silver or halide salt solution , 
is connected through an outlet or drain 44 to conduit 
46 which is connected to pump 58 through a tank valve 
48. A pump drive system generally designated 50 com 
prises a speed regulator 54, preferably SCR for a Wes 
tinghouse DC drive, and a DC pump drive 56 compris 
ing a motor and gearbox, preferably Westinghouse DC. 
Pump drive 56 is attached to pump 58 which is con 
nected to conduit 46. The output of pump 58 is through 
conduit 60 wherein solution flow rate is monitored by 
a ?owmeter 62, which is preferably a Fisher Porter 
magnetic ?owmeter as in FIG. I, and a ?ow rate re 
corder 63. After passing through ?owmeter 62, the so 
lution ?ows through three-way recycling valve 64 and 
either back within return conduit 66 into the tank 42 
or through output line 68 into a precipitation vessel 
(not shown). Generally, the flow is through return con 
duit 66 until a desired equilibrium or other selected 
flow rate is established at which time the three-way 
valve 64 is actuated to direct the flow through outlet 
conduit 68 into the precipitation vessel. _ 
A ?ow rate process controller 70, which is preferably 

a Taylor ?ow rate process controller such as Model No. 
844RD is responsively connected to ?owmeter 62 and 
operably connected to the input of pump speed regula 
tor 54. Process controller 70 performs a feedback func 
tion in that in response to changes in the output of flow 
meter 62, controller 70 adjusts pump speed through 
regulator 54 to control the ?ow rate of the salt solution 
through the system. By using the preferred Taylor flow 
rate process controller 70 in the system of FIG. 2, the 
solution flow rate is reproducible within i 1 percent. 
The system of FIG. 2 is adapted to control the ?ow rate 
of silver salt solution as well as halide salt solution. 
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4 
Direct pAg control for halide salt solution delivery to 

maintain a constant pAg by controlling ?ow rate is 
achievable with the system shown in FIG. 3. Tank 74 
is similar to tanks 12 and 42 of FIGS. 1 and 2, respec 
tively, and drains through an outlet 76 into conduit 78, 
through tank valve 80, into a pump 82 which is prefera 
bly an ECO gear pump. A speed regulator 84 which is 
preferably an SCR speed regulator for a Westinghouse 
DC drive regulates the speed of a pump drive 86 which 
preferably comprises :1 Westinghouse DC drive opera 
tively connected to pump 82. The solution outputs 
from pump 82 into conduit 88 and ?ows through mag 
netic ?owmeter 90 which is connected to a ?ow rate 
recorder 98, to three-way recycle valve 92 from where 
the ?uid is returned through conduit 94 to tank 74 or 
is delivered through conduit 93 into precipitation ves 
sel 96. A pAg sensing electrode 100 is located under 
the surface of the peptizer solution (not shown) in ves 
sel 96. A pAg analyzer 102 which is preferably Model 
No. 941 of the Beckman Instrument Co. is connected 
to sensing electrode 100 and to a pAg process control 
ler 104 which is preferably a Honeywell Electrovolt 
Controller and which controls the SCR speed regulator 
84. A pAg recorder 106 is connected to pAg analyzer 
102. The speed of the pump 82 delivering a salt solu 
tion to precipitation vessel 96 is controlled in response 
to the sensed pAg of the solution in vessel 96. Pump 82 
is controlled in order to maintain a constant pAg in ves 
sel 96 by controlling ?ow rate of the salt solution into 
vessel 96. - 

The system shown in FIG. 4 controls the halide salt 
solution ?ow rate to maintain a constant pAg in a pre 
cipitation vessel by minimizing pAg variability at the 
commencement of silver halide precipitation. In the 
system of FIG. 4, the use of cascade or minor loop con 
trol of the control system reduces the effect of load 
changes on the delivery system by‘ decreasing the effec 
tive time constant of the delivery system, i.e., the time 
it takes for the delivery system to respond to pAg 
changes in the precipitation vessel. The silver salt solu 
tion flow rate is controlled as shown in FIG. 2. Tank 
110 containing halide salt solution releases the solution 
through an outlet 112 into conduit 114 through which 
the solution ?ows past tank valve 116 and into pump 
118. Controlling the speed of pump 118 are a speed 
regulator 120 and pump drive unit 122. The preferred 
pump 118, speed regulator 120 and pump drive unit 
122 as well as other system elements of similar designa 
tion and function are preferably the same as those dis 
closed with reference to FIGS. 1—3. From pump 118 
the solution is carried through conduit 124 and past 
magnetic flow meter 126 which is operatively con 
nected to ?ow rate recorder 128. From flow meter 126, 
the solution enters a three-way recycle valve 130 from 
where it is either returned to vessel 110 through con 
duit 132 or passed from valve 130 through conduit 134 
into peptizer solution containing vessel 136. A pAg 
sensing electrode 138 is disposed under the surface of 
the peptizer solution (not shown) in vessel 136 and 
connected to pAg analyzer 140 which is in turn con 
nected to pAg recorder 142. Analyzer 140 is connected 
to a pAg process controller 144 such as the Honeywell 
Electrovolt Controller and a ?ow rate process control 
ler 146 which is preferably the above mentioned Taylor 
?ow rate process controller. Magnetic flow meter 126 
is also connected to the Taylor ?ow rate process con 
troller 146. Delivery rate of the halide salt solution is 
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controlled by the controller 146 in response ‘to signals 
from ?owmeter 126 and the pAg sensing controller 
144. Thus, the Taylor ?ow rate process controller 146 
in response ‘to flow rate and pAg through inputs from 
the halide salt solution magnetic flow meter 126 and 
the pAg process controller 144 regulates the speed of 
pump 118 which delivers the halide salt solution to 
maintain a fixed pAg in the precipitation vessel by ad 
justing the ?ow rate of the salt solution into the vessel. 

The systems shown in FIGS. 5a and 5b are for con 
trolling the ?ow rate of the halide salt solutionduring 
emulsion preparation to cause the pAg in the precipita 
tion vessel to follow a predetermined pAg pro?le. 
FIGS. 5a and 5b show a tank 150 for holding halide salt 
solution, with drain 152 connected to conduit 154 
through which the salt solution passes to tank valve 156 
and to pump 158. Controlling pump 158 is drive 160, 
the speed of which is controlled by an SCR speed regu 
lator 162. The preferable components of this embodi 
ment are those of similar function disclosed with refer 
ence to FIGS. 14. Pump 158 pumps solution through 
conduit 164 past magnetic ?ow meter 166 to three-way 
recycling valve 168. A ?ow rate recorder 169 is opera 
tively connected to ?ow meter 166. The three-way re 
cycling valve 168 is operated as mentioned with refer 
ence to FIGS. 1-4 to recycle the solution through re 
turn line 170 to tank 150 or run it through output line 
172 into precipitation vessel 174. The solution is di 
rected through output line 172 preferably when an 
equilibrium or other desired flow rate throughout the 
delivery system is established. A pAg sensing electrode 
176 is located in precipitation vessel 174 so as' to be in 
contact with peptizer solution disposed therein (not 
shown) and is connected to a pAg analyzer 178. A pAg 
recorder 180 and a pAg process controller 182 are con~ 
nected to the output of analyzer 178. A set point gener 
ator 184 is connected to the pAg process controller 
182. The set point generator 184 is preferably a Data 
Trak Model 5500 (R-I Controllers Co., a subsidiary of 
Honeywell) and is used to change the set point of the 
pAg process controller 182 in a predetermined or pro, 
grammed manner. It will be appreciated other analog 
as well as digital devices well known to those skilled in 
the art can be used. Since the systems of FIGS. 5a and 
5b are used to control the flow rate of the halide salt so 
lution according to a predetermined pAg pro?le for a 
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given emulsion preparation, by utilizing the FIGS. 5a ' 
and 5b systems the pAg of the peptizer solution can 
continuously be changed within the precipitation envi 
ronment during the entire emulsion making operation. 
As shown in FIG. 5a, the output of the pAg controller 
182 which is responsive to pAg sensing electrode 176 
and set point generator 184 is fed directly to the speed 
regulator 162 of the pump drive 160 to change the 
speed of the pump 158 to obtain ?ow rate adjustment 
to cause the pAg of the solution in vessel 174 to follow 
the pAg pro?le. As shown in FIG. 5b, the output of a 
pAg controller is fed to a ?ow rate process controller 
in the same manner as shown in FIG. 4. 
During the emulsion making process using the sys 

tems of FIGS. 5a or 5b for halide salt solution delivery, 
the delivery rate of silver salt solution is maintained 
constant by either of the systems shown in FIGS. 1 and 
2 while the pAg is changed in a programmed fashion by 
one of the systems of FIGS. 5a and 5b. 
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In the FIG. 5a system, the pAg setpoint generator 
184 is used to change the set point on the pAg process 
controller 182 to cause the pAg of the solution within 
vessel 174 to follow the predetermined pAg pro?le. 
The pAg process controller 182 compares the pAg of 
the process with the sequence of pAg set points and 
changes the output of the ECO pump 158 in accor 
dance therewith the pAg to cause changes in the pre 
cipitation vessel due to ?ow rate changes. In this man 
ner, a predetermined pAg relationship with time is 
maintained during the emulsion making process in the 
vessel 174. ‘ 

In the cascade programmed pAg control system of 
FIG. 5b, the pAg set point generator 184 is used to‘ 
change the set point on the pAg process controller 182 
in accordance with a program to cause the pAg in the 
emulsion making environment to‘ follow the pAg pro 
?le. The pAg process controller 182 compares the pAg 
of'the process with each pAg set point and regulates the 
set point of the flow rate process controller 185. The 
?ow rate process controller 185 compares the current 
?ow rate as measured with the ?ow meter with that re 
quired to adjust the pAg in accordance with the new set 
point for regulating the speed of the ECO pump 158. 
In‘ this manner a predetermined pAg relationship with 
time is maintained in the emulsion making environment 
within vessel 174. 
Reference is now made to the embodiment shown in 

FIG. 6. This system provides a programmed ?ow of sil 
ver or halide salt solution. Tank 190 containing the salt 
solution has outlet 192 connected to conduit 194 run 
ning through a tank valve 196 to pump 198 which out 
puts through a conduit 200 to magnetic ?owmeter 202 
through which the solution passes to a three~way valve 
204. Valve 204 recycles the solution back into tank 
190 through line 206 or directs the solution through an 
output 208 into a precipitation vessel (not shown). 
Connected to ?ow meter 202 is a ?ow rate recorder 
210 and a ?ow rate process controller which is prefera 
bly a Taylor flow rate process controller 212. Addition 
ally connected to ?ow rate process controller 212 is a 
set point generator 214, preferably the Honeywell 
Data-Trak device shown in FIGS. 5a and 5b. Set point 
generator 214 generates set point signals in accordance 
with a desired program. The Taylortlow rate process 
controller 212 controls the speed of pump 198 in re 
sponse to signals from set point generator 214. Flow 
rate “feedback" from ?owmeter 202 is applied to con 
troller 212 such that the ?ow rate is changed to be 
commensurate with the program. 
Asdescribed in aforementioned US Pat. application 

SB.‘ No. 11,838 ?led Feb. 16, 1970 of Wilgus, it is 
sometimes desirable to nucleate silver halide grains at 
one delivery rate and then increase the delivery rate of 
the silver salt solution during the growth period of the 
silver halide grains to reduce the total precipitation 
time. With the system shown in FIG. 6, the set point 
generator 214 changes the set point of the silver salt so 
lution ?ow rate process controller 212 according ‘to a 
programmed ?ow rate pro?le. The pAg of the environ 
ment in the precipitation vessel is simultaneously con 
trolled at a constant level as described with reference 
to FIGS. 3 and 4. y ‘ 

The silver salt solution low can be controlled by the 
system shown in FIG. 6 and the halide salt solution flow 
can be controlled by the systems shown in SA and 5B. 
When used in this way, the silver salt solution flow can 
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be controlled according to a predetermined relation 
ship with time, while at the same time the pAg can be 
continuously varied according to a separate relation 
ship with time. Thus, the silver salt solution ?ow rate 
can be increased with time to reduce the time required 
for silver halide crystal growth and the pAg can be 
changed to obtain any desired grain morphology. 
Both the halide salts and silver salts can be controlled 

as shown in FIG. 6. This controlled system provides 
programmed ?ow rate control of both silver salts solu 
tion and halide salt solution. The capability of increas 
ing the rate of addition of silver salt solution shortens 
the growth time. Continuously changing the halide salt 
solution ?ow rate indirectly controls the pAg within the 
emulsion making environment. 
As set forth above, FIGS. 1, 2 and 6 are preferably 

for the delivery of either silver salt or halide salt solu 
tions. FIGS. 3, 4, 5a and 5b are preferably for the deliv 
ery of halide salt solution. Thus, the following combina 
tions of systems are preferably used: 

Silver Salts with Halide Salt 

FIGS. 1 or 2 FIGS. 1,2, 3.4.511 or 5b 
FIG. 6 FIGS. 1, 2,3,4, 5a, 517, or 6 

It will be appreciated by those skilled in the art that 
pAg control can be maintained in accordance with the 
invention by varying the silver salt solution addition 
rate by interchanging “silver” and halide wherever they 
appear in the above description with reference to FIGS. 
3, 4, 5a, 5b Alternatively, FIGS. 3, 4, 5a and 5b can be 
used for silver salt solution delivery. The following are 
alternative combinations which can be used for pAg 
control by varying silver addition rate: 

Halide Salt with Silver Salt 

FIGS. 1 or 2 FIGS, 1,2, 3,4, 50 or 5/) 
FIG. 6 FIGS. 1. 2, 3, 4, 5a, 5!; or 6 

‘All the embodiments above described are portable. 
Too, recycle loops and recycle valves are provided for 
establishing equilibrium delivery rates prior to the addie 
tion of the silver salt in the halide salt solution into the 
precipitation vessel. The systems described for direct 
pAg control (FIG. 3) and cascade pAg control (FIG. 4) 
provide for the delivery of both the silver salt solution 
and the halide salt solution by flow rate control (FIG. 
2) and then for a change to pAg control any time dur 
ing the precipitation process. Too, an aim pAg for the 
process can be established immediately and the pAg 
controller can be used to maintain the aim pAg for the 
entire precipitation. 
The metering apparatus and method described in ac 

cordance with this invention can be used with many 
types of mixing devices or emulsion making apparatus 
such as those described in aforementioned U.S. Patent 
Application Ser. No. 159,914 filed July 6, 1971, ofOw 
ens; Agfa-Gevaert British Pat. No. 1,243,356, patented 
Aug. 18, 1971; Frame and Johnson U. S. Pat. No. 
3,415,650, issued Dec. 10, 1968; Johnson and Porter 
aforementioned U.S. Pat. Applications Ser. Nos. 
194,451 and 194,466 which are a continuation and a 
divisional respectively of Ser. No. 854,629, ?led Sept. 
2, 1969, a continuation-in-part of Ser. No. 876,893, 
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8 
filed Nov. 14, 1969, both now abandoned; McCrossen 
and Owens U.S. Pat. 3,342,605, patented Sept. 19, 
1967. The metering apparatus and method of the in 
vention can also be used- for coupler dispersion making 
such as the process described in Johnson et al., U.S. 
Pat. Application Ser. No. 166,897, ?led July 28, 1971, 
now U.S. Pat. No. 3,773,302. 
The silver halide emulsions which can be prepared in 

accordance with this invention can comprise, for exam 
ple, silver chloride, silver bromide, silver bromoiodide, 
silver chlorobromide, silver chloroiodide, silver chloro~ 
bromoiodide crystals or mixtures thereof. The emul 
sions may be coarse or ?ne grain emulsions prepared 
by any of the well-known techniques, e.g., single jet 
emulsions such as those described inTrivelli and Smith, 
The Photographic Journal, Vol. LXXIX, May 1939 (dp 
330-338), double jet emulsions such as Lippmann 
emulsions, ammoniacal emulsions, thiocyanate or thio 
ether ripened emulsions such as those described in 
Nietz et al. U.S. Pat. No. 2,222,264 issued Nov. 19, 
1940; Illingsworth U.S. Pat. No. 3,320,069 issued May 
16,1967; and McBride U.S. Pat. No. 3,271,157 issued 
Sept. 6, 1966. Surface image emulsions may be used or 
internal image emulsions may be used such as those de- , 
scribed in Davey et al., U.S. Pat. No. 2,592,250 issued 
May 8, 1952; Porter et al.,- U.S. Pat. No. 3,206,313 is 
sued Sept. 14, 1965; Berriman, U.S. Pat. No. 3,367,778 
issued Feb. 6, 1968; and Bacon et al., U.S. Pat. No. 
3,447,927 issued June 3, 1969. If desired, mixtures of 
surface and internal image emulsions may be used as 
described in Luckey et al., U.S. Pat. No. 2,996,382 is 
sued Aug. 15, 1961. The emulsions may be regular 
grain emulsions such as the type described in Klein and 
Moisar, J. Phat. Sci., Vol. 12, No. 5, Sept/Oct, 1964, 
pp 242-251. Negative type emulsions may be used or 
direct positive emulsions may be used such as those de 
scribed in Leermakers, U.S. Pat. No. 2,184,013 issued 
Dec. 19, 1939; Kendall et a1., U.S. Pat. No. 2,541,472 
issued Feb. 13, 1951; Berriman, U.S. Pat. No. 
3,367,778 issued Feb. 6, 1968; Schouwenaars, British 
Pat. No. 723,019 issued Feb. 2,' 1955; Illingsworth et 
al., French Pat. No. 1,520,821 issued Mar. 4, 1968; III 
ingsworth, U.S. Pat. No. 3,501,307 issued Mar. 17, 
1970; Ives, U.S. Pat. No. 2,563,785 issued Aug. 7, 
1951; Knott et al., U.S. Pat. No. 2,456,953 issued Dec. 
21, 1948; and Land, U.S. Pat. No. 2,861,885 issued 
Nov. 25, 1958. - 

The invention has been described in detail with par 
ticular reference to preferred embodiments thereof, 
but it will be understood that variations and modi?ca~ 
tions can be effected within the spirit and scope of the 
invention. 
We claim: 
1. A method for establishing and maintaining an 

equilibrium flow rate of a silver or halide salt solution 
prior to delivery thereof into a precipitation vessel con 
taining a peptizer solution to provide a preselected pAg 
value during the preparation of a silver halide emul 
sion, the method comprising the steps of: 
moving the salt solution from a source therefor 
through a closed recycling ?ow path associated 
with the source; 

monitoring the flow rate of the salt solution through 
the ?ow path; . 

varying the ?ow rate of the salt solution in response 
to the monitored flow rate until an equilibrium ?ow 



3,821,002 
rate is established throughout the flow path for pro 
viding the preselected pAg value; and . 

directing the salt solution from the ?ow path into the 
precipitation vessel subsequently to establishing 
the equilibrium flow rate and while maintaining the 
latter throughout the flow path, whereby the prese 
lected pAg value of the peptizer solution is gener 
ally maintained. 

2. The method in accordance with claim 1 
the step of: 
producing a control signal representative of a change 

in the monitored ?ow rate for varying the flow rate 
of the salt solution in accordance with such control 
signals so as to establish and maintain the equilib 
rium flow rate of the salt solution. . 

3. A method for substantially maintaining a peptizer 
solution contained in a precipitation vessel at a prese 
lected pAg value during the preparation of a silver hal 
ide emulsion, the method comprising the steps of: 

establishing an equilibrium ?ow rate for a silver or 
halide salt solution from a source therefor through 
a recycling flow path associated with the source; 

sensing the pAg value of the peptizer solution and 
producing a signal representative thereof; 

directing the salt solution from the flow path into the 
precipitation vessel, when the equilibrium flow rate 
is established; and" 

including 

15 

25 

controlling the flow rate of the salt solution into the ~ 
precipitation vessel in response to the signal, 
whereby the preselected pAg value of the peptizer 
solution is generally maintained. 

4. A method for substantially maintaining a peptizer 
solution contained in a precipitation vessel at a prese 
lected pAg value during the preparation of a silver hal 
ide emulsion, the method comprising the steps of: 

establishing an equilibrium ?ow rate for a silver or 
halide salt solution from a source therefor through 
a recycling flow- path associated with the source; 

monitoring the ?ow rate of the salt solution through 
the flow path and producing a ?rst signal represen 
tative of the flow rate; 

directing the salt solution from the flow path into the 
precipitation vessel, when the equilibrium ?ow rate 
is established; 

sensing the pAg value of the peptizer solution and 
producing a second signal representative thereof; 
and . . , 

controlling the flow rate of the salt solution from the 
source and through the flow path to the precipita 
tion vessel in accordance with the ?rst and second 
signals, whereby the preselected pAg value of the 
peptizer solution is generally maintained. . 

5. A method for controlling the ?ow rate of a silver 
or halide salt solution into a precipitation vessel con 
taining a peptizer solution to generally maintain a pre 
selected pAg value during the preparation of a silver 
halide emulsion, the method comprising the steps of: 

establishing an equilibrium flow rate of the salt solu 
tion from a source therefor through a recycling 
?ow path associated with the source; 

directing the salt solution from the ?ow path into the 
precipitation vessel, when the equilibrium flow rate 
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is established; . 

sensing the pAg value of the peptizer solution contin 
uously and producing a continuous signal represen 
tative thereof; 

generating set point signals representative of the pre 
selected pAg value; ‘ 

comparing the continuous signal with the set point 
signals to derive a difference signal; and 

varying the equilibrium ?ow rate of the salt solution 
in response to the difference signal, whereby the 
preselected pAg value is generally maintained. 

6. A method for controlling the ?ow rate of a silver 
or halide salt solution into a precipitation vessel con 
taining a peptizer solution to generally maintain a cas 
cade programmed pAg value during the preparation of 
a silver halide emulsion, the method comprising the 
stepts of: 

establishing an equilibrium ?ow rate of the salt solu 
tion from a source therefor through a recycling 
flow path associated with the source; 

monitoring the ?ow rate of the salt solution through 
the flow path and producing a ?rst signal represen 
tative of the ?ow rate; 

directing the salt solution from vthe ?ow path into the 
precipitation vessel, when the equilibrium ?ow rate 
is established; 

sensing the pAg value of the peptizer solution contin 
uously and generating a second signal representa 
tive thereof; , 

generating a set‘point signal representative‘of a point 
on the cascade programmed pAg value; 

comparing the ‘second signal with the set point signal 
to derive a ?rst difference signal; 

comparing the ?rst signal with the set point signal to 
' derive a second difference signal; and 
varying the equilibrium flow rate of the salt solution 

in response to the ?rst and second difference sig 
nals, whereby the cascade ‘programmed pAg value 
is generally maintained. ' 

7. A method for controlling the ?ow rate of a silver 
or halide salt solution into a precipitation vessel con 
taining a peptizer solution in accordance with a pro 
grammed pAg value during the preparation of a silver 
halide emulsion, the method comprising the steps of: 

establishing an equilibrium flow rate of the salt solu 
tion from a source therefor through a recycling 
‘flow path associated with the source; 

directing the salt solution from the flow path into the 
precipitation vessel, when the equilibrium flow rate 
is established; ' , 

monitoring the ?ow rate of the salt solution through 
the flow path continuously and producing a first 
signal representative thereof; 

generating a second signal representative of set 
points in accordance with the programmed pAg 
value of the emulsion; and 

comparing the ?rst and second signals to produce a 
difference signal in accordance with which the flow 
rate of the salt solution through the ?ow path and 
into the vessel is varied to generally maintain the 
programmed pAg value. ' ' 


