CONTI NBOUS PROCESS FOR MAKI NG A DI ALKYLTI N THI OCARBOXYLI C ACI D ESTER
BACKGROUND OF THE I NVENTION This invention relates to PVC stabilizers. In
particular, it relates to a nethod for rfaking an alkyltin thiocarboxylic
acid ester fromthe corresponding alkyltin halide and thiocarboxylic ester.
More particularly, it relates to a nethod for continuously synthesi zing
such an ester in an aqueous nediumin _ajsingle vessel with extrenely
vigorous agitation. Because of the drawbacks associated with the use of an
organi ¢ sol vent in batchw se preparations of such esters in the past (e.g.,
di m ni shed yi el ds based on the space and tine allotted to the process),

sone have turned to nethods in which the product is still nade batchw se
but with the elimnation of the organic solvent. These, too, have their
shortcomings. |If the reaction mxture is strongly alkaline at the beginning
of -a-batch, the pH decreasQQNEINYOQSaﬂaﬁpﬂﬁsaEORhUAKEHFIt|n halide is
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reactions such as the formation of al kyl tin oxide by the reaction of
anmoni um hydeg ) A ac ! 4l!cﬂpd the alkyltin halide, and the
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time of 1 to
ester in an aqueous medium in a single vessel with

extremely vigorous agitation.
Because of the drawbacks associated with the use of an
_ organic solvent in batchwise preparations of such esters in
.= the past (e.g., diminished yields based on the space and
time allotted to the process), some have turned to methods
in which the product is still made batchwise but with the
elimination of the organic solvent. These, too, have their
shortcomings. If the reaction mixture is strongly alkaline
* at  the beginning of a batch, the pH decreases only
gradually as the alkyltin halide is introduced; such
conditions favor the hydrolysis of the starting materials.
To minimize such hydrolysis, low_temperatures‘are'necessary
during the rather long holding times associated with
batchwise procedures. Side reactions such as the formation
of alkyltin oxide by the reaction of ammonium hydroxide (an
acid acceptor) and the alkyltin halide, and the base-
catalyzed hydrolysis of the thiocarboxylic ester cause loss
of desired product and produce materials which often cause
the formation of a tenacious, stringy emulsion, the
breaking of which requires a rather difficult and wasteful

filtration.



constant pH value in the range from3 to 8 and at a tenperature from40 to
[err]. Maul teaches that it is convenient to initiate the reaction

bat chwi se, punping the alkyltin chloride and the thiocarboxylic acid ester
in the required nolar ratio into the first reactor to fill it halfway

bef ore an aqueous solution of the base is added with stirring to raise the
pH to the desired value. Then, the contiynuous addition of base, ester, and
chloride is started and the volume of the reaction mxture is
controlled by punping it into a second agitator vessel. It is not=ttear
that the continuous process described by Maul in terns of two agitatar.
vessel s woul d be successful when only one agitator vessel is used. There
remai ns a need, therefore, for a continuous process for the preparation of
alkyltin thioglycolic acid esters fromthe correspondi ng halides and esters
I n an aqueous nedMauwlwheth @) oquesSa tPatehtsa [B5388 )1 proposds choi s
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vessel wherein an aqueous/organi,c reaction mxture i s continuous|y.fqQrned
and vi gorOUSp:fqu.p:'Fg[ éﬁo%@mgagio into the first reactor to Eli/l it
halfway before an aqueous solution of the base is added
with stirring to raise the pH to the desired value. Then,
the continuous addition of base, ester, and chloride is
started and the volume of the reaction mixture is
controlled by pumping it into a second agitator vessel. It
is not clear that the continuous process described by Maul
in terms of two agitator vessels would be successful when
only one agitator vessel is used.

There remains a need, therefore, for a continuous
process for the preparation of alkyltin thioglycolic acid
esters from the corresponding halides and esters in an
aqueous medium which produces a two phase product mixture

" which is substantially instantaneously separable in the
absence of demulsification means.

There remains a further need for a process for the
preparation of alkyltin thioglycolic acid esters from the
corresponding halides and esters which is continuous from
the start for an indefinitely-lcng period wherein the use
of but one agitator vessel for the reaction dramatically
increases the yield of product on the basis of the reactor
volume employed and the time expended for the process.



portiomnm of said mxture is continuously w thdrawn and qui ckly separated
into two phases - the product and an aqueous sol ution of an inorganic
halide - in the absence of denulsification neans. It is a further obj ect of
this invention to provide a nethod for the preparation in an aqueous mnmedi um
of such an ester wherein the alkyltin halide, thiocarboxylic acid ester,
and acid acceptor are sinultaneously addgd-to a single reactor and the
resulting reaction mxture is stirred vigorously at a constantly al kaline
pH value. It is a related object of this invention to provide a nmethod for
reducing fifty-fold the size of equipnent required for making a given

vol unme of alkyltin thioglycolic acid esters. These and ot her objects of the
i nvention which will beconme apparent fromthe followi ng description are
achi eved by S|nultaneously addi ng an al kyltin hal i de, a
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t hr oughout nqmtnkmﬁlseﬁqrabmmughmm twosphases - the product and an
agqueous solution of an inorganic halide -~ in the absence of
demulsification means.

It is a further object of this invention to provide a
method for the preparation in an aqueous medium of such an
ester wherein the alkyltin halide, thiocarboxylic acid
ester, and acid acceptor are simultaneously added to a

single reactor and the resulting reaction mixture is
stirred vigorously at a constantly alkaline pH value.

It is a related object of this invention to provide a
method for reducing fifty-fold the size of equipment
required for making a given volume of alkyltin thioglycolic
acid esters. -

These and other objects of the invention which will
become apparent from the following description are achieved
by simultaneously adding an alkyltin halide, a
thiocarboxylic acid ester, and an acid acceptor to an
agitated reactor continuously over an indefinite period of
time, maintaining the resulting reaction mixture at a pH of
from greater than 7 to about 8.2, agitating the mixture
with one or more impellers at a rate of at least about 75
turnovers per minute, which 'is sufficient to achieve a



close to it that the difference is not neaningful. DETAILED DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS The al kyltin thiocarboxylic ester has the
structure: [err] wherein x is 1 or 2, and nis 1 or 2; Ris a alkyl group
havi.ng fromone to four carbon atons); and R is an al kyl group having from
ei ght to sixteen carbon atons. The source of the R group is the

| oner-alkyltin halide as it reacts with the HS- group of the thiocarboxylic
ester bearing the R group. As used heétein, the word halide neans

chl oride or brom de. An al kyltin chloride is preferred. The halide.s
suitably a m xture of nobno- and di-al kyl conpounds which are accordingly
the tri- or di- halide. A suitable ratio of the dialkyl to nono-al kyl
groups in a mxture is fromabout 10:1 to about 1:10 by weight, preferably
fromabout 5:1 to about 3:1, nore preferably about 4:1. Ris preferably
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wat er equal benefit of a demulsification means. In this context,
substantially throughout means entirely throughout or so
close to it that the difference is not meaningful.

The alkyltin thiocarboxylic ester has the structure:
R,Sn[S(CH,),(COOR’ ],., |

wherein x is 1 or 2, and n is 1 or 2; R is a alkyl group
having from one to four carbon atoms); and R’ is an alkyl
group having from eight to sixteen carbon atoms. The
source of the R group is the lower-alkyltin halide as it
reacts with the HS- group of the thiocarboxylic ester
bearing the R’ group. As used herein, the word halide
means chloride or bromide. An alkyltin chloride is
preferred. The halide is suitably a mixture of mono- and
di-alkyl compounds which are accordingly the tri- or di-
halide. A suitable ratio of the dialkyl to mono-alkyl
groups in a mixture is from about 10:1 to about 1:10 by
weight, preferably from about 5:1 to about 3:1, more
preferably about 4:1. R is preferably methyl or butyl and
more preferably methyl. R’is exemplified by n-octyl, iso-
octyl, 2-ethylhexyl, tridecyl, and hexadecyl radicals.



about 80% of the reactor volunme before the addition of the reactants is
copgmenced in order to provide an agitatable reaction nedium at the outset.
The sinultaneous addition of the organic reactants and the acid acceptor is
controlled by a conputer progranmed to set an initial set of addition rates
and to change those rates as data fromthe reaction mxture is fed into the
conputer. The rate of addition of each organic reactant is determ ned by
the stoichiometry of the reaction asgit applies to the equivalent

wei ghts, the purity, and the concentration of each. In the special case of
alkyltin halide m xtures, the ratio of di- and tri-halides and, the ..:
consequent effective equivalent weight of the mxture is a determ nant. The
pH of the reaction mxture is also fed constantly into the conputer so that
the rate of addition of the acid acceptor reactant nmay be controlled to
keep the rea&xPBRlesi nef atthe alkgltinbshalides | \incimdeanmonbhethydtph,
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reacti on ni x8B¥eOfwitheh conventdonadidy asedhaliaking materials such as
sodium hydroxide, potassium hydroxide, sodium carbonate,
and a water-soluble amine is suitable. | _

The alkyltin halide is added as a water solution which
is suitably about 50 % water by weight. It is preferable
to charge the reactor with an amount of water equal to
about 80% of the reactor volume before the addition of the
reactants is commenced in order to provide an agitatable
reaction medium at the outset. The simultaneous addition
of the organic reactants and the acid acceptor is

controlled by a computer programmed to set an initial set

of addition rates and to change those rates as data from
the reaction mixture is fed into the computer. The rate of
addition of each organic reactant is determined by the
stoichiometry of the reaction as it applies to the
equivalent weights, the purity, and the concentration of
each. In the special case of alkyltin halide mixtures, the
ratio of di- and tri-halides and the consequent effective
equivalent weight of the mixture is a determinant. The pH -
of the reaction mixture is also fed constantly into the
computer so that the rate of addition of the acid acceptor
reactant may be controlled to keep the reaction going at a




of the“inpellers in the system by the operating volune. The speed of the
inpellers is, of course, only one of many factors determ ning the turnover
rate. For exanple, a pair of 2.5 inch LIGHTNIN A310 | aser foil inpellers
spaced apart 4 inches on a m xer shaft turning at 1200 RPMin a reaction

m xture 8 inches deep in a baffled cylindrical vessel having a dianmeter of
5 inches caused a turnover rate of 120, and a pair of 5.2 inch A310

i npel | ers spaced apart 4 inches on a miYer shaft turning at 1200 RPMin a
reaction m xture 12 inches deep in a baffled cylindrical vessel -having an
11.5 inch diameter caused a turnover rate of 128. The fluid-veloCity &across
the inpellers is calculated by dividing the punping rate of the inpellers
by the cross -7- sectional area of the reactor. In the snaller system
descri bed above, the fluid velocity across the inpellers is 81 feet per
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t he shaft of miNerpibas  at Be 7§pdHR ngvariabte speed (1750 RPM max), DC
motor. Other mixers having similar capabilities are also
suitable. The diameter of the impellers is selected as
appropriate to the size and the design of the particular

"~ reactor vessel used, as exemplified hereinbelow.

The turnover rate (the statistical number of times per
minute that a point within the liquid moves to the
surface) is calculated by dividing the primary flow of the
reaction mixture, which is also known as the pumping rate
of the impellers in the system, by the operating volume.
The speed of the impellers is, of course, only one of many

- factors determining the turnover rate. For example, a pair
of 2.5 inch LIGHTNIN A310 laser foil impellers spaced apart
4 inches on a mixer shaft turning at 1200 RPM in a reaction
mixture 8 inches deep in a baffled cylindrical vessel
having a diameter of 5 inches caused a turnover rate of
120, and a pair of 5.2 inch A310 impellers spaced apart 4
inches on a mixer shaft turning at 1200 RPM in a reaction
mixture 12 inches deep in a baffled cylindrical vessel

-+=  having an 11.5 inch diameter caused a turnover rate of 128.

The fluid velocity across the impellers is calculated by

dividing the pumping rate of the impellers by the cross



themis adjusted so that the turnover rate will be substantially uniform

t hgoughout the operating volune of the reaction mxture. The Z-factor or
ratio of the liquid depth to the diameter of the reactor vessel is used by
those of ordinary skill in the art of mxing to determ ne whether a second
i npel ler is needed and what the spacing should be. The reaction m xture is
continuously drawn off at the bottom of the vessel through an overflow | eg
at the sane rate as the total of the additions. Thus, the withdrawal - 8-
of the reaction mxture fromthe stirred vessel is comenced pronptdy:
(i.e., within 30 seconds) after the start of the sinultaneous addi ti-6ris and
t he commencenent of the wthdrawals is nearly sinultaneous wth -the
commencenent of the additions. The residence tine for the reaction mxture
in the stirred vessel is suitably within the range of from about 2 m nutes
to about 6 nmsectdonalutareai ofprther alelactdrG ni Mt cther smalderTheystamur e
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' design variables when one parameter is held constant during
scale-up calculations. '

Preferably, the agitation speed is such that " the
turnover rate is at least about 120. Although there is no
maximum speed excépt for the practical limitations placed
on the speed by the mountings for the mixer, the need to
avoid excessive vibrations, and the economy of using no
more mixing energy than is necessary, the turnover rate is
preferably no more than about 200. At these preferred
turnover rates, the fluid velocity across the impeller(s)
is at least about 80 feet/minute. When there is more than
one impeller on the shaft of the mixer, the spacing between
them is adjusted so that the turnover rate will be
substantially uniform throughout the operating volume of
the reaction mixture. The Z-factor or ratio of the liquid
depth to the diameter of the reactor vessel is used by
those of ordinary skill in the art of mixing to determine
whether a second impeller is needed and what the spacing
should be.

- The reaction mixture is continuously drawn off at the
 bottom of the vessel through an overflow leg at the same
rate as the total of the additions. Thus, the withdrawal



suitablre if one wishes to absorb the heat of reaction with cooling water;
a  tenperature of about 55-60 nay be naintained by the adiabatic
operation of the method. As a practical matter, the mai ntenance of the pH
between 7 and 8 is extrenely difficult because of the w de swi ngs of a pH
net er between those values during the addition of reactants and acid
acceptor. Therefore, it is nuch preferred to -9- maintain the pH at
about 8-8.2. It will be appreciated by Bhose of ordinary skill in the art
that al though the addition of the acid acceptor is nmade at the sane tine as
the additions of the organic reactants, it will not necessarily be a -
continuous addition. The constraints of nmintaining a substanfially
constant pH.may nake it necessary to tenporarily halt the addition of the
acid acceptor while the addition of the organic reactants conti nues. The
concent r at i oofof thiee zeaetdensomiktareof feomd thecpstirred beesgilist §8 so
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o separation of the aqueous phase is continuous and
essentially instantaneous without the need of filtration
or any other demulsification means. A gravity settling
separation tank and a liquid/liquid centrifugal separator
are both suitable. The continuous stream of the organic
phase is preferably washed with fresh water and then flash
dried with heat and vacuum before being clarified by
filtration. Finally, the clear product is piped into a
storage tank or directly into machines for £illing shipping
containers. The wash water may be recycled into the
reactor as part of the continuous make-up of the reaction
mixture.

The operating temperature of the reaction mixture is
preferably about 50°C but because the pH is maintained
between 7 and 8.2 excursions into the 75-80°C range are not
harmful. A temperature of from about 40 to about 50°C is
suitable if one wishes to absorb the heat of reaction with
cooling water; a temperature of about 55-60 may be
maintained by the adiabatic operation of the method. As a
practical matter, the maintenance of the pH between 7 and
8 is extremely difficult because of the wide swings of a pH
meter between those values during the addition of reactants

'and acid acceptor. Therefore, it is much preferred to



Separation colum |evel control; Wash columm- | evel control; Tenperature
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2  necessarily be a continuous addition. The constraints of
maintaining a .substantially constant pH may make it
necessary to temporarily halt the addition of the acid
acceptor while the addition of the organic reactants
continues. ‘The concentration of the aqueous solution of
acid acceptor may be adjusted so that the computer
controlling the addition may direct a continuous stream of
the solution into the stirred reactor. _The computer
program controlling the additions is written in Microsoft
Basic language, using subroutines purchased as part of an
A to D converter from Keithley Instruments of Cleveland,
Ohio. With this program, the computer calculates a control
signal between 0 and 100% and writes it to the A to D
converter which sends the signal to an I & P converter,
thence to the control device. In summary the program

+3  handles the following tasks:
Charging calculations for the ester and organotin
"halide solution;
Operator interface screens;
Ester mass flow rate control;
Organotin halide solution mass flow rate control;
PH control;
Fresh water flow control;
Reactor temperature control;
Separation column level control;
Wash column level control;
Temperature monitoring;
Real time graphs;



NEXT 1"FOR I =1 TO 50 READ VARIS(1) IF VARIS(1) "START UP" THEN | =50 NEXT |
FOR | =1 TO 50 READ GNAMES (1) |F GNAMES(I)="CANCEL GRAPH' THEN | =50 NEXT |
FOR 1-0 TO 50 READ TLABELS(!) |F TLABELS(1)="MALOTT" THEN | =50 NEXT | FOR

| =1 TO 50 READ COWMMENTS(1) |F COWMENTS(1)="HALF LIFE'" THEN | =50 NEXT | FOR
M1 TO 50 READ MANUALS (M |F MANUALS(M ="HALF LIFE' THEN M50 NEXT M

CLS: SCREEN 2: ON ERROR GOTO 1500 PRINT " TML81- EH CHARG NG
CALCULATI ON PRI NT LOCATE 6, 1 | NPUT "LBS'%026 USI NG ###. ##: " TOSP | NPUT

" PERCENT MONO NEAT USI NG ##. #:"; MN | NPUT " PERCENT CHLORI NE USI NG ##. ##: " ; CH
~INPUT "DESI RED TIN I N PRODUCT USI NG ##. #:"; TIN FOR | =1 TO 8 IF NN<A(‘I) THEN
50 NEXT | - 12 - Mel: SP-TOSP

PCL=B(X) - (A(M - M) *(B(M -B(M 1))/ (A(M - A(M 1))

RXSN-C(M - (A(M - M) *((M - C(M 1))/ (A(M - A(M 1))

Data storage; and
Start-up and shut-down control.



WISNED(M) - (A(M - M) *(D(M - D(M 1))/ (A(M - A(M 1)) CON- CH PCL* 100 o
B=CON* ( ( M\*. 4944) +( 100- M) *. 5403) / 10000 C=( CON- CH- ( CH/ 35. 453))/100 D-TIN
TSP=TOSP* ¥ 100/ ( B- C* D/ 100) LOCATE. 15, 1: PRI NT "LBS.OF DMIDCL TO CHARGE: "
LOCATE 15, 26: PRI NT US| NG " ###. ##"; TSP ASP- TSP* CHr 17/ 35. 454/ 100/ . 28 LOCATE
16, 1: PRINT "LBS OF AQ AMMONI A TO CHARGE: " LOCATE 16, 29: PRI NT USI NG

" ##" ) ASP EQCHL=TSP* CH 35. 454/ 100 FHEDRY=TOSP- EQCHL+RXSN* EQCHL £ OCATE
17;1: PRINT_" THEQRY. YI ELD. " LOCATE 17, 15: PRINT USI NG "##. ##" ; THEORY

PSN=WT SN WSP=TCOSP*1.1/2 CALL SOFTINIT CALL INIT Start Tinme

CALL CL THIE (6} RURPRMEE(s )TQIDHUNTYRYN(d) = TI ME% (J) NEXT J
LOCATE 22pt! AR, 5 N Ked) beb | O PR TIASIETSS0), 06 | F (B="Y" OR Q6="y"

Goro 100 OIMOVART $ (B0}, RALBEY SONPGNAMEXY SG)U GN (19)TOVIAVE DATA:" (S IF Q&-"Y"
R QGS-"y" DIHEI\H-W]&END k¥, SHTT7 101 CLS: COLOR 2, 7: LOCATE 10, 10: PRINT "TH S

PROGRAM | QA @ E ?E 13,11: PRINT "OF K.S.K. AND REVI SED BY
C.B.B." |§A ﬁl f§4"5"r EN SCREEN 9, 0

LI NE(O, 0) p, 20, 330), 1

LI NE( O, 0) o 2 3 43 15 o 330), 1 LI NE(5, 5) - (615, 5)

DATA 24, -35 15 65 37,53.36
DATA 25,35.27,65.02,53.14
DATA TSP,TOSP,ASP,WSP, TEMPSP, KPH1
DATA PHSP,KLEVEL,KWASH,SHUT DOWN,START UP
DATA TIN FLOW,ESTER FLOW,AMMONIA FLOW,WATER FLOW
DATA REACTOR pH,SEPS LEVEL,CANCEL GRAFH
DATA REACTOR TEMP,WASH TEMP,PREHEAT TEMP,FIILM TEMP
DATA DISTILATE VAPOR TEMP,PRODUCT TEMP,WATER DIST IN
DATA WATER DIST OUT,STEAM TEMP,WATER PRODUCT OUT,MALOTT
DATA BEGIN TAKING SAMPLE,END TAKING SAMPLE,SHUT DOWN,START UP
DATA INPUT COMMENT,CANCEL COMMENT,HALF LIFE
DATA MANUAL SEP,AUTOMATIC SEP,MANUAL WASH,AUTOMATIC WASH
DATA ALL MANUAL,ALL AUTOMATIC,CANCEL,HALF LIFE
FOR I=1 TO 8
READ A(I),B(I),C(I),D(I)
NEXT I
* FOR I=1 TO SO
READ VARIS(I)
IF VARIS(I)="START UP" THEN I=50
NEXT I
FOR I=1 TO 50
READ GNAMES (I)
IF GNAMES (I)="CANCEL GRAFH" THEN I=50
NEXT I
FOR I=0 TO 50
READ TLABELS (I)
IF TLABELS (I)="MALOTT® THEN I=50
NEXT I
FOR I=1 TO SO
READ COMMENTS (I)
IF COMMENTS (I)="HALF LIFE" THEN I=50
NEXT I
FOR M=1 TO 50
READ MANUALS (M)
IF MANUALS (M)="HALF LIFE" THEN M=50

NEXT M

CLS:SCREEN 2:0N ERROR GOTO. 1500

PRINT " TM181-EH CHARGING.CALCULATION
PRINT

LOCATE 6,1

INPUT "LBS TO26 USING ###.##:":TOSP
INPUT “PERCENT MONO NEAT USING ##.#:%:MN
INPUT "PERCENT CHLORINE USING ##.##:%;:CH
INPUT "DESIRED TIN IN PRODUCT USING ##.#:";TIN
FOR I=1 TO 8
IF MN<A(I) THEN 50
NEXT I .



LINE (5, 115) - (5 5) LINE(615,5)- (615 115) LI, NE(5 115) (615 115) .

LI NE( 10, 10) - (610, 10), 1 LI NE(10, 10)- (10, 110) ,1 LI NE(10, 110)- (610, 110),1
LI NE( 610, 10) - (610, 110), 1 LI NE(200, 10) - ( 200, 110) 1

LI NE( 400, 10) - (400, 110), 1 LI NE(10, 30) - (610, 30),1 LOCATE 2,8: PRINT "TIN
FLOW - 13 - LOCATE 4, 5: PRINT "SET PO NT: LOCATE 5,5: PRI NT "ACTUAL
FLON " LOCATE 7,5: PRI NT "% VALVE OPEN:13 LOCATE 2, 33: PRI NT "TO 26 . FLOW
LOCATE 4, 30 PRLNT_" SET PC] NT: " LOCATE 5, 30: PRI NT "ACTUAL FLOW LOCATE.

7, 30: PR : ¢ | A FLOW LOCATE

4. 55: PRI H%é" TNt / I?W W " LOCATE

7. 55 PRI N'ﬁTgﬁfa.y Niaay) +l¢ ".mm-j, NE(610, 125) - (610, 180)
3" LI NE( 380NGH) pEA0I80) , 3 L (380 125) (610, 125)

LI NE( 380, bsopufemmaw)u)a-mwm1osm)vmom0"ACTUAL TI ME: " LOCATE
12, 50: PRI ﬂf(cmmmﬁmmm 125) - (10, 325) 4 LINE(10, 123) - (180, 123)

, 4 LINE(L )B 4 180, 325)- (180, 125) ,4
LINE( 185, ol $5nRREN v 4
. : LOCATE 15 26 PRINT USING "#4#4#. ##"'TSP
ASP=T5P*CH*17/35 454/100/.28
LOCATE 16,1:PRINT "LBS OF AQ AMMONIA TO CHARGE:"
LOCATE 16,29:PRINT USING "##+#. ##”‘ASP
EQCKL=TSP*CK/35 454/100
THEORY=TOSP-EQCHL+RXSN*EQCHL
LOCATE 17,1:PRINT “"THEORY YIELD:"
LOCATE 17,15:PRINT USING "###.##" :THEORY
PSNaWTSN*EQCHL/THEORY*100
WSP=TOSP*1.1/2 )
- CALL SOFTINIT .
CALL INIT

(2221312121121 2 2% 27

' ‘Start Time
LE 2 2 21 3 1 277 3T 39710 T T .
CALL CIDCKREAD(TIMB%(),"NT“,“")
‘' FOR J=0 TQ 2
REIHE%(J)-TIMB%(J)
NEXT J
LOCATE 22,1:INPUT "DO YOU WISH TO START PROCESS:";QS$
IF QS="Y" OR Q$="y¥ GOTO 100
GOTO 10
LOCATE 23,1:INPUT "DO YOU WISH TO SAVE DAQA'“‘QS
IF QS=%Y" OR Q$="y" THEN
DCT=1
END IF:GOTO 101
CLS:COLOR 2,7:LOCATE 10,10:PRINT "THIS PROGRAM IS THE MASTERPIECE"
LOCATE 13, 11 PRINT “OF K.S K. AND REVISED BY C.B.B."
IF INKEYS-“” THEN 600

TRARRARRRRARAARERAAARS

' SCREEN

I1ARRANRARRRREARRANRAR

SCREEN 9,0
LINE(0,0)-(0,330),1:LINE(620,0)-(620,330),1
LINE(0,0)-(620,0),1:LINE(0,330)~(620,330),1
LINE(5,5)-(615,5)

LINE(S5,115)-(5,5)

LINE(615,5)-(615,115)

LINE(S5,115)~(615,115)
LINE(10,10)~(610,10),1
LINE(l10,10)~-(10,110),1
LINE(10,110)-(610,110),1
LINE(610,10)-(610,110),1
LINE(200,10)-(200,110),1
LINE(400,10)-(400,110),1
LINE(10,30)-(610,30),1

LOCATE 2,8:PRINT "TIN FLOW"



LI NE( 1:85, 325) - ( 350, 325) , 4 LI NE(350, 325) (350 125) 4

LI NE( 10, 221) - (180, 221) , 4 LI NE( 10, 140) - (180, 140), 4 LI NE( 185, 140) - (350 140).

, 4 LI NE( 10, 238) - ( 180, 238) , 4 LI NE(185, 193)- (350, 193), 4

LI NE( 185, 211) - (350, 211) 4 LI NE( 185, 263) - ( 350, 263) , 4

LI NE( 185, 281) - ( 350, 281) , 4 LOCATE 10, 2: PRI NT "IN TI AL SEPARATI ONS" LOCATE
10, 6: PRI NT " MAKE- UP WATER' LOCATE 17-51BRENT "COOLI NG WATER' LOCATE

12;4: PRINT " SET PO NT LOCATE 13, 4: PRINT "ACTUAL FLON " LOCATE 15, 4: PRI NT
" 0% VALVE ,gg \ SRT "'%}{ALVE OPEN: " LOCATE 20, 4: PRI NT
"ACTUAL T i kO g MPwSET PT: " LOCATE 12, 25: PRI NT _
" PRODUCT hcarel a3 zsgd?Ew\ﬂi';.oQb-VALVE OPEN: " LOCATE 15, 29: PRI NT " WASH
COLUWN' L%&IEEZE) W-m--smmmmm ON' LOCATE 17, 25: PRI NT " PRODUCT
HT: " LOCATBCASEYS. RRIERINTIJ ACTAL @IOW:" * | OCATE 22, 25: PRI NT "PRODUCT HT: "
LOCATE 23 L@samww E*d!twﬂ QPFN | 5=25 THEN 105 S| G=25 CONTROL

' [OW1) CALL | OXNAYA("T026", 5, 10, 12, 1, - 1)
w: wCALL | ONVAN("WATER', 5, 14, 12, 1, - 1)
.I&]\II\/ANA("CQDJUNC 3,32, 12, 1,-1)

NS

LOCATE 6, 55 PRINT " H' "
LINE(610,125)-(610, 180) 3
LINE(BBO,IZS)-(SBO,180),3
LINE(380,125)-(610,125),3
LINE(380,180)-(610,180),3
LOCATE 10,50:PRINT "ACTUAL TIME: "
LOCATE 12,50:PRINT "RUNNING TIME: "
LINE(10,125)-(10,325),4
LINE(10,123)~-(180,123),4
LINE(10,325)-(180,325),4
LINE(180,325)-(180,125),4 -
LINE(185,123)-(350,123),4
LINE(185,125)-(185,325),4
LINE(185,325)~-(350,325),4
LINE(350,325)-(350,125).,4
LINE(10,221)~-(180,221),4

" LINE(10,140)-(180,140),4
LINE(185,140)-(350,140),4
LINE{10,238)-(180,238),4
LINE(185,193)-(350,193),4
LINE(185,211)-(350,211),4
LINE{185,263)-(350,263),4
LINE(185,281)-(350,281),4
LOCATE 10,25:PRINT “INITIAL SEPARAEIONS”
LOCATE 10, 6:PRINT "MAKE-UP WATER"
LOCATE 17,5:PRINT "COOLING WATER"™
LOCATE 12,4:PRINT “SET POINT: *
LOCATE 13,4:PRINT “ACTUAL FLOW: "
LOCATE 15,4:PRINT "% VALVE OPEN: "
LOCATE 22,4:PRINT "% VALVE OPEN:
LOCATE 20,4:PRINT "ACTUAL TEMP: "
LOCATE 19,4:PRINT “TEMP SET PT: "
LOCATE 12,25:PRINT "PRODUCT HT: "
LOCATE 13,25:PRINT "% VALVE OPEN: "
LOCATE 15,29:PRINT "WASH COLUMN"
LOCATE 20,27:PRINT "TO-26 EXTRACTION"
LOCATE 17,25:PRINT "PRODUCT HT:"
LOCATE 18,25:PRINT "% VALVE OPEN:"
LOCATE 22,25:PRINT "PRODUCT HT:"
LOCATE 23,25:PRINT "% VALVE OPEN:"
IF SIG=25 THEN 105
SIG=25

T RRRRRRARREREAERAEARRAEREN

' CONTROL PROGRAM

T RAERRRRRRAREAREERSREREA SR

CALL IONMANA("TIN",5,13,12,1,-1)
" CALL IONMANA("TO26",5,10,12,1,-1)
CALL IONMANA("AMMONIA",S,11,12,1,-1)



CALL [-ONMANA("TEMP',3,0,12,1,-1) CALL | ONMAMA( " TEMPL", 3, 1,12, 1,-1) CALL
] ONVAWA( " TEMP2", 3, 2, 12, 1, -1) CALL | ONVANA(" TEMP3", 3, 3, 12, 1,-1) CALL

| ONVANA( " TEMP4" , 3, 4,12, 1,-1) CALL | ONVhNA(" TEMP5", 3, 5,12, 1,-1) CALL

| ONVANA( " TEMP6", 3,6,12,1,-1) CALL | ONVANA("TEMP7", 3,7, 12,1,-1) CALL

| ONVANA( " TEMPS", 3, 8, 12, 1,-1) CALL | ONMANA("TEMP9",3,9,12,1 ,-1) CALL
| ONMANA( "PH', 5, 15, 12, 1, - 1) CALL | ONVaN&4 SEP" | 6, 12, 12,1, -1) CALL

| GNVANA(" WASH 6. 14 12, 1 -1) CALL | CNVANA(" TI NOUT", 8,2, -1,-1,-1) CALL

| ONVANA( 'CRODUTONMANA ("WAT 1@?& NA( " AMMONI AQUT", 8,3,-1,-1,-1) CALL
| ONVANA( "SAEPEERTIE ; : ONKANA("CoOoLOUT", 9, 3,-1,-1,-1) CALL
| ONVANA( ' SFE ROz ,Bf),:é;x' VANA( " WASHOUT", 9, 0,-1,-1,-1) CALL

ANIN (TI D¢ereieph, §, 1532, I NGy, " ) CALL ANIN(" TOFEED%, 5. 0, " T026

A ONM; "
, 1, -1, " NEALL' ):UWAMMMWFEEWL&JQ- "AMMONI A", 1, -1, "NT","" ) CALL
ANl N( " WATBREEECNMANRD( "TEMPBR, 313,12, NF1)"'") CALL
ANI N( " TEIGRLEQ/TONMENA CIYEMPINC3 TEME IeNp2, TEMP3",1,-1,"NT"," ") CALL

ANI N(" TE ¢ g TERBAL NP5, TEMPG", 1, - 1, "NT", "") CALL
ANI N(" TE 5 ¢ WGT *TRMPO", 1, -1, NT", "") CALL
ANI N(" PHANY 5o ' #'8Tg* 13" TAL ANIN(" SEPI N% 15. 0,

"SEP", 1, CALLNIONMANAQimEMMgiela | YWATA] 1041)5. 0, "WASH', 1, -1, "NT","") CALL ANIN

(" ALARM/CALLO IONMANAIWERH™, 5,15,1BJ1,~-1)') Vari abl es TK1=150: TVAl-0

TCK1=160cn@nA§enumnaé;§§2ﬁ§ﬁA12@lgf;fng: W/A1=0 T=1:TI =3: TD=. 75
=1 < ) ‘r s ? = "

TOT=1: Tcmigm("wmm%@j\fz';§;_1'_|1)1000000. WID=0

IOWA("TQOUT",S'l,-l,"l,‘l) .

IONMANA ("AMMONIAOUT",8,3,-1,~1,-1)

IONMANA ( "WATEROUT",8,0,-1,-1,-1)

IONMANA ("COOLOUT",9,3,-1,~1,-1)

IONMANA (“SEPOUT",9,2,-1,-1,-1)

IONMANA ("WASHOUT"-, 9,0,-1,-1,~1)

ot

ANIN("TINFEED%",5.0,"TIN",1,~1, "NT",6"")
ANIN("TOFEED%",5.0,"TO26",1,~1, "NT","")

ANIN ("AMMFEED%*,5.0, "AMMONIA®, 1, -1, "NT" "")
ANIN("WATERFEED%",5.0,"WATER",1,~1,"NT","") I
ANIN("TEHPIN&",J..O,"COLDJUNC,TM,TEMPLTEHPZ,TM3",1.-1, Eﬁl" ¥
ANIN("TEMPIN2%", 1.0, "COLDJUNC, TEMP4 ,‘rms,'rmme",l.~l.“ﬂ'1"'.' “)
ANIN("TMIN3*",l.O,"COme,Tm7,ma,Tm9",1"'1'"“'1"': ')
wm("m*',s.o,"m“,lp-lpnm“,“n) '
ANIN("SEPINS®,15.0, "SEP",1,-1,"NT","n)
ANIN("WASHIN%",5.0,"WASH",1,-1,"NT", 6 "¥)

ANIN("ALARMS",5.0, "ALARM",1,~1, "NT","") °

|lll)
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! Variables

ET2rTrz Il 11y

TK1=150:TVAl=(Q

TOK1=160:TOVAiI=0

AK1=120:AVAI=0

WK1=50:WVAI=0

T=l:TI=3:TD=.75

TOT=1:TOTI=403TOTD=.5 g

WK1=50:WT=2.5: WITI=1000000:WTD=

TEMPSP=55 : TEMPK1=20

KPH1=.15: PHSP=8,.2

KLEVEL=18:LEVELSP=6:TSI=120:TSD=30
‘ KWASH=10:SEPVAR=1900: WASHVAR=3900 .

CALL INTON(1l,"MIL™)

IEIITITTrI 111}

! Tin Flow

IETTTITIITI L2121 .

CALL MEANDEV("TINFEED%",1,GV(1l) ,STDEV!,1.0,5.0,0)
CV(1)=INT((.6661%GV(1)~1.2715)*100+. 5)/100

IF CV({1)<0 THEN CV(1l)=0 )

ERR1=TSP-CV(1l)

DTVA=TK1* ( (1+T/TI+TD/T) *ERR1~-(1+2*TD/T) *ERR2+TD/T*ERR3)



TEMPSP=55: TEMPK1- 20 KPR1=.|5: PHSP=8. 2 KLEVEL=18 : LEVELSP=6: TS| =120: TSD=30
KWASH=10: SEPVAR=1900: WASHVAR=3900 CALL | NTON(1,"M L") T| n Fl ow CALL
MEANDEV( " TI NFEED% , 1, GV( 1), STDEV!, 1. 0, 5. 0, 0)

CV( 1) =I NT( (. 6661*GV(1)-1.2715)*100+. 5)/ 100 | F CV( 1) <0 THEN CV(1)=0
ERRL=TSP- CV(|) DTVA=TK1* ( (1+T/TI+TD/T) *ERRl- (1+2*TD/ T) *ERR2+TD/ T* ERR3)
- 15 - TVAL=TVA1+TK1*ERR1 ERR3=ERR2: ERR2=ERR1 | F TVAI <O THEN TVA1=0 | F
TVA1>3900 THEN TVA1=3900 PERT=( TVA1/ 39063 *100 t 026 flow CALL

I\/EANDEV( " meam/x;+mvm;tsTDEv1 1.0,5.0, 0)

CV(2) - I NT *100+. 5)/ 100 | F CV(2)<0. THEN CV(2) =0
TERRL- TOSEE <°r QTOk1* TERRL TERR3=TERR2: TERR2=TERRL | F TOVA1<0
THEN TOV. %o W%AI =3900 PERTO=( TOVAI / 3900).* 100 Ammoni a
Fl ow CALL " AMVFEEDY% , 1, GV(3), STDEV! , 1. 0, 5. 0, 0)

CV( 3) =1 NT§ #4»bbrika@Waay- 1. 2673) *100+. 5)/ 100 | F CV(3) <o THEN CV(3)=0 CALL
NVEANDEV( " PH Ne626l,6Bdf5) , STDEVL, 1. 0, 5. 0, 0)
CV( 5) =| NT( t4*Brexwa@ye8¥* 3. 563) * 100+. 5)/ 100 PHEERR=PHSP- CV( 5)
ASP=ASP+ MEANDEV ("TOFEEDY", 1,GV(2) ,STDEV!,1.0,5.0,0)

CV(2)=IN‘1'((.678*GV(2)-1.27)*1004-.5)/100

IF CV(2)<0 THEN CV(2)=0

TERR1=TOSP~-CV(2)

TOVA!=TOVAl+TOK1#*TERR1

TERR3I=TERR2 : TERR2=TERR1

IF TOVA!<O THEN TOVA!=0 -

IF TOVA!>3900 THEN TOVAI=3300

PERTO= (TOVA!/3900) *100

theARAAARAANRRARARR

' Ammonia Flow

IR RRARAERRAE AR Odn

CALL INTOFF

CALL MEANDEV{"AMMFEED%",1,GV(3),STDEV!,1. 0,5.0,0)
CV(3)=INT((.6679*GV(3)~1. 2673)*100+ 5)/100

IF CV(3)<0 THEN CV(3)=0

* CALL MEANDEV("PHIN%",1,GV(S),STDEV!,1.0,5.0,0)
CV(5)=INT( (1.8786#GV(5)-3.563) *100+.5) /100
PHERR=PHSP-CV(5)

ASP=ASP+KPH1*PHERR

© IF ASP<O THEN ASP=0
IF ASP>2.5 THEN ASP=2.5
AERR1=ASP-CV(3)

AVAI=AVA!+AK1*AERR1

IF AVAI<O THEN AVAl=0

IF AVA!>3900 THEN AVA!=3900
PERAMM=(AVA!/3900) 100
AERR3=AERR2 : AERR2=AERR1

(R 221221 TTT ETTY T e 2 T

' Make-up Water Flow

(AR AR ARRRNRARERRANRNEE RN

CALL MEANDEV("WATERFEEDI",1,GV(4),STDEV!,1.0,5.0,0)
CV(4)=IN'1'((3 ,7721%*GV(4) ~7. 2120)*100+ 5)/100*60/454
IF CV(4)<0 THEN CV(4)=0

WERR1=WSP~-CV(4)

WVA=WVA! -WK1+WERR1

IF WVA!<O0 THEN WVA!=0

IF WVA1>3900 THEN WVA!=3900

PERW=(1-WVA[/3900) *100

TR ARRARRRRRARRA SRR AR AR AR kR

' Reactor Cooling Water Flow

TR ARABNRERARN AR IR eR bR dd

CALL ARGETVALF ("TEMPINS",1.0,2,"TEMP",TV(0),10)
TEMPERR=TEMPSP-TV(0)

TEMPCNTRL! =TEMPCNTRL ! +TEMPERR*TEMPK1

IF TEMPCNTRLI<0 THEN TEMPCNTRLI!=0

IF TEMPCNTRL{>3900 THEN TEMPCNTRL!=3900



| F ASP<O THEN ASP=0 | F ASP>2.5 THEN ASP- 2.5 AERRL=ASP- CV( 3)
AVAL=AVAL+AK1* AERRL | F AVA1<O THEN AVA1=0 | F AVA1>3900 THEN AVA1=3900
PERAMVE( AVAL/ 3900) * 100 AERR3- AERR2 : AERR2=AERRL Make-up Water Flow CALL
MEANDEV( " WATERFEED% 1, GV(4) , STDEVI , 1.0, 5.0, 0)
CV(4) =I NT( (3. 7721* GV( 4) - 7. 2120) * 100+. 5) / 100* 60/ 454 | F CV(4) <0 THEN CV(4)=0
VERRL=WEP- CV(4) WAL=W/AL - WK1*WERRL |F, WA1<O THEN W/A1=0 | F WA1>3900
THEN WAI =3900° PERW:( 1- WAL/ 3900) * 100 REAcT or Cool i ng Water Fl ow CALL
ARGETVAL F(SERTHRPMNYL - S ERP ONTRIAYBY00YEAP0 10) TEMPERR=TEMPSP- TV (0)
TEMPCNTRLI +TEMPERR* TEMPKL | F TEMPCNTRL! <0 THEN TEMPCNTRL! =0 | F
TEMPCNTRL! 'S3900 *FRERMERPONTR**23860 . 16 - PERTEMP=( 1- TEMPCNTRL! / 3900)
*100 Sep Go/S¢BnCpiymn bg cﬂ°"|§F2§l§le THEN 1600 CALL
MEANDEV( " SEPLNZE -1 gé **5715.0,0) CV(6) =GV (6) IF GV(6)<.80 THEN
GV(6) =0 L\Aaglr= e &%%W%%nﬂ%.@tﬁ?,o LVLER- LVLER1) )
L EVEL =NTRIGkrlgly\e I'+DLC LVLER2=LVLERL LVLER=LVLER | F LEVELCNTRLI ! <0
THEN LEVELI@NEN(6¥d.80 THEN GV(6)=0 -
LVLER=LEVELSP-CV(6)
DLC=KLEVEL* ( LVLER+TSD* (LVLER-LVLER1) )
LEVELCNTRL!=LEVELCNTRL! +DLC
LVLER2=LVLER1
LVLER1=LVLER
IF LEVELCNTRL!<0 THEN LEVELCNTRL!=0
IF LEVELCNTRLI!>SEPVAR THEN LEVELCNTRL!=SEPVAR
PERLEVEL=LEVELCNTRL!/3900%100

R X 212121212222 22 22223 2211 !

' Wash Column Level Control
BT I ITITYY LI T I I I 222 L 13
IF WAS=1 THEN 1700
CALL MEANDEV("WASHIN%",1,GV(7),STDEV,1.0,5.0,0)
CV(7)=GV(7)
IF GV(7)<.88 THEN GV(7)=0

. WASHER=WASHSP-GV(7) .
WASHCNTRL! =WASHCNTRL! +KWASH*WASHER

* IF WASHCNTRL!{<0 THEN WASHCNTRL!=0
IF WASHCNTRL!{>3900 THEN WASHCNTRL!=3900
PERWASH=WASHCNTRL! /3900#100

IR R RBERERRREN RN RRRERERRRRRARRER RS

' falling film teniperature profiles

I ARRRRARRNBRERRRBRRERRRRRRRRRARREERAEARREARN

‘CALL ARGETVALF("TE!!PIX%",J..O,B,"TE!{PIL",TV(I) »10)
CALL ARGETVALF ("TEMPIN%",1.0,4,"TEMP2",TV(2),10)
CALL ARGETVALF ("TEMPIN%",1.0,5,%"TEMP3",TV(3),10)
CALL ARGETVALF("TEMPIN2%",1.0,2,"TEMP4",TV(4),10)
CALL ARGETVALF("TEMPIN2%",1.0,3,"TEMP5",TV(5),10)
CALL ARGETVALF ("TEMPIN2%",1.0,4,"TEMP6",TV(6),10)
CALL ARGETVALF("TEMPIN3%%,1.0,2,"TEMP7",TV(7),10)
CALL ARGETVALF ("TEMPIN3%",1.0,3,"TEMP8",TV(8),10)
CALL ARGETVALF ("TEMPIN3%",1.0,4,"TEMPO",TV(9),10)

XA LI 2212222231121 % 222 )

' distillate alarm
XX I11t1 21131121121}
CALL ARGETVALF("ALARMS",5.0,1,"ALARM", ALARM, 0)
LOCATE 18,50:PRINT * "
IF ALARM<4 THEN .
LOCATE 18,50 .
PRINT "EMPTY DISTILLATE"
END IF

TRRRARARARRRAERREERCS RS

! Indicators
IR YTYTTILS I LTI 2T Y S
IF SHUT=1 THEN
LOCATE 21,50:PRINT "SHUT DOWN SEQUENCE"
- LOCATE 22,S0:PRINT " INITIATED"



| F LEVELCNTR! >SEPVAR THEN LEVELCNTRL! =SEPVAR PERLEVEL LEVELCNTRL'/3900*100
Wash Col um Level Control IF WAS=1 THEN 1700 CALL
MEANDEV( " WASHI No6 , 1, GV(7), STDEV, 1.0,5.0,0) CV(7)=GV(7) IF GV(7)<.88 THEN
GV(7) =0 WASHER=WASHSP- GV(7) WASHCNTRL! =WASHCNTRL| +KWASH* WASHER | F
WASHCNTRL! <0 THEN WASHCNTRL! =0 | F WASHCNTRL! >3900 THEN WASHCNTRL! =3900
PERWASH- WASHCNTRL! / 3900* 100 fal ling fllqztenperature profiles CALL
ARGETVALF(" TEMPI N%§ , 1. 0, 3, " TEMP1", TV(1), 10) CALL ARGETALF(" TEMPI N%
,1.0,4, "TEERE“IHV(Z) , 10) CALL AGETVALF("TENPIN@bl 0.5, "TEMP3", TV(3), 10)

CALL ARGETVALSEPTENEENDYS 1 0 2,/ TENPA" TV(4) , 10) CALL

ARGETVALF( " WIE L5 59 : PRENP S MANHAT) Sf?o% %ﬂ&%

ARGETVAL F( % 1 0. 4," TEI\/P6" TV( 6),10) CALL ARGETVALF" TEMPI N3%
,1.0,2,"TE %‘m}‘ o, %, 1.0, 3, " TEMP", TV(8)

,10) CALL aﬁsEiryALF "'fENPI N3%,1 0, 4, " TENPO™, TV(9) , 10) distillate alarm
CALL ARGETVALF("ALAM', 5.0,1, "ALARM , ALARM 0) LOCATE 18,50: PRINT * IF
ALARVK4 THEMLL EVIEVAR, (SCIROUNY, 2 FIWARY -Di, SHTY) ATE' END | F | ndicators | F
SHUT=1 THE G TPV, I-*GFQYNDOAN EE'QJ}%\J' " LOCATE 22, 50: PRI NT

RALBORITEVARI Y
N TI ATED G T i 1, Tl 1 o

CALL WRITEVAR("COOLOUT" ,TEHPC’N‘I’RL! ¢ =1, "NT")
CALL WRITEVAR("SEPOUT",2,LEVELCNTRL!,-1,"NT")
CALL WRITEVAR/("WASHOUT",2,WASHCNTRL! -1, "NT")

IF TRIP=30 THEN 700
TRIP=TRIP+1

IF TON=) THEN 1110
IF GON=1 THEN 1000

LOCATE
LOCATE
LOCATE
LOCATE
. LOCATE
LOCATE
- LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE

4,16:PRINT USING
5,18:PRINT USING
7,19:PRINT USING
4,41:PRINT USING
5,43:PRINT USING
7,44 :PRINT USING
4,66:PRINT USING
5,68:PRINT USING
7,69:PRINT USING

"4%. 44" TSP
"SR R8T CV(L)
"$449: PERT
“s%.44"TOSP
"$.48%:CV(2)
"$4#"; PERTO
“3$.#4#%ASP
"$.#4Y:CV(3)
"$3#4" ; PERAMM
12,15:PRINT USING "##.#":WSP
13,17:PRINT USING "##.##%:CV(4)
15,18 :PRINT USING "###%;PERW
6,58 :PRINT USING "##.##":CV(5)
19,18:PRINT USING "##.#"; TEMPSP
20,18:PRINT USING "##.#%;:TV(0)
22,18:PRINT USING "###"; PERTEMP
12,37:PRINT USING "##.##":GV(6)
13,39:PRINT USING "###%;PERLEVEL
17,37:PRINT USING "##.##":GV(7)
18,39:PRINT USING "##4":PERWASH

e Il L
! NEW VARIABLE
T L T
AS=INKEYS

IF AS=WT"™
IF AS=WM™
IF Ag="G"
IF Ag=%YX"
IF AS=uC®
IF AS=" o
C$=INKEYS
IF CS=t o

OR A$="t" THEN
OR A$="n" THEN
OR A$="g" THEN
OR AS$=Wx" THEN
OR ‘AS="c® THEN
THEN 110

THEN 600

TRt hARERRARRRTAtds

! CLOCK

VR ARk R R AR AR AR Ay
CALL CLOCKREAD(TIME%X() , "NT®,""™)
IF GON=0 THEN

1100
1800
200
103
1200



LOCATE 15.,50: PRI NT "MANUAL SEP CONTROL" END.I F I F WAS=1 THEN LOCATE
16, 50: PRI NT " MANUAL WASH CONTROL" END | F CALL- MRI TEVAR(
"TINOUT", 2, TVA!, -1, "NT") CALL WRI TEVAR("TOOUT", 2, TOVA! ,-1,"NT") CALL

V\RI TEVAR( " AI\/I\/O\II AQUT", 2, AVAL, -1 ,"NT") CALL WRI TEVAR( " V\ATERQJT" , 2, WAL, -1,
"NT") CALL WRI TEVAR(" CQ]_GJT" , 2, TEIVPCNTRLI , -1,"NT") CALL

VRI TEVAR( " SEPOUT", 2, LEVELCNTRL! , CALL .

VRl TEVAR( " WASHOUT" , 2, WASHCNTRL! , - 1 TF TRIP-30 THEN 700 TRI P- TRI P+1

| E TON=1 THEROR TFQ [P Z;O\I—l THEN 1000 LOCATE 4,16: PRINT USI NG " ##. ##" ; TSP
LOCATE 5, 18: ,E%ﬁﬁg# (J %\Tﬁ’/ PRIMESHONT US| NG " ###" : PERT
LOCATE 4, 41: T E 5, 43: PRINT USI NG " ##. ##"; CV(2)
LOCATE 7, 44: USI NG " ###" : PERTO LOCATE 4, 66: PRI NT US| NG " ##. ##" : ASP
LOCATE . 5, 68: i NuNDSMBE 6 44 ¢65+RONTIMES DO SovRBARRYE) US| NG " #H##"  PERAVM
LOCATE 12, 1&mtw)mwmﬁamp LOCATE 13, 17: PRI NT USI NG "##. ##"; CV( 4)

LOCATE 15, 1 RUNZIMES(S) RIIT (RT2/ SOFRUNTDIEY O 5* &R PRI NT US| NG " ##. ##" : OV( 5)
LOCATE 19 1RUNTIMES () RENT (RT2-RUNERMED (0 Dr2GE0-RINGEMEY (4T *68) NG " ##. #" -

TV(O LOCAT L EEZ USI NG " ###" PERTEMP LOCATE 12, 37: PRI NT" USI NG
"##. #H#" GV( £ N Hitg g o @1&%* TE 17, 37: PRI NT
USI NG " ##. #1E j}% d??&lgglﬁﬁ@xﬁll\ﬁ' #) F\’b\AH NEW VARI ABI E
AS=| NKEYEND- TAS="T" CR AS-"t" THEN 1100

GOTO 105 :

kb hhhdtdbtbttdthbdhtdtdhd

' Variable List
IR ARRARENRTIRNEERERRRA AR
CLS:LOCATE 2,26:PRINT "CONTROL VARIABLE LIST"
LOCATE 3,263 PRINT "
LOCATE 5,8:PRINT "NUMBER":LOCATE G,B.PRINT Hemmm—— "
LOCATE 4,20:PRINT “VARIABLE" :LOCATE 5,22:PRINT "NAME"
LOCATE 6,20:PRINT "==eceaaal
LOCATE 4,35:PRINT "CURRENT":LOCATE 5,36:PRINT "VALUE"
. LOCATE 6,35:PRINT "=====a=l
VALUE (1) =TSP
.~ VALUE(2)=TOSP
VALUE (3) =ASP
VALUE (4 ) =WSP
VALUE (5) =TEMPSP
VALUE(6) =KPH1
VALUE(7)=PHSP
VALUE (8) =KLEVEL
VALUE (9) =KWASH
FOR I=1 TO 50
LOCATE I+6,10: PRINT I
LOCATE I+6,20:PRINT VARIS(I)
LOCATE I+6,35:PRINT USING "####.##":VALUE(I)
IF vms(na"s'rm'r UP" THEN I=50
NEXT I
ON ERROR GOTO 1500
LOCATE 23,10:INPUT "ENTER NUMBER OF. VARIABLE YOU WISH TO CHANGE:":NV
IF VAR:I:s(NV)-"" THEN 600
IF VARIS (NV)="SCREEN®" THEN
CLsS
GON=(Q : TON=0
X=40
GOTO 101
END IF :
IF VARIS (NV)="SHUT DOWN®" THEN 1300
IF VARIS(NV)="START UP" THEN 1400
IOCATE NV+6,35:INPUT VALUE(NV)
TSP=VALUE({1)
TOSP=VALUE (2)
ASP=VALUE(3)
WSP=VALUE(4)
TEMPSP=VALUE {5)
KPH1=VALUE(6)
PHSP=VALUE (7)




IF AS="M'  OR AS-"nf THEN 1800 I F AS="G' OR AS="g" THEN 900 IF A$="X" OR
AS="X" THEN 103 | F A$="C' OR AS="c" THEN 1200 IF AS—" " THEN 110 CS=I NKEYS
IF CS= "" THEN 600 CLOCK CALL CLOCKREAD(TI NE%), ") IF GONEO THEN ~
18 - FOR J=0'TO 2 LOCATE 10, J*3+65: PRI NT USI NG "##"'TINE@&J) RUNTI VE ()
TI ME% (J) - RTI ME% (J) NEXT J RT2=RUNTI NE% (0) *3600+RUNTI ME% ( 1)
*60-+RUNTI ME% 2) RUNTI NE* ( 0) =I NT( RT2/ 3609) —RUNTI NE% (1) =I NT( RT2/ 60- RUNTI NE%
(0) *60) RUNTI ME% 2) =I NT( RT2- RUNTI NE% 0) * 3600- RUNTI ME% 1) *60) FOR J=0 TO 2
LOCATE 1SLEVELeYBLDE(AIr US| NG "##"; RUNTI ME%J) NEXT J END | F GOTO 105
Variable%%@%ﬁ?ﬁ@&ﬁEE&tATE 2. 26° PRI'NT "CONTROL VAR ABLE LIST" LOCATE .

3, 26: PRIRFFAG00 Lo " LOCATE 5, 8: PRI NT " NUMBER': LOCATE 6. 8: PRI NT
"o---" | GOATE As20xRRM T4 MR ABLE' | LOCATE 5, 22: PRINT "NAME' LOCATE 6, 20:
PRINT " t- -- Data’ FLOGSTE 4, 35 PRI NT " CURRENT": LOCATE 5, 36: PRI NT " VALUE"

LOCATE 6'EE?#WQ%N?************MALUE(l) =TSP VALUE( 2) =TOSP VALUE (3) =ASP VALUE
(4) -\WSFLF DCT=0 THEN 710

OPEN "C:TIME.PRN" FOR APPEND AS #1

PRINT +#1,TIME$(0),TIMES(1),TIME%(2)

CLOSE #1

OPEN "C:FLOW.PRN" FOR APPEND AS #2

PRINT #2,CV(1),CV(2),CV(3),CV(4),CV(5),CV(6),CV(7)

CLOSE #2

OPEN "C:TEMP.PRN" FOR APPEND AS #3

PRINT #3,TV(0), TV(I) TV(2),TV(3),TV(4) ,TV(5),TV(6),TV(7),TV(8) ,TV(9)
CLOSE #3

OPEN "C:COMMENT.PRN" FOR APPEND AS #4
PRINT #4,CMMTS

CLOSE #4

CMMTS =t "

TRIP=0:GOTO 115

IR 13 s 212231231221 11121 12

' Graph Section
'*t*t*t**t*t*****tt*tt*
 CLS:LOCATE 2,263 PRINT "VARIABLE GRAPHIKG LIST"
- LOCATE 3,26: PRINT "
IOCATE 5,8:PRINT "NUMBER":LOCATE S,B.PRIRT Yowamaei
LOCATE 4,20:PRINT “VARIABLE" : LOCATE 5,22:PRINT “"NAME"
IOCATE 6,20:PRINT "wew—e===I:T0CATE 6,22:PRINT "ewei

FOR I=1 TO 50
LOCATE I+6,10:PRINT I
LOCATE I+6,20:PRINT GNAMES(I)
IF GNAMES(I)="CANCEL GRAPH" THEN I=50

NEXT I

LOCATE 23,10:INPUT "ENTER NUMBER OF VARIABLE YOU WISH TO GRAPH:":NV

IF GNAMES (NV)="CANCEL GRAPH" THEN
‘GON=0
GOTO 600

END IF

GON=1:TON=0:CLS

LINE(40,0)~-(40,310)

LINE(40,310)-(600,310)

LOCATE 24,30:PRINT "TIME"

LOCATE 2,60:PRINT GNAMES (NV)

LOCATE 3,60:PRINT CV(NV)

Y==34.44%GV(NV) +344.4

‘IF X=40 THEN 1010

LINE(X,Y)=(X-1,YOLD)

YOLD=Y : X=X+1

IF X=600 THEN
X=40
GOTO 990

END IF

GOTO 120

IARRRERERRRARRNRRRARARARARERRR
! Temperature Profiles



VALUE -(5) =TEMPSP VALUE (6) KPHL VALUE (7) =PHSP VALUE (8) =KLEVEL VALUE(9)
=KWASH FOR | =1 TO 50 LOCATE |+6, 10: PRINT | LOCATE | +6, 20: PRI NT VARI S(1)
LOCATE | +6, 35: PRI NT USI NG " ####. ##"; VALUE(1) | F VARI S(1)=START UP" THEN
|-50 NEXT | ON ERROR GOTO 1500 LOCATE 23, 10: | NPUT " ENTER NUVBER OF. VARI ABLE
YOU W SH TO CHANGE: "; NV | F VAR S(NV)-"" THEN 600 | F VAR S (NV) =" SCREEN"
THEN CLS GON:O TO\I—O X=40 GOTO 101 ENDy¢FE-1F VAR S(NV) =" SHUT DOAN' THEN

1300 | F VAR START QP* les %J ?o LOCATE NV+6, 35: 1 NPUT VALUE( NV)

TSP- VALUE( ASPVALCEL 3) WsP=VALUE (4) TEMPSP=VALUE(5)
KPH1= VALUE( wm&@zuifé@ﬁwﬁﬂﬁ%&h EYRSEFARY AR s@@’i@n
600 Data Hﬂga;Tng

LOCATE 5,24: PRINT “FFFE TEMPERATURE PROFILES"
LOCATE 6,24:PRINT "
FOR J=0 TO S0
IF TLABELS (J)="MALOTT" THEN 1110
LOCATE J+8,S5:PRINT J+1
LOCATE J+8,10:PRINT TLABELS (J)
NEXT J
FOR J=0 TO S0
IF TLABELS (J)='MALOTT" THEN 121
LOCATE J+8,35:PRINT USING "###.#":TV(J)
NEXT J

'**i*tt**ttt**it*******
! Comment Profiles
TARRARRARRRARRERRERRARR RN
CLS:LOCATE 3,28:PRINT "COMMENT PROFILES“
LOCATE 4,28: PRINT "
FOR L=1 TO 50
IF COMMENTS (L)="HALF LIFE" THEN 1250
IOCATE L+6,10:PRINT L
LOCATE L+6 20: PRINT COMMENTS (L)
NEXT L

* ON ERROR GOTO 1500 : :
LOCATE 23,10:INPUT "ENTER THE COMMENT YOU WISH TO MAKE:":NV
IF COMMENTS (NV)="CANCEL COMMENT®" THEN 600
CMMTS=COMMENTS (NV)
IF COMMENTS (NV)=“INPUT COMMENT" THEN
LOCATE 18,15:INPUT "ENTER YOUR COMMENT:" ;CMMTS$S
END IF
TRIP=30:GOTO 600

I RRRRRRARARNRRERNRRARRENRS

! Shut Down Variables

LR L T I T T T T2 2 T TP g T ey
TSP=0:TOSP=0:SEP=1:WAS=1

ASP=0Q:WSP=2,5

TEMPSP=30

TVAI=Q:TOVAI=Q

AVAI=Q:WVAI=Q:SEPVAR=3900: WASHVAR=3900
LEVELCNTRL!{=SEPVAR: WASHCNTRL | =WASHVAR
CMMTS$="SHUT DOWN":TRIP=30:SHUT=1:GOTO 600

' RERRRRERSRBEACARRERRES

' Start Up Variables

IR RRARERAERVARNEANRE RSN

TSP=SP*D/100/ (B=C*D/100)
ASP=TSP*CH*17/35.454/100/.28

WSP=SpP#*1.1/2

TOSP=SP:SEP=0:WAS=0

KLEVEL=18 : KNASH=10: SEPVAR=1900: WASHVAR=3900
CMMTS$="START UP*":TRIP=30:SHUT=0:GOTO 600

I RRRRREARRRRARARRRRNER

! Error Trap
LI I TR ey Y]



OPEN "“C: TI-ME. PRN' FOR APPEND- AS #1 PRI NT #1, TI ME% 0), TI ME% 1) , TI ME% 2)
CLOSE #1 OPEN "C. FLON PRN' FOR APPEND AS %2 PRINT #2, CV(1), CV(2)

, CV(3), CV(4), CV(5),CV(6),CV(7) CLOSE #2 OPEN “C: TEMP. PRN' FOR APPEND AS #3
PRI NT #3, TV(O0) ,TV(1) ,TV(2) ,TV(3) ,TV(4) ,TV(5) ,TV(6) ,TV(7) ,TV(8)

, TV(9) CLOSE #3 OPEN " C: COVMVENT. PRN' FOR APPEND AS #4 PRI NT #4, CMMTI'S CLOSE
#4 CMMIS="" TRI P=0: GOTO 115 Graph Sectipn CLS: LOCATE 2,26: PRI NT "VARI ABLE
GRAPHI NG LI ST" LOCATE 3, 2 6: PRINT "------- " LOCATE 5, 8: PRI NT

"NUVBER" : me-@)s THEN\RESUME _ 110 LOCATE 4, 20: PRI NT "VARI ABLE": LOCATE

5, 22: PRI BESPMBA T ... ---." :LOCATE 6, 22: PRINT "----"
FOR | =1 -1 +6, 10: PRINT | LOCATE | +6, 20: PRI NT GNAVES(1) | F
GNAVES (| ) 74 £ANGHLe 4GRAR # Tkl d b0 NEXT | LOCATE 23, 10: | NPUT "ENTER NUVBER
OF VARI'ABLE niaidall Sdpl@onBaABL: " ; NV | F GNAMES(NV) - " CANCEL GRAPH' THEN GON=0
GOTO 600 Bbﬁﬁwme*&et#wa 0,0 &40 310) LI NE(40, 310) - (600, 310)
LOCATE 24CEUL mpmrm?mmm(@om % LOCATE 3, 60: PRI NT

CV(NV) Y—%ﬁ&lﬁm%%é(ér S 40 THEN 1010 LI NE( XY) -(X-1, YOLq)

LEVELCNTRL!=KLEVEL/100*#3900

IF LEVELCNTRL!<0 THEN LEVELCNTRL!=0

IF LEVELCNTRL!>3900 THEN LEVELCNTRL!=3900
PERLEVEL=KLEVEL

GOTO 106

E2 222 21 LTI 2212 s ]l

' Manual Wash Control
FTYTTTYTITITYIT Y22 12213 42/

CALL MEANDEV ("WASHINS",1,GV(7) +STDEV,1.0,5.0,0)
CV(7)=GV{(7)

IF GV(7)<.88 THEN GV(7)=0
WASHCNTRL!=KWASH/100*3900

IF WASHCNTRL!<0 THEN WASHCNTRL!=0

IF WASHCNTRLI!>3900 THEN WASHCNTRL!=3900
PERWASH=KWASH

GOTO - 107

IRARRREBERRRRERRRAARARNR

' Manual Control Screen
IEY It 11r 222yt tlzsllizlg]
CLS:LOCATE 4,32:PRINT "MANUAL CONTROI.S"-
LOCATE 5,32: PRIN'!.' " .
FOR M=l '1'0 50
IF MANUALS (M)="HALF LIFE" THEN 1850
LOCATE M+6,10:PRINT M
LOCATE M+6 ,zo:pnm MANUALS (M)
NEXT M
LOCATE 20,10:INPUT "ENTER THE VARIABLE YOU WISH:":NV
IF MANUALS (NV)="CANCEL" THEN 600
IF MANUALS (NV)=“MANUAL SEP" THEN
: SEP=1: KLEVEL=PERLEVEL
LOCATE 16,15:PRINT "KLEVEL?";KLEVEL
LOCATE 16,21:INPUT KLEVEL
GOTO 600
END IF
IF MANUALS (m)--momnc SEP" THEN
SEP=(Q: KLEVEL=18
END IF
IF MANUALS (NV)="MANUAL WASK" THEN
WAS=] : KWASH=PERWASH
LOCATE 17,15:PRINT WRKWASH?" ; XKWASH
IOCATE 17,20:INPUT KWASH
GOTO 600
END IF
IF MANUALS (NV)="AUTOMATIC WASH" THEN
WAS=0 : KWASH=10 ]
END IF
IF MANUALS (NV)=#ALI, MANUAL" THEN
SEP=1:WAS=]l




YOLD=Y: X=X+1 | F X=600 TEEN X-40 GOTO 990 END IF GOTO 120 Terrper ature
Proofil es - 20 - CLS: TON-1: GON-1 LOCATE 2,13: PRI NT "PALLETI ZABLE

| NTERNATI ONAL TI'N STABI LI ZER SYSTEM' LOCATE 3, 13: PRI NT LOCATE 5, 242: PRI NT
"FFFE TEMPERATURE PROFI LES' LOCATE 6,24:PRINT FOR J=0 TO50 IF
TLABELS(J) ="MALOTT" THEN 1110 LOCATE J+8, 5: PRI NT 3+1 LOCATE J+8, 10: PRI NT
TLABELS(J) NEXT J FOR J=0 TO 50 | F TLABEL.S(J)="MALOTT" THEN 121 LOCATE
J+8, 35: PRI NT USI NG "###. #"; TV(J) NEXT J Comment Profil es-CLS: LOCATE

3, 28: PRI NT " COASHERFERWGHH :JEEVELSCEREEYERS: PRI NT FOR L=1 TO 50 IF
COMVENTS(L) LOCATE Lﬁ-F{S' Pm IXEEVEGEATRLEVEL 10: PRI NT L LOCATE

.“5\:3‘— C O 1500 LOCATE 23, 10: | NPUT
"ENTER THE CANERD * COMMENTS$( NV) =" CANCEL COMVENT™
rrodeCd | NTS (NV) ="1 NPUT COMVENT" THEN LOCATE
18, 15: | NPgkp" Ei-\ITER YClJR COVMENT: " ; CMMI'S ‘

IF MANUALS (NV)="ALL AUTOMATIC" THEN
SEP=0Q:WAS=0

END IF

GOTO 600




END | F* TRI P=30: GOTO 600 Shut Down Variabl es TSP=0: TOSP=0: SEP=1: WAS-1
ASP=0 WBP=2 .5 TEMPSP-30 TVAI =0 TOVAI =0

AVA1=0: WAL- 0: SEPVAR- 3900: WASHVAR=3900 LEVELCNTRL! =SEPVAR WASHCNTRL!
=WASHVAR CMMT'S=" SHUT DOWN' : TRI P=30: SHUT=1: GOTO 600 Start Up Vari abl es
TSP=SP* D/ 100/ (B- C*D/ 100) ASP=TSP*CH* 17/ 35. 454/ 100/ . 28 WSP-SP*1. 1/2 -
TOSP- SP:  SEP=0: WAS=0 KLEVEL=18: KNASH=10: SEPVAR=1900: WASHVAR- 3900
CMMIS="START UP": TRI P-30: SHUT=0: GOTO_6QQ Error Trap - 21 - |IF (ERR5)
THEN RESUME 110 | F (ERR-11) THEN RESUME 10 RESUME NEXT Manual Sep: Centr ol
CALL MEANDEV("SEPIN®, 1,GV(6) ,STDEV, 1.0,15. 0,0) CV (6) =GV (6) IE
GV( 6) <. 80 THERE GV(6)=0 LEVELCNTRL1 =KLEVEL/100*3900 | F LEVELCNTRL1 <0 THE
LEVELCNTRLI -0 | F LEVELCNTRLI >3900 THEN LEVELCELI =3900 PERLEVEL=KLEVEL GOTO
106 Manual Wash Control CALL MEANDEV ( "WASHI N8, 1, GV (7), STDEV, 1. O,

5. 0, 0) OV(7) = o¥( Wil¥ B¥( appaFentittb Cohé) -4 VOPUThAR,! SRAAIH €RRE 3900

although it is much more economical to operate the method
of this invention in but one agitated vessel as described
hereinabove and in the following examples, there is no
reason why the vigorous agitation of the reaction mixture
could not be conducted in a series of agitated vessels
before separation is commenced. Thus, the operation of
this method with its essential agitation, as defined
herein, in more than one agitated vessel is considered
-equivalent to its operation in but one.

- EXAMPLE 1

Twenty-seven hundred grams of water were placed in a
3 liter reactor having a diameter of 5” and equipped with
a center-mounted laboratory 'style mixer having two 2.5"-~
inch diameter LIGHTNIN A310 impellers spaced 4 inches apart
on the mixer shaft. The mixing was started at a shaft
speed of about 1300 RPM and the addition of a 50% by weight
équeous solution of alkyltin chloride (80% dimethyltin
dichloride, 20 % monomethyltin trichloride by weight) at
210 grams/minute, 2-ethylhexylthioglycolate at 213
gfams/ninute, water at 107 grams per minute, and
concentrated ammonium hydroxide (28% by weight) was
started. The two organic reactants were added continuously
in essentially stoichiometric proportions as controlled by
a computer, but the addition of the ammonium hydroxide was
controlled by the computer to maintain a constant pH of
8.2. About 60 grams/minute of the acid acceptor was added
during the course of the continuous preparation of the
alkyltin 2-ethylhexylthioglycolate, which was continued for
about 5 hours. The liquid level in the reactor was 8
inches; the operating volume was, therefore, 2.575 liters



| F WASHCNTRL! <0 THEN WASHCNTRLI =0 | F WASHCNTRLI >3900 THEN WASHCNTRLI =3900
PERWASH=KWASH GOTO 107 Manual Control Screen CLS: LOCATE 4, 32: PRI NT " MANUAL
CONTRCLS" LOCATE 5,32: PRINT FOR M1 TO 50 If MANUALS(M ="HALF LI FE" THEN
1850 LOCATE Mt6, 10: PRINT M LOCATE M6, 20: PRI NT MANUALS(M NEXT M LOCATE
20, 10: I NPUT "ENTER THE VARI ABLE YOU WSH:"; NV I F MANUALS (NV) ="CANCEL"
THEN 600 | F MANUALS( NV) =" MANUAL SEP" THEN SEP=1: KLEVEL=PERLEVEL LOCATE
16, 15: PRI NT "KLEVEL?" ; KLEVEL LOCATE %% 21: | NPUT KLEVEL GOTO 600 END | F
-1 F MANUALS -(NV) ="AUTOVATI C SEP" THEN SEP=0: KLEVEL=18 END IF I F. -
MANUALS( NV) = "MANUAL WASH' THEN WAS=1: KWASH=PERWASH LOCATE 17, 15: PRI NT -
"KWASH?"; KMASH LOCATE 17, 20: | NPUT KWASH GOTO 600 END I F | F MANUALS

(NV) =" AUTOVATI C WASH' THEN WAS=0: KWASH=10 END I F I F MANUALS(NV) = "ALL
MANUAL" THEN SEP=1: WAS=1 = - 22 - KWASH=PERWASH: KLEVEL=PERLEVEL

(0.68 gallon) and the Z-factor was 1.6. At this mixer
- speed, the turnover rate was about 130 per minute and the
average bulk fluid velocity was about 88 feet/minute. The
additions and a continuous withdrawal of the reaction
mixture into a gravity settling separation unit were
commenced simultaneously at the same rate. The mixture
separated 'quickly and the organic phase was washed with
water and dried by heating under vacuum. The residence
time in the stirred reaction vessel was about 4.5 minutes.
T A sample of the dried product-had a tin content of 18.8 %
by 'Refractive Index measurement, 18.96 % by atomic
absorption spectra, and 18.6 % by X-ray analysis. The
theoretical content of tin in the product, taking into
account the amounts of ester and alkyltin chloride charged
and the concentrations of dimethyltin and monomethyltin
chlorides therein, is 18.9 % by weight.

EXAMPLE 2

A five-gallon, baffled cylindrical reactor vessel,
having a diameter of 11.5 inches was charged with 33 pounds
of water and agitation was started with a top-entering
center-mounted LIGHTNIN Series XDQ, Model XDQ-75SCR mixer
equipped with dual A310 laser foil impellers having a 5.2
inch diameter and spaced 4 inches apart. Said mixer has a
0.75 HP, variable speed (1750 RPM max), DC motor. The
pumping rate of the impellers was 1013 gallons per minute
and the fluid velocity across the impellers was 188 feet
per minute. The simultaneous addition of the aqueous
solution of the mixture of dimethyltin dichloride and
monomethyltin trichloride (like that in Example 1), the 2-
efhylhexylthioglycolate, water, and the ammonium hydroxide
was then started. The rates of addition of the organic



LOCATE 16, 15: PRI NT "KLEVEL?"; KLEVEL LOCATE 16, 21: 1 NPUT KLEVEL LOCATE

17, 15: PRI NT "KWASH?" ; WASH LOCATE 17, 20:. | NPUT KWASH GOTO 600 END IF I F
MANUALS (NV) ="ALL AUTOVATI C' THEN SEP=0: WAS=0 END | F GOTO 600 - 23 - It
wi |l be apparent to one of ordinary skill that although it is nmuch nore
econom cal to operate the nethod of this invention in but one agitated

- vessel as described herei nabove and in the foll owi ng exanples, there is no
reason why the vigorous agitation of t reaction m xture could not be
conducted in a series of agitated vessels before separation is comenced.
Thus, the operation of this method with its essential agitation, as defined
herein, in nore than one agitated vessel is considered equivalent to its
operation in but one. EXAMPLE Twenty-seven hundred grams of water were
placed in a 3 liter reactor having a dianeter of 5" and equi pped with a °
cent er - nounthdtaNtsit weyest \2 &7 poundaviper t mindté" -of nthediadkgtldrin
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- addition of the anmoni um
the combined addition rates commenced as the mixture

overflowed from the reactor and the mixture was
continuously led into a separation tank where the aqueous
phase separated quickly and cleanly from the organic phasé.
Said aqueous phase contained only 360 ppm of tin - an
indication of the completeness of the desired reaction and
lack of side reactions. The product phase was washed with
fresh water and dried with heat and vacuum. The percent tin
in the dry product was 18.8 by the refractive index method,
18.9 by the X-ray method, and 18.83 by density.

The following examples illustrate the criticality of
the turnover rate in achieving continuous manufacture of
the ester. |

Example 3

The general procedure of Example 1 was followed except
that the residence time was 5 minutes and the speed of the
impellers was varied from a high of about 1300 rpm to a
low of about 800 rpm. Separation of the emulsion created by
the agitation was substantially instantaneous and complete
at a speed as low as 910 rpm but it was unsatisfactorily
'slow at a speed of 800 rpm. At this low impeller speed, the

s pumping rate of the impellers was about 55 gallons per
minute and the turnover rate was about 81. At an impeller
speed of 910 rpm, the pumping rate was about 63 gallons per



controlled by the conmputer to maintain a constant pH of 8.2. About 60
gr.ans/ m nute of the acid acceptor was added during the course of the
continuous preparation of the alkyltin 2-ethyl hexylthioglycolate, which was
continued for about 5 hours. The liquid level in the reactor was 8 :

i nches; the operating volune was, therefore, 2.575 liters - 24 - (0.68
gallon) and the Z-factor was 1.6. At this m xer speed, the turnover rate
was about 130 per mnute and the avera@e bulk fluid velocity was about 88
feet/mnute. The additions and a continuous w thdrawal of the reaction

m xture into a gravity settling separation unit were comenced i

sinul taneously at the sane rate. The m xture separated quirckly and the
.organi ¢ phase was washed with water and dried by heating under vacuum The
residence tine in the stirred reaction vessel was about 4.5 mnutes. A -
sanpl e of theimrtedanl cchettuEbver irattewastaldutd @B, % by Refractive

I ndex neasurenent, 18.96 % by atom c absorption spectra, and 18.6 % by
X-ray anal ysi s. The theoretical content of tin in the product, taking
into account the anpunts of ester anBXamplet#n chloride charged and the
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havi ng a b5. 1 ane aced 4 1 nches apart mxe asa 0.75

HP, vari abl @M%ﬂﬁ@!ﬁ Rmﬂax'}’ommbeﬁ%t oft 1IAB pERPi nPutat dtof Wask

i mpel | ers Wagndddsidto s DEro1o kg, and the fluid velocity across the

i npel l ers was 188 feet per minute. The sinultaneous addition of the aqueous
solution’of the mxture of dinethyltin dichloride and nononethyltin
trichloride (like that in Exanple 1), the 2-



et hyl fiexyl t hi ogl ycol ate, water, and the ammoni um hydroxi de ‘was then

stsarted. The rates of addition of the organic - 25 - reactants were:

2.67 pounds per mnute of the alkyltin chloride, 1.36 pounds per m nute of
“water, and 2.7 pounds per minute of the thioglycolate. The amoni um _ :
hydr oxi de was added at a rate sufficient to maintain the pH at 8.2 (about 1
pound per mnute). The additions were continued for 109 m nutes and the
tenperature was mai ntai ned at 45 C. Wtdldrawal of the reaction nmixture at a
rate equal to the conbined addition rates commenced as the mxture - -
overflowed from the reactor and the mxture was continuously l-ed

into a separation tank where the aqueous phase separated_quickly and

cleanly fromthe organi-c phase. Said aqueous phase contained only 360 ppm
of tin - an indication of the conpl eteness of the des uﬂ m ’ ﬁ | ack |
of side read@liemsubjéat mathex gletwedvaswashed with Mried
with heat and vacuum The percent tin in the dry product was 18.8 by the
refractive index nmethod, 18.9 by the X-ray method, and 18.83 by density.

The fol | owi ng exdhpl 8s nethad r for  Bhaecqantdnuaus opanpgactuney of r ane in
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rpmto a | oadaid aéster 30@&ndpran Seqid aacceptbdrt b canil aghbatedaagtidons he
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the punplngé&gé%£%¥ial%¥u éﬁ%&ﬁ%ﬂéﬁs F%ﬁe volume of the mixture,
maintaining the resulting reaction mixture at a pH of from
greater than 7 to about 8.2, continuously withdrawing the
mixture from said reaction vessel simultaneously with the
addition of the reactants, and continuously separating it _
as it is withdrawn into an agueous phase and an organic
phase without the need for demulsification means.

2. The method of claim 1 wherein the turnover rate is
at least about 110 per minute.

- 3. The method of claim 1 wherein the pH is from about
8 to about 8.2. ' '

4. The method of claim 1 wherein the turnover rate is
at least about 120.

5. The method of claim 1 wherein the alkyltin halide,
the ester, and the acid acceptor are added beneath the
surface of the liquid in the reaction vessel.

6. The method of claim 1 wherein the alkyltin
thiocarboxylic ester has the structure:



- 26 £ minute and the turnover rate was about 93. Exanpl e 4 The general
pr.ocedure of Exanple 1 was fol | oned except that the residence tinme was
about 3.6 minutes and the inpeller speed was varied from about 1300 rpmto
a low of 910 rpm The separation of the enul sion was substantially

i nst ant aneous and conplete at 1145 rpmbut it was unsatisfactory at 910

rpm - 27 - The subject matter clained is: [err] 1. A nethod
for the continuous manufacture of an_ablgyltin t hi ocar boxylic aci d
ester conpri sing si ml taneously adding an alkyltin halide, a- -

t hi ocarboxylic acid ester, and an acid acceptor to an agitated agueous
medi umin a reaction vessel over an indefinite peri od o““lllmnunﬂiﬂmlum
. the mixture with one or nore inpellers at a turnover pe at
| east about 90 substantially throughout the volune of fthet dixtfuré,
mai ntai ning the resulting react gﬁ[sl( %qcm‘ola] H of fromgreater than 7

to about 8.2, continuqysly wth n ture fromsald rgagtian
vessel simultaneously %ﬁ%ej{rhexa%%% gﬁ g'ﬁ a?nt%ra%hd g ﬁ‘? Afbusl y
separating ialkylit is withgraum hawizmrfmm@ngs qmzfsmxammomlag:@msc phase
wi t hout the ;}qf s dpqul sificafy "E‘%f&: t of m %

wherein the tur gi%)ver rate is ata%ggh’t about 11 pgrr“Sna gggg gﬁbﬁlﬁ hod
of claim 1l Heftaen igarban jataRsm about 8 to about 8.2. 4. The net hod of
claim1l1 wherein the turnover rate is at |east ‘about 120. 5 The met hod of

‘claim1 wherein t I kyI t. a er acceptor are
added beneath th °‘¥rﬂf|‘fe’cﬁ.#"he¥ r’{'sfﬁreé’r'éggt#%ﬂ“ 1. 6. The
met hod. of claim1l vvherel n the alkyltin

. 9. The method of claim 7 wherein R’ is 2-ethylhexyl.

10. The method of claim 8 wherein R’ is 2-ethylhexyl.



fhiac%rboxylic ester has the structuré: 2 28 - * C

_ L M S
*.[err] wherein x is 1 or 2, and n is'1 or:2;, Ris an alKkyl - group
havi ng fromone to four carbon atofrs; and R is an al kyl  group

having from eight to sixteen carbon atons. 8. The nethod of claim?7
wherein Ris nmethyl. 9. The nethod of claim7 wherein R is_ 2- et hyl hexyl .

10. The nmethod of claim8 wherein R is 2-ethyl hexyl.

- 29 -

- CONTINUOUS PROCESS FOR MAKING
IC AC S

SCLOSU}

This invention provides a method for reducing
fifty-fold the size of equipment required for making a
given volume of alkyltin thioglycolic acid esters. In
said method, an alkyltin thiocarboxylic acid ester is made
from the corresponding alkyltin halide and thiocarboxylic
ester in a continuous process that recjuires but one
agitated reaction vessel. The organic reactants and an
acid acceptor are added simultaneously to a reaction vessel
equipped with agitator impellers - and containing a
sufficient level of water to provide an agitatable medium.

Extremely vigorous agitation (at least about 75, preferably

at least about 90, turnovers per minute, which is
sufficient to achieve a fluid velocity across the
impeller(s) of at least about 50 feet per minute) is
employed to avoid side reactions which often cause the
formation of a ten&cions , stringy emulsion, the breaking of
which requires a rather difficult and wasteful filtration.
Continuous withdrawal of the reaction mixture from said
reactor is commenced promptly after commencement of the
additions and said mixture is continuously separated into
an aqueous phase and an organic phase as it is withdrawn

" without the need of demulsification means. The pH of the

reaction mixture is greater than 7 but the maximum is about

8.2 and the temperature is from about 40 to about 80°C.



