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invention relates to PVC stabilizers. In particular, it relates to a nethod
for making an al kyltin thiocarboxylic acid ester fromthe correspondlng
al kyltin halide and thiocarboxylic ester. Mre partlcularly, It rebib ol O
a nethod for continuously synthe5|2|ng such an ester in an aqugqys-58g me
in a single vessel

CONTINUOUS PROCESS FOR MAKING |
A DIALKYITIN THIOCARBOXYLIC ACID ESTER

BACKGROUND OF THE INVENTION -
 This invention relates to PVC stabilizers. In particular, it

5 relates to a method for making an alkyltiﬁ thibcarboxylic acid
ester from the corresponding alkyltin halide and thiocatboXylid
ester. More particularly, it relates to a method for continuéusly
synthesizing such an ester in an aqueous medium in a single vessel
with extremely vigotgus agitation.

10 : - Because of the drawbacks associated with the use of an organic
"solvent in batchwise préparations 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.

15 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 neéessary'during'the

20 rather long holding times_assbciated with batchwise progedures;
Side reactions such as the formation of alkyltin oxide by the
reaction of ammonium hydroxide (an aéid acceptor) and the'alkyltin
halide, and the base-catalyzed hydrolysis of the thiocarboxylic
ester cause loss of desired product and produde'materials which

- 25 often cause the formation of a tenacious, stringy emulsion, the
breaking of which requires a rather difficult and wasteful
filtration. | -

- Maul et al (U. S. Patent 4,554,368) proposes to provide a
continuous process for the preparation of'_these ‘esters which

30  comprises carrying out the reaction continuously in a system
' consisting of 1 to 5 agitated vessels with an average dwell fime of
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with extrenely vigorous agitation. ~ Because of the drawbacks associ ated
with the use of an organic solvent in batchw se preparations of such esters
Pn the past (e.g., dimnished yields based on the space and tine allotted
to the process), some have turned to nmethods in which the product is-still
made batchwi se but with the elimination of the organic solvent. TheseTENDO,
have their shortcomings. If the reaction mixture is strongly aldd3+g8-€00
t he 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 minimze such hydrolysis, |ow tenperatures are necessary
during 1heoréo heindtsy dtoladiconsttants pis vadiuat 0 whehrbagehfiron procediand.
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ammoni um-hydr oXi an- acid acceptor) and | de
base- cacanyenientdeo|initiate the FE?@@&P@OR?FFBWé§FerPB§B§§9I t@% %ﬂ‘ 36%9"? ed

product cq9grpaeduna "Eﬁ‘eerﬁrﬁ.'o%%dé&rﬁkd %E?Uéétébelhomﬁt irEnoifred molar
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cons: st HAatopar ¥FBe " corhlr | B B MR R R o e/ g svandT
' chloride is started and the volume of the reaction mixture is
controlled by pumping it into a second agitator vessel. It is not
10 clear that the contlnuous process described by Maul in terms of two
agitator vessels would be successful when only one agitator vessel
is used. _
There reinains a need, therefore, for a eontinuous process for
the preparation of alkyltin thibglycelic acid esters from the
15 corresponding halides and esters in an aqueous medium  which
_produces a “two phase product mixture which is substantially
1nstantaneous1y 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
20 and esters which is continuous from the start for an indefinitely
| long 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.
25 _
SUMMARY OF THE INVENTION
It is an object of th:.s J.nvention, therefore, to provide a
continuous process for the manufacture of alkyltin thloglycollc

30 acid esters that requires but one agitated reactor.
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.- 2- 1 to 60 mnutes at a constant pH value in the range from3 to 8 and
at a tenperature from40 to 80C.  Maul teaches that it is convenient to
ihitiate the reaction batchwi se, punping the alkyltin chloride and the

t hi ecarboxylic acid ester in the required rolar ratio into the first .
reactQr to fill it halfway before an aqueous sotution of the base is added
with”stirring to raise the pH to the desired value. Then, the conti paegier
addition of base, ester, and chloride is started and the voluneng3the-oo
reaction mxture is control | ed by punping it into a second agitator vessel.
It is not clear that the continuous process described by Maul in terns of
two agitator vesgel.,ss mnu ccessful _when only one dgitator vessel is
used. : Thergéré‘nalar‘l J’a neeé}EI %ﬁ‘éfeflé‘r"én tigp z§°ccﬁit¢\h3?fb%|saprmffﬂr

preparing an alkyltin thlocarboxyllc acid ester in a single vessel
wherein an aqueous/organic reaction mixture is continuously formed

- and vigorously agitated while a portion of said mixture ié
continuously withdrawn and quickly separated into two phases - the
product and an aqueous 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, thlocarboxyllc acid ester, and acid acceptor
are simultaneously added to a single reactor and the resultlng

' reaction mixture is stirred v1gorously at a constantly alkallne 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 alkyltln thioglycolic acid esters.

These and other objects of the invention which will- -become
apparent from the following descrlptlon are achieved by
51mu1taneously adding an alkyltin halide, a thiocarboxylic acid
ester, and an acid acceptor to an agitated reactor continuocusly
over an indefinite period of time, maintaining the resulting
reactlon mixture at a pH of from greater than 7 to about 8. 2,
agltatlng the mixture with one or more impellers at a rate of at

- least about 75 turnovers per minute, which is sufflclent to achleve
a fluid velocity across the impeller(s) of at least about 50 feet
per m;nute, but preferably at least 90 turnovers per mlnute '
when the residenée time is 5 minutes or more and at least 110
turnovers per minute when the residence time is 3.6 minutes or
more, with thé proviso that two or more impellers are spaced
apart sﬁfficiently to’maintain said fluid velocity substantially
throughout the operating volume, continuously withdrawing the
mixture from said reactor, and continuously separating it as it
is withdrawn into an aqueous p_has_e and &1 orqnic phase without the
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‘the preparation of alkyltin thioglycolic acid esters fromthe correspondi ng
hal i des and esters in an aqueous nmedium which produces a -two phase .
ptoduct mixture which is substantially i nst ant aneousl y separablé in the
absence of denulsification neans. There remains a further ‘need for a
process for the preparation of alkyltin thioglycolic acid esters fr
correspondi ng halides and esters which is continuous fron1the:§ % éuo@n
indefinitely long period wherein the use of but one agitator vesse
reaction dramatically increases the yield of product on the basis of the
reactor vol unme enployed and the time expended for the process. . SUMVARY CF
THE | NVE&Hée £t of a demull Sifivatiremleadls.t NIf tHiSiotiext helistiantially
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difference is not meanlngful.

5 DETAILED DESCRIPTION.OF THE EREFERRED EMBODIMENTS

The alkyltin thiocarboxylic'estér has the structure:

R,Sn[S(CH,),(COOR’ ],

10 - -
' 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
15 thiocarboxylic ester bearing the R’ group. As used herein, the
' word halide means chloride or bromide. Aan 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 mdho-alkyl groups in a mixture is from
20 about 10:1 to about 1:10 by weight, prefefably 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.
Examples of the alkyltin halides include moncmethyltin trichloride,
25 dimethyltin dichloride, mixtures thei:_eéf ' monobﬁtyltin trichloride,
dibutyltin dichloride, and mixtures thereof. The thiocarboxylic
acid esters are exemplified by 2-ethylhexylthioglycolate, isooctyl
thioglycolate, 2~ethylhexylmercaptopropionate, and mixi:urés of such
esters. The alkyltih halides and the thiocarboxylic acid esters are

30 hereinafter referred sometimes to as organic reactants as opposed
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3 . "It is another of this invention to provide a nmethod for
preparing an alkyltin thiocarboxylic acid ester in a single vessel wherein
ah aqueous/organic reaction mxture is continuously forned and vigorously
agitated while a portion of said mxture is continuously w thdrawi and

qui ckly separated into two phases - the product and an aqueous sol Wi

an inorganic halide - in the absence of demulsification neans. 23-ngdds a
. further object of this invention to provide a nmethod for the preparat|on in
an aqueous medi um of such an ester wherein the alkyltin halide,
thiocarboxylic acid ester, and acid acceptor are sinultaneously added to a

S|ngle-gdxxﬁéwaéaulaéggéfgglﬁéagtgﬁactlon m xture is stirred vigorously at
a constantl y al kalleg val ue, rel ated.o

i nvention t oF It &R FRRY Y #%,Plﬁﬁeﬁﬁ}’fﬁw fﬁ’?“t%f“r‘lﬁ d‘%‘#@’gﬁ% %‘?m W Sfent

r equi r ethd orcomkémgionglign uskedne alkadling t imatdr Dajly cosuchaciag estosiium

These At O0LSERSTlnl ydruennbon Wi "Llinbage édgapﬁh;fsnkva{i&,‘%-

t he folTow ng esc ion are I eve Si taneous y an a
hal i de S@QM%C@MyﬁcS@ﬂdbbst er, and an acid acceptor to an agitated

~reactor contpydiogsky1 YR rf&lldéjeié”hhaeaerdé’daoﬁrafﬂéie soPh¥iéh "wRdchhEs
resul ti n'g r:gﬁ; ! ggox[ptxgg rg %tat%rp byo welrg%ng.gr eIa{E_ eg-st Q?szrta\%l%b%%t c%iarge
the reactor'with an amount of water equal to about 80% of the
reactor volume before the addition of the reactants is commenced in
10 - order to provide an agitatable reaction medium at tﬁe 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
15 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. 1In the'special case of alkyltin halide
mixtures, the ratio of di- and tri-halides and the consequent
‘effective equlvalent weight of the mixture is a determinant. The
20 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 substantially constant |
alkaline pH, preferably from about 8 to about 8.2, The
“simultaneous addltlon is suitably achieved by feeding each organic -
25 - reactant through a separate tube extendlng below the surface of the
‘liquid in the reactor to the levél of the uppermost impeller. Said
reactants may be fed through the inner and outer cbmponents of a
coaxial tube. ' -

=]

_ Agitation of the mixture is suitably accomplished with a
30 center-mounted LIGHTNIN Series XDQ, Model XDQ~-75SCR mixer egquipped
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agitating the m xture with one or nore inpellers at a rate of at | east
about 75 turnovers per.nmnute, which is sufficient to achieve a fluid
veIOC|ty across-the inpeller(s) of at |east about 50 feet per mnute, but
preferably at |east 90 turnovers per m'nute when the residence tine is 5-

m nutes or nore and at |east 110 turnovers per m nute when the resb ﬁﬁ
time is 3.6 mnutes or nore, wwth the proviso that two or nor e, gg

are spaced apart sufficiently to maintain said fluid velocity su stantlally
~ throughout the operating volune, continuously withdrawing the mxture from-
said reactor, and continuously separating it as it is withdrawn into an

aqueouglghagﬁeagg ﬁBr@rﬁ%&bc19Q§§efwhihgﬂbe§ﬁ§rs. Said mixer has a 0.75
HP, variable speed (1750 RPM max), DC motor. Other mixere having
similar capabilities are also suitable. The diameter of the
impellers is selected as appropriate to the size and the design of

5 the partiCular'reactor vessel used, as exemplified hereinbelow.

. The turnover rate (the statistical number of times per minute
that a poiht 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

10 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 vessei'having a diameter of

15 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 cylindricall
Vessel having an 11.5 inch diameter caused a turnover rate of 128.
The fluid velocity across the impeliers is calculated by dividing

20 the pumping rate of the impellers by the cross sectional area of .
the reactor. 1In the smaller-eystem_deseribed aboVe, the fluid
velocity across the impellers is 81 feet per minute whereas it is
129 feet per minute at the same impeller speed in the larger
system. A preferred mixer speed for the smaller system is from

25 ‘about 1100 RPM 'to about 1300 RPM.

An article entitled "Let’s Understand Mixing" by Dr. James Y.
Oldshue and published by Mixing Equipment Co., Inc. is hereby .
incorporeted by reference for its discussion of the key mixing
parameters and of the effect on other design variables when one
fjd_ parameter is held constant during scale-up calculations._
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benef it of a denulsification neans. |In this context, substantially

t hroughout neans ‘entirely throughout or so close to |t that the difference
i s not neani ngful . DETAI LED DESCRI PTI ON OF THE PREFERRED ENBCDINENTS

The al kyltin thiocarboxylic ester has the structure:

Rlerr]Sn [S(CHerr])[err] (COOR J[err] - wherein x is 1 or 2, and nis 1 or

2, (Ris a alkyl group having fromone to f.our carbon atons) and R__is an

al kyl group havi ng from'ei ght to sixteen carbon atoms. The source ofATENTR.
group is the lower-alkyltin halide as it reacts with the HS- gﬁﬁﬁﬁ “6f-Phe
t hi ocarboxylic 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 n$tdar S pﬁDf&abW t8e ik 1 ROBRANGS SUUNCon A ‘Eh€ %PLS’J&Q' y
the tri- or Q|-halld %‘ ratlo f t he di al kyl to nono- groups
in_a mxturers ?l”'gn? &u% rﬁ sy %.meeﬁma@wxwm
about 5:1 tf®Trakbet PEagtica} e“ﬂ‘?@@é’-rlabﬁyphmﬁ oft theRspeedr by erlabmoumtthys
~or for the mixer, the need to avoid excessive vibrations, and the
' - economy of using no more - mixing ehergy than is necessary, the
turnover rate is preferably no more than about 200. At these
preferred turnover rates, the f1u1d.veloc1ty across the 1mpe11er(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 spac1ng :
should be. _

The reaction mixture is continuouéiy 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 of the reaction mixture
from the stirred vessel is commenced promptly (i.e., within 30
seconds) after the start of the: simultaneous additions and the
commencement of the withdrawals is nearly simultaneous with the

_ commencement of the additions. - The residence time for the reaction
mixture in the stirred vessel is suitably within the range of from -
about 2 minutes to about 6 mihutes. The mixture is then piped
continuously into a separation unit wherein the 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 6rganic"
phase is preferably washed with fresh water and then‘flash dried
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HIIIIIIIIIII il IIII




butyl and nore preferably methyl. R is exenplified by n-octyl, iso-octyl,
2-ethyl hexyl, tridecyl, and hexadecyl radicals. Exanples of t he

al kyltin halides include nmonomethyltin trichloride, dinethyltin dlchlorlde
-m xtures thereof, nonobutyltin trichloride, dibutyltin dichloride, and

m xtures thereof. The thiocarboxylic¢ acid esters are exenpllfled qﬁerNT
2- ethylhexylthloglycolate i sooctyl thioglycolate, 232 00
2- et hyl hexyl ner capt opropi onate, and ni xtures of such esters. Th % wﬁt -
hal i des and the thiocarboxylic acid esters are hereinafter referred
sonetinmes to as organic reactants as opposed

with heat and vacuum before being clarified by filtration.

Finally, the clear product is p;ped into a storage tank or d1rect1y

into machines for filling shipping containers. The wash water may

be recycled into the reactor as part of the contlnuous 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

10 wishes to absorb the heat of reaction with cooling water; a

temperature of about 55-60 may be maintained by the adiabatic

operation of ﬁhe 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

15 reactants and acid acceptor. - Therefore, it is much preferred to

maintain the pH at about 8-8.2. It will be appreciated by those of

ordinary skill in the art that although the additioh of the acid
acceptor is made at the same time as the additions of the organic .

_ reactants, it will not necessarily be a continuous addition. The

- 20 constraints of maintaining a substantially constant pH may make it

'heceSsary 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'mey direct

25 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 Instrumente of Cleveland, Ohio. With this

. program, the computer calculatee a centrol signal between 0 and

- 30 100% and writes it to the A to D converter which sends the signal
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to the acid acceptor reactant. The acid acceptor is preferably amoni um
hydr oxi de but any of the conventionally used alkaline nmaterials such as '
s'odi um hydr oxi de, pot assi um hydroxi de, sodi um carbonate, and a water-
soluble anm ne is suitable. The al kyltin halide.is added as a water
solution which is suitably about 50 % water by weight. It is prefempaliggg 0
charge the reactor with an anount of water equal to about 80% @folsig-go
reactor volune before the addition of the reactants is comenced in order

to provide an agitatable reaction nmediumat the outset. The sinultaneous
addition .of the organic reactants and the acid acceptor is controlled by a
conput eto pAOI agnPdcoaveeited) ithenod txettld cohitiodndeviece.andn cuxmmye

t hose rgtes i ' h e jon.m xture is fed into the conputer. The
rate of %cﬁﬁ%ﬁ%%‘%‘g@ﬂé%rgﬁéi%8;£3€f‘§zﬂt{:f1§ﬁaét erm ned by the '

st oi chi onet rGharfging cedcuilatians t fopplths Eester andi erganobingitadidene
puritygségukigﬁéconcentration of each. I n the special case of alkyltin

hal i de mixtures, the ratio of di- and tri-halides and the consequent
effecti ve efpexatonr irterfaee $@Ee@NRfure is a deternminant. The pH of "the

reaction m xpd¥&r imass SP16RIra08sEanttylnto the conputer so that the rate

of- addition of the acid accepto eact ant be controlled.to keep the
reactjongyﬂQEPQH°EP§LE%f§§?i%?i9£é8ﬂs?3ﬁ§ng¥RglFﬁge ANt crably  from
about . 8 t (pH axmtroB; 2. The sinul taneous addition is suitably achieved

by feeding e%z?%lﬁé@??éfffgﬁt?ﬁﬁtfgiough a separate tube extendi ng bel ow

the surface quidrn e reattor to the level of the uppernost
iHpel | er. SRenrckorttemperalupe eeutralough the inner and outer conponents

.of.a Separation column level control;
Wash column level control;
Temperature monitoring;

Real time graphs; |
15 .Data storage; and
' Start-up and shut-down control.

:\
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coaxi al tube. Agltatlon of the mxture is suitably acconpllshed with a
cent er - mount ed LIGHTNI N Serl es XDQ Mbdel XDQ 75SCR ni xer equi ppesh3-28-00

- B- h_one. qQr. A310 |l aser foil inpellers. Said mxer has a 0.75
HP, vari gg R o RPM max), DC nmotor. Qther m xers having simlar

capabi | i birfSraiey @)S RraMER 25} enmﬂmfa)ar&mw@imh@sj mpel lers is selected
~as approgfmagg)t(;(tghchggepwﬂ e she ITBEYS (5b¢ particul ar reactor . vessel
used, aspEMevVARIS (580 NamﬁnmbejpanMEs(5dﬂhemusnmo¢emsoate (the statistical
nurrber ommm.qmmmsnune.wava point within the I|qU| d noves to the
sur f ace) Dﬂghchﬂdﬂ-aﬁse&7 12,54.53
A 20,34.67,66.77,54.29
DATA 21,34.79,66.41,54.06
DATA 22,34.91,66.06,53.82
DATA 23,35.03,65.71,53.59
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 GRAPH
DATA REACTOR TEMP,WASH TEMP,PREHEAT TEMP,FILM 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, STARE upP
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 50
READ VARIS(T)
IF VARIS{I)="START UP" THEN I=50
NEXT I :
FOR I=1 TO 50 o
READ GNAMES (I)
IF GNAMES (I)="CANCEL GRAPH" 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 50
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

10  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- '
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by dividing the primary flow of the reaction mxture, which is also known
as the punping rate of the inpellers in the system by t he oper afy

vol unme. The speed of the inpellers is, of course onIy one of gy ﬁ;gc.b@rs
det®sr m nMrg: $PeTASH nover rate For exa f 2.5 inch LIGHTNI N

A310 | asEFLFBIM) 1 )I'&Né*é ( mxer shaft turning at
11200 RPMEERYES __ t |_Q ﬁ_ fI ed cylindrical
vessel h ﬁgx se a turnover rate of 120, and a

pair of a=dok 44 '1'oet-§m§19@se@|3)a,mrdoo4 i nches on a mixer shaft
turning @L é&ﬁ&ﬁ&aﬂ@%@twuoo m xture 12 inches deep in a baffled
cylindri @alrmessel having an 11.5 inch dianeter caused a turnover rate of
128. The TEP&TASE+D/O0QA( Br*®g300he | eI lers is caI cul ated by dividing the -

punpi ng AQCATEf 1% hies R |"&BS§ 9?'“ {;Q"S'%s ESnal area of the reactor.

In the siBCAIE % %;5 the®% | uid velocity across the

i npel | er § 3 21 f} Sﬁﬁoﬁizx'u‘b ltfArceeh per nminute at the
same inp rESPEE 54 sqmer-#wsmpmm#\ preferred m xer speed for the
snal | er pheuesrssrcn P38 ABW 100100 RPM to about 1300 RPM An article
enti t| ed THEORYSTOSPEGCHINRAENSEQGHLDY Dr. James Y. O dshue and publ i shed
by M xi ngoRaTEpPNBNL: mm-l'rmmng NEEBBY" i ncorporated by reference for its
di scussi GCATEt kg, kBy/P. nﬁ?ar"éﬂfﬁl'é 8¢ @P the effect on other design .

vari abl e?ﬁ”ﬁ@ﬁsﬂﬁﬁq 'Eﬁ%q *300 ‘hel d constant during scal e-up
cal cul at (§3FSTOSP*1.1 : _

'SOFTINIT
CALL INIT

IR 2221221222222 2 21 2 B

! Start Time ,
) IEI1 2112222311 2121}]
25 CALL CLOCKREAD(TIME%(),"NT" nay
" FOR J=0 TO 2 .
RIIME%(J)aTIHE%(J)
NEXT J -
LOCATE 22, 1 INPUT "DO YOU WISH TO. STARE PROCESS'" QS
IF Q$="Y" OR QS='y" GOTO 100
GOTO 10
100 LOCATE 23,1:INPUT "DO YOU WISH TO SAVE DATA:":Q$
- IF Q$="Y" OR Q$="y" THEN
DCT=1 _
END IF:GOTO 101
103 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 INKEY$=“" THEN 600 =

101 thkhkhhhhkkhodhhdhrdd
v SCREEN
(ETETTEEIL IS L
SCREEN 9,0
LIRE(O, 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(5,115)-(5,5)
LINE(615,5)-(615,115)
LINE(5,115)-(615,115)
LINE(10,10)-(610,10),1
LINE(10,10)~(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"
' ' ' -1 - o Thls Sheet Has Been Replaced -
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-7- - Still nore preferably, the agitation speed is such that the
turnover rate is at |least 120. Although there is no maxi num spe%?x%gg

fror the practical linitations pl aced on the speed.by the nounti he
mi xer, th@%cﬁvﬁdP&;Wd" '1 NF& Vifrations, and the econony of using no

nore m x 5 .ﬁ t,he turnover rate is preferably no
nore tha PRIN‘N ...i.

d ..erred turnover rates, the fluid
-vel oCi t yy dEism tﬁemﬁﬁgl h Efof om&'-at" | east about 80 feet/fminute. Wen
there i SpABAPE 4120 : PRENTPRETEAL GLAWie nshaft of the nixer, the spacing
bet ween LOEATE 7,30j:PRENT S® VALAR [OPENsr Mover rate will be substantially
uni f or m LOCATE O,58 mNEpMCPW of the reaction m xture. The Z-

factor OROFATE cﬂr§f5 PRAENT @%F'El to the dianeter of the reactor vessel
i's used th,e art of mxing to determ ne

whet her r“ d what the spacing shoul d be.

The reac _I(%]_SO fé u_-pusly drawn off at the bottom of the vessel.
through mngyﬁ ..I(ggoaigé ;e_;sama rate as the tot al

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(1O0, 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 SEPARATIONS"
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*t******

! CONTROL PROGRAM.

EFTTEFT TIPS T2 11

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

-12 - . -
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of the additions. Thus, the withdrawal of the reaction m xture fromthe
stirred vessel is comrenced pronptly (i.e., within 30 seconds) afgsget he
start of the sinultaneous additions and the comencenent of the wihdjaawel s

i s nearl yCMQWéfWMFB"tﬁel%MGéﬁent of the additions. The

resi dence S v iy 1) épg ’E{I he stirred vessel is suitably
wi t hin th r!‘\ A ;.g% 1 &sabout 6 mnutes. The m xture is
t hen pi pegda ms(h-mg_b g §eﬁ;1rﬁt41qn unit wherein the separation of

t he aqueomhmquﬂmgupyszatw rsagnt ially instantaneous w thout the
need . of r EONMANAQMTEMPI®E B3, Tejau-sli)f i cati on neans. A gravity
settling mrmnmmamnu 3,44 2R W/td)qui d centrifugal separator.are both
sui t abl e. CHhe W(S'MFFe&rﬁo?-zﬂﬂe‘ldrgam c phase is preferably washed

t

e G S R e

- 8- IONHANA("TEHPB" 3,8,12,1,-1)

' IONHANA(”TEMPB_",:!,S,IZ,I,-I)
IONMANA ("PH",5,15,12,1,~1)
IONMANA (“SEP",6,12,12,1,-1)
IONMANA (“"WASH",6,14,12,1,-1)
IONMANA ("TINOUT",8,2,-1,-1,-1)
IONMANA (*TOOUT",8,1,-1,-1,-1)
IONMANA ("AMMONIAOUT",8,3,-1,-1,-1)
IONMANA (“"WATEROUT",8,0,-1,-1,~1)
IONMANA ("COOLOUT",9,3,~-1,~-1,-1)
JONMANA ("SEPOUT",9,2,-1,-1,~1)
IONMANA ( "WASHOUT"-, 9,0,-1,-1,-1)

E

ANIN("TINFEEDE",5.0,"TIN",1,<1, "NT","")

ANIN("TOFEED%",5.0,"TO26",1,~1 , WNTY, ey

ANIN("AMMFEEDY", 5.0, "AMMONIA",1,~1, "NT", wn)

* CALL ANIN("WATERFEED%",5.0,"WATER" 1 ~1,"NT® nn)
CALL ANIN("TEMPIN%",1l. 0 "COLDJUNC TEHP TE!!P]. TEMP2, TEHP3",1,-1 WNTY, ")
CALL ANIN("TEMPIN2%",1. 0,"COLDJUNC TEMP4 , TEMPS, meln 1'_1 L))
CALL ANIN("“TEMPIN3%",1.0,"COLDJURC,TEMP7, TEMPS,TEMP9",1,-1,"NT", "")
CALL ANIN("PHIN%",5. O,"PH 1;‘1'”NT" "wy
CALL ANIN("SEPIN%" 15.0, "SEP" 1,=1,"NTw, nn)

" CALL ANIN("WASHIN%",S. 0,"WASH" 1,-1,"NT“ ne)

. CALL ANIN(“AIARH%_",S.O,"ALARM“'1'-1,nmn’nn) X

BEE BEEEEEERERRRER

thkhdkhhdhhhhbhhhd

' Variables
X ITITITIT T I T )
TK1=150:TVA!=0
. TOK1=160:TOVAl=0
AK1=120:AVAl=0
WK1=50:WVA!=0
T=1:TI=3:TD=,75 _
TOT=1:TOTI=40:TOTD=.5
WK1=50:WT=2,.5: WTI=1000000: WTD=0 .
TEMPSP=55 : TEMPK1=20
KPH1=,15:PHSP=8,2 :
KLEVEL=18:LEVEILSP=6:TS5I=120:TSD=30
'KWASH=10:SEPVAR=1900:WASHVAR=3900

105 CALL INTON(1l,"MIL")
thkhkhhRhhhhhdhn

' Tin Flow

) Thhkhhhhhhhhhhhdhd ’
CALL MEANDEV("TINFEED%" 1,Gv(1),STDEV!, 1.0,5.0,0)
CV({1)=INT((.6661*GV(1)~-1. 2715)*100+ 5)/100
IF CV(1)<0 THEN CV(1)=0
ERR1=TSP-CV(1)
DTVA-TKI*((1+T/TI+TD/T)*ERRl-(1+2*TD/T)*ERR2+TD/T*ERR3)

- =-13 -
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wi th heat and vacuum before being clarified by filtration. Finally, the
clear product is piped into a storage tank. or directly into macheameNrf or
#illing shipping containers. The wash water nmay be recycl ed i nt 02323e28-00
react or agapattya ciTRIMERRANt | nuous make-up of the reaction m xture. The
oper at i NGRREAERR2Z4ERR2=ERR1Ne reaction mxture is preferably about 50[err]C
but becaafeTVABQ)m T¥AdEQi ned between 7 and 8.2 excursions into the

75- 80C r ZHQEV Ri=3990( enperature of from about 40 to about
50[err]CpﬁgTS&TYQ&ﬂ¥?qq’ﬁ$98 wi shes to absorb the heat of reaction with

- €00l i Ng Wl GhwawdSdMEA At Ure of  about 55-60 nmay be nmintained by the

adi abati a opgpagi Plbwf the nmethod. As a practical matter, the naintenance
of the phisaaweerewvsewsk 8 is extrenely difficult because. of t he wide SW ngs
of a pH TALL MBANDER(I TOREEDYYQL,6¥ (2 STREV hel .4d&i.0i,6h of reactants and

aci d acc@’t(eoﬂmeteﬁa*&VO ~Ls2AULhOPT F ¥ to maintain the pH at about

8-8.2. | IFWCV(2he0 a(tzéa‘oby those of ordinary skill in the art that
al t hough 1'a CI d acceptor is nmade at the same tinme as the
addi tion ants it will not necessarily be a continuous
addi ti on fovall=gti ntai ning a substantially constant pH may

make it &chgegiy-_;g@otmprmllyagbabt the addition of the acid acceptor
whi | e t heopradi=irova pf394tH *@ogani ¢ reactants continues. The concentration of
. the aqueous solution of acid acceptor may be adjusted so that the conputer
controll vwg*rne*aamﬂwmy di rect ' '
Ammonia Flow
FTT T T I IS T Y T 2
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(5),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<0 THEN ASP=0

IF ASP>2.5 THEN ASP=2.5
AERR1=ASP=-CV(3)
AVA!=AVA!+AK1*AERR1l

IF AVA!<O THEN AVA!=0

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

thhhhhhdhdhdhddhdddddiid

' Make-up Water Flow
IETTTTTILIELII 222 2 2 23 2 1 2 &
~ CALL MEANDEV("WATERFEED%",1,GV(4),STDEV!,1.0,5.0,0)
CV(4)=INT((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!<O THEN WVAl!=0 _
IF WVA!>3900 THEN WVA!=3900
PERW=(1-WVAl/3900) *100

IRRRRRRRERAAREARRERhhbhhlhidd

' Reactor Cooling Water Flow
ETTZTYTTTEYTYT YL 2T L1 2 L 2L .
CALL ARGETVALF ("TEMPINS",1.0,2,"TEMP",6TV(0),10)
TEMPERR=TEMPSP-TV(0) o

TEMPCNTRL!=TEMPCNTRL! +TEMPERR*TEMPK1

IF TEMPCNTRL!<0 THEN TEMPCNTRL!=0 )

IF TEMPCNTRL!>3900 THEN TEMPCNTRL!=3900

- 14 -
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a continuous streamof the solution into the stirred reactor. The conputer
programcontrolling the additions is witten in Mcrosoft Basic |rmgmage,
WsSi ng subroutines purchased as part of an Ato D converter from KSR3+28e§o
I'nstrurremmmpel(ev'emm/GSOMt*hoohi s program the conputer calcul ates
a control signal betmeen and 100% and wites it to the Ato D converter

‘whi ch sen{f% *1ﬁﬁ§* ﬁ WREERAAA AR - to an | & P converter, thence to .
t he contrpu ** ﬁﬂi@ program handl es the follomnng t asks:
Char gi ng f@ ot e ester and organotin hallde

CALL MEANDEV(“SEPIN%" 1,Gv(6),STDEV,1.0,15.0, 0)

CV(6)=GV(6)

IF GV(6)<.80 THEN GV(6)=0

LVLER=LEVELSP-CV(6)

DLC=KLEVEL* (LVLER+TSD* (LVLER-LVLER1) )
LEVELCNTRL! =LEVELCNTRL! +DLC _
LVLER2=LVLER1

LVLER1=LVLER

IF LEVELCNTRL!<O THEN LEVELCNTRL!=0

IF LEVELCNTRL!>SEPVAR THEN LEVELCNTRL'=SEPVAR
PERLEVEL=LEVELCNTRL!/3900#100

106. 'Hhkhhhhkkhhhhhhhhhhdhddhihdd

- ' Wash Column Level Control
'******t********************
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!<O THEN WASHCNTRL.=0
- IF WASHCNTRL!>3900 THEN WASHCNTRL!=3900
. PERWASH=WASHCNTRL!/3900*100

107 TR NRRRRE DA RE AR AR hdhhdhd o hidd

! ‘falling film temperature profiles
'***************************************

CALL ARGETVALF ("TEMPIN%",1.0,3,"TEMP1",TV(1),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,"TEMPS",TV(S),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,"TEMPS8",TV(8),10)
CALL ARGETVALF ("TEMPIN3%",1.0,4,"TEMPO",TV(9),10)

thkkhkhkhhhhhhhhhidhhdd

! distillate alarm
Ildhkhhhhhhhdbhhbdhddd ]
- CALL ARGETVALF (“"ALARM%",5.0, 1 "ALARM“ ALARM 0)
LOCATE 18,50:PRINT "
IF ALARM<4 THEN
: LOCATE 18,50 _
. PRINT "EMPTY DISTILLATE"™
END IF

(R XTI T I LI LIS T 1))

' Indicators’
IR TTTITITEI I I T I Y T R T )
" IF SHUT=1 THEN
IOCATE 21,50:PRINT "SHUT DOWN SEQUENCE"
" : LOCATE 22,50:PRINT " INITIATED"

- 15 -
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sol ution;

, TV(15) EﬁbAﬁEL§%5O)

115

Operator interface screens;

CALL WRITEVAR("TINOUT",2,TVA!,-1,"NT")
CALL WRITEVAR("TOOUT",2,TOVA!,~1,"NT")

CALL WRITEVAR("AMMONIAOUT",2,AVA!,-1,"NT")
CALL WRITEVAR("WATEROU’I‘" 2 WVA!,-J. WNT")

CALL WRITEVAR("COOLOUT"
CALL WRITEVAR("SEPOUT"

CALL WRITEVAR( "WASHOU‘I"' ’ 2 » WASHCNTRL!

IF TRIP=30 THEN 700
TRIP=TRIP+1

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

LOCATE

LOCATE

LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE

"LOCATE

LOCATE
LOCATE

LOCATE

- LOCATE

120

121

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
12,15:PRINT USING
13,17:PRINT USING
15,18 :PRINT USING
6,58:PRINT USING
19,18 :PRINT USING
20,18:PRINT USING
22,18:PRINT USING
12,37:PRINT USING
13,39:PRINT USING
17,37:PRINT USING
18,39:PRINT USING

thkhhddbhhhhhhhhhhdd

'  NEW VARIABLE
'*******************
A$=INKEYS

IF A$="T® OR AS="t" THEN
IF AS="M" OR AS$="m" THEN
IF AS="G" OR A§$="g" THEN
'IF AS$="X" OR AS$=“x" THEN

IF AS="C" OR AS$="c" THEN

IF AS=" " THEN 110
CS=INKEYS
IF C$=" " THEN 600

|********§§*********

. CLOCK
Thhhhkhhhhhhohhhhidhd

CALL CLOCKREAD(TIMES ()

IF GON=0 THEN

Ester nass flow rate

TBIPCNTRL' -1, "NT")
LEVELCNTRL! e =1, "NT")

44, 449 ;TSP
wHE, EENCV(1)
|l###" :PERT
"4, 449 ;TOSP
ng4, F4CV(2)
"#44" ; PERTO
"#4, #4%;ASP
ni4, #49;CV(3)
"##4" ; PERAMM
44, 49 WSP
"H##.#H"CV(4)
"#44% ; PERW
"#4, $4%:CV(5)
"§4.4%; TEMPSP
"4, 4% TV (0)
" #44" ; PERTEMP
"$4. §4" GV (6)
" $4#% ; PERLEVEL
"i4, §49GV(7)
"##4" ; PERWASH

1100
1800
200
103
1200

, "NT", nnj_

~16 -

1, nmn)

control; organotin halide solution mass flow rate control; pagempH
eéontrol ; Fresh water flow control; React or tenper at urezggn%gr.gb
Separ ati glngbFurm | evel control; - Wash col umm [ evel cont rol;

Tenper at &F eSEBT} % Dat a storage; and
Start-up_apt® EWO%UE‘L”&& mm‘" : - 10 -
‘KEY OFF: §§T =0: X=40: SHUT=0 DI M .

TI VE% 6) @ﬁ%&mmﬂwWHﬁ%ﬁﬂwWNﬁ),&8)zQ& X 8)

Th1s Sheet Has Been Rep laced
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DI M VARI S(50) VALUE(50) , GNAMES(50) , GV(50) , CV(50) DATA

18, 34. 43, 67. 48, 54. 77 DATA 19, 34. 55, 67. 12, 54. 53 DATA 20, 34. 67, 66. S 29
PATA 21, 34. 79, 66. 41, 54. 06 DATA 22, 34.91,66. 06, 53. 82 DATA © 9333-28-00
23, 35. 03, 65 FPR, 580 500 DATA 24, 35. 15, 65. 37, 53. 36 DATA 25, 35. 27, 65. 02, 53. 14
DATA TSP, TOSP, m‘%#%m%@@%mmﬁ%m%%y SHUT DOWN, START UP
" DATA TIN FL BREHIORTIHEMEOY 2R EHEY (JAATER FLOW DATA REACTCR pH, SEPS

. LEVEL, CAN PH DATA REACTCR TENP WASH TEMP, PRHEAT TEMP, FILM TEMP

DATA DI STI L/ﬁg_ R R ridis PATA WATER DI ST OUT,
STEAM TENP, RUAFLIRES m,gmpﬁ DA A BEGN TARI K& SAVPLE, END TAKI NG
SANVPLE, SHUT RDSWEMEY (SH=1NT (RF2 A6 0 MNRUNT MDY ReGANCEL COMVENT, HALF LI FE DATA
MANUAL SEP, RUNTEMEY (2 ISHNTMRUZARUNTEME R MCN6TI 0 RONSEMEATA) A60) MANUAL, ALL

AUTOMATI C, CAN%EIJ_, HALF LIFE FOR I=1 TO8  READ A(l),B(l),C(1),D(1) NEXT |
FOR =1 TO 38R 220 N3 \5@3 A — 6512}@31 S Jin S TART Y THEN | =50 .NEXT |
NEXT J _ :

END IF.
GOTO 105
110 ThukhhRhhhAhdhhhhdidrhhohd

' Variable List
' ****t******************** )
CLS:LOCATE 2,26:PRINT "CONTROL VARIABLE LIST“
LOCATE 3,26% PRINT "
LOCATE 5,8:PRINT "NUMBER":LOCATE 6,8: PRINT M- v
LOCATE 4,20:PRINT "VARIABLE":LOCATE 5,22:PRINT "NAME"
LOCATE 6,20:PRINT "=——e——=i
LOCATE 4,35:PRINT "CURRENT“‘LOCATE 5,36:PRINT "VALUE"
LOCATE 6,35:PRINT "=—==e—-
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 SO _
~ LOCATE I+6,10:PRINT I
LOCATE I+6,20:PRINT VARIS(I)
LOCATE I+6,35:PRINT USING "###4. ##"'VALUE(I)
IF vzn:s(z)susranm UP* THEN I=50
NEXT I
ON ERROR GOTO 1500 '
LOCATE 23,10:INPUT "ENTER NUMBER OF VARIABLE YOU WISH TO CHANGE'"'
IF VARIs(NV)auﬂ THEN 600
IF VARIS (NV)="SCREEN" THEN
600 CLS
GON=0:TON=0
X=40
- GOTO 101
END IF
IF VARIS(NV)="SHUT DOWN" THEN 1300
IF VARIS(NV)="START UP" THEN 1400
LOCATE 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) : Thls Sheet Has- Been R l
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[ . .
" FOR =1 TO 50 READ GNAMVES( 1) | F GNAMES( 1) =" CANCEL GRAPH' THEN | =50

CNEXT I FOR 1=0 TO 50 READ TLABELS (1) | F TLABELS$( | ) =" MAbx@E¥Ft THEN
k=50 NEXT | FOR I=1 TO 50 READ COMVENTS$( 1) | F COMVENTER23328-BALF
LI FE' TKERVEESIAIREEXB)I FOR M=1 TO 50 READ MANUAL$('M | F

NANUALSms_HmI#Iﬂ_(P#E" THEN M50 NEXT M CLS: SCREEN 2:'ON ERROR GOTO 1500
PRI NT " SOTO 600 TML81- EH CHARG NG CALCULATI ON PRI NT. LOCATE 6,1 | NPUT

"LBS TORGLISLNG £ sttt wdQSP | NPUT " PERCENT MONO NEAT USI NG ##. # :© ": M
| NPUT " PERCENJa ¢aHF@iReNE USI NG ##. ##: " CH | NPUT " DESI RED TI N I N PRODUCT

USI NG ##x##ddd At abesd vt nd | F NN<A( ) THEN 50
: IF DCT=0 THEN 710
OPEN "C:TIME.PRN" FOR APPEND AS #1
PRINT #1,TIMES(0),TIME% (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(T)
CLOSE #2
OPEN "C:TEMP.PRN" FOR APPEND AS #3
PRINT #3 ,TV(0) ,TV(1) ,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=4"
710 TRIP=0:GOTO 115

200 ThhkhRhhhhhhddddddkdddd

! Graph Section
Tkhdhkhbdhhhhhhhhhihdd
CLS:LOCATE 2,26:PRINT "VARIABLE GRAPHING LIS'I'"
* LOCATE 3,26: PRINT "
LOCATE 5,8:PRINT "NUMBER":LOCATE 6,8: PRINT Nomowa u
LOCATE 4,20:PRINT "VARIABLE'“LDCATE 5,22:PRINT "NAME"
IOCATE 6,20:PR-IN'1' "eooceee=i: LTOCATE 6,22:PRINT Y-t

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
990 - GON=1:TON=0:CLS
LINE(40,0)-(40,310)
LINE(40,310)-(600,310)
LOCATE 24,30:PRINT "TIME"
1000 LOCATE 2,60:PRINT GNAMES (NV)
- LOCATE 3,60:PRINT CV(NV)
Ya=34.444GV(NV)+344.4
'IF X=40 THEN 1010
LINE(X,Y)=(X-1,YOLD)
1010 YOLD=Y:X=X+1
IF X=600 THEN
X=40
GOTO 990
END IF
GOTO 120

1100 '********it_ﬁ**********t**_***
' Temperature Profiles
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NEXT | | | - 11 - Ml : SP=TCSP

PCL=CB( M - (A(M (B(M B(Ml))/(A('W A(M 1)) . © oammm
RXSNC( M) - ('A& C( - (M )}/ ;A M-A(M1)) 2323-28~00
WI'SN=D( M) ( VTS FEA(M - A(M 1)) CONCH PCL* 100

g '*@ﬁé@%ﬁ@@%@%ﬁ%&%
TSP=TOSP* htaks (B 1 Tkt ; S
LOCATE 1573 ,2 SR B PR ARIRE SROPTLESA35. 454/ 100/ 28 LOCATE
16, 1: PRI Niod:h'Bﬁ qammw-:o-&m. .Loc.w;.:.ang PRI NT USI NG
"###. ##" | KSR EQDMGTERP* O/ 35. 454/ 100 THECRY=TOSP-'EQCHL+RXSN* EQCHL
IF TLABELS (J)="MALOTT" THEN 1110
- LOCATE J+8,5:PRINT J+1 o T
_ LOCATE J+8,10:PRINT TLABELS (J )
NEXT J
1110 FOR J=0 TO 50
IF TLABELS(J)="MALOTT" THEN 121
LOCATE J+8,35:PRINT USING "###.4";TV(J)
NEXT J

1200 R 2222 2 2l

! . Comment Profiles
TRERRRERARERAEARERRARRN
CLS:LOCATE 3,28:PRINT "COMMENT PROFILES"
LOCATE 4,28: PRIN‘I‘ " "
FOR L=1 TO 50
'IF COMMENTS (L)="HALF LIFE" THEN 1250
LOCATE L+6,10:PRINT L '
LOCATE L+6,20:PRINT COMMENTS (I..)
NEXT L '

1250 ON ERROR GO'I‘O 1500

LOCATE 23,10:INPUT "ENTER THE COMMENT YOU WISH TO MAKE""NV
IF COMHENTS (NV)="CANCEL COMHENT" THEN 600

CMMTS=COMMENTS (NV)
- IF COMMENTS (NV)="INPUT COMMENT" THEN

LOCATE 18, 15:INPUT “"ENTER YOUR COMMENT:" ;CMMT$
END IF
TRIP=30:GOTO 600

1300 'RikdhkiRAttAdthdhihhhhdd

' shut Down Variables

T RRREARERRRRARRARRRRR AR

TSP=0:TOSP=0: SEP=) :AS=]

ASP=0:WSP=2.5

TEMPSP=30

TVA!=0:TOVAl=0 _
AVA!=0:WVA!=0:SEPVAR=3900:WASHVAR=3900
LEVELCNTRL! =SEPVAR: WASHCNTRL! =WASHVAR
CMMTS="SHUT DOWN":TRIP=30:SKUT=1:G0TO 600

1400 kI I Il 21122 T 2 2 r YTy
! §Start Up Variables
EI1IIII 12T 2T 20T T
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:SEFVAR=1900: WASHVAR=3900
CMMTS$="START UP"-TRIP=30 SHUT=0:GOTO 600

1500 'hhwdkhkhdhdhhrbidhd
- ' Error Trap ' .
R 2 L Y T _ \\
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LOCATE 17, 1: PRI NT " THEORY YIELD: " LOCATE 17, 15: PRI NT USI NG " ###. ##" ; THEORY
PSN=WI SN* E@HL/ THEORY* 100 WBP= TOSP*l 1/2 CALL SOFTINIT CALL I NI T pagenr

Start Tine CALL CLOCKREA Tl NT","") FOR J=0 TO 2 RT 12389426 390.
=TI-ME% ( JIF DO YOU W SH TO START PROCESS: ": G | F
QB="Y" LOCATE 23, 1: | NPUT "DO YOU W SH TO SAVE

DATA: ": OR ' B="y" THEN DCT=1. END I F: GOTO 101 CLS: COLOR .
_'2,71kGEAJEkdih(Hlsﬁﬂb&ii&i?*iidﬂ?iﬂﬂAM | S THE MASTERPI ECE" LOCATE 13, 11: PRI NT
"OF K S.K!' AtdnuaEvsepDcantsdB. B. " | F | NKEY$="" THEN 600

'**************************

CALL MEANDEV("SEPIN%” 1,G6V(6),STDEV,1.0,15.0,0)
CV(6)=GV(6)

IF GV(6)<.80 THEN GV(6)=0

LEVELCNTRL! =KLEVEL/100#*3900

IF LEVELCNTRL!<O0 THEN LEVELCNTRL!=0

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

GOTO 106

1700 Thhhdhbhdhthhhhhddhdhdhddd

' Manual Wash Control
'*t********************t*“

CALL MEANDEV("WASHIN%",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 WASHCNTRL!>3900 THEN WASHCNTRL!=3900
PERWASH=KWASH

GOTO 107

1800 'hkvhkdhhhhhhhhhhdihdhdh

! Manual Control Screen
E2 22T RIS T YT I I LN
CLS:LOCATE 4,32:PRINT "MANUAL CONTROIS"
LOCATE 5,32 PRINT "
FOR M=l 'ro 50
IF MANUALS (M)="HALF LIFE" THEN 1850
LOCATE M+6,10:PRINT M
LOCATE M+6; 20 PRINT MANUALS (M)
-NEXT M
1850 LOCATE 20,10:INPUT "ENTER THE VARIABLE YOU WISH:":
IF MANUAI.s (NV)="CANCEL" THEN 600
IF MANUALS (NV)="MANUAIL SEP" THEN
SEP=1:KLEVEL=PERLEVEL
LOCATE 16,15:PRINT "K:EVEL’"'KIEVEL
ILOCATE 16,21:INPUT KLEVEL
GOTO 600
END IF
IF MANUALS (NV) ="AU‘1'OMATIC SEP" THEN
SEP=0: KLEVEL=18
END IF
IF MANUALS (NV)="MANUAL WASH" THEN
WAS=1: KWASH=PERWASH
IOCATE 17,15:PRINT "KWASH?":;KWASH
LOCATE 17,20:INPUT KWASH
GOTO 600
END IF -
IF MANUALS (NV)="AUTOMATIC WASH" THEN
WAS=0: KWASH=10

END IF ;
IF MANUALS(NV)=“ALL MANUAL" THEN
SEP=1:WAS=1 .
- 20 - o Tlns Sheet Has Been
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SCREEN. SCREEN 9,0 LINE(0, 0)- (0, 330), L: LI NE(620, 0) - (620, 330), 1
LI'NE(0, 0) - (620, 0), 1: LI NE(O, 330) - (620,330), 1 LINE(5,5)-(615,5) o0
LI NE(5, 115) - (5,5) LI NE(615, 5) - (615, 115) LI NE(5, 115) - (615, 115) e
LI NE( 10, 10)<HaSHO PEANASH : KLEVKIMPERIEVELO, 110), 1 LINE( 10, 110) - ( 62024 10)>%
LI NE( 610, 10.)00@530141% + BRINT Lzaymanllo) 1
LI NE( 400, 1 016 610, 30 LOCATE 2, 8: PRINT "TI N
FLO\/\'S W 17,1 ‘PRINT " IQQ')K& ) ' o
| LOCATE 17,203 INPUT KWASH

GOTO 600
END IF
IF MANUALS (NV)=“ALL AUTOMATIC" THEN -

SEP=0:WAS=0
END IF
GOTO 600

-21 -
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LOCATE 4, 5: PRINT "SET PO NT: " LOCATE 5,5: PRINT "ACTUAL FLON " LOCATE .
7,5: PRINT "% VALVE OPEN: " LOCATE 2, 33: PRINT "TO 26 FLOW  LOCATE 4, 30: PRI NT .
“SET PO NT: " LOCATE 5, 30: PRINT "ACTUAL FLOW " LOCATE 7, 30: PRI NT "% VALVE
'OPEN: " LOCATE 2, 58: PRI NT "AMMVONI A FLOW LOCATE 4, 55: PRI NT "SET PO NT: "
LOCATE 5, 55: PRI NT "ACTUAL FLON " LOCATE 7, 55: PRI NT "% VALVE OPEN: pATER@ATE
6, 55: PRINT "pH: " LINE(610,125)- (610, 180), 3 LI NE(380, 125) - ( 380 2593)28-00

LI NE(380, 125) - (610, 125), 3 LI NE( 380, 180) - (610, 180), 3 LOCATE 10, 50: PRI NT
"ACTUAL TIME: " LOCATE 12,50: PRINT "RUNNING TIME: " LI NE(10, 125)- (10, 325), 4
LINE( 10, 123) - (180, 123) 4 LINE(10, 325) - (180, 325), 4 LI NE( 180, 325) - (180, 125) , 4
LI NE( 185, 123p¢ (P03 ]Byég)a[%)é-ﬂ'é\ﬂﬁf 155 .obd Jof( b&aﬁ%ﬁ:)y 4kill that although it

H NEE i%@%\? 350%:;%5 melca 305%p3e2r5 te( 3(:?\ %'32664 of this invention in
but one agitated vessel as descrlbed hereinabove and in the
following examples, there is no reason why the vigorous agltation

.5 of the i'eaction mixture could not be conducted in a series of -
‘agitated vessels before separation is commgnded. Thus, _the
operatiqn 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.

10

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
15 laboratory style mixer having two 2.5" -inch diameter LIGHTN;N 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 aqueous solution of alkyltin chloride (80%
dimethyltin dichloride, 20 % monomethyltin trlchlor_lde by weight)
20 ét 210 grams/minute, 2-ethylhexylthioglycolate at 213 grams/minute,
water at 107 grams pér 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
25 hydi'oxide 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 préparation of the alkyltin 2-
ethylhexylthioglycolate, which was continued for about 5 hours.
The liquid level in the reactor was 8 inches; the operating volume
30 was, therefore, 2.575 l:.ters (0.68 gallon) and the z-factor was
1.6. At this mixer speed, the ‘turnover rate was about 130 per

- 22 -
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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, 25: PRI NT

"I NI TI AL SEPARATI ONS" LOCATE 10, 6: PRI NT " MARE- UP WATER' LOCATE 17, 5: PRI NT

" COCLI NG WATER" LOCATE 12, 4: PRI NT ™ SET PO NT: " LOCATE 13, 4: PRI NT
FLOW " LOCATE 15, 4: PRINT "% VALVE OPEN: " LOCATE 22, 4: PRINT " #E%EN
" LOCATE 20, 4: PRINT "ACTUAL TEMP: " LOCATE 19,4: PRI NT "TEMP SE

LOCATE 12, 25: PRI NT "PRODUCT HT: " LOCATE 13, 25: PRI-NT "% VALVE OPEN: "
LOCATE 15, 29: PRI NT "WASH COLUWN' LOCATE 20, 27: PRI NT "TO 26. EXTRACTI ON'

22, 25: BT pRUCT Y. "V ERAIE 25k i e WALNE CREN T PEE%%"'“;O@?LEN |

105 S| &eet/minute. The addltions and a continucus wf% drawal g% %
' reaction mixture into a gravity settling separation unit were
commenced simultaneously at the same rate. The mixture separated
5 quickly and the organic phase was washed with water and dried by
heating under vacuum. The residence time in the stir:ed reaction
vessel was about 4.5 minutes. A sample of the dried product had a
tin content of 18.8 % by Refractive Index measurement, 18.96 % by
atomic absorption spécﬁra, and 18.6 % by X-ray analysis,_ The
10 theoretical content of tin in the product, taking into acéount the
- amounts of ester and alkyltin chloride charged and the
concentrations of dimethyltin and monomethyltin chlorides therein,

is 18.9 % by weight. |

15 | EXAMPLE 2

A five-gallon, baffléd.cylindrical-reactor vessel, having a
diameter of 11.5 inches was charged with 33 pounds of water .and

. agitatidn was started with a top-entering center-mounted LIGHTNIN

20 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'RPMlﬁax), DC

.motdr.' The pumping rate of the impeliers was 1013 gallons per

minute and the fluid velocity across the impellers was 188 feet per

25 minute. The simultaneous addition of the aqueous solution of the

" mixture of dimethyltin dichloride and monomethyltin trichloride

(like that in Exampie 1), the 2-ethylheXylthioglycolate, water, and

the ammonlum hydroxide was then started. The rates of addition of

~the organlc reactants were: 2.67 pounds per minute of the alkyltin

30 chloride, 1.36 pounds per minute of water, and 2.7 pounds per

' minute of the thioglycolate. The_ammonium'hydréxide was added at

- 23 - _
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CO\ITRG_ PRmM khkkhk Khkhkkhk hhkkhk *k Ahkhhkhkk *k Khkk KKk* CALL -
| ONVANA(" TIN', 5,13,12,1,-1) CALL | ONVANA("TQ26" ,5,10,12,1,-1) CALL
I*ONMANA( " AMMONI A", 5, 11, 12, 1, - 1)

-13 - CALL IO\II\/ANA( "WATER', 5, 14,12, 1,-1) CALL
| ONMANA( " ALARM', 5,9,12,1,-1) CALL IO\IIVANA("CO_DJUNC 3, 32 12,1, 5 o
CALL | ONVANA( " TEI\/_P" , 3, 0, 12, 1,-1) CALL | ONNMANA( " TEI\/Pl" 3,1, %2%_2 00
- CALL | ONVANA( " TEMP2", 3, 2, 12,1, -1) CALL | ONVANA( " TEMP3", 3, 3,
- CALL | ONVANA("TEMP4", 3,4, 12,1,-1) CALL | ONMANA("TEMPS", 3,5,12,1,-1)
.a rate sufficient to maintain.the'pH at 8.2 (about 1 pound per
minute). The additions were continued for 109 minutes and the
temperature was maintained at 45° C. Withdrawal of the reaction
~ mixture at a rate equal to the combined addition rates commenced as
5 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 phase. said aqueous
phase contained only 360 ppm of tin - an indication of the
: completeness of the desired reaction and lack of side reactions.
10 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. ' | |

- 24 - \\
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CALL | ONMVANA( " TEMPPE", 3,6,12,1,-1) CALL | ONMANA( " TEMPT", 3,7,12,1,-1)

CALL | ONHANA(" TEMP8", 3, 8,12, 1,-1) . . CALL | ONMANA("TEMPO", 3,9,12,1,-1)
CALL | ONMANA( " PH', 5, 15,12, 1, -1) CALL | ONVANA (" SEP", 6, 12, 12, 1, -1)
CALL | ONVANA("WASH", 6, 14,12,1,-1) - " CALL | ONVANA("TINOUT"; 8,2,-1,-1,-1)
CALL | ONMANA("TOOUT", 8,1,-1,-1,-1) - CALL :

1 ONVANA( " AMMONI AQUT", 8, 3,-1,-1,-1) CALI25S - o

| ONMVANA( " WATEROQUT" , 801111) mulmmmvmangs 11- ™
CAL:L ICNN%NA("SEPCUT" 9,2,-1,-1,-1) CALL | ONIVANA( " I
9,0,-1,-1,-1) cr.aTMSGALL AN N( " T NFEED% , 5.0, "TIN',1,-1,1 HI'I""I'H“"'
ANIN("TCFEEDW"-S—U—’TCQG" 1,-1,"NT","") CALL

ANI N(" AMVEED% , 5. 0, "AMMONI A", 1, -1, " NT" M) CALL

ANIN("WATERFEED%)ASMQ;HﬁﬂTEBZZhhélddﬂﬁ;ﬂﬂdus manﬂﬁagture of an alkyltin

ANIN("TENPIBP
CALL ANIN("T

o b NG TR P L NS R o Peadeciiy  ddding

" CALL ANI N(" TEmnl H:J,wlp@l ‘hedigrne tHhvocarheRyliegmtd ester \rand jan
- CALL ANIN (" PHENO& aq"_be%t'Uthol anl.ag JDEE't.ed Jagueods\sed DML 5P| M8EctidnO,

"SEP', 1,-1

S e Al A 2 B Wt actng tne T

mixture with one or more lmpellers at a turnover per minute
rate of at least 90 at a residence time of 5 minutes or
more and'at'least 110 at a residence time of 3.6 minutes or
more sabstantially throughout the volume of the mixture, |
maintaining the resulting reaction mixture at a pH greather
than 7 but not more than 8.2, continuously withdrawing the
mixture from said reaction vessel simultaneously-with the

' addltlon of the reactants, and continuously separating it

as it is withdrawn into an agueous phase and an o:ganic'
phase without the need for demulsification means.

2. A method accordlng to claim 1 wherein the

- agitation lmparts a fluid velocity across the 1mpeller(s) of

at least 15.2 cm (50 feet) per minute.

3. A method according to claim 1 or claim 2 wherein

the pH is from 8 to 8.2.

4. A method according to any preceding claim
wherein the turnover rate is at least 120 per minute.

5. A method according to any preceding claim
wherein the reaction is carried out in a single agitated
vessel. ' '

6. A method according to any preceding claim
wherein the alkyltin halide, the ester, and the acid
acceptor are added beneath the surface of the liquid in the

-

reaction vessel.
'ﬂns Sheet Has Bee
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“* Vari abl es TK1=150: TVAI = 0 TOK1=160: TOVA1= 0O AK1=120: AVAI =0

VKI =50: W/AI =0 - T=1:TI=3: TD-. 75 TOT=1: TOTl =40: TOTD=."5
MK1:50:WW:2.5: WI'1 =1000000: WI'D= 0 TEMPSP=55: TEMPKI =

* KPH =. 15: PHSP=8. 2 KLEVEL=18: LEVELSP=6: TSI =120: TSD=36~
KWASH=10: - SEPVAR=1900: WASHVAR=3900 105 CALL INTON(I,"ML |
- CALL MEANDEV(" TI NFEED% , 1, GV( 1), STDEV!, 1. 6, 360-0) ”",I!”ﬂ”lwnm ,Dﬂ : §
CV(1)=INT((.6661*GV(1)- 1. 2715)*100+.5)/100 IF CV(1)<® i
ERR1=TSP- CV( 1) DTVA=TKL1*((1+T/ TI+TD/T) *ERR - (1+2*TD/ T) : |
fERR2+Tt¥T*ERR3) 7. A method according to any preceding clalm

wherein the alkyltln thlocarboxyllc ester has the
structure.

R,Sn{S(CH,),(COOR’ ],

wherein x is 1 or 2; n’is 1 or 2; R is an alkyl group
having from one to four carbon atoms; and R’ is an alkyl
group having from eight to sixteen carbon atoms.

- 8. A method according to claim 7 wherein R is
methyl. S '

9. A method according to claim 7 or claim 8
~ wherein R’ is 2-ethylhexyl.

~ This Sheet Has-Been Re lace
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v - 14 - TVA [err] =TVAI +TKl *ERRI ERR3=ERR2: ERR2=ERR1 | F TVA[err]<O THEN
TVAlerr]= 0 | F TVA[ err]>3900 THEN TVAI =3900. PERT= (TVAI/3900)*100

- khkkkhkkhkkkhkhkkkhkdXk**x t026 flOW kkhkkkkhkkhkkikkkhkkhkkkx* CALL

4 MEANDEV(" TOFEED% , 1, GV(2), STDEV!, 1.0, 5. 0, 0)
CV(2) =I NT((. 678*GV(2) - 1. 27) *100+. 5)/ 100 1 F CV(2)<0 THEN CV(2)=0.
- TERRL=TCSP- CV(2) TOVA =TOVA! +TOKI * TERR TERR3=TERRE2 : TERR2=TERRL |F
' TOVAI <0 THEN TOVA! =0 | F TOVA! >3900 THEN TOVA! =3900 - PERTO=( TOVAI / 3900) *100

Ammoni a Fl ow
ABSTRACT

CONTINUOUS PROCESS FOR MAKING A
DIALKYLTINTHIOCARBOXYLIC ACID ESTER

A method which can reduce fifty-fold the size of
equipment required for making a given volume of alkyltin
thioglycolic'acid esters. An alkyltin thiocarboxylic acid
ester is made from the corresponding alkyltin halide and
thiocarboxylic ester in a coniinuous process that requires’
but one agitated reaction vessel. The organic reactants
and an acid acceptor are added simultaneously to a vessel
equipped with agitator impeliers and containing a
sufficient level of water to provide an agitatable medium.
Extremely vigorous agitation (at least 75 turnovers per
minute, which is sufficient to achieve a fluid velocity
across the impeller(s) of at least 15.2m per minute) is
employed to avoid side reactions which often cause the
formation of a'tenacioﬁs, stringy emulsion, the breaking of
which requires a rather difficult and wasteful filtration,
Continuous withdrawal of the reaction mixture from said
reactor is commenced prbmptly after commencement of the
additions and said mixture is continuously separated into
the 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 8.2
and the preferred temperature is from 40 to 80°C.

Thls Sheet Has Been Replaced

R



- 7 eotF) T
CALL | NTOFF CALL MEANDEV("AMVFEED% , |, GV(3), STDEV!, 1.0, 5. 0, 0)
CV(R) =I NT( (. 6679* GV(3) - 1. 2673) *100+. 5)/ 100 | F CV(3) <0 THEN cv(3) =0 Cf(;é?g
MEANDEV( " PHI N% , 1, GV(5), STDEV! , 1. 0, 5. 0, 0)

CV(5) =I NT(( 1. 8786%GV(5) - 3. 563) *100+. 5)/ 100 PHERR=PHSP- CV (5)

ASP=ASP+KPHL* PHERR | F ASP<0 THEN ASP=0 | F ASP>2.5 THEN /-%E’ Léf

AERR =ASP- CV(3) AVA! =AVA! +AKlI *AERRL | F AVAI <0 THEN AVAl =0tRIACEMENT S36T THEN

AVA! =3900 PERAMME( AVAI / 3900) * 100 AERR3=AERR2: AERR2=AERML NEKE-up W er
Flow CALL MEANDEV("WATEREDY , 1, GV(4), STDEV!, 1.0,5.0,0 05 Jul, 198
CV(4) =I NT( (3. 7721*GV( 4) - 7. 2120) *100+. 5) / 100*60/ 454 | F £V[4)<0 TE (k) EO
VERR =WSP- CV (4) W/A! =\WA! - WKI * WVERR

CONTINUOUS PROCESS FOR MAKING
A DIALKYLTIN THIOCARBOXYLIC ACTD ESTER

BACKGROUND OF THE INVENTION
This invention relates to PVC stabilizers. In particular, it
- relates to a method for making an alkyltin thiocarboxylic acid
o ester from the corresponding alkyltin halide and thiocarboxylic
ester. More particularly, it relates to a method for continuously
synthesizing such an ester in an aqueous medium in a single vessel
with extremely vigorous agitation. - o
Because of the drawbacks associated with the use of an organic
solvent in batchwise preparations of such esters in the past (e.q.,
diminished ylelds 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 shortcominés. If the reaction mixture is
strongly alkalihe at the beginning of a batch, the pH decreases
only gradually as the alkyltin halide 1is 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 proddée materials which
often cause the formation of a teﬁacious, stringy emulsion, the
breaking of which requires a rather difficult and wasteful
filtration. | |
Maul et al (U. S. Patent 4,554,368) proposes to provide a
continuous process for the preparation of these esters which
comprises carrying out the reaction continuously in a system
consisting of 1 to 5 agltated vessels with an average dwell time of
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| F WA! <O THEN W/A! =0 | F W/A! >3900 THEN W/A! =3900 PERWE( 1- W/AI' / 3900) *100

Reactor Cooling Water Flow CALL

ARCGETVALF(" TEMPI N9 , 1. 0, 2, "TEMP", TV(0), 10) TEMPERR=TEMP$PR M{@é}}ﬁ

TEHPCNTRL! =TEMPCNTRL! +TEMPERR*TEMPKI | F TEMPCNTRL! <O JTH

ENTiSHEED |

=5
| F TEHPCNTRL! >3900 THEN TEMPCNTRL! =3900 i
- 15 - PERTEMP=( 1- TEMPCNTRL! / 3900) *100. Sep| CO SiULL 1008
Cont r ol .
- 2 -

at a temperature from 40 to 80°C. Maul teaches that

1 to 60 minutes at a constant pH value in the range from 3 to 8 and
it is
convenient to initiate the reaction batchwise, pumping the alkyltin
chloride and the thiocarboxylic acid ester in the required molar
ratio into the first reactor to fill 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 wvessel. 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 éf 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
long 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.

SUMMARY OF THE INVENTION

It is an object of this invention, therefore, to provide a
continuous process for the manufacture of alkyltin thioglycolic
acid esters that requires but one agitated reactor.
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| F SEP=1 THEN 1600 CALL MEANDEV("SEPI N%% , 1, GV(6), STDEV_1. 0, 15.0, O

CV(8) =GV( 6) | F GV(6)<.80 THEN GV(6)=0 LVLER=LEVEUS @)&grm -
DLC=KLEVEL* (LVLER+TSD* (LVLER-LVLER)) LEVELCNTRL! =LE\ ‘"IT+§)‘E€T
LVLER2=LVLER1 LVLER =LVLER | F LEVELCNTRL! <0 THEN JLEVELCNTRL! =0

| F LEVELCNTRL! >SEPVAR THEN LEVELCNTRLT %SEPVAR 05 JUL 1998
PERLEVEL:LEVELCNTRL|/3900*1OO 106 LR I S b S I SRk S I Sk S S O S I B * % % %

MSh Col unn Level Control * * % % % * % % %k )k k k% * % % * % % * % % * % % B |I_
WAS=1 THEN 1700 CALL MEANDEV("WASHI N6, 1, GV(7), STDEV,.1-Q.5_0,.0Q)

A ) i B E BN hrbon SETFIMERROEA 7,

| F WASHCNTRrépa90fig THEN AAXSHENTRL i F3seirboxy 1 RERRRSAE RRSHCNTR |4 38D08160
vessel wherein an aqueous/organic reaction mixture is
continuously formed and vigorously agitated while a portion of
said mixture is continuously withdrawn and quickly separated
into two phases - the product and an aqueous 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
gimultaneously 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 fluid velocity across the impeller(s) of at least
about 50 feet per minute, but preferably at least 90 turnovers
per minute when the residence time is 5 minutes or more and at
least 110 turnovers per minute when the residence time is 3.6
minutes or more, with the proviso that two or more impellers
are spaced apart sufficiently to maintain said fluid velocity
substantially throughout the operating volume, continuously
withdrawing the mixture from said reactor, and continuously
separating it as it is withdrawn into an aqueous phase and an
organic phase without the '
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CALL ARGETVALF ("TEMPIN%, 1. O, 3, "TEMPI", TV (1), 10) LJUL 199.
ARGETVALF("TEMPI N9 , 1. 0, 4, "TEWMP2", TV(2), 10) CALL ARGETYVAL 6
("TEMPIN% , 1.0, 5, "TEMP3", TV(3), 10) CALL ARGETVALF(" TEMPHNR2% 1 0

, 2, "TEMP4" | TV(4), 10) CALL ARGETVALF("TEMPI N2% , 1.0, 3, { TEMPS", TV(5)

, 10) CALL ARGETVALF ("TEWMPIN2%, 1. O,.4, "TEMPG" TV {6)—1%)

CALL ARGETVALF(" TEWPI N396,1.0, 2, "TEMP7"4, TV(7),10) CALL
ARGETVALF(" TEMPI N3% , 1.0, 3, "TEMP8", TV(8) , 10) CALL ARGETVALF
("TEMPIN3 %, 1. 0, 4, "TEMP9 ", TV (9) , 10) distillate alarm
CALL ARGETVALF ("ALARMA, 5. 0, 1, "ALARM, ALARM 0) LOCATE

18, 50: PRI NT " | F ALARMc4 THEN LOCATE 18, 50

PRI NT " ENER¥f Dt S bLAGifilsificatiBNDne&ns. In this contdxili sabstantially |F

SHUT=1 Tléﬁyoughout means entirely throughout or so close to it that the
difference is not meaningful. .

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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.
Exémples of the alkyltin halides include monomethyltin trichloride,
dimethyltin dichloride, mixtures thereof, monobutyltin trichloride,
dibutyltin dichloride, and mixtures thereof. The thiocarboxylic
acid esters are exemplified by 2-ethylhexylthioglycolate, isococtyl
thioglycolate, 2-ethylhexylmercaptopropionate, and mixtures of such
esters. The alkyltin halides and the thiocarboxylic acid esters are
hereinafter referred sometimes to as'organic reactants as opposed



LOCATE 21, 50: PRI NT " SHUT DOWN SEQUENCE" LOCATE 22,.50: PRI NT."

| NI TFATED' | - 16 1 REPLAGEMENT BHEET
| F SEP=1 THEN LOCATE 15, 50: PRI NT " MANUAL SEP CONTR{L j——fNB—+F
| F"WAS=1 THEN LOCATE 16, 50: PRI NT " MANUAL WASH CONTROL" E%I F
CALL WRI TEVAR(" TI NOUT", 2, TVA!, -1, " NT") CALL WRI TEVAR({ TOOG® Hir$ie
,-1.,"NT") CALL WRI TEVAR(" AMMONI AQUT", 2, AVAl , - 1, "NT") CALL
WRTTEVAR( " WATEROUT" , 2, WA , -1, "NT")" CALL WRI TEVAR ( 1cooLout", 2,
TEMPCNTRL! , -1 ,"NT") CALL WRI TEVAR(" SEPOUT" , 2, LEVELGNTRE ——%

"NT") CALL WRI TEVAR("WASHOUT", 2, WASHCNTRL! , -1, "NT")

to the acid acceptor reactant.

The acid acceptor is preferably ammonium hydroxide but any of
the conventionally used alkaline 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. 1In 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 substantially constant
alkaline pH, preferably from about 8 to about 8.2. The
simultaneous addition is suitably achieved by feeding each organic
reactant through a separate tube extending below the surface of the
liquid in the reactor to the level of the uppermost impeller. Said
reactants may be fed through the inner and outer components of a
coaxial tube.

Agitation of the mixture is suitably accomplished with a
center-mouﬁted LIGHTNIN Series XDQ, Model XDQ-75SCR mixer eguipped



| F TRIP=30 THEN 700 115 TRI P=TRI P+1 | F TON=1 THEN 1110

| | F GON:1
THENE 1000 LOCATE 4, 16: PRI NT USI NG " ##. ##"; TSP IFEEATE—S5-48~PRIHNT
USI NG "## #": CV(1) LOCATE 7, 19: PRI NT USI NG " ###" : PERT A“E@@ATéH

4, 41: PRI NT USI NG " ##. ##": TOSP LOCATE 5, 43: PRI NT USI NG * ##. FETO 2)
LOCATE 7, 44: PRI NT USI NG " ##" ; PERTO LOCATE 4, 66: PRI NT | U$l B??Wb g@gAﬁP _
LOCATE 5, 68: PRI NT USI NG " ##. ##"; CV( 3) LOCATE 7, 69: PRINT G "#iH"
PERAMM LOCATE 12, 15: PRI NT USI NG "##. #" ; W&P L OCAT E~4-3+3-7-PRHNF
USI NG " ##. ##" CV( 4) LOCATE 15, 187 FRINT USI NG " ###" : PERW LOCATE

6, 58: PRI NT USI NG " ##. ##"; CV(5) LOCATE 19, 18: PRI NT USI'NG &7 F  TEVMPSP
LOCATE 20, 18: PRI NT USI NG " ##. #"; TV( 0) LOCATE 22, 18: PRI NT USI NG

" " 1 PERTEMP LOCATE 12, 37: PRI NT USI NG " ##. ##" ; GV( 6) LOCATE

13, 39: PRI NT USI NG " ###" ; PERLEVEL LOCATE 17, 37: PRI NT USI NG " ##. ##";
GV(7)  with GDATEr18989:ARIANTas8ENE i ¥ AP INRIASH Said mixer has a 0.75

HP, variable speed (1750 RPM max), DC motor. Other mixers having
similar capabkilities 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 épaced 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 sectional area of
the reactor. In the smaller system described above, the fluid
veloclty across the impellers is 81 feet per minute whereas it is
129 feet per minute at the same impeller speed in the larger

system. A preferred mixer speed for the smaller system is from .

about 1100 RPM to about 1300 RPM.

An article entitled "Let’s Understand Mixing" by Dr. James Y.
Oldshue and published by Mixing Equipment Co., Inc. is hereby
incorporated by reference for its discussion of the key mixing
parameters and of the effect on other design variables when one
parameter is held constant during scale-~up calculations.




120 ' REFEEF KR EA S AR A NEW VAR ABLE A$=1 NKEY$

I
A$="T" OR AS="t" THEN 1100 IF AS="M OR A$="nt THEN[IBOW oo T
A$="G' OR A$=g" THEN 900 |F AS=T X' OR AS="x' THEN 1p3REPLACEMENT SHEET.
R A$="c" THEN 1200 |F AS=" " THEN 110 121 CS=I NKEYS I'F =] "
THEN 600 G_w( ! kkkkkkkkkkkkkk*k *k*k*% 0%1996
CLOCKREAD (TI ME%), "NT" ,"") | F GON=O THEN

Still more preferably, the agitation speed is such that the turnover
rate is at least 120. . Although there is no maximum speed except
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. o

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 of the reaction mixture
from the stirred vessel is commenced promptly (i.e., within 30
seconds) after the start of the simultaneous additions and the
commencement of the withdrawals is'nearly simultaneous with the
commencement of the additions. The residence time for the reaction
mixture in the stirred vessel is suitably within the range of from
about 2 minutes to about 6 minutes. The mixture is then piped
continuously into a separation unit wherein the separatidn 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 orgapic
phase is prgferably washed with fresh water and then flash dried
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- 17' Fm JZO TO 2 LmATE 101 J*3+65: PI LAl ICL A

TN OO0 [N

TN
" T VE% J) RUNTI ME% J) =TI ME% J) - RTI ME%g J) | REPLACEMGNTSH

EET

RT2=RUNTI ME% 0) * 3600+RUNTI ME% 1) * 60+RUNTI ME% 2)
RUNTI ME% 0) =I NT( RT2/ 3600) - RUNTI ME% 1) =I NT( RT2/ 60
RUNTI ME% 2) =I NT( RT2- RUNTI ME% 0) * 3600- RUNTI ME% 1) * 60)
LOCATE 12, J*3+65: PRI NT USI NG " ##": RUNTI ME% J)

o4

NEXTL - ND~

) 2

&Oro 105 110 Vari abl e List CLS: LOCATH 2, 26: PRI NT
"CONTROL VARI ABLE LI ST" LOCATE 3,826: PRINT "-- ------== s

LOCATE 5, 8: PRI NT "NUMBER': LOCATE 6, 8: PRINT "------ " LOCATE 4, 20: PRI NT
"VARI ABLE" : LOCATE 5, 22: PRI NT " NAME" LOCATE 6, 20: PRINT " -------- !

LOCATE 4, 35: PRI NT " CURRENT": LOCATE 5, 36: PRI NT " VALUE"

with heat and vacuum before being clarified by filtration.
Finally, the clear product is piped into a storage tank or directly
into machines for filling 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
maintain the pH at about 8-8.2. It will be appreciated by those of
ordinary skill in the art that although the addition of the acid
acceptor is made at the same time as the additions of the organic
reactants, it will not 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 agueous solution of aéid 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



LOCATE 6, 35: PRINT "------ " VALUE (1) TSP VALUE( 2) =TOSP

VALUE( 3) =ASP VALUE (4) =W&P VALUE (5) =TEMPSP VALUE( 6) =KPH1
VALUE (7) =PHSP VALUE (8) =KLEVEL VALUE( 9) =KWASH dRedegr 1O
50 h LOCATE | +6, 10: PRI NT | LOCATE | +4, ?@PHFQWIEI'K"\VA?&‘ '?rl)
LOCATE | +6, 35: PRI NT USI NG " ####. ##" ; VALUE( I ) | VAR $( 1) =" STARY
UP" THEN | =50 NEXT | ON ERROR GOTO 1500 LEGATBL 1996

23, 10: I NPUT "ENTER NUMBER OF VARI ABLE YOU W SH TO CHANGE:!'; NV | F
VARI $(NV) ="" THEN 600 | F VARl $( NV) 9="-SCREEN' THEN 686 CrS
GON=0: TON=0 X=40 GOTO 101 END| | F | E

VARl S(NV) =" SHUT DOWN' THEN 1300 | F VARI S(NV) =" START UP™ THEN 1400

to an I & P converter, thence to the control device. In summary
the program 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;

Data storage; and

Start-up and shut-down control.



LOCATE NV+6, 35: | NPUT VALUE( NV) TSP- VALUE( 1) TOSP- VALUE( 2)

ASP- /AL UE( 3) \SP- VAL UE( 4) TEMPSP=VALUE( 5) KPH1=VAL UE( &)
PHSP=VAL UE( 7) KLEVEL=VAL UE( 8) KWASHSYAL WEEQENT SHEEEATO
BO0 700 ' ** %k kkkkkkxxkkkkkkkk - 10 -Data Files | p———i+—DEF=0—FHE

710
KEY

SIG=0:X=40:SHUT=0

DIM
DIM

DIM VARIS(50),VALUE(50) ,GNAMES (50) ,GV(50) ,CV(50)

OFF: CLS : DCT=0 05 JUL 1996

TIME%(6) ,RTIME%(6) ,RUNTIME%(6) , OLDRUNTIMEX (6}
A(8),B(8),C(8),D(8),TV(15),TLABELS(50)

DATA 18,34.43,67.48,54.77

DATA 19,34.55,67.12,54.53

DATA 20,34.67,66.77,54.29

DATA 21,34.79,66.41,54.06

DATA 22,34.91,66.06,53.82

DATA 23,35.03,65.71,53.59

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 GRAPH

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 50
READ VARIS(T)
IF VARIS(I)="START UP" THEN I=50

NEXT I

FOR

I=1 TO 50
READ GNAMES (I)
IF GNAMES (I)="CANCEL GRAPH" 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 50
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:O0N ERROR GOTO 1500

PRINT " TM181-EH CHARGING CALCULATION
PRINT

LOCATE 6,1

INPUT "LBS TO26 USING ###.##:":TOSP
INPUT "PERCENT MONO NEAT USING ##.#:":MN

L3 2

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



OPEN "C: TI ME. PRN' FOR APPEND AS #1 PRI NT #1, TI ME% 0)

CLOSE #1 " OPEN "C FLON PRN' FOR APPEND AS #2 PRI NRE#ZME\M&\)T S@Erﬁ}?)'
,CV(3) ,CV(4) ,CV(5),CV(6) ,CV(7) CLOSE #2 OPEN "{E-FENP—PRN—FC
APPEND AS #3 PRI NT #3, TV(0), TV(1)y 1tvE2) |, TV(3) , TV(}4) é\ég(qﬁ ,

,TV(7) TVI(=8) 9 CLOSE #3 OPEN " C: COMVENT R$r' ®bp AS
#4 il _ 3 v 710 | MRLP=0" COTO 11
oot uLPchep &Zﬁfﬂﬁ ) » (BehCe i 1@/%;;&%2"%(5! )

CLS: LOCATE
N c(n ~MN) # (C (M) =C (M~ i
2, 26: PR N ALt A e s (e ek e Dy PRI
"""" 'CON=¢H/PCL*1meE 5, 8 PRI NT " NUVBER': LOCATE 6, 8: PRI NT " "

LOCATE 4, ZCPRE NTMNA//AF 4481100 -MIDCATES &3 )72.00RPNT " NAME" LOCATE
6, 20: PRI I\I'F="(C°N“CH"(CW'H§36)22°P’RI NT "----" FOR I =1 TO 50

LOCATE |+6§~§ Tg&M/iOO/(B-C*D/J.OBSxATE | +6, 20: PRI NT GNAVES( )

LOCATE 15,1:PRINT "LBS OF DMTDCL TO CHARGE:"
LOCATE 15,26:PRINT USING "###.##" ;TSP
ASP=TSP*CH*17/35.454/100/.28

LOCATE 16,1:PRINT "LBS OF AQ AMMONIA TO CHARGE:"
LOCATE 16,29:PRINT USING "“###.##":ASP
EQCHL~TSP*CH/35.454/100
THEORY=TOSP-EQCHL+RXSN*EQCHL

LOCATE 17,1:PRINT "“THEORY YIELD:"

LOCATE 17,15:PRINT USING "###.##" ;THEORY
PSN=WISN*EQCHL/THEORY*100

WSP=TOSP*1.1/2

CALL SOFTINIT

CALL INIT

fhkkkkkdkdhkhkbbhkid

' Start Time
R 222322131123 12F 1128
CALL CILOCKREAD(TIMEX(),"NT" "W
" FOR J=0 TO 2
RTIMES (J)=TIMEY (J)
NEXT J
LOCATE 22,1:INPUT "DO YOU WISH TO START PROCESS:";Qs
IF Q$="Y" OR Q$="y“ GOTO 100
GOTO 10
LOCATE 23,1.INPUT "DO YOQU WISH TO SAVE DATA:":Q$
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

Cla Vhdkhhhkhhdhhhhhhhehd
' SCREEN
Ihbhkhhhhhhhhhhhhhdds
SCREEN 9,0
LINE(O0,0)-(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(5,115)-(5,5)
LINE(615,5)-(615,115)
LINE(5,115)~(615,115)
LINE(10,10)~-{610,10),1
LINE(10,10)~(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"



| F GNAMES(|) =" CANCEL GRAPH' THEN 1=50
"ENFER NUMBER OF VARI ABLE YOU W SH TO GRAPH: "
=" CANCEL GRAPH'

GNANMES( NV) =

I F 990 GON=1: TON=0: CLS

LI NE( 40, 310) : ( 60Q. 31
2, 60: PRI NT
Y=- 34. 44* GV(

1010 YOLD=Yidea¢s. 2,33 : PRENTX=66:02 6 HEDOW™
LGEHTELZOO PRIR®

END | F

Profiles LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE

) BRINT v
: PRINT
:PRINT "

5,30: PRINT
7,30:PRINT
2,58:PRINT
4,55: PRINT
5,55:PRINT
7,55:PRINT
6,55 PRINT

THEN

NEXT |

LOCATE 23, 10: | NPUT
NV
GON=0

PO, ROGAENT SHEEIN
LI NE( 40, 0) - T 4b%310) '

( 4. 30: PRINT "TI M 1000[ LOCAT
%ﬁ&;@,,ﬂ NT CV(NV) 05 JUL 1996
iz 1010 LI NE( 1

X=40

| F

I'sz’r *Pam* *Wk k k k k%
"ACTUAL FLOW: "

"% VALVE OPEN:
"AMMONIA FLOW™
"SET POINT: "
"ACTUAL FLOW:
"% VALVE OPEN:
'lpag L]

LINE(610,125)~-(610,180),3
LINE(380,125)~-(380,180),3
LINE(380,125)-(610,125),3
LINE(380,180)~(610,180),3

IQCATE 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(18S,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
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE

10,25:PRINT

10, 6 : PRINT

17,5:PRINT
12,4 :PRINT
13,4 :PRINT
15,4 :PRINT
22,4 :PRINT
20,4 :PRINT
19,4 :PRINT
12,25 :PRINT
13,25:PRINT
15,29 :PRINT
20,27:PRINT
17,25:PRINT
18,25:PRINT
22,25 :PRINT
23,25:PRINT

IF SIG=25 THEN 105

S1G=25

"INITIAL SEPARATIONS"
"MAKE-UP WATER" -
"COOLING WATER"™
"SET POINT: “
"ACTUAL FLOW:
"% VALVE OPEN:
"$ VALVE OPEN:
YACTUAL TEMP:
"TEMP SET PT:

"PRODUCT HT:

"$ VALVE OPEN:

"WASH COLUMN“

"T0-26 EXTRACTION"

"PRODUCT HT:"

"% VALVE OPEN:"

"PRODUCT HT:"

"% VALVE OPEN:"

thhhhhhthhhhhdhthhdhthhhthd

! CONTROL PROGRAM
Vhkhhkkkhkhh Rk hhhhdhd

CALL IONMANA("“TIN",5,13,12,1

' —1)

CALL IONMANA("TO26",5,10,12,1,-1)

CALL IONMANA("AMMONIA",5,11,12

el,-1)



-19- CLS: TON=1: GON-1 LOCATE 2, 13: PRI NT " PALLETI ZA

| NTERNATI ONAL TI N STABI LI ZER SYSTEM LOCATE 3, 13: PRI NT "- REPLACEMENT SHEET
------------- LOCATE 5, 24: PRINT " FFFE

TEMPERATURE PROFI LES" LOCATE 6, 24: PRINT "---"- <=--oooooo | 05 JUL" 1996
FOR J=0 TO 50 | F TLABELS(J) ="MALOTT" THEN 1110 LOCATE

J+8, 5: PRINT J+1 LOCATE J+8, 10:PRPNT TLABELS(J) EXTT—TTT0

FOR J=0 TO S(EALL IOMMANN(UATERIEBGLO)I2" NALOTT" THEN 121 LOCATE

J+8, 35: PRINT @W@W} 3,32, 1£\EXI1)]

IONMANA ("TEMP",3,0,12,1,-1) )
IONHANA("TEH?I“,3.1,12.1,-1)
IONMANA ("TEMP2",3,2,12,1,-1)
IONMANA ("TEMP3",3,3,12,1,-1)
IONMANA ("TEMP4",3,4,12,1,~1)

CALL IONMANA("TEMP5",3,5,12,1,-1)
IONMANA (“TEMP6",3,6,12,1,-1)
IONMANA ("TEMP7",3,7,12,1,-1)
IONMANA ("TEMPS",3,8,12,1,-1)
IONMANA ("TEMP9",3,9,12,1,-1)
IONMANA("PH",5,15,12,1,-1)

IONMANA ("SEP",6,12,12,1,~-1)
JONMANA ("WASH",6,14,12,1,-1)
IONMANA ("TINOUT",8,2,-1,-1,-1)
IONMANA ("TOOUT",8,1,-1,-1,-1)
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)

FEREEEE

EEREEREEEEE:

gn
EE

ANIN("TINFEED%“ 5.0,"TIN",1,-1,"NT", "")

ANIN("TOFEEDY" 0,"T026" 1.-1 N, Wn)

ANIN(“AHMFEED%" 5.0,"AMMONIA",1,-1, “HT" ey

ANIN("WAIERFEED%' 5.0,"WATER", 1,-1,“NT“,“")
ANIN("TEMPIN%",1.0,"COLDJURC,TEHP,TEHPl,TEHPZ,TEMP3",1,-1."NT","")
ANIN("TEMPIN21",1.0,"COLDJUNC, TEMP4 , TEMP5,TEMP6E",1,~1,"NT" "")
ANIN("TEMPIN3%", 1.0, "COLDJUNC, TEMP7, TEMP8, TEMPO", 1,-1 UNT™,"")
ANIN("PHIN",S. 0 "PHY,1,-1,"NT" , w)

ANIN("SEPIN%",15.0, "SEP" 1,-1,"NT" nu)

CALL ANIN(“WASHIN%",S.O,“WASH“,l,-l,"HT",““)

CALL ANIN("ALARM%",5.0,"ALARM",1,-1,"NT", ")

EEEEEEEEE

fThkhhhhhkhhhhihih

' Variables

Thbhkhhhhdhhhhhhhd

TK1=150:TVAl=0

TOK1=160:TOVAl=0

AK1=120:AVAl=0

WK1=50:WVAl=0

T=1:TI=3:TD=.75
TOT=1:TOTI=40:TOTD=.5
WK1=50:WT=2.5: WTI=1000000:WTD=0
TEMPSP=55 : TEMPK1=20
KPH1=,15:PHSP=8,2 ]
KLEVEL=18 : LEVELSP=6:TSI=120:TSD=30
' KHASH=10:SEPVAR=1900:WASHVAR=3900

105 CALL INTON(1l,"MIL")
TARRRRRRRRRANRANR
' Tin Flow
A RRANRRR RSN R AR
CALL MEANDEV("TINFEED%",1,GV(1l),STDEV!,1.0,5.0,0)
CV({1)=INT((.6661*GV(1l)~-1.2715)*100+.5)/100
IF CV(1)<0 THEN CV(1)=0
ERR1=TSP-CV (1)

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



1200
3, 28 PRI NT " COMMENT
FOR L=1 TO 50
L+6, 10: PRI NT L

LI R R b S b b S b ik b b S b Sk b b S b !

Comment Profil es

PROFI LES" LOCATE 428: PRI NT "------4

| F COVMENTS(L)="HALF LI FE" THEN 1250
LOCATE L+6, 20: PRI NH COMVENTS( L)

CLS:LOCATE

RE EDLACEMEMTEET

ON ERROR GOTO 1500 LOCATE 23, 10: | NPUT "ENTER THE COMVENT Y%\MRH
MAKE: " NV TVA!—TWF'EUWEN!% =" CANCEL COMMENT" THEN 600 1996
CVMT$= CC]\/IVEW:’ ERR2=E JCC]\/IVENT$ (NV) ="1NPUT COWVENT" TTH

LOCATE 18, 1 " CMMITS END | F

TRl P=30: GOT bk ok Shut—DBownr-

Vari abl es ’rzi ;gggl*;gQ** *xkkk* **k*k **k*% .

TSP=0: TOSP=0r¢ SERAUAWASF & &+ # ASP=0: WSP=2. 5 TEMPSP- 30

TVA! =0: TOVAI =0 to26 flow

Thhhkhkhhhhhhhdh

CALL MEANDEV (" TOFEED%",1,GV(2),STDEV!,1.0,5.0,0)
CV{2)=INT((.678%GV(2)~-1.27)*100+.5) /100

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

TERR1=TOSP-CV (2)

TOVA!=TOVA! +TOK1*TERR1

TERR3=TERR2 : TERR2=TERR1

IF TOVA!<O THEN TOVA!=0

IF TOVA!>3900 THEN TOVA{=3900
PERTO=(TOVA! /3900) #100

Thhkhhhhdhdhdhhhhnd

' Ammonia Flow

X1 I T ITTIT YT T TN

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(5),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)
AVA|=AVA!+AK1*AERR1

IF AVA!<O0 THEN AVA!=0

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

IhkRAAEAREARARAAERRARRARRY

' Make=-up Water Flow

TR RRRRRRRRRRRARAER SRR R R hd

CALL MEANDEV("WATERFEED%",1,GV(4),STDEV!,1.0,5.0,0)
CV(4)=INT((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 WVAlI<O0 THEN WVAl=0

IF WVA!>3900 THEN WVA!=3900

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

IThkhetRRARRERRRARRERARRERARNS

' Reactor Cooling Water Flow
IRARARRRRAEARRRARRR AN R R iR

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

TEMPCNTRL! =TEMPCNTRL! +TEMPERR*TEMPK1

IF TEMPCNTRL!<0 THEN TEMPCNTRL!=0

IF TEMPCNTRL!>3900 THEN TEMPCNTRL!=3900




-

AVA! =0: W/A! =0: SEPVAR=3900: WASHVAR=3900 LEVELCNTRLI =SERVAR; VASHCNTRL!

=WASHVAR CVMMIs="SHUT DOWN': TRl P=30: SHUT=1 : CIN()GOP i CRECMT L~;
R LR R R R R R R R R R R EE L] Start Up Vari abl es Rmﬂg@h”““ Slﬂﬁ
TSP=SP* [y 100/ ( B- C* Y 100) ASP=TSPxGH-17/ 35. 454/ 100/ . 2?
WEP=SP* 1. 1/ 2 TOSP=SP: SEP=0: WAS=0

05 JUL 1996
KLEVEL=18: KWASH= k3 SERYARE 1PRS SARD 298908100 CNNW$:"ﬁTART uP"

TRI P=30: SHUT=0: GOTO 600 1500 ' *****##xxksx sk xx sk Error Trap

- 20 - PPrarparpargaraapane e T 22 2 1 1

' Sep Column Level Control
F T 2232222322222 22222 4 5 & &J
IF SEP=1 THEN 1600

CALL MEANDEV("SEPIN%",1, GV(6) ,STDEV,1.0,15.0,0)
CV(6)=GV(6)

IF GV(6)<.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 LEVELCNTRL!>SEPVAR THEN LEVELCNTRL!=SEPVAR
PERLEVEL=LEVELCNTRL!/3900*100

106 TRARRRRRRRERRRAT AR h i
' Wash Column Level Control
IR RRRRRARRRARERRARR Rk hdd
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 WASHCNTRL1<0 THEN WASHCNTRL!=0
IF WASHCNTRL!>3900 THEN WASHCNTRL!=3900
PERWASH=WASHCNTRL!/3900*100

107 Ikhhddkhhhidhhhhhhhhhhhdihddddkkididdiik

' falling f£film temperature profiles
'***************************************

CALL ARGETVALF("TEHPIN%",1.0,3,"TEHP1“,TV(1),10)
CALL ARGETVALF ("TEMPIN%",1.0,4,"TEMP2",TV(2),10)
CALIL ARGETVALF ("TEMPIN%",l1.0,5, "TEHP3",TV(3) 10)
CALL ARGETVALF("TEHPINZ%“ 1. 0 2 "TEMP4" TV(4) 10)
CALL ARGETVALF("TEMPIN2%",1.0,3, "TEH?S“,TV(S) 10)
CALL ARGETVALF("TEHPINZ%",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 ("TEMPIN32%",1.0,4,"TEMPO",TV(9),10)

lkhkhkhhhhhhhhhhhdhdd.

' distillate alarm
EYYTXY1:2222232 222222} 2]
CALL ARGETVALF("ALARM%",5.0,1, “ALARH“ ALARM, 0)
LOCATE 18,50:PRINT "
IF ALARM<4 THEN
I0CATE 18,50
PRINT “"EMPTY DISTILLATE"
END IF

IRXIT22221 2323224 2 2 2 22 22 %222

! Indicators

T RRARRRRRERRRRRERR AR RN

IF SHUT=1 THEN
IOCATE 21,50:PRINT "SHUT DOWN SEQUENCE"
LOCATE 22,50:PRINT " INITIATED"



| F (ERR-5) THEN RESUME 110
160G

*xk*k %%k *kkkhkk*k *(kk* **k*k *x*k *

LIk Sk S S b b Sk S Sk S S S S E k

CALL

MEANDEV( " SEPI N6 , 1, GV( 6), STDEV, 1. 0, 15. 0, 0)- 16 - CV(6)=GV( 6)

GV(6) <. 80 THEN GV(6)=0 LEVELCNTRL
LEVELCNTRL! <O TE&bl tEVELCNTRL! =0
. LEVELCNTRL! =3900F SEP=PHRERVEL=KLEVEL

"kkkkkkkkkkxkkkxxx LOGKEE 15, 50: PRINEN (IMANVALELSED FPIROL"

VEANDEV( " WASH

D IS_:}/{?,QENSTDEV, 1.0, 5.0, 0)
GV(7) <. 88 THEN ) L=
VASLENTRE ! <0 TEgyggéggkﬁwﬁﬂﬂ§§?§§?3¥Tﬁkﬁﬂé£g

WASHCNTRL! =3900 - PERWASH=KWASH

CALL WRITEVAR("TINOUT",2

| F (ERR-11) THEN RESUME 10

RESUNVE. . NEXT

Manual Sep Cont r@ REPLACEMENT *SHEET

105 JUL 1996
HEN

I =KLEVEL/ 100* 3900
| F LEVELCNTRL! >3900 1
Q01O 106 1700

CALL

CV(7) =GV( 7)

o . | F
L?ég%gb& THEN

GOro 107
+TVALl,-1,"NT")

| F

CALL WRITEVAR("TOOUT",2,TOVA!,-1,"NT")
CALL WRITEVAR("AMMONIAOUT",2,AVA!l,-1,"NT")

CALL WRITEVAR("WATEROUT"

¢ 2,WVAL,~1,"NT")

CALL WRITEVAR("COOLOUT", 2, TEMPCNTRL!,-1,"NT")

CALL WRITEVAR("“SEPOUT",2
CALL WRITEVAR("WASHOUT",

IF TRIP=30 THEN 700
TRIP=TRIP+1

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

115

LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
* LOCATE
IOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
LOCATE
IOCATE
LOCATE

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

7,69 :PRINT USING

12,15:PRINT USING
13,17 :PRINT USING
15,18: PRINT USING
6,58:PRINT USING

19, 18:PRINT USING
20,18 : PRINT USING
22,18:PRINT USING
12,37:PRINT USING
13,39:PRINT USING
17,37:PRINT USING
18,39:PRINT USING

USING
USING
USING
USING
USING
USING
USING

120 Thdkhkdbhhhhhhhhdhhhhdd

' NEW VARIABLE

N T
AS=INKEYS
IF Ag="Tw
IF AS="M"
IF Ag="G"

OR AS="tw
OR As= llm 1]
OR AS=Ng#
IF A$="X" OR A$="x"
IF AS="C" OR AS="c"
IF A$=" " THEN 110
CS=INKEYS

IF C$=" " THEN 600

THEN
THEN
THEN
THEN
THEN

121

T I L I L T T T T owuven
' CLOCK

A2 2i221222 2322222 TY)

. LEVELCNTRL! , -1, "NT")
2, WASHCNTRL! , <1, "NT")

44, 44% ;TSP
n44 LEWCV(1)
"$44" :PERT .
44 #4% 2 TOSP
"E1E.FEVCV(2)
"4###"%: PERTO
"i4.4#4"ASP
:##.ﬁ#“:CV(B)
Rty
"id.44":CV(4)
"###ll :PERW
viF.EENCV(5)
"44,49 s TEMPSP
"E#F. 49 TV(0)
w4441 : PERTEMP
"#4. 34" :GV(6)
w444 PERLEVEL
wig. $4%;GV(7)
" 444" : PERWASH

1100
1800
900
103
1200

CALL CLOCKREAD (TIMEX (), "NTn, nn)

IF GON=0 THEN



1800 T %% * * * **d*** * * ) ** ) ****%% I\/anual Control Screen

CLS: LOCATE 4, 32: PRI NT " MANUAL CONTROLS' LOCATE 5, 32: PRI I\I'ﬁgrmccﬁgn_ T SHEET
------- " FOR M1 TO 50 | F MANUAL$(M ="HALF LI FE' FHEN-3856
LOCATE M6, 10: PRI NT M LOCATE M+§;20: PRI NT MANUALS( M S\%IT‘%
1850 LOCATE 20, 10: | NPUT "ENTER THE VARI ABLE YOU W SH: "; NV 0 6
MANUALS( NV) =" CAbREL=0 F&IEN 600 | F MANUALS$ &Q« " MANUAL SEP"_ THEN
SEP=1: KLEVEL=PERL ENEEATE 10,J#3+64: CRAIE UBEHI o TRy PEVEL?" ;| LEVEL

LOCATE 16, 21: INP% ‘J)""IME"‘J’&H% END | F =
MANUAL$( NV) =" AUTOVAT! C SEP" THEN SEP=0 : KLEVEL=18 END | F

| F MANUAL S( NV) ="rrhéddnRirby i3 §0{HRUNTIMES (1) * 6 0ARSNTINEAMEH-PERWASH

OCA WTIWASH‘)I’N’I]W%SOO)
I(_BOTOTEOé7 15: PR UNTIME% (1) =INT(RT2/60~RUNTIME%Y (0)* %ATE 17, 20: 1 NPUT KWASH
RUNTIMES (2) =INT (RT2-RUNTIME% (0) *3600-RUNTIME% (1) *60)

FOR J=0 TO 2
LOCATE 12,J*3+65:PRINT USING "##"RUNTIMEX(J)
NEXT J
END IF
GOTO 10S

110 (RT3 3223213221222 2 2 222 )

' Variable List
IFTTTEITIT LTI TS 2 2 242 2 % 2 84
CLS:LOCATE 2,26:PRINT "CONTROL VARIABLE LIST"
LOCATE 3,26: PRINT "
LOCATE 5,8:PRINT "NUMBER":1LOCATE 6,8: PRINT N "
IOCATE 4,20:PRINT "VARIABLE"'I.DCATE 5,22:PRINT “"NAME"
LOCATE 6,20:PRINT '~wwecwe=
LOCATE 4,35:PRINT "CURRENT”‘I.DCATE 5,36:PRINT "VALUE"
LOCATE 6,35:PRINT Nmemm——l
VALUE(1l)=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 S0
IQCATE I+6,10:PRINT I
IOCATE I+6,20:PRINT VARIS(I)
LOCATE I+6,35:PRINT USING "####.#4":VALUE(I)
IF VARIS(I)="START UP" THEN I=50
NEXT I
ON ERROR GOTO 1500
LOCATE 23,10:INPUT "ENTER NUMBER OF VARIABLE YOU WISH TO CHANGE: " ;NV
IF VARIS(NV)=#" THEN 600
IF VARIS$(NV)="SCREEN" THEN
600 Cls
GON=0:TON=0
X=40
GOTO 101
END IF
IF VARIS (NV)="SHUT DOWN" THEN 1300
IF VARIS(NV)="START UP" THEN 1400
LOCATE 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)




-

END |'F
END: | F
-21-

KLEVEL

LOCATE 17, 20: | NPUT KWASH  GOTO 600 END I F | F IVANUAL$ (NV)

THEN

KWASH=PERWASH: KLEVEL=PERLEVEL

I F MANUALS( NV) =" AUTOVATI C WASH' THEN
| F MANUALS( NV) =" ALL MANUAL" THEN

WAS=0: KWASH- 10
P=1 _:WAS=1

LOCATE 16, 15: PRI FWR'EM_M@{@EQT HEET

'LOCATE 16, 21:1NPUT KLEVEL LQGATE 17, 15: PRI N[ 'HKAASHR:

SEP=0O

700

710

900

© LOCATE 3,26¢ PRINT "

Kngégkﬁyhgﬂﬁx JF GO
KW HﬂVALUE(S? F © 600
GOTO 600

IR 3223222222122 22 ]

¥ ALL AUTOVATI C"

I\vv T

05 JUL 1996

! Data Files

I 2 IZITYTTTTI LRI TR T

IF DCT=0 THEN 710

OPEN "“C:TIME.PRN" FOR APPEND AS 41

PRINT #1,TIME%(0),TIMEY(1l),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(1),TV(2),TV(3),TV(4),TV(5),TV(6),TV(7),TV(8),TV(9)

CIOSE 43

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

CLOSE #4

CMMTS=""

TRIP=0:GOTO 115

R332 12132121122 F 33 0Ny
! Graph Section
1**********************

CLS:LOCATE" 2,26 PRINT "VARIABLE GRAPHING LIST"

LOCATE 5,8:PRINT "NUMBER":LOCATE G,B.PRINT —— "
LOCATE 4,20:PRINT "VARTABLE":LOCATE 5,22:PRINT "NAME"
LOCATE 6,20:PRINT "=—=we—e= ®:LOCATE 6,22:PRINT "=mw=t

FOR I=1 TO 50
JOCATE 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

' 990

1000

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

1010

1100

LINE(X,Y)-(X-1, YOLD)
YOLD=Y :X=X+1
IF X=600 THEN
X=40
GOTO 9390
END IF
GOTO 120

LIRS 22 22 2R T2 232 2 YR gy
' Tenperature Profiles




-

CERMEM

- 22 - It will be apparent to one of ordinary skill A"gr‘%ﬁ&ﬁﬂ’f"ET
it £s much nore econom cal to operate the nethod of this ipvéntion in but
one agitated vessel as described hereinabove and in the fofl pwithg Hiang9ées
there is no reason why the vigorous agitation of the react|jop m xture coulfd
not be conducted in a series of agitatedqvessels before spparation TS
comenced. Thus, the operation of th| s nethod with its'-essentjal
agitation, as dehmdther‘emrﬂﬂ-nwent han one agitated vessel is

consi dered eqw%t"ém't*lt@ﬂ-tls operatlon in but on

€.
CATE 2,13:PRINT "PALLETIZABLE INTERNATIONAL TIN STABILIZER SYSTEM"
IDCATE 3,13 :PRINT ——

LOCATE 5,24:PRINT ”FFFE TEMPERATURE PROFILES"
LOCATE 6,24 :PRINT " "
FOR J=0 TO 50
IF TLABELS (J)="MALOTT" THEN 1110
LOCATE J+8,5:PRINT J+1
LOCATE J+8,10:PRINT TLABELS (J)
NEXT J
1110 FOR J=0 TO 50
IF TLABELS (J)="MALOTT" THEN 121
LOCATE J+8,35:PRINT USING "###.4";TV(J)
NEXT J

1200 TRRREERRERRRRARRAARN AR

' Comment Profiles
I RERRARNRARRAERRRRERAR AR RN
CLS:LOCATE 3,28:PRINT "COMMENT PROPILES“
LOCATE 4,28: PRINT "
FOR L=1 TO 50
IF COMMENTS (L)="HALF LIFE" THEN 1250
LOCATE L+6,10:PRINT L

IOCATE L+6,20:PRINT COMMENTS (L)
NEXT L

1250° ON ERROR GOTO 1500

TOCATE 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
END IF :

TRIP=30:GOTO 600

1300 thhkhkhhdhhhhhhhdhhhrhddd
' Shut Down Variables
(B 2 2 T T 12 T 18T Y R e ey e e ey
TSP=0:TOSP=0:SEP=1:WAS=1
ASP=0:WSP=2.5
TEMPSP=30
TVA!=0:TOVAl=0
AVAl=0:WVAl=0:SEPVAR=3900 :WASHVAR=3900
LEVELCNTRL! =SEPVAR: WASHCNTRL! =WASHVAR
CUMTS="SHUT DOWN":TRIP=30:SHUT=1:GO0TO 600

1400 ThhhhhhddhhihhidAhhhhhdd

' Start Up Variables

Ik rhdhhdhhhRdhhhis

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

HSP=SP#*1,.1/2

TOSP=SP:SEP=0:WAS=0

KLEVEL~=18 : KWASH=10: SEPVAR=1900: WASHVAR=3900
CMMTS="START UP":TRIP=30:SHUT=0:GOTO 600

- L]
1500 ‘'kukkrtnkrhhkhhhhhht

! Error Trap
't**ttﬁt*i***ti*t*tt
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EXAVPLE 1 Twent y- seven- hundr ed gfans of water were placed in a 3

liter reactor having a dianeter of 5" and equipped with a qnyqpegmgmﬁgﬂggr
| aboratory style mxer having two 2.5"-inch dianmeter LI —A346

i ipel | ers spaced 4 inches apart on the g xer shaft. The m i S tgis'l6
O ”@.

at a shaft speed of about 1300 RPM and e addition of a 5
aqueous sol uti oF (@ERR=8) KYHER rRESUMBOIllde (80% dinethyltipn gdichloride, 20
% nononet hyl tin IR i (ERReALLYTEEN \RESJIRE 1% 210 grans/ minute
2- et hyl hexyl t hi RESF® YEXTat 213 grans/nminute, water at 10
m nute, and_concentrat e (28 %y weight) was started.
The two ordé Pec ?‘%ﬁg&ﬁq*gm?g&gﬂ{:‘?ﬁ*ﬂuousl y in essentially
stoichionmetric pgopar .qns*.as.csmu;4u4¢u1 by a conmputer, but the addition
of the ammoni um Byl GEANDEYRS SELTRE O] 1 sui7 (1) STOEVQNPAL @6.DpOhmi Nntain a
constant pH of 8c@(e)=z8wqs) 60 grans/ninute of the acid acceptor was added

during the cour s&F oV .86nTHENOGY g %?aration of the alkyltin 2-
et hyl hexyl t hi ogl BERETRLFKEEVREL 18913790 about 5 hours. The liquid

l evel in the reaé¥ obEVH ggﬁgxgggg ‘VOBQE? was, therefore,

2.575 liters (0. 1} o 6 this m xer speed,
the turnover ratggigs, gdou per
1700 '************************

' Manual Wash Control
IRRRREARRRRBRRRRA SRR AR
CALL.MEANDEV(“WASHIN%“,1,GV(7),STDEV,l.O,S.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 WASHCNTRL!>3900 THEN WASHCNTRL!=3900
PERWASH=KWASH

GOTO 107

1800 thkhhhkhkhhhhihdhhhhdhdd

' Manual Control Screen
ETTYTTITITITTT T2 TS 22 L4 4 24
CLS:LOCATE 4,32:PRINT "MANUAL CONTROLS"
LOCATE 5,32: PRINT "
FOR M=l To 50
IF MANUALS (M)="HALF LIFE"™ THEN 1850
LOCATE M+6,10:PRINT M
LOCATE M+6,20:PRINT MANUALS (M)
NEXT M
1850 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
IOCATE 16,21:INPUT KLEVEL
GOTO 600
END IF
IF MANUALS (NV)=YAUTOMATIC SEP" THEN
SEP=0: KLEVEL=18 _
END IF
IF MANUALS (NV)="MANUAL WASH" THEN
WAS=1: KWASH=PERWASH
LOCATE 17,15:PRINT "KWASH?";KWASH
LOCATE 17,20:INPUT KWASH
GOTO 600
END IF
IF MANUALS(NV)="AUTOMATIC WASH" THEN
WAS=0: KWASH=10
END IF
IFT MANUALS (NV)="ALL MANUAL" THEN
SEP=1:WAS=)




- 2F - mnute and the average bulk fluid velocity was abqgut—88 -

feetyminute. The additions and a continuous withdrawal of tlhdEPEAGRMEN SHEET
m xture into a gravity settling separation unit were conmende
simul taneously at the same rate. The m xtureiseparated quickl y apd bpe 1?96
organi ¢ phase was washed with water and dried by heating under; vacuum The

residence time ig.the h gq i \, el was about 4.5 jmAttes—rA
sanpl e of the dr ﬁ?&gé‘é&%ﬁ& 8 % by F&ef ractive | ndex
measur enent, 18. e 62k R ERPEPSREREION Spectra, and 18.6 Wby X-ray
anal ysis.  The tduxreetn;ab: PRINEMMKWKSH? ™ kwasHhe product, taking into
account ‘the anoUWNCATEOfL7,@08 ENPURNKWASH kyltin chloride charged and the
concentrati ons O¥ORA M®0hylti n and nononethyltin chlorides therein, is 18.9

% by wei ght. END IF
o DY 9 IF MANUALS (NV)="ALL AUTOMATIC" THEN

SEP=0:WAS=0
END IF
GOTO 600



EXAMPLE 2 A five-gallon, baffled cylindrical reactor _vessel, having

a dianeter of 11.5 inches was charged with 33 pounds of waj BB rir oes
agitation was started with a top-entering center-nounted LI fﬁ%ﬁbég'ﬁéétff
XDQ, Model XDQ 75SCR m xer equi pped with dual A310 | aser fjoifl inpellers

having a 5.2 inch dianmeter and spaced 4 inches apart. Sai{d |mi @& Jbhs199
0.75 HP, variable speed (1750 RPM nmax), DC notor. The punpijng rate of th
i mpel l ers was 1013 gallons per mnute and the fluid velocuty across-the

i mpel lers was 188 feet per minutée.?%he sinultaneous additien of the
aqueous solution of the mxture of dinethyltin dichloride and

mononet hyltin trichloride (like that in Exanple 1), the '

2- et hyl hexyl t hi ogl ycol ate, water, and the amoni um hydr oxi de was t hen
started. The rates of addition of the organic reactants were: 2.67 pounds
per mnute of Itheild el apparedt did dae of 3Grdpimanis skdd Inkhateabthawgherit and

2.7 poundg pEEn dBrE RoRbmioL: (Y APeralbitRe Md¥hHTENUTENYRVENE tih WaS
added atbut 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 aqueous solution of alkyltin chloride (80%
dimethyltin dichloride, 20 % monomethyltin trichloride by weight)
at 210 grams/minute, 2-ethylhexylthioglycolate at 213 grams/minute,
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 (0.68 gallon) and the Z-factor was
1.6. At this mixer speed, the turnover rate was about 130 per
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- 24 - a rate sufficient to maintain the pH at 8.2 (about 1 pound
per. m nute). The additions were continued for 109 m nutes and the
tenperature was maintained at 45[err] C. Wthdrawal of [ hgepig E:mm)pslﬁtﬁlfre
at a rate equal to the conbined addition rates conmencel |

overflowed fromthe reactor and.the m xture was conti nupup |l ed into
separation tank where the aqueous phase separated quick a)lé)cﬁ Léaﬁﬂ% fIr gm
t he organi ¢ phase. Said aqueous phase contained only 36 pmof tin -

i ndi cation of the conpl eteness of the desired reaction pnd | ack of side
reactions. The product phase was washeds with fresh wat er | |
heat and vacuum The percent tin in the dry product was 18.8 by the
refractive index nmethod, 18.9 by the X-ray nmethod, and 18.83 by density.

o

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
guickly 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. 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 agqueous solution of the
mixture of dimethyltin dichloride and monomethyltin trichloride
(like that in Example 1), the 2-ethylhexylthioglycolate, water, and
the ammonium hydroxide was then started. The rates of addition of
the organic reactants were: 2.67 pounds per minute of the alkyltin
chloride, 1.36 pounds per minute of water, and 2.7 pounds per
minute of the thioglycolate. The ammonium hydroxide was added at



- 25 - CLAIMS: 1. A nethod for the continuous manufacture of an
al kydtin thiocarboxylic acid ester conprising sinmultaneousl—adding an

alkyltin halide, a thiocarboxylic acid ester, and an acid adhﬂmﬂgﬁetmrgﬂ ET
agitated aqueous nmediumin a reaction vessel over an indef} nfte-per+od F

time, agitating the mxture with one or nore inpellers at ja tubEﬂ Br'@
mnute rate of at |least 90 at a residence tine of 5 m nutdgs [or # al926 at,

| east 110 at a residence tinme of 3.6 mnutes or nore substfantially

t hroughout the vol une of the mixture,” dintaining the resylting reaction
m xture at a pH greather than 7 but not nore than 8.2, contt :
W thdrawi ng the m xture fromsaid reaction vessel S|nultaneously with the
addition of the reactants, and continuously separating it as it is

wi t hdrawn i nto an aqueous phase and an organi ¢ phase wi thout the need for

demul si figalLed BBRAPScient to maintain the pH at 8.2 (about 1 pound per
minute). The additions were continued for 109 minutes and the
temperature was maintained at 45° C. Withdrawal of the reaction
mixture at a rate equal to the combined addition rates commenced as
the mixture overflowed from the reactor and the mnixture was
continuously led into a separation tank where the aqueous phase
separated quickly and cleanly from the organic phase. Said agueous
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.




2. A nethod according to claim1 wherein the agitation inparts a fluid

velocity across the inpeller(s) of at least 15.2 cm (50 feef)pRpsr g .
3. A nethod according to claiml1l or claim2 wherein the pHis §§AC§M t%*EET

8. 2. 4. A method according to any preceding claim rel n the
turnover rate is at |east 120 per ninute, 5. A met hod &Hi@ﬂﬂJMﬂ%ﬁo
any preceding clalnlmhereln the reactlﬁnzﬁs carried out in 51 ngl e

agi tated vessel. 'any precedi ng clarm

wherein the alkyltin hallde the 1&ﬂ[1 i d| accepter~are_added
beneat h t hecoarfigaee of the |iqui dﬂm“” Hm Hmvebsel _

1. A method for the continuous manufacture of an'alkyltin
thiocarboxylic acid ester comprising simultaneously adding

an alkyltin halide, a thiocarboxylic acid ester, and an
acid acceptor to an agitated agqueous medium in a reaction
vessel over an indefinite period of time, agitating the
mixture with one or more impellers at a turnover per minute
rate of at least 90 at a residence time of 5 minutes or
more and at least 110 at a residence time of 3.6 minutes or
more substantially throughout the volume of the mixture,
maintaining the resulting reaction mixture at a pH greather
than 7 but not more than 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 agqueous phase and an organic
phase without the need for demulsification means.

2. A method acéording to claim 1 wherein the
agitation imparts a fluid velocity across the impeller(s) of
at least 15.2 cm (50 feet) per minute.

3. A method~aécording to claim 1 or claim 2 wherein
the pH is from 8 to 8.2.

4. A method according to any preceding claim
wherein the turnover rate is at least 120 per minute.

5. A method according to any preceding claim
wherein the reaction is carried out in a single agitated
vessel.

6. A method according to any preceding claim
wherein the alkyltin halide, the ester, and the acid
acceptor are added beneath the surface of the liquid in the

reaction vessel.
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- 26- 7. A nethod accordi ng to any precedi ng ’i@Epﬂ@ﬁﬁmﬁTtgﬁfT

RAcih
alkkyl tin thiocarboxylic esterl L l”‘ '
R[err]Sn[S(CH[err])[err]( 'm m”mﬁﬂ'uln X is 1ljorf 2; nis 1 or{2;
Ris an alkyl group having from one‘to"fofir tarbon at ong; |an@BSRIUL <1996
al kyl group having fromeight to sixteen carbon ‘atoms. 8. A

met hod according to claim7 wherein R is 2 hyl . _ 9. A net hod
according to claim7 or claim8 wherein R is 2-ethyl hexyl

7. A method according to any preceding claim
wherein the alkyltin thiocarboxylic ester has the
structure:

R,Sn(S (CH,),(COOR’ ],

wherein x is 1 or 2; n is 1 or 2; R is an alkyl group
having from one to four carbon atoms; and R’ is an alkyl
group having from eight to sixteen carbon atoms.

8. A method according to claim 7 wherein R is
methyl.

9. 'A method according to claim 7 or claim 8
wherein R’ is 2-ethylhexyl.
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ABSTRACT

CONTINUOUS PROCESS FOR MAKING A
DIALKYLTINTHIOCARBOXYLIC ACID ESTER
A method which can reduce fifty-fold the size of

equipment required for making a given volume of alkyltin
thioglycolic acid esters. Anfalkyltin thiocarboxylic acid
ester is made from the corresponding alkyltin halide and
thiocarboxylic ester in a continuous process that requires’
but one agitated reaction vessel. The organic reactants
and an acid acceptbr are added simultaneocusly to a vessel
equipéed with agitator impellers and containing a
sufficient level of water to provide an agitatable medium.
Extremely vigorous agitation (at least 75 turnovers per
minute, which is sufficient to achieve a fluid velocity

‘across the impeller(s) of at least 15.2m per minute) is

employed to avoid side reactions which often cause the
formation of a tenacious, 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
the 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 8.2
and the preferred temperature is from 40 to 80°C.



