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1 o 2135313 CONTI NUOUS o
PHOSPHORYLATI ON"PROCESS This invention relates to a conti nuous prqﬂgéé for
reacting

produci ng al i phati c phosphate esters by continuously 5

al kal i, metal al koxi de with phosphorus oxgchloride. The production of
h

al {phatic phosphates such as trial kyl ph®sphates-and trial

koxyal ky; 595
phoSphates are generally done in batch.processes on a relatively é%&ﬁ$3}016
- scale. The production of tributyl phosphate and tri- butoxyethyl phosphate
esters are described in detail in US. Patent 3,020,303. The tine |ost

bet ween batches in batch p
bat ch phosphory- 15 | at i

By SeKEo :: ,@,{ ieat. Exothernic

e efficient by

I ncreasi ng avail abl e cqq,ljjannggp.(iitjkraIP' ss"Bkes %6:19&?@3@% ﬁpeéﬁ%%eﬁyrgher

feed rates, shorter reaction cyclés an arge batch si zes.

variations ocGiiodyt R G iphat i2Ndndephhty: ebPUFEURY i ddnt SnddidBeted in
| osses 20 of 6 to I0% whi ch are econom cal ly undesirable and are

unaccept apl e Gfeddi@h@adh @lkalGUnetad dilkpRsaeOhitRdphosplicrud
envi ronmental protection |aws. According to the present invention, there is

provi ded a cordiyuhlerigteacess for producting aliphatic 25

phosphates in

a non-oxi di zi ng at nosphere which conprises: a. continuously introducing a
20 to 30 wei ght The production of aliphatic phosphates such as

trialkyl phosphates and trialkoxyalkyl phosphates are

\v}' | generally done in batch processes on a relatively small

10 scale. The production of tributyl phosphate and tri-

butoxyethyl phosphate esters are described in detail in

U.S. Patent 3,020,303.

The time lost between batches in batch processes

make them time inefficient. Exothermic batch phosphory-

1S  lation reactions can be made more time efficient by

increasing available cooling capacity. This makes it

possible to use higher feed rates, shorter reaction cycles

and large batch'sizes. Inevitable variations occur in

batch size and quality. Low quélity is :éflected in losses

20 of 6 to 1ﬁ% which are economically undesirable and are

.unacceﬁtéble as they are difficult to dispose of under -

current environmental protection laws.
According to the present invention,

provided a contihuous process for producting

there is

aliphatic

25 phosphates in a non-oxidizing atmosphere which comprises:

a. continuously introducing a 20 to 30 weight

percent solution of an alkali metal alkoxide



percent solution of an al kali netal al koxide 2. into a reactor at a rate
of 7.57 to 113.56 litres per mnute (2 to 30 U S.- gallons per mnute); b.
conti nuo i ntroduci ng phosphorus oxy- 5 chloride into
t he reactok junder ratio control; @. mxing the reactor contents and
reacting\ihe alkali netal al koxi de with the phosphor us oxychl ori-de while
mai nt ai ni 10 into a readi@m @dcki catei RfufeSattadOf B3 r94 to 60[ err—}
whi |l e contlnuously controlling the reaction yield; d. Continuously

renovi ng reaction prodtiEties PRR Hauteadloto éﬂdUeS gmblong the crude
phosphat e reaction product 15 wi,th water to stop the reaction and renove

-

sodi um chl ori de. The Wﬁﬁhﬂnuous process avoids the tine
i nefficiencies oft e b osphorylation. processes. Losses are reduced to
only 2-3% typical anci Mﬂ“’%‘?ﬁ Xtrggﬂﬁéggdp?ﬁs%h?’b“ﬁd%y't osses in batch
phospboryl at.i on chlorlde into the reactor under ratio

control;

c. mixing the reactor contents and reacting
the alkali metal alkoxide with the

phosphorus oxychloride while'maintaining

10 the reaction mixture at 40°C to 60°C while Z;)
continuously controlling the reaction yield;
d. Continuously removing ;eaction products from
the reactor; and |
e.  washing the drude phosphate reaction product
) 15 with wafer to stop the feadtion and remove
- sodium chloride.
The present contxnuou§ process avoxds the time
ineff;c;enc1es of the batch phosphorylatzon processes.
Losses a;evreduced_to only 2-3%, typically 2 to 2.5m, - _ g;;
20 cﬁmpared éo 6 to 10% losses in batch phosphofyiéfion |
opefatiod;:- Surpifsingly, the overallléfficiency of the
-Bpresené“ﬁfocegs is iﬁproied over the batch process by
more than would be expéctéd F;om'reduced down-time by a
minimum of 15%. | _ _ _.
25 - ' The alkali metal alkokideris'pféferably'fed to:tﬁb

reactor as-a 28% to 30% solution in a carrier alcohol which

is the alcohol from which the alkali metal alkoxide was



&

operations. Surprisingly, the overall efficiency of the present process ts
i mproved over the- batch process by nore than woul d be expected from reduced
down-time by a mininmmof 15% . 25 The al kali metal al koxide is
preferably fed to’the reactor as a 28%to 30% solution in a carrier ohol
which is the alcohol fromwhich the al k&d. metal al koxi de was 26‘!1 )
prodtced. That is, for sodium butoxide, the carrier alcohol wuld b yl
al cohol and for sodi um 2-but oxy- ethoxi de the al cohol would be :

- 2- but oxyet hanol . pxtiduezeds| kdhrlieisyustor| sodiym dnitciine,t kbepeagesercan be
made from 2-et hyl hexanol, octanol, N-dodecanol and octadecanol, and from
ot her carbonol s hod woudHoReecbutinb| 21eohnlomnak feirhsodliuand-butoxy-

2- et hoxyet hanol . The al koxi de concentration can vary between about 5 20
to about 30 wei gfﬁtl?'\&éﬁ‘éénlthf*nslﬁ%h%hr'l'@%d R ArdutoxygtbengdnceBthari ons of

al koxi de in the ce’\rﬁr?i gr al cohgl can be used but will produce high viscosity
reaction mixture@V§e*dMes UseEul tn REACLicingithe arQceAst Aandbenmade



stream handl i ng of the reaction product. Lower al koxide 10

concentrations pose no problem but when they are used, the capacity of
dommstregn?ﬁ covery equi pnent nust be increased. Alkali netal al koxides of
sodi um (pytHssiumor lithiumare enployed; sodium alkoxide is preferred for
econom c\r¥€asons. 15- Conmrer ci al grade phosphorus oxychl ori de
can be useéd in the process and nixkel or ¢lass-lined equi pnent should bef”J
used for storing and transporting the phosphorus oxychloride to the

react or frame2 paibpHeexyanal orrcanadk, Mrdodegapeddend gpsadesanolygi nt ai ni ng
the tenperature in the reactor at about 400C to about 60[err]C.  The
reacti of"f sTRIB PENSE CARRRNP ki SUba @S0 -SRIV ELNRBO s set for exanpl e at

50 , _the actual t bet 45- 55 C. Th
S g ko kg T ARG o Y et vieen 45-SSTerr ¢ The
| ower tenperatureg, | haeu{‘A&“aeJ cvclnscce%}'rt%i%%a%%'nOQa%XLgE%éeﬁeggiatrlg the use
of positive displacenent punps, . such das gear”punps, ‘I'n prace of

CoRerL 0ngh b HREOPSNIUUAN NSy (REERagc Becteantor oL s s
pr oductH i h@Rsé dryc eMEREEE aHYl of ¢ Wox3A@lel @ASthe carrier alcohol
" can be used but will produce high viécosity reaction
mixtures which create problems in mixing and in the down-
stream handling of the.réacgion product. Lower alkoxide g
10 conéentrations pose no probiem but when they are used,
the capacity of downstream recovery equipment must be.
increased. Alkali metal alkoxides of sodium, potassium or
lithium are employed; sodium alkoxide is preferred for
economic reasons. |
15 - Commercial grade phosphorus oxychloridé can be
| used in the process and nickel or glass-lined equipment
should be used for storing ahd transporting the phosphorus
oxychloride to the reactor.
The phosphorylation ope;ation is dependent upon
20 mainfaining the temperature in the reactor at about 40°C
to about 60°C. The reaction is exothermic; when ;hé
reactor temperature is set for example at 50°C, the actual
measured temperature can vary between 45-55°C. The
- reaction Can be run at temperatures of 40°C and lower, but
25 at these lower temperatures the higher viscosity reaction

mixtures require the use of positive displacement pumps,



L}

5 are mniml. Reactor design is not critical to the process but some
m xi ng of the reactants i$ necessary. M xing can be effected by neans for

éxanple of an agitator in the reactor, mxing nozzles or static mxers, 10
Tenperature control in a stirred tank reactor can be acconpli shed 42{:
coQ%Lgually renoving a portion of the crude product fromthe reactat and

rec ulating it through coolers and batk to the reactor. Analytical
control of the reaction is convenientl¥ nain%ainedwb-,15 sanpl i ng or
measuri ng prop&Mfiedsofeehi BUPREy r tUI BERRY 2t RNYR aldhy, 4889 Changi ng
t he phosphorus axychl.oride addition ratio also can affect the tenperature
since the reactc-;%(')'| rllgugfgt REPRPe. - ﬁﬁ%h?%a@?%rﬁe?c&e"d‘ ik & 554 g;(%"t" e

tenperature i notfhgbﬁﬁﬁcgg_acwf'gl 80{«9%@%#??&?&#?% e nfplettiigleP 1O

reduce the tenperature. The norna _ ates 0 he reactants are arranged
so that they airpef @dubie pRBAUEACISMehi BPPUinFed e N BT t/idlds0- The

crude product is nonitored for the presence of an excess of either reactant
and the 2§ beedmiatimaladj usted to approach as near as possible conplete
reaction. Monitoring the reaction can be done 5.
Reactor design is not critical to the process but
some mixing of the_reactants is necessary. Mixing can
be effected by means for ekample of an agitator in the
&) reactor, mixing nozzles or static mixeré.
10 . Temperature control in a stirred tank reactor
can be acbomplished by.continualiy removing a portion of
the crude product from the reactor and recirculating it
through coolers and back to the reactor. Analytical
control of the reéction is conveniently maintained by
15 sampling or measuring properties of this recirculating
crude product stream. Changing the phosphorus oxychloride
addition ratio élso can affect the temperature since the
reaction is exothermic. Higher reactant feed rates
raise the temperature in the reactor while .lower reactant
20 feed rates heip to reduce the temperature.
The norﬁal feed rates of the reactants are
arranged so that they are fed to the reactor in about a
‘stoichiometric ratio. The crude product is monitored
for the presence of an excess of either reactant and the

25 feed rates adjusted to approach as near as possible

.complete reaction. Monitoring the reaction can be done



for exanple by automatic sanpling and anal ytical devices, neasuring

capaci t g€, pH or conductivity or routine analysis.” I n making tributyl
phosph \\7 a 30% sol uti on of sodiun1butoxide in butanol can be fed at a

-rate of 57 to 113.56 litres 5 35.per ninute (2 to 20 U.S. gallons per

m nute)or nore in a commercial plant. \Wen usij a sodi um but oxi-de feed W

rat e, of aﬁ%le"ﬁ!PISZb% GUEFUHG%C éfmmnﬂl‘i"\deg"a&équ?&n‘éﬂ"écf%ebout 8 to about 1~

U. S. gallons n1nut hqﬁﬁgorus 0ﬁ¥chloglde feed.is ratioed from
the al koxPeEY }Wé‘?ﬂ‘fl °eaﬁ § etV PR OSE PoanaySigout 318 kg. 10
per hour (about 0y p landd QUE ) . N I S . operation node.
Under these condi ?I oér'fgnﬁlig%u%g | ae 0 el‘)!."'ttlt?r"u%l}(; §ﬁo‘§'phate eat er

strength gfeok®a %%M&ﬁémm&er&%i aohgféeﬂa@tﬁ 59" tol 9173650 drebut V!

phosphate wi th by-product production of ss than6% based or. washi ng

| osses. Tpér BYnUteO(RIGbS20LY.S. aELIdnEPpeTaminGtB) sthhyre\ahed comherRligr partial
eaters. The reaction is conducted in a non-oxidizing atnosphere for exanple

i n et hanplantTo Wheniudihda dedigarbutokidee Féeneatex pf aboat1$0.82 i s preferred-
to use insert gases such as for exanple nitrogen or carbon dioxide. 20

The presete apoutc 43 banilitresepatepimiteehbaiit 18 tefabput dicle. S.ogallensi gure and
the manufacture of tributyl phosphate. Sodium -butoxide is renoved from
vessel T[es% ]uweburﬁﬁewoampmcpwnhm@ﬁe Ifepd is| eréo?qllef reg@diher H where the

tenperature of 't but oxi de, it 1Is. is cooled 25 to at |east
50[ er r] C. alkorige 5o 9P BuPLsatlY To0R0R 4 oM 2bptio 208 to about 31h k.

10 per hour (about 450 to about 700 pounds per hour) in this k;)
operation mode. Under these conditions the process will provide
a crude phosphate ester strength of 18-26% tris(butoxyethyl)
phosphate or 19-22.5% tributyl.phosphate with by-product
production of less thané% based en washing losses. The by-produets
15 are.typically high;y wagep-soluble partial esters.

The reaction is cdnducted in a non-oxidizing
atmosphere for example 1n-methane. To avoid the dangers
of methane exploeibns,'it is preferred to use insert
gases such as for example nitrogen or carbon dloxlde.

20 - .- The present process will be described with reFer-
ence to the Figure and the manufacture of trzbutyl |
phosphate. Sodium butoxlde is removed from vessel T1 by
pump P1 and fed through line L1 to the cooler H1 where

the temperature of the butoxide, if it is hot, is cdoled

. . . - |
25 to at least 50°C. The sodium butoxide leaves the cooler



6. through Iine.L8 and enters the agitated reactor Rl. Phosphorus
oxychloride is renoved fromstorage vessel T2 and enters the reactor Rl
.through L2.° Crude reaction product is renoved fromthe reactopy~Rl by the
punp P2 5 and circul ated through Iine L3 through cooling devi and H3
aft-er which cool ed crude product is returéned through line L6 t e
réat@or. A smal |l side streamis renmoved fromline L3 through Iine L5 which
contai ns anal yt i thtowglvi time A8 andl ent4ns |thee agidateshgiepctod) R1I0  device
A2. Part of the_ crude product is continuously renmoved fromline L3 through
L4 into a quenchfhesefeerys coxyahkarife dif wamaved frade® tos ageny e s€ddiTdm
chloride and stop the reaction. The invention is illustrated by the .
foll owi ng 15 Gptrters THe KRAGHRENR bdlmagatiZon GFudse reRSHI0Ss i s as
shown in the bl ock diagramand th ergtion is as scrihed bel owg,, I n the
fol | owi ng Exanpl%§°&?‘?€o’g%nr%%"7fge€£%qi% LAAREAR gﬁzi rYgtEZ'tenﬁélﬂ'l?elF& The
first three Exanples t gl - but.oxy.et hyl sphat | 4.
to 6 prod_u?e(dn?‘l’rl?bﬁfgfggigg%hgdre&u%(%qee{f %ﬂ% P n%o%arlgngggpel?euﬁg
using a.sodi um 23 buytipxyeFNOxi iy PRl ¢l | HUde pr ot 9/ Gttt @ flow
rate of 18.93 Il?res.
through line Lé to the reactor. A small side stream is
removed from line L3 through line L5 which contains
analytical devices A1 and an in-line spare analytical
10 device A2. Part of the crude product is continucusly
removed from line L3 through L4 into a quenching decanter
D1 to which water is added to'remove sodium chlaride..
and stop the reaction.
The invention is illustrated by the following
15 Examples. The equipment configuration in the Exémples
is aé shown in the block diagram and the operaéion is sas
described below. .In the following Examples nitrogen was
useq as the non-oxidizing atmosphere. The first three
~ Examples produced tri-butoxyethyl phosphate and Examples
20 4 to 6 produced tributyl phosphate.
. Example 1
The plant was started up using a sodium 2-butoxyethoxide
30% solution in.a 2-butoxyethanol at a flow rate of 18.93 litres
per minute (5.0 U.S. gallons per minute) and a phosphorus

25 oxychloride flow rate of 150.14 kg. per hour (331 pounds per hour).

The temperature of the incoming sodium alkoxide solution and the



per m nut
flow raje

steady s

product c
Exanpl e 2
2- but oxye
mnute (8
rate at 2

e (5.0 U S gallons per mnute) and a phosphorus 25 oxychl ori de

of 150. 14 kg. ‘per. hour (331 pounds per hour).  The tenperature of

pp sodi um al koxi de solutgon and the 7. recycled crude product

#re adjusted to maintain

it . ' : Lo, th d
PR R Bl BRRRR el g o pRBY i 3 s
A ' . - oXl1 de
A e AL, O Bl ek oG d | TS e

t ha | ow rate was nm al ne

the reaction tenperature at 45[err]C At

e

Sbstant if1Al! ¥ieP Healt idn! Shedddiab %ogﬁﬁz EWalfﬁélcﬁ)Syﬁm oride flow

18 kg per hour (481 pounds 10 per

our he ¢rdde pr oduct
cont ai ned weiight¥t bis-vetdxybthyli phosphat@xyet hyl phosphate. Exanple 3 The

process of Exanple 1 was repeated except that the sodi um 2-but oxyet hoxi de

i n 2-but oxyet hanol fExasplatzz was 15 mai nt ai ned at 82.90 | itres

e (21.9 U S. %allons per mnute), and the phosphorus oxychl oride
R

sol utd on
per m nut
addi tion
tri but oxy
22. 3% by

10

15

20

25

rate was &xa

&i hegs anepegtedcexqept thetirthe6@®ipmunds per hour). The

phosphate in the crude product going to the quencher was

§é$%gqﬁy?ﬁgo§%4ﬂ 2-butoxyethanol solution flow rate was maintained
at 30.82 litres per minute (8.0 U.S. gallons per minute) and the
phosphorus oxychloride flow rate at 218 kg per hour (481 pounds
per hour). The crude product contained 26.0% by weight tris-
butoxyethyl ﬁhosphafe.- '
Example 3
The process of Example 1 was repeated.exCept that the
sodium 2-butoxyethoxide solution in 2-butoxyethanol flow rate was
maintained at 82.90 litres per minu?e.(21.9 U.S. gallons per
minute), and the phosphorus oxychloride addition rate was maintained
at 281 kg per hour (620 pounds per hour). The tributoxyethyl
phosphate in the crude product going to the quencher was 22.3%
by weight percent.
Example 4
The plant as described in the figure and.examples above

was started up. using 30% sodium butoxide solution in butanol at

a flow rate of 18.93 litres per minute (5.0 U.S. gallons per minute)

and a phosphorus oxychloride flow rate of 137 kg per hour (303

pounds per hour). The temperature of the incoming alkoxide and the

+



20 Exanpl e 4 The plant as described in the
figure and exanpl es above was started up using 30% sodi um but oxi de"30l uti on
sin butanol at a flowrate of 18.93 litres per mnute (5.0 U S. .m S per
m nute) and a phesphorus oxychl ori de flgw rate of 137 kg per houx {303 25
pounds per hour). The tenperature of the incom ng al koxide and the 8.

Merd duct I t ! i nt ai ned
S BN Ll AL 408 SRR S 1

wei ght tributyl wmigmaiﬁed Be W86 CF iiler SRGh) %@afEH'X g%qigi&@ Bee to the

guencher decanter. 5 Exanpl e 4 was

repeated with apgRdsd!predicedi 5% b9Wweight t2ibuk: 17phogﬁﬂattesnpeﬁem nute (20.0
U.S. gallons per mnute) and a phosphorus oxychloride flow  rate of 426 kg
per hour (939 pesuddsrdaetidmonixturd lgeimg actthenqueathiay déaaneervas nai Nt ai ned at
46[err]C. 10 The crude product going to the quencher decanter contained
19. 3% by weihht tributyl phosphat eExd#bpdenl e 6 The process of Exanple 4 was
repeated but using a sodium butoxide flow rate of 49.21 litres per minute
(13.0 15 U.S. gall ons Exampke duvas repeated wibk gheediym pukerids Fiw | ow rate

of 271 kg per hour (597 ,mends per h_our;. The reactor
. rate of 75.71 litres per minute (20.0 U.S. gallons per minute) and a

phosphorus oxychloride flow rate of 426 kg per hour (939 pounds
per hour). The reaction temperature was maintained at 46°C.
— 10 The crude product going to the quencher decanter contained

19.3% by weight tributyl phosphate.

Example 6

The process of Example 4 was repeated but using
a sodium butoxide flow rate of 49.21 litres per minute (13.0
15 U.S.lgalloﬁs per minute) and a'phosphorus okychloride flow rate
of 271 kg per hoﬁr (59% pounds per hour). The reactor
" temperature was maintained at 49°C. The crude product flowing
-to the quehcher decanter contained 17.4% by weight trébut&l

phosphate. -



tenperature was nmai ntained at 49[err]C. The crude product flowing to the

ﬁmmmmﬂﬂﬂﬁﬂﬂuc. ng a ZQ

quencher_.decanter contained 17.4% by wei ght tributyl phosphate. - CLAI V5
1. Ac |Nuous process for producing allphatlc

non- oxi {/ng at nosphere which coqprlses

to 30 t percent 5 . solutlon of *ancal kal* retal al koxid

into a reactor at a rate of 7. 5&&&5113 56 litres per mnute (2 to 30 U 5"(

gal lons per mnute); b. continu

|ntrodu0|ng phosphorus oxychl ori de

into the reactor yndgreghgiduus pRbédds: F&OFroducmg alighatidTiphbsphatbe react or

‘contents and reacting the alkali netal

koxi de” wi th the phosphorus

oxychl ori da yMHohSox1Ri£ingi simBSpHete whaars tdomprisesi ure at 400C to 600C and

continuously controlling the reaction yield; d.

cont i nuously renoving

reacti on product safr eenttihgousby introducing a 20 tociHkweightapricent washi ng t he
crude phosphate reaction product with water to stop the reaction and renove
sodi unbchoride. 2. solutdoeof ancabiadimetad %ka¥mllﬂﬁ°nGM| ch 20 the

reaction mxture tenperature is 45[err]C to 55[e

(]G

reactor at a rate of 7.57 to 113. 56 litres per minute

(2 to 30 U.S. gallons per minute);

b. continuously introducing phosphorus oxychloride

- into the reactor under ratio control;

" 10 c. mixing the reactor contents and reacting the alkali

metal alkoxide with the phosphorus oxychloride while

maintaining the reaction mixture at 40°C to 60°C and

continuously controlling the reaction yield;

d. continuously removing reaction products from the

15- - reactor; and

e. washing the crude phosphate reaction product with

water to stop the reaction and remove sodium

choride.

2. A process according to claim 1, in which

zo'the reactxon mzxture temperature is AS°C to 55°C.

3. A process accordlng to claxm T or 2, in

which the alkali metal alkoxide is at a tgmpprature of

S0°C or less when added to the reactor.

4. A process according to claxm 1, 2 or 3,

25 in which the alkall metal alkoxide is fed to the reactor as

a 28 to 30% solution by weight in the alcohol from which

the alkali metal alkoxide was prepared.



-

3. A process according to claiml or 2, in which the alkali netal al koxide
is at ‘a tenperature of 50[err]C or |ess when added to the reactor. 4. A

process according to claiml1, 2 or 3; 25 in Whlll m“ “.“l“mll“] t al --xi de
is fed to the reactor as a 28 to 30% sol ution [ ng alchﬂb rom

whi-ch the
to any of
,or carbon
whi ch t he
pr oduci ng
ref erence

\\-/

(]
al kali metal al koxi de was pregared.- *16. 5. "A process a‘?-'ding
clainms 1 to 4, in which the n %oxidisfnglatnnsphere IS nitrogen
di oxi de. 6. A process according to any of clains 1 to 5, 5 in
al koxi de i s 3odilREAEPE decordingc et @Ayoas plaéesslfbe 4,
aIiphat&&,phoiggates sybstantially as herein described with
to arfd 4Q4Sh r 3PBA*EA15AD IR PP SR pI R gNitrogen or

6. A process according to any of claims 1 to 5,

5 in which the alkoxide is sodium alkoxide.

7. A continuous process for producing aliphatic
phosphates substantially as herein described with

reference to and as illustrated in any of the Examples.
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