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Speci fication Manuf acturing Method for 1,1, 1, 3, 3- pent af | uor opr opane

*Industrial fields where the i‘nvention can be utilized This invention
relates to a nethod to produce 1,1,1,3,3- pentafluoropropane, which does
not destroy the ozone layer and is inportant for industrial fields as HFC
bl owi ng agents, refregerants and propell ants. Prior art Because of
t hese advantages, a nethod to produce 1,1 ,1,3, 3-pentafl uoropropane is
urgently needed to be established. Speciftécasionn net hods of producing
1,1,1,3,3- pentafluoropropane are as follows. Carbon tetrachloride and
vinylidene chloride are prepared and an addition reaction is triggered.
The reaction product, 1,1,1, 3,3, 3-hexachl oropropane, is fluorinated to
produce 1,1, 1, nitfpeturingudethad €or or,dpi oPBreenhativorspramaneed with
hydrogen to produce 1,1, 1, 3, 3-pent af | uor opropane (WO 95/04022).

Industrial fields where the invention can be utilized

This invention relates to a method to produce 1,1,1,3,3-
pentafluoropropane, which does not destroy the ozone layer
and is importaht for industrial fields as HFC blowing

agents, refregerants and propellants.

Prior art
Because of these advantages, a method to produce
1,1,1,3,3-pentafluoropropane is urgently needed to be

established.

The known methods of producing 1,1,1,3,3- pentafluoropropane
are as follows.
Carbon tetrachloride and vinylidene chloride are prepared
and an addition reaction is triggered. The reaction product,
1,1,1,3,3,3-hexachloropropane, is fluorinated to.produce
1,1,1,3,3-pentafluoro-3-chloropropane which is reduced

with hydrogen to produce 1,1,1,3,3-pentafluoropropane (WO
95/04022).
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Either 1,1,1, 3, 3-pentafl uoro-2, 3-di chl oropropane or

*1,1,1,3,3-pentafl uoro-2,2,3-trichloropropane is reduced wth hydrogen to
produce 1,1, 1, 3, 3-pent af | uoropropane (EP 061174). These wel | - known

met hods, however, present technical and cost problens because of the-

prol onged chem cal processes including the process in which the chloride
s fluorinated to produce a precursor, and the process in which the

obt ai ned conpourgl therr AYA6d, MgenthFic?@en, 3-dich16MR%pafté drhe | nvention
The object of this invention is to provide a new cost- efficient nmethod to
produce 1,1, 1, 3, B-1Ren8 fd-peatafluapone, 2 13 ek ichdordphoihey i gl sedquiaddsel ectivity
w t hout the disadvantages that are common with conventional production

t echni ques. wiGbnhydrogenoto gfrotitee 11Nig N} 3 Brpehtafiudeoprspanel YEPt hese
probl ens, a production nethod for 1,1,1, 3, 3-pentafluoropropane was

t horoughly i nvesiaigqtigd. .

These well-known methods, however, present technical and

cost problems because of the prolonged chemical processes

including the process in which the chloride is fluorinated
- to produce a precursor, and the process in which the

obtained compound is reduced with hydrogen.

Object of the Invention

The object of this invention is to provide a new cost-
efficient method to produce 1,1,1,3,3-pentafluoropropane
that gives high yield and selectiviﬁy without the

- disadvantages that are common with conventional production

techniques.

Construction of the Invention

In order to solve these problems, a production method for
1,1,1,3,3-pentafluoropropane was thoroughly investigated.
As a result,the inventors found that when pentachloropropane

is used as a starting material and this is reacted with



T

As a resultthe inventors found that when pentachl oropropane is used as a
‘starting material and this is-reacted with hydrogen fluoride in

t he vapor phase, an inportant point is that an equilibriumexists between
the reaction internediates, 1,1,1-trifluoro-3-chloro-2- propene and
1,1,1,3-tetrafl uoro-2-propene, and that when 1,1,1,3, 3-pentachloropropane
S quorlnated I.n the vapor hase 1,1,1- trlfluoro 3-chl oro-2-propene is
obtai ned and t HVA5QesR ri Ehyi@r b'b%ri’a@ﬁroph%‘@s aR impeptant pednt
1,1,1,1-trifluoro-3-chloro-2-propene is further fluorinated to produce
1,1, 1, 3, 3- pent af 1 dPeprasp &l tf"éé‘[“l?/’@ls}"s bﬁEwe&grBE%dlrteaéﬁlfhlrs] o

ex erlnent 1,1,1, ntafluoro I s_prqduced wt I gh yie rom
1, E 1, 3, 3- pent a&ﬂsﬂ?mg HigSe ! ’s1|’ﬁpF€ ﬂ“%ﬁg:ﬁ' %rﬁr%c@gep@?e fndor i nat i on.
This gives a 3 aeCtIVFlnEth dto roduce5$ 3 3- pent af | uor opr opane
to conplete thls iV et Yerar luorpPsPrQRFDRy | K Fhabi a manufacturing

hod f t | he foll ow ng two
B?gcgssegr |l|r:s)jt’ p?tr’g%gg ?;‘Li(%f’gmppag’nﬁ}§? ori; 'TQELdnlBo’Fheal"ﬁBo’fgal nly
1,1,1- t fI o - 3-ch ene, c n the reactjo et ween
1,1,1,3, 3r :oen?a EFOpLg'pi érgfhd' &S‘ﬁﬂf‘? %ne iiF ghkaise g (vapor)

Eﬂfiz?i’ dgndf ?orsne'f dﬁﬁ chyegro&uct,egogrogen chlom%g p{so rlé?n;[)ve(? ydrogen

1,1,1-trifluoro-3-chloro-2-propene is further fluorinated

to produce 1,1,1,3,3-pentafluoropropane effectively.

As a result 6f this experiment,1,1,1,3,3-pentafluoropropane

is produced with high yield from 1,1,1,3,3-pentachloropropane
simply through the process of fluorination. This gives a
cost-effective method to produce 1,1,1,3,3-pentafluoropropane

to complete this invention.

This invention provides a manufacturing method for 1,1,1,3,3-
.pentafluoropropane comprising the following two processes:

a first process to obtain a mixture, which contains mainly
1,1,1- trifluoro-3-chloro-2-propene, by inducing the reaction
between 1,1,1,3,3-pentachloropropane and hydrogen fluoride

in gaseous (vapor) phaée, and a second pfocess to remove

the by-product, hydrogen chloride, from the mixture
obtained in the first process, containing mainly 1,1,1
4trifluoro-3—chloro -2-propene, and to obtain 1,1,1,3,3~

pentafluoropropane by inducing a reaction between the remaining



obtained in the first process, containing mainly 1 ,1,1
®-trifluoro-3:chloro -2-propene, and to obtain 1,1,1, 3, 3-

pent af | uor opr opane by i nducing a reaction between the remaining

m xture and hydrogen fluoride in gaseous (vapor) phase.

According to the claimed manufacturing nethod, the chem cal
reaction is triggered in the follow ng two, stages. First stage (first
process) [err] mixture and hyslrggen Stlygeide doogasenusc d¥anor) phase.

According to the claimed manufaqturing'method, the

chemical reaction is triégered in the following two stages.

Rirst stage (first process)

" CeH Ce F H
] ] | SHF | | /CE
CE—-(’J—('.‘.—_C,:-H —-———>-F—(i2—C=C\ +4HC¢
Ce H Ce o H -
TJHF
F H
L 1
F-C-C=C +5HCZ
I,“ Ng |

Second stage {second process)

FH FH

| Ce _HF i F
F—C—C=C< <— r-Cc-Cc=c/ +HCg

# H ' g

1. F

E
F-C-C-C=F +HCZ
F H H
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 4- In the first stage(first process) in which 1,1,1, 3, 3-

pent achl or opropane is fluorinated with hydrogen fluoride in the vapor
phase, there exists an equilibrium between
1,1,1-trifluoro-3-chloro-2-propene and 1,1,1, 3-tetrafluoro- 2-propene.
Because the by-product of HO pronotes a strong tendency towards

1,1, 1-trifluoro-3-chloro-2-propene, the main product is

1,1, 1-trifluoro-3-chloro-2-propene even if excessive anounts of hydrogen
fluoride are used. Although the internediate, 1,1,1, 3-tetrafl uoropropene,
and the target Inuble flivet shagelfBrst peocads)udn ofhispahel s 163a3be  obt ai ned
t hrough these reactions, their anmount is slight. However, in this
i nvention, aftepentaghliongprdpangyipridagrinated with hydrogen fluoride

in the vapor phase, there exists an equilibrium between

1,1,1-trifluoro-3-chloro-2-propene andl,1,1,3~tetrafluoro-

2-propene. |

Because the by-product of HCl promotes a strong tendency

towards 1,1,1-trifluoro-3-chloro-2-propene, the main

product is 1,1,1-trifluoro-3-chloro-2-propene even if

excessive amounts of hydrogen fluorijde are used. Although

the intermediate, 1,1,1,3-tetrafluoropropene, and the

target Substance, 1,1,1,3,3-pentafluoropropane, can be

obtained through these reactions, their amount is slight,

~ However, in this invention, after removing the by-prbduct
of HCl, the reaction product which mainly contains
1,1,1~trifluoro-3-chloro-2-propene is fluorinated with
hydrogen fluoride in the vapor phase in thé second stage
(second process). Consequently the target substance,
1,1,1,3,3-pentafluoropropane, can be obtained with high
yield and selectivity. In the first stage, 1,1,1-
trifluoro-3-chloro-2-propene produced - in the first stage.
is useful for an intermediate of medical_drugs énd
agricultural chemicals for introducing a trifluoropropyl

group into organic compounds.



of HCO, the reaction product which mai.nly contains
=1,1,1-trifluoro-3-chloro-2-propene is fluorinated wth hydrogen fluoride
in the vapor phase in the second stage (second process). Consequently the
target substance, 1,1,1,3,3-pentafluoropropane, can be obtained with high

. yield and selectivity. In the first stage, 1,1, 1-
trifluoro-3-chloro-2-propene produced in the first stage is useful for an
i ntermedi ate of nmedical drugs and agricultural chemcals for introducing a
trifluoropropyl group into organic conpounds. Enbodi ment s of
the Invention The clainmed manufacturing nmethod is explained in detail.

In the first stage descri bed above, 1,1,1,3,3- pentachl oropropane and
hydr ogen quoriMﬂ%ﬂ‘Meaotor which is filled with a
fluorinating catalyst . to induce the reaction. In order {o proceed the
eaction the Pl RedonRR RSB Gugh methed ige erplaineds b AEtalfiou o be
nore than three tinmes that of 1,1,1,3,3- pentachl oropropane. Adding
excessi ve hydrogen fluoride is reconmmended to conplete the reaction as

vell as Tt has ng RLOPLRT gt aBSbrirda aicue; Y1 A 55 the performance of
pentachloropropane and hydrogen fluoride are added in a
first reactor which is filled with a fluorinating catalyst
to induce the reaction. In order to proceed the reaction,
the molar ratio of hydrogen fluoride to the former shoﬁld
be more than three times that of 1,1,1,3,3-
pentachloropropane. .Adding excessive hydrogen fluoride is
recommended to complete the reaction as well as it has no
problem so as not to adversely affect the performance of the
reactor. If the added excessive hydrogen fluoride is not .
sufficient, the remaining compound contains too much chlorine.
Therefore the molar ratio of the hydrogen fluoride is
generélly set at a level ranging from-five to 20 times

that of the 1,1,1,3,3-pentachloropropane.

A third stage follows the first and second stages (first and
second processes) described in the above. The mixed gas which
mainly contains 1,1;1,3,3-pentafluoropropane is obtained

in the secqhd stage. This gas contains 1,1,1,3-

tetrafluoro-2-propene and 1,1,1-trifluoro-3-chloro-2-



reactor. If the added excessive hydrogen fluoride is not sufficient, the
‘remai ni ng conpound contains too nuch chlorine. Therefore the nolar ratio
of the hydrogen fluoride is generally set at a level ranging fromfive to
20 tinmes that of the 1,1, 1,3, 3-pentachl oropropane. A third stage
follows the first and second stages (first and second processes) described
i'n the above. The_m xed g which main cont ai ns .

1,1, 1, 3, 3- pent af PBBP%}?ropg‘ﬁteepl §ﬁ%b<{e£aﬁ-@g¥oq ﬁ?t he! dededd stage. This gas
contains 1,1,1, 3- éaeftlr af |l uoro-2-propene and 1,1, 1-trifl uoro:3-chl oro- 2-

- 6- pr oBEREATINPTORrapRRe  ShSSE: P, Sypstarices are recycled to

pent af | uor opr opa t WO substan re recycled to the second
process (the thi Irage péeg&gﬁgsgr_-ocess Bé%‘fuggfrf‘ﬂé’mc Jsts an equi li brium bet ween

1,1,1,3,3- pentafluoropropane and 1,1,1, 3-tetrafl uoro-2-propene, the
third process described above is necessary to obtain :

1,1,1, 3, 3- pent af hyor,aRr QRANE oGELLS ia%ngwilibrium between 1,1,1,3,3-
pentafluoropropane and 1,1,1,3-tetrafluoro-2-propene,
the third process described above is necessary to obtain

1,1,1,3,3-pentafluoropropane efficiently.



Ihe\follomﬁng reaction fornmul ae denonstrate these = processes. First
stage (first process) [err] Second stage (second process)

Terr]

The following reaction 'f‘or‘mulae demonstrate these

processes.

Pirst stage (first process)

C¢ H Ce
0] I H
C—C—C—(C_p SHF | | Ce
Tr HS’F‘?"C=C< +4HCg
CeH Ce ! H
L ur
FF H
[ [ _F
F-C-C=C{ +5HCe
' N
I
Second stage (second process)
F
| I[I /Cg F HF
F-C-—C:C | | |
F F H H
rF H ;
F._'é [_ /F { Il—I Ce
F r 'H
N |
y _/




- 8- Actual ly, the gas obtained in the second stage contains
+1,1,1 -triflworo-3-ohloro-2-propene, 1,1,1,3- tetrafluoro-2-propene,
1,1,1,3,3,-pentafl uoropropane, HCl, and excessively added hydrogen
fluoride. After renoval of the target substance, 1,1,1,3, 3-

pent af | uor opr opane and HC fromthis m xture, the residual should be
introduced into a second reactor. The HC , which has a | ower boiling
point than the other products, can be easily renoved by distillation.

Al though the oHGHAINY -4 HEXRaRLIRIENE, Setird 2 eadé eiBanti . hyar ogen
[uortde 1 o M SnERlEL o SRS A rbllb o337y 1 ooved e ogen
ydr ogen 11 uor i FeRE S SabeditRRT T ladcicpkptet ElirBpkuipiyy opene and
' HCl, and excessively added hydrogen fluoride. After
removal of the target substance, 1,1;1,3,3—
pentafluoropropane and HC1l from this mixture, the residual

should be introduced into a second reactor.

The HCl, which has a lower boiling point than the other
products, can be easily removed by'distillation. " Other
techniques can also be used to remove the HCl besides
distillation. Although the obtained gas can be washed with
water to remove HC!, hydrogen fluoride is simultaneously
removed. In this case, the removed hydrdgen fluoride -

should be recovered.

When the mixture consisting ofn1,1,1-trif1uoro-3-
chloro-2-propene and 1,1,1,3-tetrafluoropropene and
hydrogen fluoride is introduced into the second reactor,
the molar ratio of the hydrogen fiubride should exceed
that of the mixture so that the equilibrium between the
1,1,1,3-tetrafluoro-2-propene and the 1,1,1,3,3-

pentafluoropropane leans towards theltarget substance.



‘the nol ar ratio of the hydrogen fluoride should exceed that of the m xture
"so that the-equilibriumbetween the 1,1,1,3-tetrafluoro-2-propene and the
1,1,1,3,3- pentafluoropropane | eans towards the target substance.

dAn this case, extra hydrogen fluoride added in the first reactor can be
used directly. Additional hydrogen fluoride can be added as necessary. The

. nol ti f : e uQyr i | S | t: a | rangi ng
from five to 200 (HELCHRa: S5Fd Rupfaer AR ploafarhnd 7K€ " HT
171013, 5 pent ol TGP Bpoah 4R, uE4E FipeSl! TR tsona) hugrogen o ang
1,1,1-trifluoropyd; r Qs ﬁﬁf . ub qﬁ?% hd Y
separ at ed by dfis)‘%di}{i}igt%o@njbe ?dea Ps,nel, ???%—tg%l?a ug(r:g- %nggllr‘lée and

1,1,1-trifluoroy x@ébﬁrﬁu%rﬁaépfé‘gfggxgé&ggogét it?h”ié%i“??ﬂﬁd& erbfie second

reactor. In the processes desc ve, any type o uor i nati on

catal yst can beppgedqyapgl 51thsr@{gpgfu§féimti Weduce the catalyst is not

particularly restricted. Fluorination <catalysts include chrom umfluoride
oxi de, alum na fluoride. and substances such as fluorinated al um na which
carry at |east one of the follow ng elenments: C, Zn, Ti, V, Zr, M,

The_gas obtained in the second reactor contains the target
substance, 1,1,1,3,3-pentafluoropropane, 1,1,1,3-
tetrafluoro-2-propene, and 1,1,1-trifluoro-3-chloro-2-
propene. These substanges can be easily separated by
distillation. Ideally, 1,],1,3-tetrafluoro—2—propene

and 1,1,1-trifluoro-3-chloro-2-propene should be-

reintroduced into the second reactor.

In the processes described above, any type of fluorination
catalyst can be used and the method used to produce the
catalyst is not particularly restricted. Fluorination
catalysts include chromium fluoridé oxide, alumina fluoride.
and substances such as fluorinated alumina which carry at
least one of the following elements: Cr, Zn, Ti, V, Zr, Mo,
Ge, Sn and Pb. Chromium fluoride oxide is prepared by the
following treatment. The hydrates of chromium hydroxide
(III) and chromium trifluoride (III) are treated with heat
and the obtained substances are fluorinated with hydrogen

fluoride to produce chromium fluoﬁide oxide. Alumina



Ge, Sn and Pb. Chromum fluoride oxide is prepared by the follow ng
-treatnent. The hydrates of chrom um hydroxide (l111) and chrom um
‘trifluoride (I1l1) are treated with heat and the obtained substances are

fluorinated with hydrogen fluoride to produce chrom um fluoride oxide.

Al um na -10- fluoride is

produced by fluorinating alum na with hydrogen fl uoride. Al t hough no

speci fi ed reactifluarddpeistproduded bycBlinninatinghelueing wokh thudyesen ur e

shoul d be adjusted to the tenperature range 100 to 400[err]C. The opti num

tenperature ranfjboriidem 200 to 300[err]C. It is difficult to pronote the
reaction at tenperatures below 100[err]C. |If the reaction tenperature
exceeds 400[err]C, the selectivity nay decline because of the increase in
by-products. The tenperatures of the first reactor and that of the second
reactor should Atcheyghsiespeeibinsd 8paction FRURATETURR| iShBFCHRSALYmot

necessarily be set to the sane tenperature. .
the reaction temperature should be adjusted to the

'_temperature range 100 to 400C. The optimum temperature
ranges from 200 to 300C. It is difficult to.promote the
reaction at temperatures below 100C . If the reaction
temperature exceeds 400C , the selectivity may decline
because of the increase in by-products. The temperatures
of the first reactor and that of the second reactor should
be adjusted to appropriate ;evels and they need not |

necessarily be set to the same temperature.

If the reaction temperature is extremely low, large-scale
"equipment is necessary to produce an objective amount of the
target substance. Extremely high reaction temperature is not
preferable because the equilibrium between_the 1,1,1,3,3-
pentafluoropropane and the 1,1,1,3-tetrafluoro-2-propene

leans towards the 1,1,1,3-teftrafluoro-2-propene.
Although there is no restriction on the reaction pressure,

the optimum reaction pressure ranges from atmospheric

pressure to 20 kg/cm2.



If the reaction tenperature is extrenely low, |arge-scale equipnent is
> necessary to- produce an objective amount of the target substance.
Extrenely high reaction tenperature is not preferable because the
equi libriumbetween the 1,1,1, 3,3- pentafl uoropropane and the
1,1,1,3-tetrafl uoro-2-propene |eans towards the

1,1,1,3-teftraf lAHQrfbp%'eE}f‘%'&%ion eqs.\lti RADRah NG ikl 1P 4 ?gﬁ'd\éeisgf‘ on the

reacti on pressure; %t optimim reactfon pressure ranges at nospheric

pressure to 20 legp this invent {8 ikYBSsddf oBe’é\fé ic‘ﬂ'ﬂaﬁﬂﬁiopi‘@%ti%” be used

In this process. ecause this 1nvention 1s based on the catal ytic reaction

between a gas apgegectPll fas R EUHIAAT hdIBAALFIIE pERErally @hddicr 2

~multipipe fixed bed reacTor or a fluidized be reactor. A novabl e bed

reactor etc. arggabfhedUhimbleSpipdiflikes Bta PERSCOObr! £aEARI SN Yeg Used as
the first and second reactors. Fig. 1 shows a plant which can be used

for perforning bRgetdi.al NesbvEBLEUEd readti LBY. THHCRISH sigedbisl the cl ai med
production nethod is 1,1,1,3,3-pentachl oropropane which is easily obtained
by an additi onpjee&idn®NtRRISVBE Nr&itBe Nedrf eaGsdd iaisdehé Il rt natd

second reactors.

Fig. 1 shows a plant which can be used for performing the

claimed method.

The raw material used in the claimed production method is
1,1,1,3,3-pentachloropropane which is easily obtained by
an addition reaction between carbon tetrachloride and vinyl
chloride (Journal of Molecular Catalysis, Vol. 77.51, 1992;

Magazine of Industrial Chemistry, Voi. 72, No.T7, 1526, 1969).

Industrial Availability of the Invention

The -claimed manufacturing method comprises the following two
processes. In the first process,.1,1,1,3,3-
pentachlopopropane and hydrogen fluoride are reacted in
gaséous (vapor) phase to obtain 1,1,1-trifluoro-3-chloro-2-
propene. In the second process,thg 1,1,1-trifluoro-3-chloro

-2-propene and hydrogen fluoride are reacted in gaseous

-12-



chloride (Journal of Mbdlecular Catalysis, Vol. 77.51, 1992; WMagazi ne of

*Industrial Chemstry, Vol. 72, No.7, 1526, 1969). I ndustri al
Avai lability of the Invention The clained nmanufacturing nmethod conprises
the following two processes. In the first process, 1,1,1, 3, 3- :

pent achl or opropane and hydrogen fluoride are reacted in gaseous (vapor)
phase to obtain 1,1,1-trifl uoro-3-chloro-2- ropene. In the second

process, the 1, 1, ¥2pprighaseota RIRABEY 1,121 ﬁ(ﬁ)‘&%ﬁ@ A YOROBFORAE« f | uori de are

E\e/gg;re;jplhgsgats gng\Séoaa_%é)bfﬁi?%@ 3‘,“315]@%ﬁ%ﬁhﬁ?ﬁ%ﬁ?ﬁpa"ﬂg@l@]ga@%ﬁié‘lsned in

LT, 1011 1] uor or Sodn e Aupr SsRBLONS SSBpRRaNEs 15 SURBLED 86 thBr ocess

ot oductfon of PR SERRE AEtEE PR BB VRO g e e | Ve,

L1 17305 pont adieBRARD RS AR B i aBaErRIEBEVEly <i mply through

- the fl uorinati(”\,Ht??§f§ipentafluoropropane with high selectivity.. :
Consequently 1,1,1,3,3-pentafluoropropane can be produced
from 1,1,1,3,3-pentachloropropane economically and

effectively simply through the fluorination process.

The claimed method is édopted to pfoduce a SUbstance:
1,1,1,3,3-pentafluoropropane 'that does not destroy the

ozone layer and that is important for industrial use as HFC
blowing agents,refrigerants and propellants. In the first
process,1,1,1-trifluoro-3-chloro-2-propene is produced. This
substance is useful for an intermediate of medical dfugs and
agricultural chemicals for introducing the trifluoropropyl

group into organic compounds.

Brief Description of* the Drawing

Fig. 1 gives a schematic flow of an example of the
equipment used for performing the production method of

the present invention.



The cl ai med method is adopted to produce a substance:

*1,1, 1,3, 3-pent af | uor opropane - that does not destroy the ozone |ayer and
that is inmportant for industrial use as HFC blow ng agents,refrigerants
and propelllants. In the first process,1,1,1-trifluoro-3-chloro-2-propene
I's produced. This substance is useful for an internedi ate of nedi cal
drugs and agricultural chemcals for introducing the trifl uoropropyl
group into organi c conpounds. Brief Description of the Drawing Fig. 1
gives a schemati g flqw of an exanple of the equipnent used for performng
the production néﬁﬂﬂﬁffﬁ the present invention.

(e i ng niBEST: hSnEIcie L W0 SRbI el 1 £ RXPIGiRgY 11 the
examples.
Example 1

A first reactor:

An aqueous solution of chfomium nitrate and an aqueous
ammonia were mixed to form a precipitate of chromium
hydroxide. A fluorination catalyst was obtained by heat
treating the chromium hydroxide. The catalyst was
fluorinated by a pretreatment with only hydrogen

fluoride passing therethrough before the reaction.

A Hastelloy C reaction tube (internal diameter: 20 mm,
length: 700 mm) was filled with 20 g of the catalyst and the

temperature was increased at 250°C in a nitrogen stream.

After the nitrogen stream was terminated, 1,1,1,3,3-
pentachloropropane and hydrogen fluoride were introduced

at flow rates of 20 ce/min and 200 cc/min respectively.

The obtained gas was washed with water and dried and then
the composition of the produced gas was analyzed by gas
chromatography. A mixed gas of the following composition was

obtained:



exanpl es. Exanple 1 A first reactor: An aqueous solution of chrom um
:nitrate and an aqueous anmonia were mxed to forma precipitate of
chromium hydroxide. A fluorination catalyst was obtained by heat treating
t.he chrom um hydroxi de. The catal yst was fluorinated by a pretreatnent

wi th only hydrogen fluoride passing therethrough before the reaction. A
Hastell oy C reaction tube (internal dianeter: 20 mm |ength: 700 nm was
filled with 20 g of the catalyst and the tenperature was increased at

250[err]Cin a nitrogen,stream _ After theg njtrogen stream was
termnated, 1,1, 1’%’%% tﬁ@?ﬂe@m}‘%r%ﬁr‘”85%’h% gngkhydrogen fluoride were

I ntroduced at flo tes of c/lm d cc/mn respectively. The
obt ai ned gas masHmﬁgﬂgﬁgmf?qFa%gPéxégyﬁga@Qié%agnd then the conposition of

e, broduced 920, e IIGEA B SIRRIRAGSIGRGE A M xed gas of the

A second reactor:
The gas obtained in the first reactor was washed with water
to remove hydrogen chloride (HC1).After drying, the
reaction mixture,which mainly contained 1,1,1-trifluoro

: —3-chloropropéne, was added in a second reactor at flow rate
of 20 cc/min accompanied with 200 cc/min of hydrogen

- fluoride. Conditions in the second reactor were adjusted to
match fhbse in the first reactor and a further reaction was

induced.

~ The obtained gas was washed with water and the composition
was analyzed by gas chromatography. The mixed gas of the

following composition was obtained:
1,1,1,3-tetrafluoro-2-propene 23.4%
1,1,1,3,3-pentafluoropropane 52.3%

1,1,1-trifluoro-3-chloro-2-propene 24.3%

As demonstrated in this example,the target substance,

1,1,1,3,3-pentafluoropropane, was economically produced
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1,3-tetrafluoro-2-propene 2.1% 1,1,1,3, 3-pentafl uoropropane 5.0%
,1,1-trifluoro-3-chloro-2-propene 92.9% A second reactor: The gas
btained in the first reactor was washed with water to renove hydrogen
chloride (HO).After drying, the reactionm xture,which mainly contai ned
1,1, 1-trifluoro -3-chloropropene, was added in a second reactor at flow

rate of 20 cc/m C nied wth.20 [m hydr ogen __fl uori de.
Conditions in tﬁiaég’ggﬁgg%@ﬁgf%}y%%mp %@E?‘é@’ 3%’8 ﬁ%ﬁ"@%st ﬂ%se in the first
reactor and a fyrther action S, | . Th btain s was washed
w th water and ? %\éor'@@ﬁ%g%% iughné'\ﬁldg ’;fqg‘l%igatﬁblﬁggp Wgﬁaggg&%phy; The

m xed gas of thﬁ fghl ¥% g conposition was obtai ned: N _
1,1,1,3-tetrafl B -ﬁ :gene 23.4% 1,1,1, 3, 3-pentafl uoropropane 52.3%
1,1, 1-trifluoro-3-chloro-2-propene 24.3% As denonstrated in this

exanpl e, the target substance, 1,1,1, 3, 3-pentafl uoropropane, was
econom cal 'y produced

B

151
;71,1
obt

Example 2

The reaction process adopted in this example was the same as
that adopted in Example 1 except for the use of fluorinated
alumina as the catalyst.- The gés obtained in the second
reactor was washed with water and its composition was
analyzed by gas chromatography and a mixed gas of the

following éomposition'was obtained:

1,1,1,3-tetrafluoro-2-propene 22.9%
1,1,1,3,3-pentafluoropropane 51.8%
1,1,1-trifluoro-3-chloro-2-propene 25.3%

As demonstrated also in this example,the target substance,
1,1,1,3,3-pentafluoropropane, was economically produced
with high selectivity simply fhrough the process of |
fluorination, using 1,1,1,3,3-pentachloropropane as the

raw material.



-45 - with high selectivity sinmply through the process of
-*fluorination, using 1,1,1, 3, 3-pentachl oropropane as the raw material.

Exanpl e 2 The reaction process adopted in this exanple was the sanme as

t hat adopt.ed in Exanple 1 except for the use of fluorinated alumna as the

catal yst. The gas obtained in the second reactor was washed with water and

.its conposition was anal yzed by gas chromatography and a m xed gas of the

fol | owi ng conpoEkample Bas obt ai ned: 1,1,1,3-tetrafl uoro-2-propene 22.9%

1,1,1, 3,3-pentafTuoropropane 51.8% 1,1,1-trifluoro-3-chloro-2-propene

25. 3% As denonstrated also in this exanpl ethe target substance, -

1,1,1, 3, 3-pent af | uoropropane, was econom cally produced
As shown in Example 1, the first reactor was filled with a-

catalyst. An SUS made distiller (second reactor) was attached
to the outlet of the first reactor so that the obtained gas
could be rectified. In this system, 1,1,1-trifluoro-3-
chloropropene and hydrogen fluoride were introduced at

rates of 20 cc/min and 200 cc/min respectively. The

products were introduced into the distillation column. In
addition to the 1,1,1,3-tetrafluoropropene with low boiling
point and unreacted 1,1,1-trifluoroc-3-chloropropene with

high boiling point, extra hydrogen fluoride was introduced

into the distillation column for recycling.

As the reaction in the distillation column stabilized, the
introduction amount of hydrogen fluoride was gradually
decreased until the whole of the reaction system was
stabilized. When the system was stable, the gas sample was
collected from the outlet of the second reactor.

The collected sample was washed with water and analyzed by
gas chromatography and a mixed gas of the following

composition was found to be obtained:

1,1,1,3-tetrafluoropropene 28.6% .

1,1,1,3,3-pentafluoropropane 61.3%

-117-



mth hi gh selectivity sinply through the process of fluorination, using
-*1,1, 3, 3, 3- pent aohl oropropane .as the raw materi al.

-16- Exanpl e 3 As shown in Exanple 1, the first reactor was
filled wth a catalyst. An SUS nade distiller (second reactor) was
attached to the outlet of the first reactor so that the obtained gas

coul d be rectifijeq,1-drrihdro-S¥6k Bsho-2-gropenti fioiawo- 3- chl or opr opene and
hydrogen fluoride were introduced at rates of 20 cc/mn and 200 cc/mn '

respectively. The products were introduced into the distillation colum.
In addition to the 1,1,1, 3-tetrafl uoropropene with I ow boiling point and

unreacted 1,1, 1Thei gdd10bbatheshfpom heppidile blitldt of btied [diBgiPRivibn extra
hydrogen fluoride was introduced into the distillation colum for
recycling. . column was washed with water and analyzed by gas

chromatography and a mixed gas of the following composition

was obtained:

1,1,1,3-tetrafluoropropene 1.6%

1,1,1,3,3-pentafluoropropane 98.&%

After collecting the gas produced during a specified period

of time, the recovery rate was 97%.

As demonstrated in this example, the target substance,
1,1,1,3,3-pentafluoropropane, was economically produced
with high selectivity, although the substances in the

second reactor were recycled.



As'the reaction in the distillation colum stabilized, the introduction
-*amount of hydrogen fluoride was gradual:!ly decreased until the whole of the

reacti on systemwas stabilized. Wen th | e, the gas sanple
was collected fromthe outlet of the seﬂmmumm‘r“ e collected sanple
was washed with water and anal yzed by gag chrohmat'bgrfapfiy and a ni xed gas

.of the follow ngy, quPE$lieanidas found to be obtained
1,1,1,3-tetraf|8%$o§?opé%ée 2é¥2€6 1,1,1, 3, 3-pent af | uor opropane 61. 3%

-17- 131, Al-mta;,b%égtﬁﬁgn _"Fert,hp{iod@—m92’31'%'1’&&%”%5%39@8 obt ai ned

fromthe mddle outlet o i st ation um was washed mnth wat er
and anal yzed bYo&ﬁp?‘isiﬁé o24: i1 3 Weé@%ﬁwﬁléﬂ?q ,9as-of the follow ng

~ conposition was obtained: 1,1 ,1,3-tetrafl uoropropene 1.6%

1,1, 1, 3, 3- pent atriuepsophordR-4¥opene is mainly obtained by a
reaction of 1,1,1,3,3-pentachloropropane and hydrogen
fluoride in gaseous phase, and a second process in which
1,1,1,3,3~pentafluoropropane is-obtained by a reaction of
hydrogen fluoride and the gas obtained in the first process
from which hydrogen chloride has been removed in gaseous
‘phase.

2. A manufacturing method as defined by claim 1 having

a third process in which 1,1,1,3,3-pentafluoropropane is
recovered and hydrogen chloride is removed from the gas
collected in the second process,and the residual gas mainly
containing 1,1,1,3-te£rafluoro42-propene and 1,1,1-trifluoro
-3-chloro-2-propene is recycled to the second process.

3. A manufacturing methods as defined by claim 1 or 2 in

which the reactions are performed in the presence of

fluorinating catalysts in the first and second processes.



At er collecting the gas produced during a specified period
:Yecovery rate was 97% As derpnstrated in.this exanple, the target
1,1, 1, 3, 3-pent af | uor opr opane,
hi gh sel ectivity, although the substances in the second reactor were

subst ance,

recycl ed.

- 18 -

What is clainmed is: 1. A manufacturing nmethod of

1,1,1, 3, 3-pent af | uor opr opane

trifluoro-3-chloro-2-propene is nalnl obtai ned by a

- Abs ract

The claimed manufacturing method for 1,1,1,3,3-
pentafluoropropane comprises the first process,in which
1,1,1-trifluoro-3-chloro-2-propene is obtained by
inducing a reaction between 1,1,1,3,3-pentafluoropropane
and hydrogen fluoride in the vapor phase,and the second
process,in which the 1,1,1,3,3-pentafluoropropane is

obtained by inducing a reaction between 1,1,1-trifluoro-3-

“chloro-2-propene and hydrogen in the vapor phase,and 1,1,1-

trifluoro-3-chloro-2-propene obtained in the first process
is supplied to the second process after removing the HC1

by-products.
This invention can provide a new economic manufacturing

method of 1,1,1,3,3-pentaf1uoropropane with high yield and
selectivity.

of tine,

t he

was econom cal ly produced with

conprising a first process in whi ch 1,1,1-



tréaction of 1,1, 1,3, 3-pentachl oropropane and hydrogen fluoride in gaseous
‘phase, and a-second process in which' 1,1,1, 3, 3-pentafl uoropropane is
jobtai ned by a reaction of hydrogen fluoride and the gas obtained in the
‘first process fro i hydy ogen chl ori de has been renoved i n gaseous
‘phase. 2. A manuf F‘Q rr;hod as defined by claiml1 having a third
process in which 1% 3 "%8%pent af | uoropropane is recovered and hydrogen
chloride is renoved fromthe gas collected in the second process, and the
residual gas mainly containing 1,1,1,3-tetrafl uoro-2-propene and
1,1,1-trifluoro -3-chl ogp-2-propene is recycled to the second process. 3.
A manuf acturing net hods §§ fined by claim1 or 2 in which the reactions
are perforned in the pregen of fluorinating catalysts in the first and
second processes. LU - -19-
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