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The synthesis of 1,3 dichloro-2-propanol from hydrochloric acid and glycerol was
studied since a long time and there are many processes that run the reaction
between hydrochloric acid and glycerol at the presence of an organic acid (acetic

acid or a bi-carboxylic acids) as a catalyst.

The reaction between the hydrochloric acid and the glycerol is a two stages
reaction. Firstly the hydrochloric acid reacts with the glycerol to form the mono-
chlorohydrine and after the mono-chlorohydrins reacts with a second mole of
hydrochloric acid to form the 1,3 dichloro-2-propanol. In the same time some
secondary reactions can happen leading to the formation of beta-gamma

dichlorohydrine.

The historical process is carried on with acetic acid as catalyst and the reaction is
run at 80-100°C [3,4].

Other processes use inert solvents, not water soluble, but able to dissolve the 1,3

dichloro-2-propanol. [5].

Other patents have complex neutralization and separation steps in order to
recovery the 1, 3 dichloro-2-propanol chemical from their reaction processes. [6,

7].

The traditional processes which use acetic acid as catalyst have the following

main disadvantages:
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recovery the 1, 3 dichloro-2-propanol chemcal fromtheir reaction

" «processes. [6, 7]. The traditional processes which use acetic acid as

catal yst have the following main disadvantages: 2 -Fast consunption of
the catalyst due to its evaporation fromthe reaction mxture because its
-boiling point is low (the boiling poin2 of the acetic acid is 117C). -The
kinetic of the reaction is slow downed due to the presence of the aqueous
solution of the hydrochloric acid and to the fornmati on of water by the
react i on -Fiagk Qonsumptipn; efthe ceatalyst gluies iy disaevaporstion frgm the reaction
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at the edd7¥®)d then recycl ed back. This causes excessive energy
consunption and a greater nunber of equipnment is needed. The above

di sadvant.agges. and hi gh.cost _of the glycerol in the past have hindered
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| ow cost_and this situation nmakes it conpetitive to produce the

epi chl orBﬁ‘;‘}Hri ne via 1,3 dichloro-2-propanol rather than through propyl ene,
whose cost is directly correlated to the cost of fossil oil.

-Difficulties in the separation of 1, 3 dichloro-2-propanol from the reaction

mixture.

The processes that use inert solvents have the disadvantage that the solvent has
to be recovered at the end and then recycled back. This causes excessive

energy consumption and a greater number of equipment is needed.

The above disadvantages and the high cost of the glycerol in the past have

hindered the industrial implementation of the above processes.

Today the production of biodiesel has increased many times the availability of
glycerol at a low cost and this situation makes it competitive to produce the
epichlorohydrine via 1,3 dichloro-2-propanol rather than through propylene,

whose cost is directly correlated to the cost of fossil oil.

DESCRIPTION OF THE INVENTION

Purpose of the present invention is to eliminate the disadvantages of the
traditional processes for the synthesis of the 1, 3 dichloro-2-propanol having
found a proce'ss that allows to run the reaction between the hydrochloric acid
(either gaseous or in solution) and the glycerol with an heterogeneous catalyst.
The solid state catalyst is stable at the reaction temperature and it is not depleted
during the time because the catalyst is. a solid and it remains confined inside the

reactor.



DESCRI PTI ON OF THE | NVENTI ON Pur pose of the present invention is to
relimnate the disadvantages of the traditional processes for the synthesis
of the 1, 3 dichloro-2-propanol having found a process that allows to run
t he reaction between the hydrochloric acid (either gaseous or in solution)
-and the glycerol with an heterogeneous3catalyst. The solid state catal yst
Is stable at the reaction tenperature and it is not depleted during the
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organic
products because, with the present process, the gas phase coming from the

reactor is not contaminated with the catalyst. In the present invention the catalyst
is in fact a non volatile solid and hence is not entrained in the gas phase of the
reactor. The only components of the gas phase of the reactor are water, 1,3
dichloro-2-propanol, the excess hydrochloric acid and small quantities of organic
by-products that can be easily separated by condensation and distillation.

For the purpose of the present invention, we can use either gaseous or in
solution hydrochloric acid.The gaseous hydrochloric acid is preferred and it can
be more efficiently used than the hydrochloric acid in water or non water solution.
By using gaseous hydrochloric acid the water content in the reaction medium is
sharply reduced and the kinetics of the reaction is increased, but the solid state
catalyst used according to present invention, is active even in presence of high

percentage of water in the reaction medium.

The new process, object of the present invention, can be carried on in a
continuous way by feeding the two reactants hydrochloric acid and glycerol as
illustrated below and by withdrawing in continuous the 1,3 dichloro-2-
propanol,the water and the volatile byproducts in the gas phase and draining the

heavy components from the liquid phase.



by- products that can be easily separated by condensation and distillation.
« For the purpose of the present invention, we can use either gaseous or in

- solution hydrochloric acid. The gaseous hydrochloric acid is preferred and
it can be nore efficiently used than the hydrochloric acid in water or non
-wat er solution. By using gaseous hydréchloric acid the water content in
the reaction nmediumis sharply reduced and the kinetics of the reaction is

i ncreased, but the solid state catalyst used according to present
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The hydrochloric acid, gaseous or in solution, is fed into the reactor together with
the glycerol in a molar ratio range of 2.1 and 3.3 (preferably 2.25) leaving hence

a slight excess of hydrochloric acid.

The reaction temperature is in the range between 80 and 110°C, at the boiling
point of the reaction mixture which is function of the pressure set in the dome of
the re;actor'. The pressure is kept in the range of 0, 2- 1, 2 bar abs. The control of
the reaction temperature is done by means of a proper heating mode of the

reactor.

It was found that, when operating the reaction either with hydrochloric acid in
solution or gaseous hydrochloric acid, the residence time in the reactor (referred
to the volumetric flow rate of glycerol expressed as 100%) has to in the range
between 0.5 and 4 hours.

It was surprisingly found that a strong cationic acid resin is a good solid state
catalyst and that its optimal concentration in the reaction mass of the fluidized
bed reactor must be in the range from 5 to 20% of the liquid contained inside the
reactor and that the reaction temperature cannot exceed 120°C because the

catalyst cannot withstand temperatures higher than 130°C.



The hydrochl oric acid, gaseous or in solution, is fed into the reactor

" stogether with the glycerol in a nolar ratio range of 2.1 and 3.3

(preferably 2.25) |eaving hence a slight excess of hydrochloric acid. The
reaction tenperature is in the range between 80 and 110C, at the boiling
-point of the reaction m xture which issfunction of the pressure set in the
done of the reactor. The pressure is kept in the range of 0, 2- 1, 2 bar
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reaction nass of the fluidized bed reactor nust be in the range fromb5 to

20% of tpgtl drGHb YapBHY, %E’é‘fﬁ Erg@? tE dbhf of ﬁ\%cﬂlﬂﬂizléacbéd”'?éadt&‘? i$ PEG/cled

t enperat ure cannot " excee because the catalyst cannot w thstand
t enper atior the hohay of the Eacr éselffte heasmpe tbe metive fid dp Byidize: the under

of tho reRaBaF el BE i hds ot M actot T Yegh BeE Mok by Medtipofnase
r egul at egh jeciontiet Bvonspressés ol theavapors mansing rfgpomrthehreactardpmeér mtiee 2- 1, 2
PZ;C? gf:prgzerrltr fy@}sgfpfvtﬁgoéjgétotr,a e ran) ve tﬂr&?d 9soﬂ$e g];n%ehﬁq&ildu;i)tgaiszeegf fird
reactor circulated by a pump, In this way the recycled vapors are there intimately
mixed with the liquid phase of the reactor. It was in fact found that a good inter-
phase contact and turbulence are very important to get a good conversion of

glycerol into 1, 3 dichloro-2-propanol.

It is possible to use the process object of the present invention to for producing 1,
3 dichloro-2-propanol from the raw glycerol by produced from the biodiesel

plants.

The high boiling impurities of glycerol and the salts, coming from the
neutralization of the catalyst used in the production of biodiesel, accumulates in

the bottom of the reactor and can be drained off.

In the figure 1 an illustrative example is given of the process object of the present

invention.

Glycerol and hydrochloric acid fed into the bottom of the reactor (4). Their flow
rate is regulated by the control valves (1) and (2): The reactor is kept at the
reaction temperature of 110°C by a suitable heating system (for instance a steam
jacket). The vapors coming from the reactor reach the condenser (5) are cooled
by the refrigerant (11), water and organics are condensed and collected in the
vessel (6). The uncondensed hydrochloric acid is recycled in the bottom of the

reactor by the ejector (3), while the organics containing the 1, 3 dichloro-2-



i'n the bottomof the reactor itself to becone the notive fluid to fluidize

 .the <catalyst inside the liquid phase of the reactor. The recycle is done

‘by means of an ejector that conpresses the vapors com ng fromthe reactor
done. In the preferred case of the ejector, the notive fluid is the sanme
-liquid phase of the reactor circulatéd by a punp, In this way the recycled
vapors are there intimately mxed with the |iquid phase of the reactor. It
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uncondensed hydrochloric acid is recycled in the bottomof the reactor by
the ejector (3), while the organics containing the 1, 3 dichloro-2



6 ° propanol are drained through the line (7). The notive fluid of the

" .ejector is the liquid phase of the reactor that is punped into the ejector

"by the punp (12). The mixed flow of hydrochloric vapors and |iquid phase
fromthe reactor allows the catalyst to be held dispersed in a fluidized
-state inside the |liquid phase of the 7reactor. The catalyst is confined in
the reactor by neans of the holding grids (13). The organics collected in
the vessel (6) and drained through the line (7) are sent to a distillation
unit for the purifying of 1, 3 dichloro-2-propanol. The excess

hydrochl ori c acid reaches, through the Iine (8), the neutralizing vessel 9.

Any pr ess and inert is released through the line (10). 7
EXAI\/PLE?’%%%l A sem -batch reaction is carried on by feeding in a

continuous way gaseous hydrochloric acid into a stirred reactor that was
previ ouixarhplel £d Wi th glycerol and the heterogeneous catalyst. Equipnent;
A ass flask with four necks 2000 m capacity fitted vm'th Ref |l ux gl ass
condenser, said condenser is cooled with a m xture wat er and q%I col at

0C and #hsemimatch reastianeisc eadiassep by degding| @Uaumfﬁ"‘awuﬁl‘e@x 939 with a
209 S0l whtiibrdricacl oY SHifth G8aliBr IRAIWAL pr&uiblsly ad Mthegeerol and

hydr ochloric aci d
the heterogeneous catalyst.

Equipment;
- Glass flask with four necks 2000 ml capacity fitted with:

- Reflux glass condenser, said condenser is cooled with a mixture of water
and glycol at 0°C and the vents from the condenser are bubbled into a
flask filled with a 20% solution of sodium hydroxide to neutralize the
uncondensed hydrochloric acid.

- thermometer

- stirrer

- electrical heating basket

Procedure

500 grams of 99% anhydrous glycerol and 50 grams of solid state catalyst
Amberlist 15, produced by the company Rohm and Haas are poured into the
flask. The flask is agitated and heated up to 100°C .

The gaseous hydrochloric is fed into the bottom of the flask by means of a teflon
dip pipe, the flow is measured with a rotameter and kept at 50 NL/h equivalent to
126,84 grams/hour. The operating pressure of the reaction system was 1050

mbar absolute.



-stirrer - electrical heating basket Procedure 500 grans of 99% anhydr ous

" . glycerol and 50 grans of solid state catalyst Anberlist 15, produced by

t he conpany Rohm and Haas are poured into the flask. The flask is agitated
and heated up to 100C . The gaseous hydrochloric is fed into the bottom of
-the flask by nmeans of a teflon dip pi%e, the flowis nmeasured with a
rotanmeter and kept at 50 NUh equivalent to 126,84 grans/hour. The

operatigg pressure of the reaction systemwas 1050 npbar acgsol ut% 8 Al
t he reachl onthst odigactiopnatRipdugs ph{Walefo c hiRRhsAogBlorelyadine,  beta-

monochl g@BHM&Flh@fjggé, @,@*Hi&'il@r&%ﬂ{g@ﬁéﬂ&l é)elr?g | e dicHIcPOhRIrMRYy darkene) are

condensed i n 't on top condenser an uxed back into the flask.
The exocmssiengdd doltherflaskaan top sondenser anddefhyxes batk intorthefflaskdiTing
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i's noti agkichit it b&bbhlngt i ¢ soda bubbler. The reaction is carried on for
three hours and at the end the results of the analysis of the organic
phase were the follow ng: (mass percentages) .resjdual glycerol 0,5 % 1,3
di chl or Atther BeaiRpingsthey bydroghjorio,acid magi'ﬁ ¥ithglyeerl t%,'y alfa-mono

chlorohydrine and no bubbling is noticed in the caustic soda bubbler.

The reaction is carried on for three hours and at the end the results of the

analysis of the organic phase were the following: (mass percentages)
residual glycerol 0,5 %

1,3 dichloro-2-propanol 85,05%

alfa-beta dichlorohydrine 1,15%

beta-monochlorohydrine 13,30%

Example 2

Continuous process carried on with gaseous hydrochloric acid. The hydrochloric
acid is continuously fed into a fluidized bed reactor containing a suspended solid

state catalyst. Glycerol is fed in a continuous way too.
Equipment:

-Glass cylinder having a diameter of 50 mm and 1000 mm long, endowed
with an electrical heating ribbon. The top end of the cylinder is connected to
a glass condenser. Uncondensed vapors are recycled in the bottom of the
cylinder by a blower. The cylinder has a porous sect in the bottom through
which the recycled vapors and the fresh hydrochloric acid are fed into the

upper part holding the catalyst.



bet a- nonochl or ohydrine 13,30% Exanple 2 Continuous process carried on with
. gaseous hydrochloric acid. The hydrochloric acid is continuously fed into
‘a fluidized bed reactor containing a suspended solid state catalyst.

d ycerol is fed in a continuous way too. Equipnment: -d ass cylinder having
-a diameter of 50 nmm and 1000 mm | ong, ®ndowed w th an electrical heating
ri bbon. The top end of the cylinder is connected to a glass condenser.

Uncondensed vapors are recycled in the bottomof the cylinder by a bl ower.
The cyl i nder Metering pgpyute therglyerrobinte the olassufindenthraughma latesak| ed

vapors and (i ld GRidw el disdil 90! Certélel fofle | dflifadiBondtRper part hol ding
the catal yst. - tering punp to teed the glhycerol 1nto the gl ass
cylinder through a lateral nozzle |ocated at about 20 centineters fromthe

cyl i nder bot-t biydrochtyit @cid @asc cplindérgwithcytessdey redaderpaadsflow-mettncer and
flowneter. drochol ri cid . enters the cylinder bottom - d ass
condenser, ml%oﬁ%ﬁﬂgﬁg@e'ﬁgr%m '"ﬁFfHogo%ater glycol mxture at 0C
coming froma cryostat. - 2000 m glass flask to collect the condensate

com ng from.tERss VoHBBASES, sakPBondéndral!cRdiddivitna WatsiKglitol miktel it a 20%
solution of sodium hydroxide to neutralize the uncondenséd hydrochloric

aci d. Procedjfecoming from a cryostat.

- 2000 ml glass flask to collect the condensate coming from the condenser,
vent is bubbled into a flask filled with a 20% solution of sodium hydroxide to

neutralize the uncondensed hydrochloric acid.
Procedure

About 400 ml of glycerol are filled into the cylinder up to the glycerol inlet nozzle.
40 grams of catalyst Amberlist 15, produced by the company Rohm and Haas is
added to the cylinder which is heated up to 110°C and the circulated through an
ejector. The catalyst become dispersed in the liquid phase and fed with
hydrochloric acid simultaneously. The flow rate is regulated at 27 NL/h or
equivalent to 43.6 grams/hour. The molar ration between glycerol and
hydrochiloric acid is fixed at 2.2. The flow rate of glycerol is 50 grams/hour.

During the first two hours, only hydrochloric acid is fed to react with the initial
charge of glycerol then both glycerol and hydrochloric acid are fed

simultaneously:
The operating pressure of the reaction system was 1,070 mbar absolute.

All  the reaction products (water, alpha monochlorohydrine, beta
monochlorohydrine, 1,3 dichloro-2-propanol, beta-gamma dichlorohydrine) are
condensed in the glass condenser and are collected in the collecting vessel. The
uncondensed  hydrochloric acid is neutralized with the solution of sodium



About 400 ml of glycerol are filled into the cylinder up to the glycerol

“.inlet nozzle. 40 grans of catal yst Anmberlist 15, produced by the conpany

"Rohm and Haas is added to the cylinder which is heated up to 110C and the
circulated through an ejector. The catal yst becone dispersed in the |liquid
-phase and fed with hydrochloric acidigi nultaneously. The flowrate is
regul ated at 27 NUh or equivalent to 43.6 grans/hour. The nolar ration

bet ween gl ycerol and hydrochloric acid is fixed at 2.2. The flow rate of
gl ycer ol hydrogideghatris/ tantainebuinithg bubbleriflask thabaplsiass hydiaulic seat etHieor i c
acid is feg to react wwth the initial charge of glycerol then both

gl ycerol %fnhydr ochloric acid are fed simultaneously: The operating
pressure of the reaction systemwas 1,070 nbar absolute. Al the reaction

product SA( W Begindiny) theThyp@@ichiorihaeit reactswith glycerot itd dominalipharvenor 3
di chl oro- 2- propanol , bet a- gamre di chl or, oh dri neg‘:| are densed in the

gl ass co‘ﬁﬂ@ﬁ%'é‘ﬂ”ﬁﬁ@"ﬁr@ buppling is notiged i t #- The

uncondensed hydrochloric acid is neutralized with the solution of sodium 10
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seal of ystem eginning t roch oric acid reacts with
gl ycer ol oft thef amglansd phasermallectﬁﬁ downyueamettmgomrdﬁmwef@ the follawipgd i n
the caustic soda b bbl The reaction was carried on for four hours. At
the end sr%esrggp 9&¢ the analysis of the organic phase, collected
downstream t he condenser, were the follow ng: (mass percentages)

glycerol 0,0%
1,3 dichloro-2-propanol  97,87%
alpha-beta dichlorohydrine 1,33%

beta-monoclorohydrine 0,8 %



glycerol 0,0% 1,3 dichloro-2-propanol 97,87% al phaQ bet a di chl or ohydri ne

" . 1,33% beta-nonocl orohydrine 0,8 % 11 REFERENCES [I] EP 799567 (1958) [ 2]

"Organic Syntheses, CV 1, 233 [3] Oganic Syntheses, CV 1, 294 [4] AJ. H |
and EJ. Fischer, J. Am Chem Soc, (1922), Vol. 44, p. 2586- 2594 [5] E. G
‘Britton, RX. Heindel, US 2,144,612 (1%%9) [6] E.C. Britton, H R Slagh, US
2,198,600 (1940) [7] EP 931211 (1963) 12 CLAIMS 1) A continuous process
for the production of 1,3 dichloro-2-propanol where the glycerol and the
hydrochloric acid (in gas or in solution form is reacted at the presence
of an heterogeneous strong acid catalyst, for exanple, the cationic resin
Anmberlist 15 or Anberlist 36 produced by the conpany Rohm and Haas. 2) As
per abovBEEERENCESwhere the tenperature of reaction is within the range
from80 to 110C and the pressure is in the range fromO0,5 bars absolute to

2 bars [ rably 1 bar absolute). 3) As per above clainms 1) and
2 wher eaﬁﬁéﬁﬁ%ﬁ%gﬁ?’ng f%lomthe react or ) ) P :

[2] Organic Syntheses, CV 1, 233

[3] Organic Syntheses, CV 1, 294

[4] AJ. Hill and EJ. Fischer, J. Am. Chem. Soc, (1922), Vol. 44, p. 2586- 2594
[5] E.G. Britton, RX. Heindel, US 2,144,612 (1939)

[6] E.C. Britton, H.R. Slagh, US 2,198,600 (1940) [7] EP 931211 (1963)



are sent to a condenser cooled with a refrigerant and where the

-, uncondensed vapors thereof are recycled back into the reactor by an

"ejector where notive fluid ( which is the Iiquid phase of the reactor) are
transferred into the ejector by a suitable punp. 4) As per above clains 1)
-and 2) where the reactor is a three-plpase fluidized bed and where the

catal yst particles are kept in suspension by the vapors taken fromthe
vapor phase and conpressed back into the bottomof the reactor. 5) As per
above claim 3) where the vapors driven to the ejector are taken directly
fromthe gas phase of the said reactor. 6) As per above claim4) where the
catalyst is permanently confined in the reactor shell between two proper
gri ds orfCLAME pl ates through which the gas and the |iquid phases can flow
but not the catalyst particles. 7) As per above cl ainms where the residence

|to|r g?e?;blglyxgeé}%hpfiﬁ&(&fseﬁﬁo%%sesfor HORPoduitibh df'e3 [ REHIErd-5 YbParollhdrehour s
the glycerol and the hydrochloric acid ( in gas or in solution form) is
reacted at the presence of an heterogeneous strong acid catalyst, for
example, the cationic resin Amberlist 15 or Amberlist 36 produced by the

company Rohm and Haas.

2) As per above claim 1) where the temperature of reaction is within the
range from 80 to 110°C and the pressure is in the range from 0,5 bars

absolute to 2 bars absolute ( preferably 1 bar absolute).

3) As per above claims 1) and 2 where the vapors coming from the reactor
are sent to a condenser cooled with a refrigerant and where the
uncondensed vapors thereof are recycled back into the reactor by an
ejector where motive fluid ( which is the liquid phase of the reactor) are

transferred into the ejector by a suitable pump.

4) As per above claims 1) and 2) where the reactor is a three-phase fluidized
bed and where the catalyst particles are kept in suspension by the vapors
taken from the vapor phase and compressed back into the bottom of the

reactor.

5) As per above claim 3) where the vapors driven to the ejector are taken

directly from the gas phase of the said reactor.

6) As per above claim 4) where the catalyst is permanently confined in the
reactor shell between two proper grids or sieve plates through which the
gas and the liquid phases can flow but not the catalyst particles.

7) As per above claims where the residence time of glycerol (expressed as

100%) is in the range from 0.5 to 4 hours , preferably 1 hour.



