A PROCESS -FOR THE MANUFACTURE OF PARAFORMALDEHYDE Field of the Invention 5
Thesinvention relates to a process for the manufacture of '
par af er #al dehyde, particularly for t he .continuous manufacture of
par af or mal dehyde with a purity ranging from80 to 89 wt % Paraf or mal dehyde
is a polymer of formal dehyde, with a 10 _ ¢legree of polynerization ranging
from8 to 100, and a purity ranging from80 to 98 wt% The nost frequent
types on the marketplace are those having a purity ranging from 89-93
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Paraformaldehyde 1is a product allowing concentrated
15 formaldehyde to be used in a Jlarge number of applications,
provided the use is simple, particularly it is required to be
readily . soluble. It s known that the higher purity
qualities are less soluble than the normal ones, but even 1in
the latter there 1is a fraction of high molecular weight
20 polymers which are insoluble 5r scarcely soluble under normal
conditions of use, such as is the case of resin manufacture.
On the other hand, if the product. has a low purity,
less than 89 wt%, although it is more soluble, it is too soft
and agglutinates during storage and the carriage and handling
25 thereof is troublesome.
Reference to prior art

Paraformaldehyde is always manufactured from
concentrated formaldehyde solutions. These are formed by low
pressure distillation of the dilute formaldehyde solutions

30 obtained in the conventional formaldehyde manufacturing
plants. The paraformaldehyde is prepared from the
concentrated solution, with 80-89 wt% of formaldehyde, in one
of the following ways:

The first, and oldest, way is to solidify the

35 concentrated formaldehyde solution batchwise in a reaction
vessel. The solidification may be carried out either 1in the
reaction vessel itself with or without catalysts, whereby the
vessel will be equipped with some type of_ stirrer blade to
break up the mass formed, or by pouring the reaction vessel



of- the foll owi ng ways: The first, and ol dest, way is to solidify
ther35»» concentrated fornmal dehyde solution batchwise in a reaction
vessel .~ The solidification may be carried out either in the reaction vessel
itsélf with or without catal ysts, whereby the vessel will be equi pped with
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end product must be subjected to a subsequent drying process

to obtain a sufficiently hard product which will not form

lumps during storage and transportation. Generally, the

reaction vessels of this type form high molecular weight,

15 highly acidic, sparsely soluble products, unless alkaline

substances, promoting deboTymerization on being'dissoived in
water, are incorporated in them. .

Another type of generalized process currently uses a

prilling tower which is ~ fed with the concentrated

20 formaldehyde solution. The prf]]s dropping through the tower

are cooled 1in a current of air. It is a continuous ﬁrocess

providing great advantages over the previous ones. A product

having a spheroidal physical form is obtained, which is very

advantageous for .subsequent handling. Nevertheless, the

25 freshly produced material is still too soft and must be

subsequently matured, either 1in a fluidized bed, or on

conveyor belts. In another variation of the process (US-P-3

772 392), there 1is disclosed the addition of reaction

products between the formaldehyde and an amine as regulators

30 of the molecular weight of the paraform. This agent must be

prepared in a separate' process which lasts for 20 hours at

100°C. Once formed it is added to the cohcentrated

formaldehyde solution, which is crushed in a prilling tower.

But in this case also, the product obtained must be matured

35 in a f]uidi;ed bed or on a.be1t conveyor for a ‘certain pefiod

of time. Likewise, in 1low purity products, less than 87-89

wt%, the prilis stick together and form lumps which do not

flow freely and end up by producing an unusable pasty block.

The prilling process is the one which has produced most



20 , formal dehyde sol ution. The prills dropping through the tower are
C@@#@ﬂ‘bn a current of air. It is a continuous process providi ng great
advant ages over the previous ones. A product having a spheroidal physical
formis obtained, which is very advantageous for subsequent handling.
-Nevert hel ess, the 25 freshly produced gnmaterial is still too soft
and .nust be subsequently matured, either in a fluidized bed, or on conveyor
bel'ts. In another variation of the process (US-P-3 772 392), there is
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For many applications, i.e. the manufacture of urea-
.formaldehyde, melamine-formaldehyde or phenof-fdrma]dehyde
resins and glues for the manufacture of particle boarﬁ, the
15 paraformaldehyde does not need to be so pure as that which is
obtained in the prilling towers. It 1is generally sufficient
 for it to be over 80 wt%, which is sufficient for the resin
manufacturers not to have to pay for the carriage of water
in the normal 40 wt% commercial formaldehyde solution, nor

20 to have to distill the excess water from the reaction.

As saijd above, these 1low formaldehyde purity products
may not be produced with the prilling technique, due to the
ease with which the particles lump together. Likewise, the
Tow purity products obtained with the batch and

25  semicontinuous methods, such as with_the flaker, cannot be
handled. For them to be suitable for handling, they need
either the addition of catalysts or a long dwell time 1in the

" reaction vessel, or both at the same time, whereby to achieve
a product which is sufficiently polymerized but at the same

30 time ‘sufficiently soft to provide flakes, which must then be
dried to obtain the hard handlable product.

Likewise, the processes using apparafus with heated
rollers or extruders also require a subsequent treatment,
such as auxiliary driers, to achieve a product of adequate

35 concentration and hardness. In general, all these processes
are batchwise.

Finally, a process which does allow continuous operation
with less concentrated solutions of formaldehyde is disclosed
in US-P-3 001 235. Here a hot concentrated solution of
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must chi to Very emperatures, -10°C,
with the consequent need to use <costly cooling baths and
refrigeration equipment. Thirdly, the need to use air or an
inert gas, N2, if it 1is desired to achieve a substantial
reduction of the acidity produced.

Summary of the invention

The invention seeks to ‘overcome the above described
1imitations. This aim is achieved by a process of the type
mentioned at the beginning, which comprises the following
steps: providing a formaldehyde solution éx a concentration
substantially the same as the purity of the paraformaldehyde
to be obtained; heating said solution to ' a temperature
ranging from 80°C to 100°C; .pouring said heated solution over
a metal conveyor belt travelling from first heated zones to
second chilled =zones, said pouring being carried out on one
of said first zones. '

According to a preferred feature of the invention, said
formaldehyde splution is placed 1in a mixer, followed by a
catalyst; said formaldehyde solution and said catalyst are
mixed together at a temperature ranging from 80°C to 100°C,
until a homogenized mixture is obtained; and, while

- maintaining said temperature range, said homogenized mixture

is poured over one of said first zones of said metal belt
conveyor. The use of the catalyst is particularly preferred
when it is intended fo obfain paraformaldehyde of a purity
below 87 wt%. |

According to the invention, the catalyst is a strong

e addition of catalysts
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Final Ty, a process which does allow continuous operation with |ess
epbentyated solutions of formal dehyde is disclosed in US-P-3 001 235.
Here , a hot concentrated solution of -4- formal dehyde is held in a
vatd i ke vessel in which a suitably chilled rotary drumis partly
subnerged. A thin |layer of solid precipjtates on the drumand is renoved
by a scraper bl ade, whereby still soft flakes are obtained. These flakes 5
are thereafter dried on a perforated belt drier by passage of a hot dry
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from 6.0 to 20. 0 meq/kg and more particularly, it is around

9.5 meq/kg.
The invention also contemplates that the first heated

zones be held at a temperature ranging from 70 to 90°C and
15 that the second zones be held at a temperature ranging from
25 to 35°C. |
Some special aspects of the invention are to be found in
the use of a metal belt conveyor receiving the concentrated
formaldehyde solution at one -end and in the temperature
20 control along said belt. It has been surprisingly observed
that if a first zone of the belt 1is kept hot and there is
cooling in the following ones, the solid.product formed in
the belt comes loose alone on reaching the other end of the
belt and a regular breaker is sufficient to reduce the
25 product to the desired size. On the contrary, if it is cooled
all along the belt, the end product ié soft and must be
subsequently dried 1ike in other processes. With the present
process, the paraformaldehyde obtained does not lump either
during or after manufacture and does not require any -’
30 subsequent drying or treatment.
If the formaldehyde solution concentration is less than
87 wt¥ and depending thereon, it is desirable to add some
type of catalyst to accelerate a hardening of the mass. If
the concentration ié higher, the catalyst 1is not needed,
35 although the incorporation thereof accelerates the process. °
Furthermore, as said above, to aéhieve this hardening it is
necessary to keep a first parf of the belt hot, which causes
an increase in_the degree of product polymerization, making
it easier to {reat afterwards. No subsequent treatment or



to be . obtained; heating said solution to a tenperature 25 rangi
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Brief Describtion of the Figure

The single Figure shows a schematic layout of the
process of the present invention.
Detailed Description of the Invention

A concentrated forma]dehyde'soiution is prepared having
a purity ranging from 80 to 89 wt%, preferably 84% at a
temperature ranging from 80 to 100°C, by any of the known
processes, pafticu1ar1y in this case by low pressure
distillation of a dilute formaldehyde solution.

Through'line 1 an amount ranging from 300 to 600 kg/hr
of this concentrated formaldehyde 1is fed,. depending on the
desired production rate and other work variables indicated
below, to a mixer 2 which is also fed with a dilute aqueous
solution of catalyst, through line 3. The mixer 2 is designed
to have an internal volume ranging from 100 to 150 ml,
whereby with the stated formaldehyde flowrates, the dwell
time of the mixture therein ranges' from 0.5 to 2.5 seconds,
which is sufficient time to achieve an intimate, perfectiy
homogenous mixture, but without the "polymer precipitating.
Both products may also- be -mixed by causing them to flow
together into one 1line.

As catalysts strong basic hydroxides such as sodium,
potassium and barium hydrbxide, or certain amines having a
pKa (pKa = 14 - pKb) ranging from 10.4 to "11.3 may “be used.
The amines of preferred use have already been listed above,
it being highlighted that the most suitable are the secondary
amines, which are used in the form of aqueous solutions of a
concentration ranging from 10 to 25 wt%, in such an amount
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treat nent oruntil poured on the metal belt 5. The belt is ‘provided with

first areas 6 where a temperature ranging from 70 to 90°C,

preferably of 80°C, is maintained.
15 Cooling and subsequent solidification of the product
thereon to an end temperature ranging from 25 to 35°C,
- preferably of 30°C, is carried out on a second area 7 of the
belt 5.
The belt dimensions are set. as a function of the desired
20 production rate. A 10 m 1long, 1 m wide belt is sufficient
for the rates mentioned above. Depending on these dimensions,
the number of areas into which the belt 1is divided for
heating or cooling varies from 3 to 6.
Since the speed of the belt is adjustable and the number
25 of areas used for heating/cooling may be modified, the
reaction and cooling times may be varied depending'on how the
hardness and temperature of the paraformaldehyde obtained
evolves. '
The dwell time of the paraformaldehyde on the belt
30 varies from 3 to 6 minutes, with from 1[3 to 2/3 of this time
being dedicated to the polymerization reaction and the
remaining time to final cooling of the product.
Cooling may be achieved with process water supplied
through a 1line 8, at a temperature ranging from 25 to 30°C,
35 or with water chilled to 5-10°C, depending on the speed of
cooling desired.
Once the paraformaldehyde is sufficiently polymerized
and cooling thereof is started, the product starts to craze
alone progressively until it breaks away from the belt and



-6- drying with inert gases is required, since the product falling
fﬁﬂ@m@he belt is sufficiently hard for handling, bagging and carri age
and " - has practically the same concentration of the initially desired
one: 5 The belt may be cooled with normal process water or with
water cooled to 5-10[err]C. To avoid the-gdight rel ease of formal dehyde
vapeurs occurring, it is desirable to install a gas absorption hood. These
gases are subsequently scrubbed in an appropriate 10 scrubber or sent to
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paraformaldehyde of different size are required, it must be
forwarded on to a suitable crushing machine 13.
EXAMPLE 1 .
480 kg/h of an 80.4% formaldehyde solution held at 83°C
15 and 1.5 1/h of a 10%¥ aqueous sodium hydroxide solution were
placed in a straight-throeugh mixer having a volume of 150 ml.
The exiting mixture was spread over a 10 ‘m 1bng, 1 m wide
moving stainless steel belt, running at a speed of 200 m/h.
The operation was such that at - the end of a first 3 metre
- 20 long area of the belt the temperature was no lower than 72°
(+2°). The operation was such that at the end of a second 2 m
long area the temperature was 55° (12‘) and, the remaining 5 m
long third area was cooled with water at room temperature, so
that the product ran off the end of the belt at 28°. From
25 here the product is taken on the conveyor belt 10 to the
stofage silo, where it may be packaged directly, or it is
taken to a mill for grinding to the required size.
EXAMPLE 2
320 kg/h of an 83.5% formaldehyde solution held at 85°C
30 and 2.2 1/h of an aqueous solution containing 124 g/1 of n-
propylamine were placed in the straight-through mixer having
a volume of 120 ml. The exiting mixture was spread over a 10
m fong, 1 m wide moving stainless steél belt, running at a
speed of 120 m/h. The operation was ‘such that at the end of a
35 first 5 metre long area of the belt the temperature was no
lower than 84° (+2°) and the remaining 5 m long second area
was cooled with water at room temperature, so that the
product ran off the end of the belt at 26°. From here the
product is taken on the conveyor belt 10 to the storage silo,



time of the mixture therein ranges fromO0.5 to 2.5 seconds, which is

; pient tinme to achieve an intimate, perfectly 30 honngenous m xt ure,
Bt~ wi:thout the polymer precipitating. Both products may al so be m xed
by tausing themto flow together into one line. As catalysts strong basic
hydr oxi des such as sodi um potassi um and- lkard um hydroxi de, or certain

am pes having a 35 pKa (pKa = 14 - pKb) ranging from10.4 to 11.3 may
~be used. The ami nes of preferred use have already been |isted above, it
bei ng hi ghl i ginea® tiltat magebenspaskiaged| di rga vhe ogeddndar yakennts, avihi th -
are used int agye a concentration ranging from
10 to 25 wt%hﬁn g{}chqgﬁ g#ogﬁé FQJJ%H?{é)c'?ssaft)j(:}t he resulting am ne

concent r at i orEXAMBUES 3ni xed product ranges from 6.0 to 20 nmeq/kg,
preferably 9.5 nmy Ikg/hdepeadi 89.8% fdnenamlash)m‘e @ loe iopeleddd ahe8HpiCity
of the formal dehyd h g;m h e
and cat al‘yst %HP t?%ng/Psoﬁnl %% Qggread lﬁﬁ? ISP%I aﬁgﬁqghggggg
stai nl ess st geladesl tinsa ?héa190189 rOVﬂhémkﬁﬁﬁt%PV1”ﬁo@nHP&Eﬁ9d8f §3P Ul on

conmes preferafly diaing | AWxRURESWAS diptddd aive:m pl ant af 18nd0 1 dikude
f or mal dehyde sol ution

8 te ture ran ingeb
and 100[err](T°Wk9%nﬁﬁqdan§ssﬁrﬁﬁlfP%E& 0 A%pourg o% t RE ?E f/belt
5. The belt i®heroperdadoni t waki ssthar’elast 6a1whebr@ @ndenpdr at i FéSF aﬁgmﬁ'g“? rom

70 to 900F, P&iFray o +8Q BEAL CinbStdMIdY A URA was no lower than 78°
'(i2°) and the remaining 5 m long second area was cooled with
water at room temperature, so that the product ran off the
'end of the belt at 26°. From here the product is taken on the
conveyor belt 10 to the storaée, silo, where it maylbe

15 packaged directly, or it 1is taken to a mill for grinding to

the required size.



15 ", Cooling and subsequent solidification of the

t-essgmeeend tenperature ranging from25 to 35[err]C, preferahli Iﬂuﬂéuljumll

is carr:ed out on a second area 7 of the belt 5. The belt

roduct thereon

[ *

set: as a function of the desired 20 production rate. A 10 .m Tong, 1 m
wide belt is sufficient for the rates meppioned above. Depending on these
di mensi ons, the nunber of areas into which the belt is divided for heating
or cooling varies from3 to 6. Since the speed of the belt is adjustable
and t he nunber 25 of areas wused foL aAhealftigg/ cooling may be

nodi fied, the reaction and cooling tinmes nmay be varied dependi ng on how t he
har dness and tenperature of the parafornal dehyde obtai ned evol ves. The

dwel | tine of the bar oA crnrrdakshyfded ofhehsapefacBore \aff ipas affiogmal debyge,

mnutes, wthpfreied]drip 2/3fd}f t hithet | MecHRE NRuSIRM catn@(#.utf@ctthee of

| t ct d t t { f
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8, at a tenpesaidrepracessg dammizGngo 36ker f¢TovBng it epist:h pwavédiaki kI ed

o 5-10[ert] Ceo EPEINYS0 SNy ﬁtnﬁ‘ seed oboRoold Ak dsl %ﬁs

par af or mal dehyde 1's nerlze and

tngQaﬁh9 the

hereof is

started, the SpP®IRSt %Q%IR%f‘ﬁXD @Fai@ealﬁﬂéaﬁﬂfmﬂkﬂﬁﬂ JFouRei Phitaipedaks

away fromt hehbgt ingnsaid sEptbioreas lay tshpe ppedire Thisgitnige
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belt travelling from first heated zones +to s

econd chilled

zones, said pouring being carried out on one of said first

zones.
2.—- The process of c¢laim 1, wherein said

15 solution is placed in a mixer, followed by a ¢
formaldehyde solution and said catalyst are m
at - a temperature ranging from 80°C to 100
homogenized mixture is obtained; and, while mai
temperature range, said homogenized mixture i

20 said Tirst zones of said meta1~be1t conveyor.

3.—- The process of claim 2, wherein said
strong basic hydroxidse. N

4.- The process of claim 2, wherein said ¢
amine having a pKa ranging from 10.4 to 11.3.

25 5.— The process of claim 4, wherein said
primary amine selected from the group formed by
ethylamine, n-propylamine, n-butylamine, iso-b
tert-butylamine. | '

6.— The process of c¢laim 4, wherein sa

30 secondary amine selected from the group
dimethylamine, diethylamine, di-n—-propylami
propylamine and dibutylamine.

7.- The process of c¢laim 4, wherein said
tertiary amine selected from the- group

35 triethylamine and triethanolamine.

8.- The process of any one of claims 4 to 7,

amine concentration in said homogenized mixtur
6.0 to 20.0 meq/kg.
9.- The process of c¢laim 8, wherei

formaldehyde
atalyst; said
ixed together
°C, until an
ntaining said
s poured over

catalyst is a
atalyst is an

amine 1is a
methylamine,
utylamine and
id amine-is a

formed by

he, di-iso-

amine 1is a
formed by

wherein the
e ranges from

n the amine



blade 9, and is ready for packaging. The parafornaldehy_g_BBfETﬁEa*ﬁ§§_fﬁé‘
o <of hard 5 pl ates having an area of 1 to 10 sg.cm !

rangi ng:from1 to 4 nm The tenperature of the product at’MﬂWM ml mmﬂ

stainl ess steel belt is from25 to 35[err]C. This product isCcatri®d away

on the conveyor belt 10 to the storage si1b 411 fromwhere it may be packed

directly in a 10 bagging machine 12 and marketed, or if other

qgual ities of parafaqrmal dehyde of different s;ze are required, it nust_ be

forwarded on 8N IiAtd0Ne” dPusArhg nBURPFRN 2L ERANBUESL 280 REPWNDO

80. 4% f or mal dreftyyd@ .sol uti on held at 83[err]C 15 and 1.5 1/h of a 10%

aqueous sodium “hydyaxirfle sebELLONorCARy PAAECG 113 %is! 2k 0BL- L] ugéréq.%er

having a volune of 150 m . The exiting mxture was spread over A

1 m wide m)wsr?ddstfdlrrﬂte§§“§tseérebBPﬂd fhri TRPRAT g U BeEaN8H N20Dr A N7 0 THe
operati ors wa®oswch that at the end of a first 3 netre 20 | ong area of
the belt the te ratu I h 7 s 2[ rel) he ratlon
was such that at n’?ﬁe en(?f% ﬁ@gcgggog\‘\eé )?néwa ozf[a(raceaa]1 e Se%eré wr?g?
55[err] (2[ ertfle) seedide zooREI ATAghSTth abny temmaéuéa waagcoal édorw 251 it er
at room tenpeysatgyre, so that the product ran off the end of the belt at
28[err]. From 25 here the product is taken on the conveyor belt 10

to the storage silo, where it may be packaged directly, or it is taken to a
mll for grinding to the required size. EXAMPLE 2 320 kg/h of an 83.5%

f or mal dehyde sol ution held at 85[err]C 30 and 2.2 1/h of an aqueous
solution containing 124 g/| of n- propylamne were placed in the

strai ght-through m xer having a volune of 120 mi. The exiting m xture was
spread over a 10




Hamfml ing stainless steel belt, runninfz
was such that at the end of a 35 i

{€heet
are m the tenperature was no | ower than _
ining 5 mlong second area was cool ed with water at room
terrperature so that the product ran off18h& end of the belt at 26[err].
From here the product is taken on the conveyor beIt 10 to the storage sil o,

-9- where it may b or
grinding to the re'gd Igd%?%ejrdﬂ MUEAQEBR ? %@gm& mal dehyde
solution held at 85[err]C 5 AB@er?APT80F1FHEOPISGLQQU/’3%queous

di i sopropyl ani ne fd %n*&fbé’!ser&niﬂr&%@ ipRoi i Ag géltfc‘ihﬁﬂwh)m@(%bm&\ibng a
vol une of 150 m . The exiti r&g»m eggyagg %eahj oV el 10 sm oLl JE mw de
novi ng st ai nfess? steMCHN BT hni%g & ad"eFt 1Y Hi% SOME '§Pe 8t Pon
was suchst hatemape t dreuee o Of 830-f1|005t 051 rmbnemo théonealreh ssfluthenbelvert he
Lomperal ure Kegredo e% Jrhara & Feey) b@%eeme?afd %Pﬁvéﬁrwgﬂmnﬁt%l ong

second area Was €00 h water at roomtenperature, so that the product
fan of f the baated tFN®R| ttot Hdi&dir] ChFr‘éﬁFheF%“?ﬁe ptudicima hdgibydeon

the conveyorgbheltid® 19 pherstayage reviouswenexed wayh be ddt alystckaged
directly, or it 1is taken to a mll for grinding to the_required size.




- 10 -.CL Al MS 1.- Aprocess for the manufacture of parafornal dehyde,
pariti cul arly for t he cont i nuous manuf act ur e of 5

par af or mal dehyde with a purity ranging from 80 to 89 w% said process
coaprising the followng steps: providing a formal dehyde solution of a
concentration substantially the same asithe purity of the

par af or mal dehyde to be obtained; heating said solution to a tenperature
ranging from80[err]C to 10 100[err]C, pouring said heated solution
over a metal conveyor belt travelling fromfirst heated zones to second
chilled zones, said pouring being carriced out on one of said first
zones. - 2.- The process of claiml, wherein said fornmal dehyde 15 .
solution is placed in a mxer, followed by & catal yst; said forml dehyde
solution and said catalyst are mxed together at a tenperature
ranging from 80[err]C to 100[er& C, until{ an honogenized mxture is
obt ai ned; and, while maintaining sai§ tenperft'yre range, said honogeni zed
m xture i s poured over 20 said firs{ zoneg|®f said netal belt conveyor.

3.- The process of claim2, wherein Ja&d talyst is a sﬁ?ong basi c
hydroxi de. 4.- The process of claim|2, erein sgid catalkyst is an am ne
havi ng a pKa ranging from 10. 4 tg=i#. 5.- Thg process of claim
4, wherein said amne is ap {ry am ne sekectefl TromThe group forned

am ne, n-butyl am ne, ifjso-butyl am ne
of claim 4, wherein said amne is
the group forned’ by

by net hyl am ne, ethyl am ne,
and tert-butylamne. 6.- <@ oJae
a 30 secondary am ne sel ect ed
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dimethyl anine,  diethylamine, di-n-propylanine,

ne
and disbut yl am ne—F—H rocess of claim 4, wheksd s a
tertiary am ne ' selected from —the gr oup j
triethylam ne and triethanol anine.” 8.- The process . one _ 4
"to 7,-wherein the amne concentration in said homlPASsdw=sFure ranges
from6.0 to 20.0 neq/kg. 9.- The proéeé% ~ of c r i t he
am ne - 11 - concentration in said honogeni zed m xture is around 9.5

Tones are nel d at | t EnoOE R L A o A e 1 L The
process of any one of clains ]A%qj%ng aﬁeF%§1P3§ﬁ£%§§§5nd zones ére held at

"a tenperature rangiThg Proae2s campdSfsesr pGviding a formaldehyde solution
at a concentration of 80-89 %; heating the solution to a

5 temperature of '80-100 °C; pouring the heated solution over
heated zones on a metal belt conveyor travelling from the
heated zones fo other, chif]ed zones. The formaldehyde
solution is preferably previou;ly mixed with a catalyst.

Figure 1



