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' over time. Immediately after it is produced, paraformaldehyde exhxblts excellent solubility in

water and organic solvents such as butanol. It dissolves readily in water or alcohol by hydrolysis '
or depolymerization to yicid free formaldehyde. However, its solubility in water and solvents
decreases with time or with storagé at temperatures generally greater than about 35°C. This

20 change in solubility is presumably due to changes in the molecular weight of paraformaldehyde.
To eliminate this phenomena, many stabilizers and inhibitors have been proposed. Until now,
however, few have been successful in retarding the aging phenomena associatcd with
paraformaldehyde. Generally, the degree of solubility depends Iargely on the degree of
polymerization or the chain length of the polymer, n. So, it is desirable to contro} the

25 polymerization of formaldehyde to paraformaldehyde. However, in most o_f the

o paraformaldehyde examined, not all of it dissolves in the solvent. That is, part of the

paraformaldehyde remains as a solid and does not go into solution. These insolubles are
believed to be poly(oxymethylene) glycol ethers. Hereafter referred to as ethers or insolubles. It
is believed that these ethers affect physical properties, eg., solubility of pzirafonnaldehyde.

30 These ethers are formed by the reaction between paraformaldehyde and methanol in the presence
of acid such as formic acid. As stated earlier, a desirable paraformaldehyde product would
dissolve rapidly, produce little to no insolubles and would not continue to polymerize upon

sforage. It has been reported that during polymerization, formaldehyde reacts with alcohol, e.g.,
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di sti | | atconeentrates formaldehyde solution to 80% by weight by fractional vacuum distillation. This

20 process, however, allows for the rapid build up of formic acid in the resulting product, Sumitomo
Chemical Company, British 869,764, June 7, 1961.

Previously, Celanese Corporation patented a continuous two-stage vacuum evaporation
of an aqueous formaldehyde solution with a pH of about 2.9 to about 3.5, US 2,568,016, and US
2,568,018. In the first stage, a 60% to 80% solution is heated continuously at 45 to 70 °C under

25 25 to 100 mm Hg. During the second stage the formaldehyde solution is further concentrated to
80 to 90% by heating between 70 fo 90°C at 100 to 200 mm Hg. The concentrated formaldehyde
is maintained at 100 to 130°C for approximately 180 minutes. The resulting liquid is sent to a
rotary flaker to produce solid chips of paraformaldehyde.

Literature has shown that the rate of formaldehyde polymerization can be controlled by

30 the addition of catalysts. Both acids, US 2,519,550, and German 1,112,505, and bases, US
2,568,018 and US 3,772,392, are said to accelerate the polymerization. Examples of the acidic
catalysts are boric acid, sodium tetraborate, US 2,519,981 and US 2,519,550, and oxalic acid,
German 1,112,505. |
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essential | Yose solubility, sometimes rapidly, upon storage. Polymerization inhibitors such as hydantoins,
20 US 2,519,981 and US 2,5 19,550,. and pentaerythritol, German 1,112,505, are reported to prevent
this undesirable aging process. Other reported effective inhibitors include aliphatic and cyclic
amines, and amino acids, French 1,486,060 and DE 701022. Hexamine in water and solvents
(methanol) have been reported to inhibit polymerization of paraformaldehyde during storage,
Japanese 73/48-17,250 and 73/48-8,603.

25 In spite of numerous reported methods to inhibit'aging effects, the art indicates the
continuing need to produce paraformaldehyde which even after storage has a low dissolution
time and virtually no insolubles.

SUMMARY OF THE INVENTION
30 This invention relates to the production of paraformaldehyde which even after

considerable storage has a low dissolution time and virtually no insolubles. It has been
discovered that the addition of from about 0.1 to about 1000 ppm of an amine which is relatively

non-volatile at the prilling temperature of paraformaldehyde, and is soluble in aqueous
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DETAILED DESCRIPTION OF THE INVENTION

20 This invention provides an improvement over prior art processes in the production of
paraformaldehyde prills and results in low dissolution time and minimal to no insolubles in the
product. This invention involves the use of linear and branched chain amines which contain

- from about 1 to about 20 carbon atoms, preferably from about six to ten carbon atoms for the
production of paiaformaldehyde prills.

25 It has been discovered that the addition of small quantities of an amine compound serve
to inhibit polymerization in paraformaldehyde prills. Inhibiting polymerization results in
paraformaldehyde prill product, having a dry, non-tacky surface which is desired for ease in
handling and storage.

It has generally been found that too much amine produces prills which are sticky and

30 difficult to handle and transport. Additionally, large quantities of amine may be considered an
impurity in the product. Yet, too small an amount of amine, results in no effects being observed.
Therefore a sufficient amount of amine to prdduce the polymerization inhibiting result is desired.

The amount of amine necessary is generally dependent upon the % concentration of
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After solidification, the prills are transferred into a separate quenching vessel wherein the prills

further polymerize and dry.

20 Suitable amine compounds comprise a primary, secondary, or tertiary amine, cyclic
amine, diamine, or alkanol amine. Exemplary amines include methylamine, ethyl amine, n-
propylamine, n-butylamine, iso-butylamine, tertbutylamine, dimethyl amine, diethylamine, di-n-

~ propylamine, di-iso-propylamine, and dibutylamine, triethylamine and triethanolamine,
hexamethylenetetramine (hexamine or HMTA), 2-ethylhexylamine (EHA), 2-aminopiopanediol,

25 hexylamine (HA), ethanolamine, mixed C-20 amine, mixed C-10 amine, cyclohexylamine, 1,2
dimethoxypropane amine, triethylamine, ethanolamine, 2-amino-1,3-propanedio}, 1-amino- |
pentane, 2-methyloxypropylamine. "Mixed" refers to a mixture of branched and linear amine
compounds.

Experimentation indicated a mixture of the identified amines with a small amount of

30 caustic (NaOH) yielded an improvement in percent insolubles of the final paraformaldehyde
product. A preferred amount of caustic includes about 100 ppm caustic mixed with amine. The
range of caustic as a mixture »_vith amine can be from about 0.01 to about 1% based on the

concentration of the concentrated formaldehyde solution.



WO 97/ 34941 This Sheet Has Been Rep
PCT/ US97/ 04396 i lkegl nning wi{h eg.REPS

ppm am ne, 87% HCHO - - 25 m: ne. Thi gpen (US - ,
4550213) awe Rkddados ( references discl ose URMEI/U$97/04396

par af or mal dehyde fornul ati ons V\:hl ch I ncl ude am nes, together with an acid
or base catalyst. 5 These references -dé not di scl ose recognition of the
probl em of tackiness or stickiness of prills and subsequent

difficulty in fltovasifotnd tharhot iahgnimscﬁekﬁogn@ﬁhesamc tyieldAmpranegient inetherstability
menti ons se 0 s, catalysts, it does not_rec e se
of alm nes Phthe ﬁ@n‘g?ﬁgéﬁé@ ‘f??fva (weheggin the °°n°én“3‘3§§‘ Anges g??sag’gp‘ngq ‘hgl; ).
product | on AxlinBALRER ERSEINAE SoRbilley f ihe parbirkialdehgdd 6y sighbikiftately & Factor of

An enbodi ment of the present invention therefore relat'es to a process fo
t he manuf acwe@Pintihded ethinglamixdepnipadpjidiyise, zacthyl hexybamine shexgmine, dxammop:)nane

Cont o e BAAT Bk i o i Bt RSB o
b) heating &ofl gseoén ﬁoﬁ%t&cr?ée dthibiérft ORI tethferieifid 'f&&xiéxﬂeaa&%asofo

[err]Ctoaout aging the mxture for sufficient anount
of tinme totipel Ineonceatrated fdrmaldehyddsatples eonmmnaﬁulselamne, ihsolubles were found to be

f | d de; . f f eh { h a
ozl o (o FRkeEPY pRmsosiaisy haf Formpaiet i chuoetiratd Bty F WHfRpust et Hindace
in a tower faﬂﬂﬁbi‘%t Fas¥Bhnid Tiat, afth6ulth Selihélioh\n insolubles wallobServed, amines with lon%

solidification, the prills are transferred into a separate quenchl ng vesse
wher efth t hehgins, [bhmched amines, fand some trtiary prinesdad aoveak gffectpn the reductionsef t abl e

am ne conpoun or tertiary amne, cyclic
am ne, di amsngﬁﬂwn é‘ﬁ%&‘%’ﬁ’%ﬁé%ﬁ%{y‘%m nes include nethylam ne,
ethyl am ne, n- yispreferred’th@iRKé aMibe presiui mlaad&aaamatxa@opaﬁdxk amtaabout 1000
tertbutylamne d’lﬁele"lrre

am ne, diethylamne, di-n- opyl am ne,
di -i so-pr opphapmﬁa'ablamhoml mt-ymarppneandtm%p wwﬁr?&orrweﬂ:nmdrmwhe

hexanet hyl enet ani n

2- anmi nopr offg @?‘“’3@ ”("Jiﬁ 3)&9? %ﬁteﬁ%amé’?ﬁanoépgmg%m%ég gé fgmgﬁ%i ﬂrét?
m xedjg>- 10 mﬁafouﬁmabwwnaMe amineAnay be introdutiedwirbetly/intoqmoenteaedne,
triethyl am ne, ethanol anmi ne, 2-anino-1, 3- rop%

pent ane, ma&dqhasiwse 301 894 paratormaldehydeegrat f ?‘!IS'%léldﬁLXGfI% rﬂ'%&f't had giscipsed use

d |
?2 di c:a'? :Sr 9 W%Me hgwever, gg rgspto%fdgrr% orf etlée avf/lt![ volv%%ﬂ?&ﬁ%ﬁ%%‘&@xaldehyde by

caustic (NaGbling/thelconstntrated frnnideiyde solutiqrewitiz a polymesizatidrasgulftor beby dryitg the

f | deh ef d. d
Dot 100, (soRsasratsdiRaraforieny ir patidromthvaaming (08 13680148 3 Al oe°
m xtupg W t A3 3Ry CRE aftlidcidded RBOLE ankind in prodsdtien bf plfakimaieRyue! fikes, not prills.

The present invention contacts the amine directly with the concentrated formaldehyde, thus

(D

eliminating the need for paraformaldehyde powder and or cooling the solution. Laboratory
results indicated that the préferable concentration of the additive is about 200-300 ppm,
depending on the amine of choice.
- 25 An embodiment of the present invention involves contacting amine and hot concentrated

| formaldehyde. It has been found that about 87% concentrated hot formaldehyde works well to
combine with the amine addxtwe Once the amine is mixed with the formaldehyde, it is
transferred to a nozzle where the formaldehyde mixture is transferred or dropped through a tower
to form prills. The tower is maintained with a countercurrent of air or inert gas (such as

30 nitrogen). The prills formed drop to the bottom of the tower and are directed to a quenching
vessel. ' |
An alternate embodiment of the present invention involves forming an amine stabilizer

mixture wherein the amine is mixed or contacted with a lower alkane alcohol, eg. C,, preferably
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contacted directly with the concentrated ore prills are
fornmel) or spr ayAd altematelembodimén of shespresent inlehtiose redates tosa probess$oi the m@afiaure

introduced directly . intqQ concentrated for mal dehyde, ' eg., 80 - 89%
par af or mal & Wi@ ﬂ%ﬁldg‘ﬁﬁf’%mﬁﬁ?‘ﬁ%’hyde The art had disclosed use of
an amine, 9}%?&%&185%%&88&@%sﬂuﬁﬁﬁ%ﬁ&ﬁe?éﬁt?%’ art involves producing

par af or mal d e concent’rat ed fornal dehyde sol ution

with a pol Meamgﬁ:emnxmymbﬁatep (a)to byerdpqram tanging from abowtMdcCnd abovwtdi 30°C;
par af or nmal d owger am ne fz 568,018; US 3,772,392). 20
Addi t i onal a 'Pa GLREX F6§ cma@f’%&ﬁ ime to palyaerze e fermaldelyde mixture and

par afr mal Ef'%h t prills. . The present invention contacts
t he am ne dire %f{/ W Yﬂg concentrated fornal dehyde, thus
el i m nat i ng) transfering the pamformaldehpdeithbotibh oty todoen Eﬁll§%ﬁdmlltiﬂ©a

solution. Laboratory results indicated that the pr eferabl e
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th f h e vent
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20 about 1 to about 20 hours, preferably from about 2 to about 9 hours. Thereafter they are

contacted with an amine stabilizer which is sprayed onto the prills.
The spraying of the prills occurs by conventional procedure spraying amine solution to
'cold’ solid prills so as to coat the amine. Generally,. the amine solution is dissolved in a common
| organic, volatile solvent such as a C, 5, aliphatic alcohol, Cs s aliphatic hydrocarbon, aromatic
25 hydrocarbon, or a base.” Exemplary solvents include methanol, butanol, ethanol, methy! ethyl
ketone, acetone, cyclohexane, ethyl acetate, butyl acetate, and the like.
The heating process associated with the mixture of amine and formaldehyde is generally
conducted at a temperature ranging from about 70°C to about 130°C, preferably from about
80°C to about 100°C. The mixture is typically aged (prior to transfer through a nozzle) for a
30 time of about 0.1 to about 3 hours, preferably about 20 to about 40 minutes, and most preferably

about 20 to about 30 minutes.
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provi di ngpevdicr forlore patat aninutem;rera:tﬁre&%ﬁﬁ@ém?g@(@ samples for Ave BRekd, itk §aﬁfples
m xt ure of steg S?g a terrperature rangi ng from about 70[err]C to about
te rsgfu

130 [ err] Werete: bilj 'D’nﬁ‘s?]h‘é efi IREQIEIRo] mackivity aversge molecntan weight, miethanolp
pol ymeri z %@ nd 15 f orm par af or nal dehyde;
Ecl&hﬁm e par Q’E’H&ge

d) transferring t ‘through a nozzle to formprills which

HF
A

falllSinto a countercurrent flow of gas in a tower to further:
pol yrmeri ze and_sol.i dify. Generally the prills are then
transferred i nméﬁalr at e ‘quenchi ng vessel wherein the prills

Lt e 1yt BB o BUBLE N HTREIChH) G oo
2 to abol2563006,25680TNA568018:" Ah Bg¥eows Bolution of 37% formaldehyde was concentrated
through sequential vacuum evaporation. The solid product contained either 91% or 95%

20 formaldehyde. To observe the effect of additives, 86% to 89% formaldehyde at the last stage of
evaporation was used. Apprbximétely, 500 grams of the resulting 86% solution was collected
from the manufacturing unit of paraformaldehyde. The solution was maintained above 60 °C.
0.05 gram of the amine or 100 part per million (ppm) was immediately added to the
formaldehyde solution with thorough mixing. The solution was then frozen in dry iceto a

25 temperature of about -56 °C for transportation. Upon cooling the solution solidifiedto

' paraformaldehyde. The resultant solid was then ground into a fine powder of 500 to 700 microns
in the laboratory. The powder was analyzed for amine, formaldehyde, methanol and water
concentrations, average molecular weight, solubility, insolubles and resorcinol reactivity. Micro-
coudloinetry was used to determine the amount of nitrogen and amine in the sample.

30 By following the above procedures, various additives were evaluated in an attempt to
modify the solubility of paraformaldehyde. Results of testing after storage for 35 days at 35°C

are given in Table 1.



contacted with an amne stabilizer which is sprayed onto the prills.
The spraying of the prills occurs by conventional procedure spraying am ne
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Mixed C-10 amine 65 82 49 , 0 138
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without additives
25 EXAMPLE 2

Using the procedure of Example 1;. five amine additives were evaluated. The amount of
each additive was 100 part per million (ppm). Additives evaluated included hexylamine,
cyclohexylamine, 1,2-dimethoxypropane, triethylamine and hexanediol. Samples with the
additives were stored in an oven at 35°C for five weeks. Results were summarized in Table 2.

30 Among chemicals tested, amines gave the best results. Various amines including linear,
branched, alkyl, aromatic as well as short and long chain amines were evaluated. Poor results
were obtained for short chain tertiary amines that were branched. In contrast, longer chain
primary and secondary amines produced more desirable results with coiriparable solubility.

As seen in Table 2, hexylamine, even after storage for five weeks at 35°C, resulted in

35 96% of the sample being dissolved in water. Without the amine, 40% of paraformaldehyde was
soluble in water. Originally, the solubility of paraformaldehyde before storage was 97%.

Besides primary amine, it was found that secondary amines and diamines enhance

solubility. In contrast, cyclic tertiary amines and diols yielded poor results.



10 sanpl es were mai ntai ned between 35 - 40 C for a five week period. The

data suggests that the five week storage at el evated tenperature
approxi mat es storage of the actual parafornmal dehyde product for .
one year at roomtenperature. After storing the sanples for five weeks, the’
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9 Without additive, paraforrgiiddigde hadacoiubility of 21%.

TABLE 1 o prssent e TELHEm v lopBhor BAABLARIPU ASKNRL b RoRhd Sl 2

100 ppmat 35 [er
Hexylamine and diaminopentane improve the solubility of paraformaldehyde. In contrast, sodium

20 hydroxide, and hexanediol yiclded weak results after 15 days at 35°C.

TABLE 3

Additives 0 days at 35°C 15 days at 35°C
Formaldehyde without 56% 21%

25 additives
Hexylamine 100% 98%
Diaminopentane 99% _ 98%
Hexanediol 51% 17%
Sodium hydroxide 52% _ 3%

30

EXAMPLE 4

Procedure of Example 1 was repeated using 400 ppm of amines. Amines included
hexamethylenetetramine, 2-ethylhexylamine, 2-amino-propanediol and hexylamine. After five
35 weeks of storage at 35°C, these amine sustained a solubility to 62% to 68%. Insolubles ranged
from 50 to 100 ppm. Results are depicted in Table 4. Similar to Example 3, hexylamine was
found to perform well. Additionally, hexamethylenetetramine, 2-ethylhexylamine, and 2-

aminopropanediol also increased solubility significantly.
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five am ne addrtives Were eval uat ed. Tne amnount. of '

100 part per mllion (ppnm). Additives eval uated included hexyl am ne,
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Sanpl es with thEXAMPLE &idditives were stored in an oven at 35[err]C for
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br angled, B Sind Sy , L0 S were
val 3 o, B AE MR Find 2 ¥y IncB1apiiol, oBRLIaRE HERARMANED 151V
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sol ubi | i t ymethoxypropylamine improvedssplybilityete 20 285% and keptiinsolubles:te lgss than 100 ppm.

storage f o, Vg%g},ér/]\@%; gt?gn—géﬁtlﬁg'r] C, resulted in 35 96% of the sanple

bei ng di sso out the am ne, 40% of parafornmal dehyde was

20 o TABLE 5

Types of amines Amine 0 days at 35°C 35 days at 35°C
detected -
(1000 ppm added) (ppm) Solubility 'Insolubles Solubility | Insolubles
(%) (ppm) %) (ppm)

Hexamethylene- 800 99 33 85 60
tetramine

25 2-Ethylhexylamine 790 100 17 78 83
Hexylamine 1290 100 33 72 67
Ethanolamine 750 100 17 80 17
Formaldehyde 0 76 54 35 213

_ without additives

30 2-Methoxypropyl- 1000 100 0 56 0

amine

Properties of the paraformaldehyde changed when amine additive was added . Results
were listed in Table 6. For instance, 2-ethylhexylamine and hexamethylenetetramine enhanced
35 the solubility of paraformaldehyde by reducing the average molecular weight.
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Besi des primary am ne,
solubility.

it was found that
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The present
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di am nopent ane _j rrp ove th

fxRes of Amine it

sodi um 20

solubilit

Hexyl am ne and
of par.af or mal dehyde.

und thaptheamapatef a@@maf@ct&d peth sofubiligss

at 35[err iy insolubles. Following the procedure of Example 1, a storage test was conducted on

In contrast,

paraformaldehyde having hexylamine from 10 to 1000 ppm. Data in Table 7 indicates that

15

product still retained 100% solubility and 130 ppm after 35 days of testing.

TABLE 7

Effect'bf hexylamine on Paraformaldehyde.

hexylamine improves the paraformaidehyde significantly. With 1000 ppm hexylamine, the

20

Amounts of hexyl-
amine (ppm)

0 days at 35°C

-1 35 days at 35°C

Solubility (%) -

Insolubles
(ppm)

Solubility (%)

Insolubles
(ppm)

10

91

17

0

119

50

95

25

438

119

25

100

100

0

34

132

500

100

0

64

100

1000

100

33

85

67

30

EXAMPLE 7

results confirmthe superior performance

The procedure of Example 1 was repeated using samples containing 2-ethylhexylamine at

up to 1000 ppm. Results from Tables 8 and 9 indicate that ethylhexylamine increases the

product's solubility and decrease of insolubles. The increase in solubility corresponds to a

decrease of molecular weight. After 14 days at 40°C, the sample with 150 ppm of 2-

ethylhexylamine had 85% solubility and 63 ppm insolubles. Its average molecular weight was

35

181 g/mole. Without the amine, the sample had 62% solubility and 83 ppm. The average



TABLE 3 Addi tives 0 days at 35[err]C 15

days at 35C For mal dehyde wi t hout 56%

21% 25;, . additives Hexyl am ne 100%

98%. Wogrd3efent ane 9996 PCT/O$57104396
Hexanedi ol 51% 17% Sodi um
hydr oxi de mojecular weight8f the aged sample was 192 g/mol&3% 30

EXAMPLE 4 _ Procedure of Exanple |I was repeated using 400 ppm
of am nes. Am nes i ncl uded hexanet hyl enet et ram ne,

2-ethyl hexyl am ne, 2-ami no-propanedi ol anfiaggg)d am ne. After five 35
weeks of storage at 35[err]C, these amne sustained a solubility to 62%to
68% I nsol ubl es rargygdge of Parafdrimaldch@dd mth(mh)nhenylﬁnmelfostm weeksptd0e@ i n

Table 4. Sinmlar to EX found to performauel] .
Addi tignal | yAmmmthylLen t Sdlutdlity (%) 2- et ﬂyﬂohﬁhyl(ppm)ne, amv&-aged mol wt
ani nopr opar qﬂxﬂkmabaﬁaddncrdased solubility significantly. }{(g/mole)
\é’vC:Z)T? 6/883?3 nar 0 Day 14 Days | 0 Day 14 Days 0 Day 14 Da
Types of arifhes Anine |92 ﬁ%nm af 6951 op 1 B3 Y7 qaydl E
35[err]C |100 99 76 33 17 161 181
10 150 99 87 83 63 162 181
300 99 88 67 '} 50 159 186
500 - { 100 89 17 50 154 150
TABLE 9
15 Storage of Paraformaldehyde with Ethylhexylamine for five weeks at 40°C
Amine Amine Solubility (%) Insolubles (ppm) Averaged mol wt
added detected ' (g/mole)
0 Day 35Days | 0 Day 35 Days | 0 Day 35 Days
0 0 92 35 54 221 167 213
200 j100 79 99 53 33 63 161 180
150 187 99 57 83 70 162 205
300 210 99 60 67 92 159 177
500 323 100 63 17 |81 154 166
1000 790 100 . |78 17 130 154 160
25 o
EXAMPLE 8

Paraformaldehyde prill samples were manufactured similar to that disclosed in US

2566016, US2566017, US 2566018, An aqueous solution of 37% formaldehyde was
concentrated through sequential vacuum evaporation and then transferred through a nozzle to

30 produce a prill. The solid product contained between 91 - 95% formaldehyde. Typically, about
100 - 200 ppm amine was added to the c_oncentratcd formaldehyde solution before transferring
the paraformaldehyde through a nozzle to form prills which fall into a countercurrent flow of gas
in a tower to polymerize and solidify. Typically, 500 grams of the resuiting 91- 95%
paraformaldehyde prills were collected from the manufacturing unit of paraformaldehyde.

35 Paraformaldehyde prills were made with and without caustic (NaOH). The paraformaldehyde
prills were then stored at 0°C until ready for analysis. The prills were analyzed for amine,

- formaldehyde, methanol and water concentrations, average molecular weight , solubility and
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days at 35%53'3?68 aQlightSofibility impfiiVeRifent and (gltngac xﬁgﬁ&oﬁ%fﬁﬁiﬂ%b 0 ppm added)
(ppm Solubility Insol ubles Solubility Insol ubles
(%  (ppm (9 (ppm Hex gﬂéllgne- 800 99
33 85 60 - - “tetr 5 2- Et hyl hexyl am ne
790 100 17 (with@mine StabiliZks - Hexyl am ne
1290 100 72 67 300l ai
750 19 : 8Qaysat3sec 17
0 35 213
addi tives Bo PR E-RPeY ok +B00
56 f : - | Solubility Solubility Insolubles
Sample | 167 89 17 ' 46 33
15 Sample 2 176 89 34 37 42
Sample3 170 91 50 ' 29 40
Sample 4 178 98 17 33 S0
Sample 5 173 . 98 - 33 62 50
95% 0 46 350 - 125 832
20 Sample 6 109 . 91 42 44 20
Sample 7 84 90 . 33 |50 66
Sample 8 93 89 ' 417 23 33
TABLE 11
25 - (with Amine + NaOH stabilizer mixture)
mm'ﬂ
Prill Samples detected | detected : '
. Solubility | Insolubles | Solubility | Insolubles
m_-===%%¥#&—= wi%e Mﬂ
91% 0 -1 1.275 71 83 7 333
30 *CF., 87% 183 0.924 73 166 143 33
Sample 1 107 0.848 81 17 33 17
Sample 2 : 119 0.387 86 17 24 0
Sample3 119 0.906 87 33 25 9
Sample 4 106 0.824 87 17 28 17
35 95% 0 0.996 46 350 25 832
- Sample 5 46 0.599 87 17 17 25
Sample 6 38 _ 0.589 90 9 21 42
| Sample 7 27 0.37 87 41 41 17
*C.F. = Concentrated formaldehyde



am ne Properties of the paraforml dehyde changed when am ne
additive was added . Results were listed in Table 6. For instance,
2- et hyl;hexyl am ne and hexamet hyl enetetrini ne enhanced 35 the solubility

of paraf or nal reduci ng the average | ecul ar wei ght.
VO 57/ 24941 w8544 19 PCT/US97/04396
TABLE 6

PC/ US97/ 04396
Properties of par a)f{‘éMr%II'%ehyde with additives at day O of the storage test.

Addi tives Usingefeqirotedate of Exaniple @ (la oombinatiug 6A260! ppm Mymbiﬂhiﬁme and 0.2
| nsol ubl es | Reactivity wt (gl no g ain
length (% ppm of(qggn;m hydroxide wasaddedh{q mfgm#yde sgbmon Samp es wase stored at 40°C

j: g for %weeks Aﬁer%% teg period, %%W gmme or with aﬁnm of amine anjd sodium

27 f rrfal 4 FV]' droxide yxelded solubility Qalues of about 75%% 83% Both]sa:?u/:les reduced msolublesto
acaf o

Wi t hout addlabcutelOOmm In contrast, the oremui/mpb thhout additives mmm:de
amne, it ng %z@? éwat t he amount of am ne affected both solubility

and insol ub {“s 4 ng the procedure of Exanple 1, a storage test was
conducted on par af or mal dehyde havi ng hexyl am ne from 10 to 1000

ppm Data in Table 7 indicates that 15 hexyl am ne inproves the

par af or mal dehyde significantly. Wth 1000TABEENEXy!| ani ne, the
product sti .L_LeLaJ.ne.d._lﬂﬁ./osaLuhL.La-?ha.n.d_L&Q_p.gm.au_er Aa-days _qf
testid§. Samples Solubility (%6) Insolubles Averaged mol wt
(ppm) (g/mole)
0 Day 14 Days { 0 Day 14 Days | 0 Day 14 Days
Paraformaldehyde 92 141 116 173 163 200
without additives
+200 ppm EHA 98 83 17 83 161 161
15 + 200 ppm EHA + 0.2 99 75 33 100 161 172
ppm NaOH
+1 ppm NaOH 90 52 50 110 150 -
1 +10 ppm NaOH 68 12 0 86 170 -
20 - To understand the formation of msolubles, the msolubles were isolated and identified.

The insolubles were found to be oxymethylene glycol ether with an average chain length of
eight. Many analytical techniques were employed to characterize the insolubles. Techniques
included solid state nuclear magnetic resonance, head space gas chromatography, mass
spectroscopy, differential scanning calorimetry and infrared spectroscopy.

25

Solubility Test
To determine the solubility of parafonnaldehyde, a gravimetric method was used. The

method involves dissolving 10% of paraformaldehyde in water at 70°C for fifteen minutes.
Solubility is determined by weighing the portion of product that is not soluble after the test.

30 Solid paraformaldehyde samples were ground to 400-700 microns by using a Micro-Miller
grinder. The paraformaldehyde and 90 & 0.01 grams of deionized and distilled water were placed
into a round bottom flask equipped with a condenser. The flask was placed a constant '
temperature bath. When the temperature of the solution reached 70°C, 10 £ 0.01 grams of
paraformaldehyde were added into the solution. The mixture was stirred vigorously at 200 rpm

35 for fifteen minutes. Periodically, the sides of the flask were rinsed with the supernatant to ensure



TABLE 7 ' . Effect of hexylam ne on

Par af or mal dehyde. 20 Amount s of hexyl - 0 days at 35C

35 days at 35C am ne (ppm 135

Solubility (% Insolubles Solubility (% | nsol ubl es

(ppm wOo 97/34941 (ppmM 16 10 PCTAK97/04396
119 50 95

25 all sohds Were submerged in th&Ssﬂuﬁ@n The mixXtQre was filtered hot. The 0. 45Lﬂﬁ)cron

0
0 Teflon é@& from Micron Sepa@g@ns Incorporatg%ty@s utilized. The ﬁltrate wqogpshed with

d th
The pr OCGSUW?QE‘):(OIdvratermWaSe %gie%rtlee O{Jgfl%gograartrp es C tal I']Iunderavacuurncf

2- et hyl henbbmmmenthg The ﬁlwemsiﬂﬁged)wml dRymﬁdganﬁth&hip@&t&eﬁ%ﬁ
I ndi cate t{hat _ethyl hexyl amne i ncre ses product’'s sol ubjlit and

decr Sase #sojubles wereaweighadand fqrrf°§’é$léﬂi}1di°t°9m@8ﬁl@§pehﬂé‘at weight.
decr ease g&ggqitf’;%%gwhcco 84 14 days at 40[err]C, the sanple W|th

150 ppm o le had 85% solubility and 63 ppm

i nsol ubl es. Itsysmmag Rf off el €igBPof paraféfidal@éhiydePassbyigfout the
am ne, the san&oloe had =‘vgﬂsol UEI lity atr??j/{gg gpm pThe avera}gigflea P

WO 97/ 349frmaldehyde}}*100%
-ﬁ-)%{_ ES%?/ 431%@tance, in one ena?pl:e?lcnlnjén ¢ d"ﬁght Of o&' gra?o?maldseﬁ%)e gb ned engm%,
10 stage evaporator were dissolved in 90.1950 grams of water. After fifteen minutes, the solubility
was 76%. '

% Solubility = [1-{(2.4975-0.0936)/10.1 14}];"100 = (100-23.76) = 76.2%
This method compared favorably and yielded similar results to another method using
titration of sodium sulfite and sulfuric acid. For the example listed above, the solubility by
1s titration was determined to be 78.5%.

Insolublies test
This method uses weight to determine the amount of insoluble polymer in

paraformaidehyde with pH adjustment. Therefore, caution is taken to prevent any contamination

20 by small particles such as dust and other air-born particles. Drying conditions such as
temperature and time are also critical to the consistency of the test. The solid paraformaldehyde
sample was ground to 400-700 microns by using a Micro-Miller grinder. The sample was
covered and set aside. The samples were dried in a vacuum oven at about 70°C for 20 minutes.
The 0.45 micron, Teflon filter utilized was from Micron Separations Incorporated. The dried

25 filter was stored in a desiccator and tare weight obtained of the dried filter. The tared, dried filter
was inserted in the Millipore filter. 24 grams of a pH 9 buffer solution was heated to reflux
about 100°C in a 250 round bottom flask. A pH/9 Fisher Scientific buffer, #SR114-20,is a 0.1
molar solution of boric acid, potassium chloride, sodium hydroxide. 6+ 0.01 grams of
paraformaldehyde was added into the round bottom flask, equipped with a condenser. The

30 solution was heated to reflux, about 100°C and stirred at 150 rpm. The sides of the flask were
rinsed with the supernatant periodically to ensure all solids were submerged in the solution.
Remove and filter the mixture hot. The filtrate was washed with 50 grams of water and then 50

grams of reagent graded acetone. The solid was dried for one hour at room temperature under a



St orage of Paraf or mal dehyde wi th Et hyl hexyl am ne for two weeks at 40[err]C

5 Amount s of Et hyl - Solubility (% I nsol ubl es (ppmM Aver aged
nmol wt .. . hexyl am ne added
(g/ nol e) O Day 14 Days O Day
O Day | VBIJRe 0 | 17 = PH‘@@%&%
gg 1%/%Zuum of abo]u? 290 mm Hg. 'ﬁlgeloﬁgff.te was sparged with d%? nitrogen at a?mléignt temperature.
87 83 he insolubléPwere weighed antahalyzed forlits!formaldehyde3ddtent and molecular weight.
99 88 67 50 . 159 ... 186 500
100 8T he weight of the insolubles @vas recorded in@ut per millions.

C e am ne Pt R A AR o e n 200
Sol ubi g 1y G¥ms of bulfer stitieR. APRFbne h6WS 0@0?9' giiRhs Were recovered aFiR §5, the sample

det.ect ed (g/ nol e)

0 Day 35 Eentaine® 108 part peSmillian {pp1d).Di% equals to 16,800apm. 0 0
92 35 213 20 100 79
99 53 1"805\3333 =0. 0019528]929 =0. 01%%{/0 =170 ppm g 150 87
99 57 162 205 300 210
99 60 : 67 92 159 177 500 323
100 63 Average Molecular Weight 154 166 1000 790
100 78 13 154 16Q 25

ExavPUg 8 Theavemgmwm&mm;maﬁfmﬂ@ww was pitaineg:hy determiniag total

A, 5 g g SR e, 0L

sequential vacuum evaporation and then transferred through a nozzle to 30
produce a prill. The solid product contai ned between 91 - 95% f or mal dehyde.
Typi cal |y, Rssareinol Reactivitpo - 200 ppm am ne was added to the concentrated

L ough & noz e e REISPBPFERRRDLARE AaR RN by meghods i Biebat il A ¥ T75.2.510.550

gas 15 and gSt2051 9810 pol ynerize and solidify. Typically, 500 grans of

the resulting 91- 95% par-af or mal dehyde prills were collected from
the manufacturing unit of par af or mal dehyde. 35 . Par af or mal dehyde prills
were made Wath a wi L hou |c (NaOH). The paraf or mal dehyde

prills vver\tla\tPﬂ‘?HE?? gﬂpgf‘a@?ﬁ e]’C unti'l ready for analysis. The prills

were anal yzed f oTh@ffiron procedures &hpRYEE Wkrteare ABICHBES in ﬁi&%ﬂ’% 8&termine
concentrations, average nol ecular weight , solubility and

formaldehyde content per A.S.T.M. Method D 2194-84.
20



WO 97/ 34941

PCT/ US97/ 04396
i nsol ubl es and resorci nol
determ ne the amount of

cro-coul onetry wak, useREP _
ad amne in the sanple. Results of

This Sheet Has Been R]iliced THIS SHEET.HAS BEEN

TR

testing aftavost/sdeage for 35 days at 35[errgC are given in PCT/U$63204396. O

and 11.

Wt hout caustic present the am ne—tested-increased

the solubility of the parafornal dehyde 5 and reduceg t he insol ubles. At

‘the caustic and amne |levels tested, the IE)ar af or mal dehy
~exhibited a slight solubility i rrproverrer@

i insol ubl e
(with Am fEbetisglaimediss 1, Par af or mal dehyde  Ami né’

ﬂ!ﬂ[m{l i IIII

TABLE' 10

AMSagain a r

- days at 35[err §C A process for thémadlafaenié oﬁﬁrﬁfo&hﬁdehydg comﬂ?isiﬂé Sanpl es

- detected ty I nsol ubl es
 Sol uli litg) providiag a formaldechyde solutx(m/(pf at least 37% fopppl.dyhyde and contagting tle)
5587 °’“§§$‘9F§V€° solution with an ggpine stablizers o T 46"
2‘2’ 15 F‘iﬁe mixture of step (%& a temperat&% ranging from aboég 70°C to about 130 68;7
- 40 c) mng)tlm ndixture for a suffi¢iént amount 0@' §ime to polymerize th¢ formaldehyde mixtdfe and
‘50 foppeformaldehyds o0 g6 350 2
ggz 190 g @%p?%}hﬂg Phe parafonnalélzﬂ% through gd%%z\e to form pnll%gﬁﬁzh fallintoa 044
66 coumerpgerit flow of gas in @3ower to furth&%olymerize and solidify. 23
33 2. The process of claim 1 wherein the amine comprises a primary, secondary, or tertiary
amine, cyclic amine, diamine, C, ., aliphatic, C,., alkoxy amine, hydroxyamine, thé respéctive
functionalized amines of the above, and mixtures thereof.

15 3. The process of claim 2 wherein the amine consists essentially of methylamine, ethyl
amine, n-propylamine, n-butylamine, iso-butylamine, tertbutylamine, dimethy! amine
diethylamine, di-n-propylamine, di-iso-propylamine, and dibutylamine, triethylamine and
triethanolamine, hexamethylenetetramine, 2-ethylhexylamine, 2-aminopropanediol, hexylamine,
ethanolamine, mixed C,, amine, mixed C,, amine, cyclohexylamine, 1,2 dimethoxypropane

20 amine, triethylamine, ethanolamine, 1-amino-1,3-propanediol, 1-aminopentane, and 2-
methyloxypropylamine.

4. The process of claim 1 wherein the amine is present in a concentration of from about
0.1 to about 1000 ppm. '
5. The process of claim 4 wherein the amine is present in concentration of about 150 to

25 about 400 ppm.

6. The process of clalm 5 wherem the amine is present in concentration of about 200 to
about 300 ppm.
7. The process of claim 1 wherein the aging step (c) is about 0.1-3 hours.
8. The process of claim 7 wherein the aging step is about 20-40 min.
30 9. The process of claim 8 wherein the aging step is about 20-30 min.

10. The process of claim 1 wherein the heating temperature of step (b) is about 80°C to

about 120°C.
11. The process of claim 10 wherein the heating temperature for step (b) is about 80 °C



Hm This Sheet Has Been Replaced (W t h Ami ne + Na({4 SHEBT HAS BEEN
raf or
5

o BN oo TR | sootir ™ procanye
35[err¢CtL ® s35+*days at _Prill Sanples —getected
19

detected WO 97/34941 SEHQU$I7104396
I nsol ubles Solubility Insolubles 91% 0

1. 275 to abbut 100°C. 83 7 333 30 C.F., 87%

183 0.924 73 166 43 33 .

Sanple 1 12. Wprocess for thegn@udacture of pagaformaldehyde gomprising: 33

17 le 2 119.

24 @%%ggid?ng a foggxﬁ{ﬁegy%c so}t?twn of at lﬁgBﬁ;?fomaldﬂllyggg '8 % !

33. i f st Wtefpérature ranging fréfifabout 70°C tdatiotd 130°C;
87 Yheating the migure of step (o) Hsthpérature ranging . 0 .
0.996 5 c)4ging the mixtur8 it a sufficientz@nount of time3a polymerize the foampldehgde mixture and
46 : 0.5 :

99 87 17 17 o 25
Sanpl e 6 form parafoggaldehyde; 0. 589 .

90 9 - . 21
42 ) : : : . . .
a1 o Fpiid the poatprmaldiyde Sumugh a o o form prfl which fall inudd

WO 97/ 3494 1countercurrent flow of gas in a tower to furtliér polymerize and solidify;

- PCT/ US97/ 04396

) EXAVPLE 9 N Usi ng.t.he
procedure of) Exbenntacting the p Mﬂnlmm@zwwpa%bﬂmnd 0.2

ppm of ., sodi um hydr oxi,d : ' a,ﬁmh

wer e i?ored at 4&*@%&’%& Sfi&%ﬂ} %?%%@lgm%i @2@“@“&5@ ! erto t%ﬁddryat
sanpl es wi tfomEbBAt ﬁﬁbi%ttt@m?eﬁhﬁ-é t6 gborft 36070 forofiein 26GutUNM0 abbut 20 hywtsoxi de

yi el ded solubility values of about 75%to 83% Both sanples, reduced

insol ubl es to 14, The patrsss oficjginy b2wherein Hieramise compasesa primaly, secopdery, or
w thout ad di:ie}tia\zl';(ra gm?xiied ,_72? aﬁﬁﬁhk,"éﬁ,{, M&? aﬁﬁge, hydroxyamin%,l(t)f?eﬁ'géﬂégﬁbé hifictionalized
amines of the above, and mixtures thereof.
15 15. The process of claim 14 wherein the amine consists essentially of methylamine,

ethyl amine, n-propylamine, n-butylamine, iso-butylamine, tertbutylamine, dimethyl amine
diethylamine, di-n-propylamine, di-iso-propylamifxe, and dibutylamine, triethylamine and
triethanolamine, hexamethylenetetramine, 2-ethylhexylamine, 2-aminopropanediol, hexylamine,
ethanolamine, mixed C,, amine, :hixed C,o amine, cyclohexylamine, 1,2 dimethoxypropane
20 amine, triethylamine, ethanolamine, 1-amino-1,3-propanediol, 1-aminopentane, and 2-

methyloxypropylamine.

16 The process of claim 12 wherein the amine is present in a concentration of from
about 0.1 to about 1000 ppm.

17. 'fhe process of claim 16 wherein the amine is present in concentration of about 150

25 to about 400 ppm.
18. The process of claim 17 wherein the amine is present in concentration of about 200

to about 300 ppm.
19. The process of claim 12 wherein the aging step (c) is about 0.1 - 3 hours.
20. The process of claim 19 wherein the aging step is about 20 - 40 min.
30 21. The process of claim 20 wherein the aging step is about 20 - 30 min.
22. The process of claim 12 wherein the heating temperature of step (b) is about 80°C to

about 120°C.
23. The process of claim 22 wherein the heating temperature of step (b) is about 80°C to



ACBIEJHHIILIIIIHHIIII Il ”"Tﬁ‘l|||“"e|°| T ““‘%&‘55&3?33“% (ppr)

(g/ ol %) 0 Day H—Pays—0—Day 7 Days _
CDay Para orrra dehyde 92 41 116
173 163w097/34941200 wi t hout agditives ' PCTAGOPP@IEHA
98 83 17 83 161 161 15 + 200 ppm EHA +
0.2 9%bout 1004C. 33 100 . 161 172 ppm NaC]—I
+1 ppnNaCH 52

150
+10 ppm NaOH 24. Ina proceagfor the manufacture qf paraformalgdxyde prills gontaining at least about

TGt {1 Afh tormaiaenyf BictleoBinr8S ol sFRind tE ARV Ty M pleskat e’ °"°
ether wi tay, Mﬁtﬁﬁ%eﬁ%ﬂ k&ditin hydroxide; extrudftigdhé polyhityizeéd firitiaideRyde through

t echni ques were enpl oyed to characterize the insol ubl és. Techni ues
i nclSided asmzzhe totfedne prills which ﬁaﬂgxmta wunteseureant Sowefgas ipatawerie

Cal or | oo bReS TR seliiey B proRu EjpeaRy md rem SR eW%‘ﬂ#fﬁﬂée from the

To deter%ggr’m%?%%}ki n il ﬁ ¢ af or mal dehyde, a gravinetric nethod was

used. The ( di.ssol ving 10% of paraf or mal dehyde in
wat er at aj@f@idih@afformﬂdéhﬁlersomtmntoé’at least 37% forSaldehide and ¢contadtingithe ned by
wei ghing the portion of product fhat is not soluble after the test. 30

Sol id pafﬁﬂ@dﬂlﬂéﬁ?ﬂ@%éﬂﬁ!%%eé%‘md to 400-700 nicrons by using a

mlx n r rrB
£} onit) Bepeing g ruf B (40 fo R AR ARRE gkig il Aol 10°CTt allofh 130087
flask equ) Eﬁ@théhﬁn&r&ﬁﬂd@ﬂmemmuﬁi oftimets polymerige thecformdldeltyde mixture and
tenperature bath. Wen the tenperature of the solution reached 70[err]C, 10

[err] 0. formypamfororaldehyde; andar af or mal dehyde were added into the sol ution.

The m xt stifred ut es.
per i o o e g B 1Y by Enb R Yo prfth i BRI 3
ensure  countercurrent flow of gas in a tower to further polymerize and solidify.

15 25. In a process for the manufacture of paraformaldehyde prills containing at least about

85% forr_na!dehyde which comprises polymerizing the formaldehyde in the presence of an
aqueous solution containing sodium hydroxide; extruding the polymerized formaldehyde through
a nozzle to form prills which fail into a countercurrent flow of gas in a tower to further
polymerize and solidify the product; collecting and removing the paraformaldehyde from the
20 tower, the improvement comprising:
a) providing a formaldehyde solution of at least 37% formaldehyde;
b) heating the mixture of step (a) to a temperature ranging from about 70°C to about 130°C;
c) aging the mixture for a sufficient amount of time to polymerize the formaldehyde mixture and
form paraformaldehyde; |
25 d) transferring the paraformaldehyde through a nozzle to form prills which fall into a
countercurrent flow of gas in a tower to further polymerize and solidify;
e) and contacting the paraformaldehyde prills by spraying with an amine stabilizer.
26. The process of claims 1, 12, 24, and 25 wherein the amine stabilizer is contacted
with a C, , aliphatic alcéhol, Cs.is aliphatic hydrocarbon, aromatic hydrocarbon, or a base
30 additive.
27. The process of claim 26 wherein the additive is cyclohexane, acetone, methy! ethyl

ketone, sodium hydroxide, ethanol, methanol, butanol, ethyl acetate, butyl acetate.
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PCT/ U[897/ %)4396 - all solids were subnerged in thBES’?)L&QngEMI SHEET '
m xture was filtered hot. The 0.45 micron% . . Teflon fi'Ité]ﬁﬂW37~6

M cron Separations ‘I ncorporated was utili zeéi. Ihe filtrate.-was washed with

50 grans gnn%!éﬂwdmpépmagmuﬂﬁé ¥, teyhg formepldely do leannppropsiate tispmdwingsbe at (P § C
under a v, UM O 3 westts LAt r W th

ry i t  SOCHEED 3o piling of @2 Bilafor ) dbFesuklin breokirRRRCNTR BRREY 0"

anal yzed &igdoldtioh filedial Yo fint i 18y fnschisles T Plefsitéd AniNgR Vs fromABout 1 to about 20
sol ubility was cal cul ated accordi ngly: —— % Solubility =[1- °

(Wi ght  odartianl atomas i) the compgind. oFherming oambs aneGiy.cl aliphatic amingt an C, ., aliphatic
fornal dehyde)]* 100% ... . . For i.nstanc i N,one, exper j.men 10..1145 grans
o b8 ar Gl U kiehan ARG e SR 2P ARG Stomy B e ey AR
di ssol'vedphi iRy i nRkLmi f iafy Hiieie ; : bad t
was 76% “enhife, Ap . %ﬁ%}?ssg{:%bi.l i tylné’é[?#i%%g%? 0_,093§§°f %&%ﬁt}i’%@%do Y _
( 100- 23. 78dines afahe ébove, or mixtures thereofhil'be amine®dn be agdedandat enplacat) into aolstents at

e —— T
L5 — tity TM%Q&B&T M%?ﬁw& ﬁoﬁ@ulz.ﬁwéfg‘ht-commo orgna_nilc%@)éh@ a6 el &S Water
ght to de the | e pol ymer in

Thi s met hod uses wel ght ermne mount o sol ubl’e
par ab or neiave byeteshominito el saitable tegewhter, hietlianbl) acetomen UWatenisi the indkeptefefrehr event
any contam nation.20 by smal|l particles such as dust and other air-born

particl FSS.OI‘BF‘SH Vs heye frund dhat theaming gan be introduqeéﬁpé}edmfwhﬁmw atefl so
canpl o vyt [-EOBEk R ERGHaRhe bl e boililg BomPb dle BN DIEMAR)IAE proine,

sanpl e Wagn be added vig Q\Sgﬁ@dm@dldle%eﬁxabﬁdxﬁbnnﬂb&lyaa Bl cthetoBy acliévinga sitnifar
‘vacuum oven at about 70[err]C for 20 .mnutes, ... The 0.45 mcron,
Tef | on fiaffest Amine is generally refesradip betsin asqdditiveiod stabilizero Bath termg areysed dr i ed

25 .. -filiter ,was or i esj ccat or, and, t are .wei ght okt aiaed..of 't '
ari 88 11 pErerBeablyd Afiernfle D, e e b neWdmab St B £ RIS pichPeloor
filter. 2d gsRphatiohydroRdtbSn BHAR Somaat H?dr@@arﬁ@&a&&ﬁe&_ﬂ ifnProve ithe Bmine's

about 100[err] in a 250 round bottom flask. A pH 9 Fisher Scientific

buf f er , - #Sikilizing effects.s a 0. 1 . nmolar solution of boric acid,
pot assi um chl ori de, sodium hydroxide. 6 0.01 grans of
par af or mal dehyde was added into the round bottom fl ask, equipped with a

condenser. The - DETAILED DESCRIPTION OF THE INVENTION

20 This invention provides an improvement over prior art processes in the production of

paraformaldehyde prills and results in low dissolution time and minimal to no insolubles in the
product. This invention involves the use of linear and branched chain anﬁnes which contain
from about 1 to about 20 -carbon atoms, preferably from about six to ten carbon atoms for the
production of paraformaldehyde prills. _ | |
. 25 : " Ithas been diséovered that the addition of small quantities of an amine compound serve
“to inhibit polymerization in paraformaldehyde prills. Inhibiting polymerimﬁon results in
| paraformald-ehyde" prill product, having a dry, non-tacky surface which is desired for ease in |
~ handling and storage. . ' N
| It has generally been found that too much amine pr.odﬁces prills which are sticky and
30 difficult to handle and transport. Additionally, large quantities of amine may be considered an
| impﬁrity in the product. Yet, too small an amount of amine, results in no effects being observed. . -

Therefore a sufficient amount of amine to produce the polymerization inhi_biﬁng result is _d‘esi;e@i. .

The amount of amine necessary is generally deperident.upon the % concctiu'dtion of

. q.a’ 04;:(,3:(; -
elalay



30 ~ sol uti-on was heat ed to refl ux 'e'bo'ut iOO[e.r'r] C a&%m}bﬁ\%@kibtf

rpm The sides of the flask were | . - rinsed with t

periodically to ensure all solids Wer e sbrrerged in the sol ution.

Renove and filter the mixture hot. The filtrate was washed with 50 grans of
wat er and- t heit vas found that nofraliresnioés perfogmed thyrsaviedo yickt improvehiemt fro thiecstabsikity

8;} 22922& the %ogge%rat%d for%)arﬂiéh ﬁ??w}? tréi%‘ih#_é‘o%%ém?atm ranges from about 60 \2\3/‘\%4)
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The t|tratsohxblqsnmsaﬂpleesfcnmpcmmﬂfoanaidehyde.descr| bed in the test to

l'determine - formal dehyde content per A.S. T. M. Mt hoq (P 2194- 84. -
The amine may be present in a concentration of about 0.1 to about 1000

ppm, preferably about 150 - 400 ppm and most preferably about 200 - 300 ppm. It may be
contacted directly with the concentrateci formaldehyde before prills are formed, or sprayed onto

15 the paraformaldehyde prills. The amine may be introduced directly into concentrated
formaldehyde, eg.; 80 - 89% paraformaldehyde, or 37% formaldehyde. The art had dxsclosed use
of an amine, however, the general procedure of the art mvolves producing paraformaldehyde by
cooling the concentrated formaldehyde solutlon with a polymerization regulator or by drying the
concentrated paraformaldehyde powder with an amine (US 2,568,018; US 3,772,392).

20 Additionally, the art disclosed use of amine in production of parafonnaldehyde ﬂakes not prills.
The present invention contacts the ax_mne directly with .the concentrated _formaldehyde,_thus
eliminating the need for paraformaldehyde powdet and or cooling the solution. Laboratory . |
results indicaxed that the preferable concentration of the additive is about_'200-3 00 ppm,
dependmg on the amine of choice. | _'

25 An embodiment of the present invention involves contacting amine and hot concentrated
formaldehyde. It has been found that about 87% concentrated hot formaldehyde works wellto™ -
combine with the amine additive. Once the amine is mixed with ihe_fonnaldehyde, it is |

_ 'trans.fcrred.to a nozzle where the formaldehyde mixture is transferred or dropped through a tower
| to form prills. The tower is maintained with a countercurrent of air or inert gas (such as
30 nitrogen). The prills formed drop to the bottom of tiie tower and are directed to a quenching
~ vessel. | o |
~ An alternate embodiment of _ihe present invention involves forming an aini_ne ctabilizer

'mixmrel_:\;hereiri?the amine is mixed or contacted with a lower alkane alcohol, eg. C,, preferably .
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a) prov1dmg a formaldehyde solution of at least 37%;

b) heatt_ng the mixture of step (a) to a temperature ranging from about 70°C to about 130°C; -
. c) aging the mixture for a sufficierit amount of time to polymerize the fonﬁal_dehyde m_ixtore and
15 form paraformaldehyde,
| d) transferring the paraformaldehyde through a nozzle to form pnlls which fall into a
countercurrent ﬂov_v of gas in a tower to further polymerize and solidify.
Generally the prills are then transferred into a separate quenching vessel wherein the
. prills further polymerize and dry at from about ambient temperature to about 300°C, for from
20 . about1 to about 20 hours, preferably from about 2 to about 9 hours. Thereafter they are
contacted with an amine stabilizer which is sprayed onto the prills.
The spraying of the prills occurs by conventional procedure spraying amine solutionto .
'cold' solid pﬁlls so as to coat the prills. Genetally, the amine solution is dissolved in a common
| organic, volatile solvent such as a C, ,, aliphatic alcohol C,.is aliphatic hydrocarbon, aromatic
25 . hydrocarbon, or a base. Exemplary solvents include methanol, butanol, ethanol methy] ethyl
ketone, acetone, cyclohexane, ethyl acetate, buty acetate, and the like. '
‘The heating process associated with the mixture of amine and formaldehyde is generally
conducted at a temperature ranging from about 70_ °C to about 130°C, preferably from about
- 80°Cto aoout 100°C. The mixture is typically aged (prior to transfer through a nozzle) for a
30 ..{.mne of about 0.1 to about 3 hours, preferablv about 20 to about 40 mmutes and most preferablv

' about 20 to about 30 mmutes
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4. The process of claim 1 wherein the am ne is DFREEPLA(DEMW?HEE]O”
|
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ppm 6. “Thé process of claimb5 erein the amne is pr
concentration of about 200 to about SM [err]

19 7. The process of claim1l the aging step (c

0. 1-3 hours. 8. The process of claim7 wherein the ag

about 20-40 m n. 9. The process of claim8 wherein thg

I S about WRat3clainted is: 10. The process of claim1 whereih the heating
tenperature of step (b) is about 80[err]C to_about 120[err]C. T+

The process ofl- &repeass forihemanwiacthee of parafornaldshyde prills comprisingiep () i s
about 80 [a?f)fdvﬁmg a formaldehyde solution essentially absent of acid or basic catalyst and of a least

37% formaldehyde and contacting the formaldehyde solution with an amine stabilizer;
b) heating the mixture of step (a) to a temperature ranging from about 70°C to about 130°C;
¢) aging the mixture for a sufficient amount of time to polymerize the formaldehyde mixture
and form paraformaldehyde;

. d) transferring the paraformaldehyde through a nozzle to form prills which fall into a

countercurrent flow of gas in a tower to further polymerize and solidify.

2. The process of claim 1 wherein the amine comprises a primary, secondary, or tertiary
amine, cyclic amine, diamine, C.sub.1-20 aliphatic, C.sub.2-20 alkoxy amine, hydroxyamine,

the respective functionalized amines of the above, and mixtures thereof.

3. The process of claim 2 wherein the amine consists essentially of methylamine, ethyl
amine, n-propylamine, n-butylamine, iso-butylamine, tertbutylamine, dimethyl amine
diethylamine, di-n-propylamine, di-iso-propylamine, and dibutylamine, triethylamine and
triethanolamine, hexamethylenetetramine, 2-ethylhexylamine, 2-aminopropanediol,
hexylamine, ethanolamine, mixed C.sub.20 amine, mixed Cl.sub.0 amine, cyclohexylamine, '
1,2 dimethoxypropane amine, triethylamine, ethanolamine, 1-amino-1,3-propanediol,

1-aminopentane, and 2-methyloxypropylamine.

4. The process of claim 1 wherein the amine is present in a concentration of from about

0.1 to about 1000 ppm.

5. The process of claim 4 wherein the amine is present in concentration of about 150 to

about 400 ppm.

6. The process of claim 5 wherein the amine is present in concentration of about 200 to

about 300 ppm.
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par af or HME"W’"I"I"S"“OWH sing: a) providing a fornal dehyde -ls-o$H[ | onT of
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through a nozzle to formprills which fall into a countercurrent flow of
gas in a tower to further polynerize and solidify; e) and contacting the
par af or mal del8; e prodesssofiejaimpT sherein the aping Btepiis abous 26Hd0Iminer . 13.
The process of claim 12 wherein the prills of step (d) further polynerize
and dry at from about anbient tenperature to about 300[err]C. for from
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di butyl anm ne, triethylam ne and triethanol am ne, hexanet hyl enet etram ne,
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C. sub. 20 ami rld, The pregtess. of whaith( Oawharein the/hdatihg tephpenature, for step (b) [isabdut 80°C.

to about 100°C.,

12. A process for the manufacture of paraformaldehyde E_il_ls_ comprising:
a) providing a formaldehyde solution of at least 37% formaldehyde;
b) heating the mixture of step (a) to a temperature ranging from_ about 70°C. to about 130°C.;
c) aging the mixture for a sufficient amount of time to polymerize the formaldehyde mixture
and form paraformaldehyde;
d) transferring the paraformaldehyde through a nozzle to form prills which fall into a
countercurrent flow of gas in a tower to further polymerize and solidify;

e) and contacting the paraformaldehyde prills by spraying with an amine stabilizer.

13. The process of claim 12 wherein the prills of step (d) further polymerize and dry at
from about ambient temperature to about 300°C. for from about 1 to about 20 hours.

14. The process of claim 12 wherein the amine comprises a primary, secondary, or
tertiary amine. C.sub.1-20 aliphatic, C.sub.2-20 alkoxy amine, hydroxyamine, the respective

functionalized amines of the above, and mixtures thereof.

15. The process of claim 14 wherein the amine consists essentially of methylamine,
ethyl amine, n-propylamine, n-butylamine, iso-butylamine, tertbutylamine, dimethyl amine
diethylamine, di-n-propylamine, di-iso-propylamine, and dibqumﬁné, ﬁjethYlamihe and
triethanolamine, hexamethylenetetramine, 2-ethylhexylamine, Z-mninc;prqpag@di'_ol,g P

hexylamine, ethanolamine, mixed C.sub.20 amine, mixed C.sub.10 amine, cyclohexylamine, :



1,2 di net hoxypropane am ne, triethylam ne, ethanol gntpe, _
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16. The pro come! CHRi erein thezam' ne is present in a concentration
of fromabout 0.1 to about 1000 ppm 17. The process of claim16

wher ei n e,.anm,ne i s present .i.n concentration,of _abqut 150 to abqut 400
ppm E’B dlmg%xmﬂg agune,drigthylamine, ethanglamine, 1-amino-43-prep esent in

concent r {ldnfiRordhtABCHd ngﬂ-é% xgp §,1 Re.PPM ~19. The process of
claim 12 wher e;i%fg t he agzlzng te %Ug alﬁg %bout 0.1-3 hours. 20. The
process of claim 19 wherein the aging step is about 20-40 m n. 21.

The process of c¢laim?20 wherein the aging step is about 20-30 m n.
22. The proced@ e nrecgssptclaig b2 wihereinthe gping 15 grosentin @ sonseatrgtion offiomp) | s

about 80 : O[err]C. 23. The process of claim 22
wherein %ﬁ%‘ﬁhgat?}aﬁ%a?%gi’a'ure of step (b) is about 8[err]C. to about
100[err] C -~ 24. In a process for the manufacture of

par af or mal deh)(de prills containi n% at | east about i
7. The process of claim 16 wherein the amine is present in concentration of about 150

to about 400 ppm.

18. The process of claim 17 wherein the amine is present in concentration of about 200

to about 300 ppm.
19. The process of claim 12 wherein the aging step (c) is about 0.1-3 hours.
20. The process of claim 19 wherein the aging step is about 20-40 min.
21. The process of claim 20 wherein the aging step is about 20-30 min.

22. The process of claim 12 wherein the heating temperature of step (b) is about 80°C.
to about 120°C., ' '

23. The process of claim 22 wherein the heating temperature of step (b) is about 80°C.
to about 100°C.

24. In a process for the manufacture of paraformaldehyde prills containing at least about
85% formaldehyde which comprises polymerizing the formaldehyde in the presence of an
aqueous solution containing sodium hydroxide; extruding the polymerized formaldehyde
through a nozzle to form prills which fall into a countercurrent flow of gas in a tower to further
polymerize and solidify the product; collecting and removing the paraformaldehyde from the
tower, the improvement comprisiﬁg: .
a) providing a formaldehyde solution essentially absent of acid or basic catalyst and of a least
37% formaldehyde and contacting the formaldehyde solution with an amine stabilizer;
b) heating the mixture of step (a) to a temperature ranging from about 70°C. to about 130°C;
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tower to fufther polynerize and s ecting an
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a) providing.a.fornal deh%/de solution of at least 37% formal dehyde; b)
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d) transferring the paraformaldehyde through a nozzle to form prills which fall into a

countercurrent flow of gas in a tower to further polymerize and solidify;

€) and contacting the paraformaldehyde prills by spraying with an amine stabilizer.

26. The process of claims 1, 12, 24, or 25 wherein the amine stabilizer is contacted with
a C.sub.1-20 aliphatic alcohol, C.sub.5-15 aliphatic hydrocarbon, aromatic hydrocarbon, or a
base additive. '

27. The process of claim 26 wherein the additive is cyclohexane, acetone, methyl ethyl

ketone, sodium hydroxide, ethandl, methanol, butanol, ethyl acetate, butyl acetate.
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26. T.He process of clainms 1, 12, 24, or 25 wherei ;?r’ ilizer is
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{57) Abstract

Disclosed is a process to produce paraformaldehyde prills having a low dissolution time and low concentration of insoluble formation.,
The insolubles are believed to lead to stickiness, tackiness, and loss of flowability of the pmduct, loss of handling, and lead to storage
problems of the final prill product. To address this problem, a concentrated formaldehyde solution is prepared having a purity ranging from
37 %-99 % and may be mixed with an amine additive, an amine and alcohol additive, or amine, alcohol, and caustic additive. Alternatively,
the final prill may be sprayed with an amine or amine mixture stabilizer.




