Depolymerization of Paraformaldehyde
R. E. Harnrseck'

Formaldehvde in solution s commonly wed to control microbiological
growth in continuous diffuscrs, Fhe solid polymer, pardlormaldehyde, can
be depolvinerized and a resubtant formaldehyde solution obtained  which
will serve the same purpose as formaliny in the continuowns diffusers.

Paraformaldehyde of commerce is a mixture of chain polymers ol Hor-
maddehyde of high melecular weights (137 It is o white, arystalline powder.
It is only slowly soluble in cold water, but more readily soluble in hot
water, with ¢volution of fomuddchvde, Paraformualdehvde s 90 1o 95 per-
cent available formaldehyde,

Once unit of Jormaldehyde derived from parnformaldehyde  will cost
about 37 percent as much as one unit of {formaldehvde i formalin, before
freight. Costs as delivered 1o our Spreckels Factory further increases the
spread o 50 percent.

It is not desivable 1o use paratormaldehyde in a solid stte divectly
introchireed to the diffuser, though this would scem casiest. because solution
and depolymerization of the paraformaldehvde proceed slowly under the
conditions generally prevalent in cells of the diffuser when treatment for
micrabobiological control is required. Consequently formaldehyde concen-
frations, high cnough o offect maxiniwm bacteria kill, may not be attained,
uniess an excess of the hactericide s invoduced,

[t then ix suggested o depolvmerize the paraformaldebyde and inwo-
duce the resultant formaldehvde solution into the diffuser. Various means
were proposed.

According to Peterson (2) 0 the solubility of formaldehvde polymers
in water is increased in the prescuce of methenamine. This was verified
for concentrations up to 1 percent of methenamine, Toxicity of this chem-
ical madce it anattractive i application.

Depolymerizaton by vaporization using a jet of steam was considered
and discarded since only 2 trace of moisture will cause polvmerization of

formaldehyde vapor in the 1009 . remperature range.

Miller (3} holds & patent which provides for gencration of pure.

monowmeric formaldehvde by introducng a suspension of paralormaldehyde
in a liquid carrier having a vapor pressure not in excess of 15 mm. Hg.
at 200° (L The formaldehyde flushes out leaving the carrier unchanged.
Caster oil makes a satislactory carricy. The process was considered as oo
etaborate for our requirements.

Paraformaldehyde will depolvinerize and go into a 23 percent for-
maldehvde solution in baoiling water in about five minutes with adequate

P Chicl Chemist, Spreckels Sugar Company, Spreckels. Califorain,
* Numbers in parentheses refer to literatare cited.
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circulation, At this temperature considernble formaldehyde i3 lost i vapors,
Adequate venting ol vapors to prevent discomfort and injury to personnel
is a4 problem. Depolymerization and solution rates fall off rapidly with
decrensing temperatures to o point where a 1 pereent solution is obuined
Hr 20 minutes at yoom temperature.

The polymer was reported to be soluble in dilute alkali hydroxide
solutions,  Expertmental work conducted by Spreckels chemists at Wood-
land showed that al voom temperatures the concentration of a formaldehyde
solution prepared {rom  paralormaldehyde could be arcased from about
Popercent ar 8 pH 1o 22 percent at 12 pH. Phese monomeric {ormaldehyde
concentrations were reached in 20 minutes contact time, with agitation.

Further lTaboratory tests indicated that 100 grams ol [){11‘:1!'t)rm;nldc}wdc
dissolved completely in 300 ml. of water in 20 minutes, at 60° C., with
agitation and when 0.1 percent NaOH on paratorinaldehyde had been used.

At this point a test in the Woodland Factory was made. A solution
of 100 pounds of paraformualdehvde was prepared by adding % ounces of
caustic to 140 gallons of house hot water at 90° €., then adding the para-
formuldehyde while stirring. Steam for heating was turned on for 114
mimttes and the resulunmt tomperature of the mixware was 707 G0 Depoly-
merization was complete in 28 minates and the temperature then was 64° (L
The caustic added had raised the house hot water to 10 ptl

For routine factory practice depolvmerization and solution of  para-
formaldehvde has worked out as [ollows:

Fauipment: A tank ol about 200 gallons capacity {which should be
covered and provided with a vent 1o the outdoors i locted indoorsy: a
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Figure 1.—Effect of water pH on depolymerization of paraformalde-
hyde. Percent formaldehvde hy weight in solution, after 20 minutes at room
temperature Is plotted against pH of water.
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water supply to ok provision for heating by steam injection; provision
for agitation such as a Lightnin® mixer; pump and lines to carey formalde-
hyde o desived points of application.

The diffuser operator prepares 2 new solution as the tank becomes
empty. One hundred filty pounds of parsformaldehyde are mixed with
about 160 1o 165 gallons of water, with sodium hydroxide added 1o bring
the pH (o 10.5. The mixture is heated by steamn injection w 402 €. and
agitated. Nearly complete dissolution is reached in about 30 minutes. The
solution thus prepared will be approximately 10 percent formaldehyde,

By increasing the soludon tempoerature or inareasing the pH, the solu-
tion rate of paraformaldehyde may be increased. Similarly, the Tormalde-
hyde solution concentration may be increased, Figure 1 odepicts a plot of
pH versus paraformaldehyde solution.

Feasibility of depolymerization of paralormaldehvde has resubted on
important savings in the cost of diffuser bacteria control.
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