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SUBJECTs ACCELERATORS FOR FURNITURE "DULUXY

. INTHODUGITON

, The ‘setting up or hordening of Furniture "DULUXY ig

accelerated by acifs, The rate and extent of setup as well
ag the compatibility snd atebility vary with different aclds,
Mineral acids r~re generally not desirable because of poor com-

patibility with the "DULUX" solution as well as thelr deteriorat-
" Ang effect on the substrate used, BSeveral years ago a "butyl
acid phosphate® was developed which agcelerated the set-up snd
gtill was compatible. Later an fYoctyl reid Dhos‘ehate-” wag found
to give 2 faster snd more complete setup to the "DULUX" f£ilm as
well es to effrot a better rubbed clsrity and print resistaonce
then was previously obtalned with the "butyl aecid phogphate,®

The purpose of this work was to investigate the possi-
b1lity of p-rega-xﬂng an accelerator which had even better pro-
verties than "ootyl acld phosphete,™ Another purpose was to
endeavor to le=rm the mechanism of the reaction vetween the
BPULUX" and the accelerator,

SUMARY

’ ‘ Beveral alkyl scid phogphates have been prepared with
aleohols from ethanol (C2) to dodecanol (Cip) in plsce of the
Z=ethylhexanol {Cg) now used., The phosphorous pentoxide content
was varied above snd below that used in the current formulation,
These experimental alkyl acid phosphates were evaluated as ‘
accelerators for Furniture "DULUXY, Evaluation on walnut panels
has shovn that when the same molar ratio of alecohol o phosg-
phorous pentoxide is used there apveara %o be little or mo effect
oruged by varying the alcohols, A variance of the smount of
phosphoroua pentoxide used with a given aleochol showed that
as the phosphorous pentoxide was reduced below that currently
used » softer film ia nroduced snd when the amount of phos.-
phorous pentoxide is inoressed 2 hard film with slightly poorer
c0ld crack resistence ig formmed, The decelerstor with the
higher smount of the pentoxide appesrs to have somevhat poorer
stability, It 4s concluded that the present octyl acid phos-
phate accelerator formulation (C=1Th) gzives the optimum oure
from the standpoint of rubbed clarity and cold crack resistance
and has sbout the best compoel tion for stability. ‘

PATENT SITUATION

, Octyl acid phoaphate ig covered by U.S, Patent 2,274,
Y7 assigned to the Relchhold Chemical Company, The duPont
Company has been granted a free license for the preparation and
use of this composition, The work carried out under this pro- :
Ject has produced nothing patentable in light of previous patents
in the field, : : , )
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EXPERIMENTAL

) The rete of cure or hardening of ureaformaldehyds
resing, such as those used in Furniture "DULUX" can be grest-
1y nccelerated by the addition of an acid, Because of the
‘géverasl dlsadvantages of minersl acids, such as incompatibility
and corrosion, a hutyl scid ‘houiphate composition was used for
gome time, U.S, Pgtent 2,274 L7 (Refchhold) disclosed an octyl
acid phosphate composition which was also found to accelerate
this cure rate, Fvaluation studies showed the latter materlsl
%0 glve a more rapid cure, and a better all-ground finish, Previous
work here was direceted only towsrd the development of the pro-
casa for the preparation of the octyl acid phosphate, The work
under this projeot hes been directed at investigating other alhyl
acid vhosphates in the sgarch for a better accelerator than the
one now in use snd to endeavor to learn something of the mechaniem
of the reaction involved, : .

: The complex nature of the nroduct limited the analysis
to the determinstion of acid number, non-volatile content and
color, The acid number was determined by titrating a welghed
sample of the material in neutrsl asleohol vith standard zoueous .
sodium hydroxide solutimn, All of the solids determinations
in this report were determined by placing a weighed semple of the
materisl in s ghzllow glass dish in ean aiy circulsting oven at
105°C, forfour hdura snd noting loss in weight, (More recent
work, at the Oldbuvry Flectro-Chemical Company laboratory indicate
. that a non-cironlating oven gives more consistent results), All
solor comparisons were made with the Perlin scale.

, The early work on the preparation of ootyl acid
.phoephate Sndicated that if the temperature of the resction was
allowed to rige very much gbove HO°C, the produst would separate
into two layers. Therefore in thig work cooling baths were
provided at all times to prevent the tempersture of thls exo-
thermic venction from rising too high, ‘

. ~ In the course of the present work several alcohols
have been investigated in place of the 2-ethylhexanol in the
present octyl acid phosphate formulation (C.17l), Thie C-174
formulation also contains a small amount of ethyl Cellosolve
and n-butanol,. The various alcohole were used to replace the
2-ethylhexanol on afi equal mole basls, so that the weight of
aleohol varied.consgiderably from the lowest to the highest -
moleculsr welght alcohol used, - However, it was felt that this
would give a2 falrer comparison of the alcohols since the function-
ality was always the same, - - - . - 7" ~ . .

o . The smount of non~volatile materisl after the re-
action varies somevhat from bateh to bateh and alsd with the -
molecular wedght of the aleohol, so that 2ll of the sccelerators
" were dlluted to 50% non.volatlle material with toluene, Repre-
sentative runs with different alcohols are tabulated in Table I,
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I% 48 readily sren that 25 the molecumlar eight of the slcohol
inoresses, the acid number of the accelerator st 507 solids .
decrenses, The last item in this table {n.butyldihydrogen phos-
phate) weg included for academic reasons aes a mabterisl whose
exact composition 1s known, The sample designated 2P16.137%

18 » laboratory batch of standard C-1l7% accelerator,

The amount of phosphorus pentoxide used with z glven
agleohol was also veried to lesrn the minimum amount which would
give satisPfsctory cure, The phosgphormig pentoxide was slgo in- .
ereased in order to dlscover the meximum smount thaf esuld “e
incorporated into the formulstion and to determine whether the
eure tinme could be shontened or the bake temperature lowered,
Table I1 shows the composition of the accelesator when the amount
of phosphorus peiitoxide was varied while keeping the zmnwat o7
B-0ctanol constsnt, No more than 150 g, of Pp05 could be if
corporated Ainto the resction mixtures, ' ‘

A typical laborstory experiment {2°16~163) will be
deseribed, To a 1 lter, three néck flask ecuipped with an
anchor stirrer and s thermometer is agdded 100 g. of toluene,

9 g. of {ethyl) Cellosolve and 100 g. of n.ocatsnol, To this
is added 1n0 g, of phogphorous pentoxide fn small portions
over the veriod of sbout two hours, A stopner is kept in the
unused neck of the flask except at such times as additions

are made, As the reastisu is e-%remely exothermic an ise bath
is raised around the flask T.om time %o time in order to keep
the temperature below 35°C, It has been found that the Pp go:.,s
best velghed oculckly and then stored in a desiceator over P205
between ndditions, Afrter all of the PaOp hes been added the
mixture is stirred for one hour and then 16 g, of n-butanol
1s »dded glowly, The final mixture ig sllowed to stir for
sn additional hour before being sampled for analysis, IT
the non.volatile content was found %o Ve over 50% sufficient
toluene was added with stirring to bring it dowm to 50% % 2%,

EVALUATION

The octyl acid phosphats accelerator ig used by add-
ing 5% s0lid sccelerator to the Furniture "DULUX" baeed on
the solld uresformsldehyde resin in the "DULUX", This amounts
- to 2 parts of the accelerator solution to 98 parts of ¥DULUX"
(RE-5760), Therefore all evaluations were carried out with
these armounts., It was found to be very difficult to pick up
small differences in performance of the various sccelerators
when pours of the RK..5760 =ccelerator solutiona were baked on
glass panels, Therefore ssmples of accelerators vhich were
conglidered as representative of the point being congidered were
evaluated following the standard procedare on walnut veneer
panela, The panels are trented as follows: (a) esnded, (b)
‘weg coated with 19380 Sealer, scuffed, {(¢) filled with 27-5017,
alr-dried overnight (4) eealed with 19380, dried (e) a 2 mil
topcoat applied - one half of the panel belng sprayed with the
. RK_5760 - C-17l control and the other helf with RK.5760 plus .
the experimentsl accelerator, The panels are then air-dried
for one hour and finally bsked for two hours at 120°F, At the

I
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same %time pours of the topcoats are made on glmss and the

time for the film to become tack free s noted,  After The
£4ims have beeh baked, the panelg are allotred to cool and

are then proceéssed by sanding and buffing, The panels are
roted on thelr rubbed clarity, i.e, Tfreedom of haze and
 depgree of polish, and on print reeistence, This latter tesh
1 made by applying 2 snd U4 pounde per souare inch %o » plece
of duck cloth placed on the film overnight., The amount of
prnting of the weave of cloth on the finigh is compared to the
standard, The results obtoined with the accelerstor eveluated
are given in Teble III,’ - E :

‘ From this table 1t csn be geen that when the standard
amount: of PolOg ig used there ig very 1ittle difference in
effretiveness of the accelerator although the slecohol ig changed
‘fyom C4 %o C12. The rubbed clarity of panels increagses a8 the
amount of Pp05 used with a given asloohol is inecrcased while the
cold orack resistance falls off. This ig to be expected since
a harder filp will take 2 better poligh but it 1s more brittle
and hence has poorer cold crack resistance, It is also seen
that n--butyldihydrogen phosphate and phosphoric acid will curse
thie ﬂ'%m althongh not as well ss the alkyl acid phosphate ac-

... 1% has bgen shovn thet the addition of 2 to L% of water
$0 the BK.5760 accelerator solution will csuse &% %o gel in from
1 to 7 days at elsvated temperatures, e.g, 120°F, However, filme
prepared from these solutions conitrining additlonal water before .
they have set up do not show any improved or degenerated properties,
ﬁar%::lkyl and tYriavyl vhosphates will not cure the RK.5760 on

sking. | ‘ ' - :

MODE OF ACTION

: The method of aoction of ‘thesme alkyl acid phogphate
accelerstors 18 not understood, Because of the complexity of
the two solutions involved it Lg felt trat a study of the
reaction 1s beyond the scope of this work, However, it is now
thought that the role of the acid number of the acselerator is
minor, Table T showa the mcid nunbers c¢cf the alkyl acid phosphate
accelerators varying from 159 to 280 sné. yet spparently thers wag
little difference in the effectiveneas of sny of them, And while

- the n-butyldihydropgen phosphate with an acid number of 716 cures
the Tilm, 1t is not as good as the alkyl acid phosphates,
Further work along this line is not contemplated at this time,

1
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Derignation
2216-193
2216.1.94
2016-189
2216172
2016.163

2216,186
226173
22162190

¥305
20

35
50
[

100

100

125

iso

“gaBLE 1T

- Agid

76

‘435

174
212
211

200
235
233

%

ok 8

42,8

55,0
69,6
70,4
72,8
73.8
5.7

This represents the Btd,
smount of PpOg

Only n~octanol used

3table for only s short
tine ’
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22162200

(a? 100 parts a2v51s standard

phogphate
Phosphoria acid

mRLEIIT
' Parts of
Accelerator  Alcohol {a)
Designation = Used _ P05
17l 2_Fthyl- = 100
o hexano :
2916..204 n-But 50
2216-130 n-Butanol 100
2216-193 n-Octanol 20
2216-189 n-Octamol 50
2216163 - n.Octanol 200
2216-173 n-Octanol 125
2216»1§6 .“gfbctgnol | 150
| 216-211 n-Dodecanol 50
2216262  meDodecanol 100
f216.212 | naDodecanol 150
n&-@dﬁ?l uihyﬁropen

(v) _

(b) 3q757'hasea en UP

ﬂubbed

8

~. Y §>;

Overni ht
9 8
7w
&t
Eal

7+
3
7%
6

Printi Gold

g.

o

PPy

B
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