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'PABLIN LABORATORY REFORT NO, 990
PROJECT NO, J-202%
SUBJECT: EVALUATION OF BCM (RC-800) AS A FINISH INGRTDIENT

I. Introduction | .

This report covers the work done intermittently from
June &, 1948 to date on the subject project, #Frevious work had
indicated that furniture finishes vith very atiractive properties
can be formulated wvith RC-800, modified vith nitroeellulose

and an alkyd resin, . Based om the results of previous work three
ocompositions at three levels of RC-800 appeared worthy of fur-
ther study; viz,, ratios of RC-800/nitrocellulose/alkyd resin of
55/35/10, 45/45/10 end 35/55/10, ; S ~

II, Objectives |
Three main objectives have guided the direction of

the work 2s coversd in this report, They ares

»

1. To critically study the three compogitions men-
tlioned above, with a view to ultimately offering for field
test, a furniture topocat finish based on the preferred ratio
of these ingredients over a pultseble undercoat system, This
involved a study of not only the physical and chemical properties
of the RC-B00 containing topcoats but also of each component
4n the finlishing system, from the wood up, through stain, wash
coat, Tiller, sealer, shading lacquer and/or glaze to the top-
cpat] establishment of methods of applicstion, processing, 4ry-
ing times and baking temperatures, ss well as, catalyst/inhibitor
ratlios to give the maximum ghelf -'is.fe conglstent with the lowest
possible conversion temperature,

2. To evsluate modifiers for RC-500, other than those
mentioned above, with a view %o obtaining a more flexible and
possibly a more thermoplastio film, at a lower cost, This in-
volved a study of other film formers in place of nitrocellulose
and also of plasticizers other than alkyd resin. Considersble
attention was given to the possibility of achieving internal
plastiocization by copolymerizing ®in situ® of RC-500 with a
mono-funotional lineer type monomer, such as the monomeric
alkyl esters of zceylic and methacrylic acids and other similar

materdals. . o
3. To evaluate other thermosetting mater:.éls and
any commercial finishes ss they appeared on the market fiom
time to time, which might be competitive with RC-800,

III. Summary snd Conclusiong

The results of our eveluation of RC-800/nitrocellus .
lose/alkyd resin compositions may be summarized as follows?
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At the 55% RC-800 level, maximum quelity (i.e, hardness,
heat and solvent resistance, toughness, ete,) is obtained, vhere-
.as at the 35% lével, the reverse is true, On the other hand,
RC-800 1g an expensive ingredient and the more there ls present;
the higher the cost will be of any given composition, OUonsequent-
-1y, a fommule contailning 457 RC-800 on the solids was selected
for field testing, as representing a good compromise between cost

e . In'e’ emall soale field test at the Bassett Superior
and Lane Compeniewn, 1% wes demonstrated that the application
properties of the L5/45/1D = RO-800/NG/RL-255 formula are satis-
faotefy for conveyorized furniture finishing, As antioipated,.
the men hours recuired for processing were from one and one-half
to %&e‘gx’gﬂ,mes greater than that required for furniture "Daco"
oy "DULUX®, e L, L -

... --. DBegides high ingredient end processing costs, RC-800
formulas are accompanied by sertain technical difficulties,
Howevepr, befopre meking additionel expenditures o resolve the
latter, 1t seems desirable’tc determine whether the furniture
industry is sufficlently inferested in RC-~-$00 finishes to pay
the extra money foy the superior quality obtainable, :

Relative to the other objectives, no plastioclzer
superior to the alkyd .resin currently used was uncovered, Efforts
to plasticize RC-800 internmally were unsuocegsful, Copolymerigz-
ation with low molecular weight polyesters such as ethylene and
-%mp'ylene glyocol maleate/adipates, resulted in incompatibility,

he replacement of nitrooellulose with thiokening agente (e.g.
methyl methagrylate, ethyl eellulose, and polyvinyl butyral,
regpectively), which are soluble in cheaper solvents than esters
and ketones, has not proven feasible to date because of compati-
bility limitations and the higher conversion temperature {(180°F,

" versus 130°F) required,

. Two materials which have appeared on the market,
"Phenoplast" and Bakelitels XV.17911, are not likely %o offer .
any gerdous immediate competition to RCU-Z00 besause of applio-
ation difficulties and other limitations, ' - o

1V~ Action Taken

" Parlin Laboratory Relesse Letter No, 439 recommends
a field testing program oimed specifically at determining whether
the furniture industiry is sufficiently interested in the ime
proved quality obtainable with the RC-800 finish to accept the
inoreased costas, Buch a program has been arranged by Industrial
Sales and i1ig in the process of being carried out,

Y - Eatents

_Patent 2,496,091 issued on February 21, 1950, in the
name of W,XK. Moffett and assigned to duPont, covers the formula
1t is propoged to field test, as per Parlin Laboratory Release
Letter No, 439, : .
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VI, Experimental

The experimental work undertaken to preach the three
objectives listed in the introduction of this report, may be
divided into the following two main sections for the purpose
of this report:. '

(A} a study of the properties of the topcoat '
(P) a study of the individual components of the:
undercoat system,

a4, A Stug of the Topcoats

: In the study of the pmp.e'rties of the topceats select-
ad from the results of previous work, the following buil teup -
systen was employed:

- Btaing " Luzol = giy dried 30 minutes
Yash Coat: 1366 » gdpy dried 30 minutes
“Fillers ;27..'2017 = air dried 4 hours
Sealer: 136 -~ air dried 1 houp
Topsoat: Aly aried 1/2 hour, baked 2 hrs, @ 130°F,

_ Application of the three initlally selected basic
topcoats over this undercoat aystem indicated the following:

(1) A11 s’hoz-fed. varying degress of pinholing, depend-
ing upon the porosity of the plece of wood over
whioh they were applied,

(2) The 35/55/10 and 45/45/10 formulations showed
fairly good levelling and freedom from surface

- defects {other than ninholing), This was parti-
-oularly true of the 35/565/10 composition.

{3} The 55/35/10 composition showed poor levelling
; and varying amounts of ridging and cratering.

, ~ Preliminary experiments showed. the pinholing to be
due to the porosity of the wood, A digcussion of the experi-
mental work to correct this defeot;, will b€ found later on in
this report under the topic of undercoat system.

(1) Application

_ ' Early experiments to produce & flat RC-800 topooat
bhad indicated that Sentocel ¥(OF had a behefiocial effect omn
the levelling of the RC-800. topcoat, Experiments were under- -
taken to follow up this lead end to overcome the surface dee
fects ogourring with the 55/38/1C formula, I% was found that
the incorporation of Pantocel "6* up to 10% on the solids
completely elimiriated The ridging and oratering of this ocom-.
position, and also tended to reduce the pinholing., It was

alsh® found that this was true regardless of whothepr the Santoocel
¥0" was ground 15 hours in a laboratory orock or 14l hours, The

DUP030001227



wlle

only eirect oy the longer grinding coycle was %o inere~se the
glggsué§eferencez'Notebook Pages 2201-180, 153, 166, 173, 181:
2201<40)}, :

, Other’ pigments and materials examined for this purpose
were as followss

(a) Aluminum Stearaze (G-217)% This soap also eliminated pidg-
ing ehd cratering but 9id not sppear to have any effect on the
degree of pinholing and d4id not yield as trengparent a film as
8zntocel "C" (Reference: Notebook prge 2201-~15T7).

(b) Linde's Coated Siliea #20: This pigment also tended to
eliminafte cratering and ridging but 4id not seem to have any
effect on pinholing. The films slso were somewhat gritiy.
It is believed that this could be overcome by better disper-

gion (Res Notebook Page 2201~-161).

(c) Blanc Fixe (Y-30): No apparent effect on blistering, ridg-
.in% or cratering was noted 2t the eame pigment level as Santocel
"C¥ but 1f the amount was inoressed to three times that of
Sentocel "C" on a volume basis, 1t too eliminated these surface

defects (Ret Notebook pages 2201-166, 172).

{a) 81lex Silica (V¥=31): Did not eliminate ridging and orster-
ing vheén used on =n egual weight basis with Santocel ®CM (Res
Notebook Page 2201-166).

(e) Tomms' Gold Bond Silicas Did not eliminate surfage defects
- when Used on &n eaqual welght basis with Santocel "¢ (Re: Notew
‘book Pege 2201-166), ‘

' (£)_RBH Disperglonas’ RV-623 Reduced pinholing end eliminated
most suriace defects On an equel weight basis with Santocel "C®
but did not yield as good clarity (He: Notebook Page 2201-183).

{g) Iron Hydvoxidei Did not eliminate surface defects when used
ggg?n‘equéi welght besis as Ssntocel "C" (Re: Notebook page 220L-

’ (h)fbhrbmium,Tetpahudroxides Did not eliminate surface defects

viien Used ob:am equal Weig asis as Santocel "G" (Hes Notebook
Page 2°01-194),

From these results, it appeared that Santocel "C" was
effective either because of 1ts high bulking value snd large
sarface area with adsorbed air or that it adsorbed something
Tyrom the film whioch causes the ridging and oratering,

Experiments were therefore ¢onduoted in which Santocel

#CY, Blanc Fixze, Nuochar, a low absorbent silica GRS-MI0-52,
mioyonized sgbestine, Silex silica and Tamms' silica;, were added

DUP030001228



«5e
. ;,;,’

to the composition in excess, thoroughly mixed and then
Tiltered out, The filtered compositions showed no improvement
in ridging, cratering, ete, This indicated that the effect
of Santocel #C" is probably that of a bulking velue due to

ite large surface area, o

Other materigls examined as possible aids in eliminat-
ing surface defects which would gtill permit the formulation .
of a cleapr weres (1) calcium oeteads and {2) G.E. Silicene
81069, OCealoium Octoate inhibited the conversion while the
G.E, S1licone 81069 had no beneficiel effect on ridging and
cratering, (Re: Notebook. Psges 2261-92, 2278-U, 2261-84, 2278-
62 and 2303-50, 54). | :

One additional experiment was conducted using an RCa
800 syrup {Re: Notebook Pege 22U8-136) prepared at the writer's
recuest by Mp, Claus Victorius in place of RC-~B00 monomer, )
. While oratering and ridging of a 65/25/10 compogition were not
eliminated entirely they were deoreased notivesbly (Re: Note-
book Page 2261-92). : : '

*  ‘Therefore, for the present, 1t was deoided to oonw
fine future work to a olear at the 45/U45/10 ratio and a flat
containing 107 Sentocel "C" on the solidsg at a 55/40/5 ratlo.

(2) Plasticizatan

S Both of these formulations show good resistance 1o
oold checking., However, they were felt o be more brittle than
is desirable eond sttempts were made to improve thelyr flexibility

by the use of (1) external plasticizers, and (2) internal
plasticization through copolymerization, It was felt that the
latber might slso inerease the thermoplasticity of the film e

and therefore reduce the labor needed in processing.

' Earlier work in which a large number of plastlclzers ..
vere eveluatédind indicated that RL..255, a castor oil modified
alkyd resin, was the most satisfactory plasticizer for RC-£00/
nitrocellulose, Most of our effoprts were therefore econfined to
attempts at internal plasticization.

The following matérials were exsmineds:
{a) Butyl Cellosolve Methacrylate Monomer (BCMa)

- (1) Castinge made in en attempt to copolymerize RC-800
with BCHa showed only & slipht flexiBilizing action
below 25% BCMa -~ above this percentage, cheesiness,
rather than toughening, was apparent, The joint
polymerization rate of BCMa/RC-800 decreased as the
emount of RC-800 deoreased, .

R
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(2) In filme, oAly a slight plasticizing action could
be noted, belhg more apparent with ethyl cellulose
as the bodylng sgent then with nitrocellulose, {Hes
Notebook Pages 2201104, 196, 194, 200, 212, 2263
2261-28, 3ﬁ§¢ .

' (b) Normel Buﬁ31'Methaggylate Mpnomér gn;BMale

{1) Castings made in an attempt to copolymerize n-Bla
with RC-800 showed only a slight flexibilization,
less than vlth BCMas and egain cheesiness rather than

~ toughness developed £s the amount ¢f n-BMa monomer

. was increased, The joint polymerization rate of n~
BMa and RC=-800 also decreased as the amount of u-Bila
inereesed. :

(2) Films ghowsd only a slight plasticization (Res

Notebook Pages 2201-208, 22U; 2261-38).
v(e)\kggn&ifﬁetbacrglatg Monomer (LMa)

(1) Castings made in an attempt %o copolymerize LMa
with RC-800 showed only a silght f£lexibilizing sction,
less than with BCMa and again cheesiness rather than
toughness developed when the LMa ratio wes inoreased,
Agein the joint volymerization rate of IMa and RC-800
was decreased as the ratio of LlMa increased.

{2) Films showed only a slight plastioization {Res
Notebook Pages 2201-203, 222). :

(4) 2-Ethyl Hexyl Acrylste (2FHA)

Cestings made in an attempt to copolymerize 2-EHA
with RC-800 showed only a slight flexibilization,
developing cheesiness rather than toughness as the
arount of 2-EHA to RC-800 was inoreased {(Re: Notebook
Pages 2201-260).

(e) Allyloxy Ethyl Aovylate (7090-164) (AOEA) _
(1) In thin films with RC-800 1%t wes too volatile at
130°F,

(2) By 1tself, when catalyzed with oobalt nitrate
hexahydrate and benzoyl peroxide, in a test tube
it would not convert in 65 hours at €9°C. (Hes
Rotebook Page 2201-248), o
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(f) L4 aisllyloxy-2.-butene (1l DAB)

{g)

{n)

(1)

(N

(k)

(1)

(1) Did not polymerize "en masse' when catalyzed
with cobalt nltrate hexahyirate and benzoyl
peroxide in 60 hours at 40°C. Incompstible
vith RC-800 at ratios higher than 50%, 1,4 DAB,
At this ratio it did not appear to speed up the
Joint polymerization with RC-800,

(2)  In thin f1lms it volatilizes from the film at
130°F, (Res Notebook Pages 2201-116, 2416, 250).

Disllyl phthalete and Diallyl Glycolate (DAP & DAG)

© D14 not appear to convert in RC-800 Sﬁstem at
130, Acted more like a non—drﬁ;ng oll alkyd
{Res Notebook Pages 2201-148, 21l, 215).

- 60/40 Allyl Acrylste/Styrene (PACR-7176)

~ Ircompatible with RC-800, Converted with cobalt
- catelyst in 2 hours at 130%F, %o a non-tacky, soft
rilm {(Res Notebook Prges 2201-.238, 2i8).

'50/50 Allyloxy Ethyl Acrylate/Styrene (PRCP-7168)

Incompatible with RC-800 yielding a hard brittle -
£ilm of low strength (Rei Notebook Page 2201-191), ‘

PHOP-81522 (o straight glycerol allyl ether phthalate resin)

(1) ‘hen used as a plestioizer in the RC-800 system,
‘tended to embrittle the film,
{2) By itself with oobalt catalyst, it converted in

‘16 hours @ 150°F, to & fairly %ough film, (Re: Note-
- book papes 2201118, and 2261-68),

PROP=92135 (a glycerel allyl ether phthalate mod;fied:

dehydrated castor oil alkyd)

(1) - Uhen uged as a plasticizer in.the RC-800 systen
it %tended to embrittle the film, :
(2) By itself with cobalt catalyst 1% converted in

16 hours © 150°F, %o a somewhat soft but fairly
tough filim. (Ret Notebook pages 2201-118 and 2261-68)

Eropylene Glycol Maleate/Adivate (PMA)

{1) Incompatible with RC-500 when polymerized "en
masse’ at ratlics of 25/75 to 75/25, Addition of
monomeric styrene to RC-300/PHA produced a sompatible

. pelymer but did not speed up conversion, Csstings
wiere exceptionally hard and flexible but tended to
embrittle on aging indicating a loes of unreacted
styrene monomer,
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(2) Thin films of RC-800/FliA/styrene in which nitro-
celluloge was uged as the bodying sgent showed ex-

cessive craterving and crawling (Res Notebook Pages
2201’”25,4'9 2585 2%8; 2261"""’"2)0

(m) ‘quzetmiene Glycol M_a‘;ééﬁe[g&gpate {Poua)

Incompatidle with RC-800. When catalyzed with
cobalt nitrate and benzoyl p,er.ox;ide, converted %o
a cheesy film in 2 hours & 130%, which orawled
and cratered on both glass end wood,

{n) Dioctyl '.Plf;tpalate (301?)

) Thig plastiolzer was Stried as a replacement for
RL-255 but when freghly prepared, the highest ratio
of DOP that could be used without spewing out was
RC-800/F%/DOP = 55/40/65, On agihg several monthsg,
even this tomposition showed soms spewing (Res
Notebeok Pege 2201-162), :

{3) Processing ' ,

. i A can be geen from the attached properties chars
{see paze 2/) the RC=-B00 formulations are much more difficult w
-Provess; than either "Duco® opr YDULUX", This was found to be true
in the labopatory and was substantlated in & small-goale fleld
test conducted at the Bassett Superior and the Lene Companies,

The following studiés were made to reduce the work regiiired in
processing, -

(a)  Mothods

Ao Deg Bantung - Yo improvement (Re: Notebook Page

ohol &s Lubri am;' - No improve~

N
- o

2a

3. B, & 069) in Film - No improvement

(b) Iwo-Stage Conversion.

Experiments had indicated that the labor of pro-
cessing the RC-800 finlshes can be materizlly reduced, spproach-
in§ that of "Duco®, Af the finigh is partially converted to an
“A“ stage, processed, and then the oonversion completed to the

BY gtage, OConversion to the "A' stsge was accomplished by
ovemi%ht dpying at 70°F, or a short force dry such as, one hour
at 110°F, However, unlese a thermosetting sealer was ksed,
objectionable. shrinkage occurreds (Re: Notebook Pages 2261,90;
2278-12, 76, 80, 88 and 90), , :
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(4) Shrtnkage

Ag stated above, when the topcoat bale waa split to
allow easier progessing, objectionable shrinksge ogcurred when
the £ilm was completely converted to the final or "B* stage.
The following factors were investigated in an effort to control
shrinka;es ' : - -

{a) RC=-800 Syrup in plece of Monomer - Some improvement
kage (Hg : Page 2278-l4),
(b} Measure of volume change of film at various stages
gonversion - Some decrease in volume, O, (4, ootlrred
betveen air-drying overnight snd 2 hsuvsr@0180°Fq
This was not a large enough change to explain the de-
gree of shrinksge being encountered, Infications
were that most of the sherinkage wes due to the under-
coat system (Re: Notebook Page 2278-6l),

{c) Effgot of Filler

1. Length of Filler Dpy - No effect on shrinksge,
{Re: Notebook Pege 2278-65),

2, Flagh Dry vs, 27=-5000 line Filler ~ No effect «

(Re: Notebook Page 2278-70)

3. Double Fllling = No effect (Res Notsbook Page
2278""70)9 ) N ’ ' : .

4, U,F. Moddfied 27-5000 line Filler ~ No effiot
(Re: Notebook page 2278-72, TH), |

(4) Effect of Sealer

1. 1%66 vs, nylon sesler - Nylon sealer was pobrer,
-(Ret: Notebook page 2278-82). :

2, RC-800/PVB Sealer ~ recuired a high baking tempes
ature ar overnight at 120°F, but essentially
.. elininated shrinkage (Res Notebook Page 2278-8W).

‘3, RC=80C/TNOH Sesler - Required a high baking temper-
. atere or overnight at 120°F, but minimized shrink-
age, Rei Notebook Pape 2278-96), . 4

b, 'Increasing dey of 1366 and/or nylon seales ~ No
improvement (Re: Notebook Page No, 2278-98),

5. RC=800/VICC Sealer - Required a high baking temper-
ature or overnight at 120°F, but practically
eliminated shrinkage (Re: Notebook Page 227%-102).
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6., Nylon Sesler pius catalyet to erpaslink - No improve-
ment when nylon plus citric or maleic acid 88 catalysts
{gu?rosslink nylon, vere used (Re: Notebook page 2278~ '

7. Toﬁéﬁ&t as Sealepy - Eliminated éhrihkaﬁe egsentially
‘ one hundred percent (Re: Notebook page 2278-106).

The above results indicated that in order to reduce shrink-
age, which occura when RC-800 finighes are processed to an #AY
stage and subsequéhtly coaverted to a "BY stage, 1t is necessary
to use 8 thermogetting sezler or one unaffected by the solvente of
ihe topcoat., The, extre cost of baking the thermosetting sealer,
however, tends to neutralize any savings gained in reducing the
lebor needed forrocessing by splitting the bake,

{5) Adhegion

f On ooocagions poor adhedon of the RU-£00 topcoat to the
1366 Bealer was encountered., Xt wes investigated as followss

{a) Effect of Dry of 1366 -~ None (Re: Notebook‘page_22?8w165) "

(b) Effect of Film Thickness of 1366 - Adhesion inoreased .
sl%%hgéz)with inoressed build (Re: Notebook Page E
2276~ e .

- {e) Effect of Moisture Condensed on Sealer (1366)A8urfaca;a

‘None {Re: Notebook Page 2276-168)

{(a) Erfect of Poor Drying Conditions During Entire Finish-
ing Schedwle - Promotes poor adhesicn (Re: Notebook
Page 2278-176), -

(e) Effect of Heavy Coats of Btsin - Promotes poor adhesion,
particularly i€ not thoroughly dried (ﬁas Notebook
Page 2278-178). : : '

(6) Stability

Initial tests indicated that the shelf life of the
45/45/10 formula without catalyst, 2t room tempersture, in partially
full glass contalners is approximatély one month aﬁg.in partially
full €in containers 4t ie spproximately 3 weeks, (o3 Notebook
Page 2261-88), The 55/40/5 formula containing 10% Santocel C on
the solids, compared to the 45/U45/i0 composition im pariially full
phenolic~lined contsinersg, had a shelf 1life at xoom temperature,
of 12+ months versus six weeks,

A further study of containers (Res Notebook Pege 2261-94)

with storage at 105-110°F, indicated the following for the 45/45/10
composition, ‘ B » _
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- Glass 7 doysa
Iron Lo hours Res Notebook Page
Tin L doys 22788
Glass - 1 Says

- Alvaminom & days Res Notebook Pege
Stainless Steel doys 227&-39
Galvanized Iron 4 daye
Tin ' 4 days

Thia indicated that the best commerciaz container is
either ¢in foxr small quantitles or phenolic=-lined, for larger
gquantities. _

A. gtudy was then made of other methods of gglitting
_thﬂ formuia end of inhibitors (stability at 105a110 .

. {Re$ Notebook Page. 2303»134) ' ﬁzﬁ" Vo

sy@tem I - glearkfopcaat minus catalysts ab h&.hﬁ 7. 8,
wee
Catalyst solution (cobalt nitrate 4 benzoin)~ No
apparent deterioration,

Bystem II - RO+£00 - 1 week
. : _ Clear topcoat minus RC-800 but with ba»alyets
‘ present,
No apparent deterioration.
Catalyst. solution - No apparent &etepioration.

System III - RO-800 - 1 week
Glear topcoat minus Rcwgoo but vlth catalysts
pregent,
No apparent deterioration.

Syatem IV - R&&QO/?X at 57.2% T,8., = 1 week
- : RL.255 + catalyst solution - No epparent
. - deterioration, :

System V « RC~800/HL~255 at 89,15 T.8, - 3 weeks
Pﬁ;& catalyst solution, No apparent deterior-
aviotn,

System VE » System I with 10% nitrobenzene on AG=800 -
. 8 weoeks,

This indicates that nitrocellulose does not improve

the ptabllity of RC-800 but thait RL-255 does, and that nitro-
benzene 1s 8 stabilizer for RG-800,
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{b) Effect of Varlious Stabllizers

(1) 102 mitrobenzene on the RC-800 in 45/45/10 formula
fncreased the shelf life at 105%,, in tin, from
‘one 1o five weeks (Re: Notebook page 2303%=56).

(2) 50% nitvoethane on the RO-800 in 45/45/10 formula
increa-ed the shelf 1ife at 105%,, in tin, from
one o two veecks, (Res Notebook page 2303-62).

{3) Toluene in an amount equel to that im the final
formula, added to RC-B00 incrrased the shelf life
of RO-800 from 10 days to 12 weeks vlag, in tin

at 105%, (Res Notebook Page 2303-64).

{4) 20§énitmobenzene or nitroethane on the RC-800 in
a 45/10 combination of RC-800 and RL-255 at U5%
T.8., &n toluene inoreased the shelf life from .
three weeks to twelve weeks plus in tin at 105°F,
(Re: Notebook page 23%03-70). . .

{5) 30% Terpene B on the RO=H00 in RC=H00/AlL-.255 =

. /10 reduced to U457 T,8, with toluene, inoreaced
the ghelf life from three weeks 1o six weekg plus
in tin at 105%, {(Re: Notebook peage 2303-11h).,

(6) From 60-170 pom. 2nhydrous NH3 on the RC-80C in-
ereaged the shelf life of RC~-800;, in tin, at 105°F,
from one week %o four weeks plus (Res Notebook
page 2303~128), ‘

(c) Relative Stability of Varlous Lots of RC-800

Lot 22 (received 5/9/49) = 10 months at R.T. in
‘ phenclic-lined containers

Lot 46 (received 10/5/49)- 1 month 4n R.T, in phenolic-
1ined containers. -

_ ALl stability tests except those on the split package
teste listed under {a) szbove, were pun on lot 22. The split
packaged systems listed under {(2) above employed lot U6,

. Prom these results it appears that one of the best ways
to inorease the shelf 1ife of the RC-£00 monomer is to reduce it
with all of the toluene in the formula and/or add Terpene B,

The best split system for ahipp&n% %0 the customer ig that of
packaging the RC-800/RL-=-255 at 45% T.8. in a toluene/Terpene B
mixture in one container (partially full and phenolis lined) “
with the nitrocellulose, nitrocellulose solvents and the catalysts
in the second package, Tin-lined containers can be used for

batches of a gallon oy less,
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- AN Redustion in Cost

~ Ag a means of reducing the sost an investigation
of thickening agents other than nitmwcellulose and oneg soluble
in hydrocarbons, was underteken, Three film formers meeting .
the requireanents of solubilify in . low cost solvents were examined:
viz,, methyl methascrylate, ethyl cellulose and polyvinyl butyral.

{a) Methyl Methecrylate

Satisfactory conversion cannot be obtained in 2 hes,
at 130°F, with cobalt nitrate and benzoin as catalysts, Temper-
atures of 180-190°F, are regulred, No low cost third modifier,
compatible with MMa and/or RC.800 was uncovered, Hence an
sppreciable decrease in cost at the 457 lwel of RC-B00 was nol
pogsible, (Res Notebook Pages 230%-26, 66, 94, 102, 108, 110,.
116, 122, 124), :

{v) Ethyl Gellulese

~ Bavisfactory conversion is not obteined in 2 hours
at 130, with cobslt nmitrate and benzoin as catalysts. Temper-
atures of 180-190°F, or a longer bake at 120°F, than 2 hours,
are required, No low cost third modifier compatible with ethyl
cellulose andf/or BCM was uncovered, preventing an apprecisable
deorease in cost at the 459, level of RC-800, Also poor adhesion
on agi..ng, to 1366 Bealer, uas obtained, (Re: Notebook Pages 230%-72,
T4, 80, 86, 92, 112, 118, 120 - 2261-2U4), | ‘ )

{o) Fai_ﬂinxl Butyral

Satlgfactory conversion is not obtained in 2 hours
at 130°F, with ocobalt nitrete and benzoin as catalysts, Tempen-
atures of 180-190°F, are required (Res Notebool pege 2303-68),

: An apprecisble reduction in cosgt per gellon (2pproxie
mately 20 cents) iz indicated in the meson/px/gt»a% = gﬁ/ﬁ?}lom

formula, by changing the catalysts from cobalt nitrate and benzoin
o cobalt naphthenate. An equivalent degree of conversion was ob-
ggai.o?eg,satsﬁz); equal metzllic cobalt content (Res Notebook pages

! Ranl? F ° C

(8) Catolysts- - ' ‘
‘ a hy t investigation o the catalyst receire-
ments for the m%&%?c/m.ass %ﬁsﬁsf}m? formula indicated:

{a) A minimum metallic cobalt content on the RC-00
of 0.2% (Re: Notebook page 2261-33)

{b) Benzoyl Peroxide without cobalt nitrate ls ine

effective as a catelyat at 130%F, (Re: Notebook
Page 2278-18),
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{c) In the presence of cobalt nitrate and benzoin
the RC-800/FX/RL.255 formula can be converted
in one hour under UV (weatherometer) equivalent
to 2 hrs. at 130°F, (Re: Notebook Page 2278-36),

(9) Cold Crack Resistance

' Cold crack data indicate that the check resistance of
she ReaZC0/PA/TL=255 formulae, efther at 45/U5/10 or 55/40/5 plus
10% Bantocel #CH, 3g very good even when 1/8" nitrocotton is used,
However when sxtra thick films are applied and for the highest
guality finieh, 1/4" nitrocotton must be used, This reduces the
total solids at spraying viscosity for these formulae from 327%
to spproximately 26-27% (Res Notebook Page 2303-88),

(10) Blue Haze

From time to time various difficulties in the applice
. &%ion and formulation of the RC-800 finishes have arisen and have
been overcome by one mesns or another, One difficulty that hes
occurred on only a few panels and for vhich we do not have an
explanation but only a theory, is the ooscurrence of a blue heze,
While we have not been able to reproduce this condition we be=
lileve 4% Yo Ve an inocompatibility which ariges as the panel ages,
I% will oocur in the dark, but heat opr light accelerates it,

The following experiments were undertaken to deter-
mine the cause of the difficulty, with negative results. They
are being recorded here for reference purposges only., All systems
were exposed either to carbon are or to ultra violeid, co

{a) Erféce of Catalygtess None, cobait,nitrate plua benzoyl
peroxide, ocobalt nitrate plue besnzoin and straight cobalt
nitrate - baked 2 hea, at 250°F, -~ No blue haze, ,

{b) Scme as {a) éxbept beked 2 hrs, ® 130%, Where no catalyst
: was employed finigh wasg baked 2 hrs, @ 250°F, No blue
haze, (Re: Notebook page 2278-155),

{c) Type of Stsn: o stain, NFL, Laxol and ofl stein - no
E%ue haze (Ha: Notebook Page 2278-153), 5
{a) Effect of (a) Bealer: None; 1366,*1_56 + stain, nylon
a T primer (Re: Notebook Page 2278-163).

(b) Stain: Nommal and.5 times normal amount,
No hiaze in either oazse (Re: Notebook page
.2278-163).

’

DUP030001238




“15-

2 eystem employihg & tl eaetts.ng sealer - T% :
blue haze ( o Notebook~page 2278~167).

(g) Effect of moisture on seslers 1366, 1366 + water,

SRS S s d e
no sealer, and water on filler sarface before 1366
was applied - No blue haze (Re: Wotebook page 2278-168),

_Erfect of_-'Li‘g,underAadver:e conﬂit&one {(72°F, &

He: No tebOok Dage 2278-176)

{1) Effect of amount_ofmstain gnd_df;vofwstains No stain,
" boam tis o “°$gf&4éémf dried 2 hp
and 5 fob nornal. 9 o108 e B
i s-@ach Under 1366 and J-1300-X-10362, (1366
made nizh FYB of our own nmanufacture)- No blue
haze (Re: Notebook Page No, 2278~178).

(3) Efeot o Aading Filn Formers to the Statnt Polywiny1
y - _ - : j g€ - “\' blue R 'aze -(Reo ﬁote"
book page 227&-180)

Effect”ofMSIOJ Solvente_lnwl‘66, Butyl laetate, ethyl
ollosolve and Ceéliogoive acetate - No blue
haze (Reu Notebook pege 2278183},

(1) Comparison of 031 Type, NFL and Luxol Sﬁa&ns ~ Applied
in nogmal and in extra hea coate - 1lue hagze
{Re: Notebook Page 2278w-183) ,
{m) Inflaenae of Eanh Element in System with normal and 5
STOLN -~ ﬁ BL

.Mes nor smoum?t o ue haze {Re: Noﬁea
book page 227&~18H4),

{n) Ysgh Coatt 5% 7.8, RG-800/E.C. up to 25% RC=-800/E, C,
and 15% 1 S, RG«SOO/N C, - No blue haze (Res Notebgok
page 22?ﬁ~190). .

(o)’ﬁyw,wn

(k)

(p) Et

(q) Effe ﬁTpﬁwgﬁw

(r) Ber
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“andﬂhééﬁyAétain & No Dlue haze (Be? Notebook

normal

page 230%7).

Page 230,

{aa) Erfract of inhibitor in filler - No blue hgze “ (Res

Yotebook pagW

{bb) Benzaldehyde as & Gon‘tamﬁ.nam; « No blue haze (Re" A\lo?.eu
ook page 2303527

{co) Effeetof Ureaasa(‘-‘ontaminanﬁ - No blue haze (Ras

B, 'St_udg of the Gomponents of the'ﬁnaemaat Betéﬁ

. The reeommended undex*coat system for the preférred top-
coats consists of the followings

(5] S e (8 Sreutn s an
-4k} “ash coat lazing 8%
Filler é Glaz&né Laccmsr uherp needed

dny system may very from consisting of: Just sealer to .
aon’caz.ns.ng all of the above components, Considering them

individuelly and 4in the order listed above, each was in-
vestigated as follows: ,

(1) Stain
(2) Over close grain woods such as birch and meple, o011

type stein has beent found %o Re satisfeotory if dried RN
overnight or its equivelent (Ra: Notebook page 227&62)
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{b) Cver porous woods such as walnat or mahogeny,

. either a "Luxol® dye stein or an NFL mey be
used, However, over mahogany with a 27=5000
line filler, graey pores and pooy adhesion may
develop, if the stain is applied in heavy coats
and is not thoroughly dried (Re$ Notebook pages
226178} 2278-184 snd 2303-40). '

(2) Wash Coat

_ Barly in the work on this project considereble pin-
holing was encountered, We were able to show that this wad
due in the main to the porosity of the wood, .To & less extent,
how well the wood was £illed and how thoroughly the fillep

ves dried were also shown %o have some effect, (Re: Notebook
Pege 2201~182), ' '

A study of various means for sealing the wood was
therefore undertaken and the following materials examined as

possible wash coatss :
(a) BX-5760 Furniture "DULUX" 2t 12% T.S,
When baked 2-1/2 hours at 130°F, was definitely
superior to 1366 from the standpoint of reducing

pinholing, but it impaired adhesion {(Re! Notebook
Page 2201-108},

{b) 13016 Penetrating Primer at 12% T.8,

Poorer than 1366 for pinholing (Re: Notebook page
2201~108), ? | e '
{e) RC=800/PX/Rl~255 (55/35/10) at 12% T, 8.

Some improvement in pinholing but not as good as
RE-5760, Adheeion was poorer than with 1366,

1a) Shellao

No improvement in minimizing pinholing, (Re: Notew
book page 2201-108), , S

(e) Vinylite VMCH at 8% P.9.

No reduction inm pinholing., Impaired adhesion (Be:
Notebook Pzge 2201-139).

{f) RC=800 at 127 T, 5.

No decrease in pinholing. Imﬁéimﬂ. adhesion, (Res
Netghook page 2201-139).
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(g) GCeliuloge Agetate (CA-108)

81ight reduaction _1n""§1n‘hol_1ng,, Adhesion was weskened,
(Re: Notebook page 2201-139). :

(h) Ureafermeldehyde (BO-721 @ 12% T,8.)

No improvement in eliminating pinholing., Adhesion was
weakened, (Re: Notebook page 2201-139),

(1) Phenol Formaldehyde (XV-17911)

Prevented RC-800 topopats from converting. (Res Note
Yook page 2201-139). _ .

{J) 19380 Sealer at 8% T,S.

No improvement in eliminating pinholing. Adhesion
weakened, (Re? Notebook page 2201-145]),

(k) Animal Glupe

No improvement in eliminating pixﬁhﬁiﬁ.ngc {Re: Notebook
 pege 2201-192) o N
(1) Styrenated Alkyds (Styvesol 4250 and Y400)

Styresol 4250 showed no reduction in pinholing,. Styresol
400 shows & snﬁm rediretion in pinholing. (He: Notes,
book page 2161-1i), :

. )

AR

(m) Butyl Titenate Fmy

Some improvement in minimigzing pimholing was obtained
accompanied by indicgtions of impaired adhealon (Res
Notebook page 2261-56), o

(n) RO-800/Eyhyl Gelluloge

Tidie combination gave a very definite reduction in
Pinholing, essentlially eliminating it and with no
gacrifice in soratoh resistence, A 50/50 ratio was
considered optimum, Medium ethoxy ethyl cellulose
wes found to he more foolproof £rom the standpoint
of conversion with nggsoo (Re: Notebook pages 2201~
2i5, 252, 2623 2261-Uf and 2303-76),
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{3) Eiller

Because earlier work indicated that under-dried 563%-
line filler was more ept %o cause coratering end ridging than
27-5000 line filler, the latter was selected for use in our
preferred undercoat system, A detailed study of the dpying
condltions necesgsary for 27-5000 line £aller showed ¥ hours
@ 130°F, to be agtimum, if the RO-800/ethyl cellulose wash
coat were used (Re: Notebook prges 2201-133, 156).

A¢ thie bake, 563<line filler alsec is Talrly satise
Tactory. It tends to puff somevhat more but is definltely
superior in freedom from gray pores in a mahogany system uith
1366 as the sealer (Re: Notebook page 2303«-1%0%0 This is true
over an NFL gtain, but does not hold over a YLuxol" stain,

(%) Seslers

Esrlier work had indicated that 1366 Penetrating
Primer was definitely superior io 19380 type sealer in an RC~800
s¥ystem and that a sealer yas nevessary to drovide maxinum adw
hesion, hold out, and foolproofness sgainet surface defeots,
suoh ag pidging and erewling. Since 19380 definitely impaired
the seratoh resistance of the system, 1366 wag selected as the
gealer in the initiel work, A further sealer study was nade
{1) to improve adhesion and minimize §r’ay pores, and (2) to
reduce the shrinkage in the system, Work covering the latter
has already been digougsed under the heading YShrinkage® in a
previous section of this report {see page 13).

‘ The following study of various sealers was made to
‘impmvs adhesion, :

(2) Nylon 8A1 DV-80

Thig T3ilm former wes found %o glve improved ade
hesion, more "life® and better pore definition with a minimum
of gray pores, Over porous woods such ag walnut and mahogany,
1% yielded the greatest improvement in adhesion when used as
a wagh coat ag well ag & gealer, However, it had two defeotss
{1} high cost, and (2) the bullt up system exhibited obgzetizma
eble shrinkage (Re: Notebook pages 2261-4l, 74 & 2278.24=98),

{v) Miscellaneous Sealers

’ Various other sealers were evaluated, such as
107% polyvinyl acetate digsolved in butyl acetate, ﬁ-% polyvinyl
butyral (G-6U9) in dbutyl acetate/aleohol, 107 low molecular
weight, solution process, polyvinyl butyral (Re: Notebook page
2249-95), 13016 Penetrating Primer and a penetrating primer
based on low molecular welght, solution procegs polyvinyl
batyral. All were either poorer for adhesion or no betier for
adheeion than 1366 (Re: Notebook page 2278-16).
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Based on these results, 1%66 was selected as the best
gealer except perheps on maple vhere the shrinksge of Nylon
841-D-80 ig not of importance,

{5) Glazine Staing end Shading Lecouers

- Two basic types of glazing stains were eveluated for
possible use in the RC-800 system; vizi one besed upon & drying
0il vehicle and coded in the 307 line and the other formulated
with castor 0il and carrying a 28 line code, The latter was
Tound to ba definitely batter from the standpoint of adhesion
then the former (Re: Notebook Prge 2303-U0), .

The 266 line shading lacouers based on blends of 259
line "Dugo® were found to be satisfactory for use in the BC-800
systen (Res Notebook page 2303-il, 46),

{C) Competitive Thermosettingz Finisheg

Two competitive finishes were evalusted versus the
RC~-800 aystem, They were the finishes offered undér the trade
name "Phenoplast! and Bakelite Corporation®s XV-17911l. The
latter 1s a phenvlformaldechyde $ype which Bakelite offered %o
manufacturers of wood finishes,

Our evaluation indiceted that “Phenolplast® when
properly cured, and over a sulteble primer, provided a tough,
mar, solvent resistant finigh equal to ocur proposed RCG-800
type finish (45/45/10), Although it sprayed or brushed fairly
well, 1¢ tends to crater and orawl in the same manner as gome
of the earlier RC-800 type foymulas containing high smounts
gi Rczgooo Also itg olor retention was inferior o our RC-800
Tinish, § : :

Fromiits generzl appearsnce and physical character.
istlos, "Phenolplast® is epparently very similar to XV-17911,
Bekelite's low temperature baking finish for wood, The latter
ig charscterized by the same advantages and dlsadvantages.

It is not believed that "Phenolplast’ as now
fTormulated 18 a2 serious immediate competitor in the field in
vhich we contemplate exploiting RC-800 finishes (He: Notebook
pages 227823, 25 thru =33).
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TENTATIVE BATING CHART

APPENDIX

{4) FURNITURE FINISHING SYSTEMS WITH RC-$00 TOPCOAT

‘ - Type A Type H RC~800

Properties 'f%gwx'? HDugo ™ Clear
1, Cold Cheock 6 9 10
2, Durability - 9 0
3,  Humidity 3 10 10
iﬁ.' Water Resistance . 9 8 1o
5+ Aloohol Resistence 9 B=l/2 10
6. Bolvent Reslstance 5 o 10
7. Heat Besistance {212°F) 9 4 10

8. B8Berateh Reeistance . % 8 9-1/2
. Mar Resistence g 6 g

10, Resistance to Discoloration 9 8-1/2 6
11, Print Reststance ge1/2 8 10+
12, Clarity | 6-1/2 = &1/2 9
13, Sanding ‘ B T-1/2 b
14, Rubbing 5 % 5
15, High Polish 5 g1/2 g-1/2.
16, Shrinkage 7 & 9
17, Spraying Bolids beg 26% 3e%
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Compoesitions of the clear and flat RO=800 topcoats and

the ethyl cellulose/RC-800 wesh coat are as follows at spraying

viscositys

() Glear (U5/M5/10)

PX»TgSS (dry)

Theos T,8.
Gal., Weight
Vlac, 7 cup

B8

(v) Flat (ugzg/lox

14.30% (1/8 see. Hercules Nitrocotton)
7.70 {aloohol of drhydration)

PX..
Send 7555 (dr?)

H~l

HB-6
HA-136
He12
RL..255
KG-U121
EKG.l1122
#1111l Base
XH-B120
He47

Vise. 7 cup
Bheen

*Mj.ll Baee
Hwkg
HA.13%6
RL~255
G~E22 .

BT
‘Wcleazv Basge

w
Gal, Weight w
wr
w

.00 ethyl alechol)
18.10 n-butyl acevate)
8.40 ethyl acetate)
2.,22 {n-butyl alcohol)
5,00 (50% castor oil alkyd)
0.45 {pobalt nitrate hexahydrate)
0. U5 benzoin)
l’kgg RC-.800 monomer)
19,0 (toluene)
12.7% 0.00%
8,01#
B=55 ¥
13,0% {1/8 seec, Heroules N4 tvocotton)
1.0 alcohol of dehydration) :
6.5 (ethyl alsohol)
11!—.% n-butyl scetate)
7o %M}hﬁ acetate)
RJ nu-bu‘cyl alcohol)
0 §50 castor oil alkyd)’
0,4 (cobalt nitrate hexahydrate)
0.4 (benzoin)
14,1 (pee below) .
13,7 RC-800 monomer)
15,2 toluene)
00,/
32,8%
E.o&ig“
92 ?G.aab)
lgog%
1g93
75

11 o (Santocel ¢)

"ra%':zz
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i“'ﬁ..
w2 B

MGlear_ Boge

Px;{ss!s (ary) 35.0%
P 7 15.7
HB-6 | Y
HA-136 9.1
B-12 : ‘
“ 0%
Yagh CGoat (Thermosettiing)
KG«MZ} A 5.0% (7 ops, med, ethoxy Ethooel)
: mulzo : 3.2"2 ((zaggsgo ax{ongxgis‘) ~
- R X Lels)
Ty 3.8 (toluene)
B=12 . g,} n-butyl alcohol)
E=«‘5$3 21.5 xylene) .
KGmElal g"g ‘“*’321’% ﬁﬁyltkegongyd te)
{ 80 raLe ASeX rave
| ~Y00.5% |
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RECOMMENDED SYSTFMS FOR USING RC..800 TOXCOATS

Operatlon

1,

2.

3.

4,

5.

Stain

Filleq
Doy

Dry

Open Grain YWood
{Mahopany & Walnut)

NFL for walnut and Luxol
for mshogany to minimize
gray porea,

15 to 30 minutes at room
. temperature,

1366 for good cuality
veneeyp

J=RK~%.10336 for poorer
guality grades of veneer
1366 should be flashed 1

up
J-RK-X=10336, 4f baked
aimultaneously with the
filler, should be flashed
on® houp,
Otherwise bake J-RK-X.10336
for 2 hours or longer at
130-1409F,

27-5000 line

Flller, or filler plus wash

coat, are baked 4 hrs, at
130140 °F,

1366

One hour at room tempes~
ature (60%F, or higher)

Seuff lightly with #360
rarper

Optional, 28 line as
repreczented by the acon~
position of P-28-R-555674,

Flash off solvents which
should not reculre more
than J hour

Cloge Grain VYood

{Monle and Birch
307 line {oil type}

16 hrs, or longer at
room temperatures of
60°F, or higher

None

-

None or 27-5000 line

Filler 1f used %o ba
baked 4 hrs, at
130v140“@¢

1366

One hour at oo
temperature (G0°F,
or higher)

Seuf? lightly with
#360 paper,

Optional, 28 lite as
repregented by vhe
gonpogition of [-2%s
R-55674,

Flash off solvenis
which should no%
require more than
1 hour,
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Oﬁag Grain Yool =~ e
Operation {Hahopany & Walnut) (Meple & Birch)
6. Shading Lacower  Op%lonal, 266 line:  Optional. 266 line
Dry 1 hour at room tempers 1 hour at roon telper-
. ature (60°F,or higher). ature (60%F, or higher,
7. BC~800 Topecoat For maximum quality For maximum guality
' apply 2 coats, flashing apply 2 coats, flash-
30 minutes between fng 30 minutes between
coats and 60 minutes soats and 60 minutes
prior to baking. . brior to baking, .
Bake | 2 hours at 130-140°F, 2 hre, @ 130-1L0°F, and
and 35% R.H, Cennot be .- 25% R, H, Cennot be
2ie deied, sir dried,
CeMeMCON
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