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Oatober 23,,1952

MEMORANDUM REPORT NO. M-513

PIGMENTS DEPARTMENT - TITANIUM ORGANICS

Introduction:

The Pigments D@partm@nt has worked on titanium-~organo
7d duridg thls period, they
have offered numerous samples to tha P, & F. Department for
evaluation. These titenlum organic compounds have comprised
three types: (1) the titanium esters, Ti(oa)g, {2) the titanium
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and {3) the tiﬁanium chela%ed esters, such as oetylens glyeyl
titanate and titanium glycolateé.

Mogt of our experimental work has been done with the
titanium esters, partiecularly the lower esters, tstraisopropyl
titanate (TPT) and tetra n-butyl titanate (TBT) Congiderable
experimental work hes been done on the titanium acylates, such
as titanium soy aeylate, titanium linseed acylate and titanium
stearate. Some work hag also been done with the chelated esters.

This experimental work has been done by many people in

difrerent groups 1in connection with specific problems. The purpose
of this report is to summarize this work to date.

Sumusry:

The tltanium-organo compounds have been tested for
various purposes, the more lmportant of which weve:

1. As agents o lmprove adhesion.
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2. As agents to produce ingolubllization or fast set.
3. As agents to raduee blistering of house paint.

%, As constituents of house paints to improve durability
characteristiecs.

5. As modifiers of alkyqueains. :

6. As constituents of "Duco” furniture sealers.
T. As agents to reduce Nriﬁkling.

8. As pigment dispersing agents.

9, A8 erosslinking agents for U~F and polyvinyl acetate
plywood adhesives. ; : .

10. Miscellaneous applications.
WYith the sxeceptions noted below, the results of this work

have been negative. Newburgh and Flint ILaboratories have alsoc worked

with the titanium organies, but so far have not found any practiesl
uges for them. . '

Pollowing Plgments Department's recommendatbions, & cons
siderable amount of wmsucsessful work was done with a l-24 solution
of tetralsopropyl titanate in anhydrous iscpropanol as an agent o
ilmprove adhegion. The Pigments Department now states that tetre-
iscpropyl titanate, used iu this way, 1s not effective for this
purpese unless the relative humidity at the time of application iz
below 30%. Very recently, however, R. J. Sheppard has found that
& solution of 4.5¢ TPT and .5¢ OA in toluene, applied as a wash
coat over G4-1690 Sheet Metal Primer or over 683-1196 Body Surfacer;
definitely improves the adhesion of the 04 topeoat to these two
undsrcoats. The improved adhesion has been spotty and further work
is being done to establish the effect of humldity and other factors
on the reprodueiblility of the resuits. '

Tetra n-butyl titanate iz an effective fant setiing agent
when applied over a castor oil alkyd £ilm, but the rapid hardening
is a surface effect only and through hardening is slow at room
tewperature, However, this effect might be ubtilized in produeing
affagtmgﬁtting printing ink, wheve film thicknesses are of the order
CL . o .

Isopropoxy titanium stearate is the most effective agent
o far found for reduecing moisture migration in wood, Isopropoxy
titanium oleate used as & primer on new wood peduces $he blistering -
of #40 outside White signiflicantly. These experimental cbservations
may eventually find some commereclial ubilizatlon, but it should bve
noted that there are other promising leads for reducing blistering
of house paints.
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‘Small percentages of tetrabutyl titanate added %o
93~005 Black definitely improves the wrinkle resistance. This
iead is still under active study.

Aetton

(1) F. & P."s experimental work with the bitanium organics,
as outlined above, was reviewed with Messrs. Seldel, Haslam and
Brill of the Pigments Department on Oatober 2 at Marshall
Iaboratory.

{2) A% the October 2 maeting, Dr. Brilil was reguested %o
give us, in writing, his best reccmmendations for overcoming
the molsture sensitivity of tetrvaisopropyl titanate, so that
this material can be uged in 8 practical way as an adhesion
improving agent. J. P. Sermattel will test these suggestions
when they are received.

(3) ©  Following his encouraging initial vesulés, R. J.
Sheppard will establish the utility of TPP for iuproving the
adheslon of QA topeoat to auntomotive und@raoats.

(&) The use of TPT and TBP as insolubilizers or fast
setting agents for nitrocelluloge, alkyds, epons, ebc., utilizing
a double nozzle spray gun for m&kins the materials, is being
explored by S. Hoohberg.

{5) S. Hochberg &lego plans to prepare & titanated silicone
in an effort to produce a silicone polymer which can be cured at
lower tem@eratur@ae

(6) R. A. LaBerge will include the titanium ascylates in his
future studies aimed at reducing blistering of outdoor house paints.

{7) Ho other work with the titanium organics 18 planned,
unleoss new ideas arise or are suggested by the pPigments Department .

Diseuasion:
Chemistry of the mitanium,orggnicg
ﬁh@ ?1tanium Eatera

The titanium esters TL{OR)y are characterized by rapid
hydrolysis on exposure to water op moist air. The rate of hydrolysis
varies with the size of the R group, bubt if R is small (4 carbon atoms
or less), hydrolysis ig extremely repid. The end product of the
hydgolysia is Ti0y, but the reaetion proceeds in steps, and products
auch ag;

(0)3 T10 7L {OR)g, R L«, §§1 »J oR

R X

DUP030003446




ean also be obtalned.

Another reaotion of the titanium esters is ester
interchange with alcohols, This procesds rapldly at¢ ordinary
temperatures without catalyst. This reaction may be represented
by the equation:

T1(0R)y + BR°OH TL{OR® )3 + #ROH

It is usually easy to convert a titanium ester to & higher ester by
disgtillation of the lower bolling ROH. Because of this reaction,
the titanium esters can be used to crosslink polymers containing
hydroxyl groups, such as nitroeellulose, polyvinyl bubtyral, epon
reging and certein alkyds. These reactions are very rapid even at
room tempersture,

The lower titaénium esters are liguids that are soluble
in asleohol , hexane and carbon tetrachloride. m%traiaapropyl titanate
boils at 232“00_

Dilute solutions of TPT or TBT (5% or less) applied as
a thin film %o & surfage will hydrolyze to give & elear, conbinuous
fiﬂﬁ'.'rovided ths‘relativa humidity is below %0%. At relative
humidities highner than 40%, disconcinuous or powdery deposite ave
obtained. Even at an r@lative humidisies, the filues ere extrewsly
brittle and will craze or powder unless the film thickness is of the
order of .1 mil or less.

whe Tiﬁ&nium acylates

The titanium acylates are polymeric materials that
have the general formula:

_ " 0.8
| _?gcn o R
R'Q {- %‘iO“’R“ or CHO = Ti0 ~-| H
ORY |x - OH x

Among those thai have been prepared are titanium stearate, titanium
goy acylate, titaniuwn linsced acylate, titanium castor asylate and
titanium cocoanut acylate, These materials range from §ummy to wany
80lids, which goften and flow at temperatures bslow 125 They

arg very soluble in non-polar solvents such as hydroa&rbona and carbon
tetrachloride, and ave conpletely insoluble in polar solvents, such
as water and acetone. Unlike the titeanium esters, the titanium
aeylates are ressonsbly water stable at room temperature, and
alooholysis only take place slowly at elevated temperatures.

The soya and linseed titenium scylates dry much
faster than the eorrvesponding drying olls, but they give soft and very
brittle filuws. The titanium acylates bave been vecommended as modie
fievrs of allkyds and other coabings and 88 plgment dispersing agents.
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1. A8 Agents %o Im@rove &&h@aimm

gtralsopropyl titanate,. appl led from & 1-2¢ solution

: in anaydroua &seprupyl aleohol, wag specifically r@eomm@nd%@ by

Plgments Department for ﬂm%@gxwwg*»hgm whesion of Trade Sales
paints to oId, plogsy

vrfaces. -This suggestion was firsh

S Q\w\\%«M‘NM

te8ted In K. €. LEWPsHrets group with {neconclusive or negative

- resulss. J. P. Sermattel fhen conducted a careful series of tesbs

over old, gloasy alkyd, semi-alkyd and oleoresincus paints, wsing

- alkyd, semi-alkydg and latex paints as topecats - wi%h and without
 the TPT %reatment. In all, 25 panels were prepared in this program, -

‘and & total of 450 test 3 for adhesgion were made over & period of one
month,  In e Iin every case, © there was no significant improvement in adn
besion 88 & resuli OF thHe eaﬁmﬁmﬁ. These “to8TE Were mede

from pugust 26 Bo @ptemb@r §52™1n the air conditloned ﬁarsba&1'~

s
A Lauoratowy, in which the svmmer relative humidity is h5-T0%.

Af ser this z@st progwam‘w&s completed, Pssm@aﬁs Deparinent
aqvi&ed thet TBP iz not effestive In lmproving nﬁnes¢onp unless the
relative humidlty. is 508 or less at the time 1t is applled. vai@nsiy
‘such & produst 18 not sesisfactory Sor Trade faler use. Pigments
Departuent realizes this now, and are trring to overcome the moisture
sensitivity of the TPT by addition of smell smounts of linseed ¢il
oy other material, to a TP? golubion in hexane. Such mixed solubions
are effeetive iniilally, bub lose their effectivencss on aging. -
Pigments Departwent ars now a%@e&pﬁimg to lmprove stabiliidy on aging.
In the mpantimeﬂ*%boy are ne ionger reccmwending l-2¢ TPT ix anhydrous
lsopropanol as & “%laguld sandpaper” for “rn&e Zales usa. inece the
meeting with ﬁgmcntﬁ Uepartment on October 28, R. J. aﬁeppard has Just
recently ohtained vaovy promlsing inltial r@&%&t% with & dilute solubion
of TPT and .0A in Soluene, used &s & wash eont, Lo Lmprove the adhesion
of OA topcoat to augomotive undercoats. This wo?kﬁiaAb@ing,emnﬁinﬂ@ﬂa

TThe titanlunm esters and scylates have also been tested for.
improving adbesion 1u the gystems l1isted below. In this work, the
‘titanium ester (TPT or FBT) as 2 1-5% scluticn in anhydrous isopropanol,
was uamadly uped a8 a wash ecak alrncu to the substrate or betuween

- gosty af the pain% svs:em. The titaniun acylates were Lested hy

ada?mg them o the topeoat, to the undercoat, or o both.

{4} 04 to underccat. Work done by R. J. sheppard. Initlal’
sreaulis were negative, but very recent work uplng 8 mizned T?%/OA

- ﬁaﬁwtiar »n toluene looks promising.

{8) "pues® furnituve find hes. Hoxk done by ¢. J. Welzs. &@zzli%
negative.

{{;} "f:mifm ds.:,w adhesives Work: dr,; Ry J Lo Evene. VPP uas
vsed @s a primery °G§ an aillsll »@3&%1@ hot melt. TGasulis negative.
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(D) wg% adh@aioﬂ to woo&._ Womk dene by R. H. LaB®rg@.-
Eesul&a nega%iw&.._t- oo :

o

(B) R@friger&tor ref?nlﬁh enamel.g Wng done by G. B.

In ﬁni caae, oe&ylene g?ycyl titan&te w&s ap§1ied o %hm

'baked rﬁfylgera%ay enamel ?rom 8. 2% and a 5% solubion in hydrec&rbone
_After a short flash tlme, h@ @@f&nﬁsh Oﬂ&ﬂel waa mpgli@d._ Eﬁanzﬁs

wer@ n@g&»ﬁva.ﬂ,ﬁ_

2‘.,,.'j AS ngenta 50 Produce znse&ubiliaat on or Fa&t Set o
508 solubicn of @O in xylene, appliéd over a wet

’fﬁlm of EL«ké& c&&&ar oil alkyd, preduced surface hardness in 1

- minute at rooir Lemperature, However, the.film below $he. gurfaece
- remained soft and the hardened surface shoved cracking’ &nd ﬁ?oatimg,

{Work done by J. P. Sevmatiei). %evertheleﬂs; this 1s a technigue

:-ghieh might be used to produce a fast seiting printing ink, since

Cimk films ave normally very thin (abomt.” all). & fasier s@t&img

printing ink is wanted by such large magazine printers &s curtls,
Time, Inc., W. P. Hall and ofthers. Plgments Depertment intimated

-that Interchemical were working on this @yobzem, using Epon vesing .

as the ink veblcle snd & titanium ester &8 tp@ fagt setting agent.
&. Hochberg is lmvem%iga ting the effects of mixing TPT and TBY with

J_n&»rocellalﬂgey alltyds and Epons by mesns of a 2-n0gzle’ Spray gun.

J+'R. Buntsberger has reported ﬁhat appiviag tetrabubyl ﬁitan&&a over

8 nitwcce¢luimﬂe fi;m ¢4 not predmce 1ﬂ@olmbilizaﬁiom.;

3.;_“& ﬁg@nﬁa' %o_neduce ﬁ&iﬁteriwg of ‘House Peint

R. w. Jaue?ge hag found s% woad meregﬂa sad Wish ;am
PEOPORY titanivm gtearate ghovs & vewy marked reduction in rate
ef water absorptlon {(30% pick-up in 3 months for the btreated wood,
ergus 30% plck-up in 2 hours for the. unireated wood). lsoprcpaxy
%i%anﬁgm stearate was the most effective mgent for this purgose of
the many candidates that were exemined. LaBerge has also found

that isopropoxy tltenlum oleate applie@ as_a primer $0.pew wood

reduees the bilstering of #40 (ubside White slgnificansly. LepPevrge
plans-to include the uloanwum aoylates im hig fua&r@ @@ogr&m on th@

;moisuwfe blﬁstering problem.

'_A,“ As caastitu@n@s 0f Kaua@ Eain%@ t@ zmpwave Qurabilitg
ﬂaracm@vjs ) ,

. . migenium stearate (.5, 3 and 1 2? on the paink), tetva-~
tearyl + idamanc {1 angd 6.9 on the paint) and ﬁmtraiuomrepvl -
tanote (1.7 and 4% on the peint) were added in the amounts ghesm
o #RO ontside Whilte. Afber 1 year Flovida expomure, the lLest
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. palnts showed only & siight reduction in copper sereen staining
and dirt collection., Tetrastearyl titerate gave the best resuita.
on-the adverse side, bhere was Iinoreased yellowing end thers ave
aigo can stability problems.  This work was done by R. TaBerge.

5:  As Modifiers of allyd Resius

Tetirabutyl Litenate, added in ratlos rvanging from 1/60
to 95/25 (solids basis) fo RC~453 soya -8lkyd, gave a progressive
inerease In yelliowing and brititleness of the alikyd £ilm with .
increaging TBT conbent, With the normal amount of cobalt dvier,
L 20% TRT in the soya alkyd reduced the teeck-free drying time from
6 to 3 hours, but the £ilm was sof%, yellow and definitely less
flexible compared Yo the unmodified RC-453. 104 T, under the
sane conditions, lemgthened the drying time slightly. In the
absense of ecbalt; the BT alkyd £ilms &t 10/90 and 20/80 ratics

(solids basis) were slower drylng than the stralght RC-453 with the
nermal amount of echalt. Ratios of TBRY above 10/90 give iimited.
can stability, end ratios above 20/80 give incompatible films.
{above work done by H. G, Stauffer and J. P. Jermatbel). '

o  Additions of TBY to RU-BSH castor oil alkyd resulbed
ipn immedlate gelation &b concentrations of 5% or higher. (J. P.
Sermattel)., - o '- :

Titenium soye acylabe, added %0 RC-483 soya alkyd, v
showed setisfactory ecompatiblliity at »atios of 25/75, 50/50, snd
75/28 {solide hasis), but the Blended £llme were infericr to the
gtralght aikyd in flexibility, yellowing, hardness and adheslon,
the degree of deterloration In these properties inersasing with
the tltanlum soye acylate combent. S50F or move titanium asylabe.
produces a marked reduction in tack-~Cree drying time; but gives
soft, brittle films;  losser amounts were not effeetive in

redusing the drying time of the RC-453 soya alkyd. Can stability
o3 )
,zu.l -

of all blends was good ab the end of one month. {J. P. Sermaie

6. Ag constiltuenis of "Duse” Furnibure gealers

- etrabubyl titenate was found to improve the combimation
of drylng speed, havdness and flexibillty of & Px- sogoawut oll
ailyd ferniture sealer, but it also caused bad yellowing and cowldd

not be uséd for this resgon. (C. J. Welsz).

T+ 48 Agents to Reduce Wrimding

: 3/4%¢ TP on the vesin gollids, added to 93-005 Black;
. incresses the wrinkling £ilm thickngss from 1-1/2 %o 3 mils in
C the sun wrinkle test. This is gomsidered a good lead on the

wrinkling problen with 93-005 Blagk. (an stability and effecs
of aging in the cah on wrinkle pevformance @re now under gt ;
{J.: . Bwisherger and R. J. Kluberbon). -

&. &8 Plgwont Dispersing Amovts

S Isopropoxy vitendun lingwed acyia
shoarate and isopropozy tltanlum
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_agents to imgrove the dispersion of Honasitral Blue, @ut were not
found effeetive for this purpose. (W. P. CQlio). ,

9. AﬁCrasslinkﬁngAgenﬁsa for PP zmd Polyvinyl Ac&tate

' ?his work ia 0over®d in ?arliﬁ haboratcry Regart #921; by
D. K. Ozz, dated October 31, 19%6; %itle: "Evaluation of Titanating
Agent 8 for e?oaﬁlinkﬁng of Adheaives“ The results were neg&tiye. o

1o. Miscellaneoua Ayplications

"he&@ are covered in Philaéﬁlphia Labaratomy Repor% #978,
by 3. B. Buntsberger, dated September 2, 1949y title: "Alkyl
Titanates" .  The beneficlal effect of tetrabutyl tisanate on -
wrinkling was first obgerved in this work by Bunitgberger. A heat
. resistant, aluminum pigmented paint based on tetrabutyl titanste

-ag the vehlcle was developed in this work, but never achleved gom~
mewc&al aeeept&ne@. ?na resul@s otherwise were negative.

ﬁARSEﬂLL LABGRA?ORY

IPS2BLM -
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