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ABSTRAC

This Report No. 4 covers the fourth period, of the project, but the

duration of the. project has been extended to June 30,1963 by letter of

24 January. 1963(RefzMPR-33-AWK/33). In this period two special modifi-

cations of the fluid tatraisopropyltitanate/basic zincoctoate reaction

product. have been developed. with the ala to produce increased stability

under the teat requiremvata for a hydraulic fluid while maintaining the

fire safety. condition4, which are outlined in the preceding report.These

products are modifications of the product with tetra butyl tin and a

modification of the product with tri-isopropyl borate. Special attention

has been given to the relationship between the diluted mixtures of these

products, using inhibited silicone fluid 510 as diluent, and four-ball

wear-test scar marks, and. also to viscosity changes at. low temperatures°

The work is continuing.

io
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SUMKARY

C This fourth report period of Contract NOw 62-0647-d is not a final report

period, since the work on the contract has been extended to June 30, 1963.

During this period the work has continued the improvement of the fire safety

of the product, as outlined in the Summary of Report No. 3. Also, special effort

has been made to explore two new groups of complex fluids which appear to be especially

promising for the aims of the project.

It has been pointed out throughout these reports that tetra alkyl titanates,

such as the commercial tetra isopropyl titanate, inter-react with another group of

metal organic products, such as basic zinc octoate or zinc 2-ethyl hexanoate (22% Zn),

and that hereby fluid products are being formed of very desirable properties. It has

also been pointed out, however, that in oxidation tests and in hydrolytic stability

tests this complex fluid requires an additional stabilization by a further removal of

any retained still-reactive group. The stabilization has been carried out by a

redistillation with such organic fluids as benzyl alcohol. In SECTION II-D-3 of the

present report some exploratory tests were made of a distillation of the initial

product with alcohols containing a halogen group, such as chloroethanol. In the

preceding project (Contract NOw 61-0434-d), the best results were obtained by

reacting the initial product with a tetra alkyl silane, especially di-n-dodecyl di-n-

octyl silane (Olin Mathieson), and the resulting modified complex had highly desirable

properties, as reviewed in the Summary to Report No. 2 of the present project.

The difficulty here was in the fact that this di-di type silane is not

commercially available, and its laboratory preparation is quite difficult. In

SECTION lI-A fthe present report some experiments were made using a trn-one type

silane, such as tri-n-decyl-octadesol silane. ( Dow Corning). The results were

interesting, however this silane is available only in very limited quantties

comercially.

1. •i



It was desirable, therefore, to find other metal organic modifying agents which

are commercially available. In as much as the tetra alkyl titanates and the zinc

octoate are commercially available, a commercially available modifying agent would

contribute to make the products of this development accessable for further large-

scale preparations. An interesting phenomenon of the modification made in the

prececing project with tetra alkyl silpnes, was that there was a silicone-carbon

bond available, instead of the titanium-oxygen-carbon figuration of' the tetra

alkyltitanates. In revieving other possible modifying ,oents containing metal-carbon

bonds, it was observed that most of such metal-carbon bond fluids are readily

combustible; the results with a modification using a tetra butyl tin, hovever, were

satisfactory.

Another modification contained boron, but here the carbon radicals were bound

to the boron by an OR-group. The material which was used here as modifying

agent was tri isopropyl borate.

The preparation of these modifications are tabulated in SECTION II-Band

SECTION 1I-C in PART II of this report.

it has been pointed out earlier that all these compounds have high flame points

and have good stability in the various test groups; but that their viscosity is higher

than desirable for their use at low temperatures and that they therefore require a

viscosity reducing additive. As such a material cerium-octoate stabilized form of

silicone fluid 510 (Dow Coming) had been developed.

it is a highly interesting fact that this silicone fluid is a very poor lubrican

and that the four-ball wear-test at 600 C. with 20 kilogram load and at 30 minutes test

length produces scars of 1 to 2 mm. length.

The product of of this project alone produces under the same conditions scar

lengths of 0.3 and 0.35 mm.

t In mixtures of these products with the stabilized silicone fluid as viscosity

2.



reducer, q considor•l.e f-,:rouit of Loor iulricrtinL vi.sco,-Ity rcuuc.r crv % 1: iduca'o

L eforc the 1ukricrtion elfect of the ncw proouct is being decrensed to any practical

extent. TAnLE6 153 and 154 show these rcsults on the tetra butyl tin modified tetra

iso)ropyl titennte/ 1inc octoete renction iprocuct rnu on the tri isopropyl borate

modified material, Here a one-to-one mixture between such prouuct with a stabilized

silane showed nearly the same scar marks as the not diluted straight new product alone.

If the amount of diluent has been increased further; that means, if for instance

40 parts of one of the new products was viscosity reduced by mixing it with 60 parts

stabilized silicone fluid, the scar lengths were increased, but still they were much

smaller than the scars obtained from the silicone fluid itself. This indicates special

lubricating properties of the new developments which are interesting enough to be

studied further on.

These combinations of the new titanate derived complex fluids with inhibited

silicone fluid as diluent are very interesting in respect to their viscosity/temperature

relationship. TABLE 154 and. FIGURE 1 show that a mixture of 40 parts of the tri

isopropyl borate modified product with 60 parts inhibited silicone fluid, have a pour

point of minus 850F.; and at minus 45 0 F. and even below that the fluid mixture shows

viscosities which appear to be well within the limits of pumpability.

It is interesting to note that the viscosity data of the same mixt're produce a

straight line relationship, when plotted on semi-logaritluic paper as viscosity versus

the reciprocal absolute temperature in Fahrenheit.

In TABLE 155 and in FIGURE 2 the tin modified and the boron modified product are

compared in 50:50 mixtures, 45/55 mixture and in 40/60 mixtures with the inhibited

silicone fluid;and again the viscosity data are plotted on smi-logaritkuic paper

versus the reciprocals of the absolute temperature in Fahrenheit. Here the difference

in viscosity at zero and at minus 45 0 F. connect, with the three mixtures of each of the

two materials, in parallel straight lines, in spite of the fact that the change in

viscosity and in pour point does not vary to the same extent upon increasing the ratio

of dilution from 50:50 to 45:55 and to 40:6O.
3.



TABLE 153.

STUDIES ON THE TETRA BUTIL TIN MODIFICATION OF THE

TETRA I80PROPIL TITANATE / ZINC OCTOATE REACTION PRODUCT DILUTED

WITH SILICONE FLUID 510 ( AFTER INHIBITION WITH CERIUM OCTOATZ )

MIXTURE OF 40 PARTS OF THIS PRODUCT WITH

60 PARTS OF INHIBITED SILICON FLUID 510

I. POUR-BALL WEAR-TESTS MADE AT THE SSO RESEARCH (ENJA!) LABORATORIES In

LINDE,,NBW JERSE WITH A PRECISION SCIETIFIC FOUR BALL WEAR TESTER

( WITH FRIuMD COOPERATION OF M.. .I .RoUX) 60 P.1/30 m120 kg/ 600 RPM

THE TIN MODIFICATION UNDILUTED BALLS ..... O;31 vs.

0:31 -.
AVERSE ... 0.31 •o

MIXTURE : 1 :1 ( 510) ............... BALLS ..... O .25 i.
0:.30 -o

0:.30 l,
AVVAE ABOUT 0-3 I

MIXTURE 40 PRODUCT : 60 (510) .... BALLS .... O.43 Io
W~40 -
OL42 m.

AVERAGE ... O,,'. 2 Om

II. FOUR-BALL W&AR-TEST WITH TWICE THE LOAD ,THAT IS 4 0 g. (ON OUR IISTRU-

RET) AT 70Co.

SCAR MEASURED UNITS .. 4.1

4.43L.8
AVERAGE 4.lx FACTOR 0.145

or 0.594 o

III. VISCOSI / TE PERATURE COMPARE WITH BORATE
F T 0  MODIFICATION

SF RADING FTORIRIS
600 8.6 20 172 cp.. 520

- 400 11.5 20 200 q. 0 300 cps.
20• 25.0 20 500 ao. 4W0 450 ap".
0280 25 70 0.op.o 0 740 op..



TABLE 154._

TEST DATA ON THE TRI ISOPROPYL BORATE MODIFICATION OF THE

TETRA ISOPROPIL TITANATE / ZINC OCTOATE REACTION PRODUCT T 40 - 131

I. P 0 U R P 0 1N T S OF THE MATERIAL AFTER REDUCING THE VISCOSIT! WITH

CERIUM OCTOATE INHIBITED DOW SILICONE FLUID 510:

RATIO : 1 1 (510) ......... MINUS 610 Fo
o

".4 3 55.5% (510) ...... MINUS 6 5 F.
0

40o 60 (510) ........ MINUS 85F.

II. F 0 U R B A LL WE A R T E S T S MADE ON THE PRECISION SCIENTIFIC -

SHELL FOUR-BALL WEAR-TESTER IN THE SUMMIT LABORATOR! OF THE CELANESE CORP.

( WITH FRIERDLY COPERATION OF Mr. JOHN KOCH AND PAUL SCHUMACHER )

TESTED AT 6o0C ;..... 30 min ----20 kg. - 600 RPM,

THE PROUCJT T 40-131 UNDILUTED : BALL 0.32 -m
0.30 .
.0.31 -

AVERAGE ..... 0.31 .
THE DILUTED PRODUCT 141 ( 510) BALL 0.37 =.

0.38 m0..36 = -
AVERAGE ..... 0.37 --m

THE DILUTED PRODUCT 40 : 60( 510) BALL 0.42 ,o
.0.47 m-0. A9 =

AVERAGE ..... 0.46 m.

III. VI S C 0 8 1 T X OF THE MIXTURE OF 40 parts PRODICTS AND 60 parts SILICONE 510

TPWZRTURE READING FACTOR CUTIPOISES T R 1_/ TaR x 100
777. 7.5 20 150 537 0.1865
650 8.3 20 w66 525 0.1905
50 10.5 20 210 510 0.1960
400 15.0 20 300 w 0.2000
20 22.5 20 45P 480 0.208
00 307.0 20 740 460 0.217

- 20° 64.0 20 1280 440 0.227
- 10.241

-650 42.0 100 AM 395 0.253
-75 65.0 100 63.:S5 O.260

D 85F. T AB0LUT or RNKIE
(Plotted in FIGURE 1.) 5 1 I P0ET4 UEo5N



FIGURE 1.

THE TRIISOPROPIL bORATE MODIFICATION OF THIE TETRLISOPROPIL TITANATE/ZIUC

OCTOATE REACTION PROD4JCT (T 40-131).

VISCOSITY REDUJCED WITH CEAM OCTOATE STABILIZED SILICONE FLUID 510.
(40 PRODUCT T 40-131
60 STAbILIZED SILICONE FLUID 510.)

(PLOTTED ON SXI-LOGARITMLIC PAPER - 3 CYCLES x 10 t+ the inch.)

7' oa ABSOLUTE TIPERATURE.

4 e4

'-41

I 410

.19

S.. . .. . j . . ... .______. . . ....___. . .. . . .

_ _ _ _ _ __ - _

//

I I
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. 6,, :•L



TABLE 155.

DATA OF THE TETRA BUTYL TIN MODIFICATION

AND THE TRI ISOPROPYL BORATE MODIFICATION

OF THE REACTION PRODUCT BETWEEN TETRA ISOPROPYL TITANATE AND ZINCOCTOATE

DILUTED WITH CERIUM OCTOATE INHIBITED SILICONE FLUID 510

THE TETRA BUTYL T I N MODIFICATION

MIXTURE : SILICONE FLUID 50 55 60

MODIFIED PRODUCT 5 50 45 40

FOUR BALL WEAR TEST SCAR : 0.30 m. 0.42 nom.

THE PRODUCT WITHOUT FLUID:
0.31 m .

SILICONE FLUID ALONE
1.75 mme.

POUR POINT ................ 60 F. - 6 05F. - 860F.

VISCOSITY IN CODTIFOISES

AT ZERO °F. 1 9 00 1 1 5 0 7 8 0

AT MINUS 4 5 . 5 3 5 0 36 5 0 2 4 50

THE TRI ISOPROPYL BORATE MODIFICATION

FOUR BALL WEAR TEST SCAR 0.37 m. 0.46 m.

THE PRODUCT WITHOUT
FLUID t 0.31mm.

POUR POINT ............. - 6 °F10. - 6 7 ° . a * °.

VISCOSITY IN CEUTIPOISES

AT ZERO F. 1 7 00 Cpu. 10 50 cps. 7 50 cpe.

ATMINUS 4 5F. 50 00 epy. 3 4 50 cps. 2 300 cps.

THE VISCOSITZ DATA AS PWLOTTED I FIGURI 2..

7.



FIGURE 2.

T2%3 VISOOBITZ OF Mill MIK=M3 OF Tixl umTR mumI wI suODCATION OR 0F THlE

TRI ISOMPXUl BORAnZ NODIFICATION OF THE MOT0ION PRODUCT BETUZEM TMTA 180-

PROM! TITASATS AND ZINO 0CT1OATE ( 22% 1.) WITH 033113 OOOAT3-8TABILIMI

SILICONA FLUID 510.

TEST DATA TAKEN AT ZISO 7 AID AT MINUS 11,5 F AND PLOTTD ON AN-L0OAlhTHC

PAPER (3 CICLIS z 1.0 TO THE INCH)

in CINTIPOISES

'$~: -.---.--------~--.------- - --- ------------- __________________
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In further summarizing this report, the following aspects are listed:

PART 1 studies various applications of catalytic additives to the inter-reaction between

tetra alkyl titanates and basic zinc octoate. Herein:

SECTION I-A uses. titanium. tetra chloride as catalyst in TABLES 156 and 157.

SECTION I-B uses aluminum trichloride as catalyst and this. is at this time the

preferred preparation method. These preparations are shown in TABLES 158-166.

SECTION I-C uses. an. organic catallut, the butyleno oxide 12, as shown in TABLE 167.

SECTION I-D further discuss". tha various preparations with respect to their

proportios. (TABLES 168-172). The are. discussed further in. th Introduotion to

Sectioný I.

PART II saidioa, ths.aious. forms.of modification. of the products of. PART I with other

metal organic a.

SECTION II-A uses a .tri n docyl octadecyl silane (TABLE, 173-17•4).

SECTION 11,4: atuaLM te. h odification with dibutyl. tia dichlori.d and. with tetra

butyl tin uses the prodact- of SECTION-1-A and I-8 (TABLES 175-185).

SECTION II-C uses as modi.ying agent tri..n-buty1 borate, uslag it with the

product of SECTIO0L I-A andi SECTION I-B ( TABLES 186-190).

SECTION II-D uses. a. mmber of organic modifying agents, including one containing

chlorine and one containing bromisne ( TABLES 191-194).

PART III .eosmes the work of SECTION E of Report No. 3, on the introduction of

phosphorus groups. into titanate compounds. In this respect, tests with 2-eotb1 hexyl

phosphate (tri ootl phosphate). are continued in SECTIONlIII-A (. TABLES 195-201). Also

are shoa sm. btioms of the aliphatic.tri octyl phosphate with the aruomatic tri

cresyl phosphate. ( aiTIN. 1114). (TAESM 202-203).

In SWU.• II.C. (. TABL. 204-206) two other orgaco phosphates ar being studied,

the trIs-ehl~ortbIl, phosphMatand. the tri butoeothyl pOsphate.

9.



In SECTION III-D ( TAbLES 207-208) additional studies are made with di 2 ethyl

hexyl phosphoric acid, continuing Section E-3 of Report No. 3.

PART IV ( TABLE 209) gives new studies on the inhibiting of the silicone fluid 510

and the weight losses which occur hereby.

The work scheduled for the new report period is listed on the last page of the

report.

The work reported herein has been performed in Research building No. 3 of the

Research Division, College of Engineering, New York University, under the. direction

of Dr. Max Kronstein. The following members of the research staff have participated

in the work:

Edward I. Stiefel Research Aide

Robert A. Sierra Research. Aide

Jeannette Grace Muaco, B.S. Research Aide

Michael R. Carroad, B.Ch.E. Research Aide

William Kapfer, Ph.D. Chemical Engineer

Marion W. kronstein, A.B. Assist. Research Scientist.
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PART I. THE PREPARATION OF THE FLUID REACTION PRODUCT BETWEEI TETRA ISOPROPIL TITANATE

AND BASIC ZINC OCTOATE.

INTRODUCT1IN

The inter-reaction between tetra alkyl titanates and basic zinc octoate has been

discussed in preceding reports , The reaction is being studied further here as a stop

in the development of new complexes which are being obtained by further modifying this

reaction product. Hereby, a number of different catalysts are being used, and the

observation is made that. different. catalysts result in different properties of. the

reaction products.

SECTION I- A.USIMG TMTAXIM TEMA LCLOR AS. CAULX. (. TALE. 156-157)

The use ef titanium tatra chloride ae catalyst hat been described in earlier

reports (Report No. 3,Sect. B ). It is described again in.TABLEB 156-157: once in the

production of the initial reaction product, and once in a bensyl alcohol modification

of these products. TABLE 157-IIi here shows a greater amount of decoaposition product

in a 72 hour oxidation test ( 2000 C. (3920 F.) with 5 liter air per hr.) than the product

produced with aluminua chloride as catalyst.

SECTION I- B. USING LUNINU( CHLORIDE AS CATALYST. ( TABLES 158-166)

A considerable number of preparations have been made of the reaction product with

aluminum chloride as catalyst. Special attention has been paid here to the observation

that in the vacuum distillation there exists a very small cut of an organo distillate

between the main low cut and the actual reaction product. When the ,few cc. of this

yellow material is not separated, it causes a discoloration of the reaction

product and a lowering of the flash point of the product.

Observations on the various.preparations are given in the Tablea. At the bottom

of TABLE 159 is shown another study of the limited flamoability of these products, which

under proper preparation contain hardli any low cut, before reaching the flame point of

the material itself, which is around and above 3O°C. ( 57207.).

(Continued on page 23. )
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TLABLE 156

PREPARATION OF THE TPT/ZINCOCTOATE PRODUCT WITH T i C14 AS CATALYST

I. T 43 - 30

USED 600 g.ZINC OCTOATE

200 g.TETRA ISOPROPYL TITANATE

3 - 4 drops Ti 014

HEAT DEVELOPED 01 MIXING
TIME TIEPERATURE V A R I A C S PRESSURE VOLUME REMARS
sin. C ; F, TAPE TOP BOTT OM . ml.

S40'(104ýF) 15 40 45 -
20 46 15 45 45 5
55 75 (167P7) 15 45 45 5 CLEAR COLOrLESS
70 100 15 45 45 5 CUT COMMG
90 125 (2570F) 20 45 50 5

110 140 (284) 20 45 50 5 150 mL
125 130 20 45 50 5 210 al. CUT I

150 145 (29301) 25 60 65 8 - FUMS
175 250 (48207) 25 60 65 7
195 3 1 5 (5,9q) 30 60 70 7 AOUT 250 a..PBOICT

II. T 43 -31

USED .... 570 g. ZINC OCTOATE

190 g tETRA ISOPROPYL TITANATE

3-4 drops Ti 014 BEAT DEVELOPED 03 MIG

TIME TPERATURE VARIAC PRESSURE VOLUME RIANS
Knm. C. F. B. al.
- 30 (86"F) 40 5
15 60 (1400) 40 5 .Q.J. OUT I CLEAR COLOWLESS
30 45 45 5
60 45 45 5 a

100 50 45 5 -
110 35 45 5
130 105(22101) 55 5 25 a.. •CLAR COLOMLSS
145 115(2390F) 55 5 75 ..
155 130(26601P) 55 5 120 al.
185 110 (23001) 55 8 .200 al,

CUT II .... 212 g.
250 3 2 0 (6607) 65 2
280 320 65 2 P30 1 0oTAiIND .... 4 6 2 g.



TALE 157.

THE BENZILALCOHOL MODIFICATION OF THE TETHAISOPROP!L TITANATE-

ZINC OCTOATE REACTION PRODUCT WITI Ti Cl CATALIST

I. REDISTILLATION OF THE REACTION PROUCJT ( T 40 - 108)

TIME TPERATURE VARIAC PRESSURE VOLUME RiARKS
slt. -. -l.

- 27 (80°0) 70 0.5
100 260 (500 F) 70 0.5 VAPOURS APPEAR
120 295 (563 0 F) 70 0.5 10 CLEAR OU11G MVATERIAL

DISTILLS
140 295 70 0.5 40
1tO 295 o 70 0.5 100
220 3 1 0(590 ) 70 0.5 200 mLVAO 1MiE FLUID LUT IN

gASK;VW SLIM-o AOW?
OF DIcOMPOSITIOII.

II. BINZILALCOHOL MODIFICATION OF THE PRODUCT I.

USED 185 PRODUCT OF I ( T 40-108) T 40-109

55 g. BUZIL-ACONOL

- 28 (82 0 F) 70 2.3 -
30 80 (1769F) 70 2.3 CLE R.COLOLES 9 %RMLIGHT

.IKLOW FLUID DISTILLS
70 8O- 95 70 2.3 al.

65 g.LOW CUT
150 60 (5000F) 70 2.3 OUWCT APPARS
170 3 1 O(5900 F) 70 2.3 60 a1. GOLDI IILLO WBODUCT

DISTILL -AT CWITANT

200 312(593'F) 70 2.3 170 al.

III. OXIDATION TEST OFTNEPRODUCTOF II.

USED 1 part OF PRODUCT II WITS

1 paft IsIDIT3I DW FLUID 510
0

FIRST WAS=ED WITH BUZUI AiD ACECTME HEATED TO ABOUT 200 .U tO, -

OXIDATION TEST AT 200 C. 11N 5 LITME / DOUR AIR PASSING

USED 50g. 31-$IS PUODUCT 3* ' = T1 011. WMO D AGAIN BONE D3OCUPOS

( lIKE~= PROUIT M1AE WITH AU 013 PMSSE U18 TESTM US ERl.

13.



PART I- SECTION I-B.

TABLE 158.

REACTING TETRA ISOPROPIL TITANATE AND ZINC OCTOATE

WITH A 1 C13 AS CATALYST

I. T 43 - 46

USED .... 450 g.ZINC OCTOATE

150 g.TETRA ISOP3OP!L TITANATE

MALL AMOUNT OF Al C13

TIME T BPERATURS VARIAC PRESSRE VOLUME RU S
min. C. m ml.

- 30 (860) 40 2-6 -
15 52 45 2-6 10 LIGHT ILLOW
40 57 (135 F) 45 2-6 10
60 100 45 2-6 35
85 160 (320o°) 45 2-6 95

105 175 (347OF) 45 2-6
CUT I

140 170 (338 0 F) 45 2-6 _ ORANGE FLUID
CUT II

180 32 0 - 3 3 0 60 2-6 225 g.PRODUCT
(6080F.- 6260F)

II. T 43 -47
REPEAT TEST WITH THE SAB QUANTITINS

- 30 (86 0 F) 10 2-6
30 70 10 2-6 -

35 110 (2300F) 1O 2-6 LIGHT TILLOW CLEAR CUT COMES
70 160 (3200F) 40 2-6 55
75 160 40 2-6 70 SLIGHTFUMES
85 160 40 2-6 95

120 140 (2840F) 40 2-6 175
140 130 (2660F) 40 2-6

CUT I
165 140 60 2-6 5 DAR ORANGE

OU? II
190 3 2 7 - 3 3 3 60 2-6 4 0 0 a1. PAO0CT

(62001)-(6310F)



TABLE 159

MNE PREPARATIONS OF THE REACTION PRODUCT BETWE

TETRA ISOPROPIL TITANATE AND BASIC ZINC OCTOATE ( ZINC -2 ETHWI -HEXANOATE) 22% Zi)

WITH A 1 C 13 AS CATALYST ( T 39 - 33)

USED.... 570 g.ZINC OCTOATE

190 g .TET•A ISOPROPIL TITANATE

0. 10 l Al C13 HUAT VOLVED ON MIXING

TIE TEMPERATURE VARIAC PRESSURE VOLUME REMARKS
&in. C. A-. L.

15 58 (1360F) 50 2-4 0 .CLEARA I•I4D
CUTI

30 10 50 2-4 -

45 62 50 2-4 -
60 95(203°F) 50 2-4 30 SLIGWLI PALE LIWID
65 102 (215VF)50 - 55 2-4 50 PALS LIQUID
75 105 55 2-4 80 PALE IELLOW LIQUID
90 125 (2570F) 55 2-4 145 PALE 1ELLOW LIQUID

105 125 55 2-4 195
130 85 55 2-4 210
155 11o (2300P) 55 2-A 210
180 98 60 2-4 213.5 al. LIGHT BIWV

C U T II
210 200 (3920F) 60 2-4 -
230 230 (4460F) 65 2-4 -

255 295 (5630F) 65 2-4 -

315 320(6080F) 70 2-4 PROIDCT IS COMING OVER
375 3 2 2 (6110F)70 2-4 DISTILLATION OF THE VILCOUS

IJLLOW REACTION PROIXUCT CO-
PLrITZD.

IIILD ...... 4 5 0 g.

STUDI OF THIS REACTION IhELD O INLAMEAILITI ( T 39 - 34 )

VIN FIRST HEATED IN OPEN DISH T 20 0 30. AND HOT was= u RMEm F WAS

HELD AGAINST THE SURFACE,,IT TOOK 6 0 SECONDS UNTIL A FLAME 0=RN)

WIN FIRST HEATED IN OPM DISH I 2;C. E HOT ImE P CED A FLAME ATrm

2 6 SECONDS AND MIE TPE LTRAZ~ O1' THE FLUID REACHED HUME32 00.
(48"4 44I ~ ~inN FIRST HEATID in OPEM DISK TO 2 5 0 C .53 ILAK 0000220 UBMR 5E18WSM UR

(52fF) CODITION AMZR 15 S=COD AND 15E TIEATURZ NONE TO 260 @I04="

(57207) NO3 FIRST HMAME 20 300 0.TM3 FLAK OCURRED QflZL. IND ?W3AWD s 3W0 0.
15.



TABLE 160.

"NEW PREPARATIONS OF THE REACTION PRODUCT BETWEEN

TETRA ISOPROPIL TITANATE AND BASIC ZINC OCTOATE WITH Al Cl CATALIST ( II.)
3

T 39 - 35

USED : 450 g .ZINC OCTOATE 22% Zn

150 g. TETRA ISOPROPTL TITANATE

0.10 g .A1 Cl3 HEAT ZVOLVED ON MIXING

TIME TEMPERATURE VAIlAC PRESSURL VOLUME REMARKS
&in. C. F. 1. a1

- 60 (l14 0 F)40 2-4 -
15 60 40 2-4 10 CLEAR LIQUID
30 40 45 2-4 ii BEGINS TO SHOW PALE XELLOW
60 30 50 2-4 12 CUT

CUTI

90 115(239 F) 50 2-4 75

105 105(2210 F) 50 2-4 90
125 126(2580 F) 55 2-4 100 PURE IELLOW LIQUID
150 112(2330 F) 55 2-4 110
180 90 60 2-4 118
195 115 60 2-4 120
210 170 (338 0F)65 2-4 122
225 230(446 0F) 66 2-4 127
240 280(5360F) 68 2-4 131
250 290(554?F) 70 2-4

C U T II
300 3 3 0 (626170 2-4 1 5 0 g. CLEAR VISCOUS REACTION

PRODUCT
REPEAT TEST T 39 - 39 C U T III

USING IJJ1E PMOUNTS OF MIXTURE
_ 18 (64 0F)40 2 -
15 19 45 2 2 CLEAR LIQUID
45 30 60 2 2 CUT I NOT SEPARATED
55 98(2080 F) 55 2 62 PALE XELLOW LOW VISCOUS
60 98 55 2 77
65 99 55 2 87

135 44 60 2 170 CLEAR IELLOW LOW VISCOUS
150 110(2300F)60 2 171 LIGHT BROWN MORE VISCOUS
165 130(266 F)68 2 173 " "
180 245(4730 F) 68 2 175
195 3 1 5 0 70 2 AND OF LOW CUT,PRODUCTCOM

(599 F) C U T I/IX
210 315 70 2 PRODUCT CAMING
225 315 70 2 CLEAR IELLOW VISCOUS PRODUCT
240 312 70 2 STILL COMING OVER
255 315 70 2 STILL CONING OVaR
270 316 70 2 STILL ComI OVE
300 316 70 2 STILL COMING Ova
315 3 2 o(6•O8*70 2 STILL COMI OVE
3 3 0 - - - TOTAL 1ILD ......... 300 g.

p(OSTAIND IN NARROW- DISTILLATION11.1 IN SLOW DISTILLATION)



TABLE 161.

NEW PREPARATIONS OF THE TETRAISOPROPIL TITANATS/ZINO OOTOATE PRODUCT ( III )

A. T 39- 36 : USED 450 g°ZINCOCTOATE 22% Zn

150 go TETRA ISOPROPYL TITANATE

0.10 g. Al C13 HEAT EVOLVED ON MIXING

TIME TEPERATURE VARIAC PRESSURE VOLUME RWAKS
Ain. C . F. m . ,l
15 40 (104"F) 40 2-4 7_CLEAR FILUID NOT VISCOUS CUT j

45 128 (262*F) 45 2-4 85 PALE IELLOW NOT VISCOUS
60 130 45 2-4 150 PURE !LLOW
85 120 0 50 2-4 167 PURE IELLOW

105 138(280 F) 55 2-4 170 BROIN LIQUID NOT VISCOUS
120 285 (54 5°g) 55 2-4 171 BROWN LIQUID
135 3 1 8(604 F) 60 2-4 174 END OF CUT II, PRODUCT COMI

C U T II
155 315 (5999F) 53 2-4 PRODUCT COMING OVER
245 325 (617 0 F) 60 2-4 265 g. oIELD: CLOUD!, WILL BE REDISTIL

-LED
B. T 39- 37 SAME AMOUNTS USED AS IN A

10 36 25 2-4 4
20 33 40 2-4 CLEAR FLUID CUT I
35 45 45 2-4 -

50 112 35 2-4 54 PALE ALMOST CLEAR LIQUID
70 115 35 2-4 109 ' "

90 98 35 2-4 184 BROW;N ELLOW LIQUID
155 65 40 2-4 199 "
180 130 50 2-4 201
205 285 (545 0 F) 55 2-4 201l ND OF LOW CUT, PRODUCT COMING

C U T II
210 3 1 0 (59O°F) 55 2-4 PRODUCT COMING OVER
240 240 (64 F) 53 2-4 SOME VIGOROUS BUMPING
255 306 (5820F) 53 2-4 PRODUCT COMING OVER
270 310 0 50 2-4 PRODUCT COKING OVER
285 305 (581°F) 53 2-4 PRODUCT COKING OVER
300 309 0 53 2-4 PRODUCT COKING OVER
315 255 (491 F) 55 2-4 SOME BUMPING
345 - - YIELD ..... 1501,

FLASK RESIDUE CREI COLORED
C)RE DI S TI LLATI O1 OFIIELDFROMA ANDFROM B T39-38

30 75 (1670 F) 60 2 2 YELLOW LIQUID
40 98 60 2 15
60 123 65 2 26
70 190 (374 F) 65 2 29 LIGHT BROWN LIQUID
85 300 (572 0F) 65 44 DAM BRO AND VISCOUS
S3o 55 2 0 IND OF BOVID OUT

150 3 0 5 (581°F) 55 2 4 CLEAR !ILOW PODUCT
210 305 55 2 5
330 3 2 0 (608*F) 60 2 50 PFURS am ILLOW PODUCT
360 320 60 2 150 PUR CLEAN YKLOW PAOIUC!
305 321 (. 70 ) 60 2 250 al. FURS CLEAR 1ML10 MNWCT
390 322 (611 F) 60 2 300 PURE CLEAN TXLOW MNGCT
420 320 (608 0 F) 60 2

70TAL !xIE. .... 4 8 0 g. PRUOCT

17.



TABLE 162.

MORE PREPARATIONS OF THE TITRA ISOPROPYL TITANATE -ZINC OCTOATE REACTION FROOCT

WITH Al C13 AS CATALYST

I. T 38- 107

USED°.. 300 & TETRA ISOPROPYL TITANATE
900 IBASIC ZIBC OCTOATE
0.5 goAl Cl3

TINE 9P M TUR. VARIAC PRPEJPS VOLUME WMAKS
min - Co Fo I II m .

- 30('sd)50 30 2-4 -

130 140(294)50 30 25
160 145 50 30 125
18o 150(302)60 30 200
200 160(320)70 30 290
220 170(338)75 30 340

220(428)80 35 36 LOW CUT
240 270(518)80 35 2-4 5
260 280(536)80 35 10

275 340(64.4)80 35 2-4 20
280 340 80 35 20
320 345 ...80 35 240
330 335(635)80 35 340
340 320(608)80 35 400
36Q- 318(604)80 35 Mp_&hL PWDOWCT

II T 40 - 99

USED .- 266 g. TZIIA ISOPROPIL TITANATE
800 g,BASIC ZINC OCTOATI

0,3g, Al Cl 3

- 25 ( 7 7Q.) -60 60 2.5 -

35 105 60 60 2.5 LOW CUT APPSAS AS CLEAR COLOILESS
60 112 60 60 2.5 100 MATERIAL =IMI DAUCUS FIRST TO

110 125 60 60 2.5 200 !LLOWsTE TO ORANGE AS DISTILLA-
120 160 (3200)60 60 2.5 250 TIOI PUX)G1lSIS
160 185 60 60 2.5 275
10o 150 60 60 2.5

CUTI
200 195 (3830)60 60 2.5 - CUT APPEARS

220 209 (408)60 60 2.5 5 MO LIQUID
C U T II

240 285(5450)70 70 2.5 - FUCTAPPANS
( 260 298(568")65 65 2.5 30

270 3 1 2 65 65 2.5 100 COMI AT CONSTANT TIPRZ
300 312 (5930)65 65 2.5 300
320 312 0 65 65 2.5 500
Sho 315 (599 )65 65 2.5 650 ml. !I3.D ... 640 g.

LITLIJ DICU8°&TIOU MATIAL IN MW
18.



TABLE 163

MORE PREPARATIONS OF THE REACTION PRODUACT OF TETRA ISOPROPYL TITANATE

AND ZINC OCTOATE WITH A 1 C 13 AS CATALIST

I. T 42 - 129

USED 900 oZINC OCTOATE 22%

300 g TETRA ISOPROPIL TITANATE

0.3 g. Al C13 HEAT ON IIING

TIME TMPERATURK VARIAC PRESSURE VOLUME REMARKS
3min. C. m. al.

- 25 1.0 10 -
60 110 65 7 25 CLEAR, SLIHTL• IELLOW
8o 125 65 7 90

100 135 65 10 160
11o 145 65 10 210
120 130 65 10 m-

CUT I
180 70 70 10 5 MARKELE lLOw
210 125 0 70 10 15
270 220 4280F) 75 10 25
300 280(536.F) 75 10 -- DOF CUT II

PRO,,CT CARE OVER BETWEE 3,0 0 A 3.1-5 0 C ..... ABOUT 400 a..

II. T 42- 132
USED 450 g.ZIIC OCTOATE 2

150 g .TETRA ISOPROPIL TITADATI

0.3 g A 1 C.13  HET EVOLVED 0 MIXIING

- 25 45 2 -

60 95 50 2 10 LIGHT CLEAR ILLOW
70 100 50 2 50

110 110 50 2 100
140 120 50 2 150

i - 130 50 2 -AL. OUT1
240 95 60 2 5 DARKER!EILLOW
260 130 70 2 10

24.0 75 2 _UL OUT II
32 30/, 3 14 75 2 ABOUT 300.1. PROIDCT

III. T42-127 B31 ZIL ALCOHOL MODI I CATION OFPSOIICT
USED 150 . 3ZI. LA O TO 30o g• .PRODUCT (WITH Al c13)

- 25 45 2-10 -
30 9. 45. 2-10 10 CLEARDI STILATE

95.. 5J 2-10 - CUT I
170 60 2-10 .0 lRULO BUT Ea OUT II
250 60 2-110 DAM= DOS VIiiUS.lILOI

p. 19. 240 60 2-10 2 7 5 s. PI OTk p. 19.



TABLE 164,

MOiE PREPARATIONS OF THE REACTION PRODUCT BETWEIN TETRA ISOPROPIL

TITANIATE AND ZINC OCTOATE 22% Zn WITH Al Cl3 CATALYST

I. T 42- 134 USED ... 570 g.ZINC OCTOATE
190 g.TETRA ISOPROPYL TITANATE

0.5 g°Al C13

TIME TIMPERATURE VARIAC PRESSURE VOLUME RUMARKS
min. C al .1m
- 25 40 2 -
30 40 45 2 15 CLEAR COLORLESS CUT I
60 60 50 2 -
70 90 50 2 25 SLIGHTLY YELLOW

100 110 50 2 75
130 115 50 2 150
150 115 55 2 200
200 150 70 2 220 DARKER YELLOW
260 280 70 1 225

300 3 1 0(590°F) 70 1

PRODUCT CAB OVER AT 3 1 0 C... ABOUT 600 .1a

II. T 42- 136 USED SAME AMOUNTS

- 25 40 2 -
60 45 55 2 . CLEAR AND COLORLESS CUT I
90 90 55 2 25 8L1GIGHTLY IELOW

140 115 65 2 125
240 265 70 2 220

0
310 3 1 0 PRODUCT CAME OVER AT 3 1 0 C.... ABOUT 600 al.

(59o0 F)
III T '42- 140 USED 450 g.ZINC OCTOATI WITH 150 g .TPT AND 0.5 g.Al C13

- 25 50 2 -

30 40 50 2 25 CLEAR COLORLESS C U T I
90 110 50 2 65 SLIGHTLY ELLOW

120 130 55 2 135
180 170 65 2 145 DARKER YELLOW
220 ni0 70 2 150280/350

AT 3 20 / 330 PROUCTCAN OVE.... AB•oU•300.1
IV. T 42- 145

USED 525 g .ZINC OCTOATE WITH 175 g. TETRAISOPROPYL TITANATS
(0.5 g Al C13 )

30 27 55 3 .10 CLEAR COLORLESS CUT I
60 95 60 2 45 SLIGHTL! !ELLOW CLEAR

100 120 60 2 115
140 120 60 2 195
200 145 70 2 = CUT II
220 160 70 2 10 DARKER IELLOW MATERIAL
280 270 70 2 gT III
300 305 PRODUCT CAME OVER AT 310 320 c ....... 500 al.

20. (590o0 /6o8 0 )



TABLE 165.

MORE PREPARATIONS OF THE TETRAISOPROPYL TITANATE/ ZINCOCTOATE PRODUCT

I. T 40- 126

USED 1000 g. ZINC OCTOATI

333 g.TETRA ISOPROPIL TITAMTE

0.4g. Al C13

TIME VARIAC PRESSURE TMPERATUJRE VOLUME RARKS
min. I II -. Co ml.

- 60 60 1 30 -

30 60 60 1 60 VAPOURS APPIAR
50 60 60 1 95 CLIAR, COLOL 8 FLUID APPEARS
80 60 60 1 100 30

120 60 60 1 115 300 FLUID IS NO0 !ELLOW
135 60 60 1 125 350

IDOF CUT I
15o 60 60 1 70 - ThRATUREZ RIsz MISS
180 60 60 1 200 A REDDISH ORhNGE FLUID APPEARS

ABOUT i.aL.. C U T II
220 60 60 1 295 PRODUCT APPEARS AND DISTILLS
280 60 60 1 295 o 400 AT CONSTANT TUPERATURE
330 60 60 1 295(563 P)0O

IND OF DISTILLATON

II. T 40 - 128
USED 1200 g.ZINC OCTOATE

400 g .TETRA ISOPROPYL TITANATE
0.-5g. Al C13

- 60 60 1 60 -
60 60 60 1 90 VAPOUBS APPEAR
70 60 60 1 98 CLEAR COLO1 88 FLUID APPEARS
90 60 60 1 120 100
110 60 60 1 140 200 FLUID NO1 SLIGHTL! 3XLLO0
200 70 70 1 115 MO IND OF CUT I WAS ORANGE
220 70 70 1 200 10 -D FLUID ..... CUT II
250 70 70 1 290 PRODUCT APPEARS
270 70 70 2 330 100
330 70 70 2 330 300 CLAR l310W PIODUCT
380 70 70 2 330 (626F)800

TOTAL !IILD 1000 al.
III. T 40 -129 USED 1000 g.ZINC OCTOATS

333 g.TKTRA ISOPROFIL TITANATE AND 0.-4 Al C13
- 60 60 1 60 -

40 6 60 90VAPOURS APPEAR( .60 60 19
60 60 60 9% 20 CL~R*OOWLMSS FLUID

no 60 60 1 140 250 no01 LLOISH
130 60 60 1.5 150 JQ. MID OF OT I
220 60 60 1.5 200 DnOPLTS OF REDDIN FLUID
300 60 60 1.5 310 150 CLWR 13,o0 FLUID PRODUCT
350 60 60 1.5 320 0 1#50

p.21- 400 60 6.0 1.5 310 (M0F) 900 al. P ODUQ



TAME 166.

MORE-PREPARATIONS OF THE TETRAISOPROPXL TITAhATE/ZIICOCTOATE PROIDCT-

I. T 40 -115

USED 1027 I.ZINCOCTOATE

342 g .TETRA ISOPROPYL TITAINATE

0.3 g Al Cl3

TIME VARIAC I VARIAC II PRESRE TPIEATURS VOLUME WEIGHT RARKS
min. -. C .1. g

- 70 70 1 30
10 70 70 1 60
20 70 70 1 90 - CLEAR ,LOW

FLUID APPEARS
30 70 70 1 95 50
50 70 70 1 400 SCUTI

70 70 70 1 50
80 70 70 1 170 VAPOURS APPEAR
90 70 70 1 206 ___VISCOUS MATERIAL

CU T II
110 70 70 1 290 - PHODUCTCOMING
130 70 70 1 3 1 0 50 CLEAR GOLDM'IL-

(590°F) LOW DISTnLATZ AT
CONSTANT TUNPERAT.

210 70 70 1 310 SOO mL •ID... $75 a

USED FOR TETRA BUTIL TIN MODIFICATION

IN T 40-120

II. T 40 - 125

USED 900 g.ZINC OCTOATZ

300 g. TETRA ISOPRDPIL TITANATS

0.3g. Al 013

- 50 50 1.5 30-
20 50 50 1.5 90 LOW OUT APPEARS
60 50 50 1.5 120 J2O

ND OF LOW OUT
8o 70 70 1.5 180 - VAPRS•APPIAN

100 7 72 1. 0 2061 212 ° A LL OUT
(402 F/4130 F)

130 70 70 1.5 26 PIDOMOT APPEAM
200 70 70 1.5 3u.a/ 320 =5 momC nAo CCII ova

x1 78......7
22.



(Continued from. page 11.)

SECTION I - C. USING BUTYLENE OXIDE 12 AS CATALIST. ( TABLE 167)

Butylene Oxide 12 has been used , in a new approach, instead of the metal chloride

catalyst. The reaction product seemed first to retain a small amount of low cut material;

but after it.s removal ths flame. point was at 3200 C. (6080F.)o

The material will. be. atudied. further.

SECTION I - D. STUDIES ON THE PREPARATIOMS .F THIS SWTION 1. (.TABLES 168-172)

Different studies have been made in connection with the materials of this Section.

1. The low out matter of the dintiIlat I a between tetra isepropyl titanate and basic

zinc octoate has been studied, reviewing especially whether or not this low cut might

consist of unreacted tetra, alk3l titanate. The method of study is, described in

TABLE 168. The result clearly indicates that this low cut does not consist of unreacted

titanate.

2. TABLE 169 shows, in the upper part, an oxidation test of the reaction product

between the alkyl titanate and the zinc octoate which had been prepared• in the presence

of water, as outlined in the preceding report ( SECTION D). In the lower part. oi this

table is given a comparative table of refractive indicee for the various preparations of

the reaction product. The product made with different catalyete differ at least in the

last two numbers of the index.

3. TABLE 170 gives rubber swelling tests for the product made with AlCI 3 as catalyst,

and for the 1:1 mixture of this product with non inhibitod, and with, inhibited silicone

fluid. The mixture, with the inhibited fluid shows the least degree of rubber

swelling (0.74%).

4. TABLES 171 and 172 tabulate the ratio between the density of the titanium and

zinc bands in emission spectra of the product in various forms of preparation and of

modification. Here the specimen made with Al Cl3 as catalyst shows the strongest

( titanium line as compared. to zinc. These differences in the intensity of the spectra

(Continued on page 28
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SECTION I - C.

TABLE 167.

USING B U T Y L E N E 0 X I D E 1 2 AS CATALYST

WITH TETRA ISOPROPYL TITANATE AND ZINC OCTOATE

I T 42- 135

USING 125 g.TETRA ISOPROPYL TITANATE

375 g. ZINC OCTOATE

2 g. BUTYLENE OXIDE 12 HEAT DEVELOPED ON MIXING

TIME TEMPERATURE PRESSURE VARIAC VOLUME REIMA
min. C. mm. el,

- 25 2 50 -
60 40 2 50 10 CLEAR COLORLESS C U T I
90 100 2ý 55 10 SLIGHTLY YELLOW CLEAR

120 125 2 55 50
140 135 2 55 90
160 100 2 55 120
200 120 2 60 _.j C U T II
220 200 2 70 15 DARKER AND MORE VISCOUS
260 265 2 70 - C U T III

300 310 2 70 75 FIRST YIELD AT 310 C-o (590°F)
AGAIN 100 .l.SECOND YIELD AT 310- C .

THE TWO PARTS DIFFER IN COLOR AND gISCOSITY.
FLASH POINT BEAN AT 15 C... BUT o
FINAL FLAME POINT WAS NOT BEFORE 270 C . (518°F)

II. T 42- 138 REPEAT TEST USING 175 g.TETRA ISOPROPTL TITANATE
525 g .ZINC OCTOATE

2 g .BUTYLDNE OXIDE 12 HEAT ON MIXING

- 25 2 45 -
40 40 2 50 10 CLEAR AND COLORLESS
60 40 2 50 25 CUTI
95 95 2 50 25 LIGHT YELLOW

110 105 2 50 100
105 4 55 a6O
115 4 55 200 C U T II
3 0 5 3 65 DARK AND VISCOUS TERIAL

W0MING OVER

(g9aOp*. j2 0 ) 3 70 3 0 0 l.PROIXJCT
Y F 0

THIS PRODUCT SHOWS SOME FLASHING AT 130/ 135 C, BUT AFTER A RETAINED
o

LOW CUT HAS BEEN DRIVEN OFF BY HEATING TO 330 C, (626OF)

THE FLASH POINT IS AT 2 8 0 C. 5(36F) AND
0

THEFLAMEPOINT ... AT 3 20 C.(60 8 F.)

REFRACTIVE INDEX OF PRODUCT (TEST I) (25.5 C)..1.4549



SECTION I - D.
TAjLE 168.

STUDI OF TIN LOW CUT OF TIE TPT/ZIMCOCTOATE DISTILLATION

T 38 - 108/109

WHO TO "4.7 g.TETRA ISOPNOPIL TITANATE WATER IS ADDED CAUTIOUSLI BY BURETTE WHILE

SHAKING AID ALLOWING THE UDROUS TiO2 TO SETTLBTHE DDPOINT OF THE TITRATION IS

ADJUSTED TO OCCUR WHE THE DROP OF WATER NO LONGER IOMs AN7 UWITE PRECIPITATION

WITH THE CLEAR SUPERATANT LIQUID.

THIS OCCURS WIT 10.7 g.WATER .

WHEN Till LOW CUT OF THE TPT/ZINCOCTOATE DISTILLATION IS COLLECTED BETWEEN no 0OC.AND

134°C.AT 2 &. PRESSURE,IT IS A ILLOWISI FLUID WHICH UOKES ( 7DNOLIZES) SLIGITLI

WED EXPOSED TO THE AIR.

UID,TO 29.60 g.OF THIS FRACTIONWATER, IS ADDED GRAWALL! UNTIL No MORE

WHITE PRECIPITATE APPEARS UNDER THE PIOCIDURB DESCRIBED AiOVE, 4.50 ii1. WATER ARE

ADDED BEFORE THIS, POINT. IS: RZACBW.

ASSUMING THAT FOUR NOLS OF WATER AlRE ECISSARX TO 11DROLIZE A TI(O) 4 pTHE EQUIVALENTS

OF TITANATE CAN BE SEEN TO ETHE EQUIVALENT OF WATER ( APPR U.WITV TuE DUSIT! 1).

TITANATI USED ... 29A,0 IF THIS IRACTION WOULD BE A Ti(OR)4 IT WOULD

MEAN THAT THESE 260 4.50
T(OR4)4 ( k4.50 -1.WATER COMPLETES TEM 1DROLISIS)

4 1

APPAROT MW, OF Ti (OR) 4 = (29Oj&') (This is qualitative

(4.5) ý1) rather than quantitative)

TE RESLTING M.W. WOULD RIE THEREFOR BE 474 AID THIS IS CLEAL! NO

TETRA ISOPROPIL TITARAT3. IT MEMR MUST BE A REACTIONI PROIRCT ALAKAM.

AFT TH TITRATIO WAS CMPLETDM 1E SUPINATANT LI9ID WAS CANTD (AFT

CENTRIiING) AND WANED WITH WATER IN A SEFARATORI IJUL TO MOM ISOPM7L-

ALCOOL WHION NGHT RE PRESIT) RI=Vl INDEX 26% IS UN 1.4M9o 5
25.



TABLE 169.

OXIDATION TESTS

I. T 38 - 84

MIXTURE OF 3OgNHIBITED DOW FLUID 510

30 I .TPT/ZINCOCTOATE PRODUCT MADE IN PRESENCE OF WATER AND

MODIFIED WITH BZZILALCOKOL

INITIAL WEIGHT .... 243.5 g.

FINAL WEIGHT ...... 226.5 g9

THE THRE METAL STRIPS :

ALUMINUM INITIAL WEIGMT ... 0.4552 g. AFTERWARDS 0.4554 9. PLUS 0.00O8

COPPER ... 0.4603 g. 0.4602 g. - 0.0003

STEEL . ". ..... 1.2320 g. 1.2324k PLUS O.0004

T 42- 137
0

REFRACT(VE INDEX TESTS AT 25. 5C

THE VARIOUS PREPARATIONS OF THE REACTION PRODUCT BETWEE TETRA ISOPROPIL

TITANATE AND ZINC OCTOATE

PRODUCT MADE WITH T i C 14 CATALYST ,,...,,, 1.4570

PRODUCT MADE WITH Al C13 CATALYST .......... 1.4542

PRODUCT MADE IN PRESENCE OF WATER .......... 1.4555

TETRA BUTYL TIN MODIFICATION OF PRODUCT
MADE WITH Al C13 CATALYST ...... 1.4576

PRODUCT MADE WITH BUTYLENE OXIDE 12
CUT I ............ 1.4549

CUT II .............. 1.4549

26.



TABLE 170.

RU BB ER S WIL L I NG TESTS

I. T 43 - 38 TEST ON THE TETRA ISOPROPIL TITANATE / ZINC OCTOATE

REACTION PRODJCT WITH Al 0l3 AS CATALIST

SIZE OF RUBBER ..... 2 1/2 " X 1 '

WEIGHT OF RUBBER ...... 3.9822 C.

TlPE OF RUBBER .... JIMA SANPLE # 1313 STD L 10/60 - 20/310

APPARENT WEIGHT UNDER WATER ..... 0.6026 g.

AFTER TEST ...... ,... 0.6281 g. ( AFTER 7 7 HUS AT 112%Co
2330,.)

PRODUCT USED ..... 80g.

RUBBER SWLLING % Av ... 0.621 -. 60.602 X 10 ..... 10.6026

II. T 43 - 38 TEST ON A 1:1 MIXTURE OF THE SAME PROIDJCT AND ZOT INHIBITED

(ORIGINAL) SILICONM FLUID DOW 510

SIZE OF RUBBER ....... 2 1/2 " x 1

WEIGHT OF RUBBER .... 4.0303 g.

APPARET WEIGHT UNDER WATER ..... 0.6141 g.

AFTER TEST ......... 0.6433 g. AFTr 7 7 M AT 112 °C
223 ?

RUBBER SWILLING % AV ... 0.022 x 100 ...... 4.25o.614

III.T T 43 - 40 TEST ON 1:1 MIXTURE OF THE SAME PRODUCT AND INHIBITED

SILICONE FLUID DOW 510

SIZE OF RUBBER ...... 2 1/2"X 1 *

WEIGHT OF RUBBER .... 3.9917 g.

APPAREUT WEIGHT IN WATER ..... 0.6341 g op TER 70 1/2 HRS.AT U15Co

AFTER TEST ..... 0.6388g. 239",.

RUBBERSWELLING % V .... ,00 100..... .'%

27.



(Continued from Page 23.)

go parallel to the fact that the atomic weight of titanium is 47.9 as compared with

the atomic weight of zinc which is 65.38. The difference is even greater in the atomic

weights of boron, as introduced in the modification (lO.82),and tin introduced in a

modification (118.7). The band intensity, however, is not necessarily controlled by

the atomic weight. This has to be studied further.

28.
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TABLE 171.

STUDIES USI• THE IISSIO| SPECTRO UALISIS O| THE I•.£CTIO| PRODU•,TS.

I.ImFLUBCE OF THE CATALIST OB THE REACTIOB BETHEEa TETRA ISOPROPIL TITJRATB

aUD BASIC ZIIC OCTOATE:
o

IR TWO T•T SPECIHJSOF THE RE£CTIOm PRODUCTS OBTAImED AROUID 300 C oIB THE
(5?2°F)

VACUUM DISTILLATIO|.

OBCE ALUMIBUM CHLORIDE WAS USED AS •E CATILIST

Im T• SECOJD CASI AB OB•AJIC CATALIST WAS USED, THE

1.2. BUTILg| OXIDE

CX•- CX2- C- E- Ci20 ( TU- 135)
! ........... !

T• REPORT OF THE SPECTRO CHH LABOBATOBI IJ FEQKLI• LAKES, m.j.

STATES THAT THE Sd•PLK PREPARED WITH JU,•'MIBUI CHLORIDE HAS

A EIGERR " 3A2•I0 OF TIT•RI• TO ZIJC • TEE IATERIAL

P]t][PARZD WITH THE ORGANIC CATALImT.

Im BOTH CASES •E ZIBC LIJES ABE COMSIDERABLI STROmKR TH•

TITJIUM LI/ES. (IT IS TO BE COBSID• •NAT TITABI• HAS • ATUHIC

WEIGHT OF •7.9 •D • OF 65.•8).

BESIDES TME PRO•CT J•DE WI•[ AL•t• CHLORIDE HIS £ VERI FAIBT

ILUMI•UN LIB|.

II. CONPIRED THE LOW CUT OF T•E DISTIILATIO• OF TETRA I•OP•OPIL TITA•ATE A•D

BASIC ZInC OCTOATE (gITH LL•J•CMLORIDE CaTALIST) WITH THE FI•LL PRODUCT,

o .)
•X)°C ,( 2 n),THB ET.GH COT BA• A llll•. 82B011•JiR ZII•. LDIK .TH•II. TI•. LIJIL.

(•°F)
THE LOW CUT HAS I BWfl•R OF 8TJIO• TIT•I• LI|ES ,I•DICATIJ• i JiI•ii

(" TIT•I• •C•TRATION, AID Et8 £ LOW •IIC•IITRATI011 DI ZIIIC

( IT •OULD BOW BE STUDIBD IF THIS ZInC 18' P]UIS•IIT.IJI FORII OF I RKACTI•

PR01•CT WITH Ti• TITJUATB• OR • •T DH•VBD FN011 £ LOW OUT KtTllP/AL Ill

29. THE ZI]I• 00TOATH.THIS WILL • PUM01iD DI 'Z• |]II'T PI•OD).



TABLE 172

MORE MISSION SPECTRAL ANALYSIS STUDIES REFERRING To THE NEW MODIFICATONS

OF THE TPT/ZINCOCTOATE REACTIONPROWOCT

III. IN TEST T 42-130 THE TETRA ISOPROPIL TITANATS/ ZINCOCTOATE REACTION

PRODUCT IAD BEEN FURTHER REACTED WITH TETRA BJUUL TIN tA Si R. MATERIAL.

IN TEST T 40 -12k TIE TITIA ISOPROPYL TITANATE /fJJC OCITOATE REACTION

PRODUCT HAD BEEN FURTHER REACTED WITH TRI-n- BUTIL BORATE, A B ( OR) 3

MATERIAL.

TIE TIN ORGANIC MODIFICATION SHOWS IN THE OLU. 8PEINI3 A. NSMU

OF STRONG TIN LIMES

THE BORON 40 R)3 JIDDIFICATION SKRUB OILY WEAK BORON LINES.

TO EXLAIN THIS IT %I91, BE CONSIDERE THAT TRE

ATOMIC WEIGHT OF TIN IS ....... 1 1 8.7 AND THE

ATOMIC WEIGHT OF BORON IS .... 1 0 .8 2.

TH4IS MIGHT INFLUEN4CE THE ACTUAL DIFFERENCE IN THE AMOUNT OF TIN OR BORON

WHICH ENTERS THE COMPOUND. BUT THE ATOMIC WEIGHT ITSELF DOE9 NOT CONTROL

THE DIFFERENCE IN THE DENSITY OF THE LINES BETWEEN TWO DIFFERENT E~lUDTS.

THIS IS FURTHER TO BE STUDIOD.
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PART II. MODIFICATIONS OF THE PRODUCTS OF PART I WITH. VARIOUS METAL ORGANIC FUIDS.

INTRODUCTION

In earlier reports it has been pointed out that the reaction product of PART I still has

at least one reactive position and that it is desirable for the requirements of the

various teets,which are provided in the specifications for hydraulic fluids for airplane;

to substitute these still-reactive groups with stable groups. The modification of the

product of PART I with benzyl alcohol was given as part of the tables in PART I. Here

other modifications, or other introductions of new groups,are being discussed.

SECTION A. REACTING THE PRODUCTS OF PART I WITH. A TETRA ALKYL SILANE, ( TABLES 173-174)

At the end of the preceding project and in the first and second reports of the

present project modifications with a certain tetra alkyl silane have been discussed

This can be classified as a Di-Di-type alkyl ailane, as. far as it contains two

n dodecyl and two n octyl groups. This modification had been successful, but its

production was difficult because it is difficult to introduce by Grignard reactions these

two-times-two groups into the silanes. It would be easier to produce silanes which

contain three groups of one kind and one of another kind. One of this type modification

with a tri n decyl - octadecyl silane was carried out as shown in TABLE 173. Also, a

modification with a diphenyl di dodecyl silane was carried out in TABLE 174.

The reactions were successful, but further studies indicated that these silanes

also are only available to a very limited extent and that evidently their formulation

would not be easy either.

SECTION B. REACTING THE PRODUCT OF PART I WITH TIN ORGANICS. TABLES 175-185).

It was therefore more desirable to use as modification agents metal organics which

would be commercially available. In reviewing the metal organics which exist with metal

carbon bonds and which at the same time are stable. to a desirable degree, the tin

organics have been selected for further studies as modifying agents for the product of

PART I. First. a-ttupt were made to utilize the tin organics with tin-carbon bonds

which would also contain one or two more easily replaceablehalogen. groups. That is

(Continued on page 34.)
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TABLE 173.

REACTING THE TPT/ ZINC OCTOATE DISTILLATION PRODUCT WITH

TRI a DICI L-0 C TA DECIL SI LAN 1 (DOW)

T 40 -89

I. USING 50 g.TPT/ZIICOCTOATE PRODUCT T 40-84

AID 50 g. TRI a DECIL OCTADECIL SILANE

TIME VARIAC TEMPERATURE PRESSURE VOLUME ,MARKS
min. C. a. ul

- 70 28 2.5 -

70 70 195 2.5 - VAPOURS APPEAR
80 70 210 2.5 O..OANGE LIQUID

110 70 290 2.5 - CLEAR LIGHT-ORANZG LIQUID APPEARS
120 70 3 0 5(5810 F) 2.5 5 CLEAR ORANGE FLUID DISTILLS AT

CONSTANT TEMPERATURE
160 70 305 2.5 85
165 70 309 (588°F) 2.5 88 al . CUT ENDS SOLID IN•FLASK

II. 0 X I D A T I 0 N TEST OF I. T 40 -91

TEST AT 200 0C.WITU 5 LITER AIR PER HOUR
(392 0F.)

AFTER THREE x 24 HOURS 1 0 V I S U A L SEDIMENT.

TRACE OF MICROSCOPIC SEDIIDT

VISCOSITY VERY GOOD. VE!Y LITTLE EFFECT ON METALS (COPPER AID

STEEL RIMAI-NED FAIRL! BRIGHT)

WEIGHT LOSS OF FLUID BEFORE TEST .... 50 9.

AFTER TEST ..... 45.5 LOSS 4.5 .... 9 %

III. REPEAT PREPARATION TO I. USING 75 g.PRODUCT MADE WITH Al C13

T 40 -92 AID 75 g. C18 Si (CIO)

- 70 28 2.5
40 70 180 2.5 VAPOURS APPEAR
70 70 215 2.5 10 CLEAR ORANGE LIQUID
80 70 230 2.5
90 70 280 2.5 -

no10 70 308 2.5 5 CLEAR LIGHT IELLOW LIQUID APPEARS
130 70 3 1 0 2.5 30
150 70 310 2.5 80
170 70 310 2.5 95
18o 70 315(599°F) 2.5 9.9 CUT EDO
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TABLE 174.

MORE STUDIES 01 REACTION PRODICT BETWEEN THE TPT/ZIACQATOATE PRODUCT

AID S ILAI IS

I. MORE ON THE PRODUCT MADE WITH T R I i D I C I L -0 OC T A D C I L S I L AN E

POUR POI T DAT :
0

THE PROIDCT T 40- 92 (TABLE 173) ALONE ..... POURPOINT 0 F.

3 PARTS OF THIS PRODUCT WITH 1 PART INHIBITED
0

DOW FLUID 510 ....... POUR POINT - 10 F.

1 PART OF THE PRODUCT WITH 1 PART INHIBITED
0

DOW FLUID 510 ....... POUR POINT - 40 F.

1 PART OF 7HE PRODUCT WITH 2 PARTS INHIBITED

DOW FLUID 510 ...... POUR POINT - 70°P-

II REACTING THE TPT/ZIVC OCTOATE PRODUCT WITH

DIPBUIL MI DODECIL SILANE (DOW)

USED 70 oPROXICT WITH Al 013 CATALIST

70 g .DIRDIL rUI" MDECIL SIL5NZ

TIE TEMPERATURE PIRESSURE VARIAC VOLUME RlKARKS
min~ Cw .o a.1

- 27 2.5 75 -

50 150 2.5 75 - SOM LOW CUT APPEARS

80 310 2.5 75 ..L D OF CUT I

100 3 1 2 2.5 75 - DISTILLATION PRODUCT APPEARS

160 312(5930 F) 2.5 75 130 DROPUISE DISTILLATION OF A

CLEAR ORANGE MATERIAL AT

CONSTANT TUPERATURE

III. 0 X I D A T I 0 A TEST OF TER PRODUCT OF II.

( MATRAL USED ...... 30 g TEST AT 20 0 WITH 5 LITU AIR PER HOUR

MATERIAL•ATER ST 29.6 g LOSS 0 .4 g. or 1 . N O 1 0 SEDIMENTATIOI

LITTLE VISCOSITI CHANGE LITTLE EFFET 5 IMETALS
33.



(Continued from page 31.)

why in TABLE 175 dibutyl tin dichloride is reacted with the product of PART I. In

TABLE 176 the same material is used with a tetra alkyl titanate, and it was expected to

further complex this reaction product with zinc octoate but the results were not

satisfactory. Therefore new studies were made, starting with TABLE 177, in modifying the

product of PART I with tetra butyl tin which is commercially available from the Anderson

Chemical Divis.on of Stauffer Chemical Company, in Weston, Michigan.

As the work on this modification continued, as shown in subsequent tables, a

material was obtained which was uniform in its characteristics, and it passed the

various tests successfully. Mixtures with inhibited silicone fluid 510 (Dow Corning)

showed also good viscosity and good .four-ball wear-test reaults and a good pour point.

This work is tabulated in TABLES 178-185.

SECTION C. REACTING THE PRODUCT OF PART I WITH ORGANIC TRI BORATES. ( TABLES 186-190).

The product of PART I was similarly reacted with tri-n-butyl borate and with

tri isopropyl borate. The latter one was then pursued further, because the resulting

modifications of the product of PART I had higher flash and flame points than with

tri n butyl borate.

TABLES 187-190 give the various preparations and studies on the tri isopropyl

modifications of the product of PART I. This material appears promising also and is

under further evaluation.

SECTION D. INTRODUCING OTHER GROUPS IN THE COMPLEX MATTER OF PART I.. ( TABLES 191-194).

TABLE 191 shows a reaction of tri ethyl hexyl-tri melitate with tetra isopropyl

titanate. This melitate is a commercially available material which is supposed to have

good heat resistance and. good stability under the required conditions of this developaentp

but no desirable product has..been obtained here.

TABLE 192 shows. a replacement of the isopropyl groups of a. tetra isopropyl titanate

by bensyl groups followed b7 a complexing of the resulting tetra benzyl titanate with

zinc octoate. A reaction product was obtained at a constant distillation range of 2900C

(554°F) at 2-4 m. pressure; but the yield was not high enough to warrant a greater

(Continued on page 54.)
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SECTION II-B.

TABLE 175.

PRODUCT MODIFICATION WITH DIBUTIL TIN D I C I L 0 R I D g

I. PREPARATION OF THE PRODUCT a T 40-84

USED 300 goZINCOCTOATE AND 100 gTETRA ISOPROPIL TITANATE WITH 0.2 g& Al Cl3

TIME PRESSURE VARIAC TEMPERATURE VOLUME REMARKS
min - C . al.

- 3.5 50 27 -

40 3.5 50 92 - CLEAR XELLOW FLUID APPEARS
50 3o5 50 95 20
70 3M5 50 110 90
80 3.5 50 140 110 NO IJORE FLUID APPEARS CUTI
90 3,5 60 85 -

110 3.5 70 180 ORANGE LIQUID APPEARS
130 3.5 70 206 15 ORANGE LIQUID STOPS COMING

CUT II
150 3.5 70 280 - PRODUCT APPEARS
180 3.5 70 3 1 0 70
220 3.5 70 320 180
240 3°5 70 325 (617°F) 210 30 MORE PRODUCT COMES OVER

WHITE MATTER IN FLASK.

II. REACTING THE PRODUCT OF I WITH DIBUT7L TIN DICHLORIDE : T 40-85

USED: 150 -g PRODUCT OF I
50 g, DIBUTIL TIN DICHLORIDE

THE MATERIALS WERE MIXED AND HEATED TOGETHER UNTIL THE DIBUTIL TIN DICHLORIDE

HAD MELTED. THEN THE DISTILLATION WAS SET UP

- 2.8 60 38 -

30 2.8 60 170 - CLEAR YELLOW FLUID APPEARS
40 2,8 60 170 20 NO MORE FLUID APPEARS CUT I
60 2.8 60 180 -
80 2.8 60 250 -

120 2.8 60 300 - THERE SEEMS TO BE AN EXTENSIVE
150 2.8 60 330 5 DECOMPOSITION IN FLASK
170 2.8 60 3 5 0 (6620F) -

INSPITE OF THIS MALL AMOUNT
OF PRODUCT HAVING STARTED TO
COME OVER, THE FLASK CONTENT
DECOMPOSED.

THE FLUID CUT I SOLIDIFIED ON STANDING OVER NIGHT.

(
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TABLE 176.

ATTEMPTS TO REACT DIBUTYL TIN DICHLORIDE WITH TETRA ISOPROPYL TITANATE

I. T 40-86 USING 142.5 g TETRA ISOPROPYL TITANATE ( 1/2 mole)

150 goDIBUTYL TIN DICHLORIDE

IN 50 g oISOPROPANOL NO HEAT EVOLVED ON MIXING

TIME VARIAC PRESSURE TEMPERATURE VOLUME REMARKS
im.Z., n, al.

- 40 2.5 35 ISOPROPANOL APPEARS
20 40 2.5 48 al.ji° CUT I
40 60 2.5 95 - CLEAR COLORLESS FLUID APPEARS
60 60 2ý5 110 50
80 60 2.5 115 100 FLUID TURNS YELLOW

110 60 2.5 120 150 NO MORE FLUID COMING CUT II
145 60 2.5 170 - A CLEAR ORANGE FLUID APPEARS
170 60 2.5 175 60
210 60 2.5 185 120
230 60 2.5 180 (356°F) 140 FLASK CONTAINS ONLY 10 -20 al.

CUT III:DECOMPOSITION MATERIAL

IT APPEARS AS IF CUT II IS MOSTLY TETRA ISOPROPYL TITANATE AID

CUT III DIBUTYL TIN DICHLORIDE, WHICH TURNS SOLID

ON STANDING.

II. T 40-88 USING AW"HYDROLYSIS OF THE" CHLORIDE

USING 71.2 gýTETRA ISOPROPYL TITANATE ( 1/4 mole)
75 g. HYDROLYZED DIBUTYL TIN DICHLORIDE

THIS WAS PREPARED AS FOLLOWS: FIRST IT WAS DETERMINED THAT THE DIBUTYLTIN

DICHLORIDE IN WATER MAKESTHE WATER ACIDIC ( TESTED WITH pH PAPER), 75 go

DICHLOPILE WAS INTRODUCED INTO BOILING WATER AND BOILED FOR SEVERAL

MINUTES. IT WAS THEN SEPARATED AND DRIED IN A DESICCATOR OVER P2 05 OVER-

NIGHT. AFTERWARDS IT WAS MIXED AS INDICATED ABOVE. NO ALCOHOL WAS ADDED.

- 40 3'.4 28 -
50 40 2.8 98 - CLEAR COLORLESS FLUID APPEARS
80 40 2.8 112 60 al. LIQUID TURNED DARKER YELLOW

100 40 208 80 70 a.1 TEMPERATURE REACHED 120 C,DROPPED
CUT I AGAIN AS DISTILLATION CEASED.

120 50 2.8 90 -
140 50 2.8 168 - YAPOURS APPEAR
143 50 2.8 174 - CLEAR ORANGE LIQUID APPEARS
160 50 2,8 175 20
180 50 2.8 180 0 50
185 50 2.8 182 (359 F) 55 10 MORE FLUID COMING OVER CUT I-

THE TWO CUTS APPEAR TO BE AGAIN THE TWO USED CPOMENTS.
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TABLE 177.

MORE STUDIES BETWEEN TETRA ISOPROPYL TITANATE AND BUTYL TIN MATERIALS:

I. T 40-87

REACTING 71.2 goTETRA ISOPROPYL TITANATE ( 1/4 moles)

WITH 86.6 g °TETRA BUTYL TIN ( 1/4 mole) 10 HEAT EVOLVED ON MIXING

TIME TEMPERATURE VARIAC PRESSURE VOLUME REMARKS
min. C. m. ,l.

27 40 2.7 -

50 100 40 2.9 - CLEAR COLORLESS MATERIAL APPEARS
70 105 50 2.7 40
80 115 50 2.7 75 CUT I ENDING
90 80 50 2.5 -

100 60 50 2.5 -
110 150 50 2.5 -
120 173 50 2.5 - CLEAR COLORLESS FLUID APPEARS
140 175 50 2.5 30
180 188 (37 0 °F) 50 2.5 80 CUT II ENDING

APPEARS AS IF THE TWO CUTS CORRESPOND VITH THE TWO INITIAL COWNENTS.

II.T 40- 90

75 goDIBUTYL TIN DICHLORIDE WERE DISSOLVED IN BOILING WATER AND K 0 H WAS ADDED

UNTIL INDICATOR PAPER TURNS BASIC IN COLOR . THE RESULTING SOLIDS WERE WASHED

WITH WATER UNTIL NEUTRAL IN EFFECT ON pH PAPER.

75 g.OF THIS SOLID WERE MIXED WITH
75 go TETRA ISOPROPYL TITANATE ( SLIGHT HEAT ON MIXING EVOLVED)

- 28 40 2.9 -

30 90 40 2.7 - VAPOURS APPEAR
40 99 50 2.6 3 CLEAR COLORLESS LIQUID
70 104 50 2.5 35
80 110 50 2.5 45
90 10 60 2,5 60

100 115 60 2.5 62 END OF CUT I
120 80 60 2.5 -
140 190 60 2.5 - VAPOUM APPEAR
160 193 60 2.5 30 CLEAR ORANGE LIQUID
180 195 (38?F) 60 2.5 60 ND OF CUT II

SOLIDS IN FLASK
THE TEMPERATURE OF THIS HIGH CUT II IS HIGHER THAN THE TEPERATURE WHEN THE

DIBUT!L TIN DICHLORIDE DISTILLS. IT IS POSSIBLE THAT THE DIBUTYL TIN DICHLORIDE

TURNED WITH KOH AT LEAST PARTIALLI INTO DIBUTIL TIN -(OR)2 AND THAT THIS REACTS

WITH Ti (O)4 . NORE STUDIES ARE EUIRED.
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TABLE 178.

REACTING THE TPT/ZINCOCTOATE REACTION PRODUCT ( MADE WITH

AlCl.3 CATAL.ST) WITH TITRA BUTIL TIN(C 4 19 )•4

USED 180 oTPT/ZINCOCTOATE REACTION PRODUCT ( Al •13 CATALIST) AND

60 goTETRA BUTL TIN T-38- 103

FULL. SOLUBLZ IN rACH OTHER FOMING A CLEAR GOLDIN COLORED SOLUTION.

TIME TUPERATURE PRESSURE VARIAC VOLUME RAEKS
Cin, C. r, al.

- 28 2 40 -

30 30 1 40 -

60 35 1 50 -
90 95 2 50 10
95 95 1 55 25 COLORLESS DISTILLATE, SOME-
97 96 _1 55 30 WHAT SIMILAR ODOR AS PROIDCT

CU TI
109 130 1.5 60 10
115 131 2 60 15 COLORLESS DROPWISE DISTILLA-
120 129 2 60 25 TION
S128(262 0 F) 2 60 30

C U T II
160 80 1 70 -
180 50 1 70 - MATERIAL IN FLASK GETTING".
240 70 1 80 - DAN=
280 120 (248 0 F) 1 80 -
290 230 1 8o -

300 285 1 80 5
310 290 1 80 10
330 290 1 80 30
340 290 1 80 40 P1011CT CLEAR IELLOW,S]aIS TO
350 288 1 80 55- BE SOEWHAT LESS VSCOS
360 270 1 80 55
370 285 1 80 60
375 280 1 80 90
395 290 1 80 120
406 290(5540 F) 11 80 130 a1.

MIXTURE OF ONE PART OF T1IS LAST CUT WITH

ONE PART INHIBITED DOW FLUID 510

( IAS APOUR•POINT OFM INDSs 8 ?F
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TABLE 179.

MROE REACTIONS WITS TETRA ETIL T I I

I. T 40 - 102 USED ... 200 g .TPT/ZINCOCTOATE PRODUCT WITH Al C13 CATALIST(T40-99)

60 g TETRA BUTIL TIN 20 HEAT EVOLVED 01 MIXING

TIME, VARIAC PRESSURE TEIPERATURE VOLUME REMA• K

six. mo. C l.,

- 60 2.9 25 -

20 60 2.5 130 A CLEAR 1ELLOW FLUID, DISTILLS
30 610 2.5 140 10 FLUID IS NOW COLORLESS
50 60 2.5 155 50
70 60 2.5 170 so
90 70 2.5 170 (38$F)90

CUT I
115 80 2.5 3 2 0 - PROIXCT APPARS

140 80 2.5 320 (60S°F) 60
un HE SOam PaODueg CAiE OVER TOO FAST, IT WAS
REDISTILLED AT 3 1 2 0. (5930F)

II. T 42- 130 USED .... 180 g.PROWUCT ( WITH Al C13 CATALIST )

60 g •TETRA n BUTIL TIN

MIXED WELL AND LEFT OVEMRIGHT BEFORE DISTILLING

- 40 2 27 -

30 40 2 30-
60 40 2 30 -

70 50 2 95 5 CLEAR AND COLOBNLBS
75 50 2 100 C1 U T I
80 50 1 130(266°F) 3 CLEAR AND COLONLESS
90 50 1 129 25

110 50 1 131 40
135 50 1 137 o 55
160 60 1 150(302 F) 60 C 0 T II
190 75 1 220 ;) 3 DARMER 1ILLOW

195 75 1 250(120F) 5
205 75 1 310(5900F) --.-- C U T III

PROWCT CAME OVER AT3 10 0C .... 135 ml. IN FLASK OIL! A FILM LEFT

III. T ..2-131 REPEAT TEST WITH THE SE QUANTITIES
- 40 2 24
60 45 2 30
70 50 2 95 3 ".AR AND COLORLESS
90 55 2 110 4 C-UT I
95 55 2 130 "5 CLEAR AND COWORLSS,

(120 55 2 150 5

145 60 2 140 j C U T II
160 70 2 100 DARKSRl LLOW
190 75 2 230 5
210 75 2 310 C _ C T III

.ROMOT aN OVER AT 3 1(90F ....... i35  .
Pe 390(59d F.)



TABLE 180.

MODIFYING THE TPT/ZINC OCTOATE PRODUCT (WITH Al C13 CATALYST)

WITH TETRA BUTYL T I N

T-40- 77

MATERIAL USED: 200 g °DISTILLATION PRODUCT FROM TETRA ISOPROPYL TITANATE l/ 2 mole

BASIC ZINCOCTOATE 1/3 mole

WITH 0.5 g.Al Cl3 CATALYST

60 g. TETRA BUTYL TIN I1
T -40-77

60 g.BENZENE

TIME VARIAC PRESSURE TEMPERATURE VOLUME REMARKS
min. M. C a il.

- 4o 3.5 27 -
10 70 3.5 37 CLEAR COLORLESS FLUID DISTILLS
_40.._ 70 3.5 39 (102'F) 0al. C U T I
70 70 3.5 170
90 70 3.5 170 CLEAR COLORLESS DISTILLATE

120 90 3.5 170(3380 F) TPERATURE BENINS TO DROP
140 90 3.5 45 100.0 . CU T II

( HERE SORE YELLOW COLORAPPEARI
160 90 3.5 3 1 0 (5900F) RAPID TMPERATURE RISE
180 90 3.5 330 30
230 90 3.5 3 4 0(644°F) 120 MOST OF THE PJT CAME OVER

AT 340 C. (644°F)
TOTAL YIELD ..... l .

OXIDATION TEST OF TMIS MATERIAL

SET UP AT 20 0°C. WITH 5 LITER AIR PER HOUR
(392-F) T 40-82

AFTER 24 bra .WMZED UITISM , BUT CLEAR

AFTER 48 hrs. 20 CHANGE

AFTER 72 hr8. .0 CHANGE: WITE, FAIL! CLEAR 30 VISIBLESEDINIT

N0 SEDIIDT UNDER MICROSCOPE VISCOSITZ FAIR METALS AFFECTED

TO BE REPEATED
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TABLE 181.

MORE MODIFICATIONS OF TME TPT/ZINCOCTOATE PRODUCT _( WITH Al C13 CATALST)

WITH TETRA n BU T YL T I M

I. T 42-133
USED .... 1 8 0 g. PRODUCT WITH

60 g. TETRA n BUTM TIN MIXED WELL

TIME TEMPERATURE VARIAC PRESSURE VOLUME REMARKS
min. C. al. 1.
- 25 40 2 -

60 95 45 2 5 CLEAR•AD COLORLESS
70 115 (239°F) 45 2 10 CUT I
80 135 50 2 20 CLEAR AND COLORLESS

110 140 (284.F) 50 1 35
145 90 50 1 55
180 160 (200F) 65 1 E CUT II
200 230 (4460F) 70 1 5 DARKER YELLOW CUT III
220 3 1 0 (590"T)

PRODUCT CAME OVER AT 3 10 C..... 135 .1.
(5900F)

II. T 42- 139

USED 450 & PRODUCT WITH

150 g 9 TETRA n BUTYL TIN

- 25 50 2
30 28 55 2
65 98 55 2 5 CLEAR AND COLORLESS
75 120 (248°F) 55 2 10 CUT I
80 130 55 2 15 CLEAR AND COLORLESS

120 135 55 2 85
145 160 (3200F) 60 2 125 CUT II
150 220 60 2 10 DARKER YELLOW
225 305 (5810F) 70 1 7j DARK VISCOUS MATERIAL

CUT III
305 3 2 0 (6080F) 70 1 PRODUCT ABOUT 250 al.

0
FLASH POINT .... 275 C. (525 0)

III. T /42- 141 USED 180 g. PRODUCT WITH

60 g OTETRA n BUTIL TI KIXED WLL

- 25 45 2
30 30 50 2
60 95 (2030F) 50 2 jQ0CLER AND COLORLESS CUT 1
90 125 55 2 40 LEAr AND OOLORLSS

(120 130 (2660?) 55 2 50. OUT II
160 90 o 65 2 10 DARMKER LOw
200 200 (392 1) 70 2 15 CUT III
220 3 0 5 (581F) 70 2 0

PRODUCT CAME OVER AT 3 0 5 c... ABOUT 13531.



TABLE 182.

NW PREPARATIom OF TiE MODIFICATION OF TE PT/ZInCOCTOAT

PRODUCT ( T 40 -115) HAVING AlC13 CATALYST WITH TETRA BUTIL TIN

T 40 - 120/121

USED .... 180 g.PRODUCT T 40-115 AND

60 g°TETRA BUTYL TIN

TINE TMPERATURE PRESSURE VARIAC VOLUME WEIGHT REARS
wi, . C mm. a1. 1.

28 (2ukF 1 40-
10 30 1 40 FLASK SHAKEN VIGOROUSLY

FLASK CONTET CLEAR
25 30 2 40
60 30 1 50-
80 30 1 50-
90 30 1 19-

120 30 1 to 5 -

130 30 1 to 6Q - BBLI, IN FLASK
135 65 (149°F) 1 60 - RF•LING
138 140(284F) 1 60 30 O 0LE O .RLrSS FLUID
140 145 (2%30) 1 60 AD
145 137 (2780F) 1 60 50
148 130 (2660F) 1 65 50
152 120 1 65 52 STILL CLEAR AND COLOLESS
15 108 1 to70 52 ONLI DROPSCOUM
160 102 (215°F) 1 70 j FLAK FLUID QUITE CLEAR,LIGHT

47 g. CU TI 3L=LOW
165 90 1 70
170 145 (2930F) 1 70 drops
176 152 1 70 10 CLE•A, UIs•I OOLO"LESS
180 150 1 72 12 "MIR Y!LoW
185 140 1 72 12 vE ' SLIOI"LY IELLOW FLUID
195 128 1 72 15 ad a fe drops

2095 1 72 -- 1 4 -g C -U T II
218 105 1 72
225 90 1 72 - POT GETTING DARKER
227 85 1 72 -

230 105 1 72 A FW DiOPS
235 85 1 72 A FU DROPS
238 75 1 72 -

21.0 65 1 s0 -

258 57 1 s0 -

265 75 1 s0 -

278 103 1 s0 -

285 130 1 82 A FU MOPSAAIN
290 150 1 80 A IWDX0P$
320 135 1 85 SM EUALL GUT
34.0 240 1 85(dj 280 1 85 JOEPRO WOT9 BUT DISCARDID
350 20185 15
355 290 1 85 2$

30 290 1 85 50
370 300 0 1 85

p.42. 405 290 (554 F) 1 85 1 35 al.



TABLE 183.

MORE MODIFICATIONS OF THE TETRA ISOPROPYL TITANATE / ZINCOCTOATE ( Al C13 )

REACTION PRODUCT WITH T E T RA n B U T Y L T I I

I. T 42- 142 USED 210 g. PRODUCT WITH 70 g.TETRA n BUTYL TIN WELL MIXED

TIME TEPERATURE VARIAC PRESSURE VOLUME RUARKS
min . C. m.
- 25 40 2
60 90 50 2
70 95 50 2 15 CLEAR AND COLORLESS CUT I
90 120 50 2 10 CLEAR AND COLORLESS

130 135 50 2 45
140 130 50 2 55
190 120(2480F) 50 2 70 CUT II
220 240 (4640F) 65 2 5 YELLOW MATERIAL
280 305 70

PRODUCT CAME OVER AT 3 0 5 C....... 145 RL

II. T 42- 144 REPEAT REACTION WITH SAME MOUNTS
- 25 50 2 -
60 95 50 2 5 CLEAR AND COLORLESS
65 100 50 2 10 CUT I
70 120 50 2 20 CLEAR AND COLORLESS
85 125 55 2 J5 CUT II

135 150 55 2 15 CLEAR,SLIGHTLY YELLOW ORANGE
220 220 65 2 18
280 300 65 2 . UT III
300 305 o o

PRODUCT CAME OVER BETWEEN 3 0 5 AND 3 1 5 C - (5990 F)
(581 0F) ABOUT 150 .1

III.T 42- 146 REPEAT PREPARATION WITH 180 goPRODUCT AND

60 g ETRA n BUTYL TIN MIXED WELL

- 25 45 2
60 30 50 2 -
70 95 50 2 5 CLEAR AND COLORLESS CUT I
80 120 50 2 10 CLEAR AND COLORLESS

120 135 50 2 40
150 140 55 2 55 CUT II
160 90 55 2 10 SLIGHTLY ORANGE
230 240 70 2 15
300 3 0 5 70 2 CUT III

0

PRODUCT CAME OVER AT 3 0 5 C..... ABOUT 135 al.
(5812F.)

(
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TABLE 184.

MORE STUDIES ON THE BUTYL TIN MODIFICATION

I. T 43 - 43

USED 450 g. PRODUCT MADE WITH Al C13

150 g. TETRA BUTYL TIN

TIME TEMPERATURE VARIAC PRESSURE VOLUME RUANKS
min. C . m, ml.

- 27 45 2-6 -
15 27 45 2-6 -
35 27 45 2-6 -
60 145 60 2-6 125 LIGHT IELLOW
75 155 60 2-6 -W

CUT I
150 230 60 2-6 15 DAIM ORANGE CUT II

170 100 60 2-6 -
190 3 2 2 70 2-6 4 0 0 ml. LIGHT YELLOW PRODUCT

FLASH POINT ..... 275°C.... 526" F

II. T 43 - 48

MIXED ..... 40 g.OF THE TIN MODIFICATION WITH

40 g oCERIUM OCTOATE INHIBITED SILICONE FLUID 510

ADDED SOLVETS TO REMOVE RETAINED LOW CUT MATERIAL

40 g. BENZEE AND

40 g ACERONE

REMOVED ALL SOLVENTS AND LOW CUTS UNDER VACUUM

III. CHARATERISTICS OF THIS MATERIAL AFTER TREA71UT n"

0
POUR POINT .... MINUS 6 5 F.

FLASH POINT ... 2 7 0 C.( 518 F7
0

( LME POINT .... 2 95 C 563'F4
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TABLE 185.

STUDIES ON THE TPT/ZIBCOCTOATE PRODUCT REACTED WITH TETRABUTIL TI1(T40-120

I. FOUR-BALL WEAR-TEST T 40-122

MIXTURE OF 1 part T 40-120 and

1 part INHIBITED DOW FLUID 510
0

RUN AT 60 C 20 kg. LOAD 30 MINUTES

SCAR ... 2.50
2.20
2.72
7.42

AVERAE ... 2.47 x CALIBRATION FACTOR 0.145 .... 0.394 mm.

II. THE PRODUCT T 40- 120
C 0

FLASH POINT ....... 278 C ... 537 F.

FLAME POINT ....... 310 °C ... 590 OF

III. POUR POINT TESTS

MIXTURE OF 50 parts T 40 -20 AID

50 parts INHIBITED DOW 510
0

POUR POINT ..... MINUS 6 OF o

MIXTURE OF 40 parts T 40-120 AND

60 parts INHIBITED DOW 510
0

POUR POINT .... MINUS 8 7 F o

IV. INFLAMIBILITY TEST T 40- 123

A STANDARD TRIANGLE WAS WIDEUED AND A ORMOIBLE WAS SET SOLIDLI INTO

THIS TRIANGLE. A CRUCIBLE COVER WAS SET WITH THE FLAT SIDE TO THE TOP OVER

THIS CRUCIBLE . THE TEST FLUID WAS FILLED INTO THE FLAT COVER AND HEATED

STO 200°0 THU A HOT BUMN BURNER WAS LOWWEREDAT AI ANGLE OF 60 o TO THE
(3929F)

SRFWACE OF THE FLUID. IT TOOK NONE THAN ONE MINUTE UNTIL AN! FLAME APPEARED.

45.



SECTION lI-C.

TABLE 186.

REACTING THE TPT/ZINCOCTOATE PRODUCT ( WITH Ti Ca. CATALYST)

WITH TRI-n BU TI L BORATE

T 38 - 97

USED.... 180 g. PRODUCT WITH

90 g.TRI n BUTL BORATE B ( 0 C v9) 3

UPON MIXING N 0 HEAT IS EVOLVED BUT THE MIXTURE TURNS VSI!

VISCOUS AND SOME PARTS OF A WHITE PRECIPITATE ARK VISIBLE.

TIME TMPERATURE VACUUM VARIAC I VARIAC II VOLUME WEIGHT R•IKS
min. C. m. 31 ,l

- 28 4 30 10 -
57 110 4 40 10 10
65 100 5 40 10 25 SLIGHTMI ILLOW
75 100 5 40 10 35 LOW CUT
80 98 5 40 10 145
85 97 5 40 10 55

105 110 4 40 10 65
125 115 4 45 12 80
130 116 4 45 12 90 FLASK .ZONTT DABRES
150 115 4 45 12 100 AS DISTILLATIO IPRO-
170 115 5 45 20 110, G SElS
190 115 6 50 20 120
2140 110 5 65 20 130
260 75 5 65 20 132 nil

1 3 5-s. C U T I

300 80 5 70 20 -

HERE THE FLASK CONTENT WAS STUDIED.

IT WAS DAN BROWN IN COLOR AND SLIGHTLI

MORE VISCOUS THAN THE INITIAL " PRODUCT9.
o 0

ITS FLASK POINT WAS ... 270 C.( 518 F)
0

ITS FLANE POINT WAS ... 275 C.( 527°F1
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TABLE 187.

REACTING THE TETRA ISOPROPXL TITANATE/ZINC OCTOATE REACTION

PRODUCT WITH TRI ISOPROPYL BORATE T 43 - 26

I. USED 10 parts ... 163 g PRODUCT MADE WITH Ti 01C4 CATALYST

3 parts ... 49 g. TRI ISOPROPYL BORATE

NO HEAT ON MIXING

TIME T•iPERATURE VARIAC PRESSURE VOLUME TRUMARKS
min. C. mm al.
15 55 (131 0F)40 17 -
45 65 40 17 25 CLEAR DISTILLATE
60 60 40 17 35
75 73 (163°F)40 3 50
90 45 40 4 55 CUT I ..... 47 g.

140 45 50 22 -
150 40 50 4 -
180 35 60 4 - POT CONTENT STILL LIQUID, DARK
240 40 60 4 - BROWN

HEATING TAPE APPLIED
260 155 (311'F) 65 4 -

300 175 (3470F) 80 3 - FUMES. POT STILL GOOD
305 3 1 5 (599PF)90 3 CLEAR,LIGHT YELLOW FLUID COMING
310 315 - 317 90 3 LIGHT YELLOW, VERY VISCOUS FLUID

I.PART OF PRODUCT TAKE ... 114 g.
345 323 - 327 95 3 CLEAR SLIGHTLY YELLOW FLUID

(614oF) (620 0 F) II. PART OF PRODUCT TAKE 54.

TOTAL PRODUCT ...... 16 8 g.

II. COMPARING THE REFRACTIVE INDICES AT N 25
D

TRI ISOPROPYL BORATE ..... 1.3738
LOW CUT OF I ............ 1.3750
HIGH CUT OF I ........... 1.4562
PRODUCT MADE WITH Ti C14.. 1.4562

WITH Al 013 .. 1.4562

BDZYLALCOHOL MODIFICA-
TION OF PRODUCT WITH TiC14 : 1.4566

III. QUALITATIVE TEST OF THE HIGH CUT (PRODUCT) FOR BORON ACCORDING TO LARGE
HAUDDOOL p.958

TEST SOLUTION ... CH3 0H AND H280/4 5,1

TEST SOLUTION ADDED TO PRODUCT AND IGNITED THE VAPOURS. THE GREEN

FLAME INDICATED THE PRESWCZ OF DOWN

TESTS ON THIS PRODUCT CONTINUED
47.



TABLE 187 (CONTINUED)

MORE TESTS ON THE TRI ISOPROPYL BORATE MODIFICATION OF THE

TPT/ ZINC OCTOATE PRODUCT MADE WITH Ti Cl4 IN TEST T 43-26

IV. EXPOSURE TESTS TO AN OPE FLAE•
0 CBTN7RADfo 0o

TEMPERATURE OF FLUID REACHED BEFORE FLANE CTRADDE:17 13 0
A (34D701) 4190F) C256OFig 72P

SECONDS OF CONTACT WITH BUNSENBURNER FLAME AT
60 DWREE ANGLE BEFORE BURNING : 15 13 9 5 0

SECONDS

V. OXIDATION REDUCTION TEST

MIXTURE OF 50 g. PRODUCT T 43-26

50 g. CERIUM OCTOATE INHIBITED SILICONE FLUID 510
0

TEPERATURE OF TEST ...... 200 C . WITH AIR STREAM

TEST DURATION ..... THREE DAYS

WEIGHT OF SET UP BEFORE TEST ...... 209 g

AFTER TEST ....... 169.8 g.

WEIGHTLOSS ....... 29.2 g • or 29 %

(-



TABL 1880

4 RACTING TH1 TETRA ISOPROPIL TITAIATIA/INCOCTOATE REACTION PRODUCT (WITi

Al C13 CATALYST) WITH TRII S 0 P 1O P I L B1O 1A T I

I. T 40-110

USING 150 C.PW)WCT WITH

50 g oTRI ISOPRDPIL MONATE.

THE MATEIIALS WEE MIXED AND HATED AND REFLUMID UNDER REDUCED PRISSURE.

TEN TIE PUMP WAS ALLOWED TO IVACUATI TiE SSTI FOR THE DISTILLATION

TiME P-•SSR TUPERATURB VOLUlME WEIG•T RENAS
-4ia. o. 0VARIAG . g,

- 0.l 75 50
20 0.1 75 50 45 CLEAR COLOLESS MLUID
30 0.1 63 50 60 =E FLASK SOLUTION I ALSO

STILL CLI
40 0.1 30 70 6_. SS.6 gIo CUT I

To 0.1 100 70 -
80 0.1 loo '70 5
90 0.1 200 70 5 C U T II

110 0.1 2 7 5 70 CLIAN VEll VIBCDDS.GOLD=
LIQUID APPEARS

130 0.1 275 - 280 DISTILLS AT CONSTANT TFP.
70 o

0 0
II. FLAS POINT OF THIS PRODUCT .. ,o 290 a.... 554 F.

FLAME POINT OF THIS PRODUCT ..... 3250C ..... 617 F.

III. QJALITITIVE TEST FOR BORON ON THE PRODUCT.OF I. ( HANDBOOI CHI.& PHIS.
p. 9 58)

RIEMT SOLUTION : 5 : 1 VOLUME SOLUTION Of METHANOL AND 112801

MIXED MQUAL MOUNTS Of SAMPL AND OF RE111T.

VAPORID SOLUTION D! MEATING AND IGNITED M VAPOURS

TRI ISOPROPIL BORATe BUNS WITn RIm M

PRODUCT. OF .PT/ZISCOCTOATE
(WIT! Al 013 CATALIST) 9908 WITS LUE FLAS WITHOUT ANl TnRC OF

THE PRWCM!-..AO -110
( ( I AlmoV) BDUMS WITA BLUM FLA WTH GRUM HALO AND

CHANE.S -GRMI FAME. IT CONTAM
sGRON
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MORE PREPARATIONS OF THE TEI ISOPIRfIL BORATE MODIFICATION

I. T 40-124

USED ..... 150 go PRODUCT TPT/ZINCOCTOATE WITH Al C13 CATALYST

50 g TRI ISOPRCW!L BORATE

TIME VARIAC TEMPERATURE VOLUME PRESSURE REMARKS
min. C. al .

- 50 30 - 0.3
20 50 48 60 0.3 CLEAR COLORLESS FLUID
30 50 30 65 0.3

EDDOF CUT I
60 70 90 - 0.3

140 70 280 - 0.3 PRODUCT APPEARS
150/180 70 2 9 0 1 5 0 0.3 PRODUCT DISTILLS CLEAR AND

LIGHT YELLOW AT CONgTANT
TEPilBRATURE OF 290 C.

0o (5514F)
FLASH POINT ...... 295 C.... 563 F.

FLAME POINT .... 320°- 325 0C ..... 6080/6170 F.

II. T 40 -131
USED .... 600 £ PRODUJT TPT/ZIICOCTOATE WITH Al Cl3 CATALYST

200 g, TRf ISOPROPIL BORATE

1iE VARIAC I VARIlAC II TPIRATU93 VOLUME PRESSURE RMAS
&in. a. .al o

- - - 30 - 0.5
20 40 40 4 0.5
40 40 40 48 70 1 CLEAR COLORLESS
60 40 40 55 150 3 MATERIAL
80 40 40 62 200 5
90 50 50 70 20 0.5

120 50 50 40 230 ,. O.5
C U T I .... 206 g.

150 70 70 3 1 0 - 0.5 PRODUCT APP•ARS
170 70 70 315 200 0. 5 CLIAR GOLDI COLOR
190 70 70 310 45 g. 0.5

III T 40 -133
USED ...... 288 g.PODUOCT

96g oTRI ItOPUOPIL AORATU
- - 40 - - 15 40 48 1 CLAR COLOES= FLUID

30 40 60 so 1 APPEURS
50 40 A_ 1 CUTI
70 6o 9W0 - 1

100 60 3 1 0 1 eMWoT APPEABS
160 60 310(590oF) Joo 1 MACTION PRODUCT50.



TABLE 190.

MORE STUDIES ON THE PRODUCT MODIFICATION WITH

TRI ISOPROPIL BORATE ( T h0 - 10

I. MIXTURE OF ONE PART ( 31 g) T-h0 -110 WITH
T 40 - 313

33 g. INHIBITED DOW FLUID 510
0

WAS FURTHER MIXED WITH ACETONE AND BEZENE AND WAS HEATED UP TO 19% Co
(374 F)

UNDER 0.1 - VACUUM.

WEIGHT LOSS ( LOW CUT) DETERMINED : NEW WEIGHT .... 56 g.

OLD WEIGHT .... 64 g .

LON CUT REMOVED ......... 8 g.

LEFT STANDING OVER NIGHT. NO PHASE SEPARATION, BUT A SLIGHT CLOUDINESS

APPEARED.

II. OXIDATION TEST : T 40 - 114

40 g. OF THE MATERIAL PREPARED IN I ( T 40- 113) WERE SUBJECTED TO
0

OXIDATION TEST WITH METALS AT 200 CoWITH 5 LITER AID/HOUR.
t3920 F)

AFTER TEST WEIGHT LOSS .... 10 S or 25%

COLOR ONLY SLIGHTLY DARKER

VISCOSITY EXCELLDT

METALS UNCHANGED, ONLY COPPER SLIGHTLY DISCOLORED.

5
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SECTION II-D.

TABLE 191.

REACTING TETRA ISOPROPIL TITANATE WITH TRI ETHYL HEXL -

TRI- MELITATE (TOTH ) A DERIVATIVE OF THE MELISSIC ACID

( C3o H6, COOR ) (Duflex-TOTM, Rosett Ch.Inco,Newark)

I. T 40- 99 USED: 150 g.TETRU ISOPROPIL TITANATE
150 goTRI 2 ETHYL HEXYL TRI MILITATE

0.1 g •Al Cl3

TIME VARIAC PRESSURE TEMPERATURE VOLUME WEIGHT RAMKS
AIR a- . al. g .

- 50 2.5 30 - ODOR OF ISOPROPILALCOHOL
BUT EVIDUTLI THE VAPOURS
PASS INTO THE TRAP

30 50 2.5 84 VAPOURS APPEAR
38 50 2.5 94 CLEAR COLORLESS MATERIAL

APPEARS AND DISTILLS ASO
TUPERATURE RISES TO 1lOC

80 50 2.5. 110 140.l.
FLASK CONTENT DID NOT
TUNJ YILLOW

16 0 g. OUT I
100 70 2ý5 140 - NOMORE LOW CUT
130 70 2.5 240 A VISCOUS RED ORANGE

MATERIAL APPEARS AD'DI-
STILLS AT CONlSTNT T?-
PERATURE OF 250 C.

140 70 2.5 250 30 FLASK CONTET RED
150 70 2.5 250 70

CUT II
15 70 2.5 250 -
155 70 2,5 250 -
170 70 2.5 250(4820 F) 20

FLASK RESIDUE BROWll VERX VISCOUS

II. T 40- 100 USED 75 g-TETRA ISOtROPYL TITANATE
150 g. TRI 2 ETHYL NlnL TRI MELITATE
0.1 g. Al Cl3

THIS MEANS :USING ONLY 1/2 AMOUNT OF TITANATE)
- 50 2.8 30 -

40 50 2.8 95 CLEAR COLORLESS FLUID APPEARS
60 50 2.8 110 50
70 50 2.8 115 80
85 50 2.8 117 85.l. GRENIISH TINT
90 65 2.8 114 - VOEND OF C U T I

115 65 2.8 80 - BRO1 FLUID IN FLASK
140 65 2.8 180 ET&LOW FLUID DISTLLS AT 0OoN

STANT TEMPERATURE OF 180 C .
160 65 2.8 180(3560 F.) 70 al. CUT II

OIL! DOU1POSITION PRODUCT LEFT IN FLASK
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TABLE 192o

REACTING BASIC ZINC OCTOATE WITH TETRA B Z N Z I L TITANATE

I. PREPARING A TRANSESTERIFICATION PRODUCT BETWEEN TETRA ISOPROPIL TITANATE

AND B E N Z I L ALCOHOL T 38- 71

USING .... 432 g oBENZYLALCOHOL AND 285 g oTETRA ISOPROPIL TITANATE

HEAT DEVELOPED UPON MIXING

TIME TEMPERATURE VARIAC VACUUM VOLUME WEIGHT REMARKS
min. C - mal.

=6 40 ATM -
45 86 45 20
50 88 50 40
60 89 55 70
90 88 55 170
140 89 55 280
150 94 55 290
160 105 55 295
165 115(239 0) 55 300 al.

2 1 6 g. ISOPROPXL ALCOHOL
TAIKI OFF

II. REACTING 130 g. REACTION PRODUCT OF I. (TETRA BEUZYL TITANATE) WITH
190 g, ZINC OCTOATE IN PRESENCE OF T 38-83
18 g , WATER

SINCE THE REACTION PRODUCT OF I IS AT R.T. SOLID IT HAS BEEM MOLTU 0 A HOT
PLATE ( AT LOW HEAT POSITION) BEFORE REACTING IT WITH ZINC OCTOATE.

TIME TEPERATURE VARIAC PRESSURE VOLUME WEIGHT REMARKS
min. C. mm . nl. f.
- 27 40 2-4 -
90 105 40 10

110 112 50 25 colorless liquid
135 115 55 70 odor of Bensylalcohol
160 115 60 105 ml _10 gL C U T I
170 165 70 10 clear colorless
180 170 70 20
190 145 70 20 a. CCU T II
229 230 75 - yellow liquid CUT III
230 268 75 10 yellow liquid
243 280 75 15 - yellow liquid CUT IV

250 290 75 5
257 290 75 10(265 290 75 15
280 290(554°F) 75 25 THE RCTION PRODUCT
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Continued from page 34.)

interest in this meterial at this time.

In TABLE 193 the isopropyl groups in the tetra isopropyl titanate were replaced

by reacting the titanate with 2 chloroethanol, end the resulting material was then

complexed with zinc octoate in the presence of water. The results were not satisfactory

but it is planned to repeat this preparation without the addition of water.

In TABLE 194 the reaction product of. PART I was modified with a solution of penta

bromophenol in benzyl alcohol. A brown reaction product was obtained, distilling

between 2000C. 392 0F.) and 3120 C. ( 5930F) at 2-4 mm. pressure. This reaction product

has not yet been studied with regards to its properties.

54.



TABLE 193.

INTRODUCING A CHLOROETHANOL INTO THE TITANATE SISTM

T-38 -85

I. TRANSESTERIFICATION OF TETRA ISOPROPIL TITANATE WITH 2 CHLOROETHANOL

USED: 160 g . 2-CHLOROETHANOL ( 2 moles)

142 g TETRA ISOPROPIL TITANATE ( 1/2 mole)

ATMOSPHEIIC DISTILLATION -

140 ml, OF ISOPROPANOL WAS TAKEN OFF IN THE COURSE OF 2 HOURS 30 MINUTES

COMING OVER BETWEEN 80°AND 90 OC .

THE DISTILLATION WAS STOPPED AS SOON AS A FAINT BUT DISTINGUISHABLE

ODOR OF 2 CHLOROETHANOL WAS APPARENT.

THE COLOR OF 2 CHLORO ETHYL TITANATE IS DARK BROWN. ITS FORMULA MIGHT

BE SEEN AS Cl

CH2 - CH2

0 CH2- Cl
I I

CH - 0 -T i - 0 - CH2, 2 1

CH -Cl 0
2

CH2-CH
c12
Cl

II. REACTING THIS PRODUCT OF I. WITH ZINCOCTOATE IN PRESENCE OF WATER T 38 - 86

USED 92 g.PRODUCT I
190 g. BASIC ZINCOCTOATE
13.5 g.WATER ( 3/4 mole)

ON ADDITION OF WATER A WHITE PRECIPITATE IS FOFED IN THE BROWN SOLUTION

TIME TEMPERATURE VARIAC PRESSURE VOLUME WEIGHT REMARKS
min. C. - . al. g.
5 38 30 2-4 5

60 42 40 25
120 46 50 50 OT I
152 85 60 20
160 90 60 30
190 180 65 70
A 120 70 85 CUT II

190 70 10
300 190 (374F) 75 30 ml. THU TEMPERATURE DROPPED AID

(TO BE REPEATED RTHOUT WATER) FLASK CONTET SOLIDIFIED.



TABLE 194.

INTRODUCING BROIME INTO T•E TPT/ZINCOCTOATK REACTION PRODUCT:

FIRST INTRODUCING POWDER! P ZN T A B 1 OM 0 P H I AO L INTO BDZILALCOKOL

T 38 -99

USING 20 & PUTA BRONO PINOL AND

100 g J.MZILALCOHOL.

THE BROMOPIMNOL DISSOLVES PARTIALLI IN THE BINZILALCOMOL IND GIVES A

BROWN SOLUTION. AFTER HEATING 791 MIXTURE 0 A HOTPLATE, IT WAS FIL-

TIlM THROUGH GLASSNOOL.

AFTERWARDS THIS , NODIFIER, WAS MIXED WITH THE PRODUCT WUICH WAS TO BE MODIFIED:

USING .... 190 g.PRODJCT" MADI WITH Al C13 CATALIST

95 g. HODIFIER, PREPARED ABOVE.

THE PRODUCT DISSOLVES EASILI IN THE DAKM BRON "NODIFIER AND THE RESULTING

MIXTUR• IS LESS. VISCOUS THAI THE INITIAL PRODUCT.

TIME TPERATURE VARIAC I VARIAC II PRESSURE VOLUME WEIGHT RUAMS
min.* C. 1 go
- 26 35 10 2-4 -

41 75 35 10 5 CLEAR DISTILLAT CC=
63 75 35 10 25 MP.Jl DMOP
82 79 38 i0 29 C U T I

89 104 45 12
99 104 45 14 20 CLEAR, ODOR OFB BZIL-

111 104 45 15 30- ALCOHOL
150 104 55 15 40
175 120 60 16 45

160 65 16 - CUT II
190 150 65 16 15 ILLOW LIQUID
240 120 65 20 -
270 210 75 25 3 DAM ORANGE
330 285 75 30 5 ORANGE

295 75 30 1J3 -. DAM MlWN

(345 298 75 30 5
370 300 75 30 20
380 3 1 (90  F 75 30 40 IM11-u af
390 312 75 30 60
400 310 75 30 85
420 305 (5810F) 75 30 105

56. FLS RESIDUE SOLIDIFIED



PART III. RESUMING WORK ON THE INTRODUCTION OF PHOSPHOR GROUPS INTO THE PRODUCT OF

PART I.

INTRODUCTION

In the preceding report of this project, work was reported on the introduction of

phosphorus groups into these products. This work has been continued.

SECTION A. INTRODUCING ALIPHATIC ORGANO PHOSPHATES INTO THE ALKYL TITANATES (TABLES 195-
__2 ).

The effort was made to introduce phosphate groups from tri octyl phosphate

into the alkyl titanate or into the complex products of PART I. ( TABLES 195-201). A

reaction does take place,and products have been obtained which have interesting

properties; but no definite reaction compound has been established for further evaluatio

The phosphate was reacted with tetra isopropyl titanate and the resulting product

further reacted with zinc octoate in the presence of aniline. Here a material was

obtained ( TABLE 198) which came over in distillation at 2-10 Um. Hg. pressure between

325°C. and 340°C, (6170 F. and 644 0Fo), and which had a flame point of 3260 C. (618°F.).

TABLE 199 gives also satisfactory results of an hydrolytic stability test of the new

material.

In TABLE 200- II an attempt is shown to further introduce a chlorine into this

material by further reacting. it with 2 chloroethanol; but this did not result in an

increase of the flame point,

SECTION B. USING AN ALIPHATIC AND AN AROMATIC ORGANO PHOSPHATE IN THESE REACTIONS.

(TABLES 202-203)

Since an interreaction between tetra isopropyl titanate and tri cresyl phosphate

results in solid materials, the attempt was made to use the aliphatic tri octyl phosphate

and the aromatic tri cresyl phosphate together. The resulting product ( TABLE 202) was

then further complexed with zinc octoate. The resulting products ( TABLES 202 and 203)

were not desirable in that they did burn when exposed in an open flame. Further work

( will be undertaken on this.

( Continued on page 68.
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SECTION TII-A.

TABLE 195.

ATTEMPTING TO INTRODUCE TRI OCTIL PHOSPHATE INTO TITANATE

T 38 - 90

USING : 120 g. TRI OCT!L PHOSPHATE ( TOF)

60 g. TETRA ISOPROPYL TITANATE

2 drops Ti C14

TIME TEMPERATURE VARIAC PRESSURE VOLUME WEIGHT REAMS
mn. . M. al. g

- 26 40 4 3 3 -
40 105 50 20
48 104 50 30 IELLOW LIQUID WHICH
53 103 50 40
56 102 50 50 SMOKES ON EXPOSURE
70 95 60 55
90 100 60 60 TO AIR :HYDROLYZES

110 106 65 70
120 108(226 0F) 6 5 7 READILY.

6 1 g CUT I

140 205(401 0F) 65 4 -, 2
150 215 70 10 VERY STEADY CONSTANT
170 215 70 15
180 215 70 25 DISTILLATION OF CLEAR
187 215 70 40
205 215 70 60 COLORLESS LIQUID •
210 215 70 70 FLASK MATERIAL TURNS GRA-
220 215 70 100 DUALLY DARK BROWN
228 215(419F) 70 120,,,.

1 0 2 g. CUT II

COMPARING THE REFRACTIVE INDEX OF TRI OCTYL PHOSPHATE (TOP)

WITH THE REFRACTIVE INDEX OF CUT II

TRI OCTIL PHOSPHATE R.I. 25°C ....... 1.4405

CUT II ..... R.I. 25 0 C ....... 1.4406

(



TABLE 196.

REACTING TETRA OCTYL TITANATE WITH TRI OCTYL PHOSPHATE

I. T 43 - 15

USED 120 g. TRI OCTYL PHOSPHATE ( TOF)

60 g. TETRA 2 ETHYL HEXUL TITANATE ( TETRA OCTYL TITA8ATE)

3 - 4 DROPS OF Ti C14

DISTILLED USING A CAPILLARY

TIME TEPERATURE VARIAC PRESSURE VOLUME REMARKS
min. C mi. .1
15 32 40 10 -

60 32 40 10 -
65 87 50 12 CLEAR COLORLESS LIQUID
75 85 50 12 10

105 75 60 10 20
135 160 60 12 -

150 235(4550 F) 60 12 5. CLEAR COLORLESS
CAPILLARY REOVED

180 190(3740 F) 60 2 20 PRODUCT CLEAR,SLIGHTLY YELLOW
195 197 60 2 60
200 197 60 2 85
210 203 0 60 2 110
215 203 (397) 60 2 120 P R 0 D U C T A

240 230 - 240 80 2 25 HIGH VISCOUS DARK YELLOW
(446°F-4640 F) P R 0 D U C T B

PRODUCT B FLAMES AT 70 0C. (158 0 F)

II. T 43 - 17
REACTING THE PRODUCT OF I WITH ZINC OCTOATE

USED 58 gý PRODUCT A ( T 43- 15) AND
58 g, ZICOCTOATE (18%)

N.. 0 HEAT ON MIXING. USED A CAPILLARY
- 25 40 3 -

15 40 40 3 alj1. CLEAR COLORLESS
CU TI

45 60 40 3 -

65 125 40 3 10 ml. CLEAR COLORLESS LIQUID
80 135 50 3 25

105 100 50 3
C U T II

110 125Y(257F) 50 3 20 YELLOW DISTILLATE,FUMING
C U T III

NO DISTILLATE COMING OVER AND POT CONTENT
( SOLIDIFIED .
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TABL 17

MORE STUDIES WITH 7I OCTIL POSBIATE

I. USED .*0 g.TETRA ISOPROPIL TITARATE T 40 - 106

160 g. TRI OCTIL PEOSPRATE

0.2 g.A1 Cl3

TiM .P iSUR VAJIAC TEMPEATURE VOLUME REMARKS
si. - Co .

- 2.8 60 27 -

40 2.8 60 94 - VAPOURS APPEAR
60 2.8 60 96 - CLEAR LIGHT IELLOW LIQUID COMES
80 2.6 60 96 100

CUT I
100 1 60 185 - CLEAR COLORLESS DISTILLATE COKES
150 1 60 185 (365°F) 150_

CUT II FLASK ALMOST IMPTI

II. USED 80 g .TETRA ISOPROPYL TITANAT;

160 g oTRI OCTYL PHOSPHATE

0.5g. Al C13  T 42- 116
TIME TEMPERATURE VARIAC PRESSURE VOLUME REMAKS

main C, . L
- 25 30 5
45 35 40 8
60 90 (194°F) 40 8 -
70 120 40 8 10 CLEAR DISTILLATE
95 125 40 5 25

105 125 40 5 30
120 130 40 5 50
130 130 40 5 70
150 130 40 4 80 CU TI
170 205 50 2 2
190 210 (4100 F) 50 2 25 CLEAR DISTILLATE
200 215 50 2 35
210 215 55 2 50
220 215 55 2 65
240 215 55 2 80
250 215 55 2 90
260 215 (419°F) 55 2 100
270 220 55 2 120
28Q 220 55 2 130
285 225 (4371F) 55 2 140 il. C U T II T 42 -116

THIS CUT WAS USED TOR JURTHER REACTION

WITH ZINC OCTOATE A N D ANILINE.
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TABLE 198

ADDITIONAL STUDIES WITH TRI OCTYL PHOSPHATE

I. T 42- 118 USED 60 go TETRA ISOPROPIL TITANATE
180 g. TRI OCTYL PHOSPHATE

0.5 g. Al C13
TIME TEMPERATURE VARIAC PRESSURE VOLUME RINARKS
min. C,. 3l.

- 25 (77 0 F) 35 2-10 -

25 25 40 2-10 -
45 50 45 2-10 10 CLEAR COLORLESS
70 120 45 2-10 25
90 150 45 2-10 40

100 150 45 2-10 55
120 150(3020F) 45 2-10 70
150 155 45 2-10 80 C U T I
IO8•0,(392°F) 45 2-10 10 CLEAR DISTILLATE
200 205 45 2-10 35
210 215 45 2-10 65
220 215 (419 0 F) 45 2-10 100
230 220 45 2-10 120
240 220 45 2-10 135
250 215 45 2-10 145 al. C U T II T 42-118

II. T 42-117
REACTING 100 goCUT II OF T 42-116

450 g oZIBC OCTOATE AND
50 gJANILINE HEAT EVOLVED UPON NIXING

- 25 35 2-10 -
60 55 55 2-10 -
70 100 60 2-10 one drop
90 110 55 2-10 10 CLEAR COLORLESS DISTILLATE

100 115 55 2-10 20
110 115 55 2-10 45
120 120 55 2-10 65
125 125 (257°F) 55 2-10 85
135 135 55 2-10 0.5L C U T I
145 145 (293°F) 55 2-10 25 CLEAR COLORLESS DISTILLATE
150 145 55 2-10 35
160 165 (3299F) 55 2-10 50
170 215 0 55 2-10 70
175 215 (419 F) 6 0 2-10 80
185 230 60 2-10 120
187 233 60 2-10 145
190 200 60 2-10 180

"195 180 60 2-10 220 0 U T II
220 185 75 2-10 5 " IDEPR Y 0LLOW DISTILLATE
240 270 (5180F) 75 2-10 15 CUT III
280 320- 3 3 5 75 2-10 PHOWmCT OC OVER

(6080F-6350F) DUME IN COLOR-77W 'BUJLA PRODIXJCT
MBT Loh IN ViscosiT

(TABLE CONTINU6D)
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TABLE 1980 (CONTINUED)

ADDITIONAL STUDIES WITH TRI OCTIL PHOSPHATE(CONTINUED)

III. T 42- 119
USING 100 g. CUT II OF T 42 -118

450 g. ZINC OCTOATE 18%
50 g.ANILINE

HEAT ON MIXING
TIU TMPERATURE VARIAC PRESSURE VOLUM REMARKS

min- C. --. ------
- 28 35 2-10 -

70 45 50 2-10 -
90 105 55 2-10 A FEW DROPS

100 115 55 2-10 20
.10 118 55 2-10 25

120 120 55 2-10 35
130 120 55 2-10 55
140 128 55 2-10 15
150 130 (2660F) 55 2-10 100
160 130 55 2-10 110
170 145 55 2-10 120
180 155 (311'F) 55 2-10 .1.U1. CUT I
190 200 55 2-10 10
210 220 55 2-10 J5
220 225 0 60 2-10 55
230 230 (4I46 F) 60 2-10 T5
240 230 60 2-10 1oa
260 185 60 2-10 145
265 240 (464 0 F) 65 2-10
270 260 65 2-10 20

275 (527 0 F) 65 2-10 i CUT II
P RODUCT CAME OVIR BETED 32 ANID '3 4 0 0 oC

(6170 F (64°F)
IV. CHARACTERISTICS OF THE PRODUCT OF III

FLASH POINT ..... 2 9 20C, 557°F.

FLM POINT .... 3 2 6 C 6 1 got.

OXIDATION TEST ... %BING 22.4 g.PROD)CT T 42-119 WITH METALS (Cu Al STEEL)
AT 2 0 F C . THME DAIS .... DAIM IN COLOR. OIL! SLIGHT

(392°0 SEDI T ON BOTTOM T 42- 121
V. BZLALCOHOL MODIFICATIO OF T 42-119

MADE USING 100 goT 42-119 WITH 90 g.UZlLALCOHOL ( T 42-120)

TAKING OFF 60 n.1 LOW CUT AT 100 °C k2-10 , .PRESSUE) AID
20 1.loELLOW CUT AT 130t .( 2-10 M PRUSURI)

VI. BE1ZYLALCOHOL MODIFICATION OF T -42- 117 USING 72 g .T -42-117 AND
0  25 g.BENZYLALCOHOL

TAKING OFF 30 .l LOW CUT AT 88°CoAND ;AKING THE DW BROWN FLUID
FROM THE FLASK: FLASH POINT :270 0C..... 518,"F.

FLAM POINT : 305- C%... 5800i.
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TABLE 199.

REACTING TETRA ISOPROPIL TITANATE WITH TRI OCTIL PHOSPHATE

IN PRESENCE OF A SMALL AMOUNT OF Al Cl

T 38 -102

USED: 60 g.TETRA ISOPROPYL TITANATE

180 g. TRI OCTIL PHOSPHATE

0.5 9.A4 C13

TIME TPERATURI PRESSURE VARIAC VOLUME RJMANS
sin . C. -- imo .. ,.

- 2 2-4 40 -35 30 0 45 -
50 95 (203 F) 45 10
58 95 45 20
90 95 50 30 CLEAR ALMOST COLORLESS LIQUID

105 100 50 40
120 95 50 60

CUT I

130 120(2480F) 2-4 50 5 C

145 145(293"F) 60 10
CUT II

160 195(383°F) 2-4 60 10

170 198 60 20 CLEAR LIQUID
180 196 60 40
192 195 60 60
216 195 60 90
223 196 60 100

100 g.OF THIS MATERIAL WERE MIXED WITH
450 9,ZINC OCTOATE AND

50 g. ANILIN AND WERE DISTILLED IN VACUUM.
0

AEW PRODUCT OBTAINED AT 3 1 0 C . ( T 42-123)
(5900F)

SI D R0 L I T I C S T A B I L I TI T E S T OF THIS EWI P5IdDUCT T42-123

T 38 - 100

USED 75 C. OF THE PROIDCT WITH 2 5 g.WATER AND

1.1308 g. COPPERSTRIP ( SANDED AND WASHED WITN BEZIEN AND ACETONE)

AFTER 72 OURW TEST THE FLUID IS DAME!, WIT TWO PiABES OLEATLI

SEPARATE. TRE COPPER STRIP APPEARS IN GOOD CONDITION. WlIGHT : 1.1303 g.

WEIGITLOSS .... 0.0005 g.
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TABLE 2O00

REACTING TOGETHER TETRA ISOPROPfL TITMANT_ TRI OCTYL PHOSPHATE

ANILINE AND ZINC OCTOATE

I. T 42 - 124
USED: 50 g. TETRA ISOPRBPYL TITANATE

50 g.TRI OCTIL PHOSPHATE
50 gý ANILINE

450 g ZINC OCTOATE
HUAT ON MIXING

TIME TEMPERATURE VARIAC PRESSURE VOLUME REMARKS
mw . C ,. al.

- 25 45 2-10 -

35 29 45 2-10 -
90 45 (113%45 2-10 20 CLEAR DISTILLATE

11o 50 50 2-10 45
120 50 50 2-10 75
140 55 50 2-10 95
155 55 50 2-10 125
160 65 50 2-10 _"L

" C UT I
180 140(2840 F) 50 2-10 15 XILLOW DISTILLATE
190 145 55 2-10 if-oCU II

3 1 5(5990) 70 2-10 100 UK a LLOo

3 7 0 - 3 8 0 70 2-1o 100 DAXM ORANGS, VERX VISCOUS(698 0F.- 7160F)

II. T 42 -125 BUZILALCOHOL MODIFICATION OF I.

USED 140 £ .PRODICT T 42- 124

160 BENZILALCOHOL

- 25 40 2-10
30 35 4O 2-10 -

60 95 40 2-10 10 cUAm eomm ss
70 120 40 2-10 35
80 125 40 2-10 50

110 120 45 2-10 70
120 120 45 2-10 120
140 130 45 2-10 160

CUT I
160 145 45 2-10 20 ISLLOW MATERIAL
200 235 45 2-10 20

CUT II
PRODCT CAUE OVER BM 3 4. QAND 3 5 0°0  . (64 °F. AND 6627Fo)

III. T 42- 125 2I W'T !rPNGDUCT T 42- 124 WIT1 2 HLIN 37HANDOL
USED 100 g. EACH

25 30 2-10 -
20 40 30 2-10 10 LIGHT !3LOW OLEaf
90 50 30 2-10 60

140 55 40 2-10 95 DANEI ilW CEao
220 205 55 2-10 " -OUT I

64. 240 3 O0 - 3 0 5 65 2-10 P2OUOT = B INl mODOR 0
(572 0F.-5810F) FLqAE POInT 1 260- 15006f) nLME P013Tu24 00 .(507 7)



TABLZ 201.

REACTINGI TRI OCTIL PHOSPHATE AND AIILINZ WITH TETRA ISOPR0AL TITANAT-

AND ZINC OCTOATE IN.A S I N1 L E REACTION.

T 42- 128

USED 9 0 g oTRI OCTIL PHOSPHATE

30 g.TETRA ISOPWDPIL TITANATE

60 g .ANILINE AMD

540 9 ZINC OCTOATE 18 %

TINE TUPERATURE VARIAC PRESSURE VOLUME OUKRS
amin. C . m. 1.,

- 25 45 2-10 -
20 50 45 2-10 1
30 701580 F) 45 2-10 2 CLEAR COLOJ9SS
45 75 45 2-10 86
90 80 55 2-10 110
110 104(2199F) 55 2-10 135
130 150 55 2-10 175 SLIGHTLI XELLOW BUT CLEAR
150 160(3200 F) 60 2-10 M .

S190(374°F) 60 2-10 3 ILow AD C35 C T
160 !LO N LA

170 200(392 F) 60 2-10 5
175 206 60 2-10 95
240 240 o 60 2-10 155 MUCH FUMES
250 240(464 F) 60 2-10 0 I

0 C U T II
PRODUCT C NE OVER BE TEN 3 1 0 AMD 31 2 0 C.

(5900 F.) (5930F)
I 1 ELD ...... 150 al.
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SECTION III-B.

TABLE 202,

REACTING TETRA ISOPROPYL TITANATE WITH TRI OCTYLPHOSPHATE A N D

TRI CRESIL PHOSPHATE

I. T 42- 114 USING ... 180 g .TETRA ISOPROPYL TITANATE

180 g TRI OCTYL PHOSPHATE

180 g OTRI CRESIL PHOSPHATE N 0 HEAT O MIXING

TIME TEPERATURE VARIAC PRESSURE VOLUME RIMABKS
min . Co m. al

- 30 35 2-10 -
60 80 45 2-10 -
90 120 40 2-10 10 CLEAR YELLOW DISTILLATE

120 140 45 2-10 40
160 140 45 2-10 80
220 140(2840F) 45 2-10 130
240 160(320°F) 45 2-10 170 DARKER MATERIAL COMING OVER,SEPARATED
260 150(3020 F) 45 2-10 200 1a. T 42-114

USED FOR RKA4TION WITH
ZINC OCTOATE

II. T 42- 115 USING 191 g.DISTILLATE I

191 g. ZINCOCTOATE 18% HEAT AND COLOR CHANGE O MIXING

- 25 35 4 -
30 45 45 4 10 CLEAR AND COLORLESS
40 65 45 4 20
so 80 40 5 F 34

100 95(203°F) 45 4 50
110 95 43 5 4 65
120 110 (230°F) 45 4 90
125 115(2390 F) 45 4 100
130 120 (248 0F) 45 4 110 C U T I

140 130 (266°F) 45 4 20 YELLOW DISTILLATE
150 135 (275 0 F) 45 4 30
160 145 45 4 55
170 145(2930 F) 45 4 75
200 150 (302 0 F) 45 4 100
220 140 45 4 120
240. 140(2840 F) 45 4 135
260 135(275DF) 45 4 1 C U T II

280 150 55 4 10 DARK RED DISTILLATE
300 18o 60 4 20
310 260 70 4 30 0 CU T II

.320 3 0 7 ;/ 4 A1O 150 /175 al.PMOMCT
(581o 590oF 7

THIS PRIODCT IS LOWER IN VISCOSITI, BUT DANE MANA MGULAR
TPT/ZINCOCTOAT3 PWiUCOT
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TABLE 2O3.

REACTING TETRAISOPROPYL TITANATE WITH ONE ALIPHATIC A N D

ONE AROMATIC ONGANOPHOSPHATE

T-38 - 89 AND 91

I. USED .... TRI OCTYL PHOSPHATE (TOY) ...... 62 Co ( 1/6 ole)

TRI CRESYL PHOSPHATE (TOF) ..... 61 g.

TETRA ISOPROPYL TITANATE ( TPT)... 95 A,( 1/3 sole)

TRACE OF Al C13

NO HEAT EVOLVED ON MIXING:

TIME TEMPERATURE VARIAC PRESSURE VOLUME WEIGHT RUARS
mi.n C. m. ml. al

- 29 40 2-4
40 35 (95 0 F) 40 MIXTURE TURNS TO DARK

IELLOW,THEN GRADUNALLY
TO RED.

65 115 0 45 4 20

80 115(239 F) 45 4 35
95 121 45 4 55

120 120 45 4 75 YELLOW LIQUID
135 120 248°F) 45 4 85

CUT I

RED RESIDUE LEFT IN FLASK AS A SOLID.

THIS RESIDUE BURNS IN AN OPEN FLAME READILY.

II. REPEATING WITHOUT Al C13 AND IN BENZENE SOLUTION
T 38 - 93

USED ..... TOF .... 93 g& (TRI OCTYL PHOSPHATE)
TCF .... 93 g (TRI CRESYL PHOSPHATE)
TPT ... 142 g. (TETRA ISOPROPIL TITANATE)

WITH BENZENE ... 5- g. AS SOLVENT

FIRST THE BENZENE DISTILLED OFF UNDER ATMOSPWEWIC PRESSURE.VARIAC AT 50
STEMPERATURE "".( Fi TIME .... 75 ainutes

VACUUM DISTILLATION!

Kin . C. VARIAC - l. REMARKS
10_ 35 40 2-4 10Q MWANXQ BENZEN TAKEN OFF
18 108 (226F) 40 5

( 25 120 50 10
40 129 (264°F) 50 75 ELLOW LIQUID
70 140 50 100

'80 155 (311°F) 50 130
110 135 190 -1. MATERIAL IN FLASK TONS PIA

67. GNAW !.0 00OLING SOLID
67uS 3=RT In OPE FLM



(Continued from page 57.)

SECTION C. ATT24PTS WITH OTHER ORGANO PHOSPHATES. ( TABLES 204-206),

1. The attempt was made to increase the non burning characteristics by introducing

a chlorine group together with the phosphates , such as reacting tetra isopropyl titanab

with a tris-B-chloroethyl phosphate; but the results were not satisfactory as yet.

( TABLE 204).

2. In TABLE 205 a tri butoxy ethyl phosphate was used with tetra isopropyl titanate.

No high cut material was obtained, but the flask content turned into a material which

appeared to have some self-extinguishing properties. In a subsequent study in

TABLE 206, the self-extinguishing properties were further traced to the flask content

which had remained after two cuts of lower temperature distillates had been taken off.

Still further studies will be required.

SECTION D. CONTINUED WORK ON REACTION BETWEEN TITANATES AND DI 2 ETHYL HEXYL PHOSPHORIC

ACID. ( TABLES 207-208).

In TABLE 207 the 2 ethyl hexyl phosphoric acid is reacted with tetra isopropyl

titanate, and a very viscous material is formed. When this reaction product was further

reacted with zinc octoate and aniline a high cut distillate was obtained which came over

at 2-10 mm. hg. pressure at 310 C0 - 3300C. (590 0F. - 626 0F.). The properties of the

material are still under study.
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SECTION IIl-C.

TABLE 204.

ATTEMPTING TO INTRODUCE TRIS B- CHLORETHYL PHOSPHATE

T 38 - 88

I. USING 200 g. TRIS B-CHLOROETH!L PHOSPHATE ( Cl- CM2- CH2 0 )3 PO

AND 100 g.TETRA ISOPROPIL TITANATE

WITH A TRACE OF Al C13

TIME TEMPERATURE VARIAC PRESSURE VOLUME WEIGHT REARKS
sin. C. m. al° g.

60 27 (80°F) 40 2-4 -
96 132 (269 0 F) 40 5

104 139 40 25
107 143 (289 0 F) 40 40
116 140 40 65
122 140 40 75
125 142 40 so CLEAR MATERIAL

75 g. CUT I
140 122 (251 0 F) 40 20 DARK BROWN

AT THIS POINT THE MATERIAL IN THE DISTILLATION FLASK TURNED BROWN,

BECAME VISCOUS AND SOLIDIFIED. THIS MATERIAL BURNS READILY IN AN OPEN FLAME.

II. T 38 - 92

REPETITION OF I ,BUT USING P2 05 AS CATALYST INSTEAD OF Al C13

USED THE SAME QUANTITITES AS IN I

N0 HEAT EVOLVED ON MIXING.

- 25 40 4.5 -

10 25 40 2 -
70 100 o 40 4 30 CLEAR LIQUID
90 110(230 F) 40 4 60
100 112 50 4 80 CLEAR LIQUID
110 120(248°F) 50 4 85
120 121 50 4 90

CUT I
THE MATERIAL IN THE DISTILLATION FLASK TURNS DARK BROWN AND MORE

VISCOUS
135 140(284°F) 50 5 10 l,. YELLOW FLUID

THE FLASK CONTEIT SOLIDIFIED.
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TABLE 205.

REACTING TETRA ISOPROP!L TITAI4ATE WITH

TRI BUTOXI ETHYL PHOSPHATE : T 38 - 94

USING .... 142 gTETRA ISOPROPIL TITANATE ( 1/2 sole) AND

135 g ZRI BUTOXI ETHYL PHOSPHATE ( 1/2 0ole)

1 0 HEAT EVOLVED ON MIXING WITH TRACE OF Al Cl3

TINE TIMPERATURE VARIAC PRESSURE VOLUME WEIGHT RUARKS
min-. C . m. al,
- 26 4 0  2-4 -

60 40 (lO°F)50 - REACTION MIXTURE TURNS DARKER
GRADUALL!

133 80 (1760 F)40 2-4 15 CLEAR DISTILLATE , SLIGHTLY
150 85 0 40 75 XELLOWIS0. OKES"(EIDROLYZES)
170 92(197 F) 40 120 IN CONTACT WITH AIR
180 95 40 145 al.... 127 g .

CU TI

205 105 45 2-4 50
235 110 45 75 C U T II
250 130 45 2-4. 5
26 135 50 10
270 140(28 °g) 55 20
295 130 (266 F)55 40 al.

THE MATERIAL IN THE FLASK IS SLIMY GRAY. WILL

FURTHER BE STUDIED, BECAUSE IT APPEARS TO HAVE

TO SOME DEGREE SELF EXTINGUISHING PROPERTIES .

(
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TABLE 2_Q6

REACTING TETRA ISOPROPYL TITANATE WITH TRI BUTOXI ETHXL PHOSPHATE

T 43 - 18

USED 107 goTETRA ISOPROPYL TITANATE

102 g oTRI BUTOXY ETHYL PHOSPHATE

SMALL AMOUNT OF Al C13

NO HEAT ON MIXING

TIME TEMPERATURE VARIAC PRESSURE VOLUME REMARKS
mrin. C. -. ml.

- 25 40 5
25 27 (so0F) 40 5 -
40 100 40 4 10 CLEAR COLORLESS DISTILLATEPOT

DARK ORANGE
60 100 40 4 60
70 95 (203 0 F) 40 4 70

CUTI
SOMETHING IN THE CONDENSER SOLIDIFIED AND DISTURBED THE DISTILLATION.
CONDENSER CLEANED AND TEST RESUM.

120 133 0 50 4 10 CLEAR COLORLESS
125 147 (296°F) 50 4 15
135 170 (338 0 F) 50 4

POT TEMPERATURE WAS HERE 220 C. SAMPLE OF POT MATERIAL TAKEN
RESUMED TEST C U T II

30 150 (3020 F) 50 8 10 CLEAR COLORLESS
45 170 (338°F) 50 8 30 POT IS NOW DARK AND VISCOUS

C U T III
REACTION STOPPED WHEN POT MATERIAL BECAME VFR VISCOUS AND SOLIDIFIED

ON COOLING

STUDIES ON THE CUTS

1) THE SAMPLE TAKEN FROM POT AFTER CUT II HAD COME OVER: IT WAS WASHED WITH

ACETONE AND BENZENE.THE SOLVENTS WERE BOILED OFF. THE REMAINING FLUID

WAS EXPOSED TO AN OPEN FLAME. AFTER 3 SECONDS A LOW CUT FLASHED OFF WITH

A LIGHT BLUE SMALL FLAME. AFTER 5 SECONDS THE FLUID DEVELOPED A FLAME AND

TURNED SOLID.THE FLAME EXTINGUISHED ITSELF .THE SOLID WAS IN FURTHER TESTS

SELF EXTINGUISHING.

2) THE POT MATERIAL AFTER CUT III SEIM TO BE ABLE TO GEL UNDER FURTHER

HEAT EXPOSURE.

3) CUT III ITSELF BURNED WHN EXPOSED TO A FLA ( NOT SELF EXTINQUISHINO
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SECTION III-D.

TABLE 207°

REACTING A DI-2 ETHYL HEXYL P H 0 S P H O R I C ACID

WITH TETRA ETHYL HEXUL TITANATE (_TOT WITH P205 AS CATALYST ( T 43- 9)

I oUSING 170 g. DI 2 ETHYL HEXYL PHOSPHORIC ACID

75 g ,TETRA 2 ETHYL HEXYL TITANATE

0.2 g, P205

HEAT EVOLVED ON MIXING

TIME TEMPERATURE VARIAC PRESSURE VOLUME REMARKS
uino C, _ as Mli

-40 40 2 -
30 63 40 2 25 al- CLEAR COLORLESS
50 60 (14 0 F) 40 2 50oal. CU TI
85 95 o 50 2 25 al. CLEAR COLORLESS
95 135 (2750Y) 50 2 35 a.1

110 175 (347'F) 60 2 70 .l1 SLIGHTLY YELLOW
NOW FUMING

THF, POT MATERIAL TURNED BLACK AND VERY VISCOUS AND SUDDERLY FLOWED OVER

Rolu IHE CONDENSER.

II. T 43-10 REPEAT TEST IN BENZEE S@.UTION

USING 150 g. DI 2 ETHYL HEXYL PHOSPHORIC ACID
50 gc TETRA 2 ETHYL HEXIL TITANATE TOT
50 g, BENZENE
0.2 g, P2 05  HEAT ON MIXING

33 40 2 -
"70 40 2 10 CLEAR COLORLESS

50 60 40 2 35
s0 95 50 2 60
90 105 (221°F) 50 2 65

CUTI
110 165 (329 0 F) 55 2 75 LIGHT GRID CLEAR

AGAIN A VISCOUS BLACK GEL MATERIAL DEVELOPED IN THE POT

III . T 43- 11 REPEAT TEST OF II WITH THE SAME AMOUNTS

- 35 50 ATI -
" 30 85 50 AIM 25 CLEAR COLONLESS (ASSUMED TO BE

75 85 50 ATE 50 C U T I BENZuE)
120 TO 180 (356F) 50 AIM 50 CLEAR COLOLESS C U T II

THE POT MATERIAL IS NOW MEDIUM BROWN WITH SOME SEDIMENTATION.
01 HEATING IT WITH BUZ!LALCHOLWM EI SM OF THE ALCHOL IS DRIVEN OFF,
THE PRODUCT WAS FURTHER DILUTED WITH ETHIL ITE.WITH PETROLITHER NOW A MATE-

p.72. RIAL IS PRECIPITATED WHICH MIGHT BE A POLYMER, MHICH CAUSED THE GILATIOm IN II



TABLE 208.

MODIFICATION OF THE REACTION PRODOCT BDTWED TETRA INOPROPIL TITANATE

AND DI 2 ETML HulL PHOSPHORIC ACID ( T 42 -106) , RESUMD

FROM TABLE 143 page 60) OF 1113 THIRD REPORT

I. T 42- 122 REACTING 100 g. T 40 - 106 DISTILLATE WITH

50 g, ANILINE AND

450 a ZINC OCTOATL 18%

HEAT ON MIXING GREEN IN COLOR
TINE TEMPERATURE VARIAC PRESSURE VOLUME REWARKS
&in. C. m.. ml.
- 29 40 0 -

30 115 (239 0 F) 50 8 10 CLEAR DISTILLATE
45 118 50 2-10 25
60 125 50 2-10 45
90 130 0 50 2-10 70

100 130 (266°F) 50 2-10 85
no 135 50 2-10 105
120 145 50 2-10 135
130 145 50 2-10 145
140 185 (365'F)60 2-10 155
160 220 60 2-10 225
180 230 60 2-10 240
200 230 (4460 F) 60 2-10 290
210 232 60 2-10 320
240 190 (374°F) 60 2-10 325
260 250 (482 0 F) 60 2-10

300 310° 3 2 60 2-10 ABOUT 125 ml PRODUCT
e59OOFo -617aF)

II. T 42-123 REPEAT TEST WITH THE SANE AMOUNTS

- 29 45 2-10 -
30 95 45 2-10 10
45 115 45 2-10 45
50 90 40 2-10 75
75 130 (266°F) 40 2-10 125
90 125 40 2-10 145

110 135 45 2-10 180
160 210 50 2-10 210
200 215 (419°F) 50 2-10 310
210 95 o 55 2-10 335
220 195 (383 F) 60 2-10 310
240 285 (545"F) 7o 2-10

3001 3 1 0 - 3 3 0 C 2-10 ABOUT 125 al PRODUCT
(590 0F. - 6260F1)
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PART IV. ADDITIONAL WORK ON THE INHIBITION OF SILICONE FLUID 510-50 cps. (DOW) .(TABLE 209)

Throughout the preceding reports work has been reported on the increase of the

heat resistance of silicone fluid 510-50 by reacting it with cerium 2-ethyl hexanoate

in the presence of DI SALICYLAL PROPYLENE DIAMINE (Copper Inhibitor DSPD 50, DuPont).

It is interesting that this silicone fluid is evidently not a uniform material, but

consists of various components, some of which cause a gelation of the fluid when heated

at 2600 C.-300°C. ( 500°F-572 0 F.) under a stream of air passing the fluid.

It is a regularly observed phenomenon that the heating of the 510 fluid with the

two listed additions in the inhibition treatment produces color changes and an

increased heat resistance, but it is also accompanied with a considerable loss in

weight.

Since the total weight of the added cerium octoate and of the copper inhibitor

amounts only to about 1.7% of the used weight of silicone fluid, this weight loss

is nearly fully a weight loss from the fluid itself.

74.



TABLE 209.

THE INHIBITING OF THE DOW FLUID 510

I. NEW PREPARATION OF THE CERIUM 2 ETHYL HUANOATE T 40 - 317

34.6 g 2 ETHYL HEXAOIC ACID WAS DISSLVED IN

WATER AND ETHANOL.

IT WAS RJUTRALIZED WITH Na01 TO PHNOLPHTHALEI I NDPOINT.

21.92 g, CERIC ANMONIUR NITRATE WERS DISSOLVED IN ETHANOL.

THE SOLUTIONS WERE MIXED AND A IELLOW GRI SOLID PRECIPITATED.

THE PRECIPITATION WAS COLLECTED BY FILTRATION AND WAS WAMD WITH

WATER AID ALOOHOL.

IT WAS DISSOLVED IN ETHYL ETHER AND FILTERED. TH THI EITER WAS

AGAIN EVAPORATED.

II. PREPARATION OF THE INHIBITED FLUID 510

MATERIAL 1200 g oDOW FLUID 510

2.4 g . 2 ETHYL HEXANOATE CERIUM SALT OF I

17.2 g, COPPER INHIBITOR DI PONT 65
o

SET UP AT 285 C WITH ABOUT 40 liters AIR / HOUR. RD3 FOR 1 2 0 HOURS
(545 0 F)

UNTIL COLOR CHANGED FROM RED TO LIGHT BROWN. FILTERED THROUGH MOLE-

CULAR SIEVE USING ACETONE AS DILUNT

ACETONE EVAPORATED

WEIGHT RECOVERY .... 900 g.

WEIGHT LOSS ........ 2 5 %

III. REPEAT TESTS T 43-34 T 43-36
CERIUN SALT ...... 1.6 g. 1.6 g.
COPPER INHIMITOR: 12.8 g. 12.8 g.
FLUID ....... 800 g. 805.5 g.
TEST DURATION .... 72Ohre. o 11 hr.
TEILERATURE . 5. 25°- 280 C. (536°F)

PAPER ..... CLEAR GOLD CaOUm
WEIGHT LOSS 2 3 %20
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WORK SCHELJLEL FOR THE NEXT. REPORT PERIOD.

The work in the next report period is scheduled, to include the following

aspects:

1. Preparation of a larger amount of the tetra butyl tin modification of the

reaction product between tetra isopropyl titanate and basic zinc octoate.

2. Preparation of a larger amount of the. corresponding modification with tri iso-

propyl borate.

3. Evaluation tests on both these materials.

4. Further study of the reactions between tetra alkyl titanate. and tin organics,

using, for instance, di-n-butyl tin dimethoxide, tri-a-butyl tin 2-ethyl-

hexanoate, hexabutyl di tin, or similar compounds.

5. Continuation of the study of certain of the phosphate derivatives from

Part III of this report.

6. Efforts to introduce molybdenum organic groups in these titanates.

7. Further studies on the relationship between high viscous fluids of good lubricity

with low viscous diluents of poor lubricity in four-ball wear-teats at varyLng

temperatures and weight loadas
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