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CARBON AND GRAPHITE ARTICLES Ris an alkyl group having from 1 to 4 carbon atoms 

James o. Koehler, Parma, Ohio, and Headlee Lamprey, R is an alkyl or substituted alkyl group having from 1 
Lewiston, N.Y., assignors to Union Carbide Corporar to 4 carbons 8. . 
tion, a corporation of New York R’ is an alkyl group or substituted alkyl group having 

M from 10 to 18 carb No Drawing. Filed Mar. 5, 1957, ser, No. 643,913 10, "'" 
8 Claims. (Cl. 252-507) Y is a number 02Y2(4-x) . . - - - 

( ) - (c) Polyhydric alcohol derivatives . . . . . 

- (RO)M(O-Y-(OH)). 
This invention relates to mixtures of comminuted car- 15 --- - - - - -- 

bonaceous materials and pitch binders, and to shaped arti- Missilicon, tin, lead or zirconium. . . . . . . 
cles produced therefrom. R is an alkyl group having from 1 to 4 carbon atoms 

In the conventional manufacture of carbon articles, Y is a substituted alkylene group, aromatic group, hy 
comminuted carbonaceous materials such as coke, carbon droester group, having from 2 to 8 carbons 
black and/or artificial graphite are blended with a rela- 20 z is a small whole number ranging from 1 to 3 and 
tively high melting point coal tar or pitch binder to form x is a small whole numberranging from 1 to 3. . 
what is referred to as a “green” mix. In such a mix the These compounds, and methods of preparing the same, 
ratio of binder to solid is about 1 to 3. To improve the are disclosed and claimed in our copending applications 
extrusion characteristics of the mix, a small amount of Serial No. 578,782, filed April 16, 1956, and Serial No. 
summer oil, about 4 parts per 100 parts of mix, is usually 25 629,797, filed December 21, 1956. 
added. After extrusion, the finished carbon article is ob-, Illustrative of the successful practice of the invention, 
tained by baking to carbonize the binder. The carbon test mixes were prepared having the following composi 
article may be graphitized, if desired, by further heat treat- tion: . 
ments. . ... - - (a) Control mix containing no additive 
During the heat treatments to which the "green" mix is 80 1600 grams of coke - 

subjected, a considerable quantity of volatile matter is 560 grams of 30 medium pitch having a melting point 
evolved from the binder and summer oil. As a result, the ------- around 130° - 
finished articles, particularly large-sized, fine-grained, (b) Additive mixes 
graphitic articles, are marred by fissures and voids. . . 1600 grams of coke i. 

It has occurred to many researchers to reduce the 8 554 grams of 30 medium pitch binder 
amount of binder and summer oil in the mix to avoid such 6 grams of additive . 
flaws. To obtain a satisfactory improvement in the quality..... In the additive-containing mixes the additive content 
of the shaped articles, this reduction must be such that was 1 percent of the pitch weight. The mixes were 
the green mix is almost impossible to extrude. There is, prepared by weighing the coke and pitch, placing them in 
therefore, a need for a means of reducing the binder level 40. covered containers, and heating for one hour at 325 
and/or eliminate the need for summer oil in carbonaceous - F. (162. C.). The hot coke pitch and additive were 
mixes, which means will not affect the extrusion char- placed in a pre-heated mixer, and mixed one hour at 
acteristics of the mix. W 
The main object of this invention, therefore, is to pro 

vide additives which will permit considerable reduction 

150 C. to 160°C. The mixes were removed from the 
45 mixer and allowed to cool. Examination of the respective 

mixes at this stage indicated that the mixes containing 
of binder level in carbonaceous green mixes, and will the additives had a much larger aggregate size, were 
eliminate the need for using summer oil thereins. . . . . . darker and glossier in appearance than the control mix. 

It is an equally important object of the invention to pro- Of more importance, the mixes containing the additives 
vide carbon and graphite articles having improved quality 50 of the invention were wetter in appearance than the con 
E. to the presence therein of certain organo-metallic trol. To show the effectiveness of the additives of the 
erivatives. r is . . invention in lowering the binder content, mixes were 
These and other objects of this invention are achieved prepared as indicated above, but having the following 

by incorporating with green mixes comprising comminuted composition: m . 
carbonaceous particles and pitch binders, from 0.1 per- 55 (c) High solids mix containing additive 
cent to 5 percent by weight thereof of at least one of the 2000 grams of coke 
following organo-metallic compounds. 554 grams of 30 medium pitch having a melting point 

(a) Metal carboxylates r: . . . . . . . . . around 130 C. . . 
oc-R 12 grams of additive. .' : 

Hol-i-o-h 60 The combined effect of summer oil and of the additives 
d . . of the invention was examined by preparing mixes with 

- OR -1. -------- the following composition: ... . 
Missilicon, tin or lead . . . . :- . . . . (d) Additive-oil mix 
was a - a- - - . . . . . 1600 grams of coke. : : 
R is an alkyl group or substituted alkyl group, having from 65 554 grams of 30 medium pitch 
R’ is an alkyl group having from 1 to 4 carbon atoms - 6 grams of additive, 

10 to 18 carbon atoms. 
32 grams of oil......--- . . . . . 

; : These mixes contained the same amounts of pitch and 
additive as the additive mixes described previously, plus 

: two parts of summer oil per 100 parts of coke. The ad 

x is a small whole number, ranging from 1 to 3. r 
(b) Aminoalcohol derivatives of the formulae: 

(RO).M(OCHN(R).). 
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ditives tested and the code abbreviations used therefor Generally the control mixes were too dry to measure 
are: their extrusion pressures and rates accurately; the data 
SSTA-Isopropoxy stearoxy polysilicate for the control mixes in Table I are, therefore, approxi 
SNSTA-Butoxy stearoxy polystannate mations. 
In the following tests, all the sample mixes were pre- 5 The effect of summer oil in conjunctions with the addi 

heated to 110. C. and extruded at 105 C, through an tives of the invention is to decrease extrusion pressures 
0.75 inch die. The extrusion rates; and pressure are tabu- required by 50 percent over those for the additive mixes, 
lated in Table I. the high solid mix extruded at nearly the same pressure 

EABLE: - - and rate as the regular additive mixes. None of the ex 
The extrusion rates and pressures for various mixes 0 truded rods except the control rods showed fissures on 

visual observation, and all had a smooth surface of high 
- . luster, indicative of a good quality product. 

Gauge Rate - 2 Table II shows the densities of the green rods; with Additive SAS "“” the exception of the high solids mix aii fall within the 
-- - 15 range of 1.62 to 1.67 grams per cc. In the case of the 

SSTA - - - - - - 65) 1. high solids mix, which exhibited a density of 1.58 grams 
SSEA- 38 per cc., apparently there was not enough pitch to fill all 
SNSTA-24 650 1. the voids in the coke. 
Control.------------- 1,100 0.003 

. O CALCINATION oF EXTRUDED SHAPES 
All the mixtures contain coke flour;30 medium pitch (34 parts 2 The sample rods extruded as indicated above next were 

E992. Six prepared by mixing the ingredients in calcined at 1000 C., and subsequently graphitized at 
All additives are present in an amount of 0.3 gran additive 100 grams 3000° C. After each operation the rods were measured, 
Two grams of summer oil/100 grams of coke was the quantity of weighed, and their respective densities calculated. As 

"Ti Seifficialis 2.5 grams of pitchiograms of coke indicated in Table III below, the densities of the calcined AEGEE"" gr rods containing the additives of the invention consistently 
2 5 

TABLE I 

Dimensions and properties of the green test rods 

dimensions : SNSTA-21 SNSTA2 SNSTA-0 3 SSTA-12 SSTA-22 

Weight (grams).---------seawa-e-w-- a-- - - 68.39 71.68 71.70 72.48 72:29 
- 0.768 0.770 0.768 0.770 0.770 

..- . . . . . . 8: 836 8; 8.38 SS ... to ... f. ve 

Diameter (inches)--...-------- a Guo sa a win a 0.768 0.770- 0.768 0.770 0.772 

0.767, 0.767- 0.67 - 0.771 0.771. 
- 0.66 0.764 0.764 0.77. - 0.767. 

... Avg. Dlameter (inches).-----------------A - - 0.77 0.767 0.766. 0.770 0.770 
Length (inches)...... .5.792 5.772 5.767 5.773 *5.77. 
Volune (cm3).---- - 43.85 43. 70 43:55 - 44.05 44.04 
Density (g-fem')-------------------------- .582 1.644 1,646 1.645 1.64 

1 These series of rods contain 27.5 parts of pitch/100 flour and 0.5% additive, based on total weight pf the 
mix and were made.from a high solids type of inix.as nix (c) of page 5. - 

- (b) 2 . these additives are present in an amount of 0.3% by weight of the total mix, and were made from type 
- . (01xes 

These series of rods contain summer oil present into the extent of 2% of the weight of the coke, and were 
made from type (d) mixes. . . . ": 

fell in the range of 1.48 to 1.56, which densities are in 
the correct range for good calcined stock. 

TABLE III 

Dimensions and properties of test rods 
calcined at 1000' C. 

- Dimensions SNSTA-21. SNSTA2 SNSTA-03. SSTA-12 SSTA-22 

Weight (grams)--------------------------- 61.98 65. . . . . 63.33: 64.58 64.78 
- - 0.750 0.59. 0.701 0.758 0.76 

. . . . . . . . 8E 8:S 8.5 - 8: 83E 
Diameter (inches) 0 755 0.7f. 0.761 0.759. 0.76 

. . . . . 0.754 0.756 - 0,759 0,759 0.760 
-- 0.752 0.752. . . 0.755 - 0.758. 0.758 - 

Avg. Diameter. (inches) 0.754 0.766. 0.766 -- 0:758 0.760. 
Length (inches) - ... 5.728 5.700 - 5,754 - 5.731. - 5. 70 
Volume (en.2) 41.91 43.06 43-45 . . . 42.38 . . . .42. 44 
Density (g/cm. 1.479. 1.52 1.458 1524 526 

for ES5of rods contained 27.5 parts of pitch/100 four and 0.5 g. additive?t00g of mix, and were made 
Iron mix type (c). Y. - . . . . . . . . . -- . . . . " - 

These series of rods contained 34 parts of pitch/100 flour and 0.3.g. additiye/100g. of mix (type b) 
3.0 ES5 of rods contained 34 parts of pitch/100 four, 2 g. summer oil/100g. flour, and 0.3.g. additiveli00 
s. ype a). . . . . . . . . . . . . . . . . . . . . . . . . " . . . . . . . -- 
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The densities for rods graphitized at 3000 C. as indi 
cated in Table IV were again comparable to densities 
expected of good specimens. 

6 
diol-1,3)-silicate, isopropoxy-tri-(2-ethylhexanediol)-sili 
cate, diisopropoxy-di-(2-ethylhexanediol-1,3)-silicate, di 
isopropoxy- di- (2-ethylhexanediol-1,3)-stannate, di-(tri 

TABLE IV 
Dimensions and properties of test rods graphitized 

at 3000 C. 

Dimensions SNSTA-2 SNSTA 2 SNSTA-03 SSTA-2 SSTA-22 

Weight (grams)---------------------------- 60.27 63,30 6.52 62.93 62.74 
0.746 0.748 0,53 0.75 0.753 

8: 8:3 8E 8: 83 V ... f. 

Diameter (inches)------------------------- 0.747 0.747 0.753 0.753 0.754 
0.747 0.752 0.753 0.753 0.753 
0.746 0,748 0.753 0.753 0,53 

Avg. Diameter (inches). 0.746 0.749 0.753 0.753 0,753 
Volume (cm.3).--- 40.97 4.14 41.96 4.65 41.76 
Length (inches)-- 5.72?. 5, 689 5,750 5,707 5. 722 
Density (g/cm. 4 1.54 47 I, 51. 1.50 

1 These series of rods contained 27.5 parts of ESAS flour, 0.5 part additive/100 mix (type c). 
3 These series of rods contained 34 parts pitch/100 flour, 0.3 part additive/100 mix (type). 
3 These series of rods contained 34 parts pitch/100 flour, two parts summer oil/100 flour, 0.3 part additive/100 

mix (typed). 
The foregoing data indicates that no deleterious effect 

as regards the density or appearance of calcined and 
graphitic shapes accomapny the use of the additives of 
the invention to reduce the extrusion pressures and binder 
level content of green mixes. 

Graphitized rods above produced were tested for their 
coefficient of thermal expansion and electrical resistance. 
These tests are very important in the determination of 
electrode quality. As indicated in Table V below, the 
coefficients of thermal expansion and the electrical resis 
tivities of the samples all fall in the useable ranges of 
0.151 to 0.159X105 inches per inch per C., and 363 to 
400 micro amps per inch square, respectively. 

TABLE V 

25 

30 

35 

ethoxysiloxy)-glyceryl oleate, tri-(triethoxysiloxy)-penta 
erythrityl oleate. 

It has been found that the additives of the invention 
are effective in a large variety of mixes, such as fine grain 
mixes, large particle mixes and sulfur-containing mixes. 
In the case of mixes containing relatively large com 
minuted carbonaceous particles, however, best results are 
obtained when the additives of the invention are added 
after 80 percent of the mixing time has elapsed. 
The compounds of the invention are effective in mixes 

containing binders other than pitch. Thus coke mixes 
containing tar and synthetic resinous binders extruded 
readily, and produced higher quality extruded stock when 

Electrical resistivity of coefficients of thermal expansion 
of test rods graphitized at 3000 C. 

- - - Property 

- 3:30 Micro-amps----- --------- 5.25 
Resistivity (tamps.fin.2). a ---- 574 363 
Coefficient of Thermal Expansion (inf 

- - -, - 0.59 0.156. in./C.X10)--------------------------- 

SNSTA-21. SNSTA SNSTA-03 SSTA-2 SSTA-22 

3.74. 3.56 3.51 
416 396 391. 

0.157 0.155. 0.151 
1 These series of rods contain. 27.5 parts pitch100 flour, 0.5;part additive/100 mix (typee). 
3 These series of rods contain 34 parts pitch/100 flour, 0.3 part additive/100 mix (type b). 
2 These Series of rods 

mix (typed). 
While for the sake of brevity the invention has been : 

described mainly by reference to isopropoxy stearoxy 
polysilicate and butoxy stearoxy polystannate, the same 
is not to be construed as limited thereto, but rather to 
contemplate the use therein of many other compounds 
comprehended within the definition and formulae given 
above, including, for example, butoxy stearoxy poly 
silicate, isopropoxy stearoxy polysilicate, isopropoxy per 

55 

fluorobutyryl polysilicate, isopropoxy perfluoroacetoxy 
polysilicate, isopropoxy stearoxy polystannate, isopropoxy 
oleoxy polystannate, isopropoxy 9,10-dibromostearoxy 
polysilicate, isopropoxybenzoxy polysilicate, methyl per 
fluorobutyryl polysilicate, butoxyl oleoxy polysilicate, di 
ethoxy - di- (triethanolamine) - silicate, dibutoxy-di-(tri 
ethanolamine) - silicate, ... diisopropoxy - di- (triethanol 
amine)-silicate, diethoxy-di-(6-diethylaminoethoxy)-sili 

60 

cate, diethoxy-di-(triethanolamine)-plumbate, diethoxy- - 
di - (triethanolamine) - stannate, diethoxy-di-(triethanol- . 
amine)-silicate-N-oleate, diethoxy-di-(triethanolamine)- 
silicate-N,N-dioleate, diisopropoxy-di- (triethanolamine)- 
silicate-N-oleate, diisopropoxy-di-(triethanolamine)-sili 
cate-N,N-dioleate, dibutoxy-di-(6-diethylaminoethoxy)- 
silicate-N-oleate, diethoxy-di-(triethanolamine) plum 
bate-N,N-dioleate, tetra(triethanolamine)-silicate, dieth oxy-di-(triisopropanolamine)-silicate, diethoxy-di-(triso 
propanolamine) - silicate-N-oleate, tetra-(2-ethylhexane 

65 

contain 34 parts pitch/100 flour, two parts summer oil/100 flour, 0.3 part additive/100 - 

0.3 percent to 0.4 percent, of additive was present than 
in the absence thereof. . . . . . . . . . . 

What is claimed is: -- 
1. A process for producing shaped carbonaceous arti 

cles, which comprises mixing finely divided carbonaceous 
particles with an organic binder, and from 0.1 percent to 
5 percent by Weight of at least one additive selected from 
the group consisting of the carboxylates of tin, silicon and 
lead, the aminoalcohol and polyhydric alcohol deriva 
tives of tin, lead, silicon and zirconium and mixtures 
thereof, and forming the resulting mixture into. prede 
terminate shape, said carboxylates having the formula: 

OCR 

- HO -M-O- B . 
ór . 

wherein R is a member selected from the group con 
sisting of the alkyl, and the substituted alkyl radicals 

- having from 10 to 18 carbon atoms, M is a metal selected 

70 
from the group consisting of silicon, tin and lead, R is 
an alkyl group having from 1 to 4-carbon atoms, and x 
is a small whole number ranging from 1 to 3; m 

said amino alcohols having the formula: 

75 
' (RO).M(O-CHN(R).) Y(HOCR') 

wherein M is a metal selected from the group consisting 
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of silicon, tin, lead and zirconium, R is an alkyl group 
having from 1 to 4 carbon atoms, R is selected from 
the group consisting of the alkyl and substituted alkyl 
groups having from 1 to 4 carbon atoms, R' is a men 
ber selected from the group consisting of the alkyl and 
substituted alkyl groups having from 10 to 18 carbon 
atoms, x is a number ranging from 0 to 3; Y is a number 
equal to (4-x), and said polyhydric alcoholates having 
the formula: 

(RO)MOY-(OH)4-. 
wherein M is a metal selected from the group consisting 
of silicon, tin, lead and zirconium, R is an alkyl group 
having from 1 to 4 carbon atoms, Y is a substituted 
alkylene radical having from 2 to 8 carbons, z is a num 
ber ranging from 1 to 3 and x is a number ranging 
from 1 to 3. 

2. The process of claim 1, wherein said carbonaceous 
particles are relatively large and said additive is added 
after about 80 percent of the mixing time has elapsed. 

3. A process for producing shaped baked carbon 
articles, comprising comingling carbonaceous particles 
with a pitch binder, adding summer oil to the resulting 
mix, and from 0.1 percent to 5 percent by weight of an 
additive, selected from the group consisting of the car 
boxylates of tin, lead and silicon, the aminoalcohols and 
polyhydric, alcohol derivatives of tin, lead, silicon and zir 
conium, shaping the resulting mix and baking to car 
bonize said binder, said carboxylates having the formula: 

por 
HO" -M-O- 

Ör 
wherein R is a member selected from the group con 
sisting of the alkyl, and the substituted alkyl radicals 
having from 10 to 18 carbon atoms, M is a metal selected 
from the group consisting of silicon, tin and lead, R is 

0. 

5 

20 

25 

30 

35 

an alkyl group having from 1 to 4 carbon atoms, and a 
is a small whole number ranging from 1 to 3; 

said amino alcohols having the formula: 

(RO).M(O-CHNCR)).Y(HO.CR") 
wherein M is a metal selected from the group consisting 
of silicon, tin, lead and zirconium, R is an alkyl group 
having from 1 to 4 carbon atoms, R. is selected from 
the group consisting of the alkyl and substituted, alkyl 
groups having from 1 to 4 carbon atoms, R' is a mem. 
ber selected from the group consisting of the alkyl and 

40 

45 

substituted alkyl groups having from 10 to 18 carbon 
atoms, x is a number ranging from 0 to 3;Y is a number equal to (4-x), and said polyhydric alcoholates having 
the formula: - 

(RO).M(OY-(OH).J. 

8 
wherein R is a member selected from the group con 
sisting of the alkyl, and the substituted alkyl radicals 
having from 10 to 18 carbon atoms, M is a metal selected 
from the group consisting of silicon, tin and lead, R' is 
an alkyl group having from 1 to 4 carbon atoms, and x 
is a small whole number ranging from 1 to 3; 

said arrhino alcohols having the formula: 

(RO),M(O-CH.N(R).) Y(HOCR") 
wherein M is a metal selected from the group consisting 
of silicon, tin, lead and zirconium, R is an alkyl group 
having from 1 to 4 carbon atoms, R is selected from 
the group consisting of the alkyi and substituted alkyl 
groups having from 1 to 4 carbon atoms, R' is a mem 
ber selected from the group consisting of the alkyl and 
substituted alkyl groups having from 10 to 18 carbon 
atoms, x is a number ranging from 0 to 3;Y is a number 
equal to (4-x), and said polyhydric alcoholates having 
the formula: 

wherein M is a metal selected from the group consisting 
of silicon, tin, lead and zirconium, R is an alkyl group 
having from 1 to 4 carbon atoms, Y is a substituted 
alkylene radical having from 2 to 8 carbons, z. is a num 
ber ranging from 1 to 3 and c is a number ranging 
from 1 to 3. 

7. A green carbonaceous mix characterized by low 
extrusion pressures, said mix containing carbonaceous 
particles, an organic binder, summer oil, and from 0.1 
percent to 5 percent by weight of at least one additive. 
selected from the group consisting of the carboxylates of 
tin, lead and silicon, the amino and polyhydric alcohol 
derivatives of tin, lead, silicon and zirconium and mix 
tures thereof, said carboxylates having the formula: 

9 or 
HIO -M-O- B 

L br' . . 
wherein R is a member selected from the group con 
sisting of the alkyl, and the substituted alkyl radicals 
having from 10 to 18 carbon atoms, M is a metal selected 
from the group consisting of silicon, tin and lead, Ris 
an alkyl group having from 1 to 4 carbon atoms, and x 
is-a small whole number ranging from 1 to. 3; . 

said amino alcohols having the formula: 
(RO)M(O--CHN (R')2)4-Y(HOCR') 

wherein M is a metal selected from the group consisting 
of silicon, tin, lead and zirconium, R is an alkyl group 
having from 1 to 4 carbon atoms, R is selected from 

wherein M. is a metal selected from the group consisting 
of silicon, tin, lead and zirconium, R is an alkyl group 
having from 1 to 4 carbon atoms, Y is a substituted 

- alkylene radical having from 2 to 8 carbons, z is a num 
berranging from 1 to 3 and x is a number ranging 
from 1 to 3. 

4. The process of claim 3 wherein the amount of 
said additive is at least 0.3 percent by weight of said mix. 

5. The process of claim 3 wherein the amount of said 
additive is at least 0.5 percent by weight of said mix. 

6. A green carbonaceous mix characterized by low 
extrusion pressures, said mix containing carbonaceous 
particles, an organic binder and from 0.1 percent to 5 
percent by weight of at least one additive selected from 
the group consisting of the carboxylates of tin, lead and 

55 

60 

65 

from 1 to 3. 
silicon, the amino and polyhydric alcohol derivatives of . 
tin, lead, silicon and zirconium and mixtures thereof, said. 
carboxylates having the formula: . . . 

- - - - - - - - 9-cr 

- L or . . . 

70 

the group consisting of the alkyl and substituted alkyl 
groups having from 1 to 4 carbon atoms, R' is a mem 
ber selected from the group consisting of the alkyl and 
substituted alkyl groups having from 10 to 18 carbon 
atoms, x is a number ranging from 0 to 3; Y is a number 
equal to (4-x), and said polyhydric alcoholates having 
the formula: . 

(RO).MIOY-(OH).J. 
wherein M is a metal selected from the group consisting 
of silicon, tin, lead and zirconium, R is an alkyl group. 
having from 1 to 4 carbon atoms, Y is a substituted 
alkylene radical having from 2 to 8 carbons, z is a num 
ber ranging from 1 to 3 and x is a number ranging 

8. A green carbonaceous mix characterized by low 
extrusion pressures and improved forming characteristics, 
said mix containing cominuted carbonaceous particles, 
an organic binder selected from the group consisting of 
tar and synthetic resins, and at least 0.3 percent by weight. 
of mix of an additive selected from the group consisting 
of the c 

75 
carboxylates of tin, lead and silicon, the amino 

alcohol and polyhydric alcohol derivatives of tin, lead, 
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silicon and zirconium, said carboxylates having the 
formula: 

OCR 

us Ör I. 
wherein R is a member selected from the group con 
sisting of the alkyl, and the substituted alkyl radicals 
having from 10 to 18 carbon atoms, M is a metal selected 
from the group consisting of silicon, tin and lead, R is 
an alkyl group having from 1 to 4 carbon atoms, and x 
is a small whole number ranging from 1 to 3; 

said amino alcohols having the formula: 
(RO)M(O-CHN (R).) Y(HOCR') 

wherein M is a metal selected from the group consisting 
of silicon, tin, lead and zirconium, R is an alkyl group 
having from 1 to 4 carbon atoms, R is selected from the 
group consisting of the alkyl and substituted alkyl groups 

10 
having from 1 to 4 carbon atoms, R' is a member 
selected from the group consisting of the alkyl and sub 
stituted alkyl groups having from 10 to 18 carbon atoms, 
x is a number ranging from 0 to 3; Y is a number equal 
to (4-x), and said polyhydric alcoholates having the 
formula: 

(RO)MOY-(OH)4-. 
wherein M is a metal selected from the group consisting 

O 

5 

of silicon, tin, lead and zirconium, R is an alkyl group 
having from 1 to 4 carbon atoms, Y is a substituted 
alkylene radical having from 2 to 8 carbons, z is a number 
ranging from 1 to 3 and x is a number ranging from 1 
to 3. 
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