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(57) ABSTRACT

The 1nvention provides branched copolymers as precursors

for preparing silicon carbide (S1C) ceramics represented by
the general formulae:

[S1{~)RC(~)H],.,[S1R;R;CH; ]

12

Formula Type-I

wherein n 1s the degree of polymerization, 0.1=x<0.8,
0.2=y<0.9 and x+y=1; and R=methyl or H, R, and R, are
randomly composed of hydrogen (H), allyl, methyl (Me),
phenyl (Ph), propargyl or vinyl. Another branched copolymer
1s represented by the general formula:

[Si(~)RC(~)H],,[SiR;R,CH>],,,[SiR3R,CH,],,,  Formula Type-II

wherein n 1s the degree of polymerization, 0.1=x<0.8,
0=y<0.8, 0.2=z<0.8 and x+y+z=1; and R=methyl or H, R,
and R, are randomly composed of hydrogen (H), methyl (Me)
and phenyl; R; and R, are randomly composed of H, allyl,
methyl, phenyl (Ph), propargyl, and vinyl. The invention also
provides methods for the preparation of such branched
copolymers.

46 Claims, No Drawings
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COMPOSITION, PREPARATION OF
POLYCARBOSILANES AND THEIR USES

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

RELATED APPLICATION

The present application claims the benefit of co-pending
provisional application No. 60/758,711, filed on Jan. 13,
2006, which 1s hereby incorporated herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention
Silicon carbide (S1C) 1s a well-recognized ceramic material

with a wide variety of applications because of 1ts low density,
high strength, high thermal stability, and high resistance to
oxidation and corrosion. These characteristics make Si1C a
suitable material for components 1n electronic devices and for
potentially replacing metal 1n engine parts. Silicon carbide 1s
also suitable for use 1n low friction bearings, thermal and
environmental barrier coatings, and wear resistant compo-
nents (e.g. brakes).

While 1t 1s desirable to replace existing materials with SiC
in most industries, the hardness and non-melting characteris-
tics of this ceramic material makes 1t difficult to process by
conventional methods. One solution to this problem 1s to use
polycarbosilances as precursors of SiC because of their solu-
bility 1n organic solvents, moldablity, spinnablity, cross-link-
ablity and high yield on pyrolysis.

2. Background Art

The first commercial polycarbosilane which was used as a
precursor of S1C was disclosed by Yajima et al. in U.S. Pat.
No. 4,100,233. This precursor of S1C was prepared by cou-
pling dimethyldichlorosilane with sodium 1n toluene, fol-
lowed by a rearrangement reaction of poly(dimethylsilane) 1n
an autoclave at high temperature. The resultant polymer has a
major repeat unit, [SIMeHCH, | and can only exist as solid
form due to some un-converted S1—S1 bond. However, the
use of sodium and high temperature treatment tend to incur
high manufacturing cost which diminishes the viability of
this preparation method.

A polycarbosilane disclosed by Yajima has been used to
prepare Nicalon fiber via a melt spinning process. An oxygen
curing process for retaining the shape of the Nicalon fiber
occurs before pyrolysis. This oxygen curing step 1s necessary
to supplement the lack of eflicient cross-linkable functional
groups 1n the Yajima polycarbosilane. However, excess oxy-
gen 1n the S1C 15 created after pyrolysis. In addition to the
€XCess 0Xygen, excess carbon 1s also generated after pyroly-
s1s. The excess carbon 1s due to a carbon to silicon ratio o1 2:1
in the polycarbosilane precursor. The residual oxygen and
excess carbon have negative effects on the long-term stability
of ceramic fibers like Nicalon fiber.

Another disclosure (U.S. Pat. No. 4,826,892) by Shimada
¢t al. teaches a method of making a phenyl substituted poly-
carbosilane or polycarbosilastyrene, similar to the Yajima
polymer. While the fiber made from this precursor contains
less oxygen, the cost of manufacturing this polymer 1s com-
parable to Yajima’s polymer.

Whitmarsh et al. (U.S. Pat. No. 5,153,295) disclosed a
branched polycarbosilane, [S1H,CH,] , prepared by Grig-
nard reaction of chloromethyltrichlorosilane 1n ether, fol-
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lowed by reduction with lithium aluminum hydnde (L1AIH,).
While this polycarbosilane has a high S1C yield, duetoa 1:1
silicon:carbon ratio, 1t can only exist as a liquid at room
temperature due to 1ts low glass transition temperature (1 ).

U.S. Pat. No. 5,270,429 by Michalczyk disclosed an exten-
stvely branched chloropolycarbosilane having a formula:
[CH(C1),S1Me(H), JH,.. The extensive branching 1n this poly-
carbosilane 1s a steric hindrance for the preparation its
copolymer with (dichloromethyl)methyldichlorosilane. This
particular characteristic causes incomplete coupling of all
chlorine atoms during a Grignard reaction of monomer,
(dichloromethyl)methyldichlorosilane. Excess chlorine from
incomplete coupling with magnesium (Mg) 1n the Grignard
reaction 1s not desired in S1C. In comparison, the use of
sodium (Na) 1n a corresponding Wurtz coupling reaction
drives the coupling to completion leaving no uncoupled chlo-
rine. However, the complete coupling of chlorine produces an
insoluble solid as end polymer, [CHSiMe]n, with limited use
because processing such an insoluble solid as a precursor 1s
difficult and costly.

In view of the foregoing, a need exists to overcome one or
more of the deficiencies in the related art.

BRIEF SUMMARY OF THE INVENTION

The present mvention provides two types of branched
copolymers as precursors for preparing silicon carbide (S1C)
ceramics. Preparation processes of the two types of copoly-
mers are also disclosed. The preparation processes include a
one-step reaction process, a two-step reaction process and a
three-step reaction process. The composition includes two
types of branched copolymers.

In a first aspect of the invention, a first of the two types of
branched copolymers 1s a polycarbosilane, having the general
average formula:

[Si(~)RC(~)H]x,[SiR,R,CH,]y,., Formula Type-I

where ~ represents branched chain, n 1s a degree of polymer-
ization, 0.1=x<0.8, 0.2=y<0.9 and x+y=1, R 1s methyl or
hydrogen, R, and R, are randomly composed of H, allyl,
methyl, phenyl, propargyl, and vinyl groups. Actual struc-
tures of polymers derived from such average formulae are
highly branched. Details of such exemplary branched poly-
mers are disclosed 1n U.S. Pat. No. 5,153,295 by Whitmarsh,
incorporated herein by reference.

A second aspect of the invention provides a second of the
two types of polycarbosilane, having the general formula:

[Si(~)RC(~)H],,[SiR;RyCH, ], [SiRzR4CH,],,,  Formula Type-II

where ~ represents branched chain, n 1s the degree of poly-
merization, 0.1=x<0.8, 0=y<0.8, 0.2<7z<0.8 and x+y+z=1, R
1s methyl or hydrogen, R, and R, are randomly composed of
hydrogen, methyl and phenyl groups, R; and R, are randomly
composed of allyl, methyl, phenyl, propargyl, and vinyl
groups.

In a third aspect of the invention, a method for preparing
carbosilane copolymers having both general formula I and 1II:
the method comprising a one-step reaction 1n an organic
solvent between halocarbosilane co-monomers 1n the pres-
ence of magnesium, wherein the co-monomers have the gen-
eral formula:

X,SiR,CH, X,

where X 1s a halogen, R 1s a monovalent hydrocarbon, 1=p=<3,
O=q=2, 1=r=<2 and 1=s<2.

Another aspect of the invention provides a method for
preparing the carbosilane copolymers having both general
formula I and II:
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the method comprising a two-step reaction including a Grig-
nard reaction between halocarbosilane co-monomers and a
reduction reaction to replace halogens or methoxy groups in
the copolymer, the halocarbosilane co-monomers having the
general formula:

X, R, SiCH,X,

where X 1s a halogen, R 1s a monovalent hydrocarbon, 1=p=<3,
O=q=2, 1=r=<2 and 1=s=<2.

Yet another aspect of the invention presents a method for
preparing polycarbosilanes having both general formula I and
I1, the method comprising a three-step reaction including:
partial methoxylation of a trichlorosilane, Grignard reaction
of the partially methoxylated trichlorosilane and reduction
thereof.

The 1illustrative aspects of the present invention are
designed to solve one or more of the problems herein
described and/or one or more other problems not discussed.

DETAILED DESCRIPTION OF THE INVENTION

The invention provides branched carbosilane copolymers,
as well as methods for preparing and using the same. The
branched copolymers have recurring units represented by the
general average formula:

[S1(~)RC(~)H],,,[SIR|R5],,, Formula Type-I

where n 1s the degree of polymerization;

~ represents branched chain;

0.1=x=0.8, 0.2=y=0.9 and x+y=1;

R may represent hydrogen (H) or methyl (Me);

Both R, and R, may represent: hydrogen (H), allyl, methyl
(Me), phenyl (Ph), propargyl or vinyl;

Or

R, and R, may each represent: hydrogen (H), allyl, methyl
(Me), phenyl (Ph), propargyl or vinyl
and

[Si(~)RC(~)H],,,[SiR R,CH,],,,[SiR3R,CH, 1., Formula Type-1I

where n 1s the degree of polymerization;

~ represents branched chain;

0.1=x=<0.8, O=y=0.8, 0.2=7=<0.8 and x+y+z=1;

R may be methyl (Me) or hydrogen (H);

Both R, and R, may be hydrogen (H) or methyl (Me) or
phenyl;

R, and R, may each represent hydrogen (H), allyl, methyl
(Me), phenyl (Ph), propargyl or vinyl.

Alternatively,

R, may represent hydrogen (H), R, may represent methyl
(Me) or phenyl;

R, and R, may each represent: hydrogen (H), allyl, methyl
(Me), phenyl (Ph), propargyl or vinyl.

The unit ratio of x:y:z and the size of the branching/side
group determines whether the polymer 1s a liguid or solid,
where 0.1=x=<0.8, 0=y=0.8, 0.2=z=<0.8, and the sum, x+y+
7z=1. The liquid polymer may be used as a precursor for the
impregnation of ceramic matrix composite (CMC) compo-
nents while the solid polymer can be used as a precursor for
s1licon carbide (S1C) fiber or for forming prepregs for various
CMC components via hot melt process. The polymers may be
prepared by one or more of three methods, each discussed
below.

One-Step Method

The one-step method includes a Grignard reaction where
co-monomers ol halomethylsilanes, such as dichloromethyl-
methyldichlorosilane with chloromethyldimethylchlorisl-
nae, or chloromethylemthyldichloroislane, etc., are mixed
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and added to magnesium (Mg) 1n an organic solvent, tetrahy-
drofuran (THF), to form a Grignard intermediate —CHMgX,
where X represent a halogen such as chlorine (Cl) or bromine
(Br). The Grignard intermediate couples with S1—X groups
in the co-monomers to form S1—C bond, leading to the for-
mation of chain structure for polymers. Complete formation
of Grignard mtermediates in all dichloromethyl groups
(—CHCI,) of the dichloromethylmethyldichlorosilane 1n the
presence of co-monomers, mono-chloromethylsilanes, 1s
achievable due to reduced steric hindrance as compared to the
use of the single monomer dichloromethylmethyldichloro-
silane (Cl,MeS1CHCI,). This 1s because the mono-chlorom-
cthylsilanes decrease the branching in the polymer structure
reducing steric hindrance to allow the dichloromethyl groups
to access Mg and form the Grignard intermediate. The
reduced steric hindrance also facilitates complete coupling of
all Grignard intermediates with the S1—X groups. The tem-
perature of the Grignard reaction may range from approxi-
mately 50° C. to approximately 74° C.

The use of co-monomer, dichloromethylmethyldichloro-
silane, 1n this one-step method yields resultant copolymers
with higher molecular weights as compared to resultant
homo-polymers from a direct Grignard reaction of single
monomer, mono-chloromethylsilanes. The higher molecular
weight of the copolymers 1s due to the formation of branched
chains from the second chlorine of the dichloromethyl group
in dichloromethylmethyldichlorosilane. The branched chains
have similar S1i—C linkage as the main chain. Equation 1
below 1llustrates a mixture of co-monomers, (dichlorometh-
yl)methyldichlorolsilane (Cl,S1iMeCHCIL,) and (chlorometh-
yl)dimethylchlorosilane (ClMe,S1CH,CI1), reacting with Mg

in THF to produce copolymers with a Type-I formula, [Si(~)
MeC(~)H],, [SiMe,CH,],,,

CL,SiMeCHCL+CIMe,SiCH,Cl+Mg/THF = [Si(~)

MeC(~)H],,,[SiMe,CH,],,, Equation 1

where n 1s the degree of polymerization;

~ represents branched chain;

0.1=x<0.8, 0.2=y<0.9 and x+y=1.

Upon pyrolysis to 1000° C. under 1nert gas, the ceramic yield
of these copolymers from equation 1 ranges from 20 to 35%
when the ratio of x/y n [Si(~)MeC(~)H]_,[S1Me,CH,],,
ranges from 1:1 to 2:1. This 1s much higher than the corre-
sponding homopolymer, [SiMe,CH,], prepared 1from
ClMe,S1CH,CI, which has less than 3% ceramic yield on
pyrolysis. The higher ceramic yield for the copolymers 1s due
to the existence of the branched structures.

The homo-polymer [CH(CI),SiMe(H),|H,, made from a
single monomer C1,S1iMeCHCI, has a higher ceramic yield as
reported 1n U.S. Pat. No. 5,270,429, but a high proportion of
the ceramic from by this method has un-reacted chlorine even
after reduction by lithium aluminum hydride, LiAIH,. The
use of a large amount of L1AlH, also adds substantial cost to
the production of homo-polymer [CH(CI),SiMe(H), [H,. In
contrast, the current one-step method for making copolymers
provides a moderate ceramic yield without using [L1AIH,.
Further examples of this one-step process are provided below.

The one-step method may be used to prepare copolymers
with organic functional groups like allyl phenyl, etc. through
the use of the corresponding organic Grignard intermediates
that couple with halosilane (S1—X) or methoxy silane (S1—
OMe) groups. A complete substitution of the S1—X or
S1—OMe groups can be achieved by utilizing organic halides
in excess and/or 1n the presence of catalysts such as CuCN
and NaSCN. Equation 2, below, illustrates a mixture of co-
monomers, (dichloromethyl)methyldichlorolsilane

(C1,S1MeCHCI1,) and (chloromethyl)dichloromethylsilane
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(Cl,MeS1CH,LCI), reacting with Mg in THF 1n the presence of
allylchloride to produce allyl-substituted copolymers with a
Type-I formula, [Si(~)MeC(~)H],,,[SiMe(Allyl)CH,],,.

CL,SiMeCHCIL,+CI, SiMeCH, Cl+Allylchloride+Mg/

THE = [Si(~)MeC(~)H],_ [SiMe(Ally]lYCH-] Equation 2

o

where n 1s the degree of polymerization;

~ represents branched chain;

0.1=x<0.8, 0.2=<y<0.9 and x+y=1.

The Grignard coupling reaction of Cl,SiMeCHCI, and
Cl,S1MeCH,Clin Equation 2 1s conducted in the same way as
for the copolymers i Equation 1. The co-monomer
Cl,MeS1CH,Cl 1n Equation 2 carries two chlorines (Cl) on
silicon (S1). After coupling with a Grignard intermediate,
CHMgCl, one Cl remains un-reacted, generating a chloro
substituted polymer [Si(~)MeC(~)H],, [SiMe(CI)CH,],,,
first. The chloro polymer 1s not separated from the reaction
flask. Allylchloride 1s then added to the chloro substituted
polymer solution to form allylmagnesium chloride, which
subsequently couples with all the chlorosilane (S1Cl1) groups
to form the desired copolymers. Although the silanes and
allylchloride are added separately, only one work-up process
1s required to 1solate the polymers.

Equation 3 illustrates preparation of phenyl-substituted
copolymers, which 1s essentially the same as the preparation
of the allyl-substituted copolymer 1n Equation 2. The phenyl-
substituted co-polymers have a Type-I formula.

C1,SiMeCHCL,+Cl{OMe),SiCH,CI+PhBr+Mg/

THF= [Si(~)MeC(~)H],..[SiPh,CH,] Equation 3

e

wherein n 1s the degree of polymerization;

~ represents branched chain;

0.1=x<0.8, 0.2=y<0.9 and x+y=1.

Copolymers composed of more than two monomers can
also be prepared in the same one-step method. As shown 1n
equation 4, a reaction of the monomers: Cl,SiMeCHCI,,
Cl,S1MeCH, (I, and ClMe,S1CH,CI can lead to the forma-
tion of copolymers with a Type-II formula, [Si1(~)MeC(~)
H],,[SiMe(allyl)CH,],, [SiMe,CH,],,..

ClLS1MeCHCL,+CL, SiMeCH,Cl+ClMe, S1CH, Cl+
Allylchloride+Mg/THF = [Si(~)MeC(~)H],,

[SiMe(Allyl)CH, ], [SiMe,CH; ] Equation 4

el ¢

wherein n 1s the degree of polymerization;

~ represents branched chain;

0.1=x<0.8, 0=y<0.8, 0.2<7z<0.8 and x+y+z=1.

Two-Step Method

The second method 1s a two-step method that includes a
Grignard reaction, as discussed in the one-step process for
producing Grignard intermediates, and a reduction reaction
using lithtum-aluminum hydride (L1A1H,) for converting un-
reacted S1—Cl1 or S1—OMe groups to S1—H groups.

Equation 5 and 6 illustrate the Grignard reaction between
co-monomers Cl,S1iMeCHCI, and Cl,S1iMeCH,CI1 to form
copolymer with Type-II formula. The copolymer generated
initially 1s a chloro copolymer, which 1s similar to Equation 2,
having a formula: [SiMe(~)CH(~)],, [SiMe(C1)CH,],,,. The
S1—C1 groups 1n the chloro copolymer can be partially sub-
stituted by functional groups like: allyl, phenyl, propargyl, or
vinyl via a coupling reaction of corresponding Grignard inter-
mediates, RMgX, which can be prepared from the corre-
sponding organic chloride or bromide in situ. When part of
the chloro group 1n [SiMe(~)CH(~)[,, [S1Me(CI)CH,],,, 15
replaced by allyl group, the resultant copolymer has a for-
mula, [Si(~)MeC(~)H],, [SiMe(Cl)CH,],, [SiMe(Allyl)
CH,]_.. The unreacted S1—CI1 groups that remain can be
reduced by Li1AlH, to form S1—H groups. The S1—H and
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C—C multiple bonds 1n allyl, propargyl and vinyl are typical
cross-linking groups, which are useful for curing the copoly-
mers when necessary.

CLSiMeCHCL+CISiMeCH,CIl+Allylchloride+Mg/
THE= [Si(~)MeC(~)H],,,[SiMe(Cl)CH,],,,

[SiMe(Ally)CH,] Equation 5

ZMn?

wherein n 1s the degree of polymerization;
~ represents branched chain;
0.1=x<0.8, 0.2=y<0.9, 0=z<0.8 and x+y+z=1
Equation 6 1llustrates the reduction reaction of the S1—Cl
group 1n the co-polymer from the Grignard reaction from
Equation 5.
[Si(~)MeC(~)H],,,[SiMe(Cl)CH,],,[SiMe(Allyl)

CH, ], +LiAlH, = [Si(~)MeC(~)H].. [SiMe(H)

CH,],,.[SiMe(Allyl)CH,] Equation 6

b r o

wherein n 1s the degree of polymerization;

~ represents branched chain

0.2=x<0.8, 0.2=y<0.9, 0=z<0.8 and x+y+z=1.

Copolymers with Type-I formula can also be prepared by
this two-step method. Equation 7 and 8 1illustrate a Grignard
reaction and a reduction reaction, respectively, to produce a

hydrogen  substituted copolymer [Si(~)MeC(~)H],,
[S1H,CH, ],
CL,SiMeCHCL,+Cl(OMe),SiCH,Cl+Mg/THF= [Si
(~)MeC(~)H],,,[S1{OMe),CH,],,, Equation 7
wherein n 1s the degree of polymerization;
~ represents branched chain;
0.1=x<0.8, 0.2=y<0.9, and x+y=1
[Si(~)MﬂC(-—-)H]m[Si(OMe)ECHE]yH+LiAlH4$ [S1(~)
MeC(~)H],, [S1H>CH>],,, Equation &

wherein n 1s the degree of polymerization;

~ represents branched chain;

0.1=x<0.8, 0.2=y<0.9, and x+y=1.

Copolymers consisting of more than two monomers can
also be prepared with the two-step process. Equation 9 1llus-
trates the use of three co-monomers: (dichloromethyl )dichlo-
romethylsilane (Cl,SiMeCHCI, ), (chloromethyl)dichlorom-
cthylsilane (Cl,S1MeCH,C1) and (chloromethyl)
chlorodimethylsilane (ClMe,S1CH,Cl) 1n a Grignard
reaction (Equation 9) that leads to the formation of copoly-
mers having a Type-1I formula: [S1(~)MeC(~)H]_, [S1Me(Cl)
CH,],,.[S1Me,CH,],,,.

C1,SiMeCHCI,+CL,SiMeCH,CI+CIMe,SiCH,Cl+

Mg/THF=> [Si(~)MeC(~)H],,[SiMe(C1)CH,],,,
[SiMe,CH,]

Equation 9

Zn?

wherein n 1s the degree of polymerization; ~ represents
branched chain,

0.1=x<0.8, 0=y<0.8, 0.2=z<0.8 and x+y+z=1.

These S1—C1 containing polymers may be reduced to cor-
responding S1—H containing polymers with Type-1I formula
in a reduction reaction (Equation 10) using LiAIH,.

[Si(~)MeC(~)H],,,[SiMe(Cl)CHS,],,,[SiMe,CH, ], ,+
LiAlH,= [Si(~)MeC(~)H],,[SiMe(H)CH,],,,

[SiMe,CH- ], Equation 10

wherein n 1s the degree of polymerization;

~ represents branched chain;

0.1=x<0.8, 0=y<0.8, 0.2=z<0.8 and x+y+z=1
Three-Step Method

—

The Grignard reaction is not applicable where a trichlo-
rosilane 1s used as a co-monomer because the reaction will
substantially cleave the organic solvent, THF, which may lead
to 1ncorporation of oxygen and excess carbon in the end
polymer. To overcome this side reaction of THF cleavage,
partial methoxylation of a co-monomer, for example, a
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haloalkylhalosilane, 1s devised as an initial/first step of a
three-step method. The second step of the three-step method
1s a Grignard reaction of the partially methoxylated co-mono-
mers 1n THE, and ending with reduction of the polymer by
L1AlH, as the third of the three-step method. Each step of the
three-step method 1s 1llustrated below in Equations 11-14.

Step 1—Partial Methoxylation

For a co-monomer having a high proportion of halogen
atoms, for example, the haloalkylhalosilane may be chlorom-
cthyltrichlorosilane, the chlorine atoms bonded to the silicon
atom may be partially substituted with methoxy groups at
room temperature.

Cl;SiCH,Cl+mMeOH= Cl;_, (OMe),  SiCH,CI, Equation 11

where 1.5=m=2.5.
Alternatively, (dichloromethyl)methyldichlorosilane may
also be partially methoxylated, as shown in Equation 12
below.

CLCHMeSiCL+pMeOH= Cl,CHMeSi(OMe),Cl, ,, Equation 12

where O<p=1.
The partially methoxylated haloalkylhalosilane co-mono-
mers are then reacted with magnesium (Mg), 1n an organic
solvent like tetrahydroturan (THF) at a temperature ranging
from approximately 68° C. to approximately 74° C.

Step 2—Grignard Reaction

As shown in Equation 13, the Grignard reaction from the
partially methoxylated chloromethyltrichlorosilane and the
partially methoxylated (dichloromethyl)methyldichlorosi-
lane produces methoxylated copolymers with a formula: [S1
(~)MeCH(~)],,,[S1(OMe),CH,],, [S1(OMe)RCH,],,,. A very
strong exothermic reaction 1s always observed right after the
completion of the addition of the methoxylated monomers.
After the strong exothermic reaction, the organic halides are
added to continue the Grignard reaction, which leads to the
incorporation ol organic groups such as, allyl, phenyl, prop-
argyl and vinyl. The organic halides may include: allyl halide,
phenyl halide, vinyl halide and propargyl halide.

CLCHMeSi(OMe),Cl,_+Cl;_,(OMe), SiCH,CI+RCl
(or RBr)+Mg/THF = [Si(~)MeCH(~)],,.[Si

(OMe),CH,],,,[S1(OMe)RCH, ] Equation 13

Zn?

where n 1s the degree of polymerization;

~ represents branched chain;

R may be allyl, phenyl, propargyl and vinyl;

1.5=m=2.5; O<p=l;

0.1=x<0.8, 0=y<0.8, 0.2<7z<0.8 and x+y+z=1.

Alternatively, the partially methoxylated chloromethyl-
trichlorosilane may be mixed with non-partially methoxy-
latyed (dichloromethyl)methyldichlorosilane as shown 1n
Equation 14. It1s observed that no exothermic reaction occurs
in the Grignard reaction when non-partially methoxylatyed
(dichloromethyl)methyldichlorosilane 1s used.

ClL,CHMeSiCl,+Cl;_, (OMe) SiCH,CI+RCI (Or
RBr)+Mg/THF = [Si(~)MeCH(~)]., [Si

(OMe),CH,],,,[S1(OMe)RCH, ] Equation 14

Zn?

where n 1s the degree of polymerization;

~ represents branched chain;

1.5=m=2.5; O<p=l;

R may be allyl, phenyl, propargyl and vinyl;

0.1=x<0.8, 0=y<0.8, 0.2<7<0.8 and x+y+z=1.
Catalysts, like zinc (Zn), CuCN, or NaSCN, may be added 1n
all the Grignard reactions above.

Step 3—Reduction Reaction

The last step of the three-step method 1s a reduction reac-
tion using lithium aluminum hydride (L1AlH,) at temperature
ranging between approximately 50° C. and approximately
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70° C. 1n tetrahydrofuran (THF). The reduction reaction of
the polymers formed from the Grignard reactions 1n Equation

13 and Equation 14 can be conducted 1n the same way as
shown Equation 15. It 1s observed that the non-methoxylated
(dichloromethyl )methyldichlorosilane tend to form polymers
that are high viscous liquids or solids. While, the methoxy-
lated (dichloromethyl )methyldichlorosilane allows the corre-
sponding polymers to be formed 1n low to high viscous liquid.
[Si{(~)MeCH(~)],,,[S1(OMe),CH,],,,[Si{OMe)

RCH,1,,+LiAIH/THF= [Si(~)MeCH(~)]..,
[SiH,CHS],,,[SiHRCH,)

Equation 15

Zr?

where n 1s the degree of polymerization,

~ represents branched chain;

R may be allyl, phenyl, propargyl and vinyl,

0.1=x<0.8, 0=y<0.8, 0.2=z<0.8 and x+y+z=1.

The C—C multiple bonds 1n the organic group R are useful
for curing the copolymer at low temperature via hydrosilyla-
tion reaction with Si—H groups. Upon pyrolysis to 1000° C.
under 1nert gas, the ceramic yield of the copolymers prepared
from the three-step reactions method 1s typically 1n the range
of 60 to 75%. This 1s consistent with copolymers that are
highly branched and contain significantly greater S1i—H
groups than polymers made from the 1-step or 2-step process.
The resultant S1C ceramic derived from the pyrolysis of these
copolymers has excellent oxidation stability under high tem-
peratures. Fibers can be drawn from all the solid polymers.
The copolymers are shown to have molecular weights (Mw)
in the range of approximately 300 to approximately 250,000
Daltons through gel permeation chromatography (GPC)
based on the standards of polystyrene 1n THF solution.

As pointed above, copolymers of either Type-I or Type-II
formula may be prepared by any of the above three methods.
The following paragraphs details the type of apparatus for
conducting partial methoxylation reaction, Grignard reaction
and reduction reaction.

General Apparatus for Partial Methoxylation Reaction

A 5-liter three-neck-round-bottomed flask 1s used for the
partial methoxylation reaction. The flask 1s set up with a
pressure-equalizing dropping funnel and a reflux condenser.
The dropping funnel has a top connected to a nitrogen gas
inlet to keep the flask continuously flushed with mitrogen gas
throughout the reaction. The reflux condenser 1s connected to
tubing positioned over a large plastic container of water mnto
which by-product hydrogen chloride (HCI) gas 1s absorbed. A
magnetic stirrer 1s placed 1n the flask to stir the reactants 1in the
flask.

General Apparatus for Grignard Coupling Reaction

A 12-liter three-neck round bottom flask 1s used for the
Grignard coupling reaction. The flask 1s fitted with a dropping
funnel, a mechanical stirrer, and a reflux condenser. The
reflux condenser 1s fitted with a gas inlet for a supply of dry
nitrogen.

General Apparatus for Reduction Reaction

The reduction reaction occurs 1n the same apparatus set up
as that of the Grignard coupling reaction.

The following examples illustrate 1n detail the preparation
process using one of the methods (1.e., one-step, two-step or
three-step) discussed above with the respective apparatus
set-up for the respective reaction.

EXAMPLE 1

One-Step Method for Forming a Type I (Solid)
Copolymer Using 2 Monomers

216 g (8.89 mols) of magnesium powder (approximately
50 mesh) and 250 mL of anhydrous THF are placed in the
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12-liter three-neck round bottom flask equipped for the Grig-
nard reaction. 215 g (1.50 mols) of ClMe,S1CH,Cl, 595 g

(3.00 mols) o1 C1,MeS1CHCI,, and 2 L of anhydrous THF are
mixed 1n a S-liter single neck round bottom flask. This mix-
ture 1s added 1n parts via the dropping funnel into the Grignard
reaction flask over 2 hours. The reaction starts shortly (1-3
minutes) after the silane co-monomers are added. The reac-
tion mixture rapidly warms up to a temperature between
approximately 68° C. and approximately 73° C. and develops
into a dark brown color. As the reaction progresses, magne-
sium salts (MgCl,) are formed as solid 1n the solution. The
reaction 1s maintained at a gentle reflux by cooling the reac-
tion flask with cold water. The exothermic reaction may also
be maintained by adjusting the rate of addition of the silane
monomers. The resultant mixture 1s stirred for 30-60 minutes
at room temperature, then heated to a temperature of approxi-
mately 50° C. and maintained at this temperature for 12 hours
with continuous stirring.

200 mL of concentrated HCI 1s mixed with 5 kg of crushed
ice and 1 L of hexane 1 a 20 L plastic container. This cold
hexane/HC] mixture 1s stirred vigorously by a mechanical
stirrer. The reaction mixture from the Grignard reaction 1s
then poured into the rapidly stirred cold hexane/HCI solution
over a period of 10 minutes. After the mixture 1s completely
added to the hexane/HCIl mixture, the work-up solution 1s
stirred for another 10 minutes. Once the stirring 1s stopped, a
yellow organic phase appears above the aqueous layer. The
organic phase 1s separated and washed with 1 L of dilute (1M)
HC1 acid and dried over sodium sulfate (Na,SO,) for 2 hours.
The solvents (hexane/THF) are then stripped oif by a rotary
evaporator to give 342 g of yellow product, which solidifies at
room temperature. The resultant polymer with a formula:
|S1(~)MeC(~)H], [S1Me,CH,] was tound to have a weight
molecular weight (IMw)=4420 and number molecular weight
(Mn)=1300. Pyrolysis of the obtained polycarbosilane unde
nitrogen from room temperature to 1000° C. at 1° C./min gave
a black ceramic 1n 30 to 35% vyield.

EXAMPLE 2

One-Step Method for Forming a Type I (Liquid)
Copolymer Using 2 Monomers

230 g (9.47 mols) of magnesium (Mg) powder (approxi-
mately S0 mesh) and 250 mL of anhydrous THF are placed in
the 12-liter three-neck round bottom flask equipped for the
Grignard reaction. 572 g (4.0 mols) of ClMe,S1CH,CIl, 1s
mixed with 396 g (2.0 mols) of (dichloromethyl)methyldi-
chlorosilane and 2 L of anhydrous THF 1n a 3-liter single neck
round bottom flask. This mixture 1s added 1n parts via the
dropping funnel to the Grignard reaction flask over 2 hours.
The reaction starts shortly (1-3 minutes) after the silane co-
monomers are added. The reaction mixture rapidly warms up
to between approximately 68° C. to approximately 74° C. and
developed into a dark brown color. As the reaction pro-
gressed, magnesium salts (MgCl,,) are formed as solid 1n the
solution. This exothermic reaction 1s maintained at a gentle
reflux by cooling the reaction flask with cold water. The
exothermic reaction could also be maintained by adjusting
the rate of addition of silane monomers. The resultant mixture
1s stirred for 30-60 minutes at room temperature, then heated
to a temperature ol approximately 50° C. and maintained at
this temperature for 12 hours with continuous stirring.

100 mL of concentrated HC1 1s mixed with 3 kg of crushed
ice and 1 L of hexane 1n a 20-liter plastic container. This cold
hexane/HC] mixture 1s stirred vigorously by a mechanical
stirrer. The reaction mixture from the Grignard reaction 1s
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then poured into the rapidly stirred cold hexane/HCI solution
over a period of 10 minutes. After the mixture 1s completely
added to the hexane/HCI mixture, this work-up solution 1s
stirred for another 10 minutes. Once the stirrng stopped, a
yellow organic phase appeared above the aqueous layer. The
organicC phase 1s separated and washed with 1 L of dilute (1M)
HCI1 acid, then drnied over sodium sulfate (Na,SO,) over 2
hours. The solvents (hexane/THEF) are stripped oif by a rotary
evaporator to give 336 g of hugh viscous liquid of yellow to
brown color. The resultant polymer with a formula: [Si(~)
MeC(~)H] [S1Me,CH,],, was found to have a weight
molecular weight (IMw)=2290 and number molecular weight
(Mn)=1140.

EXAMPLE 3

One-Step Method for Forming a Type II (Liquid)
Copolymer Using 3 Monomers

206 g (8.48 mols) of magnesium (Mg) powder (approxi-
mately 50 mesh) and 200 ml of anhydrous THF were placed
in the 12-liter three-neck round bottom flask equipped for the
Grignard reaction. 572 g (4 mols) of ClMe,S1CH,Cl, was
mixed with 284 g (1.43 mols) of (dichloromethyl)methyldi-
chlorosilane, 47 g (0.29 mol) of Cl,MeS1CH,CI, and 2 L of
anhydrous THF 1n a 5-liter single neck round bottom flask.
This mixture was added 1n parts via the dropping funnel to the
Grignard reaction flask within 2 hours. The reaction started
shortly (1-3 minutes) after the silane co-monomers are added.
The reaction mixture warmed up to between approximately
68° C. to approximately 74° C. and developed 1nto a dark
brown color once the reaction started. As the reaction pro-
gressed, magnesium salts (MgCl,) are formed as solid 1n the
solution. This exothermic reaction 1s maintained at a gentle
reflux by cooling of the reaction flask with cold water. The
exothermic reaction may be adjusted by changing the rate of
addition of silane monomers. After the addition of the silane
monomers, 25 g (0.33 mol) of allylchloride 1n 250 ml of THF
are charged to continue the Grignard reaction. The tempera-
ture 1n the reaction flask increased to between approximately
68° C. to approximately 74° C. as the reaction from the
allylchloride and Mg continued. The allylchloride/ THF mix-
ture was charged within 20 minutes. The resultant mixture 1s
stirred for 30-60 minutes at room temperature, then heated to
a temperature of approximately 50° C. and maintained at this
temperature for 12 hours with continuous stirring.

200 mL of concentrated HCI 1s mixed with 5 kg of crushed
ice and 1 L of hexane 1n a 20-liter plastic container. This cold
hexane/HC] mixture 1s stirred vigorously by a mechanical
stirrer. The reaction mixture from the reduction reaction 1s
then poured 1nto the rapidly stirred cold hexane/HCI solution
over a period of 10 minutes. After the mixture 1s completely
added to the hexane/HCI mixture, the work-up solution 1s
stirred for another 10 minutes. Once the stirring stopped, a
yellow organic phase appeared above the aqueous layer. The
organic phase 1s separated and washed with 1 L of dilute (1M)
HCI acid, then drnied over sodium sulfate (Na,SO,) for 2
hours. The solvents (hexane/THF) are stripped off by a rotary
evaporator to give 341 g of viscous yellow liquid. The result-
ant polymer with a formula: [Si(~)MeC(~)H]x, [S1Me,CH,]
vy, [SiMe(Allyl)CH, ]z, was found to have a weight molecular
weight (Mw)=3830 and number molecular weight

(Mn)=1250

EXAMPLE 4

Two-Step Method for Forming Type II (Liquid)
Copolymer (Equations 5 & 6) Using 2 Monomers

288 (11.85 mols) g of magnesium (Mg) powder (approxi-
mately 50 mesh) and 300 mL of anhydrous THF are placed in
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the 12-liter three-neck round bottom flask equipped for the
Grignard reaction. 654 g (4 mols) ot C1,MeS1CH,CI, 1s mixed

with 396 g (2.0 mols) of (dichloromethyl)methyldichloro-
silane and 2 L of anhydrous THF 1n a 5-liter single neck round
bottom flask. This mixture 1s added 1n parts via the dropping,
tfunnel to the Grignard reaction flask within 2 hours. The
reaction started shortly (1-3 minutes) after the silane co-
monomers are added. The reaction mixture rapidly warmed
up to approximately 68° C. to approximately 74° C. and
developed into a dark brown color. As the reaction pro-
gressed, magnesium salts (MgCl,) are formed as solid 1n the
solution. This exothermic reaction 1s maintained at a gentle
reflux by cooling the reaction flask with cold water. The
exothermic reaction could also be maintained by adjusting
the rate of addition of silane monomers. After the addition of
the silane monomers, 153 g (2.0 mols) of allylchloride in 250
ml. of THF are charged to continue the Grignard reaction.
The temperature 1n the reaction flask increased to between
approximately 68° C. to approximately 74° C. again as the
reaction from the allylchloride and Mg continued. The allyl-
chloride/THF muixture 1s charged within 20 minutes. The
resultant mixture 1s stirred for 30-60 minutes at room tem-
perature, then heated to a temperature of approximately 50°
C. and maintained at this temperature for 12 hours with con-
tinuous stirring. At this stage, a chloropolymer with a [Si1(~)
MeC(~)H]x [SiMe(C1)CH, ]y, [SiMe(Allyl)CH, ]z, formula
was formed.

The reaction tlask was immersed 1n an 1ce/water bath to
cool the reaction mixture. 1 L of anhydrous THF and 30 g
(0.79 mol) of L1AIH,, pellets are added to the reaction mixture
containing polymers with S1—C1 groups. As the L1AlH, pel-
lets dissolved gradually, temperature increased due to the
exothermic nature of the reduction reaction. The exothermic
reduction reaction lasted for approximately 2 hours. When
the exothermic reaction 1s complete, the 12-liter flask 1s
placed under a heating mantle and the reaction mixture 1s
heated to approximately 50° C. The reaction mixture 1s main-
tained at this temperature overnight with strong agitation.

400 mL of concentrated HCI 1s mixed with 5 kg of crushed
ice and 1 L of hexane 1n a 20-liter plastic container. This cold
hexane/HC] mixture 1s stirred vigorously by a mechanical
stirrer. The reaction mixture from the reduction reaction 1s
then poured 1nto the rapidly stirred cold hexane/HCI solution
over a period of 10 minutes. After the mixture 1s completely
added to the hexane/HCI mixture, the work-up solution is
stirred for another 10 minutes. Once the stirring stopped, a
yellow organic phase appeared above the aqueous layer. The
organic phase 1s separated and washed with 1 L of dilute (1M)
HCI1 acid, then dried over sodium sulfate (Na,SO,) for 2
hours. The solvents (hexane/THF) are stripped oif by a rotary
evaporator to give 408 g of viscous yellow liquid. The result-
ant polymer with a formula: [Si1(~)MeC(~)H]|x [SiMe(H)
CH, |y, [SiMe(Allyl)CH, ]z, (where x/y/z=1:1:1) 1s found to
have a weight molecular weight (Mw)=3300 and number
molecular weight (Mn)=680. Pyrolysis of the obtained poly-
carbosilane under nitrogen from room temperature to 1000°
C. at 1° C./min gave a black ceramic in 25 to 30% yield.

EXAMPLE 5

Two-Step Method for Forming Type II (Liquid)
Copolymer Using 3 Monomers

197.5 g (8.13 mols) of magnesium (Mg) powder (approxi-
mately 50 mesh) and 200 ml of anhydrous THF are placed in
the 12-liter three-neck round bottom flask, forming the Grig-
nard reagent. 572 g (4 mols) of ClMe,S1CH,CI, and 94 ¢
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(0.58 mol) of Cl,MeSiMeCH,,Cl are mixed with 227 g (1.15
mols) of (dichloromethyl)methyldichlorosilane and 2 L of
anhydrous THF 1n a 3-liter single neck round bottom flask.
This mixture 1s added 1n parts via the dropping funnel to the
Grignard reaction flask within 2 hours. The reaction started
shortly (1-3 minutes) after the silane co-monomers are added.
The reaction mixture rapidly warmed up to approximately
68° C. to approximately 74° C. and developed 1nto a dark
brown color. As the reaction progressed, magnesium salts
(MgCl,) are formed as solid 1n the solution. This exothermic
reaction 1s maintained at a gentle reflux by cooling of the
reaction flask with cold water. The exothermic reaction could
also be adjusted by changing the rate of addition of silane
monomers. The resultant mixture 1s stirred for 30-60 minutes
at room temperature, then heated to a temperature of approxi-
mately 50° C. and maintained at this temperature for 12
hours. The resultant mixture includes the polymer, chloro-
methylpolycarbosilane with a formula, [Si1(~)MeC(~)H],,
[S1Me,CH,],,,[SiMe(C1)CH, ],

The reaction flask 1s immersed in an ice/water bath to cool
the reaction mixture. 1 L of anhydrous THF and 11 g (0.29

mol) of LiAlH, pellets are added to the reaction mixture
containing polymers with S1i—C1 groups. As the L1AlH, pel-
lets dissolved gradually, temperature increased due to the
exothermic nature of the reduction reaction. The exothermic
reduction reaction may last for approximately 2 hours. When
the exothermic reaction 1s completed, the 12-liter flask 1s
placed under a heating mantle and the reaction mixture 1s
heated to approximately 50° C. The reaction mixture 1s main-
tained at this temperature overnight with strong agitation.
300 mL of concentrated HCI 1s mixed with 5 kg of crushed
ice and 1000 mL of hexane 1n a 20-liter plastic container. This
cold hexane/HCI1 mixture 1s stirred vigorously by a mechani-
cal stirrer. The reaction mixture from the Grignard reaction 1s
then poured into the rapidly stirred cold hexane/HCI solution
over a period of 10 minutes. After the mixture 1s completely
added to the hexane/HCI mixture, this work-up solution 1s
stirred for another 10 minutes. Once the stirring stopped, a
yellow organic phase appeared above the aqueous layer. The
organic phase 1s separated and washed with 1 L of dilute (1M)
HC1 acid, then dried over sodium sulphate (Na,SO,) for 2
hours. The solvents (hexane/THF) are stripped off by a rotary
evaporator to give 321 g of high viscous liquid 1n yellow to
brown color. The resultant polymer with a formula: [Si(~)

MeC(~)H],,[S1Me,CH,],, [SiMe(H)CH,],,, was found to
have molecular weight Mw=2100 and Mn=720.

EXAMPLE 6

Three-Step Method: Partial Methoxylation

3494.5 ¢ (19 mols) of chloromethyltrichlorosilane 1s
placed 1n the 5-liter three-neck round bottom flask and 1064
g (33.25 mols) of anhydrous methanol was added dropwise
over three hours through the dropping funnel while the reac-
tion solution 1s stirred magnetically by the magnetic stirrer.
Nitrogen gas continuously tlushed the flask to purge the by-
product HCI gas, which 1s absorbed 1n the water 1n the plastic
container. When the methanol 1s completely added, the reac-
tion mixture 1s stirred for 12 hours at room temperature. The
final product from this procedure contains approximately
70% to approximately 75% of (chloromethyl)dimethoxy-
chlorosilane, Cl(MeQO),S1CH,Cl, approximately 20%-ap-
proximately 30% (chloromethyl)dichloromethoxysilane, Cl,
(MeOS1CH,Cl, and approximately 0% to 5% (chloromethyl)
trimethoxysilane, (MeO),S1CH,Cl. This mixture has an
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average formula: Cl, ,.(OMe), ,.S1CH,Cl and can be used
directly 1n a following step without purification.

EXAMPLE 7

Three-Step Method: Grignard and Reduction
Reaction for Forming Type II (Liquid) Copolymer
Using Partially Methoxylated Monomers

372 g (15.31 mols) of Mg powder (or approximately 50
mesh) and 400 mL of anhydrous tetrahydrofuran (THF) are

placed in the 12-liter three-neck round bottom flask equipped
for the Grignard reaction. 1233 ¢ (7 mols) of the partially
methoxylated co-monomer, Cl, ,.(OMe), ,.SICH,CI, 1s
mixed with 594 g (3 mols) of (dichloromethyl)methyldichlo-
rosilane, 38.5 g (0.5 mols) of allylchloride and 3 L of anhy-
drous THF 1n a 12-liter single neck round bottom flask. This
mixture 1s added 1n parts via the dropping funnel to the Grig-
nard reaction flask over three hours. The reaction started
shortly (1-3 minutes) after the silane co-monomers are added.
The reaction mixture rapidly warmed up to approximately
68° C. to approximately 74° C. and developed into a dark
brown color. As the reaction progressed, magnesium salts
(MgCl,) are formed as solid 1n the solution. This exothermic
reaction 1s maintained at a gentle retlux by cooling of the
reaction flask with cold water. The exothermic reaction could
also be adjusted by changing the rate of addition of silane
monomers. The resultant mixture 1s stirred for 30-60 minutes
at room temperature, then heated to a temperature of approxi-
mately S0° C. and maintained at this temperature for 12 hours
with continuous stirring. The resultant mixture includes the
polymer, allyl-methoxypolycarbosilane with a formula: [[Si
(OMe),CH, ], 65, [Si(ally])(OMe)CH, ], o5,[SiMeCH], 3, ]

[Si(OMe),CH/ y o5, [Si(allyl)(OMe)CH /[ o5,/ Si(~)MeC(~)

H]G.j’ﬂ‘
The reaction flask 1s immersed 1n an ice/water bath to cool

the reaction mixture. 1.5 L of anhydrous THF and 1355 g (4.08

mols) of LiAlH, pellets are added to the reaction mixture
containing polymers with Si—OMe groups. As the L1AlIH,
pellets dissolved gradually, temperature increased due to the
exothermic nature of the reduction reaction. The exothermic
reduction reaction could last for approximately 2 hours.
When the exothermic reaction 1s complete, the 12-liter flask 1s
placed under a heating mantle and the reaction mixture 1s
heated to approximately 50° C. The reaction mixture 1s main-
tained at this temperature overnight with strong agitation.

1.5 L of concentrated HCI 1s mixed with 12 kg of crushed
ice and 1.5 L of hexane 1n a 20-liter plastic container. This
cold hexane/HCI] mixture is stirred vigorously by a mechani-
cal stirrer. The reaction mixture from the reduction reaction 1s
then poured 1nto the rapidly stirred cold hexane/HCI solution
over a period of 10 minutes. After the mixture 1s completely
added to the hexane/HCIl mixture, the work-up solution 1s
stirred for another 10 minutes. Once the stirring stopped, a
yellow organic phase appeared above the aqueous layer. The
organic phase 1s separated and washed with 1 L of dilute (1M)
HC1 acid, then dried over sodium sulfate (Na,SO,) for 2
hours. The solvents (hexane/THF) are stripped off by a rotary
evaporator to give 505 g of viscous yellow liquid. The result-
ant polymer with a formula: [Si(~)MeC(~)H], 5, [S1H,
CH, ], s, [SIH(Ally)CH, ], o5,, 1s Tound to have a weight
molecular weight (Mw)=35570 and number molecular
welght (Mn)=1060. Pyrolysis of the obtained polycarbosi-
lane under nitrogen from room temperature to 1000° C. at 1°
C./min gave a black ceramic 1n 68 to 72% yield.
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EXAMPLE 8

Three-Step Method for Forming Type I (Solid)
Copolymer Using 2 Monomers

250 ¢ (10.29 mols) of magnesium (Mg) powder (approxi-
mately 50 mesh) and 250 mL of anhydrous THF are placed in
the 12-liter three-neck round bottom tlask equipped for the
Grignard reaction. 1974 ¢ (1.12 mols) of Cl, ,-
(OMe), --S1CH,CI, 15 mixed with 666 g (3.36 mols) of
(dichloromethyl)methyldichlorosilane, and 2 L of anhydrous
THF 1 a 3-liter single neck round bottom flask. This mixture
1s added in parts via the dropping funnel to the Grignard
reaction flask within 2 hours. The reaction started shortly (1-3
minutes) after the silane co-monomers are added. The reac-
tion mixture rapidly warmed up to approximately 68° C. to
approximately 74° C. and developed 1nto a dark brown color
once the reaction started. As the reaction progressed, magne-
sium salts (MgCl,) formed as solid 1n the solution. This
exothermic reaction 1s maintained at a gentle retlux by cool-
ing of the reaction flask with cold water. After the addition of
the silane monomers, 86.5 g (1.13 mols) of allylchloride 1n
300 mL of THF are charged to continue the Grignard reaction.
The temperature 1n the reaction flask increased to between
approximately 68° C. to approximately 74° C. again as the
reaction from the allylchloride and Mg continued. The allyl-
chloride/THF mixture 1s charged within 1 hour. The exother-
mic reaction could also be adjusted by changing the rate of
addition of silane monomers. The resultant mixture 1s stirred
for 30-60 minutes at room temperature, then heated to a
temperature of approximately 50° C. and maintained at this
temperature for 12 hours with stirring. The resultant mixture
includes the polymer, allyl-methoxypolycarbosilane with a
formula: [S1(allyl)(OMe)CH, ], ,s,,[S1IMeCH], -, .

The reaction flask 1s immersed in an ice/water bath to cool
the reaction mixture. 1 L of anhydrous THF and 30 g (0.79
mol) of [1AIH, pellets are added to the reaction mixture
containing the polymer with S1—OMe groups. As the L1AIH,
pellets dissolved gradually, temperature increased because of
the exothermic nature of the reduction reaction. The exother-
mic reduction reaction could last for approximately 2 hours.
When the exothermic reaction 1s complete, the 12-liter flask 1s
placed under a heating mantle and the reaction mixture 1s
heated to approximately 50° C. The reaction mixture 1s main-
tained at this temperature overnight with strong agitation.

400 mL of concentrated HCI 1s mixed with 5 kg of crushed
ice and 1 L of hexane 1n a 20-liter plastic container. This cold
hexane/HCI mixture 1s stirred vigorously by a mechanical
stirrer. The reaction mixture from the reduction reaction 1s
then poured 1nto the rapidly stirred cold hexane/HCI solution
over a period of 10 minutes. After the mixture 1s completely
added to the hexane/HCI mixture, this work-up solution 1s
stirred for another 10 minutes. Once the stirring 1s stopped, a
yellow organic phase appeared above the aqueous layer. The
organic phase 1s separated and washed with 1 L of dilute (1M)
HCI acid, then drnied over sodium sulfate (Na,SO,) for 2
hours. The solvents (hexane/THF) are stripped off by a rotary
evaporator to give 286 g of viscous product, which solidified
at room temperature. The resultant polymer with a formula:
[S1(~)MeC(~)H], -5, [SIH(Ally])CH,], ,5,, 1s found to have a
weilght molecular weight (Mw)=10850 and number molecu-
lar weight (Mn)=1320. Pyrolysis ol the obtained polycarbosi-

lane under nitrogen from room temperature to 1000° C. at 1°
C./min gave a black ceramic 1n 65 to 72% yield.
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EXAMPLE 9

Three-Step Method for Forming Type I (Liquid)
Copolymer Using 2 Monomers

346 g (14.24 mols) of magnesium (Mg) powder (approxi-
mately S0 mesh) and 350 mL of anhydrous THF are placed in
the 12-liter three-neck round bottom flask equipped for the
Grignard reaction. 325 g (298 mols) of Cl, ,-
(OMe), --S1CH,Cl, 1s mixed with 5935 g (3 mols) of (dichlo-
romethyl)ymethyldichlorosilane and 2 L of anhydrous THF in
a S-liter single neck round bottom flask. This mixture 1s added
in parts via the dropping funnel to the Grignard reaction tlask
within 3 hours. The reaction started shortly (1-3 minutes)
alter the silane co-monomers are added. The reaction mixture
warmed up to approximately 68° C. to approximately 74° C.
and developed 1nto a dark brown color. As the reaction pro-
gressed, magnesium salts (MgCl,) formed as solid in the
solution. This exothermic reaction 1s maintained at a gentle ¢
reflux by cooling of the reaction flask with cold water. The
exothermic reaction could also be adjusted by changing the
rate of addition of silane monomers. After the addition of the
silane monomers, 471 g (3 mols) of bromobenzene 1n 700 mL
of THF are charged to continue the Grignard reaction. The 25
temperature in the reaction flask increased to approximately
68° C. to approximately 74° C. again as the reaction from the
bromobenzene and Mg continued. The bromobenzene/ THF
mixture 1s charged within 1 hour. The resultant mixture 1s
stirred for 30-60 minutes at room temperature, then heated to
a temperature of approximately 50° C. and maintained at this
temperature for 12 hours with continuous stirring. The result-
ant mixture includes the polymer, phenyl-methoxypolycar-
bosilane with a type I formula: [S1(Ph)(OMe)CH, ], .. [S1M-
eCH], ...

The reaction flask 1s immersed 1n an 1ce/water bath to cool
the reaction mixture. 1 L of anhydrous THF and 40 g (1.05
mols) of Li1AlIH, pellets are added to the reaction mixture
containing the polymer with S1—0OMe groups. As the L1AIH, 4
pellets dissolved gradually, temperature increased because of
the exothermic nature of the reduction reaction. The exother-
mic reduction reaction may last for approximately 2 hours.
When the exothermic reaction 1s complete, the 12-liter flask 1s
placed under a heating mantle and the reaction mixture 1s 45
heated to approximately 50° C. The reaction mixture 1s main-
tained at this temperature overnight with strong agitation.

600 mL of concentrated HCI 1s mixed with 8 kg of crushed
ice and 1 L of hexane 1n a 20-liter plastic container. This cold
hexane/HCI mixture 1s stirred vigorously by a mechanical
stirrer. The reaction mixture from the reduction reaction 1s
then poured 1nto the rapidly stirred cold hexane/HCI solution
over a period of 10 minutes. After the mixture 1s completely
added to the hexane/HCI mixture, this work-up solution 1s
stirred for another 10 minutes. Once the stirring 1s stopped, a
yellow organic phase appeared above the aqueous layer. The
organic phase 1s separated and washed with 1 L of dilute (1M)
HCI acid, then drnied over sodium sulfate (Na,SO,) for 2
hours. The solvents (hexane/THF) are stripped oftf by a rotary ¢
evaporator to give 515 g of very viscous yellow liqud. The
resultant polymer with a formula: [Si1(~)MeC(~)H], 5, [S1H
(Ph)CH,], 5,, 1s found to have a weight molecular weight

(Mw)=2900 and number molecular weight (Mn)=810.

Pyrolysis of the obtained polycarbosilane under nitrogen 65
from room temperature to 1000° C. at 1° C./min gave a black
ceramic 1n 635 to 70% yield.
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EXAMPLE 10

Three-Step Method for Forming Type I (Solid)
Copolymer Using 2 Monomers and NaSCN Catalyst

250 ¢ (10.29 mols) of magnesium (Mg) powder (approxi-

mately 50 mesh) and 300 mL of anhydrous THF are placed in

the 12-liter three-neck round bottom flask, forming the Grig-
nard reagent. 1974 g (1.12 mols) of Cl, -
(OMe), --S1CH,CI, 15 mixed with 666 g (3.36 mols) of
(dichloromethyl)methyldichlorosilane and 1.5 L of anhy-
drous THF 1n a 5-liter single neck round bottom flask. This
mixture 1s added 1n parts via the dropping funnel to the Grig-
nard reaction flask within 2 hours. The reaction started shortly
(1-3 minutes) after the silane co-monomers are added. The
reaction mixture rapidly warmed up to approximately 68° C.
to approximately 74° C. and developed into a dark brown
color once the reaction started. As the reaction progressed,
magnesium salts (MgCl,) formed as solid in the solution.
This exothermic reaction 1s maintained at a gentle reflux by
cooling of the reaction flask with cold water. The exothermic
reaction could also be adjusted by changing the rate of addi-
tion of silane monomers. After the addition of the silane
monomers, 176 g (1.12 mols) of bromobenzene 1n 400 mL of
THF are charged to continue the Grignard reaction. The tem-
perature 1n the reaction flask increased to approximately 68°
C. to approximately 74° C. as the reaction from the bro-
mobenzene and Mg continued. The bromobenzene/ THF mix-
ture 1s charged within 20 minutes. The resultant mixture 1s
stirred for 30-60 minutes at room temperature, then 4 g of
NaSCN 1s added as catalyst. The resultant solution 1s heated
to a temperature ol approximately 50° C. and maintained at
this temperature for 12 hours with continuous stirring. The
resultant mixture includes the polymer, phenyl-methoxy-
polycarbosilane with a formula: [Si1(~)MeC(~)H], -5, [S1
(OMe)PhCH, |, »5, -

The reaction flask 1s immersed in an ice/water bath to cool
the reaction mixture. 1 L of anhydrous THF and 30 g (0.79
mol) of L1AIH, pellets are added to the reaction mixture
containing the polymer with S1—OMe groups. As the L1AIH,
pellets dissolved gradually, temperature increased because of
the exothermic nature of the reduction reaction. The exother-
mic reduction reaction could last for approximately 2 hours.
When the exothermic reaction 1s complete, the 12-liter flask 1s
placed under a heating mantle and the reaction mixture 1s
heated to approximately 50° C. The reaction mixture 1s main-
tained at this temperature overnight with strong agitation.

500 mL of concentrated HCI 1s mixed with 8 kg of crushed
ice and 1 liters of hexane 1n a 20-liter plastic container. This
cold hexane/HCI mixture 1s stirred vigorously by a mechani-
cal stirrer. The reaction mixture from the reduction reaction 1s
then poured 1nto the rapidly stirred cold hexane/HCI solution
over a period of 10 minutes. After the mixture 1s completely
added to the hexane/HCIl mixture, this work-up solution 1s
stirred for another 10 minutes. Once the stirring stopped, a
yellow organic phase appeared above the aqueous layer. The
organicC phase 1s separated and washed with 1 L of dilute (1M)
HC1 acid, then dried over sodium sulfate (Na,SO,) for 2
hours. The solvents (hexane/THF) are stripped off by a rotary
evaporator to give 308 g of yellow product which solidifies at
room temperature. The resultant polymer with a formula:
[S1(~)MeC(~)H], -5, [S1(H)PhCH,], ,5, 1s found to have a
weilght molecular weight (Mw)=9580 and number molecular
weight (Mn)=1250. Pyrolysis of the obtained polycarbosi-
lane under nitrogen from room temperature to 1000° C. at 1°
C./min gave a black ceramic 1n 65 to 70% yield.
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11

Three-Step Method for Forming Type I (Solid)
Copolymers Using 2 Monomers

250 g (10.29 mols) of magnesium (Mg) powder (approxi-

mately S0 mesh) and 300 mL of anhydrous THF are placed in

the 12-liter three-neck round bottom flask, forming the Grig-
nard reagent. 1974 g (1.12 mols) of Cl,
(OMe), --S1CH,Cl, 15 mixed with 666 g (3.36 mols) of
(dichloromethyl)methyldichlorosilane and 1.5 L of anhy-
drous THF 1n a 5-liter single neck round bottom flask. This
mixture 1s added 1n parts via the dropping funnel to the Grig-
nard reaction flask within 2 hours. The reaction started shortly
(1-3 minutes) after the silane co-monomers are added. The
reaction mixture rapidly warmed up to approximately 68° C.
to approximately 74° C. and developed into a dark brown
color once the reaction started. As the reaction progressed,
magnesium salts (MgCl,) formed as solid in the solution.
This exothermic reaction 1s maintained at a gentle reflux by
cooling of the reaction flask with cold water. The exothermic
reaction could also be adjusted by changing the rate of addi-
tion of silane monomers. After the addition of the silane
monomers, 176 (1.12 mols) g of bromobenzene 1n 400 mL of
THF are charged to continue the Grignard reaction. The tem-
perature 1n the reaction flask increased to between approxi-
mately 68° C. to approximately 74° C. as the reaction from the
bromobenzene and Mg continued. The bromobenzene/ THF
mixture 1s charged within 20 minutes. The resultant mixture 1s
stirred for 30-60 minutes at room temperature, then heated to
a temperature of approximately 50° C. and maintained at this
temperature for 12 hours with continuous stirring. The result-

ant mixture ncludes the polymer, phenyl-methoxypolycar-
bosilane with a formula: [Si(~)MeC(~)H], -5, [S1(OMe)

PhCH, ], 25,

The reaction flask 1s immersed 1n an 1ce/water bath to cool
the reaction mixture. 1 L of anhydrous THF and 30 g (0.79
mol) of LiAlH, pellets are added to the reaction mixture
containing the polymer with S1—OMe groups. As the L1AIH,
pellets dissolved gradually, temperature increased because of
the exothermic nature of the reduction reaction. The exother-
mic reduction reaction could last for approximately 2 hours.
When the exothermic reaction 1s complete, the 12-liter flask 1s
placed under a heating mantle and the reaction mixture 1s
heated to approximately 50° C. The reaction mixture 1s main-
tained at this temperature overnight with strong agitation.

Then 500 mL of concentrated HCI 1s mixed with 8 kg of
crushed ice and 1 L of hexane 1n a 20-liter plastic container.
This cold hexane/HCl mixture is stirred vigorously by a
mechanical stirrer. The reaction mixture from the reduction
reaction 1s then poured into the rapidly stirred cold hexane/
HCl solution over a period of 10 minutes. After the mixture 1s
completely added to the hexane/HC] mixture, this work-up
solution 1s stirred for another 10 minutes. When the stirring
stopped, a yellow organic phase appeared above the aqueous
layer. The organic phase 1s separated and washed with 1 L of
dilute (1M) HCI acid, then dried over sodium suliate
(Na,SO,) for 2 hours. The solvents (hexane/THF) are
stripped off by a rotary evaporator to give 308 g of product
which solidifies at room temperature. The resultant polymer
with a formula: [Si(~)MeC(~)H], -5, [S1(H)PhCH,], -5, 18
found to have a weight molecular weight (Mw)=10120 and
number molecular weight (Mn)=1360. Pyrolysis of the
obtained polycarbosilane under nitrogen from room tempera-
ture to 1000° C. at 1° C./min gave a black ceramic 1n 65 to
70% yield.
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EXAMPLE 12

Three-Step Method: Grignard and Reduction
Reaction for Forming Type II (Liquid) Copolymer
Using Partially Methoxylated Monomers

270 g (11.11 mols) of Mg powder (or approximately 50
meshes) and 300 mL of anhydrous tetrahydrofuran (THF) are
placed 1n the 12-liter three-neck round bottom flask equipped
for the Grignard reaction. 877 g (5 mols) of the partially
methoxylated co-monomer, Cl, ,.(OMe), ,.S1ICH,CI, 1s
mixed with 415 g (2.1 mols) of (dichloromethyl)methyl-
methoxychlorosilane, Me(OMe), ,Cl, ;S1ICHCI,, 27 g (0.35
mol) of allylchloride and 2.2 L. of anhydrous THF 1n a 12-liter
single neck round bottom flask. This mixture 1s added in parts
via the dropping funnel to the Grignard reaction flask over
three hours. The reaction started shortly (1-3 minutes) after
the silane co-monomers are added. The reaction mixture rap-
1dly warmed up to approximately 68° C. to approximately 74°
C. and developed nto a dark brown color. As the reaction
progressed, magnesium salts [MgCl, and Mg(OMe)Cl]
formed as solid 1n the solution. This exothermic reaction 1s
maintained at a gentle reflux by cooling of the reaction flask
with cold water. The exothermic reaction could also be
adjusted by changing the rate of addition of silane monomers.
The resultant mixture 1s stirred for 30-60 minutes at room
temperature, then heated to a temperature of approximately
50° C. and maintained at this temperature for 12 hours with
continuous stirring. The resultant mixture includes the poly-
mer, allyl-methoxypolycarbosilane with a formula: [[Si

(OMe),CH, ], ¢5,[Si(ally)(OMe)CH, ], o5, [SiMeCH], 3,,]
[Si(OMe),CH ], 45,,/S1(allyl)(OMe)CH ], ,5,,[Si(~)MeC(~)

H]G.Sﬂ‘
The reaction flask 1s immersed 1n an ice/water bath to cool

the reaction mixture. 1.5 L of anhydrous THF and 105 g (2.77
mols) of LiAlH, pellets are added to the reaction mixture
containing polymers with S1—OMe groups. As the Li1AlH,
pellets dissolved gradually, temperature 1s increased due to
the exothermic nature of the reduction reaction. The exother-
mic reduction reaction could last for approximately 2 hours.
When the exothermic reaction 1s complete, the 12-liter flask 1s
placed under a heating mantle and the reaction mixture 1s
heated to approximately 50° C. The reaction mixture 1s main-
tained at this temperature overnight with strong agitation.
1.2 LL of concentrated HCI 1s mixed with 12 kg of crushed
ice and 1 L of hexane 1n a 20-liter plastic container. This cold
hexane/HCl mixture 1s stirred vigorously by a mechanical
stirrer. The reaction mixture from the reduction reaction 1s
then poured into the rapidly stirred cold hexane/HCI solution
over a period of 10 minutes. After the mixture 1s completely
added to the hexane/HCIl mixture, the work-up solution 1s
stirred for another 10 minutes. Once the stirnng stopped, a
yellow organic phase appeared above the aqueous layer. The
organic phase 1s separated and washed with 1 L of dilute (1M)
HCI1 acid, then dried over sodium sulfate (Na,SO,) for 2
hours. The solvents (hexane/THEF) are stripped oif by a rotary

evaporator to give 331 g of viscous yellow liquid. The result-
ant polymer with a formula: [Si(~)MeC(~)H], ;,,[S1H,

CH,], s, [SIH(Ally)CH, ], 45,, 1s found to have a weight
molecular weight (Mw)=29500 and number molecular
weight (Mn)=870. Pyrolysis of the obtained polycarbosilane
under nitrogen from room temperature to 1000° C. at 1°
C./min gave a black ceramic 1n 65 to 70% vield.

EXAMPLE 13

Three-Step Method for Forming Type I (Liquid)
Copolymers Using 2 Monomers

250 ¢ (10.29 mols) of magnesium (Mg) powder (approxi-
mately 50 mesh) and 250 mL of anhydrous THF are placed in
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the 12-liter three-neck round bottom flask, forming the Grig-
nard reagent. 1974 g (1.12 mols) of Cl, ..

(OMe), --S1CH,Cl, 15 mixed with 630 g (3.36 mols) of
Me(OMe), ,Cl, ;S1ICHCI, and 1.5 L of anhydrous THF 1n a
S-liter single neck round bottom tlask. This mixture 1s added
in parts via the dropping funnel to the Grignard reaction flask
within 2 hours. The reaction started shortly (1-3 minutes)
after the silane co-monomers are added. The reaction mixture
rapidly warmed up to approximately 68° C. to approximately
74° C. and developed 1nto a dark brown color once the reac-
tion started. As the reaction progressed, magnesium salts
[MgCl, and Mg(OMe)Cl] formed as solid in the solution.
This exothermic reaction 1s maintained at a gentle reflux by
cooling of the reaction flask with cold water. The exothermic
reaction could also be adjusted by changing the rate of addi-
tion of silane monomers. After the addition of the silane
monomers, 176 g (1.12 mols) of bromobenzene 1n 400 mL of
THF are charged to continue the Grignard reaction. The tem-
perature 1n the reaction flask increased to between approxi-
mately 68° C. to approximately 74° C. as the reaction from the
bromobenzene and Mg continued. The bromobenzene/ THF
mixture 1s charged within 20 minutes. The resultant mixture 1s
stirred for 30-60 minutes at room temperature, then heated to
a temperature of approximately 50° C. and maintained at this
temperature for 12 hours with continuous stirring. The result-
ant mixture includes the polymer, phenyl-methoxypolycar-
bosilane with a formula: [Si(~)MeC(~)H], -5, [S1{OMe)
PhCH, |, 55,,-

The reaction tlask was immersed 1n an 1ce/water bath to
cool the reaction mixture. 1 L of anhydrous THF and 30 g
(0.79 mol) of L1AIH, pellets are added to the reaction mixture
containing the polymer with S1—OMe groups. As the L1AIH,
pellets dissolved gradually, temperature increased because of
the exothermic nature of the reduction reaction. The exother-
mic reduction reaction could last for approximately 2 hours.
When the exothermic reaction 1s complete, the 12-liter flask 1s
placed under a heating mantle and the reaction mixture 1s
heated to approximately 50° C. The reaction mixture 1s main-
tained at this temperature overnight with strong agitation.

500 mL of concentrated HCI 1s mixed with 8 kg of crushed
ice and 1 L of hexane 1n a 20-liter plastic container. This cold
hexane/HC] mixture 1s stirred vigorously by a mechanical
stirrer. The reaction mixture from the reduction reaction 1s
then poured 1nto the rapidly stirred cold hexane/HCI solution
over a period of 10 minutes. Once the mixture 1s completely
added to the hexane/HCI mixture, this work-up solution is
stirred for another 10 minutes. When the stirring stopped, a
yellow organic phase appeared above the aqueous layer. The
organic phase 1s separated and washed with 1000 ml of dilute
(1M) HC acid, then drnied over sodium sulfate (Na,SO,) for
2 hours. The solvents (hexane/THF) are stripped off by a
rotary evaporator to give 310 g of very viscous vellow liquid.
The resultant copolymer with a formula: [Si(~)MeC(~)
H], -5, [S1(H)PhCH,], ,-, 1s found to have a weight molecu-
lar weight (Mw)=8600 and number molecular weight
(Mn)=970. Pyrolysis of the obtained polycarbosilane under
nitrogen from room temperature to 1000° C. at 1° C./min gave
a black ceramic 1n 68 to 72% vield.

EXAMPL.

L1l

14

Three-Step Method for Forming Type I (Liquid)
Copolymer Using 2 Monomers

250 g (10.29 mols) of magnesium (Mg) powder (approxi-
mately 50 mesh), 20 g (0.31 mol) of zinc (Zn) powder and 250

ml of anhydrous THF are placed in the 12-liter three-neck
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round bottom flask, forming the Grignard reagent. 197.4 g
(1.12 mols) ot Cl, ,(OMe), ,-S1CH,CIl, 1s mixed with 650 g

(3.36 mols) of Me(OMe), ,Cl, ;SICHCI, and 1.5 LL of anhy-

drous THF 1n a 5-liter single neck round bottom flask. This
mixture 1s added 1n parts via the dropping funnel to the Grig-
nard reaction flask within 2 hours. The reaction started shortly
(1-3 minutes) aiter the silane co-monomers are added. The
reaction mixture rapidly warmed up to approximately 68° C.
to approximately 74° C. and developed into a dark brown
color once the reaction started. As the reaction progressed,
magnesium salts [MgCl, and Mg(OMe)Cl] formed as solid in
the solution. This exothermic reaction 1s maintained at a
gentle reflux by cooling of the reaction flask with cold water.
The exothermic reaction could also be adjusted by changing
the rate of addition of silane monomers. After the addition of
the silane monomers, 176 g (1.12 mols) of bromobenzene in
400 mL of THF are charged to continue the Grignard reaction.
The temperature in the reaction flask increased to approxi-
mately 68° C. to approximately 74° C. as the reaction from the
bromobenzene and Mg continued. The bromobenzene/ THF
mixture 1s charged within 20 minutes. The resultant mixture 1s
stirred for 30-60 minutes at room temperature, then heated to
a temperature of approximately 50° C. and maintained at this
temperature for 12 hours with continuous stirring. The result-
ant mixture includes the copolymer, phenyl-methoxypolycar-

bosilane with a formula: [Si(~)MeC(~)H], -5, [S1{OMe)
PhCH, ], 55,
The reaction Hlask 1s immersed 1n an ice/water bath to cool

the reaction mixture. 1 L of anhydrous THF and 30 g (0.79

mol) of LiAlH, pellets are added to the reaction mixture
containing the polymer with Si—OMe groups. As the L1AlIH,
pellets dissolved gradually, temperature increased because of
the exothermic nature of the reduction reaction. The exother-
mic reduction reaction could last for approximately 2 hours.
When the exothermic reaction 1s complete, the 12-liter flask 1s
placed under a heating mantle and the reaction mixture 1s
heated to approximately 50° C. The reaction mixture 1s main-
tained at this temperature overnight with strong agitation.

500 mL of concentrated HCI 1s mixed with 8 kg of crushed
ice and 1 L of hexane 1n a 20-liter plastic container. This cold
hexane/HCI mixture 1s stirred vigorously by a mechanical
stirrer. The reaction mixture from the reduction reaction 1s
then poured 1nto the rapidly stirred cold hexane/HCI solution
over a period of 10 minutes. After the mixture 1s completely
added to the hexane/HCI mixture, this work-up solution 1s
stirred for another 10 minutes. Once the stirring 1s stopped, a
yellow organic phase appeared above the aqueous layer. The
organic phase 1s separated and washed with 1 L of dilute (1M)
HCI1 acid, then dried over sodium sulfate (Na,SO,) for 2
hours. The solvents (hexane/THF) are stripped off by a rotary
evaporator to give 307 g of very viscous yellow liqud. The
resultant copolymer with a formula: [S1(~)MeC(~)H], -<,,[S1
(H)PhCH, ], -<,, 1s found to have a weight molecular weight
(Mw)=7120 and number molecular weight (Mn)=930.
Pyrolysis of the obtained polycarbosilane under nitrogen
from room temperature to 1000° C. at 1° C./min gave a black
ceramic 1n 70% to 75% yield.

The foregoing description of various aspects of the imven-
tion has been presented for purposes of illustration and
description. It 1s not intended to be exhaustive or to limait the
invention to the precise form disclosed, and obviously, many
modifications and variations are possible. Such modifications
and variations that may be apparent to an individual 1n the art
are mncluded within the scope of the invention as defined by
the accompanying claims.
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What 1s claimed 1s:
1. A polycarbosilane, having a general formula:

[Si{~)RC(~)H],,[S1R | Ry CH; |

3

where n 1s the degree of polymernization, ~ represents a
branched chain, 0.1=x<0.8, 0.2<y<0.9 and x+y=1, wherein R
1s selected from a group consisting of: a methyl (Me) and
hydrogen (H), wherein each of R, and R, are independently
selected from a group consisting of: allyl, hydrogen (H),
methyl (Me), phenyl (ph), propargyl and vinyl.

2. The polycarbosilane of claim 1, wherein R, and R, are
the same.

3. A polycarbosilane, having a general formula:

[Si{~)RC(~)H],,[SIR | Ry,CH; ], ,[SIR3R4CH> ],

where n 1s the degree of polymerization, ~ represents
branched chain, 0.1=x<0.8, O=y <0.8, 0.2=<z<0.8 and x+y+
7z=1, wherein R 1s selected from a group consisting of: hydro-
gen (H) and methyl (Me), wherein each of R, and R, are
independently selected from a group consisting of: hydrogen
(H), methyl (Me), and phenyl (ph) and wherein each of R; and
R, are independently selected from a group consisting of:
hydrogen, allyl, methyl, phenyl (ph), a propargyl and vinyl.

4. The polycarbosilane of claim 3, wherein R, and R, are
the same.

5. The polycarbosilane of claim 3, wherein R, and R, are
the same.

6. A method for preparing a carbosilane copolymer having
a general formula:

[Si(~)RC(~)H],,[SiR,R,CH,]

VR’

where n 1s the degree of polymerization,
~ represents branched chain,
0.1=x<0.8, 0.2=y<0.9 and x+y=1,

wherein R 1s selected from a group consisting of hydrogen
(H) and methyl (Me),

wherein R, and R, are selected from a group consisting of
hydrogen (H), allyl, methyl (Me), phenyl (Ph), propar-
gyl [or] and vinyl,

the method comprising: a one-step Grignard reaction 1n an
organic solvent between halocarbosilane co-monomers
in the presence of magnesium,

wherein the co-monomers have a general formula:

X, Si(R3),CH,, X,

where X 1s a halogen, R, 1s a hydrogen atom or a monova-

lent hydrocarbon, 1=p=3, 1=q=<2, 1=r=<2 and 1s=<2.

7. The method according to claim 6, wherein X 1s chlorine.

8. The method according to claim 6, wherein R 1s methyl.

9. The method according to claim 6, wherein the organic
solvent 1s tetrahydrofuran.

10. The method according to claim 6, wherein a catalyst 1s
added to the Grignard reaction, the catalyst being selected
from a group consisting of zinc, NaSCN and CuCN.

11. The method according to claim 6, wherein the Grignard
reaction 1s carried out at a temperature between about 68° C.
and about 74° C.

12. A method for preparing a carbosilane copolymer hav-
ing a general formula:

([S1{(~)RC{~)H],,[S1R; Ry CH> ], [SIR3R4CH |,

yn[

where n 1s the degree of polymerization,
~ represents branched chain,
0.1=x<0.8, 0=y=0.8, 0.2=7<0.8 and x+y+z=1,

wherein R 1s selected from a group consisting of: hydrogen
(H) and methyl (Me), wheremn R, and R, are selected
from the group consisting of hydrogen (H), methyl
(Me), [or] arnd phenyl (Ph), wherein R, and R, are
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selected from the group consisting of hydrogen (H),
allyl, methyl (Me), phenyl (Ph), propargyl [or] anrd
vinyl, the method comprising: a one-step Grignard reac-
tion 1n an organic solvent between halocarbosilane co-
monomers 1n the presence of magnesium, wherein the
co-monomers have a general formula:

X, S1(Rs),CH,. X

where X 1s a halogen, R 1s a hydrogen atom or a monova-

lent hydrocarbon, 1=p=3, 1=q=<2, 1=r=2 and 1=s=<2.

13. The method according to claim 12, wherein X 1s chlo-
rine.

14. The method according to claim 12, wherein R 1s
methyl.

15. The method of claim 12, wherein the organic solvent 1s
tetrahydrofuran.

16. The method according to claim 12, wherein a catalyst1s
added to the Grignard reaction, the catalyst being selected
from a group consisting of zinc, NaSCN and CuCN.

17. The method according to claim 12, wherein the Grig-
nard reaction 1s carried out at a temperature between about
68° C. and about 74° C.

18. A method for preparing a copolymer carbosilane hav-
ing a general formula:

[S1{~)RC(~)H],.,[S1R;R;CH;]

2

where n 1s the degree of polymerization, ~ represents
branched chain 0.1=x<0.8, 0.2=y<0.9 and x+y=I,
wherein R 1s selected from a group consisting of: a
methyl (Me) and hydrogen (H), wherein each of R, and
R, 1s independently selected from a group consisting of:
allyl, hydrogen (H), methyl (Me), phenyl (ph), propargyl
and vinyl, the method comprising: a Grignard reaction
between halocarbosilanes co-monomers and a reduction
reaction to replace a functional group 1n a resulting
copolymer, wherein the functional group is selected
from a group comsisting of halogens and methoxy
groups, and the halocarbosilane co-monomers having a
general formula:

X, Si(R3),CH,, X,

where X 1s a halogen, R 1s a hydrogen atom or a monova-

lent hydrocarbon, 1=p=<3, 1=q=<2, 1=r=<2 and 1=s=2.

[19. The method according to claim 18, wherein the func-
tional group 1s selected from a group consisting of halogens
and methoxy groups.}

20. The method according to claim 18, wherein a catalystis
added to the Grignard reaction, the catalyst being selected
from a group consisting of zinc, NaSCN and CuCN.

21. The method according to claim 18, wherein the Grig-
nard reaction 1s carried out at a temperature between about
68° C. and about 74° C.

22. The method according to claim 18, wherein the reduc-
tion reaction 1s carried out at a temperature between about 50°
C. and about 70° C.

23. A method for preparing a copolymer carbosilane hav-
ing a general formula as

[SI(N)RC(N)H]IH [SlRl RECHE ]yn [SIRB R4C HE]EH

where n 1s the degree of polymerization, ~ represents
branched chain 0.1=x=0.8, 0=y<0.8, 0.2=z<0.8 and
x+y+z=1, wherein R 1s selected from a group consisting
of: hydrogen (H), and methyl (Me), wherein R, and R,
are selected from the group consisting of hydrogen (H),
methyl (Me), Jor] and phenyl (Ph), wherein R; and R,
are selected from the group consisting of hydrogen (H),
allyl, methyl (Me), phenyl (Ph), propargyl [or] anrd
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vinyl, the method comprising: a Grignard reaction
between halocarbosilanes co-monomers and a reduction
reaction to replace a functional group 1n a resulting
copolvmer, wherein the functional group is selected
from a group comsisting of halogens and methoxy
groups, and the halocarbosilane co-monomers having a
general formula:

X,Si(Rs),CH,, X,

where X 1s a halogen, R 1s a hydrogen atom or a monova-

lent hydrocarbon, 1=p=3, 1=q=<2, 1=r=<2 and 1=s=<2.

24. The method according to claim 23, wherein the func-
tional group is [selected from a group consisting of]a halo-
gens [and methoxy groups] group.

25. The method according to claim 23, wherein a catalyst1s
added to the Grignard reaction, the catalyst being selected
from a group consisting of zinc, NaSCN and CuCN.

26. The method according to claim 23, wherein the Grig-
nard reaction 1s carried out at a temperature between about
68° C. and about 74° C.

27. The method according to claim 23, wherein the reduc-
tionreaction is carried out at a temperature between about 50°
C. and about 70° C.

28. A method for preparing a polycarbosilane having a
general formula:

[Si{~)RC(~)H],;,[ SIR | Ry CH; ]

32

where n 1s the degree of polymerization,

~ represents branched chain, [0.1=x<0.8] 0.1=x=<0.8,
0.2=y<0.9 and x+y=1, wherein R 1s selected from a
group consisting of: hydrogen (H) and methyl (Me),
wherein R, and R, are selected from a group consisting
of hydrogen (H), allyl, methyl (Me), phenyl (Ph), prop-
argyl [or] and vinyl, the method comprising: a partial
methoxylation of a trihalocarbosilane, a Grignard reac-
tion [of] between the partially methoxylated trihalocar-
bosilane and [a reduction of the partially methoxylated
trihalocarbosilane] a halocarbosilane co-monomer in
the presence of magnesium, and a veduction rveaction to
replace functional groups in a vesulting copolymer,
wherein the functional group is selected from a group
consisting of halogens and methoxy groups.

29. The method according to claim 28, wherein the par-

tially methoxylated trihalocarbosilane has two general for-
mula: Cl,__(OMe)_ SiCH,Cl, where 1.5=m=2.5, and

(OMe), Cl,_,S1CHCI,, where O<p=l.

30. The method according to claim 28, wherein a catalyst1s
added to the Grignard reaction, the catalyst being selected
from a group consisting of zinc, NaSCN and CuCN.

31. The method according to claim 28, wherein the Grig-

nard reaction 1s carried out at a temperature between about
68° C. and about 74° C.

32. The method according to claim 28, wherein the reduc-
tion reaction 1s carried out at a temperature between about 50°
C. and about 70° C.

33. A method for preparing a polycarbosilane having a
general formula:

[SI(N)RC (N)H]xn [SiRlRECHE]yn [SIRB R4CH2]EH

where n 1s the degree of polymerization,
~ represents branched chain,

[0.1=x<0.8, 0=y<0.8] 0.1=x=<0.8, 0=y=<0.8, 0.2=<z<0.8 and
x+y+z=1, wherein R 1s selected from a group consisting,
of: hydrogen (H), and methyl (Me), wherein R, and R,
are selected from the group consisting of hydrogen (H),
methyl (Me), Jor] and phenyl (Ph), wherein R; and R,
are selected from the group consisting of hydrogen (H),
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allyl, methyl (Me), phenyl (Ph), propargyl [or] and
vinyl, the method comprising a partial methoxylation of
a trihalocarbosilane, a Grignard reaction [of] between
the partially methoxylated trihalocarbosilane arnd «
halocarbosilane co-monomer in the presence of magne-
sium, and a reduction [of the partially methoxylated
trihalocarbosilane] reaction to replace functional
groups in a vesulting copolymer, wherein the functional

group is selected from a group comsisting of halogens
and methoxy groups.

34. The method according to claim 33, wherein the par-

tially methoxylated trihalocarbosilane includes the general
formula: Cl,__(OMe), S1CH,Cl, where 1.5=m=2.5, and

(OMe) Cl,_S1CHCIl,, where O<p=l.

35. The method according to claim 33, wherein a catalystis

added to the Grignard reaction, the catalyst being selected
from a group consisting of zinc, NaSCN and CuCN.

36. The method according to claim 33, wherein the Grig-

nard reaction 1s carried out at a temperature between about
68° C. and about 74° C.

377. The method according to claim 33, wherein the reduc-
tion reaction 1s carried out at a temperature between about 50°

C. and about 70° C.

38. A polycarbosilane, having a general formula:

[SI~)RC(~)H] ., [SIR [ RyCH [, [SIR R ,CH 5,

where n is the degree of polymerization, ~ represents
branched chain, 0.1=x<0.8, 0=y<<0.8, z=0.05 and x+y+
z=1, wherein R is selected from a group consisting of:
hydrogen (H) and methy! (Me), wherein R, is selected
from a group consisting of.: hydvogen (H), methy! (Me),
and phenyl (ph), wherein R, is selected from a group
consisting of: methyl and phenyl, wherein R, is selected
from a group consisting of.: hvdrogen, allvl, methyl, phe-
nvl (ph), a propargyl and vinyl, and wherein R, is
selected from a group consisting of: allyl, methyl, phe-
nyl, propargyl and vinyl, and wherein at least one of R,
and R ; is a hydrogen.

39. The polycarbosilane of claim 38, wherein R, and R, are
the same.

40. The polycarbosilane of claim 38, wherein R;and R , are
the same.

41. A method for preparing a copolymer carbosilane hav-
ing a general formula as

[SI~)RC(~)H],,[SIR R,CH ][, [SIR3R ,CH [,

where n is the degree of polymerization, ~ rvepresents

branched chain 0.1=x<0.8, O0<y<0.8, z=0.05 and x+y+

z=1, wherein R is selected from a group consisting of:

hydrogen (H), and methy! (Me), wherein R, is selected
from the group consisting of hydrogen (H), methyl (Me),

and phenyl (Ph), wherein R, is selected from a group

consisting of methyl and phenyl, wherein R, is selected
from the group comnsisting of hydrogen (H), allyl, methy!
(Me), phenyl (Ph), propargy! and vinyl, and wherein R,
is selected from a group comnsisting of allyl, methyl, phe-

nyl, propargyl andvinyl, the method comprising: a Grig-

nard veaction between a partially methoxylated trihalo-

carbosilane and halocarbosilane co-monomer in the

presence of Mg, and a reduction reaction to veplace

functional groups in a vesulting copolymer, wherein the

functional group is selected from a group consisting of
halogens and methoxy groups.
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42. The method according to claim 41, wherein the halo-
carbosilane co-monomer has a general formula:

X Si(Rs),CH,.X,

where X is a halogen, R is a hydrogen atom ov a monova-
lent hydrocarbon, 1=sp=3, I=g=<2, I=r<2 and I=s<2.
43. The method according to claim 41, wherein the par-

tially methoxylated trihalocarbosilane includes the general
formula:

Cl;_  (OMe) SiCH,CI, where 1.5sm=2.5, and
(OMe),,Cl, SiCHCl,, where O<ps].

44. The method accorvding to claim 41, wherein a catalyst is
added to the Grignard reaction, the catalyst being selected
from a group consisting of zinc, NaSCN and CuCN.

45. The method according to claim 41, wherein the Grig-
navd reaction is carrvied out at a temperature between about

68° C. and about 74° C.
46. The method according to claim 41, wherein the veduc-
tion reaction is carried out at a temperature between about

50° C. and about 70° C.

47. The method according to claim 18, wherein the func-
tional group is a halogen group.
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