TREATMENT OF POLYSI LAZANE WASTE Field of the Invention
The present invention relates to a nethod of treating
pol ysi |l azane waste material in order to facilitate a
safer, nore cost effective di sposal of the waste.
Background of the Invention Pol ysi | azanes are
used to produce solid silicate (i.e. glass) coatings
on substrate surfaces, for exanple, seniconductor
devices and flat panel screens. Follow ng the coating
process, an edge bead renpval process, using an edge
bead renover solvent system is perfornmed. After the
edge bead renoval process, all residual polysilazane
is rinsed fF@ﬁEAﬁMEéﬂUDEﬁﬁatYSU#ﬁﬁHéEVMASW& organi c
solutions. The pol ysil azane-organi c process waste
streans are then rinsed down the drain, through a
Field efnth&dnvdntioa to a process waste hol di ng contai ner.
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The current disposal process entails having the unstabilized polysilazane-

organic process waste stream collected in a waste holding container until the
container is full. Once the holding container is full, the waste is transferred to a
vented drum for interim stabilization of the waste. Finally, the drum is sealed and
sent for waste disposal.

The current disposal process has several problems. Unstabilized
polysilazane waste can react with unintentionally present contaminants (i.e. OH-
donor chemicals; water, alcohols, aldehydes, etc.). The reaction causes a
decomposition of the polysilazane to produce hydrogen, ammonia and silane
gases. The polysilazane-organic waste must be stabilized (also known as
neutralized) so that if the waste solution comes into contact with any

unintentional contaminants it will not undergo further decomposition.



In addition, the waste druns are left vented to all ow
for the polysilazaneorganic waste to off-gas, with the
recommended hol di ng period being ten days. If this
recomended vent time is insufficient for the

pol ysi | azane-organic waste to "stabilize" it wll
continue to off-gas. This further deconposition can
result in deformation of the waste containers (i.e

bul gi n which can ultimately lead to the conplete
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ne. tabilizer into a container containing
poh;po’g%%ﬂ \&ég e waste; or (c) adding the polysilazane
waste into a container containing treatnent
stabilizer. nt ai ni ng
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stabilizer solution, can contact the polysilazane waste by (a) injecting the
treatment stabilizer into a waste stream of polysilazane waste; (b) adding the
treatment stabilizer into a container containing polysilazane waste; or (c) adding
the polysilazane waste into a container containing treatment stabilizer.

Examples of the OH containing compound include, but are not limited to,
for example, alcohols, ether alcohols, glycols, and carboxylic acids, and mixtures
thereof. Examples of the alcohols include, but are not limited to, methanol,
ethanol, n-propanol, isopropanol, n-butanol, sec-butanol, phenol, and the like.
Examples of ether alcohols include, but are not limited to, for example, 1-

butoxyethoxy-2-propanol, 3-methyl-3-methoxybutanol, ethylene glycol n-butyl



3 ether, ethylene glycol phenyl ether, ethylene glyco
propyl ether, diethylene glycol hexyl ether,

di et hyl ene gl ycol nonoethyl ether, diethylene glyco
nononet hyl ether, diethyleng glycol nonobutyl ether,
di et hyl ene gl ycol nonopropyl ether, propylene glyco
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pol ysi |l azane waste in a ratio of treatnent stabilizer



DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present invention is related to a process for treating
pol ysi | azane waste conprising contacting the

pol ysi |l azane waste with a t#eatnent stabilizer

sel ected fromthe group consisting of an OH contai ni ng
conpound and an OH cont ai ni ng conpound and al kal i ne
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2- hydr oxypropionic acid (lactic acid), hydroxysuccinic
acid (maleic acid), 2,3-dihydroxybutanedioic acid
(tartaric acid), 2-hydroxy-1, 2, 3-propanetricarboxylic
acid (citric acid), ascorbic acid, 2- hydroxybenzoic
acid (salicylic acid), 3,4,5-trihydroxybenzoic acid
(gallic acid), 6



and the like , and m xtures thereof. Exanples of the
al kaline include, but are not limted to, sodium
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Anot her optional material added to the treatnent
stabilizer is a carrier solvent. The carrier solvent
is one which is not reactive with the pol ysilazane.
Exanpl es i ncl ude hydrocarbon solvents (for exanple,

t et rahydr onapht hal ene), ether acetates (for exanple,
propyl ene gl ycol nononethyl ether acetate), and other
simlar solvents that do not react with polysilazane.
Sonme preferred enbodi nents contain a carrier solvent

havi@pave fduashthpbihate gxiett £ prdcess witdow.If o) little form a
treatnent sta

2at | i.lizer solution .. One of . the
”GUHQW'PFsoréﬁatt'ﬁ?én%?%@Eﬂ@ 9 %ﬂfﬁ% irasici) PalVEIRAAS e
confihGPRSlacOlith heatbfigRtREs R iy fid RasBSsHeaRt ® dB-gas. If too

non- hazardous waste. When a treatnent stabilizer

muckongtratizalion ocslebiligingsslution is added o tewaste saidion a gel
| . ) o . . .
fornfANg Bt Pode ol it ong oot BP PN ©
solutieati® used)dhe aohitigh will ashagexjuately derstabilizad sieilar tatoo little
sed, is greater than 60C. This ke S al__si
acelfpfir e uelbERSSanatatan wkacak IR LR IR farfalPofthe
polyafsLdrswills Eia/stabRizef stelviy ®aditaglizativarrateyoe canassdt in gel
streans of solvent fromother facilities, or even the

formaiian araypeiptigtiommakingdransierandhdispesal mee ditfiedli.c oat ed,

co t r ; \; i

P8 ARy IS £OH AR Mo BB, ot
alcortots, ighicels, icatbqxylic asigspilboe or irheerjunctjasy wisl adaaelignsinitiator

over .disposal of .unstahil]zed o it s
(o-cpieline; B BE% st 6 PR R or B3 Hedyy Bt Waste
sollﬁonsl’l&igzi abstiluite dg@ﬁeep@f yeuttaization vestabilipaiian niay deﬁie’ndg.lpon
waste drunms to be sent to waste stor sites, the
the gRletiyR aeivityos Uiy aRd eappentitonay e KT copaiita gaipound
alorfYSINDRIRESH WikeiheBaior! ARiatr HiixRRE &dfdeal When used in
resulting 1n catastrophic drumfailure is elimnated.
comisatias, Hireartount pkthedilkalinedbalie agdstdo e OFhepntaeg
r o
corficfirafipbafiph! apoil2+ bo AT oAkl e mUBR! i tpe OH
confaining coaipoathdqdreseme to vent of f gases that could

D01 et by QBB B R E oAl 4% b DB o
for example, alcohols, ether alcohols, glycols, and carboxylic acids, and mixtures
thereof. Examples of the alcohol include, but are not limited to, methanol,
ethanol, n-propanol, isopropanol, n-butanol, sec-butanol, phenol, and the like.
Examples of ether alcohols include, but are not limited to, for example, 1-
butoxyethoxy-2-propanol, 3-methyl-3-methoxybutanol, ethylene glycol n-butyl
ether, ethylene glycol phenyl ether, ethylene glycol propyl ether, diethylene glycol
hexyl ether, diethylene glycol monoethyl ether, diethylene glycol monomethyl
ether, diethylene glycol monobutyl ether, diethylene glycol monopropyl ether,
propylene glycol ethyl ether, propylene glycol isobutyl ether, propylene glycol
monomethyl ether, propylene glycol monobutyl ether, propylene glycol monoethyl
ether, propylene glycol n-propyl ether, propylene glycol phenyl ether, propylene
glycol-t-butyl ether, dipropylene glycol ethyl ether, dipropylene glycol monobutyl



10 of by fuel blending for heat recovery rather than

requiring it to be incinerated. The unstabilized

waste, itself, is too unstable or reactive so cannot

be di sposed of by fuel blengling. The cost to

incinerate the waste is approximately three (3) tines

that of disposing of the waste by fuel bl ending.

When the treatnent stabilizer is contacted with the

pol ysi | azane waste, the contact can occur in situ.
etharhétpmw,lem%gwgl mohowiethyt etherndiprapyleneggleelanedopagyl ether,

ioBYREB Bl 8y DA Bl o AN fB RS o

butyl lethexnvipndpydénd qu;;blrmaﬂiyEGMes,tta;bﬁobMBae ohyddi nkimtglre&hele and
mixylS Hiesots ErAgiga sfevods ' ues B araRgt fued B forrampe,

etthé‘né’QFy@Bl féfd[ijli’édé)@?col\’\ﬁ&hﬂieﬁé@y@&' YtahadRneyyrsbie ahd the

in a hold ng t hen punped into drums, the
like{ anrchmidniesdhargof. plss g gadoryia #redsl nehdes it afeneot

hmlfégi' }gffg'(r: %g%g@ f’}@wﬁpﬁadcﬁeﬂ@ﬁﬂﬁ te o ﬂﬁg&f\#rgfé%%o&%oﬁyll&“

an anoun eat
acidst agtharxsc ac'mir(ﬁbrtﬂi@ acidbxeetkiamnic aoilt (anetic amd) splropalmic acid

de d
oraic Al A Ge R Talbhs acPh el Sa el (Guoigasidn,
brammmatmmedTbeammu@m Rfondt&rbdRYlid adi@sidethetihgpemanoic
imt or restrict the scoEgateg the invent| on i n any

ac'%@yeTQM'HeZ&WP dcigh unBanchad sa Sormtlﬂﬂ?@ i- or
tric&rBBRc! B g@eﬁ%f(ﬁé Acid( M@%c?éf?”lﬁﬁaﬂé@iﬁﬁbeﬁnd succmlc

uti i ze S|vey|nor er topactlcetepr sent
acid) npentanedioicladie gluiarinacid) skexanedidi¢ add (atipigpagsids asprvatic

mofE: BET R FCENME ARG bertfolaitd 2hRRIVE8AE agia phthali
acidjpaartxgbénzsic agid (isﬂ:phatdho racidf), 4-etboxybedzyc @eidof
(terBefala S0k A-dlcataoabenrois A CRREIHC GBIl Tikmeuagis:
hydl 9 gﬁh@ﬁsﬂécéﬂbdad’iﬁ |(ﬂaﬁd§|'ib%eld)T Wﬂr&%r@plén%dﬂn(lééﬁ’c acnd)

readed openin In this I Ainch

hydf%éa@@@ca%(m@leml Qé’ad@dd'@XBb@anﬁﬁﬁO(q acldrﬂmanp.w
2 nfERESI S ol GhicL DA ity el £ 5 2,
hydtdheyberroivetiu @abdylit-aofd), Salﬁ/-ﬁfthra)dybmaxolf: mt:tob(@aﬂnctdmcan
andstﬁ{i-n}ﬁt Iag‘gj I’Snle ltuye@thgre%lfl xampies cg}ttﬁ H(Cﬁllng r|1nc(?ude r?.)ut are not
limited to, sodium hydroxide, potassium hydroxide, ammonium hydroxide,
tetramethyl ammonium hydroxide, monoethanolamine, diethanolamine,
triethanolamine, ammonium hydroxide, diethylamine, dimethylamine,
trimethanolamine, butyldimethylamine, dibutylmethylamine, trihydroxyamine,
monopropylamine, dipropylamine, tripropylamine, monopropanolamine,
dipropanolamine, tripropanolamine, monoisopropanolamine, diisopropanolamine,
triisopropanolamine, n-butylamine, t-butylamine, methylpropylamine,
ethyldimethylamine, 2-amino-1,3-propanediol, 2-amino-2-methyi-1,3-propanediol,
ethanolpropanolamine, 2-(butylamino)ethanol, 2-(cyclohexylamino)ethanol, 2-

amino-1-butanol, 2-(2"-aminoethoxy)ethanol, bis(aminoethyl)amine,



11 polysilazane waste and stabilization solution. The

steel pipes were about 52.07 cm (20.5 inch) to 55.88

cm (22 inch) tall having an outer dianmeter of 5.08 cm

(2 inch). The inner capacity of the three pressure

vessel s used were: 680 m for pressure vessel-1, 670

m for pressure vessel-2, and 700 ml for pressure

vessel - 3. Approxi mately 90 nml of simulated

pol ysi | azane organi c waste solution (Spinfil @45002
bis(epdlhqmbpyel)mnmeamséardinoetft;al)amineattﬁss(lanﬂ nbdpropyiigmaned pyridine,

her ca bon,m xture rich in
pingiidie ’F@’i’?"@c /?i‘q Upshileredo EBR H (50/ 50
( WtA(mﬁI)erlﬂpﬂi@daDﬁnaﬂ#ﬁabMQé@ﬁﬂm@ttl’@tMt sadilizePisdh éamer

tetr dr opaph alene at.,a 25:1 ratio) was injecte
solyeny. O%Fé @aﬁreés%g whichgg npbiRagtve wgh the pe ys"azane

Exafn%uegmcwet ﬁﬁﬁt&éﬁfr%n%b%hké A5 erPh é't%ﬂ?ﬁ@rgﬁaaﬁ%%ﬁe‘?

pressure vessel to eval at e thnelr
ethwemmpﬁ@for m(amb!m|pmwlmeegwgolernpmpﬂyéameaaedtaa@) and

oin PSR B i RO oGP KRS by
emisddimeats d,otﬂézlnei teariol solvent Havingld flash ebimagedatédbidn 60°C
(1 48‘%} %1 ?(l)r?nmé rt]reea’tment stabilizer solution.

One of the benefits of the present invention is to allow for the disposal of
the treated polysilazane waste as non-hazardous waste. When a treatment
stabilizer comprising a carrier solvent and an alcohol and an alcohol and alkaline
mixture is used in an appropriate amount, the flash point of the treated
polysilazane waste, when a high flash point carrier solvent is used, is greater
than 60°C. This makes disposal simpler as the waste is now shipped as non-
hazardous and becomes useful for fuel blending. Therefore, waste streams of
solvent from other facilities, or even the same facility where polysilazane
materials are coated, could be used as the carrier solvent, provided the flash
point of the waste stream is greater than 60°C.

The inventive process offers three major advantages oVer disposal of
unstabilized waste:

1) it is safer,
2) it saves time
3) it is more cost effective.

By stabilizing the polysilazane waste prior to filing waste drums to be sent
to waste storage sites, the potential for the unstabilized solution to off-gas
causing pressurization of the drum potentially resulting in catastrophic drum
failure is eliminated. Also since all the polysilazane waste is stabilized prior to
the filling of the waste drums, the waste transferred to drums for disposal do not
have to sit for a period of time to vent off gases that could build up if the present

process was not used. Finally, the stabilized waste, if desired, could be disposed



(e) 6 mM ethanol /10% ethanolam ne (f) 8 m ethanol
110% et hanol am ne After a period of about 6 hours,
nost of the treatnment stabilizer solutions, (a) and
(d) to (f), had stabilized he waste (absol ute
pressure reaching about 1.379 bar (20 psi)). Wth
| onger contact tinmes, the treatnent stabilizer
solutions (b) and (c) would be expected to al so
stabilize the waste. Except in the Exanples, or
of byties|bladieg Vordeat xguoveit tagheriban aéquirmgiit tto be licinerated.
uant i thl descrl I,Oon _speci nts,. of
The it wadle. 59 SRRl of Braiva SO tennet e disgpsed
of b?@b@%’élﬂfng\EWEB%st foURBIRErd tHéa\R/B@tB l§bﬁgﬁ>x"ﬁﬁﬁzl)ﬁ {ee (3)
, are to be understood as nodified t he word
t'me'sa‘lbébi’f disposing ofii1e wastadyifHeldiendinghas been expl ai ned
undEfePticiostihert SiPhE P ERRIBRIARRG Pobislipldnd a3, the
contact can occur in situ. That is, as the polysilazane waste is generated and

placed into a holding tank, an amount of the treatment stabilizer is then added to
the holding tank. Since the amount of the treatment stabilizer will be greater than
the amount of the polysilazane waste, there will be intermixing without the need
for a separate mixer.

In batch situations, where the polysilazane waste is held in a holding tank
and then pumped into drums, the treatment stabilizer is added to the drum after
the polysilazane waste is pumped into the drum or the drum is precharged with
an amount of the treatment stabilizer, and then the drum contents are stirred.

The following examples will provide detailed illustrations of the methods of
utilizing the present invention. These examples are not intended, however, to
limit or restrict the scope of the invention in any way and should not be construed
as providing conditions, parameters or values which must be utilized exclusively
in order to practice the present invention. Unless otherwise specified, all parts
and percents are by weight.

EXAMPLES
Stabilization experiments were conducted using absolute pressure measurement

as an indication of rate and degree of stabilization.

Pressure experiments were conducted stainless steel pipes which were
capped on both ends and welded shut. There was a 6.35 mm (% inch) threaded
opening in the top cap. In this % inch threaded opening was threaded a 6.35 mm
(Y4 inch) pipe connected to a tee. Off to the side of the tee was a length of pipe
with a pressure regulator at the top of the tee with a shut-off valve which was

fitted with an injection septum to allow for introduction of the simulated



12 becone apparent to those skilled in the art upon
readi ng the specification. Therefore, it is to be
understood that the invention disclosed herein is
i ntended to cover such nodifiiications as fall wthin
the scope of the appended clains. 13 Clains: 1. A
process for treating polysilazane waste conpri sing
contacting the polysilazane waste with a treatnment

polyZeonaRls T Snbiation Sidh o BeRfPas wed alell 207
cm (808 iddHab i5BBE1EME (2R fnch) Zall HAEn§ BAGRAST dlAmetetionsl08 cm (2
wherein the contact of polysilazane waste and

inch). r Ehgt IRBAE CaRagiy|af e thiee BrassHie vegsalherd WRERGRO mi for
presbiR/eEBaL1, B! 1of Preddth& vassSt &nd 700 mi for pressure vessel-
3.

Approximately 90 mi of simulated polysilazane organic waste solution
(Spinfil® 45002 (polysilazane as a di-n-butyl ether solution) and either AZ® HC-
100 (hydrocarbon mixture rich in aromatics) or AZ Spinfil® Rinse 500 EBR H
(50/50 (wt/wt) blend of decahydronaphthalene and 1,2,3,4,-
tetrahydronaphthalene) at a 25:1 ratio) was injected into the pressure vessels.
Following that, the following treatment stabilizer solutions were added to the
pressure vessel to evaluate their efficacy by measuring the absolute pressure

(bar) generated as a function of time:

(a) 10 ml methanol (pressure vessel not shaken for 60 minutes)
(b) 10 ml ethanol

(c) 5 mlethanol /10% ethanolamine

(d) 10 ml ethanol /10% ethanolamine

(e) 6 ml ethanol /10% ethanolamine

() 8 ml ethanol /10% ethanolamine

After a period of about 6 hours, most of the treatment stabilizer solutions,
(a) and (d) to (f), had stabilized the waste (absolute pressure reaching about
1.379 bar (20 psi)). With longer contact times, the treatment stabilizer solutions
(b) and (c) would be expected to also stabilize the waste.

Except in the Examples, or where otherwise explicilly indicated, all
numerical quantities in this description specifying amounts of materials, reaction
conditions (such as temperature), molecular weights, number of carbon atoms,
and the like, are to be understood as modified by the word "about."

While the invention has been explained in relation to its preferred

embodiments, it is to be understood that various modifications thereof will



10stream of pol ysilazane waste; (b) adding the

treatnent stabilizer into a container containing

pol ysi | azane waste; or (c) adding the polysilazane

waste into a contai ner contiai ni ng treatnment

stabilizer. 3The process of claiml1l or 2, wherein the

treatnment stabilizer further 15conprises a carrier

solvent. 4. The process of any of clains 1 to 3,

wherein the treatnent stabilizer is an OH containing
becogig, dhRaraY teeioseeskilied in dheoars| uporereading| ibehspagification.

I i i i ereof.. .20
Thegbie e R Engfdt e WAL B flyeea o
covebayiumedificatiensas fadl Vitlomite saipel of, thetdppendéd efaihs.

and m xtures thereof.
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6. The process of any of clains 1 to 3, wherein the
treatnent stabilizer is an 2504 cont ai ni ng conpound
and al kaline m xture. 7. The process of claim§6,
wherei n the OH contai ni ng coﬂﬁound is selected from

al cohol s, ether alcohols, glycols, carboxylic acids,
and m xtures thereof. 14 9. The process of any of
CaidiSims 1 to 8, wherein the treatment stabilizer is
added to the polysilazane waste in a ratio of from1:2
treatnment stabilizer:polysilazane waste to 1:14

11 r eafneotest fabitieiatieg ppbisyiszdrez wastenesngrisibg cmﬁtaCThg the

f cl he treat bi
o8l rane wase 3 tpamastalabiiget S48 Hord HEP ot Gepsisting
oflart dﬂ-%@hfé‘?rﬂh%%b AR dun@&IndPh W%@ﬁ@”ﬁn@@éhﬁ)oﬁﬂd%n@alkalme

treatnment stabilizer:polysilazane wast
mixture.

2. The process of claim 1, wherein the contact of polysilazane waste and
treatment stabilizer occurs by (a) injecting the treatment stabilizer into a waste
stream of polysilazane waste; (b) adding the treatment stabilizer into a container
containing polysilazane waste; or (¢) adding the polysilazane waste into a

container containing treatment stabilizer.

3 The process of claim 1 or 2, wherein the treatment stabilizer further

comprises a carrier solvent.

4. The process of any of claims 1 to 3, wherein the treatment stabilizer is an
OH-containing compound is selected from alcohols, ether alcohols, glycols,

carboxylic acids, and mixtures thereof.

5. The process of claim 4, wherein the OH-containing compound is selected

from alcohols, ether alcohols, and mixtures thereof.

6. The process of any of claims 1 to 3, wherein the treatment stabilizer is an

OH-containing compound and alkaline mixture.

7. The process of claim 6, wherein the OH-containing compound is selected

from alcohols, ether alcohols, glycols, carboxylic acids, and mixtures thereof.

8. The process of claim 7, wherein the OH-containing compound is selected

from alcohols, ether alcohols, and mixtures thereof.
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1011. The process of claim 10, wherein the treatnent
stabilizer is added to the polysilazane waste in a
ratio of from1:6 treatnent ?tablllzer pol ysi | azane
waste to 1:9 treatnent stabiilfzer: pol ysi | azane wast e.
12. The process of claim1l, wherein the treatnent
stabilizer is added to the 15pol ysil azane waste in a
ratio of from1l:7 treatment stabilizer:polysilazane

9""""9’t ?hé ‘bréceqsstdfeaﬁ‘iyr@'?ﬂalﬁfsaptd BZRheRM Wi I8Pt W ifzer is

. The use of an’OHcontaining conpound or an
ad}Hean nthai polygjlazenpoasde and rafikaf froe hxttaatmeat a

t reat nen tab|I|z si | azane_wast e
SabT2elBoYRA e Wikt 4 bEa AR SR R IBARE Waste
stabilizer further conpri ses a carrier solvent.
10.  The process of claim 9, wherein the treatment stabilizer is added to the

polysilazane waste in a ratio of from 1:4 treatment stabilizer:polysilazane waste

to 1:10 treatment stabilizer:polysilazane waste.

11.  The process of claim 10, wherein the treatment stabilizer is added to the
polysilazane waste in a ratio of from 1:6 treatment stabilizer:polysilazane waste

to 1:9 treatment stabilizer:polysilazane waste.

12.  The process of claim 11, wherein the treatment stabilizer is added to the
polysilazane waste in a ratio of from 1:7 treatment stabilizer:polysilazane waste

to 1:9 treatment stabilizer:polysilazane waste.

13.  The use of an OH-containing compound or an OH-containing compound

and alkaline mixture as a treatment stabilizer for treating polysilazane waste.

14.  The use of claim 13, where the treatment stabilizer further comprises a

carrier solvent.



