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Field of the Invention

The present invention i1s directed to cross-linked bilobased

materials and methods of fabricating thereof.




sapplications, as well as the increasing level of intelligence being built
i nto consuner appliances and autonobiles, the volune of printed wiring
boards, (PWBs) fabricated and assenbl ed into such systens is likely to
increase at a rapid rate for the foreseeable future. This trend, conpounded
by the short time span between successive generations of technol ogi cal
advances in these products and the associated obsol escence of bider
products, | edikgmuadpotentially significant problem of disposing of the
PWBs in these products. The problemstens fromthe type of materials used
- in the manufacturing of the PWB conposites. Traditionally, the PWBs are
- made of |ayers of thin sheets of thernosetting epoxy resins which are
' appl i ed on t dnih wioe greniasivei gseoof Zomaoeemand swerk sstativnsef fohipgisomall ahd sbusirgasi ¢
(carbon or aram d) or inorganic (glass) fibers. These | am nates can be
drilled, netapblicatidnginas petitasr the dnereasing deve! wif érseligenice risinge builtdotbi comsumer
wirirg. The individual |ayers are then |am.nated together and rigidified,
or cured, by appiancas and ditomoblies;itealolowmeand ptinted edring\bmatdse (FWBa) fabticgied and
. desired electrical and nechanical characteristics, these conposite
| ami nat es t hesssérebleddntacsuchesystameuist liketyatodincrebss ae berapidorate: far thep dores¢éeably e
attached to them by | ead contai ning solders. The anpbunt of PWBs
manuf act ur ed fitoret Hitds tend, mmputmieairiby thk 'shait timedipag betwvezn Jsﬁ&‘.éssﬁra(mheranons
prepared by .
of technologtcal advances in these products and the associated obsolescence of older

products leads to : a potentlaliy sxgmﬁcant problem of dlsposmg of the PWBs in. thesn__

_— . — _—-:"‘_'__ — —— .:—-

pmduct:s ' The prob{em stéms fro‘m the type of matenals used in the manufactunng of the )
PWB compos:tes. Tradmonally, the PWBs are made of layers of thin sheets of
thermosetting epoxy resins ‘which are applied on to a woven fabric or-a random dlspersmn
of high modulus organic (carbon or aramid) or inorganic (glass) fibers. These lammates
can be drilled, metallized and patterned to create vias and interconnection wiring.

The individual laye_rs are then laminated together and rigidified, or cured, by thermal
and/or chemica-l means to achieve the final shape and desired electrical and mechanical
characteristiﬁs. these composite laminates then become active circuit boards when
electronic components are attached to them by lead containing solders. The amount of
PWBs manufactured in this way is substantial: ac'cording to a 1989 report prepared by
the Technology Marketing Research Council (T/MRC) of the IPC (Institute for

Interconnection and Packaging of Electrical Circuits), PWB manufacturing activities

worldwide consumed 18655 million square fi. of rigid laminate. The volume for North
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fhe Technol ogy Marketing Research Council (T/MRC) of the IPC (I nstitute for
I nt erconnection and Packagi ng of Electrical Crcuits), PW manufacturing
activities worl dw de consunmed 1655 mllion square ft. of rigid |amnate.
The vol une for North -3- Anerican usage alone was 282 mllion square ft.
The PWBs manufactured in 1989 will be obsolete eventually and wll -need to
be di sposed of as solid waste. The European goamunity has recently mandated
a "take-back" policy that forces acceptance of any and all returned itens
to the manUMEBTIGATCYSAPBAI9TE Was P§R million saupce findhe SIWHs maguiaatureshén 1989 willkel y
to arise worldw de which will further exacerbate the | am nate di sposal

pr obl em andP& pP§ete teveptupie ang milf agadlio bey disposedr dfeas salichwaste t Tire Bu®pesuch
PWB conposites cannot be directly disposed in a landfill however, because
of the spacdeommunithiRsareemilymansgieddrlinks-task Upaicythat foeieas avakmange of Ehgaed or e,
PWBs are generally ground up and incinerated first to reduce |andfill

vol ume.  ScllgeteNegsitemsiip &e Danuggerer spegifically foy rexydisgt Suchadgulationsadre likely

to arise worldwide which will further exacerbate the laminaté disposal broblem and shift
it to the manufacturing countries such -as_the_ U.S. Such PWB composites cannot be
directly dispo‘sed in a landfill however, bec'aus_e of the space filling and non-degradable

 nature of their make up. Therefore, PWBs are generally ground up and incinerated first- o

.~ -{o0 reduice fandfill volume.- ;S_om&r_hanufatjﬁ;?éé':o_f:“PWBs voluntarily —aéceﬁtiiraﬂé-iﬁé :Of? T

;_old equipment in exchange for new equibment purchases and incineraté the old PWBs, —
Aithough incineration is a form of recycling in tftat some energy is recovered, operation

" of incinerators with the appropriate scrubbérs to ensure that en;lissions into the

: étmosphere are free of pollutants is expensive.’ Further, the process still gensrates 30% i
by weight of residual ash which in turn has to be handled, shipped and disposed of as
toxic wéste in a designated landfill, particularly because it contains metals like lead. The
inorganic fibers used in PWBs are not toxic but they are not accessible to recycling in t;le
composite form, thus contributing to the ash volume. An environmentally compatible
solution to the problem, we béﬁeve, has to begin by focusing on sesking out reinforcing
resinous mate.rials, as well as interconnection and assembly materials that are by choice
based on renewable resources, that are non-toxic and yet meet the performance

demands of the electronic applications on hand. Further, it is desirable to seek options

that, when possible, reduce or eliminzie the use of environmentally unacceptable
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<ol d equi pnent_in exchange for new equi pment purchases and incinerate the
old PWBs. -Al though incineration is a formof recycling in that sone energy
is recovered, operation of incinerators with the appropriate scrubbers to

i ensure that em ssions into the atnosphere are free of pollutants is .

expensive. Further, the process still generates 30% by wei ght of residual
ash which in turn has to be handl ed, shibpéd"and di sposed of as toxic waste
in a designated landfill, particularly because it contains netals |ike

| ead. The inorganic fibers used in PWBs are not toxi ut they are not
nccesst bre t RO PRESHTETRE L eRTE e SERY o b Mudamars Stedsn
- volune. An er}l\gi ronnent al | atible solution to the problem we believe,
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" has to begin 9"‘? o%‘i?éqgﬁ& ﬂv?é ishg out reinforcing resinous naterials, as
wel | as interconnection and assenbly materials that are by choice based on-

renewabl e resources, that are non-toxic and.yet neet the performance
demands of the, el ec is desirable to

ronic applications on hand. Further, it
seek options 't faf" DéJﬁ%Ofﬁsi EFGSF@, m %'8'856}0 5Pg§'lnft?ﬁt?%fe§'”tsl?é'duit@r%f:””e“ﬂy used
environment a_lvlli% blag-%caggg trggtler?als. Bio-based materials are defined as materials derived from
renewable resources by chemical ': or m_edh_aniéal means or products derived from
- biological sources.’ |
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' it“is-another object of the'?;resié'ﬁt' invention to provide reinforced composites, and
methods of fabrication thereof hsing biobased renewable.re-so.urces for manufacture of
printed wiring boards (PWB) that meet or exceed the thermal, mechanical and electrical

performance requirements of FR-4 (epoxy based) grade laminates.

it is another object of the present invention to produce PWBs that are comparable in
p_erformance to those currently used and yet, at the end of their service life be amenable

- to waste treatment at least partially by biodegradability.

it is another object of the present invention to replace the petroleum based epoxies
currently used in the manufacture of printed circuit cards (such as FR-4) with biobased

materials.



24- chenicals and sol vents and consune | 'ess energy to nanufacture thus
provi di ng cost and further ecol ogi cal advantages It.is an OF —t
present invention to substitute-the resins and.-fibers curr 1ﬂ§ @%%FMASBEEN
bi 0- based materials. Bio-based materials are defined as natlerial SE§LACER
fromrenewabl e resources by chemical or nechanical neans or products o
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‘derived from biological sources.' It is another object of the present

invention to provide reinforced conposites, and nethods of fabrication

t her eof using bi obased renewabl e resources for manufacture of printed

W ring boards (PWB) that nmeet _or exceed the thermal, nechanical and

el ectrical performance requirenents of FR-4 (epoxy based) grade | am nates.
It is another object of the present inventi%n to produce PWBs that are
conparabl e in performance to those currently used and yet, at the end of
their service life be anenable to waste treatnment at |east partially by

bi odegr adabi | i ty. Summaryapnbt the megatiomf t he present invention to replace
t he petroleun1based epoxi es currently used in the manufacture of printed
circuit cards (sudh xaBRasgpeat tolf bhebprexbnt invention is a cross-linked

.polymer selected from the'group-consisﬁing of lignin, crop
oils, wood resins, tannins, pdlySaechfaide resins and

qombiﬁations thereof.
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One broad aspect of the present invention is a method of

fabricating a cross-linked,polymer selected from the group
consisting of lignin, crop 611s, wood resins, tannins,

polysacchraide resins and cémbinations thereof.

A more particular aspect of the present invention is a method
of fabricating a printed circuit board from the cross-linked

polymers according to the present invention.

This Sheet Has Been Rerlac
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‘rateri al s. SUMVARY CF THE | NVENTI ON A broad aspect of the present’

i nvention is.-a cross=linked polyner selected fromthe group consisting of
lignin, erop oils, wood resins, [annins, polysaccharide resins and

t conbi nati ons thereof, wherein said polyner is cross-|inked through an

am noal dehyde as a cross-linking agent. One broad aspect of the present
invention is a nethod of fabricating a €ré&ss-1inked polyner selected from
the group consisting of lignin, crop oils, wood resins, tannins,

pol ysacchar i geigre 9asCRRTION OH TRE i Dmewieseof . This nmet hod conpri ses the
steps of formng an adm xture of a polymer and a cross-1inking agent,
wherein said polymer is selected fromthe group consisting of lignin, crop
oils, wood resins, polysaccharide resins, tannins and.conbi nati ons thereof

and wher ei n F@r’tﬁér%}é‘é&' kéaﬂké@@h@wanmge@af mmpr&ahﬁﬁmianaﬂmbé&m Shogent

energy to effect cross-linking of said polynmer through said
"~ from a consideration of the following detailed description of the invention when read in

conjunction with the drawing and FIGs, in which:
Fig. 1is a monomer ‘from which lignin is formed.

— <" “Fig. 2 & &n example of a fignin-polymer.

Fig. 3 schematically shows an amino-aldehyde b‘r‘oss-linking ' égent according to the

present invention.

Fig. 4 shows an alﬁehyde group for Z of Fig. 3.

Fig. 5 shows specific example _of the amino-aldehydes of Fig. 3.

Fig. 6 schematically shows a process to form a prepeg.

Fig_. 7 schematically shows a process {o form a laminate from a prepeg.

Fig. 8-9 show a PWB formed by a substractive etch process.



¢ross-1inking agent, wherein said energy provided is selected fromthe
group consi'sting of heat and el ectroenergetic radiation. A nore particul ar
aspect of the present invention is a nethod of fabricating a-printed..-
circuit board fromthe cross-linked polyners according to the present

i nvention. -6- BRI EF DESCRI PTI ON OF THE DRAW NGS Further objects,
features, and advantages of the present inRAvéntion wll|l becone apparent from
a consideration of the follow ng detailed description of the invention when
read in conjun Wi and FI in which: Fig. 1.is a
nmonomer from cﬁa-l1:qng§r1f{3hvti§%v€%?}’rreag 8 3 dzézs‘@ RIRS™S51 e of a lignin polyner.
Fig. 3 schenatlcally shows an am no- aldehyde cross-1inking agent according
to the present invention.

Fig. 12 shows transetherification amino cross-linker reactions.

Fig. 13 shows estherification amino cross-linker reactions.
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Fig. 4 shows an al dehyde group for. Z. of F|g 3. F|g 5 shows specific
exanpl e of- the ani no-al dehydes of Fig. 3. Fig. 6 schenatlcally shows a
~process to forma prepeg. Fig. 7 schematically shows a process to forma
'"laminate froma prepeg. Fig. 8-9 show a PWB forned by a substractive etch
process.: -7- Fig. 10-11 show a PWB forjted by an additive process. Fig.
12 shows transetherification am no crossallnker reactions. Fig. 13 shows
estherification am no cross-linker reactions. DETAI LED DESCRI PTI ON

DETAILED DESCRIPTION

'l"he currently used fossil fuel derived epoxy resins, wouid be replaced with resins derived
frdm biobased renewable resources. Biobased materials are defined as polymers, or
precursors, derived from renewable or biological sources by chemical or mechanical
" means. - These materials 'irlclude non-modified and chemically- modified lignin (a
component of wood and a by-pfoddct' of paper manufacture), .crop oils, wood resirls,'

. fannins, and polysacchande resins that mclude but are not llmlted to, cellulose and

— e ——— — : . B, i
— -

(commerclally avatlahle) Eienvaﬁves of oellulose and combmatlons of these matenals

Due to the abundance, lower cost, and reduced energy requrrements for producmg these
biobased materials, there should be potential cost advantages in the long term. It is
desirable that these materials mest or exeeed current PWB requirements for performance

and reliability.l.as shown below:

Table 1: Properties of FR-4 Egexy/Glass Laminates
Maximum Continuous Operating Temperature: 130°C

Coefficient of Thermal Expansion (CTE):

lengthwise: 100 ppm
Crosswise: 150 ppm
Water Absorption (24 hr immersion RT): 0.5%

Flammability Rating (UL Class.): 94V-0O



‘The currently .used fossit fuel derjved epoxy resins, would be replaced with
resins derived from bi obased renewabl e resources. Biobased materials are
defined as polynmers, or precursors, derived fromrenewabl e or biblogica
sources by chemi cal or nechanical neans. These materials include

non- nodi fi ed and chem cal ly "nodi fi ed IignPn (a conponent of wood and a

by- product of paper manufacture), crop oi wood resins, tannins, and

pol ysacchari de resins that include but are not limted to, cel I ul ose and

(commercialty avail abl at i el I I ose and conbi nati o f_these
materials. Due to the r?g %o@@gﬂblé and reduced energy &?—’58*(95'

requi renments for producy t bi opa ter| there | d be
potential cost advant a?é’?g?r peej?t{eg ﬁé’f"rt? Tb'?@ ‘desi r abl e rt’ t hese

materials neet or exce current P require S fo per formance and
reliability as shown b&YRgt of%sg ate"aeictﬂ’?&fé?ﬁsaé‘g'”g FR-4 B +d ass -

'Il_'ﬁ?r Prgt[ eSExg/g)r(tlsrng (Cocflt_'ltzl)o?eé)u%%erat | Hﬂdh-lz_e@ﬁ/l%tg [err]j‘f COSHni cient of
crossw se: Dissipation Factor (ASPM D150): 0.018-0.02
) Dielectric Strength (ASTM 149): 500 volts/mil
Dielectric Breakdown (ASTM D149): - 40 vofis

' o | __Thérmal Condugctivity (bas_e_mat_erial, no copper): 1.8

The underlying theme of the present invention is to“substitute the resins and fibers
currently !-used with bie-based materials. We seek to replace the synthetic resin matrix
with renewable resinous materials. These materials may be chemically modiﬁed

to introduce reactivity that will enable cross-linking and hardening, or be co-reacted with
_other compounds containing cross-iinkable fettctional groups. Some examples (by no
means complete or final) are lignin fractions trem various sources combined with a
naturally occurring or commercial epoxy or amino cross-linkers capable of co-reactions.
Epoxidized crop oile can be added as needect, as reactive diluents or plasticizers.
Materials of choice will be those which can be 'readily prepared in soluble liquid or
semi-solid form which ie most conducive to encasement around the fiber reinforcements
using the currently available tooling and technology infrastructure for PWB fabrication.

Additional biobased resin materials are modified celluloses or other polysaccharides.
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Wt er Absorptlon (24 hr “i'mmer si on RT).: " 0.5%Fl ammability Ratlng (UL

Class.): - . . 94V-0 Fl exiral Strength (I ength/cross.)

' 60/ 50 Kpsi Copper Peel Strength (1 oz foil/anbient): 8l bs/ i n ‘Wi ght of
Base Material (no netal cladding): 5 0z/ft2. Dielectric Constant (1Whz
ASTM D150) : 4.6 Dissipation Factor (ASTM D150):
0.018-0.02 Dielectric Strength (ASTM 149n0 - 500 volts/ m
Di el ectric Breakdown (ASTM D149): 40 volts Thermal Conductivity

(base' material_, no copper 8 The underlying thene_of th resen

vention'| 5 THeStpSrRRan be vred iia (TS <HIRTe PBST & Car Tty S ORF Torin o vert

bi o- based materials. W seek to replace th nthetlcresm mat r

renewabl e res?'??éage nﬁ?"@r?%f"émaﬂ‘{?eg'@ ﬁtﬁ"é‘f"iaE"E HHE GrephERPYATESH hﬁﬁ‘&%’\@l@s
_Additionally, the glass fiben:s currently used could be replaced with bio-mass fibers, such

as celiuloseg, jute, kenaf, ramie, flax, etc.,

Issues such as fiber wettability by. the:- resins, ‘dimensional stability in dry and wet
environments, noh—flammability.--ahd-tﬁechanical properties of the éomposite as required

to meet the service needs of the PWB _éref__éjctprs in determining the optimized resin and

pﬁEer _’co%bi—h'ation.

- - _ -

According to the present invention, biobased polymers having alcohol group, in particular
phenol groups and aliphatic aicohol groups; and unsaturated carbon-carbon bonds are

cross-linked through cross-linking agents.

Preferred biobased “materia!s- are lignin, crop oils, wood- resins, tannin, polysaccharide
resins, tannin and combinations thereof. The most preferred biobased polymer is lignin |

and lignin in combination with crop oils, wood resins, tannins, and polysaccharides.

According to the present invention, these bio-based polymers are cross-linked through
polyfunctional cross-linking agents. A polyfunctional cross-linking agent has at least two
sites which chemically interact with a reactive site on the bio-based material. Preferred

cross-linking agents are polyfunctional epoxies and amino cross-linkers. Amino cross-



to introduce .reactivity that will enable cross-Ilinking and hardeni ng, or be
co-reacted with other conpounds containing cross-I|inkable functional

- groups. Sone exanples (by no neans conplete or final) are lignin fractions
from various sources conbined with a naturally occurring or conmerci al
epoxy or amino cross-linkers capable of éﬂiteactions Epoxi di zed crop oils
can be added as needed, as reactive dilu s or plasticizers. Materials of
choice will be those which can be readily prepared in soluble Iiquid or
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group.

Investigations of biobased materials for use in the manufacture of an environmentally

- conscious, or "green” PC (printed _circuit) board have produced a laminating rés_ig using

- - biobased:or bioaégfad;ble ‘materials, such as iiQriiri (a 5;/—#1"0&501 ofﬁaper fn’aniifac"td'ré);.:
blended with certain commeré:i-ally available l'epoxies. This resin has-liailg;si;érproperties

(such as glass transition temperature, coefficient bf .the;mal expansion, thefmal.stability,

and dielectric constant) that are similar to epoxy based boards known as FR4. Prepreg

and laminates have been produced in the lab with a formulation that is >40%, préfea;ably

. >50%, biobased. Alternate resin formulations (using higher functionality cfoss-!inking

agents, such as epoxies) have exhibited some properties that are superior to FR4 grade

- which are suitable for advanced grade laminating resins.

In addition to meeting these needs, the bio-based materials can also be designed 1o be
easily implemented in the current PWB manufacturing facilities. This will minimize
additional tooling driven capital expenses and enable rapid commercialization production

of these new PWBs.



L

.as cellulose, jute, kenaf, rame, flax, etc., Issues such as fiber
wettability by the resins, dinmensional stablllty in dry and wet’

envi ronment s, non-flanmmability; and mechani cal properties of the conp05|te
as required to neet the service needs of the PWB are factors in determ ning
the optim zed resin and fi ber conbinatig%. According to the present

i nvention, biobased polyners having al'cofiol group, in particular phenol
groups and al i phatic al cohol groups ‘and unsat urated carbon-carbon bonds
are cross-1lipked throu cross-| agents. .Preferred b 0 terials
are |1omin, e PrBbles FemRg o g}ﬁ%F?seBtol'Vgﬁttpé’ha?'Fd%"%%qs g
and conblnatlons tﬂereo

f d b d
lignin in cdPBIPRAET 8’ngwuf‘ﬂ "f?rﬁég)éf‘?' Etgﬁé&%p@&aﬁ a%f%%%ﬁéwagﬂﬁ”gagammk o

| h d t t bi
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cross-linkin ents_are pol j.onal epoxi n amnoc oss- i nk
Ami no cr ossA %f g sending it o ﬂ¥e anc;ﬁll can emp?oyeg r? economica ly warranten? f%r

reclamation. 1t is anticipated . that these materials may be. amen'ab'le to compostihg,

thereby achieving biological recycling and eliminating incineration entirely.' Eveh if landfil

or compostmg is not an op’aon and mcmeranon is pursued an envuronmental beneﬁt can

- S ""_ : — = = 4—"'

stdl be reahzed The bummg “of renewable resources is neutral in terms of green house

gas productton since CO2 from these resources is eventually recycled into th_e

environment anyway. Energy is i::ons_erved directly bec¢ause of t_he low energy
requirements for the processing of wood based products, typically 5-10 million BTU/Ti oh
compared to 30-90 million BTU/Ton for most plastics production. Therefore, dependence
on finite fossil fuel resources, increasingly supplied from pblitically volatile foreign sources,

is also lessened.

Most importantly, the use of bio-based materials will lead to direct cost benefits as well.
Renewable materials, such as lignin, celiviose and polysaccharides, in unmodified form
are in abundant supply. Cost effective strategies of chemical modification or biending
with low cost non-renewable polymers to obtain the same properties for a bio-based PWB
composite, should offer lower cost and more competitive pricing of US made , FR-4 grade

PWBs, in addition to providing environmental advantages.



finkers are molecules with a nltrogen atomvmth at | east one al dehyde group

bonded thereto. Figure 3 shows an exanple of such a-ni.trogen atom wherein Q -

tis the molecule, Zis Hor an al dehyde group, wherein [err] and [err] are
preferably H or an aliphatic group. Figure 4 shows an al dehyde group
wherein [err] and [err] are preferably H or an aliphatic group.

I nvesti gati ons of bi obased materi als forlluse in the manufacture of an
environnmental |y conscious, or "green" PC (printed circuit) board have

produced a |aﬂgﬁﬁtx$&9afo%§dn8 bibpolyehe? 1R FSLEY Bfod&&t%?’ﬁﬂ lnsnmaﬁﬁ:l@lrfuusﬁych

as ligniin (a by-product of paper manufacture), blended with certain

commerci al |y gyay hadbserPiaetines asl%l#rﬁndr?%hﬁbn he:%néa rmbbﬂeel%gbw fFmUEH

gI ass transit I on tenperature, Icient o expans t her ma

stability, a”ﬂﬁ%&&é Q%Hn :§aﬁ9|‘?|§ BBQ é?gy@; efidlic n?étéllall Qﬁsnﬁé’{rﬁrﬂ%ﬁ%n@@@—%&ﬁﬁé&’s

known as FR4 and | am tes been produce

formul ation t t r

formul ati ons ‘?%@F*n"gﬁ ﬁ/ ﬁﬁ%?t@ﬂélfﬁ@%r gss- [ nrg%| aérﬁcérﬁ:?ie@s ﬁd?e R

epoxi es) havesgabihby eElnanS), PERP H-ddufarfIfift alBdiiolsS U St Hwba! Rgriids Hoititised
principally from coniferyl alcohol, while hardwood lignin is comprised of both coniferyl and

sinapyl alcohol units in varymg ratios. - Grass hgmns may contain all three types of alcohol -

- units. The bxosynthetlc process, whlch consnsts essentlally of radlcal couplmg reactlons

— Rt R -

- feads 1o the" formatlon ofa three-dnmensuonal polymer that lacks the regular and ¢ ordered
- - re'peating' units found in other natural polymers such as cellulose and proteins. For this
reason, lignin is viewed nbt asa cons_titutior_lallly defined gpmpounq, but as a corrlposlte
of physically and chemically heterogeneous materials ,whose structure may be
represented by models, such as shown in Figure 2. Such a model should. not be
regarded as depicting the exact structural formula for lignin, but as a vehicle for itiustrating
“the types of {inkage modes of the constituent structural elements and the proporiions in
which they are believed to occur in lignin. The structural elements comprising fignin are
linked by carbon-carbon and ether bonds. Units that are trifunctionally linked to adjacent
units represent branching sites that qive rise to the network structure characteristic of

lignin.

During paper pulping, lignin is separated from the caliulose and other polysaccharides in

plant tissues. Paper pulping processes utilize solvolysis of the ether linkages to degrade.
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- which are suitable for advanced grade | anm nating resins. In addition to- .
meeting these needs; the bi-o-based materials can al so-.be ‘designed to be
easily inplemented in the current PWB manufacturing facilities. This - wll

m nimze additional tooling driven capital expenses and enabl e rapid
commerci al i zati on production of these new PWBs. - 12 - If these
conposites, according to the present kn¥éntion, are stripped of electrical
conponents, ground up and subjected to mcrobial, bacteriological and

fungal at t ack AN i o 4 .Jt.&eﬁxégagg{?iéi rlﬂ W BEYRALP dnseRb BRIl Abiholc

bi ol ogi cal recClamation may eventua ace. e optioRA to separate

the metal | GARkRal ofliot NSOPYR WABISPSIAIE SRIAEIGo! hel Baskd BrdeAfibbddoicp o

be enpl oyed if econo Ty warrante amat1 on. nti'ci pate

that these Mok Sl SndlBdifnceFBABkES! AuRBRShd R lioir SHDAGY Fhenoic,

bi ol ogi cal recyclThg an I'ng 1 Nncl neration ent
landfill hydroxyl, benzyiic hydroxyl, and carbonyl groups. The frequency of these groups, as well

as the molecutar weight (MW), MW distribution, and residual contaminant levels will be
dependent on the source of the lignin and on the pulping and isolation processes.
Several _mgfhods have been used to remove lignin, including the alkaline based Kraft -

process, the solvent based Organosolv process, and the Steam Explosion process which

is followed by &fther Hikafine or Soivent recovary of the degraded fignin.

Lignin isdlated by Krait, Organosolv, and Steam Explosion processes are useful to
' practice the present invention. Elemental analysis of commercially available samples of
Kraft lignin from Westvaco, Charleston Heights, S.C. indicate that they contain 0.93%
sodium, 0.14% potéssium, 3.2% ash, and 1.9% sulfur (probably primarily bonded to the
aromatic tings). The level of ionics in this sample is undesiraiale for electronic
applications. We have reduced these levels through acidic/aqueous washes and
extraction with water. Repeated washing of Kraft lignin has produced samples with
sodium and potassium levels of around 200 ppm, as well as- moderately reducing ash and
sulfur levels to 1.3% and 1.4%, respectively. A sample of Kraft lignin was extracted for
one week in a Soxhlet extractor, after which the extracted lignin and extraction residue
were analyzed. The extracted lignin had significantly lower levels of sodium (50 ppm),

potassium (33 ppm) and a somewhat lower level of suliur (1.14%), while the levels of all.
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‘or conposting is not an option and incineration is pursued, an

envi ronnent al benefit can still be realized. The burning of renewabl e
resources is neutral in terns of green house gas production since [err]
from these resources is eventually recycled into the environnent anyway.
Energy is conserved directly because of the |ow energy requirenents for the
processi ng of wood based products, typicd® y 5-10 nillion BTU Ton conpar ed

- to 30-90 mllion BTU Ton for nost plastics production. Therefore,
dependence o0Bbf fHebé teferh@fiSiidcrédsel ihehe WxtrBSionl RGIHEASInBRENNGS tHap tha@budh Yater
politically volatile foreign sources, is also | essened. Mst inportantly,
the use of bivastifs SkbutRbeEifdiontwb rdduke @itk fedeidlbl @fidantRSibnibe tieddckptabie @l .
Renewabl e materials, such as lignin, cellulose and pol ysaccharides, in

unnodi fi ed fprdrwaight aberae! MG tBe!RBINheré@ISKratfigABtdartiss waé adiassealby gel
chem cal nodification or blending with | ow cost non-renewabl e polyners to

obtain the smeaﬁ&p@ﬁﬁoh%@dr@hyatomés,bas,editﬁﬁ\%o%&a@@y ®f 4ghoul d of fer
| ower cost and nore conpetitive pricing of US nade , -4 grade PWBs, in

addition to providing environnmental advantages.
Organosolv lignin was acquired from Aldrich and Repap, Inc., Valley Forge, PA. The
o Organosolv process utilizes organiél solvénts at high temperature and pressure to soivate -

the lignin. Organosolv lignin is therefore much lower in ionic and sulfur content. The

= -Enéiy;i-é' éf'thé ngano'solV 's'ainpfé"inaicatea IbTv:fe_\gls; of sodium (B3ppm) pota§si_'um:
(39 ppm), and sulfur (<0:15%) as reckived. Thé molecular weight of this material was

| lower, with a weight average molecular weight of 2,700 and a polydispersity of 26 _

A samp‘lé' of steam exploded lignin, obtained from Stake Technologies, from Norval,

Ontario, Canada, was recovered under alkaline conditions. The lignin, as received,

contained 1.1% sodium and 0.7% potassium. After repeated washing, these levels were

reduced to 300-500 ppm. The steam exploded lignin had the highest molecular weight,

with a weight average MW of 23,000 and a polydispersity of 11.

In addition to elemental analysis, infrared spectra of Kraft and Organosolv lignin have
been taken. These spectra indicate that the Kraft lignin is derived from softwood trees
(as expected for lignin from paper pulp sources), but that the Organosolv lignin is derived

from hardwood trees. Lignin ffom softwood is composed almost entirely of polymers of .



13 - Lignin is an aromati'c biopol yper that is a by-product of the paper
manuf act uring i ndustry, and it has been identified as -a primary candi date

* for use in biobased epoxy formulations. In nature, lignin is an anorphous,
pol yphenolic material arising froman enzyne-nedi ated dehydrogenative

pol yneri zation of three phenyl propanoid nononers (Figure 1) - coniferyl(a),
si napyl (b), and p-coumaryl (c) al cohoksiéSeftwood lignin is conprised
principally fromconiferyl alcohol, while hardwood lignin is conprised of
bot h coniferyl. LWRAPY k- 1 is, | j.n el | Ll RS
may contain éaﬁnf@?gra %@y%@%%?%éﬁ@hﬁ#@%ﬁ% %‘i %@%&ﬁg{w %ﬂ%?gcée'g@d?
whi ch consi epnt.d y ' . C | .eacti o . :
formation ofsr;‘ gnﬁée{’e%l [ %nsf%nﬁgﬁ(yag%ﬁe%&)ﬁét glﬁgc g"b h@g?eegu %'}é'sgr‘]‘;d”h%'r'%r ed
repeating units f ' . ral.. pol.vmers h as cel |l ul ose and

pr ot ei ns. Fodrett%mm%lﬁ?gaa{ssgﬁ%*f%h "fri\“ ?’ssgﬂx}ﬁ"g%(ﬁé% °nu5tap§1"s%%é°'%0nst itutionally
defined conmpound, but as a conposite of physically and chemcally

het er ogeneous nmaterials whose structure may be represented by nodels, such

oact ot ucPRIDIE e B RaBu B R P, Aol e b BB NP HERNE St

chain, C16 - C22) fatty acids. The crop oils of primary interest for this application are

those containing high levels of multiunsaturated faity acids which can be easily

epoxidized. Commercially available epoxidized vegetable oils, such as soybean, linseed, - "

— . =" = -
[, 2 St

- 77 -~ andtung oil, séive as both Stabilizers and plasticizers in a varity of commercial polymer
formulations. Epoxidized crop oils may be incorporated as reactive diluents to adjust the
viscosity and flow properties of the resin formulation during casting and lamination, or.as

plasticizers. - 4 _ ' i

The phenolic, hydroxyl, and carbony! functional groups on lignin can be reacted with
epoxy or _amino-aldehyde crosslinkers. Amino-aldehyde cross-linki_né compounds ére
defined as monomeric, oligomeric, or polymeric resinous substances (either solid or liquid)
which are formed by the. reaction of amines or amides with_ aldehydes (usually
formaldehyde). The commercially available materials are amino-aldehydes, urea-
formaldehyde, me(amine—forma(dehyde, glycouril-formaldehyde and benzoguanamine-
formaldehyde polymers (see fig. 4). Amino crosslinkérs are used to form thermoset
coatings , usually through co-reaction (i.e cross linking) with hydroxyl, carboxyl or

amino/amide functional molecules, and/or through self condensation (see fig. 12).



the types of l|linkage nodes of .the constituent structural elenments and the
proportions .in which they are bel i eved to .occuf in I|gn|n The Structural

el enents conprising lignin are |linked by carbon-carbon and et her “bonds.
Units that are trifunctionally Iinked to adjacent units represent branching
sites that give rise to the network strugsure characteristic of |ignin.
During paper pul ping, lignin is separafed‘fromthe cellul ose and ot her

pol ysaccharides in plant ti ssues. Paper pul ping processes utilize

sol vol ysis O'Frak&%&% é .-{ o%%gﬁasé f?nkgrrf% with the 2 gdrohxg! grp ’o]nvvﬂé Hbtag

t he nol ecul ar wei nmer- egenera unct1ona

g oups. o syenf.%g\%% OQ%n %Fc%H&t gerS‘@S 3608 rB&et%ﬁhQr%%b r&gn {Mh&?«ﬂﬁﬁg’?ﬁ.ﬂtz.

skeleton rea |npac e read

i ncl ude phenollc h c 0 and .oups:  The
f requency of whsgei v %%ﬁﬁ"b T"eé?niﬂé %Feagﬂnoﬁj $ ; %WW aﬁ}yl.
di stributi Oqzig.al%dshgv%g Iegteﬁ% ca%gnnto am o mker\ferJ'nSatlon whepem a carboxylic acid, wherein

V, Q and R, are the same as on Fig. 1 2 The lignin molecule is capable of reacting with

any amino cross-linker't_o form a laminating resin. .

The thermal and electncal propertles of a matenal are lmportant to |ts apphoabnhty m

= ot “"

" gircuit board technology "Wa have formulated lrgnm wnth dxglycudyl ether of b:sphenol A -
"(DGEBA) and benzyldimethylamine (BDMA) as the initiator. The thermal properties of
these formula_tions varied with coroposition, so a study. of composition vs glass transition
temperatureia‘_ (Tg), coefficient of thermal expansion (CTE), and thormal degradation was
perfonned.l' Both Kraft and Organosolv lignins were included in this study. Comoositions
with lignin and DGEBA with lignin concentrations varying from 20-80% of the total solids

content were included. The resuits of the Tg evaluations indicated that the higheét glass
- transitions could be obtained with resins iorroulated with lignin concentrations of between
50-60%. The glass transition temperaiure decreased for formulations both above and
below this range. The highest Tg observed was 147°C from a formulation with 56% Kraft
lignin, 44% DGEBA, and 0.4% BDMA. For comparison, a sample of FR-4 resin exhibited

a Tg of 135°C. In general, Tg was slightly lower for the formulations with Organosolv

lignin.
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«dependent on.the source of the lignin and on the pul ping and isol ation
processes.- Several nethods have been used to renmove lignin, including the

- al kal i ne based Kraft process, the solvent based Organosolv process, and the
St eam Expl osi on process which is followed by either al kaline or solvent
recovery of the degraded lignin. Lignin isolated by Kraft, Organosolv, and
St eam Expl osi on processes are useful-tb8practice the present invention.

El emrental anal ysis of conmercially avail able sanples of Kraft lignin from

West , | t i ght s, .C.indi te that t t ai 0, 93% sodi
vest 1200, OB P P e B o et A B e
L1 2 O Sl B o S o BBy B S BOURAS e BOEHBBEEA
i dic/ d t ti i th ter. R t hi f Kraft
o0 9l s BT AR O REiATRd RISt SRR S SRSl
I, d t el duci, h. | f I ls to 1.3%and 1. 4%
PO o o B 8 SR PR e LSEEkod B
o OB P 7 R R SO R

C1a0 OB, @%@3%}@%& "ot B8 of 1380 WoeC B abh's adbecVirhe”

-materials/formulation had ‘minimal impact on the CTE, which was 50-70 um/m°C below

Tg (compared to about. 65 for FR-4 in the z-direction) and 180-210 um/_m"f_? abqvé- ’I_'g

* . (compared o 250-300 for FR-4) for all formulations.
_ A critical parameter of any potential FR4 replacement is the material's dielectric constant.
The dielectric constant of resin discs with various compositions were measured.
Formulations using Kraft lignin and DGEBA with 20-50% lignin had dielectric constants

of 4.14 - 4.05. Resins formulated with Organosolv lignin and DGEBA with 50-66% lignin

had dielectric constants of about 3.7. Dielectric constants for FR-4 laminates are between

4 -5,

A variety of catalysts or initiators may be used to cure epc;xy systems. The initiators are
preferably tertiary amines, for example benzyldimethylamine (BDMA), tetrar_ne’thylbutane
diamine (TMBDA), and 2-methyl imidazole (2MI). Tertiary amines tend to increase the
fate of phenol/epoxy reactions. over aliphatic alcohol/epoxy reactions. A variety of natural

products containing amines may also function as catalysts including caffeine, guanine,



{5 - of these elements increased in the extraction residue, indicating that
t hor ough wat er . washi ng shoul d be sufficient to reduce the |evels of |
unwant ed ionics to acceptable levels. The wei ght average MW of the
commercial Kraft. lignin sanples was neasured by gel perneation

chromat ography to be 6,000, with a polydispersity of 4.4 . Organosolv
lignin was acquired from Al drich and Reb&ps Inc., Valley Forge, PA. The

Or ganosol v process utilizes organic solvents at high tenperature and
pressure to g L&dghe lignin. Oganosolv lignin is therefore nmuch |ower
in lonic and su%@ content. The analysis of the O ganosolv sanple

I ndi cat ed IOM/IeveIs of sodium (83 ppn), potassium (39 ppm, and sul fur
(<0.15% as received. The nDIecuIar wei ght of this materi al was Iomer mnth

a wei ght avef ul ar WEI 2,700 an pol ersity of
sanpl e of. st€ %1%8{:& g‘) dpﬁp&?ﬁ %ﬂ’é{?%d"‘t‘% agp Mh/g%#ﬁstﬁOgl gpreg} b‘n'rs
N_o_r val . Ont arrél §§ Canoagr%mdx\%sr arnqr?t%xn t? geurr:]grgé' s%atlé-arl:oln'rl]rgon y re erre to as g stage.
lignin, as r
During the Iaminate core formation state, usually the final laminating step - the resin is
advanced from the 'B' stage to the complétely cured material or 'C' stage. This 2 stage
curing process is eas_ily accomplished witn"epoxy or amino crosslinkers combined with
hgnm by adjustmg the type and amount .ot cross-linker and the type and amount of

—— —— = =

' speclﬂc catalyst to raise or lower the curmg temperatures The epoxy and ammo

crossl:nkers are also soluble in typical * prepreg solvents such as acetone aicohols and

other higher ketones.

The preferred formutation that yielded the highest glass transition -temperature (56% Kraft
lignin, 44% DGEBA, 0.4% BDMA) was used to form a prepreg on 106 glass cloth using
a hand treater tower. A preferred solution that was 52% solids in a methyl ethyl ketone/
ethanol (1/1)' solvent system was applied to the cloth and received a 5 min., 150°C
B-stage bake. This resuited in a 3 mil thick, flexible, tack free prepreg. Infrared spectra
indicate an almost 50% reduction in the height of the epoxy peak, indicating an
acceptable extent of reaction during B-staging. Samples of this prepreg were laminated
in a vacuum lamination press both with and without 1 oz. copper cladding. The preferred
lamination conditions were chosen to be similar to those currently used for FR-4; 450-500

_psi, 180-185°C, 70 min. cure time under vacuum. These prepreg samples laminated well

-&"" -



cont ai ned 1. 1% sodi um and 0. 7% pot assi um After repeated washing, these

| evel s were reduced to 300-500 ppm The steam exploded lignin had the

hi ghest ol ecul ar weight, wth a weight average MVof 23,000 and a

pol ydi spersity of 11. In addition to elenental analysis, infrared spectra
of Kraft and Organosolv lignin have been taken. These spectra indicate that
the Kraft lignin is derived from softwod2®@rees (as expected for lignin
from paper pulp sources), but that the Organosolv lignin is derived from

har dwood t r eeswitheUg8kdesive® fbw O;Brbw@ﬁtk t&:gﬁorm&tﬁéqiarahﬁ% twnﬁ,f‘gsdoeeéo%p&f adhesion.
a

pol ymers of - 16 - coniferyl alcohol, |l e hard\/\onad I'gnin ] %
mxture of coni§anybk GRi: &ppaPvihd kecp@mnrmét Wods Sty HiSBRY adiabied
andforrrulatlomn Wlitﬂht@se materlglsvma P setermﬁﬁts'{lg rtﬁ’)"al
lignin is opti AR | & |

sogrce of ngné@?r%e%r%gﬁ‘unsat Eflgtgegm?ep?qngrll "Zt‘rfé’ t clﬂ.‘a!fsgquL fT?

acids. The cr aRicidca®bvdthde Béd strBAgth ©F B IR whith SnddiPliHeC@id2 B¢ requrrement

for peel strength.

. Exposure of the laminate to the copper etching solutions did not appear to have any - B

adverse effects Drelectnc measurements of the lammate are also in progress The glass

': -

— T - transmon t‘emperature of the Unclad lémmate was measured at 130-1 34°C

The glass transition temperature of a resin affects the dimensional sta!_:ility of the
‘laminate. ln' general, the use of higher functionality epoxy resins will produce increased
cross-linking, higher Tg, improved dimensional stability, and improved moisture
resistance. DGEBA has a functionality of 2, but many epoxy novolac resihs have higher
functionality. Anticipating the need for more ad\ranced applications we have -also
formulated laminating resins with mixtures of lignin and epoxy novolacs, including Dow's
D.E.N. 431 (ave. functionality = 2.2), 438 (ave. funet. = 3.6) and 433 (ave. funct. = 3.8),
and Ciba Geigy's epoxy cresol novolacs ECN 1273 (ave. furtct. =4.8), 1280 (ave. funct.
=5.1) and 1299 (ave. funct. = 5.4) using 55% lignin, 45% epoxy resin, and 0.4% initiator.
The Tg of the pure resins after cure (2 hr/150°C) do show improvement over the
lignin/DGEBA formulations, with Tg's of 153°C, 158°C, 161°C, 173°C, 172°C, and 176°C

respectively.

H-.
casana]



t hose. containing high levels of nmultiunsaturated fatty aci ds which can be
easi |y epoxidized. Commercially avail abl e epoxi di zed vegetable oils, such
as soybean, |inseed, and tung oil, 'serve as both sabilizers and -

pl asticizers in a variety of comercial polymer fornulations. Epoxidized
crop oils may be incorporated as reactive diluents to adjust the viscosity
and flow properties of the resin formulation during casting and | am nation,
or as plasticizers The phenolic hydroxyl, and carbonyl functional groups

Ani noval th 8 o e g S R e 89'%‘ Ao ﬁ%ﬁ‘%&?se" iwention,

S e )

e forﬁaq%feﬁyﬁve Hera e b f @&kvé’refhe i F'aaﬁ%ée a%%ede

R A e

and) or i CHEPIS B SO 1 o ce&iuchas%e R, GPiabics. & e
added.

Figures 6 1o 11 show a process to fabncate pnnted curcuut bOards accordmg to the present )

_.—s*r--

" invention. Flg B shows the formatlon of a prepeg Roller 20 has fabnc 22 wourwd
thereon. The febnc 22 is fed over roller 24 into resin tank 26 where the fabric is
saturated wit_h resin. The saidreted cloth is fed through squeeze rollers 28 and 30 to
remove excess resin.. The saturated cloth is fed up a treater tower 32 where it is

" exposed to energy, preferably heat or electromagnetic radiation, at a number of stages,
for example, stages 34, 35, 36 and 38 to partially cure (cross—iink) the resin impregnated
cloth to which a taok free condition. (prepeg) is directed by roller 40 for rewinding onto

roller 42. The prepeg is unwound from roller 42 and cut into sheets 44.

Referring to Fig. 7, a number of prepeg shzets 46 are stacked with copper foil 48 and 50
on the outside of the stack. The combined stack is pressed by platens 52 and 54 while
energy, preferably h'eat' or electromagnetic radiation is applied to fully cure or cross-link

the resin to form a laminate.



- 17 - Transehyerification of the cross-1linking agent wth the hydroxyl
group on the bi obased pol yner, such as an al cohol group, for exanple, a
phenolic group is shown in Fig. 12, wherein V is the biobased polymer and Q
i's the am noal dehyde and [err] is Hand alkyl. Fig. 13 shows esterification
of a cross-linker formation, wherein a carboxylic acid, wherein V, Q and
[err] are the sanme as on Fig. 12. Thedignin nol ecule is capable of
reacting with any amno cross-linker to forma lamnating resin. The

appl  cabi 11 (5 freLp Bt B GRS efth it S it £00e, TR 83000t Bplite o,
the ¥ t1 a Mo ERg s RafiiRbiR 7 oeirem) sdPice BERAG TR MRRE el ol
(o) coet 19 Pt el e et B AR A b s
Composi ¢ i orStere| Porerous BaEEA th vl 1ot ez Reiars A PhalpeRh Y om
20-80% of tcE}stt}sgéi a‘lm %Re! inqgtal .layer which is substractively etched to produce electrically
. conductive pattern 70 on surface 64, 72 on through—_hble sidewall 68, and 71 on surface

66 to form PWB 65. Metal 72 on-through-hole sidewall 68 electrically interconnects

- patterns 70 and 7.

_ ﬁgs. 10 and 11 show an additive etch pfocésé for 'i'or'ming a PWB. Reference numbers
common 5etween Fig. 8 -11 represent the'.same thing. Patterned resist 74 and 76 are
dispoise_q on surfage 64 and 66, respectively, of laminate 60 with through-hole 62 formed
therein. Metal, preferably copper, is electrolitically or e!ectroleésiy plated onto thoée parts
of surface 64 and 66 exposed through the resist pattern to form electrically conducting

~ patterns 80 and 82 on surfaces 64 and 66, respectively. The metal 85 on through-hole

sidewall 68 e{éc':tri'cal{y interconnects patterns 80 and 82 to form PWB 86.

The PWB 86 and 75 can be stacked to form a multilayer PWB. An electronic device such

as silicon chip can be mounted in electrical connection with the PWB 86 and 65.

While the present invention has been described with respact to preferred embodiments,

numerous modifications, changes, and improvements will occur to those skilled in the art



content were |ncIUded Thé results of -the Tg eval uati ons i ndi cated that the

“hi ghest gl ass transitions coul d be obtained. with resins. fornulated with

lignin concentrations of between 50-60% The glass transition tenperature
decreased for formul atjons.both above and bel ow this range. The hi ghest Tg
observed was [err] froma fornmulation with 56% Kraft |ignin, 44% DCGEBA, and
0. 4% BDVA. For conparison, a sanple of FR223 resin exhibited a Tg of [err].
In general, Tg was slightly lower for the formulations with O ganosolv
ignin, - wiffout dparbaromindogos Lbedl tﬁé‘ﬁ»%&m ofr mul ations vas

eval uated at tenperatures up to [err] '0Ss was consistent for
sanples with weight ratios of Ilgnln/DGEBA fron10 5-1.5, but increased

rapi dly above and below this range. The weight loss within this range was
simlar for the various materials /fornulations, averagi ng around 1% wei ght
|l oss at [err] and about 3%l oss at 300 C.- This conpares favorably with a
test sanple - S



.of FR-4 which exhibited a weight loss of 1.2%at [err] and 38%at [err] The

50=—r0—t-arr]

materi al s/fornul ati on had m nimal inpact on the CTE, whicljFwes E :
bel ow Tg (conpared to about 65 for FR-4 in the z-directi orp THKECISHEETBA@BEEN
[err] above Tg (compared to 250-300 for FR-4) for all forgulati BEELAGED

critical paraneter of any potential FR4 gpl acenent is the THaCE
diel ectric constant. The dielectric consfant of resin discs with varl ous
conpositions were neasured. Formul ations using Kraft |ignip—and-DGEBA with
20-50% lignin had dielectric constantsg%%m - 4.05. ReS| ns for mul_at ed

with Organosolv lignin and DGEBA with 56- lignin had di &l SBeenRe 'aced
- constants of about 3.7. Dielectric constants for FR-4 | am: n
c

4 - 5 Avariety of catalysts or initiators may be used to
syst ens. ThQN é?a; @} re preferably tertiary am nes, for exarrple

benzyi di met h i 6 "? t et ranet hyl but ane di am ne (TMBDA), and 2-net hyl
i m dazol e (2M) Terti ary am nes tend.to increase the rate of phenol/epoxy
reactions over aliphatic alcohol/epoxy reactions. A variety of natural

product s coqgt ai nk@%m%%{‘gﬁsomn&] é&m,S#s"%' on as catal ysts including

caf f ei ne, guani ne,

a cross-linked polymer selectéd from'the group consisting of

ltgmn crop ods wood resms tannms polysacchande resms

T T and combmatxons thereof o T
2. A composition accort_iing to claim 1, ‘wherein said polymer is cross-linked
through a cross-linking égent selected from the group consisting of epoxies

and amino aldehydes.

3. A composition according to claim 1, wherein said polymer is selected from

the group consisting of modified and non-modified forms of said polymer.

4. A composition according to claim 2, wherein said cross-linking agent is an

amimo fofmaldehyde.

—

)



19 and folic.acid. In order to form' prepreg and Iam nate cores (from
rrultlple sheets of prepreg) 1T TS necessary to-provi-de for a‘Pqi redio
e

"cured' state- corﬂiggal,ey};gsqjeg{l@; 40 as 'B stage. During t
formati on state, al |ami nating step - the rgsin i7$=4
fromthe 'B stage muﬂ ter cured material or 'C stage.

stage curing proce cconpl +shed-wi t h epoxy or am no
crosslinkers conmbined with [ignin by adj usti ng the type and anount of
cross-|inker andthet eanda t of |f|cc t tp raise.or |ower
the curing t%rrper’%tf‘lf? '°”T‘?Fe°-°5%?%<£}’ SR 5’%‘r§%€l°f°r‘?§ipl§e‘gf’%'y@?§bs sol ubl e
in typical 'prep sol vent s ch as acet hol s and ot I gher
ket ones. The pref"@gpé'ac?@ e détr'ﬁfaatrﬂatﬁﬂy. Tattes Fort Ui piuBogpate of
transition tenperatur (V Kraft nin was used to
forma prepreg oﬁ’%@ﬁﬁl‘%{% 9 tﬁgﬁgﬂiy B°'H§?&R§E5af§r‘"st Bﬂg%ﬁnﬂﬁéferred

solution that was 52%solids in a nethyl ethyl ketone/
thereof.

6. = A composition of matter comprising: -

a reactton product of a cross-lmkmg agent and a polymer se{ected from the

J— . T - L~ — = -

group consstmg of ltgmn crop oils, wood resins, tannms polysacchande

[a—— -~

resins, tannin and comlbnattons thereof.

7. A composition according to claim 6, wherein said reaction product is greate{

than 40% by weight of a material containing said reaction product.
8. A composition according to claim 1, wherein said cross-linked polymer is
greater than 40% by weight of a material containing said cross-linked

polymer.

Q. A composition according to claim 1, wherein said cross-linked polymer is a

material that further includes additives.

10. A composition according to claim 4, wherein said aminoaldehyde is selected

A



et hanol (1/ Iy—sotvent—systemwas applied to the cloth and_receiyved. a. 5_

mn., [err] Bs 1% kB?E?enRI iggresulted ina 3 ml thick,] fr\-t‘ﬁ%‘éﬁk@r égt‘éga;,

free prepreg. a i ndi cate an al nbst 50% r ed uct | OlEPl A
hei ght of the | cating an acceptabl e extent Foneton
during B—stagl this prepreg were 1amnated in a vacuum

| am nati on press both vmth and w thowt 2b 6z. copper cladding. The preferred
| am nation conditions were chosen to be simlar to those currently used for

FR-4; 450-500 DSkl 6t fibup bl ofifhE drrIReHRAET o %%wg}m DESR LeP! 0

sanpl es | anm nate excessTye 5 t ough,

fl exible | am nat Sé"ﬂgbéﬁﬁgfgﬁ%@ﬁ?@gﬁw%ghe?’{doﬂgmuﬂ'ﬁgw' ehdd he copper cl ad

prepreg | am nate was etc produced 5 nm
peel strips. Ninety degree peel tests on an Imass Slip/Peel Tester
I ndi cated an average peel strength of 8 Ib/in, which neets the standard | PC

requirenment -1f1'_0r R%%an%gi{igﬂqudrding to claim 10, wherein said additives are particles.

12. A composition according to claim 11, wherein said additives are paftiélgs
selected from the group consisting of elec_trically' conductive particies,

thermally conductive particles and_ dielectric particles.

13. A composition according to claim 10, wherein said pérticles are hollow.
14. A composition according to claim 10, wherein said particles arg elongated.

15. A composition according to claim 14, wherein said élongated particles are

rods.

16. A composition according to claim 9, wherein said additives are a fabric

which .is impregnated by said cross-linked polymer.

17. A composition according to claim 16, wherein said composition is a shest
comprising said fabric impregnated with said cross-linked polymer, said

sheet having a first side and a second side.

A
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Exposure of t

+have any advers e fects D| eI ectric measurenents of the o]
i n progress. #h tenperature of the unclgggé@é IﬁAgB%Eﬁ
measur ed at [err] iiLansition tenperature of 4 j

di mensi onal st abi m nate. In general, the use of higher
functionality epoxy reS| ns wll produce-i2itreased cross-Iinking, higher Tg,

pper etchlng solutlons did not appear to

i nproved di mensional stability, and inproved noisture resistance. DGEBA has

a functionalbty
functlonallty

have al so fornul
novol acs, inclu

20.

-

21.

22.

23.

&fe%’e"% hrr LfPQ‘i‘édé’“VO'@SJ%ﬁ'ahUiﬂ@%éeea%im ek e

d t | and epox
AR ReBr Rl &t”c?ﬁf‘sarﬂhrei 65 and pelstiony Srac” ave.
funct. = 3.6) and 43_9 (ave. funct = 3.8), and G ba Cei gy S epoxy cresol

novol acs ECN 1273 (ave. funct. = 4.8), 1280 (ave. funct. 5.1) and 1299
resin and 0,4% initiator.

: . f = 5,4 55% 45%
gl'ﬁ\e/eTg (I;P CEE% p? °F§’S§%'ﬁ§" a?ﬁcgﬁd'@uﬁ% c{azmhﬁpw]as infipding, a0 ﬁ{?FB'fr‘%’h‘ent over
the lignin/ DGEB%%&%!; %ta h eaaéntwlg \hrom sand P rst nge t sgcrl] Csieéo%rerlde t%sgug%t vely.

said sheet.

A composmon accordmg to clalm 17 further mcludmg an electncal

n = = - _—

conductor pattem on said fi rst snde and said eecond srde “and an electneally

conductive path extending from said first side to said second side

. electrically connecting said electrically conductive patterns on said first and

said second sides.

A composition according to claim 20, further including an electronic device
disposed on at least one of said first side and said second side in electrical

connection with said electrical conductive pattern.

A composition according to claim 11, whersin said additives are

reinforcements. .

A composition according to claim 11, wharein said additive is selected from
the group eonsisting of celiulose, aramid, carbon, fiberglass, jute, kenaf,

ramie and flax.
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- 21 - The properties of the cross-Ilinked biobased materi al according to
,the present invention, can be nodified by adding additiv Hre—rraterad
such as part4—eJ—e5——F0d-5—4‘—|—be%— and cloths. To enhance t Jje'HiBSHEET HAS BEEN
conductivity, thernall conductlve particles can be addefl. To RRRHAGER he

di el ectric cofl tHa particles can be added. Io enhance tne -
strength parti Eul ar elongated particles such as fibers, rods,
or fabrics, ca ures 6 to 11 show a process to fabricate
printed cirCU|t boards according to the present invention. Fig. 6 shows the
formati on of a 'prepeg. Roller 20 has fabs+c 22 wound thereon. The fabric 22
Is fed over roller 24 into resin tank 26 where the fabric is saturated with
resin. The saturated cloth is fed through squeeze rollers 28 and 30 to
renbve excess Resi M methodatoipriedngl 6h8 éedscdrup a treater tower 32 ‘where
It iIs exposed to ener-gy, preferably heat or el ectromagnetic radiation, -at a
nunber of stages, for exanple, stages 34, 35, 36 and 38 to partially cure

(cross-link) theoffiid an"RERHAIRIof a polymer and a cross-linking agent,

.saild polymer is selected frgm the group consisting of
lignin, crop oils; woéd résins,ftangins, polysacchride
; resins and combinations thgfédf,'dnd

cross- linking said polymer through said cross- 1inking agent

25. A method according to claim 24, wherein said
cross-linking agent is selected from the group gonsisting of

1 .
epoxles and aminoaldehydes.

26. A method according to claim 24, further including

adding an initiator to said admixture.

]

27. A method according to claim 24, further including,

providing energy to cause saild cross-linking.

"~ 28. A method according to claim 25, wherein saild initiator
is selected from the group consisting of
benzyldimethylamine, tetramethylbuthane diamine, 2-methyl

imidazole, caffeine, guanine, and folic acid.

29. A method according to claim 27, wherein said energy 1s

provided by a method of selected from the group consisting

A



tfoth to which a tack free condition (prepeg) Is directed by roller 40 for
rewi nding onto roller 42. The prepég I's unwound fron1r¢“-~ ‘.‘_______lnto'
sheets 44. Referring to Fig. 7, a nunber of prepeg shetE"ﬂS@I{ﬂE&@Aéﬂg ]
. W th copper foil 48 and 50 on the outsi de of the stacky_The REPOIdES
"is pressed by platens—52and 54 while energy, preferably heat—o

electronagnetlc radl LI !&§h§£plled to fully cure or cross-link thé resin
to forma | am mm“!hﬁ g.8 and 9 show a substractire etch process

to forma PWVB. m nate 60 which has a through-hole 62 drilled
. fromsurface 6 nat e surfaczgg 64 and 66 and through-hol e

- sidewal |l 68 are coat ed with a thin netal by conventional seading and

el ectrol ess or electrol ytic pl ati ng A patternable resist 67, preferably a

 photoresist, is qiospo met r?(ﬁlhgf% %égflt%/ &7#9 204h wﬁ 1gstrqgt égﬂ,ytut}tched

to produce electr|CaI y cOo er ¥ oh ‘sUrf

through hol e si de\gfg suy face

formé rom7}igni n combination with a member selected
from the group consisting of crop oils, wood resins,

polysaccharide resins, tannin and combinations thereof.

31. A method accordinb_tb claim 24, wherein said polymer is
e L'éeleb;gd-irpm.grou§f§9ﬁé13ting_9f'mpdigiéa.éhd;ﬁhmpdifiea-

-forms of said polymer. ~ - -

32. A method aécording to claim 24, wherein said
cross-linking agent is selected from the group consisting of

epoxies and aminocaldehydes.

33. A method according to claim 32, wherein said -

amincaldehydes are aminoformaldehydes.

34. A method according to claim 33, wherein said
aminoformaldehydes are selected from the group consisting of
urea~formaldehvdes, melamline-formaldehydes,

glycouril-~formaldehydes, and benzoguanamine-formaldehydes.

35. ‘A method according to claim 24, further including

adding to sald admixture an additive.

36. A method according to claim 35, wherein sald additive

ls a reinforcement. _
e

oL
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‘66 to form PMB 65. Metal 72 on through-hole sidewall 68 electrically

I nterconnects patterns 70 and 71. Figs. 10 and 11 sho ' :
process for formng a PWB. Reference nunbers conmon be
. represent the sanme thing. Patterned resist 74 and 76 a
. surface 64 and 66, respectively, of lamnate 60 with through-hole 62 Torned
- therein. Met afrhis $he@fRs Bk Regle@per, is electrolitically or electrolessly

- plated onto th rface 64 and 66 exposed through the resi st
pattern to for II conducting patterns 80 and 82 on surfaces 64

- and 66, respect . al 86 on thpough-hole sidewall 68 electrically

. interconnects patterns 80 and 82 to form PWB . 86. The PWB 86 and 75 can be

- stacked to forma nultilayer PWB. An el ectronic device such as silicon chip

can be nmountedqhn e l,Ga Lan _yd he 6 Lke the

present invent iagh héts éllg% égSCI’I q%éllt\%i F#%’Es%éc?ﬁ)%{%%r g?(ggr%giﬁ%g%i ment s,

numer ous nndifigg%iﬁgg%iaiggnges, and i nprovenents will occur to those
skilled in the ar . ) :

38. A method according to claim-37,'wherein sald particles
are selected from the group consisting of electrically
conductive particles, thermally conductive particles, and

.-~ -.dielectric particles. - -

39. A method according to claim 37, wherein sald particles
are hollow.

i

40. A method according to claim 37, wherein said particles

are elongated.

41. A method according to claim 35, wherein said additive

is a pattern of electrical conductors.

42. A method according to claim 35, wherein said additive

is a cloth of material.

43, A method according to claim 24, further including a
reinforcing material added to sald admixture to form an

impregnated reinforcing material.

44. A method according to claim 43, wherein said

reinforcing material is a cloth.

A
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" 23 - without departing-fromthe splrlt and scope of the i nvention. = 24
CLAINB 1. . A conposi tion of mat t eF conpri sing: -a Crofs= '

' sel ected frQHLLDQ_gLQUp—GQH8+Sang -of lignin, crop oi

+ tanni ns, pol ysacchari de resins and conbi nati ons t her gpf !

" pol ynmer is croms-SheenK ﬁﬁ an am no al dehyde as = ng aggnt.
- 2. ‘A conpositio \“‘ claim1 wherein said anino aIdEFVT""

~am no fornmal deh osition according to claim2, wherein said
“amino formal dehyde 1s selected from the group consisting of

urea-f or mal dehydes, mel ami ne-for nal dehyges,  benzoguanam ne-f or mal dehydes,
and gl ycouril -fornmal dehydes.

45. A method according to claim 43, wherein said
impregnated reinforcing material is exposed to energy to

partially cross-link said admixture to form a prepeg.

46. A method accdrding to claim 43, wherein said prepeg is

a sheet haViné a first side and a second side.

47. A method according to claim 45, further 1ncluding

-

heating to substantially fully cross-link said admixture.

48. A method according to claim 47, further including
forming electrically conductive paths from said first side
to said second side and forming an electrically conductive

pattern on at least one of said sides.

49, A method according to claim 48, further including
disposing an electronic device in electrical connection with

sald electrically conductive pattern.

* c L ] S *
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-4. A conposition according to claimi1, mhereln sai d cross- I|-.e- :
is a material that further includés additives.:5. A goF ing -
to claim4, mﬁlwuws ‘are particles. 6. :
according to claim5 mhereln said additives are parti ered 1
the group consnagsmgﬂakB&m @%ally conductive particles, thernally
conductive partl ctric particles. 7. A conposition according
to claimb5, mher cles are hollow. 8. A conposi tion according
to claimb5, wher sal partlcles are el ongated. 9. A conposition
according to cIa|n18 wherein said el qagated particles are rods. 10. A .
conposi tion according to claim4, wheréin said additives are a fabric which
is inpregnated by said cross-linked polyner, 11. A conposition according to
claim 10, mher |n ai Si e I n aid fabric

| mpr egnat ed mnth sai'f q%F%QEQ °}ii¥§|£§ %%égﬁ‘& E%E%éf éélng a first side
and a second sid

i ncl udi ng an elr§gPF?E%ﬁ”r%/m8g§ﬁfR# I’\OFQ s% g?c#]n% 'ng%fsn%ullﬁgn?){t erd first

S|de and sald second. si de
of cellulose, aramid, carbon, fiberglass, jute, kenaf, ramie

and flax.

' 51. A method comprising: f*}'
R ;,;:ﬁg:mipgz;pggdmixture:ané;fﬁlYQggjmaperial} é?drﬁ&églinflnd'f TE
| agent -and a cross-llnking inifiator, said polymer material N
is selected from the group.consisting of lignln, crop oils,
wood resins, tannins, polySacéharide resins,'sellulose and

combinations thereof; ahd
supplying energy to cross-link said polymer.
52. A method according to claim 51, further including:

implegnating a reinforcing material with said admixture to

form an impregnated sheet; and

forming a pattern of electrical conductors at a location of
sald sheet selected from the group consisting of a surface of

sald sheet and within the ihterior of sald sheet.

-_

T



£3. A conposition according to claim1, further inctuding an electrically
conductive path extending fromsaid first sideto said. 5 é#hggﬁgg@
sai d sheet. - 25 14. A conposition according to claimfll kﬁi@KCED

i ncluding an electrical conductor pattern on said firstf =
second side, and an electrically conductive path extending fromsaid first
side to said second side electrically connecting said electrically
conductive patterns on said first and said second sides. 15. A conposition
according to claim 14, further including an electronic device di sposed on
at |l east one of said first side and said second side in electrical
connection with said electrical conductiye pattern. 16. A conposition
according to claim4, wherein said additives are reinforcenents. 17. A
conposition according to claim4, wherein said additive is selected from

the group COHS'@ﬁds&LﬁﬁKﬁﬁ*'ﬂiﬂsﬁ%ﬁn RAPER 1h.sC AD FheRTCRPE R dhuobyt € kenaf,
ram e and fl ax.mggrEoF

ABSTRACT

Blobased. cross-linked compositions and methods of fabricating

thereof-are disclosed. Biobased materials such as lignin,

- S — ___7_-- p— e - - -.'..-

crop oils, wood resins, tannins, and polysaccharides and
combinations thereof are cross—linked preferably using
'heat, a .cross-linking agent, and an initiator. The materials
fabricated have suitable properties for printed wiring boards i
which afe made by impregnating a fiberglass or biobased

cloth with an admixture of the biobased material,

cross-linking agent and initiator which is processed by

conventional methods to produce a printed wiring board.

Figure 2.

This Sheet Has Been Replaced
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187" A et hod conprising the steps of: formng an admi xture of a pol ymer and
& cross-1inking agent, wherein said polyner is selected fromthe group
consisting of lignin, crop oils, wood resins, polysaccharide resins,

t anni ns and conbi nati ons thereof and wherein said cross-linking agent is an
-am noal dehyde and providing energy to effect cross-1linking of saird pol yner
t hrough said cross-1linking agent, mhereiq_ id energy provided is selected
fromthe group consisting of bea el ectroenergetic radiation. 19. A

met hod according to claim 18, whg¢rein said am noal dehyde is an

am nof or mal dehyde. 20. _A nethoﬂi ccording to claim 19, wherein said

am nof or mal dehydes are sel ecte romthe group consisting of

ur ea- f or mal dehydes, nel am ne-for del ydes, glycouril- fornal dehydes, and
benzoguanam ne- f or mal dehydes. 21} nmet hod according to claim 18, further .
including adding to said adm xtuje one or nore additives in the form of
particles wherein said particlesg™are. selected fromthe group consisting of

sermal | y conductive particles, and

el ectrically conductive par

R2- R1
OH
Z
|
Q T FIG. 3
H (Ij OR2 .
R
H
cl OR2 FIG. 4
R1
; . T LI £ I A WS
23 E g ‘:wi ; gv :: {‘
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dielectric particles. 26 22. A nethod according to claim 18, further
i*ncl udi ng adding to said adm xture an additive wherein said additive is a
‘pattern of electrical conductors. 23. A nethod according to claim 18,
further including adding to said mxture an additive wherein said additive
is a cloth of material. 24. A nmethod according to claim18, further.
‘including adding a reinforcing miterial to said adm xture to form an
.inmpregnated reinforcing material wherein said reinforcing material is a
:cloth. 25. A nethod according to claim24/7wherein said inpregnated
‘reinforcing material is exposed to energy to partially cross-link said
adm xture to forma prepeg. 26. A nethod according to claim?25, wherein
said prepeg is a sheet having a first side and a second side.

A




27. A nmethod according to claim<26, -further including heatiing to substially
feul |y cross-link said adm xture. 28. A nmethod according to claim 27,

further including formng electrically conductive paths fromsaid first
side to said, second.side and form ng an electrically conductive pattern on
at | east one of said sides. 29. A nethod according to claim28, further

“i ncludi ng disposing an el ectroni c device 3AY el ectrical connection with said
electrically conductive pattern. 30. A nethod according to cl aim 24,

wherein said reinforcing naterlaMRE&—§@R®@i@ﬁHﬂDﬂﬂHﬂh¥MﬁRﬁm)conS|st|ng of
cel lul ose, aram d, carbon, fiberglass, jute, kenaf, rame and flax. 31.] A
met hod conpri si ng: fornlmmguyéqpmngoaNﬂ_@H Nﬂ'gguNﬂL@H
cross-linking agent and a cross- linking initrator, wherein sald pol yng
material is selected fromthe group consisting of Ilgnln crop oils, wqgod
resins, tannins, polysaccharide resins, cellul ose and conbi nations thereof;
and wherein said cross-linking agent is an am no al dehyde, and inpregngting

a reinforcing material with SaMﬁLﬂﬂmEEF'@RM%EDERY[?‘EG‘&QLWE‘R@;S“M ed- sheet|;
and
CH3z0OCH2 CH20CH3

~

-

CH3 OCH2 CH20CH3

<Q§§>N,//’ T CHa0CHS

CH30CH2

BENZOGUANAMINE —~FORMALDEHYDE POLYMERS
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:
™
)
HoN—C C—NH
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suppl yi ng energy to cross-link said polyner, and 27 formng a pattern of
el ectrical conductors at a location of said sheet selected fromthe group
consisting of a surface of said sheet and within the interior of said sheet
. THS SHEET HAS BEEN REPLACED -28- 24. A nmethod conprising the steps of:

form ng an adm xture of a polyner and a cross-1linking agent, said pol yner
is selected fromthe group consisting of4_/7

/\ 36
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4
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lignin, crop oils, wood resins, tannins, polysacchride resins and

eonbi nati ons thereof, and cross-linking said polyner through said
cross-linking agent. 25. A nethod according to claim?24, wherein said
cross-linking agent is selected fromthe group consisting of epoxies and
-am noal dehydes. 26. A nethod according to claim24, further including
adding an initiator to said adm xture. éi, A net hod according to cl aim 24,
further including, providing energy to Use said cross-linking. 28. A
met hod according to claim25, wherein said initiator is selected fromthe
group consi sting of benzyl di net hyl am ne, tetranethyl buthane di am ne,
2-nmet hyl i m dazole, caffeine, guanine, and folic acid. 29. A nethod
according to claim?27, wherein said energy is provided by a nethod of
selected fromthe group consisting

L ————
| O A A A A A AT .
Loel Lok ok

60 / I g

AN AN A SR AN S S5 S SR S 4

- 68 62

FIG. 8

= N /

60~

66 | \\
68 71

72 . 65

FIG. 9



-29- 30. A nethod according to claim24, wherein said adm xture is forned
fromlignin in conbination with a nmenber selected fromthe group consisting
of crop oils, wood resins, polysaccharide resins, tannin and conbi nations
thereof. 31. A nmethod according to claim 24, wherein said polynmer is

sel ected fromgroup consisting of nodified and innodified -forns of said
polymer. 32. A nmethod according to cl aigin724, wherein said cross-1inking
agent is selected fromthe group consisting of epoxies and am noal dehydes.
33. A nethod according to claim 32, wherein said am noal dehydes are

am nof or mal dehydes.

64
66 . 74
62 76

A

FIG. 10
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34.- A" nethod according to claim 33, wherein said ani nof or mal dehydes are
sel ected fromthe group consisting of urea-fornal dehydes,

mel am ne- f or mal dehydes, gl ycouril -fornal dehydes, and

benzoguanam ne-f or mal dehydes. 35. A nethod according to claim24, further

i ncl uding adding to said adm xture an additive. 36. A nethod according to
cl'aim 35, wherein said additive is a repforcenent. -30- 37. A nethod
according to claim 35, wherein said additives are particles. 38. A nethod
according to claim 37, wherein said particles are selected fromthe group
consi sting of electrlcally -

TRANSETHERIFICATION CROSSLINKER REACTIONS |

Q~NCHz OR3+ HO — V ——e—n~NCHoN~ + R3OH
R = HALKYL -V = VEHICLE RESIN

FIG. 12

ESTERIFICATION CROSSLINKER FORMATION

0 - ' 0
It /
Q~N—CH20R3+ HOO—-V —=— Q~N — CHy — OC — V

FIG. 13



particeles. 39. A nethod according to claim 37, wh . silar e
hol low. 40. A nmethod according to claim37, whereéj I 2 i re
el ongated. 41. A method according to claim 35, wherjein said additfjige i's a
pattern of electrical conductors. 42. A nethod accordim%pﬁmmS :

met hot a

conductive particles, thermally conductive particles, and dielectric "ij

—_

wherein said additive is a cloth of material. 43. A ccordiing to
claim?24, further including a reinforci’ng materialj a dfi xture
to forman inpregnated reinforcing material. 44. A _nethod accordingjto
clai m 43, wherein said rei rSEIMMARYOF OHEINVENEION ot h.

. A broad aspect of the present invention is a cross-linked polymer selccted from the

- group comsisting of lignin, crop oils, wood resins, tannins, polysaccharide resins and
combinations thereof, wherein said polymer is cross-linked through an aminoaldehyde as
a cross-linking agent.

One broad aspect of the present invention is a method of fabricating a cross-linked
polymer selected from the group consisting of lignin, crop oils, wood resins, tannins,
polysaccharide resing and combinations thereof. This method comprises the steps of
forming an admixture of a polymer and a cross-linking agent, wherein said polymer is
selected from the group consisting of lignin, crop oils, wood resins, polysaccharide
resins, tannins and combinations thereof and wherein said cross-livking agent is an
aminoaldehyde and providing energy to effect cross-linking of said polymer through said
cross-linking agent, wherein said energy provided is selected from the group consisting
of heat and electroenergetic radiation.

A more particular aspect of the present invention is a method of fabricating a

printed circnit board from the cross-linked polymers according to the present invention.



-31- - 45. A nethod according to .claim43, wherein said |rrpregnat ed

reinforcing material is exposed to energy to partial
adm xture to forma prepeg. 46. A nethod according t
said prepeg is a sheet having a first side and a sec
according to claim45, further including heating to
cross-link said adm xture. 48. A nethog according to
including formng electrically conductTVve paths fron
said second side and formng an electrically conduct

one of said sides. 49. A nethod accqnghmsto claim4

ve pattern on at

di sposing an el ectronic device in electrical connection with

A composition of matter comprising:
)

a cross-linked polymer selected from the group consisting of lignin, crop oils, -

wood resins, tannins, polysaccharide resing and combinations thereof, wherein said
polymer is cross-linked through an amino aldehyde as a cross-linking agent.

2, A composition according to claim 1 wherein said amino aldehyde is an amino
formaldehyde.

3. A composition according to claim 2, wherein said amino formaldehyde is selected
from the group consising of ures-formaldehydes, melamine-formaldehydes,
benzoguanamine-formaldehydes, and glycouril-formaldehydes.

4. A composition according to claim 1, wherein said cross-linked polymer is a
material that further includes additives. _

3. A composition according to claim 4, wherein said additives are particles.

4
6. A composition according to claim 5, wherein said additives are particles selected -

from the group consisting of electrically conductive particles, thermally conductive
particles and diefectric particles.

- 7. A composition according to claim 5, wherein séid patticles are hollow.

8. A composition according to claim 5, wherein said particles are elongated.

9. A composition according to claim 8, wherein said elongated particles are rods.

10. A composition according to claim 4, wherein said additives are a fabric which is
impregnated by said cross-linked polymer, '

11. A composition according to claim 10, wherein said composition is a sheet
comprising said fabric impregnated with said cross-linked polymer, said sheet having a
first side and a second side.

12. A composition according to claim 11, further including an c!ecu'iéally conductive
pattern on at least one of said first side and said second side.

13. A composition according to claim 11, further including an elcctrically conductive

path extending from said first side to said second side thfough said sheet,
S

R O




said electrically conductive pattern.. -32- 50. Ang
claim44, wherein said reinforcing material is selecté¢N

consi sting of cellulose, aram d, carbon, fiberglass, jufe, kenaf, ra and
flax. 51. A nethod conprising: formng an adm xture o‘f 3 ngFcWe il
a cross-linking - agent and a cross-linking initiator,| qaid polynmer

material is selected fromthe group consisting of |igndi rr—crop-ollTs, woéd
resins, tannins, polysaccharide resins2ssellul ose and |conbi nations thereéof;
and suppl ying energy to eross-link said polyner. v

14. A composition according to claim 11. further including an electrical conductor

pattern on said first side and said second side, and an clectrically conductive path

extending from said first side to said second side electrically connecting said electrically

conductive patterns on said first and said second sides.

15. A composition according to claim 14, further including an electronic device

disposed on at least one of said first side and said second side in electrical connection

with said electrical conductive pattern.

16. A composition according to claim 4, wherein said additives are reinforcements.

17. A composition according to claim 4, wherein said additive is selected from the

group consisting of ceflulose, aramid, carbon, ﬁberélass, jute, kenaf, ramie and flax.

18. A method comprising the steps of: _
forming an admixture of a polymer and a cross-linking agent, wherein said

polymer is selected from the group consisting of lignin, crop oils, wood resins,

polysaccharide resins, tannins and combinations thereof and wherein said I'cross-linking

_ageat is an aminoaldehyde and

providing energy to effect cross-linking of said polymer through said cross-linking
agent, wherein said energy provided is selected from the group consisting of heat and
electroenergetic radiation. |
19, A method according to claim 18, wherein said aminoaldehyde is an
aminoformaldehyde. |
20. A method according to claim 19, wherein said aminoformaldehydes are selected
from the group consisting of urea-formaldehydes, melamine-formaldeliydes, glycouril-
formaldehydes, and benzognanamine-formaldehydes.
21. A method according to claim 18, further including adding to said admixture one or
more additives in the form of particles wherein said particles are selected from the group
consisting of electrically conductive particles, thermally conductive particles, and

dielectric particles.
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52. A nethod according to claim51, further including: |REP AR
reinforcing material with said adm xture to form an i npfep
formng a pattern of eleetrical conductors at a |ocati 3i sal d sheet f
sélected fromthe group consisting of a surface of sai he4 BEE 199 hi|n |
the interior of said sheet.

26

22. A method according to claim 18, further including adding to said admixture an
additive wherein said additive is a pattern of electrical conductors. .

23. A method according to claim 18, further including adding to said mixture an
additive wherein said additive is a cloth of material.

24. A method according to claim 18, further including adding a reinforcing material to
said admixture to form an impregnated remfnrcmg material wherein said reinforcing

material is a cloth

25. A method accordmg to claim 24, wherein said impreguated reinforcing material is
exposed to energy to partially cross-link said admixture to form a prepeg, | R
26. A method according to claim 25, wherein said prepeg is a sheet having a first side
and a second side. | _

27. A method according to claim 26, further including heating to substantially fuily
cross-link said admixture.

28, A method according to claim 27, further ix;cludi;xg 'forming eleéttipally conductive
paths from said first side to said second side and forming an electrically conductive
pattern on at least oné of said sides.
29. A method aécording to claim 28, further including disposing an electronic device
in ejectrical connection with said electrically conductive pattern.
30. A method according to claim 24, wherein said reinforcing material is selected from
_the group consisting of cellplose, aramid, carbon, fiberglass, jute, kenaf, ramie and flax. .
31. A method cOmprisi;lg: |
forming an admixture of a polymer material, a cross-linking agent and a cross-
linking initiator, wherein said polymer material is selected from the growp consisting of
lignin, crop oils, wood resins, tannins, polysaccharide resins, cellulose and combiﬁations
thereof;. and wherein said cross-linking agent is an amino aldehyde; and _
impregnating a reinforcing material with said admixture to form an impregnated
sheet; and

supplying energy to cross-link said polymer, and
| [
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CROSS-LINKED BIOBASED MATERIALS AND FABRICATING METHODS
THEREQF

ABSTRACT

Biobased cross—lipked compositions and methods.of fabricating
thereof are disclosed. Biobaged materials-sﬁch as lignin, |

ert'xp 0olls, wood resins, tannins, and polysaccharides and

(e .-

combinations thereof are cross-linked, pre.farably using

heat, a cross-linking agent, and an initia:tor. The materials
fabricated have sultable properties for printed wiring boards
vwhich are made by impregnating a fihérgla's-s or biobased
'clo-th with an admixture of the biobased material,
cross-linking agent and :lnitiatc;r which is processed by

conventional methods to produce a printed wiring beoard.

Figure 2.




