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Alive and Well

Despite Lower Petchem Prices
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ost members GEEE pat o coaling
supply chain lave trralilished sustain-
alilicy initiatives that inedade oM 1
recluee their envivemmental foogpeints
and cronte products that help their
custamers meek $heir sustainaln iy seals. The wse
el renewalibe raw matcrials ftor the manifacture of
biobused selvents, resins, additives, and pigments

is el les enae gt emanaenend i these sustain-
ability initiatives. With the price of conventioml
erude pil-based elwmicals dropping in eecent vears,
Ioeever, it has become more chaltensing to achiess
widespread saloption of venewable vion nterials,
Toereasiitgdy, the inzredicns produeed nsing these
greener nmaterinls nust be naors thun bivhased - chey
typacilly mosl prosvide peeloemance advantages,
particularly if they carey o price premium ayver §he
petrochemicnl proshucts Lhey wee replacing. whether
as diveer sudwscituites or novel alternatives, Despite
this hurdbe, veneweable chemicals ame bevimmning
increasingly imiaertane as raw maceriaks for the
production of paints and contings.

The: plubal market for enewahle chicimicals,
ineluding alenliols, biopelaners, platfoemchemivals,
et Trees i estimnated by VEckets and Markets te
grow ot a compound annual groseth rads J0 ALY of
-11L5% Tromm 5990 Billion i 205 1o 5443 billion in
2120, The warket for pust biohased platform chem-
icals, which incindes @ mroup e 12 Boilding hleck
clauamicaks U cate be produced Grom sugars, will be
vilned at 3588 billion by 2021, according bo Afliced
Wlarhit Rosvarch C-4 aed O-3 platinein chendenls
acconneed for nenrly 9% of the total consnmpd oo
wfhintaased placNarm clheokeals e 2065, Notably, £3.8
hillion et venture capital funding has been inves el
in bphaced materinl and chemiead (MTMC) startups
sinee 2000, accordiug to Lux Rezearch. Interestingly,
during this peried, nvestnvni s Lacgeted dreaps-io

e g et

poplacements foe csuallished eliemiicals, huc fnecrest
shificed to disrupiive syithetic biology vy biod mad
comversiun echnmlowies o 2006, withonhe Bacer
actincting over 3300 million, or 53% of all VO invest-
ments throueh Cetoler 11 of thal veav. T alsn
reports that Tase ofl peices are dreiving the Y2 =hiftin
focus to biobased chemicals that etfer Doproved per-
Tormanee, which necounted Goe B0 ol ¥C hivest-
ments i 316, compared to 46%) from 2010 to 2015,

1n fact, while matural gus, crade oil, aad petms-
chemical prices hase been deelining, leading oo loser
petrochensioat feedstock mosts, sugar prices haye
be:en sliwly elignlae oe eetnained relacively stalile
i different marlets arou il the weorld, accordine to
Elaris ibe Gemun, senior consiliaml Gor Blartalerials
with Teenan OrbiChen. “Biobased chiemicnls ore
most eommmonly used toduy in high-viele, lew-
volumie speciales application s and Boding success
it they are newded to nieet cegukatory reguirenients
or pifer cnmpotitive ae bhelwer perfoemaies ond oo
novel properties,” she sovs, Companies nmist also
ersere: Lhat Ay biehased raw mateeials they wse dee
1ot inter fore widh the fond supply.

The willingress uf custoniers Lo pay e for
Iabrased elemistrios hecause thioy are ronewr-
abbe luas nlways been mited, secarding i Brent
Auldembeink, reclnloey diveetor for Carzill
Industrial Specinlfies, nnd that continues to be frne
Lebay. =The increascd compeditiveness challenging
hinlkased chemicals due to low oil and natural gas
prices has, in Gl soeeed gwl sonse of The stariaps
that had quescionnble economics at the ouiset, and
more of this aciivity iy expeeted. Many hinlased
startups that reaenin have refocused vo higher-vafue
specialiy produets ruther than high-volome cheas-
icals, Ttis nat that ewstomars are not jntereseed
i hiobased —it 14 past that the ecenomic herdle iy
signibeantly higher™ he adds.



Bichased Raiu Materials

In addirion to assuring camperirive
pricing and advuntageous performance,
renewable materials supplicrs must
also address concerns aboue the quality,
availahilicy, and sclusl sustainabilicy
of biobased raw materials, according
o Mikolaus Banpp, global sustainabil-
ity manager THsporsions & Plgnwsats
at BASE. "I'he kev Inmitations are
availabilicy and volume,” agrees Tim
Staub, global vice president of Bosiness
Thevelopment for Green Biologics.

Om the ather hand, ingredients
for paints and coatings derived lrgm
binbased Meedsiocks are decoupled
from the volatitity and supply chain
pinch-poinis of traditional eoating and
adhesive cotmponends while simaltane-
ously providing enhaneced performance,
acenrding 1o Rich Weber, seneral mpan-
ager of Performance (hemicals with
NalyrgWocks, “Car customers are fac-
Ing pressure oh 'R&I'J; Opgralinmg, dod
Warketing to conrinee to innavate while
fimding cost-eflective solutions, which
has ereared a sipnificant appartinity for
funetiona], lew-cost building Blocks and
intermmediates,” he says.

Wany suppliers of biotazed raw
materials and ingredicnls uoc, infact,
s einy continued iinterest in their
preducts despile lower oil and gas
prices, “hdarket interest in rencwahle
products remaing high regardless of the
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Market interest in renewable prodocts remains high reeardiess of
the volatiiity of upstream feedstocis.

wolatility of upstream feedstocks. The
ke drivers for biobased chemicals are:
diMerenciated value, perlormaneg, or
hoth; menerally, pertformance benefits
are desnmpd nicd by difTerentintion,”
hintes Stauly. There are still binbased
materials that can compete seonom-
izl ly, aceording to Tleas Krnithol,
director of L1l Perforiance Coatings
at AkzoMNubel, “We have seen some
appertunities become more difficolt
due to competitivn with fossil materi-
als—diMeulties in petting insestors [or
moving to zeale and other issues, but
that s 10 be expected ina doveloping
field. ¥Wie belisve the markets for fossil
and bivhased raw malerials are strongly
linked. In many eases it is their usc in
fuels and for enerey and the asseciated
mandates and tax incentivies that mes)
shape the current market tor non- food
binmowss wmd corresporndingly bochemi-
cals,™ he contnnes.

Furthermere. many consomers
will chionse hinhased chemicals when
Eivena cholce, so ADKMS customers are
wotking ro find wravs to use iolwsed
chiemicals when possible to difterentiare

themselves in the marlket, accord-

ing 1o Tael Cahill, peneral manager of
Binadvancaged Products with ADM
Fralution Chemicals, He notes that
drap-in replacement s sieh as ADM's
bicbased propylene glyeol require the
least ineesimend for consumers to use,
g0 they tend to be the most popular
produels. Funetional replacements,

ar binchemicals with novel proper-
tiws, require more formalation work to
adopt, But they cun also be preferred
by consumers if the products have
improved properties, o cost advantage,
or a zafety advaniape over the current
petroleum-based products. “Navel
hiokased eheamicals have a slower
adoption rave, but are less sensitive to oil
ard g prices, provided these materials
have suthicient performance advantages
and customer benefits,” agrees Rusty
Fittman, vice president of Marketing
aned Business Developiment with
Elovance Renewablo Seiences.

Ivovel properties ave relative, how-
e, wnd whk s important to one cus-
tomer may not he important to another.
*WW: believe that rather than drop-in vs
not drop-in, the issue s one of perfor-
e and final product elaims and
differcnciation” notos Siaub. Fernanda
Tavares, global marketing director for
Cardolile Covpuration, agrees that it
depends m1 the project. “While having a
biabused drop-in solation that does not
require alot of relnrmulation and capi-
rul investment is preferred, it is unusuoal
to And comgs nics willing to spend
their resources to develop and launch a
nese product that will not either bring
perforinance benefits nr lower costs.
Fxeeptinns inchide developments
required to meet new regulatory and
ca gLy reguirements,” she ohserves.

1tis also impertant o ensure that
Jrop-in bivbased materials, even though
thev can be readily wsed with the lease
harricrs for switching, are, in fact, fit-
for-purpose amd de nol contain impuri-
ties o variability that can cause issues
in use, acenrding o Kroithof,

Mowvel meiecules may offer new
propeetios s nd epportunities, but have



a harder route because
they need to he scaled up
amd reach end markets
and applications at the
same time, according

to Kruithof. Tavares
also points out that they
are generally not as
cost-competitive, at least

Biosuccinic acid, with a current capacity of
approximately 60 kilotonnes per year, has received
significant attention as a new raw material for the

production of polyurethanes (PUs).

0 o

initially, due to lower

volumes and new manu-

facturing processes and supply chains,
“In addition, the industry is not waually
willing to pay a high premium for them.
Moreover, as with any new technology
in the chemical industry, it rakes tine
for a breader adoption, as many produels
have to undergo long-term testing and
may also need to deliver improvements
in performance to justify the R&T?
investment,” she says. “Like in the tra-
ditional chemical industry, the produgs
tfrom the biobased chemical industry
with the strongest value proposilions in
growing market segments receive the
most attention,” asserts Pittman.

Diespite the challenges, efforts 1o
develop and commercialize biobased
solutions have been quite general sl
diversified, covering almost all chermi-
cal sectors, “For the coatings industry,
biobased diacids tend to receive more
attention due to their broad use in vaious
applications, but other biobased prod-
ucts such as polyals, epichlorohydrin,
curing agents for epoxy resins, and Muran
derivatives have also been introduced in
the markes,” Tavares notes. Other specific
chemicals of note include natural oil
pelyols, {'f(‘.ll_-h.'lm.'rl polyols, bio-isnlwalgnal
and L4-butanediol, biobased isocvanate
alternatives, and biobased solvents such
as n-butanol, acetone, and ethyl acetate,
according to de Guzman.

Tinadceimic acid, with a current
capacity of approximately 60 kile-
tonnes por year, has reeeived signili-
zant attention as a new raw material
for the produetion of polvurelhaoes
CPITsY. Supplicrs include Bindmber,
Mrrianr, Reverdia {DS3 A Rogquette
J%, and Succinily (AT arhion IV,
Riosuecininm binsuccinie acid from
Beverdia offors painl and couting pro-
ducers a range of sustainalility benefits,
such as biocontent, reduced carbon
lenalprinl, and reducrions of WOCs,
according to lteverdia’s global manager
fur Applicution Thevelopment Tawrenc
Theunissen. “ hnportantly. coatings
based o Bicsuecinim have also been
shosw n oo nffer differenciated properties
over ¢urrent formulations, such as the
Nincdionality Benchics demanacraccd loe
the CADEL] range of alkyd paints from
Blicler™ he slades,

{3ther kiohased raw materials tor the
preparation of PUs include 1,3-
propanediol, netadecanedioic acid (I8,
from Elevance], furan dicarbozylic
acid (FRCA, Avantium,/BAST), furan
dicarboxylic methyl ester (FLME,
AT Thy Panl Tndustreial Tinsciehoes),
€0, -based polyester pulyels (v,
Cardyon Neom Cadresorn and Canverge
from Mowomer, which has been acguired
by Saudi Aramend, and hiohased pen-
tamethylene dilsocvanare (0L 21d
aliphatic polvisocyanales prepatod Mrom
PTT {Covesrmo and Mitsul Chenmical).

Elevanee is commeroigliaing g prodaet
line of CL& polvols for PU coatings ard
adhesives, The C18 polvels are building
Wowcks that enable coarings writh high
film perfonnance, including hydrolvtic
slalulily and 1TV resistance along with
lemar rnelt viseosities, allow g for lew-
areern-V0O0 Tormulations, according
to Pirtman. The semi-crystalline C18
backbome alse viclds uselul adhesive
properties, such as high preen strength.
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“Oure 013 polyols o re genernling

significant interest hecause they ean
enable polyvurethsne coaring: wich
significantly higher performance Than
those made from traditional polyes

e Benilding blochs, Tn addition, these
polyurethane coatings are ofoen used
in vonsumer facing market sepnents.
where hiohased or sustainahle conlings
can generiate additional pull,” states
Pittman.

Al and Dul*ont Lndustrial
Tin%cicnaes won [he Breakthrowgh
Solution of the Year Award in Tiecermber
2005 from IMlarts Global Energy for their
platform technalogy oo produce FTIRE,
which is a hizh purity derivative of
TRCA. The provess bepins with fructose
frown corn and, according to the pare-
news, is simpler and more efficient than
traditional approaches and alsa resinlts
in higher viclds, lower enerey wsaee,
and keeaer capital cvpenditures, Thoy
are eorrently construeting a 640 ton-per-
vear demaonarration plant in Thecalur, TT.
that will be operational in the second
hallal 2007,

MatureWorks, which has offered
L de -Tasd Inpoo resins, recently
introdaced the Vereet placform of Tac-
Ve building blocks and customizable
polvals and enacing and adhcsive resing.
fThese products offer end-product
performance henelivs, apimiecd sypsedem
cuats, and the ability to move through
the prodact develnpment procuess faster
and with minimal risk,” according to
Weher “WaluedWerks couples the tun-
able Yercet lactide-hased chemiscries
wilh The knowledge of selentists and
engineers who understand hosy todial
in Vb full cupabilities of this versatile
product line to help cusoomoers harness
the proportics of this renewable chemi-
cal techinnlngy,” he arates.

FAINT.GRG | COATINGSTECH 41



Biohased Raw Materials

-~

v,

C N
ol ‘\‘; ’

For exampleone customer has devel-
oped a vercecbased ermulsion as an mil-
and peease-rosislan bacrier and wodhesiee
eoating for paper-hased packaging. Tngea
rosing ure konown for their excellent oil
and prease resisia nee and have already
seen broad wse in extrusion cnatings for
paper-bused food packaging, accord-
ing tn Weher “Tking the now Voroet
technology, hahirewworls Plerformance
Chemicals was alile o cuslomieae the
resin to now make a stable emualsion that
Mers excelTent il
and grease barrier

Transpertation, Industrial Furniture and
Flowr Coutings, Thspersions and Rosins
al BASE Tn addicion to offering good pig-
ment wetting characteristics, they can be
crosslinked wilh many diferene ypes of
curing agents and ave more hydrophobic
than polyether polvols and o resis-
tant to hyd relyais chan polyester polvols.
The law wiscosity of these reneveabls
polvols also enablos “nes ™ VOO
eoulings with good self-leveling proper-
ties {in Hoor comtings for industrial and
mstitutionad applicationg) and the use
ol the polvols as co-binders (e, with
acrylic polyols) to increase Uhe aalids
cranlant of solventhorne twir-component
polywrethane coalings.

AT, meanwhile, offers methyl

and adbesion perfor-
mance and Nilin o
mation on traditional
craulsion eoaling
lines,™ he savs. This
pli‘.1'|—0|'rr'|H||L1' LTS
with additional
col-uf-lite optivns

Vegetable il-based polyols for PU and alkyd
resie protuction are also seeing expanded
use as chemistry advances are leading to
improvements in performance.

atome-quarter thae
coat weelzlit {z/mT) of
traditienal polyethelono exruded coat-
ings, The company is now worldng with
ather euslomers o develop Vereol-Tased
solutions in alkvd/polvester coarings,
pelyurclhunes, nun-reactive coatings,
and hot melt adhesives.

Vegerable oil-based polyols for 10wl
alkrd resin pronduction are also seeing
expanded nse ns chemistry advances
are leading 1o improvemenis in parloe-
mance, aceording to de Guzman. The
1mws) corrmen yowclable vils, which
are offered by hath ADM and Cargill,
inclade nseed and sovbean vils, ATV
alao produces cotoonseed and eannla
oils for paint and coating applications.
Cargill mfers a varioty of viscosing-
modified oils based on Hnseed and sop-
Bean nils, as well a8 prodoc sin which
malelc anhydride or evelopentadiene
have been prafed oneg the Gy acid
chain of the nils to enhance reactivity or
compalibility in cusigmgr lermularions,
according to Anfdembrink,

BASF Suvermal® bisbascd polyols
are madified natural oil feedstocks
andl up o 40% renewable, according 1o
Cliffrd T Seipke, technical specialist for
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eslers il ics oils as well as vepetable oil
derivatives that can be used as reactive
epiey mendifiers, replacing plyeidyd
cthers witl benefits inchiling improved
performmanee and Marmalator ynd
applicator safety, aecording oo Cahilk
Vegetable oil-bascd plusiicizers that
replace phrhalates, which are potential
endocrine dizruptors, and benzoates
arve olan in ATIS renewalble prod-

uct portfolio, aleng with propylene
glveal, glycering and sorhitoll Cargill

is present in the epoxy resin market
with specialiy and custom dilacnls for
epoxy resin modiication and curing
agents with cnbanced poerlormance
in lowr-remperature and meist condi-
tions, according Lo Aullembrink,
Cardancl, the main ecraponent
distilled from cashow nut shell Lgurid
CNELY, Is used by Cardolite in the

svnthesis of epory curing agents amd
resing, diofs and polyvols, and polymer
building hlacks. ST, is an annually
renewable biomaterial that does nol
inlerfers with the Tomd chainand
provides unique properties to coaring
svsloTLs, decord ing te Lavarcs, “The
aramacic ring in rhe cardanol molecule
debivers vood chemiend and thermal
resislunce, whike the hyd roxyl group
Fives strang adhesion and good reactiv-
ity for fast and low-temperanure cu ke

The: lang aliphutic side chain prevides
excellent water resistance, good Aexibil-
iby, love visvosity Clow YOCL), ¢xlended
protlife, and exeelicnt corrasion protec-
tinm,” she explains, Cardolite’s ST
derivatives lind useinmarine, protective,
industrial, transportation, and Soor
coatings, and the company eondi nues oo
invest in the development of new CNSL
icchnolowy, Becent imnovalions, acenrd-
ingto Tavares, include the first cardsnol-
bascd weaterborne curing aeent G epimcy
gystems and a new high puricy eardansl
grade based on propriscary Lltes LITR
technology that is 2 zood replacement
for nonyl phenol.

Riokrased epichlurohydrin (ECTID
derived from bichased glycerine,
gleeerol penerated during The pradue-
tion of hindiezel 15 alsn available for
Ccpoxy resin man faeture Advanced
Tinchemical (Thailand) Co., Erd. (00%
owned by vinylehai, which is part of
the AGE groupy) manulactares hiobased
Epicerol® ECH using an innovative 3 md
prarcntid process that prodoces fewer
0, emissions and $0% less chlurinaned
hx-pradocts than conventional routes,
aceording to marketing manager Pan-
usa Fongmnwal lana. She adds that the



crnpany currently has a partnership
with AkzoNobel that conablos the paint
cormEane o progeessively increase and
trace the nse of epoxy resins derived
fromn Epicerel inils coulings products.
Giohased acrylic acid T2 ane target
building block that has experienced
reduced efforts in recent vouars (OPX Bio
and BALT exiced the marlket). Evonik
and Movomer are pursuing projects
Based on s fhaen monnside. Tiobased
zryrene has also notvet been developed.
&5 a resull, fur wuer-hascd acrylic
architeccural diapersiona, hiobased
building block alternatives are not vet
commereially available. Given cur-
rent raw material prices, Christophe
Hemmer, head of 3arkaing Dispersions
lar Architectural Cratings Europe from
Bask doees not wxpect econemic fea-
gihilily Tor rmasl major Tilding blocks
within the next several vears, BASF
has implemaented the Biomgss Balance
Clnncert to ingreasa the renewability
of many of its prodinets. Developed
with TRV ST, this mathod involves
replacernent of fossil resources with
certifies] remewable malerials (e.g.,
bic-naphicha er biogas derived from
organie waste or vegetable oils) in the
steam cracker o prodoee renewable
basic buildig blocks that are identical
o thase produced Trom crade oil and
natural gas. Theze basic products are

used in the company’s integrated pro-
duction (Verbund) system and allocated
to respective downstream products,
which are also certified. Thus, they
contribute to sustainable development
by saving fossil resources and reducing
greenhouse gas emissions, according to
Raupp. For instance, BASF is produc-
ing Acronal binders for interior paints
based on this biomass balance concept.

A number of biobased coalescents and
solvents with application in the paint and
coatings industry are also commercially
available today. ADM offers vegetable
oil-based, low-VOC coalescents that
replace fugitive alcohols for air quality
improvement. Oxi-Cure 2000 from
Cargill is a coalescent that can be added
to reduce VOCs in waterborne formu-
lations. It is not an exempt solvent buta
true low-VOC material and is suitable for
applications requiring low odor, accord-
ing to Aufdembrink. Elevance recently
launched Unify® 270, a coalescing agent
for waterborne coatings that offers a low-
VOC profile due to improved efficiency
in higher coalescent-demanding film
applications, according to Pittman. The
company also has a number of devel-
opment projects underway including
novel reactive surfactants and zero-VOC
coalescing agents.

BioPure™ n-butanol and acetone
solvents are the two primary products

]

availahle from Green Rinlngics. The
company 1% working with an undis-
closed collaboeatar to praduce hickased
isoprapyl aleohol. In additon, Green
Biologivs is very aclive in cullaburations
with producers of variouws hury] deriva-
tives, nwnomery, and other cootings ruw
materials o devclop iohascd derivacives
of its alechols, meluding 1004 binbased
butyl and isopropyl esters feollaboration
with Acme TTardesty), buty] acetate
and butyl glveol echers, and partially
biobaged ealers such as Tl ] aceylare
and butyl methacrylate, aceording us
Staub. Green Blolueies is alse work-
ing with Jungbunzlauer on hinhased
CITROFOL tributyl citrate and acetyl
tributyl cirrate plasticizcrs and is
separately developing dibutyl suecinate
as a biobused, Tow- ur ne-¥000 sulvent.
“Biohased marerials have long been
used as ruw muaterials for the coatings
industry. Fatty acids, rosing, cashew
nut oils, castor wils and wooes, cello-
lose devivatives, and ol hors hawve heen
mainstass of our formmlations for many
years," vhserves Krailhal, “We conlinue
to look at advances in hiotechnology and
the utihization of binmass as part of var
efforts to imprasee Do sustainahilicy, such
as growing the use of glyesrol-derived.
lower-rathon-Tagl print epichtorohydrin
in our epoxy resins. Ln particular, we
have focysed our yilenlion on our male-
rials and value chains chat we believe
have grostest covironmental impacl, Tn
doing z0 we have been apen toa number
of cooperation models, but it I clear thur
huilding new value chaing demands cime
and conunitment from all parties, and it
is impatlant thal we lind win-winsg forall
involved in order to malie bishased prod-
ucts btk geonomically sod covitarnmen-
tally sustainahle,” he conchides, ¥
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