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ABSTRACT '
Sealant’ Polyblends with Lignin

Michael A. t.acasse
& ‘ .
“An investigation was conducted to establish the

viability of blending lignin, a naturally occurring, readily

:available polymer resource; with‘various sealants, namely:
éilicone, polyurethane, polysulfide, acrylic, and butyl.

Preliminary testing of standard specimens revealed that
the tensile properties of polyurethane, acrylic, and‘butyl
based sealants were enhahced when mixed with 10 parts by
weight of lignin. : N \

}
These sealants were tested in a more detalled program,

where specimens of lignin-sealant blends, having blend

ratios varying between O and‘20$, Qere prepared on
substrates of alumiﬁum, mortar, and wood, and subjected to
laboratory control, aéceleraﬁed aging and natural aging
conditions. Results of tension testing showe? that
" geherally, lfgnin acts as a reinforcing agént which gdds
rigidity\tb the polymeric matrix, as indicated by the
.indrease in tougﬂness and modﬁlus of blended sealants with
the addition ef lignin. "

%ight microscopy and scannﬁng electron microséopy, used
to determine the morphology of polyurethéne blénds, in
conjahction with thermographic analysis by differential
sga#&lng calorimetry, disclosed the tzo-phase behavior of

lignin-polymer blgnds. ‘ \
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1. INTRODUCTION =
o

One of ‘'the prime functions of the_building envelop% is
to préﬁent‘air, dust and water from pengtrating inside the
enclosure. The effectiveness of any given shell to perform
this function however, is depeﬁdent on the degfee to which
its joints, inherent to'qhy structhre, are sealed. Materials
used to seal joints are subject to repeated cycles of strain.
in the most extreme weather conditions, ané their resf&ience//
and*durabilfty are of’importancé in maintaining an effectiv
seal. Presently, polymer based sealants are the most wiqgly

used materials capable of meéting the requirements,igﬁ%séd

by the environment in which' they function.. ) /

The size of the combined sealant relail anq co llruction
markets is 72% of the overall consumption of §ealants in
the United Stéteé; representihg a valué o;/ﬂuo,millibn-
dollars (U.S.) in 1985, iand a projected géﬁﬁined market
value of 483 million doilax“s‘(u.s//)' in 1990 (1).
Conéequently, -gie promotion‘anmfregéérch of improved
sealants is of continuing iﬁportance./

7/

" The objective of this reséaﬁch'program is to

" characterize the properties of 5eé1ant polyblends with

lignin. The intent is to help develop more resilient.
durable, and economical sealants and to aid in cultivating a
market for lignin, a highly underutilized renewable

-polymeric material, readily available from industry.
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The exﬁerimental program was set in two parts. A
prel}ﬁinary program evaluated the viabiiity of blending
lignin githtfive different sealants, representative ,of the
most widelﬁ used sealants presently available on the market,

namely silicone, polyurethane, polysulfide, butyl, and

acrylic. The evaluation was based on the adhesive and

cohesive tensile sbréngth of specimens preparedlbn three

standard size testing substﬁates: aluminum, mortaf{ and
wood. The sealant blends whose tensile pﬁoperties vere
enhanced with the addition of lignin were tested in a second

wore detailed program. The detailed program further

characterized the broperties.of particular sealants in teﬁﬁs

of their morphological structure, curing mode, thermal

behavior, tenéile response, and durability to accelerated

~

and natural weathering cohditions.

.
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2. USE.QF SEALANTS IN THE' BUILDING INDUSTRY

2.1 Function 4f é Sealant ’ )
B ‘ ‘ g
The ‘envelope of a building may be made of a varigty of

building materia including metal, glass, concrete or

stong panels, sonry cladding, or even wood or plastic

f:panels. Whatever jthe combination used, 'this series of plates .

or elements, whe properly;positioned and correctly attached
to the building framé, assures a suitable climatic barrier
between the exéerﬁor and interior of the building enclosure,
provided precautions have been taken to- effectively seal thg
panel e;tremities.The functionAofa sealant is to provide
this effeczive seal as'econqmiOally as possible. An
effective vseal implies the weatherproofing of the building;
hence the brevention of water entry which may cause daqage
to interior finishes and even lead tQ‘structural Qamage; the

prevention af air passage, which may include dust and

undesirable odours when infiltrating a building; or the loss

of heat energy and conditioned air when exfiltrating from-

the building.

g \ An effective seal 1is achieved not only from proper
sealant selection, but also from adequate Jjoint design.
Since the choice of sealant is based on the JSint geom:}ry
ahd antiéipated Joint -movement, an appreciation of joint
‘types and joint seals is beneficial 1in being able to

classify Jointing materials“and to assess their
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| . effectiveness in various Jointing'configurationé:‘ ‘ - \
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- 2.2 Classification of Joints L
. \

A distinction must be made between joint types and joint
Fseai'or joint .design. A joint type identifiea the fashion in
which the sealant, ﬁhicp links the joint faces, functions

nd the mode in which it functions, be it.in tension,

.c mpréssionipshear, or in combined stress situations. Joint

t
T TR v e e Bty ek S B e 22 e

sehl relates to the weatherproofing design.

.2.1 Joinf type ' ‘ ’ ' . !
o ”~ ' ‘ . ) ‘ 1

~
e, ~
i R R

'.There are essentially two basic types ér Joints: working
and non-working (2). Working joints change size and shane : ‘
with the relatQVe movement of adjoining parts. Examples of
working Joints are given in‘Table 1. In working jointa,lbhe
saalant material muat n?fﬁgggnd repeated cycles of stness'
and strain without failure. Mist working joints may be
classified as being either butt joints or lap joints. Butt -

"joints subject the sealant to alternating tensile and |

a

compressive stresses as shown in Figure 1. It can also be

seen that lap Joints subject the sealant to lateral

' deformations cauéQng shear stresses to develop upon Joint~

‘movement.
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Joint pxge ;Exgmgle

’ --exte}ior panel Jjoints

. butt -expansion Joints

}

L]

. ‘ " -exterior

lap " -exterior Panel-to-sill joints
///T —Jointé in sheet roofipg or siding

' / ,//’ v ¢ i . /
. A :
' _ " Table 1 - Examples of Working Joints {(2)
7 : :
-

Figure 1 - Deformation of S

-control joinﬁs on .masonry walls

‘panél-to-hullion Joigés

ealant Beads (2)
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Non-working joints are characterized by the minimal
relative movements of adj%cent parts, consequently the
sealant functions primarily as a filler and is subject to

little or no stress (2).

2.2.2 Joint seal °

Joint seal or joint design'relates to the manner in

which Weatherproofing is achieved. A one- stage seal for

example, attempts to restrict the movement of air, water,'

and water vapour through the joint at the exterior wall
face, in a s{ngle step. On the other hgnd; two-stage seals
separate\the waper barrier and air barrier functions,
combined in the oné—stage seal. The water barrier in a two-
siage seal is placed on the outside face of the exteyior
wall sections. Behind this initial seal is a drained and
ventflated cavity, éhe back of which forms the front on the
second seal, wﬁich acts as an air barrief; Although the air

barrier or séal is ventilated to the outdoors, it is

protected from direct contact with the elements of nature:

Consequently it is not as susceptible to degradation by
ultraviolet radiapion from sunlight, nor to excessive
wetting or continuous exposure to rain which may penetratg
the outer weather barrier. In the .lgtter situation, the
geometry of the joint is such that water is drained from’fﬁe

joint cavity by the forces of gravity. A comparison between
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one- and two-stage seals for concnéte panels is illustrated

"
“
+

e

in Figure 2. . ' . !

‘ SEALANT Funcnons) /S
A) Combined water and air barrier at-\the same point. 't
B) Rainscreen, with ventilated & drained a{r space behind. &
C) Alr barrier. L : o )
D) Vapor barrier. - . -

Joint Configuration Terms: a - nib; b = threshold; .
¢ - lid; d - groove; e - pressure equalization chamber;
f - rebate.

horizontal joint » vertical joint .
One = stage Seal - - '

¥

g

. 2
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(gasket )

horizontal joint . vertical ' joint
Two = stage . Seat . ’

.
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2.3 Joint Movement . ) i
1" o , R “ ) 2‘

' The overall stress and strain to which a sealant is

-

subjected is dependent on the degree of movement at the
“Joint, and the width and depth of the sealant bead. Thus for
~pro§er sealanﬁ'selechion,!ah estimate of the magnitude of
movement must be obtained whereby tite antiéipated elongation

or compression of the joint may be matched to a sealant of . g

adequate movement capaeity. , Bmm ,
‘Joints on the exterior cladding of buildings tend to

exhibit the most extreme cyclical movegent {U4). They are
also the most critical from the point of view of providing a
seal since they are subjecied to the mosﬁ sekvere service
o conditiéns.’

Joint movement méy be estimated by first distinguishing.

- ”'mﬁmm’«fmu;ﬁ PO ZrS PARRT,

1 between irreversible and reversible movements .in buildings'.

Rl e ' o

(5). Building settlements, deflection under dead load, creep °

»
RS P m I

{ . and shrinkége effects are frreversible movement. Reversible

- ¥ ’ movements are thosé induced byjthermal changes, moisture

Tr0m v e deer

content changes,‘and wind loads. The magnitude of the -

[,

Cj irreversible movements must be assessed in order to

[Sro
o

determine thé%r overall effect on the joint.

In terms of‘reversiple movemeht, wind effects become
fmportant in high rise buildings which deflect under wind
load. Moisﬁuré changes affqzt the rate of thermal'expansiﬁn »

in certain building materials, and thus may be of importance

to verify potential interactign between thermal and moisture
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-effects at,bui;ding 1ocations‘which.are often sdbjeet'tp‘

temperature was estéblished for building expansion Joints

%
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water dccumulation.

The correlation between jéint‘movement and‘air

Rl

e
Vo T

(6), Jjoints between precast concrete panel cladding (7), and-
brick panel cladding (SL Generally, it can be stated that
cladding materiais which are»sﬁbjected”to daily ané seasonal‘
change in temperature; tenq to change in dimension
accordingly, Thus movement at a joint may be estimated by

evaluation of 'the iempera;ure range at the joint,

deterhinihg the distance between panel points, aﬁq applying
the gpproprfate coefficienﬁ(s) of thermal expansion to the ‘

calculation. The effecglof temperature change on joint width E
"is illustrated in Fiéure 3, which shows tﬁé monthiy~ ii
variation in joint m&vement at the top level of a.southwest- “?
;fgcing’wall of a highrise apartment bgildiﬁg. ‘The é
‘1correspodding ménthly,tEmperature fluctuations&for this E
joint are also depicted, and it can be seen that féere is'a ,é
»défihite correlatién between temperature‘change /nd joint T
vmﬁvegeQ;.As is expected, joints open in eold temz;ratp;es | ';

»

and close in warmer temperatures; are widest in winter and

! . b .
‘. . ‘ k4

L‘I
closest in summer.
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Figure 3 - Joint Movement and Average Temperatures (6)
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2.4 Stresses and Strains in Sealants =

[

of érimary impoftance'in determining the'perfbrmance of

a sealant is its shape and’dipension. The actual éidth

Ehoéen would be determined from an estimation of the

, - pbtential movements the sealant might be subjééted to.
H§wever, the shape' or configﬁration is of prime impérténcé’

- " in 1limiting the stress and strain on the sealant to
appropriate values. Tﬁere is a definite relationship between

the depth (D) of the seal and the width (W) of a joint that
determines théJ;mount of strain in a sealant (2).
Essentially, the strain of the sealant; surface is a functisn

b o o 5o
: ~ .10 . o :

£
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‘ of the extension, and of the D/W ratio, .and necessarily will . ‘§
be higher than the amount of the joint strain. Thus for a :é

joint extension of 30%, a joint atrain in the §ea4ant
surface of approximately 90% will be induch“in a joﬁpt
depth to width éatio of' ur (b/W-: 4), and a Joint,straih
in‘the sealant surracé/:ifé 4 in a joint of depth to width

A equal-.to one (D/w 1). The lower the depth to width ratio,
the less strain is induced on the surface of the sealant for'
d given joint extension. The effects of strain and"2
corresponding gubstrate stresses are shown in Figures U ang

4 and D/W = 1 at

"

5, which compare two seals having D/W

100% extension.

»
®
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Figure 4 - Gomparison of Maximum Strains (a) For 50mm deep

o

%eals. Extension of joint: 100%; sealant strain:

| 555%. (b) For 12.5mm deep seals. Extension of
\\ j#int: 100%; sealant strain: 160% (2) @ .
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Figure 5 - Comparison of Substrate Stresses for :(a) 50mm

O Al T O B < e

deep seals; and (b) 12.5mm deep seals (2)

&

. It can be observed from Figure 6 thdt thé ﬁ@ress ' %

disfpibution at 40% extension for a 12.5mm deep joint (D/W = ‘” £
1) has a similar stress distribution patterh as a 50mm deep
joint at D/ﬁ = 2,.at 20% elongation (2). This stresses the\L\
importance of the depth to width ratio. From a practical
stghdpqiﬁt, a depth to widfp‘ratio of one 1s‘used} si;ce | ¢
lower ratios would result ;n‘more shallow depth‘seals, which

mag‘be prone_to'irregular application and henée eventual

 Joint failure. 7

-

2.5 Types of Joint Failure ‘ I : b

/ o Depending on the type of sealant, failure may occur due
/ to6 lack of adpesion, cohesion, or spalling of the substrate

to which the sealant is bpnded%nFaiiurevhay also ‘arise from

N ~the intrusion of foreign material in the joint. .

12




ENLARGED:

. SECTINOF AT
CORNER
DETAIL
SHALLOW JOINT %
AT 40% EXTENSION T J-
)

NOTE: MUNBERS O CONTOUR LinES m'mm Lo ]

o ENLARGED
r R SECTION
DEEP JOINT r o0 .
(2x1) 1Y

AT 20% ELONGATION E

Leafdl

—

Figure 6 - Combar‘ison of Deformation and .Stress Distribution

- Patterns in Edges of 12.5mm deep versus 50m deep

-

Ps Sealant on Extension (9) -7 o

e

.

Adbhesion failure, Cohesion failure, Spalling failure.

7
4 ’ 1

Figure 7 - Types of Failure (2)
m- Adhesive failu‘r"e"is characterized by the loss of bond
between .t"he sealant material’ and its sub‘s;trate as

illustrated in Figure 7. Cohesive failure occurs within the

' body of the sealant, and is dependent on the type of sealant

- “~13




‘and ghe rate of applied stress. The substrate may fail by

spalling off those edges which are under the highest degree

of stress (e.g. Fig. 6). If the cohesive strength of tﬁg/

sealant 1s~gréater than that of the substrate, the substrate
will fail. The deposition of foreign particles on the
surface of an extengéd sealant evenfually'abradea)the
surface upon repeated cycles of extension and contraction.
The sealant is progressively reduced and eroded to the point,

that it may fail.

' 2.6 Se8Tant Classification and Properties o

¢
2.6.1 Classification
There are various ways in wpicp sealants may be
classified. GJelséik proposed a wide-ranging comprehensive

classification of jointing materials; in which sealants are

divided into eight sub-groups, according to their end use;

as shown in Table 2, and further subdivided by t&pe,‘in
conSidgration of the mode and metﬁgg‘gf application (3).
Damusis (10) classifies sealants according to their
formulatioh, ,visd§sity, and mode of application.
%ssentially, it is glastic type sealants which are
anssified as being either one or two component

formulations. One coypoﬁent sealants do not require

premixing, but have a limited shelf-life because theN

1
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SEALANT TYPE

Rapid hardening

Plastic glazing
compounds

Skin=-forming
plastic sealants

Non-skinning

. plastic sealants

Tough plastic
sealants

Thermoplastic
‘sealants

Strip sealan

Elastic sealants

Table

‘"Cbpstructiqn (3)

A

SEALANT CHARACTERISTIC

=Wood sash putties
-Metal sash putties

~Plastic glazing compounds, knife grade, one-part

~Plastic glazing compounds, knife grade, tuwo-part v
~Plastic glazing compounds, gun grade, one-part

-Plastic glazing compounds, gun grade, two-part

~Standard quality gun grade skin-forming plastic sealants
~Standard quality knife grade skineforming plastic sealants
-Glazing quality gun grade skin-forming plastic sealants
=Glazing quality knife grade akin-form%ng plastic sealants

-Non-skinning plastic sealants, gun grade
-Non-skinning plastic sealants, knife gride

-Standard quality gun grade tough plastic sealants
=Glazing quality gun grade tough plastic sealants
~Narrow Joint gun grade tough plastic sealants

~Hot~poured thermoplastic sealants for horizontal joints
in horizontal comstruction : .o

<Thermoplastic pealants, hand applied at slightly elevated
temperatures N ° ‘

-Standard quality non-drying plastic strip sealpnts
-Standard quality partly cured plastic/elastic Jtrip sealants
-Glazing quality partly cured plastic/elastic styip sealants
-Standard quality thermoplastic sealants

~Standard quality:two-part gun grade elastic sealants
«Glazing quality two-part gun grade elastic sealants
-Standard quality one-part gun grade elastic sealants
~Glazing quality one-part gun grade elastic sealants '
~Traffic bearing two-part gun grade elastic sealant

~Traffic bearing one-part gun grade elastic sealants

~Traffic bearing two-part cold poured elastic sealants

\

2 -‘C;assification of Sealaﬁts for Quildigg

15 -
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'moisture senéitive curing agent, which is pre-blended with
th;“base material, is often susceptible to prematureg?ﬁring.
th component sealants require mixing of the bagg mater%al
and the curing agent, thus-premature curing is ﬁot a proﬂlem
and the sealant components may have an extended‘shelf#;ife;
Blending permits adjusting the curing time, pot 1life (in
mixing bowl), and physipal properties;\

One- and two-compdnent sealants may be subdivided into

self-leveling and non-sagging types, the former are used in
horizoptal Joints, whereas the latter are used fqrytertical
joints. Self-leveling sealants are inherently'less viscous
_qﬁ*y) than non-sagging types, and tend'to more’éffectively wet,
and herice adher® to, the surface of the substrate. Non-

sagging sealants used in vertical Joints are required

o RS S it 3 & AN R 1

because less viscous sealants tend tonflow‘out»df”the Joint. % ¥
W)f Sealants my be further classified according to-their 2
mode of aﬁplication. They may be: gun g?adé, suitaﬁle for %
, use with a gun-type applicator; knife grade,. capable of E
‘ being app;ied with a putty /knife or_spatuia. Gun grade 5
}

sealants are less viscous than knife grade sealants.

. . 4
'Sgalants may also be classified according to their main

ohemical binder. The principal -binders used in sealant

formulation are listed in Table 3, in order of their

capability to recover from elastic deformation.

16




Degree .of Recovery

- High-recovery group

- Moderate-recovery group

T

< Low-recovery group

<

= Very low-recovery group
? v

#

polymercaptans

»

Séalant Binder

silicones
urethanes . ‘ ¢
polysulphides. -

¢hlorodiMphonated polyethylene

"aerylies

polychloroprenes -

. X .

butyl magtic and tapes
polyisobutylenes

(-"“g-gabie 3 - Classification of Sealant Binders (10)

~

7: 2,6.2 Se?lant Properties

o

3 .

The properties of sealants are dependén£ on the chemical

and physical nature of the polymer building blocks-(10). The

main factors determining the éroperties of cured sealants

are:

g’ N
lwe E—

o

‘1) shépe and symmetry of polymer qhemical groups

2) ratio between: rotating”fléxible~segments

and

‘cohesive rigid groups .

-

17




3) ratio between: amorphous blocks '
| and "
crystalline blocks,
‘ 4) ratio between: linearity
’ and

crosslinking

The melting poﬁnt and dégree of sofﬁness of a sealant .
binder depends on the cohesire energy (i.e. intermolecular
forces) of the chemical groups anpd their freedom of»rotation
around "the bond axis. Generally, polymeric structure linked
with aromatic groups tend to have higher melting points,‘
sinee aromatics contribute cohesive energy to the” system.

In consideration of the symmetry of the molecule, it may-
be said that'lack of symmétry enrances the distortron

amplitude of. vibrating polymeric segments upon heating,

resulting iu lower melting or softening points for molecules

of low symmetry and,correspondingly highér values for those

molecules with a high degree of symmetry. It follows then“
that the chemical groups with a ‘high degree of rotational --

freedom tend tovhave lower melting points than those with
more restrained linkages. - '

The’ cross-linking ,of polymer ¢hains. 1s the chemical
charac¢teristic which imparts elasticlity to a substance;_high
molecular weight 1inear.pol¥mers cause viscous flow.
Sealants are viscoelastic materials which demonstrate booh

elastic and viscous behav;our; A purely elastic material

_P; 18 °

;i & ‘ ) -

EREFE- S Rl PO ¥ S MG IR A
-

s

BN IPCINRE BTN | 2>~ (7ot 2. PG JE Sy oM 2 W B

5,

e

Pt e 5 e
e

Tomte “ L e

-



A
TR v

&

will, uvpon remd%al of an applied !tress, i'etum to the**‘;'

original shape, whereas a viscoelastic material will exhibit

a certain amount of viscous flow during st;gssing, whien
permanent';ly deforms the substance. ‘

P?operties of sealants are charactefizeq by chemical ;nd
phyéical tests, which permit not only ghe quantification of
certain properties of a particular material, but also direct
co parison between the various sealants offered on ‘the
market. Properties of various sealants are given in/T/ble L,

In terms of performance, sealants are ofgqn graded’

according to their capacity for movement, cost, ease of

application and joint preparation, and other criteria, #s

. presented by Fisher (11) in Table 5.

-

2.7 Polyblending and Sealant Polyblends
Al g -

Polyblending is the physical ‘blending of two or more

polymers. The usefulness of polymers can be considerably

increased by polyblending ¢arefully selected polymers in

appropriate proportions, such that the end pﬁoduct has more
desirable properties than those of its components. The
combining of two or more structurally dissimilar polymers is

of commercial interest dpe to the potential of developing

" materials to geet the specific functional needs in industry.

Curing time, durability, mechanical perforhance, or other

pq?§€;2;es may be altered to suit industrial requirements;

19
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cost reductions are possible through su}table selection ‘of
materials without sacrificing the inherent properties of the
functional polymer (12;]3).

) Most polymers are incompatiblebw;th each o}her, 80 thét
Blending two polymers usually leads to a class of materials
wh&se properties are dué to the presence of two phases. This
does not imply undesirable properties, but, in fact, thé
occhrrence of synergistic effects which may yield superior
properties within the polyblend compéred to those of eipher
component. : ‘ i

The properties of polymers are changed by polyblending

‘because the macromolecular environment ®f the polymeric

“matrix is modified; bond energies and chaln flexibility

between moleculér groups and blocks are.aitered due
to adhesioh and interac;ion between distinct polymefic
phases., Hence phase morphology'and gdhesion are important
considerations in polymer blend technology since they
eritically influence many properties and subsequent uses of
the end products. B

Polymers ma&‘also be blended with particulate fillers or

extenders, which may alter the properties of the base

polymer as would polyblending. The mechanical properties of\

these'ﬁlends are dependent on the moduli and the quantity of
the individual components in the blend. Hence in two~phase,

polymer-particulate systems, where a rigid high modulus

phase is incorporated into a lower modulus, such as a.

polymer, the modulus of the composite is increased in some

20
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PROPERTIES

3

Tack free:
time @75F
2500 / R.H.

Cure time
6mm x 6mm
(days)

Tensile
strength
{kPa)

5

’ Elongation

, ‘\\godulus €100%
longation

Shore A
initial

Recovery
after 100%
elongation

Continuous)
service ‘range
(deg. C)

Water
immersion
properties

Dilute acid
resistance

Dilute alkali
resistance

" Solvent

resig}ance

Aging
properties

BUTYL

2-4 hr ' 2-8 nhr

120

70-140

25%
(NR)
10-18
;15”

-30
100

Fair

- Very
good
Fair

Poor
(NR)

.Good |

ACRYLIC
SEALANT SEALANT

275-415

POLY-

12-48 hr. 2-4 br

30 60 .5

25-60%

1

POLY-,

SULFIDE SILICONE URETHANE

12-48 hr

690-1380 415-1040 1730~3450

150-200% 100-200% 300-450%

30

~

. . e
(NR)  75-100  40-80 30-80"

20-40  30-45 25335 30-50 -
20 45 . B3 90
.
-23 =40 ~70 . =50
100 120 200 135
) Good Fair
Fair Good to " to |
. Fair Good
Fair Very Good Good
)ygood .
Fair Good Fair - Very
. good
Good  Excell. Exegll. Excell.
Very Very Excell. Excell.
good good
// LY
-
-
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Table 4 - Sealant Properties (25.
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SEALANTS ADVANTAGES ) © ,DISADVANTAGES o
Butyl . Good adhesion " Slow curing
(+7.5% .- Good water .resistance High shrinkage - -
Movement -~ Good color stability Low recovery
Capacity) Little surface prep Relatively soft
: Caps neoprene gaskets _ S '
Solvent- No primer. required ) 18mm maximum width ‘ ' -
based Excellent adhesion Poor recovery
Acrylics Excellent UV resistance Strong curing odor .
. - (#7.5% to  Good chemical resistance Poor water resistance
‘ . *128 Non-staining ‘ Slow curing .
Hovement Tough curing d .
Capacity) . . : 4.
. <0 Poly= ' Good UV/water resistance Slight curing odor 4
o sulfides '  Won't stain masonry Less UV resistance/ . 5
(+25% . Fast through cure recovery than the - , 7. .
- Movement Good adhesion/durability following ' .2
Capacity) Broad color range _Primers for porous q
e surfaces %
Urethanes Excellent UV/ozone/tear/ Light colors can - f
(£25% chemical resistance. . discolor : . ’ N
Moyement Excellent recovery Poor water immersion ;
Capacity) . Little shrinkage resistance 3
: Joints up.to 150mm wide Surface priming }
20-30 year 1ife required §
f 5
"Silicones Excellent UV/ozone/heat Critical surface {
(+25% to resistance - ~ preparation . . ‘ ’:?
+50% No shrinkage Slight curing odor i
Movement 20-30 year life Dirt pickup . ﬁf‘ %
Capacity) Excellent recovery Concrete/aluminum ‘ N
Non-staining ' adhesion difficult %
° i . ,\ i
‘ -
o b
ot . ) . , . ;. N [ - ”.
, 9 ‘ o
Table 5 .- Sealant Comparison (11) ’
- v
- " 22




proportion to the volume fraction of the filler added.
The behavior-of these compésites depends not only on the.
indjividual properiies of the two components'and on their

relative proportions, but ﬁiso on the ‘size, Shgpe, and state "

of agglomeration of the minor component, and on the degrée . ? ‘ 1
of adhesion between the filler and the matrix (15). é
Particulﬁte phases are usﬁally referred to as fillers, é
e or if the interphase aphésion fé h;gh, peinforcing fillers. 3

Interphase adhesion or reinforcing 1s‘bpought about by

: : chéﬁical or‘ph&sical"bonds which develop betweengthe filler

et 2SR R

and polymer.‘It has also beeh shown that there exists a -

' ’ correlation between reinforcement and specific surface area A

P

of the fillers (15). Reinforcement begins when particles

- 2 . . '
have greater than 50 m /g of surface area, which corresponds

R = IR Y

to a spherical particle having a diameter of 500A. This is

)

the same order of magnitude as. the distances between ‘ ‘
.erosslinks, and consequently mg§ affect the manner in which
the polymer chains behave under mechanical stress. " } 1

Sealants are. polymer based substances to which have been

added compbunding agents such as : fillers, extenders,

pigments or plasticizers, and may or may not be a polyblend ‘

Y oo
‘depending on the nature of the agents added. Sealants behave

as particulate-polymer systems, where the polymer phase may

also be a polyblend.

~
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3. LIGNIN AND LIGNIN-ELASTOMER SYSTEMS ,

»

3.1 Characterization and Isolation of Lignin  _ -~
- ' SR -

. ‘. L
Lignin is a - -relatively abundant renewable polymer

mégerial possessing physical and chemical)bharacter;sties
which potentially render {t a suitable blending agent for

‘varidus poiymeric substances. Of appreclable, impo?tanqe is

_the occurance and function of lignin in nature, its physieall

;nd chemical structure and properties, and the methods'by

which lignin is isolated on an industrial scale.

'3.1.1 Sources, function and structure of lignin

N . 5
bl

% Lignin is one of the three major chemical systems in
wood. The relationship between the chemical components is
illustrated in Figure 8,-which 1ndicates that extraneous

substances may account for five per cent (5%) of the weight

" of dry wood, lignin twenty-five per cent (25%), and

polysaccharides (holocellulose) seventy per cent (70Q%).
Hoiocellulose is made of both cellulose (59} by weight of

~wood) and hemicellulose (20% b& weight of wood), high

: : . Vg
molecular weight carbohydrates, the latter of which is a
mixture of shorter chain polysaccharides (16).

' ' r o
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_ i Figure 8 - The chemical components of wood (16)

These substances combine to form 't.ht-:'~ componeﬁts_df wood

*» ks
which is made up of elongated cells (1-}7mm in length). The:

lignin network is concentrated between and in the outer

layers of the wood cell, It is this network which gives wood .

its structural rigidity, by stiffening and holding the cells

together. 'Although the function of 1lignin is c¢clearly

understood, its chemical makeup is more difficult to define.

Essentially 1t is the chemical characteristiecs of lignin

_ which permit it to function as a binder for the cellulosicec .~

fibrillar structure of ;xood.
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| .
Lignin is a highly branched, randomiy.structured, three- /)'
dimensional polymer consisting of phenylpropane units held

[ together by ether and carbon-carbon bonds. Consequently,
! lignLn}is’totally amorphous in structure (no melting point
‘and softens at 70-1100C), has a strong absorption capacity
(surface area: 180 m2/g). The molecular weight of isolated
1ignin (opposite of pﬁotol}gnin or in situ lign;n)ranges'
from 1000 to 12000 depending on' the exteﬁt of chemical

(o]

degradation during isolation. Although the chemicgl
structure oﬁ lignin is extremely complex and difficult.i\

characterize, several speculative structures have been

postulated, one of which is shown in Figure 9.

Figure 9 - Softwood lignin model designed by computerized
evaluation (17)
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3.1.2 Isolation‘of'lignin for technical purposes

There are a number of methods by which lignin may be

v ©

isolaped both in the laboratory and in industry. It is the
pulping pﬁocess industry, however, which provides the
greatest source of lignin (20x106 tons in the U.S. in 1980

(18)), amd consequently lignin derived from this industry is

readilyzévailablg at low cgst , as seen in

, Soﬁrce' . ' Material

Pulping  Industry Kraft lignin

Lignosulphonates '

Petroleum . ) Crude oil .
.Ej Petroleum sulphonate
Polyacrylamide

Polyalkylphosphate'

9 :

Table 6 - Prices of iignin in comparison to chemical raw

materials (18)

2

.
r
?

Table 6.

Price/Pound

(1980, $U.S.) .

4 0-10 - 0015
0.03 - 0.07.

0.15 ($35/bbl)
0’50 - .70 "
0.80 - 1.50
0.60 - 1.40
1.50 - 2.50

t
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The major methods used to pulp or delignify wood are the

alkali process and the sulphite process (19). o

The sulphate or kraft process and the soda process are

the two principal alkaline pulping methods. Sodium hydroxide

" is the prfncipél cooking cbémical in both processes, while

in sulphate pulping, sodium sulphide is an addit@onal active
pulping compoﬁent. Wood, introduced into a digester in the
form of wood ohips,'igydelignified by the action of the
cooking chemicals which dissolve the lignin‘into black
liquor, leaving a residue of pulp. Normally, the lignin in
kraft- black liquor is used as a,sourcevof heat for the
ngufacture of stean, which is subsequently utilized innthe
industrial production of paper. However, the dissolved

alkali lignin chn be precipitated by acidification of the

solution, yielding a brown amérphous powder which may be

referred to as Kraft lignin.

In the sulphite process, lignin in wood is converted

. into soluble lignosulphonates by the action of bisulphite

and free sulphurous acid at 130 to 1400C. The cooking
process is completed in a digester, as above, and the wood
chips are imbregngted with the acid sﬁlphite solution. After

sufffcient time, delignification occurs, breaking 90wn the

\ bpndé between the units of the lignin macromolécule. The

sectioned molecules are in the form of éoluble

lignosdlphonates.

28
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3.2 Utilization of Lignin for Polymeric Products

4 . [

3.2.1 Introduction

The present and future utilization of lignin Is an
extensive and increasingly important field (20). Reasons for
this development can be seen in the increasing appreciation
gf renevable raw matérial for organic chemical by-products.

o )
Total market volume for non-fuel uses was estimated at more

than 7.5x105 t/yr. for 1980, and projections for the year--

2000 could total 6.25x106 t/yr. (non-fuel uses) representing

-an eight-fold increase in demand (20).
Technical lignins and modified products. have found a -

wide range of app}ications as shown in Table 7. It is
considéréd that the most important future application will
be based on the adhesive properties of 1igﬁin products for
thermosetting resins,and phenois (17). Wood composites, such‘

as plywood, particle board and fibre boards, have been made

‘using lignin and phenol forma;dehyde as the adhesive binders

(21). The strength and durability characteristics of these’

new wood composites'were comparable to conventionally glued
s

products, with lignin replacing 70% of the phenolic binder.

This represents a saving in cost of expensive bhenolic

¢

polymer. . .

PEN
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,'n_.
Disperdants for:

!

Emulsifiers. stabilizers,.

extenders for:

v

Metal sequeséranta for:

. Additives for: =~ @ .

Binder and adhesives for:

Coreactant for:

Others:

'

o 9

and modified

.Pesticides
Clays

Dyestuffs
Pigments -
Ceramics .

-Soils , .
Road surfaces
Asphalt

Waxes

01l in water
Rubbers

Soap

Latex

Fire foam

. Industrial water
Agricultural micronutrients
- h 1

Drilling muds
Concrete .
Cement grinding
Industrial cleaners
Tanning agents

" Rubbers
Vinylplastics

Animal-feed pellets
Printing inks
Minerals
. Laminates .
Foupdry cores
Ores
Urez-formaldehydes '
_ Phenolics '

. Furans

Epoxides g
Urethanes ™
i

Protein coagulants

Protective colloids in steam

boilers
Ion-exchange resins
Oxygen scavenger

Components in negative plate
expanders for storage batteries

. ’ ,’;[‘ fper
RS
i >

Tab%ng - Utilization of alkali iignins, lignin sulphonates

ligniné.;(17) -
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3.2.2 Lignin-elastomer systems

There also exists a great potential for se
g ' :
lignin as a constituent within poly

Al

r-elastomer systems.

. {
Some synthetic elastomers, such as ilicone rubber, have \

‘quite a-high cost to volume ratio. Jhe use of lignin, an
ébnndanp and”relatively‘low-price 8 bstancé, in a system
with high-priced elastomers, would 8 rve not only to improve
properties, but to reduce final product costs as well.

The use of lignins in conjunction with elastomers:iSuC\‘-

hanmpered by their performaﬁce deficiencies, yhich are .
related to both physical "and chemical properties (18).

Factors which contribute .to these deficiencies include: W

— 1) The structural complexity of lignin ° ce

~

2) The tenacious resistance of lignin to any kind of

T B

degradation

i

3) The inherent variability ef‘lignin y which is
aggravated in isolation (22)

These significant factors have not served as a deterrant . ;

to eontinuing research however, which indicates the optimism

R

of researchers with respect to overcoming these

- i

difficulties.

Reinfgrciqg fillers such as carbon black are widely used -
for reinforcing the mechanical stfength of polymer-elastomer~

syg}ems. While many reiﬁforcing agenté can be dry milled.
N
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.into elastomers, this method cannot be utilized with

lignins. Attempts to dry mill 1lignin into styrene-butadiene
rubber (SBR) showed almost no reinforeing effect. This can-
be attributed to the fact that lignin particles, under the
influence of heat generation, coalesce by hydrbgen bonding
and -thus cannot be finely dispersed {nto the rubber (18).

] Lignin must be incorporated into ruﬁber'by latex
masterba;dhing in order that itg reinforcing properties can

be rea¥ized. To prepare a lignin-rubber masterbatech, it is

usual to dissolve the lignin in an aqueous alkali, then add

, the alkali-lfgnin solution to the rubber latex. This mixture

is heated and co-coagulated by running the mixture into an
acid solution with adequate-agitation. The reinforcing

characteristics of a lignin in a masterbatch/can be affected

. bf several variables:

1) Concentration'of the élkaline-lignin solution and the
rubber latex v ‘

2) Concentration of the coagulating ;olution .

-3) Temperature of the ingredients

4) Order of addition of the ingredients

5) Rate of agitation during ko-coagulation (23)

Lignin precipitation temperature and particle size also

affects its reinforcing characteristics (Fig. 10). The
tensile strength of SBR reinforced with purified Kraft

"lignin.is very sensitive to the ﬁrecipitation temperature at

32

FON TP T N, et LT
B A i R U T R A e

NPT CRNE NI )

PRPIOA £ SRS X

PRI T T

P

P
PR P Tl

i -
ks S ledrdng



which the lignin was isolated. When the.particie size of

lignin is reduced below a critical 1imit (which gives a

surface area of 45 m2/g or more), the lignin undergoes

excessive coalescen&e‘ﬁnd thus loses its reinforcing ability
within elastomers. The typé of lignin usgd can afféct
results, as hardwood technical lignins é}e inferior to their
softwood counterparts as dispersants, emuls{on sbabil{?ers

and elastomer reinforcing agents (18).

Keilen et al. (24-26) have demonstrated that 1ignin'

(sulfate process) coprecipitaéed with natural, styrene-
}bptadiene (Fig. 11), nitrdile, or.Néoprengﬂ(Fig. 12) rubbers
can yield tensile stfengths comparable (at the same volume
loadings) to carbon blacks. This-could potentially consume
large quantitlies of polymeric lighin for commercial marketé.
Toyimpnove the reinforcing chardcteristics of lignin,
-various mééification;‘have been proposed. Raff and Tomlinson
(27) observed that the Qeinforcing &b}lity of alkaline
lignin, for GR-S rubber, was gres iy enhanced w%th
increaéing oxidapion of the lignin prior to coprecipitation
" With the latex. Lignin rubber masterbatches that are at

least partially treated with a dilsocyanate can exhibit

improved hot tensile strength, abrasion, and reduced

torsional hysterisis (28). Hegating of 1lignin synthetic .

rubber masterbatches for 5-40 minutes at 150-1750C tends to

improve abrasion resistance‘and lower torsionél hysterisis
(29).
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1 The polyblending bF silicone rubber sealants with lignin

does not require the ‘involved process of latex
e | | "o
. , . masterbatching. Recent investigations by Beznaczuk (30)

S i O DY

utilized the uncured silicone sealant (building cqnstkuction

grade), based on polydimethylsiloxane (PD3), and Kraft

TR A PR OR TS

lignin, polyblended b; mechanical mixing only. 12.5mm butt.
&\ . »

joint specimens (5, 10, and 15% lignin by weight) were cast \ w'Q
between substrates of wood, aiuminum”and mortar. Aftep.ﬁ 14~
day cure, specimens were exposed to.iaBoratory céntrol a
conditions (24%0C, 35% R.H.), accelerated weathering (u
cycles dailywbetween -300C and +300C for a total of 400

cycles), énd‘ﬂatural‘weathering conditions in a relatively

ﬁolluted location of downtown Montréal. In comparison with
neat ?Dslsealants, there were two cases where tensile
testing revealed that higher strengths and/or toughness weré
_ obtained with polyblending (Table 8).
S ' The first, case was that of the 5; lignin polyblend on a
mortar substrate in control conditions, where the toughness

S ‘ (area under the characteristic stress-strain curve) of this

b poiyhlend was twic? that of its PDS counﬁerpart. After

. ] ] , ‘
accelegated and natural weathering, however, toughness of

ey Lopeig e ST T ST b e (bR

by
At

the polyplend decreased significantly to-‘a level far below
‘that of PDS. '

4,
3

The second case was that of the 5% lignin polyblend on
-~ an aiuminum substrate. Both the control ‘and the accelerated
weathering spgpimens were very slightly tougher than their

copresponding.PDS specimens. As in the first case, after

/ o‘ < ’
" 37 . ‘
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. SPECIMEN SUBSTRATE . TOUGHNESS (MPai_

D
\

Exposure condifions

.Control. Accelerated Natural

PDS ~ Wood ', 0.23 0.14 0.7
| o PDS ' Aluminum® . 0.04 0.01 0.08
[ PDS ’ Mortar 0.12° 0.05 0.05

PDS-lignin (5%) Wood 0.04  0.01  -0.01 ///
- - ‘ 1

PDS-lignin (58)  Aluminum 0.04 0.01 0.01
PDS-1lignin (5%)  Mortar . 0.22 - 0.04  0.02

PDS-1ignin (10%) , Wood - 0.02 0.01  0.03
PDS-lignin (10%)* Aluminum 0.01 - 0.01 0.01
" PDS-lignin (10%). Mortar. 10.09 0.04  0.02

PDS-lignin (15%) Wood " 0.02 0.02 . 0.01

1

PDS-lignin (15%) Aluminum 0.01 0.01 . 0.02

.. :
. . - '
. . . :
R SRS e S R e A i st S R R S RS R B R
< -

PDS-lignin (15%) :Mortar 0.07 0.03 0.0

= B

San i

',

Table 8 - Touéhness of PbS-Lignin polyblends (30) a
. .
7 . :

—sd
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natural  weathering the toughness value for this decrelsed

(down to 20% of the PDS toughness).

adhesive, indicatiing that lignin may in fact be a suitable

the substrate can becomesmore reliable. One  possible

ete.).
propgrties to elastomers besides medhanjical strength
reinforcement. Murray and Watson (31) observed that

lignin acts as a stabilizing ageént, against oxidation, for

SBR. De Paoli, Furlan and Rodrigues (32) investigated the

use of lignin from sugar cane bagasse as a photostabilizer

3

for butadiene rubbery,,The photostabilizing effect of lignin \

was further enhanced by\the‘addition of dioctyl-p-
phenylenediamine, and can be comparedﬂto commercially used
stabilizers. '

Thus the‘pofentiél for widespread commercial use of
lignins in conjunction with elastomers exists if researchers
can demonétrate that all performagqp requirements can be
satisfied. Lign}q, for example, -can compete actively with
carbon black as a reinforcement for rubper if hardness can

4
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be reduced and}godu;us improved. Th;s and other industrial
uses of lignin-elastomer systems would prove to be
beneficial wofldw;de, giving a useful ,function to a by-
product of the wood pulping process. (//
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4, EXPERIMENTAL PROGRAM

§,1 Introduction ¢

¢ . - 4,1.1 Purposes and objectives . '

f

o

The expérimentéi research program haS a dual purpose. It -
e first intends to aid the development of more resilient and
“ eéonomicgl sealants for the—building industry. Secondly, it
» is hoped that further resear;h in the area of lignin-gol&ﬁer .

systems will cultivate new markets for lignin, a low=~-cost.

renewable material yhich is readily available from industry. .
. To be purposeful .then, the main objectives of the
research program are té'characterize‘yhe prﬁpertiés of
P lignin pblyblended sealants in terms 6f theif morphology,
| curing chagacteristics; thermal behaviér, as well as theib

durability ang resilience as measured by their cohesive and

adhesive strength in tension.

To achieve these objectives, the research program was

P

éetlig two parts, the initial portion being a preliminary
program to select those-sealants which display‘thglgreatest
. potential fgr improving their chaﬁacteri;tic properties
from ‘lignin polyblending. Thé scope -6f this program'is
detailed in section 4,1°3. The ?Qcond part of the program

entails qomplpting'more detdiled work to characterize the

properties of selected polyblends, including the use ‘of. -,
differential scanning calorimetry, light and scanning
electron micrbscqpx*\?ufing tests, and tensile tests. The

v . . \ 41
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detailed program is described in section 4.1.4.
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4,1.2 Materials

The sealants used as the mitrix for polyblending were -
representative of the five most important generic sealants

prgsently available on the market. They are: o

] ‘ ,

1) Silicone (S) - one part self-curing sealant (MULCO -
Silicone 25 years)

L3

.'2) Polyurethane (PU) - one part se;f-curing,A non-sag
.1 E sealant.(MﬁLCO - Maxiflex)
3)P61ymﬂfide(?s)-—one part sélf-curing,_non-sag

sealant (MULCO -. GC-9). .

»

4) Butyl (B) - self curing rubber-based caulking (MULCO

- Butam 15 years)

5) Acrylic (A) - one part self-curing sealant (MULCO - \‘

S bt R 4
N N

% _ . Mulco 20 years)

¥
u .'Zg( .

a3

All sealants were obtained from Mulco of St. Hubert, -

"Que., in self-containgd cartridges of 300 ml.

mb b 3ev. o
2 3o

Kraft lignin (L), obtained from Domtar of Cornwall,

Ont., was the base polymer»with~wpich each of the sealants
were blendéd. The lignin was formed by the galfup{c";c;d
precipitatiqn of black liquor, itself derived from the
pulping of various hardwoods.(mapré, beech, elm). The pH of

‘42 \ o




the precipitate was adjusted with carbon dioxide to a level

between 6 and 7.

H.1;3 Preliminary . program,

The preiiminary program served to evaluate the viability
of blending lignin with silicoﬂe (S), polyurethane (PU),
.polysulfide (Ps), buﬁyl (B), and acrylic (A) sealants, thus
narrowing the field of research to those sealants whose
functional properties were enhanced with lignin
polyblending. ) '

The evaluation was based on the adhesive and cohesive
characteristics of each specimen, determined by direg}
tension testing of standard size sealant specimens to
failure.Samples were evaluated by comparing tension test
~.results obtalned from blended and unblended specimens. The
discrete phase of the blend gomprised 10 parts by weight of
lignin-and the matrix'phasé'comprisgd 100 parts by weight of
sealant. Hence the lignin-sealant (eg. L:S) blend}ratio was
10:100’(hereafter.referﬁed to as a blend ratio of 10%)." "

Fee specimens were cast between three standard size

substrates of aluminum (Al), mortar~(M), and wood (W) for

each set of .blended and unblended (control) samﬁles,
representing 'a total of 90 samples cast in all.. The
experimental’procedure used to prepare the specimens is

‘outlined in section 4.2.1. The tension testing. procedure is

- HB‘
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outlined in section 4.2.2.4. Results of the preliminary . o

‘testing program are detailed in sectiod 5.1. Those sealants
whose properties ‘were enhanced with the addition‘of lignin f

" Satals ;
~ were tested in a more detajled pbogram, oulined in the next

section.

4.1.4 Detailed program

The detailed testing progfam consisted primarily of

tension testingnof.li§n1n4poiymeric blends. Accordingly,

three series of six specimens were cast between aluminum,
mortar and wood substrates over six different blend ratios

for each generic sealant te%ted. Hence 324 specimens were’

te, e W LN e
&

cast for each sealant tested, 108 per series, and 36

specimens for each substrate in a series. The three seriles,

¥ ot _een

a control (C), natural aging (NA), gnd accelerated aging

m(AA).series, were cast to accommodate the requirements of

tpe durability testing pfograﬁ‘ggscribed.in section 4.2.2.5.

The -specimens were formdléted with ligniﬂ-seglant blend
- - ratios of 0, 5, 10, 12.5, 15, and 20§.

The blengs llaere‘ prépared as\\described in section 1121,

and then subjected to tenslon tes%ing as outlined in section

»

uf2.2.“. ‘ b

The remainder of the detailed program was used to |
"Investigate the morphology, curint, and thermal
characteristics of 1ignin-polyurethan§ polyblends, and is

A Y

4y




described in sections 4,2.3.1 to 4.2.3.3 respeotively. The
utilfty of each test method in evaluating and characterizing
polymers and bolymer blends is deseribed, and the apparatus
And testing procedures used in performing each test are

reviewed. )
-:' §
— . : ' (

4.2 Experimental Procedure

'4,2.1 Tensile testing specimen preparap&?n

~ Each specimen was prepafed by first assuring the size,
confighration and cleaniiness of the substrates. The
substratés were placed in speclally prepared casting plates
such that spécimens could be cast .in lots of six to twelve,

depending on the length of the plate. The mixture was

formulated, mixed thoroughly by hand, and placed in the mold *

formed by each pair of appropriately 'spaced substrates. Tﬁe

. détails of each step in the preparation of.the specimens is

given below.

4,2.1.1 Preparation of substrates.

" There were three different substrates used to prepare

. specimens: aluminum,,mortar; and wood. It is considered that

Egﬁsé sgbstrates are representative of thg'ﬁéjorléi of

building materials which generally oom; into contact with'

-t

v
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zséalants. The size and configuration of both the substrate

and the specimen were chosen according to CGSB CAN2-19.0M77,

and are depicted in Figure 13.

.
¥
\
Bt .
Q .
. ) ) L
+ ' ‘“
Figure 13 - Size and configuration of specimenﬁ

46

FESEH T RRR. it

SIS S R

RPN

LI TS
S

i ] et ez

v,
N
f

*



:
i ' rEISESY
e e <o v

, 4.2.1.1 a) aluminum -~ The al@minum bars were obtained from
local metal_distributérs in lengths of ten feet, cut to
size, and burrs along their edges‘were removed by filing." A
Visible dirt and grime or adhered mgggrial/weré removed

uaihg an abrasive pad (steel wool), soap and wateﬁ. To
further ensure as clean a surface as possible, ;he bars were .
placed in a solution of ﬂulphuric acid and sodium bichromate
at 700C for three minutes. Once removed from the solution, ‘ .
the bars were thorougbly rinsed in water and wiped dry with
| paper towels, after which they were stored for subsequent

"

- usage In specimen preparation. i

4.2.1.1 b) wood -- The wood substrates were made from

~

* X Californta redwood strips (of‘13x26mm nominal dimgnsion),
obtained from local wood distributors and cut to the
specified length. Prior to use,; the wood substrates were

Lo brushed free of surface dust in order to prevent surface . )

contamination between the substrate and the polyblend. ﬂ '

Al ' : s

1&2.1.1 c) mortar - The,mo?tar substrates were prepared

. om e oA

‘from mixing 1 part high early strength Portland cement (CSA

L=

- A5) and 2 parts by’ mass of clean, well graded fine aggregate
(ASTM C33) in sufficient water to produce the desired

consistency, as specified in the mortar consistency test

“

. - (ASTM C109). The mortar was plac%g'in steel molds of

;
3
%
B
&

specified dimensions and allowed to cure at room tempeéature

(23+20C) for one day in moist air (95-100% R.H.), and six

47




days (mirdimum) in water at 23+420C, 'The mortar spbstrafes

were then removed from the water and were oven dried to
constant mass at .104-1100C. Those mortar bars ‘whose testing
surfaces were found to have pits or cavities greater than

2mm were rejected. All remaining bars were stored for

subsequent usage in specimen preparation. . L

4,2.1.2 Preparation of molds

Cast;ng plates, fabricated in plywood, were made to

1

accommogéte six to twelve specimens as shown in Figure 14.
‘The sealant bead was cast in the area between the' two
sﬁbstrates, the width of which was gauged with wooden
spécers. Prior to mounting the substrate bars and spacers
onto the casting plate, the bottom of thé plate was lined

with wax paper, to prevent the sealant from adhering to the

wooden plate, d hengte to facilitate removal of the cured

specimens. The end spacers were similarly prepared using:

adhesive cellopha ape. Having positioned the bars and

spacers .onto-the plate, care was taken to ensure: proper

"alignment between substrate bars (parallel- edges); correct

mold dimensions as defined by the diqtance betqeenlﬂgirs of

spacers in a givén-speéimen mold; and effective contact with
the plate base, such that no visible paths could béadetected
through which a low viscosity sealant might flow. The

specimens thus formed were prevented from moving by being

. 48 ’ , 3
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Jammed between wood biocks set at the end of each casting

Coo. . plate. o '

.
.
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Figure 14 - Specimen molds (a) casting plate »

E.M.' ,1}‘ R R - * (b) sealant bead
‘, ) | (¢) substrate bar
| / . | . o (d) spacers
| (e) end block

o . (f).lining paper .
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R.2,1.3€rep'ar'ation of polyblends
Q

Depending on the number of specimensuto be cast, a

sufficient amount of sealant was placed in a preuweighed.‘

mixing bowl and

s maSs measured and recorded. Having
. %

obtained the welight \of the sample, a predetermined
proportion of lignin powde

and mixed thoroughly by hand w a’steel spatula. Rapid or

uncontrolled mixing -movement durihg bf;;ding was avoided as
it was found to cause the fofmation of voids, withim the
polymer matrix, a condition that is gbdesirable from the
viewpoint of producing homogeneous specimens. Those
specimens inch,‘after the blends had set, were found to

have Visible Voids or cavities, were rejected and replaced

by newly batched specimens.

4.2.1.4 Casting of specimens

The specimens were cast at room temperabure (23+20C) and
relative humidity of 35%, and permitted to cure on the
cisting plates for a period mot exceeding one week. The
techmique used to cast the specimens depended on the
viscosity of the mixture. Less viscous polybléﬁds were
poured directly from the mixing‘bowl into the mold. A glass

rod was used to ensurie the blend touched and hence wetted

all surfaces in the mold. More viscpuS'ﬁolyblendS\ﬁemém

t

50

by mass 'of Sealant, was weighed
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placed in thamoldfwith a steel spatula, being careful to
distnibute'the mixture evenly thrdughout the mold. Air

pocketa; voids or bubbles which may have formed nere worked

out with the aid of a spatula or glass rod. Excess mixture

on either’side of the substrate was ?emoved by scraoing it

"off with the steel utensil. . \

s

g , )
4.2.1.5 Curing of specimens

[ -

9 o

After tne initial 3£e:geek curing,period, the Specinens
were removed from the casting plate and ciassifieo in groups

for either -immediate teatingfor further' curing. The minimum

ou%dng time was not less than that epecified by the
manufacturer, Those specimens requiring further curing were
‘monitored regularly to check on the relative condition of
their cure. When practical the end _spacers were detached
from the ends of the beads, but retained in such a
positioned as to ensure the specimens maintained the
appropriate configuration during further curing. This
-permitted the more complete and rapid cure of the specimen.
Curfng tfmes for the different speoimen'blends are given in

Appendix 1. . ) -
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4,2,2 Specimen testing

4,2.2.1 Microscopic test1n§ - .
Obbaining the maximum information about the morphology

of polymers requires the use of a variety of

techniqﬁes.including the use of’light microacopy as well as

scanning electron microscopy.

.
¥

4,2.2.1 a}clight microscopy (LM) -- Reflected light
microscopy is valuable'for examining the texture of solid
opaque materials. Furthermore, the presence and
connectimitles of polymer phases,‘hemce'the degree of
miscibilit&, may be determined by direct vieual
confirmation, through the use of a reflected light

microscope (33,34). Light microscopy requires a minimum of

" difference in’ refractive index between phases for contrast,

'and can be bestfbbtained with differences in- opacity or

color (35). -

Accordingly, .a series of color as well as monochrome

photomicrographs were made using a Leitz orthoplan light,

microscope with dark field incident light illumination.
Magnificatiohs oﬁ]20, 40, 60, 100,'120 and 300X were used to
view the features of the polyblends. Surface and sectional

arealfeatures of control and aged polyblends, having a L-PU

‘blend ratio: of 19%, were observed. Sectional specimens were .

prepared oy slicing the seblant across its section with ;

- 32
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razor blade. Results of these tests are presented in section

5-2.

,
S e

4.2.2.1 b) scanning electron microscopy (SEM) -- SEM is
ihcrgas;ngly being used in phase studies, because contrasts
betﬁeen phases can often be detectgd bi changes in surface
texture and togégraphy,,and SEM permits a conéiderable depth
of field in comparison to,those obtained using LM or

transmission electron microscopy techniques (33,35).

. In SEM analysié (Fig. 15), a fine beam of efectrons is

SR YR T or B TR e

e A g RS D )

scanned across thé surface of an opaque specimen to which a

uniform covering of conductive material, such as gold, has

0

been applied. Secondary.electrons, back scattered electrons,

lér x-ray photons emittéd when the beam hits the specimen,
are collected to prdvide a signal used to modulate the
intensity of the e}ectron béaﬁ in a television tube,
scannipg in synchronism with the m;croscopicobeam, Because
: the beam is amall\in compaéison to the disﬁﬁnces reléfive to K
the specimen, the images obtained frox{i; the SEM have a grea?} '
dépthwa fieid, resulting in photomic}ographs whic? have a
: napurglg three-dimensional appearance (33.36{5‘ "11
» An ISI SS5-60 SEM was used to analyse iténin particles as n

well as varioﬁs L-PU specimens. Photomicrographs were madé
. , -

of the control specimens h7wing L-PU blend ratios of 0, 10,
‘15, and 20%.: .
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F;gure 151- Blockidiagram of scanning'eléctron micnoscoﬁe

(SEM) (35).

The efféct of AA on L-PU blends having a 15% blend ratio
was also investigated. All specimens wére sputter coated
with gold to suppreéd charging and increase electron

emmission. Magnifications of 50, 500, 1500, 3000, 10000, and

15000X at a 10kV beam intensity were used to- expose the -

~surface conditions of L-PU blends. Lignin particles were

scanned at magnifications of 3000 9000 and 1000QX. Results
of SEM analysis areasummarized with a serles of

photemicrographs ‘in section’ >.2.
' . i
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4,2.2.2 H;rdness testing . ~Ja

‘Cdre‘within the body of an elastomeric sealant is the »
procgss which endows the sealaﬂt with its elastoplastic
prope%&ies. Thg curing of elastomeric sealaﬁts_usually4 *
involves thé formation of cross 119kages between polymer n
molecules, and advances inwards from the exposed surface.

Hence body cure may first be detected as a hardened outer

i

layer which overlays an unéuréd zone of sealant (37). With

time: the cure process proceeds through the sealant, and thus

s
S

may be'monitored by sequence hardness testing.

s

‘A testing program was devised to monitor the curing mode

\)
of L-PU blends. The hardness of the various blends was
‘determlned according to ASTM C66?—70, usipg a Shore type A-2
durometer. The durometer is a device wh;oh measures the

hardness. of an elastomer by the indentation of a conical

tipped hardened steel rod into.the specimen being tested.

The indentation hérdness, measured on a scale of 0 to 100, o

Y
52

is inversely related to the ‘penetration of the indentor, and

n}'k‘ o L

is dependent on the elasfic and viscoelasﬁic properties of
the polymer biénd. .

Test specimens were made for six L-PU blend ratios -
varying from 0 to 20%. Each specimen was blended as

described in article 4,2.1.3*and cast on aluminﬁm plates ‘ v

BT o LAY

(80x150mm) {n brass frame molds having inside dimensions of

?

6x40x130mm.’
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Figure 16 - Constant load operétingistand with
) used for sequence hardness testing.
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C- Ap individual test consisted of placing éhe specimen in
5 1ever-actionned constant load operatipg stand, to which
was affixed the durométer, as ;hown in Figure 16. The action
of the lever caused the specimen to come into contact wfth .
the indentor, such that values could be obtained from the
durometer gauge.‘For each test sequence, hardness values
were recorded at application oflthe welghed indentor,lat 10
seconds, énq at 60 seconds. The hardness at 103“provide£“3n
Indfc tioﬁ of the degree of cure at or near the exposed
_sealJzt surface, whereas the 60s rea%;gg indicates the
degree of cure deéper within the body 6f-the sealant.

The testing sequence was arranged suchﬁghag the
indentation hardness values wére‘obtained at predetermined
time intervals, énablingzamore compréhenéiQe plot of the
values on a log’time scale. At each speciflqd time interval,
"three indentation hardness tests were perfo;med on each of
two specimens, "totaling six te%ts for eacp blend ratio
tested. The'average vglue of the 10 second reading was:
plotted against a log time scaleito {llustrate the change in
hardness with fime} Results from the curing tests are

"evaluated in section 5.3, and the testing sequence..and

~ hardness data are given in Appendix 2.
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R.E.Z.B Thermal testing

The most gommonly used method for establishing
compatibility in a polyﬁér blend is through determination of
the glass transition temperature in the'blends versus that
of the unblended constituents (35). The glass transition
.temperature (Tg) is the température at which the polymer
changes from a relatively hard brittle material, to a softer
more plastic material upon heating. On a molecular level,

this represents a change from a more ordered to a less

ordered arrangement of the molecular chains. Abo?e Tg, the

polymer has acquired sufficient thermal energy for 1someric
rotational motion, or for torsional oscillations to oceur
about most of the bonds in the main chain which are capable

of such motion (38). Constraints to motion can arise from

the barrier to rofation, which in turn is raised by the

magnitude of cohesive forces between the molecular chaﬁns.4//

The blend of two or more polymers alters the cohesive
forces of‘the respedtive polymers in such a fashion as to
cause a ;hift in the value of Tg. In the case of compatible
polymer Slends, a single Tg netween the Tg's of the
component polymers will’oocur, with a sharpne;é in
transition similar to that of the components. In cases of
borderline miscibility, two separate transitions between
those of the constituents may occur (35). |

The glass transitlon temperature ‘may be determined by
using a differential scanning calorimeter (DSC) in which the

. !
"
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. differences in heat capacity of a reference and sample
material is analysed over a predetermined time-temperature

" program (33,35). Reference and sample specimens are placed

in individual cells or pans which sit on a thermoelectric

disc (as shown in Fig. 17). Heat is transferred through the

disc and into both the reference and sample via the specimen.

pans, at & constant rate of heating. The differential
temperatﬁre of the specimens is monitored by area
thermocouples located'on'thenunderside of the disc beneath
each specimen pan. Since the thermal resistance to the
specimens is held constant, differential tempegatgreﬁ are

directly proportional to differential heat flows. At Tg, the

'sample temperature remains .constant until the heat of

transition has been supplied, whereas the reference specimen

continues to increase in temperature, causing the

differential temperatures and hence a negative heat flow is

9

observed in this region.
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. Figure 17 - DSC cell cross-section
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A Dupont 910 differential scanning calorimeter (DSC) was
used to analyse various L-PU slends'according to ASTM
3418-8L. -Control as ﬁell‘as NA and AA specimens of L-PU
sealants having blend ratios of 0, 10, 15, and 261 were

- tested, Samples, whoée weights varied from 17-25 mg, were
placed in DSC cells at room temperapure. The.tﬁermggraphs
were determined between ~100 and 2000C, at a heating rate of

200C/min, and maintained in a nitrogen atmosphere provided

~

by a gas flow. of 50.1/hr.
The DSC anaf}sis‘of lignin was also included in this

test program, and results for all tests are summarized in

section S5.4. .

4,2.2.4 Tension testing

The Instron Universal Testing Instrument, model 1125,

e b et

was used for tension testing., The machine is made .up of

three major systems: the load cell system, which measures

L it e R

“ ‘ . and transmits thé loading data to the recording system; the

cross head drive systenm, uhich moves the load cell in a

direction to cause loading and ultimately deformation of the

h“‘“.‘g.;i;g&h«*«r Wy

specimen; the recording system, which receives .the loading

and extension data and plots the information on an automatic
plotting device. ) ‘
The load cell is mounted on the cross head franme, as

C illustrated in Figure 18. The load cell exhibits very little -
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deflection under an applied load, fherefofe ehe motion of
tﬂe cross head alone may be used to determine the specimen
extension. The moving cross head is operated by two
vertical lead screws that are driven by a d.c;'motor via a
gearbox. The speed at which the cross head operates may bé

k4

mm/min. : I

A specimen is attadhed to the load cell by a palr of
tensile grips whbse tips.rest on the horizontal surface of
eagh substrate, as illustrated in Figure 19. As the cross

head drive system is activated, the cross head frame  moves

in the upward direction, causing tensile forces to develop'

along the Sealant bead - substrate interface. The load cell
measures the load and transmiﬁs the data to the control
unit, which plots the.data on a 250mm wide strip chart
fecorder, integral to the contrel unit. The rate of
ﬁrosshead speed is related to the)bhart speed 'such that the
load-strain data may be read directly from the chart. A 500

kg load cell was used to test the specimens. A cross head

speed of 2 mm/min was used in conjunction with a 20 mm/min

chart speed to produce a'reésonably comprehensible plot of
the stress-strain data. The'cross head speed of 2 mm/min was
chosen because it was a comprﬁmise between previously
es@imated rates of joint movement in bulldings (consideﬁ&pg
movement due to thermal, vibrational, or wind effects), and
brac§ica1 considerations concerning the time required for

the experiment.
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gure 19 - Extension of specimen:
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Testing was :conducted until there was a visible adhesiQe
or cohesivg failure, or until the results recdg%éq on the
chart indicatea a shaép decrease in load. The stress on the
specimen was ‘éalculated by dividing the ter;sa.le load,
obtainéd from the load cell and recorded on the .chart, by

the nominal area under tensile stress, which is equal to 645

A}

- mm2 (12.7x50.8mm). The strain is equal témthe"ratio of the

recorded extension to the width of the sealant bead
(12.7Tmm). The data obtained from the plotter was used to

0 . -
plot the stress-strain curves characteristic of each sealant

type and polyblend. The toughness of the sealants HJL
evaluated by calculating the area beneath the stress-strain
eurve at yleld. The modulus was defined as the slope of the

line tangent to tRe stress-straln curve at 5% stpéin.

©

4.2.2.5 Durability testing
A weathering chémber was used to artificially age (AA) a

series of lignin-polymer specimens. The chamber was set to

»

‘cycle between -300C and 400C;, fouri&tmes every 24 hours.

Ultra-viglet lamps within the chamber exposed the. specimens

to radiation 12 hours a da&, simulating exboéure to the Qun.
Samples were tested continuously for‘720 cycles over a
périod of 180 days. Specimens ‘were also subject'to‘a natural
aging (NA) program whereby a series of lignin-polymer.

specimens was exposed to exteqior"weather:coﬁditions for 37

6u

e | : '= ‘ | M .
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e

weeks,'begyeén July 157‘1985 and March 31,.1986. Speéimeﬁ§i

were-placed in wooden racks which kept the specimens uprigh€'

specimens. The temperatubg variationtduring"the,qxposure
time is given in flgure 20, including the mean weeklyl

' o maximum and ‘minimum temperatures, and also the mean monthl§

QD!

g

temperatures. Maximum and minimum temperatures recor&ed
during this period were 32,6°C and -26,7°C respectively. The -
9 : mean anthlj hours .of brig&t sunshipe over the exposure

. ' period are shown in Figure 21, i#gicating maximum intensity

-

( . at the begining of the exposure 5efi$%; and a minimum at
yeék 23 (December). The dqrapility of each blend’was
evalyeted by comparing(tengign test results between

. laboratory cohfrol speCtmens ahd aged‘specimens. Results of

‘ thege tests a;e discussed; in relatign to the type of

_}“ pq%yblan and the substrate to wﬁich it is adhered, in

‘-3g3pions 5.5 to 5.7. AS well, the éffec%s of aég?ierated
1 o aging on the surface qorphology of PU.blends is p%ésénted in‘
> ' — section 5.2. o -

. , .
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5.1 Preliminary Program
\

5. EXPERIMENTAL RESULTS

-

' The results obtained during the preliminary’program .

indicate that the addition of lignin to Ps and Sysealants

has not been beneficial. Howeveg, the results of -this

initial program do indicate enhanced perﬂonmance of Pu, A,

and B sealants blended with lignin. The results of the
detailed testing program are presented in subsequent
sections of chapter 5. The present section ‘outlines the

" results obtj lned from preliminary tests.

The effect of adding lignin to Ps, S, and Pu sealants

cast on aiuminum substrates is illustrated in Flgure 22,
{

where it is observed that the yield stress and strain of Ps

and S specimens modified with lignin at a blegg ratio of

10%, 1is reduced and hence blended specimens possess a lower

value of .toughness than do the non -blended specimens.

However, as it is clearly shown, petter results have been

obtained in the case of PU specimens. The maximum tensile-

¥

stress and the toughness at fallure have both increased
approximately 4og. Similarly, for specimens cast between

wood substrates, as shown ln Figure 2” ‘there is a general

tendeney for decreased stress and toughness values in the’

. case of Ps and S blends. For Ps specimens, the maxinmum

tensilé stress at failure inereased 10% with the" addition of

lignin, yet the correspondlng decrease in strain resulted in

-
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a decrease in foughness of 20%. For L-PU blends, both the

‘maximum tensile stress at ylield and the toughness increased

by h5$ The effects of lignin on blends cast between mortar
substrates is shown in Figune 23, where, again, Ps and S

blends show diminished performance with the addition of

. lignin. PU sealants polyblended with lignin indicate an

increase in tensile stress at failure of 65%, and a
corresponding ingrease in toughness éf 100%. Results
obﬁained from tensile tests of L-B and L-A blends are ghown
in Figurg 25, indicafing a two fold increase in tensile
stress aﬁ yield for B samples, and" 1508 increase in yield
stress for acrylic samples on aluminum substrates. Testing

of these polyblends adhered tovmortar and wood substrates

indieate a 200% and - approximately 100% increase in tensile

" stress at yield for L-B and L-A specimens respectively

(Figs. 26 and 27). | . ‘
Based on the results from this initial test series, PU,

L]

‘A, and B sealants ﬁere‘selected for further testing in the

detalled program.
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to 1llustrate the effect of aecelerated agin5 (AA) on

*

photomicroprints shown in Figures 28 to 32. In order to

"and form the texture seen in the photomicroprints. .

PR

5.2 Moqg?gi%gy

The results of morphological analysis using optical

Dyt ) -

light microscopy (LM) are presented 1in colowr

facilitate -comparison between prints, all photomicroprints
presented depict surface or sectional features at 40X
magnification except Figure 32, which is magnified 120X for

purposes of illustrating sectional details of the polymer

.

e KRN T AN 1 SO RN 0

blend. Furthermore, this series of: photomicroprints serves

polyblends having a blend ratio L:PU of 15%. Control and AA : +
speciméns are contrasted in surface and sectional views of kK

the first pair and second pair of photomicroprints,

Dl <

respectively. -

¢

The initial figure (Fig, 28) shows the surface features

of a control specimen oftblended PU sealant. The color

L. S A aznr Y

/l;

clearly identifies _the b%own lignin j%rticles entrapped in .
the PU matrix. The cra}g;s which" can be identified on the
surface are indicati&e:of the'mOQe of cu}ing of thé sealant,
wﬁich releases carbon dioxide by its‘reactifn with the ¥
moisture in the air. The release'of the gas causeé bubbles . |

to form on the surfjce o{ the sealant, which later collapse ' -

s
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Figure 28 - Sur‘_race' features of L-PU polyblend (151100) -
~.con£roll ~spécimens using LM (40X)
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Figure 29 - Surrace features of L-PU polyblend (1°5\:100'5 )
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| - ' AA specimens using LM (HOX) '
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' ,'_ ‘ Figure 30 - Seetional fed%ures of L-PU polyblend (15 100)

control speeimens using LM (HOX) x ' ’ :

)
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Figure 31 .- Sectional rea‘tures of L-PU pol”ybl‘end (15:100)
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Figure 32' - Sectional features of L-PU polyblend (15:100)

" AA specimens using LM (120X)

These cratefs are areas where the effects of aging are
' ' L : N |
pronounced. Figure 29 shows the size and extent of cratering

is increased over the surface of the sealant, indicating

conditions. ‘ N "

A seétiona; view df’a conﬁéol specimen -is -shown in
?igure 30, uhgré it is seén-that the lignfn is coalesced
around voids lﬁ‘tbe sqa}aﬁt conglomeration. Similar features

can'be seen in the sectional view of the AA specimen (Fig.

.31) although no outward differences can be detected between

the control and the AA samples from these views. A detailed

view of an AA specimen more clearly shows the effects of AA
( / : :

A N "

/

- T .19

‘that the Specimen is susceptible to degradatioﬁ~under AL’

”e 0
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(Fig. 32). ; | |
' Photomicrographs of lignin and L-Pd'poiyblends obtained
from SEM are shown in Fig. 33 to Fig. 38. The initial
photomicrograph (Fig. 33)'depicts lign;n‘particlés ﬁagnified
" 3000X. The lignin particles have a notéce§31%~angular
tsgpfiguration, although some particles have édges which aré
rounded or smooth. The sfze of the particles varies from a ' .
fraction of a um up to approximatély 6 ord7 micrometers. '
The size distributfon of tge’particieé appears generally
 unifo%m, roughly ranging between 1 to 4 um in width. It is
alsa observed that the porosity of the lignin particles is
homogeneous, there being little or.no‘evidence‘of pores or
pore structure detectable on their surface.
~ Thése 1lignin agglomerationa may be easily recognized in
L-PU b;ends, as their distinetive morphology is in contrast
to that of a neat (unblended) PU sealant, whose surface

texture is more smooth, undulating, and to a certain extent

. cratered, as seen in Figure 34. The craters or voids are
| most probably”producéd.by the release of éarbonhdioxide (::::
during.the airing process. |
The contrasting morphologies of lignin and PU are
exemplified in SEM photomicrographs shdwing surface features'
_of L-PU blends with blend ratios of‘10$“an& 20%, Figures 35
and 36 respectively. The inclusioh of lignLn:particles
w;thin the pquéeric matrix is clearly\depicted in both
figures, and'they are‘general%g @véhly distributed

throughout the polymeric matrix. There are‘areas‘where the

)
- F-
.

AR ey, .
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'Y

>

v . : ' - , ‘
. particles form larger agglomérations, as shown in Figure 36.

~The reason for l}gnin’particles lining the edge of certain
craters is not immediately apparenﬁ, however’it may Se that
ceebé&\;;iflde gas is more easil& expelled in areas whefe
lignin particles éoalesce.' . | B
The final two photomierographs clearly illustrate the
effect of AA on the surface tejture of L-PU polyblends
having a 15$ blend ratio. In Fig 37, the surfacggfeatures of
a control specimen are contrasted.to that of an AA specimen
in Figure 38. The smooth surface texture o rthe control
specimen has been aged by thermal shock an ultraviolet
sradiation, to leave lignin particles entrapped in- the
polymeric matrii. The surface qf the PU matrix has eroded to
expose ; fibrillar structdre of’mere resistant uretﬁ@ne

/

linkages. e ¢ /
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Figure 33 - SEM of lignin particles (3000X)

N

Figure 34 - SEM of neat PU surface (500X)
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Figure 35 - 'SEM of L<PU polyblend surface (10:100) (500X)
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Figure 36 - SEM of L-PU polyblend surfacé (20:100)- (500X)
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Figure 37 - SEM of L-PU polybilend surface (15:100)
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* eontrol sﬁecimeh (500X
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v ' Figure .38 - SEM of L-PU polyblend surface (15:100) AA

specimen- (500X) -
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L '5.3 Cﬁriﬁg Characteristics ¢ B v .

[}

' . P

Results .of indentation hardness testing for the o
» unblended PU sealant are shown in Figure 397£For the neat PU

‘ P ‘ /.
~ blends, bhe initial hardening test may be recorded after

;

fapproximately 25 hours have elabseQ" ﬁnce the initial
casting times In the next 23 hours, the Sealant reaches 140%

of the hardness obtained in one week, and 70% of the total

s

,weekly hardness in the following hours. The weekly

hardness is 95% of the average har?ness over 1519 hours,

&

RTINS - P PR W «',;.‘.'_-\‘:f},:_'iz: PR -

indicating that most of the cure qﬁcurs in the first week ~
after ‘initial set. It may also be gbserved that a number of r
monthéxﬁhy elapse before a second /hardening stage occurs. If , 3
1s not yet.apparent’what causes fhe subsequent hardening of {
the sealant after two Months 07 curing. |

.For-L-PU blends of 20 PBW of'lignin (Fig. 40){ the .

initial hardness reading/ may béVtaken at 20 hours; ! '
o fepreseﬁting:a 20% degreage in initial,setnfime for thisr E
blended sealant in conmparison to the neat sgaiant. The
its one week hardness after 2l
n 48 hours, and 85% of its
ial set. Generally, this is

. polyblend reaches 35%
hours, T72% of its hardness
hardness after %2 ho&v@ from
fndicative of a more fapid cure for blended sealants i?

) comparison to neat /PU.

This is all/the more evident when considering'the

results shown in/Figure u1 whi h dapgcts curing tests for L-
PU blend ratfos of 0, 10, and 20$ The curing time,as

-85
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AU o
‘measured.by seqﬁénce hardness testihg,,is affected by the
amount of lignin blended with the base sealant. Furthermore,
it may be shown, by refering to Appendix 2, that at any
given time, the ratio of 10s to 60s hardness decreases with

increasing amounts pf lignin, indicating a more rapid

hardening process for blended vs. unblended sealants.

Although the rate %f curing appears to bg similar for

blended and unblended sealants, as indicated by the straight

‘w‘line portion of the curves, overall, blended seaiants harden

" more quickly than unblended sealants in direct proportion'to

the amount of lignin present in the blend.

. To explain this phenomena, it is desireable to’

understand the basic chemistry lnvolved with the formation

" of PU, more specifically one component polyurethane
’sealants; Polyurethane one component sealants are produced

by the reaction of moisture (water) and an isocyanate

terminated prepolymer such as alkyl trimethyl triisocyanate,

which 1s referred to as:'

R - (NCO)3

. R
Combining three moles of water with the isocyanate

yields an amiﬁe (1), which further reacts with the

1s?cyanate to form urethane linkages (2), 1.e.:

T-‘ﬁgow R - (NCO)3 —= R - (NH2)3 + 3002 |

amine

186 " -

- el
st

L

s -

-,



v

network.

‘o

2. R - (N°H2)3 + R - (ch)g “ "

IR R

i
— -N-c-ul-,R-tl-'

urethane

R R I

o

The rate of cure is affected by the activity of th:qi

S e .

functional enq,groups (i.e. OH and NCO), and the presence of

catalystsszThe hardness’ of the -cured products depends on the

erosslinking density between molecular chains and the

hl

rigidity of the ehains, which increases with a corresponding .

inerease in the nuﬁber of aromatic groups along the chain.
‘Furthermore, the: crosslink-density is a function of the type . L
' of prepolymer used in the,sealant formulation. It is

survized that the 1ncorporation of lignin into the PU matrix

may be seen as adding to the crosslink density by increasing .

the concentration of aromatic groups within the polymeric

'
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5.4 Thermal Testing ‘ - ™

Results of Dsq,thermographs are given in Figure 42. The
thermographs plotted are those for lignin, blended contnol
specimens (designated C-LO-, L10-, L20-PU, depending:on the
blend ratio),‘and unblended specimens which were subjected
to NA and A conditions;sisﬁaiocation of the curve on the
thermograph is dependent on the apecimen size, - greater size

causing a depression in the graph. This is due to the

" \ ¢

‘increase in differential heat flow between the reference and

E

sample specimens., \ y/

-~

As is evident from Figure 42, there is not a significant
modification of thermographs with the addition of lignin.
‘ValueS'obtained‘for the.glassetransitiosgbemperature of neat
PU sealant are in the range of -550C and are not obsenveq to
shift with an increase in the amount of lignin in the
blends. This indicates that L=PU blends are not miscibdle,
and hence exist in bwo distinct phases. The physical‘
properties\of these blends are determined by the interfacials‘
adhesion between the phases. Similar dispersive and polar
forces between these’bhaSes wouldLsuggest a good interfacial’

adhesion, which, for example, would be marked by an increase‘

in tensile modulus with cornesponding increase in polymer

=

f%ading. - . ‘ }
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' 5.5.1 L-B polyblends on aluminum substrates

-

5.5 .Tension Testing of Lignin-Butyl (L-B) Polyblends

Control (C) and naturally aged (NA) specimens were found
to exhibit a decrease fh toughness with the addi;ion of
lignin to the polyblend (Table 9%. This, in large part, i8

P
due to the decrease in strain at yleld despite an increase

:iin the yield stress (Table 10). The Boughness of these

'blends decreased 64% for the cdﬁtro; specimens, and'24% for

the NA specimens with the addition of 5 parts:'by weight
(PBW) of lignin, and further decreases in toughness are
shown for incﬁeased lignin loads. However, .this condition 1is

]

not prevalent for specimens subjected to accelerated aging

(AR), where in caontpast there is shown to be a 40% increase

in toughness with the addition of up.to 10 PBW of lignin.
The tangent modulus of L-B polyblends on aluminum

substrates increases }rom 6 to 40% with the addition of 5

PBW. of lignin, and for AA and NA specimens there is a

progressive increase in modulus with additional lignin

loading. In whe case of control specimens, the incorporation

" of lignin into the matrix beyond 5 PBW of lignin is shown to

diminish the tangent modulus. The increase in modulus is- met

with a corresponding increase in yield stress for both AA
, R

and NA specimens (Figs. U4, U5). Only the C specimens. showed

a decrease in yileld stress with the addition of .1ignin (Fig.
43). .

:
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Strain at yield decreased with increased lignin loading
% 4 .
for all specimens tested (Table 10). Lignin loadings above 5
PBW of sealant for control specimens and above 12.5 PBW.Qd:‘

sealdnt for AA and NA Specihené reduced the modulus -

sufficiently for the specimens to fail exclusively inm

adhesion. Ihe effect of AA agﬁ NA on L-B polyblends is
eharacter;zed bf a stiffening of the polymgric matrix, which «
is obserYed by a small or.neglig;bie loss of yield-stress:
and a much larger loss of strain at yield with a
cérrespondinéxy higher modulus. The stiffening of the matéix

w

is shown to increase the incidence of adhesive failure along

'the‘sealant-substrate interface. Although lignin is able to

increase the ioughness,, vield stressmmnd modulus of some
blends, it stiffens-the polymeric matrix sufficiently to
cause adhesive failure, characterized by much lower vield
strains, and consequently its ‘use in butyl #lends can not be
considered beneficial to the performance charactdristics of
the sealant. ]

The incompatibility of the polymers may ‘account for the
diminishéd performance of the L-B polyblends. Generally,.
non-polar substances are not,compatible with polar

substances, as is the case with ﬂhe butyl sealant, a non-

polar polymeric blend 'and 1igﬁ1ﬁ, a naturally oecurring

/polar substance. The reduced meqhanical performance of L-B

polyblends is not entire1§ unexpected in consideration of

their incompatibility.
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- TOUGHNESS (KPa)
e ‘ ‘
_Polyblend . Exposure Conditions
L:B - ‘AA NA
: -
05100 - . 5.7 b4 u8
. 51100 24 5.4 3.6 ...,
10:100 - ‘ 6.2 3.3 .
' 12.5:100 - ¥, 1 3.9 -
y ' TANGENT MODULUS (KPa)~ .
' at 5% strain )
Polyblend ' Exposure Conditions
L:B c. AA WA L,
0:100 . - 18.4 16.7 - 21.3 .
' 5:100 . 19.5 . 22.2 29.9
10:100 2.6 42.8 . 47.9
12.5:100 9.7 70,9, " 62.9
.. Table 9 - Tougﬁneés\and tangent modulus of lignin-butyl

i~

polyglends on élpminum substrgtes
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YIELD STRESS (KPa)

Polyblend =§xpo§ure Conditions
L:B ¢  m NA
0:100 | 30.9 26.1 o 30.7
51100~ «  22.5 38.0° 35.3
\1\0\920/ e 67.8 43.9
© . 12.51100 o 7.8 67.5
Lz . YIELD STRAIN (%) '
Polyblend Exposure Conditions
LiB c ' . m. NA
‘ 03100 18.5 16.7. 15.6
5:100 9.2 - T b2 10.4
- 10:100 ° - 9.2 ¢ 7.4
) 12.51100 - 5.5 %S 5.8
(.(\

Table 10

-

- Yield stress and-yield strain of lignin-butyl

polyblends on aluminum substrates

96

= ot Tl :‘Y--fl .
R s AL




-
80 4 ] ] 1 k] 1 LI | ¥ ] 1 |
70 f= A ' ‘ - )
. o .
m —r —
&
= ¢ / " -
50 |~ : \ -
g .} ‘ -
x R
w40 ‘ A ;* o ' ,J,&
@ S ; V
w
=T - .
0
€t
. KV FENE TR FIT SN N SN S S N S |

4 8 12 . 186 20 24
' STRAIN (%) -

.

i",igure ‘43 - Tensile stress-strain curves obta.iped from »

control, L-B polyblends on aluminuni, substrates.

gy

Curve 1: L-B, 0:100; 2: L-B, 5:100; 3: L-Bj;

"4: L-B; 5: L-Bj - ‘ .
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‘ Figure 44 - Tensile stress-strain curves obtained from AA,

L-B polyblends on aluminum substrates. Curve 1:

L-B, 0:100; 2: L-B, 5:1005 3+ L-B, 10:100; X4:
L-B, 12.5:100; 5: Control curve, L-B, 0:100
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E.‘iguné«: IJSM-; ~'i‘ensile [tress-strain ‘curves obtained from NA,

P

' L-B polyplends on aluminum substrates. Curve 1:
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L-B, 0:100; 2: L-B, 5:100; 3: L-B, 10:100;

4: L-B, 12.5:1003 5: Control curve, L-B, 0:100
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5.5.2 L-B polyblends on mortar substrates

The toughness of L-B- pélyblends adhered to mggé&r
spbstrates is reduced with the addition of lignin, where a
20 to 60% loss in toughness is observed with the addition of
5 PBW of lignin to the polyblend (Table 11). The 103?;z::jﬂK
toughness ié met with a corﬁgéponding loss of yield str
recorded in all blends tested, despite, for som; specimens
tested, increases in yield.stress of up to 23% (Table 12).

The addition of lignin is seen as a stiffening agent,
characterized by an increase in modulus of 1&01 for AA and NA

specimens. In contrast, there is a decrease in modulus for C

specimens with the addition of 5 PBW of lignin. This-is due

to the adhesive failure of the specimens as indicated by the
low values of stress and strain at fleld, as shown in Figure o
" 46. The stifféning of the butyl matrix with ﬁhé addition of
small quantities of lign?k is shown to display even more
undesirable characteristics in the case of sealants adhered

to mortar substrates.

The improved performance of AA and NA specimens in

- o
sEsat ¢ RIR N M4 b it S RSO

comparison to 6 spééimeng is difficult to assess (Figs.‘47,

ad st ¥

- +48)s. Results from tests on aluminum substrates indicaté that l

the toughness of AA and NA specimens is inferior to that of

ZEAGH S g Bt

the control spgcimens, but is in the same order of magnitude

as teést results obtained from mortar substrates, ranging
between 4 and 5 KPa. This indicates that the control

specimens on mortar substrates have abnormally low values of

5 : 100 -
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.toughness, which may be accounted for by theif loss of
adhesion while curing. This'phenomena is not prei#lent with
L-B blends on wood substrates. The during mode of Bge:L-B
‘control specimeps is seémingly affected by a seriés_of
complex interacﬁions between the sealant and thé substrate
causing premature adhesive:failure. Further investigations
wou'ld nebessarily be required in order t? identify these N

interactions, and to Uiarify the manner in .which they'

combine to affect the sealant-substrate interfacial bond.

_Presently, these test results show that the addition of

lignin to B sealant has not enhanced the functional

properties of the sealant.
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Polyblend

Polyblend
L:3

0:100
5:00

-

Loy

TOUGHNESS (KPa)

Exposure Conditions
c _ AA
1.3 H.9
0)0 5 . 3’-. 9 !
L.

- TANGENT MODULUS (KPa)

at 5% strain

3

" Exposure Conditions

c ’ AA
14.5 17.7
10.1 ' 24,9

. [ Y

-
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NA- é
! ;/ k
. //
4.2 :
2.5
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NA- .
25,7 i
36.8 1
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~ - ‘
- SN
. YIELD _STRESS (KPa)
Polyblend ' " Exposure Conditions °
L:B.’ . c mn NA
[ ' (‘a_.fp N ' .
0:100 ;‘if 1.12. .- 2.0 . 241
53100 o 0-69 ' ' 205 ' 2.0
N, LY b
» l n
YIELD STRAIN (%)
Polyblend L ’ Exposure Conditions 0
‘LtB ¢ A - NA
( . o |
0:100 - 7.5 16,0, 13.4
" 5:100 5.9 .. 10.3 8.1
- ',5;. ’
. 1
14
g = >

-0 ) ' ..
'I'able 12 - Yield stress and yield strain of.. lignin-butyl T

poly\l}lends on mortar substrates
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STRESS (kPa)
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Figure 46 - Tensile stress—straln curves obtained from
"

n

12
STRAIN ()

cont;.\x‘*fl, L-B‘ polyblernids 6p'mortar ;ubstrates.'
1+ L-B,.0:700; 2: L-B, 5:100
» N
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Figure 47 - Tensile st;‘ess-str’afn eurves obta;ined from AA,
‘ L-B polyblends on mortar Substra;;es. Curve 1: L-v
) ': B, O:Q‘IOO; 2: L~B, 5:100; 3:‘Contr§1 curve, L-

B, 0:100
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Tens{le stress-strain curves obtaindd from NA,
L-B polyblénds on mortar gubétrates. Curve 1: L-

B, 0:100; 2: L-B, 5:100; 3: Control curve, L-
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5.5.3 L-B polyblends7pn wood substrates

Generally, the addition of lignin to B sealants on wood
substrates reduces their toughness. This is due to a
gtiffening of "the matgix characterized by an increase in
modulus with a corresponding‘increase in lignin loading
(Table 13). The stiffened matrix causes premature adhesive
failure at the sealant-subgtrateTinterface, which méy pe

observed 1n .a reduced strain at yield (Table 14). The ;

P AT

addition of 5 PBW of lignin reduced the &iéld strain 24 and

28% in the case of NA and AA speciméns respectively, and up

| to 5u4% for the C specimens as sthn in figures 49, 50 and
51.’Specimeqs which had-hiﬁher lignin loadings were prone to
adhesive failure upon casual-ﬁandliﬂg and copld not be ’

tested. h \ '

R S Y NS L BN s

' 4
Since butyl sealants cure by solvent release, then it is

- expected that the effect of elevated fempenature induced by

LRl R flne

thermal shock and/or natural or simulated solar radiation
wou'ld cause a more rapld cure of the sealant. Hence

specimens subjected to NA or AA may cure more rapidly in

coﬁpar}son to ' C specimens as characterized- by their increase

- 1

in tangent modulué?rit is also observed that the modulus of - ,

Prge TR s >

NA specimens is greater than that of “AA or C specimens,

)

which suggests that the effects of NA on B and L-B blends is"

)
a3
4

more pronounced that that oz AA conditions. This may. be due

to the effecb of moisture (in the form of rain and snow), to

which NA specimens were exposed in contrast to AA specimens. .

\ﬁt?
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The .addition of lignin may also accelerqﬁe the cure. by
causing a more rapid release of the soivent,'or ?y
adéorption of the solvent onEOVthe surface of the lignin
particles, due to its. porosity.

"These combined conditions account for the 1n§rease in
modulus of NA ;pecimens in comparison to AA and c épecimens.
Furthermore, both the ;ging‘prqcess‘and tﬁe addition'of L
affect the overalf performance‘characteristics of L-B

blends, however the manner by which fhey combine to modify

the mechanical properties/is not apparent, and further study
. ) and experimentation are required for useful conclusions to

be drawn. oo N

—
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'TOUGHNESS (KPa)
"4
Polyblend . . Exposure Conditions
[ | 0 | , e
. L:B : c * - AA NA
0:100 . - 5.5 5.2 ‘ 4.8
51100 . 3.3 5.3 3.6
10:100-. .- - as T
‘ TANGENT MODULUS (KPa) o
' S R at 5% strain %
- i
Polyblend R , Exposure Conditions g
L:B : C AA " NA 4
: . . i
. ' ? ‘ g
w0 04100 Coae e T 1600 22,9 3
. ’ 5:160 . I 18-7 i ’: s 21-3 :. ' 30.1 '\. %
101100 8.8 ' 32.8 | - ‘ 4
~ N ’ i—'
\ B ’ - o 3 b
Table 13 -  Toughness and.tangent modulus of lignin-butyl ‘

polyblends on wood substrates
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e -
\
*» YIELD STRESS (KPa)
Polyblend‘ ) Exposiire Conditions
LB c CMA NA
0:100 1.9 1.8 2.1
51100 1.5 2.5 2.1
10:100 - 2.5 -
YIELD STRAIN (%) 4
&
Polyblend Exposure Conditions . :%
gh '\,‘
L:B . C : AA NA §
0:100 " 19.0 i9.0 15.2 3
581000, 8.8 13.8 11,6
101100 - 6.8 -
P ;
4

Table: 14 - Yield stress and yield strain of lignin-butyl

¥

polyblends on wood s?bétrates
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Figure 49 -'Ténsile stress-strain curve obtained from

control, L-B polyblends on wood substrates:

Curve 1: L-B, 0:100; 2: L-B, 5:100
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Figure 5.0 - Tensiig s;r*e’ss-strain, curves obtained from AA,
L-B po-lyb'lwends on wood substrates. Curve 1: L-
B, 0:100;. 2: L-B,‘.&SHOO; 3: L-B, 10:100; 4:
Control curve, L-ﬁ, 0:100 ©
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5.5.4 Discussion and Conclusions - : .

The addition of lignin to the polymeric matrix of butyl
'sealants stiffens the polyblend such that adhesive failure

i1s more easlly initiated in zones of high stress

substrate interface. The stiffened matrix is characterized

by an increased modulus with 1hcreased'§olyﬁer loading and

lower values of strain at yleld, with corresponding

reductions in toughness of the blend..Lower yield strains
\\gare 1ndicative of a loss in adhesive strength.

The increase in toughness is brought about by tﬁg
addition of L to the seaiant blend, as well as the AA and NA
processes. The addition of L'may cause a more rapid release
of solvent from the polymer, which in turn accelerates the
curing process. However, it is felt that the effects of
elevated temperatures are more important in initiating and
prbpagaﬁing the release of solvent from the B‘matrix to
complete a cure, Neithep the extent nor.the mode of

: inferaction between the ;ddition of L and the aging process
'is known. Lignin most likely behaves as a particulate
filler, where the incorporation of L in the B matrix
generaily increases the modulus,'and‘the mechanical

properties are dependent on the interfacial adhesion between

.~the lignin phase and the B phase. Morphological studies and

thernal analysis would aid in confirhipg the existence of

ﬁwo phase behavior in L-B blends. Furthermore, hardness

b4 114

concentrdt@ons, located along the edge of the sealant-
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testing in relation to time would help clarify the role of
lignin in the.curing mode of L-B polyblends. Although the
addition of 1lignin does not’ appear to be beneficial in
enhancing the properties of B sealants, it might}pe used to
replace filler substances with which B sealants are
generally compounded, alihough ﬁhe incompatibility of L and
B must also be considered. In this ;espect, lignin may find
a role in replaciné extender pigmehté suoh’as whitings or
thixotropic agents (i.e..fibrous palc), both of which are

used in considerable quantities in the formulation of B

sealants (e.g. U42.5% and 12.7% by weight of sealant for

whiting and fisrous talc respectively, in a tybical one-

' part; %Pn-sagging butyl-based sealant formulationanhe size
of calcium carbonéte ﬁhiting ranges from 0.05 to -40 microns,
and for fibrous tale from 3 to 8 microns, which is in{the
same order of magnitude of lignin particle sizes preNiously

observed from SEM photomicrographs in section 5.2 The

market for butyl sealants is expected to reach approximately

23000 tonnes by 1990, and the incorporation of 1lignin as an

extender or reinforcing agent potentially may considerably

increase the current demand for lignin; which is in the:

\\
range of: 40000 tonnes/yr.
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5.6 Tension testing of liénin-acrylic (L-A) polyblendg'
5 .
5.6.1 L-A blends on aluminum substrates: L

The toughness of# L-A blends on aluminum substrates
inérease_s Wwith a corresponding increase in lignin loading
for all Specim%tested,‘as shown in Table§15. Increases of
25% in toughriess were observed for control specimens ha\(ing
"a 12.5 PBW lignin loading.c For AA specimens, a maximum
increase of 300% in toughness .was achieved with the sam
lignin lqading, whereas a 540% increase in toughness oV
non-meodified L-A blends was obtained in the case of N
specimens loaded with 20 PBW of lignin., In general, thesé
incre;ases in toughness may be attributed dto ti{e addition of
lignin, which causes an increases. in both stress and strain
) at‘yield; as shown ip Figures 52, 53,(and 54.
Yield stress f;w control specimens increased 94, 188 and
321% for lignin loadings of 5, 10, and 15’ PBW respectively,
but decreased to 80% with addition of 20 PBW to the blend,
represent;ng a loss in yield stress, over the specimens
blended with 15 PBW of lignin, of 57%.

‘This loss of stress at yield may be attributed to a
stiffening of the L-A x.natrix,' causing' an increased incidence
of adhesive f%l re, as observed during tensile testgng. The

failure mode

predominantly cohebSive in nature for lignin loadings of 0

and 5 PBW, cohesive-adhesive in nature for lignin loadings '

/ , .

<
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of 10 and 12.5 PBW, and adhesive in nature for the remaining
speéiméns. In the case of AA specimens, the yield stresé

increased 94, 144, and 300% with the addition of 5, 10, and

15 PBW of 1ignin, respectively, but only 258% when 20 PBW of .

lignin were added to the blend. Again, the loss in yield
stress is due to a stiffened L-A matrix which enhances
adhesive failure initiated at the point of highest stress
concentrations along the sealant-substrate interface. NA
specimens were found to behave in a similar fashion, where

galns in yield stress of 38, 138, 246, and 407%, over

unblended sealant, were obtained with the addition of 5, 10,

15, and 20 PBW.Qf lignin, respectively.

In terms of durability, there is a loss in tougﬁness
with a corresponding loss in stress and strain for aged (ie.
AA and NA) specimens in comparison to C speé¢imens. It can
also be seén from Table 15 that the loss in toughness is
greater with NA specimens than with AA specimens. This may
be due to the different aging conditions NA speaimens are
subjectad to, as they are ‘exposed .to moisfure in the form of
water; ice, and 'snow. Furthermore, the often highly polluted
and acidic nature_of the‘rain may also play a part in
reducing the ppsilience of NA specimens, although it is not
possiblé to p;esently eaﬁimate to what extent this factor
cqntribates to the weathering process.

A loss of modulus for aged specimens in camparison to
control specimens was also observed. The effects of thermal

shock, natural or simulated solar radiation aad, in the case
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of NK sp;cf;pns, moisture on the agea specimens may caﬁ%ﬁ%
scissfgp of the polymer chains and/or reductions pf the
crosslinking déﬂ%ity, which in turn lowers their modulus.

As was reported earlier, .the addition of lignin enhances
the mechanical properties of L-A polyblends. However, when
comparing tpe percentage iricrease in mechanical properties
of AA and Nk with C specimens,'rééulﬁs do not(qoncluéively
SUppprt the premise that lignin improves hhé dﬁrability of A
sealants. For unblended sealants (1e7 L:Aj d:100i, there is
a 25% loss of modulus and a 15% loss of toughness due to the
aging process. The aﬂ%;ﬁion of lignin does pot’reduce‘the %
loss of toughness or modulus with aging, although blended
sea;ants do have a greater modulus and toughness'relative to
the control specimens of neat sealant. ‘

* In general, the improvements in mechanical properties of
L-A blends on aluminum substrates are due to the inclusion
of lignin in the sealant blend. Lignin acts as a reinforcing
filler, whic;\\TTffens the matrix sufficiently to
progressively i?crease its mechanical properties up to a

point at which adhesive failure is predominant. This point

occurs at much higher lignin loadings for-L-A blends in.

compérison to L-B blends, aftesting to the supérior adhesive

tenacity of A sealants. -

- Lignin-A polyblends behave as a two-phase material, with

LY

the mechanical properties determined by the interfacial

adhesion betweeen phases. The polar nature of A and L

_polymers enables the formation of intermolecular forces or

%
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/ N .
. secondary bonds to develop at the phase interface, which may
. ~‘account for the enhanced mechanical performance of these: -
‘ \ blends. Furthermore, both polymers have functi
i . N
groups, which may also react, forming covaleht bonds.
- m ‘ ’
4 - y B
. . v LA .
- ] N ’ _‘”‘\Ai %
o | 3 ,
‘ . , - )
> f" 4 . * . N ) . [ ’
' h “« ) e
I Y ' ,’ R - X \ »u
< - X ’ . ' o <
i . -
- o8 a
. y ‘e ‘.1' .
. [} . , - - N -
e : ,- : )
'n' o ) ' - o ) - - tt i
o s - 1 ) v ) | ) !
N - 9 : -+
[’ ’ Lt . )
s - PN -
R - . “ °'»:tl v
. 119 ." N ‘ ol "
. R N i S !
3 t » ———— \'; s 7‘5



.

. TOUGHNESS (KPa)

—-s-«—-a—-»
-—

P T SRS g

iR n AR

' ‘ . £ , . - o
Ptfiyblend . Exposure Conditions

Lir tc A NA
-y 0:100 2.23 | 2.2 . 1.6
o 5:100 b5 . 3.2 . L9
10:100 S 12, I 4.5
12.5:100 © 8.0 g 6.6 . ‘5.5
S V500 ~ 7.5 8.9 1.2
A . 20:100 - 3.2 ST - 10.2
v~ 7 TANGENT MODULUS (KPa)
" at 5% strain 3’

.. Polyblend = - : Exposure Conditions

“";,’:,‘i*“«-,- T e LI st S 50k T T s e DT
= 0L BT RO A S R AT r A e L N R N e s - Sl

o
-

~ . a LA vc | AA © NA

=

. - 01100 TN : 0.4 12.0
N v 8:100 ' o216 19.4 © 6.7
L 101100 81,9 C 2T 29.0
ﬁ ©12.5:100 57.2 .33.1 34.3
4 S 153100 . 6T T 0.5 37.2

«

Yy, 20:100 - 27.2 . 5.0 51.2

‘T?;f';‘f';’ﬂ <. atw-:;;a?\aw\»cuélg.ﬂéts PO

o

Table 15 - Toughness a_ni‘l' tangent modulus of lignin-

= acrylie pdlybleﬁdé on aluminum substrates.
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. YIELD STRESS (KfPa)
. Polyblend Exposure Conditlons ° ...
) LA c oM W
02100 17.8 © 4.8 13.6
" 5:100 34.5 2.8 . 187
10:100  ~  51.3 36.1 32.3
12.5:100 65.9 446 . 40.1
15:100 CTh.9 '59.1  H7.0
. R . » - .D
20:100 32.1 5.3 69.0
_ YIELD STRAIN (%) o
Polyblend Exposure Conditions
LiA c . AR oM
g\v_\;yfi:) - 0:100 12.5 SR [N R 1.7
’ 53100 . 131 12.5 . 10.0
10100 .0 . 13.0 13.8
12.5:100 12.1 | W8 13.7
151100 0.1 - 15.0 15.3
' 20:100 ‘

10.1 9.3 | 14,8

1

Table 16 - Yield stress and yield strain of ligﬁin-acrylic

polyblends on aluminum substirates.
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Figure 52 - Tensile stne;s¥strain cu?veSjgbtained from
j. | control, L-A polyblends on aluminum substrates.

Curve 1: L-A, 0:100; 2: L-A, 5:100; 3: L-A,

*10:100; 4: L-A, 12.5:100; 5: L-A, 15:100; 62,

L-A, 20:100; 7: Control ecurve, L-A, 0:100.
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140
120 f=

100 j=

ol

STRESS (kPa)

« 8 12 18 20 - 24
STRAIN (4)

’
'

Tensile stress-strain curves obtained f;om AA,
L-A pplyblends on aluminum substrates. C{xr“ve 1:
L-A, 0:100; 2: L-A, 5:100; 3: L-A, 10:100; U
L-A, 1‘2.5:100; 5: L-A, 15:100; 6: Control
curve, L-A, 0:100
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140 .

120 p=

100 -

80 =

STRESS (kPa)

%
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N ' ) ( l ‘
A -STRAIN () :

5

SRR AL S sy i R e P s g L o

Figure 5“ - Tensile stress-strain curves’ obtained from NA,
' ‘L-A‘polyblends on aluminum, substrates. Curve -1:

L-A, 0{100; 2: L-4, 5:100; 3: L-A, 10:100; 4:-

-

L-4, 12.5:100; 5: L-A, 15:100; 6: L-A, 20:100;
7; Control curve, L-4, 0:100
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5.6.2 L-A blends on mortar substrates

The toughness of L-A polyblends on mortar substrates
generally increases with the,addition of 1lignin in the blend
(Table 17). Thée maximum toughness of control specimeﬁs is

. 280% gréater than the unblended sealant achieved at a L-A

¥

loading of 12.5 PBW. For NA and Aﬂospecimens the makximum

respective toughness‘id 371% and 447% at 12.5 and 15 PBW of

lignin respectively.

The modulus of L-A polyblends generally increases with

increased lignin loading (Table 18), with control and AA
sS%cimens increasing 30 and 240% with addition of 5 PBW of -

lignin, and increas;ngQggu ahd 295% with a further addition
of 5 PBW of lignin. Thereafter, any additional lignin is

shown to reduce the modulus of the polyblénd. The NA

specimeﬁs display a more progressive increase in modulus.

with an 88, 223, 291 and 492% increase in modulus with the
incorporation of 5, 10, 12.5, and 15 PBW of 1lignin
réspectively within the polymeric matrix. Hence the addition

of lignin progressively stiffens the sealant, with

‘corresponding increases in stress and strain at yield.

stress with the ddition of lignin, as shown in Figures 55,

'Control AA, amS;NA specimens exhibit an increase 1n,yie1d

56; and 57. For control specimens, 10 PBW of lignin added to
théﬂéealant matrix 1ncr€%sed the strgss at yield by 150%,

however any further additions were not beneficial in terms

of yiéld stress. AA and NA specimens displayed a similar

’
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trend in“stress increase with iignin addition. The yield

>
“l

e T
% ﬁh?‘;j o

stress of AA specimens were shown to increase 210 and 391%

o Ao 18

WL

LAl

for lignin loadings of 10 and 15 PBW respectively, in
comparison to NA specimens ‘which increased 220 and U41% for
comparable lignin loadings. The increase in stress at yield

is indicative of a more cohesive, higher modulus material,
. < whbge adhésive strength is still capable of withstanding the
higher stresses imposed at the edges of the sealant-

' substrate interface.

The %'ield strain for L-A polyblends on mortar substrates

is seen to limit the stress at yleld obtginable in the

saﬁple. Values of stress and strain at yield below 9% are

T -
DEe AT T

indicative of a sealant matrix which is too stiff, and

failure tends to oceur in adhesion in the zone of highest

'-“gir; ;‘m‘ R

stress concentration along the seaiant—substrate interface.

% sl

\

This was evident for those AA specimens blended with 5 PBW

PR

of lignin, where .the sﬁréin at yield was 8.9% and a high

value vield stress was obtained in comparison to C or NA

R TN e N

o

specimens. This.waé due to the reiﬁforcing effect of backing
paper which reﬁained adhered to the sealant surfacé of the g
l specimeh. - o

*  The durability of L-A sealants on mortar substrates is

5L g

not as\sensitive to'the addi@ioh of lignin as was found for
L-A specimens on aluminum substrates. In general, the

- toughness and modulus of the Specimqu decreases with aging,

more so for NA than AA‘specimens. As suggested earlier, the

general trend is due fo the.effetct of thermal cycling and
A ; :
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§olar«radiation, and the more‘severe'effects observed froé
resultq on NA specimens, aue‘ﬁo these combined effects as
well as the{;ffect of moisture. However, in contrast to
results obtained from §1ends on .aluminum substrates, those
from Joftar substrates indicaﬁe that the percentége loss of
mechanical properties of AA and NA neat sealant ;s greater
phan that of blended specimens. Hence in this case ‘the
addition of lignin would appear to be bene{;c%a; in
imﬁfoving the durability of L-A polyblengs.
Lignin-A polyblends anmortér subsgrates geﬁeraliw
behave in the same fashion as those adhérsdwto aluminum

substrates. The role of lignin is to reinforce the polymeric

matrix and, in consequence, the mechanical properties are
R . . L 4

dependent on the interfacial adhesion between the lignin

: )
particles and the acrylic polymer matrix. This is a trait

found in two phase particulate composites. "

<
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St - =
., - 'TOUGHNESS (KPa)
‘& .

Polyblend V' E;posgre‘Conditions ‘
L:A © AA
\
03100 . 2.6 2.6
- 5:100 3.6 4.3
10:100 7.3 6.6
12.5:100 b6 7.6
15:100 . 3.3 14.0
20:100 - . 10.8

TANGENT MODULUS (KPa)'

0. at 5% strain
Polyblend Exbosure Conditions -
. L:A c Al
' \

0:100 21.4 11.0
10:100 N o544 43.5
12.5:100 53,0 43.1
15:100 43.9 ' 59,4
- 105.5

20:100

NA

1.6
2.6
5.2
7.6
7.3

NA

1.2
21.1
36.2
43.8

66.3

Table 17 - Toughness and tangent modulus of lignin-acerylic

1 4
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&wblends on mortar substrates. = .
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[
P . YIELD STRESS -(KPa) °
Polyblend . Exposure Conditions ,
L:A : c u AA ' T NA
03100 . 2708 ‘ 18-)" '-,«‘ 13-”
52100 34,1 . 49.2 23.7
101100 70.3 5T7.0° 42.9
" 12.5:100 " 59.0 < 61.1 . . 55.7
15:100 86.9 Lo - 90.4. . 2.5
. (j’ﬁ .
20:100 - 120.8 -
. YIELD STRAIN (%)
Polfrblend . Exposure Cbnditions %
L ‘ o ' ]
€ L:A . C " AA NA : . g
i 03100 9.4 1.0 . 12.0 ,g
N SR 5:100 1044 8.9 0.8 -l
. . 10:100 0.4 - 11.5 S22 - rE
© 12.5:100 7.8 .  12.5 13.6° :
152100 T 15.5 10.0 ¢
’ 20:100 - _ , 9.0 -
.‘:( '
‘Table 18 - Yield stress and yield strain of 1lignin-acrylic
polyblends on mortar substrates. .
1 T, N ’
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80 =

STRESS (kPa)

-

| . ] N .
4 8 - 12 16 20 : 24 ‘\%

STRAIN ()

:

Figure 55 - Tensile streés-stpain curves obtained from

control, L-A polyblends on mortar substrates.

" Curve 1: L-A, 0:100; 2: L-A, 5:100; .3: L-A,

£y

'10:100; 4: L-A, 12.5:100; 5: L-A, 15:100; 6t

Control curve, L-A, 0:100
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Figure 56 -

ST!:-?AIN' Cs)

Tensile stregs-strain curves obtained from AA,
o .

L-A polyblends on mortar substrates. Curve 1: L~

A, 0:100; 2: L-&, 5:100; 3: L-4, 10:100; U:

'L-A, 12.5:100; 5: L-A, 15:1003 6: L-A, 203:100; -

T: Control curve, L-A, 0:100
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Figure S7. - Tensile stress-strain curves obtained from ﬁ’A,
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5.6.3 L-A blends on wood substrates

A
-~

The toughness of ‘L-A polyblends on weod substrates is
shown to increase with the add‘tion of lignin, with the,
greatest gains recorded at 15 PBW\lignin loading, giving
330% and 217% - increase in toughness for NA ‘and AA specimens
respectively (Table 19).rBeyond this.loading factor, the

toughness diminished 30% for both types of specimensk

Control specimens exhibited a maximum increase of.200% over,

unblended sealant at 15 PBW loading. These increases were

due to the addition of lignin which stiffened the matrix, as..

indicated by higher values of stress and’strain at yieid‘
(Fig. 58,_59L and 60).‘The stress at!yield incpeased-
progressively for all specimens tested, Wwith maximum
stresses attaineduatrZO PBW lignin loading (Table 20).

Reductions in toughness beyond 15 PBW 1ig;in 1oadfhg

were due to adhesive failure, which- is characteristic of an

even stiffer polymeric matrix, and is illustrated by theﬁ

lowering of yield strain at high 1lignin loadings. The

sttffesing of the matrix is also shown by the
modulus with the addition of lignin (Table 19).™Qontrol
specimens exhibited a modulus increase of 153 sPd 388%;
specimens a modulus inerease of 152 end 490%; NA specimens a
modulus increase of 123 and 480%, for loadings of 10 and 20
PBW respectively. ’ '

The.durability of L~A blends en wood substrates-is in
general agreementi%i
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mortar suﬁstrates. There is a loss of toughness and modulus
with aging, and a more ihportant loss in toughness for NA
specimens tﬁZn for AA speciqens{ However, the loss in
modulus of NA specimens'is not as significant as that of AA
specimens aﬁd is, fqg\blended Sealants on‘average, less.than
that found for neat sealants. This may indicate an increased -
durabiliiy with the addition of lignin for NA specimens, in
contrast to results obtained for‘AA specimens, which show a
greater percentage loss of~modglus with blended sealants
than with ﬁeét«sealant. Clearly the rgsults obtained gre‘
inconclusive with respect to'tﬁ; role of lignin in enhancing
the durability of A blends.

v '"In comparison to L-A polyblends on aluminum and mortar
substrates, L-A polyblends on wood substrates behive ip much

- the same manner, with lignin acting as an gctivelreinforcing

agent which stiffens .the overall polymeric matrix and

X 'enhances the\mecﬁanical properties of the blend.
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P )
TOUGHNESS (KPa)
| o )
’ Polyblend - . Exposure Conditions
LiA . c AA © NA
0:100 Co2.4 S5 2.1
52100 3.2 3.0 2.7
. 10:100 6.4 | 5.1 L,
12.5:100 6.4 Tl : 4, '7
15:100 73 85 B9
20:100 - b2 . 6.0 6.1
) . . é
TANGENT MODULUS (KPa) é
* at 5% strain ) %
| L
Polyblend Exposure Conditions g .
L:A _C AL NA -3
01100, | 162 13.7 132 §
5:100 3.7 158 C 236, g
10:100 41.0 - 34.5 29.5 :
12.5:100 5.0 | 39.0 4.7
ﬁ 153100 62,4 | 45.1 53.5 Q
20:100 - 79.1 80.8 T 76.6
Table 19 - Toughness and tangent modglus of lignin-acrylic

- ' polyblends on wood substrates. ‘N
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' N -
:".3:."53‘:
| YIELD STRESS (KPa) - i
B . ‘ | 4
il © Polyblend : Exposure Conditions g
L:A c aA - NA ;1
¢ 4
0:100 -+ 20.0 17.9 . .2
5:100 . 38.4 24.7 26.4 ;-
10:100 - 52,8 ' 42.9 - 34,2 i
12.5:100 ©  56.9 53.2, . U6.1. ]
15:100 | 2.5 . . 62.0 6.4 g
20:100 . T19.2 83.3 . 79.8 i
Q o ; v .
, N : j
- - YIELD STRAIN (%) .§
' ' ) ' 5
. « '«ﬂ 2 £
Polyblend : ' . Exposure Conditions -
LA o c . AA NA §
) 10100 12,00, 15.0 12.8 %'
51100 .. 8.3 2.3 10.0 ° 1
10100 121 - 1.9 1.7 é
"12.51:100 1.3 . 13.3 . 9.8 -
151100 ©10.0 13.8 13.8 : \\\\\f~;'
201100, ~5.3 | . T2 7.i//' : ~3
; ¢ “ ’ ‘ . ) ’3,2. f “

- ' )i"‘ s ‘
g Table 20 - Yield stress and yield strain of Iignin-acrylic

-

)

L © polyblends on wood substrates,

2
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;Figure~ 58 - Tensile stress-strain curfes.obtaige ‘from
| control, L-A polyblends on wood substrates.
Curve 1: L-A, 0:100; 2: L-A, 5:100; 3: L-A,
10:100; 4: L-A, 12.5:100; 5: L-A, 15:100; 6:
L-A, 20:100 g RO
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Figure 59 - Tensile stréss-strain curves obtained from. AA, °
) .-L=-A polyb«tlexidsvon wood substrates. Cprire 1: L~
’ o ‘ 4 N
- . ' ) A, 0:100; -2: L-A, 700; 3: L-A, 10:100; L ¥
. L-A, 12.5:100; 53 L-A, 15:1003« 6: L-A, 20:100;
CL I 7: Control curve, L-A, 0:100
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5.6.4 Discussion and Coﬁclusions

Tﬁe,incorporation of 12.5 to 15 wa of lignin in L-A =
polyblends increases the'topghness,‘modulus, and streéss and
strain at yleld. The increase in toughness of blends adhered

to aiuminum substrates averaged approximately 360%, ranging

between 257% for C specim@ns and 542% for NA specimens.

- Polyblends adhered to mortar sﬁbstrates averaged 330%

) : - 1inecrease in toughness, whereas thosé blends on wood

»
., P PR, . N S e, R N
EEARS PRSI SR PE P IR, O R T LT R O S W e o S .
= - - > " " T TN
. . "D
> 87 -

suﬁstrates averaged an increase in toughness of 250%.. These

significant increases 1in toughness aré due to the

reinfording capabilities of lignin. The pblymer acts in a

two phase system, as a strengthening agent, where the

]

mechanical properties of the combined phases are dependen%~

T T T A S N - A SR Y
N

on the interaction between each phase. This is common of two

3

éomponent composite blends of a weak low modulus matrix,@in

.which is dispersed a higher modulus particuihte.‘Their

B A B G W D T LRI TR, erie e i
—

properties are a function of the inierfacial adheéion

between each phase. $V1dence of"phase Separatioﬁ could be

e oBtained by study;ﬁg.the morphology of\tﬁé blends using SEM

4"in conjunptio§ﬁﬁﬁfﬂff§..ln this way, different material
tex;ures would identify each phase. The use of a DSC

. thermograph noulﬁ ald in discerning the existe?ce of“one Qr

Q ‘ o two phages,‘by illustrating the cﬂanges (if,ah}) in glass D

transition temperatures. ,

More investigations are also required to dlarify if L

gets as a simple filler in the L-A-p&lyb;end system or, as

)

140




is éurmised, as an active reinforcement with possible
chémical interaétions. Infra-red fpectroscopy would provide

a uSefu;?means‘to analyse the differences between blended

and unblended specimens.

In generél, therg is a progressive increase in: modulus.
w}th a correspbnding,incrgase in 1ignin$19ading for all
blend ratios tested (Figures 61 & 62). 'HoweQer, With
respect to C speciﬁens, this trend is ﬁeversed'for those
adhered to mortar and- aluminum sﬁbstrates beyond blend
ratios of 10:100 (L:A) and 15;106D(L:A)'repectiyely. That
is to say, there exists a decrease in modulus with the
addition of lignin in these specimens, although the absolute
vaiue of the modulus is in excess of the neat A se‘alant}. In

a similar fashion, the modulus of AA specimens adhered to

"aluminum substrates decreases beyond a blend ratio of, 15:100

(L:A). Loss of modulus in specimens with high L loqdihg
(20:100:;L=A) is more apparent for those adhered to aluminum
or mortar substrates (Figure 62) than those éﬁgéred to wood;
Specimens having a high lignin loading failed primarily in
adﬁesiog; and in the case of those adliered to aluminum or
mortar substrapes, failure ocoured before significant values
of strength or modulus could be recorded.

It may also be observed that a lower modulus is obtained

with specimens adhered to aluminum than to wood substrates.

This is more evident for specimens tested in the AA and NA

- series than the C series. There may be some ‘chemical

interactions between the mortar and the L-A sealant in thqf
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zone closest to the sealant substrate interface which.

produces a stiffening of the polymeric matnii;

The effects of AA on specimens may be observed from

_Figure 62. For speciméns adhered to yood and aluminum

substrates, the value of the modulus for AA and NA specimens
is less than that of C specimens. However, it is also
observed that the perc¢centage increase in modulus between

corresponding increases in L loading are similar for all

aaging conditions. For specimens adhered to mortar
substrates, the effects of aging are not as apparent, ik

consideration of the inconsistent results obtained for C-

specimens in comparison to results of the other test series.

In general, in may be stated that there is a‘loss of
Pd o~

modulue observed in specimens subjected to AA and NA -

in comparison to/p conditons, brought about by the combined

effects of thermal shock and UV radiation, and in the case

of NA epecimens, the added efeects of moisture.

Furthermore the durability of‘ng polyblends is neither
improved nor hindered,ﬁith'the addition of 1;gnin, and
forther testing in this area is required to establish more
conclusively, the role‘of lignin in their aging process.

An analysis of the yield strain of L-A specimens
(Figures 63 & 64) ‘indicates that there is a loss of atrain

at yield for specimens having a high blend ratio in

comparison to the neat sealant. Beyond this initial

observation, thdﬁmanner in which. the yield strain is

affected by the addition of lignin is not immediately

142
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apparent. As can be seen from the figures, the correlation ?
between yield strain and lignin loading is difficult to
establisht The L-A blend is_seémingly cépable of absorbing M%

3 h ')a;
certain quantities of L fi’lér up to a blend ratio of 15:100 _ gj&

(L:A) without unduely affecting the strain at yield. The
adhesive tenacity of these blends prevents pren‘iathre
adhesive failure along the sealant substrate interface up to

this limiting value of liﬁnin loading.-

e
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ay Tangent Hodului {xPa)

Tangent Modulus (kPa)

60

° Tangent Modulus (kPa)

100}
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80
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20 |

100

61 - Taingent modulus of L-A polyblends’ as a f‘\.mc'c.ionQ

.10 15 20
PBW Lignin to 100 PBW Sealant -

of L loading in C, AA, NA conditionms.

Substrates: W - wood; O - mortar; ¢ - aluminum ., ~
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/ Figure 62 - Tangent modulus of L-A~ polyblends as a function
/ of L loading on wood, mortar, and aluminum.
Aging conditions: A -C; O - AA; [ - NA
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Yield Strain (3)

Yield Strain (%)

Figure

. Yield Strain (%)

AA

1 ] 2 1 1

0 5 10 15 20
/  PBW Lignin to 100 PBW Sealant

25

63 - Yield strain of L-A polyblends as a function

of L loading in C, AA, NA conditions.

. Substrates: 7 - wood; Q - mortar; ¢ - aluminum
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- of L loading on wood, mortar, and aluminum.
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1_5.7 Tension Tesiing of Lignin-?oﬁgurethane (E-PU) Polyblends '

. (feguired to vallidate thie hypothesi{’s. Furthermore, this

‘modulus with the addition of 5 PBW of lignin, whereas an

5.7.1 L-PU blends on aluminum susbtrates
Y ) o
* An increase in toughness, tangent modulus, and stress

‘énd strain at yield is observed for blends having 5 PBW'of

Szl e wc

lignin‘in the matrix (Tables 21, gg). Any additional lignin

added to the mixture increases_both the stress and s}rain at . f
yield, as well as the tghghness of the blend, buf not as S %
signif;cantly as was- shown for epeq&Eége blended with é@PBH o é
of lignin. The modulus is seen to progressively increase' ' é

with the addition of lighin; control sﬁeeimens exhibited an

P

N .
. .
Py i L7 S + s “
25 o il MBI Gutetivnt o em tF L LFE 1B S ahadom o BE BN S e S S

increase in mddulus of 5, 24, 51 and 92% with the addition
of 5, 10, 15 and 30 PBW, respectively, of lignin to the PU.
This data suggests ‘a 1inear correlation between the amount
of lignin present in the pelyblepd and the tangent modulus, . ¢
however, it is felt that the present data is insufficient to ’

establish such a relationship, and further testing would Be

i relationship is altered by the action of accelerated as well
as natural aging conditions, since it is seen that there ie
not as patterned a responsecin tangent modulus with the

addition of 1lignin in the blend occurring in these.

!
¥

specimens. For AA'specimens, there is e 10% decrease in

increase of 18% in modulus is observgd for NA specimens with
the same ligniﬂg loading. Despite the 1nitial« S
A ’ e . e ’ .

e
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inconsistencies, a more coherent -pattern may be estabiished

"/ for the effect of lignin addition on the tangent modulus of

stiffens the PU matrix such that with 20 PBW of lignin
: incbrborated in the blend, an average lncrease of 1001‘ih
-modulus fs achieved for all specimehs adhered to aluminum

) Substrates. o :

The toughness of L-PU polyblends increased by 18, 23;

Thereafter, the addition of lignin caused a siight drop of
17 to 35% in toughness with 10 PBW of lignin in the blend:

The initial increases in ‘teughness -are seen as a result of

h
increases 1n both stress and strain yield, which improved 8

" to 14% and 4 to 16$ respectively (Fig. 61, 62, 63) The loss
in’ toughness is largely - attributed “to a loss in yleld .

_ strain, uhioh ranged for specimens blended with 10 PBW of
lignin, between 16 and 2”1, in comparison to loss of yield
stress, determined to be almost 1nsignir1cant, in the order

of 0.to 8$

'AA and NA polyblends. Overall , the addition of lignin,

and 24% for NA, C, and AA specimens respectively. -

v .
DAL SN

e 055,
E




Polyblend
L:Ph

0:100
5:100
10:100
12.5:100

15:100 .

. 20:100

L4

_ Polyblend

L:PU

0:100
51100
10:100
12.5:100
15:100
20:100/

Table 21 - Toughness ﬁnd tangent modulus qf\ 1ignih-

pdlyurgthane polyblends oh aluminum substrate -

LN

42
518

362 -

371
358

224

2310
324

. 38
¥ 436
469

.. TANGENT MODULUS (KPa)

' 595

ol

TOUGHNESS (KPa)

Exposure Conditions

AA

446 |
555
362
273
266
251

at 5% strain -

Exposure Conditions

AA

7n | 269 .
2146
337
365

433

e

150

so9 /

>

NA

363
ues

413 -
- 395

NA

400

369
243
267

202
239 .
309
327

-




—_ - s —_ e
V4
e X ) *
i | Lo " YIELD STRESS (KPa) /
Polyb_lend Exposure Conﬁd;tions .
L:PU c AR . NA -
) .
. ) . 4
. -2 0:100 1191 ' 1191 . 1038
‘51100 1315 1281 " 1183
10:100 1225 .. - 1174 . 1186
12.5:100 - 1255 ‘ 1059 1 1214
K e T > '
15:100 0 ¢ 1283 1140 1078
20:100 L 146 1183 1167
- "\)
, . .. YIELD STRAIN (%) :
Polyblend - . . Exposure Conditions )
. ' L:PU : c . AA COMA 1
© . 01100 . 35.8° .~ 37.5 --38.5,
5:100 39 3.0 T BT
10:100 | 29.6 30.8° - .33.3 3
12.5:100 29.6 .~ . 25.8 30. 4 S
153100 219 23.3 .. 22.5- -
1201100 . 9.6 . . 213 - pz.g -,
Tablé 22 - Yield stress and yield strain-of l]:igninr

" polyurethane polyblends on aluminuﬁx‘substrates
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STRESS ( x10? kPa)
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Figure 65 - Tensile stress-strain curve obtained from

=

bontrol; L-PU polyblends.6n aluminum substgaﬁes.‘

Curve 1: L-PU, 0:100; 2: L-PU, 5:100; 3: L-PU,

10:100; 4: L-PU, 12.5:100; 5: L-PU, 15:100;
“6: L-PU, 203100

"
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STRESS ( x 102 kPa)

10~ 20 . 30% / 40
STRAIN (%)

e -

o e

L-PU polyblends on aluminum substrates, Curve 1:

b

L-PU, 0:100; 2 L-PU!_ 581005 3: L-Pd\, 10:100;

Py 4: L-PU, 12.5:1003 5: L-PU, 15:100; \\6; L-PU,
20:100; 'T: Control curve, L-PU, 0:100 - .
, C \ 4
. \




14

o

STRESS ( x 102 kPa)
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[ - T
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vllm 1 { 1 IIL‘L“‘J 1

10 20 30 40

50 - 60
STRAIN W

Figure 67 - Tensile stress-strain curves obtained from NA,

L-PU polyblends on aluﬁihumgéubstrates Curve 1:
L-PU, 0:100; 2: L-PU, 5:100; 3: L-PU, 10:100;
4y: L-PU, 12.5:100; . 5: L-PU, 15:100; 6: L=-PU,
20:1005; 7: Control curve, L-PU, 0:100
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5.7.2 L=PU polyblends on mortar substrates

The toughness of L-PU polyblends decreased for both the
control and AA specimens with addition of 5 PBﬁ:of lignin,
'In contrast to a 94% increase in toughness for NA specimens,
for the same lignin loading (Table 23). This decrease was
. also accompanied by a loss of'stra;n at yield, which was a
consequence of both the stiffening‘of the matrix as well as
the condition of the substrate‘surface; and the substrate as
a whole. For control specimens, the faildng mode was
dominantly adhesive in nature, placing a limit on the amount
of stress induced in the sealant. Thus, for confﬁol
specimens, it is observed thatlthe yleld stréss (Table 24,
Fig. 64, 65, 66),at 5 and 12.5 PBW 1lignin loading, are
higher thanthése for 10 and 15 PBW lignin loading,
underlining the 1nconsistency of the results, which piéces
emphasis ‘on the condition of the substrate surface and the
adhesive tenacity of L-PU polyblends to mortar substrates.
For mortar specimens subject to AA donditions, it was
observed that a considerable number of specimens had
extensive microcracking visible on their surfaces, and the
failure ‘mode of these specimens was dominantly initiated in

the pubstragé, being localized in zones of high stress

: \ L
concentration. ;The failure mode was then adhesive in nature. -

The deterioration of the mortar substrate was due to the
combined action of moisture on the substrate suqface,

brought about by condensation in the cooling chamber, and
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the freeze-thaw action of the AA process. This reduced the
abflity of the substrate,to withstand tensile testihg, and
moreover precluded tpb possibility of accqrateiy'assessing
the resuits. This 15 more easily visualized by considering

Figure 65, which show3 the stress-strain curves for AA

speciggpsfﬂin conjunction wiph the toughness of the
“épecimqns.(Table 23). It is shown that a marked

inconsistency in results is obtained for AA specimens, in

comparison to control dr NA specimens.

R}
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" ‘
TOUGHNESS (KPa)
.Polyblend - ' Exposure Conditions *
L:PU c - AA ' NA
0:100 7Y .. - 98 173
51100 402 59 S 336
10:100 357 ‘ 138 - . 233
12.5:100 393 - 63 285
151100 222 - 43 237
203100 246 22 132
TANGENT MODULUS (KPa)
at 5% strain '
Polybleﬂd Expoéure Conditions
L:PU o c AL NA
0:100_ 263 - 208 - 203 -
51100 - 307 238 199
10:100 366 ) 366 269
12.5:100 o 362 . 284 271
15:100 372 398 365
20:100 497 41y 354

Table 23 - Toughnéss and ‘tangent mddu;us of lignin-

polyurethane polyblends on mortar substrates
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YIELD STRESS (KPa)-

Polyblend ‘ Exposure Conditions
L:PU - c AA ] " NA
0:100 1203 ©ou5) 693
5:100 1237 128 915
103100 ‘ 1223 | 672 _ 875
12.5:100 - 1329 b1 - 1012
151100 1067 WM 1037
201100 1282 a1y 836

, YIELD STRAIN (%)

Egpbsuré Conditions

AA ‘NA

0:100 21.8 25.0
52100 . 32.5 13.8 36.0
10:100 | 29.2 20.6 26.0
12.5:100 29.6 . 1229 28.1
15:100 . 208 9.2 22,9
20:100 19.2 © T 5.4 15.8

Table 24 - Yield stre&g and yield strain of lignin-

\’}\A. polyurethane polyblends on mortar substrates
4
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STRESS- ( x 102 kPa)

1_0‘ 20 - 30 40 50 80
STRAIN ™

;-

Figure 68 - Tfnéile stress-strain curve obtained from
“control, L-PU polyblends on mortar substrates.
Curve 1: L-PU, 0:100; 2: L-PU, 5:100; 31 L-PU,
10:100; 4: L-PU, 12.5:100; 5t L-PU, 15:100;
6: L-PU, 20:100 ‘ .
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13 -3 g - ' -

STRESS ( x10? kPa)

31 ‘1 L Iy 41‘ 91 1 1 1 ]
" 19 .. 20 30 40 50 80
STRAIN 4.

-
. . '
:

Figure 69 - Tensile stress-strain curves obtained from AA,
L-PU polyblends on mortar substrates. Curve 1:
- L-PU, 0:1003 2: L-PU, 5:100; 3: L-PU, 10:100;
Y I;:-PU, 12.5:100; " 5: L-PU, 15:100; 6: L-PU,
20:100; T: Control curve, L-PU, 0:100
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STRESS ( x10% ‘kPa)

14

‘43

} 1 L 1.J

A3

10 20 30 40 50 - 80
STRAIN % . - -,

=4

Fi'gure 70 - Ténsife stress-strain curves obtained from NA,

L-PU polyblends on mortar substrates Curve 1t L-
PU, 0:100; 2: L-U, 5:100; 3: L-PU, 10:100; U:
L-PU, 12.5:10035 5: L-PU, 15:100;~ 61 L—P'lll, '
'20:100; ' 7: Control curve, L-PU, 0:100 |
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5.7.3 L-PU blends on wood substrates

the initiation of failure in the §ubstrates, which limits

. the strain to which the sealant may be subjected to,

( .
Lignin-polyurethane blends on wood substrates exhib{t

lower values for toughness, modulus, and stress and strain'

>

at yield, in comparison to values obtained from speoimens

adhered to aluminum and mortar substrates. This.is due to .

and

consequently reduces the ultimate stress and toughness of

these specimens. : o

i
\ e‘

However, in the case‘of control and AA specimens,

h Y -
increases in toughness wWerg observed with addition of 5 PBW

.of lignin:(Table 25), thereafter, the addition of lignin

L
g -4
-

caused a rgduétion in toughness.‘With NA specimens, there,
w;s a 16% loss o{ toughngss with the addition of 5 PBW of
lignin. The .higher wvalues for toughness of specimens ha?ing\
15 and 20’ PBW lignin can only be attributed to higher
suotained load:-at the‘lnitial substrate or wood failure.

fﬁe t@ngent modulus of control épécimens is observed to

increase 12, 37, 62,Nandr701 for lignin loddings of 5, 10,
]

.15, and 20 PBW, respectlvely (Table 25). There is, a similar

v
progressive increase in modulus with the addition of lignin,

ahown for both AA an pA specimens; for lignin loadings of

&

5, 10, 15, and 20 PBW th e are inereases in modulus of 11,

2

Mg, 94, and 123% respectively for AA 'specimens, and
1

increasda in modulus of 6, 35, 73, and 98% respectively ‘for

LAY

NA .specimens. The increased modulus is due to the stiffening»

. . T . - ,}
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AFe

" of the L-PU matrix, which causes higher yleld stress to

quelop(Tabie26),asobservmibytheincreaseof1u>t062$

.in stress at #ield for AA specimens of 5 PBW loading (Fig.

68). A further increase of 5 PBW of lignin loading increases
the yield stbess'from;ﬁ to 12% for AA and NA speqimeﬁs
respéctiyely, ﬁhereas there is a decrease in stress at yield

for all subsequent 1lignin addition in the case of control

specimens (Fig. 67, 69).
There is a loss of strain at failure with the addition

of more than 5 PBW of lignin, althoﬁgh this conditiqri is not

prevalent forvNA specimens which show-a general downward

trend, but‘g}th no\di;qeinable pattern in relatlion to the

‘amount of lignin presehtiih the .blend. Sincé fhe'yield
strain is to a considerable degree a fundtiqp of the initial

substrétg failure, which itself is dependent on the nature -

as well as the orientation of ‘the grain of the wood. 1t.is

understood that the data obtained for strain at yield often

does not -show copsistent trends,and may vary considérably-'

depending on the specimen being tested. -
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o - L TOUGHNESS - (KPa) . , .
‘/‘} l. ‘ . : o ‘ " ) AN i ¢

Polyblend. R ~'Exposure Conditions : ,

LPU T C L A WA
01100 . . 190 10 SRR
5:100 & JA198. - a6 . 148
| 105100 wo . v . om
o ‘12.5:.{00 o | 89. ; - ) "1_‘15 ) L 1136
151100 1000 12w 216

Coa \,.\ ‘20:'10\0 ' ’43‘ Lo I‘SO ‘ . 204

o ~ _ TANGENT MODULUS (KPa)

C e 4

e '
v .
VTN A o g Y 2 o SN Tt s ey 4]
PRIy e et DRI TR TR s B S s T S

“ . . - N
Sl QSRR O T T S Bl L e b R 0 SRR e

at 5% strain - .

. Polyblend - ' Exposure Conditions '
€ - Lipu ¢ R Y " Na

0:100 ' . 253 | Coo192. 13

\ks=1do, c282 - Cocoah 18

‘ 102100 a0 ase 23k
12.5:100 37y 322 23
15:100 - 410 _' a2 o 30
2011000 0w s e

Table .25 ‘..'Toughness and tangent modulus of li.gnin-"
po~Lyurethane pol;éh(ehds on wood substvat;es '
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° <
v . 3‘ . .
. IR ,
: " YIELD STRESS (KPa)
- Polyblend - - Exposure vt‘:ond.itiogg" '
o S we A NA
0£100 S 8ot . 550 S L
5:100 833 - - 893 . 682" '
7101100 " 800 .7 906 761
12.5:100 .~ 715 1766 - " qau
Casi100 - 802 0826 .91
20:100 ' - 575 64 ou3: f
YIELD STRAIN (%) “%*
A - - E
'Poly‘blend - K Exp'c;a'ure (.:ond_it:i'ons - , L
- L:PU - . om0 W | ﬁé
0:100 23.8 200 . . 265 j
51100 . 23.8 o1 21.7 A
. o10:100 1.5 S 200 - 22,5 . (g |
12.5:100 - 2.5 0 150 . 18.8 'ug-p
1151100 25 ¢ 5.0 0 235 - *%
20:100 ‘ 7.5 'A“ 7.5 CL 21T %"

Table 26 - Yield, stress and yield strain of lignin- ~

\d

s

. polyurethane polyﬁlends on wood. substraf:es

.
-
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. Figure 71 - Tensile stress-straln curve obtained from

control, L-PU polyblends on' wood substrates.
Curve 1: L-PU, 041005 2: L-}’U, 5:100; 3:.L-PU,
10:100, 4: L-PU, 12.5:1.00; 5: . L-PU, 15:100; .
6+ L-PU, 201100 |
N .
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Figure 72 - Tensile stress-strain curves obtained from AA,

L PU polyblends on wood substrates. Curve 1: L-

b L- -PU, 12 5:100; 5: L-PU, 15:100; 6: L-PU,
20:100; 71 Control curve, L-PU, 0:100 . . o
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STRESS ( x102 kPa)
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STRAIN 4l - .
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.
F"igufe 73 - Tensile stress-strain curves obtained from NA,
. L-PU polyblEnds on wood substrates Curve 1: L=
&§U, 0:100; 2: L-PU, 5:100; 3: L-PU, 10:100; =
| 7~ " i L-PU, 12.5:100; 5% L-PU, 15:100; 63 L-PU, |
2011005 T Control\eurvé, L-py, Oz100 . . ‘\.'
.. \ N | | o |
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5.7.4 Discussion and cohclusioﬁs

Small amounts of lignin blended with a‘polyurethane
seélant increase the toughness, modulus, and stress and
.strain at yield of the polyblend. Additional quantities of
lignin inco}poyatéd in the PU matrix qﬁe not seen as
beneficial’fgr the toughness of the sealant since too stiff

a blend causes higherlstresses in the zones located along

the edges and extremities of the sealant-substrate

‘ intehface.»A'stiffeF blend is characterized by an increase
1n‘mbdulus with 1ﬁcreé§ed polymer loading. Incidence of
higher stresses in failufe zones are borne by the decrease
in strain‘at yileld with lignin 1oadings above 5 PBW,

The tangenﬁ mOQUlué of L~-PU blends 1ncfeases
progress;vely with a"corresponding inerease in lignin
loadfhg for all specimens tested (Figures 74 & T75).
Furfhermore, at any given L loading, the modulus of
specfmens adhered to aluminum substrates 1is generally
greater than tbat of either mortar or wood substarates, and
in this respéct. the modulusjéf specimens adhered to ﬁortac
is gpe;ter than.thosé adhered to wood.

The’increase in modulus is to be #Xxpected sigce the
lignin acts aé a reinforéing'filler; wh}ch , as mentioned
previously; étiffens the blend. ’Lower values of modulus
bbpained for specimens adhered to mortar and wood substratés
is 1ndicative.br the mode of faillure qf‘these specimens,

which priﬁar;lnyaiied in the substrate. ‘Hence the type and’
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Pl

'subject the specimens to the efeects of moisture, hence this

the case of\specimens adhered. to aluminum substrates, there : .

ratlio of 5:100 (L:PU), and this condition is also observed

2

©

o}

[

FLT

the condition of the substrate- affected the test results, as
can be clearl& demonstrated in the case of AA mortar
spwcimens. The considerable deterioration of thesé

substrates due to the aging process rendered them unsuitable

5 4)&3@{‘2&&:.-‘&.‘,‘-.;‘@3;_7 .

for proper testing and evaluation of the blends.

Figuré 75 clearly shows a 1088 of modulus with aging:
there is a 20% loss of modulus in AA specimens, and a 30f
loss of modulus for NA‘sp;cimens in comparison to C
specimens. This indicates that the effects of NA are more

severe than that of AA conditions. The AA process does not

factor may in part account for the differing results betueen

i

aging methods. ' ' .
It has also been observed that the addition of lignin
reduces the loss of modulus in L-PU blends. Hence it may be

concluded that in general, the addition of small quantities

il
23
)
b
o1
&
4
o
i
4

of lignin to the L-PU matrix is beneficial in terms of both
strength and durability.

An analysis 'of Figures 76 and.77 reveals that, in
general terms, the yield strain decreases with the addition A

of lignin. This relationship is not cont imious since, in
is seen to be an increase of strain at yield at a blend

for other data as well (i.e. M=NAj; W-C; W-AA), It is
difficult to estéblish if this a phenomena particular of

specimens adhered to alum}num subgtratea‘or a general trend

[y
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that is ﬁ;evalent‘for all tested substrates, since the data
obtained from tests on mortar and wood is inconsistent in
this respect. Nonetheless, in‘the case of aluminum
substrates, the addition of lignin has clearlyibeen
beneficial. . %

The effect of Substrate type on thé values of yield
strain is evident from Figure 76. The highest‘percen?age
strains in ail aging conditions are those obtained from
specimens adhered to aluminum substrates, and the lowest
values\from épecimens adhered to wéod substrates. This is
an entirely efpécted result in iight of the failure criteria
of these specimens, which is dominated by the strength of

the substrate. Of course the exception to this trend is

7 .
found Ln\éﬁ_fggyéf specimens which have significantly 1owe§

values of yield strain than either aluminum or wood:
There'does not seem to be any apparenf.relationship
between the aging conditions and the yield strain as shown
. from Figure 77. ﬁhat {s evident is the 1oss of strain at
yield with increase lignin loading, except y as previously

noted, iﬁ the case of specimens adhered to aluminum
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., CONCLUSIONS AND RECOMMENDATIONS \\

: , o
6.1 ‘Conolustons @ o \,

. . ’
\ .t - . -
\

e

The"addition of 1ignin, in vafying proportions, to a -
polymeric based sealant, in certain cases increases the

tensile toughness, modulus, and stress and strain at

~ ° . R

yield.

The degree to- ﬁhich the mechanical properties are

-dncreased depends on the amount of lignin present in’the

mplymer matrix the type of polymer being blended and
the nature of the substrate to which the sealant
polyblend is adhered.

The addition of lignin toESupil-pased sealants.id not
eoneidered Eeneficial since the ﬁighen'modulus matrix'

()

does notpossese suffiéieﬁtv&dhesiye.egyéngtﬁ to

withstand minor joint deformations. Adhesive failure is '~

o

seen to occur at areal of high stress goncentration

lbcated at the edges of the sealant- subetrate

interface

. ' ’ Y
. The excellent ddhesive properties of acrylic-based

sealants provide sufficient strength such that'eohesive

failure occurs with the addition of up ‘to 15 parts

"1Lgnin in 100 parts sealant: Thereafter, any additional

lignin is seen to render the matrix so stiff aetx:éause.
adhes;ve failure along‘the sealant-substrate interface.

Lignin-polyurethane sealant b}ends are enhanced with the
) . i .

Fa
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4

addition of lignin. The adhesive tenacity of PU to all

L)

-.}he substrates enables‘thg continued reiﬁforcemenﬁ of PU,
‘seJlaht with the addition .of }1gnln. i;e"sgpength of the
# - sealant blend variés according to the type ggxsubstraté
fo whiéh it is adhered. ' ; iy ’
Lignin is considere?dtd act as a reinforcing filler - '
in a two-phase, polyme:i;;ibxpulqte system. Among other : s
éonsideﬁations,'the mechanicai properties are dependen;
on the interfacial- interaction betweeﬂ each phasé{
Evidence of two phase bghav&or is obtained‘froa LM, SEM,
- and D3C analysis. SEM photomicrograpﬁs clearly depﬁct
the differences between thé'morphology of lignin
particles and PU; The color contrast shown in
photoﬁicroprﬁnis of L-éU blen&é also shows. the existence
of two distinct phases. Einally, the similarity between
thermogfraphs of negt and blended sealants obtained from
DSC thermal analysis is indicative of two-phase R
behavior, since single bhase behavior wdubd—ﬁg;e shown a
shift or change in the,Té of the neat sealant in°

-

relation to the Tg of lignin. *°°

> N

-6. The curing mode of L-?U sealants is modified with the

™~

additfon of lignin. The initiél settiﬂg time is reduced
wifh the 'addition” of lignih; but the rafg of curing . i
remains constant, indicgting thah the matrix is hardéned -
in direct proportion to the amount of lignin preséﬁt in

the bleﬁd;vﬁoweve?, the rgte‘bf cure is the same fo 1 )
blend ratios, which suggests that the lignin d;;ijizk

« ~
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afﬁecﬁ the bhem{cal\curing‘process..‘
17. ‘The durability of the bleﬁded sealants, as measured by "
.+the change in mechanical properties of specimens subject
- to natural gnd‘accelerated aging programs, is general}y
" neither hindered nor imﬁépved with the addition of

© lignin,

4 )

6.2 Recommendations- o

. In contpast to L-B se;lants, L-A gealant polyblends
showed considerable improvements in strength with the
addition of lignin. It would be use?ul to confirm the role
“of. 1ignin in enhancing the mechanical:properties of L-A
o blends, by conducting a series of tests to establish their

‘phase behavior, their curing mode, and the effect’ of lignin

concentration on their durability. Phase behavior wou}d best

be analysed using SEM in conjunction with DSC. The- former

dethod would confirm multi-phase behavior by illustrating

the contrast betweén the moppholbgies of indiﬁidgal

-

components of the blend. In the.latter method, any
diver;ence\in the Tg of the polymeric matrix could be

. detectéd on a thermograph of the blended sealant. Sequence
_hardness testing pould provide 5 means to study the curing

\ _ mode of 'L-A.sealants. The durability of these blends may be
‘ establighed by a tensile testing progranm simila; to the one

used in this report. In order to achieve more conclusive

| 178 j,,.ww;.o.
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reeelﬁs, a greater ﬁumber of samples would need to be
tested, thereby 1no§éasing the reliability of the data.

In terms of L-PU -sealant polyblend.‘s,,1 a number of
recommendations with regards to further study may be made.
A more practical approach to the developpent of a

marketable sealant might include the following steps: \ }

i) Selection of a base polymerjformulation based on the gi

-

manufacturer's recomendations.

f.e. weight % of: base poly@er;

plasticizer, - -

sl
7
'

reinforcing agents, ,

-
.
]

other additives as required.

ii)Repeated formulation: of the sealant blend to verify
the most suitable laboratory praduction methods and to

establish reliability of the product Blend. ' ‘

i.e. test the curing and mechanical gharacteristicés of the

various sealant.  batches to insure the Tormulatioh is

consistant with the manufacturer's recommendations.

1i1) Modify the blend with the addition of lignin:
There'mey exist a relationship betweeq the‘quantity of
lignin (volume fraction) or 'the size of the lignin
particlee (specific surface area) and the corresponding
',change in mechanical properties of the blended sealantj
An analysis of the elastic modulus, tensile strength,
or other mechanical properties in relation to the

. volume fraction or speeific surface area of lignin

would beﬂgeneficial from the stan¢poiﬁ¥<of providing

179
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optimum mechanicals properties through brober sealant
formulation. . ‘ “ -
The quantity of other additives in the blend would be,
- ’ vag;ed‘to accomodate the inclu516n~of 1igAin; the weight
ratios of additive to lignin would Be‘monitered to
assess their impact on the éealant formulétion.
iv) Analyzé the.sealant fogmulatio in terms of its': i
- Morphdlogy , using the liéit microscope (LM) and .
scanning electron microscope (SEM).
- Thermal behavior and glass tganéition témperatdre,
using a differential scanning calorimeter (DS?).
- Mechanica} spectrum, using a differential mechanical
analyzer (DMA). ‘
- Chemical interaction with lig;ih‘?articles, using
nuclear magnetic resonance (NMR). N

~ %

v)TeEt the\sealant to determine:

< ) a) basic mechanical characteristiecs. X
f‘ o i.e. - - nominal adhesive, coheéiye, and shear
strength;

« elastic modulus;
-~ S38tress relaxation paraméters;
- Poisson's ratio.
b) characteristic curves based on mechanicalﬁtesting at
various témperatures.' }
. c) durébibity to natural and écceierated aging
processes based on avmethod which siqulta&eohsly

ages 'and stresses (tensién or compression) the

180
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. P .
ey
\ D e ememcmet . . a m——— PR PRI
' '

sealant: The Institute for Research in Construc#ion, a

' division of the National Research-Counoil of Canada, ha$g

‘constructed an outdoor weathering rack for sealants,
which relies on the different thermal expansion
coefficients between metals to cause sealant stresses
(39) The rack is arranged such that, upon temperature
ohange, the differential movement of dissimilar metal
bars, provides the necessary expansion or contraction of

the .sealant bead. .The\length of th testing rack

required to perform these tests 1is qufte‘long. A more
v

compact appaﬁatus, based on a device suggested by K.

: Ké%hati (40), ﬁould be 'more advantageous, sinte AA and

NA tests could be conducted using the same.app ratus,
péssibly. enabling the correlation of AA and NA\ test
results. Such a device would be equipped to tgst
numerous specimens in a single test series, providing a

statistical basis from which a correlation program might

be established. An elecpromechanical link: could easily’
~equate the temperature at thc sealant surface to a

predetermined‘ektension of the sealant bead. Thus

sealants would undergo thermal and mechanical

)

1

) f
cyclic testing simultaneously.

vi) Test the sealant to meet the,requifed government

standards.
The following 1ist of sealant performance

f

characteristics, based on ‘ASTM standards, does not
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. represent the entire range: of tests required for

government approval, however as a part al/_lst, it ddés'

demonstrate the wide range of tests fo whioh sealants
‘must be subjected ln order to meet yequired government
standards. o . /
a) staining and color change {C 510 - 71)
b) extrusion rate and application life (C 603 - 69)
¢) rheological properties (46639 - 69)
"fm‘d) indentation hardness ( 661 - 70)
e) tack-free time (C 679/~ 71) .
f) low-temperature flexibility
and tenacity (C 711/ - 72)
"X\ &) bubbling (C 712 2
“h) UV - cold Box ex osure‘(b“Taa - 72) ”
i) effects of heat aginé on weight loss;'craeking,
94 - 75) |
J) adheslon-in- eel'(C 794 - 75)
k) slump (C 22¢2 - 73)

and chalking (£

vii) perform a pradyction cost analysis of the the sealant
formulation in considepation of the cost of lignik'to that
of the base polymen/

Although the gbove o) e is quite general in nature ;W

' nonetheless provides a framework from which a more detailed

progran might/be established. Of course a cost-analysis

need not be p rformed in the final stages of this program as

it may be peneficial to establish earlier on, the cost

W

effectiveness of blending lignin with various sealants.
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. . 8.1 APPENDIX.1: el . \ : ' :f‘ .

. .
{ (8
Lo , - Doal . ' ! . ~ B ’ .= o .
/ . Ter?p. _Specimen Casting, Curing and Testipg Record S -
b , . Polymer - Quantity of Samples Event ('Déte,).’ Cure .
Co, Typg élend Cast on' Substrate Tybe. Ca}sting Test.'ing £ of ’
(%) AL M W Total . : ' Days .
P PVAc * 0 2 2 2 - 6 30.01.85 04.02.85 5 - o
mooq0 2 2 2 6 "o L o
no 'o ~2 ¢ 2 ) 2 6 " "o " 7
’ w10, -2 .2 2 6 noom "
A o :
" a‘ . ‘ . ",
P A 0 - . 4 - 4 18.02.85 11.03.85 21
x fn 0 -";3,: - 3 6 " 30.04.85 71
-+ n 10 : 3 ' " - 3 '6 " - . " . . 1] ”//
n 30 - y = Ty L ‘o
. I's ) « °. . /’/’

18.02.85 11.03,85 21 -
"o 29.04.85 70
4

-~ - no 2 :| - - 4 "' 1 , ° ':
P - .
n " i

. n 10 . 3 b - 3 L "

onoo 0 - - " "

>

© % Test Designat'ion. P—preliminary,/AC accelerated curing,

AA-accelerated aglng. A-na&dmal aging; C-control
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* Polymer = Quantity of Samplesl' Bvent '(Date) Cure
! Type Blend Cast on Substrate Type Ca‘sting Testing K of
(%) AL M W Total ‘ Days
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18.02.85 26,02.85 8

f " T oon

O -$ \O

P S o 3 3 3 9 18.02.85 26.02.85 8
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°
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‘Quantity of Saniples,")‘ Event (Date)s . Cure L
" Type Bfend Cast on S.ubstrate Txpe ‘Castiné‘ tT'es’ting B of ¥
‘MM WS Total ' _ Days-
1 ’ ' " v ‘\
6 6 6  18.04.0385 15.04.85 42
6 6 6 LT S T
6 - 6 +12 08.03.85 22.04.85 45
;.. 6 PR 6 n‘ . " o 0
6 6 6 18 M 25.04.85 MB
6 6 6 18 n 26.04.85 49
6 6 .-6 _ 18 17.05.88~17.06.85 31 .
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Polymer
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* ' Polymer Quantity of Samples Evexit~l(Date5 Cure
i , Type Blend Cast on Substratﬁ T;rpe Casting Testing . £ of |
e L (%) AL M W’ Total .7 pays .
AA,PU O 6 6 . 6 18 02,07.85 07.03.86- 248
v . .m 5+ 6, 6 6 18 M 10.03.86 251
“ | " 10 6 6 6 18 . "™  14,03.86 255
o o12ls 6 .6 ;6' 1 " 17.03.86 258
w15 6 . 6 6 ¢ 18 " 18.03.86 259 °
A "™ .2 6 6 .6 18 m 19.03.86 .260/ -H -
o - .'NA PU O & 6 6 ' ,18.03.07.85 07.04.86. 278 ‘
. ) ", 5 . 6 [ 6 18 " . fn ,. n v
& 10° .6 . 6 6 18 S " " \
" 12,5 ,6 6 .6 %18 m omnow )
w15 6, - 6 "6 18 " o "
N 20 V6 ; 6 6 13 'nf' n
1 NAA 0 .6 6 & _ 18 04.07.85 08.04.86"
n - 5 6 6 6 18 " ' n "
o - - . __— . ' . : -
A A [ 6 - 6 18 "
- om0 12,5 "6 .. 6, .. 6 18 "
" 115. 6.6 6 18 .n
- " 20 6 6 6 18 »
* Test Deaign‘ati‘onziP-pre"‘.ii"ﬁ'inary; AC-accelerated curing;
- " " Ah-acceYerated aging':‘.N‘A—natural aging; C-control .
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* Polymer = Quantity of Samples Event (Date) ~~Lure

Type Blend Cast on Substrate Type Casting Testing "B of

K P

i (%) - A M W. Total - Days
S o

AR B D 6 6 6 . 18 08.07.85 26.03.86 261 g :
" 5t 6 6 6" 18 .M, " “n o I
v 6 6 66 18w o E

v oa25 6 6 6 -8 LI !
‘o156 66 18 v KRS R
" 20 6 6 ..6 18 LA )

N B 0 6 6 | 6‘_ 18 09.07.85 09.04.86 274"
" 5 6 6 -6 18 nom
w10 ka 6 6 18 n " K f
o256 6 6 18 4v " "
"5 6 6 6. 18 o " "
" 20 6 .6 6 18 " n "

M K. 0 .6 6 -6 18 12.07.85 20.03.86 251 ]
" 5 -6 6 6 18 "  21.03.86 252 "

" 10 6 . 6 6 18 " 211;03.86 255
" o125 6 6 6 18 "  25,03.86 "
" 15 6§ 6 6. 18 o  m n
m 2 6 6 6 18 v o
. . . o L | |
\\\l\;\‘ ) ) * Test besignation:\P-prelfminary; Ad;éccélerated curing; Y
ﬁAA—acoelerateq aging: NA-nathral aﬁing;'C-céntrbl
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(%) AL M W . Total Days
' ¢ o 6 6 6 18 17.07.85 07.63.86" 233
no50 6 ‘..6 6 18 »  10.03.86 236
’ * 1 6. 6 6 8. " 14.03.86 240.
.. ®oras .6 6 6 18 M. 17.03.86 283
o . w15 6 .6 ' 6 18 " 18.03.86 2u4
F | 7 w20 6 6 6 18 " 19.03.86 245
C A 0 6. 6 6 ° 18 19.07.85 20.03.86 2uu
4 w5 6 6 6 18 M  21.03.861 245
" 10 6 6 6 187 "  24.03.86 2u8
" 125 6 6 . 6° 18 " 25.03.86 249
“ 15 6 6 6. 18 weoootwo
n 20 a 6 "6 6 18 " " "
c 8 o0 6. 6 6 18 23.07.85 26.03.86 246
w5 6 6 6 18 w - "
.- n 10 6 6 6 _. 18 " m "
” v 12,5 6 6. 6. 18 mo S ",
. ' “ 5 6 6 6 @ n n
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#  Polymer "Quantity of Samples Event (Date) Cure ?
. Type Blepd Cast on Substrate Type Casting Testing E of ‘
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' : - , BRI
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» " .‘ o 10 _‘ - “ . - - s 10 " " ‘ " &
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8.2 APPENDIX 2

Curing Test Squence andAHardnesS'ﬁata fbr L-PU Blends

]

+

Polymer Type: L-PU; 0%
Casting Date: 23.07.85

From

Casting Durometer Hardness

Hrs.

25
48
72
144

185,

216
405
911

1519 -
2853 -

Average

Al

At Delay Time

" Os

6.2

20.0 .

34.5

4y.5

46.8
49.1
46.5
50.0
48.3

58.8 .

10s

1.7

15.1
30.0
39.3
41.3
1.5
39.2
42.8
43.2
55.4

60s

0.2
12.9

27.3
36.3

bo.2
38.7
37.1
40.7
41.4
52.8

o

Polymer Type: L-PU; 5%
Casting Date: 23.07.85

From

Average

Casting Durometer Hardness

At Delay .Time

Hrs. Os
24 6.2,
21 9.5

“uz 23ﬂ2
56  31.7
72 140.0
144 46.7

216  47.5

‘407 43.0

1913, 49.5
1517 53.0
2853 '55.3

194

10s

0.7

3.2
17.6
26.7
34.0
39.6
40.9
37.9
42,7
47.7
51.2

>

60s

0.0 -

1.7
15.1

241
. 31.0
366
38;1,‘
35.7

40. 4
44.9
l“9.6
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_Polymer Types L-PU; 10%
Casting Date: 22.07.85

From

Casting Durometer Hardness

Hrs.

22
25

32
48
72
168
216
408
936
RELE
' 2950

Average

At Delay Time

Os

8.0
13.3
21.2
37.5
39.5

. 50.0
50.2

52.0
54,8
52.8

57.3

108

0.7

5.1

13.9
28.8
35.2
43.6
45.1
47.0
47.5"
47.8
54.2

60s

0.0

3.0
11.0
" 25.5

32.3

40.8

42.2
BY.0
Ul
45.6
52.3

l.ﬂQS

Polymer Type: L-PU; 12.5%
Casting Date:

From

C?sting Durometer Hardness

At Delay Time

Hrs., = Os
20 8.8
24 18.3
41 30.7
| 65 42.8
'} 113 51.7
185  U46.2
425  50.8
1033 53.2
1618 56.0_
3048  58.8

10s 603
v0.6 0.0 '
6.6 4.3
©23.6 " 21.2
35,2 32.6

Cy2.4  39.7 ///

7.y usy;/‘ .

18.07.85

¥

Average

40.1 37.5 //
45.6  42.9 //
49.6 u47.8

Ve
56.1 /;su;a
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/- From

Hrs.,

20

. 40
‘ / 64
’ aj * ‘ 112

208
376
784
1648
3069

Y

At Delay Time

0s

10.6 .

' 20.3

39.5

51.2
53.7

- 53.7.

"56.0
55.8
57.7
56.7

v

// Polymer Type: L-PU; 15%-
)// | Casting Date: 17.07.85

10s

1.9
8.1
28.1
38.1
44.8
46.9
ug. 4

\
‘47.9

52.7
53.5

Average

Casting Durometer Hardness

60s

5.8
24.7

©35.2

43.7
hy.1
46.4
45.7

50.7
52.0-

. 196

Polymer Type: L-PU; 20

Casting Date: 16.07.85

From

Casting Durometer Hardness

Hrs.

19

20
. 24
' 38

64
112
208
400
807
1672
3091

.
t

Average

At Delay Time

Os

11.8

15.0
20.5
39.8
50.7

- 50.8

57.3

59.8

57.0

54,8

61 .0
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10s

1.2

™

4.0
5.7

30.1

41.3
“u3.8
50.4
52.2
49.3
50.2
58.0

60s :

2.0
3.6
26.9
38.7

40.9
HT.5
99.0’

gjﬁo
18.5
56.0
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