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The results were compared with the aid of gravimetry.

Phlobaphenes are known to be precipitated in the
presence of a concentrated mineral acid such as
hydrochloric acid.> In addition, it has been found
that large quantities of sodium sulphite can also
effect the precipitation of phlobaphenes from a tannin

solution.

To solutions containing a known quantity of pine
ious known volumes of concentrated

l WA I REEwIYVas = R

hydrochloric acid were add A1)
resultant red phlobaphene precipitate could not be

o
~

filtered but was centrifuged and the phlobaphen

dried and weighed. (Table 2.2.1 and figures 2.2.1
and 2.2.2). As the gquantity of acid added was
increased, so the precipitated phlobaphenes
increased. However, the percentage increase in
the precipitate mass decreased. This indicated
that a saturation 1level could be reached above
which no further precipitation would occur,

““““‘Probabiy*—since——cemplete—phlobaphene formation had

been reached.

b) C11 Tl dem smamamdnidadrian

Solid sodium sulphite was suspended in a small
volume of water (1-2ml) prior to its addition in

varying known quantities to solutions containing
known amounts of pine tannin (cf 5.4.2). The
phlobaphene precipitates formed were light red

d acid

brown in colour compared to the brighter re
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precipitated phlobaphenes. This possibly
indicated that a different mechanism and slightly

different structure had occurred, compared to

uced by acid. These phlobaphenes were

also too fine to be filtered and thus were
centrifuged prior to drying and weighing. The
results for the sulphite precipitated phlobaphenes
are found in table 2.2.2 and figures 2.2.1 and
2.2.2. Once again a systematic increase in the
sulphite added did not result in equivalent
increases in the precipitate observed. Initially,

— the sulphite may have been involved both in

solubilising the tannins due to the opening of the

heterocyclic ring and in precipitating

phlobaphenes in its :

sulphite was increased, the precipitating fu nction
1 arra 111 n t es of

was more important. when large quantiti
sulphite were added, the percentage phlobaphenes
precipitated from the tannin solution did not
increase markedly. This so, since the high
fractions were rapidly

molecular weight
precipitated and the

fractions, whilst they may have
molecular weight, were still small enough to

jower molecular weight
increased in

2:2.2 wm@mwﬁﬂmm

The ammonia was added
Solution prior to the addition of ei
the sodium sulphite (cf 5.4.3). Ammonia

base with a single lone pair of
entreona——————————————————————————
allowed it to react with a carbocation C

he acid or
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tannin molecule. However, the resultant NHZ-tannin
complex had not altered the effects on the nitrogen

centre markedly. Thus, the reactivity of the molecule
was almost as high as that observed for the first

reaction. This allowed a second tannin molecule to
react with the complex and resulted in an unreactive
compound - tannin-NH-tannin. Thus, the molecular

weight was increased on the addition of the ammonia,

observed in the agglutination.

a) Acid- . ipitati

decreased (téble 2.2.3).
As the pH decreased, an increase in th

g
of phlobaphenes precipitated was expected
the increasing presence of acid catalyst.
Using the precipitate masses obtained using acid
only in the precipitation, the effect of the added
ammonia could be examined (table 2.2.3).

A decrease in the percentage precipitated

phlobaphenes was noted. As the quantity of acid

— was increased so the precipitate mass increased,

with one exception. When 0.064 moles HC1l (2 ml)
~lution containing 0.012 moles

P -3.3_.3 PR ha o
P N vhe B e == S

was added €O tTine

a dréﬁﬁtiC*—deefease——inggthe

- only 75% of the
inad Since this

ammonia (1 ml),
precipitate mass was noted

expected precipitate was ob
value does not fit into the trends followed by the

other solutions, it can probably be explained in
terms of experimental The results can be
seen in table 2.2.3 and figure 2.2.3.

error.
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S ite-
On addition of the sodium sulphite suspension to
the ammonia containing tannin solution H was

fairly high (g¢f 5.4.3). This in
in the presence of any acid catalyst. However,
the precipitate masses obtained here were higher

than expected (table 2.2.4, figure 2.2.4). The

high quantities of precipitate decreased as the

sulphite concentration increased.

Thus, the precipitation occurred due to the effect

of the ammonia in increasing the molecular weight
—Wﬁﬁ—-weeeof_theﬁuﬁﬁniwy—
of the ammonia to form a bridge between tannin
molecules, thereby increasing their molecular
weight was noted. At high pH values, the
of the RNH,, fraction was almost

) ’ _ o mu‘l
k1L

reactivity

equivalent to that of the ﬁHB However
PH decreased, the reactivity of the RNH, group
thus the molecular weight increase was

The influence of the sulphite was
the pH

decreased,

smaller.
twofold. on increasing the sulphite,

_ decreased slightly and this caused a noticeable
decrease in the precipitate mass because of the

effect on the ammonia (see above). In addition,

iiadialY A rasa

the sulphite wﬁnpioyed—inm dual funcj:ion of

redissolving and precipitating the phlobaphenes.

Thus to prevent the precipitation of phlobaphenes,
lower PpH

sulphite and ammonia,

using sodium
conditions must be induced.

From these results it can be seen that ammonia i s
not successful in preventing the precipitation of

~ phlobaphenes when sodium sulphi present.

te .La bl.Lv ......
Since sulphite and not acl

4 is used in aiding the
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industrial extraction of pine tannins, ammonia
will not effectively increase the yield of the

extracted tannins by preventing the formation of

phlobaphenes.

2.2.3 Effect of Urea on Phlobaphene Precipitation

Urea was added in solid form to the tannin solution

and with stirring, dissolved with ease (¢cf 5.4.4).
None of the vhveical characteristics of the solution

""" e A wdie PAdY o a - At e =S

appeared to have altered, neither was there a great

change in the pH which remained in the tannin region

of 4.4,

a‘) EQj d_-!”: s _ 2. e

As the volume of acid added to the tannin-urea
solution was increased, the effects of the urea in
inhibiting the phlobaphene formation became more

noticeable (table 2.2.5, figure 2.2.5).

The inhibition of tannin condensation and
phlobaphene formation could be explained as a
combination of two effects. The urea was able to

444—————react——rapid}y—withgearbocationic centres presented

to it by the tannin molecules. In so doing, the

1able to the tannin molecules

_ formation to be experienced.

+he
for self-condensation were reduced. — After the

first reaction, the reactivity of the second

- ar vnﬂ A AdAu
reactive site of the urea was greatly reduced due

to an alteration in the electronic effects. Thus,
urea was not involved in jncreasing the molecular
weight of the tannins to the same degree as the
ammonia had been. This allowed less phlobaphene

J‘um

To a lesser ae&gree,
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to the pH changes. On the addition of the
smallest volume of HCl (0.5 ml), there was a very
~ ' slight change in the acidity of the solution but
this was too small to be noticed in any great
decrease in the quantity of precipitate obtained.
As the volumes of acid added to the solution
increased, it was noticed that the drop in pH
expected, did not occur. This implied that a
buffering effect by the urea was encountered.
Whilst the urea was less effective than the
ammonia in preventing a dramatic pH drop, the
effects on the phlobaphene prevention were very

a results demonstrated

that the phlobaphene formation reaction was acid
catalysed and by decreasing the acidity of the

solution, the reaction could be inhibited.

b) Sulphite-u pitati

On the addition of sulphite to the tannin-urea

different pH effects were noticed. 1In
the

solution,
_____the presence of small quantities of sulphite,
pH was increased quite markedly. AS the quantity
he urea was less effective
induced

of sulphite increased, t

in altering the pH from the sulphite

value, which increased as the sulphite increased.

Despit the i ase in p ive
Despite the increaseée in pH, the urea was effect
induced

in partially inhibiting the high PH
phlobaphene formation (table 2.2.6, figure

2.2.6). This could be explained—by—the—reaet;on4444444444444444447

a and the tannin molecules (cf

between the ure
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2.2.3, ) A decrease of up to 40% in the

o

2t +h
< <
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1
with sodium sulphite only, was achieved. Thus the

remvnves WA T
“d Wi

urea was able to inhibit the phlobaphene

formation, not only by altering the pH but also

due to its chemical reaction with the tannin, as

seen in the results obtained in the sulphite

precipitation reactions. the reaction between the

urea and the tannin could have been a reaction

similar to that occurring between formaldehyde and

tannin. The alcoholic groups could leave the
—————————phenelie——ring——under—thegacidic4cQndiLiQg§4@n@;thggggggggggggggggggi

urea could react via its nucleophilic centre,
attaching to the ring as a -C(NH2)20H

functionality.

......... Aandtwratian

'E- f:‘ggt ; E— !! s PR - - "

Having established that urea was very effective in
decreasing the phlobaphene precipitation,
variations in the amount of urea used, Wwere
examined to establish if there were any urea

concentration effects.
As the quantity of sulphite added was increased,

the percentage of the tannin precipitated from the

i i figure 2.2.7)

With a few exceptions, as the amount of urea added
to the solu was increased, so its
effectiveness in depressing the phlobaphene

Wwhen the

formation . became more noticeable.
~west gquantities, the

sulphite was present in its lowest qua the
urea seemed to be most effective in reducing the

hlobapniée in
precipitation of the phlobaphene A decrease

ted (table —
the phlobaphene yield of 75% _was not

Q
~—
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. The initial quantity of sulphite was

Yy 3% by mass of the tannin solids in

the solution, and resulted in 6% (by mass) of the

tannin solids precipitating as phlobaphenes. On

the addition of comparatlvely lar iti of
- urea, (2 g or 26% on tannin solids), the

=T

precipitation was decreased to only 1.6% on the
tannin solids. While the loss of some precipitate
may have occurred during centrifugation and the
removal of the precipitate from the tubes for
drying and weighing, the variations between the

~ sample losses was probably quite low since the

same procedure was used in each case.
As the amount of sulphite added to the system was

44444444i“CréHSéd7"the"urea*s——preveﬂtien——eﬁfectsghecame
less 1linear. This may have been attributed to

errors in the experimental procedure, or to a

masking effect where the high percentage of
sulphite added wmay have adversely affected the

1 mbnarmh

ability of the urea to prevent phlobaphene

formation, since there seemed to be little

comparison between the amount of urea a

its effects. In addition, the tannin solution
consisted of so-called ngulphited tannin",

————————Extraeted——ﬁrom—thegbark using 2.5% sulphite on the

dry bark mass and then reacted with a further 2.5%
sulphite (on the tannin mass) to improve the

solubility of the tannin. The presence of this

extra sulphite in the solution, prior to the

addition of the urea and the sulphite in the
ve had some

precipitation reactions may well ha
influence on the lack of linearity of the urea

effects on the phlobaphene preCIpitation.




Despite these complications, it can be seen (table
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be optimised for specific conditions.

” ”

Bark
The bark used in these tannin extraction experiments
__was obtained from the Knysna-George region in South

Africa, from trees 20-25 years of age.

—2.3.1 Standard siti

[+

~—

=t o2 . & soem M s m

f I ,, N .
In setting up these extraction experiments, it was

debated whether the reported 2.5% sulphite used in
the extractions was based upon the mass of the
water used in the extraction, the bark mass or the

mass of the tannin expected to be recovered.

—  extract  masses — seemed to indicate

Each of these variations was tested 1in the

The resultant

soxhlet-type extraction (¢f 5.5.1).
that the

sulphite used should be based on the mass of water

Subsequently, it was

discovered that the calculations should have been

based on the mass of bark employed in the
extraction. For this reason, experiments were
performed in Chile to obtain correct data (cf

[~ a2t i 2o the
5.5.3, 2.4). In addition, the masses of the
na

in +he extraction.

nseod 4 -
= in wiiS Xeracul

additives (phloroglucinol, urea an
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m-phenylenediamine) were also calculated according

o e - — e gy 3 PR S o e Ml ~ ~ - PR
(%39 vile mass oL walter ubeu . \ 1Taples LeJd.l aAllQ
2.3.2). The mass of water used was approximately
4-1-\ .l. Py s meee e e de e o delnmen delroa mmoamoa AL olia luoels
CilLL LEC]] c;meb greucex Lliail LlicT iasSs Or ciieé OarxK

and the tannin yield obtained was established
using UV-visble spectroscopy. (c¢f 5.2.2, figure
2.3.2)

b) Establishing the optimal temperature conditions
for the bark extraction

It was known that the conditions for the

extraction of pine tannin from the bark included =~ ==

the operation at 70°C although the extraction

timn ryen o seealren Trm +hocoe er _,ents it was
aue wao ullnllv'll . LT 2] AN

decided to operate at 70°c  for three hours as

the standard conditions.

A comparison to see the effect of temperature
the extraction showed that operating at both
50°%¢ and 100°C gave results for the extraction
improvement on those obtained for

which were an
the 70°C extraction (tables 2.3.1, 2.3.2).

This result was in direct contrast with results
obtained at the University of concepcion,
Chile.?3 and could be due to one of several

———— ~ § maa

factors.

i) The variation in the bark of the p;nuﬁ_rgdza;a

species owing to different climatic conditions.
extract the

ii)The different methods used to
bark.

C) Extract properties
N PR Ar A c

~ In all instances, the resultant extract liguor was
pale yellow-brown in colour, not the expected dark
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tannin brown. After drying the solutions, the

crvetale wara alen chadee of \nﬂ low and pale
Nl J W A de T VW de W A LNA N B N e F P el eie v VY e —-—

brown. In addition, if an additive such as urea
ncl had been used, these crystals

were visible in the precipitate and had to be
taken into consideration when calculating the
vyield of the extraction process. Generally, the
precipitate was not —completely dry after
evaporation of the extraction liquor. Thus it was
necessary to establish the mass of the precipitate

using gravimetric analysis.

In some  instances, the precipitate was not

homogeneous and sampling errors were encountered

during the gravimetric analysis.

—————— === H @

d) W-visible spectrophotometry
In order to establish 1 of [
tannin in the extracts, UV-visible
spectrophotometry was used (cf 5-2-2);
Dissolution of the solid extract samples proved
problematic, since they appeared to have undergone
some physical changes during the removal of water,

resulting in incomplete solubility. However, the
undissolved fractions were filtered and weighed

~ and were found to contain less than 1% of the

sample being analysed.
obtained Dby measuring the

s of

A ey de P IT R an ! 'A nLrad
‘2 a\.auual.u UL L A1

absorbance of a series of pine tannin solution

known concentration. The resultant curve obtained
~ oy and allowed the

obeyed Beer’s law (figure 2.3.2) anc az=% o
determination of the tannin content of e

extracts.
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Top e
extracts, samples of each extract were dissolved
£

and U B - |

and mixed with formalin and acid (¢cf 5.5.2). The

combination of the formaldehyde in the formalin
solution and. the acid would allow those samples
containing urea to gel due to both the reaction of
the urea and less importantly, the tannin, with
the formaldehyde in acid conditions. However, the
conditions did not totally preclude the tannin
from gelling without the presence of urea.

—Interestingly, — the —extracts obtained at

temperatures other than 70°c did not gel
ure induced effects.

L2 - el

 Those ewtracts containing phloroglucinol-and som
Those extracts containing P e

conditions. - However, certain urea-c
extracts did not gel. The reason for this lack of
gelation could be attributed to a low
concentration of urea which may have encountered
some steric hinderance. In addition, if the urea
 concentration had been very high, the possibility

of a second cross-linking with the tannin, such as
experienced with ammonia might have occurred,

444444“16Wéfiﬁq“tﬁé“reactivity——ef——theggurea with the

The possibility of non-homogeneous

formaldehyde.
samples could not be excluded and these may have
contained large quantities of unreactive

components from the pbark extracts.




2.3.2 Comparing the effects of phloroglucinol and
m-phenylenediamine ___ on the extraction

efficiencv.

a) m-Phenvlenediamine

444""‘Whén“m:phéﬁyiénédiamiHE“WaS"ﬁSed4—iH—additiOn—tO——444444444444444447

2.5% sulphite (on the mass of water) the

extraction yield of tannin appea

ten times (¢f 5.5.1, table 2.3.1, 2.3. ).

However, the extract was darker in colour than the

others obtained. This colour was probably due to

the colour of the m-phenylenediamine itself. The

colour effect of the m—phenylenediamine may

explain the relatively high tannin concentration

(26.66E-2g/1) since it may affected the light
~— absorbance of the sample (g¢f 5.2.2). However, the

reactivity of m-phenylenediamine is known to be

high and this too could explain the large
proportion of tannin extracted. mPhenylenediamine
it did not

was only used in one extraction since

dissolve completely and was prablemativ during the
extraction, causing blockages in the pump. In
addition, it is fairly costly and toxic,
minimising its desirability for industr

®) Phloroglucinol

Phloroglucinol was used in t
interesting observation made, was that there was

very 1little change in the yield of tannin extract

obtained despite the variation in the quantities

of phloroglucinol used and the extraction time
employed. In each of the e rractions, the yield

of tannin increased between six and seven times,
only extraction (tables

ial use.

hree extractions. Aan

compared with the sulphi

L o -
L= =




2.3.1, 2.3.2). Again, the similarities between
the phloroglucinol and the tannin structure may
have caused interference in the absorbance

spectroscopy, especially since the mass ratio of
the bark to the phloroglucinol was relatively

[]
tannin concentrations obtained were three times
n that obtained with m-phenylenediamine,

=2
AACAL S 1464 - NI DS A Al s -—aa

the absorbance interference was probably less
important in the case of phloroglucinol.

2.3.3 The effect of urea on tannin extraction

The extractions with urea were repeated using varying
quantities, times and temperatures. (cf 5.5.1, tables
2.3.1, 2.3.2)

a) Effect of varvina the extraction time

At 70°%, using 1.5% urea on the mass of water

used or 20% on the bark mass, a variation in the
o three hours had a

(tables

extraction time from one hou
marked effect on the amount extracted

5 ~ =« " A o m-» one hour extraction yielded
6"’""’ ‘l-’.‘)o LIS ViIS iaveaa

]
o

very 1low amounts of tannilin. n

tannin obtained in the sulphite only (th:ee hour
i ~f Tath

was obtained in the presencé oi UL

extraction
) The lower yield

sulphite and urea for one hour.
was probably due to the decreased time ‘of
extrac;ion, ;ince in the three hour extracti?n
using both the urea and the sulphite, the tannin

——Yielded had doubled.
After two hours, the presence of the urea appea?ed
to have no increased effect on the extraction

aala'v j 1

(2!
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process compared to the extraction using sulphite
this apparent lack of increased
,,,,, bly due to the shorter reaction

only. Agai

time rather than due to an inefficiency in the

self-condensation blocking effect of the urea.

b) Effect of varying the urea concentration
Variations in the quantity of urea used in the
extraction yieldéd interesting results (tables
2.3.1, 2.3.2). on halving the urea in the three
hour extraction, the total tannin yield was seen
to quadruple when compared to the extraction
containing no urea. This increase in the

444——————extraetien——yield——whilstggdecreasing the amount of

urea seemed puzzling and was explained by the
that urea too has its optimal value in

the extraction process.

The function of the urea in improving the

extraction was probably in preventing the tannin

molecules from self-condensing with each other due
to the elevated operating temperatures, and

precipitating within the park, prior to being

extracted. Oonce the urea was increased beyond its

~ optimal value, the extraction yield decreased

to interference effects by the
causing the formation of larger

molecular weight tannin compounds which were

unable to be extracted from the bark.
ur eduction in the quantity of urea used,

A further reduction in
(25% of that used originally), resulted in the

same quantity of tannin being extractgd as with

owing, perhaps,
urea on itself,

the original amount - i.97——twiee—ehatﬁobtaingd

with only sulphite present in the extraction.




c) Iemperature effects
At both 50°C and Luuob, the extraction yields
were higher than at 70 C, for the extractions
containing only sulphite in the extraction

liquor. When urea was included in the extraction
liquors for the extractions at these temperatures,

interesting observations were made.
In both cases, the urea caused a decrease in the

tannin extracted although the resultant extract
was still higher than that obtained at 70°cC.

i) 5!\0/\

the extraction yield was three times
20°c although only 77% was

At 50%,

a ad ad
ac

bl oo da ol
viliau uut—ai L —1®3

extracted compare w i

extraction at 50°¢c. The lower temperature
avtraction vield in

appeared to afford a higher extraction yield 1n
the extraction system used, although the reason

for the 1lowering of the yield on the addition

of urea seemed unclear.

ii) 100%

_ ohe  extraction yield using both urea and
sulphite, at 100 Oc, was twice as high as the

"standard" xtraction conducted at 70 ¢ in

the presence of cgm arison

with the extraction conducted at 100 C in the

presence of sulphite only, only 85% of the

The

tannin was extracted, when urea was added.
r temperature could

increased yield at the highe
be attributed to an increased solubility of the

tannin due to the increased temperature. This
 increased solubility would have been in tension
rmation due to

with the increased phlobaphene fo
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temperature. The presence of sulphite in the
extraction 1liquor would have aided the
solubility since the extraction vield
increased. The influences of the increased
temperature on increasing the precipitation of
phlobaphenes and causing an increased

solubility effect of the sulphite is postulated
in figure 2.3.3.

2.3.4 Second series of ‘pinus radiata’  bark

rst series of extraction experiments, a.
cellulose thimble was used to contain the bark within =
the glass soxhlet apparatus. The low
obtained in these extractions may hav
to absorption of the tannin by the cellulose thimble.
A second series of experiments were conducted without
using a cellulose thimble, to establish whether or not
the cellulose extraction thimble had affected the

_ results in the previous series of experiments (gf
5.5.1).

Changes in the eXtIactlil =
The first interesting observation made was that
the extraction liguors were no longer pale straw
coloured but were shades of red. This change in

re tannin was

colour seemed to indicate that mo
+han had been noted

contained in the solution than Rac
previously. In addition, the solutions contained
slight suspensions.  These could have had two

on of phlobapnenes‘duriﬁqgaﬂ——————————————————g

sources. The formati
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extraction is neither unexpected nor surprising,

since the presence of sulphite can cause
phlobaphene precipitation. However in the small
quantities being extracted, they would not
precipitate as such but rather remain in
suspension. The second potential source of the

suspension could have been fine particles of bark
which had escaped from the glass soxhlet apparatus
into the main solution where their presence was

noted.

The second series of extractions yielded results
ic were more acceptable. As seen in table

4444444447T§Ti744fﬁé“ﬁaaifiéﬁ“bf“urea“tOggthegextfaetigﬂ—————————————————

liquor resulted in almost twice as much ta
-~ ol ae achieved

being extracted from the bark as
only sodium sulphite in the extraction liquor. As
the amount of urea added to the extraction system
was decreased, so the amount of tannin extracted
Thus while 3g urea added to the system

nnin
e "it

decreased.
caused a 90% increase in the tannin extracted when
compared with the sulphite only extraction.

ntity of urea resulted in only a

Halving the qua
. 50%  increase in the tannin extracted being

achieved whilst quartering the urea achieved a 45%
________ 1= +he tannin extracted when compared

.l.llbl. casce 213 Wil
with that extraction achieved in the presence of

sulphite only.
These results demonstrated the effect of the urea

in improving the extraction of pine tannin from
ce of sulphite.

the bark in the presence ui




Fresh bark obtained from pinus radiata D.Don, in Chile

was used in these extractions.
Instead of pumping the extraction liquor through the

bark using a modified soxhlet apparatus, the bark was

stirred in the extraction liquor in a glass beaker for
a period of one hour (gf 5.5.3). This allowed the

BAAN v o

tannin to be extracted without it being trapped in

The single extractions allowed a comparison between
the quantity of tannin extracted with warm water only,
that obtained in the presence of sulphite only and
that obtained in the presence of sulphite and urea.

a) Tannin extracted (table 2.4.1)

With no additives present in the extraction liquor

of the single extraction, 5.1% tannin on the basis

a This increased to 7.9%

© ’
(on dry bark) when
1

uor. A further

sulphite was added to the

tannin was achieved when 2% urea wasadded to the

system. However, when the urea was doubled with

respect to the sulphite, there was no incr
the amount extracted. In fact, the effect of the
urea seemed to be negligible and the extract

obtained was equivalent to that where no urea and

only sulphite was used. On doubling the amount of

ease in

nere

_ sulphite used (5%) and keeping the urea constant
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at the lower concentration (2%), the extract
obtained was very high, in comparison with the
other results obtained, at 10.5% tannin (on the
mass of dry bark). The reason for this higher

extraction result could be due to the solubilising
effects of the sulphite, aided by the presence of

the urea.

[U

) Phlobanhenes extracted (ta_ble 2.4.1)
The quantity of phlobaphenes precipitated in the
presence of water only, was fairly low. (1.9%)

This can be attributed to the inefficiency of the

water to extract large proportions of either the
+

- e
[~

tannins or the phlobaphenes,

"additive".

Oon adding sulphite to the extraction, the
phlobaphenes precipitated doubled and 4% of the
dry bark was obtained in phlobaphenes. This was

since the sulphite caused an decrease in

expected,
In

the pH resulting in phlobaphene formation.
addition, the sulphite facilitated solubilisation

““““bvggc%eaving——seme——efggtheggheterocyclic rings and

inserting =-SO,H groups which increased the water
h

‘uu;L*hxaadItcausedadecreasein;;ng
As the urea was added, i

phlobaphenes obtained. Although this decrease was

small, it demonstrated that the urea did perform a

valuable function in ninimising the phlobaphene
formation. This effect was even more noticeable

when the quantity of u
was doubled (5%). 1In this instance,

 tannin extracted was the same as if no urea was

present, the quantity of phlobaphenes was reduced




from 4% to 2.8%. This extraction demonstrated the
usefulness of . the urea in decreasing the

phlobaphenes in the presence of sulphite.
When the sulphite was doubled (5%), the

PP A mh 3
Li11iS

phlobaphenes precipitated also 1ncreased.

increased precipitate was not double that obtained
when half the quantity of sulphite was used
without the presence of urea. (5.2% phlobaphenes

were obtained with respect to dry bark)
Rather the presence of the urea had again

AR A A L 9% 9 £

inhibited the formation of phlobaphenes during the
extraction in the presence of sulphite.

Thus the single stage extractions of the bark
c

demonstrated that the urea W

the tannin extracted and
phlobaphenes obtained during the extraction process.

2.4.2 Multi-extraction of the bark

(et 5.5.3), the bark was
solutions,

In the ™"multi-extractions"
extracted at 75°¢ by three consecutive

completion of the three stage extraction, the mass of
of tannin in the extract was

phlobaphenes and
total 33.5% on the dry

established and was found

bark mass. Of this, 25.

was phlobaphenes. This

generally accepted sulphite only &xt t :

approximately 18%. The higher extraction of tannin
y Success

~ indicated that the urea was VeI u




improving the extraction of pine tannin by preventing

+ha Fromadlam ~8 Vames mala~smlar weicht fractions
199 81~ Lvrmuauivil UL darye MU LSO UL R L W gas e PP A -

within the bark that could not be extracted. 1In

2dAi+ 3 Am $ <y +han is pnossible o
aGQition, chan 1€ D

N : o
larger scale and maintaining the temperature at 75°C
within 0.2°c, also assisted in maximising the tannin

extracted from the bark.

nore S

[
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radiata” D.Don - Chile
2.5.1 Normal extraction conditions used at DITECO.
T.+da

Generally, the pinus radiata Dbark employed 1in the

extractions contains 20-25% moisture in summer and 30%

moisture in the spring. Two to three tonnes of the
bark (ie. 1000kg of dry bark) is mixed with water

(five times the mass of
sodium metabisulphite (on
added. The extraction

requiring up to ten hours. : e
has been found to influence the extraction yield quite

4444*mfked1Y;;“‘44Fresh——bark744recently removed from the

trees can yield up to 18% tannin (ca%culated
dry bark mass) in the extraction. In

4 ~ don deolam
1114 LU LI Ay

i the
contrast, old bark yields far less tannin due to

self-condensation of the tannin to higher molecular

. - e 2l e dean d Xidation of
weight fractions in the living tree and ox

exposed to the atmosphere for long

the tannin when )
addition, 1light induced

N '7 -
Periods of timez'. In adaitc . .
esulting in

Polymerisation of the tannins can occur I

T S . 3

the dry bark) to which 23
dry bark mass) has been
is a semi-batch P
The freshness of the bark
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the formation of phlobaphenes within the bark?8.

»a moad
e
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racceQq Irom
e,

since their molecular weight is

»

presence of sulphit

genarallvu +an
Jveiva QKL -~y -\

The extraction procedure at DITECO, Ltda was slightly
modified. The main reason for the modifications was

the time 1limitation that existed for the extractions

to be completed. In addition to this, relatively
small quantities of the final product were required.

one tonne of bark was used in
resulting in 500kg

.4, 5.5.5, figure

of dry bark being used (gcf 5.

2.5.1).
a) sulphite only extraction - a standard
The first extraction was a conventional sulphite

extraction where only sodium metabisulphite was

The extraction was cycled through the
After

used.
extraction tanks as shown in figure 2.5.1.

the initial set-up, each mass of bark contacted
five different extraction liquors, whilst each
volume of extraction liquor contacted five
different bark masses. This extraction procedure

has been demonstrated industrially to yield the
of tannin for the smallest

highest quantity '
effecting excessive tannin

rvrnds o red- =3 m
WwiJil WEANs L=

N
(o]

wastage“® .
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iy T . trati
Before concentration, the extraction 1liquor
contained approximately to 4.3% tannin solids.
The solution had an exceptionally low viscosity
(less than ten centipoises).
After concentration in an evaporator, the
viscosity had risen to 4800cps and contained

48.4% tannin solids. This concentration was
higher than that usually obtained in the
factory after evaporating, but the reason for

its occurrence was not elucidated.
ulphitation of the tannin was effected

& i Wilted. su.L e Wwaa - - (4215548

before spray-drying, since it improves the —

solubility of the dry tannin.
ii) Tannin sulphitation
In order to effectively compare the adhesive
properties of the tannin, the tannin was
further sulphited with an additional 2%
sulphite on the mass of dry tannin, to a total
of 4-5% sulphite. After sulphitation, the
contained 49.2% tannin solids and the

solution
viscosity had been reduced to 13OOCps.

In both the initial concentratlon stage and in

tl e of
the sulphitation stage, the percentag

tannin solids obtained was considerably higher—— — — —

than those usually obtained in the factory.

a2 ArrAaAd LI

since the viscosity achieved was
r the concentration of

This occurred

lower than expected fo
the tannin. One explanation for this could be

that the bark was extremely fresh,
That
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the bark had not been exposed to either light

b o e Y 2
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e
have influenced the extraction and allowed the

high concentrations of tannin in sclution be
achieved. In addition, the exact age of the
bark was unknown. If the bark had been from

young trees (15-20 years of age), the
distribution of the degree of polymerisation of
the tannin would have peaked at a lower
molecular weight than expected. The lower
average molecular weight would explain the

lower  viscosity obtained for higher tannin

concentrations.

by Urea = sul phite t . . s
After the "sulphite-only" extraction had been
completed, a second extraction, using
sulphite and an equivalent quantity of urea, was
made (cf 5.5.4). The effects of the urea on the
extraction were noticeable during the first stages
when the concentration of the extraction liquor
was found to contain 5.0% tannin extract, compared
with 4.3% obtained in the sulphite only

extraction. .

-~ i) Tapnin concentratien ————— ———
The viscosity of the dilute extraction liquor
measured accurately but was
than ten centipoises. This
action of 4.8% tannin

was too 1low to
found to be less
corresponded to an extr

i inoreacsed

solids. During the evaporation, this increased
to 47.7% solids and the solution had a

Viscosity of 3600cps. .
y lower than that

This viscosity was considerabl




- 64 -

of the concentrated liquor from the extraction
using sulphite only. The urea, in conjunction

with the sulphite, lowered the viscosity of the
solution more effectively than the sulphite
alone. The lowering of the viscosity could

have been due to the presence of the urea on
the tannin molecules. Because the tannins had
been blocked by the urea, they had been unable

to condense greatly and increase their
: _ as observed in

the lowered viscosity.

) Miirdbrhar anlnhitatian

e Seb AN de oo 2 SA de DEA B e SNt dda 8 8

After further sulphitatio

urea-sulphite tannin extract, an interesting

observation was made. The tannin con

=
)

o
3
t

decreased slightly to 47.1% and the viscosity
decreased to 1740cps. This slight decrease in
the percentage of tannin solids in the

concentrated solution is only a 1.2% decrease,

and very 1likely due to experimental error

rather than an extraction related alteration.
However, the decrease in the viscosity is

44""""‘interestingg—since—it—iS—not—aS great a decrease

as observed when the tannin extracted with
te n no urea was further sulphited.

This lower decrease 1n viscositygaqaiﬂgaﬁPeaxed
to imply that the urea, while preventing
Samea d e causing a

of the tannins, Ccauvsias
ular weight, had increased

slightly due to its own
g in a

polymerisation
decrease in the molec

the molecular weight

addition to the tannin molecules resultin
jn viscosity. The net result

slight increase v
was a decrease 1in the

~ of these two effects

viscosity.
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without added urea, 12.4% tannin was obtained from
the bark, according to the dry bark mass, when
calculated on the dilute extraction liquor. 6.9%
tannin was obtained from the bark when calculated
according to the concentrated extraction liquor
and after the losses sustained during spray-drying
of the tannin solution, the calculated yield was

5.5%« (gf 5:5.5)

o

Vield ahtained in urea-sulphite extraction
AN N NPT N SA B BRSNS e S ER e N R e I R e R

i bark
A vyield of4T§T§¥‘f§ﬁﬁiﬁ‘wa54obtaiﬂed—frem—the ar

(on dry bark mass) when calculated according to

PEL V.S o 3 s
the dilute extraction liguor. 7.9% of tannin wa

obtained in the extraction where urea was
utilised, when calculated according to the

concentrated extraction liquor. :
the yield of tannin calculated according to th

In comparison

_ final mass of spray-dried tannin was 6.4%.

C) Comparison of the two yields

—— These values were —lower than those usually

obtained in the factory and could be due to one of
Several reasons.

i) Bark age and freshness . '
Not only is the extraction yield of tannin from
the bark dependent on the time elapsed between

the removal of the bark from the tree and %ts
process (i.e. 1ts

use in the extraction Proces t

freshness), but there
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suggests that }the age of the tree from which
the bark was obtained is important.23 It has
been demonstrated 23 that the optimal

-V

extractions are achieved when the bark is

between 20 and 25 years of age. If the bark is
too young the tannin yield is low due to the
immaturity of the tree and of its defence
system. If the tree from which the bark was
removed is too old, the tannins have been
exposed to a greater degree of light and air
causing an increase in the phlobaphenes within

————the——bark —and therefore —a —decrease —in the
extractable tannin. Unfortunately, the age of

+ha maele ameas 4
the bark used in the extractions at DITECO,

Ltda factory could not be established from the

suppliers of the bark.

ii) PBark "purity"
The highest concentration of extractable tannin
is found in the periderm and the secondary

phloem of the tree, the so-called bark. The

primary phloem and the inner hardwood or xylem

~ _contain relatively little tannin. During the
automated bark stripping of the pine trees, a
certain percentage of the resultant "bark" is

actually narqwbUdggand——primaryggphloem. These

both contain cellulose which can

fractions
nnin during the extraction

absorb some of the tannin
the yield of tannin was

process. Thus,

decreased because of two main, bark-related

reasons. The mass of bark added to the

extraction tanks was assumed to contain only

true bark. 1f the bark stripping vielded a
rdwood, the

relatively high proportion of ha




actual tannin releasing bark was lower than was
calculated and therefore, the yield of tannin
would be lower than expected. The second
reason also applies. If there was a high
proportion of hardwood and primary phloem in
the extraction tank, there would be a
corresponding high proportion of cellulose
present which could absorb some of the
extracted tannin thus decreasing the yield even

111) Production length
*
The 1length of the twoc extractions conducted

¥
[
were very short in comparison to those normally

conducted in the factory and the plant had not
stabilised. The shorter the extraction period,
the lower the tannin yield since a fairly large
proportion of the extraction liquor is "lost"
As the

in the pipes and vessels of the plant.
time period for the extraction increases, so
the losses become less important as a
percentage of the overall extraction

conducted. The short time for each of the

c action

only permitted approximately 25000 1litres of
+o be obtained in each case,

extraction liquor to D€ ©
he averﬁqé‘IOﬁﬁﬁﬁ“‘ﬁﬁ9099————————————————444f

in comparison with t
litre extractions conducted.

An  important potential use for the pine tannin extract

“4‘i§——in——the——fie}é——oﬁggwood adhesives. in order to
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establish the effects of the urea on the adhesive
qualities of the extract, the extracts were utilised

in adhesive formulations.

y phenolic type resin

which is to be cross-linked or hardened using
formaldehyde, depend on the percentage of phenolic or

polyphenolic groups. These -OH functionalities allow
reaction of the phenol with the formaldehyde as

depicted below:

2Ph-OH + HCHO --> Ph(OH)-CH,~Ph(OH)

There is, however a second source of phenolic

functional groups in addition to the phenol-like

c°mpounds important in the adhesive. This second

group of alcohol-containing compounds consists of

sl e  ema A St nrasaence of -OH
Laroonydrates. vespiie IS | Sl

functionalities in the carbohydrate fraction, these
pute significantly to the

h ve L _w  ___a Aa maemdeand
Ve pbeen snown not Lo CUIILL LS

Cross-linking of the resin.
In contrast, however, carbohydrates have been shown to

s wnik in
deds

decrease the strength of an adhesive if present

large quantities.s

a) Stiasny l jetermination to establish the
Dﬁr.cﬁn:nge_ef_nalxnhﬂnﬂlﬁ

£ establishing the polyphenolic groups

capable of being used in cross-linking the resin,

+ha Stiasnv mmher detenination (GI 5.2. 3) hd

wia (=1 "N - p g1t e —2

is \
iy, o ¢fords a percentage which can
the Stiasny number airor«




