


INFRODUCTION.

During the last decade or so brandy-making has
definitely established itself in conjunetion with the wine
industry, and the output of this epirit has been inoreasing
Yearly.

Bowever, although much of the brandy distilled under
Australian conditions 1z of a reasonably high standard, it
differs in type and does mot attain to the gquality of Freneh
brandies made in the Cognac area, Experiments by Grsham (12)
4angove (13) have been earried out recently in an endeavour to
establish the cause of these differences, by modifying the
distilling procedures; and a certain amount of success has
been attained, especlally regarding:

{a) Rate of distillation.

(b) The practice of distilling the wine in conjunction

with it lees, and

(¢) The returning of the “heada" and'Tails' of the

brandy-run to the next wine charge.
. In Australia and elsewhere, stills have been

modified and distillation methods varied in an endeavour to

produce a superior gpirit, and it is true thst sat isfsctory

reailts have been obtained, but little is known of the ehemical
effect these varied conditions have on the composition of the
dist illate,

The object of this paper is to see:

l, What effeot reflux, as governed by the lemgth of the
column has on the resultant brandy fractiona, and ecomparing
with reflux obtalned bythe use of the brandy ball; and teo
establigh:

I1, A recheck on the run-baek of heads and taila te the next
wine charge, as it is still in doubt whether the final
brandy is cleaner and or a longer cut in the brandy-run is
ebtained under this method,



1. 'REFLUZ'

The reputastion of the brandies of the Cognac and
Armagnac distriets depend on their bouquet, therafore, it is
desiraeble to avoid high reetification and consequent removal
of those secondary constituents upon which the flavour depends.

The extent and caresful control of &istillation are
undoubtedly vital factors in the determination of the composi-
tion and qualiiy of brandy, and it is found that if only the
early fraetionas which éontain the aldehydes and more volatile
acids are eliminated, the resulting preduct 1s very agrecable
and agreeg favourably with analytical standards. However, the
latter frastions, containing the higher alcohols and furfural
can be greatly improved by the use of dephlegmators, as the
exceas of higher alcohols, furfural, acetic aeid &c,, though
only in asmall proportions, have a proncunced adverse effect
on odour and flavour, It 1s, therefore, seen that a certain
degree of rectification 1s necessary to prevent an excess of
these substances occurring in the distillate.

He read from literature, Elliott (5) that the stills
in the Cognac area are, on the whole, simple put—stills; small
incapacity (50-150 galls) and are usually jacketed by brick-
work, with only a small bulbous head exposed, and generally
furnace hested., However, in the neilghbouring districts where
the quality of the distillation material ie slightly inferior,
stills of many designs are used to obtain an improved spirit,
and illustrations of various designs are given by Hettleton (2)
Elliott (5).

A 8till construeted by Pontifex and Wood similar to
the brandy-ball effect, where the whole column up to the bend
is cooled by water overflowing from the top tray to one
imme diately bekow, and so on down the columm —— the cooler water
therefore being at the top, this being only one of the many
types of stills used. Others as given by Nettleton(2), having
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an extended column of 24~30 fcuet from the bend to the womm;
some with a slightly upward incline, others horizontal--thesge
being 4,000 gallen capacity stills,

Mathews (9) 1llustrates yet amother modification of
the still-neck, producing a similar effect as the brgndy-ball;
consisting of a cooling coll inside the neck of the gtill,

II RUN-BACK'

It is the practice widely adopted in France of intro-
dueing all or some of the feints of the brandy charge into the
next wine or brouillis charge; and according to Rene et Jean
Lafeu (16) all heads and tails are run-back to the next wine
charge, whereas others state that only part of the feints are
returned; seme te the brouillis charge, some to the next wine
charge, while proportions may be discarded altogether,

Emersor {8) also states that under general French
methods, it requires three charges of wine to obtain sufficient
brouillis for one brandy-charge, of which approximately 5%,
according to nature and gquality of the wine,ia separated as
'heada® which is M er mixed with another brouillis, The brandy
is enut out to 'tails' at 50-55 per cent A.A., leaving the brandy
with a strength of 6670 per cent A.A, The tails are sometimes
separated into two portions; the first fraction down to
2 per cent A,A, returned to the next browillis, while the
second frastion from 20 per cent to O per cent is returned to
the next wine charge,

Throughout Australisn distilleries mo doubt similar
practicea in treating the feints are adopted, and from
obgervat ions made in pome diatilleries, mmall portions of the
heads and tails are discarded altogether, playiang no further
part im either the brouillis or wine charge, that is, where any
feints are utilised at all,

Recently important datea was obtalned by Angove (13)
concerning the effect rum-back had om the fraetions but un-
fortunately time prevented observations being made in full,



1., The gtill,
A 2-gallon, copper pot-still, fitted with an
18*% column and brandy-ball, Still commected to a
metal tubular condenger, An adjusteble armm of 27"
for lengthening column,
Bea$ applied by an selectrical hot-plate, with heat
regulator,
2, Hydrometerg:
Specific gravity hydrometers covering spirit
ranges 70°0.P, to 100° U.P,
3. WiNE:
Dry white wine made from White Hermitage 1940
Vintage including its second lees,

Alcohol 20K P.S. 11.4% A.A,

Total Acidity 757 grems/litre H p

Volatile Acidity «56 grms/litre HaA

Raters 370 parta/100000 A.d.
Mothods of Analyeig: :

Alcehol —~-8ykes @lass Hydrometers . £ by volume,
Acida— Direet Titration (Phenolphthalein) parte of
scetic azid per 100000 parts absolute alcohel,
Egterg— A«0.A.C, (1) expressed as parts ethyl escetates
per 100000 parts A.A.
Aldehydeg—Janlmes & Egpezel (11), but using + guantity
resgents, parts acetaldehyde per 100000 parta A.A.
Gerard & Cuniasse (15) but using
Caustic in place of motaphenylenediamine,
parts iso-butyl alcohol per 100000 parts A.A.
Forfurgl— A.O0.R.C. (14) parts per 100000 parts per A.A.
Part I ‘Reflux™ as obtained by lengthening the column and
use of brandy ball,




Blgn of Experiment.
X study of the resultaxt brandy frastions afterr—
(a) Lengthening the esclemm, by ralsing the am in =
wpward slepe to the eendenser,
(b) wusing a ecol brendy-ball, withewt lengbheming codumm,
{e) Comparisens of t)e above made against fraetions
obtained without ths uae of either (a) or (¥)
Eaoh distillsdion sarried eut as belew:-

 Charge 1, | 2 | 3
S000 mls 9000 mls 9000 mis,
Wine |
! ! L
e .
3200 mle, 300 mis 300 wla, |
‘“““K‘H — _: - : S .
i H\;ﬁ/ P =
Bulked
Low Wines
9600 Hlse
Low Wines __5 -
9000 M1 ._ 600 _I-ovainel
e —— Analysis.
B T = 1\/"m -
8 andy ! Tails I 1 .
Heads 11 e }2 g‘wl 500 | 933
505 i 500 mis, Cu & | e 1L
Cut_out Cut_out Cut Out Cut _out Cut out
45°® 0.P.  L4° o.P. 20%,P. 18° o,p. UlP,
EIGURE I,

Owing to the fant that maxy designs of stills have
beon maie insorporating reflux, it is obvisus that reflax
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te this partial reetifilestion. By referring to the following
TableI, it will be secen Jjust what effect the sbove methods
has on the chemisal composition of the distillate,

Tablel. Camposition of Fractions,
{a) Leugthened column: (p) brandy Ball;
(c)/st?aisht distillation,

5 | | i
i ! |
Fraction( Alcohol @ Aslds ‘ Esters : Aldehydes Sec. Alcohols Furfural

| A. B, C, ' ae b'{ ce ad b.!l Ce al be G.I a.T! bo‘ Ce dl‘ DeCo”

Low Wines 7170 LOF 3 60"';‘56 .5"—5 R
Neads I | 759680683 16 29112340 381 51 D 34 430 520 50 - - -
Heads II 8 81BB3 7 852 & D 20 2 22 25 140 220 230 | .4/ .6 .8
Brandy Q.3 784764 9 818 32 19 62 24 25 26 50 70 70 | .5 .71.0

Tails I 580 feOfL232 23 3 142 8 108 32 28 A 20 5020 (2.1{3.61L8
T N L ) (e I
TajlsIl 70 164197 210L41BPISES 48 & P 31 - - - %"L‘F‘Gi’&“

Firstly, in dealing with the Low-wines received under

these mothods, the Table shows a definite decrecase inm the acid
and ester content, both by the Lengthened column and brandy-ball
whereas the other constituents remain were or less constant,w\“-

except perhsps a deecrcase in secondary alcohols obtained by \R

i
i

means of the lengthened column, -
Therefore, from the low-wines produced similar effect |
would be expected to ocecur in the same constituents in the
brandy-fractions, and such is the case,
Po disousa the constituentis ssparately:
MQL. As would be expected a greater degree of
rectification is obtained with the aid of (a) Lengthened
column and (b) brandy ball in the heads and brandy fraction,
leaving less spirit in the tals,
However, (a) 1s responsible for a much higher strength
spirit in heads and brandy than that produced by (b), which is
slightly higher than the ordinary straight distillation.
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ts of ioc
(a) (p) (e)
81.3% A.de 78. 4% 76.4%

which shows only an inorease of 2,0% with the use of the
brandy-ball, as to an inercase of 4,9% im the lengthened
column, However, this added restifieation and conssguent
higher strength of gpirit is mot altogether advantageeus te
guality, as it becomes more neutral, leaving more flavouring
and esgential arcmatis subgtances in the pot, as shown by
Table 1.

ACIDS: A deercase is neticed in all fractions dowmn to

brandy, imcreasing slightly in Tails I and then rapidly
inoreasing to Tails II, The lengthensd column and brandy-
ball affording a marked rectification over the straight
distillat ion in the early freetions but to very little
degree in the tails, Small amounts occurring in heads and
brandy with greater smounts in tails, this being reasonable
as the boiling point of Acetle Acid is epprox. 116°C, and
thus would be expected to be more of a tall product,

ESTERS, 48 ethyl acetate has a boiling point approaching that of
ethyl alcohol it would be expected that the esters would
distil over ir more or lesa constant propertions, but 1is
found not to de mo, distillation probably upsetting the ester
balance. Ia practice, however, this ocongtituent is gencemlly
considered to be a head snd tail product, and by the table the
esters tend to concentrate in lst. heads and 2nd talls with
decreasing amounts in towards the brandy fraection.

A considershle decrease is moticed in heads of the
lengthened column and to a lesser extent in the drandy ball
methods, this is counterbalanced by the fact that under these
reflnx methods more arddushed into the tails than under the
gtraight distillstion, The heert of the rum, or brandy, also
has a decreased ester content with the use of lengthened
column and more s0 by the use of the brandy ball,
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ALDEHYDES, ‘These in all distillations are only small and
remain falrly constant in all fraotions,

Tgble shows them to be more a tall than a head produst, but
decrease slightly to distil over constantly throughout second
heads, brandy and first tails, increasing again as alcohol
content falls,

SECONDARY ALCOHOLS, Concentrate in first heads and deecrease
throughout fractions with an sbaence altogether in second
tails, wmore being left behind inm the pot in (a) than either

of the other two methods. The brandy ball appesrs to make

no difference whatsoever im this constituent throughout the
fractions, \
FURFURAL, Beibg a product produced in the pot, furfural doed
Bot appear in the distillate until 2nd, heads, where it is \
present only in trace amounts, and showing no definite
increase until tails, This is to be expected as the boiling
point of furfural is spproximately 136°C amd should tend to
accumulate in the tail fractions, \

Qrganoleptic Examination,

All samples of the brandy fraetions were considered
neutral to the moae and palate as regards suitable brandy
msterial, but this is mot surprising as a large proportion of
foreshots were extracted to be divided into lst and 2nd heads
to enable a study of anhalyses to be obtained throughout the
fractions,

The material produced by the lemgthened ecolumn was
considered to be more meutral than either that produced with :
the ald of the brandy ball or strailght distillation, the
sample from the brandy ball method mors so than that of the
straight distillation, This correlates $o the table more or
less but the only constituent in a lesser degree than that of
the brandy-ball run is the secondary alcohols, yet has a
higher ester level, which asppears to indicate that the higher
alcohols have a very marked effect on the bouquet, more so thar

est ers,
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Digeugsion of Regults:

The speration of the bdrandy-ball in $his instance
mmtd at a tewperature of 33-35"C. which meant a
falr gtresm of water passing through all the time; this
temperatere being much lewer than most brandy-balls operated
under Anstralisn conditioms, in whick case ths brandy-ball
being most often hot,

Alse the bdrandy-ball used is large, dullt out of
preportion to the atill in uae, esyecpam with modern pot-
stills, se as to produce maximum effect on the distillate,

As the results obiained show that more effect is
attained by lengthening the column, a longer ocut in the
brandy run would be posaible, Whereas to preduce the same
regult with the zid of the brandy-ball, it mpust be kept very
csol, neceasitating a faster flow of water and this questions
the esonomy of the plant., Therefore it sppears thal the wse
of a hot brandy-ball is very limited, yet om the other hemd
it is obvious that the dsgroes of eoclness in the brandy-ball
must have its limitations, as %toec muckh refiux would stop
distillation under normal heating operations.
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PART II, Resheck on ‘run baok' of heads and tails $o the
next wine chargs.
Elan of Experiment,.

Analyses made of the low wines and drandy fractioms
of fewr separats brandy charges, three of the sharges
dearived from wine eontaining the hesds and tails of the
provisus brandy charge,

8%ep (a) Three 9 litre charges wine digtilled to Wosure
9.6 litres low wines,
Low wines distilled to Heads—brandy—tails,

{b) Taree 9 litre charges wine plus feints from (1)

te 9.6 1litres low wines,
Low wines dietilled te hoado~—drandy—-tails,

{¢) Three 9 1itre charges wino plus feints from (2)

te 9.6 litres low wines.
Low wines distilled to heade—brandy—tails,

() Thareo 9 1itre charges wine plus feints from (3)

to 9.6 litres low wines,

Low wines diatilled to heads—drandy—tails,
Essh brandy charge divided into 5 frestions, 1,0, 2 heads,
brandy and 2 teils, and eash fraetisn ellectod in the same
wamner as previous plan (sse Figure I),

In cash case the feimta (heads and tails) odtained
frem the previous brandy-rwn were breken down to the wine
sirengtk before adding to the Bext wine charge, This was to
obtain uaifermity throughout, as it is evident that witheut
breaking dowm the alsohol centent would ineresse due te the
addition of feints eask tiwe, therefore, Wy so doing results
obtained are made more or less comparable,
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JARLE L1

Effeet of 'run back' on compesition of subseguent fractions,
b, ¢ and d representing progressive runbacka,

! i | ] 3 |
| | ALCOHOL ACIDS, | ESTERS ALDEHYDES | SEC,ALCOHOLS & = FURFURAL.
FRACTION | ;; sy | | |
| RN F 1 ] T ] ' 1
i 8e be Ceo ! doi 8o : b.i Cq | do: a. be €, d. B.’! b °4 de as by @, de a¢ by OJ de |
| i { | Z ! | : | 5 _— '
i - i ! 1 ! 1 ! ! ' r : 1 ; . ‘
| -, J i | | : ? | | .
*00' Wines E.}ioa 31,6 ? n,.7 53107 170 91 | 89 : 9k :- 2ﬂ 23q ﬁl'T 25& 36T 30-’ m| 19 59'l 60| 63| 66 L o‘-l»l | ot
Heads 1 68,3 | 60,8 | 63,9 €31/ 112 b5 | 27 | 28 53:% 57:1 578 602 5&5 51r 16' 22/ 53 400 hao o | -l - - -
Heads I1 78.3 | 79.8 | 80,8 |80.1) 52 25 1k 13 m 205 214 A7 25 19 16\ 18| 230 233225| 2O 8 5 .2] .2 |
Brandy M6k | b T6.9 76,3 18 |12 10 11'3 63 64 66 67 26 18| 2 22 m 60 70| 50 1.95; 9 6| .9
Tatls I 6102 | 60.6 | 6141 !59. 3121 25 26 i md 110 1.26I 128 | 31% 3‘*[ 21 2" @) w; IR i L8, 1.u%1. -
s ! i ! '
Tails II 1947 | 19,0 | 19.3 | 18,6 288 fm 127 135 ‘; uaq L5l uaa§ 539 31 39| 2| b0 - | - ]- = | 24/20/1.0 1.3
| | SN T S L | | .
{ | L1 S TR B S A kil I -
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Fru-‘riﬁi;%;i it will be e2en that, as regards the

low-wines, the main constituent affected by 'mun-back' iz the
acids, where there is considerable decrease obtained from

the firat run-dack (b), but with progressive distillations of
ran-backs (c) and (d) no further appreciable change is moticed.
Therefore, it appears that with the use of the feints an
equilibrium is established in this constitusnt which adistils
over unchanged throughout progressive distillat ions,

A8 for the other constituents, the esters appear to
gradually inerease throughout subasquent digtillations, while
aldehydes decrease slightly, Secondary aleohols and Furfurai,
however, have undergeone little or no change whatever with the
use of the feints,

Effect produced on the Brandy~-fractiong,

Alcohol: All strengths are comparat ively uniform, as
was anticipated as all feints were diluted to wine atrength
before mixing with the wine itselfr,

Agldg. Definitely a head and tail product, and the
effect of run-back ia to produce cleaner fractiona, and as
is the case, with the low wines, the let run back (b)
markedly reduces acid contemt, but from then on (¢) and (a)
Bo apprecisble change moticed throughout eorresponding
fractions,

Egterg: Hore it is interesting to mote that although
the low wines gradually inerease in ester content, produced
by the effect of run-back, this inorease is not uniformly
distributed among the brandy fractions, but in each case
Rore are pushed into lst, heads and 2nd tails, leaving the
fractions 2nd heads, brandy and 1lst tatils Uniform within
themselves.

The course takem by the esters is to concentrate

in heads and talls with decreasing amounts in towards brandy,
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ALDEHYDES, As is the case with the low wines there is a slight
cleansing effect on the fraetions down to brandy, the tall
fractions gradually accumtlating extra aldehyde content,
This constituent eppears to have distilled over fairly
constantly throughout all fraetions, as even the brandy
fractions contain only slightly leass amounts than both
heads and tails,

SECONDARY ALCOHOLS: Little difference is moticed throughout
except a slight decrcase in lst, heads with the use of
run-back, Definitely a head product, decreasing to tails
with an absence in final tails,

FURFURAL: Present in small quantities, and runéback seems
to reduce smount present, but only in trace amounts,

Qrganoleptic Exgmingtion:

This was conducted on all fowr brandy fractions,
with the object to asecertain any differences on nmose and
Palate smong the subsequent distillatiens. On studying
Table IXI it will be notieed that the brandy in all four
distillations shows very little, if any, Qifference among
themselves in all constituents; yet when tasted, an improvea
difference was acclaimed %o those samples produced by into-
ducing run-back (i.,e, b, ¢, and d4.) over the sample produced
by the ordinary straight distillation, (a). To the palate,
however, (b), {c¢) and (d) did not improve progressively but
remained on a par with one anothexr,

Therefore, with the ald of rum-back a difference
is obtalned which cannot be shown by a measurement of the
conastituents present, and it appears to be little doubt that
this difference is a beneficial one, This difference took
the form of a more Palanced charaster,

All emsples were considered clean, sble to take
water well, promising material although slightly neutral,



RIACUSRION,

As regards the practice of utilising the feints in
the mamifacture of brandy, it seems to be a well established
feot im France that they play an lmportant role as to guality,
However, gecording te several writers, Emerson (8),
Rent ot Jean Lafou, Nettletom (2), mc hard and fast rule is
adopted, even in the Cognae and Armegnac Areas, as to how
they abould be uwtilised; the methods varying widely.

Results obtained in the sbove experiment also show
that the feints play sn important part, It does not
necessarily mean that by introducing the dirty or undesirshle
fractions of a Wandy-rum to the following brandy charge a
corresponding dirtier spirit will reswlt; but on the contrary,
it clsanses all fractions of their respective constitueats
except perhaps esters whioh tend to increase gradually—this
being an advantage to Australisn brandies as they are generally
low in ester content, as compared with Premch standsrds,
Conseguently, by utilising the feints it is evident that a
lenger run on brandy could be obtained than otherwise.

This now leads us teo an interesting feature of
what the result would be on obtailning & lomger brandy PUNg
in this cass introdueing 2nd heads and lst talls te the brandy
fraction, and mm the results with analyases made on &
typicel first olass Prench Brandy, Wiley (1), Thig is
outlined in Table II and Table IV,
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Showing composition of brandles from Table II (S) as
compared with the same brandies aftar additiom of 2nd heads
and first tails (x).

Brandy

!Alcohol | Acids Esters Aldehydes See.Alcohﬁls Furfura,
. 1 ] | =
S X | 8| Xx S X 8 X X '8 X

e¢)2na "
d)3ra ¢

|
2 , 70
blst mnmcHG. The3 12 16 64 98 18 19 gg gg «9 <9

u
n

— - - —

'ﬂ.; 18 26 62 93 26 25 89 1,0 1,1

76.97h.9 10 13 66101 2 20 L e6 | o6
76.3 Thel 11 13 67102 22 23 50 66 9 W9

Results are self explanatory, acids, esters, and
Sqo0ndary Alcohols have definitely increased, particularly the
ester content, while no change has eccurred in the aldehyde and
furfural content., Aleohol content has decrcased and the
strengths obtained above are on the borderline of the 30°0,P,
limithat ion for the two year restriction on fortifying spirit,
This would easily be made safe by introdusing a little leess lst
tails in this instance. However, we are not dealing with
Fortifying spirit but guality brandy, so strengths are of no
peramount importance,

In Table IV it is shown how the composition of the
above brandies after addition of end heads and lst tails
compared with analyses made on a typleal first class French
brgndy, viz., Grande fine champagne as extracted from Wiley (1),
IABLE IV Showing French method of distillat fon((d) X Table III)
as eompared with composition of genuine French Brandy,

" Brandy

Alcohol Acids LSters AlLdehydes SeCeAlco— Fur-
hols fural

(a)X Table III Thed 13 102 23 66 o9
Grande fine Champagne 69,3 36 160 9 124 2,1

Table shows that the total constituents other than alcohol are

(@) X 205 and Grande fine champagne 331, Therefore to produce a
closer ratio gtill more heads rather than tailla sre necessary in

the brandy-rul,
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Concerning the above experiments, duplicates
were performed of both sections with similar results, therefore
as far as the experimental still and material used are
concerned, the results msy be taken as awthmmtic, but it must
be realised that with commerecial stillas and different materiala,
resalts may or may not vary.

les The brandy-ball must be kept reasonably cocl te obtain
any marked affect on the brandy cempositions, whereas by
lengthening the column cleansing effect is produced
mores easily—— longer eut in the brandy possible,

2s The utilisation of feints play an importamt role in the
oleansing of the distillate, obviating a longer brandy
ran, Also snhances to quality of the resultant brandy,

3. 4s far as chemical compesition ls coneerned it is met
difficult to produce a French style brandy using
Anstralian epparatus and wine, and with further experience
wo may be aple to determine the relationship between
chemical composition and quality,
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APPENDIX,
In the foregoing experimenta, White Hemmitage
of South Anstralia, although mot extensively grown in
Australian Vineyards, was chosen, as it 1s a wine to the
nearest approach to that made in France for Cognac manufacture
that w:s available; having most of the characteristios that

is present in Cognac material, i.,e, thin in body, acid and
Bot itself very palatable, and from white grapes grown onh a
ealcarecus soil,
Wiley (1)

This wine was fermented in hogsheads without
addition of 8.0, being made, and finally digtilled in
conjunetion with its "sesond"lees.
ESTERS. As the ester content of the brandy is the most
discussed Sec. Constituent as to quality, it is found that
Australian brandies all fall below French quality lines
in this constituent., However, it must be remembered that
the acid content of Australian materials is much lower them
that of French wines made for Cognac, due to climate and time
of picking mainly; therefore with less acid to interact
with the aleohols, the ester formation is lower,

Hence, theoretically, it appesrs that the ester
content could be raised by the addition of asid to the
diatillation material to a desired level; and an interesting
experiment could be carried out along such lines to
determine if beneficial to Australian brandies,

Experiments made by Angove (13) were conductead
with the reagent meta Phenylenedismine, which gave fairly
constant resulis; however, Caustic was substituted and by
increasing the amcunt from 2 grams metaphenylenadismine
to 6 grams Caustic the same results were obtained at a

conslderable reduetion in cost.



DISTILLATION,

With thig sti1ll 9 litre chargss were uped in
all sases, as it vas found that when using grestor amountg
of turbid 1iguid (wine and loes) the first pertica of the
distillste was spt to rush and be very dirty, uwpsetting
atalyses. This was overcome by using s lesser amount of
material in $he pot. Nettleten (2) stresses the peint that
£i1led say half te twe-thirds total capssity.





