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The Milling ·- Diffusion Process of Sugar Cane Juice Extraction 
and "Naudet'' Circulation. 

w. n. nurK , ,u°'<',, A.r.r..1. 

Wltl1 not.C's on rnn" nlrruf.llon 01111 on Uw ~11~111· l111l11 ~try In F.gypt. 

(JUr. (~. 'I'. ~lncnonnlll In flip ( 'hnlr) 

'J'he writ~r lrns long felt thal Milling - Diffll si on 
of Sn?;ar cane cll'ser ves much wider atl?ntion tl~an 
. h ~ ,Y~ 11erall,· r ece ived hitherto. \Vlnls t servm g 1t as ::,< • , • t . . d 11 e" l' E"'Y\Jt during t h e late war, th e wn er 111 a!l " "'· • - · · l · r i\'ile"t'd in being idlowecl to vnnt all f 1e suga t 
was 0"'r t ha t country . Personal ohse1·vations farto . 1es • k' dl d"' 011 the spot and np t o date data s·.nce · 111 Y 
ma ':' 1 d ""om E ...-ypt lwve further convinced him 
{l1rlll f 1e 1 1 "' • • d 11 tl~a t the pr ocess is r emarkedly efficient an we 
worth fu rthH study. 

EgqJt is certainly the only country where the 
tbree cliief pr ocesses of extraction of sugar cane juice 
a re practised, 

( a) :K ormal Milling ' "ith lmtibition. 
(b) Millin& - Diffusion. 
( c) Diffusion of cane chips or " cassettes". 

The fir ;; t is universally nsed and needs no com-
ment. This paper deals with the second process 
:ind its moc'ie!'n, extensive application in Egypt. 

The third process ( c) has been tried in various 
countries - n otal!ly by Prinsen Geerlings and Hama-
ker in Java - and abancloned. The usual reason 
was the difficulty encountered in obtaining a suit-
2.ble and efficient machine for slicing the cane chips. 
The rnbsequent diffusion was and is also a lengthy 
precess and the resultant bagasse not easily dried . 
However, this method has not yet been thoroughly 
explored in the light of present day knowledge and 
still offers scope for research. It is carried on at 
present a t only one factory - so far as the writer 
is a ware - that of Cheikh Fad 1, Egypt - one of 
tbe five sugar factories in that country. The plant 
»till exists and has been used of recent years in the 
Madeira fact.~ry of Wm. C. Hinton & Co. Ltd. l This 
factory is also unique in that it stands in the centre 
of a town, cane being fed to the mill over the roof 
top ~ by aerial ropeway) . It ls proposed to (evGte 
a little time to a few notes on the Cane Diffusion 
Process because it was this which led to the highly 
developed Milling - Diffusion method now in use 
in Egypt. After abortive experiments in Java , 
Spain, Mauritius and Louisiana, it was given a trial 
in Egypt , towards the end of the last century. Its 
success here was only achieved hy the perserverance 
in the face of bitter criticism, of that famous figure 
in the sugar world of that daY, M. Henri Pellet. Ry 
1896, this method was in use a t two factories tn 
Egypt, each capable of proceosing 3 ,C00 tons daily . 
In practh:e, the figure averaged 2,500-2,7CO tons per 
day of twenty-three hours. In 1902, the operating 
data was - Loss in Total Extraction ( up to Evapo-
rators) 0.3E to 0.5% only. Diffusion Water 18% on 
Cane only. Extraction - 96 .5%. 

Ehch factory had three diffusion batteries , ea ch 
fed hy six cane slicing machines, and eighteen dift'U · 

!'l \011 ce ll R to each hatte r y , making a tota l of fiftyfonr , 
!'ach Bl H .L . capacity 132 1.5. c u . ft. ) . T he 
phenom enon of Osmosis is mu ch s low e r in cane 
than in s11 gar \Jee t , the construction oE the cells 
!.0ing- entirely differ ent. It follows that the 
period of contact and number of " mashings" is thus 
longe 1·, which explains the great s ize of the diffusion 
batter ies. With good cassettes or slices, of elliptical 
section a nd of consisten t thickness, the optimum 
opera.ting figure wa s 50 Kg. per H .L . of capacity ( or 
38.9 lbs./cu.• ft .) giving 96-98 litres of juice % Kg . of 
caneH ( 215·22 gallons % tons ) , with negligible suc-
ro ::e loss in final bagasse . This process, extracting 
more juice tha n 2ny mills then in use, a lso gave a 
higher purity juice. At that time the Nag Hamadi 
factory - the second one so equipped - had been 
remodelled by French engineers. The factory was 
completely electrified, including Steffen s lone cane-
cutter drives , double carbonation , thin ju ice sul-
phitation , a sextuple effect evaporator with seven 
vessels ( one extra as preheater) of the horizontal 
Littie type - 14 ,C 00 tubes and 28,000 rubber joints 
to dismantle yearly. This factory then produced 
white sugar. It operated successfully and with 
various improvements for a few years , but there 
were many difficu,lties, '\':hich steadily became worse. 
Drying the bagusse at the nea:-est suitable place, a 
piece of desert land of 200 Hectares area ( 494¼ 
,,ues ). ~OIPP. Km . (6.2 miles) from the factory , was 
not the least. No near location was available. Al-
though· this factory , technically was twenty years 
~hea d of most others, local con ditions and 
antipathy also helped towards the eventful 
abandonment of the process. Sucrose total losses 
were still averaging only .4% as against 1.1·1.2% of 
milling factories . As other factories became more 
mechanised and efficient , it was realised that the 
unsatisfactory and expensive nature of the cane 
slicing machines was a most undesirable feature . 
'l'hey entailed considerable h_and work - canes had 
to be carefully placed on the feeding tables, in small 
quantities . E ach revolving horizontal slicer carried 
twelve knife Loxes. These had each to be changed 
for sharpening every four hours. The quality ot' the 
s tee l comb knives variPd and caused many a delay. 
To maintain the knifing gap con s istently \ between 
2 and 2.5mm .) entailed constant supervision, as the 
gap had to be varied to suit thickness or canes. 
The slightest relaxation of vigilance here at ouce had 
its effect in the diffusion batt e r y . Defecation was 
ea1-rietl ont in the battery - Milk of Lime being add-
ed in the third vessel ot' eaca battery. Tlle circula-
tion in tho batteries was con s ider ed perfect a nd the 
form a tion or reducing sugars was almost niJ. One has 
to r ealise that the operators o t' this dit'l'usion were all 
all !(~, Frenc~-trniued men, as it had originally been 
U,o intention ol'. the company to operate Nag Hamadl 
and Cheikh Fad\ also as beet sugar factories - the 
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bf'C' t eampali:-n Ill fnllllW IJH, ('l\ l11' fi NlAOn n l'l'l fl 
wPrf' en ltiYnlNl wllh !:trl'n l ]) l'f~<'Vl'rfl n <'<' hn t Wl'I' " 
bopl'lE'!1!1 ly tnfl' r tNI hy 111'111fl lorlf' nnrl oth N· worm °' 
an d it l!I no 1011/:'f'f pmr tl f'fl hlf' to RTOW hl'f'1 tn l•}l(ypt 
Hrn <'<' thr, prl'!'lr nrr of 1hr rlif'f11 i:,tnn hof t MIN1 nn l\ 
!ll icl'f!I in thr- flr!lt 111 !1 l fl n rr, fl llfl fllF:O ilH' (lH l!l ion o f 
th o P1>rrat in~ t' <> 10 pPrl'li !11 ·In 111 1' r nn r r hip11 n1r 
fmdon pn1rf'!I!' in nl'fl<'f tt1 jnl'l tHy 1llC'lt f'X J1MHll t.nrl' 
iu n r nn r hN I fnrt,w~· "' A rlo11 hl r- l)f'r nn vfllf' rn ll 
t rnrk rC'm,w <'rl th<' hagR!'l!'l<' from hf'nf'f\th thl' rl if 
flll'i{)ll rrllia RI :Sfl -!10 % mni 111 11rl' Attc-m p , !'I Wf'f{' 
m Pde t.1 fin 1hr hRl{fl!l!ll' in ' Hl 11.l.A H P " Vf'1' t\ C'a 1 
to w f'T'!I, fit t('fl " it h flight!' Hagfl!'li:tf' f<'rl fi-om th e 
top. C'R!1rRfl l'rl rl<> wnwnrrl!I. m <'E>f ing f ine gas, pro-
iprf('rl HP fr<>m th f' hR!'(' Thi!! WR!': eYE> nt nall y pha n-
rlonPfl 111< it powrlE>l'Pfl th!' lrngn i:: !-'P !IO m11 C' h a~ to 
oftf'n r r nrl <>r it 11!-'c- l<'!l!I ll!I f11<' l S ix !lll <'h towers 
w,• rt> ,~ ~r i1·c-rl for th !' hag-A!l!le from 2.i OO to ns eane 

pN c:ll'\y Thc- r,r~·ing a rPA t oo wa!I a source of loss 
and l'XpPn!'c- SomE> 600-SOO m en were _employed 
het't', tnrnine: on•r the vast expn ns t> of drymg trash . 

Mi11i •1g - Diffusion : 

Mnx . dn ily r apacity (23 hrs . ) 
An ir 3ge -- last crop 
( t ons of 2240 lbs.) 

E,i.ch fa.ctor y has two ta ndems of mills and 
flifi'usio n batteries. 

Diffusion cells, of 90 H .L. (approximately 318 
c11. f t. ) capacity, a r e now fitted with hydraulic 
me~ il.anical d ischarge doors. The two "pre-diffusion" 
mills of each tandem are both preceded by revolv-
ing l:: nives on the main carriers. Each tandem has 
two pre-diffusion m ills, 900 x 2000 mm ( 35½' ' x 78") 
by CAIL , which crush the cane dry, no imbibition 
J;eing U6ed or necessary. These mills extract at 
u ost Gr.i % of the juice, althC'ugh no effort is made 
t J maint ain or increase this figure, so long as tha 
~ills effectively reduce the cane, which is well pre-
pared by the kn ives and shredders. The bagasse 
t l1en e!ltcrs a bucket elevator which takes it up to 
::he n,ke conveyo r feeding the diffusion cells, through 
chu t >c s in the usual beet fae;tory fash:on. Strictly 
Rpea king , and as some of the cane cells have already 
l,ee::i ruptu~·ed in the millE, t he process is not IGO% 
d iffusion, ,1:t'J0 ugh diffusion c; oes occur. Lixiviation 
would Le a m or e suite ble term, although " Milling --
Diffusion " is the universal a ppella tion which will 
hr, a bo used her e. The process in Egypt may be 
r ei;arded a ,i beii ,g extre'11ely efficient, numerous 
mo-:lific ations having Leen embodied and improvP· 
ments effe,:ted . I should mention that the proces1> 
was fln,: t introduced on a large scale at Ahon 
Kourgas in 19/H , being entirely remodelled in 1926 
at tlie tim e of the new im;folJation at Nag Hamadi, 
in the Jig-!,t of the twer.ty two years experience 
obtained in operating it. ':'he initial j11ice from the 
mills is m eanured , with milk of lime. 
heated an<l pumped to reception taulcs. Both 
factor ies have the unique "for .:etl circulation" 
installation , invented l-/ NAUDJ<;T, Each factorv 
has twentyone diffusion cel!s to each tandem , making 
fortytwo to each plant. Those at Abou Kourgas 
are of 90 H .L . (approximately 318 cu. ft.) capacity 
and at Nag I·Ia1nadi 95 H .L . (33G .G cu . ft. approx-

n nrln,t t h" "o ld n lg l1t -, or D<'ce tu 'J(! t·. J u. nunry , un·t 
J•'l'htno,ry 0~11r I Fi % 01' t h " ani l ltd ~le ll u.11;111,M .. w,t 'I 
1,111 t , h i, '""'nit NI II A11t1 1<' I ltt t it" nll\ ll Y ll ruz l" rn l1C1pt 
~o tn g h y l lt N• I' tn l' tl ·rti l' b:Jftll,1!181! WUf! l ! rln1I for 
11"(\nl !ll'Vl' tl fo11rtPl" II rln,.Vl'I, rl f'l') <'! tllll fl K l)ll dl111ut1,: 
«'111ll tlM1 11 fHtrl l'P t11 r11 Prl to th" lio llPr ho use ut :!0% 
lllO lfl t 111'1' 

Wl'. PTI 11 ho 11 t t.w@ nt y ri v" yea rs ago a r11rre reut 
l'At1 f\ vl\l'le ty w nA lntrod11 rerl t'rom .fava by M Henri 
N a 11 11 fl py - J'O.f IOFi , althou g h em inently SHitub le 
fo r F) ~· ypt. p r <1 vNI t oo n111 r h t or t he cane 1-t lldng 
rnnr hlnf'fl T h ufl . the prnress w as a ba ndon <> d ut 
Nag !~At11 a cl i a n rl wAs onl y C'O ntln1tefl on a r i>1lnceu 
11ealr a t Che I k h F'a.rl,I. it IA s til I In use [ n UJ Z6, 
Nag- Ha.ma d! \": as com pl<' t e ly remode lled for Milling 

Oift'nslon pro C'esR , a nrl the diffusion batte ries 
enlarged . This will be desc riLed later. The cupn-
clty of ex is ting Ahou Kourga s fact or y was also ln-
cr ea>1ed , working the same Droeess since 19 r 4. 

'T'wo Factories in Egy pt. 

A boii Ko1trgas 

5500 tons 

4315 tons 

Nag Ham.cidi 

3040 tons (long ) 

2847 tons per day 

imately) . Taking one cell at random in the 
diffusion battery, its st:ccessive operations a re as 
follows. It is filled with bagasse from the first 
mills, during 'cthich operation milk of lime is added 
in several small doses to temper the juice still con-
tained in the bagasse. Each cell has its own ~mall 
individual milk of lime tank, fed by ring main from 
the main tank. When the cell is half full of bagasse, 
a quantity of juice - already tempered a nd a t high 
temperature - from the reception tan'.l: is admitted 
and the filling with bagasse corepleted. This 
quantity of JUICe corresponds roughly to that 
originally extracted from the cane, to whi~h it is 
no,, added. Thus, the bagasse and the juice in th~ 
cell, as it were , re-constitute integrally their initial 
amonnt of cane but in the most ideal for m for 
difft..ilion. The cell filled , it is closed and juice 
allow<>d to flow by gravity from the "compensator 
tank·' into the i:.ottom of th~ cell anj to rise t hr ough 
the column of bagasse until it emerges th rough a 
small cock or. the lid of the cell, which rock is then 
shut. The air contained in the bagasse is thu;; 
r emoved . The compensator ta nk i;; continually 
being maC: c1 up with juice co ming from th~ la;; t t>ell 
of th3 s~i'ies undergoing ordinary dit'fuslon. the 
balance o! :rnc-h jui ~· e being diverted t o the me:1suriug 
ta nks. This " mashing··• process eompleted. the 
cell Is n ext put o ,! to the " NAUDET" L'ircu it . All 
pa rts of this cireuit a.re full ot' hot juice at the 
moment the Na ude t " forced circulation" start5 to 
operato. A vump takes juice from the compensator 
tank, t'orees :t through the heaters and then through 
tho eti ll from top downwards and again into the 
pum11 s i:ctiou . This C'ycle is r epeated tor a short 
time. During this process , the juice passes through 
the c&ll several times , eaeh time having been pre-
viously hea ted under pressure to 105°C. , 2~1 °F.) . 
The tall column of the bagasse affords a most 
e tfici ent filtering medium al".d the juice after its 
repeated passage finally leaves the cell, bright and 

~- 'fhP.re are still four Cane/ Beet factories in the Malaga area of Spain. 
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clea r . It requires no furth er treatm ent a nd goeR 
direct from the diffusers to the cvapora: ors . passi n ~ 
cnly over a fin e screen to r emove entrained l>a is:wlllo . 

The " Naudet'' procesa <'Ompl rtc d 1nHI jnlcr• 
crawn off. this particular cell is linked t o t.hc n ex t. 
in the r egular diffus ion h:1.tt e r y and th e n ext cell 
rewly fill ed with fresh 1:ap;asse is then s wltch e<I 
Jver from diffusion to " Nandl"t" cir,' nh,t ;on . In thi -1 
manner each cell in turn g:oes throu gh the pr ocei'ls 
prior to forming a \lllit ~f !he _seri l"s undergoing 
diffu sion proper . Tin s ditfm; on 1s of <' Xactl y the 
same nature as tha t carried out in a h eet sugar 
factory. each cell be:n g equipped with a caloriser . 

The juice coming from the last cell of the 
r egular diffu sion l:'erics is sent into m easul'in g tanks 
and thence to the ev:::i"po rators. The exha uste d 
bagasse is discharged on to a strainer carrier over 
a concre te pit. The carrier feeds directly the last 
two mills , in series. u sed solely for pressing the 
taga sse t o a sn itable deg1 ee of moisture content, for 
combus tion . The liquid expressed by these mills -
"!es eaux de moulinage" - together with that 
collect ed in .1nd pumped from the s trainer and pit 
below the diffusers is used to make up the diffusion 
water. while the ~ediment is screened and settled 
off. teing return€:1 to the land eventually, as or 
with fertilizer . 

It 'l'l'ill thus be seen tl13.t the "Naudet" process of 
bagasse diffusion combines the three processes of 
extra,;tion , filtration and purificaticn of the juica. 

It is obvious that the proce3s entails a Milling -
Diffusion house of considerable length , from rough 
u;tim>J.tion by tlle writer on the spot, about twice the 
length of the average milling house for a normal 
mill in:; factory of like capacity. Width howe...-er, 
was no greater than that of a factory operating two 
mill ing tandems of 3G" x 84" mills, bearing in mind 

J\tilling-
Diflusion 

Normal 
!\Iilling 
Factories 

Typ~. 

) 
) 

) 
) 
) 

Name. 

A bou Kourv;as 
· N ag Hamadi 

Komombo 

Ermant 

that A hon Kourgas a nd Nag Ha m ad I each operate 
t wo t:rn dc ms of mill s a nd diffus ion batteries . 'rhis 
inordinat e length of mill h ouse ho weve r , is well 
co1111 wnsatc <l for hy the fact tha t this process e n -
t I r e ly <I ls r1enHN1 wl th Defecato rs , se ttling tanlcs or 
irn lnci ld l' l's , <' la r \f l(' l' fl of a l\ t ypes . f ilte r presses -
w ith t hei r att e ncl :1nt troubles a nd expe nse of cloth 
etc . - rotary or vacuu m a nd othe r form s o[ filte r s 
or !' Ul!'hltall on plant. 'T'h e p rocess m ay sound 
Aom e what complicated . hut In practice it works 
qnlte n noot.hl y . a s In a bee t s ngar [ac tory . Normally 
the jui ce can he r.ircula t ed through the entire bat-
t e r y , inc\ndin~ "N a nd et ·• tr eatm e nt , three times in 
7-8 m 1nutes . Filtration is con sid!fred per[ec t during 
th e in·ocess - after m a n y years expe rien ce of it -
Rl f': o the losses , l{nown and unknown, inseparable to 
the other s t a tions n ecessar il y interposed be t ,veen 
mills ~ncl exaporators in a normal factory , are 
a voided . To obtain simila l' r esults from a norma l 
milling fac tory ,vould, of coun.e . r equire an abnor-
r,, ql and 11neconomical number c f mill s in the train, 
high imbibition rate with lower purity final mixed 
juice. 

The double , strictly controlled liming employed 
work<i out a t 1 Kg. of Lime per long ton of cane or 
0.98 % on cane. From cn:.sher.(s) to first body of 
evaporators requires average time of thirty minutes . 

Details of the Ind1tstry and Factor-ies in Egypt . 
For many years, the present company - Societe 

Generale Des Sucreries et de la Raffinerie d'Egypte 
has been perm.itt ed b y government to enjoy the 
monopoly cf s'.1ga·r manufa.ct t, re in th:::.t country . 

• T!!ere arc five factorie~ and one refinery , parti-
Cl~lal' s; b~ing as follows :-

All five factories are situated well down the 
Nile , in the flat , fertil e cane growing areas of upper 
E gypt. Irri gatlon is universal. 

l1hx. Daily C3.pacity . 

55f I) long tons 2 tandems. 
4313 long ton.s 2 tandems. 

5310 long tons 2 doubk crush ers 
2 tandems of 15 roller mills. 
4350 long tons Double crus1.:~r 15 roll mill. 

C1.111e Chips 
Dift.,slon 

) 
) 

Chcikh Fadl *1500 long tons 12 cutting mills . 
Total available cap. 2:l795 long t.:ms per day. 

Abon Kourgas ar..d Komom!: o have double two-roll 
crushers with IV!axwell Shredders to each tandem 
i.e., four at e~ch factory . The oth<'rs have single 
two-roll crusers ~.lso with Maxwell Shredders. All 
are of Kraje,-..;:;ki pattern. M·acNeil patent grooving 
on all mili rollers . All mills - except primary 
mills at Nag Haraadi one of which dates from 1868 
- are of modern design and all are electrically 
driven . 90% of all drives in the factories are 
electrified. Mills are of CAIL or FIVES-LILLE 
(French) manufacture. 

Averages final bagasse 49% moisture. 

A significant · factor in favour of Milling 
Diffusion is in Horsepower required. Milling fac -
tories require 0.48 H.P. per ton cane. 

Evaporators are modern in des ign and applica-
tion , pre-evaporators supplying s t eaii\ to 1st . pan s 
are in use . Most evaporators m ade by F ives-L ille . 
some by Cail & Gilain. Nearly all the r emainder 
of the plant in each factory is by Cail or Fives -Lille. 
Watson-Laidlaw electrically driven centrifugals , 
w ere seen in one factor y , also cr ystallise r s and ot her 
units by Skoda-Vcrk, Prague. 

Dis tHlerv plant I mostly alcoh ol) is l a r gel y b y 
Ping ris-Mollet-Fontaine , Fives- Lille or Ca il. R aw 
sugar is loaded direct i!1to Nile fe luccas or into 
E .S.n . box cars , as convenient. 

All the factories are well and spaciously l a id 
out. Tiled floor s abound in sugar houses and else-
where. 

,, This cap:icity of Cheikh Fr.dl is not fully utilised . 



36 THE J.A.S.T. JOURNAL. 

Considering the type of labour availahlc, the 
fac t or ies are clean , sani tary and well k ept , with 
pleasing surrounds and h ousing estates. 

Abon Kour ITTl,s 
N n~ H amadi 
Komombo 
E rmant 

230 tons 
187 .. 
216 ,. 

per hour) 
" ) .. ) 

1 so " ) 

Messchaer t groves nsed In nit mill s . 
At Abon Konrga.s. th e two 8nbseQ 1ien t "pressing 

mills" of ear h t rai n or t andem. fo llowing the dif-
fn s~r . a re of CRil manufacture, 900 x 2011 0 mm . 
(3 5f' x n! .. ) dnti:n it t)•om lSHS . bn t modernised as 
to hydraulic loading in plase of toggles. These are 
each followed by a. Fulton 36" x 84 " mill . both of 
which were installed in l!\44 , by special arrangement 
·with the l l.K. and U.S.A. governments as to export, 
import and shipping·. This se.t-np is entirely satis-
factory, yielding· a final hagasse of average 50-52% 
1:1oi st11 re, whirh . is excellent f01· combustion and com-
pare<; well with bagasse from a normal straight 
milling t r ain. Actually , the writer was informed, 
this is the most desirable fi gure of moisture con-

Juice Analyses . 

Mill juice ( 1st . & 2nd. Mill) 
Diffus:on juice 
Concentrated juice 

Bagasse Analyses .. 

Bagasse, after 2nd. pre-diffusion Mm 
B~gasse, after Diffusion 
Baga::sc, after 1st. post diffusion Mill 
Bagasse, after 2nd. post diffusion Mill 

Analyses of "Mil! Waters". 

Mill waters ex both post-diffusion Mills 
Losscg in Milling-Diffusion process, up to 
E vapo:·ators, - "Waters" fro :n Mills an '.l 

cells ( not recirculated) 
Exhausted Ba.gasse 
Sediment from decantation of "Waters" 

Total Losses,: -

Production Figures. 

Abou Kourgas 
Nag Hamadi 
Komombo 
l!; rmant 
Cl!eikh F adl 

Total 1947 Crop 

Apart from small loca l sales of 96• Raw and 99 ° 
"plantation white" the hulk of this raw production 
is shipped to the company 's refinery , El Hawamclieh , 
located on the Nile near Cairo , almost opposite 
Memphis, site of historic tombs and remains. 
This production could be even higher , but it 
must be borne in mind that 20-25% of the cam 
grown is not processed for sugar , but used in sma ll 
syru11 factories , by the growers directly , or sold in 
the streets by vendors from hand carts . Thus fn 
most towns and villages during crop time, the pave-
ment!.! are littered with rejected bagasse, since every 
other fellahin (Arab peasantry) one enc·ounter-s-

Ma ximum grindin g r a tes for 1948 Crop , were as 
fo llf)WS :-

( ton~ of 22 ,rn lhs.) 
Mlliln g-nt tf u81on process 
Ml\ltn g fac tori es 

tent , the hagasRe IJ e ing somewhat finer than that 
fro m the usua l t rain or mills . Hence, it is inclined 
to h<! co me powde ry if dri er , and to clog ir wetter. 
It consistently prod uces a n ave rage of 20 Kg. of 
1Jteam per sq ua re metre of hea ting surface < or 4.1 
pounds steam per square foot of H.S.) . 

La boratory figures, a ve rages !or 1947-1948 Crop. 
A ho·ii Koiir (Jas Ji'actory : 

Average daily grinding and diffu sion rate - 211 
long tons/ hr. % sucrose in cane - 12.7, fibre % 11.2, 
purity 83.7. Diffusion draft (souti rage ) - 107 
litre; % Kg. cane or 241 gallons per ton cane -
l l 7% on cane. 

Brix . 

20 .2 
1.. 4.7 
53.7 

% 

Raw Sugar 
1947 

4~,800 
43,000 
t!c 5,8CO 
38,600 
11,660 

Sucrose Purity 

83 .7 
84 .0 
83 .44 

Sucrose 

7.4 
.84 
.74 
.GG 

16.91 
12.35 
44.81 

% Fibre 

33.0 
15.5 
39.6 
46.2 

% Sucrose 

0.66 

.04 

.14 

.08 

0.26 

Av. 96° - Long ton s.. 
1948 

50,840 
45 ,000 
47,600 
40,200 
12.160 

187,760 tons 195.800 tons 19 [g Crop. 

feem:; to be chewing cane, so purchased. Large 
ouantities 2re sold for this purpose even in Cairo, 
f,:i- from tl:e cane fi elds. It is transported there in 
t-.r ab feluccas, on the Nile. Much of the raw sugar 
is shipped Urns, aim and it is a common sight, to Eee 
a l O'l year old felnrcu with it s huge tria1:gula:: sing·e-
sail r nd c\11 msy construction, so laden down with 
:;. ugar a;; to lu~ve only 3" of freeboard. 

The rn fincry is a large, well laid out plant, on 
clean aud modern lines. It is capable of melting 
about 1,000 long tons per uay and runs for 126' 
hours pe1· wor-king week . Bone Char clarification 
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is used, . also double carbonation and sulphitatlon 
for c,ertam lower grade Sl~gars. Cube sngar, "coffee 
c~be - tablet, old fashioned brown , soft, confec-
tioners are some of the many grades of sugar pro-
duced , packetted and wrapped . 

R~fined production in 1948 was 216 ,500 long tons 
and m 1948 was 225 ,520 long tons in which year 
29 ,720 tons of raw sugar were imported and refin ed 
also. Most of the r efinery plant and m ach\ne1·y is 
o~ French a nd some Belgian origin . The writer 
did observe, however, two - " Mirrlees" streamflow 
vacuum pans, also one batter y of Watson-Laidlaw 
centrifugals . Others were by Fives-Lille and Skoda. 

Stoving and cutting arrangements for cube sugar 
were conducted on modern and h ygenic lines. In 
fact the whol e r efinery plant was a cr edit to its 
own~r~, the_ more . so in a country where working 
conditions. md~strially a nd otherwise are generally 
de_Pl?rable. Boilers at the refinery are oil fired 
Stirlmgs,_ each a ppa rently of about 30,000 lbs./hour 
evaporation. 

Skilled labour is scarce among the Egy-ptian Arabs , 
who are by no means a mechanically mined race . 
Technicians and factory managers were of Frencu 
or Be lgian origin. Chemists , draughtsmen and the 
like wer~ of l\fal!ese , Italian 0r Greek origin. 
Trade Umons are either non-existent or completely 
ineffective. In other respects howev~r , the industry 
seemed to be on modern thriving lines. Large sums 
are spent on research, the company having a large 
and well equipped research laboratory at El Haw-
amdieh refir.t>ry . also excellent drawing office and 
general engineering facilities both here and at the 
four chief factories. The writer was very impress· 
E:d with the efficiency, smoothness of operation anu 
operating results of the Milling - diffusion process. 
In conclusion, whilst not s11ggesting that this pro, 
c:ess could be economically embodied in any exist-
ing lactory, it is certainly worthy of being given 
every serious consideration by any concern propos-
ing to extend its factory or to erect a new plant. 
Its many advantages have already been dwelt 
nron - such as high extractio~., no equipment 
required between last mill and • evaporators and so 
on. 

The term "diffusion" will at once produce ob· 
jections on the score of vast quantities of water re-
quired per ton cane beinf; less than in many mace-
ration factories in Hawaii and less than any Queens-
land factory using maceration baths between the 
mills. In all fairness, certain disadvantages have tll 
be ~Bowed for . The somewhat complicated pipe 
work and valve system requires careful training of 
the operators, by staff f11l!y conversant with and 
having experience of diffuoion work. It is also 
questionable whether it would be an economical 
project to build such a plant at presEmt. no item of 
engineering equipment having risen eo inordinately 
in price as valves and pipe fittings Rince 1939 ( 300 
io 550%). Despite this, the weight of steel involven 
in a diffusion battery is considerably less than that 
used in the equivalent number of mill:1 ; cost iR les!! 
also, there being but a fraction of the amount of 
machining nnd fitting work involved - other than 
pipin~ and vessels. The results being consistently 
obtaiP.ed in Eg;ypt - I venture . to rrnggest - cer-
tainly indicate that intensive research on a small or 
pilot scale should be put in hand at once, by all 
parties interested in furthering the efficiency, ex-
traction rate and future of our industry. 

Even if snch resea rch did not result In the lm· 
m ediate decision to embody this process, it would 
1ioss l~ly provide a.n anwser to that oft-repeated 
ques t ion , wh ich this subject provokes , i : e : , " is it 
economically sound to adopt longer and longer ancl 
heavie r m\llin"' t"a lns 11 -1 . . . . ,., . , w i e 1gnorm g the obvious 
Ineff iciency of Im hlhition as generally practised?" 

Four milling units with Naudet process and 
dlfhlfolon are achi evi ng· superior r esu lts at hio-h 
ca11acltles ns the lon gest of milling t~ains · ":.,, 
anywhero a n1l , coupled with this are the gr~~t :d-:_ 
vantages of a holluhlng completely all the plant nor-
mally necessary between mills (juice) and . ratori;. evapo 

This research could easily be undertak mod "Rt · . en on a ,_,. . m expens1ve or laboratory scale plenty of 
data l!~mg already available, from sourc~s known to 
tho wnter . 
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DISc rSSION. 

lUr. Slmnnon stated that Mr. Buck claimed tha t 
th_er_e was little equipment comparable to the ordinary 
millmg between the mills and the evapora tor . H e 
felt , however , that the diffusion batteries were pro-
bably just as expensive and occupied as much space 
as would be required by the rotary filter station anu 
r.ontinuous clarifier stations used in th e normal 
milling vlant. 

Mr. Buck stated that the milling house h the mill-
ing diffusion process admittedly was much lon ~er 
than in the ordinary process. The diffusion ba ttery 
did not take much space ft na was not particularly 
expensive. The biggest cost with the process under 
discussion was for valves and piping , the cost of the 
former having increased up to three times tha t or 
pre-war values. In Egy~t . as they were dea ling with 
the plant established before the war , when valves 
and piping were at normal cost they consider ed they 
were operating a chea p process. Because of the in-
flated values it wonld hardly be fair to compa r e the 
processes at present. As far as s pace was concerned 
it should be r emember ed that the buildings [or a m ill -
ing diffusion plant did not require the same number 
of stories as would an ordinary milling process plant. 
Consequently there was economy of space from this 
point of view . 

1\lr. Sluumon felt that one disa dvantage of the 
diffusion clarification was that no filter press mud 
was available for r e turn to the fi elds , whereas with 
the normal milling the filter press mud was consid-
ered to be a valuable fertilizer . 
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Jlir. Buck agr eed that this was so in tha t t.h e mud 
was burnt in the furnaces wiU1 th e baiasse. How-
ever , 70% of the wash wa ter from the post-diffus ion 
mill s con taining a cons ider ahl e amoun t or suspend ed 
matter was returned to th e fie lds through tho irri ga-
tion channels an d was consider ed to he of con sld1~rahlc 
benefit t o th e cultivation . 

Mr . . J. r.. n inirs ns:rnd wheth er th err wns no de-
trimenta l eff ect on the qua li ty of th e juice wh en th o 
h ot lim ed .inice was filt e-r ed over th e hngnRse . 

)fr. Buck sa id t hat t h or<' wo. s apparen t ly n o su ch 
effect as the jnire entering· th e evaporators was clear 
and lim pid. 

)Ir. D1nif's said that t h e rea son h e had ask ed this 
question was that in normal milling· with conti~nous 
limin g at tl1e mills the j ni.ce was badly affected if th e 
ba o·ac ill o ha d not been previously scr een ed off. 'The 
eff:ct o f h ot lim ed juice on the bagacillo normally r e-
sult ed in a breakdown process with the formation cf 
pect ins and pentosan s which led to trouble later on in 
t11e boil illg house. The differen ce between juic<:> fr?a1 
which the ba:;a cillo had been r emoved and from which 
the bagacillo had not been r emoved was r emarkable-. 
In the form er case. the resulting juice wa s pale and 
clear and in the la tter ca se was dark and had a much 
high er Yls·cosity. 

,rr. Buck said that no such effect was app'.l.rent. 
w ith the milling diffusion p.rocess and prob:1bly the 
Naudet system of clarification was responsible for 
tqis . The juice_ emerging fr cm a ~iffusion cell b efore 
Na udet c ircula t10n was dark grey m colour, but after 
the ~audet circulation and screening of bagacillo it 
was suffi ciently well processed to be sent direct to 
the evaporators. 

?'dr. J. G. Da,·ies said that he felt that the Naudet 
process was a perfect one for transferring cane wax 
from the rind of the cane into the juice and con-
se'.] u en tly into the boiling house and vacuum pans . 
This wm1ld have a detrimental effect on subsequent 
work a~d especially sugar boiling and curing. 

)fr. Buck st~ted that he had brought up this p oint 
hut had been assured that this was not the case. On 
the other hand the boiling house in the Milling D:f-
fusicn process was much slower than in the ordinary 
sugar factory and a much larger pan capacity wrs 
r e:i uired. It was quite likely that this could he a t-
tributed to wax in th e juice. It took much longer to 
l' oil hoth "A" a nd "C'' sugars in the milling diffusion 
process. 

]fr . . J. G. D:; li,•s stated that Mr. Buck cla imed thPt 
the mill extractio;i wnR much hl!?-h er th"n in the 110,.-
mal milling pfant. H e w ould like to know l10w the 
Boilin~ House R ecovery comparo_d for th e two, pro-
cesses. 

i'\fr. R1wk Rta ted tha t as far nFI lH! eoulrl aseertah 
there w as little to choos·e between th e BHR for th e 
two precesses. 

}Ur. J. G. n ,nie~, asked if this were t.he c·as ~. wh ut 
were the advantages gained by the excellent clari-
flcatfon . 

llfr Buck shted that the advantages claimed w ere 
highe1: extraction together with smaHer maintenance 

and operating costs . Ther e was much less wear on 
th e mills t ha n with th e norma l prncess , :is they re-
li ed mainl y on th e diffusion process to obtain their 
hi gh er ex traction, a nd the diffusion m a de up la rgely 
for a n y milling de fl ciences . 

~Ir. II. A. 1'ho11111son asked wheth er the re was sur-
iilu s h::igasRe o r wh ether additiona l fuel had to be 
llfW d . 

:\Ir. lln<'k stated that s urp[us bagasse was ava ilable 
Tioth fr om the milling diffu s ion and the cane chipping 
processes. This was so in the ratter case, even when 
th er e wer e quite la rge losses from the grying or 
hagasse In the deserts as· re ferred to in the paper . 
H e had heen assured by the factory staffs that only 
75% of bagasse manufactured was r equired for fuet 
purposes . and by the operating company that their 
heat balance and fuel economy wer e better than any 
other type of sugar cane processing. 

l'lfr. 1.'hornps'ln asked whether , due to the fact that 
cane was shipped in feluccas to the. mill, the cane was 
old when it arrived. 

iUr. Buck stated that he had been assured that the 
maximum age- of cane was three days from the date 
of cutting. 

Mr. n. Aitken asked whether waste wa ter to be 
disposed of from the factory any trou ble. 

Mr. Buck stated that a considerable amount of 
water was expressed from the post-diffusion mills for 
the purpose cf drying out the bagasse and that after 
screening, 30% might he returned to the preliminary 
diffusion process the remaining 70% being flumed 
into the irrigatio:i. channels ; and claims were made 
that this was of co:isiderabie benefit to the fi eld. 
There was no effluent probiem a s even the waste 
from washing out of diffusion precess was re-circul-
ated through the diffusion cells. The amount of 
water used was claimed to b e I0ss tha n in the Queens-
land mills using the maceration b '.:l th process an ·! also 
less than in some factories in Hawaii where large 
quantities of imbiticn waters were used. 

l'lir. Nurse asked whether the miIIinc;- diffusion 
process resulted in difficult scale forming properties 
of juice in S'.> far as evaporators and pans were ccn-
cerned. 

1\lr. Buck stated that so far as h e c'.>uld deterraine 
there was not much trouble in this connec tion, the 
normal processes of cleanin~· be ing used both for 
pan and evaporator. H e pointed out that the fac-
tories operated a 23 hour day, one hon r being devoted 
t ') clea ning. The scale normally was soft but if al-
lowed to sta y to :i long in between cleanings it defi -
nitely did harde:1 and gave trouble . There was h o,r-
o•;c.r , h e mlderstood , a fo rm of c r ysta llization causing 
scaling of pipe line between the diffusion ce ll s , the 
evaporators , and these pipelines were at cne time 
r e pl:lced a nnua ll y. This trouble hacl to som <:> extent 
been over com e by the use of C'.>ppe r piping. H e 
nnd <.> rsto r d that some scale troubl es had been en~ 
countered in fa ctories using POJ and CO can es which 
ha d r efractol'y juices. 

Mr. Nurse stated tha t it might be possible that the 
us e of bagasse as a filtering medium in normal milI-
ing sugar houses might help to eliminate excess lime 
in juice and reduce scale formation . 
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lUr. Innes wanted to know in what part ot Egypt 
these sugar factor ies were situated. 

)fr. Buck sta ted that they wer e all locntcil somo 
miles down the Nil e vall ey and on th o dc:- lta of 
that river. The reason for thiR was that thoy weri3 
dependent on irrigation . 

]Ir. Innes said that th e r eason f01• hi s qu estion 
was that som e Egyptian soi ls in the Ni le delt a were 
noted for their high salinity and this in turn might 
be the reason for the 1wed for large hollln g house 
capacity in the factori es under di scussion . 

]Ir. lluck s tated that this wa s Quite plauslhl e 
r easoning but h e would not commit himself on this 
point. 

)Ir. }'loro r eferring to Mr. Nurse's remarks stated 
that bagasse as a filtering medium would not elimi-
nat e excess lim e from the juice so long as this was in 
solution. Bag-asse could only be used as a filtering 
medium for the r emoval of suspended matter and as 
such had been used at one time in Louisiana for 
bagacillo and other suspended material. 

Mr. Suberan stated that the disadvantage of using 
bagasse as a filtering medium might be that its break-
down products with hot juice and lime might be simi-
lar to those from the breakdown of bag_acillo. He had 
noticed that the juice tj.gures quoted showed a de-
crease in purity of juice from the front to back end 
of the process and that this decrease in purity might 
be due to bagacillo breakdown products. 

Mr. Shannon made reference to the claim that the 
milling diffusion process had a much higher extract-
ion than the normal milling process. He gave figures 
to show, however , that a Hawaiian factory some years 
ago having four more rollers but no Maxwell shredder 
and a less amount of dilution water gave very com-
parable extraction figures to those quoted for the 
milling diffusion process. He then stated that as far 
ai, fuel surplus was concerned this was probably due 
to the installation of air preheaters and to the -ela-
borate system of bleeding the evaporators and other 

measures of heat econom y. It was quite P?ss ible 
tha t the cost of ln Rtall a tion a nd operation of thi s heat 
econom y equipm ent might more than offset the value 
of an y adclltlon al sugar r ecovered , as compared to a. 
normal millin g pla nt. He r eferred to the Madeira 
factory quoted In Mr . Buck'R pa per. and stated that 
hi s most re<'cnt Information was that this factory had 
given up th e milling diffus ion process some 3 years 
ago ancl the reason for thi s was that they had to use 
too mu ch coal to make up tor th e defi ciency of 
ha11;asse for th e furn aces. Th e factory was a small 
on e and du e to Its situation waR una hle to expand in 
area and consequently coul4 probably not afford 
eith er the Rpace or the money to install elaborate heat 
economy equipm ent, to give it the proper hea t balance 
r eq uired. 

J[r. ,UacDonald in clos ing the discussion thanked 
Mr. Bu ck for his very inter esting paper . As he had 
stated previously the paper was of per sonal inte rest 
to him as he had a long tim e ago taken off one crop 
in the Nag Hamadi factory . He was very glad to 
know that in the intervening 18 years thi s factory had 
improved its efficiency so much. When he was there 
the Superintendent of Manufacture had had consider-
able trouble, as they did not strain the bagacillo and 
the juice deteriorated rapidly due to the action of the 
hot lime juice on the bagacillo. In the old days also , 
they had had a lot of trouble in getting sufficient 
steam from the bagasse available. He made refer-
ence to the labour difficulties which were present in 
those days but which had apparently been overcome 
to a great extent by the time of Mr. Buck's visit. H e 
wished to thank Mr. Buck very much for producing 
such an interesting paper aw it was obvious from the 
numerous questions that had b~en asked that although 
there are many disadvantages to the mill diffusion 
process it was one which gave a lot of food for 
thought and it might be that in time we in Jamaica 
might again have to consider the investigation of such 
a process. 

The President thanked Mr. Buck for contributing 
his first paper to the J.A.S.T. meetings and also thank-
ed Mr. MacDonald for so ably carrying out his duties 
as Chairman. 


