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COMPOSITION OF THE SOiiCJBL."E 1\0U-SVG-ARS IN BEETS 
Alto T}::EJ!R ELIMilfATIO:N' DuR!lm P:rtOCESSING 

:By A. R. Nees 

Every step in the sugar refining process ~s directly concerned witn, 
or is incidental to the ~eparation of sugar from the accompanying no~ugars. 

:rn the processing of beets there are t\.,O steps which ar.e chiefly con­
cerned with the elimination of non-sugars, - the diffusion battery and first 
carbonation. Average beets contain about 135 to 140 pounds non-sUgar, other 
than water; per ton. Aproximately 90 to 100 pou_~ds of insoluble matter in 
form of pUlp is removed in the battery ~~d 35 to 40 pounds is carried into 
the raw JU~ce. The carbonation process removes 12 to 15 pounds. The remain­
der goes on into the su.gar end and eventually passes out ltd. th the molasses . 

EverJ sugar tec~~ologist since the begi~~ing of the industry, has given 
attention to both the diffusion and carbonation operations, with a vieilr to 
increasing the elimination of non-sugars, thus increasing the yield of granu­
lated sugar and decreasing the quantity of molasses. 

IJ:he chief functi.'Jn of the battery is to separate soluble constituents 
of the beets from the in$oluble. 

Some believe that osmosis or lrselective diffusion" take place in the 
battery and that it may be so operated as to improve the purit;;,r of the diffu­
sion juice. ~t is probably true that certain colloidal cellular matter is 
coagulated by heat and mechanically filtered out in the oattery. Beyond this 
there is not much evidence that soluble non-sugex is removed. On the other 
hand there is much evidence t~~t, under conditions of high temperature and a 
long time of retention1 hydrolysis or dissolution of certain constit~ents such 
as hemi-celluloses and pectin-like compou_'1,dS occur, thus caiJ.sing a lo11rering of 
purity. The elimination of impurities in the oatter~r is only of inrportc.nce if 
something is removed 'lvhich ce . .nnot be removed 'b~r lime nnd carbonation. 

So far as the removal of colloidal and soluble non-sL1gars is concerned 
the stanctard practice is, of course, the treatment with milk of lime or cal­
cium saccharate and subsequent removal by carbonation and filtra~.;ion. Many 
methods have been proposed to supplant or supp;Lement the lime treatment, bttt 
none hav-e proven feasible from an economic standpoint. Ha.:11y variations in 
technic have been adopted from time to time "'i th the idea of improving the pre­
cipitation and removal of impurities. ~heir value is uncertain~ At times good 
results are obtained with little effort - at other times poor results exe ob­
tained in spite of all one can do. 

It was this uncertainty which prompted the inception of the v,rork re­
ported in this paper. It was often noticed that beets from adjoining terri­
tories gave different results in the respective factories in which they were 
processed. This was particularly noticeable in two Colorado districts. The 
factories are of comparable size, have similar equ.ipment and maintain, as fox 
as possible, the same operating condit i ons. Yet one with poorer quality beets 
invariably obtained a higher elimination of non-sugars as measured by the pur­
ity of thin juice and molasses production. ~he average fig·uxes for the five­
yeo:r period irn.TUediately preceding the tests Gt:re shown in ~able ;r.. 
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TABLE I 

Sugal" in 
.. S,tgar Apparent Apparent Molasses 
Percentage l1:u'ity Purity Percent:::..ge 

on Beets Beet!? Thin Juice on :Beets 

District Uo. 1 15.30 83.9 88.8 1.99 
District No. 2 15.80 85.4 88.8 2.08 

Table Il shows similar figures for the year in which the tests were 
made. 

T,A:BLE II 
Sugo.r in 

Sugar .Apparent Apparent !-iolasses 
:Percentage furity Purity l'orcent8-ge 
on Beets Beets Thin Juice on Beets 

District No. l 14.61 84.6 89.0 2.24 
District No. 2 14.61 84,7 87.7 2.27 

The difference in the results obtained by the t'I"IO factories is obvious 
a..."ld this investigation ;vas undertaken to determine the reason for the differ­
ence. 

The tests '"ere carried out in accordance with the follo'I"Iing procedure: 
~pal·ent purities (refractometer dry substw..ce a.."ld direct polarization) were 
run on daily composite s~~les of pressed juice, diffusion juice and thin 
juice (second saturation juice) and on colloid-free pressed ~"1d diffusion 
JU~ce. ,t\-11 dail;r sa.r:rples were concentrated and couposit ed by vmeks for more 
cOLTJ?lete ano.lysis. Corresponding con:posi te so .. 1 .. .1ples of molasses 'l:rere oJ.so ob .... 
tained. ~~0J.yses were made on all weekly sanples for total nitrogen, proteins, 
non-protein nitrogen, nitrate nitrogen a.."ld lixiviated ash. 

Non-protein nitrogen compounds were calculated from the no1~protein 
nitrogen by multiplying by the faotor 9. 0. The non-nitrogenous organic com­
pounds '"ere determined by difference. This is adrni ttecJ..y an empirical method 
but it is believed to permit a fair comparison of the composit~on of the var~ 
ious juices. 

Finally all results were reduced to campaign averages. It is t~ese 
latter figu.res which 'l'rill be discussed. 

The various non···sugars are shown in Chart I and Table lii, e::::-_()ressed 
as pounds per ton of beets. This method of expression makes it possibl e to 
compare not only the different juices from the s~~e district, but to compare 
those of the two districts, since the beets ha,ve the same average sugar con­
tent. 

First, conr_9are the composition of pressed juice from the t-vro districts. 
The total non-sugars in Uo. 1 is 43.4 lbs. per ton of beets a.."ld in No. 2, 
43.7, practically the s~J8. The inorganic conpo1L"lds are also the sruue , being 
13.5 poUl'!'lds per tun of beets. There is a decided difference in nitrogenous 
compounds. Proteins, ~Olrprotein nitrogen compou_~ds e~d nitrates are all high­
er in the beets from District No. 2, by ~.2, 1.3 nnd 0.5 poUl"1ds respectively. 
The no~nitrogenoua orgro1ic compounds are lower by 2.9 po~ds. 
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Comparison of the non-sugars in pressed juice and diffusion juice is 
of interest from the standpoint of so-called 11 battery eliminn.tion11 • 

There is a reduction in the total non-sugar in diffusion juice as com­
pared to pressed juice of 8.6 pounds per ton in No. 1 beets a.~C. 4.6 lbs. in 
No. 2 beets. ~he difference is largely accounted for by an increase in ash 
and only a slight decrease in non .... ni trogenous brgnnic in liTo. 2 beets, i'fhile 
there is a decrease in ash and a relatively large decrease in non-nitrogenous 
orgnnic compounds in No. l• ~he increo.se in ash in Uo .. 2 beets is partly due 
to solids in tho battery SU"".P.ply water :1nd the addition of socta ash to the bat- · 
teryl 0.55 pound and 0.22 pound per ton of beets coming fr01:1 these respective · 
sources. 

(l3attery sttpply vmter for No. 1 factory had the equivalent of 0.06 
pOU..."ld solids per ton of beets and no soda \'las added to the batter~r.) 

After making these corrections, No. 1 beets still show 0.52 pound per 
ton greater reduction in ash than No. 2. Apparently there is a..~ elimination 
of substantially more ash constituents from No. 1 beets in the battery. This 
point will be discussed later. 

The comparison of diffusion JU~ce with thin juice shows t~e effect of 
liming and carbonation on the removal of no!l'-sugars. The most obvious thing 
is that the thin juice from No. 2 beets contains 3.1 pounds more non-sugar 
than No. 1. ifuen the proper corrections are made for solids in batte1~y SUJ.')ply 
\>Tater a.~d soda ash u s ed in process in both factories, the diffe:;.·ence is reduc .... 
ed to 2.4 pounds~ This ~nount of non-sugar will carry 3.6 los. of sugar into 
the nolasses at 60 purity or increase the sugar in molasses o.la% on beets. 
The rea.so11 for this difference in elimination lies in the fact tho;~ ;No. 1 
beets contain a relatively large ai·nou..~t of non-nitrogenous compom1ds which 
are readily eliminated, 1t1hi1e Uo. 2 beets contain a large ~:1ount of nitrogen­
ous compounds 1>1hich are not eliminated. This results in the p :tocluction of 
lower purity thin juice a~d consequently a higher molasses production from 
No. 2 beets. The elininntion of other t~7pes of non-s,.lgar is 1)rn.cticclly the 
same for both districts. 

Colloid-free uressed and diffusion juices were prepared by treating 
with colloidal aluminUm mrdro:x:ide. The alumina hydrosol carries a positive 
electl•ic charge while the juice colloids are negatively cllD .. r ged. A nmtua.l 
precipitation occurs when the two types of colloids are brought together. 
Chart I and Table III show tho runount of each tYJ.)e of non-su..go.r precipitated 
by alumina hydrosol. The remainder is assumed to be in true solution. 

Practically all of the proteins are remoYed but onl;)r a small i_)D.rt of 
the no1;.-protein nitrogen corrrpoun,ds. :Beets 1To. 1 shm,r 5076 greater ash r emovnl 
in collo.iclal form than No. 2. Aga in the most Barked diff erence is in t~1e non-. 
nitrogenous organic compounds . Forty per cent of the se conpolk~ds oie p recipi­
ta.ted fron the uressed juice of No. 2 boots and 36% from that of No. 1 beets, 
,.,hile only 16% ~e precipitn.ted from the Q,iffusion juice of Ho. 2 and. 23% fron 
No. 1. It is to be noted too that there is more of these compo~~ds in tho 
colloid-free diffusion juice th0.n in the pressed juico of ~To . 2 beets, .,.,h ile 
the reverse ~s true for No. 1 beets, ~t is indicated t~at some of t hose com­
pounds in No. 2 beets are char~ed from the colloidal to the true solution 
state in the battery. Apparent~y, however, they nre renoved by lime so that 
the ne~ effect of this conversion on t4e purity of thin juice is negligible • 
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~he conposition of no::1-sugar in nolasses is the snn e v.s thnt of thin 
juice, 1d th the exception of the no::.-ni trogenous organic, which sllO\vs n..'I'J. in ... 
crease of 2.2 poUL'I'J.ds per ton of beets for Distr~ct No. 1 and 2,3 pOUL'I'J.ds for 
No. 2. This increase is the result of the inversion of sugar during t h e pro­
cess and is made up of invert sugar and its decomposition products. 

~able IV shm.;s the composition of the inorganic compou...'I'J.ds. As j_:)Ointed 
out before, total inorganic compounds, expressed as lixiviated ash, is the sa~e 
in the pressed juice from the beets of both districts, and there is less ash 
elimination from No. 2 beets even Etfter a correction is made ;for solids in 
battery Su:J?}?lY water and. soda ash. The reason becomes a}lparent >vhen it is 
noted that there is an increase in alkali cor.1pounds from pressed. juice to dif­
fusion juice which, of course, carries through to thin juice. These additional 
potassium and sodiurJ coriq_:Jounds evidently cone from the hydrolysis of clkali ... 
organic cor::rpounds in the batter;r. Wb.ether this :b.ydrolysis is ini'luenced by the 
method of battery operation or is an inheren t characteristic of the bee ts is 
not known. lt is kno>m, of course, th:1~t calciUI!!, magnesium and phosphorus com­
pounds are removed at carbonation. This is cl.eo.rly indicated by the figures 
in the t o..ble. l'rs.ctic:1-lly none of the chlorictes are eliminated. Forty,..,.seven 
per cent of the sulfates are e],iminn,ted fron l'!o. ;L beets v.Jhile there is nn 
increo.se of 25% in the thin juice fron No. 2 beets. This l C'.tter figure is ob­
scured by an u.n.1rnmm addition from batter~; sup;;J:!-Y vrater. 

Tho association of the inorgDnic substnnce in the colloido.l lJh~se 
sho>vs sone interesting variations. For e:::o.r..1ple, in No. 1 beets both sodiUD 
~Ld poto..ssiw1 are rcnoved with the colloids. In No. 2 beets neither of these 
is r 'en oved, but instead an equivalent n...Bou:nt of nagnesium is precipitated. 
Practically all of the calciun, silica, iron and alULuna, ru1d about one-~alf 
the phosphorus are shown to exist in colloidal condition. 

If one were able to r esolve the orgr>.nic substa..l'lce into their corJ~[JOnent 
p arts as easily as the inorganic, a nore cor:~plete picture ivoulct be obta ined 
and the problen of clinination could be attacked in a nore intelligent u .::umer. 
~t is <X.fl];:Jnrent thnt 80% to 85% Of the non-SU-t?;f:!.;r'S in thin ju:l_c<;l are COT.Ij_)OSed Of 
t1.vo gr01.:g_Js, inorga.."'lic and non-protein nitrogenous conpou:.'1ds. It is evident, 
therefore, that any inproved n.ethod of juice purification will bo successful 
only in proportion to its tl.bili ty to renovo those suo stances. Such a twthod 
will have to be a radical departure fron the present one, probably a SUJ)ple­
DentaJ. nethod which ivill follovl t:1e line E".ncl carbonation lJrocess. Tho devel-op-. 
nent of such a nethod is not ir:u.:>ossible :fron a tec:micnl stc:11dp oint. The econom ... 
io f:1ctors will goYern its ap])licatlon. 

Ti1is discuss ion hns pointed the dif:ferer;.ce in the r oJ.ative :_Jrop or'jiio::l 
of t h e variou.s non-suga r in beets >vh ich hn.ve the sor.~e sugar co;:J.tent ;:t •. 't'ld purit~r. 

This difference is undoubtedly a function of soil f ertil i t y , agricu.l tu..;t·o.l n e­
t hods D.J.J.cl clinatic conditions. ~he cont ention of nany operat ing 1:1en t hat fac­
tory :results are i ni;Lu,enced by the qu.ality of beets i s borne out by these re­
sults, although it is doubtfu~ i:f all operating troubles en~ be ascribed to 
this source • 

.A.clu1ow1 ec1i;::ent 

The 1vriter wishes to ackno1dedge the vnlun~ole ass i s t on ce of £,:es srs. 
R. J. Brmm, ; •• U. Be:'J.'+Wtt, E~ H, Htmgerford nnct others who co.rriecl. out t2w 
prodigious ar.10UL11.t of a..11.al~rtica], work i nvolved ~n t;b.is investigation. 
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TAJ3LE III 

POUNDS .NON-SUGARS PER TON BEETS 

Non­
Protein 

Protein Nitrogen 
9omp0U11ds Compounds 

Pressed Juice 
Colloid-free Pressed Juice 
Diffusion Juice 
Colloid-free Diffusion Juice 
Thin Juice (2nd Saturation) 
Nohtsscs 

Pres::wd Juice 
Colloi\3.-free Pressed Juice 
Diffusion Juice 
Colloid-free Diffusion Juice 
Thin Juice (2nd Satur~tion) 
Eolasses 

3·42 
0.30 
1.22 
0.38 
o.oo 
o .. oo 

1~.6~ 
-' o.o4 

1.66 
0.12 
0.19 
o.o4 

9·05 
8.20 
s.oo 
7·93 
7·50 
7 .. 50 

10.31 
9.84 
9.91 
9·54 
8.99 
9.07 

Nitrates Ammonia 
JJ2°5 NH3 

DISTRICT lW. l 

0.82 0.17 
o.ss 0.15 
0.71.~ 0.15 
Oe77 0.16 
0.77 0 .. 03 
0.77 0.03 

DISTillCT NO. 2 -------
1.34 0.26 
1.26 .25 
1.15 .25 
1o20 0.24 
1.27 o.o4 
1.21 0 .03 

*Purity 0y rofractoTI;.~ ter d?.>y suost&"1.ce and direct polarization. 

**True })Uri ty, double enzyme :ilethod .• 

Non­
Nitrogenous 

Inorganic Organic 
Compounds "Total "Purity 

1).51 16.45 43.43 *86.05 
12.15 10.54 33·25 88.97 
1~.97 11.78 34.80 88 .. 63 
12.25 Se91 30.61 89.63 
11.75 3·84 2~ .. 74 91.98 - ' 
11.70 6.10 26.20 **61.63 

13·55 13·56 43.65 *85-98 
12.49 So30 32.17 89.00 
12.97 12.07 39.11 87 .43 
13Q52 10.17 34.80 88.63 
12.79 3.48 26.76 90.95 
12.70 5 .. 80 23.80 **6o.39 

1 
\...N 
0 
1\) 
I 
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TABLE IV 

ASH CONSTITUE'.HTS 
POUNDS PER TON OF BEETS 

Co11oid...,free Co11o i d-free 
Pressed Pressed . Diffusion ;Diffusion Thin 
Juice Juice Juice Juice Juice Ivi61asses 

DISTRICT NO. l 

SiO~ 0.09 0.02 0.03 0.01 0 .. 02 0.02 
It20 0.19 0.06 0.06 0.09 0.01 0.05 
CaO 0.40 0.06 0.15 0.06 0.05 0,12 
MgQ 1.04 l.OO 1.03 0.86 0.02 0,.01 
K20 5.03 4.86 5.14 5.04 5.21 5.19 
!Ta2o 1.93 1.84 1.92 1.87 2.07 2,11 
01 1.62 1.67 1.46 1.58 1.55 1.60 
so3 0.69 0.61 0.43 0.43 0 .. 34 1 .. 64 
P2o5 0.69 0.32 0.53 0.35 0.04 0.03 
co2 (Calc to_) 2.26 2.11 2.43 2.32 2.74 2.14 

DISTRICT uo. 2 

Si02 0.09 0.02 0.05 o.o3 0.02 0.02 
R2o3 0.20 0.08 0.11 0.11 o.oo 0.02 
CaO 0.28 0.04 0.11 0.04 0.07 0.08 
MgO 1.04 0,.84 0.93 0.67 0.02 0.02 
K20 5.10 5.09 5.56 5.55 5.49 5.55 
:tra.2o 2.03 2,01 2.20 2.25 2.40 2.·10 
C1 1.20 1.34 1.18 1.31 ;1..19 1.28 
SOz; 0.46 0.50 0.75 0.69 0.58 1.73 
Pzo5 0.77 0.31 0.64 0.34 O.L!,O 0.03 
Co2 (Calc t d) 2.65 2.57 2.,82 2.85 3.25 2.57 
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