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Ultrafiltrat ion and Microfiltrat ion are not new technologies. In some food 
indus t r ies, s uch as the dairy industry, these unit operations of separ ation have 
been used with succes s s i nce t he ve ry earl y sevent ies. 

The first generation of membranes was the or ganic . These me mbranes have been 
used successfully in many applica t i ons, whe re the charac t eri s t i cs of the product s 
to be t r eated and the operat i ng condi tions are r ecepti ve to th is type of 
membrane : low viscosity, l ow t emperat ures, frequent i nter rup t i ons for c leaning, 
s anitizing procedures and membrane r epl acemen t . 

For qui t e some time, t hose in the sugar i ndustry have contemplated t he pos­
sible use of membrane t echnology t o replace convent i ona l c lar i fi cat ion and 
filtrati on methods- - methods calling for heavy equi pment and representing high 
operating cos t s, as we ll as c r eating those ever more di fficul t to r esolve 
environ.ental probl ems. 

Due to the characteristics of the sugar solut i ons t o be treated, however, the 
first generation of organic membranes was not accept able t o the sugar industry. 
This industry- -wi t h its high tempe rat ure or viscos ity of product to be treated, 
and a production schedule which does not t ol erate interruption--demanded a new 
generation of membranes which could wi t hstand t hes e challenging condi t i ons. Such 
membranes are now ava i l ab l e-- t he mineral t ype , and these have been s t eadily gain­
ing r ecognition since the beginning of the e i ghties. 

Th is s econd generation of membranes is des tined t o become the ult imate 
perf ormance/pr of it f actor for the sugar indust ry of t he futur e . 

A COMPARISON OF ORGANIC VERSUS MINERAL MEMBRANES 
AND WHERE MINERAL MEMBRANES CAN BE SUCCESSFULLY APPLIED 

The following table i l lus t r a t es the di f f erences be tween organi c and mi ne ral 
membranes in no rmal operat ing conditions . As can be seen, t he mi neral membranes 
represent a giant s tep in the po t en t ial use of membranes . Thi s advance i s due 
to (1) much hi gher ope rat ing pres s ures - -up t o 10 bar s (1 45 psi ); (2) no limit i n 
temf e rat ure t r eatment fo r t he conditions obser ved in t he sugar indus try (up t o 
350 C (66 2°F ) ; (3 ) a l ife measured i n years not months ; (4 ) much greater res is­
tance ; and (5) the possibi lity of s t eam steri lizi ng for saniti za t i on. 

TABLE I COMPARING THE LIMITS OF ORGANI C VERSUS MI NERAL MEMBRANES 

Organic Me.brane Mineral Meabrane 

Mechani cal r es i s t ance 2-5 bars 10 bars 
--working Qressure (30- 75 [1s i) (l45 Qsi) 
Thermal sensit i vi ty 60 deg. C No limit 
- -worki ng temQe rature (140 deg . F} (u Q to 350°C or 662° F} 
Lifet ime 
--normal reQlacement 18 to 24 mon t hs 4 to 6 :years 
Normal c l eaning NaOH 0.5% 60°C (140°F) NaOH 1% 8SoC (1850F) 
conditions HNO, 0. 5% 60°C (140°F ) HN01 1% 60°C (140° F) 

Steam Sterilization Not possible Pos s ible 
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There are several pl aces i n t he sugar process whe r e these membranes could 
partially replace the "conventional t echnology" : 

BEET SUGAR INDUSTRY 
Carbonatation/Fil t ration: This method of purifying t he sugar ju i ce after 

di ffus ion has been almos t the same since Napoleoni c t i mes. I t r equ ires ve r y 
heavy equi pme nt, such as t he lime ki ln , carbona t at i on r eactors and the t radi ­
tional fi ltration equi pment . Moreover, i t cons umes approx imately 4 kg % bee t of 
lime r ock and 0 . 3 kg % beet o f coke. 

The muds of carbonatati on cannot be easily disposed of, since, un l ike the 
organ i c non s ugar removed from the raw juice by the carbonatation--which can be 
conside r ed a by-product hav i ng a certain val ue, this t reatment adds calcium 
carbonate and diatomaceous f ilte r a id, making i t a cake with absolute ly no 
commer c ial value . 

By using cross flow ultrafi ltra t i on ins t ead of the carbonatation/filtration 
system, the beet sugar fac t ory would at t his stage of epuration produce a 
perfectly clar ified thin j ui ce. This would probably obviate the use of t he 
standard liquor filt ration uni ts common to the convent i onal sugar process . It 
would also produce a r e t entate of ultrafiltration whi ch, afte r sweetening-off, 
could be incorporated di rectl y in the pu l p or so l d separately on the marke t as 
a nitrogen-rich compound. 

CANE SUGAR INDUSTRY 
The most immediate appl i cation of crossflow ultrafiltra tion i n this industry 

would be in the cane sugar refining: the clar ification of me l t s of r aw sugar or 
affinated raw sugar . He r e again, cross flow ultraf iltrat ion could replace a 
co.plete process block of the conventional technology- -this dependi ng on t he 
refinery: either carbonatation followed by conventi ona l f iltration , or phospha­
tation followed by flotation and f iltrati on . Both of t hese t r adit ional methods 
creat e environmental problems wh ich the crossfl ow ultrafil t ra tion does not , si nce 
no chemical or filter aid needs to be added to t he product. 

For the product i on o f liquid sugar f r om cane pr oducts s uch as cane j uice, 
cane syrups or raw sugar , a full clar ificat i on is als o r equired . For thes e 
special appl ications, crossflow ultrafil trat ion may al so be t he solution of t he 
future. 

In both the beet and cane sugar i ndustries, cr ossflow ultrafiltrat i on could 
be applied in specific cases to molasses or ef fl uen t t r eatment . 

As can be seen from the above, the f ie l d of appl ica t i on is l arge and covers 
areas where the industry is accus tomed t o invest i ng in heavy equi pmen t. 

INTRODUCING CARBOSEP* AND KERASEP'* MEMBRANES 

Table 2 indicates the membrane separation spectrum, s howing the r ange for 
ultrafiltration (20 to 2000 angst r oms) and microfil trat ion (0 . 1 to 10 microns, 
or 1,000 to 100,000 angst r oms ) . 

Carbosep and Kerasep miner al membranes are des igned for ult r afil tration and 
microf il tration applications . For these two types of membranes J Tables 3 through 
8 show the main features of the membranes, the range of membranes available, and 
the main features of the modules . 

These two tubular membranes are constructed of materials tota l l y res istant 
to chemical corrosion and o f f er a good compromise between surface area per volume 
installed and tube length, to obtain low energy consumption . 
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TABLE 2 

Gas 

Membrane 
Separation Spectrum 

I I 
Mlcr fIIlrallon r 

I l Ultraflllratlo 

T 
~noflltratlon 

E1ectrodlalysl~ 

Uquld Membr ne 

ReverseOSm ~Is 

Gas , 
10 100 1000 

Pore Size in Angstroms 

10.000 
(I Micron) 

100,000 

TABLE 3 

Main Features of Carbosep® Membranes 
Membrane Support 
Membrane Layer 
Layout: 

length 
outside diameter 
inside diameter 

Mechanical Features: 
bursting pressure 
service pressure 

Chemical Features: 
service pH 
steam sterilization 
chemical sterilization 

Process Temperature 
standard modules 
special modules 

Sintered Carbon 
Metallic Oxide 

1200 mml47.25 in 
10 mmlO.40 in 
6 mrnlO.23 in 

40 bar/580 PSI 
15 bar/217 PSI 

oto 14 
yes 
yes 

up to 150°C/302°F 
up to 3S0°C/662°F 
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TABLE4 

Range of Carhosep® Membranes 
UllrilfiltriltiQO 

MS 10,000 daltons MWCO* 

M2 15,000 daltons MWCO 
M7 30,000 daltons MWCO 

M8 50,000 daltons MWCO 

MI0 . 150,000 daltons MWCO 

M9 300,000 daltons MWCO 

MicrQtiltratiQn 

M14 0.14 micron 

*MWCO = Molecular Weight Cutoff 

TABLES 

Main Features of Carbosep® Modules 

FITTINGS 
Membrane Area TC Clamp Flange (DIN) 

Number 
m1Type Sq.Ft. Permeate Retentate Permeate Retentate of Tubes 

SI 1 0.023 0.25 1" 1.5" 

S7 7 0.16 1.72 1" 1.5" 20 40 

S37 37 0.84 9.05 1.5" 4" 20 100 

S55 55 1.25 1.35 1.5" 4" 20 100 

S151 151 3.43 36.92 1.5" 6" 20 150 

S252 252 5.73 61.68 1.5" 8" 32 200 
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TABLE 6 


Main Features of KerasepTM Membranes 

Membrane Support 
Membrane Layer 
Layout: 

length 
outside diameter 
inside diameter 

Mechanical Features: 
bursting pressure 
service pressure 

Chemical Features: 
service pH 
steam sterilization 
chemical sterilization 

PTocess Temperature 
standard modules 
special modules 

Monolith AI103ITi02 
Ti O2 or Zr Oz 

1200 mml47.25 in 
25 mm/ 1 in 
3 channels 10 mml0.39 in 
7 channels 6 mm/O.24 in 
19 channels 3.5/0 .14 in 
56 channels 2 mm/O.OS in 

50 barl725 PSI 
12 bar/174 PSI 

oto 14 
yes 
yes 

up to 150°C/302°F 
up to 400°Cn 52°F 

TABLE 7 

Range of KerasepTM Membranes 

Wtrafiltration 

15,000 daltons MWCO* 
300,000 daltons MWCO 

Microfiltration 
0.1 micron 
0.2 micron 
0.45 micron 
1 micron 

*MWCO = Molecular Weight Cutoff 
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TABLE 8 

Main Features of the KerasepTM Modules 

No. of 
Monoliths 

1 

3 
0.11 ml 
1.2 ttl 

Number of Channels per Monolith 

7 19 
0.16 ml 0.25 ml 
1.72 ttl 2.7 tta 

56 
0.5m2 

5 tt' 

9 
0.99 m' 
10.8 tt' 

1.44 m' 
15.48 tt' 

2.25 m' 
24.3.,a 

4.5 ml 
45 tt2 

19 
2.09 ml 
22.8.,a 

3.D4m:t 
32.68 ttl 

4.75 m1 

51.3.,a 
9.5m2 
95 ttl 

37 
4.0m2 

44.5 tt' 
5.9m2 

63.6.,a 
9.25 m2 

100.0 tt' 
18.5 m2 

185 .,a 

99 
10.9 m' 
116.8 tt2 

15.8 m2 

170.3 tt2 
24.75 mt 

267.3 tt' 
49.5 m' 
495.0 tt2 
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Carbosep, wit h its carbon suppo rt , offers the wi dest range of ultrafiltra­
tion mine ra l membranes available to the industry today. 

Kerasep i s a monolith of aluminum oxide protected by a matrix of titanium 
oxi de, whi c h makes i t absol utel y nonsus cept i ble to hi gh temperature alkaline at ­
tack (pH over 12 , temperature over 70oC)--a condi t ion which can be obse rved on 
convent i onal cer amic membranes. The ve r y hi gh porosi ty of this mono li th allows 
a ve ry hi gh flux of f i ltrat i on through i t. It is , therefore, an idea l tool to 
emp loy for all mi c r ofi l tration problems. 

The sys t em insta lled can be classified as one o f two types: 
CONTINUOUS, SINGLE-PASS 

Figures 1 and 2 s how a mono-s tage and a 3- s t age continuous , single-pass 
system. In this case, t he r etent ate i s ext racted con t inuous ly and , therefo r e , 
the system works wi th a cons tant FCV (factor of concentration ) . The higher the 
FCV required, the higher t he number of s tages necessary . 

BATCH 
Figure 3 shows a batch sys tem, where t he r etent ate is sen t back to t he f eed 

tank. This feed tank can, depending on the situation, be conti nuous l y f ed with 
i ncoming product at t he rate of per mea t e ex t ract ion--or s i mply contain the f ul l 
load of product to be t reated for a bat ch operat ion. In this case , the concen­
trat i on in the retentate incr eases conti nuously throughout the run, unt i l the re­
quired FCV is r eached. Th is t ype batch system is often used for the f i nal con­
centration of retent ates and may be placed in series wi t h a cont inuous, s ingle­
pass sys t em. 

EXAMPLE OF SYSTEM INSTALLED IN EUROPE BY APPLEXION FOR A NEW CORN REFINING PLANT 
This system is designed to clari f y corn syrups having t he fo l lowing char-

act eristics: DE 35 to 95 
Dry substance 33% 
Suspended materials 0.2% T.8. 
Temperature 70°C (158°F) 
Produc t i on t i me 24 hours per day 

The loss in sugar t hrough this c lar i ficati on s t ep is l ess than 0.5%. 

In this parti cular case t here are six identical l i nes of ultrafiltration: 
five in production with the sixth in cleaning or waiting, so production is 
continuous. There is no interruption of production for cleaning. 

Each line is comprised of three skids, incl udi ng, r espect ively , e ight, six 
and six No. S252 modules cont ain ing tubes of M9 membranes. This means there are 
twenty modules per line, or a surface area of 114 square meters (1227 square 
feet) per line. FCV on each line is 30. 

The retentate of the five lines i n pr oduction is sweetened-off by dia­
filtration and concentration by means of ano t her ultrafiltration line made of two 
skids (in series) containing, r espectively, six and four 8252 modules of Carbosep 
M9 ultrafiltration membranes. This amounts to an addit ional 57 square meters 
(614 square feet) of surface area for swee t ening-off and concentration of 
sediment. The total surface area of this system is 741 square meters (7,977 
square feet). 

Cleaning is done in several sequences, using hot caustic soda and nitric 
acid. These cleaning procedures are performed once each day over a two hour 
period for each line of ultrafiltration. 
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SINGLE STAGE SIMPLE 

FIGURE 1 CONTINUOUS SYSTEM 

(ONCE-THRU) 
Retentate tFp2 • 

-....-__......:~-c;:.-.o--........~Ll
Permeate, 

TFF Module ~ 
Pump 

FEED AND BLEED BATCH SYSTEM 
FIGURE 2 WITH FEED PUMP 

Flow MeIer 

Tank t 

-Feed Pump 
(Booster) 

THREE STAGE FEED AND BLEED 
FIGURE 3 CONTINUOUS SYSTEM 

Retenlate Bleed 
(Concentrate) 

Stage 1 Siage 2 Siage 3 t 

Feed 
Pump Permeate Permeate Permeate 

Recirculation Pump 
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The by- pr oduct, conta i ning pr i mari ly f ibe r s and proteins, is sold to be used 
in t he manufac t ure of ani mal food. 

Thi s t ype of clarifi cat i on will, wi thout a doub t, replace convent ional 
fil t ra t ion systems using fi l t e r ai d in modern corn re f ining plants. 

LABORATORY TEST UNITS are avai l abl e ( to determine the mos t e ff ect ive type of 
membrane for a particular appli cation ) as wel l as PILOT UN ITS for use i n gathe r ­
ing t he nee ssary data for s caling- up a system. I t i s important to mention here 
that the Carbosep and Kerasep pi lo t uni ts use membranes which have exactly the 
same dimensions, i ncludi ng, in par ticu l ar, the same length as the final commer­
cial unit. Therefore, t he pilot wil l reproduce exactly t he same hydraul ic 
conditions as the commercial unit . Hydrau li c condi t i ons through the module for 
a given ve locity and t ransmembrane pressure are the same on pilot and commercial 
scale , t hus eliminating any risk of an unpleasant "surpri s e" in performance when 
the commercial uni t is start ed. 

For a new application, the pilot s t age is abso l ute ly essent ial, even i f the 
lab tests have proven successful . 

Commercial installations exist wh i ch demonstrate, for example, a mul ti -s tage , 
cont i nuous, single-pass system used for the production of WPC (whey protein con­
centrate) in the dairy industry; a unit for s tandard i zi ng protei n concen t ration 
in milk before manufacturing cheese (--this type of unit is very similar to what 
could be a system for s t andardizing starch slurry before manuf acturing a s t arch 
deri vati ve) j and a unit for the continuous manufacture of acetic acid from 
alcohol. (This lat ter unit i llustrates a batch sys tem where the retentate con­
taining the bact eria "mycoderma aceti" is continuously recycled to the fermenta­
tion tank.) 

ApplexioD and Rhone-Poulenc believe that ultrafiltration and microfiltration 
by means of the Carbosep and Kerasep membranes represent a new generation of 
products which have the potential for revo lu tionizing juice and syrup clarifica­
tion in the coming years. 

Beet raw juice ultrafiltration tests have shown that permeation flux can 
reach steady values of 200 l iters/hm2. This brings ultrafiltration to the point 
where it should be considered as a very credible alternative to conventional 
carbonatation. 

The sugar industry, together with i ts technology suppliers, should eagerly 
undertake the intensive developmental work which this sc i ence deserves. 

* Carbosep is a registered mark of Tech-Sep/Rhone-Poulenc.
* Kerasep is a trademark of Tech-Sep/ Rhone-Poul enc 
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