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INTRODUCTION 

This is a Report on a two months visit made to the National 

Institute of Science and TEchnology (NIST), Ermita, Pedro Gil St. 

and Bicutan, Tagung, Metro Manila, Philippines, between February 10 

and April 7, 1987 

The visit was undertaken to assist in the design and 

instrumentation of CITRIC ACID PILOT PLANT EQUIPMENT, in the 

selection of imported equipment and auxiliaries, in the 

instrumentation of the CITRIC ACID PILOT PLANT and in the practic~ 

of small scale citric acid and other fermentations (laboratory 

fermenters, net volume 9 litres). 

Stage of development of the CITRIC ACID PILOT PLANT PROJECT: 

In a building of 350 m2 (20 x 17,5 m) in Bicutan the following 

utilities are at the project's disposal: steam, water (of drinking 

quality) and electricity. The maximum temperature of the water is 

lower than 24°c, hence is usable as cooling water also. 

The electric mains are unreliable and an emergency generator ls 

considered essential. The Citric Acid Pilot Plant is projected as a 

transportable assemblage, consisting of three frame constructions. 

One of them is ready, but the vessel and instruments are still 

missing. It appears that the earlier difficulties at the procuring 

of the deep dished heads for the fermenters and other vessels ha~e 

been overcome. 

The project instrumentation (Measuring and Cont~ol Equipment) is 

an assembly of laboratory instruments, which are not appropriate. 

Each unit contains the probe, transmitter, regulator, indicator and 

recorder. The plant ls provided with 2~ measuring aud control 

circuits, and thereby 22 recordero. 

Only four, six-channel compensating recorders are necessary. 

Local mounting of these instruments is not advised. The accurate 

and expensive instruments should be mounted in one or two boxes away 

from the Pilot Plant. 
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Ferment at io11 Part: 

- t hr·et: t'err.ient er·s each ~00 Ii t res 11et volume 

one ferme11te~~ ~ith agitator. t~o fenne!ltrr·"' type to~c-r· fer·meuter·. 

bubble column lwithout agi~ator·I 

- instrumentation per ierinC!lter 

- temper·at ..ire indicat iorr. control. registr:tt ion 

probe 2 x Pt 100 

transmitter 

regulator 

indicator 

two solenoid vdln:·-, 

ior ex. Siemens 

for ex. H&B 

for ex. H&B 

for· ex . .5iemerrs 

I. charmel of the multi- channel pri!lting recor·der for ex. .Jl>-10 

TempPrature compe!ISdt ion b\ Pt 11.10 
pH-indication~ registration 

pH electrode 

transmitter 

indicator 

Ingold 

for ex. H&B 

for ex. Siemens 

2 channel of the multi- rnarel_Jrinting recorder for ex. JL-mo 

RX!- indication registraticn 

P-02 electrode (polakogr.) 

transmitter 

indicator 

Ingold 

Ingold 

i!ltegrated u1 transmitter 

cha!lnel of the multi chan. pri!lting recorder for ex .Jumo 

i11dicat ion, n~gi~tration 



CO:! .111al ,. zer. i11d i c.:it ion, reg:i st rat i 011 

arialyzer for ex. t'11or G.\ by '1aihak 

indication integratPd in the analyzer 

,t. channel of the multi-chan. priritirig rec. f.e. Jurno 

0:! <lt1alyzer, illdication. re~istr·atinn 

a11aly zer for ex. 0.-<ygor G.\ by 'la ihak 

indication integrated in the .malyzer 

). charmel of the multi chan. printin!! re~. for ex • .Jumo 

moisture reducing 

c>utomatic condensate separator e.g. '"' ·''." .\8 by '!aiha.k 

Changer for the COZ and O~ analyzer for ex. '1aihak 

The both last instruments aJ'e i.Jseful for all fermenters. 

The instrumentation can be mount.ed in an air-ccmdit ioned 

box. 

In a second box the measur·ing and control inst.r"uments of the 

i:::ol.Jt.iori and purification could be acc011Ynodated; 

- Precipitation of Citf'ic Acid and Decomposition or' Calcium Citrate 

f the same ~·esse I can be usC>d for· both procPsses 1. 

Temper·ature indication. control a11d n·gistrati011 

probe e.g. Siemens 

transmitter e.g. H&B 

regulator, 2 outp11ts e.g. H&B 

indicator e.g. Sif'm<:>ns 

two solenoid valves e.g. Gerr.U 

1. cham1el. of the multi-channel printiug rrg. Jl-:-IC 

- pH indication. controJ. regi~tr·atior, 

pH-electrode e.g. Ingold 

transmitter e.g. ~&f> 

rl.'gulator, output e.g. 11&8 

i11dicator 5 i f'lllC'nS 

one solenoid valv~ Ge'!JU 

2. charmel of the multi-printing rec<wder e.g. Jl~10 
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Clmducti\"ity indicLltion. coutr·ol. registr.1t1011: 

probe 

tr·.:msmi t.ter I 

r·e!!Ui.ltor 1 inte~·ated 

indicator 

t•.>o solenoid \·al \-es 

e.~. :3ierne11.s. Foxboro 

e. ~. ::: ierne11,.., Foxboro 

e.g. Dern:.! 

-'· cha1111el of the r.iulti-chau. !)rinti11!J rc-gistr .. J ... o 

D1·yi11g of Citric \cid: 

~. 1 T e.~9,_•1·acure i 11d icat ion. control 1 r·egi st er· i 

probe PT 100 e.g. :3 iemer1.;; 

t r·an:--;mitter e._~. H..\B 

r·e!!Ulator e.g. l-i.;,,:5 

r·eLJ\' • electr. heatiil!! 1 e.ir. :5ieme11s 

The \-.-lCuu;n d11d the pres,;,ur·e can be ::iea.sun·d i ncal ly o~ rnearb of 

vacuo- and manometer. Registration is not necessary. 

The boxes .md t!-ie ;ur· condit~o11in:r fnr· the ~oxe:-; 

from e.g. Rittal 

The best pH and p02 electrode, in my opinicn, is from Ingold. 

The t ran:">mit ters and r·egu lator·s r·r·c·m H;:irt::iaru1 and B1·;:iw1 01· ::: iemens 

and Jwno instruments are the pr<.!i-">C\•Orthe-.( combination at a hi!_,,>h 

quality. I onlv kr10\• the Etu·ooea11 pr·oduct:o; dnd tlw fu1·opea11 as,;;embl i11g 

firms, but I am not so well informed about the American 

instruments such as Honeywell and Foxboro. 

Tt i,.:; eno11~h to der'irw the ~ea~urit>~ <111d contr·nl circuit:::>. to !!l\t' • liP 

r;i11~e5 1Jf val\<'"> l n ktK>'·' tht:> pr·eft·rTt~c! prnducto; .<lrn.1 to ordi:'r· it at 

the a ·>scmb li.11 i r' i rm. 

Ex:11npi•·: thP 1.·mpc1·;n11rr iwiic.;r.im1. cor1tr·0I .md n:cuniin!! 111 tht> 

r»•r":.JPt 1t <>r·. 



Temperature r·.:mge 0 - ()(10( 

feeler· ., x Pt 100 ltemp. contr·ol and 

tt>mp. compt>rrsation of pH 

measur·ing i 

:-.t1·aight for low prPssur·e. 

!ength 100 flilj' matPrial of the 

covering of .. UST 316 fi (\\·. \'o. 1.4571) 

Speci.:,i completion af fixi11g in the 

Ingolci 15° special holder larder num­

ber 007641014). 

\'ote: The range fr·om 0°( to o0°C is suitable for the f.:-nnentatiort I 40 -.+5°C 

at the time of inoculation. ~S - 35°C is the \•orking temperatur·e 1. 

During the sterilization: appr·ox. 100°( ) , the cir·cuit is disconnected. 

transmitter the distance feeler; transm. abt. o m 

regualtor 

indicator 

tho outputs (two solenoid valves \•ill be 

set in motion. max. curre11t 

each nt.\) 

~calP 0 - 20 mA resp. 0 - 00°( 

pr·of ile form, 96 x :!.l, accuracy 

class 1.5, built-in instrument, 

all in .. "itrwnents are plug-in units 

Registration 1 c:-:anne lof i:t o c:hnel compensating r·pgister· (writer) 

Preferred 

according 

Duties: 

firms: feeler Siemens 

transmitter H&B 

regulator H&B 

indicator· SiemPns 

special holder· Ingold 

rf'gist~r· .Jumo 

to dPci~ion. 

The tempPr'.1tur·e contr·ol ler· 1·pguL1Les the temppr·at1ll'e 

in the fcrmente1· by mP;ms or' stc;un/hot\>atc:r ;md nild\\att>r. 

The tPmper·aturP must.. bP adjustable in the r·ange from ZS to 

45°C •. \n indication arid rt:'gistration i,.; ricc<'"sar..-. PancJ 

mountin~ in 19" modulP is desired. 
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Citr·ic \cid Fermentation 

Two fermenters, each 14 litres total volume are at dispvaal. Both 

fermenters are products of New Brunswick, New Jersey, U.S.A. Type 

Microferm. The ruaterial certificate is missing. 

At the begirming of fennentations \;e had difficulties with the growth of rll\­

ccl..iln. rut it could u:it be (n"-etterl. The following are possible causes: 

- too low inhibition 

- dissolving of fermenter· 

metal parts in the b&oth 

- the quality of molasses 

- the effect of the i:r«:ipitaim of the 
molasses formed dur·ing the cleaning •)f the mould. 

The antifoam oil is a problem for fermentation. 

Molasses comes fro~ the Sugar Mill in Don Pedro. The HCF require-
meat (it is the amcunt of potassium hexacyanoferrate which must be 

added to the formation of excess of free HCF before fermentation) is 

very high, 16 g/kg molasses (normally the requirement is approxi­

mately 1,5 - 6,0 g/kg and 200 ppm HCF excess). 

\further· sample or' the mola.-.scs also comes from the :3ugar '.'!ill Dl)fl ?edro 

and is brought t:o tt-.,, same n::-qui rement. 

In futur·e it will be neces~ary to chcose the molasses by test in the Pilot 

Plant before purchasing. 

Trouble preventing h°ith the :At:>eipitatiai can be done b\· .settling, filtr·ation 

or centr·ifugation of molasses after the cleaning. 

For initial molasses solution ~he clean ::upernatant is used at the produc­

duction plant and the ;.n'(:ipjr:<It in1 comes aften.ar'ds as feeding to the fer­

mentation. The setting free of ir·on is ..i heavy disad\aritage of the fer-

mentation plant. The most important re1uirement is high-quality 

steel for the fermenter. Material No. 1.4571 (AISI 316 T, DIN x 

10 CrNi Mo Ti 1810) is recommended. 
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Both the small New Brunswick fermente~s (first fermenter has a 

designation Model 38170, M 1014-7260, the designation of the second 

fermenter could not be identified) were passivated by means of 

approximately 5% sulfuric and nitric acid and the iron was 

determined. 

The determination of iron as Fe3+ was made by a photometric 

method by means of potassium sulfocyanide. A more sensitive method 

suitable for the concentrations from 0.01 to 4 ppm was the 

determination of iron as Fe2 + by 1,10 phenanthroline. The 

phenanthroline and the method do not exist in Manila, but will be 

sent for the next expert's mission. 

The first fermenter (M 1014-7260) is apparently in order. The 

second fermenter was not in order and the trial must be repeated. 

Note: In the first fermenter the use of clean molasses (without 

presipitation) led to success, but this was not repeated in the 

second). 

The sospect corn oil (antifoam agent) was successful substituted 

by 5% octadecanol in paraffin oil. 

In future it will be necessary to use a mixture of corn oil, 

paraffin oil, and octadecauol. Should the last mentioned ingredient 

be cheap and available in the Philippines, the use of lard oil 

becomes conceivable and has to be tested as well as the other oils 

as coconut or palm oil. 

Inportant Issues 

1. Establish suitable quality of the fermenter material for citric 

acid fermentation. 

2. Good molasses with low requirement on HCF is necessary. 

3. The optimizatior., or better the reducing, of nutrients is to be 

planned. 

4. The aspergillus niger strain has to be selected. 

5. For the homogeneity of the spores the processing of a monospore­

culture and constant conditions during the propagation period 

are important. 

6. A practice of each single member of the staff at an institute 

for technical microbiology, fermentology and event. at an 

engineering company would be profitable. 
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fHE :5CHEDU E 

l. Improvement of fermentation techno I 11~~ 

a I strain impr·ovemcnt 

b) optimization of parameters for 

the product i 011 of cit r·ic acid 

cl recovery and pur·ification 

of citl'ic acid 

Pilot plant production 

a) fabrication of local equipment 

bl installation of equipment 

di operating 

3. Training of engineers and 

tedmo1ogists in design. con­

struction arid operating of 

Citric ·kid 

4. Consultant visits 

al 

b) 

.J. Kominek 

·\ • Ge 1 i neo 

)· Constr·uctio11 of the Pilot Plaut 

bui ldir1g 

l - ~ 

,, ' - - ·' ___ , 
., 

7 - l) IO - 12 

4 - () -
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CCM'lE~'T ARY TO THE TIME .SCHEDULE 

=============================== 

To point 1: 

Letter a) the strain improvement is an uninterrupted wm·k, and it is 

m~cessary to use only tested spores. 

In this case Prof. ROHR in Vienna with one and another of the 

citric acid team can also help, ~lrs. Cynthia, ~ladrid is pro­

vided. 

Letter b) Conditional correction; the parameters are mostly dependent 

on the plant (e.g. the aeration is dependent on the fermenter 

ge0metry). The optimization of the process must be done at 

the begirming after each change of the plant or \,j th each 

scale-up or scale- dm.n. 

Letter c) Recover·y of Citric acid as difficult soluble calcium citrate. 

It is neces.;;;arv to P.urify the raw Citric .-\cid ,;;o]ut ion before evaporation 
and crvstalfization. 
There exist 2 kinds of purification; - the old clasical method 

(iron/potassium ferrocyanide, 

sulfate/barium salt) 

and - the ion exchange; 

the last method is easier and it is not necessary to use the extreme toxic 

barium compow1d. 

The decolourizing of citric acid :::.olution is done by means of granulated 

active carbon in the column or as powder, or by r·esin. 

The granulated active carbon and the ion exchange resins are not available 

in the Philippines. For removing of active carbon powder of the solution 

one needs a vacuum filter (and a vacuum plant) and this filter is to be 

imported 1:-oo. 
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To Point 2: 

Letter a) \\hen the plant is constructed, three fermenters are 

consider~d. If this plant is planned for citric acid fer­

mentations, only t."'e tower fermenters without agitator 

l bubble column) <re :.92d. 

It appears that in a low viscose system. when using 

equal total power input per wlit volume. a bubble column 

fennenter provides equal liquid mixing, mass and heat 

transfer~ compared with a stirred fernenter. The advan­

tage of a bubble colwrm is a E:imple construction, easy 

ha11d I in~. no movable par·ts and therefore low maintenance­

investment costs. 

Very important is the stainless steel quality; preferr1bly 

it 1s used material ~;o. 1.4571 or 1.4556 

(DIXxlO Cr~i Mo Ti 1510 and DINxS Ni Cr ~.Jo Cu Hb 2218). 

Only the stainlessstecJ material No. 1.4571 has an American 

equj Yalent, which is AISI 316 Ti. 

Letter b) Ti1e plant will be mow1ted in three frame constructions 

of steel. These frames are relatively narrow. In this 

cases will be put the measuring and control instruments 

and unfavourably too (hydrochloric acid vapour·s, steam 

sprinkling water, hot tennperature a.s.o. ). 

A separated mow1ting of these instruments in an integra­

ted unit is of no use. 
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Letter c) The following measures are very impor·tant 

before start-up: 

- cleaning of the plant inside and outside 

- water test. leak proof test, 

function test (piping, pumps) 

- instruments test 

- water running of the h'hole plant. 

letter d) Putting to work and traj :1ing of technologists 

in the process. 

To point 3: Training of engineers and technologist in design-

To point 4: 

and construction of citric acid µlant :-;hould be practicable 

in Vienna at VOGELBC~CH GES.~i.B.H. (in accordance with the 

management of \'OGELBCSCH). The train ii1g of technologist 

is also possible at PT'C>f. ~tax. ROHR, Vienna. 

Letter a) I am ready to come, but not before the Pilot-Plant is 

ready for operating (finished). I can pm: the plant 

into operation, conduct the training and technolo­

gists and help in the scale-up. 

Letter b) and c) cam1ot be comm<?nted myself. 

Training and practice of any members of the citr·ic acid 

staff outside of Philippines. 

Programme proposal for the training of technical mic!'obiologists 

at the Tedmical Vniversity in Vienna. 
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Prograrrrne proposal for the designer of the pilot plant: 

~ote: In this case please contact VOGELBL'SCH GES.~l.B.i-1., 

10 50 \\ ien ~ Blechturmgasse 11 . 

Austria • 

..\ccCJl·ding to my information, V( :;ELBUSCH is ready to 

receive the ':.raining of a designer of the Pilot-Plant: 

e.g. - practice in the projetion of the fermentation­

plant 

and 

- lay-out of the Plant a.s.o. 

- choice of the suppliers 

- price calculation. 

Should this trial plant meet the requirement of technique and Infra­

structnre. you can be sure that the star·t-up is in 1988 • 

..\t scale-up pr'oblems help is necessary. 
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============= 

The efforts of ~HST, the assistance of' expcr·ts, and the financial 

support of L~IDO,built the fow1dation for the basis Know-how to 

pr·oduce citric acid in the industrial scale. 

The national requirement of citric acid is approx 2.000 met!·ic tons 

per year. 

:\t present only a srmll plant with a capacity of J.000 metric tons/year 

is plarmed. 

According to sugar industry (especially Victorias ~iilling, discussed 

during my visit 1985), it does not exclude the erection of a plant 

with a capacity of IC.000 m.t./year. 

As raw material blackstrap molasses, sweet water, raw or refined sugar 

is recommended. By the ~caling-up it must be helped. 

Supposing that the Pilot-plant conforms with the stand of technique, 

star·t-up will become realistic at the beginning of next year. 

' . 
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PRELPa:XARY PROGRA'1'1E FOP.. THE TECHNOLOGI~TS 

l RECOVlRY A.'ID PLRIFICATIO:-t OF CITRIC ACID) 

I. The Removing of ~lycelium 

1.1 F Ht ration of fermentation liquor by means of filter aid 

and without filter· aid 

2. Precipitation of Citric Acid as Calcium Citrate 

2 .1 ~tod.el Trials 

2.1.1 \~ith and without addition of Alkali Ions 

2.I.2 Effect of Temperature on the Quality of Citrate 

2.1.3 Effect of Time on the Quality of Citrate 

2.1.,l Crystal Structure of Precipitation 

2.1.5 Purity of Calcium Citrate 

2 .. 2. Trials with fermentation Liquor 

2.2.1 -·4 See 2.l.l - 3 

J. Decomposition of·calcium Citrate _by Sulphuric Acid 

3 .. 1 Detennination of the End Point of the Decomposition 

of Calcium Citrate by :-tenas of Conductivity Meas!Jrement 

3.2 Determination of Sulphuric Acid Express in System Citric 

Acid, Sulphuric :1.cid, Calcium Sulphate, Water 

4. Ion Exchange and Decolourizing of Crude Citric Acid Liquor 

4. I Cation Exchange 

4.2 Anion fachange 

4.3 Decolourizing by REsin 

4.4 Decolourizing by Granulated and Pulverized Acitve Carbon 

4.4.1 DetP.nnination of the abso1·ption Activity of Active Carbon 

4.5 Estimation of the quality of the Citric Acid Liquor 

after Ton Exchange and Decolourizing 

5. Effect of the Crystallization on the Quality of Citric Acid 

Distribution of the Impurities in two crystal ls and ~·!other 

Liquor 



THE PROGR:\.'NE PROP0.5:\L FOR THE 

'11CROBIOLOGI.5T FER.'iHTOLOGI.ST 

(AT N I S T) 

I • The Genus .-\sppr·gi lus 

I . 1 Char·actpr·s 

1 . 2 Habi tus { description and mor·phology I 

l .j Cultivation (culture media. conditions of cultivat ior;s. 

isolation tedmiques, removal of iuduvidual spor·e) 
') .... 
2 .1 
., ,., 

2.4 

2.5 
2.6 

2.7 
., ,,,. 
3 .1 
., ., 
.) . -

3.2.2 

3.3 

Aspergi 11 us ni ger· 

Characters 

Habit.us 

Selection ability to the citric acid fermentation 

Propagation of high efficient spores 

Preservation and storag{, of cultures and spores 

Security precautions for the handling Kith spores 

Physical ht>alth injurities 

Laboratoy cour·se 

~licroscopic technique 

Ff'rmentat ion 

·\eration of the mash foxygen t.r·ansff'r and K, a val .·e) 
in the stirred fermenter and in the bubble column) 

Spent air analyse (COZ, 02) 

Handling and keeping of pH and P02 ster·isabk electr·odes. 

f • 




