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1. INTRCJ>UCTIU. 

Th• report under raviaw gives a su1N1ary of activitlee 

tindinge end reca1119ndetians of the pilot plant Engineer 

whose dur•tian or lliesian was 1.s.v. rre11 20th feb, 1989 

to 4th Apr . .!, 1989 

The lli••ian wa1 aiaed to overc1311e certain shortccmings 

which have aroused during the operatian or the pilot plant 

and to expand the operaUan by trial running of •ore 

product•. In •dditian to thaae the objectivae were 

training an M8intenance and sa11e local 111odifications to 

118ke the plant 11ore verMtile. 

Thie aultipurposa plant under review waa inst•ll•d in 

1984 and C011111i11ioned in November 1986 comptieing or the 

follodnga 

1.1 Chop?•r or ~ill to chop fresh or dried leave, 

whole herb and bark. 

1.2 Percolator or Extractor to make solvent or 

aquaoue extract from medicinal plant• 

1.3 Soxhl•t Extractor to produce •olvant extract• 

with undiluted •olvant1 

1.4 Oiat1il•tion •till with agitator for ete8111 

dietillation, solvent rectification and vacuum 

axtrnction/concentraticn 

1.s Nutch filter for filtration of extract• by using 

fabric filter element. 
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1.6 tondanaor to be used in ateaa diatill•tion, vacuU1 

concW1trat1m, aoxhl.et extraction, aolvent rectification etc. 

1.7 P•cked column to avoid priming during distillation under 

vacuum 

1.e Receiving v••••l to collect recovered aolvanta 

1.10 Florance '1•11< to be uaed 1n ate• distillation •• 

aaparation veaael 

1.11 vacuu. puap with buffer tank to be used in soxhlet 

extraction, transfer or solvent and durin~ ·Jalvent 

recovery. 

The entire plant was noc. operational. due to varic.;s tterecta 

1n operation. National "anegement tried to reaolva the 

probl811• using t~eir OiJn •eana. They also hired 

Tanzania Industrial Research end Development organisation 

(TIRDD) to repair the plant. TIRDO Enginear1 identiried 

th• probl•• but nothing was done practically. Tha 

Engineer rr0111 UNIDO waa reque1ted, theraet~ar, to do th• 

needful. 
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2. a:IJECTIVES ANO L '6iltS 

Keeping in view the tectYlical kncai-hOil and facilities 

avail•bla locally th• •••iatance in plant .,,gineering 

~a• requested. The f oll0111ing objectives were to be 

•chi&vect. 

2.1 Repair the plant ao aa to .. ke it operational 

2.2 Plodify C9rtain plant• a cmponente to J.llprova work flow 

2.3 Operate at least one batch each of the product to appraise 

the working or the aquip119nt and r•oving any ahortccning 

thereof. 

2.4 Training of operator• and maintenance starr on operation 

and 111a1ntenance functions. 

2.s l'lodif'ication of the plant layout 
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3 ACTIVITIES MD WTPUTS 

Under thia, the actiVitiea and outputa are diecuesed with 

reference to Jot' ctescriptiCJ'l ao aa to appraise the actual 

quantu. of work dan8 and the factors hindering the •oath 

tlCllll or int•rlink•d activitiea. The c~ts are given 

with each work. 

3. 1 study preaent pilot plant on the basis of reccnMndationa 

of ter•in•l report of the project 

- Dr. "· llaua~in'a terminal report covers foll011inga on 

plant and aquipnlent 

3.1.1 Sane aquipllt!nt like crushing/grinding ••chin~, vacuu• cleaner 

should be prOCOJrad 

3.1.2 steam supply r:I 20kg/hr at a pressure of two bara should be 

•aured. 

3.1.3 ~ater .upply to the vacuUlll pump should be directly linked 

with the ffin.. To produce Quinine sulphate frm Cinchona 

Bark and other alk•loida iabl•tion, aCJ111e reactors and digestion 

vaas•l• •re reqJirad. The reactors and digestion ve1eela 

should be euitauly lined to ••k• these acicValk•li ra•iatent. 

Th• sizaa would ba deter111inad attar aaaeaaing the hatch size. 

Th• preaeur• reducing v•l¥t haa been repaired and steam eupply 

of 2 bar tc distill•r haa been ensured. Additionally euitebl• 

••f•ty valwe hae been .uggaated to release sta8111 whenever 

the pt'ea.ura in:reaeee from th• pre1ent limit. The aafety 

valv• would b• inetall•d ~1th the proposed chang•1 in steam 
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It ia however r•ca.enmd tor the .. rety of the •Quipl!Mtnt that 

the plant ahould not be operated "'ithout .. rety valv•. 

The water to the vacuu. pu11p app••r• to be eurrtcient arter 

repair or the PRV •• the water r•Quir~t to the condenaor 

reduced conaiderably. 

• In •ddi ti on to the tei'llinal report ot Dr. "· Alauddin, the 

Director of ftuhilibili Traditional ftedicine R•aeerch Unit(T.ft.R.U} 

•l•o •ought help rrm Tanzania Industrial R• ... rch i OevelC1p119nt 

organization (T.I.H.D.O} and rollawing recGllll8ndationa wer• ...... 
3.1.4 No water ahould be added in the •till when carrying out •ta• 

di•till•tion or ••sential oil•. 
The writerdoea not •gr•• with thia r•c011111endation •• a general 

rule. l'loiataning J •m• ••tari•la before ot••ing . yi•lda 

better r•aul ta. 

3.1.S The ColUlln ahould be hollaw dllJring •~traction ot eaaential aila. 

Thia h•• already been dona, Waya and •••n1 to bypaH th• packed 

col~ 111ara •l•o conaidared ao the v•poura cad.ng out rrm the 

•till are condena•d 1-mediately. It doea not look poaaibl• 

within the plant confi9&1rat1on to do thia. A• th• plant 1• 

a 11Ultipurpoa• exparJ.mentel 11•1t, the arreciancy b not. a 

criterion. 
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Th• prea8Ur• veas•l (i• the atill) should not be ap•r•t•d 

with..at a pr•a8Ur• gaug9. 

The prea8Ur• geuge i• already an the atill and in working 

condition. The gauge haa hD1evar bean teated f'ar praper 

A chlll•r unit ahould be purchaaed ao •• to 10i1•r the water 

te11paratur• or the condenaor. 

The 1111ater t•peratur• at the inl•t or the candenaor aa an 

average r_.in• at 30cC. Th• condenser has been adequately 

sized to condense vapour•. The aeveral tri•l• on ate .. 

end vacuu• diat1llat1an indicated that inca11ing 1111ater 

eupply at 3o°c i• murficient .,ough. It is, therefore, 

not neceaaery to cool water to candenaor inl•t (15 - 20°c) 

•• uc~ended. Th• inference rrom TIROO ·•• due to 

faul~ preaaur• reducing valve giving et•• &t full aupply 

praa8Ure (10 - 15 bara). The valve has been r~pairad and 

a aafoty valve i• to be inatall•d• 

Defective pr~aaure reducing valv• ahould be raplacact. 

Th• praeeure reducing valve has been repaired and nCIW 

working ~roperly. 

Routine .. 1ntananc• ehauld be planned for the unit, 

A preventive ••intenanca pragramnse hae been wr~tten and 

proper training to th• ••intenance etarr haa been i•part•d• 

All pressure and tempereture ;aug•• ahould be teated tor 

' " their "corr~tn•H and i:t:Jf'activ; g•uo•• •hould De repl,aced 
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Both tnp9ratur• geugea were round c1eracuve. Thi• wae du• 

to dry therMl well. A proper thental fluid was added .,d 

reading• ware tak., and ca.par•d with laborat~) thane119tera. 

Tha r .. dinge w•r• 1d9nt1cal "hich indicated that theramater 

ara "orking fine and it wae th• dry theraal wall cauaing 

"rang reading•• 01• preeeure gauge yielded becau•• or 

overpr••Mir• which haa been repaired and recaU.berated. 

Percolation unit, vaeuu11 filter and electroetatic precipitation 

unit r~uir• .. rvicinQ/repair. 

All three unit• are aervic..Vrepaired and are nciw in perfect 

ruming condi tian. 

The operator• or pilot plant should be the cheltical engine•n. 

The "riter does not agree to thl.• rec0111111endlltion or TIRDO. 

Th• preeent atatr i• wall ver .. d and adequately trained to 

operate the plant. The Pharlll8ciat Incharga, not only, 

operate !Jut can also .. intain the pilot plant witl! the present 

•intenanca etatr. H• ha• •l•o trained •or• personnel an the 

operation eide. "or• training would hciwaver be required 

whil• acaling up the unit or in ttw t i•ld or new product• 

in .. dicinal plant proceaaing. 

3.2 R•cOlllll8nded aparaa, accaa1ori•• required to render fully 

operational 
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Th• pilot pl9nt waa ormr•d with .,rrtcient apar••• A 

phyaical inventary ti all the• haa been takan and a 

liat haa bnn prepar•d. The pl9nt haa bean •dB 

ap•r•tianal at•er uaing thee• aper••· A liet tar 

parta, eccaaaori•• etc haa bean prepared ao •• to place 

an illllediata orc:lltr to the 118nufacturar. 

3.3 Rec ... end •.xil.ficatiana and illprovnent to incre•• 

versatility. 

Any •Jar •adificatian to tha plant ia neither required 

nor daairabl•. Sm• •odificatian• in at ... pip..,ork, 

valvea r•poaitianing, providing or t911peratur• gaug•• 

etc have bean reca.endad. Chopper, though, requires 

certain •odtricatiana in the end product tranarer 

ayate•, cleaning during change-over ror othar product 

and in duet coll•ctian. 

3.4 crract any •odificatiana poaaibl• with local raciliti••• 

SteM Una to the pilot plant ia not of proper Mterial 

and inadequately aiz•d. A ateam piping Jeyaut haa been 

prepared giving prap•r regard to Hf ety, instrumantatian 

and energy canHrvatian. Th• quotatiana have been called 

and the Jab haa to be aaaignad nOll attar UNIDO'S approval. 

A• daacribad earlier the collection method of chopped 

.. tari•l will be •odifi•d. Th• cyclone ••parator waa 

auppli•d without filter bag cauaing airborne product 

du at 



I 11 I 

in tha envirarwent. ftoreover this a.parator waa ao poeitioned 

that a due~ having aherp benda wae rwemd to cannect th• 

ran and the cyclone •parator. The c,clane •parator waa 

r .. oved Md a filter bag ia inatallad Which ret.aina the 

.. ter1Sl and •llDlf• air to •ecape. To iaprov• th• perrorunce 

further and to ea• up clP11Jn1r1g aperauan, it 1a rac~ded 

to rai• the chopper by two t•t and !<•aping the coll•ction 

point unchengect. lllork an thia would be •tart.ad attar UNIDO' S 

approval i• receiv•ct. 

3.S Piek• rac~daticna tor pilot plant aperaticn tor future 

and li•t or accaeaor i•• required. 

Ca.plate aperatin9 inatruction• have been prepared with •11 

precaution• to be taken and •••ociatad .. rcy haz.rd•. 

Preventive .. intenanca achedul• haa been prepared. Th• li•t 

or eccaeaori•./ epar•• requi..;ed 1a •l•o ca.pl•ted. 

3.6 Eatablieh ay1tem of log keeping in pilot plant. 

Different tor••t• on operation and 11•1.ntenance have been 

pnperao •TO· u• th••• r ormah aome •Xplan•tian• ti' ve be., 

given and practicslly demonetratad. 
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ACHIEV0£NT [J' Cl!JECTIVE,. 

rollciMing in ten ti obJ•cUvea ere echie"8d 

4.1 Both procMct diecherge valvea rl aWl have be8n repaired 

Other 1•9king val.vea, taulty puaaure end teaperature gaugea, 

pr•asur• ncklcing valve, atear.. trapa, gauge glaHes and 

vacuu. trenarer ayat• ror aolvlM'lt have bean repaired 

Leaking Nut.eh filter ha• •l•o been ••de aperetianal. 

Chopper nea been 11tr.1ifi•d and nciM working. 

4.2 l'lodificetion in certain plants COllponenta have bean 

r8C011Mftdad to i•prova work ncu. The 11odification work 

would atert ea eoon ae the epprovel frDll UNICJ i• received. 

4.3 f<>llawing producta were uda after the repair or the plant 

and no ahortc011ing waa experienced. 

(i) Cyllbopogon citratua oil 

(11} roeniculu. valgare oil 

(iii) Coriandru• aatiVU11 oil 

(iv) "atricari• c~Clllil• - oil 

(v) Thya1a vulgar i•• - oil 

No other ••tari•l wea avail•bl• to carry on the tri•l run•. 

4.4 The training ha• been i111p11rt•d ~o the oper~ticn•l end 

11eintenance atart • Operating and •aintenance inatruction 

have bean docu•entad to help UMltl in future work. 

4.5 Th• propo••d •odiricetion• in th• plant would take place 

111111adiataly after receiving th• fund• from UNIOO 
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s. UTILISATI'14 Cf' PROJtCT HESULTS 

Th• project is in the last stages of completim. NU11ber 

or products have been d9velaped et pilot aca1e. National 

Starr has become fMiliar with the procesaH involved • 

It is therefore imperative to scale up the entire plant 

so ae to utilize th• pr~ject result•. To scale up the 

plant ••d1.c!Ml/•r011Btic plants should be cultivated 

on !arger acale and the technology and experience. 

alr••dy gain•d ahould b• transfered to far•ers. rield 

distill•tion u~its should be installed at appropriate 

places for initial proceeaing to eave coat of 

transportation. A ••rket atrategy ahould be developed 

to market the products in national and international 

urk•t• 
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6.1 

6.1.1 

6.1.2 

6.1.3 

REC CJlll'l[NDAT I ()15 

SHC!!l TERPI 

• 14 • 

The ca11pletion of piping work ehauld ba expedited 

Th• roundatiQIV'platrorm f~ chopper should be COlllpleted 

Te11perature indicato::.- ahculd be installed on conctenaor 

111eter outlet 

preventive 11&intenance progranimad should be acf\erad to. 

staff should be diputed for loading/unloadin~ of 

material and general cleaning of the pilot plant 

Ptore peraonnel should be trained to operate the plant 

An orientation to other location at the eanie 

tectv'lological level should be made to the personnel 

reaponsibla to operate the plant 

L(NG TERP! 

The gless/rRP lined reactors/digestion vessel, vacuum 

drier and other equipment to isclate •lk•loids ahould 

be procured 

Th• possibility of scaling up the plant lhould be 

explored to use the technology end experienced gained 

frOlll the pilot plant operation. 
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L.IST Cf" SPAR(S INSTCCK 

!2· Q!acription Quentitv 

1. Ste•• valve ... ta 9 

2. Rubber •h••t 600.. x 600- x 3 1 

l. ruter cloth 500- JC 1500. 1 

•• Chopper Drive Belt• l 

5. Univeraal coupling with ahatt 1 

6. Roller B .. ring 1 

1. PClllll•r chein 2S.. pitch 1.611 

a. Paw•r chain 20- pitch 1.211 

9. PTrC packing Half for Florentine Receiver 6 

25SO.. x 2500.. x 2S.m 
(O.D) (l.D) (thick) 

10. XP Plug• with receptacles 2 

11. L•v•l Indicator tube 6 

12. norence rl•ek l 

13. Chopper Dl•dea 9 

14. Level In1icator priaaaatic glass 3 

15. Sight glaaa 7 

16. Rubber bueh•• with washer 9 

11. sta .. g•"5<•t 

(1) 140MI JC 115mm JC 3111111 1 

(ii) 110 x 9S.. JC 3mlll 1 

(iii) 1101tun x 1 OSnim x 3nua 1 

(iv) ea.. x 721111 JC llnm 2 

(vj 9('1;;.111 x 5511111 x 2-111 2 

(vi) 55mm x 43mm x 3nam 1 

(vii) 
-· x 2111111 

4 

(viii) 105111• x 2111111 2 

(ix) 115"'111 x 2mm 1 

(x) 130.11 x 2111111 4 

(xi) 180- x 2111111 2 

I I I I I 1111 I II II I I I II II "' ' 
I I I 

' 
I I 11 " 
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s Q!.cription Quantity 

1a. PTrE gaek•t• 

(i) 102M x 82.- x 1- 4 

(11) 85- x 50llll x 1- 7 

(111) 76- x 42em x 1• 19 

(iv) 7S-x~x1• 4 

(v) 60M x its- x 1 •• 4 

(vi) 55- x 281111 x 1- 55 

(vii) 55- x 3S.. x 1• 8 

(viii) SOllll x 35- x 1M 4 

(ix) 45- x 20- x 1 .. 39 

(x) 55- x 38M x 1- 27 

(xi) 100lul x as.. x 1 •• 27 

(Xiii) 651111 x 351111 x 1 .. 28 

19. J-Bolte 4 

20. ran Bl•dll• • cutter 8 

21. Bladea peeking strip• 4 

22. e ol ta 12- di• x 60llt 1 ong 31 

23. Bolts 10nam di• x 30null long 39 

24. Bolts 10llln di• x 70tlal long 4 
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Sp•r•a parts to be ordered 

1. eearinga (aet) ror chopper 1 set 

2. eeeringa (set) for vacu .. pu.p 1 eat 

3. 24 volts XP tub• light - l•ps 6 

•• 24 volts XP tube lights - ballast 6 

s. T•perature Indicator - Capillary type 

ror still o - 12o°t 1 

6. temperature Indicator - capillary tuba 

ror condenaor water inl•t 1 

1. Pressure gauges for a team 0 - 15 bar 2 

e. Praeaura gauge• ror a team 0 - 6 bar 2 

9. B••ringe (sat) for worm gear sat 

agigator 1 

10. Repair kit 100 11111. ball valve 3 sets 



a 18 a 

Q>•ration Inatructicn I 

Ste9a Qi.•till•ticn 

1. Clos• all vaJ.vea 

2. Open the hinged cover of the feeding port at the •till 

3• Fill atill with chapped .. tedal Raa the .. teriaJ. to 

cm.pact about 7~ ot total valuae. 

4. Cloaa the lid 8"d tight the bolte 

s. Open valvaa 25, 19, 22, 28 and 39 

6. Open .. in ate• valve rroa the boiler 

7. Check pressure ot steam not to exceed 2 bare 

8. Note t .. parature ri .. at atill when t811perature reaches 8S°t 

open valve 10 and 11 tor condeneor water. Regulate water to 

a t .. perature difference of. S - 7°t between water inlet and 

outlet at condanaor 

9. Oil and water ataTt accu.ulating in Florence tl•ek 

10. Drain water l•y•r by opening valve 31 and collect oil 
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aperating Instruction II 

~xhlet extraction 

1. ~en soxhlet cover, place chopped and weighted herb in a 

Cloth bag and then in the apparatus basket close the cover 

tightly 

2. Close all valves 

3. ~en valves 41 s, 9, 12, 22 and 23 

4. ~en wa tar val va 6 r or vacuum pl.Mlp 

5• Start the V8CUUll pulllp 

6. ~en valve 30 and put flexible hose attached to it to •~.vent 

tank to reed required amount of sol~ent into the still 

7. Stop vacuu• pUlllp and close valves 4, s, 6, 91 12, 22 and 23 

e. ~en valves 21, 32 1 and 29 

9. ~en valves 10 and 11 for water to condensor 

10. ~en steam valves 15 and 16 

11. watch the sight glasses, and the condensed solvent would flCllll 

through soxhlet and back to still 

12. Continue the operation until the plant material in soxhlet is 

exhausted. 

Now start conoentration or the extract 

13. Close valves 21 and 32 and open valve 23 and continuo distillation 

of solvent which would be collected in tne collectir · vesael 

14. When solvent diatill•tion is over close steam and water 

valv•• 

1s. Tr•narer the extract to aedi~•ntation tank by vacuum and •llCllll 

to a•ttl• 

16. Collect layers by opening valves 33, 34, 35 and 36 •• 

required artar filtering through Nutah filter 



I 20 I 

91arat1n9 Instruction Ill 

percolation 

1. Open the cover or percolating filter 

2. Fill the rmquir•d uount or chopped and weighted herb and 

cloa• the caver 

l. Clo•• •ll v•lv•• 

4. By Mana ot vacuum, place th& solvent in percolating 

filter by starting vacuum pUllp and opening valves 1, 3, 4, 

5 and 6 

s. switch orr th• pump end close •11 v•lvea 

6. Wait till the extraction time is elapsed 

7. Open valve 7 and collect the mixture or extract and solvent 

e. Rata0v• the cover and tip the percolating to discharge spent 

herb 

9. Tranafer the mixture of extract and solvent to distillatiAg 

•till ror vacuua concentration/diatillation 

10. rollaw the operating inatruction IV for vacuum concentration/ 

diatillation. 
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0peratinq Instruction IV 

V•cuU11 concentr•tiay'oiatillation 

1. Pl--.e the solvent or •i.dure of extract and solvent in 

the still 

2. start cooling water in condenaor by opening valve 10 and 

11 

3. Open water to vacuU11 pump valve 6 and atart vacuU111 pump 

4. Cloe• all valv•a except 4, s, 6, 9, 12, 22 and 23 

s. start heating the Jacket by op.,ing valves 15 and 16 

6. Note the t911perature and presaurea on atill and collection 

vaee•l 

7. watch ~ condaneation and collection of solvent in the 

collection v••••l 

e. When dietillation 1• over, stop vacuum pUllp and steam 

heating 

9. Gradually open valve 13 to ventilate the plant 
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PR£VENTI~E ftAJNltNANCE SCHEDULE 

1. Check for any leakage in the plant 

2. Oba•rve for the abnorul eound frO'I Agitator, v•cw.. pu.p and chopper 

3e Check for heating, Agitetor'• bearings, vacuum ~P bearing and 

chopper gearbox by touching with hand 

•• Check gland• of vacuum pump for leakage 

s. Check working or ell pressure end tamperature gaugea 

6. Check working of pressure reducing valve, if ete11111 pressure 

exceeds 2.s bar. Stop operation 

7. BlOll aafety valve .anually 

WEEKbY 

1. Perform daily checks 

2. Check couplings of agitator, chopper and vacuum pump for wear 

3. Cheek belt tension of chopper 

l'l(JHHLY 

1. Perform deily and weekly check• 

2. Crease bearing houaing of vacuum pump 

3. Greaae agitator houaing 

6 l'l(JHHLY 

1. Perform daily, u••kly and monthly check 

2. Change oil in wl.ll'm gear aet of agitator 

3. Change oil in chopper gearbox 

YEARLY 

1. P•rform daily, weekly, monthly and h•lf yearly checks 

2. Open electric motor• and replace gr•••• in bearing• 

3. Paint entire ~l~nt and supporting etructure. 
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STEAM LAYOUT. 

BOILER ROOM. Expansion Pipe Support 3M. 
Detailt Joint. 

,._ ~ .,. I I I I 

l'I I I • I ~ 

~ ,., - ..... 

• 
1 M.S Pipe 
Sch.40. 
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~ 
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DISTILLATION GD "' dJ 

,., 
ROOM. O> 

Detail 2. 
___,~ 

. 

l 8.8M. l 
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STEAM MANIFOLD 

PRESURE GAUGE 
0-15 bar 

DETAIL: 1 

PRESURE GAUGE 
0-5 bar 

DETAIL: 2 

2M 

F.L 

TO DISTILLATION 

F.L 




