
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/


• 

' 

• 

• 

RES'llUCTED 

ICf 780 
DP/ID/SER.A/1591 
27 July 1992 
ORIGINAL: ENGLISH 

PROCESSillG OF AilOllA alllllCALS ARD FRAGRANCE MATERIALS 

DP/VIE/86/033/11-55 

THE SOCIALIST REPUBLIC OF VIET NAM 

Tecbnical report: 8uildin& mociifications plant foun<lation water power 
di§trit>ution system anci desi&nin& of cogmercial 
fractional distillation unit* 

Prepared for the Government of the Socialist Republic of Viet Nam 
by the United Nations Industrial Development Organizatior,, 

acting as executing agency for the United nations Development Programme 

&ased on tbe work of C. L. Tikoo. Plant en&ineer 

Backstopping ~fficer: T. De Silva, Chemical Industries Branch 

United Nations Industrial Development Organization 
Vienna 

* This document has not been 6dited. 

V.92-55967 

{ I I "I 
I ,; :J 



• 

I. 

II. 

- i -

C 0 II T E II T S 

INTRODUCTION 

ACTIVITIES 

A. 

B. 

c. 

Building Modifications 

Design of Water Distribution 

Design of Power distribution systea 

D. Training to Vinaroa Staff on design 

Engineering of Fractional Distillation Unit 

Civil Foundations of Aroaa Cheaical Plant E. 

F. Design of a Comaercial Fractional Distillation Unit 

III. CONCLUSIONS 

IV. RECOMMENDATIONS 

V. WEEICLY DIARY OF THE CONSULTANT 

VI . ACKNOWLEDGEMENTS 

AnnAmi1Xm• 

Annex 1 Job Description 

Annex 2 Activity Chart 

Annex 3 Building llOdif ications of Pilot Plant 

Annex 4 Design of water distribution sys tea 

Annex 5 Plan of internal power cable in Pilot Plant 

Annex 6 Distribution Board 

Annex 7 Light and Wiring Syste• 

Annex 8 Plan of External Power Cable 

Annex 9 Plant Lay-out of Aroma Chemicals Pilot Plant 

Annex 10 Plan of Civil Foundation for Steel Structures of the Plant 

Annex 11 Foundation detail drawings 

Annex 12 Backstopping Officer's Technical com1ents 

Paee 
1 

4 

5 

5 

6 

8 

9 

10 

11 

12 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

28 

37 



1 

I. I NT R 0 DUCT 1 0 N 

Vietnam has been a producer of aromatic essential oils for 

several decades. These natural essential 01 l::; ~r-e· b~ing 

exported at fairly low price to other countries. Against this 

low price oil Vietnam is importing fair! y large quantities of 

aroma chemicals and fragrance materials for their internal use 

in s~ap and cosmetic industries. It does not have the capacity 

and technology to process part of these natural oils to obtain 

perfumery grade purifitd isolates and aroma chemicals of 

suitable olfactory quality which may then be tor.T1Ulated and 

compounded into fragrances and cosmetic products. The growing 

demand of isolates and aroma chemicals from natural essential 

oils in presence of scarce foreign exchange has led Government 

of Vietnam to set up some organised sector to produce these 

aroma chemicals which would meet the internal demand thereby 

::ouvJ.11y t..u11!:>J.l.ll~r-.:1bl~ rore1gn exchesnge ancJ also be in .:. posi. tion 

to export Aroma Chemicals in future in international market. 

The South Vietnam Detergent Company is a union which runs 

a complex of factories which produce soaps to1let~1es and 

cosmetics have their research and development centre ~nown as 

Vinarom. A project funded by UNDP and UNIDO be1nq lht 

executing agency has been envisaged for 'v'ir1arom to 11ie:-et tr.e 

objective of deV'elopir1g tecr.nologies 011 ber1c1-, c.nd pl lc1t sec.le 

for aroma chemicals "'r1ic.t. would mc.~;e South V1.etnc.111 Detergent 

Factory Princip•l benefic1~~y. 



2 

The ofjective of the project is to create. 

1. La~oratory and bench scale fascilities to develop 

technologies for producing isolates and -aroma 

chemic: al s fr·om natural essentic:.l oil:. 

2. To scale up the processes on Pilot scale. 

3. Training to Vietnamese staff for running of Pilot 

4. 

Plants and create capabilities to adopt new 

technologies. 

Training to handle 6.C. U.V, 

quality control. 

IR instruments Tor 

5. Training abroad to some Vietnam staff members to 

learn separation techniques and synthesis of aroma 

chemicals. 

Under the Project apart from other objectives the most 

important ofjective is to set up a multifunctional Pilot Plant 

for processing natural essential oils to produce variety of 

isolates and aroma chemicals. 

ThE- Pilot Pl ant has been devided into t~10 Sub L•r1 its. 

1. Sub unit ~ for fractional distill~t1on 1or producing 

isol i•tes. 

2. Sub unit B for producing aroma chemicals. 

The •.m1t A consJ.sts of a 1~10 litn~ per bc.tct"1 tract:1on,~l 

dist1 l lation unit having a paclo:.ed colun.n L1s1nq mL•lU.n1 t pac~.J.11g 

to give about 40 theoritical plate~. It 1 s prov l d~d ll'H t to a 
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shell and tube condenser, a product i.:oo.iet-, receivers, \/escuum 

pu111ps, vapour trap. and a chilling plant. The r-eboJ.ler of the 

unit has provision 'for working both on steam ar.d t.at oil 

system. 

Tt'oe unit has been p:--ovided ,..,i th necessar-y instru111entation 

to control the process conditions. It can handle Vdriety oi 

essential oils to produce different isolates from wide range to 

very close range boiling points. 

The sub unit "B" consists of the following 

1. Hydrogenator with agitator and reflu~: condenser. 

2. Catalyst filteration unit. 

3. Oil Service tank. 

4. Glass lined reaction "essel with S.S. column and 

packed with multinit packing. This has provision ior 

both heating and cooling. 

5. F.R.P. acid washing tank. 

b. F.R.P. acid receiving tank. 

7. Bessket centrifuge. 

8. Dehydra~or with condenser. 

9. Oil separator. 

10. Product cooler. 

11. Product receiver. 

12. Liquid transfer pump. 

13. Cooling overhead tank. 
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The sub unit B is a multifunctional Pilot unit .-1tuch c~n 

handle varieties of raw material to produce aroma ctn:.>111icals. 

both of synthetic and natural origin. 

W 0 R K D 0 N E 

The consultant arrived HoChiMinh City on btt. at Nov 1992. 

He had to carry out two assignments one four month mission an 

Project DP/VIE/85/001 (Dyes and Pigments) and one two 111ur1th 

mission on Project DP/VIE/86/033 (Aroma chemicals) under coffimon 

CTA. T~1e consultant was briefed by tt1e CTA and ttae- l·JPD ;,::.; t.t"1c;. 

Aroma Chemicals Project and was asked to carryout the fallowing 

jobs relating preparatory to receive pilot plant ~quipment 

during his two month· mission. 

A. Building modifications to accomodate pilot plant 

equipment. 

B. Design of water distribution system. 

C. Design of power distribution system. 

D. Civil foundations of aroma chemical plant. 

E. Training to Vinarom staff on the design of fractional 

distillation unit. 

F. D£-s1gn of 

unit. 

a commercial scc;,le fr.;,ctionc:,! d1!:-t1lli\l.1nr1 

plan was drdwn which i.s given 

Anne~:ure I. 



A. BUILDING MODIFICATIONS 

V1narom has a large building shed. It was decided to 

locate portion of this shed to hou~e p1 lot pl ,:.rot equ ipme.nt and 

its at1·:1lary units. A space of 12 mts :: b.~. mts wc,s !::.ele-cted. 

The tot:.l height of t~e shed being 7.: mt5 can not house the 

unit as tt·oe clear height requireo11er1l i'or pl.:.nt ls 8 mts. I ro 

addition to this some head space has also ~o be pro~ided. 

Since the clear height of 8 mts is required Tor tractionati~g 

column, it was decided by the consultant to raise the central 

portion of the roof top in stead of raising the whol~ shed 

which would involve huge expenditure. 

To achieve the abjective the consultant designed building 

modifications which would involve minimum cost. 

ThE- shed was raised by 400 mm froon tt·1e side- wi tt. br-1.cks 

and the central portion 4 mt x 6.5 mt upto 9 mtE height. The 

sides of the central portion have been centered willo G.1. 

sheets. 

Troe bu1ld1ng modification is !:.loc.wn 110 ;:,r·o:-.i:::.~.r.~ !1. il1.::­

tc.s~· r • .:..'E. been ~ccomplished and the 1110.J1·t1£·.J u•.1ild111y '"" rc.· ... •d·; 

to receive the Pilot Plant equipment. 

B. DESIGN OF WATER DISTRIBUTION SYSTEM: 
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There is an inadequate supply of \.,ate1- to '·!.tnarc•m CCo•irplt-;:. 

In order to run the Pilot Plant about 15000 litres of w2ter per 

hour is required. Tl-ie comple:: has a wat~r undPr groun;J tc.11~ or 

50,000 litres capacity. Need was therefore f~ll that the water 

meet the demand. ThE- consultant designed a water d1st~1but1on 

system \·ihich co1npr·is~::.. construction of 6(•(11) 

tank. at_ a height of 9 mts, a watc-r- supply lH•t:- oi' 

42 mm IO from 11!1dergr·Jt1:>d tan~< to the overhead tank, a water sup-

ply line of 49 mm IC from the overhead tank t~ the Pilot 

Plant building and a 49 mm wat,.,.r return line from condensers 

to the underground tc.nk. A pumping set of 2(1,(11)1
•
1 litr-.:· pe:-r· r1u1..1r-

capacity has been provided to pump the water to overhead tank 

with level controler to monitor the pump. 

The design of the system is given in An~exure 111- The 

task has been accomplised. 

C. DES I GN OF P0~1ER DI STR I BUT I ON SYSTEM: 

The e::isting from Visa 

complc?;: was inadequ~te to bear the power load of Pilot Plant 

equ.ipment. The cons•_tl tant recomended t-:1 char.gt:.-

cable to 150 ~w pow~r cable by prov1d1ng 

poi.-1er cable of 7•) °'"' wt-.ici-. would enter thi: 111<A1r. ~:>i.-Ht..:.h t,.:,c:,, d u1 

the 'l.in;.rc·m. This board shall 

two ACD's of ~O Amps ~nd 2~) Amps. 

the load of test l c.t.orator ies and tht.• 2•)(1 Amp<E r.CH. st1.::. l I t.:.~ r:-: 
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care of Pilot Plant load. A cable has been drawn from this ACB 

to pilot plant building. This boar-d hollses one l scd at ing l r or1 

c 1 ad switch of 300 Amps. one ACB oT 3(1 .:1111µ~. arid ,:,11t-.? ACc~ r_.T :_'1X• 

Amps. The board is also provided with ph~se ind1cat~rs. single 
...__,,,,-

phase preventer volt ~nd ampemeter. 

distriblltion and electric circuit has been st-10wn ir1 Anr1e::ure 

IV, V, VI and VII. 



D. TRAINING TO VINAROM STAFF ON DESIGN ENGiNEERING OF 

FRACTIONAL DISTILLATION UNIT. 

The consultant conducted a training coLu-se of ten d.a~·s to 

i.nmpart training to Vinarom stat f on engineer ir1g des1qn of 

fractional distillation unit. During tr-c..i.n ing CC•Ur::a::.· the 

fullowi.ng a5pects were dealt with. 

1. Principles of fractionation. 

2. 

4. 

'­
~·. 

6. 

7. 

Equipment required for fr-actionation of e!::st?ntial 

0.1 l S. 

Different types of columns. 

Selection of right type o1 column. 

Details of packed column. 

Details Lt packing materials used in packed column. 

Specifications and Physical chz,racterislic:; of 

packing material. 

8. Process data and process parameter~ requ1r~d tor the 

design of column. 

9. Calculations for finding out lOi"<d for 

determing diameter of the column. 

l •). r.alclllatJons tor find.i.ng out numt.·~· or t_;-,;..-or·1 t1cc.! 

pl~tes and he~ght of 

C. LI} LHl1n tie i CJ t"1t. 

.11 &Jesign of rebo1ler • 

l :? • Design of conder1ser. 

1-::. o~~s.u.:in of pr-oduct cooler. 

1 4 . Design of prodt .ct receJvers. 



q 

15. Design of vapour trap. 

16. Selection of material of construction. 

17. Interconnecting pipe lines ... •.:.Ives ::..nd i11st1·L•1nent_,:.t.1on 

required for the colurn. 

18. Selection of material of construction. 

l '1 ·• l"lt•Ll1cs11.iLL1l Ue~ig11 of tl1~ t.:ulu11111 J .c. I lut. ~ ,.,__.,,_,,,. u I 

vessels, Flanges, supports etc. 

20. Fractional distillation layout. 

21. Some aspects on fabrication practices and codes used. 

Thermal design to work out heating lo.:ods~ 

systems and optimal insulation of the column. 

23. Soecification of vacuum pump and chilling system. 

24. Operation of distillation unit. 

This training course has given a foundation to Vinarom 

staff as to how distillation columns can be designed under 

defferent process conditions but the designing capabilities to 

design an efficient unit shall depend more on prac~ice which 

Vinarom engineers can achieve by working on pilot plant to 

generate more process and engineering data. 

E. CIVIL FOUNDATIONS OF AROMA CHEMICAL PLANT. 

ll"H? Clvjl foundations of the steel structure for· :.r·c0111a 

~hemical pla~t have been completed. Ttie pl.:tnt lc:.yout ar .. ·1 Un:> 

d~t~1ls 0f the ci~il foundations are given in Annexur~ VIII. I~ 

:md X. 
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F. The consultant has designed a commercial scale ~00 l~tres 

per batch fractional distillation L1nit. Detailed engi~~ering 

drawings of 

wi tt1 F'. I . 

components of 

die.gram, plant 

the unit have been prep~red cilong 

layout, plant assembly and ~lso the 

isometric view of the plant. Detailed designed d~tails and 

engineering drawings along with specifications oT the auxilary 

components hdve been given in separ~te chapter attached to this 
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C 0 NC-LU SI 0 NS 

Civil modifi~ations of the building h~ve been 

completed. 

Civil foundations of the steel structures have been 

completed. 

:.. Water overhead tan~~ and water distributior1 system 

have been completed. 

4. Power distribution system of the pilot plant building 

has been completed. 

5. Boiler has been installed and the stea~ piping upto 

pilot plant building has been completed. 

6. Training to Vinarom staff on design ot f~actional 

distillation unit have been completed. 

7. A 500 litre batch capacity semi commercial fractional 

distillation unit has been designed by the consultant 

and the detailed engineering drawings. P.l. ·diagram 

and specifications have been prepared. 

8. Al 1 pre.installation requirem~nts h~ve been c:on1r...Ieted 

and Vianrom is ready to receive tt1e Pilot Plant 

equipment and machinery for its lnstallation ~nd 

commissioning. 
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R E C 0 M M E N D A T I 0 N S 

1. All water inter connecting pipes from water header to 

different eQuipment have to be provided and fixed by 

the subcontractor. 

All internal electrical network wiring trom power-

board to different equipment have to be provided and 

connected by the subcontractor. 

3. All steam pipe lines from the steam header to 

different equipment have to be supplied and fiKed by 

the contractor. 

4. All insulation material for vessels and steam pipes 

with aluminium cladding have to be provided by the 

contract. However Vinarom management have to provide 

skilled people t~r insulation work. 

5. Vinarom has to provide skilled labour, a welder and a 

welding machine to assist instalJation t~~m f rnm th~ 

subcontractor during installation. 

6. There is power shedding due to the shortage of power 

(three t.o four days in a week! 

deterimental to the progre~s of 

commisioning work. Necessary arrangement should be 

ta~.en "u?l l 

ttns difficulty. 

7. A separ~te drain connection to be provid~d to th~ 

equipment handling corrosive liquids 1\~.t:.- ,;.c.uJ cH1d 

alk~lies and these corrosive 11quidb lob~ cull~ct~d 
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in a rubber lined suinp where it c.:.n t•e neutralised 

and be allowed it to go ir.to tt·.e m.:.ir1 dr.:oir. .. This 

aspect has been discussed by the consullC'lnt wl.th 

Vinar-om management and they should ta~-.e r>ecessary 

steps in this regard. 
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WEEKLY DIARY OF THE CONSULTANT 

4 Nov 91 

6 Nov 91 

6 Nov 91 

4 week Nov 91 

1 .:;nd- 2 wee!<. 
Jan 92 

4 weet Jan 92 

2 wee!<. Feb 92 

4 and 5 wee"~ 

Feb 92 

3 wee"~ March 92 

4 '"'ee~:. Apr i 1 92 

~. May 92 

7 May 92 

file: RE-TKdia.doc 

Left New Delhi for Bangkog 

Left Bangk~k for HoChiMinh City. 

Arrived HoChiMinh. 

Discussion with CTA and NPD of ti-1e Pr-oj ~ct 
regarding tasks to be completed preparatory 
to Pilot Plant installations. 

Design of building modification~ water 
distribution systein and train.ir.g to 
Vinarom staff. 

Design of power distribution ~ystem. 

Building modification carried out 

Designing of fractionating column. 

Checking of building modification and 
marking of civil foundations for steel 
structur. 

Preparation of report. 

Left for India. 

Reached Jammu (India) 
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UNITED NATIONS INDU~"TRIAL DEVELOPMENT ORGANIZATION 

JOI DESaUPTIOR 

DP/VIE,116/033/11-55 

Post Title: Plant Engineer 

Duration: 2 v/a 

Date Required: February - ~arch 1992 

Duty Station: Ho Chi Minh City 

Purpose of Project: Utilization of indigenous essential oils to develop 
suiubt~ fragrance materials and formulations for · 
local industry as well as export. 

Duties: The expert vill work under the joint supervision and 
direction of the UNIDO Chief Technical Adviser and the 
National Project Coordinator and will have particular 
responsibility for assisting in the optimisation and.use of 
the pilot plant equipment. 

The expert vill also perform the following specific duties: 

1. Upscale the laboratory processes developed on a bench-scale. 
2. Kake bench-scale runs to produce aroma chemicals for trial use 
3. Train local staff in the proper use. maintenance and upkeep of 

processing equipment. 
4. Guide local staff in engineering and fabrication drawings to design a 

Collmercial plant for essential oils. • 
S. Carry out any other function assigned by the CTA. 

The expert vill furnish a ca.plete and fully processed terainal report 
at the completion of his aission outlining the findings .. of his mission and his 
recom111endations for follow-up action. 

AclP'ic:a•ions Md CIOlll nicationl •..-ding Olis Job Description should be Mm co: 
Proiea ........ ..,.._ S.C.ion. lndudrilt ()perlllicw OMsiGn 

~·oo. v,ENNA ~MATIONAL CENTRE. p .0. BollC 300. v ...... Alail 

. ... I . . 
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Contract award. to RRL by UlJIDO 

PRO.Jm'.1! NO. DP/vD/el!J/o,, 
ilOMl CBIMIOAJB 
AC'l!IY rJ:t CIWl'l! 

1991 

RRL obligation under contract fabrication 
completion. 

199~ 

I 
I • F.Quipment despatch to Bomb~ Port. 

Elcpected shipment. 
;-- I 

~ui~ent e.rrival Saison. 

J.rriY~l equipment nt Project site .• 
Installation. 

Cor:eissioniJlc. 

ACTIVI'4'IES I'ilEPA::..\TO!l.Y TO R~!UVE A.."'ID ItTSTALL 
PILOT PW.:T. 

:Jesisninc rnd i.mpleoent~on of civil 
foundation for pilot plcnt. 

Identification and execution or Building 
alterations to c.ccomodate pilot plant. 

Ident and exocution or v&ter, steam and 
power distribution system end water etore.Be 

PftOJECT OUTPUT 4 REL..\ TED J\C'I'T.'IITIES. 

(i} Traininc or Vinarom st.arr on 
design engineering. 

(ii) Designinc or a conu:ierc ial Aroma Chemicals 
plant. 
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DESIGN OF A FRACTIONATING UNIT FOR ESSENTIAL OILS. 

The consultant has designed a fractionating unit to 

separate out valuable isolates from citronella Ch l. i.iowev~r 

this unit can be used for other essential oil also by changing 

th~ process parame~ers. 

The unit consists of 

1. S.S. reboiler of 500 litre batch capacity. 

2. S.S. column pac~~ed with multinit packing material. 

3. S.S. reflux distributors. 

4. S.S. shell and tube condenser. 

S. S.S. isolating receiver of 25 litre capacity. 

6. S.S. product receiver of 100 litre capacity. 

7. S.S. vapour trap. 

8. Reflux divider consisting of 25 mm l.D. thre~ way 

S.S. solenoid valve with timer. 

9. Two rotary vacuum pumps. 

10. A small chilling plant. 

Detailed engineering drawings have been prepared whi~h 

consists of. 

1. Drawings Of each component. 

7 p. I. diagram. 

..,.. 
Over a 11 . .:, .. assembly of the unit. 

4. Isometric view of the unit. 

5. Specifications of the rotary pump. 

6. Specifications Cl f the chilling plant. 
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Basis for the design: 

1. Batch capacity 500 litres. 

2. Boil up rate 300 litres/hr. 

~- Pr•••ure drop 1~ ... 

-. • Vo~uu11• o t tained up to l ... 

~- Packing used multinit wire mesh. 

6. Condenser ·water inlet 25°C. 

7. Condenser water outlet 35°C. 

8. Product temp. 30°C. 

9. No of theoritical plates 40 at total reflux. 

10. Batch cycle - 16 hours. 

11. Effective cycle - 12 hours. 

Specification~ of chilling plant. 

Skid mounted compact chilling unit with air cooled 

condenser capacity 2 ton refrigeration capacity at -l(lcoo to 10°C 

provided with brine solution storing vessel b.a .. t capac.i ty 200 

J..itre connected to a 1 HP centrifugal pump complete witl"'1 al.i. 

interconnecting pipe line valves and controls. lhe unit should 

have a compact panel control. one set. 

Rotary vacuum oump. 

Rotary vacuum pump with displacement cap<.1c 1 t•1 or 8•.1 c:1..1m 

per hour at N.T.P. to give ultimate vacuum oi l mm Hg. a.·:· 

pump to be coupled with suitable motor starte.- =-···d !Jr"u'. i.:h:d 

"nth efficJ.E-nt vapour trap non return valve. by pass vc.lvtz. 

vacuum gauge etc. one set. 

Rotary vacuum pump same as above but with d.ispl~ce1r1t:-11t •.op 

of :o cum per hour one.- si::.-t. 
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Backstopping Officer's Technical eo..ents 
based on the work of llr. C.L. Tikoo 

0¥/VIK/86/033/11-SS 

Annex 12 

This report contains the activities of the consultant in detail . He has 

completrd the work assigned except for what was expected of him during 

inst1U..iation and co ... issioning of the pilot plant which unfortunately did not 

arrive as scheduled. His major task of training the counterpart staff in 

designing a comaercial scale distillation unit has been successfully achieved. 

It is hoped that the Institute will fabricate this unit when large scale 

production is to be undertaken. 

Design for power and water distillation systems and the pre-installation 

requirements for the pilot plant have been completed. The work to be 

undertaken by the supplier and the Institute when i~stalling the pilot plant 

has been detailed. The Backstopping Officer wishes to stress the time~-Y 

action needed with regard to the last two recommendations of the expert namely 

the need to have a stable power supply and a sump for neutralization of 

~orrosive waste. These two itellS have to be done on a high priority basis 

bef'.:>re ti1e installation and comissioning of the pilot plant. 




