G @ | TOGETHER

!{’\N i D/? L&y

=S~ vears | for a sustainable future
OCCASION

This publication has been made available to the public on the occasion of the 50" anniversary of the
United Nations Industrial Development Organisation.

’-.
Sy
B QNIDQI
s 77

vears | for a sustainable future

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

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


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

RESTRICTED E 558 September 1987
ENGLISH

ASSISTANCE TO THE BEIJING INSTITUTE OF CHEMICAL REAGENTS (BICR)
IN THE PREPARATION OF HIGH PURITY CHEMICALS
DP/CPR/85/013/11-02

PEOPLE'S REPUBLIC OF CHINA

Technical Report: Mission from 31 August to 30 September 1987%*

Prepared for the Government of the Pecple's Republic of China
by the United Nations Industrial Pevelopment Organization,

acting as executing agency for the United Nations Development Programme

Based on the work of L. F. Vergnano
Consulting Chemist and Scientist

Backstopping officer: M. Derrough, Industrial Operations Technology Division

United Nations Industrial Development Organization
Vienna

* This document has been reproduced without formal editing




CCHTENTS

Chapter Fage
I ACTVUCULEDGE RIS 1 *
I1 ABGTRACT » 2 .
A. Objectives 2
B. Conclusion 2
C. Principle recouuenaations 2-3

IIT AJOR RECCII.FHDATIOHNS 4
IV LHTRODUCTIONH 5
vV STATE O Til ART TRCITIOLCGY I BICR 6
A, Existing site 6
B, llew site 6

C. BICR staff 6=7
D, tuality of products 7
E. Conclugsion 7
VI HIGI FURITY REAGENY PREPARATION )
A. Hydrochloric acid 8=9
B. Mitric acid 9
Ce Hydrofluoric acid 9-10
D. Sulphoric acid 10-11
E. Hydrogen peroxide 11
F. Ammonium fluoride 11-12
Ge Ammonium fluoride etchant 12
H. Phosphoric acid 12-13
I. Ammonium hydroxide solution 13
J. Organic solvents 13-14
VII NEW SITE 15
A. tlain building 15
B. Inorganic preparative laboratories 15-16
Ce Organic preparative laboralories 16=-17
D. Recommendations for New site 17
VITI GENERAI, RECOIFEMNDATION OMN HIGH PURITY PRODUCTS 18
A. Raw materials 13
BE. Enviroment 18
. C. llealtn and saflety 18-19
D. Analytical specifications 19
E. Packing 19

Fo Future production,- research and developmentl 20




Chapler

~

Ge

- ii =

Se A NITTNLY N NITY Y IO e YT TTT YT Ty s
Yol oL o .uIl'-JJrl'.LLJ S0 NI 3! Puapy

Torldwide

slectronics Indusiry on researca
Frimary standards

BICR reagents

fuality control

Grade

Recommendations

A LECTURES ALD DISCULSLICES

I AF
A,

2
I2e

C.

(General

Lecture

(NS

Lecture
Lecture
Lecture

oo

Lecture
Lecture 6
FARATUS AL LAY
Ldsting
tew site

llecomnicndations

XIT  QUALITY COHTROL

A,
B

AITT By

A,

I,

Sample collection
Aralytical specifications
UIOHEHT AD STARK
Ubjectives

Orpganic analysis
Organic preparation
Inorganic analysis
Inorganic preparations
Health and safety
ilaintenance staifl
Sales and marketing
lianagement

IV TRATIIIHG DECORMIIDATIONS

vo
B.

Ce

Literature
Lectures and gsymposia
Clean roowis and laboratories

~

AN ey e
AL LC NG

Fage
21
21
21
21
22
22
22
22
23
23
23-2L
2
2L=25
25
25=-26




Chapter

'l

VI
<VII
LVIIT

D.

LI

flealtnu and safety
Exhibitions

Jlorks visits

Tecanical assistance

staff required
BRARY FACILITIES

Beijing Chemical

lforks

Scientific library of China

Peijing Central I
Recommendations
pDonated books
Recommended boOoOks
APPENDIX 1 DIARY
APPENDLIX 2 BICH

ibrary

SEHIOR

PRRGOND EL

APPERDIX 5 FIif CHEMICALS tOR

THE BLECTROUICS

IDUSTRY

40-56




I ACEIOULEDGR BIYE

A. EICR

I wish the Institute well for the future and I am grateful
to the following:

1iRS SUN JIiiG-YU and LR SUK SHI-iING for the open manner 1s
which they allowed me free access to the laboratories. To IR
ZU0HG CUENG-XIAN for his close attention at my lectures and
discussions.

In particular to i LI J1N!-CT0, his wife MRS XU ZHEN and LR
DA iiIIIG-HUI for their assistance in translation from Chinese to
vnglish and English to Chinese. In addition for their kindness
in showing me China.

To the driver of tize car [iR XU YIAQ-{iIMG my thanks for safe
transrort.
Mot forgetting the typist iRS LI IliG=XUAIi who hadto read my

writinge.

R. UNINO/ULDP Reijinz

Iy thanks to KR RAIEGIL UPADUYAY and is particular to HS.
CATERINA BENARDELLI who gave e assistance with any problems.
Also to DR. K. Z. STEPHENS for his valuable assistance.

C., UI'IDO VIKINA

Thanks to 5. He ZEILHAYRR, 1o, FTUORERA, 1S. L. TAYLOR, iR.
& CREYDY, HR R.O. WILLIANS, {iR. i. DERRCUGI and other staff for
their valuable assistance.

3




Ay PACm
F1SS ISR AVI SV

in preparation ol high purity chemicals

Expert
31 August to 30 September 1987

A. Objectives

To stengthen Beijing Institute of Cheamical Reagents (BICR)
in order to enhance the national technical capability in all

respecls of research, development manufacture and application of

Chemical reapgents and fine Chemicals.

Ne Conclusions

Tne BICR is poorly equipment to carry out tle objectives on
their existing site. In early 1988 they will be moving to a new
site which is better but lacks the clean working environment
necessary to prepare very aigh purity reagents particularly for

the Electronics Industry,
Their main work hos been directed towards very few liquid

reagents. In fact the main requirenents are for very many

different inorganic solids.
"he staff lack the knowled;e to carry out this work.
This report covers 28 days of my continued efforts to impart

the practical methods of purifying elements and compounds frou

nost membersol The Periodic Table.

C. TIrinciple Recommendations

A chemist and a chemical engincer each at least 30 years
exverience in the iigh Purity Inorganic and Organic Industry 1s
seconded to the BICR

Administrative assistance u1s required.

Additional inorganic chemists and mackeiing staff should be




employed.
Further training should be piven to the staff by visiting

hizh Purity Cuemical Tanufacturers from Hurope and tine USA.
ruture work saoculd inclede looizing at the purification of

the elements found in China.




I CAJUR  msCRIEIRLTICOTS

Under eaci chapter -ecommencations are made in details. This

briefly describe the najor recomiteindation order of priority.

1.
2o

De
L.

e

6.
7o
S
9e
10.
1.
12,

13-

14,

15

]6.

Second experienced cueuist to BICR for at least 1 year.

Second experienced chemical engineer to BICR for at least 1 year
Furchase a better ;rade of raw material.

Employ chewists to find the maricet in China and elsewhere.
Particularly visit klectronic iranufacturers.

Ixamine tine resources cf elements indiienous to China as
potential high purity reagents,

Improve administration.

Improve library facilities.

llake stratesic plan of work and carry it out.

Look for better quality raw materials.

Training programme must be carried out.

A very much cleaner workili area is necessary.

Follow all recommendation indicated under Chapter IV on High
Purity Deagent Preparations. ’

An expcrienced engineer and chemist from the High Purity
Chemical Industry should examine the [lew 3ite plans.
Follow general recoumuendations on High Turity Products under
Chapter VIII

Examine market requirements as indicated in Chapter IX and
increase staff as required.

Large scale QVi type glassware should be made available.




Jid INTRGDUCTION

This report is tie resull ot a visit wade Lo the Bei jing
Institute of Chemical “eagents (2.I.C.R.) from 2-20 Sepember 1987.

Briefing visits were wade to UIiIDO Vienna on the 31 August
and 1 September 1937. Ne-briefing visits were made to UNIDO Vienna
on the 29 and 20 September 1987. The object of the visit was to
strengthen the LDICR in order to enhance the national technical
capability in all respects of research, development, manufacture
and application of cheuwical reagents and fine chemicals.

The BICL (sometimes known as Beijin: Cheuwical Reagent
Research Institute) was established in 1950 as a part of the
Beijing Chemical “orks (BCY). It becaume independent in 1986 and
occupies two building with anproxlmate floor area )OOm each., A
new building with floor area of 6800m about 2.5kn north west of
existing site is being built and available in early 1988 for
analysis, production, research and administration. The two older
buildings may be used for organic work, but this is uncertain.
BCW facilities are souwetimes used on their site.

I spent about & hours at the DICR wmost days of my visit. I
was well received and given a free hand to meet personnel and
visit the working areas. Although provided with an interpreter,
discussions were slow since the majority of the scientists did
not sneak Englishi. In consequence progress was slow with
difficulties and there may be sowe minor errors in this report
due to translation difficulties.

The majority of uy time was spent giving lectures with long
discussions. Frequent visits to the laboratories to examnine
processes and advise on ways of improving the quality of the
products. 'In addition advice was given on the preparation of many
new high purity materials.

\ In particular advice wasg given on plant, packaging and the
environmental condition necessary to prepare high purity reagentis,

Both the new sile and the old site were examined with
srgaﬁ care.




T CSTATE OF THR ARP TRCHICLOGY IN BICR

de FExisting Site

1) Froduction of acid and solvents
The working areas are not clean, the cxtracticn tends to be

poor and draws in impurilies. There is muc. -oszcontamination.

Corrosion is commonplace.
The operators, who do theis best, are not taught how to

operate cleanly. The working areas are unsuitable for producing

nigh purity materials.

2) Research Development and Analytical

The analytical instruments are probably satisfactory but the
vorking areas are not clean enough to carry out the analysis.

The impurities in the environment are probably for greater

than the samples being analysed.
There is no critisism of the analyst's ability.

B, Tew s5ite

It is very difficult to comnent until this site is cempleted.

I believe it will be better than the existing site.
I can already see many errors in the materials of construction.

Undoubtedly positivegir conditioning will assist.

C. BICR Staff

The senior staff are indicated in Appendix 2. There is a
crass section of chemists many with a strong bias towards analysis
and organic chemistry. Their knowledge of theoretical chemistry
is good as far I could judge. Those appeared to be a lack of
practical knowledge in preparative high purity inorganic chemistry.

I am not suggesting that they were not competent chemists in

their own fields of activity.
The term chewical engineer is frequently used but this does




not mean that they had forwal training in chemical engineering

as we would in the West.

D. “uality of prroducts

The nresent output of 20-25 mainly liquid reagents would not
satisfy the Western Flectronic Industry since the analytical
specifidation are limited and do not include most of the metallic
elements., It is possible that with additional analysis they may
prove to be of acceptable quality.

F. Conlusion

There is much to be learnt in the art of purifying reagents
to meet the stringent specifications required by the Electronics
Industry.




g HIGH PURITY REAGEUW FREFARATION

A. lydrochloric acid 36.5-38.5

1) Ceneral:

It is stated that 36.5-38.57 is distilled from commercial
acid. This was not bein:; prepared during wmy visit.

The still used for the preparation is similar to that used
for nitric acid. (see E) 'The plant was .ot available for

examination. The product is stored in borosilicate glass bottles
and may be filtered through a millipore/Teflon filter if the
particle size is high.

Distillation rate is 2 1/hour.

2) Raw materials:

The commercial hydrochloric acid cobtained is of exceptionally
poor quallty containing amongst other impurities:

Fe lpsoppu kg 17 ppm Ca 17 P

This is stated to be prepared by dissolving HCl gas in
river water which contains impurities.

3) Recommendations:

Attempts should be made to obtain a better quality raw
material either by batch selection or requesting that the HCl gas
is dissolved in pure water.

If the impurities are high the commercial acid should be
distilled in a falling rilm evaporator and the gas absorbed in
20.22% HC1 constant boiling azeotrope.

If the impurities are lower it may be simpler to treat with
sufficient hydrazine nydrate to reduce the iron to ferrous
chloride.

, L+Fe013 + = 4FeCl, + LICL + sy 4

Naﬂu

The acid is then passed through a anion exchange resin in
the 01-rorm to remove impurities. If this is not carried out the
irou may be present as tne anion [FeClq]' and will not be removed
by the resin:

FeCl, + C1° —= [1«'e01 ]‘

3

it may also benecessary Lo use a catxon resin in the H+ form




and As may ve remoyed by reflux with powdered Cu or a l+ttle Zn.

Distillation is carried out by heating the acid in a guartz
vessel fitted with a quartz fractionating coluan and condenser.
"he receiver is borosilicate glass. The issuing gas is dissolved
into a previously distilled constant boiling mixture 20.22% HC1
(bp760 108.5%). The 36.5=-38.5% HCLl is removed from the receiver
and the remaining acid is distilled to give 20.22% HC1l for the
next batch.

The product should be stored .in clean borosilicate glass
bottles after [iltration which is only necessary when particle
size is high; Filtration should not be necessary if cleanly
distilled.

B. Titric acid 69-717

1) General:

Commercial 95=100% }[I!O3 is diluted to give 69-71% HNO3 and
passed through a millipore/Teflon filter. The acid is outgased
by passing clean air through the material and thus removing

nitrogen oxides.
The acid is distilled from a 10 1 quartz vessel [fitted with
"a quartz vacuws jacketed fractionating packed column, reflux
divider and condenser. The receiver is borosilicate.
Distillation rate 1 1/hour.

2) Recommendation

The working area was not clean and there was a lot of
corrosion. It is assumed when this work is removed to the new
site greater use will be made of plastic or plastic coated
material s.

Filtration of the final product should not be necessary.
Purchase good quality raw material.,

Co llydrofluoric acid 407" and 507

1) General:




6OL P is diluted with water to 407 and heated in a silver
vessel fitted with a Tellon fractlonating colunmn, condenser and
receiver. Distillation rate is 1 1/hour.

It was stated that the major impurities were calcium, silicon,
iron, boron and sulphate.

The liquid may be passed through a millipore/Teflon/cellulose
filter before and after distillation. The product is stored in
polyethylene bottles 507 is made by passin; gas into LO%.

2) Recomnendation:

Detter selection of raw material. Pretreatment of the acid
with an aqueous solution of barium hydroxide followed by
decantation or [fillration would help to remove soue impurities

La(OH)2 + Ila Ly G I“a.,OL+ vt ZHZO

Da(OH)a + EIIBFL+ = Ba(BFq)2 § + ZHBO

Ea(OH)2 + 2HSiF6 = Ba(SiF6) b+ ZHZO

It is anticipated Lhat the working area will be cleaner and
greater use made of plastic and plastic coatings.
Purchase good quality raw material.

. Sulphuric acid 96%

1) General:
965 Hasoq is filtered and distilled under vacuum,
The acid is distilled under vacuum from a 10 1 quartz vessel

fitted with a quartz vacuum jacketed fractionating packed column,
condenser and borosilicate glass receiver, Distillation rate 1s
1 1/hour.

The product is filtered through a millipore/Teflon filter and
stored in borosilicate (jlass boltles. ‘

2) Recommendation:

It is stated that frequent problems exist with the removal of
1mpur1t1es such as boron, fluorine and silica. This is most likely
due to contamination by hydrofluoric acid being in the same working :
area. The hydrofluoric acid attacking the borosilicate glass
contaminating the sulphuric acid with boron and probably silica




(not shown in specification).
The limit for B is 0.5ppm and it is suggested that the

borbsilicate glass receiver 1s replaced with quartz.
Filtraticon should not be necessary.
A cleaner working area would assist with purity.
.Pupchose better quality raw material.

E. llydrcgen peroxide 3075

1) General:
30% pure raw material is purchased and passed through
Teflon/cellulose/millipore filters to renove particles and stored

in polyethylene bottles.

Although this was not being produced during my visit the area
where general filtration was carried and was seel,

It consisted of a "clean'" rcom which had rather badly corroded

fitments,

2) Recommendation .
A very much cleaner area should be devoted to the filtration

and packing of hydrogen peroxide.

F, Ammonium fluoride 407 solution

1) General:

This is prepared in the same working area as the hydrofluoric
acid, -

Ammonia gas is scrubbed and passed into an aqueous solution
of hydrofluoric acid until the pil is 6.2-7.,0, This is carried out
in a series of polyethylene boltles.

. r + HHB r HZO = NHAF 2 Hao

The solution is adjusted to 39-417 /W, pH 6.2-7.0, passed

through Teflon/cellulose/millipore [illers and stored in

polyethylene boltles.

2) Recoumendation:

It is surprising that the specification does not include 5i




~ince 1 would suspect a high percentage. 11 this is high it may be

reduced by preparing a strongly alkaline solutlon, allow to stand

2L, hours and filtering. ''he pHl may be adjusted by heating to

remove the excess ammonis or adding further pure hydro fluoric acid.
The working area was untidy and badly corroded and it is

anticipatedthat the extraction and working area will be improved

on the new site.

n,  Ammonium fluoride 33,8-35.87 etchant

This is prepared iu a similar manner to ammonium fluoride
Lo /W solution but has free HF 5.9-6.97

In fact it is a mixture of ammonium fluoride and ammonium
hydrogen fluoride.

There is no Si in the specification which I suspect would be

very highe

/

1, [hosphoric acid 355

1) General:

Phosphorus oxytrichloride ig fractionally distilled from a
5 1 glass flask, fitted with packed glass vacuum jacketed’
fractionating column producing 3 1 of pure material/daye.

The pure pliosphorus oxytrichloride is hydrolyzed with water
and the HCl is rewoved by heating

F()Cl5 + BHZO = I{BPOL+ + 31CL%
About 2 Iiy; of phosphoric acid are produced eacn daye.
The product is stored in borosilicate glass bottles.

2) Recommendation:

The apparatus should be all glass and not have the use of
rubber bungs and many Teflon joints.

Alternative method are the use of phosphorus trichloride,a
similar manner to phosphorus oxytrichloride.

Alternatively if yellow phosphorus were available this could
be washed with cold dilute sulphuric acid and washed with water.




This could be followed by a further wash with cold sodium hydroxide
solution followed with a water wash. (care Pd3)
Steam distillation should follow and the puosphorus should'be
burnt in air the phophorus pentoxide, so formed, could be
dissolved in water to give phosphoric acid
4Lp + 502 = 2}‘-205 + 6H20 = L;EEBPOL+

I. Ammoniun hydroxide 2957 solution

1) General:

Ammonia gas direct from a cylinder is scrubbed in a series
of water traps and finally led into a bulk storage vessel
containing pure water. The solution is filtered through a
millipore/cellulose filter and stored in polyethylene bottles.
All the apparatus was stated to be fabricated from polyethylene.

The plant was not available for inspection

2) Recommendation:

The process should work satisfactory providing it is carried
out in a clean area.

Jo Organic solvents

1) General:

These are distilled from a 15 1 stainless steel retort,
fitted with a vacuum jacketed fractionatin;; borogilicate glass
column and water-cooled (15-18°C) condensecr. Distillation rate
is approximate 1 1/hour,

The only exception is trichloro ethylene which due it's
corrosive nature is distilled in the all glass apparatus similar
to ‘that used for nitric acid (see B)

Acetic acid is normally distilled in Room 118 in the
analytical/research building using a similar glass apparatus to
that’ described for nitric acid (see D).

Filtration is somelimes necessary through millipore/Teflon/
cellulose and storage is in borosilicate jlass.




The foléowing solvents are purified:
[iETHYL ALCOIIOL
ETHYL ALCOICL ADSOLUTE
[30-FROPYL ALCOHCL
ETHYLEIE GLYCOL
ACETONE
TOLUENE
KYLENE (HIXED ISOHERS)
ETHYL ACETATE
LMETIHUYLENE CIHLORIDE
'TRICHLOROETHYL B
ACETI ™ ACID GLACIAL

2) Recommendation:

Greater care should be taken to avoid possible fire hazards,
particularly where the solvents have low flash points. There
saould be no provlem meeting the existing BICR specifications.
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This consists of two sections, situated about 2.5 km north
west from the existing site and consists of:

1) Testl End:

This has 5 floors, 1 st and 2 nd floor will be used for
analytical instruments, 3 rd floor will be used for general
chemical analysis. The three floors have air conditioning.

The 4 th floor will be used for general research and is
fitted with extraction [rom fume cupboards. The 5 th floor mainly
consists of extraction fans and water cooling, but there are two
large offices. There is no air conditioning on either floor.

2) EBast End
Consists of 3 floo.'s. The 1 st floor is used for power
distribution. The 2 nd floor is used for air conditioning plant,

The 3 rd floor is to be used as a lecture theatre which is
estimated to hold 250 persons.
Toilet facllities are available.

3, Inorsanic I'revarative Laboratories




This building is situated at south east corner of the site
and consists of various laboratories for the following high

purity preparation

1) Nitric, llydrochloric and Sulphuric acid

Fume cupboard with extraction to take plant from existing
site. There was a considerable amount of bare metalwork in_bolts,

pipework and grills to give contamination. by corrosion

2) Hydrofluoric acid
Fume cupboard to take plant from existing plant site with
many exposed metal parts. It was stated that the fume cupboard
were to be fitted with clear plastic. The windows to the laboratory

are made of glass.

3) Organic solvents
This laboratory consisted of two similar fume cupboards

fitted with many exposed metal fittings Lo take plant from the
existing site. A

It was felt that there were inadequate precautions for 1o
flash point solvents.

C. Organic Preparative Laboratories




This was situated in the south west area of the site and

consisted of several preparative laboratories with a central
corridor. These were several PFOUDLER type vessels stated to be made
in China. Some were glass lined and some stainless steel yessels
ranged from 500-2000 1.

1t is significant that stainless gteel connections were made to
slass lined vessels. This would undoubtedly cause problems when
working with halides and free sulphuric acid.
The absence of any VF type glassware is to be deplored.

All standard services will be available.

D. Recommendation for llew Site

Great care is taken to coat all exposed metal surfaces
perferably with plastic type naterials.
In the case of hydrofluoric acid eliminate any glass in the
working area. (Gireat care must be taken to avoid contamination

from the environment and from personnel contact.
It is suggested that a competent experienced chemical
engineer who is experienced in high purity chemical manufacture

examines thie plans.




VIITI GEIERAL ReCCULIEMDATIONS off NI I PU I'TY PRODUCTS

A, Taw l'aterials

It would make econowic sense to purchase raw naterials by
batch selection based on analysis even if this makes the cost of
purchase higher.

It would make processing cheaper and less laborious.

There is no reason why the DICR should not purchase high
quality raw materials and possibly filter or carry out simple

purification at a profit.,

F. Fnvironment

All laboratories and rlant ecxawined were unsatisfactory for
the manufacture of good high purity materials peeling paintwork,
ledges where dust collected, corrosion of metal fittings left a
lot to be desired.

The. changing of footwear and overalls when entering a
production or development area is very sensible.

It is suggested that some of the senior staff visit a clean
rooms manufacturer either in the U or the UsA. Alterpatively a
manufacturer could be invited to Beijing to demonstrate. I have
seen no area in the existing site which is suitable for the
preparation of very hipgh purity reapgents.

Dust storms are common in Beijing and with the existing
working conditions it would be impossible Lo avoid contamination.

The dust will carry silica, iron, calcium, magnesium and
many .other impurities.

Training must be ;5iven in this area.

. The ideal area for working is similar to that of a hospital
operating theatre, but wilhout the antiseptics to contaminate
the products. Account nust be taien of corrosion,

¢, Ueallh and Jafely




01ld Ffashioned fume cupboards wilh I'VC ducting are adequate

for extraction of fume.

The production areas for acids in general were messy with
corrosive liquids on the [loors. There was no evidence of
protective clothing or eye protection being worn in any plant or
laboratorye.

It is strongly recommended that this is available and is seen
to be used. Jurthermore that training is given on health and

safety.

De Analytical Specifications

In general the standard of analysis is good. The .»
specifications indicate between 5-14 metallic impurities to be
examined at a very low level ior each compound.

It is common practice Wwith high purity materials to examine
for almost every metallic element. These are summated and
recorded as

TOPAL METALLIC INPURITIES = tmi
In PARTS PER LILLION = ppm

i.e. tmi< xppm
when x is frequently 1-10. ,

The presenl speciflications are satisfactory if they meet the
customer's requirements. If it is intended to compete with other
suppliers then the specifications will have to include most
metallic elements and some non-metallic elements.

e laclkiug

This is carried by hand washing in de-ionised water followed
by, agitation in an ultrasonic vibrator. The bottles are drained
on a plastic grill and pass Lo the production areas for packing.

'"here could be many improvements in Lhis area, ‘Yhen possible
packing; should be carried out in the preparation area.

Automation of the packing and cleahing of bottles may be
necessary when the output is large enough to warrant these
methods.




7. Puture lroduction Research aund Development

The output at present relates to the preparation of a simple
20-30 high purity materials that are liquid at normal temperatures.
The only exception are when preparing small research or
development samples. |

There is a vast number (several hundreds) of solid high
purity materials that are used in the electronic industry and as
primary standard in analysis. These are produced from most
members of The Periodic Table.

The processing metlods and plant are very different from
liquid production. 1 have seen little plant on site to deal with
these preparations.

There should be a much greater emphasis on inorganic research,
development and production.

liogt important of all,the elements which are indigenous to
China snould be examined. In particular the rareieleﬁents which
are found in the country. Typically, platinum group metals, gold,
silver, rare earths, tantalum, niobium, gallium; indium. The -
common elements such as wolyodenum, tungsten, titanium, boron
should not be ignored.




IX VMARKEL REGUIRMAENTS POL UIGH FURTTY REAGEHTS

A, Vorldwide

It is not unusual for a chemical reagent manufacturer to
have 10,000+ entries in their catalogues They are not always
di fferent compounds, but there may be several grades of the same

material.
The requirements can vary from a 1003 to several 100kg but

they are rarely required in tonnage quantities.

They are all of very high value. The value increases to a
very high level as the purity increases independent of their
intrinsic value.

Tf China is to coupete with overseas trade it must have good
market information and Le preparcd to carry out work on any
compound from most of the elements. These remarks equally apply

within China,

B. Flectronics Industry in research

Some information can be obtained by reading reading current
journals.

The most up to date information is obteined by visiting
electronic devices manufacturers and research institutions.
Discussion shculd take place with the physicists and material
scientists. Always remenber they do not always have an in depth
chemical knowled;je and may need guidance where purity levels are
concerned,

he important thing to remember is that if the device works
your material is satisflactory.

Most elements and their inorganic compounds are required.
Some organometallic and organic compound are also used.

. Drimary gslandards

There is always a small but very valuable market for primary
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standardgused in instruments such as flane emission spectro-

metry.
The purity requirenents are very high and include almost

every element exceplt those with short half-lives.

D. BIC? reasentis

These amounts to 20-25 liquid reagents mainly inorganic acid
and many organic solventls. The-. quality is only checked by a
maximum cf 30 elements as impurities. Some photoresist are : .

ppepared.

ve  (uality control

The market requires. that where possible high purity reagents

are examined for most eleuments at very low levels,

o “rade

There is no reason why more than one grade of a high purity
naterial should not be solid eg

BEST GRADE AL tmi I'.Ds Use physical testing

TRADE 1 tmi <« 1-10 ppn

GRADE 2 tmi € 11=100 ppm

e TNecommenidation

BICR shoulud be prepared to investigatle the market, prepare
a.nuch wider range of primarily inorganic materials and examine
for a wider range of elewental impurities.




2 LECTHRES AND DISCURSI A

A, Ceneral

Frequent round the table discussions were had with a wide
variety of BICR staffl, They discussed current problems. gave
them advice on how to deal with these and future problems. An
average of 2-3 hours a day was spenlt on these subjects.,

S5ix major lectures are piven each lasting about 3 hours
which included detailed discussions of recent and future probleus.

I discussed the preparation and purification all elements,
(except those with short half-lives) and many compounds.

1 based the lectures on a paper I had previously given on
the 2-4 th April 1986 titled '"Production of Fine Chemicals for the
£lectronics Industry" publication no 60 by The R.S.C. London
(see appendix 3).

The talks were slow since intcrpretation from English into
Chinese was necessary.

Frequent questions were asked during the talks, Only a brief
sunmation of the questicns asked are mentioned.

The numbers at these lectures and discussions varied. from
10-60 personnel. Some chemists were also present from B.C.%W.

I always emphasised that I was available at any time for

discussions,

R. Lecture 1.

1) Talk:

I introduced the purity levels Lo make sure there was no
misunderstanding of tem.i, and ppm. Invironmental contamination
was discussed. ilealth and Safety was covered. In particular
reference was made to batch selection and the fact it is
frequently cheaper in the long run to purchase better quality raw
materials. Furification of eleuenls and compounds of the
following were explained in detail:

H

29 Li, Ma, I, Rb, Cs, th .
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2) Dhiscussion:
The main questions related to the poor quality of their. raw

materials. How to purify iCl, ilaCl, ©Cl etc.
It was a very intensive discussion but a certain reliuctance

to ask questions,.

C, Tecture 2.

1) Talk:

Fnvironmental and cross contamination was frequently stated.
The necessity to work under cleaner conditions lMaterials of
construction were explained, Turification of elements and
compounds of the followin;; were discussed in detail:

Be, Sr, ¢Ca, Sc, V, La, lanthanides

2) Discussion
This was very lively the audience seemed less reserved at

asking questions

I deall with a large nuumber of questions relating to the
purification of mineral acids. Several methods of analysis were
discussed, in particular the examination of material for
fiber-optic glasses.

Solvent extraction on the use of ion-exchange in relation
to the Lanthanides was discussed in detail.,

“o IIOC LLII‘O :).

1) Talk:

F requent reference was made to cross and personal contamination.
The need to use plastics for construction or plastic coated
metals,

liaterials of construction for plant e.g. platinum, quartz,
silver, borosilicate glass, Teflon plasiics and many other
materials for fabrications were discussed, Purification of elements
and compounds of the [following were explained in detail:

v, itb, Ta, Cr, lio, W, lin, Re, Fe, Ru, Os.




2) Piscussion
Solvent extraction was discusced particularly in relation to

ilb/Ta. The various salts of V were discussed in detail

The preparation of finely divided metals was a frequent

question and sugsestions viere made across a broad field.

The message was given that simple methods are very cheap
and they should be tried before using couplicated method or
apparatus are used. In particular crystallisation and sood

filtration at every step.

e TLOCTUNE L.

1) Talk:

Repetition of the need to wasih cleanly and select material
for plant linings. The dangers of leaching impurities from plant
linings knvironmental contamination was also discussed.

Fractional distillation was discussed in detail. Purification
of elements and compounds of the following eleumernts were explained
in detail:

Co, Ru, Ir, i, kd, i't, Cu, Ag, %a, Cd, lig, B, Al, Ga.

2) Discussion
This was very broad and many questions were asked about
metals of high intrinsic value. ['ethods of metal distillation and

purification of the platinum group metals was prominent amongst

the questions.

We  LECTIRE L,

1) Talk:
, Techniques such as zoune refining, ion exchange resins and
distillation were explained in detail.

Emphasis was placed on the purification of elewents found
in Chinese minerals and suggestion that this is on area which
the BICR should concentrale.l'urificalion of elements and
compounds of the following were explained in detail:

In, T1, C, 5i, Ge, ©r, Pb, 'y, I, As, Sb, Bi.



2) Discussiou
Very many questions were asked concerning tiie chemistry of

5i, Ti, In and rarer elenents,
Frequent discussion in relation to toxicity were made.
Apparatus and techniques not coummonly used in the BICR were

discussed.

1) Talk:
Flectrolysis, difficult Lechniques and separations were

explained
Purification of elements and compounds of the following
elenents were explained in detail

02, S, Se, Te, I, ClZ’ Brz, IZ’ Th, U.

GASES, lle, lie, Ar, ¥r, Xe.
A brief resume was given of the uses of organorietallic

’

compounds in the preparation of pure inorzanic compounds.

In addition organic compounds were explained

A wessage particularly was given [or the BICD to look at the
many inorganic coumpounds used in the flletronics Industry. In
particular look at the elements that are indigenous to China.

iiethods of sampling was explained. “he preparation electro-
ceramic and superconductors mas covered with sone talk on

photoresists.

2) Discussion
Very many questions on the [future projects for the BICR were

made. Clean roomgs and lLechniques were discussed,
Availability of some raw materials were mentioned and it
was susgested thata search lor purer rav naterials is made.




NI ATPAPRATUS ATD ELART |

e  Existing

1) Develorment and Research Apparatus
Ly modern standard it is very old. Insufficient use is made

of ground glass joints. wrequently rubber bungs are used, many
joints are made with Teflon tubin:.

I saw no proper plands on sealed stirrers

Fume cupboard were made of painted wood wilh PVC extraction

ductls.

2) Troduction
The largest flask | saw was 15 1 although distillation

apparatus were well set up there were manjy rubber bungs, plastic

and Teflon joints,.

%) Analytical
I was given the impression Lhat this was will equiped

although many instruments were out of use. 5oime were outdated

k. lew Site

1) Research; development and analysis
lo apparatus was seen on the vigit. It is anticipated that

existing equipment will be transferred to the new site.

2) Organic production

The plant installed was mainly Ploudler Type vessels, glass
lined., It is significant that no larse slass apparatus is
anticipated. One stainless steel and one rubber lined centrifuge

without covers were observed.

%) Inorganic produclion
- “Fume cupboards ‘were beiny built no plant was seen.

Co

Toconmendacions




It is suggested that "VF Type ;lassware is purchased and
demonstrated, purchase wide diaueter neat exchangzers, larger
flasks and isouantle heaters.

In particular join slassed lined steam jacketed vessels witn
slass joints and not stainless steel.

Visits to other manufacturers in USA, UL, . Europe will give
a better idea of the requirements.

China sihould be encouraged to wanufacture large scale

borosilicate V¥ type jlassware.




T CUALITY CCITRaL

A.  “ample collection

1) Tresent metiod .
Sauples are takien by the analyst from any laboratory producin;

the uaterial.
The sauple is transferred to tue analyst's owm container.
There is no method of storias the wmaterial in bond while
being analysed or means to ensure that the sample represents the

batch in question.

\ 2) lecommendation
Froducts should be held in bond and samples taken in the

presence of the producer and only released after analysis.
It is preferable that the analyst takes the saliplee.

. Analytical gspecificalions

A very much wider ranje of analysis to include most metallic

elements should be carried out
In some cases non-metallic element analysis may be required.




YITI  GeUTENT AllD SYAFY

A, tbjectives

It is stated in CY/CTR/85/013 tnat Lhe imuaediate objectives
are to strengthen the [ICH in orvder to enhance the national
technical capabilities in all aspeclts of research, development,
manufacture of chnemical reagents and fine chemicals.

This particularly applies to tie lectronics Industry since
the DICR requires considerable assislance in understanding the

requirements of the mlectronics Iudnslry.

B, Crsanic Aralycis

I round that the laboratories were well equiped with many
new instruments, also there would appear to Dbe some outdated
equipment, The staff ol 25+ appears to be nigh and they are
competent chemists. There is & high proportion of staff with

analytical traininge.

C., Orrauic I'reparations .

it is anticipated that on moving to the new site, better

equipment will be provided.
The staff of 25+ arpears Lo high and they are competent

chenists,

D. Inorzanic Analysis

The equipment on Cthe Lxisting Clite is poor. It is anticipated
that it will improve on movement to the lfew Site. The staff of
10+ is inadequate.

1t will be nccessary Lo examine [or uany more elements than

at present,
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. Inorjauic I'reparations

Lquipment is poor, clean roou facilities are lacking. The
staff of 22+ is inadequate. Therc would geem to be an apparent
lack of knowled;e in the preparation of hish purity materials

from the rarer elementg.

F. ilealth and safety (®avironmental Protection)

Greater atteution needs to be paid Lo this area. A staff of
12+ is probably adecquate. In particular the use of protective wear 1is
very much lacking.

i, l'aintenance “taff

The present staff of 5+ is probably adequate, because many
developuent personal assist in thils work, Sxtra staff will be

required as bugsiness increases.

N, tales and larlieting

To the best of my inowledse tliere is no person fully employed
in this area. Permanent staff is ursently required. who go out to
visit the fMlectronic Industry to find out the high purity
materials required.

1, 1 auna;scuienl

, The present stafl of 12+ is adequate at present but may need
to expand as the work load increoases.




A, Titerature

All stafl should be encourajed to read up-to-date literature
and all the standard journals in tue electronics field should be

freely available for consultation.

', T.ectures and Sympogia

Staff should be eucourased to attend these lectures both
inside and cutside China. They should also justify thelr

attendance and write reports of the meeting.

¢, "lean Tcon aund l.aboralories

This can be achieved by visits to other chemical manufacturers.
It is of little help to vigit a "ilospital" clean room since they
do not have the corrosion problems experienced in the Chemical
Industry.

This will most lilkely require visits to the U.S.A., UK or
other Furopean Countries. There will be reluctance to allow
chemists who are in counetition to visit Lhese works.

Perhaps in lhe U.”. on appeal to the Prime iinister (MRS, I,
THATCHRED) may help since like myself she is a Fellow of the Roysl

—~—Society of chemistry (".P.5.C.). I would sussest visits to the
following in the UI:

—~ * Johnson Natthey Cheniicals Ltd., hoysten,llertiordshire.

B.D.il. Chemicals Ltd., Foole, Dorset.

foyal Radar and Signals lstablishment, Great iialvern, ‘'Jorcester.

P

University of iianchester Institute of 5cience and Technology.
City of London Hnivercity.

* T.used to work for both of theuse companies and mentioning iy
nane may helyp or I can ;jive assislance during visitse A request

to the ioyal Society of Cnemistry, Burlin;ton louse, Londcn way




also help but wneiition wy naue,
’

h.  lealth and Safety

Kuowledge can be acquired by visits to otlier companies. This
is a very essential part of the trainins programme,Journals on
health and safety must be obtained and read.

fhere should be no exceplions for wearing protective clothing.

v, Mxhibitiong

All exhibitions on the Klectronics Industry should be
attended and guestions asked about the chemical requirements.

", Torks Visgits

These szhould be encouraged and close contact made between
chemists, physicists and material seientists involved in the

fabrication of electronic devices.

0., echnical Assistance

This the most urgent of all the requirements. A Chemist and
a Chemical Engineer with al least 30 years experience in the
manufacture of high purity inorganic and orzanic reagents should
be seconded to the DBY¢ for at leasl a year. it would assist if
they had a good knowled;se of adwinislration in the Chemical
Industry and could understand the Chinese larguage.
. Training in markebing could be piven by visiting experts.

e OStaff Pequirement

It is sugriested that the size ol the Inorsanic Staff be

increased considerably since the Pflectronics Chemical Industry

PR S - . - -
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requires many solid inorzanic chemicals and eleients.
In addition some chemists should be trained to earry out

a marketing and szles prograuiies.
There is no point increasing staflf unless tune workload

warrants extra nuubers.




AV LIBRA Y PACILINWTIES

A. Teijinz Cheulcal Torks

This library is available for the use of EICR personnel and
is situated on their present site. 1 understand that at_tine wew site
BICR will not have a library bul the I'C library will be available
for use.

This library is not easily available for cocnsultation and 1
only had a brief visit during ny stay. '

There was a wide ran;e of Cuewical Abstracts in English.
Also several other older text books in Fnglish., It was not
impressive,

Several volumes of Deilstein Urganic Synthesls were available

in German,

D. scientific Library ol China

This is in Lhe nortin west of yeijing at Zhong Suan Cun and
avout 20 ¥u from B.I.C.IL.

I examined this library with rreat care and I inpressed with
it contents. ilost of the scientific literature required by the
BICR is available in many lanjuase, principally in I'nglish and
Chinese.,

There was a very wide range of scientific journals available.

Mo Neijing: Cenlral library

This old library is situated near DELHAL T'ART and is closed.
A new library is being built near oI ZRUYUAN PARY, north west
Beijins and all thie booiis are being transferred to this new
library. 1t was closed during my vigit.
1 understand that the scientific content of this library

»

is not very good.




e cecontiendations

That the RICHR have a Llibrary of their own on the new site In
particular they should uave copies of standards works with the
latest.

e Donated !""ooks
In order to assist to start theformation of a new library. I
left the followin:
1) FIlil CUENMICAL FOR THE ELECTROUELCS JPDUUTRY (”oyal Society of

Chemistry special Publicalion ilo €O)

2) SPECIALITY TUORGALIC CHEMICALS (Royal Society of Chemistry
Special Tublication o 40)

3) THE LODERN THOROSALLC CHFLLCALSL 110U Y (The Chemical Society

Special Publication flo 31)
L) AHALAR STALDARDS [OR LAPCOTATODY CHENICALS
5) BDIL DIOCHELICALS, DIAGHOSTIC, FITR CHERICALS CATALOGUE
6) CIENTIONICS (Putterworth) volume i tlo 1
Yolume 1 Ilo 2
Yolunme 1 ilo 3
7)Y VARLOUS CHEHLCAL CAVATGGUES

8) TR POOR OF GRGALLC CHRRT S7RY (Wieser and Fieser)

'y Decomnended Pooks
1) 1noreanic Cynthesis (VWiley) Volumes 1-30+

2) Preparative Inorganic Chemistry 1, RBrauer Enslish Language
Edition 2 volumes

3) Organic Synthesis A, 1. Vogel.
oAt
LD

(57 VERGRANS)
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STUTOR GPATE OF DICR

The following were present at wany of the discussions

lirse SUIl J1iiG=YU birector Analyst
ire SUL SHI-if[lG Associate Directlor Analyst
70K CHEFG=7LAll Former Director Chemist
AL} BAITG=-LL Chie! kngineer Chemist
1,1 JIA=-DIL Associate Chief Pnisineer Analyst
LIEH CilENG=Y1 chiel of Tnorganic [.aboratory Chemist

WALG HUA= IS Chief of Analytical Laboratory Analyst

1.T JIA-TAO Chemist

T CONG=LNE Chemist

LI JIAH=7O Interypreter Chemist

DAL THG=HUT Interpreter Electrical
Fngineer
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Production of Fine Chemicals for the Electronics Industry

By L. P. Vergnano

3 Furze Hill Drive, Canford Cliffs, Poole,
Dorset, BH14 BQL, England.
INTRODUCTION:

This discussion includes the purification of single elenents and
any -ombination of elements in a high order of purity. IL is
mainly about the production of jnorganic compounds.

One =lement may be combined with one or more elcments to give a
very wide variety of products, Freguently it is casy to rumove
certain ampurities, dut i1’ they are closely reluted ta any glven
Group it the Periodic Table or have simlilar propertics, unusual
methods thay Lo be used. Typically an organomutullo compound may
used tu produce 8 pure inorganic compound.

Elementy with short half-1ives are not discussed. They are shown
in truckels when dealing with individual Groups in the Teriodic
Tubfc.

ST

PURITY LEVELS:

Total metallic impurities is the sum of the cluments detected by
any suitavde unalytical technique and is cvprecied as vl in
parts per million {ppm).

1. is essential to understand the magnitude ol these rigures.
Most of the materials used in the preparation of Electronic
Chemiculs have their tmi in the order of 0.1-10 ppm. That is

} part in 10,000,000 to 1 part in 100,000, which are very small

quantities.

Prachection of Fine Chemicals for the Electronics Indusiry

HIUTOKICAL:

Purification can either be physical or chemical. There are many
naturul phenomena which occur, typically condensation of water
whieh gives a pure materisl. The earlist applications were
‘conccrned with the extraction of metals. These arts were carried
out without any theoretical knuwlidge, but often with skills that

indiecnted 1ong practice and a sound appreciation of materials. .

Purification can be traced back to the earliest civilisation.
The first knownmetal was probably gold where it was simply

svpuarated From river sands. Throughout the ages salt has been
obtaincd by the evaporation t.y sea water. This is moest likely

the cvarliest form of purification by crystiallisation.

From the carliest days there has been a requirement lor pure
matvriuls us primary standards in analysis. There has been a
progressive requirement for purer materials. After the First
World War the analytlcal grades of materials were the test
avuoiluble, These grades were limited in number and quality.

They did not fnclude the wide range of elementa and compounds

which are availabvle today.

the majority of the lanthanides were separated by fractional
crystallisstion and were nul pure by modern standards. Salt

available called 'didymium®' which cunstituted amixture of

. neodymium ond praseodymium. Zirconjum salts were always

contaminated with hafnium, und niobium with tantalum and

vice versa.




. . . Fine Chemicals for the Elecironics Industry Production of Fine Chemicals for the Electronics Industry :

HEALTH AND SAFETY:

varicus forms of chromatography, sophisticated zone refining,

selaective decompostion of metal alkyls and many other methods.
Prequently when dealing with unusual or rare aompounds there

15 1ittle known
. of their toxicity. Under these conditions it is Greater account has been taken of the enviroment with clean

-essential to ‘
take adequate safety precautions when handling rooms and glove boxes. I believe the greatest aid of all has

these materials.
8. Equally precautions must be taken where there been theavailability of modern plastics. Imagine handling

are known hazards. -
Request information from the suppliers of raw bydrofluoric acid with only gutta-percha, platinum or very

materials or from the loca
cal health and safety authority. pure silver as the only materials of construction to obtain

pure compounds.
ANALYSIS:

Temperaiure control was very difficult in the regions above

The techniques applied )
- many years ago are crude by today's 900°C. These days sophisticated controls and furnace elements

standards. Nev
ertheless a competent analyst could obtain very are available which allow easy control and a rapid rise in

aicurate results with simpile equipment. temperat
e ure.

The main tool used today for m t
y aterials in process is optical i Borosilicate glass is available, with vessels of up to 200 litres

' emission spect
N pectroscopy for inorganic materials. There is a wide capacity having glass-to-glass seals. Imagine trying to prepare
. range of supportin
o pp € methods for both inorganic and organic high purity materiuls using soda glass, ‘orks and if lucky
compounds .,

' rubber bungs. On the larger scale there would be what would be

regarded now a3 poor quality enamelled iron vessel< for volumes
APPARATUS AND TECHHIQUES:

above 20 litres.

In the early days the toola to use and the methnds were very Today even with a very wide variety of reaction vessels, bearing
crude and laborious by today's standarda. Filtration was through in mind the luw level of impurities required in the end product,
cloth and paper. One used simple cystallisationn, rracttoﬁal it is esgential to leach the container with a suitable solvent
crystallisation through different solvents and sometimes simple before use. This is particularly necessary when using plastics

or perhaps fractional
distillation. Since the Second World War which frequently contain fillers and other leachable impurities.

there have been many new techniques introduced. Ion-exchange

resins have been made available, better solvents for extraction
»
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Fine Chemicals for the Electronics Industry

FREPARATION AND PURIFICATION:

1 can only give general guidance since there are a vast number

of varying techniques which are learnt over the years. This is
similar to having 'green fingers' in gardening when deciding on
the best method to use. The best guide is to consider the
individual elements in the same Group in the Periodic Table

and it is most likely that those elements in the same Group wiil
react in a similar manner. Advantage can be taken of any compounds
which may slightly different reactions, in particular their

solubilities.

Frequently advantage can be taken of the stability of one
element in a different state of oxidation as opposed tou the
other in Lhe same Group. Typically Pe}‘ in a cuordinated state
is far less stalle than Co”; hence iron can be separated [rom

cobalt.

As general guidance it is best to filter solutions at every
gtage possible during the purification. Alwuys use scupulously
clean vessels gt al) stages, Care must be tuken of the working
area tou ensure that impurities are not picked up from the
environment. There is not much point in trying to remove iron,

silicon and calcium if you are adjacent to a chalky sandy arca.

Generally it is best to purify the individual element or one
of its salts before combination., Always ensure that the purities

of the reagents are compatible with the process. There is no

point in using an iron-free material as reagent if the system

Production of Fine Chemicals for the Elcctronics Industry

is already loaded with iron; it is an unecessary expense. The

converse is also true.

Thefe are very few inorganic text books which give an adequate
description of huw to purify individuual elements.Nevertheless

it is nlways worthwhile to look at the standard works. If all
else fails, 1ook at the possibilities of organometallo or
organometallic compounds since they are sometimes very easy to
prepare and can be purified by distillation or crystallisation
followed by decomposition by heat or a strong acid or base.
Solubi;ities and melting and bLoiling points of the compound under

purification shculd be examined with great care.

KAW MATERIALS:

These must always be selected with great care. The most expensive
are not always the purest. Frequently a crude material can be the
purest available. Typically potassium cyanide prepared immediately
after the initial fusion is probably higher in KCN than in the
tablet form. It may contain scme free carbon, but that is easily
removed. Where certain impurities are known to be difficult to
remove from a given compound, always select a batch from the
supplier which is low in the undesirable impurity. For example

$n the cases of hafnium and circonium; nicbium and tantalum;

always look for one free of the other in each pair.

In the cases of precious metal and lanthanon compounds it is

probably easier to purchase the pure elemunt unless you are in

the position for a high capital investment in plant.
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Rubijdium and caeslum are purified by tracticnal crystallisation
of their mixed alkali halides, og CsIBr? and CsfCl, where CazRb.
Examinagion of thui} solubilities will indicate the best method
to remove other alkali metalc. To produce the base the simplest
method to use is the ignition of the almost insoluble oxalate:

(COOM}, ——> M0 + CO,T + COT (M:Alkali metal)

Care must be tuken Lo use a vessel for this ignition which is not
attacked. If platinmm is usedcarefullya product with tmi less than

5 ppm can be obtained.

1f heavy metals are present in any of the alkali metal compounds
they are best removed by treating an  aqueous seolution with
with hydrogen sulphide under freutral conditions:
H,8 + X, e s § * 21X ( Nz=Heavy metal)
( X=Cation).

Alternatively ammonium sulphide may be used,

Ammonia is easily purifiedby distillation of an aquecus solution
and dicsolving the gas in pure water for redistillation into

a pure acid to give the pure salt. Alternatively a commercial
ammonium salt muy be reerystallised. Heavy metals are removed

by the use of ammonium sulphide followed by filtration.

Advantage can sometimes be taken of the differert boiling points
of the alkall metals by carrying out a distillution under vactum.
Typically it is easier to remcve all other metals from lithium. The
problem is very often the vessel to carry out the process. High

purity iron is a good material of construction. Boiling points:

Metal Li la K Rb Cs
B. Pt. 133€ 883 762 696 €70°C at 760 mm Hg.

; Fine Chemicals for the Electronics Industry
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GHOUP 2: Beryllium, magnesium, calcium, strontium, and (radium).

U wust Le taken when handling beryllium, due to its high
toxivity. [t is best purified using iLs ability Lo produce basic
salts. The basic acetate can be recrystallised from glacial acetic
acid and sublimed to give a high purity salt. The acetate may be
decomposed with a suitably pure acid to give a salt. Typically
beryllium chloride may be prepared as tollows

uu“0(0u5000)6 + 3ucy heaty bpeCl, + 6CH ;COON t + HD

Caluium, barium and strontium are usually contaminated with each
otl.er and magnésiun. Careful selection of raw material will
ucually find a material low in magnesium which may be further
reduced by recrystallisaticn of the nitrates. Use can usually be
made of the varying solubilities of the sulphates

§u1phate Ba Sr Ca
Increasing solubility 3

The best method is to saturate a solution of alkaline carth
nitrate with sulphur dioxide and oxidise with hydrogen peroxide

Ba(!i05)2 + 502 ] HZO — BaSOs 3 ?HNO}

¢ t b BaSOu 1 e H,0

6:::20, l202 2
This process gives a finely divided barium sulphate which, although
difficult to filter does give a good separation of barium from
either stroatium or calcium nitrate. In addition it will reduce

the 8trontium in calcium nitrate.

" Magnesium i3 best purified by sublimation under vacuum at 600°C.
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All compounds in fGroup 2 can be prepared with tmi less than 10 ppm.

GROUP 3 : Scandium, yttrium, lanthanum and (actinium).
.
The first three are found in association with the lantnhanides and

tend to be difficult to separate by conventional methods.

Scandium is usua}]y extracted ac the thiocyanate using diethyl

or iropropyl 2ther. The ether snlution is back extracted into water
in the presence of 2xcess ammonium thiocyanate. The pure scandium
thiceyanate is decomposed with a pure acid of the desired ion
Te(sch) g ’ Y ———r ScK} + 3HOCH T( Yery toxic).
Yttrium iu generally gepacated by golvent extraction or from

the separation of the lanthanides which may be by solvent extracticn

or ion-exctangze methads.

Lanthanum is usunlly obtained as a by-product from the lanthanide
jon-=xchange separation. It is usually free from other rare
earths and most of the scluble salts can be recrystallised for

purification.

All elements in Group 3 can be sbtained with tmi less than 20
ppm. Further purification may te achieved by precipitatioun of
their near insoluble oxalates by the addition of an aqueous pure

solution of uxalic acid to a soluble salt :

2Scx) + 3(C00H)2 - ZSc(COO)Bl + 6HX

Where X is the desired fon and Sc:=Y:La.

Production of Fine Chemicals for the Electronics Industry . ’

The insolubie oxalate is washed with water, separated on a filter
and ignited in a platinum crucible at 900°C

ZSc(C?O)3 —_— 25c205 + 3CO . 3€0,
Where Sc=Y=La.

The_tml may be less than S5 ppm.
GROUP 4 : Titanium, zirconium and hafnium.

The tetrachlorides can all be prepared by heating the dioxides
with carbon in a stream of chlorine :

MOZ + 2C + ZCI2 _ MCln + 2cot
Where M=Ti=2Zr=Hf.
They will probably all contain arsenic, iron, tin and other
heavy metals as contaminants. Titanium (IV) chloride may be

purified by refluxing with copper powder lollowed by fracticnal

distillation.

Hafnium and zirconium are difficult to separate but may he
purificd by solvent extraction, usually as the thiocyanate.
Final puritication may be effected by crystallisation of the
oxydichlorides in the presence of a high concentration of

hydrochloric acid.
GROUPbi : Vanadium, niobium and tantalum.
The high melting points of the metals make the preparation of

thie metals very difficult. The metals all tend to occlude oxygen,

nitrogen and carbon. The salts will mostly coniain other heavy H

metals.,

ot — - i —— kb~ e v
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Use should be made of the various statec of oxidation. ln the
case of vanadium, the oxytrich}oride can be easily prepared by
refluxing tne pentox{de with thionyl chloride
V0 .,¢ ysect,, — 2V0T1, . 350, T
The nxytrichluride may be fractionated to give a very pure
product which on hydrolysis with water will give a pure vanadium
() oxide :
2voCL,  + 3H,0 —_— VZOSL + 6HC .
This may be further recduced with hydracine in the presence of

ammonium sulphate to give an alum which is easily crystallised

and on ignition will gives very pure vanadium (Y) axide with

tmi lecs than 10 ppm.

Bictium is invariubly assocfated with tantalum. The high melting
point3s of the metalz allcw them to be heated in high vacuum to
rerove most metallic contaminants :
¥elting points at 760 mm Hg : Hb 286B°C Ta 3020°C.
The (V) chlorides are easily formed by direct comtinaticn of the
metal and chilorine @

b e sel, _ amecy ( Where Nb=Ty)
Sub limat ion can improve quatity., The (Y) ehlorides are oazily

hydeolysed to glve the (V) oxide :

ZNICI,) + SO —p Hb.‘,O5 § + 1nuCct Cdhere th=Ta)
GROUP 6 : Chromium, molybdenum and tungsten.

Chrominm (Y1) oxibe may be eevpystaltised Lhrough concent pabod

aiteic ield, The oxide Geing less soluble in witeice aceid than

Watiees This method will give a product with tmi less than 10 ppm.

Peostuction of Foe Chemeals for the Electronies Indusery

The sc-valled ammonium molybdate ol commerce may be purified by
recﬁystallis::iun in excess of aqueous ammonia solution. The
ammuuigm (V1) molybdate 3o formed is Ciltered and treated with
pure nitric acid to give molybdic acid :

(NH) MO, ¢ 2HUD;  ———b W MoOy ) ¢ PHH,NO

Subsequent washing will elfect lurther purirication to give

a material with tmi less than 10 ppm.

Sodium tungstate may be recrystallised from water and treated
with nitric acid in a sinilar manner to ammonium molybdate;
this will give tungsten (VI) oxide :
H ‘ W L3 H.D + JHatlo
Ma WOy ¢ 21NOy — 0y i 5 5

Subsequent washing will give a product which cn drying may

huve tmi less than 10 ppm.
GROUP 7 : Manganese, (technetium) and rhenium.

Pure manganese metal may be obtained from the electrolysis of
mangunese sulphate in the presence of ammonium sulphate. Further
purification may be et'fected by dissolution in nitric acid
whiéh in turn way be heated tu give an oxide

Mu e Do —_— Mn("ﬂs)? + Q1,0 + ."Hﬂ\, T

v

3
Mn(NO’)E, ——p Mn02 . 2N02 1

Although manganese (IV) oxide is indicated, the composihion of

the oxide variecs with the temperature. Magnesium,which is a common
fmparivy, may bé vemeved By washing the oxide in Jdilute nitric acid
in which §t is almmst insetuble. A product with tmi tess than 1%

ppa can be anticipated.
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Finc Chemicals for the Electronics Industry
Rhenium metal may be purified by heating rhenium metal in oxygen
41200-300°C. This will form the rhenium (VII) oxide :
URe + 70, —_— Re,0, T
which may be sublimed at 250°C to a material with tmi less than
10 ppm.

GROUP 8 : Iron, ruthenjum and osmium.

The purest iron available is obtained from the carbonyl process.
The main contaminants are manganese with traces of other heavy
metals. Dissolution in hydrochloric acid gives the iron (II)

chloride:

Fe + 2HCl ——— FeCl, ¢ H, T

If this soclution is treated under reducing conditions or in

an inert atmosphere with ammonium sulphide in a near neutral
solution, the insoluble heavy metal impurities may be removed
by filtration. This will give a very pure solution which may be

used in the preparation of other iron compounds.

Ruthenium may be purified by passing chlorine through an

solution of a ruthenate giving the highly volatile ruthenium

(VII1) oxide :

KZHuO“ . Clz — RuOuf + 2KC1

This oxide may be distilled to a product with tmi of less than
10 ppm. Care must be taken to avoid contact with any organic

materials incluuing plastics with which it can explode.

Osmium metal i8 easily purified by burning in pure dry oxygen

to give the highly volatile osmium (VIII) oxide :

. .

Production of Fine Chemicals for the Electronics Industry

Os 4' 202 > Oso.f

The oxide is distilled to give a product with tmi less than 5 ppm.

This is equally a strong oxidising agent but not so vigorous as

ruthenium (VIII) oxide. Nevertheless care must be to avoid contact

with reducing agents.

GROUP g : Cobalt, rhodium and iridium.

Cobalt of commerce invariably contains nickel, iron and manganese.
These impurities may be removed by the formation of Co)’ ammine
complexes. The complex is washed with a suitable acid which will
remove the impurities since they do not form a corresponding

complex.

Rhodium (III) chloride is prepared by passing chlorine over heated

rhodium metal :

2Rh . 3c1, ——3  2RNCly t

This may be purified by resublimation to give a material with

tmi less than 10 ppm.
Ammonium chloroiridate may be treated with aqua regia after washing
with various solvents to give a substantially pure chloroiridic

acid.

GRQUP 10 : Nickel, palladium and platinum.

"Nickel is usually obtained in a pure state from the carbonyl

process. Further purification may be carried out by dissolution

in nitric acid followed by the recrystallisation from dilute nitrie
acid: *
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Ni + UHNO} Ramanme 4 Ni(NO + 2NO, T 2H

32 2 0

2

ZNi(NO}XZ ——sp 2NiO + “Nozt ¢ o, T

2

A product with tmi less than 10 ppm can be anticipated.

Ammine compounds of palladium are easily prepared by treating

chloropalladous acid with aqueosus ammonia
HoPAC1,  +  2NH,y —>  Pd(NH,),C1, )
The diammine which is precipitated may be washed in further

hydrochloric acid, washed free of acid with water and dissolved in

an excess of ammonia solution
Pd(N")’ZCIZ ¢ ZNHS _— [Pd(NHS)u] €1,

The tetramminepalladium(II) chloride may be crystallised and

dried to give tmi less than 10 ppm,

A similar route may be used to prepare a pure tetrammmineplatinum-

(II) chloride.
GROUP 11 : Copper, silver and gold.

All the metals may be purified byelectrolysis. Nevertheless it
is best to carry out some initial chemical processing.

Electrolytic copper may be dissolved in nitrid acid

Cu  + WHNOy  ——  cCu(NOy), ¢ 2NO,T ¢ o, ¢

The nitrate so formed may be filtered cold, the solution evaporated

and precipitated with pure concentrated nitric acid. After the

crystalc are separated they will contain tmi less than 5 ppr, if

Producticn of Fine Chemicals for the Electronics Industry

a careful choice of raw materials is made.

Silver chloride is prepared by the addition of pure hydrochloric

acid to an aqueous solution of pure silver nitrate

AgNO +  HCl SN AgCll + HNO
3 3

The éhloride may be dissolved in an excess of agquec : z. ~ aia
solution. The ammine ccmplex is explosive {f dried .- great care
must be taken %o 4eep wet. The soluticn is filtered and heated with
dextrose in the presence of sodium hydroxide to give 3ilver metal.
This may be washed with water giving material with tmi of less

than $ ppm.

Chloroauric acid ic prepared ty the dissclutizn of geld in aqua
regia and boiling with ar excess of hydrochloric acid. The solution
is cooled and filtered to rercve any insoiuble silver chloride.
Sulphur dioxide is passed through the sclution to precipitate

gold

2HAUCT, . 3s0 + H2O —  2Aul + }i‘lZSO,4 + BHC1

Subsequent washing with water will give a product with tmi less
than S ppm.
GROUP 12 : Zine, cadmium and mercury.

These threc elements may be distilled to purify, although cross

contamination can be a problem.

Cadmium compounds farm so0luble complexes with ammonia solution.
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Fine Chemicals Jor the Electronies Industry
Filtration alter treatment with ammonium sulphide will remove
other heavy metals. Sufficient acid is added to give a partial
precipitation followed by filtration. This is followed by the
ad{ition of further ammonium sulphide to give a faint precipitate
and once more filtered. Gentle ignition will break down the

complex to give a pure base with tmi less than 15 ppm.

Electrolytic zinc is relatively pure. Purther purification may

be effected by by dissolution in sulphuric aéid H

In ¢+ H,S0, ——— Zns0, * H21”

An aqueous solution of zinc sulphate is passed through a spec®. . ly
prepared alumina column which removes heavy metals. Qther
imngpurities may be removed by treating a near neutral suvlution

with hydrogen sulphide followed by filtration. The pure solution
is electrolysed using platinum electrodes. Metal with tmi of less

than 10 ppm may be obtained.

Mercury is purified by recrystallisation of the nitrate followed

by heating to decompose in two stages

Hg(NO))Q -— Hgo ¢ 2NO,¢t — Hg + 0,7

2
Final distillation under reduced pressure will a product with

tmi less than 1 ppm.
GROUP 13 : Boron, aluminium, gailium, indium and thallium,
Very pure boron can be obtained Ey distfllation of boron

tribromide followed by reduction under hydrogen :

288r5 + 3"2 — 2B + 6HBr T

Production of Fine Cheniicals for the Electranics Indusfry

Zone refining under hydrogen can give boron with tmi of less

than 5 ppm.

 Commercial aluminium usually has a high iron content. This can

~ean be remcved by dissolution in hydrochloric acid @

2Al . 6HC1 —_— 2A1C1 + M, f

The solution i3 then passed through an anion-exchange reosin in
the C1~ form where the iron is removed as the (FeClu)- ion.

The solution is filtered and evaporated and the hexahydrate is
obtained by the addition of pure cuncen.rated hydrochloric acid.
After separation and washing with hydrochloric acid the tmi are

lesy than S ppw.

Gallium usually contains aluminium, copper and mercury as the
major impurities. Mercury may be removed by heating to a high
tenperature in a stream of hydrogen since the boiling peint
of gallium at 760 mm Hg is 2064°C. Further purification can be
effected by recrystallisation under weuk hydrochloric acid.
Since the melting puint is 29.8<C this is very simple, but

does require expertise in separation.

All indium halides may be prepared by the direct combination

of the elements. Disproportionation of the iower halides in

different solvents can effect good purific.ticn. Typically

. indium(I)chloride can give indium(III)chloride and after washing

indium metal with tmi less than 1 ppm :

3InC1 —  2InCly + In

A furrther purification is made by zone refining.
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Thallium ugually contains a wide variety of impuritivs, in
particular lead, cadmium, nickel, zinc and palladium. The best
intial purification is dissolutinn of the metal in nitric asid:
»>

TI + KNOy  ——> TINOy TS

Advantage should be taken in the solubility of thallium(I) nitrate
in hot and cold water, 4g/100 ml at O0°C and 593.9/100 ml at 100°C.
Recrystailisation is an obvious choice. This is followed by
decomposition with sulphuric acid :

2T1ND . 1,50, ——>  T1,50, '+ 2HHO, T
Electrolysis of the sulphate will give a thallium metal with

tmi less than 5 ppm.
GHOUP 14 : Carbun, silicon, g-rmanium, tin and lead.

The majority of the hydrocarbons can be puriried by distillaticen.

these may be burnt in a deficiency of oxygen to give pure carbon.

There has been more work been carried out on silizon than any
other element in recent years. Purification of silicon{IV)chloride
is the best initial step, usually by boiling under reflux

with copper powder, which forms an arsenide with the arsenic
which is generally present. This is followed by fractional

distiilation. Hydrolysis of the chloride fallWed by boiling gives

silicon(IV)oxide :
SiClu + 2H20 C ——— SiO2 i 3 4HC]
The insoluble oxide may be further washed to purify. Elemental

silicon may be obtained by heating the chloride with carbon at

a2 high temperature. The final purification ic by zone refining.

Production aof Fine Chemicals for the Electrunics Industry

Tin metal way be heated in a stream of chlorine to give
tin(IV)chloride :

Sn . 2012 —_— SnCly, t
The chioride is fractionally distilled and treated with an
dqueous sclution of ammonium chloride to give ammonium
hexachlorostannate:

SnCly, + ZNH“CI —_— (NH")ZSnCI6

which may be purified by recrystallisation followed by electro-

lysis tu give a pure metal with tmi less than 5 ppm

Germanium fs available in many crude forms and is frequently
fourd in the residues from zinc smelting and Flue dusts Crom
coal burning. It is best treated by fusion under reducing
conditiung with iron powder whetve an alloy is formed. The allow
‘is ground and treated with chlorine in acid solution to give
iron(ilI)chloride which acts as zchlorine carrier and in turn
is reduted to iron{Il) chloride giving germanium(I¥) chloride

Z2Fe + 3012 —_—— 2ll'~‘eCl3

nFL‘C].} . Ge —_— GeClq“ + FeCl
ZFQCIZ + C12 _— 2FEC1}

The process is carried in the precenceof agueous hydrochloric

acid and the gern -nium(IV)chloride is distilled at 84*C which

“may te fractionally distilled in the presence of coprer

fuil. liydrolysis with water gives germaniun(IV)oxide :

GcClh . 2"20 —— GeOz 1 e aHc)

which riay well have tmi less than S ppm. The oxide may be
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reduced under hydrogen to give germanium metal @

0002 + 2"2 — Ge . QHPO t

The‘metal iz then zone refined to have less than | ppm metallic

impurritics.

Leadi[I)acetate is the simplest lead salt to purify although
calcium may be difficult to remov: Flectrolysis can give a
metal with tmi less than 5 pom. Alternat..eiy lead(IV)acetate

may bte c¢rystullised using glacial acetic acid us a solvent.
GROUP 195 : Mitragen, pnosphorus, arsenic, antitony and bismuth.

tiitrcgen can be obtained crmmercially in a high order of purity
since it is the product from the {racticnal distillation of air.
Extremely pure nitrogen may be obtalned by the careful decompo-
sition of sodium azide by heating. This material iz explosive

atnt suitable precauticns must rte taker !

ZHall, —_— 3H, 1 + 2Na
b

wWhite phosphorus may be washed with cool dilute zedium hydroxide
fullewed Ly washing with water. A further wach with coal ditute
sulphuric acid iz followed by lurther washing with water. This
process must be carried out with good extraction in case the
toxic phosphine is liberated. Steam distillation will give a
material with tmi less than S ppm. Alternatively the phosphorus

chlorides may be fractionated.

Arsenic(1II)cxide is dissolved in concentrated hydrochlaric

Production of Fire Chemiculs for the Electronics Indisery

acid by heating under reflux followed by good filtration and
hydrolysis with a large excess of water. The reaction is reversitle
and ravours the formation ol arsenic(Ill)chloride in the presence

ol hign cuncenteations of hydrochloric acid :
—_—
A520) + 6HC1 - — ZASCI} + BHZO

Pure elemental arsenic may be -»tained by reduction with carbon and

sutlimation under high vacuum :

A5205 + 3C —_— 2As 1 + 3cot

Antimony(1II)chloride may be purified by fractional distillation,
the head fractien econtaining the major impurity, namely arsenic.

Subsequent hydrolysis wiil give antimony(I1IT)oxychloride :

SbClj + Hec -—  5boCl i s 2HC1

This is washed with water followed by boiling with aqueous ammonia

solut.ion to give antimony(I1l1[)oxide :

25L0C1 . ZHH3 + H20  — Sb20} [ ZNHuC1

After washing Free of chluride and drying the product will have

umi le¢ss than 10 pem.

Bismuth metal of commerce is relatively pure. Further purificaticn
ray be u¢ffceted by dissolutinn in strong nitric acid to form

bismuth(ItfInitrate :

Bi + 6I(N03 —_— Bi(NO + 3HO, % + H,0

33 2
The nitrate may be recrystallised from nitric acid followed by

hydrolysis to give bismuth(IlI)oxynitrate :

Bi("05)3 * H20 —_— BxONO3 i + 2HNO
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which may be washed with very weak nitric acid, separated

and subsequently heated to give bismuth(III)oxide :

5B10NO —— 21,0, +  NO,t ¢ 30, t

The material should have tmi less than 5 ppm.

Production of Fine Chemicals for the Electronics Industry

sulphur. It is dissolved in nitric acid at a low temperature to

give a basic nitrate :

2Te + 9HN03 —_— Te.‘,O}(OH)NO3 + BNO2 t . NHao

The nitrate is purified by recystallisation and igni.ed to give

tellurium(IV)oxide :

GROUP 16 : Oxygen, sulphur, selenium, tellurium and (polonium). 5Te20}(0H)N0} —_— 8Te0, + 2H 0t + iNOz‘ ¢+ 0,f

This may be dissolved in hydrochloric acid to give a solution
i x obtainable usually in a very high order of
Commercial oxygen is y y & of tellurium(VI)chloride :
purity since it is a product from the fractional distillation of

TeOz + &HC1L e TeCl, * 2H,0

air. Pure oxygen may also be prepared by the catalytic decomposition 2

LS £ AT | Y TRT

of hydrogen peroxide. which after filtration is reduced with hydrazine hydrate to give

elerxental tellurium :

Sulphur is purified by the dissolution in carbon disulphide TeCl, + . BHC1

+ NZH“ —_— }Te I . “2

followed by filtration and recrystallisation. Alternatively slow . .
which, atter washing and drying should ha e tmi less than S ppn.

] sublimation can give very good results. In efther case the tmi

. should be less than 5 m.

! PP ) GROUP 17 : Fluorine, chlorine, bromine, iodine and (astatine),
(A
£y

Elemental selenfumis burnt in oxygen and the vagour mag be . . .
Prve fluorine is rarely requiired unless for direct combination.
1 passed through fuming nitric acid to give selenium(VI)oxide :

3 Ammonium hydrogen fluoride may be recrystall.sed from water and
Se + 0, —— Se0, ¥ heated gently to give a relativel; pure hydrofluoric acid :

; This may be resublimed to give & product with tmi less than Nunupz —_— HF T + NHhP

f 1 ppm. Alternatively the oxide may be dissolved in water to

]

Alternatively 60% hydrofluoric acid may be treated with lead
\ form selenous acid and reduced with hydrazine hydrate Lo give . . carbonate which forms léad chlorofluoride and chloride. Both
pure elemental selenium : : ' _are insolutle and may be removed by filtration. Treatment with a

Seo2 . HZO — H28903 ) 4aolution of barium hydroxide followed by filtration will remove

M d

H25e0} . "2“u ) Ses o N.T o }H20 the sulphuric acid as insoluble barfum sulphate. The acld is

adjusted to about MQ% and distilled in a platinum or a pure

silver apparatus to tmi less than 20 ppm.

Tellurium of commerce 13 ususlly contaminated with selenium an¢

i i
bbb
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Fine Chemicals for the Electronics Industy
Commercial chlorine is best condensed at -34.6°C in a bath
of solid carbon dioxide and acetone. This may be repeatedly
vaporised and condensed while ron-condensable gascs such as
nitrogen and oxygen are removed by-diati}ling under high
vacuum using liquid nitrogen as a coolant. Pure hydrochloric
acid is obtained by repeatedly distilling the 20.24% constant
boiling mixture which boils at 110°%.

Bromine is easily purified by a distillation at 58.78°C
over potassium bromide, which removes the main volatile.impurity
which is chlorine. Bromine may also be dried by distillation
over phosphorus(V)oxide,

N
Todine is easily purified by very slow sublimation in & glass
casserole., 1f chlorine or bromine are present the crude material
should be mixed with potassium iodide. lodine can also be

purified by steam distillation.
GROUP 1B : Helfum, neon, argon, krypton, xenon and (radon).

A1l these gases are avallable in a high order. of purity and

are mainly obtained from the fractional distillation of air,
LANTHANIDES : Cerium, praseodymium, neodymium, samarium
europium, gadolinium, terbium, dysprosium, holmjum, erbiuﬁ.

thulium, yvtterbium and (promethium),

Lanthanum has already been discussed under Qroup 3.

- X

Production of Fine Chemicals for the Electronics Industry

Cerium is easily separated since it is unusual in the lanthanide
series in exhibiting a stable 4+ oxidation state. Advantage is

taken of this when separating from the other lanthanides.

. The remainder of the series may only be separaied by a ccabined

system of jon-exchange resins using specific buffers for the
elution.This is supplemented by solvent extraction. Advantage is
teken of any variation in oxidation states. All the lanthanidces
have the 3¢, but others such as europfum, samarium an¢ ytterbium
gxhibit the 2+ state. Where insoluble salts such as europium(1I)

sulphate exist they can be used as method of separation.

All the metals may be prepared by heating the oxide or fluoride
t0 high temperatures with either calcium or lanthanum metal under
high vacuum. Frequently sublimation is used as a mcthod of
purification. The majority of the metals and compounds can be

obtained with tmi less than 20 ppm or better.

ACTIﬁIDES‘: Thorium and uranium (the remainder have short

half-1ives and are rarely, if ever, used in the Electronics

Industry).

Thorium 1is usually available as the (IV) nitrate and is usually

quite pure. Further purification may be effected by dissolution

in weak nitric acid and recrystallising. A pure solution of

oxalic acid is added to a liltered aqueous solution of the

nitrate to precipitate the almost insoluble thorium(IV)oxalate:

3

Th(NO;). + Z(COOH)2 —_—_ Th(COO)h Lo 4BNG
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This is followed by washing with weak nitric acid and water.
After separation the material is ignited in a platinum dish at
8oo‘c :

‘rn(cocn,‘ ——  THO, + 2001 2c0, T

The thorium(IV)oxide will have tmi less than 10 ppm.

Uranium is usually available as uranyl nitrate and is generally
quite pure. Recrystallisation will improve the quality. Purther
purification is carried out by treating an aqueous solution of

this nitrate with aqueous ammonia to form ammonium uranate(IV) :

ZUOZ(N03)2 + 6NH3 ¢ 3H0 —> (NH“)20207 e uNHuN03
This is washed thoroughly with water and dissalved in excess
ammonium carbonate solution to give ammonium dioxotricarbonato-

uranate(Iv) :
3NH,HCO:NH,COONH, ¢ (NHY),U,0, ——> 2U0,C042 [(NH,),C0y]
+ }NHST

This salt may be recrystallised from water, separated and -

ignited at 200°C to give uranium(VI)oxide :

U0,C0,2 [(HH,),€0,] ——> U0y ¢+ ANHy T + 2H,0F + 3c0,1

Heating to higher temperatures tends to give lower oxides.

The anticipated impurities should be less than 10 ppm.

ORCANIC MATERIALS :

"There is a wide variety of high purity solvents used for cleéning

and the preparation of electronic devices., All the standard

Production of Fine Chemicals for the Electronics Industry

Organic methods of purication are used. Many methods such

as chromatography which at one time would Poh be considered a
practical broductlon method are now used to produce quite
large quantities of materials. Many specialised methods have
been developed for production. Organic chemicals for the

Electronica Industry is a fast growing business.

ORGANOMETALLO MATERIALS :

Alkyl and aryl derivatives of many elements are purified as
intermediates to prepare elements and compounds with a very
high order of purity. Prequently these are compounds of mercury
and lead which require very specialised techriques and usually
costly apparatus due to their high toxicity. Nevertheleus they
play an important part in the Electronics Industry.

The following indicates some of the materials that are avail;ble
#nd their applications :

Tetraethoxy silicate, bp 165-166°C, may be fractionated in glass
to give a very pure material which on hydrolysis in water in

the presence of hydrochloric acid or ammonia solution will, after

boiling give an easily manageable silicon dioxide :

Si(CZHSO)“ + 2H20 —— Si023 + .C2H50H

After washing and ignition the tmi should be less than $ ppm.

. Tetratizopropoxytitanium, bp S58°C/1 wmm Hg is fractionated in

glass under vacuum and treated in a similar manner to silicon

alkoxides to give titanium dioxide :

Ti(C}H70)“ + 2H20 —— 'l‘io2 | GC)H70H

After washing and ignition the tmi should be less than S ppm.
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ORGANOMETALLIC MATERIALS :

Orignard reagents are frequently used in the preparation of
organometallic compounds. There is a wide variety alkyl complcxeu'
that are used for metal-organic vapour phase deposition (MQCVD)
which gives epitaxial layers. They are used by passing a carrier

gas through the 1iquid or heated solid organometallic compound..’

Typically trimethyl gallium may be prepared as follows :
~
5)15(0»1})2 3 2GaBr} —> 2Ga(CH})3 . 3HgBr,

Trimethyl gallium is separated by distillation and for MOCVD.

Most of these compounds are highly toxic and frequently
pyrophoric. Various compounds of aluminium, cadmium, indium,
tin, selenium, tellurium, tin and zinc are used. In addition

hydrides are frequently for epitaxial growth layers.

CONCLUSION :

1 have given a brief outline showing some of the methods used

in the manufacture of bigh purity chemicals and elements or

a base from which other compounds may be prepared. Do not accept
that these are the only only methods of purification for a
given raw material. It is wiser beroée starting a process to
examine all the impurities in the raw material and tailor make
the process. Do not worry if the route is unorthodox; it may .

work.
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