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I vlisll the Institute well for the future and I am grateful 

to the following: 
l·lRS surr JiilG-YU and i·[R SUN SHI-;'.It!G for the open manner is 

which they allo\·;ed me free access to the laboratories. To ER 

Z~IOllti CI{Ei1G-X1AN for his close attention at my lectures and 

discussions. 
In particular to i'.F' LI Jll\i!-GlO, his wife t-rn:J XU ZHEll and LR 

DA i;IIfG-rIUl for their assistance in translation from Chinese to 

E:nc;lish and En£;lish to Chinese. In addition for their kindness 

in shovling me China. 
To the driver of the car rrn XU XIAO-lill!G my thanks for safe 

transport. 
'.lot forgettinc; the typist LRS LI ;.:r:rG-XUAi! who hadto read n-.y 

. .._. 
\'lrl. 1.J.Ilf;. 

n. ITPI 00/UtrlW Pei;jiw~ 

Ly thanks to i-:1~ HA.i:EGll 'JPADi1YAY and is particular to M~.;. 
CA'rErnrrn BEi.iAHDE.'LLI \'rho r;ave :ne assistance with any problems. 

Also to DR. r~. ::;. S'l'EI'!I!~r:s for his valuable assisl~ance. 

c. UITIOCJ vu:rn:A 

Thanks to ;-,.s. H. l.'..li:ILi'.An:t~, I:~. FJi:';i'.:EJ~A, LS. L. TAYLOR, i;[~. 

;; CTIEYD'l', Lll r-;.o. iJIJ.IIALS, r1:~. ll. DE1moucm and other staff for 

their valuable assistance. 
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Expe.!:'t in preparation of hiGh p~r-~ ty chemicals 

31 Ausust to 30 :3epternber 1987 

A. Objectives 

'l'o stent;then Beijin::; Institute of Ci1e111ical i"ieae;en ts ( BICr.) 

in order to enhance the national technical capability in all 

respecLs of research, development manufacture and application of 

Chemical rear;ents and fiue Chernicals. 

1;. Conclusions 

'l'he BICH is poorly equipment to carry out t~rn objectives on 

Lheir existinG site. In earl:' 1988 they \'1ill be movin{; to a nevi 

site whi.ch is better but lacks the clea11 workin.:; environment 

necessary to prepare very hii:;h purity reagents particularly for 

the Electronics Industry .. 
'l'heir main work r:-s been directed towards very few liquid 

reagents. In fact the rnW.n requirements are for very m~y 

diffe~ent inorganic solids. 
'l'he staff lack the knowledr__,e to carry out this worlt. 

This report covers 28 days of my continued efforts to impart 

the practical methods of purifyin~ elements and compounds from 

most merr1bers of 'rile Periodic 'I'able. 

C. frinc.i.pl.,; !~eCOfl11ilendati011G 

A chemist a!1d a chemical en~incer each at least 30 years 

e:x::Jt:rience in the Eigh Purity Inore;anic and Or;anic Industry is 

seconded to the DICH 
Administrative assista~ca ~s required. 

Additional inorganic chemic-;ts ar~d rnaci\.e~:rni; staff Ghoulrl be 
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e1:iployed. 
i"urther traininc; s'.1ould be ;~;i ven to ti1e staff 'uy vi:::.i ting 

~1i.;ll Pu .. ci ty c;1euical ~ anufacturers fr0ta ~;~urope and ti1e USL\.. 

future ':torl~ snould inclnde loo!:ing at the purification of 

the elements found in China. 
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Under each chapter "ecor::menuations are raade in details. This 

briefly describe the uajor recowLltndation order of priority. 

1. Second experienced cl1euist to BI CH for at least l year. 

2. Second experienced c11emical engineer to 3ICR !or at least 1 year 

3. Purchase a better ;;rade of ::-m·; material. 
4. Employ clle,11ists to find the marI-:.et in China and elsewhere. 

Particularly visit LJ cc tronic I :anu fac turers. 

5. Exarnine the resource3 cf eleinen ts indL_~enous to China as 

potential hir~it purity reagents. 

6. Improve administration. 

7. Improve library facilities. 

S. ~ake strategic plan of war~ and carry it out. 

9. Look for better quality raw materials. 

10. 'l'rainj_ng p;:·0Gra1nrr1e :1mst be carried out. 
l 1. A very much cleaner worki11t; area is neces...;ary. 

12. Follow all recomrnenuation indicated under Chapter IV on Hit;h 

Purity Deascnt Preparations. 
13. An experienced engineer .and chemist fror:1 the llir;h Purity 

Chemical Indus try should e)~amine the i:aw :;i te plans. 

11~. Follow ceneral recom11endations on rU~)1 ruri Ly rroduc ts under 

Chapter VIII 
15. Examine market require:aen ts as indicated in Chapter IX and 

increase staff as required. 
1 G. Lar;_;e scale QV / type ;_;lassv1arc should be made available. 
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If. II: T'."'..U DUCTIOI'. 

'i'his report. is the rcsul t or a visi L :.;ade :.:.o the Beijlu.c, · 

Institute of Cr1ernical ::eaGents (E.I.c.r~.) rrom 2-ZJ Sepember 1987. 

Briefinf~ visits were r.iadc to m:roo Vienna on the 31 AuGust 

and 1 Sept.ember 1937. Ile-briefing visits \'/ere rnadP. to UHIDO Vienna 

on the 29 a11d 30 Septein.ber 198'/. The object of the visit was to 

strengthen the n C!~ in order to enhance the national technical 

capability in all respects of researcl1, development, manufacture 

and application_ of cheillical reagents and fine chemicals. 
'l'he JJICl: ( sornctimcs l:novm as Fcijin 0; Cheuical P.eaGent 

Research Institute) was established in 195C as a part of the 

Beijing Chemical ;.'!arks (BC'.';). It became lndependen t in 1986 and 
'l 

occupies two building \'1i th approximate floor area 500m each. A 

new building r;i th floor area of 6800m'l. about 2. 5km i~orth west o'f 

ex5.sting site is beinG built and available in early 1988 for 

analysis, production, research and administration. The two older 

buildines may be used for organic work, but this is uncertain. 

BCW facilities are soi.tetimes used on their site. 
I spent about 8 hours at the DIC~~ r:1ost days of my visit. I 

was well received and <.;;iven a free hand to meet personnel an::i 

visit the working areaG. Al thouch provided with an interpreter, 

discussions were slow since the majority of the scientists did 

not speak Encli sll. In consequence pro cress was slow \•rl th 

di f ficu1 ties and there l'.Jay be sorne minor errors in this report 

due to transl a ti on difficulties. 
The majority of my time was speit 3ivin~ lectures with long 

discussions. Frequent visits to tho laboratories to examine 

processes and advise 011 ways of improving the quality of the 

products.·In addition advice was civen on the preparation of c1any 

new hi Gil purity i 11aterial s. 
In particular advice was r;i ven on plant, pacl~acing and tho 

environmental condition necessary to prepare hiGh purity reagents. 

Both the new siLe and the old site were examined with 

Great care. 
·• . 
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~. Existinc Site 

1) Production of acid and solvents 

The working 3reas are not clean, the c~tracticn tends to be 

poor and draws in impuri Lies. There is rnuc. _·os~con tamination. 

Corrosion is commonplace. 

The operators, who do theis best, are not taught how to 

operate cleanly •. 'l'he working areas arc unsuitable for producing 

i1ic;h purity materials. 

2) I-~esearch Development and Anal:r_ti_~-~l. 

The analytical instruments are probably satisfactory but the 

\'TOrkinc; areas are not clean enough to carry out the analysis. 

'l'he impurities in the environment are probably for greater 

than the samples being analysed. 

There is no cri tisism of the analyst's ability. 

I3. t: ew .Site 

It is very difficult to comruen t until this site is cempleted. 

I be1.ieve it will be better than the existinG site. 

I can already see many errors in the materials of construction. 

Undoubtedly positiveair conditioninG will assist. 

c. 131c1-:: s ta r r 

The senior staff are indicated in Appendix 2. There is a 

crass section of chemi 3ts many with a strong bj_as towards analysis 

and organic chemistry. 'I' heir knowledge of theoretical chemistry 

is good as far I could judge. Those appeared to be a lack of 

prac.t:ical knowled5e in preparative hiGh purity inorr;anic chemistry. 

I am not suegestinG that they were not competent chemists in 

their own fields of activity. 
The term chernical enr;ineer is frequently used but this does 
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not mean that ~iley hau rort11al trainin~; in chemical enGineerint"; 

as we would in the ~est. 

D. ~uality of rroducLs 

The '!')resent output of 20-25 mainly liquid reagents would not 

satisfy the ·:restern F.lectronic Industr,y since the analytical 
specification 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.. Conl usion 

There is much to be learnt in the art of purifying reagents 

to meet the s~rincent specificatio~s required by the Electronics 

Industry. 
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::lI III 11H I'lH?I'CY l~EAGE11'L' FRFTAF?A'l'IGr! 

A. rI;:/drochloric acid 36.5-38.5'..< 

1) General: 
It is stated that 36.5-38.:(.~ is distilled from commercial 

add. This was not bein:; prepared during my visit. 
The still used for the preparation is similar to that used 

for nitric acid. (see B) 'Che plant was .ot available for 
examination. The produ~t is stored in borosilicate glass bottles 
and may be filtered throuch a milliporc/Teflon filter if the 

particle size is high. 
Distillation rate is 2 l/hour. 

2) P.aw materials: 
The commercial hydrochloric acid obtained is of exceptionally 

poor quality containing amongst other i:npuri ties: 

Fe ~250 pp1.i !·lg 1 7 ppm Ca 17 ppm 

This is stated to be prepared by dissolving HCl gas in 

river water v1hi<. h contains impurities. 

3) !?ecommendations: 
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 ~ater. 
If the impurities are hi;;h the cornmercial acid should be 

distilled in a fallins film evaporator and the Gas absorbed in 

20.22% HCl constant boiling azeotrope. 
If the irnpuri ties are lower it may l.Je simpler to treat with 

sufficient· hydrazine hydrate to reduce the iron to ferrous 

chloride. 
4F'ec1

3 
+ rr 21\ = 4F'ec1 2 + 4nc1 + n2 t 

The acid is then pasBed thrOU6h a anion exchange resin in 
the Cl - form to remove illlpurities. If this is not carried out the 
irou may be present a3 tnc anion (vec1 4)- and will not be removed 

by the re sin: 
Fec1 3 + Cl - - (FeC11J­

n 
it may also bcnacessars ~o use a catiori resin in the H+ form 
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and As 111ay 0e removed by reflux with powdered cu or a iatle Zn. 

Distillation is carried out by heating the acid in a quartz 

vessel fitted with a quartz f.1·ac t.ionating coluum and condenser. 

'L'he receiver is borosilicate Glass. 'L'he issuing gas is dissolved 

into a previously distilled constant boilinis mixture 20.225'6 HCl 

(bp
760 

108.5"'C). The 36.5-38.57.~ HCl is removed from the receiver 

and the remainin,'.:!; acid is distilled to t.;ive 20.227{, HCl for the 

next batch. 
The product should be stored .in clean borosilicate glass 

bottles after filtration wldch is only necessary when particle 

size is high. Filtration should not be necessary if cleanly 

distilled. 

G. lri tric acid 69-'i 1 ~'(, -----·--

1) General: 
Commercial 95-100;·~ JIIJ0

3 
is diluted to give 69-715'6 HN0 3 and 

passed thrOUGh a millipore/Teflon filter. The acid is outgased 

by passing clean air throuch the material and thus removing 

nitrogen oxides. 
'l'he acid is distilled l'rom a 10 1 quartz vessel fitted with 

a quartz vacuu111 jacl;..eted fractionatine; packed col urnn, re flux 

divider and condenser. The receiver is borosilicate. 

Distillation rate 1 l/hour. 

2) Recornmer.dation 
'rhe working area was not clean and there was a lot of 

corrosion. It is assumed VIhen this work is removed to the new 

site greatbr use will be made of plastic or plastic coated 

materials. 
Filtration of the final product should not be necessary. 

Purchase good quality raw material. 

c. :Iydro fluoric acid L~O'.''. and 507j 

1) General: 
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60>~ IIF' is dlluted with water to L10'> and heated in a silver 

vessel fitted witl1 a 'l'eflon fractionatint~ column, condenser and 

receiver. Distillation rate is 1 l/hour. 
It vms stated that the major ii1puri ties were calcium, silicon, 

iron, boron and sulphate. 
'l'he liquid may be passed throubh a millipore/'l'eflon/cellulose 

filter before and after distillation. The product is stored in 

polyethylene bottles 5cy.; is made by passinG gas into 40/~. 

2) Recommendation: 
Better selection of raw material. Pretreatment of the acid 

with an aqueouG solution of barium hydrox~_de followed by 

decanta tion or fil Lration would help to remove some impurities 

Da(OH) 
2 

+ It
2

.so4 = Ba~)o4 + + 2H2o 

ea( OH) 2 + 2HBF 4 - Ba( BF 4) 2 ~ + 2Hz0 

Ca( OH) 2 + 2HSiF6 = Da(SiF'6) 2 ~ + 2IIzO 

It is anticipated that the workini~ area will be cleaner and 

greater use made of plastic and plastic coatings. 

Purchase good qual.i t.y raw matcriaL 

D. Sulphuric acid 96~·(, 

1) General: 
96% H

2
so

4 
is filtered and distilled under vacuum. 

The acid is distilled under vacuum from a 10 1 quartz vessel 

fitted with a quartz vacuum jaclrnted fractionating packed column, 

condenser and borosilicate glass receiver. Distillation rate is 

1 l/hour. 
'l'he product is filtered through a millipore('reflon filter and 

stored in borosilicate [~lass bottles. 

2) Recommendation: 
It is stated that frequent problems exist with the removal of 

impurities such as boron, fluorine and silica. This is most likely . . 
due to contarnination by hydrofluoric acid being in the same working: 

area. The hydrofluoric acid at tacking the borosilicate glass 

contaminatine the s•1lphuric acid with boron and probably silica 
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(not shown in specification). 
The limit for S is 0.5ppm and it is suGgested that the 

borosilicate glass receiver is replaced with quartz. 

Filtration should not be ne ,;essary. 

A cleaner working area would assist v1ith purity. 

Pupchose better quality raw material. 

E. Jlydrc0en peroxide 3cy;j 

1) General: 
?;0~'6 pure ra\'I material is purchased an:i passed through 

Teflon/cellulose/millipore filters to reraove particles and stored 

in polyethylene bottles. 
Although this was not being produced durint; my visit the area 

where seneral filtration vms carried and was seen. 
It consisted of a "clean" rC'om Vlhich had rather badly corroded 

fitments. 

2) Recommendation 
1\. very much cleaner area should be devoted to tfi.e filtration 

and packing of hydrogen peroxide. 

F. Anliuonium fluoride Lf0'.-~ solution 

1) General: 
This is prepared in the same working area as the hydronuoric 

acid. 
Ammonia cas is scrubbed and passed into an aqueous solution 

of hydrofluoric acid until the pll is 6.2-·;.o. This is carried out 

in a series of polyethylene bottlea. 
!IF + r: !!

3 
.. u

2
o "" rrn4 F' 1 H2o 

'rhc solution is adjusted to 39-417.; '.~!/':'l, pil 6. 2-7 .o, passed 

throuGh 'l'e flon/collulo uc/millipore fil Len:; and stored in 

pol·yethylene bo Ltles. 

2) Recommendation: 
It is surprisinG that the specification docs not include Si 
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since 1 would suspect a hiGh percen taGe• Ir this is high it may be 

reduced by preparing a stron~ly allwline solution, allo·.v to stand 

24 hours and filtering. 'l'he pH may be adjuuted by heating to 

remove the excess ammonis or addin:.; further pure hydrofluoric acid. 

The working area was untidy and badly corroded and it is 

anticipatedthat the extraction and workini; area will be improved 

on the new site. 

rl. l\.mmonium fluoride 33.s-35.sr.:. etchant 

This is prepared iu a similar manner to ammonium fluoride 

40:-:; W/\'J solution but has free flF 5. 9-6. 9~''.• 
In fact it is a mixture of ammonium fluoride and ammonium 

hydrocen fluod de. 
There is no Si in the specification which I suspect would be 

very hi~h. 

~I. i'hosphoric acid 85'.'~ 

1) General: 
Phosphoru:::i oxytrichloride is fractionally distilled from a 

5 1 glass flask, fitted with pacl' ed class vacuum jacketed· 

fractionatinG column producing 3 1 of pure material/day. 
The pure phosphorus oxytrictiloride is hydrolyzed with water 

and the HCl is removed by heating 
roc1

3 
+ 3f-ll) = 113ro 4 + 3rtc1 it 

J\bout 2 f:c; of phos[Jhnric acid are produced each day. 

The product is stored in borosilicate ~lass bottles. 

2) Recommendation: 
'fhe apparatus should be, all Glass and not have the use of 

rubber bungs and many Teflon joints. 
Al terna ti ve method are the use of phosphorus trichloride, a 

simil'ar manner to phosphorus oxytrichloridc. 

Alternatively if yellow phosphorus were available this could 

be washed with cold dilute sulphuric acid and washed with water. 
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This could be followed by a further v:ash with cold sodium hydroxide 

solution followed with a water wash. (care Prl.3) 
Steam distillation should follow and the phosphoruG should' be 

burnt in air the phophorus pentoxide, so formed, could be 

dissolved in water to give phosphoric acid 

4P + 502 = 2F2o5 + 6rI2o = 4H3F<\ 

I. l\.1arnoniura hydroxide 25:: solution 

1) General: 
Ammonia gas direct from a cylinder is scrubbed ir.. a series 

of water ~raps and finally led into a bulk storage vessel 

containing pure water. 'rhe solution is filtered through a 

millipore/cellulose filter and stored in polyethylene bottles. 

All the apparatus was stated to be fabricate~ 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. 

J. Or~anic solvents 

1) General: 

These are distilled from a 15 1 stainles~ steel retort, 

fitted with a vacuum jacketed fractionatinr_; borosilicate glass 

col '..lnm and water-cooled ( 15-1U 0 c) condenser. Distillation rate 

is approxin.1ate 1 l/hour. 

'rhe only exception is trichloro ethylene which due it's 

corrosiv8 nature is distilled in the all class apparatus similar 

to 'that used for nitric acid (aee B) 

Acetic acid is norrnally distilled in I::oorn 118 in the 

analytical/research building using a similar e;lass apparatus to 

that· described for nitric acid (see B). 

1'11 tration is some Limes necessary through millipore/Te fl on/ 

cellulose and storaGe is in borosilicate class. 

I 
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'l'he foli:o·.vin~ solvents are purifieti: 

IiE'fH IL ALCOlIOL 

E'l'!-I1L ALCOiIOL Ac:·~oLUTJ:: 

I 30-FlX)fYL ALCO :~cL 

E'l'IIYLEI!E GLYCOL 

ACETOrfE 

'.I'OLUENE 

XYLENE (llIXED ISOhEl~S) 

ETHYL ACETATE 

l ;E'l'IIYLEriE crILO RI DE 

'!.'HI ClILOnOE'l'HYLEf! l~ 

AGE'l'I ' ACID GLACI l\L 

2) Recommendation: 
Greater care should be taken to avoid possible fire hazards, 

particularly where the solvents have 10\"l flash points. There . 

should be no proulem meetine; the existinG; BICR specifications. 



- 15 -

VI I ii E'J .SI 'l' :;; 

;\. ~:oJ.11 :-uildi..,:; 
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'l'his consists of two sections, situated about 2.5 km north 

west from the existinG site and consists of: 

1) '.'le Gt Snd·: 
'rhis has 5 floors, 1 st and 2 nd floor will be used for 

analytical instruments, 3 rd floor will be used for ~eneral 

chemical analysis. 'l'he three floors have air conditioning. 

The 4 th floor will be used for ~eneral research and is 

fitted with extraction from fume cupboards. The 5 th floor mainly 

consists of extraction fans and water coolint;, but there are two 

large offices. There is no air condi tionin~ on either floor. 

2) East End 
Consists of 3 floo.·s. The 1 st floor is used for power 

distribution. The 2 nd floor is uGed for air conditioni?g plant. 

The ~ rd floor is to be used as a lee ture theatre vihich is 

estimated to hold 250 persons • 
.. l'oilet faclli ties arc available. 

B. ltlOr:·anic i'rellaro.Live Laboratories . . 
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'l'his buildin:; is situated at south east corner of the site 

and consists of various laboratories for the following high 

purity preparation 

i) f!i tric, !lydrocllloric and Sulphuric acid 
Fume cupboard with extraction to ta!rn plant from existing 

site. 'rhere was a considerable amount of bare metalwork in bolts, 

pipework and Grills to [jive contamination. bY corrosion 

2) Hydro iluoric acid 
l"ume cupboard to tru~e plant from existing plant site with 

many exposed metal parts. It was stated that the fume cupboard 

were to be fitted with clear plastic. 'l'he windows to the laboratory 

are made of glass. 

3) Orraanic solvents 
'rhis laboratory consisted of two similar fume cupboards 

fitted with many exposed metal fit tin~s Lo take plant f'rom the 

existing site. 
It vras felt that there were inadequate precautions for low 

flash point solvents. 

c. OrGanic Preparative Laboratories 
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'rhis was si tuate<l in the south west area of the site and 
consisted of several preparative laboratories with a central 
corridor. 'rhese v1ere several PFOUDLlrn type vessels stated to be made 
in China. .Some were glass lined and some stainless steel vessels 

ranged from 500-2000 1. 
It is sic;ni ficant that stainless steel connections were made to 

Glass lined vessels. This would undoubtedly cause problems when 

workin.:; with halides and free sulphuric acid. 
'rhe absence of any 1!,VF type Glassware is to be deplored. 

All standard services will be available. 

D. Pecommendation for l! ew Site 

Great care is taken to coat all exposed metal surfaces 

perferably with plastic type materials. 
In the case of hydrofluoric acid eliminate any glass in the 

working area. Great care must be taken to avoid contrunination 

from the environment and from personnel contact. 
It is sucgested that a competent experienced chemical . ene;ineer who is exrerienced in hic;h purity chemical manufacture 

examines the plG..ns. 
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A. f.:a\·r!aterials 

It would make econ0t11ic sense to purchase raw materials 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 nhy the nICR should not purchase high 

quality raw materials and possibly filter or carry out simple 

purification at a profit. 

B. Environment 

All laboratories and plant cxa111ined were unsatisfactory for 

the manufacture of c;ood hi5h 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 en terine; a 

production or development area is very sensible. 
It is su~gested that some of the senior staff visit a clean 

rooms manufacturer either in the UF or the USA. Aiterhatively a 

manufacturer could be invited to BeijinG to demonstra.te. I have 

seen no area in the existinc site which is suitable for the 

preparation of very hi~h purity rea6ents. 
Dust storms are coPHl!On in Bei :jing and with the existinc; 

vrorkinr, con di tio11s it would be impocoi blc lo avoid contamination. 

The dust will carry cilica, iron, calcium, macnesium and 

many.othei impurities. 
Training must be ~ivcn in this area. 
'l'he ideal area for working is r;imilar to that of a hospital 

operating theatre, but wi Lhout the an ti ceptic_s to contaminate · 

the products. Account LlUst be taken of corrosion. 

c. Peal th and ;,a fc ly 
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Old fashioned fume cupboards r:i Lil I'i/C due tins are adequate 

for extraction of fume. 
'l'lrn produc Lion areas for acids in general 11ere messy with 

corrosive liquids on the floors. There was no evidence of 

protective clothing or eye proLection bein5 worn in any plant or 

laboratory. 
It is strongly recommended that this is available and is seen 

to be used. 1"urther1•1ore ti1aL traininG is Given on heal th and 

safety. 

D. Analytical ~recifications 

In general the standard of analysis is good. The .• 

specifications indicate between 5-14 metallic impurities to be 

examined at a very low level i"or each compound. 

It is common practice with high purity materials to examine 

for almost every metallic element. 'L'hese are summated and 

recorded as 
T0'1'AL iiE'L'ALLI c Ii !PU RI 'rIES = tmi 

In F Ar?'r ;;; FI•:n I; ILLI OH -= ppm 

i. e. trni <. xpprn 

when x is frequently 1-10. 
The present specifications are aatisfactory if they meet the 

customer's requiremen tc. If it is in tended to compete with other 

suppliers then the specifications will have to include most 

metallic ele!11ents and some non-metallic elements. 

T·:. facldllc; 

This is carried by hanc.l washing in de-ionised water followed 

by, ac;itation in an ultrasonic vibrator. '['he bottles are drained 

on a plastic grill and pass Lo the production areas for packinG• 

'l'here could be raany improvements in this area. '.Vhen possible 

pac~~n~ should be carried out in the preparation area. 

Automation of the packinG and cleanin~ of bottles may be 

necessary when Lhe output is lart:;;e enou1~h to warrant these 

methods. 
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Ji'. Future l'rotluc Lion l~e~e.J.rcl~ and Development 

The output at present relates to the preparation of a simple 

20--;JJ high purity materials that are liquid at normal temperatures. 

The only exception are ~hen preparinB ffinall 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. 'l'llese are produced from most 

members of The Periodic Table. 
The processinc mettods and plant are very different from 

liquid production. I have seen little plant on site to deal with 

these preparations. 
There should be a much greater emphasis on inor~anic research, 

development and production. 
t-io·st important of all, tlie elernents which are indigenous to 

China snould be examined. I·n particular the rare, elements which 
are found in the country. Typically, platinum ~roup metals, gold, 

silver, rare earths, tantalum, niobium, calliurn, indium. 'l'he 
common elements such as iilolyodenuin, tuncsten, titanium, boron 

should not be i~nored. 

. . 
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/\.. '.'.'orld•:1ide 

It is not unusual for a chemical rear;en t manufacturer to 

have 10,000+ entries in their cataloc;ues 'l'hey are not always 

different compounds, but there may be several grades of the same 

material. 
The requirerltcnts can vary frorn a 100;_:; to several 100kg but 

they are rarely r8quired in tonna1~e qi.lan ti ties. 
'l'hey are all of very hir;h value. The value increases to a 

very hiGh level as the purity increases independent of their 

intrinsic value. 
If China is to cour1etc with overr;E,as trade it must have ~ood 

market information and "be prepared to carry out work on any 

compound from most of the elemcn ts. 'fl1ese remarks equally apply 

within China. 

B. Electronics Industry in research 

Some information can be obtained by reading reading current 

journals. 
'l'he most up to date information is obLa.incd by visitinG 

electronic devices wanuf'acturers and research institutions. 

Discussion should take place with the physicists and material 

scientists. Always rcrncr:1ber they r:lo not always have an in depth 

chemical lmowled1 ;e an<l t:tay need i~uidancc where purity levels are 

concerned. 
'l'he impol'to.nt thin['; to remember is that if the device works 

your material is satisfactory. 
Most elements and their inorcanic ~ompounds are required. 

Some organometallic and orc;anic cornpound are also used. 

r;. I'riP1ar.z r;Landards 

'l'here is al\·rays a small L>ut very valuable n1arkct for primary 
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standards used in instru:'tents such as flar;1e emission spectro­

metry. 
The purity rcquircr:1ents are very high and include almost 

every elem~nt except those with short half-liJes. 

'rhese arnoun ts to 20-25 liquid reai;en ts mainly inoq;anic acid 

and many ore;anic solvents. The:"_ quality is only checked by a 

maximum cf 30 elem en ts as irapuri ties. Eiorne photoresist are • , 

ppepared. 

E. Quality control 

'fhe market requires. c.llat where possible hiGh purity reagents 

are examined for rnost elciaents at very lov1 levels. 

There is no reason why :nore Lhan one i:;rade of a hi£;h purity 

material should not be solid ec; 

BES'r rrnADE J\I tmi ff. D. Use phyr.;ical testin~ 

f1RADE 1 tmi <:.. 1-10 ppm 

GRADE 2 tmi < 11-100 p~n 

r:. r~0C0Htrr1C!tda U.Of! 

DICP. shoultl be rirepared to invcstir;ate the market, prepare 

a .much \'lider ran(;e of primarily inor[;an1c materials and examine 

for a wider ranr;c of elelllental impuri tie.s. 
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:~ L.E:C'L'W'ES Ml D DI .sr;u :;::~I ·If r:; 

1\. r:cnero.l 

Frequent round the table discussions were had with a wide 

variety of BICR starr. ~hey discussed current problems. I gave 

them advice on ho\'1 to cleal with these and future problems. An 

averai:;e of 2-3 hours a day was spent on these subjects. 

Six major lectures are Given each lastin~ about 3 hours 

wtdch included detailed diGcussions of recent and future problems. 

I discussed the preparation and purification all elements, 

(except those with short half-lives) and many compounds. 

~ based the lectures on a paper I had previously given on 

the 2-L~ th April 1986 titled "Production of Fine Chemicals for the 

Electronics Industry" publicat1on no 60 by 'rhe H. S. C. London 

(Gee appendix 3). 
The talks were slow since interpretation from English into 

Chinese was necessary. 

Frequent questions were asl:.ecl durinc the talks. Only a brief 

summation of the questi•ms aGked arc mentioned. 

'rhe numbers at these lectures and discussions varied. from 

10-60 personnel. Some cheraists were also present from B.C.W. 

I always emphasised that I was available at any time for 

discussions. 

D. Lee ture 1. 

1) Talk: 

I int'roduced the purity levels Lo malrn sure there was no 

misunderstanding of t.m.i. and ppm. E:nvironmen tal contamination 

was discussed. Health and .Safety was covered. In particular 

reference was made to batch selection and the fact it is 

frequently cheaper in t lie lone; run to purchase better quality raw 

rnat'ir:ials. Purification of elcriten LG and compounds of the 

followinr.; vrnre explained in detail: 

II 2 , Li, l'! a, V , F:b, Cs, If h 
4 

+ • 
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2) Discussion: 

rrhe main questions related. to the poor quality 0 f their. raw 

ii1aterials. Hovr to purify JCl, i.laCl, ;:c1 etc. 

It was a very intensive discussion but a certain reluctance 

to ask questions. 

c. Lecture 2. 

1) 'ralk: 

Environmental and cross con tarnina ti on was frequently stated. 

'rhc necessity to work under cleaner conditions Viatcrials of 

construction were explained. rurification of elements and · 

compounds of the follovrini:~ were discussed in detail: 

Be, Sr, Ca, .Sc, V, I,a, I.anthanides 

2) DiGcussion 

This was very lively the audience seemed less reserved at 

asking questions 

I dealt with a lar;•;e number of questions relating to the 

purification of mineral acids. Several methods of anaiy sis were 

discussed, in particular the examination of material for 

fiber-optic glasses. 

Solvent extraction on the use of ion-exchance in relation 

to the Lanthanides was discussed in detail. 

D. I.cc Lure _3. 

1) 'i'alk: 

F~eqUent reference was made to cross and personal contamination. 

The need to use plastics for construction or plastic coated 

ITIEjtal s. 

llaterials of construction for plant e.g. platinum, quartz, 

silv1;;1r, borosilicate glass, 'l'eflon plasdcs and many other 

materials for fabrications were discussed. Purification of elements 

and compounds of the follo1·1ing were explain eel in detail: 

V, llb, 'ra, Cr, l-io, 'ii, l·;n, ne, ro·e, Ru, Os. 
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2) Discussion 
~"Jol vent extraction \'las discus::;cu particularly in relation to 

llb/'l'a. The various salts of V '.'/Cre discussed in detail 

The preparation of finely divided metals was a frequent 

question and su/j~~estions \'iere 1:1.ade across a broad field. 

'l'he message was ci ven that f;irnple methods are very cheap 

and they should be tried before usin;_; coiaplicated method or 

apparatus are used. In particular crystallisation and ~ood 

filtration at every. step. 

1) 'falk: 
Repetition of the need to VJash cleanly and select material 

for plant lininc;s. The dan{;ers of leachini; impurities from plant 

linine;.s J~nvironmental contamination was also discussed. 

Fractional distillation was discussed in detail. Purification 

of elements and compounds of tile folloV1inc eletnents were explained 

in detail: 
Co, fJ.h, Ir, ili, Pd, rt, Cu, Ac, '.1~n, Cd, 11.:;, E, Al, Ga. 

2) Discussion 
This was very broad and many questions were asked about 

metals of hicl1 intrinsic value. I cthods of metal distillation and 

puri fica ti on of the platinum ;;roup r;ietal s was proininen t amont;st 

the questions. 

:... LEC'l'f! in: '.;. 

1) 'I'all': 

Techniques such ac zone rcfininc, ion exchance resins and 

distillation were explained in detail. 
Etaphasis was placed on the purification of elernen ts found 

in ChinAse minerals and r.;u;;r;estion that this is on area which . . -
the DICl? 13hould conc.entruLe. l'urificaLion of elements and 

compounds of the followin1~ were c;qiJ.aincc.1 in detail: 

In, 'l'l, C:, ;;i, Ge, Sr, Pb, i! 2 , I', As, Sb, Bi. 
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2) Discussion 
Very man,y questions \':ere asked concerning tile chemistry or 

Si, Tl, In and rarer elewents. 
Frequent discussion in relation to toxicity vrere made. 

Apparatus and techniques not co;tlwonly used in the BICR were 

discussed. 

1) Talk: 
Electrolysis, difficult Lcclmiques and separations were 

explained 
Purification or eleri1en ts and compounds of the following 

elernents were explained in detail 
o

2
, s, .Se, 1'e, Ji', c1 2 , Br2 , I 2 , 'I'll, U. 

GASES, l[e, iie, J\r, I-".r, X.e. 

A brief resume was Given of tlte uses of orcanm:etallic 

compounds in the preparation of pure inorc;anic compounds. 

In addition orcanic compounds were explained 

A message particularly was civen for the flICP to look at the 

many inor;;anic compounds used in the Eletronics Industry. In 

particular look at the elements that are indigenous to China. 

Viethods of samplin;_; VIas explained. 'i'he preparation electro­

ceramic and super conductors '"as covered with sor.1e talk on 

photoresists. 

2) Discussion 
Very many queGLious on the future pro.iects for the I31CR were 

made. Cle~n rooms and techniques were discussed. 
Availability of so111e raw materials were mentioned and it 

was su:.;sested thata sea1·c·11 ~'or purer ra·:I 1;1aterials is made. 
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XI AfFAF'A'l'US Ai:D FL.ANT 

.\. S;:iatinc 

1) Develorment and ~esearch Apparatus 
By modern standard it is very old. Insufficient use is made 

of eround glass joints. "'requently rubber buni;s are used, many 

joints are made with Teflon tubinc. 

I saw no proper ~lands on sealed stirrers 
fume cupboard were 1nade of painted wood wi Lh PVC extraction 

ducts. 

2) f'roduction 
The larc;est flask .L saw was 15 1 al thout;h distillation 

apparatus were \'!ell set up there were 1:1any rubber bungs, plastic 

and Teflon joints. 

3) Analytical 
1' was ~i ven the i::ipression Lhat this was \·1ill equiped 

althou£5h many instruments were out or use. Some were outdated 

E. t! e•.'f Site 

1) Uesearch; developraent and analysis 
Ho apparatus was seen on the visit. It is anticipated that 

existinc; equipment will be transferred to the new site. 

2) Organic production 
'rhe plant installed was rnainly Proudlcr 'l'ype vessels, c;lass 

lined. It is sig11i fican t that no lar.";e :.;lass apparatus is 

an.ticipated. One stainless steel and oue rubber lined centrifu.se 

without covers were observed. 

3) lnor3anic production 
· __ -fume: cupboards .. were being built no f:lant was seen. 

.. : -

c. ~~:ccornmendc:i ~ionz 
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It is suG...;ested that -s F' Type :;lassr:are is purchased and 

demonstrated, purctase ~ide diaweter heat exchan~ers, larGer 

flasks and isouan tle heater~· 
In particular join .:;lasseli lir:.cd stca::1 jacketed vessels with 

6lass joints and not stainless 3teel. 
Visits to other manufacturers in USA, Ur, 

a better idea of the requirements. 

_ Eurupe will give 

China should be cncourar;ed to i.ianufacture larce scale 

borosilicate (.~Vf!' type ,:ilassi'larc. 



1) fresent method 
Sa:nples are taken by the aualJ:.:;t from any laboratory producin;.:; 

the r.1aterial. 
The sam11le is traH:..;ferred to tlie analyst's O\'m container. 

There is no uethod of storin;~ the r:iaterial in bond while 

bein;; analysed or 1aean.s to en.sure that the sample represents the 

batch in question. 

2) ~ccomwendation 

Products shoul<l be held in bond and samples taken in the 

presence of the producer and only released after analysis. 

It is preferable tl1at the arialyst takes the sample. 

n. Analytical .specifications 

A very much v1ider ran:..:;c of analysis to include most metallic 

elements should be carried out 
Iu some cases non-1net.allj.c cle1;1en c analysis may be required. 
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A. : 't;j ecti ves 

It is stated in cr/cn:/85/Ui3 t.hat Lhe im1;1Cdiate objectives 

are to strencthen the ]'JC[~ in ocue1· to enh:..nce the national 

technical capabilities in all asrec ts or research, development, 

manufacture of chernical reat;en ts and fine chemicals. 
'rhis particularly applies tu tile F:lectronics Industry since 

the DIC!~ requires conshlerable a:::;::oistance in understanding the 

requirements of the r.:1ectronicr.:; I11dnsLry. 

E. c·r:_:an1c 1\naly ::;j_ r.; 

I found that the laboratories were well equiped with many 

new instruments, also there would appear to be some outdated 

equipment. The staff o [" 251- appear:.J to be hiGh and they are 

competent chemists. 'l1hcre is a hlGh proportion of staff with 

analytical traininG. 

c. '·~·r.::;a11ic rrcrarations 

It is anticipated that on muvinG to the new site, better 

equipment will be provided. 
'rhe staff of 25+ arpears Lo hic;h and they are competent 

chemists. 

D. J.nor.:;an:i.c /U1c'.1l.ysls 

The equipment on tllc Exi ctin:~ :::;i te is poor. It is anticipated 

that it will i111prove on rnovemen t to the 1f ew Site. The staff of 

10+.~s inadequate. 
It will be ncceGoary Lo exa1;1ine for :1iany more elements than 

at present. 
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'·:. Ino r .:;a11ic rrerara t.ions 

I:quipmen t iG poor, cl can roo;:i racili ties are lackin5. The 

staff of 22+ is inadequate. There nould Geem to be an apparent 

lack of lrnowled.~e in the preparatiou of lli1_;11 pu~~i ty materials 

from the rarer elewents. 

ft'. Heal th and :ja fety (8nvironmen tal Protection) 

lireater at teution needs to be paiu lo this area. A staff of 

12+ is probably adequate. In particular the use of protective wear is 

very much lacl~in;;. 

c. I"<:dntenance :;taff 

'l'he presen l staff of 5+ is pro 'uabl;; adequate, because many 

development personal assist in this •::orl: • .:::xtra staff will be 

re'l.uired as buGincs::; increase:>. 

Jl. :~o.l c G and ! art:. c till·; 

To the best of rny 1,nowlcd:.;e there is no person fully employed 

in this area. Permanent Gtaff is urcently required~ who go out to 

visit the Electronic Industry to find out the high purity 

materials required. 

1. i arw:;c:i1cn L 

The present staff of 12+ is adequate at present but may need 

to expand as the work 1 oad increases. 
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A. T.i tcrature 

All staff should be encouruGed to read up-to-date literature 

and all the standard joLr;.~uals in ti1e electronics field should be 

freely available for consul tatio11. 

1·. T.cc turcs and ~~yr1ynsia 

.Staff should be ellcoura;·;ed. to attenJ these lectures both 

inside and outside China. They sl1ouJ.d al"o justify their 

attendance and write rerort s of the rneetin,:;. 

This can be achieved by visits to other chemical rnanufacturers. 

It :l.s of little help to viGit a "Hospital" clean room since they 

do not have the corror::.d.on problems experienced in the Chemical 

Industry. 
This will most lil~ely rcHtllirc visits to the U.S.A., UK or 

other European Countries. There will be reluctance to allow 

chemists who are in co1,i11eti ti on Lo visit these \'TOri~s. 

Perhaps in the lJ J. on arpeal to the Prime I :ini st er Oms.1:. 
'rHNrcrrn;::) may help since like r11yGel f she is a Fellow of the Roysl 

..,........Society of chemistry (:·'.r~.:3.C.). I would r;u~;f~est visits to the 

following in the rw: 
.,....,,.. * Johnson liatthey Cllemicals Ltd., !'.oyston, !Ierti'ordshire • 

..,,,,.., * B.D.il. Chemicals Ltd., Foolc, Dor::>et 
-Royal Hadar and .3io1alc Establi chm en t, nreat i ;al vern, '.'Jorcester • 

University of i:anchcsler Institute of .Jcience and 'l'echnology. 

City of London !Jni verci ty. 
* L used to work for both o (' th cue cornpani es and mentioning niy 

name rnay helr or I co.11 ;;:Lvc ar.;r_;islt:t11cc durin:; visitn. A request 

to the ::oyal Society of C;tei:iictry, CurUn;_;ton !~ouse, Londcn 111ay 
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arso help but iaenUon i•t~· nar:1e. 
J 

1~. '.I cal t 11 and ::;afc ty 

K11owledge can lie acquired by visits to other companies. This 

is a very essential part of the trainin~ pro6rar.m1e,Journals on 

health and safety inust be obtained and read. 
'£here should be no excev tions for wearing pro tee ti ve clothing. 

1' .. f<xlii bi Lj_ on a 

All exhibitions on the Blee tronics Industry sr.ould be 

attended and questions asked about the chemical requirements. 

'fhese should be e11couraGed and close con tact made between 

chell1ists, physicists ancl :naterial seienl:.ists involved in the 

fabrication of elec tr01iic devices. 

G. 'l'cclmical .'\::;sistc'.lnce 

1'his the most urc;en t of c'.lll the requiremen l:.s. A Chemist and 

a Chernical En;;ineer \"!i l:.h ai least 30 years experience in the 

manufacture or hi ell r1uri ty J.11or!;aHic ancl or.::;anic reagents should 

be seconded to tile J;J!::: ror at lcar:;L a :;ear. lt would assist if 

they had a good \rnowled:·;e of ad111in.ir;Lrat1on in the Chemical 

Industry aud could unclorstand the C:hi11er.;e lar:_;uace. 
'l'rainin;_; in marke tine; could ue 1;i VCil by vi si tine; expertu. 

[[. .'~taff :1c(11.d.rcr:1c11t 

It is sug;;ested that the size of the Inor:_;anic Staff be 

increased considerably since the ~lectronics Chemical Industry 
. • . ! -
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requireG many solid iuo1·3anic cllewicals and eler.1011 ts. 

In addition GOrile cl1euists .sllould l.le trained to earry out 

a lilarl~etinc; and sc.les procrarn:.1es. 

There is no };oint increasin.:_; staff unless the workload 

warrants extra nuubers. 
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;-:V LI i~liA Y ~'i\CILI 'i'l ;;;-:; 

'l'~1is library i.s available for the use of EICI~ personnel and 

is situated on their prcseuL uite. l understand that r;i.t~_tii_e_i-ie~1 site 

BICH \'till not have~ library but the r-c::: library v1ill be available 

for use. 
This liurary is l!Ot easily available for consultation and I 

r.mly had a brief visit durin0 J;IJ stay. 

'l'here \'iaS a wide .r·an~;u or C~1er.1ical Abstracts in English. 

Al GO several other older text books in Fugli sh. It vras not 

impressive. 
Several volw'.Ies of Gcilstein Urt;anic Synthesis were available 

in German. 

f,. ;;cj en ti fie Li brury or China 

'J'his is in Lile nor Lil \':c~:;L o ~ 1 ()J.~l11,::; at Z.!ton6 r:uan Cun and 

avou t 20 Fli1 from B. I. c. I~. 
I examined this library with :';reat care and I impressed with 

it contentG. i:oGt of the scientific literature required by the 

BICR is available in many la111:uar;c, princirally in l·:nglish and 

Chinese. 
'rhere was a very wide ranl_';e of scientific journals available. 

r:.. 1:ci,ji11·:: ('.cnLral l,ibrar,y 

'l'his old library :i.G c;j_tuuLcd near l~[:;J.lll\l rAl{:~ and is closed. 

A ,new library is being 1rnil t near ~',J ZirllfYUJ\l! Pl\.rn~, north west 

Deijin:~ and all the uoo:,s arc ueit1:·; t.ransferred to this new 

library. lt \'IUG closed durinc 111y vicit. 

I understand that Lho scientific cont.ent of this library 

is not very Good. 
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'l'bat the B:U::t{ l1avc a Li.brc.lrJ of their own on the new site In 

particular they should t1avc co1:ies of standards v!Orks with the 

latest. 

F:. Donated !'ooks 

In order to assist to start theforrnat.ion or a new library. I 

le rt the followin1;: 
1) FIUE CllE!iICAL Li'()i~ Tf!F: ELIX'L'r:oi:1c;;; u:uu;_;'L'F?Y ( noyal Society of 

Chemistry 0peciD.l FubticaLi•Jn 1:0 GU) 

2) SPECI ALI'l'Y I l!C I Kl AI. IC Cli J·lll Cl\L.'; ( ·~oyal .Society of Chemistry 

Special f'ublication :!o 110) 

3) 'rI!E i;om:m1 n:o:~•1J\l:J.t: C\!FJlCAL:; n:nu:n'!!Y (The Chemical Society 

Special Publicatio11 r:o 31) 

4) All i\LA n .s'rAr: DJ\. !~D~i HJ I: Li\EO 1:1\'.l'O r~Y c~r l~i ;r CAL s 

5) J3DII DIOC[lE!:ICJ\LS, Dll\Cl'IO~)'J'lC, F·n;i;: CHELICALS CATALOGUE 

G) 1~;{Eti'JT.'Otnc;; ( f'utterv10rth) Vol ll!ne 

Volume 
1/ol m1c 

!1'. l?ecornnerded noolrn 

1) lnor~anic :.:yntl1esi.s ('.':iley) Volw11es 1-30+ 

ti 0 

l!o 

!lo 

1 

2 

3 

2) Preparative Inorganic Chcmis tr:; ·;. !\rauer En:~li sh Lancuaee 

Edi Lion 2 vol uwes 

3) Organic 3ynthesis A. I. Voscl. 
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31 1\ucust 1 <JG? OL1 .oo 11rG. Lie part : !0111e l'ool e, Dorset i'.:ni.;land 

Auc;u.st 198', 1Jl11 l\rrived Vienna for briefin.r; at llHIDO HQ 

1. ~:;eptember 19G'l aw Eriefin~ VillDO Vienna 

pi!l ncrar I: Vi crrna i"raul~ furt 

2. Gepternber 1937 pm i\rri ve Pcij:i.w~ 1;1ect J'.ICP. personnel 

3. September l ')G'( m.1 I.cc t IJI! I IX~/lJI'!Dr U f ricers 

pm 1\l:. DlCH discussioH 

Lf • .Septc1t1ber P)B'I nICI: Laboratory Lour 

5. September 198'l rrepare report 

6. September 19-37 PrcrJare lee tu re 

7. Septemller 190'1 fll en J.aboratory tour 

8. ::.ieptember 1 <)37 nr CTi l.ec Lure and di scu:::;sion 

9. ~)epte111ber 190'/ BIG!: l)iscussion 

10. {iepte1nber 1937 Visit ~~~cienL:LLLc Library of China 

11. Septernber 19<3'? BICli Uiscusr.;ion 1:!ith Director and visit Ile\'l ;3ite 

12. Septernber 1937 Prepare report 

13. Septe1111Jer 1987 Prepare lecture 

14. September 1937 131CP Discussion and i'rorking 

15. September 198'? .rncr: Lecture and discussion 

16~ Sept em lier 19G7 I3ICr: l)cmonstrate r:ic thods 

17. September 19137 BICI~ :iiscussion and \'rorkinG 

18. September 1<)07 BICJ: l)iscusGion v1ith Director etc. 

19. Septewber 1987 Prepare report 

20. September 1 <JS7 rrcpare lee Lure 

21 • .September 1<)37 men l)iccussion ln lal1oratorics 

22. Septe1;1ber 1 ')87 mci-: Lecture o.nd discnssion 

23 •. 'ieptemller 1987 mer: /)e;1101rntrute in laboratories 
• 

2L1 .• Septe1r1ber 198'? Brc:: IJe1 .. onstra.Le in laboratories 

25. ;;eptemller 19G'i alil mer? Discussions \'liLh Director and Staff 

prn l'ect ; ;:i:no/l.J[fJJr Offlcers 

2G. :Jepternber 1<.JS'i Pre_f.Jare rep0rt mid cicl1tseein,;. 

27. i:Jepternller 1987 Complete report and si.:)1Lseein::;, 



2'-). 1 ()'"' . \) ( 

[1i scussions ~::i t!1 CI:; l·i 

::t;J 1~c· de-briefini~ 

30. :3epteiilber l'J~I' au De-bric fin:~ ifl'.IDC' F '.. 
p:.1 Dq)art Vi cn11a -') i<nz;lancl 
24.00 hrs Arri~1e Uorne, foole, Dorset, Entjland 
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The follO\'Iin~~ nere rresen t at ,:,any or the discussions 

iirs. SUI! JliiG-'CU Director 

Associate Dlreclor 

z.UOlI G Cfll'.:i: G- :·:I i\1~ !i'o r1:1e r Di rec tor 

Analyst 

Analyst 

Chemist 

Chemist 

Analyst 
f AU BAI!G-LI 

LI JIJ\-Dii! 
LI F:r: CilEI! 1.:-YI 

';'!AUG HUA- ;Ji!Ei: ·; 

LI JIJ\-i AO 

i .1 cor·!G-:-:m: 

DAI.Ii!<:-HUI 

Cltier En;~ineer 

Ar;socia t.e Clli e f l·:n:;lueer 

Cl1ie r of J nor0anic Laboratory Chemist 

Chief of J\nal;.i-tical Laboratory Analyst 
Chemist 

Chemist 

Ia ter:rreter 

In terpre Ler 

Chemist 
Electrical 

Engineer 
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Production of Fine Chemicals for the Electronics Industry 

By L. P. Vergnano 

3 Furze Hill 
Dorset, BH14 
lNTRODUCTIOH: 

Drive, Canford Cliffs, 
BQL, England. 

Poole, 

This discussion include• the purification or single ele~t:nta ond 

any ~ombination of ele.-menta In a high ordea· or pudt)'. H 1a 

mainly about the pr·uductlon or lnorg1<nlc compo1111c!J, 

On" ehmerit ma)' be comlilned w'lth one or more t!l<:rnenta to give u 

v~ry wide.- vuriety or ~roducts. Frequent))' IL In can)' to remove 

certai11 .mp••ritit!S, bul ii' they 11re closely 1·1:latt:d tu any given 

<Jroup ir1 th•• Pt'l'iodlc Table or have olmlll111· properties, unusual 

"'''thoJ& m-.y to lit! used. Typlcall)' on 01•r;1111nm,,1.allo co111pour11J may 

us•1d tu 11r<1duce o pur•• in•H·gonlc compourid. 

EJ.,m•_.rita with short li:ilf-lives art! not diucu11s•?tl. They arc shown 

iri t.r:.ckets wt1e11 deali11g with individual Oroup11 in the l'eriodlc 

1'al,Jc. 

1'11Hl1'Y t.l::Vl·:t.:;: 

Total metallic in1pudLit!1t is tht! 11um or the t.:lc:1nl!11ts dct.ect."d by 

any uuil11ole 1111alydcal technique and is .. v.µr·.,~·,ed as Lrni in 

partg per million lppm). 

lt is euential t.o u11derst11nil the magnilude of thr.se rigureG. 

M.ist or th!! materials uaed in the preparation ul' t:lectronic 

Chemicals huve their tmi 111 •ht! order of 0.1-10 ppm. Thal is 

I part in 10,000,000 to 1 part in 100,00~which are very small 

quantities. 

·---

Pt11rl111·1irHI n/ l"inc• Clwn1i1·u/.,·.ftw tlir Efl'l'lrrtnin lndrutr.1· 

Ill :i·roH I CAL: 

?ul'lricatior. c:in t1lther be physical or chemical. There are many 

naturul phenomena which occur, typically condensation ar water 

whleh gives a pure material. The earlist applications were 

corrccrned with the ext1·uct.iun or metals. These arts wt!re carried 

out without any theoretlcol knuwlcdge, but often with skills that 

lnlll1~;1tcd lnng practice and a ~ound ar•Pr•·d:itinn of m3terials. 

PurificuLiun curr be tr:iced b:ick to the earliest civilisation. 

The rir11t 1!11,,wnmctal was prcbably gold where it was sim!J1Y 

lll'par·at.:d rr·om ri vca· sa11ds. Thruu£huut the ages ~a 1t has been 

obttdncJ by the cvaporutiun 1·;1 sea water. This is mcst likfly 

th•! car·lieut rorm of purification by crystallisation. 

Frum the cat·l icsl days thcri: ha" liet:n a recqui ri:n:cnt for pure 

mat••riuls 1111 primary standar·d:; in an:.lysis. There has been a 

pr1.grcssive requirement for µurer materials. After the First 

World War the an&lYtlcal grades of materials were the t.est 

availalile. 'l'hc11e eradi:s were llrr.itt!d in numbt!r and quality. 

1'11.:y ilirl nCJt l11cluJc the wi<ll' 1·;,.11gc or ch·ment:i and ~ornpvun:ls 

which ore uvoiloble loda)'. 

•rhe majority or the lanthanid"s were separated by fractional 

crystallis11tion and were nut µurc by modern standards. Salt 

uvai lab It< called 'didymium• which C<•nst ilutcd a mixture of 

ner,dyniium ond praseodymium. Zirconium salts were always 

contaminated with hafnium, and niobium with tantalum and 

vice verse. 
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Fi11t! Cftt'micof.< for tht! Ef<'ctroflics lfl<f11stry 

HEALTH ANO SAFETY: 

Frequently when dealing with unusual or r~rP. nompounds there 

.is little k~own of their toxicity. Under these conditions it ia • 
·essential to take adequate safety precautions when handling 

these materials. Equally precautions must be taken where there 

are known hazards.Request information from the suppliers or raw 

materials or from the local health and safety authority. 

ANALYSIS: 

The techniques applied many years ago a·re crude by today's 

standards. Neverthelesa a competent analyst could obtain very 

a~curate results with simple equipment. 

The main tool used today for materials in process ia optical 

emission spectroscopy for inorganic materials. There ia a wide 

range of supporting methods for both inorganic and organic 

compounds. 

APPARATUS AHO TECHHIQUES: 

In the early days the tools to use and the methnds were very 

crude and laboriou3 by today's atandards, Filtration was through 

cloth and paper. One used simple cystallioationn, fractional 

crystallisation through different solvents and sometimes simple 

or perhaps fractional distillation. Since the Second World War 

there have been ~any new techniques introduced. Ion-exchange 

reain1 have been mede available, better solvents for extraction, 

Prac/11ctlon a/Fifi<' Chemicals for'"" Eft'ctronics lnd1...iry 

vnrioua forms or chromatography• sophisticated zone refining. 

selective decompostion or metal alkyls and many other methods. 

Greater account has been taken or the enviroment with clean 

rooms and glove boxes. I believe the greatest a~d or all has 

been lhLavoilability of modern plastics. Imagine handling 

hydrofluoric acid with only gutta-percha, platinum or very 

pure silver as the only materials of construction to obtain 

pure compounds. 

Temi;err.o.ure control. was very difficult in the regions above 

9oo•c. These days sophi:;ticated controls and furnace elements 

are available which allow easy control and a rapid rise in 

temperature. 

Bvrosilicate glass is available, with vessels or up to 200 litres 

capacity having glass-to-glass seals. Imagine trying to prepare 

high purity materials using soda gl!\ss. ·orka and if lucky 

1·ubbc1· bungs. On the larger scale there would be what would be 

re'garded now a:i poor quality enamelled lron vessel-: for volumes 

above 20 litres. 

To~ay even with a very wide variety of reaction vessels, bearing 

in mind the luw level or impurities required in the end product, 

it is esoential to leach the container with a suitable solvent 

before use. This la particularly necessary when using plastics 

which frequently contain fillers and other leachable impurities. 
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Finr Cl1rmiculs '"' 1/1r Elrr1rm1in /11rlu"I')' 

PREPARATION AND PURIFICATION: 

l can only give general guidance cince there are a v11~t num~cr 

of varying techniques which are learnt over the yea1~. This is 

similar tQ having 'green fingers' in gardening when deciding on 

the best method to •1se. The be11l guide is to cons! der the 

individual elements in th~ same Group in the Periodic Table 

and it is most likely that those eJements in the same Group will 

re1<ct in a similar manner. AdvantagP. can be taken of any com(Jounds 

which may slightly different reactions, in particular their 

solubilities. 

Frequently advantage can be taken of the stability of one 

elem.nt in a diffur~nt state of oxidation a& op~oG~d tu the 

other ir; the same Group. Typically Fe}• i11 a cuo:·Ji11atcd at ute 

is far less &ta~le tha11 Co}•; hence iron can be ~cparated from 

cobalt. 

As general guidance it is best to filter solutions at every 

&tage possible u11rin& the purification. Al\o'uy:; uoe r.eupulour.ly 

clean vcssele a\.all stages. Care must be taken of the working 

area to 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 ~rca. 

Generally it is best to purify the individual element or onP. 

of its salts before combination. Always e11aure that the purities 

of the reagents nre compatible lo'ith the process. There is no 

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

Prnc/m·timr '!f Filk' Chemirnl.< ft>r 1hr Elrctronirs lnd11S1r.1• 

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

converse is also true. 

There are very few inorganic text books which give an adequate 

description of how to purify individual elements.Nevertheless 

it is always worthwhile to look at the standard works. If all 

else fails, look at the possibilities of organometallo or 

organometallic compounds since they are sometimes very easy to 

prepare and can be purified by distillation or crystallisation 

f0ll1~ed by decomposition by heat or a strong acid or base. 

Solubilities and mtlting and L0iling points of the compound under 

purification should be examin~d with great care. 

11.\W MA1't::RlAl.S: 

The:,c mu&t alw11ys be selected with great care. The most expensi"e 

are 11ot always the purest. Frequently a crude material can be the 

purest available. Typically potassium cyanide prepared immediately 

afti-r the initial fusion is probably higher in KCN than in the 

tablet form. IL may CQntain some free carbon, but that is easily 

rPmovcd. Wh~re certain impurities are known to be difficult to 

remove from a given compound, always select a batch from the 

aupplier which is low in the undesirable impurity. For example 

Sn the· cases of hafnium a11d ::irconium; niobium and tantalum; 

alwnys look for one free of the ,ither in each pair. 

In the cases of precious metal and lanthanon compounds it is 

p1·obab1y P.ar.ier to purchase the pure .,lem~·nt unless you are in 

I he pos l t.ion for a high capita 1 investment in plant. 
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Pwd1Kti1m of Fi11r Chrrriicalsfor thr Ele.-1ro11iu lndtmry • 

PERIODIC TABLE: 

Experience has shown that it pays tu look at the Periodic Table 

wh~n attempting any method for separation of the elements. In 

the following text I look at each Group and discuss general methods 

of purification. Elements with short half-lives are shown in() • 

Ta avoid confusion the new proposed format of numbering the 

groups fr•om 1-18 is used si11ce it seems possible that this may 

be accepted by lUPllC. Organic, organometallo and org:mometallic 

cumpound:; are shown separat.,ly. 

GROUP l : Hytlrogen, lithium, sotlium, potassium, rubidium, caesiun, 

( l'r:.uo.: i u:n) , ammo_ni a and i Ls compounds. 

HJdrugnn i3 generally purified hy diffusion methods fallowed by 

aili>cri•tion on specially prepar<!d palladium. The very pure ga::; 

is liter~ted by he1ting. Cornnercially pure hydrogen of a high 

.Har11la1·d iu frcel:t avail:it.le . 

Lithium io available as the carb~nate and is easy to purify with 

the exception of calcium impurities. A soluble salt may be prepared 

and passed thro111:h a cation exchange re:lin in the n• form. Lithium 

cartrnnat" m'l:t be dissolved in col<! aqueous carbon di·~xide. The 

soiutiorr i:; filtered anJ dcco"1posed by heat 

o•c Li 2co} "20 + co2 + 2LiHCO} 
'Heat 

:1.,di•1m an<I pntasoium chlari<l"s may be p11rifie1I t.y filterinr; a strong 

aqlJ•.'ou:; :;o lut i<,n into pure concentrated hydrochloric acid. The pure 

cry:;ta 1:1 are :;eparatcd on a l'i lter, washeJ a11d dried. 
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7' Fini• Chl'mirnl" for '''" f:l1•1·tronics fm/u.<tn· 

Rubitllum 11ntl cacslum are puririetl by l'ractional c1·ystalli~ati.on 

ol' thrdr mlx .. <1 allcali halid.,::,·~g c~Jer., ami c::.1rc1;> Nhl·r" C:i=Rb. 

f.:x:1nii11a.tinn ol' ttll'ir solubilities vill indicate the hl'!!t met.hod 

to r1·move other allcali metalc. To produce the b:1ue the simplest 

melhorl to U!le is the ignition or the almost insol•Jble oxalate: 

(C00Ml 2 ~ M20. co
2 

f • cot (M=Alkali metal) 

Care m1J::t bf! tuken to USP. a v~ssf'l ror thi~ ignition which Is not 

all.ackt.•ct. If plati111 11n is us,.Jc,r.,fully ·1 Pl'CHlllct. vilh tmi lesa than 

~ ppm can b~ obtained. 

lf he3VY metal3 are present in any or the alkali metal co~pounds 

tht:y """ bP.st remnveci by treating an aqu.,ou:; ::olution with 

with hydrogen sulphide under ~eutr~l conditions: 

H
2

S MX2 ~ MS J. 2111. rl•llO?avy metal l 

x=r.atinn). 

AltO?rnalivelY ammonium sulphide mny bt> us1•d. 

Ammonia is easily purified by distillation of an aquecus solution 

and Ji:lsolving the gns in pure water for redistillation int~ 

a pure acid to give the pure salt. Alternatively a commercial 

am11lltilu111 salt m:cy be recrystallbed. lleavy metal:: 31"' rPmov"d 

by tho u3e or amrno11ium sulphide followed by fi ltratio11. 

Advantage can sometimes be taken of the different boili11g points 

or the alkali metals by carrying out a distillation under ~~c~um. 

Typically it is easier to remove all other metals from lithium. The 

problem is very oftPn the vessel to carry out the process. High 

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

Metal Li Ila 

B. Pt. 133t 883 

k 

762 

Rb 

696 

Cs 

F.7n•c at 760 rrM Ilg. 

Pr,.,/111'1it1n <if f'int! Cht•micul.1 for tht' f.f,.,.,,.,,,; .. , lntl11.ttry 

G!ll1UP 2: Beryllium, magnesium, calcium, strontium, and (radium). 

i:·u·i: 1r.u;;t t.c taken when handl inf! ber:;l lium, due to its high 

t0xicily. It is best purified uslne ils ability Lo produce basic 

salls. The basic acet<J!e can be recrystallised from glacial ac~tic 

acid and subli~ed to give a hi~h purity salt. The acetate may be 

d~compased with a suitably pure acid to give a salt. Typically 

beryll.ium chl<iriJe m:Jy be IJl":l>"'r"'d as follow:; 

lle~O(Cll}C00)6 • a11c1 h<•at ) 1113eC12 bC1t
3

COOll t + H2 0 

Calcium, barium and :3trontium are usually contaminated with e3eh 

ot1.,~1· and mJg11.,3iuM. Caref'1l ::;.,1ection or raw materi:il wi 11 

u::u:Jl!y finJ a ~aterial low in magnesium which may be rurther 

redu~eJ by recrystallisaticn or the nitrates. Use can usuallJ be 

:n:idc' or tile varying solubilitif's or the sulphates 

.3u\phate Ba Sr Ca 

In.:reasi11g solubility 

The best method is to saturate a solution of alkaline o.:arth 

nitrate.with sulphur dioxide and oxidise with hydr0gen peroxide 

BaOiO~l~ so 2 1120 ~ baso 3 
+ ?11110} 

u:i::o3 11202 -- llaS0 11 J • "20 

This process &Ives a rinely divided barium sulvhate whi~h, althoufh 

difficult to filter does give a ~ood separation of barium from 

either strontium or calcium nitrate. In aJdltion it will reduce 

the !trontium in calcium nitrate. 

Magnesi•Jrn is best purified by sublimation under vacu .. m at 6nn•c. 
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Fill<' Chemlt'l1(s for tl1r Efeciru11ics Im/us try 

All compounds in Group 2 can be prepared with tmi less than 10 ppm. 

GP.O\JP 3 ScanditJrn, yttrium, lantha11ur.1 anol (actinium). 

The first three are found in association with the lanthanides and 

tend to be difficult to separate by conventional methods. 

Sc3ndium is usually extr1cted a~ the thiocyanate u~ing diethyl 

or iroprnpyl !Lh~r. The ether solution is back extracted into wa~er 

in theprene11ce or excesa ammoniur.1 thiocyanate. The pure scandium 

thi0cyanatc is Jec<JMpo::u:d with a pure acid of the dedri;d ion : 

::r( f;Cti)} 311>'. ~ ScX 3 
+ 3H!":Cll 1' ( Very tnx i c). 

Yttrium lu t•nrrally s~par:ited by solvent extraction or f:~m 

the sr•parati~n uf th~ lanthanideD whi~h may ~t by uulvcct extracticn 

or ion-e~changP rnethnds. 

Lanthanum :s u:;ually obtaine1 as a by-product from the lanthanide 

1011-~xchanE:e sep:irut.i,;n. It is usually fre"' from other rure 

earth5 and mnst of the soluble salts can be recrystallised for 

purification. 

All elp~ents in Oroup 3 can be obtained with tni less than 20 

ppm. FurthHr purification may be achieved by preclpitati0n of 

their n~ar insol~ble oxalates by the addition of nn aqueous pure 

solution or oxalic acid to a soluble salt : 

2ScX3 J(COOHJ 2 
---J 2Sc(COO)J '- + 611X 

Where X is the desired ion and Sc=Y=La. 

Prod11<'1io11 uf Fine Chenikals for tht' Elf'<"tronics lnclusrry • 

The insoluble oxalate is washed with water, separated on a filter 

and ignited in a platinum crucible at 9oo•c 

2Sc(CGO)J 

Where Sc='!=La. 

----t 2Sc20} 

The tml nay be less than 5 ppm. 

• JCO 

anouP 4 Titanium, zirconium and hafnium. 

+ }C02. 

The tetrachlorides can all be prepared by heating the dioxides 

with carbon ira a stream or chlorine 

M02 • 2C + 2Cl2 ~ l"IClq • 2CO 1 

Where M=Ti=Zr=llf. 

.They will vrvh:ibly all contain arsenic, iron, tin and other 

hca•1y mt:tah as conta111inants. Titanium (IV) chloride may be 

purified ~y refluxing with copper powder fol lowed by fractional 

distillation. 

llkfnium and zirconium are difficult to separate but may be 

purifi~d by solvent extraction, usually as the thiocyanate. 

Final purification may be effected by crystallisation of the 

•>xyclichlorides in the presence of a high concentration of 

hydrochloric acid. 

GROUP 5 Vanadium, niobium and tantalum. 

The high melting points or the metals make the preparation or 

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

nitrogen and carbon. The salts will mostly con~ain other heavy 

!hctals • 

I 
I 
1. 

I: . : 
I 
I 
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/:'i111· C/1n111uJ/1/rlf tf1,· t:l<0 rlrtllli<.1 l1hl1utrr 

UJe should be m:1dP. of the ·rnrious state~ of oxidati•,n. ln th<? 

case of vanadium, the oxytrichloride can be easily preparf'd by 

rHfluxing tne pento~{de witn tniun'Jl ~hl0ride : 

''/', l::;C.C\ 2 ~ 1 '/Qr,\~ 3::0,, t 
The o'.(ytrichJ1,ri:lf! may be fra~tio11r1t<·d to give a ·1r:r·'J pure 

product which'"' hyrlrr·,Jy3i5 with water will give a p11r" v.~nadium 

('I) oxiJe 

2VOC1} }fl/J ---4 v2o'J J,. 61tGI. 

Tli is m:.:; bf' furth•!r rr,due.,.i with hyd:"1:t i ne in the 1>re~1encf' of 

ammonium sulphate to give an alu~ which is easily cr'Jstallised 

end on Ignition will give9 very pure vanadium (V) n~ide with 

tmi \e~z tti::i11 Jrl 1'1•"'· 

r:ir;tiiur·1 i:: invctri:.bly associated with tantalum. 'l'hc: hir;h mcltir,g 

p0i11t3 of the metal~ allcw them to be heated in high V'1~uum to 

re~~VP ~ost metallic contaminants 

1'.e lt ir•c p.,ints at. 7lO mm He : !lb 2h6B•c Tu 30~J•c. 

The (V) chlorides are easi l'J formed by dlrect com~inaticn of the 

m•.•t.:.t ~nil ch\0rir.e 

:·rib 5r:1 <' ----+ ?tit Cl I 
) 

( Whe rr. 1111 ='!';,) 

!::11t.lim:tli"11 c:m in:r1°(1'/t: 11ualit/. Tr,.,('/) ~hlorioh::i :it'<.' •):i.:iily 

h'J·lr"Jly:;1.-d tr. give tho: (V) oxl11" 

('!H c' ·, 'Jll .!\i ~ Plb 2o5 ' + \OllCl o:i.i:re llt1=1'a) 

GROllP b Chrrmlum, mr1\yb•l•:n11m and 1.uncntPn, 

l:lll"•nii111n ('fl) ox l·I" m:ry t, .. r•••·ry::l c1l I i::r·1l l.l11••11wt. r•1q11•1•ul 1•:il.•:<I 

uit 1·i~· a1·lt1. 'l'h" u:ci1lt· t.1•ir1~ l•·~:~~ ~olubl•! in 11ilrl1· :1\'i•l t.ha11 

w;d,o:r·. Thi:; n ... 1.1,.,11 wi 11 ci·1,. :1 1•1°11rlucl with tmi l<':::: 1 h:111 10 PP"'· 

/lri 0./11ctllVI ••/ 1-rrh' ( '/11•1111nJls /or tl1c· l.:lt·c·tro'1ic\· lttd11.ttr.\' 

The 3c-1:alled ammonium molyb<late or commerce may be purified by 

recrystallis:iti•m in excess of aqueous ammonia solution. The 

amm1.mium ('H) n:olybdate so forr.-ed is filt~rrJ and tr·eat.ed with 

pure ni!.ric acid to give molybdic acid : 

(Nlltil/10" + 2HllO} ----t ll)'loOll l ;'NH 11 Nnj 

Sub~equent wa:;hing wi 11 effect further pur i fi cation to e;i ve 

a mat.,rial wit.h tmi les:; than 10 PP'"· 

:::odium tungstate may be recrystallised from water and lr~ated 

with nitric acid in a sinilar manner to arn~onium molybdate; 

this will give tungsten (VI) oxi·lt• : 

t1;.i
2

wo 4 21!110} -t wo 5 J. • ll/'l • ::'IL1tlllj 

!::ubsequ<?nt washing will give a product which en Jryin~ m~y 

have tmi less than 10 ppm. 

GROUP 1 Manganese, (technetium) and rhenium. 

Pure mangant-se metal ma:1 be obtained from the electrolysi.3 of 

m:mg:ine:>e aulphate In the pr•:senc<? or ammonium sulphate. Purther 

p11ril'i.,:1tion may be effected by Jissolut iPn in nit.ric :ici<I 

which i11 tu1·11 1nay be h"f.llc•I t.11 ei·H· an oxioh-

Mii .. ~11111)} ___.. M,.(llo ~ l ;> + :in~>o + ='tlfl .! t 

Mn(tmjl,! 
___, Mn02 2N02 t 

Although manga11ese (IV) oxide is indicated, the '!omposition or 

the uxid~· varie:1 with th" temperature. M:igrll'sium, which is a •?<Jmmon 

l1111.,11·i1.y,1na'J 111.' 1·cr.1 .. v1:1.I hy w:u:hir11• lh1· oxi•h· in Jllul.1• nitric aci1I 

iu whiel1 1t. in alh111nt ln:;1lluhl••. A pr111hu~t. Mith lmi h~~~ t.hau l~> 

1>1,n1 c:m he anticipatcJ. 
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Rhenium metal may be purified by heating rhenium metal in oxygen 

i.t200·JOO•c. This will form the rhenium (VII) oxide : 

~Re 702 ____, Re 2o7 1' 

which may be sublimed at 25o•c to a material with tmi less than 

10 ppm. 

GROUP 8 Iron. ruthenium 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 tt.~ iron (11) 

chloride: 

Fe + 2HC1 __, FeC12 + "2 t 

Ir this solution is treated under reducing contlitions 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 or other iron compounds. 

Ruthenium may be purified by passing chlorine through an 

solution or a ruthenate giving the highly volatile ruthenium 

(VIII) oxide 

K2Ru0q Cl2 __, Ru0 11 f 2KC1 

Thia oxide may be distilled to a product with tmi of less than 

10 ppm. Care rnust be taken to avoid contact with any organic 

materials incl~Jing plastics with which it can explode. 

Osmium metal is Ch&ily purified by burning in pure dry oxygen 

to give the highly volatile osmium {VIII) oxide : 

Pr"'1Mr1ion of Finr Chemirals for rhr Elrrlronirs lndwslry 

011 + 202 ---~ Os0 11 t 

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. Nev£rtheless care Must be to avoid contact 

with reducing agents. 

GROUP 9 Cobalt. rhodium and iridiuM. 

Cobalt of commerce invariably contains nickel. iron and manganese. 

These impurities may be removed by the formation of co3• ammine 

complP.xes. The complex is washed with a suitable acid which will 

removr the impurities since they do not form a corresponding 

complex. 

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

rhodium met.al 

2Rh + JC1 2 
~ 2RhCl J 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 

~ith various solvents to give a substantially p~re chloroiridic 

acid. 

GROUP JO 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 fro• dilute nitric 

acid: 
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Ni 4HNO} ~ Ni(N03l2 2N02 t + 2H 2o 

2Ni( NO}~;? -- 2NiO 4N0
2 

t 02 'f 

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

Arnmine compounds or palladium are easily prepared by treating 

chlorapalladous acid with aq~eou3 ammonia : 

H2PdC1 4 2HH 3 --4 Pd(NH}) 2c1
2 

l 

The diarnmine which is precipitated may be washed in rurther 

hydrochloric acid, washed free or ~cid with water and dissolved in 

an excess or ammonia solution 

Pd(Nll}l 2Cl 2 2NH 3 ~ (Pd(NH-,l 4 } Cl
2 

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 tetrarnmmineplatinum~ 

(II) chloride. 

GROUP 11 : Copper, silver and gold. 

All the metals may be puriried byf!}ectrolysis. Nev~rtheles3 it 

is best to carry out some initial chemical processing. 

Electrolytic copper may be dissolved in nitri~ acid : 

Cu • 4HN0:5 -- Cu(N03)2 • 2N02 "t + C>a.., 

The nitrate so rormed may be riltered cold, the solution evaporated 

andprecipitated with pure concentrated nitric acid. After the 

cry~t~l~ ar~ separated they will contain tmi les~ than 5 pp~, if 

Produc:tir n of Finr Chemicals for rhe Electronics lndusrry 

a carerul choice or raw materials is made. 

Silver chloride is prepared by the addition or pure hydrochloric 

acid to an aqueous solution of pure silver nitrate 

AgNO} + HCl -- AgCl l + HNO} 

The chloride may be dissolved in an excess or :tquec .1ia 

3olution. The ammine complex is explosive if dried.· ~reat care 

must be taken to keep ~et. The solution is filtered and heated with 

dextrose in the presence or sodium hydrox:de to give 3ilver metal. 

This may be waahed with water giving material with ~mi of less 

than 5 ppm. 

Chloroauric acid i= prepareJ ty the dissolutisn or geld in aqua 

regia and boil!n~ with an excess of hydrochloric acid. The solution 

is cooled and ri lter'!'j to re!':cve any inso•uble silver chloride. 

Sulphur dioxide is passed thro~gh ~he solu~ion to precipitate 

gold : 

2HAuC1 4 ~502 H2o -- 2.\•J l + 3H2so4 + 8HC1 

Subsequent washins with water will give a product with tmi less 

than 5 pprr .. 

GROUP 12 Zinc, cadmium and mercury. 

These thre= elements may be distilled to puriry. although cross 

contamination can be a problem. 

Cadmium compounds rnrm soluble complexes with ammonia solution. 

~ 
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Finf! c·11,•mirdh ,.,, tllf! ElcT(ronir:s /n,/1utr)' 

Filtration after treatment with ammonium sulphide will remove 

other he~vy metals. Suffic(ent acid is added to give a partial 

precipitation f.ollowed by filtration. This is followed by the 

ad~ition or further ammonium sulphide to give a faint precipitate 

and once more filtered. Gentle ignition will break down the 

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

Electrolytic zinc is relatively pure. Further purification 

be effected by by dissolution in sulphuric acid : 

Zn + H 2So~ ~ ZnS04 • "2 t 

may 

An aqueous solution of zinc sulphate is pass•?d through a spec' . ly 

pr~pared alumin~ eolumn which removes heavy metals. Other 

ini1;111'itil!':; may be r•~moved by t1·eatin~ 3 neat· neutral solution 

with hydrog~n sulphide follow~d by filtration. The pure solution 

is electrolysed using platinum electrodes. M~tal with tmi of less 

than 10 ppm may be obtained. 

Mer~ury ls purified by recristallisation of the nitrate followed 

b~ heating to decompose in two stages 

Hg(N0})2 ___.... HgO + 2N02 t - Hg + l02 f 

Final distillation under reduced pressure will a product with 

tmi lesG than 1 ppm. 

GROUP 13 Boron, aluminium, gallium, indium and thallium. 

Very pure boron can be obtained by distillation of boron 

tribromide followed by reduction under hydrogen 

2BBr} JH2 --- 21l • 611Br t 

PmJ11rtiim t1f f1111• Clu·miml< jiir tf1<• El<".-tmnir.f lnd11stn· 

Zone refining under hydrogen can give boron with tmi of less 

than 5 ppm. 

Commt:rcial 3luminium usually has a high iron content. This can 

c;in be removed by dissolution in hydrochloric acid 

21'\l 611Cl -----'> ?AlCl} + 3112 t 

The s~lution l3 then passed throu&h an anion-e~chan~e resin in 

the Cl- form where the iron is removed as the (FeCl~) ion. 

The ~o lut ion is ril tered and evaporated and the hexahydrate is 

obtained by the addition of pure c .. ncen.r·;,ted hydrochloric acid. 

After separation and washing with hydrochloric acid the tmi are 

le::" lh;,n ':> ppm. 

Gallium uaually con~ains aluminium, copper and mercury as the 

maj;;ir impurities. Me·r·curJ may be removed by heating to a high 

tcr.1perature in a stream of hydrogen since the boiling point 

of .,;all iurn at 760 mm Hg is 206~ •c. Further puri fic:i.t ion can be 

effected by recrystallisation under we~k hydrochloric acid. 

Since the melting p~int is 29.B•c this is very simple, but 

does r~qulre expertise in s~paration. 

Al 1 ·in.Hum halides .. ay be prepared by the direct combination 

of •he elements. Disproportl.onation of t"le icwer halides in 

different solvents can effect good purifL.,ticn. Typically 

indi~rn(I)chloride can give indium(III)chloride and after washin& 

in1ium metal with tmi less than l ppm 

·}Incl -- 21nC1:5 • In ~ 

A furt.her purificati.on is made by zone refininE; • 
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Thallium ucuall' contains a wide varieL7 or impuriLies, in 

particular lead, cad~ium, nickel, zlnc and palladium. The best 

int.ial purif'icn"tiorl is dis:;ulutinn of the.met.'11 in nitric add: . 
Tl + HN03 - Tl!IO} + ~112 t 

Advantage should be taken in the solubility or thalliumll) nitrate 

in hot and cold water, 4&1100 ml at o•c and 593,91100 ml at I00°C. 

Rccry5lallisation is an obvious choice. This is followed by 

decompooition with sulphuric acid : 

2TlNO} + 11 2soq ~ T1 2so4 2HllO} j 

Electrolysis or the sulphate will give a thallium metal with 

tmi less than 5 ppm. 

GP.OIJP 14 Cnrbun, silicon, g"r~nnium, t.in and 11:.0:1d. 

The majorit7 of the hJdrocarbons can be purified by distillaticn. 

these ma7 be burnt in a deficiency or ox7gen to give pure carbon. 

There has tii.!\!n more work been carried out Gn silicon than any 

other element in recent years. Purification or silicon(IV)chloride 

i~ the be9L i~itial utep, usually by bnili11g und~r r~flux 

with copper powder, which forms an arsenide with the arsenic 

which i3 generally present. This is followed by fractional 

disti1lation. Hydroly~is of Lhe chloride foll~ed by boiling gives 

sili~nn(IV)oxide 

3iClq + 2H 20 - Si02 1. q11c1 

The insoluble oxide may be further washed to purify. Elemental 

oilicon may be obtained by heating the chlorid~ with carbon at 

a high temperature. The final pul'irl<::ition ir. bJ zone refining. 

PrU<luc tim1 of f"inr Chmtit•ul.f for tlrr Elrc·tr1mio lt1Justr)' 

Tin m• tal ln<•Y b>< hcatc•I in a stream of chlorine to give 

tin( IV )chloride 

Sn + 2C 12 -- SnClll f 

The ~hlpride is fractionally distilled and treated with 3n 

aqueou::; sclut.ion of ammonium chloride to give ammonium 

hexaehlorostannate: 

SnClq + 2NH 4Cl -- (Nllq)
2
SnC1 6 

which may be purified by recrystallisation followed by electro-

lysi::; Lu give a ~ure ~ctal with tmi less than 5 ppm 

Germanium is available in many crude forms and is frequently 

fou:.d in the resi<.iues f::-um zinc smelting and flue dusts f1·om 

coal burning. It io best treated by fusion under re•lucing 

comliti•,n:J with iron powder whet·e an alloy is formed. Th~ allov 

is ground and treated with chlorine in acid solution to give 

iron(lll)chloride which acts as a chlorine carrier and in turn 

is re·luced to iron(ll) chloride giving germanium(!'.;) chloride 

2fe + :5Cl2 
~ 2.FeCl :5 

4FeCl} + Ge -- GeC1 11 't + FeC1 2 

2F'eC t 2 + Cl 2 
___.. 2FeC\:5 

The pr:cess is carried in the precencpnfaqu~ous hydrochloric 

acid atid the gern .niurr.U'/)chloride is distilled at 8~·c which 

·may be fractionally dlsti lled in the presence of cnprer 

foiJ. llydrolysis with water gives p:ermaniurn(IV}oxide 

GeCl- • 21120 -- Ge02 .1. + -llCI 

which r.iay w"ll have tmi less than 5 ppm. Tbe oxide may b» 

... 
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reduced under hydrogen to givP germaniurn metal : 

oeu 2 + 2112 Oe + 2H
2
o f 

Tht:0 noeta I iG t.tren zone roflnerl to have less tlr:in I ppm mt:ta1 lie 

l11111u1·i l il.'n. 

Lead\ll)acetate is the simplest lead salt Lo µurify although 

calcium mai be difficult to reffioV~ ~lcctrol~~is can give a 

metal with t~i less th~n 5 ppm. Alternat;••IY lead(IV)acetate 

may te crystalli~ed using gl~c'.al a~Ytic acid J3 a ~olvent. 

!Lf;OUP l 'j "itro~cn, pnonphoru~. ar~enic, anti~ony and bis~uth. 

rHtro::gen c1n be oh•.ainerl c~mmercblly in a high ·~rder of purity 

since it is th~ p~oduct from the fr~ctional distillation or air. 

Extremely pur~ nitr0gen may be o~tained by th~ careful decompo-

sition or :;u.!iurr. aLiolc by he:iti.11g. This matel'ial i;; explasive 

~r11l suit:i.bl~ precnut.il:.ns must ,...e t..aker : 

~flail, 
... 

----.> 
jll2 ' 

+ ?.N:1 

Wh;te ph0;;phJr~~ ffiay bu washEd with ~ool dilute ~Grtium hydroxide 

l'ullvwed l,;t w·J:;hinl!'. with watt·r. A further W'l~h 1dth co'll dilute 

sulphuric acid iz followed by further wa:;hir.,,; with water. This 

prcceD5 ~u•l be c3rried out wi~h gnod extractian in case the 

toxic phcs~hinc is liberated. Steam distill~tlon will give a 

mut~rial with tml less than 5 ppn. Altern'ltivrly the phosphorus 

chloritl~s may be fractionated. 

Arscnic(lll)cxide is dissolved in concentrated hydrochloric 

rro.tu,·rim1 of F;,., Chrminr/1 for thr £/rcrronit's lncl'"rnrr y 

acid by heating under reflux followed by good filtration and 

hydrolysis wit.h a l<trgc' excess of water. The reaction is reversitle 

•m•I l':iv,>ura the form:nion uf ar:;enic( £11 )chloride In the presence 

ol' iil>~n c1,ncc11t.1·:itiona nf hytlrochloric aeid 

~ 

611Cl As 2o
3 

+ 2AsCl} + JH 20 

Pure elel'lental arsenic may be · ')t.l!ned by reduction with carbon and 

su~limation under high vacuum 

As203 + JC --- 2As 1' JCO f 

An•.im•rny( llilchloride may be purified by fractional distillation, 

the h..::1rl !"r:ict.icn cnr.t:tining th<' major i.11purity, namely ars•mic. 

~'.''''·"'Qll•'rtt hydrolyds wi 1 l give antimony ( lI I )oxych 10ride 

St;Clj + H2C ~ !;bOCl & + 2HC1 

Thi~ la washed with water followed by boiling with aqueous ammonia 

soluLlnn to give antimuny(lll)oxide : 

c!~bOCl 21lll 3 + H~O 
____. Sb 20} 1 • 2NH 11 Cl 

After wa~hing free of chloride and drying the product will have 

tmi l~sc. than 10 ppm. 

Bi~routh metal of commerce is relatively pure. Further purification 

~ny be cl'fcctcd by dissoluti~n in strong nitric acid to form 

t.L~muthi It I) ui tr:ite : 

Bi + 61ltl0} -- Bi( NO})} + Jll021 + 1120 

The nitr~te may be recrystallised from nitric acid followed by 

hydrolysi~ to give bismuth(lll1oxynitratc : 

Bi (110})} H20 - BiOllO} l + 2HNO} 
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Flnr Clirmicalsfor rlir Ekcrronics lndusrry 

which may be waahed with very weak nitric acid, separated 

and subaequently heated to give biamuth(III)oxide 

"8iot10 3 -- 2Bi20, + 11No
2 

t + )02 t 

The material should have tmi less than 5 ppm. 

GROUP 16 : Oxygen, aulphu~, selenium, t~llurium and (polonium). 

Commercial oxygen is obtainable usually in a v~ry high order or 

purity since it is s product from th~ fractional distillation or 

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

or hydrogen peroxide. 

Sulphur ia purified by the dissolution in carbon disulphide 

followed by filtr~tion and recrystallisation. Alternatively slow 

sublimat~on can give very good results. In either case the tmi 

should be less than 5 ppm. 

Elemental seleniumia burnt in oxygen and the vato~r maf be 

passed through fuming nitric acid to give selenium(VI)oxide 

Se + 02 -----* Se0
2 

r 

Thia may be resublimed to give a product with tmi leas than 

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

form selenous acid and reduced with hydrazine hydrate ~o give 

pure elemental selenium 

Se02 

H2seo
3 

+ H20 

+ N2H11 

--- H2seo3 

Se_. + N2 1' + )H 20 

Tellurium or commerce i1 usually contaminated with selenium an~ 

.. 

l'roJuction of FiM Cliemkals for the Electronics Industry 

sulphur. It is dissolved in nitric :\Cid at a low temperature to 

give a basic nitrate : 

2Te + 91rno 3 --4 Te2o,coH)No3 + 8N02 t + ""20 

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

~ellurium(IV)oxide : 

llTe 2o,coH)No3 ~ 8Te02 + 2H2o t + llN0
2 

t + o2 f 

This may be dissolved in hydrochloric acid to give a solution 

of tellurium(Vl)chloride 

Teo2 + llHCl ~ TeClll + 2H2o 

which after filtration is reduced with hydrazine hydrate to give 

ele~ental tellurium 

TeCl4 • N2H4 -- Te' + "2 t + llHCl 

which, after washing and drying should ha e tmi less than 5 ppr.i. 

GROUP 11 Fluorine, chlorine, bromine, iodine and (astatine). 

Fr~e fluorine is rarely required unless for direct combination. 

Ammonium hydrogen fluoride may be recrystall~~ed rrom water and 

heated gently to give a relativel; pur~ hydrofluoric acid : 

NH 11HF2 - HF f + NH 4F 

Alterna~ively 601 hydrofluoric acid may be treated with lead 

carbonate which forms lead chlorofluoridc and chloride. Both 

are insoluble and 111ay be removed by filtration. Tr-.atment with a 

1olution or oarium hydroxide followed by filtration wlll remove 

the 1ulphuric acid as insoluble barium sulphate. The acld ia 

adjusted to' about -01 and distilled in a platinum or a pure 

ailver apparatus to tmi less t.han 20 ppm. 

... 
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Fint Chemicals/or lhr Eltclrcmic:s /nJ1u1cy 

Commercial chlorine is best condensed at ·}4.6•c in a bath 

or solid carbon dioxide and acetone. Thi• may be repeatedly 

vaporised and condensed while ~on-condensa~le gaeus such as 

nitrogen and oxygen are removed bJ ·distilling under high 

vacuum using liquid nitrogen as a coolant. Pure hydrochloric 

acid is obt'ained by repeatedly distilling the 20. 241 constant 

boiling mixture which boils at llO·~. 

Bromine is easily purified by a distillation at 58.7e•c 

over potassium bromide, which removes th~ ma\n volatile impurity 

which i1 chlorine. Bromine ma1 also be dried by distillation 

over phosphorus(V)oxide. 

,. 
Iodine is easily puriried by very alow sublimation in a glaaa 

casserole. Ir chlorine or bromine are present the crude material 

should be mixed with potasaium iodide. Iodine can also be 

purified by steam distillation. 

GROUP 18 Helium, neon, argon, krypton, xenon and (radon). 

All these gases are available in a high order. or purity and 

are mainly obtained from the fractional distillation or air. 

LMlTHANIDES : Cerium. praseodymium, neodymium. samarium 

europium, gadoliniWll, terbium, dysprosium. holmium, erbium, 

thulium, ytterbium and (promethium), 

Lanthanum ha• already been discussed under Group '· 

Produc1ioll of Fine Chmrical:s for rlw Elrctronic:s lndusrry 

Ce~ium ia easily separated since it is unusual in the lanthanide 

aeries in exhibiting a atable II+ oxidation atate. Advftntage ie 

taken· or this when separating from the other lanthanidea. 

The remainder or the aeries may only be separat.ed bJ a co.11bined 

system or ion-exchange resins using specific buffers for the 

elution.Thi• ia supplemented by solvent extraction. A1vantage la 

taken or an1 variation in oxidation atatea. All the lanthanidcs 

have the 3•, but others such as europium, samarium an~ ytterbium 

exhibit the C!+ atate. Where insoluble salta such as europiu111(U) 

sulphate exist thef can be used as method or separation. 

All the metals may be prepared by heating the oxirte or fluoride 

\o high temperatures with either calcium or lanthanum metal under 

high v11cuW11. Frequently aublimation is u~ed as a method or 

purification. The majority or the metals and compounds can be 

obtained with tmi leas than 20 ppm or better. 

~ 

ACTINIDES : Thorium and uranium (the remainder have short 

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

Indus tr)'). 

Thorium ia usually available as the (IV) nitrate and is ~sually 

quite pure. Further purific11tion may be effected by dissolution 

in weak nitric acid and recrystallising. A pure aolut:ion of 

oxalic acid is added to a filtered aqueous solution of the 

nitrate to precipitate the almost insoluble tho1•ium(IV)oxalate: 

Th(N0,)11 • 2(COOH) 2 - Th(COO)ll 1. + llHNC.' 
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Fint Clttmic-als for tltt EltctrDfllcs Industry 

Thia is followed by washing with weak nitric acid and water. 

After 1eparation the material i• ignited in a platinum dish at 

~~ 

Th(C00)4 -- Th02 + 2CO 1 + 2co2 T 

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

Uranium is unually 3vailable 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) 

2U02 (N0
3

l 2 + 6NH
3 

+ }H2o ~ (NH 4) 2u2o
7

). + llNH 11 No
3 

This is washed thoroughly with water and dissolved in excess 

ammonium carbonate solution to give ammonium dioxotricarbonato-

uranate(IV) : 

}NH 4Hco 3:NH2COONH4 + (NH4l2U207 - 2U02C032 BNH4)2C03] 

+ }NH} 't 

This salt may be recrystallised from water, separated and 

ignited at 2oo•c to give uranium(VI)oxide : 

uo2co 32Rr1H 11 >2co31 ~ uo 3 + llNH} 'T + 2H 2o t + 3C02 1 

Heating to higher temperatures tends to give lower oxides. 

The anticipated impurities should be less than 10 ppm. 

OROANIC MATERIALS 

There is a wide variety or high pudty solvents used for cle.aning 

and the preparation or electronic devices. All the standard 

,. ' ... 

ProductiDfl of Fint Clttmicafsfor rltt EltcrronicJ lndwiry 

Organic methods or purication are used. Many methods s•1ch 

aa chromatography which at one time would not be considered a 

practical production method are now used to produce quite 

large quantities or materials. Many specialised methods hav~ 

been developed ror production. Organic chemicals for the 

Electronics Industry is a rast growing business. 

ORGANOMETALLO MATERIALS 

Alkyl and aryl derivatives or many elements are purified as 

intermediates to prepare elements and compounds with a very 

high order of purity. Frequently these are compounds of mercury 

and lead which require very specialised techniques and usually 

costly apparatus due to their high toxicity. Neverthele~s they 

play an important part in the Electronics Industry. 

The following indicates some of the materials that are available 

2nd 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(C2h
5

oJ 11 + 2H 2o --""'* sio2 i + llC 2H
5

0H 

After washing and ignition the tmi should be less than 5 ppm. 

Tetrati~opropoxytitanium, bp 58"C/l 111111 Hg is fractionatPd in 

glass under vacuum and treated in a similar manner to silicon 

alkoxides to give titanium dioxide 

Ti(C}~lo) 4 + 2H20 -- TiOc l + llC)HlOH 

After washing and ignition the tmi should be less than 5 ppm. 

,. 
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Fint C ntmicals for 1ht Elrctronics lndwiry 

OROAllOMETALLIC MATERI!. l • .3 

Orignard rengent1 are frequently used in the preparation of 

organometallic compound1. There 11 a wide variety alkyl complexe1 

that are uaed for metal-organic vapour phase depooition (MOCVD) 

which gives epitaxial layers. They are ueed bJ paeaing a carrier 

gas through the liquid or heated aolid organometallic compound •• · 

Typically trimethyl gallium may be prepared aa follows : 

Jllg(CHJ)2 • 2oaer
3 - 2Ga (CHJ)) 't • 3HgBr2 

Trimethyl gallium is separated by distillation and for MOCVD. 

Moat of these compounds are highly toxic and frequentlJ 

pyrophoric. Various compounds of aluminium. cadmium, indium. 

tin, selenium, tellurium. tin and zinc are used. In addition 

hydrides are frequently for epitaxial growth layers. 

COllCLUSION 

I have given a bri.ef out line showing some or the methods used 

in the manufacture of high purity chemicals and elements or 

a base from which other compounds ma1 be prepared. Do not accept 

that these are the onl)' only methods or purification for a 

given raw material. It is wiser before starting a process to 

examine all the impuritiea in the raw material and tailor make 

the process. Do not worry if the route la unorthodox; it may . 

work. 

~ ..... 




