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ABSTRACT 

Nuclear Fuel Bureau of Ministry of Nuclear Industry 
(MNI) of China has experiences of diffusion enrichment.
This paper describes the developaent & co■parision of the 
different enrichment techniques. It deals with the 
renlrifuge development currently being undertaken in China. 
It also describes the status of R & D worl about Laser 
Isotope Separation. The paper concludes with our 
preference of develop■ent programmeon uranium enrichment.

THE DE~A.'iD A.'iD SlWPLY OF l'RANIUM ENRICHMENT SERVICE 

Tlie deYelopment of uranium enrichllent depends on the 
need of mi ti tary and civi tian purposes, especially the 
tat l er. Thu,, the construction progruae of the power 
reactors gives strong commerci~t incentives for the furher 
rrsrrarh and de\'etopment of uraniu■ enrichllent 
tedmologies. 

In resent years, the forecasts on installing nuclear 
electricity generating capacity has been restracted 
gradually. Based on early forecas t s in 1970, a require■ent 
of aLoul 42 million separative work units <MSWU) was 
predicted for 1980 in the weastern countries. Major 
acti\"ities were w1dertaken to avoid an expected shortage in 
the supply of enrichment services. The U.S Depart■ent of 
Energy (DOE) Legan the CJP and CUP progra■mes to increase 
the capacity of their exist ing three diffusion plants in 
the United States. In Frence the EURODIF plant was built 
and in addi lion the USSR entered the ■arket for enrichment 
ser\'icrs. In parallel, the UREXCO partners developed and 
ins talled centrifuge enrichment plants in the United 
Kingdom, the Xetherland and the Federal Republi c of 
Germany. As a result, in 1982 a total diffusion capacity 
of about 37 mi I tion SWl: per year <MSWU) was reached in the 
we s tern countries. 

However, from 1970 to 1987 the requirement forecasts of 
$\IT ha,·e shown a declining trend. Maybe the drop in the 
pri ce of oi t and the two accidents of Three Mi le Island and 
Chernobyl are the main reasons . The current demand to fuel 
the power reactors is estimated to be about 25 MSWU/ yr. In 
response to the declination, the major suppliers of 
enricl1ment services in the world market na■ely DOE, 
El"RODIF, l'RE\CO and TECHS'.,ABEXPORT have taken actions. The 
Oak Ridge diffus ion plant of DOE was placed in standby in 
1915. Thi, redured the capacity in the United States by 
7.; ~~~T/ yr. The DOE uranium enrich■ent complex of the U.S 
gmrrrunent operates two gasf.ous diffusion plants with a 
,·apacity of 19.2 million SWU per year. 'Although the 
r!i ffus ion proC!' ~s i s a malurr, te chnology DOE has made 
:- igi:i fi rant impro\'ements and as a result the technology is 
more compe 1 it i \'e lhan •,;a, .P roj er- t ed in the 1970' s . In 
1983, lheir tu1i t cost of produc tion was $ 90 per SWU. 

El.'RODIF i~ a European supplier of SWU. It also utilizes 

gaseo11!, ,!iffusion, with an insta_tled capacity of 10.8 
mi! lion '.>\IT per )'.'ttt. A,, a supplier, EURODIF maintains a 
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strong position. Its diffusion plant construction is 
co■plele and it has so■e expansion cap~bility without ■ajor 
invest■ents. 

URENCO uses the ■ore energy efficient centrif~ge 
technology, and is known for its highly co■peti tive 
pr1c1ng. Today URENCO has a production capacity of 2. 3 
■ill ion SWU per year. 

TECHSNABEXPORT, the sales agent of Soviet Union, has 
supplied enriched uraniua to European utilities ever since 
the early 1970 's. The Soviet Union utilizes the gaseous 
diffusion process. Currently, TECHSNABEXPORT has about 2-3 
■illion SllU available per year for sate to wes tern 
countries. 

Co■paring the current de■and to fuel reactors of 25 NSllU 
with the total existing capacity of 34-35 MSllU/yr, 
including the USSR exports, results in a over capacity of 
9-10 MSWU/yr. 

Futher■ore, the projected de■and in the nineties is to 
increase only slowly fro■ 25 NS1U in 1987 to about 35 MSWU 
in the year 2000. With the existing Cl!paci ty of 34-35 
MSllU/yr, one can expect that throughout the nineties the 
world's enrichllent capacity will be sufficient to ■eet the 
predicted de■and. 

The above situation that the supply exceeds the de■and, 
and that the de■and is predicted to increase only 
slowly in the nineties ■eans that the existing enrichers 
will have to face fierce co■petetion for new contracts. To 
have better technology and cheaper SWU costs is the only 
so lution. 

China is a developing country, we are planning to 
develop nuclear power in suitable scale to ■eel the power 
shortage throughout this century and thereafter, the 
existing diffusion plants in China can support our 
devetop■ent of nuclear power generation, but their 
production is not enough for the nuc lear power plants 
scheduled during the nineties . According to our policy of 
se lf reliance and independence, attention has been paid to 
meet the demand of SllU both do■esticatly and economically. 

GASEOUS DIFFUSION 

This method has been used in a nuaber of countries 
France and U.S as well as USSR continue to offer couerciat 
services based on this technology. 94~ of the designed 
present enriched capability is by thi s process. It is a 
mature e_nriched technology. The plant can be operated for 
a long period of time with high reliability. The main 
components are sturdy and have quite tong lifetime. 

The principle of gaseous diffus ion is well known. It's 

enrichment factor for uraniua separation is very less, the 



\'alue so far reached is about 2x 10·•. This is why the 
process has to be repeated in ■any stages to obtain a 

useful roncentration of enriched UF6. The econo■icat scale 
of a diffusion plant is accordingly quite large, of the 

order of several millions of SWU per year. It could not 
be easily or inexpansively adjusted to accouodate changing 
demands. 

The specific energy consumption for this process is very 
hiyh. about 2400 K\t,1! .-SWl' for DOE and EURODIF. · 

China has had experiences in the field of uranium 
enrirhment for many years. The diffusion plants in China 
ha\'e p layed an important role both for the military and for 

the c ivi liau purposes. To meet the demand of nuclear power 
s tations, enriched low concentration product of good 
qualit y has been supplied lo the plant for ■anufacturing 

fuel elements for the PWR nuclear power s tation. Some of 
the produc t has been exported. The tong period of 
suc ce5s ful operation has proved that the diffusion plant 

i s depen~ahte. Through lon9 terms of research and 
deve lopment we have been able to improve the plant 
effi c ienc,· and raise i l s productivi ly, for example, the 

s trnrt ure effi c iency of the diffusion cascade is more than 
97~. We are capable of designing and ■anufacturing 

different types of diffusing machines. We also have the 
e.,periences 

inslalling, 
handling of 

in designinL constructing 
operalinL maintenanc~ as well as accident 
diffus ion plant. Recently, since the price of 

elec trcity is increaseing, to reduce the spending on energy 
r unsumpl ion we have been adjusting the rate of production 
of the plants according to the seasonal price of the power 

suppl;. Because our plants are moderate iu seal~ their 
speri fi e investment and power consumption are comparatively 
hiyh. HU\, e\er by the lime when the existing plants are 
complet ely depreciated, but the ma chines are expected to be 
s ti l l in good working order, the wlit cos t of SWU will 
certainly Le much tower then. 

r.AS CE:-TRirCGES 

The theory of separation by gas centrifuge s is also well 

hnuwn. Ou fir 5I principle, the enri chment factor of the 
gas centrifuge proces s for L'F6 is much higher than that af 
yu seous di ff us ion process(liy J- 2 orders of magnitude) and 
the spec ifir power r onsumption is much lower (by about a 
fa , l or of l JO) . As a con5equenre of former, for the same 
,l egree of enri ~hment, the number of stages of a centrifuge 
r-a:;,·ad r i s ruud1 less than that of a di [fusion cascade, and 
the economi c scale for a centrifuge plant is also much 
, ioall er. Furtl1ermore, the centrifuge plant can be built up 
b, mo<iul er unit s of much smaller size, allowing the plant 
i:1, :nt ll'<i on a , t ep Ly s tep basi s, making the plant s ize 
more fl e.,ible to meet the changing demand, as well as 
al lc;,i n~ nr~t y im11 ro verl version of the centrifuge to be 

u, erl a~ •ar ty as poss ible . 

Thr 011l put of a •rntrifugr i1wrpases \'cry fas t with the 

CNS URANIUM & ELECTRICITY 6 - 5 

increase of the rotor peripheral speed. The ul ti11ate 
allowed speed of a rotor depends on the ■aterial used for 
the rotor construction. The choice of rotor ■ateriat is of 
pri■e i■portance. 

China started the investigation of the centrifuge 
process. in the late fifties. During the first stag~ we 
carried out applied research on the mechanical and physical 
aspects of the ■achine as well as the choice of the rotor 
■ateriat. Until now we have developed ■any types of 
centrifuges in which the rotors are ■ade of aluminium 
alloy, ■araging steel and carbon fiber reinforced plastics. 
The output of the centrifuge has shown obvious increase 
through the increase of the peripheral speed of the rotor. 
We have also obtained so■e useful infor■ation aboitt the 
centrifuge service lifeti■e as well as its failure rate on 
the old ■odels. We ai■ at operating ■any thousands of high 
speed rotating rotors in a plant continuously for about ten 
years or ■ore with no ■aintenance. The non-■aintenance 

policy is preferred si ■ i tar to the policy of URENCO, since 
the output of our ·centrifuge is ■oderate.On the latest ■odel 
■any studies have been ■ade after its successful operation. 
Cascade of the latest ■odel ■achines is expected to run 
better than the old ones. We believe our des igning and 
manufacturing process will be proved to be successful. 
Alongwi th paying ■ore attention to the i■prove■ent of 
manufacturing process for ■ass production and the 
centrifuge service lifeti■e as well as the economics of the 
centrifuge plant, we are still doing a lot of research and 
develop■ent work to improve the ■echanicat and physi cal 
properties of centrifuges ■ade of different ■aterials. 

LASER ISOTOPE SEPARATION 

The possible high selectivity of the Laser Isotope 
Separation (LIS) ■akes this process very at t ractive, 
especially the tail assays could be lower than that of the 
diffusion and centrifuge process. LIS is divided into two 
categories, namely the Molecular Laser Isotope Separation 
<MLIS) and the Ato■ic Vapor Laser Isotope Separation 
<AVLIS) according to the separating ■edillll used. With the 
future in mind, the United States and other countries are 
today actively developing the AVLIS process, in the United 
States separative work at a factory cost of $ 30 to $ 45 
per SWU has been predicted. Although the LIS is quite 
attractive, ■any ■aior problems have to be solved. As 
laser light is one of the ■ost expensive light source one 
has to use it very efficiently. The requested energy 
densities require pulsated laser systems with a high 
repetition rate. Problems regarding the endurance of the 
optical systems have to be solved to keep the ■aintenance 

cost at sufficiently low levet. This means AVLIS hasn' t 
been brought to technical and commercial maturity. 

China has developed LIS technology from early 1970' s .Both 
routes, MLIS and AVLIS were i nvestigated, but with initial 
emphasis on the molecular route since the use of Lf6 as the 
working gas is well established in enrichment technology of 
diffusion and centrifuge processes. The two r outes were 



pursued in parallel until 1985 when fro■ a assess■ent of 
srienlific progress and financial situation, it was decided 
to ptare primary emphasis on the atomic route for ■ore 

detail R & D work, although we haven't sl oped the ■otecutar 
route completely. We had confirmed the principle 

experiment of AVLIS in 1985. Studies of a three photon 
ionization process have · been widertaken in several 

lnslilules which belong to MN! and Academy of Science of 
China. We have been pursuing an integrated development 

programme of AVLIS which wi 11 extend early ninties wider 

the organiza tion of MN! in China. We wi tt emphasize the 
fotlo\'.'ing studies. The copper vapour lasers which provide 
the light power needed for the process will continue to be 

developrd for higher power and longer ti fe. Spectroscopic 
work ~ill be continued with the objective of finding energy 

levels which would enable U-235 to· be ionized ■ore 

effi c iently. The urani11.111 vapour properties, electron bea■ 

gun and techniques for the separation of ions fro■ 

w1charged atoms are being explored by our Institutes. 

Application of tl1ese techniques to urani11.111 vapour, and the 
subsequent product and tail collection and handling will 

also be inves tigated. It is programmed that we could be in 

a leclu1ical position to install a pilot AVLIS separation 

dHice . in the early 1990's .. We hope we can confir■ the 
priority of centrifuge and AVLIS by the turn of the century. 

CO'.\CLl'S I O'.\S 

China is a developing cowitry, we have to develop 

nuclear power generation to meet the serious power shortage 

particularly in the east sea shore and remote areas. To 

meet the SWl' demand of nuclear power stations, according to 

the self reliance policy proper arrange■ent of the 

development program.me on uranium enrichment is quite 
important. Since our diffusion plants are reliable SWU 
supplier, we intend to use the diffusion plants to supply 
the enriched uranium for nuclear power stations throughout 

1990' s a.nd 2000 atongwi th the economic improve■ent of the 
diffus ion process. After Cutty depreciation we believe it 
can give the enriched uranium with acceptable cost. 

Arrording to our experience on the centrifuge, 
parti cularly the centrifuge process is· much more flex ible 

than diffusion process to meet the gradually increasing 
demand and Lower speci fi c power consu■ption, we would tike • 
to use the centrifuge plants to supply SWU also. In the 

meantime we' t l do our best to improve the econo■ics of the 
proce ss . We'll pay more attention to the investigation of 
centrifuge service lifetime & failure rate as well as the 

manufacturing process to raise the passing rate. We 
think after surressful improvement the spe_cific investment 
of the process wi ti be Lower, so that wider our condi lion 

1hr S~T cost of centrifuge process coutd be tower than that 
of lhe diffusion process considering the possible increase 

of power prir.r. 

As lo LIS, much R & D work are being widertaken, 

particularly on AVL!S. We hope we can confirm the priority 

of the r·entrifuge and the AVLIS by about the turn of the 
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century since it isn' f ■ature technology for uraniu■ 

enrich■ent. 
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