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Preface

Professor Wang Dexi,formerly a polymer chemist,now a famous expert of nuclear chem-
istry and chemical engineering,member of Academia Sinica and the awardee of National“May
Ist”Labor Medal,was born in a scholatly family in Beijing in 1913. His ancestors came from
Guanyun County of Lianyun Gang City in Jiangsu Province.

After graduating from the Chemistry Department of Tsinghua University in 1935, he
took two years’ graduate course in the same university and ,with Dr. Zhang Dayu,a celebrat-
ed professor of industrial chemistry as his advisor,he devoted himself to the studies on the
preparations of organic azo compound by electrolytic reduction and of rayon pulp with farm
cellulose byproducts as raw materials. Then the“July 7th”Lugouqiao Incident broke out and
Tsinghua University had to be moved southward. He then once worked on the development
of explosives for Jizhong (Central Hebei Province)Military Command of the Eighth Route
Army.

At the end of 1938,at the invitation of Professor Zhang ,he joined the Southwest Asso-
ciated University, Kunming, as an assistant in the Department of Chemical Engineering,
where he continued his studies on the pulp preparation. After repeated tests, he tried with
“two-step”instead of “one-step”alkali digestion method to reduce the consumption of alkali
and chlorine required for bleaching and succeeded to obtain a pulp,of which the contents of
a,B and 7 cellulose completely met the requirements of pulp for rayon fabrication.

In 1940,he was granted a scholarship for graduate study in the United States and en-
tered the Department of Chemical Engineering of Massachusetts Institute of Technology
(MIT)in September 1941. His doctoral dissertation was on the preparation of sorbitol ,a pos-
sible substitute for glycerin,by electrolytic reduction of glucose. During those years ,sorbitol
was classified as a controlled material for military purpose. As a result,this piece of work was
not published.

In May, 1946, he received his doctorate and came back from the U.S. without hesita-
tion. In January,1947,he joined the Department of Chemical Engineering of Nankai Universi-
ty, Tianjin,as a professor.

After the birth of New China in 1949, professor Wang worked hard day and night to syn-
thesize plastics with home-made pyrogallol and furfural and obtained a thermosetting plastic,
which was the first in the world at that time.

In 1952, following the reformation of high education system in China,he was transfered
to Tianjin University as the Chairman of the Department of Chemical Engineering. He also
taught several courses on “Principle of Chemical Engineering”and “Polymer Chemistry”in
these universities. Besides administrative work and teaching, Professor Wang continued to
plough in the field of polymer chemistry,aiming at the synthesis of the glass fiber reinforced
plastic of unsaturated polyester,which could be a promising substitute for iron and steel. Af-
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ter carefully screening the initiators and promoters ,controlling their concentrations in the re-
actants to adjust the polymerization speed, he finally succeeded in making a car body which
was both strong enough and beautiful. Together with his graduate students and young teach-
ers ,he wrote quite a few papers in this area.

In 1956,he was invited to join an experts team to draw up the “Twelve Years’ lLong-
Range Plan for National Science and Technology Development”. In this team, he was in .
charge of compiling recommendation reports on two special projects,“Rare Metals” and “Ti-
tanium Metallurgy”, which were highly valued owing to their farsightedness and high aca-
demic level.

The year 1960 witnessed the period for quickening the pace of developing China’s atomic
energy. At that time,the central government authorized the Second Machinery Ministry(i. e.
Nuclear Industry Ministry) to select a number of specialists and scholars from universities ,
research institutions and from chemical and petroleum industries to work under this ministry
80 as to strengthen the leadership of various departments of atomic energy researches. Profes-
sor Wang was among them and was appointed Deputy Director of Institute of Atomic Ener-
gy- He was mainly responsible for the organization of R and D work of nuclear chemistry and
chemical engineering and analysis. With high conscientiousness, he sticked to the principle of
seeking truth from facts and initiated a strict high quality working style. These were the
guarantee for fulfilling various tasks on schedule with high quality.

Early in the 1960s,Professor Wang led and organized the development of the detonator
of nuclear weapon——ignition neutron source. At first,three key-task teams were formed to
work on three different schemes. He went into the midst of the young scientists to help them
overcome difficulties. The young workers were deeply impressed by his working style. Later
on,one of the schemes was adopted, which played an important role in China’s nuclear
weapons tests. The other two schemes also laid foundation for some other applicationsA con-
cerned with weapon development. All the above work was awarded the National Science
Congress Prize in 1978.

Professor Wang also personally organized the scientific workers concerned to determine
the TNT equivalent for several nuclear weapon tests. According to his suggestion,the mea-
sured data were checked with several methods before being sent out. This work was favor-
ably appraised and also won the National Science Congress Prize and National Invention
Award.

In tackling problems concerned with the production technologies of UO,,UF, and UF,,
Professor Wang was in charge of the analyses of these products with reasonably high sensi-
tivity and accuracy. He gave lectures on the error theory and data processing in analytical
chemistry so as to ensure the high quality of the work. Finally, all the analytical methods
were accepted and played an important role in quality control of these uranium compounds. In
the field of radioactive waste treatment,work on cementization, bituminization and vitrifica-
tion was carried out under the leadership of Professor Wang. He is also active in promoting
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the technical exchange and cooperation between China and other member countries of JAEA
in this area and had been invited as an advisor of the International Radioactive Waste Man-
agement Advisory Committee during 1988~1992.

Professor Wang’s most outstanding contribution to the development of China’s atomic
energy is in the field of nuclear fuel reprocessing. He actively supported the proposal to
change the precipitation process which was designed based on the former Soviet informations
into solvent extraction process,and pointed out that the key problem would be the emulsifi-
cation caused by radiolysis during the extraction process. He submitted a proposal to the min-
istry leaders ,making suggestions to test and solve this problem. At the beginning of 1964 ,an
investigation team including experts concerned from inside and outside the Second Machinery
Ministry, headed by professor Wang, was formed to inspect the operation conditions of the
solvent extraction setups in various research institutions and factories and investigated the
emulsification problems and solvent quality. After that ,Professor Wang led the emulsification
experiments of the solvent extraction process with highly radioactive spent fuel dissolutions
and several hot tests of the solvent extraction cycles. He directed on the spot to help the sci-
entists there to solve the technical problem. The results of the hot tests fully demonstrated
the excellent performance of solvent extraction process and provided important scnentlflc ba-
sis for the decision-making of the ministry leaders to change the precipitation process into
solvent extraction process. In January,1968,a reprocessing pilot plant based on solvent ex-
traction process was put into successful operation at one stroke. This plant timely provided
the first batch of plutonium loading for China’s nuclear weapon. The adoption of solvent ex-
traction process to a large scale reprocessing plant resulted in the reduction of the plant’s
built-up area,lowering of the consumptions of stainless steel and the reagents,and the saving
of enormous investment. This plant was built one year ahead of schedule and got very good
beneficial results. Professor Wang played an important role in this major technical innova-
tion.

One of Professor Wang’s favorable practice is to go to the library to do literature sur-
vey. He is keen at grasping the frontiers of scientific problems and supporting researches in
these areas. He is the first in our institute to notice the unique features of crown ethers which
might increase the separation factor of isotope separation by chemial exchange method,and
he actively initiated to establish a research group for crown ethers studies. Through a series
of studies,fairly good results were obtained with single separation factor up to 1. 036 for ¢ Li/
"Li and 1. 0007~1. 001 for U /**U. Professor Wang warmly supports the work of Liquid
Membrane Group. This group has developed a new type liquid membrane called electrostatic
pseudo liquid membrane. This technology avoids some drawbacks of the conventional liquid
membranes , for which this group has taken out several Chinese patents.

In 1980, Professor Wang Dexi was elected to be the member of Academia Sinica. In
1983,he was appointed the first Chairman of Science &. Technology Committee of China In-
stitute of Atomic Energy. He built the functional structure and established working principles
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of this committee. Under Professor Wang’s leadership, this committee effectively audited a
series of major research projects,examined the long-range plans and evaluated some major re-
search results ,thus giving full play to the role of advising on the decision making of the ma-
jor scientific and technological problems. He also actively supported to establish the Youth
Science Foundation of the institute and the “May 4th” Youth Academic Symposium which is
held once a year. These have forcefully promoted the growth of the young scientists. He holds
a concurrent post as the member of the Standing Committee of Science & Technology Com-
mittee of Nuclear Industry Ministry. In the end of 1990,he was elected to be the third presi-
dent of the Chinese Nuclear Society. He has been serving as the Chief Editor of “Journal of -
Nuclear and Radiochemistry”and the Standing Deputy Chief Editor of “Nuclear Science and
Engineering"for many years ,making considerable contributions to raising the academic level
and reflecting the most up-to-date developments in neclear science and technology.

Professor Wang showed great concern for China’s nuclear power development and pro-
moted its start. He gave lectures and put forward proposals at the meetings sponsored by Na-
tional Planning Committee ,National Science Committee and the Chinese Nuclear Society. For
instance, he stands for the establishment of an optimized national nuclear fuel cycle system
and the construction of fuel reprocessing plant for power reactors in China;for the uranium
isotope separation,he suggests that chemical method should also be looked into besides cen-
trifugal and laser methods ;he advocates on the multi-barrier isolation method for the disposal -
of highly radioactive wastes and proposed an early start of the ultimate disposal projects for
nuclear wastes and building of National Waste Repositories. His proposals have been sup-
ported by experts and adopted by the leading authorities concerned.

Showing great foresight,Professor Wang pays great attention to personnel training. As
initiated and promoted by him,the Graduate School of Nuclear Industry was founded in 1985
and he was appointed to be the first director of the school. Taking infinite pains,he rushed
about from place to place for running the school. He concerned himself with setting up the
various departments of the school ,the raising of funds ,the collecting of facilities , the offering
of courses and the appointment of teachers,etc. In his advanced age of 70s,he returned to the
platform to give lectures to the graduate students on “Chemical Engineering Thermodynam-
ics”,wrote outlines and designed problems for the course. He is now the honorary director of
the Graduate School. He renders special trainings to the top students from the “Nuclear Pow-
er English Training Course” run by the graduate school,for which he is W;lrmly received by
the students. It is with Professor Wang’s efforts that the graduate school may become the
base for training the qualified scientists. Besides the administrative and teaching activities,
Professor Wang continues to direct his master and doctorate students to study in some fron-
tiers of science and technology,such as the sorption,retention,diffusion and migration of the
radioactive species in the geological formations and various barrier materials and their chemi-
cal behaviors in the underground water. In recent years,he has trained quite a few master and

doctorate students in the fields of separation science and technology and actinides chemistry.
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He also lectured in the “English Training Course” of our institute to improve the spoken
English of our scientists.

Professor Wang possesses rigorous scholarship and is strict with his work. He is skillful
in coordinating people from various departments to work well jointly. He concerns himself
with state affairs,and pays attention to the ideological and moral education for the young
generation. He teaches by personal example as well as by verbal instructions. He is enthusias-
tic, optimistic and full of confidence to life. He is now entering into his advanced age of 80,
but still healthy and hearty in spirit and brimming with vigor. He has a beautiful singer’ s
voice and his music accomplishment has long been known. An article of his exposition about
music is attached in the end of this selected works,as an example to show some of his de-
lights of life.

To sum up,Professor Wang Dexi is a fruitful scientist of noble character and high pres-
tige. This selected works not only acts as a historic record of his career of scientific research-
es and teachings,but also serves as an enlightenment to us,especially to the young and mid-
dle-age scientists. We wish Professor Wang good health and a long life, making yet new con-
tributions to the cause of China’s nuclear science and technology.

Sun Zuxun
President,CIAE
May, 1993
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Electrolytic Reduction of Meta-Halogen-Nitrobenzenes
to the Azo-Compounds

BY TA-YU CHANG (3 K#8)AND DEH-SHI WANG (GEfEER)

(DEPARTMENT OF CHEMISTRY ,NATIONAL TSING HUA UNIVERSITY)

The course of the electrolytic reduction of aromatic mononitro-compounds has been
thoroughly studied by Haber!! and it has been found that azoxy-,azo-,and hydrazo-com-
pounds were the normal products of the reduction. Many methods for carrying out the elec-
trolytic reduction were found in literature,but the best procedure for alkaline medium was
described by ElbsJand Miiller'®!. Following Miiller’s method ,however,it was impossible to
obtain the azocompounds of the mono-halogen derivatives of nitrobenzene by electrolytic re-
duction, since the corresponding azoxy-compounds were sparingly soluble in the medium
(75% alcohol saturated with sodium acetate) and could not be further reduced. This was the
property utilized by Elbs and Kremann!?) to prepare m -dichloro-azoxy-benzene. By modifying
the apparatus described by Miiller ,using a rotatory cathode instead of a stationary one,and
using an alcohol solution without sodium-acetate ,the present authors have found it possible
to reduce meta-chloro-,meta-bromo-,and meta-iodo-nitro-benzene with fairly high yields.

EXPERIMENTAL

The electrolytic cell consisted of a 400 cc. beaker in which stood a porous pot,10cm.
high and 5 cm. in diameter. The anode consisted of a rectangular strip of lead sheet bent into
the form of a cylinder. The rotatory cathode consisted of 2 100-mesh nickel wire-gauze cylin-
der. A long stout copper wire was threaded through the meshes of one end of the gauze-cylin-
der and welded. The remaining part of the copper-wire was then bent to such a position that
the cylinder would rotate around it as axis,and,after passing through a mercury seal,the oth-
er end was sealed onto a glass rod fitted to a motor. The connection between mercury and the
copper axis was made by welding a short copper-wire which was bent in such a way that it
would rotate freely in the mercury seal around the axis. Another copper wire dipped into the
latter and served to connect with the outside circuit.

Anolyte ;Saturated solution of sodium carbonate.

Catholyte ;1/20 mole of the meta-halogen nitrobenzene in 60 cc. of 75% alcohol. (The m
-chloro-nitrobenzene used was prepared from m -nitroaniline through Sandmeyer-Gatterman
reaction,the m -bromo-nitrobenzene from nitrobenzene by direct bromination with iron pow-
der as catalyst,and the m -iodo-nitrobenzene also from m -nitroaniline through Sandmeyer-

Ghttermann reaction. )




The anolyte and catholyte were heated to 70 C. and poured into the cell and pot respec-
tively. The rotatory cathode was set in motion and the electrolyzing current adjusted to 5~6
amp. Fresh,cold 95% alcohol was added from time to time into the pot to compensate the
loss by evaporation. After the theoretical amount of electricity (5. 35 amp. hrs. ) had been
passed through, the catholyte was poured out into a beaker, and the pot and the cathode
washed clean into the latter with a mixture of alcohol and acetic acid. After allowing to cool
to room temperature,the mixture was filtered and the precipitate washed with alcohol and
then with water. The crude products were in all cases orange-yellow in color,and did not give
definite melting points,because they were contaminated with some azoxy- and possibly a lit-
tle hydrazo-compound as impurities.

Method of Purification :Since the azo-, azoxy-, and hydrazo- compounds exhibited near-
ly the same solubility behavior in ordinary solvents,it was quite difficult to separate them by
recrystallization. For the bromo-cmpound, it was found that pure 3, 3'-dibromo-azobenzene
might be obtained by repeated recrystallization from a mixture of alcohol and acetic acid, but
the yield was low and the process laborious. For the other two compounds the pure azo-com-
pounds could not be obtained even by this method. Basing upon the fact that the azoxy-com-
pound would undergo a rearrangement into an alkali soluble compound'’? and the oxyazo-ben-
zene and hydrazo-compounds a rearrangement into an acid soluble product——benzidine™*!,
on treatment with concentrated sulfuric acid, while azo-compounds are not affected by this
treatment,the present authors worked out a very satisfactory method for this purification.

The dry crude product was dissolved in the least amount of hor concentrated sulfuric
acid. The solution was stirred and kept at 250 C. for a few minutes. It was then cooled,
poured into a sufficient amount of crushed ice with vigorous stirring, filtered and washed
with water. The precipitate was transferred into cold dilute sodium hydroxide solution and
stirred. The mixture was filtered again and washed first with dilute alkali and then thorough-
ly with water. It was then dried. It might be further recrystallized from a mixturc of alcohol
and acetic acid,whereby fine crystals with sharp m. p. were obtained. The final results ob-

tained are shown below

RESULTS

Average Yield of Products
Products 3-3'-dichloro-, 3-3'-dibromo-, 3-3'ditodo-azobenzene
Quantity of 5. 6 amp. hrs. 5. 44 5.45
elect. used
Current eff. for 5. 8¢.89%. 6.9g.80. 3% 8.9¢.78%
crude products
Current eff. for 4.8g.74%. 5.9¢,70%. 7.2¢.65%

purified products
Porperties of the Pure Products

(1) 3-3'-Dichloro-azobenzene ; Orange needles from a mixture of alcohol and acetic acid ,




m.p. 100~101C. It was found to be identical with that of Laubenheimer'*! and was insolu-
ble in cold alcohol,cold acetic acid, and water; quite soluble in hot alcohol and acetic acid,
ether and benzene. This compound had already been prepared electrolytically by Wi.ilfiggm,
but in presence of sodium acetate and with lower yield;no exact procedure was given.

(2) 3-3'-Dibromo-azobenzene . Orange-red needles from a mixture of alcohol and acetic
acid;m. p. 124~125'C; insoluble in warm alcohol or cold acetic acid ;quite soluble in boiling
alcohol ;very soluble in hot acetic acid,ether and benzene. It was identical with the compound
described by Gabriel™.

(3) 3-3-'Diiodo-azabenzene; Long dark red needles from acetic acid or a mixture of
acetic and alcohol; m. p. 150C. It was identical with the compound described by of
Gabriel™. It was found to be hardly solube in hot alcohol or cold acetic acid, but easily solu-
ble in boiling acetic acid ,cold benzene and ether.

All these products were found to be soluble in concentrated sulfuric acid ,forming red so-
lutions which darkened on heating. A drop of such a solution on a porcelain spot plate ap-
peared yellow in color. This behavior might serve as a simple test to differentiate them from
the azoxy-compounds whose solutions in concentrated sulfuric acid were also red,but a drop

on spot plate appeared still red.

SUMMARY

(1) The meta-halogen-nitrobenzenes were electrolytically reduced to the corresponding
3-3'-dihalogen-azobenzenes with fairly high yields by using a rotatory nickel gauze cathode
and a catholyte of 75% alcohol without sodium acetate.

(2) A new procedure was worked out to purify the reduction products by utilizing the
different behavior of azoxy-,azo-,and hydrazo-compounds against concentrated sulfuric acid.

(3) The purified products were found identical with the known ones, and their physical

properties and solubility behavior are described.
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