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I 

The t o p i c s  ass igned t o  t h i s  committee i nc l uded  thermodynamics, 

thermochenl istry,  phase e q u i l i b r i u m ,  gaseous s t a t e ,  c o l l o i d  chemis t ry ,  

su r f ace  chemist ry ,  and i o n  exchange. I n  t h i s  sec t i on ,  t o p i c s  have been 

d i v i d e d  i n t o  t h r e e  ca tego r i es  : Ion Exchange, Thermodynamics ( i n c l u d i n g  

thermodynamics, thermochemis try, phase equ i  libriurn, gaseous s t a t e )  and 

Col l o i d  Chemistry ( i n c l u d i n g  c o l  l o i d  and su r f ace  chemis t ry ) .  The m a t e r i a l  

r e p o r t e d  i s  based on r e t u r n s  f rom ques t i onna i res  cover ing  each o f  t h e  

t h r e e  p a r t s ,  t h e  genera l  surveys conducted by t h e  Chemical l n s t i  t u t e  o f  

Canada, i n t e r v i ews ,  and personal  know1 edge. A c t i v i t y  in these f i e l d s  i n  

Canada has been judged i n  two ways: F i r s t ,  on t h e  number o f  graduate 

s tuden ts  per fo rming  research i n  these areas i n  Canadian U n i v e r s i t i e s  1) , 
as shown i n  Tab le  1. Second, on t h e  research  expend i tu res  f o r  u n i v e r s i t i e s  

and research  i n s t i t u t e s ,  governmental l a b o r a t o r i e s ,  and i n d u s t r y ,  as 

shown i n  Tables 2, 3 and 4, r e s p e c t i v e l y ;  these da ta  were ob ta i ned  f rom 

t h e  genera l  survey o f  t h i s  r e p o r t .  

The p e r t i n e n t  p o i n t  o f  Tables 1 t o  4 i s  t h a t  research  i n  

thermodynamics, i o n  exchange, and c o l l o i d  chemis t ry  i s  smal l .  O f  a l l  t h e  

graduate s tuden ts  i n  departments o f  chemis t ry  and chemical eng ineer ing ,  

Tab le  1, 2.9% were per fo rming  research  i n  thermodynamics, 1.8% i n  c o l l o i d  

chemis t ry ,  and 0.3% i n  i o n  exchange. Research expendi tures i n  u n i v e r s i -  

t i e s  and research i n s t i t u t e s ,  Table 2, were g i ven  o n l y  f o r  t h e  t o t a l  o f  

a c t i v i t i e s  o f  Committee 11, and t h i s  an~ounti s  o n l y  2% o f  t h e  t o t a l  research  

1) 	Graduate Students a t  Canadian U n i v e r s i  t i e s  i n  Science and Engineer ing,  

1967-1968, Na t i ona l  Research Counci l ,  Ottawa, January 1968. 




_ ____ Graduate Students_ Per-fo~-ii~i____ rly Research _ cs ,-_____-_ --__ in Tl~ermodynanii 
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Nova S c o t i s  Tech 


Saskatchewan 

Sher-brook 
Sirnow Fraser 
S i r  George Hill iarils 

T o t a l  ~~uillbcro f  
/--,

graduate  students 
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TABLE 2 

Research in Universities and Research I n s t i t u t e s '  

Operating Expenditures ( i n  thousands o f  do1l a r s )  

Opera t i  ng Major Maor T o t a l  
Expenditures Equipment Insta l la t ions  

Thermodynamics, Go1 loid 
Chemistry and Ion Exchange 4 2 3 . 0 ~ )  59.0 

6 s  2 b , ' t  ' 

Total s f  a l l  6 . 1 . 6 . ' ~  areas 20,774.0 4063.0 

2. Manpower ( i n  man years) , . *  .- I . 

Academic Postdoctoral Graduate Bechnicians Total 
Pel 1ows Students 

Thermodynamics, Col 1 o i d  
'Chemistry and Ion Exchange 25 15 58 

Total s f  a l l  C . 1 . 6 . ' ~  areas 1042 378 2178 598 420% 

a 
The operating expenditures were divided as follows : Basic research II 

I .Appl ied research 1.3% 

Oevel opment 02% 



TABLE 3 

Research i n  Governmental Laboratories 

,1, (in thousands of dollars)( 7 , :-

- FEDERAL PROVINCIAL 

Basic Appl i ed Develop- Total Basic Appl ied Develop- Total 
=- ment ment 

Colloid Chemistry 30.0 60.0 30.0 120.0 1 0 0 (25.0)~) (25.0)~) 
-

Ion Exchange 0 0 0 0 0 0 
'Ir7 ,  .' 

ThermocBglnamics e d i . ~ . ,  x1.0 0 0 0 0 
-

- 2 : - J Q  

Total of all research in governmental laboratories = 1 

i -.9 < I\ I .; P >  -. 3 r i  : ' I  d I2 . ( i n  man years) i ' s  , 

-
Ph-D. Is BS & MS Technicians 

- Colloid Chemistry 7b) 0 sb) 
Ion Exchange 6 0 0 

- Thermodynamics 13 0 5 

Two projects on soil chemistry which were classified as part of Committee 16,- Agriculture and Food Chemistry. Part o f  this fund could probably be classified 
a s  ion exchange. 

-- b, Includes 1 Ph.D. and 2 Technicians involved in soil chemistry, see footnote a .  



Basic Appl f ed Developrnsnt Tota l  

Thermodynamics, Colloid 
Qeni  st ry ,  and I on  Excllange 

Tota l  o f  a l l  Industrial 
Research 
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sinlpl e niol ecul cs have not been determined. ' A  n~ot lerntechnological 

society shou ld  make a t  leas t  s modest, concerted e f f o r t  t o  increasing 

the  store of thenotlynan~icd a t a  as well as developing nevi experimental 

procedures and methods o f  correlating data .  Csnadi an c o n t r i b u t i o n s  t o  

thermodynamics have been re1atively small except f o r  a few excel l'ent 

researches o f  the National Research Council. 

Currently t l ~ e r earc about 15 principal investigators ~ c t i i ei n  

thermodynar~~i and the i r  aboutcs s ts-Fi  including graduate  students t o t a l  

50. Piore t h a n  half of the principal  invsstigators have been i n  thc .  

f i e ld  less t h a n  10 years and one-third are  j u s t  beginning. I n  the year 

1965-1966 no group had a budget as large as $50,000 and 314 o f  the 

groups operated on les: t h a n  $20.000 per annum. The ri~ajor source o f  

funds were  governmenta l  agencies. 

The most active f i e ld  o f  i n v e s t i g a t i o n  has been vapor-1 i q u i d  

equil5brium. Thesc i n v e s t i g a t i o n s  yield the Gibbs free energy o f  mTxing 

and infomiat ion on other  excess properties o f  solutions. Direct i n v e s t -

i g a t i o n  of excess properties i s  another a c t i v e  area. In order  of decreasing -
emphasis, research 5n thermodynamics may be placed i n  the Pol lowing order:  

1. 	 Phase equi l ib r ia  

8. Solid-gas (vapor) 

2. 	 Excess thcisnodyoam'i c properties o f  so1utio;ls 

3. 	 Vapor prsssure and/or P-V-T itud-ic;. 

Corrcl a t i o n  and p r e d i ct ion m2thods. 




6 

4 .  	 Equation o f  s t a t e .  

5. 	 Chcn~ical rcaction equilibria ,and pure 
con~ponentproperti cs . 

One f ac to r  1i m i t i n g  research activities in thermodynamics is  

the l ack o f  t r a i n e d  personnel . Recently, f o r  example,d pro fes so r sh ip  

a t  a major un j ve rs i t y  was not f i l l e d ,  because tione o f  the applicants 

seemed t o  be qualified. Subsequently, a young Ph.D. was appointed a t  

a loner  level. Some types o f  research are n o t  pursued because the  

equipment requi red i s  t o o  expensive and cornplicated and v:ould require 

a full-timz t echn ic ian  t o  maintain it. 

Suggestions made t o  t h i s  conini t t e e  inc lude:  

0 a A system o f  cont inu ing and certain research grants t o  be 

establ ishcd. 

2, An immediate increase i n  f i n ~ n c i a lsupport t o  unlversfty
a4 

professor:s for t r a i n i n g  o f  t he  required personnel.  E s t i m a t e s  

o f  the i nc rease  required var ied  from 25 t o  100'6. 

3. 	 Research a c t i v i t i e s  are spread  thZnly and scldon~reach tha 

crl'tical s i z e  for  o p t i n ~ ~ i mproductivi ty.  Establishment of a 

few centers o f  special i z a t i o n  secm desirable. The N a t i o n a l  

Research Council represents one o f  these centres o f  spec i a l i z a t i on .  

/ 

In a d d i t i o n  to these rdcomaendatfons a sn~allcontinuing program 

should be devoted t o  increasing the  store o f  ther;nodyni:mlc d a t a .  These 

invcs t i g a t i o n s  are prec i se  "da ta  ga the r jng"  opera t Ions 2nd are not  s u i t a b l e  

for  acxd~ti i i ic7k~lork~ 



Colloid C l l e n ~ i s t r yi s  the  s t ~ ~ d yo f  systems whose properties are 

-
- .  

de te~mincdprincipally by the cx tcn t  and nature o f  surfaces or  interfaces.  

The subject fo r  purposes o f  t h i s  survey inc ludes ,  the basic science o f  

d i spers ions and surface phe na b u t  exclude some specif ic  and p a r t icul ar 

topics t h a t  are considered by o ther  committees, such as chernisorption, 

hetcrogenous ca ta lys is ,  electrode processes, corrosion, biological systcnls, 

f l o t a t i o n ,  chromatography, cloud physics, dialysis  , paper electrophoresis, 

The significance of  c o l l o i d  chemistry i s  apparent  across the  whole 

spectrum o f  science .and technology. O f  the i n d u s t r i e s  li s t e d  i n  the 

"CKClassification o f  I n d u s t r i e s  1967" almost a14 can be I d e n t i f i e d  as 
-5 

i n v o l v i n g  processes dependent on surface phenomena and many o f  t h e i r  

products (da i  ry products, rubber, adhesives, paints  , soaps, l ubri cants,  

e.=. f n k s )  are col l o i d a l  systems. A contriubtipn t o  the survey stated e ' 8 e  * 

-- . . for  p u l p  and pape r ,  this  i s  the most  iaiportant sub-d-iscipl inc i n  

-
chemistry". Col lo id  

other diverse f i e l d s :  

and sur face chen~l'stryi s  no less Important  in 

meterology, soil science, a i r  and water p o l l u t i o n  

-- 

-. 

s and p u r i f i c a t i o n ,  biophysics and t a r  sand exploitation. 

In a l l  o f  the major countries, intkrest  i n  co l l o id  chemistry 

2)has decreased sharply s i n c e  about  1945 in many physical chcnlistry 

- - 

departments o f  universities this s u b j e c t  was replaced by courses and 

research i n  rnolecul ar structtire and quantum chemistry. In s f c : . ~  

. - I ns tances  col l o i d  chernis t r y  has  reappeaked b u t  usual l y  i n  chemical 

* 

2) 
---- e 

For the p l i g h t  o f  academic work i n  colloid chemistry i n  the Vni ted 
S t a l e s ,  c. f .  the "introduction" t o  , ,Chcri~istrya n d  Physics o f  Inter-.-
f a c e s ,- P~nicriconChen~icalSoc ie ty  Pub1 icst ions,  Mesh ing io~~ ,O . C . ,  
b 6 5 ,  pp. v l i - v i i i .  I 

- -- 
. 

k 



eng inee r i ng  departments.  The l a c k  o f  acadchic leatlership and t r a i n i n g  

-- -"., seems t o  be the prinlary cause o f  the dccline i n  c o l l o i d  chemistry i n  the  

last  20 years. The d a t a  reported i n  Tablc 1 arc  somewhat niislcading as 

more t h a n  half o f  the entries refer t o  work on physical adsorption. 

-..- The h is to ry  o f  colloid and stirface chemistry i n  Canada i s  a 

fragniented story. Threads can be traced t h r o u g h  r r a r t i n ~ echarcoal sorption 
-

and chenlical warfare studies and several men prominent in the f i e l d  have 

- - this background.  However, a c t i v i t y  i n  t h i s  f i e l d  has apparently ar isen  

a t  various times and places as demand and individual in te res t  have 

developed. The research a c t i v i t y  i n  Canada appears t o  be thinly spread 

over a l l  the sspects o f  the subject. 

Consensus as t o  signi f icanisdvances and neglected areas i s  no t  

appa ren t  i n  the rep1 i e s  t o  our quest ionnaires.  This i s  taken as a 

further indication o f  the  d ivers l ' t y  o f  the f i e l d  and o f  the vierrpojnts 

and knorrlcdge o f  the respondents. Two subjects (adsorpt ioi :  snd floccula-

t i o n )  i n  f a c t  appeared as areas of' s ign i f ican t  advance and as areas  o f  

neg lec t .  few subjects 5n either l i s t  were n~ent ionedby aorf t h a n  one 

respondent . 
All consultants f e l t  t h a t  collo4d chen~is t ryrras a neglected 

f i c ld  and t h a t  expttrision was vrarrsnted. Several f e l t  t h a t  expansion 

was in lperat lvc .  part-icular ly  as i t  pertains t o  problerii~s i n  b i b l o g i c a l  

science and i n  air  and water pollution. 

' Thc fac tors  hampering research i n  collo-id chemistry ccntrce on 

l a c k  o f  t r a i n z d  personnel vhilc lack o f  finailcjal suppor t  i s  secoildary. P 

Lack o i  cqulpn:?ili: o r  inforilntjon rc'tricvnl docs no t  plop any role rMlc 
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The u n i v e r s i t i e s  i n  Canada are carrying on some research on b a s i c  

I o n  exchange chcn~istry,and a l s o  on the developmcl~t o f  existing i o r ~  

exchangc t e c l ~ n i q u e s, b u t  a c t i v i t y  i s  sn~alI .  Some in te res t ing  work i s  

I n  progress on sen~i~pcra~eable a be t ter  understanding o fmembranes and 
B 

t h e  parameters o f  t l ~ is process could eventually resul t  i n  econon~ical 

de-salting o f  sea water. 

Very few industri a1 l aboraior ies  have indicated any vrork being 

carried o u t  i n  ion exchange even t h o u g h  most o f  t h e i r  i n d u s t r i a l  operations 

have used such processes f o r  sonle t ine.  Further, there were f e v ~suggestions 

t h a t  investigations .were even planned i n  the  f i e l d  o f  i o n  exchange, a n d  

no o p i n i o n  t h a t  beneficial results could be expected from such work. 

Ion  exchange matel-i a1s proper embrace a very srnall and  speci a1 {zed 

section of polyn~erchemistry, and thcy are n o t  produced or manufactured 

i n  Canada. Accordingly comniercial I n v e s t i g a t i o n s  i n t o  t hc  basic rnater-ial s 

o r  i n t o  the i r  irnprovemcnt and m o d i f i c a t i o n  i s  n o t  carried ou t  here. 

About 95% o f  the i o n  exchange equipment i s  used for  trsatment o f  natural  

w a t e r ,  and t h e  remainder are  d i v e r s e  special ized opzrations developed 

by parent organizations w i t h  i n v e s t iga t i v c  f a c i l $ t i e s  ou ts ide  Canada. 

Ion exchange has so many a t t r a c t i v e  p o s s i b i l i t i e s  f o r  t h e  chemical 

industry t h a t  sundry s p e c i f i c  investigations, usually short t e r m ,  will  

always be i n  progress. i lowevcr, m a j o r  s tud ies  o f  theoret ical  o r  dcvclop-

nlental nature have n o t  been undertaken by research o r  development groups 

i n  universi t ies ,  g o v e r n ~ e n t ,o r  industry.  The modern era o f  ton exchange 

Ss, howcvcr, only twenty years o l d ,  and the pcescnt philosophy may 

change i n  the future.  



Thus a t  present there i s  l i t t l e  reschrch and development in ion 

exc l~angc , and few  #are trained i n  t h i s  area. Despite i t s  usefulness,  the 

f ie ld  i s  a minor branch o f  c o l l o i d  chemistry or chefilical enginecrl'ng. 

Possib ly i n  t h i s  area the purchase of "know-how" and complete u n i t s  

i s  econ~mically  sound. Neverthe1ess , some continuing research i n  t h i  s 

f ie ld  seems desirable i n  chemical eng ineer ing  departn;ents or as a part 

o f  colloid chemistry i n  universities or research i n s t i t u t e s .  

Therrnodynanlics i s  a basic subject  f o r  a l l  o f  science and engineer ing,  

and i s  par t icu la r ly  'useful i n  cheniistry and chemical engineering. Research 

i n  t h i s  f i e l d  i n  Canada was considered t o  be less than adequate. Lack o f  

trained personnel, of s p e c i a l i z e d  kquipnlent and opera t ing  funds, and o f  

community o f  i n t e r e s t  are t h e  pr inc ipa l  contributors t o  the  present situation. 

Collold chemistry is an essent ia l  d i s c i p l i n e  for many o f  Canada's 

in ipor tant  industries, and small t o  modest research a c t i v i t y  i s  found  i n  

f ndustrial and yovern~lental laborator ies  and i n  research i n s t i fvtes .  I n  

Canada and el sewhere, courses i r t  col l o i d  chernist r y  and research have 

nearly disappeared a t  u n i v e r s i t i e s .  The lack o f  academic leadership 

and t r a i n i n g  i s  t he  most serious d i f f i cu l ty  i n  this f i e l d ,  and tllc 

shortage of  t r a i n e d  personnel outweighs a l l  o ther  problems, such as the 

necd for  a d d i t i o n a l  f u n d s  and spec! a1 i z c d  equipnlsnt. 

Ion exchange i s  a small specialized subject r f l a t e d  t o  colloZd 

chen~istryand chen~icalengineer ing.  Except i n  the t r s a t m e n t  o f  n a t u r a l  

water, i t s  p o t e n t i a l  has not been fu l ly  realiz'ed by Crnadian industry.  

The very small research e f f o r t  l's widely scat tcrcd i n  indust ry  end 
e 



university,  and in n~ost instances will not  lead to  any overall expertise 

i n  th i s  f i e l d .  Possibly the purchase of foreign "know-how" and processes 

is  economically sound i n  th i s  small specialized f i e l d ,  yet  Canada should 

have a knowledgeable group of chemists a n d  engineers who are  conversant 

wi t h  recent developments and t he i r  appl ication to  Canadian problems. 

The 	fol 1 owi ng recommendations are  made: 

A. Thermodynamics 

1. 	 The number of individuals trained in thermodynamics 

should be increased, and th i s  can be accomplished by 

increased financial  support t o  university professors 

and funds to  purchase and maintain special ized equipment. 

2. 	 The establ ishment of two or three centers o f  special ization 

i n  univers i t ies  or  governmental laboratories to  promote 

thermodynamic research. 

3 .  	 The establ ishn~ent i n  a governmental laboratory or a 

research ins t i  tut-f a small continuing program o f  

determining and pub l i sh ing  thermodynamic data.  

-Csl loid Chernis t ry  

1 .  	 The establishment a t  one or more univers i t ies  o f  centers 

of special ization o r  research in s t i t u t e s  concerned with 

colloid chemistry. Training of personnel would be an 

important objec'ti ve of these groups. 

2 .  	 All univers i t ies  should be encouraged t o  o f f e r  courses 

and research i n  colloid chemistry in departments of chemical 

engineering o r  applied chemisttry i f  th i s  subject  can not 

properly be r-eintroduced i n  chemistry departments. Chairs 



o f  col l o i d  cllcrllistry s l ~ o u l dbe cstabl islled a t  seve ra l  

universities. 

1 Recol~mendatio~~shere arc s i m i l a r  to* thosc f o r  c o l l o i d  

chemistry but w i t h  more 1 i m i  ted o b j e c t i v e s .  One o f  thc 

centers of spec ia l  i z a t i o n  I n  c o l i o i d  chemistry shou ld  

have an expert i n  i o n  exchange. Courscs and research 

I n  i on  exchange shou ld  be provided i n  s t  l eas t  two o r  

three chemical engineering departwents. 

Respectful  ly submitted by: 

J.W. Anderson, J.W. Anderson Co. Ltd., Dundas, Ontario. 

B.C.-Y. Lu, Department o f  Chcn~ical Engineering, 
University o f  Ottawa. Ottakra,  Ontario.  

A.A. Robertson, Pulp and Paper Research Ins t i tu t e  o f  Canada, 
McGill Univers i tyB  Montreal , Quebec. 

R.B. Anderson, Department o f  Chemical Engineering, 
McMaster Uni v e r s i  ty, H s n l i l  t o n ,  Onta r i o .  (Chai rnian) 

March l s t ,  1968. 




