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Powder CO<-llill.£!s·--Retrospect and Prospects 

S, K lIl"SJ:K" 1(/\ N. S. RAJA IHJRAI & M. SANTAI'I'!\ 

('<'111,.,,1 I,<'allier Rl''''"rd, Imlilutc. Madnos 600020 

1'()\\'I)i:I~ ,-,I';lIilll" i, :1 ';!riali'"l ,.I'/'llIvdn Illet:"­
,,",~,. :IIle1 C(lIl,i~I:: nf' Ilncc sl:l~C' : (i) pr':p;ll':Ili<>1I 
"I' 'I'he ,urface: Iii) :'I'pli<::,lio" or Ihe powder (:1 

I'"I"lllel): :In" (iii) iI, C:lllill!.' Iw fll'.i,,", applying 
hL·:,1 The "'<>lldi/i')lls cllll'l",',·" in 111("c sleps. such 
as liigli telllpcrallilc le4uircd lill curing, al present 
lilllil its uses to Illelal surf;lccs only. Though poly­
ethylcnc powder was availahlc for coating purposes 
a,<; early as 1940, powder cO;lting was tried in a big 
11;1\ onll' arnllnd 19~2. f"J/lnvin£! the introdllction 
of '(hc liuidizcd hcu application 'icchniqut·1,.1. Bllt 
the Z-blaue mixers useu thcn for m<l!wfacturing thc 
powders rcquired long dweJ/-time and high tempera­
ture. This causcd mellin!! nf rcsins and n1:1<1e thc 
/,r"dudion nf pln\'(/crs ,,( IIniform particle sile and 
shape dillkult4 HOlI'en.'r. tlie adoption of the C,\t­
rusion technique in the cnrly 1960's changed the 
situation Ycry l1luch~. The (\well-timc in these ma­
chincs was so short that e\'en the low molecular 
weight (~ I ~OO) prepolYlllers of thermosetting resins 
c,)uld be. powdered satisfactorily. This kind of 
Ihermosctling epoxy resins hccaille aV<lilnhlc in 1%4 
Ililll Ihe discovery or Ihe hardcning ;Icfion of di-
t'v:IIl<lialllide Ihereon". The 111'<) chief defects 

p,'w~lcrs wcre thermoplastic in natllre, it was only 
Ihe I.ntmdllction of the thcrlllOsclling epoxies in the 
1%0 s Owt rcally (-(luched ofT the 'powder l'xplo)sioll·. 
The volullle of prodliClioll of the two cla<,sc'. of 
powders was Ihe s;lme lill reeentlyll and hopes 
were expressed that thermosets would outstrip 
their rival shortly. However, the emergence of spray­
able primerless thermoplas!s makes this forecast 
dOUbtful. The figureslJ projected for the chief 
powders for 1977 nrc: epoxies. 25%; PVC, .mainly 
thermoplastic, 22 :~:,: acrylic. 22 %: polyester, 17 %; 
polyethylene, 5/:'; nylon, 2:::;; and others, 7 %. A 
-comparison of these with the 1970 figures '4 [epoxies, 
JJ·-41 %: vinyls (PVC and PVA), 17-33 /~; polyesters, 
R·-IO~~: nylon, 3-IO~:'; and others like polyethylene 
and cellulosics, 5-7%1 shows a decline in the usc of 
epoxies and nylon. The steep increase in the use 
of polyesters and the emergence of acrylics are parti­
cularly noteworthy. Thermoset polyesters and acry­
licsl.' have reached the stage of commercial develop­
ment. Cellulosics. polyesters and polypropylene 
have of late heen prepared as sprayahle thermoplas­
tic powders". PolYlirethanc also is no~' available 
li)r powder ('oating. 

,·j,;rI"in/! (loss of glnss) ;111<1 slrin/!cnt curing comli­
lit 1n<, (200'(' and J(l Illin). lITre redified by using a 
111I1I'C reaclil'C substituted dicl';lndialllidc in the sectlll<1 
gCI:craliCln epoxies 7 in I<)(;·~. These dcvcJopl11l'lIf> 
h('()ught a rcvolution in the ),"\I'der cP;lling tcc.hnCllo!~y 
;llld <'lIll11inaled in the r('/e!!;lli,," "rlhl' alkvd-l11ela1nine 
";Ikill~~ 1.'lIal11elsx. '1',,":1\". 1I<>I\\kr coatilll! is uel'III\:d 

;1 bl'eak(hrCllIgh in Ihc lield "f ~urfacl' coatillgs, I'arti­
cIII;1I Iv for en,'ir(lllillent~" prolection. 

Methods or AplllicatiOIl 
The two chief mc(hods of application arc : 

(i) fluidized bed dipping lr.,11. and (ii) electrmtalic 
Illcfhods lR . III thc rormer, Ihere is a hel'( wilh a 
),,,rnliS substralc Clll tho: [,11((0111 cOlltaininr Ihe /,,111'. 

dcI'. Whcll air m ga~; is forced from bdl.111' throu~!h 
tht: powder, the powder gets t1nidized. Metal parts, 
sulnciently preheated tn melt Ihe powder. arc plunged 

./'IIl\tkr I\falt-rial, 
I hen.' arc t\l'Il illll",III:1I11 \,1:,,,(.', "I powdns 

t herll10scl and therllloplas/. The flll'll,,:r do not 11<>1''' 
lIlally require primers, though now-a-uays primer/!.:ss 
thcrllloplasts'!.lo have alsll heen developed; they have 
£renter chemical and solvent resistance and improved 
fle:<ihility-hardness relationships: ~lI1d they are easy 
to handle6• The usual thermosets-thc epoxies and 
now polyesters and polyacrylics also-can adhere 
to metallic surfaces and hence do not require primers. 
The greater chemical and solvent resistancc of ther­
mos'ets is due to their crosslinked condition. While 
crosslin king hardens the thermosets, the .greater 
thinness with which thermnscl films could be made 
ensures the rcquired flexibility. Easier handling, 
such as lower application tcmperature of the ther­
mosets. is due to the vcry low molecular weights of 
the prcpolymer powucrs used initially". Howcver, 
for that maUer, Ihe edge coveragc properties of the 
thermosets are poorer". The thermoplasts having 
high molecular weights do not flolV off the cdgcs lind 
hence ensure a betler coverage I I. The most impor­
tant way of improving thermoplnsts is the use of a 
blend of both thermoset and thermoplast to achieve 
the desired property balance. Though the first 

inl(>' the bed ;llld Ihe Illnllen powder, in Ihe vicinity 
<>f Ihl' lIletal parI. c;luses holh adhcrence and now-' 
tllIl ,,), thc resin. 1\ water-qucnch afterwarus providcs 
a good gl(lss. 

Elec!rost;rtic methods arc cs<,entially of two kinds: 
(i) lIuidized bClJil', and (ii) elec!roslalic spray"!. 
In both, the particles are charged by friction. Thc 
chargcd particles arc made to bc attracted 10 mctal 
objects by grounding them. Thc particles aulrere 
(0 the surface and thc film thickncss becomes sdf­
limiting owing to thc insulation caused by Ihe build­
up of powder deposit4. Bu( the fluidized bed mel hod 
is somewhat morc dimcult to control. The spray 
method also has the drawback of overspray and 
without an altachcu reclama(ion unit, it is unecono­
mical. 

Fluidized beds arc less suitcd thnn c/eclrostatic 
spray for large thrce-dimensional objccts due 10 Ihe 
largc volume of powders required, but have good. 
capability of handling a large numbcr of pnrts where 
,complete coveragc is dcsired 2Q• For that matter . 
it is dilncult to coat, parts with sharp corners and dcep. 
recesses by the electrostatic spray' method, though 
it is easier to mask areas and to coal large surfaces21. 
Kcstler21 attributes the growth of powder contings 
to the electrostatic spray techniqucs only. It is well 
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adapted rpr Ihe illterior coating or pipes and tuhes". 
In fluidized beu techniques, moslly the thermoplastic 
resins l2 lu:e llsed, while the thermosets are considered 
better r()r electrostatic spraying. In the nuidized 
bcd method, the thickness or the coat i~ 10-·15 mils, 
whereas the c1eclrost[itie spray method gives a Iilm 
or I '1 lIlils only~. The fluidized he(·~·.dip method 
anri the "pray Illclhod are, therefore, ideal ror pro­
fcetivc ;lnd decorative.coat·ings respcctivelyl). Filllis 
"htaincd hy thc ~;pr;ly powder eo;lfing IIlcth,,(/ C{lille 
cl,,~,c II) Ih"s,· .. hl;lillc(/ rl(lIll SI.tV<:III h"scd lilli'.I,,"s 
",hil·h 1I;,,'c a thickncss "I' I·) IIli"c.~. I'(lwdn" t ... r 
ccllulosc-acetatc-butymtc) rnr fluidized hed ami 
ckdrllstatic spray lIlethods arc 50 alld I:;f) 111('sh 
respccli\·ely". JII ft:l'lils or parlicle si/.c. ~2-J40 ,t 
lias hel'lI I'L'COIllIllCIHkd 1'01' Ihe flilidi/ni hcd technique 
;lIld 7."<". f(>r Ihc_c:let'll'lisl"til' kchlliqllC~':<. 

fresh oncs, the moisture and clc!rostatic chal'l~e 
huild-llp ellccts ean be minimized, The comparati­
vely drier nature of the' particles of.lhe oversprayed 
powders brings down the moisture content or the 
rresh powder. Fluidity depends upon dcnsity .also. 
Higher densilY leads to improved flow characfCri.,tic~. 
Itrcquires a higher level or pigmentati"n, L"pccially 
in the case or thin film powder coatings. 

I is(·s-.. /'n'scnt and /'nf(~llfial 

f\'/dal ftlrniture, machine tools, "i/!ns, hilS ".,,1.;, 
V:I ... '111I111 dC:lIll'r~:!x alld ~l'\\'illl! fn:lchilll,,,}fI :t r" · ... llIlIe 

of I he \\·tll e~ta blished a mas ''-or the ,; ppl ira iion or 
powder coatings. One or the potentiids is coa­
ting parIs that arc currently chrome plated!".!". 
The . con~trllc!ion industry.lO and appliances)' lire 
likely t(l be major conslimers or powder coating<:. 
Thc ""ssible aircraft uses·1I :Ire on spline assemhlies, 
drive accessories as <,:oatings to reduce metal ratigue 
dill' In vihrational damping action, ()JJ leading edgcs 

.tn prevent abrasion and on composi!cs to mitlil1l;ze 
voidrormation, . The real contendcr, however, is 
the automotive industry .. When the research prcsen­
tly conducted to apply the method to alltomotive 
finishes proves a success, powder coatings may enter 
a period or boom. At pn:scnt, nOIJ.:lqueou~ dis­
persion (NA/) has made t'nn~iderable inroads in(o 
this area and it. is rassing through a phase or C'JIIS0-

lidation.l2. And so, even when the expected boom 
is rully realized, the share or power coatings in 
198 I is estimatcd roughly to be only around II ::':. 
or all Iinishes2o,J3. 

Characlnistil's nr·POwdl'rs2{, 
The si/e 'IIHI size distrihllli(ln "I' r:lr1ick, :Ire per­

haps the IIHlsi inipllrtant anIOn!! the factors influcucing 
lio\\'dcr coatings: In gcneraL powdcrs or sillall and 
unirorm sizcd particles are dilliclll[ tll (lblain 27 and 
this is the reaSi1n why films resulting rl'l)l1l powders 
;II'C usnally thicker thanlhosc prso/vent-hased paint~.18. 

'/n u/(r:dinl: (he/llw I,t) and superline (1··10,,) grades 
or I")wtlers, cohc~ive forces cal.lsill1-' a)!/!/"ln<:ration 
;11'<: predominant. Ilowcvcr. linc sil.cd powders 
h;l\,'c got. heller throwing pOwer alld the resulting 
li/m has a SIlHl{liher surface. If the si/.e distribulion 
of particles is wide, the perrormance characteristics 
arc not very good. Harris2r. considers particles in 
(he sizc range IO-·IOO/t as 'granular' and reeollllllends 
granular particles or 20-30" size. with II uniform size 
distribution ill this range ror· powder coatings. 

The shape of particles has a hearing on the now and 
the charge accepting properties or powders. The 
ideal spherical shape is diflicult to obtain, whcn the 
material is eithcr intrinsically brillle, e,g. PVC, or 
when thc resin has low Illolecular weight. Cryogenic 
and rreeze extrusions arc suitabh: nlethnds for low 
and high Illolecular weight rcsins respectively. For 
inlrinsically briU!e materials, some luhricating additi­
ves arc required additionally, 

In completely dry powders, the' cohesive rorces 
arc active, whereas in highly Illoist powdcrs, the 
surrace tension of water causes agglomeral ion. At 
aboulO·4 ~~ Illoisture,; the transport propcrties or 
powders .are good, because at this level, wmer acts 
as a protee'ivc coating ovcr the par.ides without i'~ 
surface tension eflccl.s. Fine/v di\'i(kd siliceous 
matcrials, if added at aboul 0·5 '.:~;; level. can improve 
thc now.eharil'deJ'istics of .!jighly moist powders. 
The \vell-known' 'catalytic ·clfce'I .. or water improvcs 
the curillg ratc (1fpll\n/er coatil)!b<and it is rcported 
It' enhallce (he charge aceept~l!,ility' alsp. .,. 

The electrosta(ic chargc borne~:.by the I'articks 
;;/so innuenees the now properties. J>()\\iders with 
resistivity above 5 x 1010 ohm-cin'';U() not, lOse· thcir 
charge easily and, therefore, can etTed hack-discharge. 
The charge-accepting properties nf' powders arc 
chieny decided by the additives present therein. 
Certain metallic oxides, ror example, contribute to 
high resistivities of the order mentioned above. 
fly mixing the oversprayed reclaimcd powders with 

2 

., 

. -- - ........ _- .. ~-~ ---_._......:._--:-------- .. --~-- --_._--_. 

Merits of Powder Coatings 
Many or the solvents are toxic and their presence 

in air is inimical to eycs, vegetation and buildingsJ4. 
The contribution or surrace coatings (0 lhe general 
air pollution is an important poinl. According to 
a 196 I survey carried oul in HollaneJ35, it was 0·1 % 
or the lotal pollution, whereas in Calirornia it is stated 
to he as high as lO~;'J('. The bad odour or lhe sol­
vents causes quile a lot orlocalnuisance. The absence 
or solvents also reduces (he (ire ha7..ard and eliminates 
solvent rclclltionR• 

The powders can be easily applied. Since these 
arc in the' ready-to-use condition, skilled labour 
needed for mixing, viscosity control, etc. is 'not 
required, . Again, the Iluidized bed and the electro­
slatictechniques make it incredibly easy to 
alltolllatl: 12• Since Ihe molecular weight or the poly­
ll1ers ill li/m form is rar !!rcater than those of (lthl:r 
paints; greater durability, toughness and abrasive 
resistance invariably resull2K • .In fact, powder 
coated materials have been sholl'll to withstand 
rci(I~I.ier. handling in transit to marketing centres. 
f.;/~·ll::'i~fllcre is no lilllitation, .. nn thc selection or the 
'iJ-~ll~;,ilcr on solubility basis and hcnce the perrormance 
characteristics can be varied over a wide range, As 
thcre is no solvent, IOO~.;, ulilization or the material 
is possible, making the economics also ravourablel4. 
As the coats arc generally thicker. adequate covering 
can he achieved in one coat-.. a long cherisheu objec" 
tive of surface coatings. No flash-off lime from 
booth to oven is required 10. Cle<niing is simply 
by sweeping, vacuuming or even shaking, and this 
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j<; definitciy easier tl1:ln cleaning the equipmcnl using 
splvent-horne m:lteriaP.7· 12. I\ls(1, there is nn need 
for demineralized lI'afcr17. 

DCfllcrit- of Puwdcr CIIHIJngs '" 
'1 he (Ton,)Jnics of 'pr'lyin!! ,,, depend, "n Ihe clfi­

l·it'llcY I,f rcci!lmalion "f ihe 'pill-(1\'('r powder. In 
;1I111)1;I:1lic 'pray'. Ihi·; i, 'Ill"" in Ihe ca,<.' "I' II Ire 
I'I'"dll('I' ;1".1 1()"" ill Ih,' ,':I'.t: lOr ,11('1'1 1'1,,,III,·ls. 
\1I;li!.'hl lillni,,!'. 1I·.III!' 11:11" :llId CV,.J"I"· Iilln" 
;,,',' 1;"0) sl:ll1dal':i IlIl'll,,;d, "I' I cci:l111:11 r"l1. III 1111.""'. 
ncl"'l(,S lI'ilh 1,,11,,11'-111' h;l)! h,,,,,in1,'s an' III"ll' P"i'II-
1,;"'. ilill cn·lont" h:lle Ihe il'lldcnL'\' 10 reLlili lIlll\' 
l">:II'.\(.'r, lal:.~('I' ;111,1 hl'al'in 1':ll'lil'Ic~. rend,'IIJI!! Ih~, 
recoll<;tilutioll oj' tht: powder wilh the original charac­
terislics difficult. 

1<ligh tCl11pel'atllre Ilf clll'ill)! has a 
;IIkd Ihe lI'hilt' ;lIltl l"I,lel sh:lllcs21.1~. 
';III"',raic'; l· .. I'. k:lllll'r. 11"""1. 1';1J1l'r.cic. 
("III pf\,,"dL'1 L'o:dill!!, 

tendcncy 10 
l/c;ll-'cilsilivc 
aICII"\l1ilal1l<: 

Challce or CIlIOIIl'il',Hldl'l nl' hnlhl2 i, a ch;i1icngc 
I" l'el\lIn;llioll. in C;lse' "f freqll('nl L'olour 
Chall)!e, a SCI';lr;llc ":"'iem for carh colollr is recol11-
mellded. (,,,10111' 111"'chin.!' :lh, plTscnls a pr"hlcm. 
'1 I"" 'llr"Y dl.villt! I1lell,,,d i, 1I11,ler illv('sli)!alion f(lr 
thi, l'"rI'Osc'lO Rc,il" ,"ilahlc for powder coatings 
;1I1d ill dc'ired col,)ul's IC'f'cci;ll1y Illclallic onl',41) 
;IIT <;Plllc\\'hal rilrc <IS cnnlrareJ IDlVel painl'. 

SiTe ('llll';tillltC>; anotirer hig prnhlcl11. 1.;11'.1'" ,i7('d 
;lIld Il1Ice-tiilllcnsinnal ohjcct<; ;lrt' les, til tiran lar!.!e 
,j/ed t\\'fl~dill1el1"i()l1:d {·"ll'.';; 1'111" powder ('!.\tlfing. 
F"r lar!!c Ihrl'c-dinll'n,innal "hicch, the cieclrnslatic 
111ctirod~ I, helln. 

(illl'>' i" d'.'I'l·llllt'liI '11',)11 Ilw "'''''''Ull)l ... ·. "f Ihc 
li:li her.! 'Irl 'l" I, , I I . I, I! i II . • I ) I ' I" : I ~ ," , , I I 

: '-',li[)-t.'1.i;..':'>:'" '. :,~ :.7": I . "!""~' _ ;r:~:::.: 
! ; . .., .: '. ~ ':l.,- ~ ': ~ . ': I :: : ; , .- f:'} ~ 1;:! (,;.: Iff; C . f , 
nl·.t·e~ fi.~,: I."r:-~_.-::- 11;~ ;1!"irn:;,", ';d:H': Ii. 
(·'i·~·::~ '.l;lI:di~, iq':.,:r!' "i' .. ,! ~,'. : ;.L:: ('C('~:'-!':;" ,.:, ",:- I.' 
lure :tlitl IL.1-. :11",\ ;1 "j,:!·':.t~n(i1.J. 1:11, . .'_", ',Ill Ilk ':"I~';"" H. 

. / he f';hlt:l Cllrin!,! inCl't'·",·. Ihe lillc ',!,('cd: liJerd','rc. I" 
l!le recapltulalion or Lister curing, while enhancing 16. 
11I1~ speed and sharp-edge-wverage. invari:lhly illl­
pours Ihe gloss. fl~' I",'per clwin' of hardcners. 
a ('()mprollli>;c can hI' ,Irll('k (,')1' "plinllllll I\',"IIS 1'1. 
in 1("l'cL'1 (II' 11I"1I1I:""IIin,: I'(·,ill'. III IIII' ,"1".,' \'1' IN. 
Ihcrlllllplasli l". II", ':I'll,' ,,' 'n-lIrl'd hv Iht: eh..,in: 01' 

a ,"ilahlc ielll('n;lilill' \J"nelhcle'~. curc:d lilms 
"I' 1)olI'dcr (',,;liill.I!' ti" 11,,1 c"hihil a ,_.Ical' lavcr of 19. 
re';111 :It lhl' Ir,ill;':lil IIllnl';llT. :I'; SOI',Cill:h:I';cd 
linishes tln 41 . 20. 

Fu.ure Trcnds 2 I. 
Some of Ihe fulul'(; tlclld, according lo Ilarri,;lj 22. 

arc: (i) ~eplacel11cnl (If lhc electrostatic gun in large 
aUlomallc planls by a l110dificd f"rlll of efccll'llslalic 
nuidized bed: (ii) usc "f Cl'vol!l'lIic melhods "r linc ~.l. 
grinding in powder lllanll(;icl~II'C: (iii) tlcvc/"pmcnl ~.L 
of resins of, higher molecular weigh Is and hiuhcr 
meiling points wilh increased speed at highcr ~:m-
peralures; (iv) usc of enlirely resinous hardener 25. 
syslems: and (v) developl11cnt nf a pll\l'dcr thaI can 

be coated in I -4 mils' thickness with I!o(ld \\'ealhera­
hilityll. In conclusion. it Ill:JY hc slaled thai (he 
huge volume of activity in (his ficld as evidenccd hy 
thc lar!!c Illllnher of papers4J .4< puhli,lIcd and 
patcnh4', taken promise, hriglll pru:;pcd" r"i' Ih" 
powder c()a ling !ceh nulng)'. 

SllllUmar\' 

Y;m,,"'. lI"lini;"'; """I for pITp.lrin!! Ihl- 1"'\'/'./"'" 
f'll' ll\l' in !'''lVdo coating practice. the nll'lh"d, of 
I heir a PI" iC:I I inn and Ihcir char<lcteri\1 ic' a U~ d.-,s­
crihed. The I'eccnl applications to which the';":I;"IV­
deI'S arc heing 1'111 ;Ire outlined. The Illerits ;IIHI 
delllerits "I' Iheir u<;e an: discussed. Fulurc Ircnds 
in Ihe ulilization of powder coatings arc also forecast. 
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York}. 1'11>5. 7XIi. 
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MII.I H', L.I'., &. TAIT, D.D., FII"dt/"II'IiIt/I., of fl'J\nkr 
rnfl/ill", (Sociely of ""fanltf:tctllrin~ [n~il1(;'crc;. \Jichigan), 
1974. 

0. (i.~"''''~ . .I.A. '" DI"II[1\, B., Pi!!. R"Iill I"d/llol.. , (III) 
11'1721. II. 

7. K,,~,. II. '" S \I ~"[lIiH. R .. Slirf (·"t/I .. (, (2) (1'172), 43. 

N, KL"It'''~. <,',11 . .1., ""(lcr('di"g.~·t Firsl ,vor,h AmcriClJ1l 

COllfercllce Oil 1'011"('1" conl;llg.r (Canadian Paint Fjni~h;r~t. 

'J. 
TOl'Onl<)l. 1971. 27. 

11,,'./ •. (i.E. It HAL~I"", J.N., Pip'. H,,,,, led,""/., Uk) 
(1'17 1). I II. 

'r'l! '; f) '.'- V",f r:" 1.'; J I. 11""'1, p. P",'","1I1'. 

; c ,." ,.:.'" 'J :ul"i,· r"'/liuJ.': ItI:.1 /l1,/~(i( ;', 
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(',",rr f 1'-:;, I'i;:. p'p;ln 1i!rhl1l'/. ,1(1) (f(i74J~ J. 
(J·r.r:,· (,' /'If(. I'e,,~ /'·,.JIfIIJ/. /O!!) II'J'I)'). It 
(',.11 (. f I",",,'. (';'·;;/'i,,?. 4R(4) II'J721. lr.. 
.\1.\':'" I'",,,, VIJ,.lIIoh /,,,,.1, W(')! 119701. 2.1 . 
""''''1'., S. ...I. Oil rid"",. Ow", . .4.H .. 5" (I '17.11. ~X.l. 
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1<1"".1" . .I .. . \1".1. 1·,II\'I ... ~(.(7) ({'/I.'II .. <;~ 
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« ';'I';;tii:1I1 Paint and Fini~hillg. Tnlnlliul. 1()71. 119. 
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150. 
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4··1. /'''II'dIT Coatillg-·bi"';"!:,·",,,,),. 1972, (I'ailll Rc,car~h 

,\,,,,eial;oll,. Wnldcgrn\'e. U.K.). 
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