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The Wolslcie Dyestuffs Works 1)rganic.a .at i1i-:>la Kry'"toporska in h:-1.~nd h·~·:2 tor 
many years been making the inportant t-lue f-igment topper ohthalocyanine, 
which is widely used in the coloration oi paints, plastics and printing 
inks, by the so-called 'Dry BaKe' pro·:e-:.·;;_ 8ecause oi tne low yiel•J 
obtained, the costs Jt producti0n W>.'!r~ to0 :-.i~h- F.'.\r this reason anl'.I 
because of the pollution caused t-j' n:-· n.,-~~ ~=- •:!i·=::··~=.o> Jt .:i 1arge ~mount 
of cheaical waste. a chan~e to a r,;.tt.:-r· ;:·r.-:,:.;,::·~ '"~fl 0···:0:r.~ ~·:.::,entia~. fh~ 
poor physical state of the exist~nl ;i~ar,r ac.;~::: a tl'~th~r ·--~,,=-·Jn for maicing 
radical ctianges. 

An alternative method at Mlcing th1:; ;:;.i?:ment. ca!i.e·l tr.e •::;011:eat' 
process, gives better yields, lower co·;ts and less poll•Jtion. A n1Jmbe:- or 
solvents can be used in this proces-;_ H·Jwever, some of them have oeen 
found to produce a very dangerous bv-oroduct, the carc~.no~en PU>- in 
selecting a solvent for use in tne new process, whicn. !'\:t•J to be •me 
available at reasonable cost. in Pcl.,n.J. it was necessary t0 provi.Je verv 
sensitive methods for the chemical dete.:r.1on and analysis ~t the:;e h_t:\' s. 
both to ainiaise their production b;r st.t1~.~r.:v l'.'•~ntrollir1~ tr,o:.- proco?~; ,r,.1 
also to be able to cPrtit'.I thM , .. ,.:! ·on•.~r.t .. f t?':.e:.e sub·:.t~~.:e; met th>? 
very low specification lid!its, w:~n.,::•. w:nc:-: ~ne !'.'·i.":mt?nt c:,nnot C!e ·:ol<1 
on the international market. 

This Report include-; S!X .:s~·j··~~·~l.•'- ...::.: .. ·""·:- ·•-":'\~:::.-: •. :i,.r,~., -.: ·r.•· 
research and deve.ioomenr. worK wnL·: :.\- :•:·~r. ,.,rrtE-·~ .)11: ; ... ~ w~.::~: '.1'io 
resulted in the follow1n~: 

1. A laboratory :.•:alo:.- cr1;;•:r.1•'• ;;:-.•:.:·:.: t•)t :rol •. ::.1 :r .. ;.::.:. : .• •·~ 
copper phthalocyanine pig111ent ir. hiv: ·n.o>l~ 11:.d •:>t :.:•w r·• e -:.:•:1tt:nr.. 

pigment. 
UNIDO and 

Z. An ar.dlyti.:.~i rr .. _.~n,)J 111~11-;1;r1n1. •r ... "•i' (·.r.:.:,.r:· .:•: 
The nacessa:"'y p;1ts t:hrc•ll!-'H•'.lil,r Jpn ~f:'P"' ttt •J~. n.\s t.,..,.r, s•Jppl ir.:.: :-..

installer:t in tl"1e Polyte<:nr1•.~ .\• i.o·1~-

3 A general desi~n ir:r .:s tHan~ t._, 111,jr11;:,,. ~o:r~ •:rt:-lt.• c·:••·· 
copper phthalocyanir.e c.n tne -:.·:~le"' """' ••r,n>.•'o. p•:-r 1'nr.•;m 

4. Laooratr.·ry -:.r:r~~r.:::• r::, .. r .. ; ... r ,_._,, .~.; ~··.:...? r .. •J·' 

prod•JCed for further proce:..:..ir1~. ~.:.,: :.:!l".··~-r 'I ... ,. r·,:rr .. 

l'he a111s of the • .. Jnt r . ., .. • ~., .. ~ r n·!·_ ... ; • ':.; t'\.: 
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Background. 

This report is formally concerne<1 with the work that nas b~en carried out 
under the terms of UNIDO Project No S!IPOL/891801 auring the period June 
1990 to August 1991. However, to put this into context, it is neces,;ary 
to mention the background of happenin~s ;1nce 1988 when a request was made 
by the Polish Government for teo:hn1cal assis~ance to improve the 
performance of the Wolskie Dyes tut rs Works '(Jrganika' pl.!nt at Wola 
Krystoporska, wnere the blue pig:nent :1)ppo?r phth.~~o.::yanine had c~er. made 
for some thirty years by the ury baY."' pro•:o?:.·.:. 

The problems needing attention wer·· that tne y1ela was 1ow, the quality was 
poor and the cost of produ.:tion un-;ust.:sinable. elsewhere in the worla, 
the Dry Bake process was regarflea as obs,llete, and onl~· one other plant 
was known to be operating it sui:cessiul!y. ar.d tnen only because of tne 
special circumstances which app i iea tnere. Genera1 ind1.;·;t rial p?"act i.:~ 
is to use the so-called Solvent process in place of tne Dry ~ake Process. 

A preliminary visit to tti.:c- 'l)rgan1~:d' p.ant .:sr wola WCI::. ffid•!e in Jdn•J.lr'i 
1989. It was found tha': tne plant w.,.; in a ·1ery poor pn:1si•:al stat . .::, 
causing much pollution in tr.e unm~·Hate area an.1 givinP.: rts., t•) 

considerable diffic1Jltie-s in d1so•:is1n·.: ot t:-1e large amo•mt or .-:-:,;,mt·:-i: 
waste produced. My advice wa·; tn.lt _, r.~w ;:.l.:snt ;hcu!a be b•;11t u·:.1n~ U1-? 

solvent proces•;. There exis~e.1 -H ;i;.:-~n t>•.n laings wh1cr, .:.)•;la Do? .~.J~ot-o--~ 
for this new proce·;s and t.n.;.r,:, w·."' ·""·' .~·1.::1i!ao~.;. I! <'.)r.:.1.'1.;.:·~o•e ~r.:.:1. . '. 
unused reaction ve:;·;els whir:r. <:-)•Ji·"! ~ .. ,·::.ihi'./ C>e ·;-02::. '1lt.:-10)•J?,"n t:;,~-_, wer.;, 

in open storage (/\ppen'1tL'. •. 

At about this time ver:1 exten~iv~ :"""J·)!t:i(l'.1.: ·~!i.C ..::(0n.)mi 1
: ·:n~r~:.z~·~. ·~.::·r·

taking place in Poland and the wt .. :-Je tu~ur•:- ()I tr:'°' w.)la plant wa:: in .1.::;•J:~ 
at the tine of my second visit tr.;~:-e ln F.,bru.-\ry 1~<;;1). The m1'ni'l.~t?mer1! 
however made a provisional dt?r:i':.l':.n r(\ at>..,nd0n th"-' [·r·1 ~~;.:e pror:es·;. an.1 
to change over to the Solvent proces·:. i ruwen.:ljx._:.:'. • 

One technical problem with the :.:;.nvent rrr;l",:!s·: t~. t.t1.'\f ·:,.-ime •.I Ir:.;. ~.:•::-r.· 

which have from time to ttme beo?n 1;;.1?•l, ~n•.l wht<:!": :sre :n~i:-r:·1·~·J t·. -1·" 

only IJS he1't transfer ap;i:>nt.~ .. F.-,·:~· :· .... ,n t0•m·~ u· ;;•••· ri<,"'.' 1,, ·11--

reactions. These can le..,.1 r.·1 t:1•· 1.:·rm.,ti0n r,;.;'lr:•:r-.-: -~,l! am.··::;-~< 

poly chloro btphenyls !P(~'·;.• r .. • <.::,·.-. ~n.:."·. 11r•· ,, .. -·,;r, ·.: ~-·· rJ'lr.1•:·r .. 
c1Jrcinogens, the re-:.11:1. 1s tt-,,· • ··r·~·.-·r p~:U',.,1•:· vu11~·•! '·'IL ?,PrtP.rit::·,· .. r .·1 

be sold on t~1e world mllrK~' 1: .. :1; .. ; '·,· .., ... : r: ,, ... s• "~: ~-· 



. 
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individual batch analysis hs·:. sn.1wn u·.11t ~he P~~a cor.tent ·:: the p:--•1·~1J·:T:. 

offered for sale is below a few pa:"ts per million. 

This requirement has cause•i pro•:iucers •:onsiderabie <li ~ 1 i.:•J~ tie·;. T!°?·?r ar'= 
makirg, in some c!!ses, many hundred·:. ()! tons of copper phth.:ilc•.:yani.ne ;>er 
annum, und on this scale it is not ea;? to maintain s•J<:h h~gr. star.a~rd=: ot 
purity. 

(areiul selection of the solvent ea::--:.:·:e.:. ,.:-.r.;,~tie?· ·,11(;-, ::.:-:.;, .:•Jr.'r'}l -:! 
conditions in the synthe-:.is to m1n11:1is~ th•! t::·rr.:3t~o~' -:·: Pt.8'-;., is 

necessary. Very sensitive an.~lytic'3: m•·rh01:. f.;r ~ne c.:,••:•t1.:i:-i ot i'-'•:2.'s 
and efficient ptJrification 111ethoas :or t!letr remov.:il. shJul.l any be torme•l, 
are also essential. These cons1der"lt1ons were vPr'f m•Jch to tne t.:>re in the 
work plan of this Contract which W<l'S be·?;un in June :~~!). 

The project staff were as fol l•'.Jw-; 

Dr David Patterson 

[Jr R ~arraciougn 

Mr K Givan ~ 
Mr G Edmondson 

..... .-. 

! •. ::.r:t r.:ict. c:- .;in~ 

f eam Le.:i•:le:· 

- . :: •; ~ ~. 3:-. ':" 

:-.n-.1: r ')r1:n••r, ~ "~ M0n l t •'.Jr i n·.i; I 1ri: • . 
[i-:-pr r,1 1,.-,~·)fJr 1,~1.:>mistry 

'1!~ l '.'~r :. ~" ',' rJf Lti?~rj~. 
: I' - ' .. ·,n f r ~ . ' r. ( ,. 

•,. r n1•·t. r,.-,.1 ': 1 

-Jfl'\: ·;· l" 
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Overall Plan of the Wark. 

1. Research to be carried out in the University of Leeds. UK. 

In the Departnent: of ColorJr Chemi-=tr'.' ·Jr r~e r1nxv'2r·;it·1 of Lee·~s. tnere 
are full laboratory facilities C<'tr, ~.:r t:1.; ·;ym!le·:t·~ .:;n -; laboratory 
scale of organic pigment:. inciu1in,; -:•:.-;):;.;,r pht~.,1.::ir:var.ir.2 i-erhaps ir.ore 
important, however, is that in th.;, 111:.:l:·:-:·n Orgdni•: f·,)w::.:r·:. ii:e·:..:dr.:~1 Uni~ 
which forms part of this [iepartiner.t, tr:,:,r"' ar.:; ava1l.'ibie tn.;, mo;t 
modern physico-chemical facilitie·; !'or ~he preparatioJ:-. ;:_.f pigment:; tro111 
crude reaction products and th~ir te•:hnicai asse·;·;ment. Tei:nn1que·:; 
available include electron micros•:·J~V particle size distn cut ion 
measurements for sub-micron sized ;::>:lr!. ic.'.e·; an.j instrumental cGio•Jr 
measurir:!ment methods. Addi t ior.ally, f7.!SS chrom1Stcgreph·; ere available f o:
the development of analytical method·; n.;,r:~ss1Sry for the d.:otermination ot 
any PCB' s present in the pigments prepared T~ing various s.:.!.vent s1ste:r:s 

The first step in the programme h.~.:1 ~wo .;sims. First to m.·H:e o:ru1l.;! :::.~ue 
copper phthaloc.yanine on the lab•)ritt::ir-:; ·;c'ile rJsin..i; a ran?,"e r.t aifferent 
solvents and to adjust the"rearti0~ c~n:ition; t~ ~et h:~n chemic:li yiel~~ 
of the product. The secc.n::! aim w.:.·~ t.J .1.;·:~:-::p ,,n :rn3l:1ti.:.;,~ pr:-.:e1lrJre t•.'r 
detecting and measurirrg anv F-•-~ -~·~r.r,--~,~ n- •.r.-:.- rr0auct-: ;:'r·>1r.:·:e.J. :::1r..:P. 
pure samples of copper phth.:slo.:v.'lnll•-'! ;..:.-.'.··:· i"•3il.'iult! tC·fetn,:,r w1tr: ;.t:.~n.:lar.~ 
PCB preparations, the development .:q ~r,.;· -,;--,·Jlyti·:al 111"'th0-:l·:; .-o•;~.:: r:-.:;.:ee•l 

at the same time as the work or. c·~·:::•;'.:< ~:;•.r..:1locyan1ne s·fnthe;is .,,r,.:: ~hi:
analysis of the samples so prodr;::.; 1 .:.:··~·= .:11..·-'iit ~ha :;:mp.er.t.:•r. ')! r:.r~ 
analyti~al method. 

The work on the laboretorv synthe•.e·:. w1E ·>):riple>.c·•1 ir. Jt.:~· •• :: .1r .. "J iul'.' :·j·~·· 
and is reported in App~ndix J. 

The development of the met.hod rc::•r r'• :'. 1u.'ll·1s1s w.,.~ : :;--.isn.:.·1 1:-1 ;:·.!~'tF:r.::~r 
1990 and is contained in ~ft.l'.l9JX ~-



2. Development Work to be carrie•l ou': :.n Poland. 

At this stage it was neces·.;ary ~.•J .:n·,j~r a ~d·.; chr01113tcgraph t0r 
installation in Poland so that furth.o>r· Je·.te~opment ':.Tori': on the lat>•:>ratory 
scale could be continued there. The s.~mpies o:· .-opper phthalo•:yanine 
produced there could then be .;snal·i·=ed ior tr.o:-Ir P(B coJnte:at. Tn.:, 
development of a method of synthe·=.1·; :::r.:d:Lln)2, a m1nimiJm of the h.:t< by
product was, of c..Jurse, one ·'.:If tr:-? -:·::i<:t:--ii. re:1•J1rement~- -:·t the wnole 
project and one of the cnndition·;. t:-•: w:1:·-~: :·:--'.;:r"':~ w.'ls ;ua:-1~.l. 

Consequently, an order for a Varurn !'k,cie~ .:13•:1.1 :"' . .l·.; 1.r1romato?;rapn ~11.1::0 
fiecessary accessories <Purchase ~rder ~0 l~-v-lllbT, dated 4 September 
1990> was placed by UNIDO. The del111er•1 •:!ated req1Jested was the en•'! ct 
October 1990. 

The apparatus was sent by air lrei~iH 11-.>m L)n,j,Jn airp.:,rt -:m ..'..:i N..:•vemr:·er 
1990 contained in two packages eina duly ~rr1vea in W.:irsaw. wnere it wa·: 
sent into Customs for the n•'.!•:e-:·;ar·: .:lP.aran.:e. ··:!11'/ .:m..:· .:1t tr.~ tw•) 
packages emerged from this prcces·;. W~·"n I found C·•Jt -'1tl 0)TJt th~: .. r w~r.r r.~ 

Poland on 6 December· and st'l·1e'i ~::.:.r.:· 1.1::~il lJ l.ie•:em~.:r. M'i e:"r1)rt; t,

find and if possible ~et c'.ieliv.:>r·: ·! ·~-=- m;:.·:i::~ p.'Jck.'I~•? w~ro? .::):r.:H.=>·.,.~v 
unsucces·;.ful. I r:on~Pr1U'(:! rr.·;-·-'.'-:: ··:··.::.ring witn rr.·:> ~x::•.:>r1m:~r.r~· 

syntheses being carried :J•H in t.r:.1:: -,_. :· ··:')!( w1th m.-_. t•J r:·lar .. 1 "i ;r.n:.: 
ultrasonic disper·:;inp, t--'1"~1 -'l:::: 'I ·t·l~::•:: -,r.:p.•· or F-'•::.: .:.,rr:;···~•m.~-~ :-.~·"1·~·1 
tor tha analysis. 

It was not nowever until 17 Fehru"ry ,y·:it th-:tt tho:.- mis·:.tn;; r.:·.'1•:i\.'lg.: ~'Jr:-. .:>·~ 
up from Customs 'tnd the: gas 1.hromato . .7r.,~.:~ w8·; later in·;tai. li?•l ir. L•'•1~ 
Polytechnic. This 3~ month delay •:.Jmplete:·1 upset the pr•:i.~re·;; • tn1s 
Project. The overall del1Sy Wt\S lon;.;:i==r tn.:.sn thi·; t">o:-r:1S1Jse .)f the n.:<'•1 ro.

experience in the running of the app-:trtJ'w .1r.•1 rhe analytic.,: ;)ror:i:-dure·~ .. 

The financial support oi tne d>.!vel·-'~-':n.=>nr. 1..1.·.ri< suOSo?•1uenr.tv c1rr1e.~ 1,i;• 1•, 
Lo<1z following the 1nst12l!at10n 0~ rl"w J.-'E. r.rom'it.o:.i;raFn h . .,. r·o=>~r1"' i-'·::1=•: 

responsibility. 



7. 

3. Other support work in the Unitea K1~i;e:;0m. 

However, to support the work in f'ol!m.J with the final abject of assis~1ng 

in the building a full scale plant f.:-r making both crude blue copper 
phthalocyanine and convertir:g this t..) pigmentary iorm, two further 
technical reports have been written by Dr 8arraclough and mys~lf. 

These reports, entitle.j (,ener.'.tl Pr-'.).:e·:o ~·~-rt~'°" mdn•~!·i-:tu1·e ot cru.le C'lue 
copper phthalocyanine by the ure.;i :::.~t·.r..,:,;-ir M.~tn.::id :l'.'1<] :...~b·:·!·at0ry S•:reeninR 
met;1od for asse:s·:;in;o?; cr•; 0:!e bi.1Je ·>'.tmiC,•::; ror ccm:~r-:;;.:,r, tc pigment·:; are 
given as Appendices 5 and 6 respe~tive1~ ot tnts Fina. Mernr•. 

Appendix 5 gives typical process me,hod·= t0r ~ ~lant producing batche~ at 
abo~t 400 Kg of crude blue. It cannot be an exact plant manual for a plant 
as yet unbuilt and a proce·ss wh1cr1 m<lY be subject to turther developmeni: 
and modification. But it is u-• .o- re-:•.iit ot long experience 0-:i: int!ustrial 
manufacture of crude blue. 

Appendix 6 gives important intorm.-Hi•)n at.1·J::. te::.tlnp; cr•Jde elue samples .;is 

to their suitability for convers1on t,) ;n;;i;ment.:iry form. T:ais is r.e.,.~•!•:! 

whether or no; the operator·.:. .-:;r n-1•? (!'•;.j<:> Di1Je t>ldnt them·;~lve·:: intenc1 to 
continue the tinishin~ r-ro•.;,···:.>-: lf•ldln>i; tc· ~he pro~uctt.)n .:-t 
phthalocyanine pigments. c: w:iet.h~r ::-.. :·: :~,ten·:! tr:> eel: ~~,.-! ·~r•Jde blue~.:

others for finishj_n?;. t:·or.n C·.·.!· ·c.,. 1!•· .~1.:rrent.::; :·:·:1•'Wt>·~ ar .. i =-•)rne 
producers finish part ·:>tr.heir ;»r·.··~·::!:-··: .. \ooi:l:i2 se:lin_.;: tr1.:· :-~~t.. 



1~onclusion and recommendati.;n. 

Despite the much extended time 
level technical assistance in 
been met. 

Admittedly, this n~s result~~ 

po 11 ut j ng, unecon•)mi c p 1 an~ , l"J •. 

even if this project h8J not be~n 

trie r~~=-~-~st !1)r r.1::. 

The present situ~tion is thut 'he std~e ~~~ ~~~~ r~~~ne~ dt which a ~r0ce~i 
has been developed on a laborator:.r 'J-,l~ !i)r t:-1e m.:tt-:int o)t .:ru·:i~ ~!u.:

copper phthalocyanine by d method wr1io::-; r·:: t?<:on.)mi.:iSl!y viRble, :·::. r •. ..,n
polluting and uses a solvent which 1·; 'l"Ml~<ible tr•)m Polish •)l~ re:ir1eries. 

The most MOdern apparatus ha·s beer. ?r.·;·::G"'·l !·:>r the ana1;1"::.i·; ot the cru.!•
blue, so that it can be <:ert1tied .i··. m•?e~1n~ intrendtion<sl r~qrurem.,.nt·;, 

with regard to its freerjom fr.:>m ,·.;1r.·:r.o.-.en1c PCB im~1Jritie·; an.~ C•)?Jlc 

therefore be sold it d.;o-;.1red. ·:>r: :.:-r.:> worl•j mad:~t w:-ien in :ni. 
prod1Jct ion. 

The project has stimulated '<1e".rclo;crr:~:1~. 
is now at the stage when~ piot-s.:.:s~.:· ': 
in turn to ttlP constrij.~ticrl .1: 

produ~tion and it~ c0n'l@rs:0n ~. 

pigments. 

It is to be hope•:l 
enable this course 
present project. 

trt.~ ... e::.)rtOtnt:· rlr1·--l , ·• ~. l(tl .. -;::·~·!l t: .I:. :r1 : ._··~".1ri.: 

to be to!lowe.:!. ~·~~ ~r!:.. js ~..:.·:lo:-1:: t:-i";' :..:.:1 pt? .~_.r 

The technical content o t t h i ·~ r .~ ~· 'r t 
serve as the basis for 1E·;istar1cP •r. :.1!.:1.=,r .: . .,,Jntri.:.; whc.• ~!~ht 1~p: ··1(:i 

UNIDO for help in this field ot syn~r • .-,.: · ·.r,.anu p1;,m.~n~ c:>ri:•-11Ktior •. 

November 1991 I 'I'.' ! ' . r .• , •. t .:~ r ·:.' . I 
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Appendix l. 

Findings 

As a result of my visit in February ;~~Y to the c~r~er pnthalocyanine plant 
of "Organike" at Wola Krzystoporska it be::ame clear to me thet the plant 
was in no state for t urther product ion. The lost bat•:h had been made in 
early December lest year and v~riou~ p~rt.s of the plant had ~pparently been 
dismantled since then. ! we·; int(•rme•1 th.:st the Polish Health Autnoritie·; 
had insisted that the plant should b;;- (.~,m;-iler.ely closed oy the en•1 ot !'-JdY, 

and it seemed that the process rt •:11:0--.ure na.J a1rea11y be::;un. The red::.o:-i·: 
for t h1 s move were ob vi oir:.. The :· l -:ir1 t i..-.:,·; l n 'l very oao :, t ·'.! ~ ~) of re;>~ i. r 
and had been ..:au,;.ing a Ere~t <1<:>'1: ··: :"·- .• .. t:o.•r., t- 1)t.h at111ospn.:.i-1.: -:in<:! .'li·o,;: 
to ground water since a l;irge am(••1:.• c: ··1::'r.ur1c acid n1i11 t•1 hP. 1J1·:p.:-:..?,! 
of, es a result or tne pur1f.i::at.:.:·:1 :r•. ·~· ·.;-.. ~:. 
Management of U1e plant ri.,.;,rl·1 ·~·1•: •.r .. -
prepered to go elong wit~1 tr1e rJ•~O:t'; .:. ·,·;:: ;, . .,.-: 

1-M, oe1n:-; ern;;•_G'/e•J. 

~c;iti0r1 ~"~ w~re 

t°)L•~n Mlj,•.it=;. 

qr!~ t I-! 

A change to the solvent f•rocP.·;·:; w1~: t:•· .::·:.,: ;t.it•? .1 c•·~1r:l;;-r.,:. rP.·rje;il:• 01 

the plant end the installation oi r1.~w type·:: i>r m.'lcr11nery. A buila1ne; 
containing another 1Jnwanted plant i~- ;sv,,ii,jri.;, tN th.;, installation of this 
new plant and after the rem·)val of r~ ... ~::o·~t1n:.;i; mach1ner:1 shoul.i n•)t. 
require too much huilding work to bP. d:JrJ~. ln tr1e yerd at: th•_. ~·on::: 

there were quite a large r.umber ot reactinn ve~.sel-;. ot suitabie st:!e; tor 
the new solvent process plant. They w•r2 .~l.;i·;·; lined, which may ca•J·;e 
some wear problems when making r::op;i"'r pnthatoc:yan1n•?, but I was intorme•1 
that thert' was also available a stainle~.=. ·~tc:>.:-l rP.-it:t.or whicn 1t mir;nt. oe 
possible lo use. 

In view of the time th~t 
because the reactor~ ~re 

is my view th'-lt the mint 

t,h~ r(_\rj··.tr11. t: r. ~ r.•·' . .J :·~'\nt mu· .. t 1r1•.•'.,'lfi•n1'{ .. l\i.·t· 

n0t t.h~ r•n:y r ...... : ;.,.,:.· ·..:~:1··n ml!r~r b•! 1:.-t.'llie-J. 1t 
a r1v1 ·.ab • .., ' ·::: 

scale developmen~ worli: '' r1:11 i:,. 

t 1rst stage. 

r : .. ~ , r • . r· ;- (• . ,.·, .. ".:, 



The "Organika" plant has only ia::<Jr.:s~·~r·1 ra:i!i~1e·; 1°:·!'" te·~ting t:1-?1r 
production materials. The do:>v~lopmt?nt lab·~:-atory is r:.:>t a1. present 
equipped to carry out the req1;ire.:1 11.:;v • .;;o:.:;ment worlo: !or tho:.- chant,e1:.v.:r- ul 

the process for making copper phthslocy~nine from the existing Bake Pro~e~s 
to the proposed Solvent proce·;·:.. As ;:·.<sr• ct t!"1o0 1'.'"Jerali UNU)(l pro~ram."le 
however, I would suggest that som•-. ,., ;i ;t-:in1·.:· -::.houl<! oo:> ;;-iven to uop;raa1n8 
the development laboratory. 

uuring my stay I paid a visit to ~"··' c •_·,-·.,-;:r:1°: :s• ~ ... :ro0>r'°' t~.°"":·e :·; ~ 
Department of Colour Manufact.•Jr"° i.:i•;. :.i:-:..:;, r:.r:.~ r.d·.! .:•)ntao:ts tor ·:come 
twenty five years. They are weli .,,,:11t?i·e.~ re:- ("irr-v1n~ ·:·•H rJev•iopment 
work at the laboratory scale of new ::·r•)•:e·;·;e·~. n.3vtn"? a1~'°''~1J.:i~e r,:.-::.1:0:.i:.,-e·; 
of reaction vessels, chemicals an11 .-.r~:.:-r ::lb''r1'lt1)ry t~::hnique·;, t;.1.:t m-:·r,:. 
importantly in this c6se, i~Er:., ~····!~:r1 l!"1strument·::, ir •. -J11.c1r.11: 
spectrophotometers, an eiectron ::a·:r.:o.:·.·;·. :i; .. 1.:. ".'h .::hr•"J:riat.og:.'ipr .. 

The latter is essentidl f•'r .:::,•t.:;i:~.: .• r:.· ::.,:-,: .. :- :! ':'J::.~1t:;~,:,d t,:~•:-;··r.·.11_ 
which are a dangerous by-pr:~dtJ·:t ;;, r~.·: r:-r···.·:·~,.·:o:•:-: ':•r cq:-p-~:- :::>!"1th-'HG•:v.~r,:r1.:> 
by the Solvent proces·; u·=.in~ nltr1·::~;;::·~r.~·. i·r:-;.:o?,,; c·'.!n~iti::·r,; .;an ~,,:. 
adjusted to minimis~ the am.:0 :.mt. •! ~·:::r.,·:·:1~ ~.~:·1:1.: .. G t"1r. n.Jt w::~"iil:: 
completely eliminated. For r1o?a;!;: 1·'r.· r:-:·~r.;,:'ro:· it ,,,.,c.:.·~·:-:sr·.; r.: 
monitor the process VPry .c.~ri?ru: .·: ,. • r l!·•i·,r ··!: ~p·Y.00 ': .:in·1 ':.IJCh •.• 
products. 

. 1:. 

well qualified to assi'O.t with r.r.e ,.,:-_.r.-,:,: ·:n'.;.•·· .. /!'.::•-=:··~-= 1:! rn,> :'.Ir :;•·.-r. 
and they also hove acce:;s te> r1 vi•;. • . .-.. :,.-:··! •; .. :r,r.•·:11; ~!C·r.-ir·.r : . .,.~ 1 

long discussion with Profess.x .i~:; r.rd ,:, .:sr .. 1 ... t: .-J.u-: .. ~.,r..!<.· r.; ?·r·,1·n n;,~ 
facilities for Mr. KowalchyK of "(•rr:~n:,::i": • :.1:r·; .:•u!. tri'"' ~''"'':~:;·c,-Jry w.:-rK 
there, s•Jbject to a S1Jir.abl<:! a;.i;rP,:>mPr1! 'I'· ;1·::?:o:>r.r tr !r,.,. :-i·:.:·:•" 
provided being arranr,P.d. 

Mr Goreczny, the [1eputy rJ1r~·:t,Jr r·.: ~:.'· .··~.•1n:;r~ !'<··tn~v. ,,,-,-.1r.1r·'lr.1~·.: :i:.=. 

on the visit to lorJz and is in agr.:>ement wl!~. tn:·'· ',•J;,:;i;P.·~t::r. 

To further the project, Fj ·::..:r1~ml!t: r .·., . :-: :. 
conjunct.;,on witri Mr 11orPi:zny. :r,; · ',/t"'. ! :-.•· - r ~ r. ·.' . , t ··· 1 :""1 • 
agreed design. 



'' 

Recommendations 

In view of the findings it is my opinion ·~e p1an tor rhe prcJect sn0ui~ oe 
amended as follows: 

l. Instead of a furtner v1s1t by met.~,,,.,,_ " 0.T.1·'.ln1,::s" 1.1:~.r;.:·; ia·;t.i~l'". ur.t1t 
the completion of the proji:=rt, ;.nn: • · .. ·:n:: ::.r°"lim:r;:sr~· .Je.:.i~n ,j3t3 

should be carried out at the Lo·::= f )!:,rte.:r.r.i.: :r, •he :nstytut 
Barwnikow, ul Zwirki 36, lod:::. iiHs ·;ho•;l•:! !'·~ cone using the 
Instytut Barwnikow as a sub-con:~·:.~~.::r to pr•)'/ide the n2.:e:;:;arv 
laboratory facilities for a member 0i •np s~aii ci "0r1anika". 

2. When this has been arranged 1 s~a•)L!la p:w a vis1t. to L•Jd:: and ~hla r.0 
supervise the beginning of a pr03nn:me of l.aco!'"atory work to obtain 
process data for the new solvent pr···cr:-·:-o 

3. After about two t.o t.hr·ee month·: \·'r:€!!'- t ~1·:· .1...::·.'-=10;·m~r.r .)f t n~= oro.:.;·;.·; is 
approaching its compl~tion, ·;no••lrJ ma;.:.~ l't turther vi·;jt to chi:>.:i. 
p:-ogress and begin t ne de·:.i . .1;r. :;:• .:;. ;;-.:. ! ·.c t ::•~ :-:,.:.· .. ; pl ant. 



Appenaix 2. 

·~-~-

Since my last visit in F~or•.1'ff'/ :.-·:·::·:\ :-.,·:·? 0::.ir::.:·.-· :::-.::!.:-r'lc·~\ 
in Poland. It wa·:: feit nei:e·;·o-ir·: ~ ·= - ·: ".~:-~ =_:•:,·.:-:1 -,:·.:a ·::-.1• t: 

the 'Organica' plant at ili:.Ha ~.r.: ·1 :.:-.; -.~- :.,:·;t..:.::-.~_;.: ~.:,: 
therefore l!lllde, i.:sstin~ t:-orn 1 ':' t> __ ., ···:-:······.- ·•: 

Findings 

There have beeri some changes oi ;:.-~=-=':::·:··. ;.::::,::-. m:i···:· '.ie·.:::-·=>-i:-y .,, i.'-·: 

the proposed plans set out in mv In~.:,:·::.: T.:,.:r,r,:.:d~ 1:1'..;,i:"=': ~ .)t ~et:r-1;.:sr•1 :·:<--:':'. 
Addition.~lly, some experiment.il wr:-rl': ~.a~ r.·~.;o~. r'S::-:-:.:--! -~'J' "::,·1 f'::-.:-~·?' =.~::
Kraska at Lodz to te·;t out. :i :):.1:<·: .-.:·:••!.' ·;.·-":n ·_r ~:;;:,; .. -r 
phthalocyanine s1nthesis. 

There are 
The first 

two pr inr: 1 D~.:. m.:-~ n. ·.: ~ 
is the B3ii:in2; Pr•)•:<?,:., 

dismt1nt led and th~ se::on•.:! i o t ~,.-. : · ··-·:· • 

place. Both these proc.;,;·;.,,.·= ~,-.-.-;:· - , .. 
Despite this de·;1:ript ion, .:r1;.-:.:. ~.: • ·' 
phthalocyanine b1Jt its pi,rt1c!-:- :i-.:, 

m-~r·:~.-

~ .~ ~ :; .. ·. : 
~I : 

:; ! :-· ~ .. (·. 

! :·! 

used as a pigment. rt a::;~,r. n~ ·:•~r·1~·~_,..1 • .; • ~ !~ll ~~. trt•' 

reduces the particle s i z~ •J•?r y _;,r•:• 'St : '! .,. ~ ,_ .
structure of the p!Olcti.-.1.,,·:; i-:. o-:itr,.,-! .. ·:·-· _. . ~- =-"· . 

This 'finishing' process ml1'! er m'W : .. · -,:·:·:.: ~ J. ·~ • .:· =1:n.~ : ;.. ·.:r·: 
that prepares the crude blue. · -·;·> .. ;·;. i: :i:·:~ ,:-, :n~°"'rn1H1•·r1-L.': 

saleable product., provided t.nl3t r:,.:· ···.'i:r .. :.: -:1 .-.,r.:1n.;-.. _.~,,.· ~-·)_.,. .·~.:.-:·r.: 

biphenyls <PCB's> is suffi,:ienr.ly ; .. ;;, : ir't :•.1~ H :·: t•:r ·· 1:·· ·. 1r. 1.i.:'A ,:;·: 

EEC countries. 



Consequently, as well a·~ for tht::> ;·r·'v-·v:~n. ,..,t t:'•:·~l•Jti•)r, anc .~~ner.,: 
safety, then• are lllportant ·:,~m=·~r-·:.,1 r~d·:..Jr-; ic.r •:1.,>·;igning ti":>? 

production process for ma1nn~ C.)~~~r ~ht~.:s • .:-cyanine crr:•l.; c~•.:e -S•:> tha, it 

has a minimal PCB content. 

Then! are thus two consider a~ ion; to ;"\,:..sr i:-: mtr.cl wt;~.-. r .:-nnulat tr.~ ~ 
process for copper phthalocyanine p:-c.:::1.:t ;.or. •.in.:! is tc ~;~t as h1.~h 3 

yield as possible from the tr.;:-•Jt c·r :·3;.i m:H~:·:.,.~ ,,n.:: :r,~ .-.~hO?-r i·: ~.:: 
reduce the amount of by-orod•Jc·~.. :'.:")!!I•: :-r o;~., ::-y·:::-0.1·.:.:t: 'Ir~ t'!r-::;:.:> 
compounds which cause te.:hni·:a: ,-;;.:::.·,,:~:,:.= :r: t!°:-= :-.:r:·>.:-·:'"!r:t r1:11;h1ri; 
processes, while other-s are •n.::- ·:ar.::r..:·.·:L: :- :: ... , 'i.r.:-<i.:·: :-..:.· .. -rr-==:: t.). 

The change from the Baking prc·ce·;·~ •.: . .i ::=~.-.·,o;:--.t ;::-.· ,,::: ;.;:,; ir •. :rt?<!:it? ~:-,..3 
yield from the 62 to 72'.7. previo1J·;ly v~.;:r . .;,•: 3~ ···1r~3n1c.,• t.c ~H l~E~ 
the required minimum ot 931., wnile ~t ~;,.:: o'me time r~fo.:~n~ atmo-:pr.eric 
pollution almost to nothing, ar\J -:cnsic~r~::iy ~~m1r:i·:.r1inr, tne previously 
high consumption of sulphuri( ac:d wit~ its ~'te~dant cisp0s~: problem-s. 

The solvent process is not w:~n._ .. 1t • c .:i1r., ;·:--·~=-·~o?!:':S. r.;:1.Je-.·.:.-:-. ,._ l" 

necess,,ry to cno·~se ~ sol· .. enr tor ~~;-:, :::-.:-:o?;·; w::ich ;::- :i::•J<:e·:; ir.ini!ll~: 

"mounts of PCB's, to monl:cr ver-.· .~;·";-=l·: •h.;, '\:t:.i.,: f'r:: c:·ntent 'ln::l 
further to removi:! it entirE-ly ir.c:n t :;.> '··r:;~-i! b~·:·?' b<>: ·r·:> i~ ~" s•;~jo?··~,:.:: 
to finishing proct?·;ses ~ithPr :)V tn•~ '.C:· ;"!u>·r •:>r ::··: -i .:·L::·:irr . .::•r. 

When choosing a suita:-:•: :.::·:8:-.·. -~-·=·-- .:·; -"~;·:·: :~.·;.:,:.r.'Stl):-,;. t:· :::.:: 
taken into account. Th,:.:,:. ::;clud~ =~~ 'S:i~ ~v~:.3::::::~ G! ~upo:ie~ 0t 

that solvent in the country wt-..;,r.::· ·~,.-. ···::itt·,~-=-~o • , t.; :.• .:.'\rr1~.:! .: .. ;t. 
~ogether with the cost of r""ccverin; " :!\:v:. ·"'i th".! so;,•..,?n• ~s pos.-:.1t.le ~t 
the end of the redction. Tne (OSt ~n~ ~va1!'\~i:itv of s0lv~nts m~v ch3~!e 
from time to time, S•) tnat a·; a :::-..:..~-;:;r.:•:r, a~ainst thi:-. to?chn1.:.~: 
experience with more then one solvP.r1r. w"i;.~ (·~ ·:P.ry 1JS~i1Jl sn.;:1!.J ·;.u;:;?~ 1E:s 

ce8se for some reason. 

Procticol Considerotions 

I. The Project [>.JC•Jment numc.•er ..... ·;·•·!....,-:Y •·nr1~:.:>n 'h:•~ ,;_.•1,::.l te.:!"ln~.:.'!I: 
~dvisory ftS"-1stan<:e for th~ rPh.'!!bil!t.'lt.!·.ri ••t t.!"l•"" U•::r1n•·!0.;-,.-~1 :,rn.:>?·o·o .jr,.: 

quality improvl!ment of t.h~ phT.hl\lo.::1.,ni; ; : .• :Tl•!r:·~.· :.)fit.'l:r.s .'.) ~·! ~r. wr;1:r. 

Is a sound basi·:. tor ~nn r,njei:•i·1.-s 1r. ·:. '1'.• ·•·•: ·.; . .," :· ·llr,,.,::i:..:- .··: 

StJCces-sful i111plement"t.1on ir1 tr..:· ·u.r•"' :"11::·r, :n ~-,·.-lr;~ ,~.~ r.'\.:. ·r:·· 
-:.•Jpport ot the ~anag~m·!r.t ·~r r • ·' '· ... " \Ii. : "' ·,r,: • r .. ,;. .. ,: 
(0lo1Jr Instit•Jte r.'! n1.:- l.<»L: r .. ,..... .. r1 .~.I 



2. The Prof e-;sor of 1..•J lour ·~ hemi st r 'J : !"'. ! :"!~ iJr.1 ver sit~ or i...~o?·"!·;, f·r •)r. LI 
M Lewis, is willing to ?rov1de all nece;-::.ary laboratory ractiiti~s in tne 
Wolfson Organic Powders Reseisrch L'ntt tor the •1evelopmen-: work necessary t.:> 

prepare a Solvent Process for the man=Hlt.:~·Jre .)f c.::ip;:;er rr.th-:ilc . .::vanine 
crude blue. The necessary ara:ilyt!·:.s: r:Ei~iti.>; .;re -:tvai!csblo? i-:-r t:ne 

deteraination of the PC.B content ot ~sm::ie·;. 1!1-'!•le ·'iui-tnP, t:::~ i:o•Jr·;.e ·~i tn.:> 
development work. Full pigment testing ~thocs are c:"! ha:::.= re:- ~ne c;uaiit:1 
testing of development sample::. The r:hv_;~ :'c·r tnE •J<o:o? c! t:-.<;;.~ =~.:ilitie·::. 
which will be on a 'cost ::»r t<>~· :·:i~:-•. wc·•J!--: ::-.:, ir . .;,~ n; rr.,:;, :rJm t:-:.;. 

contract budget. Test i 0;.1: ·~: s-1!11:::< .:?·, ?r..:. ::! : :-. :-· :. : i'.'.·! ~ •; ~--r -}r r: r !!ska w; ! nJ 
h!s solvent system wiil a1-=.f) ~-o? re-·:r.-':! ..... :· ··." -::n!.3:· --::.~r:l,e t~·:1·; . 

.l. Prof Kraska is also wi1 !in.,;; t·~ ·; •. ;. ~w· r;:·-::· :::. : ~-:-}r<i::..t·; !•Jnt? ~n.; 

!uly of this year, wc.rking :n Leo?-~: ·.!s~~-,; :i ~•!:.:-r"':.' ·:·::v~r,r. system iolhr.-:-i 

in is more general u~e co:nmercia:l·1·. T:-.Jo? ~nrir~ .: .. ');t ·:! ~r!i"i work ,:.~11id 

be met from the cor.tra.-:t hud8e~. e:-:-:i•J.::!fr:~ n~s transp0:-t.'1t1on c.)-:!S 
between Poland and Britain. whtr:r, sr.:·u~~ rad t~ ~~a" r"·)lish Governmen~ 

A~ a result of this d.:>veiopment w.-., .:. •1,;. :·:01·.•o?r1~ F~o-=~·:;.;;:.;_...; sr •. :..1:·; :.; 
av3ilable so that a choice betweer. ~:-.~- t"1-:· .:.3:-. ce l!'..8•::-?. T!'r-? pri~":!:.;~ 
factor in making this cnoi.:o? wili i:-:-·:·r1'\:-~'.-' :·~ ir• ~he ~·t.i: :r,:-i~.;rnt of tne 
re<>pective products, but in ~<:var:r:".' i! :-=. ri-:>~ r;1;;·;.1t.io? ri: !:':•? certain. 
Advice from a Consultant w!'lo h~s h'1•1 .·n·. 0r-'l•t:-:'ii o?:::::.;>:-to?'.1·>:· -:-:-i co~?er" 
~hthalocyanine production wi~l b~ ·~~~r 

4. It will be :l~.:e:·: .. •u·1 t.-.· :::·. ·::-:.· 
type to that avaiiabie :n L~e~= 

lhe programme wb~r, s•;bs~·~'J•:r,• -.-:.:• ~

practicable to set up this r:nror .. ,u::Jr~;-:· 
0:ould be done in the Institute at : .. -;.1: 

.: l # 

. -••• t:" 

~ i : ~ : r ., "t w.~ i ·'.L 0 I j r t r. ; -:; 
:; : ; r anr: t- C•:!t we~n LO·lZ dr .. 1 

Wola is only about 51) Km ar .. 1 the s~mpl•:· -.r1.';' w .. 1v •. , r.:-w grams. so o::-v·~~ 
for a factory in full produ._tion, ~h. ·..;_:_::.! :)•! .-,nl'f 'i rr.in.)r di:;.adv.!lnt . ..,;;~
The management at Wola h.:ive no ob:e.:~ic•: ..... ·~:.;> 'J;J·; chro111~u,11;raph, whi.:r. 
would be provided from th~ bua:-,~t. ~:1 .. ; i:O· ···'. t.ho? P•;1Jif;:r .. mt li$tiM :n 
Annexe II of the Project l•oc•Jment, r• ... 1: •• • ·'.i~e.! :.n L0dz. • .. x.tr~ry to the 
doubts expresser.I in my e.~rlier leu.~r -1: ,.,t.riut 1t l').;-a:,; poss1ole to 
provide this gas chromatograph withir! •.r .•.. b1."1:~•!•. tnrtn-0r ~n·~'~ir;.;;>s :-:1v~ 

shown that these •1oubts weri:c> inr.orr·-'·-~ A~: i~1-.•r•.1m~::-.r. -·'\r, t-,:, pr.:·vid.;-J, 
together With a supply 01 c.p•H•·· 1'. ! ~ •• ·Jr;-•. -,il:<·- ;·-.- ·~ .• -. j ,C<!,""' 

1'Vail11ble. It m.,y addit1.')r1!!·,· - .. - .. " 1~~'\:1:··· ·~,:n:r.; .. '1 

-~ , • . . - l ~ •. : ~- • :'l ·:· 



4. SomP. progre-:.s l'.ds been m..,•i·~ ln · :.-.,; i::1", !:r,e bui:·lt<:~s :or the n.:-w 
phthalocyanine plant at Wola. Cine ~t :e . .,·,t, in which ~h.o- a:taal S-1lv.:n! 
process ls to be carried out, wi!l hav~ •c t~ equ!pped with elec~ric~l ge~r 
of flaaeproof sttlndards, or. which the i-·:Li·~h 1,.~·.-err.me:H "~'J~t.;, ?-i~!ttly' no"' 
insists. In connecti-:m wi~h trae provi:i.:::n oi ~!"l c.p-7!"'."Stic~a~ plant t·:·r 
phthalocyanine, I understand that 'Organ1ka' has been ~??roa~hea b~ 
consultants in Warsaw with an .,tter •:>t fin.,r.ce tr•}m Aa:e?·icdn s·:•Jr.:es rJ!"' 
construction but without any techr.1.:ai. inpu:. Wh3to?ver the o•Jtcom..: er 

this, the design and pror-e;·~ in·:trw:ti,:r.:. tor a :'ull -=·-·H~:: r:;'ln.t wht·:h srt? 
called for in the Project [•o.:um.::nt ,._El t_ .. ,, ::~··J·,·:Jo?•.! 

RecoMendation 

Overall I am of the opinion that !t i: i::·=··;.=.t:-·t~ to t·>?.~iri a program..rr.e ;·; 
soon as the contract is agreed, wh1ch will le~.:!, within ootn the timi= 
scale and the budget available, to th'J ·:::i:1e:1t1~1c .lnl en~in.-!~nn~ d~sig::: of 
., solvent proces:; for making c0pp~r :1htt.alocy.,r11:0.,. ir. .::r1Jj~ o~·J~ torn: wr:i··~, 
is what the Polish governm~nt •.::.rig in"\: l? r""·~•.!•1·;te.1. 

rec 0mmend that 
earliest possible 
project. 

step·; shc•..;~r.! 

date an·j am in 



;t 

Appendix 3 

f!~·;ic method fO( tne rrep.'\ratior. GI : ~-~-~- -"-:-:~.f.'LC·:y.;ir._~r...:=. _ _:._,-~;_-_·_i::..i•.'o? ::<:_~~ 
1.1rtho-nitrotoluene \ONT' as Solv~nt 

The reaction is between 4 Cl•Jl~-:;. ;:-~.~::>::· 1::-;.:!:•··!..:- • 
mole of a copper s~lt eg. -:•.:::.:··:.::·' .... 

Wtlricing on the scale of•) . .::"' :1t:-i.;, 
following are needed: 

Phthalic anhydride 
Urea 

Cuprous chloride 
Amaonium molybd~te 
Antioxidant 

sodium phosphite 
l-2i on weight oi 
crude blue 

Orthoni trot ol •Jene <;•-.i v~nt 

Theoretical ytel1 
!n pra~cice 93 - 96% ~t 

should be ~cn1ev@d 

Pr::::.:edure 

p" • -..... -

· . .-:· .... :44,~. th~ 

(.m<:e the solvent !"".~S been 3•l•1e.1 to tn.:_. r.-:;:,t:;r·" .. ;.:!•:I.I ~C· :;:dr;~ d~ rO•'M 

temperature for ~pproximately ~r.: r.~ ;l. :1.1 r•"i' !.~r.(: ~·=· .1:.-:.:.:-1·.r~ in thi? 
solvent. Then raise temper.,ture tr.: !.7:-o ·· ~~··! :..:iz..j ! r10•.:r r.:· remove "ny 
traces of moisture in the solv€-nt •m'l:~:y 1:!'i~r-,~-:~- it •.r..• , .. :v€'nt. w . .,.~ 
re-cycled after the emulsion - dro~:·0ur ~r-:~e~~·-

Then raise the temper1tture to !6(1-1.~···· ·~:.·:-r1~.·1 :n•.' · .• :~.~ : .• ! ::·:· · 

!2 l'lrs. or until re,,r.tion is r.ompl.;-·.:- ·:r1::·.~··~·: ·..1r.•,:; r •. - :n.:.,:-.-· 'tmm0r.!~ •. 

ev.·il'led from th., t.op ot the con,j,:.n·; .. : ... -~ r··: t•'-r-:n·1~:-~ ·.r ·,1r.••·:- :•_;rr.·· 
whe'l a giass rod dtppP.cl into IM•J(~•:.:L :· 

condenser or by ctl,,n)1,e :r. .:0~0•.1r •.r ·:;,,·. 
violet.. pH 0f 8-:4 1 • i~.;rm.,:i·;,, : ..• ·· 
req•JI ret1. 

'. 
• . • t ~ • ~! •.' :n . . t t n.:-



Isolation of Crude Btue 

Once the crude blue reaction is c0m;:-!.""t-'". :·~ .:.-;t~ i• ':)y o:-i.: :-: t:-ie 
follow~ng method5: 

l. Steam Distillation 

Tran·~•er the reaction mass t0 .-; :~~-;~, ::=·:i.-;~:c:-. ·.;-•-•.:-:. 

Add appro:-cimalely 200-31)1.lml·; or w.-;t"·r. •.;:·,,· : :-: • · .: ·.·: ;..ritn -;.1•.;€:.:-'J·:. 
sodium carbonate and also a.j,l a smil! 'ii:-:·::-·.::-.~ ;1 ·· 1r:: :·r.:-~ ;1.:: ra.:t~nt 
<approx.17. on weight of crude blu~. <?-! Turl':€:V :-:•:'! -::: ;:;.r r .. ansi SSA• 
Th• surfactant helps to prevent bumpin~ d~rinJ st~d~ ~i:t:~l~~1on and tn~ 
for11ation of hara lumps of cruae e>lu~ 't-<!!t:.:-•. '.' 

The advantage of this meth.j.J i-; th-1'. it :~ si:r.;:l"-' r,: -:--:-:-.i•.,. -;!'",.1 ~.". 
doubles as an aqueous alkaline ?Uri~:~ir1 .• ~ ;t~:-

The disadvantage is th4t ir is r~l~=:~~-~ ~Y~E~;:v~. :~~ 
blue by this meth0d is .,::>pr.:x _.::•.:;· r.;;: -~·- :'1-'l: :'..'!'~--:.:-: 

2. Emulsion [•r :'wn-;~ 1 ;~ a.:~r :-.. :; --------- -----

Wh~n t.he cru•je t.l•1.:,. r<:>.:.ct >":i : · ....... . 

Raise the temper.-;ture '.o :r:>u- i-:.•: ·. 

In a beaker 

Place lOOml 01 1.•NT -'n·l t:-1~r. 

200ml ot water 

Stir for 15min to mix thorou~n:y 

then bdd carefully and slowlv 
40g sulphuric acid. 

St.i r a,; vigorou-: ! y ,,.; r·: >~: ::-. "" : ~r ".: · 

"1 • , .• 

··:''. 

:r .:r J J•~ 



Next add the hot reaction ma·;·:; >\:1,j ·:o•;r •n~ fe::.1J:t."r!• .:,m,ils1or1 3t appr.:·:< 
90·c for 1-2 hrs. 

Then filter. When tiltrati•Jn ~s r0ci;:-i.:~o?. w-!-:n tne ~re:.scake w11:h h0~ 
water until the mother liquor is nll"•J~r.~ .. n.1c, r~:n-~ve·; all tr'!ce·:. •)t 

iapurit ies and leaves the press.cake r.~ur ra!. 

The presscake is then dried in an -3~r .".)·:.:>n a• .30:::--::>:-: o;,_•-~1;··--

The aother liquor ~rom the in1t13~ :1:t1»r.: :-, ,:,.!•I'\~ ~1;a:~·:u~nt wasnin~:. 
are added to a larle s..-ttlin;;. i::-::tl".e: 11:: _. :· • · 0 ~'t:.·! "J:·:.1: -:r.e sol'len~ 
and aqueous acid pi1asP.-; sep~rat12. i:.~. ··i·:.: , ;.·.-<·: ;·1,J 0:13·;.e is ther. 
carefully poured off an-1 the 11~1.Ji:l 1~11-Ln:r •• ::: ~: • .- ::>~:sl'.·~r :·;; ::>ut in" 

separating funnel to obtain a cl@an ,@~~rati0~ 0: ~a1v.:,nt an~ aqueous 3~:~ 
layers. The solvent layer:.!; •Ee•!;:,::,., ,,.,;:t -:rude btue rea•:tion wh~le 
the aqueous acid layer is ,j1·:.c-srde-!. 

The advantages cf this m~t hoa 3r"': 

i. Quick 

iii. 

iv. Relist.1ve~y •~1~at• m.jr.,:.1•r·::·:: _ 

compared with i~v~ ~er ~~ ~-:~, ·· 

The re'lction mass ts ..;1mp1y tr~n:.f~r ,-.. ~ " :1 ·1, •. 1.:·J:n ~~ i ·: r ! 1 i r\ r. l (>rL un ! : . 

The advantage is ~hat it is r.;,:3•iv.::.·: ·::n::- • .;· ,;;; .;· :.:i.i:. 



E.Y.rification ~thods 

l. Hot Solvent Washine 

The presscake is washed with h·)t 1)~ff :.:- >.·.;:. ~- -~~ -:·•-' -..:.·:• -, 
as 96~ can be achieved. 

Ail manufacturing'H>•)lati0ro ::-:·)._,:.;:.-. ···· ~ :-1:·::i: s·:.:•n ·.'t~? ::.e!or.,. 
the crude blue can be used r.o :1vir.::rF~ ; ... ·_:·::: -:·;t;:··; ::~!'.'!-=nrs. e:-:.:e:n 
when using the emulsion '1rc)wr,-c:.:;~ :r.··· : . .: : 

2. NorMl ?ur-if icat ion ~t~;: 

This is an aqueous acid prc(ed~r@. 

The crude blue i:. a.1.j~c1 to i•.t·;~ -:ll•J.;.;,·,·;: 

It is then filtere'1, wa·"he<l n,;.•Jtra1 w:~:. 

in an air oven at t>O-o•)"( .. f:1• =- ::-.~-rL·~ 

of 98-9941.. Dilute s•Jlph:;r!· ".::.~ '·''· •·. 

.·,,.;-

: ··:·-: : : · ··~ "i·: ,- ~ hvjrc·:~! ... .,r ;,· ;.· l·!. 



~~-------------------------------------, 

When using nitrobenzene 8$ solvent 

The lit step is always H abstraction 

nitrobenzen~ 

This initiates a chain re~ct1on 

lhe 2pd step is add•· 

C~N@• ~ •-@'Wei 

~. 4 • · r: ! r_ r · .1·: 

If the solvent had been 1,2, 4 tri~h:01 ~h~~ZQn~. then polychlorobiphenyls 
PCB's would have been formed. 

If anti-oxidants are 
produce an H radical 
haraful products eg 

ad<led. th.;--,~ r._•r,.: r -,, r J\, ·:h:'lin ~topp~r:., sine.; tta._.y 
and re~ction w1:n tn~ main rod1~als pro~uce~ le~~ 



. ; 

Preparation of Crude i:Hue - usin~ f'.:: .. t1;!'1 ret1nery ::.yarc-:drbcn :;ol•;ent. 

In a three n'?cked flask capaci~y i1)•:·.1ml. !i~~e.-:; wit?-. sti::-rer, t:1ermomet.e1· 
and a reflux condenser, kept at ao·c by mean·; of ., therir.·}stat. 

Load: Phthalic anhydride 
Urea 
Cuprous Chlor1Je 
Ammonium molyb~ate 
Hydrocarbon solvent 

stir constantly and quickly 

.l •• 

r.e.'\. • - '-1'; 

next Slowly raise the temper~tur<:.- '·c : ;._.-,-_, ta:-:~n~ n.'.>~- 1-::s·~ tnan lhr 
and then hold at lJ1.1-141)'C l•x :.~,:- c. 

<A slight foam appedrs on the r~~~~=~~ m~~~· 

next 

next 

Slowly raise the temper~~~r~ •
and hold for 3hrs 

Slowly heat to l ·.:6-:..:01) ··_. 
and hold for 4hrs 

After this timr:: t:.e reL•: :r. 

Still stirring. 1ill1;,w th•::., 
the phthalocyanin~. 

., . 

Press and then w.'!lsh with!,') ~•trr-·. •"'. -,.-.• 1-;.'t'•·r '}r '-1••-'!': 

......... -.. ; . .;,. 

The wash is complete wt1en no s-:-iv.:•r>.• : .··-'-r. :r: r.r:.;. rtit.r-:sr.-. 

Filter hot at 'J(r"\. and t.he:, w'1·.•, .... ·1: '" ... ·' : .. ~ ' I 

The filtrate wtli oe nf":.'u•r'I: ;• 

'I I j 



Redisperse the presscake in 1 litre or r .. Jt "-'·"~.:;: "i~ <:<•_.·, __ 

Add 75ml of 50~ sulpnuric -Kid at thi"O. ~.:;:n::.>era~ure 5n•i stir ior ~-•)mins. 

Filter and wash with:~ iitre::; of b·'-i'.ir,: w.:i~.:,r. 

FilL-ate will be neutral, colourle·:o -:ir:·~ 1r,:,2 tr,Jm .-1r.·; C'pt:ler -~.3lt·:.. 

Yield; 

June 1990. 



l. Solvent Selection 

Prepare a crude blue 
completely aliphatic 
L <Exxon Chemical>, 

using the Polio::. ;··:-:·-~··:;:. «s~'i! ;:>:co:• :;1_:• 1.1~in:; 

b~se•1 sol v.:nt ·:;, ,-,;: ·>J,::ou:· ~ .;- ; ; ~:.?rusene ·)r l ·::.)par 

If there are problems wit n re:v ~ i :.n :r,~: '· : . ·:; 1 • ··• ~.-~,: - '· - :.:·:;~·>':·: t w~: '. :::°" 
the case, then we must carry OIJt t1.1rtr:.-:>:· "::::-0~:m""nts. ,_,·o:~:_;; -;:irtd.:e ~.:tive 

agents with this type of solvent. An10~1.-:, ~ntion~c an~ non-ionic types 
are available, but in my experien<:e, "r.i.,ni.-: :.urf11:::ant~, u;u.~lly give the 
most satisfactory results, ee Turke:1 i'e;1 <•11 at !-:.::~t, ~:1 w~ight of the cr•J•j-? 
blue to be synthesised. 

Using aliphatic solvents w1~n d n:~.~- .n·:r,·:;t:· -: .. mr . .;-nr •.c-\•er .::,.,.,1 will 
improve the fluidity b•Jt. wi i! '3i·:;J ::: r.:--:s·,.: • ::..,. ·_h;.:-. . .- .;: r:r ).~·;.: l~:? 

substitutued bi phenyl t 1)Xic t::1-;:.ro1::1_:. :.r~::.-:, m•Yt ~.'"" .i\'·1i-~•?.: : t 3~. -'il; 

possibl·~- This is the re;,-;o:i t;:;- r.r1" ·:·;~;.:-:r.1 .. :~. '.;,.:·:·? t.Jr :;-:1r._:: .,~:~~ :•1 · 

solvents with less than 31. ar:J:n.:n ic · •r-' "·'.",r 

If it is necessary to use a~:?n~!i: 
<':ontent to get a sat.iiar:tor·: il•;i•1::-. .. 
anti-oxidant such dS s•;.dium i•n:c·;:--:-:~:. 

illu·:;trated in Mem•) l. It;;: .,,_.: 

substituted biphenyis. 

,. 

Some experiments makinl ·:r111:·~ ~-;11.· ·;·,:r. 

ONT to give a satisfar.tory m.~s:. r•· • .-~ L•::-. 

· ... ::;.r, ~i:·-~ !'~.Jr._, 1r(,,r.11~1-

·· .. ! -s. >~ t;~ flt?f~to?~:..~r'/ tO r;·>: iL 

'' !J t 

m~~ht ~.s0 o~ valuabl~ 

•JL~h ~~.~ .-vi<!ition or -~'.1 A second series o! reaction~ 

anti-oxidant. The reiative 
could be compared, as wel 1 as 

.~m<)Unt-_ ·-: ·:::r:.::.1•1_1r . .;,.! hipr1enyl:. 
tn~ .-:ru1e ~lu~ .-:~~rdct~ristics. 

Mixed solvents reactions are fe·1·;ir<-:- ~-:.::. m.:i1.·. •n.o• :s.:l-:sr.ir:ri -:it th.:> (rtJ-:le 
blue unnecessl!lrily complicllt.ed. I·· ··u1•.:c'n ir, tn~;,::. •:lls•~S enr.ails r.ne '·''-~ 

of vacuum distilletion units an•! •'!::n1n-.r ... _- ·~,,:. u-.~ .:,r ~''"' •:·:-.·r .. ,m1;-11lly 
preferable emulsion drown-out prnc~·~.: :Tk~;· · >r>"I in ~-:,m•; t 



2. Experiments u~;ing the Emul-;1or. L'r-·)W~: -~f:. __ fr:J.:~s-::_ tor 1i1!?_ 
Isolation of the Crude Blue 

These should be carriea out using t~tn r~~ 5iiphit~c •aJ0urless Kerasen~· 
"nd aromatic <ONT.1 solvents. The·>: ·~r..- .. : ~ =.;.~.: '.:'.O- ::)::k •i;.in: re-:ycl.e.j 
solvents of both types. 

With this type of isoldti.)r; r-o~·: .. :.:·:o. . .• : : ·:.·c: 1::•:·:•.:1:·:-,.::~ -.n.:i 
solvent layers in the beake:-; m•r;t r.e .: ~:.. , .. ~··~r·:··'.:. '.::.:.)r.:~~-i:n~·'· l 

secondary emulsion forms between t.h•• tw,- :;,·;~:·-. m.:i~:i•·:~ '.I .:.e:.in se;:i;irati.::.r. 
of the solvent difficult, esper:i'.lli;.· ·•~; ., :·.~~.~ =.:-3:-=-. 

June 1990. 



~: ":'·. 

In accordance with the dr6ft programme ·:.et out. in my Technical fl:ep•:irt ot 
March 1990 on the above Project, Profe:ssor- r".raska of Lodz Polytechnic 
spent two months in Leeds ir:. the [lep1rtment •-:-I •.•)ic-ur ··.r.emic:try, Leed-3 
University. Fortnightly pr0~re::;·; n;,o·.~:r.1; :n·-1::,1in;;- ~·rof Kra.;i-:a. [1r 
Barraclough and myself have bE-en :-.. '·:::: ··:: .--:·_::1·: :'\n·:! rr.•~r.it•jr ?r·:>p:ress 1.nth 
the work in hand. 

Work carried out durin~ this perior, 

This has been carried out with tw.:' ·=.-e::·arate ;:·:.:rp.y~e·;. The fir-ot is ~he 

investigation of the synthesis of CO?per phthalocyanine and the seccnd the 
development of an analytical met::.)d ior detectin~ the oresence of 
polychlorobiphenyls <PCBsJ in th~ ~amples 01 pigment ~0 synthesised, 
together with the quantitative m.:!<i~ur:•:r,-?n~ c:: tne1r .:1mour.t 

Some twenty :;yntr,;:.·;.:-s ·='! : ··!· .·.; :_.,._,, .. 

using the following ~ol~en~~: 

!i) o-nitrotoluene 

nitrobenzene 

. · .. ~'..;'I 

-, ; : ~ ., .... ~ r ·.; 

(iii) high boiling roinr r.·;.rc-:.~r~···r; '·:·.·:··~.t·~. !r·:·-o- :r-.m .'irom.~r.1c: 

<Isopar Land M, E:c<on cr • .::-rnicH ::>r·')·J:ic•·-• 

iv) high t'K1iliop; point !"",'(•~:'<Y 1r~J· ~: ·.: ;·:.o;,• -..·' ~:n1~;.· ~ .. :·m~· 

aromatics <f'oli~h r:•ii r···::::•·:·,· :_.:::l·v~·'.' 

The details of the synthesis wPr~ ·····: .. ,r, . • 1:: ... !J 

solvents, r~rticuier1'y' ,-, (·: •:. .. •. •; "11 : '1: 

solvent/reacten~ ratio·:. ·1r.r1 •1:r, .. ·-::·:" .... :r,; _. ,. 

- 1:. 



The first important result was tha~ r.. ~-·.'.<; wt?r·-=- toun•J ~r .. =.snr r:t tr.e 
resultant products, so that trom tt·,., :: :: iut i•)n '.fl'!!wp·:i1n~ an-J u,;1n~ thE> 

particular conditions cho·;;~n. "~~ t1·1t?·~.:- >·.:·;.;>:H·: wer~ <?·~·:.:.;iy sar1sta.:tory. 
0:--tho-nitrotoluene is not re11•1lly <iv'!ii=.s~·i.:.! ir. ?r)l-:.ni::I ar..j t~:~r.:.! ar-, -:-.;Jm~ 
handling problems connecte•j with ni~rr.b.,.'1.!'!!ne. :nes.,, tw.:- 'SL'i'.''O'nts ..lro? 
therefore very much a second i:n•)i•:e .:o:npa:-t?.1 to tn.;, ~we '.°•I~t: ;; . .:dir • .,, FOin~ 
hydrocarbon solvents. 

From all the solvents, the ::i,:-.:.1 •': , ·1:''- ·: : ;:·.~.-.; : :--:::-. '-'" ! -~· :'"'.''~- so tn3t 
any of them can meet the re•:i:;~r~r..-~r.t • .. 1: :- t;,., \'1• .-~ :~ ::!: ~;,,;, t:;:t c·:· 7.;:~~ 
level whict> was one of puq::o:>e·:; ·;.;:.;,::::.:.; ... ·-.·. c·::•:-.-:.. r.:,~:1,..·::.t ···th.;:. 
Polish Government. 

The basis for the method deri·:~·:. :::·,m w.:::-~: .·.:.rri.;,·1 out by ~r.e: [•ry •.•:·ic•Jr 

flC.anufacturers Asso.::iation in l'=A. !~ ... m·~tr .. : .. J t~1'lt h-'E bet?:: de·.relope•:i .=.ss 
part of this Project, 1Jnder sub-:.)r,~r-F' r::; t:-1":' Er.vircnmentai Monitorin~ 
Unit of the Colour Chemistry, Ana:y~i.:.;il :-·::r'.'I· .::- •.>±:-.tr-.=! o~ th.:· U:--nversity >:;t 

Leeds, shows equal sensiti11i~·; •;,.;• ro:>·J<;;r"°! :•:-r analyti.:~: 
certific11tion, as re!';ar'1s irf:'o;-._1om '· -~-~ w;-.: ·;, r.:·.~:;!:-e,~ b•'tore 
(uf'cy can be imp-:-rted into:· u::A .:;r t-~-· ..• 1: -.~.:-~:t1.-H·:no;.::·r .. :·! 
advanced design is requ1r~.~ to:- r.:.:: >rL':.: ..... :.;.,::mm·.:n•!.Ht·J:--. :-: d 

S1Jit·.ie instrumt?nt for· su:=-::,i·; :ir··t l ... i~ •. :i .. !.-,;· ::, ~ 1 (i~r1.·: ~..:-:r1~"' 
forwarded to the Chemir:al ~n11•J;tr1.,., :'r 1:-.-:, ·.·I ;.;.: .. .-. ::~1.>r tno? r.·rm; 01 
this contract. 

Actual details of th .. eY.r:1o:·riment .. 1 pr-:·.·:·:.•·•,:::.:.:- :r..·:•l>J··: ir: tr .. ~:.;,.,: 
report of this Projer:t, bur. m~,,:1t1m•: ., '~ :·,· ~ • .,.: =-i·:·~r. •.<JY.er, '" L:.·~: 
Polyter::!'lnic in anticipation of tn•_· ::···,•:··:···:: ~-.;. n;"·>?·:.-;.,r·; •. ,,' 
chromatograph ther~. 

It is worthy of note that t.he oni:t ·;.,;,,m;-· . .:· -·-} ! 1r ..,:-•. ~~· .. ··_ .. _.; !~·'lt ~ .. ,-. r·~·!n 
round to contain ,.,ny P•~B·;. is _, s~:r,!l:.:- .--.: -:: •.:.J.:· _.~~·-·v t~ ·rr. •• .. -~ ~:-~ ~.}1".r:;. 
process at Wola which i:. n')W -:: l r:··;.:d. 



vverall, tne project has proo:t?"'le•1 :'l· . ., ! ~·--=- wt-1:.:t-. h.:i..;: o?~:·: ... ~d-:?•1 .:::r ::;~sr 
hopes w?len it began. The next st'=;; ro. t•:> .cut tn.o p0stt:c-n to tt:e F'o~1::n 
Authorities for them to m.,ke d d~·=i ;1.)n .:sbo1Jt th-:· :;o!.·;.;>nt sys': em t.:• b.;> 
used. Owing to the continuin~ economt.: •:h"ln.~es in P·)idn•:!. it st?em·; th.,~. 
the original 'Organica' plant at: -.:ola ::r.o:sy nu~ b~ the l••cdt i0n or t!'lo? 

further development of the proj<?i:~. [~ rr..,y ::--=- •h,t n,.o- E-'.>rc~-~ ol.:.r:t. 
which is closer to Lodz and ha.;: mart=> ext.;-n·.:.!•.re d~::v.;.l.:-pmer.t t"•:1dt.i.> 7 t..':.i 
take it up. This is somet.tatng, of •:u•Jr·::-e, •Jver 1.1r1i.:~1 WP. h-ivo=- r:o c• ..•• tr•.••. 

I am planning to make a vi·:;it to :, :.'t: .. : i:: m·:< . .:-;-· . .:!:lt-e: 1:1; '"""' ~o; t:-,e 
objectives of this visit will toe··~•::···; - ·~.!: ::i-i•!.-?r .. ···-'·'"':·: wil! ~--· r..: 
check the .. nstallat:ion of ~h.::- · .. '~: .-··- ~·"!··-'-~:-:.,;::; •.. ~"~-:·,tt...::-::i"'r:-tic, '·~ 
drrange training in its 
needed on the synthesis 
solvent recovery is an -:'lr'?a re:;:;•rir.:.:; mr:·r·.· .;.jt., 

available. 

Prosress so far 

The results outlined above sn~w rh~t 
The analytical pd:·t oi the won: i·=. 

meets all the def:r.ned req•.:irement·, 
achieved. 

t.~.t: ;'f: ·.:-:~ !.S 1:urr..:-.,_t ~·-/ -:-·n s':!'l·?aul~. 

c•ir:;;-.:;,t.=, 'lnri 1'1 tia·:.ic -::ynthesis which 

A choice of so~·1~nt.--:.. ··- .~v1:l:s:··~. ·a~-· .-; .. · .. t,:.-=-·! -.,:-:;.: ·1•-:.:1~~ 

whtt:h of them i:. t~·-~lfl!,-.,1:;' ~.~ .. ·~-7'!-"1" a'. •.,: :: ~.-·r~ ·~·.·-~ _1;::.~~:···t 1}~ t:;:t! 

progremme to be carri,:.·:i G•:~ ::·, :~, .. : ... ::• :•_··,1 m.:•nt: •. rr r:;.;- ~·r••_i.;,c:t. :~.•:re 

are some problem::. or taanc!iir11, ~r • ., ·~::·p, .... :~·~· r•·'l·:t.'1n!.·· Ir• u·,,3 -:.yr1tt1-?·:.1·~ 

and the recovery rate in thA ·o•J:"">c·:::•.·;,r. ·-:•'••!r.~ :·!··.·,,.~:··; '.~a.;i;.::!. T~1.•·;·1 
need to be looked at ir: con·:.11:!.;or."::•i/ rr .. ::-.-. .::,:.t,)'.! t·~:'c,r-o• ~ ::r .. ~l ~ .• ·::·1P.r.: 
choice and design of a pro•luo:tton ~ .... ,; ... ; •. ~rrt r_ . .,:. ~ .. -. DP..J.u:: 

c)verall, progres·~ hlls b~en •?r. 1~ 1 :u~.,·.1;~ ... ,~.: :" ... ::r··.:J~~--: ':,.-,~ i~ r:jrt=:··' -: .. :· 
maintained at such a ;,igr. rat"'. ::.·I.!···:-··. -~ r 1:m r·~;~~ r .. 1·0 r,~·~n :11.1 !·:·r 

the ultimate solution of th"' tfo•r1n!r.J. :11 •·: :.:.m·;. w:tr. rr .. = 1r1'-t.tL:.t1nr: •ir 
the gas chromato~raph, respon-,irii:ry 1.::;· .'1 fr;nr,=.-r stl!17e, u:."t 01 

devising finishing proo:e,·~w, tr.;r r.:1·· .:l•, ::.-;11•: ,_.;,r.fi•:r :ntn.:it.:· .. v·m1r, .. 
pigments can hopo?full·.' :,e c.ur1.:•.: -..::'"•::1 !~.:· r.-·:. .. 11rr.=,- .,·;.J1l~r>l•· ... 

f'oland. This st.~1.~ i< i1nv.-~•t t. r~:·· · 1:rr.:,r,r !'. :.:" • -.... ::1··~, s: .. 
t.hf'! ter.hniCISl le·.r~! r:>t f•rr .. j11.t'. •r. •r·:·!•· ;.;•:.. ·r :~;:;,,11- "/H.::. ";t 

is not for1111.11ly 'I ;.•'lrt. :,t :r 

J 'l I Y j '1 11'.' 



Appendix 4. 



A FAST SCRFfNING METHOD FOR THE OETl.:J~MINATION OF POL YCHLORl~ATUJ 
BIPH£NYLS IN DRY PHTHALOCY ANINE PIGMENTS 

This method is divided into Fiv1· (5) pan~: 

A. SCOPE ANP PRINCIPLI· 

8. REAGENTS. S!ANDARl>S, SAFETY I APPARATUS 

C. SAMPLE EXTRACTION AM> l'REPAl<AHON 

D. SAMPLE ANALYSIS AND OUANTITATION 

E. QUALITY ASSURANCE 

A.I. SCOPE 

A procedure is described for the c.Jetcrmi11a1 iou of polyd1lorinatec.J lJiph1~11yls (Pl "lh) i11 

dry phthalocyanine blue pigments, or cn11lt·s, 11~i11g gas chromaLOgraphy wi1 la rh·nnm 

capture detector (GC/ECi. 

There are 209 possible l'CB'~. Tlll"11· 11111ln 1d.11 l111.111ila i:-- C._11.l I, wl1t·n·: , 

X = 0 to 9 and Y =- IO-.\ 

In phthalocyanine blue pigments and crutlt•:--, uuly pPmad1luro - and hcxachlorobiplw11yl-. 

are determined since these arc the orily P< 'Bs fmmc.J in 1 hcse pigments. 

Quantitation is effected l.Jy 1 lw 1:x1.1·111i1I :.1.111.i.11 d 11ic1 hot!. h1 pt.1 la<Jlm·}•rn11w hl111· 

pigments and crudes, th1· i'>1111wr11· :.1111• 11111·-. 111 1w11ti1d1h1rol11pl11·ml .11111 

hcxachlorobiphcnyb fo11111l an~ u11l-.11w11. 111·· 11 .... 11111,111111, 111 1 h1·;,1· I'< 'lb 1:-. l1,1;.1·d 1111 1 lw 



response factor of a single pentachlombiphcnyl standard and a single hcxad1lorn 

stand8rd which are chosen. 

Since GC/EC Is not an absolute identification tPc:hnique, this method can only ht! 11:;,•tl 

to screen samples. It is recommended that samples having PCB levels abovr thl· 

allowed limits, as determined by this method, be analysed by CAPILLARY GS/MS, iu 

order to verify the presence and the amoums of PCB congeners in the Pigment. 

A.2. PRINCIPLE 

Phthalocyanine blue pigments and crudt·s •in· th~-.oln·J iu t:onccratralt!d :)Ulphuri.· .1t-11l 

in a culture tube. The PCBs are extraclcd qum11italivcly by shaking with hexane. Th,. 

hexane layer Is removed after centrifugation and analysed by GC/EC. 

Quantitation is by the external standard mt!lhud u:>ing t>JNi electron capture dt~Lt·c11.1r. 

B. REAGENTS. STANDARDS. SAFl-.lY. :\l'PAl<r\TlJ~ 

8.1. Reacents and st andard5 

B.1.1 Concentrated sulphuric a.-i1I (98%) 

B.1.2 Hexane (Analar) (DOH) 

B.1.3 Anhydrous sodium sulphate, granular (BOii) 

B.1.4 Standard solution of OCMA-PCH mixlurt! in hexane 

This OCMA-PCU mixtun• i~ availallle from: 

SUPELCHEM (UK) l.td. 
Shire Hill, Saffron WaldP11, L:.:-.1·x l ·m I :I:\/ 

Individual PCBs co.11 &1b11 he· p11rd1,1:.1·d l 111111 1111' :-.a1111· n11111,.11i:,. 



The DCMA-PCB mixture contains the following PCB congeners at the gi .. cn 

concentratlona in hexane. 

PCB Coocentration ug/ml 

2 - chloroblpbenyl 100 

3, 3'- Dicblorobiphenyl 100 

2, 4, 5 - Tricblorobiphenyl I 0 

2, 2' 4, 4' - Tetrachlorobiphenyl IO 

2, 3' 4, 5' 6 - Pentachlorobiphenyl IU 

2, 2' 3, 3' 6, 6' - Hexachlorobiphenyl IO 

2, 2' 3, 4, 5, 5', 6 - Heptachlorobiphenyl 5 

2, 2', 3, 3', 4, 4', 5, 5' - Octachlorobiphcny I 5 

2, 2', 3, 3', 4, 4', 5, 5', 6 - Nonachloro1Jil1lw11}"l 5 

2, 2', 3, 3', 4, 4', 5, 5', 6, 6 - Decachlorohiptw11yl 5 

B.2 Safety 

8.2.1 Sulphuric acid causes burns, avoid :.kin c:or1ccicL. 

8.2.2 PC& are suspected animal carcinogens. Avoid skin coutact wil h 1 ht'!>t' 

compounds and their solutious. l'nform evaporation anti other manipuhll i1111:-. i11 

a hood. 

B.2.3 Hexane is extremely f11.1111111&1hh:. L,c 111 " lluud .. 110 away 11 u111 1g11it1011 :.011111::.. 



8.3 "llWlblS 

8.3.1 Gas chromatograph equipped with a "3Ni detector. 

8.3.2 DB-608 (Megabore) 0.83 micron (Available from Jones Chromatogra11hy, New 

Road, Hengoed, Mid. Glamorgan Cl.-8 8:\l 1 Wales. 

8.3.3 Wrist action shaker 

8.3.4 Centrif~e. capable of working at 2,500 rinn. 

8.3.5 Glass boiling beads - 4.0mm dianll'L1·1· _ 

8.3.6 Cultw-e tubes - 125 x 16rnm, J5mls. ti-.,.;. UIJll, Pyn_•x :!67/0125/02) 

8.3. 7 Pasteur capillary pipettes 

8.3.8 Assorted laboratory glassware 

C. SAMPLE EXTRACTION AND PIU:l':\l<:\TION 

All 1lassware should be precleancd wilh sulphuric m:id and should be fn•e uf alJrasiou ..... 

Heating glassware to 400"C C
0

li111i11att~!'> i1111·rf1·ri11~ nmLaminanls. 

C. I ExVaction and Preparation of Phi tmlw ·y~minc Pigments a1;d Crude:. 

C.1.1 Weigh approximately 0.25g (to the ncan·st milligram) of sample and trnnsfc-r i111u 

a l Sml culture tube. 

C.1.2 Add about 5 boiling beads and 5111b of 1:011ccmratcd suli•huric· acid to ltw n1h1m· 

tube. Secure tube lo the wrist a1 ·uu11 shakrr, plan• iu a lmri zonl al posil iu11 a11cl 

shake for 15 minutes al a rat I' of ,11111111 I :Jll julr:-. pn 111i111111· _ 



C.1.3 Remove from the shaker. With the tip of a narrow stirring rod, remove a :i;mall 

portion of the sample and examine under a microscope to ensure complt·tc 

dissolution. If ?igment particles an· still visible, shake for an additional three 

minutea and recheck. fur total dissolutmn. Repeat shaking until all pig111c11L 

particles are in solution. 

C.l.4 Remove tube from shaker and add Jmls of hexane. Replace tube on the ::.hakcr 

and shake for 5 minutes at about 150 Juhs per minute. Rcmuvc from shaker. 

C.l.5 Centrifuge at about 2500 rpm for 5 minutes. If separation does not occur, shakt· 

gently by hand for about 10 seconds and rcccntrifugc. 

C.1.6 Using a pasteur pipellc, transfer 1hc hexane layer imo a 25ml beaker co:1lai11i11g 

at least l.Sg of anhydrous sodium sul11halc. (Allcrnatin·ly, the samph• ma}· Ill' 

dried by passing it through a :<111all • ·1111111111 of anhydrous sodium s11lph•111·). 

Repeat the hexane cxtr&u-liu11 l\\o ;uld1t11111al tinws using i.5ml P;u·h 1111w. 

Combine extracts, mix well <mJ d1h111· 1 o 101111 with hexane in &! volur111·1 ri1· 

flask. 

D. $AMPLE ANALYSIS AND OUANTITATION 

D. I lnstrwneotation 

Varian Model 3300 gas d1ruma1 OJ.:1 <ljlla, 111 1·q11iv;il1·111, c11111p1ll'd w1t l1 ''N 1 1:lt ., 111111 

capture detector. 01twr d1•tf·1·1111;. \\l11d1 ~,.,. ... :-.11111lar r1·:-.11lh 1-;111 i1b11 lw 11-.1·d. 



D.2 G.C. Conditions 

CoglitlQQI for Caolllary Column G.C. 

Column: 08-608 (!tfegRbore) 0.83 micron 

Injection Port temperature 
E.C. Detector temperature 
Carrier gas 
Gas flow rate 
Injection mode 
Injection volume 

Temperature Programme: 

Initial temperature 
Initial hold 
Heating rate 
Final temperature 
Final hold 

D.3 Qilil>.ration of the Instruments 

270°C 
350°C 
Nitrogen 
30ml/min 
Direct injection 
3µ1 

1-1WC: 

:! 111inuL1 ·:> 

H~C/min 

l70°C 
2 minutes 

--- ·-· -----------

D.3.1 Prepare a working standard solution hy diluting lml of the purchased DCM:\-

PCB mixture to 50ml in a volumclrn· flask. This standard is stable for al l1·.1sl 

six months if kept refrigerated. 

D.3.2 Optimise the G.C. anti iulPgralor nuul11 ions hy injccling approximall'ly ] 

mlcrollues of the working standard solu1 inn. 

D.3.3 Dilute the concentratt!d DCMA standard solution with hexane by the followi11g 

factors: I to 25ml, I to 50ml, I Lo IOOml, and I Lo 500ml. lktermi111'. 1 Ill' 

linearity of the electron capt1Jrl' cletec1or hy injccLing approxirualdy :s 

microlitres of each of the sohJliom, a111i plot I ing t lw respon~1'. v1·r!>Us 1lw a1111111111 

(nanograms) injcctccl. t\ st r&11~l11 11111' d1·1;1111·~. 11111·•1111 y. (I· i~1111· I). 



D.3.4 Typical retention times of PCB congeners in the OCMA standard, using the 

packed -=olumn are as (ollows: 

Time <sec> aoorox. 

271 
455 
510 
597 
650 
783 
898 
1060 
1108 
1150 

Monochlorobiphenyl 
dichlorobiphenyl 
trichlorobiphenyl 
letrachlorobipheny I 
pentachlorobipheny I 
hc!xachlorobiphenyl 
hcptachlorobiphenyl 
oc :t achlorobipheny I 
nonachlorobipheny I 
decachlorobiphenyl 

Chromatogram for I to 25ml dilution (figure 2) 

I to. SOml dilution (figure 3) 
I ~o IOOml dilution (figure 4) 

to SOOml dilution (figure 5), dilutions an! :)how11. 

D.3.5 Calculate a response facwr, I·, fur 1 h1· l'CB'~. 

(Resoonse (area count>I x (r\uenuar ion) 
F = (Volume injected (µl)I x !Cone. (ng/µ1)1 

D.4 5electiop of Pf !J Standards 

D.4.1 In phthalocyaninc blue pigmc111 ~ <lllil nuclcs, GC/MS <111aly~is has show11 1 lw 

presence of sev1!ral 1mntachlnroh1plw11~ b a111l h1:xa1:hlor11IHplw11yb. \111:-.1 

pentachlorobiphcnyls wen~ fo1111tf 111 ,.i,.,,. p1101 111 llw lll'.\oidiluroh1plw11\I.,, 



however, some wert! found tn clult· ;.1ftcr certain hexachlorobiphcnyls. 

Therefore, retention time alone i~ not adequate for identifying all the peaks as 

penta - or hexachlorobiphenyls. It has also been shown that even isomeric PClls . 
may differ considerably in their n:s1mm.1~ factors. 

Since the structure of all the pentachlorobiphcnyl and hexachlorobiphcnyls found 

in phthalocyanine blue pigments in not known, the accuracy of the results is 

curtailed due to the variation in their response factors. 

In this method for tht~ puq>osc ul n111:,i:-.1e11cy among laburatoric:., only 0111• 

pentachlorobiphenyl and one hexachlurubiphcnyl standard is used. All IJcak:; 

having retention times near the 2, :J', -1, 5', 6 - pentachlorobiphenyl stam.lard 

are calculated based on the resJlon~t· factor of this PCB. All peaks la;ivi11g 

retention times near the 2, 2', :i, ]', ti, ti' - hexachlorobiphcnyl st am.Jard are 

calculated based on the respon~r factor of Lhis l'CB. The exact rclcrll ion 1 i11w 

windows arc specified i11 :.1·c1 iura I>.:..'..!. 

D.4.2 It is recommended that samph·~ I 11111111 1 u t'Xt:t!cd the allowed limit of I "l 'lh ;.1~ 

determined by this method, be araaly:.1·il by Capillary GC/MS in order lo id1·111 if}· 

and quantify more ACCURATE!. Y 1 ht• tow I J>CU contcnl. Tiii' highc~r vah11·:-. 

may be due to interfering c:omim11111b wi1h 1hc same retention tilllt! as l'C"Bs. 



l7 

D.5 Sample aoalvsis and calculation 

D.5. l Inject approximately 3 microliters of the sample solution obtained in steps C. 1 .6. 

Ir the response ls outside the linear range of the detector, dilute or concentrate 

the extract to bring the response within the linear range. Concentration uf the 

sample must be done over low heat under a stream of air or nitrogen. 

D.5.2 For phthalocynanine blue pigments and crudes, record the response (peak area 

or height) or all the peaks eluting from 0.2 minutes prior to the 2, 3', 4, 5', 6 -

pentachlorobiphenyl standard up to IJ.3 111i11111 PS prior Lo th1! 2, 2', 3, ·1, 5, 5', li -

heptachlorobiphenyl standard. · 

The peaks eluting up to 0.3 minutes prior to the 2, 2', :l, :l', ti, 6' 

hexachlorobiphenyl are calculatPil a!> 2, :r, ·1, 5', 6 - pcntachlorobiphenyl. 

The peaks eluting frhm 0.2 111i111111··, prior 10 rhc 2, 2', :J, :I', ti, ti' 

hexachlorobiphenyl sta11dard up to O.:t 11111111t1·:-. prior 10 the 2, 2', ], ·1, :i, :i', tl -

heptachlorobiphcnyl Mmulani .in· 1·;dc11lall'd as 2, '.!', ], :I', Ii, ti -

hexachlorobipheny l. 

Obtain the concentration (ng/µ1) off t•ad; l'CU by dividing the sample rcsponst· 

by the response factor Wl of the cont'!-.pur111i11g PCB standard a11d by ttw volt11111· 

of sample injected (ml) as show11 lwl11w: 



ng/µl "" Area Count or Peak height 
(F) x (microliters injected) 

Add the concentrations (ng/µI) of all tlie PC& found and calculate the tuLal 

PCB content {ppm) of the sample as follows: 

[Sum of PCBs found {ng/ul)! x (initial vulume of samole {mOI 
(Sample weight (g)) x (dilution or concentration factor) 

D.5.3 Examole 

If PCB Concentration = 0.5 ngiµI 
Initial Volume "" 25 millilitrrs 
Weight of sample = 0.5g 

(a) Concentration of sample vohmw c :!5ml to 5ml 

Then PCH content = !!~;, x_J~ 

11.5 x ~~ 

(b) Dilution of sami;;1_ volu11w I 11d 111 :!:>1111 

Then PCB c:onte11t -= 

E. QUALITY ASSURANCE 

1]2 _c\ ~;, 

0.5 x l 
:!5 

5.0 ppm 

- ti~5 ppm 

This programme involves the validation of 1 he procedure described above. -1 his 

includes GC/MS analysis, dcterminatio11 of r lw l'ffil"it~ncy of n·covPry from :;pikc·cl 

samples and the analysis of blind and :.pikt·d :,11111pl1·:,. l<qwl ii ivc· a11alysi:-. of •• n·r ••11wd 

sample (blind sample) should lw orw 111 1 li1· 11101" ,,.,,.ti 111 1 ra111 1ww ;111i1lv·.1-.. .11111 r 11 



check the performance of already trained a11;.llyst:-.. Spiked sam1•le!'> should also he 

analysed periodically. Although spiking cannoL be done by adding known amoums or 

PCBs within the ultimate pign:ient particle, the experiments are still necessary in m·dcr 

to prove that once the PCBs are releast•d from Lhe pigments by dissolulion, they an· 

carried throught the other steps quanLitat ivdy. 

E.1. Verification of the method 

Whenever a significant procC'ss change ha!'> occurred, including a change iu t ht· 

raw material, or the amoum of l'CBs foull(I t•.xn·eds Lhe allowa!Jlc limit, the Ly pc 

of sample affected should be anal}sl'd hy .·apillary <.;C/MS Lo dcmunslr-ale that 

no PCBs other than the ones previously prcscm, am being generated hy thl' 

process change and that the distributum is still cunsisLcnl with previous diila. 

E.2 Quality Assurance (Blind sample) 

A sample typical to each of the manufacum~d pignwnt should I.Jc availahlt .. Tlw 

sample must be analysed by Lrnirwd i111;dvs1s, as a blind sample, oun~ t.'\'l'I"} :ill 

samples or at least 011cP t~\'l'I'}' :,1., 111111.i Ii:,_ I lw sa111ple should also ht• 11~1·tl 111 

train new analysts unt ii th: ·y d1•\ 1 ·lop a :--.uffici1:11lly good l1·vcl or anal yl ii-al 

expertise. 

E.3. Spiking Experiments 

Several spiking expcrimcllls with 1 lw ~I arulanJ l'CB mixlure, or with oilier I'( '.lb, 

depending on the pigme11L a11;ily!.1·d, :,IJ11uld lw do1w wh1·11 t lw 1111:1 hods ;111· I i1:>1 

established. Aft.('r t.ha1, 1 lw:,1· • .,,1•1·111111'111:. .-.l11111ld 1>1: 1 qw;111·d \dll'rw\ 1·1 



significant procedure changes have tu take place. In the absence uf any 

slplflcant changes, such experiments are to be done every 50 samples, but not 

less than once every six months. 



Samoles Analysed 

l. POLISH CRUDE* 
2. POLISH CRUDE (A) 
3. POLISH ALPHA (a) 
4. SAMPLE 4 
5. SAMPLE 5.1 
6. SAMPLE 6 
7. SAMPLE 9 
8. SAMPLE 26 
9. SAMPLE 32A 
10. SAMPLE 38 
11. SAMPLE 40 
12. SAMPLE 42 
13. SAMPLE 46 
14. SAMPLE 48 
15. SAMPLE 49 
16. SAMPLE 50 
17. SAMPLE 52 
18. SAMPLE 26 (A) 

Results of Analysi;; 

The method gives an excellent separation of all the l'CBs present in tht! test mixtun·, 

and 8 Sample 'Spiked' With 0.~ ppm Of the I I'S( llliXllJn' dl'arly showed the prCSl'lll"l' uf 

all the components. A significant urrm1111t of p11lrd1lnrnluph1·11yls was unly found i11 l wo 

of the samples. - Polish Crud1· :\ arul "i;1111pli· Ill. 

In each case, this appeared to lw a t11·xad1lorohiphl'nyl, hut this would n·quin· 

confirmation by GC/MS. 

Many of the samples had 111i1111l1· 11 ;u-1·~. wt11d1 t'oulit hP h1·xud1lorubiplw11yb, hut 

in such small quantity tha1 tlwy would lw d1fl inilt to n111firrn or l':-.l i111a11·. 



'fl. 

Conclusions 

The method should be quite satisfactory for screening copper phthalocyanines 

for the presence or palychlorobiphenyb. 

Refererq:s 

I. An analytical procedure fur Llw 1l1·lt·n11111 .. 1 i1111 111" JK1lyd1lu1·inalcd biphc11yb i11 

Dry Phthalocyaninc Hluc, Phthalt..-_vJ111m· (~n·1·11 illltl Diaryliile Yellow Pig111e111~ 

proposed by the Dry Color Manufacturers Association {1980). 

2. M. Uyeta, S. Tawe and K. Chika.-:aw.1, Bull. Environ. Contam. Toxic:ol. 16. -117-

421, 1976. 



l. l NTRODUL TI ON. 

·:-nis i::. a gener<i. :i·,_.,·-:: -..~:: 

intendi;,d tuncti.:·n -.: thr=~,.c i-

i t has been i ou::·:! t nd t tr.~·; -.: _, • 

rise to vario•J:> ·;111"' rt--;•:t1;_.r.~ 

product ion of smilll l ~m)u:-it s o: 

These are carcinogenic ~na ~~~~ 

phthalocyanine pigment·; unle·::·; ·~"' ·:: 

that the pro•iucts on ofter c.:•nta:;, ···> 
This content is very !.:-w -::·dr!~ 

.:malysis are c<t!~ed f~:- r.. ,1 .. t<=-.-· 

pttth.slocyanine pigment:; n:-. r..,.: ., .. · -: 
per year> whicn meet tn~: .•. ~· :::·.~~: 
the problems from the o~tset 

[t will clearly bi;, sen: it:.:- • 
which minimise tr1e 'lC10un~ .- • . _ 
even though the·; .... r, ::.0 ·,··.·1:·,,,: .. : 

l" tner. f~t:>:>·1 ~:t~, ·~.·-:: -,~.-. 

!".'1 , .... 

boiling kerosenfe ! r 1F :. ~er.'. rir:.; ..: . 

Th.;, pror.ess met h-~·:l wt-.:'· n ._.; : .: -.:: 
-~pplie·; to itll thP. -: .. :l·.-,.,~:··· ;::.·-:,•: 
;omewhat from s.:ilvent. to -;.')i ·: ..... ._..~ 'Ir;·. 

used. In particut~r. ~h.:: o·.1e11S1 l • :~1 .. -
very much on th.;, h·~at1n1 ·:ar,.,.-:~· .. ·'. 
reactor jacket t.-:- ra1·;"' th::- •,:,.m0.:!:·~:_,,, 

V/ll l U~·;. 
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• J . r 



2. PROCESS METH•.1!:•. 

All weignts ar.:: tor a yi€'i·l or ~-~".' ~-• ·:~:::-._~ -~ :-. ..... l1tr€ :-<.>-~·=t-::>r "-'r·~·v11.:c-.: 

with stirrer ,m.j an integral ! :.-:·!:•l ~,~.,,.,.-: i-'.'1-:..:.-t. T!'lo? -'.'Ir •. :: ~~a:-v v.:s~~:: 

and equipment '.'Ire- shown in th~ a-:··-·:n::~;:·.·:::-.~ :::.~1:1;r~:n 

425 

QL_ 
preferl'.'lbl y. .: !. ~ f"\ ,. r 

' ii ' 

t\ttl"r .:hP..·inn-.: ·~,~~ •::·"'~·

sampie ~r.:ir. tr.··· ~"~~' _,.... 

O<.' i O;.J 
........ .... ~, 

:..;· -'· 

•,.: ,-

This quantity l'S b.)·;"!•1 .::;:. !:"'.>: ;•::·· 

; -· 

........ -.f 

ratio should t-~ l : I. ir.~ >?:·:-~-: • \~, 

solvent to solvent, C1•!!Jer1-~:~-? 

mixture during the cour;.:? c? !.:!•· :·. 

at the end of th.:> rea-:U·:·r, 
stage to al low ea·;y r~mov" ! ::·: tr,-·. 
of to•"J much -=.olvent. w!L :n·r~·,,>· 

o:Jl ling solven! s t. o?n•1 t..:. n"'•· ! .· .... 
:j' ; 1 •• 

... :J: '~ ! t v .. 
. ~:. 

, Ii: ~: • •: 

:L· 

:s ~. ,. , !" • • • 

t 0: : 
f ;.~ •; ;-~ 

............ 
, I o • I 



(atalyst ond agent 

Because ot the tm;:;Grt 3n-:"' "': t :-. .::: _., 

crude olue, they shou.i.a b-e ~lf.r,.:.-~ ... 
•:t .. ,rged by him to th~ r.;,~-~~-)r. 'lt".·:r 

solvent is present in it. H-~ sh:-:;~·1 "!":···· 

The a111C-unt:. i:t c.:s•.,,•y:t 'I:-.: -i: ! : · 

.:.. 4 j(~ 

ar.ol 
·1. 1 k;7, 

The anti- substitur.,..:? biph-e--:.·;. 1::-0::-

the iormotion of nitr0·· bi;.-~?r.1,.·:s 
.sroiaatic solvenr.s suer. 'I; 

trichlorobenzene dr~ 
aromatic content ~re 

low aromatic cont~nt 

IJ ~-=- !. 

J :...:."!. . ··-
less than satisfa.:tory ::i·H:;•·; ·-·:·:r 
the pigments prepared rr.)m ~::•?:r. :·1 •· .,.::·. 

; '!: •• 

'.'""tdZdf(! irom .:..Lf?,:'r.:· :-.. -it~.~ 

)f earthing str..,;:i; :-:·n 

nttrogen so that'~'°" 

:.-1: •.. 

purg i nK is not , rv-,w~·;-: . .-._., .. : r ~ .. ·. 

;.~1vents -;u.:h as nPr•)C•~n::~=:.;>. ·r .. ·• 
:: u:.ed as the solven' 

wnether nitrogen p•Jrgi~.p; 1 • •·.··~ . • 

When the rf'>act.ants are r-:;r. :nt·· 11 

.:-lei:tric 111ot0r .;n !!')"" '"'~ ir'. · .::v-· 
th~ rn..,rge at any r:m~ 

~!a.tri:Jp,'?n 1 •• :in t>~ :; •· ... -: .,~. 

:-.'1nt t•) th.:> r.:·,,.t.';- .r·: 
r "'., ·~ ( or .., t t ht> ~ r, ! ·. ! ~ ~ . · .. ' 

_. 

: ··' :::-. 1. - .. 

, . 

.. :-• .J ,-· . i: : -' ~:-: ... · .. 

l. - ... :-·---.\·: 

. . ... . ... :r,:· - ~. ;,; .. . l. 

. . ·: .. ':" : - - ·:-:. " . 
. ~ ..... ,- . 1 .. , .. _ .. .;.. -

~~ •• :. '1 

""J.·.·. : - ~: . ..-- .. 

. r . ,.. __ . 

' .. . .. 

. .. : 

! ~-·· .. , ... 
~ .. ::-,. -tt··tri!': 

· .. :.- .. •: t I 



Atter checking th5t eli r~w IM~~~r~~ 

iro11 the hopper the l ic of th.;, re, :r :·I" 
from the reactor to th~ ·;0:1"utt1nT ·.·.-
should be able to rt?m:)V~ ':.'·.··~ .·., ... 
during the 111anur act ur in,?; r.;:..j•: r.: '~: 

A·-:. 01ent i onea abovo?, ~ h·:· :,.~ 1 '. : ·.; 

actual ht:?at out;-..;~ •.1 t~.c- :-1.:·.3:-· .. 
heat los;;.es in .:.t, Ollt :., ., ...,., •• 

.:.ye le 

Temperature of oi ! in r~"i: t :)r : ,._;_.:-:_·. 

I. kept at 

2. lowered r. :: 

:.. rai ·;e tc 

4. raise to 

N•JIE 

6. hold 

Tho? b-~t t: h is !°:•~. 
r ~..,i: t l •)n. 

: ':>t.' ... •::;! - . 

! r>':' •, •i!"'"' 

I· . ..:. . .. r 

i4..., . 

· -:-rr. .-.p~:i~·=- :--:.- ·:·: r11b~~i "?: :: y; t-:-a: 
:!""~ .•.• =~·:1 ~--:. °?:. ~ ·~:!'lfil)r1i~ re:P.,=~~ 

'.""".;__:.:. - .. 

- .. · ·~. -?re. 

. - .· ~-·~ ~ _!_~--=-- -

• 1 • :. ~ f I • 

1::.· .... -; 

~:. r :~ -

1n-~ -C..:"".·.-· 

~ ·.-:: : ·: ~ . 

-. J: !""' .- • - • 

1 .. . '~ •. 

·-· 1:: .. '.'"" : :: r ! -: .:..~ 

.. ·).. '~ .. 



... 

iv> Transfer of products trc~ r~~-·~r. 

The products should transfer t.7) tr . .:- ·:.3:•.:!.!:r. ~rier ;.ir:.::::~r gr.;,·n:y. ~t tn~rt> 
are any difficulties because tr.-? ·~·.::11~·; .J: tne ri?a.-:ti:n m1~s :.st')-: i·}~. 
transfer can be assisted t-y !>re·;:!;r':::~·~ ~!"IE: red:t.::.r :..-ith nltr.:~.o,:-•. ::>•.:t 
after some experience with the pl1'n~ -l!":J d:i_iu·;:ment o~ tne s-:>l'.'ent: .:ru.~~ 
blue ratio this should not t:!e neKt>;··-\?··:. 

The heal left in the react0:- S!"I<:·::::: 

SAFETY GLASSES S~l\JU• f.t: -._,r.-~; .:~:.~. 

Set the vacuua drier in o;:.er;i:l•:::-.. r~ •. : .. ! : :r.: 
the solvent storage tank for rE-u·;o:-. 

<vi> Aqueous acid purificaticn 

This should be c'!rrie•l ou~ :.:"! g,'l::-~::-.. ~.~ -?- •'."":~rr::•: ~ti.:.·i v:.: ::-t - ... , .. 
litres capacity, provided ~1t~ ~ ~~:r:-~:- ~~: ~ea~Pr ~:!1 ~·€-~l 'l~t~ ~~0~.~ 
not be used. 

Charge the vat with 

2' 7(:·_t • 1. . . 

Ad.j careful~'/. wit~, :n: ;.: 

27v Kg 

SAFETY SPEC TAC LES SHul ILL• ii!:. iJl •i-. N o\; !<. · ~- i i Mr::.-; ~d; ~·I M•J 11·,.riJE•_tli:·: r,,:; ;.1 

TREATMENT. 

WHEN CHARGING Ti IE CONCt:NTRATELr "·'·: ~._ · · .... r:. /'.~•~· 
BY THE OPERATOR. 

With vigorous stirrinp: ·'.~re!•1!i·1 ~-:1 ''.,:· ·::":··;r:::.-

t:rude blue from the VJSt:uum dri-:·r .. , ·~ ·.:~~ •r 
uniform, fluid s•JspP.nsion r_1i er·;~.: ~: ·. 1:· 



Then heat the contents ot the v-:it t.:, -:•.< ·:::· .• w&~h ~-:.c·l :;•.!rrir.g 3;-:,1 

continue for 2 hours. 

<vii> Pressing , washing ~nd dryin~. 

Transfer 
press. 

SAFETY GLASSES MIJST &E W..•~fll 

" ~ . . ....... _1~ .. ~ !. ...... 

Wash in the press with hot w,,t.,,r ~t ·1·_1··_ t.:1 - ::.:·::-,o 

•.u J--~~' ~ t_ r - the t i it er 

Check that the washings are t!":en n.;.;~~r'I'. :.:~1v-=r~:;: ::-Here:- '.!!"1·1 .:ffe !r.;,o? 
of chloride ions, by the u·3e cf ;i~·!·" :::tr'!•>? '.;.:;:OJL.)r· 

When these tests .,re sati-:f.~.::t·:ry. :i~r ::·:.: ·.::e ::•reo· ar::~ (!r.:::: the ::a:-::~e-"l 
crude blue into boxes for d1·yir•::'.· 

Transfer to a hot air stave ~r1e:- a~ ~--~• 

Then discharge into drums, ~~a~ ~n~ ~-;~~-

'field 38') Kg. 

August 1991. 



RAW MATERIALS 

REACTOR 

VACUUM DRIER 

RIFICATI 

VESSEL. 

PRESSES 

4 l 

F 

F 

FL 1 

HOT-AIR 
--.DRIERS GROUND 

F 

PACKING DODD 
LAYOUT OF COPPER PHTHALOCYANINE CRUDE BLUE 

PLANT, USING THE SOLVENT UREA PROCESS. 



A[>penaix ti. 

Ldbora t ory Screening me~ h ~ :i : •:L ~2.:=_::=. i__:- .:: .. ! ~:~ _ ~c.1.;.t..;2t :_l _ _i ·,~-. -~ ~: ··s!Ng_j:_;,_\!:t..i 
,l>roduced by various method·:; n_(or_ :or;y~.L~: )_~, • - ;;'_i~n_';.;!C:i L:2(_!;.. _ 

The prep~ration 0: 

!.n the making c:.I t:cp:: .. ~r ~-:-.tr.'ii.·:·:;:1· .. 
crude blue prepare.:! by ..,ny ;:r•)O:-~=. · ::;
pigmentary form w~i.?n a·~·~es·:;in~ t~,·:· ·.·.,_ 
report sets out the labor.'!t.,ry ;;:r•~-:--.:r 

The characteristic:~ of c.';:>:::>o:>r ?~' r." 
their colourist ic pert orm.n1c•:> w:-•""n 

l. Crystal size and shape. 

.. •· 1:.:1v· .. ~·r ti r.7 

!:".• 

1 t t 0 .... •.· 
. ~. 1 -

Crystal shape can have.'.). pr:!.::.:r.; •:···.,...:• ·r. ·~ •. ::-·:,~-~i-·~;.:.c. r,:o .. 1•J..-.':on 
step, which is an e·;senti'1l t-:-at•.1: 1r; :.rr.·?:.~ !:':t-;..ff.'>~:.:,n pr.:,.:.:·-.·:.. 
Ideally, s1Jb-micron cry·.>~ ... ,:.:r.:· " :-,.~:::-.~.·: t·:·r .~·-"1•! ::':._;rn.'-r1t 
colouristic periormance. 

: n " cry·; t ~ l - ·: i :: .=. r .;- ! ·.: . • ;. : : ···' 
the mci;t common .-1: ~ ;.1;: r~.::: ::.-' !.,' ..... , . ,- Ii - :. 1 t r: - ;,, ~ '. : : 11,. 

rne sh.~pe of ~r.~· ·:ru·!·:- ~.···. ;.,,. 
actual crystal si::'.~. :.N.:-::. v.: .... ., '.: ..... : .. ·. r~,.: r. r. ,.-~ 

ideal shape since these e~~11y ~~~~~ ~· r 
using weakly crystallisin1,. h:·~n-r .. :.i~ .. 
o-nitrot.oluene are oi t.en 01 Uti; r.-;: .. 

The most 
crystals, 

undesir~bie •rv:t.~l 

for obvious re~s~n;. 

Thin cube-shaped cryst.~ls dr>: :.::·.,11;: 

produced in org~nic S•)i•1.:,nts ~.u. r. 'I" 

sol vents. rr. i c: v.. t·r: ·: v. - ·, n ~1-·• 
uyst~lltsin:~. hi,.-;h r•>1lir:;.i, 1~··m.-s• 

trichlorobenzen·:- iJ:'"e 1r.~1 

Tht~ ( .. "'!'111ri<.tir ;;.·:···r··:· 

~ffec:ter1 by th·· 
: n inY.·:.. i.;: '11.. 

. r ','· • ' . 

·:· 

;..·.·r 

• :• ~ "/ •?- j I f. •:. .-, ! ~ .- h a ·:. 

·. :J · ... :.' t • ' r: -- : : . ) ; ,-. ! 

· :·.~r .,.· l ": .. 

\.j '. • : ~ •. r :· r, J : ·; 

, r : ~ r r " ~: . '. ...... '" 

" I. 



A crystal-size r,:,.:luc:ticr. S!o:p :n-s•?•:! -:·~. 1 =.:: ... 1rir.r, m.::churi:~:r. i; tr1e o::n~y en~ 

which picks out such difieren.:e·;, ire ~:~·::.!r·:=.':~·= p-=rr•:1rm.;iri·:.~ Any :;!.r.:>ng 

acid treatment <cone 9t% sulpnuri:": .'l..::-; .ir .::-.ior.:;oulph.:r1L: .'J.-:r.1• ~it~er .... 
acid pasting <total '.iC:.luticn ot tr,o0 .:r·•. :-~ :-.~ue , •x a•:1<:1 ·o:w.=.liing <pd:-ti.7: 
dissolution> de·:troy-.; -~:-1y ditfer-=:::..,·: ;::·.1cr1 cryst:s!. 'Si:::.;, an,j shape ""''"'Ul.·~ 
otherwise have on the colouri~~ic r·"·r:·:~r..:sn·=~ ot· pi3me:-1t·~ ::.•) ;'r·e~art:-·~-

For this reas.-:m crystal s!:::e r.:-.J•:·_~;.-.n bv .,,ny 'l·~t·! tr@"ltm.-=nt pr.:-.:.;>::.s 
cannot be used in any '.icre@nin~ pr~~~~ 

·) 

These are 
organic. 
biphenyls 

i111pur1t.ic·=. on tr1.,, s:.:~·;", .. = 
They are often call-=~ ·~r~~~= 
as well as organi.c •):-:i.::.~ . .-,:;~ 

According to a a 
aromati~/aliphat.i<: 

tolu~neJ produces 
phthalOC)anine blue 

pa::~r.r 

~-ol vent 
·~: ~: m ·--r 

The problem as·:.cciat<?d wit~. ·: ir t :,. ·. 

tars to melt from t~.e h.;,~r :•:-.:: .:·: 
mec:.hisnisms. Thi-;. •:a11~ . .:-·~ !IJ 

. ~lters th~ O"lr~~.-: 0 

'tP.r y '1 ii f i cu I t t ,-, •· .. ; m: ~- '· 
·;i:llvent. trel!tm,:,r,•, .1n~ -~ •. · 

is adversely affe~•e-~ 

; ,·,r . 
., .. : 

... . . •'• 

Another detrimen~a! ~.1.~>?-.»:: •. ·. 
stabilise the •.X-torm cr-y-o.t'1i-. 
preparation of ~-form pifm~n~

crystisl modificistion. 
: ... ~ 

,_P_.r""'o._c=--"'~""-;'"'·; ... ~=--,_..:._ .... o'""c._c.,...u ... r_.r_1~· n ..... ~-~1 !L_J..b. ':'..... 2_r_:)'.':.:...'_ '_,_ 
Mechl)nism 

Al1 i:oppP.r phth~!·1cy.1n·~i~ r:.:.: .. 
&re bestcally cornro-;.;..1 r: ~~:··· 

l '."!'" • ·. • ~ • . .. • 

·~ ·:: p e. ~ : .:. ~ ~ ·; : r 

·'ii~ 2u~:::.t lt•.:t:t?.~ 

__ ·-: r.;1·J·~ti.~,n '2.··{ :.t:A.:ir-:~~: 

•.. . : .- :i . r- .,. ·. !' '"'" l ! .. .,.'.>·.:., an 1 

·. ·~; ~ .. 

'. 

, ..:.•·. 
- .; &: . 

''.···, f!l~.1·.· ~: 

· ...• \ ~ . ! :-: r 



During 
size to 
reach a 
to mill 
~- form 

crystal s1;:e red•J•:tior. r"! :n.o:\'.'i:,,.;:. tr,,:. cry·;;t1l·~ arE- redu::e·:: tr. 
much smaller, pigm1?nt"t:·y :-r.,.··•."!_,:·e·; .:in.j wh.:?:1 ~h~ ·:ryst:illir.e·~ 

critical size. the 13- t·)rm ~·; .:.::r.·J"':·te.:l t.J the u·r.::>rm. lt i-:: norm:il 
until the milled mdteri.:il. i·o '•):::::.::·;ed c•t mixtur.:- o:;: tJ•F'.. ::-c- :ind 4•)7. 
and the overall crystallit~ si~~ is unif0rmlv sut-~1~r0n 

An unfortunate siae-etieo:t ')t the::--,-:::.:·::·,. ;::.)(e·:;; !3 ·-,,:it t:..:: ;;.:r:.1.:e; ._ .. 
.:x- and fl-form crystallites beccme t.:·:t:--,>.:n-?.y ::ig"'ly ·:h.:sr1e.:1, e·::p.;..-:ially tr •. ~ 
.:x-form. This cause::. varying de?,"re~; t.:o·n oi:-,~l.:::nerat1.:·r• 1.:rys•.:i~i:~.:-:. 
joined together at planar sur ta•:.;,: , · -~- ~ :l ti·:~: v W•C- l~: :;,.;r.n.::· • iir.; t ~.:, 
more serious phen•Jmenor, or ;i,.T:r:-~·J;1~L·.. '-Ihi.:r. tr,e .::-1·.:.~ .. 1i..i.it-::·:. are 
bonded together, >•Jrra.:e ~·=· ·7 :,r:.".1:"'. -'· "--'·>:·:;L ::-.-1:.: .. ::· 

Surfa.:e fusion by orgar.u: ·:1:·~ "='~:r.:i:::-· .:.1:.:_ :._; .. :r.i,.'):r.t::!-.:iti·:·n lr,•; 

aggreg . .,tion and make·:. the gro';i''" •:•r :·::·:...:'. •. 0 ·: :.:·:-mt>,::. mU<:~1 m.:-r·e 
difficult to break do1o.'TI by· o subs.,..r;~;-i! , .. _.~''"'~G'. ·:»''ltm•?nt ::::?·o.:.::·::·o. ::-.~ 
reason for aiming to obt.-:iin miLe·1 m'i•Ar:"'~ .:•:r.-:~::-iir.,;; t.• . .-i~ ::.· .\nrj 4•:':. ~ 
forms is to facilitate the c1)n·.rer·;i·:·~ ,;r.·.; ,;-r:r·rc.t.'ll!:te·; ·.: t!"l.;, :;- t•~r::i. 
during a subsequent solvent treatm.c:1·. !:,'=' ~:·:·; ~- '':-:t•o-nt :i::r-: .:i·~ .; ':.;)'JrC"' 

of 'seeds' which s.peeds up th~ .l- ~: .. - ::·::-"r ;:.::-1 :ir•~ ~·r:::·:•J"'" .:.;:-t ::n•;:n 
colouristic performance in tr,e ;:o1 . .;.;m~;:· 

!-. s I ow a- t o ~· -
colour strength 
characteristic-;. 

espec:i"lly ir. the 
:_. • .:::vent treatment 

c::>n·.~er·:.i•:in. • :--.. -.. 

'c~m~nteiJ ag~re'.:·:it. ic:;r:' . .:..r:; 

di-:.solve in the r:·:~;:-;:. . :·: '.'•; 

un 13-form crysta!i:~o:- .. , r:,•: 

- ~. ·-:· .. '1? 

._ ....... "' 
~·.-:-r~.:..r-;.;.~·; ;:~·:·~:_:.~ .. ; 

-,, : :ri• :.: :. '- c .::a::-~•! 

' .... : . • ' :- -·· J' ::'.·?~-... -:-_, !' ;:. ~_). 

1·. · ·,: - : ·-:· :-- ~1 c ~· n t .:-n r . 

rn: .. : •. ~·.l rn.,~ .-~r: •J. 

undergoes an energy transiormnt.•·:n. !r .. ·:. ·~·:· ·; •. ·r·; r•r,:r:·""· •:r.;t.,t•!» .1 .. t·)trr. 

crystals to the lower en8r)<;'f, r•.':lr.:· .. .-·:·: :r:.'1.::r.:·:ic· ,,;,ii ~~'b••', ri··i0rrr. 
crystal modification. 

Preporat ion of cr:J .. •2.r..!!l.J1Jgmi?rt! ~:. 

fc make pigmAnt·.:. With II':. • ~-.~· 1" 

r1ec:ess"ry to U'"'! -i 'rd•)r:r..'\r.···: 
st~bilises t.r1e 1\-,:ry-;~,. rr:• :1'.· 
tr8n-:form~tion ·1 !.[1:· C· !(··:~r: 

, r 

' ' ~ • I I ( I , 

:'" :11:•-: .... ' 

t .. 1 : .. I'., 



It is still nece·:;·:;ary to use a .:r\·:r L ·: ::.:• r~,.1u.:r :.~r. ~·.=,;:- o:,· a ;:-i.;,.:.ri;-;:.i: 
mechanism, in ordPr to highligh~ .. ::~ t•:r.:.n ..,: ;r, the .:rude t.i.ues iJrO•l•JC.:..~ 
using various organic solvents in th-~ 1;:-.=.-.'1-;.~.·;ent proce·;·;. 

The solvent used in the so!v·~nt tr~.'lt.r:tent :;::.;.p .;,iter th,;: t-all-mi_lir..;; 
operation, serves to de-agglome!"at» .. rn:! i::·:;F~<:1ally t·:! dE--d3gregate the 
pigment particles. These two effect-: 'ff~ m•l·-h more severe when making the 
very high energy highly suriace-ch~rge~ a-crystal form ana their removal, 
as far as possible, improves the d'-;;ce:·.i'.~i:'.t·1 .-:if t~e p1~m.:;nt. This is 
of vital importance in S•)me ·~!=>r•Jf,-,•:,~r:· ~· ·.·!·:.:.~i·: in ::t-i·c:ri.:= ·;•r;~em·;. 

In the crystal si.ze re1]u.:~i·-·r: ":. 

millind, the milling can be C'lrri; 
of inorganic salts such as ·;.1.~1,!r:i 

. :-: -' 

In screening tests designed to a:~~:, r~2 :2:~::rv2 s~::~b:.:tv o: ~ru~e~ 
produced by various processe·: rcr .-.:~_,_..,.,'.•:,~: • - ::>i.~me'.'lt.'lr·.- r.::-m, it :·:: 
preferable to avoid th.;, u·:.e ·:: '.:,.:: . .J,·rni.: -:.'l:.t:. -_;1n.:"= r~:.;.::e .:'in 
themselves have critical 
aggregation and the surf ac E' 

The choiu~ of t () . :: ,_:. :r.: : : l ~ .. ;.>' ·-'. 

The solvent must be .oin~e ~o .,.. ·"·m;..·;: -

I i ) . De- ~38 J arr.er .j '. -c·, j .. :- ·~.- :;-i-•: ,~ 

<iii 1T-to ~- •:onver'.:r··;. l. 

when required. 

The crystallising powp:· ·:·t •.r . .:. .\'""·'· ., ... 
achieve <i> and ii.U. witr10:.1~ :r,.J:.1: ! r::: .'ir .;~· 
thereby producing a pigmE:nt. w:·~, , •. ,, .... ,r i 

thus gi'flng a po:-r col0•1ri:tic p•?r:; .. 71'lr;r:.· 

A commer• ial con-.:.ideration, whicr1 : 1;, 

the sol vent should be e1:L:. l >1 an'~ .o-•--;:: 
environment isl pr•)blems anrt 1m.'lc·=~·:.·1 'lr.: ._. 
usually meets this requirem~nt 

Most pol1.1r solven~ -~ "·"t tsf y ~ ':r." 
crystalli·;ing powi:>r, riu1. 1~ •• :; 

nei: ~;s~ry t 0 uc,~ ~r; -1!.•• ". ·.. . :1., . . 

15'i1. Th~~ .-.i~/--··:;f H· 

-,,; : ~; " : 

1 .-. • ~~ ,: : l ~--- ~ 'Tl 1 t. r :- i .:, L 

: . :. t. • ~ I • : 

. .:;.J m.:.i" t?r:. ·l; ·: 

i •.. . . ! ~ ! 

.:i m· -. "~; ~ -~ .:. ~ 1: r .. -:. ~- -; ! ~ r . :.r .... ·•. ~-, 
r.r ,_, .. 1.1 ~ 11 : ~ .- •. -_. ·.: .- ... ( nri_.:•:. 

on~. 

• t • • .,.,. 

l ... 

"· 



Thus a screening proc:e·;·; r•:'r •.h.~ ~: .,-~ ,:· ,·' ·. 

13-form from copper phthdlocyanin-' ., · _ .. , '"=: 

Salt-freE- ball r.iil!!i,,; 
fol lowe11 l'y ·'l.O i·:.,•c-: c•::"lO'.··:. \-'.," .. ·· .1.:•. ' ' ~: .• ~ r .'..;.:,• •:---=:i~m<>,_,. 

In th~ p!'"eparat.ion :it r'-+··r-:i .·fl'_.,, .. 
phth4l•;ry4nine .:rur.te r-tu.:.• :. :·· -.. ~. ...-~ ~ 

pigments, a chl.:::r in-'l.te•: .«:~~ .. -:· ._ 
the degree fJt chlorH!·'.l~ ! '~: 

on the application deman~= 

Laboratory Metr:.;.j f•}r pr..::_:·,ff ...... ··
by Ball-Milling'Azeot!'"ope Saly~n~-

The iirst step is: 

•ii Ball-Mill!n_£ 

A l 1 i t r e, c er o :n i •: i a o. ~-1· ·"'> r. . • r ·; :.: ;, . . : . 
rot.~tory type, i-: 1.1·::.ed. 1~k .ria:.~.-

l(1mm in diameter .:in•J r : ... ~ -~;.~-~·:. r • •· · 

.:i,l~·;.·:;. b~lls sh0:1;.; n<:-t. r, .. ·: _ •.. : 

~.!eel t>a l i ·=,. 

Th~:..:- m11st iir; ... L,;_. 1 1-. ...... :1 

maximum eificien.:y. •·r:r,.:;:r.·~ .. 

.. ,_ . .: 

and shearing against cr•J•lE- ci•.;•· :-,·:~,, 

pigment collect.1ng in t~1·:> int'?r=-~: 

the pitted hole·; in t:-io;,H ~·H":'i· .:., 
slide over e~ch 11th.:,.r wP.n:. :-\:;:~: 

-she11ring oc:.curs betwe8n !'i"1i? i~:.;Jmt-r1~ 

steel balls and r.hat. in r :·,..: ~-1 t t •. ~ 

other steel balls. 

_.'.°•'I,... 

~ , · .. :. 
:·· ! .- .. -

•:': ; L 

Th~ (harge for 8 ~ i t r ~ .· .... 

·, '• •. ·1,. 

:11!' 'J ' ·~ ' .. 

. . ~r . , 

:_::~ .:"J!"t-·;1:: t :;~ ;:.~ 

: .. ·:::: °'' '! •.... . ..... ('q """. 

-·-.:~ ~ -:.:.~_-;__. 

. _. __ :_ __ ...;.-_;_-.· 
.. _.,~. :.·.;: ~--=- :i;-.~· ·-~::r~~~.?~·.: 

;·;.·!".= ·.r:·r.3.m:·· -, 
~. , • : • '.'!. - • r. ,. ~ r j ~ r. • .. 

: . ; ,. ~ .-. : . 



The function of the t~ar- he:i·~ r·:~::~ .• - •,;,-,: 
walls of the ball mill. A!1 ir·:·:-: ;:-.,~: :::: • ' ;·. :·:.·~ 
" risk at the t ·::irmat i•X• .:.f ir·'" ~ ~.·;; •.: .·:-i:.1~."' 
•:olo•Jristic pertorman<:e ·=-r t~·= :::-:..-:n • .-:1~ 

'Agli!ing' of new st.;,el t ·'ii l; I<.: •."!.)r .. :· 
'blank' mil lings oefore !"".jrJ~u:e ~.;:,:~ :~·: 

Another met hod is t ::· ;:-:;:: ,_. •·.··~ · · 

steel balls and rcn t~~ ~~:: 
from the salt w1•.n .,, ·::-:.-·:.;- ·:i~ .. } ..• 

charge and the w.Jl :s ·:::~ tr!o:- r..i;. 

balls is sutfic1er.ti? r·->'~!,!"l>'!r~.;,.1. 
microscope. 

:....'it>or.~t ory !'roi: .:- :. ; ____ ;_~---~ >" .. - ... -·--· ...:-. ~--

phthalocyanine pigments. 

T·) Fr~p.,r t? ar: ,)- ~ ~ ~1 :--- : : '.':"': ... 

. :nlorin~, dep~n111r:,~ '.Jn r~.·-· 1: 

textiles·· in whi.~h ~he f:·lf,:ti·•r:• 

..· 

Also, ad.i to the 
mill-charge. 

. -nar;i:•: dt.-:.··-~ .•. ~: .. 

fhis ar:t.,; as a mill!nt, 1:'1 . .,~,.: 

materi-sl with t.he ije·~irtti°':.:o r .• >:1r.:::.r ·r 
l!lpproximately 12 h.-;urs. 

Then separate tl"1"" miller! cc;-;J.·"": 
us1n~ a coarse s1ev~. 

. ; . ;. ~- . 

-~ .... 

1: : ... 1 .~ ' 

' .. 

: .1.: .. 

-. ·~· 



The second step is: 

Solvent - ~- .l.~~- ~ ~ . -- -- - .,,--~-~ ._ .. 

F0r this process use ~ : l1~re -~~ 

stirring. refluxin~ ~nc ~:~~i.~~:i~~= 

~ut in the flask: 

the milled crude biue r.:: ~;·.:·Ci.;:.:; .:. : ::.· ::-.·· 

; '-~ 

- T • .,.. • 

··. ~ -

Reflu~ for 4 hrs, with(~~~:~~:~. 

Coo 1 to room t em;:ie::-1! r_ ::r •? .'\n-: • t:.:: 
- ........ ... 

.·.:: m:.: . : 

Stir for ~ hc•Jr, t h~'r. :- emG·:·· ~ ~1·' ~ : :. ! l ! l ·'i : ; ·· r. 

• ! • • :-~· ... 

The sol vent 
157. water. 

recovered is an :s0~r'~~ 

It is stcre·1 !Or •r0 :n 

. .; 1 t :-·· ~- - - .,~ .. l: n:: 

same procedure a·; giv.::n iL"r •j·,. ;.:tt:. 

The temperature at th~ ;ti!r" ~~~ 

rises gradually as th~ :t:"'..: .~r ·· · 

temperature rea.:ne~ ~~ 

distillation is ~!mos! cc~=;~· 

•.-:..1~ to room • ~:!!p.:,:--'ir ·::-• · 1:. _ 
~aji.;;~ t.he pH ~.1 :--~·1.:·'··· 

~r.i 1 in~ i :-om ~ri-:- ··.1:- • l·. 

Next r'\1·:~ tn·:: '·''.:'.~·'· •·· 
.,s ., r 'Jr t he-r ~u'.'":: l -- -j• ~ 

·.r:1:·: ~..:- room t ~-·rr.;l-=?r .,. !'.;· •• 

Wash until neut.rdl ~•:~ •::! .. _. ·.~.-: ;.~.· 

Do not lJSe a higt.er .::ry1n:• :.•·r..;-»::· 1· ,. 

tnis ran ca•Jse pi~m~nt a2;•.rw;.1• :· .. i: 

st. rengt h. 

When pr epar in~ tt~. ... - r:r . 
<: r u11~ ~ .. : :; ... T; •. 

~-crystalli,es ~g~inst ~h~ , . 

. ,n organic -:;ol·:"":•t, .. ·: .. :. 
Th~ ·~hlorir:..:. ·;~.·.--~.· 

~ .-... ·;._ :.· "~ ,;.~f "r..0:-:"" •• 

. . . ~ . ). . - -
... - : : : 

~ . . . . 



•, . 

it is very important to note tnat :ti.? '::--.:::·1r.-= ·~~"-en:-; Ft -~3 an ~-£,:>r:u 
crystal stabiliser and d stoo1li~er ~;3:~~: ~~~~~;:?~ .:r~~ta. 5r~w~~ in :~~ 
presence of powerful 0rgar.ic ~.•)Lv~:1~ :. ;..-;-,.·~, -~.c- -~:.::ri'.":"- .:;t.:.:11 .)c.:u::io:-·~ t:-i.::-

4 -position in tt.~ copper phthd!.>:•;-,~.-~:·: •···-·=·:~. 

Thus, in a multichl<Jrin.~te·~ :::':~·:-:·;: ... 
in the 4 - posit ion. on e~ :r. ,,: · ·.:. 
phthalc•:yanine n:v!.,.·::;l-=. . .. ., 
ineffective as a ·;tab1 !i-=·:r ;-
chlorinated CruJe &Lue i '· :-- ···rr.~ .. ·: 

:--t·,. -·~·: :.r. ~:-i~ c·=--r·p~r 

:. ~I· ·= [ ! r;.;:. r1 t ·~~ l °! 

~.: .•t · •. ~ -
anhydride and the S•J<H;J:r. ·;.'1i~ ··.: ~- ·-_.., __ 1· ::-°'"" ;.::u.~"?:· •r:-:: 
amount of the lstter. the i~·i..:e:· :: .. , :-::··"""' --... ;r:r . .;:1,);:-. ;:•r.:-.~:_::.;:.: 
The synthesis is carri~.1 O!Jt , ... ,1•-."' n.•· ~,,:·:!!..,_ •::.,.,-.-.·.-"'°~'t ::>:"·'C•"'>·;. ~:,. 

mixture of l llOle ot the -:;odi1.::r.·:. .... ~ 4-- ... : ::-;.·:1.:tit~ ~·:~1 -,:-.. :: _ !:!)ie·· 
of phthalic anhydri•1e is u.:.o:·l. ! ~-~ :·1 • :-.:._.:, ! ~•:: r.'2 m•:o: .. ;.-.-~.:·~1) 
copper phthalocyanine .:ru•jo? ~~u.:-. · · .... ~.·-_: '!r:::r: ,.,-~~·:c.:: . .:,~·~ ·:--.::~. 

61. chlorine is sufii-:i<;~1t. ::-:;~ ·~ ~:::•::'lri.:o:-:~. '·) .:·1~-: •ri:.-
nece~sary heat-stahility. 
fibres, it is necess~r:; ~:. 

•sr:.:l : . 

- . : . :-.· 




