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nurmber of present invention is resistant to hydrolysis. In reverse osmosis processes in which the
' additive of the present invention is used; the membrane is found to have a longer
30 life than is the case when these other addmves are used. 30
- Polymaleic anhydride is a known compotnd, and rnay be prepated by a number of '
routes -of polymerisation. - Specification No. 1,024,725, for example, describes and
claims a' process for the manufacture of polymaleic anhydride, wherein maleic anhydride
is dissolved in an inert organic solvent and polymerised under the action of a free .
35 radical polymerisation catalyst, and Specification No. 1,193,146 described and claims 35
a a 'method of producing polymaleic anhydride at a high YICId in which maleic anhydride
is polymerised at 70 to 120° C. for at least 3 hours by using toluene as a solvent and
0.02 to 0.2 mols. of benzoyl peroxtde as-polymerisation initiator per mol of the fed
maleic anhydride. :

40 - Polymaleic anhydride, prepared in these or other ways, is essamally a homo- 40
' polymer of maleic. anhydride- and may be hydrolysed very readily, for- example by T
heating with water, to form a polymeric product which comains free carboxylic acid
groups, and possibly some residual anhydride groups, on a carbon backbone; the pro- -
duct is not pure polymaleic acid. The actual structure of the product is not known
45 yet, and so this type of polymeric product formed by hydrolysing polymaleic anhydnde 45
will be referred to in this specification as hydrolysed polymaleic anhydride.- -

It is known that polymaleic acid or its water soluble salts may be used as dis-
persing. agents to assist the dlspersmn of ﬂne powders, pamcularIy hydrophﬂlc fine
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low molecular welght range As the molecular weight. of: the h ysed . polymaleic: .
_ anhydride. is increased, so :the hardness. of what: sc:leg?s produoedylfc‘:'eases Ii‘(l:'eyIll:f‘lc.zi’erv :
. to:use material-of molecular weight riot: exceéding. 2000 and preferably- having a mole-.. -

S0 culat: weight of from 500 ‘to1000:and have: found- that material - having a"molecular . 50

* weight of -about 750 is very smtable, forall intents and purposes a molecular welght of SR
5000 gives-scales which are at the limit.of- acceptability.
The molecular weight of the hydrolysed polymaleic anhydnde is not neadlly avall-
= able by direct measurement but is easily derived. from that of the:polymalei¢ anhydride oy
35 before hydrolysis. For example, if .the miolecular weight of ‘a polymaleic anhydride . 55
: is 800, 'which can be measured by: osmosis using-dioxane as solvent, and each molecule. :
contains-seven units of anhydride, the theoretical molecular weight of the hydrolysed _

- polymalexc anhydride prepared from it will be 800+ (7 X-18), that is 926.- .-

60 - Hydrolysed. polymaleic anhydride (orits precursor. poiymaleic : anhydnde) nmy
be used in conjunction with :other conventional - water-treatment  additives as. desired; - 60
examples of such additives are lignin - -sulphonates,’ phosphonate-type threshold agents, '

- foam inhibiting agents and corrosion. inhibitors. Particularly good: scale-reducing pro-.:
perties are shown when hydrolysed polymaleic anhydride (or its precursor polymaleic
anhydride) is used in conjunction with a naphﬂzalene sulphonic acid/formaldehyde -
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, described in- Preparation 1 and found to. have a molecular we1ght of approxlmately

40 ' 470 by osmosis. 40

350 parts of water were then added to the polymer/toluene mixture to dissolve :

the polymer and the mixture stirred at 90° C for 5 minutes.' The mixture was cooled
to 45° C and a solution of 206 parts sodium hydroxide 'in 300 parts water added at
. such a rate that the temperature did not rise above 50° C. Stirring was then stopped

45 - and the mixture allowed to separate into two layers. The upper toluene layer was 45
: removed and the aqueous.solution obtained stripped under vacuum, to remove any
trace of toluene, then filtered. 1,100 gms of an amber/light brown coloured solution
of the sodium salt of hydrolysed polymaleic anhydride were obtained. The solution

had a solids content of 459, (equivalent to 33%, of the free acid). The polymaleic :

50 anhydride contained an average of 5 monomer units per molecule so that the calculated 50

- molecular welght ‘of the hydrolysed polymalexc anhydnde was approxirnately 560



perties are shown when hydrol ysed pol ynal ei ¢ anhydride (or its precursor
pol ymal ei ¢ anhydride) is used in conjunction with a naphthal ene sul phonic
—aci d/ f or mal dehyde 3 1, 369, 429

3 condensation product or with a salt of such a condensation product.
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35 polymalelc anhydride contains no benzyl succinic anhydride as inipurity. On ' ‘average, 35
in this our preferred procedure using toluene, about 15%, of benzyl succinic acid is
produced, its presence.and nature being shown'by TLC,. NMR, equlvalent weight and
melting . point 163—164° C. Toluene as a solvent for the process  is therefore not
an- mert solvent, since it reacts w1th malelc anhydnde under the reacuon oondmons

40 Preparatxon 4 S 40
250 parts of maleac anhydnde ‘were dissolved in 500 parts of toluene by heanng

to 70° C. To this solution was added a solution of 71.5 parts ‘benzoyl peroxide (707%,

paste in dimethyl phthalate) in 250 parts of toluene over 30 minutes. The solution was
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the polymer. Stirring wgs $iapRRd ma@{}hﬁmﬂhﬁhﬂqlﬁe lnqmuh%ﬁﬁl%dﬂcﬁes' nto ,
two |ayers. The3bipper thodveregeeral sy [whith San’ B @tiRided the @bserediPinsléciigr WEghe ofl 35

sol ution vacuumstri pp@d’r‘td@ﬂ@edfmedm and R islikglg tope 8k  t ol-uene. A red/ brown :

solution having a soI ids content of 31. Ocyé_vas bt ai ned 20
or CHy

These formulae show what we believe to be the case, namely that some decarboxyla—
tion does take place in the polymerisation of maleic anhydride. Yields quoted (e.g.-
40 809, in Preparation 1 above) are calculated on the weight of maleic anhydride and 40
there can be considerable weight contribution to the product from the free radical
initiator used. Decarboxylation is detected by potentiometric titration and indicates
the carboxylic content of the product compared to pure theoretical polymaleic anhydride.
As_previously explained, the product before hydrolysis can contain large amounts of
45 residues of initiator or solvent, for emmple, compounds such as: 45

@“*1[:@:—6"-3(*@

may be present, and ‘the high apparent yield and low carboxylic content is thus
explained. If a different free radical initiator or solvent were used, then clearly
different end groups would be present on the chains.



The pol ymal ei ¢ anhydri de contai ned an average of 13 nononer units per
nol ecul e so that the cal cul ated nol ecul ar wei ght of the hydrol ysed
pol ymal ei ¢ _anhydri de was approxi mately 1714. After storage at room

tenperature for 3 -days, a crystalline precipitate was de- 25 posited
fromthe solution. This was isolated by filtration and identified as benzyl
25 succinic acid. This is presumably formed by a free radical attack on the
tol uene, followed by addition of the resulting benzyl radical to the naleic
afhydride. [err]l NVR spectr olstodiip shows that the purified poleynal eic
anhydr i deThen inkdatica. Bl Sphdable té iaD NqGom! Fhtbis. QMM@,ngmgwups attached to the
pol yrredepedlted gither) as.¢cale o hige mangler yriareys addfioimed th Hulkovaek. Bypicsladi caI@t tack upon

t he toF%ﬁ °_%\§%W@ﬁtb°tlﬂf§’&% réiussinl icvolipgi wager systems, ddso| yrrml'ei ¢ anhydri de
_ csont ai NS NERZ

=Y, mct[, HEradS WRiRW i, h.ayerage, 35 in this
our pra;faeﬁrbegi opﬂmadp&ﬁom&rﬂwo&éithmuamed quﬁ ORdhg Y | sucsm nic acid is
producedessubst@ tigiyeliminated. and. nat ur.e. bei ng shown by-ferr[: equi val ent wei ght

and rreJ tﬂ‘} #GF‘BE‘FFE‘“&Sﬁ- W?‘B‘PS ‘tnﬁén cess is therefore
et angt i el feiinE ghe 4l },‘ve fi de ugder the
r eaCt I ﬂﬂnﬁﬁﬁ sk ‘Dﬂﬁ:be eep the temperature at 220° C and air is blown into ~ Preparation 4.

40 250thp et ® asfmttrraieepmnarm dolfmtawemeddommtmed bicarb@@ ipart s of t ol uene by
heati n $‘§“d %”éﬁ'{%ﬁe‘%ﬁ% "'scdlﬁtm mopsd gy seale derpgirednof 71.5 partsi
benzoyte péy Rerpba e f phthalate) in 250 parts of toluene

/er 30 Miuptleing TRRE IBRUALISf el posited Sn U tube. 15
1, 369, 429 Total volume of water passing through the cell 5 heat ed to [err] and :

mai nt ai n e for aur ng thirs time th mer pr eci pi t at ed
fromt hee‘gpﬂtl ﬁfa{'?ﬁn’m ,;iglil %h‘ffs’kypié k f“‘v%é}"’ cs%l(g"felﬁ found to have a
mol ecul ar wei ght of 4* ﬁﬂﬁfe@f(wmtpﬁhﬂgthﬁﬁu@&ms 150 -parts of _wat er were

added slow'y at [err] to the solution/precipitated.poly- 5 -~ ' ~mer and
2he mi thﬁé’é f$°f’1t“;$éﬁ‘“tsd‘f°’el°bﬂ6‘€ﬁ’ “%WW%W@FM%W a s@Barati on. of
the &5VHTEt fto two |ayers was obtained. The upper toluene |ayer was

~renoved. and the aqueous sol-ution was stripped. under rediced pressure, to
renove traces of tol uene. The product was a brown col oured sol ution of
hydrol ysed ‘pol ynmal ei ¢ anhydride with a solids content of about  70% by,

wei ght, and a calculated nDIecuIar merght of 560 10 as in Preparatron
2. : 10 '
Preparatlon 5 The procedure descrlbed in Preparatlon 4 mas repeat ed except
that the tol uene | ayer was decanted of fand 50 parts of nethyl ethyl ketone
added to dissolve the polymer at [err]. This solution was then poured into
1,000 parts of stirred toluene. 15 The precipitated pol yner was
f||tered off and dried under vacuum at roomtenpera- 15 ture. Osnonetric
det ermi nation of nol ecul ar ‘wei ght in di oxane gave 470 approxi - mately. 200
parts of- th|s polyner and 20 parts of mater wer e heat ed at [err] for -



30 mnutes. A brown red solution of 50% solids content was produced, the
hydrol ysed pol ymal ei ¢ anhydride having a cal cul ated nol ecul ar wei ght of 560
as in Preparation 2. 20 ._In these preparations, which are of

met hods of naki ng hydrol ysed pol ynal ei’¢ © 20 anhydri de as the sodium salt or
as what may be called the free acid, we use toluene as solvent and have not
experienced any difficulties using connercial mal ei ¢ anhydride (up to 4%
mal ei'c acid) and undri ed tolu%% ntaining up.to 0.1 %of water. W

. . nd t.hus add aLL,fhe_galalyst
esgentlally at 25 . the beglnnlng of the reactlon Toluene is in fact
t he«sol vent which we have found to 25 give ghe best yields. In the
pol yneri sation step we heat tol uene,@ benzoyl perOX|de and mal ei ¢ anhydri de
toget her, and there occurs pol yneri gation ang slight evolution of [err].
The resulting product has many possi®bl'e strudtures, for exanple those
post ul ated 30 ‘in the article by Vom-Bretrrelr8raun et al, :
‘Makr onol ekul arle Chlenile n¢224 (1969) pp| 30] 249- 262. ter hydrolysis the
product presunbl y bgqo err] Mhere X |s abgent 0 is [err] mand n are
integers in indiVdagl3] olf(rhsr ecu ez‘z 35 3| (he average val ues of
whi ch can.be stunatqd;1r0ﬂ1the“b sétled hol-etyl ar "wei ght of 35 the
- product and itqup v-altte—ard—R—+-s—-kely—totbe-H{ [ err] These formnul ae
show what we ernbve tolbe tfthe case, pane y thAtsoﬁF decar boxyl a- tion

does take plac ﬁtﬂ'ékeqpolqneri$ i onj of; pal e::¢ anlyydri de. Yields quoted
(e.g. 40 BGPBTW EMep%HatiGh 1%bove) ar®|cal &} ated on the wei ght of
mal ei ¢ anhydri e~and 40 thgre can bel conpi derdbl e wei ght contribution to

t he product fr effree rqdrcalf rnifratpr _usgd. Decarboxylation is
detected by p entjonetric-titrat on pnd | ndi cdtes the carboxylic content
of the product| conparjed|to pure theorgtical pollymal €] ¢c- anhydride. As

previ ously expﬁalned t ke prioduct{ befpre hydrollysis gan contain | arge
amounts of 45 regsi dques |of injtiafor pr soljvegt,|for exanple, conpounds
such as: u' . 45 [ferr] pay esent|, and} the hi gh apparent
yield and Iom/cgrboxyriq cont ent nus =xp|a|ne§ f adifferent free

r adi cal |n|t|aI6r or |sollvent] were , 1eﬁ3§|ea§ly di fferent end groups
woul d be presene on tlhe |chai{ns. '
1, 369, 429 . ' 3.
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50% aqueous solution
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cases substantially elimnated. In |laboratory scale test of additives for
ef fectiveness in preventing and nodify- ing scale formation, sea water
containing the additive under test is passed at a rate 10 of 10
litres per day through a test cell. Steam is passed-into the cell through
an 10 al um nium brass U tube to keep the tenperature at [err], and air

is blown into the cel

deconposition of bicarbonate in the sea water After-
eposi ted on_t h#s%42% ube and on. the cel

stri ppeddown, #hd.any sca

is scraped off and wei ghed.
deposited on U tube
wat er passing through the cel
_(including the
The fablowing results were obtained,
20 average of three tests

mat eri al

deposited in the cel
t hrough the cell 20

quoted figure for scaling rate being }he _

to agitate the contents and to 'facilitate the

is
walls 8.

14, days, t he cel

Tube scaling rate Wi ght of

Total Scaling rate=Tot al

$ube) Tota

15 Total vol une OKJ
wei ght of solids -
| volunme of water passing
each

1, 369, 429 S o o e o 7
[err] 9 : 1,369,429

9 Scal i ng OHT.C (BTLVsq.ft/hr/[Arr]) Length Additive
Dose (mg/ 1) I ni Gl mefmbest| 40% aqueous solution 5
ppm 6.0 600 {45898 200dahrs| . pol ymethacryl ae Sodium
1.5 ppm- 3.6 - 250 © 200 |hrs. tripol yphosSphate
Product from bl 730 B0 2.4&-91048 hrs.

Prep. 4 1.5 ppm of so

ilpol yphosphate is

t he ﬁtﬁtlon whi ch’

eﬁw

R o
; evely
gi ves the best results S, altaimnedawkh § ppn é |E‘ ‘Conparlson)
are worse. It can be s pekywﬁthaevyﬂate gave o g @ ing rate,
and a hard scale as sh he smal'l drop in O H ?_;Cﬁ o) %]atsl heat
transfer coefficient). AH-—-potyphaosphat.ejon tE' Qﬁ%eﬁ},ﬁ gave a | ow
scaling rate, but a sc uch form 5 - fhatgidaBesy g in a blg '
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tion 4 gave simlar scaling rate and type of scale to sodi um pol yphosphat e,
but the duration of the test was sone five tines that for the
pol yphosphat e. Anot her test was devised to observe control of scale

deposition froma natural hard water:*A rtig was set up to sinmulate part of
the feed line of an industrial boiler 10 . or an econom ser. London

wat er was treated with the conpound under test and then 10 fed via a

const ant head -device apd a*flow neter through a heated mld steel tube. The

poweg to the heating. coi | was Via6h429 so that the outlet _tenpera ure of the
‘wa BT Wag—approximerely [err] —The T oW rate. ely 1.11./hr.

Thg{ har diess of the wat: er Ieavll .th% P@s nonift or ed d at the end of
515 - | days the tub§ was rleREy28 @Qgﬁgqqgﬁgogn unt of scale
visual | y [assesstke = 15| Thaef of leagny hamnl t s Pasle | - 1, 369, 429
~Total Harle -t _ Dosg _ _ m‘,’# ppm [err])
Comment s Ngd;;/e : - 280
. (] ) . . . 0
‘thick 2 poly;;“t’,f;’;syfi;) jonf .5 ppm 6 ?jep Si ?_QOS # of
hard 4 -yeljow 5 : scal e
Pol yacr yl{i 8odinmi d 1 lépm 3.6 |0 600 250 medi um
MW 20, qo§irolyphosphate | 2 . | thick 3
212 ‘Produci@p@Si t O ppm. 4.4 - P00 270 - ight 5
164 Prep. 0 oured gcal e Sodi um tripoly{ _ 0
185 —verythrckphosphate -2
135 1.5 ppm. @€ PRAfunt tripdiypRosphate is the level of h@dition which glves|t1|1egtmst 4
135 tgsults, eailawbatheE with 5 ppm. (a direct t&ﬁbanson) are worse. scal e Product from
10 ppm — A S £ 00 1
% : as shown %}l“ gs ergfh% Sodium scale 4
210 5 ‘ipolyphocphat b OnE o ekt G905k owaiife Gt ble & @agonstrate scal e

contsr ol i thatdt &sxﬁtedﬁnraabxgdrobdxhem T.& evand kbof )¢ gserm:apmhat oftRyegamr capadpl e of

st eam ng A : gtoggodium polyphosrbptee butcte i ¢ cartri dge
heaters eﬁ%’% erl Zt%meﬁﬁﬁ'@ﬂ@%gﬁ% LM ongh o ibase 5

hard water. A rig was set up to simulate part of the feed line of an industrial boiler
10 " or an econontiser. London ‘water was treated with the compound under test and then 10
féd via a constant head device and a flow meter through a heated mild steel tube, The
power to the heating coil was varied so that the outlet temperature of the water was
approximately 90° C. The flow rate was approximately 1,1 1. /hr.
The hardness of the water leaving the tube was monitored and at the end of S :
15 ’ days the tube was removed; sectioned and the amount of scale visually assessed o .15
. The following results were obtained:— : '



plate so that the sheaths are in a verti cal
manently switched on while the fourth is used as a standby.

are per-

posi tion.

Three of the heaters

Ther nocoupl es..are brazed.into the surface of each of the sheaths to nonitor

any tenperature changes of the surface due to scale formatiom:

Y
1U

The boiler is fed with a natural water with a total hardness of 300 ppm
[err] 10 It is run at a constant pressure for a period of 3 weeks, during
which tinme, the water is allowed to . concentrate by a:factor of 30 and
thereafter maiA%ainedconstant hy renpyi ngb#8deentrate ih the formof 10
bl ondown. At the end-of—a tesT ﬁT?.hcat etTsheatig—ae—eroved and Thne - ,
wei ght and thicknesy of scale re¢orded; tpe avergog,laipgratyre 15 9}
increase of the heafjer -ofditiveh -suf f aDese duf i Mayst §anpig Ca80) €
15 The fol | owi ng r egutrts—show-the—advantapgeous—eflicct that > DI t: used
in the invention hagnesd al so that it may| safelyjbe u > wi t ~other |
conventional, dis- persant. type,|boiler addigiveg . }gz _ ﬂ:'Cks-it
1, 369, 429 - | 3 180 - J1iiestd
W of Treatnent 't hi ckness ~ 4scalle 148 Tenp yélwe Ngne
0.03 i nch 14}7 g [erf] 230 pdm ferﬂf 132 scafe 02 fi.nch
5.3 ¢g. [err]}230 ppm: [erf] <0.00] I nch 0.3 0 1T —terr] 10
ppm Product of Pre)ﬁ?l }‘g%&cﬂso ptheeet erfr] @O0 ppm . Pessduct pf mBsigparjation
4 32 ppm sodiumsalt of " <0.p0% inchf{ 2 - p.2 g232 [ Ghiak] :
napht hal ene sul phonjc."aci d/for dehyde 'onc%nsa i on fgpoduct | sgapesitefder t he
trade mark Bel |l oid {TD Yet anothgr. | abor atjorys:app tjo
denonstrate the excgllent scal e- proper ;
conbi nati on of hydrplysed polyngerc a ' )honi c
aci d/ f or mal dehyde cifediemsagolyon [dr oy, 4 “sfeel fgs - he‘g-e{h; iMeath '
containing a 1 KW JPiPh#teige. hedter is h' a 21361 tre foeakliit o
together with a copper cooling doil,  a therocoupl-e bdfng mjuntigdd i n|t he
outer wall of the Heater sheath nper%?,éure f olpmredyy f ace
. L ) ) scale
of the sheath it self+—and- > ¥t i on_of the{fphYy&i®cal [form
of any Scal'e deposiltgd atthe syr gto zisgsu'l' atle 1t.
: ‘Preparation 1~ 280 | X:;%st?gl;‘)f :
255 . scale
210 - _
o 1 R _ 210
bo-néfurther.t.ests. were camed out to demonstrate scalecontrolm a steamralsmg
A . , ) _
5 K SR e Sl S 10 p b o e
' pate so that the sheaths are in a vertical position. Three of the h e vase 5
manendy switched on while the fourth is used as a standby. 'I‘hermocoue!}:rsar:rgraz i
o s‘?l?}asft%?u?ga:;l gff:;cnl;ﬁzfn .the sheaths to monitor any temperature ghanges of tﬁg
D e 1 M . )
| i v s conmant s for s pe o el of 30 ppm. CaCO, 10
o T o 1 i 4 et i oy g
I the form of blowdown. At the end of a test the heater sheaths
15 incrose of the Bater chseth mvne s ol ROl the average tempersure
The following results show tho altlirvlangtammmg is recorded. 15
geous effect that the product used in

the invention has and also that i
persant type, boiler additives.

t may safely be used with other conventional, dis-



10 A total of 4 litres of scal e-depositing water is prepared; 2
litres of a solution 10 of 4.0g/litre [err] (2.9g/litre [err] is m xed
with 2 litres of a solution of 6.5¢g/litre My [err] 6H20 (O 615g/litre [err]

cont ai ning such proportion of addi- tive as desired cal cul ated on the
entire 4 litres. The beaker is filled with the m xture, the heater sheath

I's imrersed, and the heater switched on. Tenperature readings 15 ° are
taken ‘at intervals, and-as“the \Q%A% evapor ates the beaker 1opped up
wthithe 15 rempining 2 Lit red Ri. xture . Fhe taste— Sﬂ.n_f.ei_ > ‘5 hours,
t he rat eof ' T -Beaker—betrng—sojcontrol | ed by the

citcul at| on of water in the| COpREfie COOl i ng goi I that. al | ‘tlhe remaining 2
litres of m Xt UfgachsntNeeded| f ohickfapi NY Ugalet ha} Temd lige cdnt ents of the

" beaker hhve _heen concentrat ct-or—of—twh—20—— At the end of
t he test I&he heater sheath ved.fr %he eﬂbqp, cdol ed, rinsed 20
and driefl."°Phe thi ckness -of th% sat e Heposi e sheatlh is nmeasured and
a note Wid@og{,mtphgx:dl nal -tehpeostwck of. ti3a healer Risath.] The fol | owi ng
results /vezrzs Ob"[ﬁ;llqlgl(id SI 1} 3" o "'Fi"n I'Addi tiye .. .} -~ Addi tion
t hi cknesp EPp Yt Ur e B nil-. 0. 010
i nch [ 8 dokn. PRAIHBR Sal- <0001ﬁ?%‘ ene oguﬁ'ph )n-i'f:m;l::'i d/ flor mal dehyde
Condensay i Pidpapdtieeidct - sol d’- 1der 150} ppm - 0. 909 inch™ [err] the
trade mafk Belloid TD Produy¢t of Prepafation 4 : 50 ppm 0. 005
inch .} ﬁ‘)@rpﬁ‘j’ 2] ?ﬁg} d TDi{{as above) | - : 150 ppnr. 0. 004 inch
1090C Pr )dp@j@‘;rgf reparati 4 50 ppI‘n 12
1, 369, 429. sonhmi seliint aie t e €6.0800dhvehesd.DE- t he €8BI natj on of additives
i s dearl wh@éme S“l erd¢ ng |4s it does fo the deposition of| |l ess scale and
better 'r<>t§grl§f Roj g &i“solh ans- fer prpperties. |WHAT VE. CLAIM I S:- 5
1. A progeggierd the Gehrivat-en for an aquepus systemis treated with fromo0.1
to 51 OBgia:ﬂd'ster ml-1ion by vvel ght cal cul'at ¢d on the water or aqueous

syst em of-= c—anhydride—taserel nDeT ore defined) having
a nol ecul ar Yneangther lwbmﬁwppmtmdesgn@etvéﬂmnﬁee ‘t i on follow ng
hydronS|s or

osnonet r |1'€d“ﬁ% e : gﬁﬁcon
of g vat Lot tsiniiti 35?13' nﬁ@ﬂ@i (ﬁ fed in & 21&@ el c aghydri de.
10 - A RbdRBESHIthAL 6pped | chlling Eoil aieﬁhoc&aplememglmhteﬂhe theairer wdl -aqueous system
i s treat ad ti keltef sheath to tnonitbf) Ghe of e ISlIlrfaEﬁwOfﬁ ghh‘ﬁ‘r ol ysed
pol yml eised AHih el givel en dndicaion; of o Y@?a &o5m 46 2By &3fedeposited on
serving to insulate it.
10 " " A total of 4 litres of scale-depositing water is prepared, 2 hu'es of a solutmn 10
' ' of 4.0g/litte NaHCO, (2. 9g/litre’ HCO,~) is mixed with 2 litres of a solution of
6.5g/litre Mg (NO;). 6H:0 (0. 615g/litre Mg?*) containing such proportion of addi-
tive as desired calculated on the entire 4. litres.. The beaker is filled with the mixture,
‘thie heater sheath is immersed, and.the heater switched on. Temperature readings
15 are taken at intervals, and as the water evaporates the beaker is topped up with the 15
_remaining 2 litres of mixture. The test is run for 5 hours, the rate of evaporation of
water from the beaker bemg so controlled by the circulation of water in the copper
. cooling coil that all the remaining 2 litres of mixture is needed for topping up, that is
the contents of the beaker have been concentrated by a factor of two.
20 At the end of the test, the heater sheath is removed from the beaker, cooled, rinsed 20
and dried. The thickness of the scale deposit on the sheath is measured and a note made
of the final temperature of the heater sheath.
_ The followmg results were. obnanned,

. | Sc ale _ Final
Additive Addition thickness | temperature
Blank - | pil | 0.010inch | 140°C

Sodium salt of naphthalene
Sulphonic acid/formaldehyde ) ' .
Condensation product sold under 150 ppm. | 0.009 inch 140°C
the trade mark Belloid TD

Product of Preparation 4 50 ppm. | 0.005 inch ~120°C
Belloid TD (as above) 150 ppm.}

0.004 inch 109°C
Product of Preparation 4 50 ppm.




3. A process according to Caim2 in which the water or aqueous systemis
treated 15 with from2 to 10 parts per mllion of the hydrol ysed
pol ymal ei ¢_anhydride or of its 15 water soluble salt. 4 A process

according to Caim2 in which the water or aqueous systemis treated with .
from5 to 10 parts per nmllion of the hydrolysed polymal eic anhydride or of -
its water-~s6l uble salt. 20 X 5. A process according to any one of

claims 2 to 4 in which the nol ecul ar wei 20 of*the_hydrol ysed :
pol ynal ei ¢ antg/dri de.does _not. exceed. 206869’@9 A process._according to O a112n
2 substantially as gl &6 dead e Cteienesd of Aie RoMABIRNISN I St clefty Qvidbn®) 2 1N <
whi ch the water or ladjhgadis dse;s:belmdeaosmubef B Gpeatendnkd \bewsp veremtivn off lepalt tpans- - A
heati ng. 25 - fer prop@ties.A -pr.ocess i n which water. or an aqueeus systemi. S

treatedw th such’ pr opgy %’P%%Aﬂlﬂam ymal ei.c anhydride as-witl yield from

0.1 to 100 pagts per Hi &xadn- %@#ﬁ&%%ﬁ@ﬂ@%ﬁﬂt@queogs
system of hydrol ysa(dpmbgtmﬁmmhymlghydrculdah(nane aqieeiisGysemche hiydadyled havi ng _

a nol | ar wei ght of polgmaleigambadyige as ; @BS emoml’@rweighﬂqfé@ﬂm
osmometric maasurerftg?ﬁ“s’g%;ﬂj‘gggﬂe gl"

: on the poly-:.

c 5 m ?ﬂ% hydmll)ysgd
hydrol ysis. 10 olymaleic anhydride. © -
9. A process accoré)l ng. t\omodeslmoﬁdmmmvxﬂhmhltnhevhlmltmcwh&ro sy@if:mt:he

hydr ol ysed -pol ymal éteé?‘h garpscper willioneofl dpchydrolysed) polymalsicoanbyiside
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