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Zinc chromate 30.0 (10.8%s 28819066 CrO,)

4 nmet hods of corrosion inhibition wll now be rpmfor 24 hours to

det erni ne the anount gi ven» 40.0 (14.4 as Zn, 25.6 as CrO,) 6.5 of

attrition due to corrosion. The resupty of this

experinment is as shown in tablé 1. For com 10 EXAMPLE

1 par i scdadiumfbichrometa| t s of tests conducted under A

test piece (38 cnferr] in surface ar nd ondi ti but using

conventional 5 weighing about 14 g)ﬁgsf %alzflfgﬁ };ﬂ@é?azﬂf %41) qg%orroa on

inhibitors and of a test wherein no imrersed in tap water containing

zinc chrom corrosion inhibiter was2idntr edubed (14ag= é‘}os)o 10gt e and held

at 50[err]C, was rotated at 180 shown.

15 » 1.0 + , 19.0 TABLE 1 104.7

Corrosion inhibitors and the Anount_of attrition

concentration enployed (ppm) > 150 + » 25.0(py) 25.0 Zi nc
chromate 30.0 (10.8 as Zn, 19.2 as Qrqurr])g,lo 7.2 18.7

40.0 (14.4 as Zn, 25.6 as CrQerr])

50.0 Sodi U¥hetsi rohnbibitor ewas “Sed 130.0

24.3 + zinc 47.0 (10.8 as 1 structures as i ibed
Suitate . 19.2 as G O{ert’ i peroldurel e gl amque s pritgd
62.5 (14.4 as Zn, 10. 3 less of both phosphorus and sulfur, and 0.04%, or less of

25.6 as ererr]) carbon. " 11.0 + " 19.0

104. 7 " 15.0 + 25 (T

25.0 19 o+ " )

18. 7 u S%Othe end of 24 hours. The result is shown

(e U {i Tab] , Its of 25
130.0 area ﬁé}gﬁveéimé &bda 54 5, Osgjﬁﬂs) ) | @ﬁls z%ﬁiﬁ@tled om aélffgl(a ndl;gsélnssbﬁt ’

structures as is2presed Inbiap water contaxmng zinc chromate using contyrioddl Sqorrbshle inhibitors and

conposition of this Hegg T (JBos |and that of a test wherein no cororsion inlibitgrs
of both phOSphOl‘ us %ffgath ﬁtlﬁl rot 1 d?)m ; Tesgasdr'm'oduced are also shown.

car bon.




EXAMPLE 2 at the end of 24 hours. The result is shown
A mld steel test piece (38 cnferr] in surface in Table 2. For conparison,

the results of 25 ar ea and--wetghtng—about—t4-g,—S5--4t)—i-m- — t-ests—

conduct ed under the sane conditions but 20 mnmersed in tap water containing

zinc chromate using conventional corrosion inhibitors and and a

hydr oxycar boxylic acid or its salt and that of a test wherein no cororsion
i nhi bitor held at 50[err]C, was rotated at 180 rpmto deter- was

intr I 1P 1966 Pti to

corrosi on 5 1, 258, 066

5 - TABLE 2 TABLE 2

Corrosion inhibitors and the Anmount of attrition

concentration enpl oyGer%%% bitors and the ( Mgppunt of attrition Zi nc
chromate 15 + tartarf% gpployed (ppm) (mg) ¢

" 15 + sodizife ¢ddmia@l Bt € tafaric acid 15 2.52.5 !

15 + sodium gl uconate 15 . 3.9 "

15 + sodiumcitrates 15 15 + sodium tartarate 15 5 7 2.5 "

30 » 15 4 sodium gluconate 157 2 3.9 Ta_r taric acid
30 8.8 Sodiumtartarate
30 » 15 + sodium citrate 1§, 8 5.1 Sodi um gl uconat e
30 30 14.0 7.2 Sodiumcitrate 30
19. 3 » Sodi um bi chromat e ' 24. 3 +
zinc sul fate 47Tfhraric acid 30 13.1 8.8 (30 ppmin terns of

zi nc chronmate) . Where no inhibitor Was used:

130.0 Sodium tartarate 30 oy ANpLE 3 8 the end of 24 hours.
The result is s$yang diktonate 30 A M | d steel test pieme (SS-41, 38 cnferr] in
Tabl e 3. For conparison, the results of a 10 surface area wei ghing

about 14 g) i m¥FEBEiTEE 3% est conduct ed under thel%3ane conditions but 5

tap water conta§piRo&kdGeCchromate and sodium using conventiona

corrosion inhibitors and2one- zinc hiftboiat e i n pregef er m ned anounts and
hel d without th&0wsm infterms czircoshragiate) nhi bitor, are at 50[err]C, was
rotated at 180 whm 59' %'Emerr“rrgs Neq. al so shown. tlgaeo anmount of attrition due
to corrosion at : ) TABLE 3
Corrosion inhibitors and the Amount of attrition

concentration enpkEoyeck { ppm the end of 24 hquis)The result is shown in Zi nc

chr onat e Bmildstepb ekstumiach [ SShr4dndt an? in O Table 3. For comparispn,2the results of a 10
18 - surface area weighing about 14 g)jmmersed in  test con%c‘t;f under the same conditions but
5 tap water containing zinc chromai€ and sodium using conVentional corrosion inhibitors and one
bichromate in predetermined amounts and held without the use of a corrosion inhibitor, are
at 50°C, was rotated at 180 rpm to determine also shown.
the amount of attrition due to corrosion at

TABLE 3

Corrosion inhibitors and the Amount of atirition
concentration employed (ppm) (mg)
Zinc chromate 30 + sodium bichromate 0 7.2
> 18 - 5 12 4.3
» 15 4 5 15 4.2
» 12 + » 18 3.5
» 6 4 » 24 2.9
» 0+ 2 30 12.0
Where no inhibitor was used: 130.0

ExaMPLE 4 using zinc chromate and other chromates, the
In a manner similar to that described in results are as shown in Table 4. 20

Example 3, a corrosion test was conducted



15 + " 15 4.2 "

12 + " 18 3.5

6 + - " 24 2.9 —m—

0 " 30 12.0 Where no inhibitor
was used: 130.0 EXAMPLE 4
using zinc chromate and ot her chronmates, the In a manner simlar to
that described in results are as shown in Table 4. 20 Exanpl e
3, a corrosionstest was conducted 1,258@66 6

1, 258, 066 © _

TABLE 4 Corr oSi ORh R bitors and the ~
Anmount of attrition concentration enployed (ppm
() Zi nc chrCorresion intgbitersggd|ithemy bi chr ofvpquat of ygition

4.2 v concenfrgtion eRlogrd (PRI bi chr onat e @ 3.5
! 15 + sodi um chpeRbRate 15 15 sodium bichromate 18- 9 4.2 )
15 - potassiumchromate 15 3.7 " 30
7.2 Sodi um ki chr dPrat @otaggium bichromate 15 3.5

12.0 Pot assi um bighr QuRl.e

11.5 Sodi um”chror%gté%o chibhute B 39

11.0 Pot asskum chp onmbtessi8@ chromate 15 3.7

12. 4 EXAI\/PLEOS and gl d at 50[err]C,
was rotated at 180 rpm and ” mld steel test piece (SS“41, 38 cnferr]
t he amount of attriti on sddiem tbizhemste @G on at in surfaceiaonea and wei ghi ng

about 14 g) im the end of 24 hours was determ ned. The re- 5 nersed in
tap water containing zi AeEEHPRIgIEI |t is as shown in Tdbfe 5.

10 and sul fam c aci d ghfluR'RdRi£BeM ned anounts 11.0
TABLE 5 ' Corrosion inhibitors and the
Attrition Potassium chromag@Acent r ati on enpl oyed (pgm
(m) Zinc chromate 30 + sulTfamc acird O
7.2 EXAMPLE § 30 + - and held at 5£°é, was rotated at 180 rpm and
6.0 A mild steel test piece (SS—-QQ, 38 cm® the amount &P attrition due to corrosion at
3.7 in surface area and weighing aboid5l4 g) im- "the end of 2% hours was determined. The re-
5 5 5 mersed in tap water containing zinc chromate sult is as shown in Table 3. 10
) and sulfamic acid in predetermined amounts
TABLE 5
Corrosion inhibitors and the Attrition
concentration employed (ppm) (mg)
Zinc chromate 30 -~ sulfamic acid © 7.2
» 30 '+' 32 5 6.0
» 30 ',' 3 10 3.7
» 25 "f‘ 3 5 5.5
Where no inhibitor was used: : 130.0
EXAMPLE 6 acid in predetermined amounts and held at

A mild steel test piece (SS—41, 38 cm® 50°C, was rotated at 180 rpm and the amount
in surface area and weighing about 14 g) im- of attrition due to corrosion at the end of
15 mersed in tap water containing zinc chromate, 24 hours was determined. The result is shown 20
other chromates or bichromates and sulfamic in Table 6.



Where no inhibitor was used: 130.0

EXAMPLE 6 acid in predeterm ned anounts and held at

A mld steel test piece (SS-41, 38 g‘;jerr SO[err]C, was rotated at 180
rpmand the_ampunt  in surface areb®3fA% wei ghing about 14 g) im 7of

attritiop due to corrosion at the end of 15 nmersed in tap water containing

zinc chromate, 24 hours was determ n€stLE Phe result is shown 20 ot her
chromates or bichronates and sulfamc in Table 6. 7 Amount of

1, 258, 066 Corrosion inhibitors and the 7 attrition
TABLE 6 concentration employed (ppm) (mg)
Anmount of T osSTorrtihi-tors—and—tie

attrition Zinc chromate 15 + sodiygp HBWPME | of anpaRre ad ppm 32
(M) Zinc chimpte 15 4 pbssimSOierdRdi ¢NLOMBL Qie— 13 + sul fanpg acid 5
3.2 -ditto- 5 + potassium bichromate 15 + -ditto- 5
2.9 - ditdite=— 15 +1s5dmm§bvamm chré)‘-?rd‘te —ditto— 515 + -8i%t t o- 5
2.7 -di 15 o roomat & 1§ + -di b 0- 5
2.5 Zinc chromate +jlp§msfl sodi um b| cﬁr é_rrat e o

4.2 Zindictutomate 15 +$5dium potasa: um bi chromat e 15 4.2

3.5 -dit sodi,um chr 15

3.9 -di td*t O- 13 +f§mss‘um léhés?i"gm g orrat e 15 3.3

3.7 Zi nc chudmwat e 15 +3&11uni' chuﬂnitam c &id 5 3.9

6.0 ditto-

7.2 Sodi unT Bi'eAT omat & "P,G"’tass‘“m chromate 15 3.7

12.0 Potzag Shidfikdi Chr GgaL §uiBkhic acid 5 6.0

11.5 Sodi um chr omat e 30

11.0 Pot assidifrchr omee 30 7.2

12. 4 SOd“}ﬁ(-I/é;Ehr\g\gatg:L@bM IS - gl uconi c ggiyd or

citric acid,
corrosi on ®tassigm bidhranaw Por m of a sodi um sal t .
whi gh.conpri ses addi ng
5 zinc chroma & sol |
chromat e teothshem chxomatec@ncent rat ed aqueous soI ution made from
hydr oxycarboxyttc—actd—ort

wat er

enpl oyed as such

form or

1. A nethod of

8. A nethod according to claim?7
in the form of

inhibiting tthe
30
the weight rati
12.4

st eel 108 ects by
i.n which
é)‘ of zinc

Dal l. l. IICI CUI i

the water to which stantlally 1:1.

9. A net hod a&?ﬁfrﬁé
claim1, wheid;
al so added tzinctchsnmmecohﬂ tmrm/h;rtm

pre-

aci d.

10.
10
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20
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hthe ﬁXx)ﬂof C d&Cdelf) rras@lof z
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t he steel
glu

I S, exposed.
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ic acid or cigic aﬂd r%}pww ag syl qb ng to

to

& SUrEREARAB BT 10 these TS

@;ﬁgcmd@@g}a Fhoxylig edidior sgls herephyis gub-
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thet s ne@Fa A myddr
concentrat i cfﬁ aé%omp f#ater ‘o whigh optangia

Aomat daae%glt@gm;nq Ghadin
there is also added to the water to which
the steel is exposed a hydroxycarboxylic acid
and/or a salt of a hydroxycarboxylic acid.

3. A method according to claim 1, wherein
there is also added to the water to which the
steel is exposed a chromate other than zinc
chromate and/or a bichromate.

4. A method according to claim 3, where-
in there is also added to the water to which
the steel is exposed sulphamic acid.

5. A method according to claim 1, where-
in the corrosion inhibiting material added to
the water consists of zinc chromate and sulph-
amic acid.

6. A method according to claim 1, in which
the zinc chromate is present in the treated
water in a concentration of at least 20 ppm.

7. A method according to claim 2, in which
the hydroxy carboxylic acid is tartaric acid,

ich fhe zinc chromate and hydroxycarb-
oxylic acid or salt thereof are together pre-
sent in a concentration of 10 to 30 ppm.

10. A method according to claim 3 in
which the corrosion inhibiting material added
to the water consists of zinc chromate and
sodium chromate, potassium chromate, sodium
bichromate or potassium bichromate.

11, A method according to claim 10 in
which the ratic of zinc chromate to other
chromate or bichromate is in the range from
3:2 to 1:4 by weight.

12. A method according to claim 10 or
11, in which the zinc chromate and other
chromate or bichromate are together present
in a concentration from 10 to 30 ppm.

13. A modification of the method of any of
claims 10, 11 or 12 wherein the corrosion
inhibiting material added to the water in-
cludes sulphamic acid.
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3. A nmethod according to claim1, wherein

mat eri al

added 40

whi ch the corrosion inhibiting
there is al so added to the water to which the

to

t he water_  consists—of-zinc—chromat-e—and—315—-st-eet—s—exposed a chromate

ot her than zinc

sodi um chr onat e,

and/ or a bichronmate.

4. A nmethod according to claim3, where-

10 in

zinc chromate to ot her

pot assi um chromat e,
bi chromat e or potassi um bi chromat e.
11. A nethod according to claim

sodi um

c

hr omat e

in there is also added to the water to which which the rati o of

45

t h¥88éceel

chromate
claimai,
mat eri al
consi sts
ot her

bi chrqomate are toget

pr esent

water in

i s exposed sul phanic adid.

or bichromate 1s 1n the range from 20 5. A nmethod according to
where- 3:2 to 1:4 by weirght 6 in the corrosion inhibiting
added to 12 A method according to claim 10 or the wat er
of zinc cht Qd sul %1 11, in which the zi nd®%itthat e and
amic aci GCorrosmn 1nh1 itors and chr OITB.F(U OI’
?ﬂgnn'anon engloyed,__&gpm) A A hod | frg) claim i

i N whi Chinc EftonsatecONCeIR Fadotion Hichomte10 1D 436ulfppimnaci55 t he zi nc3&hromate is
in the treat difi t|on of .t he .met hod of ,any of
a %B‘hcent raﬁd&np"éﬁssnﬁ‘f ﬁ\’lcgg ¥ 2 gjlppm —AMOeT ai’ms 10, 112%r 12 wherein

t he corr osigfio—

mat eri al
acid,

TABLE 6

Amount of -—ditto—
attrition
Zi ne®hT onat e

é

PNOW®WWAENDDW
NONO©UINUI~NON

2.0

Zine PRS-
Zi nc_ghsamat e 3p

Sodiuny pighremate
Potassxﬂh%‘cﬁromate 30
Zinc c

Sodiung chrénmte
SqQdi um bj

i

SN

added to the water in-

cl udd¥osul phali o egtgsgum chromate
1,258, Oﬁxﬁc chromate

15 < sodium bichromate

15 + sodm;_ersc%

-~aittét-0-
-ditto-

15 -
15
15
15
30
30

chrtgn%;e 30
Bf cAT omat e 30

-ditto- +
30 +

+
romat +
30

5 +Asoamihdebmag cor ditsg- t 0 —glitei-m 3,

15 + potassiunChickromdton 1P nhi bi t ors and t he
%Q.%:ee”t rat,
sodi um
15 + pota’h&un pabassi uns bi chr omat e
odi um cE}r
30+ sul TB‘C ic‘%ot assi u
sodi um bi chromat e
pot assi um bi chronat e
sodi um chr omat e
pot assi um chromat e
sulfamc acid

i n which.7 i nhibiting

the hydr(_)_dyl/0 arboxyllc gcu% is tartaric

7 4.2

3.5

15

Eon enpl oyed (ppm
i chromat e 15 + sul
15 +
15 +
15 +
15
15

15

15

onat e
chromat e
7.2

12.0
11.5
11.0
12.4

H
H
(62}

11.0
12. 4

citric ac‘FCEl °b‘”

5

corrosi OI‘I‘l

wat er,
5

hydr ox caﬁ

15

20

25

Sodi um chr omat e
Pot essiTumECOL v s — 30

Whibieh zifd B brhase So akkd
zi nc Gmmlse%xnowdsol | d for m or
chromn e tL

30
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or 1n the, form of
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and/or a salt of a hydroxycarboxylic acid.

3. A method according to claim 1, wherein
there is also added to the water to which the
steel is exposed a chromate other than zinc
chromate and/or a bichromate.

4. A method according to claim 3, where-
in there is also added to the water to which
the steel is exposed sulphamic acid.

5. A method according to claim 1, where-
in the corrosion inhibiting material added to
the water consists of zinc chromate and sulph-
amic acid.

6. A method according to claim 1, in which
the zinc chromate is present in the treated
water in a concentration of at least 20 ppm.

7. A method according to claim 2, in which
the hydroxy carboxylic acid is tartaric acid,

egq

$xy1T1 R{d€

gluconic acid or citric acid, employed as such
or m the form of a sodium salt.

{f%ef'}?%ﬁ g e

the weyg xylic acid or sa%l!

.9

amc acid 5
3ditto-
ditto-

58 tto-

5
5
5

2&:2 ﬁl!l(iltaﬁé’ld or

sthereof%tﬁﬁ—l obj ects by
lvﬂg' to w}Sch Astmimusmdl according to claim7 in which

AfW‘F?F‘GFCOfdt“EéOVS@lL her rg‘tl-’c’i of zinc
g?lkﬁ PRRTES TPAR

tli® a& entration of 10 to 30 ppm.

10. A method according to claim 3 in
which the corrosion inhibiting material added
to the water consists of zinc chromate and
sodium chromate, potassium chromate, sodium
bichromate or potassium bichromate.

11. A method according to claim 10 in
which the ratio of zinc chromate to other
chromate or bichromate is in the range from
3:2 to 1:4 by weight.

12. A method according to claim 10 or
11, in which the zinc chromate and other
chromate or bichromate are together present
in a concentration from 10 to 30 ppm.

13. A modification of the method of any of
claims 10, 11 or 12 wherein the corrosion
inhibiting material added to the water in-
cludes sulphamic acid.
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solid zinc chromate, to the water to which stantially 1:1. the steel is

exposed. 9. A nethod according to claim7 or 8 in
35 2. A nethod according to claiml1, wherein which_the zinc chronate
and hydroxycarb- 10 there is also added to the water to which oxylic acid
or salt thereof are together pre- the steel is exposed a

hydr oxycar boxylic acid sent in a concentration of 10 to 30 ppm and/ or
a salt of a hydroxycarboxylic acid. 10. A nethod according to claim 3
in 3. Asnet hod accor ding to cl ai mesB,066&vherein which the corrosien

i nhi biting marert al a2 saTs ad dtotne er . To0 which
the 10 the veydd Ao RERs seoRfie o s *&;E; éﬁ% R R S
chromate ot hermt RRarndt BEd isS aﬁtﬁn}ﬁ fiomat e, mI&SSdrtberhﬂﬂBﬁE&tﬁr uSeORli then
chronmat e and/ or 1a. B mékedrmedoaling to claim 13 or 14 mefhpd bir deimt Je sagk m}ybttttassmmmmg

bi chromat e. 3 in which thenzipgeghppgiare 9 Ef‘g’o‘rh ) th’foz’égsca*l"?ﬁa 1 and ‘%&*&%"t‘(‘;agf usem thge?%od

: AL A

according to cff ’i’ﬁ‘@“ﬁf 18 Bration o 10 RE30pph aﬁ’d“%l"‘} Shprlsidg Whi ch
whi ch the rati 0 16f AZmdGod Aécorang o tdmm)tsbeﬁ 2145 chromatE &pceedy daﬂao@xpesed

sul phani ¢ aci dwhich the we1gbhra9inep€ezir@rchiymeﬂqrt®rra%déon ssaltnthtrhé range from 20 5.

A met hod ac égr éﬂl ;g lf:aa d accor niant or ?f6 COI'I‘QflOB ntauf;?r FfPrdt:ﬁtgo:oaile or B fhe
corrosion inhikj 'g”hl@lg (i g PRamic hm,g,, Yoy ayaY rréﬁla&g 6 ¢l ai m
10 or t he wad efe wgascl ﬁfeﬁ:ntOﬁl azwmeenﬁhroﬁ mats. madossoul m}hbmnglagems Acceddingh t he

zi nc chronmat e ahtiorotlties 30 ppm.gani ¢ aci d to any of claims 22 to 24, substantially as

chromate or i 9%28@%1& %%’“}“nggi"hcéﬁ‘m o 8benfescripyd in any ofgthe Jorspaip, Sofemples o 4o ng

toclaimil, in mefﬁngeﬁgggggl%%h&;anfrom 10 to 30 ppm 25 the zinc

chromate i s preSeasl objetst byewdwreadortihg tolBim A nodi f Ageas if@nheoApplitaes,met hod of
any of wat ér quﬁanaalboﬁc@wb‘?ét oy of Ext | ERNLEYD PQB EWEU@I%RWL&@! 11 or

12 wherein tzﬂe %% according th’ an opvaglglgd accor @h ﬁtaAéer in which
i nhibiti ng mat Ql’tloaﬂ Ig.n ﬁ{terl - {opmusgar oxyI ic acid
is tartaric acmd:,ntamed wiliis d&uﬂa;rgaeﬁrmm aci d 9—11 Cursitor Stbd, 8

1, 258, 066 21. A method according to claim 20 in gondon, EC4.14. A net hod

accordi ng t & cMaicha POt 1% R Bfdd° P4lBe by the addition of hydrochloric
in which the wei ghbridied tedr B1eOftaidedy D GtaboldrPOBLe By B Chuffer Press, LbRingdd|phaswhc acid is
substantial |y 4: 1. Published by t22Pate QETRe; r20§p101amntqrnmub¢utgor1mfd®r WggL 1AY) ftolve

15. A method according to clai m 13" <P# ™%&t tf580f claim 1 said inhibitor
conprising 5 in which the zinc chromate other chromate or zinc chromate
and sul pham c¢ aci d. 30 bi chromate and sul pham c acid are

t oget her 23. A corrosion inhibitor for use in the present in a
concentration from10 to 30 ppm nethod of claim 1 said inhibitor

conpri sing 16. A method according to claim 5, in zinc chromate and
hydr oxy carboxylic acid whi ch the meight ratio of zinc chromate to
and/or a salt thereof. 10 sul pham tially 4: 1.

24. A corrosion inhibitor accordingigﬂmﬁ & ﬂ“ 17. A met hod
according to claim5 or 16 22 and Ich contsainns also a chromate or

in which the zinc chromate and sul pham c bichromate other than zinc
chromat e. acid are together present in a concentration 26. Corrosion
i nhi biting agents according of from10 to 30 ppm

to any of clainms 22 to 24, substantially as 15 18. A method according to
claim1, sub- described in any of the foregoing Exanples 40

stantially as herein described. | to 6. 19. A method of
i nhibiting the corrosion of steel objects by water according to claim
Agents for the Applicants, 1, substantially as described in any of Ex-
STANLEY, POPPLEWELL, FRANCIS & 20 anples 1 to 6.

RCSS, 20. A nmethod according to any of clains Chartered
Pat ent Agents, 1 to 17, in which the pH of the water is

Cursitor House, mai ntained within the range 5 to 7.

9-11, Cursitor Street, 21. A method according to claim 20 in
London, E.C. 4. 25 ‘whi ch t he pH of the water is raised to within
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