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In the fabrication of many el ectronic devices, pa}ladi um a
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copper or nickel . and may be provided with aB3FbEsHoRIGHET suyeh-ag.
hard gold. It is used as €HREMIEAL EOCHANTHQARI RALEAIUMopper, ni ckel and
various other peipl&nkigi&RionCr to preclude di ffusion of one netal into
anot her netal ,(—tor—exanpre nrckel into gold. Due to the cost of

precious metals it hasTheHySBUXKEQNSERNS\R Aragssy fadebrigation pEderdceselngviigh ded

for stripping ganedubd-esndinm g R STHng ke &l (¥R baknéPomre fi00EY bRA&h¥nidal M ni mum
cont am nat |n8n aag corrosion, both to renove inperfectly forned deposits and
to 15 pernPt TEEBGBIOGCYICt he metal from di scarded or worn-out parts.

Nunmer ous nmeansBdckipraiidef thednvétiorenoval of precious netals from
art .. Unfartunat el ior

substrates may be foun n.the prio : whi | e t.he .or
art processes are g&‘?‘&@?“?ég?‘hofmf’lﬁﬁ%f’ Q?VIF‘FFep%lhdb‘fmé?riélﬁsr%g)é{§)s es
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Patent No. 4, hd T4, RpOHSE MR LARh TR EDIC buckias sICEUE" R s usad dih bl
strippi ng pél Ifexiplating gold, enpper, ininkebant wdarious athehmietalutbereomen tmprechidaddi t i on
to a ni t reREQ EdaVRrkd ubl e 1l f6ked bk [ onal
ingredients, %ﬁgf,ﬁnﬁgare_a%ytgghn%oﬁﬁ s%rH())(\% er, vvhlﬂﬂg%ts{ﬁ S soﬁ?’ﬁﬁ on
ef fectively r ERBAVEPIRIPY mealsdnhasherome ermsmely impertans|tharpeans R Pevifsér and
copper - cont ai FoPgrippiAs thieth BSm the RE@Edieng metalshdoinpiOktdndrvidiiimibiih e f or
use in those instances V\/ngn pal.l ac{)l m f or ns one%l?f t %e alns or |ayers
of a conposi t EOPRENAHORGR 6’8‘%8?‘0’3)* QU tqemove dmpenfectly forpe drposits and to
15 permit recovery of the metal from discarded or worn-out parts.
Numerous means for effecting the removal of precious metals from
substrates may be found in the prior art. Unfortunately, while the prior art processes

are effective in removing gold, the prior art processes are quite ineffective for

palladium.

20 As an exception to this generalization Augustus Fletcher et al. disclose
in U.S. Patent No. 4,5;18,791 a thallium-containing composition for effectively
stripping palladium. The solution contains a thallium compound in addition to a
nitrobenzoate derivative, a soluble cyanide and certain optional ingredients,
including lead compounds. However, while this solution effectively removes gold

25 and pallédium, it actively attacks copper and copper-containing substrates, rendering
this solution unsuitable for use in those instances when palladium forms one of the
£lms or layers of a composite including copper or is on a copper-containing
substrate. An example of the latter would be a palladium film on a copper-based
lead frame or on copper based connections, etc.

30 Thus, the need remains for a composition which is capable of stripping
deposits comprising palladium and other precious metals, such as gold flash-coated
palladium layers, without an undue damage to an-underlaying metal, such as copper.
Summary of the Invention "

A cyanidé based aqueous solution for stripping palladium from copper-

35 containing substrate. The solution includes a cyanide radical source compound,
Na, CO3, a nitrobenzoic acid, NaOH, thallium compound, an organo mercapto




substrate. An exanple of the latter would be a palladiumfilmon a
copper - based | ead frame or on copper based connections, etc. 30
Thus, the need renmains for a conposition which is capable of stripping
deposits conprising palladiumand other precious nmetals, such as gold
fl ash- coat ed pal I adi um I ayers, without _an undue danage to an
underl aying netal, such as copper. Summmary of the Invention

A cyani de based aqueous solution for stripping palladiumfrom per -
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grans per liter apt.obenzot hi azole on the etching rate of Pd
and Cu and aplg gé%%/cgf"t% Fc’tghﬂl ng rate ratio. Det ai | ed Description

The et chi ng sDetailed Deseriiptiion ng t he i nvention is a three-part 10 conposition

 neluding an oxi dant, 739 elchiHefohfon gr?ooggﬁlgltﬁegﬂv?w&ﬁs alfifecl e parts

are prepared separately an re mxe ore the us

‘The oxi dad icompaspiandacludingen osidantee mhlb@r@@ﬁ@ saltrrglxmgm'()?hg thpe pasts

lit /1 énﬁaa%')n xdshbAdly b d
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water to 15 prepare éoﬁd@’éfrls 8¥°Péi?ﬁ@é qngggrqte ombmmg grargper
i nhi bitor is JpeeEA)ecdias HydRsedd (NEOH), 501]&0@/15$ﬁ1m6b6@201@a61d40 g of

(O42N-CgH,-CO, H), 0.3-0.6 g/l thallous nitrate (TINO4) and sufficient water to

15 prepare one liter of Concentrate I.

The inhibitor is prepared as Concentrate II by dissolving 10 - 40 g of
2-mercaptobenzothiazole in a mixture of methylethyl ketone (MEK) and isopropanol
(IPA) mixed in a ratio of 7:3 and in an amount sufficient to prepare 1 liter of
Concentrate II.

20 The salt mixture is prepared by mixing potassium cyanide (KCN),
sodium carbonate (Né 2 CO3) and water so as to prepare one liter of salt mixture
solution containing 50-200 g/1 of KCN and 25-100 g/l Na, CO3. Instead of KCN,
40-160 g/l sodium cyanide (NaCN) may be used in the salt mixture.

The stripping solution is prepared by adding in small portions

25 Concentrate I and Concentrate II, in succession, to the salt mixture solution, mixing
thoroughly after each addition and then adding D.I. water in an amount sufficient to

grovide one liter of solution containing

50-200 g/1 KCN or 40-160 g/1 NaCN
25-100 g/l Na,CO3
30 100-400 mi/l Concentrate I, and
4-20 ml/1 Concentrate II '
The so produced stripping solution shall
comprise the following ingredients:
50-200 g/l KCN or 40-160 g/l NaCN \
35 25-100 g/l Na; CO3



2-‘rFercapt obenzochi azole in a m xture of methyl ethyl ketone (MEK) and

I.sopropanol (I1PA) mxed in aratio of 7:3 and in an anount sufficient
to prepare 1 liter of Concentrate IL 20 The salt mxture
is prepared by m xi ng potassium cyani de (KCN), sodi um car bonat e

(Na[err] COJerr]) and water so as to prepage one liter of salt mxture

sol ution containing 50-200 g/| of KCN and 25-100 g/| Na2CO3. Instead of
KCN, 40- 160 g/| sodium cyanide (NaCN) may be used in the salt m xture.
The stripping sol utiori0i5 gk Bpitrabdntnic acidi ng in smal |l portions 25

Concentrate | and Congefy %PNE {d, in succession, to the salt mxture
sol ution, m xing t hor P after each addltlon and then adding D. 1.

water in an anount suﬂfq7§r03 O3 provide one liter of solution

cont ai ni ng 0105g/1§9fe?&9t&éhz&$ﬁ&k&é 40-160 g/| NaCN

25-100 g/ Na2CG3 30 100-400 m /| Concentrate |, and

4-20 m /| Concentrate 11 The so produced stripping

sol ution shgl IThe pH ﬁﬂﬂﬁrsnﬁ%md"lﬁ)lﬁtﬁid 188y gt fhetd @14 preferably from 10.5 to

50- 200 ¢/ | KCl\bosr 40- 160 I 25-100 g/l Na2CO3

- 3- 10- 50 g/l 3-nitrobenzoic acid 4-10 g/l
NaCOH Olpiepaiingithe tHred Had€of the stripping solution, 6thér Corhp@inids

2- mer capt ob en%x%)hlincaﬁs%hqnstead of or in combination with a preferred compound being used.

For example, instead of or in addition to the 3-nitrobenzoic acid, acids and their

10 derivatives selected from 2-nitrobenzoic acid, 4-nitrobenzoic acid,
2-nitrobenzenesulfonic acid, 3-nitrobenzenesulfonic acid, 4-nitrobenzenesulfonic
acid, chloronitrobenzoic acid isomers, chloronitrobenzenesulfonic acid isomers, and
mixtures of the above acids and their derivatives, may be used as such or in the form
of their alkali salts. The thallium salts may be selected from the group consisting of

15 thallous (T1*) or thallic (T13*) salts of nitric, sulfuric, phosphoric, and acetic acids,
and other soluble thallium salts. The inhibitor may be prepared using, instead of or
in addition to 2-mercaptobenzothiazole, the following compounds:
2-mercaptobenzoxazole, 2-benzimidazolethiol, 2-mercapto-5-methylbenzimidazole
and their derivatives. These inhibitors have been mentioned by E. H. Too et al. in

20 U.S. Patent 4,483,73§ issued November 20, 1984 as a corrosion inhibitor in gold
stripping solutions. However, only the 2-mercaptobenzothiazole exhibited the
synergistic effect in a thallium containing solution,

An exemplary stripping solution is prepared as described in

Examples 1 - 4 below.

25 - Example 1

To prepare 1 liter of Concentrate I dissolve 30g of solid sodium hydroxide (NaOH)
in 850 ml of D.I water, dissolve 120 g solid 3-nitrobenzoic acid
(O3 N-C4H,4-CO4 H) adding it in portions to the NaOH solution, prepare an
aqueous solution containing 25 g/l of Tl by dissolving 32.6 g of thallous nitrate

30 (TINQOs;) per liter and add 16 ml of this solution to the NaOH and nitrobenzoic acid
solution, add sufficient D.I. water to make one liter of solution, and mix thoroughly.

\

Example 2



5"I:he pH of the stripping solution may range from 10 to 14, preferably from

10.5 to 12. 5. In preparing the three parts of the
stripping solution, other conpounds may be used instead of or in
conbination with a preferred conmpound bei ng used. For exanpl e, instead

of or in addition to the 3-nitrobenzoic agjd, acids and their 10

derivatives selected from 2-nitrobenzoic acid, 4-nitrobenzoic acid,

2-ni trobenzenesul fonic acid, 3- nltrobenzenesulfonlc acid,

4-ni t r obenzend&eoprépant & liter of Cbp@p@ntraémllcwm«t 1 oheasbsolvena by gombining ¢ volume

chl oroni tr obe r above
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acids and their deriva as suc
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sul furic, %$o§phor|c nd acetic acids, and ot her sol uble thalllum
salts. The FTﬁqqma be prepared using, instead of or in addition
to 2-nercaptobenzoth|azole the foll owi ng conmpounds:

2- mer capt obenzoxazol e, 2- ben2|n1dazolegﬁaol

2- mer capt o- 5- nethylben2|n1dazole he%r derlvatlves These

I nhi bitors have been nen{io Too et al . e
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strippi ng sol tdrmerier sfDEWe4ter.onl y t he 2-nercapt obenzot hi azol e exhi bited

t he synergistic effect in a thallium containing solution.
An exenplary stripping solution is prepared as described in Exanples 1
= 4 bel ow. 25 Example 4 Exanple 1 To

prepare 1 liter of Concentrate | dissolve 30g of solid sodi um hydroxi de

(NaOH) 10 | To ﬁﬁﬁbaﬂé orf¥f [itE} &f thekrém }_gldtysﬁﬂbp‘iﬁ g 4610ti6n add 250 2 bf Cbﬂ@:ﬁxl&aw Ic
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Exanpl e 2 solution will have the following composition:

15 100 g/1 potassium cyanide (KCN),

50 g/l sodium carbonate (Na, CO3),

30 g/l 3-nitrobenzoic acid (O, N-C¢H,4-CO, H),

7.5 g/l sodium hydroxide NaOH,

0.1 g/l thallium as thallous nitrate (0.13 g/l TINO3), and

20 0.3 g/l 2-mercaptobenzothiazole (C7HsNS3).

The salt mixture solution and Concentrates I and II are preferably
combined and heated to a temperature within a range of from 40 to 45°C shortly
before use. The stripping is conducted at this temperature with moderate to high
agitation.

25 Experiments were conducted by immersing a Cu foil Pd-plated on both
sides and an unplated Cu foil in separate vessels containing the same solution in each
experiment. The solution was kept at a temperature ranging from 40 to 45°C and
with moderate to high agitation. The experiments show that presence of both
thallium and 2-mercaptobenzothiazole in a cyanide etching solution (Examples 5, 8,

30 11 and 13) leads to an increase in the etching rate of Pd and decrease in the etching
rate of Cu relative to éxperiments in which the etching solution contained neither
thallivm nor 2-mercaptobenzothiazole (Examples 6 and 9) or contained only
thallium (Example 10) or only 2-mercaptobenzothiazole (Examples 7 and 12).



-4- To prepare 1 liter of Concentrate Il prepare a m xed sol vent by

conbi ning 7 vol une units of nethylethyl ketone (MEK) and 3 volune units
of isopropanol (I1PA), di ssol ve 30 g 2-nercapt obenzot hiazole in 950 m
of the m xed solvent, and. after filtering the solution, fill the
filtrate wwth the m xed solvent to nmake ong liter of 5 Concentrate I1I.
Exanple 3 To prepare one liter of salt "m xture solution dissolve 167 g
KCN and 83 g Na2 CO3 in one liter of D.I. water.

Exanple 4 10 To pr ep’ﬁheemqmaxﬂdntﬂhowthamhiwmmﬂimgf thaliinppiBExgmpid Lﬁ)itOla add
eal t i xtur e SO SEnipe spluip EXGRBIEE G halS) R o BRbHeRMm e Bl O

Exanpl e 2, mi xeraéneal pﬁBdlwhﬂeahdraftc of Cuietdhing fefiagrisdrigh, Bddition of 2wat er to make
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solution wll oW n ositio assium
cyani de ( Kd\') the etching rate of Pd hgt )@qsmagm iapyeHeactsothe etchingzateof (v in the same
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OH,
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[err] NS 2). place, namely, removal of Pd was increased while removal of Cu decreased

drastically., Copper corrosion is inhibited only when both additives are present, that

10 is 2-mercaptobenzothiazole is so effective only in the presence of thallium in the
solution. This is in spite of the fact that T1* ion forms a precipitate with 2-
mercaptobenzothiazole, whereby the concentrations of both species in the aqueous
solution are diminished. |

Below are the experiments that show the effect of thallium ion and
15 2-mercaptobenzothiazole on stripping Pd from Cu substrate and on Cu corrosion.

Example 5

A Pd stripping solution of Example 4, that is one containing both Tl and
2-mercaptobenzothiazole, was used to remove Pd from a Cu substrate. A Cu foil
electroplated with Pd on both sides was immersed in this solution at 42°C with

20 moderate agitation for one minute. During this interval 1.0 micrometer per minute
(um/min) of Pd thickness was removed from the surface. An unplated Cu foil
immersed in this solution under the same conditions lost 0.32 pm/min.

Example 6

A Pd stripping solution similar to that of Example 4, but containing neither Tl nor

25 2-mercaptobenzothiazole, was used to compare the etching rate of this solution with
that of Example 5. When immersed in the solution under the same conditions, Pd
was stripped from the Pd-plated Cu-foil at a rate of 0.37 um/min and Cu from the
unplated Cu foil at a rate of 4.3 m/min conditions.

Example 7

30 After the addition of 1 g/l of 2-mercaptobenzothiazole to the stripping solution of
Example 6, the Pd stripping rate was reduced to 0.08 pm/min, but the Cu stripping



The salt m xture solution and Concentrates | and Il are preferably

combi ned and heated to a tenperature within a range of from40 to 45[err]C
shortly before use. The stripping is conducted at this tenperature with
noderate to high agitation. 25 Experiments were conducted
by imersing a Cu foil Pd-plated on both sides and an unplated Cu foi
in separate vessels containing the sane solution in each experi nment.
The solution was kept at a tenperature ranging from40 to 45[err]C and

wi th noder at eratowhs gt A8nYedR.on. The experinents show that presence of both
thal lium and 2-nmercapt obenzot hiazole in a cyanide etching solution
(Exanples 5, 8, 30 11 and 13) leads t xaﬁlhﬂgrease in the etching rate of

Pd and decrease in the etching r at relative to experinents in
whi ch the etching solution contained neither thal | i um nor

2- mer capt obenafenihg addisiop o éﬁﬁ ppm Babiven ©)the stripping spladan of Eyample % whichi um
(Exanpl e 10) oG ImERICTPSOP M ORIRAM a2
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ef fect on t headded thalljumatas poécifitated) ahl ehespotential effexlofithatliium hdditisn oak yiotvhen
both the thaltlhl lng,%ﬁqn the 2- mer capt obenzot hi azol e were I ncluded in the
cyani de- et chi B i'on, that an unexpected, synergistic effect took
“place, nanely, renoval of Pd was increased while removal of Cu decreased
drastical ljy. Copper corrosion is inhi bifs(s&?my when both additives are
present, that 10 is 2-nercaptobenzothiazofe is so effective only in the

presence, of B4 fon oG i BOSied iR ol 1
carbonate (Na, CO3), 7.5 g/l sodium hydroxide (NaOH), and 30 g/l 4-nitrobenzoic
acid (O N-CgH4 CO, H), was prepared without either thallium or 2-
mercaptobenzothiazole. A copper foil electroplated with palladium on both sides
15 and an unplated Cu foil were immersed in separate vessels in this solution at 42°C
with moderate agitation, for one minute. During this interval, 0.30 pm (average) of
palladium thickness were dissolved from the surface. A copper foil immersed under

the same conditions lost 5.1 pm (average) thickness of copper metal.

Example 10

20 100 ppm thallium (as TINO3) were added to the solution of Example 9. A
palladium-plated copper foil was immersed under the same conditions as in
Example 9. This time, 0.97 um (average) of palladium were stripped. An unplated
copper foil immersed under the same conditions lost 5.3 pm (average) of thickness.
It can be seen that through the addition of thallium the attack on palladium was

25 accelerated, while the rate of attack on copper remained high.

Example 11

300 ppm 2-mercaptobenzothiazole were added to the solution of Example 10, which
already contained 100 ppm thallium. A small amount of precipitate formed, which
was not removed. A palladium-plated copper foil, immersed under the same

30 conditions as in Example 9, lost 0.88 um/min (average) of Pd thickness; but in



mer capt obenzot hi azol e, whereby the concentrations of both species in the
agueous solution are di m nished. Bel ow are the
experinments that show the effect of thalliumion and 15

2- mer capt obenzot hi azol e on stripping Pd from Cu substrate and on Cu
corrosion. 7. Exanpl e 5 A Pd
stripping solution of Exanple 4, that is one containing both Tl and

2- mer capt obenzot hi azol e, was used to renove Pd from a substrate A Cu

f oi I42[ ]eICect:ommsatodEIxamplbs Pdnd 0 bﬂ(ljlttmpéﬁt@b@msfqﬂr%ﬁ@r@éd it LN 5ol ut i on
at err &n%gé for one mnute. During this interval
1.0m crorret\(,amr( pea%((}‘?nqp&ql i Jngsdrg?’ﬁ) of Pd thickness was ?em)ved from
the surface. An unplated Cu foil imMmersed in this solution under the
sanme conditions lost 0.32 pnimn. Example 12

Exa{rp! e 6 A Pd stripping solution simlar to that of Exanple 4, but
cont ai ni ng ne ;‘glpgqg&g onpar e
t he etching rg@@sg?{gt HJ}PJag?qrﬁ Ez%ﬁﬁg\n(ﬁgh hbﬂ;%ls%dm h&gﬂiﬁ%ﬁpl %er sed
in the sol Ut i Enamplts). Threattaghsate ondiatipdipm ompalladmmﬁla&dr@,sﬁ%foﬂﬁ rom t he
Pd-pl ated Cu-{g HFr%H gﬂd&‘%@ sithe LordiftidH¥ 4311 ExBehpleD WaoRdLER to 0.184@/mined Cu

foil at arate o m mn condi tions.
Exanpl e 7 SO(WF@C),tth%a%Fﬁe&ﬁ coppyr Tgmaingg heh being onlyireussdiPazol e to the
stripping sol ytg ].Qﬂlrﬁiﬁl (averagesarmlmesh@wsttha iPthesdbsérpi of ghallatre tveesiditemhuafed t 0
0.08 pm m n, But the Cu tthP ng

mercaptobenzothiazole toa conventional stripping solution does not significantly

10 inhibit the rate of copper corrosion.

Example 13

100 ppm thallium were added to the solution of Example 12. A small amount of
precipitate formed which was not removed. Under the same conditions as in
Example 9, 0.77 pm/min (average) of palladium were stripped from a palladium

15 plated copper foil, but only 0.047 pm/min (average) were lost from an unplated
copper foil. This result and the results of Examples 5, 8 and 11 prove the synergistic
inhibiting effect on copper corrosion of the proposed combination of thallium and
2-mercaptobenzothiazole in this type of stripping solution.

Another experiment shows the influence of 2-mercaptobenzothiazole
20 added in increments to a thallium-containing stripping solution.

Example 14

Incremental amounts of 2-mercaptobenzothiazole (2-MBT) were added to a stripping
solution containing 100 g/l potassium cyanide (KCN), 50 g/ sodium carbonate
(Na, CO3), 7.5 g/l sodium hydroxide (NaOH), 30 g/l 3-nitrobenzoic acid

25 (0O,N'C¢Hy4 CO4H) and 100 ppm of thallium. The following stripping rates were
observed on a Pd-plated Cu foil and on an unplated Cu foil when immersed in the
stripping solution at 45°C with moderate agitation:
2-MBT Content, g/l Pd Stripping Rate, pm/min Cu Stripping Rate, tm/min



- 6- rate was at 4.4 pmmn.

Exanpl e 8 After the addition of 300 ppmthalliumto the stripping

sol ution of Exanple 7 which al ready contained 1 g/l of

2- mer capt obenzot hi azole, the Pd stripping rate was 5 increased to 1.0
pm m n; however a copper foil imersed undfr t he sane conditions | ost
only 0.32 pmimin in thickness. Due to the Yarge concentration of 2-

mer capt obenzot hi azole, relative to the recoomended 0.1-0.5 g/l range, nuch
of the added tHadli um was precipitat.etl, and the potenti al 26Ff ect of
thal | i um addition not fully reaéh ed. 10 0.21

Exanple 9 A Pd’stripping solution containing 100 g/l potassi um cyani de
(KCN), 50 g/l sodi Uh25 carbonate (Na20.693), 7.5 g/| sodi um ifd¢oxi de
(NaCH), and 30 g/l s nitrobenzoic aghg (O2N-C6HA CO err] Hy gyas
prepared without either thalliumor 2- mer capt obenzot hi azol e, A copper
foil el ectrdplated Wth pal I adi um on bddBdsides 15 and an un@pgﬁed Cu foil
were inmersed in separate vessels in this solution at 42[err]C W th
nmoder at e agi t Jhesndatd shovothat thecopper comosing it mush mmt@irmwi;cd@hmhp pelladnemage)
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i nmer sed under ane “condi ti ons ness of
copper netal . FIG. 1 of the drawing, presents the above data as curvc 1 (0) repeaspptiag 11@ POo 100

ppm thal i um @g% gl efarna]chr%ez €0 9%&@&5@@ th% @pétﬂbpmg 2k, @fﬁ{mﬁw&m

palladium{)Iat oi | d}pélmrerse er the same cqonditions as in
Exanpl e 9. 10rGrye 3k e ) oepasseptha Gsrived Fiio Qﬁpdpﬁéﬂl’%lﬂg mf? XETsEs GH STippHE rakkn
“unpl at ed Qpcppgé/duqh{e)l nrer sed under the sane conditions lost 5.3 pm
(average) of thic knessI'he high level of copper passivation obtained with
2-mercaptobenzothiazole in the Tl-containing stripper solution is surprising. Other
additives typically in commercial use for the protection of copper in nickel-stripping
15 were found virtually ineffective in this palladium stripping solution. For example,
benzotriazole slowed down the corrosion rate of copper to only one half (1.8 pm/min
vs 3.8 um/min without inhibitor); thiourea did not inhibit the corrosion of copper at
all and accelerated the attack on nickel by a factor of 10. By contrast,
2-mercaptobenzothiazole decreased the rate of attack on copper by a factor of 50-
20 250.

Additional advantages and modifications will readily occur to those
skilled in the art. Therefore, the invention in its broader aspects is not limited to the
specific details, representative devices, and illustrated examples shown and
described. Accordingly, various modifications may be made without departing from

25 the spirit or scope of the general inventive concept as defined by the appended claims

and their equivalents.



It.-can be the addition of thalliumthe attack on
pal | adi um mﬁmwmmﬂm’)&ﬂnd while the rate of attack on copper remained
hi gh. e Lom s Exanple || 300 ppm
2- mer capt obenzot hi azol e were added to the solution of Exanple 10, which

al ready contained 100 ppmthallium A small anmount of precipitate forned,

whi ch was not renoved. A palladi umpl at2d copper foil, inmersed under
the sane 30 conditions as in Exanple 9, lost 0.88 pmimn (average) of Pd
t hi ckness; but @gims: 7 -
contrast to Exanples 9_and 10, an unplated copper foil lost only 0. 18
pm i n (aver age) uhdéy methed daiiripping pallasium and its alloys from copper-

Exanpl e 12 comi@m&mg,mg@g&%ﬁgégi azole were added to a fresh
solution according to e atfack rate qn palladiumon a

5 Exanple 9. ]
pal | adi um pl at ed copperP"FB"i"Im?a Pal?aﬂfﬂé? sEppmssoutionand immersipgipatsgRdeas i n
Exanpl e 9 was neippeddf Pd ifto sifll solutivaNin whick 8ae saippirg soleioatis pedpateditsyy on
copper remai ned high, beri n%.onald_%/1 ){.ﬁ%&ceﬁ.to .4. 8 ?]rﬂdrm' 0, (a,\{erbalgle(}. Thi s
shows that in the absen®&PHIE HEPHISPHEOR GYPPTHRAS 8fydroxide, mirobenzoic aci
2- mer capt obenz et theatlie compaumbimweated, onal st ri ppi ng sol uti on does not

significantly 10 inhibi ﬂmfaaﬁﬁlg" f&ﬁ-c%roﬁfﬂ? Bﬁﬁbi?o?rs{)ﬁfibﬂ rc'E()mprising an organo
mercapto compound in solvent therefore,
10 preparing a salt solution comprising cyanide radical source compound

and Na,; CO; in water, and
mixing the three solutions by adding oxidant solution in increments and

the inhibitor solution to the salt solution under mixing.

2. A method of preparing an aqueous stripping solution for stripping
15 palladium from copper-containing substrates, which comprises
preparing an oxidant solution comprising a hydroxide, a nitrobenzoic
acid thallium compound in water,
preparing a Cu-corrosion inhibitor solution comprising an organo
mercapto compound in solvent therefore,
20 preparing a salt solution comprising cyanide radical source compound

and Na, CO; in water, and
mixing the three solutions by adding oxidant solution in small portions

and the inhibitor solution to the salt solution under mixing.

3. A solution for stripping palladium and its alloys from copper-

25 " containing substrates, which is comprised of from 50 to 200 parts of a cyanide
radical source compound, 25-100 parts of Na; COs, from 10 to 50 parts of a
nitrobenzoic acid, from 4-10 parts of NaOH, from 0.075 to 0.15 parts of a thallium
compound, from 0.1 to 0.5 parts of an organo mercapto compound, and water to
make up one liter of solution said parts being expréssed on a gram per liter (g/1)

30 Dbasis.

4. The method of claim 1 or 2, or the solution of claim 3, in which the so

prepared stripping solution comprises

This Sheet Has Be
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EXZ‘W”";I ] liﬁﬂllllllllﬂfliﬂﬂlm‘ng]#??kl ESE“eW?L?nZ‘S"Sﬂ. ch vas not T enoved. Under the

same conditionstasuins o« 9, 0.77 pnimn (average) of palladium
were stripped froma pall ad| um 15 pl ated copper foil, but only 0.047
pmmn (average) were | ost froman unpl ated copper foil. This result

and the results of Exanples 5, 8 and 11 prdQe the synergistic
inhibiting effect on copper corrosion of the proposed conbi nation of

Sotution o 2T SRRIRPETRENLAIG1G0 b N, chk R Bb TR,
2- mer capt obenzot hi azol @52m08ﬁbb7§2¢ﬁ34&@rmm%50g51)a t hal | i um cont ai ni ng

stripping solution. 10_50 g/l 2-, 3- or 4-nitr cid (for I 30 PRl e 14
I ncrenent al armunts of, rrercapt obenz1 tl?eg%%lceal (?\/B'I)S)am Y dd'%(g to a

stri ppi ng Bigo ?’P@FF%‘& ai ning 100 g/l potassium cyani de (KCN), 50 g/l
sodi um car bgnat e S%B{);Q}Y ﬁ)r%{hm R RygHgxi de (NaO—|) 30 g/l
gErlS

3-nitrobenzoic acid 25 [ thallium
The fol |l owing strippin (1185 Ogﬁﬂé&gg ‘g‘l“&tt’éﬂloéﬁ“ft@t? and

on an unpl at ed(0QBglATING¥en i nmersed-in the stripping solution at

45[err] C with noderate hiald on: 2- MBT. Cont ent / Pd, Stri ppi ng
Rate, pmimin Cu Stri pgfﬁg.%%{%&eﬁ?ﬁpm%nm xa%)le, or éxaglplle 0.3 g/l%- 0.0

1.51 mercaptobenzothiazole). 2. 67 0.1
0.82 0.21
10 5. The method of claim 1 or 2, or the solution of claim 3, in which

a) said oxidant solution is prepared by

dissolving 30g of solid sodium hydroxide in 850 ml of D.1. water,

dissolving 120 g of solid nitrobenzoic acid, selected from 2-, 3- and 4-
nitrobenzoic acids, while adding it in portions to the sodium hydroxide solution,

15 preparing an aqueous solution containing 25 g/l of Tl by dissolving 32.6
g of thallous nitrate (TINO3) per liter and adding 16 ml of this solution to the NaOH
and nitrobenzoic acid solution, and

adding sufficient D.1. water to make one liter of oxidant solution;
b) said inhibitor solution is prepared by

20 combining 7 volume units of methylethyl ketone and 3 volume units of

isopropanol, _

dissolving 30 g of 2-mercaptobenzothiazole in 950 ml of the mixed
solvent, and '

after filtering this solution, filling the filtrate with the mixed solvent to

25 make one liter of the inhibitor solution;

’ c) said salt solution is prepared by dissolving 167 g KCN and 83 g
NayCOj in one liter of water; and .
d) preparing one liter of stripping solution by
adding 250 ml of the oxidant solution in increments to 600 ml of the salt

30 solution,
adding 10 ml of the inhibitor solution,
mixing the combination thoroughly, and
filling with sufficient D.1. water to make one liter of the stripping
solution.
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0. 006
These dat a show that the copper corr03| on is much nore inhibited than the
pal | adi um corrosion by increasing addition of 2-nercaptobenzothiazole.
The plot shown in FIG 1 of the drawi ndl-presents the above data as
curve 1 ([err]) representing the Pd stripping rate and curve 2 ( [err]

) representing the Cu gtihp eﬁ%gf&{c‘?mmbpbhz 1R Wi thE preparddtdSpidg Sollition is

represents a derived ratio o Stri 1%; rate vershs Cu stripping rate
( Pd- r ar e/ Cu- r ahejted to a temperature rangmgfwgl Y evand gpd é'é'y?ﬁ&g iphelgByati on

obtained with cond&tmﬁ@pﬁﬁggﬂ&q{ﬂaﬁgﬁl e in the Tl-containing stripper
solution is surprising. O her additives typically in comercial use for

the protection of copper in nickel-stripping 15 were found virtually
ineffective in this payl @B Hfétlﬁidrdfrwdlﬂlgl 6101, 4k iwtiich Jabt oxidaisbmtion, said

T ool SRS AR R R e el oS BRB e 2 B B

the corrosion qfegtﬂp;pﬁgsamnon oral | and accelerated the attack on nickel by

a factor of 10. By cont. rgq,?ﬁ smdo% dgg{&@g}&?gg&&gdhhmlﬁe%%gﬁégﬂdt he rate

of attack on copper by di t|onal
advant ages andmiwtird $ajulion rﬁellozw&d by é)&ddﬂlymu@& the inbibitapsadution angkadditian ¢fy t he

art. Therefore f%tér”é(xﬁf':trﬁ;& th u-%ﬁﬂélﬂ@ aspects is not limted to the
Ps eV|

specific detai representa and illustrated exanpl es shown
-and descri bed. Accor di ngI y, varl ous nodifications may be nade without

departing fypm 25 the gpThé meffodSFRREmOL ort'b,erwaionimmmimn ohiubesaid as
defined by the appended cl ai ns arid th?ir egul val ents
organo mercapto compound is selected from the group cons:stmg of 2-
mercaptobenzothiazole, 2-mercaptobenzoxazole, 2-benzimidazolethiol, 2-mercapto-

5 methylbenzimidazole, their derivatives and their mixtures.

9. The method of claim 1 or 2, or the solution of claim 3, in which said
15 organo mercapto compound comprises 2-mercaptobenzothiazole.

10. The method of claim 1 or 2, or the solution of claim 3, in which said
cyanide radical compound comprises at least one of KCN and NaCN.

11. The method of claim 1 or 2, or the solution of claim 3, in which said
nitrobenzoic acid derivative is selected from the group consisting of 2-nitrobenzoic
20 acid, 3-nitrobenzoic acid, 4-nitrobenzoic acid, 2-nitrobenzenesulfonic acid, 3-
nitrobenzenesulfonic acid, 4-nitrobenzenesulfonic acid, chloronitrobenzoic acid
" isomers, chloronitrobenzenesulfonic acid isomers, and mixtures of these acids and

their derivatives.

12. The method of claim I or 2, or the solution of claim 3, in which said
25 nitrobenzoic acid derivative comprises at least one of 2-nitrobenzoic acid, 3-
nitrobenzoic acid and 4-nitrobenzoic acid.

13. The method of claim 1 or 2, or the solution of claim 3, in which said
thallium compound is selected from the group consisting of thallous (TT*) and thallic
(Tl3+) salts of nitric, sulfuric, phosphoric and acetic acids, and other soluble thallium
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1. A ping palladiumand its alloys from
pobpeLﬂE @ l ﬁ@ﬁ‘%“ﬁtrates, whi ch conpri ses preparing a pall adi um
stri pphhye i ard i mmer si ng pans to be stripped of Pd into said

solution, in which said stripping solution is prepared by preparing
an oxi dant solution conprising a hydroxide, ni t robenzoi c acid and

thal li um conpound in water, preparing‘dzcu-corrosion i nhi bitor solution
conpri si ng an organo nercapto conpound in solvent therefore,

preparing a sal | L & i } itFe@8Ir ce conpound and
Na2CO3 in mateﬁ%kgg%akﬁgyﬁgggﬁgk?E@g¥ﬁ¥g§b§§¥3§?§%§e%§nadding oxi dant

sol ution inincrenments and then the inhibitor solution to the salt
sol uti on under m Xxi ng. 2. The nmethod of claim1, in which the so

pr epar ed stripping solution conprises 50-200 g/I KCN or 40-100 g/l
NaCN, 25-100 g/ Na2CGCs, 10-50 g/l 2-, 3- or 4-nitrobenzoic acid
4-10 g/l NaOH, 0.075-0.15 g/ TI NGB, 0.1-0.5 g/l

2- mer capt obenzot hi azol e. 3. The nethod of claim1, in which a) said

oxi dant solution is prepared by di ssol ving 30g of solid sodium

hydr oxi de in 850 m of D.1. water, di ssolving 120 g of solid

ni trobenzoi c- acid, selected from2-, 3- and 4-nitrobenzoic acids,
while adding it

This Sheet Has Been Rerlaoed
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in :porti ons to the sodi um hydroxi de sol ution, prepari ng an aqueous

solution containing 25 g/l of TI by dissolving 32.6 g of thall ous
nitrate (TINO3) per liter and adding 16 mM of this solution to the NaCH
and nitrobenzoic acid solution, and addi ng sufficient DI
water to make one liter of oxi dant sopsuti on; b) sai d inhibitor
solution is prepared by conbining 7 volune units of nethylethyl ketone
and 3 vol une units of ro anal di ssol ving 30 g of

2- mer capt obenzot hi azol e |GH§§U ETCHANTHEOR; BAKL é@ﬁ&@ﬁt and after
filtering thi sAlpgldeei on, f|||ng t he f||trate with the mxed solvent to
make one |iter of the g i,tor solu éﬁﬁ gfd salt solution is
prepared by dissol vi ngAfé’?‘mSe N’éddquw%fr?& @“gfoN%f? g PAllastim frona Fopper-

wat er; and  dpntainifigpébsirag. The sbiutien isdluddsral qyanidg radi¢al kdrde Bdmpound,

5 Na,CO3, anitrobenzoic acid, NaOH, thallium compound, an organo mercapto
compound, and water. The presence of the organo mercapto compound in thallium
containing cyanide bath permits efficient stripping of palladium from copper
containing substrates with minimum corrosion damage to the substrate.

This Sheet Has Been R laccd
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aq&ing 250 nml of the oxidant solution in increments to 600 nl of the
adding 10 ml of the inhibitor solution, m xi ng the

salt solution

conbi nati on thoroughly, and filing wwth sufficient D.I. water to nake
one liter of the stripping solution. 4. The nethod of claim3, in
whi ch the so-prepared stripping solﬁy'on conpri ses 100 g/|

pot assi um cyani de (KCN), 50 g/| sodifum car bonate (Na2CO3), 30 g/l
2,3 or 4-nitrobenzoic acid (02N. Clerr]Herr].C32H), 7.5 g/l sodium
hydr oxi de NaCH, 0.1 g/l thalliumas thallous nitrate (0.13 g/l TINO3)
0.3 g/l 2mereaptobenzot hiazole (C7/H err]NS[err]), and sufficient D. 1.
water to nake up one liter of sol ution. 5. The nmethod of claim1,

in which the prepared stripping solution is heated to a tenperature
ranging from40O[err] to 45[err]C., and said stripping is

bei ng conducted under Soderat e agptation. gg =

P

Pd/Cu RATE RATIO
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|
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g/! 2-UBT IN STRIPPER SOLUTION

o Pd/Cu RATE RATIO
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6. The nethod of claiml1, in which sai d OXI dant sol uti on, sai 5&”9"”‘?

i nhi bitor solution and said salt mxture solution are conbi ned oTlt?Fy
prior to the use of the stripping sol uti on. 7. The nmethod of claim
1, in which said oxidant solution is added in increments to said salt
m xture sol ution, foll oned by the add]'jti on of the inhibitor sol ution
and addition of D.I. water, and m xi ng of the conponents. . The
met hod of claim11, in whi r ound is sel ect ed
fromthe group consisti ng&g#ﬁgll&“ﬁ‘ g@mm{’h%@

2- mer capt obenzshstradte, 2- benzi m dazol et hi ol , 2-nercapto-5

nmet hyl benzi m dazol e, i . The
met hod of claiml, in Q]cyahﬂgglﬁs Orfguéﬁ%é sr?ei?tg%r}g Mlﬁb mgrclBldfi édg%lﬁﬁ}%ﬁﬁ?qeg

2- mer capt obenzonkiiringisebstrate; The Shkution ihdudasfa czylaaxdmraqlcal sowké compairdl, cyani de
radi cal 5 0Q g day ARFBEASES N£Gat %,@g&] & method
of claim1l, in H ﬁxg%m t ro%%‘?]zm C a%llQf o vat | v a?%&lsrﬁ-ggct ed from
t he group consqomqugd@dzuater Theipresspemofohe organg mezcapta ¢asbpoundiin thedlium

4-ni trobenzoi Gontainiag b?‘anxde bath géﬁﬁlﬁt&ﬂ&@ﬁ‘ﬁ%'i‘l&“ PbEpalladfifeh from copper
ni trobenzenesul f onic gtsfrates wi njtrob enzenes‘u onl ¢ aci d,

chl or oni t r oberfP@tagning s ithapipimum corrosion| d3pmags {0 BESHYSRER- f oni ¢ aci d
i soners, and m xtures of

FIGURE 1
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these acids. and their derivatives. 12. The et hod: Qi GhamsBERTS whEGh
said nit rH!ﬂl'iﬁ'lH“ltwul lI derivative corrprl ses at. l,east, .one..pf... to paged....
2-ni trobe S0 38-ni trobenzoic acid a 4- mf;robenqu _____ agipdged Jb..
12 13. The nmethod of claim1, in which saidt IJlu goqpqqpq"togmgus .....
selected fromthe group consisting of Ehallous (Tl B ggh théhhk&i ,,,,,

(TI13+) salts of nitric, sulfuric, bhorlc tand BaEat ¢ aci ds, and
ot her sol ubl e thal liumsalts. 14. The t hod of clal 1,3k@7WM|ch
said thalliume claimenpound conprises a nitrafePATEISI R A
prepari ng an aqueous stripping solution for stripping palladium
from copper-contalnlnggj substrates, which conprises preparing an
oxi dant sol utli-on domsiti dquIFQRﬂ¥9@¥M9 palladinmt ppgedrsi @ldays thegmi um

conpound in water coglper—l&ro‘?ﬂ%%&'nﬁglga SAbRF 1A ORgH TUH dmbr 894t | On
conpri sing ano mnercapt o _conpound |n sol vent  therefore,
preparlng a palladium stripping solution and immersing
pans to be stripped of Pd into said solution, in which
said stripping solution is prepared by

preparing an oxidant solution comprising a hydroxide,
nitrobenzoic acid and thallium compound in water,
preparing a Cu-corrosion inhibitor solution comprising
an organo mercapto compound in solvent therefore,
preparing a salt solution comprising cyanide radial
source compound and Na,CO, in water, and

mixing the three solutions by adding oxidant solution
in increments and then the inhibitor solution to the

salt solution under mixing.

2. The method of claim 1, in which the so prepared
stripping solution comprises
50-200 g/1 KCN or 40-100 g/l NacCN,
25-100 g/1 Na,CO,,

10-50 g/1 2-, 3- or 4-nitrobenzoic acid REPLACEMENT SHEET

4-10 g/1 NaOH,

0.075-0.15 g/1 TINO,, U3 0CT 1997
0.1-0.5 g/1 2-mercaptobenzothiazole.

3. The method of claim i, in which

a) said oxidant solution is prepared by
dissolving 30g of solid sodium hydfoxide in 850 ml of
D.I. water, .
dissolving 128 g ef solid nitrobenzoic- acid, selected
from 2-, 3- and 4-nitrobenzoic acids, while adding it
in portions to the sodium hydroxide solution,
preparing an aqueous solution containing 25 g/1 of Tl
by dissolving 32.6 g of thallous nitrate (TI1NO,) per
liter and adding 16 ml of this solution to the NaOH
and nitrobenzoic acid solution, and



preparing a L salt sol UHHB@VI mrpri sing cyani de radi REPLACEMBH’USHEE’(I‘ npound
L n

and Na2CO3 |Hlmnﬂ I m xi ng the three sqdl ytroms—yadot oxi dant
sol ution

s and then the inhlb fﬁ@f@ﬁﬁfﬁbgﬂi o t he

salt solution under m Xi ng. 16. The method of ql e hit he so
pr epar ed stripping solution conpriges q0- 0- 100
g/l NaCN, 25-100 g/ Na2CGs, 10-50 g/l j2-, 3- or 4-nitrolpenzoic
aci d, 4-10 g/ NaOH, 0.075-0.15 g/ TI T 0 1-0°5 g/l

2- mer capt obenzot hiagiddlng sufficiaet met.ltad whtelkaito Lbaken ose chiggr saf d

oxi dant solution i ar di ssolving 30 g of solid sodium
hydr oxi de in 850 r‘r’?‘ 0 L %gulq‘)s‘o\ﬁdte

13 di ssolving 120 g of solid ni trobenzoic aci d, selected from

2-, 3- or 4-p trog%{léolﬁlhq_gl% wWi1h& 1Ading gix_tepared |1§y portions to the

SOdI um hydr oxi'de
combining 7 volume units of methylethyl ketone and 3
volume units of isopropanol,
dissolving 30 g of 2-mercaptobenzothiazole in 950 ml
of the mixed solvent, and
after filtering this solution, filing the filtrate
with the mixed solvent to make one liter of the

inhibitor solution;

c) said salt solution is prepared by dissolving 167 g KNC
and 83 g Na,CO; in one liter of water; and

d) preparing one liter of stripping solution by
adding 250 ml of the oxidant solution in increments to
600 ml1 of the salt solution,
adding 10 ml of the inhibitor solution,
mixing the combination thoroughly, and
filing with sufficient D.I. water to make one liter of
the stripping solution.

4. The method of claim 3, in which the so-prepared
stripping solution comprises
100 g/1 potassium cyanide (KCN),
50 g/1 sodium carbonate (Na,Co,;),
30 g/1 2,3 or 4-nitrobenzoic acid (O,N.C/H,.CO,H),
7.5 g/1 sodium hydroxide NaOH, _
0.1 g/1 thallium as thallous nitrate (0.13 g/1 TI1NO,)
6.3 g/1 2-mercaptobenzothiazole (C,H:NS,), and
sufficient D.I. water to make up one 1liter of
solution.

5. The method of claim 1, in which the prepared stripping
solution is heated to a temperature ranging from 40° to



526y Sﬂlmllﬂﬂmillﬁﬂ@[g}i (T ‘&&”L?iﬂ et O VIFer and add

6 m of
this soluttorrto t ni trobenzoi c hc| dsPOCT 87

addlng sufficient D.1. water to nake one liter o oxi dant solutlon
b) said inhibitor solution is prepariad by combrning / volu units
of nethyl ethyl ketone and 3 vol unme units of {i sopropanol
di ssolving 30 g of 2-nercaptobenzothiazole in 950 m of the m xed
sol vent, 45fc ey fndt esaind shirippdhgt i s, beiihgi nepridiected t maider
with the m xed so liter of the I nhi bitor solution
c) said salt SO#X?B&aEQ Hgﬁgﬁggga by di ssolving 167 g KCN and 83 ¢

Na2CO3 in one liter of water and d) one liter of stripping solution is
prepared by g,

portions to 600
sol ution,

sufficient D.I.
18 The net hod

conprises a nitraf

oxi dant

7.

10.

11.

12.

@Hg'ﬂgtgég &t @J‘.cailﬁ'el O&rp%tlc'-ip|slét1'd03xh.aa%'ﬁakblutlon
the salt soluti pn ding 10 .M of the nhlbltor

1 524G {RRLBBREF R SHOh AR SR miXtuge spigtion

vvat;ér combinkd Vify ipeiopftbhehe usestdf PPhaJssehpplioy
8£ﬂg|n1 15, in which said thallium conpound

198 The nethod of claim 15, in which said

The method of claim 1 , in which said oxidant solution
is added in increments to said salt mixture solution,
followed by the addition of the inhibitor solution and
addition of D.I. water, and mixing of the components.

The method of claim 1, in which said organo mercapto
compound is selected from the group consisting of 2-
mercaptobenzothiazole, 2-mercaptobenzoxazole, 2-
benzimidazolethiol, 2-mercapto-5 methylbenzimidazole,
their derivatives and their mixtures.

The method of claim 1, in which said organo mercapto
compound comprises 2-mercaptobenzothiazole.

The method of claim 1, in which said cyanide radical
compound comprises at least of KCN and NacCN.

The method of claim 1, in which said nitrobenzoic acid
derivative is selected from the group consisting of 2-
nitrobenzoic acid, 3-nitrobenzoic acid, 4-nitrobenzoic

acid, 2-nitrobenzenesulfonic acid, 3-
nitrobenzenesulfonic acid, 4-nitrobenzenesulfonic
acid, chloronitrobenzoic acid isomers,

chloronitrobenzesulfonic acid isomers, and mixtures of
these acids and their derivatives.

The method of claim 1, in which said nitrobenzoic acid
derivative comprises at least one of 2-nitrobenzoic
acid, 3-nitrobenzoic acid and 4-nitrobenzoic acid.



sol ution, saijthaivBmeEgEm lon and said saltREmugga.L$[bauuution are
conbi ned onl Jm“nm“ﬂlmdlmﬂmte of the stripgpijng sol ut |§?n,{
14  20. The metitodtof *claim 15, in which said joxi d&& 068 WY ( o i's
added in increments to said salt mxture sol utilon, followdd |by the
addition of the inhibitor solution andi2 addytiron of D.I. watgr, and
m xi ng of the conponents. 21. The nethod of kblaim- 15 —A—wiet sai d
organo mercapto conpound is selected fromthe group consisting of 2-
mer capt obenzdt3hi adthleemeth@dnefaplabmntpxbaoblejich £aid thallium compound
benzi m dazol et hi ol;,« 2 t @< Y, i ' +
derivatives and thei %e%%i:?%rﬁ?g;ém”ggé e C{Ekﬁ%ﬁg gifmtfé?i?%svw(u?%h) said
organo nercapto and coepdbhic coffli’Ses sadtscambbenibrirazolsulfuris, The
met hod of claim 13@@%}51@ wd cy@etfe radiqal and CUBMUND LOTGYISES
at | east one of K %qq Na CN. 24. The nmethod of claim 15, in which said
ni trobenzoi c thallium salts.

14. The method of claim 11, in which said thallium
compound comprises a nitrate.

15. A method of preparing an aqueous stripping solution
for stripping palladium from copper-containing
substrates, which comprises
preparing an oxidant solution comprising a hydroxide,
a nitrobenzoic acid thallium compound in water,
preparing a Cu-corrosion inhibitor solution comprising
an organo mercapto compound in solvent therefore,
preparing a salt solution comprising cyanide radical
source compound and Na,CO, in water, and
mixing the three solutions by adding oxidant solution
in small portions and then the inhibitor solution to
the salt solution under mixing.

16. The method of claim 15, in which the so prepared
stripping solution comprises
50-200 g/1 KCN or 40-100 g/1 NacCN,
25-100 g/1 Na,CO,,
10-50 g/1 2-, 3- or 4-nitrobenzoic acid,
4-10 g/l1 NaOH,
0.075-0.15 g/1 T1NO, and
0.1-0.5 g/1 2-mercaptobenzothiazole.

17. The method of claim 15, in which

a) said oxidant solution is prepared by
dissolving 30 g of solid sodium hydroxide in 850 ml of
D.I. water,



om the group consH&EPMCEMEN'EHSHEET

acfd derivati
2- nitroben20|¥ﬂu'quﬂﬁ l Bn20|c acid, 4- ni t robenzoi ¢ 4cild,
Isd,

2-ni trobenzenesul tont c vC * ni t r obenze sul §@neT Pord,
4-ni trobenzenesul foni c aci d, chl oroni tropenzoi c aci d i somers,
chl oroni trobenzenesul fonic acid i somergz and m xg{ Ures OT thede aci ds
and their derivatives. 25. The nmethod of claim 15, in whigh saiid
ni t robenzoi c acid derivative conprises at |east one of 2-

ni trobenzoic aci diss®lniingod@lzgi of soildd atd¢robenzoimiacidhernaliestan d.

26. The net hod of Al B_15,5 1 .S sel.ected
fromthe group coﬁgkét?h 3 I%EM%CH#?cné%ﬁ%ﬁ4+ ?}?sangﬁgﬁ %d fgi)
salts of nitric, in P@ﬁﬁﬂ@ﬂﬁctOpﬁb@pﬁ@dhﬁMﬂhYdﬂﬂamdﬁzﬁnlnxlqnmlother

sol ubl e tha"'“”‘ %Eb%rlng an agueous solution contaln 3/17 of 18
met hod of claim1l In whiich saild thallium nmpoun Ise a

nitrate. 28. ¥o|dd1s|96’ﬂ-vflé‘r9 $t%4%F ngt pEPP&%lPHFh &ﬁ&rlaﬁi@ a(l'md‘{%)f ioGE )

llter and adding 16 ml of this solution to the NaOH
and nitrobenzoic acid solution, and
adding sufficient D.I. water to make one liter of

oxidant solution;

b) said inhibitor solution is prepared by
combining 7 volume units of methylethyl ketone and 3
volume units of isopropanol,
dissolving 30 g of 2-mercaptobenzothiazole in 950 ml
of the mixed solvent, and
after filtering this solution, filling the filtrate
‘with the mixed solvent to make one liter of the
inhibitor solution;

c) said salt solution is prepared by dissolving 167 g KCN
and 83 g Na,CO; in one liter of water and

d) one liter of stripping solution is prepared by
adding 250 ml of the oxidant solution in small
portions to 600 ml of the salt solution,
adding 10 ml of the inhibitor solution,
mixing the combination thoroughly, and
filling sufficient D.I. water to make one liter of the

stripping solution.

i8. The method of claim 15, im which said thallium
compound comprises a nitrate.

19. The method of c¢laim 15, in which said oxidant
solution, said inhibitor solution and said salt
mixture solution are combined only prior to the use of
the stripping solution.
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22. The method of claim 15, in which said organo mercapto
compound comprises 2-mercaptobenzothiazole.

23. The method of claim 15, in which said cyanide radical
compound comprises at least one of KCN and NaCN.

24. The method of claim 15, in which said nitrobenzoic
acid derivative is selected from the group consisting
of 2-nitrobenzoic acid, 3-nitrobenzoic acid, 4-
nitrobenzoic acid, 2-nitrobenzenesulfonic acid, 3-
nitrobenzenesulfonic acid, 4-nitrobenzenesul fonic
acid, chloronitrobenzoic acid isomers,
chloronitrobenzenesulfonic acid isomers, and mixtures
of these acids and their derivatives.

25. The method of claim 5, in which said nitrobenzoic
acid derivative comprises at least one of 2-
nitrobenzoic acid, 3-nitrobenzoic acid and 4-
nitrobenzoic acid.

26. The method of claim 15, in which said thallium
compound 1is selected from the group consisting of
thallous (T1*) and thallic (T1%**) salts of nitric,
sulfuric, phosphoric and acetic acids, and other
soluble thallium salts.
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3-nitrobenzoi c and 4-nitrobenzoic
opper-contalnlng substrates, which is comprised of
from 50 to 200 parts of a cyanide radical source
compound, 25-100 parts of Na,Co,, from 10 to 50 parts
of a nitrobenzoic acid, from 4-10 parts of NaOH, from
0.075 to 0.15 parts of a thallium compound, from 0.1
to 0.5 parts of an organo mercapto compound, and water
to make up one liter of solution said parts being

expressed on a gram per liter (g/l1) basis.

29. A stripping solution of claim 28, in which comprises
50~-200 g/1 KCN or 40-100 g/1 NacCN,
25-100 g/1 Na,CO,,
10-50 g/1 2-, 3- or 4-nitrobenzoic acid,
4-10 g/1 NaOH,
0.075-0.15 g/1 T1NO,, and
0.1-0.5 g/1 2-mercaptobenzothiazole.

30. A stripping solution of claim 28, which comprises
100 g/1 potassium cyanide (KCN),
50 g/1 sodium carbonate (Na,CO,),
30 g/1 2, 3 or 4-nitrobenzoic acid (O,N.C.H,.CO,H),
7.5 g/1 sodium hydroxide NaOH,
0.1 g/1 thallium as thallous nitrate (0.13 g/l T1NG, )
0.3 g/1 2-mercaptobenzothiazole (C,H,NS,), and
sufficient D.I. water to make -up one liter of
solution.

31. A stripping solution of claim 28, in which said organo
mercapto compound is selected from the group
consisting of 2-mercaptobenzothiazole, 2-
mercaptobenzoxazole, 2-benzimidazolethiol, 2-mercapto-
5 methylbenzimidazole, their derivatives and their
mixtures.
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34. A stripping solution of claim 28, in which said
nitrobenzoic acid derivative is selected from the
group consisting of 2-nitrobenzoic acid, 3-
nitrobenzoic acid, 4-nitrobenzoic acid, 2-
nitrobenzenesulfonic acid, 3-nitrobenzenesulfonic
acid, 4-nitrobenzenesulfonic acid, chloronitrobenzoic
acid isomers, chloronitrobenzenesulfonic acid isomers,
and mixtures of these acids and their derivatives.

35. A stripping solution of claim 28, in which said
nitrobenzoic acid derivative comprises at least one of
2-nitrobenzoic acid, 3-nitrobenzoic and 4-nitrobenzoic
acid.

36. A stripping solution of c¢laim 28, in which said
thallium compound is selected from the group
consisting of thallous (Tl') and thallic (T1**) salts
of nitric, sulfuric, phosphoric and acetic acids, and
other soluble thallium salts.

37. A stripping solution of claim 28, in which said
thallium compound comprises a nitrate.
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CHEMICAL ETCHANT FOR PALLADIUM
Abstract
A cyanide based aqueous solution for swipping palladium from copper-
containing substrate. The solution includes a cyanide radical source compound,

5 Na,CO;, a nitrobenzoic acid, NaOH, thallium compound, an organo mercapto
compound, and water. The presence of the organo mercapto compound in thallium
containing cyanide bath permits efficient stripping of palladium from copper
containing substrates with minimum corrosion damage to the substrate,

Yt FIGURE 1




