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molar ratio of the reducer to the silver compound, such as silver nitrate, ranges from about 1:10 to 1:0.5

'(reducer:silver). It is presumed that ratios outside this range could also be employed with less effectiveness.
Preferably, the molar ratio will be in the range of about 1:6 to 1:2.

45 Various other considerations of the reaction are within the skill of the art and may be varied accordingly.
These include the absolute concentrations of various reactants, the total hydroxyl ion concentration in the
reaction mixture, temperature and duration of reaction, and the manner in which the silvering solution is
applied to the substrate.

As illustrated in the examples, the stability of the reducers of the present invention in alkaline solutions

so permit them to be used in any of the methods of the prior art. For example, the reducer may be used in a
prior art method which utilizes reducers which are not stable in strong alkaline solutions. In this method, the
reducer comprises a separate solution. The reducer solution is then added to a previously prepared solution
of sodium hydroxide and ammoniacal silver nitrate shortly before or simultaneously with application of the
final reaction mixture to the substrate upon which it is desired to deposit a silver film.
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The procedure of Examples | and Il was comparatively repeated under the same conditions of
temperature and concentration except that sorbitol was used as the reducing agent instead of N-
- methylglucamine or glucosaminic acid.

When the silver films produced in Examples | and Il with the preferred reducers were compared to the
T 45 films produced in Comparative Examples | and Ii, the films produced using the preferred reducers were
’ significantly more brilliant on the first surface than the ones prepared using sodium gluconate and sorbitol.
The films deposited by sodium giuconate and sorbitol were off-color, being very blue-white in appearance

and hazy, when compared to the N-methyiglucamine and glucosaminic acid reduced silver films.

50 Example lll

In this example N-methylglucamine was dissolved in a silver diamine nitrate concentrate. The formulas
for the concentrated solutions were as follows:

" 5§



- - N- et hyl glucamine Diluted to 1 liter with deionized water 3)-- —
Tln §ens_|_t_Lzer 15 1 gram L stannous chloride A 250 cc beaker was. ¢l eaned,......._..
Ts&d with dei oni zed wat er and bdo with the stannous solution. The" - *

aker.-was- t hen rinsed again in deionized water. Equal volunes of -the- - -w-vom-
di mt»e_d silver and al kali reducer concentrates were neasured and m xed in-
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t hé~ ¥ eaction was allowed to run one mnute. The result was a snooth, =~
uni-f-or m-260grdarsi | | i asweradipiesi t of silver on the first surface. Exarrpl el 25
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t effpesat trearamad cotmethvigicemine wi t h the second of the two preferred. - =
reducers20Qﬁmﬁzosan’ﬁmmeﬂlmwtﬂm The silver concentrate and tin sensitizer of

urpliesPiluied feet. ijereith galoniged wathed t herein. The al kal i ne reducer concentrate:
al so-remai ned the same except that the N-nethylglucanm ne was replaced by 75
gramst*Mﬁfﬂ@&n nic acid. 30 The result of the reaction was a :. -
deposit Ef S|Iver th%t vva erDoth uniformand brilliant on the first
surf-ace. ir ammom%??\ ox‘d 283,45 The procedure of Exanples | and 11
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di ssal veqomepratve 'II':’?WE'P Wi amine nitrate concentrate. The formulas for the

concent r&tmggr égl,:%d‘ QNG were as foll ows: 55 EP 0 292 087 !31_ Si | ver-. - -

Conce% silver nitrate 440 m . ammoni um hydr oxi de
(28% H[ er ﬁ'f]e) précedl] é ogﬁ)@mﬁla ill was c&kpgﬁﬁﬁwlrgﬂe%@m&pthe same conditions of temperature

R and .concentration except that glucono-delta-lactone was used as the reducing agent. o S — _.“_

When the beakers were compared, the one produced using N-methylgiucamine as the reducer.
- (Example i) was far more reflective and brilliant on the first surface than the one produced usmg glucono-
5. derta-lactone (Comparative Example IV)

P

_Example \")
W, In this example N-methylglucamine was dissolved in deionized water to demonstrate the use of those
~---40 - roducers as a conventional three-part process. The formulas for these concenirated solutions were are
.. follows:

‘Silver Concentrate

45 250 grams silver nitrate
440 mi ammonium hydroxide (28% NH3)
Diluted to 1 liter with deionized water

Alkali Cdncentrate

50
200 grams sodium’ hydroxide
100 mi ammonium hydroxide (28% NHs)
Diluted to 1 liter with deionized water

. 55 Reducer Concentrate

75 grams N-methylglucamine
Diluted to 1 liter with deionized water.



armonium nirtrate Diluted to 1 liter with dei oni zed wat er-
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dei onued water. A 15 250cc beaker was cl eaned, rinsed with dei oni zed wat
and:sensi ti zagd Mok, kel #aNeddser CHAORtaRS word s%&@at&aﬁﬁteﬁm s Sdth WEISHiZBE Whity ﬁ(ﬁd

| A-EXAND!-@5cc okkeRivasViabiil fnstd wiREdbnEe] WitdrOid W68zt VAR sBANGLICHAG hamCdam@ | N -
t hebeak enashidih @s wes pdriofrivd tie ExEpR IUEquabviimés) of &ich bolltiof #dre Gmultaridtustylvixed and

reaetron

wasted inl thawsedker.0 run for 1 minute. The result was a very brilliant

er

anetnt §.or m Tepessiidn tefipesdtire/ was, 70 F (21 ° CGmdtwrresctionevaiaiiowpd © chitihueloe! pinstecthar e -
of ZEXanpl ‘gesulk wasmaenciipnt eed infernydepaselsiled under the same conditions of

tenperature and concentration except that sodium gluconate was used as the

reduc;J ng @ELPJ__ZS When t he beakers were conpared, the one produced
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t o= Irrter ‘Wi th deioni zed water- Al kali Concentrate 50 200 grans - -'sodi um~

- thessifey was not streaitye 440 nd anmmoni um hydr oxi de (28% NH3) Dilute

hydrexr de Cemeersiive Exampledimmoni um hydr oxi de (28% NH[ er r]) Diluted to 1.liter.

w t hi"defoni zed water 55 Reducer Concentrate 75 %é
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and over the same series of temperatures except that sodium giuconate was used as the reducing agent.

P e i< WO ‘the silver films were compared, the first surface of the mirror produced with sodium gluconate

56

sr-was very streaky and had developed a blue-white color. The spray tip pattern could be easily seen on the .
30...first surface. The film produced with N-methylglucamine showed a much more uniform deposit of silver.at . . .. .

- all temperatures tested, whereas the sodium gluconate reduced silver fllms showed more streaks and haze'

- as the temperature was increased..

T Comparatlve Example V!

" ""The procedure of Example IV was comparatively repeated under the same conditions of concentration

- and over the same series of temperatures except that glucono-delia-lactone was used as the reducmg
-+ agent.

When the silver films were compared, the first surface of the mirror produced with glucono-delta—lactone
was very streaky and developed a blue-white color to the silver film. The spray tip pattern could be sasily
seen on the first surface. The film produced with N-methylglucamine showed a much more uniform depaosit
of silver at all temperatures tested, whereas the glucono-delta-lactone reduced silver films showed more
streaks and haze as the temperature was increased.

Example VI

A concentrated silver solution was prepared by dissolving glucosaminic acid in the silver solution. The

. . alkali concentrate was the same as that used in Example Hl. The silver concentrate was prepared as follows:

Silver Concentrate

- 250 grams silver nitrate
440 ml ammonium hydroxide (28% Ammonia)
75 grams glucasaminic acid
20 grams ammonium nitrate

Diluted to 1 liter with dsionized water
The silver and alkali concentrates were diluted 30 times each with deionized water. The diluted

solutions were reacted in a clean, sensitized beaker using equal quantities of each component.

as

d

d

,th deionized water The silver -
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t he ‘gl uckrmpdeduta-blvact one reduced silver filnms showed nore streaks and haze
as\theé ténperature was increased. 45 Exanple VI A concentrated silver

sol ut #orComasratye EgaamiedX by di ssol vi ng gl ucosani nic acid in the silver
sofution. The .. alkali concentrate was the same as that used in Exanple
I'l'l. The sThwvce%ﬁefe%tama'? ll\as comrarphivelyrepeste! yndep g same condjtipRpcdf tampARWIR r at e

and concentration except that sodium gluconate was used as the reducer.
Under these temperature conditions, the sodium gluconate reducer developed reducer burn over
45 substantially ail of the reflective surface of the glass.

. Example VIl and Comparative Examples XI and Xl

in this example the blush resistant properties of N-methylglucamine (Example VIil) were compared to
s0 that of sorbitol (Comparative' Example Xl) and glucono-delta-lactone (Comparative Example Xll). Blush or
reducer burn, as described above, is caused by the partial loss of adhesion of the silver deposit to the glass
surface. This generally occurs if the reaction proceeds too quickly. As a result the silver film loses contact

with the glass surface due to interfering chemical reactions caused by high temperatures. (See Table 1).
This comparison test was made on a mechanical device which simulates a mirror conveyor. The glass
. 55 substrate rests on a plate with an enclosed water bath on the underside which is heated by flowing warm
water therethrough. The water temperature under the plate was controlled using a water mixing valve which

mixes hot and cold water proportionately to reach the desired operating temperature.
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250 grans' silver nitrate 440 ni amoni um hydr oxi de (28%)Anhnnia)'"

75-grans--~ glucosam ni c -acid 55 20 -granms . anmoni um ni trate Di-lut eds—-
to.lL .liter with deionized water Thg 3&%&2&7 d al kali concentrates were -
di l-ut-ed-30 tines each with dei oni zE8 he diluted solutions were o
reactied in.a clean, sensitized beaker using equal quantities of .each . T

conponent . 7a consblb &te%@g?d&ﬁz witlusé® doRFEP#16 BinbnEofCherhibl? cdnBénrhth @RY N@étﬁé@%sed o
usi-ng--a -WahdéredRlthb spldy ips alieR lofito tHa glasd ubdtRR. NRlnpPsRIAT of HRTRAII WP was!di® -
di |.ut.ed. sQlohtidi@N\ingRIWateB inRinG dalielwhich imiixe¥VRd: @i ddRitwater prapbrichgeeaker used in

t hewreact i onTvEaSpead biowe dorveyonarethahism twas Shebsainb .for ldaeh te@iaTrie ©sts were riddb Gwtl ghet O
proceéd sf cdonsblenwata ttenpatafuesr sef atat®d® i (41 * C)Asndeaizechiot bletaparmpataturceset off 126 UFS (et €)i The

aci-d" depogbactich tmeuss fatewad ®rveh fani 2 ininetas upsto MY einuls.l m  The initial deposit -

of silTver was slow, and the silver filmdeposited at a uniformrate.

Conpar ative Exanples VI1 - 11X 10 The procedure of Exanple V was

conpar atively repeated under the sane conditions of concentration and over

t he: san® series of tenperatures except that in Conparative Exanple VII
sor-bi-+-et—was—used -as-t he reducer. In Conparative Exanple VIII SOd1Uﬁ% e At
gluconate was used as the reducer and in Conparative Exanple | X ST
gl ucono-del ta-1actone was used. The silver film deposited by glucosamnic

aci d_(Exanple V) at these various tenperatures was 15 conpared with the

silver filns produced with sorbitol (Conparative Exanple VIII), sodium

gl uconat e- (Conparative Exanple VII1) and gl ucono-delta-|actone (Conpar ati ve
Exanple 1 X). In all cases, the first surface silver filmdeposited by

gl ucosam ni ¢ aci d was brighter and nore uni form Exanple VII-Poor silver
adhesi-om fo gl ass occurs when prior art reducers are operated at high - e
tenperatures. This problemis also aggravated if the sprayed solutions are

all owed 'to remain on the freshly deposited silver . filmfor a prol onged _
period of tine. The phenonenon of poor adhesion has been referred to in the

m rror- busi ness as "reducer burn” (silver 25 blush). In this exanple;, the
reducer2purn properties of N-nethylglucam ne were conpared w th sodi um

gl uconat.e. (Conparati ve Exanple X). The N-nethyl gl ucam ne reducer was the
sane.as.that..used in Exanple 1. In this test the water tenperature.used.tO.......
mx wth the concentrated chem cals was 110 F (43 C). The gl ass substrate

was -war ned to [err] using a hot plate. After the solutions were sprayed on

t he .30 élass substrate, the solutions were allowed to renmain on the gl ass
surf-ace-f-or- six- mnutes. At that point, the solutions were rinsed off the .- -
silver film.and the gl ass sanple was exami ned visually for reducer. burn. ... .
educer. bum i f present, is.easily seen by the naked eye and has the

appearagce of belng a white haze or cloud that appears sporadically

t hroughout the mirror, visible through the glass at the silver/glass

i nt.erface, or second surface. The reason for this is that nuch of the

silver. filmhas [ ost contact wwth the glass surface, 35---and as a result,

light striking the glass surface is scattered and appears to one's eye to

be a hae instead of the desired flat specular reflection. Under these
tenperature and reacting conditions, the reducer solution using

N- net hyl gl ucam ne did not '

50

55
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deXLeLQ.Q,reducer burn 40 Corrpar ative Exarrpl e X The pr ocedure of Exarrple VI I_
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0. . _— cnoO O nort- r rT O? rwo
n - In this"exdmple, thélcoRcentration of N-metfiflglucaminb/was variedtb demonsirats the extrembaly wide

o' _ s Idtfective tempdeatiire XanBe Of this chemical for the Geduction of silver. The rdction temperature wasCalsd . 0

i G~ varied over the range of 20°C, 30°C,38°C'and46°C-- C - .: % ni n LA VI-
r r. vV _ N .LnThe preferred reduddr,’ N-methylglucamine, was dissolved in a sodium hydrxide/ammonium hydroxide | -
- - ... concgfjrate as-shewnpelow. The reducer¢pncentration was variedAfromm30 geBms/liter to 350 grams/litgh 25
30 - - . :andwas used in equal volumes with a silver concentrate according to Example | containing 250 grams/lites

o e o coems +

I W _.:'.

Al}(ahy\g Roduger Qpngmtrate _ )
ZIP I_-_ '?'soérgm tn tOn % 0% . OO0 0 Cl0 Q45 0
01’ 1O~~1;~I B0 mis %P 0, %"E' d‘:ﬁdeﬁém I X In this exanple, the

concentraty, a%u.% WG ngngeev@ oYfaried to denonstrate the extrenely

w de’ef f- ec&,utg@mtﬁi{gng,r&gtohgge% wapge of this chem cal for the reduction of
Si-l-vef. ~The AL aChiRNorl REBCESS, WsCsnims iITalle W, WAkl B QY Ekhat IR ERCDRatOR of NI -
The>pr ef © foBighGfeedan bBIvERRY BYdr GlwideaaigB SHithobB Sifesting 312! ik éaPatiitysel Hisidbiucer. It
hy di'QX} 6 €/sRouliai ndidt M4 2Bi IRows reducer concentrations in grams/liter of N-methyiglucamine as required
to form the reducer concentrate. However, it is the molar ratio of reducer to silver nitrate and not the
absolute concentrations of the reactive components which is important in determining the effectuveness of
the deposition process.
The absolute concentration of the starting concentrates and working concentrates may be varied over a
- 26 _relatively wide range. The reducer concentrate range of 30-150 gramsfliter when used with a silver
... . concentrate having 250 grams/liter of silver nitrate provides a molar ratio of reducer to silver nitrate ranging
© " from 1:9.5 where the least (30 g/l) reducer is used to 1:1.9 where the most (150 g/1) is used.
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. ~~~4)f silver nitrate. Bath cgncenjygtes were diluted 30,{imes with deippized water pefore use and repgted in Qt g
m_. _beaker sensmzed with stanpous jgps a9 dgsqriped in Examplelm n L LLCA Li L tA - LA™ .-



ate "as shown bel ow. The reducer concentration was varied from 30

ConceéntTrdte according to Exanple # containing 250 granms/liter of silver
nitrate:. Both concentrates were dFf 9349808 i nes with deionized water
bef orswuse and reacted in a 1Obeaker sensitized with stannous ions as

deseri bed 'ﬁ‘gi@‘mk telnpexét'unl@qutckdagada?e l';t oP&hO& [%a &E& s demon a? %dl um .
hydroxi- thail-ﬁns nbWJedlcs: is eﬁectl\@mry \M&g rcf?)fe] gr é Stﬁﬁ\l of
N- et Ny | GhektyRIkbdMEne (i€ SurfR8)| Was! dupdlot ‘tg ﬁlgt Bfosﬂ r fllrﬁ@ﬁerﬁ g%yoﬂbﬁ anBdofiimAS @

result . ofgluwﬁﬁet{hes%tvamua&n@msl n Tabl e , 1t w be seen that the
concensration of N nethyl glucarnine can be vari ed over a w de range

wi thout affecting the plating capability of this reducer. It 20 should be =~~~

not'ed that Table Il shows reducer concentrations in grans/litd¥® @f
N-net hyl gl ucanine as required to formthe reducer concentrate.gbwever, it

is the nollaw.tatio of regucer to silmuaswnitrate arad.-rgot the algd ute
concerr al BRS@ St8e r8ABISE B poBNESHEH | ERBSB &S ilB Fet er ni ning

t he--eff-ectii veness of the deposition process. The absol ute con ration of - -
t hestarting concentrates and working concentrates may be vari @ over a 25
r el-at--vel-y -wi-de range. The reducer concentrate range of 30-15 ans/liter .......

when used with a silver concentrate having 250 grans/iter of I'ver nitrate
prOV|dgs a nolar ratio of reducer to silver nitrate ranging fﬁﬁh11 9.5
where the least (30 g/l) reducer is used to 1:1.9 where the nug; (150 g/l)
is used. 30 35 40 45 50 55 EP 0 292 087 B1 Hi gher solution tenperature

i ncreased the amount of silver deposited on the beaker. This denonstrates
that\this new reducer is effective over a wi de range of tenperatures. The
brightiness and reflectivity of N nethylglucamne (first surface) was
superior to that of silver filnms deposited by sorbitol and sogwqplgluconate

at .these various tenperatures. z * MOCcON(. ND CA 92_
UnJcaoi W. W10 O CD0O000 OU 000 a®AQuaaa I',-}S.aLna 0]
Q)OCDEA : Calo.uggabo uwuwwu‘:u —6 W Gy g B NI A R BN ﬁs
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Tter to 150 grans/liter and was used in equal volumes with a silver” ="
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: lh"th‘e"fblTovag exarhple, Qleaﬂ'ae-gﬁﬁpr&&ss@m*) thé rédidcdr BEtné ﬂl/énﬁtw in go@fﬁm e

t h&thr ee-vamNiivel EGREwSs RMPhstitbd) Thd BiRer CXEtLARdte Was dilEd B0MARIS twit® Beidnifzed water. The
combinati Okaiet Redutyr @hd IvéH) 8liga@6ncak@rataNdid’ ailued . 15 Tins Sadhvif I'sefafdis CohtainelisS THEALS

di-| ut' ed - 30dilttedrakaliné Rbduder and inkertiSuyart Gincentrites were Mxsd togstrer Reetjualayuartitiad (2.6'¢e bit
Sugar Conocaant) just prione mextate Wit theldilied Silvaressiuticc Thei slutibepeera pepa@idsddlioes: S. The

di l'ut'ed”Al'kal i ne Reducer and Invert Sugar Concentrates were m xed together

i n"egual’ qleaetratt Prwgest2. 5 cc of each) just prior to mixture with the dil ut ed' -
si t-ver-®ol ution. The solutions were prepared as follows: Three-part Process:

10--Si-l.ver. Si¥pileppeptae 250 grans silver nitrate 440 ni amoni um
hydroxi de- (28% NH3) 15 Diluted to 1 liter with deioni zed water Al kaline: -
Reducer. . ( gﬁ{"Fate pavjogd 'F%f?rs,d oaeSQgi UM hydr oxi de 20 50 amoni um.. ..
hydromgse Itﬂo[ﬁtﬂ;t § éﬁ‘ﬁ’“e( e N et hyl gl ucanine Diluted to 1 liter

wi th del on|I 88 atiE v AP ¥¥ar  Concentrate 40 to 120 grans i nvert

SUGET. .- sul furic acid - 97% 6 ni :
formal"d lm_g% of Snbert tg1to lliter wwth deionized water 30 " The

reggtt-on. vm@g@}ngowed doQuRhpfhgRd for 1 minute at various tenperatures and
varlgysgoccyaq,ﬁntratdnmm.umyngwNﬁgbl e Ill. The reaction proceeded in a .

bedker Whimlyrats cl erpArthyigléhniensi tized as outlined in Exanple 1. The
silver filDwtbdat iawiteapmbd edervas very bright on the first surface and the
|nrt"1‘a1 ‘deposit was very snmpoth and uniform

minialo L invert Sugar Concentrate

40 to 120 grams invert sugar - (see Table 1lI)
1ml sulfuric acid - 97%
. .6mi formaldehyde - 37%
" Diluted to 1 liter with deionized water
80 The reaction was allowed to proceed for 1 minute at various temperatures and various concentratlons
as shown in Table lll. The reaction proceeded in a beaker whlch was cleaned and sensatlzed as outlmed in
. '_'"""Example I
The siiver film that was deposited was very bright on the first surface and the initial deposit was very
--smooth and uniform.
5 . Temperature was found to be an important factor where eﬁucnency of the plating process.is concern_ed, e
- ... Higher temperatures improved the plating efficiency when compared to room temperature reactions. .. .. .. ...
It was noted during these experiments that the silver film did not blush at the higher reaction
. temperatures, whereas the addition of other explosion inhibitors can result in blushing of the silver film at
N/ elevated temperatures.
40 A further advantage of adding N-methyiglucamine to the alkali solution of a three-part system is that the
reducers of the invention prevent the formation of explosive silver compounds as described in Example Xl
and Table IV.
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...Terrperature was found to be an inportant factor wher e eff|C| ency of

t hé=plating process i s concerned, Hi gher tenperatures, i nproved the plating.
ef fi.cr ency when conpared to roomtenEﬂ?rature reactions. It was noted during..
t hese -experinents that the si | verER PPA# 87Bhot bl ush at the higher reactlon

ApeLat:tres, whereas-the addition of other explosion inhibitors can result -
| nbl-ushing of the silver filmat eleyghg tenperatures. 40 A furt her

advantage of addi ng N-nethyl glucam ne to the alkali solution of a _
t h_lc..ee_...pa.H el am | St lfu:f t hn + r\rhln V- nf t hn 1 nunnf L -k 'I'Jnn Cer e e e s

DA AL e

f ormat i.an .of INMERE SUGAR SONGENTRATIQN, || FRFACTIONJEMPERATIRE; [, SILVERS EBO%TI and. ..
= !!llig;mﬂ

TaBla-d o4y 50 55 GRAMSESRY 290 op7 B1CPRETIERARR) | \V RffM
CONCENTRATHAN - REACTI @ TEMPERATURE S| LVER DEPOSI 1] ( GRAMSI LI TER)
([ ERR}-..CENTI|GRADE) 40 (M LLI [GRAVB) 4032 11.0 21
6.-1-40x- 40 3p 43 11. #6.8.0 o
e 18 ¥ °U 21 <L é’b’ x
60 32 60 32 43 g0
14. 280 43 32 8942 e
32 a2t 24100 |
2 8 100 e - " SR e
o 431200 2 ?fg" 32 R
4R 12 3 B arrpl e X

{of this inuwédtion as used in Exaple | was| appl i®d to g
y- e and a polY8 net hyl methacryl at e32 PMVA) supstrat®8 The |surface-
of “the substjrate was cl'8&ned and then "wette®' using ctgnvenﬂﬂ)nal net hods. ,
KrighQ_§ 0. thse skilledps the art. [The N-netfyl gl ucamjne redyger degposited” 7
a *vefy—b-r-ri tant—sitverna2d il m Exanp] e X1 Sigace the reducersg.pf--thg- pres*errt-'-~—-'----
i nvention- arle stable i naconcentrat e al kal i #nd concentratedsilver| di ani no:
SOI-Ut"POF}" tHey—are—abtetoTrhrbrt—tte—formatomof—exptrosTve e
si | ver-nitrogen compounds if con- centrated al kali and concentrat ed Si I ver
am.ne. 2@0}5pr3§ are inadvertently m xed. The formation of fulm nat-

: “The reducer of this invention as used in Example | was applied to a polycarbonate and a poly-

_ -~'methylmethacrylate (PMMA) substrate.

'"“"‘."30 ..The surface of the substrate was cleaned and then "wetted” using conventional methods_known to .. . ... ..
L those skllled m the art. The N-methylglucamme reducer deposited a very brilliant sﬂver ﬂlm

PRS- S p

Example x

- =‘~3 . Since the reducers of the present invention are stable in concentrated alkali and concentrated silver

. ..diamino solution, they are able to inhibit the formation of explosive silver-nitrogen compounds if con-..
" ‘centrated alkali and concentrated silver amine solutions are inadvertently mixed. The formation of fulminat-

_""'ing silver consists of the silver compounds silver amide (AgNH2), silver imide (Ag2NH) and silver nitride

A (AgaN). Silver nitride is the most unstable. To demonstrate the nonexplosive capabilities of these new

- reducers, various ratios of concentrated silver and concentrated alkali were mixed in a beaker and allowed

to react for 24 hours. After 24 hours, each beaker was disturbed using a stainless steel spatula to mix the

reacted by-products. If the mixture is explosive, a small amount of mixing or jarring will result in a

spontaneous explosion.

The solutions used in this test were as follows:

% Silver Concentrate

250 grams silver nitrate
600 mi ammonium hydroxide - (28% NHa)

50 Diluted to 1 liter with water

Alkali/Reducer Concentrate

200 grams sodium hydroxide
150 ml ammonium hydroxide - (28% NHaj)
30 to 60 grams N-methylglucamine or giucosaminic acid (See Table 1V)

Sample 1 was a control which did not contain a reducing agent. In this sample, the explosive silver
nitride was formed. This test was performed a number of times and resulted in a powerful explosion each
time. Very little jarring of the beaker was required to cause the explosion to take place.

55
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et min o - et

ver €ONSIi sts of the si | ver conpounds silver am de (AgNH2), silveér -
{Ag2NH)- and silver nitride (Ag3N). Silver nitride’is the nost
uns*t“abl e:" To denonstrate the nonexgéﬁﬁg%gf abilities of these new -
reducers, various ratios of concen &7 Pler and concentrated alkali 'i'.';‘t_:‘;:_
meremxed in a beaker and allowed 40 to react for 24 hours. After 24

hours;: ‘each heplate |e9 lﬁr[gw RSy IdiREe tnid) Bhd\bisedSamiricEield, 10 Bikoibsie Liffer Bttt he -
reaet Ed vaaPﬁ&%)ﬁB& aoliri? 81 jAFingE of kS bb&eﬁespn QRals¥ &n expiost [c&FTQHJ‘;Sreé} ce/Bf e Y

or —f-arrt: n%WLdu&&sm o dIid pHORRICE B8 dilveF iieaRio and tHiS pméms e RSmEtRR@f the =
t hizs..L.est. deRpeRuSSivéraide)iide ot hiti@y copaumasnt rat e 250 gr ans. Silver to. L
ni't’r.at €5 600 vidually, it was BppRaRhiLtRAL MeIGK Wabctbeing (pREH0oDE-Hh EREbl):tuoDanmﬁ @ Ghiriut ot niitdrer

Wi t Fl ‘Wai_ ermara024Mhdoss| b /bifgd siher fiload uidiadaib ehe2ib@kets tatscontained ord axflitherediugels @K thele
55 . 150. niinvention. Hawemenithensilmaralikaixiod@ntraty PBM4eNIFERMBO | had & Oarlyrdalireppearance and did
I\I—rf‘e"t“ﬁyT”ghutd\am aigrightr silegl flnaiatedi imitscbeaksr gfte( BetwuFabl e 1 V) "Sanple 1 was a~ -
control whi-ch did not contain a reducing agent. In this sanple, the -
exphost®e silver nitride was forned. This test was performed a nunber of
times-and resulted in a powerful explosion each tinme. Very little jarrlng R
of -t-he- beaker ‘was required to cause the explosion to take place. 14 EP O
292.087.B1..In all of the sanples using N-methylglucam ne (NM3 and

gl ueesa,gl nic acid, the explosive silver nitride was not formed. No anpunt

of =jrarring of the beaker could cause an explosion to occur. The presence of
t he-stabl-e reducer in the alkaline pH reduces the silver imediately and - -

t hus prevents the formation of the dangerous silver anide, imde or nitride
conppunds .5.Visually, it was ‘apparent that the silver was . being plated.out....
in_tiheg ol ution within a mnute of mxture. After 24 hours, a bright si | ver
fil m_ had plated in the beakers that contained one of the reducers of the

i nvention. However, the silver-alkali concentrate m xture of Sanple | had a
dark,” dul'T appearance and did not have a bright silver film plated inits "
beaketr—aft-er- 24 hours: 10 15 40 45 50 55 15 EP 0292 087 Bl As-a resutt;
a furt:l#er advantage of this invention is the nonexplosive nature of the
concentrat es when
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t heE @ﬁcers descrlbed herein are used. 0 u w-.j n c ‘. NI

, _ -. .--- 0028 -..... , .
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r~. ~i~0 0 ERP2ROEIB1 o 0 40 0 a (a to Oa- - -
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"~ hs 3restN, a furter a9vaatg oQ%s iﬁ\;antlon% the lnonelxs%ﬁlvs %atureCJf ?n'erpancqa aeésr\nﬁlgrpcer iy

sol ﬂm@%ué KL D OnSSTD an aqueous Ine nediumcontaining a .~ °
strmg::....base and a reducer cap Ie of reducing an ionic.silver conpositipn
to'nmetallic si | ver characterised in that said 5 reducer conprises an

eff'éctsl Ve anount of a conpound represent ed by the nerd® formula, [err]
Wheieznti's 1H0 B2) ot Owseuena( 79, B2 dws &epresent eddby  t formula COOH-or ..~ "
[erx}gach-Terr] group is 10 - independently sel at ed flgom the clrass = 05T
comsi-st-+ng of*OH, [err] and [err] and at |east one™of the [err] groups is- -~ -
[err] 2. A silvering solution conprising an aqueous al kgli ne medi um C
cont-airmi’ng a water soluble ionic silver conpositi Qq8, capad I e of reduction to
netaft-e-si- ver--and a reducer for said conpositior; cha [
sai.f. reducer corrprl ses an effective anobunt of a cd@poundgyrepresented by the
gerter al--fornmul a, where n.is two (2) to seven (7), 52 is|Tepresented by the

f armul, a,_C;OC]:inorw[eﬂr]meaeh Perv] @rowp s 20w  i|lndepempgently .selected.. ... ..
fromt’%e class consisting of OH [err]and at Ieastgone 0
IS {err] 3 A solution according to Claim1 or Cjgim?2 rsharacterl sed in
t hat iny one of the [err] groups is [err] [err] tiBe rel
belﬁg OH " .. 4. A solution according to Caim ag Cla' 2.or G aim3
char@acjerised in that nis four (4). 5. A solutio

char"act"errsed in that {err]. 30 6. A solution accordinggto Caim1 or~ ="
d ai'm 2 wherein sai d conpound i s N-nethylglucamn ‘ '
gl ucosam ni c acid. 7. Amethod for the electroles

| kal i ne medi um
CORT deani’ ng a water. soluble ionic silver conpositijf®n cafbl e of -reduction
to-35~ - netal lbc Wi lwer~wand asragducer $vor sabd c osifgon, characterised~ —
i n.t:hat-t.here is provided as..said reducer an.effeggive unt of @ coempound. .
r epr-esented-by--the general formula [err] 40 renjdgs two-(H to- “SeVeR -
(7); RQ irs. represented by the formula COCH or [erfleachierr] gr®&up is. ...
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nil-y sel ect ed fromthe cI ass consi st i ng of OH,. {err] and at. - least e
o&éﬁ#--«-the [-err].-groups is [err]. 8. A nethod. for the_electroless

depesition of metallic silver wher trate i s contacted W|t a
si_l.yvering.sol ution. conprising an a%h@d%gzg?%él i ne madl j!lll ' ‘Hﬂ,
wat-erysol ubl e ionic silver conposition capable of redu

sitver - angggmgeducer for said conposition, characterised in that said

si|xering solution is as claimed in Gaim2 or any one of Claims 3 to 6

WHER &P pend aftredubd? BbitloR ot sitering Qom@ising al Bjubivd aRAIIRE mBkithel corifbinirlg 3l Ko Bake &addi M

8 characteri sagket Bagablialof taGciNF0INGBNIC SkbrecoMbosiioR] WeBtallid)siveNEHarabtblisé@ in ﬁarealaund

| s—int.be. r argacepéompridds ah effetiive .amouni 6.2 cBmpdind RfreSshe:d bgl itdeiteral fokrilan. 7 OF e
d-ai-m-8- characterised in that the nolar ratio of reducer.to ionic silver
CO@QUJ’L&J s..Rh- CHB )y eGtOHOf 1:6 to 1:2. 55 11. A nethod according.to. any. . ... ...
ong"gf " Cllains 7 to 10 characterised in that the silver conposition

COfﬁaH -Ses--anwoae adniwvod?)|ty sevem (A, i tisrepresented b the(Jormoiz QYQH ®LHzR', each R! group is - -~ -~
C.-:di-.10M S independenit seingted rem thei ¢rgs censising abQEl Bite, ANHEHAENHC2Hp andONHCsHy and at
char.act eri sel!aﬁ"ﬁ"et?ﬁﬂle R geoupsati e NFEGPEGE of MM net hyl gl. ucam ne :

d-gl'lcani ne, or | ucgsam ni c, aC| d the | on| c 5| | ver corrpos ses -
anmoni - “acal A '33 ‘ﬁ‘f'&’,‘r?i raprish d % qg‘rﬂ

of “&" strong 8i;t'°:[' apaple, gl fog ;ﬁ(?g't? &Fﬁ' Zr}%' Elr%ﬂ" 1°és?§m 'té°r“1 o iIqat o
t he*stréng bas i re° soeél FUPRTRSS P STeg . 2mounf gf & emagyn 6°(fr°§?:cor ggef' °r'|m dne of
clainms. 7:to Q‘ZB ,ZEId‘h bpe aqueous al kal i ne nmedi um cont ai ni ng t he water

solibl’e ioni c SI conmposition forms a first solution and the reducer is

mi-xed W th ayskd PROWEIH S0 sdve (), 3 1ERpEseHBE b HeliSmiRICBOR & SRR e RY bioGse

t he.{ WoxpS Ol UinbdpBfdeRfy 3@ctd® 86 1tid dlasé \Whsidibt tof DH| MBS, INMEHY, NHUB b & NHG HAaRER&th Od

accordi ng t Olessdynetst e gl iSTRH,{ NHOH;] RHONE LENACHLEe aqueous al kal i ne medi um

containing the water soluble ionic silver conposition is mxed with the- _

r edaicer ™t @ f &rsofution faccapdingsto | Qldirn O nor &fefin @ aharagdrised inghat gain bneacfcthes RY gmg:sbaslﬁz,are
M Xed—a—an - HChboHCate di NinGaHo the cammaining §¢ gromes teiog OHi on, the two 15 - oo o

sol.utices. being used in a two-part silvering nethod. 16. A nethod.according.. ..

to -clai m-#5 &Hgelvtigeeewpridisgép Glaim(iheleim2 dp Gaimed characiadrgd in thay nisfeurf4lr st sol uti on.

17.._A method according to claim 16 characterised in that the buffet is

ammoni um i t f 52oRps cameship Grim# ?ﬂa%"seigthaAﬁ?ﬂépﬁﬂﬂ*zé’éeﬁ?W% to any one of
| 7 3 .¢ch t d at .t K t
T A B i R B S ™0

min id.
r edUCEr TS m 3°sa U'§ °3R aqueous nediumto forma second solution and &

SUFGRG BESE h Sroodl G6F 0 bR R AR it siee afor féﬂEéPa@ bl tat.on
the:three 5oL tdORkahg 'n{}lgﬁH%%ﬁ{agiéﬁb 2 whidf %uaés&&éjﬁ 1254 %aad{ Igu A
met hod “ACCOr LGk LiRerddhd LRAuEE fof sl rassm;?os&.& t&a e%cihqr.at s&% lsNprbvitRl 28 said

second reduCRauchtandksveamtul sl compaund2bbrosdiis BYRthd \@erailforfmu@!l M 19
chafacteri'sed in that the second reducer is contalned in an aqueous"

sol ut'ion sepma-gcreRy,-@moine aqueous al kaline silver solution. 21. The net hod
of---glai m20 characterised in that a three-part silvering nethod is
enpt oyed. 35wheRn iBiteo (@ tchepuerof). &F ii raprasenteth by the fasmile €@0Hror CHeR', ¢adle Ragraerois s

al kal i ne si | ipdapensientiytsplgeted tamriheglaps gaggistigg [of)OHONH2, NHCHs, NHC-Hs and NHCsH; and at
least one of the R! groups is NHz, NHCH3, NHC:Hs or NHCszH;.

8. A method for the electroless deposition of metallic silver wherein a substrate is contacted with a
45 silvering solution comprising an aqueous alkaline medium containing a water soluble ionic silver
T composition capable of reduction to metallic silver and a reducer for said composition, characterised in
that said silvering solution is as claimed in Claim 2 or any one of Claims 3 to 6 when appsndant from

Claim 2.

50 9. A method according to Claim 7 or Claim 8 characterised in that the molar ratio of reducer to ionic silver
compound is in the range of 1:10 to 1:0.5.

10. A method according to Claim 7 or Claim 8 characterised in that the molar ratio of reducer to ionic silver
compound is in the range of 1:6 to 1:2.
55
11. A method according to any one of Claims 7 to 10 characterised in that the silver composition
comprises ammoniacal silver nitrate.
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N _2_4. The method of claim 23 characterised in that the reducer of the invention is N-methylglucamine.
" Revendications

w45 :

1. Une solution de réducteur pour I'argenture comprenant un milieu alcalin agueux contenant une base
forte et un réducteur susceptible de réduire une composition d'argent ionique en argent métallique,
caractérisée en ce que ledit réducteur comprend une quantité efficace d'un composé représenté par la
formule générale :

50

R2 - (CHR"), - CH,OH

dans laquelle n est égal 3 2 & 7, R? est représenté par la formule COOH ou CHzR!, chaque groupe R!
) est choisi indépendamment dans la classe comprenant OH, NHz, NHCHs, NHGz2Hs et NHC3H; et I'un
""'ss  ~  au moins des groupes R! est NHz, NHCH3, NHCz2Hs ou NHCsHy.
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45

11. Une méthode selon I'une quelconque des revendications 7 & 10, caractérisée en ce que la composition
d'argent comprend du nitrate d'argent ammoniacal.
12. Une méthode selon I'une quelcongue des revendications 7 & 10, caractérisée en ce que le composé
50 réducteur est la N-méthylglucamine, la d-glucamine ou I'acide glucosaminique, la composition d'argent
ionique comprend le nitrate d'argent ammoniacal et le dépdt est effeciué en présence d'une base forte.

13. Une méthode selon la revendication 12, caractérisée en ce que la base forte est I'hydroxyde de

sodium.
55
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Patentanspriiche

45 1. Reduktionslésung zum Versilbern, umfassend ein wifriges alkalisches Medium, das eine starke Base

' und ein Reduktionsmitiel enthélt, das féhig ist, eine ionische Silberzusammensetzung zu metalfischem

Silber zu reduzieren, dadurch gekennzeichnet, da8 das Reduktionsmittel eine wirksame Menge einer
Verbindung umfaft, die durch die allgemeine Formel

.50 R2 - (CHR"), - CH20OH
wiedergegeben wird, worin n zwel (2) bis sieben (7) ist, R? flr die Formel COOH oder CH2R! steht,
jede Gruppe R' unabhiingig ausgewdhit ist aus der aus OH, NHz, NHCHs, NHCzHs und NHCaH;

bestehenden Gruppe und wobei wenigstens eine der Gruppen R' NHz, NHCH3z, NHCzHs oder NHC3Hy
" 56 ist. ' h
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P 9. Verfahren nach Anspruch 7 oder Anspruch 8, dadurch gekennzeichnet, da8 das Molverhéltnis von
. Reduktionsmittel zu ionischer Silberverbindung im Bereich von 1 : 10 bis 1 : 0,5 ist.

Sj '-'1

o ""10. 'Verfahren nach Anspruch 7 oder Anspruch 8, dadurch gekennzeichnet, dag das Molverhilinis von
) Reduktionsmittel zu ionischer Silberverbindung im Bereich von 1 : 8 bis 1 : 2 ist.

~----- 11. Verfahren nach irgendeinem der Ansprliche 7 bis 10, dadurch gekennzeichnet, daB die Silberzusam-
_._Bo._ . mensetzung ammoniakalisches Silbernitrat umfagt.

12. Verfahren nach irgendeinem der Anspriiche 7 bis 10, dadurch gekennzeichnet, daB die Reduktionsmit-
T telverbindung N-Methylglucamin, d-Glucamin oder Glucosaminsiure ist, die ionische Silberzusammen-
_setzung ammoniakalisches Silbernitrat umfaBt und die Abscheidung in Gegenwart einer starken Base

55 durchgefihrt wird.

13. Verfahren nach Anspruch 12, dadurch gekennzeichnet, daB die starke Base Natriumhydroxid ist.
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S 5 2?* “ alkalische Medium, das die wasserldsliche ionische Silberzusammensetzung enthilt, die erste Lésung
\./ bildet, das Reduktionsmittel mit einem wifrigen Medium unter Bildung siner zweiten Losung gemischt
TSR wird, und eine starke Base mit einem wéBrigen Medium unter Bildung einer dritten Losung gemischt

' . wird, wobei die drei L&sungen in einem dreiteiligen Verfahren zum Versilbern verwendet werden.
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"'_;__j:g,'”_Verfahren nach irgendeinem der Anspriiche 7 bis 18, dadurch gekennzeichnet, dag auch ein zweites
- Reduktionsmittel singesetzt wird.

Cless 70204 Verfahren nach Anspruch 19, dadurch gekennzeichnet daB das zweite Reduktionsmittel in einer
. wﬁﬂngen L&sung enthalten ist, die getrennt von der waBrigen alkalischen Silberldsung ist. -

i 30 21 Verfahren nach Anspruch 20, dadurch gekennzeichnet, daB ein dreltemges Verfahren zum Versnlbem
emgesetzt wird.

- 22, Verfahren nach Anspruch 21, dadurch gekennzeichnet, da8 die wifrige alkalische Silberlfsung die
. __erste Losung bildet, das Redukiionsmittel der Erfindung in einer wéBrigen alkalischen zweiten Losung
enthalten ist und das zweite Reduktionsmittel in einer dritten wiBrigen L&sung enthalten ist. e

B e

..-.~... .23, Verfahren nach irgendeinem der Ansprliche 19 bis 22, dadurch gekennzeichnet, daB das zweite
Reduktionsmittel Invertzucker ist.

40 24. Verfahren nach Anspruch 23, dadurch gekennzeichnet, daB8 das Reduktionsmittel der Erfindung N-
Methylglucamin ist.
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