; WKe3el FI "F6| T27 SOLDER DROSS REMOVAL APPARATUS AND METHOD BACKGROUND OF
THE I NVENTI ON The present invention relates to an inproved apparatus and

nmet hod for recovering so fromdross 5 present on the surfmmw M
sol der where it\mm“mﬁm o atnospheric air. In the manufac mm WMH”mmq
printed circuit ly) there are two comercially

nmet hods of sol deri ngcoonanel y, refl ow sol dering and wave solderlng 10 The
refl ow sol dering is costly as it enploys a sol der paste conposed of sol der

particles mxed wt ve of solder is
caused to wel | upmar§p§D§ﬁdDBQﬁﬁaBBMQHALOGEPﬁBAEpﬁn%NBfM%.¥9Wnted circuit
board at once, wave soldering is nore econom cal and provides
15 a hlgherBﬁgﬁgﬁguﬁP B?OBUEtFWV@@T{QQn the refl ow and ot her processes. A
usual wave sol derj g machi ne inc udes a.$ﬁ of  endl ess chain conveyors
whi ch are driven 't'lb BTAFRT ADYSRELP Fetates bbArd AMBF Y5t ant speed

fromthe entrance, 20 to

boar d i< he?lapﬁﬁab??pﬁ?ﬂgr"#haﬁréorm%mﬁ%%?ﬁgsa25?}3%% AT AP o fluxer
where a fo g%g 9@ %ﬁﬁf (g? <§P%'§f9p§g a nd‘ﬁ{ delé)f %r%gppo%aerdd The

pl’l nt Ed cir UI ers ere enperature

25 of each pgaggm¢$aﬁg§¥€t§g to apprOX|nater 110C to 130C so as to
evapor at e excess X solvent) activate the flux and

In the manufacture of a printed circuit board
assembly, there are two commercially important methods of
soldering, namely, reflow soldering and wave soldering.

10 The reflow soldering is costly as it employs a solder paste
composed of solder particles mixed with flux. In the wave
soldering, a wave of solder is caused to well upwardly and
contact various portions of a printed circuit board at once.
As such, the wave soldering is more economical and provides

15 a higher degree of productivity than the reflow and other
processes.

A usual wave soldering machine includes a pair of
endless chain conveyors which are driven to advance a
printed circuit board at a constant speed from the entrance

20 to exit ends of the machine. While the printed circuit
board is held by gripping fingers, the board is first
carried to a fluxer where a foam or spray of flux is
applied to the underside of the board. The printed circuit
board is then carried over preheaters where the temperature

25 of each board is elevated to approximately 110°C to 130°C so
as to evaporate excess flux solvent, activate the flux and
minimize thermal shock to the printed circuit board. After
the printed circuit board is brought to such a preheat
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m nimze thermal shock to the printed circuit board. After the printed
citcuilt board is brought to such a preheat - 1 tenperature, the board
passes over a solder reservoir to receive solder. The board is finally
transported to a cool down zone where the solder is cooled to solidify. The
sol der reservoir is equipped with heating elenents so as to 5 naintain the
nolten solder at a preset suitable tenperature. A relatively narrow sol der
nozzle is placed in the solder reservoir to produce a turbulent wave. A
relatively w de sol der nozzle is _provided downstream of the narrow sol der
nozzl e to pFeYBeEahURBn- thepbrerd BABSEH QBEHR SRIAET AARLTNRIT & ends

wi thin the sol der reservoir and has one end connected to each of the

nozzl es. A PEHBIYE 8PLP8Eed The MRATA Hey BHPIMY (HHengROr tesd tCom&CPed to a
notor through a belt-and-pul]ey assenbly. The pu is acf]vat to transmt
pressure enePHy ?BDthﬁﬁﬁgtEhes%?ﬁé?rtbgc%ﬁ%%eghggfgxgﬁiﬁé¥'mﬁ%ﬁin t he duct
to lift andségrn1the sal. der wave, ntroLEfanel i S mount ed wi,t hin

Aflow ¢
each gf ths g%FegegﬁﬁZﬂéE ﬁsf?%?éPP?g %}h%h%?? QgLe%$&FQﬁﬁt%ﬁl%ﬁﬂEﬁﬂ i's
caused &0 Thetntasd LHEOHLOPL, Tashuen Lb Lhe duet duBdind PRl gt on

of the sol € apertures o oW C panel™ al 1 ows

uni for m f1 o 614 bevERY | £ 58 U651800 Vo 1o PAOL LA 11 tﬂﬁylgdegruaﬁt ity

probl em wi th such a conventional wave sol dering ine 1s

of dross forg@BePolbetsUpiaaeceial berbRiERP walder Avhena i1y 1Resed to
and contacted with 25 atnospheric air. The formation of such dross brings

about a chaggedaed Hbezhei 98t pPdviHed S@OWEE Lt YoMk dF WA Chardwr setert he
nozzl es. Wen the dross bl ocks the apertures of the flow control panel, the

hei ght of thezsbédeo pavéubecanesn-tutrbowlent témddich rexsidér twmte at Al east
sone of the electronic conponents in the printed circuit board are |eft
unsol défed. ATt emvendei ghthindteal yobdevnessenryhier agkrhasheonk o i s

forced away fromthe apertures due to the continued punping 5 action of the
sol der punpCoPrechedvnhgeehehgpf tRetpzhleh; A pump is disposed in

the other end of the duct and connected to a motor through
a belt-and-pulley assembly. The pump is activated to
transmit pressure energy to the molten solder to cause the

15 solder within the duct to 1ift and form the solder wave. A
flow control panel is mounted within each of the nozzles
and has a plurality of apertures. The molten solder is
caused to flow in a turbulent fashion in the duct due to
the pumping action of the solder pump. The apertures of

20 the flow control panel allows uniform flow of the molten
solder above the panel within the nozzle.

A problem with such a conventional wave soldering
machine is that a quantity of dross forms on the surface of
the molten solder where it is exposed to and contacted with

25 atmospheric air. The formation of such dross brings about a
change in the height of the solder wave flowing up through
the nozzles. When the dross blocks the apertures of the
flow control panel, the height of the solder wave becomes
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the solder will flow on the top surface of the printed circuit board and
ruin-the board. Attachnment of the dross itself to the printed circuit board
causes a short circuit or deteriorates aesthetic appearance of the finished
board. 10 Dross generation al so adds considerably to the cost of the wave
sol defing process due to the |lost value of the solder and the maintenance
it inposes. It is necessary fromtinme to tine to renove dross fromthe

sol der reservoir and repair nmechanical parts of the machi ne as damaged by

12 1Le, abraolve ol o decord ol 4 J s on oL oL LIS et

| nvent! on t ) | { y an
cconom ool n b SERE o SIS Lo dres fovmd |3 Salder ey
(here | PYRAL S5O hARRT SRy WERRNRL 19 SIS Omen, v e

| d i jn.t | d i f
one. ol Ser ARale fhaposesh 25 b 509 SIPRMN ol AUy hef o ™
nozzl e pncluding Qpasid E‘scﬁh&@: g@@ghslknebgnggvg%g@ﬁgl Yt Pugriigne side
I Tect r

of the solder reservoir to 0SS - toward a dross zone forned

In the one §idefad &80l defow &IETHY Fop? é?a‘aiﬁg;d@‘é&t efhel Priifgedol der

reservoir and | ocated above the dross zone) an agitator extending

across the gnediitdeddrd h@aher tRSYoLdd. andtashhmyitedrSthe agbéate the
dross so as to renove oxi des and recover solder fromthe dross. The

t enper at ur e el ntd hadmpasintel Midtvdiawdyodrddacahisals af shlvethalitrenisol der
since the dross present on the surface of the nolten solder is exposed to
at nospheri enidetemixatasc geshine tsial d@peza@naiened ithet fd ndisbesd hasrd.
relatively low flowability. To this end, a heating el ement nmay be nounted
Wi t hi n18r out si dPTRARE resHerad Io@a@lisive aidgse ciopsigerekdyhded the gpsteast

100C at which the flowability of the sol der becones hi%her. Thi s @ronntes
renoval of AhdtSolyere P IGHRhPTRESS Meeftor dbey 10§Tsyglve 6f the

non- oxi di zi n as su q:%g_nilro en o tbe intgpduc? into the interior of
the hood ¢ I ATh T MAAHEAGR IR fto BT ege ol bl ARFFAFFEY
OuYIEn 1 SHRRSBETS (UL 0 P oL i b PLOTORSS paipah ol Lhe
connect ed hgigeibdiie nRAIHAA QL PRAeXicH ZHA0d madhidRd akh@sgagednbgct or .
15 1its abrasive action.
Accordingly, it is an object of the present invention
to provide an improved apparatus and method for effectively
and economically recovering solder from dross formed in a
solder reservoir.
20 SUMMARY OF THE INVENTION
According to one aspect of the present invention,
there is provided an apparatus for recovering solder from
dross, which comprises a solder reservoir for holding a
pool of molten solder, at least one solder nozzle disposed
25 in the solder reservoir and adapted to form and direct a
solder wave against a substrate to be soldered, the solder
nozzle including opposite side troughs inclined downwardly
toward one side of the solder reservoir to direct dross
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Accordi ng to another aspect of the present invention, there is provided a
nmet hod for recovering solder fromdross 25 present in a solder reservoir
wi thin which a pool of nolten solder is held. Dross is directed toward a
dross zone defined in one side of the solder reservoir and covered by a
hood. ‘The dross is agitated to thereby renove oxi des and q _ recover
sol der fromthe dross. The solder as reclaimed fromthe dross is returned
to the pool of nolten solder. The oxides are delivering out of the sol der
reservoir. Preferably) the interior of the hood may be heated to 5 a

t enper at ur etofvazid hedsvst0@CGneAfnomedxidi thagogassidy pfefkeabdydér

I ntroduced into the interior of the hood to generate a substantially
oxygen- f r eergsesyphar eanhrhidnmoiathdotic The sohdevxidéervigiyagndmay be

sel ected fromnitrogen, carbon dioxide, argon and other inert gases, and
hydr ogen 1olg§§t&ﬁdabpﬁ@r theadrpge ganes. am@ecanpbadgétaher oetendbp@ct s,
features and advant ages of the present invention wll| be apparent fronlthe
f ol | owi ng d@F&PFédtHESEPPpFFQR Sﬁ the 5?%@%?r%ﬂs%ﬁﬁﬁﬁ¥néﬁ@sa6FlY?%ﬁ
invention, as illustrated in the acco 15 dr BRI EF

DESCRI P ONter2PiEaBRAWRGETRSS. S PS °t %m%Y%noﬁ? ﬁﬁogng EBFUEFT dr oss

r enoval appgri%%i %%8%rghggdrosone enbodi nent of the present invention;

The temperature within the dross is much lower than
that of the molten solder since the dross present on the
surface of the molten solder is exposed to atmospheric air.

10 As such, any solder contained in the dross has a relatively
low flowability. To this end, a heating element may be
mounted within or outside the hood to heat the interior of
the hood to at least 100°C at which the flowability of the
solder becomes higher. This promotes removal of the solder

15 from the dross. Preferably, a source of non-oxidizing gas
such as nitrogen may be introduced into the interior of the
hood through a gas injector so as to provide a substan-
tially oxygen-free atmosphere. Such an atmosphere not only
promotes removal of the oxides from the dross, but also

20 inhibits reoxidization of the solder as reclaimed from the
dross. Preferably, a heater may be connected between the
source of non-oxidizing gas and the gas injector.

According to another aspect of the present invention,
there is provided a method for recovering solder from dross

25 present in a solder reservoir within which a pool of molten
solder is held. Dross is directed toward a dross zone
defined in one side of the solder reservoir and covered by

a hood. The dross is agitated to thereby remove oxides and
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20 Fig. 2 is a sectional view taken along the line Il-1l1 of Fig. 1, and
Fig. 3 i1s a sectional view taken along the line Ill 11l of Fig. 1. DETAILED
DESCRI PTI ON OF THE | NVENTI ON 25 Referring nowto Figs. 1 to 3, there is
shown a sol der dross renoval apparatus assenbl ed according to one

enbodi ment of the present invention and generally indicated by reference
nunmeral 10. The apparatus 10 includes a - 5 sol der reservoir 12 within
whi ch a pool of nolten solder is held at a preset suitable tenperature by

heaters (note SN <o fad ! BELYSl G TRIAN SabdcLoAze! gcldcLTVgER ool 1Y

di sposed i e solder reservoir 0 arbu ve 16. The

turbul ent g, angbl sodhe; Sdan-sal der 4e. tddy e 0o detuisond eads of

el ectroni c ‘conponents (hot™ shown roug in a

ori nted of iyl oPORrd LotaDENNn 66 4 WSl MRS Ylglernanzzl © 18 1<

vertically ownstream o e narrow sol der nozz to produce

a snooth | am nar r : I e S +t0
renove bri dges, |1{:J% o el:&éa%g' o%?é%r&g}eéepogl:ersh%%hdﬁg{?y’n\%§ Q%ggt\ér%ngg whi | e
the pripted Gidipdta s dof NPt BHWN)1 RS esa tAg LS dhLi Ay rdud exdy wave in

a direction such as shown in the arrowin Fig. 1. As 15 best shown in Fig.

2, a horizgtatexbiisly XZe hst Odducdd o ated itedihe lcdvaheemdoal tiohe wi de
sol der nozzle 18. A solder punp 24 is disposed within the other end of the

duct 22. Amgdmdiste pensulgs P4n tisadef | vk eny fa-ego rattimos pife teh eriddtn €Rebel ow
the punp 24. A vertical shaft 28 has one end 20 connected to the punp 24.
The ot her dmbdf {The sioafet-oxdddetisgdgashwey bhesedbedéedr ExenvoitregenA
pull ey (not shown) is secured to the other, free end of the shaft 28. A
belt (not $HHAN SdShHEe haAYRYH aTHE PgReingFt 99sesut BRd SHAXEISN a not or

(not shown). The notor is .
10 gas and other reactive gases.

The above and other objects, features and advantages
of the present invention will be apparent from the
following detailed description of the preferred embodiments
of the invention, as illustrated in the accompanying

15 drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a top plan view of a solder dross removal
apparatus according to one embodiment of the present
invention;

20 Fig. 2 is a sectional view taken along the line II-II
of Fig. 1; and

Fig. 3 is a sectional view taken along the line III-
III of Fig. 1.

DETAILED DESCRIPTION OF THE INVENTION

25 Referring now to Figs. 1 to 3, there is shown a
solder dross removal apparatus assembled according to one
embodiment of the present invention and generally indicated
by reference numeral 10. The apparatus 10 includes a
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25 energized to activate the punp 24 through the belt-andpul |l ey assenbly.
This activation allows the nolten solder within the solder reservoir 12 to
flowinto the duct 22 through the inlet opening 26. The nolten solder is
caused - G to flowin a turbulent fashion as a result of the continued
punpi ng action of the punp 24. To provide for uniformflow of the nolten
solder within the nozzle 18, a flow control plate or panel 30 is nounted
within the nozzle 18 adjacent 5 to the juncture between the nozzle 18 and
the duct 22. The flow control plate 30 is formed with a nunber of apertures
32. The apef?HPRE B9SGFEOIE AfrWhbRd tWatchne PRAY A JepHiedn RRLdeT 1s

substantialslla%Js trai ght vertical ga h above the flow _control panel 30 to
provi de a afti 8 PyeparafPeralbe sbetReTINELE Y Hidters elMhlgat ed si de

U0, 28 BRI e el S e 0 g
| to theg, i t al A i |late 36,1 5 att dt h
andhe 1, \REALET Bl p8 LG DBl e S 1 adet 6 gt
38 exteqdi ng,{or yr i, and, AMMAY dloked LTINS, LML AR OT e faugh 34,

and a vértical secon connectéd to th OWer €n the first

section 38 anth  engl gabi B+ AesfiofLadl g SLANCE: ARAY oSOl oM At the

sol der reservolr e gul pl at es serve to dire der and

dross 41 t oyRé¥n§ Hh8SEn#6806h%4Ro Y0 brn&f_s 196 £Oid Na GNe: St e Sfrdidnex sol der

reservoir 12 opposite the punps 24. The guide plates 36 al so act as
barriers t oogdegenhothehdwass 4l dd1videlfy hadengiale@wnezziewarsd itshe duct
22. A hood 44 is nounted to and extends across one side of the sol der
reservoi r Ierfscshbvyndinpbsgd @owhstrdmodofitimmarsunséi@ienlngzzle

sem circul ar section. The hood 44 has an opening 46 which is open to the
nozzl el98 tbdrteebyedufe drewgoll K lambraevE UeW ess@kdris V@S0 + hdhsol der
reservoir 12 and is partly submerged in the pool of nolten sol der._ The hood
44 is posi t$’6?|%ﬁht6°£GFFoﬂﬁHeaS%’éY?s of© 5remeve ReiRIeF apkRAc e el of

th | t | der . best sh in Fig. 3, th 48 h haft 50,
and & pul | 9O85 €0 RiR: BAPPOLbRC G dioY Hee edlr SR SO0 Bt

t ends bet 6, Wi i t | d
e R O S A L e PR S

in the formpof,aqpiogeienCOUBHNAS ARG 1 Lie d &) I ©fgthe haad 44. The
gas injector 58 is connected through a heater 60 to a source of

non- oxi@i zivs gashévn Lhl Bsyr ab| vel Noradnt@l dudit ted Has drie dan- oxi di zi ng
gas is nitrogen. Alternatively, the non 15 oxidizing gas may be sel ected
from car borcahnectied togbhe lower end of the wide solder nozzle 18. A
solder pump 24 is disposed within the other end of the duct
22. An inlet opening 26 is defined in a portion of the
duct 22 below the pump 24. A vertical shaft 28 has one end
20 connected to the pump 24. The other end of the shaft 28
extends above the solder reservoir 12. A pulley (not
shown) is secured to the other, free end of the shaft 28.
A belt (not shown) extends between the pulley and the
output shaft of a motor (not shown). The motor is
25 energized to activate the pump 24 through the belt-and-
pulley assembly. This activation allows the molten solder
within the solder reservoir 12 to flow into the duct 22
through the inlet opening 26. The molten solder is caused
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1

and ot her inert gases, and hydrogen gas, ammonol ysis gas and ot her reactive
gases. lllustratively, but not [imted to, the heater 60 is in the form of
a tube containing a conventional heating coil (not shown). 20 Preferably) a
heating el ement 62 is nmounted within the hood 44 to raise the tenperature
within the hood 44. Alternatively, the heating element 62 may be nounted
outside of the hood 44. A rectangular dross collection tray 64 is nounted
to one side of the sol der reservoir 12 25 opposite the pulley 52 so as to
col l ect oxides _66 as re d.from.th [0 1 erab Qdag44

ext ends ovéP ?H@WUFQE§'33F%@ 3 f?F§§g %gTﬁ'geggigntn%%? &Qﬁﬁgﬁts t he
oxi des in powder form.from ng._scattere vEes Hef1ow
reservoir Egmpptngs W%@tb%b@r ?Pg'BdEztgha?T?hér%H%w sol isc%{)zz e 14 is
substanti al |y n strdct ur ok der nggg%e d8trgxgept that
t he nozzleogpgil 3FePh§Q&§%Fb% solgHg ﬁ%ggﬁg &g i S Sialler than that of

the w de sol.d nozzI 8 C e i LasHeentt he
punp 24 i sP &@tFVéFéé)%gﬁdﬁgk QMHOBDQEPdQEgﬂgﬁ EPEtgo?ﬁgé Egt 2% thrgugh t he

' ”' et Ofpemt t%% U}F‘cv]%g! e haeh ft!h@"\’ﬁofz‘%\i@f dgt Baaneral guéd asg.shrwe in

. e so passes through the apertures 32 in the flow
control pa?&bﬁ“@oﬂﬂﬁbfﬁﬂlﬁﬁé s i@ Fekmeanwiahl y atmaeghtfvepertalrepath. A
series of printed circuit boards (not shown) pass over the sol der waves 16,
20 establi ghed iTRet Aper@uzlees 326ard8sor espanyedethat Athe melteme, the
undersi de 15 of the boards nakes contact with the sol der waves whereby
sol der bunpelargd: camectsust arte dldymed rard ghite veriticed pathueboreaitd€. When
the sol der is punped up through the nozzle 18, the solder falls |nto t he
sl opi ng si de.dw oumhsr@U pahte 2(BQ Hios priovd det 19e sybisdantigaldyppasdldstand
contacted with atnospheric air. As a result) dross forns on the top of the
mol t enl&ol dexl.dephevaifess 41 is directed toward the dross zone 42. The dross

41 th tated th 48. As t f 44
nealod Lo a i gh B PTUmH AUTES e ARy O RS SaFReR RBroms
dross. T“%ﬁﬁé]ﬁ?”%éﬂi?%%{anm’fa%ﬁ 35 5, oo aments (o e

dross 41 are ss collection tray 64. Any
free or agh %, Bl #8g. 4, the rs%taer nabddhd v seledamchatealat The
nltrogen as eat ed to a tenperature of approximately 150C , is introduced

into the thg, haogkddahGioueh €6 1A Adwtct of AbBusdeaplabe 36 is
15 attached to each of the downwardly sloping troughs 34. The
guide plate 36 has a bent first section 38 extending
forwardly and downwardly from the lower end of the trough
34, and a vertical second section 40 connected to the lower
end of the first section 38 and terminating a short
20 distance above the bottom of the solder reservoir 12. The
guide plates 36 serve to direct the solder and dross 41
toward a dross zone 42 which is located in one side of the
solder reservoir 12 opposite the pumps 24. The guide
plates 36 also act as barriers to prevent the dross 41 from
25 flowing below or toward the duct 22.
A hood 44 is mounted to and extends across one side
of the solder reservoir 12. As shown in Fig. 2, the hood

44 has a substantially semicircular section. The hood 44
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maintain the interior of the hood 44 under a substantially 5 oxygen-free
atnosphere. This not only pronotes renoval of the oxides fromthe dross,
but al so inhibits reoxidization of the reclainmed solder. The present

i nvention has been described with respect to its preferred enbodi nents) it
is to be understood that 10 various nodifications and changes nay be nade
w t hout departing fromthe scope of the invention as defined by the
appended clainms . - 10 WHAT IS CLAIMED IS: 1. An apparatus for
recovering solder fromdross, conprising: a solder reservoir for haolding a
pool of nolt@hH 8B RENIRG 465 }8sWERI ¥ HVE MP2E 1 IS ToreChivEne

si de thereaof; I easé&on sol der nozzle for form nggand i.recting a sol der
et

a
wave agai nstt@ éﬁ%%fr Yo 4P Perds 3o5PSPeIBE SREYEDI der nozzle
bei di d i i I i id at, | t d I
Pncl ad ng” reerTatE] Ba R d iR STRETY EiP TSt PR oF SHEE e of
sai d sol der, f eservoig,d G glid off i 9%:4QNRLA 381 4, drosgazang, @ hgod
nmount ed to Sar dosol der® reser vol rane ocated above $ard%dFoke Zong, said

hood hayi ng.an Lakshi 96 oRBY a0 44 PTo SN Gl i endh BOpgER 0SS

. 0
sai d onée si sal d solder reServolr, said aglitator being activate

agitate thesk%x?ﬁsixﬁoléﬁé, tgiraaﬁv&fé&dgé(}%o% a\q_q_r 530! dffa T YMatiks, dross.

2. The apparatus o aim erel n sal S a substantially

sem circul a42 se6thOBntdd 1HCoRPNMALHS Ble AW lsnathersi N Aabdigobder
reservoir has a bottom and said at |east one sol der nozzle includes guide

pl ates, eacdxbénssdidegueds phatpsiiee! 5zliagd aa cevosarsd wisilawiig first
section connected to a correspondi ng one of said side troughs and a
verti cal seoomite@ctoobheosnkd¢rdresesedir {12 std amritortcanthe gratileat i ng a
short di stance above the bottomof said - 11
10 52. A non-oxidizing gas injector 58 in the form of a pipe
is communicated with the interior of the hood 44. The gas
injector 58 is connected through a heater 60 to a source of
non-oxidizing gas 62. Illustratively, but not limited to,
the non-oxidizing gas is nitrogen. Alternatively, the non-
15 oxidizing gas may be selected from carbon dioxide, argon
and other inert gases, and hydrogen gas, ammonolysis gas
and other reactive gases. Illustratively, but not limited
to, the heater 60 is in the form of a tube containing a
conventional heating coil (not shown).
20 Preferably, a heating element 62 is mounted within
the hood 44 to raise the temperature within the hood 44.
Alternatively, the heating element 62 may be mounted
outside of the hood 44. A rectangular dross collection
tray 64 is mounted to one side of the solder reservoir 12
25 opposite the pulley 52 so as to collect oxides 66 as
removed from the dross 41. Preferably, the hood 44 extends
over the dross collection tray 64. This arrangement

prevents the oxides in powder form from being scattered
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sol der reservoir. 4. The apparatus of claim1, further conprising a heating
el ement associated with said hood and adapted to heat the interior of said
hood to a predeterm ned tenperature. 5. The apparatus of claim1, further
conprising a flow control plate nounted within said at |east one sol der
nozzle and including a plurality of apertures whereby the nolten sol der has
a substantially straight vertical path above said flow control plate. 6.
The apparatus of claim1l) further conprising a source of non-oxidizing gas,
and a gas injectaor connected to sajd source of non-oxidizing gas and
connunicat&¥Qthhqrﬁ9}4ﬁ¥ﬁﬁ%ﬁe¥ﬁ°¥§ﬂ%?hood. 7. The apparatus of claim®6,
further conprising a _heater connected between said source qQf non-oxidizing
gas and sai d gas i j%ﬂﬁ&i@ be R Re hthe 2erreY FQLAREr POSREEI si ng
a dross collection . tray no ed to said solder reservoir adjacent .to one
end of sai dhgi¥ HS Jf:‘@(t%lsa’t"é’dl% tH Shiyctgeatsr .t%ﬁ. ‘“1???@ £094f4t us of

claim8) wherein i d hooc%_e tqpq: over. said drqss cqllectign_tray. 10. The
appar at us &oz&]éﬁ ﬁfél)eWeeR ﬁﬁl%ai }%&OOCF% eC|0@§g§n§no pé: iené]agﬁ:é’ﬁv to said at
| east oge %Qlﬂf‘efr Wzl fe a1 é}a‘#]ﬂoé% ftCHahrI SIQEIING R3O AR HQeqr 0SS

present in a'solder reservoir wthin which a pool of 'nolten solder is held)

said soIdegugfgfg\qgraﬁduwigﬁr¥$5aﬂgx§}§g§fggdmwéygi§ - 12 dross zone is
rd said dr

defined, directing dross towa 0SS zone; agitating the dross to

renpve oxides andf egyertdigifip fFomd ke tdregea 30daralwiiRend ibdeq
recovered solder to the pool of nolten solder and delivering the oxides out

of the sol dry1deseinvien rthel dudihe meitachdd Geaiimikl, opledrigign 2ehe fred has
an interior, said interior of said hood being heated to a tenperature of at
| east 100C.sdiYerd heheretfioovoftadaaidnthly nadeerle 18a asoshowndiini fg.ggaf.i s

i ntroduced into said hood to generate a substantially oxygen-free

at nospher e Whehithe atelldriodasiees THEranghh ddreofapeirdiupes3 3 whar dhe ttHow

non-oxi di zing gas is an inert gas. 15. The method of claim 14) wherein said
i nert gasiQPWﬁ?9¥mRﬂﬂel 30, the solder has a substantially straight

vertical path. A series of printed circuit boards (not
shown) pass over the solder waves 16, 20 established in the
nozzles 16, 18, respectively. At this time, the underside

15 of the boards makes contact with the solder waves whereby
solder bumps and connections are formed on the printed
circuit boards.

When the solder is pumped up through the nozzle 18,

the solder falls into the sloping side troughs 34. At

20 this time, the solder is exposed to and contacted with
atmospheric air. As a result, dross forms on the top of
the molten solder. The dross 41 is directed toward the
dross zone 42. The dross 41 is then agitated by the screw
48. As the interior of the hood 44 is heated to a high

25 temperature, the flowability of the solder becomes higher.
This promotes removal of oxides and other contaminants from
the dross 41. The oxides 66 are delivered to the dross
collection tray 64. Any free or reclaimed solder is
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16. The method of claim 14, wherein said inert gas is carbon dioxide. 17.
The method of claim 14, wherein said inert gas is argon. 18. The net hod of
claim 13, wherein the non-oxidizing gas is a reactive gas. 19. The net hod
of claim 18) wherein said reactive gas is hydrogen gas. 20. The net hod of
claim 18, wherein said reactive gas is ammonol ysis gas. - 13
. A@& AQJ. Ah. Af . A{E. A@ . A2. AS. A. Af{2. A. AE. A, Hu+eyzDz67M xsni d_Z] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] cal calca]cTal/

L qY@X2& U@'@?&Eﬁpﬂdz]:Ea]tEQ] EQ1LE8F c RpLh] &%} c e &5 ELPEERcdPca) ca)
ca] ca] caljca]ca

Z!'| " #$&& (} s‘h ’813 fég %l % b b gf‘ggf fg%@a]éa‘ic‘éﬁtéadélgféaﬁé‘&]%a] cal ca
e ﬁ?kéi‘%éi‘%ﬁ%@“k"?ﬁ R hE B
égl ?Z@];&]EE ﬂﬁﬁ;‘ﬁ\/}ﬁi] En ?%%]ilgg]%g?] ﬁ?!) ca] cg] l%:n ééa]%g%lgbaﬁﬁ'g% caE] cz%] ca] ca]
10!) 3 ]()%] %ﬁ%%ﬁ%g%& %@m?%g}g]e%?] aii}gfé&ﬁ?%ﬁacr}?& /é 43motgazs removal of

182’% 8 ’SM@@%Q%&&L S omO¥re( hrosL0%8ut) a M LOYE 61 + 4 OPEoxdai 7% ) - @@
109 () - @ 58 O%e ( Yech a9H&a( bol @r&! 10%& ()-L*! 10%& ()- (10%& ()-, & 109%& () -
M H7f 10%& () @10% ()-z @10%& ()-2z101010 =10%&k' ()-S; &10%& ()- 9 109%& () -

[ h }yA<f H7f The present invention has been described with respect

10! @! 10%dd& ()-<$*109& ()- @#10%&' ()-! @#10%dd& () - SLn' 109%& () - @ SLni 109V
& ()-@v ‘trod¥itSpteserge@) embOdiflents, it is to be understood that
10=10%&' ()-!'i @#10% [ & é Mj@#10% L& ()-M @ 10%Id& () -<:g"Y@"?2dY7!, z#1
0% ()10, z#MBUELYFemPYigi@rtdo@s end ch@) @ oveY eha ngde Lw-wwgz: () - SH10%& (

) - X2z[ PE: !
departing from the scope of the invention as defined by the

appended claims.
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10/ 10/
10/ <10% & ()-!-"10%/s/ & ()-!\-"10%s& ()- $S#109%& ()-! B#10% / & () - 6Uz[ 9PE: !
Lff#10% : & () - RX109& () -yz#109%&' ()-! Ryz#109%008& () -

yzZ#10%+8& () -1yz#10%+8& ()-C) zX9.: 10@=109%& ()-!tf1z#10%R&& ()- |

| Rf 1z#10%+& ()-1 1jf$#109%00& ()-!f$#109REE () - f#10%& () - RSN\

M 10% & ()-s s!10% & ()-S10% & ()- 10% & ()- 10% & ()-10% & ()- 10

10" WIENN/ M 10% , " 10% & () -

10% & () -! ‘%g/d&'{% %0%&' % $10% & () - @O0% & ()-* dEnN/

M 10% - 10% RVHRD ( 5*10%&'() 3(10% & ()-S&L0% & ()-$10% & () - *PdE
m\/ M10%9|10% - 710% (%

10% & () - 310% %C’) ?LHE)%’%F‘H ‘1’6%%‘{‘53“% $gldey frem dross,

M ! SLET0OHE () T#10%@& () - f1#10% () -1 10/ 10/ 10/<10% & ()-

10% & () - A" 8k

&L ) BB B BB BN Lot BHARNE) S0
solder, said solder reservoir having a dross zone at one
side thereof;

at least one solder nozzle for forming and directing
a solder wave against a substrate to be soldered, said at
least one solder nozzle being disposed in said solder
reservoir, said at least one solder nozzle including
opposite side troughs inclined downwardly toward said one
side of said solder reservoir to direct dross toward said
dross zone:

a hood mounted to said solder reservoir and located
above said dross zone, said hood having an interior; and

an agitator mounted to and extending across said one
side of said solder reservoir, said agitator being
activated to agitate the dross so as to remove oxides and
recover solder from the dross.
2. The apparatus of claim 1, wherein said hood has a
substantially semicircular section.
3. The apparatus of claim 1, wherein said solder
reservoixr has a bottom, and said at least one solder nozzle
includes guide plates, each of said guide plates including
a downwardly sloping first section connected to a
corresponding one of said side troughs and a vertical
second section connected to said first section and
terminating a short distance above the bottom of said
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10/ /1 x3710% / & () - $#10UX& () -z!  $#10%& () -z! $#10% / & () - z#10% & () -! o#109R2
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10//177011222}[<1: 10

10, =10%&' () -! xS- @109%65& ()--!~S- @10%+& ()--S$"109& ()-,! S$" 10909& () -, SH
109%&' ()--22223344bC. 10

10, #10% &I #1 - #10(yGS&I -1 X, #10(y°(/ X/ & 1 #10% "1 & - 10
10453667888%&% ot 108 bir. 0 0- %"} & ()

Lol 12 et SOOI ! LG il 0 02,01 10
1008 - Siodlss iyt %ﬁg?éf%% ‘%ﬁﬁfyé‘;?%ﬂﬁi N B SREHE ()-51 530
Lover e 8 |\/|>>U@O"g%%t@%%ﬁc%%&g O%BR& i o%%%&kl)mlgnsed
temperature.
5. The apparatus of claim 1, further comprising a flow
control plate mounted within said at least one solder
nozzle and including a plurality of apertures whereby the
molten solder has a substantially straight vertical path
above said flow control plate.
6. The apparatus of claim 1, further comprising a source
of non-oxidizing gas, and a gas injector connected to said
source of non-oxidizing gas and communicated with the
interior of said hood.
7. The apparatus of claim 6, further comprising a heater
connected between said source of non-oxidizing gas and said
gas injector.
8. The apparatus of claim 1, further comprising a dross
collection tray mounted to said solder reservoir adjacent
to one end of said agitator and associlated with said
agitator.
9. The apparatus of claim 8, wherein said hood extends
over said dross collection tray.
10. The apparatus of claim 1, wherein said hood includes
an opening open to said at least one solder nozzle.
11. A method for recovering solder from dross present in
a solder reservoir within which a pool of molten solder is
held, said solder reservoir including a hood below which a
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solder from the dross; and

returning the recovered solder to the pool of molten
solder and delivering the oxides out of the solder
reservoir.
12. The method of claim 11, wherein the hood has an
interior, said interior of said hood being heated to a
temperature of at least 100°C. |
13. The method of claim 11, wherein a non-oxidizing gas
is introduced into said hood to generate a substantially
oxygen-free atmosphere within said hood.

14. The method of claim 13, wherein the non-oxidizing gas

is an inert gas.

15. The method of claim 14, wherein said inert gas is
nitrogen.
16. The method of claim 14, wherein said inert gas is

carbon dioxide.

17. The method of claim 14, wherein said inert gas is
argon.
18. The method of claim 13, wherein the non-oxidizing gas

is a reactive gas.

19. The method of claim 18, wherein said reactive gas is
hydrogen gas.

20. The method of claim 18, wherein said reactive gas is

ammonolysis gas.
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