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ept b|n ler so utlons of the present .invention in formng test cores- o
h- ?recl ai rred sand, and corrpares the tensile strengths of these test cores .
o-those obtai ned using simiiar resin binder solutions having nore '
ustomary solids contents. ILn preparing the test cores, a quantity of sand o
‘abput 1500 to 2500 g was added to a Hobart Kitchen Aid 15 M xer for
ach-Test ‘and Control described bel ow. The sand was brought to a
nper ature of about [err] and about 1.5% by weight of a binder solution, .
"Q-n -sand wei ght, was added to the sand and nmixed in for about one = .
‘e, .The binder solution and sand which were utilized in-each Test and
;:__0I5”are descri bed nore par- ticularly below After the mxing 1tn the
rider . sol ution, "about 25% by weight triacetin curing agent, based on -the
eight. of 20. b| nder sol ution used, was added and mixed in for another 40
gconds: After mixing, the raw. batch formul ation thus:produced was used :
AnNg: gg ely to form standard: Ameri can Foundrymen ' Society's-1-inch dogbone
e-briquettes I'n a Detert 696 corebox. The cores were cured. at r-oom.
at'ureand the sanpl es‘were broken at the fol  owing approxi mate - o
al.s one hour, two hours four hours, and twenty-four. hours,. after the
e made.. ,T_e'nsi le st n:_gth rreas%r enents were. rrade Usi ng : R




Dretert Uni versal 'Sand Strength Machine 400-1, fitted with a Tensile
fe Strength Accessory 61 0- N. Aver age val ues.for about 3to 4 tensile _

gth.measurenents were det ef ni geglase bogps ecl ai med sand used in this ==
-.nple was recover ed fromfoundry nol ds and cores that had been ‘used in.
‘casting lron or steel. The reclai ned sand contai ned a binder residue ey

ni ved: from an ALpHASET. 9000 resin that had been cured with triacetin. =~ = “.:
T n=g.._agent The foundry mml ds or ‘camese #rom which the reclained sand. 30.
‘obtained, were dismantl éd after Use in a netal casting process by @ = -
i-brat.i |5ng the nold or core.to |oosen sand and break up-any large |unps with .

rat-ory mill. Théolide- £ owi ng‘sand ‘granul es "obt ai ned- were sub- ject ed”
dry attrition in a:otmnehtproduced by Redford Carver Foundry Products,

ervuood “Oregon The gxagge obt ai ned had particle sizes corresponding to an
yrerican Foundrymen' s . Sqci ety's ‘screen

Str. t of about 48.7 Grain-
nenegse and: a | 0ss’ GHOF §hition vaI ue (dﬂdn)s h?g t%) “To_ |IIustrate the S
T ocesses of this |n\§eﬂﬂEbﬂE t

5r ecl ai med
nd. wi:th the bos- der. sol utions descrr bed in Exanple 1 as Resin . A-and.

ard’Resin 1,10 pLvi de’ Tgs a0 \Conpbr @ho A IR (3B ctigeelgs)Raw R
hy formul-at i o?tjs and’ '(taest cores \'i/t‘z/ere p)repar gd ﬁs descri- ﬁed above and the -

s.averages tensi | & strength values for .these test cores are reported bel ow- I.n
. Takl g 2, al ong- wi th the per cent age i nprovenent- observed in tensile :

s r-engt tis of - -degbones nmde.- in- ageog ggnce wighh (abg. 3ggve|312|)on4;{4 (®3) Test A
gbones) .. TheA40 hour- ti'mes reported in the table represent hours after
e test corés“were nade. 45 . EP 0336534B1 TABLE 2 5 '

L .Solids .
¢ of “the Binder - . . Tensiles (kPa) 10 Solution 1
.7 2hr solids . 4fhr' _ -~ 24hrs Con- trol- . 54 g
(‘22psr) 207 - (3@°nteg26 (40) 365 (53) 15 . - A Test-
o159 (23) 1290 (42) 359 52)2 434 (63) A Solids,
5'0f the the ... . IrrproU‘lﬂ’F@g‘l “Bi.nder S
1es % Sol ut'i on Blnldlar o ZrﬂenSlleS % 4hr _ 24hrs DA
_ trol - Mutlon: 1hr - - 2hr -¢hr . 24hrs L
Sti- 42. 57 Z.-5% - T 40% - 30% o 18% The

& 1-n--Tabl- e §°§how that the Text A binder solution, havi: ng a solids
nt.ento-bel ow &bplenti-ddal levels, 1.e., BEl ow 45% p'r ovi ded™7.nproved
nsr je“strenghhs for test ‘cores made from reclai ned sand. 40 EXAMPLE 5
ATl ON'OF n JEST CCB%S WETH PRRESTI NE SAND 45 . 308his exapgd e conpares:
i;l'e strength of ‘test cores-made using. (1) a conventional bi nder -
nand: (2) a bi nder sol ution havi ng a solids cont ent bel ow 45%wrth
ﬁ%.sand Test cores were prepared in accordance w.th the nethod::
d-inExanpl'e 4. “The:pri stine sand used was washed and dri ed and had."'
particl e SigeGQFu6s DA thbinb RN birABRblL bR halintHWds mnmrawesaoe.ﬁ.omlew

. 't e below 45%, provrded improved tensile strengths for test cores made from reolarmed sand.

" ..-'EXAMPLE5 :

| PREPARATION OF TEST CORES WITH PRISTINE SAND

Th|s example compares. the tensile strength of test cores made using (1) a conventional bmder solution

" and (2) a binder solution having a solids content below 45% with pristine sand.

Test cores were prepared.in ‘accordance with the method described in Example 4. The pristine sand used

" ‘was washed and dried and had ‘a particle size corresponding to an American Foundrymen Society’s screen

S drstributron of about 52 Gram Fineness.

' ~The binder solutions used were those described in Example 1 as Resin Aand the Standard Resin 1. They

" - were used to provide Test B ‘and Control B, respectively. The test cores did not contain any reclaimed sand
and as such. This example does ot illustrate the present invention, but is presented for purposes.of compari-

son. Upon obtaining the raw batch formulations in accordance with the procedures of Example 4, test cores

were made and tested as described in Example 4. The average tensile strength values calculated from the

‘observed values are reported in Table 3, with the percent changes (losses) in tensule strengths Indrcated for-
- - the test cores made utllrzmg the binder composrtion of the present mventron




|but+on of about 52 Gra| n Fi neness. 50 The bi nder soI utions. used L
those ‘descri-bed in.Exanple 1 as Resin A and the Standard Resin 1. They
) _used to: provide Test ‘B-and Cosig 43555 pe €Spectivel'y. The test cores did. -
‘contain any recl ai ned sand and as such. This exanple.does not
‘Ustirate the present " invention, but is_presented for purposes of- corrparl
r.L/Upon obt ai ni ng the raw: batch E'AE&ELAU ons in accordance v th the -~ "
rocedur es  of Exaggl fad, test cores were made and tested as described |n
Exainpl.e 4. The aﬁe aee tensile strength values calculated fromthe 55 .
' :r,ved val ues are® rted in Table 3, with the percent: -changes (| osses) o
n tensile strengehsthendi-cated for the test cores made utilizing the binder - "
onpasi tion- of t ey pgesent |nvent| on. -13411511&[33 (Q;p%,% 534 Bl TABLE 3 Solids
nt "nt of the B nder S Ten Ies (k%ol uti on 1 s
: . Sol @mon _-:_lhr Ay 2hr _ S _LEAXS )

1o c°,379 (55psi) - 517° (75) 655 (95 ) 848 ('123) 2 Test- '~ .

( 4 yAR lids o
ht Oftr?ﬁ &) 32 (Sssésal ét? 5 %)55 Bt@%ﬁ (a%) (@253‘3
% 25 Sol ut| on 1 hr _ 2hr_ S c 4hr o
__.25512(:57) 345 -@RPP 517 (75) 6233%90)

Ies

The data in TabIe |IIustratethat | ower

_r'o_duced from pl’lé ;I%i sand EXANPLE 6 40  PREPARI NG TEST CCRES WTH AN .
'LTERI\jgtTE RECLAI D This exanple illustrates that -the |nprovement in.
he‘i I e strength Ghrbemed fromthe bi nder sol uti ons. of the present '

d _ he b| nder sol uti ons, des dIn Exarrpl e. 1 as Resin. B
D; C. and: St ans Qg%é ®Hard Resin 1 to prslt‘)w le:felsggﬁ 'C, Test D and Control. .. ..
,_C gspectivel y. sdheskon estldores were Hrepared Al tested 24hrgescri bed i n__
' pl e: 4. cdhe reclaimed. sand was recovered and reclaimed fromfoundry - - . "
d"-'-..and cores used in.casting met al froma different foundry than the.
ai med. §Ja<hh'used54n Exarrpl'e" The bi ider that .fad been used In nakl ng

t-?lac t|n " The: S - was rreclt_?ﬂcally cl ai med omthe _
FoET and %%r%s atié‘g'a mer i can -Foundr ynen' jse%Som ety{sstr:%r een: si: ze.
"'.ut'lbn of. about :55. 2 -Grai n. Fi neness. It had an LO “of 1.14. The"
geival ues for - the tensile strengths of the test cores, rrade ut|I|2| ng

rs? G _l a' We%a&mblgs ﬁus%’ahtgmt Ioweelr soo ids oontelnils in gnder solutions of alkaline phenollc resin binders
-'sprovide Iower and Iess satisfactory tenslle strengths for test cores produced from pristme sand '

EXAMPLE 6

» _ PREPARING TEST CORES WITH AN ALTERNATE RECLAIMED SAND

- This example illustrates that the improvement in tensile strength obtained from the binder solutions of the - . L |

- present invention is not limited to a particular type of reclaimed sand. : R

Test cores were made utilizing the binder solutions described in Example 1 as Resin B, Resin C and Stan-

: dard Resin 1 to provide Test C, Test D and Control -C, respectively. These test cores were prepared and tested

as described in Example 4. ;
-The reclaimed sand was recovered and reclaimed from foundry moulds and cores used in castingmetal ~ . !

from a different foundry than the reclaimed sand used in Example 4. The binder that had been used in making :

these moulds and cores was an Alphaset 9000 alkaline phenolic resin cured with triacetin.

_ ' The sand was mechanically reclaimed from the foundry moulds and cores at an American Foundrymen’s

Society screen size distribution of about 55.2.Grain Fineness. It had an LOI of 1.14.

The average values for the tensiie strengths of the test cores made utillizing this reclaimed sand are shown
below in Table 4. ;

1




36 534 Bl TABLE 4 SO|IdS Cont ent of the Binder, LT
‘e$ “(kPa) 10 Solution: -+ -1lhr - U 2hr

96 SoILnl on hr - - - 2hr ' 4hr
trol -°01lids 54 . o 3 |
Test- Gﬁhﬁhnt : "30% S 17% :
3% C Test - 46% ' 17% . 21%

% D40 The: data iM fggie 4 illustrate that i mprovenents-in tensile
rengt’h can. be obtBing&F with | ow sol i d¥epsilent (BPader sol utions with '

“Cores wi-th %pclalned Sand/ Pri STine Sand MXTUres Test Ccores were prepared

_dvantages Q; this invention when working with a mxture of pristine sand
wnd*r el ai red sand. Test cores were made utilizing the binder solution:
.desetibed |W9E%anple4f -®s RestA8B(4Ad St akB6r H2REsin—1 to pro¥Bsle( 42kt - E
' nt rol ¢D, respectlvely The sand used was an 80: 20 nixture of

vered from foun LY 4Rl ds and cores-used In cast- ing iron or steel

hOOb r®sin"bi nder t RAPRAY been ‘cured with triacetin, as described. in
Exanpl e 4. EP 0 386t+h384 Bl The foundr ymgidwisnetit GO €S Were di smant | ed

was: t hen necha BFy fecl aimed. The TA¥HAST Yoristine sand. and

triBut i oncgf—about 39.56:Grain Fineness and had .an LO of 0.369. 5.
.average. val ues- forthe ten51lestrengths and the percentage lnprovenents

T?Strn ~.45f§:;;_;3°%a. 17% '_ enfff | fif63%'

| Test- 46 . 46% 178 . 21s  60%

_The data in Table 4 illustrate that lmprovements in tensile strength can be obtained with low solids oontent
: blnder solutions with recla|med sands from different sources. . '

'EXAMPLE 7

Preparation of Test Cores with Reclaimed Sand/Pristine Sand Mixtures

e D - Test cores were prepared with mixtures of reclaimed and pristine sand utilizing binder solutions at low solids
-~ 60 contents and at conventional solids contents, to illustrate the advantages of this invention when worklng with

. amixture of pristine sand and reclaimed sand.
.. Testcores were made utilizing the binder solution described in Example 1 as Resin B and Standard Resin
. 1to provide Test E and Control D, respectively. The sand used was an 80:20 mixture of reclaimed:pristine sand.

in Example 4. The reclaimed sand was obtained from a foundry different from the source of the reclaimed sand
... described in Examples 4 and 6. The reclaimed sand was recovered from foundry molds and cores used in cast-
.. ingiron or steel. These foundry molds and cores contained a binder residue from an Alphaset 9000 resin binder

- that had been cured wIth tnaoetln, as described in Example 4. :

2

ecl aimed sands fragudidifar entipgources. 45p, EXAVPL g, £ Pr epar gfj,pn of Test.*V""

ecrafned p. i ne sgnd. .The san shed and dried S|Iica :' {

nd. ghese&igét corgg wer e ; pﬁéb gg an f%éagﬁ7 HE8ct1dbd 35 (30 Exanpl e
\Fhe recl & med sand was “obt ai ned fron1a f oundry dlfferent fromthe. source
the-reclai med sand déscribed In Exanples 4 and 6. The recl ai med sand. was’

'”?foundry nol ds ana cor.és contained a binder resi due from an. Alphasetf e

emoval of - thﬁ}8§8tlng and shaken to_renpve | oose sand partlcles .The =~

ained sand had Sodigziodi st Lhbuti on coratespondi nghro an AFS4sgseen ;jfj‘fV"

-d'by Eang the 6|nder soTutlons of this |nvenr1on are. reported beIOW 

" - The pristine sand was washed and dried silica sand. These test cores were prepared and tested as described

s 24hrs Con- ﬁ”: troIEp°§$534B1 103 (15psi) 159 (23)

g»(33) 207 (30) 15 C Test- 45. 6 138 - (20) .
C 27y = ., 338 (49) Test- 46 . - . 152 (22). ...
aM/(27)., 276 (40) 345+ (50) .20TEBBBI4ds 25 . - . -~ Content of.

'ﬂid i - Inprovenent i n Binder S

thimioxt ur €€76F recl ai med-and pristine sand utilizing bindersolutions at . -
ol-i ds  domtlent s &dd at codventilepal)sabpdsé2sont 2RES(38p ibbwstsaje thej “ﬁ?




jdsContent ‘15 - ofi-the Binder .t - Tensiles: .
olbution - . lhr o0 .. .- 2hr . 4hr . . 24hrs;
20, trol- 54’ ppossshaded 19psi) 186 (27) - 241 (35) -
(39) D Test-- - 4576 . - 193(28) - 262(38) . . . .

(44) A RundefAbcdor SR ASRRMER S fom it e cosing and sk WTELOVEMENL i
’Zﬁ fte ?’%E’ﬁf’&m?”e dshak to rbmove nd .

ider - . particles. The sand was then mechanii ify med. Th istine sand and recl
2hr - - size distritstéién corresponding t f - $%8]§ . c%n;g}i sand had a
SA0% o038, 25% 08 11%%6Trﬁ°2§t"_ on of aboift 39,58, Grain Fineness pnd hed ap Lo!
i:bi.nder ssol uttheawragb velusefoRthexsiid strbfyih@ Bidt e Siord | . '
engths S¢|¢§0n§ﬁlhmmntbmaﬁ$epﬁﬂem'&{vﬂﬁram@ _g% %%‘rd)‘(’%grn%\éggngdg%%%%ré’gwgrand '_
‘pristine sand. EXAMPLE:8 Test Cores Prepared by a:Vapor Cure Method 50..
¥ cured-test cores were prepared utilizing curable binder solutions at "~
ow ‘Sol'i ds contents and at nore con¥BBEEgRal - solids contents, to illustrate. . .
at t¥e advant ages of . the present invention can be realized with vapor A
net hods; To %89 £ thé test cores, about 1500 - 2500 g.of reclaimed .
and,--as used in anple 4, -were aded to a Hobart Kitchen:Ai'd MXxer: ‘This. .~ "=
ecltai med sand wasCORERRft to a tenperature of about [err] Binder solutions” =
escri ped in Exanpb€ #has: Resin F-and Standard Resin 2 were utilized in o
est-F and Control;E . respectively. For Test-F, 1.8%by weight resin =~ ...~
sordti-on, 'based-'onBJtm%e’\'Neight_ of 'sand, TR&S &&edktl-’é’t he sand and mi xed for =~
- 2.mnutes. . I'n ContSxlutdon 5%Hy wei ght, 2hased on #he wei ght 2ehrsand, was =
idded to theogand and mixed for 2 13 EP 0 336 534 Bl mnutes. Wen
i'Xi ngewas. conpl ete,_ the reclainmed sand/ bi nder sol ution mxture was blown' -+
‘- a - Redf'dr¥ Carvet? Core BloMerl10®sidad8Rak@7df B4pehdBdl e268ubdPy .
Equi-pnent @npany, Sherwood, Oregon) using 552 kPa air pressure for 1/2 = .

gecond ‘i ntGy.Aa._3-cavid y. corehex, ;f,gr produci ng . Sta rd Agerican Foundrymen
Soci-&ty's fgp;esécone-_i ﬁi(ﬁ] 6dogb'o-ﬁ%)st é%gi)l e bﬁlgéuggpgs Qgse?%?‘ébaﬁsmyfhen’ o
gassed®for'® seconds with methyl formate vapors generated In a CerJet Gas :
.Cener atoor (a tradenane of Dependabl e Foundry Equi pnent, Sherwood, Oregon), . ‘I
jpon: gassi-ng, the ﬁé@s cured under anbient conditions. Tensile strength - . "%
easurements were ¥ S using a Dietert universal sand -strength machine. . 7. 7§

h

guantity of -reg pyused in.Test-F r, than that of .Contro.l,-E_.t._h,e;f-f
At~ resin solids Iﬁ%_-..’_ba{sed. on sané@ﬁmggéﬁgﬁl%ﬁg hfgher tor Control -E

' -'.:_“Péé‘fi-..‘?F‘-'(;0;:_.797).._ The aveTageilesues for the tensile = '
' s magde are indpgated belgyyin Tablg46 ¢ TABLE

1,,fitted witieontBensil’e Core Strength Accessory 610-N. - ... At hough

a7%  40% 25% 11%

The data in Table 5 illusirate that binder solutions of the present invention provide improved tensile
: .stl_'eng.ths for foundry cores or moulds made from mixtures of reclaimed sand with pristine sand. -

. EXAMPLE 8

Test Cores Prepared by a Vapor Cure Method

: \_Iapor cured test cores were prepared utilizing curable binder solutions at low solids contents and at more
conventional solids contents, to illustrate that the advantages of the present invention can be realized with vapor
.cure methods. . i g ' . : a e '

“To prepare the test cores, about 1500 - 2500 g of reclaimed sand, as used in Ex_amplé 4, were added to a
‘Hobart Kitchen Aid Mixer. This reclaimed sand was brought to a temperature of about 25°C. Binder solutions, = . ‘
_ described in Example 2 as Resin F and Standard Resin 2 were utilized in Test-F ahd Control-E, respectiv'eiy.:' B B

. For Tt-_:st-F,- 1.8% by weight resin solution, based on the weight of sand, was added to the sand and mixed for ey
-~ 2minutes. In Control-E, 1.5% by weight, based on the welght of sand, was added o the sand and mixed for2
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' Tensiles (kPa) Solution. ' ~'1 hr. .

at .t he  aenstunddaecerdst Gﬁi&nﬁkﬁﬁﬁmﬁdénﬂﬁ@&bb%d&ﬁrﬁ (ﬁéﬁmegon) ,
ect ai'med Upamghssirg, thé bdrésicandd lintiePambRAGINHGHE Témeid\shréy rﬁédédréﬁ%n@ Rn@r% ﬁ‘sing a.
Exaivpl € 9 Dittegtnmiversey sahe strengib irachingt4Ds-1, FtteOvidbiaTelele @a& Steh&th AccBésory@H

:e_'épr esent -invention .and those having |lower solids contents, i.e.,

el .ow-&bout - 33% Test cores!were idizing the binder solutions"

rl bed in Exanple 1 as Résin Dnaj-m

: Test G and Control" G, respectlvel y. The raw batch for mul ations

_5-_wer~e’ prepared as 5 described in Exanple 4 and cured with triacetin. The
. ;ai med -sand usesd’w%z as described I n Exanple 4. Average val ues for -

'-l'_'e strength were obt

e 4bel ow. TABICenteddl i ds Content of the Binder _

-I_es (kPa) S(yfuttlhgn “Ihr - 2hr - 4hr

Solids 't
' 'i._Con'ten'i:--???i o

.of the - "_p_ _ .Improvement_in
Binder = . Tensiles % _
Solution’ 1hr 2hr 4hr 24hrs
Con- o - | |
trol- 57 -- - - -
S Test- 44.3 - '17.3% 40% 188  40%

-+ The improvement in tensile strength obtained from the low solids content binder solution indicates that the
advantages of the present mventlon can be realized where reclaimed sand is utilized in a vapor cure manufac-
- -turing pnocedure . S

-Examgle 9

A _Prepa@g Test Cores Utlllzil'gginder Solutrons at Solids Contenis Below 33% by We!gﬁ

Thrs example Illustrates the Iower Irmlts for the sdlids content of blnder solutlons A comparlson |s made
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" 4hr 24hrs 25 -Con- trol- 57 15?9-'-”"'

Cont-€nt-s Bel Aloug 9te layantig iotylatin usblh insTestF avap beatbd thandhat otCdGrd-BSne Suidht rhs.rmot.d‘s for
'501% d§ased pn tand wejght washigher fenConkrdl-E (3855 thadonTastiFg@re7).s hede 14 EP 0 336 -
B of t S8 pYaEos valusn i the tensile strangths cfiredest paresaade dre Indipated iefoslen TebleleLit i ons

152, (22) 179 {(26) - 2éip 346364 80 Test-  ~ 44.3 -
(27) 7. 214’ (31)) 221 (32) 338 (49) F Solids Content of the
;roverrer,tt, ustesn Binder - Tensr les % 40
Ui on ~ When n'Ji:h{g was oomplete g re‘[%l & sand/binder solu |xture was blow edfgrd ggrver S
CoreEBYoweB g\ tradename of De nd Ie rfdi'y Equ ent m an Sherw 0 on uslr’g 552kPa. . . ... "
_ . aiir pres r 172 second irto. & $o4v box, for rca "
] rengtr,h - ohd-iaénRgbohs BRBIE BriubtialY Tﬁ@édré%ﬁx WédHeR @Lss Hlyl f&' Qcip%'

and Control Resin-1 to provi de

di ned from 3-4 neasured val ues and are reported |n___:_’ e

Test- (20p8|) 186 (27) . 207 (30) 310 (45) GI'Test-_'Qif.-.;.:f..._';'

0138 ."326')" "221(32) Tensiles fkPa)(42) - 448 (65):25"
“trol - 301Btion  1h90 (13) 2hr 103hr( 15) ' d4fes (25) g
i 32) §°§0I id Oontent of ‘the ' —rnprovement in . ..
ar . o . Tensiles% Sol ution. = lhr . o
tr01-4hr 57 1524h2%9§e2;t152 (22) a1 (26) 241 (35)
-E??St--ff:::f ~44.30 j;§?l§6-.s_ ('27)" _ -214--.(_31)__-.'221. (32). 338°(49) .. s




G Testia ""37"6" 18.5% o | o 90%

%G Con: trol- . 30.2 --35% a4 R
6% . . 128.8% G 50 The da:;aozst,r,}’ab{e 7 illustrate that the use of:

der sol utions haV|ng solids contents as | ow as 30981% by melght have an-

el;/i;?e L&i& E% Zhgg&?ed&rﬁ §'nd)erso uﬁintg I%(Bo?er%eegﬁ%P% a&@thgsgggv{? lower
'.a&ag g

Content bIWeH?)lu%réﬁgscrﬁ“egﬁl ?ebl'a§ ﬁné n'd%nﬁgt es.- BN
hat: t he @QH@M@&%@T Gt, t@faﬁ&%tml'd%e&t:ﬁ@uo Thé'aw @mﬁ {3 e

ol ut '50n$e§bﬂb(édﬂ|9E£aﬁt$leQ5anEQtﬂ hihciin! ThededBintdd Sbf Wabd w4xCls AB3cABYd urpgtea.as um
Ikal i S.  Aderigd Vs s-Wisile StrahBifl Rerd bbtaifiaFrbr 8 - dméasured valledinda6 repettbd R lTatild 711061 hS. -

or. ‘test cofes prepared frem-a binder solution of the present invention and’

.t h' the resins defined. in :Exanpl erBBBB Resin G and Control Resin 2 to-
ahd described in Exanpl e 4 ‘These 5 test cores were prepared and tested:

from3-or 4 neasunﬁnﬁﬂhs and are reported in Table 8 below. TABLE 8 10
‘Sol iids Cbntent of t hei Blnder' : -~ Tensiles (kPa)

qutfon : _ ? th : 2hr - " 4hr . 24hrs Con-* - b
ol - . 51 Bmder 138 (20psi ) TepsilegpfkPa) 138 (20) 103 (15) 20
iest-. . 37S§1ut10n w2 (22) '2hr 159 4h#3) = 2234n£82). 193 B

(28)' ‘H 25 Sol i ds “Conrent 30 n '
(ﬁoyﬁmd{'gslnsg, ffer3 - 138 (20psi) 186 %a7) e%8ﬁsﬁ‘8§ él%ofﬁ??on

oen 2hr ";-j-- 4hr _ 24hrs trol - 51 Test-
2 290 (42 o
neTabIe érlﬁﬁustra& ?hat |nproégkents |% égnglle stéenéth can be obtalnedu
1er-ei n tH&: phenolic resinibinder. is made with a.m xture of sodluntand '
'Lﬂn@6$a|ls .45 EXANPLE 11 Preparation of Test. Cores Wth a T™Wo

e corporBH T nadldshi bt 9P it Por s ng 00egeSaor B105KE8) pe2bly %%’Zné’ﬁt 2 i

. sté engt h’ obt ai ned therefront The recl ai med- sand.was the sanme sand- ok
=bed I'n Exanpl e 4. The two conponent binder sol ution |n this exanple :;
rﬂ%ed (1) St andar d RESIn 1 and (2) an anDunt of _ SRR

_gSollds

- content R

ﬂf‘ﬂef'the Improvement in. - -
- : Solutlon G othr 2hr  4hr  24hxs
‘Test- 4.3 1 - — = e
Test-  37.6 | . —-  18.5% 90% 44.4%
-.::Con" ] : - . - .
" trol- 30.2  © -35% -44% ~-16.6%  -28.8%

g ._-;_G

" The data in Table 7 dlustrate that the use of binder solutions having solids contents as low as 30%31% by
weight have an adverse effect on tensile propertles of test cores made with 100% reclalmed sand :

d'EXAMPUE10-' :

| PrepanngTest Cores thh Low Sohds Content Binder SOIuhons Made With Mlxed Alkahs

:.Jf

. This example |I|uslrates that the advantages of the present mventlon ‘can be reallzed wuth blnder solutlons ,
- having resins condensed with' a mixture of sodium and potassium alkalis. A ‘comparison is made of tensile .
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binder at-a nore con- ventional solids content. Test cores were preparedip-'ﬁ
ovirde .Test H and Control <H, respectively. The reclained. sand was - the Séne?ﬁﬁﬁ

s. deseri-bed I.n BS@¥A%® 4. Average tensile strength val ues were obtained . i




|I~ut|on..water added to the sand. The ten5| le strengt hs of the cores
[.ned. were- Conpared agai-nst test cores 55 obt ai ned.: frontthe use of *

nd tested _as described in Exanple 4. About 1.5 wei ght percent Standard

36" 534Bg,q &, TRk dim am i dAG&H
-neas.u.raemastao R aareeasatees etaeetﬂbemsx‘tﬁetem Jtaas..atengt.eamsst

abl'e- 9. mpldd in@%?eﬁﬁhtsa d pdﬁeﬂ‘ﬂ%blefibelow o . Tensil
kPa): Solutlon = lhr 2hr S ahr T _ 24hrs

reﬂ% qgf G ] 5 i Q0 3 %tg o SORSS .této %v.ﬁap

Testi - - 46.5 276 (40y— —— 365 (53) 448 (65) 496

n: Blnder"z Content - Tensiles %25 Solution. - lhr
. 4N e the o 24hrs Con- 30! Test .. 46.5 21%

| UL 4498 20%.The data in Table 9 show that i nproved..

nStIe strengthsBcaﬁebe obtalned i n tRestsidesed WBedre the curable b|nder

CEol uti®n i s conpr g5l 9bnt Wo1 geMPONENt S AW the sqQHds cont eahrkort he

i-gecond ‘conff8REnt. and diluent in this exanple,it could as well be a-silane
sol'ution t:kabtlwoul dshe expectzel ttﬂps&ﬁﬂlszlizﬁ)fuﬂﬁﬁedZOnncﬂQﬁENﬂéD

ane= n; the exanpl es, the bi,nder. has been an- a ueous .. sol_ution lﬁn ester .-
a

ufabl e 'al Rgetne phéﬁeﬁl c rebPa. (Bbhpar di% t%e9ul %2lar@Zdbt APdalliP8 Ywher e

nd a source of alkalinity. are added to the resin- sand m x either toget her
parately The source ‘of al kalinity nust render . the binder. sol ution-
ine to. nmake ester curing effective. Clainms 50 1. A nethod for-

sand | n. said aéé'%' e _is reclainmed sand, sai.d method comprl sing .. ¢
ng:: (a) ‘'san Wh. ch at least 40% by wei ght ‘i's rrecl ai-med sand (b)
qﬂ‘eous sol ut i omf othan -dl kal i ne. phempnowenwm ithat is curable at-

o]
as.d solids content 1'nthe range of 33%to.47%. by
ent hﬁ-n/unn st g?thliunrt i orgdr ty that24¢hﬁﬁ$ cause

'rrperatur_e and shap| ng and permtt| ng - sald shape

¢k sol utro
and:':.:(c) a:
:c.ucenat anbl ent

mest- -+ 37.3 108 4% 60%  86%

The data in Table 8 illustrate that mprovements in tenstle strength can be obtamed whereln the phenohc
.resin binder is made with a mlxture of sodium and potassmm alkalis.

EXAMPLE 11

S Pre;Etaﬁon of Test Cores With a Two Component'Binder Solution

Thls example demonstrates the use of a two component binder solution in forming test cores and the

- improvements in tenstle strength obtained therefrom. The reclaimed sand was the same sand described in
- Example 4. .

The two component’ bmder solutlon in this example compnsed (1) Standard Resin 1 and (2) an amount of

o dilution water added to the sand. The tensile strengths of the cores obtained were oompared against test cores

68 obtained from the use of Standard Resin 1 without added dilution water. :

" Resin 1 was added to the reclaimed sand for Control | and Test 1. In Test |, 0.2 weight percent water, based on .
the initial weight_of_ theyecl_air_r_i:_eg sand, was added to the reclaimed sand as a eeparate_cqmp_onen_'t. )

.

Con- - trol - 54 . '228 (33msk)e 262 (38) 310 (45) 414 (60);:

TOdtJCI ng a shapedsalmgl e.of a resin-bonded sand,: wherein at |east 40% of -

ent- tenperatur curing 55  ag ester functlonallty | d_"
ter 83 H%P eflnd UG

,_anro ygmenty in tensile strength. CONCLUSION In the foregoing speC|f|cat|on"

he’ bl nder.gl s an acidic or ‘neutral 45 phenol ic resi n, and the curing agent"

The test cores were prepared and tested as described in Example 4 About 1.5 welght percent Standard - :

“'andard Resin 1 without added di ppisggsay@yer. The test cores were prepar_ ed
dde h Con ln Test ' !
Lol B ok L T e e S R Wil

Gingyv | 1.

72)°30 Soééfiﬁds Content of the - " I nprovement

_cemm ned. conponents tarts bel oW 50% by Wei ght. Vi T & wat er. was used as the.




0.-336 534 Bl Aver age tenS| e strength val ues. were obt ai ned from 3 or- 4
rements made for each Control and Test and they are-reported bel OW: i n
bl'e'9.- Solids 5 Content -of the @%553431 - o : TenS|Ies R
Pa) -10. .- * Sol uti-on | h o .2h-r _ - 4hr. -

ilgij( 6C8;] verg t-itensile streng?hvi reobtaineggwgg ("E)fdlfl)re e%g%radéf;é@aclt%c%}'g anc&l;?g? S
498 ?ey PSSy P abs.lr)ent of the - | | nprovenent v
| der ' : " Tensiles % Sol ution
bepr fﬁﬁ ds . 4hr . .24hrs Con-. tr'oI S 54'.;'30;
Test- " * 460pntent 21% - 39% : - 44% . .
-0% - 35 The datadfnt“f@bl e 9 show that i nproved tensile strengt hs can be :
bt.ai:ned .in. test. s where t he curable btgderh%i;a tion is conprised.of =~ - ..
WO. corrponents an &Tsoli.ds contentf PPt he I ned conponentsfalls. beI ow,-;- ,

+-50%-bytowei ght . V\hlSoé.uhatoar wddrused as tBbrsecond &bhponent. AHRESi | uent -
hi's exanplce&n it could as well be a SI | ane sol ut|on that woul d be expect ed

:,-r_esult n-a further, incremental rove n
GONCLUS! ONtE®lrhe fét‘legm ng* §5§0|(13?'E§ 0365"5375?1 ié%’rgl eé{E ﬁ%&'bl nder =
f_as begn ary ‘aqueous sol ution of an ester curable aI kal | ne phenolic resin. - ¢
onpar@bl.e ul'ts gre _obt ai I ere er ci eutral -
‘ahenol |'Irc?sr§:es| n, q‘énd’ t he @&}B wﬂggentggﬁdpgg ou?%é o Sgl kg?l ni typare SR
dded. to. ttIe resin-sand ‘m-x:either together or separately The source of
.al kal'i n|ty mist render the bi nder sol ution al kaline to make ester curing
effectjve. Caims 50.1. A method for producing a shaped article of a -
reShk- onded sand, otﬂvi’ré‘r“el n-at least 40%of the sand in said article is =~ .7
o r:eclaimed sand,- sa:cda’dmtthod 'corrpri sing conbining: (a) sand of which at. o

st 40% by wei ghfe 13,6 recl ai med sand, I&E}ogg afAuepys solution of an o

ine. phenol i.c Tesin that .i's curable nrt[)ll ent tenperature’ by a curi ng A
5. agent -haviBigdest er functional i t yTeBR#lRAetein said solution has a .
ol | ds cont ent |ngc;1e,tr1@r,yge ehr33% to 47%mby wei ghahand (c) 24KbEi ng agent
avi ng-ester functionarity that €an cause resin fo cure at. anpi.ent . -
enp rﬁ'atur@onand shap| ng: and permttl ng said shape to. cure; 17 ¢ - EP 0 336 -
1 -sai ducded ai ned sand coRtaini ng an ai—kal [ ne re3| n b| ndET‘I‘ESI due :
’I‘"@SIdLie be| ng left ‘on the surfaces : R

398 ¢ 44% '_aijéQ%f i

'-"':t!e-s_t__:'__' : '4_6.'j5."'f_:; . :

v . 5 The data in Table 9 show that |mproved tensile strengths can be obtained In test cores where the eurable' e
_ binder solution is comprised of two components and the solids content for the combined components falls below
~'50% by weight. While water was used as the second component and diluent in this example, it could as well
: -be a silane solutlon that would be expected to result in a further, incremental |mprovement in tensile strength

' CONCLUSION

: ln the foregoing specification and in the examples, the binder has been an aqueous solution of an ester _
- . curable alkaline phenolic resin. Comparable results are obtainable where the binder is an acidic or neutral

... phenolic resin, and the curing agent and a source of alkalinity are added to the resin-sand mix either together o
- or separately. The source of aikalini_ty must render the binder solution alkaline to make ester curing effective. . i

" Clalms - - | | | | B

. 1.A method for produclng a shaped article of a resm-honded sand, wherein at Ieast 40% of the sand in
sald article is reclaimed sand, said method comprising combining: o
(a) sand of which at least 40% by weight is reclaimed sand, : R g
(b) an aqueous solution of an alkaline. phenolic resin that is curable at ambient temperature by a curing. s
. agent having ester functlonality. and wherem said solution has a solids content in therange of 33% to aT%h
.. by weight; and :
‘{c) a curing agent having ester functlonality that can cause resln fo cure at amblent temperature, and
ST shapmg and permittmg sald shape to oure;

7




of the reclainmed sand after being previously bonded In a shape by an ester i
cured al kal i ne phenol.ic resin and recovered fromsaid sh l f !
free-flow ng sand granules. 2. Appbiodsas Cl aimed in dai mm ”mmu“mmw
resin sol ution conprises an aqueous solution of an al kalirfe ¢ 5'phtnol *

for mal de r.estn, 1 d.resin havi (J).a weight average nol ecul ar wei ght
(M9 of ﬁfﬁ@ﬁ?ﬂﬁ%@% ooy 4 DB ISHEH B PP ehect G P o,
range of trom1° l tTo 3:1, (11i) an alkali:phenol nolar ratio in the range

of fromO0.2:1 rsgl(]iid%: 1, (iv) an alkali content conprising sodi um hydroxi de,
pot @ssi um hydr oxi de, |ithium hydroxide or their mxt- 10 - ures, (v) said
solution may ofM&#®&Y y contain a silane to the extent of 0.05%to 3.0% by

wei ght of sai doFquwdeus resin solution, and (vi) said resin Is curable at

anbi ent tenper %%%?%Fw th [err] al kyITefn% %?tes(,klgr)gani c esters forned from

I
[err] [err] ca ic acids and nono- A spoI yhydri c al cohols, and | ow
nmol7ecul ar wei gBeluddiosnes hac| udi ng 12hr butyr ANt one, pR4OPIDI act one,

caprol aghgne, and m xtures thereof. 3. A nmethod as clainmed in claim1 or

claim2, wherein _at |east %,qf t dinsa.darticle js reclained i
sand. 4?:rﬂ|]r§t hod?4s cl aj mgggl rﬁ%gﬁ’?l fszglr}ai(r?rsk " t3g°3,(Wer étit SBY solution
of ’gl kalti ne phenolic resin has a solids content in the range of about 35% ]

- to 45% ei ght ., -2 t hod |l \TE, 4 i g t . Wherein
sai d sa?és}ég cha#gé?’eri zec?{élgy%r‘lggi dual3%a%I Ck(aslagl)ni %ﬁwéfasirret 9(])Gd @sﬁcl ainmed in
claims I to 5 wherein said sand has on Its surfaces a water-renovabl e
residue. 7. A nethod as clainmed in clains 1 to 6, wherein said sand has on
Tl Sp sai d surfagﬁi.resi dual material com prising alkaline silicate

material. 8 A°R&tR8d as clained in any of clains 2 to 7, wherein the

wei ght aver ageCepiteodl ar wei ght (Mv) of the 25 resin Is from 700 to 2000.

9. A nethod asggl ghged In any of cl gnpRodeh@n® ifherein the

-formal dehyde: phengl nolar ratio in the resinis in the range of from1l.2:1
to22;6:1. 10. BABEREd as claimed in afPP$Ei&@Sai*ns 1 to 9, wherein at |east
60% of the sangollatisnd athicle |s rechal ned samte30 11. Awdsod as cl ai nmed
in any EL claims 1 to 10, wherein said shaped article is foruse in casting .
mol ten metal where the nolten metal makes contact with said shaped article |
and frohk¥rade to 380% of sard sand in sard shaped-article isTeclained sand.
12% Ameghod as claimed in clainms 2 to 11 wherein the al kali: phenol :
nolarratio in the resinig. in the ran of from0.6:1to 1.2:1. 35 13. A i
et hod aSSETai magsi'g any 2?'%cl aims | g§%12, whed® sai d ous solution = .!
i s madelby addi ng an anobunt of water to a second aqueous sol ution of kN
al kal i ne phenolic resin having a solids content of alkaline phenolic resin

In"the ARG TaB8Yshw fa iitved Bhdil Sroniths o) HIBbERGH i fasfioftls WiSle i ciilMe Of
‘ ki s %&mnﬁfﬁe%ﬁw%%§>lgnd

cl ai Uﬁainagrtsgutibgiscmé‘dd?lvjola&pﬂh b th@ B&iias EYREntH the
(C) | S0 by WightaWRilR waftk WaH ibd 8 théEkdond RmBERRHI HNd BiluertdH tHis Sktmpitdit Sk
said bawsikmb sdutbthaldodidibe Bxpettedith redit in b Aithbr, A&EHENtal RiRNSMNEN EAbIeRBSRE, ON t he
wekaght of binder solution (b). 15. A nethod as clained in any of clains 1

to 14 COMGLUSION t he sand is reclainmed fromdismantl ed foundry noul ds or
cores and the cured binder in the foundry cores and noul ds from which the
sand | s pledoreasingisecifigytion andcin thetexampinsethe bindarpesr tmeniarcaqnidul selution of angesgent
sel ectowable alisaling penglicserin- Cemesrable regpite pre| ghtaingbie where the binderds i ecidicérdiedst er s,
or FaniPienclspiim apdite aing sgentand & sourgsef dkalinity arecpddey to the regipiservimin sither togethee d
al kal PHEEPHREN e pRIGeHf alkaloyastiendsr the bipdes sqiutign alkafise tﬁﬂ@@ﬁﬁer efingeffasivaol  and
f ormal dehyde at a phenol fornmal dehyde nolar ratio within the range of about
1:1 t(&'{{'}'g condensed with an alkali com prising potassium hydroxide,

y

sogi um roxi de, lithium hydroxide or mixtures thereof. 16. A nethod as
clai med {§ R nfotidh B bracuchl Slsfaddd SAE of de@R benalh DU wrRel [o00 L3823 R
1| e ,%&%&%%Ebﬁ%%f o dgg%gyg'bé‘%aks" Hi RGP bR
wei ght , - BaaRdorMich BGeadiotitly walghtidYeciinB@&ing SO! Ut T ON 50 17. Amethod as

cl ai med (byunadifecdd sdiuhiéd &Fin dikdiife dHenoidl8diPink i AfabRQk biffSiert QP& AFedly 2 OQnRY sai d
aPeous HyontHivingRster FGHRtiHENY, BrROwRYYeil WafisbiltbnRad a $d1idd cSAEHRI ShePingb 6135% td 475 3
hour s ang weghsahdi Nng t he wei ght of the residue as the weight of solids. 18.

A et hodc)ascudrgaagant taving eataifurtionalita the® cah.calise resih to W EtRimBieMtaémbeoRling Qhh
sol ut i orshipig and Berosiogisait! chage o] t v
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:;e' range of 0. 015 to O 150 Pas, -and the.Br ookf| L
m:ned:utilizing a: Model’ 'RVF Brook--55 field Visco m ﬂ “ﬂiﬂﬁ lLI e
spi-ndl e at 20 rpmat [err]- 19. A eidagssec! aimed in a R

ner ei n 50% t-o. 100%° by WEI ght of. sard sand corrprl ses sand recl ai med
om: «ree hani caII d| sman oun%ﬁ( QL g,gres,gueb {86l ol gs.yrgces '
on ed | e(zh

sLing negal a'd ”
I’T'E:rl Ctag ﬁ{)tﬁ?f%?; 8 s d g e& n #&ar:ﬁv‘lzus ‘il l {::ﬁe rg%%%“ gn 9re and,

' n rh\% glmigggi h lga curing -agentsel.ec- ted fromthe group -
51 stl nS’ foht& enq,% 5} bightqM@or flors5d0%6 £500,0r gani ¢ carbonates and = -
ures: thgﬁ’ﬁ&f SpHehbol Bk h&t&u&tﬂ%ﬁé&dfﬁ&nm pERssi um al kal i phenol i C
. aher nParIJ]anHﬂhahokﬁhﬁcnnmﬁrdagga&&humﬂwdzqxn de:iphe- '5  nol falls
hi-nt.he  f @ngiaiiei chtedt dombsing sadiukn hydrdiide, pothss i hydroxidekiiiiim Infemioé orctivedt mixt-

ti‘a of :abowysailisdlution may &u&allmntdmaimbto@emlmt@f 0.65%4 to 8.0%rby Weight atpald aqueous .

Br. ookfield ‘viesicebitiony eigf  0..075 to 0.250 Pas, as deterinined by a Mdel RVF

HBrookf i el d vivissaisiresings cupdblerat amiiqnt ternpergire WkheC 14 alindformatsegragnise fsmm%? f'ss'%ﬁ o

#58%*sol i ds *cén carbaxylic2gids odrmenotrnd pplyrydiigotieohels. Gad Pwr'“%\*-!aﬂ"v?' Rtongs fng! _
ul ds1and chwhelactopepropisirpieneccaprlastonecand mixiyses thef%% @1% %ﬁ) 3

yder.sal ut |%ﬂ"@8’ﬁ'ﬁ)ﬁ dlaimeg! isdiain d qf claimg vaptela et st desgddy %@F"*‘d‘g "S% -

rsol &P‘F n hav- | ng an a,I olic t %t0
e Ao % g3 L el T f»g%gﬂtr%&qaﬁgﬁ%an g
&l '? et gﬁ}g@hﬁd (OB EB A anirndt | €ast
'gh dand sUHts%ﬂrfa Shitbrericvhiile Sadd. 1S
ised ofy M@i tggtwh&%ﬁébl a0 itPdRidRLRes residual ktériaRBinl ed - -
'y__m],HJ,. ||@f.nec§mge@§m;tg {, oW ng use In a. rret al casting process; ‘and.said.
red P

1 ; h%mmm@iooﬁ he . recl ai med sand after bei ng previously bonded in
shape by -ag) ARweIRE aS et A kiyedr biis P ReE) @hérdin the P maldehyliepbanoknmaias catié indir resdri d- -

-mul-at i on’ s Ambthédws diaimed id anyof @Oms Vihewheninstiéadt 69%tihessndin paidartidrdateeigmadoo,
; lght st | ai med sand, based on the total weight of sand: 22. A raw '
BT MUl # Aowthedasclaiiedinany of claimsi T 30 wharelr said shaned artige is feruse ip pes '&Mﬂ :
- Cormeta whdrethe. m#mﬂ%@am“?é‘p'ﬂ‘h&%‘és'@m%ﬂ“gh@%mﬂf’%f‘f sg'éﬁ%ﬂd e
hent spid shappdiaridleis rachlnehrdfol i c resin and a sai d second =
-_Lc'Orri?eﬁeﬁthoqss%'"sesl"\f&'wsam& wherein ﬂt‘ea“fﬂkx&"?g' 'F’B° 'EgWﬁh 9\5%‘%%

S cont e th L 1he rang of 3 O/ t -
% Fgf?mﬂ“ Qﬁ.%ﬁ,% ¢4%§'“°° ésﬁl&ﬁg &B nﬁé ion

qu%us solu I olic sin

onen

c?an?e(al an %a 161 Elnh&&n mb%md&ﬁrﬁﬁbﬁoﬂﬁlﬂhﬁléhlﬂaﬁ@) ids -
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