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!I.J.THORIUT ION 

l. The studl o:.; ot t.he I"oreien mol(i in6 :;1:.ndG French Chwnotte , 
Gcrmwi i.:ndubtri;,l Extra, ·3ermon ilielc:.chlL;hte 5.nd Cemen t-bonded 
sti.nd we.1·c author izcd bs.r the Burec.1u of :.zib ineeri~ i n l t:; le t.tcr 
fu,..30(10-18-N) 6/15 of '..i Aprl.l 193~ 

OBJECTS 

2. The objcc tti of t.hcsc stuJic~ were (o.) to c.s:~ist the Norfolk 
N&vy Ynrd ln t.he prt,,~ticc.1 use of the ::,und; (b) to de t e rmine the 
pbyslcal properties of the foreign s nnds und (c ) to comp&rc these 
physical properties with thozc of domcsti~ ~~nds. 

CO.NSt,~·rrnG SIBVICE Rt:N.C.t:.1::ill TO !WRf'OLK '.i!!.,1£L.1.~ 

J . Upon the ur riv~l of U1e shl pment.~ of the forei gn :::andl': e t 
the Norfolk Navy Yard , the Lb bore t.or·y was r equested to .:·urnhh infor::iu­
tlon us to the "optimum wu ter content" of t he :,nndt, u.nc the !:letnoJs to 
be used in ir.ixing the snnds. f..t tiwt time there were no ~E:mples of 
the ~ateriels ~vttil Rble ~nd an outline of whnt wus concidered a good 
generol practice wus forw~rded rather thWl zpecific dut~ . A~ the "op­
t.1111:uci \'W.ter -~ontent" could only be a pproxima ted the pro,ce.:iure for un 
eesy method o f <lctermini":1g the ~orre ct vulue was l nclu~ed. 

4 , i, repre~,entt:tivc of the k bor&tory vw .. "- present -it1rlng t..he 
fl.rot tri6.ls of the foreiln s~nds ln producti0n at the t1 c,r-folk N&vy 
Y~rd. At that ti:ne it wv. ::-; noted tht. t the ::c.:;d :-: i n the dried condition 
he.d very low :;hei.r a nd ten,; ile ;:, trengths er,d t hat tlrn co rnec"S of the 
mol ds and -:ores -:rumbled ,budly. In £:.~ u. ttempt to :-emedy this condi-

. tlon e series of experiments were ~onJuc tad Ubinc &dd i tionbl binders . 
The ref t:l t : ; of the::-e ex pe r i rnen t:; ,,e r e forv1<, :··tied t o the :io:-folk !ii. vy 
y.,_ r·d. 

') . The phy:,i"::- 1 properti.e:.: o f the i'or-,.d.en cind :.evc~·«l c:omeGtic 
sunds were clcte:··ml ncd ,-nd t.he 1:c:..111 t $ fcr1n r·tie,, to t.hc Norfolk Novy 
Yu.rd. 

6 . The d;emicul u.m,ly: ;c~ of the Ger::i~.n '-ndus trU.l ::Xtrl.. .... nd 
Eclel:::chlich~c were • s ent t o the t;orfolk iit:v-/ Y< .. :-tL 

? . The m~tedr.ls studied wc:-c swnp:~ci, of Chamottc, Indu::;trlo.l 
E):tn,. and Edcl ~~hl_iehte cbte.ined from U1e E,hipncnb tJ1at were rci::eived 
b~ the Norfolk ,,,,•ry YL,d 1..1nd 1, 'e:-:icn~ bouJed ~-c:nu, ci!:lil,,r to tho.t 
mentloncc in the :·eport. by CL ptL in 1,01::.c.: , .h,:,nc, r: .~- .ti .. , p,er,Ln.:d f rom 
m,t.hed silic& zt:r;d l:nci Portland ~8mcnt. :'ha i>.coper Les of these: 
mE..t.er.ic.lf- were ~ompc!red with tho,€" of 1)o,mc:- r,,nd, 1.. n1..tionclJ..y :::emi­
boncled sw1d, b. .. nd £ .• ,yntheU_C' i,f!en f;1,nc1 ~o-~,xn·ui of wrthed ~;ili~c t.,,r:d, 
~ollo1dr-l (!lc. .. y r..nd ·..:c:~e[:.l b ir,der;-. . :'he J_; t-:.,~.:~· tr10 ~-r.-4!:d: n~'"'c 1.:::-:ed e x-­
tei::~· ively cs 1:acl dir:D nll,tcr.:.1...ls ir: th .!.:· -~e:ir:'.;;y . 
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8. foe ,-; tu1tli. :--d t e, ts rcc-0:.1:ucn..lcJ '!:~- the /.mer: ::c.n founJ.rp.cn':; 
;_;;.:o~:.:.Ltlo,; ,·.-e r e 1;; e,l t o du t.,:,; :·1., li!c U,c: pc c~.1c :.blllt:,·. ~o.~pn.::.:-.l or. 
;, treni;th, ;;hct. :- r tren6Lh, ten,.ile :..t:·cnttil, f'lnenc:;:, , : l f,j' ~on:,cnt. 
molt.turc content u1d ;licm l ,.: ... l i:nlll.~-~'. i:: o f c:. ch H.nplc. 

9. The <:-r'1aple:, were prept,rcJ for t.e ~-tin~ by mull i ng c. wci.,;hed 
H,reple of ~wid and 1.: vre l ghed (.1110 !.mt of wutcr Ln a fimp::on muller for 
four minutec . Aftc~ mulllnG rcpref.enU!tlvc ~W!lples were tuken und 
nllowcd to "tempct'" for twcn ty-four houre in s eE.led t!.n:-.on j firs to in­
sure till even distrlbutlon of moi~ture. .Euch type of sand •Ii~ mulled 
c.nd tested with different &mount$ of we.ter in order th.it the linport.L.ncc 
of this vnrlEble might be dc~ons tratcd . 

10 . A series of expct'Lmentt. were conducted to !.ncrer,Ec the tcn~ile 
tmd :.;hcn.r- s t.r-er.gth of chlL'Ilotte by the o.ddit.!.ons of other binder£'. .!.L the 
form of finei; (r-llicn ennd), r&w c ls.y, Mogul und uextrinc. 'l'be r.eres.l 
binders, Uogul ~nd Dextr ine, were added in wnounts of 1, 2 , nnd 3 per~ent , 
the ~;::.li~h ~hlld ln wr.ount.f: of 25 Wld JJ-1/3 percent c..nd t.hc clc.y in en 
r.mount f.uffidcnt to bring the totnl clt.y ~ontcnt to 20 pcr,~ent . 'Ibese 
mixturez were mulled und tested with vhryt.n~ ;;£.ter cont ent£, 1n the .rrune 
r.11:.nner Ls the chnmottc .end Germtin sunds. 

11 . l . serier; of tc~t.:., were me.de on ti. c:cmcnt bonded H .nd mi xed in 
the following proportions by weight: 90 p~rtf of wu~hed ~ilicn ~and end 
10 pc,rtf of .Portll:irld cement. 'l'hls mixt ure m.:.rc :culled for four mln uteB 
after e:.ddlr.g m:.tor· ln vnrylng e.r:-.ounts. 

12 . 'lbc te;c;t ::.peclment o f thl::; mc. t crh.l mu&t be prepared :'>oon Lfter 
the f.£.ncl i:; ailxed, for u, thi~; n1ol<ling meulw11 ls reully &n unJcr- hy drutcd 
mortt.r, the mixture wi l l hurden if allo.ved to 11 tcrnper " for e:..ny c-ons ider­
c.ble pet-loo of t.lr.le . 

lJ . A ll;.q-;-c number of specimens .-,ere prep&red 1.in<l te::,ted c..t l nt.cr­
Vf..ls or O, 21, , 1,8, 72 , 120 wid 168 hour ~: t.fter prcpuro tion . 

ll . A synthetic green -~bnd wns prepi.red and test in or<lcr to f urnish 
dc.tn with which to compt,re the re~ults obtuincd with the cement bonded 
sand. 'nils sand 'fiuS t e :; tJcd in both the gre en r,:md the uricd r,thtc in 
order th.ht th~ mt-Xlmui;; s trengtJu, obtair.nbl e mlght be deter:.,ir.ed. 

15 . 'lbe_ COf!lpos Hlon of the green su.nd c:lx t ure was : 

500 parts 0£ wnsbed silica sand 
19 parts of bentonite ( ~olloldd clr.y ) 

1 part of fl.ogul 
1 plirt of ~xtrlne 

l/2 P6,l"t of Molasses 
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16. A study WE-t. :nncle ,of the hcl;..t conductivity of the dif!cnnt 
sand~. A 6 inch diameter $phere r.ith i;. 3 inch centrnl down gnte ttaf' 

molded ln eaeb type of .send. Thernocouplos were inserted in the mold 
n t dis twlcc.s of 1/8, 1/2, 1, 2, ruid 3 lnebes froo: tbe mold-metal lni..t-­
fnce. f..s soon as the mold.r:; \Yore poured tecper1:.ture reudlngs were w.ken 
so thnt the t e mperoture indlceted by eneb thennocouple wss recorded 
on~e n minute. Tbe~e fflolds were all poured at prnctlcelly the swne 
temper&ture there being merely t.he short p ourl r.g int e rval between 
moldi; which ii; 6ccompcmlcd by a slight crop in temperuture. 'thus, the 
amount of heat to be relei.wed throi;gb the iand wt.LE pn.ctlcally the snme. 
All of the molds were identical with respect to fl~~u, gates. Method 
of nunming and the like. 

DISCUSSION OJI' RESULTS 

(u ) Chnmotto 

17. The synthetic u ... nd thut huf, the grcutest reputation ln Europe 
ls tliamotte. 'lbl~ mol ding rnedium ls c0r.1posed ot' a hldlly al\llllnouf; 
clE.y the. t 1:: rot;:; ted n t high ter.ipcr1t ture~; to mnke lt very ref ractory. 
Thie clE.y l::. introduced into rot;stlng oven£ 1n 9 incl:. c ubc6 c..nd i s roru;ted 
c.bove 1500 degrees C whence lt brcwc~ into pieces ~bout the size egg coo.l. 
J.fter cooling lt is ground to the re(]uircd f!nencESs. For molding thif. cal­
cined clq ls mixed with 1, rmt cluy bir.der in the proportionic; of 85 percent, 
cy weight, of celcined cley, o.nci 15 perce n t of row cley. Upon the nddl­
t.ion of \rt;. tcr l t l~ ;;ul tebl c for i llllDedir, te use. 

18. The o.ni: lyr:es r,bo,1 thc,t chrunottc var ies somewht.t. llo'olevcr, the 
three bnalyi=ce~ f,ho1m i n T.::.ble ~ L!'e typi N,l, 

19. 'l'hc po i.r~t of fui=cion , cones Sei;er, is usually shout 31,-35 (17 50-
1710 degr ees C or 3180-3220 .f'). 

20. Chlimo ttc :-.is rc&dy_ for u,c l.s quite t;r-..nulEr (1'lt..tc I). Tuir; i~ 
bccc.m;c the Eur opet:n foundry!!:cn pl'eferc, t. :',.mi the gr&in oi' IVh l~h i s r;_2 
m!llt~eter:: ~n d lm:ie ter. Ciilr.ined ~lty flner thun 2 millimeters ln diismeter 
ti> rct:1ovcd before ~lxlng with the rc:w ch:.y . ·n:e s c:rccn anE>lysls given in 
Table II shows the diftributlon of the gnln slze. 

21. 'fl"ie most iir.portan t foi.:turc in prcpurir.t; thfa ct:nd for molding is 
the control .of the wnter c.ddltions . If tcu inuch \7t.tur ls uddcd, the rnlx­
tur.e be~or:ie:c: tt :o tlclcy mas t, ,,;hieh is o:t~·endy d iffi-::ul t to mlx Mu very 
nearly impossible to mold . 'r.L tt.ff s.ddit.ion i:, :n· the nc j ghborhood of' 5 t o 
8 percent, de pending t:pon lo:=d ,~on.::l: tlor,s ; !,ppel.r to be the tc;;; t to utc. 
lbe ::n.:J.llr.£ tlr.ic -:c.., be v:.:rle<l, o!' cot.:.rt c. 1..0 ,'3i.::t the four;dryr:,cn'~ l i kee 
but four mlnut~s mulllr.g 12 suffi cient . · 

22 . The pe rm c c b U. i ty is very high bclr:i 2000 or g r ec. ter i n green 
stcite . 'lbc dry _perncEcl:: i.l it;y wu.!; unobt..hln.'.ib~c due to the fact th::t 1n 
u~lng the core p~n-~enb! 11 ty tube the :i,c r ~u:ry r!ln th.rough the test plc:!c. 



2J. A study of cho.motte u:cl.r.e V6 ry1.ng wuter contents wos !!!Ude &nd 
the results Lre listed ln Tublc III. I t will ce no t iced thot the green 
snd dey coilpre:;s lon ptrengt.bs ~re v~cy good. 'nle green compression 
strength is h~gher t.hc.n thnt found lo the avercge Amcricnn neturnlly 
bonded Ennd. 'ftlc green ~hcur strength is fair but the dry shebr strength 
ls lower tbtm that l'l'hlch ls generc..lly recorded f or the naturc-.lly bonded 
ce.nd6. 

24. 'lhefle 1011 volues f or sheer and tens l le strengths cc..used eonsld­
er~ble difficulty during the flrst trials of the materlul at the Norfolk 
li8v,y Yard us shurp l'.!omers on moldc ond core£ fell off &.nd were dlffi­
eult to patch. 

25. ln T~ule IV ~re shown the res ults of severE.1 experiments con­
ducted to lnc::-eaE-o the tcn:;ile and shev.r str ength:;. the t.ddltlons of 
Dextrir.e und Mogul uld incrcnF-c the ~heLr strength uppreclubly but hnd 
no effe~t upon the tensile ~trenbth . v:hether or not thl.- lncrcc:;e in 
shec.r strength i~ sufficient to r emedy the difficulty experienced in 
molding t.hc ll'!l,! terlt-.1 hns not been detcnnlned i,s there is not sufficient 
1110.tcribJ. on hand at tbe Labori;.tory to prep....rc u l~rt:e mold or core ... nd 
the Norfolk ,h.vy Yt._rcl ha:: not stat.ed whet.her or not the s unJ i s now satls­
tactoey. 

26. In usir.g :.~ogul &s c.n nddl tlonc..l binder LI higher :noisturc content 
isw;t be ui=:ed . With too low c. water content the moisture has no ereen 
strength end ls entirely unoultable foz· r.ioldlng purposes. 

27. ?be addl tlon of more rc.w cley to t.be prepcred cha110tte nccompllsbod 
not.bing. Tho addi tions of silica sand, ndded on the theo:ey tho.t the bond 
would be more uniformly sprend through the snnd and that the san.l.ler grew 
would tend to fill the inter~tlces Md provide e lareer bonded nree., also 
tailed to lncren11e the shear or ten5lle strength. 

(b) InduBtrial .Ex.tr&. 

"" . Geru.n Industrial ExtrB has received considerable mention cs a 
mol" · mnterltil especially for le.rgc cc:;tlng~ and .::;uropecn foundryt!!en con-­
sider 1t to be lLn ldeal 11t1terlal when lru-ge qua.ntitles of sund are nece£­
scey. 

29. Germon Industrle.l Extra i s compoE:ed :nostly of quartz e.nd chal­
cedony gralns. 'lhe sint.ller quartz grains Eppenr to be fairly well rounded 
but the larger quartz gralne and the chalcedony grdns nre <Very tmgul.u- . 
Pl~ees or carbon c.s.n be seen occhsionally. (See Plate I) . 

'lhe product is prepured by crushing quartz end c.~alccdony to the 
required size and then ~ddlng some ~1£y ns n binder und pulveri~ed curbon. 
These constituent~ are thoro~gbly mixed nnd the materlttl solo re~dy for the 
eddltloru:.l of the wcter. The chemical anelysls is g1Yen in Toble V. 



JO, The screen anAlysla, Tuble VI, ~bow5 e product that 1~ not at 
sll unif'orm. In fact, there docs not &ppear to be c.rq atte11pt mnde to 
grade the sand. cynthctic sc.nd.s £:.s u rule fire eraded so thc.t the bulk 
of the gr~ins 6rc reu..ineG on one or possibly two screens and even the 
nnturally bonded s&nds or this ~ountr;y URt:nlly show more gr~ded cherac­
terif.tlCR thnn the Germen r.ietcriol. 'nle high flgure or 26.02 percent 
bond llc-ted for the lnd~trh.l Extr6. l nclu<lcc the cl~ bond plus the 
pulverl~ed carbon ttut could be i:yJiioned off, 

Jl. ln prupering lndustrinl Extra for molding the moisture content 
mU£t be closely controlled. If the snnd becomes too moist lt will po.ck 
too s olidly nnd, ldlen dried, will be too close to 6.l.low g&ses to e£cspe. 

lbe propertlc~ of Indu~tri~l .Extra were obt&ined nlth varying 
w&tvr contents and ere reported in hble VII. 'Ille results lifted in 
thb table indicate thnt the 7, 5 percent wete r content elves the best 
results. Tests with highP.r pereenu.ees of weter were not conducted as 
the sand with 7. 5 per'!ent water "oolled-up" bcldly snd wi,s r8tber dl.ffi­
cult to mold. A wliter content of about 7,0 percent would be better for 
molding purposes. 

32, In the testi ng of mo~t st.nds Wl increu~c ln moiEture content 
usualJ.¥ brings ubout n decrcG.~e in the permeability . It lE interesti ng 
to note that c.s the wt. ter content lncrco~es the permcnbillt.y of the 
!ndustrlnl f..xt.ro lncreE>s es. 'lhls l s due t,o the "bulling" action which, 
though not perceptibly notice6ble until &bout 7 percent of wcter is 
ndded, is present even with smCill additions of water. When the snnd 
ls screened Sfflnll oclls, approximately the size of the mesh used, ure 
formed. The r f.JllJll ine l:.c tlon exerted by thr·ec blolfs of the io; twida rd ram­
mer ls not suffl~lent to force thes e 6gelorncr~tes together und o~ ere­
cult lorge air f'pH ces ure present between thca u.nd an unusun.lly high 
permeability rending iE obtained. If , however, ht.rder rCl:1111lng is re­
sorted to, su,.!h tis would prob:-. bly be u r ed in c. r-:old to i nr.ure & good 
surface on the costing the~e lnter~ticcs ~re ~l or.ed Rnd the mutcrinl 
1~ 6l~ost imperl'leL:blc. For this reoson, and the fl:.ct tbot with a b!.gb 
wr,ter content the materi,d is very ~tkky and almost i mpoHlble to mold, 
the wntcr ~ontcnt. mut:t be "lonely controlled. 

JJ. It wes though t advlseble to lndudc a good, nuturc.lly bonded, 
tmerlcnn sMd in order thot & more coQpl c t e comperiEon of the physical 
properties of the Gcmen lndu:=t::-lal :)ctra t.md the Olamotte might be 
obtulned. '.lbe s&nd sele~ted ~b s 6 ~emi-bcndcd Downer s&nd wh i cll is w.ed 
for <lry sm1d molds ut the ::uvb.l Research Ll.Jborc tory 1:1nd Eilso 1:i.t the N6Vlil 
Gun Fuctory. Thi" i:;~nd ctcn be used in the cond1tlon in which lt ls re­
ceived but lts properties cwi be improved by small additlonf of cerecl 
bir.dcre and re• clay. 

34. The s c r een an8lysls of the Downer ~and ls gi ven in T~ble VI 
and 1 ts pbyslcw. properties hr~ lleted tn ~ble VIII. 
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J5, It •lll be noted that the peri:ieLb!.lity of the I)owner f-6.nd 
is considerably less than that of the ~otte e.nd slightly less 
ttw.n tho t of the ndu5 trial Extr11 •1 tb 7. 5 per~en t !!lo l E turc . '1'be 
green ~ocprc~~1cn s trength of both of the foreign ~nnd~ le al:,o gre&ter 
than that of the kierican materi6l. The outst.ondlng fenturc ts thnt 
the Downer ::;end bn~ higher dry :;hear and dry tensile :,trengtJu;. It 
wns the loner vcl.uc~ of dry shcnr und tenFllc strength found ln the 
foreign stmds thRt caused the 111oldlng dit'fi~ul tie~ in the trlAlf- et 
the Norfolk t-;,vy Y&rd. 

(d) Edebchlidlte 

)6. Edeli;ehlfohte is Cl prepared ■old waeh to be used in con.Junc­
tlcm with the Industrial Extra. It ls cor.,posed of fine sillcn send, 
elq, and pulffrbed carbon. 

'lbe chc:alcal enal;ysle or t.hls 11eterial is given in Tnble IX. 
It will be noted that the tot.ol or the anal.y8ls given ls considerably 
greater than 100 percent. 'nils ls due to tho fact that •tot,.l vola­
tlle aotter• and "carbon" &re in a Mnncr duplleste &nalysos. Tbs.t 
b, the •tote.1 volatile .. utter• minus the "cs.rbon• 1e eqUBl to the 
volctlle lnorganl nnd organic matter pli;s the Wf:lter not driven off 
at 105 dearees c. 

Yl. 'lbe screen analysts, Table X, and the ~oto-■icrogrupbo on 
Plt.to X indicate how fine the i!ln t.erinl la ns compored to ordinary 
■oldlnc sands. 

)8. 'lbls 111old waah le prepnred f or use by mixing wl th enough 
water to bring it to the consistency or porridge. Before using the 
mlxturo aust be well etirred. It should be painted on the molds f;OOn 
after tbe pat.t,ern ls reaoved. The !'Jolde nre then dried at a t-s,era­
turc or f rom 400-500 degrees C. A ::eccnd cor.t. of the we.sh l s cp­
pltcd after the mold~ are dried nnd while they aro still w.m so 
that the moisture wlll cvaporste. 'nle molds should not be too hot 
as then the tmsh will crnck ond may break off. Ir little croclca np­
pe&.r otter drying th97 should be coutcd with Edels::hlichtc ond polished. 

(e) Cement Bonded Sand 

)9. A more recent addition to the 11st of European mol<ling 
materlul.s ls cement bonded sund. 'fflis sund ls n mlxturc of wa shed 
sill~ u.n<I, a good grade or cement and wr.ter. 

40. Care must bo exercbed in cixl.ng tbls type of sand at1 the 
water content must be closely controlled. All or the pil¥slca l proper­
ties or the sand depend alcoat entirely upon the ll!llount of wntor 
present. The len.:th of tiffle bllowcd for elr drying &lso ufrects the 
ph7sleal properties to some extent. 

-6-
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-or but 1120 degrees F, o.nd thnt only efter t went1- t1ve l!linutos have 
clt..pGed. '!be thermocouple o t, 2 and J inches show a maximum of 200 
throughout the reeordod 1ntervn.l. The beet tran:;feronee of tills sand 
ls exeeptionnlly low and this condl tion 111UB t be due entirely to the 
type or bond used. A cOl!lpnrlson of this datn •1th that obtained with 
the greon snnd mold wlll show t.but the tempera tures indicated by 1/2, 
1, 6.lld 2 inch curves of the green sand mold r,re eonsidcrabq higher 
than those of the Cel!!len t mold . 'Dle 1/8 inch curve of the green sand 
■old never e.ttalns tho lftaxlmu■ recorded on the ccaent bonded 11old. 
Since the sand UBed as o. b&se, c,; washed slllc-..a 6ald, &a the eue in 
e&cb case, tho dlfferen~e ln ther:nnl c011ductivl~ must bo duo tc tha 
bond~ed. . 

51. In co.-ape.rlng all or the bent transference eurYe11 it le ob­
served thct the C2uu:tott.e hns the highest rate of heat t.ro.naterenee 
o.nd the cement bonded the lowest, ot tile sand6 istudled. 1be order or 
he~t transference 1~ as follows, 

(1) C21Motte 
( 2) Downer Sand 
(J) Indu::;trlal Extra 
(l) Green Sand 
(5) Cement-bonded Sand 

52. 'l'be i:lportnnce of the n.te of bent transference in sands 1s 
not thoroughly known. It bas been shown, bowevor, that the slower a 
ea~ting cools the better piysical properties it wi ll have regnrdlese 
of the following heat treatment.a . it is also known that casting so11dit1-
et.tlon depends upon the rate with whlc:h the sand conducts bent, but bow 
importunt a port lt pla1s wlth regnrd t.o tbe roto of skin foraatlon, bot 
tev.r for::intlon ruid other p byslcnl metallurgl~nl cbaraeterlstlc6 or 
solldi.f)'ing steel, ~teel castings btla not been definitely determined, ag 

:,ot. 
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TABLE I 

QWUCA1. Al1ALYSE§ Of C)J/Jf)'.JTE 

Percent Percent Percc;t 
Al203 'J'/.50 31. 75 42.69 

5102 56.46 6J.50 34-78 

Feo3 2.5 2.15 l.15 

cao 0.5 Trace 0.15 

Ilg() 0.8 1.0 0.17 

T102 1.8 1.17 

Na20 0.25 

K2<) 0.45 

TABLE II 

SCRE:li Al1ALYSIS OF CUAMOTTE 

Ser~. Percent. ~crecn No. Percent 

6 0 100 1.09 

12 20.2 150 .70 

20 54. 3 200 .60 

28 4.1 270 .46 

35 1.56 - 270 .70 

48 1 . 01 Clay bond 14.) 

65 1.08 



Test. 

Peneabillty­

Green 

Dry 

Compression 

Green 

Dey 

Groen 

Tensile 

Dey 

Sinterlng Polnt 

TABLE Ill 

PHYSICAL fROPFBTie'.S OF QIAla)ffE 

~later Content 
5% 6.9% 9% 

2450 2000 2000 ce/mln 

unobtainable 

15-3 

Beyond 

1100 degrees Centlgrnde 

1.0 

5. 6 

Nil 

16.1 7.6 l be/ 
sq.in. 

~cale or +9J.5 

l.J 

6 . J 

Nil 

0.6 lba/ 
sq.in 

8. J " 

Nil " 



TABLE IV 

PtiY8lCAL PROPmTrES OF CJWPTT! AND. aJNIQTl'E PLUS SILlC/, SAND OR ADRITIOMAL OONPINi Q?gIALS 

Percent. Permeabiltt, Cocpreuioa Slear Tensllo 
C91lpo:>llioe o.f. Ill!~!¼!:! ace ee/,dn. l bs/sq.in. lba/sq.ln. lbs/sq.in 

lloietw:, ~ !!a. ~ m ~ ~ Da 
&yond Scalo 

<hfllllotte 6,9 2450 • 16. l +93.5 1.3 6.) 0.3 

OlU1otte 75%, BeJond Scale 
silica ::iand 25~ 7 850 492 6.7 +9).5 0.,4 12. ~ 0 .2 

Cha."lot.te lir2/J%, 
::iiliCll snnd J.3-l/3~ 7 710 492 7 ./, +9J.5 O.J 9.2 Nil 

Cllnmotte 99%, Dextrlno 1% 6.8 2450 * 8 .2 t9J,5 o. 5 14,9 0.2 

Cbrunotte 98i,Oextrlne 2% 7.2 2/,50 • 9.9 +93 , 5 0.8 15,4 0.2 

Clla."lott.e 97%,0axtrlne J% 6.6 2000 * 10 . .3 +93. 5 0.8:, 2).2 0.3 

tlulmoU.e 99%,logul 1% 10.l 2000 • 5.5 t-93 , 5 o.i 12.2 0.6 

Chnmotto 98%,Hogul 2% 10.4 1200 * 5,9 +93.5 0.6 12.2 o. 3 

Olwnotto 97%,Uogul 3% 9.95 850 * 6.2 +93.5 0.2 11.~ Nil 

Cbamotte plus o.ddltiooal 
raw cla, to make total 
cl93 eontent 20j 6.7 2000 * 15.9 +93. 5 1.0 8.3 0 .2 

• The drJ pen10C).blllt7 ns unobt.ninnble with the core 
peruablllt, tube u the ■ercUI7 u:.ed as a seal ran 
through the spoclaan. 



. :.BLE V 

9i@CAL ANAL.I§!§ 91 ,lNOO§TIUAL EXTRA 

Total TOlat.:: le 11atter 5.61 % 

72. 50 

19.75 

1.59 

LU 

0.00 

TABLE VI 

fQBPN NW,!SI§ Of DU)UB'l'RfAX, UW AND OOllliER S.&NOO 

Si..,. .No. lndust.rlal Eztra Downer 
Percent Percent 

Retained on 6 5.32 0.0 

12 11.24 .10 

20 8.24 .71 

JO J.22 1.89 

40 J.02 6.:n 
50 J.72 15. 54 

70 15.20 32.41 

100 11.76 J2.2J 

uo 2. )6 4.66 

200 2.12 .65 

270 1.40 .40 

-270 6 . 04 .45 

Clay bond 26.02 4.6) 



TABLE VII 

Plll~lCAf. PROPERTI~ Of illDUSTRIAL J::XTRA 

Tes t 

Perweablllt.., 

Green 

Dry 

Compre:;~lon 

Qreen 

Dey 

Green 

Dry 

Tensile 

Dry 

Wet.er ~tent 4% 5.5 7 . 5% 

36 

42 61 

97 cc/11in. 

1)0 • 

16.9 18.8 15.4 lbs/ 
Gq. ln. 

Beyond eco.le or 9).5 " 

Nil .18 .JO " 

Zinterlng Point 1000 degrees ,:::. 

TABLE VHI 

.fliY~•;rctJ. PROPERTl~ Of OO'i.NER SA?m 

Pel"::\cnbll 1 ty 

Green 
Dry 

Cor.ipre~sion 
~recn 
Dry 

fher..r 

l.)ry 

Tonslle 
Dry 

Water Content 5.5t 

70 cc/min. 
87 " 

J . l lbs/sq.in 
29.5 " 

0 . 12 
29. 5 

2.87 

Sinterl ng Point 1100 degrees C. 

• ., 

" 



'UBLE IX 

Cl!I1JICAL /u~ALYSIS Ot_!illEU:>CHLIClITE 

Tot.al volatile m5tter, percent 

Carbon 

~102 

Al203 

Fe2o3 
eao 

TABLE X 

13.84 

11 . 00 

45.62 

38 .90 

1.69 

1.50 

0 .00 

SCREEN ANALYEI5 Of ED&.SCHLICJITE 

Screen No . Percent ~crcen No. Pcreent. 

20 0.0 140 9.36 

30 0.06 200 10.08 

1.0 0.2 270 6.18 

50 1.02 -270 23.00 

70 I.. . 1,6 Bond 35 . 00 

100 10.6 



TJ.BLE XI 

FllY!:i,lCAL PROP;.Rl'I;p OF C@IT BONDED ~ANDS 

Moisture 72% 

Hour s c.lr dried 

Pcrmeobility cc/mb 

Compression-lbs, 'sq . in. 

Tensile - lbe/sq.in . 

~hc~r - lbs/sq . i~. 

Hours c.lr dried 

Per.nenbillt.y - cc/min . 

Co~prcsslon-lb~/sq.ln. 

Tenslle - lbs/~q .1n. 

Lllci.r - lbs/sq.in . 

Hours atr dried 

Permenbill t.}' ".!~/min 

Com pre:;,. ion - lb~/.;q. ln. 

Ten:=itlc - lb:,/:;q.ln. 

S'lenr - lbn/sq.in. 

0 24 /48 72 120 168 

87 71 102 102 100 100 

1.4 Beyond ;o;cale 
•93.5 

Nil 92 l.'.iJ 1.93 1 . 50 1.46 

Nil 1.7.75 62.s 63.2 66.4 61.9 

;Jolct.ure 9.9% 

0 24 48 72 120 168 

52 56 58 . 3 61 57.9 63. 3 

1.5 Beyond scale 
+93.5 

Nil 1.4 5 2 . 23 2.:33 2.06 2 .6J 

Nil 55. 7 65.9 Beyond scnle 
+73. 5 

Molf;ture 11 . 6% 

0 24 1.8 72 120 168 

28 .6 31 • • 6 36.6 34 Y"/ . 3 41.3 

1.3 b~nd scnle 
3.$ 

Nil 1. 3 2 . 0 2 . 1 1.76 l.83 

NU 3l.3 63.l 67.7 70. J 70.? 

TABLE XU 

.PHYSICAL PROPF.RTIES Of' GREEN SAND 
Wq.ter Con~eiit :4% 

~z:een ~te.~ lkled St,;l.tt Iii! 
Per:acubil it, 
Comproacion 

~enr 
Tensile 

173 219 ce/mln 
3.5 13e¥ond scale 

+93. 5 lba/sq.l.n. 
Nil 40.7 • 
Nil 0.8 w 
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