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From a simple sand mix consisting of washed silica sand, 
bentonite and water it is possible to prepare synthetic green sands, 
synthetic dry sands, and air dried sands with excellent properties. 
The synthetic dry sand is prepared O'.f merely oven drying the green 
sand. The addition of organic binders t o green sand is also studied. 
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AUTHOPJZ-6,.tION 

1. The studies in steel casting research v1ere originally authorized 
by Bureau of Engineering l etter QP/Castings (6-19-Ds) of 13 July 1928. 

STATEi,1ENT OF .!: .. RQBLErJ 

2. T~e object of this report is to present information on the 
preparation of green and dry molding sands for the production of steel 
castings. 

KNOWN FACTS ~]lARING ON TI!!;.XROBLEi~ 

J. There are ma.ny kinds and ,,arieties of steel molding sands 
being used by the indusky today. The foundries operated by the Nav,.r also 
use many varieties. These sands may be ei t her natural !xmded sands, semi­
bonded sands, synthetic bonded sands, or mxtures of graded sands of any 
one of these. It may be seen that innwnerable v&riations can thus be 
obtained. In one case it is kno;m that there are six steel molding sands 
in a shop, ~hich in turn are prepared i nto 15 different mixes. 

4. It is not necessary to have a variety of sands in order to 
produce a l arge number of sand mixes. For example, one grade of silica sand 
coul d easily be made up into a large number of synthetic sand mixes if it 
were so desired, and such a condition has been o'!:lserved in co:nmercial 
practice. 

5. If the number of sands could be reduced and the mixes simplified, 
greater care could be devoted to them with the result that a more 
scientific control ·nould be maintained. 

6. It is now fully appreciated by everyone connected with the 
manu.facturing of castings that sand conditions l!lay be responsible for a 
la~ge proportion of defective castings. This realization has brought 
about the extensive use of sand control equipment in the fotmdry, such 
as sand reclaimers, mullers and the like. When sand. is moved, reclaimed, 
mill ed, rebonded and transported back to the molding floor on a large 
sc&le plan, it ls extremely difficult and economically unfeasible to have 
a number of sand mixea, each one requiring special attention. It is much 
more convenient to be able to shake out all sands at one place and maintain 
one backing sand that would have so□ewhat near the properties of the 
facing sand. 

7. It would be extremely advantageous in a. shop where both 
methods of molding are used if simplificati,::m could be carried to the 
point that both synthetic green sand and synthetic dry sand molds could 
be m~de from approximately the same sand oixo 

8 . The most simplified sand mix would consist of silica sand, 
water and a single bonding material. The question that now arises is -
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would this simplified mix be the proper sand for dry sand practice as 
well as for green sand practice? Of coll!'se, there is the possibility 
that it may not fulfill the requirements of either process. 

9. In a study of commercial sand mixtures for both the green 
and dry sand practice it has been noticed that there are numerous 
additions of cereal type binders to the mix. In -some cases there are 
as many as three different types; that is, sugar products, cereal products, 
and resinous by-products that are incorporo.ted in the mixture in addition 
to the clay. 

10. The question has been asked on numerous occasions as to just 
whl!t :oold properties 1vere benefited by the addition of the cereal type 
binders. The answers have been quite varied and seldom agree. After 
a compilation of these opinions, it was found that in the case of green 
sands the cereal type binders were believed to increase the compression 
strength and the shear strength; that they did not reduce the permeability 
or sintering point, and that they were rasponsiole for casti:'.lgs with a 
much improved surface appearance. These remarkable conditions were 
thought, in sm1e cases, to be contrary to what l'sould normally be expected. 

11. It was therefore plain that further experimentation was needed 
on the subject of the cereal type binders. Thus the objects of the work 
undertaken were: 

(1) To prepare a simplified synthetic green sand. 

(2) To prepare a si~plified synthetic dry sand. 

(3) To study the properties of green sands when various cereal 
type binders were incorporated in the mix. 

METHODS _USED IN TESTING 

120 All sand testing methods used in this investigation are in 
accordance ~-;i th the standards and ten ta ti ve standards of the American 
Foundry:nen's Association, as set forth in the March 1931 edition of 
Testing and Grading of Foundry Sands. 

13. The sand used throughout most of the investigation was a 
'llashed silica sand with an AoFoAo grain. finenes::.; number of 63.2. The 
distribution of this sand is tabulated in Table 1. 

l.4. Ben tonite (90 per cent through 200 1:iesh) was used a.s the 
bonding material. All :nixes are given in per cent by weight using the 
tempered sand as being equivalent to 100 per cent. The sand, as soon as 
it was mixed, was placed in moisture tight glass jars and allov-1ed to 
temper for 24 hours before proceeding with the tests. In the preliminary 
test work it was found that there was veriJ little change in the sand 
properties after tempering three hours, when bentonite is used as the sole 
binder. The longer time 1vas selected as equili brium condi tions were thus 
assured. 
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15. Unfortunately, the Laboratory is not e~uipped with a laboratory 
muller so it was necessary to mix the sands, bond, and water by hand. This 
mixing and kneading was given careful attention. In order t o establish 
a relation between the l aboratory mixing and l arge scale mulling conditions, 
several different mixes were prepared with the only variable being the 
mixing or the mulling. An example of compari son of the variations that 
may exist is shown in Table 2. It will be observed that the differences 
obtained are mn&ll in nature. 

16. The Dietert Mold Hardness Tester was used in determining the 
hardness of the t est specimens. 

TEST RESULTS 

Green Sand 

17. Starting out with the washed silica sand of an A.F.A. grain 
fineness number of 63.?. and a moisture content of 4 per cent, different 
percentages of bentonite were added varying frora l to 10 per cent. The 
mixes were tested for permeability, green compression strength, and green 
shear strength. The values obtained are se t forth in Plate 1. The 
permeabili ty s tay s fairly constant over a wi de varia t ion i n bentonite 
content. The compression strength increases as the bentoni te content 
increases, and this is also true of the shear streng t h, but not to the 
sane degree. 

18. Continual work with these sands showed that the best molding 
conditions were obtained when the sand had a green compressive strength 
of from 4 to 6 pounds per square inch. Figure 1 shows that this condition 
can be attained by bentonite additi ons of 3o5 to 5.5 per cent when a 
mo i sture content of 4 per cent is used. 

19. The moisture content, however, has a very important effect 
on the strength of a sand-bentonite-water mixture. Plate 2 portrays the 
properties that may be obt ained by varying foe wa ter conten t f'rora 1 to 10 
per cent when the bentoni t e content remains fixed at 4.5 per cent. It 
may be seen t hat the mois ture content has a marked effect on the green 
compresnion strength. 

200 In t he case of moisture ranging from 5 to 10 per cent, 
however, the compression strength is nearly constant. Above 10 per cent, 
the strength grad-:.ta.lly decreases. On decrensing the moisture below 
5 per cent , the green compression strength increases rapidly until i t 
reaches a maximUJ!l. At this point, however, the sand is too dry to handle 
readily. 

21. The optimum ooisture content of a sand has been described 
in various ways. It ha s been referred to as t:i.c water £j ntent at which 
the loose apparent den sity of t he sand is a t a minimum( • In sor.ie cases 

(1) H. Die tert , 11 The Control of' Hardness and Other Mold Properties," 
Trans. AoFoAo 1932, p. 70. 
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it has been spoken of as the water content at which the best mechanical 
properties may be obtained. Since there appears to be some doubt as to 
just what the proper definition may be, it is considered to be, in this 
1>1ork, as t PE! water content at which the apparent density of rn;nmed sand 
is at a mi nimum. This was done by recording the weight of the standa,r-d 
A.F.A. pe,~~e,~qility specimen exactly two inches in height as shown b-f 

the limits ga,uge on the rammer-after the v.sual three r8..P'.ls. Since the 
volume is constant, the weight of the spe,qimen can be piQtted directly 
or it may be plotted as~~ apparent density by dividing tpe sa~d weight 
in grams by lOJ.Q cc, which, i~ the volume of the specimen. 

22. On Plate 2 is plotted the welght of the sand bonded with 
4.5 per cent bentonite and- wj,th varying u~oi sture content. A very interest­
ing observation is that the minimum point comes at the point of maximum 
~ermeability. Since this condition was found to be true in other cases 
{Figures 3, 4, 5, and 6), it may be considered as a convenience that the 
optimum moisture content is represented by the point of maximum 
permeability. 

23. The permeability curve as illustrated in Plat e 2 reaches 
a rne.ximwn of 163 at 2 . 1 per cent moisture. With a further increase of 
moisture, the permeability decreanes. 

24. Additional curves (Flutes J, 4, 5, and 6} have been 
constructed from the results obt&ined by studying 2, J, ?, and 10 per cent 
bentonite mixtures with varying moisture contents. These gr aphs, along 
with that of Plate 2, present a fairly complete picture of the silica­
bentonite-moisture series of a synthetically bonded wushed and graded 
silica sand of 6J.2 fineness number. 

25. From this series of graphs the green compression strength 
curves are plotted on one composite graph (Plate 7). Addltional curves 
for compression strengtb may be plotted by interpolation of the 
experi mental data, as is illustra ted in Plate 8. The optimum moi sture 
cont ent curve has also been plotted on Plates 7 r..nd 8 from the 
experimental data. 

26. Synthetic bonded green sands consist ing of .bentoni te-
mol ::,ture-silica sand should be mixed with a higher moisture content than 
that recorded by the optimum moisture content curve in order to counter­
act the drying out tendency that takes place after mixing or i;iulling. 
For this reason, an additional curve is sho,m and called the "green sand 
molsture content. 11 This curve should be used us a basis for the moisture 
addi tion when using a similar sand distribution. 

27. The composite green compression strength chart (Plate 8) can 
be used in prevaring a green sand with any desired green coi~pr-ession 
strength, by merely deciding upon some value of green compression strength 
and by drawing a horizontal line to the 11green sand moisture curve." The 
bent onite content may then be obtained by interpolation from tb.e two 
neare::;t strength curves and the moisture content may be read on the 
horizontal scale. It should, of course, be mentioned again that the 
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curves will refer only to the particular sand studied. However, charts 
of this nature can be constructed by any foundry with the usual sand 
testing equipment. 

28. In order that the differences in sand properties may be 
observed, resulting from a change in sands, a study was made of washed 
silica sand of an A.F.A. gr ub fineness of 52.9. The sieve distribution 
of this sand is shmm in Table l. 

29. A series of graphs showing the effects of increasing 
bentonite on t he permeability and green compression strength were prepared, 
similar to that of Plate 9. A comparison of Plutes 2 and 9 will show the 
ctianges which developed in th(j! ~and properties by decreasing the grain 
f ineness number. The permeability increases and the green compression 
strength decreases in going from a No. 63 to a No. 53 sand. 

JO. Plate 10 is a composite graph constructed similar to that 
of Plate 8. In general, it me.y be said that the smaller grain size 
exhibits the greatest green compression strengti for the same moisture 
content and bentonite content. Also, the cur-.res have a slightly 
different trend and the optimum moisture curve is more curved in the 
finer sand. 

31. It m~y be seen from t~e above data that practically any type 
of green sand necessary- may be obtained by varying the fineness of the 
washed silica sand or the contents of bentoni te or water. Also ,vide 
variations may be obtained in cor.ipression strength and permeability of 
a sand, by making varlations in the bentonite content or t he moisture 
content. 

32. Only on Plate 1 was data plotted to show the green shear str ength. 
It was found that in general, when using the washed silica sand-bentoni te­
water mixtures, the green shear strength is approximately 30 per cen t of the 
green compression strength. 

Dry Sand 

33. It was plunned to study the dry sand properties of the green 
sand mixtures so that if i t were found desirable to use the dry sand 
practice, i t could be acc1)!!lplished without changing to a different sand 
or mix. 

34. In t::iis study, the ,~ashed silica sand hcJ.ving a fineness 
nu;nber of 63 . 2 wau used, with bentonite as a bonding material. The 
sands mixtures were oven dried at 400 degrees F. The bentonite contents 
selected for study were 4 and 8 per cent with 3, 6, 9, and 12 per cent 
:noisture. The results obtained are plotted on Plates 11 and 12. Values 
obtained in the green condition are also plotted for comparison. It 
may be readily seen that the dry strength increases with increase i n 
water content, while maintaining the bentonite content constant. Froi.il 
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the dry compression strength curves it was determined that with 

4$ Bentonite 8% Bentonite 

50 pounds per square inch will be produced by 1.83% H20 2.92% H2o 
100 pounds per square inch will be produced by 5.92% HzO 4.57% H2') 

150 pounds per square inch will be produced by 8.65% H20 6.20% H20 
200 pounds per square inch will be produced by 11.40% H2<) 7.77% H20 

These strength-moisture relations were plotted on the graph of Plate 8, 
so that the fundamental relationship between dry compression strength, 
green cor.ipression strength, moisture and bentonite could be illustrated. 
It is interesting to note that in mixtures with less than 3 per cent 
water, an increase in bentonite will not only decrease the dry compression 
strength, but increase the green compression strength. 

35. From Plate 13 it may be seen that a dry sand of any desired 
property may be obtained. The dry strength desired shoul d be decided upon 
first. It is evident that several percentages of bentonite will produce 
the desired dry com;iression strength, but so:ne point on the dr-.r compression 
strength line should be selected where the bentonite, moisture, and green 
strength have suitable values. By this it is meant that the bentonite 
content should not be too high or the mix will be sticky and expensive; 
the water content should not be too high or the mix will be low in 
flowability and green strength, and will take a long time to dry; also, 
the green compression strength should be such that the sand is workable 
in the green state. 

36. It is believed, hov,ever, from the above dh ta, that a ~ui table 
dry sand can be produced from the synfoetic g·reen sand that is in use by 
increasing· the moisture content when the sand is being mulled. Thus a 
simplified procedure has been established for the prepara tlon of dry sa.>1d 
molds by the use of a si1llplified synt~1etic green sand • 

.Air Dried Sands 

J7. The drying of green sand molds in air is a method of production 
that is used sor.aewhat extensively, although the prope::-tics of air dried 
mold are not so well known. Air drying may in many cases be substituted 
for oven drying and produce even better results, provitl.ine it is not 
necessary to obtain the high strengths that are associated wi th dry sand 
molds • .Air drylng takes from one to four hours, while oven drying usually 
takes three to twelve hours. 

38. In both dry sand molds and air dried sand molds, the moisture 
at the mold face is very low when the molds are poured, so there is 
practically no steam generated for perhaps the first two minutes. By 
the time the heat penetrates far enough(f~to the mold to produce steam, 
tne initial skin formation of the metal J will be sufficient to resist 

(1) C. Briggs and R. Gezelius, "Studies in Solidification and Contraction 
in Steel Castings Ill - The Rate of Skin Formation," Transl A.F.A., 
Feb. 1936, p. 274. 
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the back pr essure of the steam, pro'liding foe mold has some r easonable 
measure of permeability. 

39. Resistance to contract.ion, of courne, is not as grea t in air 
dr ied molds as in oven dried mol ds. Also, it is much easier to r emove 
and clean castings f r om air dr ied molds. 

40. When properly made, air dried molds have a smooth hard 
surface, free f r om checks and cracks . When the molds are closed they 
vtlll fit tlghtly and prevent the occurre:1ce of fins, which are so common 
in oven dried mol ds . 

41. The r ate of air drying depends upon the time, temperature, 
humidity, air circulation, moisture content, per~eability, size of the 
mold, and fineness of the sand. Of these variable::., the d.rJing time 
and t he moisture con tent nre the most effective i::l controlling the mold 
surface. 

42. In Plate 14 the r esults are sbovm of mold hardness tests 
made on four mixtuces of synthetic sands containing 4 per cen t bentonite 
and 2, 4, 6, and 8 per cent water. The sand containing 2 per cent moisture 
wa:3 much too dry to develop a good har<h1ess on air <u"J lng. In r egard to 
the 4, 6, and 8 per cent moisture content, it mcy be seen that t he 
higher the moisture content, the slower is the development of the mold 
hardness, but that eventually (2 to 5 duys) a hi t;her u1 timate hardness is 
obtained. Thus if fast air drying is neceosa:-y, the 4 per cent moisture 
mix should be the one adopted, whereas i f the molds will remain open for 
more than a day or two, the higber moisture contents may prove the most 
satisfactory. 

43. From the data of Plate 14, the cur veu of Plate 15 were 
constructed. This graph shov,s the time and mui;iture content necessary 
to obtain a given hurdness when a washed silica sand of a fineness 
number of 63 . 2 wus used, bonded with 4 per cent bcn toni te o It vlill be 
observed that for ~.m:r given hardne::,s ther e is c. mini:num time in which 
it may be produced, n.nd a definite moisture "content which must be used. 
These combinu tionr, l ocate the moistur e con t,~nt line. 

44. Very often other materiuls are mixed with the sand to speed 
up the drying process. In Plate 16 there i s shomi the effect of 
substituting l per cent of organic binder for 1 per cent of bentonite. 
The moisture content was maintained at 4 per cent. The additi on of the 
cereal type binder s produced greater hardnesses and pr oduced these 
hardnesses sooner than was obtained in the straight bentonite mix. 

45. The value of these organic binders is somewhat doubtful, for 
in the first place air dried molds usually stay open for three or fow· 
hours and in many c~ses longer; thus the increase of 3 to 5 points in 
hardness that can be obtained by using the organic bindern m~y be of 
actually l:i,.ttle commerci al value. I t i s difficult t o prove this 
point, as the writer knom, of no test that correlates mol d hardness with 
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it:; ability to resist erosion or spalline by the action of the molten 
metal. Some preliminary experiments have been performed at this Laboratory 
,,rhich shm7 that cereal binders do produce large quunti ties of gas when 
broat;ht in contact with !llolten metal; thus sands must be considerably 
more permeable to prevent pinhole porosity. 

46. The green compression strength of sands contnining cereal 
binders is reduced, and the presence of the organic binders makes the 
sand sticky, allowing it to adhere to t he putterns so that the mold 
surface is not as smooth as when bentonite is used ;,.lone. 

47. It is thus f'elt that it is not necess~ry to com;ilicate the 
green sand mix by the addition of cereal bi!lders to increase the mold 
hardness of air-dried sand molds. 

Cereal Binders ijf_k.nthetic Green Sands. 

48. It has been s ta ted previously that a large number of commercial 
green sand mixes contain one or more of the cereul type binders in addition 
to cl.s.y or bentoni te. There also appear s to be some doubt us to the 
res1tlt of their effect on the propertles of green sand. This latter 
point vw.s studied in regard to an A.F'.11.. No. 63.2 fineness washed silica 
sund. 

49. Cereal type binders fall into three classes: cereal or sugar 
by-products, the resino~s or lignone by-products, ~nd the drying oils. 
Representative binders of all these classes were studied. 

50. In an effort to ascertain the actual _properti es imparted to 
a syntheti c green sand by these materie.ls, ba t ches were mlxed containing 
4 ricr cent of the various binders with 3 per cent wu ter and washed silica 
sand of f i neness No. 63. These mixes ;-1ere tested for green pcrmcabili ty, 
green compression strength, and green shear strength. The results 
obtni~ed f rom te~tins are set forth in Table J. It is interesting to note 
that the green strength of bent::mlte fur exceeds th,,t of 1my other !iindcr. 
In the permeability test the bentonite is exceeded only by Mogul. The 
strength of Moeul, ho,1ever, was so low t hat i t fell to pieces before it 
could be t ested for compr>ession :,tr-<mgth. Bentonite may be said to hnve 
the highest perrr.e1-::.bili ty of any \'mrkable binder tested. 

51. In order to ascertain if there were o.ny advantfigN; in 
combining the binders with bentoni te, se·.rerul mixes nere made of vs.rious 
binders with bentanite at a r.ioisture content of 3 per cent. These 
r e:.mlts ure illustr.:..ted in Plnte 17. On t he left orcline..te is plotted 
the streneth of the 4 per cent bentonite .::nix ,,,ithout t:.ddi tional bi nders. 
Tbe right ordim,te shows the green coripressivc :.;trc-ngth of the various 
bindern wi thout bentonlte . The dotted line i::; the green compressive 
strength resultine from sanci-bentoni tc-3 per cent v1ater nixes in nhich 
bentoni te varied from O per cent to 4 per cent . 

52. In every case the green comprem,ion ~trength decreases us 
the orgfini c binders are nubs ti tuted partidly or wholly for bentoni te. 
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In the CB.Se of the re~;inous or soluble !:Jinders, the streogth of the 
bentonite and orgt.nic binder combined is even less than the strength 
of the ben toni te portion of the binder ,;;ould produce by i t;;elf. This 
me&nn that the uoluble organic binder not only d.oes not produce uny 
green ~trength, but it actually decreases the ~;trenith t hat the 
bentonite would produce. 

53, It has been previously ::;t&teci t hG.t organic binders do not 
improve the mold s urfo.ce. In most cuses, because cf their slightly 
sticky charn.ctedstics, they adhere to the p1,.ttern , 

54. 
(Table 4) . 
hardness. 
for 1 per 

Four .:1ixes were tested for green :.,and mold hardness 
Sand_ bonded vri th ben to·ni te hud in i~ll Cf.i.SeG the greater 

The substitution of l per cent of Bindex, a sohic lE! binder, 
cent of bentoni te reduced tho mold hardnesr~ SO per cent. 

55. The above results tend to indic&.te that the organic binders 
have little, lf uny, beneficial effect upon the properties of synthetic 
green sand. As a class, they do not increnne t he green permeability, 
green compr e0::::i on anu shec.r strengths, or green nold har·dness; neither 
tlo they improve the worka.bili tj~ of the sand or :mrfr..ce fini sh of the 
mold . 'I'herefore, it appec.rs that their presence- in a 6recn s:m t hetlc sand 
r:iix is not necessi,ry, f or they only complicate the mix. 

SUMMARY 

56. From G. :.iimplc srnd mix c onsiating of 1'1ushed silica s&nd, 
bentonite and viater, i t is possible to prep&re :..ynthE:tic green sands, 
synthetic dry sand:; and air d:ded stmds ·::i th excellent propertie s. 
The synthe tic dry s ~md is 1n·cpared by m,::rely even il::-yl ne tho green 
snnd~ 

57. It is r eco::t:::ended thr,t t he steel foundries o~!lir c t cd by the 
Nn--"J con::ider the poci.:;J";;le adop tion of syn:.hdic [ ;1;.n d.s cf Lhe simplified 
sand-ben t oni t c-•;,a ter mix. 
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Table 1 

Distrl bution and Fineness Number of 
Washed Silica Sand. 

Sieve No. 
u.s. Standard Per Cent Rekined 

6 0 0 

12 0 0 

20 0.04 o.:,o 

JO 0.26 0.94 

L,O 2.72 J.9() 

50 12.50 14.74 

70 38.44 54.90 

100 31.78 23.32 

140 11.54 l .1.,0 

200 ;i • .22 0.1() 

270 0.30 Oo02 

Pc-,n 0 .22 0.04 

A.F. A. Grain Finene:;s 
Nuµiber 63 .2 5~.9 



Mizing Method 

Hand(l) 

MuJ.led ( 2) 

Tuble 2 

Comparison of H&nd ilili.x€c1 and Mulled 
Scnd-Bentoni te- Moisture Mixef;. 

Moisture Bentoni te Perl!!_~_u)J..l-i ty 
h O, 

1.22 

lo6 

Green 
Compr ession 
Lbs ./S~In. 

(1) Sand and bentonite mixed dry and wuter added. Mixed by rubbing 
betir!een palms of hunds for five minutes. Tempered 24 hours und 
tested. 

(2) Mixed dry for 30 seconds. Water added and mulled for five 
minutes and tc:::,tecL 



Binder 

Re:·, tot:.l. te 

De:,;,lrin 

Trnline 

Kordck 

Liquid Bindez 

Glutrin 

Bind.ex 

Goulac 

Mogul 

Core oil 

Table ) 

Strengths of Binder~ in 
Synthetic Groen Sml.d.o 

Green Per~p~p~lity 

128 

91. 

95 

127 

121 

114 

126 

185 

85 

67 

/4.~ 6'7 

o.so 

1.78 0 . 62 

O.Jl 

0 ., 30 

Ver-/ l m; 



_llc.!;_t_f}nl_t_f, 

4:;~ 

J'"J 
'" 

3'.t 

3;;; 

Mold Hardne~s Produced by Vur .i..o\~G 

Binder~ in Green f;,md. 

lltJ:w.t. P;ln~rJ~ ,~~~ 

None )~t 

De:ictrin 1% 30,: ,, 

Kordek 1% 3'.~ 

Bindex 1% 3;/. 

Silica sand , f i neue L,:; 63. 2 , 

Mold Hnrdno ;:;:, 
~~.,.c,..' • -·- · ·~- --·""!! ··-

61.J 

60.() 

60.? 

30.8 
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<> THE EFFECT OF MOISTURE ON ORY COMPRESSION 
1l< STRENGTH Or SILICA SAND A.F.A. NO G3 WITH 
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