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AUTHORIZATION

1. The studics of the foreign molding sends French Chamotte,
German industrial Extru, Serman Zdelschlizhte and Cement-bonded
sond were authorized by the Bureuu of inglneering in ite letter

EF30(10-18-N) 6/15 of 5 pril 1923

OBJECTS

2. The objects of these studicc were (z) to assist the Norfolk
Navy Yard in the prunticzl usc of the cand, (b) to determine the
physlcal properties of the foreign sands und (c) to compare these
physlical properties with those of domesti: scnds.

CONSULTING SERVICE RENLHERZD TO NORFOLK :HAVY YARD

3. Upon the arrival of the shipments of the foreign sands at
the Norfolk Navy Yerd, the Laborstory was requested to furnish informe-
tlon as to the ”optimum water content™ of the cands znd the metnods te
be used in mixing the sands. At that time there were no sezmples of
the materiels wvallable and an outline of what was concidered a good
general praotice was forwurded rather than specific dutu. As the "op-
timum water content™ could only be approximated the procedure for an
easy method of dectermining the -~orrect vulue was included.

4. & reprerentutive of the Laboratory wes present during the
first triels of the foreign sunds in production at the korfolk Navy
Yard. At thet time it wes noted thit the sands in the dried conditlion
hed very low sheur and tensile strengths eznd that the zorners of the
molds ond sores crumbled budly. In &n sitempt to remedy this condi-
‘tlon & ceries of experiments werc ~ondusted using additionsl binders.
The results of thece experiments were forworded to the dorfolk Nuvy
Yeocd.

5. The physiscl propertier of the toreign cnd ceverul comestic
sands were determined wnd the rceults forwerded to the Norfolk Navy
Yourd,

6. The chemicul anelyses of the Germun +ndustrizl Ixtre and
Edelcchlichte were sent to the Lorfolk hewvy Yerd

M:_'l DERIALE &F L-L-.:.)I-

7. The metericls studled were semples of Chamotte, Industrisal
Extra and Edelschlichte chtained from the shipmentc that were received
Sl
by the Norfolk wuvy Yerd and ¢ rement bonded scend, egimilar to that

mentioned in the report by Ceptiin Loule Lthune, U.i.N., prepar&d from
wuashed siliica sund eno Portland cement. The properties of the
matericels were compzred with thore of Downer rand, o« notl ongl7y semi-
bonded sund, aad ¢ synthetle green sund oaporcd of woched silics send,
sodllotdel clay gog soregl bhinders. The lot two fands are ufed ex-

tepcively es molding metericls in thic
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HETHODE UCED I[N TEUTING

8. The standurd tests recouamended Yty the Amerizan Foundrymen's
Lecozietion were uped bo deterpine the permerbllity, compression
ctrength, cheer strength, tensile ctrength, flmeness, 2lay ~onient,
moisture content end themizel enalycic of ecch srople.

9. The zumples were prepared for testing by mulling & welighed
sample of zund snd ¢ welghed smount of water in & Fimpeon muller for
four minutes. After mulling representative samples were teken und
ellowed to "temper™ for twenty-four hours in seeled Mason jers to in-
sure an even distribution of moisture. Euch type of sand wus mulled
&nd tested with different emounts of water in order thut the lmportance
of this varleble might be demonstrated.

10. A scrics of experlments were conducted to imcrease the tensile
und shear strength of chamotte by the additlons of other binders in the
form of fines (sllict eand), raw cley, Mogul and Dextrinc. The ceresl
binders, ilogul snd Dextrine, werec added in umounts of 1, 2, and 3 percent,
the silles sand in amounts of 25 und 33-1/3 percent &nd the cley in an
Zmount sufficicnt to bring the total cley content to 20 percent. These
mixtures were mulled and tested with varylng wcter contents in the same
menner &s the chamotte and Cerman sands.

11. £ serles of test: were mede on w cement bonded send mixed in
the following proportions by weight: 90 parts of washed silica sand cnd
10 perts of Portland cement. This mixture wes mulled for four minutes
efter sdding water In varylng emounts.

12. The test specimens of this mcteriel must be prepared soon ufter
the sand s mixed,for &s this molding medlum is reslly an under-hydreted
mortsar, the mixture will harden if allowed to "temper" for eny consider-
tble periocd of time.

13. & large number of specimens were prepered und tested ot inter-
vels of 0, 24, 48, 72, 120 und 168 hours after prepurstion.

14. A synthetlc green ssnd was prepured and test in order to furnish
deta with which to compure the results obtained with the cement bonded
sand. This sand was tested in both the green and the dried stute in
order that the miximum strengths obtainable might be deternicned.

15. The compositlon of the green sund mixture was:

500 perts of washed silice sand

19 parts of bentonite (colloldel clay)
1 part of Hogul
i part of lLextrire

i/2 pert of Molasses
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16. & study wee made of the hect conductivity of the different
sands. A 6 inch diameter cphere with & 3 Inch central down gnte was
nolded in each type of sand. Thermocouples were inserted in the mold
ot distuznces of 1/8, 1/2, 1, 2, end 3 inches from the mold-metal Inter-
face. As soon as the molds were poured tempersture reudings were tuken
so that the temperature indicated by ecch thermocouple wee rccorded
once a minute. These molds were &ll poured at practicelly ths same
tempercture there being merely the short p ouring intervsl between
molds which is accompsnled by a slight crop in temperuture. Thus, the
amount of heat to be released through the fand wue practlcally the sane.
All of the molds were ldenticsl with respsct to flasks, gates, method

of remming and the like.

DISCUSSION OF TS
(¢) Chamotte

17. The synthetic cund that hus the greutest reputation in Furope
is Chamotte. This molding medium is composed ot a highly aluminous
cley thet is rossted at high temperatures to muke it very refractory.
Thle cley 1= Introduced into rousting ovens in 9 inck cubes znd is roasted
tbove 1500 degrees C whence 1t brecks into pleces uwbout the size egg coal.
ifter cooling 1t is ground to the required {ineness. For molding this cal-
clned clay fs mixed with &« raw clsy birder in the proportions of 85 percent,
by welght, of celcined cley, and 15 percent of rew cley. Upon the addi-
tion of weter 1t i sulteble for immedicte use.

18. The anclyses show thet chamotte varles somewhut. lHowever, the
thrce snalyses shown in Table « ure typlesl.

19. The point of fusion, cones feger, is usually about 34-35 (1750-

1770 degrees C or 3180-3220 F).

20. OChamottec us ready for ure is guite grunuler (Flute I). Tuls ie
beceuse the BEuropeen foundrymen prefer: ¢ csund the grain of which is 5-2
millireters in dismeter. Celecined ~ley flner than 2 millimeters In dismeter
is removed before mixing with the rzw czley. The screcn snelysls given im
Table II shows the distribution of the grein size.

21. The most important feuture in prepurirg this send for molding is
the control of the water cdditlions. If teo much water 1g sdded, the mix-
ture becomes & coticky mass which is extremely difficult to mix and very
nearly impossible to mold. Weter asdditions in the neighborhood of § to
8 percent, dependlng upon locil condltlons, sppecr to be the tezt to uce.
The mulling tlme sen be verled, of coursec, Lo sult the foundrymen's 1lkes
but four minutes oulling is sufficlent. '

22. The permezbllity is very high beirg 2000 or greater In green
stute. The dry permesblliity wus unobieinsble due to the fact that in
using the core permesbility tube the mercury ren  through the test plece.
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23. A study of chamctte uslng verying woter contents wus made and
the results are listed in Table I[II. It will te noticed that the green
&nd dry compression strengthe are very good. The green compression
strength 1s higher then that found in the averucge American naturally
bonded gand. The green sheur strength 1la feir but the dry shear strength
Is lower then that which is generully recorded for the naturelly bonded
Eands.

24. These low vulues f'or sheer snd tenzile strengths czused consid-
ersble difficulty during the first triasls of the materisl at the Norfolk
Havy Yard us shurp cornersa on molds and coree fell off and were diffi-
cult to patch.

25. In Teble [V &re shown the results of severel experiments con-
ducted to increase the tensile and shecr strengths. The udditions of
Dextrire und Mogul dld increcase the checr strength nppreclably but had
no effect upon the tensile etrength. Thether or not this lncreczse in
cshecr strength is sufficient to remedy the difficulty experienced in
molding the muteritl has not been determined us there is not sufficlient
muterisl on hand at the Laborutory to prepire ¢ large mold or core und
the Norfolk #Wevy Yurd has not stated whether or not the sund 1s now satis-
factory.

26. 1In using Mogul &s en additionel binder u higher moisture content
must be used. With too low & water content the moisture has no green
etrength end 1s entirely unsultable for molding purposes.

27. The addltion of more raw clay to the prepered chemotte accomplishod
nothing. The additions of silice esand, added on the theory that the bond
would be more uniformly spread through the sand and that the smeller grains
would tend to fill the interstlices and provide & larger bonded area, also
falled to incrense the shear or tensile strength.

(b) Industrial Extra.

~?_ . Germen Industrial Extra has received considerable mention zcs &
molc - materisl especlally for lerge cestings &nd Zuropeen foundrymen con--
sider it to be un ldesl muterial when large quantities of sund are neces-

sary.

29. German Industrlel Extra is composed mostly of quarte end chal-
cedony gralns. The smcller quartz grains eppecr to be fairly well rounded
but the laerger quartz grains snd the chalcedony greins are very unguler.
Pleces of carbon casn be seen occasionally. (See Flate I).

The product is prepured by crushing quartz &nd chalccdony to the
required gize end then edding some ~ley us & binder und pulverirzed carbon.
These conetituents are thoroughly mixed and the materiul solcd ready for the
zdditionel of the weter. The chemlesl anzlysls is given in Table V.

i



30. The scrcen analysis, Tuble VI, chows & product that ls not at
81l uniform. In fact, there does not appear to be cny attempt made to
grade the sand. Jynthetic sends £s u rule are graded so that the bulk
of the greins sre retuined on one or possibly two screens and even the
naturally bonded ssnds of this country usuelly show more graded charec-
teristics than the Germen meterial. Taoe high flgure of 26.02 percent
bond lirted for the lndustriel Extre Includece the clay bond plua the
pulverized carbon thut could be syphoned off.

31. In prepering Industrial Extra for molding the molsture content
must be closely controlled. If the cand becomes too molst it will pack
too solldly and, when dried, will be too close to sllow gases to escape.

The properties of Industricl Extra were obtained with varying
water contents and are reported in Teble Vii. The resulte lirted in
this table indicate that the 7.5 percent weter content gives the best
results. Tests with higher percentsges of wuter were not conducted as
the sand with 7.5 percent wuter "balled-up”™ badly &nd wes rather diffi-
cult to mold. A water content of about 7.0 percent would be better for
molding purposes.

32. In the testing of most sands un increase In moisture content
ucsually brings wbout a decrecre in the permeability. It les interesting
to note that as the weter content incrcases the permeability of the
Industrial Extra incresses. This is due to the "balling™ action which,
though not perceptibly noticeeble until about 7 percent of wezter is
added, 1is present even with small additions of water. When the sand
is screened small bells, approximately the size of the mesh used, wre
formed. The remming &ctlon exerted by three blows of the stundard ram-
mer is not suffliclient to force these &gglomerates together und as a re-
sult large &ir epuces ure present between them und &n unusuelly high
permeability reading is obtained. If, however, harder remming is re-
sorted to, such us would probovly be uced in 2 molé to insure & good
surfuce on the casting these interctices czre ~losed and the material
i1s &lmost impermezble. For this reason, and the frct that with a high
water content the materirl is very stlcky and slmost impossible to mold,
the water content muct be “losely controlled.

(2) Downer Se&nd.

33. It wes thought advlseble to lneclude a good, nuturelly bonded,
tmerican ssnd in order that & more complete comperison of the physical
properties of the German I{ndustrlal Extra e¢nd the Chamotte might be
obtuined. The sand selected mes & semi-bonded Downer scnd which is used
for dry sund molds at the Iuvel Research Lsborutory and &lso &t the Naval
Gun Fuctory. Thls sand cem be used in the condition in which it Is re-
ceived but 1lts properties cun be improved by smaell additlons of cerezl
birders and ruw clay.

 34. The screen analysls of the Downer sand 1s given in Tsble VI
end I1ts phyeslcal propertlies ere listed in Table VIII.



35. 1t will be noted that the permecbility of the Lowmer sand
is conslderably less than that of the Chamotte and slightly less
then that of the ndustrial Extra with 7.5 percent moleturc. The
green compressicn strength of both of the foreign sands 18 also greater
than that of the American materisl. The outstanding feature is that
the Downer cend hac higher dry shear and dry tensile strengths. It
was the lower veluecs of dry sheer und tenrlile strength found in the

foreign sands that caused the molding diffirulties in the trlals at
the Norfolk Nevy Yerd.

(d) Edelachlichte

36. Edelschlichte is a prepared mold wash to be used in conjunc-
tion with the Industrisl Extra. It ls composed of fine sillea send,
cley, and pulverized carbon .

The chomical snalysis of this material is given in Table IX.
It will be noted that the totel of the analysis given is considerably
greater than 100 percent. This 1s due to the fact that "totsl vola-
tile matter” and "carbon™ are In a manncr duplicate analyses. Thet
is, the "total volatile matter® minus the "carbon® is equsl to the

volatile inorganl and organic matter plus the wster not driven off
at 105 degress C.

37. The screen analysis, Table X, and the photo-micrographs on
Plete X indicate how fine the material is as compared to ordinary
molding sands.

38. This mold wash is prepared for use by mixing with enough
water to bring it to the consistency of porridge. DBefore using the
mnixture must be well stirred. It should be painted on the molds soon
after the pattern is removed. The molds are then dried at & tempera-
turc of from AL00-500 degrees C. A cecond coct of the wush 1s ep-
plied after the molds are drled and while they are still werm so
that the molsture will cvaporate. The molds should not be too hot
as then the wash will crack and may break off. If little cracks ap-
pear after drying they should be couted with Edelschlichte and peollished.

(e) Cement Borded Sand

39. A more recent additlon to the 1ist of Europesn molding
- materianls is cement bonded sund. This saund 1s & mixturc of washed
sllica sand, & good grade of cement and water.

40. Care must be exercised in mixing thls type of sand as the
water content must be closely controllad. All of the physical proper-
ties of the sand depend almost entirely upon the amount of water
present. The length of time cllowed for elr drylng ulso affects the
physicsl propertles to some extent.
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of but 1120 degrees F, and that only efter twenty-five minutes have
elupsed. The thermocouple ut 2 and 3 inchez show 2 maximum of 200
throughout the recorded interval. The heet transference of tanls sand
is exceptionally low and this condition must be due entirely tec the
type of bond used. A comperison of this dats with thet obtained with
the greon sand mold will show thut the temperztures indicated by 1/2,
1, end 2 inch curves of the green sand mold &re considerably higher
than those of the cement mold. The 1/8 inch curve of the green sand
mold never attains the maximum recorded on the cement bonded mold.
Since the sand used as ¢ bese, & washed sillica sund, wus the same In
each case, thne difference In thermal comductivity must be dus ic ths
bond used.

51. In compering all of the heat transference curves it ls ob-
served thezt the Chamotie has the highest rate of heat transference
and the cement bonded the lowest, of the sands studied. The order of
heat transference iz as follows:

(1) Chamotte

(2) Downer Sand

(3) Industrial Extra
(2) Green Sand

(5) Cement-bonded Sand

52. The laportnnce of the rete of heat transference in sands is
not thoroughly known. It has been shown, howevor, that the slower a
casting cools the better physical propertles it will have regurdless
of the following heet treatments. it 1s also known that casting solidifi-
cution depends upon the rate with which the sand conducts heat, but how
importunt a part 1t plays with regard to the rate of skin formation, hot
tear formatlon tnd other p hysical metuallurgizal characteristics of
solldifying steel, steel castings hes not been definltely dctermined, as

yot.



TAELE 1

c ALYSES OF

Percent Percent Percent
A103 37.50 31.75 42.69
$105 56.46 63.50 3,.78
FeO, 2.5 2.15 1.15
Ca0 0.5 Trace 0.15
g0 0.8 1.0 0.17
7,0, 1.8 1.17
Nazo 0.25
K20 0.45
TABLE II
SCREEN ANALYSIS OF CAMOTTE
Screen No. Percent Screen No. Percent
6 0 100 1.09
12 20.2 150 .70
20 54.3 200 .60
28 4.3 270 46
35 1.56 -270 .70
L8 1.01 Clsy bond 14.3

65 l.m



TABLE III
PYSICAL PROPERTIES OF CHAMOTTE

flater Content

Test ‘ 5% 6.9% 9%
Permeability
Green 2450 2000 2000 ce/min
Dry unobtainable
Compression
Green 15.3 16.1 7.6 1bs/
sq.in.
Dry Beyond Scale or +93.5
Shear
Green 1.0 1.3 0.6 1b§/
8q.1in
Dry 5.6 6.3 8.3 »
Tenzile
Dry Nil Nil Hil "

Sintering Polnt 1100 degrees Centigrade



TABLE IV
PHYSICAL PROPERTIES OF GHAUDTTS AND CHAMOTTE PLUS SILICA SAND OR ADDITIONAL BONDING MATHRIALS

Percent Permeability Conmpression Shear Tensilc
Composition of Mixture age ee/min. 1bs/sq.in. lbs/sq.in. 1bs/eq.1in
Moisture Grgen Doy  Groen Dxy Grgep Doy S, .
Beyond Scalo
Chamotte 6.9 2450 # 16.1 +93.5 1.3 6.3 0.3
Chemotte 758, Bayond Scale
gilica sand 25% 7 850 492 6.7 +93.5 0.4 12.5 0.2
Chemotte 66-2/3%, '
=1lica eand 33-1/3% 7 710 92 7.4 93,5 0.3 9.2 Nil
Chamotte 99%,Dextrine 14 6.8 2450 #* 8.2 +91.5 0.5 14.9 0.2
Chamotte 98%,Daxtrine 2% 7.2 24,50 " 9.9 493.5 0.8 15.4 0.2
Chamotte 97%,Dextrine 3¢ 6.6 2000 * 10.3  493.5 0.83 23.2 0.3
Chamotte 99%,Mogul 1% 10.1 2000 # 5.5 +93.5 0.4 12.2 0.6
Chamotte 98%,Mogul 2% 10.4 1200 s 5.9 493.5 0.6 12.% 0.3
Chamotte 97%,Mogul 3% 9.95 850 # 6.2 493.5 0.2 11.5 N1l

Chamotte plus additional
raw clay to make total
clay content 20% 6.7 2000 # 15.9 493.5

(]
(=]

8.3 0.2

® The dry permeability was unobtainable with the core
permeabllity tube &s the mercury used as & seal ran
through the spscimen.



-~BLE ¥

GHEMICAL ANALYSLS OF INDUSTRIAL EXTRA
Totel volaet:le matter 5.61 %
S102 72.50
A1203 19.75
Fe203 1.59
Ca0 1.11
Il90 0.00
TABLE VI
SCREDY AMALYSIS OF INDUBTRIAL EXTRA AND DOWNER SANDS
Sieve No. Industrial Extrs Downer
Percent Percent
Retained on 6 5.32 0.0

12 11.24 .10

20 8.24 +71

30 3.22 1.89

40 3.02 6.33

50 3.72 15.54

70 15.20 S 3.4

100 11.76 32.23

140 2.3 4.66

200 2.12 ' .65

270 1.40 40

-270 6.04 45

Clay bond 26.02 4.63



TABLE VII
PHYSICAL PROPERTIES OF INDUSTRIAL EXTRA

i

Test 4 5.5 7.5%
Permesbility

Greon 36 48 97 cc/min.

Dry L2 61 JN =
Compression

Green 16.9 18.8 15.4 1lbs/

£q.1in.

Dry Beyond senle or 93.5 "
Shear

Green 1.4 1.5 1.3 ™

m 7-5 9-9 21'3 y
Tensile

Dry N1 .18 30"

Sintering Point 1000 degrees C.
TABLE VIII

PHYSICAL PROPERTIES OF DOWNER SAND
water Content 5.57%

Permecbility

Green 70 cc/min.

Dry 87 *
Compression

Jreen 3.1 1bs/sq.in

Ory 29.5 r
Shecr

areen 0.12 "

Ury 29.5 .
Tenslle

Dry 2.87 *

Sintering Point 1100 degrecs C.



TABLE IX

CHIMJICAL ANALYSIS OF SDELSCHLIGHTE

Total wolatile matter, percent 13.84
Carbon 11.00
5102 45.62
Al203 38.90
Fezo3 1.69
Ca0 1.50
g0 0.00

TABLE X

SCREEN ANALYSIS OF EDELSCGHLICHTE

Screen No. Percent Screen No. Percent
20 0.0 140 9.36
30 0.06 200 10.08
40 0.2 270 6.18
50 1.02 -270 23.00
70 4.4 Bond 35.00

160 10.6



TABLE XI

Hours elr dried
Permecbility cc/min
Compression-1bs,’sq.in.
Tensile - 1lbe/sq.in.

Shezr - 1lbs/sq.1a.

Eours gir dricd
Permeabillity - cc/min.
Compression-lbs/sq.in.
Tensile - 1lbs/sg.in.

Sheur - 1bs/saq.in.

Hours air drled
Permeability
Comprecaion - lbs/sq.in.
Tensile - 1bsfsq.in.

thear - 1bs/sq.in.

Moisture 725

o} 2L 48 72 120
87 g7 102 102 100
1.4 Beyond scale

193.5
Ni1 92 1.53 1,93 1.50
Nil 47.75 62.5 63.2 06b.4
Wolsture 9.9%

0 24 .8 72 120

52 56 58.2 61 57.9
P Beyond scale

+93.5
Nil 1.45 2.23 2.32 2.06

168
100

1.46
61.9

168

63.3

2.63

N1l 55.7 6%5.9 Beyond scale
+73.5
Yolsture 11.6%
0 24, 48 72 120 168
2c/min 28.6 34.6 36.6 34 37.3 41.3
1.3 beyond scole
%3 -5
Nil i 2.0 2.1 1.76 1.83
Nil 34.3 632.1 67.7 70.3 70.9
TABLE XII
PHYSICAL PROPERTIES OF GREEN SAND
Water Content 4%

Test

Permenbility
Compresslion

cheor
Tensile

dreen Stete Dried State

173 219 cc/min
3.5 Beyond scale

+93 ® 5 1“/5(11“ .
Nil £40.7 "
Nil 0.8 n
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