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Several tests used in the manufacture and testinz of gelatiniged
corn flour binders have been discussed and investigated. Tentative linmits
for specifications have been suggested where the test seets approprizte, It
should be pointed out that as more is learned about these materials it may be
necessary to change certain limits and add or eliminate tests,

In using these materials in the foundry the importance of using

welght measurements instead of volume measurements camnot be over-emphasized
because therc are large differences in density between various brands,
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Authorization

N Studies of gelatinized corn flour binders were authorized by Bureau
of Ships letter QP/Castings (692-336) Lo NREL of 28 December 19k,

Statenient of Problem

2a Many brands of ‘gelatinized corn flour are markebed for use o5 binders.
in foundry molding sands. The densities of these binders vary between wide
limits and other propertics also vary considerebly from one manufacturer to
another. Since folindrymen frequently use such binders on a volurnic basis and
cveluate the quality of the resulting sand mixtures enpirically, wide vari-
ations in sand performance may be obtained by changing from oiie corn flour
binder to another in the samc shop, This fact and a genercl lack of lmowledge
by foundrymen of the properties of gelatinized corn flour has led to the
practice of specifying thesec binders by brand-naie. Such a prectice is satis—
factory in comuiercial foundries but diffioculties arise in Haval foundrics or
siniler shops where materials must be nurchosed on bid,

M Therefore, the problem vas that of determining (1) the causes of
variation in the performance of sands bonded with different corn flour binders,
(2) what tests are suitable for Predicting the perforiznce of corn flour bind-
ers in nolding sands and (3) within what limits it is necessary to hold the
properties as defined by such tests to cobtein molding sands with uniforn and
reproducible characteristics.,

Knovm Facts Bearing on the Problen

Lia Very little is kaomm about corn flour binders axcept for the practical
information developed as a result of their use in the foundry over a period of
nany years. They are used both in molding sands and in core sand riixtures,
Vorictions between vorious brands of corn flour when used in molding sand are
noted as diffrerences in sand texture and in the green and dry corpressive
strengths of the sand nixtures, The green compressive strength imparted to core
sands by the corn flour binders is not knowm befausc no nachine sensitive encugh
to moke this test has been ovailoble in the sand laboratory.

5 4S8 a prelininary step in the study of corn flour binders, the lab-
oratorics and plants of two preducers, the Corn Products Refining Company at
Argo, Illinois and the Illinois Cereal Hills at Paris, Illinois were visisted
to obtain inforrmation concerning laboratory procedures and product control
licthods, A report of the findings is included in Appendix A, Appendix B is
o description of leboratory procedures employed by the Corn Products Refining
Company .

Fxperimental Work

5. One hundred pounds of cach of eight brands of gelatinized corn flour
were purchasced for tests at MRL, They included:
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"Amerikor" - Chas, 4, Krause, Milwaukee, Wis.

"Ceres" - Illinois Cereal-iills, Paris, I11,

"K~B" - Knefler-Betes Co,, Indianapolis, Ind,

"M~H" - Miner-Hillard Hilling Co., Wilkes Barrc, Pa.

"Hogul" - Corn Products Refining Co., Args, Ill,

"Penco" - Pennsylvonia Foundry Supply Coe, Philadelphia, Pa,
"Rex" - Patent Cereals Co,, Geneva, New York,

"Truscor" ~ Chas, fA. Krause, Milwaukee, is,

s - VWhile this list does not include all producers, it represents both
heavy and light types of binders and the nroducts are believed to be repres-—
entative of those of the industry as a whole,

8e All binders werc tried in the steel foundry focing sand in use in

the NRL foundry and the substitution of the test binder in place of thot in
regular use was not detected by the molders cnd no chonge in rosults wos noticed,
The binders were uscd on o weight basis rother than on o voluric basis, This is
inportant because the substitution of a light binder for a heavy binder on a
volunie basis will producc pronounced changes in sand propertics,

g. All binders werc subjected to chemical and physical tests, The
nethods of onalysis recomended by Corn Produets Refining Co., .ippendix B, were
uscd for the chemical tests, The chenical tests were made on the corn floup
binders as received., The physical tests werc made on o 3,000 gram batech of
scnd containing 1,05 of the corn flour under test and 99% of No, 80 Hew Jersey
washed silica sand on o dry basis; water was then added to vroduce o meisturc
content of L.0%. The ingredients were mixed one minite d v and five minutes
wet in a Simpson 1€ inch laboratory miller and tronsferred tc inson jors which
were scaled until the tests were made, Dry specinmens were boked for two hours
ak 105°C. to 130°¢. (22008, %o 229°F.) in an oven with foreed cir circulation
and were cooled to roon tampercture in a desiceator bofore testinge The re-
sults of these tests arc shovm in Table 1.

10, Green strength is onc of the most importent nropecrtics of a corn
flour binder, particularly when it is used in core sand mizxtures, However,
none of the test rachines in general use in the foundry sand control labora=
torics hes adequate sensitivity for measuring green strength ot very low
strength valucs, For this recson, very little is known about the green strength
of cores and, until sueh machines are riade and used it will be irpossible to
specify green strength of corn flour binders, Ir. Bulfer of the Corn Products
Refining Company at argo, Illinois designed a shot loaded coipression testing
mochine for testing compressive strength at loads from 0.5 to 2 1lbs, per squore
inch, although the Corn Products Refining people belicved thot the design of
the machine was good, it was said to hove insufficient sensitivity for accurate
testing, It was sent to the sand lcboratory -t NRL for trials. Officinls of
the commeny stated that any necessary chonges in the machine could be made and
thot the nmocinine could be freely used it if was found to-be of volue zs o sand
testing rmachine,



Tk The rachine was tried and found to have too rmch friction in its
noving perts, particularly the counterweight arm and the vertical plunger. The
counterweight was reroved compleotely and a new method of supporting the vertical
plunger was designed, It consists of two V grooved wheels, mounted vertically,
one cbove the other., The vertical plunger is held in the V grooves of thesc
wheels by a third wheel on the opposite side of the plunger. The third wheel has
a flat foce and is mounted on an cccentric shaft which poermits it to be held
against the side of the plunger with any desired pressure, The whoels are all
rnade with .a.tire pressed over an enclosed type ball bearing. This arrangement
periits the vertical plunger to riove up and down with o rinirun of friction but
it restricts all lateral novement., One other change wos riade in raising the
plunger support and shot reservoir hizh encuzh to perinit the specimen and the
stripping post to be inserted togother. This makes it possible to strip the
specinen and place it in the testing machine without touching it by hand. Since
Soile specirens arc very weak ond fragile this is a zrect irprovenent over the
original mochine., A sketch of the machine is shown as Plate 1., A duplicate of
this machine is being made for the sand laboratory at NRL and the originzl ma-
chine, including the irproveanents will be returned to the Corn Products Refining
Corpany. The machine nay be copied by any interosted partics and blueprints can
be obtained from MNRL.

12, In a short test to detcrmine the reproducibility of results and the
sensitivity of beth the mochine furnished by the Corn Products refining Company
and the new rachine made at HRL, six tests were made on coch rmachine from the
Same sand rixture. These tests gove arithmetic mean values of 0,705 and 0.492
pounds per square inch for the old and new machines respectively, with stancard
deviatlons of 0.028 and 0,017 pounds per sguare inch.

13 The original machine with the revisions nade at MRL wos used for the
tests shown in Table 1. The weight of the plunger, cup-suppert ond top coi-
pression head was considercd 25 dead or initial load, The cup and the shot con-
teined in it was considercd as live load and was weighed after cach test. Live
ang cdead load were added and converted to pounds per scuare inch on o standard
two inch specimen by the graph showm on Plate 2,

1h. Various discussions have indiceted thrt stress strain neasurcnents
rmight give considereble information regarding the differences in performance of
different binders. In order to investigate this possibility the green strength
nachine was cquipped with an jmes dial for nmeasuring strain, The rate of loading
of the nachine wes neasured and found to be constant os shown by Plate 3. This
nade it possible to meosure stress by means of the tirie elapscd after the start
of the test, A novie cancra was focused on the apparstus during the tests so as
to show thc specimen, the imes dial and a stop watch, This is illustrated in
Plate Lo Data for stress strain curves were read fron the £ilm and eneoof the -
curves .is shown as Flate 5, Ailthough scme differences in the curves were found,
no practical interpretotion of the results could be mnde and the strain neasurc—
nents have been discontinued,



15. Dry strength mecsurciients on send containing cerccl binders are very
irportant but there is considersble confusion over rethods of oo surenent
Tensile tests on briguettes are used as well as bending tests on a 1" square
bar 8" long., The valucs shown in Table 1 are compressive stréensths on 20 dia-
neter x 2" long cylinders broken in a Corver laborotory press. The Carver press
is of 2 suitable size and capzcity for conpressive strength “tests on baked sands
anc. cores but it is not as sensitive and accurate ss it should be for this
purposc. Dietert's Type CP universal sand strength machine, even with the high
strength attachuent is not strong cnough to break the average boked core,

Since green and dry sands arc tested in compression it is believed thot cores
should also be tested in compression on the same size of specinen so that re-
sults will be corporable, Tests such as bending or tension reouirc specinens
which are more difficult to meke and hove little corrolation with conpressive
strength test results, 4 sketch of the hoads used in the Corver press is shown
as Plate 6, Thc upper head is pivoted so it may rotate to insurc oxinl loading,
The botton head provides a flat surfoce to held the speeinien and the flanges on
the cup serve to catch the sand ond broken picces of the specinen when it fails.

Test Results

Tbs The significance of the varicus cherical and physical tests made and
the range of the results arc discussed below. Where the test is suitable for
purposes of specifications, limits arc recormended. The volues sugzested arc
tentative and may need to be revised ~fter the specification is tried in actual
usc,

2% 4 corn flour is used in a molding sand or corc mixture for the physical
propertics it imparts to the eggregate such as green strength, dry strengsth, and

proper texture. Therefore, the chazicel and physical propertics of the corn
flour are useful in o specificotion primerily te insurce constant quality of
the procduct.

18. Hoisturc content which wos in the range of 5.5% to 9.6% for the cight
binders testod will also vory with hurdidity., If the woter conbent is too high

the user pays o high price for the usable bend,as nurchose is nnde on o welzht

basis. High water content moy cause hardening or caking and cherical deterior-
ation, 4 maximum of 10% is recormended,

19, 48h content of the eight binders tested ranged from 0.27% to 2.39%
with seven of then conteoining less than 0.42%, The ash test detcets the prescnce
of any earthy or cley miterials which nay be used 25 adulterants te increase
weight. 4 meximun of 1,07 is recommencded and it seems proboble thot Binder E
can be produced to meet this specification since the others are all well below

l. O;—:?l

20, The soluble naterial wes determined on o dry besis. Values roange from
©10,2% to 23,9%. This test shows the relative ancunts of insoluble starches and

Soluble components such os dextrincs. If the scluble moterial is high the bind-
er tends to migrate te the surface of 2 mold or core as it drics which makes the
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surface hard and leaves the center rclatively soft, If the soluble moterial ds’
low, dried molds and cores will have gbout the same hardness all the way through,
In mony foundries, dextrine is added to the mixture when-surface hardness is
desired, and, when used with the less soluble corn flour, permits very sood
control, Limits of 10% to 25% cover 2ll of the binders tested and scen to be
adequate for specifications, If 2 binder with a high solublc content is used
the sond mixture may require more corn flour and less dextrine then a binder

in which the percentoge of soluble material is low,

21. The water absorption test indicates the amount of $welling which takes
placo in the binder when it is mixed with an excess of water. It is cxpresscd
+in milliliters per granm and for the binders tested ranged from 8,2 to 1i.7
milliliters per gram, The significance of this test is net lmown, but it moy have
a bearing on the texture and sponginess of the molding and core sands precuced.,
Some mixturcs, especially those high in cereal bincder, arc known to swell con-
siderably after they are rammed, Linits of 8% to 12% arc suggested for spec-—
ifications. '

22, The pH value is ceotorimined on a 1 to 20 mixture of binder and water and
is used.in controlling the manufacturing process but its significance in sand
mixturcs has not been thoroughly investigated. It is Mnovm thot Western ben-
tenite, used in nolding sond wmixtures, is basic and that the addition of acid
materials to the nolding sand usually tends to reduce the green strength of the
naterial. The binders tested ronge from 4.1 to 6,3 in pH and limits of 4,0 to
8¢5 arc suggested as miniiun ond meximun for specifications,

284 The pretein test moy be useful as a monufacturing c¢ontrol but its
bearing on the use of corn flour in sand is not yet apparent. The binders tested
renged from 6.5 to 8,2% protein, The test may be useful, however, in controlling
the reproducibility of physical properties of the sand mixtures ond lindts of-

5 to 10% are suggested.

2L, Density of corn flour binders varics over wide limits depending on the
brand and on the method of measurcient. In the loose or unpacked condition the
values ronge from 0.1632 groms per rmilliliter to 0.5160 zroms per milliliter.
These data were oblaincd by passing the corn flour throuch o 6 mesh sieve and

a funnel into a 100 milliliter gracduatc. If the corn flour is packed by tapping
the botton of the graducte on the top of a table until no more compaction appears
to. take place, the range incrcascs to 00,2983 grams per milliliter and 0,8130
grams per milliliter, or necorly twice the original values, Teblce 1 shows the
average density of loose and packed binders as well as the weight in pounds per
cubic foot corresponding to the average density.

25, Since the variction in density is so large and since 21l of the prod-
ucts which were tested scemed to be satisfactory in the foundry tests, it is
believed that density should not be a criterion for accepting or rejecting a
corn flour bincer. If specificctions for this property arc desired they should
ronge fronm a ninimun of 0,220 to o moxinum of 0,700 grams per milliliter for
the average censity. Thesc correspond approximately to 14 and L4l pounds per
cubic foot respectively.
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26 4 Ypaste test" is sometimes used to indicate the quolity of gelatinized
corn flours, When 20 grams of the corn flour is mixed with 160 milliliters of
water the resulting paste will vary in consistency from thin to very thick. The
thick pastes appear to be thixotropic and will support a glass stirring rod in a
vertical position almost indefinitely, An effort was made to obtain Some quan-~
titative measurement of the consistency of the paste with the slurmp test and with
the Gardner liobilometer but the results have not been very sctisfoctory. Pastes
made from the eight binders tested ranged from thin to thick but no correlations
could be feound between the paste and the strength developed in sand mixtures,

20 Green compressive strength values, deterrmined with the machine des-
cribed above, ranged from 0,781 to 1,012 pouncs per square inch, ilthough equip-
ment for me:suring this property is not now generally available and the test
cannot yet be used in specifications, it is very important and should be included
as soon as the necessary mochines con be made. Since green strength is necessary
in a core to hold it togcther during handling and drying and to promote clean
drawing of core boxes and since the organic material in the core should be kept

as low as possible to avoid excessive formation of gas, it is obvious that binders
of rcasonably high green strongth should be used,: 4 minirmn valuc of 0.75 poundg
per square inch is rccormiended as o tentative specification and it may be possible
to raise this value after the test has been in use,

28, ry compressive strensth values were determined on the Corver laboratory
press as described above and cover She range from 225 to 465 pounds per square
inch, Dry strength is instrunental in maintaining dimensional stability and in
preventing erosion of the sand by the molten metal, Here again, high strength

is to be desired in order to produce adequ:te dry strength with 2 minimum of
orgenic or gas forming moterials, A minirmum of 225 pounds per sguare inch is re-
comnmienced as a tentctive specifiection,

Conclusicns and Recommendations

29 Density of a gelatinized corn flour is not an indication of its quality
25 2 nolding sand binder. Howgver, to obtain censistent performonce of molding
sands bonded with various brands of gelatinized corn flours, mixtures rust be
conpounded on a weight basis,

30, The usefulness of gelatinized corn flour binders is not impaired by a
considerable variation in their properties as determined by known methods of
cherical testing, (Limits of these properties are suggested in the bedy of this
report ), :

31, Green compressive strength and dry compressive strength of simple sand
and gelatinized corn flour mixtures can be measured with sufficient accuracy
and reprocucibility to detecriiine the effective bonding capacity of such binders.

32 It is recommended thot tentative specifications for the nurchase of
gelatinized corn flour binders be prepared on the basis of chemical tests which



define the limits of certain properties as established by the experimental work
described in this report. Green and dry compressive strength tosts are recom- -
mended for inclusion in such specifications as socon as the neceasary machines
can be made or obtained.

33 It is further recommended that emphatic instructions be given to the
uscrs of gelatinized corn flour binders purchased under Naval specifications
regarding the importance of compounding molding sand mixtures by weight rather
than by veolunme,

Bl - Although No. 80 New Jersey sand was used for the tests described in
this report, it is recommended that AFA standard sand be used for acceptance
testing in order to keep the test conditions constant and moke the results of
different laboratories comparable,



APPENDIX A

MANUFACTURING PROCEDURES .ND CONTROL METHODS FMPLOYED FOR THE
PRODUCTION OF GELATINIZED CORN FIOUR BINDERS

i The plents and loboratories of the Corn Products Refining Company at
Argo, Illinois, and the Illinois Ccreal Mills at Paris, Illinois, werec visited
to obscrve plant operation and methods and to discuss tests which might reveal
the quality and suitability of varicus corn flours for usc as foundry sand
bincers,

2. The Corn Products Refining Cempany produce a wide varicty of starch
and dextrine products, Their foundry corn flour, czlled MHoguwl", is only one
of the preducts derived from the wheole corn grain and its sropertics are af-
fected by the faet thot the plant is run on the "wet process!', This mcans
thot the corn grains are soaked or "stecped!" in a one percent sulphur dioxide
solution as the initial step in the refining process, The grains arc then
coarsc ground and passed through a separaticn chamber where the germ floats to
the top and the starchy part of the grein sinks to the bottoms The gern is
subseguently sceparated intc eorn oil and 2z pulpy residue hish in protein which
is used as feed for farm animals, The corn cil is purificd ond forms ccoking
oils such as "Mazela" and is alsc used in othoer products.

3. The starchy part of thegraim is ground slightly finer anc passed
through silk screens which rcmove the hulls, The starch is then filtered to
reriove woter and dried in o lerge rotating dryer from which it cmerges with a
woter content of 38 to L2 percent. This materizl is then fed into a gelatin-
izing opporatus which consists of a pair of large stecl rolls, about three

feet in dianeter and four feet long, mounted horizentelly and ot the same level.
They are hezted with stcam. The rolls move downward ot the peint of contact,
squeezing a layer of paste over both rolls, This paste is dried from 38 percent
to approximately 8 percent watcr by the heat of the roll ond, as the roll re-
volves, the paste is scraped from it by a staticnary knife, och pair of rolls
produces abcut 500 pounds per hour of the dried material which is in the fomn
of large sheets. This moterial is then ground and passed throush a hommer rill
fron which it omerses os the finished product, .t this point it is put in bags
and weiched, )

lie 4 blender is uscd to mix the corn flour with ony desired amount of
dextrine as required by some customers on specizl crders, Bleading is done
on only a small percentoze of the orders,

Se The process cutlined above is shown very bricfly as o flow diagram
in Plate 7.

0 ¥Mr. W, J. Laubterbock, Chief Chemist at Corn Preducts Refining Company,

presented most of the members of his staff including iir, Valeontine wiho acted
as ruide for a tour of the plant and the control laborztory.
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7o Tests made at the laboratory with recommended valucs are:

Heisture 11% maxirum
Soluble 8-13%
Ash +35% mosrirmn
PH h=5
Protein 5=-10%
ibsorption ' 10% minirmn
- Weight per cu, ft, 37 1lbs, minimum
Green Compression 050 PoSels
Dry Bond 9 1b., load in speccial transverse

testing machine

8. Recormended methods of analysis as practiced by the Corn Produtts
Refining Company are included as Appendix B, Although the procedure for
determining moisture outlined therein specifies vacuun drying for four hours

at 120°C. (2489F,), Mr. Louterbach staoted that very nearly identical results

can be obtained by atmospheric drying at 110°C, (229¢F, ) for four hours or at
155°C, (311°F,) for fiftcen minutcs, For the ash determination, the procedure

has becn chenged slightly from that given in Appendix B. The platinum crucible
containing the sample is placed directly in an electric furnace at 700°C,(1292°F, ).
lir, Lauterback belicves thot gradual raising of the temperciure is not necessarya.

Q% High density distinguishes logul from nost of the campetitive products,
It weighs 38 to 43 pounds per cubic foot while most other corn flours weigh from
18 to 22 pounds per cubic foots A4 test for density in grams per milliliter made
by sicving the corn flour into a container of specified cdimensions, striking off
level with the top and weighing, would be very desirablc,

10, Green ccrmpression tests are made on specimens preporcd from a mixture
of sand, binder, and watcr, Three thousand groms of graded Ottaws sand are

used, with 32 grams of corn flour and 120 milliliters of wateres The sand and
corn flour are mixed dry in a Simpson 18 inch loboratory rmller for 30 seconds,
The water is then added and mixing is continued for four additional minutes, The
mixture is then discharged into a metzl container which is scaled and allowed
to stand for 30 minutes before testing is starteds. Three 2 inch by 2 inch
cylindrical specinens were tested during the inspection. 4 very old spring type ~
sand testing mochine was used and values of 0,55, 0.55 and 0,55 were obtained.
ilr, Lauterback thought that the values werc expressed o5 pounds per square inch,
The nachine is not beliceved to be sensitive cnough for testing sands of such low
strength,

i L The dry bond test is performed on 1- x 1- x 8=« inch bars made in an
aluminum core box from the sand mixture described aboves The core box and
hopper are filled level full and rammed with ten blows of the standard rarmer,
The hopper is removed, the top is struck off, the corec box is rcmoved so that
the cores arc supported on 'smell plates, They are oven dried for two hours

at 105°C, to 110°C, (221°F, to 229°F,) after which they are air cooled one hour

o-g.-



and stored in a desiccator onc hour, The cores are then broken in a bending
machine on 6 inch centers. This machine is shot loaded ond is believed to be

o type made about 25 years ago by Campbell or Grubb, The lever arms involved

arc not known and the bean formula is not used so the unit stress at the breaking
point cannot be caleuleoteds “The values reported cre simply the weight of the

shot and rcceiving cup which, for tarce tests uade during the visit were 13.8,
13.3 ond 15,8 pounds, 4 nhore modern test giving compressive or tensile strength
in pounds per squarc inch or even a bending test in which the rcsults are computed
to stress in pounds per square inch would be much mere desirable,

12, The one te eizht pastes test is used and is belicved to be an index

of the cmount of gelatinization thot has ocecurred., It was indicated that a good
binder for foundry sands should moke a medium to thick paste when 20 groms of the
bincer is mixed with 160 milliliters of water. The poste is mixed in an ordinery
woter glass with & gloss rod, 4 thick pastce wos described o8 one in wilch the
roc will be held erect by tiic paste and a thin paste is cne in which a collar of
water is visible at the top of the naste after it has been allovwed to stand, All
internediate stages were described as nedium pastes. Thils test appears to be a
good index of the condition of the binder and if worked out aos a viscesity or
slump test might be useful,

13. The I1llincis Cereal ifills, Inc, at Paris,; Iliinois, is'a smller plant
and grinds about 30,000 bushels of corn per day compared with 93,000 bushels per
doy at the Argo plant of the Corn Products Refiningz Ces . larger propertion of
the grind, however, joes into "Ceres", the corn flowr bincer made at Paris, so
the anounts of corn flour binder procduced ot the two plants are of the same order.

1L, The I1llincis Cereal Mills use the so-called "dry process", The shelled
corn is cleaned with air and then "tenpered!" to a watcr content of about 23 per-
cent, The 1oist corn i1s heated to drive the moisture into the grains after which
it is cracked in a mechine consisting of a fixed cone with 2 rototing cone insice.
is the grains ore caught bobween the teeth of the twoe cones they are craclzed and
the germ is split fron the starchy part. The gerams arc seporated by sieving ond
arc put throush a hot press to reotove the corn oil. The romaining pulp is uscd
in cattle food and the oil is filtcored and sold to cther monufacturers.

X5, The starchy part of the grain is ground and sclatinized on hot rolls as
at the irgo Plant. 4t Poris, howevor, there are several diffcreonces in equipnent
and process, The corn cnters the rells at a weber content of cbhout 19 percent
(compared with 38 to 40 percent ot irgo)e The rolls are smll (about 24 x 30
inches long) and travel ot o higher speed. They arc heated with gas instead of
stcail, The roll tempercture is about 600°F, and the pressurce between the rolls
is sbout 18 tons. 4t this plant, thercfore, gelatinizotion is procuced by a
shorter, hotter process from o dryer sterting mixture than that used at Argoe

The resulting product hes o water contont of about 8 percent, It is ground, put
through a harmicr mill, besged and weighed as before. Ceres hos o censity of

asbout 22 pouncs per cubic foot compared with 38 to 43 for logul,

-10-



16, Test equipment 2t the control laboratory of this plant is not very ex-
tensive. Therc are two rapid moisture testers, a glass for the paste test, a
small balance, & rotap sieve shaker and a small set of testing siceves, Moisture
tests at various steps in the opcration is the priacipal mcthod of checking the
opcration of the plant,

17 The company has a small research laborotory operated by Dr. Willisn F.
Henry. He uses niethods and tests very similar to those in use ot frgo. He uses
a funnel in measuring the viscosity of corn flour pastes. The tine in seconds
required for 50 milliliters of paste to pass thru the funncl into a graduate is
teken as a measure of viscosity,

18, Ho sand tests are rade at this plant, Somec Dietert sond testing equip-
nent was on order but had not been received at the tine of the visit. Occasional
sanples are sent to Dictert for tests,

19. Dr. Henry discussed various properties cf corn flour binders and sug-
gested the following limits to be reasonable for such motericls:

Yoisture (115° for 3 hrs,) 4 to 5 percent rinirun; 8% to 9
: percent roxirun,
Ash content 0.5 percent noxinun
pH L to 6
Proctein 6 to 10 percent
Solubility (Dry basis 25°C.) 8 to 20 perceont
Weipght 210 to 250 grams per quart
20, The process is showm as a flow diagran in Plate 8.



APFENDIX B

METHODS OF ANALYSIS FOR GELATINIZED ROLL PRODUCTS

MOISTURE

Weigh 5 grams into a tared alwninum moisture dish and dry for four hours at
12000. (ZQSOF ) and 26 inch vecuuri, Remove the dish from oven and cover tightly;
cool to room tamperature in o cesiccator and reweigh.

% Moisture = Gram loss in weight x 20,

SO0LUBLE

Deteriine % dry substance on sample according to procedurc for deternining
moisture.

Heizh 2 grams of sample, transfer to a 200 milliliter Kohlrausch flask con-
taining about 25 milliliter of water at 25°C. (77°F.) and fill flask with water
at 25°C. (779F.) to about milliliter of mork. Shake zontly for one hour while
flask is submerged in a weter both at 259C. (77°F.). Fill flask to merk and
shake until thoroughly wdxed. Filter at once through o double thickness of

185 centineter #5688 S & S filter paper. hiecsure 50 miililiters of the filtrate
and transfer to a weighed evoporoting dish, EBvaporate to diyness on a steam
bath and dry in vacuum oven for one hour ot 100°C. (212°F.). Cool and weigh.

Czlculation
Soluble (Dry Basis) = (Gran Residub) (100) =
EJO J..ll!' (a.,. £ ”"'.Jlb) % D. bo
200 nl 100
= (Gn fesicue) (20,000)
%e Do D

Weizh 10 grams_of sapple into & weighed platinum or silice dish, Place in
mffle (ignite while charring to prevent loss of sample) at 550°C, (10229F.) for
two hours. Cool and weigh.

% ish = (Gram of ash)  (100)
10 graii sample

pH

“ieigh 10 grams of sample, stir into 200 milliliters of wotcer, and shake 30 minutes.
Deterrine pH by clectrometric methody, (Leods and Northrup) or colorimeteric

method.

I o



PRCTEIN d
Welzh accurately 5 grams of material and transfer to dry jeldahl flask., acd

10 grams of K550, and O.3 grams Cu SO, .5H,0. Wash down any perticles achering

to neck of flask with 50 milliliters 30; « Mix and digzest two hours with oc-~
casicnal agitation. Ceol completely, add about 300 milliliters of wa ~ter, phen-
olphthzlein indicator and a sm2ll amcunt of grenular zine te prevent lumping,
Connect flask to distillotion until, Tumerse end of delivery tube into a
neasured quantity . (50 milliliters) of N/10 HQSOh contained in a 500 mdilliliter
Erlcnmeyer receiving flask, adding o small amount of wmter if necessary. Add
enough 40° Beaume KalH %o chldthl flask through the funnel tube to make contents
strongly alkeline, and mix gently. OStopper cnd cf funnol tube and distil ot a
moCerate rate until cbout 9)0 niliiliters have passed cvor.

Titrote excess acid in receiving flask with ¥/10 NaOil using licthyl Red inciecter,
Detoriiine o blank on reasonts substituting pure cane sugar for the sauple and
deduct from acid titre,

Calculaticn:

% Protein in corn products = (6.25) (% Nitrozen)

.

~t

% Protein = mkL H/10 HyS0), - Blank titre) (.00875)(2100)

Grom Somple
1 BSORPTICN

cnsure 100 milliliters of watcr and pour about half of it into o beaker.
Yieigh 5 gzrams of sample - transfor to beaker contoining woter ond stir to snccth
pasta. ‘hsh the pdxture 1nto a2 100 milliliter bradu&tog cylinder with the re-
minder of the water and shoke thorougnly, Lot stand cvernight, Note the
voluac of supernatant liquid,

i
.
L

Absorphion in milliliter per proan =

(lOO ml Jeter - nl supernatont ligquid)
5 pran sample

WEIGHT PER CUBIC FOOT

Carcfully £ill a wei hed 100 milliliter graduztec cylinder tc the 200 rdlliliter
mork with the sumplu, ~né. deterzine weisht, HNow pack contents of cylinder as
much as possible by topping: eylinder up and dewn on a tablc top, adding sample
to keep volume at the 100 rilliliter mark after thorou;hly topping, Determine
weilzht of content,

Caleculaticn:

Pounds per cu.ft. = (Gu sarple loose Z G sample packed) (52.43 Lb.CuFt.)
(2) (100 milliliter samplc)

e



P.STE TEST

Transfer 20 grams of sample to a glass tuzbler conteining 160 milliliters of
water, add the sample slowly and stir te make a smooth paste., A poste which
spreads out immediately is reported "Thin", 4 paste which appeors gramular

anc ceuchy when stirred is reported "Thick".

s paste which is smocth, but retzins its forn when stirred, is reportecd
"Satisfactoryn.

LG



TABLE T

PROPERTIFES OF EIGHT GELATINIZED CORN FLOUR BINDERS

WITH PROPOSED LIMITS FOR SPECIFICATIONS

ey i 8 ¢ §INDER§ F 6 B o o
loisture % 6,9 6.7 5.5 9.6 6.7 9.0 9uh  9ulh 105 Max.
a8h % 0.33 0,27 0.31 0.3 2439 036 O.@l 0.38 1% Max,
Scluble 10,7 11.3 23,9 18.0 11,7 15.5 10,2 17.8 10% to 25%
Ory Basis) .

Woter Absorption 1.7 10,0 1.0 15,5 11.0 §.8 8,2 10,3 8% to 12%

pH hed. Sl - Lal] - 63 5.5 6.1 6?1 6.2 L to 6,5
Protein 6.5 8.0 82 Ty T2 77 79 T.9 5% to 10%
Green Strength 0.78L 0,930 0,988 0,978 0.906 0,955 1,012 0,938 0,750 psi 2iin*
Dry Strength 329 k02 465 329 362 430 225 285 225 psi. Min,
Density loose gr/rl 4886 ,2105 .1632 ;éhl2 3358 .2363 ,5160 ?2396

Density packed 6781 ,3725 ,29€3 L4310 L8068 4110 8130 L4147

Density ;verage 5834 ,2915 .2308 3361 L4713 3236 J66L5 3272 ¢
Density-1b. /eu.ft. 36,4 18,2 lh.h 21,0 29,4 20.2 Kl.5 20.4

% This is a tentative valuc for usc when suitable testing

nachines are available,

3% No linits are recormendec for density unless proof can be developed to show that
very high or very low densities are accompanied by poor results when such a corn
flour is used in foundry nolding sands or coreS.

g
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