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ABSTRACY

This report is on three projeots: the Production
of Yeast from Citrus ¥Waste Syrup for Stock Peed, the Develop-
ment of Bthyl Cellulose Lacquers for Molded Plastiocs, and
Automotive Lacguers using Ethyl Cellulose,

The purpose of the first projeot was to find a
method of utiliszing citrus syfap for the production of yeast
for fortified feed., The syrup is the only product in process-
ing of citrus wastes for Cattle feed, A "Porula Utilis®
atrain of yeasts was used, and optimum conditions were deter-
m;;ea for its growth.

The second project was the development of a white
Ethyl Cellulose lacquer for protective coating of objeots
made of Ethyl Cellulose molded plastics,

The third project was a continuation of previous
work conducted in the ladboratory on formulating a cheap Fihyl
Celluloss lacquer for the Automobile Industry. The original
formulae (4) for a gray sanding surfacer and a black top coat
were modified, using cheaper resins and cheaper solvents.
Uolored lacquers were also investigated.
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RODUGCTION

Citrus ¥Wasts oonsists of the peel, rag, and seeds
resulting from gsectioning and Juicing of oitrus fruits,

The Aisposal of citrus waste is an important
matter 4in California and Florida where citrus fruits are
abundant, In many localities the plants are not located
neax satisfaotory sewsge disposal units and the maintenance
of sanitary conditions requires the satisfactory disposal
of waste. Its disposal is not similar to that of ordinary
seawage because of its high biochemical oxygen demand,

Yarious chemical procesaes have been investigated
mmmtﬁnymwﬁhﬁnmnefmmmga
 useful by-product from citrus maste. A complete study of
the utilisation of ocitrus wasts has besn prepared and is
shown in Appendix I, The production of stook-Teed yeast
has been investigated beosuse it is of particular interest
in our wartime soonomy., Previous invastigations had been
sarried out on blackstrap molasses (139) for production of
yeasts foxr food purposes. The resulis obtained suggested
that oitrus waste could also be used foxr the same purpose.
*Torula Utilis” yeast was selected because of its low alcohol
yisld, A stuody was undertaken for the purposs of establish-
ing the m_conaitim of sugar concentration, aeration,
temparatures, and hydrogen potentials.



HISTORICAL

The preduction of yeasts constitutes one of the
moat anclent industries of the world., Baking, brewing and
wine making have besen practiced for many centuriss by
Egyptian, Jewish, Greek, and Roman people, It has con-
stitutsad the first indirect use of yeast. Mason, an English-
man, nwmtobt?ammmﬁm‘kmpnsmmm
1792. Bo hops wers used in its manufeoture, Shortly thers-
after, compressed yem was known in Bolland and in Germany
as well \as in England. Indesd, there is some evidence that
oompressed yeast was made in Holland as early as 1781, Sowme
{11) consider the date of the first compressed yeast industry
&s being 1870, In this year was developed the Vienna process
in which, kiln dried malt and corn were ground, mixed with
water, and mashed. The unfiltered mash was pitched and per-
mitted to ferment. Hachines separated the portions of grain
from the yeast by a process of sifting. Yields of 10 to 148
on the basis of the grain were obtalned with & yileld of about
30% aloohol. Today yeasts are produced by the molasses-
ammonia process where the amount of alcohol produced is
limited,. The molasses mash is carefully prepared, If the
nmolasses is defiolent in phosphorns, ammonium or caloium
vhosphate is added, FPhoasphorus is important in the aynthesis
of nucleo-proteins by the yeast and in buffering the mediumg



it also stimulates growth., Throughout the run, the pH and
the temperature of the wort are oarefully controlled {19).
At the end of the growing process, yeast is separated from
the wmort by the use of centrifugals. The yeast thus ob-
tained is washed repeatedly, until the wash water is quite
olear, It is then pressed.

Yeast can slso be preparsd from sulphite liguor
- {5) and from wood sugar (22).

The citrus process is analogous to and competi-
tive with the molasses~-ammonia process, The citrus syrwp
method has been developed in the last two ysars, and it is
being studied with the idea of commercoial production, The
oitrus ayrup is the ooncentrate of the Jjuloce obtained from
the liming of waste. |

During the 1940~1941 season, 35,000 tons of d4ry
fesd were produced in Plorida {15). The discarded juice
obtained in producing this feed represents a waste of near-
1y 35,700,000 lbs. of sugar (suorose and reducing sugars),
2,490,000 1bs, of protein and nearly 3,500,000 lbs, of
peotin, The guantity of press juice obtained per ton of
dry feed is approximately 1,800 gal.

It is possible by fermenting such juloe to de-
crease itas five days biochemical oxygen demand from 40,000
to 65,000 ppm. to 2,500 and 10,000 ppm. Oitrus syrup has



a sugar concentration of 36% the result of an evaporation
of citrus press Jjuloce from the liming process {10) of
eitrus waste,

The produotion of feed yeast has been inveati-
gated, Several strains of yessts were experimented, viz.,
"Saccharomyces Rllipsoideus”, "Saccharomyces Sake”, and
“Porula Utilis®, This last has been seleoted decause it
propagates rapidly with 1384) 2804 as a8 nutrient, and be-
cause it produces very little alcohol., Its use as an
industrial organien is'mt w, ginoe it was gromn on &
commercial scale in Germany during the war period 1914 to
1918 as a feed material (7).



THEORBTICAL

"Porula Utilia” is called a false yeast because
it is incapable of producing spores. Its value lies in
the fact that it produces high protein food, useful when
-animal protein is not available. The protein of this
yeast is said to be blologioally ocomplete protein, An
analysis of the Adry matter indlcates that protein cone
stitutes slightly mors than 50% of the dry weight. The
proteclytic digest of yeast yields a produact that is meat-
like and ocontains vitamin @ in large quantities,

"Porula Utilis®™ has the ability to assimilate
pentoses (11), to synthesige vitamin B complex (21), nioco-
tinio mcid, and gluthations () from sugar and mineral salts
in the nutritive medium, Its content of wvitamin B complex
is higher than that of animal protein, inelunding liver,
The indications are that the yeast will abstract vitamin By
from the medium, when it i3 thus availadble, in preference
to synthesizing it. The vitamin Bi potenoy is increased
when aeration 18 not used during the fermentation process,
but the yield of yeast is small under such conditions,

“Forula Utilis”, like all yeasts, oontains fat
in which are found the following constituents: palmitio
oleice, linoleio, and lauric acids; the phospholipids,



lecithin and cephalin; ergosterol, szymosterol, and other
components, BNuocleic acid, phosphates, and potassium salts
ars presgent in small guantities, The first is used for
medicinal purpose, the other two ars used as wvaluable food

componentsa,



. EXPRRIMESTAL

Egquipwent:

" fhe yeast was incubated in glass bottles; an air
compressor supplied air for aerationi the air flow was
measured with a gas meter; a De Lawval 0il Centrifuge Model
AE was used for the concentration of yeast:; a standard hemo~
oitometer and a bdinoonlar Bausch and Lomb microscope was
used for yeast 0ell countsi the pH was determined with a
Beckmarnn pH meter; mechanioal agitation was furnished by a
Turdo-Mixer. lLater, fermentation was carried out on a small
pilot plant scale and sterilised 20 gal. crooks were used
for yeast incubation,

Frocedurs and Resulls: ,

The first work wes the preparation of a malt
mz 300 g. of Tfinely ground malt hops were mixed into
2000 00. of distilled water, The mixture was gently heated
to 145°F and kept at that temperature for 10 min., to effect
a maximus malt conversion, It was then heated to boiling.
The malt mixture was filtered hot through cheese oloth and
refiltered through a burlap oloth, The malt filtrate was
sterilized and cooled. When the temperature was about 78~
85°F, 25 oo. of filtrate were poured into a sterilised test
tube and inoounlated with a loopful of "Porula Utilis™ yeast



strain from a Difoo Agar slant. The test tube was im-
madiately plugged with steriliszed cotton. It was slowly
rotated around its vertioal axis to insure betiexr and faster
propagation, After two hours, the inooulated solution was
carefully poured into a 500 ve. Brlenmeyer flask containing
300 oo, of malt mixture; oare was taken to avoid any possible
contamination, AlYr was introduced into the Erlenmeyer flask
at a rate such as to provide uniform agitation and good
oxygen absorption. The ailr was filtered through glass wool
and water,

The inoubation of the starter lasted 4 hours and
the malt mash was poured into a 2% 1. bottle, half of which
had been previously filled with malt mixture, ZPFiltered air
was introduced st the rate of 0.25 cu. ft. per gal. per min,
The final incubation lasted 24 hours, The yeast atarter was
‘later placed in a refrigerator and Xept at 7-9°¢ for a week;
this was done ta obtain a high yield of bottom yeasts.

Citrus waste syrup - 72% solids, S0% total sugars -
was 4iluted to the desired sugar oconcentration with tap water
and heated to boiling, It was filtered through chesse cloth
and sterilized; it was cooled to room temperature and inoou~
lated with 4% dy vol, of malt starter. Nutrients were added,
9% by wt. of HaB‘PO‘ {based on the weight of total sugars),
~and 16% by weight of (RH;),80,. Only 50% of the ammonium
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sulfate was added at the start, to avoid unnecessary foam-
ing, the rest was added during the fermentation in a period
of 4 hours, The batoh was air agitated, The air rate was
kept constant within 0.05-0.08 ou. ft. per gal. per min.
bedause the purpose was to observe the rate of yeast growth
as a funotion of time, keeping all the variables constant,
The sugar concentration was 1%; a yeast count was taken every
hour, for the purpose of determining the economical and opti~
num length of fermentation., A yeast ocount is the number of
yoast cells present in 1 co. of ligquid, 7The results obtained
are shown in Table I,

Additional experiments were conducted with the same
initial oconditions. These runs showed that after 24 hours
fermentation, the yeast growih remained constant; its growth
was not only hindersd but actually the surrounding medium be-
came toxie, causing suffovation of the living cells. A summary
of the results obtained is shown on Table II,

A Tive day biochemical oxyzen demand was determined
for the fermmented and unfermented press juice which is diluted
syrup. The results were respeotively 220,000 ppm. and 280,000
ppm., dased on the concsntrated ayrup.

The fermented solution was centrifuged to concen~
trate the yeast to 50% moisture. The yeast was slowly dried
in a vacunm oven at 60°C; its percentage based on the weight
of total sugars was determined and found to be 41.82.



TABLB X
IRCREASE IN YEAST COUNT WITH TINE OF FERMBNTATION

(nrae) T ) ettt >
0 23,0 i 6455
i 2540 8 6450
2 24.5 13 6440
3 26.0 16 6.3
4 25.5 20 6415
5 25.0 26 6.05
6 25.0 26 5485
9 23,0 42 5,28
H
TABIE IX
RATE OF YEAST GROWMH DURING PERMERTATION
Time Temperature Yeast Count pH
(hre.) {o0) (x10-5)
0 24.5 4 6.5
2 24.0 14 6.3
4 24.0 19 6.0
6 24,0 25 5.5
24 23.0 127 4.5
28 23,0 125 4.5

32 20,0 126 4.7



£ Sugar

e

A Wi A N,

£ Suvgar
3

Yeast Comnt
after 24 hrs.
(x10-6)

55
Bs
180
101

-

75

PR

5.8
4.1
4.1

TABLB IIL
YEAST GROWTH WITH VARIATIOR IN SUGAR CONCRNTRATION®
Yeast Count Yeast Count
aﬂgl 5 3 " m?il g‘ g;-u.
27 55
32 65
37 87
2 52
21 50
18 40
TABLE IV |
YEAST GROWIH WITH VARIATIOR IN RATE OF AIR PLOW
Air Rate Yeast Count
U o W Sl -k i
0.157 80
0.390 104
0.832 4
1.022 180

3
3
3

5.8

# adr rate was kept constant at 0,55 eu., ft./ gal.

12
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In the previous experiments, asration and sugar
conoentrations had been kept constant, It was deoided %o
stuly the effect of variation in sugar concentration on the
yield of yeasts when the rate of air Zlow was kept constant,
The results obtained (Table III) showed that when the oon-
centration of sugar was 3%, the highest yleld of yeast was
ocbtained, Por the same rate of air flow 2% and 4% sugar
ooncentrations gave lower counts. This concentration was
therefore kept constant in the following runs while the rate
of air flow was varied. The results obtained are shown in
Tadble IV.

An experiment was later oonducted on a small pilot
plant scale, Three 20 gallon crocks were sterilized and half
f1lled with 10 gal. of citrus waste syrup, containing 3% sugar.
This run was made with the purpose of determining whether a
mechanical agitation was more efficient than air agitation.
It was found that the yields obdtained with mechaniocal agita-
tion were slightly higher than those given by air agitation,
but that such results d4id not justify the use of surplus
squipment,
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JONOLUSIONS

The use of citrus waste syrup is recommended for
the production of yeast for stock feed, It is evident from
the results obtained that a dilution of the syrup to & sugar
concantration of 3% will give the best fermenting conditione
if some wvariables are carefully controlled; the amount of dry
| yoast obtained by suoh fermentation is approximately 42%,
based on the weight of the total sugar,

The wvariables to be oontrolled are aeration, temp-
erature, pH, and agitation. The air should be sterilized
and introduced in the fermenting tank at the rate of 0.8 ou.ft./
- gal./min.; the rate of flow can be varied depending on the size
of the tank, but the variation should not be greater than 0,2
ou. ft./gal./min. because a minimam amount of oxygen should
be introduced per pound of dry yeast produced, The tempera-
ture should be kept botween 858-900F and the pH between 4-4.5;
a lowering of the pH can be effected by the addition of sulfurio
acid, Agitation should not be viclent dut rather uniform.
The introduction of air is a method of producing agitation;
mechanical devices can also be used, i,e., propellers and
turbo-mixers. HNechaniocal agitation perhaps gives higher
yielda of product because it mixes more uniformly thm;z air
bubbling. Its disadvantege lies, however, in the overheat-
ing produced because of friction betwsen the rotating paddles
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and the 1iquid. This factor contributes to a temperature
rise of 20°PF., and ocooling coils must be used to keep the
temperature of the fermenting tank within the optimum range.

A prcpoéeﬁ plan for the production of yeast from
citrus syrup on & commercial scale is shown in a flow sheet
in the following page. |



Air Compressor

90 1b/hr NazPO

5000 gal. Plate & Frame

160 1v/nr (’ml)as%
— 3

Storage De-Laval Filter Press

cal /hr Tank Centrifuges
Citrus 8yrup T
(3% sugar)
-t
Rotary Drier
20,000 gal.
Fermenting
Tank =
Air Compressor Stoock-Yeast
(200 1b/hr)

Fige 1e Flow Sheet of the Production of Yeast from Citrus Waste

o1
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APPERDIX
Survey on Citrus Waste Utilization

This study was carried out with the purpose of
suggesting research projects on the utilization of oitrus
waste,

The citrus industry is concerned with the industrial
utilization of three citrus fruits: Lemons, Oranges, and
Grapefruit. Two other fruits avalilable in smaller guantities
are citron and lime,

- An approximate chemical snalysis of the three main
oitrus fruits is shown in Table ¥V, It is evident from such
table that grapefruit has a composition whioh wvaries betwesn
that of orange and that of lemon.

It has been estimated that 8-10% of these fruits are
direotly processed for bdy-products; 25-30% are processed in
cammeries, from which the usual refuse, rag, peel, and seeds
ars discarded and the remainder sold for food products, On a
tonnage dasis this available waste smounts to approximately
1,000,000 -~ 1,200,000 tons per yesar in the United States,

The main by-products of the modern citrus industyy
are:

1. Citric goid and caloium oitrate.
2. Permentation products.
3. Pectin.



4. Essential olls.

5. Stock yeasts,

6, Vitamins,

7. Dehydrated waste for cattlefeed,
8. Mamalades and beverages,

9. Pertilisers,

In a series of accompanying flow sheets is shown
a study of by~-products that have been produced and possible
new producta, In Pig, 2 is shown the yield of possible pro-
duots now known from each ton of waste,

A rough estimate of the price obtainable for the
products of this citrus industyry are given below, One ton
of ocitrus waste could produce hy-products which would sell
for approximately $80.00 as compared to 23.50 obtained for
a ton of waste converted into cattlefesd, The prices com-
puted on the taliasms materials are based on Fig. 2.

Peotin ($0.85 1b.); Ascorbic Acid ($11.00 1b.);
Iimonene ($0.48 1b.}; Crude Grapefruit 011 (£2.00 1b.);
Crude Lemon Oil ($3.25 1b.); Crude Orange 011 ($1.00 1b.)s
Terpeneless Lemon 011 ($25.00 -~ $50,00 1b,); Terpeneless
Orange 011 ($97.00 - $100,00 1b.); Linalool (86.75 - $7.00 1b.)s
Geraniol ($3.50 - $4.50 1b.). |



Content
Water
Protein
Pat

Carbohydrates
plus fiber

Sugexr (invert)
Piber

Ash

Acid (oitric)

TABLE ¥V

ARALYSIS OF CITRUS FRUITS (26)
Grapefrit Lemon
£ %

88.8 89.3
0.5 0.9
0.2 0.6

10.1 8.7
6.5 2,2
0.3 0.9
0.42 0.54
1.69 5.07

19

87.2
0.9
0.2

11.2
8.8
0.6
0.47
0.68



GRAPEFRUIT WASTE ARALYSIS (2)

Haterial

Total solids

Ash

Acid as Citric Acid

Volatile Oile
{Steam Distilled)

Ethyl Bther BExt.
Crude Fiber

Protein (¥x6,25)
Total Sugars (Invert)
Pentosans

Caloium Pectate

Naringin

TABLE VI

Rag Per Cent
15.61
0.75
0.63

0.00
0.16
1.4
1.06
6.30
0.44
3.56
0.10

Peel Per Cent
16.73
0.74
0.74

0.43
0.28
.11
1.13
6.35
0.83
3.19
0.40



Vitamins

Yitamina constitute quite a sigzable industry today.
There are means of produsing these materials synthetically,
but it is even more economical to extract vitamins from
vitamin rich matertals, OCitrus fruits have always been a
source of vitamin C. It has now been found that Vitemin O
ia not the only vitamin present in oitrus fruits, Vitamins
G and B are present in oranges and grupefruits; Titamin A 18
present in oranges.

Yitamin C is of ocourss present in larger gquantities
than the others, Grapefruit, for example, contains 20-30 mg.
of Vitamin C per 100 g. of fresh peel. In lemon, Vitamin C
is as high as 60 mg. per 100 g. of fresh peel.

Some research has been accomplished in the last year
throughout the ocountry on the extraotion of Vitamin C by the
use of an jon sxchanger. Ion exchangers {14) have been used
for years in large quantities for the softening of potable
water and for produotion of organioc salts from vegetable
wastes, but the application ¢f the ion exchanger theory to
the commercial extraction of vitamin constitutes a new field
of research,

Esaential 0ils

Bssential oils are present in ¢itrus fruits in
percentages varying from 0,2 to 0,6€. An extraction of such
0ils would change the eoonomy of citrus waste by-produots,



il
7 Vitamin ¢ (0.32=0,64 1b)
EEm——
Essential oils (L4=6 1b)
Peol (e | ————& Compressed yeast (35=45 1!
(1600 1b)| Naringin (6=8 1b)
Juice |———&Vinegar (8090 gal)
> .
a-Aloehol 190 preecf
- Cattle- (7 gals)
Peotin (56=6l 1b) feed
stock (150-200 1b)
Lime treatment
) L .
Cempressed
yoast
(56 1b)

) EEEEEEE— hringin (02-03 lb)

Rag [ Peotin (6=~8 1b)
(200 1b;
: -
BY-FRODUCTS ef CITRUS WASTE
Seeds
(200 1v) Crude 011 (18-20 1b)
~——4p» Limonene

Fige 2 'By-Products of Citrus Waste
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The chemical constituents of oil of lemon are:

X =Pinene, ,8 ~Pinene, é—Limomge, J ~Terpenene, Citrals
Acetie, Capric and Caprylic Acids; Bisabolene, Cadinene,
Linalool, a Tertiary Aloochol CygHya0, an aldehyde, an
amorphous compound (9,18).

The constituenta of oil of orange are the follow-
ingt Limonene; Necylic Aldehyde; Pormic, Capric and Caprylic
Acids; Ootyl Aloohol, an Olefinic Aleohol CyoH3a0t Linalools
a white amorphous compound (9,18),

The chemical constituents of grapefruit oil are:
Octyl and Decyl Aldehydes; Octyl Alcohol; Geranioli Methyl
Anthranilate; Citral and d-Cadinene (16).

The oil present in sceds is different from the
volatile oil present in the pesl, It consists of glycerides
of palmitic, stearic, oleic, linolic, and lignoceric acids
with some free acid and unsaponifiable matter. It has been
found that it is poassible by modern methods to produce one
ton of orude oil per 10 tons of wet seeds (16),

Plow sheets for such an extraction process are
shomm in figures 4 and 5, A manual process like the one
uged in Sicily would extract approximately 80% of the total
01l content of citrus fruits, while a mechanical proocess
would yield 50% of the total oil content. A solvent extrac-
tion is not advisable in this partioular case because of the
relatively high cost inocurred in the use of expensive sol-
vents and alsc because of high oil coloration obtained,
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REBCOVERY of BSSENTIAL OILS from PEEL of GRAPEFRUIT
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Fige Lis Flow Sheet of the Recovery of Essential Oils From Peel of Grapefruit



EXTRACTION of OIL from CITRUS SEEDS
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Fige 5+ Flow Sheet of the Extraction of 0il from Citrﬁs Waste



Baringin

flaringin is found in relatively large gquantities
in grapefruit {(Pable VI) while hesperidin is found in lemons
and oranges (25), The former is a bitter white orystalline
glucoside whioh appears in the grapefriit blossoms, the latter
is not 80 bitter, ané 1ts actuval perventage in citrus fruits
is unknown.

Haringin on hydrolysis yields naringenin and rham-
nose, It is believed that phlorogluvoinel, which is found in
small quantities in eitrus fruits, is alseo a by-product.
Phlorogliucinol is used for medical purposes.

Flow sheets showing tﬁa extraction of naringin from
oitrus waste and its hydrolyzed by-product are in Figures 6

Permentation Products

The production of new materials dy the fsrmentation
of citrus waste with suitable microorganisms has encountered
several diffioulties in view of the low sugar content of
oitrus waste as compared with that'eriblaskstrap molasses,

It is true that oitrus waste does not contasin a comparadble
sugar percentage, but considering that a considerable amount
of juice 1s wasted in the canning of citrus fruits and that
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BXTRACTION OF R:L\MI'OSE FROM NARINGIN
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the a&diﬁqn&l recovery of such juice would give a material
with a sugar ocoantent as high as B80-85% of the soluble solids
in the Jjuice, 1t is entirely justified to stress the necessity
of undertaking a thorough research on the study of fermenta-
tion. The sugars present in citrus fruits are glucoss,

~ mannose, dextrose, fructose, suoross, raffinose, lewvulose,
arabinose, xylose plus a few complex ones (25).

There is an artiocle (15) in the literature in which
1t is reported that it 1a cheaper to manufacture 190 proof
aloohol from citrus syrup than from molasses; such statement
leade to arguments because it would seem that the contrary
waye true; nevertheless this shows that ferwentation is
feasible with citrus press juice. Good results are also
reported in the production of avetons by fermenting the oitrus
syrup with "Clostridium Acetobutylicum™ (20). Tadle VII shows
the potentiality of press Juice as a ramntins medium,

'~ The production of yeasts as potential vitamin By
synthesizers 18 also performed by fermentation. In this
partioular instance, special sirain of yeasts are chosen that
do not produce a high amount of aloohol.



TABLE VI

APPROXINATE COMPOSITION OF PRESS JUICE PROM CITRUS DEHYDRATION
PLARTS 1N FLORIDA (16) |

Constituent Max. Kin. Av,
pH 6.4 S.4 5.7
Brix at 17.50°C 12.6 6.1 10.1
Potal solids § 11.61 5«64 8.93
Volatile matter % 94.36 88.39 = 91.07
Sucrose % 3.09 1.20 2.40
Reduoing sugars § 5.81 2.82 4.23
Total sugars £ 8.58 4.08 6.63
~ Protein (§x6.2%) % 0.59 0.40 0.47
Pectin (Alcohol ppt.) 0.88 0.27 0.66
Pentosans % , 0.42 0.23 0.3
Ash £ ' 0.9¢ 0.43 Q.72
Pixed acid (oitric) ¥ 0.30 0.15 0.2
Yolatile moid (acetio) % Cc.78 .01 0.14
Alcohol, % by wol. 0.39 0.00 0,22

Pssential oil, £ by vol. 0.58 0.12 0.23



Yinegar

Vinegar 18 now produced on a commercial scale, It
does not compare with apple vinegar, dut it is, nevertheless,
8014 in large gquantities. The 4diffiocuvlty which arises in the
citrus prooess is that the sugar content and the acetic acid
ocontent are not high enough to insure an eoconomiocal fermenta~
tion, Orange juice is rather adaptadle to vinegar fermenta-
tion, because of its high sugar content, but a mixture of sll
citrus juices does not give the desired results,

Citrio Acid

Citricé aoid is now produced in such large quantities
that imports from Spain and Italy are no longer necessary.
Calcium citrate 18 its by-product. The high content in citrio
a0id of lemon makes this fruit the main raw material for the
commercial production of oitric aoid and caloium ocitrate,

Peotin

Peotin, often precipitated as calcium pectate, is
 widely used in the manufacture of jellies, It is alsc used
as an emulsifying agent in mineral and vegetable oils, and
as a creaming agent for rubber latex, The precipitation of
pectin previous to other operations, facilitates the dehydra-

tion of oitrus waste.
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The hgple is today's main raw material for the
commercial production of pecting nevertheless, by looking at
Tabls VI 1t is evident that the amount of pectin present in
eitms fruita justifies its commercial extraction. A flow

sheet for such process is shown in Pigure 8.
Cattle Fesd

Dehydrated waste for cattlefead has deen produoed
on a large commercial scale for quite some time. The oitrus
waste 13 limed and pressed (13%,14), the s0lid portion being
separatsed from the juice by means of soreen and afterwards
dried on rotary driers,

It was thought at first that citrus waste feed pro-
duced a certain bitterness in milk from cows fed on such diet,
It was found that naringin was the ocitrus constituent that
produced such bitterness; therefore, its removal improved the
gqualities of oitrus waste.

Various researcheys {11) now report that citrus
waste has the same feedinz qualities as beets when fed to
cattle; it ia also cheaper.

The usefulness of citrus waste as a Teed is detter
understood by observing in Table VIII ite high digsatible food
value as compared with that of other commeroial cattlefeed,

It is a good investment in wartime to use dehydrated
citrus waste for cattlefeed in view of the cost involved in

disposing of it as a sewage,



TABLE VIII

ABALYSIS OP DIGESTIBLE CONSTITUBHTS OF CITRUS FRUITS (24)e

Total Crude
Dry ?ro;ein carbohgératoa P;t

daterial Hatter

Common Barley 90.7 9.0 66.8 1.6
Dried Orange

Pulp 87.5 6.0 T0.4 0.8
Dried Lemon

Pulp 92.9 3.0 69.-1 0.3
Dried Beet

Pulp 91.8 4.6 65,2 0.8

Total
%
794
78.4
72.8

1.6

#lomparison between citrus wastes and two commercial cattle-

feed,
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TABLE IX

AHALYSIS 0P ¥HOLB AIR-DRIED GRAPEPRUIT SEEDS ARD RULLS (16)

Seeds Hulls
£ 4
Koisture 11.86 10.19
Crude Pat (Ether Ext.) 30.30 1.17
Protein (¥.6.25) 15.94 4,00
Crude Pibexr 9.14 39.75
¥itrogen Free Ext, 30.28 -
Cellulose - 32.50
Pantosans - 16.34
810, 0.28 -
Iron and Al |
plus Al 3 0.50 -
Ca 0,36 -
Pnosphates (Py05) 0.56 -
Ba 0.052 -

K 0.54 -



Pertilizer

The last and least important by the economical viaw-
point is the uss of citrus waste as a fertilizer (Table IX). |
It has been found that 50% of the minexsl constituents of
orange pulp are potash salts, 20% calcinm salts, 10% phos-
phates, and 5% magnesinm salts. Sulfur, sodium, silicon, and
chlorine are present in smaller amounts (25). The presence of
iron, manganese, copper, and zinc has also been reported., It
has been estimated that iodine and boron are present in very
minute quantities.

Shortoomings and Possibilities of Citrus Waste

The effluent discarded by the citrus by-products
plants is still a cause of worry for the citrus industry be-
cause of its abnormal B.0.D. Chemical treatment is now the
only method used to cope with such a public nuisance; a more
thorough industrial use of citrus waste would tend to dacrease
the B.0.,D. of such material to s:ch a value that it could be
disposed of a8 an ordinary sewsage by the Public Utilities,

A more thorough industrial investigation of citrus
waste utilization shonld include a research on the posaibility
of producing a dbreakfast food from the s0lid4 portion of the
waste, A solvent extraction of the pulp, with daifferent

solvents, acoompanied by a modern system of solvent recovery
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might furnish an easy method of producing some new by-products,
Purther research should be conducted on the production of car-
bon black from the dried wmaste. These are a few suggestions
for an economic utilization of a wastes that might furnish in
the future an ample supply of useful dby~products rather than
being eliminated as an unhealthy nuisarnce,
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ETHYL CBLLULOSE LACQUERS MOR PLASTIC COATING
and
AUTOHOTIVE ETHYL CELIULOSE LACQUERS



RISTORICAL

One of the first descriptions of ethyl cellulose
and mathods for ite preparation appeared in 1905 in the
Konatshefte fur Chemie by Suida (8), Leuchs (3), Lilien-
field {16), Dreyfus (3), and many others obtained patents
on the preparation of the ether, Denham (4) and his co-
workers had shown that the cellulose ethers could be formed
by the substitution of an alkyl or aryl radical in place of a
hydroxyl hydrogen atom in cellulose. The high cost of manu-
facturing the ethers at that time, overcame the many in-
dustrial possidbilities that were indicated, Neverthelesa,

a quarter of a century of active development followed, wost
of which is described only in patent literature (9). DNuring
this period ethyl cellulose was produced on a small scale in
~ Germany.

Until 1936, all ethyl cellulose used in the United
States was imported, but now commercisl ethyl cellulose made
by American manufacturers is on the market at a lower cost
than the imported material, It is manufactured from cellu-
lose, caustic soda, and ethyl ohloride, Purified cellulose,
whether from ocotton linters or from wood pulp, is converted
%o alkali osllulose by treating it with concentrated caustic
soda. The uniformity of treatment end the ratios of caustic
soda and of water to cellulose are very carefully controlled,
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since these factors largely determine the degree of ethyla-
tion and the uniformity of bdehavior of ethyl cellulose in

solvents,
The alkali cellulose is reaoted with ethyl chloride

in autoclaves until the desired ethoxy content and solubility
are obtained. The reaction mass is treated to recover un-
reacted ethyl chloride and solvent by-products., The ethyl
celluloss is precipitated by hot water as fine porous granules
which are then washad free of salt anﬁ dried,

The two main American manufacturers of ethyl ocellu-
lose arei Dow Chemical Company, ¥idland, Hichigan and Herculss
Powder Company, Wilmington, Delaware,



THEORETICAL

Ethyl Cellulose

Ethyl Cellulose i3 a cellulose ether made by the |

reaction of ethyl ohloride with alkall cellulose, as ex-
pressed by the type reaction

RO(Na+Cl)C;Hs — ROC,Hy + NaiCl

whers R vepresents the osllulose radical (4).

Tha astruoture that 1z most widely acceplted for
the cellulcse molecule i5 & chain of anhydroe-glucose or
celloblose units linked together by oxygen bridges.

I I
O——C, C —

o N LY I AN
H OM A H
el e o—¢”
[ |

H o CHzOH

These long oxygen-linked, anhydro-glucose unit
chains have great strength which is passed on to its dp~
rivatives, such as nitrocellulose, cellulose acetate, and
ethyl cellulose, The propsrtiea of flexidbility and t9u5h~
ness in these derivatives are directly attributable to this
long chain structure.
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Prom this formula it is seen that esach glucose
wnit has three replaceable OH groups, all or part of which
may react as indicated in the resaction cited adbove. Conm-
plate substitution of all three hydroxyl groups would give
the triethyl compound, possessing a substitution valua of
3, or 54.88% ethoxyl, which i3 illustrated in the next
Tormula.

o\c/° :\c/" "\c/ﬁ_&,f}‘/ﬂ
H” \:cﬁfs__g/ NQ——" \o—g/ No
plg ch“s C'HZOCzH;

The conmpletsaly substituted triethyl cellulose
has no commercial significance, however, bacause it lacks
strength and flexibility, is not thermoplastic, and shows
extremely limited compatibility and solubility. The com-
mercial product which exhibits the remarkable combination
of nseful properties, has a substitution detween 2,15 and
2,60 ethoxyl groups per glucose unit, or 43 to 50% ethoxyl
acontent,

Ethyl oellulose is a white 80lid resembling cellu=
lose acetate in its flame resistance and resewmbling nitro-
cellulose in ita compatibility with other film-forming ine-

gredients,
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Ethyl cellulose is practically coloxless and as
such it ie not affected by sunlight or ultraviclet light,
Acourate color control oan be obtained through the use of
dyes and pigments,

, Bthyl cellnlose is compatible with an unmsually
wide range of resins and plasticisers including oils and
waxes.

The low density of ethyl cellulcose makes it pos-
8ibles to get greater coverags and greater volume per unit
weight than with the other oellulose derivatives, It has
45% greater coveragse than nitroocellulose and 20§ greater
than cellulose aoetate in coatings.

The excellent electrical properties of ethyl
cellulose combined with its good thermal stability and
outstanding flexibility and toughness led to its early
and continuous use in oable lacquers where unusual oon-
ditions are snoountered, Its retention of flexidbility at
very low temperatures is espeoially notable, for many com-
positions remain flexible even at - T0°C,

Ethyl cellulose offers no fire hazard., Its
flammability is of as low an order as any other cellulosic
material. If held in an open flame it will catoh fire and
burn, dut its formulation may he made fire-resistant by the
use of plastioizers and other flame-proofing azents.
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The 5¢tten1ng point of ethyl cellulose iz rela-
tively low and can de made lower by proper adjustment of
plasticizers,

Other important physical properties of sthyl
eellnlaaa ars its solubility in a wide variety of solventss
its stability of ochemicals, which is superior to other cel-
luloaic materials; water resistancej stability to heat;
toughness. These properties make ethyl cellulose a raw
material suitable for formulation of laocquer.

A lacquer is a protective coating with the follow-
ing constituenta: cellnlose, resin, pigment, plasticizer,
diluent, and solvent. Pigment may or may not be present.
The first four conatituents represent the non4vn1atile pPor-
tion, while the last two represent the volatile portion.

' Hardening and film formation in lacquers are de~
pendant primarily on solvent evaporation and to a smch lesser
extent on the oxidation and polymerigation of any oxidising
alkyds or similar materiale that might be present. The
relative amount of ethyl celluloss has a definite influence
on the drying rate of the lacguer film gnﬁ on 1ts toughness:
the greater the relative amount of ethyl celluvlose the
greater the drying rate and the toughness., A higher amount
of hard resin inoreases the glossy properties of the film
surface and makes it short, Plasticigzers are used to in-
orease the flexibility.



Solvents are used to dissolve the cslluloss and
to decrease the viscosity of the lacgquer so that it can be
either brushed or sprayed,

All the lacquer constituents are thoroughly mixed
by 4ifferent methods and different pleces of equipment, eg.,
2, 35, 4, 5 roll mills, ball mill, roller mixer, and Banbury
mixer., ¢Chips can also be prepared by grinding and mixing
cellulose, pigment, and solvent through a r0ll mill; this
method facilitates the handling of pigment and reduces the
total grinding time,



ETHYL CELLULOSE FOR FLASTIC COATIRG



IRTRODUCTION

Ethyl oellulose plastic iz well known as 8 there
moplastic molding compound, being an ether of ethyl alcohol
and celluloss. Yt is outstanding in touchness and strength,
shock resistance at low temperature, and retention of original
properties on aging oy on exposure to a wide range of tempera-
ture-humidity conditions. It is available in various forms
for extrusion, ocompression, or injection molding as well as
a variety of flow grades,

This plastic can be manufactured in transparent
forms and can be pigmented to a wide range of coloration,

The use of a lacquer for surface coloration is sometimes
more advisable to ocover slight imperfections which might
appsar in the extruded or molded prodnot; the gloss is also
lmproved and the range of low gloss plastic coloration is

wide,

The choice of a suitable lacquer involves a
thorough study of solvent to be used for thinning and
spraying., Some solvents {(2,4) cannot be used satisfactori-
1y because they make the surface of the plastic mushy with
a consequent rxough appearance of the laogquer film, Strong
solvents produce warping of the thin plastioc seotions,

It mas decided to develop a oheap white ethyl
oellulose lacquer to be used as a protective coating of

thin plastic seotions and having as its characteristios



high glosa, hardness, flexibility, and a durability similar
to that of the ethyl celluloss plastics. Different resins
were used to generalize the final formulation; a ¢heap sol-
vent line-up was also investigated,
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BXPERIHSHTAL
Bquipment

A twoe-roll mill, a dall mill, and a roller mixer
were used for the dispearsion of the pigmented lacqusr, The
lacquer was sprayed on 6" ethocel plastic discs with a spray-
ing gun. An asccelerated weathering unit, ¥ational Carbon
Company type with Corvex D filters for Sunshine rays was used
for acocelerated weathering treatment,

Procedure and Results

The first step was to obtain & two-roll mill dis-
persion of the pigment in ethyl cellulose, A mix of 53.3%
Titanium Dioxide, 38,7F% Ethyl Cellulose, and 8,0% n-Butanol
bay weight was male and ground on a differential speed twoe
roll mill for 15 mimutes, The butanol was added to gel the
ethyl cellulose 20 that the mass would adhere to th: roll
for a sufficient length of time for the ethyl cellulose to
become plastic because of the increase of tempereturs caused
by milling. BEecause of the volatility of butanol the com-
position of the chips was assumed to ber

Titanium Dioxide {Kred's R-110) 56.,7%
Bthooel, 7 cps. Std, Zthoxy 41,38
n-Butanol 2.,0%
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This assumption was made on the basis of many
gimilar grinds for industrial application, where titanimm
dinxide and zimilaer pigments that pemmit a high pigment to
resin ratio would give a chip at 98% non-volatile; ferrite
and similar pigments give chips at 95% K.V., and the organic
colors, blacks, and blue chips at 98% K.V.

These chips were blended with the desired amounts
of other oconstituents by mixing them in round pint cane
which rolled for 12 hours,

The first lacquer PL-1 (Table X} that was tried
had s good flexibility and hardness when sprayed on tin
panels, but, when sprayed on the ethyl cellulose plastic
discs, a soft rough film resulted, It was thought that this
mas caused by the bleeding of the die lubricant from the
plastica into the laoguer film, It was thexrefore decided
to decrease the plasticizer and to increase the hard resin,
becaunse the die lubricant had the effsesct of increasing the
apparent percentage of plastioiéer present in the lacqguer.

Por a preliminary work, combinations of different
hard resins and ethyl cellulose percentages, without the use
of plastioiger, were investigated, with the idea in mind of
seleoting the best resin and afterwards uss it with different
amounts of plasticizers to find an optimum percentage of

plasticizer,



TABLE X
LACQUER PORMULATIONS

PL~1l PL-2 PL=3 PL~4 PL~5

£ Pigment

Erebs RT-110 6.50 8.50 8.5 @ B.50 8.50
% Bthoosl

10 cpa, Std. 13,00 6.20 6.20 6,20 6,20
% Beckaoite
% Anberol

¥~-93 - - 31.10 - -
% Beokacite

1113 - - - %1.10 -
% Syntex B~3 1.20 - - - 51.20
$ Gm - - - - -
£ Undewaxed

Pamax - - - - -
% Beokosol
% Amberiac
£ Dow Plasti- : .

Qi“r SQ‘ 5 10;& - - - -
# Total

Solvent “*50 S‘nm 54»20 5"29 54*29
£ neButanol - - - - -
% Industrial
£ Shell



TABLIE X
{Continued)
PL-6 PL~7 Pl-8 PL-9 FL~10

% Pigment \ .
‘ m m*m 3%5@ 8&53 ?w’fa 7!?3 7&73
% Ethooel ‘ :

10 ops. 8td. 6,20 6.20 14.73 5.63 T«90
£ Beckacite

m" - - »~ - -
- % Amberol

nﬂgs - - - . -
# Beokaoite

1113 » - - - -
% 8yntex H-3 - - - 28,26 21.21
s 601}86 51-126 - - - -
£ Undewarxed
# Beckosol ,

1324 - - - - -
% Amberlac

3‘94 - - - - -
% Dow FPlasti- _

oizer Ko, 6 - - S.10 9.10 9.10
$ Total

Bolvent 54,20 54,20 - - -
ﬁ ﬂ"mm}. b - 6.63 6.08 6;22
# Industrial

Xylol - - 27.30 27.30 27.30

£ Shell

735-28 - - 34.52 15.90 20.55
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Two types of unnmodified phennlic resins were used -

Arbercl ¥-93 and Beckacite 3000, a modified phenolic Beckae
cite 1113, a maleio modified sster gum Syntex He3, and two
natural resins Congo and undewnxed Dammar. Pure Ester Gum
was not uged beoguse of 1%ts poor solvent release,

These lacquers were reduced in the ratio of two
volumes of lacquer to one volume of thinner which was a
mixture of 50% Solvesso Bo. 1, 30% Xylol, and 20% Butanol.

Two coats were spraysd on the ethyl cellulose
discs, and the lacquer film was air dried for several daga:
it was afterwards submitted to accelerated weathering for
50 hours, The results odtalined ars shown in Table XI.

From these it appears that Syntex He3 1s among the best
beside being the least expensive, Various other maleio
egtergums were tried with the same reanlts,

The disos used in further work were thinner and
softer than thoss previously used, they were green in colorg
the lacquer film &prayed on them was not uniform and lacked
gloaa; this was probably Aue to incompatibility of the die
lubricant with the laoguer. It was found that by polishing
on a metallurgical wheel it was possible to remove suoch in-
convenience,

In order %o prevent shortness of film and warping
of the thin plastic disos, a series of laogquers with three
different plasticigzers at various ratios were prepared.
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One, two, fbﬁi, and ten per cent 4idbutyl phthalsgte, blown
caator oil, and Dow P-6 plasticizer {4i{-monophenyl phosphate)
were added to Pl-5. The addition of 4% of blown castor oil
produced films that were too soft, but 4% of the other
plastiocizers wazs not sufficlent to stabilize the surface
pull, The laocquer with 10 Dow P-6 gave a film with good
hardness and a minimum amownt of ourling, but, after ac-
celerated weathering treatment, bad cracking ocourred.
This was probably caused by the low ratio of ethyl csllu-
lose to hard resin, the latter contridbuting to the forma-
tion of a non-flexible film,

Two lacquers were prepaved, one with 9,1% Dow P=6
on PL-5 formulation, the other similar dut using cellulose
without resin, These new formulations were called PL-8
and PL-9 respectively.

These two lacguers wers blended in ratios of three
to one, one to one, and one to three, raduced, and sprayed
on thin green plastic disces using Lacguer FL-9 as the
standard, After 60 hours of accelerated weathering treat-
ment, Lacquer Pl-9 oracked and ourled badly. 7The others
were in good condition and with inoreased gloss bsocanse of
the higzher ratios of ethyl cellulose, This factor, together
with the higher cost, indioated that the one to three ratlo
was the bast and this new formmlation was called PI~10,



Laoguer
PL-2
FL~3

FL-4

Pi=5

PL=-T7

TABLE 13

ACCELERATED WEATHERIRG POR 50 CYCLES

Resin
Beckacite 3000
Ambearol H-93

Beckaocite 111%

‘Syntex H-3

Jongo

Undewaxed Damoary

Regults affter 50 hours
Bad oramoking and yellowing

Bad initial oracking;
¥yellow; low gloas

Slight cracking, more
yellow than H-3

Slight cracking, fairxly
good ocolor

Initial color yellow, loss
of gloss

Very bad cracking, loss of
gloss



All troubles with flat and low gloss spots disappeared
when the amount of ethyl oellulose was increased, the die
lubricant or plasticizer bdeing more compatidble with ethyl
cellnlose than with the hard resin,

At this stage of the research it was deoclded to
try ssveral other hard resins in place of Syntex H-3,
Several other maleic ester gum resins’ were substituteq,
namely Amberol 800, Teglac 152, Teglac I-152, Teglao 161,
and Beckacite 1110, Ambercl 800 gave a wrinkled appearance
to the film; Beckaclte originally gave a uniform film, bdbut
on exposure to ultraviolet lizht it tended to wrinkle, All
of the Teglao resins gave very good results,

To lowexr the cost of lacquer and also to decrease
gtill Turther the aurling'fanﬁanny of the panels when placed
in the accelerated weathering machine, several formulations
wers made using VHSP naphtha instead of xylol and reducing
the amount of alcohol.

It was found that reduocing the amount of dbutanol
oaused the reappearance of pin holes, and further rednction
resulted in a solvent too weak to dissolve the ethyl cellu-
lose, Bowever, replacement of xylol with VAP gave good
results,

To check whether the warpage of the panels was due
to solvent aotion or to the effeot of heat, coated panels
together with uncoated panels were placed in the weathern-
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meter, The resulis showed that the bare panels warped as
badly as, if not worse than the lacquered panels, This
showed that heat had more influence on the warping of the
panels than the solvent present in the lacquer, A further
increase in amount of Dow No. 6 plasticizer was effected
to deorease the surface pull, but this increase resulted
in softer filme, and beoanse of its high cost, a retumm
to the 9,1% figure was made,

It was also noted that the panels coated with
laogquer curled only in one 4ireotion with a definite con-
cave surface and angle of ocurvature, while ﬁhs untreated
panels ocurled in suoh a way as to present a wavy appearance
with several concave and convex surfaces and different

angles of curvature,



CONCLUSION

The results obtained show that a good formulation
for a white laoquer to be used on ethyl cellulose molded
plastioc iss

24taniuam Dioxide (Kreba RT-110) g;l 7.72%

7 ops. Bthocel (Std, Bthoxy) g mill 5.63%

n-Butancl chip
13.62%
7 ops. Ethooel (5td. Ethoxy) 2.27%
laleio m or Teglac Resine 22.0%
_ Dow P-6 9.10%
n-Butanol 5.95%
Shell TS-28 20,558
100.00%

Different pigments can be used with equal
resulte; the percentage of the pigment might have to be
varied in accordance with its hiding power,

The spraying solvent should be mixed with the
lacquexr in the ratio one to two and should be composed of
50% Solvesso No. 1, 30% industrial Aylol, and 20% n-Butanol.
It is important to stress that the amount of n-Butanol used
in the formmlation of the lacquer and the spraying solvent,
is striotly a minimum; a lesser amount would causs pin holing
in the lacquer film because of incomplste molution of the
athyl cellulose in the solvent.



ETHYL OBLLULOSE AUTOMOTIVE LACQUER
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IRTRODUCTIOR

Ethyl Cellunlose, with its unusual combination
of properties, is one of the most versatile of the cellu-
lose derivatives, Its advantages are flame stability and
compatibility with petrolewm thinners to an extent unusually
high for cellulose derivatives., Its disadvmutages are softe
ness and incompatibility with a large number of resins,

The research was concerned with the development
of a surfacer and a top coat for the Automobile Industry.
Previous work had been done in this partioular flelds a
gray sanding surfaoer and a black top coat had already been
developed, The purpose was to investigate the wversatility
of the two formulations, 1.e., coloration and compatidility
of ethyl cellulose with cheap resins and solvents, The inm-
provement of the physical properties of the twmo original
lacquers was also the object of this investigation,



EXPERIKME BTAL

Eguipment:

A two-roll mill, a ball mill, and a roller mixer
were used for the dispersion of the pigmented lacquer,

The lacquer was sprayed on standard 20 gauge
35" x 7" and 5% x 10" steel panels.

An accelerated weathering unit, National Qarbon
Company type, with Corex D filters for Sunshine Carbons,

was used For accelerated weathering.

Procedurs and Results: ‘

The first part of the investigation mas to gen-
eralige the standard formulations fTor Gray Surfacer (Table
XII1) by substituting differant resins for Super Beckacite
3000 whioch is rather expensive and using diffbx@nt solvent
ratios, The new formulations are shosn in Table X1V,

These lacquers were sprayed on steel panels and air
dried for two days at room temperature, No. 62-A Ethocel
Black Coat was sprayed on half the surface of each panel to
establish the adherence of such a top coat on the newly form-
lated surfacer, The panels obtained were sxposed to acceler-
ated weathering for 150 hours.

The surfacers, sxcept No., 62 Standard Gray Sanding
surfacer, failed after 50 eyoles; this was caused mainly by
poor pigment dispersion, The comparison standard panel failed
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after 100 cycles., After 150 cycles of scoslerated weathering,
all the top coats aﬁpeareﬂ in good condition., Tests for flexi.
bility, hardness, and gloas were run,

The teat for flexibility was run by dbending each
panel around a one inch steel pipe; the hardness was detere
mined by scratoching the laoguer film with different pencils
held at a 452 angle and observing the maximum resistance of
the laoquer to sorateh, Tests for gloss were run by visual
comparison., The results obtained are shown in Tadle XV,

It was found that ethooel was juite compatible with
the 4ifferent resins used and that the substitution of VEEP
aaphtha for part of the toluol previously used did not ap-
parently change the uniformity and the gloss of the film,

Three typical resins were sslected from those pree
viansly uged to be substituted for Super Beckacite 3000 in
¥o. 62 Gray Sanding Surfacer and in No. 62-A Black Ethocel
Top Coat. The resins selected were Teglac 2-152 (modified
alkyd); Beckacite 1111 {modified phenolic)i Ambarol 800
BEx,~Lt. (pure phenolic). Another forsmmlation was made
whereby toluol was substituted by a 50-50 mixture of toluol
and VMAEP naphtha with Amberol 800 Ex.~Lt, as the resin, It
was also decided to spray differently pigmented topooats,
and to compare them with standard No, 62 lacquers with
similar pigmentation.



TABLE XII

62~A RLACE TOP OOAT

Carbon Blaock )
10 ops. Ethyl Cellnloses )} 5.,95% RBH
} Dispersion ¥o. 9002
Bthyl Alcohol ;
Toluol )

10 cops. Ethyl Cellulose Standard Ethoxy
Beokacite 3000

Axbplsz 930

Ethyl Alcchol

~ Toluol

0.893%
0.893%
0.834%
3.330%
10,600%
11.500%
5.700%
12.200%

54,0508
100.000%

66



Lithopone
China Clay
Celite ON-110
Asbestine
Carbon Black
Ethyl Cellulose
Ethyl Alocohol
Toluol
Becksocite 3000
Aroplaz 9%
Ethyl Alcohol
Toluol

TABLE ZII1
62 GRAY BANDIRG SURFACER

Pebble Mill Grind

10 cps. Ethyl Csllulose Standard Ethoxy
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11.62¢
4,13%
3.34%
4.13%
4.58%
4.58%
4.24%
16,908
8.65%
4.32%
4.83%
24.21%

4.47%
100,00%



TABLE XIV

PORMULATIONS OF GRAY SARDING BURPACER

Porwulation Reain Substitutions
Ho, 62«4 Super Beckacite 3000
¥o. 62-B Beckaoite 1113

Ro, 62-C Peglac 161

Bo. 62D Teglac 152

Ko, 62-B Teglac 2-152

Ho, 62-F Beckacite 1111

No. 62-G Amberol P-7 Lt.

No. 62-H Amberol 800 Ex. Lt.
o, 621 Amdberol 801

Ho, 62«4 Amberol B/S~1 Lt.

Solvent Substitutionos

¥o. 62«0 _ 20-44 VNA&P Naphtha -~ Toluol
Ho, 62-P ' 40~24 VEEP Baphtha -~ Toluol
Ho, 62-Q All V¥RP Naphtha

Ho. 62~R Gmb.2 NMineral Spirits-Ethanol

#The resin was substituted in equal weight for Super Becka-
oite 3000 in the original Pormula ¥o, 62,

##The solvent was substituted in egqual voluwwe for toluol in
the originasl Formula ¥o., 62,



Surfacer
62-4
62-E
62-0
62D
62-H
62-6
62-3
62-4
62-C
62-K

62-1
62-B

Top Coat

“Cvoies
Excellent
Bxoellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent
Excellent

Excellent

TABLE XV

Pencil

Hardness

- - - - -

Flaxibility
Excellsnt
Excellent
Pair .

Good

Good

Good

Pair

Bad

Bad

Yery Brittle
Vory Brittle
Bad

Bad

PHYSICAL TESTS 08 GRAY SANDIRG SURFACERS

Gloss Retention
{Comparison)

Good
Poor
good

Pair

FPair



TABLE XVI
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FORMULATIONS POR GRAY SARDING SURPACERS AED COLORED TOP COATS

Surfacer

Ho.
Ho.
Ho.

No.

Top
Ro.
Ro,
Ro.
¥o.

Bo.
Bo,
Ho.

Fo.

Bo.
Bo.
Ro.

o.

T
(!
72
73

Coat
101
102
103
104

111
112
113
114

2l
122
1235
124

Pigment

Titanium NMoxide
Titanium Dioxide
Titanium Qiaxiﬁe
Titaninm Dioxide

Toluidine Red
Toluidine Red
Toluidine Red
Toluidine Red

Lt. Chrome Yellow
Lt. Chrome Yellow
It., Chrome Yellow
It. Chrome Yellow

Substitution in 62«
Teglac 2-152
Beckacite 1111
Ambercl Ex. Lt. 800
Asberol 800 Ex. Lt.

& 50-50 Toluol-VHEP
Subatitution in 62-A%%
Amberol 800 Ex. Lt.
Beckacite 1111
Texlac %-152

Amberol 800 Ex. Lt.
& 50-50 Toluol-VEaP

Amberol 800 Ex. Lt,
Beckacite 1111
Teglao Z-152

Amberol 800 Ex. Lt.
& 50-50 Toluol~ViAP Raphtha

Amberol 800 Bx, Lt.
Backacite 1111
Teglac Z-152

Amberol 800 Bx. Lt,
50-50 Toluol-V¥&P ¥aphtha

#Bach resin was subatituted in egusl weights for Saper
Beckacite 3000 in Pormula ¥o. 62.

*»#Each resin was substituted in egual weights for Super
Backacite 3000 in Formumla Ho. 62-A.



Top Coat

Ho.
Bo.
Bo.

Bo.

Bo.
Ko,
Kﬁa

Fo.

Bo.

Ho.

Ho.

13
132
133
134

141
142
143
144

151
152

153

154

TABLE XYVI
{Continued)

Pignent

Carbon Black
Carbon Black
Carbon Blacok
Carbon Blaock

Iron Blue
Iron Blue
Iron Blue
Iron Blue

Hed. Chrome Green
Hed., Chrome Green
lied,. Chrome Green
¥ed. Chrome Green

Substitution in 63-4
Azberol 800 Bx. Lt.
Beckacite 1111
Teglac 2-152

Amberol 800 Bx. Lt.
& 50-50 Toluol-VH&P Eaphtha

Amberol 800 Bx. Lt.
Beoksoite 1111
Teglac Z-152

Amberol 800 Ex. Lt.
& 50-50 Toluol~-V¥aP Naphtha

Ambarol 800 Ex. 1t.
Beckacite 1111
Toglac 2-152

Amberol 800 Bx, Lt.
& 50-50 Toluol~VH&P Raphtha



The pigments selected were:s

Iron Blue Chrome Green
Titanium Dioxide Chrome Yellow
Carbon Black Toluidine Red

These %op ocoats were gprayed on surfacers of
similar composition. Their formulations are shown in
Table XVI. All these laocquers were finally compared with
Rinshed-¥ason egquicolored nitrocellnlose lacqusrs for
weathering, hardness, and flexidbility. The panels were
sprayed with one coat of surfacexr and two coats of top
coat. They wers placed in the weatherometer after having
been air dried for two days at room temperature, Duplicatss
were prepared for physical testing.

Ehe‘rasults obtained after 50 oycles and 150
oycles of weathering treatment are shown in Tables XVIY and
IVIIX.

Turing the preparations of the above mentioned
panels, it was noticed that the spraying solvent used was too
volatile; the rate of evaporation was sc fast that the spray
»as almost dry, and such coniition affected the film to the
point of being rough, non-uniform and of poor gloss, It was
decided that in the next investigation a different spraying
aolvant would be investigated so that such inconveniences
would be eliminated. The spraying solvent which had been
used in the preliminary of the investigation was a mixture
of athanol an? toluene, 30%-50% by volumse,



TABLE XVII

ACCELERATED WEATHRRIRG POR 50 CYCLES

Surfacexr Top Coat Renarks
62«A 124 Darkening
§2~4 62 ¥nite Yellowing
62«4 123 Darkening
71 122 Darkening
72 122 Darkening
72 101 Cracking
T0 62 White Cracking
62-A 121 Darkening
62-4 122 Darkening
T3 124 Darkening
70 123 Darkening



TABLE XVIII

~ AGCCSLERATED WEATHERING POR 150 OYCLES

Surfaocer ‘ Top Coat Remarks

72 62 White Cracking

RY % ¥hite Good gloss retention

62 154 Stress lines

73 133 Loss of gloss

62 112 Stress lines; loss of gloss

62 i3 Loss of gloss

62 111 Ioas of gloss

R¥ Cray R¥ Red loas of gloss

70 113 Loss of gloss

62 152 Some blistering; gloss
retention

72 62-A Blaok Loss of gloss

71 132 Loss of gloss

62 124 Darkenings stress lines;
crackinz; some peeling

62 114 Stress lines; loas of zlose

73 144 Stress lines; loss of gloss

T0 134 loss of gloss

62 12% Darkening; stress lines

62 151 Cracking; stress lines; loss
of gloss

R Gray RM-Green Loas of Gloss

62 132 Loas of Gloss

62 103 Some cracking

T4



Surfacer
TO
R¥ Gray
62
T2
T2

62
62
70
62
R
62
62
T2
70
73

62

72
62
62

5

TABLE XVIII
{Contimed)
Top Coat Remarks
143 Some stress lines
B¥ Blaok Loas of gloss; fading
62«4 Green Gloss retention
62«5 Green Stresz lines
112 Few stress lines; loss of
gloss
62=A White Yellowing
133 Loss of glosas
62-A ¥hite Cracking and peeling
144 Few atress lines
FX Blue Gloss retention
121 Darkening and cracking
134 Losa of gloss
12 Darkening and cracking
62 Green Pew atress lines
124 Darkening; stress lines;
¢racking
153 Pow gtrase lines; some gloss
retention
141 Stress lines
104 Cracking; peeling
122 Darkening; gloss retention



TABLE XVIIX
{Continued)
Surfacer Top Coat Remarks
1 62-A Green Good gloss retention
70 123 Parkening; oracking; peeling
62 113 Paw stress lineas; loss of
gloss
62 141 Some gloas retention
71 122 Some gloss retention; little
darkening effect
62 &2-A Black Loss of gloas
62 62-A Blue Gloss vetention
i 111 Loss of gloss
R¥ Gray AE Yellow Soms gloss retention
62 102 Some cracking
62 101 Cracking; peeling
(28 62«4 White Crackings peeling
70 114 Stress lines; loss of gloss
73 62-4 Green Stress lines; cracking
62 62~A Blue Gloss retention
70 143 Pew stress lines; gloss
retention
62 l42 Gloss retention
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The surfacers showed very good weather stability,
definitely proving that a previous fallure was ocsused by
poor dispersion of pigment,

In the case of tha lighter colors, it was noticed
that a higher pigment ratio was necessary to obtain better
sovering power, Especially the Chrome Yellow showed a0
poor a hiding power that even two coats were not sufficient
for a definite covering of the surfacer,

The {lexibility test showed that all the surfacers
wers very flexible and conserved their flexidility even after
weathering. The top coats compared favorably with the
Rinshed-Eason nitrocellulose top coats before weathering,
but had lost their flexibility after such test while the
Rinshed«Mason laoquers had not besn affected,

The rasults obtained showed that ochips whose oonme-
position is shomm in Tables XIX and XX, were not wvery satise
factory for diapersion and gloss; therefore it was decided
to use RBH dispersions for the further development of the gray
sanding surfacer and colored top ocnats. The composition of
these ethyl cellulose RBH dispersions is shown in Pable XII,

The new surfacer devsloped differed from the pre-
vious ones only in that RBH dispersions were used instead of
ethyl cellulose chips. Different percentages of plasticizers
‘were investigated, Dow P-6, which is a di-monophenyl phosphate,



TABLE XIX

CHIP COMPOSITION BEFORE RILLIEG

Pigment

Lt. Chrome Yellow
¥ed, Chrome Green
Perrite Yellow
Ferrite Red
Titaniuww Dioxide
Iron Blue
Lampblack

Carbon Black
Toluidine Red

% Pig.

53.3
53.3
533
5343
53.3
36.7
34.8
34.8
5343

% EfC

38.7
38.7
38.7
8.7
38.7
36.7
34.8
34.8
38.7

£ Aroplaz
930

11.6
17.4
17.4

£ Butanol

8.9
8.0
8.0
8,0
8.0
15.0
13.0
13.0
8.0



TABLE XX

CHIP COXPOSITION APTER MILLIRG®

FPigment

Lt. Chrome Yellow
¥ed, Chrome Green
Perrite Yellow
Perrite Red
Titanium Dioxide
Iron Blue

Lanp Black

Carbon Black
Toluidine Red

£ Pig.

55.0
55.0
55.0
55.0
56.7
39.7
36.8
36.8
55.0

#Caloulated percentages

% B/C

40.0
40.0
40.0
40.0
41.3
39.7
56.8
36.8
40.0

£ Aroplas
9%

12,6
18.4
18.4

% Butanol

5.0
5.0
5.0
5.0
2.0
8.0
8.0
8.0
5.0



TABLE XXI
RBE ETHYL CRLIULOSE PASTES

% 18-20
) | eps,Bthyl ¢ Ethyl %
Color Pigment Qallulose Aloohol Toluol
Pitanium
Dioxide 50.00 7.00 8.50 "34.50

Carbon Black 15.00 15.00 14.00 550%
Toluidine Red 18,00 14.50 351,90 32,00

Iron Blue 15009 15,00 34125 34,25
Chrome Green

Eedlum Deep 25,00 9.40 13.00 52.60
Prinrose

£ Dibutyl
Phthalate

L

-

3.60
1.50
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was substituted for Aroplag 9% in some of the formulations

to see whother it was posaidble to obtain more flexibility ih
the lacquer film, Aroplas 930, an alkyd-non-oxidizing resin,
is not classified as a plasticiger although it acts as such,

The results showed that no apparent change in the
characteristics of the surfascser was viaible when different
percentages of plasticizers wers used up to 7%. The panels
were baked at 2120P, for 3 hours and at 500¢?¢grer 5 hours,
then they were tested for flexibility and adhesion, None of
them failed,

During the surfacer investigation it was found
that,because of its slower evaporation rate, a 30-70 Ethanol-
Xylene mixture was a better spraying solvent than 30-T0
Ethanol-Toluene.

To continue in the development of a top coat, an
RBE toluidine red pigzented top coat was prepared with dife
ferent percentages of plasticiser, It was found that a 30-70
Bthanol-Xylene mixture 414 not thin it to a consistency suit-
able for spraying, because Xylene is a diluent, not a solvent,
and as such, its evaporation is not consistent with that of
Ethanol, producing pin points in the lacquer film after drying.
In the case of surfacers, such inconvenience was not experienc-
8d because of the presence of inert materials which make the
surface of a bottom ocoat rather rough,



The use of a better spraying sclvent was necessary,
\It was found that two solvent mixtures were particularly
propitious, i.e., 60-20-20 Xylol, Butanol and Isopropyl
Aloohol or 60«25«15 Xylol, Butanol and Ethanol, Three thin
coats of red ethyl cellulose lacguer were sprayed, by using
such solvent mixtures as spraying soclvents, and the resulting
films were glossy and smooth; they dried in seven minutes to
tack free, and they did not show any sagging or orange peele
ing. The panels were tested for flaxidility, and good re-
sults were obtained even when the original percentage of
plasticizer was used,
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CORCLISION

It can be conoluded that the original formula-
tiong 62 and 62-A for a gray sanding surfacer and a black
top ooat respectively ars good., Their versatility has been
proved dy substituting for Super Beckacite 3000 several Teg-
lace, Beckacites and Amberols, achieving equal success.

Investigation on different pigmentations has
shown that the pigment-vehicle ratis is too low especially
in the case of the lighter shades, An increase in pigment
should be made depending on the hiding power of the pigment.,

The surfacer and top coat should be thinned with
& solvent which evaporates fairly fast and uniformly. Two
solvent formulations are advised: 60-20-20 Iylol-Butancl-
Isopropyl Aleohol or 60-25-15 Xylol-Butanol-Ethanol.

In the formmlation of the top coats a 50-~50 mixture
of VMSP Naphtha and Toluol can satisfactorily snbstgtnzs
Toluol,

The adhesion of the top coat to the surfacer is so
good that in no case was it possidble to separate them, The
flexibility of the top coat should be further investigated;
tests have shown that the surface pull of the top coat is
greater than that of the surfacer, theredy orsating such
gtresses on the bottom coat that on bending the panels, the
surfacer is pulled off the base metal.



1)

{2)
(3)
(4)
(5}
{6)

(7

- {8)
(93

LITERATURE CITED
Denham, ®., and Woodhouse, H. J., Chem. Sec. 103,1735
(1913}, 105,2357 (1914)
Dow Chemical Company, "Bthocel Bandbook” {1940)
Dreyfus, H., British Patent 462,272 (1937)
Herculas Powder Company, "Bthyl Cellulose™ [1940)
Leuchs, 0., German Patent 322,586 (1920)

Lilienfield, L., Br. Patents 12,854 (1912) and 6035
{1513)

Battiello, J. J., "Proteotive and Necorabive Coatings"™
Vols I, pp. 759~-803, John Wiley and Sons, Inc, (1941)

Suida, W., Monats, 26,413-27 (1905)
¥orden, E. O., "Pechnology of Cellulose Bthers®, Yol. I,

Pp. 2-3063 Vol. ITX, pp. 110-1410, Wewark, ¥, J., Newark
Printing Company (1933).



ACKBOWLEDGMENT

The author wishes to acknowledge the kind as-
sistance and helpful guidance of Dr. R. C. Brnst, who
directed this research, He takez the oprortunity to thank
the Louisville Drying Machinery Company, Loulsville,
Kentucky and The Dow Chemical Company, ¥idland, Michigan,
which sponsored these two fellowships, He furthermore
wishes to thank Robert Krueger, Robert Emst, Jr., ¥arren
8lack and ¥William Klepper who kindly assisted him with his
researoh during the past year.



VITA

¥alter Zabban was born in Anoona, Italy, on
¥arch 29, 1922, the son of Aldo Zsbdban and Ines Segre
Zabban, BHe xeca;vad his primary school education in the
publio schools of ¥ilan and completed his high school work
at the Ginnasio e Liceo Giuseppe Beccaria in the same town,
He attended the Ginasio do Rstado 4in Sao Paulo, Brasil.

He received a Bachelor of Chemical Engineering degree from
the University of lLouisville in August, 1943, and continued
his studies at that achool under two fellowships. These
fellowships were sponsored by The Dow Chemieal Company,
¥idland, Michigan, én& the Louisville Drying Machlnery Com-
pany, lLouisville, EKentucky, respectively. He received his
Haster of Chemical Engineering degree in (October, 1944,
Upon completion of his academic work he remained at the
University of Loulsville as an Instruotor of Chemical
Engineering.

Mr, Zabban is a member of Phi Kappa Phi, national
honorary oollege fraternity, Sigma Tau, national honorary
sngineering fraternity, and Thata Chi Delta, national
honorary chemical fraternity.



	Yeast from citrus waste syrup for stock feed : ǂb ethyl cellulose lacquers for plastic coating and ethyl cellulose automotive lacquers.
	Recommended Citation

	tmp.1441307095.pdf.rrQhs

