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AlCOHOL

Investments of USS$ 4 billion.

Development of Ethanol which has the
purpose  of  providing
PROALCOOL through
rescarch in the areas of raw materials,
industrial processing, obtaining, treatment
and use of subproducts and the utilization
of ethanol as a fuel.

Among the other research projects
that are now going forward in important
areas, mention should be made of those
involving the measurement of engine
emissions, vehicle efficiency and consump-
tion tests, pelleting of cane bagasse and such
advanced technology as enzymatic

hydrolysis, genetic engineering (devel-
opment of microorganisms) and computer

control of distillery processes. All of this
“has placed Brazil in a position of being able
to supply the technology involved in the
manufacture of distillery equipment to
other countries interested in alcohol
production. Exports of equipment have
already been made to Paraguay, Argentina,
Venezuela, Bolivia, Honduras, Costa Rica
and Peru.

support  to
projects  of

According 1o
the World Bank,
PROALCOOL is

the largest
renewable cnergy
program
developed
anywhere in

the world.

FLEET OF ALCOHOL-POWERED
VEHICLES - This year, production of
alcohol-powered vehicles has taken over
first position in Brazil and now accounts for
80% of overall sales, or about 500,000

One of the fundamental characteristics
of PROALCOOL is the role represented
by anhydrous fuel alcohol, used as an
additive in the nation’s entire gasoline
supply.

Technically, the mixture is feasible up
to a level of 25% alcohol and 75%
gasoline, without the need for alterations
in Otto cycle engines. However, the
country is using a 20%/80% mixture,
since this results in greater fuel efficiency.
Thus, each liter of alcohol utilized means
a savings of one liter of gasoline.

In the first stage of implementation of
PROALCOOL, production of anhydrous
alcohol served as an economic alternative
for sugar producers, since they had been
seriously affected by the decline in
international sugar prices. Thus, the
creation of PROALCOOL made it
possible to maintain the levels of activity
and employment in the sector.

At present, alcohol production in the
1983/84 harvest is forecast at 8.1 billion
liters, including 2.4 billion liters of
anhydrous alcohol. One should also note
that, since the addition of alcohol to
gasoline can fluctuate between zero and
25%, consumption of this fuel can be
conditioned by the availability of this raw
material or by international sugar prices.

In the Brazilian case, anhydrous
alcohol is also used as an additional
strategic stock for the vehicles powered
by hydrated alcohol, or more than 1.2
million units. Another important

HOW ALCOHOL ENRICHES GASOLINE

consequence of the use of anhydrous
alcohol is that it results in an increased
gasoline octane level. With this mixture,
Brazilian technology raised the IOM
octane level index of gasoline from 73 to
80, making it possible for the automotive
industry to sign an agreement with the
government calling for a gradual
reduction in the fuel consumption level of
new Brazilian vehicles utilizing this fuel.
The rate of reduction was set at 5% per
year upto 1985, through the development
and improvement of engines and the use
of higher rates of compression.

In comparison to the use of pure
gasoline, the fuel mixture has the added
advantage of sharply reducing the
environmental pollution caused by
automotive engines. This is a result of the
elimination of antiknock tetraethyl lead
utilized in gasoline and of the fact that
alcohol burns more efficiently.

The practise of using a gasoline/alcohol
mixture — now done in the United States
also — is the most highly recommended
initial strategy for those countries that
intend to develop alcohol production
and/or utilization programs. In the case of
countries that simultaneously import
petroleum and export sugar, production
of the new fuel for use in an alcohol/gaso-
line mixture will notonly resultin reduced
oil iniports, but also contribute to the
renewed equilibrium of the international

sugar market and real increases in the .

prices of this product.

P~

alcohol-powered units per year. Recently,

the automotive industry produced its
1,000,000t alcohol-powered  vehicle.
When older vehicles coverted to the new
fuel are considered, the total rises to 1.2
million, or 15% of the entire Brazilian fleet.
In 1983/84, these vehicles will consume
approximately 3.8 billion liters of hydrated
alcohol.

Aside from this, all of the other Otto
cycle vehicles use a fuel mixture of 20%
anhydrous alcohol (gasohol). These
number more than 7 million units with
consumption of 2.4 billion liters; while
1983 consumption of the alcohol-chemical
industry will come to 450 million
liters/harvest, including the export of
alcohol-chemical products. At the present
time, alcohol accounts for more than 35%
of the Otto cycle fuel demand and this
figure is expected to rise to 65% in
1987/88, when alcohol production reaches
a level of 14.3 billion liters.

PROALCOOL is now responsible for
the creation of more than 400,000 direct
jobs. In the future, an estimated US$ 2.9
billion will be invested in new distilleries.
In the industrial and agricultural segments,
itis the sector of the Brazilian economy that
is now registering the sharpest real growth
in billings and employments levels.

In accumulated terms, PROALCOOL
has absorbed investments of US$ 4 billion
up to the current harvest, at the same time
in which it has resulted in savings of
approximately US$ 5.5 billion in reduced
oil imports.

For more information contact:

Marcos José Marques - President
COMISSAO EXECUTIVANACIONAL
DO ALCOOL (CENAL)
MINISTERIO DA INDUSTRIA E
COMERCIO - MIC - 20 andar

70053 Brasilia (DF) Brasil

Telex: (061) 1066

20

BRAZIL TRADE AND INDUSTRY, November, 1983
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wonssuuuil 3 _ Properties of Brezilian Tesf Fuels (4)

| @ Ethyl Alcohol Preduction and Use as a
votor Fuel, edited by J.K Paul, Moyes [Data
Corporation, Park Ridge, Hew Jersey U.S.A.,
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Motor Vehicle Operation with Ethanol and Ethanol Blends 315

Table 10.4 contains information on the general properties (especially the vola-
tility properties) of the gasolines and ethanol/gasoline blends used in the GM
(Brazil) work (4). : -

Table 10.4: Properties of Brazilian Test Fuels (4)

Ethanol Adjusted

......... Ethanol.......... ....Volume ...,
Gasoline 5% 10% 20% 5% 10% 20%
Reid vapor i
pressure
kPa 62.7 68.9 683 65.5 634 62.7 64.1
psi 91 10.0 9.9 -+ 95 9.2 A 9.3
ASTM distilla- '
tion, °C at per-
cent evaporation
IBP 31.5 36.5 38 39 385 40 39.5
10% 51.5 51.5 53.5 56 525 55 556.5
20% 65 57.5 59.5 62.5 585 61 62.5
30% 80 67.5 65 68 69.5 66 67.5
40% 995 95 70 72 - 97 73 715
50% 120 118 - 109 74.5 119 1125 74
70% 1525 154 152 144.5 153 150 142.5
90% 185.5 186.5 185.5 182.5 187 186 183.5
EP 2185 2215 216 216.5 2145 217 219
Formula €Higs  CH1 970402 CHy020n03 CHy 120907 - - -
Stoichiometric
A/F 1466 14.34 14.05 13.47 - - -
Specific gravity
at 15.6°C 0.738 0.741 0.743 0.748 0.743 0.745 0.747
RON 81.2 83.6 86.9 92.0 . - - -
MON 77.3 77.2 78.1 80.0 - - -
Lead content
g/l 0.52 - - - - - -
g/qal 1.95 - - - - - -
Sulfur, wt % 0.01 - - - - - -
Hydrocarbon type
% paraffins 72 - - - - - =
% olefins 13 - - - - - -
% aromatics 15 - - = = = =

Source: DOE HCP/M2923-01

Solubility and Water Sensitivity: Ethanol/gasoline blends are known to be some-
what more tolerant of water than methanol/gasoline blends, but in practical
terms, the difference is small. A 25% ethanol/gasoline blend will tolerate about °
1% water at 70F, while a similar methanol/gasoline blend can tolerate about
0.4% (14). Likewise, the solubility of (anhydrous) ethanol in hydrocarbons is
higher than that of methanol (14). This behavior had led some researchers to
employ ethanol as a methanol/hydrocarbon cosolvent.

Octane Rating: Table 10.5 gives the RON and MON ratings for various ethanol/
gasoline blends. The octane rating of ethanol has been reported by various re-
searchers. The values fall in the range of 91 to 105 RON.
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This document-contains 2 parts of informations

on the follow-up of the Brazilian alcohol fuel program :
= Follow-up of alcohol fuel utilization

- Visit to a smell-scele fuel alconol distillery.
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i Obsefvations of utilization'of alcohbl as motor

vehicle fuel were made in Brasilia (capital of Brazil),

in the states of Sao Pzulo and Rio de Janeiro.

Ethyl alcohol (ethanol) was successfully used
as motor vehicle fuel, both in the form of blended fuel

(gasoline-alcohol blend) and as pure alcchol.
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Date :
Place : Brasilia,

Weather

Table 1.

TEST RIDES ON CARS RUNNING ON ETHANOL-GASOLINE BLENDED FUEL

20 - 21 December 1982

Brazil

: Summer, ambient temp. 27-28°C. Showery.

Fuel used:

A1l tested cars had been

running on 20/80 ethanol-

-gasoline blended fuel since new.

CAR 1

CAR 2

CAR 3

CAR 4

General Motors do Brasil

Maker S Volkswagen do Brasil SA Mercedes Benz, Germany Ford do Brasil SA
Model Chevrolet Volkswagen Mercedes Benz Ford Del Rey
© " Commodoro " passat " TS " 250 " Type 123 " Quro "
Year 1981 1982 1982 1982
Serial No. 5P 69E AB 114460 0210631019 WDB 12302610111636
Engine L - cyl., 2,500 cc. 4 - cyl., 1,600 cc. 6 - cyl., 140 HP. 4 - oyl., 1,600 cc.
Age 48,900 km. 5,700 km, 11,000 kn. 11,000 km.
Overhaul Not yet Not yet Not yet Not yet

Test Ride Results

- Cold starting

- Warm-up

- Acceleration
through gears

= Geueral use

Engine running on one starty
Light load could be
&pplied after starting

Normal, no knocking

Q.K.

Same as Car 1

Same as Car 1

Same as Car 1

Same as Car 1

Same as Car 1

Same as Car 1

0.K.

Same as Car 1

Same as Car 1
Same as Car 1

€] 8
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18 Gasohol Handbook
CAUTIONS

A few words of caution are appropriate for the individual unfamiliar with
the process of ethanol production. Although the process is well known and
has been used on a commercial scale, ethanol production through fer-
mentation is a complex process employing biochemical reactions as well as
sophisticated engineering concepts. Consistent and reliable operation can be
achieved, provided the prudent operator follows precautions required by
biological processes -and operates the facility according to established
engineering practice. which includes cleanliness, close control of operating
conditions such as temperature,.and careful storage of product. Plant
operating personnel must have the background and experience to deal with
the problems related to the commop, but complex, unit processes.

Ethanol production involves hazardous materials, and plants must be
designed and operated to minimize risks. The prospective entrepreneur must
be cognizant of these aspects of ethanol production and assure that the
vendors retained have the experience and knowledge required to advise him
in the design and operation of the proposed plant.

The Federal Gasohol Plan

The Federal Gasohol Plan is contained in the Joint U.S. Department of
Agriculture and Department of Energy Plan for Biomass Energy Production
and Use. It was prepared in accordance with the Energy Security Act, Public
Law 96-294, Title II, Subtitle A, Section 211(a). “General Biomass Energy
Development, Biomass Energy Development Plans.” This joint plan
presented the objectives, organization, strategy, and implementation plan to
achieve the December 31, 1982, alcohol production and use goal established
in the Act. Also included is a discussion of major variables and emerging
problems that point to the need for accelerated research and development.

.GOALS

The Energy Security Act sets a specific goal of 60,000 barrels per day -
(bbl/day) alcohol production by December 31, 1982. This level is equal to
production of 0.920 billion gallons per year (gal/yr) of alcohol, or can be
equated to 90,000 bbl/day of oil equivalent. The Act also includes a goal of
achieving a level of alcohol production within the United States equal to at
least 10 percent of the level of 1990 gasoline consumption. The goals
established by the Act, together with the President’s announced goals, are
presented in Fig. 1-13. Private industry has made significant contributions
toward meeting these goals even prior to the enactment of the Energy
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Figure 1-13. National alcohol-fuel-production goals.

Security Act. Nonetheless. federal financial incentives are definitely needed
to meet the national goal for 1982.

BACKGROUND

The biomass alcohol industry has grown over the last year from an 80-
million-gallon-per-year capacity to about 320 million gallons per year. The
fact that this industry is rapidly emerging at present is the result of three major
factors. First, recent innovation in grain-ethanol-production processes has
converted long existing alcohol processes and gain-processing technology
into higher-yield, more-energy-efficient processes for producing trans-
portation fuels. Anhydrous ethanol produced by these fuel-grade-alcohol -
processes can be readily blended in gasoline, with a resulting improved
octane. Second, the improved energy efficiency and yield of the fuel-grade-
alcohol production process, combined with federal and state subsidies, allows
reasonable return on investment. Third, prior to enactment of the Energy
Security Act, a limited number of companies entered the fermentation
ethanol industry or expanded their production without benefit of loan
guarantees provided by the Act.
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To date, federal and state legislation and initiatives have provided sub-
stantial subsidies and incentives for biomass-derived alcohol production. The
first major incentives were provided by the Energy Tax Act of 1978 (Public
Law 95-618) and the Crude Oil Windfall Profit Tax Act of 1980 (Public Law
96-223). The exemption of the 4-cent-a-gallon excise tax on motor fuels
provided by the Energy Tax Act of 1978 and the additional 10 percent
renewable energy investment tax credit provided by the Crude Oil Windfall
Profit Tax Act substantially improved the economic viability of fuel-grade
ethanol production.

However, it has been the enactment of the Energy Security Act which has
permitted the federal government to assume a portion of the investment risk
in fermentation ethanol energy projects through loan guarantees. This risk
would have continued to prevent substantial investment in this new industry.*

Figure 1-14 shows that private sector alcohol production unaided by
federal loan guarantees (the dark areas) will be significant, but will fall short of
achieving the December 31, 1982, goal. This production, together with the
additional production gained from plants financed by federal loan guarantees
(the light shaded areas) awarded by DOE and USDA, will achieve the 1982
production goal. Plant design and construction lead times dictate that the loan
guarantees negotiated in 1981 will result in initial production in early 1983.

Uncertainty in several areas of alcohol production and utilization may
prevent alcohol from achieving its full potential as a biomass energy alter-
native. These aspects include economic viability of alcohol-fuel plants without
incentives; unknown new investment risk for the financial community;
variable feedstock availability and price impact; regulatory disincentives; lack
of public awareness of the advantages of alcohol-fuel use; current marginal
price competitiveness of gasohol relative to unleaded gasoline; and un-
developed markets for coproducts. Strategies to deal with these concerns are
addressed in the plan.

In summary, both USDA and DOE are confident that their plan will
achieve the 1982 production goal. However, some concern exists because
several events have occurred since the goals were set, such as reduced
domestic demand for gasoline, decreased grain feedstock production due to
poor weather, and rising interest rates, all of which have a direct impact on
alcohol production and use.

ORGANIZATIONAL RELATIONSHIPS

The Energy Security Act specifies that the Secretary of Agriculture has
responsibility for determining national, regional, and local agricultural policy
impacts of biomass etergy efforts on agricultural supply, production, and use.

*The Reagan Administration is planning significant reductions in loan guarantee programs.
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270 Ethyl Alcohol Production and Use as a Motor Fuel

One such project was conducted in 1972. This project was a small scale road
test with half-ton pickup trucks using Gasohol and regular gasoline.*

TWO MILLION MILE ROAD TEST

In 1973, the Committee reviewed the results of this project. They were encour-
aged enough to have a large scale automotive fleet demonstration test designed -
by the University of Nebraska at Lincoln. This road test was designed with the
cooperation of the Nebraska Department of Roads and the Department of
Chemical Engineering at U.N.L.

Dr. Scheller was designated as the principal investigator in this road test. Dr.
Scheller recommended that 200 proof anhydrous ethanol be used for the alcohol
in Gasohol. Using this type of alcohol would avoid any water problems and .
provide good starting in cold weather. So, the official definition of Gasohol
became: 10% agriculturally derived (200 proof) anhydrous ethanol and 90%
unleaded gasoline. The alcohol for this project and remaining projects was
obtained from a Georgia-Pacific Corporation plant in Bellingham, Washington.
Georgia-Pacific fermented wood wastes into anhydrous ethanol. This alcohol
is chemically identical to alcohol fermented from grain. This alcohol satisfied
the Committee's project needs especially since there was no other major fer-
menter of anhydrous ethanol closely available at that time.

The alcohol was shipped to a Farmland Industries Cooperative Refinery at
Phillipsburg, Kansas where it was stored and blended into Gasohol. The Gaso-
hol was shipped to three Department of Roads test stations spread strategically
across the State of Nebraska. The Department of Roads furnished 45 vehicles
to be fueled with’ Gasohol; unleaded gasoline, and regular gasoline. The road
test began in December of 1974 and was completed in October of 1977. This

project was the primary and most comprehensive that the Committee had ever
undertaken.

The preliniinary results of the Gasohol Two Million Mile Road Test are encour-
-aging. Consumption of Gasohol was about 5% less than for unleaded gasoline.
No unusual engine wear or carbon buildup was found. Drivers reported that
they experienced no problems of starting, vapor lock, or drivability. The
Committee obtained the cooperation of the U.S. Department of Energy on
exhaust emission tests at the Bartlesville Research Lab. These tests show that
Gasohol emitted one-third less carbon monoxide than unleaded gasoline on the
Nebraska road test vehicles. Due to the scale and results of this road test, it
gained considerable national recognition.

CONSUMER ACCEPTANCE TEST

While the road test was in progress, the Committee increased its pace of activi-
ties. One of the most far-reaching Committee projects took place in 1975. An
experiment entitled, "The Holdrege Gasohol Consumer Acceptance Test and
Marketing Survey™" was organized and implemented durimg that year. After the
first positive reports of the road tests were obtained, the Committee decided
that the public acceptance of Gasohol should be tested. Arrangements were
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made with the Holdrege Cooperative Service Station at Holdrege, Nebraska to
sell Gasohol. The cooperation of Farmland Industries, Inc., of Kansas City,
Missouri was easily obtained for this experiment since they were already storing
the alcohol and blending it with their unleaded gasoline for the road test.

This experiment proved to be extremely successful. What was to be a project
spread over a period of nine months to one year turned out to last only 2%
months. The Committee sold approximately 93,000 gallons of Gasohol. The
supply of Gasohol was insufficient to meet the demand of consumers. Custom-
ers reported increased mileage and performance with Gasohol. The Committee
published the sales and consumer acceptance data in December of 1975 after

all of the information had been compiled and computed. The Committee con-
cluded from this project that a market for Gasoho! definitely existed in Nebraska.

FOOD AND FUEL FOR THE FUTURE

The Committee dispelled the misconception in 1976 that food would be taken
away from starving people if Gasohol becomes widely distributed. This was
done through the auspices of a National Science Foundation grant to the Univer-
sity of Nebraska at Lincoln for research on the extraction of protein from the
distillers dried grains of ethyl alcohol fermentation. This extracted protein,
commonly called a protein isolate, can be used in human food. This develop-
ment reveals the prospect that the world's supply of protein can be increased.

This research indicates that when one makes ethyl alcohol from grain, recovers
half of the protein from the distiller's by-products, and feeds the remaining
residual grain to cattle, 50% more protein is available for human consumption
than if the original whole grain had been fed directly to cattle. This research
is the reason that the Committee adopted as its motto, "Food and Fuel for
the Future," for its Grain Alcohol Program.

FEASIBILITY STUDIES

During the last two years the Committee has undertaken many other significant
projects related to Gasohol and agricultural product fermentation. In the latter
part of 1976, the Committee obtained the services of an outside engineering
consulting firm (Stone & Webster Engineering Corporation) to conduct a pre-
liminary economic feasibility study based on a coal-fired ethy! alcohol fermenta-
tion plant producing 20 million gallons per year. The study, released in January
1977, revealed that there was a profitable return on the capital investment of
approximately $22 million. The Committee conducted other research on the
by-products of ethanol fermentation, such as feeding trials, with promising re-
sults.

In August of 1977, the Committee voted, in the midst of much controversy,

to undertake a comprehensive economic Gasohol feasibility study recommended
by Governor J. James Exon. Governor Exon obtained $30,000 from the U.S.
Department of Energy and $30,000 from the Old West Regional Commission

to finance the feasibility study. An outside consulting firm was selected to
conduct the study. The study was completed in July 1978. (The results have
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gasoline in amounts up to 30% by volume. This policy is aimed at stabilizing

the sugarcane industry, which could harvest a steady amount of sugarcane and
yet produce more or less sugar according to the market situation. Molasses, a
residue from sugar manufacture, would then be produced in a varying amount
and converted into fermentation ethanol which would find an assured market

in the gasoline pool. From the available statistics one finds that the amounts

of ethanol in blends varied with the region of the country and the time of the
year, and seldom went above 10% by volume.

More recently the Brazilian Government has sponsored research in the use of
fermentation alcoho! in Otto and diesel engines and gas turbines, and develop-
ment of processes to produce ethanol from other sources such as starch-contain-
ing materials (cassava, babassu, etc.) and cellulose-containing materials (wood
and crop residues).

Brazil is probably one of the few countries in the world where there is enough
land to produce food, feed, fuels and chemicals. Its land area (8,500,000 km?)
is larger than the whole of Europe, and spreads over favorable latitudes.

A National Alcohol Program (PNA or Proalcool) was established in November
1975 to promote a rapid increase in fermentation ethanol production from
sugarcane, cassava and other renewable raw materials. The program provides
subsidized financing for new ethanol plants and expansion and revamping of
existing distilleries.

ALCOHOLS AS FUELS IN BRAZIL

In Brazil, several experiments with the use of straight ethanol as a fuel for Otto
engines have been conducted since the 1920s (2)(3).

The use of ethanol-gasoline blends in Brazil was started by 1931, when, by law,
imported gasoline was to be blended with 5% by volume of ethanol obtained in
the domestic market when available (2).. ’

Anhydrous ethanol production was linked to the sugar industry and followed
the irregular pattern shown in Figure 9.1. Ethanol added to gasoline over 1967
through 1977, as shown in Table 9.1, followed a similar behavior. Blending of
ethanol with gasoline in recent years was done during the truck loading opera-
tion (mainly in the State of Sao Paulo). The proportion of ethanol was set in
the range of 10 to 15% by volume as specified by the National Petroleum ~
Council (CNP). Therefore, data in Table 9.1 represent yearly averages.

Occasional erratic performance (vapor lock, etc.) of Brazilian engines fueled with
high ethanol blends (up to 30% volume) led to experiments by the automotive
industry in Brazil. Experimental studies on straight ethanol were also conducted
at universities and research institutes.

In recent years, Air Force Technical Center (CTA) supported by the CNP and —
the Ministry of Industry and Commerce (MIC) investigated the performance of
Brazilian engines fueled with ethanol-gasoline blends. The overall conclusion

was that all Brazilian vehicles were fit to burn gasoline blends containing up to
20% ethanol without any engine modification.
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This Is a list of many of tha common acids and chemtcais
which havo been successfully used with latex tubing. This,
of course, is only a-smalle-numbe. as thore is no way of
knowing all the uses to which this tubing has been put.

USE CHAINT

'0 r 1t should be understood, of course, that any natural rubber
product should not be used in conjunction with od, gaso-
Ch emicals line, or any petroleum solvent. For specific uses, not listed,,

it Is best to simply try a length of latex tubing to sce if it
will work successfully. A sample will be furnished upon
requost. . B

and Acids

CHEMICAL RESISTANCE OF RLP LATEX TUBING
PROCEDURE: ; 0—No swelling or cracking or discoloration
20 mm samples of ordinary production run (Black' and
Amber) were immersed in several chemicals for 5 hours at -
room temperature and examined according to the {ollowing

1—10-25% swelling or cracking or discoloration
2—25-50%, swelling or cracking or discoloration

scale: _ 3-50%  swelling or cracking or discoloration
Swell- Crack Drl" Swell- Crack tler- | 5 h Dlor
. 5 . g . . - well- s 5
CHEMICAL el L ion | CHEMICAL T Cing” Sien | CHEMICAL e Cihg tien
B - . T S IUF et v o= B T e e el | .. — . L e B seemmEn i el
o DIOXANO . o veereeeens 2 0 0o P _
Acctic Acid 109..... U 0 0 Dodecyl Phenol...... 1 0 0 i Phenyl Hydrazine.... 0 0 0
Acrylomitrile. . ooovens 0 0 0 t ! Phusphoric Acid 10% 0 0 0
Ammonia Con¢....... O 0 0 Phosphoric Acid
~Eth lovenen R 0 0 0
Ammonia 10%. ...... 6 o 0 [eene CONCerearrrnnnns ...0 0 O
Ethyl Acctate........ 1 0 e . R
Amyl Acetate........ 2 0 0 N‘-Ethyl P 1 0 2 i-Propy! Alcohol. .. .. 0 0 0
"""" ''n-P | Alcohol..... O 0 0
ﬁ”"'"e' TSR 1 0 O | gmyionoDichioride., 2 0 0 "rropvlAgene ,
queous y i
Cellulose.......... 0 0 Etlr:ylcno Diamine.... g g g Silicone Antifoam
Aqueous Tannic Acd 0 0 0 Ethyleno Glycal...... Liquid. . eenneenns 0 ©
U X ¥ Silicone Lubnicant.... O 0 0
Benzaldehyde....... 1 0 0 Formaldehyde Sodium Bromide
Benzene 3 0 0 Solution......vv... O 0 0 Sat. Sol........o. 0 0
""""""" Sodium Carbonate
n-Butyl Alcohol,..... 0 0 0 G 10%. assrainrasnonech d § 4 § 0 0 0
¢ Glacial Acetic Acid... 0 0 2 | Sodium Carbonate o
Calcium Chloride Glycerine............ 0 o0 ©0 Conc..ovvvvennene Y
Sat. Sol..veeiinnns 0 0 0 Sodium Chloride
i ; " Sat. Sob.evrennnnns 0 0 0
Calcium Hydrdxide 4
Sat. Sol....ionnen o 0 Hydrachloric Sodium Hydroxido
Calcium Nitrato Acid 10% .......... 0 0 0 10% ------------ 0 0 0
0 0 Sodium Hydroxide
Sat. Sol...evvivnnnn t ik ) " 5 5
Carbon Tetrachloride 3 0 0 _ ONC..veveee e
Citric Acid, Aqueous O 0 0 Methylene Chlaride.. 3 (0] 1 Stearic Acid
oA | Mineral Oil........... 1 0 0 | (nAcetone)....... o o 0
ospapt. SOl s irrrenns 0 o |Monoethanol Amine. 0 0 0 Sulturic Acid 20%.... o 0o 0
Copper Sulfate Morpholine. ........ .0 0 0 |Suituric AC;d Conc... 2 3 3
Sat. Sol............ o o H :
...... 0 0o o0 Toluene,...c..cce..o 3 0 0
Cyclohexanl.. Nitric Acid 10%...... 0 0 0 |ihethanolAmine.... 0 O O
] Nonyl Phenol....... 1 0 0 W
Diacetone Alcohol.... 0 0 ¢] N-Octyl Alcohal. . . ... 0 0 0 0 0
Diethanol Amine..... 1 0., O : Watar......ooeevennen 0
Diethy! Amine....... i o0 1 Q
Diisobutylene........ 3 0 0 Oleic Acid....ovevnns 1 o 0 Xylene.,.....cooveeeees 3 -0 0

RUBBER LATEX PRODUCTS DIVISION
of REICHHOLD CHEMICALS., INC.

Specialists in Pure Lalex Tubing Since 1941



Synthetic Resins and Polymers

TABLE 51: CELLULOSIC, POLYETHYLENE, POLYPROPYLENE, SARAN, POLYSTYRENE,
BUTYLSTYRENEL}TYRENE7ACRYLONITRILE, METHYE METHACRYLATE/STYRENE,
POLYETHYLENE/ETHYL ACRYLATE RESINS

The resistance of Dow Chemical Company plastics to various chemicals. They include
cellulosic (ETHOCEL), polyethylene, polypropylene, saran, polystyrene (STYRON),
butylstyrene (TYBRENE), styrene/acrylonitrile copolymer (TYRIL), methyl
methacrylate/styrene copolymer (ZERLON), ethylene/ethyl acrylate copolymer
(ZETAFIN). Reference: The Dow Chemical Company, Midland, Michigan.

Code: E = Excellent
G = Good, very slight clouding or discoloration
' F = Fair, slight etching, some discoloration and/or some dimensional
- or weight change
P = Poor
N =

Not Recommended

r ETHOCELM [ POLY rPOLY, SARAN STYRON® reRENE® | Tvret | ZERLONY | Z€Tamin<
* | ETHYLENE | PROPYLENE Gen
CHEMICAL Types 1 11 | Purpose Impoc!
CLASS ond I8 | Grodes Grades
,_:A,TA_.—._-— o e S T =
Acids, Inorgonic :
weak £ E 0 E 13 3 G G £ 3 G
strong P e | o t £ G G G N G
strong oxidhzing P ¢ ! o G F F N N N G
Acids, Organic :
weak E £ E E E G E G G
strong F E E E G 3 G G G G
Alcohols N 3 G E E G F F N F
s - —_— —
Aldehydes N 13 G G N N N N N F
R, . B e e I SO ST GNP A ST S
Amines
aliphatic 3 £ G G E E G E E G
arematic 3 3 G 4 N N N N N G
- e e e - s [ SR S P FIp G [0 oRS IR (R —
Boses G 13 3 G 13 3 3 E E G
Beverages G 3 € E E E £ E 4 E
Condiments G 13 3 3 G G 3 4 G E
Esters N G G E N N N N N f
Foodstuffs ~ 3 3 T £ £ E E 4 3 E G
] _ [RURNURES SRR U SR : e
Glycols
polyglycols G l 3 E E £ E E £ E
palyglyco! ethers N 3 G G N N N N N F
Hydrocarbons
aliphatic N N N G N N G E F N
oromatic P N N F N N N N N N
chlorinoted N N N G N N N N N N
Insecticides N G G F N N N N N f
Ketones N G G F N N N N N F
Oils
essentiol oils N F F E N N N ‘N N P
vegetable oils € E E 3 G G G 4 G G
Pharmaceuticols G E E 13 E E E E E G
ey B (PO, i S -+ SEunBRTER) SR T N
Salts . 4 G 3 £ £ 3 3 E 4 E G

NOTE OF CAUTION - This table should be vsed only o1 o guide in the abience ef dato on the specific i 1 -+ plastic combination in g
. wnder simulated end-vse conditions.
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Synthetic Resins and Polymers

TABLE 52: NYLON, POLYVINYL CHLORIDE, FLUORINATED, NEOPRENE BUTYL

RUBBER RESINS

The resistance of SOLENOID valves to selected chemicals. Reference: Valcor Engineering
* Corporation, 365 Carnegie Avenue, Kenilworth, New Jersey.

Code (Body): N =
« Code (Diaphragm):
1 = Neoprene
2 = Viton (flourinated elastomer)

Nylon P = Polyvinyl Chloride T = Teflon

3 =_Teflon (polytetrafluoroethylene)
4 = Butyl

116

v
Acetaldehyde N2 Cadmuum Cyamde N} Ethyt Acetate N4
Acetamide N4 Catlcium Bisuifite Nl EYhyl Acrylate N4
Acetic Acd N4 Calcium Carbonate N1 Ethy! Alcohol-95% N2
Acetic Anhydnide N4 Calcium Chlorate P2or 13 thy! Aluminum N2
Acetic Ether N4 Calcum Chloride P2er¥3 thylbenzene - o N2
Acelone i . N2 Calcium Fluophosphate N1 £lhyl Cellulose N2
Acetylene Tetrabrormde 13 Cakium Hydronde P2or 13 hyl Chlorule 13
Acrylic Resins Calcium Hypochlonte P2 or T3 [thylene (Liquetied) 3 N4

(Orspersion) P20r T3 Calcium Nitrate Ethylene Bromide N4
Adipic Acd 4 or T3 Calcium Bultate P2or 13 thylene Chlorhydnin N2
Alcohols . N1 Cane Sugar Syrups N1 thytene Dichionde N4
Allyl Alcohol Nl Caprolactam Solution 13 £inhylene Glycol N2
Alum N1 Carirolic Acus (Phenol) ‘13 Rhylene Oxide N4
Alurmina N Carbon Bisulfide Nt thy! Ether T3
Aluminum Chioride NI Carbon Dioxicse (Gas, thyl Mercaplan . N4
Aluminum Fluonde N1 Liqud) N3 yl Propionate N4
Alunminum Hydroxide N1 (Aqueaus Sot) N1 ,myl Sulfate 13
Aluminum Nitrate N1 Carbon Disultide P2oc T3
Aluminum Ozychloride P4 or T) Carbonic Acid Plor 13 Fatty Acds N4
Aluminum Oude Carbon Mononide N2 Ferrc Chionde P2or 13
Aluminum Potassium Nl Carbon Yetrachionde N2 Fernic Nitrate P2or 73
Aluminum Sultate Ny Castor Oit - N1 Fernc Sullate P20or T3
Ammonium Alurminum Nl Catechul 13 Ferrous Ammonium Sulfate. NI
Ammonium Bicarbonate N Caustic Potash Nt Ferrous Chilonde P2or 73
Ammonia (Liguid) N1 Caustic Soda N1 Ferrous Sultate P2or 73
Ammonia (Gss) 13 Cellosolve 13 fluoboric Acd P2or T3
Ammonmium Bitluonde N1 Chiatacetic Acud T3 Fluonine (Gas) 13
Ammonium Carbonate N1 Chinrat Hydrate P4aor T3 Fluosihcic Acid P2or13
Ammonium Chlonide Ni Ctuonic Acid 13 Formaldehyde P2or 13
Ammonium Diphosphate N1 Chilonne Dioxde N1 Farmuc Acid Paor T3
Ammonium Fluonde N Chiorine Gas freon N2
Ammonium (Wet cr Ory) 13 Fructose NI

Hydrasultide PlorT13 Lhlonne Water N1 Fruit Juices
Ammonium Hydroxide N1 Chloroacetic Acia 13 Fumanc Acd Paor13
Ammonium Metaphosphate N1 Chiorcacetone ~4 Furtural
Ammon:um Moncphosphate N1 Chiprobenzene N2
Ammonium Nitrate N1 Chilarabromo Methane 13 Gallic Acid N1
Ammonium Persuitate Nl Chiorobutyldiene T3 Gelatine N1
Ammonium Phosphate NL Chlorotorm N2 Glucose N1
Ammomum Suttate N1 Chlorosultomic Acud 13 Glycerine N1
Ammonium Suttide Nl Chronue Aad P2or V3 Glyceral N1
Ammomnium Thiocyanate Nl Cuder Glycols N1
Ammonium Tnphosphate u} Citne And - 1007, Plor T3 Green Sultate Liquor N
Amyl Acetate N Citric A= 10r% N1
Amy! Alcohol N1 Cucoanut Ol Nl Sisvian he
Amyl Chlonde N1 Cod Liver O N1 H’“l Alcohol N2
Anihine N4 Coltee N1 He;!amfutf drate 3
Aniine Dyes N4 Copper Chionce P2or 13 Hydv b em cykcad 13
Aniline Hydrochinnide 13 Capper Cyamide P2or V3 Hvdlgch? " Act:’j— 35% P20orT3
Aniine Oi N4 Cupper Fluonde P2or T3 H,dv o |u’|c Acid— 100% or 3
Anthraguingnesulfonic Acid T3 Copper Nitrate P20or T3 Hydvcc " c"“'cc A:ld—
Anthroguinone 13 Copper Sulfate Plor T3 (:’ga f \de P20rT3
Antmany Chiorde N2 Corn Ot N1 Hydr o R 50%. P2 or T3
Antimony Trchloride N2 Cottonseed Oit N1 ygrotidotic el o,

Hydrotluonic Acid—-100% 13
:nlm-‘lzdams ;‘; ::.reosme }'; Hydrofluosthic

qua Regia Cresol
Aromatic fuels N2 Cresyhc Acd 13 “A‘;"d" 50{%( Acd— 100'""2 oF ;;
Aromatic Hydrocarbons N2 LCrotonaidehyde P2or¥3 N,dru ::”'“d v" etable Oil Nl
Arsenic Acid, N1 Cyamnde Plating N' ’up, r:‘CMOHQ:I’i' '
Arsenic Trchlonide N1 Solutions PdorT3 Nyg’og:" Fluoride U
Aryisultonic Acd I Cyclohexane N; “V ,ggm v

{ys fohevanal N
Barium Carbonate N1 ( :L-Inhe- none T3 Jm“d"phqu"’, o :g o ;:
g.,,um Sh‘:"de.d :ll C ttohernylamine 13 n;a:g::g Suslsdpe“ e P2 :; 73
arnum roxigde
Banum Nu’lule N1 Driomized Water N1 Hydroquinone P2 or 13
Barum Sultate N Deatrin N Hydrosdaminesiitats 12 ot 31
Barum Sultide M Uiacetone Alcor-ol N4 Hypuchlurous Acid or 12
Beer N1 iahylamine N4 Ink N2
Beet Sugar Liquors Nl Dia?0 Salts T3 ladine 13
Benzaidehyde . N4 Dichloroethane N2 lodalorm 13
Benzene N2 Dichloroethylene N2 isopropyl Acetate NG
Benzenesulfonic Acd. N2 Dichloropentane N2 isapropyl Akohol Nl
Benzoc Acd : 3 Diethanolamine N4 Isopropyl Ether N4
Benzol Diethylbenzene N2
Bismuth Carbonate Plor T3 Diethylene Glycol N2 Lactic Acd P2or 73
lack Sultate Liquor N4 Drethyl Sebacate N4 Launic Acid N4
leach, Laundry N1 Diethyl Suifate 13 Lauryl Chlonide P2
Blood . 4 N Diglycolic Acd P2or 73 Lead Acetate P2or T8
Borex ¢ Nl Dimethylamine N4 Lead Nitrate P2or 73
Borc Acd . N1 Dimethyl Aniline N4 Lead Sulfamate P20or 13
B8nne Solutions Nl Dimethyl Formamide N4 Lipeoleic Acid P2or 13
Bromine, Water N1 Dimethyl Phthaiate N1
Butadiens 73 OCioctviohthalate N4
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Synthetic Resins and Polymers

TABLE 36: POLYVINYL CHLORIDE RESINS

The resistance of polyvinyl chloride pipe (RYERTEX-OMICRON PVC), astrong, rigid,
unmodified thermoplastic material, to various chemicals. This pipe is resistant to attack
by many solutions and gases. Reference- Joseph T. Ryerson & Son, Inc., 203 Westside
Avenue, Jersey City, New Jersey 07305.

Code: R = Resistant PR = Partially Resistant A = Attacked

wAcehldehydu w% 8. Soluhon 1 _R__ Bmum _c;rbonale_ Y L .+“_-
Acetaldehyde mo% IA |A Barium Chioride o L
Ace!aldehyde with Aceuc Acd 9% '_R e |Barum Hydronde ] R-IR
Acehc tic Acid o 1602; LR_|PR _Banum Sulme o ____»_lk' R
“Acetic Acid 0% |PR|A [Baiumsubde R IR
Acetic Add Glacial " ioog UeRTA [Ber o IR :u )
Acetgc_ﬁ@!@.c ' B : --__IE)Q%J | A |BeetSugarliguors :ﬂ |I_t“'
Acetic Ether % | A | A | Benzaldehyde Ay qA 1A
’A_c;an—e—- . ) ' At;y ¥ A Ia Benzene ___;_ o ,",’9%, T‘A ‘A
“Rerylic Acd EthylEster 100% [ A ln |Bencol :7\” 1A
Auyuc Resms (d'spersnon) Commercnal | R | Benzotc Acid Aq_ueous Selution | R H_’RA
Adaplc Aud i Saluvated al 70° 3 R 1 Fﬁ Blsmulh Carbonaie o o IR l!
¥ Mchahc Diinks Commc«cual | R R } ‘ Black l|quot :R IR
Ally! Alcohol 93 | PR | A |Bleach 12\/,7., Achve Chloune IR VIR ‘
’E:;E; o Saturated | R 1R | Borax ‘ _”A-._. }_alg;gtgd |_R IR
Mummum Chiorde ' S_atutaled | R lR Bonic Acid _ ) ﬁalumed :R !R__
Alummum Fluoride IR {R |Bromc Acid B 0% IR '_R
Alummum Mydronde ' : R ! R Bromine, L|qu1d o ] 1_00% v : A :A
Alumfnu_m Oxyc?_llondy iR R Bromine, Vapors ‘ PRy
Aluminum Nitrate IR IR |Bromine Wale« Weak |R IR
-Alummum SuHate ) Saturalcd ! R IR Butane Gas T T R :_
AAmmoma Gas »:_ Dry |R lR Butadlene 7 v iﬁ _joo% :ﬁ_ |RW
Ammonia. Liquid 100% | PR | A Butandiol 10% (R 1A
‘Ammoma Aqueous Sc|uhuns Sa!uvaled { R | R Butanduof N V 7_1;00?9;',— | A‘ }A
_‘Ammomum Bllluonde _ : R } R Bulano(_‘ir_lmary_ : ‘ IR; {R
Ammonium Chlonde batumed at 70“ | R | R {Butanol Secondary |R IR
Ammomum Carbonale 1 R IR Butyl Acelate T - R P_R :A
Ammonwm Fluoride  Upto25%; [R (PR [ButylAlcohol R |PR
Ammonium Hydroxide iR IR _|Butylene Li quuld IR atho
.Ammomum Metaphosohate 'ft 1 R_ -Bu(yl- Phenol T _100% 1 é.-rr
.Ammomum Nitrate “Saturated IR lR Bql_y_ncjccd _; _ 20% IR | PR
Ammonmm Thmcyamte IR IR Butync Acid L Concentnled | PR 'A4
_ALnnlopmm Phosphate Ammomacal I R :R Calcium stul(at: B ) :R IR
_Ammonium Phosphate Neutral 1R R L gp_lcjgcll.t;frgqnale I L L
Ammomum Phosphate Ac:d A 1A r(:alcmm Chiorate iR Ta
Ammomum Sultate Satuuled r R g Ca!cuum Chlonde " ) ’ g : R
Ammonium Persulate  [R_|R_fCakiumydronde R R
Ammonium Sulfide Saturated | R |R Czlcwm ' Hypochlorite IR In
"Ammonium | Mydrosulﬁde o t ! Calc:um Nitrate ____ . }R IR '
e S_"“’_'_"‘_’_l R % [caumSume NLNLE
_Qg\yl Alcohoi IR IR |Carbon Dioxide, Gas, Liquid o | r
Amyl Aceme ~_—7 “_ ) ,— - "i :A _ Aqyeous Solulu_qns ) "R JR__»
Amy Chloride [A (A |CarbonBisuibde  100me) R A
Aniline A 1A Carbon Bisulfide 200 mg/1 | PR TPR
“Anibne Aydrochloride }_A_ {A [Carbon Bisutbde 700 me/1 IA .
Anthraquinone {R Carbon Monoxide JR_AII_I_,__
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e ""’"""""\"," 5 : Wm r.;?i’ 'url - -'.r ¥y ”
i ot teain e E [Py A PM?N e,
w«ggmtnth 5~1?° MO [ . chomical o Cokgpatn | 10 B e 3 r
. - - i IR R Mercunc Cyanide (ROR
1009 PR Fluobonc Acid o A R IR
Ch!prycetac Ac'd e D L Gas. We! \ R IR Mercumus Nmale A : | 1o
Choal yduate te e R T AL [ LN
Choiched __ — Bk 478 L L Y Methyl Alcohol (Methanol) 1005 } ROR_
: Y 1R R Formaldehyde I L Ll Lot it TR OIA
Chlpn'ne Gas, Dry S 4———% Formic Acid Up to 509; o | R IPR Me!hyl Chioride . -
Chlorine Gas, Wet A8 '——PR Sl g 1007 1R TA I'ethyi Ethyl Ketone LY Hy
Chiorine Water Saturated at 70° lﬁ (PR Form—cid RO 1. I‘R’":'i{’ Welhyl Suifale :R |PR
 Cholorabenzerne S :A :mc:(;se s T T :n VR Iwethyl Suituric Acd  Up 1o 100% | R }R_
T uic SR (i e
IChoIorotovm —ea - ~—-——~~-—-I-A A "’:’P;“ cal T ; '"—l Al A Me(hylene Chlortde e :A_ ,',A,
fCholorosuHomc Acid :PR “l'l‘": - ~— —-'——rhﬂji"— ik (R R
Chrome Alum L JIR ol 'Cc»:' R L [ Mineral 01 £ 4R
Chromic Acid Aqueous ek IR IR - Sir Ive M nufaétmed i 1R TR Mlxed Acuds 7.__7 N IR i-PR
Chromic Acid with | 1% Sulfuric {R LPR, :_G‘as__Na_t‘uLa_;( e s = °"1",'{‘}’R“" Molasses Commerclal }R__ IR
e T [ AR (T Ly
Citric ic Acid i __lR 13 -Glycohc c.l—— SO S torated | R TR Naphthalen—e—“ _ 'A,___if“,
' IR R Glucose ~ 3_‘"1 e e e g ta
Copper Chionde | SEEmt g S Bl ™ Any | R_|R {Nickel Chioride L
 Conper Cyande_ _—3'3-----{— - "‘", - B L [T (L
Coppev Fluoride (R ,_LA G"“"’ e = ol l_R_ i" N,;k'efgufm Saturated IR ,|.R,.
~CoDDet Nnmle . '8__;'!__ Glycol - commma A ry R Nncolme T mm&;—n’l‘merc«al {R |8 ]
Copper Sulfate | —'r,, IR |Hexanol Tertiary C°'"'-"-°-'»°'5'--l : { Neotinc Acd (R IR
= T R B _Commercial R IR icotinic -y
CO"QF‘”“’ 0" e e IR :R = J‘I-(_EE!LMCOhM sy, i : R R N!(HC Atld AnyhleUS ~ 8% } A :A
Cresol  Aqueous Solution :PR {A  [Heptane (o : it acd Ut 68% IR- 13
’ R |Hexane |- - A 1A
Cresylic Acid 50/0 | |A 1A
CTude 01l * :R 1'R Hydrobromn: Ac:d - 0% { R :: ,:'_:':_)’b?é%j%m —— “ I :R
R o R itrou ; :
\,y.lohexanm . 1005 IPR 1A : Hydmcyamc ; 5007 | R _|R “OI|S and Fals 100% IRIR
100 |PR Ia Hydiofluoric Ac:d YW I Bt ——— - LR 'R
Cyclohexanone . __' ity l g 0,e,c Aud Commercla of ded
Dlsodngmﬁygphate o fR- lR _ 'Hydrogenp ',Ee'” 1_0_0% = :R_ | oleum _19% IA L
Dextrin Saturated (R IR |Hydrogen Perox T lhRMl R | Oxalic Ac'd - Saturafed a1 IR IR
Dextrose‘ T _ Saturated | R IR | Hydrogen Photh'de e b t"" roon o Ay IR :
g g Hydrogen Sulfide. Wet or Ory o R R Oxygen e gy Py
Diazo Salt Soluhons R e IR {owne Any (R |
. n - i
D:glycohc Acd - e I 'Rv- HySroguinone J_fz' I'g Palmltnc Aad 10% IR :R .
" % |A la Hydroxylamine Su"?“2 s A E SR b 1
mchloromethane A Ton 430 b sAud IR | R |Palmitric Acid o 5 Bafe el =
Oimethyamine, Lioud 1005, { PR (40" | Hypacioou RN e Ry
Dioctylphthalate S qA IR flodme :‘R“Tk " [Petroteum ois IR IR,
: T 1A T Kerosene SRR 1. e EURL I
Ethers S s (] 2 ) 5% IR TR [phenol o t“ |
o Aeplate Fa (A& Jtactic Aud AN P e - 907 |PR
Ethyi Acetate e - loe e IR |Phenol . N% R PR
A 1A |Lard Oil o 2T enyitvdrazine 7 ooy |A 1A
Chylerlate _— T IR TR fprenyinydrazie 1o ot
Cthy! Alcohol . Ay IR R JlawicAed @ R = We_[;;l—h_ydralme Hydrochloride L
. Ao 2oly SN - 1 A 1A [_auryl Chlonde e i. S ted (R |A
Lthyl Chloride _ ""—l' . l S t !ed fR l R atma e ‘

Ethar A A Lead Acetate atura | . e IOO‘V | A 1A
Chylfther ~g Linolerc Acid IR TR [Phosgene, Liquid_ S e 1-
[thylene Bromide o _‘If IA ino ed o 1 Rj' R 5585§ene Gaxw‘ o J_@"Lﬂ- |
(lhylene Chloroh_v‘_if{‘_'__ ,_-,______4_‘,;_1 A 9"-599 — R IR rhbs_phauc Add Up to 30% R :R
melene Chloride — :A :q"e“‘s Carbonate . : R IR Phosphoric Acid OXQQ()_‘ZB“}R |R

T m I R A e

my|ene G!ycol — _..l_ng.- oy ' 5 t ted 1R 'R Phosphorus, Yellow Ry

i - Fa 1A Magneslum Chloride ~ Satura LEL S IODV R
rtgylene Oxide Tl L m ydioxl de ._LR IR |[Phosphotus Pentoxide o 100% ¢F I
Tatty Acids 100% ]R :R Magnesiu Nmale S I R Ir Phosphorus Trichloride }A {“
“ertc Chioride Sturated 1R iR Magoesum il Saturated 1R b Photographic Solutions  Regular _ |R Ly
W' R IR |Magnesium Sultate Satura e R_| R _ [|Photographic Solutic - % TR [Pk
“erric Nitrate 1 e AR IR HPicicAdd 1% |R T
“estic Sulfate ZLR_IR_ fMaic Aci TR T Plating Solutions ~ Regular |R *R
- ; IR rR Maleic Acid SRS SORN. S S o P Attt S T
“errous Chloride . 1o Ao [ 1 R R |
errous Sulfate 1R IR fMercuric
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Synthetic Resins and Polymers

TABLE 30: POLYPROPYLENE RESINS

The resistance of polypropylene fiber (HERCULON) to various chemicals. It is resistant to
many solutions of acids, mild alkalies, salts, mild oxidizing agents, and mild reducing
compounds. Chemically o hydrocarbon, this fiber is affected by acetone, solvents that
dissolve hydrocarbons, strong alkalies, acids, and oxidizing agents. Reference: Hercules
Powder Co., Fibers Department, Wilmington, Delaware,

Code: NT = Not Tested at the indicated temperature ‘
Chemicals (By Types) Concentrations, Temperatures Tested
Acids %o 70°F. 180°F.
Acetic Acid 5 X x
Acetic Acid 40 X NT
Acetic Acid 100 P NT
Benzoic in Isopropanol 3 x x
Fluosilicic Acid 25 X p’s
Formic Acid 5 X X
Formic Acid 40 X NT
Formic Acid 87 X NT
Hydrochloric 37 NT X
Nitric Acid 1 X b4
Nitric Acid 10 X NT
Nitric Acid 70 X NT
Oxalic Acid 5 X %
Phosphoric Acid 1 X NT
Phosphoric Acid 10 X NT
Phosphoric Acid 54 % X
Phosphoric Acid 70 X b
Salicylic in Isopropanol 3 x X
Sulfuric Acid 1 X x
Sulfuric Acid 10 X i
Sulfuric Acid 70 X X
Sulfuric Acid 96 X. NT
Bases -

Ammonium hydroxide 28 X NT
Sodium hydroxide 1 x X
Sodium hydroxide 10 x x
Sodium hydroxide 40 x x
Oxidizing Agents -

Hydrogen peroxide 0.2 (pH 11.0) X NT
Hydrogen peroxide 0.3 (pH 7.0) X X
Hydrogen peroxide 0.7 (pH 4.0) NT X
Hydrogen peroxide 3.0 (pH 6.0) x NT
Textone (sodium chlorite solution) 0.2 (pH 11.0) NT X
Sodium hypochlorite 0.1 (pH 10) X NT
Sodium hypochlorite 0.40 (pH11.0) X NT
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Synthetic Resins and Polymers

Chemicals (By Types) 4 Concentrations, Temperatures Tested
Reducing Agents % 70°F" 180°F.
Stannous chloride in Isopropanol 3 NT X
Salts

Copper sulfate 3 x x
Ferric chloride 3 X X
Sodium chloride 3 X X
Sodium chloride 20 215°F.
Sodium metasilicate 1 X X
Sodium metasilicate 10 X X
Zinc .chloride 3 x NT
Other Chemicals

Amyl Alcohol ' 100 x NT
Benzaldehyde ' 100 x NT
Benzene 100 X NT
Carbon Disulfide 100 X NT
Carbon Tetrachloride , 100 X NT
Chloroform 100 x NT
Cottonseed Oil 100 X NT
‘Ethyl Acetate . 100 X NT
Ethyl Alcohol (denatured) 100 bl NT
Ethyl Ether 100 x NT
Ethylene Glycol 100 NT x

" Formaldehyde 10 X NT
Glycerin 100 NT X
Gum Turpentine ' 100 X X
Kerosene ' 100 X NT
Pure Lard 100 X NT
Pure Raw Linseed Oil 100 X NT
Methyl Alcohol 100 X NT'
Nitrobenzene 100 X NT
Paraffin Oil (mineral oil) 100 NT ®
Perclene 100 X X
Phenol (carbolic acid) 5 NT X
Phenol (carbolic acid) 100 NT X
Stoddard Solvent 100 NT x
Tetra chloroethane 100 x NT
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Metals and Alloys

TABLE 78: ALUMINUM

The resistance of aluminum to the corrosion of various chemicals. It is resistant to solvents,
oils, food products, and concentrated nitric acid. Reference: Kaiser Aluminum &

Chemical Corp., 300 Lakeside Drive, Oakland, California 94604,

Code: A—Corroslon possibility so slight as to be negligible.
B—Corrosion resistance high enough-so that satisfactory service can be expected with proper design.
C—Fair resistance, with satisfactory service only under specific conditions. Aluminum not recommended without
additional data. Kaiser Aluminum representative should be consulted.
Acetaldehyde. .. .. ... ... A Cresol (below 212°F).. A Maleic Acid. ... .. . B Resins.. . . . ..., ..A
Acetanitide. ............ A Cyclohexane. . ... ... .. A Methylamine . .. .. LA Resorcinol ... ... ... A
Adetic Acid, Dilute. ..... 8 Methyl Cyclohexamina. .. A Rubber.. .. ........ ... A
Acetic Acid, Glaclal. . ... A Diethyl Ether. ... ... .. A Methyl Formate. . ... .. A
«  Acetic Anhydride. .. .... A Dipentene. . .. ...... .. A Methyl Salicylate. ... ... A Salicylic Acid. ........ A
Acetone........ ........ A Olphenyl Ether. ... ... A Mineral Oils. .. ... ...... A Sewage. .. . ......... A
':cﬂ'ylhn: sgr(y)'. o : g‘ﬂ;‘:'ar’“m ---------- a Monoethanolamine. . . . .. A Shellac. ... . ......... A
crylic Acid (glacl yestufis. ......... S Soap .. . sy - 2C
Acrylonitrile {(dry). ...... A Eth Naphtha .. A Sodlum Acetate. ... ... A
Acrylonitrile (wet). . . ..... 8 E'h‘nChl : A Naphthalene B Sodium Bicarbonate
X Alcohols............. B thyl Chioride (dn). | . A Naphthol = . A (dry) e sisuspus B
Aluminum Chioride. . .... C Ethylene.. . .. ... .. Naphthylamine .. ... c Sodium Borafe. ... ... B
Aluminum Nitrate Ethylego ?lycol --------- 8 Naphthenic Acids Sodium Carbona(e .. . C
(no free nitric acid). .. . A Ethyl Oxalate. ... . ... A (up to 180 F) .. A Sodium Chiorate. .... ..B
Aluminum Sulfate. .. .... 8 Fats A Nicke! Acetate Sodium Chloride. .. ... .. B
Ammonia(dry).......... A Fanty Acids A upte 10% conc) ..... C Sodium Chromate .. . A
Ammonium Bicarbonats A F "Yc Nitrate c Nitric Ac:d (above 80%). A Sodium Cyanide . C
Ammonium Carbonate. . B F'":) .Amren o Nitrocellufose. A Sodium Nitrate .. A
Ammonium Hydroxide. . .C 'S ”u‘t only 8 Nitrogen . A Sodium Jxalate 8
Ammonium Nitrate F r:'o a es' '” i 8 Nitrogen Peroxide (dry) LA Sodium Suifate . ... .. B
(no free nitric acid). . . A Ferm:lsd t:‘da R 8 Nirogen Peroxlde (wet). C Sodium Sulfocyanide. .. A
Ammonium Sulfate F° "e 1’13° : "B Nitroglycerine . .... .. A Sodium Thiosulfate. ... .B
(no free sulfuric acid). .B F”o" 12, 22, “2 e A Nitrous Acid. .. ...... .. B Steani, Low Prassure.. A
Ammonium Sulfide. . .. .. A F"?" Linaid o Nitrous Oxide (dry). ... A Stearic Acid. . . A
Ammor)\lum Thiocyanate A Fﬁ:f:val qui A Nitrous Oxide (wet). . ... o Streptomycin. A
{pure : Succinic Acid .. .. .. A
Amyl Acetate. . ... ... A ' Qils, Fuel and Lube. . A Sultur Dioxide (dry). A
Aniline (liquid). . . ..B g::e;lh;:r;\‘;:ahnq ’ : 2 Oleic Acid. A Sulluric Acid (tumung) B
Anlline (vapors) ..... . A Gasoline (anr{y.dfo'ds) A Organic Amines. B Sulfurous Acid ...... C
2nimha:tOIls. A, 2 Gelatin " A 8xalic Acid . B Synthetic Rubbers ... . A
sphalt. .. ..... ... .. . . o xygen A
Sartam Chiong . Bieans Acd A Ozone(wet) A Tanalc Acid (pure) ... A
arlum oride. . ... ... ' . ars . A
Benzaldehyde. . B g f,"h“o‘:;a,e C R Paints A Tartaric Acld. B
Benzene..... ... .. .. A o Palmitic Acid. B Tetramine A
Benzoic Acid .. ... ..., A i Paraldehvde. . .. ... .. B Toluene . ... ... A
Benzol ... . A n;g:g:g‘nlc Acid : Peanut il ... ... .. A Triacetin . . . ... B
Bituminous Compounds . A Hydrogen Peroxide Phenol (up to 212°F).. .. A Trichlorethylene (dry). .. .B
Boric Acid .. ... .. A (30% and higher). A Phosphorus (dry) . A Trisodium Phosphate....C
guty: ll\cehta;e .......... : Hydrogen Peroxide Phosphorus Pentoxide Turpentine ... ... A
utylaldehyde. .. .. & (dilute) . . ....B (dry). ..
Butyric Acid. ... ... ... B Phthalic Acid (pure) ..... A Ultramarine . . .. ... A
Hydrogen Sulfide ... A Plcric Acid. .. . ... A Urea. . ... A
Calcium Chloride........C lodine (o4 Pinene. .. . .. . ... .. A .
Calcium Hydroxide. . ..... C Isobutane . A Pine Qil e A Valeric Acid
Calcium Sulfide. ... .. ... 8 Plastics................. A {up 1o 50% conc.) ... A
Carbolic Aclt'!:)(phonol) Kerosene. A Potassium Bromide.... .B Varnish Solvents. . ... .. A
(below 212°F). .. .. . Potassium Carbonate.. C .
Carbon Dloxide. ... .. .. A Lacquers A Potassium Chiorata. , . .. A w::g:' E,':gll:,fa’, """ ‘B\
Carbon Disulfide . ... .. A Lactic Acid.. ... .. B Potassium Chloride ... B Water, Sea. ... ‘B
Carbonic Acid (dilute). . . A Latex. . LA Potassium Cyanide. . . . .. c Waxes T A
Carbon Monoxide. . ... .. A Lead Acetato. Baslc ..... Cc Potassium Dichromate.. A o
Carbon Tetrachloride Lead Arsenate . ..... .. B Potassium Ferricyanide. . A Xylene. . ... .......... A
(4 L T T Lignitewax............ A Potassium Nitrate. ... ... A
Cellulose Acetats. ... ... A LIV v ooz s v s s 8 Potassium Zing Acetate
Chlorine(dry)........... A Linseed Oll. .. ... ... ... A Permanganate....,.... A (up to 10% conc.). .. ... A
Chioromycetin. . ... .. .. A Liquid Fuels ... ... ... A Potassium Suifate. ...... A Zinc Sultate
Chromic Nitrate. . ....... B Lubricating Olls. . Propionic Acid. ......... B (up to 10% conc.)..... C
Citric Acid.............. B Propylens Glycol. .......A Zinc Oxide
Creosote................ 8 Magneslum Chloride. .. .C Pyridine. . .............. 8 . (up to 10% conc.)...... 8
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TABLE 91: STAINLESS STEEL

Metals and Alloys

The resistance of stainless steels to various chemicals. Grades of these steels include:
302; 316; 410; 430. The various grades cover a wide range of corrosion resistance.

However, there are some corroding media which will attack all steels.

Reference:

Crucible Steel Company of America, Four Gateway, P.O. Box 88, Pittsburgh, Pennsylvania

15230. -
Code: | = Fully Resistant V= Non Resistant - ,
I Satisfactorily Resistant * Pitting may occur under certain conditions
I Fairly Resistant ** Solution should be kept alkaline
. . o . e g s
IV = Slightly Resistant Attack may occur when sulfuric acid is
' present.
Testing Crucihle Testing Crucible
Temperature Temperature
Media F 302 | 316 | 410 | 430 Medio F 302 | 316 | 410 | 430
etic Acid ¢ Aluminum Sulfate
107, 70 ! [ I I 10, 70 ue | e v
Boiling I | Boiling " ] v
5075 70 | | Saturated 70 n* [ v
Boiling 1} | Boiling i it} v
80%% 70 | I Ammonia
Boiling 1] 1 All Concentrations 70 | | 1
1007} 70 [ ! [ I Boiling I ! t
Boiling v " Ammonia Liquor 70 | 1 |
100" ; at 150 psi 400 v 1] \ v Bo.ling i 1
etic Yopors Ammonium Bicarbonote 70 | |
100, Hot M n i Hot | ]
30 A Hot m 1] Ammonium Carbonate
etic Anhydride 70 1 | v 1 and 5% Still 70 1 | it ]
Boiling 1] 1" Aerated 70 | 1 [} |
etone 70 | ! 1} 1} Agitated 70 I | ) i
Boiling | | Ammonium Chloride
etyl Chloride (Dry) Cold " | 10, . Boiling wel e
Boiling I " 20, Boiling ne 1*
etylene ‘70 | | l 507, Boiling meyf{ ou*
Concentrated 70 1 [ Ammonium Nitrate i ’
Commercially pure 70 1 Saturated at 212 F Boiling | | | ]
id Mine Water 70 ! i Dissolved in conc. H.SO; 140 i |
tivine 250 i} i
Aqueous Solution 70 1 ! Ammonium Oxalate
:chol 70 | 1 I 5 70 t 1 ] |
Hot | 1 | Ammonium Persulphate )
iminum {Molten) 1375 v v v v 5 70 1 | ! |
iminum Acelate Ammonium Perchlorate
Saturated 70 | [ 104 Boiling | |
Boiling [ ! Ammonium Sesqui-carbonate
sminum Chloride 70 v " v Saturoted Boiling | I
iminum Fluoride 70 v 1} v Ammoniw--Sulfate
sminum Hydroxide 1077 Boiling ns *
Saturated 1 1 | Saoturated Boiling n* *
iminum Potassium Sulphate
(Alum)
109, 70 wel o ne
Boiting I I "
Saturated Hot Boiling | Il ] v

198



Metals and Alloys

TABLE 94. COPPER, BRASS, BRONZE, NICKEL ALLOYS

The resistance of these alloys to various chemicals and solvents, Reference: The American

Brass Co., Waterbury, Connecticut.
Code: A = Suitable under most conditions of use
B = Good resistance; may replace a metal rated "A" if better suited for
a particular use —_
C = Fair resistance
D = Not suitable
COPPER-
LOW-ZINC HIGH-ZINC PHOSPHOR ALUMINUM SILICON  CUPRO NICKEL
COPPER BRASS BRASS SPECIAL BRASS  BRONZE BRONZE ALLOYS NICKEL SILVER
"ELECTROLYTIC COWMERCIAL = CARIRIDGE ~to8In © UPHOSPHOR  AMBRALOY. | (VIRDUR. | CUPRD < WICKEL
TOUGH PITCH. BRONJE.-T4  BRASS-42 RONZE-452 SRONZE, | 1010 NICKEL,  SILVER,
100 -1 10708 1509
ARCHITECTURAL ARSENICAL -
BRONZE-280 ADMIRALTY-439 cuPRo
FHOSPHOR. RED BRASS. { MuNLL ] AMBRALQY. PHOSPHOR ] AMBRALOY- EVERDUR .- g‘guiéz
126Q-100 2 METAL-66 BRONZE 1018
(354
Acetic Acid
Acetic Anhydride
Acetone
Acetylene®
9leohol| '
Alum
Alumine

Aluminum Chloride
Aluminum Hydroxide
Aluminum Sulfate
Ammonia, obsolutely dry
Ammonia, moist

Ammonium Hydroxide
Ammonium Chloride
Ammonium Nitrate
Ammonium Sulfate
Amyl Acetate

Amyl Alcohol
Aniline
Aniline Dyes
Asphalt

Almosphere, Industrial
Atmosphere, Marine
Atmosphere, Rural
Boarium Carbonate
Barium Chloride

Barium Hydroxide
Barium Sulfate
Barium Sulfide
Boer**

Beet Sugor Syrups

Benzine

Benzoic Acid

Benzo!

Black Liquor, Sulfate Process
Bleaching Powder, Wet

Boren

Bordeaux Mixture
Boric Acid

Brines

8romine, Dry

Bromine, Mois!
Butane

Butyl Alcahol
Butyric Acid
Calcium Bisulfite

Calcivm Chloride
Calcium Hydroxide
Calcium Hypochlorite ¢
Cone Sugar Syrups
Carbolic Acld

CEPOP0 ONAPPO >POBBP OODPDD FOBREG OPPOE pPNAP POODD CHPUPOPY »0>00
OFgP0 DAPPO PO OODPIP CEERD OPpPR® RAND SO00C0D COUDPODPU B> P U0 e—
PP ® OPPPN >OPpBP> CAPPD> PBPOBPP APDPDPP PNAP POOCC OPPPADP® PUPAN
OpoPp EPPPD® >PRPP > FTAPID PPODPD BBBBP POONP PNOOCO OPIFPTIPD RORE®—
@rope GPPPE® >Ppp> EPNPBP PPODP ®BPDP> PNODP PNOOO OPpPpEpE POPB®e—2
WRpBPO® BPDHPP® POEBBP FADBDP PBODPD @EBBPP> PONS PpPNOCO O3 Fnpdp® ROPIDe—
BPpEPP FPBDLD® PPPPP PODBDDP DPEDD PBBBD POOD BPIANN NADPDP>PIpP POPSEA——
®RrPpp PP PE DBBPP> PADPPD> PPEDP> SBBBPP> POAND PACOCO - OPB IR RO

D
4]
A
A
A
D
A
D
A
D
A
D
]
]
D
D
8
A
C
C
A
8
8
A
A
]
(]
A
8
8
8
A
[)
A
D
D
A
8
[]
D
A
D
A
A
C
[+
D]
]
4]
]
]

oA DOARPPO PAGSD DOPE» BPaEpE® Oppoo POODP BOOOO D)O)O.)O »>Pp>»00
SpEPO PPPPN PEBPP PODPPEDd PPPB> OPBPPDP PONP pPOUOUOCDO UPERNP>T RO>»NN
BPpOPS BPRPSG PEBRPP> BAPEDP PPADD FBPDPP >pNOND PNOCT UPSPIpE RpORO®
FpIPP DPPBDBE DRBBD> FOABPBPP PBPOPD FBBDBPD> POMNAD PAVOD OPERLPRE 0RO

PP BPPPO PERIP FTAPDPP> >PPAPD> FPppppp pNOP PNOCCOD OpPpEPr® 0>
BpEPO OPPPP DERBPP> FTOADPI>D> PPNPD> P> POOP PNAO00 OpFpPpPD® RLOPBIB~—2
GPpEPD FPBPE PRI FOPDPD> PPOPDP PP pPNONP >NCCO OHPFpOPI ROPRG
BPEPE BPPPE DR FAPDPD> PIPOAPP FBBpD >PNOP PNUOCT CPIPpPpIPO PO BB e
CPpeP® EPEPE POBRPP FAPPP PPODPP GBPPP> >PNNP PNUODC O>PpPrO RPOHIE
TPOUPE BPIPE BRI PHAPPP PPNOD> BBPPP NN >AVUY WO VPTH
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TABLE 95: BRASS, BRONZE, MONEL, STAINLESS STEEL, COPPER, ALUMINUM,
NYLON ' .

The resistance of these materials to various chemicals. Reference: M.M. Harper Co.,
Morton Grove, lllinois. :

u; (No Good) 7 (Palr} @ (Good) l:::: SILICON |  MONEL gl:‘t:‘s: g:‘t':i:ﬂ STAURESS
8 (Excotient] aaval [ smomzE NEML ™ w0 | TYRE COPPER  JALUMINUM |NYLO-FAST
BRONIE 1 ANDUN | AND S
Au_htl Solvents, Crude F <] G ] E E [¢] |3 G
Acémo Solvents, Pure E E 3 E E E E E E
Acstic Acid, Crude ’ al G G NG? o & G G NG
Acetic Acid (Pure) P G G NG? G 4 6 E NG
Ac+lc Acid Vapors NG G F NG G 1 3 G G NG
Acoilc Anhydride NG G G NG G E G E NG
Acetone E 3 E E E E E (3 3
Acoptont : NG G 3 E E NG E
N Mhola G E € E E E E G G
Aluminum Sulfste F G G NG F G G F NG
Alums ' F* G G NG F G G E F
. Ammonia Gas* NG* ¢ . : E £ E . € Gl
Ammonium Chloride P G E F F E G NG F
Ammonium Hydroxide ' .NG NG F E E E NG G G3s
Ammonium Nitrate NG F F E E E F £ F
ATA":‘:»"::::!‘.E:SWM“ NG NG G & £ E NG NG G
Ammonium Phosphate (Neutral) F F G G E t F F E
Ammonium Phosphate (Acid) F F G F G E F F
Ammonium Sulfate F + F G G E E F G» F
Asphait G E 3 G E E E E E
Beer G G E ’ E [ 3 G E E
Beet Sugar Liquors G E € G E E E E G
Benzene or Benzol® E 13 E E E E . E E E
Benzine® E E E E E E E E
-Borax G G E 3 E E . 6 G G
Boric Acid P G 3 F G 3 ‘G 3 G
Butane, Butylene, Butadiene® (20 Ex E E'e g g E» E E
Calclum Bisulfite NG G NG NG G [ 3 G NG G
Calcium Hypochlorite F F F NG F G F NG F
Cane Sugar Liquors G E . E G E E 3 E G
Carbon Dioxide (Dry) E 3 E E E € E E E
ﬁ'&?ﬂ.ﬁ“@"&’&.ﬁ"»ﬁ% and Fn il G" E" 3 E g" E E
Carbon Disulfide F NG F [¢] E E NG E E
Carban Totrachioride’? 1 e 3 8 I € £ £ G 3
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Ethanol Production and Use in Brazil : 279

The following premises were assumed (4):

In 1985, total production of ethanol would reach 5 million
cubic meters;

"By 1980, about 80% of the Proalcool production approved by
June 1977 would be in operation;

In 1985, production of cassava ethanol would attain 1 million
cubic meters; :

Cassava ethanol production would be slow in taking off due to
expectation over the first project's performance and to the
longer implementation period;

The first coal gasification plant in Brazil could produce
1,500 tons methanol per day (although it is planned to produce
ammonia);-and

Regular gasoline consumption growth rate (including ethanol)
is: 2% pa, 1977 through 1980; and 5% pa, 1980 through 1985. -

Otto Engines with Ethanol Blends

Two types of automotive gasolines, A and B, are marketed in Brazil. Type A
is the regular gasoline with 73 MON minimum rate. Consequently, most Bra-
zilian Otto engines have a compression ratio of about 7:1. The addition of 5%
volume ethanol to this type of gasoline resulits in an increase of 2 MON units.
Such relatively high increases result from the fact that alcohols blending octane
values (BOV) are higher for lower octane number gasolines.

~
Type B is the Brazilian premium automotive gasoline with an 82 MON minimum
rating. This type of gasoline is not commercially blended with ethanol. Its
consumption has decreased due to the current pricing policy for oil-derived fuels.
In 1976, type B represented only 1.2% of total gasoline consumption in Brazil.

Most Brazilian engines still operate with a rich mixture (excess fuel relative

to the stoichiometric air-fuel ratio). Therefore, driveability and fuel economy
are not expected to be greatly affected with alcohol additions up to 20% volume.
The so-called "alcohol leaning effect" is the primary cause for reduction of HC
and CO emissions, but NO, and aldehydes emissions are expected to increase (7).

Until 1978 Brazil did not have automobile emission standards; however, specific
HC and CO exhaust emission legislation for used vehicles (Otto engines) was
expected for 1978, based on yearly compulsory tuning following manufacturer's
recommendations. Emission legislation for new vehicles will probably be estab-
lished by 1979-1980 based on the U.S. 1975 Federal Test Procedure.

Since the alcohol content in gasoline affects emission levels, the alcohol content
should be kept constant through the year, at least in the main cities where the
automotive pollution is more critical and its control more needed. The city of
Sao Paulo and others have already started consuming blends with steady ethanol
contents. Today, there are about 20 blending stations all over the country.

From June 1977 through May 1978, it is expected that all regular gasoline
marketed in the city of Sao Paulo (1,300,000 vehicles equipped with Otto

L)
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. Ethyl Alcohol Production and Use as a Motor Fuel

Since different induction equipment was used for the three test fuels, caution
must be exercised in interpreting these results. The most directly comparable
are those generated with the Dresserator for ethanol and methanol. Neither set
of alcohol data can be compared directly to the Indolene test results since the
stock carburetor was the only metering device used with Indolene.

General Motors (4) has reported results of EPA CVS-3 testing using a 1974
(Brazilian) Chevrolet 151 CID sedan operated on 5, 10 and 20 volume percent
blends of ethanol with gasolines of two different volatilities. Emissions measured
during the GM test showed reduced HC and CO, but increased NO, and alde-

hydes.

Figure 10.5: Steady State WOT NO, Emissions vs Fuel-Air Equivalence Ratio
for Neat Alcohols and Indolene (3)

-

20.0
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—_— MBT Spark Timing
18.0 2000 RPM, WOT
: Maldistribution Index =0.0
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16.0 Indolene, OEM carb
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