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LEGAL NOTICE

This report was prepared as an nccount of Government sponsored work, MNeither the United States,

nor the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty o¢ representation, expressed or implied; with respect to the accuracy,
completeness, or usefulness of the informution contained in this report, or that the use of
any information, apparatus, method, or process disclosed in this report may not ‘infringe
privately owned rights; or

B. ‘Assumes any liabilities with respect to the use of, or for damages resulting from the use of
any information, appuratus, method, or process disclosed in this report.

As used in fhe ubove, “person dcting on behalf. of the Commission' includes any employee or

contractor of the Commission, or employee of such contructor, to the extent that such employes

or contractor of the Commission, or employee . of such contractor prepares, disseminates, or
pravides .access to, any information pursuant to his emplo;émen? or contract with the Commission,

or his employment with such contractor.




COSTS AND PRODUCTION RATES OF AMINO ACIDS

Many amino acids can now be purchosed in quantities ranging from 25 g to
10,000 kg (Table 1 and Fig. 1), generally as materials of rather high purity. Some
of these acids are derived from biological materials, for example, glutamic acid
from wheat glum‘en,l histidine from blood profeins,2 and tryptophan from casein.

Most of the other available amino acids are made from relatively common, syn~

Na, KOH, CH30H,

thetic organic and inorganic chemicals such as HCI, NH

’
C2H50H, Br CIZ’ H?_SO4, MgSO4,chonamide, P, Hg, 3Pb(OH)2, efc.
Although the data show considerable scatter, Fig. 1 suggests that, when
these amino acids are sold in quantities of 10,000 to 100,000 Ib, the cost will
be only about $1.00/lb. The cost would probably be reduced further, to a few
tenths of a dollar per pound if sales volumes were on the order of 500 tons or

more. Available data are not adequate to express this cost in terms of, for example,

tons/day production rates.
CHEMICAL MANUFACTURE OF AMINO ACIDS

Most of the amino acids are already being made by methods involving wholly-
chemical materials and reactions, as contrasted with methods based on biologically~-
derived materials, such as wheat gluten, or biochemical reactions, such as fermenta-
tion (Table 2). It is probable that the expansion of present manufacturing rates by
two to six orders of magnitude will be more readily achieved if the manufacturing
processes are entirely chemical. Chemical methods are available even for those
amino acids that are currently being made from biologically~derived materials.

For example, glutamic acid could be manufactured according to the flow diagram
shown in Fig. 2. In view of the world population eaxplosion4 and the accompanying
need for expanding food production,s'é and in view of the existence of limitations
on the extent to which orthodox methods of food production can be expanded,7 it

is evident that a large-scale expansion of the manufacture of amino acids will be

LOCKKEED MARTIN ENSRGY RESEAR(

[

3 4456 0513252 3




necessary in the next 50 years. It is suggested that this expansion will ultimately
have to be based on manufacturing processes that are independent of any biologically-
derived materials or of biochemical reactions. Since many of the basic chemicals

for such processes can be produced from seawater, and since others, for example,

NH, are already being studied in terms of an Agro~Industrial Complex associated
with a large nuclear desalination reactor, it is suggested that the manufacture of

amino acids should be made an integral part of such a complex.
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Toble 1. Information on Amino Acid Manufacture, Including Costs for the First Half of 1967

Unit Cost for Lorgest Production

Scale Listed (dollars per kilogram

of compound listed in col. 1)

Approximate Manufacturing Laboratory® Technical®
Compound Scale™” or Availdble Form Product Product Manufocturers”
a-Alanine (DL)d Kilograms 22. AC, EC, GS,
di-a-aminopropionic acid) ICN, NB
== {D) Hurdred grams 380. AC, EC, GS,
(1-a-aminopropionic acid) : ICN, NB

Acginine (¢ Ters of kilograms 60. AC, EC, GS,
{DL~2~amino-5-guanidopentanoic ICN, NB
acid)

Asparagine (1) Hundred grams 70. AC, EC, GS,
a-aminosuccinamic acid, Althein, ICN, N8,
sparamide) PL, ROC

Aspartic Acid (DL)d 500 groms 4.

(Bl aminosuccinic acid,
DL-asparacemic acid)

-=== (L) 500 groms 36.

Cysteine {}} d Hundred grams, |-cysteine 145. AC, BC, CS,
L-B-mercaptoclanine) hydrochloride hydrate EC, ICN

($10.00/100 )
Glutamic Acid (1, +)9 Hundreds of pounds, 99-1/2% 397 .-
pure
Glutamine (L, +)° Hundred grams 100. AC, BC, GS,
(a~aminoglutaramic acid) NB
Glycine Tors 1.87-2.09 AC, BC, BENP,
{aminocacetic acid) CC, ICN,
BLL, MCW,
N8B, OP, PL

Histidine () NB
I-a-amino-8-imidazolepropionic
acid)

———— Hundred grams os ! (+) histidine 155. AC, GS, ICN,

hydrechloridemonohydrate ot NB
$11.50/100 g

Isol eucine® AC, EC, ICN
2~amino-3-methy] pentanoic acid)

Leucine (DL)® Kilograms 50. AC, EC, NB,

(DL~2~amino-4~methyl pentarcic RSA
acid, DL-a~aminoisocaproic acid)

Lysine (L)e Hundreds of peunds, as -lysine 8.26 M, NB

monohydrochloride

~~=~ (DL) dl ~lysine dihydrochlaride EC, ICN, NB

Methionine (DL)® Lots of 30,000 Ib o more. 272 BLL, D, NB,

Hydroxy analog, 90% mia S, SBP
(calcium salt), bogs
Phenylalanine (DL)® Hundreds of kilograms as 54. AC, BC, EC,
idi -a~aminohydrocinnamic acid, _di-phenylalonine NB W

E—B-phenyl«ﬂ.-qmimpropionic

acid)



Table 1. Information on Amine Acid Manufacture, Including Costs for the First Half of 1967 (Contd)

tnit Cost for Largest Production
Scale Listed (do!lars per kilogram
of compound listed in col. 1)

Approximate Manufacturing Laboratory® Technicald c
Compound Scale®b or Availoble Form Preduct Product Manufacturers

Proline (L)d Tens of grams 320. AC, GS, ICN,
i_‘- 2-pymwolidinecarboxylic acid) $8.00/25 g (99+%) N8

Serine (DL) dl-serine EC, EC, ICN,
dl-2-amino-3-hydroxyproparoic NB, RSA, W
acid, f.i_l_-ﬂ"hydroxyclanine)

e (L) Hundred grams as I~serine 560. AC, EC, ICN,

N8

Threonine (DL)e Tens of kilogroms 75. AC, BC, GS,
{DL-2-omino-3-hydroxybutyric PL, W
acid)

Tryptophan (L)° Hundr eds of grams 450, AC, BC, GS,
(I-a-amino-B-indolepropionic PL, W
acid)

Tyrosine (DL)d dl-tyrosine, synthetic EC, ECI, ICiN,
{d1-2~amina-Y4-hydroxypheny ) NB
propanoic acid, dl-B-p-
hydroxyplv::nyl(;1Iunim>:§i

——m= (L) Kilograms, )~tyrosine, 28. AC, BC, EC,

natural (99+%) ICN, N8B,
PL

Valine (D1)° Kilograms 37. AC, 8C, EC,
__~0.-amimisova|eric ocid, ICN, NB,
di~2-amino-3-methyl butanoic ROC
acid)

Hundreds of kilograms 4.50

Ascorbic acid (d}

{Vitamin Q)

20ii, Paint, and Drug Reporter, May 29, 1967.

b Aldrich Chemicals.

CChemical Week, October 15, 1966, Part 2. 1967 Buyer's Guids lssue-Chemicals.

d . . .
Nonessential amino acid.

e . . .
Essential amino acid.

Abbreviations are as follows:

AC Aldrich Chem. M
BC Borden Chem. MCW
BENP  Benzo! Products NB
BFG B. F. Goodrich Chem. NC
BLL B. L. Lemke and Co. OP
CcC Chattem Chems. PL
Cl Croda, Inc. RL
D Dow Chem. ROC
EC Eustern Chem. RSA
EC! Empire Chemical Industries S
GS Gallard-Schlesinger Chem. Mfg. SBP
HL Hoffmon Lobs. w

ICN lnternational Chem. and Mucleor

Mearck Chem.
Mallinckrodt Chem, Warks
Nutritional Biochemicals
Nopco Chem,

Octagon Process
Pfanstiehl Labs.

Roselle Labs.

Research Organic Chem.
RSA Corp.

Shell Chem,

S. B. Penick and Co., NYQ Chem. Div.
Winthrop Labs.



SELLING PRICE, $/kilogram
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Fig. 1. Variation of Selling Price of Amino Acids with Sales Volume.
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Table 2. References on Preparation of Amino Acids

Method of Preparation Reference
Alanine Chemical 1
Arginine Biochemical (from gelatin) 10
Chemicol 11
Asparagine Chemical (from aspartic acid)
Aspartic Acid Chemical 1
Cysteine Chemical 8
Glutamic Acid Biochemical (from wheat gluten) 8
Chemical 9
Glutamine Chemical 8
Glycine Chemical 1
Histidine Biochemical (from blood proteins) 1
Chemical 8
Isoleucine Chemical 1
Leucine Chemical 1
Lysine Chemical 1
Methionine Chemical 1
Phenylalanine Chemical 1
Proline Chemical 8
Serine Chemical 1
Threonine Chemical 1
Tryptophan Biochemical (from casein) 1
Chemical 8
Tyrosine Chemical 8
Valine Chemical 1




ORNL DWG 67-11992

C,H.OH
2''5
H,S0, l nal
" CH = CHCH, (Propylene) .| CH, = CHCHO
?HgSC)4 catalyst) (Zcrolein)
HZO Reference 12 KCN H20
N = CCHZCH2CH(OC2H5)2 -t CICH2CH2CH(OC2H5)2‘

NH,y 4——-' H,0 HCN l—» Kcl
¢ '

HOOCCHZCHZCH(0C2H5)2 HOOCC H,CH,CHO
‘-J H
C,H;OH ,0 -
‘ 3
HOOCCH,CH,CHCN ‘
| - HOOCCHZCHZCH(OH)CN
"NH

: L.
H,O
NH, Q__.J 2
4
"HOOCCH CH,CHCOOH

“
NH, a . .
2 All reactions except that to produce acrolsin are taken from reference 9.
The recctions are ol rather common and ore described in detail in various
(Glutamic Acid) sections of "Orgonic Syntteses, " vols. 1-4.

Fig. 2. Possible Flowsheet for Production of Glutamic Acid
by Wholly-Chemical Processes.®
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