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• ~ABSTRACT •

The first part of this report describes the
development of a method for the preparation of

iS-330 in the laboratory. The second part deals
3with the production of e-330 on a small pilot plant

scale. The work was undertaken to develop a process
suitable for large scale production of S-330 and to
prepare a quantity of this material for experimental
use,

The principal -teps involved in the production
of S-330 consist of (a) preparation of benzil from
benzaldehyde through the benzoin condensation followed
by oxidation with nitric acid; (b) condensation of
the benzil with guanidine carbonate; (o) separation of 'J
the condensation products by precipitation from a
solution of their hydrochlorides at varioub controlled
pH values and (d) controlled chlorination of the S-330
base to yield pure S-330.

A total of one hundred and seven runs was made
in the pilot plant. Operating conditions and plant
design were modified until good yields of a high
quality product were obtained. A total of approximate-
ly 4000 pounds of S-330 was produced by the guanidine
carbonate process. A few experimental runs were
made using guanidine nitrate in place of guanidine
carbonate.

-Ib -
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INTRODUC TION

A. Authorization

1. This work was authorized under Project
547/41, "Maintenance, Bureau of Ships", dated 16
December 1940. The problems which were proposed
for study were given in Bureau of Ships letter
S-ST?-2(Dz), Serial No. 811, of 17 December 1940. i

B* Statement of Problem * 1

2. This study was undertaken to develop a 2*' .

method for producing S-330 of high quality on a
large scale,

C. Known Facts Bearing on Problem

3, WenseI, in 1886, reported a reaction be-
tween benzil and guanidine carbonate in alcohol.
Equimolar quantities of benzil and guanidine (as - *

carbonate) yielded'a white product which was considered *i*1
to have the structure (a), whereas two moles of
guanidine (as carbonate) yielded a second product
which was considered to have the structure (b) .

NH

C6 H5- C =0 C6 H5 C =N -C -NH 2  1

C6 H 5 - C =N-C-NH C6 H5 - C N -C -NH,2

NH NH

(a) (b) <
4, In 1894 Michaela obtained a white solid by

reacting benzil and free guanidine in alcoholic
solution. The structure (a) was assigned to the { •
compound. 'i

S,1'

1. - Wense, Ber. 19, 761 (1886) * :
2. - Michael, J. prakt. Chem., (2) 49, 43 (1894).
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5. Early work at this Laboratory showed that LI
the condensation of benzil and guanidine darbonate
yielded a mixture of substances which would have to

be separated if S-330 of high purity were to be ob-
tain'ed. '

D. Theoretical Considerations.

6. The original interest in S-330 was for use
as an impregnite for protective clothing. One of
the deficiencies of impregnites in protective clothing
is that they cause tendering of cotton cloth during
storage and weathering. This tendering has been
attributed to the formation of HC1 from the decomposing
impregnite. Therefore it has been necessary to add

some basic substance to react with the HCI without
at the same time causing instability of the impregnite,
Zinc oxide is one of the best such agents. An impreg-
nite having basic groups in its structure should show
a protective effect on the cloth similar to that of

the zinc oxide. The compound 3-330 was developed in

an attempt to produce such an impregnite.

7. S-330 is the 1,3,4,6-tetrachloro derivative ill
of 2,5-diimino-7,8-diphenyl-glycoluril. The 2,5-
diimino-7,8-diphenyl..glycoluril (I), referred to in
this report as S-330 base, is formed by the condensa-
tion of one mole of benzil with two moles of guanidine
(as a salt) according to the following equation:

C6H15 C H615,6 5 ;;••i!
H H

C =0 WH N - ••i•

+ 2 NHa-C-N112 HN.C C-NH + 2 Hao
C- 'EN-C - N

H Hc6H5 c 6H5! i
6 5
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14,

8. Accompanying this reaction is the condensa-
tion of one mole of benzil with one mole of guanidine

(as a salt) according to the following equation:

C6H5
' ~C6Hi5 ,•

0 0 NH H
+ N -0C-NHa -- 4- C6H5-C - N(..

C 0 ' C=NH + H20 0' ~C N .. •

C H~c6 "5 H
0

The product (II) is 5,5-diphenyl-2-iminohydantoin and
is referred to in this report as S-222 base. The ratio
of yields of (I) and (II) is influenced markedly by the
conditions of the condensation, for example a strongly
basic medium favors the formation of (II). Small
amounts of other, unidentified products are also formed
during the condensation.

9. Chlorination of the S-330 base (I) produces
either the tetrachloro-derivative, which contains 33.0%
active chlorine, or the hexachloro-derivative, in which
both imino groups are also chlorinated and which contains j

42.6% active chlorine. Since the chlorine atoms
attached to the imino nitrogens are more labile than
those attached to the other nitrogens, the hexachloro
compound is considerably more unstable than the *1
tetrachloro derivative, so that the presence of any
amounts of the hexachloro compound in the finished
product is undesirable. It is necessary, therefore,
to obtain only the tetrachloro-derivative, S-330. The
chlorination of S!-330 base is shown by the following
equation:

C6H5 C 6115
H H Cl 5ClN -C -N\C JN -C -N\ .

HN-C ' C =NH + 4 C l.--HN-CH ' C-NH + 4 HC1
"N C N' 'N -C N'
H t H Cl Cl

0 6 H5 06115

CONFIDENTIAL - 3 -
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10. The objectives of this study are: (1) to ;W
obtain the optimum-ratio of S-330 base to S-222 b4se,
(2) to effect a separation of the products to yield
pure S-330 base, and (3) to chlorinate the S-330 base

to. the tetrachloro-derivative ,only.

E. Previous Work Done at This Laboratory.

11. A number of chloroamides were studied with
reference to their suitability as impregnites in pro-
tective clothing and were reported in NRL Report No.
P-18670 "Investigation of Chloroamides for Use on
Protective Clothing", dated 27 April 1942.

12. Some preliminary experiments on S-330 were
reported in NRL Memorandum S-S77-2(459-HWC/GMG/WHT),
Serial No. 949, dated 19 November 1942.

EXPERIMENTAL

Part I - Laboratory Development

Introduction

13. In September 1941, work was begun at this
Laboratory on the preparation of S-330. The original
preparation of this compound was made by Mr. J. C, Speck
who condensed benzil with an alcoholic solution of free
guanidine (prepared by reacting guanidine nitrate with
sodium ethylate and filtering the precipitated sodium
nitrate). Development of the guanidine carbonate method
resulted in increased yields of the desired base and a
simplification of the procedure. In the early stages
of this work, the separation of the mixture obtained
in the condensation proved to be troublesome and a
considerable amount of work was done with material
which was shown later to be impure.

14. The preparation of S-330 is readily divided
into three parts, namely, (1) the condensation of benzil
with guanidine salts, (2), the separation of the
condensation products and (3) the chlorination of the
purified S-330 base. Experimental data in this report
are presented and discussed in this order.

CONFIDNTIAL 4 -



A. Condensation of Benzil with Guanidine Salts.

15. The condensation of benzil with guanidine

salts occurs under various conditions to yield

different ratios of products. From the crude mixture

obtained in the condensation, four fractions have been

separated, namely (1) a fraction insoluble in hydro-

chloric acid, (2) S-222 base (3) a fraction designated J

"pH8" (since it is precipitated from a hydrochloric

acid smlution of the condensation mixture which has been

adjusted to a pH of 8), and (4) S-330 base. The compo-

sition of the insoluble fraction is unknown but some

unreacted benzil is present. S-222 base is formed by

the reaction of benzil with one molecule of guanidine

and involves a benzilic acid type of rearrangement.
The exact composition of the "pH8" fraction is unknown.

(Preliminary work has indicated the presence of a

complex condensation product of benzil and guanidine). 1
Existence of this fraction was not recognized during
the early work. Consequently some of the yields of

S-330 base and S-330 given in this report contain ,

"pH8" fraction and chlorinated "pH18" fraction 'respective-
ly. The yields given are correspondingly high. i

16. Investigation at this Laboratory has led to
the following procedure as probably the most convenient

and satisfactory for the condensation re action.

17. Ninety-five percent ethyl alcohol is used
as the solvent in the ratio of one liter of alcohol

to one mole of benzil. Guanidine, in the form of the *

carbonate, is used in the ratio of 2.2 moles of guanidine
to one mole of benzil. The alcohol, benzil, and ,

guanidine carbonate are placed in a reaction vessel *

fitted with a reflux condenser and an efficient stirrer.
The temperature is raised to 706C, and maintained at
70°C, for four hours with stirring. The reaction
mixture is then cooled, filtered, and the products
separated.

18. In a typical laboratory preparation the * -

following yields were obtained from three moles (630
"gas.) of benzil and 3.3 moles (594.5 gins.) of guanidine
carbonate (this is equivalent to 6.6 moles of free
guanidine).

CONFIDENTIAL 5 -
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STable I

Yields of Fractions from Condensation Reaction

Wt. % Yield

Insoluble fraction 60 gms.

S-222 base 119 gms. , ,

"pH18" fraction 17 gms. -

S-330 base 635 gns. 72

19. Factors having a considerable effect on the
ratio of products obtained in the condensation are
(a) solvent, (b) temperature, and (c) type of guanidine
salt used. In the early part of this work it was found
that yields of S-330 base obtained by using guanidine b
carbonate in the condensation were considerably better
than yields from other guanidine salts. Emphasis at
this Laboratory has therefore been placed on the develop-
ment of the carbonate process.

(1) Effect of Solvent.

20. A number of solvents were tried for the benzil-
guanidine carbonate condensation but few proved to be of ,

any value. In methyl cellosolve, benzene, acetone, or
acetic acid, either a gummy mass which yielded no S-330
base resulted, or no reaction occurred. Fusion of the j

benzil with guanidine carbonate yielded only 14% of
the S-330 base and 8% of the S-222 base.

21. Ninety-five percent ethanol was found to
be the most satisfactory solvent. The use of more
dilute alcohol decreased the yield of S-330 base and
increased the yield of 3-222 base, A few experiments
made with absolute et~anol indipated that this solvent
gave slightly higher yields of S-330 base. However
this work was dcone before the existence of the "pH86
fraction was recognized. Adkins reports lower yields
with absolute ethanol than with 95% ethanol.

s-H. Adkins, "The Preparation of S-330 and Related

Compounds", OSRD Report No. 4591 dated January 19 1945.

CONFIDENTIAL - 6-
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Yield, % of Theoretical*

1./mol. Heating "-222 .- 660

Solvent of Benzil Time Temp. Insol. Base "pH8" Base

Methanol
Ethanol

Isopropanol

11
I

5.5 hrs. Reflux. 0
4.0 hrs. 70" 9
5.0 hrs. Reflux. 2

13
16
27

31
2

49
72

- 61(?)

* The yields are calculated as the percentage of the
total benzil converted to the given end product accord-
ing to the reactions given in paragraphs 7 and 8 for
S-222 base and S-330 base. The insoluble fraction is
assumed to be pure benzil for the purposes of these
calculations. During the early stages of the condensa-
tion reaction the insoluble fraction is mostly benzil
but as the reaction continues a progressively smaller
amount of benzil can be recovered from it. The compo-
sition of the "pH18" fraction is unknown. Analytical
studies have shown it to be a heterogeneous substance
in which the ratio of benzil to guanidine fragments is
variable depending on a number of factors sudh as solvent,
time of heating, etc. Nitrogen analyses indicate an
average ratio of approximately 2 benzil fragments to 3

CONFIDENTIAL
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22. In early work, methanol appeared to give

considerably higher yields of S-330 base than ethanol.

However, chlorination of the base from methanol

preparations always produced a chloroamide of poor

stability. Later work showed that this material con-

tained a high percentage of the "pHS1" fractioni and

that the yield of S-330 basa was actually quite low.

23. Isopropanol was found to give good yields in

the benzil-guanidine carbonate condensation. However,

no attempt was made to recheck the yields in isopropanol

after the "pH18" fraction was recognized.

24. Denatured alcohol containing methanol was

found to give yields of S-330 base comparable to those

obtained from undenatured ethanol. Results obtained

from different solvents are shown in Table II.

Table II

Effect of Solvent on Condensation Reaction

v!vi
4!

AK•

- I1~

* *i. .

* 'I-:I

,! A
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guanidine fragments. However, fbr the purposes of i,
calculating yields a ratio of 1 benzil to 2 guanidine
is used. In view of the unknown exact composition.
of 2 out of the 4 products isolated from the condensat~ion
reaction, a summation of. yields obtained is only an
approximation in accounting for the benzil used.

(2) Effect of Temperature.

o 25 Temperature has a mxkzed effect on the course
of the reaction of benzil and guanidine salts. High
temperatures favor the formation of S,-222 base whereas
low temperatures favor the formation of S-330 base.
However, the use of low temperatures to increase the
yield of S-330 base is restricted in practical applica-
tion by the slow rate of raction. The data presented
in Table III show yields of S-222 base and 3-330 base
obtained from benzil and guanidine carbonate in 95%
ethanol at various temperatures.

Table III

Effect of Temperature on Condensation Reaction

Time of % S-330 % S-222
TemP ' Heating Base (A) Base (B) Ratio A:B

1O0C (bomb) 13 rs. 38 40 0.95

780 (reflux) 3 ' 66 28 2.36
"700 3.5," 73 16 4,56
60 9 " 72 12 6.00
500 45 " 66 7 94.43

-04Q 75* " 27 5 -
30- 7 days* 18 0 ....

* Reaction incomplete,

26. A reaction rate study of the condensation Vi*
of benzil with guanidine carbonate in 95% ethanol iat
reflux temperature showed that the reaction to form
S-330 occurred very rapidly. On prolonged heating
the yields of S-330 base tended to decrease somewhat. *

Data obtained from the condensation of 3.0 mols. of
benzil with 6.6 mols. of guanidine (as carbonate) in
3 liters of 95% ethanol are presented in Table IV and j

CONFIDENTIAL - 8 -

'4:

'ii 1



\¾

are shown graphically in Plate 8 of Appendix C. Two
to three hundred gram samples were taken from the
refluxing mixture at the indicated times and were
separated. Zero time was taken when the guanidine
carbonate was added to the refluxing alcoholic solution
of benzil.

Table IV

Condensation Reaction Rate at Reflux

Yield,_% of Theoretical
Time Insoluble -S5 22 u2 pH8" S-330

5
38
1
2

3
4
5
6
7
8

min.
ft

hr.
ff

ft

'I
f!

ft

78.8
20.4

7.4
3.2
2.7
3.0
3.0
3.1
3.7
3.0

0
0(?)

22,8
26,4
27,8
28.0
27.4
30.0
29.4
27.6

4.5
14.1(?)

4.7
5.0
8.7

10,4
7.4
9.7

10.0
10.8

17.4
65.8
66.0
65.5
61,0
58.5
62.0
58.5
57.0
58.5

27. Another three mole run was made at 606C.,
and the course of the reaction was followed by with-
drawing samples at the indicated times. The data
obtained are presented in Table V and are shown
graphically in Plate 9 of Appendix C. At lower
temperatures the yields of S-222 base are substantially
decreased.

Table V

Condensation Reaction Rate at 60°C

YiE
Time (Hrs.) Insoluble

0.3
0.7
1.4
2.3
3.2
4.3
5,2
7.3
9.3

12.3
24.6
30.3

88 ,8
83 ,8
74,0
68.4
59.0
49.8
40,5
23.7
14.3

8.7
4.4
4.0

CONFIDENTIAL

0
0
0
0
2.3
2,2
2.8
6.0
5.3

12.5
8.5

14.5

"9 -

Theoretical
41ph8",

3,17
1.3
3.3
2.3
3.8
4.9
4.4
3.9
6.1
2 .?
1.4
1.6

S-330

4.7
14.4
23.7
30.6
36.5 \
43.0
49.1
61.0
67.7
71.7
69.8
71.0

IdM % of SS-222



28. In a third run, made at 50"C, the volume of '1
ethanol was increased to 1.5 liters per mole of benzil.The data obtained in this run are presented in Table VI
and are shown graphically in Plate 10 of Appendix C,The "pH8" fraction was not separated in this experiment
and is included with the S-330.

Table VI 7

Condensation Reaction Rate at 500C.

Yield, % of Theoretical
Time (Hrs.) Insoluble S-222 S-330 (+ "pH81)

24 43.5 3.9 43.3
45 11.9 7.2 66.2 148 9.3 6.1 66.072 7.7 11.2 68.9

From the data in Tables IV to VI and from Plates 8-10in Appendix C, it is indicated that higher yields ofS-330 base and lower yields of S,.222 base are producedat lower temperatures. However, the time required toreach a maximum yield is much greater at the lowertemperatures. Thus a maximum yield of 66% of S-330
base was obtainbd in less than one hour at 79-8OOC.,a yield of 71% was obtained in 12 hours at 600C and .69% in 72 hours at 506C (when the experiment was dis- I Acontinued). As will be brought out later, it was
shown in pilot plant work that 70eC is probably themost desirable temperature for obtaining the bestyields in a time short enough to be practical.

(3) Effect of Different Salts of Guanidine.

29. Early work at this Laboratory showed that
guanidine nitrate would not condense directly withbenzil in either ethyl or methyl alcohol. However, itwas found that whe'n an equimolar quantity of sodiumcarbonate was added to the guanidine nitrate in 

*alcoholic suspension, the condensation took plade. 
- rResults obtained using guanidine nitrate were less

satisfactory than those obtained using guanidinecarbonate since the reaction was considerably slowerand the yields less. In a typical experiment one mole

CONFIDENTIAL - 10 -
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.;K

Time (Hrs.)

1.0
3.5
6.0
8.5

11.0
13,5
16.0
23.5

In soluble

72.8
45,6
31.4
26.8
21,5
19.1
16.0
10.9

Yield, % of Theoretical

0
0
0.9
2.9
3.5
3.6
4.0

0.1
0.6
1.0
2.1
1 .5
1:7
1.5
5.8

S -. � �5 U

0.2
30.7
33.6
51.4
56.6
60.5
62.6
63.8

A comparison of the data in Tables V and VII show that

in the carbonate process at 60°C a maximum yield of

71% was obtained in 12 hours whereas in the nitrate

process at 650C a maximum yield of 64% was obtained
in 23 hours.

C ONF IDENTIAL

F

of benzil, 2.5 moles of guanidine nitrate, 1.25 moles

of sodium carbonate, and 2 liters of 95; 6thanol were

refluxed, with stirring, until the color of the mixture

changed from a bright to a pale yellow. This required

about 11 hours. A yield of 53 percent of S-330 base

and 24 percent of S-222 base was obtained. It was

found in a similar experiment that a stream of COP

bubbled through the reaction mixture in ethanol increased

the yield to approximately 67 percent.

30. Since early work indicated that better

results were obtained from guanidine carbonate no ex-

tensive work was done on the nitrate process at this

Laboratory. Adkins and his co-workers at the University

of Wisconsin and at Merck and Co., have developed the

nitrate process to give good yields of S-330 base using

isopropanol in place of ethanol as the solvent.

31. Reaction rate data obtained in the condensation

of 3.35 mols of benzil, 7.68 mols of guanidine nitrate

and 3.84 mols of sodium carbonate in 2.5 liters of

isopropanol at 65°C are presented in Table VII and are

shown graphically in Plate 11 of Appendix Cl Air was

passed over the reaction mixture at the rate of 200 ml.

per minute.

Table VII

Condensation Reaction Rate Using Guanidine NitrateV.

I

17il

- 11 -
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32. Other guanidine salts have been tried in
the condensation without appreciable success. Little
or no condensation occurred when benzil was refluxed
in alcohol with guanidine acetate or guanidine hydro- I
chloride. Free guanidine was found to condense with

benzil in alcohol. The initial investigations at
this laboratory were made with free guanidine prepared
by treating the nitrate with sodium ethoxide. However, *

the results were not satisfactory since the principal
product was S-222 base. I

(4) Effect of Other Factors.

33. In the experiments described, an excess of
guanidine salt is used in every case. The amount of
guanidine required for the S-330 base condensation
should be somewhat less than the theoretical, since
part of the guanidine reacts to form S-222 base which
contains only one guanidine residue. However, attempts *

to lower the amount of guanidine salt appreciably, have
led to decreased yields. (This is partly due to the *

low solubility of guanidine carbonate in ethanol, result-
ing in undissolved guanidine carbonate remaining in the
reaction mixture). It was found that slightly smaller
quantities of guanidine carbonate could be used if the

34. Addition of the benzil or guanidine salt

portionwise during the course of the condensation did * *

not increase the yield of S-330 base.

35. Attempts to buffer the reaction mixture with
phosphates or borates were unsuccessful in increasing
the yields. A stream of CO2, nitrogen, or air blown
through the reaction mixture improved the yield ofI S-330 base in-the nitrate preparation, probably by
removing ammonia, but did not affect the yields in the
carbonate preparation. 0

36. In early preparations, the reaction mixture j-4

was heated until the bright yellow color of the benzil .,
had disappeared. Reaction rate studies showed that
the maximum yield of S-330 base was obtained long before
the disappearance of the yellow color. Subsequent
heating only increased the yield of S-222 base and

CONFIDENTIAL - 12 -
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"pH8"l fraction and decreased the yield of S-330 base. N

B. Separation of the Condensation Products of Benzil
and Guanidine Salts.

(1) Fractional Crystalli2ation.

37. The first attempts to purify the condensation
products of free guanidine and benzil were by fractional
crystallization from ethanol. This process was slow *

and unsuitable for la'ge scale work and was discarded
in favor of an extraction process.

(2) Extraction Process.

38. It was found that the S-330 base could be
extracted from the condensation mixture by a dilute
aqueous solution of acetic acid. The mixture was ex-
tracted with a hot 5% solution of acetic acid, filtered,
and the S-330 base precipitated from the cooled filtrate
by the addition of excess sodium hydroxide. This
procedure was effective in removing the S-222 base and : I
other products insoluble in dilute acetic acid. The
method was unsatisfactory on large scale work however,
since a considerable volume of acetic acid was required 1-*.L.'0
and two or more extractions were necessary for efficient !**:II
removal of the S-330 base from the mixture.

(3) pH Control Process.

39. A considerable improvmment over the extraction
process was made when it was found that both the S-222
base and the S-330 base could be dissolved in dilute
hydrochloric acid and precipitated separately at different
pH values. Sodium acetate was found to be a good
precipitating agent for the S-222 base since the S-222
base is insoluble at a pH of 3.5 or higher. In practice, V,

concentrated sodium acetate was added to the hydrochloric
acid solution of the condensation products until further
addition caused no more precipitation, The S-222 base
was filtered off and the S-330 base prer-dpitated by addi-
tion of excess concentrated sodium hydroxide to the
filtrate.

40. Electrometric titration curves run on the crude *

CONFIDENTIAL - 13
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condensation mixture indicated that another fraction
could be obtained which precipitated in the range of
pH 6 to 8. This fraction was named "pH8" since it

was completely precipitated at this pH. In the normal
guanidine carbonate condensation, this material is
present in only a small amount relative to the S-222
base and S-330 base concentrations. A number of early

2! preparations of S-330 base, particularly in methanol,
were later shown to contain considerable amounts of
the "pH8" fraction. A typical titration separation
curve from the guanidine carbonate condensation is
shown in Plate 12 of Appendix C. The major portion
of the alkali added between a pH of 4.0 and 8.0 (see
Plate 12) was required to neutralize the first H+ of
the S-330 base dihydrochloride and very little
precipitate ('"pH8" fraction) actually formed.

41. The best procedure found at this Laboratory
for the separation of the benzil-guanidine carbonate

* condensation mixture is described in the following para-
graph:

42. The filtered precipitate from a-one mole
condensation is suspended with vigorous agitation in
two liters of water. Concentrated hydrochloric acid

is added slowly until the foaming stops. The volumei• ~is made up to four liters with water and the pH adjusted •

*to 1.5 - 2.0 with hydrochloric acid. The insoluble Il

fraction is filtered and 10% sodium hydroxide is added
slowly to the filtrate with vigorous stirring until
a pH of 4 is obtained. The S-222 base is completely

*_ precipitated at this point and is filtered off. Addition
of sodium hydroxide is continued until a pH of 7.8 - 8.0
is obtained. The "pH8" ffaction is filtered and the fil-
trate made strongly alkaline by the addition of excess
sodium hydroxide. The precipitated pure S-330 base is J
filtered, washed, and dried. When only the S-330 base
is desired, the pH is adjusted to 8 in one step and
the insoluble, S-222 base, and "pH8" fractions are re-

* moved in one filtration.

43. Adkins has recommended the use of ammonium
* hydroxide to adjust the pH to 8. This is very convenient

in that no localized precipitation of 3-330 base occurs
and the end-point is not critical.' The ammonium hydroxide
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method is unsuitable, however, in the direct chlorina-

4: tion process where the S&330 base is not isolated.

C. Chlorination of $-330 Base.

(1) Preliminary Wdrk.

44. The chlorination of S-330 base by passing

chlorine gas into aqueous suspensions of the base

seemed to offer the best possibilities for controlled

chlorination. This method w8s investigated with the

object of developing a proceas for preparing pure S-330

on a large scale.

45# A number of preliminary runs, made over a

wide range of conditions, indicated that the pH of the

liquid phase was a vital factor affecting the degree

of chlorination of the base, In strongly acid solutions

the chlorination apparently went very slowly or not at

all. Similar results were obtained in strongly alkaline .

solutions, the products isolated being very low in

chlorine content and highly colored. To maintain a

suitable pH-during chlorination by neutralization of

the HC1 formed, three banic substances were tried, name-

ly, sodium hydroxide, sodium bicarbonate, and sodium

acetate, Sodium acetate was found to be the most con-

venientb 7

46. The slow chlorination in strongly acid solutions

suggested a possible instability of the hexachloro-com-
pound in solutions of low pH. It seemed likely that

under proper conditions the hexachloro compound would

lose two chlorine atoms and revert to S+330. Determin,'
ation of the stability of the hexachloro compound in

acid solution was attempted by shaking suspensions of

the tetrachloro and the hexachloro compounds for 18

hours in hydrochloric acid solutions of various pH

values. At the end of this time, the chloroamides were

filtered, washed, and analyzed foractive chlorine. No

appreciable decrease in chlorine content was found for !Y

the hexachloro compound in solutions having a pH as

low as 0.8. A slight increase was found in the chlorine

content of the tetrachloro compound after suspension in

dilute acid solutions. This is attributed to the solution
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of a small amount of the mono-, di-, and trichloro
compounds which apparently are present in the material,
or a disproportionation of these compounds to S-330
and free base which then dissolves. Since the tetra-
and hexachloro compounds were affected to no great
extent by dilute acids, another series of tests was

I * •made in hydrochloric acid solutions of five, ten, fifteen,
and twenty percent concentration, Both the tetra- and
hexachloro compounds were found to be quite stable
for short periods in acid solutions containing up to 10
percent hydrochloric acid. In solutions containing fifteen
percent or more acid both compounds were found to undergo
almost complete loss of chlorine. The material obtained
after such treatment was generally red or brown in color
and was apparently considerably decomposed. From this
data, the use of acid for converting the hexachloro
compound to the tetrachloro compound does not seem feasible
since both compounds have nearly the same stability in
strong acids and apparently lose either none or all of
their chlorine-.

(2) Effect of pH,

47. A series of experiments was carried out to
determine the effect of pH of the solution on chlorin-
ation. These experiments were made with 0.1 mole
quantities of S-330 base in one liter of water at room
temperature. The pH of each suspension was adjusted
to the required value at the start by the addition of
hydrochloric acid and then maintained at this value
throughout the chlorination by the dropwise addition of
a twenty-five percent solution of either sodium hydroxide
or sodium acetate. A glass electrode-calomel pH meter
with the electrodes immersed in the reaction mediumwas
used to follow the PH. Chlorine gas was bubbled through
the reaction mixture at a rate greater than the suspension
absorbed it. The suspension was stirred vigorously
during the entire reaction. Samples of the mixture were
filtered at intervals and the precipitate analyzed for
active chlorine. The results of these experiments are
presented in Table VIII.
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Table VIII

-Chlorination of S-330 in Solutions of Different pH Values
(T25-30C0ý)

Total Mols. .I
Expt. of Alkali

No. PH M Added % CI l+

1 10 0 0.(NaOH) 0
38 0.4 15.72
61 0.8 20.82
79 1.2 22.00
93 1.6 22.40

2 8 0 0°(Na0H) 0
24 0.4 26.37

34 0,6 28.25
42 0.8 29.90
59 1.1 31.70 *

73 1.4 33.12 W

3 6 0,(Na0H) 0
15 0 14  19.30
28 0.6 25.64
43 0,8 30,04

4 4 0 0,(NaOAc) 0
10 0!.t 16.18
20 0,3 26.30
40 0,6 31.45

05 2 0 ,(NaOAc) 0
7 0,2, 24.00

21 0,3 28.40.-
31 0.4 29.70

48. At a pH of 10 or over the chlorination of S-330

base proceeds slowly to yield a highly colored product

of low active chlorine content. At lower pH values 7

predipitates were obtained with an active chlorine
content approaching the theoretical value even during * :

the early stages of chlorination. Since at a pH of 8
or below, S-330 base is soluble, it follows that any ýJ

precipitate which forms is composed largely of S-330. *

It would be expected that further addition of chlorine
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would chlorinate S-330 base still in solution rather
than the precipitate and hence the chlorine content
of thýe precipitate increases slowly. The experiments
described above were stopped before complete chlorination
occ-urred. The effect- of pH on the extent of chlorination
is described in the following experiment. *, j!

49. 0.1 mol. of S-330 base was suspended in 1 1.
of water and chlorinated at a pH value ranging from
approximately 3 to 1 until a product having 31.20% II

active chlorine was obtained. One hour was required
for chlorination. The mixture (pH 0.99) was divided
into four portions which were neutralized with sodium ..
acetate to pH values of 2, 3, 4, and 5 respectively*
Chlorine was bubbled into each of these suspensions for
one-half hour while the pH was kept constant by addition
of sodium acetate solution. Chlorine determinations ,,,
were then made on the products obtained. Data obtained
are presented ia Table IX.

Table IX .

Effect of pH on Extent of Chlorination "

Original Neutralized to
" Run CI PH Final ClII

1 31.20 2 31,30 I

2 31.20 3 31.70
3 31.20 4 31.40
4 31.20 5 39.70

50. The data in Table IX show that at a pH of
2w4 no further chlorination occurred, whereas at a

pH of 5 a large amount of the hexachloro compound was
formed.

51. In another experiment chlorination of 0.1 mole
of S-330 base in 1 liter of water at a pH of 5 to 6
yielded the hexachloro compound, (0.8 mole of sodium
acetate was required to hold the pH amnstant). The data
is presented in Table X.
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Table X

Chlorination of S-330 Base at pH 5-6.

Time (Min.) 30 45 60 105 135 180

% CI+ in ppt. 23.65 27.70 31.90 38.65 40.60 40.70

52. The low rate of chlorination of S-330 base
in strongly acid solutions (pH 0.5 or less) suggested
the possibility of chlorinating a suspension of the
base in water without adding alkali to control the pH
during the reaction. Liberation of hydrochloric acid in
the chlorination process would rapidly lower the pH
below the critical level at which the hexachloro com-
pound formed, and only the tetrachloro compound would
be obtained. This was shown to 'be true by chlorinating
a suspension of 0.1 mole of S-330 base in 1 liter of
water without controlling the pH,, A glass.-electrode-
calomel•pH meter with electrodes immersed in the suspen-
sion was used to follow the change in pH during the reacticn.
The pH was found to drop rapidly as the chlorination
progressed and approached a minimum value of about 0.8
in the experiments conducted. Samples of suspension
were withdrawn at intervals and the active chlorine of
the precipitate determined. The maximum chlorine
content obtainable under these conditions was about
30 percent. Data from a typical experiment are present-
ed in Table- XI and are shown graphically in Plate 13 of
Appendix C.

Table XI

Chlorination with No Control of pH

Time (Min.) 0 5 10 15 20 25 30 40 55

pH 9.60 4.75 1.64 1.17 0.99 0.90 0.88 0684 0.82
%Cl+ in ppt. 0 9.92 21.90 27.80 29.88 29.92 29.92 29.6029.90

53. The data above show that S-330 can be obtained
readily by direct chlorination of S-330 base without pH
control during the reaction.
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(3) Effect of Temperature.

* -• 54. To determine the effect of temperature on
the chlorination of S-330 base 0.1 mole quantities of
S-Z 30 base were suspended in 1 liter of water and

chlorinated at 0°C., 250C., and 400C. The absorption
rate of chlorine was found to be somewhat increased * I

at lower temperatures, and the resulting product slight- 'j
ly higher in active chlorine content. The difference,
however, betwwen chlorination at 256C. and chlorination
at 0°C did not appear to be of any significance or value

from a production standpoint. At 40eC the rate of
chlorination was decreased considerably below that at

256C indicating that the chlorination should not be

carridd out above room temperature. The results of
these experiments are presented in Table XII aqnd are

shown graphically in Pla~e 14 of Appendix C.

• ~~Table XII ii
,O"T 4*C

Effect of Temperature on Chlorination of S-330 Base
0"C. 256C'. .40-C.,

Timke PH -977 Time pH -CI+ Time PH

0 9.47 0 0 9.60 0' 0 9.20 0
10 1.25 29.20 5 4,75 9.92 10 9.12 0,68
20 0.85 30.00 10 1.64 21.90 20 9.10 4.53
30 0.78 30.42 15 1.17 27.80 30 8,92 8,89
40 0,75 31.95 20 0.99 29.88 40 8.54 10,65
50 0.75 - 25 0.90 29.92 50 8.26 .14.02 4

.60 0,75 31.91 30 0.88 29.92 60 8.05 15.71
90 0.74 31.90 35 0.86 29.91 90 7.30 19.67 1

55. When pilot plant work was begun, chlorinations *

were made using suspensions of S-330 base without pH

adjustment or control. The rate of chlorination of the * 4

base was very inconsistent and frequently extremely slow. i *

This was apparently due to the formation of a coating
of the insoluble S-330 on the particles of undissolved

base, thereby preventing further solution of the base. *I+

56. To avoid these difficulties experiments (de-
scribed in Part II) were made on chlorination of I

solutions of S-330 bawe dihydrochloride. It was found
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that a dilute solution of S-330 base dihydrochloride ''
gave an instantaneous precipitate of S-330 when poured

into saturated chlorine water. The active chlorine

content of the S-330 was very nearly the-theoretical
value. The volumes required for this operation were,
however, prohibitive for large scale work. 171

57, Solutions of the dihydrochloride of S-330 base
were found to absorb chlorine gas rapidly when the
chlorine was well dispersed by vigorous agitation. This
was found to be the most satisfactory met~nod of chlorin-
ation and was used in the majority of the pilot plant runs.

Part II - Pilot Plant Development,

Introduction.

* 58. Pilot plant production of S-330 was undertaken
at this Laboratory to produce greater quantities of S4 30

"I' for experimental purposes and also to investigate the

problems involved in plant production of this material.

59. Five hundred pounds of benzil was obtained from
commercial sources and was converted into 5-330 by the ;

*•". carbonate process, When the interest in S-330 for use * K
in a protective ointment became greater it was necessary '4

to increase the production. -Benzil was unobtain.ble in 4,

* * large quantities from commercial sources at that time,
so that it was prepared from benzaldehyde*.

60. Pilot plant work at this laboratory was
started early in May 1943. After several months of
small scale experimental work, the production of S-330.
was increased in November 1943 to about 300 pounds per
week. This value was a maximum obtained in .a week of

. I full production on a 24 hour-six day basis, Pilot plant
work was concluded in May 1941. In the period of
operation from November 1943 to May 1944 approximately
4000 pounds of S-330 were produced.

A. Description of the Pilot Plant. J

61. Drawings of the pilot plant are shown in
Appendix A, Plates 1 - 7, Plate 1 shows a layout of
the entire unit. The plant was built in two rooms
because no room large enough to accommodate the entire
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plant was available. Although commercially obtainable
equipment was used for the most part, some special units
such as the chlorinator were made in the laboratory shop,
-Other units such as the large multiple tube condenser,
the benzoin reactor, and the benzoin oxidizer also were
built in the shop because of their immediate need and
the delay in obtaining such equipment on the market. ,
Plate 2 is a flow sheet of the guanidine carbonate
process. Plates 3 through 7 show the individual units
in the plant.

62. A brief description of the general process •*'
used is given below. More detailed descriptions of the
individual steps are given later.

63. Benzoin was produced from benzaldehyde by the
benzoin condensation. This reaction was carried out in a
100 gallon steel tank with immersion steam heating coils
and propellor agitator. The thick slurry was run out by
gravity into a suction filter of 3.5 cu. ft. solid capacity
and after washing with alcohol and water, was oxidized to
benzil with nitric acid, The filtrate from the benzoin
condensation was reused by adjusting the ethanol and
sodium cyanide concentrations.

64. The benzoin was oxidized with hot 40-45% nitric 4

acid in a 40 gallon jacketted ceramic crock. Oxides of
nitrogen evolved in this reaction were absorbed in a 6 ft.
ceramic-packed spray tower. Cyclic heating and cooling i *

of the ceramic reactor were eliminated by siphoning the
molten benzil through an electrically heated siphon
pipe into hot water for washing and crystallization, A
fifty gallon wooden barrel was used to wash the benzil.
After being tray dried at 50-60C., the benzil was stored
in drums.

65. Benzil and guanidine carbonate were condensed
in a 50 gallon glass-lined jacketted reactor. The hot
slurry was blown by means of compressed air into a 50
gallon iron open top tank for cooling and filtering. The
filtrate was removed by an immersion type suction filter
and was distilled for solvent recovery. The filter cake
was placed in a 100 gal loh glass-lined tank and was
dissolved in a solution of hydrochloric acid. This tank
was equipped with a propellor type agitator. Sufficient
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4ammonium-(or sodium) hydroxide solution was then added
4 to the agitated mixture to give a pH of 8. The result-

ing' slurry was pumped into a 24 inch plate and frame
filter and the precipitate discarded. The filtrate
was pumped into a 100 gallon iron tank equipped with

- a propellor agitator. Aqueous sodium hydroxide was added
to make the solution strongly basic. The pure S-530 base
which precipitated was filtered and washed on an 18 inch
horizontal plate filter. The filtrate was discarded.

66. The S-330 base was chlorinated in a 100 gallon
glass-lined tank equipped with a propellor agitator and
chlorine dispersing unit. A cover and ventilator blower
were provided for this tamk. The base was dissolved in
dilute hydrochloric acid and chlorine was run into the .
solution as fast as it could be absorbed. The precipitated
S-330 was filtered and washed on a horizontal plate filter ,I 4

and dried in tray driers at 50-60aC.

* *67. A description of each item of the plant equip-
ment is given in Appendix B.

B. Production of Benzil.
(1) Benzoin Condensation. 4

68. The benzoin condensation was carried out in a
100 gallon iron tank equipped with an immersion coil.
through which'steam or cold water could be run. *A T.
Lightnin mixer was clamped to the upper edge of the tank. j

The mixer had a long propellor shaft extending nearly
to the bottom of the tmak. An iron cover and a three
inch fume duct leading to the hood blower system adequate-
ly removed the cyanide and benzaldehyde fumes. It was
anticipated that some trouble would be experienced in
clogging of the immersion coils with the thick slurry
of benzoin. This was found to be true and considerable
manual labor was often necessary to remove the caked
benzoin. A drawing of this unit is shown in Plate 3 of 14

Appendix A.

69. The benzaldehyde was received in 55 gallon steel ,
drums which were stored outside the building. To remove
the benzaldehyde a connecting fitting, consisting of a I

pipe extending to the bottom of the drum and an air
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•!•, inlet to the top of the drum, was made up from standard [~
:'•t, pipe fittings. This fitting was screwed into the outlet.,
ii• ~of each drum,in turn and connected by a union to a 1/2 !

•! ~inch pipe running directly to the benzoin reactor, Corn-
Spressed air (10 psi) was used to'blow the benzaldehyde fi

to the reactor. luý

70, In the initial operation 28 gallons of 95%, J',,:
ethano;, 22 gallons of water, and 18 pounds of sodium •
cyanide were placed in the reactor. The mixture was
stirred to dissolve the cyanide (and the stirring continued ••i
throughout the course of the reaction). Twenty-one gallons :i
(184 lbs.) of a good grade of commercial benzaldehyde
was run into the reactor, The mixture was then heated to /
501C. and this temperature was maintained until crystalli-
zation started. It was found that cry~tallization usually :
started about 15 minutes after the charge reached 500C.!
Careful coh~trol at this point was necessary since the •
high heat of crystallization of benzoin would cause the

Scharge to boil over if the temperature were raised much

higher before crystallization started, The heat of •
S~crystallization was usually sufficient to raise the •

temperature of the charge to 70oC without additional
heating, The temperature was then maintained at 700C ••

for 2 hours after which the mixture was cooled to 35"C.•
by circulating cold Water through the coils. The slurry

•,• ~was run out through the-large drain valve into a suction i
•/ ~type filter of 3.5 'cu. ft, solid capacity. & 50 gallon •i
i*• ~tank was used for the filtrate receiver. The filtrate :.
!•i,••! 'was blown bac.k to the re actor with compressed air wndil]
•:• • was reused. The benzoin was washed with alcohol and iii•

water either in the filter• or in'a separate tank and
= ...... refiltered. It was found that the mother liquor could ,

S~~be used for a large number of runs by building up to the •ii
S~~~original volume with alcohol (including the aldohol used Il
: ~~for washing), and water and adding more sodium cyanide.•ii
' ... i! ,An average of 12 .6 gallons of ethanol, 6 .0 gallons of water,....
•' ~and 8.6 pounds of sodium cyanide were used for each of

., the forty-five runs that were made.

i ,71," A total of eight thousand pounds of b enzaldehyde •
Swas converted into benzoin, Most of this benzoin was /
i ~~oxidized to benzil-witheout being dried although this in- l =i
S~~creased the amount of nitric acid required for the oxida- '

i ... •tion. This was done chiefly to save time, since thw
.... •drying capacity of the plant was limited. Yields on the i
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individual runs of benm in are not -known since tIse "
material was not dried and also because of difficultyencountered in removing all the product from the reactor _ -
after each run. Often a considerable amount of caked
benzoin wa$ allowed to remain in the reactor with the
succeeding run. Some low yields were obtained in
working out the process for reuse of the mother liqp or.
However, after the process had been fully developed a
number of runs were weighed and the average yield found
to be about 85 percent of the theoretical.

(2) Nitric Acid Oxidation of Benzoin,

72, Oxidation of the benzoin to benzil was carried
out in a 40 gallon stoneware crock set in a galvanized
iron water jacket. A 1/2 inch steam line feeding directly
into the bottom of the water filled jacket easily kept
the jacket temperature at 95-980C. The jacket was fitted
witha 2 inch drain valve at the bottom and.an overflow
pipe for draining off the steam condensate. The large

i. • ~drain valve was piped directly to the sewer and was in- •.•,,stalled as a safety precaution in the event that the

stoneware crock should crack and release nitric acid
into the iron water jacket. The crock was fitted with an
aluminum cover 1/4 inch in thickness containing a thermo-
meter opening, a loading port for adding material, an
opening for a light and fitted with a 2 inch diameter
cold finger glass reflux condenser. Effluent gases passed
from the top of the reflux condenser through a two inch
glass pipe into the top of a six foot ceramic packed
absorption tower. Water was sprayed into the top of the
tower. This absorption tower was constructed from three
12 inch sewer tiles and gave excellent results. The
reactor was also equipped with a propellor stirrer but
this was later removed as it was found that bubbling of
the mixture gave adequate stirring, Drawings of the
benzoin oxidizer and the absorption tower are shown in
Plates 4 and 5 of Appendix A.

73. In the course of operations several changes
were made in the procedure. At ftrst~the used nitric acid
from the preceding run was adjusted to 20 gallons of 40-45
percent concentration by adding concentrated acid. The
acid was heated to 95.,98!C. and about 50 pounds of dry
benzoin added in portions, Heating was continued
until a sanple of the benzil no longer gave a positive
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Febling't test. It was often necessary at this point
to add more concentrated nitric acid to increase the j
density of the acid solution in order to cause the molten
benzil to float. Later, wet benzoln was used directly
from the filter. It was added to the spent nitric acid
from the preceding run until the entire batch had been
added. Each batch of benzoin was the amount obtained
from 184 pounds of benzaldehyde and amounted to approximate-
ly 155-160 pounds of benzoin on a dry basis. After all
the benzoin had been added, the nitric acid was adjusted
to 20 gallons of 50 percent concentration by removing
a portion of the dilute acid and adding concentrated
acid. The necessary quantities were determined from a
prepared chart on the basis of specific gravity. The
heating was continued until a sample of the benzil gave
a negative Fehling's test showing the absence of benzoin.-
While still molten, the benzil layer was siphoned through
an electrically heated glass siphon into a stoneware
crock containing about 20 gallons of water heated to
boiling by .a direct steam line. The water-molten benzi 1
mixture was agitated vigorously with a powerful motor I'
stirrer and made alkaline to litmus by the addition of I'

sodium bicarbonate. The benzil wasthen crystallized by
the addition of cold water to the mixture until a temp-
erature of 50-60OC was reached, Vigorous stirring was
necessary during the crystallization to obtain a finely 4
crystalline product, The slurry was filtered on a suc-
tion type filter of 3.5 cu. ft, solid capacity and was
then washed thoroughly with cold water and dried in a
tray drier at 50-60"C.

74, Approximately 150 pounds of benzil was produced
in each run. The average yield of benzil from benzoin
was about 95 percent and the average yield based on
benzaldehyde was about 81 percent. A total of approx-
imately 6000 pounds of benzil was produced in this unit.

75. The production of benzil was undertaken in
this plant only because it was impossible to obtain it
from commercial sources. As a result, the equipment
was somewhat makeshift and only a limited amount of
data was obtained. However, a sufficiently good grade
of benzil was produced in ample quantities for further
pilot plant work on the S.-330 condensation.
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C. Condensation of Benzil with Guanidine Carbonate.

76. The S-330 base condensations were run in a 50

gallon glass-lined jacketted reactor. An anchor type

stirrer and baffle gave sufficient agitation to keep

the heavy slurry well mixed. A vertically mounted

multiple tube condenser having 13 square feet of cooling

surface was used both for refluxing and for solvent

distillation. Valves were provided in the condenBate

lines so that the distillate could be run into two 55

gallon solvent storage tanks or returned to the reactor.

A two inch outlet pipe in the bottom of the reactor

served to run out the slurry after the reaction was

complete. Compressed air at 10-15 psi was used to blow

the charge out of the reactor into the filter. A drawing

of this unit is shown in Plate 6 of Appendix A.

77, Several of the earlier condensations were

heated by passing steam into the jacket of the reactor

until the charge was refluxing. Later work indicated,

however, that higher yields were obtained at 700C. To

maintain a temperature of 700C., a Fenwall regulator

was installed in the jacket overflow line to control a

3/8 inch solenoid valve on the steam inlet line. With

the jacket filled with water, this arrangement gave
excellent temperature control.

78. Most bf the pilot runs were made in ethyl

alcohol with a molar ratio of benzil to guanidine of

1:2.25# The quantities of material used in each run

were; 52.5 lbs (113.6 moles) of benzil, 50.5 lbs. (255

moles aq guanidine) of guanidine carbonate, and 25 gallons

of 95 percent ethanol. All the materials were placed

in the reactor at room temperature with the agitator

running. Steam was then turned on and the mixture

heated to the desired temperature. The large initial

evolution of carbon dioxide at refluxing temperature

made it necessary to control the heating so that the

temperature did not rise above 75-C. for .approximately

45 minutes. In a few instances the charge was heated to

refluxing too quickly and resulted in a violent foaming

of the mixture and a considerable pressure rise in the

reactor, After the evolution of carbon dioxide had

subsided, the mixture was heated for 4-6 hours to

complete the reaction, The charge was then cooled by
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circulating cold water through the jacket of the
reactor and the charge was blown out through the I
bottom outlet pipe with compressed air into a fiftyI
gallon iron open top storage tank. An immersion
suction filter of approximately 250 sq. inches filter-
ing area removed the solvent in about 1 hour leaving
the crude condensation mixture ready for separaticma
The filtrate alcohol was recovered by distillation and
reused in the process.

79. Reaction rate studies at reflux temperature
showed that maximum yields of S-330 base were obtained
in three hours (including the 45 minutes allowed for
bringing the charge up to temperature). A slight
decrease in the yield of S-330 base occurred upon pro-
lbngeo heating at this temperature. Reaction rate * :j

studies at 700C., in which the benzil and alcohol were
heated before the addition of the guanidine carbonate,
showed the reaction was practically complete in 3.5

to 4.0 hours. No decrease in yields occurred upon pro.(
longed heating at 700C. Although the reactants were
heated to 70"C rapidly at the start of the reaction,
very little foaming occurred in contrast to the viblent
foaming observed at reflux temperature. As a result of
these studies, most runs in the pilot unit were heated
at 70oC for four hours. A comparison of the reaction
rates at reflux temperature and at 706C0 as determined
with the 50 gallon reactor, is presented in Table XIII"
and in Plates 15 and 16 of Appendix D. *

C 2I
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ýj Table XIII

Condensatioh of Benzil with Guanidine Carbonate

At Reflux i

Yield. % of Theoretical i

Time_(Hrs.) Insol, S-??2 8" S-330 iT

1.0* 60,9 1.9 2.9 11.0
1.5 18.9 9.0 3,4 42.0 ,
2.0 9,7 17,01 2.2 48.5
3.0 3,7 17,5 1.8 51•5
4.0 3.5 18.1 2.1 51.8
5.0 3,0 18.6 6.2 47,9
7.0 3.6 17.5 9.7 46,0

At 70oC .**

Yield g of Theoretical ***•*

Time (Hrs.) Insol. "S,2,22 pH8 S-330 TI1

0.5 51.8 2 1.9 18.5
F1.0 28.9 4 ) 305 36.0

1.5 19.7 7o6 1.0 46.3
2,5 8.0 11.3 2.7 48.4 1* F

3.5 71 10,3 1.8 51,5 *•*i~i 4.5 5 , i1° 2.o3 51.5 '

5.5 4-,3 11.6 2.8 51.2
6.0 4.0 12.8 4.2 53.0

* This includes the 45 minutes allowed to bring the
. "temperature up to reflux.

** The alcohol and benzil were heated to 70.C before -

the guanidine carbonate was added.

, 80. A total of one hundred and seven cohdensations
were made in the pilot plant with an average yield of
48 percent based on the benzil added to the reactor.
This average yield is considerably l9wer than the yields
reported in the laboratory work. The lower yields ob- .
tained in the plant operations are probably due to the
lower grade of benzil used since the benzil produced in
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the pilot plant was not recrystallized. Laboratory'

runs made with recrystallized samples of this benzil 9M

gave excellent yields of S"-330 base.

81. Distillation of the alcohol filtrate .from
the condensation left a considerable quantity of a FI

nearly solid gummy residue in the still. From 3 to

5 gallons of this material, obtained from the distill-

ation of fifty gallons of filtrate,.was blown out of
the still while hot. Attempts to recover benzil from *

this residue were fruitless, so that all remaining

residues were discarded.

D. Separation of the Condensation Products of Benzil

and Guanidine Carbonate.

82. The crude filter cake fronm one run was suspend-

ed in fifty gallons of water in a 100 gallon glass lined -:

open top tank equipped with a high speed propellor

agitator. Concentrated hydrochloric acid was added slowly

until the foaming due to liberation of CO had stopped.

Sufficient water was added to make the volume up to 80

j * gallons. More hydrochloric acid was then added to bring I

the pH of the solution below 2. The total volume of

acid used per run varied from 5.8 to 6.6 gallons. To

the resulting solution, concentrated ammonium hydroxide ,

or a 25% solution of sodium hydroxide was slowly added

until a pH of 8 was reached. Vigorous agitation with a

slow addition of the base was necessary at this stage

to prevent local precipitation of S-330 base only when

sodium hydroxide was used. Ammonium hydroxide was used

for most of the separations in the pilot plant, although

in some experimental runs on direct chlorination of

the separation liquor sodium hydroxide was used.

83, The thin slurry was filtered in a 24 inch

, plate and frame filter and the clear filtrate pumped

into a 100 gallon iron open top tank for precipitation

of the S-330 base. It was found that eight runs could

be filtered successively before the filter press became

filled. The by-product filter cake was discarded.

84. To the filtrate was added about seven gallons
of 25 percent sodium hydroxide solution to precipitate

the pure S-330 base completely. Completeness of precipi-

tation was checked by filtering a small sample of the
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slurry and adding sodium hydroxide to the filtrate.
The precipitated S-330 base was filtered and washed
in an 18 inch horizontal plate filter. In most runs
the wet base was chlorinated without being dried.
For this reason yields of the S-330 base were not ob-
tained.

85. Although most runs in the pilot plant were
separated into only a by-product fraction and pure S-
330 bape, two runs at reflux temperature were complete-
ly separated into four fractions. Each of the four
fractions wps dried and the yields calculated. Pure
recrystallized benzil was used in these two runs,
The datq obtained are presented in Table XIV.

Table XIV

Complete Separation of Condensation Products

Run No.

1

Insol.

10

10

Yield, % of Theoretical
S-- 22 Base

14

13

"PHB' S--660 Base

7

8

59

58

86. A comparison of the data shown in the above
table with the laboratory data given in Table IV shows
a good correlation between pilot plant and laboratory
results. The yields of S-330 base were comparable since
the same quality of beniil (recrystallized) was used in
both cases. In the pilot plant, higher yields of the
insoluble fraction, with correspondingly lower yields
of S-222 base, were obtained.

E. Chlorination of S-330 Base.

(1) Suspension Chlorination

87. Chlorination of S-330 base in the pilot plant
was carried out in a 100 gallon glass-lined open top
tank equipped with a high-speed propellor agitator and
a removable cover. A four inch vent pipe attached to
the exhaust ventilation system prevented the escape of
chlorine into the room. Chlorine gas was run from 100
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pound cylinders into the suspension of S-330 base
through a 10 mm. glass tube extending to the bottom
of the glass-lined tank. In some cases a small amount
of Aerosol OT was added to the suspension to decrease
the chlorine bubble size. All chlorinations were made
at room temperature. The addition of chlorine was **r

continued until the reaction was complete. This was
shown by a lack of precipitate upon addition of strong
alkali to a.sample of filtrate. Further chlorination *i

seldom increased the active chlorine content of the
product. The results of nine runs are shown in Table
XV. In some runs, particularly P*13, a prolonged
chlorination t.me was necessary to raise the active
chlorine content above thirty percent. Inconsistent
results with the suspension method of chlorinating led
to the development of the solution chlorination method. *,

Table XV '-f

Suspension Chlorination

Batch % % Aerosol Chlorination Lbs.
No. Solid OT Time (Hrs.) Yield Cl- 4

P-6 5.0 0.1 12 57.6 31,5
P-7 5.0 0.01 13 37.5 30,0 5F

P-8 5.0 0.001 9,.5 39,0 31.2
P-9 2.0 None 6 12.0 31.2
P-10 2.0 0,001 5.5 12.9 31.8
P-11 2.8 0.001 15 21.8 32.0
P-12 3.0 0.001 17.8 25,0 30 e7
P-13 *2,8 None 32 22.0 32.0
P-14 2.0 0.001 14.5 14,3 31.5

(2) Solution Chlorination

88. The lack of uniformity in the rate of chlorine
absorption of S-330 base suspensions in water was
pro~ably due to the heterogeneous nature of the reaction.
To overcome this difficulty, the S-330 base was dissolved
in water before chlorination by converting it to the
sdluble hydrochloride salt. Solutions of the hydro-
chloride salt were found to absorb chlorine readily and
give reproducible absorption rates, Both the mono- and
the dihydrochloride salt solutions absorbed chlorine
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equally well.

89. Chlorination of dilute .solutions of the 'V
dihydrochloride salt takes place with extreme rapidity
when a sufficient quantity of the chlorinating agent
is present. This was demonstrated by mixing quickly
a dilute solution of S-330 base dihydrochloride with
an equal volume of saturated chlorine water. Precipi-
tation occurred instantly. The mixture was filtered
immediately and a'nearly quantitative yield of S-330
(31.8% Cl+) was obtained, The low solubility of
chlorine in water makes this procedure impractical on
a large scale. It seemed possible, however, that by
adding a solution. of S-330 base dihydrochloride slowly
to a large volume of saturated chlorine water and simul-
taneously adding chlorine at a rapid rate a product
having an active chlorine content closer to the theoreti-
cal thirty-three percent might be obtained, An experi- i**ment conducted on this basis failed to give chlorine
valuessignificantly higher than those obtained
previously. This experiment is described below. *

90. 13.2 liters of water in a six gallon crock wassaturated with chlorine. A clear solution of the Fdihydrochloride of S-330 base, made by dissolving 250
grams (0.87 mole) of S-330 base in 3.8 l4ters of water
containing 1.75 moles of hydrochloric acid, was added to
the saturated chlorine water-with rapid stirring over
a period of fifteen minutes. A rapid stream of chlorine
was run in simultaneously with the addition of' the base
salt and continued for another thirty minutes. 100 ml.
samples were withdrawn at intervals, filtered and dried.
Analysis of the samples for active chlorine showed that -the chlorine content remained quite constant. The *

results are presented in Table XVI.

Table XVI

Chlorination of S-330 Base Dihydrochloride

Min. Gm. ppt./lO0 nil. sample % Yield* % Clo

5 0.94 44.2 31?4
15 1.27 59.7 31#7
25 1.42 66,7 

*

35 1.72 81.0
45 1.93 90,8 31.8

* Based on total S-330 base used and on a product con-
taining 33.0% 01+
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91. From observation of chlorination of S-330

base hydrochloride solutions it appeared evident that

the rate of absorption of chlorine was limited largely **

to the rate at which the chlorine could be brought into

contact with the solution. An increase in the contact A,

surface between the chlorine bubbles and the solution

by a decrease in bubble size was found to increase the 14

chlorination rate considerably. Decreasing the bubble *

size was accomplished in two ways; (1) By adding

Aerosol OT to decrease the surface tension of tb~e solu-

tion, and (2) by mechanically increasing the dispersion I -,

of the chlorine bubbles throughout the solution. The

high degree of gas dispersion throughout the solution

was obtained by forcing the chlorine to pass through the

blades of a high speed propellor agitator where the shear-

ing force was great enough to reduce the bubbles to a

very fine foam- A diagram of the apparatus used in the

pilot plant is shown in Plate 7 of Appendix A.

92. Four runs were made by saturating sixty gallons F

of water with chlorine at room temperature. To the

saturated chlorine water was added a solution of the

base dihydrochloride in fifteen gallons of water simul-

taneously.- with the rapid addition of chlorine. Fifteen,
minutes were required to add the base solution, Chlorin-

ation was continued until a sample of filtrate yielded

no precipitate upon the addition of strong alkali.

Data from these four runs is presented in Table XVII.

Table XVII

Plant Chlorination of S-330 Base Dihydrochloride

Conc. of Soln. Chlorination
Run (as s-330 base) Time (Hrs.) C Yield (lbs.) Yield % ,

P-15 1.5% 2.25 31.5 12.5 96,5

P-16 1.2 3.25 31.5 10.1 96.4

P-17 2,3 3.25 31.5 19.3 95.8

P-18 2.3 3.25 31.6 19.0 94,5

The chlorination time of these hydrochloride solutions
is considerably less than the chlorination time of

the comparable suspension chlorinations shown in Table XV.
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93. Passing chlorine directly into a solution

of S-330 base dihydrochlorltde indicated that it was

of no advantage to add the dihydrochloride salt solu-

tion to previously saturated chlorine water. Over eighty

pilot plant batches of S-330 were prepared by chlorin-

ating the dihydrochlorid~e salt solution directly at

room temperature. Chlorine was added through the
"saturator unit" as fast as it could be absorbed. This

was generally about 10 lbs. per hour. Since the

temperature rise of the solution during chlorination

was approximately 30C., no cooling was necessary.

94. In a typical run the wet base from a 113 mole

condensation -of benzil and guanidine carbonate was

placed in the chlorinator. Eighty gallons of water

and 1.4 gallons of' technical hydrochloric acid (20OBe.)

were added. Chlorine was run in until a sample of

filtrate gave no precipita'te with strong alkali. Three

hours and ten minutes were required to complete the

reaction. The precipitated S-330 was filtered in an

18 inch horizontal plate filter, washed, and dried,

The yield was 61.5 lbs. Analysis, 31.0% active chlorine.

Data from a number of similar runs are presented in

Table XVIII. Nearly quantitative yields were obtained in

the chlorination with a chlorine efficiency of approximate-

ly 71 percent. The chlorine efficiency could be very

much improved by connecting 2 chlorination tanks in

series. The average weight of chlorine used per run
was 44 pounds. The average chlorination time of runs

made in the pilot plant was four to five hours.

Table XVIII

Typical Solution Chlorinations

Run No. Time (Hrs.) % Cl+ Yield (lbs.)

1 4.0 31.4 50.9

2 4.0 32.0 47.6
3 4.0 31.2 58.1
4 4.1 30.2 51.0
5 5.7 30.8 54.6 A

95. In the period of operation of the plant a

total of 4000 pounds of S-330 was prepared.

S• CONFIDENTIAL - 35 -

I
1

m
[]



96. Table XIX gives a siumary of the materials
used and yields obtd ned during the operation of the
pilot plant.

Table XIX

Summary of Materials and Yields

Reaction No. Runs

Benz oin 45

Materials

Benzaldehyde
Ethanol
Water
NaCN

Wt. Wt. Yield

184 #
28 gal.
22 gal.
18 #

157 lbs.

% Yield

85

Benzoin 47 Benzoin 157 # 150 lbs. 95
Oxidation Nitric Acid 200gal.

(5 0%

Condensation 107 Benzil 52.5# 37 lbs.* 50*,
Guanidine
Carbonate 50.5#
Ethanol 20 gal.

Chlorination 107 S-330 Base 33 # 49 lbs. 90**
Water 80 gal.
Hydrochlorio
Acid 3.4 gal.

Chlorine 44 #

* In most of the runs the S-330 base was used wet so
that dry yields were not obtained. These results are
calculated from the weight of S-330 assuming a 90%
yield on chlorination.

** The 90% value was chosen since the final product
averaged approximately 31% C0+ instead of the theoreti-
cal 33%.

F. Drying of S-330 Powder.

97. Four steam heated wooden tray driers, each
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having eight trays three feet square, were used to
dry the S-330.powder. Trays were spaced six inches
apart and were staggered to provide passage of hot
air from an external heater over each tray from the
bottom to the top of the drier, Each drier was
equipped with a centrifugal blowdr of 50 cu. ft. per
minute capacity to drive the effluent air out of the
building.'

98. At a temperature of 50-600C. a batch of S-330
was dried in two days to a moisture content of less than
0.5 percent. On longer drying it was possible to reduce
the moisture to less than 0.1 percent. However, due to
lack of drier capacity, this was not done with most of
the material produced. The c~pacity of the four driers
was sufficient to dry 300 to 400 pounds of S-33,0
powder a week.

99. To facilitate removal of the dry S-330 from
the wooden trays a sheet of heavy brown wrapping paper
was placed on the tray and the wet S-330 spread out on
the paper. It was necessary to discard the paper after
each batch was dried.

G. Operational Control and Analysis,

100. Plant control was limited to seven points in
the series of operations. This was considered to be
the minimum number required to maintain the quality
of the product and to insure optimum yields. In
larger scale production, other controls would be
necessary for economical operation. In this pilot plant
no controls were made on the water-alcohol ratio or
cyanide content of the recycled benzoin condensation
liquor. The following seven tests were made throughout
the series of operations:

(1) A Fehling's test was made on the molten benzt1
before siphoning it out of the benzoin oxidizer, A,
negative test indicated that the benzoin was completely
oxidized to benzil. The heating was continued until a
negative test was obtained.

(2) The -concentration of nitric acid in the benzoin
oxidizer was adjusted during each run so that 20 gallons
of 45 to 50 percent nitric acid was present. This was
done by measuring the volume of spent acid in the reactor
with a calibrated "measuring stick", determining the
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specific gravity of the spent acid, and reading off
from a prepared chart the volume of spent acid to be
removed and the volume of concentrated acid to be
added. * *

(3) Before a batch of benzil was removed from the
drier, a sample was removed for moisture determination. i-
The moisture was determined by heating a sample in an
oven at 756C for two hours. Most runs were dried to
less than 1 percent moisture.

(4) A close check was kept on the pH of the separation
solution. This was particularly critical at the "pH8"
step where some S-330 base may be lost in the discarded
by-product. An industrial model Beckmann pH meter was
used for all pH measurements,

*(5).The completeness of. precipitation of S-330 base
from the separation liquor was checked by the addition
of concentrated sodium hydroxide solution to a sample
of filtrate.

(6) The end of the chlorination reaction was determined 4
by filtering a sample of the slurry and adding concentrated
sodium hydroxide to the filtrate. A white precipitate
indicated unchlorinated base in solution.

(7) The moisture content of each batch of S-330 was
N determined before it was removed from the drier. A

representative sample was heated for two hours at 1000C.
The material was left in the drier until it showed a
weight loss of less than 0.5 percent.

101. Further analyses were made on the final
S-330 powder. These were not regarded as control
analyses but rather as a basis for writing specificaticms
covering the purchase of S-330 powder. In this respect,
the following determinations were made:

(1) The melting point of each batch of S-330 base was
determined from a small representative sample before .1 -

chlorination. The average melting point was 227.80C.,
(with decomp.) with an average deviation of 5.00C.

(2) Determination of the moisture content of the S-330
powder was described in test (7) under plant control.

(3) The melting point of each batch of S-330 powder
Was determined. The average of the first seventy runs A
was 195.9"C (with decomp.), with an average deviation
of 3.00C.

(4) The active chlorine content was determined by
adding potassium iodide to an acetic acid-chloroform
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solution of S-330 and titrating with standard sodium
thiosulfate. The average for the first seventy runs
was 30.6 percent active chlorine with an average
deviation of 0.5 percent,

(5) The loss of active chlorine on heating at- 1500C
for three hours was determined. The average loss for
samples from the first seventy runs was 4.7 percent
of the original- active chlorine content, with an average
deviation of 2.3 percent.

(6) The stability of the S-330 in boiling water- was
determined by refluxing a weighed sample (approx. 0.2 gmi.)
in 100 ml. of water for five hours, cooling the mixture
and titrating for active chlorine. The average hydrolytic
loss for samples from the first seventy runs was 8.2
percent, with an average deviation of 2.4 percent.

H. Micronizing of S-330 Powder.

102. Since the original development of S-330 was i
for use as an impregnite in protective clothing it was *

necessary to incorporate the S-330 powder into stable
emulsions suitable for fabric coating. For the
preparation of these Enulsions it was desirable to have
the S-330 powder of a small uniform particle size, A

"preferably from 1 to 5 microns. Early work on S-330
for Protective Ointments also called for a product of
small particle size.

103. Although some attempts were made to control
the particle size in the chlorination of the S-330 base
the product contained crystals up to 50 microns in
length. To obtain smaller and more uniform particles;
a considdrable amount of dry S3-330 powder was micronized
in a micronizer developed by the International Pulverizer
Corp. Since S-330 did not live up to expectations as an
impregnite for clothing and since the final use of S-330
in a protective ointment did not require a micronized
pr6duct, further work on the micronizing of S-330 was
discontinued.

104. About 2000 pounds of S-330 were micronized *

with a recovery of 1750 pounds. This considerable loss
through the micronizer exhaust could be avoided on a
properly designed permanent installation. A 20 inch
micronizer with a 13 inch tangent air jet circle, was
used, 86 pounds of S-330 wwre run through at a feed
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rate of 200 pounds per hour and 15ZLpounds at a feed

rate of 135 pounds per hour. 78 pounds were run

through with an 11 inch tangent air jet circle at a

feed rate of 285 pounds per hour. Considerable

difficulty was encountered due to the tendency of the

S-330 to pack in the venturi feed tube and stop the

machine, The average running time was about ten minutes j

before the venturi became plugged. This is contrasted

to a satisfactory grinding material which will run

over two hours before plugging the venturi.

105. Further experimentation with different feed

mechanisms and the incorporation of magnesium stearate

or other materials with the S-330 before micronizing

would probably improve the grinding qualities of the

material. It was believed that with a 24 inch micronizer

and an air flow rate of 1000 cu. ft. per min. 200 to 250 "

pounds of S-330 could be produced per hour with 80

percent of the material below 5 microns.

I. Preparation of S-330 From Guanidine Nitrate.

106. Four pilot plant runs were made by condensing

guinidine nitrate with.benzil. Adkins had reported that

increased yields were obtained in isopropyl alcohol by

using a temperature of 650C. and sweeping out the reactor

with a stream of gas. He reported that best results were

obtained with nitrogen although oxygen could be used if

the agitation was not too vigorous.

107. The following four experiments were run:

(1) reflux temperature with a nitrogen stream, (2) 650C.

with a nitrogen stream, (3) 65"C with an air stream,

(4) 65"C with no gas stream, In each run 25 gallons

of isopropyl alcohol, 29 pounds of anhydrous sodium

carbonate, and 52.5 pounds of benzil were placed in the

reactor. The mixture was heated to the desired tempera-

ture and 67 pounds of guanidine nitrate added. Weighed

samples were removed at intervals and separated. The

percentage yield of the various fractions waz calculated,
-using the ratio of the weight of the sample to the

weight of the total charge in the reactor. Plate 18 of

Appendix D shows the rates of formation of S-330 base

in -the four runs. The decreasing order of yields was

(1) nitrogen stream at 650C. (2) nitrogen stream at

reflux, (3) no gas stream at 650C., and (4) air stream
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at 65.C. Plates 18 and 19 of Appendix D show the
rate of formation of the various components with a
nitrogen stream at reflux temperature and at 650C.,
respectively.

108. The yields in all of these reactions were
considerobly lower than those reported by Adkins and
those obtained in this Laboratory using recrystallized
benzil. It is assumed that these differences result
from the poorer grade of benzil used in the pilot plant
runs,
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SUMMARY AND CONCLUSIONS

1. The laboratory preparation of S-330 was studied
until a method suitable for 'pilot production was

developed. A small pilot plant was built and the process
studied further until good yields of a high quality
product were obtained.

2. The principal products formed during condensation
are S-222 base (5,5-diphenyl-2-iminohydantoin) and 3-330
base (7,8-diphenyl-2,5-diiminoglycoluril) . A strongly
basic medium favors the formation of S-222 base. No
condensation occurs in acid media.

3. The most satisfactory process developed
consisted of condensation of benzil and guanidine
carbonate in ethanol, separation of the products formed
by ýontrolled precipitation from solution of their
hydrochlorides at suitable pH values and chlorination
of a solution of S-330 base hydrochloride with gaseous
chlorine.

4. The solvents most suitable for the condensation
step were ethanol ejid isopropanol, Either guanidine
carbonate or guanidine nitrate can be used although
alkali (NaOH or Na2COa) must be added *when the nitrate
is used.

5. .A high temperature during condensation favors
the formation of.S-222 base, a low-temperature favors
the formation of S-330 base. However, an excessively

long time is required for completion of reaction at
lower temperatures. It was found that approximately
'700C. was the most practical operating temperature,
four hours being required to complete the reaction.

6. The best method found for the separation of
the condensation products consisted of the careful addi-
tion of alkali to a solution of the hydrochlorides to
give a pH of 8, filtering the precipitated by-products
and then precipitating relatively pure Sý330 base by
further addition of strong alkali to the filtrate.

7. The most practical method of chlorination found
- was to add chlorine gas directly to a solution of S-330

base hydrochloride in water at room temperature or below.
It was found that suspension chlorination was erratic in
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the time consumed and in the percent of active
chlorine in the finished product. It was also found

that, in order to obtain S-330 as the principal product,

the pH of the chlorinating solution must be at a value

of less than 4.0. In the pH range of 5-8 the hexachloro

compound is produced on prolonged chlorination.

8. Since benzil was unavailable commercially

in suitable quantities, its preparation from benzal-
dehyde was carried out in the pilot plant.

9. A total of 107 runs was carried out in the

pilot plant using the guanidine carbonate process.

The average overall yield of S-330 from benzil was

45%. Under optimum operating conditions yields of

55-60k\ were obtained.

10. A total of 4000 lbs. of S-330 with an average

of 30.6% Cl+ was produced in the pilot plant. Sufficient

control and analytical data were obtained for writing

specifications for S-330.

11. A few runs were made in the plant to study -

the guanidine nitrate-isopropanol method of condensation.

Yields and quality of product Similar to those with

guanidine carbonate were obtained. The use of the

nitrate involves possible increases of operating costs

which would have to be weighed against the use of'a

cheaper guanidine salt.
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RECOMMENDATIONS

None. The results of this work have already
been applied to commercial production and specifi-
cations for the procurement of S-330 have been
written.
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Appendix A

Flow Sheet for Pilot Plant

Preparation of 8-330
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/ Plate 3 Appendix A

rr-

Benzaldehyde Re ac tor

1. Lightnin mixer
2. Steam inlet
3. Water inlet
4. Iron tank
5, Condensate drain
6. Bottom drain valve

CONFIDENTIAL

* -•.r'-, -4

[ I.



q

/

2

3

5

PLATE a

I'

I'

'I
'I

.3-

* -C'
'---- ' '

�1
' '

'I

I'
'I -

4

6

I
\



Plate 4 Appendix A

Benzoin Oxidizer

1. Steam inlet
2. Light
3. Reflux condenser
"4. Aluminum cover
5. Glass siphon
6. Gasket
7, 40 gal. crock
8. Iron jacket
9; Siphon vent

lO, Heater connections
11. Steam inlet
12. Stirring motor
13. 50 gal. barrel

14-16. Crock siapports

CONFIDENTIAL



12

13

I BEINZOIN OXIDIZERI*0o'r ,oo•?la



PAppendix A

9r,

Absorption Tower

Water spray inlet
Condenser water inlet and outlet
Cold finger condenser
12" sewer tile
Broken tile packing,
Drain
Oonnection to oxidizer
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S-330 Base Reactor

II

L

ii

N

S

SCONFIDENTIAL

Plate 6

50 gal. kettle
Bottom outlet
Jacket condensate drain
Steam inlet
Alcohol storage tanks
Jacket overflow drain
Thermometer and regulator
Safety pressure rele'ase
Motor
Thermometer well and baffle
Air vent
Reflux return line
Solvent distillation line
Cooling water outlet
Vapor line
Condenser
Mounting support
Cooling water inlet
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Chlorination Apparatus

Wood cover with vent pipe
Lightnin mixer
100 gal. glass lined tank
4" Bakelite tube
Supporting stand
Hoke valve
Chlorine cylinder
Bottom outlet valve
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Appendix B

Equipment, Materials and -Costs

Part I. Description of Equipment

Benzoin Reactor. This unit was built from a

22" x 60" cylindrical iron tank. An iron pipe coil

of approximately 4.7 sq. ft.j of surface was mounted

in the bottom of the tank with connections for steam,

cold water, and a drain. A 1/4 H.P. Lightnin mixer

was mounted on the top edge of the tank with a long

shaft propellor agitator extending nearly to the bottom.

The slurry was run out of the tank through a 2" gate

valve near the bottom. A removable iron cover fitted

with a vent pipe to the hood exhaust system provided

adequate ventilation for cyanide and benzaldehydb
fumes. This entire unit was mounted 9n a platform 3

ft. high to provide for gravity discharge to the filter.

Benzoin oxidizer. This unit consisted of a 40

gallon -stoneware crock set into a 16 gauge galvanized

iron tank 6 inches greater in diameter than the crock.

A 1/2 inch steam line running directly into the water-

filled Jacket maintained the temperature at 95 to 980C.

The Jacket water level was kept constant by a 1/2 inch

overflow pipe to the drain. A 2 inch gate valve and

pipe leading to the drain were provided as an emergency

drain in the Jacket in the event that the crock should
crack and release nitric acid.

A 1/4 inch aluminum cover with openings for a

reflux condenser, thermometer, light, agitator shaft,
and loading port was clamped to the crock. A 1/3 H.P.

motor with a 4 inch glass propeller was mounted on

the •cover. This agitator was found to be unnecessary
and was later discarded. A two inch glass cold finger

reflux condenser three feet in length was mounted

vertically on the cover, From the top of the condenser a

two inch glass pipe conducted the oxides of nitrogen to

the absorption tower, This entire unit was mounted on

a platiorm three feet high to allow removal of the
benzil by gravity flow through a siphon.

Absorption Tower. Three 12 inch sewer tiles were
Smounted vertically and were packed with irregular pieces
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of broken tile to provide a 6 foot absorption towerfor oxides of. nitrogen. A ceramic cover and water
spray head completed the unit.

S-330 Base Reactor, This unit was a 50 gallon glass-lined Pfaudler Jacketted kettle. It was 28 inches indiameter by 30 inches high and was equipped with a verticalagitator, a 2 inch drain valve and standard pipe legs,The glass lined cover of the tank had a 4 inch x 5 inchloading ort with a 2 irch diameter peep-sight in it,one 1-1/2 inch and one 3 inch flanged connection and anadjustable baffle. The mixer consisted of a 3 bladed glasscoated impeller type agitator driven by a belted 1/3-HPmotor at 80.rpm. Connections to the jacket of the tankwere such that either cooling water or steam up to 40
lb. pressure could be admitted* A thermostatically
controlled steam valve was provided so that the Jacket
could be filled with water and the temperature controlled
by intermittent steam flow. An 18 tube iron condenser5 feet in length with 13 sq. feet of cooling surface
was mounted vertically above the reactor. Connections
were such that the condensate could be returned to the
reactor or run into solvent storage tanks,

Tanks.

Separation Tank, This was a Pfaudler 100 gallon
Plalrq glass-lined tank equipped with a I inch stainlesssteel bottom outlet valve, A 1/4 HP Lightnin Mixerwas mounted on a steel stand placed beside the taik, Twocalibrated 5 gallon glass bottles placed on a shelfbeside the tank were used to meter out the concentrated
hydrochloric acid and ammonium (or sodium) hydroxide,

S-330 Base Precipitation Tank. This was a 100gallon plain irox2 tank 22 inches by 60 inches with a 1inch bottom drain valve, A 1/4 HP Lightnin mixer wasmounted on the edge of the tank.

Chlorination Tank. This was a Pfaudler 100 gallonplain glass-lined tank equipped with a 1 inch stainlesssteel bottom outlet valve. A 1/4 HP Lightnin Mixer, 1mounted on a steel stand placed beside the tank was"fitted with a shaft having two 3 inch propellors runninginside of a 4 inch'by 24 inch Bakelite tube perforatedwith a number of I inch holes,. A 1/4 inch Bakelite
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tube ending close to the upper propellor was used . '7 ,
to run chlorine into th6 golution. 21

Solvent Storage Tanks. Two 55 gallon iron drums
were mounted horizontally in a Wooden rack for solvent
storage,

Washing Tanks. The benzil and benzoin were washed
in 55 gallon wooden barrels equipped with 1A HP
propellor agitators,

Filters

Benzoin and Benzil Filters. Each of these filters
was 23 inches in diameter and 17 inches deep holding 7
about 3.5 cu. ft. of precipitate. A heavy filter cloth
mounted over a supporting screen gave 2.9 sq."ft. of
filtering surface. A 3/4 inch drain pipe led to a 55
gallon iron vacuum drum.

Horizontal Plate Filter. This unit 'Was an 18 inch
Model 18-D-4 Sparkler Horizontal Plate Filter with plastic- A
lined tank and four 1iard-rubber plates.

By-Product Filter. This unit was a 24 inch Schriver
plate and Trame filter with 25 plates and 25 frames ,
The slurry was pumped with a 1-1/2" iron centrifugal
pump coupled directly to a 2 HP three-phase motor. A
3/4" iron centrifugal pump coupled direetly to a 1/4 HP
motor pumped the filtrate from the trough to the
precipitation tank. Connections were provided for re-
cycling of filtrate, washing with water, and blowing
the press with compressed air.

Driers

Four wooden tray driers each 3 feet square and 5 feet
high were heated to 600C by an outside high pressure stean
radiator. Each drier contained eight wooden trays spaced
6 inches apart and a centrifugal blower of 50 cubic feet
per minute capacity to drive the effluent air out of
the building.
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Part II. Equipment Costs and Sources.
Filter, Model 18-D-4, Sparkler "!.,

Horizontal Plate with Lastiglas Tank , ,
and 4 hard rubber plates, .. -

The Sparkler Mfg. Co. $345.00

Reactor, Pfaudler jacketted glass- -
lined 50 gal. kettle with impellor ,

type agitator, baffle, glass-lined
cover and bottom outlet valve, (Used.) $450.00

Separation and Chlorination
Tanks, Pfaudler glass-lined Junior
series type, 100 gal, with 1 inch
stainless steel bottom outlet valve.
The Pfaudler Co. 2 at $126.00 $252.00

Filter, 24 inch Schriver plate
and frame with 50 iron plates and
frames, manual screw closure, dr-aein
trough. (Used.) $800.00

Pump, Centrifugal 1-1/2 F

inch iron, with 2 HP 220 volt-3
phase motor And mounting base $125.00

-* Pump, Oentrifugal all-glass
3/4 inch x 1 inch with a capacity
of 600 gallons per hr. $0
"Nash Engineering Co'. $230,00

Motor, Electric, 3/4 H.P. 230
volts, Single phase, 1725 RPM.
Central Armature Co. $ 32,00

Stirrers, Electric 1/4 H.P,
Lightnin Mixer, 110 volts single
phase, 1725 RPM with rubber coat-
ed propeller .
Mixing Equipment Co. 3 at $35.00 $105.00

Carboy holder, iron frame.
Emil Greiner Co. 2 at $16,00 $ 32.00
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Hose, water, wrapped, 3/4 "- >
inch I D. 3 ply with couplings *'

in 25 ft. lengths.
Fed. Spec. #22-H-611 100 ft.
Washington Navy Hard * 14.00

Valve, gate type, "Pilot", all
iron with 2 inch screwed ends. /

Wm. Powell Co. 2 at $10.00 $ 20.00

Valve, solenoid type, 3/8"
brass, 150 psi working pressure,
15 watt with strainer.
American Instrument Co. $ 12.50

pH Meter, Beckmann
Industrial Model M.
National Technical Laboratories $150.bo

Barrels, without top, water-
tight wooden, 50 gal. 4 at $4.00 , $ 16.00 F

Shipping Orums, "Leverpak"
fibre, 23 x 34 inches,
The Container Corp. 24 at $10.00 0240.00

Condenser, 60 inches x 10
inches iron with 18 tubes I/"ID. having 13 sq. ft, coolingarea, Est, $150.00

Scales, Fairbanks platform A

No. 1128, 500 lbs'. capacity.
Fairbanks, Morse & Co. $ 19.30

Pumps, Rotary Gear, 3/4 inch
iron Worthington type GI -
Carey Machinery Co. 5 at $12.00. $ 60.00

Driers, 36" x 36" x 60" wooden
cabinet v th 8 wooden trays
4 at $25,00 Est. $100.00 ,

Blowers. Centrifugal 1/300
H.P. 115 Volt 60 Cycle, Aminco
Type 4-690.
American Instrument Co. 4 at $10.00 $ 40.00
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Pipe fittings, valves, steam 
A* iJtraps, etc., and similar plumbingsupplies 

Est, $300.00

Miscellaneous construction onbenzoin reactor, oxidizer, and
absorption tower Est. $300,00
Laboratory balancest ovens, glassware, etc., are
not included since they were already available.

Part III. Materials and Costs.

i.. Benzil
Supplier: Merck and Co.
Price: $2.00 lb.

2, Benzaldehyde tech,
Supplier: Heyden Chemical Co.
Price: $0.45 lb,

3, Sodium Hydroxide, technical flake 98%Supplier: (a) JT4 Baker Chemical cop
(b) Phototechnical Laboratory Inc.Price; $0.12 ib,

4, Hydrochloric Acid, tec~hn'ical in carboys
Supplier; (a) Peebles Chemical Co.

(b) Phototechnical Laboratory Inc,Price; *10028 lb. (Peebles)r0j*8 lb. (Rhototechnlcal)

59 Nitric Acid, technical S.G. 1.38 in carbog-sSupplier: J. T, Baker Chemical Co,Price: $0.061 ib, 
.

Op Chlorine, in 150 lb, cyliqdersSuppliers Peebles Chemical CoAPrice: $0,075 lb4F

7. Alcohol, grain eihy; USP, in 5 gal,, cans.Supplier: Washington Navy Yard
Price; $0.80 gal. -

8. Isopropanol, anhydrous 99%,Suppliert Carbon and Carbide Chemical Corp,
Price:N#0.40 gal,
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9. Sodium Bicarbonate, technical •
SSupplier: J. T. Baker Co. •;
Price: $6.026 lb& '

10, Sodium Carbonate, technical anhydrous
Supplier: J. T. Baker Co.
Price: $0.035 lb.

10. Sodium Acetatetechnical
Supplier: Mallinckrodt Chemical Works.
Price: $0.25 lb.

12. Ammonium Hydroxide (ammoniacal liquor)
Supplier: Bqrrett Division, Allied Chemical and Dye.
Price: $0.033 lb. of NHa

13. Guanidine Nitrate
Supplier: American Cyanamid
Price: $0.30 lb.

14, Guanidine Carbonate
Supplier: American Cyanamid
Price: $0.47 lb.

15, Sodium Cyanide If
Supplier: Phototechnical Laboratory Inc.
Price: $0.20 lb.

Part IV, Labor Reguirements. . A

This pilot plant has been operated on a six-day
week, 24 hours per day basis. For this schedule of
operations the plant wag started at 2400 Sunday night
and preliminary shutdown operations were begun at
1500 Saturday afternoon, which allowed time to have

the plant completely secured by 1630.

For this type of operation three crews of two men
each are required each daj, in addition to the supervisor.
It was necessary to bave one man in the analytical.
laboratory for 8 hours each day to maintain the schedule
of analyses. These analyses do not include the
operational control which was performed by the two man
crew.
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Part V. Production Costs.

The cost of production of S-330 powder is

calculated only for materials, utilities, and labor

at the rate of 310 lbs. per six day week. (16 shifts).

Plant overhead was not considered in these calculations.

Cost per week:

Labor: 6 operators, 1 analyst, 1 supervisor $400.00

Materials: 6 complete runs $465.66

Utilities: 1 10.00

$875.66

Cost per pound of product: $ 2.83
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