CHAPTER IV

RESULTS AND DISCUSSION

Each batch of mother liquor from process of amoxicillin trihydrate was kept in

the tank without stirring. One batch was used for one experiment for comparison of

- %

-_— | ﬁ
€ Lh,,e,‘g‘k_ ated from 1,500 ml fresh mother

Acetone and m

liquor by fractional illati s used as a fractionating

column. Vigreux colu ing inwards for vaporization

and condensation of the ¢t 1 e G-1. The details of all data
and calculations are show ppendix /

Table 4.1 shows th of the column which remains
constant at 42°C-59°C during thr.'.arsul ,' e percentage recovery of solvent was
approximately 72. 66‘{) (total '"'Uhte it er liquor was approximately
15 to 20%). Solvent had-only-a-smail-ameount of ik o-metl lene chloride. Recovered

solvent composed of ‘ ride (3.01%), water (2.89%)

and impurity (0. 40%)Qecover acetone was used in process of amoxicillin trihydrate

it T TN AIE LT i s
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Table 4.1 Distillation of fresh mother liquor by control temperature-top column for

methylene chloride and acetone separation.

Experiment Temp.- Top. Time  Solventsin  Solvent Solvent
Column Mother Liquor Recovery DMK MDC H,0 Impurity

O] (min) (%) o) () (W) (%)
1 42-55 37.16 6096 1.69 0.19
55-59 ' 65.18 9436 244 292 028

Total 42-59 " - -
2 43-55 5636 2.10 0.20
55-59 4184 224 267 025

Total 42-59 & - -
3 43-55 3939 5839 196 0.26
55-59 93.88 246 3.18 048

Total 42-59 = - 5 -
4 42-55. 5250 255 032
55-59 ':"" I"—:J 556 275 043

Total 42- 59 - - - -
5 43-55 -20 177 6.67 @0 11 53.13 238 021
aﬂ ﬁ)gm ﬁlﬂ i wjﬂ /]Qriﬂj 234 291 055
0.40

af»i wﬁmmmwﬁwwg”
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4.2 Effect of Separation of Triethylamine

The triethylamine salt in mother liquor of amoxicillin trihydrate process could be
separated to the purified form of amine. The parameters of separation were

temperature, reaction time and pH. The reaction of triethylamine is shown as follows:

' ﬁ[3CH2)3 N: +NaCl + H;0........(4.1)
4.2.1 Effect of Mother@

thylamme Separation
The effect of mc‘)/ \
70% of original mother li

centage volume decreased 10-
ecovery and triethylamine
-4.4. The details of all data

and recovery percenta i in Appendix B. The parameters of

product composition i

separation are as follows:

- Residual of mother 11quo 75 ml
(Volume decﬁase 10 - W* oot ot’-:
- Reaction te :75°%C
M 20 mins

- Reaction time D
= pH

e N N NN
)t R o b s (2l

the decreased percentage of water and impurity of recovered triethylamine, because

the triethylamine concentration increased with increasing the mother liquor
concentration. At the volume decrease of 70%, the highest concentratrion of mother
liquor, the higher percentage recovery and triethylamine concentration were 83.10%

and 94.73%, respectively.
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Figure 4.2 Effect of mother liquor quantity on the percentage TEA content of
triethylamine separation.
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Figure 4.4 Effect of mother liquor quantity on the percentage impurity of
triethylamine separation.
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4.2.2 Effect of pH on Triethylamine Separation

The effect of pH ranged from 3 to13.5 on percentage recovery is shown in Table
4.3 and Figures 4.5-4.6. The details of all data and recovery percentage calculations

are shown in Appendix C. The parameters of separation are as follows:

- Residual of mother liquor U 200 ml
(Volume decrease other liquor after solvents
&

separation) -
- Reaction t | 75 g
- Reaction #1 : 20 mins
-pH :3to 13.5
- NaOH co [ o 010 4.1 %wly
Figure 4.5 shows t . percentage 4ric "_ mine recovery increases with
increasing pH and the separation would : i at approximately pH 13.

sted could not be 100%, because

P T IT ;
triethylamine was paitgilly miscible il wate ne triethylamine loss in process. If

solvent extraction is used, i ill_have more impurity 1n.# scovered triethylamine and
the impurity separatul'ﬂ arity mixed very well with

triethylamine.

Figure 4 H oe ﬂm i f NaOH (%w/v) on
percentage rec@ﬁﬂas m, approxi pH'1 i:i 3.9% w/v of NaOH
were appropriate condition of se arition, the perGentage triethylamine recovery was
s NN A WA 1IN E TN Y

r
9



Table 4.3 Effect of pH on triethylamine separation from residual of mother liquor.

31

NaOH Experiment 1. Experiment 2. Experiment 3. Average

(w/v) pH Recovery pH Recovery pH Recovery Recovery
%) (ml) B (m) @ (m) %)

0.00 3.23 - - 3.17 - - 3.25 - - -

025 8.05 - -

050 933 - -

0.64 9.63 - -

098 9.69 - 2.81
122 977 1.90 6.67 9.48
146 9.83 3.80 1333 16.14
1.69 9.93 430 15.09 19.42
192 1002 6.20 21.75 30.17
2.15 10.15 720 25.26 36.37
238 1031 7.60 26.67 43.51
261 1054 12.40 4351 58.60
283 1097 3.40 47.02 65.38
3.05 1205 0= -82:34-—12:93-23.00—80:70-12:64 - 16.70 58.60  73.80
327 12.53 23.80 ~83. : ]j 17.70  62.11 76.13
349 1276 23.80 QB.SI 13.12 23.60 82.81 13.08 20.50 71.93 79.42
370 12.92 ‘.ﬁ i 77.19 82.10
392 1301 @u ﬂﬁ ﬁm ‘ ﬂ EIZSI ﬁij 78.93 82.69
413 _13.0 78.93 82.69

440 8561 13.33‘23.80 83.51%13.38 22.50 |
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Figure 4.6 Effect of pH and the NaOH (%w/v) concentration of
triethylamine separation.

32



33

4.2.3 Effect of Reaction Temperature on Triethylamine Separation

The effect of temperature on triethylamine separation from residual of mother
liquor is shown in Table 4.4 and Figures 4.7-4.10. The details of all data and recovery
percentage calculations are shown in Appendix D.The parameters of separation are as

follows:

- Residual of mq;@}} ‘ V//{Z’

r
(Volume decr:  of 1 sid\ other after solvents separation)
- Reaction t ' *rf\ :25°Cto 75 °C
Ah

- Reaction ti mins

'\"l
)
N3

:‘*9 %w/v

=3 pH
- NaOH conce

Figures 4.7-4.8, t

with increasing temperatu

triethylamine could be paﬁi@ﬁap,o ated.  Figure 4.9 shows the decrease in
st .--'=.ﬁ"_- C: - .

| (A
in'triethylamine with increasing temp

thc decrease in

percentage of water.

increased ﬁbm 25°C to 75°C, reaction
enhanced the efficiency ©f:separation phases The triethylamine recovery of 81.61%

and triethylamﬂ u&tr’aiowﬂlfv]ﬁvw &%ﬂt@action temperature of

75°C. The watexﬂt!ontent in triethylamine was 2.04& at high temperature of 75°C.

R W9 RIPTOERNEPIR Yoy of imvere

miscibilify. At temperatures below 15°C, triethylamine is completely miscible with

increasing temperature. When te

water, above 15°C triethylamine and water were only slightly miscible. A triethlamine
chilled below 15°C could mixed with water [1]. Triethylamine was separated from the
water-triethylamine mixture by heating the mixtures to temperatures above the

miscibility point (about 55 °C) [18].
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Figure 4.8 Effect of reaction temperature on the percentage TEA content of

triethylamine separation.
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4.2.4 Effect of Reaction time on Triethylamine Separation
The effect of reaction time on triethylamine separation from residual of mother

liquor is shown in Table 4.5 and Figures 4.11-4.14. The details of all data and

recovery percentage calculations are shown in Appendix D. The parameters of

- Residual of mothe: ,,// :75 ml
(Volume dec Qer solvents separation)
- Reaction tem s s °C

0 30 mins

separation are follows:

- Reaction tim

-pH
- NaOH 3.9 %wl/v
Figures 4.11-4.13 she it the pen ntage of recovery and the percentage of
water in triethylamine incr asing time from 5 minutes to 30 minutes.
Figures 4.12 shows that the perc : ; * purity of triethylamine decreased with time
when reaction time was more than 15 minutes. proximate reaction time was 15

minutes for separati ffy__" 5 53°C, because triethylamine

shtly mis era r«ﬂ
ﬂuﬁl'ﬂ'ﬂﬂ'ﬂﬁw&'ﬂﬂ‘ﬁ

qua\ﬂﬂim UANINYA Y

and water were only sl
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4.3 Analysis of Impurity of Triethylamine

The results of the impurities of triethylamine analyzed by GC chromatography
are shown in Figures 4.15-4.16 the recovered triethylamine product (See Figure G-3 in
Appendix G) had the clear color.

Figure 4.15 shows GC chromatogram of recovered triethylamine, the retention
time at 3.1 of the GC chromatogra \\ Ws the water but the retention time at 5.9

was impurity in product.

Figure 4.16 show G“—----- atog) red triethylamine mixed with
2,6-lutidine (addition o of recovered triethylamine), the
peak at retention time he impurity of triethylamine
in Figure 4.15 was 2,

In mother liquor idife was i form of an amine salt. When 50%w/v
NaOH was added, 2,6- I d be' sepai n a free amine form, same as

triethylamine. The reaction/of utid S 5’ he following equation,

ﬂ‘uﬂ’mﬂ'ﬂi‘WMﬂ‘ﬁ
ammn‘im NN Y
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4.4 Purification of Triethylamine

4.4.1 Fractional Distillation of Triethylamine

The impurity in triethylamine, 2,6-lutidine, was separated from triethylamine by
distillation.

Tables 4.6-4.7 show the effec
triethylamine from 2,6-lutidi

temperature on the separation of the
ry was about 92% at temperature
temperature (120-140°C), more
herefore the temperature at the

top of the column would be remaine st \ -92°C during the distillation,

W

- A fib y\\
the boiling point ofsu : 1 ssed \\

able 4.7. The system water-
aw (Deviation Raoult’s law,
elow the normal boiling point
iethylamine had approximately

2% moisture content, which ,; CSepa ] ‘ ing drying agent.

ﬂUﬂ’WIWﬁWMﬂ‘ﬁ
Q"Wﬁaﬂﬂﬁm UAIINYAY
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Table 4.6 Purification of triethylamine by distillation, (temperature 60 °C t0140°C),

original volume of triethylamine = 300 ml.

Temp.-Top Time Volume Composition
column TEA
TEA H,0 Impurity
‘o) (min) (%) (%)
60-92 120 2.33 1.16
92-120 0.32 12.40
120-140 0.30 99.63

Table 4.7 Purification of tri

original volu

Experiment Temp.-Top Composition

column

£/ H,0  Impurity

ROV © %)

fo |
1 60-87- 45 25.00 3.81 4.64 0.55
7-92 "'HO 9990 66.60 98.72 0.17 1.05
Total

oNEl’Js?flﬂ‘iﬂﬁ Yk s 10 oss

50 ¢ 36.0 2 00 - -

’Q‘W'}’é\“lﬂfﬁfu 9 WY

Total * 60-92 139.4 92.93 233 -

3 60-87 45 21.0 14.00 - 5.54 -
87-92 10 118.5 79.00 98.04 0.65 1.31

Total 60-92 o 138.5 93.00 - 139 -

Average 60-92 57 138 92.00 - 1.705 -
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4.4.2 Demoisturization of Triethylamine by Adsorption and Absorption

Demoisturization of triethylamine by adsorption and absorption is shown in
Tables 4.8-4.12 and Figures 4.17-4.23.

Figures 4.17-4.19 and Table 4.8 show the purity of triethylamine after adsorption
with various drying agents, Figure 4.17 shows that the percentage purity of

triethylamine is greater than 98. 7%-bx ‘J wand absorption using different drying

agents. Figure 4.18 and Table,& show t urity of triethylamine is less than

1.1%. Figure 4.19 shows tyhot-theﬂm,ter of tr1 is less than 0.2%.
Tables 4.9-4.12 an 0, show hodmm hydroxide is used more
than one time, the percen 0s of triethylamine is only 2.2% which is less
than other drying age 1 about 3.0-7.5%. Figure 4.21 shows the comparison of

water absorption at th ; 0 third+ triethylamine by using CaH,, K>COs3

o
,*l_é“ i oll o

detected by gas chromatograpﬁ'ﬁ-’:’Ehere . molecular sieve could not be used to
amoxicillin tr1hydrat¢ and the price of molecular sieve i hig
Thus, solid sodlu hydroxide was g . entd)r water and the price is low,

sodium hydroxide (sohdz, absorbed water from residual mother liquor of amoxicillin

trihydrate and Wﬁ L{ﬂ e E.Jdﬁdﬁc WﬂrﬁTﬂﬁollowmg equation.
Nﬁ:%d]dﬁﬁﬂﬁ p] m ﬁ!ﬁsﬁmra ] B (4.3)

Thus, the purified triethylamine product obtained from this work has the

following composition :

- Triethylamine content - not less than 97.5 %

- Water (moisture content) : not more than 0.2%



Table 4.8 Demoisturization of triethylamine by drying agents.
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Drying Agents Loss Composition Color
TEA H,0 Impurity
%) %) %) %) |
Original - 2.33 1.16 Colorless
NaOH (solid) 0.12 1.10 Colorless
Molecular sieve 1.07 Yellowish
BaO 1.03 Colorless
CaH, 0.97 Colorless
50%w/v NaOH 1.09 Colorless
K,CO; 1.01 Colorless
Table 4.9 Demoisturizatiox ety 1e by solid NaOH absorption.
Absorption Loss Color
at the time _ TTEA 7 mpurity
@ ] %
=

i 2.5£ﬂ y )| 110 Colorless

2™ 223 ¢ . 9875 a 019 1.06 Colorless

T Aupingmingng o

4" Colorless

W f] Q ﬂ dj “ ﬁ Colorless

ai mu ’j ﬂ EI jﬁ El Colorless

7 2.20 98.78 0.16 1.06 Colorless

8" 2.23 98.85 0.17 0.98 Colorless




Table 4.10 Demoisturization of triethylamine by CaH, absorption.
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Absorption Loss Composition Color
at the time TEA H,0 Impurity
(%) (%) (%) (%)
1 4.50 99. 00 0.05 0.95 Colorless
g 3.50 0.97 Colorless
3 2.23 1.20 Yellowish
Table 4.11 Demoisturi
Absorption Loss Color
at the time Impurity
(7o) (%)
= 5.50 1.00 Colorless
i 0.96 Colorless
o 1.00 Colorless
Table 4.12 Demoisturizati ‘on of tnethylamme by BaO absorption.
Absorption ﬂ y%mm g Nq ﬂ "j Color
At th fﬁ ﬁ :ﬁ(
W']amﬂ‘i WAL NYTH
4.50 98.88 0.11 1.01 Colorless
i 3.50 98.78 0.17 1.05 Colorless
o 3.00 98.61 0.23 1.16 Yellowish
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B Original
[INaOH solid

O Molecular Sieve
HEBaO
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H Original
CINaOH (solid)

O Molecular Sieve
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Fig.4.18 (’ompanson of the impurity of triethylamine by using drying agents.
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Figure 4.20 Comparison of triethylamine by using solid of NaOH in absorption.
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4.5 COD Analysis

The organic content of the wastewater can be estimated in several ways. The
most common method is the oxygen demand method (COD), although the organic
carbon measurement may also be used. The oxygen demand is the amount of oxygen
ic content of the effluent. The other two most
demand (BOD) and the chemical
l was used. The results of COD

that will be needed to stabilize the orgz

common methods are the bio

analysis of feed motherw

Figures 4.22-4.24. An exampleoi€alculation is shown in Appendix E.

r are shown in Table 4.13 and

AUEINENTNYINT
RIAINTUNNIINY1AL
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4.6 Preparation of Amoxicillin Trihydrate

The amoxicillin trihydrate was prepared from fresh triethylamine and
recovered triethylamine (98.5% purity) and the results are compared in Tables 4.14-
4.16. An example of calculation is shown in Appendix F. and Figures G-4 - G-6 in
Appendix G.

Tables 4.14-4.16, show the

ison of amoxicillin trihydrate yield and
percentage potency betw ; ine and recovered triethylamine.
The yield and percent ( of?no@ydrate of amoxicillin trihydrate
prepared from fresh & . ylamine are the same and the
peak of amoxicilli ‘ ysis (recovery triethylamine) not impurity
peak. The yield o

1.739 and percenta

NaO

TEA (recovered) N TEA (fresh)
Al Eds@dﬁ%bﬂ@%ﬂ N3
Yield %Potenc Yleld %Potency

n'lW iﬂ?ﬂiiﬁiﬂﬂﬁf 'i?ﬂﬂ’?ﬂﬂ 223

Average 1.739 99.4 1.740 99.2




Table 4.15 Comparison of amoxicillin trihydrate prepared from fresh triethylamine

and recovered triethylamine (triethylamine was demoistured by

50%w/v NaOH).
Experiment TEA (recovered) TEA (fresh)
(50%w/v NaOH Absorption)
Yield ; cy Yield %Potency
1 1.744 99.6
2 1.746 98.6
Average 1.745 99.1

Table 4.16 Comparison g red from fresh triethylamine

and recovgred trigt] line hylamine was demoistured by CaH>).

Experiment TEA (fresh)
_ Yield %Potency
1 U7TT 99,1 '] 1.739 99.1
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