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Project Title :  Synthesis of Aromatic Polyamide from Recycling Monomers
of Waste PET Bottle and Scrap Rigid Polyurethane Foam
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Abstract

In this research, poly(p-diphenylmethyl terephthalamide) (PMA) which is an aromatic
polyamide was synthesized by using terephthalic acid (TA) and 4,4’ methylenedianiline (MDA)
monomers. The first monomer, TA, was obfained from chemical recycling of PET waste bottles
via acid hydrolysis process while the second monomer, MDA, was obtained from the
decomposition of rigid polyurethane foams by aminolysis process. The highest purity of resulting
recycled TA, measured by HPLC, was about 92%. The highest purity of resulting recycled MDA,
examined by GPC, was about 83%. The polymerization of PMA was carried out using calcium
chloride (CaCl,) and lithium chloride (LiCI) as solubilizipg aids in order to obtain high molecular
weight polymers. It was found that by using CaCl, and LiCl together, the PMA had higher
molecular weight than those obtained from using CaCl, or LiCl alone. In comparison, the PMA
obtained from pure monomers had higher molecular weight than those obtained from recycled
monomers. The preparation of PMA from mixtures of pristine monomers and recycled monomers
was also investigated. The result showed that PMAs obtained from recycled TA and pure MDA
had higher molecular weights than those obtained from recycled MDA and pure TA. The thermal

propertics of all obtained PMA were not significantly different in that T ¢ Was not observedand T

was about 530°C. In addition, their thermal stability was in the range of 100-450°C.
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Aspect of evaluation Chemical recycling method
Methanolysis Clycolysis Hydrolysis Ammonolysis
1. flexibility in low; well-defined medium medium Medium
utilization a industrial wastes
variety of wastes.
2. degradation aggressive condition | medium condition | aggressive | low condition
conditions. condition
3. safety condition high requirement conventional high Medium/high
condition requirement | requirement
4. corrosive/toxic toxic methanol during evaluation strong Ammonia
media acid/alkaline
5. economic aspects large-scale small/medium during During
installation installation evaluation evaluation
6. product versatility | low; DMT and EG | high; oligomeric low; TPA low; TPA,
m.ixtu:a and EG diamide, EG

ns3 lsRavaamndrolfisnlalasdFaannsadwunawannznaden I8 3 uuy

fo anmznedeuilunsa (acid hydrolysis) annziadeuiidusamlay (alkaline
= Y y -

hydrolysis) HazanMziatoufiidunan (neutral hydrolysis) Insugasnalnnisdevaarsd

anmzaeg denan Blugdi 12

pH<7

o GO +H —= e C—O = == —C—O—
|z20
OH

| +
—C=0 + H + HO~
pH> 7

T OH~ ?‘

—C—O— — ——i—o— — —E—OI—I + O
H

l

e C—O + HO=

{ ar o »
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Ar—NH—CO—0—R MDI-MEA urethane adduct
+H)yNCH2CHOH or
Ar—NH—CO—NH—R MDI-MEA urea adduct
Ar-NH-CO-O-R
(MDI-MEA urethane adduct)
or + HOCH2CHINH2 ——» AINHCOOCH2CHpNH2 or AINHCONHCH,CH0

Ar-NH-CO-NH-CHCHyOH .
(MDI-MEA urea adduct) l g;fm“’fsm"

AiNH3 + HOCH2CHNHCOOCHCHoNH
(MDA)

+ Ar-NHCONHCH2CH20H

517 1.4 Y§ATemsdeeaay TWuwedgsimuaeasysznevdant Tuariu

Tunaident Xue (1994) * I MpA #1181 1Fiudwendisdu Taglisuiludes
» - g t A w ¥ y o
miltufgnt FeesItnau@eanums Igmsnlunmensi usnond xue (1995) @ &l
naaesl¥mslsenoueliu wu laefiaulasioliu (diethylenetriamine, DETA) ifiumsdey
anw TaolddasidanveeIrudemsdesaaruwiny 2 de 1 figuvgll 170 sssuaraidoa [y
-é a LI - - T =
172170 wil deee W MDA semnTusuaunn uazansalFiuewandisdu Ididued1ed
WeNINGl Van der Waal (1997) ®* Tousaslfistuiinss lafaTvudemsdosame
= - i : ] L3 Ay -§ - [} E‘:
2 wila wSemstesamouuy 2 Yuseu ey ivmsndeamsduia’ld unluduseunsn
- J L] ‘.i 4 4 '3 -I== or n‘: - ot
aunsafa ldunntu nislinisdesams Iumuvuwlerigiuaeun 2 duiu Tuauisell
v 1dnanesld DETA Wumsdesanwiigaingd 180 sssuwaiFon evilarnmiiaves
Al v = R = ] 4‘ d’ ar 9
w13 1801013 lnAaiiianas uazmusoniugugungi ldhevu uennindl deldins
[ ¥
afausnnanian Iddrmimaz lelaaenay  1dnihlszimoe lsTaasniruuiedueen

" L4 » )
Aoudioztilidenia 131¥udn MDA anaznsusenut e 1 iuuesuesmesias i

Higashi (1980)” naasusisunedie luadielfnsomiumiu #l¥lasidanea’lna
- i . - - J - e
(triphenyl phosphite) llﬁ:ﬁmﬂﬁﬂﬂﬂul‘iﬂ( (lithium chloride) HIUNAVINUUINNUAAUDY

Yamazaki (1974) 1Fiaaﬁ'uﬂﬁﬁ?uwm N-phosphonium salts 11 IWSAY (pyridine) Taomz1¥



Nasitanea Ifazaelulnsiu tazonmsduatves Yamazaki 1979)°°

safalastuenaena Tviiloualad (aliyl-triphenoxy-phosphonium halides) Huesaauitiy
(condensing agents). Ineiinfisunas’lsd vhldannsamsousy Isndnwedie ludniimin

Tuinnagad2oms 19 N-methylpyrrolidone (NMP) fludaviazate dalfseonlugald 15

nHm—@—CHz—@—NHz - nHO—E—@—E—-OH
Triphenyl phosphite , NMP ﬁ) : Tr
: OO

pyndine , LiCl

:i ar o
inenuns e

7 15 YFATemnaToves Inudnwedie Tud lae 19msnivuniuiilseneudae

lasWitawealWs, Iwsau uazaimieunae Isd lned NMP iTusaviazay @

AoU7 Higashi (1981) I4@nu17725313% (initiation condition) e 19 Insauiums
aruniusaniy lasfifiarea’la é&wuﬁﬁimﬂ'ﬂimﬁqnmmaﬂimﬁnwaﬁ;a“luﬁa:mﬂ'ﬁ
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2. thmsazated 18ende 2 uwinisuen MDA Srumeaiinnisadauens
(extraction technique) Fegvhazaeild 18un e Taaisnisu oz Tas MDA azawaglu
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7. vhwaraaveanss lmAan dndnadanenudamdinneinidaies
laTasiouezaoy HazAsueuezAuAIEmAlla 'HNMR Ay “C-NMR  Taelfinses NMR
VARG 500 mANZIBTY MIULLY single pulse 1AL D,-chloroform 1Tudarhazan
idaiwed I8u S vuifleuiu MDA %119 practical grade
mam3eneslsndnnede ludeinnsamiswman uay MDA
maeioues TsundAnwedie ludarnnsamianman oz MDA ftuasudail

1. azmsuaadsunaslsaniin 3.75 n¥u uazdifivunas lsdmin 1.25 a5y Tu
AIATAWHANTENING NMP 125 Unaans uay InTaAu 25 Tadans

2. vhesazaei WU HaNAUnTAMISWIAR 4.15 AT MDA 4.95 13 1y
Tasiiforlealnla 18 fladfes udanauvesnaud ddsimsnaumimdn Aeumadl 110
seruwaiden 1Huna 2-4 %2 Tus |

3. s ¥ lunmeaySinennnifune niewniuidie I wedwesan
aznevusennIuNLA IANITsHianazneuNINTBaIEN f‘ﬁaﬁ"mfnjuﬁummuaaﬂ%‘mmmﬂ
fuwe nazeuludefionmnd 120 esriaaiFea Hunm 24 $alue wienitu slUfels
TEuluadinmesAeudiszi s

4. vdde 13 uAlfunaidounne lsdataiduaniin 5 a3y

5. vhede 13 ud1¥afeunne lsdetrudeantn 5 nsu

6. medwesinion 1dnasemmiileiFuie luddaunTes FTIR ifefuiy
ﬂmﬁﬂﬂﬁﬁ%‘uwawauamaﬁfwm

7. u"maﬁmm"ﬁm‘s'an“lé’msﬂ?umﬁﬂuﬁ’mﬂ'ﬂTmnanﬁﬂmimmmwﬁﬂﬁw
brookfield viscometer (AzalgweAaiNIin 0.5 n3u lunsadmziuanududu 98% suau
100 ndans fgaingdl 150 ewruraiFea uﬁ'w'i,:qﬁq"mﬁlﬁu'nuﬁqmngﬁtmﬁ'uqmﬂQﬁﬁ’m
Aeuti luvmadumiia)

8. 1hmedAmesfitamniagegauiareney Tnsserd e Tunnadavinies
ADVANCES 300 MHz Digital NMR Spectrometer 34 DPX-300 484 Bruker Switzerland &9
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9. thaneivh W dwedme At min Tuanageganidiaf sunedmesain
yevees 3 szuy deil '
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(Result and Discussion)
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3 2.41 78.94
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1. #AN131 solution treatment VIAWNA0 Tu TasiuuGuiigamgil 180 ssrmuzaiFve iy

a1 15 U

vt vimtih

ALY C (0¥w) e

(% wiv) 1 2 3 4 5 (A3%)

5 0.36 041 0.32 0.39 0.44 0.39

' 10 0.645 0.64 0.72 0.65 0.68 0.67

15 0.96 0.95 0.97 0.96 0.96 0.96

20 1.31 1.34 131 1.31 1.29 1.31

2. HANTERLAAIIVIAINT IAgnsEUIUMSIeda 18 Iasadadisnsamustuaudusy

10 M figauingil 150 sspuwaiFoe

1221 Vimiin ®3%) ymininan
@alug) 1 2 3 4 s (a3%)
7 243 2.44 234 247 2.37 241
6 240 2.33 227 2.40 2.38 2.36
5 235 237 235 2.32 2.38 235
4 2.44 2.44 2.38 2.53 2.47 2.45
3 2.38 2.43 2.44 2.44 2.34 241
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6. msaTounsMuazAUMTIIAT S INveInTAMISHMANInTAmIATEIY fielfm
alefdudmmnignivesnsamisimani|dennist ledavaamm Taetituseulumsvidsd
6.1 nsamisimaninsmnasguazatsluaase laTasyusuyrila HPLC grade
Taolfiamududusiaiu 5 aamududu fe 0.02, 0.05, 0.1, 0.15 unz 0.2 Wedidus Tavtiwmtn

aollsuas
62 thasavawidiauh IUlundes HPLC udheituiildfind 1o

adnnsiazaumsnas§Iu

ANMVNYY | Retention time fuidn
(%wiv) (31)
0.02 2.10 64069
0.05 2.20 152362
8 | 2.26 331333
0.15 2.27 463373
0.2 237 ' 518546
= L
=
é 0.2
&
& 0.15 A
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& 0.4
s
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a < 4 .
7. TasmInsunsuvesnsamsimaninsamnasgiui ldninnies HPLC &ldlunis

wssunT iRz auMINIATHIY

rsTops. 162!

C-F1R
cMpyL 4 29
FILE @& 1
EEPT 8 9938
NETHOD 41 Standard 0.02%
# NANE TImE COWe nK RRER
] 2 99,9999 64859
TOTRL 29,9399 54969
}======--—-&.z
]l
stop”t 18
G-R1A
SHPL B a9
FILE ®» ]
REPT ¥ 9329
HETHOD 41 Standard 0.05%
T B . HABE  TIAE CONEC 7K AREA
. 99,9399 152352
TOTAL 89_5399 152382
1
SO i
-R1A
SHPL ¥ o
FILE # 1
REPY # 9928
nETHOD H Standard 0.1%
# NAME  TIME CONC MK ARER
8 . 2.26 99.9999 331333
TOTAL 39,9999 331333
1 g
TsToP
C-R18
SHPL & a8
FILE # 1
REPT # 9927
METHOE 41 Standard 0.15%
§ HAME  TIWE TANE MK AREA .
2.27 99,9992 463373
TOTAL 99,9999 463373
L Eas
stop ’
C-RIR
SHEL 8 Ba
FILE # L
REPT & 9931
HETHOD +H Standard 0.2%
# MNANE  TIME COHE MK ARER
2.37 99,9959 5135#5
TOTAL 29,9999 518346
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8. wanmsynufldnsmussnsamsissnani 1doin Tseau uaznsamisimany laon
M3 lsdavamnalonszuaumsiedalslasada Taeldszoznalumsdesanoareny fe 3,

2 A
4, 5, 6, Ay 7 %2189 A201ATEY HPLC

pHAYBIMT AN Retention time HuiildTin
(% wiv) (u1f)

TA-1 0.074 2.38 263633

TA =2 0.063 2.37 255725
TA-3 0.036 2.38 108900
TA-4 0.049 2.36 166669
TA-5 0.045 2.37 125501
Recycle TA-3-1 0.105 243 301444
Recycle TA-3-2 0.108 2.42 326241
Recycle TA-3-3 0.111 241 331377
Recycle TA-3-4 0.103 . 243 259266
Recycle TA-3-5 0.107 ' 243 354610
Recycle TA-4-1 0.111 2.36 318709
Recycle TA—-4-2 0.120 241 306341
Recycle TA-4-3 0.107 2.44 281684
Recycle TA-4-4 0.152 2.42 413669
Recycle TA-4-5 0.111 2.41 276259
Recycle TA-5-1 0.112 2.41 339837
Recyele TA-5-2 0.121 2.40 376341
Recycle TA-5-3 0.142 241 446186
Recycle TA-5-4 0.148 2.46 708548
‘Recycle TA-5-5 0.137 239 418600
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(¢i0)
¥Hiavesns ANUTNIY Retention time HuildTin
(% wiv) (W)
Recycle TA-6-1 0.109 2.39 350668
Recycle TA-6 -2 0.108 2.40 332482
Recycle TA-6-3 0.115 2.39 307892
Recycle TA-6-4 0.120 2.39 361492
Recycle TA-6-5 0.115 2.38 431535
Recycle TA-T7-1 0.142 241 421614
Recycle TA-7-2 0.118 2.53 208823
) Recycle TA-7-3 0.128 241 347485
Recycle TA-7-4 0.167 238 511011
Recycle TA-T7-5 0.103 241 311649

9. mamsfunTunsamsnani 1deinass lmAadenszuiunisieda
lelasada Tnounusiuildnsminldnnnses HPLC Tuaumsnasgu udadnnudiin

-
nsamIsHManfilegess

riAveIms ATIUYNTY mmn’fm?umﬁm:ﬁmm

(% wiv) (% wiv)

TA-1 0.1660 0.123771
TA-2 0.1660 0.137606
TA-3 0.1660 0.124392
TA-4 0.1660 0.133842
TA-5 0.1660 0.137255
Recycle TA-3-1 0.105 0.089933
Recycle TA-3-2 0.108 0.097372
Recycle TA-3-3 0.111 0.098913




(si8)
¥HAYBIMNI AN ANty NI IR

(% wiv) (% wiv)
Recycle TA-3-4 0.103 0.07728
Recycle TA-3-5 0.107 0.105883
Recycle TA-4-1 0.111 0.095113
Recycle TA-4-2 0.120 0.091402
Recycle TA-4-3 0.107 0.084005
Recycle TA-4-4 0.152 0.123601
Recycle TA-4-5 0.111 0.082378
Recycle TA-5-1 0.112 0.101451
Recycle TA-5-2 0.121 0.112402
Recycle TA-5-3 0.142 0.133356
Recycle TA-5-4 0.148 0.212064
Recycle TA-5-5 0.137 0.12508
Recycle TA-6-1 0.109 0.1047
Recycle TA-6-2 0.108 0.099245
Recycle TA-6-3 0.115 0.091868
Recycle TA-6-4 0.120 0.107948
Recycle TA-6-5 0.115 0.128961
Recycle TA-7-1 0.142 0.125984
Recycle TA-T7-2 0.118 0.089147
Recycle TA-7-3 0.128 0.103746
Recycle TA -7 -4 0.167 0.152803
Recycle TA-7-5 0.103 0.092995
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10. TasmnTnsunsuvesnsamenani idenTseen uazasamsNmand 1denms

=i -y ;.l' - oo
$lmAavaammdaenszuaumsuedalalasadaninmies wrLe Sl unsdnumlesisud

- s{
ANNUITANT
%, 338
Ms10p =
C-RIR
SHPL # a8
FILE # 3
REPT # 10414
RETHOD 41 TA-1
B NRME  TIME CONC MK ARER ]
.38 99,9999 263633
TOTAL 99.9999 263833
1
2.37
£5T0P
c-R1A
SHPL W 2
FILE # 3
- REPT # 18415
HETHOD 41
TA-2
B HANE TINE COMC MK AREA
L] 2.57 99.9999 285725
TATAL 92,9993 255725
%=-=—-—-—- 2.38
sToP
C=R1A i
SHPL M 58 .
;1L$ ] ot 3 '
EPT # 18416
METHOD 41 TA-3
# MANE TINE CONC HK AREA
Zz.38 99.9999 188948
faTAL 59,9999 138909
IP;————- 2.36
STOP
C-RLA
SHPL W :C]
FILE # 8
REPT % 10417
HETHOD 41 TA-4
¥ HRHE TINE CORC HK ARER
2. 99.9999 166669
TOTAL 99.9939 166669
-%-Tr— 2.37
STOPY™
C-RIA
SHPL # 29
EL 3
REP 1941 "
HETHOD 41 TA-5
] HAKE TINE CORC MK RRER
B8 2.37 29,9999 125581

TOTAL 99.9999 125581




L

{———. 2,43
5TopS.86
C-R1A
SHPL # 8@
FILE # 1
REPT # nz
HETHOD 41
B HAME  TINE CoNC HK
g 2.43 99,8545
_.5.86 9.9454
fOTAL 169
L
2.42
fs10p
C-R1A
SHPL # 28
FILE # 1
REPT B 3793
METHOD 41
4 HAME  TINE CONC HK
» 8 2.42 99,9999
TOTRL 99,9999
¢ 2.41
fsTop
L-R1A
SHPL # a9
FILE ¥ 1
REPT # 3704
METHOD 41
4  NANE  TIHE CONC il
) 2.41 99,9999
TOTAL 99.9935
—1r_ 2,43
s7opI. 1l
C-R1A
SHPL W o8
FILE ® !
REPT & 3783
HETHOD 41
& NRME  TINE CONC MK
2 2.43 29,8387
5.11 89,9612
TOTAL 99.9939
L
2,43
fsrap
C-RIA
SNPL & 98
FILE ® 1
REPT & 9786
HETHOD 41
§  MAWE  TIME CONC K
2 2.43 99.9999
TOTAL 99,9999

ARER
381444
2877
384321

ARER
326241
326241

ARER
331377
33377

ARER
3546198
354618

Recycle TA-3-1

Recycle TA-3-2

Recycle TA-3-3

Recycle TA-3-4

Recycle TA-3-5




1

2.36
C-RIA
SHMPL 4 28
FILE # t
REPT # 2697
HETHOD 41
B NAME  TINE CONC MK
@ 2,55 98,4733
3.78 1.5261 T
TOTRL 198
[
T3 2.4t
(s10RS. 16
C-R1A
SHPL B an
FILE # 1
REPT # 9692
METHOD 41
#  HRME  TIME CONC HK
2 2.41 99,0449
3,65 2,9599 T
TOTAL 188
L 2.44
C-RIR
SHPL 53
FILE # 1
REPT # 9699
METHOD 41
% HAME  TIME CONC nK
2,44 93,9939
TOTAL 59,9999
I "
35 2,42
smaaﬁs
C-RLA
SHPL & a0
FILE & 1
REPT @ 9798
HETHOD 41
# HRME  TINE CONC K
g 2,42 99,9999
TATAL 99,9939
1
2.41
(;;5;3.56
G=RIA
SHPL # 8
FILE #& 1
. REPT 8 9781
METHOD 41
B NAME  TIME CONE HK
] .41 99,3135
3.66 B.6864 T
TOTAL 169

ARER
Ji3red
4939
323643

ARER
281684
281684

ARER
413569
413669

ARER
276259
1989
278163

Recycle TA-4-1

Recycle TA-4-2

Recycle TA-4-3

Recycle TA-4-4

Recycie TA4-5
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1

f5Top3.78 b
C-R1A
SMPL & 29
FILE # 1
REPT # 9692
HETHOD 41
4 HAME  TIME CONC MK ARER
9 2.41 99,3152 339837
8 3.73 9.6847 T 2342
TOTAL 198 342129
j B,28
| e
STOP
L-R1R
SHPL # 28
FILE » 1
REPT & 9693
WETHOD 41
8 MNRHE  TIME CONC HK AREA
9 8.28 8.4177 1578
) 2.4 99,5822 375341
B TOTAL 39,9999 377929
1
2,41
Istop
C-RIA
SHPL # L
FILE ® 1
REPT # 9694
HETHOD 41
4 MANE  TIHE CONC MK FAREA
2.41 99,5999 446186
TOTAL 99,9993 446186
1 =
-y TS
#S1op 3: 76
C-21A
SHPL # ]
FILE # !
REPT @ 9695
METHOD 41
B NAME  TINE CONC MK RRER
) 2,46 99.5884 788548
3.76 B.4115 T 2928
TATAL 99,9999 711476
{ : — .39
(;TDPS.?s
C-R1A
SHPL # 68
FILE 8 1
REPT & 9696
HETHOD 41
§  NANE  TINME CONC HK ARER
2.39 99,9999 418600
TOTAL 99,9999 418689

Recycle TA-5-1

Recycle TA-5-2

Recycle TA-5-3

Recycle TA-5-4

Recycle TA-5-5




rS_TDP 3,77 2.39%
F-218
SHPL % an
FILE &% !
FERT 8 9RAT
ME THOD 4]
% NAME  TINE Cone MK
3 2,39 4%, 3675
g 5,07 W.b323 T
TOTAL 99,9999
Eoi
STOR3.77
L-F1R
SHPL B a0
FILE & !
REPT & 2483
NE THOD 41
% MAME  TIME CONC MK
8 2.4 99,9999
rofTaL 99,9993
|
=== 2,35
Farpp3-76
C-FiR
SPL # a8
FiLc @ 1
ZEPT #9889
METHOD a1
4 NAME  FIME COHG MK
a 2,39 ag, 3479
4 3. 1, E52 0
TOTAL 39,9999
I 2,39
Is1op
[-91R
SHFL 8 an
EILE ¥ 1
2EPT 8 3594
NE @ 41
4 vhak [ ik LONG MK
o 2.39 34, 3939
TOTRL 99,4594
L 2238
FZTop3. 73
C-F iR
MPL @ od
FILE ® 1
REPT B 9691
METHGD 41
# NAME TINE COHC MK
B 9.53 24,4886
g 2.38 92, {841
8 3.73 n.4871 T
99,9399

TOTAL

4EER
FoE5AY
22
352899

AREA
332482
732482

HRER
387892
1588
Itl4al

AREA
Jel492
351492

AREA
2127
431535
1772
4359433

Recycle TA-6-1

Recycle TA-6-2

Recyele TA-6-3

Recycle TA-6-4

Recycle TA-6-5




L R
STop 241
C-RIA
SMPL 8 L]
FILE W \
REPT # 9686
METHOD 41
B NANE TIME CONG .
s o 2ol 59,3309 Shels
TOTAL 39,9999 421614
1 ¥
fs10p3-9
C-RIA
SHPL % 29
FILE # 1
REPT § 9682
HETHOD 41
§ NANE TIME CONG HK ARERA
B 2.53 99,2272 298923
3.9 9.7727 T 2327
TOTAL 189 381151
l 2.41
[ 58
T0P
C-R1A
SHPL & 8
FILE # 1
REPT & 9683
HETHOD 41
§  NAME  TINE SONC MK ARERA
) 2.4] 98, 9468 347485
3.8 1.8531 1 369
TOTAL 99,9999 351184
b 2.38
fstop3-77
c-R1A
cHPL # [
FILE # 1
REPT # 9534
HETHOD 41
¥ NAWE TIRE CONC HK ARER
2.38 99,9993 511911
TOTAL 99.9999 511811
L 2.4¢
feTop3.71
C-RIA
SHPL # :1:]
FILE # 1
GEPT B 9583
HETHOD 41
4 NAME TIME COMC HK AREA
8 2.41 99.35 311649
3.71 3.6499 T 2038
TOTAL 99.9999 313687

Recycle TA7-1

Recycle TA-7-2

Recycle TA-7-3

Recycle TA-7-4

Recycle TA-7-5
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4 - -ﬂ; = =
11. samsaaumilesidudniuuignivesnsamisvimini1dnnns5 lufavia

mn TaglFszoznalumsinlifodniu fsudunsamsimand 180 Treau

nal mwu‘i‘q'n‘i' (%) Auadn
#Tae) 1 2 3 4 5
3 85.69 76.17 78.51 81.32 74.21 79.18
4 85.65 90.16 89.11 75.03 98.96 84.99
5 90.58 92.55 03.22 93.28 91.30 92.17
6 96.05 91.89 79.89 89.96 89.45 89.45
7 88.72 75.55 81.05 91.50 90.29 87.89
TA 21N 96.24 96.98 92.11 97.28 93.56 95.24
JERERYY
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1. FTIR slnasuuaamyilsdduves MDA #ldnnmsdesamoism IrlumedyTin

silaudasuifieuiy MDA ¥iia practical grade
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1 > o o '
2. H-NMR mlnaiuuaaensdaiimezasuveslaTasiouluTumpaves MDA #ld0n
ms 3 lmAnifiouiy MDA %1l practical grade

oAl

vinnannashau
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3. “cNMR ailnafuuaesnisSasoeniueusyaenluTuanaves MDA #i14v1nns

=4 - ar - A‘
3 lnfiafiouiy MDA uSgns
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A . a A4 g9 sd & a2
4, ﬂ'ﬁmiUUﬂf']ﬂllﬁzﬁllﬂ'ﬁu'mii'lﬂ“ﬂq MDA Uiq“ﬁl?’iﬂct‘}iﬂ']lﬂﬂfl'KUWﬂ?TuUTWﬁ

A 1 a oA ) o q': s o dv
y84 MDA Tl 180 1nnsdosaatsiey Idunedgimuriiaudy Taslivuseulumsviidedl
e - A{ p -
4.1 1 MDA 13qn’ avareluiainss laTasyusu ¥ila HPLC grade  Tnofinau

»
Aududanu 5 armududu e 0.009, 0.0208, 0.0315, 0.0437 Uaz 0.0549 WesiFud Tazvimin

anlsuias
" [) ¥ v v N
42 thasazaeh laaadn ldlwases Gec udnhaunldfini laonnsesun

afunsmluazounsnasgu

ANMTNIU (% Wiv) Retention time (¥111) urlain
0.009 14.703 800981
T 0.0208 14.713 1948507
0.0315 14.710 2628245
0.0437 14.712 ' 4337251
0.0549 14.713 5183947
6000000
y = 1E+08x - 135528
S 4000000 -
im
g
= 2000000
0 T T

0 0.01 0.02 0.03 0.04 0.05 0.06

(=1 ¥ ar 1
AN NTY (Wasidusiasuninsedsuiag)
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5. TasunInsunsyues MDA uSanin1Flunsimsounsmuazaumsmasgiu

16000
140,00
12000

E 100.00:

60.00

ANLIENTY
0.009 %
|

e o e e oy
500 10.00 15.00
banulss

Peak Resulls

~

—
10.00

B[ beme | &T | Atea [orgie | Amcort |
[1]Pean 14764 | a009s1 | reate
24000
mmEu'mw"uﬁ'u 'J’ \
10,0208 %
ﬂa.m-‘ ;
Z 15000
140.00
120.00- J
100.50
5.00 10.00 18100 2000
Mnutey
Peak Rosults
Unta

tm | AT I Atea | Hegla [ Amount
'[Patd | 14713 [ 1948507 [ 13352
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L =
el ATIHITNIH i
0.315 %
200.00-
)E
. 1500
100.00 iy ﬁv
L0 5 ——rp T Y St
500 1000 15.00 w0
prows
Peak Rosuits
£ tama | RT Atos | Heigid | Amsuns | Undy
[1 Peakl | 14.710 | 2628145 | 177758
480 '!-:-
sl ATIMUONEY O
|
womi 0.437 % i
700 )l
: l
zmi H
m:.-:}?
i
1603 1 —=nm L
Tl LYo 10.00 150 2
Mnutes
Peak Results
iTH sare | RT Atea | Height | Amount | Links
|| Poant | 14,712 | 4337251 | 20Gess
sl @NITNIY %
0.549 % i
30603
£
200.00 i
100,00 J ."5\.‘
T o0 1w 1800 2000
Mnutes
s Penk Rasuits
(ﬂlhﬂi BT Arem Heigin | Arrauet | Lhes

1| Poant f 14713 | 5183947 | 3svmoe |
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6. mamamunldnsves MpA 71d0ansT lmAairs IunedgSmurilanddae

15849 GPC

yiaueIms ANty Retention time Huildin
(% wiv) (1)

Recycle MDA -1 0.03 14.715 2165887

Recycle MDA — 2 0.02 14.722 1637276

Recycle MDA - 3 0.03 14.719 2227783

Recycle MDA — 4 0.02 14.719 1630749

Recycle MDA -5 0.03 14.723 2370854

7. #amsfIun3uaues MDA fillegeselus lmfia MDA

¥HAveImI NN Ynadisoald Vinadauadn
(% wiv) (nYu/mandnn1iT lnfa) (r¥)
Recycle MDA -1 0.03 76.71
Recycle MDA -2 0.02 88.91
Recycle MDA -3 0.03 78.78 83.25
Recycle MDA -4 0.02 88.32
Recycle MDA -5 0.03 83.55
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8. TasunInsunsuves MDA 1180100157 lanfaien Tduwedgmuriiaudedaonszuay

msnnail Taglases GeC

i

0300
1200 §
163,90 ij'
14009 P-'.fi
12000 ){:ﬂ”t
t
e ._,j_g,ﬂv.._..__
wm-‘{
e A & Wk
500 1000 15.00 20,00
binutes
Pealt Reaits
i tama | RT Ares | Hagh | Aswunt | Ures

T | Peant {13250 | 532480 [ 21326

2 | Meaia | 12200 [ 1000718 | Gopar

3 | Faaied | 14.705 | 2165387 1 131510

% Recycle MDA-2
183,00

2
160,00
123.60- A

:

B - e
5.00 10,00 15.00 20.0a
Mavies
Peak R

Lrirs.

Poakd | 13365 | 5213 | 2072

Peak? | 13888 | 970413 | 50165

Pegld | 14722 | 1537276 | 102163

{_f‘]rhm RT Araz Iteight | Ameunt
1
2
3




Recycle MDA-3

24000

1.
i5

8000 et — g
T T ke 1500 w0
(S LT
Peak Rezults

¥ Mame | RT Area | Haig't | Arwunt | Lo
1| Peaki | 13362 | 428724 | 11250
2| reas2 [ 13.087 | seoze7 | s1Eac
3 | resaa [va e | 2727060 | 135265

ZM.W-[ .l-
| Recycle MDA-4 £
mm-l: E
1 h
) )
To4.00-§ ""':j
!
3 m-mu[ |:" |
1
TE0E|
E —
ek e
i
S e e, e
50 1000
thawien
Pecak flesulls
E_:Jn,... AT Area | bkemght | Ammurd | Unzy
1 [ Feat [ 13002 | 236648 | 1695
7 |Peat2 13087 | masio| 4523
3 | Peasa [ 14718 | raroras | 1corar
2a03 é
Recycle MDA-5
220.00.
20.00
o
£ 1000
140,004 B4l
. i
129.00- hi
e —— - P
80,00
300 1000
Marutes

Haak Fesulis
Mame | RT Area Feant | Amavm | sy

1| Peakl | 12387 | 5G40 | 2018
Peak? | 12.200 | 1187694 | 71208
Faxhd | 44,727 | 2370854 | 144272

u
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= <q o = & e & s o v
1. WamMssau PMA ‘I‘Icl‘]fllﬂﬁﬁh'tmﬂﬂﬂ"liﬂﬂﬂ'ﬁﬂ‘LIﬂlﬂﬂﬂﬂﬁﬁl%ﬂlﬂ“ﬁﬁﬂf‘wﬂﬁﬂ:fl'ltl

voM v (0¥w) dnshinde | wedidud
@) 1 2 3 ("3%) wala (%)
2 8.35 8.31 8.51 8.39 92.19
3 8.36 8.56 8.53 8.48 03.23
4 8.53 8.36 8.73 8.54 95.94
2. Kamsiaion PMA filfunaiFeunne lsaidumssrenisazae
seaznm vt (%) viamtn wedidud
@lug) 1 2 3 i 050 | wald @)
2 8.54 8.42 8.52 8.49 93.35
3 8.51 8.57 8.56 8.54 93.87
4 8.54 | 9.29 8.36 8.73 95.95
3. namsnTou PMA i 19adounae lsdiumsdaenisazar
sTEzNM dmih (%) s et
@) 1 2 3 win 05) | wald @)
2 7.48 ; ; 7.48 82.19
3 7.51 : 2 7.51 82.51
4 6.14 : : 6.14 67.46
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4 FTIR mulnaduves PMA fifansier §nnueusmeiviqns laeldmsdiomsazas
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5. 'H-NMR minasuves PMA 7 Idenn1sduasisvaiems 1dmseasnisacaieiifion

4 ar =l 'd
aas lsanaufuuanFsunas 1sa
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6. HANTTASIVABDLAIIUNIIAUDY PMA NFuAs1e 18 1aoms 1assienisazalonay

8 a o =t H =
I1ﬁ3ﬂ131‘ﬁliﬂﬂl‘ﬁﬂn ﬂﬁﬂ\]'.’l'ﬁﬂ'i HBYINIAYI

maemsazaw | 0o afafi anuwiiaindy

(i"ﬂm) 1 2 3 (cps)

2 5.2 5.3 5.1 5.2

CaCL+ LiCl 3 53 54 32 5:3

4 - - - liiazae

2 1.9 2.0 1.9 1.9
CaCl, 3 2.0 2.1 gl | 2.1

4 2.1 2.2 22 22

7. HANIANYIM % yield YeamMIFaAT1ZY PMA f205 lfnususiues

d o LY o’ . s = d a d
UBUBINDT HINUD "y) Hivuniaay lﬂﬁil‘ﬂ“ﬂ
\
2 3 ®F) wald (%)
Flanfia TA+ MDAVTEME | 9.03 9.09 9.08 9.06 99.61
TA USgNE + MDA Flaifia | 9.04 8.93 9.04 9.00 99.89
Flaufia MDA +Flasfia TA | 836 8.83 9.02 8.90 97.84

8. HAMTHIAIINANTIAYES PMA Naaas1eH laaen1s 193 lsifaususiues

HOUDINDS anunila  (cps) anunilnmae
1 2 3 (cps)
Flaifia TA + MD v3qn3 5.7 55 5.4 55
TA viqms +Tlafa MDA | 52 5.1 4.9 5.1
Flafa TA + Flfa MDA | 47 4.6 4.6 4.6
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9. FTIR milnaiuues PMA fiduasizv ldninususmesuSgnimousums1ss lufa
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o : e
10. (M85 IuiAsuINN s AnY AN 1A S UA 818 T 09 DSC U4 PMA fidansiey

&207 lmfnususesinzyousesuSqns
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