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Summary

Using alginic acid extracted from Ecklonia cava, optimum conditions for
synthesis of PGA, raw alginic acid and propylene oxide contents, change of
catalyst amount were evaluated to see the influence on the degree of free alginic
acidification and esterification in PGA.

Optimum condition for PGA was also compared on the differences of raw
alginic acid.

Free alginic acid content in PGA was decreased with pH rise by pretreatment
of raw alginic acid while Na-alginate content was increased and esterification
degree was decreased.

Optimum pretreatment condition was 1.8-2.0 and 6 hours in pH and dipping
time respectively.

Under the high P.Q. concentrate free alginic acid content in PGA was rapidly
decreased.

More than 80% of esterification was obtained with higher than 3.5 mol and 4
hours in concentrate and reaction time respectively.

It was shown that raw alginic acid content was optimal at 6-8 mol concentrate
and the ratio of reactor volume to total reacting liquid volume was optimal at
the range of 1:10— 1:15(W/V).

The amount of catalyst did not give any influence on the esterification of
PGA(more than 80%) and high degree of esterification could be obtained at low
concentration of P.O.due to the high reactiveness of Ecklonia cava compare to

other raw algae.
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KR RiFE HEMACl g SHoA XE REST B% RE FAHAS T3¢
o wlmA B HWAEE Y22 stv Sl

53 FEMEE e, ¥, A 5 4T REBE RES A Qe ol E9
EEA o] o ool [y A7rt Hasid A HHFEHE MES &H, FH Y
T¥8 FH % & 4 dodd olFolA RiES MmEE FHdAA FdA o
£ol =igA s},

wWEES FA ol &L WEFM Tl SRS mub 9 FACH, o
e SO Holv] BEHY ME = MEEM TR WES E%RNe #
ol et = 20 ~ 30% 5 F+F3tx 9lci(Chapman, 1970),

7IEEe] L%y ol Al Vincent(1960)ol  2lsted  mannuronic
acidM)2} guluronic acid(G)7} §% SF ol A3 Aoz Hwid F oy
AT-Abell zte] o] 5o HAFME W olF M/Gl7l FHe 3, & ¥ M
off wtel webaw] o] Ludoll M d7iEge] HMols 2 alo] & Aoz udHy

3 glti(Hirst %1964 ; Hang, 1964 ; Penman &} Sanderson, 1972).

A dA RS Y S T RSl U7Ee T2 Natl Bz ol Lx

ot ol 52 Hitfel Al EEEMel Foub EME ATl M R EEstd A}

g s glon gRAA SFsE FULBZ A T8 F58 Ao

2 oA (AR, 1979). ol T A7IEke] HES E ] Hstd dA g
Bt 5o HAS A3 Kistt B T A7 A= ot obF kA
A Zah 2efd Bel A7lEEe] AL, 53 FUEES alkylfbel o3& €y

e

B

G Ee FHMMEE sodium alginate, potassium alginate, ammonium
alginate, amine alginate, acetyl alginate, algin sulfate, carboxy methyl alginate,
alkylene & |k Bftyy FEE 55 £ + A2y olFolA 1947 == Kelco
jitoll 4 o} 71 &kl propylene oxide(LLF P.O.) 5 KHEAI#A =tE propylene glycol
alginate(LI'F PGA) & A4tsider] FULRERE M ol F $440] al



Aslo] gt ATt ol FolH ok (AkE, 1979). 229 PGA AL d7#e Ei#k
alkylene glycol ester & #43& (Steiner & McNeely, 1950, 1951, 1952) o] 3t o+
7 FdEloigon o F A7l FHEfee] Mgt fIFC WG WR(EES,
1958, 1962, 1963 ; with, 1962, 1963)7F d-Eolx A5 7] Azatict, z2duvt
PGA F¥i7} slv 7B fikE fEffolv F&sld Hes A% & 5ol £
ey Aeoln] BRE KBS o/ &3 PGAARK A7+ A £ 4+ e 4
ol o},

EHEAAM AE=E F2 BEEc e, X, 22, Rl Fol F2 OARRH
2 oolevt RiERE W Wit et sbg Fod dm REsH Ho glch

BHEE ZHelo] A7l A ATE FE W OFEHH MG, 1969), MMt
Wz (£ K, 1978) 3 L2y M 2 Bt (, 1984) 5ol WEH T o},

gl EME Atel o] AjAbeko]l Ztasln dom] FE AERVE o A5 o
e} 8o Bkt = BNEE mbol A& FudlA A FAZ ofF =
2 glon] b1l w|sled 3~ 4vwfel MNfRIES 7t PGA o & IU+3
ol cf,

ubepA] £ Agolae Fullel A elaA nokql of iR FEo HEE Ml
PGA of W 4bg $l3ted Zheloll A Hiid A71EEE AHE&3tel PGA A& &t
< ZEIn =3 2ot T 7IEl F#E 55 PGA AEClA vla 4314
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II. ## 2 Kk

. #

R#i< BREE A (Ecklonia cava) & 7HA 3 AAEA 2 FikEel =& b
Ko BHE =2l (Sargassum fulvellum), L5 4t vl (Undaria pinnatifida) =
S} A vt (Laminarig japonica) % SVBE  Macrocystis pyrifera(R3l), Ecklonia
stolonifera(PB) 52 AH&3led A71e Hibsld o PGAARK A&d Hg
& I¥*¥H methanol, &A% P. O.% magnesium acetate o} t},

2, L7l i
ol A d71Ege it ®Eol ot Fig. 1.3} 722e] 3= (Chapman, 1970),

Raw material

l

Cutting

l

Acid treatment

| ——— water and dil. H,S0,
Alkali treatment

1 «——— water and Na,CO;, NaOH

Formalin treatment
1 — waste water

+—— water and HCHO

Dissolution
——= waste water

«——— water and Na,CO,
Floating

| ~—— water and surfactant
Ultra press

1 «——— dil. H,S0,
Coagulation

Fig. 1. Manufacturing process of alginic acid for PGA.
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Fig. 1.2t 22 I#& 7Ad EEX U7EES methanol ol i Al -
NaClo= Z#/AIZ £ B RAH & wirgez Ao, S48 47Ee
methanol ol &A%l & EEo 2 pHE =#3b47 s3d whxsdd, 43
AZE Ao B 2B P Bl BIESS 60% 2 25l Als2 AE
sk o,

AU el d7EES 7hxl 3 PGA o &%-> Fig. 2.9 %o|slod Fig 3.3 7&
ol A detod 2ot PGA o &R fifkoll v1dlEe RFF <7108 RIEEZ A
pH % iR B¢, &7 &l e P.OME, 47lE o Solol g 5=, w157
ol A SR, B WEE 2 FEZE Sol sl k& st

Hydro gel
«———— propylene oxide
«——— magnesium acetate

Reactor

}

Cooling

l

Washing

l

Dry

Fig. 2. Synthesizing process of PGA.
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. 8% PGA | FEZ&

2zl 4 &3 PGAol dg =
2 PGA o #hE YME, *7Each :ﬁ
§6(1979) kol whet ohe 3 ol A

sto] dak-g F&E 7] Sstd A
st Ko % ester LEE A

F

Mm

1) mR 27 ZHE (%)

105Col A 447 Az% ote PGA o 0.5g2 =3 FEsted £ 200ml o
5ol slEetalele $ug shstod 0.02N NaOH goioz
2 wrx A A s,

0.02N NaOHis#& & (ml) X 0.00352

= %X 100 (%
el R (g) ve)

Zalo] 207 A&

2) ¢l at THE %)

105Col A 4417k Az ohg PGA o 1g% A8 FEsted HIA =7H
o4 A b, FBEAA 400CAH 247 A= HgibAAS $AE o5«
glgoz A Bio] xrhel o] wlejAe Y FF4 50ml & 7} 0.1N H,
SO.E 7}3 o AAHAE Yol #84elA 147 7hdste] A HERAIR ¥
o 7}gtch, 2 o ool methyl orange F¥-2% ¥ 0.IN NaOH & A A stxich,
_ 0.IN H,S0.9) i#% & (ml) x0.0198
T Rfee BEE (R

X 100 (%)

3) Tt war (%)

old Qe ofshxel BEMmol Yoz P R Wasted 2 % 1.5%
ol skol o of e,

4) ester {LE

&% PGA 9 ester {bEE oh2 Roll 3t A4bsl e
Degree of esterification=100-(a+b+c)



% a: PGA & i 4 1&TE (%)
b: PGA & &71E4&t S&(%)
c: PGA & Fuste x5 (%)



R BE

I, 2218 4% pHe &R0 2 ester {LE2A2| RBRE

A71Be] FIEE (T AAe] pHe ik e #Mbol =& 4K PGA S ¥
B o7 lmEel ®{u(Fig 4), ¥7E4cor ZEe ®L(Fig. 5) % &% PGA 9
ester {LFE (Fig. 6.) 2] A& 9 Fig 4.5. 6.7 #Ztl Fig 404 79 wlad o
2 AR A7k Frkek A pHE dptel whel EME dEES Fohstn o
=% Fig. SollA &7labact ek s 4704 g@ate Adole FAE debd
Aot & AA A17ke) Frhek pHE ditel web kiiggach RS A9 vl A

g 745, 28l Fig. 604 PGA o ester {bEE 2R A|7ko] ZA4E
AR pH(1-2,4)7F 545 ester {LEE7} gotaAln glord ester {LEE 65~85%
& qebla gl

PGA &2 77 &HFelM 7@ P.O.S WEA17 d7EF carboxyl
%ol propylene glycol % =<lste Aoz ofuf g4 o o] ehd
+ ek

AIgCOOH-I—CIr& —/CH—CH3 — Alg. —COO.CH, —CIH—CH3

o) OH

19

Steiner 2 McNeely (1951)¢l wh2ml o] ul2o e + KL ol7lgkolalr] B
e 47E& jonolM T2 o]FolAnz UEFe KM carboxyl £F
10~20%H =& g Aol F¥ F33dchad 5L ester (kES B 7o AL
T e sholeh, = A PGA o REol HodstEs AL ester {LEE Balo}
ek Es S7E 28 W Naot #4F 478 8o A2 431 A4S slxx
olch, =3 1009% ester {LEE AAPo g Brisslo] BEL ester {LE 75~85%
Azt A Aoz ddxx Ack(AERE, 1979). whebd B G2 A
74 o4 NaClOZ HwjA|7lo] e} Ak B2 carboxyl 27} Nast #4357
s]o{ ©] Na-alginate & 3 d4toll 2|3t U471E ion & 5] ester {LE £o]3}
A &, 28ln Yz 47iELch(Alg. - COONa)ol| ojsled PGA o #mitg
Z7pA13 ds7t A
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Fig. 4. Relationship between dipping pH and content of free alginic acid in PGA with
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Fig. 5. Relationship between dipping pH and content of sodium alginate in PGA with

¥

three different dipping time.
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Fig. 6. Relationship between dipping pH and degree of esterification in PGA with
three different dipping time.
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2. PO. Ao wWZ ester {LEA2| BRF

PO. £ EFEo| 7] wfol std EHE RSN U7VEet RSt oF
gt PGA & o8 F71dF9h 2ol & o dafoll sl dojue dbgel of
Uz §HRE, = [ 278 fikd PO AFol o3 K7l ool
24 o7lEel iE P.O.9 mol ks Feiokat et

O

50 -

40 0.5M

30

content of free alfinc acid(%)

20 1M
10 M
Oo— —O- M
M
0 /A 1L k L | 1
2 3 4 5 6

reaction times(hrs)

Fie. 7. Relationship between reaction time and content of free alginic acid with

different P. O. mol concentrates in PGA
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Fig. 7, 8, 9ol 4 ®& uls} 3ol P.O.9 mol b7t ¥&5%5, 283 abg A7k
o] A2 WwEE U7E ZEel Fobxel AdiHoz B ester{LEE
gich, a2l A pH7b ¥e4+% # 7% el #adte Ae H 5 3ol

o Azsh vy A4 2ol F2 3ok

15+
s
]
o
[
o
§=
[
= 10+
[P
£
k)
=
L
=
o
(&7
5 pH 1.75
pH 2.0
pH 2.4
0 i 1 L ] |
1 2 3 4

concentration of P.O.(mol)

Fig. 8. Relationship betweeen P. O. mol concentrates and content of free alginic acid

with different dipping pH in PGA
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Fig. 9. Relationship between P. O. mol concentrates and degree of esterification with

different reaction time in PGA
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St (1963), P (1962,1963), Steiner(1951), Kelco #(1972) 5ol ojstd 4
A7l g P.O.o mol b 1:3~1:4k&E: MIAAEFTS Laside g
| 7k2} ubS 2z o thal A& Steiner 9 McNeely (1950)2 A2 70 ~ 80°Col
A 4 A17HS wrS A Aoket B ester{bE 2E 4 Utkn 22 Fhgch, Fig 9.l
A B wpel o] B ariEso] gk P.O.9 mol H(1:3~1:4)9 4b3AI7ZH
(4 A 7}) & 4 (1963), Steiner 2} McNeely(1950) 2] 7 2teb A x| &k,

>

o

90
‘_o
o
X 80 1
=
e
®
L
2:"5
2 70
e
Q
L
s
o}
U
o
60 -
/!
AI
0 1 1 1 1 1
2 4 6 8 10

concentration of alginic acid(mol)

Fig. 10. Relationship between mol concentrate of raw alginic acid to methanol and

degree of esterification of PGA.
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3. OIEtOf thah LZIEe| BES ester LAt BBR

o elzof ofdlh o7 gk MEE PGA &@ol F23 d388& g,
EHE(1962) S0l 959 isopropanol, ethanol, acetone, methanol 58 A3l 4]
ester o #i3lol Ax wigolol A AL B3Py zol 9359 isopropanol

of 7h7 FEE ester {LF hAT A= A5t h3 Ackw sadch

16 =

12

content of free alginic acid(%)

o]
6 - 0 o
/P
A/
0 L 1 1 i 1 [
2 4 6 8 10 12

concentration of alginic acid(mol)

Fig. 11. Relationship between concentrate of raw alginic acid to methanol and

content of free alginic acid.
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Fig. 10. 11014 2: wpeh Zo] F71&Aol g dES] $=7 =
Bl 3B gl Aaste AY Al

4, RS FEO| USH WAk LMD ester {LEAS AR

927 §2e PGACl A%d J¥Fe 717 el F2¢ BFE dFHch
PGA &40l S712 dej2 A oks £l Steiner(1950) o Kigzt &k (1958)
o F@ERxe: TEH
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ratio of alginic acid and vol. of reactor

Fig. 12. Relationship beween ratio of alginic acid to volume of reactor and content

of free alginic acid in PGA.
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18 (1962) ol o shd AKigik vt F#EEIEC] o o4 Heletn Rl

w0
>
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e

oy
>
|

degree of esterification(%)

-3
o
|

N\

F———\

1 4 1
1/5 1/10 1/15 (w/v)

ratio of alginic acid and vol. of reactor

Fig. 13. Relationship between ratio of alginic acid to volume of reactor and

esterification degree of synthesized PGA.
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off CHE! ARIR BT} ester {LEE 242 BRI

5. 5 ¢

B
T4 A7Ee] HI B F¥ FHebe oA F8% oelE Add, F
% @ PGA 88 Aol o 24 FA7 dlFsledl o€ ester
7b Bfb, fmksfel ¥ REclstr 23 Atdls gl
Fig. 14, 150141 2 uist o] Zefgke] F71e +5 MMt 471l RS 7
shE b ester fLEE F7hske A4S 2eoln ok & AdelAd 2Abvtad
< Agstd el 0.5% o1 AMgsls Fushd UF el Abgdtw EERUL
A7 AEA dFE v,

90-
3
= 80 =
.2
=
=t
b=
b
[« 5}
g
S 704
[e]
L]
(5}
)
(3]
o
60 -
)
0 i I l L 1

0.4 0.8 12 1.6 2.0

concentration of catalyst(%)

Fig. 14. Relationship between concentrate of catalyst in anhydrous alginic acid and

esterification degree of synthesized PGA.
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Ft%(1962) 5ol o3t EEetE BES AlSsld UES B F3AumA 24l
= HAste] ester & b et sdn Al 3AAZEd Aol pHAS
4=z, EEll BE, TEmye d4dddga c}

i pHA%,PGA 84 8Bfs BRS Sl EHE7 ds] & Bes ¥
ootz 116}914.
At (1963) o 2lstd CaCl, & 4 ~10% AH&3std 73 43 d A3E el

192 Kelcotoll 41+ sodium triphosphate, diammonium phosphate, sodium

N

acetate, sodium carbonate & o] &84 H& F3E AZdn ¥aidch E3
A (1962) & ZAbetadlgS U5 ol AL&sle] MEERS LAYy Bo3dn
Atk

8—
S
<]
g 67
(=]
£
0
]
Q
&
b
g -
£ o)
9
2
0 | l I ! 1
0.4 0.8 1.2 1.6 2.0

concentration of catalyst(%)

Fig. 15. Relationship between concentrate of catalyst in anhydrous alginic acid and

content of free alginic acid in synthesized PGA.



6. EEo| w2 pHfE# Dt P. O8E7} ester LBl olxls HE

Fig. 16, 17, 18.01 4 2 uls} 7ol Fagol whet chi Ml 7% B Aol
2z el 9o, Fig 1700149 2ol pH 18el4 AMzd 47 KKz A=
A Yze 50| we} PGA o Ugksct SRS Y=ol oo} AR 2o

content of sodium alginate(%)
Qo

1. Ecklonia cava

2. Sargassum fulvellum

1 14 18 2.2 2.6

dipping pH

Fig. 16. Relationship between dipping pH of raw alginic acid and content of sodium
alginate in synthesized PGA with two different raw material.
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1. Sargassum fulvellum
2. Ecklonia japonica
3. Macrocystis pyrifera
4. Ecklonia stolonifera
5. Eclonia cava
2
=]
Q
3
Q
k=
&
=
¥
&
Yt
S
g
<]
5
(8]
4 =
1
2
3
4
5
0 7/ | i 1 !

95 3.0 35 49

concentration of P.0.(mol)

Fig. 17. Relationship between mol concentrate of P. O. in anhydrous alginic acid and

content of free alginic acid in synthesized with five different raw materials.
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Fig. 18. Relationship between mol concentrate of P. 0. and esterification degree in

synthesized PGA with seven different raw materials.

1. Ecklonia cava

2. Macrocystis pyrifera
3. Laminaria japonica
4. Undaria pinnatifida
5. Sargassum fulvellum
6. Ecklonia stolonifera
7. Ecklonia japonica
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ol& % 7hAl o) %2 FokAA 4 Utk shit Azl wel M/GH ThE ol fol
E & o|F+ %7 A7} hetero polymer o] 7] WH—"rOJI E=1u o] micelle
ol hydrogen fon o] 53171 918 YFAL Wzl wet Y chzch, ol@ Foix
s EWE Asiywl o7lEscet d4Alztel E#E U pinnatifida>M.,
pyrifera>E. cava=S. fulvellum>E. stolonifera>E. japonica % °] ¢},

k

o

o7l P.O.ote] ub-g-4& PGA Fo il d71Eetoz 343 4+ o, +
A7z P.O.o utgo] g A3E Fig. 17, 180 FA|3 G, a2dolM B
+ v} ol PGA Fo ## d7lEE ZHES E. cava<E. stolonifera <M.
pyrifera <E. japonica < U. pinnatifida <S. fulvellum % °| ¢},

olel s & uw MFxolA st e A9 dgAHE F3i PGA T
d7lEgact ol 7 Axodi PGAFAHL dazde obF d3st, F 4
zol ule} d7IEE AR otz wFol £ FIHE o Ax FA st
= gk £,

N

e =

u
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L1 £

7Vl (Ecklonia cara) o] 4 FHIE  27EE FHE s PGAE AR &8
fett. E 271E 3 P.O. (propylene oxide) M/, MiikE #{tSol PGA ol #
w ol7lg o o ~ElE{pEol vlxE dus 7 A FEe @M
PGA &/ BHS HhEk wifstlch

Bk 271Eel RiEHE pH7L A5 el ubel PGA Hef itk ol 7@ e A4
3 NI EE Se Zobee] oaufiEr Zastdch BB MER fRF
o pH 1.8~20, A4 7+ 6 A 7ko] Hdatsich,

PO. BRI =2 42 PGA W ## <71& ol 743 ZAastgdon 3.

12 A7k 4 A 7bo 7 o ~H 2ALEE 80% ol 4ol odo] A o},
Exl ol7 o] MRS 6~ 8molol Hushli RS g-2kol] ohdh & KR
o] Zekul: 1:10~1:15(w/V)B=7F T2 Aoz el
WiLE e PGAol~®fbEd Z 48 FA e Aei7l e g zol v
o e ol Fold PO AFTolM F& ol ~WILEB% o) 2 & U
o,
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