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Development of Starch-based Agricultural Superabsorbent
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SUMMARY

1. Title

Development of Starch-based Agricultural Superabsorbent

II. Purpose and Necessity

The superabsorbent used as agricutural soil moisturizer is made by the two
step process ; copolymerization of AN-grafted starch followed by hydrolysis with
alkali. The %PAN of commercial strarch-based superabsorbent is 50% and the
distilled water absorbency is about 400(g/g). In this case, the PAN segments
residues after the degradation process might be harmful to the soil environment.
And also this material is ver expensive by using the relatively expensive
synthetic PAN. On the other hand, the starch based superabsorbent has good
absorbing ability but has poor physical properties such as water retention,
absorbing speed, gel strength, which are limitations of its uses. In this study we
made a starch-based superabsorbent which has low %PAN down to 25% and
almost the same absorbency as synthetic one and the better boidegradability. And
in order to reduce the complexibility of the two-step process which is
copolymerization followed by hydrolysis, a continuous process was developed.
Epichlorohydrin was used as crosslinking agent to improve the water retention,

absorbing speed, and gel strength of our agricutrural starch based
superabsorbent.

III. Contents and scope

The contents of this study is the development of agricultural starch-based
superabsorbent that could be used as soil moisturizer by lowering the %PAN
down to 25%. The material developed should have the same water absorbency
level as synthetic one and still good water absorbency, absorbing speed, and gel
strength by introducing crosslinking agent. Therefore, the contents of this study
will be the establishment of copolymerization process of grafting AN monomers
to strach molecules, the processing of HSPAN, the development of continuous
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process which covers from the copolymerization to the hydrolysis, the
development of the pilot system for continuous process, the improvement of
physical properties by introducing crosslinking agent, the biodegradability testing
and soil testing. The details fo this study are as follows ;

~ The establishment of the polymerization condition by the analysis of
the product

- The processing of HSPAN by the hydrolysis of SPAN

- The development of continuous process covering the copolymerization
and the hydrolysis

- The establishment of the optimum condition in processing of HSPAN
by the analysis of the physical properties of products.

~ The development of the pilot system using the drum dryer

- The biodegradability testing of HSPAN product

- The soil testing of HSPAN product.

- The establishment of the optimum fomulation for HSPAN processing,

IV. Results of the research and suggestions of its application

1. SPAN was prepared from unswollen granular and swollen starch. The
structures, yield, %PAN, monomer conversion, and grafting efficiency of each
SPAN were investigated by using SEM, X-ray diffraction and DSC. SPAN and
HSPAN prepared from swollen starch were more efficient.

2. AN monomers were copolymerized with starch using CAN and Fe?' /HOz as
initiators and the copolymerization mechanisms of each initiator were compared.
The monomer conversion, grafting efficiency, %PAN, and molecular weight of
side-chain of each SPAN were measured. From these results, the optimum
conditions of copolymerization was established. As far as the properties of SPAN
are concerned, CAN was more efficient than Fe”'/H,O; and Method Il was more
efficient than Method I in the case of using Fe”'/Hz02.

3. When CAN was used as initiator, the optimum conditions of copolymerization
were determined to be reaction temperature of 25°C, initiator concentration of 100
AGU/Ce", and reaction time of 2hrs. When Fe”/H,0, was used as initiator, the
optimum conditions were determined to be reaction temperature of 25°C, ferrous
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ion of 1.02x10°mol and hydrogen peroxide of 1.646% 10 “mol by method II, and
reaction time of 2hrs,

4. HSPANs prepared from SPAN of 55% and 26% PAN had the maximum
absorbency of 760g/g in NaOH/nitrile mole ratio of 0.6 and 500g/g in that of
08. The absorbency in 0.9% NaCl solution was 45g/g. HSPAN had a
maximum absorbency if particle size was in the range of 100~200um.

5. The continuous method required more NaOH than the discontinuous method to
obtain the maximum absorbency and SPAN of 20% PAN had a maximum
absorbency of 300g/g in NaOH/nitrile mole ratio of 1.0. The differences of a
maximum absorbency, water retention value and absorption rate between the
continuous and discontinuous methods were not big but the reation times to
obtain the maximum absorbency was longer in the continuous method.

6. In crosslinking starch with epichlorohydrin(ECH), the 3-dimensional changes of
starch were investigated by X-ray diffraction, FT-IR, and ®C NMR. As the
ECH contents increased, the crosslinking density and viscosity of starch
increased, the solubility of starch decreased.

7. SPAN crosslinked after copolymerization had the higher %PAN than those
crosslinked before copolymerization and noncrosslinked. The absorbency of
crosslinked HSPAN sharply decreased at 5% ECH contents and the
absorbency of HSPAN crosslinked after copolymerization was higher than
those of HSPAN crosslinked before copolymerization and after hydrolysis. As
the crosslinking density increased, the water retention value increased by 15%.
The absorption rate of HSPAN increased with ECH contents and was the
most superior for the HSPAN crosslinked after hydrolysis. The gel strength
highly increased at 5% ECH content and was the most superior for the
HSPAN  crosslinked after hydrolysis. Therefore, crosslinking  after
copolymerization was the most efficient in terms of absorbency and
crosslinking after hydrolysis was the most efficient in terms of water retention

value, absorption rate and gel strength. And ECH content below 5% was
efficient.

8. The optimum conditions in the continuous process for the pilot system were
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found to be temperature of 25°C, initiator concentration of 100AGU/Ce”,
reaction time of 2hrs in copolymerization step and temperature of 40°C, pH of
11, reaction time of Zhrs in crosslinking step and temperature of 95T,
NaOH/nitrile mole ratio of 1.0~1.4, reaction time of 1~3hrs in hydrolysis step.
The optimum formulations for the product to be dried by a drum drier were
drum rotation rate of lrpm, drum surface temperature of 130C, drum distance
of 1mm.

9. If we compare the properties of various types of HSPAN, powder was the
most superior in the absorbency and mat, film and flake in turn. In absorption
rate, mat was the most superior and powder, flake, and film in turn. In water
retention value, film was the most superior and flake, powder, mat in turn.

10. From the results of degradability test of starch, HSPAN(%PAN=25%, 50%
respectively) and SYN-PAN degraded by fungi, bacteria and soil, the
biodegradability of HSPAN was concluded to be ensured.

11. If HSPAN was added to soil, the water retention of soil was improved. The
soil added with HSPAN of 05% by weight maintained 30~40% of water
supplied 30 days after first irrigation and maintained 25~35% after second
irrigation. As a result of germination test of kidney bean in the control soil
without HSPAN and soils added with HSPAN of 0~0.7%, the degree of
germination was 64% in control soil, 762 in soil with 0.05% HSPAN, and 90%
in soil with 0.1% HSPAN.

In this research, we showed the very high possibility of the development and
application of HSPAN of which the biodegradability, gel strength, water retention
value and absorption rate were improved and high absorbency was maintained by
decreasing the synthetic component of HSPAN. And also HSPAN has a
possibility of being used as packaging material for agricultural products, plant
growth compostion and artificial soil for hydroponic culture. Therefore, for the
commercialization of the product of this research, continuous investments and
researches are considerably required.
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FTAE Aed BEY B9 ldxo] Ex¥cl. 2152 Ae¥ BE ZFo] Fd
BtaL o] A g A o] ] A2tE] 7] wfFoll ¥ ko] FIHH Zlolat = e¥ic)

ofx, ¥, FE, FX5 Aulo] ol nlFoEHE Loty 7] 7te] F3] F
23513 ol ojulle] HAo] 3] AL HEFF dolg AIFE dodle=
AAL 2N F2 39 FE57F, EY 29 A5-F, Wdol 3t mjs), 33
A% S E + AUk dM AFH Huie] F-9o Yol nF,AE FAle} ¥
A $d = UAAY, AFFAZ FAFEHE coating¥tF I}F3te] AR I Fo]
AE Wol&E woli Wold4E w&sials d7= ch wold FxE 133}
t BF LEFFAY A Fol 2 UF JAHLE Rl AANEE AE HA
th oju] ZF A WL BF2ES sl ol FAE BRI strxdicl. o] Wy
L8 AFA U FEE wEUS 90%0] e wWolgE A& tt ot }FALE
|oF /MUY AFTA SEEE Sk Y @ Aolo] AFFA U FAE @
I g3t 7] HE RYoR AN Fmn-gom) FARE F2E7] oy I uiF
& 7He3A sk W E Adse] Qrh JSHE 2EFAR A Fxio Az}
WAL E S Tt SBEsAREE F22 3| dto] ol W HAo] &
ol3tA H= FEol drh E AE(d: ¥ F2H} ZEFFA(RIN LIeE ¥
$NE 458 tubeZ Al XSl L2E RIFAA FAuE LoldtA e
oA drh AFFA HRe F2ARo| FAE dF NF2E XA AR Zo}
A F2 AYAE 843t 25 gAsts Wi s AeE A

SR F tiile] AFFAE AHEE AlEE At §HR H4 AolE
(sheet) & A1&31H E& FE UEE 244 U3 U8E FAHA}E B3I E tis
it AL FEE sh= WATY AAuiA] vjdrve] A8 uF4HFE AL
g = 95, HEUR | Aujol e} Zo] 70-80%2] &L FE7 7 Hue
€71 Tl FLA AOlEFE $IAAIZ] AldlE Qlth ZFFAe} 2EEIHE o
&3t} 4wl (hydroponics)she o =it}

o]zt Zol VA 7Y nF4A ol &AL tiYshY A L= v AAY
d EAAEC] ol B gHA Esin Qrt. dzjY EAHES BE EQd mpE
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Foltt 3, BAE, EY vl U7 Fol ch

F1. tiEHQA 2FFA S S0
2 T g |
AR - A A A N
5 ) A A A} YA
=3 T T LH "H 9'] A}
i F e A 3 WS 2 g g A £
EH % = A )5] ;6] )5' *c‘)‘
EelolaguaA gy, 3y usl o @ | 0| O x
wldotdElo S-ola Akl | _ . [500-| |
AH BEUA ALRHE | TP || % | B |0 ©10 0
PVA-Fdglat wHE-E g o100 =| & | OO | x| x
o|lARYN Fotyelat “ 200-
'A p- 4
PAN 7}5-3& AG, 2ok 150 |8l | o X X X X
PEO 7 = 5 (& F | O | O
AE-gPAN F15EaE o (300 =% o | x | x | x | x
dggolady eeag| #u [P eal o | x| x| x | x
1=
Carboxymethyl cellulose?| E%’ _;_‘Aﬂ 200 || eF | X X X X

F2. A7

AEFA Yol wtE HFEAZ

(17.1cm X 17.8cm X152cm 2] columno] flood irrigation, Ritzville loam

2} Shano silt Ioam
Sagehill sand :

20cm 2] Eo|] 60cm

50cm ¥ F3hed 831 AZ)

13} FAAE 20cme] Eol,

FEsted 23l

A] 7&!

2-5x} #AAE 10cm 2] Eol

H-SPAN |Ritzville|Shano Silt Sagehill sand

2A %| Iloam Ioam 1%} 2} 3x} 4x} 5}
0.0 | 165 7.5 0.8 0.7 0.7 0.8 0.6
0.1 | 155 7.5 1.0 1.2 1.2 20 | 1.2 |
03 | 180 | 80 | 17 | 83 6.0 | 9.0 9.0
0.5 22 0 10.0 3.4 38.7 | 63.0 85.0 88.0
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H3. A7 mE EFEFLA AHe BEgY R4
(17 lcm><17 80m><1520m.4 columnoi] flood 1r‘r1gat10n)~] AHE 60cmZo]] RR-H)

10
20

10
20

124 F
1
3
10
20

2247 F

10

SAF|AF

10

24.2
22.2
20.2
19.1

22.3
20.3
18.3
17.2

10.0
8.3
6.8
6.1

11.0
8.8
6.9

10.7
8.7
7.0

0 1

R1t2v111e
Loam

24.1
22.2
20.2
19.1

Shano silt loam

23.0
21.1
19.1
18.1

Sagehill sand
12,2
10.6
9.0
8.3

15.8
12.3
9.4

14.2
11.8
9.8

H-SPAN ZHax( T?ﬂ%

0.3

23.6
21.5
19.4
18.3

24.0
21.4
18.9
17.6

16.4
13.9
11.6
10.9

20.3
17.7
15.3

18.0
16.0
14.0

23.6
21.1
18.7
17.5

23.8
21.0
18.4
17.0

19.7
17.1
14.6
13.4

21.0
19.7
18.3

20.7
20.2
20.0
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4. 2554A ek ol simulated crust?] modulus of rupture

Modulus of rupture(bars)

H-SPAN 3ef(%) o Tillman-Hollister

Teller sandy loam clay loan” Cobb Ioamy sand®
00 0.87 0.776 0. 441
0.025 0.817 0.614 0.389
0.05 0. 461 0.601 0.374
0.1 0.343 0.548 0. 2380
0.2 0.191 0.495 0.176
0.4 0.142 0.341 0.112

a) Teller sandy loam: 12% clay, 24% silt, and 64% sand
b) Tillman-Hollister clay loam: 33% clay, 42% silt, and 25% sand
c) Cobb loamy sand: 8% clay, 6% silt, 86% sand

E 5 IFeAe o 9 HIE ol wE UolE

H-SPAN A7pd
£/900cnd #] + H-SPAN #] + H-SPAN + 25g% %] + H-SPAN + 500g &
0 3 41 36
0.5 7 24 86
1 79 96 98
2 92 97 100
5 72 80 94
10 KV} 33 88
20 19 20 39

AFFAE Aokl ok} AU B2 HAHES] freshnessE 3G A]7]7]
23 Qe FPERE E8Y 4 vt dFHoR F4F FAEE A THE
wel 3 7Ex| 7 sbSHAl Hsdl, ol wAtES EHol 23 FEFUE withering
A3 HAHE AR B2 AR gedist UAsty] el HAHES A7)
7t REE] fEiME &x, %, JIAPAERETY HF(2AE HYsiojol =
ol, ol& 913l A2 B, CA AF(AAt4, LojitEgt: SEROA X)), 52
B g 37t YAILE o83 sA|q, @I 2 Je8 U vl QoA
A oct. 2EE durAel SAE BRfole Aol EFAE sealingdlo]
BastA sled, oln] XA E £ESUAA U CA 2L FHAF|A "Hch

IAEFEFAE o] &Y HAE XA AE R paper, plastic filmgo] F2 o] &5
3 9lom, Tsuji B A4 WE, microporous film(pore diameter 30um, G
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=318 100g/m’/24h), & filmol] AUH FFA layerE -?—*"54 EANE AUt
1% sladct. (Tsuji et al. (US Patent 4,939,030)) ©]¢] AL, Y= LWEL 4l
4 9 o] ielA: $EE ZASt: VS A H, °IEH *}%% AET/d layer
2 microporous filmE& FU3te & FFdl, #HH FEE RAISI3L, heat
sealabilityd ¥-o{3}o] %4ME2] freshness 3Atoll AA 714%t 4 qclt,

E44= plant growth composition® 8% AMREH 4 9lid|, olu] 2FFAE=
24 growth mediumfollA] water retention 3AIA|F|3, growth medium?] A AZ
BAIAI I = 7% 1A HCHUS Patent 4,559,074). E3], porous growth mediumo]
sand, sandy soilQl 79 XE9}¢] water retention property”?} uj-¢- <¥sl7] uf&of
o & axFolct. &, A& R 7} nediumfold HA B 4 s BHES T
i, B9 & ¥l ulet wetting WU drying AFE WESHHA vwater
retention& 3¥AFA|F| Al Hr},

AFFAE £ZANE Y AFEYLE AHEH 4 2rt ojuf, JAFEFS
water retention, shape retention, root holding property, air holding property
% soil conditioning effect& Zt& Z& 873}t AAE acrylic amide monomer
¢} acrylic crosslinkable comonomer& ©]&3}e] water-swellable nontoxic
polymeric material & 7Pdstd&dl, Abzzt 22 SEAE JAdsdS % EYL
g W3 7|7 98] #ZE3ly|= st} (Japanese laid-open patent 145908, EP
122797)

oj2]oj = a—*"*llbﬂﬂ] Al Z9] o}l W Aol WA AgaLt sFUAE ¢
3t 5%S loadingdtel, AFFAI Y& utel At Aj7lo] A3 Y&}
NeE& T8 5‘°Fi5 ggd 4 Qlrh

A2 A AFALe Wagst Auas

1. 714 54

31 &4A|(superabsorbent )&= Eof #x]¢tn AR FaF vyl €45 WS oo &5
Fste 2Exlolth. xA] Fare] £ Wu) oje] FH4E FF3H, EBol ol
EAqguf= 4l ES 43t AR, %'l 2

ISl 2] Bk Tjo] oyt B
43 ol EAshe W47 (ex.
518 AL o5 Aol AT

Polth. AF4Ae F4UE thet ok
COONa) B2 Eol F4Hol whe} sjele A .
Z1e) Wbl o3l LRA: BET WS B 4o B FrohA Heh A
o e ol2Bol EAYhE 2F4A tlol(Na)el RIS ol 7] whEof
LESAY BHE 4 BolMuch Wold AMle URSH: segnenthe] Wby
go) Zaz $3F7} gastd F4do] gt

flo ri uld'

}o
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IFeAe] A 1974d 3™ International Nonwovens and Disposables
Associationo] ¥t Nonwoven Product Technologyoll t§¥t Technical Symposiumo]
Mo AR 1gd oF 70088 EE  EE  FS%E hydrolyzed
starch-g-polyacrylonitrile I1-&<4A|7} USDA, Northern Regional Research
Laboratoryol] 2]3] R E|HA] A3 ®lo], starch’®, cellulose® U T 4%
o A oA AEdeh YHFAR AFFAE thEE -CONaZ| S TR8he 71
2¥ IEREA, lEHQA AT Jta¥  poly(sodium acrylate)7} 9Qlt)
cellulose W starch & FAl= dutzlog Mo A vl B olmaugEY
& AZEA ¥ Dt EH] Exdle UEYIE MRS A -CoNag s}
q F7Y9& ZtA Tl

WA FRY B Ui IRE oFE= IEAMNE A staAdE
celluloses®l} starch®e] 72 = dulylog Wee 7aAE Alesir] -
starch®e] Apol 7h4Es) el d stadTel dojutta shi, FHaAS
it YRR LFEAA Lok ARRES DRl HEE, A ZEF
ol AFshey,

=]

A 54

=2

i

i

Lo

2. A - AGA &HH

Qe AFFA MEEA FYFARIE 713 wol AMEE R oler cellulose®
L} starch®i= IEHEZL A} cellulose® ZEFAL AR og Aol AAIE|x]
13len, starchiR AFFA Y Lol tEE SUEHESRSA) EE= ot
/34 (gasohol)ollA 4=&-& AAsHE filterFol AMEEL ot I olf&=
PR FR LFTALY B AxA7] 2ET AAFHo] Lolsta staAYe =4
o gJaiM R4, A FETE RAY 4 9dou}, celluloser} AEFR LEFA 2
%3¢ heterogeneous kol A ub-g-5o] #Px|o] fabrication(Yx} Z7] 2A5)o] of
89 Fr4E, A ZEF 540 YRR Kot d53] wEolclh. 2y
AER LFFALY ZBeols ERY Aol EQGFola &3] E3l - F4=HE 83
WEH3E& 7R AF&-& o] ubel fabrication 712 ©elste] F3lrte =AY
& rke Aol gt e ol olyE IFLA L EIES] 9o
fEtelols AFE AdPolch wiety o] (FE Tl HAEA LF5A o] F
AtgtsEld FA71H o2 A3y oA Zabet Ui AR g g et

S

(%

r

3. A1y - Exly

2 AFolq AuY ABL TESAZA 58 53 Yoo VLU v
=3 Bal, Asdolne BAREA SWold ZA sloig Zolth. w7
&ol HRuAle] o|VEW rhAol o7 25272 AAHW Yo AT 1E
Usjol T AR HINE AS ot}
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4. U - 8] dAJe @8 4

Starch® ZFeAe /o] 7HesiA H 22 i3 el #4d 1958 Minogt
Kaizermano| ceric ion& ZJA|AE 3l Ze|n|dUdF o] ojaUZRLEY S I
E A= g dslo] cellulose W starchE 12lZE A7)l A7) Al3FE
Adct. ¥ FH corn belto] AT FF4Y HFHA AFLo|A = starchd] 41H]F
ggoll vhzt Ao YBOE starche] 1eZE F3 AU AJiEKACE oA Y
ZUEY, vddeladbolE, ofmyxt 9 12 ofAHE, n]dolNH]o|E, AE]|
#, oladojul=, FE]Q T vl whAe] D nE Fto] iyt A7t B
ook 1960de] Futole 5 dAFadlA AEA FAHAE AUsty] Qs
starch-g-PAN(St-g-PAN, starch:PAN=1:1)2] 7}=E38]Eo] oigt A7t algict. o]
u St-g-PANS] 7lgEajo] AFR® obzhe]e] oF2 KOH/PAN SH|Z 2,7-10.80]% %,
St-g-PAN 7h4=E3l E(HSPAN) 2] A=t 7h4-E3lA] KOH/PAN Eul7} &5 Zich
19709t Xol A3t ojsix] WTE ulElo g HSPAN T¥54A7} spdsE sy,
olmji= o} 1.252] &ztz|/PAN Eu|E a}Ls1gct o] nTLA = ARk o
7000 2] BRol2K B oF 55ule] BUEIR(simulated urine)E F43hm 45g8] YL
gl Fo= F+H AA Y 65-75%F EF{Th  Zelol= oF 0.62] NaOH/PAN EH]E
ALgstY, F4EE FR5Y B AASFY 10008] o] FF4E F4-Y +
ottt g,

starch® LFA0] oyt A7 Al&E o], starchod] ofa YA E= ol YA}
UEEHL TelXE 23} starcholld olmgl 2 UEY A2k comonomer?] 235
e Tl thordt ot Jute] glalt).  carboxylateZ] & ¥-33h= anionic
AE4A  2o]lE  triethyl-aminoethylacrylate chloride %lerA|2l methylene
bisacrylamide 7}aA]E A}&F cationic FAjo] iyt 3= UEH 8} el
starch’® AF4A L F4EL folxtou FdT gAY AME Pito] £olA
U By 9 A Zx g3 o ¥EEI} Yl
Ay uiet o] AZA 1FsAH L EAAL fabrication P (YA 2EF),
By gl A Fx Folrh

EZ AR AER AFpA] o dFe 52 Y W S5 33
E F97] uZol, tjH-E AE:oladsLEY H|J} 1:191(55% add-on: 1B} E 2
YA JehTEY wyaidel e JehmE FUNE Mgl Stk Az
reactive extrusionol 2]l starch-g-polyacrylonitrile2] | =off th3t &FofjA],
extrudert]?] 22 residence time 2. & Qls}o] FHEA] Z3lojA] B} add-ono] W&
a2E FEATL QAR ol A4EIAAA LEFEFAZY A M o
ol 7] I3} ZlEIHAl AMEsHe Ye]/PANHIE WHIAIZ A 300gFFF/gAl B

A

rOl

rOl

2
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o 7171 F4¥E& A& 4 AUrh extrusiono] &g WHE A A7 23] resin
kettleE A}&35lo] FEA]l ubHol 2]8] low add-on J2ZE ZIAS5L A 5l
Tt AR A AA] 00eFFr/erE FEY FTEE €& F Ak F
low add-on HFA IESFAHZ FE At HEA 2 F4A(~400g5FF/8A8) 9 7
AR F4EE @& 4 e 7Hsdel At

AEA 2FrAY By A A ZeE YT 28, 2EZE FIEAE
7tEsiAl ) F 7t A 2 A epichlorohydring nj&F ARE3ted wEGA]A Reitt. 7}
SREEAI AR Ao, FAZ] AR (2808FFF/grE)E 90 g Fol (4E
glEle F4H B9 7048 BAste] ZaukEAIFIA] 42 Almol H|3] oF 10% A

= O O %
e 7HedS HIstden AR staA W 2o HERAES e Jol B
golrl, EF AEA 1FFAL BEEE W7 Sl fabrication(QAtA7)
Z234F) 47t siAs olof grl

A3 A AT BE L S

2 AN A ol RA-BUEY o] W St-g-PANCE HE HHY F

& Zte AEFTAE 9% WHE A ok E3L, sk AHEEE o
Zeje] AFEoiu] x2 s 2Pl FoY njxe ¥ JHYL) F,
%add-ono] ¢} 10~50%Q] St-g-PANS §/dste] 0|54 7h-E3lell chs) A--3tct

EF AEA 2EFeA @ W FeS4E, Reya) AREE s $1st
of ZtaAE AEA LEFFAY WA Foll st WHol uis) dystaat ¥
t}, 2= E F3 M, 2ZE FH F B 7l 7 slaAee] ikg-E v
2 AEst 74 B wWhiE el

23 == JbEs) ol Fol drum drierd& AHESte] HEALfOlA flake FEf2
AAEE A 2gich A H AAEe] B4 9 285 Bt  feed back} A
248 whEslo]  end-useo] W= #E formulationd Flgici,

EQREA R AL EXEALS o 3008je] FFHF; FulE, ST FrE5E, ¥
Fole) AZE Fo] HArk EZ AEYY 4P AAF FAds oF 2
Foll sl H2FSAY 30% oldE FAAAH £ e AMRE MUIEF Il
A2 EQoA L] FeEs BERXE 2002 st 2F4A] HI] Bl &9
AFAIZEE BAAA] AR 60cn] HFA|7to] 308 olstE HEXE APt

AEHE EAls UF AuxA g 2171 slolz uigt st Rtng o 3
AAE Fo Fi7t APH 4 A=F 2FF oo} 3, EGHoMY UEH FF
HeFols F4EE monitordted A F4E GAE BAY Zlolth
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A2z d2 actzE FFeAe gy

Ald A A

&2 glucose unitE WHEEIRE st HATEAZEA, AFIEXIQ] amylose
(2213 10°~10°) 9} Fpx| 228 EA1Ql amylopectin(EAta 10'~10°)2] F71A]
[e]

qEog FEo] glom, of glo] HFole Aue lipid, protein, phosphate
groupFol ¥-Elo] glth olg3t FEEY Falolw AR AR Fof E}E}
chdstAl vieha, A& ey gzl A7), el 4RSS 7AA =H,
of & g HEE E= rhYgsich

AE&L glucose unitife] FF3 hydroxy groupell &%t 73t +4AZAIE Fsl
granule BElE FR|8l2 Qlor, amylose®} amylopectino] 7«1%_'—94 granulel—}loﬂkl
@5 o] crystalline®} amorphous area® FAH Hzlgt 1L2ZE 7IA] 3 gt} 53

AEL amylopectin?] H-& side chainoll 2]3] double hellx ITRE %%E}Eﬂ,
double helix7} ZAAI}x|HA crystalline lamellae(crystallite)E 3435132,

Z:

amylose®} amylopecting] 71 A}g— HBo| ujarx]x| ¢}-& amorphous &GS & 46l
semi-crystalline 725 AAs}A Hc}h #E granulel) crystallite &3] oo,
AEL 528 E& YehiA 513'- HgS ZHA Hrh

YRt 0 2 granule FefS] AFEL HA2oH FEA oA LA oo, F&
Fognt Pash= JHAE A A } 3l2] gt semi-crystalline o] 3’1‘%‘31 SR
EAstol A NEHH, &S Foot] BESHA =HEA, A AL E2L ¢4
gto] wEo] Y8y W ¥ +EE Fr3A =HA v7HgFHA WEE oA
e, oleldt A4S 49 gelatinizationofgl ¥rh ojuie] AFZE AF =T}
B@s] Aasti, HIdo] AleAly, =t 52 slur‘r‘y7} "eh kA, vy
Hog B3 ALE i MA3] BAstA =, AES] amorphous G & 433}
o amylose?] single-helical structure?] ZH@%EH]— oji}= retrogradation®]
oL}l = Fich

FhE, A9 it Eokolld] &8 AT Aol A A, AWE,
J2=E FFE S, AP 9 o 2R sl o] o &™rh olF ALl th
S vidA GHAE efx FFHAIF wl, starcho] AHfett]LE HAsts A

A2 ceric o], manganese 37} o]-&, FAl¥}g=A-ferrous ©]-2A|, ozone-AtAA
#2], Co Y& electron beam irradiation & ©]-8% £ glon] o|F CAN F|x|47}
starcholl vinyl monomerS 12}TE ZZ2gIA] aPHQIsHA ARRE 3 Qlch Z2au} CAN
MAA L B 37kl Fo wisl, Fe''/HOe AQAA 0] B4 EAsti slzo] A
HgE AHo] ). 9]¢} L2 redox systemE ©|£3%} free radicalo] &J3t 12 E
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B8], 4 AE Fao) macroradical & BAISIA Hu, ©] macroradicale] H
dekedA et propagation polymerizationg @ o7|A HTl. olu] AME-H ZHAjAS] &
T, e e FULE, WSRO A8kH] Ho| grafting efficiency, a2
EA1%, grafting frequency, 12lLE o] X Fol| 48§ njx|A Hch. EZ
FA 7} AE slureyl 2 dupt 2 Fato] erls 2% A7t € 4 qlch
2828 2 Ao A ZERAEH oY granule FES AHES] AN T
FAE e ZE FEY AF o, HF HSAEY H4F W FRo] oyt G3E A
HE okt CAN Z|AAE o]-&3le] AL W u|s8& granule AFo] AN THIAE
D E FZE3A|A Un-SPAN B S-SPANS A R31glom, SEM3} wide-angle X-ray
diffractiong o]83sto Ztzte] FRE AR, DSCE o] &3l A3 A%
olg Aty Kokt E¥ FFUH 2zt SPANG] yield, #PAN, grafting
efficiency, monomer conversioni} SPAN?] J}4E-3& 53] AR¥ HSPANG E4%
E Adygic), w3t AEFHo| free radicalS 3AI517] 213t redox system©F
Ce™ ¢} Fe¥/H.0; system® 217} o] 83}o], 1 ¥I-E mechanism® AMM BT, 2
SPANS] BEA4& AwBgton, ol uige s AEA 1F4AE AR 1T 18

LE FFUA ¥4 A=A At siolr



A2A granular AL W I3l E o 7 HE]

te
0
o
i
2
o
X,

1 A8 9 Ag Pd

7b A=

AE((F)RAYL)E 60C FF EolA 204 Az F Agsiydct
acrylonitrile(AN, Yakuri Pure Chemicals co.), ceric ammonium nitrate(CAN,
Aldrich Chemical Company Inc., 99+% ACS reagent grade), NaOH, WgI2 5-2] xJof
2 FASIA] Q43 iR ALgseict

1}, granular AE-& o]-2% SPAN(Un-SPAN)2] A=

A2Y A& 20g0] 374 380nlE HSl] & 5%F 3 F, AN ThUA|(8, 9,
10g) 2 CAN FAAAI (S5 100AGU/Ce™)E Hdrlstol 2A12HsQt autsha N Fysidd
oh EURF WEeR WA, W4, AWF 60T UF LN 2047 Azl
SPANS it

th 33} AELE o]-&% SPAN(S-SPAN) 9] A=
Az9 Ao FHTE WISl BEE 5% ¥ 71dsto] 95TolA 1415

AtstE A Z A A Zich. AR slurryE 25CT7HA] YZAIF, AN kel CAN )
AAE Hdotsiglen, o F2 P2 419 Fdsich

2}, SPANS] A

A Z¥ SPANS] %PAN % monomer conversion, grafting efficiency, grafting
frequency+= DMF extraction?} Kjeldahl'doj 2|3t A A3gES o]-&3lo] rl34lef 9
sl Fellrh. Eak SPANIOIE St-g-PAVERE ohlzh PN RSEUME EAshen),
PA THEZAPAE DFO] 831417 22T + Atk 1g SPAVG 80nl DWFo] WL Ah4
N BNAE 247 TN F 600G 2087 ALeIsL HRAL Shwrsl mat
Th THA 80ml DMFE H7FSHaL 3AIZF ant ¥ 6006E WAEelstal Y g uhehd
F 2000l TSR 44, olzf, AZslo] StgPANG Eelstalch DF gAY &
At 7He4 B B BT F Azskdnh. AV T sk FEEY AZTA
& W3ysiol PANTHRFUAI] Qe FoioITh FHH PN EAIEE Ubbelohde
HEAE o]-&3to 7% 2 HEE ol Ao tidsle] 13k 2 4 qlrt
$d PAN Tt UAE AAY St-g-PANFY AREAEUE G448 HAFAA
ZhEdliAl 71| PAN el EMRt Z)51A Ml 1g IMF E4 ZES Sela3o
Y3 J3zt71 5 #Aajstelct, 75ml 0.5N HCl -89S ¥7ig £ anbshd A 95CHhA]
7t ¥ F 2417 BRAZHCL B4 F 200ml #EBEE A, A4 F AF 8
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o] & DMFoll o] 25T ¥z

oA Zzsto] PAN JZEHNS AL 4 o,
A HEE ol Mol uidste Ex1%

ol A Ubbelohde REAE o] &sto] T3t
& ¥t

- Weight of AN repeating unit
o P —
%PAN = N content x Atomic weight of N (%)

1A
Monomer conversion(%) = —g}—:g—ggd% x 100
grafting efficiency(%) = grafted PAN X100

grafted PAN -+ hom opolymer PAN

100 — PAN1 2} E 2] gtk AGUS] B A}k
G.P(AGUlerat = e A it

(7] = 3.92 x 10 ‘M°™

o}, HSPANS] Az W FA

282] Un-SPAN ! S-SPANo]l NaOH/nitrile mole ratio’Z} 1.0~2.27} S &8 dXs
=2] NaOH 4~8-9) 18ml & HIIslol A AEF 95T QoM 3A|7HE et vt-gAIH
th. ZheiEsle] fus AHHE ¥HAY 4 glom, yhgo] HRd ¥ ko] net
2 4, A2 F 60C FFIoa 7Rt} absorbency: ZAZXH 20~
30mg2] Un-HSPAN B! S-HSPAN-Z 2t3ye] FR/-geoll 3023t HAIF, 30E7 Aol
o1t AR UBHE T Aol &3ty Pty

+HSPAN®] %7 — 2 ZHSPAN®| ¥
Absorbency = B4 Zi_‘llz_I:IrSgAN-‘ll FA A

v}, SEM %! Wide-angle X-ray diffraction

SEM(JSM 5410LV : JEOL, Japan)& ©o]-23}e] JF s HE o9 vj98§ granule AE
2t Zhzhel deimE FFY AEEY F2E AmEgon, XA HAEMS
GADDS(General Area Detector Diffraction System, Bruker, Germany)S o]-23}ge.
M, 40kV, 30mA, distancel= 100mm, beamtime 120 sec & 3d}o] A-2ojA] &A3A
t}l. granule starch®} Un-SPAN, S-SPANE 60°C R Boja 3] ARE *F A&
slglon, 33t ARL xjAAFlo] 2lF retrogradationd WA|Bl7] 3] T3
SAARSI ARSI

A} dEA

9le] ztzie] A goll thd] A A% DSC (TA 2910, TA Instruments, USA)E ©]
£5%c}. Hermetic aluminium pang ©]£3}% 2, heating rates= 10C/minl 2
staict.
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2. A 9 3%

7}. SEM @ X-ray diffraction

Fanta 52 SEM& ©o]&3lo] v]% & granule HFo] AN TN E JelZE g3y
Al o DelZES PANSS] X W ¢lx|of cis] dxsigis, o wpEd %PAN
o] 22%Q! SPANZ F2 HE dxte] HHolA FF ol dojuts wbH 44%] SPANS
HEL UFdME AP A=E FF3ol dojdriar stgct. ojul, AAAZR A
£EE Ce™ o] W AN tharAle] BE R o] il @ Hate] FUXMo| Zo3}
o, A& R Hiole Yzt WREEI IA 4L njAc, 2y B
Aol AL v]8E granule AES A1E3to] AN WA E D2ZE Z3
3 AE o, HF hgarEe] 43 g FRo uizt AE ARz} st

%4 Figure 1o]AX = n=3§ A&} 33 o 229 A2 Zhzhe] sPaNg
SEM A} & viehiglet. E3pdE(Figure 1 &(b))2] Z$ 95TolA 1A B 3
A F, amylose?] A|ZAAE}o] u}E retrogradationg Wx|3}l7] 93] A7 %3}
o] SEM A}2& Horh. g Kol ule} o], nE HAEZ o] 43 IRE
F3UM(Un-SPAN, (c))8] 79 HES] granule HFEefE ItlE {AshAA HAE2
HEHA 2gtZET FHASE #HAY 4 ach wbd, (b)ollH Hol: I spAi e

(o]

2%, ARe] THPIM granular integrityo] FuE nlAE +4AHol AolA
A2 granular structure’} £A3] E3H FelE RHolF1 ¢glon], o|EHE A
Y = E ZFHA(S-SPAN, (d)) EIF 7] AEQ granule e BT
UASS HAY 4+ gk (d)2] B9, (b)olA Kol uie} go] 27} mid 3}
HEold] T2 E FFEF WS o4 4, ¥, FANHM $HE ¥
HE Rol23 ot}
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{a) Native starch (b) Lyophilized starch

() Un-SPAN (d) S-SPAN

Figure 1. SEM micrographs of each samples.
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Figure 20M &= ZtZte] AJ&of th¥t wide-angle X-ray diffraction A& Uehjgl
th At oz HEL crystal unit cell?] Fefo] whe} A-type, B-type, C-typel
2 ol Al&dl, A-type crystal wIAREAIL] AgGujo] wid® 7704 double
helix2 Fdxjo] glom, 4718] E82l7l TF S gitt. olof] 3] B-typed 674
] double helix?t 64 BAE BPst 36719 ER2171 EHslo] 9glom, C-typel
A-type} B-type?] ZZMHelE ¢## QlcH9, 10]. Figure 204 Ro|%o], (a)e]
native corn starchi= 28 3ol 15° | 17° , 18° , 23° ollx AR peako] UEh}=
A2 A-type A2 diffraction patterng RoF3 9t wbd, (b)e] I3x
FAZ7A%" starch®] 79 amorphous patternd RoF31 Qlth, E (c)olA] Ko
+ ule} o], native granular corn starchollA] HZE Un-SPANZ 26 gto] 18° 2]
peak& A28l FAIY patternd Ro{FE WA, ITAFo|M AP S-SPAN
(b)2} -FAIg} pattern& HoJF3L 9lo], Figure 12] SEM A} 3} S5t AE2S 9
a et gl (d)2] 14° 9 17° oA Kol 47t AH peakd TIPME2 x|
AR slol] w}E AXE Bl

170 189 o230

v
N
7 / ®
/\&

(d)
~

Intensity

e

1 A 1 1 1 — 1 A 1 1 1

2 0 (degree)

Figure 2. Wide-angle X-ray diffractograms : (a) native
corn starch, (b) lyophilized starch (c) Un-SPAN, (d)
S-SPAN



L}. Thermal analysis

T2 S HES 7HEstA HW A& ordered structureZ} ujE W, o]
gt AL pscofl &3] order-disorder transitiono]lg} Hel: endothermic
process @ EAXx]o] R}, olull, transitiond melting?} gelatinizatino]eg} Eal:=
F7HA] mechanismoll 28] dojuim] 4=F-3edol s IA 2LHrh melting2 &
gtako] 30wtxo]dlo] 5L, systemol] free water7} ¢l W '‘UA33}n] wide endothermic
peak-& L}IEhJ L, gelatinization& E-3taro] 70wtxo]ito]3l, excess free water
7} o1& ull WASSIH] narrow endothermic peak& UERWTiR dlelonm, duizlog
melting temperature’} gelatinization temperatureRU} Houw R 3ltake] ulz}
clorgt 2 %ol A transition?} FHE = endothermic peakS VERATIAL 3taici{2].
eIt Agko) B Zastolla] I AEE DSColA F 7§2] endothermic peakS
LEUR, 1% 58 250|448 endothermic peakd dried crystallite structure
2] disorderingZ} A E s stedcH11].

Figure 3o & ¢lolA AF% zt2te] A&l th¥t DSC thermograms Ltehjglct.
(a)2] native corn starch®} (c)&] Un-SPAN2] A W2 2wl =2 2w ztz}
= M2 broad and narrow endothermic peak-& Uieb ¥bA, (b)2] lyophilized
starch®} (d)2] S-SPANE %wlz] 3t 7§¢] broad endothermic peak-& YIERcT). (b)
9} (d)2] #A$-, Figure 29 X-ray diffraction patterno = ¥elH u}l} o] A
2] 2+43] amorphousdt FZE 7zt Q17 uljFo] dried crystallite structure?]
disorderingd} HEEE L2 2T ojre F Ha| endothermic peak2 LIERL}R] O
2 Aoz Bt iyt (a) ~ (d)o)A] Hol:= broad endothermic peak?] maximum
heat absorption temperature’} (a)@} (¢)= 159C#&} 157C, (b)&} (d)y= ztz} 12
4°C2} 128CE 2 zpo]E Bolal 9lr}). o] granular structure’} $€A3] 1} E o]
amorphous FX & Holi gl (b), (d)ehE= €, (a)9} (c)2l 7 amorphous
region?} crystalline regiono] Z}&t =LA o] 2l granular structurevjoll 7
Fol o7l wfEel Aeg Rrh

T}, SPANS] B4

08§ granule A&} I3 AR o]L3}e A RF Un-SPANZ} S-SPAN2] yield,
%PAN, monomer conversion, grafting efficiency= Z}Z} Figure 4 ~ Figure 70f U
Epdgich TRlolM Mot mel Zol AV Eubgol mE zizhe] SPANe] yield,
%PAN, monomer conversion, grafting efficiency 7} Z718t= AP Rolx 9l
t}. Z2eju} Un-SPAN2] 79 S-SPANoj u]3] yield$®} %PAN, monomer conversion 4

2 Zk& Hojil gl whA, grafting efficiency:= %2 22 Holi glth ol: gk
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A U3 utel o], ulsdE granule ME TEH B FxAjolz MHY 4 Ut}
%, AFolY TelZE FFYA DZE #L3} aTE o] BXE s
Would gherAle] Habo] o3 Qg =], uduiAE Ao dgzE 22
I AT HAUEE AHRA, Ay Ce o]&o] o8] HE Fo macroradical
o] ¥AE|T, o] macroradicale] 2J3] B]WTEAN I} ¥I83}le] initiationo] REE
o, olF AN w7l A4 H o2 wHS-SMAAM propagationo] MEcCh oluf, njnd
& granule ME2 Z-4 Ce™ o]0l 2%} macroradicald) HAHL AR Frlojzt
YA, TEAEY B TxpayolH HEL] granule Hely} utalE o] HAEWH
AE T3t Aol Ce o 2o| t% o FUSA Hat- BEE o] Ce o]0 2J3t
macroradical /48 71¥7t o Ak npRsixE AN chaka] w3 S35 MR
Bgola FHitol t& o] FUSHA APE|o] AE macroradicale]?] HZ 7HsAdo]
g & Zloeg yAAc} 2yug I3tHRoA %PAN Q yield, monomer conversion
o] © & ZRog AzSith, ¥bH, PAN homopolymer?] AL Fg =R
macroradical 25-E] AN Tl 29] chain transferof 2]3] PHcl, H&3F nvlg}
Hol, AE FHof macroradical?] P42 FHAES ALY Z9 o 2o, wley
chain transfer?] 7}eAd: ¢ £ Zloz AzZHr} 8B & Un-SPANS] 2SS
homopolymer contentZ} S-SPANK.T} ] A orm, grafting efficiency= t] & Ho g
23ZH€ch. Z47e] Un-SPAN W S-SPANe]l thgl H4 A3} Table 60f Ltehjoict.

Table 6. The results of the analysis of Un-SPAN and S-SPAN

M Grafting  |H lymer
Starch | AN(g) | Yield(g) | %PAN|  Cromer | raiing ) Homopolymer
conversion(%) |efficiency(%)| content{g)
8 | 22893 | 202 578 88.0 0,555
mswollen| o 1 oag1 | 201 580 %.2 0.201
20g o R
10 | 24866 | 244 60.7 9.6 0.249
8 | 23033 | 208 59.9 739 1.249
11 - —
SWOR 19 | o465 | 253 6.3 705 1.843
20g N
10 | 26693 | 302 806 829 1.375
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Figure 3. DSC thermograms of (a) native corn starch, (b) lyophilized
starch, {(c) Un-SPAN, (d) S~-SPAN (heating rate : 10°C/min)
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Figure 4. Yields of SPAN prepared from
unswollen and swollen starch as a function of
AN contents.
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Figure 5. %PAN of SPAN prepared from
unswollen and swollen starch as a function of
AN contents.
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Figure 6. Monomer conversion of SPAN
prepared from unswollen and swollen starch as
a function of AN contents.
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Figure 7. Grafting efficiency of SPAN prepared

from unswollen

and swollen starch as a

function of AN contents.
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2}. Absorbency of HSPAN

Figure 8ol 4+ z}2}2] Un-SPAN @ S-SPANS 7}$=E3l3}o] 725}oj 7l HSPANS) &4
EE 71E3A] AHEE NaOHR] ofol ulel Ltehfict. AME-H NaOH ofol]l QlojA &
NaOH/nitrile SH]7} 1.80A Fcje] E45E Rola gltl dulaog SpPaNe| 7}
FEME O o]Ro] -CNo| elafxE HYY FAPYSEAN  AzEH,
naphthyridine Fefe] FHAE FstdA - AZLANE A o, 7l¢Esist
o & ZYH o]Zo] carboxamide?} carboxylate® HIF|HA] TlA] ©gMS oA
"HrHizl, 2BE JeEsld] 98 MHIEA Uy £ 9lon, duiyor
VRS 7 Ho g A oS A carboxylate ! carboxamide?] HlE= 2:1E oy
A olch [13] elBEE 7tpiaiA] AMEH NaOH o] FHE R 7leEsr7t 33l
AYER] Rt U43& ulis carboxylate2 o] H¥o] Hon, ol Q3 F4%
7t W& Zog Azt HERF NaOHO] ofe] UF wWom, AE T2 xjAe] Hxlo]
dojut 84 4ol S/ Hy F4Ee 2318 #asts Aew Az
E3 Figure 9= el ZE F-Z¥A] H/HH AN @ato] wlE HuZF+=E U
el g, sPANO] F7tdr& HulE4Ert $715te A¥ES BT drt ol:
7teisiAl BEElEe A4 717) «PaNo| F7HESE o] Yolx| 7] wFolth

3, Figure 83} 9ojlA] Roixj= nuj}l o], Un-SPANCZHE Az
HSPAN(Un-HSPAN) 2] FEi= S-SPANC.RHE] A ZH HSPAN(S-HSPAN)of H]3] 2Jvt3]
W F+EE Holil qth ol Zhrid] HFF BAHAH Ao MHEs ¥l
& 3 A&, 34 T S-SPANS FhpEalA] ANl whgMog o] o] Ay
35 WEs) ¥ 4 gladx|gl, Un-SPANS] A& 3A17 o]FoE W og Ao
BYESA HESEA] gddrt. ol HpAZE ulE carboxylate29] o] HALA
dojupA] &S ou]jich

..36_



- @— Unswollen(%PAN=20.2)
~-@— Unswollen(%PAN=24.4)

-0~ Swollen(%PAN=20.8)
500 H --O-- Swollen(%PAN=30.2) o
- -7 \\‘
R - \g
a]
400 |-
—_ Ol
L2 >~
5
a‘ 300 p K
=
8
[e] 200 - B .
g o e
n-'// ‘ i
100 o T
i o .
0 L 1 1 Il 1 4 L
1.0 12 14 1.6 18 20 22

NaOH/nitrile mole ratio

Figure 8. Absorbency of HSPAN hydrolyzed
from Un-SPAN and S-SPAN as a function of

NaQOH/nitrile mole ratio.
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Figure 9. Maximum absorbency of HSPAN

hydrolyzed from Un—-SPAN and S
function of AN contents.

._37_.

~-SPAN as a



#1334 ce" NAAES o] &8 F3 vre
1. g 9 A8 ¥y

7}. CAN ZHAJAE o] -8-3F SPANS] A=
Az SPANS] EAdol tigt AN A/, JAA 55, LR AAE AH R

213to] olelel o] HEE Wiy ¢4 Axd HE S0gol FHRTE HISHA

EEE E T F, 7hdsle] 95CelA 1AZHEet anitshA A TEA|ZITE AR

1

slurryE S =72 SAADF AN A2 AN JHAAE HItste) 24125t

anrstA A st gHEF mEggE FA, ", oAATF 60T VFE
ol A 20417t Z1z3lo] SPANSG At olw], FHLEE 2, 25 50T siem, AN
Mylere 12, 16.7, 20, 25 X 65g, CAN ZAA|A] = 50, 100, 300, 600 AGU/Ce™
2 shdch

L}. SPAN®] E43

A 2% SPAN2] %PAN % monomer conversion, grafting efficiency, grafting

frequency= DMF extractionzZ} Kjeldahl*fol 2|3t A S o] 2sigon, S3d
PAN#j2] #2}%& Ubbelohde BEAE o|g3te] 78 f G 219 Aol tjdst
o X8 3 cH(Fig. 10).



St-g-PANcopolymerization
- AN amount (% add-on)
- Initiator concentration (CAN, Fé'/H,0,)
- Polymerization temperature

Kjeldahl Saponification
1. Stirripg in DMF

% add-on 2. Centrjfugation HSPAN
DMF insoluble DMF soluble
fraction fraction Absorbency
(SPAN copolymer) (PAN homopolymer) Gel Strength
H‘ydrolysis jeldahl vaporation
with HCI
Grafting
fted PAN
Grafte Efficiency Homeopolymer
Viscosity
Viscosity Average Homopolymer
Molecular Weight Conversions
Grafting
Frequency

Fig 10. Graft copolymerization of St-g~PAN and its analysis
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2. Ax 4 3%

7b. 7ol whE SPANY B4

2 dFolA A slurryE 5%2 31o] 85~95CollAl 1A1Z T3pA|A ¥, ANS 2t
Z} 12, 16.7, 20, 25 W 65gE HIIStATE. AAIA Ml F 25~30C oA 247
Wh-EA|A 2}zh 58.8g, 60.2g, 63.4g, 69.6 I 108.9g2] FUAME AdQrt Fig 11
2 Ztzte] A9l conversiond LIEIW A O F conversiong AN Hrleke Ha)
HOog 90% ol UL uUthE A& B 4 Qrl.  Fig. 12&= AN Hsleby %
add-on®] WS Llehd A0 o] uwl % add-ond Ao 23t AL Farwo) 2
3l At&sigct. AN Hrlato]l 271848 % add-ono} Z}z} 10, 16, 20, 26, 55%
715k B8-S 8 4 9lrl. Fanta 5ol &J3bd o 50% add-on®] SPANS granular
2t ZEAFNN dA €9 4 9lon, % add-ono] &L 7ol granule matrix
AAe] ZetZEJ} =), w2 % add-on( o} 20%)& ZH= SPANS] A9 granule ¥
| Fol] J2t2E7} go| Ark RuEoj uiz} gty ulebA starch:PANS] ]
< SPANS] A Z¥ b oji]a} HSPANS] A Zolx F Q% QIx}y} M},

Fig. 132 AN l’é,‘7]-%‘°ﬂ w}E grafting efficiencyS e R o8 ztzle] Ao
B 95% o]32] grafting efficiency& 7l 2 & & 4 9on, oj= Z3tAoj
BEE e DEFUAL o] 5x o]UE nuishy olH® Ry Yxs= A
< HAY 4 Al Fig 149} 15+ 22T ES PANTHS wlE Ha|slo] PAN g}
ZEHS] E£21F3 6. Fo HalE Uehd Zolth. AN Eslsko] Z1u4E paN o
SZEH ] Expro] F71514a, AN ¥ 1ge] W Jel=E wlxe] Wil Syl
Aol gl A& & 4 3l FantaSol 93pH % add-ono] eF 50%2] SPANS 2%
Y ol B E granulardte] HEE AgAJo] ZElZE PaNaje] Exjae o
1000008 £o]1, 12XE vixl= 6003 Teln RIH vyl olgr)y. 3 3psia] ote
A2 viay o 6600008 =2 AA F7H8H= A A £ glodr}. 33y AE
L% AFAHE & F %= 22 molecular architecture?] ¢ 3lo) 2= Rzt
aict.

Fig. 162 % add-onoll whZ SPANS] Ex}&z} J2lE HIxo] WS Lehy
E % add-ono] F71YT5 SPANY] EA}aF ZF7l8hL}, LElZE wixe] wls
T Aol gl RE B 4 At}

sy

ko
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Fig. 11. Changes in the conversion of SPAN with
AN content.
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Fig. 12. Changes in the % PAN of SPAN with AN
content.
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Fig. 13. Changes in the graft efficiency of

SPAN with AN content.
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Fig. 14. Changes in the molecular weight of

SPAN with AN content.
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Fig. 15. Changes in the graft frequency of SPAN
with AN content.
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Fig. 16. Changes in the molecular weight and graft
frequency of SPAN with 9% PAN
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Ll AR sEo] ohE H}

CAN ZHAAl= 37}e] AlefolBE Aol thih CANS] BulE HIAH Z£%ste
A AMAY FEE dotRaxt stglch o] o] AxAlY sE& 2tz 50, 100,
300, 600 AGU/Ce™22 st 25~30Ce 2% % WelolAd 247 St WA A
th  Fig. 172} 182 /A AY s=of ulE conversion?}e] % add-on2] W 3}E U}
W ZoR AAALY HEE 50, 100 U 300 AGU/Ce o2 A}23}19E Wl RE
-0l 90% o]4F2] conversiong UERACH ArjHo g Mo cfit CaNe] HE7} ut
2 600 AGU/Ce"2o3 A[E3191E Aol 56%A E2] conversiong LERfLT}.
¥t % PANS] ZLol= 50, 100 LE]3l 300 AGU/Ce™?) %8 Al&3laS AL
55%0]| Ako] % PANE- VeI on 600 AGU/Ce"?] 52| Aol 4252 Atjyow
W % PANS 713 & #elslgr).

olde] AFolM 1000 AGU/Ce™e] FEE F3slS A % PANO| A$ 8xo] x|
LA isltie Rt gigich. 2 ER AN B YR Wg Aol sfAA
5=l wlE conversion?} % PANo| ZtAd} Z1& o 4 9lgith.  Fig. 19% 7|A)A)
9] =0l ulE grafting efficiencyol t¥t W3 Ueld RO AAe S5
HELeL grafting efficiencyZte] A |AE ¥six] Bslgon ztze] A$ =
T 95%2] grafting efficiencyd 7}3& ¥elslgc}.

Fig. 20 7HAIA] sxol wpE Exlare] Hdle] f3] veld Rog Exajek xjo] o
Al 50, 100 @31 300 AGU/Ce"'oll e AL o]} glalem CANS HE7} 600
AGU/Ce™ 22 utg ol Exlg EY Yolxl: 7”0*% 2 4 g9l Fig. 218
ANA 2o mE JZE ¥lT HHE Urhd Rog ITE g IA A
B}3tA] Qfgtth. ZF3Alell CANS] =7} SPANS 7}*“’3 3lo @ojx|&= HSPANS] &4
¥} solubilityo] & QS & 4 Qi Ra%7 glodon 2 oA CANG
BE7F ¢ 100 AGU/Ce" 2.8 A8 wl 7H3 B AYATHE RS ¢ 4 Yk
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Fig. 17. Changes in the conversion of SPAN with
CAN concentration.
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Fig. 18. Changes in the % PAN of SPAN with
CAN concentration.
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Fig. 19. Changes in the graft efficiency of SPAN
with CAN concentration.
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Fig. 20. Changes in the molecular weight of SPAN
with CAN concentration.
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Fig. 21. Changes in the graft frequency of SPAN
with CAN concentration.
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tl. 2% %o ulE a3}

2% 25 & AAHL S EE 100 AGU/Ce™ o2 Bt ztzh 2. 25 @ 50CE 243t
WAL F A4 E SPANS #4931glct. Fig. 22& % %o w}E conversion?]
HatekS vepd ReE 2, 25 9 50T Wg %o cth3l 2tz 95 94 9 918
conversiong €& 4 4t ¥ £X& conversiono] 2EFQ Q47 old&
o 4 %2drt. Fig. 232 33 Lxof ulE % PANS] HEE Ueld RAog Z¥ 4]
& 0ELE APsAE o FYH LEF 30ToA 10CE Uje|d IeZE
ol Al PAN §fo] IA ZAZP HHg AJZto] FEY A F(BAI o= Y 2571 %
PANRTH= $¥ &xo] O 48& W=tk Bt glgdch

= A¥olM= AN Eu XA sx HEle] iyt Azje} mpIrixlE
conversion3} % PANo] Hl¥t Zug JPUE ¥ 4 Qdth Fig UE 3¢ &=
wZ grafting efficiencyE VEPH A 0.8 grafting efficiency IEFH 90%0] A2l 3}
& UEelfch Fig. 25€ 3% 2ol ulE Expgke] HEE el Aog Exjg
o] 7% 25ColA 713 & B8-S vepdddoh. Iy 3% 239 Fdol uehy
7] A2 AJAE & do 3 258 S0CE st Z-fols Y 27)de d4
ol §43] F7Isk= Z& #HY 4 ALt o3 A2 B Aol =N F
3 2% o] Aol¥t Y LM E {FARE FEE vehlckes Rt gt
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Fig. 22. Changes in the conversion of SPAN with
% PAN

80

O 25% add-on
@ 50% add-on

60 |-

.///.’\\ e

-

% PAN
3

R

-0
20 +

0 i 1 /] i A
0 10 20 30 40 50 60

Reaction temperature { °C)

Fig. 23. Changes in the % PAN of SPAN with
reaction temperature.
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Fig. 24. Changes in the graft efficiency of SPAN
with % PAN
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A48 Fe’/H0; redox system o] L3+ TZ3 whg
[l S

1L Az 9 Ag why
7}. Ferrous ion/hydrogen peroxide 7RAJA|E o]-&3F SPANS] #| =

Az9 AL 50g0) FHTE BUIsle) 5= 528 § F, 71dste] 95TolA 14]
et atstAN A ZTE AR slurryE FUSE7R] QYA DE AN ghaky)
W AXAE FoIste] 24175 ankshAA Zgsigict. ojwl, AL HrpEA
of ¥ FT}E UHR7| $15) E-62} o] Method I3} Method [10]] 2j3f ¥FE-& A
Zon, NGHEF s A, Y, AAIE 60T JFTLEoNA 20417 A=z
Sto SPANE 2glrh oju, FI2xE 2, 25 50C stPony, AN MR 12,
16.7, 20, 25 ! 65g, Fe” W W02 St 22} 2.55x10™ ~ 4.08x107% s}gic).

L}, SPAN2] EBA
A 2% SPANS] #%PAN W monomer conversion, grafting efficiency, grafting

frequency?] %3-& 9]¢ Pt
2. Az W 33

7b. Fe®/H0; A|AlAe] M7t Aol whE SPAN ZEYUAY EA

= QoA JAAH R ALRH CANS UuEH o R ABo] AN IAZEXNHA FEY
A& Azxsted HE&doz A2ElT gleh, 2y} ferrous salt: CANZ} vjayd
of =AA FHsti, wlwA ARl AFEo] glo] 1970dt) Fanta Fof 23
ferrous ion/hydrogen peroxided ol&%F ME Al 7]Fo thst A7t H2s B
3xelct. o] Wl ferrous ion/hydrogen peroxide?] 7HA] 7|3 5 33tE] My}
Aot wholl whel Aolsix|al =3 FTFZUAY HF BT AA A¥YS & 4
oct. adEg B ¢dFojr ferrous ion/hydrogen peroxide 7HAIA|2] FQ1 &4
§ X7 o] WA FFUAE ARSI oL EAHE HUP ¥ ferrous
ion/hydrogen peroxide 7]A]A| systemoll X 2] X2 2AE 1=z} 3tgc)

Table 7. Different reaction conditions of SPAN with addition order of Ferrous ion.

Method 1 Method 2

Addition order of Fe™ AN — Fe — H0; Fe — AN — H,0p

Reaction temperature 25 £ 2C
Fe* 1.646X107 mol/L,
HeOz 1.02%10”° mol/L

Initiator concentration

R O
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Fig. 262} Fig, 27& ferrous ion/hydrogen peroxide 7JAJ&]2] £4 A& WHEA
7 method 132} 28] o3t 27008 FIYSIAE vl SPANS| E8& Uehd 29|
t}.  69%2} 80%2] conversiond Vo™, % add-on2] AL 2}z 37.1%, 48.9%2]
A2E ABrl. grafting efficiency?] ZFfolx Z47} 52.2%, 59.7%2] ZAzbg 49
t} Z2lZE Expare] A-QolE 110,100, 194,0008 AE dgen 7zt 1,1529}
1,5929] 12l E Wix g dgrh

18] ZAE Ro} Method®] 28] 797} Method 18] 7Z-§$XE.c} conversion, %
add-on, grafting efficiency, 12} EM2Q] Ex}3F Fo] BF &2 S Lielulch.

a3 BE o] ¥ S Method 28] WHL R A3Psialrt

100
[ ] conversion
Grafting effiency

80 |- | I % add-on —
< B
< 60}
>
(o))
8
c
(a8

20 |-

0

Method 1 Method 2

Fig. 26. Variation of the conversion, % add-on, and graft efficiency of SPAN
with different reaction methods.
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Fig. 27. Variation of the molecular weight and graft frequency of SPAN
with different reaction methods.
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. AAAS o] ulE sPane] 24

B30 &]3hA o9 granular AEE 22 EY uf A %2 ferrous iond
Al Alole T2 E wigl 7hASI gl E PANaje| ExlgFd £713hcia il
F3 %7t Z7l84F  conversion FUIEiciar dlgct. EF  grafting
efficiencyt:= ZtA3l=d] o] ferrous o]22] =7 UF oW i FA A
Aol &e|3l7] wjEeltt. Fig., 289} 29= ferrous ion?] Hxof wE conversioni}
% PANS] ®i3}E UlEld Ao g }asl4A 2T 1.646X107°molE AH&3lo] ferrous
ion?] 52 2.55x10" ~ 4,08x10°0% W3A|F|HA conversionz} % PANE
zstedct. ferrous iond] ¥ =7t F71¢4E conversion} % PANo| F715te= ZAES
Bl ol n™WE granular HFoA ] HES} {AR BFE & 4 AUdch 7
-8 granular AF-2] AHEAlef, HiseLd] FxIt FIMETF conversion,
grafting efficiency, Z2}ZE Blx 7} Z7}3ta, witde) 2T EH o] EA3F2
Azl gl Fig, 303 312 atdl4-42] S xof thil conversion} % PAN
o] W3lE Jehd Zolt}. ferrous ion?] HEE 1.02x10™7 mol & AM&-slod 2}abs}
448 1.65X10°~3.29x10°2 W3AF|HA conversionz} % PANG THsIgrh
FHAtetge 4] 27t ZM84E conversion} ¥ PANO| F7tsheE FUE 8 4 A

cl.

Tl $% %o wE &z}

ZHU2x g 747t 5, 25, 40 W 60TColN L st 1 HAAE dolkgltt. 5,
25, 40 1 60°TColA 28] conversion?] WI}:= Fig, 32004 Jehjglct. 25 40 1 6
0CoAE A2 BT conversiong UERNZ 21 5Co|A L conversiono] Zt4A3S}
= AL & 4 glrh Fig 3BolME 7pzte] 2xof cfdl % PANS| WHHE vehd
Zolm, conversion®] W3} 7ot FASIAl 25, 40 W 60CAME ALY Wiz %
PANS gl 5TCojME ZasteE 2& o 4+ Adddu}. Fig 342 2o 2xo
th&t grafting efficiencyd] #AI}E UEPE Rolm] 5, 25 40 W 60TolA =zt
59.1, 55.6, 68.9 T 60.9%2] Zt-& VLcl. Fig. 350jAa= 2o wE Hx|jg W3}
E uepd Zoltl. XUt F7MES4E EARE FUste 3RS Kooy, ¥
ot n8§ granular HEE AMEA] &7} 5~60TC =AM FHI HIY
11,000~100,0002. 2 Ex}aFe] Z715 Rach ole & o7 At fAES ¢
4 glch TE Wixe] ML 5 25 40 B 60CoHM ZIsiAe W zz
1,230, 1,559, 1,681, 2,103 & |4rt
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Fig. 28. Changes in the conversion of SPAN with
Fe' concentration.
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Fig. 29. Changes in the % PAN of SPAN with
Fe'* concentration.
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Fig. 32. Changes in the conversion of SPAN with
reaction temperature.
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Fig. 33. Changes in the % PAN of SPAN with
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Fig. 34. Changes in the graft efficiency of SPAN
with reaction temperature.
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A58  Ce' WA W Fe’ /H0, AL w] L
1. Ce™ AMAIA @ Fe® /H0, 721 A 2] ¥}-g mechanism

CANS Aol tladst nidA g ez FEUAZL o 713 IS AL
£53 Qrh AN HAE SRt £ Fejold=  ammonium  ©]23}
nitratocerate ©] 208 Kz ¥ rlx 2t ojut HEFHoT ce"7t BAH
th o]Al 48E Ce= AR 2 W €3 91X ¢ hydorxy group chelate2] 3t
AE FAHEY T Adx]o] AL Fo| macroradical& HAEA =N, o]
macroradicalo] H]delakx9} propagation polymerizationg UCI|A Ew, 1 ¥t

£ mechanismg Th3} btk

{Initiation>
Ce™ + S-OH — complex — S+ + Ce¥ + H' (1)
S-+M—> S-M- (2)
Ce" + M —> M-+ C” + W (3)
{Propagation)
S-M-+ (n-1M — S-Mn - (4)
M-+ (m-1)M — Mm - (5)
<{Chain Transfer>
S-Mu++M— S-Mn + M- (6)
{Termination Reaction)
S-Mn + + Ce" — S-Mn + Ce¥ + H' (7)
Mm - + Ce™ — Mm + Ce* + W' (8)
S-Mn + + M« — S-Mny (9)
S-Mn + + S-Mm - — S-Mn.m-S (9)
Mn - + M+ — Mm, (10)
S -+ Ce" — Oxidation Starch +Ce* + H' (11)

S-0H : starch, M ' monomer
ce" : Ce(IV), Ce* : Ce(ll)
olm, TaEE FFFS 919 kg (2), (4)o s} FMEM, (3)F4 (5) UF
W A AsHE chain®l transfer(Wh-g 6)of 23] PAN homopolymer?t HA= 7% i,
Z2 AL L ceric ©]-&2] #2%l, combination(, proportionation, chain transfero]

oJsi adojultt.
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8 Fe(11)/H02 7RA)AIE ©]-€3}e] vinyl monomer(M)E polysaccharide(SH)oll
aegtxe g5%A)Z2 wf mechanism ofef e} o] LehjZtt.

{Redox system)
Fe'? + Ha0y — Fe™

+ HO" + HO - (12)
Fe'? + HO - — Fe" + HO™ (13)
HO - + Ho02 — H0 + HOz « (14)
HO, - + Fe't — Fe™ + HOz' (15)
HO + + Fe" — Fe'? +H o+ 0 (16)

{Graft copolymerization)

M + HO - — HOM - (17)
SH + HO - — S + Hz0 (18)
S- + M — SM - (19)
SMn - + M — SM(ne1) © (20)
S(Mn)M - + Fe* — Graft copolymer + Fe” (21)
S(Mn)M + + Radical — Graft copolymer (22)

Fe'?e] 2715 Ex (12)o]A A== HO - radicals?] ol ¥3& w[X|3L, HO-
radicals®] 4= (17)2} (18)& E3} ¥A %= homopolymer®} copolymer 2}2}2] &
o §¥g mlat}. EF HOyFe?e] H] &L (12)~(16)2] AN F%& nlA&
o, He0z/Fe?8] mjgo] W& A (12)3} (13)7to] Yojulal (14) ~(16)& YolLtx]
ol=th. H0/Fe”2] ulgo] Z713tel whel (13)9} (14)oll4 HO + radicalo] tidt %
Aol dojuAl o, HO/Fe2] nlgo] & HPolt (15)2F (16)ollA HOz -
radicalof] th3t ZHABo] o€ XujA o)Al Hr} homopolymere] KT} graft
copolymer?] #Ao] o] wo] Wojil7] $)3jAl& HO + radical®] homopolymerization
& 7JA18t7] Buls starch chain® BHE 444218 o £y og Hojujo} &
t}. o]& $ishA Fe? o]&o] WHgEQto] starch chainoll 83 glojo} grt g
B2 oka of7)gt XA HiteAo] ulE F3e] AoM Method?] 22 F¢7}
Method 12] Z-$R T} conversion, % add-on, grafting efficiency, Z1e}ZLE]2] &

g Fol BF &2 UL vehdvia & £ 9l

2. Ce™ XA W Fe** /M0, ZHA| Ao 2]t SPANS] w2

SPANS]  Z3%1x], AMEH ZHAJAIQ CAN 2} ferrous-hydrogen®l ETo] uld
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conversion®] W& Fig. 360] Vet CANZ} ferrouso] &8 ALl T AL
EF AN H7}23} conversiono tsiM e B¥3t ABUAE dA] Esigcr. g
L}, CANE AlM&Aloll= 90%014t %2 conversiong Zt= ¥tH | ferrous o2& AR
gt 7ol 80%0]31e] conversion® UEhE 732 B odct wlelA conversiond
ANOl i3] 53] AQl @4o0jr, AA 7]} conversiono] PFE nmjA AL o 4
glelct. Fig. 372 % add-onZ} grafting efficiencyol] &3t w]aro|t}, % PANoj cj3t
3% conversion?] ¥t FAPSIATE CANS] A= 95%0|A4te] grafting
efficiency& Ztx= WP ferrous o] 2-& AR A -Qoll= grafting efficiency”} ¥
R ouokrh, ole3t HAPEL ferrousE AlEAlolli= homopolymer7} o] A3 = gich
£ & Yuigith. Ferrous o] 2& AHg3lo] FUT SPANel s FHAE A A}
913 DMF extraction A, F2] % PANS H|isle] o3t AMA S el & 4 glalch
& s SUAE AASY) A - F % PANo] FA Ao|7} U AS B 4 Qe
. Ol F9] HSPANA| Zof QlojM = ZeE|oj Ao} & x}lgtoletal A ztsgict. Fig.
2 FY2EE FA vlate)] #F Folr), CANAME3tE= 799} ferrousol AME
BFE vias] & wj CANG AHE3te ARl 2 EARE €& 4 gl CAN
& AH&3H= SPANS] 7 -folls 25TolA Exlao]l 713 &oton o] o7 AAt
238 & o HF xei= AE #HA ¥ 4 Agrh ferrouso] & L2 Af-oll=
26 Col o A= AY vl EAES /M-S Hshan.

o 8 5

100

90} o0

- o %

Conversion (%)

60 | O CAN
® Fe’M,0,
50 L L L 1 1

0 1 2 3 4 5 6
AN/AGU (mol/mol)

IFig. 36. Changes in the conversion of SPAN with
AN initiator type.
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Fig. 37. Changes in the grafting efficiency of
SPAN at initiator type.
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Fig. 38 Changes in the nolecular weight of SPAN at
various reaction temperature.
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Aed A3}t 2o

B Ao nEE granular A7 ZHAEE o] &3le] AN DT E FFH
2 AAdstel o, zhzhe] SPANo| thsl SEM W X-ray diffractoing B3F FRE
4], yield, %PAN, monomer conversion, grafting efficiency& w|a 3] R.glcl 3
HAAZ CAN ANA R Fe™/H0r ANAE AH3le] 2T SPANG A zsion,
Zh| 71U &8 zhzb wjastadc). =gt zhzhe] SPANol thi} monomer conversion,
grafting efficiency, #PAN, ZHje] FxlghE& FHAstel T3l Uit HH=AS &
A=

1. SEM AR B Az, I3pAEE Z3papgola] A granule W& 4
o] granule?] FENE FAIsHA] B3t mpd" F2E /AL ARS UG +
alglct, g oY@ MEogHE AZH Un-SPANZ HE granule?] Hel&
3R, IpHF o g RE A XH S-SPANE I3 oM granule F27} w3 H
F ke FARHolM S F2E BT AUdch

B
i
S
2

’F{E

]

2. X-ray diffraction #4123}, native corn starchi= A3 3¢l A-type AR HENE
vepuigl o, 32 amorphous +Z2E 7HAZ S-S FHAY 4 Aot =3
granular starchofjA{ A ZX Un-SPANE granular starch®} -§A}&t diffraction
patterng K.l Wi T3 A B 2% S-SPANS amorphous?¥t FZRE HAF3
3licl.

3. DSC thermogramol A}, native corn starch®} Un-SPANS 5 7§2] endothermic peak
L 1Ql WhAH lyophilized starch®} S-SPAN2 3} 7)2] broad endothermic peak&
Bol o, broad endothermic peakollA]2] maximum heat absorption temperature:
granular structure® -FA|8}3il Q= native corn starch®} Un-SPANo} ztz} 159°C¢}
157C=E o] rt.

4. Un-SPANZ} S-SPANS HF AN #tgro] Z 7% ulgl yield, %PAN, monomer
conversion, grafting efficiency 257} 2718l AL Hojz 9t} Iy}
Un-SPAN2] 739 S-SPANo)| W3l yield®} %PAN, monomer conversiong W& 718 Hol
I 9l #b, grafting efficiencys & $& R A 2™, homopolymer & H
o] ygir}. Un-HSPANZ} S-HSPANZ- NaOH/nitrile Eu|7} 1.80]A4 #HrlE4EE B9
on, wPANo] FE4+E ztzbe] HuFLEEE F75lE 2SS Rl w,

Un-HSPAN2] &%= S-HSPANR T} Aehs| uboltrt,
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5. CAN ZHAAIE A}E-Al, AN E7}l8FE 12~65g7tA] A 7}elo] «PANO] 10~55%¢1 SPAN
& ¥9or, grafting efficiencyl= RS 95%0]4t0] 93, homopolymer ¥8re 5%0]
Uglch AN o] 71845 «PANO] F71313lom, PANS] #x}aF E3F AN Fhado)
St rE Adkes A& ¢ 4 ddch

6. CAN 7RAA8] == zbz}b 50, 100, 300, 600 AGU/Ce™Z 3teiom, 50~300
AGU/Ce™ ol = 90% ©]A4}e] monomer conversiond A ¢Ix]ut, 600AGU/Ce’ o M= 56%
o] & conversion& dom %PAN EF T2 wxwof u|s] yelc} grafting
efficiency®] 79 EF 95%0|4-& AAXT, JFAL Foio] HdS o
olE PAN Zajo] Ealgre  600AGU/Ce™o M PR uigtonm Z3zAowi
100AGU/Ce™ 7} 7}3F & 2}4 o) g},

7. CAN 7§A|A] AFEA], %25 = Ztzb 2, 25 S50CE 319l om, monomer
conversion, %PAN, grafting efficiency:= RF {A}StER|qt, Z2)2] E=xjake 2

5ColA 7HY ottt

8. Ferrous ion/hydrogen peroxide ZJA1A2] FEQEAME we|dle] 212} Method
[{AN/Fe/Hs0z) 2} Method I1(Fe/AN/Hx0:)el uwle} A|=2& -9 monomer conversion,

grafting efficiency, %PAN, Zae] Ea}are L Method 1164 o] &9kt

9. Ferrous ion ¥ =7} $7184+E conversion} ¥PANo] BF Z713tgdxlut, %7}
UF Hod 938 grafting efficiency= 7}4A3}9it}. hydrogen peroxide?] 7Z-$
E =7t F7184F conversionZt %PANo] ZFylste AXE A& 4 dUgeon,
ferrous ion®] Z-$ 1.02X10%mol, hydrogen peroxide®] 7% 1.646 X 10 2mol o} 2}
7} AA2AYE ¢ + A

10, Y52 A% 2, 25, 40, 60CE we] slgom, 25~60TCo)A] conversiong
AL AR, 2ColAE A A3 EF grafting efficiency= 40ColA]
Hogon, 227 FIELE S Eapgre ZrsiAcl.

11. 7ZAXAZ AFRH CANY 2L, Fe®/H0,2r} monomer conversion, grafting
efficiency, #PAN W Zafo] Ex}go] v &gton, o &3} ojgr).
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Ad A A

SFrAE AA FFY el o]y FRFE F5H, 53] st E B
FYo] 3t Foll HA] U= :7_31} Adelrh, AFsAE A BAATF2 el
Ap2g71d -CooNaZ1 & th= §R3tsL 9lth ol A+47e -C007= 3fe]EH,
o] uf Bl S AF ubde] o3 Exlfzte] At 0% FUMEL 2
UG vs w2 ¢4 ol F+drh

AEeAde dEdeA FEs & w EeRA, AEZLAA 2a ARA F

o] dlth EFAAE MR NAAHE A IEAE A H3] FfarlF|Ant
A AEReAAE HEY JlAE AMESHA] ¢len) JelnE FFA Ex=

FSUAE A2 JeEAlE o JtaAge] 7}173}5}3'_ o} JA ditxe=s
ARgSIaL Qe AFFAE B4R &yt SR Aol FEAE ulFolA

Algtgoln AEZAAE AY *}%3‘431 AA] ¢t AHEFeNH
2= S, filnyd, HRY TR FEH F oy, 1FFAY B wet
A4, sHLAE, EFAEE, J8&F vl ciudd £2& JHA 3 it

HAEA &AL Ade] ANxdiA B 22 1958 Mino & Kaisermano] ceric
iong ZHAAE sto] Fe|u|dURE(PVA)oll oAU ZUEY(AN) THAE Jel2E
AFE S AAIRE o] F R E et n] 554 EFAT4AME AEL Ay
Lol thgh Ao Aoy FHio] olmUTUEY, mduEelotadHolE, uldo}
AEo]E, LElo|dl F vl ThIAE el E FFYse A7 AT 1960
do Futolls 87 EANE wHE7] Sl Ao oladEUEY F3Y B4
E(SPAN) 2] 7} 3l & (HSPAN) o] thgh A7} g, o] wj PANAjof Ex)3h=
EYVE AFA7E JHEsirlzizl flsh A" ode]e] 2 KOH/nitriler]$]
EHE 2.7~10.80]3ct. HEA 2 FFAE sk AL 2E FY¥ st
£3le] FAR odd £ Qo aet2E F3E starch LERol] JH-E3] 7t
L3} polyacrylonitrileZ]| & T3l= 3o 8 olazrz U EL(AN)Y] izt %
of ¢Jgict. starcholl Alfelc]ZE PAste AAAZE ceric o]Ro0] F2 ALEE
L} manganese 37} o] | F}At3}4A-ferrous o277, ozone-AtAHA g, Co &=
electron beam irradiation 5-& o| 8% 4 % gt} 2= E Z3tatH oA AN
55 FUE dojdch

brisl 2Hg & NaOHU} KoHe} e orelg etk F¥Ae] JUEYIE F5

& A carboxylate® WHA|F7] 218t FFolvt. UE-IY 7l T
WSOT, UAHOET caboxamide HASE, olAol A steEsislol
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carboxylated H/ggict eitzog (AY JMeEsls dojukx] ¢od, 7
&2] carboxylatet§ carboxamideM]+& ti2} 2:1 Axo|r}, G} AejA] HgEHS
AZ4Ng ==, ol PANSITL FAF =Tt %2 naphtyridineAl ] F2HAE ¥4
shedl slQgich JheEit AgHe ulel HAAolA €A, R0z Wl
Eoll ZleEsl HEAIZIE YA " 4t ol AEA 1FFAE A2
3he P Fig. 399 o] Uehd 4= glch

o|9fzho] AN®] El=E FF3} W JetEEMN JheEde] FriAe AX AL
A DFFAE ARSHe olf+ Aol -C00H7| & idhe oladAt2 1eZE
F2%o] A Yojrtx] o7 wEolth. 1970dthell HSPAN -F4Al7 7PusE oy,
FA] NaOH/nitrile?] #u] 1.2500A 782l 7000] B =2 $/7F FTEE B
gdch. Zoles dLelE NaOHE AHE-3h NaOH/nitrile’] EH] 0.60)4 7hEsljAl
A Zch 10000] ol FFTE T4k A 1EFTAE AZRY + vkl i

ol go] MEA REFAHY BF F13] £ FrEY AEE AR A& &0l
s}, HEe] JtaAst AMEEA] (o BR Jtagsrt yol AR EI} Won F44
27t B2 AEE AR E5uh=s whHo] gt AJzhFQl HSPANZ PAN Z1gjtE
) % PAN RSN S8 %PANO] 50 ©Ql HEFoj2] ol URLEY FF5
3 MY E(SPAN)S dZe R AHelsle 2B JEYVE JtE54dEelE U
FI28 Ao =7](2:1) & 7hERiAA AR3IN FF/F FTFEE 4008/ E BE
olt}. o] HSPANZ HE/d&o] BEsi=riels 50% B2 PANS AE3lE =] ¢b=tl
I EE PANS] #3g Fold kg AFsldo] FUI8HA ol R dwWRe 7
o3}al, EZF ANS] A&o] &0 ZFAIF 22 HSPANS AJatdd 4 oA ® JHsidol
dch. T AFFAHY FrEELE O RAPHEGE 238 E2F 2d &, U
e, BA% €4 283 gel blockingBol &3] e Lol sEYoRE X
HEo] & B RN Yo AUSH FHEze Ach EHAE I/
dhe ZAogE gAE ulAsHAl stAY chEsshks WY Seol ot SHA|vt ¥E 3
o] YR #HE gel blockingo] WAt o] gel blockingS #43tste WP A
g 7tAAE AHESlY] AFrA Y FTEEE ST gelZE T A9
o5& FAIE WY, UdRAIIE RAst] EWHO gelFol FAEHA U=RF 3}
= W W S ARBAEAE BBt S W] T

a28Brg & dFo s, CAN JHAAE AHEste A& I2l2E FUAE A 24
AEA 2E5FLAY E4xd 9%S njx:= L2 monomer conversion, grafting
efficiency, PAN &3j¢] 22}3& €& 4 A& HHRALE AAH FH2AGNA
A B5 100AGU/Ce"”, ZYLE 25T, FYAZ 247H)& o] &35t SPANS A =3}
3, 7bEsiA] AHEE NaOH/nitrile BH] & vistAl 283l Hol Fr=E8 &
T A= FRRAE A shoch

EY FATAIE DHAIFI FHLL] SHE FESH] flE, 2= E ZIUF
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T, ik A ARG ANHD FY VS ML LA A3 Aok
&4 ol Uy Y2 FYstax skdon, AR epichlorohydring E

'6}04 AZE HPANY F44E W B4d, AFEE PPAslad selch

ABAE EQA, Al BUAG A2 ARA EFAY B0l JHE

4 4 gems JdmE FFYN, IHLE FIFUE, AP A WA=

el 088 QusiAen, TARE TEYVS, ARG, ALEHVEE
AgHos Yy 93 HA2AL GYsta stk

II

RN
/

H:0H

OH
N /
l H,0, CH ,=CHC=CN, Ce *

/ \

H.0H

Starch

T
4o L

K OH
l NaOHl (or KOH), H 0, Heat

e N

SH0H

Starch-g- polyacrylonitnie

~+——tCH ~ CH 5 —tcH Ry + NH,

TO0 I— CONH , COON a
(K)
OH Saponified (hydrolyzed Starch-g-  polyacrylonitnile
/ (HSPAN)

Fig. 39. Reaction step of HSPAN preparation,
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A2d AEA LFH (HSPAN) 2] A

PN
=

Lo A2 9 Ad Yy

7}. HSPAN2] Az

5% & slurryg A 2313 AT F3to] 90CoA 1A et T3A F, 25T
7HA] QZIAF15L, o 7)o AN ©HEEAIE MR IN Har &0 CAN AAAE 55
7} 100 AGU/Ce*' 7} EI=& o] MR ¥ 242 F¢t g2 XAt ik
& A HEYEE A, AATF ARAF SPANE ARt PAN TejZE
9 PANGHEZ RIS 938l A2E SPAN 258 50ml AtZtZelAzo] Ya g#e
/nitrile7]d] Bu)7} 24z} 0.6~2.27 HIEE A H = NaOH ¥ KOH 18meE
B3 & Aol Facth £ &S M4 7t 234 BEEE dRUo} kA
& WEA717] 28] dzrEeiAal v &S A e Fo 27 FHE e
ot olet o] FH|F A|EE 90~95T2 ARLE Y1 1~3x7 dHelslo
7t BalstEch.  ZheEsie AL St EY Alztel nhE Ao HEHE o 5
glon, 7hewsirt YEEA JteEal ol vighE S0mtE HI1ste] 187 E4A1
F o33 thA] oeEE A, 423 F 60T AF 2BolM 2042 F¢ A
Z3}olct.

L}. Particle size?] ZAA
10, 30, 100 meshE® 208 A ¥ AZH HSPANS 3l e A ES50]4
particle size & FR/¥ ¥ Ho|Z-& o]L3lo] HSPANY YA}A7|& A3Hch

th HSPANS] F4-x &3

Absorbency= ZAZH 20~30mge] HSPANE aF2] ZF4~ W 0.9% NaCl =8ojo]
3027F FAE, 3087 ARx|Hell &3t ARR{SAIA AEFe RS AATF oy
Alof] &3te] -3}

) _ E4+HSPAN? A — AZXHSPAN?S £A
Absorbency = —E-L- 7 &ESP ANS| 2

2. Azt 9 3

A AlhFd AR2A LFFAS wPANO] oF 50%o]i, FHEE of 4008) Fxo
th ole] Z§, AL el Bt Hjele YELEA U PANHE 23171 =
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2] ¢33l o] Eofuloll ExistAl Hrl. I wPANo| 25% o|slo|H AT Jlia|A|
AEE = g 3E AN L F4EEE 2 HSPANE ARY 471 gt

B 2 o FoA AN HUleHE Alo]shAl £83 SPANS alkali/nitrile?)
EBHE AolstAl HHpAlFIHA] HSPANS] B W3tE Alw R ax] stgict

Fig. 40> NaOH/nitrile7] Eul]o| ulE HSPANS] A W3tE vepd Zojtt, &
Zele] sx7t Sl wel JteEsEY] FAE 2IldE FUsit 5271 A
AA A ekzh ZAStE ARS Rt o]y FAbolM X712 FuH= PANAHY
nitrile”| 7} carboxamide =& Zte] 24 carboxylate® X #8E= A5 Z7}o
uhE FAY FUtol JRIsta, A % o|olAMY A dzEe] ¥ F9]
Hctog 874 dEol F7Hol FAZ Zasdris Alsmfch sheds] Fo
carboxamide”| 2] EA= LFTA Y] HAUFE FAsl HAsIH oY, o] & Fig.
410] viepuiglct ZhpRsiAe] de] vt FUMEeE st s 1%
o] Apg717 S71slRE N fafe] ZAAE S & 4 gtk ¢z sHeEsialol
AR7L HEY | =FHA 7|9 hgstAL AEHE s e £2H $ 9V
uj ol ¢zelzt FE8A UL BT nitriler]Y JHpEIIE HAE doluiA] U
4 olrh R dZe]e] v E7F YR upd AR Exie &3t 718 7Hs2g0l
AeBF Hrf F4EE AT gHe AR 0.6~2. 0410l 2l oY 4 KTt
EZE % PANo| 26%Q) A|&2] H$ 72e] si48s] ZAQ NaGH/nitrile’] 2u} 0.6
oM 7t E317F SE3] doluA] AUSE & F o A7 Eurt 2.03=
slojo} 73l E] N Hato]l B X|of Wih= HAo® Hol JI4¢Es] FHoAME=
453 52 g4 s=vt 27ES ¢ 4 Addch

Fig. 42 TI¥3} % add-on?] SPANS 7}<=hs]slo] 9.2 HSPANS] H4x o] wWilE
LIElgith % PANO|] £&45 &S F4EE Holx gth ol& % PANO| £&45F
eEs] F A5 #Ekol 7] wiEoith. % PANO| 55%Q] FRo= 7|EY B
ST E NaOH/nitrile”] HH] 0.60]A], 26% PANQl ZH-$-ofl= NaOH/nitrile’] &¥u] 0.8
o A Hrhe] F4EE Rolil gt ol AR kol & #H-9 NaOHF U7} 7t
FEslo] £Q%¥x] E3lal AR complexE o] FAL AR Fdllo] £2¥ 7 dE
oltl. o] A= H&NYW siat dxsh= Aztolct.

Fig. 4304 FH, 0.9% NaCl 89 HSPANS] F4+%& vlagte=x Fsjd
gooAe] FHxel WuE  Jehdgdch % PANO]  26%Q1  SPANE  ZAJoldt
NaOH/nitrile7] ZnjollA 7}4=E3] &+ HSPANS] =}-gutshdol o] ZAH FE4xo|
T} 2854 F4x 5008] olate]alont 0.9% NaCl 489 F4x: 459 ol3lal
th. A3 HEI B34F HRY Lo i F4ust A YT &
4= ot} olEE VAL nFSA F4ITE B MY £ vk 2FFAY
E4 7l RAT 8 9 Halo] 243 Ao ojEox|a i FFH &2
Rodehed2} Randy%-o] DSCI-Z-E 3| bound water % free water® EA|3Ici WX
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stolcth. Floryd] o] 2@ito] &l o3td F4EE Fofstes 2902 aiale] &
A} Bt WY e gel UFY 715 o9 $E7 &olA UAGhE HFE
ot Sol ook £ F4EE JAste ad2 W F=ojl 7% ghdolr). o]
o] FEYel Y& FF F T8 Hsfjol2e Il ¥EFE FHU) ylold
the Z& ¢ + slen & dFdME EF o A4S Ay 4 glglrh

& DXz HSPANS] Ee]3 Q9139 3hut2& HSPANS] ¢gxtzi7lof
oJ3t d3e & 4 Qlu}. Fig. 4= =z}A 7)o 23t HSPANS] &4 W3 E el
gct. o€ o2 = JAAII AL&4E R o] Yol T4 fdlol A
AAEE g2 27171 UF Zolxe F4E7t 24T 100~220m Ao °‘2}r=_—°11
tis) By Z et dX gl o] HSPANS] EHo| UM E F43}9] hydrogel &
gsto] guljo] FHato] §olA ot Foxrt At A2

' 56% SPAN
@ 26%addon
6 [ ) 15%add-on
5 -
— (@) (@) O —
®4r
(3
s ® ® ®
3 -
® ®
g 0O p o
2 o
| ] ! 1 L

1
0.0 5 1.0 15 2.0 25 3.0
NaOH / nitrile group (mole ratio )

Fig. 40. Effect of NaOH/nitrile group mole
ratio in hydrolysis on the weight of hydrolysis
product. (condition : 3g SPAN + 27 ml NaOH
solution, 90~95C, 3hr)
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4.0

“; 26% add-on SPAN
@ B 10% add-on SPAN
35} [
£ 30}
3 = ® e
=
8
z 251 . o
[ ]
20} ™
-
[}
151 1 1 i )
0.0 5 1.0 15 20 25

NaOH/nitrile (mole ratio)

Fig. 41. Residual nitrogen content of HSPAN
from hydrolysis of SPAN at various group

mole ratio.
800
o O  55% add-on SPAN
[0 26% add-on SPAN
A 15% add-on SPAN
600 |- o <7 10% add-on SPAN
g ]
7 D o
§ o ©
] = @)
3
: :
A
200 |- o o 2
voowv
v oV v
0 1 1 1 1 i

0.0 5 1.0 1.5 20 25 3.0
NaOH/nitrile group (mole ratio)

Fig. 42. Distilled water absorbency of HSPAN
from hydrolysis of SPAN of different % PAN at
various NaOH/nitrile group mole ratio.
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A A distiled water
¥ 0 9% NaCl solution
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i 1 1 i

A
C] 400
2
y
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b
< 200 |-
v
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0.0 5

1.0 15 20 25 3.0

NaOH/nitrile group (mole ratio)

Fig. 43. Absorbency of HSPAN from hydrolysis
of SPAN at various NaOH/nitrile group mole

ratio.
300
o
250 |
(@]
e
g 200 | o
g
£ 150 |- o
©
8
< 100
50 -
] 1 1 i H i
0 200 400 600 800 1000 1200
Particle size{am)
Fig. 44. Effect of particle size on the

absorbency of HSPAN from hydrolysis of
SPAN(% PAN=26) at NaOH/nitrile group mole

ratio of 1.0.
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34 e EREYI sPERe 1l d4EE A

x]]z w Aé-@ Hhﬁ

7} CAN WA A& o] &3t *’—‘7*-1 R

4 Mbgzo] Wby, HAAFAH, W7, 2EA F& BASHL, 5% AR
slurry% A7) 7t 85~95 CE 1A ZE 351 A7) F 25CE P2ste] ety

N& H7bsta date] 52 CANE S ZWAIE ARgsle] 2X12E RESAIZICE A 55
v,_—;anhydroglucose unit(AGU) 100&o] tjs] Ce™ o] 188 Algsigc) ®¥Hg3E IN
NaOH $=8o1& 7}sled pH 78 F3AIZich Aol 23] F3HAUNL PANae] F
el «PANE FEF, mehgol o7 A, o3}, AR AFE Austa B
NaOHE 7}8lo] 0.6~2.2 NaOH/nitrile7]2] Eu]E 95~100ToA autste] 7h4-§3l
AT AA4Rsl 98 F el W WIS mixer® BT ¥ ooy
th ThA] HIRRE R 23] A, o23te] 60T FF LEBolM =23}t

1}, ferrous ion-H,0, ZHA|A|E o] &7 ALZH

219] bz SAstA TEAN T 25THR| B 71, 2] Method 11
2] WS A R3}lo] ammonium iron( Il )sulfate hexahyd rateZ 0.5g& SF
4 10mlof] &3jA]1A 275t ammonium iron( Il )sulfate hexahyd rate -§
o) F7} 10585 AN 7Iste] 53 antstglen 28% itEle4d mlE S5
4 100012 3lM3to] 10870 H3Iet F 2417 b AIZ F 2.1 Wil ¢
3l ZhrEshstaloh

o ARl g8 F4E

20~30mg HSPANS ¥ arsle] ZF4, 0.9% NaCl, R2] A'H(simulated urine) 2z}
50miof 1A17t ARAAIFIAL, HRA] F FEA 2§98 ARAE B3 AT AAH
Usiall ¥ BAE Agsiadch. Fess A8 Ao uiydste] Adsiact

g FrS&E
B LT demanded wettability AW CE 7} 23] SAF HF
th. Bl FF4E AL ¥ 338 A A9y golst -‘F’r*—‘,‘loﬂ
82 wolE Al 3}0“ 4=to] 218514 ‘3@-‘5—% staict. *Q-—I SHFo A E %
% -
zhofl whE F2le] 49l xjo] 24 %’T‘ﬂ% %S &3} %"F"“?‘E‘% %ﬁﬁ}ﬁt}

n}, g &% Al ( Swelling kinetic constant )
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demanded wettability ZAWol] &]3le] ZAH HcjFF+x2e 1/28 F43}
& BsiA o)t MRt TR Al tidste] Alxtsiylct
& ma k
108 e — @~ 2.303 7

rlr
>,
™

max - AN FF5 (Maximum absorbency)

5 A8 §5 = ( Characteristic absorbency)
. B4 8} A7y ( Characteristic time)

3?"%@0

o2

& EA 3 A (Swelling kinetic constant)

] MR

BAYL2 AFFAI £ F5E F Y sl £E8& BAste MIolch
& E4-3 HSPAN QA S QAlZa]|7joA 17062 105 = 600604 30&2
M B e ES AAS 2] FALL vlaste A3t

woy — Ha¥el ¥ HSPAN(q)
N 44122 A HSPAN(g)

H
s
A

AL HQd £33 84

7he23lA] nitrileZ]9] FI2EAolnze} FtEERAYOIEZY AR K ¥
Q15}7] $)3}d FT-IR spectrophotometer (Mattson, U. S. A)E Al&sleict AE&
20A)7t AF 2BoN AZRF KBr-HH o T BasS 8en', scan $E 328 3o
A st

2. Ax 4 3%

7h. CAN ZHAlAjo]l 2%t A% 33

£ AFolME 25% PANOJElE Ao olAUBRUELS FFUAI F 4—*1] Az
HEE At FUAY whgRolA HF g JteEsste A4 TES AHE
stod AFTAE WAPstHen ol E Fig 4504 vehiglch d4A FBLR Tt
T*HU}“‘ F3Y F U A FUY B 2ZE FFUA, d5IUA T
o] BE ZE3/ EHEZ J|& iR A7l 4F 52 FeldlA JheEsizt
APAcE o] AHA FHol HAIFHol F&Hrtd FF TWhHe| IIHER oh
g 712 Azbgold Uetdd sheEsiAl A2 Frke Aol o EAlet
Ztesinte ¥ AEE AN veldd 438 5= si4€ 2ol JlvhEch
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ER Azl FHYHEE JE vjdSA FHFRCHE BaRir) o|BE Aeloly
7hEdiitgo] AYHRE FoAFHNA Aojst AAE Uehd Rolg Yzt
T A& FHL J1EY NdEA FRART ATt 52 Felold TH4Ee)
HER o] FUY dHel &9 s2& HAAE BAAE Vel 4 9lon, 4
M2tgol BUEBZ AAA Fo] IciE FESHA "k 53] AT AREHE
Ce'ol 2] B9, F4Es)Al AMEEE NaOHe] 3| == xJo] o] -INo| StLgxtE A
Y Ak AL WY AL Y79t IdBR A& FF o eRs]
A& w JheRAEE oFE BAsgon, J4RsiA AREHE dze] By
(NaOH/nitrile)& 7|&2] wid&A Fo oge] Eulsh vjastgon] d44 33
L5 YR AFFAE V12 vidEY FHeE WP 1FFAY B4 nla
sto] MEA LF,A YA I 3 =9 THe S dolR izt shirt. ®
B AEA AFFA A& NS 18] A&l epichlorohydring A3t} 7}
AAYE EYdstal BHsE st siddct

CH,OH CHOH _
0 O
OH —____——€'C - H‘i"
o OH - 0O Hy C|3
OH OH _J N
Starch Starch —g—Polyacrylonitrite  (SPAN)

Continuous Washing Batch
Method . Method
Drying
v
CHOH
O
o NoH —:€CH2—?HHCH2—<|:H—}— +  NHy
OH CONH; COONa

Hydrolyzed Starch —g—Polyaciylonitrile (HSPAN)

Fig. 45. HSPAN prepared by Continuous Method and Batch Method.
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1) A4 Alzubdo] o]3t HSPANS] ¥4

7}) SPANS] abzte] ZlEa)

SPANS dzte] JhsRsish PANZES] UEa s s staRaiE o] FtEHAoln] =)
2 H3I 2z} shpRelEo] dRLUoLE WAStHA 28BS YAt 3}
P2 g ARYEY AA7|ze] Flof 2s) stEBAdgolEr| 2] HAHY ARL Yol
UAl ¢heth Bael ojsha sleEaldo|E)e} stEBAjoluj =] oF 2:1¢] Hl&
& zhetia gl gRele] $RAI| = v B A wWEE o 4 glon, s
w3 WbEe 7ol HZAAo] UElhetl, ol PAN3Y UEUI I} 3 =FA] o
o] 23] FAFEIl ¥ naphthyridine-type 72 E FA517] wlEoln 7423
7t AEHol wlel @EAME Ax Ao] Alglx]A Hrl,

ALA FHoZ A4 H HSPANY Ze] shEsiA 3t a2 IR AMEZL] W3
& Fig. 4604 Uehigch 2245em ol Uehle UEYNAE s14Es]A] o)
utel A 74t §ESAIZE 902 Fols A Alelxls H¥o] vl E3 U}
254 16759} 1556cm™'e] Fl2HA|oln| o 71T ¥ A7} Vielytow, 14003}
1556cm ol 4] FLEBAlgo|Ee) 7]Q1% 2L |2 Uelydth ol@|gt AT RE
TtEsl Al B E = FIEFA|oln =2} 2 BAlYo|EL] 28 ¥ssigrcl

Fig. 470X & o454 3302 349 HSPANY 7h-Bafrzio] wiE A4 ape
B EAste] Lehgitt. 7h=E3]51 7] A 2] SPAN(%PAN=24)2] A A¥ake 6,.3%0]¢)
o1} ThpEaial o]l Sl uwiel Bap At 2.45%71x] A4S A go] U}
weom, HhEAIZE 90F Foll= W X|o Tesigitt, o|BHE JlRsjazte] F7t
ol wel UEI| 7} Fl28Aoln=E AX sl2EAlFolER H& whgo] o 1
o] APHS & 4 A2 o] Fig. 4601A L= Azte} dx|ct

Fig., 48 44 gl ujd4a o8 #z¥ HSPANS] 7h&s] Azto] nlE F4%
o] WHatolrt, FHulFS ol Eests AH2 njd&A] AR LA ZHA T}
2t 2 4= on, s Zto] ule} HSPANY] F4== Z7lstdcist 3
U FrE ZHOIFSEHE MRS Azt Zrldte) wiel 238 F4xrt 7As)
drh ol A} AlE2] Axlho] 23 FAtolel AztHT)
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Fig. 46. Variation of infrared spectra of HSPAN with hydrolysis time
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Fig. 47. Changes in the residual nitrogen content of
HSPAN with hydrolysis time.
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Fig. 48. Changes in the distilled water absorbency of HSPAN
with hydrolysis time,
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(1) F=

AFFAY Fax R ol o8 77t Ao 2 3EE £ wel FU9,
BG9Y, A FAste PHES FE"h T S ol FYs A
71 W ol BUAIES Ffolx S ol utel & xolE Rrh EI Yxpe] AU
of uwte} Aot F+EE Uepd 4= glrl. ARt og HPWYFo| =3}AE o
o FrEE Albsiy, 2 gl B 4AtA7] 0.26me] AEE AME3te] =}
s 2} demanded wettability'} 28 F4+2 & Z3slolct

Fig. 49ol-& Q&4 F33} u]d4a] FHollA =2 HSPANS] %PAN §&fol wh
£ HUFsxE vehiglch «PaNo] F7igte] wiel FHoiFosEE 78l XS
Boon F FAHAN HuFsxolMe F Alol= Kolx] Qfglrh. ofof i3 Fig.
500 M= 24% PANS] SPANS ¢I&4] wl nld%r] FFog stegslisted YA
HSPANS] tzte] Eulof st 45 WHEE vehidsd, A5 PHe Zfdes
Eu] 1.0, vl Azuye] B-fols Byl 0.80M HelF4=E vehigden,

TR HrhFgEzto] E AolE Rolx| ddrt. AL5FHY B¢ MR E
3l NaOHZ H7I517] A FAsHs pgo] A7 ulfol] LZE F3jo 2
(AN wrepa], AEzpake] wtEaga W It E AP E, CAN ZiAjAet Ead
gro] Z Aoz wtgct B3] AR AHEHE FHgo| 2 Cet o]
NaOH2] -OH'o] -CNo| Bt AP FAs= 2E& A Welg 2
g, o] Qs o< FHA] SPANY 7ol AQF &= NaOHe| o] o
ol Aog MZIYT) Castel 5 ARA LFFAY 7HrEdiA] gz 5=
7V F71%tol whel F4E7) F718Iehsh NaOH/nitriled] Hl7F oF 1.7¢ of Hcig4
EE 7Y, olHrl &2 H|BoMHE Frzrt HUAYE EIsidch ®=IH
NaOH/nitrile®] n]& W¥tA] &3 EL] ¥& FFst H s =7t F7Hdol wet &
R gx Zrpslgom, ol IEAL k&Y AHxlo] o3 dxrolet AZsBIA
T} £ AN E 0|9} §ARE A¥o] Uelon, dze vV FIRESFS Jhe
a7l dolu} F4E7t 71 L8R A& AW 5o ddel o3 4 =
ool 938 F4rr} LAt Ao PzHcl

24% PANS] SPANS @14 o wladgAl A 0T shpPsliste] I/dT HSPANS &
zte] Eu|wislo] wb2 A4 gheke] WsEE Fig 5104 Uehiglch 7]&e] oz 7t
23] zzel NaOH/nitrileZ] ] 0.60)ME F83] 7IpEsl7 doluia] gt
Adalo]l Aot 1.0, vjdLAe] Aol 0.88ulold FHAE vehdgd
2}

3o A2 WAL KA %S vhehddch
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H AYoME Az} 22 Q%5 0.9% NaCl} RO AME A} L3l @F4EE
Alm B 32} S}gC}. Fig. 52041 20% PAN2] SPANS ¢l&Al 2R o7 7l 3) s}y
34 F HSPANS] ZF<4, 0.9% NaCl, Ro] Aol Z4% W3E Yehygich 0.9%
NaClz} 2o AW Fois Ao 21 e uvUehlz glon sz o
45ufF olrt, AlutElE ZIAH(FEE: 3L, fadEe))Y dFFE) o 40n)
FEolBR AldEE: AFeA AFTEL AY KA Zloleln ¥ 4 Q) =
& 300u) o]l FFT F4 ol Hl*ﬂ A& Froe A3 *3& 4 + U
th ol2l3 VAL Flory?d] o] & WAFZRE HuEo]d 4 2ch Flory: 7la 31
28] FTEE Foqils 20S :‘%z} Azt Sk A3 9l gel WiHe] 7}
T ol22 FEIJ ol WA AFY FoE HUddL F4EE dAE &
AL T Z 7% ¥g Fog dysidch ol g wel FT=E7t
ZAR3"9ct 2ER E8Y9Y F4E At HLdo sjeld go] EAg W) 2
A A3l to| o] HFEI AIIERE oLty URE dFEYe] A
817] wjzoltt.
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Fig. 49. Maximum absorbency of HSPAN as a function of
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Fig. 50. Changes in the distilled water absorbency of

HSPAN  hydrolyzed
ratios (SPAN: %PAN=24).

at various alkali/nitrile group mole
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Fig. 51. Changes in the residual nitrogen content of
HSPAN hydrolyzed at wvarious NaOH/nitrile group mole
ratios (SPAN: %PAN=24).
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Fig. 52, Changes in the absorbency of HSPAN prepared by
continuous method at wvarious NaOH/nitrile group mole
ratios (SPAN: %PAN=20).
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(2) R4

Fig. 532 A< W vl FHoll oall §48H HSPANS] 7his)3 SPANS] %PAN
of wiE R4l Walorf. % W w|d4a] 2ol 93] AT HSPANZ %PANo]
wetde ZF 2o AL {ARY ReEE Jehjgdch Zzte] 2o ¢AEH
HSPAN-Z 17062 107t YAZElstAS Z-fol 90xol4de] E4¥E vehigls,
60062 303 HWHEe3IAE 9ol of 70~80%2 R4S Ve d44 9
vl &al who] oJste] Az o]zl HSPANZHY] B4 ALl {AI3t AgS UeR]
alch.
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Fig. 53. Changes in the water retention of HSPAN prepared
by batch and continuous method after centrifuging
(continwous method; (O: 170G, 10min, [ 600G, 30min
batch method; @: 170G, 10min, Wl 600G, 30min).
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(3) Fr&=

24% PAN2] SPANS &2 ZHLE 7hedliste] A% HSPANS] bte] s
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A wb-go] XFE 7] ufFoletil JZtHct
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4=2] W3tE Lepd Zojtt el Bulvt F1ErE BEEEATE A
sko] ettt} ol Castel Fo| 7|8 &g 2FAI L dHe w25 571
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23] doludtia s E, 1.08v]|o] oA BEEENT X7t ule Heon

FrEEs 47y sRRUE AR A7, BA# 84, gel blockingd el
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Fig. 54. Absorption behavior of HSPAN prepared by
continuous method at various NaOH/nitrile group mole
ratios (O: 0.6, WM: 1.0, A: 1.4, ¥: 1.8, ©:
2.2).
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Fig. 55. Comparison of the absorption behavior of
HSPAN prepared by batch and continuous method
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Fig. 56. Changes in the swelling kinetic constant(k) of
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HSPAN prepared by continuous method at
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Fig. 57. Effect of particle size on the absorption

behavior of HSPAN prepared by continuous method (O: 1.0,

@ 0.8 A: 0.48 w: 0.25 < 0.15mm).
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Fig. 58. Effect of particle size of the swelling

kinetic constant(k)

Table 8. Comparison of continuous and batch methods

of HSPAN prepared by continuous
method (SPAN: %PAN=24).

Continuous method

Batch method

Absorbency (g/g) 335 394
Optimum
NaOH/nitrile group 1.0 0.8
mole ratio
Water retention 170G : 93% 170G : 92%
600G : 74% 600G : 76%

Absorbency behavior

Similar behavior

Swelling kinetic constant

149 x 10™

101 x 10"
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L}, ferrous ion-H:0: 7HAA|E AFE3F A& 2A

ASEA DFFA H8A, eitlH FY A AE CANol F2 AMGE 1 glont B
Ztgolu} ferrous ion-Hi0;, WAMd % o]8H 4 dtl Y& Efds EQU
of tigy AR BE 7AHAA A@slof gitl. i} dx] HEHL 2 AMEE]
= CAN JiAlAlE 71Ho] 27l 28-S 71X deB g X Ao 5% ferrous
saltE& AH&gchd 714 ol AR E ZA € Zlolet ¥ ™l ferrous ion-Hz0;
& o]g3t MBI ol iRt AFE 1970 ) Fanta Fof o8] 22 R E|of
Hom atst4A 9} Fe'ol 2] At3b¥ginbgol oa) eirizo] ¥Aggo] MRS A
Aoz o]FoZct

E Ao ferrous ion-H0 7WA|AE AFR3}o] #PANo] <F 26%2] SPANE ¥}/ 3}
dow, 1 EFE ofefet Ll

Table 9, Characterization of SPAN by ferrous ion-H:0; as initator,

% PAN Grafting Molecular Grafting frequency
efficiency (%) weight (AGU/graft)
258 | 80 68, 000 1200

CANE A}&3&}o] 7JA1EF SPANZ grafting efficiencyZt 90xolAt o & el glo
L} ferrous ion-H:0z ZRAIHE A}-8% 7ol oF 802 LielL} CAN AREA] X}
homopolymer7} Wol BE4E & o + et EF At FPdx FEALE A}
£x]& CANE JIAAIR 21R3Hs F-9Hch WA uelktch SPANE b3l 31 PAN
o UEHI/E o] 34 JIEHAY0EY] W JlE25A] omj=g uiz|m o]g]
Bl &2 2:1 BEo|3, FALEE ¢RUo} 7|Al7t ARt sheEsle] $EAZIE
Hbg-Eo] MMstE obg QliEd] FheE3 Z7)ols PANZIS] UE- 7} 3 EFA] o]
2o Agog FAPEIL £ naphty ridine FAMFRE F/317] o] WEE
AL AN uAEH ¥go] PHoel wie} ©dFH o2 Wl tir] FAeg
et &2 AgolA AN A&43H-2 SPANY A, ARl Ay EE Jiged
sja) WrgzUol AR E AHEE Felol&o] rjg TESIA Hrh Feole g F
17t AA" Eolyt F717F AAH HY F& €92 AY whg3tA] et =A
& NaOH &ol = Atsiso] F 7o) Fe(lll) 2At3HE(Fe0s - H0)-& ¥/3stA €
tl, 2822 ferrous ion-H02 7WAIAE A}R3S}] SPANS 33l &3 o8 7}
+2IY A9 ustz wkge fAAE st of#&o] olr) ferrous
ion-H0z ZHAIAE AMR-3to] 347t SPAN] ZhiEafA| 2tol]l whE 1 4Ae] Aay
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B WS Fig. 590 uvehfglch shEsiEe] sPANe] Aagare of 6, 8wolm
TtEsiAlzte]l FME S AAUFS Axt 22Aste] UFEAIZE 0ENE B
ol2i glom o]¥ A= CAN AAHE 348t SPANS] 7HE8lAI2hE AR
Aztolr}. E3t JhEaiAzte] FUIUGE Ao Po] AR ER SPANIL] UEY
717t AZFA o EE AA St2HAUYolER Hi= wtgo] U Wo| AYHL & 4
olcth,

AAUZFEAN 2 ZFE HSPANY Heta wstg Rty oz o 4 9om, ferrous
ion- HoOz ZAAIAE AL8Sto] 26% PANS] SPANG 3Pg3lil o]& A&4Hog 714Es3)
Sto] 33 HSPANS] obzhe] Bu) Hile] whE U4 ape] WsLE clgolA Ueh)

et

Table 10. Nitrogen contents of HSPAN by ferrous

ion-Hy0; as initiator

NaOH/nitrile Carboxamide:
group mole ratio N% Carboxylate
06 5.3 0.29
I T 3.5 0.95
1.4 2.6 1.62
N 1.8 2.32 1.94
S22 2.29 1.98

7trEoi 571 M 8] SPAN (%PAN=24)2] A AL 6.8%0]n, 7|&2] <z 71+ ¥
8] =Z¢l NaOH/UEY Y] BH] 0.60A & 5 3%, CAN Z|AA] AFR-A] HjE4E e}
= 1.0 EvjolMs 3.5%8] FA3arg el o|g488 AW FIE84A] of
n=712] $FE F5YE ¢ Aom olF JEEAY|EY| FIEEX|on =59 ]
2 ehgE 0.6 Evlof A& 0.29, 1.0 BnjojrE 0.952 Uehdrl oA A&
3k ule} o] dutA o g 7i4EalA] AAEEE StEEA B9} gt B oln] =
719 Ml o 2112 deA ol ol J|Eo® #ASPH 74z} 14%8) 47% PR
ZheEsizt AgEgch & 4 gleng y|Ee] dzte] EuloddEs FE3] std
37t dolvbAl dalrin Azbdrh #Hof F42E uehii e 1L.8EH|dAM=
2.32% HAYFESUERY FIEEAHEolEr|et FtEHBAoln|=e] uH|E Uehd
1942 oF 97%8] Fh4Ralrt dojyttia & 4 glch
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Fig, 60 ferrous ion-H:0: ZNA|A}E Al&5}o] A% SPANS] 7}-&3)A] 7tef o}
IEFAY F4xe] #stolr). JteEdiAlzte] FlESE FoEe FUMSIe
88 Uehfi glom ¥h-gAIZE 90N o F4EE viehla ok O™
SA|Zto] HZX|E FErt ZAASHE dido] Leldon ol 1Expe] At
o3t fitolel WAL olde] AMNEENE ferrous ion-H0: 7ZHAAIE AHE
st} ¥dqE SPANS] %A o= sieEalsled LAY YAEAY 5 U= TS
#elsisict.

7143t} o] Fe o] 122 otz goz} uhgstol Mol AEL ¥
d&t7] wEoll ferrous ion-H:0p FNA|AHE AME3te] AGHoE sl uf &
o k] dze] §9& e7stelal AHet Fig. 61014 ferrous ion-He0: 7HA]
A g AHg5to] 3HAd¥E SPANS] dbte] Ewlol wE F4xe] HIEE Jrhiodot oz
2] $=7} F/MEes F4EE 78 A3 vehddch 28y eaN AAAE
4% SPAN(%24)0] zhe] Eu] 1.000A Hol F4EE& el oy} ferrous
ion-H;0; 7NAJAHE AH&3lo] 343 SPAN(%26)2] 7ol ole] EH| 1,804 %
o F458 Uil & o 2] el 83EE o 4 el ol dHe|e
A8} Fe? o] 23} nhgste] FAo] doju}y] wiEolat AZHl EJ CANQE )
ARt Qo= Ho) E4E7t 3000|402 UEILEOL} ferrous ion- Hi0x ZJAIAE
AHERE A oF 24028 F4ET A Uebgr) 0.9% NaCl goe] Hof F4x
= e Eu] 1,804 of 3288 eyt

Fig. 62 ferrous ion-H:0; 7JA|A|E Al slo] 32d st SPAN2] obzbe] Enlof ulE
E4 A% wislo|t}. demand wettablilty®Hol 2]§t Z|c] F4 5+ 1.8, 2.2, 1.4,
1.0 % 0.6 8¥] ¢2& F4stgon Ho F42 8% 208 o2 F45 olrh
ot WA CAN ZiA] A= 3T 2FrAS 5P} FAsich

olAte] AE Bsh ferrous ion-H0p ZHAIAE ARSI 2l E FFHAME YA
33 o]§ A& E JheEalsid AFFAE YT USE HAsAc

™

[T oY

o
2z

of
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Fig. 59. Changes in the residual nitrogen content of
HSPAN with hydroysis time.
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Fig. 60. Changes in the absorbency of HSPAN with
hydroysis time.
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Fig. 61. Changes in the absorbency of HSPAN with NaOH/nitrile gruop mole

ratios.
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A48 HSPANS] 7tanhg

1. Az g Ag Py

7EaLE HSPAN(x-HSPAN) & Hgdsti=t] o] 7tanbgAl7|9t 72 vh&A| AMgE 7t
2] sro wE ANE FUSAA I ol FY A, ¢ F L v B
Fol 7ta#E AH83stoct.

7t 3% 33 4 sta

A7), A U, B2, LA & AT 47 gRol| HAIIAE FY
St ZARE HE 10gS Y3 190n0e] Z2FSE 7ot 558 %2 stadch o)
g 99 iz SYstA 337 F 40THHR] Yzstadrt. o 7)ol NaOH/AGUR] &
H]7} 0.30] E| =5 NaOH 4~8-& H713t] pH 108 Zollq 5&7F awtAlZct.  7ta
Al A& FAo thdte] 0~20% HI}sle] 40TollA 4A]2F v A|Zict, et E
B33 abd 2AlolA HEEEY) wEol olol @At R ARG JISle pHE
5~7TREE & F 9|9 ol ulel I ZE FFYAZCL

U FH 38 F ke
AHz¥ SPAN 10g& 152ul8] FFol HIpste] 9]o it dd YHe= 7t
WS T F 20001 9] vitER 23] A, A3} F A=zt

ch. 7k 28 ¥ sta

500ml Hlo[# o] 200ml FRFE JI F &) 4+EALE pHI0 BE HA 3
th. ZlRAE A7Isle] &3AT F 1g HSPANS E7lste] 40°CollA] 4A1ZE ¥EgA|
th RES ¥ 300ml WiRhEE 23] 4] o3} F, Azsiolch

gl. FHejM &3 &4

Ztag AEY FRUHE AHEI] ¢181 FT-IR spectroscopy® 43talom,
wavenumbert 4000~ 400cm™, scan T= 6438 ZAstgrc). 7t
(epichlorohydrin) #7}8F 0, 3, 5 10, 30%E 7l12¥ AEE 60T AFZT oA

24X A2 F KBr& o831 pelletd AE3te] &ZFstoAcTh

u}, X-Ray diffraction 4

129 AE(powder)o]] thEt x-ray diffraction® General Area Detector
Diffraction System(GADDS, BRUKER, Germany)Z o]|-8-351¢l e, Power: 40kV, 30mA,
Distance= 100mm, Beamtime 120 sec @8 3} Al2ojA] &4 3}adc}).
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A}, BC NMR spectroscopy -4
AREHA e MBI} stms AL INWM-MYG0(JEOL, Japan)E o] &5}od
solid(powder) Ae]l& ZAstaict

o}, 7lax

Hamerstrand F& wWholl utel 7o) MEE 33 A3t nulg ECHE =gk
Tl 38 8F2] 5~20mlE 2N NaOH Iml & 713t mizlE 9h2 F 95ColA 147 A
2|gt F Aol WBzZtAjZIc Imlo] 10N Al 5mle] 0.1M sodium periodate W
5ml 2] 1.0M sodium arsenite 713} & 50ml 2 I AFt F 1087 ¢tLo] RA3A
th ¢le] g% 1mlE 2|3}l 10m12] chromotropic acid& 2}t E§sled 100°Cof
A 302 dAAFE Aol W7 ¥ ERFEAZ 570mmolH FHEE ST
of njg] 33 Aoy zHF ECHERE F3teicth

2t A g3l 9 UEY

Schoch W& oFzb WA A tiZa} Zo] FAsigdct A 1g9 & 3mlE Iy
2] bottleo] ol 2 HAtA|Zl thg 80ColA 1417t 7}ddF ¥ 3000rpmofl A 1417
A FelstAch A2 110Toly Axste] e BEA(A)E &3t ol Ao
o3t R E FItgon, HMEL FAB)ELHE BEIE At

Al At et
) A
AL (%) = — gﬂx—‘?%gi(\)(g)
agn — B x 100

T R A < (100 — & E)

b 7ta AREY F=E
ANBEE oF 5% slurry® %t5o] 30CojlA Brookfield viscometer (R™: RVF
100377) & R.V 60A] 10rpm & A stgcl.

7}, 7}aL¥ HSPANS] EAd

BFTrE, Fr4E, U S5 A 2 B4y fe 5d e s FAHsA
th, ARE FAYL otz EFEH ol ¢l wiie i @"g )
o =43l ¢9E¥ cylinderd] E 5ol mesh 325(45:m)2] sieveE T A]F
3l B4Al7) HSPANE ¥A8F Wil Instron compression load cell & A ¢ x| 71x]
tAA A F4H o] FAUEAA load cellR FAH = 3150l U4AINEE oluf
Uehtle HstEos A= E vl a3t
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A 2FFAE dAdelo SR FEE matrixE SIEE 7HFo] APsin
A aEzteln, F4Y ET 5 Holul e AR F4rLEg ¢
3] AA B=rt AR Y, Ho 5 FofolAd dF AMEEI ek AEA 2
FrAle e ZZ3hAo] PAN3e] macroradical 2t &2 HME radical 2} PAN3]
9] macroradicalZte] dafjo]Foll 7tae] ezt JteEsiEd] +8U& 140To]
28] LZolA 71, ARIPH FoErt QA3 AL RN S, AR o 7}
a2 JHsgE AAY B o AW sta 7HeldEel AAIFA 9o} o]t
Fakgel o3t stn A= ul¢ WHeBg HEe JlaAlE AHEste JlaAlle o
7} XEE L gt

HEA 2EFTHol thzt 7ta st vE3e] A Jla 7Hedt siteE 71X FRHEFA
& Abgste] St W 2EAket tRAE AT W ol AHEEA A
t}. AEF} polyacrylic acid &AM methylene bisacrylamide(MBAA), trime
thylol propanetriacryl ate W ethylene glycol diacrylate%-2] 7}3 7}%3%t
Aot FZH Bavt glon, Castel 5L FFHYA 7ta site® &Y + A
trimethylamino-ethylacrylate chloril de(CMA) 2} methylene bisacrylamideE 1
ZE FFYUst WEAFTES AuEodrth
2ol JlaAYE 93] T3] 2ol JlaAEE AR wo] AMEEHE JuAT
Me EATHA 2AERelo|le, F4olr]ZAl sodium trimetaphosphate, of3]E
2 1 5o glon}, olFojA duFaRs|=lo] 74 YA Jlaxz o
A 9lom, ¥3¥ Chamber 52 AEA LAl epichlorohydring 7}alAlZ
Baelo] kAL Ol gel blocking®} dust contente] Zr4A o] HIE R I3slgct

Lorfr o

iroex
5|

7b 7ha AR ke

1.K. Huang %<& poly{acrylol hydroxyethyl starch) microsphered &3}«
microsphere?] dynamic swelling A %o thdt 7tae] £3E vzt o] AHsln
SltHFig. 63). BI-EH AejolA 7asr & FRE JlaEr}t W FRo
3] pore size(space)’} ©] Zom, Tx}e] A% crosslink-pointsZt © W& chain
foldinge] &243}7] wiZell chains®] 7% wjdE& vl 2822 B2 7l
E7b s FRoA o wE2A AmEolA o|FstA Hrl IER JtadEv F
Vg 27 geses ZhAs), Jgy Bo] 2RE fully swollen state® ¥
BA17171 181 - = microsphere WF-2] RE 7Hs3t F-7Hg AHPsfof gt g2
B NIt 52 FRA ATAHA FT ol BRBP o2& Azl ¢ wi
Erx}. ool Hial, 7laErt W TR BEHEEY Eol ¢4 folded chains
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%} HH-g3fA folded chains?] unfolding, rearrangement, rotational movement 5&
Ao Aok &, microspheres} S¥-&3tol uwhe} 7)ol folded chainsel 2]5] X}=|E
of ¥ FE ARslo} VT 1ARE BEBRel o2 AVS ATWES W
& F2oA o x=glch ZEa WE-Fdol 2] xojo] 3 slansr} wes

BEEE Eolx|A ¥l
DHER ARY ALAE ALIH sdg AEA DFLA WA e H
Suot ARE, HAYL PYAD £ 9o, oluf F4EE PashA Hrl.
Ll .
i Swelling
T Sweling
5 /l(/\(/ fast
a) high crosslinking
e d Swell
wg Swelling
VL low
IRV S
b) low crosslinking
Fig. 63. The difference of swelling rate between lowly- and
highly- crosslinked structures.
g, epichlorohydring ¥/d+4AE 713 3EI whgste] DedHANTES
e, sl X f714be] 2583 whgste ZeAEdEHE FL2 JAHEE T

o1, epichlorohydrine] dihydroxy compound2} dzte] ZZAslojlA] ®1-E3}
1d e 28 F4st= P2 chiat ol vehd 4 At

2
a4
L)

> §°
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HO-R-OH + OH =% HO-R-O + H0

O\ o
I
HO-R-O" + CHz-CH-CH:Cl —» HO-R-O-CHz:-CH-CH:Cl

O O
|

Y \
HO-R-O-CHy-CH-CH:Cl —»  HO-R-O-CH»-CH-CH: + C1

O\ O
: l
HO-R-O-CHz-CH-CHz + O -R-OH -—%» HO-R-O-CH:-CH-CH,-O-R-OH

o) OH
| H:0 [
HO-R-O-CH2-CH-CH2-O-R-OH =% HO-R-O-CH-CH-CH,-O-R-OH + OI1

Lars Holmberg %o 2|3}, epichlorohydrino] zta] R ZAs}ofA
polysaccharide®} 4Hhg-& 3}H A glycosyl 7|8t 2EY AHIF0 s

hydroxy groupte] ¥hgol 2J3f 2,3-epoxypropyl ether7} g% 1,

epoxide”}
water &

A& hydroxy groupzte] Whgof ojaf sFH¥clal stoich ojuf AFZH
hydroxy group& Z-2 glycosyl 2712l Y 4% Ql3, glycosyl T7jo] Q& X%
Ao RAY % glon, ¥F interchain glycosyl 7] &L o] chain 2t7]2] x|¥
A A = 3l ojuf= chainZte] 7lart dojwdcia st e, siael &3
TR o el vepd 4= Qlch

OH
|
St-O-CHz-CH-CHo-O-St - (St : starch)

gk, epichlorohydring o] &3le] HE-S ZluA| o] AEY F27 72 A §lel
ol 2B (setting)d Zol|J] wiFell, 7}t A|7]= Al7lol uiet A EA 2F
FA| 8] Fdol Aol 4 ottt I¥HEE WA & epichlorohydring o]-&3}
o] 7}2AZ ¥, BC NMR, X-ray, FT-IRE o]-&3lo] 7laubgo] AEe] Fxof njx|
¥EE AduEct. aela st AR A7 FeA Sl nxe 9%
AE R s, aeizE 313, J2E F3F a3 steEE) Azl ¥ 7
&} WESAF = WHES vlastax} steich

B o rlr
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U, Zbakgel o7t AEe] 1z

ol Eo] EXfstolA JHEEW  gelatinizationolgt EeElE vzt
order-disorder transitiono] ¥oju}A] #cr} ol AE granule B 431
SB&SHA =1, AR3Ert A4S = H5dHo] AbelRlct gelatinization %
ot Wig 7t 37 dojut= AAFIE L] A= wide-angle X-ray scatteringS E3)
Hay 4 33, DSCE ol&3dte] BPAow FHE 4 o, BIHe &M F
Aeterct o oOF EAE7] AJ3siA o e Atepdicia stelch E3 Cooke F
£  double helix content® Z&3}y] 45 MWRE AL talEd,
gelatinization ¢t AAZIE o} FHapn|ske] At w &AFE= A8 Hasiglct

Yves Dumoulin %2 native amlyose starch granuleZ epichlorohydrin® & 7}
XA X-raye} FT-IRE o] &3}, 7iilof o3t F2] WIS WHsict. o9
2)5hd, 71 ut-SA] WA ofzbe] mediumollA] ¥ 37} eojL} amylose starch granule
o] Z|ulgko] HFEAOoR FL WHIA ntHch. 123 FHA ] T stant
23t Azgol ool AR Felel wiRs 227 Uehd 4+ Atk AmdEe) 2
7}, & epichlorohydrinz}2] vk-goll 2]} glyceric bridges7} Z7}3tA =W chain
2] mobilityS A=shA Z7]e] vlaE FZ(double helix)®] FE WA = of
AMEL Fef?] X-ray diffraction patterno] UEN}A Hrcia stgdct. %3 Jlawy
E7F W& 2% chainzt 270l & dojutAl FojA double helix®] /ol
2 Ro|s}o] free watere} WHE¥ 4= 9l hydroxy group®] 47} ZFASIR|RE, 7t
WE 7} 28 AL chainZt glyceric bridgesol] ¢35} rigid network?} 3AdE|o] free
water®] penetrationo] T &oldhm, o]zl o] UL KolsfHicin IR
tl. (Fig. 64)

a) low crosslinking degree : most contracted
network and high hydrgen-bonding

b) high crosslinking degree @ much more
interchain  glyceric  bridges, hydrogen
bonding is hindered, more expanded and
more disordered network

Fig. 64. Hypothetical representation of the covalent and H-bonding stabilization
of cross-linked starch for low(a) and high(b) cross-linking degree.
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o]golld Hi= niel o], AEL Fe} slanbge] o3 1 T2y} HYY 4
slem, o]¥e] F& W JlrEso] 2t AFFAL F5ASNE & H8g oy
4 gl 2B g I3te AMEE epichlorohydrin® & 7} 8b3A]#A X-ray, FT-IR,
NMR spectra& T3l +R2HEE HH B2} stgc),

1) FT-IR &4

Y. Dumoulin 5& epichlorohydrin® & 7}il¥ amylose starch®] FT-IR spectras:
THM3te] ZtadEe] mtE A& hydration stateol] ths rsigich o we
H, JtaUEst E7184E B3} polymerd] -OH groupd] stretching vibration mode
of 2]3t 3360cm ol A 2] peako] T] broad 3} =], E52}18] vibration modeo] 7|1
3H= staggered band7} 1000cm™ o]3lolA Uehum, EX5x}e] vibration mode2}
bending mode2] combination®] #2}& 2200cmofj A broad profileo] LIE} Tz 3}
et

= Aol AER ThaA Friske] whE AHEe] FT-IR spectrat Fig. 650 U}
Ehglen, Y. Dumouling2} FARF AL uvehigich 3 2925cn (CH,
asymmetric and symmetric stretching), 1454cm’ (CHp bending), 1413cm™ W
1365¢cm ' (CH bending), 1336cm™ (C-OH bending)ol 4] peako] intensity’} Z7}3}=
A& & 7 ded. ol& 7taA:E AME¥ epichlorohydrinel &J¥t glycidyl
linkage2} -CHz-, -CH(OH)-¢] & z}2 Azt®ic}),
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Transmittance(%)

(d)
(e)
1 1 i 1 1 1 1 " 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber(cm-1)
Fig. 65. Typical FT-IR spectra of crosslinked starch, (a :

3%, ¢ ' 5%, d: 10% e @ 30%)
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2) X-ray diffraction &4

Yves Dumoulin 5of 2}3}¥ native amylose starch?] ¢ 24 3lo] 19.5~20.5°
(distance 5.16A)%} 23.5~24° (4.49A) HZollA 27§2] peako] LIElL[=d], #Hz2p=
double helix, FA= =A%) 2] QHAH helix coilz} TAZF Qcka shaict
%3 4.49A 8] peak2 broad3jX|il 5.16A2] peakZ Aleixl= WA 6.94~7.34A -2
oA AZE peako] Uehhe Z& THIIA=U, ol V-type single helix®} o]
gler, V-type single helix= ARG} v]AP G BFol SHcta shct.

o|H &lFoji AFRE native corn starch®} 7}al¥  starcholl ti¥t x-ray
diffraction pattern Fig. 660] LFERJ Tl native corn starcholl T3] Aty
™ zZbz} 23° , 17.2~18.2° , 14.9~15.4° F-Zo) A A 7]o] peako] LIENIT} ¥l
oA & 4 Eo| JtRAE 10%, 30% FH7IE HE2 x-ray pattern®] ZH-¢ M 742
peako] AF2}R] AU broad 3|23, ARE-E peako] 12,.6~13.6° FZojA Uelhe= 2
2 E 4 Jrl = AAHEL] FHAME native corn starcho] H|3| s
£3tthe AE o £ dch ol AFY XU T2 T W stavkg, A

Z3pgol o3 &3, et og HIPEArH= AS on|gict

w
. M/“\w
12.60 /

\

c) Starch-30%

W,

_ 1820 N

b) Starch-10%

Intensity

17.287

14.90

a) Starch-0% | N
Wf
- 1 i —l .
10 20 30

2theta-degree

Fig. 66. X-ray diffraction pattern for native and crosslinked

starch of various crosslinking degrees.
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3) Bc NMR £

Zhag MEo] oj3t Pc NMRE Fig. 670] Uehigich staEz] e HEe A$
z}z} 101.606ppm, 81.076ppm, 71.153ppm, 59.615ppmofl Al U] 7§2] peako] L}E}RYIT}
of 71 A 101.606ppm2] peak> A &2] C1, 81.076ppm?] peak2 C4, 59.615ppme] peak
2 C6ofl 3ldsh, 71.153ppme] peak-2 C2, €3, C5°] FH o] Ueldt Rojct, o
7] wjEo] 2z} peak?] intensity: tieF 1:32] u]&L 2= AL E 4 olr}. mah
101. 606ppmel] M]3} 81.076ppm2] peako]l A 3] A LiElIE=t], o] native corn
starch®] amylose®} amylopecting] H]&o] 7|Qlsls Aoy AzEIct & native
corn starch?] 7-% amylose®} amylopectin®] H]&o] 3:78%o]n, amylopecting]
739 amylose?] C6 ¢jxjollA a-1,6-glucocidic linkaged ©|F3 Q=d, ojufe]
-0-C-0-of ]3] 101.606ppm2] peako] T FZA|A Uels Zog QAzHc)

g HUME JtaAe] ool FUigtel ubel 24zbe] peak®| intensityZl ©f ARG
Atte A& & 5 9en, 53] 101.606ppm2t 81.076ppm2] peako] T& 35}
UEeRdT} Lars Holwberg” Soff 2]5}#, epichlorohydrino] el ZAs}ol A
polysaccharide2} W-3-& st WA glycosyl #7]2] hydroxy groupte] uh-§of ¢
3l 2,3-epoxypropyl ether?} A=, epoxide’} water &2 Q143 hydroxy group
22l wkgoll olsf AFHchL stgict. ol A JE hydroxy groupd #Z chainif?
glycosyl Zt7]1e] AU 4% ¢l3, interchain glycosyl 27| % Qit}. J8n=g
thEt 22 Y] 27T B8H ¢ ol

St-0-CHz-CHOH-CH2-0-St (1)
1 2 3
St-0-CHy-CHOH-CHz0H (2)

(1)2] A9 interchain glycosyl Zt712}e] vi-2o) 2]8) HE chainzZt 7tz 7} dof
o Rola, (2)Y B E2e] bl 3] Jtast dojubA] k2 Fxo|th

olla o 4= glEo] 81.076ppmoliAl 2] peako] W& FH3HA Vel 22 A
o] C13} c47t glycidyl linkage®} A3 ¥b-go] AE 2} epichlorohyrinZto]l dojit
7) wj&olth 59.615ppne] peak®] Z-¢- 7t H7to] &3] ¢ broad 8 M & &
+ e, ole (2)9 A9t o] Ehe] whgol 3l -CHOH groupo] B d= o]

o] 63} overlap® o] LielYt Fztetar AJztHct bR 2 71.153ppwe] peak
3 (1) (2)8 AS-olA B 4 glFo] 2] —CHOH-2] Z7lof 7lelgtcia B ztd

=]
-

L

ZhaE AR C NMR spectraol A £ A 8 22 100ppm3} 90ppm Atolofj A} broadsh
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A /Y F2o] e, ole AP0l njARPg g 22} HehdA Lepd Z
jolt}. o]i= X-ray diffraction patternof A= ¥l uie} o), Z3jol 7pautg w
Az2Ee] ¥R ARHEIL AYs| Wojx= Rz} dx]Fic),

T

; T ¥ v
1840 140 120 1069 20 &G reem

3

1 Y {3 T v
ER-14 140 1206 J.Oﬁ 80 &0 e

7y ppm
&Y .7 ppae -

101.8ppm
E2.Gpwa

J\w | v{W -

%3¢ 3
18G

o) T
189

D} ey
180

Y
[N

WM‘N‘”W“MMW ‘~m~\ et /\“"J AT rrtag

7 T {
is0 140 126 3.{)0 30 €D ppm

,’3.8{3

L

N ¥ ; L
160 140 12{} 100 254 60 ppm

Fig. 67. Bc NMR spectra of crosslinked starch of various crosslinking

degree. (a :

0%, b: 5% c: 10%, d: 30%)
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th 7taE 5%

dtz o g Aol Yol AHEEL MNAAZMNE ZATHA SAIGR0|E, B
olt] A}, sodium trimetaphosphate, OE|E T &3 =2l & o] 9oL}, o]Fola] of
HEREs|=gle] 7P A ZtaAE oA ot A oyt o Ez 3|
=Y statgd AyARoR IS ofeBE kg IR I =L A
ot Aol ozt Zluwg it YEERIN =YL o] zAsleA 2
MER B3 ol & thA] periodate® AMEIAIZIH T EUUS|=E ARt X
Zots| =  chromotropicite] 2l3] Repdog wiagEn RKolo] Eypi=
Lambert-Beer?] 2o wl2r}, Alo|st x%o] ECHR NS E3AH ng—%}tﬂa‘]‘:
FE NG whEo] Ak Hgsidlon, AE w3 o] 2ABolA Aol
M ER HVEEE blank AL dtrt. ECH & £9& E3llslo] 42 7"‘%
& Fig. 680l Liehgict.

Fig. 692 Aol 5% ECHE 7} WhgAlZ ) 7l wb-gxzte] ulE ECHe| ukg-&
I Ao vhaxe] Wlelrh i whgA|te] FIla4E ECHY ¥HE-&2 718}
dom NHARRE FI78e 73“0‘,% Lehuigict. 53] 1412 Jta g eRs & Ry
gre] 50%0]4 9] ECHZ} ut-§3 } . O|ZREH 713 & A5 FAE ZPAA
T+ e HedE Iy }

H&ol 5% ECHE 7lal A é wll 7hankg Ajzto] wE Ao Sz WERY
HE Fig. 700] Uepfglom Jlankg Alzte]l Zo1at4s staxst F7isle] A
2] 7183 i ZAHRE {3 astdn, WEE EI T

Fig. 71% 3H¥&ol 5% ECHE 7ta o 1t
Brookfield 2] WMaloltt, 7laA|Zte] FNUSE Axe:
2+ Fig. 719 AAEHE AR ECHZL 7IRE S AR A ¥ + AU
c},

o

Fig. 72-& 1A12} 7kl wbgA], ECHs=of whE ECHY ¥hg-&3 AR 7axe
HE LEhgTh ECHO] =7 F7ME4eE Hhg8e o ZAsidoen, ARY

ThaEE F7M8He BEE Vehlict, ol@jyt Axe ks

AAAE wl 7t Hxol uel VIREE 2EH £ A& Holet AzHe)
Fig, 73& 1417} 7}m vbgA], 7laxd upE A

th ZtRE7t Z71%be] ubel A& f3=ot s3E

c}l.
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Absorbance

Reacted ECH (%)
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L [ [ 1
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Fig. 68. A standard plot for ECH (ug).
0.10
L ]
O —
B - 5
0.08 3
[ J i :I
o ° do06 &
o =
<004 ©
O Cross-link density ‘3
ross-link densi
° . R— 0.00
0 5 10 15 20 25

Fig. 69. Changes

Reaction time (hr)

in the amount of

reacted ECH and

cross-link density of starch with reaction time at 407TC.
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35

30 O Solubility
® Swelling power
—~ 25
=X
< 20
2
Q@ .
15 L
g o
& o
10 o o
5 | | i L
0 5 10 15 20 25

Reaction time (hr)

Fig. 70. Changes in the solubility and swelling power

of starch with reaction time at 40T,

1800
1500 F
1200 |-

900 o

Viscosity (mPas)

3
OL ) 1 i L
0 4 8 12 16 20
Time (hr)

Fig. 71. Changes in the Brookfield viscosity of starch with

reaction time at 40T,
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80 0.12

3
o, o - 0.10 <
;\; 60 o . o
; - 0.08 O
o &
73] 7]
o 40 -1 0.06 S
% ©
@© o >
2 4004 =
20 ® Reacted ECH §
O Cross-link density 4002 5
O
OC‘\E) L L 1 ] 1 0.00
0 2 4 6 8 10 12
ECH (%)

Fig. 72. Changes in the amount of reacted ECH
cross-1ink(C.L.) density of starch cross-linked with
at 40C for 1 hour,

35
O  Solubility
04 @ Swelling power
5]
~ 25
: 1
'g 20
= O
©
© 5p
0. o o
10
O
5 1 A L i L

000 002 004 006 008 010 0.12
Cross-link density (C.L./AGU)

Fig. 73. Changes in the solubility and swelling
power of starch cross-linked at 40C for 1 hour

with cross-1link density.
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2}, 7} ¥ HSPANS] 5Ad

) ZhaL Al7lof whE ZhalEe] g

AEFA WA A 7= IE2E ZFEEA, la}“ F8F, 7t
S|FZ2 s 4 alvh. shaAlziel whE M@} ECHY kg ahf%iﬂ {15t
2z }“154 Bﬂz} Fig. 7404

A ECHE 111 88| 2 WhE AZLE& o A o] ul
vrepjgleh. Zbzbe) slaalzlel A AxAQ ukg AL At en, rhaa] bl
wha} 7t 02004 0.771A] F71ste ZA3S vtepudch. E3F 24417 wbgA] B
vk &S o 602 o HEZ3 ECHE ¢ 50538 =& 1A1Z oJul® NHSHE ¥
stgct. b 7lel whetde 7t F Jtaa] szl S 7P AA Vel
3glen, JH=E ZF3H, JZE F3FY 28 24t F Pl yelyich
olggt A¥E Aol I3}, TIITE PN Exf, s3] EREE Sl &
olo] w]of ECHe] MR =7} AdolstAl UehtA 7] wjielet Aztdrt.

AA 51ES taAols Fig. 749} Zo] z}ake] ECHE AME3IR] QYO E Fig., 759
Ae AR FAol oiste] 1, 3, 5, 7 9 9%2] ECHE 1A 7t XA 7tasgd yel
Uglch 7taxe] $=7t S71EeE stass £k A%E& Uehiglen, ECH
F% 3 A Zhaal)e] dEglel dA3E stasE vehla Qo ECH 5% 5%
o|idoflA ZhaAjA el wtE Hp7} vrehds] ARSI e, Fig. 748 Az} {A)st
A JHEE SApRee] Fe 7 Weol Frsida, I1EZE FFEA, k=
E Z33UFT o8 ZAaste F¥o] Letyitt
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Fig. 74. Changes in the cross-link density of HSPAN with
reaction time (reaction conditions: starch:ECH=1:1 mole ratio).
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Fig. 75. Changes in the cross-link density of HSPAN
with ECH concentration {(cross-linked lhr, 40°C).
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PAN 3! Zajdo® ZAE AL} PaNo| DMSOO| £ds] &siE=u] uis) SPANS] &
A2 dAs] FAste Aoy Jladye] £A4E Ao Ey sH4E
g2 &N 140Tol g 2o 7td, ARt F4E7) W] pagtoes
A 7ol whE Ftantge 7HsdE AXBIIE st U olet e Rutg
of 23t Mt dEE Yol A4 £ 9long Wl slaAE sl 1FS
o] B4E WA} slgich. JRE ZEE Ao JlAAES ApgstE ARy
Zvel 717t Yol g S (swelling ratio)?] ZtA o ANS] X7} Lolsia] ¢}
A& oy 4 vl Fig. 762 53 Aof 712Ae Hrlere MIAFHA v A
A F, AL ANG HUisto] olof wlE % PAN2| ¥ 3E Ueh Lt % PANS 7}
s8] o] wwrtAlE FA3] A oH, SwolAoE AL HIXE o) F
aLooleh ol ZhaAzt AR} gt 7t FAsty] wjRol AN HEY
o] ZtAx|o] PANMZY AFo] Laslalry] wiEolelz Az, w3 IapzE
TR sharsto] wPANo] of 26 Tl TIRIEE FEIAE ﬁ”ff}:ﬂ_ ol & #A3lo
table 110§ Velgict, grafting effici encyt= ¢F 90~94
Aol Hyeto] FMUSE EAHE S8l JnE vsE: ZastE AR
Bt gloh ol Mol stadoel what A ce™e
EI AES AAY of @75 &= AGURHSI Y] 2, 3-0He} 7taA|d] d¥7) kg v}
57801 7] wiEol Ueihs #dolet AztHct.

Fig. 77T: T Aol dB=L] NAAE HIste] taA F AN Hibgwks
H LA 2 ‘tﬂ% ZARAE AHESHA] . )2 g SPANS] % PANE nu]als}o]
L}E}Lﬂ‘}iﬁ} % PANZ AN2] d7tefo] Mol AMSRcl WE uwle 7l o] ARgA)
ot falgt ZEE Holzgk ANe| Artzko] HE mie thd W kS RAdrh ®E
10%2] 7tRAE FA7IslAE ZHfole oot 72 ZaE viepdth ulela % PANO]
25% Y Q1 SPANG A} & wi= ANO| HUIRE tia F7MAAC & & 4 vk
Fig. 780X+ 42 7laAlE FE7bsta AN 4rke del3te 334 7t 2 $
A Ztaol s A|z¥ SPANS] %PANE uiehal glch @A slRe] A9 Fie.
762} Fig. 770M el o] AN9] HEe] ZhAT Qslo] PAN E 9 HFo] Kol
oot 7t ElA] & Aol us| sPaNo] GEx|nt, FE stmo] B 4] £84
gl Ztank-goll s AR 7] wido] ZFREA] ¢}& SPAN Bt} 23]8 %PANO|
S AR Helth TBE®R FIH SPANY %PANS] Fdode F3¢d stakche
FEF Jtart o ag&Helet ¢ 4 dzch

SPANS 7taAlF151 ZhaA] kol whE HSPANS] FA W3E Fig. 799 vehdgl
T}, SPANS 7}ilA]Z]H ZFal® SPAN(X-SPAN) 2] FA= 7ladbgARc) 7tAsiede
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L ZhaA] Htekel iR JtaukgFe] BA 4ot MIEE ¢ £ e
g, ol ZtaAst &8 FEA= st S840 = wiiolztn AH
tl. Fig. 802 HSPANS 7i&3lgt ¥ rlaalA 7tax] sXol ofE 459 Hy
& UuEld Zolch  X-SPANE JigEslstolx staale]l Hutgko] FlU4E
X-HSPAN®] F-AI7} F7tstad=nl o] oAl ciake] 7haA7t g3id F28o 44e ¢
2227 wZolgta B, shegsiale] &z 2t e uel d3s
=7 Frtsta olom, el HxU v 715k HSPANS] BA EZE ZhAd)
A BE A 4 ek

Table 11. Characteristics of graft copolymers prepared from

cross—linked starch.

ECH (%) | % PAN Grafting Molecular | Grafting frequency
efficiency (%6) weight (AGU/graft)
0 259 93.4 61,000 11,000
“”‘1” * 26.0 91.3 82,000 14,000
‘ 3 246 916 79,000 15,000
5 25.1 90.2 85,000 16,000_—#—ﬁ
- ; 25.3 90.4 126,000 23,000
: d‘; ﬁk’”&ﬁ 93.7 o 103,000 19,000
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Fig. 76. Effect of the amount of
epchlorohydrin(ECH) used in the cross-linking
reaction % PAN of SPAN cross-linked before
polymerization. (cross-linking condition : 10g
starch, 4.3g AN, 40C, 4hr, 190ml distilled

water)
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Fig. 77. Effect of AN/starch weight ratio on %
PAN of SPAN. (cross-linked before polymerization
with 5% ECH)
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Fig. 79. Effect of  epichlorohydrin(ECH)
concentration in the cross-linking reaction on
the weight of HSPAN from hydrolysis of SPAN

cross-linked after polymerization,
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Fig. 80. Effect of epichlorohydrin concentration
in the cross-linking reaction on the absorbency
of HSPAN from hydrolysis of SPAN cross-1linked
after hydrolysis.
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Fig. 81. Changes in the water absorbency of HSPAN with

ECH concentration,
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Fig. 82, Changes in the 0.9% NaCl solution absorbency
of HSPAN with ECH concentration.
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Fig. 83. Changes in the water retention value
of HSPAN with ECH concentration (centrifuging
condition: 170G, 10min).
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Fig. 84. Changes in the water retention value
of HSPAN with ECH concentration {centrifuging
condition: 600G, 30min).
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Fig. 85, Absorption behaviour of HSPAN cross-linked after polymerization
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Fa3HA SLejEofof St=dl, olde @ 7 FAGA(FTFEF A, Az}, A=)

=)

E sl FATUAE v, @ FE5Y € 3T ok monomeri} dzely

2EHA AA, O AN dex=d 23, @ A2IPE Y L¥EE w2 5EE
#AY 2 Fol gt olF ¢3 FFY wAAE #l%*é"l %4— HE&7g ol
¥ monomer?] ARgo] TEHoIW, IR FHA S AEHOET 317] 93|

A mixing S¥o] ol du|7t a4l

3, AEA 2FTALY AzYYol:s hot-air drying ¥, drum drier& o] &%t
A2WY, castingol ¥ Axwy, FHA= AT W Fol glen, ztzte]
Holl ule} powder, flake, film, mat Hele] AEA TEF+AS A2Y 4+ glon,

Azuyol whet Az2Y ztzte] 2FsA #HF Edolx A JI¥S oA B
t},

powder FEfS] HEA TFFAL AN THANE FEFHo] 2el=E FFYF ¢
Zel2 sheRalstel YUY BEY A4 W

& HYEE FA, A}TF B4
712 B8l hot-air?} ©#E= oven Yol #A dL 4 glon, T e
wo W, HpY L ALE, F44Es} e Dho] ATk powder Wehe LIS
Ao olejgt ThAE RS 98 JlaAE =98 += ch flake Fefd] HE
A LFsAe powder FEfol npAIA R Tt F IHES =7 £ dough
28] HFEER double drum Ao & FHAAAM €& 4 dlom, ojuf drume] EH2Z
S, drun®] AT, drungt 2Fo] FRUATH BAHL flaked] B0l 2 o
¥E& A 4 olrh filw 29 ZFFAE 7R F 4 HgE F2 powder
Fefe] AFTAE AP eEE &AL ¥ Teflono g i‘%‘% Bl A casting

of o3 A2¥ 4 9lem, thAHE powder FelRT} FrE W Foedes WA|q

]
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o

B&H 2] Hef B A w¥do] 3t Aol ot wbd, AEA 1T
FAE o] &8t AZH filme] Z-$ brittledt FA0E Q3] BAe AV} glo],
PVAS} & A 4A aEZAI2} blendA]7]71% &}n], HSPAN/PVA blend filme] Z-$¢
separation membrane S 0.8 o]&XE7|% Fit}, mat el T EFA|L= powder FE]
o] AZA AFFAE YA ¥ FEoE FF FHAAR 23] A=Y 5 3l
om, 11 FZ7} open Ho| Qlo], FrLEx wlE W, F4E 2 B4y, AR
7} ofsiche whel gk mate) AR, HFAZARE  PAYY  E¥SY
freezing-thawing & wate] eI F ZAARAIA, A Edo] H
matE Az += o}

£ dFol s YA ko] W HEA AFTLAE a
FEUF oM, A, Az B E AYsta v JMeEE s 533 S
B3t FRUAE ©WHAII, B8 NeENES drun drierd 0]£3}o
Hefe] AFAE AZY ¢ A AR Pilot AJARS MUste], 1 A2FH
Z7& #yshed F3ol olr}
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A2d Pilot system®] T4

B o)A :;L 8}3Lx} 3} Pilot system& LITE T23 U JlSHajel 4
A, o437 s R W AZZTAHE 9% Drum drier® FAEY, TAUFL
ofzfe} Al

M=ol &3} \

25°Cc & ¥
AN/ AT &t

detZE S3E

A7
A58 d

2| &t

ECH &It Batch System

[D}DL?E‘Q BtS ]\
95°C
NaOH &7t

* 40°C, pH 11 ’

Drum Drier 0Ol
olgt AZX

I Flake Al X I]

Fig. 90. Procedure for preparing HSPAN by Pilot system.
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1. A%33& 213 Batch System

MEA AFsAE Axs8l7] 93 ‘“%L’gf’ﬂ*']“ AN TEHE A& aelZE
FEYUF A, o, Az AR S AgEsla viE JeREE 93 &

& A8t e E s %U}. EF AEA 2FFAY TR Y2 B
gzt Fo4s, AZEE A9 8 2ZE F3A, FEF, JheisFe
Zt A7 7}"11]:% A7rste] 712 g =AY + den, AU 12 E 33y,
7YaREE, Thtsl HEEE BT TY W RoAM 4331 A Hrh ojull, WIERE
hSE2] Eriet Al W oo 3t BETEY HAI LolstEE 817 $5]A
resin kattle WEl7} E&Holn], WAsIFel BF2 A4EoA WS LR}
7148 &S 2|3 sample W monomer?] addition port$} vent portE XIS} Q)
ofo} ¥} WEZ hsiAl HAdEE nEdY A EEE atsh] fjsiAe
super mixer BERS] @RI7IE st glojob grh ol RAE ¥ =
system SjollA zbzbe] et E ZE 3t 7tankg, Jheis) g 13 WA

& AMEE ) table 129} 2T},

Table 12. Reaction conditions of continuous method.

ZHHA 2 nh&A 7 E}
e E g3} 25T 2X] 74 M AEE 100AGU/Ce"
Z3rE ek 40T 2A] 2} pH 11

TR aurg 95°C 1~3A) 7t NaOH/nitrile 1.0~1.4

2. Drum drier?] FA4d

Drum drier: F83%}A] stainless steel drum?} geared drum motor, heater,
knife, control panel 2 A% e] glom, o]l2]of sample container$} feeding port
& xsta ot

drune Z7Zo] @5000|d, FmA.& 7 222n°0lt}. drum®] 3 AFo] drum motore}
WEs dA%o] glon, drum?] ¥ A4 %= control panelol 23] 0~10rpm7}r] 2=
Ho] 7psdlr. & Ao)A AMRH AEA IFFAQ] ARA] @FEHE drund] 3
AEEL A4TAT WNY A4 W3Bel FEQY U A4, drne] FULE,
712]3 drum?} feeding portZt ZZol &3] AREW, tiAE BIEEY SE¥El
W0 Ado] E&4E, drund] FHLEV WE4E, 223 drundt feeding portZt

=)



2ol YWEFS drund] FAL=E o Yolx|A Hrl oo HAE vehd FHol
Table 13°]c}. heaterv UIEA IFUdE FAES Qi, drumg] viFol dx]xo]
glon, drum® HEAL2EE 30~300C7A] control panel& 3] =3 7i%3in,
heating rate= 10°C/min®o|t}, A drum drierE o|&3l AEA 1EFLHE Az
g wfo] drum EHLZEE 130~150Co|H, @-75E 2E71A] heating dh=tls= 15
2 357t 48¥ct %3 knifex drum drier?] o] (4™ 3ENY Axale sl
o &3] drumoj] WatEo] 2lom, drumo] Aol ulel ARH TFFA flaked
sample container® FoJulglt}. 12|31 feeding port o= feeding port$}
drumzte] A& ZAEY 4 Q& slit A RAEI] Qo) slit A AL drum
HEHz2} 55° & ZE2 MYA dom, A43lEe] olFF screwd] s 1FHE 4 9l
7] wfEof feeding porte} drum W] ZtAE AAstA =Asy] )3 AHEHc).
AR LFFAH 7} feeding portE T8l drumo] FFEIW, slit BAZA3te] o)
drum EHA UFSHA FAH 744 F Alel& Avi ¢iA MR, drum EHE
whe} FASIHA] ARE o] flake’} Hr}. =E3F} control panelof: drum motor2}
heater, control source®} ¢1AE O] drume] FALEE 4 ¥HecE AU 4 9=
I =2E TI3IT 9.

Drum drier?] UHEFHE W ¥HEE Fig., 91~%4oA LJeh)glen, Fig. 959
4] Drum drier?] 23S LIER2lc].

Table 13. Drying conditions of HSPAN by drum drier.

Drum EHE&% Drum 3|A&HE drum Zt3
100C 0. 5rpm 1mm
130°C l1rpm 1mm
130C 0. 5rpm 2mm
150°C 1. 2rpm 1mm
150°C 0.8 2mm
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Iig. 91. Frontside projection of drum drier.
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Fig. 92. Rightside projection of drum drier.
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Fig. 93. Frontside surface of drum drier.
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Fig. 94. Rightside surface of drum drier.
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(o) (b

Fig. 95. Drum drier (a) frontside, (b) rightside.
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3. Pilot systemoll 2%} HSPAN flake?] H|Z

AN ThEEA] 2] "E}EE FEUA AN AE 8, 9, 10g BUste] A4Al 1A o)
o]3f HSPANE |23t ¥, a9 —F:% A ASIS drum drierE& o]-&3}o] flake ¥
El2] HSPANE A& v}“t} olmf, F2Y WML drumd] HALE, drum BHLE,
drum ZtZelt}. Qe drume) E_L =7h tod, agkel fEo] £8E3] A A=A %
3, 227t UF SAEE $82 ALYLE AAHA|Y, 1F4A A8 2
of &3 MgHe] 23l8 E4& WolxeA Hr}l % drund] 3 AL 5} ‘s!roml
HSPANo] Az E|o] L=t A Q%= Alzto] 2ef Aoy, zfske] 480 253 |
AHA RstA Dek drun 1A dolAl, o] Fow sigH AAL] nE 4|
AR} BAOlE WAL 717} ol 89 Ao, ztZo] YolAw, HAEE flake?] T
A7} FAY ABE drun®] HALEE ¢ W3EX op W drune] FHLEE o
Eeofgt ch gt flaked] FA7F $AN AW, F45 9 T4E5E o] BA
o Y& nX|A HEZ, 9] Mtz Uzt Zﬂé‘ Z3hol izt 37t "asich
2gBE & oA drum drierd] HAZAL drun HALEE 1rpn, drum EHEE
130C, drum ZHAL2 1mZ slgon, #HzH flake.4 E4E = Table 149} Yt}

Table 14. Absorbency of various HSPAN.

%PAN 21% 25% 28%
Powder 270 320 480

Flake 72 95 130
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AH3d A3} 2.9

1. Pilot system 748& $1% A&EF L HAZAL FUA &5 25C, AAA &
£ 100ACU/Ce™, WHEAIZF 2A1Zto|m, Z}aMbSA] % 40°C, pH 11, ¥RSAIZE 24
b, ZVEESiAl &5 95T, NaOH/nitrile E8] 1.0~1.4, 3F$A|ZF 1 ~3A| o] AT},

2. AZXE 9% drum drier: stainless steel drum, drum motor, control panel,
knife, sample container W slit ZtARAZ JFAE o glom, XA formulation

AL drum FAEE 1rpn, drum THLEE 130C, drum 7+ 1mmo}glT}.

3. Al2H flake?] F45 L %PANo| Z27184E Z71819 =4}, powder ZENL] HSPAN
of uisfM = AA YojFcl
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AN 5 & Ciefer gl MEA as+Hel M=

Ald A A

AEA FFAE ot AAAE o] &3t N ©EAE TeZE FFUARN
F PANzjo] -CN7|1E belE o] &3t} -CONHz9b -COONa® H}olF= 7heia]e
= iAo 23] A 25w, powder, flake, pellet, films r}gt Fel® AHz2H
2

AEA AEFAE filn22 AZY F-9, ARYefollA brittledt - Fo=2

B9 tAE vehdch whd, PVAE ARSAEN $£848& 2 ARE 2E
A2, $43 HEFHSYS 7 U3, 983 toughnessTol F3te] 27
o] FA| 942 thE A8} Tt EA L] F2 o|&EE tiEHQ AP ER
A, AEE o] L% thermoplastic filme] A|ZA] EHIALE 93] o] &H7|=
t}. &', molecular separation, reverse osmosis membrane Hol ©]&3}7] 2%t
HSPAN/PVA blend filme] =] zoj J{_}“J A7t 43ul glon, Turner S5&
HSPAN/PVA blend filmE& =#|23td F+A% 2L $E¢Hol wE mechanical
propertiesol tjzt AJLE 4383t v} %C} a2} PVAE o] 23t blend filme] AR
Al AEee] BA 7 oA A7 Ea glon, 53] HzAJelollA & HSPAN/PVA blend
flllll-»] U)Aoﬂ\_ﬁ 3}71]7} olt].

Epichlorohydring A&2] 7lubgo] de| o]-8¥ &= EME, e =4sloA
polysaccharide®] hydroxyl groupa}t whgsle] ZeElAd ofel2E€ FZH 4 Jrh
PVA  Egh  zxpAe]  Expafo]l  hydroxyl groupd ERIA ¥Rl %o,
epichlorohydrinz} ¥12& doZ <4 Q& Zeoezx AAztgn, uwlztr] HSPAN/PVA
blend film AR A], AHEg]o] 2]3t E2JetslE epichlorohydrinz}e] ¥Hg-& B3l 3
H& 4= 9lg Aeog 4z,

HEA 2FFAY }% B2 AHZH HSPANS AT, SRR Wi

o138 mate] JejT A= —’1'1 glom PVA2le] blendAlolls BA-AR A& A
F Este] 1 E4E YL R ,lt}. ‘
ufelx B olFollA: 1F44 HSPAN/PVA blend filmE AZRA] AJielo] 23t

B9 Q}?{]E 2 83517] 93] epichilorohydring £913to] EAE& 3AIAF| A} 8t
gdom, HzxH blend filnd] F4E, £3E, 7|AY ¥ L dFAFA iRt
epichlorohydrin®] F3}E Absl®olc}. g|al HSPANE WEA|Z71F, BAZAZR ulal
of 93] matE Azslelen, F4E @ F5ASS AwEkch olo] w2} powder,
flake, film, mat 5 ct}okst ej& X 2¥ HSPAN] BAS uwls] Rtt
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A28 HSPAN filme] Az W E4

1Az @ Ad Y

7}. HSPAN/PVA blend filme] A=

AL 208 95ColA 1A1ZF THAZF 25CTA] J2sla, AN haka] 9g
7} CAN ZRA1AI(100AGU/Ce™) & H7}3lo] 2417t 231A171 3, NaOH/nitrile En]7}
1.47} E| 25 NaOH 4-89& A 718te] 100TollAl 3A]7HEQ 7h458]8 ] powder 3
ele] HSPANS dglow, oju} A ZH SPAN W HSPANS] =42 Table 150] LIEMIY
T}. HSPAN/PVA blend film HSPANZ} PVAE 10:0~5:52] H]-&(weight to weight)&
ZB2 0] &¢1¥, epichlorohydring 0~20%71x] #7135t pH 10, 40ColA 24| 7HE
QF HE-AIZ F, castingo]l &3 Az}t

Table 15. Characterization of SPAN(HSPAN) and PVA

SPAN HSPAN  PVA
wPAN My of side Grafting frequency Absorbency of 7vwlj:;;;j;:‘r
chain (AGU/grafts) HSPAN (g/g) polymerization
25 1.5X10° 2800 3% 1500

U B4E % gIE

H4 RAY blend filng FF40l 37 UAAA 3] P2AAF 43
& NS 78 ATl §45E A40l0, ER A YEE Lo
W F TAE Hstl gz st
2

kin

SOlubllltY(%)— 7\i Z¥ film “?‘ﬂ](g)—ng'&g‘ ?_i.;:{-% film 'Elj‘}“(g) x 100

B&d 429 film FA(g)

th, 71AH g4
A2 film(30mnx8m)2] 7]A1A 22L& Minimat(Rheometric Scientific INC.)&
o] g3l &t oer, JALEEE 10m/minE 3Tt

et. 43AF
filme] WE3) A5 TGA 1000(Rheometric Scientific INC. )& o]&3}glon,

heating rate 20°C/minol| A ZFA3sleict. «32 A% DSC(TA 2910, TA Instruments,
USA)S o] &3l e, Hermetic aluminium pang ©]-&3}od heating rate 10°C/mino]

- 144 -



A FAsiolct

nf, oAl A

A zE 2471e] filmE 60°CollA 124 7H5et A2 Este] KBr& o83ty
pellet A2rsig o, 1283 scandlo] Al E3(FT-IR, M series, Midac co.,
U.S. A )4 & 3ot

2. Az 9 2%

7}. Filme] Lz
Epichlorohydrind ¥ ¥ |§714te] 42 ihgste ZelAd odE F2
JAEHEES HAHY 4 g EAolrt. 53 HEI} TE polysaccharideo] =
hydroxy groupo] ZH-3}A &x|35}7] wjiol epichlorohydrinz}e] ub-Z-of 2]3] Z&
A olel 28 Ay 4 9lo], epichlorohydrino] A& 7tantgel de] ol &=
otk ERE PVAE xpAje] EXlof hydroxyl groupE FESIA ©RBEAL Qlef,
epichlorohydrin®} ¥12¢& oz 4 glonm, 1 FRE= Fig, 962 o] Lepd 4
oltt. ojuf, (11)2} (IV)¥E epichlorohydrin}e] ¥k-go] z}z} QI3 AEFH FHLS
PVA 3] Alojoll A aoji} 7talrh 8A45E ZF-fola, (111 B¢ HEF%) PVA
ZH wE3-o) 943“ 7tazh HAdsElE BSolch 53] (111)2] Z-¢ flexible¥t PVAS}
2 dAshy] uiEo ZEelol %

brittledt AE-S dxpaol stsbAgte] o3|
Ed 435 %Erf%-! Rog AztErt () (V)= mediunl® AMREH B2 o] Y
S AS dojd 4 o= wkgolr}
Starch Starch PVA PVA
OH ol
I
on 0~ CHT-J)H*CHTO~ OH - CHy-CH-CHa-O- on
' 1

| - O-CHz CH-CHz-0- o

HOCHzCH -CH; O 0O-CHz-CH-CH:OH

I | M1 IV v

Fig. 96. Structures formed by the reaction with epichlorohydrin.
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Fig. 970)A= Al2¥® SPAN(Starch-g-PAN) %! HSPAN(hydrolyzed Starch-g-PAN)
powder?] FT-IR spectra® UFERUgit). (a)2] SPANS] 79 2246cm'ofjA] -CN72] &
3 peak& UEhZ glom, AUe]§ o]L§ shEsl 2pFollA] -CNZ] 7t -CONHp9}
-COONa® d}7]HA] 2246cm-12] peak2 A}E}A]3L -CONHz9} -COONa7]8] EBEA peak?!
1670cm”, 1569cm”, 1407cm’o)l A peako] UERIZL Q& A& (b)oA g 4 9l
t}. E3} 1153cm 8] peakS glycosidic bridge C-0-C stretchingol] 2}t peak &2
ot A Qlrh. Fig., 980l ML 0~20%7}2] epichlorohydrin® g 7} ¥h-8¥ HSPAN/PVA
blend film(HSPAN:PVA = 8:2)%] IR spectraZ UERN: ¢l&=tl], epichlorohydring]
gtako] Z71qto)l ulz} glycosidic linkageE UERJ = 1153cm™ 2] peak?] intensity
7 A e Frtsta e A& A 4 9lrt. o]& epichilorohydrinzte] yt
&Al Fig. 969] 11, 111, Iv3} & F2Z stankgo] dojyut3-g& 2jnmjgict.

2246 (a)

Transmittance(%)

‘140 == 1569
1153

PSR TR NN RN R U T R
500 1000 1500 2000 2500 3000 3500 4000

Wave Number (cm-1)

Fig. 97. IR spectra of (a) SPAN and (b) HSPAN powder.
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1 1 a1 i 1 L 1 'V | 1 L L
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Fig, 98. IR spectra of HSPAN/PVA blend films(HSPAN

PVA = 8 @ 2) crosslinked with epichlorohydrin : (a) 0%, (b)
5%, (¢) 10%, (d) 20%.
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U} F4e 9 g3l

A|z¥H  HSPAN/PVA  blend film®] F$EE Fig. 990 vehligon,
epichlorohydriney 23] 7}agl f11m4 F4+EE Fig. 1000] ehfgdct o)A
ol ulel Zo] blend film®] F4E= PVA §aro] Z7l5te] ulelt 2F44 A8

w0 ‘o
ol HSPANS] ¥ako] Zo]Go] F4 _‘T:E z.} stolom, Zlaa] ghare] Zotel ulel &
257t AA B4 Q= AL o

+ gtk EF F4Est o 320u) 7hael HSPAN
powderol ]3], filmo = zﬂzfs} % B 7taA7h A7 A 9 HSPAN filme) 7
FAE FFEZH TSR A Bashe g HAY £ Ak

ER filn®] £3=&= Fig. 101»1l Fig. 1020 2ztz} Uehlgled, &3l oA
|3ld 4FQ PVA ¥ato] F71%te] wiel AA F718ts AEYS Holx oo PvA
7t 3R] Q42 HSPAN film®] Zol= Aake] &3l4d o] &alxlo] 22 o
|3 =& Holi gltt. EF Fig. 10204 = 7laA] gedo] F713te] ulel Rzt
243t AYE RAFI Qleul, PVA $3to] ME4E LI o IA Pas)
™, epichlorohydrin®] &}o] 204 7t A AE B AY vt LIEE Ko
3 oledl, ol Fig. 969 ¥hg (111} (IV)ell o3 of W o] PuAZ} R3)E] A
il ot a7 wjiEd Ao *2!7—1‘%4;}.
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Fig. 99. Absorbency of HSPAN/PVA blend films

as a function of PVA content.
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Fig. 100. Absorbency of HSPAN /PVA blend films
as a function of ECH content.
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Fig. 101. Solubility of HSPAN/PVA blend films
as a function of PVA content.
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Fig. 102. Solubility of HSPAN /PVA blend films
as a function of ECH content.

- 160 -



ch ZIA 43 4

A ZH blend film?) tensile test A2}= Fig, 1032} Fig. 1040 Llehjgict.
Fig. 105014 Kol ule} o], PVA2}2] blend filmo] HSPANRIO.Z wHEo|Z film
o 8|3} breakingoll 42| strength®} straino] 2F 4% HAog Uelytch wid,
blend film2 PVA filmo} M¥}3] strength®} straino} A 5}A4 utgtrl, EIF pPvA &
ol F71gtell et straind 4% F7istelen, ol ule} tensile modulus= 7t
S ZA8rS e itt. HbE, Fig, 10404 Kol ule}l Zo] epichlorohydrin
oro] Z7}%tol uwlz} blend film?] strength®} straine] Z716l= A& Q3 4
It} o]x= Fig. 96&] wr-& (II11)3} 2L epichlorohydrinz}te] ut-Lof 23} brittle
gt HSPANZ} PVA Zte] el ol A= FEHAZES on|3tct. el 20%2)
epichlorohydrinoil 2]3§ 7}a¥ PVA film®] breaking elongationo] 34%¢l A2} ujm
ShH, blend filme] 72 A3 W3] W2 & Reoji gith

0.

o

ko

O

Table 16. Properties of HSPAN/PVA blend films(ECH 0%).

A(Eomrl:)o”sit;x'oril’ Thxckness - MSN‘;e—r;g—t—h Elongation | Modulus | Absorbency |Solubility
(HSPAN/PVA) | (mm) (MPa) (%) (MWPa) | (g/g) (%)
©100:0 )0.10240.001| 12.47 | 194 | 641.46 | 175 6.72
90:10  [0.101+0.002| 25.79 4.44 | 584.81 | 155 17.65
©80:20  |0.073+0.002| 31.65 5.72 | 553.77 | 149 19. 42
 70:30 [0.07500.006| 28.93 | 6.49 | 44582 | 138 26.29
60:40  [0.064+0,006] 29, gq_wa.zz 364.27 | 129 29.11
50:50  |0.0780.004| 27.56 | 10.62 | 259.63 92 37.72
T 0:100  |0.0820.005| 39.48 | 63.44 | 62.23 ] -
U SR SRV S R

Table 17. Propertics of HSPAN/PVA blend films(HSPAN:PVA=7:3).

ECH content| Thickness urs‘tixv”eungzmﬂElongation Modulus | Absorbency | Solubility
() (m) | k) | 0 | oPa) | (ee) (%)

0 0.075+0.006| 28.93 | 6.49 | 445.82 | 138 26.29
5 |0.074%0.002| 33.74 | 7.56 | 446.29 | 117 20,99
10 |0.085*0.011| 3475 | 9.91 350.65 | 75 17.20

20 |0.075+0.004| 35.06 | 10.49 | 334.22 55 14.63

30 |0.074+0.007| 35.78 | 13.37 | 267.61 38 11.25
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Fig. 103. Results of tensile test of
HSPAN/PVA blend films as a function of
PVA content(ECH %)
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Fig. 104. Results of tensile test of
HSPAN/PVA blend films as a function of
ECH content(HSPAN:PVA=7:3)
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gt dEs W dHAT &4

Blend film2] DSColj 2]¥t @A AL Fig. 1053} Fig. 1060] ztz} vehjgict.
Fig, 1050]|A] Bo]i= v}e} Zro], HSPANS 32°C2} 128, PVAL: 49°Ce} 190°ColA zb
Z} F 719 $92 endothermic peako] L}EN}IL it} epichlorohydrin 3tgko] 0%<Ql
blend film(HSPAN:PVA=7:3)2%] -9, HSPANo 2]t 128 H-2olAl2] broaddt
endothermic peakz} PVAo] £]%F 49°C2} 190°CollA 8] endothermic peako] LIEL}IZ
it}

Wb, Fig, 10604 RHol: }94 o] epichlorchydrin®] ¢o] J71go] ufal 2zt
7t2] 128°C 8] peako] w2 ZEZHOEF o|F3al A= A& HAY 4 2lenm, 190T
ol A 2] peako] AlEjA|GL Q= % #eldt 4= ¢lrl. &, epichlorohydring] ¥telo)
F 713kl whel, HSPANZ} PVAS] F+2ZolA peako] viehitar glch. o] HSPANZ}
PVAZto}| epichlorohydrinofl 2]§F 7}uwtg-2] AT compatibility”} F713F AR
oAt I TGA 243 A&sl 4 Z3}, blend filmolA PVA Fgo] &4
£, epichlorohydrin®| #aro] WELE AFsl= HAAS dolxten, o|& Fig.
1079} Fig. 1080l & 4 git},

-— BEndothermic Heat Flow
/
/ ;/ 4 /

o 1o ® o
Temperature (°C)

Fig. 105. DSC thermograms of HSPAN/PVA
blend films(epichlorchydrin @ 0%6).
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Fig. 106. DSC thermograms of HSPAN/PVA blend films
(HSPAN:PVA = 7:3).
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Fig. 107. TGA thermograms of HSPAN/ PVA
blend f{ilms (epichlorohydrin 09%).
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Fig. 108. TGA thermograms of HSPAN/ PVA
blend films(HSPAN:PVA = 82).
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#|33 HSPAN mat®] Az @ B4

1Az g Ay ¥y

7}. HSPAN 9! 7Ll HSPANS] A%

S AE 2088 95ColA 1417 THANF 25T7Ex] FZs1, AN whaka) 8,
9g, 10g3} CAN Z|A]=|(100AGU/Ce™ )& H7}sled 2X12¢ 29A|A 2zt 21, 25, 28%2)
#PANS ZH= SPANS A|23}ed o, NaOH/nitrile BH|7} 1,47} 5] =2 NaOH =&
< A8t 100Col A 34 2HEqt 7HpE3l3te] powder Fefe] HSPANE & 2lct. 7}
ZAE HSPANZ 29t Z Q¥ whHo® SPANE AR F pH 1104 0~10%2
epichlorohydring 715} 24| 7HEl 7FaRbe- A|Z1E o 7)ol NaOH/nitrile 2|
1.48] <#e|E Hrste] d43 07 7l d HSPANS ARE T 4, st A
23}l

U 5ZAR 2 patd] AF

2ol AHZH z}zte] HSPAN W 7}i2¥ HSPAN powderE 5% 52 YWRA|71F 80T
oAl 7 FFPHA 1~2X 25t 2ukAA =gt FUSIA WEH HSPANG -60°TCol
Al ZF5A AF F 30CoA SAARINE o] L5l mat FEfQ] HSPANS A 2314
1= 3

th 4% L F4AF

A ZH HSPAN mate] F4E& AFY] A2E FF4ol 308 AAF, g siol
oete] EHsIgon, F4ASE Demand wettabilityS o]-g3tel Zgstaich
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2. A3 4 24
7t FTR

A ZH HSPAN mate] F4EE Fig. 1093} Fig. 1100] UENRSICE Fig. 1090 A
ZHA AFEH AN o)l ulel, F4S71 160ufo] A 2308 R ZI1Ble AL FAg
2 9lom, Fig. 1100A 7}ala] gako] 1 ~10%712] Z7}3kol wlha} 180ufollA] 160}
2 FrE Aathe ARE AW 4 Qv HSPAN mat®] Z-$ %PANS] Z7}3te)
whel Apad ol F1517] wlEel F4E7t Z718HAT, open® FE)Y] FRE
Zk3 Ql7] whEol powder FeENS] HSPANO] 8] FF=7 AA F78IAE o= e
2 AAAN, 7taA Ertgel wietNE FHErt 3A AL E = e o
Azt

U Fes=

HSPAN mat?] demand wettabilityo] &J3] &A™ F4+ASE Fig. 1118} Fig, 112
ol 4 LIeEfUiglETl, powder 3ERL] HSPANo| H]S] %PANo| TiA Z7}13l=vlm B 3o
Ested £48%8 = A 27 67, 8E, 1582F o #etoen, 27 F44s
EZ %PANo] 28%Q1 HSPAN mat”’} © A Uehts ZRE Rolx gl tiy=
powder FENS] HSPANS| 7% 4+EF47} EHAAMFE dojuA Hi=d], «PaNo] &
< SPANC.ZRE A2 HSPANS 7.9, X7] oM FEFo o3 o] A
Fol B4, UWKFZ7A] 2ol F4EH7] fsiME 5‘—“"«] ASE& 72 st
ofofrt ghrh, T2 ER %PANO] &> SPANolA A Z¥ 48 By o 4_%3'}": A&
A|AE A Aok e mat FE)Q] B9, UM AFT 5}91‘ Zol F271 openH ¥
12 5= IS A o 'IH*E"“‘)ﬂ Rz +E8F U Hato] powderP el e} v & 8|3}
o, A dEol UE TE F5e o wE Ao AL ol wiaf stz
A gerol uhE %*71% Fig. 1120] Uehligli=d], 7taA] ko] F7iste] wjel
FTrEE7t &3 FUAR, A AlolE Rolx& dth

ol4te] AjolA powder, mat, film, flake FEeje] HSPANS Ztzb wims] & 4 ol
=, 4 F55 FWoME powder FEfZt M Fedidon), oo chgo®
mat, film, flake?] o|qlctt. F+Ex FHME mat7t 71 43190,
powder, flake, film®] o, H4H EdoM: filmo] 7}A L43t9z, 2
t}-&o] flake, powder, mat $=C8 VLIE}WT} Fig. 1130]A% zhzhe] 3eje] HSPAN
o Wepg wolZw gt
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Fig. 109. Absorbency of HSPAN mat as a function
of AN contents
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Fig. 110. Absorbency of HSPAN mat as a function
of ECH contents
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Fig. 113. Various types of HSPAN ; (a) powder, (b) film, (c) mat, (d) flake
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A4d A3 29

1. 318423 HSPAN/PVA blend film MZA] PVA §teto] Z/leI4E &ad Aol
Hasing Foel ZAsigitl. E3 ECH 3ako] 271845 Jlao] 93 4571

2. blend film?] &3l% FHOJME PVA U&o] FIIU4TF £8244 Hiol F71319
37t F71she whd, ECH o] F7kshd HSPANZE PVAZ whgol ]3] =873
ol Hastng gire Z4stadrt

3. 71AIAQ HAe] Zwofla], HSPAN filmol H|3) blend filme] PVAS] ¥sko] =7}
Y45 strength®} elongationo] Z71stE B3r& Koo, ECHol &% 7taub-gol
2]5)| blend film?] strength®} elongationo] t] k% E](ﬂt:]-

4, DSColl 2]3] HSPAN film& 32°C#} 128°C, PVA filn 49C9} 190ColA zzt F¢
endothermic peak-2 R.%2m, blend filmolA PVA §tako] Z71&48 71zt o] 79)
endothermic peako] vl & s|zict, whd, ECH 3taro] Z71&tol ula} 128 CLF 190C
AteloflAl endothermic  peako] UERbE A& HA¥Y 4 lgith o=
epichlorchydrinz}2] ¥t-g-of ¢}l HSPANZ} PVAZH compatibility7} kAl 5lal 7] ul &
olth. gt TGAZ} blend filme] 7haol os) d@sizt Bd o m8xl&= 28 &
A 4 St

5. HSPAN mat®] F4Ei wPANo] Z71EH4E Z7leln, EoHel el Z7lu4E
aste 2A%E RolAwh, powder Welol uls) 2A Z74SHAL ZasixE kel

6. HSPAN mat¥ open® LZE 71x| 7 9l7] wfjFo| powder FEefe] HSPANoO] H|3)
wpNo] 4%} E7hel whel BA4Es Frtslgon, KCH Yakel Erkehd Bk
27} F7stAR, AA FAskAE skl

Mas) NE, S B4 &
2% mat, film, flake?] o]
o1y, powder, flake, film?] %=

1 th&o] flake, powder, mat

7. powder, mat, film, flake ¥ Ee}2] HSPANE z2}z}
Holl A= powder HEef7} A 948tglon, 2t}
L) Fgel AN mit Y $45I
olm, Mol FHoe filmo] 71 43141
o2 yetyict
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ez MEA as+Mel dEHY A =F A

AFFAE ol HA U e LEARA 2A FZ Aol A ) o]
3 FHRTE oL, 53] st e Reyo] et FH A, RN
Tl & o PEeAA, AEReAA W ARAR Us o Slon, A2 &5
U AEE A A2 218, Ry Bof ARt 22 s @ Al

L AgakAjaiel 22 3L W AHAA T4 oko] AREE AL lch

°o|F AFTHE g EY EFAR L&Al AEY BRE FHUAII
sl e AHAA FFPLeRE Agsfof s, 1 B E YT Fols EUY
Edo] HEE AN E gxn, Y §IE Fol7] S8 BENEL

ole} & 4 <lrl.

A drgow AR e 2FFAE GEFAA
’r‘xlﬁl —L\:a"l Z““-/] oTo'“l\: }{l%{ﬂ'-"/] J‘I]Ok i

Fol= FalElA] dn g EAMd el =
oisl AEsiAEE ZbA ) gl ZAE oFIAANAl U AEFFE A
NARLH FAFAA LEFAG HE MEZA AR 3=, FdEARY
E{ UV UolEE o83 1 FFY A Fol slont, AEZEAA IFFAY
ol A F4do] "Hojxa HAEHY I wU LR ALE3IIodE 7
o A HExct uapy &t ot

A oo AnkEel HEA DFLAHE PAN et E] 9 PANETHSSA
o] F¥ukal wPANe] 50%E5Ql A Fole] oladTUEY FFH PLES dHY=R
A slo] TpLEHL) UEYIE FEEAYC|E 4 JjEEAnfe|=7](2: )R 7}
FRNA A Azt 0] FFHS FrEE of 400gE/gAE BEoltlh. o] AFTA
L AR Eo] MR elE 5098 =2 PANS AMEIE ] ot=r}

AEH 7L st AEA LFESAE ol 8T TAA, 7AIF, FAA T FFE
Fol oA oyt AEA nFA A AEIMES FAANFIE dFE nulst
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aYuRg B Aoy, FE4A yEel v ARA AFFA
o] ul wigglotef] ¥ FE3| HPE 38l AENEE
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A ZH HSPAN-Z o| &3t Eofofife] ritolg APE Fote, ’é?‘ﬂ
dE& A Bolrh

o2

1™ AfEeAER
e HgA EF

o
o2
o o

>

o

LHI.;
A

Eﬂ—f

;ori

g_iri

o]
it
o2

O?,, l"J

2} 3
ofl 2]

LU
5L

%ﬂw

- 163 -



A2d A8 A8

LAz 9 Ay Wy

7}. HSPAN %! 7}al¥) HSPANS] A=z

5% AE slurryE AT F3lollA 85~95CE 1A]7F T3 A]7] ¥ 25C 8 QJz}s)
of ThA] ANS H7ISt Aitol] ¢l CANE LS ARAE ARgSle] 24)7F HkgAIZT
ARAY] BT 100 AGU/Ce™ 2.8 stgom, whed ol ake] NaOHS 7}sted 1.0~1.4
¢} NaOH/nitrileZ] BH]E 95~100TolA @utsty JpEEsjA ATt 7123 948
T ALY &S A5l mixer® B3 F of3sigir). thA] migkeE 23]
Al, olz}ste] 60C F QBN Azsloirt. 7hi® HSPANY AL, F§whe

pHE 118 ZA3l3 epichlorohydring 0~10% 718k H7lste] 2A) 7t wbg AlglF 7}
23 AlZed, o]¥o FAL FYUsitl

A
T
:_?‘_.

L}, Hydrolyzed poly acrylonitrile (SYN-HPAN)®] §4d

Sorensen & WMol 2lslel 47 Wgme] WA, WAEAW, W2, L&A
5E AA3laL, 22mle] ANol 40TolA ubsln] potassium persul fate-£24(0. 3g
potassium persulfate + 10ml Z/F)& 71 18 7v 2uvstedcr. 3el3 sodiun
bisulfite-§2)(0.5g sodium bisulfite + 10nl 7)< 7I8te] 3x]7F 9k Al Z T}
S F ZUES MBI R $ASto 2.12] Wbl st sps) st

Tl F%ol§ o]&F MES Ay

ASTM G 21-700] LEIG vl & 2-83}o] njoto) © 8 = (Czapek Dox brothE Apg-
stolen, I 2/ Table 1500 vehigich A¥e] AH&H F3L Aspergillus
niger(ATCC 9642), Chaetomium globosum(ATCC 6205), Penicillium funiculosum
(ATCC 11797) W Pulluaia pullulans(ATCC 9348)8 RB%F 4% o] FZ7} AL&E qr)
300ml EejAFol HE, HSPAN(%PAN=50), HSPAN(%¥PAN=25) ™ SYN -HPANS z}z} o}
0.52g& wieye) 150mlefl M 7pstadvt. Zzte] EelA3E autoclaveo]A| 121°C, 158
7t ddstglon F32) spored 1048 ZAsI HES}T 28~30C2] wjorzlolA
653 w3t AR TR ZetAIE Aol 10000rpmofl A 1A)ZH Al R 2] 5o
BEAE AAY F ol& SR FASIAL THA 20000rpn O 2 1587 A E 2]}
grt. dojd A2 & thi HEEE A, 3ste] 60C WFL o)A Azsct,

k. dtejglotd o] &3 AR A¥

AFFAE FRF WEAY F ALolM B, & AFLF weheloto] &
H¥ FAHE 100ml LB Brotholl A HE§ ¥ 30Co|A A& wjgE HojRHo g
HEstct T FF Ao U RS VAt oM, agar plateo] spreading
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St 37°ColA 24A12 wj¥gt A Al F FF/ colony”t HAE Q). Zhzhe)
colonyE wlo] 10ml LB brothol] A &Ed}3n njorsled, Inoculum® & ANR3}Qc,
Carbon free-CD(Czupek Dox) Broth(200ml)of HSPAN S1E&<(2g)E o] 3155t
WAL autoclavedtiy, nlg] EetA o] Yol%E magnetic bar®E stirringdled
AFFAE FIF FAANFHL ZEFAY AN EEF(40wts,  45wtw,  50wt) )
ECH(3%, 5%, 10%)%tafoll wia} zbzt wjz|& wkE 3, (+)control® CD-brothE AR}
9131, (-) contorl &3 Carbon-free-CD broth& A}23lgtt. ol&E water bath(3
0C)ollA]  shakingstm] njerstel 24A17F whel 2 whwiders ZHsiolct whid 3
2roll= Lowry MethodE A}&31 o, &4 ujx] @ controloA] 2ml%] 2|3}
N NaOH 2mlo] W3 20870 Jol MR WA FIstel Aasilon, 7zt
brothe] tidt &A1& Table 163} 2zl

Table 18. Formulation of the culture medium (ingredient per liter)

NaNOe - B 30 g
KaHPOy 10 g
MgS0O4 - 7TH0 05 g
Kl 05 g
FeSOs - 110 10.0 mg
Sucrose 300 g
_Distilled water 1.0 L

Table 19. C()mpoxmon of each broths

“CD broth  C & N free broth

Components HSPAN-broth
oo Wy control (7)) control e
Sucrose 30g - 10g
Sodium nitrate 3.0g - 3.0g

Magnesium sulphate 0.5g 06 g 0.5g
Potassium chloride 0.5g 05 g 0.5g

Piptassun brdogen 100 me L0g
Ferrous sulphate 0.01g 300 ¢ 0.01g

Dlsullul watLr(pII 7) ~1000ml - 10 L 1000ml

2t EoF uf &slid ot
AFrAE ‘11‘ 600m3] 7‘°li ool &0l 1257 WA stglen dF7|dnirt F
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Q- éﬁoi AAH A Ate] amylose?} amyloseo] a-1,6-
d amylopectin®. & o]FolA] glc}, o]zt AEL AEA 7}
g BEA AR BAZA WE ulABE| o st EA anyl
Thal 3l o] amylase: A a-, f-¥-S FEY 4 glon
a -amylase= HEE o|8&3l= WL n|PE E3| Bacillus, Pseudomonas, Clostidi
um, Aspergillus & GollAl wo| WAMCI Ftr}. ®3t B-amylaset « -amylase
2% Aol 2HgstH L ¥/do] olxm Bacillus, Pseudomonas, Rhizopus € Sol
A Ak gl
2 AHolMY Y AEA 2FFAE AL S natrixZ JIEE ChE a8a 2
Holl nlste] ARl && Rolzg} Oﬂll"‘c}ﬂt}. JgRg2 3 F3EE iz}
AEA B-e] FHolo] iyt Ay of 25 AMEEE 4% FYolE
gt o AR, 7IE WHLoE P JFSA (%PAN=50) 9 WS % PAN
Zte SLFFA(%PAN=25) W PANG 7hpE3lsto] dojxl SYN-HPAN o] R3ajdg B]
stolrh. F¥ole AXRsAA FAAd Za 58 FAHsHA "ot 28Rz
7t BARIA = o]y FALER Qlsle] ujx] ¢te] EBRE(turbidity)7} 3-7}?5}7“
gl Fig. 1142 &3} 2542 (%50, %25 PAN), SYN-HPANo| Z-Ho]E 4 Z3s}o
652wyt I FAko] HELE uehd Zlojth. Fo]l FEFE o 3-4¢ o] F R
ajegeje] Ao] Efsial= @ate]l ueiutom of 134 olFRE FApAel Eaiy}
Uehths 2& BAdE 4 dolch 63 wly Fole RE Ao FAAIY 37 RS
Aol A WM A& & 4 AUdom ol EFHolo Exlo] 23 Mwistal A7ty
T E3F & A dudd o Hyhix|e Edo] TS d4H 0T EuEly
3UZ vl F o] Hute) shedl Zb7h AR, TF4R(%PAN=50, 25), SYN-HPANS
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control sample inoculated sample

o HSPAN.
(96PAN=50)

Fig. 114. Photographs of the fungal growth on starch, HSPAN,
SYN-HPAN after 6weeks incubation,
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Fig. 1152 ZtZ}8] AJ85& 657 vigd o vid¥e] EaiA€AAE Aol u}
E BAZAER VERD Rojtt. AL, 2EFE5A(%PAN=50, 25), SYN-HPANo] BF B
A7} Zaste 33E vehla sl 53] A& F-foles 2F~4F Alo] 34
T RA ZAE UEh 65Fo= of 94xo] FA 7@.““*—% el olch 1E4A) e
5ol 1€ WHo R T IFLA (%PAN 23 ~45 Atolol] FAZ A
arsE L}E}LH:L QLGL F | oF 70x7tA|e] F H..@L 7} Vtetytth 25%PANSE 7hE )
slo] Yt AFALY Feels &Y AFFAELL 2F~ 4F Alolol= FA
A&o] ol AA Vieal et 28y 65 Folle o oF 70%2] FA HAE
el #EF FA Z4AEE AL vlsestAl UElutth SYN-HPANS] 7 Lol 6F
o) 16%2] FA o] et

Fig. 116+ &3l 1}% ajefee] pHel WEE viehd Zolct., FHo] FFH
Fqe] pHi 7822 F48& YEhd2ch control?d] A g8 ZH-$ 65olx & Mgl
o] pH= & TBEE %116}9104 0|7t FEH ANREY Z ol 2IedEe F
‘golglont AlZtell whet HA pHrt 74ste] 65 Folle pHrl o 2~3FEE AMg 3}
¥ o] Ueikton zhzte] Alg ztols & Ao|rt UehR] ¢lgitt o]s E%
ol 7} wjehfjoll ] ARSI A sh= Falgol] 23 pHe Wl AzZbHc), o)y
T ANER Alued BENY 7HsEE ddds Aot

- o nﬁ‘.
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Fig. 115. Changes in the weight loss of starch,
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HSPAN, SYN-HPAN with incubation time.
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Fig. 116. Change in the pH of culture medium with
O:

incubation time (A:

Time (weeks)

control,
HSPAN(%PAN=50), [1: HSPAN(%PAN=25), Ml: SYN-HPAN)
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SYN-HPANZ: PANS 7Hr sl & THE 011]“] ol Tl F& FIEHA | EL}
FIE B A|olul=7} M}, Gosavi 52 SYN-HPANE N-free ujokoiofja] njal Zof
ojs #BWA|FA A SYN-HPANO] Z|tj 53/‘77}11 & Bt 3 Lenze ¥
2t7b Esl"ekd Eatae] Z4vh dojuin ol st $8% E8le) parameterr}
Hrpal steict & Aol = 657k uiAlo] SIN- HPANS oF 16%2] A 7Ztako] gl
5, WY F W AR wigele) pHel WEHE B ) SIN-HPANY] UR7} Eaps)
A& 7He8 & oY 4 ook ZLeluh SN-HPANG] ExlR g EA s A nj$
Y ET BEE ZH3lo] o] uALst2Al AT} Fig 1172 SYN-HPANG 637
MGAS o] B2 HIE veld ot F%o] HEI Fo FFAKC A
=71 Wolxle B¥ol Uriktom ol2jgt A2 Hol SYN-HPANS] d£7 AE|F
A& Thedel A E A" 4 dddch EI o] HSPANUE] Zl4+E&¥ graft
PANZYS] R = AEE + 9= 7HesdS dulsirls ol 3t BYUEEE R
o HMELE FUishe Aol UElWton, o1y Azts o] Mg?, Fe?
1 K o]2Lo] Ex|3I2E SYN-HPANS] C00-7]E a8} screening effectu]Fo]
eh Bzsim gole] sE7t HNYSE iAo Mg?, Fe? B K o] 252 wEL
Zashe &7 7] o Eoll screening effect®™ ZhAsle] Uehhs= @Atolel 4zt
"l
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Fig. 117, Reduced viscosity of SYN-HPAN.
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Fig. 1183} Table 202 25% SPANE 7R85l €2 J1FEFAE 459 TWo|E
212y HF3IAL ol F 677 wigsto] phet BA A4S W HAPHIE Uehd Ao
th BA 248 Aspergillus niger) Penicillum funicuosumPPulluaia pullulans)
Chaetomium globosum 22 L}E} O pHe] W3l Chaetomium globosunZ 2] 3}
e 2~ ESR AV EE = ARE Vehla it

Table 20. Effect of the innoculation on the weight loss and pH of culture
medium of HSPAN (%PAN=25)

penicillium . . Pulluaia chaetomium
. Aspergillus niger
funiculosum pullulans globosum
nitial
ha 0.520 0520 0520 0520
weight(g)
final
) 0.097 0.093 0215 0.424
weight (g)
% degraded ~81 ~82 ~59 ~18
initial
7.14 7.28 7.01 761
pH
final
3.76 293 415 6.87
pH
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penicillium funiculosum Aspergillus g&iggrl ]

f—

Pullyaia pullulans chaetomium __ globosum

Fig. 118. Photographs of the fungal growth on HSPAN
%PAN=25) after 6weeks incubation.
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Fig. 119. Standard curve of Albumin by Lowry assay.
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Fig. 120. Protein content of each broths as a function
of AN contents
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Tig. 122, Changes in the weight loss of HSPAN (%
PAN=50, 25) during soil burial.
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Y42 AMEE MieTE AL F2G ¥ BES Yol 72 AHFolM FF2 HA
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2. Azt 4o 3%

7t 29 4= A¥

Bk Ry RS AYshe Az o ZixelA|vt O F B 43,
Eoke] YAHER So] 7bg AA ALyl ¢ 4 vk Yok £ APoME 2
FE4AE EQol L&Y wl Ryedat R4S BNE ot flste] dubrlet
EAREEA ol 259 EQE AMgslo Adystdon Zzte] EYS =M
o] 2 A3}E table 219 Vel

olr

L2

Table 21. YukAl 9} FEAY] JE A A3

4 7 (mm) FHA BFAH%) A WAL (%)
1.13% silt
~0.074 05 0.5% silt 2.58 oS

1.46% clay
0.074~0.105 143 2.29
0.105~0.25 10.43 99.5% sand 9868
0.25~0.425 87.67 13.40

05.69% sand
0.425~0.84 16.82
0.84~2 791
2~4.76 26,59

476~ 1.73 1.73% gravel

A

Fig, 1248 duix}e}l EFAbo] B2 RAE J7|EL2E 3l AFFAE 0, 0.1,
0.02, 0.04, 0.08, 0.1, 0.2, 0.3 & 0.4% &35l FFA4-E &Hsl 1 Mg
Ueld Zlojth (a)e dural, (b)E EFAL] Z9E uUehided, A4 2F4A
o] Hrlako] F71ATE AL HashE AYE Yehla gt Y F4AS
o] ZtAL 0.1xo|ufelld F73] dojuitt. kit EFEAME vy of Il
BEAZE QUARRTE B4A40) ek2ujd ol aFeA e HIlge] F1dESsSF A
AR} ke ZHA Elgdch ey Qukatel F9oll X7lefl 1.7401X 107 1.8200¥
10° EZA1e] Aol 3.5974X 107 — 1.3600X 10°8 HI}sled Yrjgos H4A
o] W& EFEAle] A o Fit E ZoE Ueluth MillersE AEZA 2F+AE
3% B Eysle] EYRS FIE dotugki=u] 3% Eoko] 2zt Aoyt A
E vehiglon 53] d R4 a3} "ojxj: AH EoFQ sagehill sandollA{2] &
7t 78 23 2o g Jelgon, ogjdt Az Fig. 1243 FAISICH
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Fig. 124. Changes in the coefficient of hydrolicconductivity with HSPAN
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Table 22. L&A A8 %

wt (%) 0 0.01 0.02 0.04 0.08 0.1 0.2 0.3 0.4

dnta}
0.10 0.19 0.38 0.76 0.95 1.90 2.86 3.81
(kg)
FEA]
(kg) 0.08 0.15 0.30 0.60 0.75 1.51 2.26 3.01
g

b Eohy B4y
Fig. 1252 300g2] ¥ 0, 0.05, 0.1, 0.3, 0.5 U 0.7%8] 2Z4AE 75}
of 500nl B 7tsto] Alzte] THE nAEE WG ZAst] Lehd Aolch Wi
AP} EEAL BE Algte] A3beel wel made zasts Aake Uehich
control A|R8] A% B 7Rt ¥, Uil ASE 109, FZ2AR AE 8UA
57} AU sgelo] 00l AAY TFPAL Brho) FAUSS Ehlsl B2
Bgstz gl Aol Z7istdon] ERAo] thstel 0,054 LFLAE AsbL
W AR AeE 149, Qukabe 73 e o] FEAE AHgstolE
Eohlle] B4 Bl 98e o 4 Atk EY 0.5%04e] DF4HE ALY o)
o 20000] A3 Polm HEA Hgol4 WMIE w0goldel BE Fashn
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fagol Lekton 27b9 Ruli Alge] Aol wel Bx 2AssE skt 0.3x0]
ol thi Qa2 EHEolrlx] g Aol Uthdth Ouchi B AE, &
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Fig. 125. Changes in the water retention in soil with time
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Fig. 126. Water retention value of standard sand containing 0.5% HSPAN
as a function of (a) AN contents, (b) ECH contents.
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H4d 23 8¢

1. A&} HSPAN(%PANo| Z}z} 25%, 50%) W SYN-PANo]| 4%2] Zo|E HE3}H 63
Zb ot A4z AEI aFsAHdNE FEFNYE I¥elrt AL ARsATL,
SYN-PANS M &= 5 o] F-2e] A3str] Alxtsiolct. E¥ 65 wigF Aol 9%, L
F4A| 7} T0%(%PAN=25%)0] 1, SYN-PANS 16%2] FAARE Ro AEA LF+3 2
BE3 M3 & HAd” 4 ATt

2. welelotoll o AESA AE2 Lowry methodol 7]Z3}te] Rejejo}f M whd
A e FYFor BAste £RPFFon, FFA brothels FFH T
gare vhagdy) Aagdo] BE AFH (+) controlell v HUx|RE, () control
of HlslAE WES] Eokrh I AN Hrige] WESF, staA gPol SUSSH
chag ke Hglov, F=gd Aol §lalrh

3, #%PANo| z}z} 25%9} 50%Ql SPANollA |2 HSPANe] iyt Eohi Fsiid2 d%
A7 AT BA BE&S 3t FPstgden, 12571R] 25%Q1 HSPANS 24.7%,
50%Q] HSPANQ! 11,3%8] RAZREE Kol HERFO] L &4&E EY 380 #
3 Ao Uelylct

4, 2FFAZ B AR FFASI LA EY Reazyl gEEHAeH,
Sagehill sandolld 7p4 F37h f4stglch. 3 BEG B4 aFA7t Bt
¥]#] 9}2 control EQFelME B FFF 10¢0] Avkd HFFol AL QloiAAL,
LFESA Hrlge] F71US4F Hygo] Fristgon, Azte] ZFajyel wel A4
3] gadtadrh &, 0.5%8] 1FSAE TR At EYA 121 @A 3090
AUl 30~40%2] $2& BAsiy, 2B/ FIE 256~35%2] $2& EA5IA

5. EFSFA7 EHE A 9L control ERI AFFH 0~0. 74714 ELH B
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g 48
L ul%& granular AE VLS o1 gstd AN T2HZE FFUNE sl

Ztzte] SPANo]| tha] SEM W X-ray diffractoin, DSCE B¥} FZEA, yield, %PAN,
monomer conversion, grafting efficiencyE w|as] 2 Az} IFAES o] L3}
SPAN 9l HSPANE A Z3}e Zlo] o &3 o]qrt.

2. ARAAZ CAN AAA W Fe"/H0r AAAE ALSt] A 2¥ SPANG A =stge
o, FYUIIEE Az wlasigch. w=% Z4Zbe]  SPANe|  t)#t  monomer
conversion, grafting efficiency, %PAN, &22] EX}2& &3 3slo] F3oll thyl
HAzAE& HAsiolct. sPaNg] SaddolA CAN ZRAIAIZE o xgFo|glon,
Fe® /W0, ZHAIAE A& Aojl = Method 117} o] &3z olgct,

3. CAN ZRNAIE AHEA], FYY HAzRAL FRE 25T, MA BE
100AGU/Ce™, MF-2-AIZEe 2A1Zbolglt). Fe? /M0, ZJAIAE AlgAJole Z¥ULE 2
5C, Method Ilof] uw}2 7hAlA] HEL ferrous ion?] Z-¢ 1.02X10%mol, hydrogen
peroxide?] 79 1.646x10%mol, WH-gAZHE 22 7te] & HZAo|gr}.

“PANO] 55%Q) %, NaOH/nitrile BH]7} 0,60)4 HTIESE 7604, %PANO| 26%
7ol NaOH/nitrile EH8]7} 0,804 HrjB4% 5008) o]Arel HSPANS V&
ST 0.9% NaCl =§olofi A o} 45u)e] F42E spHon, AUztarHoy &
wf 100~200mel N HhFF=E 7H3ic).

—{> e =

5. nldLA FAol ul3] 5] TR HFFEE 2] 93] TpeEEA] 48
= obzbale] ofol o} uigton], %PANO| 20%Q] SPANS] A9 NaGH/nitrile &1} 1
oA HchF 300u] o4& A& 4= 9ot %PAN] wlE Hrjg4E R Jivri‘f:],
FrEEs A4 33 uAdEA] Ao E ol ey, HuF4EE ¢
71 S18) 7heEdiAl 4 8% s A7 A4 RN FY L

P

6. Epichlorohydring& Al83te] HEE 7jaaAl, A& 3xd3y F=re wWiE
X-ray diffraction, FT-IR, C NMRE E3) #elgt 4 919lom, epichlorohydring]
o] F7METE Jtadse $15195, oo uigl Jlad® AR Lix, Ue
= 24D, ArE= Esilc

0
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7. SPAN?] #%PANS F¥F 7iat ¥4 sba 9 "]7la SPANETE &t staE
HSPANS] F 4%+ epichlorohydrin #7}gto] 5% ojatoA FA3] zrAsidon, 7}
AAEE Bu, SF slael 7 HSPANG E4%71 MR ot slazst 2
71gte] whel B2 Ao 1557k FU1slg o, JlaAsERE 2 xlo]& ROl
e Wdokeh ZhaA kol Folgtedl wiel, F44EE ZUbsigen, staAsd
2 7HEelF Ztad] A9t M 43k AREE JtaA 27} Swol A
dAs] Frtstalom, JheEslFE stantgol o) Az HSPANS] A= 7MY
-3toich. 22|22 Jhas HSPANS] A ZA| 4o e ¢F 7laukgol
BEH0IR, R4Y, F44%, AZEY BEA FddAE JIeEF slankgol
FeAolglen, JtaA e sxolUlR sl Ho] g 3ot}

8. Pilot system 742 9% 43 HYRAL F¢A 2= 25T, AXNA
£ 100AGU/Ce™, WHEAIZF 2x]7toln], JlaMbgA]l % 40T, pH L1, ¥HEAIZH 24]
Zh ZbpEsiA] &% 95T, NaOH/nitrile Bu] 1.0~1.4, ¥HEA|ZH 1~3A] 7ol Qltt,
AZE 2% drum drier?] # A formulation® drum FALEE 1rpm, drum EH L
130°C, drum Zt7 lmmo] it}

9. powder, mat, film, flake ¥E}2] HSPANE Zt7} uwjms] RHu, FLTojys
powder‘ ezt 71 8telon, 1 th2 O E mat, film, flake?] <o|gict. &4

Tl M= mat7} 71 93151 powder, flake, filme] <ojglom, REHolM:
f11m°l 74 9435195, 1 th&o) flake, powder, mat €98 LIE}YICE,

10. AE2} HSPAN(%PANO] 24z} 25%, 50%) Bl SYN-PANoj| cthgh @mbo] ml ulg)z]o}e)
2%t AIsly W Bl AY A3 AEA 2EFFAY QRS e S #AY
A
2

o
Q1giet,

-

11. 2F5A7 271 A9 B5A57 2aste] B B4azy) ggEiglon,
0.5%2] ILFFAE 7 }% o¥oll A 12} B 30U FIE 30~40%2] FES B
f3te, 2 BAFARE 25~35%0] RS RESth. EFSATE TR A AL
control X2 JAFFA7} 0~0. 7474 XUH BEGoA ZHF YoldE & 53T
Az}, controloflA= 64%, 0.05%f| = 76%2] Wol&-& Rgom, 0. 1%0]dolA
2T 90% o] olsg RlTh

2 Aol TR dEE £ VLY AEA 2EFFY FFEE FASHEA
T AEsidel BN, ARE, R4y, Fa45E0 84" AEA 2FsA
} N

g W g iy sHedE At en, g EGR,A o] ohel
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plant growth composition W FHa )& QL EoF
|27} st i 4 o] vdY BAYE AL 5 gleng,

[e]
(o]

I

i ojrt

RN



	농업용 전분계 고흡수제의 개발 및 제품화에 관한 연구

	요약문

	목차

	제 1 장 서론
	제 1 절 연구의 배경
	제 2 절 연구개발의 필요성과 기대효과

	제 3 절 연구개발의 목표 및 내용

	제 2 장 전분 그라프트 공중합체의 형성
	제 1 절 서설
	제 2 절 granular 전분 및 호화전분으로부터의 공중합체 형성
	제 3 절 Ce4+ 개시제를 이용한 공중합 반웅
	제 4 절 Fe2+/H202 redox system을 이용한 공중합 반응 
	제 5 절 Ce4+ 개시제 및 Fe2+/H202 개시제의 비교
	제 6 절 결과 요약

	제 3 장 연속공정의 개발
	제 1 절 서설
	제 2 절 전분계 고흡수제(HSPAN)의 제조 및 물성 
	제 3 절 그라프트공중합과 가수분해 반웅의 연속공정 개발
	제 4 절 HSPAN의 가교반웅
	제 5 절 결과 요약

	제 4 장 전분계 고흡수제 제조를 위 한 시스템 개발

	제 1 절 서설
	제 2 절 Pilot system의 구성
	제 3 절 결과 요약

	제 5 장 다양한 형태의 전분계 고흡수제의 제조
	제 1 절 서설
	제 2 절 HSPAN film의 제조 및 물성 
	제 3 절 HSPAN mat의 제조 및 물성
	제 4 절 결과 요약

	제 6 장 전분계 고흡수제의 생분해성 및 토양 실험
	제 1 절 서설
	제 2 절 생분해성 실험
	제 3 절 토양 실험 
	제 4 절 결과 요약

	종합 결론


