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PREPARATION AND LOW-TEMPERATURE SIZING
PROPERTIES OF LOW-TEMPERATURE SOLUBLE
STARCH

ABSTRACT

Starch has a long history as a sizing agent for warp sizing. There has
been some research on the use of starch for low-temperature sizing of
warp yarns. However, overall, there are still certain problems, such as the
achievable low-temperature sizing temperature is still relatively high, and
most still need to gelatinize starch into a paste at high temperatures before
lowering it to the required temperature for subsequent use. Therefore, if
low-temperature water-soluble starch can be achieved and used directly at
low temperatures, the low-temperature sizing properties of starch can be
improved. The above problems will be easily solved. Therefore, this
project adopts various chemical modification treatments on starch,
systematically studying the effects of these chemical modifications on the
low-temperature water solubility, adhesion, and sizing properties of starch,
to solve the above problems.

Firstly, a two-step dry method was employed to prepare maleic
anhydride sulfonated starch (MSS) samples with a degree of substitution
(DSS) ranging from 0.021 to 0.072, using maleic anhydride (MA) as the
esterifying agent and sodium bisulfite (SHS) as the sulfonating agent. The
solubility, light transmittance, viscosity stability, fiber adhesion, and film
properties of MSS were tested and analyzed at different degrees of
substitution and temperatures, clarifying the feasibility of
maleation-sulfonation in improving starch's low-temperature solubility
and sizing properties. The results showed that the maleation-sulfonation
improved the high- and low-temperature solubility, light transmittance,
viscosity stability, film properties, and adhesion to wool, viscose, and
cotton fibers of starch. At 95 °C, with the increase of DSs, the solubility,
transmittance, and viscosity stability of MSS increased, the adhesion to
the three fibers was enhanced, and the film properties were improved.
When DSs was 0.072, these properties reached their maximum values,
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with solubility and viscosity stability of 93.3% and 92.6%, and adhesion
to the three fibers of 23.2 N, 51.7 N, and 118.2 N, respectively. The
breaking elongation of the film increased to 5.12%. When the
temperature was 65 °C, the solubility and other properties of MSS
showed a significant decrease when DSg was below 0.061. When DSg
was in the range of 0.061-0.072, the various properties of MSS were not
significantly different from those at 95 °C. Within the temperature range
of 25~95 °C, when the temperature decreased from 95 °C to 40 °C, the
properties of MSS with DSs of 0.072 decreased slightly and were
significantly higher than those of acid hydrolyzed starch (ATS) at 95 °C.
After the temperature dropped below 40 °C, there was a significant
decrease in various performance indicators. Based on the above results,
MSS with a DSs of 0.072 could achieve a direct water-soluble paste
formed at 40 °C and exhibit good comprehensive performance at this
temperature.

Secondly, to further enhance the low-temperature adhesion of starch
to the three fibers and improve its adaptability in low-temperature sizing.
Based on MSS, a series of quaternized-maleated-sulfonated starch
(QMSS) with different degrees of substitution (DSq) were prepared. The
effects of quaternization-maleation-sulfonation and temperatures on the
high- and low-temperature solubility, adhesion, and film properties of
starch were explored. The results showed that
quaternization-maleation-sulfonation enhanced the adhesion of starch to
three fibers and its film properties. The adhesion and film properties of
QMSS were better than those of MSS. At 95 °C, the solubility and light
transmittance of QMSS were both above 90%, the viscosity stability and
adhesion gradually increased with the increase of DSq, and presented
good film properties; At 65 °C, in the DSq ranged from 0.098 to 0.114, as
the DS increased, the viscosity stability, adhesion, and film properties of
QMSS were enhanced. After DSo>0.114, the properties began to decrease.
As the temperature decreased from 95 °C to 40 °C, the solubility of
QMSS (DS¢=0.107) decreased from 92.0% to 89.83%, viscosity stability
decreased from 91.8% to 90.3%, adhesion force to three fibers decreased
from 24.4 N, 55.7 N, and 122.7 N to 22.7 N, 524 N, and 117.2 N,
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respectively, and the breaking elongation of the film increased from
5.58% to 5.29%, finding that there was not much difference in various
properties between 95 °C and 40 °C. When the temperature was below
40 °C, there was a significant decrease across multiple performance
indicators. Based on the comprehensive synthesis cost and different
performance results, it was recommended to directly dissolve QMSS with
a DSq = 0.107 into a paste at 40 °C to enhance further the
low-temperature adhesion to the three fibers and film properties of starch.

Finally, to verify the feasibility of directly using QMSS paste formed
at low temperature for low-temperature sizing of warp yarns, ATS, MSS
(DSs=0.072), and QMSS (DSq=0.107) were selected to conduct sizing
experiments on wool, viscose, and cotton warp yarns at 40 °C and 95 °C,
respectively. The increase in tensile strength, loss in elongation, abrasion
resistance, and decrease in hairiness of the sized yarns were used as the
evaluation indicators to evaluate the feasibility of QMSS in
low-temperature sizing of three warp yarns at 40 °C. The experimental
results showed that QMSS and MSS had better sizing performance at
95 °C for three warp yarns than ATS's 95 °C sizing, with the significantly
improved increase in tensile strength, loss in elongation, and abrasion
resistance, while a lower decrease in hairiness; Compared the 95 °C
sizing with at 40 °C, the increase in tensile strength, loss in elongation,
abrasion resistance, and decrease in hairiness of the yarns sized with
QMSS and MSS did not change significantly; The increase in tensile
strength, abrasion resistance, and decrease in hairiness of the yarns sized
with QMSS were higher than those of the yarns sized with MSS. The
above results revealed that QMSS had a better low-temperature sizing
performance for warp yarns and could achieve the 40 °C warp sizing for
wool, adhesive, and cotton.

LI Miaolong (Materials and Chemical Engineering)

Supervised by LI Wei

Keywords: Starch, chemical modification, low-temperature water

solubility, adhesion, film properties, low-temperature sizing
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X RKVER AT IR TR B 5, DL SRR R T, R T L EH& T
BA N F AR ) SRR B e A, idE— P LB ESN (SHS) AL, K
T T EHIE T BA AR FRBACE R MSS 5. R SEM. fiEa#r (EDS)
SEXTHATRAE, T A 7R E FEURRE, FRRT HOKIE T %, RS
B BhPERE . MEAOWTRLRR AT . WA AR I SRR AT b, R
MSS PRI K, BIRREUAEE AR 6T MSS SRR A . B e
PE. ZOGE R E B RIS AT 4R R0 6 77 S5 1t RE I s2 ma AR, o & AR AR
JEE R L P Y

(2) R TS 2L SR TR ER AL - JE RS (QMSS) il & AR IR b3tk
REMF 7T

e ERB A B, SRATETLZ, $l& AR EFEER QMSS #i44,
XFH AT EDS. SEM SERAEHT, KA EZENE &5 E, DIIE A
EFEEE, PR QMSS BRIE T, % MSS 5 QMSS M RET LU, TR
ZREART MSS PERERIER A, B IR ARG EXT QMSS J 26 I S5 PE Re
(R AR, B 3 U R R

(3) ARG ATIEVER K 2P REIE 7T

FERTP W FE A b, UG &E B EE B MSS F1 QMSS 20 5ilXT £ & R
R LD EAT mRIR K LD S0, I AT KD B3 EE L el 28 DL R K 2P R T B2
BARG T B8 1 B P AR AL F AR, YRAf MSS AT QMSS JERRE i IR IR 20 R0 R,
P 7N AR AR VSRR S 7 AR 2D 1 2008 B T N FH R mT AT 1
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1.5.3 IR AR

il 2% 2R A - R BR R AL - T AL JE A JEORHIRARE N . FOK R Ve B R A — BR A i
Gy R B TR A - AL — D R FR R A - AL S A 2k, 43 I ASIR IR ]V B R R e
Ae-BAVE K AR T ZR - T SRR BR AL - AL Ve A ol 1.5.2 APt RE I,
ik A BN RIS, a0 i 6 R 34T IR D Seier . AR
R R ARG TR TV U PR ) 8 A A R e e B T ] 1-1 P

R Ve

v

T SR B M A - AL T 1
HRAE

r v

BB At | | FEAA-DOREM-BUE | | BB

e i) 2] ekl & 5 RIE HRERI R

'

i H 1 e B feF (9 32
ek b R B

v
IERTHER IR
BRI

1-1 SRR R LR
Figure 1-1 Technical roadmap of the project
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F2E MERADREAE - BEERIEE LR MR

2.1 515

L2 IR P FBURR AR 2T 4 X AT 2 BRI LT 4 o 76 S IR S T 2 AE7E 3R
JEE R A K 7 AN K e 0L, (R, o Tk B BRI £ 4 47 ) 1 2 2 SR
FGIE E 3% . VMR 3 2 R e b3, BIEEZE(R B r i op,
WA R T ESETE 95 C R THILASE, TEIRAHES T4 B3, xR
(B RIRR R, AT FHAEE 4, MR B KSR, Bk, 8K
H RS E SR IR, L ZE IR R R R KA ORI AR, IR A MRS, B
AR, A Fh AR R ER S, SR T2 AR R L

SRTIT, T 1 27 5 ) 8 A B P VA S 7 THT O 9 A S AR L, R TR
M 5 AT TE LA . A B TERRARVER HFERE b e 4T T kiR e (b As 1,
Bl A EREE R MS, SRIETE MS 48T AR AU - 51\ Bt K 1 i
JE, I I BN AT RS K AN s ) oz B L, RERS R B 5K 4 T
[0 7RO R 40T o B 1) () 2 A S SRS Y DA S I B 5 7E IR
FEECZE R R BB, BRI A, LD, R o VR R R R A
ST 4 (FAIRIE B R R TS (3 7 2 i

2.2 SEWERSY
22,1 SEWEME

FokVER L ZRELC THAR A AR M, RIFE 150 mPa-s. XURCEEH
“h (LRERFE 737 tex) KHHILD (279 tex). HEFHLY (LRZEFT 372tex), It
RGN A IR A T4
2.2.2 SEIERFIFN(LES

A F BT F B0 E ZE A 5 AR AR 2-1 5 2-2.

*2-1 FESLEIA]
Table 2-1 The main chemical reagents

4% Bk i AP R
LKL (MAD AR L MR R A
PRV Sl AR FHE R M AR IR A
IR AR [ 28 Bk 2 lGR A R 2 7
WHARER S (SHS) AR LR M AR R A
TIK LI AR FE R M AR AT IR 2
AL AR FHE R MR IR A
B AR KT RFE B AL 2GR A PR A #
IRER AR R T REE Bk S G A PR 22 7
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R 2-2 FELIAE
Table 2-2 The main experimental instruments

D& NEr iR ErETK
P B S-4800 H A H 37 ]
5 FH B AL TDL-30B %! LU 2R B R =7 RS A B A 7]
Jie e SRR B NDJ-79 LRGN
FE RAIE IR B TR A DHG-9070 %4 = REHAAES A R A A
(ST NPDS-300 M BRI HIE A R AR
TEHKET R SHZ-D (11D I RIBVAX AR A TR A
Z R EEHL CHY-7001 ST SEIEFHHBERF R AH
B G E A YG1411A TR LA
Z IR T W58 1L YG026D ER e
BREEL . 2 ThREIh KV A HH-WO ST FHA A IR THAE A A
LR CP224C B ES CRMND HIRAH
HHMr LT UV752N A RMCR A TR A A

2.2.3 BREEEH (ATS) HUFI&

TR VER ) T 2RO, TERCRRR BEROR . e s, RN & 42p
RIMMPEIE . AL NEINRIEVEREA 2, Mgk M. EFEHZ, &
TG R B PR S VERD B R . BR AR AL B ER A D IR G R 100,

FREL 800 g () Y F K TER 0 BT 1200 mL ZE48/K A, e il sk FE N 40%
PIER Fo KIBFHRZ 50 °C, MVER ALHZEIEM I 150 mL (C=2 mol/L) [1)#
HCI VAW, TN se MR 1EE (120 r/min) $EEE SN 4 he N SERSE, A HIKE
N 6% NaCOs ¥ A pH & 6-7, I SRS 3-4 )5, B T BT ENLF 45 C
THETF, BCHRRREIFIE 100 B BRI, BRI ARCIRIE ATS FE .

2.2.4 MSS By

2-1 A MSS M FER,  HAER & B AR e FRECA R R &

(1) Iy R BRI 5 FR R E AR VR S A BE 38 &), FH DR B335 A TSN W o SR FE R A

CH;0H CH,0-CO-CH=CH-COONa"

SOg_Na'
CH,0—CO-CH—CH5COONa'

0 o
75
< Nanso,
OH

() O~
OH

K 2-1 MSS HIE B N T Fe e Ho oy 145 )

Figure 2-1 The reaction equation and molecular structure of MSS
SN E R TE], IR AERS 10 min BISIEIENTERY . SR SNV HE I LK
AW, T pHEHZE 6.5~7, g, WelkLIUEMEIHERR MS. K MS
51 & SHS BHERHFERT IS, HEMANBUEREMAE, KM BOER T, F



TR A R S

[ 5ER% 15 min BI2IBI0EN . RVEEHRGE, HAREEZRKTERNE T LK
AW, AT pH AR 6.5~7, TedkBuk)G, TN 35 CHAERT /5, 8 A
NI 100 BFES I, REEH, RISHAIRE MSS £,
225 FIESH
2.2.5.1 MSS BUCJE il 52

BUREE (DS) Rk & 05 Fron 2 5k E BRI &R+ 1 P33 E 1521,
G R B SE PR IR 25 /5, 56TV ple JiR B0 5 00 P a2 7053, 43 i) e Tk
AT JE R S XU, KA e MSS FIEUXEE (DSs).

WRIEAK (2-1). (2-2) 5 MS Fi BB LE DSpe

V', —V,) XC x0.0799

x= 7 X 100% (2-1)
162x
DSy = 97x
79.904 X (2— 79'904) (2-2)

XA, x & MS A ESRERBREE UL RAE, Y%s Vi A Vo 43 52 T3 e 25 A
MS ¥ VEFERT NaxS203 brdE B TRAARFR , mL; C & NaxS:0s B 1R B, mol/L;
W MS BERTRE, g 0.0799 25 1 mL KN 1.0 mol/L f NaxS:0; bRt i i
P HIRE &, g5 79.904. 162 A1 97 43 HIEIR . i /K 7 &5 0 5o Al 5 Sk g
R R B AR 2 F &

MR (2-3) F(2-4) T MSS HfEfk 2% REs A DSs.

RES: X — Xo

X 100% (2-3)

D, = LOrX KEs (2-4)

A, x A2 MS A i I SR R R B A I P SOUEE R RAEL, Yo o A MSS B i PR BRAEL, %0
2.2.5.2 Rem il x JEOLHE (EDS) il

TEHTHR BB EX ATS F1 MSS Fiki 47T EDS 40, #ie e Ifcs
MK, aRTER RSN T iR T R
2.2.5.3 FHEHEL (SEM) 44T

76 LA S B EE ATS FI MSS kL [ B M ISR A8 4k, 4B R R R
P-TE AV J5 JE N IR R THT TR SR K
2.2.6 MEEEMIK
2.2.6.1 VEfREE

ATS Al MSS i I A FE M7 VR AR (1.0 g, TH) 52K (49
mL) JBE, TEAFRILE T FHEINH 1 he BT AR 2R M LA 3000 t/min (135
FEES 0 30 min. HX—#B5r EEETER, 7F 130 CHIMFEF TG, ET Rt
A, JEMHTE. BWE S, %) TR (2-5) iHHE.
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_ WsxXW

W, %1.0
A, ws R EIERTE, g wi R EERPIRE, g 1.0 AFFSR
B, g WHERLEBRNFEE, g
2262 BEIEH

TEVER RIS AR, JRIAE 620 nm FRECFARNBONEE . BEFNIR
Jis): WG RE LS AR AKIR A ECH K A BOR (RE SN 1%), fEdERE
FIZKIE RN 1 h TR, 7F 620 nm MR KR, (624090 6 6 B Tl
BEHIBE R DEMBKIENT AT
2.2.6.3 FMFR BN FE I Fh B TR E vk

MR 5 152 JESCRRES,  BARIRE D IR

24 g (FHE) B ATS B MSS 70#5 T 376 mL HZR1BK S, KRS WY
SIIVER FLI AR B = D o IR A B B 75 iR LR R 4G TR, LA 120 r/min
PEEREFE 1 h 5, B0 30 min [ NDJ-79 %5 B iH-45 — Wk BE R, JL 5 ik, H
HEE — IR R E R . FRF E AT e T E A (2-6) Fios:

ﬁ%ﬂﬁ%ﬁ=<k—ﬂﬂ%ﬁﬂ>me% (2-6)

S

X 100% (2-5)

LA, n BIWRMEEAE, mPa-s; nma /& 5 XEENAL BRI EKME, mPa-s;
Nmin A& 5 IRZEFE DRSS R i /ME, mPa-s.
2.2.6.4 FilftkrE

HTHEAN 6 g 1) ATS 8L MSS Ff i 73 BUFEZE 18K (594 mL) w, FIRG R
LIS VE Ry LR B = Vb o AENLMRIERE (120 t/mind T FHR 2T 75 iR 2
FHORIE 1 h, TERUFEM R, BN CIRATEN R N RR NS, Hogise
P2 & B HERN KB, 5 min 5, BT ERSRIMFEM. 7F 65%
FXTHEEE (RHD A1 20 CHIAMERSEFiE/E 24 h 5, BRI RE 5 Rkt
Ho ZHEEBWR: FMIHEE N 150 mm/min, FFFEHEEA 100 mm.
2.2.6.5 KIEMERE

(1) FRIEHI T 3 I FRECTE N 24 g ) ATS 8 MSS, Z388T 376 mL 7
K HBC A K 2 B0, FHR BT 75 IR B IR OR IR | b, TERCRIR. R (5]
FEREAE T, W& ARSI, E AR, BTN 200 mm> 10 mm 5 100
mmx5 mm ) FRIAFEE 20 4, JHE T 65%RH #1 20 C P4 24 h.

(2) MR Pl ar 2 RaFE, B TEEACENRERE, MR
MARK 20 NFE, B

(3) JrERe I W E BT AL R AFEE R 50 mm/min, JeFF
FEES 100 mm, K4 P 5 0 S5 RRE SRR AE fo 2R oL b, A ) kR
MARIESR 20 ML BT R 58 ) AT R 22, BUHPIER7). % R A A 2-7

10
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THEL IR TR R

_ P (2-7)
Q= K XD

A, O RFKBEWIRRAE, MPa; PN, N KK, mm;
D FERMEEE, mm.

(4) T e Al F P4 S 9 100 mmxS mm FotRIARE,  7EMTE i
ASCE G it KB AR 20 N, lBRHE )R, BOPEIME.

23 R5R
2.3.1 MSS RIS
2.3.1.1 EDS %34

ik EDS 40# 1 ATS 1 MSS Ff T4, & 2-2 flios. ATS £t FE
FILEA C A O (K 2-2a). HELZ N, MSS B ANEH CH O LR, BF
A Na f1 S 6%, W 2-2b fi7R. Na JCRAFAE THERR E A DR ER IR IE A, S
TCRAFE TR LA b . Rk, XA ICRIUE T MSS A& IR 4%

800

C 3500 |
700 | O (a) (b)
3000 |
600 |
@ 2 2500
5500+ g
] & 2000
=400 _3
<y B
35 300 E 1500 H
200 1000 H
100 500 Hc©O
Na J
N |1 B S
0 ] 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Xk fiE eV X LR AE G keV

Kl 2-2 ATS (a) FIMSS (b) HUkLf EDS K
Figure 2-2 EDS of the ATS (a) and MSS (b) granules

2.3.1.2 SEM 43 #ft

A2 OOV T Ve R R 3] L it SEM B HEAT RAE AN 23 A (581,
A FR UL AR ATS F1 MSS FORiidEAT 1 RAE, WK 2-3 fis. REE, ANFE
FOTHEARE ATS Biki L HOGH, BAHEBMMYR (B 2-32). M2 T, MSS
TUORSE [0 2 T ¥ 73~ HA R >4 B S R4 4, 5 SESORIURL R T T BOR B0, R AS 56 8 (5]
2-3b). HHTIIN T SRKEEIRE:, X0 FI T 7KIEBE BT ok N3, A
FTF- Ve R Bk 6 7K AR A A . MISS TR 2R THT 451K A 3 2 5 IR A i B b A4k
MR R BREA (MA) BIsRERME AL (SHS) MIstE ki BT S 801 .
2.3.1.3 HARELS R

TERT ) SR RS AL AL L FE A D IR ATS 5 MA MIERtL RN, #E—55

11
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NaHSO; [t S 8o AR AR AR T (U 5 B AL 2 1 o
PIMHK. R 2-3 BT T LRMASMAZMFEE (DSW). BLECR (REs) F1Tk
FRBE AL ML R MERE B (DSs)e MRH AT SR, DSwm 5 W I3 S SR 2 i

SIEMHK. MABRIIEMN 10 g 0K 50 g, XM DSM A 0.023 3K 2
0.078. X1 MS (AL, #inE] MS H i) SHS &4 20-60 g, bR R JE [4] 1 3
B REs $1E 90% LA b, &3R5 MSS F B BURE (DSs) JEHA
0.021-0.072, XEELEH 5 EDS 40 #r—EUESE | MSS A il B R Dyl %%

54800 5.0kV 7.5mm x2.00k SE(M) ' o I 20 Oum 54800 5 m x2'BUK oE(M)r g

Kl 2-3 ATS (a) FIMSS (b) Hikiff) SEM K
Figure 2-3 SEM images of the ATS (a) and MSS (b) granules

% 2-3 MSS FE i B EE
Table 2-3 DS values of MSS samples
HRIRBEA, fiiftl DS
MA HIA /g DSy SHS M /g REs/% s
10 0.023 20 92.9 0.021
15 0.036 30 90.9 0.033
25 0.054 40 90.8 0.049
35 0.067 50 91.3 0.061
50 0.078 60 92.4 0.073

232 BREFIRE ST MSS £ M4 EERIR N

TG ST TR, ATS A5 Rt ELRE SR i Hidis 45 St B 2 b7 o
2.3.2.1 XIEMEE R

IR VA P T LU B SE 2 T AR /K i AR A 1) e 711590, 18] 2-4a [k
BT B EEXT MSS 2) BIFE 65 CHI195 C NVAMEEIR (HULEE=0 4 ATS).
AL, TR RR TS - AL AR I B BRI T ATS fE/K A AL IR T . A6 A (R TEL
T, MSS K fEEBE DSs FIEG NG K, HAE 95 CT, MSS WA Z %A DSs
(14 I AN BT I, 177 65 °C TN BV i FE Bt 5 DISs 38 KT il 35 19 0 - 4E DSs=0.072
AL HAE 95 CHY AR -

2-4b iy ATS Al MSS (DSs=0.072) EA[FIMRE NHIEMELE R, AT
B, ATS fEKHFFIBIGIRELE 60 CAAT, HMHAEMRT 65 CHLTRAER I
K, FTLL ATS KT 65 C LV REMNAEE . BE IR LTS, ATS KAWL
TE R R B G T, RN ATS VEMFE B K, 7 95 CisfH Al

12
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83.93%. 65 CHI, B R MIFEAK, MSS MR, Fral DSs KT 0.061
JE TR PR, IR 2 R AR R R B 22 (10 Ve oy RIORSE DRI G2 5 A 1 T ORI AL J K« DS
N 0.072 {1 MSS 7E =il 25 CHFBIRT7E /K Hh s i, IR FEIAE] 84.47%, =T ATS
£ 95 CRMZR; 7£ 40 CH} MSS #fREZ CIEAEZIL 95 C TR, R
MSS 7E 40 ‘C Rl 22 I H AL R 17KV B 8UR

100 100 -
(a) . e :_ — (b) e e —
. /'/. o )
80 | / 80 | !
= ATS
—a— 65°C
e . 95°C © —e—(.072 /
<60} < 60k /
i o /
" " B /
& & /
40 [ 40 L /.fl
P /.4//- I//,d
200 o 20t e
0.000 0015 0030  0.045 0060  0.075 20 40 60 80 100
AR W/ C

] 2-4 MSS FEANFBUAREE (a) FNEEE (b) T HITA AR
Figure 2-4 Solubility of MSS at different degrees of substitution (a) and temperatures (b)

2.3.2.2 XFIEEER PR

TERY HR IIE YR AT AR — B R b S e My (107 AR AR AL 1 001, i ik
W T YR AR, AT DL 78 ATS I MSS 78RR S5 44 F F 7K s i A0 o it
ATS (DSs=0) F1 MSS 7EA [FHREEARFE A& i 2-5a Fos. Al I,
MSS 7E 65 ‘CH1 95 C RInFALE 1 h MiEeR, WEET ATS KHMZELE.
MSS I 6 Z B A B 3 hnmg S 25 38 SRk i3S T R i 2 4]
BTN, $EE TR 5K T M FISERE, yEm 3l iEReE s, BhRa
g A FE T, HIEOt R A 5] O\ 138 g R e, E R BRI R
5 VERTE 7K H P PR PR A 38 s

100 - 0.
| - 0 e e e
sor - 80 - . . ATS
® 60r /o —m—65°C X 60
i g / 95°C &
i /// / ¢ E
¥ 40 o e 2wl J
// //
’ e
’i/ ""'/
20 + _7__,»),»/ 20 - e
r""/-) '//
1 1 1 1 L 1 O 1 1 . ‘ I
0.000 0.015 0.030 0.045 0.060 0.075 20 40 60 %0 oo
AR -

] 2-5 MSS FEAFHUREE (a) FNREE (b) (e
Figure 2-5 Transmittance of MSS at different degrees of substitution (a) and temperatures (b)
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I 2-5b A ATS F1 DSs N 0.072 () MSS 7E 25 ‘CZE 95 C FRIE 1 h J5HiE
J6F . 25 CH| 40 'C, MSS KBGEGERRTTBONWIE, 40 CTRERRE
£]90.9%, HEET 40 C/RiEHFIIR/DN, 40 CFELFROEABL 95 C
THIECERE R . R MSS BA RIFIRIE/K 73 8t 40 CRE MSS A
IEEIFL 95 C R KA MR ik

Kl 2-6 AARIEREE R MSS #E /K3 BORAE 40 CRIN#A 1 h f5, =
R EEARSE AR BRMAEFELARE 12 ATSTE9S CRMm#A 1h )5
PR (FERXTHED, & 2~6 2 DSs 7 0.021~0.072 ) MSS £ 40 CH#& 1 h
JERIRE e AT, BEE BB SR, E T MSS JRBUEENE TE, Rk
FHHACEERI I, MSS R BE ZEWIE R, A TERK 7 Bz 8 52w
DSs 4 0.072 fi 51, 5Kl 2-5 [ W45 52 — 21 ; DSs 4 0.072 1) MSS, ££ 40 C
TR RGE R BT ATS 7E 95 C RIS A4, AT 40 CF
IR (1) MSS AKIEPEAAIS, 3&E &5 1) MSS 3R FERURDIRZS , WA W A
K B TS AR ANV K, B B[R] () A 2 2 SRS PTUE ok B B MSS
I BARI 0, PUEPZ#TR, DS 0.061 f5, LUliEr=4, &7 MSS
OB VR MR BEE I TR B AE K, B0 A AV K R et 23 3BT oK,
XL RIEALE 12 h WA,

o] Lak &

Kl 2-6 MSS 7E 40 "C FHAfL 1 h JE £/ 0-24 h J5 I E T
Figure 2-6 The images of MSS gelatinized at 40 °C for 1 hour and then incubated for 0-24 hours

2.3.2.3 WFSRIFR R T S R B FAAS e 1 1) 52

AN TR BUA R MR B0 FEE 0T MSS SRV LR R SE e AN & 2-7 Fios . B 2-Ta
PRI ER R, HiREN 95 CRF, BERCE RGN, MSS RBRMH LM 2.5
mPa's 3§ KF| 5.3 mPa-s. FEZFNEHE D RRE-BRNESS, EiEH 7
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THE B Sl NI SS Jutsfk MR L], S T IER KA T Z B HISRAT /g, ANTTD
BEINGERY R . A, BINMIREEE T R R LKy sy, e
¥ 03 1 [BAE KSR o isf LT 0, T R D il ve i Ko 7 & B, A5
H8 K6 5 /R FHB2 DR L, BEEARBE 3G I MSS 2R IR WAL 38 n . 5341, 65 C
T MSS HBEMFE LT 95 CTRMLGER, HEEEDURERIG N, Z{EK
Zik/hN, H DSs 5 0.072 I, ZAEAR/DN . FEF R RBURE R MSS 7 65 C
FHKEER (B 2-4 F1 2-5 Al4E7), i e Ry WUk VR i f e, TR e W
FEAS, BEEDARERGIN, WK rBsAg R, (TRMBER K. HE 2-7b
ATLLRIL, WRFELE 65 CZ G ATS FFUafE/KF KA, EIHRE B, B
HimE T, WGBSR, RUWREE) AL, hErH A 2-4~2-6,
E R HAE 25~95 CIEREIAN, DSs A 0.072 [ MSS B R MK EYE, al LK
WRGR, DRI IR AR, BRI R B AR AN K .

6 9.0 -
) "
@ —=65°C ‘ (®) = ATS ]
5| o 95°C /l 75+ 0072/
o al -:// g 6.0
8 P Q o
=3 s = | A
* . o Kol .
2 e | /
" 15+ /
)
l L 1 1 L 1 1 Il 1 1 1 ]
002 003 004 005 006 007 20 40 60 80 100
HUAC wmE/C

K 2-7 MSS FEARFIBUCE (a) ANEFE (b) IR MEE

Figure 2-7 Apparent viscosity of MSS at different degrees of substitution (a) and temperatures (b)

% 2-4 NASEBUAREE MSS 23 HILE 65 “CHI95 C I RALERFae k. i
K 2-4 1751, 95 CF, MSS ZMHIF AR E R & T ATS R, UK
& T - Tt A0 2 P B B . X Ve oy VR ) R T AR E M . BEE MISS BRI G K,
FERFRENELE 65 CHI 95 CHREITm M, H DSs A 0.072 ML HH K
fE, 65 CL 95 CZ5RIAIMZAEWIZHTL/N, DSsiAH] 0.072 B, Z{HTEIRD
9 0.02%. F=ARIX I G iR DR R 12 S B A R A BE AR IS, MSS 7E 65 C
INf 7K IR SR 38 R, A TG VR MR S e o U ot et FEE A i M P A7 T A T O 5s
MITTHR T T 25 B2 B #ke e 1

K 2-5 9 ATS F1 DSs A4 0.072 (1) MSS 7EANFRFE ™ R 3 B e 1
ATS 1£ 65 CR VAN LA AR, THIAR . AR, MSS RRME R
PR e M FRARIE B R B, BEAE 5IR 25 C R, A R 90% % 5 #vka e
PE, B&E ST ATS 72 95 C M RIREHRARENE, RETHE 2 40 'C, MSS HIFE
FETEIEE) 92.3%, HEERET S, REMEARTT, (HIEEIRN. MSS ik
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R R Bl s

fEmR 95 CHARIR 40 CHIZHFE AR M ZERAHN 0.03%. 24T Al fe 2
FINI) SS B B A SRR, REBBIER 5K 0 F 2 HIIEM ST, ek EKF
(3 O e [ BRI FH 2 R 457 BELAE FH BELARS T Ve 8 7 7 (D B BV 95, R 3 BE 2
PPt EWAER (WK 2-6 #1 0~24 h JE[E A, DSs>H 0.072 ) MSS JE A KAE
BT i s B R AR 2 M= .

# 2-4 AFEIHUCEE MSS 155 ke e 1
Table 2-4 Viscosity stability of MSS with different degrees of substitution

RILAFROENE%
P i B
65 C 95 C
ATS 0 - 82.4
0.021 81.3 88.0
0.033 84.0 90.3
MSS 0.049 88.2 89.5
0.061 90.7 91.1
0.072 92.6 92.5
AR 2-5 MSS AN[RIE IS AR R e 1
Table 2-5 Viscosity stability of MSS at different temperatures
R LT ENE %
IRE/IC
ATS MSS(0.072)
25 - 89.4
40 - 92.3
65 - 92.6
80 77.8 925
95 82.4 92.5

2.3.2.4 XFEBSPERER R
(1) HUARE X 2 B 1 e 52 e

2-8 {L7R 65 CHI95 CF, HUREEXS MSS 52EE . Kl R 21 4 (7] 3 Bt
PEREI R o 8] 2-8 BT UL, MSS X = Fh 41 4 1) B Bt /35 B B 4F T ATS(DSs=0),
F W T R IREG AL R AL AR PE RE B S 3R T ATS X =FiAH 20 B PR . BEEUAC 1
1, MSS %of = Fh 414 (1) 56 B 53503883 K, DSs oA 0.072 ik 25 KAl , X FEE.
FEIEFIAR LT 4E I BE T 173 54 232 N 517 N AT 1182 N; 95 “C RIZEIN /18 m
T 65 CRNIIFEIN 77, ELBEHCACRESE I, 26 B 77 FRARIE FE 2T 1%, 24 DSs 24 0.072
i), FRARTR EANI 2 o ATS FERTE 65 C TN BIVA R B AR AN BE 58 2 WA e
ANBEXT A7 4= AR B R P AR, B DA B 386 B 1B BUR /N 24 MSS ) DSs KT
0.049 I, B T2 2R /KBUREE R Gl A MSS 72 65 C T 2L & RIS AL,
BIH 65 CRXT 3 FhefdeimmB i ERE. BLat, 78 65 CF, BEEBURER
BEHN, MSS JRIONT A1 4R B R 138 e BB B bR, X2 T MSS fE 65 C
IR AL REEE G K, AR T EE () MSS ZE /K Hh i gt i 11 B 58 22 T AL 1 11
H PL_E AT, DSs A 0.072 1) MSS 285 H X 2 B R I R 41 4k 1) B 5 3 B 1

16



L TRER AL Elkig 3L

24 = 65°C &
—e-95°C e "
20 .-o"'/://_
\% + ///'"
g 16 P ¢ ,-’_/"
= e
ﬁu
;H.]_
8 L
4 -
1 L 1 L 1 L 1 n |
0.00 0.02 0.04 0.06 0.08
IERVES
54 ¢
,_t-"'_','.;flt:' 1
_— ’/,_,.l“""
45 - 4 - ] —a— (5°C
b *—95°C
£
R /
=36 /
s /
—Li{
= /
27+ /
/
J
/
/
18-
* L 1 1 ]
0.00 0.02 0.04 0.06 0.08
Hu At
—9C, i
¥ T
105 |
Z.
~
=
=
w 0
Eﬁ
75
60 | 1 1 1 | . ]
0.00 0.02 0.04 0.06 0.08

IR
Kl 2-8 AFRBACE T MSS X ETE iR ATHBEF4E IR FHY 71

Figure 2-8 Adhesion of MSS at different degrees of substitution to wool, viscose, and cotton fibers
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Figure 2-9 Adhesion of MSS to wool, adhesive, and cotton fibers at different temperatures
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Figure 2-11 Tensile properties of the films prepared by MSS pastes at different temperatures
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Figure 2-12 SEM images of tensile cross-sections of ATS and MSS films
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Figure 3-3 SEM images of the QMSS granules
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Table 3-2 DS values of QMSS samples
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/g B
10 0.026 50 60 0.072 0.098
15 0.035 50 60 0.072 0.107
20 0.042 50 60 0.072 0.114
QMSS 30 0.056 50 60 0.072 0.128
40 0.069 50 60 0.072 0.141
50 0.075 50 60 0.072 0.147
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Figure 3-4 Solubilities of QMSS at different degrees of substitution (a) and temperatures (b)
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Figure 3-5 Light transmittance of QMSS paste at different degrees of substitution (a) and
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Figure 3-6 Apparent viscosities of QMSS pastes at different degrees of substitution (a) and
temperatures (b)
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BIRT 92.5%. 7£ 65 CF, HT QMSS ZEHLE KT 0.114 JGI5EEE N%, FE
HORRIR SN, Ve VAR BTt rt, BiEEHABRRsh, #EREE
HT T

% 3-3 AFREAE QMSS BRI FE #da e 1
Table 3-3 Viscosity stability of the pastes of QMSS with different degrees of substitution

R TE %
Ff i AR
65 C 95 C
MSS 0.072 92.6 92.5
QMSS 0.098 91.9 92.9
0.107 91.4 92.8
0.114 90.6 93.2
0.128 87.3 93.2
0.141 82.2 93.7
0.147 70.6 94.2

HE 3-7 TRLEH, BURE N 0.107 B QMSS &b dase i, BE R E A=
MR R R K, 1E 40 CTHH 90.3%HA G E M. 22 Bk,
IR 28 P RS 5 T EE>85%(1, [AITfT, QMSS 7E 40 C R 90.3%45 %, e 4
2h IR B AR E R
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Figure 3-7 Viscosity stability of QMSS paste at different temperatures
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P 3-8 AHUREXT QMSS 34 IAE 95 CHI 65 C RXFETR. Kl FIARFL
ORI ERE ORI . R 3-8 WA, 7E 95 CF, FEEBULEN K, QMSS X =
PR ZD RGP O R R ITH = e, RN 10 Al 23.2 Ny 51.7 N F1 1182 N 1
KA 255 N, 585 N il 125.6 N. FE&EHBARERR, JEM T LI ANBISEKHE
TACHP BURIE &G K, T2 AL s, Rk — R e M S 2 1k,
A BEAE IR 51 7K 20T EC B3 B AR A, AT B % PR K0 5 41 4 S TH DL A e 42 )2
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Figure 3-8 Adhesion forces of QMSS with different degrees of substitution to wool, viscose, and
cotton fibers
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Kl 3-9 AARFEIBAEE QMSS [ ¢ AL, Al W, QMSS [ ¢ ALY & A AT,
Rt G BB I3 K, A RS BB I T ek /N o B i A 1E L el TACHP HUAR R (1)
B, WS TREEE T R RN 41 4 2 1 IR [ R A R R A Y TR PR AR R, 4
TR S 3 Mher4Em M EAEH, M) 1 HE5E QMSS 544k [HZh
REfIER . B4h, HIE 3-8 T WL, DSe=0.107 F1 0.114 FIZE T /145 B A 2R,
Fir LR D B A, 184 DS@=0.107 9 QMSS & i 8 %o L 4 B RE 2 )
W5 .
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Figure 3-9 Zeta potential of QMSS with different degrees of substitution
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BT IR 25 CTHEE] 40 CHY, 54 4ERI 2 B3k, 40 C
I AOZE I 120 508 22.7 N. 52.4 N AT 1172 N, KT 40 ‘Cla, ZhM 7t K
WHIE /N 7E 40 CHF, DSq A 0.107 ] QMSS AL 0.072 ] MSS, X} 3 Ffif:
HEMIZE N 1 O B RS, BEEIRE ST, RTHIEE A TR . R —
I ZEEALTT DL — 3R TRy 40 C RS 3 FhF4E RN B RE

P 3-4 AP 3-5 AT %0, BEIEFERITEE, QMSS (DSq=0.107) FIAfif FE i
JTERHAESE R, 1-TF T QMSS TEKH I 73 BRI, A HL ) 7 4t 77 AR 1 36 B 25UR
B3, B IRTHIREE K. MR ST 40 CJa, QMSS IR AE L H
IR, Ktk QMSS 7EIRE =T 40 CJa, 4 3 Fher4i 2 i J1 3 THIE IR/ o

FHEL T MSS, QMSS i 3 Fh&f 4 15 b M 5e 45 2t — 03 A B B K n] B2
FEVER 5T it BINSEKIBH B T B Re ], 1t — B3 7 IE R gk v BLA
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Figure 3-10 Influence of temperatures on the adhesion of QMSS to wool, viscose, and cotton
fibers
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Figure 3-11 Mechanical properties of QMSS slurry films with different degrees of substitution
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PEREFR 2P THEaA IR 25 CHEINE 95 'C, QMSS FIE MW ZL50 5 M 18.6
MPa 1 K% 24.2 MPa; WrZHdK M 4.26%48 K2 5.51%; i #7708 3642.9
P RZE 4476.2 . FEIFFEFEEREF &, QMSS MIVAMEEZHE K, 2
JEH TS QMSS MIEIG K, WHGTE BRI BT, JRIERIBT AR B
Fpp AN i PR RE AR 2 32T . WEM 25 CH AR 40 CHY, BUREN
0.107 1] QMSS £ I X (B Al BE 4R FHIR EE R (& 3-3b), FRMERIPEREIRFHE Y W
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Figure 3-12 Influence of temperatures on the film properties of QMSS
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AEEAE MSS AL E5IN T TACHP 2[4, #4 7 DSq 43 %4 0.098.0.107.

0.114. 0.128. 0.141 A1 0.147 ) QMSS F£ i, X HPEAT 17 EDS /A s
IrHre LA MSS TR NXTIRA, AEAFBUREFRE T, X QMSS #1471 IR |
BN RUWBE . BEERGE M. FFH AR RE AT o B 78 4T
CEIP NS T

(1) 83 EDS 70 e QMSS #E iR 7 MSS & A 1H C. O. Na fl S
JLERAL, EH NIJGER, UESE T QMSS FIEEhH 4% @it SEM 7 e~ QMSS
ORI L MSS J0RE B0 7™ B PRI AT, Y 90 SR R T T 1ol B KON 1Y) B4R
s, XFPEAS LA R T2 K T W 5| 7K 31537 B GE K RIORE A S, R 3 3 7
AN SEaS

(2) QMSS @ BH-T T IR JIM R e VAT L 4E R RE B 1 RE, (R  H
A RIFHIEERE. £ 95 CF, BE%E DSq K, QMSS &R FE R HTE 90%
PA b, FEEHRFREEF . QMSS Xf 3 Fhef4E 35 KT MSS, FhF 715
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AWM 232N, 517N F1 1182 N #K %] 255N, 585N Al 125.6 N. 7£65 CF,
2 DSq M 0.072 HEKZE 0.114, QMSS XT4F4ERI At RE T =, DS KT 0.114
J&, PRI AR REMK. DSq N 0.107 1] QMSS 7E 95 ‘CH1 65 C R IZLPERE
T . MIRWERIE RN 95 CHE, QMSS MK BEMERERESE DSo 34 K MBI 58, W
ZUPKZF I 5.23%FF =N 5.77%, N 65 °C, % DSq A 0.072~0.107 i, 3
I ) O 2R 5 P k], DR 2R AR SR T Je T 123 K /E DS M 0.114~0.147 I, 9%
FES P T 20 5 Wi SR K 2 R i i 12 333k . DS v 0.107 FTE N QMSS 4k
EHAREE, H TR FRREXT QMSS H 1 BE 152
(3) £ 25 C~95 CF, DSq N 0.107 ff) QMSS FEE I E &, VAMEA

T CEB BTG, K 3 Fh - 24 i R B 1 R AN RE S 98 72 40 'CTF, DS 4 0.107
1) QMSS B RUFHIKIEERZEBEIERE, W N 89.8%, KRB E R EMEN
90.3%. #REM 95 CRK N 40 °C, R J1HH 24.4 N 55.7 N Fl 122.7 N [EKH]
22.7 Nv 524 NA117.2 N, FERIEERUN, BEIREGSPEK, X430k
BE 1A PRI B2 B SR 1 K . QMISS A B 1 i o o Ui B2 PR T ks, I el 95 °C
240 °C, FRIBEIERERIERER /N, BEAE IR FE R BRAR, JRMEERE T 46 B I8/,
fE40 CFEAS 95 CHILMHREMERE.

Zi EFTIR, DSq 7 0.107 () QMSS 7E 40 C MERES 95 C NAHZERUN, i
—BHEF T MSS BMRIRTERE, RITE 40 CTFHTAZ KR XK.
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%48 [EAEENREIEE R M

4.1 5|5
RYE AT AN T, JEM A TR s, AMUEIT 40 C RHKA

E¢E%m%& , T HLSEEE TR TR RS A AE R BB R RE 5 95 C TR R

IR . B, AELZEATHANE, 155 DSq N 0.107 ) QMSS A1 DSs
90.072 1) MSS, £ 95 CHl 40 C MM EEIZEHTFEE. fHIRMIENEZ
%, UL ATS 1 95 C_LIRAERNNTIRA, Frisd 2 aeil, %ﬁﬁQM%%ﬂ
MSS 7 3 P& SRR A4 T EXREIPEREARAL, 78 QMSS A MSS & /i T
3 FhELP) 40 CHRIR B3

4.2 LIS
42.1 WM RIEIE
4.2.1.1 SEEH R
A F BT R SEER A RN N 3R 4-1 BT
K 4-1 SLIHRE

Table 4-1 Experimental materials

290 FRAS HEFETTR

FEHY 12.6 tex G R G A PR 2 ]
KR am ey 8.7 tex GEAER G BRI H R A F]
e 11.5 tex GRS A AT PR A 7

4.2.1.2 SZuG{y s
A BT S AX B R 3R 4-2 FTos .
+ 42 SEIOANES

Table 4-2 Experimental instruments

INE T k% A=K
2P IR 2P R GA391 TLI5FE B LA FR A =]
2P 2R PR A YG172 Btk i LR A IR A
IR R WAL HDO021E R I8 7 RSB PR A A
15 CCD & s GP-300C B Llrs R AR A TR A A
HLL T BEAX LLY-63 SEM T L AN A PR A A

422 LHWAR
4.2.2.1 FRIIVH

39K 120 g (FE) ATS. MSS Al QMSS 20 H1F 2000 mL fIZ&maKd, 4R
JE KR A B SIMTE R FLIMN = Bibe i, fEKIB KB FHR E 95 C L
40°C, {EFLHON 120 v/min itk MMRIRE 1h 5, AT R4 Bk
4222 44 ¥

FIFF RPN, W E LT TR IS8 IR E R 70 °C L IR N 65 C.
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FRBLGEE N 15 m/min, BSEHEE N 15 m/min, HLTFAEY)E, LiRE ET
PR B MRE, BIREFRIBEEINKIE S, JFEMEE, RMBEYDETKY
S, KRR EERE 5 min [F)RAE TR 7R ORI PR, DAZERR RO ARE
42.2.3 IRLPMERENNK

B LRI, BRYETHEHERERZMST (20 'C. 65%RH) i 24 h J5,
PATEPI AR L T B 8 1G5 el A 3 A0 S DY PRAN R 201 e Y B 245 A%
M AN FSRBHE S ICR R 2P ERE AR AL

(D BRI

AREHBPIRARRMERN R BB L. IERAERE R, ke yise
EPIRA L, WEDL A BKE RN Sm, IREE A 30 m/min, WEJFRL 5K
EPE 10 W ICFEBPKE=3 mm BPWE, BRFEREE AL 4-1D
5.

B, — B,
B,
X, K NERDHEPRICE, % Bo NIEZ-FEPHEE, HR/m; B KDY

BIEPIHEE, i/m.

(2D T B 0 K

ELiEE Y, @YK HAME L) LY EEEN, & LR )G
AT AL, M= 2 2b ik, fmZUE R n &, Fit, xR
PRI B8 1k BE R AT VA o AN B A PR 2D i I R 200K s I 20 B P o %%
MR AR E IR AR ORI B K 2D, I A T AR A L BE AR 0 120 0/ min, 0%
LY PEVE W LI B, AR il 20 Ok, BOH-FIMA .

(3) HGoR 2R 5 2

S 2R R 3IA] )R 2D B J1 5 e . KD T ERE IR S, AT FEAG
WL SUER LR, $EEESal U . 5 205 10N 3% £ i 24 5 7 A
WrEd e, HARRAEDR: TR R sm A W B AR, B B A B h i
4 500 mm/min, SRFFEEEY 500 mm, IZARARG LD REFAENES B, RS OIS
HXEE, FHL MR . BRI 20 K, BUOLPEIE. T AIA ST
S IR DRI BN, 22 B R H) D) 5 ERe ARk

K=

X 100% (4-1)

_ FK—F

E= T x100% (4_2)

X, ENKDIERE, %, FIARDWR®ET], N F2 NRDEIRETT, N
_H —H,

L= T X 100% (4_3)

X, LARDWANER, % H IR BRI E, %; Ho NEDWEMKER, %.
(DL bR ZUINAT BAREAE T : BUR AR % 10 g, 7£ 110°C
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R R Bl s

WA TS, BRI T E N Wo CREZE 0.01 g). KF 17 mL IKERRVE A 700 mL
UK, B R RRERIE R, INIE 95°C, K RE NI A1 & 30 min,
SRR Z IR G, FFIRRS S & 56 BT . HEFMEYiTE, FRETERN
Wi BRIRE K (%) 1% (4-D #TiHE. ERFRAX (4-4) HITHE:
o= o= M/a-K)]
w,/(1—K)

X, Q NELI LIE, %; Wo NELBERITIRTE, g Wi NELBK
JETRRE, g

43 HRETR
43.1 JR4bMERE

T RERIRR R D B L A I As SRl IR 4-3.

*4-3 JFabPERe
Table 4-3 The properties of raw yarns

x100% (4-4)

g SommEW  WEKE  BEEH OV BRMKE OV

Fe ¥R /m IR /cN /% /% 1%

*E 3424 132 136.1 9.2 10.9 10.5
Gl 11.5 76 1025 8.7 9.2 9.8
Jii 80.9 105 2157 7.8 5.7 9.2

4.3.2 QMSS F1 MSS X = 2b gy 2t gE

K H ATS. MSS (HULE=0.072) F1 QMSS (HUE=0.107) ¥Edh, 7£95 C
B 40 CRVMRE, EMRE T BN EE . MIRAMAL TR S, Eid
X IX =Pk BRI RE MR /4, PEAMIRIR P& ek : MSS T QMSS ik
I VERE, 78 QMSS 7EE & KiRARA L) 40 CARIR B aT 7M.
4.3.2.1 MEFBRLDPIKDVERE RN

K 4-4 4 ATS. MSS Al QMSS 7£ 40 CH195 C R EBEDHIKLEREEL
o HRAH, HHKH QMSS. MSS 5 ATS X EmiR&EY LG, £EXK
YR ER AR AT N 26.7%- 22.1% 16.0%, M558 22.7% 24.8%- 25.9%,
i B IR E 3 il A 576 1R 502 1% 398 1K, BPIFRAKEE 7 514 93.2%91.3%- 81.8%.

*® 4-4 ATS. MSS 5 QMSS X EEL LK 2 MERE
Table 4-4 The sizing properties of ATS, MSS and QMSS to wool warp yarns

o oE i IR Vo K s %
L LT SR T ET e L

/C " /%

ATS 95 102 16.0 259 308 81.8
S 95 0.8 221 248 502 913
40 9.7 211 243 483 89.6

95 95 26.7 227 576 932

QMSS 40 9.5 23.1 22 554 91.9

AILLVEH, =R LR, R B R E P PR R T T
ATS<MSS<QMSS, JilifHH 2 2 A S e,  H il B P AR IR /K VA TE Ry i A4 FH 1
BT EBL YR PERE. £ 40 'CF, QMSS 5 MSS (EEL )P qE,
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595 CNMHELAHZEAI S, (HIH E4FT ATS 1) 95 CRRZIERE.

FEEDFDNARKD RIS TE 4-1 frn. B 4-1la NEEEY
K2R, TUEREERESRNENZ, B50H. HE 4-2(b-H LA
RI, ik ATS. MSS M1 QMSS EHJEFBRDEPIEELIY Bigid, K
BRI EOMRAEL LRI MSS Fl QMSS L35 LB R T PIHE IR U B
4FT ATS, MSS 5. QMSS =ik F 3% 5 1B AR Z A K . xR 4-4
W B PR SR 45 AT T EIES

| e. Q, . 95 C MSS, 40 C
B 4-1 £ LRSI B R
Figure 4-1 Micrographs of raw and sized wool warp yarns

4.3.2.2 MRS LB I 20 1 R

% 4-5 5 ATS. MSS F1 QMSS 7E 95 ‘CH140 C FXTHEIRA L) (3% 201 R %
5. HEERRHA, 7£95 CF, QMSS XFHiK DRI T MSS. Kk I 2b (1) 38 78
R 17.69%3GME] 18.47%, M B REHH 306 I NE] 354 Ik, BFIFELFEH
91.4%IIMF] 92.2%, THIAHRE 22.39%k/N 5 21.58%. QMSS 5 ATS J 40
REFHLL . MEORRIET 4.77%, JRAHRFEAG 2.92%, [ BEXRESE N 139 %, BPIFF
REIEIM 7.5%. MERPEIETTLIEH, MET ATS, MSS M1 QMSS FERKZPH)
SR T OEON B 2P PRSI G R, A 2 A, eR T DL B
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ATS [P 258 VR v IZ T s e Ry PR e IR 2P i PR RE . 72 40 "CR, QMSS Mk 4b
PEREEL 95 C N FEEIRER/N, LT 95 ‘CF ATS F1 MSS K 2bPEfE, HAHE
FHIRUER .

F 4-5 ATS. MSS 5 QMSS SRz &2 i3 20 A
Table 4-5 The sizing properties of ATS, MSS and QMSS to viscose warp yarn

o DRmE ‘ e
g R s s, w0 BRI
()
ATS 95 10.5 13.7 24.5 216 84.7
MSS 95 10.1 17.7 22.4 306 91.4
40 9.8 17.3 21.7 288 90.6
95 10.2 18.5 21.6 354 922
QMSS 40 9.9 17.9 214 338 91.6

4-2 FRE IR IR S R 2 RS BB . W 4-2 (a) F|4-2 (b) ALA
Eih, MiREZDZE ATS K25, RIEPIEEAPrgd . EEmE 4-2 (b)
MREATLLE H, KESERCEE5SYREMNE, (HEREERA RS BRRA
T 542 RMBA; HE 42 (- FTLUEH, M ATS F| MSS 3] QMSS,
TEMFRE T, ROREEEHLELNE, BHSEYRMMNEATREELT.

& > o :

e. QMSS, 95 C f. QMSS, 40 C
K] 4-2 Kl JR2b RIS 20 i B A 1K

Figure 4-2 Micrographs of raw viscose yarns and sized viscose yarns
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4.3.2.3 ML LD IR 20 PE R

% 4-6 4 ATS. MSS F1 QMSS 7 HI7E 95 CHI1 40 C FXHRAELHIFK LG
Bl mRPBIEATLIAH, 7£95 CF, QMSS KRR HEREALL ATS £ 1 &
e Tt, KHMsmE. WEXRE. BRRIKESAIHE 14.9%. 318 K. 81.6%
INE] 21.26%. 514 1K, 91.1%. 5 MSS AL, XTHaK 2 BA ik mm R PERe.
fE£40 CF, QMSS iR ISR K T 0.71%, JAHZEFK T 0.4%,
i B 2 A T 28 Ik, BRI FEAREIEAK T 0.8%, KPR & T IR RN,
5t ATS SRR LT

* 4-6 ATS. MSS 5 QMSS XA 2 (13 20 g
Table 4-6 The sizing properties of ATS, MSS and QMSS to cotton warp yarn

Ao e N K Ve 2 Py 3

i R e, e a0 EHERE
0
ATS 95 11.0 14.9 15.6 318 81.6
MSS 95 10.6 19.8 14.1 465 89.5
40 10.2 19.5 13.6 439 87.3
95 10.3 213 13.3 514 91.1
QMSS 40 9.9 20.6 12.9 486 90.3

MLy PR ERIES W N 4-3 frac. ME 4-3 (a-0D 7JBLEH, M ATS
F MSS F2| QMSS, BEEZMERERL S — BRI, KR WIEH BN,
f£95 ‘CHI40 CTF QMSS KL M EPLF w8 MAREL LRI, HEEFIT R
M AR /N DAL B A eE B AT 3 — D EER 4-6 R BPIBRMR A, [ 95 CF,
QMSS K HIEFFILHELL MSS 2w, HEL ATS AEKIETF. BERIKE
40 ‘C, MSS Fil QMSS HEFI L F AR/

XPUER HEAT D SR B B AR b S ZE A - SR FR R AL - T A AR 1 AL 3, TEVE R 4
FHE 1 5INSEAK M B2 B B TR R T R R EAR R, R B R S K 1 i
AL PR K R AR JEE (1 2 R 57 BELAE FH BRI K -5 235 7 1k 21 4 1) ) A 2 J2 1 2 38 9B A
FAUS. 761, Y55 B4 J= 1) A L A0 . g B vl B EESE /K ME R FE A B TR e Ky
7K o dE, A BT o b SR AP YR TH IR A AR, XA F; MR IR
CORIIAE” JEEE, EE. MRS RNV, AR AR T R
B IE oM, BB TR 3 Fhergemziimtt. Kk, QMSS 5
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Figure 4-3 Micrographs of raw cotton yams and sized cotton yarns
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