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Studies on the Soiling of Fabrics. Part 4.
Detergency of Sized or Starched Fabrics.
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Laboratory of Textiles, Faculty of Home Economics.
Ochanomizu University, Tokyo

Abstract

Soil preventive properties of starched or sized fabrics in a wide sense are
more essentially compared when the soiled fabrics are washed, owing to the
tendency of solubility and others of sizing materials.

In this paper, various kinds of washing tests are discussed using artificially
soiled fabrics, which are starched or sized before soiling. Soiling hysterisis is
a less essential factor than the species of sizing materials. Soils on the cotton
fabrics sized by starch or polyvinylalcohol are more difficalt to be deterged
than those on the original fabrics. Fabrics sized by SCMC, SCMS and sodium
alginate are easily de-soiled when washed even in wster, and the high degrees
of substitution of CM (carboxymethyl)-residue increase the detergency, however

" alkali containing water reduces the detergency of those fabrics.
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Table 1. Detersive Efficiency (%) of Sized Cotton Fabrics Soiled

by C-CCl; Medium (Washed in 0.3% Soap Solution at
40°C, 30 min.)

Sizing Material Degree of Soiling Mear} Deters;ive

C: Low C, Middle C, High | Efficiency (%)
F, None 48.1 425 42.9 4.5
F, Starch (1) 41.1 39.8 35.5 38.8
Fs SCMC (1) 78.5 77.0 74.7 76.7
F. PVA (1) 57.9 46.2 40.9 48.3
Fs PVA (2) 55.1 46.8 39.8 47.2
‘Fs PVA-Ac (1) 58.2 52.8 51.9 54.3
F; PVA-Ac (2) 54.6 49.8 48.1 50.8
Mean C 56.2 50.7 47.7 51.5

Significant of Mean Value of F; at 1 % Level F + 2.46
52 lLevel F 4 1.81

Table 2. Analysis of Variance

. Sum of Degree of | Mean Square Variance
Source of Variance Square (SS) | Freedom(¢) v) Ratio (F)
F (Sizing Material) 5,299.9 6 883.3 198.0%*
C (Degree of Soiling) 521.6 2 260.8 56.9%*
FxC 193.7 12 16.2 3.5g%*
E (Residual) 96.0 21 4.57
Total 6,111.3 41

6=V Vy=2.138
** Significant at 1 % Level F§ = 3.81, F3, =5.78, FIX =3.17
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Starched Fabrics
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Table 3. Detersive Efficiency (%) of Sized Cotton Fabrics Soiled by C-CCl,
Medium (Washed in Water or Soap Solution at 40°C, 30 min.)

Sizing Material _ Washing Solution Mean. Detersive | Difference
: Distilled Soap Efficiency (%) | W2—W;
Wi, Water W, Solution
F; None 25.6 47.7 36.7 22.1
F, Starch (1) 20.3 41.8 31.1 21.5
F3 Starch (Corn) 15.0 39.5 27.3 24.5
F, SCMC (1) 78.1 86.2 82.2 8.1
Fs HCMC (1) 75.5 87.7 81.6 12.2
Fs PVA (1) 7.0 34.2 20.6 27.2
F; PVA (2) 9.0 37.8 23.4 28.8
Fs PVA-Ac (1) 39.4 61.6 50.5 22.2
Fs PVA-Ac (2) 38.4 66.6 52.5 28.2
Mean 34.3 55.9 45.1 21.6

Significant of mean value of F; at 1 % Level + 8.96
at 5% Level + 6.71
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Table 4. Analysis of Variance

Source of Variance SS ¢ MS(V) VR (F)
F (Sizing Material) 37,817 12 3,151 48 1%*
W (Washing Solution) 8,144 1 8,144 124.0%*

FxW 1,056 12 88 1.34
E (Residual) 3,411 52 65.6
Total 48,427 77
0=V Vyg=8.19

** Significant at 1% Level Fi3=2.54 FL=7.15
5% Level Fil=1.94 F},=4.03
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Table 5. Detersive Efficiency (%) of CMC-sized Cotton Fabrics
Soiled by C-CCl; Medium. (Washed at 40°C, 30 min.)

Washing solution .
No. of Sample ? Mean Dvléfef%r‘;ce
W1 : Water W : 0.3 % Soap 2 1
SCMC (1) 80.1 86.3 83.2 6.2
" (2) 74.7 81.4 78.1 6.7
v 3) 72.1 91.3 81.7 19.2
r (4) 79.6 91.4 85.5 11.8
p B)* 49.5 83.4 66.5 33.9
HCMC (1) 73.3 86.8 80.1 13.5
r o (2) 79.6 91.4 85.5 11.8
ACMC 6.4 74.1 40.3 67.7
None 23.8 56.9 40.4 33.1
Mean 59.9 82.6 71.3 22.7

* Containing 20 % of NaCl
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Table 6. Detersive Efficiency(%)of Starched Cotton Fabrics Soiled
by C-CCly Medium

Starching Material

Washing Solution

W, W; | Mean

Difference

Wi
0.3% | 0.3% Wo— W1 |Ws5—W;
Water NaOH | Soap
F. Starch 23.9 | 30.1 41.5 | 31.8 6.2 17.6
Fs SCMS 48.5 | 41.1 59.9 49.8 | -7.4 11.4
Mean 3.2 | 35.6 | 50.7 | 40.8 | —0.6 14.5
Difference Fo-F; 24.6 10.9 18.5 18.0

ALRFLAFIILRYVEZLTIILO—=]L
Sodium-carboxymethyl-polyvinylalcohol
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BT 5o HNXREY 250l (SCM-PVA) oEBEIXN 0.07, EGELOMILE
3HERFIEE 3. KRz (PVA-L) LR UThHS, BMESCHEHEEORET OWCIXE
W3 5H, BERENETEEOTHEERITIEAL, BBEN 0.1 X CIXRBG/HFIY

bEWIEEEE R T,

Table 7. Detersive Efficiency(%)of PVA-Sized Cotton Fabrics

(Washed at 40°C, min.)

Washing Solution
Sizing Material ; Mean
0.32% NaOH 0.3% Soap
W1 Water W2 "' Solution | W Solution
F1 None 10.2 15.9 62.2 29.4
F. PVA (1) 2.8 0.2 32.6 11.9
F; SCM-PVA 3.7 8.6 41.7 18.0
Mean 5.6 8.3 47.2 19.8

Significant of mean value at 1 % Level F +4.48, W 3.47
at 5% Level F 13.33, W 2.58

3. TLAVRICEDHMAFRDRES
Detergency of sized cotton fabrics washed in alkali solution
HNRFY AFAMEERHEL LB FREEC X222 L, B HCHW7E
NREBEC I OTELLIBELEL DT 2T, FiIHE COERBRERCETHH LM

BDHLNAERTE %o
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Table 8. Detersive Efficiency (%) of SCMS-sized Cotton Fabrics
Soiled by C-CCly Medium (Washed at 40°C, 30 min.)

Washing Soluion

: ; Difference | Degree of

Starching material W, W, 0.3% |Ws0.3% Mean Wy—W, | Substitution

Water NaOH Soap

F; None 21.0 25.9 45.2 30.7 4.9 —

F, Starch 15.3 20.7 34.4 23.5 5.4 0

F; SCMS (1) 26.1 30.7 46.6 34.5 4.6 0.1

F, SCMS (2) 47.8 38.8 62.7 49.8 - 9.0 0.2

Fs SCMS (3) 59.1 46.3 66.7 57.4 -12.8 0.4
Mean 33.9 | 32.5 51.1 39.2 - 1.4

Significant of mean value of F; at 1 % Level +3.78 at 5% Level +2.80
W, +2.92 +2.17

Table 9. Analysis of Variance

Source of Variance SS 1) MS(V) VR(F)
F (Starching Material) 7,078.5 4 1,769.6 104.22%*
W (Washing Solution) 3,241.5 2 |1,620.8 95.45%*

FxW 533.4 8 66.7 3.93%x*
E (Residual) 509.3 "30 17.0
Total 11,362.7 44

o=VVy=4.120
** Significant at 1 % Level Fyi=4.02, F,2=5.39, F,8=3.17
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MEALTWE, LL, ZTRbDORAORERYL D &, EFEKEEE (W) OLAED
B5M, T VEER (W) BIXUAFAREER (W) LhiForREL, BEH
BEOPPLREVCABC X ABAM Fuy, Fs T, 7427 VEBRIIEBEKESE L Y 0T
BHET SN TNE L a0 TRT, ZOfEmIE, BEREOCHMALELILIEELIHEDLN
5H0LEbibo

TEEBHE FXW) RNEEOFRMERT LI, ZOX) REROLDTHD,
BlEKIE (We—W1) O¥fEk JUBBOBERELHREL TR W,

TILHYREDEE Effect of alkali concentration
10k, -1 oEBREE1E) RBWion ) b4 ORI X 2SR E, &
BOER (0~0.3%) DMy —XECHRELLBEDOSGERELRTY FIHORR LA
fric, 40°C, 30 SO pHRBRA A &4 2% 3 HOBRE LI THF O DDOFHIE
| Table 10. Detersive Efficiency (%) of Starched Cotton Fabrics Soiled by
C-CCly Medium (Washed at 40°C, 30 min.)

NaOH % .
Sizing Material Mean D‘}sf[feie‘}rslrce
Wi 0 W, 0.1|Ws0.2| W, 0.3 o
F; None 21.7 | 25.0 | 25.9 | 26.5 | 24.8 4.8
F, Starch (1) 20.5 | 31.2 | 24.3 | 32.4 | 27.1 11.9
F; SCMC (1) 75.2 | 74.2 | 70.4 | 68.8 | 72.2 —6.4
F, PVA (1) 3.8 2.7 3.8 5.0 3.8 1.2
Fs PVA-Ac (1) 17.5 | 16.3 | 10.6 | 11.0 | 13.9 ~6.6
Mean 27.7 | 29.9 | 27.0 | 28.7 | 28.3 4.4

Significant of mean value of F; at 1 % Level +3.88, at 5% Level +2.60

W; +3.47 +2.60
Table 11. Analysis of Variance
Source of Variance SS 103 MS (V) VR (F)

F (Sizing Material) 33,524.1 4 8,381.0 338.2**
W (Washing Solution) 62.1 3 20.7 0.84

FxW 519.7 12 43.3 1.75
E (Residual) 991.3 40 24.8

Total 35,097.2 59

o=V V5=4.97

** Significant at 1 % Level F,;=3.38, F23=4.31, Fi2=2.66
* Significant at 5% Level Fj=2.61 F2=2.84 Fp;3=2.00
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N U CREA 2T Lich 2 0, BRBEOBREEEOHEN D bI3IF B # &
Nico THREL TR I OEENFOEREBMAOT(LE LA T TEH S,

Fs ® PVA-Ac WD TiL, RN #E L PVA-Ac (BE7 5L HEI
10.62 = 9% ORBE RN, 28, 7AH VBEEEBR TR Lty PVA ©
EL 78D, FERLiow L Eiuc £ 5 RE(LA e L ©a U, iz PVA WA e
DO CETTACERNEREEZ BILb,

COBBEL T, 0.1~0.8% FTOWHEY - WL AT, REORGRER LA
—&fTC, FRENRBAN R X0 PVA-Ac Wi H2 ks L, EERCEBETL 7A S
VOBEEXHIE Lico IRDE 12 RIIE —FHE 2 2 [HBEEL THFOLERDO FE B & &
L, %%Eio NaOH 8% 100 & L THEBOWEBEEARDLLELLDTHBY,

Table 12. Consumption (%) of NaOH Used to Wash PVA-Ac
Sized Cotton Fabrics

: Washing Solution NaOH % :
Fabrics Mean
0.1 0.2 0.4 0.8

F; Original 1.2 0.4 1.5 1.0 1.0
F, PVA-Ac sized 1.5 4.2 2.4 5.1 3.3

HEDADVBWERTH S0, 2HOBEELURR CIIMETNRARRE L A2 hD
722, EROBBIFELACED LN, ROBEZXFEEDOBSLOE LN ENEHRT
ARLICDT, RECHEBEIND WY — X OBTEENE S RICHEOTE LI MR
BIZHEALTWA Z LR LT WA,

TILFELBELUEEEAE Alginic acid and its derivatives

HNEEFY RF VALY L BN H DO 705 VERERN, B - PVA X048 21x
Bl oTHKEBAEGEREL DL ELFELNAZ L OFERERDO—2N, BIEEED@EEOH)
fllcxsdDe L, hOoMEEYEITHSESTERELERE LTRESBETCL, B
BOBEGNRHELNELDLEL DN S,

8713 Eix, 7AFVvEE (AA), 7AFVEY —-KF(SSA), TAFVEEY XDV



Nov. 1957 BT OBRCET 2T (F4W) 133

T AAHNRFY 2F Y (SCM-AA), BXOX SCM-AA Z21fg 2 & / — VB XD
THBBOB L Lich A RF Y 2570 7 AF v (HCM-AA) D 4BOHREY = -1 X
DTN LIc KRB &, BIH L AHEOHRSERREIT OIEROFHEL R T, Lk
FCIEFIR O DI = 2RE AN T, REINHOEBKESRPBORRIL VL E
{72 2T\Wbo
Table 13. Detersive Efficiency (%) of Alginic Acid Derivatives Sized
Cotton Fabrics Soiled by C-CCly Medium (Washed at 40°C, 30 min.)

. Washing Solution :
Sizing Material Mean Difference
Wi Water W2 N/10 WamWa
NaOH

F; None 46.4 46.5 46.5 0.1

Fs AA 61.6 58.7 60.2 - 2.9

F; SAA 103.0 85.5 94.3 -17.5

F, HCM-AA 36.6 35.2 35.9 - 1.4

Fs SCM-AA " 65.7 51.0 58.4 —~14.7
Mean 62.7 55.4 59.0 - 7.3

TAFVEROBEE IR FY 2F ML LEEES, WThdr Vv aEE LTHY
b ® (Fs BX O Fs) 01352, BEEROB WD (Fe 83X F) X0, %
NEZNEBINTIRGRNE L, D, TAH VEEC XD EBROET (Wa—Wy) 28K
&L%o i, EBLDLOBTHWABETYH, 2LEFY 2FMLLILDERHWED
DO (Fo, F5) D152, anEFVLERLZFOLD (Foy, F) X b3 HOTEHERIEN
TENEEE N,

II. KAEFBLCEDIBTHEDES

Detergency of sized cotton fabrics soiled by C-H,O medium

1. RkABALBLRRCE DIBLEMAFORSEE
®E1AE, 5 3% 1 OFELRER 6 6 ) KHWERRAY, FOEzHnT, H
%ﬁEG.Kﬁ&t%ﬁf,ﬁ%ﬁ%@ﬁﬁm;%%@ﬁ%%ﬁOtﬁﬁﬁ&éoﬁ@%

Table 14. Detersive Efficiency (%) of Sized Cotton Fabrics
Soiled by C-H,O Medium. (Washed in Water at
40°C, 30 min.)

Concentration of Polymer for
Sizing Material Sizing (%) Mean Degree

S; 0.5]9,1.0[85 201!s, 4.0| °f D-E- (%)
F, Starch (1) | 22.3 | 16.5 | 11.5 | 19.0 17.3
F» SCMC (1) | 80.5 | 84.5 | 104.1 |106.7 93.9
Fs PVA (1) 31.4 | 255 | 18.4 | 20.2 23.8
F, PVA-Ac(1)| 22.0 | 19.8 | 44.7 | 70.3 39.2
Mean 39.0 | 36.6 | 44.7 | 54.0 43.6

Significant of mean value of F; at 1 % Level +8.08
at 5% Level +5.80
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ILLRERC X Y, A—&Ae o HELH 2 © 2 TEREOHRRTL B, ThbRit
D& OPEBEIEKL CESERTER L. S L LEEER, KRB0 Az THH
bEEDOHMBEDOEETH b,

RIS T DR S T O YR IHEIL 34.6%ThH Do

8 3 WICHE L-RRAOE 40T, MELRESBRERDOE 1 EDBALD G,
BHERAOERFEHBIIZE BN VDOHENL D, FREZENPORETELLDL
AN

Table 15. Analysis of Variance

Source of Variance SS ¢ MS(V) F
F (Sizing Material) 29,003 3 9,668 350 **
S (Conc. of S.M.) 1,355 3 451.8 16. 4%+
FxS 3,111 | 9 345.5 12.5%+
E (Rseidual) { 442 6 | 27.6
Total j 33,921 31

o=VV,=5.256
** Significant at 1 % Level F3,=5.29, F}.=3.78
16 16

15K, TORBRERORE (B X A208OWMEELRT,

WE F) SI0HTRE O)0XHE, LORERLOLERAHE FXS) 1w
Thdy 1KETCOBEOAEBRMEZRL TS,

MR X A28 RITRDIEFIC 7 %0

F.>F > GREIA 47) >Fs >F1

KA e, SCMC ¥4 (Fu), #iagb+R ) €=r71a—~1 (PVA-Ac) #
A (Fo) 3ERNEL, ERESH F) X0 PVA BitH (Fs) 3k msnE
W EIX, 3 RICRT HIE(RES B RREEBAGEG LB ELRAE T 0%,
HEE N DEOTRT VD, H 14T 1L.OBKER TN T LicdDd (S) L5 3
ORISR L 2T 52 %15, ©ric PVA B A% LE <, PVA-Ac #
RFRESELEL R DTS ENEE & NS, Tif L, AROERIL, FHYMOEHE
MR — TR 2D, FREOEIN D THDH LB TLIRETE o\,

W BEC X AEHMRIRDIEFTH Y, EHEOHE G TOFHETIE, WTh
DR L D B TEERNE .

Si>8;>8,>8s~ RIS )

1% R X AR OBE (S) b2k dPEHRMMEL, LrdbZh3BEERMALLT
DEYE (85 3 H 6 2R 13, FREOIHLTLDLNIVWEHETHY, o
FEOERECHMNT 2T 5 L B RCB/NMEEZRTZ LIEREBECER T S,

SCMC =% PVA-Ac o, XHEELUTREINA LD L HERD BVHIA i T,
WA EER BT RO TR Y LRAT DR L, BB PVA o KRB A I DD
WERO BN T, AT L T L ORNHNTH 5o
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2. MIBRAIBRERICK OLEFBLEMOESEE

Detergency of cotton fabrics soiled by carbornblack-sizing materials-water

medium.

135

i (F 3 %) Il OB ke X b, MRRY <~ 182 KkSBIERE L AW TR

BN T RAEZEREL, HHIARCEERRET oD Th %o

B 163R1%, FIEEE 8 ROVBEYRBRMELO T FAVWIL O TR, REXFEI
1 0% DT B EY, 20~80°C (FEE T) T 30 HHOEBEKEERBRLITD
TiERTh Do RV 4« DHWEMTEHB LT, HA—%KATRT2FEE BEL 3
DEBREFTEThH D) LT e RLIco WAHEFERLICEDTIRARLWD T, FiIHE TORRK
EDORFZBG BT HEL P tEb LI, AvicEBHIFEBEO LD (55 3 #iREk

Tk 2. 2l TH %o

BITRIIZZOERRIERDOFEE (FH) T XB55HGNERER T

Table 16. Detersive Efficiency (%) of Cotton Fabrics Soiled by

Polymer Containing Aqueous Soiling Medium.

Added Polymer in Washing Tempereture (°C) Mean Detersive
Soiling Medium T, 20 T, 40 Ts 60 T, 80 Efficiency (%)
P; None 23.5 25.5 23.7 17.0 22.4
Py Starch (1) 5.1 8.7 7.3 7.6 7.2
P; SCMC (1) 92.7 98.5 90.5 89.7 92.8 .
P, PVA (1) 2.8 12.8 16.8 18.2 12.6
P; PVA (2) 7.5 15.5 17.7 16.0 14.2
Ps PVA-Ac (1) 25.2 36.0 36.1 37.9 33.8
Pr PVA-Ac (2) 31.2 41.5 47.8 48.2 42.2

Mean 26.9 - 34.0 34.3 33.5 32.2
Significant of mean value of P; at 1 % Level +1.125
at 52 Level +0.84
Table 17. Analysis of Variance
l _
Source of ’
Variance Ss ¢ MS (V) F
P (Polymer) 62,265 6 10,377.5 1,219*%*
T (Temp.) 815 3 271.7 31.8**
PxT 1,003 18 55.7 6.6%*
E (Residual) 475 56 8.49
Total 64,558 83

c=vVVgz=2.914

** Significant at 1 % Level F§ = 3.15, F}; = 4.16, Fis = 2.29

BERBECHEMLIE BBRY =— (P) B IOHEEE (T) DR,

NIAON ey (Y
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ZEEASE PXT) wvwihd 1%KkETOFEOEEEREYRL T\ 5,

I X B =R RIIRO BRI B,

P3>P7~P6>P1 (4 ¥Rim) >P4~P5~P2

SCMC #imn (Ps), MobRY e=r7ia—1 (PVA-Ac) % (Pe, P) O o
2, HBER ) = —BEIML I e DK GEBE LR L B D (P XD EHRAE N
Tk, BT (P) X0 PVA i Py, Ps) OL0RMEWEERERT & &
3, WITRLBIHERDO TN ZThOBIG FEELELIcL ODOEE LFE CEAITH %o
TibbBIEERIRC X % &, HRELTO S OB AOKSEIBER L 1Tk b BOok
WEAERT (B 3 #ifF 8 £REM) 2, FELLHEhORBERERT X 5RERE, AE
B REN IR NS D E N2 Do TDZ LIFRINANHELRINIHEAIE, KBS OHER
BN L D AL L OB A Y = — L FBELTWE 3D L E L b, DTl B
PEOER RS, M R CARBE L THBIC XD TH ME LEEL I A BB O B AT, ¥
B L DIEHROUEE? 2BHbLBRVWLDOLABDON S, _

516k D 40°C %D U%ERY, H14ED 1BHNAOBE L HKTS &, WK,
PVA %MD & DIXPEHRMEL, TOMDHEMD DREL 2T\ \b, FRL el
DR OWIEHERRS LI D h, BBEEY) ~—MFBE LT F M BREINTBAEDIZ
5743, BB L7cBAME e W LRI L D S RO BTN BRI 530 e E 2
b, fEoTinie SCMC % PVA-Ac HmOBAEIL, MINHEHERLEEE L D bk
HENEEOTL %o

VIR IRE M O EH IR DEFC 8%,

. T3~T2~T4>T1

20°C (iz13%E) OEa (T) il 1%DEED FELES b DO THERIMEN,
o 40°C DLER B DT ZRIIDL L, &L DRRBEDEHHTH S, 20X 5 T
NHEDOUNSEBREFC X5 %kE T, BEXZEENLC EAI T REHROHAK
EARbLREWEDE WL B,

B & Summary

FEOMP AR Y ~— I X VBN T LicRiBfico&, HIHWO L5 M ATHREBL
DB PEERBRL TV, ROWEHBRELE I : ‘

) FHRE E3H) »ORPRAZENTELIRVES b, &Mk DAV
BOENHELPCEL, ThEBBOKRBOHHE]REEL D ENTE S, FEOHEYE
WX AZERIEERE RS QR P T, BIE - BT OEZENEBNTRE Vo

2) BB, OB WELRESB S THOBERIC XD Th, Froukid - ot
AR X2 Th, REINT X D LUEBENRS Do 1L, VPT LHLRFY AFN
L= SCMS iz k Ay, SCM HEoEHRE & & kiR e T,

3) PVA MR FIIK¥kiiC X DT R RMIAAr X 0 EV2S, AN X
DTLIHIFRBERC 850 BIKFAEkOM St PVA (PVA-Ac) 1 X 2B, W
THOBELCIRBIGHORERI D LE L, A NONFECERGREDHREKE WAL,
7B VI X B WERIKEERL D L E.

4) SCMC BN iz wThoBAd I bIc REMA A X 0 DGRV B VN, &E -
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FEY — X OEETIEFINODOEE L & 3 KEGRNBIT 5, Z0H5E, SCMS
PRECRTEED BN Do ok NH-CMC ¥ 7 O PEEMEIT/NE o

5) TAFVEY - OB TFEMBEALER L L THWEAIIL, 20 EkEREs
B, SCMC - SCMS LRI 75 U G RITKEER L D HETT 5,

(HED) S JOHRORRCHIL, FERBHIL L VBT e b2k L 2 TH L, Kh
KIS TTAR « Kif - B8« K« IRAROERC LB CE#MT 2, CMC 2 LTHRAEV—=
Vi, PYAIR A ARERAL B RORLL X ) PRI 0OTHH T LA HR L THESRT 5,
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