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Table 1-1 Initially Burned Materials and
Rates of the Numbers of Victims
in House Fires(1997)[1]
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Initiaily Burned Materials

(%)

bedclothes
clothes

fibers

curtains, carpets
papers

interiors, fittins
furnitures

gases

wastes

gasoline, kerosene
Tempura oil
unknown

others

19.2
10.3
1.6
3.4
35
23
29
0.3
5.1
49
0.5
38.6
1.4
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Table 1-2 Fire Sourcs in House Fire

a5, EEAK

~felic & 1-1 I2nx3
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v % < (22%). LA

and Rates of the Numbers of

Victims in the Fires(1997)[1]

Fire Sources (%)
cigarettes 221
matches, lighter 76
heaters 14.1
portable cooking stoves 8.2
electric apparatus 3.6
candles 38
kotatsu 1.4
others 39.2
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Fig. 1-1 Combustion eycle of organic materials
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Table 2-1 Polyester, cotton and polyester/cotton blend fabrics used

Yarn count Fineness Thickness Weight

Sample (number/cm) (mm) (g/m)

Warp Filling Warp  Filling
Polyeter Tafta 210 191 75D 75D 0.10 70
Tropical 72 64 230D 248D 0.31 134
Cotton Shirting 28 27 30 S 36S 022 100
Polyeter 65%/ Broad 56 29 42 S 468 023 110
Cotton 35%
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Fig. 2-2 Effect of monomer concentration in the treating bath on add-ons of
treated polyester fabrics : (@), APS; (&), V-50; (...), before rinsing;
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Fig, 2-3 Effect of initiator concentration in the treating bath on add-ons of treated
polyester fabrics : (O.@), APS: (A, A), V-50: (...), before rinsing;

and (—), after rinsing.
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Table 2-2 Reactivities of FYR and comonomers in treated polyester fabrics

Sample Monomer in Catalyst FYR/AA(NMA) in
Treating Solution the Sample after Rinsing

Polyeter 100% FYR:AA=1:4 APS 1 :22:33
(Tropical) FYR «/AA =1:1 APS 1:048
FYR:AA=1:025 APS 1:014
FYR: AA=1:4 V-50 1:3.74
FYR:AA=1:1 V=50 1:0.86
FYR: AA=1:0.25 V=50 1:0.17
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Fig. 2-7 Effect of weight ratio of comonomer in the treating bath on LOI values of
treated polyester fabrics: (O.@), APS: (A, A), V-50; ((J.M). CAN:

(...), before rinsing; and (—), after rinsing.
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Table 2-3 Flame retardancy of treated polyester fabrics

Sample  Monomer

Catalyst

Treatment

Add-on(%)

LOI

Tropical Untreated
FYR

FYR:AA=4:1

FYR:AA=1:1

FYR:AA=1:4

APS

CAN

APS

V=50

APS

before rinsing
after rinsing
before rinsing
after rinsing
before rinsing
after rinsing
before rinsing
after rinsing
before rinsing

after rinsing

19.1
14.0
18.2
0.0
18.3
13.5
20.1
17.3
17.3
13.5

21.7
27.0
24.9
24.4
24.1
25.2
24.3
25.7
25.0
23.1
233

Tafta Untreated
FYR

FYR:AA=4:1

APS

APS

before rinsing
after rinsing
before rinsing

after rinsing

13.7
8.9
13.4
10.0

19.9
230
236
223
224

¥ JIS L 1041

FYR o fit & #&

PR RS

HYrEFRRBELE LOI{

R RIZT #

H D

HE
II—.-]A

=R IE) TR

B2 Ry, JIS L 1091 D & (%

% 2-3 L5 T B 2% [E 3K 3

= B

k.

W W w W W b

L b W

I VX 1 @ 48 B8



Al ey Bela ) T S 11 % B e B e BIZ SRR P L. A o
ARDEWVWILYV S, VB FEOEEIKREI WEWNWZ
A E

Do G WVHIOREEBEVWEORARBBIZLY Y EF R L LOIE L

DHFIEEABO ARV, BRVCHET SRKIEE /) v — %

AERNY—TH, EARHIIH LTHBEEZELERS LR LY ICE
MLTWBZ ENDIE, Sello 5[25]1F. FYR @84 . LOI

S N g o 48 7 ) = S R S T — [ S e ey "
26 LL D H D rhEH I 3.2% Bl oo = ji Ef_ iR '}E LS ;"_' 5

HELTWS, bhhbhOoENSH S LOIE 26 %83 121X 5.5-6.0

wtiwtBhlh ED ) U EF|BMVE L WVWZ S, LHL. LOI I'l'tE 23-24
LEDSDHR JISL 1091 DHEEERAB)TIRERMELHEIRLS.,
I TEXIE, VY EE BRI 2wtiwtBl EbRIT L ey o ki
BB, . BFEEARLIOIBELOBMICEEOMEBIZED LT,
AA M BEBMCTRHERECHFESLTWVWAR2Y, —Hoblizdh 3 b
DDY EHFRE2wWtIwtBL ETCLMNS EBHEESHE0.55 wt/wt%ll b
TohhiX, LOI @ik 28 A E &2 & ETCHHEFMEND, V
VEBFRLEOHEEERPLENLEINDICHOVWTIHARECIEIE- &

r?

N LZE ol

e
v

P (%)
0 1 3 4 5 [} 7 [
30
8
Q
26 9

- 8 Q % %
22 C?
20

al [V 03
Add-on of Fyrol 76 (g/q sample )

Fig. 2-8 Relation between LOI values and the contents fixed FYR in the

treated polyester fabrics: (O), before rinsing: and (@), after rinsing.
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Table 2-4 Effect of laundering on flame retardancy of treated

polyester fabrics

Monomer Catalyst Treatment LOI Method DE'."
untreated 21.7 2
FYR APS before rinsing 27.0

after rinsing 249

FYR:AA=4:1

FYR:AA=1:1

FYR:AA=1:4

APS

V=50

APS

after 5 laundering
before rinsing
after rinsing

after 5 laundering
before rinsing
after rinsing

after 5 laundering
before rinsing
after rinsing

after 5 laundering

252
252
243
241
25.7
250
264
23.1
233
26.1
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Fig. 2-9 Effect of weight ratio of comonomers in the treating bath on add-ons of

treated polyester/cotton blended fabrics: (O. @), FYR/NMA: (A.A). FYR/AA:

(...), before rinsing: and (—), after rinsing.
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Fig. 2-10 Effect of weight ratio of comonomers in the treating bath on LOI values of

treated polyester/cotton blended fabrics: (O.@). FYR/NMA: (A A), FYR/AA:

(..), before rinsing; and (—), after rinsing.
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Table 2-5 Reactivities of FYR and comonomers in treated polyestr/cotton
blend fabrics

Sample

Monomer in

Treating Solution

Catalyst FYR/AA(NMA) in
the Sample after Rinsing

Polyeter 65%
*Cotton 35%
(Broad)

FYR:
tAA=1:1

FYR

FYR :
FYR:
FYR:
FYR ¢

AA=1:4

AA=1:025
NMA=1:4
NMA=1:1
NMA =1:0.25

APS
APS
APS
APS
APS
APS

1
1
1

: 2.07
: 0.56
: 0.21
:2.50
: 0.35
:0.18
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d(®%B)=(a X b) e X100

Table 2—6 Treatments of Cotton Fabrics with FYR and/or NMA

Sample Composition Add-on Apparent Analysis LOI ALor
Code of Treating wt/wt % Grafting

Solution® Efficientcy

FYR NMA % P N

wt/wt b owt/wt % wt/wt % wt/wt %

FYR-1 5.0 = 15 32 0.13 = 214 28
FYR-2 12.5 = 6.2 56 0.98 = 244 59
FYR-3 20.0 = 12.0 66 2.25 = 248 6.2
FYR-4 25.0 = 13.8 69 2.38 = 26.4 1.8
NMA-1 = 5.0 29 67 T 0.62 19.3 0.7
NMA-2 = 125 9.6 84 = 1.25 19.6 1.0
NMA-3 = 200 18.2 96 = 1.85 203 17
NMA-4 = 25.0 200 100 = 241 21.4 28
F/N-1 5.0 200 18.4 92 0.06 1.93 249 6.3
F/N-2 12.5 12.5 17.2 86 0.92 1.14 276 9.0
F/N-3 20.0 5.0 14.8 74 1.54 0.48 27.2 8.6

* Ammonium persulfate (10 wt/wt% of monomer) was used as an initiator.
) The difference between LOI of the sample and that (18.6) of untreated cotton.
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Fig. 2-12 Phosphorus and nitrogen contents versus add-on for cotton fabrics treated
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contents calculated from add-on for phosphorus and nitrogen, respectively.
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treated with FYR(Q), NMA(A), and FYR and NMA(@).
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Fig. 2-14 TG curves of cotton samples treated with FYR : (Q). FYR-] : (M), FYR-2 ;
(A), FYR-3 : and (&), FYR-4.
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Fig. 2-15 TG curves of cotton samples treated with FYR and NMA : (A ), NMA-4 -
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Fig. 2-16 TG curves of cotton samples treated with NMA : (O), NMA-1 - (W), NMA-
(A), NMA-3 :and (A), NMA-4.
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Fig. 2-17 DTA curves of cotton samples treated with FYR : (a), untreated : (b). FYR-1

(c). FYR-2: (d). FYR-3 ; and (e), FYR-4.
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Fig. 2-18 TG curves of cotton samples treated with FYR and NMA : (a). untreated :
(b), NMA-4 ; (c). F/N-1 :(d), F/N-2 : (e). F/N-3 : and (f), FYR-4.
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Table 2-7 TG and DTA Characteristics of Gotton Fabrics Treated with FYR and/or NMA

(Rate of temperature programing, 10°C/min)

¥

TG DTA¥

Sample Main Weight Loss Process Main Peaks Discussed
Code Decomposition Temperature (°C) Rou? 'Res” Endotherm Exotherm

To L T; %/min % o e
Untreated 3476 368.6 382.9 18.1 12.8 372.1
FYR-1 279.2 310.2 3159 10.7 216 2847
FYR-2 267.7 295.8 302.3 10.6 295 2753 305.3
FYR-3 253.2 2893 296.7 8.0 39.1 2540 2944
FYR-4 254.1 284.1 290.6 8.5 37.8 291.1
NMA-1 340.0 367.7 3829 16.0 15.1 368.4
NMA-2 3391 368.3 380.8 13.7 17.4 362.4
NMA-3 3409 372.6 3826 12.1 234 366.8
NMA-4 327.0 365.8 378.2 9.8 25 363.1
F/N-1 2957 32438 338.6 8.7 34.4 3358
F/N-2 280.8 307.3 3225 8.5 32.1 320.3
F/N-3 267.3 296.3 307.2 8.5 36.4 316.1

a DTA peaks of NMA-treated samples, see the text
” Decomposition rate of T,,.

* Residue at 600 °C

RLBEL T - AOHE, ST0CHECAKAEERL BR L AL
BMEEED K&, 600CEB T ABREIEBDTOLR VR, 51U v
R HF T Efkﬁﬁ'\ MILk®trn -2, REBEALD — XL )5 b
BRECTCERBLOZ2BLOIN, TOXE- 8 MEBEEEBRETE O
HERFREIRESHEML, 72, 600CTCORERE L KI5 12 M
THEREES N TUWS[3,30,31], FYR B % ViXx FYR/NMA B &

%
WBLESBES., B 2-14, 2-15 Ok Hic, a¥nE HEMNDIZERL
EOHEICH, 60CH LIER T L Ch . COBRBTOERRRS I
RLEOHAITH ¥R L T
® 2-20a = FYR Hi% /2 at o »3-} MBELY EHRE DM
RERT. 0183% L WS P ROY Y OBAICED . T, T,, B T,
wmfﬂ%k%(ﬁ?b‘%m%\Uyﬁﬁﬁwﬂmk&%cﬁ$




PICEREMIZY 7 P 5. Ry BROEREOFEO 1/2 IE T+
(R 2-7T)e REBRITDVPEOEAIZLY 20%L LicEmML, Vs
FROEME bz k&< Mt sEmM%E 5T,

f.on]I fa) thi |T fel
SRS

30 L\ § ____\\
g 300 l\x::\\\\-
§ L —% k\.k -

--h-‘“‘ﬁ-,_ e

"m0 . s

00

G:l L] 0 ‘r L4 n G' L]
Pl P i) N

Fig. 2-20 Thermal weight loss temperatures versus phosphorus or nitrogen contents of
cotton samples treated with FYR (a), FYR and NMA (b) or NMA (¢) : (@). T, ;
(A), T, :and (M), T:.
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Table 2-8 TG and DTA Characteristics of Cotton Fabrics Treated with FYR and/or NMA
(Rate of temperature programing, 20°C/min)

6 DTA”

Sample Main Weight Loss Process Main Peaks Discussed
Code Decomposition Temperature (°C) R..” Res” Endotherm Exotherm

To T T¢ %/ min % c C
Untreated 353.9 382.9 395.5 35.0 109 3842
FYR-1 289.9 317.6 327.3 22.4 229 317.6
FYR-2 2814 305.7 3133 23.7 33.8 299.7 305.3
FYR-3 2743 297.0 303.6 23.7 38.8 286.5 307.0
FYR-4 2674 293.3 302.5 19.7 39.5 281.7 302.6
NMA-1 356.1 3854 397.5 31.3 15.6 384.4
NMA-2 3516 384.2 399.1 27.2 206 3858
NMA-3 3359 386.0 3974 257 20.6 385.0
NMA-4 339.9 3784 393.2 20.1 24.0 364.2
F/N-1 306.5 336.3 349.5 17.6 36.0 3476
F/N-2 296.3 317.1 333.0 17.3 38.0 3108 333.0
F/N-3 281.0 307.0 316.7 19.5 40.1 299.2 316.4

" DTA peaks of NMA-treated samples, see the text
B} 5%

Decomposition rate of T,,.
* Residue at 600 °C
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Fig. 2-21 Plots of logarithms of heating rate versus the reciprocal absolute temperature for
indicated weight value of the decomposition of untreated cotton: (Q). 2°C/min :

(@). 4°C/min ; (A), 8°C/min : and (W), 16°C/min.
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Fig. 2-22 Plots of logarithms of heating rate versus the reciprocal absolute temperature for
indicated weight value of the decomposition of FYR-2 sample: (O), 2°C/min ;

(@), 4°C/min : (A), 8°C/min ; and (M), 16°C/min.
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Fig. 2-23 Plots of logarithms of heating rate versus the reciprocal absolute temperature for

indicated weight value of the decompesition of F/N-2 sample: (O), 2°C/min ;

(@), 4°C/min ; (A), 8°C/min ; and (M), 16°C/min.




Table 2-9 Apparent Activation Energies of Thermal Decomposition of
Untreated Cotton and Phosphrus—containing Cotton Samples

Determined by the Method of Ozawa

Weight Loss (%) E (J/kmol)

Used for Eva= Sample Code Untreated FYR-2 F/N-2

lution of E P (%) 0 0.98 0.92

LOI 18.6 244 276

10 161 180 201
20 149 205 196
30 152 217 200
40 149 226 222
50 144 220 =
60 143 = -
70 141 E -

220 //\
:é 200
a3 [w]
S
w 180T
160
140
i
L

20 40 60 80
Weight Loss (%)

Fig. 2-24 Relationships between apparent activation energy(E) and weight loss of used
far evalution of E of cellulose and cellulose treatd with FYR and with FYR and NMA:
(O), untreated ; (A), FYR-2 and ([1), F/N-2.
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MS % #t & #& % . FYR X NMA O # A2 & 3 % /= 7 B4 5 R
EOWTHLMZ L, FYR® NMALHORARICKIETHBIC

CEm B

-y |‘\

3.2 E®
3.2.1 %

E2ETEHEEHKBG 3-1)2HWVWE

3.2.2 Py-GC & #r

FID %2 A2 a0~ X557 063 (BT, a2l —FA
Y hR AR TAY-JHP-2 RI(BE A TE RO T — 0B HL
TZua<x by 27 C-RIB(EE)Z#HE#H L THWE, ~Y 2 THl D
S ERARICEIM Lm0 200-300 0 g KSR L =%, FiEim g M
DTz T RF oINS 2LV BAE LD %, FHE
BART, mA 54— lcEHELE, BAoMBEEIZ 590°C, m
ARMIZ4 BELE.GCHHTIZIE.80-100 X v ¥ = @ Porapak Q

—

50




(Waters Co)Z RELAERE 2m. AR SmDH T AN T A% FHu,
X ¥ VT HA(ER)DHE 40mL/42 . B E 80CH 5 240°C F T3 i
BCIHTHIEESIELHE, 240CICH 60 0 REBLE, Ny 2750

KOs ev b7 ARMNCHEL, RO/ 75 LhbE|

(=

.'_‘_| L =
L e

Table 3-1 Cotton Cellulose Samples Graft-copolymerized with
FYR and/or NMA

Sample Composition of Add-on P N LOI
Code® Treating Solution' wt/wt % wt/wt % wt/wt %
FYR NMA
wt/wt % wt/wt %

Untreatec = = = = = 18.6
FYR-1 5.0 = 1.9 0.13 = 214
EYR-Z 12.5 = 6.2 0.98 * 24.4
FYR-3 20.0 = 12.0 2.25 2 248
FYR-4 25.0 - 13.8 2.38 2 26.4
NMA-1 ~ 5.0 2.9 - 0.62 19.3
NMA-2 = 12.5 9.6 = 1.25 19.6
NMA-3 = 20.0 18.2 X 1.85 20.3
NMA-4 = 25.0 20.0 = 241 21.4
F/N-1 5.0 20.0 18.4 0.14 1.93 249
F/N-2 12.5 12.5 17.2 0.92 1.14 2786
F/N-3 20.0 5.0 14.8 1.54 0.48 27.2

®) See Chap. 2
” Ammonium persulfate (10 wt/wt% of monomer) was used as an initiator.

3.2.3 Py-GC-MS 7 #f

Py-GC fHICAWERSA B FAF -2 bR Iu~w S F7=%
AANRYZ b A —%—JMA DX300 (HAETF) Ic#HH L. Py-GC
CE—SHTHASM LI, GCH T AICIE Py-GCIRAWE LEED

boOERBHAWE, FYy U THRICEAYTLZHAV., & 40mL/4% &




L, BE 80CHDH 240CE THEAC/IHTHBLAK, HRICHE-»
e A P22 vay EAL=F—-RBROLAVEORER, £h
£, 240, 240, 230CTCH %5, EIRUO CI Bl AL 4+ (L E
i 70eV-& L ClERBITOEBHRIZERA YT 2FR W,
BEOMUMETII6HEIZ m/z 10-300 T T 2 1 TAFr+=v 7 L
CRAANT pAT —FEFEBRYRALE, COF —%2556 RIC 27 o

P T ARELZTBEE L, 7 —2 08|z JMA 3000 (A AEF)

T

3.3 fERLEBZ
3.3.1 Py-GC K& Of Py-GC-MS 7 = b ¥ 7 A

A B T(X Py-GC 2 O Py-GC-MS o #ric & RIMLEHRE LD —
ARV FYRBIAO/ELIZ NMALBE LA 0 — R (F 3-1)D 84
WRREFEBEBRITLE, EAL0 —RORMBBMOFTIZEAFTTH -
Porapak Q DN T L xR WIZH B WL 250%H 5 h 5 [5,9,10],

oK R Py-GC 7 u~ b7 7 AR, Py-GC-MS 25
F5KEHR RICZues b7 0%K 3-1 RV 8-2 I LE, GC
DREBICFIDZAWVWTWEDOT, _BIEREZELLECETOLKRY T
Pyv-GC 7 == b & 5 Ao —2 L LTl vy,

K 32ICHBMHEHESNEASMAEARY S, BEXBEROLOL B
BHEIZARLEZ, BROCROa - RFEFEHASMERY 273 & &
. 2B b7 7 LhDE—2FFBELTHLEL TWS, Zuw by
Zhb, BOMERVOE -2 BHBELTVWRVWEAIR, 21T
18/19 D X HICa—FEEFEZERTE—-—20FFEL L., 2O —7
BDERD 18 L 19D ER>TEEEY -7 T tErt, £RY
DifEIL, Py-GC-MSIZB T HAEBANY ML ORI LY BEL
e BBIIX, BLEBRYDODEEREARY bV EBGTANFAFTUE
CEETFITAV MM FVOREXXMEE LB LR LE, HE
E: XCMEBIXTERICBELS —HLTWS, 2B, Py-GC 7/ o=} F 5
\CHELEE—ZIER2TWEBETYH, Py-GC-MS IT BV TH
BB ESA A2V T MCSIMZ BT H & . FRhEhOE — 2
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Fig. 3-1 Typical Py-GC chromatograms of untreated and graft-copolymerized cotton

cellulose samples. (a) untreated cotton: (b) FYR-4; (¢)NMA-4: and (d) F/N-2.
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Fig. 3-2 Typical RIC chromatograms in Py-GC-MS of untreated and graft-copolymerized

=

cotton cellulose samples, (a) untreated cotton; (b) FYR-4; (¢)NMA-4: and (d) F/N-2.
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Table 3-4 Selected Thermal Decomposition Products of
Untreated and Graft-copolymerized Cotton Samples

Code  Chemical Name Code  Chemical Name
No. No.
1 methane 19  acetone
3  cthylene 20  ecthyl methyl ketone
4  cthane 21 acryronitrile
: 8  hydrogen cyanide 22 allyl alcohol
| 9  propylene 23 3-pentene-l-yne
10  not identified 24 hydroxyacetaldehyde
11 methanol 28  methyl vinyl ketone
12 acetaldehyde 29  diacetyl
13  2-butene 30  2-methylfuran
14 1.3-butadiene 34  acetol
16  acetonitrile 40  methyl pyruvate
I 17  acrolein 42  2-furaldehyde
! 18 furan 43  24-pentadicnal
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Table 3-5 Total Peak Areas with Retention Time upto 40 min in Py-GC
Chromatograms of Untreated and Graft-copolymerized Cotton

Samples™
Sample <> o /L0 L0/ LxD Iy
code % %
Untreated 624 96.4 15 100.0 624
FYR=1 330 71.0 21 53.0 326
FYR-2 329 42.0 13 ozl 310
| FYR-3 380 48.7 13 610 340
| FYR-4 368 49.8 14 59.0 324
NMA-1 437 47.5 11 70.0 425
NMA-2 437 67.0 15 70.0 399
NMA-3 443 33.1 7 70.9 374
NMA-4 298 13.5 5 477 248
F/N-1 276 24.5 9 442 233
F/N-2 253 29.0 11 40.5 216
F/N-3 280 44.2 16 449 244
B Average total peak areas (in V sec) of peaks with retention times

upto 40 min in Py-GC chromatograms per weight of cellulose
fractions of samples in g.

o, Standard deviation for Z <x> .

g/2<0 Coefficient of variation.

Z<x>/ X <x,>, Average total peak areas of treated samples per weight of
cellulose fraction of samples relative to that of untreated
cotton cellulose.

2<y>, Average total areas (in V sec) per weight of samples in g
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Fig. 3-3 Total peak areas in Py-GC chromatograms versus phosphorus or nitrogen contents of
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cotton samples graft-copolymerized with FYR (a). FYR and NMA (b), and NMA (¢).
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Table 3-6 Single-component Peaks or Combined Peaks in Which One Component is
Dominant, in Py-GC Chromatograms of Untreated and Graft-copolymerized
Cotton Samples ¥

Code Sample x> T g/ /D OrEe <y
No. code % % %
1 Untreated 13 2.6 20 100 2.1 13
; FYR-1 6 0.9 14 48 1.9 6
FYR-2 8 0.9 11 60 24 8
EYR=3 10 0.9 10 74 26 9
FYR-4 8 1.6 19 61 2.2 7
NMA-1 13 1.4 10 101 3.1 13
NMA-2 13 i 10 95 29 12
NMA-3 13 0.7 5 97 2.9 11
NMA-4 12 1.9 16 88 4.0 10
F/N-1 10 1.7 17 74 36 8
F/N-2 9 0.2 2 64 34 7
F/N-3 8 0.8 10 58 2.8 7
3  Untreated 19 b3 28 100 3.0 19
FYR-1 10 08 8 53 3.0 10
FYR-2 13 1.6 12 70 4.0 12
FYR-3 17 1.6 9 90 4.4 15
FYR-4 14 3:2 23 74 3.8 12
NMA-1 19 1.8 10 99 4.3 18
NMA-2 16 1.8 11 84 3.6 14
NMA-3 15 1 7 80 34 13
NMA-4 12 1.8 15 64 4.0 10
F/N-1 10 23 22 54 3.7 9
F/N-2 10 0.1 1 52 3.9 8
F/N-3 12 0.9 8 62 4.2 10
4  Untreated 3 0.8 33 100 04 3
FYR-1 1 0.1 E 56 04 1
FYR-2 2 0.2 10 74 0.6 2
FYR-3 3 0.3 9 105 0.7 2
FYR-4 2 0.3 15 87 0.6 2
NMA-1 3 03 12 108 0.6 3
NMA-2 3 04 12 136 08 3
NMA-3 4 0.2 4 156 0.9 3
NMA-4 4 0.5 13 162 1.4 3
F/N-1 3 0.6 21 113 14 2
F/N-2 3 02 8 97 1.0 2
F/N-3 2 0.3 16 81 0.7 2




(Table 3-6 continued)

9  Untreated 12 3.7 31 100 1.9 12
FYR-1 8 0.8 9 70 25 7
FYR-2 1 1.6 15 91 3.3 10
FYR-3 12 1.4 11 106 3.3 11
FYR-4 9 2.0 22 78 1.4 8
NMA-1 12 LS 13 100 27 11
NMA-2 11 0.9 8 94 26 10
NMA-3 11 0.8 8 92 24 9
NMA-4 9 1.7 18 79 3.1 8
F/N-1 9 1.9 21 16 33 8
F/N-2 8 0.6 7 12 3.4 7
F/N-3 9 0.1 2 75 3.2 8

10/11 Untreated 6 1.3 23 100 0.9 6
FYR-1 4 0.2 5 77 1.3 4
FYR-2 11 1.8 17 188 3.2 10
FYR-3 21 1:3 6 380 5.6 19
FYR-4 15 1.9 12 274 4.2 14
NMA-1 5 04 7 95 1.2 5
NMA-2 4 0.8 17 80 1.0 4
NMA-3 5 0.3 6 80 1.0 4
NMA-4 4 0.2 5 68 1.3 3
F/N-1 6 0.9 15 106 22 5
F/N-2 8 04 5 137 3.1 7
F/N-3 13 3.3 27 222 4.5 11

12 Untreated 26 4.8 18 100 4.2 26
FYR-1 15 0.8 5 56 45 15
FYR-2 23 3.3 14 89 7 22
FYR-3 40 4.3 11 151 104 35
FYR-4 34 5.7 17 129 92 30
NMA-1 25 1.5 6 95 5.7 24
NMA-2 20 24 12 76 4.6 18
NMA-3 18 1.5 8 10 4.1 15
NMA-4 15 2.0 13 58 5.1 13
F/N-1 11 2.4 22 41 39 9
F/N-2 12 0.1 1 45 4.7 10
F/N-3 20 4.2 21 76 7.1 17

13/14 Untreated 7 155 22 100 1.1 7
FYR-1 5 0.2 3 80 1.6 5
FYR-2 7 1.1 15 108 22 7
FYR-3 9 1.2 14 128 2.3 8
FYR-4 7 1.6 23 104 1.9 6




(Table 3-6 continued)
NMA-1 6 06 11 87 1.4 5
NMA-2 5 0.5 9 81 1.3 5
NMA-3 5 0.4 7 78 1.2 4
NMA-4 5 0.6 12 69 1.6 4
F/N-1 5 1.1 21 17 1.9 4
F/N-2 5 0.0 0 77 2.1 4
F/N-3 6 1.4 26 81 20 5
17  Untreated 26 5.6 22 100 4.1 26
FYR~1 11 0.8 7 44 34 11
FYR-2 12 2.1 18 45 3.5 11
FYR-3 10 1.1 10 41 2.7 9
FYR-4 8 2.3 29 31 2.2 7
NMA-1 24 0.8 3 93 5.4 23
NMA-2 21 28 13 83 49 19
NMA-3 20 2.5 13 T 4.5 17
NMA-4 17 1.6 10 66 5.6 i4
F/N-1 11 1.7 15 43 4.0 9
F/N-2 9 0.3 4 34 3.4 7
F/N-3 9 0.1 1 34 3.1 8
20  Untreated 28 5.2 19 100 4.5 28
FYR-1 6 1.6 25 23 1.9 6
FYR-2 5 0.8 18 17 1.4
FYR=3 5 02 5 16 1.2
FYR-4 4 0.0 1 14 1.0 3
NMA-1 22 0.1 0 80 5.1 22
NMA-2 27 34 12 99 6.3 25
NMA-3 22 4.2 19 79 5.0 19
NMA-4 21 2.0 10 74 6.9 17
F/N-1 6 0.3 5 20 20
F/N-2 4 0.0 0 14 1.6 3
F/N-3 3 0.5 15 12 1.2
22  Untreated 9 6.0 64 100 1.5 9
NMA-1 13 1.6 13 135 2.9 12
NMA-2 11 30 29 114 24 10
NMA-3 10 1.4 14 104 2.2 8
NMA-4 7 0.5 7 80 2.5 6
23/24 Untreated 166 30.3 18 100 26.6 166
FYR-1 4 0.2 6 2 1.1 3
FYR-2 5 1.0 20 3 1.6 5
FYR-3 6 0.8 13 3 1.5 5
FYR-4 5 Yol 36 3 1.3 4
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(Table 3-6 continued)
NMA-1 102 23 2 62 234 99
NMA-2 96 13.6 14 58 219 87
NMA-3 13 11.3 15 44 16.5 62
NMA-4 39 7.2 18 23 13.1 32
F/N-1 5 1.0 20 3 1.9 4
F/N-2 4 0.0 1 3 1.7 4
F/N-3 4 0.6 15 2 1.4 3
28 Untreated 5 1.2 27 100 0.7 5
FYR-1 9 0.2 2 191 26 9
FYR-2 11 1.9 17 241 3.3 10
FYR-3 i2 1.4 12 261 3.1 11
FYR-4 12 2.2 18 258 3.2 10
NMA-1 5 0.6 12 i | 1.2 B
NMA-2 5 1.4 26 117 1.2 5
NMA-3 6 1.0 17 124 1.3 5
NMA-4 5 0.6 13 101 1.5 4
F/N-1 7 0.1 2 145 24 6
F/N-2 8 0.6 8 169 3.1 7
/N-3 9 0.3 3 201 3.3 8
34 Untreated 55 15.6 28 100 8.8 55
FYR=1 5 0.7 15 9 1.5 5
EYR-2 5 1 21 10 1.6 5
FYR-3 5 0.4 8 9 1.3
FYR-4 6 0.6 11 10 1.5 5
NMA-1 30 8.1 27 55 6.9 29
NMA-2 31 6.8 22 57 1: 28
NMA-3 31 5.8 19 a7 1.0 26
NMA-4 20 0.8 4 36 6.6 16
F/N-1 7 0.8 12 13 2:5
F/N-2 6 0.2 3 11 24 5
F/N-3 5 0.5 11 9 1.7
40 Untreated 32 2.3 7 100 5.1 32
FYR-1 0 0.0 0 0.0 0
FYR-2 0 0.0 0 0 0.0 0
FYR-3 0 0.0 0 0.0 0
FYR-4 0 0.0 0 0 0.0 0
NMA-1 15 1.2 8 46 3.3 14
NMA-2 18 4.1 23 57 42 17
NMA-3 20 2.5 13 62 4.5 17
NMA-4 6 2.7 45 18 2.0 5
F/N-1 0 0.0 0 0 0.0 0
F/N-2 0 0.0 0 0.0 0
F/N-3 0 0.0 0 0 0.0 0
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Fig. 3-6 Peak areas of ketones in Py-GC chromatograms versus phosphorus or nitrogen
contents of cotton samples grafi-copolymerized with FYR (a), FYR and NMA (b),
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Table 3-7 Two-component Peaks in Py-GC Chromatograms of Untreated and
Graft-copolymerized Cotton Samples *

Code Sample (x) 0 a/{x) /x) N/ Z(x) I /1 (y)

No. % % %

18/19 Untreated 15 1.9 13 100 2 1.4 15
FYR-1 18 04 2 122 g 16
FYR=2 23 3.7 17 154 7 21
FYR-3 21 24 11 147 6 19
FYR-4 20 46 23 139 6 29 18
NMA-1 15 2.1 14 104 3 15
NMA-2 12 2.0 17 84 3 11
NMA-3 13 0.8 6 91 3 1.0 1
NMA-4 11 1.3 12 74 4 9
F/N-1 14 2.7 20 94 5 12
F/N-2 14 0.8 6 93 5 2.2 12
F/N-3 17 3.1 18 117 6 2.1 15

29/30 Untreated 8 1.4 18 100 1 04 8
FYR=1 7 0.3 4 96 2 7
FYR-2 13 33 25 167 4 12
FYR-3 20 28 14 258 5 18
FYR-4 20 3.4 17 257 5 8.3 17
NMA-1 13 27 22 163 3 12
NMA-2 13 4.6 36 169 3 12
NMA-3 13 1.8 14 165 3 0.5 11
NMA-4 12 0.5 4 153 4 10
F/N-1 11 0.7 6 148 4 10
F/N-2 12 0.2 2 155 5 49 10
F/N-3 13 0.0 0 168 5 6.1 11

42/43 Untreated 29 0.5 2 100 5 49 29
FYR-1 34 6.5 19 117 10 34
FYR-2 35 1.7 22 120 11 33
FYR-3 38 9.3 25 128 10 34
FYR-4 43 0.9 2 145 12 9.5 37
NMA-1 11 1.9 17 37 3 55 11
NMA-2 13 2.1 15 46 3 12
NMA-3 19 2.0 10 66 4 48 16
NMA-4 13 28 21 46 5 11
F/N-1 23 1.7 8 17 8 19
F/N-2 22 1.0 5 74 9 8.4 18
F/N-3 31 4.7 15 105 11 11.0 27

a4 Average peak areas (in V sec) per weight of cellulose fractions of samples in g.

o, Standard deviation for (x) .

a/{x), Coefficient of variation.

{(x)/{x,), Average peak areas per weight of cellulose fraction of samples relative to
that of untreated cotton cellulose.

I/1, Relative peak areas of molecular ion of furan component to those of
non—furan component in Py-GC-MS ion chromatograms.

(y), Average peak areas (in V sec) per weight of samples in g
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Table 3-8 Nitorogeneous Peaks in Py-GC Chromatograms of
Cotton Samples Graft-copolymerized with NMA or
FYR and NMA *

Code  Sample (y) a o/ v/ Zly) ()

No. (%) (%)

8 NMA-1 14 0.1 4.7 0.3 1.4
NMA-2 2.2 0.2 96 0.5 24
NMA-3 26 0.2 8.2 0.7 30
NMA-4 29 0.3 1.7 1.2 3.5
F/N-1 24 0.2 1.0 1.0 28
F/N-2 1.6 06 318 0.8 1.9
F/N-3 0.7 01 162 0.3 0.8

16  NMA-1 1.0 0.1 84 0.2 1.1
NMA-2 1.6 0.1 486 04 1.8
NMA-3 2.2 0.2 1.6 0.6 2.6
NMA-4 2.7 0.0 0.6 1.1 33
F/N-1 3.2 0.3 1.6 1.4 3.8
F/N-2 2.3 0.3 11.1 11 2.7
F/N-3 1.3 0.1 3.8 0.5 1.5

21 NMA-1 1.8 0.2 8.4 04 1.9
NMA-2 2.2 0.7 303 0.6 2.4
NMA-3 3.2 0.6 16.7 0.8 3.7
NMA-4 5.3 LS 227 2.1 6.4
F/N-1 59 0.1 1.6 2.0 10
F/N-2 28 0.6 19.3 1.3 3.3
F/N-3 1.3 0.2 15.2 0.5 1.5

¥y, Average peak areas (in V sec) per weight of samples in

a, Standard deviation for {y) .

o /{y) . Coefficient of variation.

(x), Average peak areas (in V sec) per weight of cellulose

fractions of samples in g.
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Fig. 3-7 Peak areas of nitrogeneous decomposition products in Py-GC chromatograms
versus nitrogen contents of cotton samples graft-copolymerized with NMA (A)
or combined with FYR and NMA (M) (a), hydrogen cyanide : (b), acetonitrile;

and (¢), acrylonitrile.
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Table 4—1 Chlorinated Microcrystalline Cellulose Samples[7,8]

Sample DS? Treating conditions Cl
code Reagent ratio Temp. Time (%)
NCS TPP (°C) (min.)
A 0.33 1 1 30 6 7.02
B 0.52 2 2 50 2 10.70
C 0.81 2 2 50 6 16.18
D 1.01 ] & 70 6 19.76
E 1.24 5 5 120 6 23.81
F 1.9 10 15 50 6 29.42
¥ Degree of substitution.
Table 4-2 Brominated Microcrystalline Cellulose Samples[9,10]
Sample DS” Treating conditions Br
code Reagent ratio Temp. Time (%)
NBS or Br;im ™  TPP Im (°C) (min.)
A 0.29 5 5 = 50 5 12.9
B 0.47 i 5 = 50 10 20.0
C 0.83 3] 5 == 70 240 27.3
D 1.18 8 5 = 70 480 38.0
E 1.30 20 40 20 70 360 42.7
F 1.57 ) 5 5 70 360 48.1

® Degree of substitution
i Sample AB,and C treated with NBS and Sample D,E.and F treated with Bralm
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Fig. 4-1 Typical Py-GC chromatograms of untreated and chlorinated microcrystalline
g ! 3 g 3

cellulose samples: (a), untreated: (b), sample C and (c), and sample F.
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Fig. 4-2 Typical RIC chromatograms in Py-GC-MS of untreated and chlorinated

microcrystalline cellulose samples; (a). untreated; (b), sample C and (c), sample F.




raple 4-3  Thermal Decomposition Products of Untreated and Chlorinated Microcrystalline
Cellulose Samples

"de GC GC-MS  Structural Assignment Code GC GC-MS Structural Assignment
ys, Retention Scan No. No. Retention Scan No.
Time{min) Time(min)

1 0.7 9 methane 27 224 309  2-methylfuran

9 -7 16 carbon dioxide 28 246 336 2-butenal

3 1.6 24  ethylene 29 246 338 acetol

4 20 31 ethane 30 26.1 364 benzene

5 - ¥ 35  water 31 28.0 398 not identified

ot - 40  hydrochloric acid 32 280 396 25-dimethylfuran

§ - 47  formaldehyde 33 29.8 424 1 4-pentadien-3-one

1 54 76 propylene 35 304 424 (2H)-furan-3-one

02 6.2 88 chleremethane 36 30.8 431 methyl pyruvate

9 6.2 90  methanol 37 30.9 438 not identified

10 8.6 116  acetaldehyde 38 (31.8) 449 toluene

3 8.6 128  vinyl chloride 39 32.9 459 2-furaldehyde

i1 12.0 161  2-butene 40 329 461 2.4-pentadienal

2 120 163  1.3-butadiene 41 347 430 not identified

4 120 176  chloroethane 43 34.7 500 dimethylacetamide

3 -* 178 formic acid 44 36.6 515 23-dihydro-5-methylfuran-
M 139 191  acetonitrile 2-one (@ —angelica lactone)
Phon b ¥15:2 205 acrolein 45 36.6 526 2-acetylfuran

6 186.1 215  furan 47 38.6 551 phenol

7 16.1 217  acetone 48 38.6 556 5-methyl-2-furaldehyde

8B 165 223  ethyl methyl ketone 49 40.0 583 4-hydroxy—5,6-dihydro—(2H)-
B 185 246  allyl alcohol pyran—2-one

0 193 249  acetic acid 50 43.1 647 not identified

0 193 255  hydroxyacetaldehyde 53 505 161  levoglucosenone

2 193 261 3-pentene—1-yne C6 52.1 801 5-chloromethyl-2-furaldehyde
G5 193 269 chloroacetaldehyde 55 57.9 896 not identified

8 209 285  2-methylpropenal 56 61.5 962 5-hydroxymethyl-2-tetra—
4209 288 not identified hydrofuraldehyde-3-one

5 220 299  methyl vinyl ketone 57 64.1 1003 1.4:3,6-dianhydro—-a-D-
6 224 305  diacetyl glucopyranose

Found only in Py~GC-MS chromatograms.
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Fig. 4-3 Typical Py-GC chromatograms of untreated and brominated microcrystalline

cellulose samples; (a), untreated: (b). sample C and (¢), and sample F.
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54

= Response

50 500 70 800 900 1600 0 T200(scan)

Fig. 4-4 Typical RIC chromatograms in Py-GC-MS of untreated and brominated

microcrystalline cellulose samples: (a), untreated: (b), sample C and (c),

and sample F.




Table 4-5 Thermal Decomposition Products of Untreated and Brominated Microcrystalline
Cellulose Samples
(ode GC GC-MS Structural Assignment Code GC GC-MS Structural Assignment
No. Retentior Scan No No. Retentior Scan No
Time(min) Time(min)
1 0.7 9 methane 28 246 338 2-butenal
? -2 16 carbon dioxide 30 26.1 364 benzene
3 1.6 26 ethylene 31 280 398 not identified
4 2.0 32 ethane 32 28.0 399 2 5-dimethylfuran
5 -2 38 water 34 304 424 not identified
6 - 47 formaldehyde 35 304 424 (2H)-furan—3-one
7 54 78 propylene 36 30.8 431 methyl pyruvate
8 6.2 40 allene 37 309 438 not identified
9 6.2 88 methanol 38 318 449 toluene
10 BB6 116 acetaldehyde 39 32.9 459 2-furaldehyde
B1 10.6 144 bromomethane 40 329 461 24-pentadienal
11 120 166 2-butene B6 34.7 487 6-bromo—-2-hexyne
12 120 168 1,3-butadiene 41 34.7 490 not identified
13 -* 178 formic acid 42 347 491 (4)-methyltetrahydrofuran-
B2 13.9 186 vinyl bromide 3—one
15 152 205 acrolein 44 36.6 513 2 3-dihydro-5-methylfuran-
16 161 215 furan 2-one (@ —angelica lactone)
17 16.1 217 acetone 45 36.6 514 2-acetylfuran
18 16.5 223 ethyl methyl ketone 46 37.2 533 2-methyl-2,3-dihydrofuran-
B3 175 237 bromoethane 3-one
19 185 246 allyl alcohol 47 38.6 551 phenol
20 19.3 249 acetic acid 48 386 556 5-methyl-2—furaldehyde
21 19.3 255 hydroxyacetaldehyde 49 400 583 4-hydroxy-5,6-dihydro—-(2H)-
22 193 261 3-pentene—1-yne pyran—2-one
28 209 285 2-methylpropenal 51 437 636 not identified
24 209 288 not identified 52 456 669 not identified
2 220 299 methyl vinyl ketone 53 50.5 734 levoglucosenone
84 220 302 bromopropene 54 600 914 not identified
% 224 305 diacetyl 55 615 962 5-hydroxymethyl-2-tetra-
2 224 312 2-methylfuran hydrofuraldehyde—3-one
B5 246 333 bromoacetaldehyde 56 64.1 1003 1,4:3,6-dianhydro—@-D-
4] 246 336 acetol glucopyranose
; Found only in Py-GC-MS chromatograms.
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Table 4-3 Total Peak Areas with Retention Times upto 40 min in Py-GC
Chromatograms of Untreated and Chlorinated Microcrystalline
Celluloses®

Sample 2 {x) g O/ Z{xy ZOO/ ZAxD 2Ly
code x 107 % %
Untr. 182 43 2.4 100 295
A 242 6.3 2.6 118 408
B 204 14.1 6.9 100 351
C 171 9.1 5.3 83 302
D 183 30.2 16.4 89 332
E 180 3.6 2.0 87 332
F 142 40.8 28.7 69 272
2 5 dx), Average total peak area (in V sec) of peaks with retention
times upto 40 min in Py-GC chromatograms per [PRU] mole
of samples.
& Standard deviation for {x).
g/ Z{x), Coefficient of variation.

2 (x)/ Z{x,). Average total peak areas of treated samples per [PRU] mole
of samles relative to that of untreated samples.

Iy, Average total peak areas (in V sec) per weight of samples in
(2) WMFEEZEETRVALMAERY

%nm%f—?mﬁm%%n%h%dm&041LuMﬁ @
S - IR HEE. Py-GC-MS IECBWTEOLEFNDRSY O F
A AV ELTRERRERSA A OBELEZRD, &bH THRIZFR
L7ic. B, DMAEAEBEOKEVWRAE BRO FlzoWwTosFs —#
IZhooREMLLEWE, & 4-10 R LERILAFEO I S, 2 #
(1) FHFAAICIDVDAE ATRERELABELNICHMT 525, DS
PIHEIYVDBREZVWRABERLBLIIVAERESIBRYLT S, =% v
DB ELRB ATCEHAERBESAEMLTWER, FOMe Cell-Cl
AREDOEEDOERBEIRLBRBEEDLRZWV, ZF L2 (DES
FHEFBHICELY ERERBDO L, DS OBME FICED LEET 5,
Tl (NOBEAEIEIDSOBEWVWAE FTIEHLMCEROARB L O L
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EREPBEV, SYECYBOOAREFERLICLIPLSHEML T
WohMH, DSOEZBIEIR LRV,

K 410 TR LEINLB=A{LEHD IS, = FALAF AL b
(18)DAER RS Cell-Cl B A CIRBLMICHMML TWB R, 20
ZIX DS MM B LB TEREBABYT 2HERAERL, R
ft F TRRROLE L IZERULAERBRLE RS, 2 FALE=AF k2 (25)
DAERBIZTEZMICLVEML., DS BN L i 4 5k 85 8+
HitmzETRYT, ZOMMIEFYRUHOBESED Y U OHR(E 3IES

)L RKTHD, 72708V YADAERRREL SV EEIER S

RILERBOBE LY KX BB Z LR
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Table 4-10 Single-component Peaks Found in Py-GC Chromatograms of
Untreated and Chlorinated Microcrystalline Samples

Code Sample <x» g /x> /x> OO
No. Code X401 % % %

1 Untr. 11 0.4 3 100 9.3

A 17 2.8 16 159 5.1

(] 6 0.1 1 56 26

D) 8 1.6 19 77 3.9

E 6 0.5 8 29 3.1

3 Untr. 10 0.0 0 100 5.1

A 8 1.0 13 13 22

C 5 0.1 2 46 20

D 6 1.5 24 60 29

F 4 0.7 16 41 2.1

4 Untr. 1 0.1 6 100 0.6

A 2 0.2 12 148 0.5

Cc 1 0.0 3 81 0.4

D 1 0.3 21 109 0.6

F 1 0.1 6 64 0.4




(Table 4=10 continued)

7 Untr. 6 0.1 1 100 2.8
A 8 0.5 6 131 2.2
C 5 0.0 0 92 2.2
D 7 1.8 20 125 3.3
F 3 0.6 19 58 1.6
C4 Untr = = = -
A 1 0.2 16.0 0.35
C 1 0.1 9.5 0.36
D 1 0.4 34.2 0.50
£ 1 0.1 13.8 0.41
15 Untr. 11 1.0 9.6 100 5.2
A 11 1.8 17.2 100 3:1
C 7 0.2 34 68 3.0
D 11 2.9 26.3 103 8.1
F 6 2.0 32.0 57 29
18 Untr 9 2.9 31.7 100 4.5
A 17 3.0 18.0 182 4.9
C 14 0.5 40 149 5.7
D 15 3.6 232 152 1
B 8 1.4 18.0 83 3.7
19 Untr. 2 0.2 9.8 0.9
25 Untr. 2 0.9 555 100 0.8
A 5 0.4 7.8 293 1.4
C 3 0.3 9.2 195 1.3
D 7 1.5 22.7 400 3.0
b 7 0.5 7.0 445 3.5
30 Untr. 2 0.6 33.8 100 0.9
A 3 0.3 10.4 165 0.9
C 3 0.3 10.5 171 1.3
D 2 0.6 26.5 124 12
F 3 1.6 53.9 163 1.5
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(Table 4-10 continued)
35 Untr. 2 0.1 6.3 1.1
-‘ 36 Untr. 3 03 43 3.2
C6 £ 12 49 40 = 5.9

3 4x>, Average peak areas(in V sec) per [PRU] of mole samples.
a, Standard deviation for <x>.
o /<>, Coefficient of variation

<x>/4<x,>, Average peak areas of treated samples per [PRU] mole of samples rela
that of untreated sample.

TIONTIa— ) (19) EOENLE B AFIV(36) Tifilkd L 5

iz, Cell-ClHRE £ ThbRHENA Y, FYRAUBOE S (B 3 &
HZH) ) r2E AN LERBBOBSBR T I LT ILa— L ETENLE
AT NMNIEEL ERLRLS 2o TW3,

X411 KR LEERSYEY—20D 56, 77 2(168)7 % FX(AT)D
GC E— 7 mfiE DS OWEMICTE VR T 5, GC-MS IZ Bt 5 il #
DAFBRELEREDSEED RIS BFREELBVWOT, Z277Y, T
thryrONWTHRBERNMCICEVEREIBLTEZEELZbNE, ¥
THEFNERE)2-A TN TZFZrrR2ND GC P—27EmEE. o8 E

(48)

oMb

D 5 &

mEAICEY

SV bREQLEZzTITABAZKRS L. RAUBOHHFLEDL R,
LML . BHFERBD ST EFALIENT D 2-AFNTFTrDA 4
MEHITRLFEDOFEICTH <, Cell-Cl TIX 5-8fFIcRhoTWH, &
DZELBLEZT, BRIV ITEFLOERBENED L, 2-
AFNT T OERERBMLTWS EZ X b5,

2-TTF+ =287 =1 (290 GC ¥— 7 @it DS @ #in
LRiICEALTAMAmE RS, 2-T T iR T LA TR E-LDA
AUMEKIE DS OEMEFKICKRESBIT D, ZDZ &hbHIFR
bR ELEL RS ELT M- NVOERBRBBITHEZZILND,
EFRLREBDOT7 = ) —VUADS-AFNV-2- A FVITZALT LT E R
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ST EALE LN T e L. 2-F T T & Rl 1 32,42

bV — VDA FURENRITROLUETIE 0.14 X EWVWA . Cell-Cl

AR TIE -6 fFICHMT 5, HMEFERIZE VDR EL 244 D
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Table 4-11 Multi—component Peaks Found in Py—GC chromatograms of Untreated

and Chlorinated Microcystalline Cellulose Samlpes =

Code Sample X g g/ o/xy 0/ 2<x> Rel. Ion Peak Area £
No. Code %1072 % % %
c2/9 Untr. 0.0 1 100 15  =/1.00°

A 0.6 11 167 1.9 13.3/1.00
0.2 7 70 0.9 6.4/1.00
0.9 29 105 1.5 8.1/1.00
0.5 24 65 1.0 124/1.00

3
5
2
3
2
10/C3 Untr. 17 0.3 2 100 85 00/ -
9
7
8
6
1

0.1 1 53 27 1.00/0.11
0.2 3 40 29 1.00/0.08
1.5 19 48 3.8 1.00/0.08
1.0 17 34 28 1.00/0.11
11/12/C4 Untr. 1 3.7 34 100 9.5 039/1.00/ -
A 11 0.7 6 100 3.2 0.25/1.00/0.09
6 0.4 6 55 26 0.28/1.00/0.11
9 2.6 29 82 43 0.22/1.00/0.08
11 1.9 17 100 9.3 0.12/1.00/0.01

s i e [l e




(Table 4-11 continued)

16/17 Untr. 10 09 9 100 49  1.00/0.54

A y 33 65 1.9  1.00/0.69

C 6 03 6 56 23 1.00/0.64

D 5 08 15 50 23 1.00/0.60

F 3 06 23 25 1.2 1.00/0.52
20/21/22/C5 Untr. -/100/ -/ =9

A 39 42 i 112 0.57/0.79/0.27/1.00

5 82 15 5 13.1  0.24/0.57/0.18/1.00

D 34 37 11 157  0.39/0.52/0.15/1.00

F 16 47 30 7.6 0.68/0.16/0.63/1.00
26/27 Untr. 7, 10 15 100 33  1.00/0.52

A | I i 10 156 31  1.00/3.09

c 7 02 3 99 28  1.00/2.64

D 8 20 26 111 35 1.00/2.94

F g a1 38 118 39  1.00/4.22
28/29 Untr. 12 45 38 100 58 1.00/1.36

A 12 18 1 102 35 1.00/1.27

C 7 05 7 59 29 1.00/0.60

D g 90 21 79 43  1.00/0.68

F 5 16 33 42 24 1.00/0.50
38/39/40 Untr. 10 07 7 100 49 0.11/1.00/0.14

A 17 05 3 164 48  0.14/1.00/0.55

C 9 07 8 89 37  0.09/1.00/0.42

D 10 17 16 103 48  0.12/1.00/0.40

F 12 45 37 121 59  0.20/1.00/0.73
47/48 Untr. 5 12 22 100 27 1.00/068

A 29 45 16 533 84 1.00/6.76

c 18 03 1 327 74 1.00/581

D i 23 16 255 64 1.00/6.09

F 15 54 36 270 7.1 1.00/4.48
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(Table 4-11 continued)

My, Average peak areas(in V sec) per [PRU] of mole samples.
& Standard deviation for <x>.
' g /<%, Coefficient of variation

x>/<x,>. Average peak areas of treated samples per [PRU] mole of samples relative to
that of untreated sample,

® Unless otherwise noted, relative peak areas of molecular ions are given in the order of
the compound code numbers.

“For 9, peak area of fragment ions of m/z 31 are used for comparison.

“ For 20 and 21, peak areas of fragment ions of m/z 45 and 31, respectively, are used
for comparison.

B) WMEEZERTHENMAERY
BHESHENRDIZ, DS OE W Cell-Cl RETEKT S 5-7 o n
AFN-2-TNT AT e R2fRa&, TTOHE. 1BHDVWiX 28

DERME GCE— I BERD, TOS, ERELRE® DS &

DHEFEZEM T DI EITELY, 20028 (C2)0 GC E— 7%
AZ J —(9)E B, TO¥Y—-—JERITESEHICLI O RE I
B LRV (R 4-11), A& 7 — ) CfT B2 080 A H D A 7 Lk

RS

EHIERE ARV F CHROTHEL . PHO DS 2 B5-53R 5 3L
ran By, AR ) —LOEREICRIET DS mf*#;'rwiiaartﬁff

J B X A(CHD GC -7k T F Y A1))1,3- 7 & x
12)DE -2 OB/BBIZENS, Jooxd O -2 EHEEZRD B
. Cell-Cl HEMTIE DS bbb T —ETHB(R 4-10), 2-
TTUINB-TES2 oD - EHBEMNZEEEE 4-11 273,
Cell-Cl1RRE A D 2-7 F ‘/ILS-‘?' A= = e B - ) T el
MEARLEB LYV LELLKREWS LZEHLTEZ LS L, DS 25
MTZEHEVWE—-7ERABPRBITHEMTIEMBR A5, Cell-Cl
AE O 1,3-Z# Pz it T s 7und DA 4 7B i
DS1.0OEXECIRIEFELAEEDL WY, REF CAkES BT 5

i 3 b

oy

1y

Efey L8T3S D 2T T DA A B

EE

Ty

s oo

Bl onMB L, XEF CRRALBOBAD 1/3BE I
NoDFEREPSL, DS DEVWRB CEIZenx 2 v O4L B BERAED
]_,‘ rﬁ;'ﬁt"‘{tr?:}\@ 1,3- /i /T‘/d)i;&fﬁf_}\ DS (]))Lﬁ}j“bﬁ_r.l_#ijjj




' BIEE=24(C3) ® GC E ?YM“E%wahFTM)Eﬁ“h

BREICLIVE - 77HEMIIRETIBAO L, DS o & #icwmd L

MITHBMMERT., TEFTATFE Floct T albe=nDA F >
MELITES, . DS Lotk E BEEIL LR, 2ok

Ph, MERKICINVT BRI AT e FOAERERBLT B LE 25

Jaa T R TNTE FICEO GC B— 2 38k ¥(20). B Fex
AT ETATE FQODED 8- T o-1-4 (222 BHh 5, GO
E—-—7EBREERCICL VB LMICEMT 5 EE A, L%, DS
EmekicEO L, RE FCRALBOEAL DV /NEL R S,
B 4-5 (RN B ¥ Cell-Cl Kt ® Py-GC-MS (235175 MC 7 1 =

PP A RT ANEA AR IR T A A VER I T

b a2

i

=
|
At

FT AT E RDHFAF 2 (EFENFTH ., mz66 K T8k N F&ED
LIWEEEE L E Fex o7 b7AFE Rl LTIRE, 2hEho

M A 4 Th % [M-CH,l(m/z,45) % " [M-CHO](m/2,31)Th 5.
MCSIM)DE & L ELRD, KRBT LI, ZhFh 4FEOA 4 0
EixHkbREOK Ufﬁfﬁm&&ﬂ@tﬂolmbfw?dt
L, ROUBERABOE ReXxo 72 7 ATE ROERE
M —=NR=LTWDH, ZTOHE, BE2 LT CH% BB ED 3-
NVTUAADAFVVDERPBDODLENAN, B IC 1T EE T X%
Do ERBFUTEIZATE FERALAB LT — RO FETELER

HERMTHSE, BREMVLERBATE. 1A VBEEMNS £ 2 T,

Juoa g7 hTNATE FEOEBRIDZ2VOE, 2T 5 4L0 L #

\rtt A }f =

EENd, Cell-Cl REIZoWT., EFuxy 72 7 AFE FIZ
T OEFBOA T MERE RS L, L ATO07TTHLBERE F
—

el T 13 lchs, Eky = O H-L‘{= o B BRI A N TR

FIZ®RT B 3R T l-A VDA A BEL LS4 5, FYR

BOHZAE., PEODY OHEAICLIDVE R 7R TP ATFTE R
DERENSSEW T8, BREOHEEIZ, DS B2 8L 72
CE FRpXrTERTATE FOEREORD BBEBIC RS 2,

1A BREEOHEEG CEZZena 7 b TATE ROAERKREICHT




e

W

LGABRDO DS OEBITIZ -2 BB TERVAE . DSO L Cell-
Cl B CIHEERED 5 VT 3-2 U F vol.g |

A
3 TNT ERDALFBEENMEL 25 L2 E2BL, DS BEL

G i v S Oy ol

RH&7BERTERTATE FOARBRBOLTCWS EEZ CL

WIES 5, TORDVIZ 5.7 0 8-2-7Z L7 LT E RI(CE6) KU

THOBFRILEMGO)BNERTHLICLE DL EZ LR D

Untr.
mitz 78 (a)
@
z 66
a
0 45
&
TR
Sample A Sample D
'mﬂu (b) miz 7g /\ (e)
@ @
. ke  MEs . | § 66
a
@ a8 N & 45 o~
o
31 3
Sample B Sample E
-
miz s /Nt el ol mei Tl 0 S
@ b
2 66 §- 66
. o _ﬁ/!
é 45 g é
I it 3
Sample C Sample F
miz 78 j\(d) miz 78 (g)
@
I I S
o
o
,5% L al a5 N\
I ‘% 3

i a _-_'_"_—"I_——‘-'-/u_-—_l___'t_
220 240 260 280 300(Scan)220 240 260 280  300(Scan)
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Table 4-12 Total Peak Areas with Retention Times upto 40 min in Py-GC
Chromatograms of Untreated and Brominated Microcrystalline

;)
Celluloses™

Sample o o O/L<x> <0/ 2E4x,> Ly

code x107% % %

Untr. 205.5 11.5 6 100.0 333

A 119.8 23.1 19 58.3 216

B 1315 224 17 64.0 252

C 130.9 9.6 i 63.7 280

D 143.4 23.6 16 69.8 334

E 117.3 12.0 10 571 289

E 95.3 444 47 46.4 249

2300, Average total peak area (in V sec) of peaks with retention times upto

40 min in Py~-GC chromatograms per [PRU] mole of samples.

ag, Standard deviation for <x>.
g/ Z<x, Cofficient of variation.

x>/ E<x,»>,  Average total peak area of treated samples per [PRU] mole of samples

relative to that of untreated samples.
¥ <y, Average total peak areas {in V sec) per weight of samples in g.
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Table 4—13 Single-component Peaks Found in Py-GC Chromatograms

of Untreated and Brominated Microcrystalline Sample”

Code Sample  (x) o g /{xy Cdxgy (xM/Z{x)
No. Code %

1 Untr. 11.0 0.4 33 53
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(Table 4-13 continued)

10 Untr. 17.4 0.3 1.5 8.5
A 1.2 0.0 1.0 7.0 1.0
B 1.1 0.0 3.2 6.6 0.9
C 0.6 0.2 308 3:3 0.4
D 0.3 0.1 20.2 1.9 0.2
E 0.1 0.1 54.1 0.8 0.1
E 0.2 0.1 63.7 1.0 0.2
B1 Untr. = = = =
A 0.7 0.0 4.7 06
B 1.0 0.1 10.5 0.7
C 2.18 0.1 6.8 1.66
D 1.24 0.1 7.6 0.86
E 15007 0.0 0.0 1.00
F 0.94 0.2 23.6 0.99
15 Untr. 10.7 1.0 9.6 52
A 3.8 3.3 85.8 35.9 32
B 3.7 3.7 100.3 34.4 2.8
18 Untr. 9.2 2.9 31.7 45
19 Untr. 1.9 0.2 9.8 0.9
30 Untr. 129 0.6 33.8 0.9
22 0.2 8.0 119.2 1.8
B 22 0.1 3.0 119.3 117
C 1.9 1.0 13.0 4233 6.0
D 94 04 42 503.9 6.5
E 253 0.3 1.4 1361.7 216
F 8.7 3.9 44.2 469.8 9.2
36 Untr. 6.5 0.3 4.3 3.2
(). Average peak area (in V sec) of peaks per PRU mole of samples.
o Standard deviation for {x).

o/ Z{x), Cofficient of variation.
(x)/{x,), Average peak area of treated samples per PRU mole of samples
relative to that of untreated samples.
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Table 4-14 Multi—-component Peaks Found in Py-GC Chromatograms of Untreated

and Brominated Microcrystalline Cellulose Samples <

Code Sample  {x) o g/{x)  (x)/{x,) {x)/Z{x)Rel. lon Peaks Area
No. Code %
11/12 Untr. 3 0.0 1 100 1.3 0.38/1.00

A 6 £ 26 209 4.8 0.32/1.00

B 6 0.7 13 202 42 0.19/1.00

] 6 0.1 2 219 46 0.15/1.00

D 5 1.5 32 168 3.2 0.09/1.00

E 4 0.1 2 141 3.3 0.08/1.00

F 4 0.8 20 144 4.2 0.08/1.00
16/17 Untr. 0 0.9 9 100 49 1.00/0.55

A 1 4.4 62 70 5.9 1.00/0.49

B T 1.7 24 10 54 1.00/0.57

Cc 8 0.9 12 16 58 1.00/1.26

D 4 1.1 29 44 3.1 1.00/1.43

E 2 0.2 8 24 2.1 1.00/1.84

F 3 0.8 28 28 3.0 1.00/2.12
20/21/22 Untr. 24 5.9 25 T8 = /1007 =

A 1 0.8 11 56 1.00/- /0.06

B 9 1.5 16 7.1 1.00/ - /0.03

Cc 1 1.0 15 2.3 180/ = =

D 11 0.0 0 LA 00 i

5 5 0.2 4 46 1.00/- /-

F 4 1.1 26 45 100/ = /=
25/B4 Untr. 2 09 95 100 0.8 1.00/ -

A 3 0.4 11 198 2.7 1.00/0.07

B 4 1.2 30 239 3.0 1.00/0.11

C 4 1.7 42 238 3.0 1.00/0.70

D 2 1.0 43 144 1.7 1.00/0.57

E 1 0.4 28 88 1.2 1.00/ -

E 2 1.9 82 141 24 1.00/0.72
26/27 Untr. 7 1.0 15 100 3.3 1.00/0.52

A 1 23 21 159 9.1 1.00/25.7

B 15 28 17 219 11.4 1.00/12.9

C 19 1.7 9 277 146 1.00/14.4

D 20 B:l 25 291 140 1.00/ -
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(Table 4-14 continued)

= 19 0.6 3 2176 16.2 1.00/12.9

F 10 2.8 30 140 10.1 1.00/17.00
B5/29/28 Untr. 12 45 38 100 58 — /1.00/1.36

A 2 1.0 62 14 1.3 0.84/1.00/0.56

B 2 0.5 18 21 1.9 1.00/1.00/0.81

C 2 03 14 17 1.6 1.10/1.00/0.59

D 3 0.7 26 25 20 1.18/1.00/0.75

E 1 0.5 95 8 0.5 5.54/1.00/0.62

b 1 09 89 8 1.0 2.55/1.00/2.71
38/39/40 Untr, 10 0.7 1 100 49 0.11/1.00/0.14

A 10 0.0 0 94 8.0 0.09/1.00/0.19

B 10 2.6 26 97 7.4 0.12/1.00/0.31

(] 6 0.5 9 57 44 0.59/1.00/1.39

D 9 4.5 52 85 6.0 0.39/1.00/2.95

E 6 0.9 15 58 50 1.24/1.00/3.32

E 7 4.9 73 66 7.1 0.67/1.00/2.66
B6/42 Untr. . = = = =

A 10 5.1 50 8.5 0.22/1.00

B 8 1.1 14 6.1 2.16/1.00

0] 9 3.8 42 4.1 4.38/1.00

D 10 5.1 51 6.9 12.39/1.00

E 6 2.5 40 54 2.42/1.00

F 9 3.1 34 9.3 8.35/1.00
45/46 Untr. 5 1.2 22 100 2.7 1.00/0.68

A 22 1.0 5 411 18.7 1.00/13.95

B 27 5.8 22 486 20.2 1.00/23.74

C 23 1.6 1 426 17.8 1.00/27.20

D 27 10.4 39 488 18.6 1.00/33.31

E 29 9.5 33 534 249 1.00/2247

F 31 25.3 81 310 32.9 1.00/11.92
VX%, Average peak area (in V sec) of peaks per [PRU] mole of samples.

o Standard deviation for {x).

o/ Z{x), Cofficient of variation.
(x)/{x,> Average peak area of treated samples per [PRU] mole of samples relative
to that of untreated samples.
* Unless otherwise noted, relative peak areas of molecular ions are given in the order
of the compound code numbers.

“ For 22 and 23, peak areas of fragment ions of m/z 45 and 31, respectively are used
for comparison.
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Fig. 4-6 Total peak areas with retention times upto 40 min in Py-GC chroamtograms of untreated
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Table 5-1 Bromination of Silk and Wool Fabrics with NBS/TPP in DMF

Sample Substrate [NBS]/ Liquor Washing® Br, 5)ow

Code [Ser] Ratio %
A silk 4 135 A 27 0:32
B silk 4 50 A 1.5 0.17
C silk 9 190 A 1.3 015
D silk 9 49 A 4.1 048
E silk 9 25 A 29 034
F silk 9 20 A 7.3 0.85
G silk 9 17 A 9.5 1.1
G' silk 9 1 B 1.3 0.15
H silk 9 15 A 15.0 1.75
H’ sitk 9 15 B 1.9 0.21
I silk 9 12 A 9.0 1.05
) silk 9 12 B 2.8 0.33
W wool 4 190 A 7i5 1.04
X wool 4 52 A 6.8 0.94
Y wool 9 157 A 9.1 1.26
Z wool 9 25 A 201 2.8

*) A, washed with DMF and ethanol:
B, further extracted with water and ethanol.
b) Degree of substitution of serine residues by bromine,

calculated assuming that only serine residues are brominated.
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Fig. 5-1 RIC chromatograms (EI mode) of BTFA amino acids from the untreated
silk (a) and the brominated silk H (b) on OV-17: (1) Ala + Thr, (2) Gly +
Ser, (3) Val, (4) Leu + lleu, (5) Pro, (6) Asp, (7) Phe, (8) Tyr, (9) Glu,
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Fig. 5-2 RIC chromatograms (CI mode, reagent gas, isobutane) of BTFA amino
acids from the brominated silk H on OV-17: (1) Ala + Thr, (2) Gly +
Ser, (8) Tyr. and (12) MBrTyr.
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Fig. 5-3 RIC chromatograms (EI mode) of BTFA amino acids from the untreated silk (a)
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Fig. 5-4 RIC chromatograms (CI mode, reagent gas, isobutane) of BTFA amino acids from

the brominated silk H' treated with ammonia (a), methylamine (b), ethylamine (c),
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Table 5-2 Amino Acid Contents in Brominated Silk Samples Treated with Propylamine

Amino Original TPP/NBS Molar Ratio

Acid Silk 0.0 0.2 0.4 0.6 1.0 1.2
Asp 0.200 0.167 0.161 0.171 0.186 0.156 0.191
Thr 0.109 0.108 0.102 0.107 0.111 0.100 0.111
Ser 1.397 1.508 1.331 1.358 1.449 1.301 1.228
Glu 0.149 0.129 0.134 0138 0.152 0.124 0.150
AAAY --- 0.026 0.014 0.000 0.000 0.000 0.000
Pro 0.054 0.048 0048  0.049 0.053 0.050 0.054
Gly 5.758 6.422 6.548 6.882 6.564 5.829 5.757
Ala 3.818 4315 4128 4237 4.123 3.906 3.855
Val 0.243 0.243 0243  0.243 0.243 0.243 0.243
Ile 0.064 0.060 0060  0.055 0.061 0.055 0.066
Leu 0.048 0.047 0.046 0.047 0.049 0.045 0.058
Tyr 0.609 0.017 0.000  0.000 0.142 0.431 0.587
Phe 0.082 0.082 0076 0076 0.081 0.079 0.082
MBrTyr” - 0.011 0.020 0.093 0.122 0.049 0.000
DBrTyr® -—- 0.110  0.264 0.240 0.230 0.117 0.000
His 0.023 0.001 0.001 0012 0016 0.013 0.027
PAAla® -—- 0000 0028 0008 0006 0048  0.052
Lys 0.03 0.003 0.011 0.037 0038  0.029 0.040
NH, 0.196 0.547 0.375 1.225 0.417 0.414 0.463
Arg 0.051 0.041 0.042 0.048 0.053 0.048 0.053

Values are in mmol/g of original silk. Val was used as an internal standard.
Amino acids are listed in the elution order. Cys and Met were detected.

a}, & —aminoadipic acid:; % bromotyrosine; °], dibromotyrosine;
) 3 -
9 R —propylaminoalanine.
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Table 5-3 Amino Acid Contents in Brominated Wool Samples Treated

with Propylamine

Amino Original TPP/NBS Molar Ratio

Acid Wool 0.0 0.25 0.5 0.7 1.0
Asp 0.647 0.658 0.626 0.647 0.660 0.644
Thr 0.639 0.521 0.528 0.576 0.601 0.610
Ser 1.127 0.751 0.708 0.615 0.632 0.657
Glu 1.188 1197 1.183 1.226 1.228 1.198
AAA T 0.112 0.060 0.021 0.004 0.000
Pro 0.693 0.610 0.623 0.683 0.685 0.742
Gly 0.864 0.782 0.791 0.844 0.876 0.888
Ala 0.554 0.578 0.552 0.561 0.562 0.563
Val 0.520 0.520 0.520 0.520 0.520 0.520
Cys 0.502 0.037 0.096 0.345 0.411 0.458
Met 0.032 0.000 0.019 0.011 0.021 0.027
lle 0.288 0.281 0.286 0.286 0.290 0.283
Leu 0.791 0.813 0.782 0.777 0.790 0.783
Tyr 0.385 0.000 0.000 0.025 0.152 0.391
Phe 0.279 0.276 0.266 0.274 0.281 0.293
MBrTtyr St 0.000 0.006 0.032 0.074 0.000
DBrTyr e 0.123 0.242 0.281 0.097 0.000
His 0.079 0.004 0.004 0.034 0.055 0.089
PAAla e 0.199 0.258 0.318 0.314 0.329
Lys 0.288 0.096 0.143 0.200 0.227 0.247
NH,4 0.887 1.811 1.108 0.799 0.727 0.940
Arg 0.667 0.564 0.621 0.667 0.712 0.702

Values are in mmol/g of original wool.
Val was used as an internal standard.
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Table 5-4 Effect of Alkyl Groups of Amines on the Amine—treatment

\
/

of Brominated Samples *

None”  EtNH, PrNH, BuNH,

Silk Aser” 0.091 0.137 0.130 0.112
RAAla” -—- 0.082 0.083 0.096

Wool Aser® 0.086 0.366 0.381 0.333
RAAla®® - 0.274 0.313 0.363

(0.220)  (0.251)  (0.297)

¥ Samples brominated at TPP/NBS of 1.0 were treated with 0.1 M
amine solutions at 45°C for 4 h (silk) or 3 h with the liquor ratio of 100.

*’ Before the amine-treatment.
“ Decrease in Ser content in mmol/g of original silk or wool.
9 Formation of RAAla in mmol/g of original silk or woal.

® Values in parentheses are the amount formed from BrAla residues
estimated with the assumption that two DHA residues be formed from

I
one consumed Cys residue °.
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Fig. 5-8 RIC chromatogram in the EIl mode for the hydrolyzate of a chlorinated silk sample on
a capillary column. A silk sample was chlorinated at 60°C for 15 h (MSC/Ser, 10;
liquor ratio, 200) and hydrolyzed in 6 N HCI at 100°C for 24 h. The amino acids
in the hydrolyzate were converted into BTFA derivatives. The chromatogram was

obtained on Ultra 1. The one-ietter symbols are used for protein amino acids.
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Fig. 5-9 Electron ionization mass spectrum of BTFA-ClAla.
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Fig. 5-10 HPLC chromatograms for the hydrolyzates of silk samples: (a) sample chlorinated

at 60°C for 72 hours (MSC/Ser. 10: liquor ratio, 200) and (b) original silk.
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Fig. 5-11 Decomposition of B-halogenoalanines: reaction conditions in 6 N HCl at 110°C..
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Table 5-5 Amino Acid Compositions of Chlorinated Silk Sampfesa"

Amino Chlorination Time, h

Acid - 3 7 24 48 72
Asp 0.21 0.21 0.20 0.18 0.19 0.18
ClAla - 0.06 0.12 0.16 0.19 0.20
Thr 0.12 0.11 0.10 0.09 0.08 0.07
Ser 152 1.43 1.42 1.16 1.13 1.10
Glu 0.14 0.14 0.14 0.14 0.14 0.14
Pro 0.04 0.04 0.04 0.05 0.05 0.05
Gly 6.19 6.34 5.99 6.42 6.43 6.32
Ala 403 4.16 3.96 4.08 4.06 4.00
Val 0.25 0.26 0.17 0.25 0.25 0.25
lle 0.06 0.05 0.04 0.06 0.06 0.06
Leu 0.05 0.06 0.09 0.05 0.05 0.04
Tyr 0.68 0.7 0.6 0.66 0.69 0.67
Phe 0.08 0.08 0.07 0.08 0.08 0.08
His 0.02 0.02 0.02 0.02 0.02 0.02
Lys 0.03 0.03 0.02 0.02 0.02 0.02
NH, 0.18 0.19 0.15 0.40 0.45 0.45
Arg 0.05 0.04 0.03 0.05 0.05 0.05
o> - 0.69 0.9 1.78 2.03 2.04
ClAla® - 0.20 0.26 0.51 0.58 0.58

* Silk samples were chlorinated at 60°C (MSC/Ser 10, liquor ratio 200).
Values are in mmol/g original silk.
Amino acids are listed in the elution order.
Cystine and methionine were not detected.

* Chlorine content in wt%/g chlorinated sample.

* Content of ClAla calculated from Cl%.
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Fig. 5-12 Chlorination of silk as a function of chlorination time: samples were chlorinated
at 60°C (MSC/Ser, 10 and liquor ratio, 200).
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Fig. 5-13  RIC chromatograms in the EI mode for the hydrolyzates of mercaptan-treated samples
on capillary column. Chlorinated samples were treated with (a) thioglycolic acid,
(b) 3-mercaptopropionic acid, (¢) p-mercaptoethylamine, and (d) cysteine.

Chromatograms were obtained on Ultra 1.
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Table 5-6 Retention Times of BTFA Amino Acids.®

Amino Acid Retention Time, sec.
Ala 300
Gly 309
Thr 358
Ser 367
Val 393
ClAla 415
Leu 456
llu 466
Pro 553
Asp 751
Phe 765
Tyr 855
Glu 862
SAEC 919
SCMC 1028
SCEC 1126
Lan 1170

*Column : Ultra 1, 25m X 0.02cm(1.d.).

Temperature program : initial temperature, 100°C;
program rate, 8°C/min and final temperature, 260°C.
Carrier gas : helium (40ml/min).
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Fig. 5-14 HPLC chromatograms for the hydrolyzates of an MEA-treated samples.
A chlorinated sample was treated at 45°C for 3 hours with 0.1 M MEA

in 0.2 N NaOH (lliguor ratio, 200).
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Fig. 5-15 Formation of SAEC as a Function of treatment time. Chlorinated samples were

treated at 45°C with 0. 1M MEA in 0.2 N NaOH (Hiquor ratio, 200).
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