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Table 1-1 Initially Burned Materials and Table 1-2 Fire Sourcs in House Fire

Rates of the Numbers of Victims and Rates of the Numbers of
in House Fires(1997)[1] Victims in the Fires(1997)[1]

Initially Burned Materials (%) Fire Sources (%)
bedclothes 19.2 cigarettes 221
clothes 10.3 matches, lighter 1.6
fibers 1.6 heaters 14.1
curtains, carpets 34 portable cooking stoves 8.2
papers 35 electric apparatus 3.6
interiors, fittins 2.3 candles 3.8
furnitures 29 kotatsu 1.4
gases 0.3 others 39.2
wastes 5.1
gasoline, kerosene 49
Tempura oil 0.5
unknown 386

others 1.4
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Yarn count Fineness Thickness Weight

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

(Tropical)

FYR:AA=1:4 APS
FYR: AA=1:1 APS
FYR: AA=1:0.25 APS
FYR: AA=1:4 V=50
FYR:AA=1:1 V-50
FYR: AA=1:0.25 V-50

1 :2.33
1:0.48
1:014
1:3.74
1:0.86
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Table 2-3 Flame retardancy of treated polyester fabrics
Sample  Monomer Catalyst Treatment Add—on(%) LOI Method D¥
Tropical Untreated 217 2
FYR APS before rinsing 19.1 27.0 4
after rinsing 14.0 249 4
CAN before rinsing 18.2 244 4
after rinsing 0.0 241 1
FYR:AA=4:1 APS before rinsing 18.3 25.2 4
after rinsing 13.5 243 3
FYR:AA=1:1 V-50 before rinsing 20.1 28.7 3
after rinsing 17.3 250 3
FYR:AA=1:4 APS before rinsing 17.3 23.1 3
after rinsing 18:5 23.3 3
Tafta Untreated 19.9 1
FYR APS before rinsing 13.7 23.0 3
after rinsing 8.9 23.6 3
FYRAA=4:1 APS before rinsing 13.4 22.3 4
after rinsing 10.0 224 3
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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

Catalyst Treatment LOI Method D”

21.7 2

before rinsing 270 4

after rinsing 249 4

after 5 laundering 25.2 3

before rinsing 25.2 4

after rinsing 243 3

after 5 laundering 24.1 3

before rinsing 250 3

after rinsing 250 3

after 5 laundering 26.4 3
FYR:AA=1:4 before rinsing 23.1 3
after rinsing 23.3 3

after 5 laundering 26.1 3

2 JIS L 1091

. % [X 2-9 12 7 |

AN T RATFNVIBRIBEDD T 5

P/IC kW icxt LAY
AF—bBBickv sy v EBEE TR
AA H 512 NMA X H v, BBIsAl & L
Dfth D MPREEHITHRY

LT )L ik HE D

hEES
T R T IHRHE D 35S L R B

B A
e b

=]
44

=S
APS & F W 7z,
- [@ERTH 5

=.PICIR D

AP gy
’}/'/.'u'lurl N A




s

.
EEE T
D 5 BB
51, it 2

L %7 B
o i )
b & EZ

HE VN R ) O RO R 0B o) e

NMA f A

b3

c
o
b=
3 10
5
: |
FR Q 20 50 00
ANNMA) 100 80

50 20
Blend ratio of monomers (%)

/X —DRAWICHERZR R L

24 wt/wt%., AA ffFl Cix 20wt/wt% C & - 7~ & bt
HBERBEMBITN 4 wt/wt%fE T L. FYR O E 2 3 K& X 1
LDBERPBFH NI, NMA ¢ DF 5 7 h it ESDYEE
z;ﬁ;ﬁﬁ%&u>ﬁﬁ%ﬂ&n%ﬂ*ﬁzxmftq%um&ﬁ%%ﬁfNkh\
- NEPRIELEFEE LI EDEEZ LR 3 Ede s Y
MOBELHBETBLE, PICROE N &< 5 by BR
DHEELDV BRIV BAE NS LLEHOR I M DS v
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Table 2-5 Reactivities of FYR and comonomers in treated polyestr/cotton
blend fabrics

Monomer in

Treating Solution

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

Polyeter 65%
*Cotton 35%

EYR
FYR:
FYR
EYRE
FYR :
FYR

: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
1 0.35
:0.18
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Table 2—6 Treatments of Cotton Fabrics with FYR and/or NMA

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

Solution” Efficientcy

FYR NMA % P N

wt/wt % wt/wt % wt/wt % wt/wt %

FYR-1 5.0 - 15 82 0.13 = 214 28
FYR-2 12.5 - 62 56 0.98 - 244 59
FYR-3 20.0 = 120 66 225 = 248 6.2
FYR-4 25.0 - 138 69 2.38 - 264 78
NMA-1 = 5.0 29 67 = 0.62 19.3 0.7
NMA-2 B 125 96 84 - 125 196 1.0
NMA-3 - 200 182 96 - 185 203 1.7
NMA-4 - 25.0 200 100 - 241 214 28
F/N-1 5.0 20.0 18.4 92 0.06 1.93 249 6.3
F/N-2 12.5 125 172 86 0.92 114 276 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.
o 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
with FYR(@) and NMA(A), respectively. Solid and Dotted lines give theoretical

contents calculated from add-on for phosphorus and nitrogen, respectively.
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Fig. 2-13 LOI values versus phosphrorus or nitrogen contents for cotton fabrics

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 : (O), FYR-1 : (H), FYR-2 :
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Fig. 2-16 TG curves of cotton samples treated with NMA : (O), NMA-1 : (H). 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,

E| / =
n‘.’ 1
-1 )
e Ry |
1]
N_—— =
-

Endotherm +— =
1 |
|
\
|
\
|
\
Nl
B \
\ \
|
L
|
|
[

L
= ——
— '}
AV
m
E) w0 100 @0 =0 ]

Terperature [ *C]
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Table 2=7 TG and DTA Characteristics of Cotton Fabrics Treated with FYR and/or NMA

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

3

TG DTA*

Sample Main Weight Loss Process Main Peaks Discussed
Code Decomposition Temperature (°C) Rma,h’ Res” Endotherm Exotherm

To Tt T: %/min % (o) i
Untreated 347.6 368.6 382.9 18.1 128  372.1
FYR-1 279.2 310.2 3159 10.7 216 2847
FYR-2 267.7 295.8 302.3 10.6 295 275.3 305.3
FYR-3 253.2 289.3 296.7 8.0 39.1 2540 294 4
FYR-4 254.1 284.1 290.6 8.5 37.8 291.1
NMA-1 340.0 367.7 3829 16.0 151 368.4
NMA-2 339.1 368.3 380.8 13.7 174 3624
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-1 295.7 3248 338.6 8.7 344 335.8
F/N-2 280.8 307.3 3225 8.5 32.1 3203
F/N-3 267.3 296.3 307.2 8.5 36.4 316.1

E:: DTA peaks of NMA-treated samples, see the text
” Decomposition rate of T,
“ Residue at 600 °C
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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), Ty :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)

TG DTA”

Sample Main Weight Loss Process Main Peaks Discussed
Code Decomposition Temperature (°C) anb: Res® Endotherm Exotherm

To 1A T¢ %/min % G C
Untreated 353.9 382.9 395.5 35.0 10.9 384.2
FYR-1 289.9 3176 327.3 224 229 317.6
FYR-2 281.4 305.7 3133 23.7 33.8 299.7 305.3
FYR-3 2743 2970 303.6 237 388 286.5 307.0
FYR-4 2674 293.3 302.5 19.7 39.5 281.7 302.6
NMA-1 356.1 385.4 897.5 31.3 15.6 384.4
NMA-2 351.6 384.2 399.1 272 20.6 385.8
NMA-3 3359 386.0 3974 25.7 20.6 385.0
NMA-4 339.9 378.4 393.2 20.1 240 364.2
F/N-1 306.5 336.3 349.5 17.6 36.0 347.6
F/N-2 296.3 317.1 333.0 173 38.0 310.8 3330
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) &
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 (M), 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 decomposition 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 = =

|
|
220 //\n
:é 200
k™ (8]
S
w 1801
160
10
A
L

20 40 60 B0
Weight Loss (%)

Fig. 2-24 Relationships between apparent activation energy(E) and weight loss of used
for evalution of E of cellulose and cellulose treatd with FYR and with FYR and NMA:
(Q), untreated ; (A), FYR-2 and (), F/N-2.
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Bo2BETHERB @ 3-1))xHWE,

3.2.2 Py-GC & #r

FID 2z 7c i A2~ b7 77 063 (HIM)IZ, a2l —FKA
Yy kAT AW —JHP-2 B (B K7 [*I)& T — 208 HL
LTZr<= Ay 27 C-RIB(BE)EE#EEL THWE, ~¥ I s
CEHBERIZOMELERELH 200-300p g “EEL-%,. FTEREHR
D7z T X2F v IZFA NN aFTAMICBALELDEZ, AKX
BZAhT, "Moo —cEE Lk, BoMBEIX 590C. i
AL 4 P& LE.GC HHICiX.80-100 X v ¥ = @ Porapak Q
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(Waters Co )Z REHE LEREX 2m,. R 3mDO T T 2 5 A% Hu.,

v ¥ U T HA(EHR)DWE 40mL/45y . B E 80T 75 240C % i &

BCIHTHEBIHEEE, 240CICHM 60 BB L. Nu 2 XS5y

Fosa< b 77 ABHCHEL, REOZ7a< b 75 ambE |

(0

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
YR~ 5.0 & 15 0.13 — 214
FYR-2 12.5 = 6.2 0.98 ¥ 24.4
FYR-3 20.0 = 12.0 2.25 = 248
FYR-4 25.0 = 13.8 2.38 % 26.4
NMA-1 x 5.0 2.9 - 0.62 19.3
NMA-2 = 12.5 9.6 = 1:29 19.6
NMA-3 = 20.0 18.2 = 1.85 20.3
NMA-4 T 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 12.5 172 0.92 1.14 276
F/N-3 20.0 5.0 14.8 1.54 0.48 T2

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

3.2.3 Py-GC-MS 4 #f

Py-GC #tFiicAWwWik At aFA -2 W R I7u~wrFlF7==
AANRY b x—%—JMA DX300 (EAEF) ¥ L., Py-GC
LR — & HTRSMLE, GCH T AICIE Py-GCIZTHWE LRIED

bOEHAWE, ¥F¥ VT HRCEIA~AYVTLAZHAW, i 40mL/4

1

<
X




mE 80CHH 240CETCHEE AC/IH TCHEB L%, HEBICEKE -
(V7 vary, ENXV—EF—RBRUOAFTVEORERX. Fh
£, 240, 240, 230CTH B, EI RV CI BicBiT AL AL E
EE 70eV-& L. CIlERBITARIGHRIZBEA Y T2 2R W,
BHEORUMETIZ6HEIZ m/z 10-300 F T4 1 TAF+y=v 7 L
CRAARART bV T — B E2WMDVRAAME, DT — 2565 RIC 7 o=
N FAREEBHELE, T—20Bizix JMA 3000 (A AETF)

¥ VN Tz,

P

3.3 MRLEZR
3.3.1 Py-GC X O Py-GC-MS 7 v~ k7 7 A

AE TiE Py-GC BT Py-GC-MS S #ric L v, kil /L o —
ARV FYRBI®/ELZIZI NMALB LEEHREAL T — R (F 3-1)D 84
SIRFEEARB L, B0 — 20BN RBROMEIZAFETH -

N[

Porapak Q D EEI F A EZH VAR WL 200H b h 5 [5,9,10].

BohEERENR Py-GC 7 v~ 7 F AR, Py-GC-MS 25
5 BH R RICZevy 727 A0%2R 3-1 RV 32kF Lk, 6C
PDREBMICFIDEZAWVWTWAIDT, _BIELRERLEETOLAKRYIT
Py-GC 7 2w P& Z Ll B — 7 L THRN v,

K 3-2ICIFEMHENLEBDMRARYE, BEREROLOLE D
BHIEIZ AR L, IEOCEODa - FESEIASMARY 24 L 3t
i, 2= b XS A0 —-—2FRLLT *é_,-{é'fv'ﬂ‘é.. 7 = ol
Thb, A MBERYOE — 2 BSBEL TV RV 4L . Bl 2 E
1819 B L olca=REBEEZ2HHATE =2 0FFL 1L, COE—2
BWERY 18 L 19D0DER>TEBAEY -2 Thdr tarT, £KY
DEIZ, Py-GC-MSIZB T AHEBEARZ M OMFICLVBAL
Ko B3I, BEBYODEEARY MNICBTASFAFVE
CEET7F /A MMAVOBELZ2XMELEBEL TR LE, AIE
HE CBBEITEKRIZELS —&L Diovit s Py-GC 2 a= k&'
ATHEELEE—JIER22TWVWE3HAETYH, Py-GC-MS I B W TH
BB EA A ICO2VWT MCSIMZUEBE TS L . FREFhoE — 2
NEXDLTNHCERZI XD S, ZORKE. Mz, £ 3-31Ic
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Resporse
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LI - 81
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<l 70 i

Fig. 3-1 Typical Py-GC chromatograms of untreated and graft-copolymerized cotton

cellulose samples. (a) untreated cotton; (b) FYR-4; (c)NMA-4; and (d) F/N-2.
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Fig. 3-2 Typical RIC chromatograms in Py-GC-MS of untreated and grafi-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  ethyl methyl ketone

4  cthane 21  acryronitrile

8  hydrogen cyanide 22 allyl alcohol

9  propylene 23 3-pentene-1-yne

10 notidentified 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

17  acrolein 42  2-furaldehyde

18  furan 43  2.4-pentadienal
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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 Z <o o /IO L0/ T4x> Iy
code % %

Untreated 624 96.4 15 100.0 624
ER=1 330 71.0 21 53.0 326
FYR-2 329 42.0 13 52.7 310
EYR=3 380 48.7 13 61.0 340
FYR-4 368 49.8 14 59.0 324
NMA-1 437 475 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 ) 47.7 248
F/N-1 276 245 9 442 233
F/N-2 253 29.0 11 40.5 216
F/N-3 280 44.2 16 449 244
S 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 2 <x> .

g/2<x> , Coefficient of variation.

2 <x>/ Z<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
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Total peak areas in Py-GC chromatograms versus phosphorus or nitrogen contents of

cotton samples graft-copolymerized with FYR (a). FYR and NMA (b). and NMA (c).
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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 <0 T /60 GO/ <o/240 <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 2.4 8
FYR-3 10 0.9 10 74 2.6 9
FYR-4 8 1.6 19 61 2.2 7
NMA-1 13 1.4 10 101 3.1 13
NMA-2 13 1.2 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 3.6 8
F/N-2 2] 0.2 2 64 34 7
F/N-3 8 0.8 10 58 2.8 7

3  Untreated 19 5.3 28 100 3.0 19
FYR-1 10 0.8 8 53 3.0 10
FYR-2 13 1.6 12 70 40 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 43 18
NMA-2 16 1.8 11 84 3.6 14
NMA-3 15 1.1 1 80 3.4 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 0.4 3
FYR-1 1 0.1 4 56 0.4 1
EYR=0 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 0.3 12 108 0.6 3
NMA-2 3 0.4 12 136 0.8 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 21 113 140 2
F/N-2 3 0.2 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 2.5 1
FiR=2 11 1.6 15 91 33 10
FYR-3 12 1.4 11 106 33 11
FYR-4 9 20 22 78 1.4 8
NMA-1 12 1.5 13 100 2 11
NMA-2 1 0.9 8 94 26 10
NMA-3 11 0.8 8 92 24 9
NMA-4 9 1) 18 79 3.1 8
F/N-1 9 1.9 21 16 3.3 8
F/N-2 8 0.6 1 72 3.4 7
F/N-3 9 0.1 2 15 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 0.4 1 95 1.2 ]
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 9 68 1.3 3
F/N-1 6 0.9 15 106 22 5
F/N-2 8 04 5) 137 3:1 1
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 7.1 22
FYR-3 40 43 11 151 10.4 35
FYR-4 34 5.7 17 129 9.2 30
NMA-1 25 1:8 6 95 a7 24
NMA-2 20 24 12 16 4.6 18
NMA-3 18 1.5 8 70 41 15
NMA-4 15 2.0 13 58 a.1 13
F/N-1 11 24 22 41 3.9 9
F/N-2 12 0.1 1 45 4.7 10
F/N-3 20 4.2 21 16 7.1 17

13/14 Untreated 7 1.5 22 100 1 1 7
EY Rl 3] 0.2 3 80 1.6 9
FYR-2 7 0 | 15 108 2L 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 0.6 11 87 1.4 o
NMA-2 5 0.5 9 81 i 5
NMA-3 5 0.4 7 78 12 4
NMA-4 5 0.6 12 69 1.6 4
F/N-1 5 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 2.0 5
17  Untreated 26 5.6 22 100 4.1 26
FYR-1 11 0.8 7 44 3.4 i1
FYR-2 12 2.1 18 45 43t 11
FYR-3 10 1.1 10 41 2.7 9
FYR-4 8 28 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 25 13 77 4.5 17
NMA-4 17 1.6 10 66 5.6 14
F/N-1 11 1.7 15 43 4.0 9
F/N-2 9 0.3 4 34 34 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 08 18 17 1.4

FYR-3 5 0.2 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 3.4 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 2.0 5
F/N-2 4 0.0 0 14 1.6 3
F/N-3 3 0.5 15 12 1.2 3
22 Untreated 9 6.0 64 100 1.5 9
NMA-1 13 1.6 13 135 2.9 12
NMA-2 11 3.0 29 114 24 10
NMA-3 10 1.4 14 104 22 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 15 5
FYR-4 5 1.7 36 3 1.3 4
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(Table 3-6 continued)
NMA-1 102 23 2 62 234 a9
NMA-2 96 13.6 14 58 21.9 87
NMA-3 13 11.3 15 44 16.5 62
NMA-4 39 1.2 18 23 13.1 32
F/N-1 H 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 ]
FYR-1 9 0.2 2 191 26 9
FYR-2 11 1.9 17 241 3.3 10
FYR-3 12 1.4 12 261 3.1 11
FYR-4 12 2.2 18 258 3.2 10
NMA-1 5 0.6 12 111 12 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
F/N-3 9 0.3 3 201 3.3 8
34 Untreated 55 15.6 28 100 8.8 55
EFYR=] 3] 0.7 15 9 15 5
EYR=2 5 1.1 21 10 1.6 5
FYR-3 5 0.4 8 9 13
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 7)) 28
NMA-3 31 5.8 19 o 1.0 26
NMA-4 20 0.8 4 36 6.6 16
F/N-1 1 0.8 12 13 2.5
F/N-2 6 0.2 3 11 24 5
F/N-3 5 0.5 11 9 i
40 Untreated 32 2.3 7 100 D 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 12 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 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 0
F/N-3 0 0.0 0 0 0.0 0




BlIGSEY Average peak areas (in V sec) per weight of cellulose fractins of samples in g
o, Standard deviation for {(x) .
o/{x), Coefficient of variation.
(x2/{x, ), Average peak areas per weight of cellulose fraction of samples relative to
that of untreated cotton cellulose.
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Fig. 3-4 Peak areas of aliphatic hydrocarbons in Py-GC chromatograms versus phosphorus
nitrogen contents of cotton samples graft-copolymerized with FYR (a), FYR and
NMA (b), and NMA (c) : (@), methane: (&), ethylene; (O), ethane;
(M), propylene; and (A), 2-butene/1,3-butadiene.
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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).

and NMA (c) : (@), ethyl methyl ketone; (A ), methyl vinyl ketone; and ([J), aceto
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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/ Zx) L /1 (y)

No. % % %

18/19 Untreated 15 1.9 13 100 2 1.4 15
FYR-1 18 0.4 2 122 5 16
FYR-2 23 3.7 17 154 7 21
FYR-3 21 24 11 147 6 19
FYR-4 20 4.6 23 139 6 2.9 18
NMA-1 15 21 14 104 3 15
NMA-2 12 20 17 84 3 11
NMA-3 13 08 6 91 3 1.0 11
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 it 6 2.1 15

29/30 Untreated 8 14 18 100 1 0.4 8
FYR=1 i) 0.3 4 96 2 1
FYR-2 13 3:3 25 167 4 12
FYR-3 20 28 14 258 5 18
FYR-4 20 3.4 17 257 ) 8.3 17
NMA-1 13 2.7 22 163 3 12
NMA-2 13 46 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 1565 5 49 10
F/N-3 13 0.0 0 168 5 6.1 11

42/43 Untreated 29 0.5 2 100 5 4.9 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 a3 3 bh 11
NMA-2 13 2.1 15 46 3 12
NMA-3 19 2.0 10 66 4 48 16
NMA-4 13 2.8 21 46 5 i1
F/N-1 23 1.7 8 17 8 19
F/N-2 22 1.0 3 74 9 8.4 18
F/N-3 31 4.7 15 105 11 11.0 27

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

o, Standard deviation for (x) .

o/{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) o g/ {yw/Zly) (X

No. (%) (%)

8 NMA-1 1.4 0.1 47 0.3 1.4
NMA-2 22 0.2 9.6 0.5 24
NMA-3 26 0.2 82 0.7 3.0
NMA-4 29 0.3 1.7 1.2 3.5
F/N-1 24 0.2 70 1.0 28
F/N-2 1.6 06 318 0.8 1.9
F/N-3 0.7 0.1 16.2 0.3 0.8

16 NMA-1 1.0 0.1 8.4 0.2 1.1
NMA-2 1.6 0.1 4.6 04 1.8
NMA-3 22 0.2 1.6 0.6 2.6
NMA-4 2.7 0.0 0.6 1.1 3.3

/N-1 3.2 0.3 1.6 1.4 3.8
F/N-2 243 03 {11 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 0.4 19
NMA-2 2.2 0.7 303 0.6 24
NMA-3 3.2 06 16.7 08 3.7
NMA-4 5.3 1.5 227 2.1 6.4
F/N-1 5.9 0.1 1.6 258 7.0
F/N-2 28 06 193 1.3 3.3
F/N-3 1.3 0:2: 152 0.5 1.5
ALV 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 (M)
or combined with FYR and NMA (M): (a), hydrogen cyanide ; (b), acetonitrile;

and (c¢), 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 5 5 70 6 19.76
E 1.24 5 5 120 6 23.81
F 1.59 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 Brjm®  TPP Im (°Cc) (min.)
A 0.29 h 5 = 50 8 12.9
B 0.47 5 5 = 50 10 20.0
6] 0.83 8 5 = 70 240 27.3
D 1.13 5 ) = 70 480 38.0
E 1.30 20 40 20 70 360 427
F 1:57 ] 5 5 70 360 48.1

2 Degree of substitution
* Sample A,B,and C treated with NBS and Sample D,E,and F treated with Brslm
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Fig. 4-1 Typical Py-GC chromatograms of untreated and chlorinated microcrystalline

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




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

rode GC GC-MS Structural Assignment Code GC GC-MS Structural Assignment
yo, Retention Scan No. No. Retention Scan No.
Time{min) Time(min)
| 0.7 9 methane 27 22.4 309 2-methylfuran
9 = 16  carbon dioxide 28 24.6 336 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
ol -2 40  hydrochloric acid 32 28.0 396 2,5-dimethylfuran
; =¥ 47  formaldehyde 33 29.8 424 1 A4-pentadien-3-one
] 5.4 76  propylene 35 304 424 (2H)-furan-3-one
02 6.2 88 chloromethane 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
c3 8.6 128  vinyl chloride 39 32.9 459 2-furaldehyde
N 120 161  2-butene 40 329 461 24-pentadienal
2 120 163  1.3-butadiene 41 347 490 not identified
4 120 176  chloroethane 43 34.7 500 dimethylacetamide
3 - 178 formic acid 44 366 515 23-dihydro-5-methylfuran-
4 139 191  acetonitrile 2-one ( @ —angelica lactone)
15 152 205 acrolein 45 36.6 526 2-acetylfuran
6 16.1 215  furan 47 38.6 551 phenol
17 16.1 217  acetone 48 38.6 556 5-methyl-2—furaldehyde
18 165 223  ethyl methyl ketone 49 40.0 583 4-hydroxy-5,6—dihydro—(2H)-
¥ 185 246  allyl alcohol pyran—2-one
O 193 249  acetic acid 50 43.1 647 not identified
2 19.3 255 hydroxyacetaldehyde 53 50.5 761 levoglucosenone
2 193 261  3-pentene—1-yne Cé 52.1 801 5-chloromethyl-2-furaldehyde
G 193 269 chloroacetaldehyde 55 579 896 not identified
8 209 285  2-methylpropenal 56 61.5 962 5-hydroxymethyl-2-tetra—
, 4 209 288  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 (c), and sample F.
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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

Qode GC GC-MS Structural Assignment Code GC GC-MS Structural Assignment
No. Retentior Scan No No. Retentiot Scan No
Time(min) Time(min)
1 0.7 9 methane 28 246 338 2-butenal
? - 16 carbon dioxide 30 26.1 364 benzene
3 16 26 ethylene 31 28.0 398 not identified
4 20 32 ethane 32 28.0 399 2 5-dimethylfuran
5 - 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 31.8 449 toluene
10 86 116 acetaldehyde 39 329 458 2-furaldehyde
Bl 10.6 144 bromomethane 40 329 461 2 4-pentadienal
1 120 166 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 15.2 205 acrolein 44 36.6 513 23-dihydro-5-methylfuran-
16 16.1 215 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 18.5 246 allyl alcohol 47 38.6 551 phenol
20 19.3 249 acetic acid 48 38.6 556 5-methyl-2—furaldehyde
21 19.3 255 hydroxyacetaldehyde 49 40.0 583 4-hydroxy-5,6-dihydro—(2H)-
2 193 261 3-pentene-1-yne pyran—-2-one
23 209 285 2-methylpropenal 51 437 636 not identified
4 209 288 not identified 52 456 669 not identified
2 220 299 methyl vinyl ketone 53 50.5 734 levoglucosenone
84 220 302 bromopropene 54 60.0 914 not identified
% 224 305 diacetyl 55 61.5 962 5-hydroxymethyl-2-tetra-
21 224 312 2-methylfuran hydrofuraldehyde-3-one
B5 246 333 bromoacetaldehyde o6 64.1 1003 1,4:3,6-dianhydro- @ -D-
A 246 336 acetol glucopyranose

" Found only in Py-GC-MS chromatograms.
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Table 4-9 Total Peak Areas with Retention Times upto 40 min in Py-GC
Chromatograms of Untreated and Chlorinated Microcrystalline

Celluloses®
Sample 2 (x> (0] O/ Z{x) L)/ Z{x,) 2{y)
code x 1072 % %
Untr. 182 43 24 100 295
A 242 6.3 2.6 118 408
B 204 14.1 6.9 100 351
C 107 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
Byl Average total peak area (in V sec) of peaks with retention
times upto 40 min in Py-GC chromatograms per [PRU] mole
of samples.
OF, Standard deviation for {x).
o/ 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.
Z(y), Average total peak areas (in V sec) per weight of samples in

IR AT ERVWBRSRARY

2B/ - OEMEINENLR 4-10 R 4-11ICR L=, B
EE—Z2 IR E81X. Py-GC-MSIZBWTEREFRORS O 4 F
LA F LV ERIIBREORERA A OBRELEZRD, 2b¥ THIZR
L, 2B, DMAESEAEOKZVWARE BEXRFIZOWTOTFT — &
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Table 4-10 Single—component Peaks Found in Py-GC Chromatograms of
Untreated and Chlorinated Microcrystalline Samples L

Code Sample <x> F O oSG Bor T
No. Code x10 * % % %

1 Untr. 1 0.4 3 100 9.3
2.8 16 159 5.1
0.1 1 56 26
1.6 19 77 3.9
0.5 8 59 8l
0.0 0 100 5.1
1.0 13 13 2.2
0.1 2 46 2.0
1.5 24 60 29
0.7 16 41 2.1
4 Untr. 1 0.1 6 100 0.6

A 2 0.2 12 148 0.5

w
=
3
i o
0
- O O ® O | o o -

C 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 3 0.0 0 92 2.2
D Z 1.5 20 125 3.3
B 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
7 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 5.1
F 6 2.0 32.0 57 2.9
18 Untr 9 2.9 31.7 100 4.5
A 1 3.0 18.0 182 4.9
C 14 0.5 40 149 9.7
D 15 3.6 23.2 152 75l
i 8 1.4 18.0 83 3.7
19 Untr. 2 0.2 9.8 0.9
25 Untr. 2 0.9 55.5 100 0.8
A 5 0.4 7.8 293 1.4
C 3 0.3 9.2 195 1.3
D 7 1i5 22.7 400 3.0
F 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
] 3 0.3 10.5 171 1.3
D 2 0.6 26.5 124 1.1
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. 7 0.3 43 3:2

C6 F 12 4.9 40 - 5.9
8O0, Average peak areas(in V sec) per [PRU] of mole samples.

o Standard deviation for <x>.

0 /<x>, Coefficient of variation
<x>/<x,», Average peak areas of treated samples per [PRU] mole of samples rela

that of untreated sample.
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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 T 0/4x> xO/Lx> x>/ L<x> Rel. Ion Peak Area®
No. Code %10 ? % % %
c2/9 Untr. 3 00 1 100 15 -/1.00°
A 5 06 11 167 15 13.3/1.00
C 2 02 7 70 09  6.4/1.00
D 3 09 29 105 15  8.1/1.00
F 2 05 24 65 1.0 12.4/1.00
10/C3 Untr. 7T 03 2 100 85 1.00/ -
A 9 01 1 53 27 1.00/0.11
(¢ 7 02 3 40 29 1.00/0.08
D 8 15 19 48 3.8 1.00/0.08
& 6 1.0 17 34 28 1.00/0.11
11/12/C4 Untr. 1 3.7 34 100 55 0.39/1.00/ -
A 11 0.7 6 100 3.2 0.25/1.00/0.09
G 6 04 6 55 2.6 0.28/1.00/0.11
D 9 26 29 82 43 0.22/1.00/0.08
F 11 1.9 17 100 53  0.12/1.00/0.01




(Table 4-11 continued)
16/17 Untr. 10 09 9 100 49  1.00/0.54
A 7ol 33 65 19  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/ = /=2
A 39 42 i1 112 0.57/0.79/0.27/1.00
€ 82, 415 5 131 0.24/0.57/0.18/1.00
D 34 37 1 15.7  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. 0 15 100 33 1.00/0.52
A ;3 10 156 3.1 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 8 & 38 118 39  1.00/4.22
28/29 Untr. 12 45 38 100 58 1.00/1.36
A 12 13 1 102 35 1.00/1.27
C 7 05 7 59 29 1.00/0.60
D g o0 21 79 43  1.00/0.68
F 5 1.6 33 42 24 1.00/0.50
38/39/40 Untr. G 407 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 3.7  0.09/1.00/0.42
D 0 . 11 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 1.00/0.68
A 29 45 16 533 84 1.00/6.76
@ 18 03 1 327 74 1.00/581
D 14 23 16 255 6.4 1.00/6.09
F 15 54 36 270 7.1 1.00/4.48
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(Table 4-11 continued)

- Average peak areas(in V sec) per [PRU] of mole samples.
o, 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.

Y For 20 and 21, peak areas of fragment ions of m/z 45 and 31, respectively, are used
for comparison.
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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 2 <> o O/Z00 Lo/ E4x> L4y
code X 10~ % %
Untr. 205.5 11.5 6 100.0 333
A 119.8 23.1 19 58.3 216
B 131.5 224 17 64.0 252
C 130.9 96 i) 63.7 280
D 143.4 23.6 16 69.8 334
| E 1173 120 10 57.1 289
‘ F 953 444 47 46.4 249
LR Average total peak area (in V sec) of peaks with retention times upto
| 40 min in Py-GC chromatograms per [PRU] mole of samples.
o, Standard deviation for <x>.
o/ Z<x>, Cofficient of variation.

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

relative to that of untreated samples.
2 <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/{x) C/Cx) (x2/ Z{x)
No. Code %o
1 Untr. 11.0 0.4 3.3 9.8

A 7.1 1.4 19.1 89.9 59
B 1.2 05 6.6 91.8 9.9
C 1.2 0.1 1.8 91.1 5.5
D 59 1.0 17.5 15.2 4.1
E 49 0.1 1.7 62.8 4.2
Fs 3.7 1.0 26.8 46.5 3.8

3 Untr. 10.5 0.0 0.2 5.1
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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:] 0.0 3.2 6.6 0.9
C 0.6 0.2 30.8 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
F 0.2 0.1 63.7 1.0 0.2
B1 Untr. = = = =
A 0.7 0.0 4.7 0.6
B 1.0 0.1 10.5 0.7
C 2.18 0.1 6.8 1.66
D 1.24 0.1 1.6 0.86
E 1.17 0.0 0.0 1.00
F 0.94 0.2 23.6 0.99
15 Untr. 10.7 1.0 9.6 5.2
A 3.8 3.3 85.8 35.9 3.2
B 3.7 3.7 100.3 344 2.8
18 Untr. 9.2 2.9 31.7 4.5
19 Untr. 1.9 0.2 9.8 0.9
30 Untr. 1.9 0.6 33.8 0.9
A 2.2 0.2 8.0 119.2 1.8
B 2.2 0.1 3.0 119.3 107
C 79 1.0 13.0 4233 6.0
D 94 04 42 503.9 6.5
E 253 0.3 1.4 1361.7 21.6
E 8.7 3.9 442 469.8 9.2
36 Untr. 6.5 0.3 4.3 3.2
20 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.




Table 4-14 Multi-component Peaks Found in Py-GC Chromatograms of Untreated

and Brominated Microcrystalline Cellulose Samplesa‘

Code Sample  {x) o o/{x) ()/{x,) {x)/Z{x)Rel. lon Peaks Area ®
| No. Code %

L i Untr. 3 0.0 1 100 1.3 0.39/1.00
A 6 1 it 26 209 48 0.32/1.00
B 6 0.7 13 202 42 0.19/1.00
Cc 6 0.1 2 219 46 0.15/1.00
D 5 4] 32 168 3.2 0.09/1.00
E 4 0.1 2 141 3.3 0.08/1.00
4 0.8 20 144 4.2 0.08/1.00

16/17 Untr. i0 09 9 100 4.9 1.00/0.55
A 1 44 62 70 59 1.00/0.49
B 7 1.7 24 10 54 1.00/0.57
C 8 0.9 12 16 58 1.00/1.26
D 4 1.1 25 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 59 25 L e W o
A 7 0.8 11 56 1.00/ - /0.06
B 9 1.5 16 7.1 1.00/ - /0.03
C 7 1.0 15 33 100/ - /-
D 11 0.0 0 LI 100/ =/ =
E 5 0.2 4 46 1.00/ - /-
F 4 1.1 26 45 100/ - /-
25/B4 Untr. 2 0.9 95 100 0.8 1.00/ -
A 3 04 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 88 122 100/~
F 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 11 23 21 159 9.1 1.00/25.7
B 15 26 17 219 114 1.00/12.9
C 19 1.7 9 277 146 1.00/14.4
D 20 5.1 25 291 140 1.00/ -



(Table 4-14 continued)

E 19 0.6 3 276 16.2 1.00/12.9

F 10 2.8 30 140 10.1 1.00/17.00
B5/29/28 Untr. 12 4.5 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

F 1 0.9 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

C 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

F 1 49 13 66 7.1 0.67/1.00/2.66
B6/42 Untr. = = = =

A 10 5.1 50 8.5 0.22/1.00

B 1.1 14 6.1 2.16/1.00

C 38 42 41 4.38/1.00

D 10 5.1 o1 6.9 12.39/1.00

E 25 40 54 242/1.00

F 9 3.1 34 9.3 8.35/1.00
45/46 Untr. 5 12 22 100 2.7 1.00/0.68

A 22 1.0 5 411 18.7 1.00/13.95

B 2] 5.8 22 486 20.2 1.00/23.74

C 23 1.6 7 426 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 1.00/22.47

F 31 25.3 81 310 329 1.00/11.92
Rilsn, Average peak area (in V sec) of peaks per [PRU] mole of samples.

g Standard deviation for {x).

o/2{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
and chlorinated microcrystalline cellulose samples; (@), untreated: (2\), sample C

and ([]), sample F,




250
[ ]
200
| £ 150 | & e
* =
=~ 100 | o
-
X . 2
50 =
>
"'y
&~
0 e gt A L
200 300 400 500 60O 700 800
Temp. ("C)

Fig. 4-7 Total peak areas with retention times upto 40 min in Py-GC chroamtograms of untreatec
and brominated microcrystalline cellulose samples; (@), untreated: (M), sample C

and (&), sample F
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Table 5-1 Bromination of Silk and Wool Fabrics with NBS/TPP in DMF

Sample Substrate [NBS]/ Liquor Washing® Br, DsY

Code [Ser] Ratio %
A silk 4 135 A ZE D32
B silk 4 50 A 1 0.17
C silk 9 190 A 1.3 015
D silk 9 49 A 4.1 0.48
E silk 9 25 A 29 0.34
F silk 9 20 A 73 0.85
G silk 9 17 A 9.5 1.11
G' silk 9 17 B 1.3 0.15
H silk 9 15 A 15.0 1.75
H’ silk 9 15 B 1.9 0.21
I silk 9 12 A 90 1.05
¥ silk 9 12 B 2.8 0.33
W wool 4 190 A 745 1.04
X wool 4 52 A 6.8 0.94
' wool 9 157 A 9.1 1.26
Z wool 9 29 A 20.1 278

2 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 + Ileu, (5) Pro, (6) Asp, (7) Phe, (8) Tyr, (9) Glu,
(10) Lys, (11)Arg. and (12) MBrTyr.
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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)
and the brominated silk H' treated with ammonia (b), methylamine (c).ethylamine (d),
propylamine (e), and butylamine (f) on OV-17: (1) Ala + Thr, (2) Gly +Ser, (3) Val.
(4) Leu + lleu, (5) Pro, (6) Asp, (7) Phe, (8) Tyr, (9) Glu,(10) Lys, (11) Arg,

(12) MBrTyr, (13) AAla, (14) MAAla, (15) EAAla, (16) PAAla, and (17) BAAla.
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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),
propylamine (d), and butylamine (e) on OV-17: (1) Ala + Thr. (2) Gly + Ser,
and (8) Tyr.
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Fig. 5-5 Bromine content and weight increase (both based on the weight of treated sample)

as a function of O , Br(%) and @ . wt increase (%).
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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  0.138 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 4123 3.906 3.855
Val 0.243 0.243 0243  0.243 0.243 0.243 0.243
lle 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® -—- 0110  0.264 0.240 0.230 0.117 0.000
His 0.023 0.001 0.001 0.012 0.016 0.013 0.027
PAAla® --- 0000 0028  0.008 0.006 0048  0.052
Lys 0.03 0.003 0.011 0.037 0.038 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.

® @-aminoadipic acid; ”, bromotyrosine; dibromotyrosine:
298 —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 0.75 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 1.197 1.183 1.226 1.228 1.198
AAA i 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 s 0.000 0.006 0.032 0.074 0.000
DBrTyr SR 0.123 0.242 0.281 0.097 0.000
His 0.079 0.004 0.004 0.034 0.055 0.089
PAAla = 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 A ser® 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.
¥ Formation of RAAla in mmol/g of original silk or wool.

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

op 2
one consumed Cys residue °.

9.3.2 A FZVANF= NIl FIVAFLERALAT 2 Fick 548
O I F Ak

iR Z 60CDO DMF H# T MSCIZ X iE&RIL L%, 6 N
H1 100°C T 24 FeMIMAKRDAEL., MAkDEHSTOT7 I )8 % BTFA
BEEKNHLL, GCEOUGC-MSIZLkW oMLz, £/, Mk a o
7/ BOERSHIE HPLC K & 0 1o &,

B 5-8iC, ¥¥ 7V —-—HF7 L U0ltra DIZX YV BFLAERILE
AEDOT7 I /)8 BTFA FHEED GC—MS 7 u~v /5 A% 5T,
Rl OO -7 F~ARAR7 b (F 5-9) &  HEH
MWERORFERMN"NOL B-200T7 7=(LLTF., ClAla LK) & B E




L7z, MEAERE OMAS#ES B O ClAla © 576 1T . HPLC 43 #r

8L/, ® 5-10Z HPLC Z v~ b Z 5 A2 F L E s,

ClAla 37 ARG XUV BLERA VA=V O =2 Bk H LT3

5 18 15 20 % 30 R
i i .
1808 T AT
]
] ¥
& I
CiAla
¥ o
T ~'IIL[ P [ 2
o A, o
L Se8 1898 ScAM
I T T T o Ten b 1
100 150 200 g50%ct " sotherns)

Fig. 5-8 RIC chromatogram in the EI 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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Table 5-5 Amino Acid Compositions of Chlorinated Silk Sampfesa\'

Amino Chlorination Time, h

Acid - 3 7 24 48 72
Asp 0.21 0.21 020 0.18 0.19 0.18
ClAla - 0.06 012  0.16 0.19 0.20
Thr 0.12 0.11 0.10 009 008 007
Ser 1.52 1.43 1.42 1.16 1.13 1.10
Glu 0.14 0.14 0.14 0.14 014 014
Pro 0.04 0.04 004 005 0.05 0.05
Gly 6.19 6.34 5.99 6.42 6.43 6.32
Ala 4.03 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 0.05 004 006 0.06 0.06
Leu 0.05 0.06 009 005 005 004
Tyr 0.68 0.7 0.6 0.66 069 067
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 0.02 002 002 002
NH, 0.18 0.19 015 040 045 0.45
Arg 0.05 0.04 003 005 005 005
ol - 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%.




TRTOEFRNClIAla L REL THRXRSHRM L HE L ClAla &
L. Ser WA BEIV bixsrickEw, REGOEEMNT I /8
775 (0.10 mmol/g) DT R THNEMEOFHA4 LY. Thr 35 & D

O3 ClThr BE O AR IZE S &

e
W

{f

RETALRBIT. = O FE\IT AN
B, TOREBIZESWTHET S L. ClAla SHERITIGE 2« DORE

TRIHEhZASer ITIFIFHY Y 5,

WMEHRDOBBDOBBOME T IZRLE L O ERBEWVWITIED B A

ClAla from C13

Amino Acid Content (mmol/g)

&
o

T o=

g0 70

Chiorination Time (h)

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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3 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
Ilu 466
Pro 553
Asp 751
Phe 765
Tyr 855
Glu 862
SAEC 919
SCMC 1028
SCEC 1126
Lan 1170

*Column : Ultra 1, 25m % 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 0.1M MEA

in 0.2 N NaOH (lliquor 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 (lliquor ratio, 200).
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