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R—?;quon.?-..Ho..?—RJ - R—Oo-aoH--oogct.?-R’
H H B ' H
acid cellulose ‘ alkali cellulose

‘H_' - | | /

R-?oo--Hoc-cO.oo..H....?-R{
H ' H

‘Water cellulose

_ H2O

4
R—OCOCCH..'.?—R
H

qellulose I1

Fig 1,3 Formation of cellulose éddition compounds of difference

proton content (R indicate the glucose residue)
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: .
?ﬂﬂgﬁﬂﬁi form cellulose addition compound ?zgﬁuqq

! o
e a4
30+ PPINTHULES OH ﬂﬁQLMﬁMLﬁu swelling reagent F1UATONIE break
1

hydrogen bond 73WI19 cellulosé OH group US® form hydrogen

H

4 o
ot %§R oH

bond U Hy

cellulOSe substltutlon reactions Lﬂuﬁgﬂiﬂﬁﬂﬁiumuﬂ B

[ |
1uuu OH 984 cellulose 3 2 91UR ﬂa

1e Westerification

2., Etherlflcatlon

w2 ﬂgﬂ?ﬂﬁ?~1ﬁ cellulose derivative MMﬂQﬁmﬂwﬁmﬂqiu 1
' l
Qﬂﬂﬂﬁﬂ??ﬂtﬂﬂjﬂﬁﬁLﬁ?ﬁ:ﬁ, Waa AN, ﬁau, Qﬂqiztuﬂ, a, LNt A TUAZAY ﬂ :

t '

(RIAITIIAUI20 ).

i .
&
msterification uuqaaﬂtﬂu E‘ﬁﬁﬂ B inorganic ester

1a¢ organic ester
'

Inorganic esters Lﬂu esters %Lﬂﬂ?ﬁﬂﬂgﬁ?ﬂﬁ?“ﬁﬁﬁﬂ

Ivvt

inorganic acid nn cellulose ﬂ?ﬂtﬁaﬁulﬂuﬁ nitric acid sulfuric

acld g phosphorlc acid UANTALLANAN %) Lﬁu perchloric acid Uac

halogen acld wuluﬂu inorganic esters uﬂﬁw form crystalllne I

addition compound N cellulose(7) inorganlc ester maﬁﬂmuﬂn ﬁﬂ

cellulose nitrate ,
=f =Y

¢cllulose nitrate LATUNIMIRNTUA Nitration TEWIN

3

cellulose iy mixture 994 nitric acid, sulfuric acid nazun (22 %

HNO 66 %H. 804 Was 2 % g o) Tﬂﬂ sulfuric acid tﬂu dehydrating

31
agent ﬂgnsaquthﬂﬂ side product,ﬁqlnﬂvﬁnﬁgﬂsmq sulfation
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nitration

HO CH ‘ 0

H
jﬁ\‘\L;7hrk\ HNO/H,50,, < T~y
VAN S A VANA

CHx0H - ?HZ . cellulose dinitrate

: . O—NO
Egllulose 2

‘lﬁ?"ﬂ nitrocellulose

‘5, [ . B = Vv G’(
\10iTR dulfation side reaction Liwulafdl

Hez7ﬁ\\3§;7\ | T Eo, oH
503 + -..,//]\o b —— }\\o/
e ,‘ c]%-gao-fSGB

| cellulese sulfate!

L y .
o
‘nitrocellulose IB celluloSe nitrate L3LURAGMNTTY
| B\
ﬂﬁﬂﬁaﬂ, YROLNBT QWQT:LQﬂ (explosives propellants)

%

gmtm?ﬂuﬁﬁsﬁaﬂuﬁuu?nga Schanbein 1845 ?ﬁﬂ'condition
%ﬂonﬂMMﬁiuLﬂﬁiﬂaqsﬁuﬁmaunmtﬁuqmm?~LUﬂ ﬁﬁtﬂﬂﬂ?ﬂﬂ1UQﬂ gun cotton
aﬁrﬂqulﬂunﬂtwwquﬁﬂﬁsLm:ﬁwuﬁtrﬂu f o 1870  J.Wand
I.S.Hyatt Ulﬂ‘lé]m']j‘ur (camphor) Lij‘u plasticizer #1TY. cellulose
nitrate. ua~1ﬂaﬁtm:?ﬂﬂuﬂuﬁa celluloid

4 H
organic esters (Ju ester Mtﬂﬂ?ﬁﬂﬂgﬂ?ﬂﬁ? W14

T v i

cellulose LA organic acid nmmmu Tmm acid anhydride UAY

]
o e =
acid chloride organic ester %ﬁmgmn'luqmmuﬂnu M0 cellulose

acetate, cellulose butyrate ete.
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cellulose acetate LARTINURNTUA acetylation FEUINN

cellulose N1 mixture %BJ acetic anhydride; acetie acid LAz

sulfuric a01d‘1ﬂﬂ sulfurlc acid LﬂuMQ catalyst sz dehydratlng
]

agent ﬂdﬂgﬂ?ﬂﬁﬁﬁﬂﬂﬂﬂu

3 . CHg00 ‘COCH
HO- OH - 5 1" g
;?\HJ,,f (CHLC0),0 ' .
s ————
\ﬁ;/} ~Q H+ au//ﬂ“\\a ~
CH,OH :
2v" ?Ha
0-—COCH
3
L
cellulose triacetate W72 primary acetate
C .
- H ?0 CHLCO .
H., 3 ‘o
primary acetate Lf;7¥L
0—~000H3 O-COCH

A
cellulose diacetate neo

gsecondary acetate

PR a a5 a © A oa ' d’
?zlﬂuﬁﬂﬁgniﬂﬁtﬂﬂ 2 UMY AB LNA Hriacetate NAU 1UD hydrolyte
v

) J ) ) " & e 4 & a a
triacetate ?"1ﬂ diacetate side reaction WBILNATY tNAIMUNDTL

v o

sulfatlon ﬂﬁﬂlﬂﬁuuﬁﬁﬂﬁdﬂu ﬁﬂLﬂﬂ cellulose sulfate
t I

] - . .
Physical properties MUANNIINULEY primary acetate UAZ
t
& o
secondary acetate PAANLNLUNTTAEATY U organic solvent TURMIY 9
v 174

- & o A
AT WNUGRPD primary acetate 988U LU chloroform WALY

axaﬁﬂqu aéetbne WaE secondary acetate azaﬁuiu acetone
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uaﬂﬂﬂﬁia AMUYBI cellulose acetate ﬁUWﬂﬁﬁ il 1u .

Organic solveunt

tn
L]

v

cellulose acetatel High-acetyl cellulose
solvent DS 2¢2 = 2,5 cellulose acetate triacetate
(52-56 % AcOH) DS 2,6 - 2.8 DS 2.87-3.0
(58 - 59 % AcOH) | (61-62,5%AcOH)
n-=hexane i I I
Benzene I I I
_Acetic acid g 8 sw
Methylene chloride ps S 8
Chloroform swo 3 s
Acetone S oW I
Methylene chlo?ide/'
‘methanol (4:1) 5 S S
I = insoluble Sw = Swallen DS = degree of
eolgbie p5 = partially scluble subgtitution

Tum9n ren auiPI89 commercial cellulose acetate 2N

&/ .
P £ o . =
TIMUALAY A7 acetic acid yield (MINUDMWANTNIDY acetic acid ngn

remove aﬂﬂuﬁluﬂtﬂﬂ complete hydrolysis cellulose esters) Eaznn

acetyl content (ﬁﬁﬁﬂnGUﬁﬁuﬂﬂﬂd acetyl radical CH

-c- Tu cellulose

esters) MG 2 P9y very Tdau grade 783 cellulose acetate Wuﬁﬂd

Tumﬂiﬁam 2
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ldh9 Properties of typical commercial grades of

cellulose acetate.

' Degree of esterification*
acetic acid Acetyl (No. of acetate group/ Field of
3 d 4 o f me b
.ylel % content % LA VDL application
52-54 37¢3=38,7 2e2=2.3 Injection
' ‘ moulding
5hw56 38,7-40,1 2e3=2.4 Fibre,film and
lacquers
56=-58 4O, 1=41,6 2el4=2,6 Injection
moulding
61-62,5 L43,7-44,8 2.9=3.0 Triacetate fibre
‘ ' arid film

*
Degree of esterific

I i

PIUIU acetate group MAUUNY glucose

= . . . Y
1qu&mgﬁa (Theoretical cellulose ester) Qnﬂﬁuuﬂlqﬂau

] \ 4 ]
ation TR degree of substitution (Ds) NHIUNI

Y]
o

Average degree of sukeiitution 1 2 3 (triacetate)
% acetic acid yield 29.3 | 48,8 62.5
% acetyl content 21.1 ] 35,0 44,8

<
mraed 1,318

UdR9 Theoretical cellulose esters
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.
A1 equivalent 9By degree of substitution (DS), % acetyl content

Uae % acetic acid yield vaﬂiﬂﬂdu (18)

1

% acetyl content = 0,717 x acetic acid yield %

depgree of substitution

(27 x acetic acid yield %1//

{1000~ (7xacetic acidryield %)

(7) A L) r-:iI =
Etherification PRUJNTUAY § LU OH group 189 cellulosepnunuy

l

(30 cellulose mwﬁgnsuﬁnu alkyl, arylalkyl halldegdf—halocarboxyllc

acid, alkene oxide ﬁi@ olefin
]

A
etherifying agent Iﬂuﬂ methyl chloride %78 dimethyl
) .
sulfate, ethyl chloride %D diethyl sulfate, chloroacetic acid

urmtnaaTwLﬂﬂuﬂ@eﬂfﬂu ethylenc oxide U32 acrylonitrile o

Ry

cellulose ethers maﬂﬁm Tﬂuﬂ methyl cellulose, ethyl
cellulose,benzyl cellulose, hydroxyethyl cellulose, carboxymethyl'
cellulose WQAY .cyancethyl cellulose

!
methyl cellulose LNTULINUZNTUATEZNING alkali cellulose

[ A '
Nl methyl chloride WIR dimethyl sulfate

HO 0H )
|- NaOH/CHC1 /\\\l/, o,
\ZgiT\\o;7\l' 7 4/ //

! 0
cH,0oH
2 CHx ocH
_ 3
caliulose

methyl cellulose
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)
. Ll a
garboxy methyl cellulose (CMC) ATHUIINURNTUATZUIN

: ar ] = = :’f
alkali cellulose fi chloroacetic acid WIBLNADLTLALUIDINTAL

| _ IR
HO OH NaOH/C1CH,COOH Yool
;27\\\L17A° > \\4/ . /jjmb\
~LTT~0 '\_ - ~T~0"
CH,0H ‘ | CHy=O0-CH,CO0R
celiulase ~ CMC

1unﬁstM$umtua1mﬂgnfﬂﬂtﬂﬂﬂutsq ﬁuusntﬂunﬁ: preswell

Tﬂﬂﬂﬂ01ﬂ alkali cellulose ONa

CﬂZONa

a Bﬂ:
ﬂgn:ﬂﬁﬂuw 2 alkali cellulosemqﬁgﬂtuﬁnu etherifylng agent
1ﬂ cellulose ethers
I
phy81cal properties Mﬁﬂﬂmﬁﬂd cellulose ether ﬂﬂ

' o
-tﬂuﬂﬂwa mu‘luuﬁ (water soluble)}
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_ d |
| M990, 4UAAY_Application 994 cellulose Derivatives( ')

~Industry Application Derivatives used
Various Packaging films Regenerated cellulose,
cellulose acetate
I Textiles Tibers Regenerated cellulose,
cellulose acetate
(D'S-, 2.5),
cellulose triacet-
ate (D-S-, 20?)
) SiZing agént Carboxymethylcellulosge
Binder in non-woven | Hydroxyethylcellulose
fabrics
Fabric coating Cellulose nitrate
Plastics Molding cellulose acetate,
cellulose acetate-
" butyrate, cellu=-
lose acetate propicw-
. _ nate, ethylcellulose
Photographic Film Cellulose acetate

Household and general
industrial

Surface coatings

Munitions

Aerospace

1 Lacguers

Antihslation backing

Sheeting

Paints

Propgllant explosives
( smokeless
powder™)

Rocket propellant

Cellulose acetate
phthalate

Cellulose acetate,
‘cellulose acetate-
butyrate, cellulose
acetate~propionate,
ethyleellulose

Cellulose nitrate, cel~
lulose acetgte,
ethylcellulése

Carboxymethylcellulose,
hydroxyethylcellulose

Cellulose nitrate

Cellulose nitrate
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Printing inks

Construction

Ceramics

Leather

Resin for phosrhors
Stabilizer '

Component in'portland
cement

Binding agent

Processing agent

()

Industry Application Derivatives used
Recording Tapes cellulose acetate
Detergents Soil-suspending Carboxymethylcellulose
_ agent
Chemical Moisture~prcofing of Cellulose nitrate
' cellophane

Emulsifier for poly- Hydroxyethylcellulose
merization
Foods Emulsion stabilizer Carboxymethylcellulose,
: ‘ methylcellulose
Pharmaceuticals | Bulk laxative Carboxymethylcellulose
Emulsion stabiligzer Carboxymethylcellulose
Enteric coating Cellulose acetate
phthalate
Cosmetics Emulsion stabilizer Carboxymethylcellulose,
' _ methylcellulose
Medical Hemodialysis membrane |Regenerated cellulose
filam.
surgical dressings oxycellulose
Cigarettes Filters cellulose acetate
Paper Sizing agent Carboxymethylcellulose,
: methylcellulose
Coating Ethylcellulosa
Petroleum 0il-well drilling mud |Carboxymethylcellulose
Electrical Insulation Renzylcellulose, cyano-

ethylcellulose
Cyanéethylcellulose
Ethylcellulose
Hydroxyethylcellulose

Methylcellulose
Methylcellulose
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